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n (GED) of dynamin forms large soluble oligomers in vitro, while its mutant –

I697A – lacks this property at low concentrations. With a view to understand the intrinsic structural
characteristics of the polypeptide chain, the global unfolding characteristics of GED wild type (WT) and I697A
were compared using biophysical techniques. Quantitative analysis of the CD and fluorescence denaturation
profiles revealed that unfolding occurred by a two-state process and the mutant was less stable than the WT.
Even in the denatured state, the mutation caused chemical shift perturbations and significant differences
were observed in the 15N transverse relaxation rates (R2), not only at the mutation site but all around. These
results demonstrate that the hydrophobic change associated with the mutation perturbs the structural and
motional preferences locally, which are then relayed via different folding pathways along the chain and the
property of oligomerization in the native state is affected.

© 2008 Elsevier B.V. All rights reserved.
1. Introduction

Equilibrium (un)folding studies have been used to gain insights
about the native states of proteins in terms of their intrinsic stability,
cooperativity and the structural changes that occur as these (un)fold
[1,2]. Various biophysical as well as computational means have been
devised to investigate the (un)folding pathways of proteins [3–6], the
energy landscape of which have been described in terms of a folding
funnel [7]. The broad end of this funnel reflects the heterogeneous
‘unfolded’ or unstable states of the protein where the protein is no
longer functionally active (except for intrinsically denatured proteins
which are active in that state) and are more prone to aggregation as a
consequence ofmisfolding, while the narrow end of the funnel reflects
the fully ‘folded’ or the native state of the protein [7–9]. Amongst the
biophysical techniques used, circular dichroism (CD) and steady-state
fluorescence have been widely used to understand the global
characteristics, while residue-level insights have been obtained using
multi-dimensional NMR at different denaturation conditions [10–13].

Dynamin, an important multi-domain protein, plays a key role in
the endocytosis process [14–16]. Its GTPase effector domain (GED)
plays an important role in both dynamin function and assembly [16].
The biophysical characterization of GED has shown that it forms large
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soluble oligomers in native conditions in vitro [17]. Mutational analysis
of GED from isoleucine (I) at the position 697 to lysine (K) suggested
that interaction with an amphipathic helix in GED is required for
dynamin self-assembly [16]. In addition to this, the I697 site in human
dynamin corresponds to L612 in human MxA protein, which has
characteristics similar to dynamin in vitro; it can self-assemble, has
assembly-stimulated GTPase activity and can tubulate liposomes
[18,19]. Mutations at both I697 in dynamin [16] and L612 in MxA
[20] have been known to abrogate the self-assembly process.
Furthermore, since hydrophobic collapse is an important cause of
oligomerization, mutations that alter the hydrophobicity could play an
important role in this process. Thus, in order to investigate the effect of
hydrophobicity on protein structure and its property of forming
oligomers, mutation at I697 to alanine (neutral residue with a smaller
side chain) was performed [17]. The substitution of isoleucine with
alanine not only reduces the length and hydrophobic volume of the
side chain, but also changes the conformational propensity along the
chain; alanine is known to induce flexibility in the polypeptide chain
and act as molecular hinge [21]. Interestingly, this site lies in the
residues identified for initiation of GED self-assembly [22]. Interest-
ingly, this mutation inhibited the self-association of protein quite
significantly at lower concentrations in vitro [17].

Just as the characteristics of the final folded state of a protein are
largely dictated by the amino acid sequence, though the environment
has a certain role to play, the association characteristics would also
be intrinsic to the protein. These intrinsic characteristics can be best
investigated under conditions, where the protein remains largely
unfolded. Earlier NMR-based studies on guanidine-denatured wild
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type (WT) GED showed the presence of four clusters of residues that
displayed differential dynamics [23] along the polypeptide chain.
These clusters could be identified as initiation sites for folding and
associationwhen suitable conditions are provided. It is therefore likely
that inter- and intra-molecular interaction between these clusters
might be responsible for GED association and hence dynamin
oligomerization during endocytosis. With this background, we
present here the biophysical studies on the unfolding of GED WT
and I697A in the presence of Guanidine–HCl (Gdn–HCl). The global
unfolding characteristics, studied using optical techniques and the
residue-level dynamics of the unfolded states, as obtained from the
relaxation analysis using multi-dimensional NMR, have been com-
pared for GED and its mutant, I697A.

