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Executive Summary 

Applied Chemistry in Wisconsin 

• 96% of all manufactured goods involve technologies of chemistry; in Wisconsin, 
chemistry impacts the State’s priorities across the industrial spectrum, including 
chemical and biochemical manufacturing, healthcare, food and beverage, water 
technologies, consumer goods, industrial monitoring, and general manufacturing. 

• According to the American Chemistry Council, chemistry companies in WI directly 
employ 16,175 people and indirectly contribute 44,330 jobs to the State. For every 
chemistry‐industry job created, an additional 2.7 jobs are generated within the 
State’s economy. Importantly, 60% of all WI chemistry jobs are located within the SE 
region. Chemistry industry jobs are high‐paying; the average wage of a chemistry 
industry employee in WI is $72,220, which is 40% higher than the average 
manufacturing job. 

• These jobs generate $1.165 billion in earnings and $79 million in state and local 
taxes. Wisconsin’s employment is projected to grow by 8.0% from 2006‐2016, and 
there will be more than 680,000 job openings due to replacement needs during this 
time. One in ten jobs in WI are in STEM fields (chemistry training is essential in most 
STEM disciplines) and will account for more than one in five of the new jobs created 
from 2006‐2016.  

UWM and Applied Chemistry in Wisconsin 

• UWM’s Department of Chemistry and Biochemistry impacts Wisconsin’s global 
competitiveness by providing critical educational, research, and economic 
development leadership. This resource is key in developing the highly-skilled human 
capital essential for economic development. 

• The Department’s faculty and academic staff (21 + 1) attracted more than $49 million 
in grants and contracts during the past decade.  With a number of these researchers 
joining the Department within the last 5-7 years, the average yearly research support 
per member has been $276,000, comparable to that achieved in top chemistry 
departments across the country.  Such funding supports graduate and postdoctoral 
student education, undergraduate student learning and research, and the financial 
operation of the Department. 

• Between 2005 and 2015, the Department graduated 73 doctoral and 31 masters 
students and trained 42 postdoctoral fellows.  Virtually all of them obtained positions 
in their fields.  A remarkable 33% remained in Wisconsin, providing expert staff for 
educational and medical institutions, businesses, and public sector organizations.   

• Most of the faculty and staff (16) contribute to regional applied chemistry initiatives 
through present collaborations (24), patents (22) and numerous current patent 
applications, and licenses (3) (see below).   



• Adjusted for inflation, the cost of student education at UWM has remained constant 
since 1980.  During this 35 year span, the Dept. has continually upgraded its faculty 
and infrastructure and contributions to the regional economy by increasingly utilizing 
its research expertise to attract the needed resources to support student education 
and basic and applied research.   As described below, state support is extraordinarily 
lean and any further reduction would have a significant negative multiplier impact on 
students and the economy.  

Brief History of the Department of Chemistry and Biochemistry 
 
 In 1971 as Wisconsin prepared merge its university and college systems, UW-
Milwaukee and UW-Madison comprised the doctoral institutions and were charged with 
leading the development and application of new knowledge for the broad benefit of the 
state of Wisconsin.  Still in its infancy with its first doctoral programs less than a decade 
old, UWM was transitioning from its roots as a state college of education to a research 
university.  Exemplifying its connections with UW-Madison was the annual support for 
research of $250,000/y provided by the Wisconsin Alumni Foundation (WARF).  The 
Chemistry Department’s faculty numbered 21 with approximately half conducting 
research.  About 70 students were seeking MS and PhD degrees and were supported by 
teaching assistantships. 
 
 In 1972 the new University of Wisconsin-System structure dealt a major blow to 
UWM.  Gone was its specific identification with UW-MAD and its major research funding 
from WARF.  Over the succeeding 40 years, UWM was basically funded like one of the 
comprehensive university campuses and today receives about 40% of the state support 
per student that is allocated to UW-MAD.  In the 17 years following 1987, UWM was 
blocked by the UW-System from adding a single doctoral program to its small array.  
That UWM is now recognized nationally as a major doctoral research institution is a 
tribute to the university, itself, not the UW-System.   
 
 The Chemistry and Biochemistry Department’s history over this period reads like 
that of other UWM units. 
• The size of the faculty in 2015 like that of 1971 is 21, painfully small in comparison 

with peer institutions, having dipped to 13 in the 1990s after earlier budget cuts; its 
graduate student population hovers near 70.  But now virtually all faculty members 
have strong research programs.  Many are nationally and internationally recognized 
for their studies.  Most have maintained strong extramural grant funding.  Also, as in 
1971, undergraduate research is emphasized and, indeed, is required for majors.  As 
in 1971, those who do the research do the teaching.  But, of necessity because of 
the continual budgetary constriction, more courses are taught by lecturers.   

• Graduate student TA stipends are and have been chronically uncompetitive.  In fact, 
a decade or more ago the Chemistry Department voted to disband its PhD program 
unless stipends could be raised to a less uncompetitive amount.  The Chancellor’s 
Fellowships originated from this desperate gambit.  Nevertheless, TA stipends 
remain woefully inadequate.   

• Capital funds for teaching instrumentation that were provided in the Department’s 
annual budget to support new instrumentation for teaching laboratories dried up in 
the early 1980s.  Likewise, institutional support for major research instrumentation 
was gone by the 1990s-both casualties of state budget cutting.  In part, taking the 
place of Departmental funds for teaching laboratory needs has been F&A from 



faculty research grants.  Successful major instrumentation grant applications by 
faculty and staff helped fill the void left by the disappearance of institutional funds.  In 
addition, talented staff kept instruments going long after their normal life span.  

