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ABSTRACT: Serpins form loop-sheet polymers through the formation of a partially folded intermediate.
Through mutagenesis and biophysical analysis, we have probed the conformational stability of the F-helix,
demonstrating that it is almost completely unfolded in the intermediate state. The replacement of Tyr160

on the F-helix ofR1-antitrypsin to alanine results in the loss of a conserved hydrogen bond that dramatically
reduces the stability of the protein to both heat and solvent denaturation, indicating the importance of
Tyr160 in the stability of the molecule. The mutation of Tyr160 to a tryptophan residue, within a fluorescently
silent variant ofR1-antitrypsin, results in a fully active, stable serpin. Fluorescence analysis of the equilibrium
unfolding behavior of this variant indicates that the F-helix is highly disrupted in the intermediate
conformation. Iodide quenching experiments demonstrate that the tryptophan residue is exposed to a similar
extent in both the intermediate and unfolded states. Cumulatively, these data indicate that the F-helix
plays an important role in controlling the early conformational changes involved inR1-antitrypsin unfolding.
The implications of these data on bothR1-antitrypsin function and misfolding are discussed.

The misfolding of R1-antitrypsin (R1-AT) and other
members of the serpin superfamily leads to a variety of
disorders (1, 2) such as emphysema, liver cirrhosis (3-6),
thromboembolism (7), and dementia (8). These disorders
arise when the serpin undergoes an inappropriate change in
topology that results in self-association and tissue deposition.
For example, loop-sheet polymers ofR1-AT have been
found in both the liver (3) and lung lavage fluid (9). These
polymers are formed through two related mechanisms. One
is due to point mutations that destabilize the native state of
the serpin, such that it adopts a partially unfolded conforma-
tion with a high propensity to polymerize (10-13). The
second mechanism is that the mutation disturbs the normal
folding pathway ofR1-AT, slowing the process down, leading
to the accumulation of a partially folded conformation which
subsequently polymerizes (14). Although it is likely that the
partially unfolded conformation adopted during both of these
mechanisms is the same, there is no experimental evidence
to support this. An essential requirement of elucidating the
mechanisms of polymer formation is determining the con-
formation of intermediates that populate the normal
(un)folding pathway of the protein.

The native conformation ofR1-AT and other members of
the serpin superfamily is metastable (15). In the metastable
state the Aâ-sheet consists of five strands, whereas in the
more stable latent or cleaved conformations the Aâ-sheet
has six strands. The ability of the serpin scaffold to adopt
these more stable conformations is essential for proteinase
inhibition. Once the proteinase docks onto the reactive center
loop (RCL) of the serpin, it initiates cleavage of the scissile

bond, between the P1-P1′ residues. Cleavage progresses as
far as the acyl-enzyme intermediate, where the proteinase is
covalently attached to the P1 residue and the P1-P1′ bond is
broken (16). Cleavage of the P1-P1′ bond enables the serpin
to undergo the native to cleaved transition, resulting in the
proteinase being translocated to the opposite pole of the
molecule (17). This results in the proteinase becoming
distorted and trapped in an intermediate conformation, unable
to complete its cleavage reaction (17-20). This remarkable
mechanism, in which the Aâ-sheet opens up and accepts
its own RCL residues, renders the serpin architecture
sensitive to mutations that cause inappropriate conformational
change (1). It is proposed that mutations enhance or stabilize
an expanded Aâ-sheet, resulting in insertion of the RCL
from another serpin molecule and the formation of loop-
sheet polymers. These polymers go on to form long chains
and deposit within various tissues.

Understanding the conformational changes involved in
serpin folding and unfolding is critical to our understanding
of serpin-related disease. Previous data suggest thatR1-AT
unfolds through one intermediate conformation; however,
little is known about the conformation of this state (12, 21-
23). Recently, biochemical and crystallographic data have
suggested that the F-helix, which lies on top of the Aâ-sheet,
plays a fundamental role in serpin function and dysfunction
(24-29). On the basis of their crystallographic data Gooptu
et al. (27) proposed that the F-helix can act as a “shoe horn”
to open the Aâ-sheet during both folding and inhibitory
pathways. As part of our ongoing analysis of the conforma-
tional changes involved inR1-AT folding, we have placed a
unique tryptophan residue on the F-helix to examine the
stability and role of this region. The presence of this reporter
group has allowed insight into the structure of a partially
folded intermediate, which has implications in both serpin
folding and misfolding.
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MATERIALS AND METHODS

