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Abstract: The present study characterizes using molecular dynamics simula-
tions the behavior of the GAA (1186—1188) hairpin triloops with their closing
c—g base pairs in large ribonucleoligand complexes (PDB IDs: 1njn, lnwy,
1jzx). The relative energies of the motifs in the complexes with respect to that
in the reference structure (unbound form of rRNA; PDB ID: 1njp) display the
trends that agree with those of the conformational parameters reported in a pre-
vious study! utilizing the de novo pseudotorsional (#,0) approach. The RNA
regions around the actual RNA-ligand contacts, which experience the most
substantial conformational changes upon formation of the complexes were iden-
tified. The thermodynamic parameters, based on a two-state conformational
model of RNA sequences containing 15, 21 and 27 nucleotides in the imme-
diate vicinity of the particular binding sites, were evaluated. From a more struc-
tural standpoint, the strain of a triloop, being far from the specific contacts and
interacting primarily with other parts of the ribosome, was established as a
structural feature which conforms to the trend of the average values of the ther-
modynamic variables corresponding to the three motifs defined by the 15-, 21-
and 27-nucleotide sequences. From a more functional standpoint, RNA—ligand
recognition is suggested to be presumably dictated by the types of ligands in
the complexes.

Keywords: TRNA; ligand binding; small motifs; molecular dynamics; thermo-
dynamics.

INTRODUCTION

Tertiary structures are of vital importance in providing a structural basis for
and support of biological hypotheses. Folded RNA molecules are constructed
from extensive networks of interactions between various molecular building blocks,
RNA motifs. Hence, knowledge of the structural and functional features of RNA
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motifs is indispensable for understanding the form and stability of the tertiary
structure of RNA. In a previous study! the conformational differences between
hairpin triloops in large ribonucleoligand complexes, induced by ligand binding
to an unbound form of rRNA, were extensively explored using a pseudotorsional
(7,0) approach.2 Even though the differences between the compared structures
were detectable using various representations of the RNA structure, such as Car-
tesian coordinates,? standard backbone torsion angles# and root-mean-square de-
viation (RMSD),> a reduced representation of RNA conformational space based
on pseudotorsions (#,6) of two virtual bonds of individual nucleotides is more li-
kely to register conformational peculiarities with a higher sensitivity.® Two pseu-
dotorsions around these virtual bonds, extending from P to C4’ and from C4’ to P
of the adjacent nucleotide,’ are 5 (C4’;—1 — P; — C4’; — P;4+1) and 6 (P; — C4’; —
— Pjy1 — C4°;41).2 The (5,0) strategy has been shown to be a useful means of
classifying small structural motifs, such as triloops.! A more general attempt to
correlate the measured #—6 parameters to a single-point, AMBER force-field
conformational energies of all the nucleotides in the database was undertaken,
but no meaningful relationship was found.8 Herein, the question of how our pre-
vious conformational study! of some hairpin triloops (Fig. 1) is lined up with
their molecular dynamics (MD) is addressed.
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Fig. 1. Two-dimensional representations of the triloop tertiary structures in accordance with
the geometric nomenclature of Leontis and Westhof.® The symbols are: = — GC cis
canonical Watson—Crick base pair, —@~ — cis Watson—Crick/Watson—Crick
edge-to-edge basepair, and — — change in strand orientation. The numbers
denote the phosphate---phosphate distances in angstroms (A).

RESULTS AND DISCUSSION
To investigate the conformational differences between the cGAAg (1185—
—1189) motifs in the large ribonucleoligand complexes 1njn, Inwy and 1jzx, with

respect to that in the reference structure 1njp, the difference in nucleotide mor-
phologies based on the values of the pseudotorsion angles, # and 6, for two RNA
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worms of the same length was previously observed.! For a single nucleotide with
sequence position i, the difference is given by

AGLO) = ~nB)? + (07 - 6B)> (1)

where A and B are the two structures being compared. Nucleotides with A(#,6) < 25°
are considered to be structurally similar to each other, while those with A(y,6) > 25°
are not.® For the particular motifs in 1njn, Inwy and 1jzx, the average (av) values
of A(n,0) were 1, 15 and 110°, while the average RMSDs involving all atoms
were 0.05, 0.85 and 5.36 A, respectively. Notably, a near linear relationship bet-
ween the average RMSD and the average difference in the pseudotorsion angles
A(n,0) was found.! In the present work, the trends associated with the structural
features are complemented with the dynamics of these motifs.

