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Abstract

The recent dramatic increase of the prevalence and range of amphibian host species and
populations infected by ranaviruses such as Frog Virus 3 (FV3) raises concerns about the
efficacies of amphibian antiviral immunity. In this context, the potential negative effects of water
contaminants such as the herbicide atrazine, at environmentally relevant levels, on host antiviral
immunity remains unclear. Here we describe the use of the amphibian Xenopus laevis as an
ecotoxiciology platform to elucidate the consequences of exposure to ecologically relevant doses
of atrazine on amphibian antiviral immunity. X. laevis were exposed at tadpole and adult stages as
well as during metamorphosis to atrazine (range from 0.1 to 10.0 ppb) prior to infection with FV3.
Quantitative analysis of gene expression revealed significant changes in the pro-inflammatory
cytokine, TNF-a and the antiviral type | IFN gene in response to FV3 infection. This was most
marked in tadpoles that were exposed to atrazine at doses as low 0.1 ppb. Furthermore, atrazine
exposure significantly compromised tadpole survival following FV3 infections. In contrast, acute
atrazine exposure of mature adult frogs did not induce detectable effects on anti-FV3 immunity,
but adults that were exposed to atrazine during metamorphosis exhibited pronounced defects in
FV3-induced TNF-a gene expression responses and slight diminution in type | IFN gene
induction. Thus, even at low doses, atrazine exposure culminates in impaired development of
amphibian antiviral defenses.
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1. Introduction

As the result of increasing global prevalence of infections of poikilothermic vertebrates by
pathogens belonging to the Ranavirus genus (RV, Iridoviridae) and the alarming spread of
RVs such as Frog Virus 3 (FV3) to new hosts, these pathogens are now receiving
considerable attention as commercially and ecologically-relevant etiological agents (Bandin
and Dopazo, 2011; Chinchar, 2002; Chinchar et al., 2009; Greer et al., 2005; Jancovich et
al., 2010). While this recognition has focused scientific attention on amphibian host
immunity, it also highlights the growing concerns that other stressors, such as water
contamination may increase host susceptibility to disease, thus providing an additional
explanation for the emergence of infectious agents such as RVs (Collins and Storfer, 2003).

Atrazine (2-chloro-4-ethylamino-6-isopropyl-amino-s-triazine) is is a broad-spectrum
herbicide that has been globally distributed and has a propensity to reach water sources via
agricultural runoffs. The U.S. Environmental Protection Agency (EPA) maintains a
maximum contaminant level (MCL) for atrazine at 3 parts-per-billion (ppb; 3 pg/L) in
drinking water (Environmental Protection Agency, 2012), but atrazine levels exceed this
limit in certain water sources (Environmental Protection Agency, 2013; Shipitalo and
Owens, 2003). Moreover, exposure to ecologically relevant atrazine concentrations has been
linked to pathological conditions across several vertebrate classes. Such exposure in rodents,
for example, affects the population dynamics and function of several immune cell subsets
(Filipov et al., 2005; Rooney et al., 2003; Rowe et al., 2006; Zhao et al., 2013). Given their
aquatic nature, amphibians are likely to be exposed regularly to any water contaminants and
therefore are more susceptible to potential adverse health effects resulting from these
exposures. Indeed, atrazine has previously been described as an amphibian endocrine
disruptor at concentrations below the MCL (Hayes et al., 2002; Hayes et al., 2010; Rooney
et al., 2003). These observations raise the question of whether there are other possible
physiological consequences of exposure including alterations to host defense mechanisms.
Several studies support this idea. For instance, a 2010 meta-analysis performed in 2010 on
27 studies of amphibian and fish species revealed consistent sub-lethal deleterious effects on
immune function (Rohr and McCoy, 2010). Particularly notable were associations between
levels of exposure atrazine approaching, at, or below current standards and diminished
peritoneal leukocyte number, reduced phagocyte activities, and increased susceptibility to
pathogens (Brodkin et al., 2007; Christin et al., 2013; Forson and Storfer, 2006).

