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Abstract 

 
Since the banning of polybrominated diphenyl ethers (PBDEs), the use of alternative 

flame retardants such as triphenyl phosphate (TPP) has greatly increased. TPP is an 

organophosphate flame retardant that is added to a wide variety of consumer and industrial 

products. TPP has been found present across all environmental compartments, yet there remains 

limited knowledge on the toxicological profile and the environmental implications of its 

widespread use. Some studies suggest that TPP may operate as an endocrine and metabolic 

disruptor as well as causing possible developmental toxicity, which indicates the possibility for 

toxicity to occur in future generations via epigenetic modifications. This study aimed to establish 

a model to evaluate epigenetic toxicity following TPP exposure in aquatic ecosystems, using the 

immortal trout (Oncorhynchus mykiss) cell lines STE-137 (derived from steelhead trout 

embryonic tissue) and RTG-W1 (derived rainbow trout gill epithelial tissue). Specifically, this 

study was designed to investigate the occurrence of histone H3 acetylation, an epigenetic 

modification. Due to difficulties in the growth and maintenance of STE-137 and RTG-W1, a 

portion of this study uses CD57BL/6 fetal mouse tissue to establish protocols that can be applied 

in future studies to investigate changes to histone H3 acetylation in STE-137 and RTG-W1 cell 

lines following exposure to TPP. Preliminary histone analysis results using liver tissue from 

CD57BL/6 fetal mice exposed to either 0, 5, 25, or 50 mg/kg of TPP in utero indicated that there 

was no significant difference in H3 acetylation at any treatment group dose compared to control, 

but a non-significant trend of increased acetylation with increased dose was observed.  The 

results from the future application of this model may be important in order to guide policy 

decisions on the use of TPP, seeing as TPP is not currently monitored on any federally regulated 

substances list in Canada.  
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Introduction and Literature Review 

Background and History 
 

Flame retardants are a group of chemicals that are used to prevent combustion and the 

spread of fire after ignition. Flame retardants are added to a variety of consumer and industrial 

products in order to meet flammability safety standards. These products include textiles, 

plasticizers, electronics, foam, bedding, furniture, lubricants, greases, building materials and 

insulation (van der Veen and de Boer, 2012). Flame retardants are commonly in the form of 

adherent powder on the surface of products they are added to and act to reduce flammability by 

interfering with the material’s combustion. When exposed to high heat, the flame retardant will 

decompose prior to the material that it is protecting, thus delaying the onset of combustion 

(Rahman et al., 2001). 

There are many different classes of flame retardants, such as metal-based, inorganic 

compounds, organohalogen compounds and organophosphorus compounds (Rahman et al., 

2001). Brominated flame retardants, specifically polybrominated diphenyl ethers (PBDEs), were 

the dominant flame retardants for several decades given their low cost and effective fire 

prevention. It is now known that due to PBDE’s volatile nature, they are released from products 

as they age. Additionally, PBDEs are extremely resistant to acids, bases, heat, light and oxidizing 

compounds and therefore undergo limited decomposition in the environment (Allchin et al., 

1998). In humans and other animals, PBDEs do not undergo biotransformation and are retained 

within the body rather than excreted (Covaci et al., 2003). PBDEs have been found to be 

environmentally persistent, to bioaccumulate given their lipophilic structure and to biomagnify 

with increasing trophic level (Ward et al., 2008). In fact, during the period of their extensive use, 

between 1981 and 1992, the levels of PBDE recorded in human breast milk lipid doubled every 
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five years. Additionally, PBDEs have been shown to act as endocrine disrupting chemicals, 

leading to concerns of developmental toxicity (Rahman et al., 2001, Behl et al., 2016)). PBDEs 

are now classified as a Schedule 1 substance on the Government of Canada’s Toxic Substances 

List and their use was extremely restricted in Canada beginning in 2004 (Government of Canada, 

Environment Canada, 2013). Schedule 1 substances are those deemed “toxic” by the Minister of 

the Environment and the Minister of Health. According to the guidelines in the Canadian 

Environmental Protection Act, toxic substances are those that have an immediate or long-term 

harmful effect on the environment and constitute a danger to the environment as well as human 

health (Government of Canada, Environment Canada, 2019).  

There is a long history for the use of flame retardants in Canada and globally. The 

increased use of PBDEs followed the discontinuation of other varieties of flame retardants such 

as polychlorinated biphenyls and dichlorodiphenyltrichloroethane, both of which have long since 

been banned due to concerns over their detrimental environmental and human health effects. 

Much in the same way that the use and distribution of PBDEs increased following these bans, 

alternative flame retardants have gained popularity on the market in the wake of the 

discontinuation of PBDEs. One such alternative is aromatic organophosphate flame retardants 

(OPFRs) like triphenyl phosphate (TPP), the chemical of interest for this research. TPP has 

become a popular substitute for PBDEs yet the potential toxicity and the environmental 

implications of widespread TPP use are not fully understood. TPP is used in the Firemaster 550 

mixture which is commonly incorporated into furniture foam, and at concentrations greater than 

the flame retardants it has replaced (van der Veen and de Boer, 2012). It is important to 

understand the background history of PBDEs and its predecessors to give context to the concerns 

surrounding the use of TPP. In fact, when comparing OPFRs to PBDEs in Caenorhabditis 
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elegans, it was found that TPP and PBDEs have similar levels of toxicity using three different 

biological endpoints (feeding, larval development and reproduction), as well as exhibiting 

mitochondrial toxicity (Behl et al., 2016). These results pose concerns about the relative safety of 

using TPP as an alternative flame retardant following the discontinuation of PBDEs due to 

environmental and health toxicity. Given the pervasive presence of TPP in the environment, it is 

important to further the toxicological understanding of this compound and scrutiny related to the 

potential consequences of its use are warranted.  

 

Exposure and Metabolism  

 

Figure 1: The chemical structure of the flame retardant triphenyl phosphate. TPP is an 

unsubstituted aryl phosphate ester.  

 

TPP is an unsubstituted aryl phosphate ester, as can be seen in Figure 1, and an effective 

flame retardant that forms phosphoric acid during thermal degradation. Phosphoric acid reacts to 

form pyro phosphoric acid which acts as a heat transfer barrier (van der Veen and De Boer, 

2012). TPP is an additive flame retardant, meaning it is not chemically bonded to the products to 

which it is added and does not permanently adhere to materials. Additive flame retardants are 

known to volatilize and leach from products into surrounding environmental compartments 

(Carlsson et al., 2000). TPP has been detected in many settings, including indoor dust from 
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electronic sources (Marklund et al., 2003), indoor air (Hartmann et al., 2004), and in coastal and 

marine surface waters (Bollmann et al., 2012).  Human exposure can occur via ingestion, 

inhalation and dermal absorption and can range between 5.8 and 57 µg/kg/day, with exposure in 

children typically on the upper end of that range (Marklund et al., 2005). TPP was detected in 

96-98% of U.S. house dust samples in concentrations similar to or greater than PBDEs in the 

same samples, with hand to mouth contact being the primary means of exposure (Meeker et al., 

2013). TPP was one of the predominant OPFRs found in human breast milk in three Asian 

countries, with concentrations reaching up to 140 ng/g in lipid weight (Su et al., 2014). Pregnant 

women, women of reproductive age, children and occupationally exposed workers are 

considered to be the most susceptible populations to the potential toxicity associated with TPP 

exposure. In addition to being present in human environments, up to 227 fg/L of TPP has been 

found present in the Great Lakes atmosphere (Salamova and Hites, 2013) and up to 40 ng/L in 

the surface waters of the River Ruhr in Germany (Andreson et al., 2004). Uptake into biological 

tissue is inevitable given its widespread presence in many compartments.   