All the optimization procedures and MD simulations were performed by the
Hyperchem molecular modeling system for Windows.!0 As the starting geo-
metries were far from minimum, steepest descent optimizations of the motif
structures with an RMS gradient of 0.01 kcal A~! mol~! were performed before
the MD computations. Each optimized structure was subsequently placed in a
periodic box of 30x30x30 A3 containing 892 water molecules associated with a
minimum distance of 2.3 A between solvent and solute atoms. The AMBER
force field was chosen with the following options: dielectric (epsilon) = constant,
scale factor = 1, 14 scale factors — electrostatic = 0.9, van der Waals = 0.9 and
cutoffs = none. The MD procedure with several options was specified to simulate
molecular movement so that it was possible to observe equilibrium properties
and kinetic behavior. 50 picoseconds (1 ps = 1x10712 s) without changing the
simulation temperature were chosen as a run time. A time interval of 0.002 ps
between evaluations of the total energy and temperature of the system was
chosen as the step size. At the start of the run time, atomic velocities are adjusted
to give a simulation temperature of 300 K. To stabilize the temperature during
the run time, constant temperature simulations with a bath relaxation time of 0.5 ps
were performed. In this context, the average kinetic, potential and total energies
of the motifs in both the complexes and the free form of RNA (reference struc-
ture) were observed. The plots showing the relative, total and potential energies
of the motifs in the complexes with respect to that in the reference structure are
depicted in Fig. 2. The relative potential energies indicate that the stability order,
from the highest to the lowest, of the motifs is: 1njn, Inwy and 1 jzx. By adding
the kinetic energies, the same trend displayed by the “relative total energy vs.
time” plot is quite clear.

Since sugar puckers and torsion angles are unknown in the 2.5-3 A reso-
lution range, which is typical for large nucleic acids, it was therefore difficult to
study most of the recurrent motifs, such as sharp turns, U-turn, etc.!! A confor-
mational strategy rooted in the pseudotorsion (7,0) approach was proposed to be
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a possible way to bypass the difficulties for small constitutive parts of large
RNAs.! The agreement between the trends of conformational parameters recently
reported! and the trends of the MD energies reported herein speaks in favor of
the previous proposal.
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Fig. 2. Relative total and potential energies of the cGAAg (1185-1189) motifs in the complexes
(PDB IDs: 1njn, Inwy, 1jzx ) with respect to that in the unbound form of rRNA (PDB ID: 1njp).

The interaction motifs of various hairpin loops were hypothesized as pos-
sible targets for the binding of proteins.12 The indications were primarily related
to the extent of loop flexibility. Consequently, the investigations were presu-
mably true for loops having a larger number of nucleotides, such as 4, 5, efc. As
the local behavior of hairpin triloops was not quite clear, the structural features



STRUCTURAL MOTIFS IN rRNA 45

induced by the binding of ligands of a number of triloops in rRNA were inves-
tigated.! In this context, all RNA residues in contact with the ligands and all
RNA regions experiencing considerable conformational changes upon ligand bin-
ding were identified. As the bound complexes are conceivable as ribosomal states
at various stages of translation, the ligands were found to be far (in the range of
20 A) away from the triloops, interacting primarily with other parts of the ribo-
some.! For the complexes under study, 1njn, Inwy and 1jzx, the RNA residues
with the highest values of A(#,6) in contact with the ligands are A2581, A1354
and A764 respectively.! The “A(,0) vs. sequence position” plot, taken in the
immediate vicinity of the A2581, A1354 and A764 residues in the complexes,
shows their corresponding A(7,0) values to be 232.1, 45.8 and 47.1°, respectively
(Figs. 3-5). The particular binding sites can be viewed as the maximum-entropy
sites involved in bonding. There is a more intuitive understanding that conforma-
tional changes within various localized regions along a large biological macro-
molecule are a direct consequence of the overall response of the macromolecular
structure to the binding of a ligand. Thus, it is quite interesting to gain more in-
sight into what is the impact of the binding of ligands, manifested by the maxi-
mum-A(7,0) sites A2581, A1354 and A764 in the large ribonucleoligand com-
plexes Injn, Inwy and 1 jzx, on the localized behavior of the cGAAg (1185—
—1189) motifs.

