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The	graduate	recruiting	and	admission	committee,	as	well	as	the	entire	research	active	faculty	of	the	Department	
of	Chemistry	and	Biochemistry	at	Montana	State	University,	would	like	to	thank	for	your	interest	 in	this	booklet.	
We	 are	 continuously	 looking	 for	motivated	 graduate	 students	with	 strong	 academic	 backgrounds	 in	 chemistry,	
biochemistry,	or	materials	science,	who	are	looking	for	cutting-edge	research	opportunities	while	pursuing	a	Ph.D.	
degree	in	our	department.	

Please	 join	 us	 as	 the	 leading	 department	 at	 Montana	 State	 University	 in	 scientific	 discovery,	 research	
innovations,	and	research	funding.	Our	department	is	proud	to	emphasize	innovative,	externally	funded	research	
programs	 that	 engage	 students	 in	 small	 research	 group	 settings	 with	 personal	 mentoring	 and	 individualized	
graduate	programs	of	study.	Students	customize	their	coursework	and	quickly	begin	their	 independent	scholarly	
research	 projects	 under	 the	 guidance	 of	 a	 research	 active	 faculty	 member.	 Many	 faculty	 are	 involved	 in	
collaborative	research	projects	which	offer	students	the	unique	opportunity	to	become	simultaneously	trained	in	
chemical	synthesis,	characterization,	instrumentation,	theory,	and	modeling.	We	currently	have	a	graduate	student	
body	of	~70	students,	with	an	average	time	to	degree	of	less	than	6	years.	All	graduate	students	are	appointed	on	
either	research	or	teaching	assistantships	and	both	appointments	offer	a	tuition	waiver	and	a	competitive	monthly	
stipend.	

Our	 community	 in	Bozeman,	Montana,	 is	 culturally	 rich	 and	 offers	 numerous	 recreational	 opportunities,	
while	 providing	 historically	 what	 only	 “The	 West”	 can	 offer.	 Undoubtedly,	 Bozeman’s	 location	 presents	
unparalleled	natural	beauty.	We	encourage	all	our	students	to	take	advantage	of	all	the	best	that	Montana	can	offer,	
while	staying	engaged	in	our	laboratories	and	remaining	competitive	nationally	and	internationally.	

	If	 a	 research	 program	 of	 any	 faculty	 in	 our	 department	 catches	 your	 interest,	 please	 do	 not	 hesitate	 to	
directly	 contact	 them	or	 send	a	 general	 inquiry	 to	 the	 graduate	program	director,	whose	 contact	 information	 is	
located	at	the	back	of	this	booklet.		
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RESEARCH OVERVIEW 
Research in the Bothner lab has two main 
foci: (1) Investigation of cellular response 
to stress using chemical biology, 
proteomics, and metabolomics. (2) 
Assembly, stability, and dynamics of 
multi-subunit enzymes and nucleoprotein 
complexes. This research takes us from 
the atomic scale provided by high-resolution structural models of viruses and enzymes to 
complex interaction networks of nucleic acids, metabolites, and proteins that make up a living 
system. The Bothner lab is part of the Biological Electron Transfer and Catalysis (BETCy) 
Energy Frontiers Research Center (EFRC), the Thermal Biology Institute, and MSU’s new 
Keck program in Extreme Microbiology of Yellowstone. (1) Cellular response to stress 
involves numerous networks and signaling pathways. We use changes in protein abundance 
and activity along with metabolomics to elucidate the pathways and networks that control 
biology. Leading edge mass spectrometry and more recently NMR are the pillar of our omics 
investigations. A wide range of projects spanning extremophiles in Yellowstone National Park, 
response of human the microbiome to arsenic, and hemorrhagic shock are ongoing. (2) Protein 
function is intimately connected to dynamics; therefore, knowledge of the frequency, range, 
and coordination of motion in large complexes is critical to understanding biological 
mechanisms. On going projects include use of adeno-associated virus (AAV) in gene therapy, 
electron transfer in hydrogenases, and small molecule inhibitors of Hepatitis B virus. 
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RESEARCH OVERVIEW 
Our research program is focused on understanding the detailed molecular mechanisms by which iron-
sulfur clusters participate in biological radical reactions. Thousands of 
enzymes spanning all branches of life are now known to use iron-sulfur 
clusters to initiate difficult and diverse chemical reactions by radical 
mechanisms, yet few of these enzymes have been studied. Further, the 
fundamental chemical basis for these reactions is not well understood. We 
utilize a broad multidisciplinary approach to elucidate mechanism in these 
enzymes, including molecular biology, biochemistry, spectroscopy, 
synthesis, and structure.  