It is important to understand how a compound moves through various environmental 

compartments to provide context in research regarding susceptible population and ecosystems. 

The breakdown of TPP in the environment occurs mainly via photolysis in the atmosphere, 

hydrolysis in aquatic environments and via metabolism in biotic compartments (Waaijers et al., 

2012). The half-life for TPP is 37 days under aerobic conditions in the soil (Anderson et al., 

1993), 12 hours in the air (US EPA, 2019) and seven to eight days in freshwater (US EPA, 

2019). In addition to considering the risks that TPP itself poses to human and ecosystem health, 

it is also necessary to understand the role of biotransformation. When humans or wildlife uptake 

TPP from their environment, biotransformation enzymes, especially the phase-1 metabolizing 
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enzymes cytochrome P450 (CYPs) may produce metabolites with significantly altered 

toxicological profiles. Past studies using rat microsomes derived from liver tissue have indicated 

that the primary metabolite of TPP is diphenyl phosphate (DPP) via hydrolysis (Sasaki et al., 

1984), which has also been detected in human urine and microsomes (Van den Eede et al., 2013). 

More recent studies, using chicken embryonic hepatocytes, have determined that there exist other 

metabolites such as p- and m-OH-TPP, which are produced via CYP-mediated hydroxylation and 

are then further metabolized by glucuronidases (Su et al., 2014). 

 

Figure 2: TPP in vitro metabolism. 

TPP undergoes Phase I and II biotransformation. DPP is the main metabolite via CYP-mediated 

hydrolysis and is excreted in the urine. Other metabolites include m- and p-OH-TPP which are 

produced via CYP-mediated hydroxylation.  These hydroxylated metabolites are further 

transformed by glucuronidases to OH-TPP glucuronide metabolites which are then excreted in 

the urine.  
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There is conflicting evidence regarding the persistence and bioaccumulation of TPP, 

which has been mostly studied in varieties of fish species. The United States Environmental 

Protection Agency (2019) considers TPP to have low bioaccumulation potential based on a 

measured bioconcentration factor (BCF) of 132-573 in rainbow trout. BCFs are calculated as the 

ratio of a chemical in an organism to the concentration of a chemical in the surrounding 

environment. The World Health Organization considered TPP to be bioaccumulative given a 

maximum measured BCF of 2590 in rainbow trout (WHO, 1991). Additionally, it is known that 

TPP is lipophilic, with a log KOW = 4.59 (Wang et al., 2016). log KOW values are used as a proxy 

for determining if a chemical will partition mostly into the lipid fraction of biological tissue, thus 

being less easily excreted, and is calculated using the ratio of the concentration of a chemical 

between water and octanol. Considering the conflicting evidence regarding the metabolism and 

movement of TPP through various environmental compartments, including biological tissue, it is 

reasonable to assume that there remain many missing pieces in order to determine the safety of 

this compound and exposure may differ significantly depending on species and pathway (i.e. via 

air or water).  

 

Effect  

Despite its ubiquitous presence in the environment, the toxicological profile for TPP is 

not yet fully understood. The LC50 (96h exposure) varies widely between species; from 0.36 

mg/L in rainbow trout to 290 mg/L in bluegills, and the LD50 as high as 10,800 mg/kg in rats 

(Lassen and Lokke, 1999, Palawski et al., 1983). For reference, the now banned variety of flame 

retardants, PBDEs, have an LD50 of 5000 mg/kg in rats, so TPP is considered to be less acutely 

toxic than PBDEs (Health Canada, 2004). For measures of chronic toxicity, the no observed 



 16 

effect concentrations (NOECs) for survival and growth were determined to be an average of 

0.0014 mg/L in fish (Su et al., 2014).  

Aside from the direct measures of toxicity above, the toxicological profile of TPP may 

include more subtle effects. In vitro studies have demonstrated that TPP may be endocrine 

disrupting, as it has the capability to activate human CAR and pregnane X receptors as well as 

inhibit the human androgen receptor (Honkakoski, 2004). An association between increased 

levels of TPP in house dust with altered hormone profiles such as increased levels of prolactin 

along with decreased semen quality has been demonstrated (Meeker and Stapleton, 2010), which 

further indicates the ability of TPP to act as an endocrine disrupting chemical. Given its 

endocrine disrupting abilities, the presence of TPP during sensitive windows of development 

could potentially result in developmental toxicities. TPP exposure was found to be toxic to 

developing zebrafish embryos at 12.5 μM (4,078 μg/L) TPP via interactions with nuclear 

receptors such as the human retinoic acid receptor (Isales et al., 2015). Further in vitro studies 

have concluded that TPP can also act as a metabolic disruptor. In utero exposure of TPP to 

maternal and fetal C57BL/6 mice resulted in an increase in gene expression of insulin-like 

growth factor-1 (Igf-1), insulin-like growth factor-1 receptor (Igf-1r), insulin receptor substrate-1 

(Irs-1), insulin receptor substrate-2 (Irs-2) and peroxisome proliferator-activated receptor alpha 

(Ppar-α) (Philbrook et al., 2018). Further studies have demonstrated that exposure of mouse liver 

tissue to TPP inhibits several carboxylesterase (Ces) enzymes, leading to altered hepatic lipid 

metabolism and hypertriglyceridemia (Morris et al., 2014).   

  A consensus regarding the dangers of exposure to TPP at present concentrations in 

various environmental compartments has not been reached. Studies have found conflicting 

evidence regarding the endocrine and metabolic disruption capabilities and developmental 
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toxicity of TPP. It is important to note that toxicity may differ significantly between species, and 

in the case of TPP, its harmful effects are rated as a “very high hazard” specifically to aquatic 

organisms and ecosystems (US EPA, 2015). Due to the release of TPP from widespread 

commercial products, leaching into water systems is of concern and could be a route of long-

term aquatic species exposure. The potential and unresolved dangers of TPP being present in 

virtually every environmental compartment warrants further investigation. 

 

Mechanism of Action 

Every organism is subject to the impacts of environmental factors on their development. 

Environmental factors have the ability to impact biological processes, with specific compounds 

exerting actions on specific subcellular processes. Although some environmental factors, such as 

direct UV light exposure, do have the ability to directly alter DNA sequences, most 

environmental factors and contaminants cannot – mostly due to the stability of the genome 

(Skinner et al., 2012).  However, some environmental factors can exert their toxicological effects 

via familial transmission. As described by Skinner (2012), transgenerational inheritance of 

toxicological phenotypes can occur via epigenetic modifications, which are heritable alterations 

to gene expression that act without changing the underlying DNA sequence. While somatic cells 

are often targeted by environmental toxicants and can result in the onset of disease in the adult 

state of the organism, the toxicological effects stop with the organism that experienced direct 

exposure.  Targeting of germline cells is necessary for transgenerational inheritance of 

toxicological phenotypes, and these effects may be experienced by future generations in the 

absence of continued direct exposure. Specifically, it is hypothesized that environmental 

toxicants that act as endocrine disruptors have the potential to cause alterations in gene 
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expression in offspring through epigenetic modifications (Skinner et al., 2011). It has been 

demonstrated in an in vivo study involving the male germline of rats that exposure to the 

fungicide Vinclozolin, which has anti-androgenic endocrine disrupting action (Kelce et al., 

1994), produced transgenerational abnormalities in spermatogenic capacity through DNA 

methylation (an epigenetic modification of DNA structure) (Anway et al., 2005).  