2. Experimental

2.1. Protein expression and purification

GED WT and I697A were expressed and purified as described
earlier [23]. As discussed earlier [23], the 618th residue of dynamin
corresponds to the third residue in the recombinant GED clones and
the amino acids in all discussions and figures have been numbered
accordingly. The site of mutation Ile697 in dynamin is actually Ile82 in
recombinant GED.

2.2. Circular dichroism

Far-UV CD spectra were recorded at 27 °C on a JASCO J-810 spec-
tropolarimeter (Jasco, Europe) using 1 nm band-width. All experiments
were recorded using 20 µM protein in a fused quartz cell with a path
length of 1 mm. Scans were acquired from 210 to 260 nm with a scan
speed of 50 nm/min. Each spectrum was an average of 5 scans. The
protein samples were equilibrated, with different concentrations of
Gdn–HCl, at least 12 h before recording the experiment and the
denaturationprofilesweremeasured at intervals of 0.2M in the range of
0–6 M Gdn–HCl. At the end of these experiments, the CD spectra were
re-recorded for a few concentrations. These spectra were found to be
unaltered, thereby indicating that the samples had acquired equilibrium
before acquisition. All the measurements were repeated thrice with
freshly prepared samples on different days to check for the reproduci-
bility of theprofiles. All spectrawere base line correctedby recording the
blanks with different concentrations of the denaturant and subtracting
these values from those of the protein recorded under identical
conditions. The data, thus obtained, were smoothened by three-point
averaging to minimize errors due to denaturant concentration adjust-
ments and then normalized using the following equation [13]:

Fapp ¼ Sobs−SF
SU−SF

ð1Þ

where, Fapp is the relative CD value depicting the apparent unfolded
fraction, Sobs is the observed CD signal in the presence of the
denaturant. SF and SU, in turn, are defined by the following equations:

SF ¼ kF D½ � þ bF

and

SU ¼ kU D½ � þ bU

where, kF; kU and bF; bU define the slopes and constants for the pre-
and post-transition baselines and [D] is the denaturant concentration.

2.3. Fluorescence measurements

Bis-ANS (Molecular Probes, OR, USA) was prepared and the
concentration was determined using the extinction coefficient,
ε360=23,000 cm−1 M−1. Steady-state fluorescence emission spectra
were recorded with λexc=395 nm on a Spex FLuorolog-dM3000F
spectrofluorimeter at 27 °C using a 1 cm path length cuvette with a
band pass of 1.5 nm for both excitation and emission. The emission
spectra were measured from 450 to 550 nm at a scan rate of 1 nm s−1.
The denaturation profiles of 10 µM protein in tris buffer (20 mM,
pH 7.4), pre-equilibrated with varying concentration of the denaturant
and bis-ANS (4 µM) for 12 h were measured, by monitoring the
emission at 491 nm. The data were smoothened by three-point
averaging to minimize errors due to denaturant concentration
adjustments and were normalized using the following equation [13]:

Fapp ¼ SF−Sobs
SF−SU

ð2Þ

where, the definitions for the individual entities remain the same.

2.4. Data analysis

The data for the unfolding transitions probed by CD (a secondary
structure probe) and fluorescence (a tertiary structure probe) were
quantitatively analyzed according to two-state (N⇔U) and three-
state transition models (N⇔ I⇔U), depending upon the best fit
obtained. The following Eqs. (3) and (4), obtained from the equation
for fitting multi-state transition derived from the law of mass action
concept [24,25], were used to fit the data to two-state transition and
three-state transitions, respectively.

Aobs ¼
A0 þ A11 exp−

ΔG0
1−m1 D½ �ð Þ
RT

1þ exp− ΔG0
1−m1 D½ �ð Þ
RT

ð3Þ

and; Aobs ¼
A0 þ A11 exp−

ΔG0
1−m1 D½ �ð Þ
RT þ Au exp−

ΔG0
1þΔG0

2− m1þm2ð Þ D½ �ð Þ
RT

1þ exp− ΔG0
1−m1 D½ �ð Þ
RT þ exp− ΔG0

1þΔ0
2− m1þm2ð Þ D½ �ð Þ
RT

ð4Þ

where, ΔG0 is the free energy change at every step; mi indicates the
dependence of free energy on the denaturant concentration [D] and
As are the specific contributions of each species to the signals. R and
T are the gas constant and absolute temperature, respectively. The
molarity values for the transition mid-points (Cm values) have been
reproduced from the simulations used for the two-state fit model, and
the reported mid-points correspond to the value of the denaturant at
which Fapp equals 0.50.

