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Abstract

Pulsed hydrogen exchange methods were used to follow the formation of structure during the refolding of
acid-denatured staphylococcal nuclease containing a stabilizing Leu substitution at position 124 (H124L
SNase). The protection of more than 60 backbone amide protons in uniformly 15N-labeled H124L SNase
was monitored as a function of refolding time by heteronuclear two-dimensional NMR spectroscopy. As
found in previous studies of staphylococcal nuclease, partial protection was observed for a subset of amide
protons even at the earliest folding time point (10 msec). Protection indicative of marginally stable hydro-
gen-bonded structure in an early folding intermediate was observed at over 30 amide positions located
primarily in the �-barrel and to a lesser degree in the �-helical domain of H124L SNase. To further
characterize the folding intermediate, protection factors for individual amide sites were measured by varying
the pH of the labeling pulse at a fixed refolding time of 16 msec. Protection factors >5.0 were observed only
for amide positions in a �-hairpin formed by strands 2 and 3 of the �-barrel domain and a single site near
the C-terminus. The results indicate that formation of stable hydrogen-bonded structure in a core region of
the �-sheet is among the earliest structural events in the folding of SNase and may serve as a nucleation site
for further structure formation.
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Staphylococcal nuclease (SNase) has long been recognized
as an excellent model for studies of protein folding and

stability (Anfinsen et al. 1972; Shortle 1995). Much insight
has been gained, for example, about the role of proline
isomerism in protein folding from studies on SNase (Evans
et al. 1987, 1989; Kuwajima et al. 1991; Hinck et al. 1996;
Maki et al. 1999) and other model proteins (Brandts et al.
1975; Ernst et al. 1985; Kiefhaber et al. 1990; Herning et al.
1991; Schmid 1993). SNase has also been a source of in-
formation on the contribution of cis- trans isomerism of
prolines to protein conformational heterogeneity and on the
interplay between local conformation and global stability as
studied by the effects of single-site mutations (Alexan-
drescu et al. 1990). In particular, the presence of a cis pep-
tide bond at position 116-117 in SNase (see Fig. 1) has been
found to strongly increase the stability of SNase (Hinck et
al. 1996). Although the structure of SNase can be divided
into two subdomains (Fig. 1), an N-terminal �-barrel do-
main comprised of five antiparallel �-strands and a C-ter-
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Abbreviations: Cm, midpoint of a GuHCl denaturation transition; DCl,
2HCl; D2O, 2H2O; GuHCl, guanidine hydrochloride; H124L SNase, staph-
ylococcal nuclease with a histidine-to-leucine substitution at position 124
(sequence equivalent to the staphylococcal nuclease isolated from the V8
strain of Streptococcus aureus); m, slope of the GuHCl denaturation tran-
sition in units of kcal mol−1 M−1; HSMQC, heteronuclear single-quantum,
multiple-quantum correlation; pdTp, deoxythymidine-3�,5�-bisphosphate;
pH*, pH of a sample dissolved in D2O as determined by an uncorrected
glass electrode measurement; Pro−, mutant of SNase with P11A, P31A,
P42A, P47G, P56A, and P117G substitutions; SNase, wild-type staphylo-
coccal nuclease with a sequence equivalent to that isolated from the Foggi
strain of S. aureus).
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