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ABSTRACT. The denaturation process of porcine odorant-binding protein (pOBP) was studied by intrinsic
fluorescence analysis and far- and near-UV circular dichroism measurements. Our results showed that a
reversible one-step process described the denaturation by GdnHCI. The midpoint of the transition, that is,
the point where the free energies of protein in the native and unfolded states are equal, corresponds to
2.3 M GdnHCI. The difference in free energy between native and unfolded states of pOBERR95
kcal/mol in the absence of GdnHCI, indicating that the protein molecule is very stable to the denaturing
action of GAnHCI. A 15% increase in fluorescence intensity accompanied by a 25% decrease of fluorescence
decay lifetime recorded in the range of 804 M GdnHCI was explained by the destruction of the
complex between Trp 16 and the positively charged atom NZ of Lys 120, localized over the center of the
Trp 16 indole ring, with concurrent formation of complex between Trp 16 and bound water molecules
also located in its close vicinity.

Lipocalins are proteins expressed in animals and plants Lipocalins have already been subjected to molecular
as well as in bacteria. Despite their low sequence identity engineering programs that have highlighted their use as
(less than 20%), they present a conserved structural frameprotein scaffolds for the development of affinity reagents
named “lipocalin fold” made up of two domains: an eight- (3, 4). To this regard, the binding specificity of bilin-binding
strandg-barrel connected by a short linker (hinge sequence) protein, an insect lipocalin, has been optimized for the
to a C-terminal-helix (1). Thes-barrel contains 7680% binding of digoxigenin, a molecule of relevant biotechno-
of the total amino acid residues, and it contains the ligand- logical interest with structural and chemical physical proper-
binding site. The function of ther-helix is not currently ties totally different from those of biliverdin, the natural
known (1). ligand of the native proteirbj. Since explosive compounds

During the evolutionary pathway, the structural frame of have usually a molecular mass and chemical properties
lipocalins gave rise to a large variety of scaffolds, defined comparable to those of lipocalins’ natural ligands, it should
as structural frames that can acquire new binding specificitiesN0t be outrageous to propose the use of these proteins as
when subjected to molecular engineering progra®s ( probe .for optical blosensors for the ;peuﬂc detection of
Protein scaffolds can be used for the production of affinity explosive substances. In this respect, it would be worthy to
innovative biosensors for small molecules sensing. In fact, investigate from a thermodynamic point of view the structural
it is known that protein scaffolds are composed of stable Stability and the conformational dynamics of lipocalins.
frames that do not modify their overall 3-D organization in ~ Odorant-binding proteins (OBP) are a subclass of the
response to multiple changes in their amino acid sequencelipocalin family with the ability to bind reversibly odorant
(2. molecules, which commonly are volatile, small and hydro-

phobic compounds with no fixed structure and chemical
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B-barrel structure common to the lipocalin family formed Stern—Volmer Quenching and Estimation of the Bimo-
by nine strands, with an additional helical domain between lecular Quenching RatesThe conformational state of
residues 124 and 141. Thikbarrel structure shows a high proteins was further characterized by acrylamide-induced
content of hydrophobic and aromatic amino acid side chains fluorescence quenching. Experiments were performed using
forming a big cluster at the protein core and, in particular, excitation at 297 nm with fluorescence emission set at
they set up the internal cavity of thfebarrel itself @). The 360 nm. Quenching data were plotted as the ratio of
conserved disulfide bridge between Cys 63 and Cys 155 linksfluorescence in the absence of quenchgrtf the intensity

the C-terminal moiety to the stranifl. in the presence of quenchéj &gainst quencher concentra-

In this work we used steady-state and time-resolved tion. The resulting data were fit to dynamic parameters
fluorescence spectroscopy as well as circular dichroism according to the SteraVolmer equationly/l = 1 +
experiments to investigate the structural stability and the Ks\[Q], whereKsy is the Stera-Volmer quenching constant
conformational dynamics of pOBP. and [Q] the quencher concentratiohy).

