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Comparison of NMR and MD NZH bond order parameters:
example of HIV-1 protease
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{Department of Chemistry, Kyiv National Taras Shevchenko University, Kyiv 01033, Ukraine
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It has been suggested that the cause of disagreements between molecular dynamics (MD) and NMR NZH bond order
parameters is the fact that the NMR order parameter is determined for different amino acid residues at different time intervals,
while the MD one is derived for all residues from the same MD trajectory of the same time interval. Therefore, it has been
proposed for correct comparison with NMR data to calculate the MD order parameter for different amino acid residues
separately for trajectory ranges close to NMR correlation time. The MD simulation of the human immunodeficiency virus
type-1 protease (HIV-1 PR) with monoprotonated active centre was performed for verification of the proposition. It has been
shown that the protease in aqueous solution adopts a set of conformations, which are intermediate between semiopen and
closed ones. The calculated MD NZH bond order parameters are in agreement with literature NMR data in confidence
interval limits.
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1. Introduction

To find space structure of protein in solution, interatomic

distances are determined by NMR under fast confor-

mational exchange. Further, these distances are imposed

as constrains on initial protein model derived by

homology. After that, the protein model is adapted using

simulating annealing procedure to satisfy the NMR

derived interatomic distances. However, the interatomic

distances derived from the NMR experiments are averaged

over different conformations existing in aqueous solution

[1,2]. Consequently, the NMR data do not allow analysing

precisely all possible conformations and the ways of

transitions between them, i.e. slow protein motions in

solution. Therefore, molecular dynamics (MD) simulation

is informative auxiliary to experimental study of protein

conformational mobility [3,4]. And vice versa, it is

reasonable to verify MD simulation by comparison with

NMR experimental data. One of the ways of such

verification is comparison of NZH bond order parameters

derived form NMR and MD data.

The order parameter is the quantity, which represents

vector mobility and possesses the values in a range from

0 to 1. In the case when the vector moves freely, the order

parameter is equal to 0. And when the motion is

completely restricted, the order parameter value is 1.

Mathematically, the order parameter is average value of

the second degree Legendre polynomial of product of

vector positions at two different time moments

S2 ¼ kP2ð~rikrjÞl ¼
3 · ~rikrj
� �2

21

2

* +

¼
3 · cos2 ui; j 2 1

2

� �
; ð1Þ

where �ri and �rj are positions of the vector at time moments of

i and j, ui,j is the angle between �ri and �rj. On the other hand,

the order parameter can be considered as a limit, to which the

correlation function tends, when the time tends to infinity

CðtÞ ¼ kP2ð~rikriþtÞl; ð2Þ

S2 ¼ lim
t!1

CðtÞ: ð3Þ

The NZH bond motions can be divided onto the motion

corresponding to overall macromolecule tumbling and

internal motion of the NZH bond. If these motions are
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independent, the correlation function can be written as

CðtÞ ¼ C0ðtÞCIðtÞ; ð4Þ

where C0(t) is the correlation function for overall

tumbling, CI(t) is the correlation function for internal

motion. After separation of the term of overall tumbling,

the NZH bond order parameter can be calculated from the

term of internal motion.

The NMR order parameter (generalized order para-

meter, S 2) can be calculated via the model-free approach

[5]. The method assumes that each NZH bond moves

independently from overall macromolecule tumbling. In

this case, the spectral density function is

JðvÞ ¼ F TðC0ðtÞCIðtÞÞ

¼ 2=5ðS2tR{1 þ ðvtRÞ
2}21

þ ð1 2 S2Þt{1 þ ðvtÞ2}21Þ;

