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Bioprocessing 

“the process whereby a material is converted 
into another using biological agents (e.g., 
living microbes or enzymes).  This field 
combines chemical engineering, microbiology 
and biochemistry.”



Bioprocessing Research Areas

• Production of fuels and chemicals
• Bioprocessing of fossil fuels
• Biotreatment & bioremediation
• Applied Biology and fermentations
Capabilities
• BioChem. Engr. - novel reactors, separations, 

modeling, & system integration
• Multi-phase & nonaqueous biocatalysis
• Microbial strain development & bioprospecting
• Bioprocessing Research User Facility
Related areas - Separations (electrically driven)



Applied Biology

• Fermentation support of DOE Genomics Program 
(Genomes to Life)
– Rh. Pal controlled state samples for proteins analysis
– Mixed microbial production

• Support of fermentation knowledge base for defense 
applications
– BSL1 test bed facility
– AquaSentinel (Greenbaum)



Genomes To Life:  
Bacterial Cell Growth of Rh. palustrus

Rhodopseudomonas palustris       
(RhPal), is a photoautotrophic 
alpha-proteobacterium of the 
purple non-sulfur groupwhose
protein complexes are the focus 
of the Genomes To Life Center 
for Molecular and Cellular 
Systems.

We have performed baseline growth 
studies of RhPal featuring two 
important metabolisms:  
anaerobic photoheterotrophic 
and dark aerobic heterotrophic 
conditions as samples for MS 
analysis and for development 
further fractionation and 
processing steps required for 
protein complex analysis.



Production of Fuels and Chemicals
• Ethanol production from renewables

– in immobilized-cell fluidized-bed bioreactor 
– Thermophilic ethanologens
– Hydrolysis of QTL mapped poplars with varied lignin

• Reactions for nonaqueous biocatalysis (esters, epoxides, 
polymers, vapors, etc.)

• Bioderived organic acids (succinic acid, lactic acid) 
• Production by and genetic engineering of photosynthetic 

cyanobacteria
• Thermostable Glucose isomerase
• Conversion of animal wastes
• Thermophilic cellulases
• Enzymatic production of hydrogen from sugars
• Symposium on Biotechnology for Fuels and Chemicals



Bioconversion of renewables-
Recent projects continued

• Biosludge recycle via nitrolysis showed significant mass 
reduction (LDRD 10/02, UTK and Eastman)

• Study of lignin quality effect on hydrolysis within a poplar 
family (LDRD)

• Development of thermostable cellulases (6/02)
• Isolation of potential host for manipulation into thermostable

ethanologens (12/01)
• Symposium on Biotechnology for Fuels and Chemicals- co-

leadership (ongoing)



HFCS GI-CLEC Process
(High Fructose Corn Syrup Glucose Isomerase
Cross-linked Enzyme Crystals)
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Ionic liquid for extraction of chemicals

• New SEED project to test ionic liquids
• Distribution coefficients for important fermentation 

chemicals
• Biotoxicity, biocompatability
• Synthesize/modifiy ionic liquids





Scale-up of Succinic Acid Fermentation with 
Bacteria AFP-111 to 500-L
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High Productivity Ethanol Process Schemes

Dextrin feed
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Current Efforts for Development of 
Thermophilic Ethanologens

• Isolate suitable thermophilic hosts -DONE

* Facultative anaerobes

* High growth rates at 55°C and pH 5-5.5

* High ethanol tolerance (up to 5%)

* Possession of glycolytic pathway (lactate, some EtOH)

• Introduce genes for ethanol production into selected hosts 

• Delete genes for by-product formation to improve yields

• Introduce genes for cellulase production to confer ability to  
metabolize cellulose directly 



Enzymes in a Nonaqueous world
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Degradation of Chlorophenol by 
Ligninase in MeCN/Water Mixture
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Modification of Enzyme with PEG
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A Pontential Stable Configuration 
of Enzyme-Glass Binding

