[Note: Some images, and Appendix 3, have been
removed from this digital thesis for copyright reasons.

A print copy containing all images and Appendices
is held in Griffith University Library. ]



Toxicology Investigations With The
Pectenotoxin-2 Seco Acids

Vanessa Anne Burgess
M.Sc. (Toxicology), B.Sc (Hons) (Biomedical Sciences)

A thesis submitted in fulfillment of the requirements for the degree of Doctor
of Philosophy.

National Research Centre for Environmental Toxicology and the
School of Public Health, Griffith University, Brisbane, Queensland, Australia

February 2003



Toxicology Studies with the PTX2-SAs Vanessa Burgess

Statement of originality

I hereby certify that this work has not previously been submitted for a degree
or diploma in any university. To the best of my knowledge and belief, the
thesis contains no material that has previously been published or written by
another person except where due reference is made in the thesis itself.

Vanessa A. Burgess

il



Toxicology Studies with the PTX2-SAs Vanessa Burgess

Acknowledgements

Firstly, I would like to thank my supervisors Dr. Glen Shaw and Professor Michael Moore here at
EnTox, and Prof. Paul Lam of The City University of Hong Kong for providing me with the
opportunity of conducting this PhD. I thank them for their supervision and advice whenever sought.
I would also like to thank Prof. Des Connell as my principal supervisor for all those signatures I
required on various grant applications in the past years, and of course for his signature on my thesis

submission form!

I have several acknowledgements and thank you’s I would like to mention which, in good old thesis

fashion, fit nicely into the following three categories of funding, collaborators and friends.

Funding and resource contributors

I am very grateful to the following organizations: The National Research Centre for Environmental
Toxicology (EnTox) who is supported by Queensland Health, The University of Queensland,
Griffith University and Queensland University of Technology. I would like to thank Griffith
University for the various research grants and travel grants I was awarded during the course of this
PhD, and Prof. Paul Lam of the Dept. Chemistry and Biology, City University of Hong Kong, P.R.,

China, for providing funds, resources and the opportunity to research with in his department.

Additional funding specific to this research project was provided by: The Fisheries Research
Development Commission (FRDC), The South Australian Shellfish Quality Assurance Program
(SASQAP), South Australian Oyster Research Council, and the South Australian Mussel Growers.
I would especially like to express my gratitude to Ken Lee of SASQAP for his enthusiasm and for
all his petitioning to the shellfish industry collaborators for funding and support of my PhD studies.
I would also like to thank Bruce Haynatz of Myee Pipi Inc. for his support and interest from the
start of the project and for supplying all those kilos and kilos of pipis! Additionally I would like to
thank Gustaaf Hallegraeff and Ken Lee for supplying samples of shellfish for this project, with

additional thanks to Gustaaf for assistance with identification of algal species.
I acknowledge my own learning curve for the importance of funding in research. This lesson

began with having to spend most of my first year applying for grants and being unable to commence

laboratory work until well into my second year after arriving in Australia for PhD studies.

iii



Toxicology Studies with the PTX2-SAs Vanessa Burgess

Collaborators

The foremost collaborator I would like to thank is Geoff Eaglesham of Queensland Health
Scientific Services (QHSS). Thank you Geoff for your commitment and collaboration with all the
HPLC work that was conducted during my PhD. Geoff, you have played a major supervisory role

during my PhD and your advice and guidance over the past few years has been very appreciated.

The National Research Centre for Environmental Toxicology has an on going exchange programme
with the Department of Chemistry and Biology in City University of Hong Kong SAR, PR, China,
where I was fortunate enough to conduct a 2.5 month period of research. Investigations included
cDNA microarray investigations, cell cycle studies and cytotoxicity assays. I would like to thank
Yang Mengsu, Chi Hung Tzang, and Zhong Yang within the Applied Research Centre for Genomic
Technology, for allowing the collaboration with their department and for their excellent teaching,
guidance and assistance with the microarray experiments, in particular to Chi Hung Tzang for
detailed explanations of microarray analysis and provision of schematic diagrams shown in chapter
6. Additional thank you’s go to Yang Yauo Zhang, Fong Chi Chun and Chan Hing Leung for
advice and instruction on the use of the flow cytometer and Au Tze Shan and Shen Xiaoyun for

advice and assistance on cell culture.

I would especially like to thank Paul Lam for his supervision during my time at City U and to all his
students and staff that made me feel so welcome, some of who became valued friends of mine
during my stay. In particular are Bryan, Bernie, Ashley, Eva and Ting who were always able to
make me smile and show me all the best places to eat in Hong Kong! Thank you all for your
friendship - you all mean a great deal to me. Finally, I would like to especially thank Sarah Shen
for her dedication in helping me settle into the University and for guidance pretty much 12 hours a

day whilst I was there “where do I find the beakers?....there must be beakers here somewhere????”.

