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Dr. Lee R. Shugart

• Education

– PhD, Microbiology

– MS, Biochemistry

– BS, Chemistry

• Professional Experience

– Current:

• President

– LR Shugart & Associates, Inc. 

(Consulting firm in environmental sciences arena)

• Adjunct Faculty

– University of Tennessee

» Department of Ecology & Evolutionary Biology

» Center for Environmental Biotechnology

• Editor-in-Chief

– Ecotoxicology

– Past:

• Senior Research Staff Member and Group Leader

• Environmental Sciences Division

• Oak Ridge National Laboratory

• Oak Ridge, TN, USA
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Professional Activities
• OAK RIDGE NATIONAL LABORATORY – Senior Research Staff

– Biology Division – methodology development for genetic damage
– Environmental Sciences Division – environmental monitoring

• GREEN PEACE
– Beluga whales of St. Lawrence River

• CANADIAN WILDLIFE SERVICE 
– Invited expert Biomarker strategy

• UNEP – United Nations Environmental Program
– Joint Group of Experts on the Scientific Aspects of Marine Environmental 

Protection

• CITY OF PORTO PORTUGAL
– Environmental impact steam plant on city’s water source

• EXXON MOBIL
– Consultant on environmental impact of oil spill

• GREATER EVERGLADES RESTORATION PROJECT
– Advisor to USGS - United States Geographical Service

• INTERNATIONAL WORKSHOPS
– Goa, India (2004) - Marine Pollution and Ecotoxicology
– Lisbon, Portugal (2008) – CICTA 2008
– Beijing, China (2008)  - China-U.S. Joint Workshop on Bioenergy Consequences 

for Global Environmental Change
– Nanjing, China (2008) – EHPC 2008



Oak Ridge, Tennessee



Oak Ridge National Laboratory
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Smokey Mountains National Park
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Advancing the Field of Ecotoxicology

• Purpose of ecotoxicology

– Provide the means for predicting the probability 

of harm of environmental stressors

• Research activities

– Past - classical toxicological testing

– Current - shift towards methods that describe 

higher level effects

• Molecular basis for toxicity

– Biomarkers - biological responses to 

exposure

– Biomonitoring

• Identify ecological consequences 

– Evolutionary toxicology
9



Biomarker

• Definition

– Measurable biological response 

• At or below the organism level of biological 

organization

• May be related to “exposure” and/or “the of 

effect of exposure”

– Paradigm

• Exposed organism may demonstrate a state of 

toxicity

• Toxicity initiated upon exposure

• Toxic state may cascade from biochemical to 

the organism level

• Subsequent deleterious effects at higher levels 

of biological organization
10
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Genetic Ecotoxicology

Biomarkers of genotoxicity

• Measurable response to environmental stressors

– Direct or delayed response to genotoxicant

• All organisms, matrixes and ecosystems

– Clinical-type ecotoxicological test

• Response at the molecular level

– Directly and mechanistically linked to exposure

– More sensitive and characteristic of toxic response

• Limitations

– Cause and effect relation must be inferred



Xenobiotic

(foreign compounds
(biotranformation) Excretion

(bioactivation)

Reactive Intermediate

Toxic Response

Components of the Detoxication Process
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Consequences of Genotoxicant Exposure
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Genetic Ecotoxicology

Cellular responses after exposure to genotoxicants

BIOLOGICAL RESPONSE EXPRESSION IN CELL TEMPORAL OCCURRENCE

Detoxication Induction of P450 enzyme 

system

Early

DNA Structural Modification

Adduct Covalent attachment of 

genotoxicant to DNA

Early

Strand breaks Breakage of DNA 

phosphodiester linkages

Early

Base modification Hypomethylation and 

chemical modification of 

bases

Early Middle

Repair Induction of DNA repair 

enzymes

Early

Abnormal DNA Apoptosis

Chromosomal aberration 

micronuclei, aneuploidy

Early Middle

Pathological conditions Neoplasia, tumors, and protein 

dysfunction

Late

Adapted from Shugart 2000



Table 1:  Field studies on DNA adduct formation in various environmental 

species using the 32P-post-labeling technique

SPECIES LOCATION REFERENCE

Brown bullhead 

(Ictalurus nebulosus)

Buffalo and Detroit Rivers, 

USA

Dunn, et al., 1987

Chub

(Leuciscus cephalus)

Barbel

(Barbus barbud)

Bream

(Abramis brama)

Carp

(Cyprinus carpio)

Sava River, Croatia Kurelec, et al., 1989

Wild English sole

(Parophrys vetulus)

Winter flounder

(Pseudopleuronectes

americanus)

Puget Sound, USA Varanasi, et al., 1989b

Brown bullhead

(Ictalurus nebulosus)

Cuyahoga and Black Rivers, 

USA and Lake Ontario, Canada

Dunn, et al., 1990

Oyster toadfish

(Opsanus tau)

Elizabeth River, USA Collier, et al., 1993

Feral muskrat

(Ondatra zibethicud)

Virginia, USA Halbrook, et al., 1992

Beluga whale

(Delphinapterus leucas)

St. Lawrence River, Canada Ray, et al., 1991
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FIG. 6. The formation of the benzo[a]pyrene-guanine adduct in vivo,

deriving from a single enantiomer of the 7,8-dihydrodiol.
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FIG. 1. H. p.l.c. and fluorescent analysis 
of tetrols.  A: Liberated by hydrolysis of 
synthetic BPDE-I and BPDE-II in water 
(nomenclature of peaks consistent with 
reference (3); B: Liberated by acid 
hydrolysis of DNA isolated from non-
treated dorsal skin of SENCAR mice; C: 
As in B with single BaP treatment (100 
mg for 24 h); D: Liberated by acid 
hydrolysis of DNA isolated from BaP-
treated dorsal skin of HRS mice 
maintained in organ culture (10 mg for 
24 h).
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Environmental Monitoring