Students obtain broad interdisciplinary training and have the 
opportunity to interact with collaborators at MSU and elsewhere. Systems on which we are currently 
focused include a DNA repair enzyme, an antiviral protein, a tRNA-modifying enzyme, several 
enzymes involved in the biosynthesis of the H-cluster of hydrogenase, and two enzymes that catalyze 
the formation of protein radicals. 
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Enzyme Mechanisms 
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Tryptophan,  GFPs, RFPs 

RESEARCH OVERVIEW 
Enzymes enormously accelerate the rates 
of chemical reactions over the rates of the 
same reactions in water (by 108-1015 
fold), but the precise manner by which 
enzymes accomplish this in detail is still 
considered an open question.  
 We are making a seamless 
transition from obtaining a detailed 
understanding of how the intense internal 
electric fields in proteins profoundly 
affect the properties of tryptophan 
fluorescence, towards a better understanding and more detailed view of how 
enzymes attain their astronomical acceleration of biochemical reactions.   
 We are currently performing classical and quantum molecular dynamics 
computations on the active sites of many enzymes, with the goal of observing 
unbiased enzymatic reaction events. 
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Chemical Biology 
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Dendrimers 

Protein-Carbohydrate Interaction

RESEARCH OVERVIEW 
The main focus of our research is on the use of dendrimers, 
which are highly branched synthetic macromolecules, to 
study multivalent biological interactions. For example, we 
have synthesized many carbohydrate-functionalized 
dendrimers for the study of protein-carbohydrate 
interactions. Protein-carbohydrate interactions have been 
implicated in a myriad of biological processes including the 
mounting of an immune response, cellular differentiation 
and growth, and cancer cellular processes such as tumor formation and metastasis.  

One current area of interest is the use of carbohydrate-functionalized dendrimers to study 
galectin-3 mediated cancer cellular processes. Galectin-3 is a carbohydrate-binding protein that is 
known to play a role in cellular aggregation and metastasis. We recently reported that carbohydrate-
functionalized dendrimers alter galectin-3 mediated cancer cellular aggregation for several cancer 
cell lines that over-express galectin-3. A second area of research emphasis is the development of 
antimicrobial dendrimers. Finally we needed to develop new techniques and new instrumentation, as 
well as to study fundamentals of polymer-nucleated protein aggregation.  

Our research is focused broadly in the area of chemical biology. Some of the students in the 
Cloninger group are organic chemists working in the area of carbohydrate synthesis and 
macromolecular functionalization. Other students are biochemists, working on biophysical 
techniques, assay development, and tissue culture work. Other students are microbiologists and 
analytical chemists. The multidisciplinary nature of the group provides a stimulating environment for 
students who wish to apply a variety of research approaches toward the study of complex problems. 
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NMR Metabolomics and  
Global Analyses of Cellular Metabolism  
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RESEARCH OVERVIEW 
We are interested in understanding the metabolome of complex 
systems using solution NMR and mass spectrometry and 
systems biology approaches, to analyze and identify metabolic 
pathways and cellular networks impacted as result of specific 
cellular and environmental conditions. Metabolite levels are 
closely related to cellular phenotypes. Further in cells, the 
number of metabolites is much lower than the number of genes 
or proteins. While metabolic changes are regulated by gene 
expression, they are widely influenced by environmental factors, 
such as stress. Our goals are to identify key biomarkers of 
cellular phenotypes and cellular responses to environmental 
stresses. The research in the Copié lab is highly inter-
disciplinary, involving exciting research collaborations with multiple colleagues. The analytical 
approach integrates nuclear magnetic resonance (NMR), mass spectrometry (MS), including new LC-
SPE-NMR-MS technology for the discovery of unknown small molecule metabolites, and to expand 
metabolome coverage. The spectroscopic analyses are coupled with bacterial/human cell culture 
work, robust metabolite extraction methods, cellular assays, and bioinformatics analysis of multi-
omics data. Current research projects involve: (1) metabolic reprogramming of immune cells upon 
exposure to bacterial pathogens; (2) diagnostic metabolic markers of nutrient-induced non-alcoholic 
fatty liver disease (NAFLD); (3) the metabolic networks enabling microorganisms’ adaptation to 
extreme environments and their ability to grow in arsenic-contaminated soils; (4) the interplay 
between neuronal cell death, microbiome dysbiosis, and metabolic dysregulation in animal models of 
Familial Dysautonomia (FD) neurodegenerative disease. 
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Cascade Organic Reaction Pathways 
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Natural Product Synthesis 
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RESEARCH OVERVIEW 
We are actively developing new cascade reaction pathways to build molecular complexity in a step 
and atom efficient manner. We are focusing our efforts in three areas to develop transformations that 
can perform complex skeletal rearrangements that define multiple stereogenic centers in a single 
operation, these are: (1) using multiple pericyclic processes in a cascade; (2) using a single 
enantioselective transition metal catalyst to perform multiple reactions; (3) using synergistic (or 
cooperative) catalytic cycles to perform unique yet complementary functions.  We are interested in 
both the unique molecular architectures these reactions can form alongside establishing a deep 
understanding the mechanisms being performed to aid us further in the development and 
improvement of them. The development of these processes will lead to new strategies for the 
synthesis of complex molecules, both natural products and pharmaceutical targets.  Our aim is to 
develop truly useful methods that are general in their scope with good functional group tolerance 
negating the use of protecting groups and multiple oxidation state changes. We are currently 
investigating several natural product targets with a wide range of structural and biological features 
such diazonamide A, spongistatin and allo-colchicinol. 
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Metabolomics, Systems Biology 
Type 2 Diabetes, Alzheimer’s 

