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The GROMOS96 molecular-dynamics (MD) program and force field was used to calculate the
conformations at 298 K in CHCl3 solution of two hexakis(3-hydroxyalkanoic acids). One consists of (R)-3-
hydroxybutanoate (HB) residues only: H�(OCH(Me)�CH2�CO)6�OH (1). The other one carries the side
chains of valine, alanine, and leucine: H�(OCH(CHMe2)CH2�CO�O�CH(Me)�CH2�CO�O�CH(CH2

CHMe2)�CH2�CO)2�OH (2), with homochiral 3-hydroxyalkanoate (HA) moieties. In both cases, the
conformational equilibria were sampled 2500 times for 25 ns. Other than clusters of arrangements with inter-
residual hydrogen bonding (between the O- and C-terminal OH and COOH groups, and with chain-bound ester
carbonyl O-atoms; Fig. 6), there are no preferred backbone conformations in which the molecules 1 and 2 spend
more than 5% of the time. Specifically, neither the 21- nor the 31-helical conformation of the oligoester backbone
(found in stretched fibers, in lamellar crystallites, and in single crystals of polymers PHB and of oligomers OHB)
is sampled to any significant extent (Fig. 8 and 9), in spite of the high population, in both oligomers, of the (�)-
synclinal conformation around the C(2)�C(3) bond (angle � 2 in Fig. 2). In contrast to �-oligopeptides, for
which strongly preferred secondary structures are found after a few ns, and for which the number of
conformations levels off with time, the number of conformational clusters of the corresponding oligoesters
found by our force-fieldMD calculations increases steadily over the observation time of 25 ns (Fig. 5). Thus, the
conclusion from biological and physical-chemical studies, according to which the PHB chain is extremely
flexible, is confirmed by our computational investigation: in CHCl3 solution, the hexakis(3-hydroxyalkanoate)
chain samples its conformational space randomly!

1. Introduction. ± Associated with the biological role of the short-chain poly[(R)-3-
hydroxybutanoate] (PHB) [1], which has been shown to allow the passage of ions
across phospholipid bilayer membranes under voltage-driven and concentration-driven
conditions [2], or to function as a transmembrane ion-channel when associated with Ca
polyphosphate [1 ± 3], is the question of its secondary structure. From the investigation
of PHB or PHB derivatives in the solid state, two different folding patterns were
recognized: a 21 helix in stretched fibers [4] and in lamellar crystallites of the polymer
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[5], and both, 21 and 31 helices in crystals of cyclic oligomers (oligolides) of HB [6]. To
gain information about the conformation of the PHB backbone in homogeneous,
isotropic solution ± phospholipid bilayers in which the short chain PHB are
incorporated may be considered solutions in a two dimensional nonpolar solvent! ±
investigations on the structure of PHB in solution were undertaken. Although there are
hints for the presence of folded secondary structures on the very short time scale of UV/
VIS spectroscopy (provided by FRET (Fluorescence Resonance Energy Transfer) [7]
and CD [8] [9] measurements), no predominant secondary structure has been
discovered on the longer NMR time scale4). The conclusion was that PHB possesses
a highly flexible backbone. A method to study the conformation of individual members
of the PHB population in solution is the application of molecular-dynamics
calculations. We present here a simulation of oligo(3-hydroxyalkanoate) (OHA)
hexamers 1 and 2 (Fig. 1). The validity of computer simulations for the prediction or
calculation of secondary structures is well-documented by the work of Seebach, Jaun,
and Van Gunsteren on �-peptides: the helical and turn structures of �-peptides were
simulated successfully [12], using a force field originally developed for �-peptides, thus
demonstrating its applicability for oligomers other than those for which it had been
conceived.

2. Methods. ± Molecular Models. The labeling conventions and abbreviations that
are used throughout this report are shown in Figs. 1 and 2. The topology of each
molecule was constructed with parameters of the GROMOS96 43A1 force field [14].
This force field, though designed for biomolecules such as peptides and sugars, was
calibrated to general thermodynamic properties of the common functional groups of

Fig. 1. Formulae of the molecules 1 and 2, and numbering and abbreviations for the residues (cf. [11])
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4) 2D-NMRMeasurements revealed persistent secondary structures for �-peptides [10], the amide analogs of
PHB; because of its long time scale, this technique is appropriate only for molecules that adopt well-
populated or long-lived secondary structures; it fails and gives only average values in the case of rapidly
interconverting secondary structures. For detailed discussions on investigations of OHA derivatives 1 and 2
by NMR, see our previous papers [7] [8] and the accompanying publication [11].



organic chemistry (e.g., example, densities, and heats of vaporization). The parameters
used to model the backbones of the molecules 1 and 2 are given in Tables 1 and 2. Those
for the side chains were the standard GROMOS96 43A1 parameters of the amino acid
residues Ala, Leu, and Val [14]. The so-called charge groups required by the force field
are indicated in Fig. 3. The CHCl3 model was taken from [14] [15].

Simulations. The MD simulations of molecules 1 and 2 were performed with the
GROMOS96 program [14] [16] and the GROMOS96 43A1 force field [14]. They were
run with CHCl3 as the solvent in a cubic box at 298 K and at 1 atm pressure, with the
temperature and pressure being maintained by weak coupling to an external bath [17].
The coupling time for the thermostat was 0.1 ps. For the barostat, it was 0.5 ps. An
isothermal compressibility of 1.6107 ¥ 10�3 [kJ mol�1 nm�3]�1 [15] was used. In both
cases, periodic boundary conditions were employed, and a triple-range scheme with
cut-off radii of 0.8 nm/1.4 nm was used for all nonbonded interactions, the long-range
forces being updated after every fifth time step. Outside the longer cut-off radius, a
reaction-field approximation [18] was used with a relative dielectric permittivity of 4.8
[15]. The initial conformation of both molecules was an extended conformation (i.e.,
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Fig. 2. Specification of backbone dihedral angles and selected H-atoms in the �-hydroxy ester chains of 1 and 2.
a) Backbone dihedrals are defined as: �1� (C(1)�O(1)�C(3)�C(2)); � 2� (O(1)�C(3)�C(2)�C(1)); � 3�
(C(3)�C(2)�C(1)�O(1)); � 4� (C(2)�C(1)�O(1)�C(3)). b) Designation of dihedral angles � 2 (sign of the

angle according to Prelog-Klyne descriptors [13]).

Table 1. Nonbonded Interaction Parameters for the Backbone in 1 and 2. IAC refers to the integer atom code
used to reference Van der Waals parameters in the GROMOS96 suite of programs [14]. Atoms C(2) and C(3)

are −united× atoms, representing CHn groups.

Atom Description IAC Partial charge [e]

H hydroxylic hydrogen 18 0.398
O(1) ester O-atom 3 � 0.360
C(3) C(�) 12 0.160
C(2) C(�) 13 0.000
C(1) carbonyl C-atom 11 0.580
O(2) carbonyl O-atom 1 � 0.380
O(1) carboxyl O-atom 3 � 0.548
H carboxyl H-atom 18 0.398
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Table 2. Intramolecular Interaction Parameters for the Backbone of the Oligoesters

Bond-stretching parameters

Bond b0 [nm] Kb [kJ mol�1nm�4]

H�O(1) (O-terminus) 0.100 15.7
O(1)�C(3) 0.143 8.18
C(3)�C(2) 0.153 7.15
C(2)�C(1) 0.153 7.15
C(1)�O(2) 0.123 16.6
C(1)�O(1) (C-terminus) 0.136 10.2

Bond-angle bending parameters

Bond angle �o [degree] K�[kJ mol�1]

