Linkage of Exposure and Effects using Genomics, Proteomics, and Metabolomics in Small Fish Models

G. Ankley1*, D. Bencicz*, T. CoIIette2*, M. Breen3, R. Conolly3, D. Ekmanz, K. Jensen1, M. Kahl1, D. Lattier2, J. Lazor k2, D. Martinovic1, D. Mlller Q. Teng2 D. V|IIeneuve1 R. Wang2 r r h
W77 U.S. EPA, ORD, 1NHEERL, 2NERL, 3NCCT esearc &development

Academic Partners, STAR Cooperative Agreement: N. Denslow, Univ. of Florida; E. Orlando, Univ. of Maryland; M. Sepulveda, Purdue Univ.; K. Watanabe, Oregon Health Sciences Univ.
Other Federal Partners: E. Perkins, US Army Corps of Engineers, ERDC; A. Miracle, Pacific Northwest National Laboratory; Joint Genome Institute, DOE; Sandia National Laboratories, DOE

atbilidh U.S EPA, ORD, Computational Toxicology Research Program

-Llubryo

omputational Toxicology
P o r :

== *
Liver™
. Methods/Approach Results/Conclusions Impact and Outcomes
Specific Approach
1. Investigate effects of chemical probes on the HPG axis using R Definition of Novel Toxicity/Adverse Outcome Pathways (Ankley et al. 2009)
. . definitive tests in the fathead minnow to establish initial toxicity m
Science QueStlon pathways and ecologically- relevant responses (Phase 1) P 150
Increasing Diagnosiic (Screening) Ulility Increasing Ecological Relevance = Malo _® -
® How can we improve extrapolation 2 Identify transcriptomic , proteomic, metabolomic, and other i é . . jiiiotei
i i iologi -ani i i - rels 2= . g -
across life stag§s/epdp01nts (blologlcal whole-animal responses to the same chemicals using short-term Levels of olecular Cellular ~ Orean  Indi ldual Po Julation i B
levels of organization), species zebrafish exposures (Phase 2) Biological . Fun | 82 15 — £
(including under-represented taxa) and Organization : : : EE %é
from the lab to field for single 3. Validate genomic markers in the fathead minnow with an — - £ H
chemicals and complex mixtures? emphasis on time-course of responses and/or compensation and P — E e
recovery after exposure (Phase 3) genome, ey ® 200101412108 6 4 Ezw:‘;:‘ 6 810121416 18 20
. . . . Tow eco / regulatory o 0 .
Can we establish functional linkages relevance genoxe Fadrosol w2 0 %
. . . proteomics, rozole (ug /L) Fadrozole (ug/)
between changes at the molecular level 4.  Concurrently integrate data from above in a systems modeling . metabalomics
and phenotypic outcomes relevant for context, as well as relevant population modeling Zebrafish
risk assessment for multi-organ
biological systems well conserved : . Svs . . .
among vertebrates? @ Computational Systems Population Computational Model of Vertebrate Metabolomics for Defining Path dE
ot modeling modeling Steroidogenesis (Breen et al. 2007) ¢ aRo omlis otr. e(glling a ¢ “ia%,:)g; Zogg)os“re
econstruction man et al. H
¢ Can we develop integrated, Computer ’
biologically-based computational Defining Toxicity/Adverse Outcome Pathways U
models that use mechanism of action as e Phase 3. Phase 1. 0 S sy
a basis for predicting adverse genome eal oW Fathead minnow 21 4
outcomes? e || ekt s s v
Individua Populatiol Fathead minnow A o
Toxicant Macro-Moleculyr / Cellular Organ Responses\ Responses
Interactions Responses | Response: ~ o 021
Altered . 2 <
Chemical vat Physiology S Structure Da
ity b igand P::':‘ana"m Disrupted. Impaired l. . o~
Profiles DNA Binding<- Altered Signaling | |"Altered Tissue| >lmpélilreti P E 0 T Day 16
Protein Oxidation) | | Protein Depletion ||| Development s Compartment 3 «~ (8 days of
ancer p . ‘ ” d ;
) 1 | Chemical “Probes e epuration)
Research Goals Brain iz Fipronil (-) - a contrl
H RN
. ) fu 5
® Identify novel molecular markers of — = 3 1 Muscimol (+) o controls A
effects of exposure to chemicals “ ! 400 nglt 4@05 s 0 05 o
representing different mechanisms of ) LA e et b 100 ng/Lm 700 ng/Lm ot
action (MOA) within the vertebrate Pituitary Apomorphine (+)
hypothalarmc-pltultary-gonadal (HPG) Haloperidol (-) . . .
axis Physiologically-Based Model for Predicting Estrogen
N IR BN Effects on HPG Axis Function (Watanabe et al. 2009)

Link these biomarkers to responses Blood

k t Trilostane (-)
relevant to ecological risk assessment Overview of Fish Reprodugtion - - -

Translating Biochemical Alterations ] )
Ketoconazole (-) into Population-Level Responses Gill: Chemical Uptake

—_— e

EEEERY ST
¢ Support development of integrated o (Miller et al. 2007) Brain: S1gna1%ng 4
modeling approaches that utilize MOA Influences conad Gonad: Steroid Production
. o onai B .
as a basis for prediction of adverse Lt i Fadrozole (-) Liver VTG Production

Forecast Population Trajectories

Other: Elimination
Blood: Transport

outcomes

“hydroxyprogesterone

Spermatogenssis and
‘spermiation
s J 20pHSD. androstenedione
17a,206-P (MIS)

Oacymdgiélupmsnr » ——
% ovulation m::l,:: -

Prochloraz (-,-)

Testis

Brain
Hypothala
GRHE) [/
Dopamine (-)

/

Vinclozolin (-)
Flutamide (-)
\ S ] 17B-Trebolone (+)

Venous Blood
Arterial Biood

Progestins,
Testosterone,
17p-estradiol,
prostaglandins,§

8 25%

Average Population Size
(Proportion of Carrying Capacity)

Blood e e i
20 e Bod G Ethynylestradiol (+)

-—— - - - Co

- —
TAndrogen Lstrogen AR
>95%\ 75%

Responsive Tissues -
AR
Juvenile [ ]

(e.g. liver, fatpad, gonads)

M'amg/spawnmgﬂeluuzaunn
Embryonic development
ol (L Emryonic dmsiopment_|

0 5 10 15 20
Time (Years)

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY v
0

0 0 0 00
00 0 ) 000 0 0 ]
0010 00 000710 0
0 00 00 00 00000
00 0
000 0
40,0

218210 i i ‘ folo This! pqster dqes nomecessanly reﬂe'c:i EPA pollqy Menplon fof trade names, or o
COMPUTATlONAL ‘ Sl ; ' 1, Commeroial prdducts does roticonstitute: endorsement or; rlECOmr*henddtlor‘i for tise,

0
) 00

)
0 00 0 C 00 il C 0 0 0 \
00 0 0 0 0 0 0 0 0 0 0 0 0y o
0 ) ) ) 00 0 ) ) 0 ) 07 ) 00 0

Fody o TOXICOLOGY £ 14181008 i 1Y it

0 0 i 0 0 g0
0 0 0 0 0 0 0 0 0 000 0 G 0 000 0 0 0.0 0 0 0 0 0 0




