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A primary interest in the Wooley laboratory is the production of functional polymers from renewable sources 

that are capable of reverting to those natural products once their purpose has been served.  A long-standing 
focus has been the development of synthetic methodologies that transform sugars, amino acids and other 
natural products into polymer materials.  This approach allows for the production of functional polymers from 
renewable sources that are capable of reverting to those natural products once their purpose has been served 
(as is illustrated on the left side of the diagram below).  This holistic life cycle approach is of importance from 
the perspectives of sustainable sourcing of materials feedstocks, while creating mechanisms for breakdown of 
the polymer materials after useful lifetime is complete, and providing for biological and environmental 
resorption of breakdown products.  The overall process impacts the need to address the increasing 
accumulation and associated hazards of plastic pollution from the environmental persistence of non-
degradable, petrochemically-sourced polymer systems.  Moreover, inherent diversities of natural products 
provide opportunities to expand the scopes, complexities and properties of polymers, by utilizing fundamental 
organic chemistry approaches.    

Target materials are designed for potential applications in diverse areas.  For instance, we have produced 
amphiphilic block polymers that undergo supramolecular assembly in water to afford well-defined nanoscopic 
particles (diagram below, upper section (a)).  By tuning the composition, structure and morphology, we are 
able to build functional nanoparticles that demonstrate efficacy as therapeutic nanomedicines for treatment of 
recurrent urinary tract infections (a1) and lung infections (a2), and we’re working toward their use in the 
treatment of osteosarcoma lung metastases.  When the amphiphilic block polymers are co-assembled with 
iron oxide nanoparticles, magnetically-responsive organic-inorganic composite nanosystems result, which are 
able to perform as environmental remediation agents that capture ten times their mass in crude oil from 
contaminated water (work that began following the Deep Water Horizon oil spill a decade ago).  Macroscopic 
forms (diagram, lower section (b)) of our Sugar PlasticsTM were initially studied with an aim toward their use in 
orthopedic applications (b1), when we identified that specific chemical compositions containing nanoscopic 
and microscopic porosities operate as bioresorbable hemostatic wound dressing materials (b2).  We’re 
currently working with Teysha Technologies, LTD to advance these polymer materials for commercial 
translation as naturally-degradable plastic packaging to address the growing plastics pollution crisis (b3).  
Most recently, in response to 
increasing challenges with climate 
change, we’ve designed analogs 
to exhibit properties that allow 
them to serve as superabsorbent 
degradable polymers to capture 
excessive liquid water, thereby 
preventing flooding, and later 
degrade to release the natural 
building blocks and water, thereby 
mediating drought and promoting 
crop growth (work that began from 
struggling through Hurricane 
Harvey in 2017).   

This presentation will highlight synthetic strategies for the development of polymers, block polymers and 
crosslinked network materials, which can be produced by relatively simple approaches from glucose and can 
be made to exhibit a range of properties.  Target materials are designed for potential applications in diverse 
areas, from medicine, e.g., as nanotherapeutics or bioresorbable hemostatic agents, to the environment, e.g., 
as pollutant capture agents, climate resilient hydrogel materials or naturally-degradable plastics.  Examples 
will highlight contributions that polymer chemistry can make toward bulk technological materials that are 
capable of impacting global needs, such as water-food-energy-health, and the grand challenges that must be 
solved in the coming decade.   
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BIOGRAPHY:  Karen L. Wooley holds the W. T. Doherty-Welch 
Chair in Chemistry, and is a University Distinguished Professor and 
Presidential Impact Fellow at Texas A&M University, with appointments 
in the Departments of Chemistry, Chemical Engineering and Materials 
Science & Engineering.  She also serves as Director of the Laboratory 
for Synthetic-Biologic Interactions.  Her academic training included 
undergraduate study at Oregon State University (B.S., 1988) and 
graduate study under the direction of Professor Jean M. J. Fréchet at 
Cornell University (Ph.D., 1993).  She began an academic career as 
an Assistant Professor of Chemistry at Washington University in St. 
Louis, Missouri, was promoted in 1999 to Full Professor with tenure, was 
installed in 2006 as a James S. McDonnell Distinguished University 
Professor in Arts & Sciences, and in 2007 received an appointment in 
the School of Medicine, Department of Radiology.  Karen relocated to 
Texas A&M University in July 2009.  Research interests include the 
synthesis and characterization of degradable polymers derived from natural products, unique macromolecular 
architectures and complex polymer assemblies, and the design and development of well-defined 
nanostructured materials.  She has designed synthetic strategies to harness the rich compositional, 
regiochemical and stereochemical complexity of natural products for the construction of hydrolytically-
degradable polymers, which have impact toward sustainability, reduction of reliance on petrochemicals, and 
production of biologically-beneficial and environmentally-benign natural products upon degradation – these 
materials are expected to impact the global issue of plastic pollution. The development of novel synthetic 
strategies, fundamental study of physicochemical and mechanical properties, and investigation of the 
functional performance of her materials in the diagnosis and treatment of disease, as superabsorbent 
hydrogels to address global challenges associated with excessive liquid water, as non-toxic anti-biofouling or 
anti-icing coatings, as materials for microelectronics device applications, and as environmental remediation 
systems are particular foci of her research activities.  Recent awards include the American Chemical Society 
Award in Polymer Chemistry (2014), the Royal Society of Chemistry Centenary Prize (2014), and election as 
a Fellow of the American Academy of Arts and Sciences (2015), and the National Academy of Inventors (2019).  
Although 2020 was a challenging year for many around the world personally, due to the COVID-19 pandemic, 
professionally, Karen’s career thrived, with her being awarded elections to the American Association of the 
Advancement of Science (2020), the American Institute for Medical and Biological Engineering (2020), and the 
National Academy of Sciences (2020).  Karen has served on the technical advisory boards and served in 
consulting capacities for several companies, from Fortune 500 companies to start-ups, and law firms.  She is 
the co-founder and President of Sugar Plastics, LLC, and Chief Technology Officer of Teysha Technologies, 
LTD.  Karen currently serves as both an Executive Editor and an Associate Editor for the Journal of the 
American Chemical Society, among many other advisory roles within the broader scientific community.  
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