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Biosensing with Zebrafish

Elwood' Linney, Ph. D.
Molecular Genetiics and Microbiology

Duke University Medicall Center

Laboratory of Molecular Development Department of Molecular Genetics and Microbiology




transgenesis

Laboratory of Molecular Development  Department of Molecular Genetics and Microbiology DUMC




Assumptions we make:

1) foxicants are impacting upon normal, existing pathways

2) there can be a differential sensitivity to a foxicant
depending upon whether the organism or target organ
is developing or fully formed

3) there are common pathways in different organisms

4) differences between organisms should be represented
by "differences” in their genomes

Laboratory of Molecular Development Department of Molecular Genetics and Microbiology




Our changing view of “biosensors”

1) fransgenic indicator mice for snapshots of
“retinoic acid activity"

2) transgenic, fluorescent zebrafish for live
4-D studies of activity

3) using zebrafish themselves as indicators or
sensors for toxicant events

4) using discovery microarray analysis for identifying
genes affected

Use resuliis o) design new:
biosensor firansgenics

Laboratory of Molecular Development Department of Molecular Genetics and Microbiology




Reporter transgenic mice
using constructed retinoic acid
responsive promoter

Subset of retinoic acid receptor
activity in reporter
transgenic mouse:
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Mouse andl zebrafish homeobox genes:

Cc

Mouse Hox genes  zebrafish hox genes

hoxaa
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group
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Parallels in axial development between vertebrate species:

Divboperart 11, 393348 {1955}
Priei

Hox genes and the evolution of vertebrate axial morphology

Ann C. Burke, Craig E. Melson, Bruce A. Morgan® and CIiff Tabin

Black bars denote
spinal nerves of
brachial plexus

level of curved line
represents the
level of limb or fin

shaded somites
represent level
of Hoxc-6 expression

Fig. 1. Schematic representation of the somite levels bridging the
corvical-thoracic wransison n mouse. chick. goose, XNenopus,
achrafish, Black bars represent the spinal nrves of the brachial
phentis, and the level of the limb or fin bud s indicated with a curved
line. The shaded somite levels indicate the level of Hrte-6

P N d by whok in sita hybid ar
imnmnohistochemistry. The level for the zeheafish is taken fron
Malver ot al {1990)
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Syntenic relationships
between vertebrate genomes

--genes inherited as linked
clusters during speciation
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Reftiinoic acid indicator embryos
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Vitamin A-Retiinoid Relationships:

retinoll dehydrogenase

retinall dehydrogenase(RALDH)

[ligand for transcription factors]

cytochrome p450RAL(cyp26)

RA metabolism

Laboratory of Molecular Development Department of Molecular Genetics and Microbiology




Dual in situ hybridization for RALDIH2(purple) and ¢

RALDH2 in somites

[cyp26 in growing
caudal end]
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Model of some of the retinoid events occurring in the frunk neural tiube:

° @ :
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RALDH inhibitor Neckless! mutiant: in
[our work] RALDH?2

untreated

Either chemical inhibition of Raldh's
in zebrafish with DEAB or an isolated
Raldh2 zebrafish mutant produced
phenotypes paralleling the mouse
Raldh2 knockout phenotypes:
hindbrain changes
forelimb or fin inhibition

DEAB treated
\

Laboratory of Molecular Development Department of Molecular Genetics and Microbiology




In situs of zebrafish Raldh2 at dififereni developmenial stages[Kari Yacisin]:

apparent turn-off
of RALDH2 as
neural tube ceases
to grow

20 somites~<20h
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Two mouse KO studies of

cyp26Al revealed caudal fruncations
and occasional exencephaly.

cyp26 knockout mice Abu-Abed, Dolle, Metzger
Beckett, Chambon and Petkovich

cyp 26 knockout mice Sakai, Meno, Fujii, Nishino,
Shiratori, Saijoh, Rossant, and Hamada

Laboratory of Molecular Development Department of Molecular Genetics and Microbiology




Summary:

1)Raldh2 and cyp26al(and cyp26b1l) can be found adjacent
to each other in the developing embryo creating functional
“microgradients" of RA ligand for RAR activity

2)expression patterns and available mutants for these
genes in mouse and zebrafish show consider homology

3)in zebrafish the Raldh2 promoter is directly repressed
by RA and the cyp26al promoter is directly induced by
RA

4)this system is being studied to determine whether there

might be a genetic and/or environmental basis for neural
tube defects

Laboratory of Molecular Development Department of Molecular Genetics and Microbiology




Developmental changes flanking and including neural tube growth
which we are analysing with 8h, 10h, 12h, 14h 16h, 18h, 20h, 22h, 24h

microarray. analysis:

Laboratory of Molecular Development Department of Molecular Genetics and Microbiology




Progression of microarray development:

1) oligos from 500 selected zebrafish genes
2)16k oligomer library from Compugen arrayed
3)now examining 22k zebrafish oligomer array

produced by Agilent, bioinformatics through
Paradigm

Affymetrix has produced zebrafish arrays but
we have yet o use them

Laboratory of Molecular Development Department of Molecular Genetics and Microbiology




