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Abstract

The purpose of this research was to study polybrominated dipéiieys (PBDES) and the
effect they have in North Queensland, Australia, igadly in reference to a commercially
important fish species, barramuntafes calcarifer). This thesis is separated into four main
sections: determination of PBDE levels in Ross CreelwnBville, QLD; toxicokinetics of
PBDE-47 in barramundi; optimization of an enzyme-linkadhunosorbent assay (ELISA) for
detection of vitellogenin (Vtg) in barramundi; and assggshe (anti-)estrogenic effect of
PBDE-47 in barramundi.

Levels of two common PBDE congeners, PBDE-47 and PBDE-208 measured in sediments
at three sites along Ross Creek in Townsville, QLBvels were found to range from below
detection (0.2:g kg dw) to 0.35+0.21g kg* (dw) for PBDE-47 and from below detection (0.2
ng kg' dw) to 0.85+0.07ig kg (dw) for PBDE-2009.

Male juvenile barramundi were injected with eithera [@ mg kg bw) or a high (10 mg kY
bw) dose of PBDE-47 and then sampled over the courseddyidin order to determine the
depuration rate of PBDE-47 in barramundi. PBDE-47 wasdaardepurate at a rate of 0.041-
0.069 day, a rate which falls well within the range of thetture for depuration of PBDE-47
in fish.

An optimal ELISA for the detection of Vtg productionbarramundi was determined after
comparing the component reagents of a pre-existing ELISAawinponent reagents developed
during this study. Two commercially available Vtg standaadgophylised Rainbow Trout Vtg
standard (RT Vtg standard) and a lipophylised Atlantic Saltgrstandard (Salmon Vtg
standard) (both from Caymen Chemical Co), were comparadgtrified barramundi Vtg
fraction obtained after size exclusion chromatogragfiplasma from barramundi in which Vtg
production was induced by repeated injection of large dosEgadstradiol (E2). In addition, a
commercially available monoclonal mouse anti-stripasisbv/tg primary antibody (ND-3G2,
Biosense) was compared with two polyclonal sheep antatvaundi Vtg antibodies (Sh-
0404JCU and Sh-0404-SJCU) created by inoculating sheep withf tme size exclusion

Vi



chromatography purified Vtg fractions. The optimal ELI®As determined to be the pre-
existing ELISA using ND-3G2 as the primary antibody and R3 &fandard for quantification,
although promising results obtained with the purified bamradnVtg fractions, Sh-0404JCU and
Sh-0404-SJCU suggest that further purification could leadottar barramundi specific ELISA

in the future.

Finally, male, juvenile barramundi were exposed to PBDEH¥4Wo0 separate experiments to
study whether PBDE-47 has an estrogenic or anti-estrogBadat, with Vtg production
measured by ELISA as the endpoint for estrogenic behaviour.

In the first experiment barramundi were given eithleva(1 mg kg* bw) or a high (10 mg kb
bw) dose of PBDE-47 by intraperitoneal (i.p.) injectiomj éhen sampled over the course of 14
days to determine the time course induction of Vtg prodaictidtg levels in samples were not
guantifiable but the qualitative data allowed for assessufdrends and patterns. Two
interesting conclusions were apparent from the data.fifstés that male barramundi appear to
produce Vtg without exposure to xeno-estrogens, a hypothesis supported by literature that
has found low natural levels of E2 production in malesaiy fish species. The second is that
the high dose of PBDE-47 suppressed Vtg production betweerY denyk14 with Vtg levels
rising much slower in the high dosed fish than in eithercontrol or low dosed fish.

In the second experiment barramundi were given eittgimgle low (1 mg K bw) or a high (10
mg kg* bw) dose of PBDE-47 by i.p. injection then sampled 3 and/$ after injection, or were
given two low (1 mg kg bw) or a high (10 mg kijbw) doses of PBDE-47 by i.p. injection, with
three days between injections, then sampled 3 and 6 flaysh& second injection. This was
done to determine whether a repeated dose of PBDE-47 hadofran effect on Vtg production
than a single dose. The Vtg levels in these sampsqwantifiable and the results showed that
a double injection of PBDE-47 significantly suppressed the ptmiucf Vtg (P<0.0001) at both
a low and high dose. In addition, at 6 days post fimjattion there was a small, but significant
difference (P=0.0355) between the fish that receivedgesiow dose and a single high dose,
confirming that a single high dose of PBDE-47 can suppregpiduction as well.
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1. I ntroduction

1.1  Polybrominated Diphenyl Ether (PBDE): General Background

Most commercial products, including electronics, texiled plastics contain flame retardant
chemicals to protect consumers from accidental {desWit, 2002; Watanabe and Sakai, 2003).
Arguably the most important group of flame retardantstedtominated flame retardants
(BFRs) which have been used for many years to reducestie (Watanabe and Sakai, 2003; de
Wit, 2002). Over the last two decades BFRs have beetiaty attention and creating concern
regarding environmental pollution and human exposure (Ikonoghal, 2002; McDonald, 2002;
Alaee et al, 2003; de Wit et al, 2006; Law et al, 2006). Restadtes highlighting a marked
increase in BFR levels in human milk worldwide (Meiyté et al, 1999; Ohta et al, 2002,
Fangstrom et al, 2004; Chao et al, 2007) as well as codtmegearch showing that some BFRs
have serious health effects (see, e.g. the reviewebyrgan and Ulrika, 2001) have increased

this concern exponentially.

Polybrominated diphenyl ethers (PBDE) are one type of Bfeiely used around the world.
They can be found in a variety of products, such as ctptifumniture, electronics, vehicles and
computers (Johnson and Olson, 2001). They are used witteaamge of polymers, from high-
impact polystyrene to polyurethanes, and PBDE contentazeye from 5 to ~20% of the
polymer (Arias, 2001).

Diphenyl ether is brominated in the presence of a Fré&idaft catalyst in a solvent such as
dibromomethane to create PBDE. Because diphenyl le#isetO hydrogen atoms, any or all of
which can be exchanged with a bromine, there are 209 &HIDE congeners, although in
most commercial mixtures relatively few congeners pmadate. PBDE congeners are
numbered according to bromination pattern using the sartensgs that used to number
polychlorinated biphenyl (PCB) congeners. Figure 1.1 showshmmical structure of PBDE-
47, 2, 2', 4, 4'-tetrabromodiphenyl ether.



There are three main commercial products in which PBi2ive been used: Deca-BDE which
consists mainly of PBDE-209 (97-98%); Octa-BDE which islenap of mainly PBDE-183,
with a few unidentified octa- and nona-BDEs; and Perd& B/hich is 41-42% tetra-BDEs
(mainly PBDE-47), 44-45% penta-BDEs (PBDE-99 and -100) and 6-%&BBEs (PBDE-153
and -154) (Alaee et al, 2003). There are two main type&Bf @&mpounds, reactive and
additive. Reactive BFR compounds are bound to the polgiehich they are a part by
covalent bonds, while additive BFR compounds are mixedtiwélpolymers during their
production and are not chemically bonded to the polytself (de Wit, 2002). PBDEs are
additive flame retardants which increase the likelihobithe chemical leaching out of the
product (Alaee et al 2003).

Br Br

Br Br

Figure 1.1 Chemical structure of 2, 2’, 4, 4'-tetrabromodiyhether (PBDE-47)

Deca-BDE is a general purpose flame retardant and caretderualmost any type of polymer.
It is the most highly brominated class of PBDE with 83%ntine by weight. When combined
with antimony oxide it can be used in high-temperature psiog$o make polymers such as
high-impact polystyrene which is commonly used in TV amehguter monitors (Alaee et al,
2003). Octa-BDE, which is 79% bromine by weight, is mairggd in Acrylonitrile Butadiene
Styrene (ABS) resins, which can be used for injectiondmgland extrusion applications
including automotive, appliances and packaging (Alaee et al, 200@) final class of
commercial PBDE is Penta-BDE, which is 70% bromine biglteand most commonly used in
polyurethane foam and textiles.



PBDEs are structurally and behaviorally similar to polgchiated biphenyls (PCBS), in that
they are highly lipophilic and hydrophobic as well as thelynsahble (Alcock et al, 2003).
There is growing evidence to suggest that PBDEs are apubebenvironmental pollutant (de
Wit et al, 2006; Law et al, 2006) that are known to bioaccatauh food chains much like PCBs
(Boon et al, 2002; Tomy et al, 2004). However, unlike PCBisatiner “classical”’ persistent
organic pollutants (POPs), which have seen a marked dedregiobal levels over the last two
decades as restrictions have removed them from thel gialbket, global levels of PBDEs have
risen over the last twenty years according to segtudies (Rayne et al, 2003; Ikonomou et al,
2002; Papke et al, 2000; Meironyte et al, 1999; Easton et al, 200%aioand Olson, 2001;
McDonald, 2002; Ohta et al, 2002; Zennegg et al, 2003). This islikelyg due to a lack of
global restrictions on their production and use untiendlg, as well as the disposal of products
treated with PBDEs (Martin et al, 2004). In additidth@gh many countries have no primary
production capabilities or direct import of PBDE commédngigtures, contamination is
occurring through indirect imports in the form of elecics, furniture, and textiles treated with
PBDEs in their country of manufacture (Harrad and Po2@07).

1.2  PBDE in the global environment

The global use of brominated flame retardants grew H3@% in the decade between 1990 and
2000 (Alaee et al, 2003) while global demand for PBDE was ~67,00@@ as in 1999, up
from ~40,000 metric tons in 1992 (Zhu and Hites, 2003). Of theD667/Mmetric tons, 54,800
were Deca-BDE, 3825 were Octa-BDE, and 8500 were Penta(BR2Ee et al, 2003). In
Australia it was estimated that ~210 metric tons odDERommercial products (penta-, octa- and
deca-BDE) were imported in 2003-2004 (NICNAS, 2005). The lasteduas seen regulations
and restrictions placed on the lower brominated PBDIER,Renta-BDE voluntarily withdrawn
from the Japanese market (Watanabe and Sakai, 2003) an@diatBDE and Penta-BDE
banned in Europe (Alaee et al, 2003). While in the perioddsst 1999 and 2004 saw a
decrease in penta- and octa-BDE use in Australia (bpfoduction of penta- and octa-BDE
fully ceased worldwide in 2005) the use of deca-BDE, whictoigestricted, increased slightly,
from 177 to 180 metric tons, an increase of ~1% (NICNX®5).



Due to the lipophilicity of PBDESs, in the aquatic environmigsit and marine mammals

typically have the highest levels of PBDEs (Ikonomoalg2002). Biomonitoring studies in

salmon have identified relatively consistent PBDE coeg@rofiles with up to 43 individual

congeners identified, although PBDE-47 is typically the rabsindant congener in biota (Hites

et al, 2004). This pattern seems consistent in otherestudith the predominant congener most
often being PBDE-47, not only in fish (Zennegg et al, 2003 sk and Olson, 2001), but also
in marine mammals (Ikonomou et al, 2002) and humans (Ohla2002; Harrad and Porter,

2007; Toms et al, 2007). In sediments, on the other hamgré&dominant congener tends to be

PBDE-209, the main congener in the commonly used Deca-®&idinercial mixture (Law et al,

2006; Toms et al, 2008). The congener profile of sedimemples is reflective of the global use

patterns of the different commercial mixtures, and possible explanation of the predominance

of PBDE-47 in biota is that it is the result of biosfarmation of the chemical after ingestion

(Tomy et al, 2004; Stapleton et al, 2004a; Stapleton et al, 2004ble 1.1 gives an overview

of the PBDE levels reported globally for water, seditagsewage sludge, select commercial fish

species and humans in the last decade.

Table 1.1 Concentrations of PBDES reported globally

Environmental

PBDE congeners

media Region Y ear analyzed YPBDE Reference
Water
. North America — Lake 47, 66, 99, 100, 1
Dissolved Michigan 2004 153, 154 18+1.8 pg L Streets et al (2006)
17, 28, 33, 47, 6,
North America - San 82, 85, 99, 100, 1
Francisco Estuary 2002 138, 153, 154, 166, 1o P9L Oros et al (2005)
183, 190, 203 — 209
. North America — Lake 47, 66, 99, 100, 3.1+0.29pgL
Particulate Michigan 2004 153, 154 1 Streets et al (2006)
Sediment
2002- 1
. 47,99, 100, 153, ND™-4.42n9g
Australia - Queensland 2003 & 154. 183, 209 kg dw? Toms et al (2008)
2005
2002- 47, 99, 100, 153 ND-36.4u9 Toms et al (2008)
Australia - NSW 2003 & 154. 183, 209 kg™ dw

2005




Enwronmental Region Y ear PBDE congeners SPBDE Reference
media analyzed
Sediment
Australia - South 2002- 47,99, 100, 153, ND-1.88pg
Australia 2003& 454783 209 kg™ dw Toms et al (2008)
2005
2002- 47,99, 100, 153, 0.093-7.73.g
Australia - ACT 2003 & 154. 183, 209 kg™ dw Toms et al (2008)
2005
2002- 47,99, 100, 153, ND-0.53pg
Australia - Tasmania 2003 & 154. 183, 209 kg dw Toms et al (2008)
2005
17, 28, 33, 47, 6,
North America - San 82, 85, 99, 100, ND-212ug
Francisco Estuary 2092 138, 153, 154, 166, kg dw Oros et al (2005)
183, 190, 203 - 209
. 28, 47, 66, 85, 99, 1
North America - Lake 500, 100 153 154, 183, ©8-1MIKJ Song et al (2005)
Michigan 209 dw (mean)
. 28, 47, 66, 85, 99, 1
North America -Lake 500, 100, 153, 154, 183, S0-3HI KJ Song et al (2005)
Huron dw (mean)
209
North America - 28, 47, 66, 85,99, ND-148ug
Niagara River 2006 100, 153, 154, 183 kg dw Samara et al (2006)
Europe - Cinca River, 47,100, 118, 153, 2.5-42ug .
NE Spain 2004 154, 183, 209 kg dw Eljarrat et al (2004)
Europe - River : L7 9°”Qe”ers 0.3-10.4ug Moche and Stephan
Danube, Austria 2003 including: 47, 99, kg' dw (2003)
' 181, 183
Europe - River 68-390ug kg*
Viskan, Sweden 1998 209 dw Sellstrom et al (1998)
28, 47, 66, 71, 75,
Europe - Cork 2004 77,85, 99,100, 1.8-1.9ug kg* Kilemade et al (2004)
Harbour, Ireland 119, 138, 153, 154, dw
183, 190, 209
. 28, 47, 49, 99, 100,
Europe - Lake Mjosa, 544, 138 153 154, 183, 0:6-27n9 Schlabach et al (2004)
Norway kg™ dw

209




Environmental

PBDE congeners

)

media Region Y ear analyzed YPBDE Reference
Sediment
Arctic - Several
Freshwater sites in N.  2000" 47,99 0.004-0.027 AMAP (2004)
. 2001 ng kg- dw
Russia
Arctic - Kola, Russia 1998 47,99, 100, 153 0'1'214;\;‘,9 K9 Chemyak et al (2003)
Sewage Sudge
1
North America - US 2002 47, 99, 100, 209 301%\‘3 kg Hale et al (2002)
) 47,99, 100, 153, 18-260ug kg® Swedish EPA study cite
Europe - Sweden 2000 154, 209 dw in Law et al (2006)
17, 28, 47, 49, 66, ]
Europe - Denmark 2003 85,99, 100, 153, 238J—“12d3vF\‘,9 K9 Christensen et al (2003
154, 183, 209
7,15, 17, 28, 47,
Europe - Spain 2002 49, 66, 85, 99, 100, 841'1?58\,@9 Fabrellas et al (2004)
119, 153, 154,209 "9
Fish and
Molluscs
North America — Lake  2000- 47, 66, 77, 100, 120-350ug
Lake Trout Michigan 2002 153, 154 kg (mean) Streets et al (2006)
39 congeners
North America - including: 15, 28, 0.2ug kg*
Salmon Pacific Coast 2000 47 49, 66,99, 100, ww? (mean)  Caston etal (2002)
153, 154
39 congeners
North America - including: 15, 28, 2.7ug kg*
Salmon (farmed) Pacific Coast 2002 47, 49, 66, 99, 100, ww (mean) Easton et al (2002)
153, 154
. North America - 47,99, 100, 153, 119-174ug Johnson and Olson
Rainbow Trout o, one River, wa 1999 154 kg™ ww (2001)




