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ability as glass. And one must remem
ber that stability of SYNROC at high 
temperatures and pressures does not 
automatically prove stability at other 
thermodynamic condition (consider for 
instance the weathering of granite). Is 
the industrial production of SYNROC 
as ea~y as Ringwood suggests? I confess 
to being slightly worried, for instance, 
over the control of the development of 
the crystalline phase inside the canister. 
This seems necessary in view of one 
result obtained by Ringwood, where 
insufficient mixing of the ingredients 
caused the appearance of an unknown 
'accessory phase' rich in caesium, 
which was subsequently 'removed 
during leaching.' Also, the actual in
clusion of ruthenium in hollandite is 
highly questionable in the process, 
given the high volatility of this element. 
One might also ask whether SYNROC 
can accept variations in composition of 
the waste (segregation of the liquid in 
the tanks) and the dissolution residues. 

Nevertheless, the development of a 
confining matrix which would be stable 
for several miiiion years in any envi
ronment is most desirable. If this could 
be achieved, the burden of proof of 
the safety of a repository would be 
transferred from the geologist to the 
manufacturer of SYNROC. 

As a geologist, I cannot but support 
research in such a direction, as long as 
it is not used as an argument to delay 
further the search for a suitable geo
logical formation which could contain 
the waste securely for a very long 
period of time. 0 

Cellulose microfibrils 
-an end in sight? 
CELLULOSE is the most abundant 
macromolecule in the world; the figure 
usually quoted for its annual produc
tion ,is 1011 tonnes. Despite the obvious 
economic importance that such a 
figure implies, research into cellulose 
formation has so far failed satisfac
torily to explain the way in which the 
functional unit of cellulose-the micro
fibril-is made. Viewed at its simplest, 
the microfibril is a crystalline associa
tion of long chains of /]1-4 linked glu
cose units, surrounded by a region of 
more amorphously associated chains. 
The whole structure is 6-20 nm wide, 
depending on its source, and intact 
microfibrils are of indeterminate 
length, certainly several microns long. 
The higher plant cell wall consists of 
a network of microfibrils associated 
with a matrix of other polysaccharides 
and proteins. 

The formation of the microfibril can 

be regarded as a two-stage process. The 
first stage is the biochemical formation 
of the polyglucan chains. Sugar units 
are added to the growing polymer as 
nucleotide complexes: the details of 
this process, and in particular the sites 
at which it occurs within cells are as 
yet unclear. The second process is the 
physical formation of the crystalline 
micmfibril from the polyglucan. Here 
there are two rather distinct hypoth
eses to choose from. 

The first supposes that the biochemi
cal and physical processes occur more 
or less simultaneously, in other words 
that sugar units are added on the end 
of a pre-existing microfibril. Evidence 
for this is ultrastructural-the visualisa
tion of ordered arrays of particles at 
the plasma membrane surface of algae 
having highly ordered cellulose walls. 
The particles are supposed to represent 
enzyme complexes engaged in the syn
thesis of the polyglucan chains. The 
evidence is persuasive, particularly 
since it can be further supposed that 
ordering of wall microfibrils might be 
mediated by movement of such term
inating enzyme complexes within the 
surface of the fluid membrane. At
tempts to show similar particulate com
plexes in higher plants however have 
for the most part been unsuccessful, 
although recent work using freeze
fracture techniques has been claimed 
to show terminal globuli associMed with 
microfibr,iJ ends (Willison & Grout 
Planta 140, 53; 1978). 

The alternative possibility is that the 
polyglucan first produced biochemically 
is in a soluble form, and that this inter
mediate associates to form the micro
fibril in a process not requiring direct 
structural linkage with the plasma 
membrane. This hypothesis has been 
recently examined by Colvin and his 
group, working with cellulose-produc
ing bacteria (Colvin & Leppard Can. J. 
Microbial. 23, 701, 1977; Colvin eta!. 
Can. J. Biochem 55, 1057; 1977; Sowden 
& Colvin Can. J. Microbial. 24, 772; 
1978). Colvin presents two lines of evi
dence in support of the idea that the 
biochemical and physical events of 
microfibril formation may not occur 
simultaneously. In structural terms, the 
authors describe a 'nascent' fibril, 
which is believed to represent an early 
stage in the formation of the classical 
microfibril. The nascent fibril has a dia
meter of up to 10 times that of the 
classical microfibril, and it consists of 
a dense crystalline core surrounded by 
an amorphous sheath which comprises 
most of the fibril's diame,ter. The na
scent fibril is converted into the clas
sical microfibril by dehydration. Thus 
in order to visualise the nascent fibril, 
only those techniques can be used 
which do not require the specimen to 
be dried before it is examined. Colvin 
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uses rapid freezing of 'never-dried' pel
licles of bacterial ceilulose, followed by 
deep etching of the specimen in vacuo 
and replication of the resulting etched 
surface. If the pellicles arc first air 
dried, nascent fibrils are not seen, and 
the classical microfibril is formed. 

These observations imply a change 
in thinking ,about the process of micro
fibril formation. The presence of na
scent fibrils suggests that the acceptor 
for the sugar units may not be the end 
of a classical microfibdl, but rather an 
unconsolidated polymer, or an associa
tion of such polymers. Direct structural 
involvement of membranes would not 
be required in this scheme. 

Clearly for such an hypothesis to be 
viable it is necessary to demonstrate 
the reality of tJhe pos,tulated soluble 
intermediate polyglucan. This line of 
attack is the subject of the second of 
Colvin's three papers. The properties 
are described of a polysaccharide found 
in the medium in which the bacterial 
cells grow. This polysaccharide is pre
pared by precipitation from 60'):', etha
nol, and further fractionated using am
monium sulphate precipitation. It ap
pears to consist of chains of /31-4 
linked glucose units with on average a 
single glucose side chain on every third 
residue of the backbone. These 
branches would be expected to confer 
water solubility without affecting the 
basic linear shape of the molecule. As 
yet there is no direct evidence that 
this disperse family of polyglucans does 
in fact act as an intermediate in cellu
lose microfibril formation. Indeed, the 
branched structure of the polymer in
troduces a new complication in the 
form of an additional enzymic step to 
remove the single glucose side chains 
before crystallisation could take place. 
However, this work and its implica
tions are at the very least sufficiently 
interesting to make a critical re-exam
ination of the more established hypo
thesis worthwhile. 

The key may after all lie with higher 
plant cells. Cellulose synthesis has been 
well studied biochemically in higher 
plants, but microfibril formation is 
naturally masked by the presence of a 
pre~existing cell wall. Now that the 
conditions for the formation of cell 
walls by isolated protop1asts are better 
understood, the time may be right to 
exploit this system in a more detailed 
way to examine de novo micmfibril 
formation in higher plants. And of 
course, should Colvin's model prove to 
be applicable to cellulose formation in 
general, radical new thinking will be 
required to explain the differences ,in 
wall development which accompany 
cell differentiation in the higher organ
isms. 0 

Jeremy Burgess is at the John Innes In
stitute, Norwich. 
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