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Subramanian, 
Director of the Center 
for Biocatalysis  
and Bioprocessing, 
presented a 
summary of current 
and upcoming 
technology platforms 
at CBB. In the past 
year, CBB has 
invested a significant 

amount of money and acquired several pieces of 
state-of-the-art equipment, including a DASGIP 
fermentor system, an Analox metabolite analyzer, 
an AKTA FPLC pilot system, and a Shimadzu LC-MS 
system. CBB also started to offer molecular 
biology services to clients in 2007. Potential 
clients can now approach CBB with a research 
concept and CBB can provide service from gene 
isolation, cloning of target gene into different 
expression systems including E. coli, Pichia 
pastoris, S. cerevisiae and Baculovirus/insect cell, 
and early stage evaluation of the efficiency of 
these different expression systems. As an 
example, Dr. Subramanian demonstrated that  
CBB successfully expressed a complex human 
protein for a client by using the Baculovirus/insect 
cell system. 

Opening of the cGMP fermentation facility 
on July 9, 2007 was the most exciting event 
at CBB in 2007. Construction of the cGMP 
fermentation facility began in June 2006 and 
was completed in Jan 2007. The facility was 
in operation immediately after the ribbon-

cutting ceremony. So far, CBB has completed 
2 engineering runs and 3 production runs 
successfully for a client. In combination with 
the cGMP protein purification facility, CBB is 
capable of producing products for preclinical, 
phase I, and phase II purposes.

Dr. Subramanian also presented his long-
term goal to establish a new Center at CBB 
that offers microbial/enzyme/gene resources 
for biocatalysis discovery and screening. 
This new center will consist of two platforms: 
technology advancement and function oriented 
screening. The technology platform will strive to 
continuously enlarge the diversity of resources 
for biocatalyst discovery. In the function 
oriented screening platform, CBB will use 
multiple approaches to discover new enzyme 
activities. This resource will be offered to any 
client interested in screening for enzymes and 
subsequently, development. CBB has collected 
over 2000 microbial strains which are available 
for biocatalytic screening. More organisms are 
being added to this collection. This collection 
will be organized into a user friendly, searchable 
database which will facilitate screening efforts. 
CBB has successfully discovered a new enzyme 
for a diagnostic application via enrichment 
of soil microbes. Also, CBB is developing 
a new process for pyruvate production. An 
invention disclosure has been filed for this 
new process and one company has already 
expressed interest to license this technology 
from CBB. CBB plans to initiate a pilot project 
to demonstrate rapid screening of new enzyme 
activity from this collection in 2008. This service 
is also being offered to clients.
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Dr. John Frost, Chief Scientific Officer of 
Draths Corporation, discussed “Removing 
Benzene from Chemical Manufacture”. 

Dr. Frost pointed 
out that 10% 
of the current 
petroleum 
consumption 
was used to 
produce benzene, 
toluene, xylene, 
methanol, ethene, 
propene, and 
butadiene. These 
simple molecules 
function as 
the building 

blocks for other chemicals and polymers. 
Draths’ research is focused on replacing 
petroleum as the primary starting material 
for chemicals and polymers synthesis with 
inexpensive, renewable resources such as 
sugars and starch. Among these building 
blocks, benzene is one of the more widely 
used molecules. Annually, 8.5 x 109 gallon 
of benzene is produced from petroleum. 

The sky-rocketing price of petroleum 
directly affects the value of benzene. In 
addition, benzene is volatile and is toxic 
to humans at levels lower than the U.S. 
exposure limit of 1 ppm over 8 hours. 
Benzene is also a known carcinogen which 
has been shown to associate with leukemia 
and non-Hodgkin’s lymphoma. This 
presents another reason to replace benzene 
with non-toxic ingredients and processes.  

Dr. Frost presented phloroglucinol 
(1,3,5-trihydroxybenzene) as an example 
to illustrate the strength of Draths’ 
biocatalytic platform. Phloroglucinol is 
currently synthesized from trinitrotoluene 
(TNT), a benzene derivative. This starting 
material is extremely dangerous because of 
its explosion risk. The chemical synthetic 
pathway is multi-step and uses toxic Cr 
(VI) as catalyst. On the other hand, Draths 
has developed a genetically engineered E. 
coli which expressed the phlD gene from 
Pseudomonas fluorescens Pf-5. When grown 
in minimal medium with glucose as sole 
carbon source, this genetically engineered 
bacterium accumulated phloroglucinol in 
the medium.