Circular Dichroism MeasurementsCD spectra were
MATERIALS AND METHODS obtained with a Jasco-810 spectrophotometer (Jasco, Japan),

Protein Purification.Pig (Sus scrofabreed Large White) ~ USing & protein concentration of 0.5 mg/mL for far-UV CD
nasal mucosa was obtained from the local slaughterhousemeéasurements. Far-UV CD spectra were recordedl mm
The tissue was collected within 20 min after death and Path length cell from 250 to 190 nm with a step size of
quickly utilized for the extraction of pOBP. Protein was 0-1 nm, a bandwidth of 1.0 nm, and an averaging time of
purified from fresh porcine nasal tissue according to the 4 S- Near-UV CD spectra were recorded in a 1.0 cm path
procedure described by Dal Monte et al0) This procedure  leéngth cell from 400 to 250 nm with a step size of 1.0 nm,
yielded on average 15 mg of purified pOBP-I from a single & bandwidth of 1.5 nm, and an averaging time of 10 s. For
animal. GdnHCI (Nacalai Tesque, Japan) was used without @ll spectra, an average of 5 scans was obtained. CD spectra
additional purification. The GdnHCI concentration was ©f the appropriate buffers were recorded and subtracted from
determined by refraction index with an Abbe refractometer the protein spectra.
(LOMO, Russia). Analysis of Protein 3D Structurélhe location of tryp-

Fluorescence MeasurementBluorescence experiments tophan and tyrosine residues in pOBP was analyzed accord-
were carried out using a homemade spectrofluorimeter with ing to the atomic coordinates of the crystal structure of pOBP
steady-state and time-resolved excitatidt)( Fluorescence  (LA3Y.pdb, @)) available from the PDB databasks|. The
was excited at the long-wave absorption spectrum edgemicroenvironment of the tryptophan or tyrosine residue was
(297 nm), where the contribution of tyrosine residues in the determined as a set of atoms located at a distance less than
bulk protein fluorescence is negligible, and at 280 nm where r'o from the geometrical center of the indole or phenol ring;
both tyrosine and tryptophan residues absorb. The positionTo Was taken equabt7 A (16, 17). The nearest atom in the
and form of the fluorescence spectra were characterized bymicroenvironment to each atom of the indole or phenol ring
the parameterA = (l320l365)207, Where lsz and lsgs are was specified, and the distance between them was deter-
fluorescence intensities at, = 320 and 365 nm, respec- mined. For tyrosine residues the neighbors of the OH group

tively, andAex = 297 nm (L2). The values of parametex were also determined. The packing density of the atoms in
and of fluorescence spectrum were corrected by the instru-a microenvironment was determined as the number of atoms

ment sensitivity. comprising the microenvironment, or as the part of microen-
Analysis of the Fluorescence Decdyp analyze the decay ~ Vironment volume Yo) occupied by the atomsd(= 3 Vi/

curves a special program was uséd)( The fitting routine Vo). The volume occupied by each atokj)(was determined

was based on the nonlinear least-squares method. Minimiza-2ccording to its van der Waals radius, and only the part inside

tion was accomplished according to Marquarti8)( Ex- the microenvironment was taken into account. The real values
perimental data were analyzed using the multiexponential of atom volume are slightly smaller, as atoms are incorpo-
approach: rated in chemical bonds. Nonetheless, this was found to be
not significant for the estimation of microenvironment
I(t) = Zai exp(—t/r) @) packing density of tryptophan and tyrosine residues.
|

The efficiency of nonradiative energy transfer between any

whereo; andz; are amplitude and lifetime of componant two chromophores was evaluated as followg)(

Z(li =1.
The contribution of componertto the total emissiors W= ;6 (4)
was calculated as 1+ 2—/3(5)
] € Ry
o [yexpCtr)dt o, o _ _ _
= = = (2 Here Ry is Farster distancej.e., the averaged distance
Zaiﬁ] exp(t/z;) dt zaifi between randomly orientated donor and acceptor at which
W = 0.5; Ris the distance between the geometrical centers
The root-mean-square value of fluorescent lifetimes,for of the indole (or phenol) rings of a donor and an acceptor;
biexponential decay is determined as andk? is the factor of mutual orientation of the donor and
5 5 the acceptor:
T, + LT,
04T, + 0T, 3) k? = (cosf — 3 cosf, cosh)? (5)
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where# is the angle between the directions of the emission

oscillator of a donor and the absorption oscillator of an -5 18 142
acceptorfp is the angle between the direction of emission ;, 4l 740
oscillator and the vector connecting the geometrical center z 738 /‘”:
of the donor, and), is the angle between the direction of E 10f 736%F
absorption oscillator and the vector connecting the geo- = 734
metrical center of the acceptot9). The values ofR, for 06 132
Tyr—Trp and Tyr~Tyr pairs were taken from re20. All Y :
other parameters were determined according to atoms
coordinates. Oscillators were considered to be rigid in all T o10F
calculations. ‘?é

