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On the crystal structure of cellulose |

In the crystal lattice of cellulose, the plane (0o2) plays the predominant role, because it contains
the flat pyranose rings of the chain molecules. MEyER axp Misca! placed into this plane not only
the bonds between the six carbon atoms and the two secondary hydroxyl groups (with the necessary
deviations due to the valency angles and the space constellation of the pyranose ring), but also
as far as possible the CH,-OIT bond to the primary hydroxyl group (Fig. 1a). As a consequence,
the hydroxyl groups of neighbouring cellulose chains are at a distance of only 2.0\ from cach other
50 that the hydrogen bonds of the cellulose lattice? ought to be formed in the (0o2) plane of the
lattice (Fig. 1h).
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Fig. 1. Cellulose I according to MEYER AxD MiscrHL. 1a. Space lattice; 1h. hydrogen bonds tie together
the cellulose chains of the plane (0o02). Oy and Ox in dotted lines, before the suggested rotation;
in full lines, after.

002) In silk fibroin, MarsH, COREY AND
PPauLiNG® found the orientation of the
hydrogen bonds to govern the shape and
the growth of the microfibrils visible in
the electron microscope, since these micro-
fibrils represent flat ribbons? whose surface
corresponds to the direction of the hydro-
gen bonds. By analogy, the lattice plane
(002) ought to control the submicroscopic
morphology of the cellulose microfibrils.
But this is not the case. Morphologically
the plane (101) seems to be much more
important than (0o2): According to X-ray
diffraction evidence, in plant cell walls the
submicroscopic crystallites have the plance
(1o71) oriented parallel to the surface of the
cytoplasm by which they are produced?:
at the same time it is the plane of lami-
nation of the membranes thickening by

191y apposition®. In some special cases the mi-

= crofibrils display even beautiful aggrega-
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» i X R X . tions and fasciations in that planc’.

Fig. 2. Orientation of the cellulose crystallites in the  pyrther, microfibrils suspended in water
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plant cell wall. Section __ to the axis of the chain lattice. and produced by mechanical or chemical
The plane (1071) lies parallel to the cell surface; it is the disintegration of native textile fibres are
plane of lamination and growth in area. deposited on their (101) plane®. These facts

prove that (1o1) is the principal planc of
growth of the cellulose crystallites (Fig. 2). Therefore, it is likely that the hydrogen bonds are more
active in (1o1) than in any other lattice plane.
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The mass predominance of (0oz) in the crystal structure of cellulose I must not necessarily
induce the strongest lateral cohesion in this very plane. MEVYER aND MiscH! mention that the true
position of the primary hydroxyl is uncertain so that the chosen disposition (Fig. 1) is just one of
many possibilities. As a matter of fact the primary hydroxyl of the angled group >CVH~CVIH2\OH
can freely rotate around the axis Cy—Cyr.

If such rotation is allowed so that the primary hydroxyl is moved out of the plane (oo2) (Fig. 1)
and brought as near as possible to the oxygen bridge of the nearest antiparallel cellulose chain
which is shifted by ¥4 of the fibre period along the b axis of the chain lattice, the following con-
figuration results (Figs. 3 and 4).
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Fig. 3. Projection of the modified crystal lattice
of cellulose I. Hydrogen bonds tie together the
cellulose chains of the planes (1or) and to a
lesser degree those of (10T). Projection of the
unit cell 3a on the plane | to the chain axis (b
axis 3b), on the plane | to the a axis. The original
position of the oxygen atoms Oy, Ox, Oy’ and
Ox’ in the lattice of MEYER AND Miscu! is indi-

cated by dotted circles. h—  ¢=CSinB=sin 84°.79A4 ——l

The smallest distance between oxygen atoms of parallel cellulose chains is located between Oy’
and Og (indicated by a full line in Fig. 3). It measures d = 2.5, A, whilst that of Oy—Oj"* amounts
to 2.8, A (indicated by a dotted line). The distance between the hydroxyls Oy- - - Oy and Oy’ - - O111
has an intermediate value of 2.6; A and that between Oy- - -Oqrand Oy’- - -O11” 3.4, A. Since Oy’ - - Og
is shorter than Ovy’- - - Ojy1” the conditions for the formation of hydrogen bonds is most favourable
between chains lying in the plane (1or). If those bonds are formed, the bond Ovy’---Op” cannot
exist at the same time. So the next possible distance for the formation of hydrogen bonds is Oy—Or’,
by which the cellulose chains are linked together along the plane (101).