In addition to gaps in understanding the direct immunomodulatory effects of atrazine, the
long-term implications of exposure to atrazine, and many other waterborne environmental
contaminants, remain unclear. Much of aforementioned work was conducted using
immunologically mature animals. While this approach is valuable and informative, several
recent studies suggest that exposure to low levels of environmental agents during critical
periods of development do not cause obvious immediate effects; rather, they set the stage for
altered pathophysiology later in life. Given its strength as an FV3 infection model (Chen and
Robert, 2011; De Jesus Andino et al., 2012; Morales et al., 2010), the frog Xenopus laevis
further lends itself as an ecologically, economically, and physiologically relevant platform
with which to study the consequences of atrazine exposure at different developmental
periods on aquatic vertebrate antiviral immunity. Thus, in the work reported herein, we
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tested the hypothesis that tadpole exposure to current environmental levels of atrazine result
in long lasting, deleterious effects on the development of amphibian antiviral immunity, thus
increasing susceptibility to pathogens such as FV3.

To address the effects of low dose atrazine exposure on amphibian antiviral immune
responses, three life stages (tadpoles, metamorphic, and adults) of X. laevis were exposed to
this herbicide and the capacities of exposed animals to upregulate expression of immuno-
relevant genes (TNF-a, Type | IFN, Mx1, IL-1f8, IFN-y, IL-10, CSF-1) following infection
with FV3 was assessed.

2. Materials and Methods

2.1. Animals

2.2. Atrazine

All outbred Xenopus laevis tadpoles and adult frogs were acquired from the X. laevis
research resource for immunology at the University of Rochester (http://
www.urmc.rochester.edu/mbi/resources/Xenopus/). For tadpole survival and expression
experiments, stage 50 and 56 tadpoles were used, respectively (Nieuwkoop and Faber,
1967). One-year-old frogs were used for all adult experiments. All animals were handled in
accordance with stringent laboratory and University Committee on Animal Research
regulations (Approval number 100577/2003-151).

Atrazine (Chem Service Inc.) was dissolved in DMSO to create an initial stock solution
from which subsequent working solutions were prepared. A concentration of DMSO
equivalent to the highest dose of atrazine was used as a control in all experiments. Fresh
atrazine (or DMSO control) was reapplied with each water change for exposures lasting
longer than 7 days.

2.3. Frog Virus 3 stocks and infection

Fathead minnow cells (FHM; American Type Culture Collection, ATCC No.CCL-42) used
for virus production were maintained in DMEM (Invitrogen) containing 10% fetal bovine
serum (Invitrogen), streptomycin (100ug/ML), and penicillin (100 U/mL) at 30°C with 5%
CO,. FV3 was grown using a single passage through FHM cells and was subsequently
purified by ultracentrifugation on a 30% sucrose cushion. Plaque assays on a FMH
monolayer were used to quantify FV3. For tadpole infections by water bath, tadpoles were
exposed to 5x108 plaque forming units (PFU)/mL of FV3 in 4 mL of clean water for 1 hr.
For intraperitoneal (i.p.) infection, tadpoles were injected with 5x104 plaque forming units
(PFU) of FV3 in 10puL aliquots of amphibian phosphate buffered saline (APBS). Post-
metamorphic froglets were infected by i.p. injection of 1x10° PFU in 20pL, while adult frog
infections were performed using 1x10% PFU FV3 in 100uL. For all i.p. infections,
uninfected control animals were mock-infected (i.p.) with an equivalent volume of APBS.

2.4. Atrazine exposure and FV3 challenge

Stage 54-56 tadpoles were exposed to 0.0, 0.1, 1.0, 10.0 ppb atrazine in 1.5L containers; 12
animals per treatment (Fig. 1). Adult frogs were exposed to 0.0, 1.0, 10.0 ppb atrazine in
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400mL of water for one week and either injected with APBS (mock-infection; 3 animals/
treatment) or infected with FV3 (5 animals/treatment). Six days post infection (dpi), animals
were euthanized by overdose of MS-222 and kidneys were extracted. For metamorphosis
studies, stage 56 tadpoles were exposed to atrazine (1.0 ppb) atrazine or DMSO control in
1.5L water until the completion of metamorphosis, at which point the resulting froglets were
removed and acclimatized in clean water for 3 weeks before mock or FVV3 infection.
Animals were euthanized using MS-222 at 6 dpi for kidney extraction (Fig. 1, bottom
panel).

