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Synopsis

Synopsis

The caseins (o1, 0s2, B, and «) are the predominant proteins of bovine milk. While having
little sequence homology, they have similar structural and behavioural characteristics, e.g.
they lack well-defined tertiary structures and exhibit a strong tendency to associate with
themselves and each other to form milk micelles. This thesis describes work examining the
propensity of individual casein proteins, their mixtures, and their minor components, to form
long, rope-like, B-sheet-rich aggregates, termed amyloid fibrils. Amyloid fibril formation is of
considerable research interest because of its intimate association with a wide range of
debilitating diseases, including Alzheimer's, Parkinson’s and Huntington’s diseases and type
Il diabetes. Amyloid fibrils were formed at physiological pH and temperature by as-casein
and k-casein, but not ag-casein, B-casein, or whole casein, i.e. the mixture of all casein
proteins. Fibril formation was assessed via dye binding assays, transmission electron
microscopy and X-ray fibre diffraction. What sets as- and k-casein apart from the other
casein proteins is that they both possess intra- and intermolecular disulfide linkages, giving
rise to monomers and disulfide-linked dimers, respectively, or, in the case of k-casein, larger
multimeric species. Accordingly, these components of as- and k-casein were isolated to
examine their individual fibril-forming propensity. The monomeric form of x-casein had the
highest fibril-forming propensity whereas asp-casein was most prone to fibril formation in its
disulfide-linked dimeric form. Consequently, under conditions that reduce disulfide bonds,
fibril formation by asy-casein was inhibited whereas k-casein fibril formation was promoted.
Differences in the overall morphology of the fibrils were also observed with asp-casein
forming twisted ‘ribbons’ and k-casein forming rigid ‘rods’. Additionally, the ability of o;-
or B-casein to inhibit fibril formation by as- or k-casein in a chaperone manner was
investigated. In doing so, the inability of whole casein, which comprises considerable
amounts of as- and k-casein, to form amyloid fibrils was largely accounted for by the
chaperone action of ag- or B-casein. The significance of this work is further highlighted by
the incidence of mammary corpora amylacea, an amyloid-like condition that infrequently
develops within the mammary tissue of cows. The propensity of bovine as,- and k-casein to
form amyloid fibrils under conditions comparable to those found in vivo strengthens the
possibility of involvement by these proteins and suggests a preventative role of o - and -

casein in the development of this condition.

Xiv



Declaration

Declaration

| declare that the work presented within this thesis is original work that, to the best of my
knowledge, contains no material previously published or written by another person, except
where due reference is given. Part of the written and practical work described in Chapters 1
and 2 was carried out during my Honours year at the University of Wollongong, but excepting
this, no material contained herein has previously been submitted for the award of any other

degree at this university or elsewhere.

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,
as listed below, resides with the copyright holder(s) of those works:
Thorn, D. C., Meehan, S., Sunde, M., Rekas, A., Gras, S. L., MacPhee, C. E., Dobson, C. M., Wilson,

M. R., and Carver, J. A. (2005) Amyloid fibril formation by bovine milk k-casein and its inhibition by
the molecular chaperones as- and B-casein. Biochemistry 44, 17027-17036.

Thorn, D. C., Ecroyd, H., Sunde, M., Poon, S., and Carver, J. A. (2008) Amyloid fibril formation by
bovine milk as,-casein occurs under physiological conditions yet is prevented by its natural counterpart
o -casein. Biochemistry 47, 3926-3936.

Thorn, D. C., Ecroyd, H., and Carver, J. A. (2009) The two-faced nature of milk casein proteins:
amyloid fibril formation and chaperone-like activity. Aust. J. Dairy Technol., 64, 34-40.

Ecroyd, H., Thorn, D. C., Yanqin, L., Carver, J. A. (2010). The dissociated form of k-casein is the
precursor to its amyloid fibril formation. Biochemical J., 429, 251-260.

I 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, the Australasian Digital
Theses Program (ADTP) and also through web search engines, unless permission has been

granted by the University to restrict access for a period of time.

David C. Thorn
13 September 2010

XV



Acknowledgements

If you're going through hell, keep going.
~Winston Churchill

Acknowledgements

The completion of this thesis would not have been made possible if not for the assistance
and kindness of many, many people... In particular, a big thanks to my family for their
unqualified support — both financial and emotional. Few understand just how hard it was to

finish more than you. Above all, thank you for always believing in me. This, is for you...

To my second family in Adelaide — my family away from home — thanks for being there
through what has been one of the most trying yet meaningful periods of my life. To my
supervisor and ‘father’, John, thanks for your guidance, support, and friendship. To my
‘mothers’, Allyson and Marilyn, thanks for looking after me at home. To my ‘sister’, Megan,
thanks for putting me back on track when | have strayed. And to my ‘brother’, Chris, thanks

for the adventures in between!

To Tom, Scott, Dani, and the many other treasures to have graced the Carver group, you
made the lab such a fun place to work over the years. As for the science, Heath, the “can-do”

man, what would I’ve done without you?

Many thanks to the residents of Kathleen Lumley College — both past and present — for
providing a great place to come home to each day. In particularly, Thivanka, Shiv, big Pete,

and not-so-big Pete, for their continual friendship and kindness.

An honourable mention goes to Muldoon, Candy, my supervisor, and the ladies at
Workskil and SACC, not to mention Centrelink, for helping to see me through the post-
funding years of my Ph.D. A big thanks also to Graham Mussared and Mark O'Donoghue for
helping me through tough times.

Last but certainly not least, my dear Kelly, if there was ever a good reason to prolong a
Ph.D., meeting you would have to be one. Your patience and understanding is beyond equal,

and one would be hard pressed to find a more supportive and nurturing partner.

XVi



	TITLE: Amyloid fibril formation by bovine milk αs2- and κ-casein, and its inhibition by the molecular chaperones αs1- and β-casein
	Table of Contents
	List of Figures, Schemes & Tables
	Synopsis
	Declaration
	Acknowledgements


