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Chapter 4: ProIAPP amyloid formation 


4.1 INTRODUCTION 

IAPP has been studied extensively (Sections 1.7 and 1.8) however proIAPP, possibly due to the difficulty of synthesising and purifying it, has not. Most of the biophysical characterisation of proIAPP has been carried out by Krampert et al., who showed by TEM that proIAPP also formed amyloid (Krampert et al., 2000). Krampert et al. determined the secondary structure of proIAPP contained 50% -sheet and -turns and 50% random coil. ProIAPP was also shown to undergo conformational changes leading to amyloid formation more slowly than IAPP, suggesting that proIAPP was less amyloidogenic than IAPP.

 Prior to investigating proIAPP amyloid formation, far UV CD spectropolarimetry was carried out to assess the secondary structure of proIAPP, produced by our purification protocol. Far UV CD was also used to follow the conformational changes as proIAPP proceeded down the amyloidogenic pathway. The kinetics of proIAPP amyloid formation were assessed using Thioflavin T (LeVine, 1999).  The effects of proIAPP concentration, ionic strength and a macromolecular crowding agent were then investigated on the rate of proIAPP amyloid formation. 

ProIAPP in vivo would be exposed to high concentrations of macromolecules inside secretory granules and when exported outside the cell. The presence of macromolecular crowding agents, either high concentrations of “inert” proteins such as BSA or “inert polymers” such as dextran, can have dramatic effects on protein aggregation (van den Berg et al., 1999, Hatters et al., 2002, Munishkina et al., 2004, Uversky et al., 2002) compared to these processes occurring in dilute solutions. Macromolecular crowding has been shown to increase the rate of amyloid formation from apolipoprotein C II (Hatters et al., 2002) and -synuclein  (Munishkina et al., 2004, Uversky et al., 2002). 

Conformational changes must occur during amyloid formation as different amyloidogenic proteins have different native secondary structures yet form a common -sheet structure. The difference in the native structure of a protein and the -sheet structure of amyloid implies that unfolding must occur in the case of folded proteins or in the case of natively unfolded proteins folding must occur. The formation of a partially (un)folded intermediate is believed to be critical for amyloid formation (Uversky and Fink, 2004) (Section 1.5). Amyloid formation cannot occur when proteins are completely unfolded and devoid of secondary structure, as can occur when they are treated with strong denaturants as 6 M GuHCl. The formation of a partially folded intermediate presumably would allow specific intermolecular interactions to occur, which are necessary for oligomer formation and fibril formation. The formation of a partially folded intermediate is likely to expose hydrophobic residues buried in the core of a folded protein. 

A change in the conformation of proIAPP is likely to change the degree of exposed hydrophobic surface. Therefore the change in exposed hydrophobic surface during proIAPP amyloid formation was assessed using 4,4’-bi(1-anilinonaphthalene-8-sulfonate) (bis-ANS) fluorescence. Bis-ANS has been used as a probe to measure changes in the exposed hydrophobic surface of proteins such as clusterin in response to changes in pH (Hochgrebe et al., 2000), -crystallin in response to heat (Sharma et al., 1998) and a lipase from Bacillus subtilis in response to increasing concentrations of guanidinium hydrochloride (Acharya and Rao, 2003). 