ð5Þ

where FT is the mathematical operation of the Fourier

transformation, t21 ¼ t21
R þ t21

e , tR is the correlation

time of overall macromolecule tumbling and te is the

effective correlation time of internal motion of the NZH

bond vector. The longitudinal (T1) and transverse (T2)

relaxation times and NOE data can be expressed in terms

of J(v) and in consequence, can be written as the functions

of S 2, tR and te. On the other hand, the T1, T2 and NOE are

measured directly in NMR. The NMR derived order

parameter and the correlation times are calculated via

minimization of the x 2-function [6]

x2 ¼
T

exp
1 2 Tcalc

1

� �
s T

exp
1

� �
 !2

þ
T

exp
2 2 Tcalc

2

� �
s T

exp
2

� �
 !2

þ
NOEexp 2 NOEcalc
� �

s NOEexpð Þ

� �2

;

ð6Þ

where T
exp
1 and T calc

1 , T
exp
2 and T calc

2 , NOEexp and NOEcalc

are the experimental and calculated longitudinal and

transverse relaxation times and NOEs, respectively;

s ðT
exp
1 Þ, s ðT

exp
2 Þ and s (NOEexp) are the dispersions of

T
exp
1 , T

exp
2 and NOEexp, correspondingly. The S 2, tR and te

parameters are fitted until x 2-function reaches minimum.

Internal motion correlation function in the model-free

approach is

CIðtÞ ¼ S2 þ ð1 2 S2Þ exp ð2t=teÞ: ð7Þ

The extended model-free approach, which supposes

existence of fast and slow NZH bond motions, is one of

attempts to improve classic Lipari–Szabo model [7].

In this case, the spectral density function should be

JðvÞ ¼
2

5
·

S2 · tR

1 þ ðv · tRÞ
2
þ

S2
f 2 S2

� �
· t 0

s

1 þ v · t 0
s

� �2

( )
; ð8Þ

where t 021
s ¼ t21

R þ t21
s , ts is the effective correlation

time for slow NZH bond motion (corresponding to te in

the simple model-free approach), S2 ¼ S2
f S

2
s ; S

2
f and S2

s are

the NZH bond generalized order parameters for fast and

slow motions, respectively. In this case, the correlation

function should be rewritten as

CIðtÞ ¼ S2 þ ð1 2 S2
f Þ exp ð2t=tfÞ

þ ðS2
f 2 S2Þexp ð2t=tsÞ:

ð9Þ

In turn, the simple and extended model free approaches

can be divided into numerous sub-models depending on

used variables [8–15].

The MD order parameter, so-called usual order parameter

s 2 [5], can be determined from MD trajectory [16]

s2 ¼ kP2ð~rikrjÞl ¼ T 22

ðT
0

ðT
0

P2 ~r ðtÞ ~r ðtþ tÞ
� �

dt dt; ð10Þ

where T is the total MD simulation time, t and t are the

scaling times. The MD internal NZH bond motion

correlation function can be expressed as

CIðtÞ ¼ kP2ð~rikriþtÞl

¼ ðT 2 tÞ21

ðT2t

0

P2 ð~r ðtÞ ~r ðtþ tÞÞ dt: ð11Þ

The values of the generalized and usual order

parameters are equal in the case of axial symmetry of

NZH bond motion [5].

Due to numerous so-called “model-free” models, an

ambiguity arises in a choice of the most appropriate model

for a given amino acid residue [10,13–15]. Besides, the

problem of possible overfitting of experimental data exists

when a model with too large number of parameters is used

[10,14]. Several sets of S 2, tR and te can describe the

NMR results satisfactory [15,17]. In turn, the MD

correlation function usually differs from a function of a

simple exponent or sum of two exponents. Consequently,

the s 2 calculated from MD trajectory often corresponds

badly to NMR derived data [1,3,4,14,16,18–25].

