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Introduction & Background

The insulin signaling pathway is the predominant regulator of overall isometric

growth,1 but little is understood about differential growth, despite being exhibited in

most animals. Allometric growth is likely due to specific requirements of each organ

during development. As organs grow at different rates, tissue-specific mechanisms

are required to regulate differential post-embryonic growth.

After screening ~300 larval lethal mutations, we found seven EMS mutations, and one

P-element mutation (jitterbug) from a second screen that affect tracheal growth

independent of embryonic tracheal growth, mapped them to six different genes, in

addition to uif and Mmp1, and have begun their characterization (Table 1).5,6,7
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Fig 3. Tracheal growth of Gprk2

mutants compared to wild-type

Fig 4. Confocal images of larval trachea from (A) wild type, (B) Mmp1, and (C) uif stained with antibodies against

uif (A’, B’, C’) and Mmp1 (A’’, B’’, C’’). Merged images are shown (A-C).

Aim 1: To investigate physical interactions between Mmp1 and uif: Uif and Mmp1

are both expressed on the apical surface of tracheal cells in wild type animals (Fig. 4

A). Expression of Mmp1 on the apical surface depends on uif, as in uif mutants, rather

than localizing on the apical surface, we see Mmp1 in the cytoplasm (Fig. 4 C). This led

to the hypothesis that in order for Mmp1 to localize on apical surface of tracheal cells it

must directly associate with Uif. To test this hypothesis, we will attempt to rescue

growth defects from uif mutations by fusing the Mmp1 gene to the transmembrane and

intracellular domain of uif in order to target Mmp1 on the apical plasma membrane in

the absence of Uif. If rescue is successful, we conclude that Mmp1 function on the

apical plasma membrane is key for growth regulation and that Uif merely serves to

localize Mmp1.

Aim 2: To reveal any epistatic relationship

between Gprk2 and uif and determine if Gprk2

is acting as a rheostat for insulin signaling:

We previously found increased levels of Uif

expression in Gprk2 mutants (Fig. 5), suggesting

that they function together in tracheal growth. We

hypothesize that Gprk2 is acting upstream of uif

as a means to reduce growth once enough has

occurred. We will conduct epistasis experiments

by making double mutants of uif and Gprk2. To

determine if uif or Gprk2 are acting through the

insulin signaling pathway, we will use gain/loss of

function analyses of Uif and Gprk2 and use

phosphorylated forms of PI3K and p70 S6 kinase

as a readout of insulin signaling.
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Larval trachea, the respiratory organ

in Drosophila melanogaster, is an

excellent model for studying post-

embryonic tissue-specific allometric

growth and has become a standard

model of morphogenesis,2,3 resulting

in the development of numerous

tools such as a tracheal-specific

GAL4 line.4 Embryonic tracheal

development is genetically

controlled to produce a trachea

capable of supporting the oxygen

demands of a newly hatched larva
(Fig. 1).

Fig 1. Embryonic tracheal development in Drosophila

melanogaster

Fig 2. Tracheal growth of uif and Mmp1 mutants compared to wild-type

Fig 5. Antibody stains of uif and DAPI

showing protein levels of Uif and

endoreplication in Gprk2 mutants compared

to wild-type

Most notably, mutations in uninflatable (uif), which encodes a transmembrane protein

with a large extracellular domain containing carbohydrate binding and cell signaling

motifs, and Matrix Metalloproteinase 1 (Mmp1), which encodes a secreted protease,

lead to significantly reduced tracheal growth relative to body length (Fig. 2). This

suggests uif and Mmp1 have highly tissue-specific roles as positive regulators in larval

tracheal growth. Four different mutations in another gene of interest, G protein-coupled

receptor kinase 2 (Gprk2), all result in an overgrowth phenotype of highly convoluted

trachea, indicating that Gprk2 negatively regulates larval tracheal growth (Fig. 3).

Gene Allele(s) Phenotype

uninflatable uif2B7 Short trachea

Matrix 
Metalloproteinase 1

Mmp1 Short trachea

jitterbug P{GT1}jbugBG406 Short trachea

Tnc I(3)LL15149
Short trachea, 
frequent breaks

ND I(3)LL16636 Short trachea

ND I(3)LL5106 Short trachea

Gyca99B? I(3)LL12265 Large trachea

Gprk2
I(3)LL9349
I(3)LL10756
I(3)LL16674

Very large trachea

Positive regulators of growth

Negative regulators of growth

Predicted Positive regulators of growth

Predicted Negative regulators of 
growth

Table 1. Mutations and mapped genes resulting from genetic screen