A2581

o PDB ID: 1njn
220
200
180 I
Fig. 3. A(y,60) vs. sequence
180 position in the immediate
140 vicinity of the ligand bin-
E o ding site A2581 having a ma-
> 100 } ximum value of 232.1°
among all of the RNA re-
ge sidues in contact with the
60 v v ligand. The line at 25° in-
” dicates a threshold above
259 which nucleotides in the
% _/ complexes are considered to
0 Pe== have different conformations

2568 2570 2572 2574 2576 2578 2580 2582 2584 2586 2588 2590 2592 2594 . .
relative to those in the refe-

rence structure (PDB ID:1njp).

sequence position

There is some controversy in the literature on key factors dictating RNA-Ii-
gand recognition. The first major aspect is that the nature of RNA-ligand inter-
actions is considered as a determinative factor influencing ligand specificity.
Thus, the structural variability of RNA, as well as the ability of the RNA mole-
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cule to distort upon ligand binding may play a crucial role in RNA—ligand inter-
actions.!3 The second major aspect is related to the sequence-specific binding of
RNA.14 The previously raised question is hereafter addressed in light of these
two main standpoints.
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Fig. 4. A(5,0) vs. sequence position in the immediate vicinity of the ligand binding site A1354
having a maximum value of 45.8° among all of the RNA residues in contact with the ligand.
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Fig. 5. A(n,0) vs. sequence position in the immediate vicinity of the ligand binding site A764
having a maximum value of 47.1° among all of the RNA residues in contact with the ligand.

In the context of the first aspect, the RNA-ligand binding sites and the na-
ture of particular contacts in the complexes Injn, Inwy and 1jzx were identified
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by the ENTANGLE program.!5 In general, no hydrogen bonds, or electrostatic
and stacking interactions were detected. In 1njn, 4 hydrophobic contacts, having
an average bond length of 4.70 A, were found between atoms of the A2581 re-
sidue and atoms of the ligand. In 1nwy, atoms of the A1354 residue make 5 hy-
drophobic contacts with atoms of the ligand, having an average bond length of
4.51 A. In 1jzx, atoms of the A764 residue participate in 6 hydrophobic contacts
with atoms of the ligand, having an average bond length of 4.17 A. Hence, 4, 5
and 6 hydrophobic contacts in the complexes are associated with average bond
lengths of 4.70, 4.51 and 4.17 A, respectively. To our chemical perception, the
larger the number of contacts is, the smaller an average bond length of the con-
tacts is, and the larger A(»,0) for a particular ligand binding site is. If the ability
of RNA to deform upon ligand binding is, quantitatively, conceivable through the
values of A(7,0) of 232.1, 45.8 and 47.1° for A2581, A1354 and A764, respect-
tively, we note that the trends both of the number of hydrophobic contacts and of
their average bond lengths do not agree with the trend of A(#,0) values. Note also
the average values of A(#,0) for 15- and 21- and 27-nucleotide sequences around
the A2581, A1354 and A764 sites, which are placed right in the middle of the se-
quences. For 15-nucleotide sequences, the average values of A(y,6) are 40.6, 14.9
and 17.7°, respectively. For 21-nucleotide sequences, the average values of A(7,6)
are 29.8, 29.4 and 16.2°, respectively. For 27-nucleotide sequences, the average
values of A(y,60) are 23.6, 24.1 and 34.7°, respectively. Therefore, a common che-
mical intuition based upon the nature of contacts of the A2581, A1354 and A764
residues only conforms to the case of 27-nucleotide sequences. Moving away from
the particular binding sites, noteworthy are the average values of A(#,0) of 1, 15
and 110° for the cGAAg (1185-1189) motifs in the complexes Injn, Inwy and
1jzx, respectively. Clearly, the nature of contacts of the A2581, A1354 and A764
residues is in agreement with the trends both of A(#,6) values and of MD energies
for small cGAAg (1185-1189) motifs being both about 20 A away from the spe-
cific ligand binding sites and involved in interactions with other parts of the ribosome.
A simple measure for the determination of the strain of a triloop (A), such as:

1i+3

— 2 |PePes1 =59 2)
4=

was previously introduced.! While PyPy+ is the phosphate:--phosphate distance
between two consecutive nucleotides, k& and k+1, 5.9 A stands for the phos-
phate--phosphate distance of the C3’-endo conformation.16 Interestingly, the trend
of the strains, 0.82, 0.66 and 0.73 A, of the cGAAg (1185-1189) motifs in the
Injn, Inwy and 1jzx complexes, respectively, does not agree with the chemical
elucidation of the binding of ligands, which is primarily manifested through the
trend of the average bond lengths, 4.70, 4.51 and 4.17 A, of the A2581, A1354 and
A764 contacts, respectively.



