
Phytochrmisfry, 1975. Vol. 14. pp. 179% 1798. Pergamon Press. Prmted in England. 

AN ACIDIC OLIGOSACCHARIDE 
FROM MAIZE SLIME 

K. WRIGHT and D. H. NORTHCOTE 

Department of Biochemistry, University of Cambridge, Cambridge, CB2 lQW, England 

(Received 15 November 1974) 

Key Word Index-Zeu mays; Gramineae; maize; root-cap; slime; polysaccharide; fucose; differentiation; elec- 
trophoresis; aldobiouronic acid; uranic acid. 

Abstract-The main uranic acid product of acid hydrolysis of maize root-cap polysaccharide ran 
marginally behind galacturonic acid on paper electrophoresis at pH 3.5. Material from both radioac- 
tive and non-radioactive slime preparations was used to provide evidence that this was an oligomeric 
partial hydrolysis product containing both galacturonic acid and glucose. The consequences of this 
upon the structure of the slime are discussed. 

INTRODUCTION 

The maize root-cap synthesizes a polysaccharide 
which is extremely hydrophilic and serves to pro- 
tect the growing tip from physical damage and 
dehydration. The polymer contains a high pro- 
portion of fucose [l] and since this is not found 
elsewhere in the maize seedling [2] its formation 
represents the end-product of a differentiation 
process specific to the maize outer root-cap cell. 
The polymer is made of neutral and acidic com- 
ponents which can be separated by glass-fibre 
paper electrophoresis [2]. We have previously 
analysed the distribution of radioactivity between 
the monomers of such fractions prepared from 
slime isolated from roots fed with radioactive glu- 
cose [2]. During the analysis of acid hydrolysates 
of the fractions it was observed that the main 
peak of radioactivity in the uranic acid fraction 
did not coincide with galacturonic acid (GalA) 
during a paper electrophoretic separation and it 
was probably due to an aldobiouronic acid. Aldo- 
biouronic acids have been obtained from the acid 
hydrolysates of a large number of plant gums and 
mucilages [3,4]. We have examined material from 
both radioactive and non-radioactive maize slime 
and conclude that each material was an oligo- 
merit partial hydrolysis product which contained 
both GalA and glucose. 

Maize slime also contains protein [5,6], the 
function of which is unknown. The amino-acid 
content of the purified slime preparations was 
determined to aid the interpretation of titration 
data. 

RESULTS AND DISCUSSION 

Electrophoresis of oligosaccharides j?om oak xylan 
and pectin 

A xylan preparation known to contain 4-0- 
methylglucuronic acid[7] was made from oak 
shavings and hydrolysed with 3% H2S04. The 
neutralized hydrolysate was subjected to PC 
(overnight, Solvent 1) to remove neutral sugars, 
and the immobile components were eluted and 
applied to paper for electrophoresis at pH 3.5. 
This was run at 4 kV for 45 min and the samples 
were stained with both aniline phthalate and 
AgN03. A number of spots were visualized 
between the single position of all the neutral 
sugar markers and authentic GalA. The material 
in each spot was eluted and hydrolysed again un- 
der identical conditions. The fastest-running com- 
ponent was unchanged and ran with the same 
mobility as authentic 4-0-methylglucuronic acid 
which occurs as single unit branch at the 2- 
position of the xylose in the main chain. The 
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Fig. I. Elcctrophoretic mobilities of uranic acids. On the left 

arc the !“le,uwr,>,w .sc,i, values of components obtained from 
separate hydrolyses of oak xylan and apple pectin: authentic 

uranic acids are on the right. 

Fig. 2. Electrophoretic behaviour of incomplete hydrolysis 
products of apple pectin. The degree of shading indicates the 
relative staining intensities. Acid strengths were 3.1 (3) and 
x.3 (8) “(, H,S04. Region (I was GalA and region h comprised 

oligomers of GalA which moved more quickly at pH 3.5. 

other materials were aldobiouronic, aldotriour- 
onic and aldotetrauronic acids since on repeated 
hydrolysis they yielded, progressively, materials 
with higher mobilities and eventually 4-O-meth- 
ylglucuronic acid and xylose. The mobilities of 
these components are shown in Fig. I. together 
with mobilities of standard uranic acids. 

