
Item #4: Bioanalytical Tools Update  Page 1 of 7 
 

Linkage of In Vitro Assay Results With In Vivo End Points 
Report   

November 6, 2013 
 
The goal of this project is to establish quantitative linkages between the in vitro receptor-based 
assays and traditional endpoints of adversity in a sensitive estuarine fish model, the common 
silverside (Menidia beryllina), which is an established EPA model for estuarine toxicity.   To 
work out the method for this type of linkage analysis, we decided to concentrate on chemicals 
that are found in wastewaters that behave as weak estrogens.   We are in the midst of our 
analyses, which we should complete in the next 3-4 months for work promised for year 1.  So 
far we have had substantial success with our approach and a few problems that we are in the 
process of solving.  This report is organized around the milestones set up in our proposal. 

 
Proposed Deliverables and Time Line   

Deliverable  Completion Date 

Task 1:   Convene focus group and develop 
actionable plan 

 CSD + 1 month 

Task 2:   Develop molecular biomarkers for 
Menidia 

 CSD + 4 months 

Task 3: Laboratory tests: Early life stage 
exposures and in vitro bioassays 

 CSD + 9 months 

    

Task 4: Field-collected sample exposures  CSD + 18 months 

Task 5: Chemical analysis of CECs  CSD + 21 months 

Task 6:    Reporting  Mid-term (Year 1):  CSD + 12 months  
Final:  CSD + 24 months 

 

 
 

Task 1:  Convene focus group and develop actionable plan  CSD + 1 month 

Researchers from the Denslow Lab at the University of Florida and from SCCWRP met at the 
start of the project to plan how the project would be approached.  In addition we have had 
several conference calls to coordinate experimental approaches and we have emailed each 
other with specific protocols to get input from all sides.  We have also had conference calls with 
Susanne Brander and Richard Connon, to collaborate with them on areas of mutual interest and 
leverage our project with theirs.  This is described in more detail below in Task 2.  
 
 

Task 2:   Develop molecular biomarkers for Menidia  CSD + 4 months 

For this task we planned to develop real time PCR assays to evaluate at least 10 different 
genes for their expression in vivo.  Five of the genes were for evaluation in early life stage (ELS) 
and five for evaluation of critical genes in juvenile fish.  These gene expression measurements 
are important to set up the linkage of the in vitro assays to responses in vivo. Some of the 
assays we wanted to use were already developed by Susanne Brander as part of her 
dissertation work at UC Davis.  For the rest, our plan was to clone out the respective genes and 
develop and validate the assays.  We had proposed to perform a high throughput transcriptome 
sequencing project using Illumina sequencing technology to more easily obtain the genes of 
interest, rather than trying to clone each one out separately.  In the meantime, we found out that 
Susanne Brander and Richard Connon were already engaged in a sequencing project and 
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decided to collaborate with them rather than repeat the same thing over again.  Please see 
description of the collaboration below. 
 

1. Primer pairs validated and published for Menidia by Susanne Brander  we have 
verified that they work very well for VTG, ER alpha (esr1), ER beta a (esr3), androgen 
receptor (AR), Choriogenin L (Chg), GAPDH and Cyp1A (See Figure 1).   

2. From the transcriptome sequences provided by Richard Connon for IGF-1; StAR; GH; 
brain aromatase (cyp19b); and anti-Mullerian hormone (amh) – we are in the process of 
developing PCR primers and will test these out soon on gels. 

3. There were no sequences for DMRT1 (doublesex and mab-3 related transcription factor 
1) among the transcriptome sequences.  A postdoc in Richard Connon’s laboratory, Dr. 
Bryan Cole, is trying to determine if there are any sequences that correspond to this 
gene within Menidia.  We will give Bryan a little time to determine this on his own.  

4. We have developed Q-PCR assays for ERa, ERb, Vtg, GAPDH and RL8 (see Fig 2) and 
are in the process of developing Q-PCR assays for all of the other genes listed above.  
We expect to have these completed by mid December. 
 