• The Chemistry Building, new in 1974, never received regular maintenance or 
attention.  Thus, when the Wisconsin State Science Olympiad was slated to be 
hosted by UWM and the Chemistry Dept. 2-3 years ago, last minute painting had to 
be done to make part of the building presentable.  Again, after numerous cracking 
tiles were removed, hallways were simply left with unsightly concrete subflooring 
because of lack of funding for replacements.  Finally, in the past 2 years it was 
discovered that the building structure is substantially deteriorating and in need of 
replacement.  Through it all, the faculty and staff continue their stellar work to teach 
undergraduate and graduate students and conduct relevant research. 
 
 

Faculty Applied Research Summaries 
 

 The UWM Chemistry and Biochemistry Department is too small and its program 
too new to rank among top tier chemistry departments.  Nevertheless, its faculty and 
staff display a top tier research profile, from its three distinguished professors to its top 
flight younger faculty.  The Department is regularly among the campus leaders in 
extramural research funding, garnering awards from the National Science Foundation, 
the National Institutes of Health, and the Department of Energy among other national 
agencies.  To be successful, Chemistry and Biochemistry faculty compete in a national 
pool of researchers that includes scientists from the best universities in the country.  
 The abbreviated prospectus below focuses on the Department’s portfolio of 
applied research organized around broad research themes.  Notably, virtually all of the 
faculty conduct research with strong applied connections.  Moreover, three quarters of 
them have outside partners and/or are involved in research leading to patents 
(applications) and licenses.  For the purposes of this summary, applied research is 
categorized under several major areas of chemical and biochemical study.  
 
New Analytical Chemical Methods 
 Chemistry is an experimental science and all experimentation depends on 
methods of analysis- what is in the sample?  How much is present?  Does it react and 
how fast?  As such methods evolve, increasingly powerful studies can be conducted, 
leading to new knowledge and new applications.  A number of Departmental faculty are 
making important contributions to methods of analysis. 
 
 1.  Joseph Aldstadt laboratory  Research is commonly limited by the limits of 
detection of instrumentation and by the lack of instrumentation appropriately designed to 
measure the presence of molecules under real world conditions.  Dr. Aldstadt has a 
lifetime of experience in developing analytical methods for problems that are studied 
outside the laboratory.  In one current project that is nearing completion, he and his 
students have designed and constructed a Variable Pathlength Photon Trapping 
Spectrometer that uses light trapped within a mirrored container to detect ultra-trace 
concentrations of molecules in samples.  Several commercial firms are interested in 
commercializing the instrument. 
 Another project is developing instrumentation and related methodology to 
improve the quality control of industrial processes.  The system will use nuclear 
magnetic resonance spectroscopy to detect specific chemical compounds during 



industrial synthesis and other means to improve detection limits.   This research is being 
undertaken as a collaboration with Thermo Scientific, located in Milwaukee, WI, one of 
the largest analytical instrument companies in the United States. 
 
 2.  Dennis Bennett laboratory   Dr. Bennett is widely recognized for his 
inorganic chemical studies and his recently published book on the theory of X-Ray 
crystallography, one of the most important structural tools that chemists use.  Less well 
known is his part in one of the most successful commercial ventures ever initiated at 
UWM.  In the 1980s-1990s, Professor James Otvos of the Department of Chemistry, one 
of the leading young biological nuclear magnetic resonance (NMR) spectroscopists in 
the country, discovered that blood lipids could be detected by NMR spectroscopy.  
Considering their importance for cardiovascular health, this was a major breakthrough.  
It was Dr. Bennett who was able to develop the mathematical tools to convert NMR 
signals to quantitative measures of cholesterol and other lipid molecules.   The result of 
over 15 years of this work has been a recent acquisition of LipoScience, the company 
founded by former UWM Professor of Chemistry, James Otvos, by LabCorps – a fortune 
500 company.  New analytical assays are currently being developed, and Dr. Bennett is 
a significant participant in those developments.   
 It is important to note that Dr. Otvos left UWM in the 1990s to join North Carolina 
State University prior to commercialization because UWM could not compete for working 
conditions or salary.  As a result, the royalties that would have accrued to UWM have 
gone elsewhere. 
 
 3.  Peter Geissinger and Alan Schwabacher laboratories  Dr. Geissinger is a 
physical chemist well known for his research on the physical chemistry of proteins like 
hemoglobin that contain the molecule heme.  Similarly, Dr. Schwabacher is a highly 
creative organic chemist recognized for his innovative discoveries relating to 
synthesizing large libraries of related organic molecules.  In addition, they collaborate on 
solving central issues related to water pollution.  At present, real-time monitoring of 
environmental and industrial waters for pollutants of concern for public and 
environmental health such as toxic metals cannot be done.  Thus, there is a critical need 
for innovative technology that permits the continual, on-site measurement of pollutants.  

The optical-fiber-sensor-array technology (OSAT) introduced and patented by the 
principal investigators for real-time monitoring is part of the long-term goal of creating a 
robust, portable, and field-deployable measurement system that provides high precision 
and accuracy for multiple substances potentially found in the environment.  OSAT, 
however, allows for real-time monitoring of metal ions in aqueous environments and for 
monitoring post-treatment waste streams. The sensor signals are used to rapidly adjust 
treatment chemicals to appropriate levels, greatly reducing chemical usage and 
providing significant cost savings and reduced environmental load. Their corporate 
partner, Advanced Chemical Systems Inc. (ACS), has been providing wastewater 
pretreatment solutions to a broad base of manufacturers since 1977.  Advanced 
Chemical Systems has an exclusive license of the patented OSAT technology from the 
University of Wisconsin-Milwaukee Research Foundation. 

