Linking the Benchtop to the Bay: Menidia
Species as Indicators of Endocrine Disruption

S Brander, K Jeffries, B Cole, B DeCourten, B DeGroot, J White, G Cherr, N Fangue, R Connon

University of California, Davis
University of North Carolina, Wilmington



funding

-l-._-'ﬁ'-_.-l-

CALIFORNIA

DEPARTMENT OF
FISH &
WILDLIFE

California

CoAasSTAL SCIENCE
SERVING CALIFORNIA

Seam!nt

North Carolina NCW

www.ncseagrant.org

a&::.

UNCW. UNIVERSITY of NORTH CAROLINA WILMINGTON

— CENTER FOR -

MARINE SCIENCE




endocrine disruption

endocrine disrupting compounds (EDCs)
- agonize, antagonize, or synergize
endogenous hormones

- alter hormonal mechanisms
(i.e. steroid metabolism)

aguatic organism susceptibility
- exposed at early life stages

- continuous / repeated exposure

sources
- treated wastewater effluent
- urban run-off

- agricultural or ranch run-off




mechanisms
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environmental relevance

ibuprofen bifenthrin

parts per billion parts per trillion =

slide courtesy of N. McGinn



approach

Why Menidia?

- Life history / biology well-known

- Ubiquitous in N. American estuaries

- Commercially available (EPA WET)
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- Small home range, high site fidelity

Menidia menidia

- Sensitive to EDCs

-(Brander et al. 2012a Ecotoxicology, 2012b Env. Tox &
Chemistry, 2013 PLoS ONE, Duffy et al. 2009)

- Temperature sensitive sex
dEtermination (Duffy et al. 2009)

Menidia beryllina




http://taraduffy.files.wordpress.com/2009/11/menidia.jpg

outline

1. Responses of an estuarine fish to
endocrine disrupting compounds
across biological scales.

(Brander et al. 2013, PLOS One)

2. Current projects:

M. Beryllina reproductive assay development
(S.M. Brander, UNCW)

Menidia species as bioindicators in the field
North Carolina (S.M. Brander, UNCW), SF Bay — Delta (B.J. Cole, UCD)

M. beryllina, M. audens & M. menidia transcriptomics
(R.E. Connon, K. Jeffries, UCD School of Vet Med; S.M. Brander, UNCW)

Endocrine disrupting effects of pyrethroids in M. beryllina
(S.M. Brander, UNCW)

Population modeling using Menidia species
(J.W. White, S.M. Brander UNCW)



outline

1. Responses of an estuarine fish to
endocrine disrupting compounds
across biological scales.

(Brander et al. 2013, PLOS One)

Evaluated responses to both estrogenic and
androgenic EDCs at the site, molecular, organism,
and population levels in wild Menidia (audens/

beryllina) at sites receiving different EDC inputs.




approach @

Links between gene & protein expression and gonad
histology to population decline in response to

population )
one EDC (kidd et al., 2007, Ankley et al., 2008) urban ranch
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Lack of studies evaluating growth, which is
known to be influenced by steroid
hormones and to differ between males and
females (Reinecke 2010, Pottinger et al., 2010).

Brander et al. 2013, PLoS ONE



conclusions

May see impacts at the molecular level, but
doesn’t necessarily mean they scale up
to organism / population (ranch site)

Necessary to evaluate multiple biological
scales to gauge impact

Although fish feminization downstream of outfalls remains a concern,
masculinization also an issue (ER antagonism, GR, MR and PR agonists, hypoxia?)
- possible that larger males seen at urban site are masc. females?

- would have needed to genotype these fish to confirm

Silversides appear to be highly sensitive to EDCs and could be used as
bioindicators / surrogates in estuaries nationwide

Brander et al. 2013, PLoS ONE



current projects: reproduction

Do observed skewed sex ratios impact reproduction?

Randomized groups of tagged fish spawn for 48 hours
- sex ratios & reproductive output, fertilization rate quantified at end of trial series

Currently conducting exposures followed by spawning trials

Menidia spawning substrate M. beryllina oocytqi{;f , -
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reproduction
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current projects

How do environmental EDC mixtures and specific
compounds affect molecular markers in
Menidia species?