48 RAKIC and MITRASINOVIC

In the context of the second aspect, to probe the sequence-specific binding of
RNA, nucleotide sequences containing 15, 21 and 27 nucleotides in the imme-
diate vicinity of the maximum-A(#,0) ligand binding sites, A2581, A1354 and
A764, were chosen as the input required to generate the corresponding secondary
structures. The particular binding sites were initially placed right in the middle of
the sequences, so that 7, 10 and 13 nucleotides were on each side of A2581,
A1354 and A764, giving total sequence lengths of 15, 21 and 27 nucleotides. No
restrictions were imposed on the process of generating the secondary structures
by means of the Vienna RNA package V1.1.17 The G-U pairing, based on the
base pair (BP) probability algorithm of McCaskill,!8 was allowed in terms of the
G-U wobble BPs.%19 Energy parameters were taken from the literature.20-22
The secondary structure coordinates were calculated with Naview23 within the
Vienna RNA package,!7 while the employed dynamic programming algorithm
was that of Zuker and Stiegler.24 The calculated secondary structures for 15-nu-
cleotide sequences are shown schematically in Fig. 6, while those corresponding
to the 21- and 27-nucleotide sequences are given in the Supplementary Material,
due to insufficient space in the present article. Note that the positions of A2581,
A1354 and A764 are within various loops in Fig. 6, as generally expected for RNA
residues in contact with ligands.

Base pairing defined by the secondary structures, consequently, was essen-
tial information for the determination of the thermodynamic parameters using the
two-state conformational model of RNA sequences, as implemented within the
framework of the Mfold V3.2 web server.25-26 The very basic idea of a two-state
model is that hairpin formation and more complex secondary structures of nuc-
leic acids can be described in terms of rate of formation, stability, and control of
secondary structure. The two states, ordered and disordered structures, are con-
nected by a melting curve having a characteristic sigmoid shape. At low tempera-
tures, all base pairs are formed, while at high temperatures no base pairs are
formed. At any intermediate temperature, both the free energy of base pair for-
mation and the nature of not fully paired intermediates influence the fraction of
unpaired bases. At the melting temperature, 7,,, depending solely on the free
energy of base pair formation and not on the intermediates, paired and unpaired
bases are present equally. Since enthalpy (AH) and entropy (AS) can be computed
from the melting curve, it is straightforward to calculate AH and AS if no pre-
sence of the intermediates is assumed.2” The core algorithm of the Mfold soft-
ware package predicts a minimum free energy, as well as free energies for fold-
ings containing desired base pairs. The minimum folding energy of a sequence
was calculated by the zipfold server. The ‘Ty,’ server was employed to estimate
two-state melting temperature. Only available RNA folding parameters, version
2.3, were used to calculate the enthalpy of this folding using the appropriate near-
est neighbor parameters. The enthalpy calculations were followed by the estima-
tion of AS and T, using a 2-state model as discussed above.25
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Fig. 6. Secondary structures generated by the RNAdraw program!” for 15-nucleotide
sequences in the immediate vicinity of the maximum-A(#,6) ligand binding sites,
denoted by A2581, A1354, and A764. Secondary structures for sequences having

21 and 27 nucleotides around the same ligand binding sites in the complexes are given
in the Supplementary Material due to insufficient space in the present paper.