Phloroglucinol has many appli- 
cations. It can be used to synthesize  
pharmaceutical ingredients such as  
spasfon (anti-spasmodic) and buflomedil  
(vasodialator), with an estimated market  
of $7.5 million/year. Phloroglucinol is the 
starting material for 1,3,5-triamino-2,4, 
6-trinitrobenzene, a thermally-stable, im-
pact-insensitive energetic material used in 

fuze and booster systems, with an estimat-
ed market of $4.5 million. Phloroglucinol 
synthesized by Draths’ genetically engi-
neered E. coli could also be transformed 
chemically to resorcinol, a molecule with 
an estimated $360 million market as  
adhesives for tires, wood products, and 
other materials.

Hydroquinone is the second 
example presented by Dr. Frost. Draths 
has developed a genetically engineered 
E. coli that accumulated quinic acid. 
Quinic acid was then transformed into 
hydroquinone by a simple chemical step. 
One application of hydroquinone is in the 
synthesis of hydroquinone diglycidyl ether 
barrier resin, which has an extremely low 
oxygen transmission rate. Quinic acid is 
also the starting material for the anti-
influenza drug Tamiflu®. 

Tiron (4,5-Dihydroxy-m-
benzenedisulfonic acid) is a chelant for 
detergents in emerging market. It is, 
however, very difficult to synthesize and 
therefore not commercially available. 
Dr. Frost pointed out that Draths has 
developed a genetically engineered 
E. coli strain that transformed glucose 
to gallic acid. A second strain then 
converts gallic acid to pyrogallol (1,2,3-
trihydroxybenzene). Sulfonation of 
pyrogallol produced a chelant alternative 
to tiron. In addition, gallic acid is a 
powerful antioxidant which represents a 
new opportunity for synthesis of other 
antioxidants.

Removing 
Benzene from 
Chemical 
Manufacture
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Dr. Tressel, 
Director of Process 
Development, 
Amgen Inc., talked 
about protein 
purification in large-
scale with emphasis 
on balancing speed, 
throughput, cost, 
and quality. Market 
value of pure 
protein production, 
specifically 
therapeutic protein, 
is increasing. 

In 2009, the projected market value of 
therapeutic protein is 95 billion dollars 
where as in 1998, it was only 18 billion 
dollars. Scientists of Amgen have a 
very strong interest on Purification 
Processes Development (PPD) and 
transfer purification processes of human 
therapeutics to clinical and commercial 
applications. Generally, three types of 
expression systems are used in Amgen: 
E. coli, Pichia pastoris, and CHO cell lines. 
Mammalian cell cultures usually range 
from 2,000 L (at clinical manufacturing) to 
20,000 L (at commercial manufacturing). 
Large scale E coli protein purifications 
range from 500 L at clinical scale to over 
10,000 L at commercial scale. Developing 
both clinical and commercial stage 
purification processes presents unique 

opportunities and challenges. Both 
processes demand high quality product. At 
Amgen, approximately 5 kg of protein per 
run for GMP clinical manufacture and 50 
kg of protein per run for GMP commercial 
manufacture were obtained. The yield 
can be scaled up to more than 50 kg per 
run depending upon the need. Dr. Tressel 
mentioned that patient safety is always 
the number one priority to Amgen. Quality 
control groups in Amgen always check 
every safety and purity parameters in each 
step of purification including DNA, other 
macromolecules & whole cell content, 
size, activity etc. 
However, after that the 
demands are different, 
depending on the 
applications. 

When developing a robust 
manufacturing procedure that will deliver 
drug for testing in a Phase I/II clinical trial, 
speed and efficiency are the main drivers 
in process development. Amgen utilizes 
a number of platforms to achieve this 
goal. For example, production of different 
mAbs utilizes similar operation units 
and conditions, which speed up process 
development and decreases cost, while 
continuing to ensure product safety.

For commercial manufacturing, 
cost of goods and throughput play a 
more important role. Robustness is also 
important, so the identification of a safe 

operating space is critical. Some important 
tools that are used in clinical production 
are also applicable in commercial 
manufacturing to achieve the goals. These 
include platform processes, standard 
methods, and use of disposables. For 
example for harvesting the cell culture, 
depth filters of 0.22 µM were used. Dr. 
Tressel said that the use of membrane 
filters saves a lot of money compared to 
resin and other filtration systems. Amgen 
also uses disposable bioreactor of 10 and 
100 L in upstream process before going 
to production bioreactor. Some current 

and future strategies for commercial 
production include alternative purification 
processes such as precipitation, 
development of connected processes, 
high-yield protein refolding, and direct 
capture from refold solutions. Dr. Tressel 
mentioned it is critical not to modify a 
process step in isolation. A change in 
a single unit of operation will require 
re-evaluation and increase the cost of 
the whole purification process. Amgen 
scientists are trying to develop methods 
comprising less chromatography but  
high yield keeping safety and purity in  
first priority.

Large Scale Protein Purification

In 2009, the projected market value of 
therapeutic protein is 95 billion dollar where  

as in 1998, it was only 18 billion dollar.
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Dr. Robert Brown, 
Director of the 
Bioeconomy 
Institiute at Iowa 
State University, 
discussed 
“The Emerging 
Bioeconomy”.  
Dr. Brown pointed 
out bioeconomy 
is nothing less 
than a revolution 
in the way society 
will obtain vital 
sources of carbon 

and energy, in the process dramatically 
reducing dependence on petroleum. 
Agriculture will make this transformation 
possible by providing biorenewable 
resources for the production of biobased 
products. Dr. Brown clearly stated that 
goals to develop bioeconomy include 
enhancing US national security by 
reducing dependence on imported 
petroleum, improving environmental 
quality, increasing markets for agricultural 
crops, and advancing economic 
development in rural areas. Therefore, 
bioethanol production as an energy source 
is only one of the goals in bioeconomy 

development. In addition, bioethanol is 
only one of the many options of biofuels. 
Other biofuel options include biodiesel, 
hydrogen, butanol, and mixed alcohols. 

Dr. Brown then discussed two major 
pathways for biofuels production. The 
biochemical pathway involves using 
enzymes to release sugars from agricultural 
biomasses for fermentation processes. 
Ethanol and other biobased chemicals are 
the common products. However, sugars 
are usually stored in the lignocellulose of 
agricultural biomasses and are evolved to 
resist degradation. Therefore, Dr. Brown 
suggested using a thermochemical pathway 
for biofuels production. Agricultural 
biomasses could be treated by a slow 
pyrolysis (or gasification) method to generate 
a mixture of gases known as Syngas. 
Syngas can then be transformed by different 
methods into various synthetic fuels. For 
example, hydrogen could be produced 
from Syngas by a process known as Steam 
Reforming. Fast pyrolysis is a different 
thermochemical pathway to produce a 
hydrocarbon rich “Bio-Oil” from agricultural 
biomasses. 

Dr. Brown also discussed several 
challenges faced by Biofuels production. 
First, biomass availability and feedstock 
supply is a major issue. A common 
impression is that Biofuels are competing 
with food production for the feedstock 
supply. Dr. Brown pointed out that this is 
an incorrect concept. Most 
of the biomasses used 
for Biofuels production 
are crops dedicated for 
biofuel processes and crop 
residues. Currently, 1.3 
billon tons of biomasses/
feedstocks are produced 
in the US annually, which 
could replace up to 66% 
of US gasoline demand. If 
there is breakthrough development in fuel-
efficient veichles, the biomasses/feedstocks 
could replace an even larger portion of the 
gasoline demand. The second challenge 
in biofuels production is energy efficiency. 
Currently, 84% of the energy used in a 
gasoline refinery plant is recovered as motor 
fuel energy. Production of ethanol from grain 
recovered 34% of the energy. This efficiency 
seems horrible. However, a modern power 
plant only recovers 33% of the energy 
input as electricity. Dr. Brown envisioned 
in the near future, production of advanced 
renewable biofuels could recover almost 
80% of the energy input. Another challenge 

faced by biofuels production is the high 
capital cost in establishing a biorefinery. 
Generally speaking a bigger biorefinery 
could produce cheaper biofuels. However, 
the cost to transport biomass/feedstock to 
the biorefinery and the processing cost will 
increase with the size of the biorefinery. 
Dr. Brown suggested that perhaps people 
should consider constructing a biorefinery 
that meets the demand of the local market, 
and the biorefinery should not be far from 
the source of biomass.

