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Drosophila lacking microRNA
miR-278 are defective in
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The mechanisms that control energy homeostasis and
tissue growth during development are closely linked
through the insulin signal transduction pathway.
Changes in the level of insulin and other hormones re-
flect the nutritional status of the animal to control cir-
culating sugar levels and fat metabolism. Systemic de-
fects in insulin responsiveness can lead to elevated cir-
culating glucose levels and fat accumulation. Here we
present evidence that the microRNA miR-278 plays a
role in the control of energy homeostasis in Drosophila.
miR-278 mutants have elevated insulin production and
are correspondingly lean. Despite the elevated insulin
levels, miR-278 mutants have elevated circulating sugar,
mobilized from adipose-tissue glycogen stores. We pro-
vide evidence that miR-278 mutants are insulin resistant
and that miR-278 acts through regulation of the ex-
panded transcript.
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The insulin signal transduction pathway has well-char-
acterized roles in the control of energy metabolism and
tissue growth during animal development (for review,
see Hafen 2004). Through a relay of phosphorylation
events, activation of the Insulin Receptor leads to acti-
vation of PI3K, Akt, and finally TOR kinases. The TOR
pathway is also independently regulated by cellular glu-
cose and amino acid levels, thereby integrating informa-
tion about the nutritional status of the cell with that of
the organism (for review, see Avruch et al. 2005). This
signaling cassette has two main output branches. One is
transcriptional, via Akt-mediated phosphorylation,
which inactivates FOXO-family transcription factors by
promoting their cytoplasmic retention (Puig et al. 2003;
Wolfrum et al. 2003). The second output controls cellu-
lar protein synthesis via TOR, which acts on 4E-BP and
S6K, both important regulators of translation (for review,
see Hay and Sonenberg 2004). The FOXO and TOR out-
put branches of the insulin pathway have each been im-
plicated in control of fat metabolism in insects and
mammals (Wolfrum et al. 2004; Arquier et al. 2005; Reil-
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ing et al. 2005; Teleman et al. 2005b; Tettweiler et al.
2005).

microRNAs (miRNAs) are small noncoding RNAs
that serve as post-transcriptional repressors of gene ex-
pression. miRNAs are estimated to comprise 1%-5% of
animal genes (Bartel 2004; Bentwich et al. 2005; Berezi-
kov et al. 2005), making them an abundant class of regu-
lators. Target prediction methods have provided a means
to infer possible functions for individual miRNAs, but to
date, definitive biological functions have been assigned
to only a few miRNAs by genetic analysis (Lee et al.
1993; Reinhart et al. 2000; Brennecke et al. 2003; Johns-
ton and Hobert 2003; Xu et al. 2003; Sokol and Ambros
2005) or by other methods (Poy et al. 2004; Giraldez et al.
2005; Krutzfeldt et al. 2005). Here we present evidence
that the Drosophila miRNA miR-278 contributes to con-
trol of energy balance principally by regulating insulin
responsiveness.

Results and Discussion

The miR-278 locus was identified in a gain-of-function
screen for genes affecting tissue growth during Dro-
sophila development. Expression of P(EP)26043 in the
posterior compartment of the wing imaginal disc caused
robust overgrowth (Fig. 1A,B). P(EP)26043 was inserted
in a region of ~50 kb that did not contain annotated
protein-coding genes in the correct orientation to allow
their expression under Gal4 control. Although the near-
est correctly oriented gene, miR-278, was located ~45 kb
from the EP element (Fig. 1A), Northern blot analysis
showed that miR-278 was overexpressed by the EP ele-
ment under Gal4 control (Fig. 1E).

Two independent lines of evidence confirmed that
miR-2.78 was responsible for the tissue overgrowth phe-
notype. First, we screened 60,000 chromosomes for EMS-
induced mutations that suppressed the phenotype
caused by GMR-GAL4 driven overexpression of
P(EP)26043. One suppressor was a deletion removing
miR-278 and three adjacent genes. A second suppressor
altered position 7 of the mature miRNA (G7A) (Fig. 1C).
A third suppressor affected the sequence of the hairpin at
position -1, adjacent to the mature miRNA. Both point
mutations only partially rescued the miR-278 overex-
pression phenotype and are therefore considered to be
hypomorphic. Second, a UAS transgene expressing a 500-
base pair (bp) genomic fragment containing the miR-278
hairpin also produced a strong tissue overgrowth pheno-
type (Fig. 1D).