2.5. NMR spectroscopy

2.5.1. NMR sample
For NMR-based studies, isotopically rich protein samples (15N)

were prepared using M9 media containing 15NH4Cl as the sole source
of nitrogen, described earlier [23], and concentrated to a concentra-
tion of 1 mM. The sample was exchanged with acetate buffer (10 mM
acetate, pH 5.0) containing 1 mM EDTA, 150 mM NaCl, 1 mM DTT and
6 M Gdn–HCl. The samples were allowed to attain equilibrium before
the start of the experiment.

2.5.2. NMR data acquisition and processing
All the NMR experiments were recorded on a Bruker Avance

spectrometer equipped with CryoProbe and triple resonance probes,
operating at 1H frequency of 800 MHz. The 1H and 15N carrier fre-
quencies were set at 4.69 (water) and 118 ppm, respectively. HSQC
experiments were recorded at the start and at the end of the
experiments and compared to check the stability of the proteins. No
changewas observed in these HSQC spectra indicating that the protein
was highly stable under the experimental conditions and had attained
equilibrium at the beginning of the experiment. All experiments were



Fig. 1. Normalized spectroscopic parameters [CD (circles) and steady-state fluorescence
(squares)] for the Gdn–HCl mediated denaturation of a) GED WT (filled symbols) and
b) I697A (empty symbols). Comparison of the normalized c) fluorescence and d) CD
spectra for the WT and I697A proteins. The solid lines represent the best fits obtained
using the 2-state model (see text).
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processed and analyzed using Felix (Accelrys Software Inc., San Diego,
CA, USA). All relaxation experiments were carried out using the pulse
sequences as described earlier [26]. 15N transverse relaxation rates
(R2) were measured using CPMG delays of 10, 30, 50⁎, 90, 130, 170⁎,
230 and 300 ms, where asterisks indicate points recorded in duplicate
for standard error calculations.

In all the NMR experiments, 1H chemical shifts were referenced
to HDO [4.598 ppm with respect to 2, 2-dimethyl-2-silapentane-
5-sulphonic acid (DSS) at 15 °C, 6M Gdn–HCl in acetate buffer, pH 5.0]
while the 13C and 15N chemical shiftswere indirectly referenced toDSS.

3. Results and discussion

3.1. Gdn–HCl-mediated denaturation profile of GED isoforms by circular
dichroism and fluorescence

The unfolding of small compact proteins has been interpreted by a
simple two-state cooperative transition, wherein the probability of
finding the intermediates between the native and the unfolded/
denatured states is low [27,28]. In such a case, the unfolding tran-
sitions measured by different probes are found to be identical. How-
ever, intermediate states different from native or completely unfolded
state have been recognized in the unfolding/folding steps of several
proteins including bovine and human isoforms of carbonic anhydrase
β, β-lactamase, bovine growth hormones, etc [29]. The data for
such transitions are analyzed using three-, four- or multi-state models
[30–32]. The characterization of these folding intermediates further
help in the identification of various transition steps and the
conformational changes that occur in the protein on interaction
with different denaturants and thus provide insight into the folding
process of the protein.

The unfolding of GED WT and I697A proteins by Gdn–HCl was
found to be reversible. The CD and fluorescence spectra of freshly
prepared protein and the refolded one from 6 M Gdn–HCl condition
were found to be identical. The Gdn–HCl concentrations were varied
from 0 M to 6 M, with each sample differing by 0.2 M. The changes in
molar ellipticity in far-UV CD reflect the changes in the secondary
structure of a protein while the changes in fluorescence emission
reflect the changes in its tertiary structure. For a proteinwhich follows
cooperative two-state transitions, the denaturation profiles obtained
by both the spectroscopic parameters overlap and have typical
sigmoidal shapes.

The normalized denaturation profiles for the GED WT and I697A,
obtained bymonitoring ellipticity at 222 nm in far-UV CD spectroscopy
(normalized using Eq. (1)) and by monitoring the fluorescence
property of the protein-bis-ANS complex at an emission maximum
of 491 nm (normalized using Eq. (2)), are shown in Fig. 1a and b,
respectively. In case of a protein like GED, known to form a large self-
assembly [22], the denaturation process may first involve the
dissociation of the oligomer and then the monomers would unfold.
Thus the process could be quite complex and if the dissociated mono-
mers are unstable, the two-statemodelwould provide the best fits.We
tried to analyze these data according to two-state and three-state
models as per Eqs. (3) and (4), respectively. In every case, the two-state
model (N⇔U) gave the best fits; the three-state model gave large
fitting errors (data not shown). The thermodynamic parameters thus
derived have been summarized in Table 1.