2.5. Tadpole survival studies

Two independent FV3 survival experiments were conducted, in which animals were infected
by either water bath or i.p. injection. In both experiments, 40-44 stage 50 tadpoles were
distributed equally across 4 treatments; 0.0, 0.1, 1.0, 10.0 ppb atrazine in 1.5L of water.
Following one week of exposure, tadpoles were infected with FV3, either via water bath
infections (in 4 mL of water containing 5x10% PFU/mL FV3 for 1h) or by i.p. inoculation
and moved to 1.5L of clean water for monitoring. Tadpoles were checked daily; dead
animals were immediately removed, frozen, and stored at —20°C.

2.6. Quantitative gene expression analyses

RNA and DNA were extracted from frog kidneys using Trizol reagent, as per the
manufacturer’s protocol (Invitrogen). DNA was isolated from tadpole carcasses by
DNAEasy Blood & Tissue kit (Qiagen). RNA was treated with DNAse (Ambion), and 500
ng of treated RNA was used to synthesize cDNA (iScript cDNA synthesis kit; Bio-Rad,
Hercules, CA).

The gRT-PCR analysis was performed using the ABI 7300 real-time PCR system with
PerfeCT SYBR Green FastMix, ROX (Quanta) and ABI sequence detection system software
(SDS). GAPDH endogenous control was used in conjunction with the delta*delta CT
method to analyze cDNA for gene expression. FV3 viral loads were assessed by absolute
gRT-PCR by analysis of isolated DNA in comparison to a serially diluted standard curve.
Briefly, an FV3 DNA Pol Il PCR fragment was cloned into the pGEM-T vector (Promega).
This construct was amplified in bacteria, quantified and serially diluted to yield 1010-101
plasmid copies of the vDNA POI 1l. These dilutions were employed as a standard curve in
subsequent absolute gRT-PCR experiments to derive the viral genome transcript copy
numbers, relative to this standard curve. All primer sequences are listed in Table 1.

2.7. Statistical analysis

The Mann-Whitney U and ANOVA test were used for statistical analysis of expression and
viral load data. Analyses were performed using a Vassar Stat online resource (http://
vassarstats.net/utest.ntml). Statistical analysis of survival data was performed using a Log-
Rank Test (GraphPad Prism 6). A probability value of p<0.05 was used in all analyses to
indicate significance.
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3. Results

3.1. Atrazine exposure enhances X. laevis tadpole susceptibility to FV3 infection

To assess whether acute atrazine exposure influences tadpole susceptibility to FV3 infection,
we exposed Stage 50 tadpoles to atrazine for 1 week, then infected them with FV3 via either
water bath or by i.p. injection and then monitored animal survival (Fig. 1). Both routes of
infection significantly reduced survival of tadpoles exposed to 10 ppb atrazine when
compared to tadpoles in the respective control groups, indicating that exposure to atrazine
increased susceptibility to FVV3 (Fig. 2A, B). Survival was also significantly reduced
following i.p. FV3 inoculation of tadpoles that had been exposed to 1 ppb of atrazine. No
discernible effects were observed following animal exposure with the lowest atrazine dose,
regardless of the route of infection. Collectively, these data suggest that atrazine modulates
tadpole host resistance to FV3 infection in a dose-dependent manner.

