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SUMMARY

We have investigated the conformational behaviour of salmon caicitonin bound to sodium dodecy! sulfate
micelles by means of restrained molecular dynamics simulations with both “static’ and time-averaged NMR
distance restraints. A more realistic picture of the inherent flexibility of the hormone is obtained when using
time averaging. With this approach. long-range NOEs are interpreted better by considering a dynamical ex-
change among different conformations.

INTRODUCTION

Calcitonin (CT) is a single-chain polypeptide hormone of 32 amino acids. Its best-known action
is the inhibition of bone resorption. This is achieved by reducing the plasma levels both of calcium
and of inorganic phosphate indirectly via its action on target organs (Austin and Heath, 1981).
Structurally, CT is characterized by an amino-terminal disulphide-bridged loop between sites |
and 7 and a carboxy-terminal proline amide (Scheme 1).
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Scheme 1. Amino acid sequence of salmon calcitonin.
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Several studies on the structure of calcitonins in different solvent media have been reported
(Brewer and Edelhoch, 1970; Epand et al., 1983,1986; Motta et al.. 1989,1991a.b; Meyer et al.,
1991; Meadows et al., 1991). Calcitonin receptors have been localized mainly on the surfaces of
target cells (Breimer et al., 1988) so the interaction of the hormone with the membrane and its
conformation in this amphipathic environment are of interest. Within this context. it is recognised
that micelles are an acceptable model to mimic the membrane environment (Brown, 1979; Gie-
rasch et al., 1982). For example, the interactions in the sodium dodecyl sulfate (SDS) micelles are
representative of those important for protein-lipid associations in the membrane (Gierasch et al.,
1982). The study of calcitonin in micelles can therefore be considered a useful approximation to
its membrane-bound form. For this reason, we have studied the conformation of salmon calcito-
nin (sCT) bound to SDS micelles using 2D NMR, distance geometry (DG) calculations and re-
strained energy minimization (rEM) (Motta et al., 1991b).

We found that the structure of sCT is helical between residues 6 and 22, with two less well de-
fined terminal regions. The C terminus folds back towards the helix. It became clear while refining
the structure that the long-range distance restraints could not all be satisfied simultaneously,
which might be explained by the existence of dynamically interchanging conformations. This sit-
uation seemed to be an ideal example for applying the recently proposed time-averaged restrained
molecular dynamics (rMD) (Torda et al., 1990), which incorporates time-averaged information
explicitly.

We present here, therefore, a molecular dynamical investigation into the conformational flex-
ibility of sCT, comparing the results obtained by both ‘conventional’ and time-averaged rMD.
The results are compared with experimental NMR data on NOE target distances. coupling con-
stants and amide exchange rates.

METHODS

Analysis of the NOESY data produced 260 interproton distance restraints that were used asinput
for the DG calculations (Motta et al., 1991b). Twelve out of 23 B-methylene groups were stereo-
specifically assigned with the program HABAS (Glintert et al.. 1989). The procedure suggested by
Esposito et al. (1987) was used for Gly'". Initial structures were generated using the program
DIANA (Gintert et al., 1991) and the best structures (in terms of the target function values) were
subjected to rEM as described before (Motta et al., 1991b).

Five structures were then selected for rMD calculations. All EM and MD calculations were per-
formed with the GROMOS software package (van Gunsteren and Berendsen, 1987). Bond-length
constraints were applied with the SHAKE algorithm (van Gunsteren and Berendsen. 1977; Ryck-
aertetal., 1977). The rMD time step was 2 fs.

Initial velocities were taken from a Maxwellian distribution appropriate for the two starting
temperatures, 300 K and 900 K. The temperatures were stabilised by coupling to a thermal bath
during the MD runs (Berendsen et al., 1984). In the simulations at 300 K we used a coupling time
constant of 0.01 ps during the first ps of the equilibration period and 0.1 ps thereafter. In the simu-
lation at 900 K a time constant of 0.01 ps was used for the first 11 ps. This was followed by 10 ps
of cooling to 300 K, with a time constant of 2 ps, and a time constant of 0.1 ps was used in the suc-
cessive 40 ps of the simulation.

The list of nonbonded neighbouring atom pairs was updated every 10 cycles of the EM and eve-
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ry 10 steps of 2 fs during the MD. A cut-off radius of 0.8 nm was used, beyond which no non-
bonded interactions were evaluated. Distance restraints obtained from NMR measurements were
incorporated in the calculations as a semiharmonic potential function with a force constant of
1000 kJ nm ~2 mol~! during the dynamics and the final energy minimization.