Disease, Adult Stem Cells   
Biochemistry, Proteomic Analysis 

RESEARCH OVERVIEW 
The Dratz lab uses metabolomics and proteomics to investigate signaling and metabolic 

networks in cells and tissues. The genome of an organism is quite static, whereas the proteins 
expressed or modified by cells often change rapidly in response to stimuli and metabolite levels 
typically respond even faster. 

Metabolites are close to the phenotype of cells in health and disease. We have found and 
are studying new, previously uncharacterized lipid metabolites, which change drastically in 
Type 2 diabetes and have evidence that these metabolites have deeply functional roles in 
insulin resistance, characteristic of T2D. These novel metabolites promise to provide powerful 
and very early warning biomarkers of T2D and appear to point the way to nutritional 
supplementation to prevent and reverse T2D. Metabolic and proteomic changes in Alzheimer’s 
disease promise to provide new insights into mechanisms, potentials for prevention, and 
provide early warning 10 years in advance of clinical symptoms  

The long-term health of the body depends on replacement of cells with stem cells in a 
“stem cell supply chain”. The propagation of adult stem cells in culture depends on several key 
nutrients, and we are pursuing the hypothesis that optimizing nutrition in culture reflects 
distinct needs of the stem cells in the bodies of different individuals, and can be used to prevent 
disease. Prof. Dratz has a long-standing interest in biochemical nutrition and is applying 
metabolomic methods in a multidisciplinary team effort for developing crops with improved 
nutritional content for disease prevention, in collaboration with researchers in Plant Sciences 
and Health and Human Development. Emerging efforts are working with nutritional 
supplementation of school children to assess and improve school performance and mood. 
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Microbial Biochemistry of  
O2, CO2, and heme:  

Applications in Health, Energy,  
and the Environment 

RESEARCH OVERVIEW 
Modern science is tasked with solving many big problems. Some of the 
biggest may find their solutions in the smallest living things: the diverse 
microbial species that have conquered every niche on earth by molecular 
adaptation. In our lab, we ask: how do these molecules work? Can some of 
them be used to solve problems related to renewable energy generation, or 
improving human health? Inside a typical person, there are 10 times more 
bacterial than human cells. Some of these bacteria are friends and some are 
foes. By understanding how these bacteria work, on a molecular level, can 
we selectively eliminate the invaders? Can we understand and promote the 
collaborators? Our longstanding expertise is with biocatalytic processes 
exploiting atmospheric oxygen and its partners – iron, heme, organic 
cofactors, or sometimes just a protein environment alone. These reactions 
may be important for bacterial pathogenicity. Or, they may solve 
economically important problems, like the remodeling of renewable carbon 
sources in a chemically green way. Finally, the same kind of reactions 
carried out by bacteria in the human digestive tract appear to influence how 
well the human host derives nutrients from food, as well as the progression 
of diseases like colon cancer. Our lab is currently working on all three of 
these applications. We are a problem-based lab that uses many methodologies, often working as part 
of a team, with coworkers at the MSU Center for Biofilm Engineering, the National Renewable 
Energy Lab, and universities around the U.S. 
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Nonlinear Optical Microscopy 
Nanoscience, Materials Synthesis 

and Spectroscopy 
Chemical Imaging

RESEARCH OVERVIEW 
Chemical and materials science research has long focused on well-defined systems: atoms, 

molecules, and pure crystals. While enormous insight can be gained from studies of these 
prototypical systems, practical devices we use every day, from solar cells to the transistors that make 
up a computer processor, are comprised of multiple materials whose performance is often determined 
not only by the properties of the pure bulk materials, but also (and sometimes primarily) by 
interfaces, defects, surfaces, and their specific geometry or structure. 

Research in my group develops and uses nonlinear microscopies to study time-dependent 
electronic and chemical dynamics in the context of these “non-idealities”. We are primarily interested 
in understanding photochemistry and charge-transport processes as they apply to next-generation 
photovoltaic materials, nanoscale (opto)electronics, and heterogeneous catalysis. With a variety of 
microscopy techniques, we watch non-equilibrium dynamics as they evolve in both space and time, 
on length scales between 10 nm and 10 µm and on time scales of femtoseconds to milliseconds. 
These tools give us the ability to directly image electrons as they move through materials and 
spectroscopically study interfaces with exceptionally high structural specificity. Ultimately, we seek 
to understand fundamental questions about material functionality: How does charge separation occur 
in bulk heterojunction solar cells? Where are the active sites on nanostructured catalysts? How does 
electron mobility change at the interface of two domains or materials? 