We next determined whether short-term exposure to atrazine influences the expression of
signature antiviral genes in pre-metamorphic tadpoles (stage 55-56) infected with FV3.
Specifically, at 6 days post-infection (dpi), which correspond to the peak of anti-FV3
immune response (De Jesus Andino et al., 2012), gene expression in kidneys (main target
organ of FV3 in Xenopus (De Jesus Andino et al., 2012)); was assessed by qRT-PCR. To
control for the degree of FV3 infection, the virus load was determined for each tadpole by
absolute gRT-PCR analysis of FV3 DNA Pol Il on total DNA. Virus load did not differ
significantly across treatment groups (Fig. 3A). Notably, expression of both TNF-a and
Type I IFN genes was significantly and drastically decreased in infected tadpoles that had
been exposed to 0.1, 1.0 and 10 ppb of atrazine, as compared to controls (Fig. 4). Although
change in expression of the Type | IFN-inducible Mx1 was not statistically significant in
atrazine-exposed FV3-infected groups relative to sham-atrazine exposed tadpoles, there was
a trend of lower FV3-induced Mx1 gene expression along with higher dose of atrazine. A
similar tendency of lower FV3-induced expression of the macrophage growth factor CSF-1
gene with higher dose of atrazine exposure was noted, albeit not statistically significant (Fig.
4). The expression of the anti-inflammatory Interleukin-10 (IL-10) gene upon FV3 infection
was not affected by atrazine treatment (Fig. 4). Likewise, the gene expression of IFN-y and
IL-1B were not significantly altered by any conditions described here (data not shown). We
also noted a statistically significant decrease of the basal gene expression of TNF-a in
tadpoles exposed at 0.1 ppb atrazine as well as IL-10 at all doses (Fig 4, V).

3.2. Acute atrazine exposure results in only minimal alteration of antiviral gene expression
in adult frogs

Given the effects of acute atrazine exposure on tadpole antiviral immunity, we next
determined whether the same exposure program would have a similar effect on antiviral
immunity of mature adult frogs. Accordingly, 1 year-old frogs were exposed to 1.0 or 10.0
ppb atrazine in their water, and then infected with FVV3. No adult frogs died from FV3
infections throughout the course of these experiments (data not shown). Also, at 6 dpi, the
kidney viral titers (as measured by gRT-PCR) of these FV3-inoculated frogs did not
significantly differ across different treatments (Fig. 3). Moreover, at 6 dpi, there were no
statistically significant differences in TNF-a gene expression as compared to adult frogs
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exposed to DMSO controls (Fig. 5). Similarly, FV3-induced Type | IFN and Mx1 gene
expression levels were not affected by atrazine exposure. It is noteworthy that there was
individual variation in the expression of these genes among infected frogs, which may
explain why the apparent decrease in Mx1 expression in infected animals exposed to 10 ppb
of atrazine did not reach statistical significance.

3.3 Exposure to atrazine during metamorphosis alters effective antiviral gene expression

responses

Since exposure of tadpoles to atrazine resulted in changes in anti-FV3 immune gene
expression, whereas the same exposure did not markedly affect adult frogs, we next
examined if atrazine exposure during metamorphosis, a key developmental transition, would
lead to discernible changes in immune responses to FV3 infection in post-metamorphic
frogs. To this end, pre-metamorphic tadpoles (Stage 56) were exposed to atrazine (1.0 ppb)
throughout metamorphosis (~4—6 weeks) until its completion (complete tail resorption and
front limb development; stage 66; (Nieuwkoop and Faber, 1967)]) at which time the frogs
were permitted to recover for 3 weeks in clean water (Fig. 1). Subsequently, frogs were
infected (ip) with FVV3 and immune gene expression in kidneys was assessed at dpi 6 (Fig.
6). The viral loads were not significantly different between the above treatment groups (Fig.
3). However, FV3-elicited TNF-a gene expression was significantly reduced in adult frogs
that had been previously exposed to 1.0 ppb of atrazine during metamorphosis (Fig. 6).
Indeed, TNF-a expression following 1.0 ppb exposure was only barely above the level in
uninfected controls, whereas it was markedly increased in DMSO-exposed infected frogs.
This suggests long-lasting effects of exposure during development on post-metamorphic
ability to mount certain inflammatory responses to RV infection. Although the expression
responses of the type | IFN gene were attenuated in the atrazine-exposed groups, this
decrease was not statistically significant (Fig. 6). Similarly, Mx1 gene expression responses
to FV3 infections exhibit a slight decrease in atrazine-exposed animals that did not reach
statistical significance, whereas IL-10 expression was unaffected (Fig. 6).