In the MD simulation at 900 K a force constant of 4000 kJ nm~2 mol ™! was used during the
first 11 ps, reduced thereafter to 1000 kJ nm~* mol~'.

Time-averaged distance restraint simulations (Torda et al., 1990) were performed at 300 K, af-
ter an initial picosecond of standard MD. According to Torda et al. {1990), the weighting function
used for averaging was:

o = f‘{(‘/T)CXp(ﬂ’/r) [r(t—t)} "3 dv} =13
]

where 1 is the exponential decay constant. The t values used in calculating the running average in
time-averaged distance restraints should be large enough to allow for the necessary conformatio-
nal changes to occur. It was estimated that in order to achieve reasonable averaging, the length of
the trajectory should be approximately an order of magnitude larger than 1 (Torda et al.. 1989).
The time constants for the memory function were 0, 4 and 8 ps, and the force constants were 1000
and 2500 kJ nm 2 mol~". The initial values of the time-averaged distances were obtained by sub-
tracting 0.02 nm from the distances calculated from the measured NOEs. In one of the trajecto-
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Fig. 1. Survey of sequential and long-range NOE-derived distance restraints for sCT bound to SDS micelles. Both axes
represent the amino acid sequence. Filled squares at position {(x.y) indicate that a NOE between backbone amide protons
of the two residues in the sequence locations x and y was observed. while a dotted square indicates a CaH NH-type NOE.
A shaded square indicates a NOE between NH or CaH of one residue and a side-chain proton in another residue. The
square containing a cross indicates a NOE between side-chain protons of the two residues.
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ries, the initial value of one of the distances (namely, Lys'® to Asn?®) was set 0.26 nm longer to in-
crease its relative weight. The time constant for coupling to the temperature bath was 0.04 ps
during the whole simulation. These simulations were 80 ps long but only the final 40 ps were used
for averaging and analysis.

Two hundred steps of conjugate-gradient rEM were performed on the final time-averaged
structures.

All simulations were performed in vacuo.

The hydrogen-bond criteria used in the analysis were that hydrogen bonds could be formed if
the distances hydrogen—acceptor were equal to or lower than 0.25 nm and if the angles donor-hy-
drogen—acceptor were equal to or larger than 135-.

Graphical representation was carried out with the interactive graphics program WHATIF
(Vriend, 1990) running on an Evans and Sutherland PS390 graphics system. All calculations were
carried out on the Local Area Vax Cluster of the European Molecular Biology Laboratory at Hei-
delberg (Germany).

RESULTS AND DISCUSSION

Figure 1 shows a diagonal plot of the experimental NOE data which were used as input distance
restraints in the DG calculations (Motta et al., 1991b). NOEs observed at different mixing times
(60, 120 and 200 ms) are represented by squares linking the residues involved. Almost all of them
can be classified as short- and medium-range effects apart from three long-range NOEs:
Thr3'NH-His'"CH,B. Asn**NH-Lys'*CH,8 and Asn**NH-Leu'?CHy. They were positively iden-
tified and all detected at 60-ms mixing time. Their intensities were greater at 120- and 200-ms
mixing times. Recently, Fejzo et al. (1991) discussed the effects on the determination of protein
solution structures caused by hybrid exchange mechanisms which have the potential of transfer-
ring cross relaxation over long distances. In their example, long-range spin-diffusion artefacts
were mediated by chemical exchange processes. However, in spite of the putative mobility of the
sCT molecule, we were not able to identify any chemical exchange process under our experimental
conditions which may have caused errors in the estimation of distances.

The conformational space of SDS-bound sCT consistent with the above experimental NMR
data was explored by performing rMD simulations on some of the previously determined DG
structures (Motta et al., 1991b). The five best structures (in terms of energy values and distance
restraint violations) were then selected and indifferently used for the rMD simulations performed
as described below.

‘Conventional’ rM D simulations

For three of the selected structures, an 80-ps lomg simulation (referred to as sCT1 in Table 1)
and two 60-ps long simulations (sCT2 and sCT3 in Table 1) were carried out at 300 K. The last
40 ps were used for calculating time averages of various properties and for obtaining an average
structure. Table | briefly describes the resulting structures.