Collaboration with Susanne Brander and Richard Connon:  Richard Connon, in 
collaboration with Susanne Brander, has sequenced a transcriptome for Menidia 
berrylina and as part of a collaboration with us, they have agreed to share their data.  
We have already received sequences for several genes that we will use for our study.  
We will use the funds allocated in the SFEI project for high throughput sequencing plus 
additional funds from Richard Connon to do an RNA-Seq experiment with early life stage 
Menidia exposed to all of the contaminants in our project including E1, BPA, NP and 
galaxolide and add E2 and bifenthrin (these last two paid by Richard Connon).  These 
early life stages will all be exposed at equivalent estrogen concentrations to see whether 
the same overall gene expression patterns are observed.  One issue we may have with 
galaxolide and bifenthrin is that they both may also work as anti-estrogens at 
environmental concentrations.   We have delayed this experiment in order to check that 
aspect of these two chemicals first.   If indeed we can conclude that they may be acting 
as anti-estrogens, then we will test their effects in vivo with that in mind and expose early 
life stages with them (at concentrations found in the environment) and in addition with E2 
added at the same concentration as above.   
 

  

 
 
Figure 1:  PCR verification of primers for (A) Vtg, ERa, ERb, AR and (B) CYP1A. 
Total RNA was extracted from adult Menidia fish liver tissues and, following reverse 
transcription, Vtg, ERa, ERb, AR and CYP1A were PCR-amplified from cDNA.  
 
 
 
 

A B 



Item #4: Bioanalytical Tools Update  Page 3 of 7 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Task 3: Laboratory tests: Early life stage 
and juvenile exposures and in 
vitro bioassays 

 CSD + 9 months 

There were two parts for this task; one was the development of the in vitro assays to determine 
EC50’s for each of the estrogens and to use this comparison for getting equal estrogenic 
exposures for the different chemicals and the other was to develop the in vivo assays.  Except 
for galaxolide, which we just received, the in vitro assays are complete.  

ER alpha ER beta 

VTG1 
RLP8 

GAPDH 

Figure 2.  Q-PCR assays validation for 
ERalpha, ERbeta, Vtg1 and two 
housekeeping genes, RLP8 and GAPDH.  
Efficiency of the reaction should be between 
95% and 105% to be useable for measuring 
changes in gene expression.   
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For this set of experiments, the plan was to set up exposures for two sensitive windows:  Early 
Life Stages – 10 days to 17 days post hatch, and juveniles 50 days to 60 days post hatch.   The 
ELS experiment was to parallel an EPA approved protocol that measures growth and survival.  
We would add the sublethal end points – by looking at 5 genes that are important for 
development.   The juvenile assay was to measure the time during which gonads differentiate in 
Menidia.   Again, our plan was to measure growth and gene expression endpoints including 
vitellogenin and if possible, plasma hormones.  
 
A.  In vitro Bioassays 

1. In vitro Bioassays:  E2/EE2, E1, 4-NP, BPA, bifenthrin and galaxolide   
We have completed InVitrogen GeneBlazer assays with the chemicals listed above 
except for EE2 and galaxolide.  We have just received galaxolide from Dan Schlenk as 
part of another collaboration we have set up for this project.  Figure 2 shows the results 
of the GeneBlazer assays.  EE2 will be performed soon. EE2 is our positive control and 
therefore we need to know how it performs in the bioassay as well. 

2. Galaxolide was too expensive to buy from commercial vendors; however, a colleague of 
Dan Schlenk’s, Dr. John Rimoldi, University of Mississippi, was able to synthesize some 
for this project.  We have agreed to collaborate with Dan Schlenk for in vivo exposures. 

3. We ran the assays both in agonist and antagonist mode. Bifenthrin showed a significant 
antagonism at low concentrations.  

4. We calculated EC50’s for E2, E1, and 4NP 

Table 1.   EC50 values for tested chemical  
Chemical EC50 (M) 
E2 7.9E-11 
Estrone 2.52E-10 
4Nonylphenol 8.57E-8 

BPA 4.7E-7 
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Figure 3A: Dose response of ERα GripTite Division Arrested cells to strong and weak ER 
agonists. Cells were plated in triplicate in 96-well clear bottom plates and dosed with strong 
and weak ER agonists for 18 h in the presence of 0.5% DMSO, loaded with LiveBLAzer™-
FRET B/G substrate (2 h), and fluorescence emission was recorded at 460 and 530 nm using a 
BioTek Synergy H1 Hybrid Reader. 
 

 

 
 
 
 
B.  Juvenile assays (Denslow group) – We performed a preliminary test with E2 – with 4 
concentrations, half log apart (3, 10, 30 and 100 ng/L).   The preliminary pilot test was 
performed with 50 day old fish (as our protocol indicated to capture the time of gonadal 
differentiation) and the exposures were for 10 days.   We found that the fish varied a lot in their 
size at the time of take down and were not able to get livers separated from all the fish.  Thus 
we took whole fish for QPCR analysis for this first try.   After take down, we kept some of the 
fish from each condition, transferred them to clean water and will check their sex ratio, gonadal 
sex differentiation and Vtg levels as adults.   However, we plan to repeat this experiment and 
extend the exposure time to 20 days so that we can have larger fish on average and be able to 
extract livers.   This modification will go into our next experimental design.    
       
