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Abstract. A correlation investigation was carried out be teries atomic coordinatedRV)
and temperature factorTdf respectively for protein main chains. TPV series revealed
resemblances to the correspondifgseries in the case of human hemoglobin and HiVfetepse.
Each minor or major peak in a series had a corretipg peak in the related series. This brings a
qualitative evidence for the connection of the tparameters. The series were further subject to
spectral and detrended fluctuation analysis. Theseweharacterized in terms of scaling exponents, as
the series showed long-range correlation properfiee MPV series are stronger correlated structures
and much less sensitive to ligand binding thanThseries. TheTl; series are comparatively much
more sensitive to the same factors. Thus the lange correlation properties of the protein main
chain structure and mobility reveal two complementproperties of protein molecules. While
structure imparts constancy to the system, the iatonobility represents function yet they are
intimately connected.
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INTRODUCTION

The Protein Data Bank (PDB) contains the atomicrainates and the
temperature factor (or atomic mobility) of a largamber of proteins whose
structures were determined by either X ray crystgdphy or NMR techniques.
The purpose of this project was to establish theetation properties of both the
atomic structure and the atomic mobilities of thietgin main chains in order to
answer the following questions: a) What is the ti@hship between the atomic
structure and mobility? and b) What is the serigjtiof the atomic structure and
mobility to ligand binding? The goal of the studgldngs to the basic question
regarding the relationship between structure, nigtahd function of the proteins.
This is at present regarded as an unsolved problem.
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We regarded the atomic structure (atomic coord#)atend mobility
(temperature factoily) data of gprotein backbone as a series whereittiteatom
position number replaced tim&henT; = f(i) wherei =1...n, forn atoms in the
protein backbone. The order is kept according ® nhtural succession of the
atoms in the backbone. Using thisocedure it was found thd series obey a
power law,P = 1f P, whereP represents the spectral powkis the frequency and
B is the scaling exponent characterizing the lomgyescorrelation (1-2).

In this study we applied similar procedure on the structural data of tlagnm
chain atoms and compared to the correlation chematitsof T; data. We selected,
for this report, a HIV-1 protease which is a protbelonging to the beta-class of
proteins. Calculations were performed on other sypé proteins as well. Our
protein case was investigated in the presencerafusligands so that the effect of
these factors on the correlation properties coeldtbdied at the same time.

METHODS

The X, y, z, atomic coordinates of the protein meliains were extracted
from the Protein Data Bank (PDB) for the selectedtgin. We choose the
magnitude of the position vectoMPV) as a characteristic parameter for the
position of an atom, which was suitable to handleur correlation analysis. The
most direct approach is to calculate M&V with respect to the origin of the
crystallographic unit cell coordinate system. WewsH bear in mind that a protein
structure is referred to a unit cell which is cleéeazed by the crystal cell lengths
a, b, andc and angles, p andy. These data are available for each protein in PDB.
Therefore the general definition oMPV in a non-rectangular Cartesian

coordinates system isMPV = \/xz +y% + 7% + 2XyCcosy + 2xzC0osp + 2yzcosy .

The X, y andz coordinates have an origin which is placed inde siorner of the
unit cell. Further the series of temperature facfor the same main chain atoms
were extracted from PDB. Both kind of series wenbjected to Fast Fourier
Transform and the slope of the double logarthmit plas the scaling exponefht
This exponent reflect both the stationary and ragistary contributions to the
overall long-range correlation.

Further we have used the Detrended Fluctuationyaisa(DFA) of the
same series to measure the scaling expanesich is a measure of the long-range
correlation due to the stationary contributiontod series (3). The relationship in a
stationary series between the two scaling exponients = 20 — 1. Obviously,
when a nonstationary series of data is considér@a ftnonstas> Psar@nd the = 20 —

1 relatioship is no longer valid. This is why wepose a hew way to characterize
a nonstationay series by using both ¢hendf scaling exponents. So each case is
characterized by the pair afandp values. At the same time this may be regarded
as a simple diagnostic tool for a seriesp K 20 — 1 relationship is verified, then
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the series is stationary. While in the case of mimg series the nonstationary
character is regarded as an unwanted contribui@nnonstationary character of
the structure and mobility series of proteins rspn¢ an intrisic property and
therefore deserves full attention.