H�O(1)�C(3) 109.5 450
O(1)�C(3)�C(2) 109.5 520
O(1)�C(3)�C(4) 109.5 520
C(2)�C(3)�C(4) 109.5 520
C(3)�C(2)�C(1) 111.0 530
C(2)�C(1)�O(2) 121.0 685
O(2)�C(1)�O(1) 124.0 730
C(2)�C(1)�O(1) 115.0 610
C(1)�O(1)�C(3) 109.5 450
C(1)�O(1)�H 109.5 450

Improper dihedral-angle parameters

Dihedral angle �o [degree] K�[kJ mol�1degree�2]

C(3)�C(2)�O(1)�C(4) 35.26439 0.102
C(1)�C(2)�O(1)�O(2) 0.0 0.051

Dihedral-angle torsional parameters

Dihedral angle cos (�) m K� [kJ mol�1]

O(1)�C(3)�C(2)�C(1) � 1.0 3 5.860
O(1)�C(3)�C(2)�C(1) � 1.0 2 0.418
C(3)�C(2)�C(1)�O(1) � 1.0 6 1.000
C(2)�C(1)�O(1)�C(3) � 1.0 2 16.700
C(1)�O(1)�C(3)�C(1) � 1.0 3 1.260
C(2)�C(1)�O(1)�H � 1.0 2 16.700

H O(1) C(3) C(2) C(1)

O(2)

O(1) H

C(4)

n
Fig. 3. Charge groups used in the calculation of nonbonded interactions in molecules 1 and 2. The atomic charges
of a charge group (indicated by dashed lines) add up to zero. When applying a nonbonded interaction cut-off
radius, either all or none of the atoms of a charge group are taken into account in the nonbonded pair list or

interaction [14].



that with all backbone dihedral angles set to 180�). The timestep used in solving the
equations of motion was 0.002 ps. Covalent bonds were kept rigid with a relative
precision of 10�4 according to the procedure SHAKE [19]. The motion of the center of
mass was removed at regular intervals (every 2 ps). Table 3 summarizes the simulation
specifications. Both simulations covered 25 ns.

Cluster Analysis. The cluster analysis performed was the same for the two
molecules, and the method was used as described in the [20]. In each case, structures
were extracted from the trajectory at 0.01-ns intervals for analysis (a total of 2500
structures per simulation). The clustering was performed in Cartesian space. For each
structure, a least-squares translational and rotational fit was performed with the
backbone atoms of residues 2 ± 5 (terminal residues were not taken into account, as
they tend to have more freedom of motion), and the atom-positional root-mean-square
difference (RMSD) for this set of atoms was calculated. With a RMSD � 0.1 nm for
the set of backbone atoms as a criterion of similarity of two structures, the number of
neighbors (i.e., structures satisfying the similarity criterion) for each of the structures in
the initial pool of 2500 was determined. The structure with the highest number of
neighbors was then taken as the central member of the first-ranked cluster. All
structures belonging to this cluster were thereafter removed from the pool. For each of
the remaining structures, the number of neighbors was again computed. The structure
with the most neighbors became the central member of the second cluster of structures.
Structures belonging to this second cluster were then also removed from the pool. This
process was iterated, until all the structures were assigned to a cluster. This type of
clustering favors the most common structures and ensures a minimum difference in
atom-positional RMSD between central members of clusters equal to the similarity
criterion. It also results in many −clusters× with only one member. These are not
necessarily structures that are very different from structures in other clusters, but they

Table 3. Specification of Simulation Parameters

System

Solute 1 2

Number of solute atoms 39 49
Number of solvent molecules 657 657
box type cubic
initial box length [nm] 4.5
timestep [ps] 0.002
center of mass motion removed every [psec] 2

Nonbonded interactions

pair-list cut-off radius [nm] 0.8
nonbonded interaction cut-off radius [nm] 1.4
pair-list update frequency [ps�1] 100

Thermodynamic restraints

temperature coupling at [K] 298.15
using coupling time of [ps] 0.1
pressure coupling at [atm] 1
using coupling time of [ps] 0.5
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lie just outside other clusters. In general, they have similar (neighbor) structures
(RMSD � 0.1 nm) in other clusters.