An approx 6% (w/v) solution of apple pectin 
(B.D.H.) in Hz0 was mixed with equal volumes 
of H2S04 to give two solutions with acid con- 
centrations of 3.1 and 8.3”/0 (w/w). The solutions 
were autoclaved. neutralized with N.Rr-dioctyl- 
methylamine and electrophoresed at pH 3.5. Sam- 
ples of these hydrolysates were stained with 
AgNO,. The visible spots other than the neutral 
material were in two regions (Fig. 2). The spot 
in region h, which was clectrophoretically indis- 
tinguishable from glucuronic acid (GlcA), gave a 
different coloration on treatment with aniline 
phthalate. At the lower acid concentration rela- 
tively more material was found in region h com- 
pared with region u. The material from an area 
of untreated paper corresponding to region a was 
eluted and rerun; material isolated in the same 
way from region h was rehydrolysed with 8.3% 
H2SO, before further electrophoresis. The 
results are shown in Fig. 2. Region a was GalA. 
After rchydrolysis all the spots of region h disap- 

peared to yield a spot with the mobility of GalA 
and a small amount of neutral material. 

While electrophoresis has been used for some 
time as a method for separating uranic 
acids [I.&91 the behaviour of aldobiouronic acids 
in this system has not been critically examined. 
The results obtained by partial hydrolysis of pec- 
tin showed that oligomers of GalA ran more 
quickly than GalA. and some had the same mobi- 
lity as GlcA. It is therefore necessary to ensure 
that complete hydrolysis has taken place before 
a radioactive peak in this position can be unambi- 
guously designated GlcA. Some substances ran 
faster than GlcA and these may have been tri- 
or tetragalacturonic acids which have a slightly 
larger charge density than the monomer. 
Radioactive material with a faster mobility than 
GlcA on paper electrophoresis at pH 3.5 has been 
observed [2.10] and this therefore probably repre- 
sented incompletely hydrolysed portions of poly- 
galacturonic acid [l 11. It was confirmed that fas- 
ter-running material from radioactive maize slime 
could bc made to run more slowly by more 
vigorous hydrolysis conditions (8.3”,, H,SOJ. 
From these results it can be seen that oligouronic 
acids have increased mobility on paper eleitro- 
phoresis at pH 3.5, while aldo-oligouronic acids 
have decreased mobility compared with the 
uranic acid. 

Because of the difficulties of achieving complete 
acid hydrolysis of polyuronic acids and of subse- 
quently identifying the monomers in the presence 
of mixtures of oligouronic acids and aldo-oligour- 
onic acids it is not possible to rely solely upon 
a simple chromatographic or electrophoretic ana- 
lysis [ 1,2,6,9]. It was therefore necessary to carry 
out additional investigations on the materials in 
order to identify the uranic acid. 

Hydrolysis with 3”,, H,SO, of maize slime 
isolated from roots supplied with u-glucose- 
[U-‘“Cl for 2.5 hr yielded a peak of radioactivity 
located l@-20 mm behind a GalA marker after 
paper elcctrophoresis at pH 3.5. This was rcpeat- 
edly observed in all the analyses reported pre- 
viously [3] and was confirmed by mixing the 
material with an authentic sample of GalA. sub- 
mitting the mixture to electrophoresis and subsc- 
qucntly staining the strips which had already been 
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Fig. 3. Electrophoresis of the uranic acid fraction from 
radioactive slime hydrolysates. (A) Material which did not 
move in Solvent I after acid hydrolysis. The large peak is 
the acidic oligosaccharide. (B) Rehydrolysis of acidic oligosac- 
charide obtained as in (A). The hatched areas indicate the 

position of GalA. 

counted for radioactivity (Fig. 3A). The mobility 
of this material (an acidic oligosaccharide) was 
not inconsistent with its being an aldobiouronic 
acid. When the retarded radioactive material was 
eluted from the electrophoretogram and rehydro- 
lysed the profile of radioactivity showed either a 
broadening of the peak into the GalA region or 
the production of a discrete peak with the mobi- 
lity of GalA (Fig. 3B). In both cases a neutral 
component was produced, but this remained at 
the origin on a chromotogram (Solvent 1) and 
was therefore not a monosaccharide. Neither was 
it mobile on electrophoresis at pH 2 and it was 
therefore not an amino-acid; we consider it to 
be a degradation product. No radioactive glucur- 
onic or mannuronic acid was ever found. 