As Dr. Brown pointed out at the 
beginning of his talk, biofuels or bioethanol 
is only one of the goals in the development 
of bioeconomy. Another important goal 
is to advance economic development in 
rural areas and developing countries. Dr. 
Brown pointed out that North America 
consumed most of the global energy supply. 
However, solar irradiation, which is the 
energy source for growing feedstocks, and 
precipitations are concentrating at the 
tropic region and the Southern hemisphere. 
Countries in the Southern hemisphere are 
in general developing countries. So, Dr. 
Brown proposed as a possible solution to 
improve the economy in these countries, 
would be to develop a local bioeconomy in 
these countries and help their economic 
development by exporting bioenergy 
to North America. One problem to this 
proposal is the soil type in these countries 
is “Oxisoils”, which are highly oxidized 

soils that are infertile due to lack of organic 
materials and soluble minerals. One 
solution to solve this problem is by applying 
biochar, a byproduct generated during fast 
pyrolysis of biomass, to these Oxisoils. A 
study showed that application of biochar 
improves water retention, nutrient holding 
capacity, and fertility of the Oxisoils. In 
conclusion, the emerging bioeconomy offers 
unique opportunities for large parts of the 
developing world and is part of a solution to 
solving our energy crisis.
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A common impression is that  
Biofuels are competing with food production 
for the feedstock supply. Dr. Brown pointed 

out that this is an incorrect concept.  
Most of the biomasses used for Biofuels 

production are crops dedicated for biofuel 
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Dr. Pandey, Business 
Head of Nagarjuna 
Fertilizers and 
Chemicals in 
India, discussed 
Nagarjuna’s 
biorefinery program, 
concept and 
related business. 
Nagarjuna’s main 
focus is to develop 
economical and 
ecofriendly fuels 
and chemicals using 

the biorefinery platform. Dr. Pandey 
pointed out that the agricultural industry 
is the largest industry in the world. 
However, the current agricultural practice 
is unsustainable since the industry is highly 
dependent on petroleum-based fuels. For 
example in India, the contribution of the 
agricultural industry to India’s GOP had 
fallen from mid 50% (in 1970s) to about 

20% (in early 2000s). Dr. Pandey and 
Nagarjuna believe that by adopting the 
biorefinery concept, the agricultural 
industry can become self-sufficient and 
profitable.

One major focus in Nagarjuna’s 
biorefinery program is to develop an 
energy crop dedicated for biorefinery 
process. Dr. Pandey pointed out that the 
dedicated energy crop should be available 
throughout the year, fast growing, 
capable of growing on various 
soil, drought and pest resistant, 
and does not require much 
water for cultivation. Dr. Pandey 
referred to sugar beet and sweet 
sorghum as attractive candidates 
for dedicated energy crops. Dr. 
Pandey also pointed out that Nagarjuna’s 
biorefinery platform does not focus only 
on ethanol. For example, the sugar 
fractions extracted from the dedicated 
energy crop (biomass) could be used to 
produce aromatic compounds such as 
catechol and cinnamic acid, sugar 
alcohols like xylitol or sorbitol, and 
organic acids such as pyruvic acid and 
succinic acid. The lignin/pectin fraction 
from biomass can be used for production 
of hydrogen, bioSyngas, and aromatic 
acid. By analyzing current technology for 

producing these compounds and their 
market potentials, Nagarjuna has 
indentified several low risk, high return 
molecules, including butanol, succinic 
acid, pyruvic acid, butyric acid, and 
caprolactum.

Dr. Pandey also discussed the 
existing bottle necks in conventional 
biorefinery and Nagarjuna’s strategy to 
overcome these hurdles. For example, 
Dr. Pandey pointed out there is no cost 

effective technology available that can 
completely saccharify cellulose with  
high efficiency in terms of reaction rate 
and yield. Nagarjuna has developed an 
in-house process which can hydrolyze 
85% of cellulose within 6 hours. 
Nagarjuna also has developed new 
technology which improves biomass 
pretreatment and fermentation. In 
conclusion, Dr. Pandey strongly believes 
that now is right time to integrate 
biorefinery with the agricultural industry.
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PROBING ENZYME-LIGAND 
INTERACTION IN FORMATE 
DEHYDROGENASE USING 
ULTRAFAST SPECTROSCOPY

Jigar N. 
Bandaria, 
a CBB 
Fellow 
has been 
working 
for last four 
years in the 
Department 
of 
Chemistry 
with Dr. 
Amnon 

Kohen’s group on probing enzyme-ligand 
interaction. He said “Understanding the 
molecular details of rate enhancement 
achieved by enzymes is an important 
question in life and physical sciences.” 
The traditional notion has been that the 
structure of an enzyme determines its 
function. However, a number of studies 
have suggested that the mobility of 
the enzyme structure (e.g., its dynamic 
motion) also contributes to the catalyzed 
reaction. Protein dynamics span a range of 
timescales from femtoseconds (molecular 
vibrations) to several seconds (movements 
of the subunits). The relatively slow 
motions (second to nanosecond) have  
been studied using several techniques. The 
femtosecond to picosecond dynamics, on 
the other hand, are not well studied. 