Molecular Dynamics Simulation3he file 1A3Y.pdb ) g 081
was also used as a starting point to perform molecular a 06 -

dynamics (MD) simulations of pOBP in water. The file was
edited to remove monomer B present in the crystal and the
coordinates of Pro 9 (the first residue in the structure), which 0.18 - c

were not complete. Simulations were carried out using the 2 st °
program GROMACS version 3.3.121, 22), running in g 7

parallel on a cluster with x8664 architecture, with operating § 0.12 -
system Linux CENTOS version 4.2, based on kernel 2.6.9- = 0.09 |

22. The OPLS-AA force fieldZ3, 24) was used throughout
the simulations. A cubic box, containing approximately 6500 006 [ )
water molecules (SPC modelp5) and 16 Na ions to

neutralize the net negative charge of the protein, was used g D
to solvate pOBP. Periodic boundary conditions were applied T L

to eliminate surface effects. A preliminary energy minimiza- go

tion with a tolerance of 1000 kJ/mol/nm was applied using = sl

the steepest descent method. All bonds were constrained %

using LINCS @6). After minimization, the system was = : ‘ ‘ ‘ ,
submitted to a short MD simulation (20 ps) with position o 1 2 3 4 5
restraints to better “soak” the water molecules into the [GdnHCI], M

macromolecule, with a time step of 2 fs and coupling the Ficure 1: GdnHCI induced conformational transitions of pOBP.
system to a temperature bath at 300 K using Berendsen’s(A) The change of the fluorescence intensity recorded at 320 nm
method 27). Berendsen’s pressure coupling was also used. (1) and at 365 nm (2) and the lifetime of fluorescence (3). (B) The

) . . change of the parameteA = lsdlzss (C) The change of
Long-range electrostatics were handled using the F>|VIEquorescence anisotropy at 365 nm. (D) The change of ellipticity

'method. 8). Cutoffs were set at 0.9 nm for' Coulomb at 222 nm. Unfolding and refolding are presented by open and
interactions and at 1.4 nm for van der Waals interactions. closed symbols, respectivelffe, = 297 nm.

The final MD simulation was carried out at 300 K for
500 ps, with a time step of 2 fs and without any position far- and near-UV CD spectra in different concentrations of
restraints. Analysis of the distances between atoms andGdnHCI. All in all the obtained results allowed distinguishing
calculation of dihedral angles during the trajectory was three subranges of GdnHCI concentratiorsl4, 1.4-3.5,
carried out with the program VMD20). and 3.5-5.0 M which are worth examining separately.
A small amount of GdnHCI (81.4 M) causes only local

RESULTS AND DISCUSSION disturbance of the pOBP structure, recorded by the increase

pOBP Unfolding by GdnHCI Recorded by Intrinsic of ellipticity in near-UV (Figure 4, inset) and changes of
Fluorescence and CD SpectrBhe conformational changes fluorescence intensity and lifetime of fluorescence decay
induced by GdnHCI on pOBP were explored by fluorescence (Figure 1A). It is interesting that along with the increase of
spectroscopy and far- and near-UV CD spectral analysis. fluorescence intensity the fluorescence lifetime decreases to
Intrinsic fluorescence emission intensity at 320 and 365 nm the value typical for unfolded protein8@). Earlier we have
as a function of GdnHCI concentration is shown in Figure shown that such amounts of GdnHCI change the slope of
1A. The variation of the parametér= I3,¢ls¢5 Character- temperature dependence of paramétén the temperature
izing the fluorescence spectrum position, is plotted in Figure range preceding heating denaturati@L)( All the other
1B. Intrinsic fluorescence emission spectra excited at 297 parameters, namely, fluorescence spectrum position, fluo-
and 280 nm are reported in Figure 2A and Figure 2B, rescence anisotropy, and far-UV CD spectra, remained
respectively; in addition, Figure 2C represents their difference constant in this first subrange of GdnHCI. The accessibility
spectra characterizing the contribution of tyrosine residues of Trp 16 to the solvent (Figure 5) and the contribution of
to the global fluorescence of the protein. tyrosine residues to the bulk protein fluorescence remain also