The main effect of rMD refinement is to lower the energy of the system because the method is
able to overcome local energy barriers and to reliably locate the region’s global minimum (Clore
and Gronenborn, 1987). The potential energies of the time-averaged energy-minimized structures
were, indeed, all in a relatively narrow range (— 1972 to — 2098 kJ mol~').
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TABLE |
PROPERTIES OF sCT STRUCTURES RESULTING FROM rMD

Structure* Energies (kJ mol ")* Zolation’ Average Number
(nm) restraint violations
Pot vdW El Dist rest violationd >0.1 nm¢
(nm)
sCTI —2098 -957 — 1606 66 1.90 0.01 1(0.20)
sCT2 —1972 —-970 — 1571 128 2.61 0.01 1(0.58)
sCT3 —-2017 — 1034 — 1601 111 2.66 0.03 2(0.40)
sCTow —2080 —967 — 1586 71 213 0.02 1(0.24)
SCTovero —2103 -977 —1594 72 [.83 0.01 2(0.26)
SCTovent ~ 2056 —987 —1576 81 2.3 0.01 1(0.18)
SCT ez — 1738 —928 —1610 64 1.86 0.01 1(0.13)
SCTavers —2022 —959 — 1630 81 241 0.01 3(0.22)
SCT vers — 1765 —-957 — 1660 84 2.60 0.01 1(0.19)

+sCTI. structure obtained after 80 ps of rMD simulation at 300 K; sCT2, sCT3, structures obtained after 60 ps of rMD
simulation at 300 K; sCTyy. structure obtained after 60 ps of rMD simulation at 900 K; sCT .0 SCTwerre SCTaveras
SCT . erne SCT s Structures obtained after 80 ps of rMD at 300 K with time-averaged distance restraints and, respective-
ly. with time constants for the memory function ot 0 ps (SCT ). 4 ps (SCT ). SCT yer2) and 8 ps (SCT perne SCT o erq) and
force constants of 1000 (SCT 00 SCTaverts SCT ver @nd sCT g} and 2500 kJ nm -2 mol - ' (sCT,..r2). For sCT,,. an addi-
tional correction of 0.26 nm was applied to the distance 18 26,

" Energy data are relative to the energy-minimized structures averaged over the last 40 ps of the MD simulations. Pot. total
potential energy: vdW, van der Waals steric nonbonded energy: El. electrostatic nonbonded energy; Dist rest, energy as-
sociated with NOE distance restraints.

¢ Data are relative 10 average values calculated over the last 40 ps of MD trajectory.

4 Numbers in parentheses indicate maximum distance violations.

Figure 2 shows a superposition of four snapshots of sCT generated in the time range 50-80 ps
of the MD simulation, with equal time intervals of 10 ps (namely simulation sCT1 of Table 1).
Residues 6 to 22 form a well-defined helix, while the N terminus and especially the C terminus do
not converge to a unique structure because of the fewer NOE data. However, interresidual NOEs
and backbone torsion angles justify the inclusion of Thr® and Cys’ into the helix (Motta et al.,
1991b). On the contrary, although the @ and y angles for Leu® are in the allowed a-helical region,
the lack of convergence among the structures for Ser® does not warrant the inclusion of residues
4 and 5 into the helix (Motta et al., 1991b). The 6-22 central helix is rather rigid but the rest of the
molecule is more flexible. This picture is confirmed by the observation of the RMS fluctuations of
the ¢ and y angles for the rMD runs (data not shown). Indeed, the N and the C termini exhibit
the largest variations of the dihedral angles.

The sums of violations calculated in the trajectories are reported in Table 1. together with the
average relative restraint violations. The latter values are low in all structures; however, there is al-
ways a restraint violation in excess of 0.2 nm in each structure corresponding to the observed
long-range NOE between the NH of Asn? and the & protons of Lys'®. The simultaneous fulfill-
ment of this restraint and the other long-range NOE between the NH of Asn® and the y proton
of Leu'? seems to be impossible. For these cross peaks upper limits of 0.65 nm and 0.50 nm were
assigned, respectively. The fluctuation of the system amongst several conformations could be the
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explanation of these consistently high violations. The system must spend a fraction of time in con-
formations which satisfy only one of the two distances but never both simultaneously. This can be
observed in a plot of the NOE violations as a function of their sizes taken at different snapshots
of the trajectories. Figure 3 shows the number of distance restraint violations for structure sCT1
during the time span of 60-80 ps. The NOE between the NH of Asn’® and the 3 protons of Lys'®
is always the largest violation at all times (including 50 ps, data not shown) but at 70 ps (Fig. 3B)
the size of the violation is consistently lower. This indicates that at this time of the simulation the
conformation of the molecule conforms better with the experimental distance restraints.

