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ABSTRACT. Our earlier NMR study showed that a two-disulfide variant of hen lysozyme containing intra-
o-domain disulfide bridges, C6C127 and C36C115, is partially folded, with ther domain tightly
folded to the nativelike conformation and tAelomain flexible or unfolded. With a view that the formation

of a third disulfide bridge is a key for the accomplishment of the overall chain fold, three-dimensional
structures of three-disulfide variants of hen lysozyme lacking one disulfide bridge (C64A/C80A, C76A/
C94A, and C30A/C115A) were studied in detail using NMR spectroscopy. Amide hydrogen exchange
rates were measured to estimate the degree of conformational fluctuation in a residue-specific manner.
The structure of C76A/C94A was found to be quite similar to that of the wild type, except for the peptide
segment of residues 748. The structure of C64A/C80A was considerably disordered in the entire region
of the loop (residues 6279). Further, it was found that a network of hydrogen bonds withinjtebeet

and the 3 helix in the § domain were disrupted and fluctuating. In C30A/C115A, the D helix was
unstructured and the interface of the B helix with the D helix was significantly perturbed. However, the
structural disorder generated in the hydrophobic core ofitdemain was prevented by the C helix from
propagating toward th8 domain. A marginally stable state in folded proteins is discussed based on the
structures remaining in each three-disulfide variant.

Wild-type hen lysozyme is composed of two domains: an
o domain (residues-139 and 88-129) and af domain
(residues 46-87). There exists a hydrophobic core enclosed
by four helices (from A to D) in thex domain. Wild-type
lysozyme has four disulfide bridges: €6127, C36-C115,
C64—C80, and C76:C94, of which C6-C127 combines the
C terminus with the N terminus, C3(C115 is located in
the hydrophobic core, C64C80 in thes domain, and C76
C94 at the interface between theand domains (Figure
1). In general, the fully reduced protein attains native
disulfide pairings through one-, two-, and three-disulfide
intermediates, etc., during the oxidative refolding. To
understand the pathway of folding well, knowledge on the

these 3SS variants have been studied mainly by means of
CD spectroscopyl—3). All of the 3SS variants showed near-
UV CD spectra characteristic of the native protein. To reveal
structural differences between 3SS variants in detail, NMR
structural analysis has become indispensable. So far, NMR
structural studies of such disulfide regeneration intermediates
in oxidative refolding have been carried out in some
proteins: BPTI 4, 5), RNase 6, 7), and hen lysozymes}.

In the case of lysozyme, two species of hen lysozyme
derivatives lacking one disulfide bridge have been studied
in detail by means of NMR spectroscopy or X-ray crystal-
lography. One is the Cys6, Cysl27-carboxymethylated
derivative of lysozyme (6,127-rcm-lysozyme), which is the

structures and stability of the intermediates is crucial. Stable analogue of C6S/C127/(10), and the other is a kinetically
analogues of such intermediates can be prepared as variantsapped three-disulfide intermediate during oxidative refold-
lacking a specific disulfide bridge by amino acid substitution ing, des-[76-94], which is the analogue of C76A/C948)(

for the Cys residue. In the case of hen lysozyme, three-
disulfide (3SS) variants, C6S/C127A, C30A/C115A, C64A/ t \ inant he ]
C80A, and C76A/C94A, can mimic 3SS-intermediates ﬁ?tﬁlzrz\'[;igg;‘ni'\c\ﬁtth 33:&“;% ‘Xf:g(')dghggﬁﬁt/gf?cﬁ* 3555 ‘é%%t

lacking a corresponding disulfide bridge. The structures of coaa, 3Ss varinat of hen lysozyme with Ala76 and Ala94 substituted
for Cys; C30A/C115A, 3SS varinat of hen lysozyme with Ala30 and
Alal15 substituted for Cys; 2SSfd27 and 36-115], hen lysozyme
variant with Cys64, Cys76, Cys80, and Cys94 replaced by Ala and
two disulfide bridges Cys6Cys127 and Cys306Cys115; CD, circular
dichroism; DQFCOSY, double-quantum filtered correlation spec-
troscopy; HSQC, heteronuclear single-quantum coherence; NMR,
nuclear magnetic resonance; NOE, nuclear Overhauser effect; NOESY,
nuclear Overhauser effect spectroscopy; TOCSY, total correlation
spectroscopy; 2D and 3D, two- and three-dimensional.