The fluorescence intensity decay for native and unfolded unchanged (Figure 2C).
pOBP is given in Figure 3. The variation of the tryptophan  Apparently, the unfolding of protein structure occurred in
residue excited-state lifetime, fluorescence anisotropy, andthe range of GdnHCI concentrations 1.4 to 3.5 M. This
far-UV CD data with the change of GdnHCI concentration process was accompanied by dramatic changes of practically
are presented in Figure 1 panels A, C, and D. Figure 4 showsall recorded parameters. Fluorescence intensity measured at
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= 04r Ficure 3: Decay curves of tryptophan fluorescence of native (A)
and unfolded (B) pOBP. Figures represent excitation lamp profile
02 - (curve 1), experimental decay curve (curve 2), best-fitting calculated
0.0 L fluorescence decay curve (curve 3), and deviation between the
: nan experimental and calculated decay curve (weighted residuals; curve
300 320 340 360 380 400 4). dex = 297 nm,deg = 365 nm. The fluorescence decay curves

Wavelength, nm show the best fit with a three-exponential decay model. The values

o L of 7;, S, ¥, and average lifetimé&are shown.
Ficure 2: Emission spectrum of intrinsic fluorescence recorded S 9

at 297 nm (panel A) and 280 nm (panel B). The difference between . I
the fluorescence spectra excited at 280 and 297 nm (panel C)dlfferent processes characterizing the change of fluorescence

represents the contribution of the Tyr residues to the bulk intensity induced by GdnHCI in concentration intervals-0.0
fluorescence of the protein. The protein solutions contain 0.0, 0.5, 1.4 M and 1.4-3.5 M. In the solutions containing GdnHCI
1.0, 1.4, 18, 2.0, 2.3, 2.6, 3.0, 3.5, 5.0 M GdnHCI. Data over 3.5 M, pOBP is completely unfolded and further
corresponding to three subranges of GAnHCI concentrationsdd i rease in GAnHCI concentrations did not induce noticeable
1.4-3.5, and 3.55.0 M, are colored in red, dark blue, and blue,
respectively. change of the parameters recorded.

Intrinsic Tryptophan Fluorescence and Location of the
320 nm decreases from 1.17 to 0.8, whereas fluorescenceSingle Trp 16 in the Structure of pOBIR.order to elucidate
intensity recorded at 365 nm rose from 1.14 to 1.99 (Figure the process taking place in the first subrange of GdnHCI
1A). In agreement with these changes, the value of parameterconcentrations, we addressed intrinsic fluorescence of pOBP.
A diminished from 1.14 to 0.4%.e., to a value that is typical  Due to its high sensitivity, convenience, and variety of
for completely unfolded proteins. The decrease of parameterinformation obtainable, fluorescence spectroscopy is exten-
Areveals the red shift of protein fluorescence spectra (Figuresively applied in investigations on proteins structure, stability,
2) common with protein unfolding. As is typical for proteins, and folding. The sensitivity of tryptophan intrinsic fluores-
pOBP unfolding is accompanied by a decrease of fluores- cence originates from the large variation of all of its
cence anisotropy (Figure 1C), indicating an increase of parameters as well as from their strong dependence on its
intramolecular mobility with destruction of tertiary structure, microenvironments. At the same time the theory of tryp-
and by a decrease of ellipticity at 222 nm (Figures 1D and tophan fluorescence dependence upon its locations in protein
4), indicating violation of protein secondary structure. Here, could not be regarded as completed. Attempts to make
the only exception was represented by the fact that pOBP generalizations allowing the identification of clear-cut classes
has a low fluorescence lifetime in 1.4 M, which remained of tryptophan residues in connection with protein structural
constant instead of decreasing as usual during proteindetails have failed. Apparently, the fluorescent characteristics
unfolding. The parametric dependen8g)(betweerl ;o and are to a major extent individual and they reflect the
1365 (Figure 6) also proved the existence of two significantly individualities of their microenvironment4 T, 33). In other
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izing GdnHCI induced unfolding of pOBP. Closed circles represent
200 210 220 230 240 250 the results of pOBP refolding. The values on the curves represent
Wavelength (nm) the values of GAnHCI concentrationisx = 297 nm.