In order to take advantage of the effect of increased temperature in overcoming local energy
barriers and of possibly locating different global minima, we performed simulated-annealing cal-
culations on the fourth of the selected structures using a temperature of 900 K during the first 11
ps followed by another 50 ps at 300 K. The last 40 ps were then used for averaging and analysis
(simulation sCTyg in Table 1). The time-averaged energy-minimized structure had a potential
energy of —2080 kJ mol ! and a distance restraint energy of 71 kJ mol ~'. No significant structu-

Fig. 2. Superposition of the Cu atoms of the structures of sCT (simulation sCT1 in Table 1) generated in the range 50 80
ps with & 10-ps time interval. Structures were superimposed (or pairwise minimum RMSD of the Ca atoms of residues 6--
22 with the time-averaged energy-minimized structure.
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Fig. 3. Number of distance-restraint violations as a function of their size (nm). Data are reported for the time periad 60-
80 ps of the rM D simulation on structure sCT1. (A) 60 ps: (B) 70 ps: (C) 80 ps.
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ral shifts were observed with the changing simulation temperature. The largest violation of the
distance between the NH of Asn”® and the & protons of Lys'8 was observed in this simulation.

The possibility that long-range NOEs stemmed from different structures simultaneously pres-
ent in solution was also investigated. The following approach was used to obtain a rough charac-
terization of the conformations present and their mutual compatibility. Two hundred cycles of
energy minimization including arbitrary pairs of the three long-range restraints in addition to the
whole list of short- and medium-range NOEs were performed. The results showed that, while the
19-26 and the 17-31 NOEs are mutually compatible, a large violation was always present when
including the 18-26 distance. Two simulated-annealing runs of 10 ps, at 500 K and with a force
constant of 4000 kJ nm =2 mol ~ !, were calculated including the two sets of incompatible restraints
separately and the results were minimized. Figure 4 depicts the ribbon representation of the two

Fig. 4. Stereoview of two limiting structures of sCT obtained including in the long-range distance restraint list (A) only
the 18-26 distance, and (B) only the 19-26 and the 17-31 distances. For clarity, the backbone is represented as a ribbon
with the side chain of the residues involved in long-range NOEs explicitly shown.
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limiting structures, with the side chains of the residues involved in the long-range NOEs explicitly
drawn. The resulting two limiting structures are almost isoenergetic (E,, = — 1971 kJ mol~!and
Egistrest = 48 kJ mol~! for the structure including only the 18-26 restraint (Fig. 4A), and Epot =
—2049 kJ mol ! and Eg rest = 37 kJ mol ! for the other structure). The main differences are the
orientation of the C-terminal loop and the rearrangement of some of its side chains. However,
since this approach relies on an arbitrary choice of compatible long-distance pairs, it does not al-
low an objective characterization of the possible structures. This makes the structures in Fig. 4 un-
real and suggests that the flexibility of the system has to be accounted for to justify the simulta-
neous presence of the long-range NOEs.

Hydrogen bonds. Hydrogen bonds, previously incluced for the helical region, in the DG calcula-
tions, were switched off during MD simulations to check their consistency. Table 2 reports calcu-
lated hydrogen-bond occupancies for sCT as obtained from different rMD trajectories. A good
agreement is obtained with the experimentally observed slowly exchanging protons. In most of
the trajectories, the N-terminal ring is stabilized by an H bond between the NH of Thr® and the
0% of Asn? with a high percentage of occurrence; few other H bonds are also present, though not
in all simulations and not with a high occupancy. A hydrogen bond between the CO of Pro>* and
the NH of Thr?* (simulations sCT1, sCTyg) or the NH of Asn® (simulations sCT2, sCT3) indi-
cates a bend of the molecule at the end of the helical region. Few long-range H bonds — namely
OHY" of Ser'*-O7 of Thr3! (sCT1). OH?' of Glu'>-0' of Pro** (sCT3). NH of Gly*"~CO of Arg*
(sCT3), OHY of Thr*'-0¢' of GIn*® (sCT2, sCTgq) and NH of Thr'-CO of Leu'® (sCTI) —
stabilize the folding of the hormonal tail toward the helix 6-22, as already found in the DG struc-
tures (Motta et al., 1991b). The presence in all simulations ofcm H bond between the NH of Thr?’
and the CO of Arg?* further characterizes this part of the molecule. The conformational freedom
associated with the terminal region of the peptide might be related to the ability of forming dy-
namically different hydrogen bonds.