1 Abbreviations: metLYZ, recombinant hen lysozyme containing the
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Ficure 1: Ribbon diagram of a 3SS variant of hen lysozyme,
C64A/C80A, produced by MolScript based on the X-ray crystal-
lographic structure of the wild type (PDB 6LYZ). Four helices are
colored magenta and construct thedomain of lysozyme: A
(residues 415), B (residues 2436), C (residues 8999), and D
(residues 108115). Thes sheet is colored blueS1l (residues 4%

46) and 2 (residues 5654). The 3 strand drawn by a coil
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o. domain, because lysozyme variants lacking two disulfide
bridges in thea. domain have lost the overall structure.

EXPERIMENTAL PROCEDURES

Protein Expression and PurificationThe method of
production and purification of recombinant hen lysozyme,
its 3SS variants, and uniformiyN-labeled samples has been
described previously2( 12). Concentrations of the 3SS
variants of lysozyme were estimated by usiig, = 2.64
for 1.0 mg/mL protein.

NMR Spectroscopylhe freeze-dried samples of the 3SS
variants of lysozyme were dissolved in 95%®15% D,O.

The pH was adjusted to 3.8 by adding HCI or NaOH. 3D
NMR spectra and 2BH-'H NMR spectra were measured
at protein concentrations of about 1 mM. 2B-15N HSQC
spectra could be observed at lower protein concentrations
(0.2 mM). Data were recorded at 600.13 MHz on a Bruker
Avance 600 DRX spectrometer equipped with a Bruker/SGI
workstation!H-'H DQF—COSY and NOESY (mixing time

of 150 ms) experiments were carried out using standard
proceduresi(5, 16). Solvent signal suppression was achieved
by using the WATERGATE schemd). Typically, data
were collected at 1024 2048 data points irt; and t;

implicates that the segment is considerably perturbed. A thin tube dgjrections with 64 transients. 2/-15N HSQC spectrald)

shows the backbone from 158 to A80, where short- and long-range
NOE contacts disappear. Yellow short sticks out of the backbone
indicate the positions of A64 and A80 substituted for Cys. Sticks

and balls represent the side chains of I55 and Lag.ahd p

were collected at 28C with 1024 x 2048 points int; and
t, directions, using uniformly>N-labeled samples. 3D
NOESY-HSQC, TOCSY-HSQC (19), and HSQG-NOE-

represent the joint region between the A and B helices (residuesSY—HSQC @0) spectra were collected with 128 64 x

16—23) and that between the C and D helices (residues-100),
respectively. Two short;3helices are shown g3, (residues 86
84) and ct3, (residues 126124).

The conformation of 6,127-rcm-lysozyme was extremely

similar to that of the wild type, and differences were only

2048 in thety, t,, andts directions. Zero filling was applied
prior to Fourier transformation, and data were processed with
a shifted squared sine-bell window function in both dimen-
sions.

Exchange of Amide Hydrogen&mide hydrogens were

slight except at the C terminus. On the other hand, NMR exchanged in solution by dissolving the lyophilized protein

data for des-[76:94] showed that the differences in chemi-

in D,O at pH 3.8. Acquisition of &H-15N HSQC spectrum

cal-shift values from those of the wild type were somewhat Was started within 20 min. Exchange reactions were followed
large in the3 domain and the interfacial region between the With the change in the integrated volumes'i#t*N cross-

o and B domains, but des-[7694] had a highly nativelike

peaks of HSQC spectra, which were processed with FELIX

structure. The purpose of our paper is to characterize the2000 (BioSym/MSI, San Diego, CA). The observed rates
structures of the other species of 3SS variants, C64A/C80A (ko9 obtained by least-squares fitting were compared with
and C30A/C115A. Three species of 3SS variants, C64A/ the corresponding exchange ratkg) predicted according
C80A, C76A/C94A, and C30A/C115A, were prepared, and to I_3a| et _aI. 21) for completely unsfcructured hen lysozyme
the differences in structure and dynamic properties betweenOr its variants. As a result, protection factors (PFs) of each

them were studied in detail.