4. Discussion

The threat to amphibian populations represented in the emerging ranavirus pathogens are
compounded by ecotoxicological contaminants (Bandin and Dopazo, 2011; Chinchar, 2002;
Chinchar et al., 2009; Greer et al., 2005; Jancovich et al., 2010). Considering that exposure
to water pollutants may be further decreasing the capabilities of these species to thwart
immune challenges. Indeed, as a common water pollutant, atrazine may well be contributing
to amphibian immune susceptibility and hampering the ability of aquatic vertebrates to
effectively clear infectious agents such as FV3. The deleterious effects of acute atrazine
exposure on amphibian physiology are well documented (Brodkin et al., 2007; Christin et
al., 2013; Forson and Storfer, 2006; Rohr and McCoy, 2010). The present work underlines
that even acute exposure to atrazine concentrations below current standards has negative
impacts on the abilities of developing animals to elicit pro-inflammatory, innate, and
antiviral immune responses to viral pathogens. Notably, as is the case with most anuran
species, the X. laevis tadpoles are naturally more susceptible to FV3 infection than adults,
where the latter typically clear and survive infection (Gantress et al., 2003; Gray et al., 2009;

Dev Comp Immunol. Author manuscript; available in PMC 2015 November 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Sifkarovski et al.

Page 7

Gray et al., 2007; Mazzoni et al., 2009). The significantly decreased mean survival of
atrazine-exposed, FV3-infected tadpoles further emphasizes the adversity that the exposure
to this pollutant has on the development of successful anti-RV tadpole immunity. These
findings are not surprising, considering that atrazine exposure causes deficiencies in both the
pro-inflammatory (TNF-a) and the antiviral (type I IFN) components of developing animals.
It is alarming, however, that these adverse effects were seen even at doses as low as 0.1 and
1.0 ppb (10 to 100 time below the EPA standard). Further analysis at different time points
after infection and of additional physiologically relevant organs and tissues may lend more
insight into the immuno-toxicological consequences of amphibian atrazine exposure.

The TNF-a response appears to be of importance to the Xenopus antiviral immunity
considering the robust upregulation of this gene in adult frogs upon FV3 infection (Morales
et al., 2010), and the subsequent cellular NF-xB activation (Mawaribuchi et al., 2008).
Notably, the Xenopus tadpole upregulation of the TNF-a gene expression during FV3
infections is substantially delayed and more modest compared to adult frogs (De Jesus
Andino et al., 2012). This poor pro-inflammatory inefficiency is believed to contribute to the
relative tadpole susceptibility to RVs (De Jesus Andino et al., 2012). Thus, the additional
defect in TNF-a gene responses to FV3 likely contributes to the decreased survival rates of
these animals in the face of FV3 challenge. Furthermore, the intact expression response of
the IL-10 gene may further compound any proinflammatory defects resulting from atrazine
exposure. This is noteworthy considering the potent anti-inflammatory nature of 1L-10
(Seppola et al., 2008; Standiford et al., 1995) combined with the fact that many pathogens
not only benefit from, but also actively elicit this immunosuppressive mediator as part of
their immune evasion strategies (Redpath et al., 2001). Indeed, as our results indicate, FV3
infection of tadpoles (control of atrazine-exposed) results in significant increases of IL-10
expression, although at present it is unclear whether this anti-inflammatory response is
actively elicited by the virus or the host. Regardless, the atrazine-induced defects in the
tadpole TNF-a response, combined with the fact that the anti-inflammatory 1L-10
component remains intact and is elevated upon infection likely converge in further
dampening of any potential inflammatory responses to FV3.

Similarly to the atrazine-treated tadpoles, froglets exposed to atrazine during metamorphic
development also exhibited severely impaired TNF-a gene responses to FV3 infections.
This indicates that exposure to doses as low as 1.0 ppb (10x below EPA MCL) confers
broad deleterious effects to the development of the amphibian immunity. As alluded to
above, a potent, timely TNF-a response to FV3 infections is thought to be a critical
determinant of the efficacies in X. laevisadult RV clearance (De Jesus Andino et al., 2012).
Thus, the lasting deleterious effects to this pro-inflammatory response observed following
atrazine exposure of metamorphing animals is especially alarming, considering the
ramifications of such a defect to the capacity of atrazine-exposed amphibians to clear
emerging pathogens such as RVs.