Radioactive slime was prepared and the 
strongly-acidic components isolated by glass-fibre 
paper electrophoresis at pH 6.5 [2,12]. The hyd- 
roxy-ethyl ester was synthesized by treatment 
with ethylene oxide and samples were withdrawn 
at intervals and electrophoresed to show to what 
extent the polymer had been neutralized by esteri- 
fication. After 178 hr the esterilied polymer was 
reduced with NaBH, and dialysed to remove 
excess reagents. Glass-fibre paper electrophoresis 
at pH 6.5 showed the presence of a neutral peak 
and one which was slightly acidic; the latter is 
thought to have been caused by alkaline hydroly- 
sis of the ester link before reduction. The neutral 
material was hydrolysed with 3% HzS04 and 
neutralized with NJ-dioctylmethylamine. The 

component sugars of the neutralized hydrolysate 
were separated by chromatography in Solvent 1 
and their radioactivities compared with those of 
sugars in hydrolysates of untreated material. The 
percentage distribution of the label between the 
neutral sugars and uranic acid are shown in Table 
1. There was a decrease in the proportion of 
radioactivity in the uranic acid material of the 
hydrolysate and a compensating increase in the 
proportions in galactose and glucose after reduc- 
tion. There was a greater increase in label in glu- 
cose than galactose after reduction. However this 
does not necessarily indicate any stoichiometry 
of the material whose resistance to acid hydrolysis 
was lowered, since the GalA and glucose need 
not have been labelled to the same degree during 
the course of the incubation with radioactive glu- 
cose. Since no glucuronic acid was ever detected 
after hydrolytic breakdown of the slime the 
results indicated that GalA was the only uranic 
acid present and this was attached to glucose by 
a uronosidic linkage. 

In another experiment a sample (approx 40 mg) 
of the 80% EtOH-insoluble component of the 
slime was acetylated using a mixture of acetic an- 
hydride and pyridine [ 131. The product was preci- 
pitated by H20, extracted into methylene chlor- 
ide and divided into two fractions. One was 
rotary evaporated to remove the methylene chlor- 
ide, taken up in dimethoxyethanol and reduced 
with diborane generated in situ [14]. The other 
was maintained as a control. Both samples were 
again precipitated by Hz0 and extracted with 
methylene chloride. They were hydrolysed (3% 
H,SO,) and the alditol acetate derivatives pre- 
pared and analysed by GLC. The galactose con- 
tent rose from 20 to 25% as a result of the reduc- 
tion whereas the glucose content changed from 

Table I. Distribution of radioactivity between constituents of 
the strongly-acidic fraction of maize slime before and after 

esterification and reduction 

Radioactivity (%) 

Esterified and 
Constituent Untreated reduced Change 

Acidic 
oligosaccharide 33 16 -17 

Galactose 20 28 f8 
Glucose 19 31 + 12 
Fucose 28 25 -3 
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18 to 1 lx,. These results confirmed that galactur- 
onosyl linkages were present. However. the glu- 
cose content did not rise after this direct reduc- 
tion; this may have been because the GalA units 
which were successfully reduced were present in 
a region of the molecule which contained little 
neutral sugar. 

Identity qf’neutral sugar linked to the galacturorlic 
acid 

Material isolated from a peak of radioactivity 
located l&20 mm behind GalA was isolated from 
a hydrolysate (3% H2S04) of the slime and rehyd- 
rolysed by refluxing for 2 hr with 2 N HCl. Sub- 
sequent chromatography (Solvent 1) gave, in 
addition to the peak which ran at the origin, a 
smaller peak in the position of glucose. Hence 
glucose must have been present in the oligomer. 

Slime and other soluble polymers were isolated 
from approximately 500 maize seedlings. The 
solution was rotary evaporated almost to dryness 
and the residue redissolved in 3:/, H,S04. hydro- 
lysed, neutralized and electrophoresed at pH 3.5. 
The entire uranic acid region (that enclosed by 
marker GalA and GlcA and a region 50 mm 
nearer the origin than GalA) was eluted and re- 
electrophoresed to remove contaminating neutral 
sugars. A small sample of the material was run 
separately and stained with silver nitrate. In the 
uranic acid region three spots were revealed, one 
corresponding to GalA and the others to slightly 
retarded components. All three components were 
eluted together. One quarter of the material was 
retained while the bulk of it was acetylated, di- 
rectly reduced with diborane generated in situ and 
deacetylated [ 141. It was hydrolysed. neutralized 
with NJ-dioctylmethylamine and chromato- 
graphed in Solvent 1 in conjunction with un- 
treated control material and sugar markers. Ori- 
gin material, a substance with the R,f of a disac- 
charide, and materials chromatographically iden- 
tical with galactose and glucose were produced 
in the approximate ratio of 1: 2: 2: 10 (measured 
by a densitometer-trace of material treated with 
alkaline AgNO,). All the material in the non- 
reduced hydrolysate remained at the origin. 
Hence reduction had facilitated hydrolysis even 
though material with the Rf of a disaccharide was 
one of the products. The material at the origin 
was presumably unreduced uranic acid since aci- 