 
 4.  A. Andrew Pacheco laboratory  The Pacheco group is collaborating with 

Prof. Marius Schmidt of the UWM Physics department to apply time-resolved X-ray 
crystallography to the study of proteins.  X-ray crystallography is one of the few methods 
available for determining the 3-dimensional arrangement of atoms in a biological 
macromolecule.  Time-resolved methods additionally offer an opportunity to follow the 
structural course of reactions by providing more than 1 billion exposures per second.  By 



piecing together the exposures taken over time after a reaction is initiated, “movies” of 
molecular changes are obtained. The relatively new time-resolved X-ray crystallography 
techniques have enormous untapped potential, and UWM is at the forefront in the 
development of these techniques. 
 
 5.  David Petering laboratory  Dr. Petering is a UWM Distinguished Professor 
and is internationally recognized for his research on biologically essential and toxic 
metals and metallodrugs.  Understanding how cells work increasingly involves attempts 
to study the coordinated behavior and activities of many proteins.  In 1972 the method of 
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was introduced 
to provide a method to separate the myriad of cellular proteins with very high resolution.  
The method is one of the most used techniques in cellular research.  Unfortunately, the 
procedure destroys the three-dimensional structures and functions of proteins, thereby 
limiting its utility.    Dr. Petering and two graduate students, Andrew Nowakowski and 
William Wobig, have discovered a modification of SDS-PAGE that maintains proteins in 
their functional state while retaining the high resolution of the original method.  Among 
many new applications, the technique permits researchers to probe what proteins 
interact with pharmaceutical and toxic compounds. The inventors have a patent pending 
and are working with Milwaukee based Sigma-Aldrich Chemical Co. to develop the 
method for licensing. 
  
 6.  Jorg Woehl laboratory  Molecules are very small and generally chemists 
have only been able to study them in large numbers (at least millions to billions).  Dr. 
Woehl is a leading expert on studying fundamental properties of single molecules.  He 
and his students have found a way to isolate and manipulate single molecules larger 
objects, potentially even single living cells in a unique corral trap.  Woehl is now in a 
position to study their properties and reactions in the simplest, cleanest environment.   
The trapping technology has been patented by Dr. Woehl and a graduate student.  A 
startup company (Isopoint Technologies) involving  Prof. Woo-Jin Chang, Prof. Ilya 
Avdeev and graduate student Alex Francis from Mechanical Engineering at UWM has 
been formed with the goal to commercialize the E-trap technology.  It has attracted 
needed funding to develop the system and test is applicability to biomedical problems 
involving proteins, viruses, and bacteria.  The potential market segments for E-Trap 
include life sciences research, drug discovery, disease control, diagnosis, 
microelectronics, and advanced material science. 
 
Biomedical Applications 
 About a decade ago, the Department of Chemistry renamed itself the 
Department of Chemistry and Biochemistry to recognize that an increasing number of  
faculty were conducting research at the interface between chemistry and biology and 
because the Department had begun to offer undergraduate majors in both chemistry and 
biochemistry.  The sheer complexity of biological systems insures that advances in 
understanding depend on detailed studies at the chemical-molecular level.  
Complementing a variety of basic research projects, numerous faculty are deeply 
engaged in applied biomedical research as well.  A major emphasis lies in the area of 
biomedical drug discovery.  Here the chemical expertise of UWM faculty provides the 
needed complement to expertise in pharmacology and medicine at the Medical College 
of Wisconsin. 
 
 1.  Joseph Aldstadt laboratory  Research is commonly limited by the limits of 
detection of instrumentation and by the lack of instrumentation appropriately designed to 



measure the presence of molecules under real world conditions.  Dr. Aldstadt has a 
lifetime of experience in developing analytical methods for problems that are studies 
outside the laboratory.  In one current project that is nearing completion, he and his 
students have designed and constructed a Variable Pathlength Photon Trapping 
Spectrometer that uses light trapped within a mirrored container to detect ultra-trace 
concentrations of molecules in samples.  Because biomolecules are commonly present 
at low concentration, this instrument will find application in biomedical research.  Several 
commercial firms are interested in commercializing the instrument. 
 
 2.  Alexander Arnold laboratory  Dr. Arnold is one of three superb young 
faculty (Peng, Silvaggi) and staff leader (Stafford) hired recently to help establish an 
emphasis on biomedical drug discovery at UWM.   He brings to the group cross-cutting 
expertise in organic chemistry and cell and molecular biology.  Arnold and his students 
focus their attention on vitamin D and the vitamin D receptor (VDR), which mediates its 
action in the body.  The VDR is one of 48 nuclear hormone receptors (NR) identified in 
the human genome. The important role of nuclear receptors in human physiology is 
reflected by the fact that 20% of drugs prescribed in the US are NR modulators.  The 
Arnold group applies high-throughput screening of molecular libraries, rational design of 
new drugs, and computer-based modeling to find new molecules that alter the action of 
the vitamin D receptor in a gene-selective and tissue-specific manner.  The development 
of such molecules represents a new approach towards modulating NR signaling in 
various diseases, including cancer.  This research represents a new approach toward 
modulating NR signaling.  It is significant because the VDR regulates genes responsible 
for cell proliferation, cell differentiation, and calcium homeostasis, all important in cancer 
growth.   
 
