RESEARCH INTERESTS

Cardiovascular disease (CVD) is the number one cause of death in American men
and women. One of the major factors in heart disease is blood cholesterol, which
is carried by lipoproteins. One of the most commonly used risk factors for heart
disease is the serum level of HDL (high density lipoprotein) and LDL (low density
lipoprotein). High HDL and low LDL levels are correlated with reduced risk for
heart disease. HDL lowers the risk for CVD because it elicits the removal of
cholesterol from cells in peripheral tissues, a process called reverse cholesterol
transport.! This process is facilitated by the major protein in HDL, apolipoprotein
A-I (apo A-I). In my laboratory, we are interested in the structure-function
relationships of apolipoprotein A-I (apo A-I). In addition to its lipid-binding
functions in HDL formation and cholesterol transport, apo A-I has also been shown
to possess a number of other properties. For example, it plays a role in reducing
the inflammation associated with the development of CVD.? As apo A-I circulates
throughout the serum (either in a lipid-free or one of many lipid-bound forms), it
also interacts with a number of cellular membrane proteins and other proteins in
serum. Although the interest in apo A-I is very high and it has been studied for
many years, the specific mechanisms by which apo A-I carries out its multiple
functions and its interaction with other proteins are still rather poorly understood.

A hallmark feature of all apolipoproteins is the amphipathic helix. This motif
allows the protein to bind to lipid surfaces.®> Because the protein must bind to lipid
surfaces as part of its function, apo A-I in the absence of lipid is not like typical
globular proteins. It is more flexible and has a lower stability than most globular
proteins.*® In spite of this, it has a characteristic three dimensional shape as
demonstrated by a recent crystal structure of the full-length protein® (Figure 1A).
The lipid-free protein has a helix bundle composing the amino-terminal two-thirds
of the protein. The crystal structure also shows a carboxy-terminal helical hairpin.
Since the crystal structure is at least 25% more helical than apo A-I in solution,”®
crystallization of the protein induces a significant amount of helix. A variety of
measures suggest that the carboxy-terminus is less helical in solution than in the
crystal structure®™® Furthermore, the lipid-free protein in solution possesses
about 10% B-sheet, most likely occurring in both the amino- and carboxy-
termini 314

A computer model of the lipid-bound structure of apo A-I' developed by Jere
Segrest's group at University of Alabama, Birmingham is shown in Figure 1B. This



model has been largely verified by a number of experimental methods.®* The
amphipathic helices bind to the surface of the disc so that the helix axis is
perpendicular to the acyl chains of the lipid. Since lipid-bound apo A-I particles
come in a variety of shapes and sizes, apo A-I must undergo conformational
changes to accommodate these differences.
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Figure 1. A. Crystal structure® of lipid-free apo A-I showing the amino-terminal
four-helix bundle and the carboxy-terminal helical hairpin; the carboxy-terminus in
solution probably has less helix than found in the crystal structure. B. Computer
model®™ of lipid-bound apo A-I on synthetic HDL discs. Note the arrangement of
helices relative to the lipid acyl chains.

Projects in the lab

There are fwo main projects involving apo A-I structure in my lab.

Conservation of structural elements.

Although human apo A-I has been heavily studied for over 30 years, very
little is known about apo A-I from other organisms. We have been exploring the
structural properties of apo A-I from species either closely or distantly related to
homo sapiens in order to understand what features of the protein are conserved.
For example, we are exploring the role of the amino-terminus in maintaining the
helix bundle structure of the protein in the absence of lipid through comparison of




amino-terminal deletion mutants prepared from human and zebrafish apo A-I.
Several studies have shown that the lack of residues 1-43 in human apo A-TI results
in opening of the helix bundle and self-association of apo A-I molecules into the
ring structure characteristic of lipid-bound protein, even though lipid is absent %%
We are examining this and smaller deletions in both human and zebrafish apo A-I
to determine precisely which residues are required fo maintain the structure of
the lipid-free state. In other words, we are looking for the residues that act as a
conformational switch between lipid-free (helix bundle) and lipid-bound (ring)
protein structures. We are also examining the properties of dog and salmon apo A-
I isolated from plasma. The salmon apo A-I project is part of a larger project
involving the development of lipoproteins as biological markers for monitoring the
health of salmon populations on the American River.

Amyloidogenic apo A-I.

We are currently collaborating with the laboratory of Dr. John Voss at UC Davis to
understand what mechanisms are responsible for the formation of amyloids by
certain apo A-I mutants.?® A variety of amyloid diseases are known, including
Alzheimer's and the spongiform encephalopathies. Apo A-I also forms amyloids,
with deposits being found in kidney, heart, skin and elsewhere in the body,
depending on the mutation. There is almost nothing known about the structures of
amyloidogenic apo A-I variants or the mechanisms of amyloid formation. We have
been using limited proteolysis in conjunction with a number of methods employed
by the Voss laboratory (in particular, site-directed spin-label EPR spectroscopy) to
explore the structures of amyloidogenic apo A-I variants.

Methodologies

Students working in my lab gain experience in the following:

e Cloning

e Bacterial cell growth and expression of recombinant proteins

e Protein purification, including a variety of affinity and non-affinity
chromatographies

e Structural analysis employing a variety of spectroscopies as well as limited
proteolysis. Through a collaboration recently established through my
sabbatical in the laboratory of Dr. David Wilson at UC Davis, we also now
have the opportunity o try to grow crystals of the proteins we produce.

e Lipid-binding analyses



These techniques provide very good experience for students planning to attend
PhD programs or for students desiring jobs in the biotechnology industry.

Student participation

A large number of Sac State students have worked on apo A-I in my laboratory.
Many of these students have gone on to PhD programs, jobs in industry, or medical
school. Students interested in participating in this research should contact me in
person (check my current office hours). I welcome master's students as well as
undergraduates at all levels. I also work with students from both the Chemistry
and Biological Sciences departments. Since the fraining students receive in my lab
requires a lot of my time, I also require a one-year commitment so that sufficient
progress can be made for a research presentation at a regional or national meeting.
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