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Abstract—A study has been made of changes in the enzymes of UDP-sugar metabolism in suspension cultured cells of
French bean during their normal growth following subculture. These are compared to cells of the same cell suspension
subcultured into a cytokinin enriched media which induces changes in their cell walls that resemble xylogenesis. The
same enzymes have also been measured in seedling hypocotyls undergoing elongation growth and differentiation.
Evidence was obtained for sucrose synthase and possibly amylase for having roles in the mobilization of sugar
reserves during growth changes in suspension cultures. Furthermore, UDP-glucose dehydrogenase showed character-
istic increased activity that indicated a key role in the provision of sugar nucleotides for cell wall biosynthesis. Less
significant changes were observed for other enzymes involved in sugar nucleotide interconversion.

INTRODUCTION elaboration of UDP-glucose provides the precursors for
the polysaccharides that contain arabinose, galactose
and galacturonic acid, broadly the pectin group, and
those that contain glucose, xylose and glucuronic acid,
the hemicellulose group. These nucleotide sugars are also
precursors for ER and Golgi-mediated protein glycosyla-
tions. UDP-glucuronate biosynthesis may arise directly
from the oxidation of UDP-glucose by UDP-glucose
dehydrogenase (EC 1.1.1.22) or from the indirect myo-
inositol route [8]. In vive the direct oxidation of UDP-
glucose is believed to be the favoured pathway [9, 10].
UDP-glucose is also converted to UDP-galactose by the
action of a specific 4-epimerase (EC 5.1.3.2). UDP-glucu-
ronic acid can be decarboxylated to UDP-xylose. All
three intermediates for hemicellulose biosynthesis can be
converted to their 4-epimers by specific epimerases that
provide all the precursors of the pectin group.
UDP-glucose is thus a central intermediate. It could be
derived from several sources such as the action of sucrose
synthase (EC 2.4.1.13) on sucrose, or from the activation
of glucose, either derived from sucrose by the action of
invertase (EC 3.2.1.26) or from starch by amylase (EC
3.2.1.1)/phosphorylase (EC 2.4.1.1) activities. Possible
key control points in the supply of UDP-sugars in rela-
tion to cell wall biosynthesis could be the reactions
catalysed by UDP-glucose dehydrogenase and UDP-
glucuronate decarboxylase (EC 4.1.1.35), both of which
are irreversible [6, 7]. UDP-glucose dehydrogenase is
also subject to feedback inhibition by UDP-xylose im-
tAuthor to whom correspondence should be addressed. plicating that the pathway is highly regulated [6].

Mechanisms of the regulation of the biosynthesis of plant
cell wall components are relatively obscure especially
with respect to the polysaccharides. There is currently
a lack of information on the enzymes involved in quantit-
ative and differential carbon flux into wall polysacchar-
ides. However, the plant cell wall undergoes profound
changes under diverse conditions such as during growth
and differentiation and in response to stress and patho-
genic attack [1-3]. These characteristic changes are like-
ly to be partly regulated by changes in the underlying
synthetic systems. Besides these important developmen-
tally and environmentally regulated qualitative changes,
the accumulation of cell wall polymers represents a sig-
nificant sink for the quantitative flow of nonretrievable
carbon. With perhaps the exception of the products of
the phenylpropanotd pathway, little is known at present
of the quantitative and qualitative control of the accumu-
lation of wall polymers when compared with the progress
being made on the understanding of the regulation of the
flow of hexose into storage compounds such as sucrose
and starch [4, 5].

Possible control points of quantitative carbon flux into
polysaccharides may occur in the pathway which sup-
plies the polysaccharide synthases with their relevant
UDP-sugar substrates [6, 7]. UDP-glucose is the prob-
able substrate for cell wall glucan synthases. Further
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The present work investigates the involvement of the
enzymes involved in UDP-sugar interconversion in seed-
lings undergoing secondary cell wall differentiation and
suspension cultures undergoing xylogenesis. Our experi-
mental approach was to take cells freshly subcultured
into normal and induction media and determine the
effects on growth and cell wall composition. In turn this
was compared to the underlying metabolism of UDP-
sugar formation and interconversion through the period
when changes in growth were occurring. Similar analysis
was also conducted in hypocotyls from the time of
emergence through to complete cessation of elongation
and the subsequent period of continuing differentiation.
In both the suspension cultured cells and the hypocotyls
the results are interpreted in the light of previous work
which has determined the induction of arabinosyl and
xylosyl transferases as markers for wall polysaccharide
biosynthesis [11,12]. Changes in the activities of
amylase, acid invertase, starch phosphorylase and suc-
rose synthase were also determined in each experimental
system and these are discussed in relation to the supply of
UDP-glucose.