 3.  Dennis Bennett laboratory   Dr. Bennett is widely recognized for his 
inorganic chemical studies and his recently published book on the theory of  x-ray 
crystallography, one of the most important structural tools that chemists use.  Less well 
known is his part in one of the most successful commercial ventures ever initiated at 
UWM.  In the 1980s-1990s, Professor James Otvos of the Department of Chemistry, one 
of the leading young biological nuclear magnetic resonance (NMR) spectroscopists in 
the country, discovered that blood lipids could be detected by NMR spectroscopy.  
Considering their importance for cardiovascular health, this was a major breakthrough.  
It was Dr. Bennett who was able to develop the mathematical tools to convert NMR 
signals to quantitative measures of cholesterol and other lipid molecules.   The result of 
over 15 years of this work has been a recent acquisition of LipoScience, the company 
founded by former UWM Professor of Chemistry, James Otvos, by LabCorps – a fortune 
500 company.  New analytical assays are currently being developed, and Dr. Bennett is 
a significant participant in those developments.   
 It is important to note that Dr. Otvos left UWM in the 1990s to join North Carolina 
State University prior to commercialization because UWM could not compete for working 
conditions or salary.  As a result, the royalties that would have accrued to UWM have 
gone elsewhere. 
 
 4.  James Cook laboratory  Dr. Cook is a University Distinguished Professor in 
recognition of his international standing as an outstanding medicinal chemist.  He and 
his students maintain a broad program of chemical synthesis directed toward 
neurological and other problems.  Pain is the most frequent reason patients seek 
physician care in the United States.   When including health care expenses, lost income, 



and lost productivity, the annual cost of chronic pain in the U.S. is estimated at $100 
billion.  
Cook’s group make novel drug compounds that selectively target receptors in the brain 
that block pain processes without producing side effects of sedation, tolerance, or 
addictive potential.   
 Anxiety disorders, including panic disorder, obsessive-compulsive disorder, 
phobias, and post-traumatic stress disorder, afflict over 18% of the US population, 
making these among the most common mental disorders. Common treatment for anxiety 
disorders cause side effects such as drowsiness, sedation, memory impairment, 
tolerance, and have abuse potential. Dr. Cook’s laboratory has made key discoveries in 
the design of drugs that selectively reduce anxiety symptoms while avoiding these 
common side effects. Other applications of this work include highly specific treatments 
for schizophrenia, seizure disorders, and substance abuse. 
 
 5.  David Frick laboratory   Viral diseases plague many populations around the 
globe.  The Ebola viral outbreak in Africa is just the latest example.  Professor David 
Frick is an internationally recognized expert on antiviral drug therapies and he brings a 
leading research program in anti-viral research to UWM.   One in fifty Americans have 
hepatitis C, a progressive liver disease caused by the hepatitis C virus (HCV). There are 
drugs available today that can cure hepatitis C, but they are enormously expensive and 
cause side effects often worse than the symptoms caused by the virus itself. Research 
in the laboratory of Dr. David Frick seeks to find a less costly and toxic HCV therapy as 
well as drugs that are effective against other serious viruses. While at New York Medical 
College, Dr. Frick’s lab worked with a company called Pharmasset to develop what was 
to become the most profitable drug in US history (Sofosbuvir - Wikipedia, the free 
encyclopedia).  Since arriving at UWM in 2010, he and his students have discovered 
100+ antiviral agents that may be applicable to the treatment of hepatitis C, HIV, Dengue 
virus, and West Nile virus.  Patents are pending on most of these compounds.  
 

6.  Mahmun Hossain laboratory  Dr. Hossain is widely recognized as an 
inventive synthetic organic chemist.  His long-term goal is to develop new organic 
reactions and new synthetic routes to create cost-effective methods for producing known, 
potent, biologically active aryl compounds, and to enable the generation of new 
compounds to find better and safer therapeutics for human diseases. For example, the 
Hossain group is focused on developing a short, flexible and cost-effective synthetic 
procedure for anticancer microtubule inhibitors, Tryprostatin A and B, and their analogs.  
Microtubules serve as structural components within cells and participate in many critical 
cellular processes including mitosis, cytokinesis, and vesicular transport. Inhibition of 
microtubule formation is regarded as one of the more successful targets for cancer 
therapeutic intervention.  

 
      7. Guilherme Indig laboratory  Dr. Indig is an expert in fluorescence 
spectroscopy and is using his knowledge to develop new modalities of tumor imaging 
and therapy based on selective targeting of neoplastic tissue with highly fluorescent and 
phototoxic agents. Imaging objectives include developing fluorescent molecules that 
reveal tumor margins for complete surgical removal of tumors.  
 
       8.  Graham Moran laboratory  Dr. Moran is a top tier mechanistic enzymologist, 
whose research on several enzyme systems has biomedical implications.  The reaction 
catalyzed by 4-hydroxyphenylpyruvate dioxygenase (HPPD) is intriguing because 
inhibition of the enzyme in man alleviates the symptoms of three debilitating metabolic 
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defects (hawkinsinuria, alkaoptonuria, Type 1 tyrosinemia).  In plants, its inhibition has 
become the basis for numerous commercially available herbicides. 
       Kynurenine-3-monooxygenase (KMO) is enzyme that controls the levels of 
several biomolecules that play key roles in the outcome of ischemic trauma in the brain. 
Dr. Moran and his students are studying KMO to gain enough insight to be able to 
generate specific inhibitors that will allow modulation of the levels of these metabolite 
molecules for the treatment of stroke, epilepsy, and Huntington’s disease. 
 