Even though the two-state model gave the best fits to the dena-
turation profiles, the global unfolding does not seem to be cooperative in
case of GED WT as the curve obtained by CD (which senses the overall
secondary structural changes) does not exactly superimpose over the
unfolding trace obtained by fluorescence (Fig. 1a). Although, the
fluorescence and the CD curves converge in the initial and the final
unfoldingsteps, differences areobserved in the twoprofiles between2M
and 5 M Gdn–HCl. This would mean that the unfolding proceeds via an
intermediate, which, however, is very unstable to be explicitly detected.
Nonetheless, the two spectra yield very close transition mid-points
(2.52 M from steady-state fluorescence and 2.77 M from far-UV CD).
A small hump, within the range of baseline fluctuations, was also
observed in the fluorescence spectra of the WT (~0.75 M Gdn–HCl).

http://dx.doi.org/doi:10.1110/ps.035840.108


Table 1
The thermodynamic parameters derived from fits to the two-state model (N↔U) for
Gdn–HCl mediated denaturation for GED WT and I697A in TEND buffer, pH 7.4

ΔG (kJ mol−1) m (kJ mol−1 M−1) Cm (M)

WT CD 10.45±0.37 3.64±0.05 2.77
Fluorescence 10.05±0.00 4.14±0.15 2.52

I697A CD 8.23±0.25 4.34±0.12 1.97
Fluorescence 7.33±0.35 3.69±0.15 2.07
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The I697A protein, on the other hand displays somewhat different
unfolding characteristics (Fig. 1b). The CD and the fluorescence pro-
files were found to be largely super-imposable except between 0–1 M
and 2–4 M Gdn–HCl. The transition mid-point for the tertiary
structure opening is 1.97 M and is very close to the transition mid-
point for the opening of the secondary structure (2.07 M). These sug-
gest a greater degree of cooperativity in the global unfolding of I697A
protein.

When the fluorescence intensities were compared for the GEDWT
and the mutant proteins (Fig. 1c), it was observed that the tertiary
structure unfolds earlier, and to a greater extent, in I697A when
compared to theWT. The transitionmid-points forWTand I697Awere
2.52 M and 2.07 M, respectively and were significantly different from
each other. Consistent with these findings, when the secondary struc-
ture unfolding for GED WT and I697A, as monitored by CD, were
compared (Fig. 1d), it was observed that the mutant protein starts
unfolding earlier than the WT. The transition mid-points in this case
were 2.77 M and 1.97 M for theWT and I697A, respectively, which are
significantly different from each other. Also, the secondary structure in
case of I697Aunfolds almost completely at a Gdn–HCl concentration of
~3.2Mwhile ~4.2MGdn–HCl is required to attain the same amount of
Fig. 2. a) Overlay of the 1HN-15N HSQC spectra of the GEDwild type [WT (red)] and I697A (blu
mutant have been encircled and annotated by their respective color codes. The peaks for Gly
chemical shift changes (Δδ) between the WT and the I697A mutant of GED calculated from
denaturation (90%) in the WT. Moreover, as expected, the free energy
changes are not the same. TheWT is associatedwith higher free energy
as compared to I697A (Table 1); the observed difference must be
attributed to the different free energies of the folded and the unfolded
states of the two. Thus, it can be concluded that both the tertiary and
the secondary structures of the I697A protein are thermodynamically
less stable when compared to those of the WT.