Mutants lacking miR-278 were produced by homolo-
gous recombination, replacing 160 bp, including the
miR-278 hairpin with the mini-white gene (Fig. 1A).
miR-278 was absent in flies homozygous for two inde-
pendent targeting events (Fig. 1E). A second null allele
was produced by introducing Gal4 and mini-white in
place of miR-278 (Fig. 1A). Both alleles were homozy-
gous viable and produced flies of normal body size (Fig.
2A). miR-278 is expressed at low levels during early de-
velopment, becoming detectable in L2 larvae and in-
creasing to peak levels in pupae and adult flies (Fig. 2B).
Examination of tissues dissected from mature third in-
star larvae showed no detectable expression in imaginal
discs, but miR-278 was expressed in brain, gut, salivary
gland, and fat body, the adipose tissue of the fly (Fig. 2B).
Furthermore, expression of GFP under control of a 7-kb
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Figure 1. The miR-278 locus. (A) Schematic representation of the miR-278 locus. (Top) Overview of the genomic region (bar, 10 kb).
P(EP)26043 and P(EPJEP2316 produced the tissue overgrowth phenotype shown in B. Both are ~45 kb from the miR-278 sequence (blue
arrowhead). (Bottom) Detail of the miR-278 region. miR-278 is located 300 bp from the 3’ end of the fus transcript. “knock-out” indicates the
region replaced with the mini-white gene by homologous recombination; “Gal4 knock-in,” indicates the same region replaced by Gal4 and
mini-white. (B) Adult wings from an engrailedGal4 control fly (green) and a fly expressing miR-278 in the posterior compartment under
engrailedGal4 control from EP26043 (red). The wings are aligned in the anterior to show overgrowth of the posterior compartment expressing
miR-278. (C) The predicted miR-278 hairpin, showing mutations identified as EMS-induced revertants of the overexpression phenotype. Blue
shading indicates mature miR-278. (D) Adult wing expressing UAS-miR-278 in the posterior compartment under engrailedGal4 control. Note
the more severe overgrowth and loss of the posterior cross-vein caused by UAS-miR-278. This resembles the phenotype of expanded mutant
wings (not shown). (E) Northern blots showing miR-278 RNA. (Left) Overexpression in tubulinGal4 EP26043 flies compared with wild-type
controls. (Right) Loss of miR-278 RNA in homozygous knock-out mutant flies (two independent isolates) compared with wild type. Thirty

micrograms of total RNA per lane.

miR-278 promoter Gal4 fusion transgene showed pre-
dominantly fat body expression (Fig. 2C).

In view of the connection between control of tissue
growth and energy metabolism, and the prominent ex-
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Figure 2. miR-278 mutants are lean. (A) Average body weight of
miR-278 mutant and control flies. Batches of 40 2-d-old males were
assayed; experiment was done in quadruplicate. (B) Northern blot
showing expression of miR-278 at different developmental stages.
Loading control indicates the same filter probed to detect valine
tRNA. (Bottom) Northern blot showing miR-278 expression in tis-
sues dissected from third instar larvae. The amount of total RNA in
each sample is indicted below. (C) Promoter GAL4 fusion driving
GFP shows predominant fat body expression and weak body wall
expression. (D) Total body triglycerides and total body protein were
measured after controlled growth and aging. Plotted values are tri-
glyceride levels normalized to protein levels. Batches of eight males
were assayed; the experiment was done in triplicate. (E) Total body
triglycerides normalized to total body protein for 8-d-old flies of the
indicated genotypes. Batches of eight males were assayed; the ex-
periment was done in triplicate. The low body fat level of the mu-
tant was rescued by expression of UAS-miR-278 under control of
miR-278-Gal4, which expresses Gal4 under control of the endog-
enous miR-278 regulatory elements.
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pression of miR-278 in fat body, we asked whether miR-
278 mutants might have metabolic defects. Drosophila
stores fat as triglycerides, mainly in the fat body. Homo-
zygous mutant animals lacking miR-278 were lean, mea-
sured as the normalized ratio of total body triglycerides
to total protein. The magnitude of the difference in-
creased during the first days of adult life (Fig. 2D). A
comparable lean phenotype was found in flies trans-het-
erozygous for the knock-out allele and the Gal4 knock-in
(Fig. 2E). Use of the Gal4 knock-in allele allowed us to
test whether this phenotype was attributable to loss of
miR-278. This proved to be the case, as expression of
UAS-miR-278 under miR-278 Gal4 control suppressed
the lean phenotype of the mutant flies (Fig. 2E).