Evolving ideas of the model-free and extended

model-free approaches, it can be postulated that a real

motion of protein NZH bond occurs not in a particular

time interval or in several time intervals but in the

continuum time spectrum. In this case, the formulas for

correlation function and NZH bond order parameter can

be rewritten as

CIðtÞ ¼ A0 þ

ð
t

AðtÞ exp ð2t=teÞ dt; ð12Þ

S2 ¼ 1 2

ðtmax

0

AðtÞ dt; ð13Þ

where A0 þ
Ð
t
AðtÞ dt ¼ 1, tmax is the chosen time interval,

A0 is the order parameter at tmax tending to infinity, S 2 is

the fictitious order parameter at tmax less than infinity.

In the first approximation, the function (11) can be fitted

by expression of the simple model-free approach

CIðtÞ ¼ A0 þ ð1 2 A0Þ exp ð2t=teÞ: ð14Þ

D. S. Kanibolotsky et al.1156
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In this case, we derive the equation for the order parameter

S2 ¼ lim
t!tmax

CIðtÞ ¼ A0 þ ð1 2 A0Þ exp ð2tmax=teÞ: ð15Þ

The difference between the A0 and S 2 can be considered

as the confidence interval of the order parameter (s). So, it

can be calculated from equation (15), that the tmax is the

value of the same order of magnitude as te at appropriate s

(figure 1). For example, if A0 is 0.8 and S 2 is 0.9 (i.e.

s ¼ 0.1) then tmax/te is 0.69, if A0 is 0.7 and S 2 is 0.71,

then tmax/te is 3.4. Therefore for correct comparison of the

order parameter determined from MD and NMR, the s 2

calculation from MD trajectory must be performed for

different amino acid residues separately, dividing the

trajectory on ranges of the same order of magnitude as the

experimental correlation time te.

For verification of our conclusion, we performed MD

simulation of human immunodeficiency virus type-1

protease (HIV-1 PR) and compared the results with data of

NMR measurements [26]. The HIV-1 PR was chosen

because of numerous studies of the protein by NMR

[26–31], by X-ray crystallography [32–37] and by MD

simulation [21,24,38–47]. Besides, examination of the

HIV-1 PR by MD is important for design of new anti-

AIDS drugs [46,48–50].

The crystallographic examinations [32–37] have shown

that the HIV-1 PR consists of two identical subunits each

of 99 amino acid residues and in the case of the ligand-free

form it is C2 symmetric protein.

The following parts are marked in the HIV-1 PR

structure [38,63]: fulcrums (residues Val11–Glu21 and

Val110 –Glu210), fireman’s grip (residues Ala22–Ala28

and Ala220 –Ala280), flaps (residues Glu34–Tyr59 and

Glu340 –Tyr590), cantilevers (residues Ile64–Thr74 and

Ile640 –Thr740), 80-th loops (Pro79–Val82 and Pro79 0 –

Val820) (figure 2(a)). The Pro1–Pro9 and Gly86–Phe99

residues of both subunits form dimerization domain [48].

The fireman’s grip contains the sequence Asp25-Thr26-

Gly27-Ala28, which is highly conservative for all class of

aspartic proteases. The Asp25 and Asp250 perform

catalytic cleavage of viral polypeptide. The HIV-1 PR is

the most resistant to autoproteolysis at pH ¼ 3.5–6.5,

when the catalytic aspartic acids share one proton [64–

67]. Therefore, the majority of the protease experimental

studies was performed for the monoprotonated enzyme.

Two different conformations of the free HIV-1 PR were

determined, namely the semiopen [32–35] and closed

[36,37] (figure 2(b)). The distance between Ca-atoms

of Ile50/50 0 (flaps tips) in the semiopen conformation is

about 0.3 nm. The closed conformation corresponds

also to inhibitor bound structures and is characterized by

partial overlap of the flaps tips. The completely open

(a)

(b)

(c)

Figure 2. Representation of HIV-1 PR 3D structure. (a) Semiopen
conformation: the fulcrums and the flaps are in black, the fireman’s grip,
cantilevers and 80-th loops are in grey, Asp25 and Asp250 residues are
shown; (b) superposition of the semiopen conformation (grey), the closed
conformation (black) and the trajectory average structure (light grey);
and (c) fragments of high (RMSF . 0.1, black) and low (RMSF , 0.06,
white) flexibility.

0 50 100 150
0.0

0.2

0.4

0.6
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Figure 1. Example of NZH bond internal motion correlation function
according equation (14) at A0 ¼ 0.4 and te ¼ 40 ps.
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conformation, which allows passing the substrate or the

inhibitor into the active centre, was not determined

experimentally till nowadays. Therefore, it has been

proposed that the flaps open at direct interaction of substrate

with protease, i.e. with aromatic ring of Phe53 [28].

2. Description of the simulation

The MD simulation was performed using GROMACS

3.1.4 software package [51] and GROMOS96 force field

[52]. The initial structure was 1hhp [35] file from the

protein data bank (PDB). A hydrogen atom was added to

Od1 carboxyl oxygen of Asp25 residue in accordance

with ab initio calculation [53]. The structure was

inserted into the virtual box of truncated octahedron

shape. A minimal distance between the protein and the

box wall was 1 nm to prevent artificial periodicity

[54,55]. The 11571 SPC water molecules were added

into the box. Five water molecules were replaced by

chlorine ions in positions chosen by the Poisson–

Boltzmann distribution for the system neutralization.

Energy minimization was conducted alternating steepest

descent and conjugated gradient algorithms up to energy

gradient being less than 100 kJ mol21 nm21. The solvent

molecules equilibration was performed by 100 ps of MD

simulation with protein atoms restrained to their

positions. The initial atoms velocities were generated

from the Maxwellian distribution and time step was

2 £ 10215 s. The protein bonds were constrained by the

SHAKE algorithm [56]. As it was shown in Ref. [57],

the SHAKE algorithm implementation is correct for

subsequent NZH bond order parameter calculation. Cut-

off for electrostatic interaction was 0.9 nm. Double cut-

off was used for the Lenard–Jones interaction treatment.

The interactions between atoms within 0.9 nm were

updated each step and the interactions within distance

between 0.9 and 1.4 nm were updated each 10-th step.

The PME algorithm [58] was applied to treat long-range

electrostatic interactions. Temperature and pressure were

kept equal 298 K and 1 atm using the Berendsen’s

method [59] with relaxation times of 0.1 and 0.5 ps,

respectively. An extra energy minimization was carried

out after restrained dynamics. Then the main MD

simulation was preformed with the same parameters as

the restrained simulation excluding pressure control.

Atoms coordinates were written into the output

trajectory file each 0.1 ps and the full trajectory length

was 8600 ps. The time of the system equilibration

(560 ps) was defined as time when the root-mean square

deviation (RMSD) of Ca-atoms trace reaches the plateau

(figure 3). Accordingly, the first 560 ps of trajectory were

omitted from subsequent analysis of the dynamics.

Programs VMD [60] and Swiss-PDBViewer [61] were

used for the trajectory visualization and graphical

analysis of resulted conformations.

0 2000 4000 6000 8000
0.00
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0.10
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0.20
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 / 
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Figure 3. The Ca-atoms trace RMSD for present MD trajectory of
HIV-1 PR.
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Figure 4. Comparison of MD simulated Ca-atoms RSMF with data
calculated from crystallographic B-factors; data for identical residues
from two monomers have been averaged. (a) RMSF calculated from
different crystallographic structures are shown separately: dash line,
1hhp; dot line, 3hvp; dash-dot line, 1g6l; dash-dot-dot line, 1lvl PDB files
data; and solid line, present MD data. (b) Data from different
crystallographic structures have been averaged: line with error bars,
crystallographic data; and scatter, present MD data.
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The NZH bond order parameters were calculated using

self-created GROMACS-based program by the formula

s2 ¼ kP2ð~ri·krjÞl ¼

XN
j¼i

XN
i¼1

P2ðcos ui; jÞ

XN
j¼i

XN
i¼1

1

¼

XN
j¼i

XN
i¼1

3 cos2ui; j 2 1

2

N�ðN21Þ
2

þ N

¼ ðN 2 þ NÞ21�
XN
j¼i

XN
i¼1

ð3 cos2ui; j 2 1Þ;

ð16Þ

where N is the total number of frames. The MD trajectory

was divided into the ranges, for each one the s 2 value was

calculated and the average order parameter was deter-

mined. The s 2 values for analogous residues from two

monomers of the HIV-1 PR were averaged.