Environmental

PBDE congeners

media Region Y ear analyzed XPBDE Reference
Fish and
Molluscs
17, 28, 33, 47, 6,
North America - San 82, 85, 99, 100, 9-64pg kg*
Oysters Francisco Estuary 2002 138, 153, 154, 166, dw Oros et al (2005)
183, 190, 203 - 209
17, 28, 33, 47, 6,
North America - San 82, 85,99, 100,  13-47ug kg*
Mussels Francisco Estuary 2002 138, 153, 154, 166, dw Oros et al (2005)
183, 190, 203 - 209
17, 28, 33, 47, 6,
North America - San 82, 85, 99, 100, 85-106ug kg*
Clams Francisco Estuary 2002 138, 153, 154, 166, dw Oros et al (2005)
183, 190, 203 - 209
Europe - Lakes in SE 28, 47, 99, 100, 3.6-18ug .
Brown Trout Norway 2003 153, 154, 183 kg™ ww Mariussen et al (2003)
Europe - Lake Mjosa, 28, 47, 99, 100, 353pug kg* .
Brown Trout Norway 2003 153, 154, 183 ww (mean) Mariussen et al (2003)
Europe - Skerne and . . .
Brown Trout Tees Rivers, NE 2003 28, 47,99, 100, 4.9-%97pg kg Allchin and Morris
153, 154 W (2003)
England
Europe - Cinca River 40 congeners 1.3-298ug kg
Barbel pNE i ' 2004  including: 47, 153, 74 W\FA‘IQ 9 Eljarat et al (2004)
P 154, 183
17, 28, 47, 66, 77, .
Herring Europe - North Sea 2004 99, 100, 153, 154, Iilfa“?mke%n) Paepkeizaé‘&)“e”ma””
183, 209 P
17, 28, 47, 66, 77, .
Plaice Europe - NE Atlantic 2004 99, 100, 153, 154, Iie'igngq';gn) Paepkeizaé‘&)“e”ma””
183, 209 P
17, 28, 47, 66, 77, 4
Trout Europe - NE Atlantic 2004 99, 100, 153, 154, Iig'igngq';gn) Paepkeizaé‘&)“e”ma””
183, 209 P
17, 28, 47, 66, 77, .
Halibut Europe - NE Aflantic 2004 99, 100, 153, 154, O *H0 kg Paepke and Herrmann
lipid (mean) (2004)

183, 209




Environmental

PBDE congeners

media Region Y ear analyzed YPBDE Reference
Fish and
Molluscs
-1
Blue Mussels Europe - Norway 2003 2&;7132 115(;;) 0.1-0\.3\’;;9 kg Bethune et al (2004)
0.6-7.0ug kg*
Crab Europe - Norway 2003 2&;7132 1153 ww (shell Bethune et al (2004)
' ' meat)
-1
Whitefish Europe - Switzerland 2003 2&; 715?2 115(;;) ' 2'0'7\‘3\59 kg Zennegg et al (2003)
Rainbow Trout G 28, 47,99, 100, 0.7-1.3ug kg*
(farmed) Europe - Switzerland 2003 153, 154, 183 e Zennegg et al (2003)
Unknown Fish  Asia - Taiwan Rivers 28, 47, 99, 100, 2.9-1240ug
Species and Estuaries 2007 153, 154, 183 kg™ lipid Peng et al (2007)
Young . 28, 47,99, 100, 1.6-1.7ug kg*
vellowtail Asia - Japan 2002 153, 154 e Ohta et al (2002)
-1
Mackerel Asia - Japan 2002 28'11'573' 91% 4100’ 1'4'1\‘5\59 kg Ohta et al (2002)
-1
Yellowtail Asia - Japan 2002 28'11'573' 91% 4100’ 1'0'1\‘3\59 kg Ohta et al (2002)
Humans
Milk Ngﬁglfergeg;ia W 2000 47 6.21g kg’ Pereg et al (2003)
Milk Ijgggzebgnar;%’ik 1999 47,99, 100, 153 7@ kgt Fangstrom et al (2004)
Plasma Europe - Russia 2001 Conﬁ’;’;grs Ot 4.1-0.9ug kg AMAP (2004)
Milk Europe - Russia 2001 Conﬁ’;’;grs Ot 4.1-0.3ug kg AMAP (2004)
-1
Milk Asia - Japan 2002 2%70 9% 100 0'7'2"':)3%9 kg Ohta et al (2002)




Enwronr_nental Region Y ear PBDE congeners SPBDE Reference
media analyzed
Humans
17, 28, 47, 66, 85, 3.9u0 ko'
Milk Asia - Taiwan 2007 99,100, 138,153, d%ﬂqegn) Chao et al (2007)
154, 183, 209 P
47,99, 100, 153,  7.2ug kg*
Blood Serum New Zealand 2001 154, 183 lipid (mean) Harrad and Porter (2007
17, 28, 33, 47, 49,
. . 66, 71, 77,85,99, 6.1-18.7ug
Milk Australia 2003 100, 119, 126, 138, kg lipid Toms et al (2007)

153, 154, 166, 183

INot Detected, sample levels below the limit of deteclimrthe analytical method used.

Zdry weight
*wet weight

Concentration of PBDESs in environmental samples worldwadge from very low levels

dissolved in water (18+1.8 pg'lStreets et al, 2006) to very high levels in sewage sludtei
US (544ug kg®, Hale et al, 2002) and Europe (844-1810g" dw, Fabrellas et al, 2004). In
biota levels range from 01 kg™ in Salmon off the Pacific Coast of North Ameri€aéton et
al, 2002) and 0.1-0.8g kg (ww) in Blue Mussels from Norway (Bethune et al, 2004jhe

way up to 35Qug kg® in Lake Trout from the Great Lakes in North AmeriSareets et al, 2006),

353ug kg* (ww) in Brown Trout from Lake Mjosa in Norway (Massen et al, 2003) and 2.9-

1240ug kg* (lipid) in various fish species from Taiwan Riversidstuaries (Peng et al, 2007).

Sediment levels in Australia are fairly consisterthvievels in the rest of the world, with fairly

low levels at sites in Queensland, South AustraliaAth& and Tasmania (not detected (ND)-

7.73ug kg* dw, Toms et al, 2008) comparable to levels in sites ssithesRiver Danube in
Austria (0.3-10.41g kg dw, Moche and Stephen, 2003) and Cork Harbour in Irelanel(2.8
ng kg' dw, Kilemade et al, 2004) and higher PBDE levels at sité®e populous and

industrialized areas in New South Wales and Victoria @038 ug kg dw, Toms et al, 2008)

comparable to sites in North America, such as Lake H(B0r8pug kg dw, Song et al, 2005)

and Lake Michigan (66.1g kg" dw, Song et al, 2005), and sites in Europe, such as Cinca Rive



in NE Spain (2.5-42g kg* dw, Eljarrat et al, 2004) or Lake Mjosa in Norway (0.6p87kg"
dw, Schlabach et al, 2004).

There is no literature which describes any active attéongiean up or reduce current levels of
PBDE in the environment. However, as was stated ganeng levels of PBDE caught the
attention of governments around the world, leading tadktiction of their production and use.
The lower brominated commercial mixtures, penta- ana-B&E, were the first to be regulated,
due to the high level of uptake efficiency and accumulatidhe lower brominated PBDE
congeners (de Wit, 2002; Alaee et al, 2003). Penta- and @&dEapBduction ceased worldwide
in 2005 (NICNAS, 2005). While this action removed an obviausce of emission of PBDEs
into the environment, in the form of effluents from taetories which produced them, there is

no guarantee this will lead to an immediate or lasting témluof PBDE levels worldwide.

The reason for this is two-fold. The first is thagrénare still large quantities of penta- and octa-
BDE extant in products which were produced 10-20 years ago althttinee commercial PBDE
products were in frequent use. Prevedouros et al (2004) danvedentory for the use and
emissions of the penta-mixture of PBDE in Europe betvil@y0 and 2000. Their study
suggests that the majority of the penta-BDE mixtura @olyurethane foams, up to 30% of it in
cars, another 10% in furniture foam, and the rest inlésxtbuilding materials, packaging and
solid applications. As these products are discardeddihitvee PBDE will leach out into the
environment. Watanabe and Sakai (2003) suggest possible sdugogissions into the
environment ranging from municipal, hospital or hazardoastevincinerators to facilities

recycling plastics and metals from electronic devicds#d disposal sites and accidental fires.

In addition to the possibility of emissions from disted penta- and octa-BDE containing
products there is also the continued production and usecafBDE mixtures. A major
argument made by manufacturers of deca-BDE productstideba-BDE is too large a molecule
to be highly bioavailable to organisms and would thereforacmimulate in biota like the lower
brominated PBDE congeners and commercial mixtures daveier, laboratory experiments
have shown that PBDE-209, the main congener in decajBddiicts, can be debrominated in
the gastrointestinal tract of car@yprinus carpio) after dietary exposure in the form of spiked
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food pellets (Stapleton et al, 2004a). This study showegdaiiaough PBDE-209 itself did not
accumulate in carp tissue during the 60 days of exposusasttdeven penta- to octa-
brominated congeners were formed. In another studyrnig@at debromination of PBDE-99 and
-183 in carp, Stapleton et al (2004b) they found significantosheidation of the two congeners
resulting PBDE-99 converting to PBDE-47 and PBDE-183 congettirPBDE-154. In

addition, studies in eels (Allchin and Morris, 2003), largalessuckersGatostomus

macrocheilus) (Johnson and Olson, 2001) and lake tr&abelinus namaycush) (Tomy et al,
2004) all found debromination of PBDE congeners after dietgopsure as well. This suggests
that so long as deca-BDE commercial mixtures remainadymtion and worldwide use levels of

PBDE occurrence in biota will continue to rise.

1.3  PBDE and endocrine disruption

As PBDE levels have risen worldwide, interest in theepbal toxic side-effects of exposure to
the chemical increases as well. Within the last denad®erous studies have been published
exploring these possible negative side-effects which inaledeodevelopmental defects
(Kuriyama et al, 2005; Viberg et al, 2003; Branchi et al, 2008)ptd hormone disruption and
cancer (McDonald, 2002). It is recognized and well docuedkthiat PBDES are endocrine
disrupting chemicals which affect thyroid hormone homeistnd metabolism (Labadie and
Budzinski, 2006; Branchi et al, 2003; Legler and Brouwer, 2003sdaret al, 2004, Ellis-
Hutchings et al, 2006; Hall et al, 2003). One area whereeraum studies have been done with
little consensus being reached is in the area ofgetio effects. Although there seems to be
agreement that PBDESs do interact with the reproduetia®crine system, there is still some
guestion as to what effect PBDEs have on it. Theatitee involved is difficult to review and
compare because the research methods used in the \sttidies are not always clearly
comparable to one another. Methodology includes imottvo andin vitro experiments in
animals ranging from mice to mussels to human cell lildgrowing the criteria to studies in
aquatic organisms which measure vitellogenin (Vtg) producti@mandpoint of estrogenic
activity leaves three studies which illustrate well tbatued uncertainty about the estrogenic
or anti-estrogenic behavior of PBDEs.
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In the first, ann vitro study published in 2005, Nakari and Pessala measured vitelldyegjn
secreted from freshly separated hepatocytes of juveimleawa trout Oncorhyncus mykiss)

using an enzyme-linked immunosorbent assay (ELISA).y Shes a clear dose-response curve
in the presence of three different PBDE congeners E2BD -99 and -205), with the higher
brominated congeners causing higher levels of induction avet looncentrations. PBDE-205
and PBDE-99 induced maximum Vtg production at concentratibabout 10 pg &, while
PBDE-47 needed a concentration of approximately 50 hfptmaximum induction. In
addition, while PBDE-47 and PBDE-99 induced maximum Vtg produdtiogls of
approximately 800 and 1,100 ng thlrespectively, the maximum Vtg concentration in the
presence of PBDE-205 was about four times higher at a#r@80 ng mL".

On the other hand Boon et al (2002) looked at Vtg produatieivo in Atlantic salmon $almo
salar) after oral dosing with two commercial PBDE mixtu(Bgnta- and Octa-BDE). In this
case Vtg expression was measured by quantifying mRNA levéte iliver by hybridization to
rainbow trout Vtg cDNA probes (clone AA-4). Groups chfiwere dosed twice (oral intake at
days 1 and 4) with 10 and 50 mgkapdy weight of both the penta- and octa-BDE commekrcia
mixtures and sampled at days 7 and 14. While both mixtuees rgadily taken up into the
different tissues that were analyzed, the slot blovVigrmRNA expression shows no observable
Vtg expression except for.ipositive control groups.

Finally, Aarab et al (2006) exposed both male and femalsetaytilus edilus) to 1 ug L* of
tetra-BDE for three weeks in a continuous flow-througgtem. Levels if Vtg-like proteins were
measured using indirect method alkali-labile phosphate adday study found that exposure
vivo to tetra-BDE actually decreased Vtg levels. While \kg-protein concentration in control
males and females was approximately 15 and 17jigegpectively, in mussels exposed to tetra-
BDE levels in both males and females fell to approxaiyad pg ¢

In the end, as these three studies show, the ressargtrently too varied and contradictory to

conclusively state whether PBDESs act estrogenicalpntirestrogenically in fish. Further
research is still needed before this debate can realigttieds
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1.4  Enzyme-linked immunosorbent assay (ELISA): M easuring vitellogenin production
as an endpoint of estrogenic potency

Vitellogenin (Vtg) is a large, complex phospholipoglycopmetdimer normally produced in the
livers of maturing female oviparous vertebrates in resgptmestrogen secreted by the ovaries
(Booth and Skene, 2006). The molecular weight of a whalemdlecule ranges between 300 —
600 kDa, with the number and molecular weight of subumitging among different species
(Specker and Sullivan, 1994). It is an egg-yolk precursor prttatns transported from the
liver by way of the bloodstream to the ovaries wheigiicorporated into developing oocytes
(Wallace, 1985).

The hepatic estrogen receptors that are responsibiediacing Vtg production are present in
males even though estrogen production is normally nortleadth and Skene, 2006).
Therefore, Vtg production can be induced in male fislhénpgresence of exogeneous estrogen
(Hotta et al, 2003) highlighting Vtg as a useful biomarkeafsessing estrogenic effects of

suspected endocrine disrupting chemicals in male fish.

There are several enzyme-linked immunosorbent aggaySAs) for detecting and measuring
Vtg. There are three main methods which form théslmsall ELISAS: a) the direct ELISA, b)
the indirect ELISA and c) the sandwich ELISA (Crowtl2001). The most common assay is an
indirect ELISA (Specker and Sullivan, 1994). The main athges of this ELISA are ease of
development and validation, low equipment requirementshagh sensitivity and specificity
(Specker and Sullivan, 1994; Bon et al, 1997).

The development of an ELISA for a specific speciesagel on obtaining an antibody against
Vtg from that species. This is achieved by first obtaipagfied Vtg from a target species, such
as rainbow trout, and then injecting that Vtg into @ee species, such as sheep, in order to
produce an antibody response (Bon et al, 1997; Schafhaudér&sioh Benfey, 2002). In an
indirect ELISA this primary antibody binds to Vtg from ttist species, and then a secondary
antibody specific to the species in which the primamybady was produced binds to the primary
antibody. The secondary antibody has an enzyme coajugatexample, horseradish
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peroxidase, which in the presence of an appropriate demglspiution, o-Phenylenediamine
dihydrochloride, develops a color which can be measuredspadrophotometer (Crowther,
2001). This colorimetric method has two distinct advantagssits can be seen by eye
allowing for immediate assessment of whether theyasgsworked and quantification can be
easily achieved by running Vtg standards of known concentralioiy with the unknown
samples (Crowther, 2001).