RESULTS

Growth of suspension cultures and hypocotyls

Suspension cultures were routinely maintained and
grown as previously described [12]. On subculturing the
suspension growth continued for up to nine to 10 days
before entering the stationary phase. When subcultured
into cytokinin-enriched induction-medium [12] to bring
about differentiation, growth was considerably slowed
(Fig. 1).

Under the growth conditions employed the hypocotyls
emerged at about five days after imbibition and under-
went rapid elongation growth (Fig. 2). At about 10 days,
extension growth had totally ceased and the hypocotyl
had become hollow. During the period immediately be-
fore cessation of hypocotyl elongation, vascular bundles
form from procambium tissue and at about 11 days
secondary cambium forms.

Analysis of cell wall changes induced in suspension cultured
cells treated with cytokinins

Comparison has been made in the cell wall composi-
tion of cells grown in maintenance media and cells subcu-
ltured into cytokinin induction media (Table 1). The
fractionation of the cell walls was carried out on several
lots of pooled cell wall material derived from batches of
cells remaining after removal of a portion of cells for
enzyme analysis. This approach of pooling cell wall ma-
terial from separate experiments was adopted in order to
optimize recoveries since previous experience indicated
that larger samples were easier to process without incur-
ring excessive losses and that variation between repli-
cates was found to be low. [13].

The most striking observation was the 32-fold increase
in phenolic material associated with the cell walls from
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Fig. 1. The growth of suspension cultured French bean cells.

Growth was determined for cells grown in maintenance media

(©) and cytokinin induction media (B). Each value is the mean
of 3 + se.
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g. 2. The growth of French bean seedling hypocotyls. Each
value is the mean of 15 + se.

cells grown in induction media compared to the control
cells. Other changes included increase in the hydroxypro-
line content, cellulose and hemicellulose contents of the
cell walls from cells induced into undergoing xylogenesis.
The nature of the hemicellulosic material also showed
changes characteristic of secondary cell walls, there being
about six times more xylan and half as much xyloglucan
content in the cell walls from cytokinin treated cells than
in comparative control cell walls. This is also reflected in
the five-fold increase in the ratio of xylose: glucose pres-
ent in the xylogenic cell walls. However, there was less
pectinaceous material produced in these cetl walls. Also,
the cell walls from the control cells contained four to five
times more acidic than neutral pectin, whereas the walls
from the cytokinin treated cells had three to four fold
more neutral than acidic pectin.



Enzymes of UDP-sugar metabolism

Table 1. Cell wall composition of suspension cultured French bean cells grown in
maintenance media and cytokinin induction media.

Treatment

Maintenance medium Induction medium

Fraction mg dry wt{g fr. wt)™! mg dry wt(g fr. wt) !
Neutral pectin 4.0 12.0

Acidic pectin 18.0 4.3

Hemicellulose 520 62.0

Xyl:Gle 0.4 19
Xyloglucan 46.3 24.2

Xylan 57 378

Cellulose 40 58

Hydroxyproline 0.10 0.13

Total phenolics (rel. level) 1.0 32

The cell wall analysis was carried out on cells harvested seven days after
subculture. The cells remaining from three separate experiments for which the
enzyme levels were determined were pooled and the resulting cell wall material
fractioned. Each fraction represents the total material recovered expressed on
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a g fr. wt basis.

Optimization of enzyme determinations

Throughout this study activities of the enzymes meas-
ured were optimized with respect to pH and buffer com-
ponents in batches of untreated cells harvested four days
after subculture. Similar experiments were also conduc-
ted on seedling hypocotyl tissue eight days after imbibi-
tion. Where crude extracts were subject to ammonium
sulphate fractionation, analysis of the distribution of
enzyme activities in the various fractions showed that the
recovery of activity in those used for the determination of
enzyme levels was greater than 90%. With either hy-
pocotyl or cultured cells the optimum conditions for each
individual enzyme did not vary. In all cases it was also
ensured that each activity was directly proportional to
time and amount of extract.