 9.  Xiaohua Peng laboratory  Dr. Peng is another of the set of four faculty 
(Arnold, Silvaggi, Stafford) drawn to UWM to help develop the area of drug discovery at 
UWM and throughout the region. Most recently Dr. Peng was named a Shaw Scientist 
by the Greater Milwaukee Foundation, placing her in an elite tier of researchers.  Her 
target is cancer.  While great progress has been made in cancer treatment, certain 
cancers (such as pancreatic, liver, lung, ovarian) result in 5 year survival rates less than 
50%. Dr. Xiaohua Peng has developed novel anticancer drugs that can specifically kill 
cancer cells while reducing the potential for toxicity to normal cells. This strategy is 
critically important in the treatment of cancer because common chemotherapies have 
very little selectivity for cancer cells over normal cells, leading to harsh side effects. The 
underlying scientific approach requires the synthesis of new molecules that are reactive 
in the special microenvironment of the cancer cell that differs from normal cells. Dr. 
Peng’s team has designed cytotoxic DNA cross-linking agents that can be activated 
under tumor-specific conditions as well as the first reactive oxygen-activated pro-drugs 
that show exquisite cytotoxicity toward cancer cells in comparison with normal cells.  
 
 10.  David Petering laboratory  Dr. Petering is a UWM Distinguished Professor 
and is internationally recognized for his research on biologically essential and toxic 
metals and metallodrugs.  Understanding how cells work increasingly involves attempts 
to study the coordinated behavior and activities of many proteins.  In 1972 the method of 
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was introduced 
to provide a method to separate the myriad of cellular proteins with very high resolution.  
The method is one of the most used techniques in cellular research.  Unfortunately, the 
procedure destroys the three-dimensional structures and functions of proteins, thereby 
limiting its utility.    Dr. Petering and two graduate students, Andrew Nowakowski and 
William Wobig, have discovered a modification of SDS-PAGE that maintains proteins in 
their functional state while retaining the high resolution of the original method.  Among 
many new applications, the technique permits researchers to probe what proteins 
interact with pharmaceutical and toxic compounds. The inventors have a patent pending 
and are working with Milwaukee based Sigma-Aldrich Chemical Co. to develop the 
method for licensing. 
  
 11.  Nicholas Silvaggi laboratory  One of a trio of younger faculty and senior 
staff leader hired to further the development of biomedical drug discovery at UWM 
(Arnold, Peng, Stafford) and in collaboration with other institutions in the region, Dr. 
Silvaggi is an expert in protein x-ray crystallography, the key method employed to 
determine the structural basis of protein function.  He and his students use this and other 
cutting edge methodologies to address the vexing problem of microbial resistance to 
existing antibiotics.  Together with the slow pace of antibiotic discovery, the development, 
antibiotic resistance poses a serious threat to public health.  Research led by Dr. 
Silvaggi is uncovering fundamental biochemical knowledge about the proteins that 
biosynthesize antibiotics.  In turn, he will be able to engineer biosynthetic enzymes to 
produce variants of complex antibiotics with new antibiotic activities. Dr. Silvaggi also 



studies enzymes involved in protein glycosylation-the addition of sugar residues to 
proteins.  Defects in these enzymes lead to a variety of disease states known collectively 
as congenital disorders of glycosylation (CDG) that arise in infancy and cause physical 
and developmental abnormalities. 

 12.  Douglas Stafford - Milwaukee Institute of Drug Discovery  (MIDD)  The 
MIDD originated in the Chemistry Department and was created to support research 
leading to new therapeutics that treat difficult human diseases. It builds on the extensive 
expertise in the Dept. and elsewhere at UWM and seeks to build a regional consortium 
of researchers in the broad area of drug discovery. The MIDD provides researchers with 
state-of-the art analytical instrumentation. In particular, the MIDD leadership established 
a partnership with Shimadzu Co. to locate arguably the best mass spectrometry 
laboratory in this part of the Midwest at UWM. The MIDD also provides researchers with 
support to write proposals, to understand the regulatory climate, and address intellectual 
property issues. The MIDD was instrumental in securing an Incentive Grant from the 
UW-System in 2013. The $3 million in grant funds in addition to Shimadzu’s $1.13 
million grant support established the SE Wisconsin Applied Chemistry Center of 
Excellence, which is designed to better link regional industry partners to chemistry 
faculty expertise and analytical instrumentation resources at UWM.  

 13.  Wilfred Tysoe laboratory  Dr. Tysoe is an international authority on the 
structure and reactions that occur on solid surfaces and a UWM Distinguished Professor.  
The research of the Tysoe group includes studies of enantioselective catalysts that are 
used to specifically synthesize compounds that are either “right” or “left”-handed (mirror 
images).  Work focuses on understanding the chemical properties of surfaces that might 
lead to enantioselective catalysts.  Since right- and left-handed molecules interact 
differently with living organisms, pharmaceuticals are commonly required to be 
exclusively of one handedness.  Such a fundamental understanding of how 
enantioselective catalysts operate may ultimately lead to new strategies for drug 
synthesis. 
 
 14.  Jorg Woehl laboratory  Molecules are very small and generally chemistry 
have only been able to study them in large numbers (at least millions to billions).  Dr. 
Woehl is a leading expert on studying fundamental properties of single molecules.  He 
and his students have found a way to isolate and manipulate single molecules larger 
objects, potentially even single living cells in a unique corral trap.  Woehl is now in a 
position to study their properties and reactions in the simplest, cleanest environment.   
The trapping technology has been patented by Dr. Woehl and a graduate student.  A 
startup company (Isopoint Technologies) involving Prof. Woo-Jin Chang, Prof. Ilya 
Avdeev and graduate student Alex Francis from Mechanical Engineering at UWM has 
been formed with the goal to commercialize the E-trap technology.  It has attracted 
needed funding to develop the system and test is applicability to biomedical problems 
involving proteins, viruses, and bacteria.  Potential market segments for E-Trap include 
life sciences research, drug discovery, disease control, diagnosis, microelectronics, and 
advanced material science. 
 
