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Figure 5: Atg11/11 fusion protein.

This Atg11/11 fusion protein contains the C-terminal domain of ScAtg11, which
binds to Atg19, and the N-terminal domain of PpAtg11, which directs the
protein to the vacuolar membrane. In this diagram, GFP is fused to the N-
terminal domain of the Atg11/11 fusion protein.

The C-terminus of ScAtg11 has been shown to bind to ScAtg11
by the two-hybrid assay and this domain fused to GFP as well as
the GFP-Atg11/11 fusion protein co-localize with RFP-prApel
in S. cerevisiae in a similar fashion as GFP-ScAtg11 (data not
shown). When the GFP-Atg11/11 fusion protein was expressed
in P. pastoris, it localized to the rim of the vacuole, confirming
that the N-terminus of Atgll contains the domain that directs
the protein to the vacuolar membrane (Figure 6). Co-localization
with RFP-prApel was only found in cells also expressing HA-
tagged ScAtg19. In these cells, the Cvt complex was locked to
the vacuolar membrane and not moving randomly about in
the cytosol. However, little RFP-prApel could be detected in
the vacuole in cells grown in rich media even though the Cvt
complex appeared to be tethered to the vacuole.

GFP-Ppl11/Scll RFP-prApel Overlay

P. pastoris also
expressing
Atg19-HA

P. pastoris
control cells
(no Atgl19-HA)

Figure 6: Atg11/11 fusion protein tethers the S. cerevisiae Apel
complex to the vacuole.

In the P. pastoris cell line expressing RFP-ScprApel, Atg19-HA, and GFP-
Atg11/11, GFP-Atg11/11 co-localizes to RFP-prApel and tethers it to the
vacuolar membrane, as can be seen in a fluorescent microscope. However, in

a similar cell line lacking Atg19 the two do not co-localize. This also indicates
that Atg19 is needed for an interaction between ScprApel and the Atg11/11
fusion protein.

Atg19-induced uptake of prApel to the vacuole. We next
wanted to see if we could induce microautophagy of the prApel
aggregate. In order to better see the vacuolar arms engulfing
the aggregate, we expressed high amounts of untagged prApel
in addition to RFP-tagged prApel. GFP-Atg19 expressed from
a weak promoter was seen forming a ring around the prApel
aggregate, indicating that GFP-Atg19 binds to the surface of
the prApel complex (Figure 7). In the cells expressing RFP-
ScprApel, occasional weak red staining of the vacuole was
observed, suggesting that there was some vacuolar uptake of the
prApel aggregate in rich media conditions.
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Figure 7: Atg19 binds to the surface of S. cerevisiae Apel complex.
In a P. pastoris cell line expressing RFP-ScprApel, GFP-Atg19, and high copy

of ScprApel, a green ring can be visualized around the outside of the prApel
complex using fluorescent microscopy.

However, when high levels of GFP-Atg19 were expressed,
strong vacuolar staining and smaller or no cytosolic RFP-prApel
aggregates were observed (Figure 8). Surprisingly, this uptake
occurred in rich medium and did not have to be induced by
starvation or by induction of peroxisome autophagy, and the
uptake occurred even though the aggregate did not seem to be
tethered to the vacuole. This suggests that the uptake was not
by microautophagy and also that Atg11l may not be involved
in the vacuolar uptake of the aggregate. In fact, the Atg11/11
fusion protein was also expressed in these cells and the prApel
aggregate was tethered to the vacuolar membrane. However, little
fluorescence was seen in the vacuole (data not shown). Western
blotting confirmed that little mature Apel was formed in these
cells (Figure 9). Based on these results we propose that the binding
of Atg8 to Atg19 may be sufficient for recruitment of autophagic
membrane to the prApel aggregate followed by autophagic
sequestration.

Figure 8: High expression of S. cerevisiae prApel and Atg19 allow
transport to the vacuole in P. pastoris.