Fat storage and mobilization are controlled by circu-
lating hormones, including insulin-like peptides (ILPs)
and adipokinetic hormone (AKH). AKH induces mobili-
zation of glycogen and fat reserves (Lee and Park 2004).
To investigate whether elevated AKH could explain the
leanness of miR-278 mutants, we tested transcript levels
by quantitative RT-PCR (Q-PCR). AKH transcript levels
were not elevated (Fig. 3A), but the ILPs expressed in
brain neurosecretory cells (Ikeya et al. 2002) were up-
regulated in heads from miR-278 mutants (Fig. 3B). El-
evated ILP expression should lead to systemic activation
of the insulin signaling pathway. Previous reports have
indicated that systemic reduction of insulin production
or signaling produces obesity in flies (Bohni et al. 1999;
Rulifson et al. 2002 Hwangbo et al. 2004). To investigate
whether the elevated insulin production in miR-278 mu-
tants is responsible for their lean phenotype, we mea-
sured fat levels in flies in which we simultaneously re-
duced insulin signaling by removing one copy of the
catalytic subunit of PI3K (dp110) (Fig. 3C). This reduc-
tion of insulin signaling capacity was sufficient to
largely suppress the leanness of the miR-278 mutants.
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fat body has previously been shown to cause lean-
ness in Drosophila (Teleman et al. 2005b). This
resembles the situation in mice, in which selec-
tive impairment of insulin signaling in adipose
tissue causes leanness, whereas systemic insulin
resistance causes obesity (for review, see Kita-
Ko1K mura et al. 2003). Thus, the differential impair-
ment of insulin responsiveness that we observe

s in adipose vs peripheral tissues in the miR-278
mutant may be sufficient to explain the lean phe-
notype.

miRNAs are small noncoding RNAs that re-
press gene expression by recruiting effector com-
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Figure 3. Elevated insulin and circulating sugar in miR-278 mutants. (A,B)
Q-PCR on RNA from adult flies (A) or adult heads (B) normalized to rp49 RNA.
Animals were grown under controlled conditions. AKH RNA was unaltered,
whereas the Drosophila insulin-like peptides ILP2, ILP3, and ILP5 were up-
regulated. (C) Total body triglycerides normalized to total body protein for flies
of the indicated genotypes. (D) Survival rates. Fifty first instar larvae were seeded
per tube and eclosing adult flies counted. Samples indicate the average of 10
tubes. The reduced survival of the chico mutant was significantly rescued by
reduction of miR-278 (t-test = 1.2 x 1077). Error bars indicate standard deviation.
(E) Ratio of glucose and trehalose levels in adult males grown under controlled
conditions (Teleman et al. 2005b). Trehalase was omitted for the glucose mea-
surement. (F) Expression level of 4E-BP in control and mutant tissues by Q-PCR.
(G) Insulin-induced changes in gene expression in wild-type and mutant larvae
by Q-PCR. Values show 4E-BP levels 1 h post-insulin injection as percentage of

mock injection.

Flies with a stronger reduction of insulin signaling pro-
duced by removing chico, the adaptor subunit for PI3K,
show reduced viability in addition to obesity (B6hni et al.
1999). Elevated insulin levels in the miR-278 mutant
proved to be sufficient to counteract the reduced viabil-
ity of chico mutants (Fig. 3D), but not to overcome their
obesity (data not shown). These findings suggest that the
miR-278 mutant phenotypes can, to a large extent, be
attributed to elevated insulin signaling due to overex-
pression of the ILP genes.

Why are insulin levels elevated in the miR-278 mu-
tant? Under normal circumstances, insulin levels in-
crease in response to elevated circulating sugar after
feeding, leading to renormalization of circulating sugar
levels. Interestingly, miR-278 mutants showed elevated
circulating sugar in the form of trehalose (Fig. 3E), which
is sufficient to explain their elevated insulin production.
However, despite high insulin levels, the mutant flies
remain hyperglycemic. Since trehalose is generated by
mobilization of glycogen reserves in the fat body, this
suggested that the fat body might be insulin resistant.