 
Environmental and Public Health Research 
 Environmental and green chemistry are comparatively newcomers to the fields 
that comprise chemistry.  Their development has been stimulated by the recognition that 



chemicals released into the environment are causing systemic harm.  Measuring such 
chemicals, seeking less environmentally damaging chemicals, devising methods of 
remediation, and understanding how these chemicals impact human environmental 
health and the health of the environment have become urgent tasks for chemists.   
 
 1.  Joseph Aldstadt laboratory  Research is commonly limited by the limits of 
detection of instrumentation and by the lack of instrumentation appropriately designed to 
measure the presence of molecules under real world conditions.  Dr. Aldstadt has a 
lifetime of experience in developing analytical methods for problems that are studies 
outside the laboratory.  In one current project that is nearing completion, he and his 
students have designed and constructed a Variable Pathlength Photon Trapping 
Spectrometer that uses light trapped within a mirrored container to detect ultra-trace 
concentrations of molecules in samples.  Several commercial firms are interested in 
commercializing the instrument. 
 Another project is developing instrumentation and related methodology to 
improve the quality control of industrial processes.  The system will use nuclear 
magnetic resonance spectroscopy to detect specific chemical compounds during 
industrial synthesis and other means to improve detection limits.   This research is being 
undertaken as a collaboration with Thermo Scientific, located in Milwaukee, WI, one of 
the largest analytical instrument companies in the United States. 
 
 2.  Jain Chen laboratory  Jain Chen, one of the Department’s stellar young 
faculty, maintains an ambitious research program involving new materials.  These 
include smart polymers such as shape memory polymers, shape reprogrammable 
polymers, and synthetic cuttlefish that can change surface color and morphology 
simultaneously. These materials may find applications in tissue engineering, and 
medical implants. 
 
 3. Mark Dietz laboratory  Dr. Dietz is internationally known in the field of 
chemical separations.  Research in the Dietz Group is directed at the development of 
improved reagents and processes for chemical separations. Of particular interest are 
environmentally benign ("green") approaches to separations, which include the use of 
supercritical fluids and room-temperature ionic liquids (RTILs).  This research has a 
significant practical component.  For example, dyestuffs represent a major source of 
water pollution in certain third-world countries where textile manufacturing is carried 
out.  Dietz and his students have recently devised RTILs to remove such dyes from 
water.  In collaboration with researchers from the UWM School of Engineering, several 
of these ionic liquids ae being investigated as green lubricants or as performance-
enhancing additives to more conventional lubricants (e.g., vegetable oils).  Lastly, in 
collaboration with researchers from three national laboratories, the use of these same 
solvents are being explored as the basis of new, more radiation-stable systems and 
methods for spent nuclear fuel reprocessing.   
 
 4.  Peter Geissinger and Alan Schwabacher laboratories  Dr. Geissinger is a 
physical chemist well known for his research on the physical chemistry of proteins like 
hemoglobin that contain the molecule heme.  Similarly, Dr. Schwabacher is a highly 
creative organic chemist recognized for his innovative discoveries relating to 
synthesizing large libraries of related organic molecules.  In addition, they collaborate on 
solving central issues related to water pollution.  At present, real-time monitoring of 
environmental and industrial waters for pollutants of concern for public and 
environmental health such as toxic metals can not be done.  Thus, there is a critical 



need for innovative technology that permits the continual, on-site measurement of 
pollutants.  

The optical-fiber-sensor-array technology (OSAT) introduced and patented by the 
principal investigators for real-time monitoring is part of the long-term goal of creating a 
robust, portable, and field-deployable measurement system that provides high precision 
and accuracy for multiple substances potentially found in the environment.  OSAT, 
however, allows for real-time monitoring of metal ions in aqueous environments and for 
monitoring post-treatment waste streams. The sensor signals are used to rapidly adjust 
treatment chemicals to appropriate levels, greatly reducing chemical usage and 
providing significant cost savings and reduced environmental load. Their corporate 
partner, Advanced Chemical Systems Inc. (ACS), has been providing wastewater 
pretreatment solutions to a broad base of manufacturers since 1977.  Advanced 
Chemical Systems has an exclusive license of the patented OSAT technology from the 
University of Wisconsin-Milwaukee Research Foundation. 

 
 5.  A. Andrew Pacheco laboratory  The Pacheco research group is studying 
two metal-containing proteins, cytochrome-c nitrite reductase (ccNIR) and 
hydroxylamine oxidase (HAO), which allow certain bacteria to interconvert ammonia and 
nitrite.  The primary aim of the project is to determine how ccNiR and HAO, which have 
broadly similar architectures, are tailored to shepherd the ammonia-nitrite 
interconversion preferentially in one direction or the other.  The question is ecologically 
important because of the growing environmental problem of nitrogen cycle imbalance.  
Ammonia (a major component of fertilizer) and nitrite are two examples of “reactive 
nitrogen”; that is, nitrogen usable by many living organisms, as opposed to “elemental 
nitrogen” which makes up 78% of the air we breathe, but is directly usable by only a few 
bacteria.  Over the last 50 years the balance between reactive and elemental nitrogen 
has shifted significantly towards the former, as more fertilizer has been generated to 
produce food and (recently) biofuels.  This shift is having many unintended negative 
consequences, which will soon have to be mitigated.  A better understanding of 
ammonia-nitrite inter-conversion may lead to the more efficient use of ammonia fertilizer, 
and thus help redress the imbalance. 