Investigating Helix Similarity. The 21- and 31-model helices were considered, with
experimentally determined ideal angles. These are shown in Table 4. For each structure
in the trajectory, a least-squares fit to each of the helix models was performed on the
backbone atoms of residues 2 ± 5. The atom-positional RMSD for this set of atoms was
then calculated.

Extraction of Rotamer Populations. The relative population of each rotameric state
was extracted from the relevant dihedral time series with angle filters: 120��i� 240
(ap); � 120��i� 0 ((�)-sc); 0��i� 120 ((�)-sc).

Calculation of J-Coupling Constants. Scalar coupling constants were calculated for
vicinal H,H coupling about the torsional angle � 2 (see Fig. 2 for labels). Two
calculations were performed. One was based on the standard Karplus relationship
(Eqn. 1) [21]:

3J� a1cos2�� a2cos2�� a3 (1)

The other was based on the generalized Karplus relationship (Eqn. 2) [22]:

3J � a1cos2�� a2cos2�� a3��i�xi[a4� a5cos2[�i�� a6 ��xi � ]] (2)

The sum is over the substituents of the atoms forming the bond axis of the torsional
angle � ; �xi is the electronegativity difference with respect to the H-atom of the first
atom of the substituent; �i is a chirality parameter that determines the relative
orientation of the substituent i with respect to the HC�CH fragment.

The parameters used in the calculations are summarized in Tables 5 and 6. The
parameters for the calculations with the Karplus relationship are standard values for
vicinal couplings in amino acids5) and are, therefore, approximate for ester moieties.
The parameters for the generalized Karplus relationship were taken from [22]. The
atomic electronegativities reported by Huggins [24] were used.

3. Results. ± Comparison of Calculated and Experimentally Determined Quantities.
The local and global conformational characteristics of molecule 2 have been
investigated by NMR techniques [11]. In particular, the population of rotameric states
about dihedral angles � 2 have been deduced from measurements of vicinal J values,

Table 4. Values of Dihedral Angles, �i for the Helical Structures of Poly[(R)-3-hydroxybutanoate] [1] [4 ± 6]. See
Fig. 2 for designation of angles and other conventions.

Angle type Value in left-handed 21 helix [degrees] Value in right-handed 31 helix [degrees]

�1 149.9 142.2
�2 � 56.1 � 62.3
�3 � 43.3 150.7
�4 � 174.2 � 176.9
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5) As given, e.g., in [23].



according to a three-state model Pachler analysis and on the assumption of fast
rotameric interconversion. Dihedral angles � 2 were chosen for two reasons: they are
the ones most amenable for the application of NMR techniques, and a (�)-sc
conformation is a characteristic feature of both helices proposed as model structures for
PHB6).

In Table 7, vicinal J-coupling constants calculated as time averages over the
simulation trajectories are compared with measured values [11]. With the two Karplus
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Table 6. Atomic Electronegativities (relative to hydrogen) and Chirality Parameters �i Used with the Generalized
Karplus Relationship (Eqn. 2). See Fig. 2 for designation of atoms.

Atom Relative electronegativity �H�,Re �H�,Si

O(1) 1.3 1 1
C(4) 0.4 � 1 � 1
C(1) 0.4 � 1 1

Table 5. Parameters of the Karplus Relationships (Eqns. 1 and 2) Used to Calculate J-Coupling Constants.
Values are taken from [22] [23].

Calculation a1 a2 a3 a4 a5 a6

H,H coupling (standard Karplus) 8.7 � 1.6 0.7 ± ± ±
H,H coupling (generalized Karplus) 13.22 � 0.99 0.00 0.87 � 2.46 19.9

6) See our recent papers [7] [8], the accompanying publication in this issue [11], a review article [1], and
leading references cited therein.

