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Oxidative protein folding comprises two main processes: i) formation of
native disulfide bridges, sometimes via reshuffling and non-native intermedi-
ates, and ii) recovery of the native tertiary structure (conformational folding).
We have characterised in detail the oxidative folding of a small cysteine knot
protein, Amaranthus alpha-amylase inhibitor [1,2] (AAI, 32 amino acids, 3
disulfide bridges) with RP-HPLC, electron spray ionization mass spectroscopy
(ESI-MS), 1H NMR and photo-chemically induced dynamic nuclear polariza-
tion (photo-CIDNP).

Disulfide intermediates of the folding process were isolated using the acid-
trapping technique and RP-HPLC and their disulfide pairings were determined
by combining enzymatic digestion and LC-MS[3]. Interestingly, the five most
abundant intermediates were fully oxidized, three-disulfide species. Moreover,
it was also revealed that three of the five fully oxidised species involved a rare
structural element, a vicinal disulfide bridge (Cys17-Cys18).

The tertiary folds of the species present along the folding process have been
elucidated using equilibrium and time-resolved NMR and photo-CIDNP[4].
The latter is an NMR method, which probes the surface accessibility of the
aromatic side chains (Tyr-21, Tyr-27, Tyr-28, Trp-5). The equilibrium spectra
of purified species were compared with time-resolved spectra taken at various
time intervals along the folding pathway. The findings were consistent with
RP-HPLC and ESI-MS time-resolved measurements.

The molecular dimensions of the native protein and the main folding inter-
mediate (MFI) species were compared by performing NMR pulsed field gradient
diffusion measurements. Even though native and MFI possess different disul-
fide pairings, their sizes are indistinguishable within the experimental error.
Additional results from 2D NMR experiments led to the conclusion that the
MFI state of AAI is compact and well-ordered, with one major and at least
one minor conformation.

The results give a comprehensive picture of oxidative folding as a contem-
porary search for the correct fold and the correct disulfide pairing. MFI may
play a role similar to that of the molten globule state of larger proteins by
constraining the peptide chain to a smaller number of conformations that can
be rapidly funnelled towards the native state.
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