 
 6.  David Petering laboratory  Dr. Petering is a UWM Distinguished Professor 
and is internationally recognized for his research on biologically essential and toxic 
metals and metallodrugs.  Understanding how cells work increasingly involves attempts 
to study the coordinated behavior and activities of many proteins.  In 1972 the method of 
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was introduced 
to provide a method to separate the myriad of cellular proteins with very high resolution.  
The method is one of the most used techniques in cellular research.  Unfortunately, the 
procedure destroys the three-dimensional structures and functions of proteins, thereby 
limiting its utility.    Dr. Petering and two graduate students, Andrew Nowakowski and 
William Wobig, have discovered a modification of SDS-PAGE that maintains proteins in 
their functional state while retaining the high resolution of the original method.  Among 
many new applications, the technique permits researchers to probe what proteins 
interact with pharmaceutical and toxic compounds. The inventors have a patent pending 
and are working with Milwaukee based Sigma-Aldrich Chemical Co. to develop the 
method for licensing. 
 Dr. Petering and his students study how toxic metals damage cells.  Relatively 
little is known about how this occurs at the molecular level for metals such as cadmium.  
Using the method described above in conjunction with advanced mass spectrometry, 
they are beginning to understand how interactions of toxic metals with cellular 



constituents give rise to deleterious changes in the cell’s biochemistry.  In turn, such 
information can be used to determine if interventions might be devised to reverse toxicity 
or whether prevention of exposure to toxic agents is the only course of action.  
 
 7.  David Petering - Children’s Environmental Health Sciences Core Center 
Dr. Petering is a UWM Distinguished Professor and is internationally recognized for his 
research on biologically essential and toxic metals and metallodrugs.  He directs the 
Children’s Environmental Health Sciences Core Center, funded by the National  Institute 
of Environmental Health Sciences.  The Center is a partnership between UWM, 
Children’s Hospital of Wisconsin, and the Medical College of Wisconsin.  Its members 
come from these and other regional institutions (UW-Madison, Marquette University, 
Concordia University, Milwaukee Health Department).  The Center was competitively 
funded because the region has a critical mass of researchers working in the area of 
children’s environmental health to understand the environmental determinants of fetal 
and childhood diseases and to work with local African American and Latino communities 
to achieve better health outcomes. 
 
Materials 
 Advanced manufacturing and biomedical applications increasingly rely on the 
development of new materials with designer-like properties.  Chemists study the 
structure and function of molecules and larger aggregates of atoms.  Such knowledge 
becomes the basis for the synthesis and construction of new molecular frameworks that 
address societal needs.     
 1.  Jain Chen laboratory  Jain Chen, one of the Department’s stellar young 
faculty, maintains an ambitious research program involving new materials.  These 
include  smart polymers such as shape memory polymers, shape reprogrammable 
polymers, and synthetic cuttlefish that can change surface color and morphology 
simultaneously. These materials may find applications in soft robotics, tissue 
engineering, and medical implants.  Dr. Chen’s group also studies the natural carbon 
material, graphene.  The aim is to rationally modify graphene in order to provide 
materials of use in electronics, nanomanufacturing, chemical and biological sensors, and 
batteries and fuel cells.  Lastly, high mechanical energy-absorbing polymers and 
composites are being made that may be employed in vehicles, ballistic armor, and 
sporting equipment where mechanical impact needs to be mitigated to minimize the 
damage. 
 

 2.  Wilfred Tysoe laboratory  Dr. Tysoe is an international authority on the 
structure and reactions that occur on solid surfaces and a UWM Distinguished Professor.  
The research of the Tysoe group falls into three areas.  Each is generally fundamental in 
nature but also has a variety of potential applications.  Tribo- and mechanochemistry 
examines the way in which a mechanical force accelerates chemical reactions with a 
primary focus on the formation of lubricating films (tribochemistry) to understand the way 
in which oil additives can produce low-friction interfaces.  Dr. Tysoe has collaborated 
with a local lubricant manufacturer, Benz Oil Inc. on this work.   
 Enantioselectivity  Enantioselective catalysts are used to specifically synthesize 
compounds that are either “right” or “left”-handed (mirror images).  Work focuses on 
understanding the chemical properties of surfaces that might lead to enantioselective 
catalysts.  Since right- and left-handed molecules interact differently with living 
organisms, pharmaceuticals are commonly required to be exclusively of one 
handedness.  Such a fundamental understanding of how enantioselective catalysts 
operate may ultimately lead to new strategies for drug synthesis. 



 Molecular Self Assembly  The Tysoe group has developed strategies to 
assemble one-dimensional conducting molecules on surfaces that can be used as 
molecular wires.  Current projects center on strategies to modify the molecular structures 
of these systems to act as molecular electronic devices. 

Teaching and Learning 
 The Department of Chemistry and Biochemistry includes chemical education as 
an important major within its graduate program.  Understanding what works in precollege 
and undergraduate chemical education is key to the future development of the chemical 
disciplines at UWM and elsewhere.   Thus, research and its application in the field of 
chemical education is the most directly applied of research areas in the department. 
 1.  Anja Blecking  Project: Increasing Students success and retention in 
Introductory Chemistry  Since Fall 2012, students enrolled in large Introductory 
Chemistry (Chem 100) courses at UWM utilize a social on-line learning platform that has 
been developed by a research team at Carnegie Mellon University.  The platform allows 
students to interact (annotate, pose questions, reply to questions from instructor or 
classmates) with course content material, classmates and course instructor through 
textual annotation. My research has shown that utilizing this on-line tool increases the 
student exam performance significantly. Expansion of this study concentrates on early 
identification of low performing students (in collaboration with Carnegie Mellon 
University) and the development of effective interventions.  Once completed, this project 
is expected to deliver a model for other courses in a variety of STEM disciplines. 
 Project: UWM Science House – The Science House initiative (collaboration with 
UWM Mathematics Department) offers support for in-service science teachers (grades 
6-12) in surrounding school districts. We are developing technology-rich, hands-on 
active learning activities for different grade and proficiency levels that fit the newest 
science standards (Next Generation Science Standards) and reflect the shift to 3-
dimensional learning (practices, disciplinary core ideas, crosscutting concepts). The 
Science House lends out the equipment (laptops for data collection, graphing and 
analysis; Vernier laboratory sensors), provides training for teachers, and in-class support 
if needed.  
 
