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The structure of proteins was described in terms of fractal characteristics both in relation to the position of the aminoacids and properties such as the hydrophobicity of the aminoacids. The methods of analysis involved typical procedures for measuring the fractal dimension. The goal of our study was to characterize the series of the temperature factors (Tf) of the hemoglobin heavy atoms (all excepting hydrogen). 
The method used for analysis was the Detrended Fluctuations Analysis (DFA). DFA method consists in integration of the series and divides the integrated series in intervals of lag n, every interval being fitted with a line (yn(k)). For different lag of n calculate F(n)={1/N
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[y(k)-yn(k)]2}1/2 , the value of F(n) typically will increase with n, and the slope of the plot relating F(n) with n gives the scaling exponent (.

We have calculated the scaling exponent from the series representing Tf of heavy atoms of human hemoglobin (chains A and B). We found that the hemoglobin is characterized by a complex DFA pattern, the slopes of the fitting lines (i.e. scaling exponents) of the DFA plot depend on n. It can be seen that hemoglobin is characterized by three slopes i.e. three scaling exponents. These three scaling exponents correspond to the three structural levels of protein (primary, secondary and tertiary). In this respect we have obtained (=0.96, (=0.81 and (=1 from the three levels. We have also found that mutant hemoglobin display a different pattern from that of normal hemoglobin, in this case only one or two slopes appeared and the values of the scaling exponents are different from that of normal protein. This changes in the vibrations pattern may be involved in the misfolding or the dysfunction of these proteins.

1.INtroduction


It is well known from many theoretical and experimental studies that proteins behave like space defined fractals. The 3D structure of proteins is characterized by a fractal shape both in relation to position of the main chain atoms and surface[1]. Another fractal shape of proteins is that relating the amplitude of vibrations and frequencies[2]. In this respect we have analyzed the temperature factors (Tf) of the main chain atoms (Calpha, N, Cbetta). Tf is a measure of vibration amplitude of a certain atom and can be related with the amplitude (represented here by the rot mean square displacement from the position of equilibrium of a certain atom) by:


[image: image2.wmf]2

2

8

u

Tf

p

=

,

were u is the displacement from the equilibrium position.


The goal of this study was to find if there are certain relations between the frequency of vibrations of atoms in the main chain and their amplitude and if there are correlation between vibrations of atoms along the main chain.

In the present paper we have 'constructed' series of data representing the Tf of main chain atoms of hemoglobin (chain A) in their physical (natural) order: beginning with the first N atom and ending with the last Cbetta atom. In this way were obtained series of more than 400 data for two hemoglobin: R state and a mutant form. The Tf were taken from Protein Data Bank (PDB)[3]. The series of data were analyzed using the now classical Fourier Transform (FT) and the more recently Detrended Fluctuations Analysis (DFA)[4]. We have also constructed a random walker using the series of Tf in order to find the mobility of certain parts of the protein main chain. 


In the present work we bring evidence that the mobility of main chain hemoglobin atoms display fractal shape characterized by different scaling exponents for normal (R state) and mutant hemoglobin.

2.METHODS

The temperature factors of main chain atoms of hemoglobin where taken from (PDB) and where adjusted in their natural order, in this way we have obtained series of data that can be analyzed in order to find correlation between atomic fluctuations along the chain.


The methods used from analysis are:

1. DFA, according to this algorithm, the fluctuations are first integrated:
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where x(i) is the i-th number and xmean is the mean value of the numbers in the series. The next step is to divide the integrated time series into boxes of equal length, n in each box of length n a least squares line is fit to the data (representing the trend in that box). The y co-ordinate of the straight line segments is denoted by yn(k). For a given box n, the characteristic size of fluctuation is calculated by:
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Typically, F(n) will increase with box size n, the slope of the line relating log F(n) to log n determines the scaling exponent (self-similarity parameter ) (.. The index ( and ( (FFT) are related as ( = 2(-1.

2.FFT used, especially, in order to find the nonstationarities of the series by comparing the ( exponent (from the log-log slope of the FFT transform of the series) with the calculated with the relation (=2(-1.

3. RW analysis consisting in the integration of the series using the relation:
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where 
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represent the i-th atom temperature factor and m is the average over all main chain atoms Tf. Plotting M(i) vs. i we find information about the mobility of different regions of the main chain.

3.RESULTS
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DFA plots of both normal and mutant hemoglobin display a straight line in the log-log representation of F(n) vs. n, but the alpha coefficient resulting from the slope of the lines in different form the two mentioned hemoglobin. We have obtained (=1.36 for normal hemoglobin (fig1a) and (=1.16 for mutant form (fig. 1b)
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Fig. 1: DFA plot from Tf series of main chain atoms from normal (a) and mutant (b) hemoglobin
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The value of ( coefficient obtained from FFT for the two hemoglobin is 1.95 for normal and 1.58 for mutant form (fig 2a,b). Comparing the (FFT whit (calculated we find a difference of 0.26 between both normal and mutant corresponding coefficients.

Fig.2: Log-log plot of FFT from normal (a) and mutant (b) hemoglobin main chain atoms.

The RW plots of M(i) vs i for the two forms is shown in the figure 3a,b. It can be seen that there are alternating portions of high and low mobility along the normal hemoglobin main chain (ascending and descending slopes of the plot correspond to high and low mobility respectively) and only few large portions of high and low mobility from mutant form.
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Fig.3 RW plots of the atomic Tf of normal (a) and mutant form (b) of human hemoglobin

4.CONCLUSIONS


From the data presented in the preceding section we may conclude that:

1. There is a strong correlation between the atomic Tf along the protein main chain in both normal and mutant hemoglobin. It also can be seen that the scaling exponent of the two chains is different, (=1.36 and 1.16 for normal and mutant form respectively. A possible explanation for this difference can be the fact that mutant form is unproper folded in this case the pattern of landscape energy became rugous and the correlation between movements of different atoms is weakened by random high potential barriers.

2. From the differences between the values of (FFT and (calculated we can conclude that the two series are nonstationary and have the same nonsatationarity expressed by a difference of 0.26 between the two calculated and experimental coefficients.

3. From the RW plots presented in fig.3a,b it can be seen that there are significant differences between normal and mutant hemoglobin. Normal form presents strong irregularities (alternating portions of high and low mobility) and the mutant form is characterized by few such irregularities. One possible explanation for the misfunctioning of the mutant form can be this low varying mobility portions.
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