die substances arc not mobile in this solvent. 
Galactose was also produced, but the major prod- 
uct was chromatographically identical with glu- 
cose. 

The protein content of the slime was investi- 
gated in order to aid interpretation of titration 
data which were obtained to verify the uranic 
acid content of the slime. The X0”,, EtOH-insolu- 
ble portion of the slime was prepared. and the 
protein content of a solution was measured. The 
sample contained 30’,, (w;w) protein of which an 
unusually high proportion of amino-acids were 
basic (Composition, moles ‘I;,: Lys. 1 1.4: His, 3.X; 
Arg, 10.5; Trp, 19: Asp, 9.2: Thr. 4.9: Ser. 54: 
Glu, 8.2; Pro, 0.3; Gly-. 11.6: .41a. 6.1: Val. 7.3; 
Ileu. 4.3; Leu, 7.1 : Tq.r, 1.5 : Phe. 3.2). Whether 
this large amount of protein has a function within 
the slime or whether it simply represents some 
of the contents of dying cells is not known. 

The carboxyl group content was measured by 
back titration of a solution of slime in 001 N 
NaOH. A sample (9.75 mg) of slime contained 
9.5 pmol carhoxyl group. Amino-acids also contri- 
buted carboxyl groups, and aspartic acid and glu- 
tamic acid together constituted about It?,, (~~54 
of the protein, which itself comprised 30”,, (w.‘\v) 
of the slime. Thus 5.4”,, of the slime was aspar- 
tate and glutamate and the content of GalA equi- 
valents was 12?,, (w/w). This was in good agrec- 
ment with a measurement of i4”,, (w!w) obtained 
from a replicate sample using the carbazole pro- 
cedure, and one of 12?, obtained by Jones and 
Morn? [ 151 also using the carbarole reaction. 

A radioactive sample of slime was prepared [2]. 
It was dialysed against water but not fractionated 
into its components. Samples containing approx 
40000cpm were then hydrolysed with acid 
strengths of 2.1. 3.1. 4.1 and 8.3‘>,, (wr!w). Since 
each radioactive slime preparation contained less 
than 1 mg material and the volume of acid in 
which it was hydrolysed was 2 ml. the con- 
centration of polysaccharide was constant at a 
value of less than O.Ojj’,,, (w/w). The samples were 
neutralized with N.lv-dioctylmethylamine and the 
neutral sugars and uranic acids separated. The 
distribution of label between uranic acid, galac- 
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Table 2. Effect of hydrolysis with different acid strengths on 
the distribution of label between components of the uranic 

acid fraction of maize slime 

Radioactivity (%) 

Material with Material with 
Acid strength Origin approx mobility approx mobility 

(% w/w) material of GalA of GlcA 

2.1 5.1 496 45.2 
3.1 0.8 68.9 30.3 
4.1 0 78.1 21.9 
8.3 0 87.4 12.6 

tose-glucose, mannose, arabinose and xylosc- 
fucose was the same in each case. However, when 
the uranic acid material was eluted and separated 
by paper electrophoresis at pH 35 the distribu- 
tions shown in Table 2 were obtained. Material 
which, at lower acid concentrations, had run with 
a mobility identical to that of marker GlcA 
moved to occupy the region near GalA at higher 
acid strengths. These results demonstrate that at 
least short sequences of GalA do occur within 
the slime. 