There are many mechanisms by which chromatin can be epigenetically modified, 

including DNA methylation, miRNA silencing and histone modifications. Post-translational 

alteration of histones can be further broken down into categories including histone methylation, 

phosphorylation, ubiquination, sumoylation and acetylation. Histone acetylation of lysine 

residues in the chromatin structure is known to cause a loosening of chromatin, thereby allowing 

sections of DNA to be more easily accessed by transcription factors and thus more easily 

transcribed (Görisch et al., 2005). More transcripts of a given gene will normally result in greater 

expression of the proteins coded for within that stretch of DNA. Histone modification via 

acetylation is in a balance between the actions of Histone Acetyltransferases (HATs) which add 

acetyl groups and Histone Deacetylases (HDACs) which remove acetyl groups. Greater activity 

of HATs is associated with increased active transcription, while greater activity of HDACs is 

associated with decreased transcription (Görisch et al., 2005).  

Given the possibility that TPP can act as an endocrine disruptor (Meeker and Stapleton, 

2010), it may cause transgenerationally inherited adverse effects via epigenetic modifications. As 

mentioned above, Philbrook et al. (2018) found increased levels of Igf-I in fetal mouse liver 

following prenatal exposure to TPP. In mice engineered to over-express Igf-1 in astrocytes, it 

was found that this overexpression of Igf-1 stimulated increased acetylation of histones H3 and 

H4 when compared to control mice (Sun and D’Ercole, 2006). The mechanism of action of this 
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increased acetylation was speculated by the researchers as being due to inhibition of HDACs 

through Igf-1 signalling (Sun and D’Ercole, 2006). As such, it is possible that altered hormonal 

signaling following TPP exposure resulting in increased Igf-1 signaling may offer a possible 

mechanism for histone modifications – specifically acetylation of the H3 and H4 histones.  

 
 
Research Question 
 
 At present concentrations in environmental compartments, TPP has a limited probability 

for causing acute toxicity, yet as mentioned above, there is evidence that it may act as an 

endocrine and metabolic disruptor and cause developmental toxicity at lower concentrations with 

chronic exposure. This indicates the possibility for toxicity to occur in future generations via 

epigenetic modifications. Given that TPP is determined as being a “very high hazard” for chronic 

toxicity to aquatic ecosystems, aquatic organisms like fish may be susceptible to these epigenetic 

modifications and transgenerational toxicity.  

The Winn Laboratory aimed to establish a model for using immortal cells derived from 

trout to evaluate the occurrence of epigenetic modifications following TPP exposure in aquatic 

ecosystems. The overall research objective is to investigate changes in histone acetylation 

between the immortal cell lines STE-137, cells derived from steelhead trout (Onchorhynchus 

mykiss) embryonic tissue– a population germline cells, compared to RTG-W1, cells derived 

from rainbow trout (Onchorhynchus mykiss) gill epithelial tissue – a population of somatic cells. 

The use of STE-137 and RTG-W1 cells was specifically chosen in order to assess possible 

differences in the occurrence of epigenetic modifications following exposure to TPP in germline 

cells versus somatic cells. It is hypothesized that following exposure to TPP, there will be a 

difference in the level of H3 acetylation in STE-137 cells between treated and control 



 20 

populations, as well as a difference between treated STE-137 cells and treated RTG-W1 cells. 

The testing of this hypothesis was not completed over the course of this study. 

This study is comprised of five research aims that fulfill the overall research objective. 

Given several difficulties that were encountered during the course of the study, some research 

aims were not met. The unmet research aims are mentioned below as a part of the overall 

research objective of this project, and their unsuccessful outcomes are further discussed in the 

Discussion. The research aims of this study are as follows:  

1) Establish and optimize a protocol for the growth and maintenance of RTG-W1 cells.   

2) Establish and optimize a protocol for the growth and maintenance of STE-137 cells. 

3) Quantify TPP toxicity endpoints such as the LC50 for STE-137 and RTG-W1 cells. Note: 

This research aim was not met.  

4) Expose STE-137 and RTG-W1 cell lines to TPP and analyze resultant levels of histone 

H3 acetylation. Histone H3 acetylation was chosen as the focus of this study as 

acetylation of histone H3 has been shown to result in greater chromatin loosening than 

acetylation of histone H4 alone (Gansen et al., 2015). Note: This research aim was not 

met with STE-137 or RTG-W1 cells, but the protocol was followed with C57BL/6 fetal 

mouse liver tissue.  

5) Gain experience and refine personal skill for using techniques needed to accomplish 

research aim #4– such as histone acid extraction, Bradford assay, chemiluminescent 

western blot. Fluorescent Western blotting is a new analytical technique being applied in 

the Winn Laboratory, so lab personnel gaining experience using this technique is an 

asset. Note: This objective was achieved using C57BL/6 fetal mouse liver tissue rather 

than immortal trout cells, given the difficulties that are discussed in the Discussion. 
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Materials and Methods 

 
Research Model 

This study aimed to established immortal cell lines RTG-W1, developed from rainbow 

trout (Onchorhynchus mykiss) gill epithelial tissue and STE-137, developed from steelhead trout 

(Onchorhynchus mykiss) embryonic tissue, as models for aquatic organisms. A cell line is an 

immortal clonal population of cells that originated from a multi-cellular organism that can be 

grown and propagated outside of the organism to infer how substances may behave in vivo 

(Schaeffer, 1990). Immortal cell lines are often used in place of primary cells in order to 

investigate toxicity. They offer advantages such as cost-effectiveness, avoiding ethical concerns, 

and provide a homogenous population of cells which aids in the reproducibility of results (Kaur 

and Dufour, 2012). In ecotoxicological research, cellular effect studies are often used in place of 

laboratory species, as the primary interaction between a chemical and the biosphere occurs at the 

cellular level (Fent et al., 2001).  As mentioned in the Introduction, the use of STE-137 and 

RTG-W1 cells was specifically chosen in order to assess possible differences in the occurrence 

of epigenetic modifications following exposure to TPP in embryonic germ cells versus epithelial 

somatic cells. These cell lines have been authenticated as derived from Oncorhynchus mykiss via 

microsatellite analysis (Bols et al., 2017).  

RTG-W1 cells were purchased from Cedarlane Labs (Burlington, Ontario, Canada) and 

STE-137 cells were purchased from USGS Western Fisheries Research Center (Seattle, 

Washington, United States). All cell culture work was conducted in a sterile environment within 

a Thermo Scientific Forma Class II A/B3 Biological Safety Cabinet with the sash in the proper 

position to maintain laminar flow. All cell culture work was conducted as efficiently as possible 
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in order to minimize the amount of time that the cell cultures were in an environment above 

18°C, which is at the reported optimal temperature for the growth of these non-mammalian cells.  

 

Optimization of Cell Growth and Preparation Protocol 

 The following growth and maintenance protocol for RTG-W1 and STE-137 cells is based 

upon detailed protocols outlined in previous studies conducted elsewhere (Dayeh et al., 2013, 

Bols et al., 2017) and online protocols from the American Type Culture Collection (ATCC, 

2020), in conjunction with the techniques that were refined in the course of this study.  

 

1) Preparation of STE-137 and RTG-W1 Growth Media  

The basal media is in free gas exchange with air. The STE-137 and RTG-W1 Growth Media 

recipe consisted of 88% Leibovitz’s L-15 Media (Sigma-Aldrich, Darmstadt, Germany), 10% 

Fetal Bovine Serum (FBS), 1% L-Glutamine, and 2% Penicillin-Streptomycin solution. 

Following each preparation, the mixture was gently swirled to mix and was stored at 5°C for up 

to one month. The growth media was prepared in an aseptic environment into an autoclaved, 

graduated bottle. Surfaces and materials entering the biosafety cabinet were sprayed thoroughly 

with 70% ethanol solution to maintain a sterile environment. Only 50mL of growth media was 

prepared at first, given that the media can only be stored for up to one month and the volume was 

adjusted as the cell culture populations changed in size.  