  2.  Kristen Murphy  Dr. Kristen Murphy is described by her peers as one of the 
best young scientists working in the area of chemical education where she focuses on a 
number of projects that are related to how students learn chemistry and how to assess 
their learning.  She and her students’ research involves a collaboration with the 
American Chemical Society Exams Institute to assess tests that are used nationally in 
high school and undergraduate chemistry courses and to insure that such tests minimize 
gender bias.  Another study involves working with high school science teachers to 
incorporate the theme of scale (size, magnitude, one of the cross-cutting concepts in the 
new Next Generation Science Standards for K-12) in their teaching.  In addition, with a 
focus on underrepresented minorities in STEM (especially women), Dr. Murphy is 
developing tools (i) to monitor their persistence in STEM majors and (ii) to encourage 
more students to remain in those majors 
 
 3.  David Petering  Dr. Petering is a UWM Distinguished Professor and is 
internationally recognized for his research on biologically essential and toxic metals and 
metallodrugs.   Dr. Petering and Dr. Craig Berg from the School of Education jointly lead 
a precollege education program funded by NIH that provides high school students in the 
metropolitan Milwaukee area with in-depth extended research experiences that link 
biology content with environmental health.  Currently, nearly 50 teachers are involved, 



many from the Milwaukee Public School System.  The program’s aim is to offer students 
the opportunity to do science the way professional scientists do their work.  It is unique 
in its linkage of research with research communication through writing papers, creating 
posters, and attending an annual research conference.    
 
Patents, Licenses, and Partnerships 
Joseph Aldstadt:   -Variable Pathlength Photon-Trapping Spectrometer; commercial  
   interest 
   -Instrumentation and methodology for quality control of industrial  
   processes; collaboration with Thermo-Fisher Co. (Milwaukee, WI) 
 
Alexander Arnold -Patent, WO2013032960 “Vitamin D receptor – Coregulator 

Inhibitors” Alexander Arnold, Preetpal S. Sidhu, and Rakesh K. 
Singh 
-“High throughput identification of promiscuous inhibitors among 
screening libraries with the use of an intrinsically fluorescent  
probe”, licensed to KeraFAST (Boston, MA, USA)  

 
Dennis Bennett Mathematical quantification of nuclear magnetic resonance (NMR) 
   spectra for blood lipid molecules; collaboration with start-up  
   company (LipoScience); buy-out by LabCorps 
 
Anja Blecking  Collaboration with Carnegie Mellon University on evaluating and  
   further developing software to accompany Chemistry 100 
 
James Cook -18 patents, multiple patents filed 

-Cofounded the startup company in Milwaukee (David Baker-
Marquette U.) called Promentis Pharmaceutical Co.; Licensed a 
compound  for neuropathic pain to MPP group, now Addiction 
Therapeutix Inc.; Licensed an anxiolytic to Bristol Meyers Squibb 
which went into phase I clinical trials in humans; member of 
scientific board of CML-LABS,(Germantown, WI). 

 
Mark Dietz  Collaboration with three national laboratories on new methods to  
   reprocess nuclear fuel   
 
David Frick  Antiviral agents to treat hepatitis C, HIV, Dengue virus, and West  
   Nile virus; patent pending 
 
Peter Geissinger Real-time optical sensors for wastewater-treatment process  
Alan Schwabacher control; patent-optical-fiber-sensor-array technology; license to  
   Advanced Chemical Systems, Franklin, WI 
 
Mahmun Hossain       Synthesis of 2-aryl propenoic acid esters for the production of non- 
                              steroidal anti-inflammatory drugs US patent 6683205 B2. 
 
Graham Moran           U.S. Patent Application No. 12/720,381, MBF Ref. No.: 020871- 
                              9043-01"Treatment Of Microbial Infections With Compounds       
                                   That Inhibit 4-Hydroxyphenylpyruvate Dioxygenase"    
 



Kristen Murphy           -Understanding scale; collaboration with high school teachers   
                              from the Chicago Public School system 
                              -Director, American Chemical Society Exams Institute, UWM   
   
David Petering -Native sodium dodecyl sulfate polyacrylamide gel    
   electrophoresis; patent pending with students; license pending,  
   Sigma Aldrich, Milwaukee, WI 
   -Collaboration with Medical College of Wisconsin and Children’s  
   Hospital of Wisconsin and faculty at these institutions and UW- 
   Madison, Marquette University, Concordia University, and the  
   Milwaukee Health Department 
   -Collaboration with the Milwaukee Public School (MPS) System to  
   include MPS teachers in pre-college education program 
 
Douglas Stafford Milwaukee Institute of Drug Discovery, collaboration with   
   Shimadzu Company (mass spectrometry demonstration facility at  
   UWM), 12 collaborations from Incentive grant  
 
Wilfred Tysoe  The chemistry of lubricants; collaboration with Benz Oil Co.;   
   Editor of Tribology, the major journal in the field of tribology 
  
Jorg Woehl  E-trap; patent with student; start-up company with other UWM  
   faculty (CEAS) and student; capitalization for company 

 
 