Multipoint Binding of Enzymes 
to Mesoporous Sol-Gel Glass



Thermostability of Sol-gel-Chymotrypsin
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Biotreatment & Bioremediation of Wastes
• Biofiltration and Biosolubility of VOCs (alkanes, NOx, 

TCE)
• Chem-Bio-Agents (NSPO program assistance, DOD 

decon and training IPA)
• Nonaqueous (‘dry’) biocatalysis for hazardous vapors 

(CWA, VOCs)
• Biosorption of heavy metals (U, Cd) with biopolymers
• Mercury removal and treatment
• Bioremediation using nonaqueous thermophilic enzymes 

(Chlorinated solvents)
• PCB Biodegradation
• BTEX and fuels biodegradation
• Microbial overexpression of degradative enzymes and 

GEM production
• Pesticide biodegradation



Trickle Bed Bioreactors

•Develop and apply innovative 
techniques of nutrient limitation & 
filter regeneration to make long-term 
operation of biofiltration units 
possible for alkanes & chloroorganics

•Measure and elucidate fundamental 
operating parameters such as mass 
transfer & kinetics

•Develop and validate easy-to-apply 
two-dimensional predictive 
model/program.  This program is 
publicly available for Win95/98TM

operating environments

Two columnar trickle-
bed biofilters used for 
removing sparingly 
soluble organic vapors 
from air

Two columnar trickle-
bed biofilters used for 
removing sparingly 
soluble organic vapors 
from air



Solubility Effects of Biomass on Organics 

• Dr. Brian Davison and Dr. John Barton
• Measure the impact of of high biomass or biological 

material on the apparent solubility of critical organic 
environmental contaminants
– TCE, PCE
– BTEX

• Determine impact on various models
– Biofilter
– prepare data for groundwater models



Maximum solubility of TCE in aqueous biomaterial.  
Even for very small amounts of biomass in water, solubility rises dramatically.  A yeast 
cellular fraction was used to collect the above data.
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Figure 1. Maximum solubility of TCE increases.  Even for very small amounts of biomass in water, solubility rises dramatically.  A yeast 
cellular fraction was used to collect the above data.



Mercury Remediation Research

• Treatment of mercury-
contaminated oils
– removal from oil, or
– stabilization with oil

• Treatment of mercury-
contaminated water 
streams
– creek water
– ground water, and
– dental wastewater



Carbon Sequestration Evaluation 
Methodology for Sequestration Activities

• Development of a general evaluation methodology, accounting for
– amount carbon sequestered
– duration of sequstration
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Research on Petroleum Industry 
Problems with Produced Water
• Separation of oil and 

water for in-well 
operation to avoid 
bringing produced water 
to surface
– using DOE-developed 

centrifugal separators

• Treatment of organics   
in produced water
– via ozonation



Enzyme-impregnated Protective Fabrics

Methyl parathion (an organophosphate) was immobilized onto 
glass wool and allowed to dry.  The contaminated wool was 
wrapped in a cellulose-based fabric which had been 
impregnated with enzyme, methylparathion hydrolase.  
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Effects of Relative Humidity and Temperature on 
Transesterification with “Dry” Lipase

Isoamyl alcohol + Ethyl acetate → Isoamyl acetate + Ethanol
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Bioprocessing for Fossil Fuels
Oil applications
– CRADA: Modified nonaqueous 

enzymes for upgrading heavy crude 
– Microbial enzymatic desulfurization
– Oil Hydrogenation via nonaqueous 

enzymes
– CRADA: Microbial desulfurization

with  Electrodispersion contactors
– Diesel biodesulfurization

Coal applications
– CO2 sequestration metric methodologies
– Increased syngas solubility for EtOH production
– Bioscrubbers: NOX (with INEEL), Sulfur
– Production of biocontrol agent for zebra mussels



Biodesulfurization (BDS) of crude oil
Sand Flat crude treated in batch stirred reactor

- analysis by GC-SCD

analysis courtesy
of Texaco

0 5 10 15 20 25

2.0e5

3.0e5

4.0e5

Time (min.)