To test this, we measured insulin-dependent transcrip-
tional response in miR-278 mutants. Impaired insulin
signaling leads to nuclear translocation of the transcrip-
tion factor Foxo and activation of its target 4E-BP (Puig et
al. 2003; Teleman et al. 2005b). 4E-BP levels were higher
in mutant fat body, indicating reduced insulin sensitiv-
ity, despite higher insulin production in the mutant (Fig.
3F). Insulin injection into wild-type larvae strongly re-
duced 4E-BP levels in the fat body but caused only mod-
est reduction in the miR-278 mutant fat body (Fig. 3G).
Peripheral insulin-sensitive tissues, where miR-278 is
expressed at lower levels, were less strongly affected in
the mutant (larval body wall muscle and epidermis) (Fig.
2C). A second Foxo target, InR, behaved similarly. Thus
we observe a greater degree of insulin resistance in the
fat body than in peripheral tissues. Insulin resistance in

“
fat body

plexes (miRNPs) to miRNA complementary sites
on mRNAs. miRNP recruitment depends on se-
quence complementarity to the 5’ end of the
miRNA, which provides much of the information
needed for target recognition (Brennecke et al.
2005; Lewis et al. 2005). We therefore looked for
possible miR-278 target genes with sequences
complementary to the 7-nucleotide (nt) seed re-
gion of miR-278 in their 3’ untranslated regions
(UTRs). miR-278 is unusual in having only 91
seed matches: The average miRNA generated 479
such matches (Supplementary Table 1). This
raises the possibility that miR-278 has relatively
few biologically important targets. miR-278 seed
matches were distributed in the 3'UTRs of 63
genes, three of which had two sites (multiple
transcript isoforms account for the difference between
91 total sites and 66 sites in 63 unique genes) (see Supple-
mentary Table 2). Most of these genes were detectably
expressed in adipose tissue (57/63). Among these ex-
panded was noteworthy because of its known role in
growth regulation and because its RNA level was most
elevated in miR-278 mutants (Supplementary Table 2).

expanded loss-of-function mutants cause tissue over-
growth (Boedigheimer et al. 1997; Blaumueller and
Mlodzik 2000), consistent with the expected effects of
target repression by miR-278. The expanded 3'UTR con-
tains two potential miR-278 sites (Fig. 4A). Their ability
to confer regulation by miR-278 was tested using a lu-
ciferase reporter linked to the expanded 3'UTR, ex-
pressed in S2 cells with or without miR-278. As a posi-
tive control, we used a reporter with two perfect RNA
interference (RNAi)-type miR-278 sites in its 3'UTR.
miR-278 expression reduced luciferase activity from this
reporter to 10% and from the expanded 3'UTR reporter
to 60% of control levels (Fig. 4B). To confirm that miR-
278 can regulate expanded at the post-transcriptional
level, we made use of sevenless-Gal4 to direct expression
the endogenous expanded gene in the developing eye.
This causes a small externally roughened eye. Coexpres-
sion of miR-278 with expanded suppressed this defect to
a considerable extent (Fig. 4C). miR-278 overexpression
was able to reduce expression of the endogenous Ex-
panded protein in the wing imaginal disc (Fig. 4D,E), as
well as Expanded overexpressed from a UAS transgene,
confirming that this reflects post-transcriptional regula-
tion (Supplementary Fig. 1). Reduced Expanded expres-
sion provides an explanation for the tissue overgrowth
caused by miR-278 overexpression. Indeed, coexpression
of Expanded from a transgene suppressed the overgrowth
caused by miR-278 overexpression (Fig. 4F).

Three lines of evidence suggest that misregulation of
expanded contributes to the lean phenotype of miR-278

body wall
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Figure 4 miR-278 regulates expanded. (A) Potential miR-278 target sites in the expanded 3'UTR. (B) Normalized luciferase activity for a
reporter transgene containing the expanded 3'UTR compared with a control reporter with (black bars) and without (gray bars) coexpression of
miR-278. Error bars indicate standard deviations. (C) Eyes from flies overexpressing expanded under sevenless-Gal4 control (left) and overex-
pressing expanded and miR-278 together (middle), and a control eye (right) for comparison. (D) Expanded protein in a wild-type wing imaginal
disc visualized by antibody labeling (red). (E) Down-regulation of Expanded protein in the dorsal compartment of a wing disc expressing miR-278
under apterous-Gal4 control (green). The dorsal compartment has an extra fold due to tissue hyperplasia. (F) Expanded expression suppresses
miR-278 overgrowth. Intervein L3-L4 area as percentage of total wing size for dpp-GAL4 driving indicated transgenes.