Ficure 4: Changes of far-UV and near-UV CD of pOBP induced

by GdnHCI. The far-UV CD spectra of pOBP in solutions contain

0.0,0.5,1.0, 14,18, 2.0, 2.3, 2.6, 3.0, 3.5, and 5.0 M GdnHCI.
Data corresponding to GdnHCI concentrations, 0,03, 1.8~

3.0, and 3.5:5.0 M, are showed in red, green, dark blue, and blue,
respectively. Inset: The near-UV CD spectra of pOBP in solution
containing O (red), 1.2 (green), 1.7 (dark blue), and 4.0 (blue) M.

7

1

0.0 0.2 0.4 0.6 0.8 1.0
[Acrylamide], M

Ficure 5: Acrylamide quenching of intrinsic fluorescence of pOBP
in0, 1.2, 1.7, and 4.0 M GdnHCI (curves 1, 2, 3, and 4).

words, any generalization can be done only on the basis of
comparison of intrinsic characteristics of tryptophan residues’
fluorescence with their location in protein. To this end
proteins with only one tryptophan residue are most valuable.
The study on pOBP ynfolding induced by GdnHCl r_evealed FIGURE 7: Spatial pattern of pOBP. (A) Cartoon diagram of the
unusual_charac;enstlcs of the fluorescence of the single Trp protein. Locgizaﬂoe] of Trp 18 residu(e )(red), Tyr resigdues (blue),
16 of this protein. and the disulfide bridge made between Cys 63 and Cys 155 (yellow)
Analysis of the microenvironment of the single tryptophan are shown as spheres. (B) The surface of the protein. Trp16, NZ
residue of pOBP revealed that, though it is located in the gﬁmodml%léyrsé 15%1?)’\/&”51 OrgteonmgIﬁgbgﬂgdrg\(,jatreersmgcl:zsglles(]g;1§ 1a3tizél
m_acromo_lecule pe_rlphery (F_|gure 7A’B.)’ the d.enSIty of its location of Trp 16, Ly39120, ’and t;ound wa’ter rrﬁ)oleculeys 131, 5)32,
microenvironment is rather high. In fact, it contains 80 atoms 17g i, the structure of pOBP. The figure is constructed on the basis
of amino acids and 3 molecules (131, 132, and 178) of bound of pOBP structure given in file 1A3Y.pdi9). The drawing was
water @ = 0.76). The shortest distance between the atoms generated by the graphic programs VMD and Raster 2D 34).
of the water-bound molecules and the atoms of the indole
ring is 4.13 between 0132 and CZ2, 4.37 between 0178
and NE1, and 6.13 A 0131 and CZ2. Interestingly, the most S L .
effective quencher of tryptophan residue fluorescence, the""rqmat.IC rng in the V'C'mt.y of Trp 16 and the conformation
disulfide bond (Cys 63Cys 155), is about 20 A far from  Of its side chain (Trp 16 is gconformery, = 292, yo =
the indole ring, and this does not explain the lower quantum 111°) can also be essential for its fluorescence characteristics

yield of pOBP in the native state in comparison with the (35 36). MD simulations did not reveal changes of Trp 16

unfolded protein in 5.0 M GdnHCI. The absence of any
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Ficure 9: Efficiency of nonradiative energy transfer between
tyrosine residues and from tyrosine residues to Trp 16 in pOBP.

distance (A)

vicinity of Trp 16 there are three molecules of bound water
(see above) which also can make a complex with the indole
ring in the ground and excited states.

