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Résumé

The conformation of single cellulose tripropionate chain was studied by the virtual bond
method considering nonbonded repulsive energy within the residue and between the con-
tiguous residues. From X-ray data, the fiber repeat distance was found to be 1.508nm
with systematic absences of threefold serew axis along the moleeule. This threefold helical
symmetry of cellulose tripropionate is unique among cellulose triester homologues in which
the twofold serew axis is predominant. Considering 16 most probable conformations, 8 in
right-handed and 8 in left-handed helical conformations, a left-handed 3. helical confor-
mation was most favorable based on conformation analysis and short contact examinations
between any pair of nonbonded atoms. The propionyl side chains are considerably extended

almost perpendicularly to the helix axis.
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1. Introduction

The molecular and cerystal structure of cellulose have been extensively studied by Sarke
el al'"® in Syracuse and Blackwell®® in Cleveland, and the conformation of eellulose mole-
cule and the packing of neighboring chain were well established.

Among the aliphatic cellulose ester homologues the conformation was determined only
of cellulose triacetate by Stipanovie and Sarko™, and Roche ef «l®. The conformational
analysis of higher ester homologues becomes very diffieult, because, when one esterifies
cellulose with higher aliphatic acid, conformational position of side group atoms varies
independently and yet enormously different ways which needs formidably long computer
time even with a most advanced ecomputer.

In this study the conformation of cellulose tripropionate (CTP) molecule was determin-
ed based on X-ray data and conformational analysis of single molecule.

2. Experimental

2.1 Preparation of CTP

CTP was prepared by esterifying a purified ramie fiber in the mixture of trifluoro-
acetic anhydride and propionic acid. From proton nmr analysis, the ramie fiber was almost
fully esterified (degree of substitution : 2.9).

A well-oriented CTP film was obtained by stretehing in an oil bath at 140°C to achieve
maximal draw ratio (850%). The oriented film was further annealed in the oil bath at
180°C to improve sharpness of CTP diffraction spots.

2.2 X-ray measurement

The X-ray fiber pattern was recorded in a flat film camera using nickel filtered Cu-Ka

radiation.

3. Results and Discussion

3.1 X-ray structure of CTP

The X-ray fiber pattern of the oriented CTP film annealed in the oil bath at 180°C
is shown in Fig.1. From the all of the layer line diffractions other than equatorial the
fiber repeat was found to be 1. 508nm. Since the virtual bond length of glueopyranose residue,
the vector linking successive glyeosidie bridge oxygens, is 0.544nm and the fiber diagram
shows a systematic absence of (001) and (002) reflections, one can assume that there ex-
ists a threefold serew axis along the molecular direction. The systematic absence of (001)
and (002) reflections were further confirmed by tilting the oriented CTP film by ap-
propriate degrees. The advance per residue along the helix axis, h value, becomes 0.508nm
considering that a threefold serew axis is present along the molecular axis. This value is
considerably shorter than those of cellulose (h=0.515nm) as well as cellulose triacetate
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(h=0.525 nm) indicating CTP has a
gentler slope.
3.2 Molecular model of CTP

From the X-ray data it was found
that a threefold serew axis was present
along the fiber axis, and the erystal-
lographic asymmetric unit was the tripro-
pionyl anhydroglucose residue. Once the
first residue is transformed along the
locus of the helix, the contiguous residues
around the helix axis are easily generated

by the helix symmetry operation.

Pig. 1 X-ray fiber pattern of cellulose tripro- 3.2.1 The description of the residue
pionate annealed in an ofl bath at The deseription of the initial tripro-
180°C. The Debye-Scherrer ring of
(111) plane of CaFp was used for
calibration purpose. shown in PFig. 2, in which the virtual

pionyl anhydroglucose residue of CTP is

bond length between contiguous glyeosidic
oxygens, V. B., is rvepresented by the dot-and-dashed lines. Initial values of the bond
lengths (ry), the bond angles (#;) and the conformational angles (¢;) were obtained from
the atomic coordinates of the middle residue of cellotriose undecaacetate®.

