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Materials and Methods

Transgenes and antibodies

The complete eve transgenes that are capable of rescuing all aspects of normal

function in eve null mutants1, the eme-deficient eve rescue constructs and the eme-

GAL4 construct2, the transgenes carrying modified version of Eve3, the UAS-tLacZ

transgene4 used in combination with eme-Gal4 to mark cells that normally express eve

in the mesodermal lineages, the reporter UAS construct used to test the ability of Gal4-

Eve to actively repress transcription in the mesoderm (eme-UAS-lacZ)5, and the

transgenes used to label the eve-expressing neurons (RP2 and aCC) that innervate

DA1 and DO1 (RN2-Gal4 and UAS-GFP)5 were all described previously.  The eme-

Gal4-Eve construct used to express the Gal4-Eve fusion protein in the mesoderm

consists of two tandem copies of the eme fragment (+5.7 to +6.6 kb relative to the eve

transcription start site) upstream of the same eve promoter-Gal4-Eve coding region

fragment described previously5.  Transgenic lines were established as described

previously6,7.

Antibodies used were anti-b-galactosidase (b-gal, 1:1000, ICN), anti-GFP (1:200)

(Roche), anti-Eve8 (1:10,000), anti-Kr�ppel9 (Kr, 1:500), and anti-fasciclin II 1D410

(1:10).  Antibody staining was visualized using horseradish peroxidase and DAB11,

either with or without Ni.  In situ hybridization was performed as described previously12.

Evx expression

RT-PCR for Evx1 or Evx2 was performed using RNA isolated from 12.5dpc

embryonic mouse heart, an established rat epicardial cell line (EMC), and chicken
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epicardial explants, with gene- and species-specific primers.  WilmÕs Tumor (WT1) gene

expression served as an epicardial-specific marker13,14, and Nkx2.5 expression as a

myocardial-specific marker.  Epicardial Explant Assay: primary chick epicardial cell

monolayers from HH21 embryonic chick hearts were grown on three-dimensional gels

containing 1% rat tail collagen type I (BD Biosciences), as previously described15.  After

72 hours, epicardial cells from 10 different explants were pooled and used for RNA

extraction using TriZol Reagent (Invitrogen).  The hearts from the explants devoid of

epicardial cells were also recovered and RNA was extracted.

Pericardial cell counts

Third instar larvae were dissected in AHL (adult hemolymph) media16 to expose

hearts, then stained for 15 seconds with Neutral Red for visualization of pericardial (PC)

cells.  Larval hearts were observed and photographed on a stereo dissecting scope at

20x magnification.  The total number of PC cells was averaged over the number of

larval segments counted.

Heart rate measurement

Transparent white pre-pupae were viewed with an inverted compound

microscope on a temperature-controlled stage set at 25oC, while adults were viewed on

a stereoscope with a temperature-controlled stage set at 25oC.  Each animal was

allowed 2 min. to acclimate before counting.  Since heart contractions are externally

visible without dissection, the number of heart beats in a 15 second period was

determined and charted as beats/second for pupae and Hz (cycles/second) for adults.
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Heartbeat for each individual was counted five times with a 15 second interval, with the

average of the five reported as the individual value.

Cardiac stress-induced failure rate measurement

Adult fly hearts were paced to a heart rate of 6 Hz for 30 seconds via an external

current using a square wave stimulator, then following cessation of treatment, the

percentage of flies undergoing cardiac arrest or fibrillation was charted17,18.

Flight assay and lifespan measurement

For flight assays, flies were gently tapped into a 72 inch-long tube lined with

flypaper.  The flypaper was divided into numbered quadrants, with the highest quadrant

4, the lowest 1.  Flies that fell through the tube without getting stuck on the flypaper

were scored as 0.  The average score for the total sample of each genotype was

reported as the flight index.