1.5 Thisproject

This thesis consists of 6 chapters. Chapter 1 and 6 aeeaj@étroduction and conclusions with

recommendations for future work, respectively, and Chagtérare:

Chapter 2. Determination of PBDE-47 levels in sedim&ata Ross Creek, Townsville, QLD

Sediment samples from Ross Creek in Townsville, Qldbevanalyzed to determine current
levels of contamination of two PBDE congeners, PBDE#VRBDE-209. PBDE was
extracted from the samples by soxhlet extraction anéxtract underwent a further clean-up
using a silica gel clean-up method. The samples wenestt@lyzed by gas chromatography —
mass spectroscopy (GC-MS) to determine the concemtratiBBDE present in the samples.

Chapter 3: Toxicokinetics of PBDE-47 in barramundités calcarifer)

Barramundi ates calcarifer), a commercially valuable Australian fish species exgsosed to
PBDE-47, the most common PBDE congener found in biotagdertain the rate at which
PBDE-47 depurates in barramundi. The fish were giverpamjection of saline (control), 1mg
kg™ (bw) of PBDE-47 (low dose) or 10 mg kgbw) of PBDE-47 (high dose), then sampled
over the course of fourteen days. PBDE-47 was exttdicien the samples by hexane extraction
and the extract was analyzed by GC-MS to determine otmatiens of PBDE-47 present at each

time point. From this data the depuration rate of PBDEydarramundi was determined.
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Chapter 4: Development and optimization of an enzymiesl immunosorbent assay (ELISA)

for detection of Vtg production in barramundafes calcarifer)

The work in chapter 4 included preliminary work towardstangaa barramundi specific ELISA,
including the creation of a primary polyclonal anti-baruendi Vtg antibody in sheep, but
ultimately culminated in the optimization of a previgudeveloped barramundi ELISA. In the
initial stages Vtg production in barramundi was induceth an injection of 1f-estradiol (E2),
then the Vtg was purified using size exclusion column chtography. The purified Vtg was
then injected into sheep to induce production of a polyclan@body against barramundi Vtg.
The purified Vtg and the sheep polyclonal antibody were toenpared to an existing ELISA
for detecting barramundi Vtg which uses a rainbow tragtstandard (Caymen Chemical Co)
and a mouse anti-striped bass Vtg monoclonal antiboidg€Bse). This comparison was done
to determine the optimal working ELISA for detecting Vtgguction in barramundi.

Chapter 5: Estrogenicity of PBDE-47 in barramuha@iés calcarifer)

The estrogenic or anti-estrogenic effect of PBDE-47 erabaundi was assessed using Vtg
production as the measurable endpoint of estrogenic actiiny experimental designs were
used for this research, the first being a time courseiexpet designed to determine the
induction of Vtg production over time after a single inigctof either a low (1 mg kgbw) or a
high (10 mg k& bw) dose of PBDE-47. The second experiment was desigrastermine
whether a repeated injection of PBDE-47 had a signifigaliffierent effect on Vtg production
than a single injection of PBDE-47. The optimal ELI®Adetecting Vtg production in
barramundi, as determined in chapter 4, was used to me&gupeoduction in response to
exposure to PBDE-47.
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2. Deter mination of PBDE-47 levels in sediments from Ross Cr eek,
Townsville, QLD

2.1 Introduction

As was discussed in Chapter 1, PBDESs are a group of calynmeed flame retardants in many
polymers, with global use increasing steadily ovelldbefew decades. Research has been done
worldwide over the last two decades to determine cur@BtEcontamination levels in the

environment (Table 1.1).

Due to the hydrophobic nature of PBDEs (according to Braéketval (2003) the octanol-water
partition coefficients (Kw) for PBDEs range from £3°?%to 162"*°2§ in the aquatic
environment, PBDE contamination tends to be concentnatggtliment samples rather than
within the water column itself (Oros et al, 2005). Aeawet study published by the Australian
Government Department of the Environment and Heritageetbat PBDE levels in sediments
from around Australia (Toms et al, 2006). Prior to the pabbn of this research there was no
data available on PBDE levels in aquatic environmentaustralia. In Queensland the samples
obtained by Toms et al (2006) were all taken from thehsast corner of the state, concentrated
around the city of Brisbane, QLD. In this chapter da¢gpaesented regarding PBDE levels in
sediment collected in Ross Creek which drains an urbaogetiment within the city of
Townsville, a city of ~153,000 (Year Book of Australia, 200&pked 1,300 km north of
Brisbane on the eastern coast of Australia. Theoditihe research in this chapter is to provide
additional data on current levels of PBDE occurrenciustralia. The goal is to establish a
baseline that can be used in future research to deterrhetev levels are increasing,

decreasing or remaining steady.

Sediment samples were collected in duplicate fromethites along Ross Creek in Townsville.
Ross Creek was chosen because of its proximity to dewant@wnsville and its role as a drain
for the catchment area. The sites are representdtthe areas through which the creek flows:

residential, industrial, and urban. The samples weraa®rd by Soxhlet, followed by a clean-
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up process described by the US EPA, and were then analyges lshromatography — mass
spectroscopy to determine the current level of PBDEatoimiation in Townsuville.

2.2 M aterials and methods

2.2.1 Sampling

Duplicate samples were taken at each of the three isiarked by letters in Figure 2.1. These
sites were chosen as representative of the differeats through which Ross Creek flows. Ross
Creek is saline throughout its length, so all three svmdd be considered estuarine, although
sites B and C see greater variations in salinity tlaes site A (da Silva et al, 2005). Site A is
located in the middle of the urban downtown area ofiswie. Site B is located near the rail
yards and immediately downstream from the entry pdiatdrainage canal which travels from
two man-made lakes west of the creek along a major road®ite C is located in the middle of

a residential area of Townsuville.

Samples were collected from the surface (top 1-5 criipefgrained sediments in Ross Creek.
The samples were collected using a hexane-washed alumspatula into hexane-washed glass
containers. They were transferred to the laboratattyin one hour of collection and stored at

4°C until being dried and prepared for analysis (see below).
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““Google

Fiure 2.1 M of Twnswlle with ple sites label&ample sites are: Ross Creek at
Rooney’s Bridge (A), Ross Creek at the Civic Theatre &éB)l Upper Ross Creek (C). Vertical
arrow points to entrance of drainage canals from Taiet.

Im

2.2.2 Extraction

Sediment samples were air dried and ground in a ring Apifiroximately 5.0 g (accurately
weighed) was extracted with 50 mL of pesticide grade reXEnvisol purity, Reidel-de Haen)
in a soxhlet extractor for 16 hours. As an internaicaad, PCB 103 (10L of 8 pg.mL™) was
added to the extract and carried through the subsequent clgapsp

The extract underwent a silica gel cleanup step using gjét acidic silica gel, basic silica gel
and anhydrous sodium sulphate using the procedure describettionS8.3 of USEPA method
1614 (USEPA, 2007)After clean up, the hexane extract was reduced imko 0.5 mL for
analysis by quadrupole GC-MS (Varian 1200).

2.2.3 Gas chromatography — Mass spectroscopy (GC-MS)

PBDE-47 and PBDE-209 in all samples was quantified using iatvd000 GC-MS with a
Varian 8400 AutoSampler and Varian 1177 Split/Splitless Injec#o25m, 0.1um film

28



thickness DB-5 column was used in the GC, andl2di sample was injected at an injection
temperature of 250°C, with splitless injections and hetsnthe carrier gas in constant flow
mode. The column temperature program used an initial colamperature of 80°C for 1.5
minutes, after which the temperature was increased atrh2fEto a temperature of 250°C,
followed by an increase of 25°C rfino a temperature of 300°C which was held for 5.3 minutes.
The MS was in El ionization mode, with helium damping ga2.5mL miff. The precursor ion
used was at 486 m/z, with a product ion range (m/z) 320-335PBIDE-47 the quantitation

ions used were at 324, 326 and 328 m/z. For PBDE-209 the quantitats used were at 797
and 801 m/z.

2.3 Reaults

Table 2.1 shows PBDE-47 and PBDE-209 levels in Townsvilldetermined by analysis by
GC-MS. The highest overall PBDE levels were founsitatB, while the next highest levels
were downstream at site A. Site C samples both d¢arnelow the detection limit of the
analysis, which was determined to beu@.2

Table 2.1 Concentration of PBDE-47 and PBDE-209 in sedis@nples from three sites along
Ross Creek, Townsville, QLD.

PBDE- PBDE-
47 209
Ratio
Sample Standard Standard PBDE-
Site Range Mean Deviation Range Mean Deviation | 47:PBDE
-209
ND - 0.5 0.4-05
A ugkgt | OBHI | g7 ugkgt | 094 HI | o7 13
d kg™ dw kg™~ dw
w dw
0.2-0.5 0.8-0.9
B ug kgt | 2-3PH9 0.2 ugkg? | O8PHI | g7 3585
d kg™ dw kg™~ dw
w dw
C ND? ND 0 ND ND 0 ND

®Non-detectable levels (<01@) kg" dw).

"Where one sample was below detection limits a valié tife detection limit (0.2g kg* dw)

was used to determine the mean concentration of PBDE-209.
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2.4 Discussion

In this study the levels of two PBDE congeners (PBDE-4i7-309) in sediment samples from
Ross Creek in Townsville were determined. These twgeamers were chosen because in the
literature PBDE-209, as the main congener of the mostrmontommercial PBDE product
(deca-BDE), is consistently the predominant PBDE conglened in sediment samples (Law et
al, 2006). PBDE-47 is typically the most abundant conginaiota (Hites et al, 2004)
although, being the most common congener in penta-BDE eocrahPBDE mixtures, PBDE-
47 is usually present at detectable levels in sedimemtglagToms et al, 2006). Thedg of
PBDE-47 is within the range of optimum bioaccumulapotential (Fisk et al, 1998) while
PBDE-209 may be too nonpolar or too large (Braekevelt et al, 2008refore, one possible
explanation put forward for the predominance of PBDE-43iata, as opposed to PBDE-209, is
that PBDE-209 undergoes biotransformation by debrominatieniagestion leaving PBDE-47
to bioaccumulate in the lipids of biota (Stapleton e2@04; Tomy et al, 2004). These two
congeners were chosen for this research based uporeth@irence within the literature, and to
confirm what has been seen by other studies, that PBIDES present in higher levels in
sediment samples than PBDE-47.

Water samples were taken at these sites, however RBdentrations were universally
undetectable. Using the octanol-water partition caefiicts for PBDE-209 and PBDE-47
determined by Braekevelt et al (2003) to determine the likelgneancentration of these two
congeners given the sediment concentrations found in Swklensediments may help to explain
why PBDE is undetected in water samples from thesg sitd®BDE concentrations in the water
are in equilibrium with the sediment at these dites the equilibrium constant g)Kcan be
estimated using the following equation from Karickhofflgtl879):

Equation 2.1 Kp=0.6 x f)cX Kow

where pc is the fraction by weight of organic carbon presemhésediment (Australian and
New Zealand Environment and Conservation Council, 2000) apdd<the octanol-water
partition coefficient of PBDE (Braekevelt et al, 2003he tc in Townsville sediments is ~1%,
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while the Koy of PBDE-209 is 18 (Braekevelt et al, 2003). The,kf PBDE-209 was found to
be 6x10 L kg™ . Ko is the ratio of the PBDE concentration in the setit to the PBDE

concentration in the water, as shown in the follmywquation:

Equation 2.2 Kp = [sediment (mol kd)]

[water (mol IY)]

In this study a maximum sediment concentration ofi@.8g" was found at one site, or ~1nmol
kg'. Therefore, in equilibrium, the PBDE-209 concentratiothe water at this site would be
1.67x10*" mol L™, which is far below the detection limits availablem@C-MS and which may
account for the lack of detectable PBDE-209 in the wateptes. Performing the same
calculations for PBDE-47, using af of 10>®* (Braekevelt et al, 2003) gives & Kf 3.87x10

L kg™ and a water concentration of 2.58%t@nol L, which is again far below the detection
limits available with GC-MS.

In the sediment samples PBDE-47 and PBDE-209 were pratsenb of the three sites sampled,
A and B. The concentrations determined for PBDE-47 @&38+0.2u9 kg® (dw) at site B and
0.15+0.07ug kg" (dw) at site A (Figure 2.2). The concentration of PBFIB at these two sites
was 0.85+0.071g kg* (dw) at site B and 0.45+0.Qity kg* (dw) at site A. Ross Creek is saline
throughout its length, up to and above site B, therefotie $ites A and B can be classed as
estuarine environments, which throughout the literature baen shown to have higher PBDE
levels than freshwater sites (Oros et al, 2005; Soafj 2005; Toms et al, 2006). What is
harder to explain is why site B, which is further upstieand sees greater variation in salinity
than site A (da Silva et al, 2005), has noticeably highaideof PBDE contamination. One
possible explanation for these levels is that justrapm of site B a drainage canal enters Ross
Creek which comes from two man-made lakes west ofrinek (see Figure 2.1). The lakes are
situated in the middle of a retail district and theatanns along a major Townsville roadway,

both of which could contribute to high contamination Ieadlthe canal itself.

Comparing the PBDE concentration measurements foundvim3wlle to the values found by
Toms et al (2006) in southeast Queensland, the PBDE leweighis research fall well within
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the range seen by that group of researchers. TheaBadRiver (in the city and Indooroopilly)
had a PBDE-47 concentration of 0,28 kg” (dw), while it's PBDE-209 concentration was 0.88
ug kg (dw) (Toms et al, 2006) a ratio of ~1:4, which correlalesely to the levels found in
Ross Creek sediment samples at sites A and B. Ih@gdioms et al (2006) compared PBDE
concentrations3PBDE concentrations for all congeners analyzed) baséhdruse type as

well as locations. They found that urban centeesctass which best defines Townsville, had a
meanzPBDE concentration of 0.88 kg* (dw), with a median of 0.58g kg* (dw) (Toms et

al, 2006).

It must be kept in mind that this study only looked at 2 PBDEgeners, yet compared with
values worldwide the PBDE concentrations found in Towlesare relatively low. In Europe
levels range from a range of 1.8-L@kg* (dw) in Cork Harbour, Ireland (Kilemade et al,
2004), to a range of 68-39@ kg* (dw) in Sweden’s River Viskan (Sellstrom et al, 1998).
North America has levels ranging from non-detectab®lug kg’ (dw) in San Francisco Bay
Estuary (Oros et al, 2005), to non-detectable tojBg" (dw) in Niagara River (Samara et al,
2006). There is no literature for either Africa or $oAtmerica, but work has been done in the
Arctic, with mostly low levels such as 0.004-0.Q&ykg" (dw) found in sediments from several
freshwater sites in northern Russia (AMAP, 2004). Hanesites on the Kola Peninsula of
Russia, an area located within the Arctic circle tizet seen military production and industrial
mining had PBDE concentrations up to 24fLlkg” (dw) (Chernyak et al, 2003). The levels
found in this study of sediment samples from RosskCseem to fall on the lower end of the
spectrum when compared to more highly industrialized aregarope and North America
(Table 1.1).