The calculated values of these parameters for the sequences of various lengths
are given in Table I. The trend of the AG values, —2.9, —1.1 and —3.2 kcal mol™!,
for the 15-nucleotide sequences does not agree with that of the average values of
A(n,0) of 1, 15 and 110° for the cGAAg (1185-1189) motifs in the complexes
Injn, Inwy and 1jzx, respectively. However the trends of the AG values for both
the 21- and 27-nucleotide sequences, —7.7, —5.1 and —4.8 kcal mol~! and —9.2,
—5.5 and —5.1 kcal mol™! are in agreement with that of A(#,0),y for the cGAAg
(1185-1189) motifs in the complexes Injn, Inwy and 1jzx, respectively. Note
that the trends of the AG values are in accordance with those of the Egq values for
all of the sequences with the same number of nucleotides in the series of com-
plexes. It is indicative that, by moving away from the ligand binding sites with
the maximum value of A(z,60), the trends displayed by AG and Eg tend to be li-
ned up with both those of the A(#,0),y values for very distant cGAAg motifs and
of the energies of the motif MD. To further probe this indication, the average
energies of the secondary structures and the average A(#,6) for the sequences of
various lengths are given in Table II. Clearly, only for the sequences of 27 nu-
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cleotides do the Ey.av27 and A(n,6),v27 values display trends that agree with
those of the A(n,0),y values and MD energies associated with the cGAAg (1185—
—1189) motifs.

TABLE I. Values of the thermodynamic variables, based on a 2 state model, for sequences of

various lengths in the immediate vicinity of the maximum-A(#,6) ligand binding sites, A2581,
A1354 and A764, in the complexes Injn, Inwy and 1jzx

PDB ID (Sequence Range), Sequence Length AG AH AS Tm E
Sequence kcal mol-' kcal mol! cal kmol! °C  kcal
Injn (2574-2588), 15 -2.9 -30.2 -91.5 56.6 -1.3
GUGAGAC(A2581)GUUCGGU

Inwy (1347-1361), 15 -1.1 -24.4 -78.3 382 -1.1
CCAGGGA(A1354)AGUCGGG

1zx (757=771), 15 32 2302 906 59.8 2.8
UGCUGAA(A764)CAGUCUC

Injn (2571-2591), 21 =71.7 -55.1 -158.9 73.5 -6.7
GUCGUGAGAC(A2581)GUUCGGUCUC

Inwy (1344-1364), 21 =5.1 -52.0 -157.4 57.0 4.3
CGCCCAGGGA(A1354)AGUCGGGACC

1jzx (754-774), 21 —4.8 -59.6 -183.5 51.5 -3.5
GCCUGCUGAA(A764)CAGUCUCGGA

Injn (2568-2594), 27 -9.2 -62.6 -179.2 76.1 -7.9
AACGUCGUGAGAC(A2581)GUUCGGUCUCUAU

Inwy (1341-1367), 27 -5.5 -49.2 -146.7 62.2 -5.1
GUCCGCCCAGGGA(A1354)AGUCGGGACCUAA

lizx (751-777), 27 51 767 2402 46.1 -3.7

GGUGCCUGCUGAA(A764)CAGUCUCGGAUGA
8Energy of the secondary structure (ss) calculated by the Vienna RNA package V1.1 17

TABLE II. Values of both the average (av) energies of the secondary structures (Ej_,,) and of
the average A(n,60) for sequences of various lengths in the immediate vicinity of the maxi-
mum-A(z,6) ligand binding sites, A2581, A1354 and A764, in the complexes Injn, Inwy and 1jzx

Essavsequence engn / K2 PDB ID: Injn PDB ID: Inwy PDB ID: 1jzx
A(n, H)avsequence length /°

Egsaus ~0.08 ~0.07 ~0.19

A O)ay, s 40.57 14.90 17.74
Egsavn, 0.32 021 -0.17
A1)y, 29.87 29.38 16.21
Egsavnr ~0.29 ~0.19 ~0.14
A(LO)ayry 23.66 24.11 34.73

The three nucleotide sequences of various lengths centered on the maxi-
mum-A(7,0) ligand binding sites, A2581, A1354 and A764, are essentially three
distinct structural motifs in each of the complexes, if observed from a structure—
—function standpoint. Consequently, their thermodynamic variables and energies
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change in different ways, as previously discussed. In every single complex, it is
useful to find an average measure as a representative characteristic for the three
motifs of 15, 21 and 27 nucleotides. Based upon the values of AG and Eg in
Table I for three sequences in each complex, the calculated average AG values
are —6.6, —3.9 and —4.4 kcal mol~!, while the average Eg values are —0.23, —0.15
and —0.17 kcal in the 1njn, Inwy and 1jzx complexes, respectively. Interestingly,
the trends of AG and Eg are in line with that of the cGAAg (1185-1189) motif
strain, 0.82, 0.66 and 0.73 A in 1njn, Inwy and 1jzx, respectively. This is in con-
trast to the finding that the values of the strains of triloops do not follow the trend
of the average bond lengths, 4.70, 4.51 and 4.17 A, of the A2581, A1354 and
A764 contacts, respectively, as previously discussed in the context of the first as-
pect of RNA-ligand recognition. Therefore, the nature of RNA-ligand contacts is
presumably determined by the types of ligands involved in bonding, which are
the antibiotics, sparsomycin, azithromycin and clindamycin in the 1njn, Inwy and
1jzx complexes, respectively.