I would like to express my gratitude to Prof. Alan Seawright who provided me with expert guidance
and teaching during toxicology studies. I have had tremendous admiration for Prof. Seawright as a
pioneer in his field, and I felt honored to have been given the opportunity of learning from him
during my time at NRCET. I extend my appreciation to Dr. Malcolm Jones of QIMR for all his
teaching and assistance with the EM work that was conducted in this PhD. I would also like to
thank Sharon Kratzmann, QHSS/NRCET, for instruction and assistance with MDA analysis. And
finally, I would like to thank Geoff Eaglesham, Wasa Wickaramasinghe and Maree Smith for their
critical comments on drafts of some chapters for this thesis, very much appreciated, and Maree - |

know you are going to make a great supervisor for any PhD student lucky enough to work with you.

v



Toxicology Studies with the PTX2-SAs Vanessa Burgess

Friends

I’d like to thank Sharon and Robyn for lots of morning coffee chats and for listening to my whining
of late “ I’ll never get the write-up finished in time.” That particular thank you extends to my
fellow algae PhD comrades — Corinne Garnett, lan Stewart, Nick Osbourne and Dave Moore.
Thanks also to the QHSS Library staff for all those entertaining morning coffee breaks and all that
great COFFEE that kept me going all day and night, oh and thanks for assistance with literature
stuff too!

But most of all my friends, I would like to thank Katie, George and Sarah. Katie for being the
happy cheerpy person you are and for being so supportive and getting me though those tough times
that distracted me from my PhD studies. To Georgina for being my international PhDing-internet
buddy, ideas exchanger and welcomed reliever from the loneliness and monotony of office solitude

during those writing months.

.... and finally to Sarah for booking her ticket to come out and travel around Australia with me -

providing me with an excellent deadline to get me writing! Australia here I come................



Toxicology Studies with the PTX2-SAs Vanessa Burgess

ABSTRACT

Pectenotoxins (PTXs) are a group of large cyclic polyether compounds associated with diarrhetic
shellfish poisoning (DSP) as they are often found in combination with other DSPs such as okadaic
acid (OA) and dinophysis toxins (DTXs) in shellfish. Although classified and regulated with the
DSPs, there is debate over whether these toxins should be classified with DSP toxins. To date, ten
different analogues of PTXs have been identified from shellfish and algae, and of these, the
pectenotoxin-2 seco acids (PTX2-SAs) are of particular interest as they have previously been
implicated in a shellfish poisoning incident in Australia, but relatively little was known of their

toxicology.

One such incident occurred in December 1997, when approximately 200 people were reported with
severe diarrhoetic shellfish poisoning in Northern New South Wales (NSW). Analysis of the
shellfish associated with this incident revealed relatively high PTX2-SA concentrations (approx.
300ug/kg shellfish meat), with only trace amounts of pectenotoxin-2 (PTX2) and OA. Following
this incident, PTX2-SAs were considered a health threat and guidelines were implemented in the
absence of toxicological data, which has caused a great economic burden to shellfish industries
around the globe, in particular to Australia, New Zealand and Ireland. Such regulation created in
the absence of scientific data demonstrated the need to determine the toxicology of PTX2-SAs in
commercial shellfish. Thus a comprehensive study on the toxicology and possible health

implications of the PTX2-SAs in Australian shellfish was conducted.

PTX2-SAs were isolated in different batches from shellfish (pipis, oysters and mussels) and from
algal bloom samples of Dinophysis caudata. Toxin extraction was conducted with several
purification stages and chemical analysis was performed with high-performance liquid
chromatography coupled to a tandem mass spectrometer (HPLC-MS/MS). The chemical stability
of the PTX2-SAs was investigated to ensure consistency of doses between toxicology experiments.
Acute dosing studies with mice were then performed and included toxicopathology investigations
with light microscopy and electron microscopy, in addition to toxin distribution studies and
investigation of in vivo lipid peroxidation. In vitro studies with HepG, cells included cytotoxicity
assays, cell cycle investigations using flow cytometry and gene expression profiling of cells

exposed to PTX2-SAs employing cDNA microarray technology.