Table 7. Vicinal 3J-Coupling Constants (in Hz) in molecule 2. Trajectory averages calculated with the two
different Karplus equations and measured values [11].

Residue Data source 3J(H�,H�,Re) [Hz] 3J(H�,H�,Si) [Hz]

MD, Eqn. 1 2.8 6.4
1HC MD, Eqn. 2 2.9 7.1

Experiment 2.7 9.7

MD, Eqn. 1 2.0 9.2
2HB MD, Eqn. 2 0.5 11.1

Experiment 4.6 7.6

MD, Eqn. 1 2.3 9.2
3HH MD, Eqn. 2 0.8 11.1

Experiment 5.3 � 5.3

MD, Eqn. 1 3.7 6.3
4HC MD, Eqn. 2 3.7 7.2

Experiment 5.9 4.9

MD, Eqn. 1 2.2 8.6
5HB MD, Eqn. 2 1.0 10.2

Experiment 4.9 7.4

MD, Eqn. 1 2.0 9.6
6HH MD, Eqn. 2 0.3 11.7

Experiment ± ±



relationships (Eqns. 1 and 2), similar values are obtained (average absolute difference
is 1.3 Hz), although a variation of up to 2.1 Hz is observed. The difference between
simulated and measured values is, on average, 2.2 Hz with Eqn. 1, and 3.3 Hz with
Eqn. 2. These values are by 0.9 to 1.9 Hz larger than the uncertainty in the simulated
values due to the use of a particular Karplus relationship.

In Table 8, the values for the populations of the rotameric states obtained in the
experimental study and the values calculated from the MD-simulation trajectory are
compared: in both cases, the (�)-sc rotamer is highly populated for all residues.
This suggests that there is a chance that either of the proposed (left-handed 21

and right-handed 31)5) helical conformations is adopted for some length of
time. However, experimental NOE (ROE) data collected for molecule 2 provide
no further evidence for significant population of helical structure in the NMR
analysis.

The observed differences in fine detail (for example, the relative magnitude of the
rotameric populations down the molecular chain in each case) are discussed in the
following section.

General Conformational Characteristics of Molecules 1 and 2. Cluster analysis of the
25-ns trajectory of molecule 1 shows that the most stable conformation (first-ranked
cluster) is adopted less than 5% of the time. The molecule spends ca. 10% of its time in
the first three clusters. For the rest of the time, it more or less freely samples its
conformational space. This is illustrated in Fig. 4,a, and, from Fig. 5, it is evident that
the number of clusters has not levelled off after 25 ns of simulation, and that the
molecule continues to sample unvisited regions of conformational space.

The prevailing conformations of the hexakis[(R)-3-hydroxybutanoic acid] (1) are
stabilized by inter-residual H-bonds. One of these is shown in Fig. 6,a, a graphic of the
central member conformation of the first-ranked cluster. The percent occurrence of the
various H-bonds that form during the simulation are summarized in Table 9. The two
H-bond donors in the molecule are involved 47 and 26% of the time in different
intramolecular H-bonding.

Table 8. Comparison of Simulated (Sim.) and Experimentally (Exper.) Derived Conformation Populations
about Torsional Angles �2 in 2. A dash indicates that experimental data are not available. The experimental

populations were derived from vicinal J-coupling constants and a three-state model [11].

Residue Population [%] of conformation (�2)

ap (180�) (�)-sc (� 60�) (�)-sc (60�)

Sim. Exper. Sim. Exper. Sim. Exper.

1HC 9 5 56 77 35 18
2HB 5 24 88 55 7 21
3HH 10 ± 89 ± 1 ±
4HC 19 34 54 23 27 43
5HB 4 27 82 53 14 20
6HH 4 ± 92 ± 3 ±
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In Fig. 7,a, we show Ramachandran-type plots of 1 summarizing the torsional angle
distributions of the molecule7). Angle � 2, for example, generally adopts values of ca.
300� (i.e., � 60�, the (�)-sc rotamer). The wide distribution of angle �1 in 1HB reflects
the fact that the O-terminal OH group of the chain rotates freely at this temperature.
For the other residues, it hovers around 110�. The angle � 3 more or less −avoids× values
near the trans or ap conformation.