Production of penta-BDE commercial mixtures, of whiclDEB47 was a major component, was
ceased in 2005, and even before that from 1994 to 2004 use oBidata Australia was

falling (NICNAS, 2005). Conversely, over the same petieduse of deca-BDE, which is not
currently restricted, increased slightly, from 177 to 18Qimé&ins, an increase of ~1%
(NICNAS, 2005). Therefore, it would be expected that futneasurements will see levels of
PBDE-47 in sediment samples fall while levels of PBPIE-in the sediments rise. However,
PBDE is an additive flame retardant, meaning it is hehacally bound to the products in which
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it is used (Alaee et al, 2003). So, as products that wanelfactured approximately 10-20 years
ago, when penta-BDE commercial mixtures were stiitequent use, are discarded and
destroyed it is reasonable to assume that levels oE”8BDwill continue to rise. The only way
to avoid this outcome would be to develop a method for disgaxiproducts treated with

PBDE in a way that would prevent the leaching of therabal into the environment. Finding
an efficient and cost-effective method to extract EB®m discarded materials would be one
way of doing this, but there is no literature at the moito suggest anyone is looking into this
option. Therefore it seems likely that future measwmt will see levels continue to rise in the
near future, followed by a gradual tapering off to a plateguaducts containing PBDE-47 are
discarded and replaced with products containing an alteeniddime retardant.
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3. Toxicokinetics of PBDE-47 in Barramundi (Lates calcarifej

3.1 Introduction

PBDE use worldwide has risen steadily in the last fesades and Australia has not been
immune to this increase in PBDE levels, with ~210 tdrBBDE products imported in 2003-
2004 (NICNAS, 2005). While overall PBDE levels in aquatidreedt in Australia are
currently fairly low (0.72ug kg* (dw) in freshwater systems, 8.08 kg* (dw) in estuarine
systems) compared to levels in other countries (Tablethdre are areas, such as downstream
of sewage treatment plants, where levels are quitedtigady (up to 60.8g kg (dw)) (Toms

et al, 2008). Global levels of PBDEs have risen ovelastewenty years (Rayne et al, 2003;
Ikonomou et al, 2002; Papke et al, 2000; Ohta et al, 2002; Zennalj@@d3) and though the
last decade has seen some regulation of the lowerrmited PBDE mixtures (Watanabe and
Sakai, 2003; Alaee et al, 2003) levels can be expected to wembinmise with the continued use
of Deca-BDE commercial mixtures and the disposal oflpcts treated with all three major
PBDE mixtures (Martin et al, 2004).

While Deca-BDE is the most commonly used class of coiald®BDE, and the most common
congener found in sediments, soils and water is PBDE-2B@¢/4et al, 2003; de Wit et al, 2006;
Law et al, 2006), most studies of animals and humans have RBDE-47 to predominate in
biological samples (Chao et al, 2007; de Wit et al, 2006;ddaand Porter, 2007; Law et al,
2006; Ohta et al, 2002), possibly as a result of debrominafitire more highly brominated
PBDE-209 in the gastrointestinal tracts of the anim&{8ton et al, 2004b; Tomy et al, 2004).
The potential toxic side effects of PBDE have beenvsho include neurodevelopment
deficiencies (Kuriyama et al, 2005; Viberg et al, 2003; Braathi, 2003), thyroid hormone
disruption (Ellis-Hutchings et al, 2006; Hall et al, 2003; Morgetal, 2007) and cancer
(McDonald, 2002). Studies looking into the possible negaide effects of PBDE exposure in
animals have found that the lower brominated congenemnsiare potent than the higher
brominated congeners, especially with regards to thyraichdwee disruption (McDonald, 2002).
So, although only ~13% of the total commercial PBDE demaotttiwide contains PBDE-47, it

is important that the ability of organisms to metabodind clear this congener be studied.
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In addition, while PBDE exposure in humans could comeutfinanany routes, with PBDES
being detected in many areas from the atmosphere to cotmmnse dust (Wurl et al, 2006;
Stapleton et al, 2005), studies have shown a definitelapore between consumption of
contaminated fish and elevated levels of PBDES in hurf@hnia et al, 2002; Ikonomou et al,
2002; Zennegg et al, 2003; Schecter et al, 2004; Tittlemier 20@4,). Studying how PBDE-47
is cleared by an important commercial fish speciesgalath work to determine current
environmental levels would allow for the estimation afiteanination levels in humans

consuming fish on a regular basis.

Barramundi is a commercially important fish specilestighout Australia and Southeast Asia.
Barramundi production within Australia has been increasusy the past 15 years
(Boonyaratpalin and Williams, 2002). In northeastern Alistthe wild fishery for barramundi
is a major industry, grossing more than 6 million dslannually (Katersky and Carter, 2007).
The importance of barramundi to the Australia fishesies$ aquaculture industry is increasing
steadily, and this is a good opportunity to determine hovabamdi handle exposure to PBDE.
Therefore, the aim of this chapter is to determinedt@uration rate of PBDE-47, the PBDE
congener most commonly found in biota (Hites et al, 2004airamundi. This could be
considered preliminary toxicokinetic work which would be ukef combination with future
work to determine how environmental levels of PBDE maffect humans with a diet heavy in
fish, or in combination with work looking at the potent@tic effects of PBDESs in barramundi
to determine at what point environmental levels sill bee®oo high for the fish to remove

PBDE faster than it is being exposed to it.

In the work described in this chapter male juvenile barralimwere injected with a low (1 mg

kg™ bw) dose of PBDE-47 suspended in DMSO. A random samishoffom each treatment
group was then sacrificed at regular intervals and tissogples were analyzed by GC-MS to
determine the amount of PBDE-47 present at the timengplaag.
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3.2 M aterials and M ethods

3.2.1 Fish Treatment

Male juvenile barramundi (average weight = 10g) weraiabtl from stocks bred and grown at
the Marine & Aquaculture Research Facilities Unit (MRA:.U.) at James Cook University in
Townsville. The fish were maintained in 150 L recircimigtsystems in a temperature controlled
environment. The water temperature was maintained atl2Z with a photoperiod of 16:8
(light:dark). Fish were fed ~3% body weight daily witly éeed pellets obtained through the
MARFU facility. Prior to the experiment fish werepseated into four tanks (n=25) and allowed
to acclimate for two days. This experiment and the aourse work described in chapter 5 were
performed using the same fish. More fish were bled farékperiment than sacrificed for this
one, therefore the n above represents more fishviiibioe used for this experiment.

3.2.2 Experimental Protocol

For the experiment fish were anaesthetized in 0.05% Replgethanol (Sigma Aldrich) and
weighed, then one group was injected with 2mL* kfacidified saline as a control while the
other three groups were injected with 2mL™laf 0.5mg mL* PBDE-47 in DMSO suspension.
All injections were done by i.p. injection. Three cohtaand four PBDE-47 dosed fish, randomly
sampled from the three PBDE-47 dosed groups, were tegdiaaD, 1, 2, 3, 4, 5, 7 and 10 days
post- injection. On day 14 post-injection two contrah fd three PBDE-47 dosed fish were
sampled. The fish were terminated by over-anaesthetizaith 2-phenoxyethanol and whole

body tissue samples were frozen at -20°C until analysis

3.2.3 PBDE Extraction

Fish samples were removed from the freezer immdgibefore extraction. Each sample was
homogenized using a hand blender and approximately Thuf double distilled water
(ddH,0). 10QuL of 8ug mL™* PCB-103 (internal standard) was added to the homogenete, th
the sample was mixed on a Ratek RM4 rotary mixer at 38apH minutes. 10mL of HPLC
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grade hexane was then added and the sample was mixed at 88 gofurther 30 minutes. The
sample was then centrifuged at 4.4 krpm for 5 minutesgarate the hexane layer, which was
collected and kept for GC-MS-MS analysis.

3.2.4 GC-MS

PBDE-47 in all samples was quantified using a Varian 4000 GQvit5a Varian 8400
AutoSampler and Varian 1177 Split/Splitless Injector. A 26rtum film thickness DB-5
column was used in the GC, and&.®f sample was injected at an injection temperature of
250°C, with split injections and helium as the carrieriga®nstant flow mode. The column
temperature program used an initial column temperafB6°€ for 1.5 minutes, after which the
temperature was increased at 12°C frim a temperature of 250°C, followed by an increase of
25°C min'* to a temperature of 300°C which was held for 5.3 minutes.MBhevas in El
ionization mode, with helium damping gas at 2.5mL hifThe precursor ion used was at 486
m/z, with a product ion range (m/z) 320-335. The quantitadios used were at m/z 324, 326
and 328.

3.2.5 Data Analysis

PBDE-47 standards (0.5, 1, anag2mL™) with a PCB-103 internal standard (Gg8mL™) were
run in triplicate. Equation 3.1 shows the relationship betwthe peak areas and concentration
of the PBDE-47, PCB-103 and the response factor, F. Eakaslated by plotting (Area Count
PBDE-47/[PBDE-47]) vs. (Area Count PCB-103/[PCB-103]) forgaeof standards, and was
then used in equation 3.1 to calculate [PBDE-47] in unkn@ammptes.

Equation 3.1 (Area Count PBDE-473 F (Area Count PCB-103)
[PBDE-47] [PCB-103]
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3.2.6 Statistical Analysis

A two-tailed paired t-test with a 95% confidence intervaswlone to determine whether there

was a statistically significant difference betwelea tontrol fish and the PBDE-47 dosed fish.

3.3 Reaults

The response factor, F, from equation 3.1 was found to be 0.0705.
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Figure 3.1 PBDE-47 concentration in barramundi dosed imity kg* PBDE-47. Each bar
represents meanse (n=3).

Figure 3.1 shows the mean concentration of PBDE-47 itraldblue bars) and PBDE-47 dosed
(maroon bars) barramundijiy g (ww). Unexpectedly, the control fish, those doseth wi
acidified saline, registered noticeable levels of PBDEH@wever, PBDE-47 dosed fish had
significantly higher levels of PBDE-47 than did thoseedbwith acidified saline (P=0.0002).
Fish were injected withyly g* of PBDE-47, and after 24 hours an average of 0.73+0d.g5
was detected, indicating an uptake rate of approximatelyof3te dose. PBDE-47 levels then
remained relatively consistent through the first 5 ga&-injection before beginning to
decrease. The depuration rate from day 5 on was deterassathing first-order kinetics
(Muirhead et al, 2006), by determining the slope of a plan¢fPBDE-47]) vs. time. The
depuration rate was found to be 0.069+0.03"d#lye uncertainty is the standard error of the
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slope). If the depuration rate is calculated from daydepuration rate of 0.041+0.02 ddy
calculated. By day 14 PBDE-47 levels had decreased toeaagevof 0.46+0.226) g".

34 Discussion

The purpose of this study was to determine the depurationfrRDE-47 from barramundi
(Lates calcarifer) after intra-peritoneal injection. Two depuration ratese calculated, the first
for depuration starting at day 1 of 0.041+0.02 Haie second if depuration begins after a lag of
5 days of 0.069+0.0.03 day The data appears to remain steady for the firstifwe after
injection, supporting the determination of the depuratite fram day 5 to day 14. However, no
literature example of this delayed depuration of PBDEbeafound, and studies that have been
done on depuration of PBDE in fish give depuration ratggibhang immediately (Ciparis and
Hale, 2005; Gustafsson et al, 1999; Stapleton et al, 2004b; &bahy2004) or within 24 hours

of dosing (Muirhead et al, 2006).

Stapletoret al (2004b) and Tomgt al (2004) both studied the rate of depuration of multiple
PBDE congeners in the common carp and juvenile lake, trespectively. They found that
PBDE-47 depurated at rates of 0.011+0.008'd&tapleton et al, 2004b) and 0.018+0.004day
(Tomy et al, 2004), which are slightly slower than eittag¢e found in this study of barramundi.
However, Muirhead et al (2006) reported a depuration rateB&E-47 of 0.06+0.01 ddyin
Japanese Medaka (Muirhead et al, 2006) which is much ctofes tate found in this study. In
addition, Ciparis and Hale (2005) and Gustafsson et al (1998¢dtthe rate of depuration of
multiple PBDE congeners in two sedentary marine organitme oligochaetd,umbriculus
variegatus (Ciparis and Hale, 2005), and the blue muddgtilus edulis (Gustafsson et al, 1999).
Ciparis and Hale (2005) determined thambriculus variegatus clears PBDE-47 at a rate of
0.031+0.006 day, while Gustafsson et al (1999) found a depuration rate of 0.0@DZ@lay .

The depuration rates determined in this study, therefaliejght into the middle of the range of
depuration rates for PBDE-47 found in the literature.

Recent studies have led to the recognition that consumpticontaminated fish is the
predominant route of exposure to PBDEs in humans (Qlatia 2002; Schecter et al, 2004,
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Tittlemier et al, 2004). Lower brominated PBDEs havensheery high uptake efficiency, such
as 90% uptake of PBDE-47 in the gastrointestinal tracikefquring one dietary exposure study
(Burreau et al, 1997), while the higher brominated PBDESs, asi¢tBDE-209, show a
remarkable persistence, with one study in rats findiagttie portion of a dose that reached the
adipose tissue remained unchanged over 90 days of recovers(ét al, 1975). In addition
there are multiple studies which find that the highentinated PBDEs can undergo
debromination in the gastrointestinal tract of fislayvlag behind lower brominated congeners
(Allchin and Morris, 2003; Stapleton et al, 2004a; Stapletah, @004b; Tomy et al, 2004).

This makes studying the depuration rate of these lowenibeted congeners important to
understanding the possible effect on human consumpticontihaed rising levels of PBDE

occurrence in commercial fish species.

In comparison with concentrations measured in marigaresms in the environment,
summarized in Table 1.1, it is clear that a dose o &jor 1 mg kg is a fairly high dose
compared to what is being seen in fish samples arounadté at this time, although there are
a few significant exceptions. In North America festd mollusc samples have been found to
containtPBDE concentrations ranging from a low of 0.2 pg kgSalmon off the Pacific coast
(Easton et al, 2002) to 350 pgkip Lake Trout in Lake Michigan (Streets et al, 2006). In
Europe levels range from 0.1 pg'kim Blue Mussels from Norway (Bethune et al, 2004) to 298
g kg'in Barbel from the Cinca River in Spain (Eljarraggt2004) and 353 pg Kgn Brown
Trout in Lake Mjosa in Norway (Mariussen et al, 2003kiafsees the greatest variation of all
from 1 pg kg' in Yellowtail from Japan (Ohta et al, 2002) to 1240 pg kgunidentified fish
species in Taiwan’s rivers and estuaries (Peng et al, 2@@7his point in time, humans are not
being exposed to very high levels of PBDE contaminatidherfish they consume. However,
the continued use of deca-BDE commercial products meagis ill most likely continue to
rise, making the study of depuration rates in commeifistakpecies important to predicting the
potential impact of these rising PBDE levels on the hudiet.

Finally, as it was noted in the results the acidiBatine dosed control fish contained
unexpectedly high levels of PBDE-47. There are a coupl&lpe®xplanations for this, the first
being lab contamination. While steps were taken to emguceoss-contamination of samples, it
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is always a possibility and it cannot be conclusivalga out here. The second possible
explanation is that these fish had already comeimact with PBDE-47 in the environment. As
was seen in the previous chapter, PBDE-47 is presem ilo¢al environment. While these fish
were hatchery born and raised that is no guarantethhahaven’t been exposed to PBDEs.
Easton et al (2002) examined contaminant loadings in theaknon compared with wild
salmon and found farmed salmon to have much higher levetsntdmination due to high levels
of contaminant loading in commercial feed. It would mettwvhile to look at both local biota,
to determine current levels of PBDE accumulation, ardA.R.F.U. facilities and feed to
determine whether the barramundi in this study faced congétion from a secondary source.
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4, Optimization of an enzyme-linked immunosor bent assay (EL | SA) for

detection of vitellogenin (Vtg) in Barramundi (Lates calcarife)

4.1 Introduction

As PBDE levels rise worldwide interest in the poterfbatoxic side effects has increased as
well. Within the last decade research has found thatidleceffects of PBDE include
neurodevelopmental defects (Kuriyama et al, 2005; Viberlj 20@3; Branchi et al, 2003),
thyroid hormone disruption and cancer (McDonald, 2002). Irtiaddit is well documented
that PBDEs are endocrine disrupting chemicals whiclctffgroid hormone homeostasis and
metabolism (Labadie and Budzinski, 2006; Branchi et al, 20Gfetand Brouwer, 2003;
Jenssen et al, 2004; Ellis-Hutchings et al, 2006; Hall et al, 2003)

One area where numerous studies have been done withohingea consensus as to the effect
of PBDE is that of estrogenic effects. While theragseement that PBDEs affect the
reproductive endocrine system there is little agreememtt@at these effects are exactly. Some
studies have found that PBDE exposure mimics exposure tg&stfleerts et al, 2001; Nakari
and Pessala, 2005; Stoker et al, 2005), while other studiescwaneePBDE exposure to have an
anti-estrogenic effect (Aarab et al, 2006; Labadie and Bgkgi2006).

