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ABSTRACT

A growing body of evidence has recently implicated follicular epidermal growth factor
(EGF)-like peptide signalling as essential for the propagation within the ovarian follicle of
the LH stimulus that induces oocyte maturation and ovulation. The EGF-like peptides
amphiregulin, epiregulin, and betacellulin are produced in mural granulosa and cumulus
cells in response to LH, and signal via the EGF receptor (EGFR) in these cells to
ultimately induce oocyte maturation, cumulus expansion, and ovulation. Although the
function and impact of EGF-like peptide signalling on oocyte maturation in vivo has been
characterised, little is currently known about the effect of oocyte in vitro maturation (IVM)
on this important signalling network. This thesis aimed to investigate the regulation of
EGF-like peptide signalling in mouse cumulus cells and the effect of various IVM models

on this network.

FSH is a universal IVM additive, and EGF is occasionally used in animal VM. The effect
of FSH-stimulated IVM, EGF-stimulated IVM versus in vivo maturation (IVV) on cumulus
cell EGF-like peptide mRNA and/or protein expression, the activity of EGFR, and its
classic downstream effector, ERK1/2, were examined. EGF-like peptide mRNA
expression, amphiregulin protein expression, and EGFR phosphorylation were
significantly lower using FSH-stimulated IVM than during IVV. EGF stimulated
significantly lower EGFR phosphorylation, but not EGF-like peptide mRNA expression.

These data demonstrate that this signalling network is perturbed in IVM cumulus cells.

The effect of FSH, EGF, amphiregulin and epiregulin in IVM on subsequent blastocyst
development revealed that epiregulin and amphiregulin significantly increased blastocyst
yield and/or the proportion of inner cell mass in blastocysts, than FSH or EGF.
Examination of the metabolic profiles of IVM cumulus-oocyte complexes (COCs) matured
in the presence of these stimulants revealed that EGF-like peptides and EGF induced
significantly higher COC glucose metabolism via the hexosamine biosynthesis pathway
than FSH, consequently enabling more hyaluronic acid synthesis and protein B-O-linked
glycosylation in the cumulus cells. Epiregulin significantly increased intra-oocyte FAD™
and the REDOX ratio compared to FSH, and all three EGF-like peptides induced more
oocyte mitochondrial activity than EGF or FSH.

vii



Evidence has shown that increasing 3'-5-cyclic adenosine monophosphate (CAMP) using
pharmacological agents significantly increases IVM oocyte developmental competence.
This concept, in the form of a pre-IVM culture period with cAMP modulators, was
examined in conjunction with IVM in the presence of epiregulin, amphiregulin, EGF or
FSH. A pre-IVM phase in conjunction with VM with EGF-like peptides endowed greater
oocyte developmental competence than with FSH or EGF, as evidenced by increased
embryo yield and/or quality, which were comparable in embryo development and/or

quality rates from IVV oocytes.

This thesis provides the physiological basis for, and evidence that, EGF-like peptides are
more appropriate IVM additives than FSH or EGF. EGF-like peptides endow greater
oocyte developmental competence than FSH, possibly by regulating important aspects of
COC metabolism. Combining this concept with cAMP modulation of IVM COCs may
represent a more physiological 1IVM system than existing IVM approaches, as it yields
more blastocysts of higher quality. The knowledge provides new opportunities for the
treatment of infertility in women and for the in vitro production of embryos and advanced

breeding in animals.

viii



DECLARATION

I certify that this work contains no material which has been accepted for the award of any
other degree or diploma in any university or other tertiary institution and, to the best of my
knowledge and belief, contains no material previously published or written by another
person, except where due reference has been made in the text. In addition, I certify that no
part of this work will, in the future, be used in a submission for any other degree or
diploma in any university or other tertiary institution without the prior approval of the
University of Adelaide and where applicable, any partner institution responsible for the

joint-award of this degree.

I give consent to this copy of my thesis when deposited in the University Library, being
made available for loan and photocopying, subject to the provisions of the Copyright Act
1968. The author acknowledges that copyright of published works contained within this
thesis resides with the copyright holder(s) of those works. | also give permission for the
digital version of my thesis to be made available on the web, via the University’s digital
research repository, the Library catalogue and also through web search engines, unless
permission has been granted by the University to restrict access for a period of time.