In the P. pastoris cell line expressing RFP-ScprApel, high copy ScprApel, high
copy GFP-Atg19, a red diffused signal can be seen in the vacuole, indicating
that RFP-ScprApel is transported to the vacuole. The vacuolar staining is not
seen in a similar strain line expressing a lower copy of GFP-Atg19.
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Figure 9: Atgl1/11 fusion protein inhibits uptake to the vacuole
in P. pastoris.

These four P. pastoris strains were immunoblotted with anti-ScApel antibody.
All four strains contain RFP-ScprApel and high expression of prApel. The
strain in lane one also contains high expression of GFP-Atg19. This strain

has mature ScApel, indicating that transport to the vacuole does occur. In
lanes two and four the strain does not have mature ScApel, indicating that
transport to the vacuole does not occur. In lane two, the strain is the same as
lane one, except that GFP-Atg19 is expressed in lower amounts. The strain

in lane four is the same as the strain in lane two except that it also contains
Atg11/11 fusion protein tagged with PrA. The strain in lane three has some
mature ScApel, but much less than lane one. The strain in lane three is the
same as the strain in lane one, except that the Atg11/11 fusion protein is also
expressed.

Discussion

New data have made it clear that removal of protein
aggregates is essential to keep eukaryotic cells healthy and
prevent cell death and disease in higher organisms. Evidence
using transgenic mice suggests that the elimination of the
aggregates occurs by some form of constitutive autophagy. This
uptake therefore resembles the delivery of prApel to the vacuole
in certain yeasts. The study of autophagy of prApel in yeast
may therefore serve as a model system for autophagy of protein
aggregates. Until recently, it was believed that autophagy of
aggregated prApel only occurred in the yeast S. cerevisiae, but it
is now clear that P. pastoris also delivers prApel to the vacuole
by autophagy (Farré et al., 2007). We decided to introduce the
prApel (ScprApel) from S. cerevisiae into P. pastoris in order to
shed light on how prApel aggregates form, and to identify the
components required for the recognition of a foreign protein
aggregate so that this aggregate can be delivered to the vacuole.
Our data indicate that high levels of expression of the prApel
receptor, Atg19, may be sufficient for recognition of the aggregate
by Atg8, and with it, the autophagic membrane, and that this
recognition is followed by sequestration and delivery to the
vacuole.

There are several different ways by which autophagic
machinery could be transporting ScprApel to the vacuole
of P. pastoris. This yeast is known to be capable of the Cvt
pathway and starvation-induced autophagy, as well as selective
autophagy of peroxisomes into autophagosomes (macro-
pexophagy) and peroxisomes directly into the vacuole (micro-
pexophagy) (Farré et al., 2007). All these forms of autophagy
require a common, basic set of proteins in addition to proteins

required for the specific pathway. Removal of common and
pathway specific autophagy genes could therefore tell us by
which mechanism ScprApel is delivered to the vacuole. We are
currently in the process of knocking out Atg7, which is necessary
for all forms of autophagy, in order to verify that the uptake into
the vacuole we see is indeed by autophagy. Our data suggests
that Atgl11, which is required for selective autophagy of both
prApel and peroxisomes in S. cerevisiae and P. pastoris, is not
required for delivery of ScprApel to the vacuole when expressed
in P. pastoris, but this has to be verified by removing Atg11.
Intriguingly, an orthologue of Atgl11 has not yet been identified in
higher organisms, and it is not yet clear how protein aggregates
are recognized and sequestered in animals.

It is possible that the ScprApel aggregate that forms in
P. pastoris could actually be an aggregate of PpprApel and
ScprApel. If the aggregate is a mix of PpprApel and ScprApel,
then there should be some uptake to the vacuole via the P. pastoris
Cvt pathway. However, we see little uptake of RFP-prApel into
the vacuole when ScAtg19 is not expressed. Perhaps this lack
of uptake can be explained by there being a less efficient Cvt
pathway in P. pastoris than in S. cerevisiae, and that by expressing
high amounts of ScprApel the Cvt pathway is saturated. It
is also possible that ScprApel could be binding to a yet to be
discovered P. pastoris homologue of ScAtg19, or to another
autophagy protein that functions as a prApel receptor. However,
our fluorescence microscopy data suggests that ScAtg19 is not
binding to PpprApel. In control cells expressing only GFP-Atg19
and not ScprApel, there is only diffuse cytosolic staining and no
visible punctate structure. Furthermore, the amino acid sequence
of the pro-peptide of prApel from S. cerevisiae and P. pastoris is
not conserved.