One method for measuring estrogenic activity is to measi@igenin (Vtg) production. The
use of enzyme-linked immunosorbent assays (ELISAs) imgesurement of Vtg production as
an endpoint for assessing the estrogenic effects of saespeatlocrine disrupting chemicals in
male fish is discussed in Chapter 1 (section 1.4). liyitiae goal of the work described in this
chapter was to create and optimize a new indirect EltéSdetect Vtg in barramundi. The first
step in developing an indirect ELISA was to inject malgdmundi with 1B-estradiol (E2) to
induce Vtg production, confirm production using size exclusionroatography, attempt
purification and to inject the final product into sheep to preduworking primary polyclonal
antibody. Full details are provided in sections 4.2.1 an@4.2.
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Project time constraints made the goal of fully devielpan ELISA to detect Vtg induction in
barramundi impractical. Fortunately, Susan Codi KinthatAustralian Institute of Marine
Science (AIMS) in Townsville, Queensland, in collabmmawith colleagues from the Royal
Melbourne Institute of Technology (RMIT) in MelbournedaBiosense Laboratories in Norway
were in the final stages of developing an indirect ELf&Adetection and assessment of Vtg in
barramundi and black bream (Codi King et al, 2008). Thikwuluded extensive cross-
reactivity testing of blood plasma from E2 exposed barraragainst a wide range of mono-
and polyclonal anti-Vtg antibodies available from Biase Laboratories. They found that the
mouse anti-striped bass Vtg monoclonal primary antibbid:3G2 (ND-3G2) (Biosense
Laboratories, Norway), had the highest binding affinititiation curves for plasma, as well as
optimum binding over corresponding controls in ELISA ressfdr barramundi. In addition,
ND-3G2 binds with both intact and degraded Vtg (Codi Kind,e2G08). A collaboration was
established and samples from this research were usedtomdirviability of their ELISA.

The ultimate goal of this portion of research was &at@ the best possible ELISA for the
detection of Vtg in barramundi. This involved a comgaribetween the sheep anti-barramundi
polyclonal primary antibody (Sh-0404JCU) produced in thisystuth the commercially
produced monoclonal primary antibody (ND-3G2), created bgeBise and already in use by
Codi King et al (2008). The focus was to determine theieffay and accuracy of each antibody
at detecting Vtg in male barramundi plasma samplé®n,Tafter determining the most efficient
primary antibody for use in the ELISA, two commerdaiéd) standards (Rainbow Trout and
Atlantic Salmon) (Caymen Chemical Co) and the purifiég pfoduced in this study were
compared in order to determine the best standard to quaetiyatieasure Vtg levels in male

barramundi plasma samples.
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4.2 M aterials and M ethods

4.2.1 Vtg induction and purification

4.2.1.1 Fish handling

Male, juvenile barramundi (weight range 262-654 g, meanlw&ig7 + 104 g) were obtained
from stocks bred and grown at the Marine & AquacultureeReh Facilities Unit (M.A.R.F.U.)
at James Cook University in Townsville. Fish werent@aaned in 3,000 L recirculating systems
at a temperature of ~25 + 1°C, with a naturally occurringtgyberiod of ~12 hr light: 12 hr dark.
Fish were fed ~3% body weight daily with dry feed pellets

For exposure experiments, fish were anaesthetized in 0a8ényoxyethanol (Sigma Aldrich)
and weighed before injection. Injections were donepbyinjection and blood was collected
from the caudal vein before being placed in a centrifuge &mol spun at 13,000 rpm for 5 min.

Plasma samples were frozen at -20°C for later agalysi

4.2.1.2 E2-dosed barramundi for Vtg Induction

In order to induce Vtg production six male barramundi vderged by i.p. injection with 5 mg
kg body weight, of 1B-estradiol (E2) suspended in acidified saline. Anothensile
barramundi were dosed by i.p. injection with acidifielihgaas controls. All fish were injected
on three occasions, with a week between each injec@ood samples were taken at the first
injection (Day 0), the third injection (Day 14) and a waékr the final injection (Day 21). The
serine protease inhibitor phenylmethylsulfonyl fluoride (PM&&$ added to the plasma from
the final bleed (40Qg mL™) to inhibit enzyme activity which might break down gretein in
the sample (Sun et al, 2003).
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4.2.1.3 itg Purification

Vtg was purified using size-exclusion chromatography. A &ayhS-300 column (Pharmacia),
loaded with Sepharose 4B was used to purify Vtg from tremdasamples obtained at the final
bleed in section 4.2.1.1. Initially, blue dextran (2000 kD& msa through the column to
determine the void volume (66 mL). Next, a set of madkcweight markers were run to
establish a standard calibration curve for the coluiirire molecular weight markers were
thyroglobulin (669 kDa), apoferritin (443 kDdfamylase (200 kDa), alcohol dehydrogenase
(150 kDa), albumin (66 kDa) and carbonic anhydrase (29 kDa) (figma

1 mL saline (C) and E2 dosed fish plasma samples wewrdril with 50 mM Tris-HCI, pH 7.5
sample buffer. Samples were loaded onto the columm_(ghaximum loading capacity), then
eluted with 50 mM Tris-HCI, 200 mM NaCl, pH 7.5 run bufferol@nn fractions (CF) were
collected (1 mL aliquots) and absorbance was monitoredBatlkman spectrophotometer at
280 nm for the fractions between 60 mL and 100 mL (Fractieti).1 A control plasma sample
was run followed by an E2-dosed plasma sample to confenvttp peak was only present in
E2-dosed fish (Figure 4.1).
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Figure 4.1 Purification of barramundi Vtg by size-exausthromatography. CF_C2 from
control plasma sample C2 compared to CF_E5 from E2_5 plsamgale. C2 plasma sample
was run on the column immediately before plasma &aEp 5. Arrow points to putative Vtg
peak.
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The column fractions will henceforth be referred to BS@lowed by E (for E2 dosed fish) or C
(for saline control fish) and fish sample # (1-6) (eshFE2_1 becomes CF_E1).

Figure 4.2 shows the absorbance of the saline and E2-dasadondi column fractions at 280
nm, with each graph (a-e) showing the elution profilersd saline (C) and one E2 (E) dosed fish
for direct comparison. A peak between fractions 13-15 tiva appropriate molecular weight to
be Vtg, 540 kDa (Sun et al, 2003). In Figure 4.2 b-e) this peakdent, along with a smaller
peak between fractions 20-26. No peak is evident in the f&)n@&igure 4.2a) at the molecular
weight ranged for Vtg, but a smaller peak centered argantidn 23 could suggest a slightly
smaller protein produced naturally in barramundi (~300 kD#joagh it's also possible that the
peak represents contamination of the plasma sampths oolumn.

a) CF_C2 and CF_E1 ﬂ ﬂ b) CF_C3 and CF_E2 ﬂ ﬂ
25 . 3 -
¢ ad

) 25
P %, 2 R
o L,
1 0’“ .~ mCFC2 . o .'.l-.. 0‘ acFc3
- °.
0.5 ’. 05 .'ll-ll' .. .' o,
o [ L} - b 3
o ! ! :
10 20 30 40

0 10 20 30 40 50 -05

2 2
.’“0“ .'0. ‘. 0.
15 o & o 15 ¥ 4
& * #CF_E3 o @CF_E4
1] mCF C4 B uCF_C5
&,
05 7 05
\4
0+ T T T 0+ T T T

0 10 20 30 40 50 0 10 20 30 40 50

2
1 R g .
* ““ ®CF_E5
X * (N m CF_C6

0 10 20 30 40 50

Figure 4.2 Purification of barramundi Vtg by size-exausthromatography. Each graph
presents the elution profile of one E2 (E) dosed fighare saline (C) dosed fish for
comparison. Arrows point to putative Vtg peak (lefoary and secondary serum protein peak
(right arrow).
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Fractions 13-17 from each E2-dosed fish were pooled and theatwoles with two of the
highest quality chromatographic peaks (CF_E1 and CF_E5) wererctiobe used in the

antibody production step.

4.2.2 Polyclonal Antibody Production (sheep anti-barramundi)

4.2.2.1 Production of Polyclonal Antibody (sheep anti-barramundi)

Two male sheep (approx. 2 years old) from the flock hietdeaveterinary school at James Cook
University were used for the antibody production. Eadeplwas injected with the same E2
sample for each repeated exposure. The two sheep reeelvell injection (0.5 mL of E2
sample and 0.5 mL of Montanide (Tall-Bennett, Austral&aama adjuvant) four times, with two
weeks between injections. Two weeks after the finaltigecblood was collected and
centrifuged at 13,000 rpm for 5 min. Plasma was separated mL aliquots and frozen until
ELISA verification. These plasma samples containedutiscreened sheep anti-barramundi Vtg
polyclonal primary antibody, which will be referredas Sh-0404JCU throughout the remainder
of the text.

4.2.2.1 Vtg antibody incubation

In order to remove antibodies which react to commasma proteins, the sheep anti-barramundi
Vtg polyclonal antibody was incubated with male bawadi saline (C) plasma. The antibody
was incubated overnight at 4°C with male plasma (1:2 thhen centrifuged for 1 hour at 13,000
rom. The supernatant was removed and stored at 4°Qusatih the ELISA. The screened
sheep anti-barramundi Vtg polyclonal primary antibodly lve referred to as Sh-0404-SJCU
throughout the remainder of the text.
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4.2.3 ELISA validation with E2 plasma

4.2.3.1 ELISA plate set-up and protocol

The following is a brief description of the indirect ISIA protocol used in this study as detailed
in Codi King et al (2008).

All ELISA reagents and solutions were made with milli@ter that had been autoclaved for 70
minutes at 120°C.

For the purpose of independently validating the ELISAdB&ed plasma samples obtained from
the induction experiment (Section 4.2.1.1) were analyE®#idosed fish plasma and saline (C)
were thawed on ice, diluted 1:10 in coating buffer, theated onto 96-well high-binding
microplates ((Immulon 4 HBX, Thermo Scientific) andubated overnight a’@. The plates
were then washed with PBS-Tween (10 mM phosphate kpifféf.4, 150 mM NacCl, 0.05%
Tween 20) (Sigma-Aldrich) and free-binding sites blocked @fhBovine Serum Albumin
(BSA) for 1 h (20QuL). Following another wash step (3X PBS-Tween), tla¢gsl were
incubated with 10@Q.L of mouse anti-striped bass Vtg monoclonal primarybmaty ND-3G2
(ND-3G2) (Biosense Laboratories, Norway), diluted 1:500 inBISA in PBS and incubated for
1 h at 37C. Following a second wash step (3X PBS-Tween), theplaere incubated with 100
uL of goat anti-mouse 1gG horseradish peroxidase conjugate-KHRP) secondary antibody
(anti-mouse 2° antibody) (BioRad) diluted at a 1:2000 in 1% BSPBS. The plate was
covered and incubated for 1 h at room temperature. Falipthie final wash step (5X PBS-
Tween), the plates were developed using 0.04% o-phenylenedidimyaeochloride (OPD) in
0.012% HO, (Sigma-Aldrich) for between 5-30 minutes (depending on eézdeétg levels,
lower levels getting a longer developing time). The daswere fixed by the addition of 4 N
sulfuric acid (HSOy, Merck). The absorbance of each plate was read at 492anBmTek
Powerwave plate reader (BioTek Instruments, USA). pAdicedures follow the standard
protocol of Biosense Laboratories (http://
www.biosense.com/docs/Biomarker _ELISA protocol.pdf).
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A series of wells were incubated without samples amewsed to determine non-specific
binding (NSB). For the purposes of verifying the ELISA alitptéave approach was used, where
absorbances could be used to compare relative Vtg levigdle samples, but no standards were

used to determine exact concentrations.

4.2.4 Confirmation of E2-dosed Fish Plasma Using Western blot Techragqu

4.2.4.1 Western blot set-up

Initial work indicated that the E2 plasma samples caethvery high concentrations of Vtg.
Three dilutions were done in order determine the dilutecessary to confirm the presence of
Vtg without overloading the gel. Four plasma samples (E2212; E2_3 and E2_5) were
diluted in sodium dodecyl sulfate (SDS) reducing buffer katidn ratios of 1:6,000, 1:12,000
and 1:30,000.

4.2.4.2 Western blot protocol

Saline (C) and E2-dosed fish plasma samples were thawee then, along with a combined
protein standard ladder (Magic Marker (20-220 kDa) and SeeBlu2g2kDa), Invitrogen)
were diluted in sodium dodecyl sulfate (SDS) reducindeloud the dilution ratios described
above. Samples and the standard were then heat&drimutes at 100°C in a heating block to

denature proteins.

A 15uL aliquot of sample or standard was loaded onto a 7.5%H3Is pre-cast polyacrylamide
gels (Bio-Rad), in accordance with the method describdcabynmli (1970). The chamber was
filled with running buffer and the gels were run at 200 V, 60peAgel (120 mA for two gels)

at a constant voltage for 45 min. Once chromatographime was complete the gels were
washed in transfer buffer to equilibrate. The gels weea transferred to 0.20 um
polyvinylidene difluoride (PVDF) membranes (Invitrogen) Western blot analysis (Towbin et
al, 1979) at 100 V, 400 mA, at constant voltage for 60 min.
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The WesternBreeze® Chromogenic Immunodetection kitt(liyen) was used to detect Vtg
antigens using ND-3G2 (Biosense) and an alkaline phosphaiagatated secondary antibody
(Goat anti-mouse IgG, Invitrogen). A pre-stained mokcwleight standard containing proteins
from 20 to 261 kDa (Magic Marker (20-220 kDa) and SeeBlue (21-261 kidéypogen) was
processed with all samples to allow for molecular Wwe@gstimates and determination of transfer

efficiency.

4.2.5 Comparison of Primary Vtg Antibodies

In order to determine the most efficient and accuratbhefvailable anti-Vtg primary
antibodies, Sh-0404JCU, Sh-0404-SJCU, and ND-3G2 (Biosensecaapared.

The ELISA plate contained six sets of three samfles 8) and a background reference and
they included: one saline (C) barramundi, two E2-dosecivamdi (E2_1 and E2_5) and a set
of non-specific binding (NSB) wells for background correcti&@ach of the six sample sets was

treated with different antibody combinations, as showhable 4.1.

Table 4.1. Primary and secondary antibody matrix fongarison of primary Vtg antibodies.

Sample set Sample sef Sample set Sample sef Sample set Sample set
1 2 3 4 5 6
Primary | Sh- ND-3G2 Sh-0404- | Sh- ND-3G2 | Sh-0404-
antibody | 0404JCU SJCU 0404JCU SJCU
Secondary| Anti- Anti- Anti- Anti- Anti- Anti-
antibody | sheefp mous& sheep mouse sheep mouse

®Refers to rabbit anti-sheep IgG horseradish peroxidase comj(lgral-HRP) secondary (2°)

antibody (BioRad).
PRefers to goat anti-mouse IgG H+L-HRP 2° antibody (BioRad)

This matrix was designed in order to ensure there wasass reactivity between primary and
secondary antibodies from different animals (eg. ND-aG@ anti-sheep 2° antibody), and to
determine overall binding efficiency between the diffegolyclonal and monoclonal Vtg
antibodies. The 1° and 2° antibodies were diluted 1:50Q 2000, respectively, which was the
optimal dilution determined by Susan Codi King and her colleafprehis ELISA.
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4.2.6 Comparison of Vtg Standards
4.2.6.1 Comparison of two commercial Vtg standards from Rainbow Trout and Atlantic Salmon

In order for an indirect ELISA to be used quantitativaly/tg standard curve must be evaluated
to see if it produces a good linear regression which allorsoncentrations of unknown Vtg
samples to be calculated. There are two commer@adjlable Vtg standards that have been
recommended for use in the indirect ELISA, the lipopledi¥tg (Rainbow Trout) standard (RT
Vtg standard) and lipophylised Vtg (Atlantic Salmon) stand&admon Vtg standard) (Caymen
Chemical Co). Both these Vtg standards were analyzedé¢onee whether 1° and 2°
antibodies already established for the indirect EL{fafe comparable results to the 1° and 2°
antibodies developed in this study. Serial dilutionsa#thRT and Salmon Vtg standards were
done to produce calibration curves ranging from 0 jig &1L™* and 0 to 4.5ig mL™,

respectively.