February 2014

Dulama Richani



ACKNOWLEDGEMENTS

As | sit down to write these acknowledgements, the one person at the forefront of my mind
is my wonderful husband, Adnaan Baraky. | could not have wished for a more supportive
partner as | travelled down this road. Adnaan, you have always lifted me up, supported me,
consoled me, encouraged me, inspired me, and made me believe | can achieve anything.
You have gone on this journey with me and filled every second of it with love and
encouragement. | can never thank you enough for what you give me and what you do for
me on a daily basis. | love you!

| owe a great deal of thanks to my supervisors Associate Professors Robert Gilchrist and
Jeremy Thompson. | very honestly say that I couldn’t have asked for better supervisors.
Thank you for your mentorship, friendship, and guidance. Thank you for giving me the
freedom to pursue my own interests within my project. | know you probably had no idea
what | was up to in the lab at times but you had faith in me. Most of all, thank you for
teaching me how to be a good researcher and for nurturing my love of research. You have
always had your doors open to me and always went above and beyond the call of duty to
help me. | am forever grateful!

A special thanks goes to Lesley Ritter for so many things. Lesley, thank you for your
support, advice, and guidance throughout my PhD. Thank you for patiently answering the
thousands (maybe even hundreds of thousands?) of questions | asked you over the years,

for your support in the lab, and for our chats.

I would really like to thank my fellow lab members who became my friends and laughed a
lot with me: Laura Frank, Mel White, Ryan Rose, Marie Anastasi, Jacky Sudiman,
Xiaogian Wang, Dianne Feil, Annie Whitty, Mel McDowall, and all those | have not
mentioned by name. | will miss all our weird and wonderful conversations and our outings
to the pub. Laura, you helped me keep my sanity when things weren’t going well in the lab
and you have been my PhD soul mate. Mel White and Marie, thanks for all the wild times
(you know what I’m talking about). Ryan and Jacky, thanks for all the silly times in our

PhD room; you made our office fun.

Last, but certainly not least, | would like to thank my highly supportive family who have

been a source of encouragement though out my PhD. You all light up my life. I would like
X



to especially thank Mum and Nick for all that they have done for me and given me. Thank
you for babying and spoiling me, even to this day, and for always being there. I love you
all!

As | reflect back, | feel very grateful and lucky to have completed my PhD surrounded by
such wonderful people. Although it was a rollercoaster ride at times, you are all the reason
I loved going to work every day. | am so happy to see how much | have grown as a

scientist since the beginning of my PhD studies.

Xi



AC
ANOVA
AREG
ART
ATP
BMP15
BSA
BTC
cAMP
CEl
CC
cGMP
CNP
cocC
DNA
DO
eCG
ECL
EGF
EGFR
EREG
ERK
ErbB
FAD™
FSH
FSK
GC
GDF9
GFPT
GIcNAc
GV
GVBD
HBP

ABBREVIATIONS

adenylate cyclase

analysis of variance
amphiregulin

assisted reproductive technology
adenosine triphosphate

bone morphogenetic factor 15
bovine serum albumin
betacellulin

cyclic adenosine monophosphate
cumulus expansion index
cumulus cell

cyclic guanine monophosphate
C-type natriuretic peptide
cumulus-oocyte complex
deoxyribonucleic acid

denuded oocyte

equine chorionic gonadotropin
enhanced chemiluminescence
epidermal growth factor
epidermal growth factor receptor
epiregulin

extracellular signal-regulated kinase
avian erythroblastosis oncogene B
flavin adenine dinucleotide
follicle stimulating hormone
forskolin

granulosa cell

growth differentiation factor 9
glutamine:fructose-6-phosphate dehydrogenase
N-acetylglucosamine

