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1.INTRODUCTION

The functionality of the proteins is due to their flexibility properties. A similar rigid structure would not be able to perform the task the protein is designed for. The flexibility of the proteins is due to the fact that there are internal degrees of freedom of the atoms in the protein. As a result the intrastructural mobility of proteins is an important feature which received much attention during the last years. The present work is intended to investigate the correlation of this mobility of the atoms inside the protein chain for a particular class of proteins, namely the cytoskeleton proteins. 

Eukariotic cells have distinct shapes and a high degree of internal organization. They are capable of changing their shape and, in many cases, of migrating from one place to another. These properties of shape and movement depend on networks of filaments in the cytoplasm that serve as the cell's cytoskeleton. Among the most important types of filaments in the cytoskeleton are the actin filaments. They are composed of globular protein units or actin monomers. These monomers, also known as actin G, has a molecular weight of 42.000. The structure of the molecule is stabilized by binding a calcium ion and an ATP molecule noncovalently bound. 

There are some clues in the literature that the temperature factor of the proteins, which is related to the internal mobility, might have a fractal structure (1-2). This has never been checked up directly until present. In a series of investigations on proteins alone and bound proteins to their substrate it was revealed that temperature factor series of all atoms have a fractal character. To be more specific these papers searched for a deterministic chaos behavior when the protein binds to the substrate. Suppose the temperature factor series for the free protein is {Tfreei} and {Tboundi) is the similar series when the substrate is bound to the protein. The procedure was to subtract these two series, and to search for attractors in the resulting series {Tfreei} - {Tboundi). Preliminary to the attractor analysis it was also performed a Fast Fourier Analysis (FFT) on the subtracted series which resulted typically in a fractal plot (log of amplitude versus log of frequency can BE fitted by a line whose slope represents the scaling exponent (). As the result of subtraction of the two series is a fractal object, it means that also the two initial series are fractal. This is what we want to prove directly in this work. Besides, it is known that if the series is nonstationary, then FFT procedure introduce further correlation into the spectrum which to not directly reflect the correlation of the fluctuations. In order to avoid this problem we used a supplementary method of analysis. 

We have also explored the random walk plot of the temperature factor series in order to draw preliminary conclusions on the changes induced by the binding of proteins. 

2. MATERIALS AND METHODS

The protein of choice was actin. In the Protein Data Bank we found structural and temperature factor series for two complexed forms of actin with other two proteins: an actin-gelsolin complex and a an actin-deoxyribonuclease complex. In both cases actin has calcium and ATP bound which are necessary conditions for the stability of this protein. Therefore we have, in fact, available data for four proteins. We can make therefore interprotein and same protein bound to different proteins comparisons.

The series of data used for analysis was limited to the main chain atoms:

N ( C( ( C ( N  ( C( ( C ( ...

where C( is the alpha carbon, or the central atom in the amino acid. 

The series was subjected to FFT and the spectrum was plot as a double log plot. The spectrum was fitted with a line with slope (. The series were also subjected to Detrended Fluctuation Analysis which removes the nonstationarities in the series. The resulting scaling exponent is a "pure" one and denoted as (. The relationship between the two exponents is:

( = 2( - 1

This is a theoretical relationship as the calculated value of a (calculated from an ( value may be different to the experimental value (. When (calculated ( (, then the series contains nonstationarities.


It is instructive to explore the series of the temperature factors either in the raw form or as or as a random walk curve. This latter plot involves integration of the fluctuation step by step. We shall refer to this procedure as random walk analysis (RWA). The difference between the raw plot and RWA plot is that the latter gives a simpler picture in respect to the average level of fluctuation. 

3. RESULTS

Fig 1 illustrates the temperature factor series for actin complexed with gelsolin and deoxyribonuclease respectively. We can notice that there is a central region in actin where mobility is significantly increased and is characterized by a triplet more resolved in the complex with gelsolin. It can also be noticed that the binding proteins are shorter chain length structures and both of them imprint their characteristically higher mobility on actin. The RWA plots are presented in fig.2 for the same proteins and complexes.

The RWA plots are illustrated in fig.2. They contain similar information as in fig.1 but they better reflect the change of the mobility in respect to the average value of the fluctuations. For example the significant change of the mobility occur at atom no. ( 530 and continue beyond the number 600. It is interesting to note that the binding of either of the proteins to actin does not change significantly the mobility of this region. At contrary, there appears to be a susceptibility of actin to mobile parts of the complexing proteins. They "imprint" or "transfer" their mobility to actin. This finding should be confirmed by studying other complexed forms of proteins.
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Fig.1 The temperature factor series for the atoms of the main chain for actin complexes.
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Fig.2 Random walk analysis for actin complexes with gelsolin (upper plot) and deoxyribonuclease respectively (lower plot).
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Example of FFT and DFA are further presented in fig. 3 and 4. The results for the scaling exponents are included in table 1. We can notice that the ( scaling exponents vary around the value 1.33 which is exactly the mean value which was found for other proteins (3). There appear to be no strict rule concerning the change of the ( scaling exponent upon binding of actin to another protein i.e. in one case its value increases while in the other it decreases. 

Fig.3 Fast Fourier Transform of the temperature factor series of actin complexed with deoxyrybonuclease. The slope of the fitting line is -1.9.
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Fig.4 Detrended Fluctuation Analysis of actin complexed with deoxyribonuclease

Table 1 

Scaling exponents for proteins as resulting from DFA -(( exponent) and FFT- (( exponent).

No.
   Protein
   Complex
  Species
(
(
calcul.
((FFT)
((

 1
gelsolin
CaATP actin with

gelsolin 
homo sapiens
1.40
1.80
1.80
 0

 2
actin
CaATP actin with

gelsolin
dictyostelium

discoideum
1.25
1.50
1.77
0.27

 3
actin
deoxiribonuclease

with actin
oryctolagus

cuniculus
1.39
1.78
1.90
0.12

 4
deoxyribo-

nuclease
deoxyribonuclease

with actin
bos taurus
1.29
1.58
2.31
0.73

βcalculated=2α-1;      Δβ=|βcalculated-βFFT|

4. CONCLUSIONS

- The scaling exponent of actin complex with gelsolin or deoxyribonuclease has a value around 4./3 which confirms the findings in ref.3. This may suggest that the mobility in the proteins is organized according to a single universal scaling law. 

- Biding of two different proteins to actin leaves unchanged the central mobile part of acting while it "imprints" their own mobility characteristics to actin.
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