On increasing of GdnHCI concentration, pOBP fluores-
cence intensity (quantum yield) raises, while fluorescence
lifetime decreases. The possibility of absence of correlation
between fluorescence lifetimeland fluorescence quantum
yield [g[for tryptophan residues in proteins was for the first
time mentioned by Szabo et aB9). For several proteins
with one tryptophan residue, it was found that the radiation
lifetime 7o = 7/q can differ. We have suggested that
uncorrelated changes of fluorescence lifetime and quantum
yield could be explained by the formation of exciplex&g)(

The formation of such a complex was for example found
for RNase T140): it was shown that single Trp 59 of RNase
T1 in the excited state forms a complex with the molecule
of bound water located in the vicinity of the NE1 atom of
the indole ring 40). So, the possibility that this can also
happen with pOBP should not be excluded.

| The addition of a small amount of GdnHCI (up to 1.4 M)
does not change the tertiary structure of the protein; however,
the tryptophan microenvironment is likely disturbed leading
1001 7 to disruption of the complex of Trp 16 with the NZ atom of

g 1 Lys 120 and consequently to the enhancement of fluores-

= cence intensity. The possibility of significant increase of the
e e " distance between atom NZ of Lys 120 and the indole ring
0 100 290 300 400 300 of the tryptophan residue of pOBP in water was shown by
Time (psec) molecular dynamic simulations (Figure 8). Apparently in
Ficure 8: Time dependences of the distance between the NZ atom1.2 M GdnHCI such events will happen more frequently.
of Lys 120 and the indole ring of Trp 16 (panel A), and of dihedral g ,ch tryptophan microenvironment disturbance does not
anglesy; (panel B) andy, (panel C). change the accessibility of tryptophan residue to the solvent.
side chain conformation (Figure 8). We suggested that Trp It remains as low as in water (Figure 5). At the same time
16 fluorescence characteristics are to a great extent dependergsymmetry of tryptophan residue microenvironment even
on the positively charged NZ atom of Lys 120 located in its increases (Figure 4, inset). This can also promote the
close vicinity. formation of exciplexes of Trp 16 with bound water

The Role of Lys 120 and Bound Water in the Formation molecules, which like Lys 120 are in close vicinity to Trp
of Trp 16 Fluorescence Characteristidhe only polar group 16 (Figure 7C) and can explain the decrease of fluorescence
in the vicinity of Trp 16 is Lys 120 (Figure 7C). It has been lifetime.
shown that lysine residue is a weak quencher of tryptophan It is known that GAnHCI (like urea) is a better solvent for
fluorescence 37). The side chain of Lys 120 is located the unfolded state than for the folded state of proteins.
practically parallel to the indole ring of Trp 16. The nearest GdnHCI is supposed to form hydrogen bonds with the polar
atom of this residue NZ is separated from the center of the groups of the polypeptide backbone thereby favoring the
indole ring by only 4.15 A. For this atom the nearest atoms more solvent-exposed state. So, the further addition of
of the indole ring are CE2 (4.24 R), CZ2 (4.24 A), and CH2 GdnHCI from 1.4 to 3.5 M breaks down the tertiary structure
(4.3 A). We have previously mentioned that quenching and consequently disturbs the complex that Trp forms in the
efficiency of polar groups depends not only on the distance protein native state with Lys 120, thus inducing a further
between the quenching group and Trp residue but to a greatincrease of fluorescence intensity and a red shift of fluores-
extent upon its spatial location relative to the indole ring cence spectrum.

(17, 33). Probably it is very important that positive charge Besides Trp 16, pOBP also possesses five tyrosine residues
of Lys 120 is located just over the center of the indole ring, whose contribution to the intrinsic fluorescence of the protein
since this charge location is known to be the most favorable upon excitation at 280 nm is quite small (Figure 2B). This
for the formation of a complex between this group and the can be explained by an effective energy transfer from tyrosine
indole ring 38). Complex formation between Trp 16 and residues to Trp 16 (Figure 9). As it could be expected, in
Lys 120 could explain the low fluorescence intensity of the the unfolded protein the conditions for an effective energy
native protein. It is necessary to keep in mind that in the transfer are disturbed and consequently, when the protein is

%, dihedral (degrees)