Experimental results:  We were able to see Vtg go up in whole fish but only at the100 ng/L 
concentration (see Figure 3). Interestingly, when we conducted Q-PCR’s for Chg we could see 
elevated Chg levels in whole fish at much lower concentrations of E2, starting at 3, 30 and 100 
ng/L compared to vehicle control (see Figure 3).  This is consistent with data obtained by 
Susanne Brander.   
  

 
 
 

Figure 3B: GeneBlazer ERα antagonistic assay 
for Estrone, 4Nonylphenol and Bifenthrin. Cells 
were plated in triplicate in 96-well clear bottom 
plates and dosed a mixture of E2 (0.2 nM E2 final 
concentration in wells) with respective 
concentrations of those chemicals for 18 h in the 
presence of 0.5% DMSO, loaded with 
LiveBLAzer™-FRET B/G substrate (2 h), and 
fluorescence emission was recorded at 460 and 530 
nm using a BioTek Synergy H1 Hybrid Reader. The 
Blue/Green ratio of 0.2 nM E2 alone is given for the 
comparison. 
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Figure 4. Treatment of Menidia juveniles with different levels of E2 results in elevated 
levels of vitellogenin (vtg) and Choriogenin L (Chg).  Menidia juveniles (~ 50 days old) were 
continuously exposed to water-borne E2 (3, 10, 30 and 100ng/L) for 10 days (with 50% static 
renewals everyday) and were sacrificed after 10 days of exposure. Total RNA was extracted 
from whole-body homogenates and, following reverse transcription, Vtg and Chg were PCR-
amplified from cDNA template using q-PCR. GAPDH was used as an internal control. Fold 
change data are mean ± standard deviation relative to vehicle control.   
 
C.  ELS assays  (SCCWRP group) were conducted using 10-day-old larvae following the EPA 
protocol. A 7-day exposure was conducted with seawater (control), 0.02% methanol (solvent 
control), 10, 30, 100 and 300 ng E2/L and 10 ng EE2/L as positive control. E2 concentrations 
were selected based on observations from the E2 exposure of juveniles conducted at UF. The 
endpoints of the ELS assay were growth (measured as dry weight) and survival. On day 0, a 
sample of fish was used to calculate the average dry weight per larvae. On day 7, the surviving 
larvae were preserved in liquid nitrogen and will be sent to UF for QPCR analyses. Subsamples 
of fish were used to estimate the mean dry weight per larvae for each treatment, 
 
Experimental results: Exposure to E2 had no significant effects on survival or growth (see Table 
2). However based on the QPCR results for the juveniles, we expect to see some effects at the 
molecular level.   
 
Table 2: Summary data for 7-day exposure of Menidia larvae to various concentrations of 
17-beta estradiol. 
 

 
 

Treatment
Seawater 

control

Methanol 

control

10 ng/L 17β- 

estradiol

30 ng/L 17β- 

estradiol

100 ng/L 17β- 

estradiol

300 ng/L 17β- 

estradiol

10 ng/L 

ethinylestradiol

Survival (%) 87.8 92.7 89.7 89.8 90.1 87.0 93.6

Sig diff from control 

(one-way ANOVA)
No No No No No No No

Mean dry wt/larvae 

(mg) +SD
0.64 + 0.17 0.68 + 0.17 0.62 + 0.21 0.65 + 0.18 0.67 + 0.10 0.80 + 0.07 0.77 + 0.06

Sig diff from control 

(one-way ANOVA)
No No No No No No No

Mean temp. (ᵒC) 25.1 25.1 25.0 25.1 25.1 25.1 25.0

Mean salinity (ppt) 15.2 15.1 15.2 15.1 15.1 15.1 15.1

Mean DO (mg/L) 7.19 7.00 6.91 7.22 6.90 7.10 6.93

Average pH 8.29 8.18 8.11 8.19 8.20 8.20 8.17
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D. Chemical analysis -- In the next set of samples, we will collect water from the actual 
exposures, put them through a C18 column and each laboratory will measure actual 
concentrations of E2 by ELISA and for other test chemicals actual concentrations will be 
determined by Keith Maruya at SCCWRP.  
 
E.  Time line for remaining tasks.  
We would like an extension to June 30 to deliver the final report for year 1 activities.  