• Background

– Environment in state of change

– Human contributions influence change

– Understand influence of change on sustainability

• Environmental monitoring program

– Assess current status of environment

• Evaluate influence of past and current activities

• Prioritize corrective measures

• Identify gaps in our knowledge

– Abiotic and biotic components

• Biomonitoring

– Scientific techniques for detecting exposure

– Data used as an assessment tool

– Creates a cost-effective perspective

– Bridges gap between human and environmental health



25

Biomarker selection

• Biomarker selection

– Factors determining appropriate biomarkers

• Objective of study

• Area under investigation

• Anticipated pollution

• Biological considerations

– Relevant

– Sensitive

– Specific

Biomonitoring Using Biomarkers
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Defining study

area and selection 

of reference sites

Selection of 

sampling sites

Characterization of

study and

reference sites

Species selection

Statistical analysis

and interpretation

of results

Biological and

chemical analyses

Sampling design

Biomarker selection

General elements of a biomarker strategy program

Biomonitoring Using Biomarkers
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• Evolutionary toxicology

– Study of the effects of pollutants on genetics of 

natural population

– Goals

• Identify environmental pollutants that influence 

evolutionary processes

• Quantify the extent of their effects

• Prepare testable models

• Incorporate procedures and techniques of modern 

molecular biology

Evolutionary Toxicology



28

• Genotoxicants disrupt normal processes

– Damage DNA structure

– Cause individual-level consequences

– Cause reproductive impairment and high 

mortality rates

– Influence evolutionary process via change in 

genetic diversity

• Specific and Sensitive Methodologies

Population-Level Consequences 
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Model of how genotoxic

and non-genotoxic

pollutant exposure may 

lead to population-level 

consequences

29
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Molecular techniques to detect cellular DNA damage

• DNA Damage

– Structural damage (i.e., DNA adducts and strand 

breakage)

– Consequences

• Comet Assay

– Detects single-strand breaks in DNA

– Performed on single cell suspensions

– Special software and imaging systems

• Chromosomal Damage

– Detects genotoxicants that are:

– Clastogens (cause chromsomal fragments)

– Aneugens (cause loss or gain of whole chromosomes)

– Flowcytometry

Methods and Techniques Applicable to 

Evolutionary Toxicology
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• Gene expression and polymorphism

– Molecular characterization of genetic diversity at 

specific loci

• Protein markers

• DNA markers

• Allyozyme analysis

– Enzymes that vary in electrophoretic mobility

– Indicative of different alleles of single genetic loci

– Limited value for fine-scale genetic variation

Molecular Techniques to Evaluate Genetic 
Diversity
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Molecular techniques to evaluate genetic diversity

• Randomly amplified polymorphic DNA (RAPD) analysis

– Uses polymerase chain reaction (PCR) amplification of DNA 

sequences

– Random set of short primers generate DNA banding patterns

– Score for presence or absence of bands

• Microsatellite Analysis

– Array of motifis of short nucleotide repeating patterns

– Difference in repeating motifis define polymorphism

– Must develop primers to genomic DNA

• DNA Microarray Analysis

– Gene chips with PCR Amplified cDNA sequences for particular genes

– Simultaneous screening of thousands of genes for differential 

expression

– Estimate relative abundance and up- and down- regulated genes

Genetic Ecotoxicology
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Non-Genotoxic Pollutants

• Pollutants that

– Impair reproductive success 

– Lead to selection and indirect changes in population 

structure

• Examples

– Endocrine disruptors*

• DDT – dichlorodiphenyltrichloroethane

• Epegenetic phenomenon that convey transgenerational

inheritance**

– Diet

– Maternal behavior

– Chemicals (herbicides and pesticides)

*Science News Aug 2, 2008 “Agricultural chemicals suspected in cane toad troubles”

**Science News March 29, 2008 “Dad’s hidden influence”



Transgenerational Inheritance 

• DNA sequence and elements

– Control gene activity

– Passed on to offspring

• Alterations of the epigenome

– Occur due to chemical or environmental exposure

– Become “fixed” in the germ-line

– Affect subsequent generations which may never have been 

exposed to the offending stimulus

34
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Epigenetics

• Processes that establish heritable states of gene 

expression without altering the DNA sequence

– DNA Methylation

– Histone Modifications

– RNA Interference (RNAi)
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Epigenetics: Key Highlights

• DNA methylation and histone acetylation

– Contribute to the normal regulation of gene expression

– Serve a protective function

• Maintain repetitive elements in a repressed state

• Epigenetic changes 

– Considered heritable changes in the genome

– Can be reversible

• DNA methylation is dependent on 

– Regulating factors 

• Modifying enzymes

• Methyl group donor availability

• Nutrition

• Alterations/deviations of DNA methylation patterns

– Affect 

• Development 

• Functioning and disease status of an organism



Advancing the Field of Ecotoxicology

• Summary

– Future investigations must:

• Focus on predicting probability of harm to 

environmental stressors

• Describe the ecological consequences of 

environmental stressors

• Present testable hypothesis and models

– Devise new and sensitive methodologies

• Detect exposure

• Defines potential consequences at different 

levels of biological organization
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