germinal vesicle

germinal vesicle breakdown

hexosamine biosynthesis pathway
Xii



hCG
IBMX
ICM

ICSI

IVF

VM

JNK

LH

Ml

MilI

mg

MGC

mL

mM
MRNA
mTOR
NAD*/NADH
NADP*/NADPH
NAD(P)H
NS
O-GIcNAcase
OGT

P

PBS

PDE
PDE3
PFK

Pl

PI3K
PPP
REDOX
RIPA
RNA

RT

SD

human chorionic gonadotropin
3-isobutyl-1-methylxanthine
inner cell mass
intracytoplasmic sperm injection
in vitro fertilization

in vitro maturation

c-Jun N-terminal kinase
luteinising hormone
metaphase |

metaphase 11

milligram(s)

mural granulosa cell
millilitre(s)

millimolar

messenger RNA

mammalian target of rapamycin

nicotinamide adenine dinucleotide

nicotinamide adenine dinucleotide phosphate

combined NADH and NADPH
non siginificant
B-N-acetylglucosaminidase
B-O-linked glycosylation
probability

phosphate buffered saline
phosphodiesterase
phosphodiesterase subtype 3
phosphofructokinase
propidium iodide
phosphoinositide-3-kinase
pentose phosphate pathway
reduction-oxidation
radioimmunoprecipitation
ribonucleic acid

reverse transcription

significant difference

Xiii



SDS-PAGE
SEM

TCA

TE

ML

uM

sodium dodecyl sulphate polyacrylamide gel electrophoresis
standard error of the mean

tricarboxylic acid

trophectoderm

microliter

micromolar

Xiv



PUBLICATIONS

Scientific publications generated throughout PhD candidature:

1. Dulama Richani, Lesley J. Ritter, Jeremy G. Thompson and Robert B. Gilchrist.
2013. Mode of oocyte maturation affects EGF-like peptide function and oocyte
competence. Molecular Human Reproduction 19(8):500-509. {Appendix 1}

2. Robert B. Gilchrist and Dulama Richani. 2013. Somatic guidance for the oocyte.
Developmental Cell 27:603-605. {Appendix 4}

3. Dulama Richani, Melanie L. Sutton-McDowall, Laura A. Frank, Jeremy G.
Thompson and Robert B. Gilchrist. 2014. Effect of epidermal growth factor-like
peptides on the metabolism of in vitro-matured mouse oocytes and cumulus cells.
Biology of Reproduction 90(3):49, 1-10. {Appendix 2}

4. Dulama Richani, Xiaogian Wang, Hai-tao Zeng, Johan E.J. Smitz, Robert B.
Gilchrist and Jeremy G. Thompson. 2014. Pre-maturation with cAMP modulators
in conjunction with EGF-like peptides during IVM enhances mouse oocyte
developmental competence. Molecular Reproduction and Development 81:422-
435. {Appendix 3}

5. Hai-tao Zeng, Dulama Richani, Melanie L. Sutton-McDowall, Zi Ren, Johan E.J.
Smitz, Yvonne Stokes, Robert B. Gilchrist and Jeremy G. Thompson. 2014. Pre-
maturation with cyclic adenosine monophosphate modulators alters cumulus cell
and oocyte metabolism and enhances developmental competence of in vitro
matured  mouse  oocytes.  Biology of  Reproduction [In  Press,
BIOLREPROD/2014/118471].

6. Hannah Brown, Marie Anastasi, Laura Frank, Karen Kind, Dulama Richani,
Rebecca Robker, Darryl Russell, Robert Gilchrist and Jeremy Thompson. 2014.
Haemoglobin: A gas-transport molecule that is hormonally regulated in the ovarian
follicle. Human Reproduction [Submitted 11 June 2014, HUMREP-14-0702].