J coupling constants. Jyncha coupling constants averaged over the different trajectories show the
best convergence among different trajectories from residues 4 to 18 (data not shown). Outside this
range, a larger scattering of J values together with a poorer agreement with the experimental data
is observed. Longer MD simulations would certainly help to obtain a better sampling of the
multiple conformations contributing to the observed values.

Time-averaged distance restraints

For small molecules existing in solution in equilibrium between two different conformations it
is not possible to satisfy all the experimental restraints simultaneously by conventional rMD be-
cause this would be equivalent to trying to generate some physically unrealistic single conforma-
tion (Torda et al., 1990). With larger molecules, however, it may not be possible to identify the
distinct conformational states among which the molecules move, because measured NOEs are
only average values reflecting the whole configurational space visited by the molecules on the
NMR time scale.

Time-averaged rMD has been recently suggested as a more efficient method for structure refine-
ment (Torda and van Gunsteren, 1991). Applications to NMR data have been presented for Ten-
damistat (Torda et al., 1990) and in a model study of DNA (Pearlman and Kollman, 1991). Ac-
cording to this approach, the molecule is not forced to satisfy distance restraints at each time
point of the simulation but only on average over the course of the trajectory (Torda et al., 1989).
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TABLE?2
CALCULATED HYROGEN-BOND OCCUPANCIES (%) FROM rMD TRAJECTORIES

Donor Acceptor Trajectories® H Bonds®
sCTI sCT2 sCT3 SCTym

NH Ser? O7Thrt 70

OHr Ser? Od! Asn? 55

NH Asn’ Or Thrt 64

NH Thr¢ 0% Asn? 84 66 76 *

NH Cys’ O Asn? 97 92 96 99

NH Val* O Leu? 89 92 93 96 *

NH Leuw’ O Ser* 100 98 100 100 *

NH Gly'® O Thr* 85 85 87 91 *

NH Lys" O Cys’ 94 89 93 92 *

NH Leu!'- OVal¥ 100 99 99 100 *

NH Ser'? O Lew* 94 86 99 95 *

OHr Ser”? O Leu’ 63

OHr Ser'? O Thr? 54

NH Gln'** O Gly'" 98 95 97 89 *

NH Glu** O Lys" 94 95 97 96 *

OH¢! Glu'* O' Pro*: 52

OH* Glu¥* O GIn** 59

NH Leu'® O Leu®? 98 96 99 99 *

NH His!? O Ser" 95 99 96 99 *

Né His!” O GInM 75

N¢é! His'? O Gin 68 61 61

N-Lys'® O Glu'* 51

NH Lys'* O Glin** 91 95 97 95 *

NH Leu™ O Glu'* 96 96 97 96 *

NH GlIn* O Leu' 97 92 47 90 *

NH Thr-! O Lys'" 6! 42 54

OH* Thrd O His"” 68 63

NH Thr?! O His"” 66 34 61 44 *

NH Tyr™ O Lys'® 68 89 89 68 *

NH Arg™ O Thrt 51 92 *

N- Arg™ O Tyr* 60

OH* Thr O°t Asn?® 67 48

NH Thr** O Pro* 87 92

NH Asn?* O Pro™! 90 99

N® Agn* O7 Ser® 62 72

NH Thr*” O Arg™ 73 42 92

OH* Thr? O Arg™ 71

OH' Thr?’ 0 Gly» 54

NH Gly= O Thr* 62 49

NH Ser O Thr?? 79

OHr Ser™ O Gly* 87

NH Gly*» O Arg™ ’ 83

NH Gly* O Asn* 64

NH Thr" O Leu'® 46

OH* Thr" O Gln 45 83

NH Thr" O Thr¥? 83

NH Thr" O Gly* 57

“ The same notation of Table | was used for the structures to identify the trajectories: sCTI. trajectory over 80 ps; sCT2.
sCT3. trajectories over 60 ps; sCTyy. trajectory simulated at 900 K over 60 ps.