The glucose residue of cellulose molecule is “rigid”, except for the atomie positions of
hydroxymethyl O(6), and the virtual bond length of any of cellulose derivatives as well
as cellulose has the value of 0,544nm. Figure 3 shows the relationships between the vir-
tual bond length, L, and other helix parameters, in which h, 4 and A are the advance per
residue along the helix axis, the slope of the piteh and the angle of turn per residue,
respectively., The values b, 1 and R are expressed in terms of L and g/, and they are L

. X L A . . .
sin 2/, Liecos p/, and 5 tCoS /1 + cosec (——2—), respectively, and A is 2mt/n, where t is

ras=VE

X X

Fig. 2 Bond lengths (¥¢), bond angles (U), and conformational angles () required for
deseription of the residue. Hydrogen atoms are not shown.



number of turns in repeat and n is number
of residues per repeat. In CTP h, t, n and
A values have been determined to be 0. 508 nm,
1,8 and «%»n from X-ray diagram, and con-
sidering the, virtual bond value, L, is always
equal to 0.544nm, and other values 1, R and
2’ become 0.207nm, 0.120nm and 67.6° res-
pectively for the bridge oxygens. Among these
values h and A are the same for any of the
atoms In one residue to the corresponding
atom of the contiguous residue.

Once these parameters are fixed, together
with the fixed bond lengths, bond angles and
conformational angles, any atomic positions
of one residue can be transformed to the eon-
tiguous residues until the helix completes
the turn. Figures 4(a) and (b) show how the
contiguous residues are generated from the
starting residue along the right-handed 8,
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Fig. 3 A diagram showing relationghip
between virtual bond length and
helix axis,

and left-handed 3 helices, respectively. The glycosidic bond angle, r, varies as the angle

§ rotates, which represents rotation of the entire glycosidie residue around the virtual bond

(VB). Thus, by rotating the § angle, one can build up all the possible chain conforma-

tions keeping threefold helix axis along the chain'®,

Fig, 4 Virtual bond length (VB) of residue and helix parameters (number of
residues per turn of helix, n, and advanee of residue along the fiber axis,
h) determine positions of atoms in the contiguous residue(A=2x/n).
Rotational angle of the residue around VB (0) changes glycosidie bond

angle, .,
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8.2.2 Conformation of the propionyl side chains

With respeet to propionyl side chains, conformations of O (6) propionyl group were varied.
Four possible rotational positions (gg, gt, tg, and gg+180°) are shown in Fig. 5.
Furthermore in each conformation, cis and trans conformations for CM (6) with respeet to
C(6) were considered (Fig. 6). This is legitimate since all the atoms in O(6)—CA{6)—CM(s)

]
lie in one plane which is the case in polypeptides. OA )
gt gg tg gg+180°
0-86
0-5 C-4 0-5 C-4 0-5 C-4 0-5 C4
: ; ; :O—G %
0-6
-8
H-5 H-5 H-5 0-8h-5
Tig. 5 Four probable positions of O (6) atoms with respect to O (5)
and C(4): gt, gg, tg and gg-+180°, .
cé Cé CM6 CM66

OAG

06 CA6

(a) (b) 0A6

CM6 CM66

Fig. 6 Two probable conformations of CM (8) with respeet to C (6): (a) trans, and (b) eis.

Finally the glycosidic bond angle r was varied from 113° to 123°. Within this angle
range the minimum conformational energy was sought for various econformational posi-
tions.

3.3 Caleulations of nonbonded repulsive energy of isolated CTP chain

For the various conformations thus considered the nonbonded repulsive energy was
caleulated within one residue and/or between contiguous residues. The following quadratie
nonbonded interatomic potential funetion (Rpacx) proposed by Williams'? was used for the
caleulation'®:

Rpack=§1 wiy(doyy—dy)? (1

where doyy is nonbo?ﬁed equilibrium distanee between atoms i and j; di; is actual nonbonded
distance between atoms i and J: wy is weighting factor for each interaction type; n is
number of nonbonded contacts. The constants for each pair of atoms are given in Table 1!®.