Genes requlated during segmentation

[work done in collaboration with R. Malek at TIGR]
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Some elements of our zebrafish foolbox:

1) live, fluorescent, transgenic embryos

2) anti-sense morpholino knockdown of
gene expression

Laboratory of Molecular Development Department of Molecular Genetics and Microbiology




Some transgenic lines we made:

GFP off constitutive promoter

GFP off artificial construct--lights up
cells migrating along pronephric ducts

YFP of zHuC promoter that lights
up developing nervous system

Laboratory of Molecular Development Department of Molecular Genetics and Microbiology




Four tirransgenic lines for examining nervous system:

Laboratory of Molecular Development Department of Molecular Genetics and Microbiology




Antiisense morplhiolino approaches use by
zebrafish researchers fo "knockdowh” genes

A. Morpholino to inhibit translation

5

\\ AUG/\/—\
UAC w AAAAAAAAAA

morpholino

B. Morpholino to inhibit splicing

(morphclincagainst splice acceptor

| exon al | exon bl | exon C| | exon dl

abnormal spliced
product due
to

. normal spliced mRNA
morpholino

exon al exon b| exon d | exon a| exon b| exon c| exon dl
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no-tail(V=-allele)imorpholinoiwe injected'into a 1-cell
zebrafish embryo--these are 4 day: larvae affer
hatching--tihe phenotype isiwhat isiseen witih real
mutants in no-tail

Laboratory of Molecular Development Department of Molecular Genetics and Microbiology
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Acetycholinesterase

classical function of hydrolysing the
neurotransmitter, acetylcholine

mice have AChE plus a butyrylcholinesterase
so mouse KOs in AChE allow animals to at
least be born and live ~21 days

zebrafish only has AChE, so AChE-/-
embryos show defects in muscle

fiber formation, innervation, and
primary sensory neurons die
prematurely--embryos are initially
motile and then develop paralysis and die

from Soreq and Seidman, Nature
Reviews Neuroscience(2001)

Laboratory of Molecular Development  Department of Molecular Genetics and Microbiology DUMC
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Experimental Plan:

1) expose embryos for 5 days with
chlorpyrifos

2) adult learning studies in E. Levin's
lab

3) acetylcholine esterase assays
during embryogenesis

4) AChE morpholino titration to CPF
inhibition studies

5) adult learning studies and
microarray analysis

Laboratory of Molecular Development Department of Molecular Genetics and Microbiology




Acetylcholine esterase activity/chlorpyrifos exposure:

Averaged AChE Activity (0-5day exposure, 3 sets)

—0o— 0 ng/ml CPF
—a— 10 ng/ml CPF
—o— 100 ng/ml CPF

z2E
25
<2
w g
§3
<8

Age at Extraction
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Collaborative work with E. Levin and E. Chrysanthis:

Tracks for Sliding Partitions
Partition in Restricting Pasition

Dark Back Panel

Left Start Right
Cheice Chamber hoice
Chamber Chamber

Vertlcal/
Sliding

Doors

i
Tracks far Sliding Partitions :
N Lengthwise

Sliding
Partitions
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etiing acetylcholine esterase with a morpholino:

Contol, MO, 100ng/ml CPF f.5/19/03

IN
o

—o— Control 0-5d DMSO
—a— MO-ache inj
—o— 100 ng/ml CPF 0-5d

40 -
2
2 351
& 30
I-ézsf
< 20 -
215
®
S 10 -
X g
0

4 5 6

age at extraction
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[work done in
collaboration
with E. Levin
laboratory]

Laboratory of Molecular Development Department of Molecular Genetics and Microbiology




Preliminary. comparison of expression.of MO-AChE, 100ng/m| CPE
10na/ml CPE versus! contirol using filter of 2x or above expression:
3 day treated and untreated embryos

expression
of experimental
divided by

control B MO-ache
B 100ng/mi
010ng/ml

each bar individual gene (15 out of 37 genes overlap of MO vs. 100ng/ml CPF)
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Future--Biosensors:

1) the generation of a series of responsive transgenics
to small molecules (in progress, estrogen inducibility)

2) the use of the Sanger Centre zebrafish DNA assembly

to identify clones for genes which show distinct responsiveness
to environmental toxicants so that transgenics can be derived
from their regulatory sequences

3) the analysis of the 22k array data to formulate potential
pathways that toxicants are impacting upon

our zCyp26Alpr
transgenics with
RA inducible promoter

F 4
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Ed Levin

Elizabeth Chrysanthis
Renae Malek(TIGR)
Brad Smith(MRM)
G.A. Johnson(MRM)

Sue Donerly
Lucia Upchurch  Betsy Dobbs-McAuliffe
Stephen Huang  Margareft Lai

Kari YGCIS’IH Researchisupporiiiirom:

Keenan O'Leary NIEHS Superfund

Qingshun Zhao and Toxicogenomics elwood.linney@duke.edu
Consortium, NICHD http://glowfish.mc.duke.edu
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