 

2) Receiving and Culturing  

The RTG-W1 cells were received from Cedarlane Labs in a dry-ice shipment within a sterile 

vial. Upon receival, the vial was immediately transferred into a liquid nitrogen cryogenic storage 
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Dewar held at -196°C until ready to culture.  The following day, the cell vial was rapidly thawed 

in a 20-22°C water bath with the O-ring and cap out of the water, for approximately two minutes. 

The vial was removed from the water bath, sprayed with 70% ethanol and transferred into the 

biosafety cabinet. The contents of the vial were pipetted into a centrifuge tube and were 

centrifuged at 800rpm for 5 seconds at 20°C. The supernatant was aspirated off and the pellet 

was resuspended into 5mL of growth media and placed onto a 9.6cm2 well of a sterile 6-well 

plate. The plate was then transferred into the incubator and left overnight under the conditions 

described in Part 3.   

The STE-137 cells were received in a cell culture flask that was shipped the same day from 

the producer. The culture flask was removed from the packaging, sprayed with 70% ethanol 

solution and placed within the incubator. The following day, the cells were passaged as described 

in Part 4.  

 

3) Storage and Care 

All cultures of the RTG-W1 and STE-137 lines were grown in a sterile HerathermTM 

Compact Microbiological Incubator (ThermoFischer Scientific TM, Waltham, Massachusetts) held 

at 18°C, which was the lowest temperature that this biological incubator could be set to and was 

within the reported optimal temperature range for RTG-W1 and STE-137 growth. RTG-W1 cells 

were grown on 6-well plates, while the STE-137 cells were grown inside 25mL cell culture 

flasks as the efficacy of growth in flasks vs. plates was being investigated.  Both the RTG-W1 

cells on plates and STE-137 cells in flasks were grown in 5mL of the growth media described 

above. The morphology and confluency of the cells were assessed daily under a microscope. 

Prior to removal and handling, gloved hands were sprayed with 70% ethanol solution and the 
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microscope stage was gently wiped with a towel wetted with 70% ethanol. The plates were then 

placed on the microscope stage and the cells were examined and their health was assessed with 

the cover on the plate still on to prevent contamination. Healthy, adherent RTG-W1 and STE-

137 cells appear dark grey and grow in clusters in absence of bacterial or fungal contaminants. 

Cells were passaged when 80% confluency was reached. Cells were counted on a weekly to bi-

weekly basis using a hemocytometer. This process involved withdrawing 10µL from the 5mL of 

cell suspension in each new well following trypsinization (as described in Part 4) and adding the 

suspension onto the hemocytometer slide. This was repeated for both sides of the 

hemocytometer. The hemocytometer was placed onto the microscope stage and the number of 

cells within each grid was counted, with the total number in each row of grids and finally the 

grand total being calculated. In order to calculate the number of cells within the 5mL cell 

suspension, the grand total number of cells counted was multiplied by 10,000 to extrapolate the 

number of cells in the 10µL = 0001cm3 to the number of cells within 1mL and finally multiplied 

by five to arrive at the number of cells within the 5mL suspension. This was repeated for both 

sides of the hemocytometer and the final numbers for each sample were averaged. An average 

number within the millions of cells/5mL indicated a healthy cell culture. 

 

4) Cell Passaging  

Prior to passaging, the cells were assessed for 80% confluency and overall health. The 

growth media was retrieved from a fridge held at 4°C, sprayed with a 70% ethanol solution and 

placed within the biosafety cabinet. For RTG-W1 cells, the cell culture plates in need of 

passaging were removed from the incubator and placed within the biosafety cabinet. The old 

media was then aspirated off and the cell monolayers were washed twice with 2mL of 
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phosphate-buffer saline (PBS). Following the wash, 1mL of 0.25% trypsin-EDTA solution was 

added and the plate was returned to the incubator for one minute. The cells were then assessed 

using a microscope to ensure the adherent monolayer had lifted off and the cells were suspended. 

If a majority of cells had not yet lifted, the trypsin solution was removed and an additional 1mL 

of fresh trypsin solution was added for another minute. Lifted cells appear white and circular 

under the microscope and sway slightly if the plate is gently tapped. Following trypsinization, 

5mL of prepared growth media was added into the well to halt the trypsinization process to 

prevent damage to the cell membranes. For every well that was being passaged, 2mL of growth 

media was added into two new wells. 3mL from the old well containing the media-cell-trypsin 

solution was pipetted into each of the two new wells. The total volume in each new well was 

then 5mL, for a 1:2 split ratio. The plate was then gently tilted in a North-South-East-West 

motion, labelled and returned to the incubator.   

For STE-137 cells, the same procedure was followed, but the cells were kept in cell culture 

flasks rather than on cell culture plates, so each passage required a new flask.  

  

5) Media Change  

If cells had not yet achieved 80% confluency but had been growing in the same media for 2+ 

days, they required fresh media to replenish nutrients, and maintain the correct pH. A media 

change was also necessary if media began to change colour, either to orange or to red from the 

ideal pink – indicating that the pH of the media was altered. The growth media was retrieved 

from the fridge held at 4°C, sprayed with a 70% ethanol solution and placed within the biosafety 

cabinet. The cell culture plates in need of a media change were removed from the incubator and 

placed within the biosafety cabinet. Old media was aspirated off the wells in need of new media. 
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These wells were then washed twice with 2mL of PBS. 5mL of new growth media was added to 

the wells and the plates were returned back to the incubator. 

 

6) Cryopreservation 

The cell lines were cryopreserved when they were to be left unattended for approximately 

two weeks during winter holidays. Prior to freezing, cell health was assessed to ensure the 

absence of bacterial or fungal contaminants. A 2mL cryopreservation solution composed of 10% 

DMSO and 90% cell growth media was prepared in an aseptic environment within the biosafety 

cabinet. The old media was removed from the wells containing the cells that were to be 

cryopreserved and trypsinization was followed as described in the Cell Passaging section. 

Following sufficient trypsinization, 5mL of cell growth culture was added and the cell 

suspension was transferred into a centrifuge tube. The solution was centrifuged at 800rpm for 

five seconds at 20°C. The cell growth media was then aspirated off and the pellet was 

resuspended in 2mL of the cryopreservation solution in a sterile, labelled cryovial. The closed 

cryovial was then placed into a NalgeneTM Freezing Container and the container was filled with 

ethanol to ensure slow-freezing and to prevent sharp crystals from forming that may burst cell 

membranes. The container was placed into a freezer held at -20°C for 24h and then the cryovial 

was added to a cane in the liquid nitrogen cryogenic storage Dewar held at -196°C until ready to 

re-culture. 
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Cell Viability Testing  

Assessing cell viability is an important step prior to further cell manipulation and analysis 

for in vitro studies, as it provides a baseline indicator of cell health. Further research regarding 

TPP and epigenetic modifications must begin at an exposure threshold that is below the point 

that overtly causes cell death. To test cell viability in the future, STE-137 and RTG-W1 cells will 

be exposed to a range of TPP concentrations between 0 and 1.1 µM. This range was chosen 

because the LC50 (96h exposure) of TPP for rainbow trout is reported to be 0.36mg/L (1.1 µM) 

(Palawski et al., 1983). It is predicted that the cell lines may be more sensitive to TPP exposure 

than an entire trout as the cells are not in a 3D configuration as they would be within an 

organism, and also lack liver metabolizing capabilities as is the case for live animals. This is why 

1.1 µM will be set as the upper limit of the exposure range. Populations of STE-137 and RTG-

W1 cell cultures will be exposed to 0 (control), 0.025, 0.05, 0.075, 1.0 and 1.1 µM of TPP 

dissolved in dimethylsulfoxide (DMSO) for 24 hours. Following the set exposure time, cells will 

be washed, re-suspended in growth media and cell viability will be determined using the Trypan 

