ENVIRONMENTAL
BIOTECHNOLOGY

We have the capability:

to determine biochemical pathways for the degradation of toxic chemicals, using state-of-the-art analytical
chemistry techniques

to use microcosm test systems to determine pathways and increase detoxification rates for priority
environmental pollutants

to isolate microorganisms involved in the biodegradation of pollutants and related compounds

to identify, by phenotypic and genotypic methods, the microorganisms involved in degradation of chemical
wastes

to characterize proteins and clone genes for the important enzymes from microorganisms that degrade toxic
chemicals

to use microorganisms as biocatalysts to degrade and mineralize toxic chemicals during bioremediation and to
catalyze the synthesis of useful compounds, such as agrichemicals, pharmaceuticals, flavors, fragrances and
other fine chemicals, by biotransformation
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A major focus in the environmental biotechnology area in the Division of Microbiology has been
to investigate the biodegradation of a wide range of pollutants with special emphasis on the
ubiquitous carcinogens, polycyclic aromatic hydrocarbons (PAHs). Both fundamental and applied
studies on the biodegradation pathways and the enzymatic and genetic basis for biodegradation of
priority pollutants have been conducted. This pioneering research has led to the establishment of our
laboratory as an internationally recognized biodegradation research facility. A team of scientists with
expertise in analytical chemistry and molecular biology in the Microbiology Division has been
involved in determining the feasibility of using microorganisms to remediate hazardous sites and in
determining the enzymatic mechanisms involved in the biodegradation of priority pollutants.

Some examples of the expertise of the research team are listed below:

e Polycyclic aromatic hydrocarbons (PAHSs) constitute a class of organic
compounds whose environmental fate is of concern because some PAHSs
have mutagenic, ecotoxic and carcinogenic potential. We have elucidated
PAH degradation pathways and developed proteomic and genomic techniques
to characterize protein expression and the genes involved in the bacterial
metabolism of PAHSs.
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e We are determining the pathways used by bacteria and fungi for the biodegradation of
fluoroquinolone drugs in the environment. These drugs may enter the environment in relatively large
amounts, either as the unchanged parent compounds or as metabolites. Thus, it is important to determine
the ability of environmental microorganisms either to degrade fluoroquinolones, thus rendering them
harmless, or else to transform them to metabolites that have reduced antibacterial activity. For instance,
appropriate microbial treatments of poultry litter may enhance the biodegradation of fluoroguinolone
residues. We have shown that several fungi can metabolize flumequine, a fluoroguinolone used in
aquaculture in some countries. Liquid chromatography, mass spectrometry, and nuclear magnetic
resonance spectroscopy have been used to show that fungi oxidize the flumequine molecule to
metabolites containing hydroxyl and keto groups.
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e We have shown that the filamentous fungus Cunninghamella elegans simulates

mammalian  metabolism  for  numerous
structurally diverse pharmaceutical

compounds by phase | and phase Il enzymes.

C. elegans biotransforms  alkylamine,
ethanolamine  and  ethylenediamine-type
antihistamines, such  as triprolidine,
pheniramine, diphenhydramine, and
thenyldiamine; tricyclic antidepressants, such
as doxepin, cyclobenzaprine, amitriptyline,
and protriptyline; and phenothiazines, such as
chlorpromazine and methdilazine, to a range
of different metabolites by aliphatic and
aromatic hydroxylation, epoxidation, N- and
O-dealkylation and N- and S- oxidation
reactions. These studies demonstrate the
usefulness of C. elegans to predict
mammalian phase | drug metabolism and its

potential  for  large-scale  metabolite

production for toxicological evaluation. The

utilization of a microbial system for
biotransformation studies provides several

advantages over mammalian metabolism. One major attribute is

the capability to increase metabolite production to give milligram, or sometimes

gram, quantities for structure elucidation and biological evaluation. Furthermore, the metabolites
produced in a microbial system can be used as reference standards to give insights for the

characterization of mammalian metabolites.

www.fda.gov/nctr/science/divisions/micro.htm

Carl E. Cerniglia, Ph.D.

Director, Division of Microbiology
3900 NCTR Road

Jefferson, AR 72079

Tel: 870-543-7341 Fax: 870-543-7307
E-mail: carl.cerniglia@fda.hhs.gov

March 10, 2006

William Slikker, Jr., Ph.D.

Acting Director, NCTR

3900 NCTR Road

Jefferson, AR 72079

Tel: 870-543-7950 Fax: 870-543-7576
E-mail: william.slikker@fda.hhs.gov

FOOD AND DRUG ADMINISTRATIONI

SERVICES )
®Nu$ s,

NATIONAL CENTER FOR TOXICOLOEICAL ReEseARCH

FooD AND DRUE AADMINISTRATION