" Hydrogen bonds experimentally identified through exchange experiments. Amides with slow exchange rates were present
during the *H,O exchange NOESY experiment which lasted 24 h (pH 3.3, T=310 K). Amide protons with fast exchange
rates had no detectable resonance intensity in this type of experiment.
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The method is therefore particularly suitable to describe the behaviour of molecules which exist
as a dynamic envelope of conformations.

A time-dependent distance-restraint approach, with different values of the memory function
time constant, was applied to sCT to allow more mobility and improve the agreement with the ex-
perimental distance restraints. The presence of the three long-range NOEs should hopefully be ac-
counted for, with a corresponding lowering of the size of the violations. 80-ps long simulations
were performed using the fifth of the selected structures as the starting conformation. Only the
last 40 ps were used for analysis (simulations sCT,,,, in Table 1). The sum of violations and the
size of the largest violations are smaller than those obtained without the application of time-aver-
aged NOEs (compare with sCT,,.o which corresponds to an rMD simulation without time
averaging on the same starting structure). In this respect, the best results were obtained using a
memory function time constant of 4 ps and a force constant of 2500 kJ nm ~2 mol ! (sCT,yerm in
Table 1), although the use of a larger force constant value reduces the distance violations at the
expense of intramolecular energy, leading to a more strained structure (van Gunsteren and
Berendsen, 1990). The relative degree of mobility for different regions of the sCT molecule is evi-
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dent in the RMS fluctuations of the Ca atom positions as derived from rMD trajectories (see Fig.
5). This provides some measure of the conformational space spanned during the trajectories. The
mobility of the N- and C-terminal regions of the molecule is strongly enhanced. The largest fluc-
tuations were observed when increasing the distance-restraint force constant. This results in a
larger driving force to move among different conformations (Figs. 5B and C).

In addition to a general increase of the overall mobility, differential behaviour of specific re-
gions of the molecule may be observed by plotting the dependence of distances as a function of
time during the simulation. Figure 6 shows the behaviour of the distances between the NH of
Asn?® and the y proton of Leu'?, the NH of Asn*® and the § protons of Lys'8 and the NH of Thr?!
and the B protons of His'”. It can be seen that these distances show large fluctuations and that the
NOE bonds are violated for many picoseconds during the trajectory. However, when using time-
averaged distance restraints the experimental NOE data are, on average, better reproduced. The
three long-range distances involve residues far apart in the sequence and therefore reflect internal
motions and the interplay of many NOE restraints. This situation resembles the mobility ob-
served for Tyr'? in Tendamistat which alternately satisfies the NOEs to residues 13 and 17, al-
though in this example the residues involved are closer in the polypeptide sequence (Torda et al.,
1990).

One of the trajectories was performed with an initial value for the distance 18-26 adding 0.26
nm to the distance calculated from the measured NOE, which corresponds to an increased weight
of the above distance. A memory of 8 ps was used (sCT .4 in Table 1). No significant changes in
the trajectories were observed and the dependence of this distance vs. time differs only in the first
picosecond from the behaviour shown in Fig. 6B (data not shown). The energy of the resulting
structure sCT,erq 1S higher in comparison to that of structure sCT,,.3 obtained with the same
memory-function time constant. The increased weight given to the 18-26 distance alone is not suf-
ficient to restrain the system: the time constant is too long and the system mobility increases. Once
the system has reached the desired conformation; energetic terms hinder motion away from that
conformation (Torda et al., 1989). )

The time scale of an MD simulation for an isolated molecule is faster than the real behaviour
in solution, so in reality the process does not happen with the same frequency and fluctuations
may be smaller. However, the results of this simulation suggest that the NH of Asn?® for some
time is near to the & protons of Lys'® and for some other time is near to the y proton of Leu'®. The
constant violation in all simulations of one or more of these observed short restraints to distant
sites of the molecule might be invoked as the type of artefact expected from averaging of NOEs
over two or more discrete structures (Kim and Prestegard, 1989).

CONCLUSIONS

sCTina micelleenvironment provides an interesting example of dynamically exchanging multiple
conformations. Our interest in the dynamic properties of sCT is motivated by the possible impli-
cations of the conformational flexibility for the biological activity of the hormone and its folding
process. We have discussed here ways to describe the dynamical properties of this system by com-
paring resulits both from static and time-averaged rMD. As expected, the latter method produced
better agreement with experimental distance bounds, increased the allowed molecular mobility
and gave a more realistic estimate of possible conformations occupied by the hormone in solution.
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