To tackle such far-reaching questions, our group draws from a wide range of disciplines 
including nonlinear optics, ultrafast spectroscopy, material synthesis, and quantum mechanical and 
semiclassical computer modeling. Research projects will reflect this multi-faceted approach and 
generate opportunities for highly motivated students to develop wide-ranging expertise and 
collaborate with a diverse group of researchers. 
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Environmental Microbiology 
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RESEARCH OVERVIEW 
Our research activities focus on microbial ecophysiology: the study of the physiology of microorganisms with 
respect to their habitat. We are interested in how the activity of the “uncultured majority” – the large number of 
microbes that evades cultivation under laboratory conditions – impacts humans and the environment on a micron to 
global scale. We are convinced that only by gaining an understanding of microbes directly in their habitats 
researchers will be able to elucidate the mechanisms of microbial interactions with the biotic and abiotic world. To 
accomplish these goals, we apply an integrative approach that bridges the two extremes of the microbial scale bar: 
the individual cell and the whole community.  

The research questions we address are: (i) who is doing what (linking phylogenetic identity and physiological 
function); (ii) what are the abiotic and biotic factors controlling microbial activity; (iii) how does this activity affect 
the environment and us humans; (iv) what are the limits to microbial metabolism in terms of energy, space, and 
time; and (v) how can we discover novel structures, functions, and biotechnological potential within uncharted 
branches of the tree of life? Our approach to these problems is inherently multi-disciplinary and multi-scaled. In 
order to address previously unrecognized physiologies and cellular interactions of uncultured microbes, we 
employ a unique combination of single cell and meta-genomics (as hypotheses generator), high-through-put 
bioorthogonal compound labeling-based metabolic screening (to identify geochemical and biotic parameters driving 
microbial ecology), and targeted stable isotope probing (to identify specific growth-sustaining substrates). We 
currently work with three main sample types: sediments from the Guaymas deep-sea basin, geothermal springs in 
Yellowstone National Park, and a New England salt marsh. We are particularly interested in revealing the 
physiology, biogeochemical impact, and ecology of only very recently discovered archaea. 

Research projects in our group are suitable for students with interests in biochemistry, bioorthogonal chemistry, 
cell physiology, biogeochemistry, and/or environmental microbiology. Students can expect to learn techniques that 
may include: in field experimentation, genome sequencing, genome annotation, fluorescence in situ hybridization, 
bioorthogonal compound labeling, stable isotope labeling, single cell resolved Raman spectroscopy, and proteomics.  
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RESEARCH OVERVIEW 
CRISPR/Cas: The CRISPR/Cas system is a recently discovered adaptive immune system present in 
Bacteria and Archaea. While CRISPR/Cas9 is currently the rage for genome editing purposes in 
eukaryotes, there is still much we do not understand about the workings of CRISPR/Cas in general.  
Our lab has made seminal contributions to our understanding of Type 1 CRISPR/Cas systems and in 
elucidating the regulatory roles of Cas proteins containing the CRISPR Associated Rossmann Fold, 
or CARF domain.  However, much work remains to be done in this exciting area.  
Hyperthermophilic Viruses from Yellowstone National Park: Viruses have been found in almost 
every known environment on earth, including extreme acidic, thermal environments. However, while 
more than 5,000 eukaryotic viruses and bacteriophage have been studied in detail, fewer than 50 
archaeal viruses have been investigated at any level. Thus, our knowledge of viruses in the 3rd 
domain of life is minimal.  What is clear, is that these viruses differ significantly in morphology and 
genetic content from their bacterial and eukaryotic counterparts.  We are using structural and 
biochemical approaches to investigate these fascinating viruses. 
Iron Transport and Homeostasis: Iron containing metallo-proteins are necessary for the synthesis 
of DNA, respiration and many key metabolic reactions. Thus, life as we know it is fully dependent on 
iron. However, excess iron is toxic, as Fe2+ combines with naturally occurring peroxide to produce 
the hydroxyl radical, one of several reactive oxygen species (ROS) that contribute to oxidative stress, 
reacting indiscriminately with DNA, proteins and lipids. Hence, iron levels must be carefully 
balanced to sustain key metabolic processes, while minimizing production of ROS. To this end, an 
elaborate system of transport, storage and regulatory proteins has evolved to effect iron homeostasis 
in humans and other organisms, including human pathogens. We are involved in structural and 
biochemical studies of the iron transport machinery in an effort to address the many, prevalent 
diseases exacerbated by errors in human iron metabolism (anemia, diabetes, cancer, heart attack, 
stroke, liver cirrhosis and arthritis). 
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RESEARCH OVERVIEW  
My research program specializes in the areas of organic synthesis, organometallic chemistry and 

quorum sensing bacteria (biofilm) regulation. Selected influential contributions and innovations include (in 
chronological order); the development of intramolecular imidate methylide cycloadditions, acylnitrilium and 
episulfonium ion initiated carbocyclizations, imidotitanium-alkyne [2+2] cycloadditions, the first examples 
of catalytic intramolecular Rh(1) [4+2] and Co(0) [2+2+1] cycloadditions, the synthesis of P-chiral 
phosphines by dynamic resolution, stereoselective cyclizations terminated by 2-propylidine-1,3-bis(silane)s, 
and hydroaminations, hydroborations and hydrosilylations catalyzed by nonmetallocene complexes of the 
early transition metals. Most recently, we have developed a novel and unusually efficient method for 
complex heterocycle synthesis that relies on a diethylzinc mediated metalloamination/cyclization-
electrophilic functionalization sequence.  