CONCLUSIONS

The considerations are well-correlated with the understanding that confor-
mational changes, induced within localized regions of an rRNA structure, are as-
sociated with the overall response of the rRNA structure to the binding of a li-
gand at sites which are quite far (in the range of 20 A) away from the localized
regions. Due to the structural variability of RNA, the overall response is con-
ceivable as the RNA capability of distorting upon ligand binding.

SUPPLEMENTARY MATERIAL

Secondary structures generated by the RNAdraw program!” for 21- and 27-nu-
cleotide sequences in the immediate vicinity of the maximum-A(#x,6) ligand bin-
ding sites, denoted by A2581, A1354, and A764, in the Injn, Inwy and 1jzx
complexes, respectively, are available electronically from http://www.shd.org.yu/JSCS/
or from the corresponding author on request.
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HU3BOJ

JMHAMUKA MAJIMX CTPYKTYPHUX MOTHUBA V pPHK
VYCJIEQ BESUBABA JIMTTAHIA

AJIEKCAHJIPA PAKUR' 1 TIETAP M. MUTPAIIMHOBUR?

'Fakultet za Fizi~ku hemiju, Univerzitet u Beogradu, Studentski trg12—16, 11000 Beograd i Centar za
multidisciplinarne studije, Univerzitet uBeogradu, Kneza Vi{eslava 1, 11030 Beograd

Tponykneorunne neribe GAA (1186-1188) 3aTtBopene ca capeHUM c—g 0azama y BETUKUM
pubonykneotHIHIM Komiuiekcuma (PDB komoBu: 1njn, 1nwy, 1jzx) cy aHaiu3upaHne y OBOM pajiy
oMohy MOJIeKyJIapHO-JHHAMUYKUX CHMYyJamuja. TpeHIoBH pelnaTHBHUX €Hepruja OBUX MOTHBA Y
KOMIUTEKCHMa Y OJHOCY Ha MOTHUB y ci10001H0j (6e3 nuranna) crpykrypu pPHK (PDB xox: 1njp)
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ce TIOKJIANajy ca TPeHAOBUMa KOH(POPMALMOHUX MapaMeTapa 0a3upaHuX Ha MCEyJOTOP3UOHOM (77,6)
npunasy u3 nperxomHor paza.! Maentudukosane cy obmactu crpykrype pPHK koje ce Hamase y
HETOCPEAHOj OJIM3MHHI KOHTaKaTa ca HejH3paKeHHjUM KOH(POPMALMOHUM IPOMEHaMa MpPH Be3HBa-
wy auragna. OapeljeHn cy TepMOIMHAMUYKY NapaMeTpy 0a3nupaHn Ha KOH()OPMAIMjCKOM MOJEIy
"nBa crama" cexseH pPHK ca 15, 21 u 27 HykneoTuaa oko OBUX BE3UBHUX MecTa juraHajga. Ca
BHUINIC CTPYKTYPHOT CTaHOBHIITA, JedopMalrija TPOHYKICOTHAHE IIeTIhe, KOja je JajJeKo O OBUX
BE3MBHMX MECTa M YKJbyUCHa Y MHTEPAKIHje ca OCTAIMM AEIOBHMa pUO030Ma, yCTaHOBJBEHA jE Kao
CTPYKTYpHa 0COOMHA KOja OJIroBapa TPEeHAOBUMA MIPOCEYHUX TEPMOJMHMUYKHX MapameTapa 3a TpU
MoTHBa AedHuHUCaHa cekBeHIMjama o 15, 21 u 27 uykieornaa. Ca Buiie (GyHKIHOHATIHOT CTAHO-
BUINTA, THIIOBH JINTAHA/Ia Y KOMIUIEKCHMA Cy TPEIJIOKEHN Kao BakaH (hakTop KOjH JIeTepMHHHUIIIE
pPHK-nurana npenosxaBame.

(TIpumsseHo 18. jarnyapa 2007)
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