The atom-positional RMSD (backbone; residues 2 ± 5) from the left-handed 21

helix, suggested as a possible stable structure for PHB in solution5), shows that the helix
is not sampled to any significant extent (Fig. 8,a)8); similarity criterion: RMSD
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Fig. 4. Number of structures per cluster as a function of cluster rank number (starting from the most populated
cluster). a) Hexa(3-hydroxybutanoic acid) derivative 1; b) Hexa(3-hydroxyalkanoic acid) derivative 2. Only
the most populated clusters are shown. The cluster analysis is based on 2500 MD trajectory structures lying

10 ps apart.

7) The ester dihedral angle C(2)�C(1)�O(1)�C(3), � 4 , has not been included, since it is essentially stiff at
180�. This theoretical and experimental observation is reflected in the large force constant for rotation
about this bond (see Table 2).

8) Please note: the trajectory used to generate Fig. 8 is not the same as that for which other data is presented,
but comes from a related run where a slight bias was given to sc rotamers about torsional angles � 2 . This
does not affect the conclusions drawn from the simulation data. Since the 21 model helix requires adoption
of a sc rotamer for angles of this type, it may be taken as more compelling evidence that this structure is not
a stable configuration both for molecule 1 and for molecule 2.



� 0.08 nm). A similar result is found for the right-handed 31 helix model5)
conformation (Fig. 9,a).

The overall conformational characteristics of the hexakis(3-hydroxyalkanoic acid)
2 in CHCl3 (again over 25 ns) are similar to those of the HB derivative 1. Cluster
analysis (Fig. 4,b) shows that the most stable conformation (first-ranked cluster) is
again adopted less than 5% of the time. The molecule spends ca. 10% of its time in the
three most highly populated conformations. Again, the most stable conformations are

��������� 	
����� ���� ± Vol. 85 (2002) 627

Fig. 5. Number of conformational clusters formed by molecules 1 and 2 as a function of time

Fig. 6. H-Bonded structures of a) 1 and b) 2 The models shown are those of the central member structures of the
first-ranked clusters.



stabilized by H-bonds (Table 9). The two H-bond donors in the molecule are 36 and
30% of the time involved in different intramolecular H-bonds. The torsional angle-
correlation plots (Fig. 7,b) show again, as for 1 but less pronounced, that torsional angle
� 2 generally favors a (�)-sc rotamer. They also show that the distribution of angle � 3 of
residue 4HC is different from that of the same angle type in other residues. This may be
due to steric effects caused by the bulky i-Bu groups of residues 3HH and 6HH. As for
molecule 1, the H-bonds are shown in the central structure of the first-ranked cluster of
the trajectory of 2 (Fig. 6,b).

4. Discussion. ±Conformational Profile of the HBOligomer 1 and the Effect of Side-
Chain Modifications in 2. The simulation of 1 shows that, to all intents and purposes,
the molecule samples its conformational space randomly. No conformations of
significant stability are adopted. This is strikingly clear when one considers that the
most stable conformation is adopted only 5% of the time. In contrast, a �-heptapeptide
(at 298 K; MeOH solution) has been shown [20] to adopt a single conformation 97% of
the time9). That neither the left-handed 21- nor the right-handed 31-helical conforma-
tion, suggested as structures of PHB5), are significantly stable in solution is perhaps not

��������� 	
����� ���� ± Vol. 85 (2002)628

Table 9. H-Bonding in the 25-ns Simulations of Molecules 1 and 2. A H-bond is assumed to exist if the H-
acceptor distance is smaller than 0.25 nm and the donor�H�acceptor angle is larger than 135�.