Although hydrolysis of both radioactive and 
non-radioactive preparations of slime frequently 
gave rise to material which ran behind authentic 
GalA this was not invariably the case, and the 
peak of radioactivity in this region was occa- 
sionally coincident with GalA and sometimes 
marginally ahead of it. We attribute these differ- 
ences to variations in the hydrolytic procedure 
resulting from an inability to standardize the con- 
centration of slime in the hydrolysis mixture 
owing to the small quantities of material which 
were available. Our interpretation of the results 
is that the acidic polymers of the slime consist 
of sequences of polygalacturonic acid which may 
be interspersed with regions of glucose residues, 
resulting in the possibility of formation of oli- 
gomers containing GalA and glucose in variable 
amounts after acid hydrolysis. The amount of glu- 
cose attached in this way might depend on the 
extent of formation of glucose-polymer, a factor 
known to be variable [12]. 

Since in our initial hydrolysis experiments it 
was shown that little if any free GalA was for- 
med [2] the slime probably does not consist pre- 
dominantly of a continuous galacturonic acid 
chain. The glucose residues could be integrated 
at fairly regular intervals along the chain or they 

might be present as blocks, either within the chain 
or at the reducing end. It is possible that the slime 
consists of a glucose chain carrying short 
branches of GalA oligomers. The evidence will 
not distinguish between these possibilities. To do 
so, more selective techniques of degradation, in 
particular enzymic hydrolysis at specific residues 
will be required. 

EXPERIMENTAL 

Preparation ofxylan. Oak shavings were boiled under reflux 
for 2 hr with sodium hexametaphosphate (2% w/w, pH 3.7) 
to remove pectin. The residue, after washing, was treated with 
2 x 100 ml KOH (5% w/v) for 2 hr at room temp. and the 
supernatant neutralized with glacial HOAc. The neutral soln 
was dialysed overnight against HZO, digested with a few drops 
of salivary amylase [16] and dialysed once more. Material in- 
side the dialysis bag was freeze-dried. 

Preparation of radioactive slime and its components. Seeds 
of Zea mays (var. Caldera 535) were germinated under sterile 
conditions [12]. The roots on the intact seedlings were incu- 
bated with D-glucose-[U-‘4C] for 2.5 hr and the slime isola- 
ted [2,12]. When the final soln was cone by rotary evaporation 
it was not taken to dryness but either stored frozen or freeze- 
dried. Slime was separated into its component polymers by 
electrophoresis [2,12]. 

Preparation of non-radioactive slime. The acidic oligosac- 
charide was prepared from approx 500 sterile seedlings [12]. 
The slime was isolated in the same way as the radioactive 
slime except that a correspondingly larger volume of water 
was used to wash the slime from the roots. 

For the studies on the whole slime 2OOtLL3000 sterile roots 
per preparation were used. The soln of slime in H,O was 
conc*and the slime precipitated by addition of 4 vol. of EtOH. 
This 80% (v/v) EtOH-insoluble material was removed by cen- 
trifugation and washed in 80% EtOH. Finally it was dissolved 
in a few ml Hz0 and freeze-dried (yield 40-60 mg). 

Titration of slime. Slime (39 ma) was dissolved in DO1 N 
NaOH and made up to 2dml. Samples (5 ml) were back 
titrated with 0.01 N HCl using a Radiometer PHM26 pH 
meter fitted with a combination glass/reference electrode and 
the titration curve compared with that of 001 N NaOH in 
which the slime was dissolved. The difference in the volumes 
of acid required was due to the presence of acidic groups 
in the slime. The DOI N HCl was standardized against 
Na,C03 and the number of moles of carboxyl group calcu- 
lated. 

Preparation of uranic acid esters of radioactive material. A 
sample of the radioactive strongly-acidic component of the 
slime was isolated by glass-fibre paper electrophoresis and dis- 
solved in 0.5 ml Hz0 [2]. Ethylene oxide (10 ml) was added 
and the mixture was allowed to stand for a number of days 
in solid COz. Ethylene oxide was replenished occasionally and 
samples were withdrawn at intervals and electrophoresed on 
glass-fibre paper to determine progress of the esterification. 