Acute pathology studies demonstrated that the PTX2-SAs do not cause the characteristic symptoms
or lesions associated with DSP toxins. No diarrhoea was observed at any dose level in mice and no
deaths occurred up to the maximum dosing level of 1.6mg/kg PTX2-SA. Only one batch of PTX2-
SA extract produced toxic lesions characteristic of a DSP toxin (batch 1-pilot study) but after follow
up studies, it was determined that this first batch of shellfish most likely contained an additional
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unidentified shellfish toxin or contaminant that co-extracted with PTX2-SAs during toxin isolation
and purification procedures. This finding highlighted the importance of supporting the inclusion of
the mice bioassay in procedures for shellfish toxin testing to enable detection of new toxins, and
also highlighted the importance of toxin purification for toxicology studies. A significant rise in
malondialdehyde excretion was observed within 24 hours of dosing mice, indicating that the PTX2-

SAs may cause damage by lipid peroxidation in vivo.

In vitro studies showed HepG; cells to have cell cycle and gene expression changes within 24 hours
of a dose of 800ng/mL PTX2-SAs. Cell cycle arrest was observed at the G,/M checkpoint and
gene expression changes included alterations in genes involved in cell cycle control, lipid
metabolism and transport, lipid genesis and trace metal transport. Many genes involved in DNA
repair processes were moderated at the 24 hour point, but as no apoptosis was observed up to 72
hours post dosing it is a promising indication that any DNA damage that may have been caused by

the administration of PTX2-SAs was not lethal, and was able to be repaired.

In light of the information provided by toxicology investigations in this PhD, with particular
reference to evidence of in vivo lipid peroxidation by raised levels of MDA in mouse urine, and
changes in cell cycle distribution and gene expression in a cultured human cell line, it is concluded
that there is potential for these toxins to induce biological changes in mammalian cells in vivo and

in vitro, and hence potential for PTX2-SAs to cause health effects in humans.

During the course of this three-year study, developments in techniques for shellfish toxin
identification within our laboratories have revealed that the shellfish responsible for the 1997 NSW
poisoning incident contained significant concentrations of okadaic acid acyl esters that were not
detected at the time of the NSW incident. Although reportedly less toxic than okadaic acid itself,
the OA ester concentrations present may have been sufficient to cause the observed symptoms. It is
also theorized that these esters could be hydrolyzed in the human gastro-intestinal tract to release
okadaic acid. In the light of this new evidence and with no pathology lesions or symptoms of
diarrhoea being observed in PTX2-SA dosing studies with mice, we now believe these OA acyl

esters to be the causative agent in the 1997 NSW DSP incident and not the PTX2-SAs.

Nothing is currently known of the chronic toxicology of PTX2-SAs and thus their potential
implications to public health in the long term cannot determined. The toxicology investigations in
this thesis were acute studies, and it has not been established if the observed changes could be

repaired or returned within normal limits without the manifestation of illness or disease occurring.

Utilizing the acute toxicology information in this thesis, a health risk assessment for consumption of

PTX2-SA contaminated shellfish was performed. This risk assessment, employing numerous safety
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factors essential for an incomplete data set, produced guideline values that are lower than the
current recommend concentrations. To date, there has been no solid evidence that PTX2-SAs cause
illness in humans — all documented incidents involving the PTX2-SAs have also included other
DSP contaminants that are known to cause human illness. Pathology has not unequivocally been
demonstrated in animal studies and thus, in consideration of the epidemiological evidence, PTX2-
SAs cannot be considered as high a risk to public health as was previously thought. For the reasons
discussed above, and weighing up risk-benefit considerations of the economic burden the current
guideline values are causing to shellfish industries around the globe, it is recommended that levels
of PTX2-SAs be monitored in recognition of the precautionary principle, but no longer regulated as
tightly with other DSPs until such a time that toxicological or epidemiological evidence can prove
that the PTX2-SAs are a DSP and are a more considerable threat to human health than has been
indicated by toxicology studies in this thesis. This study has produced a substantial amount of acute
toxicology data and has provided a good basis for future chronic toxicology investigations with the

PTX2-SAs for regulatory purposes.
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G,/M phase Cell cycle check point between growth 2 stage and meiosis stage
GIT Gastrointestinal tract

GLC Gas liquid chromatography

GNAQ Guanine nucleotide binding protein (G protein), q polypeptide
GTX Gambiertoxin