RESULTSAND DISCUSSION

An example of a power spectrum for the atomic coatgs of the main
chain atoms of a protein is presented in Fig.1.il8mspectra can be obtained for
any series of data of atomic coordinates or tentpegdactors. As the spectrum is
linear in a double log plot, the long-range cotiiela can be infered for all these
cases. The interesting point is that slope of thextsa, i.e. thex andp scaling
exponents behave in a different way for the sanmmepr. The following
distinctions were found: a) As the experimentalueabf 3 is greater than the
calculated value of a hypothetidalp = 20 — 1, whereu is the result of the DFA
corresponding to a stationary series) it followat tthe series are nonstationary; b)
Thea andp exponents of the protein structure is insensiiivBgand binding and,
¢) The same exponents are very sensitive to lidanding for the temeprature
factor series, i.e. the atomic mobility.
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Fig. 1. Power spectrum of the Magntitude of PosiWector for the main chain atoms of HIV-1
protease dimer (PDB cod:1qbs). The linear fittiag b slope —1.83702+0.06613.

This is illustrated in Fig. 2 for the same protéinthe presence of various
ligands. We can easily notice that the positiopaxth case onfa=f(a) plot is very
similar for theMPV data while the data are spread along a straigbt fior the
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atomic mobility. In other words the long-range etation exponents of the
structure is little sensitive to ligand binding Vehithe atomic mobility is quite
sensitive. Another distinct feature is that thepslof thef = f(a) plot is not equal
to 2, as expected for a stationary series. At eoptrthe slope is much lower,
1.7497 = 0.1616 which again is in agreement with @abservation that the series
have a nonstationary character.
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Fig. 2. The scaling exponents(DFA analysis) an@ (spectral analysis) corresponding
to the stationary and both nonstationary and statiorespectively contributions for the
HIV-1 protease dimer. Each point on the plot cqroesls to the same protein with a
different bound ligand. The primary data necesdarythe calculation of the scaling
exponents were collected from the following ProtBata Bank protein entry domains
(codes): 1hpv, 1lhsg, 1hxw, lohr, 7hvp, 1a30, 1aaa, 1d4s, 1d4y, lhvr, 1gbs, 1tcx,
1upj, 2aid, 4phv, 6upj, 3upj, 4upj, 1hvh.

While the above analysis of the structure-mobililationship refers to the
long—range properties, a different picture emergiesn the structure and mobility
series are compared in a direct manner. Thisustitited in Fig. 3 for the same
protein.

It is quite evident that there is some kind of tielaship between the structure
and mobility. The basic resemblance between theesus that minima or maxima
in the two parameters occur at the same atom wétttipally no exception.

An alternative way to look at the problem is to lexe the T; = f(MPV)
function (Fig. 4). This picture does not seem tovbey relevant. However if the
geometric center of the cell unit of the proteincisnsidered instead of the
crystallographic center then a different pictureseges (not shown). In such a case
we can noticed a certain regularity of the plotwatminimum in the center of the
protein. This aspect will be discussed elsewheteerdfore a qualitative cross
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comparisson of the structure and mobility reveksaclconnection among them
while the nonlinear properties are distinct. In esthwords using different
approaches we can pinpoint both connection andndigin among atomic
structure and mobility.
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Fig. 3. The Magnitude of the Position Vect®tP?V and the temperature factBrof the protein main
chain. The data refer to the HIV-1 protease homedi¢Rrotein Data Bank code: 1gbs).
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Fig. 4. The relationship between structure and fitpbfor HIV-1 protease dimer (PDB code: 1gbs)
whenMPV is calculated in the crystallographic center frame
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CONCLUSIONS

The new findings reported by this paper are thiewohg:

a) We report for the first time the long-range etation properties of the
atomic structure in the protein main chains sintidathe protein atomic mobility.

b) The long-range correlation structure and magbbithave in a distinct way:
while structure is practically insensitive, the riityp is very sensitive to ligand
binding. Therefore structure imposes stability @ protein entitiy, while the
mobility is related to the specificity of the pristdigand interaction.

c) The structure seems to have a close to stayiobehavior while the
mobility have a mixed beahviour consisting of staéiry and nonstationary
characteristics. It seems that the nonstationaayateristic is the sensitive part to
ligand binding.

d) While the long-range correlation properties seenmsuggest no direct
relationship between structure and mobility, theecti comparisson of the
magnitude of the position vector and that of theagerature factor series, at
contrary, suggests that there is an evident cormmeatmong these two fundamental
characteristics of a protein.
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