The interaction of PpAtg8 with ScAtg19 could be sufficient
for the recruitment of autophagic membrane to the ScApel
complex. This interaction along with the machinery from the
recently discovered Cvt pathway in P. pastoris could be causing
uptake of the Apel complex to the vacuole. Atg8, which recruits
autophagic membrane, could be used as a marker to confirm that
PpAtg8 is interacting with ScAtg19 in vivo. A study involving
GFP-Atg8 expressed in P. pastoris could show if Atg8 is indeed
interacting with Atg19 and with P. pastoris autophagy proteins.
Much work still needs to be done in order to determine which
factors are actually causing vacuolar uptake of ScApel in P.
pastoris.
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Leyland Young, PhD
Mechanical and Aerospace Engineering
NASA Balloon Program Office,

Wallops Flight Facility

believe graduate school success
I is predetermined by the correct
selections of school, advisor, and
research topic. For me, the Ronald
E. McNair Post-baccalaureate
Achievement Program aided me in
these selections. In part, I am a living testament of the McNair
Scholar’s motto, “Before you can make a dream come true, you
must first have one.” The truth is, I had a post-baccalaureate
dream; the problem was: I didn’t know how to make that
dream come true. In 1996, my sophomore year, I began
thinking about graduate school; however, as a first generation
college student, my family and I were clueless about graduate
school and its requirements. Ten years later, I can honestly say
that I was very fortunate to have been accepted into the MU
McNair Scholars Program.

As a McNair’s Scholar, I had an advantage over other
students from the time I began the graduate application
process to the time I completed graduate school. I attribute
this advantage to the MU McNair Program Director, Dr. Vicki
Curby and the program’s staff who helped me through the
graduate school application process as well as the support for
the GRE test; moreover, they provided me with the necessary
skills needed as a graduate professional. I believe the most
difficult part of graduate school is presenting your research.
However, my confidence level was high stemming from
the opportunities of attending and presenting my McNair
research at national conferences. There is no doubt that I owe
my success today and during my graduate studies to what
I've learned as a Ronald E. McNair Scholar. The program
knowingly and unknowingly provides the motivation for one
to succeed.

My McNair faculty mentor, Dr. P. Frank Pai, became my
M.S. Thesis and Ph.D. Dissertation advisor. My M.S. Thesis
was a continuation of my McNair research; thus, I was able to
complete my M.S. Thesis in just two semesters. Even though
I received solicitations from other graduate schools, I chose to
stay at MU and work with Dr. Pai because of his experience
and the structural dynamics research I conducted as a
McNair’s Scholar. Just the same, I believe Dr. Pai accepted me
as one of his graduate students because he knew of the goals
set by the McNair Scholar program.

In May 2003, I received a Ph.D. in Mechanical and
Aerospace Engineering. The motivation I had as a McNair
intern, the commitment and effort of the MU McNair
program’s staff, and the steady guidance of my McNair
mentor and advisor, allowed me to achieve a personal goal

%*

of finishing both my M.S. and Ph.D. degrees with a 4.0 gpa.

I am currently employed with New Mexico State University
Physical Science Laboratory at the NASA Balloon Program
Office, Wallops Flight Facility. Because Ronald E. McNair
was a NASA astronaut, I feel blessed to be working at
NASA. There is no hesitation in saying, I am very proud to
have been a McNair Scholar, and my graduate education

and professionalism today are reinforced because of my
experiences in the University of Missouri’s Ronald E. McNair
Post-baccalaureate Achievement Program.