The scientific objectives of a collaborative research with the Center for Biofilm Engineering are to 
design and synthesize a conceptually new set of first-in-class antimicrobial molecules and to subsequently 
evaluate these for efficacy against an array of biofilm forming microorganisms. Our strategy is based on the 
concept of “selective uptake” of a less toxic derivative of the corresponding antimicrobial that would 
subsequently undergo rapid chemical conversion to the unmasked antimicrobial that is trapped within the 
cell. Interestingly, the chemical basis that underlies the foregoing hypothesis has been known for years and 
is routinely used for the selective concentration of fluorescent dyes within living cells. Accordingly, we 
develop new antimicrobial agents that partition readily into the biofilm phase, both improving their activity 
in that phase and reducing their loss in the milieu outside the biofilm. The pro-drugs of interest, molecules 
with limited reactivity or antimicrobial activity themselves, are designed to be sufficiently non-polar that 
they can passively move across the microbial cell membrane. Once inside the cell, multiple ester linkages in 
the pro-drug will be cleaved by ubiquitous esterases, releasing the charged, active antimicrobial agent. This 
chemical transformation provide a mechanism for concentrating the antimicrobial agent in the biofilm as 
well as preventing its destruction by neutralizing reactions in the fluid medium external to the biofilm. 

REPRESENTATIVE PUBLICATIONS 
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RESEARCH OVERVIEW 
Research in the Minton Lab comprises gas-phase and 
gas-surface reaction dynamics and kinetics. Specifically, 
crossed-beams and beam-surface scattering methods are 
used to study energy transfer and reaction dynamics, 
typically at hyperthermal energies, with applications to 
the analysis of liquid surface chemical structure and 
spacecraft-environment interactions. Current research 
projects include studies of structure, reactivity, and 
transport at the gas/ionic liquid interface, oxidation of 
carbon and silicon carbide at high temperatures, 
decomposition of ablative heat shield materials on 
spacecraft and hypersonic vehicles, a concentrator for detection of trace gases in tenuous 
planetary atmospheres, and the development of new and more durable materials for use on 
spacecraft in low Earth orbit.  Experimental techniques commonly used in the Minton Lab 
include the creation of atomic and molecular beams (including hyperthermal beams), 
crossed-beams scattering, beam-surface scattering, mass spectrometry, laser-induced 
fluorescence (LIF), resonance-enhanced multiphoton ionization (REMPI), ion velocity-
map imaging, surface topographical analysis (AFM, SEM), surface chemical analysis 
(XPS) and surface structural and chemical analysis by MD and QM/MM simulations. 
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RESEARCH OVERVIEW 
Our research group works to develop transition metal catalyzed chemical reactions. We focus on reactions 
that transform small organic molecules into structures that are more valuable and complex. We use 
“homogeneous” catalysts that are discrete organometallic complexes containing a set of small molecule 
fragments (“ligands”) clustered around a single metal atom. One major advantage of using these structurally 
well-defined catalysts is that their behavior can be understood and predicted through computational and 
experimental studies. Furthermore, the catalysts’ properties can be tuned through ligand modification or by 
changing the identity of the metal center. We use initial computational studies to help streamline the design 
of catalytic systems in our laboratory.  

The first research theme is “switchable catalysts”, 
which are defined as one that is able to switch between 
two or more tasks (types of reactions) in response to an 
external stimulus. Such catalysts would have numerous applications that are not feasible with traditional 
catalysts, such as effecting sequences of transformations in a particular order to synthesize a complex 
molecule or sequence-controlled multiblock copolymers.  

The second research theme is “methane upgrading”. 
Despite being one of the most abundant energy sources 
in the United States, natural gas is underutilized. Worse, 
large quantities of natural gas are squandered by flaring 
or venting at oil fields, a practice that is both wasteful and detrimental to the environment. These misuses 
are largely due to the difficulty and cost of transporting natural gas (methane) over long distances to bring it 
to the market. To encourage more efficient and responsible use of natural gas, we are working on techniques 
to upgrade methane using transition metals to transform methane into chemicals that are more easily 
transported and/or that are more valuable to counterbalance the cost of transport.   
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Parkinson’s Disease 
Neurodegeneration 

RESEARCH OVERVIEW 
The Reijo Pera Lab focuses on understanding the molecular 
mechanisms underpinning human development and disease 
through the use of human pluripotent stem cell based systems. 
Pluripotent stem cells are unique in their ability to give rise to 
all the cells of the human body—neurons, skins, epithelia, and 
germ line. As such, they have become a valuable resource for 
in vitro studies that seek to understand human development 
and disease.  