Blue Exclusion Method. This cell viability testing method is based on the principle that live cells 

possess intact cell membranes, and trypan blue dye only enters compromised cell membranes, 

therefore dead cells will appear blue under a microscope. The procedure outlined in the Trypan 

Blue Exclusion Test Kit will be followed, which includes adding 50µL of the cell suspension and 

50µL of 0.4% trypan blue dye. The cells must be counted following no more than 3 minutes of 

incubation within the incubator held at 18°C. The cell suspension mixture will be placed in a 

hemocytometer counter on the stage of a light microscope. All cells will be counted, along with 

keeping track of the number of blue cells. The percentage of viable cells can be calculated by 

dividing the number of viable cells by the number of total cells and multiplying by 100%. 
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 Toxicity end points for TPP exposure in STE-137 cells will be determined using a 

concentration-response curve that will be generated using Microsoft ExcelTM software. The LC50 

is the concentration of TPP in a solution that results in 50% of cells dying after exposure. The 

LC50 will be calculated by extrapolating a concentration-response curve between concentration 

points and then determining the concentration on the x-axis that corresponds to 50% cell viability 

on the y-axis. The no observable effect concentration (NOEC) is the highest concentration at 

which there is no change in cell viability when compared to control (0M TPP in vehicle). The 

NOEC will also be calculated by extrapolating the dose-response curve and determining the 

highest concentration on the x-axis at which there is no change in cell viability from control. A 

potential problem that may occur during cell viability testing is that counting errors of 

approximately 10% may occur (Aslanturk, 2018), simply due to the nature of the counting that 

relies on human eyes. This limitation will be reduced by running three replicates of exposure 

concentrations and counting each in duplicate. 

 For further investigation into histone modifications, the treated cell population will be 

exposed to a concentration of TPP that was determined as the NOEC, delivered in a vehicle of 

DMSO and cell growth media. The NOEC will likely be sufficiently high to observe an effect, if 

there is one, and any percent viability lower than this value indicates that the majority of cells are 

overtly dying which does not allow analysis of the underlying mechanisms of toxicity.  

 

Histone Analysis 

 It was originally intended to analyze any changes to histone H3 acetylation levels 

following exposure to TPP in STE-137 and RTG-W1 cell cultures. Due to the difficulties 

encountered with the growth and maintenance of these cells, as discussed in the Discussion, the 
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following methods were performed using liver tissue from fetal C57BL/6 mice that had been 

exposed to TPP in utero. For future investigations, the following methods can be used to analyze 

histone modifications in STE-137 and RTG-W1 cell cultures following exposure to TPP. The 

samples used in this study were remaining, unused samples from previous research by Philbrook 

et al., (2018), and the use of these samples in this project was for the purpose of improving 

technique and protocol for future investigation with STE-137 and RTG-W1 cell lines, rather than 

for the generation of statistically significant data.  

As described by Philbrook et al., (2018), C57BL/6 female mice (n=12 total, n=3 per 

treatment group) were impregnated (denoted gestational day 1) and exposed on gestational days 

8, 10, 12, and 14 to various doses of TPP purchased from Sigma-Aldrich (Oakville, Ontario), via 

intraperitoneal injection in corn oil. TPP exposure groups were as follows: oil/0 mg/kg (n=3), 5 

mg/kg (n=3), 25 mg/kg (n=3), and 50 mg/kg (n=3). On gestational day 19 dams and fetuses were 

euthanized, and organs were stored in a -80°C freezer until further analysis into the effect of TPP 

exposure took place. All methods pertaining to mouse care and control were carried out in 

accordance to the guidelines of the Queen’s University Animal Care Committee and the 

Canadian Council on Animal Care with the welfare of the mice in mind throughout. 

To analyze the histones post-TPP exposure, the histones were acid extracted from each of 

the four liver samples. A Triton Extract Buffer (TEB) solution was created by combining 50µL 

of Triton X-100 (Sigma-Aldrich, Darmstadt, Germany), 10mL of PBS, 20µL of sodium azide 

(NaN3) and one tablet of ROCHE cOmpleteTM Protease Inhibitor Cocktail (Thomas Scientific, 

New Jersey, United States). Next, 250µL of TEB was added to each sample and the samples 

were homogenized, firstly by using homogenizer sticks and then using a needle and syringe to 

pump the fluid. The tissue homogenate was lysed on ice for 10 minutes and then centrifuged for 
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10 minutes at 2000rpm and 4°C. The supernatant was then discarded, and the pellet was 

resuspended in 125µL of TEB. The suspension was centrifuged again for 10 minutes at 2000rpm 

and 4°C and the supernatant discarded once more. The pellet was re-suspended in 120µL of 

0.2M HCl overnight. The next morning, the acid suspension was centrifuged again for 10 

minutes at 2000rpm and 4°C and the pellet was discarded, while the supernatant was neutralized 

with 12µL of 2M NaOH.  

A Bradford assay was then performed for protein concentration quantification. First, 

seven standards were prepared using varying dilutions of Bovine Serum Albumin (BSA) and 

Phosphate-buffered saline (PBS) to make 800μL and combined with 200μL of Bio-Rad Bradford 

Protein Assay Dye Reagent (Bio-Rad Laboratories, Mississauga, Ontario). The mixture was 

vortexed and then transferred into 1.5mL cuvettes and read in a Bio-Rad spectrophotometer at 

595nm. Samples were prepared in a 1:500 dilution with PBS, combined with 200μL of Bio-Rad 

dye, loaded into a spectrophotometer and measured in duplicates to determine the average 

protein concentration within each sample.  

 Finally, a fluorescence Western blot was conducted. Firstly, the histones were separated 

using SDS-PAGE on a 15% polyacrylamide gel. The histones were prepared with Bio-Rad 

Loading dye (Bio-Rad Laboratories, Mississauga, Ontario) and were separated on the 15% 

polyacrylamide gel in a gel electrophoresis apparatus for 1h40min at 100V in a 1x 

Electrophoresis Buffer (200mL of 5x Electrophoresis Buffer, 10mL of 10% SDS and topped up 

to 1L from double distilled water – (5x Electrophoresis Buffer made from 144g Glycine, 30.2g 

Tris base, diluted to 1L with double distilled water)). Next, the histones were transferred from 

the gel onto a polyvinylidene fluoride (PVDF) membrane via wet electroblotting in a Transfer 

Buffer (3g Tris base, 14.4g Glycine, 200mL methanol, diluted to 1L with double distilled water) 
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for 1h at 100V and 4°C. The membrane was removed from the cassette and washed with 5mL of 

Tris-buffered saline with Tween (TBST: 25mL of Tris base 7.5pH, 27.4mL of 5M NaCl, 1mL of 

2M KCl, 1mL of Tween, diluted to 1L with double distilled water)). Next, the membrane was 

blocked for 1h in a 5% BSA solution (5g BSA and 100mL of TBST). The membrane was then 

probed with primary antibodies overnight in a 1:10 000 dilution of 5% BSA solution, using 1μL 

of each antibody in 10mL of 5% BSA solution. For total H3 analysis, the primary antibody used 

was mouse anti-histone H3 antibody ChIP grade (Abcam, Cambridge, Massachusetts), and for 

acetylated-H3 analysis, the primary antibody used was rabbit anti-acetyl-histone H3 antibody 

(Millipore Sigma, Darmstadt, Germany). The following morning, the membrane was washed 

four times with 5mL of TBST for 5 minutes each. The secondary antibodies were added the 

same way as the primaries. For total H3 analysis, the secondary antibody used was goat anti-

mouse IgG H&L (Cy5®) preadsorbed (Abcam, Cambridge, Massachusetts). For acetylated-H3 

analysis, the secondary antibody used was goat anti-rabbit IgG H&L (Cy3®) preadsorbed 

(Abcam, Cambridge, Massachusetts). Finally, the membrane was washed again four times with 

5mL of TBST for 5 minutes each. The membrane was then run in an Azure Biosystems c600 

imaging machine (Azure Biosystems, Dublin, California, United States) and visualization was 

achieved using fluorescence. Densitometry was performed using ImageJ software to quantify the 

relative optical densities of the bands. Acetylated histone H3 levels were normalized to total 

histone H3 levels and then expressed relative to control (corn oil, 0mg/kg TPP) by conducting a 

one-way ANOVA test. Data analysis and graph generation was performed using Prism 8 

software (GraphPad, La Jolla, California) with error bars representing standard error. 
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Results 

RTG-W1 and STE-137 Cell Line Growth and Maintenance  

Varying levels of cell death can be noted in both the RTG-W1 and STE-137 cell line 

populations. Cell debris characteristic of cell death can be noted in Figure 3: Image B and Figure 

4: Image D. Cell debris appear as red clusters of mass. Figure 4: Image C shows 100% 

confluency, while Figure 4: Image E shows approximately <10% confluency.  

