Identification of Novel Cell Death
Regulators in C. elegans and
Drosophila

Thesis by

Jeffrey Michael Copeland

In Partial Fulfillment of the Requirements for the

Degree of

Doctor of Philosophy

CALIFORNIA INSTITUTE OF TECHNOLOGY

Pasadena, California
2005

(Defended May 11, 2005)



© 2005

Jeffrey Michael Copeland

All Rights Reserved

i



ii

ACKNOWLEDGMENTS

I have heard that there is more to graduate school than just publishing, and this proves true
for me. While I might not have published yet, | have learned how to ask good questions

and pursue research. | have also grown personally in my time at Caltech.

I would like to thank Bruce Hay, my advisor, for his mentoring during my studies. Bruce
allowed both independence and direction, and his training will undoubtedly help me
throughout my career. Paul Sternberg is an extraordinarily enthusiastic and encouraging
man. | would like also thank the other members of my committee Elliot Meyerowitz, Ray

Deshaies, and Kai Zinn.

Members of the Hay lab have provided support throughout the years. Notably I had many
good discussions with Jun Huh about science, politics, and our shared faith. | would thank

Stephanie Yeager, Peizhang Xu, Hong Yu, and Chun Hong for their friendship.

Because we all are parts of larger communities | would like to thank my friends in the
Caltech Christian Fellowship for their prayers and support. | am in debt to the Pasadena
Mennonite Church, for their examples of modeling a faithful witness in their vocation and
lives. During one commencement, Alan Alda, quoting Richard Feynman, said that if you
could not explain your research to non-scientific people, you really don’t understand it
yourself. My sister and parents, especially my father, who all know little about scientific

research, gave me several chances at communicating my research on a simple level.

Without Kim Copeland | would be nowhere. She frequently heard my laments, gave me
encouragement, let me be frustrated, and offered her own struggles as support. | cannot
thank her enough for what she means to me. Her love and friendship is what got me
through school. Rebekah Copeland, my two-year-old daughter, brought simple joy and
laughter back into my life. | stand amazed by her development and through viewing the

world from her eyes.



v
Finally 1 would thank my true teacher, Jesus Christ. He teaches me to be a faithful and

just, no matter the situation.



ABSTRACT

Apoptosis is a form of cell death executed by a class of cysteine proteases called caspases.
Though caspases are well-conserved, the mechanisms by which caspases are regulated vary
remarkably. This dissertation addresses three independent aspects of apoptosis and its

regulation.

In the developing Drosophila eye, apoptosis is activated to remove extra cells that are
initially present between ommatidia. Mutants for the gene echinus have a disorganized eye
structure due to a failure of these cell deaths to occur. We demonstrate that echinus
resembles a deubiquitinating enzyme, that it is expressed in the pupal eye during the time
of cell death, and that echinus acts genetically upstream or independently of the death-
inducing genes head involution defective, reaper, and grim. Based on in vitro assays and
the fact that the Echinus enzyme lacks a catalytic cysteine residue, we propose that echinus
and its orthologs constitute a novel class of inactive deubiquitinating enzymes, perhaps
functioning in a dominant-negative manner to inhibit deubiquitination of specific

substrates.

In C. elegans, the model for caspase inhibition is quite different from that in Drosophila

and in mammals. To look for genes that directly inhibit the CED-3 caspase, we screened a
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C. elegans cDNA library for CED-3 suppressors in the yeast S. cerevisiae and found

several suppressors. Experiments in yeast suggest that one of these genes, Y39B6A.12,
requires the prodomain of CED-3 for suppression, and ectopic expression in the
Drosophila eye shows that it can suppress apoptosis induced by the Bcl2 family member

Dehbcl.

In Drosophila, DIAPL is the focal point in the regulation of apoptosis. To identify novel
regulators of DIAP1, deficiency chromosomes spanning the Drosophila genome were
screened for dominant modifiers of a diapl knockdown phenotype. Nine deficiencies were
isolated that cover no known regulators, and two modifiers were mapped to small genomic
regions. This screen has provided a starting point for identifying some of the many

uncharacterized genes that are involved in regulating apoptosis.
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