Changes in level of enzymes involved in UDP-sugar inter-
conversion

UDP-glucose dehydrogenase, UDP-glucuronate de-
carboxylase, UDP-glucose epimerase and UDP-xylose
epimerase enzyme activities were measured in cells grown
in maintenance media and cells subcultured into
cytokinin induction media (Fig. 3). UDP-glucose dehy-
drogenase, showed a two-fold increase and subsequent
decrease in activity initiated between three and six days
after subculturing, almost paralleling the period where
the logarithmic growth phase enters the stationary phase.
Compared to cells subcultured into cytokinin induction
media, UDP-glucose dehydrogenase activity also in-
creased to the same extent as the control cells. However,
in the induction media the maximal increase in activity
appeared at least three days sooner than found in the
control cultures (Fig. 3a). The other enzyme activities
measured in the induced cells showed no significant vari-

ation from the relevant control cells, perhaps with the
exception of UDP-glucuronate decarboxylase. This en-
zyme showed slightly higher rates of activity than those
in the control cells at two and three days post subculture
(Fig. 3b). In cells grown in both the induction and main-
tenance media the activities of UDP-glucuronate decar-
boxylase (Fig. 3b) and UDP-xylose epimerase (Fig. 3d)
showed peaks of activity coinciding at three days after
subculture. The activities were approximately double the
initial basal level and they had returned to normal by
about the sixth day after subculture.

UDP-glucose dehydrogenase, UDP-glucuronate de-
carboxylase, UDP-glucose epimerase and UDP-xylose
epimerase enzyme activities were also measured in hy-
pocotyls undergoing elongation and differentiation
(Fig. 4). UDP-glucose dehydrogenase showed a transient
increase in activity of about three-fold coinciding with
the stage where elongation growth was terminating and
vascularization and secondary cell wall thickening was
underway (Fig. 4a). UDP-glucuronate decarboxylase
gradually increased in activity from the early stages of
clongation growth having almost doubled in activity by
the time the hypocotyls were differentiating (Fig. 4b). In
contrast UDP-glucose epimerase (Fig. 4c) and UDP-
xylose (Fig. 4d) activities appeared to remain unchanged
throughout the development of the hypocotyls.

Changes in enzymes involved in sucrose and starch degra-
dation

Acid invertase activity {pH optimum 4.5) was meas-
ured both in the soluble extracts and in further sequential
extracts of the particulate material using 1 M salt. Typi-
cally, the salt extract contained 80% of the total acid
invertase and this fraction is represented in Figs 5¢ and
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Fig. 3. Enzyme activities of UDP-sugar metabolism in suspen-

sion cultured French bean cells. Activities were determined from

cells grown in maintenance media (O) and cytokinin induction
media (). Each value is the mean of 3 % se.

6¢. The acid invertase from the soluble extract (pH
optimum 4.5) when measured in either cell cultures or
hypocotyl tissues showed identical patterns to the salt
extractable invertase over the time courses measured
(data not shown).

Starch phosphorylase, sucrose synthase and amylase
enzyme activities were also measured in cells grown in
maintenance media and cells subcultured into cytokinin
induction media (Fig. 5). For either cells grown in main-
tenance media or induction media no changes in specific
activities or the levels of activity were detected for in-
vertase (Fig. 5a) or starch phosphorylase (Fig. 5c). How-
ever, in the maintenance media, sucrose synthase activity
increased dramatically from about three days after sub-
culturing (Fig. 5b). The increase in activity more than
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Fig. 4. Enzyme activities of UDP-sugar metabolism in hy-
pocotyls of French bean. Each value is the mean of 3 + se

doubled by day 6 from whence the activity started to
decline. The period from three to six days post subcul-
ture coincided with the logarithmic phase in growth. In
sharp contrast, the cell subcultured into induction media
showed sucrose synthase activity to gradually decline up
until four days after subculture where the activity re-
mained at basal levels (Fig. Sb). Amylase activity meas-
ured in cells grown in maintenance media was fairly
constant compared to the activity found in cells grown in
induction media over the respective time period. In the
cells grown in the induction media amylase activity
showed a three-fold transient rise in activity starting frorm
the time of subculturing and returning to the initial levels
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Fig. 5. Enzyme activities associated with starch and sucrose

degradation in suspension cultured French bean cells. Activities

were determined from cells grown in maintenance media (Q)

and cytokinin induction media (8). Each value is the mean of
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by day 6. By day 10 and towards the end of the experi-
ment at day 14 the levels of amylase activity had risen
again (Fig. 5d).