mutants. expanded mRNA levels increased several fold
in miR-278 mutant tissues (Fig. 5A). This effect is post-
transcriptional, as expression of a lacZ-reporter inserted
in the expanded gene did not increase in the absence of
miR-278. Elevated expression of expanded under miR-
278-Gal4 control in otherwise wild-type flies was suffi-
cient to cause elevated expression of the brain-expressed
ILP genes and to produce a lean phenotype (Fig. 5B,C).
This indicates that increased expanded expression in tis-
sues that express miR-278 is sufficient to cause the
changes observed in the miR-278 mutant. It therefore
follows that the elevated expanded RNA level observed
in the mutant can explain the observed defects.
Expanded is a membrane-associated protein that acts
together with the ERM-like protein Merlin, the fly or-
tholog of the NF2 tumor suppressor (McCartney et al.
2000). Merlin mediates regulatable association between
membrane and cytoskeleton to organize membrane do-
mains that regulate adhesion and signaling. While there
are many possible modes of action for the Expanded-
Merlin complex, it has been reported to modulate
growth-factor receptor signaling. A number of
molecular associations between Merlin and pro-
teins involved in RTK signaling have been re- A

wild-type
miR-278 mutant W

278 appears to have relatively few potential target sites,
and thus may act via fewer target genes than most “av-
erage”

miRNAs, which are thought to regulate hundreds of
genes (Brennecke et al. 2005; Grun et al. 2005; Krek et al.
2005; Lewis et al. 2005; Xie et al. 2005).

The role of miR-278 in keeping expanded mRNA at
very low levels in adipose tissue, where the miRNA is
expressed, is intriguing in light of the emerging view that
target RN As are often expressed at very low or undetect-
able levels in the miRNA-expressing tissues (Farh et al.
2005; Stark et al. 2005). In this case, because of the strong
reduction in expanded transcript level, it can be argued
that the miRNA contributes meaningfully to shaping
the expression domain of its target RNA.

miRNAs are thought to control many processes in de-
velopment and disease (for review, see Alvarez-Garcia
and Miska 2005; see also Poy et al. 2004; Lu et al. 2005;
Sokol and Ambros 2005; Zhao et al. 2005). It is intriguing
that several miRNAs are though to regulate energy ho-
meostasis. miR-14 has been shown to regulate fat me-

oy
(@)

ported, as has a role in endocytosis, all of which o

expanded RNA lacZ RNA

100%

may affect signaling (McClatchey and Giovan- 4

nini 2005). Elevated Expanded levels may be re-
sponsible for the reduced insulin sensitivity ob- &=
served in miR-278 mutants, perhaps identifying a o
novel cause of insulin resistance.

Our findings have focused on the role of ex-

rormalized bady fat
3
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o
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panded as a target of miR-278 action in vivo.
While these results indicate that much of the
miR-278 mutant phenotype can be attributed to
failed regulation of a single target, we do not ex-
clude the possibility that other target genes
might also contribute. It is noteworthy that miR-
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Figure 5 expanded regulation and the miR-278 mutant phenotype (A) Ex-
panded mRNA levels and expanded locus transcription levels, as assayed by lacZ
expression from an insertion, in control and mutant tissues, measured by
Q-PCR. (B) Total body triglycerides normalized to total body protein for flies of
the indicated genotypes. Batches of eight males were assayed. The experiment
was done in triplicate. (C) ILP3 and ILP5 mRNA levels measured by Q-PCR in
adult flies of the indicated genotypes.
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tabolism by an unknown mechanism (Xu et al. 2003).
Our finding that miR-278 regulates insulin production
parallels a recent report that miR-375 controls insulin
secretion (Poy et al. 2004). Inhibition of miR-375 activity
in cultured pancreatic B-cells using anti-sense oligo-
nucleotides increased insulin secretion. We have pro-
vided evidence that miR-278 acts by a different mecha-
nism, at least in part through regulation of expanded to
control insulin sensitivity in adipose and peripheral tis-
sues.

Both in mammals and in flies, the total amount of
body fat depends on the balance of insulin signaling in
adipose tissue relative to other insulin responsive tissues
(e.g., muscle). Mice in which the insulin receptor is spe-
cifically knocked-out in adipose tissue have a 50% de-
crease in fat pad mass. In contrast, mice in which the
insulin receptor is specifically removed from muscle
have increased fat stores (for review, see Kitamura et al.
2003). This is likely to reflect whether circulating glu-
cose is consumed in muscle or in adipose tissue to be
stored—and insulin signaling affects this balance. The
same holds true in flies. Flies with impaired insulin sig-
naling in adipose tissue are lean (Teleman et al. 2005b).
In contrast, flies in which insulin signaling is decreased
systemically—by ablating the neurosecretory cells
which secrete ILPs; by removing the insulin receptor
substrate, chico, throughout the whole animal; or by
feeding flies rapamycin—are obese (Bohni et al. 1999;
Broughton et al. 2005; Teleman et al. 2005a). This must
be caused by reduced insulin signaling in tissues other
than the adipose tissue. In this context, miR-278 helps
tip the balance toward fat accumulation. miR-278 in-
creases insulin sensitivity, and in the wild-type animal,
it is most strongly expressed in adipose tissue.