A detailed NMR structural study of the 2SS variant of
lysozyme, 2SS[6127 and 36-115] containing C6C127
and C30-C115 in thea. domain, revealed that thedomain
of this variant is quite similar to that of the wild type, while
the § domain is unstructuredl{, 12). In addition, experi-

amide hydrogen were calculated BRE = kin/Kops

RESULTS

NMR Spectra of 3SS Variant$d->N HSQC spectra for
C76A/C94A, C64A/C80A, and C30A/C115A were measured
at pH 3.8 and 25C. All of them were basically similar to

ments of oxidative refolding of lysozyme have shown that a those of the recombinant hen lysozyme containing four intact
complex ensemble of relatively unstructured intermediates disulfide bridges and an extra N-terminal Met (metLYZ)
with on average two disulfide bridges is rapidly formed, and expressed iftscherichia col(12). However, in the respective
then a kinetically trapped three-disulfide intermediate, des- spectra, the positions of several cross-peaks moved greatly,

[76—94], accumulates during oxidative refoldirgy (3, 14).

and several ones disappeared or their peak intensities

Therefore, the structural differences between C64A/C80A significantly weakened relative to those of metLYZ because
and C76A/C94A are important to elucidate the role of the of the removal of a specific disulfide bridge. Resonance
third disulfide bridge introduced to the 2SS variant. On the assignments were carried out using 3D TOCHSQC, 3D

other hand, the disulfide bridge C3€115 seems to have

HSQC-NOESY—-HSQC, and 3D NOES¥HSQC spectra.

significant influence on the stability of the hydrophobic core The procedures of the peak assignment are essentially the

in thea domain. The structure of C30A/C115A is important

same as those described in our previous pap®r (n the

for characterizing a marginally stable state remaining in the HSQC spectra of C76A/C94A, C64A/C80A, and C30A/
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significantly perturbed. On the other hand, in C30A/C115A,
NN(i, i + 1) are weakened within the B and D helices. In
particular,'>N-*N connectivities are lost within the D helix,
andoN(i, i + 3) are weakened within the B helix. However,
strongoaN(i, i + 1) detected in the entire region of tifie
sheet, strong NN(i + 1) found in the A and C helices, and
especiallyoN(i, i + 3) within the C helix indicate that the
structural disorder generated within the B and D helices does
not propagate toward the C or A helix.

DQF—COSY spectra are available for resonance assign-
ments of Hr, HB, and other side-chain protons, after
backbone HN-Ha correlations have been identified. All of
the chemical shift values identified at 26 are listed in the
tables of the Supporting Information.

Map of Long-Range NOE Contactsong-range NOE
contacts between residuieand] (Ji — j| = 5) are important
for the analysis of the three-dimensional structure of the
protein. In general, they tend to be obtained between the
side chain and the side-chain protons. In the HDH
NOESY spectrum, many cross-peaks were well-separated
from others in the spectral region below 1.0 ppm, between
5.2 and 7.0 ppm, or above 9.0 ppm along the F2 axis. As a
result, 169, 117, and 150 long-range NOE contacts were
obtained for C76A/C94A, C64A/C80A, and C30A/C115A,
respectively. The map of long-range NOE contacts is shown
against the residue number in Figure 3. Because multiple
NOE contacts are found between tite andjth residues,

Open squares represent weak NOEs, and single- and double-filledfor example, HN)—HA(j), HB(@)—Hy(j), etc., symbols

sguares denote medium and strong NOESs, respectililyl>N
represents sequential connectivities obtained from HSIQCESY—
HSQC spectra. The upper and bottom symbols at the residue
correspond to the connectivity froitto i + 1 and that from — 1

to i, respectively. The secondary structures observed in the wild-

indicating the NOE contact between a pair of residues vary
in size and color according to the number of NOE contacts
detected.

The contact map is divided into three regions: residues

type lysozyme are indicated along the residue numbers. Continuous|_3g9 gg-129 (@ domain), and 4687 (3 domain). NOE

oN(, i + 3) connectivities are indicative of tleehelical structure.
(a) C64A/C80A, (b) C76AICI4A, and (c) C30A/C115A.

contacts are grouped into some areas and labeled such as
“B—D", “C—Jag", “Cleft”, etc. (see also Figure 1). The

C115A, 125, 102, and 120 cross-peaks were identified for contact map of C76A/C94A is quite similar to that of

the backbone amid&H-5N correlations, respectively.

NN(, i + 1) andaN(, i +1) are NOE connectivities
detected in the F1F3 slice spectra of 3D NOESYHSQC,
where NN{, i + 1) andaN(, i + 1) denoteHN-*HN and
1Ho-'HN cross-peaks between residuesand i + 1,
respectively. In addition, F1F3 slice spectra of HSQE
NOESY—HSQC give'>N-15N connectivities between neigh-
boring residues. Figure 2 shows obtained NN 1) and
oN(i, i + 1) connectivities, where NOE cross-peaks are
classified into weak, medium, and strong ones.

Strong NN(, i + 1) andaN(i, i + 1) connectivities are
usually indicative of amx helix and g3 strand, respectively.

