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Protein phosphatase type 2A (PP2A)
activity is required for the sucrose
induction of fructan metabolism in
wheat leaves, as shown in experiments
with the addition of the specific inhibitor
okadaic acid (OA) together with sucrose.
However, a decrease in total PP2A activ-
ity has been found along sucrose treat-
ment. Here we analyze the effect of
sucrose feeding to wheat leaves on PP2A
activity profiles after Deae-Sephacel and
Superose separation, in comparison with
those of control leaves. The results show
no evidence of changes in PP2A activ-
ity profiles as a consequence of sucrose
feeding. In all, our data suggest that con-
stitutive levels of PP2A activity may be
sufficient for the sucrose-mediated induc-
tion of fructan metabolism and that gen-
eral decrease of PP2A activity produced
by long-term treatment with sucrose may
be due to a negative feedback regulation.

Protein phosphorylation and dephospho-
rylation are necessary for the sugar-medi-
ated induction of fructan synthesizing
enzymes (FSS, 6-sucrose:fructan fructo-
syltransferase and 1-sucrose:sucrose fruc-
specifically, CDPK
and PP2A activities are required for this
process. Recently, we also showed that
sucrose decreases general PP2A activity
in parallel with a decreasing sugar uptake
and that PP2A is involved in sugar uptake
in wheat leaves.? Very little is known about

PP2A isoforms in wheat, as well as about
46

tosyltransferase);'

the number of their encoding sequences.
Here we discuss further the role of PP2A
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in sugar sensing and possible causes of
the effect of sucrose on PP2A activity in
wheat.

The fact that PP2A activity is necessary
for fructan induction by sucrose while a
decrease -in total PP2A activity occurs
along sucrose treatment,’ led us to inves-
tigate whether this could be the result of
a modification of a specific PP2A activity.
Then, we partially purified PP2A present
in either sucrose- or water-treated leaves.
Total protein leaf extracts from 6 h sugar
treated or control (water treated) leaves were
loaded onto Deae-Sephacel columns. Two
major peaks of PP activity were obtained
(named PP2AI and PP2AII). Sugar treat-
ment modified the elution position of both
PP activities: in the case of sucrose-treated
leaf extracts, PP2AI and PP2AII eluted at
260 mM and 375 mM NaCl, respectively,
and when control leaf extracts were chro-
matographed, PP2AI and PP2AII eluted
at 345 mM and 430 mM NaCl, respec-
tively. PP2AII activity was higher than
that of PP2AI for wheat leaves treated
either with sucrose or water. The specific
activity for the concentrated proteins
were c.a. 30 nmol/min/mg protein and
110 nmol/min/mg protein for PP2ATI and
PP2AII, respectively for the sucrose treat-
ment (Fig. 1A). Incubating leaves for 24 h
with sucrose or water rendered essentially
the same activity profile as for 6 h. The
fractions under each Deae-Sephacel peak
were pooled, concentrated and loaded into
Superose-12 size-exclusion columns. The
elution pattern of these chromatographies
showed two peaks from each peak eluted
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Figure I. Elution profiles of wheat leaves PP2A activity. Crude extracts from leaves treated for 6 h with water (control) or 0.5 M sucrose were
loaded onto Deae-Sephacel columns. Elutions were done with a linear gradient of NaCl 0—0.5 M (A). PP-containing fractions from water-(--O--) or
sucrose-(—®—) fed leaves were concentrated (PP2Al and PP2AIl peaks) and loaded onto Superose |12 columns (B). PP2A activity was assayed with the
non-radioactive method. Lines without markers at the left of the graph indicate total protein for water (----) and sucrose (—) treatments.
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Figure 2. Phosphopeptide concentration-dependent and okadaic acid sensitivity of the sucrose-partially purified wheat PP2As. The pooled fractions
of Superose 12 chromatographies with PP2A activity were incubated with different concentration of the phosphopeptide (A) or with different concen-
trations of OA (B). PP2A activity was assayed with the non-radioactive method.

from the Deae-Sephacel column, desig-
nated as PP2Ala, PP2AIb, PP2AIla and
PP2AIIb for both treatments (Fig. 1B).
They corresponded to an approximately
120-130 kDa and 30-35 kDa proteins,
which are in'accordance to the molecular
weight of the PP2A core and the PP2A
catalytic subunit, respectively.”® PP2AIb
activity was higher than that of PP2Ala
and PP2AlTa activity was higher than that
of PP2AIIb for both treatments. In"com-
parison with PP2A isolated from other
tissues, wheat leaf PP2A specific activities
were similar to PP2A purified from wheat
embryo and from maize seedlings.*’

To characterize the partially purified
PPs we tested their activity on phospho-
peptide RR(pT")VA, which is substrate for
Ser/Thr PP2A but is a poor substrate of
PP1 (Fig. 2A). Also, to ensure that we mea-
sured specific PP2A activities we included
imidazole and EDTA in the reaction buf-
fer, to inhibit alkaline phosphatases and
PP2B and PP2C activity."” Moreover, puri-
fied enzymes were active with the general
substrate p-NPP. In contrast, these PPs
did not catalyze the dephosphorylation
of nonprotein phosphomonoesters such
as Glc-6P or PEP at substrate concentra-
tion (100 uM). Finally, partially purified
PP activities were assayed with different
reported effectors of animal and plant
PP2A. OA, a potent inhibitor of PP2A
activity, completely inhibited the purified
PPs at 10 nM. The OA IC, value was 1
nM (Fig. 2B), which is in the normal range
of values described for PP2As.”® They were
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also inhibited by the general phosphatase
inhibitor NaF but not by inhibitor 2 (I-2),
which inhibits PP1 specifically.® Thus,
the PP activities that we partially purified
belong to the PP2A family.

These results are in accordance with the
proposed model,?> where PP activity may
be required for sucrose uptake into leaf
tissues,"" and possibly also for maintaining
this transporter in a dephosphorylated-
active form."? Within this scheme, PP2A
activity required to initiate sucrose signal-
ing leading to fructan synthesis induction
is present before the signal. On the long
term, sucrose may decrease general PP2A
activity in a negative feedback.> Moreover,
further steps in the sucrose signaling
pathway may require PP2A activity, since
adding 1 pM OA 6 h after the beginning
of sucrose feeding (when most sucrose
uptake had already taken place, and both
6-SFT mRNA level and ESS activity had
significantly increased), blocks any further
increase in FSS activity (Martinez-Noél
et al. unpublished). Further research is
needed to elucidate whether the different
PP2A isoforms here described are associ-
ated with different steps in this signaling
process.
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