Lisa Molix, PhD

School of Science and Engineering
Assistant Professor, Psychology

n 1998, I was selected to
I participate in the Ronald E.
McNair Post-baccalaureate
Achievement Program. As a
participant in this remarkable
program, I gained valuable
research experience, guidance with
the graduate school application process, and information
about how to succeed in graduate school. During my time
as a McNair Scholar I also had opportunities to attend
workshops and conferences that enabled me to foster life-long
relationships with faculty and students from all over the U.S.

The most valuable part of my McNair experience was
working with my faculty mentor, Dr. B. Ann Bettencourt.
Although I had worked as research assistant prior to being
in the McNair program, this was my first opportunity to be
involved in all aspects of the research process (e.g., design,
data collection, data analysis, manuscript preparation, formal
presentation). Because Dr. Bettencourt interacted with me
as if I was a graduate student, my McNair experience was
essentially like taking a graduate school test drive.

The relationship I fostered with Dr. Bettencourt as a
McNair scholar convinced me that she would also be an ideal
graduate school mentor, and influenced my decision to go
on to work with her as a graduate student. In May of 2007, I
received a Ph.D. in Social and Personality Psychology with a
minor in Quantitative Methodology from the University of
Missouri-Columbia. I am currently an Assistant Professor at
Tulane University, teaching courses that I love and conducting
research that aims to answer some of the questions I initially
proposed in my McNair project on improving intergroup
relations. I am grateful to have been afforded the opportunity
to participate in the McNair program, as I have truly benefited
from the guidance I received.
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Bridgette Adams
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2006-2007 Research Topics

Major

Biochemistry
International Business,
Finance & Banking

Fisheries & Wildlife

Sociology

Psychology

Physics & Mathematics

Electrical & Computer
Engineering

Biological Engineering

Women & Gender
Studies, Political Science

Biology

Psychology & Spanish

Biology
Animal Sciences

& Psychology

Geography

Elementary Education

Biology

Accounting

%*

Title

“An Orthongonal System for the Improvement of Grain Protein
Quality”

“Externally Advised Real Estate Investment Trusts”

“Effects of Natal Pond Environment on Survival and Growth of
Larval and Juvenile Gray Treefrogs (Hyla Versicolor) in Missouri”
“For Love or Money: Attributing Motives to Foster Parents”

“Substance Use Among College Female with Disordered Eating
Attitudes and Behaviors”

“Redshifts and Horizons of Black Holes”

“Nonlinear and Dynamic Modeling of Corrosion and Stainless
Steel Strands Using Artificial Neural Networks”

“Microgravity-Induced Alterations in Cell Sorting”

“Adaptations: Expressions of Sexuality, the Law, and Workplace
Sexual Harassment”

“MCP-1 and its Role in Macrophage Recruitment in Lyme Carditis”

“Differences in Psychological and Behavioral Aspects of Exercise

Among Females with Adolescent-Onset Eating Disorders: Comparing

Active Versus Recovered Cases”

“MAP Kinases and Embryo Development”

“Development of a Feed-Restriction Model to Identify Factors

Responsible for Fescue Toxicosis-Induced Reduction in Food Intake”

“What are the Societal Expectations of Women in the Modern
Islamic Society of Morocco?”

“Attitudes and Approaches: Special Educators and
Placement Procedures”

“The Cvt Pathway: A Model System for the Study
of Autophagy of Protein Aggrgates”

“Is Botswana’s Economic Success Story Partially Explained
by its Stock Exchange?”

Mentor

William Folk

John Howe

Raymond Semlitsch

Joan Hermsen

Kristen Hawley

Adam Helfer

Gregory Triplett

Gabor Forgacs

Catherine Holland

Charles Brown

Anna Bardone-Cone

Shuqun Zhang

Donald Spiers

Larry Brown

Juanita Simmons

Per Stremhaug

Jenice Prather-Kinsey
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