 

 

   
Image A.      Image B.  
 
Figure 3: Images of RTG-W1 cells.  

Images taken with an iPhone camera through a microscope eyepiece of the same population of 

the RTG-W1 cell line. Image A was taken on January 31st, 2020 and Image B was taken 

February 7th, 2020. These images reflect the state of the RTG-W1 cell line after approximately 

two and a half months of attempt at growth and maintenance. 
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Image C.      Image D.  
 

   
Image E.       Image F.  
 
Figure 4: Images of STE-137 cells.  

Images taken with an iPhone camera through a microscope eyepiece of the same population of 

the STE-137 cell line. Image C was taken on January 31st, 2020, Image D on February 3rd, 2020, 

Image E on February 5th, 2020 and Image F on February 7th, 2020. These images reflect the cell 

death that occurred in the STE-137 cell line shortly after receiving this cell line on January 31st.  
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Table 1: Strategies for growth and maintenance of RTG-W1 and STE-137 cell lines. 
 
Strategy Qualitative Observations and Decision 
Switch from 55cm2 culture plate to 
9.6cm2 6-well plate 

Positive effect for growth – cells grew faster when 
they were at higher density than when they were 
spread further apart. The 6-well plates were better for 
growth than the larger 55cm2 plates.  

Removal of penicillin-streptomycin 
from Growth Media 

No change – decided to keep the antibiotics to 
prevent mycoplasma growth.  

Switch from Minimal Essential Media 
(MEM) to L-15 Media for the 
preparation of Growth Media 

Subtle increase in growth rate. The MEM media 
would begin to turn orange after about 2-3 days, 
suggesting that the pH would become altered more 
quickly than when using the L-15 media. Decision to 
switch to the more expensive L-15 media.  

Switch from 9.6cm2 6-well plate to 
3.5cm2 12-well plate 

Decrease in growth rate. Decision that 6-well plate is 
optimal size.  

Using a cell scraper in addition to 
trypsinization during passages 

No change – decided to not use cell scraper to ensure 
no cell membranes rupture during passages.  

Passaging prior to 80% confluency Increase in growth rate in most cases – sometimes re-
plating the cells resulted in high density areas being 
shifted around to create new high-density areas 
which grew faster.  

STE-137 cell line grown in cell culture 
flasks rather than on plates 

Easier management but no change in growth. 
Decision to keep the STE-137 cells in flasks.  
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Histone Analysis 

 
These results represent preliminary data using methods that can be replicated to conduct 

future histone analysis on STE-137 and RTG-W1 cell lines. There was no significant difference 

found in the level of acetylated H3 in any TPP treatment group when compared to control (oil) 

(p=0.691). A non-significant trend of increased H3 acetylation with increased TPP dose was 

observed, as shown in Figure 3. See Appendix A for Western blot fluorescence images.  

 

 
Figure 5: The effect of TPP on histone H3 acetylation on C57BL/6 fetal mouse liver tissue. 

This figure represents the relative histone H3 acetylation in liver tissue from fetal C57BL/6 mice 

(n=12 different samples) when exposed to 5 (n=3), 25 (n=3) and 50 (n=3) mg/kg of TPP in corn 

oil via intraperitoneal injection when normalized to the control (0 mg/kg) (n=3).  
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Discussion 

 
Information regarding the effects of TPP on human and ecosystem health is limited. 

Based on current exposure levels, TPP does not pose a risk of acute toxicity to humans or 

ecosystems. There is evidence that TPP may act as an endocrine and metabolic disruptor with 

chronic exposure, as well as having possible developmental toxicity effects, which indicates the 

possibility for toxicity to occur in future generations via epigenetic modifications. In this study, a 

research experiment protocol was designed that would allow for the investigation into the 

occurrence of histone modifications – a specific kind of epigenetic modification, following 

exposure to TPP in aquatic ecosystems.  

The experimental protocol developed in this project was based on the use of immortal 

cell lines derived from rainbow trout, although some sections relied upon the use of fetal 

C57BL/6 mouse liver tissue due to complications that will be discussed below. There is currently 

no existing literature regarding the effects of TPP on rainbow trout cell lines despite TPP being 

pervasive within aquatic ecosystems and in vitro fish cells lines being commonly used models 

for aquatic toxicology. Future studies in the Winn Laboratory will use the information and 

techniques generated and refined within this project to accomplish the overall research objective. 

As described in the Introduction, the long-term overall research objective is to investigate 

changes in histone acetylation between the immortal cell lines STE-137, cells derived from 

steelhead trout (Onchorhynchus mykiss) embryonic tissue– a population germline cells, 

compared to RTG-W1, cells derived from rainbow trout (Onchorhynchus mykiss) gill epithelial 

tissue – a population of somatic cells. It is hypothesized that there will be a difference in the 

level of histone H3 acetylation following exposure to TPP between treated germline STE-137 
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cells and untreated control cells, as well as a difference between treated STE-137 cells and 

treated RTG-W1 somatic cells. The testing of this hypothesis was not completed in this study.  

 

Growth and Maintenance of RTG-W1 and STE-137 Cell Lines 

 The original intent of this study was to firstly propagate enough cultures of RTG-W1 and 

STE-137 cells to then begin experimentation with exposure to TPP. The use of RTG-W1 and 

STE-137 cells as a model for aquatic ecosystems is beneficial given that environmental 

contaminants can be directly evaluated on these cells and the results can be extrapolated to 

aquatic species. Cell cultures allow widely different species to be compared and to understand 

the underlying mechanistic basis for differences in sensitivity. This is the case with the use of 

RTG-W1 and STE-137 cell lines. The differences in sensitivity to TPP can easily be compared 

between two different tissues easily by using immortal cell lines.  

The growth and maintenance for the two cell lines used in this project have been 

previously described as being quite easy to achieve (Bols et al., 1994). However, the results from 

this study indicate that this may not always be the case. The efforts in this study did not prove 

successful at achieving adequate growth or maintenance of either the RTG-W1 or STE-137 cell 

lines in order to begin further experimentation. There were a number of issues that arose that 

prevented the success of completing the initial research objectives that were described in the 

Introduction. 

 Firstly, there was a significant delay in the arrival of both cell lines following the 

purchasing and ordering from retailers. The STE-137 cells were initially purchased in early 

2019, but the original shipment was lost in transit and therefore had to be re-purchased. The re-

purchased shipment did not arrive until January 28th, 2020. The RTG-W1 cells were also 



 38 

purchased in mid-2019 but their arrival to the Winn Laboratory did not occur until October 29th, 

2019. This posed a serious dilemma for the success of this project, as there was a limited amount 

of time to complete it.  