Hexakis(3-hydroxybutanoic acid) 1

Donor atom Acceptor atom Percent occurrence

1HB, O(1) 1HB, O(2) 4.9
1HB, O(1) 2HB, O(2) 18.8
1HB, O(1) 2HB, O(1) 3.3
1HB, O(1) 3HB, O(2) 7.8
1HB, O(1) 3HB, O(1) 2.2
1HB, O(1) 4HB, O(2) 5.9
1HB, O(1) 6HB, O(2) 3.8

6HB, O(1) (Carboxy) 1HB, O(2) 7.6
6HB, O(1) (Carboxy) 1HB, O(2) 6.8
6HB, O(1) (Carboxy) 2HB, O(2) 7.8
6HB, O(1) (Carboxy) 3HB, O(2) 4.1

Hexakis(3-hydroxyalkanoic acid) 2

Donor atom Acceptor atom Percent occurrence

1HC, O(1) 1HC, O(2) 6.9
1HC, O(1) 2HB, O(2) 5.1
1HC, O(1) 3HH, O(2) 20.5
1HC, O(1) 4HC, O(2) 11.3
1HC, O(1) 6HH, O(2) 2.6

6HH, O(1) (Carboxy) 2HB, O(2) 14.5
6HH, O(1) (Carboxy) 3HH, O(2) 9.0
6HH, O(1) (Carboxy) 4HC, O(2) 3.8
6HH, O(1) (Carboxy) 4HC, O(1) 2.6

9) Also, a relatively stable helical structure of an −aminoxy× tripeptide was observed, both experimentally [25]
and by simulation [26] in CHCl3.



surprising: the most stable conformations adopted by the two molecules under
consideration seem to be stabilized by inter-residue H-bonding. Since PHB possesses
only H-bond donors at the chain ends, in a longer-chain molecule the effects of
intramolecular H-bonding would be expected to be much reduced.
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Fig. 7. Calculated Ramachandran-type plot of dihedral angles �1, � 2 , and � 3 for molecules 1 (a) and 2 (b)



A comparison of the simulation of the hexamer 2, which carries different side
chains, with that of the −homo×-oligomer 1, which consists of HB units only, shows that
the addition of branched alkyl substituents has not significantly altered the conforma-
tional behavior of the molecule.

Comparison of Simulation Results with Those Derived from NMR Measurements. It
has been noted above that the results of the simulation regarding rotameric populations
about the key dihedral angle O�CHMe�CH2�CO (� 2) agree qualitatively with those
obtained in an NMR study but for residue 4 HC: the (�)-sc conformation is highly
populated in all residues. In the fine details, however, differences are apparent. There
are only a few values that may be compared, but, with those available (Table 8), it
seems that the simulation generates populations of sc conformation on � 2 higher than
those derived from NMR data, and also that, for residue 1HC (in 2), it gives a
population of the (�)-sc conformation that is noticeably lower than that indicated by
the NMR data. The apparent bias towards sc conformations most probably arises from
the fact that the parameters used to describe torsional angles � 2 are not optimal.
However, both MD and NMR data reveal that the overall conformation is random.

5. Conclusions. ± This report has presented the results of 25-ns simulations of a
poly[(R)-3-hydroxybutanoate] (PHB) hexamer fragment and a derivative of this
fragment with different side chains synthesized for the purposes of an NMR
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Fig. 8. Trajectory atom-positional RMSD for molecules 1 (a) and 2 (b) from the left-handed 21-helix model. In
both cases, the RMSD was calculated for the configuration defined by the set of backbone atoms of residues 2 ±

5 and the first atom of each side chain of these residues. See Footnote 8 for details of this calculation.



investigation in CHCl3. It has been shown that the PHB fragment samples its
configurational space more or less randomly. Furthermore, it does not significantly
populate either of the two helical conformations that have been suggested as possible
structures of PHB in solution.
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