Production and Characterization ofR1-AT. The first
variant created wasR1-AT(Y160A) in which tyrosine 160 was
replaced by an alanine; this was made usingR1-AT (P1 )
Arg) as the template which contains both of its native
tryptophan residues. Tyrosine 160 was also mutated to a
tryptophan residue to createR1-AT(Y160W). This was per-
formed usingR1-AT(FF) as the template where the P1 ) Arg
and Trp194 and Trp238 have both been replaced by phenyla-
lanine (19). Both mutations were made using the QuikChange
site-directed mutagenesis kit (Stratagene) and verified with
DNA sequencing. The proteins were expressed inEscheri-
chia coli and purified as previously described (30).

Determination of the Stoichiometry of Inhibition and Rates
of Inhibition. The stoichiometry of inhibition (SI) and the
association rate constant (kassoc) between thrombin and the
antitrypsin variants were determined at 37°C as previously
described (31).

Production and Characterization of Thrombin. Thrombin
was purified from human plasma and characterized as
previously described (32).

Spectroscopic Methods.Fluorescence emission spectra
were recorded on a Perkin-Elmer LS50B spectrofluorometer
at 25 °C in a 1 cmpath-length quartz cell. Excitation and
emission slits were set at 2.5 nm for all spectra, and a scan
speed of 10 nm/min was used. The absorbance at the
excitation wavelength was monitored in all experiments and
remained below 0.05. Circular dichroism spectra were
measured on a Jasco 810 spectropolarimeter at 25°C. Far-
UV spectra from 190 to 250 nm were collected with 5 s/point
signal averaging;θ222 measurements were made with the
signal averaged over 15 s. The concentration of protein used
was 0.1 mg/mL with a 0.1 cm path length.

Gel Electrophoresis. Native PAGE was performed using
a method modified from that of Goldenberg as previously
described (33).

Chemical Denaturation. Stock solutions of guanidine
hydrochloride (GdnHCl) in 50 mM Tris and 50 mM NaCl,
pH 7.8, were prepared and filtered through 0.22µm
membranes before use. The GdnHCl concentration was
determined by refractive index measurements as previously
described (34). Equilibrium unfolding and refolding curves
were determined by adding a concentrated solution of either
native or denatured protein to a series of GdnHCl concentra-
tions. These solutions were incubated for 2 h at 25°C before
analysis by measuring either the fluorescence emission
spectra of the protein solution or the change in signal at 222
nm in the far-UV spectra, as a function of denaturant
concentration. No differences were observed in experiments
where spectroscopic measurements were made after more
extensive equilibration.

Equilibrium Unfolding Analysis. All GdnHCl unfolding
curves were found to be fully reversible, as previously
observed (12, 35), and the data were fit to either a two- or
three-state unfolding model, using a nonlinear least-squares
fitting algorithm, as previously described (36-38). The three-
state analysis recognizes the presence of one stable inter-
mediate structure, I, populated during the transition from the
folded state (N) to the unfolded state (U). The free energy
of unfolding in 0 M denaturant,∆GH2O, and them value,
which reflects the sensitivity of∆G to the GdnHCl concen-

tration, for each transition were determined from this
analysis. The midpoint,Dm, of each transition was calculated
by ∆GH2O/m.

Fluorescence Quenching Experiments. Fluorescence quench-
ing measurements were performed in 50 mM Tris, pH 7.8,
at different concentrations of GdnHCl. Aliquots of KI (2 M
stock) containing 1 mM Na2S2O3 were added to protein
solutions, and the change in fluorescence emission intensity
of the tryptophan residues (λex ) 290 nm) was measured.
Measurements in the presence of denaturant were made on
individual samples so there was no dilution of the GdnHCl.
The data were analyzed as previously described by Lehrer
(39). All data were corrected for inner filter effects where
necessary.

RESULTS AND DISCUSSION

Importance of Tyrosine 160 to Serpin Stability and
Function. All of the inhibitory members of the serpin
superfamily can undergo many forms of conformational
change (17, 40-42). The initial aim of this work was to gain
insight into the conformational changes that occur specifically
within the F-helix asR1-AT folds and unfolds. The structural
changes involved in this process are important in our
understanding ofR1-AT function, misfolding, and polymer
formation. Initially, we chose to remove interactions between
the F-helix and the Aâ-sheet to examine the effect this would
have on the function and stability ofR1-AT, as we hypoth-
esized that these interactions are critical in maintaining serpin
structure and function. The side chain of Tyr160 forms a
hydrogen bond between its hydroxyl group and Glu141, which
is situated on the first strand of the Aâ-sheet (Figure 1).
This hydrogen bond is present in most inhibitory serpins (43).
Analysis of the X-ray crystal structure of nativeR1-AT (44)
reveals that Tyr160 lies approximately two-thirds of the way
up the F-helix, in the center of a loosely packed pocket
formed by Phe119 (s2A), Glu141 (s1A), Phe143 (s1A), Ile157

(hF), Val185 (s3A), and Tyr187 (s3A) (Figure 1). Comparison
of the X-ray crystal structures of native, cleaved, and
proteinase-boundR1-AT revealed that this region undergoes
limited rearrangement upon transition to the cleaved or
proteinase-bound states and that the hydrogen bond is
maintained in all conformations (17, 45).

To assess the importance of Tyr160, we made two variants.
First, we replaced Tyr160 with an alanine (R1-AT(Y160A)) to
remove the hydrogen bond between this residue and the A
â-sheet, and second, a tryptophan residue was introduced
(R1-AT(Y160W)) to allow the site-specific monitoring of
conformational change. TheR1-AT(Y160A) variant possessed
both native tryptophan residues (194 and 238), while
R1-AT(Y160W) has only the single tryptophan in position 160
as it was constructed usingR1-AT(FF) as the template where
both Trp194 and Trp238 have been replaced by phenylalanine
(19). Tryptophan is commonly found at position 160 in many
serpin members (43), and we predict that the hydrogen bond
to Glu141 is maintained inR1-AT(Y160W), as examination of
the X-ray crystal structure of active serpin 1K [PDB identifier
1SEK (46)] reveals that it is possible for Trp148 (equivalent
to Tyr160) on the F-helix to form a side chain hydrogen bond
to Glu129 (equivalent to Glu141).

The SI andkassocfor R1-AT(Y160W) were determined against
thrombin and were similar to the wild type with values of
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1.1 ( 0.1 and 4.6× 105 M-1 s-1, respectively (Figure 2,
Table 1), whereas the SI andkassocfor R1-AT(Y160A) were both
significantly changed at 6.5( 0.2 and 6.2× 103 M-1 s-1,
respectively (Table 1). Figure 2 shows SDS-PAGE analysis
of the reaction products betweenR1-AT(Y160A) and thrombin,
confirming the partial substrate nature ofR1-AT(Y160A).

The thermal stability ofR1-AT(Y160A) andR1-AT(Y160W) was
assessed by far-UV CD and nondenaturing PAGE. The
midpoint of the thermal unfolding, as determined using far-

UV CD, for R1-AT(Y160A) was 54°C (Figure 3A; Table 1), 5
°C lower than wild-typeR1-AT (59 °C). In contrast, the
midpoint of the thermal transition was determined to be 65
°C for R1-AT(Y160W), an increase of 7°C compared to
R1-AT(FF) (58 °C) (19). To assess whether the mutations
affected the polymerization properties of the molecules,
R1-AT and the two variants were heated at 60°C over a 30
min period, during which aliquots were collected and placed
directly on ice to quench further polymerization. Nondena-

FIGURE 1: Schematic diagram of nativeR1-AT. (A) Native R1-AT with the threeâ-sheets highlighted (A, green; B, red; and C, yellow).
The RCL is in dark blue and the F-helix is in light blue; Tyr160 is shown in ball and stick format. (B) Stereo diagram showing the residues
on the Aâ-sheet (green) in close contact with Tyr160 (pink). The hydrogen bond between Tyr160 and Glu141 (purple) is highlighted. This
figure was produced using Molscript (59).
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turing gel analysis of the products indicated thatR1-AT
polymerized within 10 min, as judged by the loss of
monomeric material (Figure 3B). In keeping with the far-
UV CD data,R1-AT(Y160W) was more stable, and monomeric
protein was present for approximately 20 min (Figure 3B).
R1-AT(Y160A) was far less stable and polymerized within 5
min (Figure 3B). To our knowledgeR1-AT(Y160W) displays
the biggest increase in stability observed for a single
substitution withinR1-AT; the Phe51Leu mutation resulted

in an increase of 4°C (13). We propose that the increased
size of the Trp side chain is the critical determinant behind
the increase in stability and that this residue is able to pack
more effectively into the surface pocket. This would “lock”
the F-helix to the A-sheet and delay expansion of the A
â-sheet, which is the first step in both solvent and thermal
denaturation (12, 13, 47). The data withR1-AT(Y160A) are
consistent with this hypothesis; the Ala side chain will not
be able to form the hydrogen bond to Glu141, and in addition,
the small size of the Ala side chain will leave a “hole” in
the pocket, which would be energetically unfavorable, hence
the decreased stability.

Equilibrium Folding Studies.The unfolding pathway of
R1-AT is best described by NT I T U (12, 35). Far-UV
CD analysis ofR1-AT(Y160A) and R1-AT(Y160W) unfolding
reveals that both proteins undergo a three-state unfolding
reaction.R1-AT(Y160A) has two transitions centered around
0.43 and 2.9 M GdnHCl (Figure 4, Table 2). The N to I
transition occurred at a GdnHCl concentration 0.4 M lower
than that observed forR1-AT while the second transition was
unchanged, demonstrating that the interactions that Tyr160

forms are important in stabilizing only the native state
of the serpin and not the intermediate conformation.
R1-AT(Y160W) undergoes a similar three-state transition (Figure
4); however, the N to I transition occurs at a higher GdnHCl
concentration of 1.0 M, compared to the same transition for
R1-AT at 0.7 M (Figure 4, Table 2). This intermediate then
unfolds to give the denatured state; the midpoint of the I to
U transition is 2.9 M GdnHCl, which is similar toR1-AT,
2.8 M (Table 2). The shift in midpoint for the N to I transition
is consistent with the thermal denaturation data, indicating
that the Trp residue forms additional stabilizing interactions
in the native state.

When the unfolding ofR1-AT(Y160A) was monitored by
fluorescence intensity, two transitions were observed, a small
increase followed by a larger decrease, and the midpoints
of these matched well with those observed by far-UV CD,
0.5 and 2.8 M GdnHCl, respectively (Figure 6, Table 2).
The changes inλmax followed a two-state process, describing
the intermediate to unfolded transition similar toR1-AT (12).
The midpoint for this transition agreed well with the second
transition observed with far-UV CD at 2.9 M GdnHCl
(Figure 6).

FIGURE 2: SDS-PAGE analysis of the interaction between the
F-helix variants and thrombin. Thrombin (lane 1) and both
R1-AT(Y160W) (lane 2) andR1-AT(Y160A) (lane 4) were incubated
together for 30 min at an enzyme to inhibitor ratio of 1:2 and 1:10,
respectively. The products of the reaction were then run on a 12%
SDS-PAGE (lane 3,R1-AT(Y160W) + thrombin; lane 5,R1-AT(Y160A)
+ thrombin).

Table 1: Inhibitory and Stability Properties ofR1-AT and
Tryptophan Mutantsa

SI kassoc(M-1 s-1) Tm (°C)

R1-AT 1.0 ( 0.1 4.8× 105 59 ( 0.2
R1-AT(FF)

b 1.1( 0.1 6.0× 105 58 ( 0.2
R1-AT(Y160A) 6.5( 0.2 6.2× 103 54 ( 0.1
R1-AT(Y160W) 1.1( 0.1 4.6× 105 65 ( 0.2
a The SI andkassocwere determined against thrombin as described

in Materials and Methods. All estimates ofkassochave standard errors
less than 5%. TheTm was determined using far-UV CD and represents
the average of three separate determinations. bReference19.

FIGURE 3: Thermal denaturation ofR1-AT. (A) The thermal
unfolding of (s) R1-AT, (- - -) R1-AT(Y160W), and (---)R1-AT(Y160A)
was followed using changes in the far-UV CD at 222 nm. The
temperature was increased at a rate of 1 deg/min. The data are
plotted as the fraction unfolded against temperature. (B)R1-AT,
R1-AT(Y160W), andR1-AT(Y160A) were heated at 60°C, and aliquots
were removed at the times indicated (min) and immediately added
to ice-cold nondenaturing loading buffer prior to electrophoresis.
This figure shows the change in monomer concentration as the
reaction proceeds.