3.2. Chemical shift perturbations

Next, to see the intrinsic structural preferences of the GEDWT and
I697A proteins, we monitored the 1H and 15N chemical shifts in their
6MGdn–HCl denatured states. Fig. 2a shows an overlay of the 1HN-15N
HSQC spectra of the two proteins. It is seen that the spectra super-
impose in many places, but there are also small differences for many
peaks. While, the close similarity of the spectra permits transfer of
assignments from one to the other (rare ambiguities due to closeness
of peaks were resolved from spin system identification from TOCSY-
HSQC spectra), the small differences reflect upon the intrinsic struc-
tural differences. The residue-wise summed chemical shift changes
(Δδ) were calculated using the following Eq. (5):

Δδ ΔHð Þ2þ ΔN
10

� �2
" #1

2

ð5Þ

where, ΔH and ΔN signify the changes in the amide and 15N chemical
shifts, respectively. The factor of 10 for the 15N chemical shift arises as
a normalization factor since the overall range of nitrogen chemical
shifts is roughly 10 times that of the proton chemical shifts for the
backbone amides. The results of these chemical shift perturbations
have been depicted in Fig. 2b. Clearly, the I697A mutation causes
e) at pH 5.0 and 15 °C. The peaks corresponding to Ile82 in theWTand Ala82 in the I697A
1 and Ser2, visible in the I697A spectrum, have been marked; b) Residue-wise summed
ΔHN and ΔN shifts (see text).



Fig. 3. Residue-wise 15N transverse relaxation rates (R2) for a) GED WT; b) I697A and
c) difference of R2s (WT — I697A) in 10 mM Acetate buffer at pH 5.0 and 15 °C. The black
bars [marked as A (Glu 13–Glu 26), B (His34–Met 66), C (Asn 76–Leu 90), and D (Met 100–
Ala 123)] at the top represent areas of significant non-random structures [23].
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significant perturbations along the sequence not only at the site of the
mutation (i.e., Ile82 in the numbering scheme used) but all around. As
can be seen, residues Ala3, Ala21, His34, Ala56, Ile57, Lys60, Asp64,
Met71–Leu73, Ala88–Leu90, Gln106, Arg109, His118, Ile127 show
distinct differences. Our earlier work on the characterization of the
6 M Gdn–HCl denatured GED identified four clusters of residues
(marked as A, B, C and D) with significant non-random structures [23].
Of these, B, C and D largely belong to those regions where secondary
structures (mostly α-helical) were predicted in the native state [17].
The mutation, I697A at residue 82, lies in the identified cluster C. It is,
however, observed now that the mutation resulted in perturbations
in the chemical shifts not only in the residues from cluster C (Ala88–
Leu90), but also in residues from the clusters A (Ala21), B (His34,
Ala56, Ile57, Lys60), D (Gln106, Arg109, His118), in residues between
the clusters B and C (Met71–Leu73) and in the N- and the C-terminals
(Ala3, Ile127). Thus, the perturbations in the residual structure due to
the single point mutation seem to get relayed all across the chain.

3.3. Conformational dynamics

15N transverse relaxation rates (R2) in a protein are largely sensitive
to slow motions and reflect contributions from slower exchange
processes that occur in the milli-second to micro-second time scales.
For instance, an increase in the conformational exchange leads to a
prominent increase in these rates. In case of denatured proteins, these
have been used to gain valuable insights into the sequence-dependent
motional restrictions and flexibilities [33]. Thus, in order to investigate
the effect of the I697A mutation on the conformational dynamics, the
transverse relaxation rates weremeasured for themutant in 6MGdn–
HCl and were compared with those of the WT reported earlier [23].
Fig. 3a and b depicts the R2 values for GEDWT and I697A, respectively
for all the residues (106 in number) for which the data are available for
both the proteins.

The R2 relaxation rate in GED WT showed considerable variation
ranging from 2.54±0.01 s−1 to 8.99±0.02 s−1 (average being 5.88±
0.21 s−1), and four different clusters of residues, A, B, C and D display-
ing distinct motional characteristics were identified [23]. These were
associated with significant non-random structures. The R2 values
were lower for the N- and the C-terminal residues indicating in-
creased flexibility in these regions of the protein.

The R2 relaxation rates in the I697A mutant protein (Fig. 3b) also
displayed sequence-specific variations ranging from 3.88±0.10 s−1 to
9.51±0.43 s−1, similar to those in the WT protein and the average R2
value (5.56±0.24 s−1) was also similar to that for theWT. However, the
minimum and the maximum R2 values showed considerable differ-
ence (Fig. 3b).

