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Biochemicals Subgroup
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Terry Walker,

John Benemann, JBenemann@aol.com
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Biopharmaceutical M echanisms

« Macro
— Whole animal system
— Whole plant system (glycosylation limitation)
— Wholeinsect system ( “ )
 Micro
Mammalian Cell Culture
Plant cell culture
Insect cell culture (baculovirus mechanism)
Bacterial and fungal culture (E. coli, Scerevisiae, Pichiae)

 Molecular
— Genomics, Proteomics, Metabolomics, Systems Biology
— Chaperone mechanisms
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By -oauc:

Animal wase
Wood fibers
Potato/ Sw eet
potato

Dairy waste
Oily w aste
Rice brokens
Rice straw
Switchgrass

Sugar cane
bagasse
Corn stover
Corn starch

M olasses
(sugar cane)

Specific
Media

Frana y
Substrate
Comp lex
Xylan
Glucose

L actose
Lipids
Glucose
Xylose
Xylose

Xylose
Pyruvate
Acrylonitril
e
D-xylulose

Glucose
Sucrose
Glucose
Glucose

Glucose
Glucose

Glucose
Glucose

Glucose
Glucose
Glucose
Glucose
Serum
Serum
Serum

=HNar Y enzynrie
IMicrobial strain
(M. flagellate)
Clostridium sp. SAIV1
Alcoha dehydrogenase
(K. marxianus)
B-gal actosidase
L ipase (esterases)
(C. acetobutylicum)
Citrate synthase
L actose dehydr ogenase
(L. ddbrueckii)
Pyruvat e decarboxylase
(Acetobacter sp.)
Nitrile hydratase

Xylose reductase (C.
tropicalis)?
Glucose isomer ase

Fumarase

(B. ammoni agenes)
Acety|CoA carboxylase
(C. glutamicum)-biotin
Aspartic amino
transferase (E. cali)
Aspartase (E. cali)

L -aminocapr olactam
hydrolase (C. laurentii)
(P. fluorescens)
Penicillin amidase

(P. chrysogenum)

(B. lichenformis)

(B. amyloliquefaciens)
(Rhizopus, Aspergillus)
Anthrobacter simplex
Hybridomas

Human fibroblasts

M onk ey kidney cells

Prctiuct

M ethane

Ethanoal

Ethanoal

(thermophilic pathway)
Glucose and Galactose
Fatty acids
Acetone/butana (30/60)
Citric acid

L actic acid

(30 million kg/yr)
Acetic acid

Acrylamide (15,000 tons/yr)

| ncreasing
Product
Value

Xylitol

High fructose corn syrup (8
milliontongyr)
L -malic acid

L -glutamic acid (340,000
tons/yr) M SG

L -phenylalanine
(Aspartame synthesis)

L -aspartic acid

L-lysne (70,000 tons/yr)
($2/1b)

L -histidine
6-aminopenicilloicacid (7500
tonsl/yr)

Proteases ($236 mil/yr)
Amylases ($70 mil/yr)
Other enzymes ($92 mil/yr)
Prednisolone

M onoclonal antibodies
Interferon

Pdio vaccine




Examples of Research

University Collaborations




Research at Clemson University

* Fungal production of essential fatty acids
and SFE fractionation
— Walker, Hui, Kuan, Heaton, Cantrell

« Algal production of polar lipids and
proposed hydrogen co-production

— Drapcho, Brune, Walker

e “Microalgae Platform”
— Brune, Benemann




Bioconversion and SFE Process

I. Raw Material(s)
ii. Organism Selection M=
lii. M etabolic Engineering

Microfiltration

Partially-Refined
Product

LC and

Purified Product I Analysis

(HPLC or GC)

Figure 1. Typical bioprocessfor bioconversion of raw materialsto nutraceutical and specialty
biochemicals. Primary separation proceduresinclude ultrafiltration (UF), supercritical fluid
extraction (SFE) and liquid chromatography (LC). Analytical techniquesinclude gas
chromatography (GC) and high pressure liquid chromatography (HPL C).




Samples of oil extracted by different extraction methods
compared to commercial sample of refined rice bran oill

Soxhlet extracted Soxhlet extracted SFE extracted Commercial

sample (r?;vmtp)):gn) sample refined rice ban

(biotreated bran) (biotreated bran) ol




Hgure 1. Conceptua Process How Diagram for Hydrogen Production

from Biomass
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Research at
Washington State University

e Manure conversion to sugars:
— Analysis of manure components:. cellulose,
hemicellulose, lignin, sugar, protein, amino acids, and
metal element,

— Extensive studies were conducted on pretreatment

» single stage acid hydrolysis, two-stage acid hydrolysis,
o dilute acid hydrolysis, concentrated acid hydrolysis,
e enzyme hydrolysis
» combined acid and enzyme hydrolysis.
» Cull Potato conversion to lactic acid

— Fungal and bacterial fermentation
* \Whey/whey permeate conversion to nisin




Research at Virginia Tech

* Protein separation from feedstocks
— Aqueous two-phase extractions
— Zhang

o Xylitol Bioproduction




Research at LSU and
University of Arkansas

» Low-cost pretreatment of bagasse
— Délignification using singlet oxygen
— Donal Day (LSU Audubon Sugar Institute)
o Characterization and extraction of
antioxidants in blackstrap molasses
— Julie Carrier (UARK), D. Day







