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“Biomanufacturing of Advanced Functional Materials
for Energy & Pharmaceutical Applications”

Biomanufacturing is an enabling route to high-yield, sustainable and green production of advanced
materials. In contrast to chemical synthesis, in which toxic solvents, high temperatures and pressures
are typically required, biological systems can control material synthesis and properties under
ambient conditions. In this talk, I will share approaches from our lab that demonstrate the ability of
biological systems to biomanufacture high-value materials.
First, I will discuss our work re-engineering the intrinsic heavy-metal resistance of
Stenotrophomonas maltophilia to develop a biomanufacturing method for inorganic nanocrystal
biosynthesis that is inherently green, enabling low-cost, scalable production of size-controlled
crystalline nanoparticles such as quantum dots (QDs) under benign conditions directly from
aqueous solutions. We estimate yields on the order of grams per liter from batch cultures under
optimized conditions, and are able to reproducibly control nanocrystal size and optical/catalytic
properties. We are able to generalize this approach to include metals such as cadmium, lead, copper,
indium and zinc, metal sulfides and selenides as well as core-shell nanocrystals, and demonstrate
function in key applications such as solar cells and biomedical imaging. The results of this work
also illustrate unique mechanism bacteria such as S. maltophilia have evolved to detoxify metalcontaining solutions, which can be used for materials design.
Second, I will discuss our work designing a scalable, recombinant system for high-yield biosurfactant
design and synthesis. Poor drug solubility is a major limitation to developing effective, commercialscale drug delivery systems; it is estimated that more than 40% of all current drugs in preclinical
development fail due to low solubility, at an estimated cost of more than $100 million per drug.
Additionally, there are increasing concerns regarding the biocompatibility of synthetic surfactants
such as Tween 80, which can cause severe side effects such as anaphylaxis in IV chemotherapeutic
formulations. I will describe our approach to engineering a protein-based biosurfactant (HYD) to
improve drug solubility, biocompatibility and targeted delivery. In particular, I will highlight our
approach to achieving scalable synthesis of designed biosurfactants, and methods to engineer
specific, “switchable” functionalities such as pH-dependent surface activity into the designed
biosurfactants for drug formulation and other bioprocess applications.
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