The results of present MD simulation should be verified

by comparison with experimental data. For this purpose,

the Ca-atom root-mean-square fluctuations (RMSF) with

respect to average atom position were used. The RMSF

values can be derived from MD trajectory and

independently calculated from crystallographic B-factors

by the formula [62] (in nm)

RMSF ¼ ð10pÞ21ð3=8BÞ1=2: ð17Þ

Four HIV-1 PR crystallographic structures were taken

for calculation by the equation (17), namely the semiopen

conformations of the 1hhp and 3hvp [33] PDB files and

closed ones of the 1g6l [36] and 1lv1 [37] files (figure

4(a)). Only one subunit is in the 1hhp and 3hvp files, while

both of the subunits are in the 1g6l and 1lv1 files. So, the

data for identical residues of two subunits of 1g6l and 1lv1

structures were averaged. As can be seen from the

figure 4(a), the molecular dynamics RMSFs agree well

with data derived from crystallographic B-factors for the

majority of residues.

The Ca-atoms RMSF for six subunits (one from 1hhp

and 3hvp files and two from 1g6l and 1lv1 files) were

averaged, deviation intervals were calculated and results

were compared with the MD data on the figure 4(b). The

Student’s coefficient of 2.571 was used for estimation of

the confidence intervals with significance level of 0.05.

The RMSFs calculated from the MD trajectory and

from the crystallographic B-factors are in the confidence

interval limits for the majority of residues (figure 4(b)).

The exceptions are Gly16, Gly17 and Gly49, which

Ca-atoms are more flexible according to present MD data

than according to the X-ray crystallography data. The

residues are situated on the protein surface, i.e. the Gly16,

Gly17 are in the fulcrum tip and the Gly49 is in the flap

tip. Therefore, these residues are in contact with nearest

neighbor HIV-1 PR molecule in the protein crystal. As it

has been reported in Ref. [39], the oxygen of Gly49 is in

dispersion interaction with N(12) of Gln61 of neighbor

HIV-1 PR molecule in the 3hvp structure.

On the other case, the RMSFs determined in our work

for the Gly16, Gly17 and Gly49 are in agreement with

earlier MD data for the free protease [39,40] (table 1).

Because the residues Gly16 and Gly17 do not participate

in substrate binding, our RMSF data for the residues are

also in agreement with earlier MD results for the bound

protease [21,40,41].

The RMSF analysis shows (figure 2(c)) that maximal

(.0.1) flexibility is characteristic for the residues Ile15–

Leu19 (the fulcrum) Met36–Arg41, Pro44 (the flap),

Gly48–Gly52 (the flap tip), Cys67–Lys40 (the turn on the

cantilever tip), Pro81 and Val82, (the 80-th loop). It should

be mentioned that high mobility is not characteristic for

the whole flap but for its three separate segments. The

minimal flexibility (RMSF , 0.06) is peculiar to the

residues of Leu23 – Thr26 (the fireman’s grip),

Thr31–Leu33 (the b-strand between the fireman’s grip

and the flap), Val75–Leu76 (the b-strand between the

cantilever and the 80-th loop) and Ile84–Leu90 (a

segment including a-helix). The mentioned results agree

well with earlier MD simulation of free [24,38–40] and

bound with substrate or inhibitor HIV-1 PR

[21,40,41,45,47]. The difference of earlier MD simu-

lations of the bound protease from our data is in a less

mobility of the flaps tips and the 80-th loops, which

participate in ligand binding.

