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Research Interests
Introduction

Elucidation of the functional properties and structural organization of membrane protein
complexes is one of the central objectives of current biochemical investigation.
Biological membranes are involved in virtually every aspect of cellular organization and
activity. One of the most intriguing aspects of membrane function is its role in the
mediation of energy transduction in photosynthetic organisms. Light energy, which is
the product of a most violent physical process, fusion, is transformed into biological
energy equivalents utilized by the photosynthetic cell. The photosynthetic process
provides both the carbohydrate which lies at the base of virtually all food chains and, as a
byproduct, all of the atmospheric oxygen utilized by heterotrophic organisms. Recently,
much effort has been directed towards understanding the structure, function, and
assembly of the membrane protein complexes involved in the photosynthetic light
reactions. While much progress has been made in the understanding of these processes,
the structural organization of the proteins in PS Il, the mechanisms involved in protein
processing, membrane insertion, cofactor assembly, and regulation of photosynthetic
electron transport remain poorly understood.

Our ongoing research seeks to further elucidate the structural organization of
proteins associated with Photosystem [1 (PS I1I) in higher plants. Protein-protein
interactions among the structural components of the photosystem are being studied using
biochemical and molecular tools. First, the interaction of the manganese-stabilizing
protein (MSP) with the 24 kDa protein is being examined. Chemical modification of the
MSP when it is associated with PS 11 membranes dramatically affects the ability of the 24
kDa protein to bind to PS Il. We are determining if the binding inhibition of the 24 kDa
protein is due to charge neutralization or steric interference. Additionally, the location of
the modified residues are being mapped by MS/MS. Second, the effects of chemical
modification on the 24 and 17 kDa proteins with respect to protein binding and function
is being determined and the location of the modified residues are being mapped. Third,
the role of the observed heterogeneity in the extrinsic subunits of PS Il with respect to
structure and function of the photosystem is being examined. In Arabidopsis each of the
extrinsic proteins of PS Il are encoded by two genes. T-DNA insertion lines which are
available for a number of these genes are being examined. For genes which have no T-
DNA insertional lines available (psbO-1 and psbP-1), RNAIi constructs are being
constructed and will be introduced into Arabidopsis to suppress the expression of these
gene products. The phenotypes of these plants will be examined with respect to PS Il
function, assembly and stability under control and stress conditions. In addition to this
genetic approach, biochemical reconstitution studies examining the function of the two
psbO proteins is being performed. Finally, we are seeking to identify protein components
which interact with PS Il in both the Arabidopsis and Synechocystis systems.
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We are also continuing our studies seeking to identify the binding domains for the
chloride which participates in photosynthetic oxygen evolution. We hypothesize that the
manganese-stabilizing protein in concert with the other extrinsic proteins of the photosystem
and the extrinsic loop of CP47 cooperate to form the chloride-sequestering domain
functioning in oxygen evolution. A combination of physiological, biochemical and
molecular approaches are being used in these studies. First, further in vivo characterization
of CP47 mutants which have an altered affinity for chloride in support of photoautotrophic
growth and oxygen evolution activity is being performed. These studies include experiments
on R448Q, R448K and K321G. We are examining the loss of PS Il function when these
mutants are placed in a low chloride environment and its reactivation upon chloride addition.
Steady state oxygen evolution, flash oxygen yield analysis and S state lifetimes are being
performed during the chloride depletion/reconstitution time course. We are also determining
If the mutations at position 448R and 321K affect the same or different processes by
production and characterization of the double mutant R448S,K321G. Second, the analysis
of the chloride depletion and reactivation kinetics in vitro with His-tagged PS Il preparations
isolated from control and mutant strains is being examined. These studies will allow us to
directly test the 1-site, 2-state hypothesis for chloride-binding to Photosystem Il in the
cyanobacterial system and allow us to assess the chloride affinity of the mutants. Finally,
directed random mutagenesis is being used to introduce mutations into the psbO and psbV
genes. After reintroduction of these altered genes into Synechocystis, mutants that exhibit
altered chloride requirements for photoautotrophic growth and oxygen evolution will be
isolated and characterized. This will allow the identification of residues on these proteins
required for chloride sequestration and maintenance at the oxygen-evolving site.

The studies which | have described above have been generously funded by the National
Science Foundation, the United States Department of Agriculture and the Department of
Energy.
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Statement of Administrative Philosophy

| have dealt with administrators for my entire academic career. | have seen dynamic,
effective administrators and weak ineffectual ones. This is the common experience of all
faculty members at all institutions. The good administrators inevitably have had a
number of shared attributes.

First, it is absolutely essential to be a good listener. Everyone has something to
contribute. It is insufficient to pay lip service to this concept, to say "my door is always
open™, when in fact your mind is closed. It is necessary to seek out opinions and advice
from other administrators, faculty, students and. This is particularly important when they
disagree with your views. Often, their alternative viewpoint is, in fact, correct.

Second, fix it, if and only if, it's broken. 1 do not believe in micromanaging staff or
faculty. Most of these individuals have far more experience in doing their particular job
than | do. Additionally, there are many essentially equally efficient paths for performing
any task. It is best to allow an individual to choose the path with which she or he is most
comfortable. If, however, something is broken, it must be corrected accurately and
quickly.

Third, always tell the truth to your faculty. Sometimes they don’t want to hear it, but it is
absolutely imperative that they always know exactly where you stand.

Fourth, compete and compete to win. Life in academia is competition. Resources are
always limited. This is true for the individual seeking research support, a department
requiring space or additional faculty, and the college and university striving to maintain
excellence in an atmosphere of diminishing state and federal support. The best way to
compete is to be prepared (for the worst and the best scenarios), to know your
competitors, and to be decisive.
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Research and Teaching at Major Universities

It is clear that a balance must be struck between the teaching and research elements
which constitute the bulk of our professional responsibilities. It is insufficient to be
merely an excellent researcher or an excellent teacher -- both facets must be addressed.
Gone are the days when tenure and promotion decisions were based solely on research
accomplishments; teaching must and should be a major criterion for advancement within
the university context. It is clear that if either our teaching or our research mission is left
unfulfilled we are not providing our clients (i.e. our students and community) sufficient
return for their dollar. It must be pointed out that teaching occurs at many venues and
levels. The undergraduate classroom is one such venue as are the graduate and
postgraduate teaching which occurs in the laboratory.

My own approach, for both research and teaching, is to be demanding, rigorous and fair.
My classroom teaching is excellent and | approach it with vigor and enthusiasm. | feel
that if challenged, many, perhaps most students respond positively and they will seek to
excel. | am always available to students (both those formally in a class or my laboratory
and any and all others), and feel that access is a critical component of the mentor-student
interaction.
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