The two sets of standards were run with two differetibady combinations, as shown in Table
4.2.

Table 4.2. Primary and secondary antibody combinatiansoimparison of two commercially
available Vtg standards.

RT standards | RT standards | Salmon Salmon

set 1 set 2 standards set 1| standards set 2
Primary Sh-0404JCU ND-3G2 Sh-0404JCU ND-3G2
antibody
Secondary Anti-sheef Anti-mous@ Anti-sheep Anti-mouse
antibody

®Refers to rabbit anti-sheep IgG horseradish peroxidase comj(lgraL-HRP) secondary (2°)
antibody (BioRad).
PRefers to goat anti-mouse IgG H+L-HRP 2° antibody (BioRad)

4.2.6.2 Comparison of column fraction (CF) with commercial Rainbow Trout Vtg standard

Theoretically the column fractions obtained in sectidhl.2 contain only Vtg, therefore using
these samples (serially diluted) in a standard curveasseissing the linear regression would help
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to determine if they would be a suitable alternate Yagdard specific to barramundi (Sun et al,
2003). Protein concentrations of the column fractiongwletermined as previously stated and
one column fraction (CF_E2) was compared to the RTstédgdard. The working concentration
range for the RT Vtg standard was 0 to 4.5 pg'mihe column fraction (protein concentration
= 5.31 mg m[*) was diluted 1:1000, then this dilution was used to obtainriing range of 0

to 5.31 pg me}, which was similar to the range for the RT Vtg standard.

Two saline (C) samples, each diluted 1:10, and two E2-dossmglsamples in a range of
dilutions (1:10, 1:50, 1:100 and 1:200) were processed alongheitstandards. The plate was
exposed to ND-3G2 followed by anti-mouse 2° antibody.

4.2.7 Quantification of Vtg levels in column fraction sample

Column fraction CF_E1 was serially diluted in a rangenfta7,500 to 1:40,000 and run, along
with RT Vtg standards with a working concentration rafngen 0 to 4.5u.g mL™ for
guantification. The plate was processed with ND-3G2 fibady and anti-mouse 2° antibody.
43 Reaults

4.3.1 ELISA verification with E2 plasma

Figure 4.3 shows mean non-specific binding corrected absmrliar each saline (C) or E2 (E2)

dosed fish at three sample points during the Vtg inductiongheFish E2_6 died between day

14 and day 21 post-injection, so there is no final sampé&fdathat fish.
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a) Day 0 post-first injection
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c) Day 21 post-first injection
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Figure 4.3 Mean absorbance (492-NSB) for the control i@)E2—dosed fish plasma samples
collected at 0 (a), 14 (b), and 21 (c) days post-injectiech bar represents measd(n=3).
On Day 21 post-first injection fish E2_6 was deceased.

On day 0 the mean absorbance in the E2 fish was 0.042+0.@h was not significantly
different from the mean absorbance for the cotiisbl(P=0.3485). By day 14 the mean
absorbance in the E2 fish had increased to 1.785+1.086, a ~4@dmdse from day O.
Between day 14 and day 21 the mean absorbance doubled, from110B88bto 3.387+0.371.
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4.3.2 Confirmation of E2 plasma using Western Blot Techniques

1:6,000 dilution 1:12,000 dilution 1:30,000 dilution
C E2 1E22E23E25 C E21E22 M E23E25 C E2 1E2 2E2 3E2 5
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Figure 4.4 Western blot of E2 and saline (C) dosed fismaasamples. The arrow to the right
of the figure points to putative Vtg bands in the E2 plasamples. Molecular weights of the
protein standard ladder are labeled down the right sitdeedfgure.

Figure 4.4 is a photograph of the western blot of the E@dldasd saline (C) plasma samples.
The control plasma sample (C) shows no evidence gyfwhile the four E2 samples all show
evidence of Vtg. E2_1 has the lowest concentration gfivevidence while E2_2, E2_3 and
E2_5 all present a thick Vtg, suggesting that even at a dilafiar6,000 the Vtg concentration

in the samples is too high to present a clean band.

4.3.3 Comparison of Primary Antibodies

Table 4.3 is a summary of the absorbance correctedfespecific binding (492-NSB) data
from the ELISA plate run in the comparison of Sh-0404J8kJ0404-SJCU and ND-3G2.
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Table 4.3 Mean absorbance (492-NSB) for Control, E2_1 and Eth@esafor each primary
and secondary antibody combination.

Sh- Sh-
Sh- ND- Sh- ND-
1°Ab -> 0404- 0404-
0404JCU | 3G2 SICU 0404JCU | 3G2 SICU
. Anti- . . Anti- | Anti-
2°Ab --> Ant- mous | ANt Ant- shee | mous
sheep e sheep mouse 0 e
Control 1.59 0.01 0.11 0.01 0.00 | 0.01
E2 1 2.24 3.64 1.57 0.01 0.02 | 0.01
E2 5 2.18 3.65 1.74 0.01 0.02 | 0.00

Comparing the 1° antibodies, ND-3G2 has the highest bindired &s well as making the
greatest distinction between the saline (C) and E2 dade@lasma, which is consistent with
work already conducted. The mean absorbance (492-NSB)daline fish exposed to ND-
3G2 and anti-mouse 2° antibody was 0.01+0.00 (sd), while the atesorbance for E2_1
exposed to the same antibody combination was 3.64+0.04, enaetim absorbance for E2_5
was 3.65+0.05.

The next best antibody combination was Sh-0404-SJCUnetldoy anti-sheep 2° antibody.
The mean absorbances for the C, E2_1 and E2_5 sample8.1vet8.01, 1.57+0.03 and
1.74+0.03, respectively. However, the binding level of thislmaation was only ~50% that of
ND-3G2 followed by anti-mouse 2° antibody.

The worst antibody combination in terms of distinguistbegwveen the C and E2 samples was

Sh-0404JCU followed by anti-sheep 2° antibody. The meaorladosces for the C, E2_1 and
E2_5 samples were 1.59+0.03, 2.24+0.04 and 2.18+0.03, respectively.
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4.3.4 Comparison of Vtg Standards

4.3.4.1 Rainbow Trout vs. Atlantic Salmon standards
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Figure 4.5 Comparison of standard curves produced with Saltgoand RT Vtg standards run
with ND-3G2 and anti-mouse 2° antibody. All values aramsessd of triplicate analyses.

Figure 4.5 shows the calibration curves obtained whetwihieets of standards were run with
ND-3G2 and anti-mouse 2° antibody. The Salmon Vtg stasdaoduced a curve described by
the equation y=0.0521x+0.0148 with ahd? 0.9905. The RT Vtg standards produced a curve
described by the equation y=0.0608x+0.0119 with 20f®.9981. While the standard curves
were very similar in quality the RT Vtg standard curvevated a slightly better standard curve
over a larger working range than the Salmon Vtg standsodsis standard was chosen for the
guantitative ELISA.
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Figure 4.6 Comparison of standard curves produced with Salibgoand RT Vtg standards run
with Sh-0404JCU and anti-sheep 2° antibody. All valuesyaans &d of triplicate analyses.

Figure 4.6 presents the standard curves obtained using Sh-040glii@J18 antibody and anti-
sheep 2° antibody. The Salmon Vtg standards produced adesegbed by the equation
y=0.0206x+0.0213 with an%f 0.9378. The RT Vtg standards produced a curve described by
the equation y=0.0559x+0.045 with ahd¥ 0.96. Here the RT Vtg standards provided a
calibration curve with a slope similar the slope oleidinsing ND-3G2 and a highef #alue.

Again, these results help confirm the use of the RT Vigngercial standard for use in a
guantitative ELISA in the absence of a barramundi §ipedig standard as confirmed by Codi
King et al (2008)

4.3.8.2 Rainbow Trout vs. Column Fractions

Figure 4.7 shows the calibration curves obtained when ®Tsdandard and column fraction
CF_E2 were run with ND-3G2 and anti-mouse 2° antibody. gbfa here is to determine
whether the column fraction, which theoretically sldazontain only purified barramundi Vtg,
can be used as a standard for the ELISA used in this Wid&.RT Vtg standards produced a
curve described by the equation y=0.5016x+0.0548 with’arf ®9748. The column fraction
CF_E2 dilutions produced a curve described by the equation y=1.092%260vith an R of
0.8012. While the RT standard gives a strong, linear standare with the expected doubling

of absorbance as concentration doubles, the curve gbthmn fractions dilutions is not linear,
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though a linear trend line can be fitted, and rises gajielly early on before reaching plateau
above an absorbance reading of 3 at the higher eihg odhge. The maximum absorbance for
the ELISA used here is ~3.5, suggesting that the Vtg ctmatiem in CF_E2 column fraction is

too high for the assay, making CF_E2 an impractical cHoica Vtg standard for this assay.

w
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Absorbance (492-NSB)
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Figure 4.7 Comparison of standard curves produced with cokaotioh CF_E2 and RT Vtg
standards run with ND-3G2 and anti-mouse 2° antibodyailes are meanss#l of triplicate
analyses.

4.3.5 Quantification of Vtg levels in column fraction sample

Table 4.4 shows the Vtg concentration of six serial idihg of the column fraction CF_E1 as
determined by ELISA using ND-3G2 and anti-mouse 2° antibodg.ré&sults were quantified
using RT Vtg standards and concentrations ranged from 20.924® 13§. mL™.

Table 4.4 Vtg concentration of CF_E1

Final Mean
Dilution Eactor Concentre_lltion Concentration | Concentration Std
(ng mL™) (corrected for | of CF_E1 (mg Dev
DF) (mg mL™) mL™)
1:7,500 2.79 20.92 29.04 4.95
1:10,000 2.54 25.43
1:12,000 2.45 29.42
1:15,000 2.23 33.40
1:20,000 1.63 32.54
1:40,000 0.81 32.50
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4.4 Discussion

One of the goals of this research was to achieve thdebhéSA possible for detecting Vtg
production in barramundi. To this end Vtg production was ieduc male, juvenile barramundi
by repeatedly injecting them with large doses (5 mthg) of estradiol (E2). The large dose
was to ensure E2 saturation and maximize Vtg production. eWftale fish have been shown to
possess the hepatic estrogen receptors responsiblegfpraduction (Booth and Skene, 2006;
Schafhauser-Smith and Benfey, 2002) the E2 dose necessaatyde Vtg production can vary
among species. The minimum threshold dose of E2 for iiwtucf Vtg can range from 8g kg

! bw in English sole (Lomax et al, 1998) up to ~1@0kg" bw in greenback flounder (Sun et al,
2003). While these doses are quite low, for a rapid, gtvbg response a dose between 2 mg
kg bw and 10 mg Kg bw is generally used (Bon et al, 1997; Korsgaard and Pe¢d&@s:
Lomax et al, 1998; Vaccaro et al, 2005). Sun et al (2003) fdwdtmg kg bw caused a
significant response in greenback flounder within 48 hoursipjgstion while lower doses (0.5
and 1.0 mg kg bw) needed 96 hours to see an increase in Vtg.

The expectation for the verification of the ELISARVE2 plasma samples is that Vtg
concentration in the blood plasma of E2 dosed barranwificdiontinue to rise over the course
of the induction period as E2 injections are repeated (Sain2003). Figure 4.3 clearly shows
that this is what is happening and the qualitative ELISAaskimg well. The qualitative ELISA
appears to be supported by the western blot of the E2 plasnpdes (Figure 4.4) which all have
a band present at ~150kDa, which corresponds to the litesguoeing the right size for a Vtg
subunit (Sun et al, 2003; Codi King et al, 2008).

Vtg was then purified from the blood plasma of the E2 dasale barramundi using size
exclusion gel chromatography. The large Vtg peaks apparé&iure 4.2 graphs b)-f) have a
molecular weight of ~540kDa which is the right sizeVWog (Specker and Sullivan, 1994; Sun et
al, 2003). There was a second apparent peak with a maoleaitght of ~300kDa. This peak
was present in both saline (C) and E2 dosed fish, suggestiaturally occurring barramundi
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protein, although it is possible it could be the effectaritamination of the plasma samples or

column.

A polyclonal antibody (Sh-0404JCU) against barramundiwéag created by inoculating sheep
with the Vtg column fractions from two E2-dosed fishhere are two classes of antibody used in
ELISAs, polyclonal antibodies, like Sh-0404JCU createtiimproject, and monoclonal
antibodies, such as the commercially available ND-3&@sgnse).

Polyclonal antibodies are present in the serum @fmamal (in this case sheep) inoculated with
an antigen (Crowther, 2001). These antibodies are yh&thkrogeneous as they are the product
of multiple clones of cells responding to the injectegam (Crowther, 2001). Also, the
specificity of polyclonal antibodies is wholly dependentthe purity of the injected antigen, so
cross-reactivity with other serum proteins is possibl&é&8auser-Smith and Benfey, 2002).

Monoclonal antibodies on the other hand, are derived &single antibody producing cell-line
(Crowther, 2001). The monoclonal antibody is, theeefarghly specified towards a defined

epitope and demonstrates little or no cross-reactivitly ather serum proteins (Crowther, 2001).

There are two methods for purifying polyclonal antibodesrder to remove or reduce the
incidence of cross-reactivity. The first is pre-incudoa of the serum with male plasma (Bon et
al, 1997; Lomax et al, 1998; Parks et al, 1999). The secouadheff purification by affinity
chromatography (Korsgaard and Pedersen, 1998; Schafhauskra@thiBenfey, 2002). In this
study an aliquot of Sh-0404JCU was incubated overnight €adngm from a C male to create
Sh-0404-SJCU.

These sheep primary antibodies, Sh-0404JCU and Sh-0404-SJ(& there compared to an
anti-striped bass Vtg antibody (ND-3G2) available conumadly from Biosense (Norway) to
determine the optimal 1° antibody for this ELISA. Sésdnave shown that the amino acid
composition of Vtg in fish is highly conserved (Mananbalge1994; Heppell and Sullivan,
1999; Parks et al, 1999), which means that a Vtg antibodyffish can be used for detection
of Vtg in another fish. However, the molecular weigf Vtg varies between fish by up to
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300kDa (range 300-600kDa) suggesting species specific differendés (Bpecker and
Sullivan, 1994). In addition some species have been foumavto multiple forms of Vtg
(Kishida and Specker, 1993; Matsubara et al, 1999; Shimizu et al, @ba&jatsu et al, 2002).
Therefore, the most accurate ELISA is going to empiogrgibody for Vtg from the specific
species being studied.

There were two criteria for the optimal 1° antibadyhis research. The first is a high binding
affinity to the protein in question, Vtg. The second isva cross-reactivity with other serum
proteins in barramundi, which could lead to false pasitesults.

ND-3G2 fulfills both these criterion better than eittfsh-0404JCU or Sh-0404-SJCU. ND-3G2
gives the highest readings for the E2 dosed fish (TaB)e which after 3 doses of 5 mgkg
should be close to saturation with Vtg. ND-3G2 alsargjstishes quite strongly between the C
and E2 dosed fish. While the E2 dosed fish are expectedeosbay high levels of Vtg (Sun et
al, 2003), the C fish are expected to have very low nexistent Vtg levels (Korsgaard and
Pedersen, 1998; Vizziano et al, 1996; Yamada et al, 1993). N3 exactly that.