%, dihedral (degrees)

o«
=
T
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denatured by GdnHCI, the contribution of the tyrosine Oy
residues to the bulk fluorescence of pOBP increases signifi-1_(
cantly (Figure 2C). In the unfolded protein, the tyrosine
fluorescence emission spectrum becomes distinctly separatet
from that of the tryptophan residue, which is red-shifted 07 L
(Figure 2B). As it was mentioned in the previous section,

the change of fluorescence intensity (quantum yield) and
fluorescence lifetime in the range of 6:0.4 M GdnHCI

are caused by the local changes in the microenvironment of0.4

Sk bow e o

AGY([GdnHCI]), keal/mol

1 2 3 4
[GdnHCI], M

the tryptophan residue, but not by a global change of protein oo Ay -A([D])
structure. ol A([D])- 4,

Stability of pOBP Structure to Denaturating Action of 0.1 |+ ;. Ay -A([D])
GdnHCI.The nature of the changes of all other fluorescence k([p])= Toos XW
parameters and that of CD spectra suggests that the unfolding ! o I ! !
process starts at higher concentration of GdnHCI(B.4 0 1 2 3 4 5
M) and that it is a two-state reversible process, at least at a [GdnHCI], M

temperature between 20 and 28. Analysis allows the

determlnatlon Of thermodynamlc parameters descnblng Ficure 10: The detel’mination Of thermodynamic Chal’acteristics
. o . . of pOBP unfolding by GdnHCI. The dependences of part of native
protein stability to the denaturating action of GdnHCI. pOBP moleculesoy) on GdnHCI concentration determined on the

Usually it is taken that protein stability.¢., the difference  pasis of the ellipticity at 222 nm (black symbols) and on the basis
between protein free energy in native and unfolded states)of parameterA taking into account correction coefficienyges/

is a linear function of denaturant concentratidi)( lyzes) (green symbols) and regardless of it (red symbols). Inset:
The corresponding dependence\@° on the GdnHCI concentra-
o — o tion.
AG®([D]) = AG*([0]) + m[D] (6)

where [D] is concentration of denatura#tG°([0]) is the it will be easy to show that

difference of free energy of macromolecule in the absence

of denaturantin = d(AGy-u[D])/d([D]). The valueAG([D]) K([D]) = Iniz6s A — ADD (11)

is connected with the equilibrium constagg_u by equation ly,36s A([D]) — Ay

AG°\_y([D]) = AH°\_,([D]) — TAS\_,([D]) = — Evidently, eq 11 is similar to eq 9, but they differ by the
RTIn Ky_,([D]) (7) coefficient Iy zsdlu,z65 SO parameteA cannot be used for

the evaluation of the equilibrium constant without correction
of the coefficient and for certain maximum of fluorescence
spectrum position cannot be used for the determination of
the value of the equilibrium constant.
In conclusion, with the use of intrinsic fluorescence and
CD methods, in the present study we have shown that pOBP
— unfolding induced by GdnHCI is a one-stage reversible
([DD = an([PD 1y + o, (D1, ® process. Data were used for the determination of thermo-
oy([D]) +oy(D]) =1 dynamic characteristics of pOBP unfolding by GdnHCI
(Figure 10). The midpoint of the transition, where the free
consequently, energies of the protein in native and unfolded states are equal,
corresponds to 2.3 M of GdnHQh = 2.6 kcal mof* M1,
Iy — 1([D]) The difference of protein free energy in the native and
@) =1, 9) unfolded states in the absence of denaturant5s95 kcal/
U mol, i.e., protein is very stable to the denaturating action of

: I . . GdnHCI.
It must be pointed out that this simple equation for determin- :

ing K([D]) is valid only for the extensive characteristics of ACKNOWLEDGMENT

systems, and not for the intensive ones, such as parameter

A, and fluorescence anisotropy. At the same time often itis e gratefully acknowledge Dr. Umberto Amato for the
not considered and even the position of fluorescence availability of the cluste_r “Lllllgrld” I0<_:ated atthe IAC-CNR,
spectrum maximum is used for determination of equilibrium Naples, to run MD simulations with the program GRO-
constant 42). To illustrate the statement that eq 9 is valid MACS.

only for extensive values, we shall show how paramgéter

where H is enthalpy, T is the absolute temperatur8,is
entropy, andR is the universal gas constant. For any
extensive characteristic of the system containing two com-
ponentsge.g, for fluorescence intensity, we can write

K([D]) =
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