It has been shown earlier by 1H–15N NMR [26,28], that

the flaps are flexible on the ms–ms time scale, while the

flaps tips (the residues Gly49–Gly52) are very flexible on

the ns time scale. Moreover, the b-sheets of the flaps

(residues Lys45–Val56 of each subunit) are conserved in

aqueous solution as determined by NMR [28]. The present

MD simulation confirms the flaps tips high mobility and

the flaps b-sheets conservation.

Table 1. Comparison of RMSF for residues Gly16, Gly17 and Gly49 in different MD studies.

Free HIV-1PR Bonded HIV-1PR

Residue number Our data Ref. [39] Ref. [40]* Ref. [40]* Ref. [41]* Ref. [21]*

16 0.162 0.091 0.161 0.138 0.116 0.186
17 0.174 0.088 0.148 0.141 0.086 0.180
49 0.156 0.223 0.193 0.092 0.044 0.065

* The data for the two subunits were averaged.
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A good agreement of our calculation data with results of

X-ray crystallography, NMR and previous MD simu-

lations confirms correctness of our trajectory and its

adaptability for the order parameter calculation.

3. Results and discussion

The set of conformations, which are intermediate between

the closed and semiopen forms of the HIV-1 PR, was

obtained by present MD simulation (figure 2(b)). The Ca-

atoms trace RMSD between MD trajectory average

conformation and the semiopen one (1hhp) is 0.19492 nm,

while the RMSD between trajectory average and the

closed 1g6l conformations is 0.19279 nm.

Order parameters (s 2) calculated from MD trajectory

were compared with NMR S 2 for the free HIV-1 PR

measured at 293 and 298 K [26]. Effective correlation

times for internal motion derived in Ref. [26] at 298 K

can be divided into three groups: 1 ps (41 residues), from

20 to 180 ps (29 residues) and from 300 to 9000 ps

(9 residues). Similarly, the data at 293 K can be divided

into the groups of 1 ps (43 residues), from 10 to 80 ps

(32 residues) and from 800 to 3000 ps (6 residues).

Respectively, the S 2 was calculated from the MD

trajectory for three types of time ranges with the same

order of magnitude as NMR effective correlation time:

1, 50 and 1000 ps.

As can be seen from the figure 5, the order parameters

decrease at time interval increasing. The NMR S 2 with

effective correlation time of 1 ps, from 10 to 180 ps and

from 300 to 9000 ps agree with the MD data for

trajectory ranges of 1, 50 and 1000 ps, respectively. As

one can see from the table 2, average absolute error and

RMSD between NMR and MD order parameters

essentially decrease, if NMR S 2 with correlation times

close to MD trajectory ranges are used only. It should be

noticed that NMR S 2 for Gln18, Leu19, Lys45, Phe53,

Ile62 and Leu97 at 298 K are not determined in Ref.

[26] because of low stability of the protease at 298 K,

regardless of the fact that mutant Q7K L33I L63I

enzyme less capable to the autoproteolysis was used in

the NMR experiments. So, the NMR S 2 values for these

residues are taken from Ref. [26] at 293 K for

comparison with the MD data.

Figure 6a represents differences between experimental

and MD order parameters in the case when MD S 2 was

calculated for trajectory ranges close to appropriate

residue te. The differences between calculated and

experimental order parameters are within the sum of its

confidence intervals for majority of residues. The

exceptions are Met36, Val56, Leu89 and Gly94, which

NZH bonds are more flexible according MD data than

according NMR. Experimental S 2 for Leu5, Trp6,

Glu35, Met36, Val56, Gly78, Leu89, Gly94 and Thr96

are greater at 298 K than at 293 K on a value more than

their errors sum. However, flexibility of protein usually

increases with temperature, therefore the S 2 value must

decrease at heating. It can be explained if order

parameters for these residues correspond to faster NZH

bond motions at 298 K than at 293 K (i.e. te

(298 K) , te (293 K)). But the correlation times at 298

and 293 K are either close for mentioned residues or te

0 20 40 60 80 100
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0.45
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0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.00