In addition, short lines in Figure 2 represent observed
oN(i, i + 3) connectivities, which are the strong indication

metLYZ. The differences between them are limited only in
the vicinity of residues 7478. In C76A/C94A, many long-
range NOE contacts still exist in “Loop” and “Cleft” regions.
On the contrary, in the map of C64A/C80A, NOE contacts
disappear entirely in the loop region (residues—g9).
Further, they are lost from the regions of “Cleft” ang3i;—

p". Within the g sheet of C64A/C80A, NOE contacts
betweensl andf$2 strands just persist, but those between
B2 and 3 strands are lost. However, it is interesting that
I55 and L56 are properly embedded in the pocket surrounded
by the A, B, and C helices, as indicated by “tn55-A", “tn55-
B”, and “tn55-C”". In addition, NOE contacts found in the
regions of “C-Jag”, “B —D”, and “ct3;,—B”, which are the
interface between the N- and C-terminal halves of ¢he

that the polypeptide backbone adopts a regular helical domain, give definitive evidence that the three-dimensional

structure. In C76A/C94A, strong NN(i + 1) and

structure of theo domain of C64A/C80A is virtually the

oN(, i + 1) connectivities mean that the secondary structures same as that of the wild type. The contact map of C30A/

of C76A/C94A are quite similar to those of the wild type.
However,oN(i, i + 3) connectivities disappear within the
C helix of C76A/C94A unlike the C helix of C30A/C115A.
On the contrary, in C64A/C80A, strong NiN§ + 1) are
lost within the C helix and strongN(i, i + 1) are also lost
in the 52 andf3 strands, and further, almost all sequential
NOE connectivities disappear in the region of residues 62
80. This indicates that thg domain of C64A/C80A is

C115A is quite similar to that of metLYZ except for the
region of “B—D". The interface between the B and D helices,
which is a part of the hydrophobic core of thedomain, is
significantly perturbed in C30A/C115A. On the other hand,
many NOE contacts are definitely found in the region
referred to as “CJag”, which is another part of the
hydrophobic core. In the C-terminal region of this variant,
NOE contacts with A and B helices are marginally secured.
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Ficure 3: Long-range NOE contact map. (a) NOE contact maps of C64A/C80A (above the diagonal) and C76A/C94A (below the diagonal).
(b) NOE contact maps of C30A/C115A (above the diagonal) and metLYZ (below the diagonal). In each map, symbols indicate long-range
NOE contacts observed between protons ofitheesidue and those of tljh residue, wheré — j| = 5. According to the number of NOE
contacts detected between a specific pair of residues, the symbols vary in size and cayr2+,3, @); 4—5, (@®); over 6, @). Long-

range NOE contacts are grouped and labeled (see text).
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Ficure 4: PFs of individual amide hydrogens against the HD exchange. (a) C64A/C80A, (b) C76A/C94A, (c) C30A/C115A, and (d)
metLYZ. Short open columns represent amide hydrogens that are definitely detectedOnsalbtion but not in BO because of the fast
exchange rate. Short bars along the abscissa indicate the secondary structures found in the wild-type lysozyme.

Structural Flexibilities of the 3SS Variant§o study the Hydrogen bonding of amide hydrogens and shielding them
structural flexibility of the 3SS variants of lysozyme, amide from the solvent generally protect the—tD exchange
hydrogen-exchange reactions were measured by followingreaction. Proteins fluctuate around the time average structure
the time course ofH-1N HSQC spectra. HD exchange and occasionally expose buried sites to the solvent. Thus,
reactions were carried out at pH 3.8 and°Z5for all protein hydrogen-exchange reactions are mediated by local fluctua-
samples. The PF of an individual amide hydrogen can betions in a protein structure (local unfolding) or the global
derived by comparing the exchange ratgo) measured in  unfolding of a protein. Amide hydrogens that are not
a protein with the intrinsic ratekg;) expected in a random exchangeable until the global unfolding occurs have the
coil model: PF = kin/koror The values oPF obtained are  maximumPF of 1/K;, whereK is the equilibrium constant
plotted against the residue number in Figure 4. of unfolding. Because the stability of the global structure of
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the 3SS variants is greatly reduced by the loss of a singlelonger protected within the D helix and at the interface of
disulfide bridge, the maximum value d?F of the 3SS the B helix (A31, F34, E35, S36, and N37) with the D helix.
variants markedly decreases compared with that of metLYZ.