Upon the arrival of the RTG-W1 cells, they were received and cultured according to the 

protocols outlined by previous studies conducted elsewhere (Dayeh et al., 2013, Bols et al., 

2017) and online protocols from the American Type Culture Collection (ATCC, 2020), as 

described in the Methods. Fish cells grown within their optimal temperature range of 18-22°C 

are known to grow slower than mammalian cells grown at their optimal temperature of 37°C. 

However, the RTG-W1 cells were grown for two and a half months with no success at increasing 

the culture population and further experimentation was unable to begin at the population levels 

that were achieved. The RTG-W1 cells were cryopreserved over a two-week period during the 

winter holidays, and after re-culturing them, it was apparent that a significant decrease in 

population had not survived the freeze-thaw process. Many strategies to improve their growth 

were tried, with qualitative observations of the cell populations health and growth rates guiding 

the process.  

The first strategy tried included switching the cells from 55cm2 culture plates to 9.6cm2 

6-well plates. This was attempted as RTG-W1 cells are derived from gill epithelial cells and 

exhibit epithelial morphology such as forming tight monolayer sheets (Lee et al., 2009), and 

therefore optimal growth may occur when the cells are in close proximity to each other and able 

to attach to one another to form a monolayer sheet. A smaller diameter plate was thought to 

better allow the attachment of cells to one another. This strategy offered a slight improvement in 

the growth rate of the RTG-W1 cells, and so a second switch was attempted from 9.6cm2 6-well 

plates to 3.5cm2 12-well plates. It was noted qualitatively that the growth rate declined following 
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this second switch and so it was determined that 9.6cm2 6-well plates were the optimal surface 

area for growth at the initial stages of propagation.  

The second technique that was tried was to remove the penicillin-streptomycin solution 

from the Growth Media. The purpose of the penicillin-streptomycin combination in the Growth 

Media is to prevent mycoplasma contamination and is commonly used when working with fish 

cell lines (Bols et al., 2017). It has been reported that mycoplasma growth can be acquired over 

the course of a cell lines development or it may have been present from the start (Bols et al., 

2017). Mycoplasma growth occurs very slowly, and it may take several weeks for the growth to 

become apparent. The purpose of removing the penicillin-streptomycin combination was to 

assess whether mycoplasma growth would proliferate following the removal which would 

indicate contamination. Additionally, it was thought that perhaps the antibiotics were disturbing 

the cellular processes necessary for growth in the RTG-W1 cells, and so the removal of the 

antibiotics may result in increased growth rate. It was determined that there was no observable 

change in growth rate, nor any observable mycoplasma contamination and therefore it was 

decided that the penicillin-streptomycin would remain in the Growth Media protocol. It is 

suggested that for future studies, that two parallel cultures of cells be kept, one with antibiotics 

and one without to maintain a quality control.  

The third strategy that was applied was to change the passaging technique being used. 

Typically, passaging occurs when cell cultures are 70-80% confluent, indicating that they are in 

optimal stages of growth (Mather and Roberts, 1998). Passaging prior to 70-80% confluency was 

tried when the growth rate was very low, as it was thought that perhaps detaching the cells from 

the plate and allowing them to re-settle in different positions would lead to new attachments and 

interactions between cells that could be favorable to growth. This was observed to be slightly 
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helpful to improve the growth rate and this was continually used as a strategy for the duration of 

the project. Additionally, since RTG-W1 and STE-137 cells are adherent, the use of trypsin is 

necessary and typically sufficient to remove the cells from the vessel surface (Bols et al., 2017). 

It was often noted during passages in this study that the cells were not lifting off the vessel 

surface following trypsinization for 8-10 minutes. A cell scraper was used in addition to 

trypsinization during some passages, but it was noted that high levels of cell death would occur 

following the passages. This may be due to the cell scraper disrupting the integrity of cell 

membranes during the passages. It is suggested that for future handling of these cells, that a cell 

scraper not be used at all and that multiple rounds of application of trypsin for approximately 2 

minutes, followed by a wash with PBS be administered. 

The final strategy that was tried was to switch the base media that was used during 

preparation of the Growth Media. Originally, the RTG-W1 cells were grown using Eagle’s 

Minimum Essential Media with Hank’s salt as a buffering system to maintain biological pH, 

which allows the cells to be grown outside of a CO2-incubator. Other studies have found that 

RTG-W1 cells grow best in Leibovitz’s L-15 media (Bols, 1994), and many other RT cell lines 

have been shown to prosper in an L-15 media (Bols et al., 2017). L-15 maintains biological pH 

through a combination of phosphates, free-base amino acids such as L-Arginine (0.5 g/L),  L-

Cysteine (0.12 g/L) and L-Tyrosine (0.3 g/L) and replacing glucose with galactose (Bols et al., 

2017). It was decided that the growth rate was higher in an L-15 based media. The additional 

chemicals added to the Growth Media remained the same, with 10% FBS, 1% L-Glutamine, and 

2% Penicillin-Streptomycin solution. 

Upon the arrival of the STE-137 cells, they were received and plated according to 

instructions from the researchers at USGS Western Fisheries Research Center that are outlined in 
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the Methods. When they were received, they were at 100% confluence, as can be seen in Figure 

2. They were split in a 1:2 ratio and left in the incubator over the course of a weekend. At the 

start of the next week, they were assessed again, and it was evident was massive amounts of cell 

death had occurred, as can be seen in Figure 2. The cause of this death was uncertain, but it is 

likely that they had become too overgrown over the course of the weekend. For future work with 

these cell lines, it is suggested to passage them in a 1:3 or 1:4 ratio if they are to be left 

unattended for a period of several days.  

Despite continuous efforts for approximately two and a half months for the RTG-W1 

cells and the significant decrease in population after receiving the STE-137 cells, neither cell line 

population was ever able to be grown to the population size needed in order to begin 

experimentation and therefore the subsequent objectives utilizing these cell lines were unable to 

be accomplished. It is still uncertain as to why attempts to grow these cell lines were 

unsuccessful, but it is possible that in the case of the RTG-W1 cells that the quality of the initial 

cell culture that was received was sub-par. It has been reported that characteristics of a cell line 

can be lost or gained with prolonged passaging, resulting a shift in stability of the cell line (Bols 

et al., 2017). Specifically, it has been noted that expression of growth hormone genes has failed 

to be maintained upon prolonged passaging of the cell line RTP-2, derived from rainbow trout 

pituitary gland. Perhaps a similar transformation occurred with the RTG-W1 cells being used in 

this project, resulting in an unstable cell line. Some important lessons with handling these 

immortal cell lines were learned and the Winn Laboratory is now better equipped and more 

experienced with the growth and maintenance of these cells. Despite the unfavorable outcome, 

valuable experience and knowledge was still gathered during this project and it is anticipated that 

future research with these cell lines will be more successful.   
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Histone Analysis and Western Blotting Technique Development 

 Though no significant difference in H3 acetylation was found between any TPP exposure 

group and control, a non-significant trend of increasing acetylation with increasing TPP dose was 

observed. The data gathered in this experiment represents preliminary data of which the methods 

that were used can be applied towards investigation in RTG-W1 and STE-137 cells. The results 

from the histone analysis section of this study indicate that further investigation is warranted 

given the increasing trend that was observed. A larger sample size, which is more easily obtained 

using cell cultures, would enhance the accuracy of results.  

 For many years, the Winn Laboratory relied upon chemiluminescent technology to 

identify and quantify a specific protein in a complex mixture. A previous study conducted within 

the Winn Laboratory aimed to determine whether a variety of histone modifications, including 

acetylation, were altered following in utero benzene exposure in CD-1 mice (Philbrook et al., 

2015). The study conducted by Philbrook and colleagues (2015) used chemiluminescent western 

blotting to analyze the resultant histone modifications yet found no significant difference in 

levels of histone acetylation in mice exposed to benzene. This current project aimed to optimize 

the techniques used in the Philbrook (2015) study to analyze histone modifications by using 

fluorescent western blotting rather than chemiluminescent. Chemiluminescent western blotting 

has been the most popular detection method for years due to its sensitivity and ease of detection 

(Allegria-Schaffer et al., 2009), but recently there has been a trend towards using fluorescent 

dyes. Fluorescence is often chosen when there are two different target proteins on a single blot 

(Allegria-Schaffer et al., 2009), as is the case when analysing histone modifications.  