Antiviral properties of the type | interferon response are well characterized in mammals

(Durbin et al., 2000; Muller et al., 1994). We have recently identified a Xenopus type | IFN
homolog and have demonstrated that this amphibian cytokine is a potent antiranaviral agent
(Grayfer et al., 2014). Notably, our findings indicate that the tadpole type | IFN response to
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FV3 is considerably more modest and delayed as compared to adult frogs; presumably
accounting at least in part for the tadpole susceptibility and adult frog resistance to RVs
(Grayfer et al., 2014). Thus, the atrazine-conferred dramatic defects to this type | IFN
responses add up to the retarded pro-inflammatory tadpole susceptibility to RV infections.
Although the defect of anti-FV3 type | IFN gene expression response resulting from atrazine
exposure during metamorphosis did not achieve statistical significance, the trend in
decreased response compared to control cohorts is suggestive of weaker antiviral defenses.

Notably our tadpole survival studies indicate that atrazine-exposed animals are much more
susceptible to, and more readily succumb from FV3, than respective controls. Furthermore,
we have recently demonstrated that F\/3 pathology and infection-related mortality is not
directly linked to viral loads, where even low viral titers are sufficient to culminate in
tadpole deaths (Grayfer et al., 2014). Thus, ultimately immune control and clearance of RVs
may be much more crucial to amphibian survival in the face of FVV3 challenge; wherein the
compromise to amphibian immune parameters responsible for this control would be
detrimental, as reported here for atrazine-exposed, immuno-compromised X. laevis. It is of
note that tadpole exposed to 0.1 ug/L of atrazine and then virally challenged by water bath
actually faired better than animals reared in clean water prior to FV3 challenge by this route.
Considering some studies suggesting that atrazine may exacerbate inflammatory outcomes
(Rayner et al., 2007; Stanko et al., 2010), it is possible that at this combination of lower dose
and infection route, the inflammatory response elicited by virus may actually have been
further intensified by the atrazine-induced toxicity resulting in better viral clearance. Indeed,
although our findings suggest that the tadpole kidney anti-FV3 inflammatory response is
severely compromised by atrazine exposure, the peripheral inflammatory response may be
exaggerated by this same exposure. Alternatively, atrazine toxicity may result in the
selective loss of peripheral tadpole cell populations targeted by the virus, which would also
manifest in enhanced tadpole survival on the account of decreased capacity of FV3 to infect
these animals.

The present findings clearly indicate that even at doses well below MCL standards, atrazine
exposure results in severe and chronic defects to the development and efficacies of the
amphibian antiviral immune defenses. Where previous studies have demonstrated adverse
effects of high doses (400 ppb) of atrazine on X. laevis tadpole immunity (Langerveld et al.,
2009), it is striking to consider that, as reported here, acute exposure at doses as low as 0.1
ppb are sufficient to significantly hinder antiviral responses and immune development. Our
findings underline the severity with which exposure to common water pollutants such as
atrazine may be afflicting aquatic populations; warranting the reevaluation of the common
policies regarding certain agricultural practices and their short and long-term ecological
consequences.
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FIG 1.

Schematic of treatment strategy. (A) Acute treatment of tadpoles or adults.(B) Treatment of

animals during metamorphosis.
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FIG 2.
Survival curve of FV3-infected tadpoles (stage 50-52) that were exposed for 1 week to 0,

0.1, 1.0 or 10 ppb atrazine. (A) Water bath infection. (B) Infection by intra-peritoneal (i.p.)
injection. Survival was monitored for 50 days following infection, during which tadpoles
were checked daily. Groups of water bath-infected animals contain between 6 and 10
individuals (0.0 ppb, N=10; 0.1 ppb, N=9; 1.0 ppb, N=10; 10.0 ppb, N=6) and groups of i.p.
infected animals each contain 11 (N=11). Statistical significance: (*) P<0.05 and **
P<0.005 (Log Rank Test).
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FV3 copy number 6 days after F\VV3 infection as determined by absolute gRT-PCR. (A)
Individual carcasses of tadpoles that were exposed for 1 week to 0, 0.1, 1.0 or 10 ppb

atrazine (N=4; 6; 4; 2); (B) Kidneys of adults that were exposed for 1 week to 0, 1 or 10 ppb

atrazine (N=5; 4; 4); (C) Kidneys of adults that were exposed to atrazine during

metamorphosis to 0 or 1.0 ppb atrazine (N=5; 11). Horizontal bars denote means. There was

no statistical difference between treatment groups and controls (ANOVA and Mann-

Whitney U Test).
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[ ] APBs
. FV3