The Reijo Pera Lab is actively harnessing the power 
of stem cells to study neurodegenerative diseases such as Parkinson’s disease (PD). PD is 
a neurodegenerative disease that arises after the dopaminergic neurons of the midbrain 
begin to die off, leading to severe motor control issues, among other symptoms. Even 
though approximately 60,000 Americans are diagnosed with the disease every year, the 
cause of death of the midbrain dopaminergic neurons is not well understood—and 
furthermore, efficient long-term treatments are unavailable. 

Using stem cell derived dopaminergic neurons, the Reijo Pera Lab is actively 
studying PD via combined approaches that include proteomics, metabolomics, and 
genetics, the Reijo Pera lab hopes to not only understand the etiology of the disease but 
also to develop potential treatments for PD via small molecule screening and 
identification of factors that modulate neuronal demise. 
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RESEARCH OVERVIEW 
Biomimetic Design of Radical S-Adenosylmethionine (SAM) Maquettes. 
This project focuses on the radical SAM superfamily of enzymes; these 
metalloenzymes harbor an essential redox active [4Fe-4S] cluster that 
contains a site differentiated Fe site that promotes the bidentate 
coordination of SAM and the subsequent reductive cleavage at its 
sulfonium center (see image above). Using a retrosynthetic approach, 
we employ parallel synthetic, spectroscopic, and computational 
investigations to develop and characterize small CX3CX2C containing oligopeptides that coordinate [4Fe-
4S] clusters which are functional in SAM chemistry. We address chemical, structural, and mechanistic 
issues through structure-function relationships and the insights gained from these maquette studies will 
contribute to our understanding of how and why nature uses this platform as its preferred method for 
generating and propagating radical reactions.   

[FeFe]-Hydrogenase Maturation: Biosynthesis of the H-cluster. Metal 
cluster assembly in [FeFe]-hydrogenase is examined via physical 
biochemical approaches. Three gene products, denoted HydE, HydF, and 
HydG, function in the assembly and maturation of [FeFe]-hydrogenase 
through their specific role in the biosynthesis of the uniquely decorated 
2Fe subcluster that is the catalytic center for hydrogen production (known 
as the H-cluster). Two of these enzymes (HydE and HydG) belong to the 
radical SAM superfamily, and are proposed to synthesize the unusual 
carbon monoxide, cyanide, and dithiomethylamine ligands of the H-
cluster. HydE and HydG interact with HydF, which is a GTPase that 
functions as a scaffold/carrier during H-cluster assembly. Our goals are to 
develop a molecular-level understanding of the reactions catalyzed by 
HydE, HydF, and HydG and to elucidate how these three enzymes come 
together to synthesize one of nature’s most extraordinary metallocofactors. 
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RESEARCH OVERVIEW 
Porous materials abound in useful applications and are also 
fundamentally interesting; after all, at what length scale do 
large macromolecules end and solid-state frameworks 
begin? Our group is focused on the design, synthesis, and 
characterization of porous adsorbent materials based on 
carbon using a templating approach. We have practical 
interests in the gas-solid interface (for storing chemical 
fuels) as well as the ion-solid interface (for electrochemical 
energy storage) in these materials, and control of this interface via structure (e.g., pore size) and chemistry (B-, N-, S-, P-
doping, etc.) are goals of this work. 

En route to exploring synthetic routes to high surface area carbon-based materials of differing chemical nature, we 
also explore analogous pathways to bulk, nonporous materials (i.e., graphites). We use solid-state synthesis techniques to 
substitute carbon for heteroatom dopants within the graphitic structure; a challenge in this work is in the accurate 
characterization of the resulting changes in composition and/or structure, which often have coupled effects. This challenge 

necessitates the use of multiple 
techniques, from microscopy and 
diffraction methods to Raman 
spectroscopy and sometimes unusual 
(light-element specific) techniques like 
elastic recoil detection analysis. 

A parallel effort in our group is in the thermodynamic characterization and modeling of physical adsorption systems 
at the gas-solid interface, especially in understanding the unusual phenomena that exist under “high pressures” (for us, 
defined as the region of the phase diagram wherein the gas phase is significantly non-ideal). We not only seek the practical 
information of “how much” gas is stored on a particular solid under these conditions, but we also seek to know “how strong” 
the interaction is. Neither property is particularly easy to measure at high pressures, but the results have important 
implications for questions in wide-ranging applications such as on-board automotive fuel storage (e.g., hydrogen storage) 
and geological energy resources (think deep underground!). 
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Electronic Structure Theory 
Coordination Chemistry 

Organometallic Chemistry 
Synchrotron Radiation 

Materials Science  
RESEARCH OVERVIEW 

Despite their simple chemical composition, clay minerals have rather remarkable structures, 
and practically unexplored chemical reactivity. Nowadays, clays are being widely considered as 
industrial raw materials; however, their application greatly depends on their surface properties. 
Separation of clay layers (delamination) and elimination of the crystallographic order 
(exfoliation) alter their morphology and in parallel enhances their industrial value. The exfoliated 
clay layers are of great interest due to their high surface area and feasibility for functionalization. 
The current approach for delamination and exfoliation processes is shockingly ‘trial-and-error’ 
based. Contrary, computer-aided rationalized design allows for economic preparation of 
nanoscale clay particles and hybrid materials containing organic and/or inorganic reagents with 
tailored properties.  