In order to compare levels of histone modifications between treated and non-treated 

samples, it is necessary to also determine the total amount of histone in a sample. The Western 
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blotting procedure outlined in this study required the visualization of both total H3 as well as 

acetylated H3 – thus there were two different target proteins on a single blot. Fluorescent western 

blotting is the superior choice in this case. This is because in order to visualize two different 

target proteins using chemiluminescence, it is required that the membrane be ‘stripped’ to 

remove the primary and secondary antibodies that target the first protein, in order to re-probe 

with different primary and secondary antibodies that target the second protein. This is typically 

accomplished with a sodium dodecyl sulfate (SDS) solution composed of 2% SDS, 0.1M 

mercaptoethanol, and 50mM Tris-HCl at pH 7 (Yeung and Stanley, 2009). This SDS solution is 

effective at removing antibodies, but often results in the loss of transferred protein from the 

membrane (Yeung and Stanley, 2009). This can be problematic when the target protein is low in 

abundance and has the possibility to alter the results of histone modification analysis.  

Using multiplexed fluorescent Western blotting allows for the simultaneous detection of 

more than one target protein, as different secondary antibodies can be tagged with different 

colored fluorophores – for example, Cy3 and Cy5. As such, the secondary anti-total H3 antibody 

could fluoresce a different colour than the secondary anti-acetylated H3 antibody. The use of 

fluorescent imaging requires having access to a fluorescence imager device, and this kind of 

imager has been newly acquired by the Winn Laboratory.  

 
 
Conclusions 

Following the recent ban on polybrominated diphenyl ethers (PBDEs) due to concerns 

regarding their toxicity, the use of alternative flame retardants such as TPP has increased (Behl et 

al., 2016). Given the presence of TPP in indoor and outdoor environments, understanding the 

human and ecosystem health implications is crucial. It is important to understand the 
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consequences that exposure to a toxicant may pose to human and ecosystem health in order to 

determine what kind of restrictions must be placed upon the usage of said toxicant. For example, 

under the Canadian Environmental Protection Act (1999), the Canadian federal government 

continuously updates lists of tightly regulated substances in order to reduce the risks posed by 

exposure to these chemicals. TPP is not currently on any federally regulated substances list, and 

there is still very little known about the toxicity of this chemical despite its pervasive presence in 

the environment. Additionally, investigation into the consequences of exposure to TPP brings 

into question the necessity of adding flame retardants to a wide variety of consumer and 

industrial products. With more efficient electronics that generate less heat and more advanced 

fire alarm systems, it is important to note that flame retardants may not be as necessary within 

home and work settings to prevent the spread of flame to the same extent that they once were.  

 Further research is needed in order to accomplish the research objectives that were not 

completed in this study. Analyzing differences in the levels of histone H3 acetylation in RTG-

W1 and STE-137 cell lines following exposure to TPP can give valuable insight into the 

capability of TPP to induce epigenetic modifications in germline cells, which would imply 

transgenerational consequences. If TPP exposure does result in increased levels of acetylation of 

histone H3, this may allow greater chromatin accessibility to DNA binding factors, thus causing 

aberrant increased gene expression. Xenobiotic induced histone modifications in regions with 

otherwise tightly regulated gene expression has been linked to several human and animal 

diseases such as neuronal degeneration in mice (Song et al., 2010), and inflammatory lung 

diseases in humans (Gilmour et al., 2003). It is also known that aberrant histone acetylation 

profiles play a role in the activation of certain oncogenes (Di Cerbo and Schneider, 2013). 
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Therefore, if it is found that TPP does cause changes to histone acetylation, this may pose dire 

consequences to both aquatic and terrestrial ecosystems as well as human health.  

Moving forward from the accomplishment of the research objectives laid out in this 

study, it would be beneficial to investigate the occurrence of other varieties of histone 

modifications such as methylation, ubiquination, phosphorylation and sumoylation in RTG-W1 

and STE-137 cell lines. It is known that other environmental contaminants such as Bisphenol A 

and Phthalates can induce other types of epigenetic modifications such as DNA methylation and 

expression of microRNA (Singh and Shoei-Lung Li, 2012), therefore it would be of value to 

investigate the possibility of other epigenetic modifications to DNA structure other than via 

histones following exposure to TPP. The model established in this study could be applied 

towards future investigations into other varieties of epigenetic modifications to form a complete 

picture on the possible epigenetic toxicity of TPP.  
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Summary 

Due to recent bans on PBDE flame retardants, the use of alternative flame retardants such 

as TPP, an organophosphate, has greatly increased. Despite its widespread presence in interior 

and exterior environments, there is limited research regarding the potential toxicities associated 

with chronic exposure to this compound. An increasing number of animal studies suggest that 

TPP has both endocrine and metabolic disrupting capabilities as well the potential to cause 

reproductive and developmental toxicities. Due to the widespread use of TPP and its tendency to 

leach from the products to which it is added, entry into water systems and exposure to aquatic 

ecosystems is of concern. Some endocrine disrupting compounds are thought to have the 

potential to cause alterations in gene expression in offspring through epigenetic modifications. 

Given that TPP has been demonstrated to carry endocrine disrupting capabilities, investigation 

into the occurrence of epigenetic modifications following exposure is warranted.  

This study aimed to establish a model to evaluate epigenetic toxicity following TPP 

exposure in aquatic ecosystems, using the immortal trout (Oncorhynchus mykiss) cell lines STE-

137 (derived from steelhead trout embryonic tissue) and RTG-W1 (derived rainbow trout gill 

epithelial tissue). Specifically, this study was designed to investigate the occurrence of histone 

H3 acetylation, an epigenetic modification. Due to difficulties in the growth and maintenance of 

STE-137 and RTG-W1, a portion of this study uses fetal liver tissue from CD57BL/6 mice to 

establish protocols that can be applied in future studies to investigate changes to histone H3 

acetylation in STE-137 and RTG-W1 cell lines following exposure to TPP. Additionally, the 

protocols for the growth and maintenance of these cell lines was optimized so that future 

endeavors will have more success in propagating populations. The results from this study 

represent preliminary data using methods that can be replicated to conduct future histone 
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analysis on STE-137 and RTG-W1 cell lines. The research conducted evaluating histone H3 

acetylation in CD57BL/6 fetal mouse liver tissue exposed to TPP in utero indicated that there is: 

1. No significant difference in H3 acetylation at any treatment group dose when 

compared to control levels.  

2. A non-significant trend of increasing H3 acetylation with increasing TPP dose, which 

encourages further investigation into this occurrence.  

 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 



 53 

Appendices 

A) Histone Analysis – Fluorescent Western Blot Images 
 

 
Image 1: Total and Acetylated H3 – Membrane 1. Includes labelling on the ladder for reference 

to molecular weight and labelling on lanes for reference to dose.  
 

 
 
 

 
Image 2: Total and Acetylated H3 – Membrane 2 
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Image 3: Total and Acetylated H3 – Membrane 3 

 
 

 
Image 4: Total H3 – Membrane 1 
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Image 5: Total H3 – Membrane 2 

 
 

 
Image 6: Total H3 – Membrane 3 
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Image 7: Acetylated H3 – Membrane 1 

 
 

 
Image 8: Acetylated H3 – Membrane 2 
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Image 9: Acetylated H3 – Membrane 3 