The differences in the residue-wise R2 values between the WT and
I697A have been depicted in Fig. 3c. Interestingly, substantial
differences are observable. The positive and the negative deviations
indicate decrease or increase in R2, respectivelywith respect to theWT,
and represent decreased and increased conformational exchange in
the unfolded state of the mutant. These deviations roughly belong to
threemajor categories: large (N ±1.5 s−1), intermediate (±1.5 to 0.5 s−1)
and small (b ±0.5 s−1). Of these, the third class cannot be considered
significant as the values are roughly similar to the errors in the mea-
surement. As can be seen from Fig. 3c, large positive deviations
(N −2.5 s−1) are observed for R2 values at residues Phe81 and Ala82,
which correspond to the site of themutation. This signifies decrease in
R2 values in themutantwhen compared to thewild typewhichmay be
attributed to flexibility induced by the alanine residue in the mutant
[21]. Similar large positive deviations (N −1.5 s−1) are also observed for
the residuesHis34, Ile57, Lys60 andMet116. It is important to note here
that His34, ILe57 and Lys60 belong to the cluster B (predicted helix 1)
while Met116 belongs to the cluster D (predicted helix 2). On the
other hand, large negative deviations (N +1.5 s−1) are observed for the
N-terminal Ala3; Val10 and Ala21 from cluster A; Met71–Leu73 from
the region between cluster B and C; Leu86 from cluster C; and His118
from cluster D (predicted helix 2). As discussed in the previous section,
several of these residues including Ala3, Ala21, His34, Ile57, Lys60,
Met71–Leu73 and His118 displayed changes in the chemical shifts in
the mutant when compared to theWT (Fig. 2b). The increase in the R2
values for those residueswidely spread out along the sequencemay be
attributed to transient folding and interactions between those
residues, which, in turn, could argue for the structural perturbations
at those sites as evidenced by chemical shift perturbations.

Additionally, intermediate positive deviations were also observed
for the residues Asp30, Ser35, Leu40, Arg48, Lys50 and Met66 from
the cluster B; Lys68 between B and C; residues Glu80, Ser84, Leu87
from the cluster C; residues Glu101–Ala104, Ala107, Gln108, Asp111,
Leu114–Arg115, Ala119 andAla123 from cluster D; and residues Ser125
and Ile127 from the C-terminal region of the protein. Similar inter-
mediate negative deviations were observed for residues Ser4, Leu6 on
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the N-terminal; Arg14, Glu19 in cluster A; Val58–Asn59, Arg63 and
Leu65 in cluster B; Glu105 in cluster C; and Ser136 at the C-terminal
of the protein.

3.4. Insights into inhibition of self-association of GED by I697A mutation

As mentioned earlier, the I697A single point mutation significantly
alters the association characteristics of the GED protein [17]. Our
results discussed above provide useful insights into this phenomenon.
We observed that in the denatured state, where one can observe
intrinsic preferences, the mutation at position 82 along the sequence
causes structural perturbations at many regions along the sequence
and these coincide with the regions showing dynamics perturbations
aswell. Asmentioned above, thismay be attributed to transient folding
of the chain in the denatured state, as a result ofwhich perturbations at
one place can get relayed to other regions of the protein. Themutation,
I697A, changes hydrophobicity of the local environment in the protein
structure; Ile has a hydropathy index of 4.5 and Ala has an index of 1.8
[34]. Then, by way of transient association of the hydrophobic clusters
A, B, C and D along the chain [23] it causes changes in the structural
preferences in those regions in the denatured state. The mutation,
thus, disturbs the hydrophobic pocket which is required for GED–GED
interaction leading to self-assembly in the native state.

It is now awell accepted concept that protein folding starting from
an unfolded state initiates according to the structural preferences and
local dynamics present in the unfolded state [35]. Since WT GED and
I697Ahave different residual structural components in their denatured
state, it can be said with a certain degree of confidence that both also
have different structural preferences in their very early stage of protein
folding which may take them to acquire a different structure and/or
follow different conformational dynamics. Thus, the effect that any
mutationmay have on the unfolded statemayeventuallyflow towards
the folded state. This can indeed influence the self-association pro-
perty of the protein.

4. Conclusions

In conclusion, our results show that the substitution of a hydro-
phobic residue, isoleucine by another less hydrophobic residue alanine
in GED, results in the perturbation of dynamics and the associated
topological fluctuations in the denatured state of GED. This causes
substantial variations in the structure and dynamics at many remote
places along the chain. These would influence early stages of protein
folding pathways and eventually the final states where the protein
chainmay land. Our results provide, on one hand, an understanding of
the subtleties of the denatured states, and on the other provide
rationales as to how a single point mutation can have dramatic
influence on the stability and behavior of proteins with regard to fold-
ing, misfolding and association, in general.
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