Typical virtual bond angle ws energy plots for the right-handed and the left-handed
CTP chains are given in Figs. 7(a) and 8(a), respectively. Within probable virtual bond angle
range, the rotations around C(1)-0(1), @, and 0(1)-C(@"), ¥, as well as the glycosidie bond



286

angle (r) were plotted against to the Table 1 Weighting factors for nonbonded
. . - repulsion term in Eq.(1)
virtual ‘bond a.ngle [.Flgs. 7(h) and 8Mh)]. CGor 1y > doy, W=0).

In Fig. 7, in which the values were

plotted against the virtual bond angle Interaction type doty, A w
for a conformation of a right-handed CeeerneC - 3.7 3.00
CTP [0(6), gg-+180°; CM(6), trans], the Y 3.60 3.00

- . . b 0=850° Crovrer H 3.30 1.35
energy minimum was seen at 0=30°. Overene0 360 3.00
The corresponding ¢ angle was 128.7° Qe H 3.95 1.40
which is too large to aceept as the bridge HeeeeoH 3.20 0.50

angle for any carbohydrate compounds

which ranges between 113° .and 118°'". Besides, an unacceptable short contact was noticed
between O(3) and H(l) atoms, which raised Rp.ex value, and this conformation was discarded.
On the other hand, in Fig. 8, in which the values were plotted against the virtual bond
angle for a conformation of a left-handed CTP [O(6), gt; CM (6), trans], the energy
minimum was seen at §=225°, and the corresponding r angle was 117.7° which is in the
range of the bridge angle for carbohydrate compounds. Furthermore, no short contaet was
noticed between any pair of atoms.
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Fig. 7 Relationships between virtual bond rotation and conformational
energy (a), and resulting 7, ¢ and ¢ angles (b) for a right-
handed CTP, where O(6) is gg -+ 180°, and CM (6) is trans
positions.
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Fig. 8 Relationships between virtual bond rotation and conformational energy (a),
and the resulting 7, ¢ and ¢ angles (b) for a left-handed CTP, where O
(6) is gt, and CM (6) is trans positions.

Table 2 Dependence of fotal repulsive energy, Rpack, for different models.

— Models of CTP Rp&ck r (0) o (0) !}7(‘3)

helix 06 CMs
gg cis 42,543 121.9 ~3.4 -75.6
trans 41,449 121.9 ~3.4 ~75.6
3 gt cis 41.911 123.7 -0.3 ~78.3
trans 39.130 123.7 -0.3 ~78.8
right tg cis 42.705 123.7 ~0.3 ~78.3
handed trans 40.738 128.7 -0.3 -78.3
gg+180°  dis 40.210 123.7 -0.3 ~78.3
trans 38.501 123.7 ~0.3 ~78.3
2g cis 39.396 114.9 59.6 5.4
trans 38.458 114.9 59.6 5.4
3p gt cis 39.295 117.9 70.3 ~7.9
frans 36.279 117.7 70.3 -7.9
left tg eis 41.979 121.1 78.1 ~18.1
handed trans 44,130 122.5 80.8 ~21.5
gg+180° cls 38.728 117.7 70.3 ~7.9

trans 37.048 117.7 70.3 ~7.9




The minimum Rpaex values for sixteen
conformation models of CTP are listed
in Table 2, eight for right-handed and
eight for left-handed helices together
with the resulting, @, ¥ and « angles.
For each helix four O (8) positions, and
for each O (), trans and cis CM (5)
positions were considered. The Rpaex
values in the left-handed helix were lower
exeept for the model of O(6) tg and CM(s)
trans.

The lowest conformational energy am-
ong sixteen possible models was the
left-handed 8s helix with O(6) gt and CM
(6) trans, and Rp.ex value was 86.279.
No short contact was noticed in this
model, and we decided that this was the
most probable chain conformation of
CTP. The projections of all the atomie
coordinates within one complete helix, one
perpendicular and the other parallel to
the helix, are shown in Fig. 9.
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(b)

Fig. 9 Projections of the complete three residues
of the left-handed 3; helix model of
CTP, (a) x-y projection, and (b) y-2
projection.
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