Using Fe(III)-containing clays from natural sources and hydrothermal syntheses, we explore 
the molecular mechanism of delamination and exfoliation for chips- and tube-like nanoscale 
materials, and functionalize the Fe(III)-sites to form biology inspired Fe-S clusters. We synthesize 
transition metal doped kaolinites that open up new chemical 
reactivity patterns. We develop computational models to 
understand and design experiments. The combined 
application of chemical synthesis, analytical measurements, 
and computer modelling enable us to construct functional 
models of metalloenzymes, heterogenized homogeneous 
catalysts, and manufacture surfaces that are tailored to a 
given chemical transformation. 

 
 
 

REPRESENTATIVE PUBLICATIONS 
ZSIRKA B, TÁBOROSI A, SZABÓ P, SZILÁGYI RK, HORVÁTH E, 

JUZSAKOVA T, FERTIG D, KRISTÓF J: Surface Characterization of 
Mechanochemically Modified Exfoliated Halloysite Nanoscrolls 
Langmuir, 2017, 33(14), 3534–3547 

ZSIRKA B, HORVÁTH E, SZABÓ P, JUZSAKOVA T, SZILÁGYI RK, 
FERTIG D, MAKÓ É, VARGA T, KÓNYA Z, KUKOVECZ Á, KRISTÓF J: 
Thin-walled nanoscrolls from multi-step intercalation of 
tubular halloysite-10Å and its rearrangement upon peroxide 
treatment Applied Surface Science, 2016, 399, 245-254  

HARRIS TV, SZILAGYI RK: Protein environmental effects on iron-
sulfur clusters: A set of rules for constructing computational 
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Computational Chemistry, 2016, 37(18), 1681-1696  
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X-ray Absorption Spectroscopy Part II: XANES Analysis of 
Bridging and Terminal Chlorides in Hexachlorodipalladate(II) 
Complex Journal of Physical Chemistry A, 2015, 119(22), 5579–
5586 
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Biophysical Chemistry 
Quantum Biology

RESEARCH OVERVIEW 
The overarching theme of the Usselman research program is to use advanced magnetic 
resonance and optical techniques to address biophysical chemistry problems in the areas 
of chemical biology, biomaterials, and redox biochemistry. We aim to develop novel 
methodologies and instrumentation that address the fundamental gap in knowledge 
between physical measurements and theoretical models for bio-engineered systems 
operating at the quantum/classical interface. We seek to understand how quantum 
properties play governing roles in biological function and apply theory-driven predictions 
of quantum biology for multi-scale integration of cellular function.   

REPRESENTATIVE PUBLICATIONS 
Spin Biochemistry Modulates Reactive Oxygen Species (ROS) 

Production by Radio Frequency Magnetic Fields, Robert 
J. Usselman, Iain Hill, David Singel, and Carlos Martino, 
PLoS ONE 9(3), e93065 (2014).   

Gadolinium-Loaded Viral Capsids as Magnetic Resonance 
Imaging Contrast Agents, Robert J. Usselman, Shefah 
Qazi, Priyanka Aggarwal, Sandra Eaton, Gareth Eaton, 
Trevor Douglas, and Stephen Russek, Applied Magnetic 
Resonance 46 (3), 349-355 (2015).   

Temperature Dependence of Electron Magnetic Resonance 
Spectra of Iron Oxide Nanoparticles Mineralized in 
Listeria Innocua Protein Cages, Robert J. Usselman, 
Stephen E. Russek, Michael Klem, Mark Allen, Trevor 
Douglas, Mark Young, Yves Idzerda, and David Singel, 
Journal of Applied Physics 112, 084701 (2012).  

Monitoring Structural Transitions in Icosahedral Virus 
Protein Cages by Site-Directed Spin Labeling, Robert J. 
Usselman, Eric D. Walter, Debbie Willits, Trevor Douglas, 
Mark Young, and David J. Singel, Journal of American 
Chemical Society, 133 (12), 4156-4159 (2011).  