FIGURE 4: Far-UV CD unfolding profile ofR1-AT. The unfolding
of (O) R1-AT, (0) R1-AT(Y160W), and (4) R1-AT(Y160A) was followed
by far-UV CD at 222 nm. The raw CD data were converted to
plots of fraction unfolded as previously described (60).
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The replacement of the two native tryptophan residues
within R1-AT(Y160W) with phenylalanine and the incorpora-
tion of a unique tryptophan residue afford the protein’s
different spectroscopic properties. The emission maxima of
R1-AT(Y160W) was blue shifted relative to the wild type by 4
nm to 332 nm (Figure 5A). The fluorescence emission
intensity was also heavily quenched, and there is a signifi-

cant tyrosine shoulder compared to the wild type, indicative
of a buried residue (48). This quenching is released upon
complete unfolding with the fluorescence intensity of
R1-AT(Y160W), increasing more than 3-fold compared to its
native state (Figure 5B).

The incorporation of a single fluorescent reporter group
permits the site-specific monitoring of conformational changes
(23, 49-53). The equilibrium unfolding pathway of
R1-AT(Y160W) was followed using both changes in fluores-
cence intensity at 330 nm andλmax with increasing GdnHCl
concentration (Figure 6C). Both sets of data indicate the
presence of one intermediate, in 1.2 M GdnHCl, similar to
that observed by far-UV CD. The fluorescence intensity data
have a short pretransition baseline followed by an increase
at low GdnHCl concentration to a maximum at 1.2 M, where
the intermediate state is populated, followed by a smaller
intensity decrease as the protein fully unfolds. The changes
in λmax are similar. The first transition (0.5-1.2 M GdnHCl)
is characterized by a large shift in emission maximum from
334 to 345 nm in the intermediate state, indicative of a
solvent-exposed tryptophan residue. In the second transition
(1.4-3.0 M GdnHCl) there is only a small shift in emission
maximum from 345 to 350 nm, indicating full solvation of
the exposed tryptophan residue. The midpoints of the second
transition are at 2.3 M (intensity) and 2.17 M (λmax); these
are 0.6 M lower than the midpoint determined from far-UV
CD. Due to the far-UV CD unfolding behavior of the wild
type andR1-AT(Y160W) being extremely similar, it is unlikely
that this difference is due to changes in the unfolding
characteristics of the protein (Figure 4). Rather, we propose
that the single tryptophan residue is reporting the presence
of an additional intermediate. This is in keeping with other
serpin folding studies on antithrombin (54) and antichymo-
trypsin (35) where at least two unfolding intermediates were
observed. Taken together, our data demonstrate that upon
formation of the first intermediate there is a significant
conformational change within the F-helix region in which
the tryptophan residue becomes highly solvent exposed.

Table 2: Equilibrium Unfolding Dataa

Three-State Analysis
∆GNfI

(kcal/mol)
mNfI

(kcal mol-1 M-1)
DmNfI

(M)
∆GIfU

(kcal/mol)
mIfU

(kcal mol-1 M-1)
DmIfU

(M)

fluorescence int330

R1-AT 4.8 5.4 0.9 3.2 1.1 2.9
R1-AT(Y160W) 4.75 6.0 0.8 2.5 1.1 2.3
R1-AT(Y160A) 4.3 7.9 0.5 2.4 0.83 2.9

fluorescenceλmax

R1-AT(Y160W) 3.3 3.8 0.9 3.01 1.39 2.17
far-UV CD

R1-AT 2.9 3.9 0.74 2.1 0.76 2.8
R1-AT(Y160W) 4.2 4.2 1.0 2.0 0.70 2.9
R1-AT(Y160A) 2.8 6.4 0.43 2.0 0.71 2.8

Two-State Analysis
∆GNfU

(kcal/mol)
mNfU

(kcal mol-1 M-1)
Dm

(M)

fluorescenceλmax

R1-AT 2.2 0.8 2.8
R1-AT(Y160A) 2.6 0.9 2.9

a Results from Figures 4 and 6 were fit to either a two- or three-state unfolding analysis as described in Materials and Methods; the results
presented are the average of five individual curves.∆GNfI and∆GIfU represent the free energy change for the unfolding for the Nf I and I f
U transitions, respectively.mNfI andmIfU represent them values for the Nf I and I f U transitions, respectively.DmNfI andDmIfU represent the
midpoint of denaturation for the Nf I and I f U transitions, respectively.