GV Guideline value

HBSS HEPES buffered saline solution

HDAC2 Histone deacetylase 2

HepG, Human hepatoma cell line

HPLC High performance liquid chromatography

ip Intraperitoneal

iv. Intravenous

IER3 Immediate early response 3
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IF2 Translation initiation factor IF2
IFNGR2 Interferon gamma receptor 2 (interferon gamma transducer 1)
10C Intergovernmental Oceanographic commission
Kbp Kilo-base-pairs
KIAA0101 KIAAO0101 gene product
LC Liquid chromatography
LC(50) Lethal concentration (50%)
LC-MS Liquid chromatography-mass spectrometry
LD Lethal Dose
LDH Lactatedehydrogenase
LM Light microscopy
LOEL Lowest observable effect level
M Mitochondria
Mag. Magnification
MAP-1 Modulator of apoptosis 1
MAP2 Microtubule-associated protein 2
MBD3 Methyl-cpg binding domain protein 3
MDA Malondialdehyde
MG Mucin and glycocalyx
MGC3207 Hypothetical protein MGC3207
MLCB Myosin, light polypeptide, regulatory, non-sarcomeric (20kd)
MLCK Myosin light chain kinase
MOV34-34KD COP9 subunit 6 (MOV34 homolog, 34 kd)
MPL Maximum permissible level
MQ Milli Q water
MRPL19 Mitochondrial ribosomal protein L19
MS Mass spectroscopy
MSDS Material Safety Data Sheet
MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
MTX Maitotoxin
MU Mouse units
NADH dehydrogenase (ubiquinone) Fe-S protein 5 (15kd) (NADH-
NDUFS5 coenzyme Q reductase)
NHMRC National Health and medical research council
NMR Nuclearmagnetic resonnance
NOEL No observable effect level
NRU Neutral red uptake
NSP Neurotoxic Shellfish Poisoning
NSW New South Wales
NZ New Zealand
0.D. Optical density
01, 02, 03, or 04 Opyster extract number 1, 2 or 3 or 4
OA Okadaic Acid

p.o Oral administration

P1, P2 or P3 Pipis extract number 1, 2 or 3
P450s Cytochrome P450 enzymes
PbAb Brevetoxin antibody

PBS Phosphate buffered saline

PbTx (-1, 2 etc)

Brevetoxins

PCR

Polymerase chain reaction

PCTK1 PCTAIRE protein kinase 1

PEGI10 Paternally expressed 10

PHKG2 Phosphorylase kinase, gamma 2 (testis)

PLA2G1B Phospholipase A2, group IB (pancreas)

PMT Dye incorporating efficiency

PP Protein phosphatase

PPAR Peroxisome proliferator activated receptor

PPARg Peroxisome proliferative activated receptor, gamma
PPE Phosphodiesterase

PPIF Peptidylprolyl isomerase F (cyclophilin F)
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PSMC1 Proteasome (prosome, macropain) 26S subunit, atpase, 1
PSP Paralytic Shellfish Poisoning
PTC-100 Programmable thermal controller
PTDSS1 Phosphatidylserine synthase 1
PTPRCAP Protein tyrosine phosphatase, receptor type, C-associated protein
PTX (-1, 2 etc) Pectenotoxin
PTX2-SA Pectenotoxin-2 seco acid
QHSS Queensland Health Scientific Services
QLD Queensland
RDX Radixin
RER Rough endoplasmic reticulum
RNA Ribonucleic acid
RPL31 Ribosomal protein L31
RPLPO Ribosomal protein, large, PO
RPS24 Ribosomal protein s24
RPS27A Ribosomal protein s27a
RPS27L Ribosomal protein s27-like
RT Room temperature
S Phase DNA synthesis stage of the cell cycle
SAR, P.R. China Special Administrative Region, Peoples Republic of China
SCLY Putative selenocysteine lyase
SD Standard deviation
SDS Sodium dodecyl sulphate
SIM Single ion monitoring
SJL/J A strain of an inbred albino mouse
Solute carrier family 25 (mitochondrial carrier; adenine nucleotide
SLC25A4 translocator), member 4
SSII RT Superscript II Rnase H reverse transcriptase
STX Saxitoxin
STXeq Saxitoxin equivalents
TB Terminal Bars
TCA Trifluroacetic acid
TCEA1 Transcription elongation factor A (SII), 1
TDI Tolerable daily
TFA Trifluroacetic acid
TJ Tight junction
TLC Thin layer chromatography
Trinucleotide repeat containing 11 (THR-associated protein, 230 kd
TNRCI11 subunit)
™W Terminal web area
TXN Thioredoxin
UGT2B17 UDP glycosyltransferase 2 family, polypeptide B17
UNESCO United National Educational scientific and Cultural Organization
Ubiquitin specific protease 9, X chromosome (fat facets-like
USP9X Drosophila)
uv ultraviolet
\ Microvilli
VIC Victoria
VSSC Voltage sensitive sodium channels
YTX Yessotoxin
Tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation
YWHAZ protein, zeta polypeptide
ZNAD-fmf Xaspase inhibitor
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