Impact of Mutations on Redox Potentials, g-Values, and Spin-
Lattice Relaxation Rates of the [4Fe-4S]2+,1+ Cluster in 
ETF-QO, Robert J. Usselman, Alistair Fielding, Frank E. 
Frerman, Nick Watmough, Gareth R. Eaton, and Sandra S. 
Eaton, Biochemistry. 47 (1), 92-100 (2008) 

 
 

  

RF stimulation, matched to magnetic spin interactions, 
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MARTIN TEINTZE 
Associate Professor, Biochemistry  
Director, WWAMI Medical Program 
217 Chemistry and Biochemistry Building 
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Protein Structure/Function 
Antibacterial Drug Design 

Antibacterial Mechanisms and 
Resistance 

 
RESEARCH OVERVIEW 
Development of guanide and biguanide antibiotics: Compounds containing 
multiple biguanide functional groups have long been used as topical 
antimicrobial agents in soaps, mouthwash, and contact lens solutions, but they 
have been too toxic to use internally. We have made new compounds containing 
3-8 guanide or biguanide groups that have antibacterial activity and lower 
cytotoxicity, and are investigating their specificity and mechanism of action. One 
of these is particularly effective against methicillin-resistant Staphylococcus 
aureus (MRSA). 
 
Mechanism of GRA and other membrane-binding antibacterials: 18-β-
glycyrrhentinic acid (GRA) is a natural product that inhibits production of 
virulence factors in methicillin-resistant Staphylococcus aureus (MRSA). We are 
investigating its mechanism of action in both planktonic and biofilm cultures 
using a variety of techniques, including metabolomics, as well as potential 
synergies with the action of other antibiotics. 

REPRESENTATIVE PUBLICATIONS 
Wilkinson, R.A., Pincus, S.H., Shepard, J.B., Walton, S.K., 
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HIV infection. Bioorg. Med. Chem. Lett. 23:2197–2201.  

Shepard, J.B., Wilkinson, R.A., Starkey, J.R. and Teintze, M. 
(2014) Novel Guanide Substituted Compounds bind to 
CXCR4 and Inhibit Breast Cancer Metastasis. Anti Cancer 
Drugs 25(1):8-16.  
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(2014) Antibacterial activity of THAM trisphenylguanide 
against Methicillin-resistant Staphylococcus aureus. PLoS One 
9(5): e97742.  

Pomwised, R., Intamaso, U., Teintze, M., Young, M.J. and 
Pincus, S.H. (2016) Coupling Peptide Antigens to Virus-Like 
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Solvation at liquid surfaces 
Non-linear spectroscopy 

Solid oxide fuel cells, Raman scattering, 
Membrane Partitioning 

RESEARCH OVERVIEW 
Look around. Virtually everything you see is a surface. Surfaces are boundaries between materials 

where chemical species are subject to different interactions than they would experience were they buried inside the 
material’s bulk. The effects of surfaces on every day processes are easy to see. Soap solubilizes dirt and oil because 
soap is surface active consisting of a hydrophilic end that remains solvated in water and a hydrophobic segment 
that solubilizes less polar (or “oily”) deposits. Aluminum surfaces readily oxidize in air to form the aluminum 
oxide films that stabilize and protect objects ranging from aluminum cans to bicycle frames to automobiles. 

Research in my group uses experimental methods – most notably linear and nonlinear optical 
spectroscopy – to understand chemical structure, organization and reactivity at interfaces. While the systems 
studied are diverse and far ranging, our goal is always the same: we work hard to understand how asymmetric 
forces found at surfaces alter interfacial chemistry from bulk material limits. Several research areas where we have 
made substantive contributions include 1) solvation at liquid interfaces, and 2) high temperature surface chemistry 
in electrochemical devices. Our studies of liquid interfaces focus on understanding how molecular structure and 
organization at interfaces change molecular structure, organization and reactivity from bulk solution limits. Recent 
work has examined the idea of ‘cooperative adsorption’ where an adsorbed film can draw solutes that would 
otherwise not be surface active from bulk solution to the interface.  

In the second project, we have developed methods to acquire vibrational spectra from species reacting 
on surfaces as hot as 800˚C(!). Such capability affords us unprecedented opportunities to study the chemistry and 
materials in operating solid oxide fuel cells in operando and in real time. Of particular interest are mechanisms 
responsible for carbon accumulation (or ‘coking’) solid oxide fuel cells operating with heterogeneous fuel feeds.  
Recent work in this area has begun to focus on the role played by 2˚ phases on electrochemical redox efficiency 
and material degradation in high temperature environments.  

Collectively, our work represents a broad based, discipline-spanning effort to understand better the 
relationships between structure and reactivity in a wide array of interfacial systems. While the projects themselves 
can be pursued independently, they also are intended to promote strong collaborative relationships with colleagues 
at Montana State, around the country and around the world. 
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chemistry” Geophys. Res. Lett. 143 (15) 8306-8313 
(2016). 

 
 
 
 
 



. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

For information please contact; 
Doreen E. Brown Ed.D. 

Graduate Program Director 
Department of Chemistry and Biochemistry  

1-877-472-3776 
dbrown@montana.edu 

 
Applying to the Program 

http://www.montana.edu/gradschool/admissions/apply.html 
 
 

 

 