Quantitative gene expression analysis by gRT-PCR in stage 56 X. laevis tadpole kidneys for
TNF-a, IL-10, CSF-1, Type | IFN, Mx1, 6 days after i.p. injection with either F\V3 or mock-
infection with APBS. Results are means + SEM comprised of 5 to 6 individuals per group
and are representative from two different experiments. Statistical significance (ANOVA):
(*) P<0.05, ** P<0.005, *** P<0.001 (V) Denotes significant decrease (P<0.05) of basal
gene expression in uninfected, atraizine-treated animals compared to non-atrazine exposed
controls. Gene expression is represented as fold increase (RQ: relative quantification)
relative to GAPDH endogenous control and standardized to uninfected non-atrazine exposed

controls (fixed as 1).
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Quantitative gene expression analysis by gRT-PCR in 1-year old X. laevis adult kidneys for
TNF-a, Type | IFN, Mx1 6 days after i.p. injection with either F\V3 or mock-infection with
APBS. Results are presented as means + SEM from mock-infected (N=3/group) and
infected frogs (N=4-5/group). Statistical significance (ANOVA): (*) P<0.05 between non-
infected and infected sham-atrazine exposed controls. There was no statistical difference
between atrazine exposed and sham-exposed infected groups. Gene expression is
represented as fold increase (RQ: relative quantification) relative to GAPDH endogenous
control and standardized to uninfected non-atrazine exposed controls (fixed as 1).
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FIG 6.
Quantitative gene expression analysis by gRT-PCR in post-metamorphic X. laevis kidneys

for TNF-a, 1L-10, Type | IFN, Mx1 6 days after i.p. injection with either FV3 or mock-
infection with APBS. Results are means + SEM from 2-5 individuals in mock-infected
groups (N=2-5), from 3 to 4 individuals per infected control group (N=3-5), and from 7 to
10 individuals per infected exposed group (N=7-10). Statistical significance (ANOVA): (*)
P<0.05. Gene expression is represented as fold increase (RQ: relative quantification) relative
to GAPDH endogenous control and standardized to uninfected non-atrazine exposed
controls (fixed as 1).
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Table 1
Primer Name Sequences
FV3 DNA Pol Il | F: 5-AACCCTCGCCTGGCATCTA -3/
R: 5-TGGTGGTCCTCAGCATCCT -3/
TNFa F: 5-TGTCAGGCAGGAAAGAAGCA -3/
R: 5-CAGCAGAGCAAAGAGGATGGT -3
Type | IFN F: 5-GCTGCTCCTGCTCAGTCTCA-3
R: 5-GAAAGCCTTCAGGATCTGTGTGT-3
MX1 F: 5-AGGAGTGGTCAACAGGAGCC -3
R:5-TGTTCCGCCGCTGTTCCTCT -3/
IL-10 F: 5-TGCTGGATCTTAAGCACACCCTGA -3/
R: TGTACAGGCCTTGTTCACGCATCT -3
CSF-1 F: 5-ATCGAACTCTGTCCAAGCTGGATG -3
R: 5-GGACGAAGCAAGCATCTGCCTTAT -3
IFN-gamma F: 5-CTGAGGAAATACTTTAACTCCATTGACC -3’
R: 5-TTGTAACATCTCCCACCTGTATTGTC -3’
IL-1p F: 5-CATTCCCATGGAGGGCTACA -3’
R: 5-TGACTGCCACTGAGCAGCAT-3
GAPDH F: 5-GACATCAAGGCCGCCATTAAGACT -3

R: 5-AGATGGAGGAGTGAGTGTCACCAT -3
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