Effects of selected EDCs on gene expression and estrogen-dependent protein
expression in Menidia

- Menidia qPCR (K. Jeffiries, S.M. Brander, R.E. Connon)

- choriogenin ELISA (S.M. Brander)

Environmental mixtures
- SF Bay Delta, gene and protein
expression (B.J. Cole, UCD)




qPCR: bifenthrin

18

Choriogenin L

1.6

Relative Fold Chanae

Relative Fold Change
Relative Fold Change

Control 0.5ng/L  5ng/L 50 ng/L

18

IGF2 Control 0.5ng/L  5ng/L 50 ng/L
1.6

(] Q 14 4
(o)) (o))
8 8
O O
ko] o 1074
° °
s L g
] (]
= =
"(.3‘ "Es‘ 0.6 -
© @
o X 04 -

0.2

0.0 -

Control 0.5ng/L  5ng/L 50 ng/L Control 0.5ng/L  5ng/L 50 ng/L

Brander et al. (in prep)



qPCR: bifenthrin

Relative Fold Change
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qPCR: ibuprofen

Kruskal-Wallis test, P < 0.005, Dunn's post-hoc test
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field studies

SaCiamento RivenatiHos

90 day old lab-reared
Menidia

e OQOutplanted in flow-through
aquaria at Hood and Vernallis S e
stations, and in matched ol L e o T
temp. control aquaria e

 Held at outplant sites for 7
days, bimonthly

47 O Amylase
35 B CYP1A

e Whole-body homogenate of
outplanted fish is collected

Fold change in gene
expression relative to controls

November,  January, 2013  March,2013  June, 2013  August, 2013
2012

San Joaquin River at Vernallis
Cole et al. (in prep)



field studies
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current projects: modeling

What effect will EDCs have on population

size and persistence?
(J.W. White, S.M. Brander, UNCW)

Age-structured population model with carrying capacity

Tracks male and female genotypes independently
- genetic females & phenotypic males
- genetic males = phenotypic females

EDC effects in the model:

- Reduced fecundity of sex-changed fish

- Altered sex ratio reduces fertilization success

- EDCs alter growth (and thus may change individual fecundity)
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modeling
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summary

e Menidia species are highly
informative and sensitive EDC bioindicators

e Endpoints at multiple biological scales
e Can be sampled nationwide

e Next steps...

e Microarray with selected samples, determine AOPs, gPCR

e Testing effects of early life exposure on sex ratio and
reproductive output later in life

e Effects of multiple stressors (salinity, temperature, EDCs)
e Effects of environmental mixtures in CA and NC
e Epigenetics, i.e. role of aromatase in sex determination
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cell line — site water
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_ e
I~
9
@
w
M~
9 4
L]
=+
= 5
o 9 4 d
E &
~ o |“‘| b c c
23 a — ! £
CICJ s~ 0 1 | T | T
[=]
= DMSO outfall outfall ranch urban urban
> control downstream| beach slough beach
-]
O
(0]
()]
c
(@]
-
L2 o
2 3
5 &7 d
o © | —I— cd d
jL -+ c
o ]
T
&
)
. b
o a
s | [
&~ T T T T T
S DMSO  outfall outfall ranch urban urban
control downstream slough beach

Brander, Connon, He, Hobbs, Smalling, Teh, White, Denison, Werner, Cherr. From omics to
otoliths: responses of an estuarine fish to endocrine disrupting compounds across biological

scales (in prep).

estrogen equivalents (mol)

6.0e-12 1.2e-11

0.0e+00

2e-11 4e-11

0e+00

d
cd 3-28-2010
bc bc concentrated 4500x
b
a 1
T 1 T 1 1 I
DMSO  ouftfall outfall ranch urban urban
control downstream  beach slough beach
b
b
b
b
b
10-17-2009
concentrated 2500x
a
T T T T T T
DMSO outfall outfall ranch urban urban
control downstream beach slough beach

Tukey test, p < 0.05



molecular level
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organism level: gonad histology

Male Germ Cell Necrosis
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organism level

- Male GSI significantly lower, significantly higher incidence of germ cell
necrosis at urban site

- Observed (via otoliths) that growth was significantly slower at urban
site ...

- BUT male standard length was significantly greater at urban beach than
ranch beach

- At urban beach males were significantly longer than females.
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Brander et al. 2013, PLoS ONE



population level
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current projects

 Previous work found that pesticides
bifenthrin and permethrin are estrogenic
in vivo, but anti-estrogenic in vitro
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pyrethroid effects
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approach

Menidia beryllina
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