For lifespan measurements, 250 male flies of each genotype were divided into

groups of 15 flies each and given fresh food every other day.  The number of dead flies

was recorded each time fresh food was supplied.  Flies were fed on standard yeast

glucose food and raised at 25oC.

Results

Other functional deficits

Since flies do not depend on circulation for acute oxygen supply, it is possible for

flies with drastically compromised heart function to live and reproduce.  However,
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normal circulation may be needed for distribution of hormones and other physiologically

important factors19-21.  Indeed, eve meso- flies are visibly sluggish, and reproduce

slowly and inefficiently (data not shown).  To quantify this perceived lack of vigor, we

assayed meso- flies for their ability to engage in the high-energy activity of flying.  eve

wild-type rescued flies behaved identically to wild-type flies in a simple flight assay (Fig.

5C).  However, heterozygous eve meso- flies scored 25% lower than wild-type, the

same as flies carrying the Cy mutation, which causes curled wings and thus impedes

flying ability (Fig. 5C and data not shown).  The two eve meso- lines tested each scored

about 50% lower than wild-type flies and other controls (Fig. 5C), and lower than Cy

flies, which are considered almost flightless22.  This suggests that they suffer from more

than just a deficiency in the anatomical flight apparatus.
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Supplemental Figure 1:  (A, B) Tinman-positive myocardial cells form normally in eve

meso- embryos.  Stage 16 wild-type (A) and mutant (B) embryos stained with

antibodies against Tinman (red) and Eve protein (green).  Note the absence of Eve

in the mutant and the regular arrangement of four Tinman-positive myocardial cells

(white arrows) in each hemisegment of both wild-type and mutant embryos.  (C, D)

Pericardial cells marked by the secreted collagen protein Pericardin (Mab 323) align

similarly along the myocardial cells in heterozygous (C, blue stripes indicate

presence of balancer chromosome) and homozygous eve meso- embryos (D).  E)

Tinman (red) and Lbe (green) myocardial cells are normally patterned in stage 15

eve meso- embryos:  two Lbe/Tinman double-labeled cells (in yellow marked by

arrows) are located anteriorly to two Tinman-only labeled cells (in red marked by

arrowheads) in each hemisegment.
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Supplemental Fig. 1
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Supplemental Fig. 2.  Eve acts as a repressor in the mesoderm.  The genetic situation

that applies to C-E is illustrated in A:  The J49 eve meso- rescue transgene is

present (two copies) in an eve null background, along with a complete rescue

transgene driving expression of an altered Eve protein.  B-E) 3rd instar larvae

dissected to reveal the dorsal musculature (anterior to the left, dorsal up):  B) eve

null mutant carrying two copies of a complete rescue transgene (86K);  C, D) the

genetic situation shown in A, with only the Eve HD (with its highly conserved

immediate flanking residues) expressed in the mesoderm (EveH);  E) as in C, D, but

with the Eve HD region fused with the En repressor domain (EnRD).  Note that in B,

the normal arrangement of muscles is present (compare to Fig. 3A), while in C, DA1

is missing;  in D, DA1 is missing and there is an extra muscle adjacent to DO2,

which is positioned somewhat abnormally, as is DO1, and in E, the normal pattern is

restored.  The red and green bars beside each micrograph in B-E mark the edges of

the dorsal acute (DA) and dorsal oblique (DO) muscles, respectively, and the

diagrams below illustrate the positions of muscles in the DA and DO focal planes in

the same colors.  The embryo shown in G carries a transgene, diagrammed in F

(upper half) in which the eme enhancer drives GFP expression, and which also

contains a Gal4 binding site (UAS).  Note reporter expression in the mesodermal

eve pattern in G (stage 11; anti-GFP immunostaining).  The embryo in H carries a

transgene in which a Gal4-Eve fusion protein containing the Gal4 DNA binding

domain and the Eve repressor regions is driven by eme (F, lower half) in addition to

the reporter transgene present in G.  Note the essentially complete repression of the

reporter (compare H to G).
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Supplemental Fig. 2