Materials and methods

Reagents

EP(2)26043 was isolated using Gal4 directed overexpression of EPg ele-
ments as described (Teleman et al. 2005b). UAS-expanded was described
(Blaumueller and Mlodzik 2000). EP(2)2316, Apterous-Gal4, engrailed-
Gal4, and sevenless-Gal4, are described at the Berkeley Drosophila Ge-
nome Project (http://www.fruitfly.org). Antibody to Expanded protein
was as described in McCartney et al. (2000).

Targeted homologous recombination

Ends-out homologous recombination was performed essentially as de-
scribed (Gong and Golic 2003). Left and right arms of the targeting vector
were prepared by PCR of 3.6-kb fragments from BAC DNA using oligos
gcggeccgc GCCACATTGCGCCTTCAGTTT + geggecgcAAAATTGTCG
CAGGTGAACGG for the upstream flank and ggatccCTGTCTTGC
ACCTGCCGTCCA + ggatccAGTTGCGGCGCTTTAGTGTCT for the
downstream flank. Flies carrying the targeting construct were crossed to
flies with heat-inducible FLP recombinase and I-Scel endonuclease
(70FLP and 70I-Scel, Bloomington Stock Center), and the resulting prog-
eny were heat-shocked for 45 min at 38°C on day 3 of development.
Mosaic-eyed females were crossed to If/CyO males, and targeting events
were mapped to the second chromosome in the next generation. Absence
of the miR-278 locus was tested first by genomic PCR and then by North-
ern blot for the mature product. Targeted mutants were tested for the
presence of a function copy of the nearby fus gene by complementation.

RNA analysis
Northern blots for miRNAs were prepared as in Brennecke et al. (2003).
Q-PCR was performed as in Teleman et al. (2005a).

Triglyceride and trehalose measurements were as described in Tele-
man et al. (2005b).

Reporter gene assays
Luciferase 3'UTR reporter and miRNA plasmids were expressed under
control of the tubulin promoter. miR-278 was expressed from a plasmid

miR-278 regulation of energy metabolism

containing a 500-bp genomic region, including the hairpin. S2 cells were
transfected in six-well plates with 0.1 pg of the firefly luciferase reporter
plasmid, 0.1 pg of a Renilla luciferase expressing plasmid (transfection
control), and 1 pg of the miRNA expression plasmid or empty vector.
Transfections were performed in triplicate. Dual-luciferase assays (Pro-
mega) were performed 2.5 d after transfection according to the manufac-
turer’s protocol.

Q-PCR

PCRs were performed using the ABI7000 or ABI7500 machines and the
ABI SYBR green system. All measurements were normalized to rp49. To
assay transcription levels of the expanded locus, mRNA levels of lacZ
were measured for the ex®! allele. This allele is an imprecise excision of
a pLacW insert at the transcription start site of expanded, leaving behind
the lacZ (Boedigheimer et al. 1993).

Insulin injections

Prewandering third instar larvae were injected with either PBS + 0.1%
phenyl red (“mock”), or the same buffer + 200 nM bovine insulin (“in-
sulin”) into their hemolymph. Larvae were then returned to normal food
for 1 h before tissue dissection and RNA extraction.
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Erratum
Genes & Development 20: 417-422 (2006)

Drosophila lacking microRNA miR-278 are defective in energy homeostasis
Aurelio A. Teleman and Stephen M. Cohen

The author list for our above-mentioned paper should be:

Aurelio A. Teleman, Sushmita Maitra, and Stephen M. Cohen.

Dr. Sushmita Maitra provided us with an unpublished antibody that was essential for our work. The antibody will
be described in detail in the following paper:

Maitra, S., Kulikauskas, R.M., Gavilan, H., and Fehon, R.G. 2006. The tumor suppressors Merlin and Expanded
function cooperatively to modulate receptor endocytosis and signaling. Curr. Biol. (in press).

Dr. Maitra should have been included as an author of our paper. We deeply regret the oversight.

Stephen Cohen
Aurelio Teleman
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