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Molecular techniques background (5-10°)

Links to relevant higher levels of organization
Application of multiple biomarkers in delta smelt
Ammonia/um in river water study

Current, future and proposed work

Other studies in model species (Inge Werner)



Cell membrane
Mucleus

www.mfi.ku.dk/ppaulev/chapter31/kap31.htm
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e.g. Metallothionein

wwwchem.leidenuniv.nl/metprot/armand/023.htmi
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Connon RE, Durieux EDH, D’Abronzo LS, Ostrach DJ, and Werner |. Cytochrome P450 induction in the
striped bass (Morone saxatilis): signature biomarkers of past and present xenobiotic exposure (in prep).
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Connon RE, Durieux EDH, D’Abronzo LS, Ostrach DJ, and Werner |. Cytochrome P450 induction in the
striped bass (Morone saxatilis): signature biomarkers of past and present xenobiotic exposure (in prep).
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Microarrays

e.9. cDNA library, PCR amplified fragments, purified, and
printed onto epoxysilane coated glass slides.
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Provides information on the
mode of action

Allows test organisms to tell us
what we should be looking at

Permits the development and
selection of biomarkers without
preconceived ideas

No prior knowledge of the
system required

|dentifies specific effects on
organism/condition in question




T Linking Genomic Profiles with
Tl Relevant Higher Level Effects:




Linking Higher Levels of Biological

Molecules with Organization
Bioenergetics
Histopathology
Immunology Development and
Reproduction
Physiology
Detoxification POpg';:']?:uiﬂg
Cells E
Molecules 9,

345m | 1280 m | 345 m

15
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Measure it
Swim it




Connon RE, et al (2009). Linking mechanistic and behavioral responses to sublethal esfenvalerate

exposure in the endangered delta smelt; Hypomesus transpacificus (Fam. Osmeridae). BMC Genomics.
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Survival and swimming of
Larval Delta Smelt after 7-d + SRGB
Exposure to Ammonium
Chloride
(in Sacramento River water
from Garcia Bend)
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Functional classification of genes responding to
4 mg.L" NH,;/NH,* from NH,CI

Ammonium Transport @
1
Apoptosis, 2 Digestion, 2

Iron storage, 1
Immunoregulation, 1
Other Cellular
processes, 18 Muscle, 3
Structural bone &J

vertebra

Neurological, 5

Olfactory receptor, 1

Protein degradation, 5

Skin Integrity, 2
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Gene transcription (relative to B-Actin)

Muscular responses
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Genes were selected from top 10
statistically  significant responses
identified with microarray — and
others from previous tests (e.g.
Creatine Kinase, Aspartoacylase)
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Hung CYC, et al (2007) Rhesus glycoprotein gene expression in the mangrove Killifish Kryptolebias
marmoraturs exposed to elevated environmental ammonia levels and air. J. Experimental Biology.
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Quantitative PCR mRNA expression of RHbG, RhCG1 and
RhCG2 in control and ammonia-exposed K. marmoratus.




Current, future and proposed work

« Generating contaminant-specific genomic profile
database, using microarray and qPCR technology

« Assaying field based exposures

« Developing biomarkers linked to reproduction

Questions we're seeking answers to:

« (Can we use profiling system to aid TIE investigations
based on chemical modes of action?

« Do all fish species respond comparatively to equitoxic
contaminant concentrations?

27



Molecular Biomarkers as Tools In
Toxicity Testing and Field

Monitoring
?



Major Challenges:

1 Laboratory toxicity testing with resident species;
= Often difficult to culture and handle.
= Require extensive method development.
= Can generally not be used for in-depth studies evaluating ecologically

important chronic endpoints, such as reproductive success, behavior
and/or growth.

O Interpretation of biomarker data collected in field
monitoring studies.



Model Fish Species in Toxicity Testing

« Rainbow Trout (survival,
embryo test, growth)

- Fathead Minnow (growth,
survival, reproduction)

« Zebrafish (everything?)




Important Questions:

Are expression patterns of selected biomarker
genes reflective of species sensitivity and stressor
type across species?

Are molecular biomarkers mechanistically linked
to contaminant type and ecologically relevant

effects?



..... Connecting the Dots.....

Other Available Biomarker
Information

U

Delta Smelt
Biomarkers | | > O\ Fathead Minnow

Mechanism- l

Based, Establish Linkages (the “Bridge”) to
Interpretable - Ecologically Relevant Adverse Effects:
Biomarkers growth, reproduction, behavior, survival

for Field
Studies with 1
Resident

Species Toxicant Identification
Tools for Model Species




Neuromuscular Effects of Pesticides: Swimming
Behavior of Larval Fathead Minnow after 24 h
Exposure to Talstar® (Bifenthrin)

Control 20% LC10 33% LC10 50% LC10



Swimming Activity in Fathead Minnows Exposed
to Bifenthrin for 24 h
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Beggel S, Werner I, Connon RE, Geist JP. (2010) Science of The Total Environment. 408: 3169-3175.
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Selected Molecular Biomarkers in Fathead

Gene Function
General Stress Response

Detoxification

Endocrine Disruption/
Development

Iron Storage

Neuromuscular
Function/Energy

Growth

Apoptosis

Immune System

Minnow

Gene
HSP70, HSP90

Metallothionein, Glutathione-S
Transferase, CYP1A

Vitellogenin, CYP3A, Zona Pellucida
Protein, Glucocorticoid Receptor

Ferritin

Parvalbumin, Creatine Kinase, Epithelial
Ca+ Channel, Aspartoacylase, Titin,
Myozenin, G6PD

Insuline-Like Growth Factor, Growth
Hormone

Caspase 1

Microglobulin, IL8, Mx Protein, Nramp
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Genomic fingerprinting (Heatmaps).

Molecular biomarkers distinguish between bifenthrin and fipronil

exposed fathead minnow.
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Conclusions

Microarray technology allows us to identify new
mechanism-based molecular biomarkers.

The multi-biomarker approach (heatmaps) integrates old
and new information.

Shows great promise in distinguishing the impact of
different stressors (TIE).

Allows mechanism based interpretation of biomarker
signals.

Leads to a better understanding of linkages (“adverse
outcome pathways”).






