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WE have recently obtained X.ray diffraction photographs
from orientatoed samples of alginic acid preparations in which
the ratio of mannuronic acid to guluronie acid was known.
Tho purified unorientated matorial was supplied by Dr
A. Haug, and our results forru the basis for structure
deternninations of polymannuronie acid and polyguluronie
acid respectively.

The discovery that alghtie acid preparations, of different
eomiposition, could give mse to different X.ray powder
photographs was made originally by Frel and Preston’.
Although they rceognized that the analyses of their
alginic acids had 1o be interpreted with cauntion. they
nevertheless coneluded then that there were two tapes of
X-ray powder photographs and they correlated thesc
with polymannuronic acid and polygnhwonic acid.

Fig. la shows the X.ray fibre diffraction photograph
obtained from a sample of alginie acid consisting of 96
per cent mannuronic aeid. To our knowledge this is the
firgt authentic standard for polymannuronic acid.  Fig. 1b
is the NX.ray fibre diffraction photograph of a specimen of
alginie acid isolated by us from the brown alga, Fucus
serratus. This is clearly the same X-ray fibre diagram as
Fig, la and therefore must refer to polymannuronie acid.
IPig, 1¢ shows the “usual’’ alginic acid X-ray fibre dingra
as obtained by Astbury?in the 1940s from samples of com-
mercial alginie actd and supposed, by him, to refer to
polymannuronic acid.  Fig. ld shows the X-ray fibve
diffraction photograph we have obtained from a sample
of alginic acid containing 73 peor cent guluronic acid and
27 per ecent mannuronic acid. (This sample was the
richest in guluronic aeid from which orientated specimens
could be prepared.) This latter substance gave the samou
X-ray powder diagram {sce Fig. 2) as a degraded?® sample
of alginic acid containing 92 por cent guluronic acid. Ii
thorofore appears that the mannuronie acid uniis in thy
73 per cent guluronic acid sample do not contribute to the
X-ray diffraction pattern {as suggested previously!). We
therefore coneclude that the X.ray fibre cdiagram shown
in Figs. 1o and 14 is indoed that of polyguluromic aeid.

Wa are able to give the following preliminary detaila
of tho structures of these two substances.

Polymannuronic acid:  The X.ray fibre diffraction
photograph (Fig. 1b) has been indexed to an orthorhomnbio
unit cell in which e=7-58 A, 5=10-35 A (fibre axis) and
¢=18-58 A, the unit osll containing two disaccharide chnin
segments with probable space group P2,2,2,. Chemical



Fig, 1. X-ray fibre diffraction photographs of alginic acids. a, 4§ per cent RLELLLLEDTLE
acid; b, specimen iselated Toom Fucys sereatns] o, conunerelnl alginic acid; 4, 73 per cenl
gnlaronic acid.

Fig, 2. X-ray powder photographs of (a) 82 per cent guluronic aeid and
(&) 73 per cent guluronic acid.



evidence indieates that the D-mannuronic aecid units are
B-1—4 linked, and it is therofore satisfying that the
fibre ropeating distance of 19-35 A js the sume as that
obsorved in the three other -1 -4 linked hoxosans, eellu-
lose chitin and mannant-®, In modsls of these substances,
the required repeating distance can be obtained by con-
structing chains in which the monosaccharide units arc
in the energetically favourable Cl chair conformation, while
mimultancously maintaining an intra residue hydrogen

bond between the —QgH and tho ring oxygen atom (O}

of tho next sugar unit in the chain {that is, O, . .. O,
distance of 2:7-2:8 A). A chain bullt in this way autu-
matically contains di-oquatorially {le, 4o} (ref. &) hnked
sugar units {without regard to the nature of the sugar
units itself). This is the basic structural form which we
havo adopted in model building studies of polymannuronice
acid.

Polyguluronie acid. The X-ray fibes diffraction photo-
graph of this substance (Fig. 1d) has beon indexed to an
orthorhombic unit eell also containing two disaccharide
chain segments and in which a=886 A, =872 A (ibre
axis) and ¢=10"74 A with probable space group P2,2,2,
{see also rof. 2), The most significant differonce from the
polymannuronic acid structure is the fibre ropeat of
872 A, This value can bo obtained in molecular models
by maintaining the 1—4 linked L-guluronic acid units in
the 1¢ econfurmation’, the glyeosidic linkages having tho
s-configuration. Thus the building units are di-axially
(la,4¢) linked, When the sugar units arce arranged in
this way, it is found that soveral possibilities exist for the
formation of éntra residuc hydrogen bonds between the
aguatorial hydroxyl group of the C, atom (—O0,H) and
sither oxygen atom in the carboxyl group of tho adjacent
sugar unit in tho chain. 1t is likely that othor examples of
la,4a linked structures exist. For exawnple, poorly orien-
tated fibre diffraction photographs of peotic aeid (x-1 -4
linked poly b-galacturcnic scid) show the same fibre
ropeating distance of 87 A {sco also refa. 2 and 8), and this
ean be understood if the p.galacturonic acid units aro in
the €1 conformaticn.

Attention is currently being dirccied to the arrangement
of the chains of polymannuronie and polyguluronie acid
in the unit ¢olls and the nature and extent of inter-chain
hondings. Trial structure factors have been caleulatod
and refinement of the models is in progress.

Tt is expected that the structural determinations of these
substances will provide information which will be helpful
in reaching an undorstanding of tho physical and biological
proporties of these molecules,
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