Starch phosphorylase, sucrose synthase, invertase and
amylase activities were also measured in hypocotyls un-
dergoing rapid extension growth and differentiation
(Fig. 6). Starch phosphorylase (Fig. 6a) and sucrose syn-
thase (Fig. 6b) activities showed a gradual and relatively
small decline in activity from when the hypocotyls had
emerged at about day 6, to the end of the growth period
at day 15. Invertase (Fig. 6c) and amylase (Fig. 6d)
activities remained relatively constant throughout the
growth and development phase of the hypocotyls, al-
though amylase activity showed a modest increase at the
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Fig. 6. Enzyme activities associated with starch and sucrose
degradation in hypocotyls of French bean. Each value is the
mean of 3 + s.e.

onset of extension growth. However, all these enzyme
activities were found to be higher than when measured in
suspension cultured cells. This was especially so of starch
phosphorylase where the activity was about 20 times
greater in the green hypocotyl tissue compared to the
non-photosynthetic suspension cultured cells. With suc-
rose synthase, invertase and amylase hypocotyl tissue
generally showed a two to three-fold increase in activity
over suspension cultured cells.

DISCUSSION

Present evidence suggests that the major controlling
factor in the qualitative production of plant cell wall
polysaccharide synthesis resides in the complement of
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synthases present at any one time in the various mem-
brane systems [2]. However, the availability of nucleo-
tide diphosphate sugars appears to be under some fine
control. For example, the biosynthesis of UDP-glucose in
vivo can be dependent on several factors. The presence
of UDP-glucose pyrophosphorylase throughout the
growth cycle in French bean suspension cultures, at
levels which are much higher than the estimates of max-
imum sucrose breakdown, has the potential to supply all
the cellular UDP-glucose requirement [14]. Yet sucrose
synthase may also be involved in the supply of UDP-
glucose, since the sucrose synthase reaction when con-
sidered In conjunction with glycolysis, requires less ATP
relative to the catabolism of sucrose than by invertase
[15]). Furthermore, in suspension cultures the increase in
activity of sucrose synthase, which coincided with the
logarithmic growth phase, has been shown not to be
dependent on the presence of sucrose [14]. It may be that
sucrose synthase has a key role in supplying the
glycolytic pathways but an alternative, or additional role
may be in supplying the glucan synthases with UDP-
glucose at the period of maximum growth [7]. It is worth
noting that in the cells subcultured into induction media,
where growth was slowed, there was a severe decline in
sucrose synthase activity compared to the control cul-
tures. This could be interpreted as a sign of differential
losses of the enzyme activity during extraction, espe-
cially when considering that the induced cells have an
increased phenolic content. However, other enzymes
measured between the control and induced cells ap-
peared not to be subjected to such mactivation. Signifi-
cantly, amylase activity in the cytokinin treated cells
increased relative to the control cells, whereas starch
phosphorylase and invertase activities remained at sim-
ilar levels between the two cell lines. Similarly, the
amylase activity level increased in the hypocotyls at the
onset of extension growth and was sustained at this level
throughout development while invertase activity re-
mained fairly constant and sucrose synthase and phos-
phorylase activities only declined slightly over the same
period. In these cases the role of amylase in the supply of
sugars appeared to increase in importance. Of course
without carrying out the necessary recovery experiments
using purified enzymes as internal standards, if they were
available for each enzyme measured, differential losses
during extraction cannot totally be ruled out. In view of
other studies on soluble enzymes involved with carbohy-
drate metabolism in stressed suspension cultured cells
[16], where recoveries were greater than 88%, it would
seem likely that our determinations were made under
near optimal conditions.

The oxidation of UDP-glucose by UDP-glucose de-
hydrogenase, a reaction potentially subject to feedback
inhibition by the level of UDP-xylose [6], may act as
a key step for the provision of UDP-sugars from mem-
brane-bound glycosylations [2, 6, 7]. This enzyme activ-
ity has been seen to be induced during differentiation of
cambium to xylem in sycamore and popular {6] and in
synchronized cell suspension cultures of Catharanthus
roseus [7]. An extensive mapping of the changes in en-

zyme activities in relation to the cell cycle in C. roseus has
revealed that accumulation of glycan polymers occurs
during Gt, preceded by the necessary metabolic activity
involving UDP-sugar levels [7, 17-19].

