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ABSTRACT. Nitroxide radicals exhibit a number of chemical and physical properties that make them extremely useful molecules for studying biochemical systems, especially the metalloporphyrins. The aim of this work was to investigate the Tempyo spin label as a report group for the interactions and the conformational changes of lyophilized Cytochrome c and Ovalbumin, as function of pH. values in the range 2.5÷12. The EPR spectra are similar with those of other noncovalently 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.

Introduction

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 noncovalent spin labeling if the affinity of the protein for the label molecules is great enough to affect their motional freedom [1-4]. In the same time, EPR has been an invaluable tool for probing microscopic molecular motions in a variety of systems, including isotropic solvents [5,6], liquid crystals [7,8], model membranes and biomolecules [9,10]. The EPR spectrum of a nitroxide radical depends not only on the magnetic interactions of the unpaired electron spin but also on the reorientational motion of the probe molecule. The dependence is relatively simple when the reorientation is sufficiently fast, or more specifically, when τ∆ω«1, where τ is the correlation time characterizing the motion and ∆ω is a measure of magnitude of the orientation dependent part of the spin Hamiltonian. In this case the EPR spectrum is a simple superposition of Lorentzian lines. For slower rotations, i.e., when τ∆ω≥1, the EPR spectrum depends in a much more complicated fashion on the combined influences of molecular motion and magnetic interactions and the line shape can be analyzed only by using a theoretical approach [11]. These “slow-motional” line shapes are most often calculated using the stochastic Liouville equation, which can be solved numerically [12] to obtain the EPR spectra for fast or slow motions and for various Markovian models for reorientation.

In the present work, noncovalent spin labeled Cytochrome c and Ovalbumin with Tempyo spin label (3-carbamoyl-2,2,5,5-tetramethyl-3-pyrrolin-1-yloxy) were investigated both in liquid and lyophilized samples, in the pH range 2.5
[image: image1.wmf]¸

11, in order to obtain useful information related to the interaction between the nitroxide group and the active site of the proteins. Interactions of spin label with hemic or nonhemic proteins might affect the spin label spectra and in the same time it is well known that the pH stronglyy influences the conformation of proteins leading to significant changes in the type and degree of these interactions [13]. In this pH range, we followed the effect of protein conformational changes on the interactions between the nitroxide and the active site of proteins and also the pH influence on molecular motion emphasized by the EPR spectra of the spin label.

Materials and Methods

Powder Cytochrome c and Ovalbumin from SIGMA Chemicals, were used without further purification. Proteins were hydrated in phosphate buffer physiological saline at a final concentration of 10-3 M. Tempyo spin-label (3-carbamoyl-2,2,5,5-tetramethyl-3-pyrrolin-1-yloxy), from SIGMA Chemicals, was added to the liquid samples of each protein in a final concentration of 10-3 M (protein/spin label molar ratio 1:1) and the pH values were adjusted to the desired value in the range 2.5÷11. The amount of 5 ml from each sample was lyophilized for 30 hours at –5oC 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 GHz), 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, microwave power 20mW. 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.nih/LMB).
Results and Discussion

EPR spectra of liquid samples are typical for fast motion nitroxide radicals in liquid environment, being similar for both proteins, at all pH values. The characteristic powder EPR spectrum of a nitroxyl radical at X band is due primarily to anisotropy in the nitrogen hiperfine coupling. Fig.1 display the experimental and simulated spectra for Tempyo labeled Ovalbumin, lyophilized, at various pH values.
The z-axis of the g and hyperfine matrices is approximately along the axis of the nitrogen p orbital that is involved in π bonding to the nitroxyl oxygen. When the external magnetic field is along this axis, the nitrogen hyperfine splitting, Azz , is about 35 G, while in the perpendicular plane, Axx =5.33 G and Ayy=8.46 G. Generally, in studying the motional effects in spin label spectra, the changes in g-factor are not relevant and hence, Azz parameter is the one which offers the substantial information concerning the rotational motion of the molecule in different environment [4,10]. Computer simulation analysis of Tempyo labeled Ovalbumin emphasize a Gaussian lineshape and a single paramagnetic spices for the best fit of experimental spectra. According with [12,14], when rotational motion is slow enough that the spectra approach the powder spectrum limit, the rotational correlation time (τ) can be evaluated using the relation:

τ = α (1- Azz’ /Azz ) β, where α = 2.25· 10-9, β = - 0.615
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and Azz /Azz is the ratio of the observed splitting between the derivative extrema 2Azz and the principal value of Azz determined from the powder spectrum. The results are consistent with the “moderate jump diffusion” model for rotational diffusion [11,14] in which the molecule has a fixed orientation for some average residence time τ and then “jumps” through an average angle of (6Dτ)1/2 radians, where D is the diffusion coefficient.

As showed in Fig. 3, the pH strongly influence the rotational correlation time with respect to Ovalbumin. In acid pH range, the NH2 groups of the label molecule as well as those of the aminoacids residues are protonated. The fact that τ shows greater values in this range followed by a significant decrease in basic pH range, indicate a low mobility of Tempyo label in acid environment while a significant increase of mobility can be noticed in basic pH range. A minimum mobility can be observed around the izoelectric point ( pHi = 4.5) of this protein. The pH dependence of correlation time (involving the mobility of the label as well) results on the one hand from the electrostatic interactions which are stronger in acid environment, and on the other hand, the mobility is reduced by forming hydrogen bonding with the exposed aminoacids residues of the protein [15].
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Figure 2 display the experimental and simulated spectra for Tempyo labeled Cytochrome c, lyophilized, at various pH values. In perpendicular plane, the nitrogen hyperfine splittings are Axx = 4.51G  and Ayy = 4.77G, on the average. Along the z axis, Azz = 30G on the average, the values being similar to those calculated for covalently labelled methemoglobin and other porphyrins in frozen samples under 50 K [18,19].

In the present study of noncovalent labelled Cytochrome c, the best fit of the experimental spectra can be obtained by assuming the presence of two sites in Cytochrome c, associated with two nonequivalent paramagnetic species [10]. Computer simulations indicate weighted sum of Gaussian lineshapes (static case) and Lorentzian lineshapes (dinamic case). The first species, with Gaussian lineshape and well resolved hyperfine splitting, is not influenced by the presence of the hemic iron.The correlation time versus pH (Fig. 3) reveals that in acid pH range the mobility of Tempyo decreased and has a mimimum value near the pH=5.5. By comparing with Ovalbumin case, we can notice that the mobility of Tempyo is greater with respect to Cytochrome c then to Ovalbumin. The second species in Cytochrome c,with Lorentzian lineshape, is obviously influenced by the presence of the hemic iron. The lack of hyperfine structure of this species is due to the dipolar and spin-spin interaction between the nitroxide radical and the paramagnetic iron of the hem group. As shown in Fig.3 the mobility of this species is very little affected by the pH variation. We suggest that in basic pH range, where the label is not subject to strong electrostatic interactions, dipolar and spin-spin interactions are preferential manifested. However, the latter are [image: image4.wmf]2
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less intense than the former, as results from Fig.3.

Conclusion

Noncovalent labeling of proteins can give valuable informations on the magnetic interactions between the label molecule and the paramagnetic center of the proteins. The relevance of this interaction can be obtained from lineshape analysis: computer simulation for nonhemic protein assume a Gaussian lineshape, while for hemic protein is assumed a weighted sum of Lorentzian and Gaussian components. In the framework of the “moderate jump diffusion” model for rotational diffusion, the rotational correlation time is strongly influenced by pH, due to the electrostatic interactions and hydrogen bonding. 
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Fig.1.Experimental and simulated spectra of Tempyo labeled Ovalbumin
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Fig.2. Experimental and simulated spectrum of Tempyo labelled Cytochrome c.
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Fig.3. Correlation times vs pH:(——)Cytochrome c-Tempyo (gaussian lineshape); (─□─ ) Ovalbumin–Tempyo (gaussian lineshape); (__ ●__)Cytochrome c-Tempyo (lorentzian lineshape).
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