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FIG 1 Mutants of Drosophila ELAV family RBPs display distinct phenotypes but converge in the regulation of synaptic growth. (A to D) Axonal projections in
control, elav (elave5/Y), elav fne (elave5 fne�/Y), and elav fne Rbp9 (elave5 fne�/Y; Rbp9P2690) embryos were stained with MAb BP102. Arrowheads indicated
projection defects and/or irregular positioning of neuromeres. Scale bar, 25 �m. (E to L) Neuromuscular junctions at muscle 13 of control, elav (elave5/elavts1),
fne (fne�/Df (1)ED7165), Rbp9 (Rbp9P2690/Df(2L)ED206), elav fne (elave5 fne�//elavts1 fne�), elav; RBP9 (elave5/elavts1; Rbp9P2690/Df(2L)ED206) and fne; Rbp9
(fne�/Df (1)ED7165; Rbp9P2690/Df(2L)ED206) third-instar larvae were stained with anti-HRP, and type 1b boutons were quantified (n � 15 to 30) (L). Scale bar,
25 �m. elave5/elavts1 mutants were raised at the permissive temperature during embryogenesis. Statistically significant differences compared to the control values
are indicated by asterisks (**, P 	 0.01; ***, P 	 0.001). (M to Q) Mushroom bodies of control, elav (elave5/elavts1) (flies raised at the permissive temperature
during embryogenesis), fne (fne�/Df (1)ED7165), Rbp9 (Rbp9P2690/Df(2L)ED206), and fne; Rbp9 (fne�/Df (1)ED7165; Rbp9P2690/Df(2L)ED206) adult flies were
stained with anti-Fas2. Arrowheads indicate fused beta lobes. Scale bar, 25 �m. (R to V) Photoreceptors of control, elav (elave5; whole-eye clone), fne (fne�/Df
(1)ED7165), Rbp9 (Rbp9P2690/Df(2L)ED206), and fne RBP9 (fne�/Df (1)ED7165; Rbp9P2690/Df(2L)ED206) adult flies from paraffin sections were visualized by
autofluorescence. Scale bar, 5 �m. (W to AB) Horizontal paraffin sections of adult heads from control, fne (fne�/Df (1)ED7165), Rbp9 (Rbp9P2690/Df(2L)ED206),
and fne; Rbp9 (fne�/Df (1)ED7165; Rbp9P2690/Df(2L)ED206) 40-day-old adult flies and from elav (elave5/elavts1) (flies raised at the permissive temperature during
embryogenesis) 1-day-old (AA) and 7-day-old (AB) adult flies were visualized by autofluorescence. Arrowheads indicate vacuolization, and the asterisks indicate
the nonrotated medulla. Scale bar, W 50 �m. (AC) Longevity of control, elav (elave5/elavts1) (flies raised at the permissive temperature during embryogenesis),
fne (fne�/Df (1)ED7165), Rbp9 (Rbp9P2690/Df(2L)ED206), and fne; Rbp9 (fne�/Df (1)ED7165; Rbp9P2690/Df(2L)ED206) flies is shown as the mean from three
replicates (20 flies each) with the standard error. (AD) Negative geotaxis of 1-day-, 10-day-, and 20-day-old elav (elave5/elavts1) (flies raised at the permissive
temperature during embryogenesis), fne (fne�/Df (1)ED7165), Rbp9 (Rbp9P2690/Df(2L)ED206), and fne; Rbp9 (fne�/Df (1)ED7165; Rbp9P2690/Df(2L)ED206)
adult flies is shown as the mean from three experiments with the standard error normalized to the performance of control flies (set to 100%). Statistically
significant differences of comparisons to control fly values are indicated (***, P 	 0.001).
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2B), which is ELAV dependent (Fig. 2C and D). In the absence of
FNE and RBP9, all neurons expressing ELAV also alternatively
splice the nrg GFP reporter UNGA in larval photoreceptor neu-
rons and in larval and adult brains (Fig. 2E to I), which was also
observed in photoreceptor neurons and larval brains of individual
mutants of fne or Rbp9 (see Fig. S3 in the supplemental material).

Recombinant FNE, RBP9, and HuR bind to ELAV target RNA
with similar affinities. Next, we determined the RNA binding
specificities of ELAV family members in vitro using the well-char-
acterized ELAV binding sequence in the ewg gene (pA-I), which
comprises 135 bp (20, 36, 40). For these binding experiments, we
generated recombinant proteins in Escherichia coli for ELAV,
FNE, and RBP9 and also for human HuR because it is functionally
closest to ELAV family proteins in Drosophila (Fig. 3A; see also Fig.

S4 and Table S1 in the supplemental material). Surprisingly, all
proteins bound ewg pA-I RNA in a narrow affinity range and,
similar to ELAV, also cooperatively formed multimeric complexes
in electrophoretic mobility shift assays (EMSAs) (Fig. 3B and C).
Multimeric complexes of recombinant FNE (rFNE) and rHuR
assembled on pA-I RNA run faster, in accordance with their size
(Fig. 3A and B), which has previously been observed with the
N-terminally truncated form of ELAV, RBD60 (13). Binding con-
stants for rELAV, rFNE, rRBP9, and rHuR were 22 nM, 47 nM, 23
nM, and 49 nM, respectively (Fig. 3C).

FNE, RBP9, and Hu proteins can regulate alternative splicing
of ELAV target genes. Expression of ELAV in nonneuronal wing
discs results in neuronal splicing of ELAV target genes (16). Since
recombinant FNE, RBP9, and HuR bound ELAV target RNA with

FIG 2 Loss of FNE and RBP9 does not affect alternative splicing of ELAV target genes erect wing, neuroglian, and armadillo. (A) Analysis of neuronal alternative
splicing in the ewg, nrg, and arm genes in fne; Rbp9 double mutants by RT-PCR. n, neuronal isoform; c, canonical isoform. (B) Schematic of the ELAV-responsive
nrg GFP reporter UNGA. (C to E) Alternative splicing of nrg from the UNGA reporter, visualized by anti-GFP staining, is not affected in photoreceptor neurons
of fne; Rbp9 mutants but is dramatically reduced in elavedr mutants. Scale bar, 50 �m. (F to I) Alternative splicing of nrg from the UNGA reporter is not affected
in neurons of the third-instar larval or adult brain in fne; Rbp9 mutants, which were visualized with anti-GFP staining (top row) and in comparison to anti-ELAV
staining (middle and bottom rows). Note the complete overlap between ELAV expression and GFP from the spliced UNGA reporter in fne; Rbp9 mutants
(bottom rows of panels F to I). Scale bar, 100 �m.

FIG 3 Binding of recombinant ELAV/Hu family RBPs to RNA of the ELAV target ewg. (A) SDS-polyacrylamide gel showing Coomassie blue-stained recom-
binant ELAV family RBPs used for binding assays. For each of the recombinant proteins, 0.5 �g, 1 �g, and 2 �g were loaded. Marker proteins were bovine serum
albumin (66 kDa), ovalbumin (45 kDa), and carbonic anhydrase (30 kDa). A bacterial protein copurifying with rFNE (lanes 7 to 9) is indicated by the star next
to lane 9. (B) EMSA gel with RNA from the ELAV binding site in ewg (pA2-I). Uniformly 32P-labeled RNAs (100 pM) were incubated with recombinant proteins
(2 nM, 8 nM, 32 nM, 125 nM, and 500 nM) and separated on 4% native polyacrylamide gels. (C) Graphic representation of EMSA data. The percentage of bound
RNA [(input RNA � unbound RNA)/input RNA � 100] is plotted against the concentration of recombinant proteins (in molar units) presented as log values.
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