Therefore, for the purposes of this project the comi@emmnoclonal anti-striped bass Vtg
antibody, ND-3G2 (BioSense), was confirmed as the optlrhahtibody. It had the highest
binding affinity and optimum binding over corresponding oolstof the commercially available
mono- and polyclonal antibodies tested by Codi Kingl ¢2008) and was superior to the
polyclonal antibodies produced in this research. Howekierhigh binding affinity of Sh-
0404JCU, along with the low cross-reactivity of Sh-0404-SCAble 4.3) suggests that further
efforts, such as affinity chromatography to purify thékady in Sh-0404JCU could lead to a
better polyclonal anti-barramundi Vtg antibody in fbrure. In addition, ELISA optimization
usually includes a step in which the optimal 1° and 2bad# dilutions are determined. For the
purposes of this research the dilutions determined by Codi &ti al (2008) were used. These
dilutions were 1:500 for Sh-0404JCU, Sh-0404-SJCU and ND-3G2 and 100 fanti-
mouse 2° antibody and anti-sheep 2° antibody. Sidggah most directly affects binding
affinity, it is possible that varying the dilution of $404-SJCU could lead to higher binding
affinities for that 1° antibody with no further puréigon. It should be noted that multiple forms
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of Vtg have been found in a wide range of fish speciesg Bt al, 1989; Kishida and Specker,
1993; Chang et al, 1996; Hiramatsu et al, 2002). While the namadgdrimary antibody, ND-
3G2, exhibited the highest binding affinity and optimum bindimgiag commercially available
antibodies, both mono- and polyclonal, finding a polyalgrimary antibody specific to
barramundi would ensure that any multiple forms of pfigduced by barramundi would be
detected.

After an optimal primary antibody was established @ &tandard was required in order to
achieve a quantitative ELISA. Two commercially avagastiandards, RT Vtg and Salmon Vtg
standards, were run with both ND-3G2 followed by anti-mdfsantibody (Figure 4.5), and Sh-
0404JCU followed by anti-sheep 2° antibody (Figure 4.6), toenpared in order to determine
which was most efficient and accurate for use in aabaundi Vtg ELISA. The optimal standard
for this ELISA would give a curve in which as the Vgncentration doubles the absorbance
doubles, and the standards have a wide working range ovdr Migconcentrations can be
determined. While neither sets of standards gave the dgtimee, with both antibody
combinations the RT Vtg standard gave a better curvadhiglope and Rvalue) over a greater
range of standards compared to the curve obtained usiSabmen Vtg standard (Figures 4.5
and 4.6).

Since a species specific Vtg standard would be optimalderin the barramundi ELISA the RT
Vtg standard was also compared with a Vtg column frac@ib_E?2 obtained earlier in this
research (Figure 4.7). The CF_E2 standard curve achievdsuhbing of absorbances with
doubling of concentration that would be optimal in thedoend standards, but the higher end
standards are at the saturation limit for this particElASA. Moreover, the CF_E2 standard
curve exhibits a significant y-intercept, indicating tthet standard curve wouldn’t be useful for
determining Vtg concentration in samples with low abaaces. The RT Vtg standard gives a
shallower curve, but with a much better fit with a fencept that makes it possible to use in a
much wider range of absorbances. One possible exmarfatithe CF_E2 standards not being
as good as the RT Vtg standards is that the columndrschave not been purified enough
(Schafhauser-Smith and Benfey, 2002). Further protein puidficabuld result in a pure
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barramundi Vtg which would be valuable as a standard fuaatitative ELISA, but at the
moment the RT Vtg standard is the best Vtg standardad@ifor this ELISA.

The quantitative results for the determination of Vtgaemtration in the column fractions (Table
4.8) were similar to a wide range of Vtg plasma levelsrieined in fish such as 1.7 mg rhin
English sole (Lomax et al, 1998), 3 mg tin sea bass (Mananos et al, 1994), and as high as 60
mg mL* in rainbow trout (Bon et al, 1997).

In summary, the best indirect ELISA optimized foreting Vtg induction in barramundi is the
method already described in detail by Codi King et al (2008 optimal 1- 2° antibody
combination was determined to be the commercially availsbl-3G2 (Biosense) and anti-
mouse 2 antibody (BioRad), while the optimal Vtg standard proteetde RT Vtg standard
(Caymen Chemical Co). In addition, there were prongisesults with the polyclonal
antibodies, Sh-0404JCU and Sh-0404-SJCU, and barramundi Vigrcddaction, CF_E2). All
of this suggests that future refinement, through affinitpetatographic purification of the
polyclonal antibody and through protein purification of teéumn fraction, could lead to a
better barramundi specific ELISA.
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5. (Anti-)Estrogenicity of PBDE-47 in Barramundi (Lates calcarife)

51 Introduction

Chapter 1 discussed the increasing PBDE levels worldwidéhamabtential toxic side effects of
PBDE exposure. This included the contrasting resultssefreh on whether PBDE acts
estrogenically or anti-estrogenically in fish. Many spsa@f fish are hermaphroditic, with the
ability to change gender at certain points during theicyigées, a process which is controlled by
the reproductive endocrine system (reviewed by Devlin agdihNama, 2002). Since exposure
to xeno-estrogens could seriously affect the reproductipabilities of hermaphroditic fish
species it is important that PBDEs be studied further tiergéine what estrogenic or anti-
estrogenic effects they have.

Barramundil ates calcarifer, a protandrous hermaphrodite, with the smaller lengtésels being
predominantly male and the percentage of females incgeasitotal length increases (Moore,
1979), is a good example of a fish species at risk from gstrogens. Barramundi is a
commercially important fish species throughout Austraid Southeast Asia. Barramundi
production within Australia has been steadily increasieg the past 15 years (Boonyaratpalin
and Williams, 2002) and aquaculture of barramundi has rgaexphnded to North America and
Europe (Katersky and Carter, 2007). In the east part tieror Australia the wild fishery for
barramundi is a major industry, grossing more than $®mannually (Katersky and Carter,
2007). So as barramundi become increasingly importanetauktralian fisheries market, this
research provides a good opportunity to assess the estroganit-estrogenic effects of PBDEs
in a valuable Australian fish species.

This research attempts to elucidate the estrogenic eestntigenic effects of PBDE in
barramundi, a commercially important fish specie8ustralia and southeast Asia, with
vitellogenin (Vtg) production measured as an endpoint obgstric activity. Juvenile male
barramundi were exposed to PBDE in experiments designgddy both dose response and
time course induction of Vtg production. Vtg was measuratjusie ELISA method described
previously in Chapter 4.
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5.2 M aterials and M ethods

5.2.1 Fish Handling

Male juvenile barramundi were obtained from stocksl lared grown at the Marine &
Aquaculture Research Facilities Unit (M.A.R.F.U.) ahda Cook University in Townsville,
Queensland, Australia. Fish for the dose response RBDEperiment were maintained in
1,000 L recirculating systems at a temperature of ~25 +Wit€G,a naturally occurring
photoperiod of ~12 hr light: 12 hr dark, while fish for timee course PBDE-47 experiment were
maintained in 150 L recirculating systems in a temperam&olled environment, with a water
temperature of 27 + 1°C and a photoperiod of 16 hr light: 8 ik dash were fed ~3% body
weight daily with dry feed pellets.

For all exposure experiments, fish were anaesthetis@®db% 2-phenyoxyethanol (Sigma
Aldrich) and weighed before injection. Injections weraalby i.p. injection and blood was
collected from the caudal vein before being placed mrdrifuge tube and spun at 13,000 rpm
for 5 min. Plasma samples were frozen at -20°C fer &alysis.

5.2.2 Time course of Vtg induction by PBDE-47: Low and High Dose

Prior to the low dose time course study, fish (~ 6 wedtks11.42+6.47g) were separated into
four tanks (n=25 per tank) and allowed to recover for tws.d#@fter recovery, fish were
anaesthetised and fish from the first tank were ingewtieh acidified saline (control), while the
fish in the three remaining tanks (tanks 2-4) were injeatith PBDE-47 in dimethyl sulfoxide
(DMSO) at a dose of 1 mg Rgpody weight (low dose).

Prior to the high dose time course study, fish (~ 6 wekksl1.42+6.47g) were separated into
four tanks (n=21 per tank) and allowed to recover for tws.d#\fter recovery, fish were
anaesthetised and the fish from the first tank (tankel® injected with acidified saline
(control), while the fish in the three remaining tatiesks 2-4)were injected with PBDE-47 in
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DMSO at a dose of 10 mg kdpody weight (high dose). Due to a limited number df fix this
high dose exposure, time points 2 and 4 days were elimiratddewer fish were sampled in
the final days. The sampling design for these studigegented in Table 5.1.

Table 5.1 Sample design for Time Course experiments

Low Dose* High Dose®
Tank 1 Tanks2-4 Tank 1 Tanks 24
Tm_tg“m Saline PBDEA47 Saline PBDE47
Sample Total #Fish Total # Fish Total # Fish Total # Fish
Day Fish | Sampled | Fish | Sampled | Fish Sampled | Fish Sampled
0 25 1 25 1° 21 4 21 0
1 24 3 24 34 17 3 21 4°
2 21 3 21 3 14 0 17 0
3 18 3 18 3 14 3 17 4
4 15 3 15 3 11 0 13 0
5 12 3 12 3 1 3 13 4
7 9 3 9 3 8 3 9 4
10 6 3 6 3 5 3 5 3
14 3 3 3 3 2 2 2 2
2] mp kgl
b 10 mg kg!

tFor a total of n=4 for time point{
iFor a total of n=9 for PBDE-47 dosed fish
*For a total of n—=12 for PBDE-47 dosed fish

5.2.3 Dose Response of Vtg induction by PBDE-47: Single and Doubledigsms

Prior to the dose response study, fish (~ 3 monthsaadaht range 55-2159) were separated
into five tanks (n=6 per tank) and allowed to recovervar tlays. After recovery, fish were
anaesthetised and injected with a) a single dose dfiadidaline (control), b) a single injection
of PBDE-47 in DMSO at a dose of 1 mgkigody weight, c) a single injection of PBDE-47 in
DMSO at a dose of 10 mg kdpody weight, d) two injections of PBDE-47 in DMSO atasel of

1 mg kg" body weight, with an interval of three days betwirggrctions or e) two injections of
PBDE-47 in DMSO at a dose of 10 mg'kgody weight, with an interval of three days between
injections. Blood samples were taken at 0, 3 and 6afststhe final injection
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5.2.4 Analysis of samples
5.24.1ELISA

The protocol for ELISAs has been previously describe@dtien 4.2.3.1. Plasma samples were
diluted in coating buffer at a ratio of 1:5, except furde instances where plasma volumes were
low. For these samples a 1:10 dilution in coating bwtes done. Samples were analyzed with
lipophylised Vtg (Rainbow Trout) standard (RT Vtg standardy(@n Chemical Co) runin a
range from 0.375 to 4.4 mL™. Standards were run on each ELISA plate and samgles w
analyzed using the corresponding standard curve. Sanmulestandards were all run in
triplicate.

5.2.4.2 Protein Concentration

The juvenile barramundi used for the time course exmgarisnprovided enough plasma to

analysis by ELISA only, so protein concentrations wertedetermined for those samples.

Protein concentration was determined for the barramfuowh the dose-response experiment
prior to Western Blotting using the Lowry protocol (Lowi@51).

5.2.4.3 Western Blot

Western blots were run using the protocol as previously idesicfSection 4.2.4.2). Onto each
7.5% Tris-HCL gel, sample was loaded corresponding to 16f pgptein for each sample from
the dose-response experiment. E2-dosed fish plassasea as a positive control and was
loaded at a dilution of 1:400. A final gel was run with theedcesponse samples run with no
dilution beyond a 1:2 dilution in the sample buffer, andE2 positive control diluted to 1:500.
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5.2.4.4 Satistical Analysis

For the Time course experiments a two-tailed pairedttwéh 95% confidence interval was
done to determine if there was a statistically signitichifierence between the data from the
control and the PBDE dosed fish.

For the Dose Response experiments a two-way ANOVAusad to compare the effect of dose
(high or low) against the effect of treatment (singfl@&louble injection) for the data set from
each day post-final injection.

5.3 Reaults

5.3.1 Time Course of Vtg induction by PBDE-47

5.3.1.1 ELISA: Low Dose

Figure 5.1 presents the time course induction of Vtg by adlose (1 mg kg body weight) of
PBDE-47. RT Vtg standards were analyzed with these ssmpl barramundi specific Vtg
standard does not exist, and the RT Vtg standard was catsither best available commercial
standard. All barramundi Vtg levels fell below thevést standard (0.3¢g§ mL™), and
therefore represent non-quantifiable concentrationd@in barramundi exposed to a low dose
of PBDE-47. Normally, in this instance the ELISA woblklrepeated using a lower standard
range, however the fish used in the experiment were gmitll and, unfortunately, the plasma
samples were too limited to perform multiple analysBserefore, the data are presented in a
gualitative manner (mean absorbance corrected for namfisgending) to assess overall
patterns in the data. The two-tailed paired t-test sHowestatistically significant difference
between the control and PBDE-47 dosed fish.
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Figure 5.1 Time course induction of Vtg with a low (1 md kwv) dose of PBDE-47.

Each bar

represents mean absorbance (492nm-NSB) + sd (n=3 for coamin=4 for PBDE-47 dosed).
For time O control data point, 5 samples were obtaus@ty uninjected fish from both the low

and high dose control tanks, hence the bar for standaratidevi

5.3.1.2 ELISA: High Dose
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Figure 5.2 Time course induction of Vtg with a high (10 m{ key) dose of PBDE-47. Each
bar represents mean absorbance (492nm-NSB) + sd (n=3toolsand n=4 for PBDE-47

dosed).
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The graph in Figure 5.2 presents the time course inductigtgddy a high dose (10 mg Kg
body weight) of PBDE-47. The RT Vtg standards wereyaieal with these samples as well, but
again all barramundi Vtg levels fell below the lowststndard and the samples were not large
enough for repeat analysis. Therefore, values aretegpas mean absorbance corrected for
non-specific binding instead of concentrationagnmL™ normalized to RT Vtg. The two-tailed
paired t-test showed no statistically significant défere between the control and PBDE-47
dosed fish.

5.3.2 Dose Response of Vtg induction by PBDE-47: Single and dourpbetions

5.3.21 ELIA

Figure 5.3 shows the dose response of Vtg production asiegle or a double injection of

either a high (10 mg kgbw) or low (1 mg kg bw) dose of PBDE-47 at three days post-final
injection (a) and six days post-final injection (b)heSe samples were analyzed with RT Vtg
standards and, in contrast to the time course data wiaislgualitative, the concentrations are
shown in pg mi*. A two-way ANOVA of the data was conducted comparingetfiect of dose
(high or low) against the effect of treatment (singfl@louble injection) for the data set from
each day post-final injection. The two-way ANOVA ritsdor the data set from day 3 post-final
injection show that there is no significant inteiactbetween dose and treatment (P=0.5864) and
no significant difference between the data based ongips€P=0.5259). There is, however, a
very significant difference between the data fordimgle and double injected fish on day 3 post-
final injection (P<0.0001). The two-way ANOVA results fbe data set from day 6 post-final
injection show that there is no significant inteiactbetween dose and treatment (P=0.2897).
There is a small, but significant difference in tla¢adbased on dose (P=0.0335) and a very
significant difference between the data based on terdton day 6 post-final injection
(P<0.0001).

84



a) Day 3 post-final injection

0.45 -
0.4 T

0.35 -

0.3
0.95 O Control
® Low Dose
O High Dose

0.2 A

0.15 -
0.1

Vtg Concentration (ug/mL)

0.05 —

Control Single Double

Treatment

b) Day 6 post-final injection

0.45

04 -
0.35 -
03 -
0251 L
0.2 -

O Control
M Low Dose
O High Dose

0.15 -
0.1 -

Vtg Concentration (ug/mL)

0.05

Control Single Double

Treatment

Figure 5.3 Dose response of Vtg production in responssitake or double injection of PBDE-
47 compared based on day post-final injection. Each peggents the mean absorbance
(492nm-NSB) + sd (n=6). Graph a) shows the data 3 daydladténal injection of saline
(control) or PBDE-47 and graph b) shows the data frony§ déer the final injection.
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5.3.2.2 Protein concentration and Western Blots

Protein concentration of the plasma samples fronddise response experiment was determined
by Lowry assay and that protein concentration was usddtésmine the dilutions necessary to
obtain 10 pg of protein (total protein, not Vtg) to load ohtodels for Western Blotting.

