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Abstract

The primary function of the ocular lens is as a light-focusing structure. To this end the
lens is avascular, with a highly ordered arrangement of cells that acts to reduce light
scattering. However, the avascular nature of the lens presents the problem of
supplying cells deep within the lens with nutrients and removing waste products of
cellular metabolism, i.e. maintaining cellular homeostasis. To solve this problem the
lens possesses intercellular channels, called gap junctions, that facilitate cell-to-cell
communication and are regulated by changes in the subcellular distribution and age-
dependent processing of the gap junction protein subunits, called connexins. The lens
expresses three types of connexins (Cx): Cx43 in the anterior surface epithelial cells
and connexins 46 and 50 in the fibre cells. Therefore, to fully examine the role of GJs
in lens homeostasis, regional differences in GJ structure and function need to be

quantified.

In this thesis I present the results of experiments designed to map the differentiation-
dependent changes to subcellular distribution and posttranslational processing of
Cx46 and Cx350 in mouse and rat lenses. My results quantitatively show for the first
time that Cx50 undergoes two discrete cleavage events in a similar manner to that
previously shown for Cx46, and that qualitatively Cx46 does the same in the mouse
lens. Such posttranslational processing has important effects on the proposed lens
circulation model (Mathias er al,, 1997) that accounts for lens homeostasis. In
addition, I have examined the functional contribution of gap junctions to localised
intercellular communication in different regions of wildtype and Cx46-KO mouse
lenses, using highly localised uncaging of fluorescein with Two-Photon Excited Flash
Photolysis (TPEFP) in half lenses. The results of these experiments have provided the
first supporting evidence for a macromolecule-permeable pathway, previously
suggested by Shestoplaov and Bassnett (2000, 2003), that acts in conjunction with gap
Junctions to facilitate intercellular communication in the lens core. My results show
that this pathway acts at a localised level to confer cell-to-cell communication that is
as effective as that mediated by gap junctions, and therefore a re-evaluation of current

models of lens homeostasis is now required.
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