FIGURE 5: Fuorescence emission spectra forR1-AT and
R1-AT(Y160W). (A) Normalized emission spectra (λex ) 290 nm) of
native (s) R1-AT and (--- --) R1-AT(Y160W). (B) Change in
emission spectra ofR1-AT(Y160W) with increasing denaturant
concentrations: (s) 0 M through (---) 6 M GdnHCl. All spectra
were recorded using a band-pass of 2.5 nm at a temperature of 25
°C.
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The conformation of the F-helix during equilibrium unfold-
ing was further characterized by fluorescence quenching
experiments. This technique measures the accessibility of a
nonfluorescent quenching agent such as iodide to the fluores-
cence group, providing a sensitive means of characterizing
the structure of the intermediate. Various amounts of iodide
were added to the native (0 M GdnHCl), intermediate
(formed in 1.5 M GdnHCl), and unfolded (6 M GdnHCl)
states ofR1-AT(Y160W), and the changes in fluorescence
emission intensity from the single tryptophan residue were
monitored. The Stern-Volmer plot was linear over the con-
centration range studied (Figure 7). At 1.5 M GdnHCl the
tryptophan residue became far more accessible to iodide than
in the native state with an almost 2-fold increase inKSV. In
accord with the unfolding data there was little difference in
theKSV value determined for the intermediate and unfolded
conformations. These data further indicate that the F-helix
is grossly disrupted in the intermediate conformation.

The conformation of the first intermediate has previously
been examined using fluorescent probes, and it was shown
that the top of the Aâ-sheet was distorted (12, 23). Taken

together, our data suggest that opening of the Aâ-sheet
induces a substantial conformational change in the F-helix,
whichis linked via a loop from its C-terminus to the A
â-sheet. The recent crystal structure of theδ form of
antichymotrypsin supports the hypothesis that conformational
change in the F-helix is linked to opening of the Aâ-sheet.
In theδ form the C-terminal portion of the F-helix partially
unfolds and forms part of the Aâ-sheet, while the top of
the A â-sheet expands to allow insertion of some RCL
residues (27).

Implications for the Serpin Inhibitory and Polymerization
Pathways.Both serpin inhibitory function and misfolding
involve the insertion of RCL residues into either their own
A â-sheet or the Aâ-sheet of another molecule. It can clearly
be seen from Figure 1 that the F-helix acts as a physical
barrier to the rapid insertion of the RCL when a proteinase
is attached. Similarly, recent crystal structures and biophysi-
cal data indicate that during polymerization the RCL residues
from another molecule insert into the lower half of the A
â-sheet, which is obscured by the F-helix (40, 41, 55).

Carrell and colleagues recently proposed that the proteinase
partially denatures once inhibited by the serpin and that this
aids the conformational transition past the F-helix (17). Our
data suggest that the F-helix itself may undergo an unfolding/
folding reaction that facilitates the rapid movement of the
proteinase from the top of the serpin to the bottom. The
available kinetic and structural data suggest that the transition
from the docking complex to the acyl intermediate involves
partial insertion of the RCL into the Aâ-sheet (56-58). This
opening of the Aâ-sheet would result in a significant
conformational change in the F-helix that would facilitate
the full transition of the proteinase to the opposite pole.

Serpin polymerization can occur via two pathways: either
by partial unfolding of the native state or during folding to
the native state (3-6, 14). Biophysical evidence suggests
that partial unfolding of the serpin results in an expanded A
â-sheet (11-14, 47). Our data indicate that this would cause
the F-helix to partially unfold, leaving the way open for RCL
insertion in the bottom half of the Aâ-sheet.

Serpins represent a family of proteins with the ability to
undergo conformational change. The molecular mechanisms
of these changes are important to understanding the regula-

FIGURE 6: GdnHCl-induced equilibrium unfolding ofR1-AT.
Structural changes in (A)R1-AT, (B) R1-AT(Y160A) and (C)
R1-AT(Y160W) during unfolding were monitored using either changes
in fluorescence intensity (b) or emission maxima (O). All experi-
ments were performed at 25°C with a 2.5 nm band-pass andλex )
290 nm.

FIGURE 7: Stern-Volmer plot for iodide quenching ofR1-AT(Y160W).
Solutions ofR1-AT(Y160W) in buffer (9) and 1.5 M (2) and 6 M
(1) GdnHCl were incubated with increasing amounts of KI, and
the fluorescence emission intensity (λex ) 290 nm;λem ) 332 nm)
was recorded. The lines represent a least-squares fit of the
experimental data as described previously (39). TheKSV values were
determined to be 3.7( 0.04, 5.9( 0.07, and 6.3( 0.05 M-1 for
the protein in 0, 1.5, and 6 M GdnHCl, respectively.
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tion of many biological processes and the cause of numerous
diseases. Our data indicate that the F-helix is conformation-
ally labile and plays a fundamental role in controlling serpin
conformational changes.
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