General methods of hydrolysis and analysis. Polysaccharides 
were hydrolysed in an autoclave at 120”, 103.4 kN/m’ (15 
psi) for 1 hr with 4.14% (w/w) HZS04 unless otherwise stated. 
This strength of acid was obtained by mixing 28 ml Hz0 
with 1 ml 72.9% (w/v) H,S04 (41 ml cone HZS04 plus 26 
ml H,O). Other strengths of acid were obtained by appro- 
priate dilutions of 72.9% (w/v) H,SO,. 
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Except when a sample was being prepared for GLC analy- 
sis. the hvdrolysate was neutralized by repeated washing with 
a soln oi lo”, (v;v) R;,.v-dioctylmethylamine in CHC13 until 
the aq. layer was neutral [I]. When the amine was used the 
aq. layer was always washed 3 x with CHCl,. rotary cvapor- 
ated to dryness, taken up in H,O and electrophoresed for 
30 min. 5 kV. pH 2 (80 ml HOAc. 20 ml HCOzH made up 
to I litre with HzO) to remove amino-acids and residual 
amine salts. Neutral material was cluted from the dried elec- 
trophoretogram. Material to be analyscd by GLC was neutra- 
lized with BaCO,. filtered and cone by rotary evaporation. 

On paper, neutral sugars could be separated by descending 
chromatography in EtOAcC,H,N Hz0 (X:7:1) (Solvent I) 
for 40 hr. Charred uranic acid material remained at the origin 
and was elutcd and applied to paper for elcctrophoresis ‘ior 
45 min. 4 hV. nH 3.5 (5 ml C‘,H,N. SO ml HOAc made un i. 
to I I. with HZ0 [I]. Components were identified by reference 
to marker sugars whtch were visualized either by aniline 
phthalate [ 171 or alkaline AgNO, [IX]. To determine radioac- 
tivity profiles papers were cut into strips and counted in a 
liquid scintillation counter [_ I]. To locate non-radioactive 
material on strips which had already been counted. they were 
washed in toluene and benzene to remove scintillant 121~ dried. 
and stained vvith aniline phthalate. 

Neutral sugars of non-radioactive material were also deter- 
mined by GLC [Z]. The acetylation vvas accomplished in a 
mixture of I ml Ac,O and 0.1 ml cone H,SO, at 60- for 
I hr [l9]. 

Dihmw ieductim of’ ccrrho.uyl groups of llorl-rodioucti~r 
m/twin/. The acidic material from the GalA region of the pH 
3.5 clcctrophorctogram was eluted, rotary evaporated to dry- 
ness and acetylatcd in a mixture of I ml AcZO and O-I ml 
HzS04. The acctylated material was precipitated in approx 
IO ml HZ0 and extracted with 4 x 5 ml additions of CHZCI,. 
This was removed by rotary evaporation and the product dis- 
solved in I ml dimethoxyethanc. LiBH, (IO mg) was added 
followed by 1 ml portions of a mixture ofO.8X ml BF, etherate 
and 4 ml dimethoxyethane over a period of I hr [14]. The 
mixture was shaken and then allowed to stand for IX hr. A 
ppt formed on the addition of cold Hz0 and it was extracted 
in CH2C12. The CHzClz was removed by rotary evaporation 
and the solid dissolved in MeOH. The methanolic soln was 
cooled and dry NH, w/as bubbled through the soln to bring 
about deacetylation [ZO]. MeOH and NH, were removed un- 
der red pres. 

A similar method was used to reduce the uranic acid resi- 
dues of the X0”:, EtOH-insoluble fraction of the slime, except 
that initial acetylation was carried out by stirring the moist 
slime (approx 40 mg dry wt) in 2 ml C,H,N and adding 
5 ml Ac?O over a period of 3 days; the mixture was tnain- 
tamed at 70 [ 131. Insoluble material was rcmovcd by centrifti- 
gation and the suprrnatant added to cold Hz0 to ppt. the 
acctylated polymer. The ppt. was extracted with CH?Cl, and 
thcrcafter treated as above. In this case the final deacctylation 
was effected by the acid hydrolysis. 

Protein und cu~~i~~o-wirl estimtim. Protein was mcasurcd by 
the method of Lowry [21] with bovine serum albumin as a 
standard. For amino-acid analysis a soln of slime was hydro- 
lysed with HCI (6M) in a sealed tube for 1X hr at 100’. It 
was passed down a column of Deacidite FF-IP to remove 

“humin” before analvsis with a Beckmann Amino Acid analv- 
ser 1221. 

Fellowship. during the tenure of which this work was carried 
out. The 4-0-meth~lrlucuronic acid was a gift horn DI-. Il. 
M. W. Anderson of Edinburgh University and taluronic acid 
was kindly given by Dr. K. Larsson. Chalmers I!nivcrsity of 
Technology. Gotcborg, Sweden. 
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