S
2 ,

 s
2

Residue number

Figure 5. Comparison of MD (lines) and NMR (scatter) NZH bond
order parameters. Solid, dot and dashed lines show data calculated for
trajectory ranges of 1, 50 and 1000 ps, respectively. Open, solid and half-
filled squares are data of Ref. [26] determined at 298 K with te ¼ 1,
20–180 and 300–9000 ps, respectively. Open, solid and half-filled
triangles are data of Ref. [26] determined at 293 K with te ¼ 1, 10–80
and 800–3000 ps, correspondingly.

Table 2. Comparison of NMR and MD order parameters.

NMR te (ps) MD trajectory range (ps) N* D (S 2)† RMSD (S 2)‡

1–9000{ 1 18, 19, 45, 53, 62, 97 0.0607 0.0841
1 1 18, 97 0.0439 0.0564
1–9000{ 50 18, 19, 45, 53, 62, 97 0.0605 0.0791
10–180 50 19, 45, 53, 62 0.0576 0.0762
1–9000{ 1000 18, 19, 45, 53, 62, 97 0.0831 0.1061
300–9000 1000 – 0.0538 0.0774
1, 10–180, 300–9000§ 1, 50, 1000 18, 19, 45, 53, 62, 97 0.0502 0.0680
1, 10–180, 300–9000§ 1, 50, 1000 5, 6, 18, 19, 35, 36, 45, 53, 56, 62, 78, 89, 94, 96, 97 0.0450 0.0611

*N is residues number for which NMR S 2 at 293 K were calculated.
†D (S 2) is the average absolute error:DðS 2Þ ¼ ð

Pn
i¼1jS

2 2 s 2jÞ=n, where n is number of amino acid residues.
‡ RMSD ðS 2Þ ¼ ½{

Pn
i¼1ðS

2 2 s 2Þ2}n21�1=2:
{ Comparison of MD s 2 was performed with NMR S 2 for all residues independently on the te value.
§ NMR S 2 with te ¼ 1, 10–180 and 300–9000 ps were compared with MD s 2 for trajectory ranges of 1, 50 and 1000 ps, respectively.
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(298 K) . te (293 K). So the discrepancy is caused by

low precision of the NMR data at 298 K. That is why the

S 2 at 293 K [26] was used for the mentioned residues for

more precise comparison with calculated s 2 (figure

6(b)). It leads to significantly better agreement between

experimental and calculated data, as it can be seen from

the table 2 and from the figure 6(b).

The final MD order parameters are shown on the figure 7

in comparison with appropriate NMR S 2 values [26]. The

most flexibility of NZH bond (s 2 , 0.73) is characterized

for amino acid residues Met36, Leu38, Gly40 (the flap),

Gly49-Gly52 (the flap tip), Thr80 (the 80-th loop) and

Gly94 (the dimerization domain).

4. Conclusion

We have suggested that the disagreement between

experimental and theoretical NZH bond order parameters

occurs due to the fact that the NMR order parameter is

determined for different amino acid residues at different

time intervals, while MD simulation gives a trajectory of one

time for all residues. It has been proposed to calculate the

MD s 2 for different amino acid residues separately for

trajectory ranges close to NMR te for correct comparison

with NMR S 2.

The MD simulation of free HIV-1 PR was performed

for verification of the proposed technique. It was determined

that the enzyme in an aqueous solution takes conformations

intermediate between semiopen and closed forms. A

good agreement between experimental and calculated

order parameters was obtained. What is why, the proposed

approach can be a valuable tool for solution of the

discrepancy between simulated and experimental NZH

bond order parameters.
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