XV



CONFERENCE PROCEEDINGS

Abstracts (published)

D. Richani, M.L. Sutton-McDowall, L.A. Frank, J.G. Thompson and R.B. Gilchrist (2013)
‘Effect of epidermal growth factor-like peptides on the metabolism of in vitro matured

mouse oocytes and cumulus cells’, Society for Reproductive Biology, Sydney, Australia

D. Richani, L.J. Ritter, J.G. Thompson and R.B. Gilchrist (2012) ‘Consequences of in
vitro maturation of oocytes on cumulus cell EGF-like peptide signalling’, Society for the

Study of Reproduction, Pennsylvania, USA

D. Richani, L.J. Ritter, J.G. Thompson and R.B. Gilchrist (2011) ‘Cumulus cell EGF-like
peptide and receptor signalling during oocyte in vitro maturation’, The Society of

Reproductive Biology, Cairns, Australia

Meeting abstracts (unpublished)

D. Richani, M.L. Sutton-McDowall, L.A. Frank, J.G. Thompson and R.B. Gilchrist (2013)
‘Effect of EGF-like peptides on the metabolism of oocytes and their associated somatic

cells’, Australian Society for Medical Research, Adelaide

D. Richani, L.J. Ritter, J.G. Thompson and R.B. Gilchrist (2012) ‘Consequences of in
vitro maturation of oocytes on cumulus cell EGF-like peptide signalling’, Faculty of

Health Sciences Postgraduate Research Conference, the University of Adelaide
D. Richani, L.J. Ritter, J.G. Thompson and R.B. Gilchrist (2011) ‘The effect of oocyte in

vitro maturation on EGFR pathway signalling’, Australian Society for Medical Research,
Adelaide

XVi



Conference presentations

Oral presentations

2013

2013

2011

Annual meeting of Society of Reproductive Biology, Sydney, Australia

‘Effect of EGF-like peptides on the metabolism of oocytes and their associated
cumulus cells’

Annual meeting of Australian Society for Medical Research, Adelaide, Australia
‘Effect of EGF-like peptides on the metabolism of oocytes and their associated
somatic cells’

Annual meeting of Society of Reproductive Biology, Cairns, Australia

‘Cumulus cell EGF-like peptide and receptor signalling during oocyte in vitro

maturation’

Poster presentations

2012

2012

2011

Annual meeting of the Society for the Study of Reproduction, Pennsylvania, USA,
Consequences of in vitro maturation of oocytes on cumulus cell EGF-like peptide
signalling’

Faculty of Health Sciences Postgraduate Research Conference, the University of
Adelaide, ‘Consequences of in vitro maturation of oocytes on cumulus cell EGF-
like peptide signalling’

Annual meeting of Australian Society for Medical Research, Adelaide

‘The effect of oocyte in vitro maturation on EGFR pathway signalling’

XVii



Competitions

AWARDS & SCHOLARSHIPS

2013 Finalist in the David Healy New Investigator Award, 44™ Annual Meeting of the

Society for Reproductive Biology, Sydney, Australia

2012 Finalist in the Adelaide Research & Innovation Pty Ltd Award, Faculty of Health

Sciences Postgraduate Research Conference, the University of Adelaide

Visit to overseas group

2012 Professor Marco Conti, Department of Obstetrics/Gynaecology & Reproductive

Sciences, University of California, San Francisco (UCSF), San Francisco, USA

Scholarships and Grants

Scholarships
2010-2013
2010-2013
2013

Travel grants
2013
2013

2013
2012
2012
2012

2011

2011

Australia Postgraduate Award Research Scholarship
PhD Top-up Scholarship ($15,000)
PhD Top-up Scholarship ($14,222)

Robinson Institute, the University of Adelaide

School of Paediatrics and Reproductive Health, the University of
Adelaide

Annual Meeting of Society of Reproductive Biology, Sydney
Faculty of Health Sciences, the University of Adelaide

Robinson Institute, the University of Adelaide

Research Centre for Reproductive Health, the University of
Adelaide

Research Centre for Reproductive Health, the University of
Adelaide

Annual Meeting of Society of Reproductive Biology, Cairns

Xviii



	TITLE: EPIDERMAL GROWTH FACTOR-LIKE PEPTIDE SIGNALLING AND OOCYTE IN VITRO MATURATION
	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF TABLES
	ABSTRACT
	DECLARATION
	ACKNOWLEDGEMENTS
	ABBREVIATIONS
	PUBLICATIONS
	CONFERENCE PROCEEDINGS
	AWARDS & SCHOLARSHIPS



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /JPXEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /JPXEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'AP_Press'] Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