In suspension cultured French bean cells [12] and in
developing French bean hypocotyls [11] changes in the
levels of arabinosyl and xylosyl transferase activities have
been observed to vary during the normal growth cycle. In
the suspension cultures arabinosyl transferase activity
rapidly increased several fold by the second day after
subculture and had returned to the initial rate by the
fourth day. Compared to cells grown in induction media,
the arabinosyl transferase activity was only marginally
induced over the same time period. On the other hand,
the xylosyl transferase activity rapidly increased several-
fold in cells grown in the induction media reaching
a maximum about three days after subculturing. The
xylosyl transferase activity was also much higher than in
comparative cells grown in maintenance media and was
also present at higher rates for a much longer period after
subculture. These differential changes in the expression of
two key transferases have been linked to cell wall bio-
synthesis and consequently, their action was observed
here by the distinct changes in cell wall composition
found between the normal and tnduced suspension cul-
tures (Table 1).

In this present study we have measured the enzymes
associated with the production of the relevant UDP-
sugars in the same type of French bean suspension cul-
tured cells (Fig. 3). The most striking observation was
found to be induction of UDP-glucose dehydrogenase
activity in celts grown in the cytokinin enriched media.
This may also be relevant to the supply of UDP-xylose
since there was also a small increase in UDP-glucuronate
decarboxylase activity. Similarly, the increases in UDP-
glucose dehydrogenase activity were also observed i
developing hypocotyls at about eight days after imbibi-
tion (Fig. 4). It is at this stage of development when there
is increased activity associated with arabinosyl and
xylosyl transferases involved with xylogenesis [11]. in
conclusion, UDP-glucose dehydrogenase may occupy
a key control point in regulating the flux of UDP-sugars
destined for use by the relevant transferases. Since the
reaction it catalyses is irreversible and therefore rate
limiting, it may be strategic in exerting coarse control
over polymer synthesis.

EXPERIMENTAL

Materials. The substrates, co-factors and enzymes
were obtained from Sigma. Uniformly labelled UDP-
[14C]Glc (295 mCimmol ™ '), UDP-[**C]GlcA (285 mCi
mmol ') and UDP-[!*C]Xyl (250 mCimmol™!) were
supplied by NEN Stevenage, U.K.

Cell cultures and plant material. Suspension cultures
were derived and maintained as previously described
[12]. Biochemical changes associated with secondary
wall formation were induced by transfer to a xylogenesis
induction media which was B5 [20] supplemented with
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3% sucrose, 1 mgl™ ' NAA and 0.5 mgl~ ! kinetin. Seed-
lings of French bean (Phaseolus rulgaris. L.} var. The
Prince were grown in vermiculite under a 16 hr light, 8 hr
dark regime at 15°. Seeds were not presoaked but planted
directly into wet vermiculite in standard seed trays and
watered every 3 days.

Analysis of cell walls. The cell wall analyses were car-
ried out as described previously [13]. Crude cell wall
pellets of cells were washed x 3 in 85% EtOH, sequen-
tially extracted with cold H,O followed by warm (60°)
0.5% ammonium oxalate and then with 0.75 M NaOH
for 16 hr at 4 followed by 4.25 M NaOH for 16 hr at 4°.
Neutral pectin was recovered from the cold H,O extract
by adding EtOH to a final conen of 85%. Acidic pectin
was recovered from the ammonium oxalate extract by
addition of EtOH to 50% and the hemicellulose from the
pooled NaOH extracts by addition of EtOH to 70%
followed by washing in ice-cold H,O to remove any pptd
alkali. Polysaccharide fractions were lyophilized and
weighed. The residual cellulose fraction, which also con-
tains the fraction of the hydroxyproline rich material
which is not extracted in the NaOH extracts, was washed
with 50% EtOH before lyophilization and weighing.

The hemicellulose fractions were separated into xylan
and xyloglucan fractions by chromatography on powd-
ered cellulose [21]. The xylan did not bind and the
xyloglucan was released with urea—NaOH elution. The
Xyl and Glc content of the hemicellulose fractions was
determined by TLC [13] after partial hydrolysisin 0.1 M
HCI at 100° for 30 min (xylan), as described previously
[11]. Hydroxyproline was estimated colorimetrically by
the method of ref. [22] following acid hydrolysis of whole
cell wall material im 6 M HCI at 105° for 24 hr.