The distances have been found graphically by using the parameters of the atoms in the crystal
lattice given by MEYER AND MiscH!, the bond distances C—C = 1.54 A, C—O = 1.45 A and the
valency angle 109°40’. Oy’ has been rotated around the axis Cy’—Cyy’ into the plane Cy’Cyy’Op
and Oy around the axis Cy—Cyj into the plane CyCy1071’. The new parameters of Oy, Ox, Oy’ and Ox’
as compared with those of MEYER AND MiscH! are:

parameters MEYER AND MiscH new position
of a b ¢ a b ¢
Oy 0.57 0.29 0.11 0.59 0.37 0.89
Ox 0.43 0.79 0.89 0.41 0.87 0.11
oy’ 0.91I 0.00 0.61 0.93 0.91 0.39
ox’ 0.09 0.50 0.39 0.07 0.41 0.61

The @ parameter of the rotated primary hydroxyl groups has not changed appreciably, but
referred to the b axis Oy and Ox appear considerably raised and Oy’ and Ox’ correspondingly lowered.
Incidentally the parameters of Oy and Ox or Oy’ and Ox’ are interchanged. The parameters do not
essentially change if the new dimensions of the unit cell of LEGRAND?, TRILLAT AND LEGRANDI®
and Kiessig!! are considered:
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The proposed change cannot appreciably alter the intensity of the (oo2) spot on the Xeray
diffraction diagram so that the qualitative evaluation of the intensities of the N-ray interferences
by MEYER axp Miscu! does not exclude such a possibility. It yields a crystal lattice of cellulose |
which is in better accord with the morphology of the microfibrils observed in the clectron microscope
than the classical model. The lattice of K. H. MEvYer would demand a pronounced lamination of
the native cellulose parallel to the plane (002), and the cohesion of the lattice perpendicular to it
would be so weak that (0o02) ought to be a plane of cleavage. Further, (0o2) would not only be a
plane of lamination, but also a plane of preferred growth so that a foliar lattice would result. None
of these expectations proves to be correct. On the contrary, the diagonal plane (101) is the plane
of growth, lamination and cleavage. Whilst in the old model all hydrogen bonds were concentrated
in one plane demanding a pronounced sheet-like habit, in the new crystal lattice these bonds work
in such a way that the chains are tied together in the two planes (101) and (101), producing a fibrillar
and not a foliar habit. However, the strength of the bonds in the (1o1) plane is appreciably stronger
than in the (rof) plane, according to the distance of the oxygen atoms yielding hydrogen bonds,
which is 119, less in the (101) than in the (1o7) planc. As a result there is a certain tendency to form
ribbon-shaped fibrils.
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A powerful reactivator
of alkylphosphate-inhibited acetylcholinesterase*

Certain phosphate esters such as tetraalkylpyrophosphates, dialkyl-p-nitrophenyl phos-
phates, and dialkyl luorophosphates arc potent irreversible inhibitors of acetylcholinesterase and
esterases in general. The reactivation of alkylphosphate-inhibited acetylcholinesterase is of both
practical and theoretical importance. It is of practical interest because the most potent chemical
warfare gases and some powerful insecticides are alkylphosphates and their lethal action is duc
to the inhibition of acetylcholinesterase. It is of theoretical interest because the mechanism of
inhibition and of reactivation is very closely related to the mechanism of enzymic hydrolysis!.
This enzyme contains two sites, (i) an anionic site which contributes to the catalytic activity
by binding and orienting molecules containing substituted ammonium structures, and (ii) an
esteratic site which interacts with the ester function and is primarily responsible for the hydrolytic
activity. During the hydrolysis of a carboxylic ester a basic group in the esteratic site is acylated
to form an acyl-enzyme as intermediate. Acetyl-enzyme (from acetate-esters or anhydrides)
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