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Abstract

Capsicum (Capsicum annuum L.) is considered a non-climacteric fruit, exhibiting limited
respiration and ethylene levels. The physiological mechanisms of ripening in capsicum
have not been fully understood to date, especially the probable reason behind the non-
climacteric behaviour. In this thesis, the protein (Chapter 3) and metabolite (Chapter 4)
profiles of capsicum at different ripening stages have been reported. Several proteomic and
metabolic candidates, for example ACC oxidase (ACQO) enzyme, sugars (glucose, fructose,
sucrose) and malate were chosen and analysed in different tissue types (peel, pulp and
seeds/placenta) and cultivars with different ripening times (Chapter 5). The results
suggested that some of these candidates were differentially present in different tissues and
cultivars which implied that ripening could be regulated spatially and temporally.
Furthermore, proteomic analysis also identified an ACO isoform 4 (CaACO4)
which was found during capsicum ripening onset and corresponded to the increase in the
overall ACO activity (Chapter 3). The expression of several ACO isoforms including
CaACO4, and other identified ACC synthase (ACS) and Ethylene receptor (ETR) isoforms
were therefore characterised to shed some light on their roles in this non-climacteric fruit
(Chapter 6). CaACO4 was the only ACO isoform expressed significantly higher during
capsicum ripening onset, confirming the earlier proteomic results. The expression of
several ACS and ETR isoforms, normally associated with the climacteric increase of
ethylene in tomato (a close relative of capsicum), was also limited as was ACS activity and
ACC content. The production of ACC, as an ethylene precursor, may therefore be the rate-
limiting step for ethylene production in non-climacteric capsicum. The postharvest
application of ethylene did not promote capsicum ripening or induce the expression of
most ACO, ACS and ETR isoforms, suggesting they are not regulated by ethylene as

usually observed in climacteric fruit such as tomato. However, 1-methylcyclopropene



treatment significantly delayed capsicum ripening postharvest, particularly when applied at
Breaker stage (the onset of ripening), suggesting that blocking ethylene perception could
affect ripening and that the basal level of ethylene normally produced in non-climacteric
fruit may be (partially) required for ripening (Chapter 6).

Other proteomic candidates such as Copper chaperone, TCP chaperone, Cysteine
synthase and Spermidine synthase were also isolated and investigated due to their possible
roles in capsicum ripening. However, unlike CaACO4, the RNA expression of these
candidates did not follow their respective proteomic trends, suggesting a regulation at the
post-translational level (Chapter 7). The identified candidates including CaACO4 are now a
resource for further investigation to identify factors that may be involved in capsicum

ripening.



Thesis Declaration

| certify that this work contains no material which has been accepted for the award of any
other degree or diploma in my name, 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 in my name, 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.

| 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 Search and also through web
search engines, unless permission has been granted by the University to restrict access for a

period of time.

Date:

Vi



Acknowledgements

First and foremost, |1 would like to express my deepest appreciation to my principal
supervisor, Assoc. Prof. Amanda J. Able, for her dedication and support throughout my
PhD years. Her guidance and motivation have been inspirational not only for completing
my current study, but also for my life-long journey as a scientist and an academician. My
sincere thanks also go to my co-supervisor, Dr. Jason A. Able for his commitment and
critical instructions from the earliest period of my PhD project until the completion of this
thesis. Not to be forgotten, Assoc. Prof. James C.R. Stangoulis who shared valuable
insights and information as my external supervisor.

| also express my gratitude to collaborators from Metabolomics Australia, The
University of Melbourne, particularly Dr. Daniel A. Dias and Assoc. Prof. Ute Roessner
for the metabolomics services and helpful discussion on our joint manuscript. 1 am also
tremendously thankful to the Able lab members for their willing support, especially Dr
Kelvin H.P. Khoo for the help in proteomics, Duc Thong Le as well as Dr Ismail A. Ismail
for the useful discussion on growing capsicum and molecular work, respectively.

I would also extend my appreciation to Dr. Carolyn J. Schultz (who was my
Honours project supervisor), Dr. Mamoru Okamoto and Dr. Wei-Chun Tu for their
constructive suggestions mainly in gPCR analysis and encouragement during various
phases of my PhD study. To Dr Ronald Smernik, thank you for the advice in our monthly
writing groups which were really informative and fun at the same time. | am also extremely
grateful for the funding by The University of Adelaide through the Adelaide Graduate Fee
Scholarship (AGFS) award which had provided me an excellent opportunity to further my

study and pursue my interest in this capsicum ripening project.

vii



Last but not least, special thanks to my family as well as friends who are always
being supportive and encouraging, not only throughout the course of this project, but also

for my entire life.

viii



Abbreviations

1-MCP
2DGE
ABA
ACC
ACO

ACS
ADK
ANOVA
ATP

BME

B

BR1

BR2
CaGAPdH
CCH

CV.

CYS

DAA

DR

ETR

G

GC-MS
IPG
LC-MS
LR

l.s.d.

Met

MW

PCR

pl

gPCR

rin

RT

SAM
SDS-PAGE
SPS
sgRT-PCR
TCA/acetone
TCA cycle
TF

Tris

1-methylcyclopropene

2D-gel electrophoresis

abscisic acid
1-aminocyclopropane-1-carboxylate

ACC oxidase enzyme

ACC synthase enzyme

adenosine kinase

analysis of variance

adenosine triphosphate

B-mercaptoethanol

Breaker capsicum fruit

Breaker Red 1 capsicum fruit

Breaker Red 2 capsicum fruit

Capsicum annuum glyceraldehyde 3-phosphate dehydrogenase
copper chaperone

cultivar

cysteine synthase

days after anthesis

Deep Red capsicum fruit

ethylene receptor

Green capsicum fruit

gas chromatography-mass spectrometry
immobilised pH gradient

liquid chromatography-mass spectrometry
Light Red capsicum fruit

least significant difference

methionine

molecular weight

polymerase chain reaction

isoelectric point

quantitative real-time polymerase chain reaction
ripening inhibitor

room temperature

S-adenosyl-methionine

sodium dodecyl sulphate-polyacrylamide gel electrophoresis
spermidine synthase

semi-quantitative Reverse Transcriptase-polymerase chain reaction

trichloroacetic acid/acetone
tricarboxylic acid cycle
transcription factor
tris(hydroxymethyl)amino methane



	TITLE: Understanding the Physiological Mechanisms of Ripening in Capsicum
	Table of contents
	Abstract
	Thesis Declaration
	Acknowledgements
	Abbreviations



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /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 true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice




