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Abstract

Electron Paramagnetic ResonandPR) was used to investigate the Tempyo spin lab&icarbamoyl-2,2,5,5-
tetramethyl-3-pyrrolin-1-yloxy as a report group for the interactions and the conformational changes of lyophilized
bovine serum albumiiBSA) and bovine hemoglobitBH), as function of pH values in the range 2.5-11. The EPR
spectra are similar with those of other non-covalently spin label porphyrins in frozen solution at very low temperatures.
This behavior indicated a possible spin—spin interaction between the hemic iron and the nitroxide group. The changes
in the EPR spectra as function of the pH are discussed in terms of conformational changes of the proteins. Spectral
simulations and magnetic EPR parameters reveal the followingone single paramagnetic species, with Gaussian
line shape, was used for the best fits of experimental spectra in the case of serum albumin sampl&$;aand
weighted sum of Lorentzian and Gaussian line shape in the case of hemoglobin samples. The representation of
correlation time vs. pH, reveals a dependence of degree of immobilization of spin label on the conformational changes
of proteins in acidic and basic environment.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction transactions(binding, catalysis Therefore, pH
usually has rather dramatic effects on the function
Proteins are polymeric chains that are built from of proteins. Polar residues are both buried as well
monomers called amino acids. All structural and @s on the surface of the protein. They either form
functional properties of proteins derive from the hydrogen bonds with other polar residues in the
chemical properties of the polypeptide side-chain. Protein or with water. Non-polar residues do not
The ionizable groups of the side-chains of charged interact favorably with water. However, a signifi-
amino acids are often involved in biochemical Cant number of non-polar residues are also found
on the surface of the protein. Therefore, it is
*Corresponding author. Faxt 40-59-41-8266. important to study the interactions of proteins with
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molecules sufficient affinity for the binding site of
interest on protein1,2]

The successful application of spin labeling to
protein structure investigations is limited by the
possibility to chemically change specific side
chains in proteins. However, useful information on

protein properties can be obtained by non-covalent

spin labeling if the affinity of the protein for the
label molecules is great enough to affect their
motional freedom[3—€]. The rate of rotatior(or
tumbling) of the spin label influences the lineshape
of its EPR spectrum. Therefore, the EPR signal of
a spin label covalently or non-covalently bonded
to a biomolecule can yield a range of information
about its structural environment in conventional
ESR and allows for full spectral coveradg§gl.
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Fig. 1. The chemical structure of Tempyo spin label.

ological saline at a final concentration of 10 M.
Tempyo spin-label(3-carbamoyl-2,2,5,5-tetrame-
thyl-3-pyrrolin-1-yloxy), from Sigma Chemicals
(Fig. 1), was added to the liquid samples of each

In the same time, EPR has been an invaluable protein in a final concentration of 1  Nipro-

tool for probing microscopic molecular motions in
a variety of systems, including isotropic solvents
[9], ligquid crystals [10], model membranes and
biomolecules[11-13.

In the present work, non-covalent spin labeled
bovine serum albumifBSA) and bovine hemo-
globin (BH) with Tempyo spin label(3-carba-
moyl-2,2,5,5-tetramethyl-3-pyrrolin-1-yloyywere
investigated both in liquid and lyophilized sam-
ples, in the pH range 2.5-11, in order to obtain
useful information related to the interaction
between the nitroxide group and the functional site
of the proteins.

Interactions of spin label with hemic or non-
hemic proteins might affect the spin label spectra
and in the same time it is well known that the pH
strongly influences the conformation of proteins
leading to significant changes in the type and
degree of these interactiofi$4]. In this pH range,
we followed the effect of protein conformational

tein/spin label molar ratio 1;)1and the pH values
were adjusted to the desired value in the range
2.5-11. An amount of 5 ml from each sample was
lyophilized for 30 h at—5 °C and used for the
EPR measurement, at room temperature.

EPR spectra for both liquid and lyophilized
samples, were recorded at room temperature with
a JEOL-JES-3B spectrometer, operating in X-band
(9.5 GH2, equipped with a computer acquisition
system. Samples were placed in quartz capillary
tubes. The spectrometer settings were: modulation
frequency 100 KHz, field modulation 1 G, micro-
wave power 20 mW. The computer simulation
analysis of spectra, for obtaining the magnetic
characteristic parameters, was made by using a
program that is available to the public through the
Internet(http://alfred.niehs.nilLMB).

The lineshape of an EPR spectrum depends,
among other factors, on the orientation of the
paramagnetic center with respect to the applied

changes on the interactions between the nitroxide magnetic field. In a powder, or a frozen aqueous
and the functional groups of proteins and also the solution, the paramagnetic centers will be fixed
pH influence on molecular motion emphasized by with a random distribution of orientations, and in
the EPR spectra of the spin label. the case of anisotropic g- and hyperfine interac-
tions this will lead to a broadened EPR spectrum,
since all orientations contribute equally. In the
liquid state, however, the paramagnetic centers are
Powdered bovine serum albumin and hemoglo- not fixed but undergo rotational fluctuation. In the
bin (>95% methemoglobinfrom Sigma Chemi-  case of fast rotation, the anisotropic interactions
cals, were used without further purification. are thereby averaged to zero, giving rise to sharp
Proteins were hydrated in phosphate buffer physi- EPR lines. If the velocity of the rotational motion

2. Materials and methods
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decreases, the EPR spectrum will approach that of

the powder spectrum. Therefore, a rotational cor-

relation time for a paramagnetic molecule can also above 3300 G,Ag and AaM

be determined by EPR using semiempirical for-
mula [15].

For isotropic motion in the rapid tumbling limit,
the spectra will be isotropic with the averages of

the principal components of the g-values and T8

hyperfine splitting factor,a™. The rate of the
isotropic motion determines the relative widths of
resonances and the widthAH,,, of an individual
(hyperfing line, in the first approximation can be
written as a function of the component of the
nitrogen nuclear spin numbetm= -1, 0, 1
[16,17:

AH,,=A+B-m+C-m? (D

where theA coefficient includes other contribu-
tions than motion. The ternsandC are functions
related to the rotational correlational tinge) and
can be defined as a function of peak-to-peak line
width of the central lineAH, [G], and the ampli-
tudes of themth line I, [14]:

AHO /Io /Io
Iy

—O 103w JAgAa™
+3(3g)(daN ]TB[1+3(1+03 2)~ 1] 2
I | 1o
3
=1.181-106[(AaN)2+3(8aN)2]TC[1—g
1
X(1+ w213~ 1— 81+w272) } 3
in which
1
AaN=a?z—§(a§“x+a,\',“y), SaNE(aﬁ—aﬁ'y) (4)
1 1
Ag:gzz_é(gxx_gyy)? ngé(gxx_gyy) (5)

and oy=8.8x10"° (a"y, a™ is the isotropic
hyperfine splitting andw, the ESR spectrometer
frequency in angular units.
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In the range from %10~ 1! to 10°° s(motion
in the rapid tumbling limit and magnetic field
vanish, and the
correlation timesr,; and 7. are directly related to
the B and C coefficients by the following simple
relations[5]:

TZ:K]_’B
TC=Txy=K2.C (7)

whereK,;=1.27x10"° andK,=1.19x10"°. The
average correlation times is:

(6)

1/2 (8)

The slow motion of spin probe, lead to a
broadening of the EPR lines. In this case, the
rotational correlation timer, is larger than 10°
s, and thus, the relatio(8) is not applicable.

The isotropic nitrogen hyperfine splitting chang-
es to a powder like spectrum, with the peak-to-
peak distance between the external peaks of the
spectrum[2:a’.. (N)] depending on the magnitude
of the rotational correlation time, [18,19. Anoth-
er lineshape theory for slow isotropic Brownian
rotational diffusion of spin-labeled proteins has
been developed by Fred#l]. Thus, the correlation
time can be evaluated from the ratio of the
observed splitting between the derivate extreme
a',. and principal valuez.., determined from rigid
matrix spectrum{5,7]:

a,ZZ B
T=a|l——=
aZZ

The a and B parameters depend on the kind of
the diffusion process, wherweandb are empirical
constants, which are tabulated in e.g. Poole and
Farach (1987 [15]. For small spin probe, the
intermediate jump diffusion is preferabl&5].

T= (TB- TL‘)

(9

3. Results and discussion

In the low concentration liquid state BSA and
BH solution, the Tempyo spin label which is a
relatively small molecule, gives rise to a spectrum
with narrow lines and constant hyperfine splitting,
typical for fast isotropic rotational motio€Fig. 2)
with a very low rate of migration between protein
molecule and water. For this kind of rotation, the
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Fig. 2. EPR spectrum of the Tempyo spin label at low pH.

rotational correlation time can be estimated from
the intensity ratio of the low-field and high-field
N-lines using a semi-empirical formulé). For
the Tempyo spin label in BSA and BH aqueous
solution, the calculated rotational correlation times
was 2x1071° s and 2.X10 ° respectively,
which is consistent with fast rotation as expected
for a small molecule.
No detectable changes were observed in EPR . . . .
spectra of aqueous solution of Tempyo spin label ' ! ' *
without proteins, at different pH values. 3250 3300 3350 3400 3450
The characteristic EPR spectra of a Tempyo spin Magnetic field (G)
label in lyophilized BSA is due primarily to
anisotropy in the nitrogen hyperfine coupling Fig. 3. Experimental——) and simulated......) EPR spectra
which is typical for slow rotation. For slow rota- of Tempyo spin label in lyophilized bovine serum albumin at
tions, the EPR spectrum of spin labels depends, in various pH values.
a much more complicated fashion, on the com-
bined influences of molecular motion and magnetic with two non-equivalent paramagnetic species.
interactions. Fig. 3 displays the experimental and Computer simulations indicate a weighted sum of
simulated spectra for Tempyo spin label in lyo- mixed Gaussian lineshapéstatic dipolar interac-
philized BSA at different pH values. In order to tions) and Lorentzian lineshapdspin—spin inter-
find the magnetic parameters, the experimental actions. Generally, the broadening of the Gaussian
EPR spectra were simulated. The best fit of exper- lineshape are due to static dipolar interactions of
imental EPR spectra of Tempyo spin label in
lyophilized BSA, was obtained assuming a single Table 1
paramagnetic species with magnetic parametersMagnetic parameters values of Tempyo spin label in lyophili-
listed in Table 1, and a Gaussian lineshape corre-2ed bovine serum albumin at various pH values
sponding to static dipolar interactions. oH 2. o ‘. 4. (G) A, (G) A.(G)
The main feature of the EPR spectra of Tempyo

; : o e 11 2.01028 2.00841 2.00441 4.72 853  35.48
spin label in lyophilized haemoglobiGFig. 4), 05 200113 200762 2.00484 616 t ol 33.96

like the Tempyo spin label in lyophilized BSA, g7 501158 200781 200461 641 569  32.98
exhibit the characteristics to slow motion of spin g7 2.00113 2.00742 2.00500 6.15 6.55  32.20
label but with more broadening of the lineshape. 55 2.01147 2.00809 2.00505 6.03  7.83  35.45
The best fit of the simulated experimental EPR 4.5 2.01259 2.00672 2.00588 7.79 ~ 6.98  35.52
spectra can be obtained by assuming the presence3-> 201243 2.00660 2.00538 8.28 534 3546

of two functional groups in hemoglobin associated

5 2.01269 2.00662 2.00459 6.38 5.66 35.91
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moglobin and other porphyrins in frozen samples
under 50 K [21,23. In these previous studies,
spectra of covalently labeled methemoglobin were
analyzed by using perturbation calculations in
order to estimate the iron to nitroxyl distances and
it was suggested that plausible distances are in the
range of 14.5-17.5 A. The tensor andd tensor
components used in the simulation for the best fit
values of the simulation of the effective powder
spectrum, are presented in Table 2.

Due to increased spatial restrictions of protein
structure in the vicinity of the label, by lyophili-
zation, the mobility of spin label is slow on the
EPR time scale(~5x10° s 1), leading to a
broadening of the EPR lines, with the peak-to-
peak distance between the external peaks of the
spectrum[2-a’.. (N)] depending on the magnitude
of the rotational correlation times. Generally,
broadening of the peaks in an EPR spectrum is

3250 3300 3350 3400 3450
Magnetic field (G)

Fig. 4. Experimenta(——) and simulated......) EPR spectra
of Tempyo spin label in lyophilized bovine hemoglobin at var-

ious pH values. total spectrum

the spin label molecules whereas the broadening
of the Lorentzian lineshape is due to to spin—spin
interactions[20]. Figs. 5 and 6 present the EPR
spectra of Tempyo spin label in the lyophilized
BH at low and high pH, in which the contribution

of each species is displayed. At low figH 2.5),

the main contributions are due to species with
Gaussian line shapé~80%). This contribution
decreases te-50% at high pH(pH 11). The first
species with Gaussian lineshape and poor resolved
hyperfine splitting is not influenced by the pres-
ence of the hemic iron and, therefore, we assume
to be located far from the hemic group. The second
species with Lorentzian lineshape and a well — 1 . 1+ . 1 .
resolved hyperfine structure is located, probably, 3250 3300 3350 3400 3450
near the hem group, giving rise to a spin—spin Magnetic Field (G)
interaction between the nitroxide radical and the

para_magnetic iron Of_ the hem group. Our results Fig. 5. The experimental EPR spectrum and its subspectra of
are in accordance with covalently labeled methe- Tempyo spin label in lyophilized hemoglobin at pH 2.5

subspectrum |
(Gaussian line shape)

subspectrum I
(Lorentzian line shape)
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integral spectrum

subspectrum |
(Gaussian line shape)

subspectrum I
(Lorentzian line shape)

L 1

1 1 1 ]
3300 3350 3400 3450

Magnetic Field (G)

3250

Fig. 6. The experimental EPR spectrum and its subspectra of
Tempyo spin label in lyophilized hemoglobin at pH 11.

indicative of immobilization of the spin label,
whereas sharpening of the peaks is indicative of
an increase in label mobility. By comparing the
apparent nitrogen hyperfine splittingermeda’.,
(N)] with the nitrogen hyperfine splitting obtained
from their rigid limit values|a,, (N)], the rotation-

al correlation times can be calculated using for-
mula 9. The values ok andp coefficients depend
on the motional model. The study of the influence
of different diffusional models on the spectral line
shape in the regime of slow motional spin label
by high EPR fields has shown that jump diffusion
mainly affects the line widths at the same motional
rates [23]. In our calculations, the intermediate
jump diffusion model was considerate, with coef-
ficients values otv=5.4x10"'° s and3 = —1.36
[15]. The average correlation time for different
values of pH are plotted in Fig. 7. As shown in
figure, the pH influences the rotational correlation

S. Cavalu et al. / Biophysical Chemistry 99 (2002) 181-188

Table 2
Magnetic parameters values of Tempyo spin label in lyophili-
zed bovine hemoglobin at various pH values

PH g. gy . AL (G) A, (G A (G)
11 2.01242 2.00771 2.00372 4.81 870 3401
2.01117 2.00497 2.00610 6.42 7.76 3316
9.5 2.00935 2.00839 2.00478 6.19  13.89 3482
2.01079 2.00695 2.00465 6.11 729 3306
8.1 2.01133 2.00702 2.00464 8.38 6.68 3987
2.01500 2.00428 2.00592 8.64 6.50 32%0
6.7 2.00115 2.00773 2.00425 3.27 820 3%73
2.01213 2.00476 2.00556 7.43 8.88 334
5.5 2.012442 2.00821 2.00471 9.52 7.32 3462
2.001050 2.00592 2.00541 5.86 6.12 3545
45 2.01609 2.00768 2.00522 9.20 7.66 3603
2.01198 2.00416 2.00523 7.43 8.88 3%°15
3.5 2.01265 2.00816 2.00413 4.14 539 3659
2.01169 2.00287 2.00506 7.06 9.36 3546
2.5 2.01344 2.00844 2.00506 9.83 10.38 3626
2.01270 2.00471 2.00548 4.67 580 35978

(L), Lorentzian lineshapd;G), Gaussian lineshape.

time. In the acidic pH range the NH groups of
the label molecule as well as those of the amino
acids residues are protonated. The fact thsthiows
greater values in this range followed by a signifi-
cant decrease in the basic pH range, indicate a
low mobility of spin label in acidic environment
while an increasing of mobility can be noticed in
the basic pH range. A minimum mobility can be
observed around the isoelectric point of both pro-
teins (for BSA pH;=4.8, and for BH, pk=6.8).
From the pH dependence of correlation time
(involving the mobility of the label as well we
assume that in an acidic environment the mobility
of spin label molecules are reduced due to the

25
g
0 L
@ “ A A \
c 15
: ah

pH

Fig. 7. Correlation time€7) as a function of pH for Tempyo
spin label in lyophilized bovine serum albun{ill) and bovine
hemoglobin(A).
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