Several kinetic and computational studies 
of nicotinamide dependent enzymes such 
as alcohol dehydrogenase and dihydrofolate 
reductase were proposed to have enzyme 
dynamics at this timescale, but little 
experimental data have been obtained 
from these enzymes to characterize these 
fast motions. Jigar employed three-pulse 
photon echo spectroscopy to investigate 
the enzyme formate dehydrogenase. 
Formate dehydrogenase catalyzes oxidation 
of formate and simultaneously reduces 
NAD+. Three-pulse photon echo 
spectroscopy measures the frequency-
frequency correlation function (FFCF) of 
an enzyme, which quantifies the timescales 
of protein dynamics. Jigar measured the 
FFCF of azide (KI=7.1 nM) bound to the 
formate dehydrogenase in the absence or 
presence of the nicotinamide (NAD+ or 
NADH). In all the cases studied, Jigar has 
found that dynamics are very fast. A fast 
time constant of 300±100 fs for all the 
three complexes, and a slow time constant 
of 2000 fs for NAD+, 4500 fs for NADH, 
and 13000 fs for the binary complex were 
measured by Jigar. No static component 
was found for any of these complexes. Jigar 
observed very surprising results, as all the 
enzymes studied previously using ultrafast 
spectroscopy have indicated that the 
dynamics are always slow. “This is the first 
direct measurement of such fast dynamics 
being present in enzymes”,  Jigar said. 

OVERCOMING MUTATIONS 
IN AcMNPV fp25k 
GENE: REMOVAL OF THE 
TRANSPOSON SITES FROM 
fp25k GENE

Lopamudra 
Giri, a 
graduate 
student of 
Dr. David 
Murhammer 
in the 
Department 
of Chemical 
and 
Biochemical 
Engineering, 

described the development of a cost 
effective baculovirus based bio-pesticide 
and the advantages of bio-pesticides over 
chemical pesticides. According to Giri, 
chemical pesticides have detrimental 
effects on non-target organisms, higher 
animals, and soil fertility. On the other 
hand, bio-pesticides kill only target 
organisms, are biodegradable, and 
environmentally safe. However, the 
current production cost of a potential 
bio-pesticide, such as the baculovirus 
AcMNPV is significantly higher than 
that of chemical pesticides. In particular, 
a potential low-cost manufacturing-scale 
production through continuous insect 
cell culture is hindered by undesirable 
mutations. In this context, Giri’s primary 
goal is to overcome the few polyhedra 
(FP) mutation, resulting generally from 
the insertion of host cell transposons, 
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into the baculovirus fp25k gene. Giri’s 
current research involves removal of the 
transposon target sites from the wild type 
(WT) baculovirus genome and 
comparison of the mutation pattern of 
this stabilized virus (with removed 
transposon sites) to WT virus. Two 
immunoassays were developed to 
measure the infectivity of the virus and 
to characterize the extent of FP mutation 
in passaged virus. Comparison between 
the stabilized and WT virus after 
passaging revealed that the FP mutation 
got delayed but not completely removed 
in the stabilized virus. Further 
experiments on phenotypic and 
genotypic characterization of these two 
viruses are expected to provide vital 
insights on reason behind the viral 
mutation other than transposon insertion 
in fp25k gene. Giri concluded that full or 
even partial elimination of this viral 
mutation is an important step in enabling 
large-scale continuous production of 
baculovirus as a bio-pesticide at 
competitive cost compared to that of 
chemical pesticides. 

MICROORGANISMS AND 
ENZYMES IN ORGANIC 
SYNTHESIS

Antonio 
Osorio-
Lozada, 
working in 
Dr. Horacio 
Olivo’s Lab, 
Department 
of Natural 
Products and 
Medicinal 
Chemistry, 
College of 
Pharmacy 

described the role of enzymes and 
microorganisms on the preparation of 
useful fine chemicals and drug molecules. 
He has studied selective enzyme-mediated 
oxidations.