G
C

-S
C

D
 R

es
po

ns
e

Before BDS (3.6%)

After BDS (3.2%)

S
S

H3C

S

CH3

H3C

Effect of existing
microbial catalysts
on sulfur in crude oil
- Need to broaden 
substrate specificity 

Kaufman, E.N., A.P. Borole, R. Shong, et al., Sulfur Specificity in the Bench Scale 
Biological Desulfurization of Crude Oil by Rhodococcus IGTS8. J. Chem. Technol. 
& Biotechnol., 1999. 74: p. 1000-1004.

42



Polycyclic aromatic reaction scheme

O2
COOHO

OH

Mild 
hydrogenationAlkylbenzene

Biocatalyst
Naphthalene

COOHO
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SS
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solubility/bioavailability
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Technical targets and decision points

Insertion of gene dsz in to E. coli

Testing of HPBS conversion by recombinants

Generation of desulfinase mutants

HPBS activity screening

DRM screening

Mutant A_1... Mutant A_n

Success? Y N Consider other hosts or stop

Success? Y N Change promoter/induction methods

Success? Y N Change primers
Random mutagenesis
or recombination

Improved activity mutant/s, dszB_a

Success? Y N Stop after third generation

Broader selectivity mutant/s, dszB_s

Directed evolution of desulfinase



Biocatalysis can be used for a number of 
multiphase transformations
• Production of Fuels and Chemicals

– Ethanol production with immobilized-cells
– Reactions for nonaqueous biocatalysis (esters, 

epoxides, polymers, vapors, etc.)
– Bioderived organic acids (succinic acid, lactic acid) 
– Thermostable Glucose Isomerase

• Bioprocessing of Fossil Fuels
– Microbial enzymatic desulfurization
– Nonaqueous enzymes for upgrading heavy crude 
– Hydrogenation via nonaqueous enzymes

• Biotreatment & Bioremediation of Wastes 
– Biofiltration of VOCs (alkanes, NOx, TCE)
– ‘Dry’ biocatalysis for hazardous vapors (CWA, VOCs)

• Production of High Quality biosamples for proteomics and 
genomics



PIs and interests
• K. Thomas Klasson –

bioremediation, mercury 
fate, carbon sequestration 
metrics, gas fermentations 
(syngas, anaerobic 
digestion, hydrolysis)

• Abhijeet P. Borole – fossil 
fuel bioprocessing, enzyme 
improvement and 
modification

• Brian Davison – Biofiltration, 
heavy metal sorption, novel 
fermentations, proteomics



Applied Biological Sciences
• Algal and microbial collections for conversion, 

degradation and metabolic engineering
• Strain development and bioprospecting

– Genetic engineering of fermenting microbes
– Modification of cyanobacteria
– Microbial community analysis
– Bioprospecting with unique culture collections
– International collaborations (Russia, Ukraine, 

Egypt, Spain, Kenya)
• Photosynthesis fundamentals
• Photobiocatalysis for hydrogen, electronics, etc.
• Metabolics and enzymes of Rubisco



Basic science can address questions 
critical to improving microbial and/or 

enzymatic bioprocessing
• How do thermophilic (extremophile) organisms to function at 

conditions lethal to most living things?
• What controls enzymatic processes within nonaqueous 

environments and at the interfaces of solids, liquids, and 
gases?

• What characterizes stability in mixed microbial cultures? 
• What is the fundamental cause of end product inhibition?



Thermophilic Cellulases with Enhanced 
Activity: Improvement of Cellulose Hydrolysis

• Search for naturally occurring cellulases with higher 
catalytic rates from thermophilic microbes

• Combine cellulases and associated enzymes from 
different sources to increase overall hydrolysis rate
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lignocellulosics

Contacts: Evans, 
Woodward
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