Phenolic material bound to the hemicellulosic and
cellulosic fractions was extracted by saponification in
4.25 M NaOH at 4" for 7 days and at 37° for 16 hr. This
procedurc extracted all the brown material from the
polysaccharide fraction. Contaminants were precipitated
in 70% EtOH and absorption spectra of the coloured
supernatants determined over the range 240-340 nm.
The level of phenolic material was estimated from the
absorbance value at 310 nm.

Measurement of growth. Samples (20 ml) of suspension
cultures were vacuum filtered on mira-cloth, the fr. wt
recorded and the cells immediately frozen in liquid N,.
Hypocotyls from 15 seedlings per determination were
excised, measured with a ruler and immediately frozen in
liquid N;. On harvest all the hypocotyls for each time
point were ground to a powder in a mortar and pestle
under liquid N,. All tissue samples were stored at — 70
until required.

Prepararion of extracts. Portions of the hypocotyl
powders or cells from the suspension cultures were taken
and in the case of invertase or amylase homogenized in
2vols 50 mM NaOAc (pH 6.0). After centrifugation,
10000 g for 10 min the pellet was resuspended in 2 vol-
umes of the same buffer containing 1 M NaCl, stirred for
I hr and centrifuged as before. The supernatants were
dialysed against 3 changes of NaOAc (pH 6.0) overnight
before assay.

Alternatively the tissue was homogenized in 2 vols
0.1 M Tris—HCI, 5 mM 2-mercaptoethanol, 2 mM EDTA
(pH 7.5) and centrifuged for 10 min at 10000 g. The
supernatant was immediately assayed in the case of
starch phosphorylase, sucrose synthase and UDP-Glc
dehydrogenase. A portion of the same supernatant was
30-70% (NH,4),SO, fractionated, dialysed overnight
against 3 changes of Tris—HCl! homogenization buffer
and assayed for UDP-Glc, UDP-Xyl 4-epimerases and
UDP-GlcA decarboxylase. Protein concentrations in
supernatants were monitored by the Bio-Rad assay using
BSA as the standard [23].

Enzyme assays. Except those with radiolabelled sub-
strates all reaction mixtures were of 1 m! volume. Inver-
tase [24], 50 mM NaOAc, 3% sucrose (pH 4.5) with
extract and amylase [24], 50 mM NaOAc, 25 mM K],
0.5% amylopectin (pH 6.0) with extract were incubated
at 37 and the amount of reducing groups quantified as
Glc equivalents [25]. The assays dependent on measur-
ing the conversion of NAD to NADH were monitored at
340 nm in a double beam spectrophotometer with the
appropriate blank and the reaction mixtures were: starch
phosphorylase [26], S0 mM HEPES (pH 6.8), 20 mM
Na-PO, (pH 7.4), 0.1% amylopectin, 55 ug P-gluco-
mutase, 0.46 units Glc-6-phosphate dehydrogenase (from
Leuconostoc mesenteroides), 1 mM NAD and extract:
sucrose synthase [16], 0.1 M Tris—HCI (pH 7.5), 04 M
sucrose, | mM NAD, 0.5 mM UDP, 0.03 units UDP-Glc
dehydrogenase and extract: UDP-Glc dehydrogenase
[17], 0.1 M glycine—NaOH (pH 8.5), 5 mM UDP-Glc,
2mM NAD and extract.

The assays dependent upon radiolabelled substrates
were carried out for 5 min at 37° in reaction vols of 20 ul.
The reaction mixtures were: UDP-GlcA decarboxylase
[6], 0.2 M Na-Pi (pH 7.0), 0.4 nmol UDP-['*C]GlcA,
50 nmol UDP-GIcA and extract: UDP-Glc 4-epimerase
[6], 0.1 M glycine-NaOH (pH 9.0), 0.4 nmol UDP-
['*C]Gle, 50 nmol UDP-Glc and extract: UDP-Xyl 4-
epimerase [6], 0.1 M Tris—HCI (pH 8.0), 0.31 nmol
UDP-['*C]Xyl, 10 nmol UDP-Xyl and extract. The
reactions were stopped by immersion in a boiling water
bath for 3 min. After centrifuging for 10 min at 20000 g
the supernatants were hydrolysed with 0.1 M HCl at 100°
for 15 min. The solution was then dried under vacuum,
extracted with 20 ul pyridine and subjected to paper
chromatography. The radioactivity which co-chromato-
graphed with authentic standards was determined by
liquid scintillation counting.
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