The values oK at 25°C and pH 3.8 were estimated for DISCUSSION

respective proteins: 8.6 1078 (metLYZ), 4.3 x 10* Characterization of the Three-Dimensional Structures of
(C76A/C94A), 2.3x 1073 (C64A/C80A), and 2.7x 1073 C64A/C80A and C76A/C94Ahe present paper has revealed
(C30A/C115A). that C64A/C80A and C76A/C94A are considerably different

In metLYZ, only the amide hydrogens involved in the from each other in details of the folded structures. In C76A/
center of the A, B, C helices artisheet have PFs of more C94A, botho and § domains are tightly folded into a
than 10 as shown in Figure 4d. Thus, exchange reactions compact structure, and the interface between them is
of these amide hydrogens are mediated by the globalrelatively stable despite the loss of the interdomain disulfide
unfolding, while amide hydrogens located at the peripheries bridge C76-C94. These results are consistent with the
of these secondary structures, Belices and the D helix, ~ characterization by'H NMR of the des-[76-94] 3SS
are exchanged through structural fluctuations generatedintermediate §) and with the crystallographic study on a
locally. In C76A/C94A, most amide hydrogens located in human lysozyme variant, C77A/C95/&3). On the other
all of the helices, the8 sheet, and the C-terminalghelix hand, in C64A/C80A, not only the loop, but also the cleft
are exchanged at similar rates nearly equal #,1¢about found in the wild type is unstructured. Further, it is likely
2300). This means that PFs dominated by the global thata network of hydrogen bonds of thesheet and the3
unfolding significantly decrease because of the removal of helix in the 8 domain are disrupted and fluctuating.
the disulfide bridge and become comparable to those ruled However, it should be noted that the PFs of shdomain
by the local unfolding, because the stability of local structures are unaltered in both 3SS variants. This probably means that
does not decrease so markedly as that of the global structurethe cooperativity between tleeand domains of lysozyme
Especially in the regions where PFs are less than 2000, theyis not so strong compared to that between the N- and
remain unaltered relative to those of metLYZ. Exceptionally, C-terminal halves of the. domain. The coupling between
the PFs of residues 7478 markedly decrease. These results the two domains is mediated only through th& strand
suggest that the folded structure of C76A/C94A is as compactneighboring the C helix and the part of 155 and L56
as that of the wild type except for the peptide segment aroundsurrounded by A, B, and C helices. In C64A/C80A, the
residue 76, despite the significant decrease in the stability interface between the C helix and ti8 strand is unstruc-
of the global structure. tured, but the C helix is stably built into thee domain as

In CB64A/C80A, besides the amide hydrogens rapidly well as in C76A/C94A through complementary interactions
exchanged in metLYZ, 45 amide hydrogens disappearedbetween the C helix and the N-terminal half of tadomain.
from the first HSQC spectrum after the initiation of the-B The C helix properly built into ther domain is crucial in
exchange reaction. They are primarily the amide hydrogensfolding the 8 domain, because it makes both ends of fhe
of residues 4285 and a part of residues 9100. In the domain (T40 and D87) close to each other. In C64A/C80A,
region of residues 5883 of C64A/C80A, there are several the structure of thgg domain is largely flexible, but the
residues whose cross-peaks are not identified in the HSQCoverall chain fold appears to be kept nativelike. In fact, the
spectrum measured inB. However, the exchange rates of polypeptide segment of residues484 makes a kink point
such amide hydrogens must be very fast, because all of thearound G49 such that th#&l and2 strands run antiparallel
cross-peaks of C64A/C80A detected ipMare assigned to  to each other (Figure 3a). The strong propensity to form an
some residues already identified. The difference in the antiparallel 3 sheet may originate in the fact that this
structural flexibility of theB sheet is marked between C64A/ polypeptide segment contains four Thr residues (T40, T43,
C80A and C76A/C94A. In C64A/C80A, the amide hydro- T47, and T51), because the branclfechrbon of Thr favors
gens of residues 4264 and 86-85 are not protected at all, the extended structur@3). Further, 155 and L56 are firmly
whereas they have definite PFs in C76A/C94A. On the other anchored to the position in the domain, where both ends
hand, A, B, and D helices and the C-termina4 Belix in of the S domain also come together. This position looks like
the a. domain of C64A/C80A have PFs dominated by the a pivot of thef domain (Figure 1). The largely flexible
1/Kys (about 440). Thus, in C64A/C80A, the domain is structure of thes domain seems a marginally stable state
firmly protected against the HD exchange as well as in  remaining in the domain, which is maintained by the C
C76A/C94A, while the entire region of thg domain helix and the pivot (155 and L56) properly built into tle
fluctuates around the time average structure. Because thedomain. Once the C helix is unfolded and the pivot is
bridge C64-C80 combines the peptide segment—&5 detached from thea domain, the domain may be
following the 53 strand with the @ helix (residues 8684), completely unfolded.
its removal appears to perturb the spatial arrangement of the Marginally Stable State in C30A/C115Fhe present paper
B3 strand and the ;3 helix. This may lead the overall —on C30A/C115A revealed that the D helix and the interface
structure of the3 sheet to fluctuate largely. of the B helix with the D helix are unstructured or fluctuating