Figures 5.4 — 5.6 are images of the Western blot membaoditles fish plasma from the dose
response experiment. While the E2 positive controlraggd the column with Vtg, with a
particularly dark band at ~180 kDa where the main Vtg subwntidvbe expected (Sun et al,
2003), the columns containing saline control and PBDE-47 doasthalsamples were
completely clean, with no colour development, indigaan absence of Vtg . This contrasts
with the ELISA data from which quantifiable levels ofgMh the dose response samples were
obtained. This suggests that the western blot technidessisensitive than the ELISA for
detecting Vtg production in barramundi.

Low Dos Figh Dost Low Dos
Contrc _ Single Injection Single Injection Single Injection
Day 3 p.f.i. Day 6 p.f.i. Day 3 p.f.i. Day 3 p.f.i. Day 6 p.f.i.
1.2 3 1 2 % 1 2 3 4 561 2 3 4 5 61 23 45 &2
261 kDa ‘
220 kDa™®
173 kDa - e
120 kDa |
100 kDa
—>
97 kDa
80 kDa

Figure 5.4 Western blot of dose response plasma santplegative Vtg band in E2 dosed
positive control plasma sample (E2) is labeled witlamaw on the right hand side of the Figure.
Standard protein ladder is labeled M and molecular weaylstéabeled along left hand side of
the figure. P.f.i. is post-final injection
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Low Dos High Dos LowDose
Contrc Double Injection Double Injection Double Injection
Day 3 p.fi. Day6p.fi.  pay3p.fi. Day 3 p.f.i. Day 6 p.f.i.
4 56 4561 2 3 45@M1 2 3 4 5 61 23 45 6E2
Ra -

Figure 5.5 Western blot of dose response plasma santplegative Vtg band in E2 dosed
positive control plasma sample (E2) is labeled witlaaow on the right hand side of the Figure.
Standard protein ladder is labeled M and molecular weaylstéabeled along left hand side of
the figure. P.f.i. is post-final injection.

High Dos High Dos High Dos
Double Injection  Single Injection  Single Injection Contrc E2 E3
Day 6 p.f.i. g Dayépfi ,, Day6pfi Day 6 p.fi. E
6.5 4 3 2 1 6 5 4° 3 2 1~ 654 3 2 1°-12

261 kDa
220 kDa®
173 kDa v
120 kDa k3
100 kDa
97 kDa =
80 kDa

Figure 5.6 Western blot of dose response plasma santp®s.is E2 dosed fish plasma diluted
1:100 and E2 2 is E2 dosed fish plasma diluted 1:200. Putatiybavid in E2 dosed positive
control plasma samples (E2) is labeled with an arr8tndard protein ladder is labeled M and
molecular weights are labeled along left hand sidéefigure. E represents an empty lane and
p.f.i. is post-final injection.

Figure 5.7 presents a final Western blot done on the éspemse plasma samples. The plasma
was not diluted at all beyond a 1:2 dilution in samplddsufefore being loaded onto the gel.
These undiluted samples were run to ensure that tleseaevdilution error causing low but

detectable levels of Vtg to be missed in the other Westiets that were run.
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Figure 5.7 Western blot of selected dose response plasnmes run without dilution. Putative
Vtg band in E2 dosed positive control plasma sample iEdapeled with an arrow. Standard
protein ladder is labeled M and molecular weights ardddbaong left hand side of the figure.
P.f.i. is post-final injection.

54 Discussion

Published studies have been inconclusive when attemptangsteer the question of what effect
PBDE exposure has on the reproductive endocrine systpatiaky in the area of estrogen
mimicry (Aarab et al, 2006; Boon et al, 2002; Labadie and Bis#zi2006; Legler and

Brouwer, 2003; Meerts et al, 2001; Nakari and Pessala, 2005; $tadeP005) The purpose of
this research was to use the ELISA developed for barramuaddanalyze samples taken from
fish dosed with PBDE-47 to determine whether PBDE dispay®genic or anti-estrogenic
properties in barramundi, using Vtg production in juveniléesias an endpoint measurement of

estrogenic activity.

Time course induction of Vtg production by PBDE-47

The time course experiments were designed to studgdhetion of Vtg over fourteen days
after being dosed with either a low or high dose of PBIJE-The data from the two time course

experiments is reported as mean absorbance correctearfspecific binding. Statistically
there is no significant difference between the data ftwercontrol and PBDE-47 dosed fish.
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The patterns and trends in this qualitative data illustia¢ behavior of Vtg production in
barramundi in response to injection with PBDE-47. Thraighfirst seven days post injection
Vtg production follows the same pattern in both the dnad high dosed fish (Figures 5.1 and
5.2). Vtg production increases slightly in both therga(lC) and PBDE-47 injected fish in the
first 3 days post injection, followed by a drop in producbetween days 5 and 7 in both C and
PBDE-47 injected fish. It is reasonable to hypothesizethminitial increase and subsequent
drop in Vtg production could be the result of a stressti@ato being handled and dosed by i.p.
injection, as it is seen in both control and PBDEddged fish, although no other studies on the
time course induction of Vtg by exposure to PBDE could beddarsupport or refute this
hypothesis.

Vtg production appears to rebound between days 7 and 14@hahed both sets of PBDE-47
dosed fish. Barramundi are protandrous hermaphroditefwkin their lives as males and
subsequently change sex to female later in life (Moore, 19M%refore, male barramundi
could be producing low levels of E2 naturally, a hypothesishvis supported by research
which has found naturally occurring low levels of E2 inerealmonids (Sower et al, 1984;
Yamada et al, 1993), goldfish (Trudeau et al, 1993), eels é\&iual, 1999), Japanese hunchen
(Amer et al, 2001), rainbow trout (Vizziano et al, 1996§ Atlantic croaker (Loomis and
Thomas, 1999). The studies listed above all deal with oldirger fish than those used here.
However, Amer et al (2001) studied prepubertal Japanese huantelrudeau et al (1993)
studied sexually regressed male goldfish in addition to #gxuature males, and both studies
found E2 present in the absence of sexual maturitaddition, Miura et al (1999) induced
spermatogenesis in otherwise testicularly immaturesmahd E2 was present before induction.
While it can’t be known if very young male barramunkie lthose studied here will have
naturally occurring E2 present without further reseats eiisting literature does suggest that
in other fish species E2 is present before sexual matuf this is the case, then low levels of
Vtg may be being produced naturally in response to natwedlyrring E2, and the rebounding
Vtg production apparent in the time course experimentsduzeila return to normal baseline
levels for male barramundi. While Vtg production in khe PBDE-47 dosed fish increases at
the same rate as the C fish (Figure 5.1), Vtg produatitime high PBDE-47 dosed fish
increases somewhat slower (Figure 5.2), although staligtibare is not a significant difference
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between the control and PBDE-47 dosed fish. It isiplesthis could indicate suppression of
Vtg production by the high dose of PBDE-47. This findingujgp®rted by previous research
which found PBDE to act anti-estrogenically in mussilgti{us edulis) (Aarab et al, 2006).

Dose response induction of Vtg by PBDE-47

In accordance with the time course data, which showatdathigh dose of PBDE-47 suppressed
Vtg production from days 7 to 14 after injection (Figure 5.@\isical analysis by two-way
ANOVA of the ELISA data from the fish which receivediagle or a double injection of PBDE-
47, shows dose size has a small, but significant edfeclay six post-final injection (P=0.0355).
The difference in data based on dose size at day 6 pasirjection in the dose response
experiment supports the conclusion that a higher dosBIBER!7 is suppressing production of
Vtg in barramundi, regardless of whether the doseaslasnistered once or twice (Figure 5.3b).

The dose response experiments were designed to studyawhepeating the injection of either a
low or high dose of PBDE-47 had an effect on the induafdvitg production in barramundi.
Statistical analysis by two-way ANOVA shows treatmggmgle vs. double injection) has a very
significant effect on the data on both day three axngast-final injection (P<0.0001). The time
course data for both low and high dose showed a marked seanedtg production between 5
and 7 days post-injection, independent of dose size, @wihich is repeated in the control fish
between days 3 and 6 post-final injection in the dose respiata. The first sample taken from
the double injected fish falls 6 days after the firstahg of PBDE-47. Therefore, it is difficult
to determine whether the apparently greater suppressiotggfr¥duction in the double injected
fish is the result of suppression by PBDE-47 or the reduliat apparently natural drop in Vtg
production 5-7 days post-injection. A two-way ANOVA of theta from the double injected

fish shows that there is a significant (P=0.0022) decrieagty levels between day 3 post-final
injection and day 6 post-final injection, which correspatadday 9 post-first injection. In the
time course work Vtg levels began to rebound betweendaysl 10 post-injection. The
continuing decrease in Vtg levels six days after therskagection (nine days after the first
injection) of PBDE-47 in the double injected fish would gade continued suppression of Vtg
levels after fish that received a single injectiothia time course experiment began to see levels
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rebound. While this conclusion would fit with the tineucse data and the hypothesis that
PBDE-47 acts anti-estrogenically, it is difficult to sagh certainty this is what is happening
because of the unforeseen, apparently natural drop in V&t 16-7 days after injection. Having
a double injected control to compare the data with would beatfear up this uncertainty in
future research, by providing data on whether a double injecfisaline causes an increased
period of suppression of Vtg production.

The Western blots shown in Figures 5.4 — 5.7 show no dbtedevels of Vtg in the dose
response samples. In contrast it will be recalletifdrethe dose-response results quantifiable
levels of Vtg were detected using the ELISA (Figure 5T3)ese results suggest that the western
blot technique is less sensitive than the ELISA methodédtecting Vtg production in

barramundi, and therefore will not always be usefukbnfirming ELISA results.

In summary PBDE-47 appears to have an anti-estrogenid¢ effearramundi, suppressing Vtg
production in male barramundi when a high dose (10 rilgolg) is injected by i.p. injection,
although this effect is not apparent when a low doseg(kgh bw) is administered. In addition,
the Vtg levels in the C fish suggest that male barralnigve a baseline level of Vtg production,
possibly due to a natural production of E2, a phenomenonrbsesther researchers in a variety
of other fish species (Amer et al, 2001; Loomis and Tho&®89; Miura et al, 1999; Sower et
al, 1984; Trudeau et al, 1993; Vizziano et al, 1996; Yamada¥228). It would be worthwhile
to take a look both at E2 and Vtg levels in male barramatndifferent stages of life and
seasonally to determine whether a baseline levelledreitoes occur naturally. If this is the case
in the future research concentrating on determining hevbaseline levels of Vtg production in
barramundi fluctuate, both seasonally and over thecktle of the species, could be used to help
clarify the anti-estrogenic potency of PBDE-47.
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6. Conclusions and Recommendations for Future Wor k

6.1 Conclusons and Recommendations

This thesis encompasses multiple projects in mult@eiplines. It is comprises a pilot study
investigating the current levels of PBDEs in the aquamicrenment, combined with a study of
the potential effects of PBDEs on a locally importiatt species. The broad nature of this work
has given rise to numerous questions which can onlgdmved with further research. This
chapter offers the key conclusions of the work andestsnommendations on where the research

could go from here.

The key outcomes of the research are:

a) PBDEs were detected in sediments at low levels.tHetwo congeners assessed
(PBDE-47 and PBDE-209) levels were found to range from bektection (0.2:g kg*
dw) to 0.35+0.2ug kg™ (dw) for PBDE-47 and from below detection (@ kg* dw) to
0.85+0.07ug kg® (dw) for PBDE-209. These levels are similar to levelsifl in other
parts of Australia (Toms et al, 2008) and are a littleclothian levels from similar sites
around the world (Table 1.1).

b) PBDE-47 was found to depurate slowly, with a depurationc@tetant between 0.41
and 0.69 day which is consistent with similar studies (Gustafssbal, 1999; Ciparis
and Hale, 2005; Muirhead et al, 2006). In addition, PBDE-47 wasteetin control
fish at low levels, which was unexpected.

c) A viable and effective ELISA for the detection of Vigharramundi was produced,
although unfortunately it was not possible to use theabarndi Vtg or the polyclonal
sheep anti-barramundi Vtg antibody created during thesarel due to purification
difficulties.

d) Finally, PBDE-47 was found to suppress the apparently natw@dlyrring production of

Vtg in male barramundi.

Taken as a whole it can be seen that PBDEs exigeiitdwnsville environment and that
therefore barramundi in a similar environment willdxposed to PBDEs. It has been shown that
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PBDEs depurate relatively slowly and there is some evaldrat PBDESs suppress Vig

production. Accordingly the following recommendationsrassle for future work targeting the

key conclusions and outcomes of this research:

1)

2)

3)

4)

With the continued use of deca-BDE commercial mixtureddwide and the discarding
and destruction of products containing the now defunct pemtbeea-BDE commercial
mixtures it is expected that levels of PBDE will cone to rise. Regular sampling along
Ross Creek should only be the beginning point for futur&kwdownsuville is the largest
city in Northern Australia and is the site of an aramg air force base, as well as a busy
regional airport. A larger study which takes samplesifeowider range of land use sites,
such as along Ross Creek, at the armed forces basedpbrt, and the town landfill,
would be a good start allowing for analysis of the sanipdasgd on land use as well as
potentially revealing point sources for PBDE release imddcal environment. This
research would complement studies done in other partasifaia and overseas.
Detection of PBDEs in control fish needs to be acoméid and if confirmed the source of
PBDE contamination should be investigated. A future ssaaypling barramundi from
the M.A.R.F.U. complex hatchery as well as sampligfeed and testing the equipment
used there would determine whether the contamination seéba control fish from this
experiment is a result of prior exposure at some poipbmts during the rearing
process.

While the ELISA used in this research using the mousestiged bass Vtg primary
antibody, ND-3G2, has proven to be both accurate andisensin ELISA making use

of a polyclonal antibody created to be specific todraundi would detect all the forms
of Vtg that barramundi produce. The column fractiorelus inoculate the sheep and
tested as a Vtg standard were not purified enough, butwaere strong Vtg signal
present and future work to further separate and purify thatvdtdd almost certainly
result in a product which could be used as a barramuncifispétg standard in a
guantitative ELISA. Using this purified Vtg to inoculatesp would lead to a
polyclonal primary antibody which is specific to bartamdi.

Male barramundi in this study produced measurable levasgofwithout any external
stimulation, suggesting Vtg is produced by male barramundradt, most likely due to
low levels of naturally occurring E2. Many studies suppuaatitiea that male fish
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5)

produce E2 naturally (Amer et al, 2001; Loomis and Thomas, 1\@@a et al, 1999;
Sower et al, 1984; Trudeau et al, 1993; Vizziano et al, 1996; daetaal, 1993). While
a few of these studies look at E2 production in theeodrdf sexual maturation in males
(Amer et al, 2001; Miura et al, 1999; Sower et al, 1984; Trudeal) ¥993; Yamada et
al, 1993) and one even looks at E2 expression over theecoiuasyear (Amer et al,
2001) there is no study that looks at the fluctuation of B2Zgiover the whole lifecycle.
Future research ought to include a lifecycle study oflawmndi for E2 expression and
Vtg production, from fingerlings through to sexual maturity.

Finally, this study suggests that PBDEs may suppress Vtg pioadutimale
barramundi. The levels of Vtg seen here were very floaking it hard to make a
conclusive argument that this is the case. Repeatingttidy with sexually mature
females, which would be expected to produce large catemts of Vtg, would allow
for the determination of the extent of Vtg suppressibanfy) in the presence of PBDEs.
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