In one of his study, Antonio  
studied biotransformation of  
Beauveria bassiana. A signature 
biotransformation by B. bassiana is the 
hydroxylation of unactivated carbons  

in 4-piperidinylacetophenone. Surprisingly, 
Antonio detected an unprecedented 
aromatic Baeyer-Villigerase activity in B. 
bassiana, besides hydroxylation, by varying 
fermentation conditions.

In a different study, Antonio prepared 
(S)-Modafinil, a recently approved 
drug for the treatment of narcolepsy, by 
two elegant microbial transformations. 
Microbial asymmetric sulfoxidation 
of a ß-sulfanyl carboxylic acid using 
B. bassiana afforded the corresponding 
(S)-sulfoxide with outstanding 
enantioselectivity. Microbial amidation 
of the ß-(S)-sulfoxide carboxylic acid 
was carried out using Bacillus. subtilis 
furnishing (S)-modafinil in good yield. 

Antonio also developed an 
environmentally benign chemo-
enzymatic epoxidation reaction using 
Novozyme-435/UHP (urea hydrogen-
peroxide) in ethyl acetate. This enzyme 
converted indene to chiral indene 
oxide in multigram scale. Indene 
oxide was then transformed to a new 
conformationally rigid thiazolidinethione 
chiral auxiliary in a high-yielding 
three-step chemical sequence. The 
corresponding imides showed high 
diastereoselectivities in aldol reactions 
with several aldehydes, such as 1-butanal, 
2-buten-1-al, and benzaldehyde. Chiral 
∂-valerolactones were also prepared from 
the imides by an efficient iterative Aldol 
reactions. Antonio said that these enzyme 
catalyzed oxidation reactions could be 
applied for the preparation of chiral 
synthons towards the total synthesis of 
natural products.

PLANT INFLUENCE ON 
OXIDATION-REDUCTION 
POTENTIAL IN RICH SOIL: THE 
EFFECT ON PERCHLORATE 
BIOREMEDIATION
Garrett Struckhoff, graduate student of 
Dr. Gene Parkin in the Department of 
Civil and Environmental Engineering, 
discussed how plants influence the 
redox potential in soil and the effect on 
perchlorate bioremediation. Ammonium 
perchlorate is a component of rocket fuel 
and is often found as a contaminant in 
military sites. Struckhoff pointed out that 
although perchlorate-reducing bacteria 

are ubiquitous, in situ biodegradation of 
perchlorate by bacteria are usually limited 
by the supply of proper electron donors. 
Struckhoff believes that phytore-mediation 
may improve bacterial reduction of 

perchlorate 
because 
plants are 
primary 
producers 
that exude 
electron 
donors. In 
addition, 
hybrid 
poplars 
are able 

to uptake perchlorate and some in plant 
degradation has been reported. Therefore, 
the combination of phytoremediation with 
bacterial perchlorate reduction could be a 
low-cost, low-impact approach to remove 
this pollutant.

Stuckhoff hypothesized that Poplar 
trees can significantly change the redox 
chemistry of the rhizosphere by releasing 
oxygen from roots, opening channels 
in soil for atmospheric invasion, and 
providing electron donors to perchlorate-
reducing bacteria. To examine his 
hypothesis, Struckhoff set up different 
laboratory-scale reactors to examine the 
effects of tree plantation on the redox 
potential of the soil. Surprisingly, results 
showed that perchlorate degradation 
decreased with increased redox potential 
in organic-rich soil no matter whether 
Poplar trees were planted in the 
reactor. Plantation of trees was shown 
to increase the redox potential and 
therefore decrease in overall reduction of 
perchlorate by soil bacteria was observed. 
This study by Stuckhoff generated 
valuable data, which aids designing 
proper phytoremediation strategy for 
perchlorate remediation in the future.
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Jennifer Rees, a graduate student in 
the laboratory of Dr. Jonathan Doorn, 
professor of medicinal and natural products 
chemistry, received the Usha Balakrishnan 
Award for top poster at the 16th Annual 
Biocatalysis and Bioprocessing Conference, 

October 23, at the University of Iowa. 
Rees’ poster, titled “Results of the 
Inhibition of Dopamine Catabolism by 
Products of Oxidative Stress,” was awarded 
first place among 41 entries.

Rees Awarded Usha Prize