In C30A/C115A, A and C helices, and the entire region largely. Because the C-terminal region is combined with the
of the 8 domain except for some residues have the PFs nearlyA helix through the disulfide bridge CG68C127, the structural
equal to 1K (about 370). These regions seem to be tightly disorder generated in the D helix is expected to propagate
folded until the amide hydrogens are exposed to the solventin the direction of the N terminus, but actually it is prevented
upon global unfolding. On the other hand, PFs in the by the existence of the C helix tightly folded. Because the
C-terminal 3¢ helix considerably decrease relative to those C helix is further stabilized by long-range interactions with
of other 3SS variants. In particular, amide hydrogens are nothe joint region of the A and B helices, the stability of the
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C helix is cooperative with the spatial arrangement between SUPPORTING INFORMATION AVAILABLE

the A and B helices. The structure remaining indh@éomain

of C30A/C115A seems marginal in stability, because half

of the hydrophobic core of the domain is disrupted and

the other half is secured. Once the spatial arrangement
between the A and B helices is perturbed because of somé’

Tables of'H chemical shift assignments of C64A/C80A,
C76A/C94A, and C30A/C115A at 25C and pH 3.8. This
material is available free of charge via the Internet at http://
ubs.acs.org.

causes, it may lead to the cooperative disruption of the REFERENCES

marginally stable state. In fact, the 2SS variant lacking two

disulfide bridges in thex domain is fully unfolded.

Relationship between the Dynamic Properties of fhe
Domain Structure and Folding Kinetiche folding rate of

C76A/C94A was significantly retarded relative to C64A/
C80A (2). This was explained to be due to the high activation
of Gibbs energy of C76A/C94A folding, because it seems
necessary for the folding to bring the residue 76 to the
vicinity of residue 94 and it is likely to cause a significant
decrease in entropy of the transition state. On the contrary,
C64A/C80A could fold into the compact structure as fast as
the wild type. This meant that C64A/C80A folding might
have occurred with leaving two segments around residues
64 and 80, not associated with each other, because of the

presence of the bridge C#&94, so that the activation

energy of folding did not increase so much. In a similar way,
the unfolding rate of C64A/C80A was much faster than that
of C76A/C94A because the free-energy barrier against C64A/
C80A unfolding was significantly lowered. These results and
arguments are quite consistent with the static and dynamic
properties of the folded structures of C64A/C80A and C76A/

C94A, revealed in this paper.

On the other hand, a dominant oxidative folding interme-
diate of reduced denatured lysozyme was found to be the
des-[76-94] 3SS species8]. This paper showed that the
formation of the fully native protein was significantly
accelerated by disulfide bridge rearrangements in the des-
[76—94] 3SS species involving a substantial loss of structure.
It was proposed that one interesting rearrangement process

might involve the formation of the des-[6480] 3SS species

(13). These arguments are also consistent with the present
paper on the folded structures of C64A/C80A and C76A/

C94A.
Corversion from 2SS to 3SS Specigfe removal of

C76—-C94 from the 3SS-variant C64A/C80A did not change
the folded conformation significantly. In fact, the map of

NOE contacts in 2SS[6127 and 36-115] shown in the

previous paperl2) is virtually the same as that of C64A/
C80A, although the stability of the 2SS variant significantly
decreases relative to the 3SS variant. These results are quite

consistent with those caused by the removal of €Z84

from the wild type. Thus, it is likely that the addition of

C76—C94 to 2SS[6-127 and 36-115] does not contribute

so much to the stabilization of the folded conformation itself
but stabilizes the folded state relative to the unfolded one, 13.
primarily by accelerating the folding rate. On the other hand,

the addition of C64C80 to 2SS[6-127 and 36-115]
appears to contribute mainly to the stabilization of the
domain and the deceleration of the unfolding rate.
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