
Overexpression of AtPTPA in Arabidopsis
increases protein phosphatase 2A activity by
promoting holoenzyme formation and ABA
negatively affects holoenzyme formationQ1
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AtPTPA is a critical regulator for the holoenzyme assembling of protein phosphatase 2A (PP2A) in Arabidopsis.
Characterization of AtPTPA improves our understanding of the function and regulation of PP2A in eukaryotes. Further

10 analysis of AtPTPA-overexpressing plants indicates that AtPTPA increases PP2A activity by promoting PP2A’s AC dimer
formation, thereby holoenzyme assembling. Plant hormone abscisic acid (ABA) reduces PP2A enzyme activity by
negatively affects PP2A’s AC dimer formation. Therefore, AtPTPA is a positive factor that promotes PP2A holoenzyme
assembly, and ABA is a negative factor that prevents PP2A holoenzyme assembly.

Protein phosphatase 2A (PP2A) is an important regulator for
15 plant growth and development, and is essential for proper

response to biotic and abiotic stresses in plants.1 PP2A is made of
3 subunits: the scaffolding subunit A, the regulatory subunit B,
and the catalytic subunit C.2 We recently reported the functional
characterization of AtPTPA, a critical regulator for PP2A activity

20 in Arabidopsis.3 AtPTPA exerts its action on PP2A through
binding to PP2A’s AC dimer, and the action of AtPTPA in
changing the conformation of the C subunits (i.e. PP2Ac) is criti-
cal for PP2A holoenzyme formation and maintenance of PP2A
activity.3 Reduced AtPTPA in Arabidopsis (e.g. to 10% of wild-

25 type level) leads to dramatic loss of PP2Ac methylation and
reduced PP2A activity,3 indicating a dependency of PP2A activ-
ity for AtPTPA. To test if overexpression of AtPTPA in plants
would increase PP2A activity, we analyzed PP2A enzyme activity
using plant cellular extracts from GFP-AtPTPA overexpressing

30 plants and wild-type plants. The results showed that the PP2A
activity was increased by 50% in GFP-AtPTPA overexpressing
plants in comparing to that in wild-type plants (Fig. 1A), indi-
cating that overexpression of AtPTPA in plants indeed increases
PP2A activity.

35 To study how the PP2A activity was increased in GFP-
AtPTPA overexpressing plants, we examined the abundances of
methylated and total PP2Ac in GFP-AtPTPA overexpressing
plants. We found that both methylated and total PP2Ac were
not changed in these plants (data not shown). However, when we

40 used PP2A-A antibodies to perform immunoprecipitation experi-
ments to examine the AC dimer formation in GFP-AtPTPA

overexpressing plants and wild-type plants, we found that both
total PP2Ac and methylated PP2Ac were pulled-down at higher
amounts in GFP-AtPTPA overexpressing plants than in wild-

45type plants (Fig. 1B). Under normal conditions, more than 90%
of PP2Ac is methylated in order to ensure high PP2A activities in
plants.3 While the methylated PP2Ac in GFP-AtPTPA overex-
pressing plants is similar to wild-type level, our data suggest that
more AC dimers are found in GFP-AtPTPA overexpressing

50plants, therefore more AC dimer are available for PP2A holoen-
zyme assembly, which explains why PP2A activity was increased
in GFP-AtPTPA overexpression plants.

ABA was previously reported to quickly down-regulate PP2A
activity in plants,4 yet nothing was known about how ABA regu-

55lates PP2A at the molecular level. The half-life of PP2A catalytic
subunit is about 2 hours in yeast5 and even longer in mammalian
cells,6 therefore the increased turnover of catalytic subunits by
ABA might be the reason for decreased PP2A activity after ABA
treatment. To test this possibility, we performed ABA inhibition

60experiments. Our results indicated that ABA could reduce PP2A
activity within one hour (Fig. 2A), but the steady-state levels of
PP2Ac and methylated PP2Ac were both not affected by the
ABA treatment (right column, Fig. 2B), indicating that ABA
does not increase the turnover rate of PP2Ac. Interestingly, the

65ABA induced reduction of PP2A activity was not as dramatic as
previously reported.7 This is possibly due to different substrates
that were used in the PP2A activity assays. Our data clearly show
that the PP2Ac abundance is not the reason for ABA induced
reduction of PP2A activity and other posttranslational events
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70 such as protein phosphorylation or de-phosphorylation might be
the reason for the changed PP2A activity after ABA treatment.

We then analyzed the AC dimer status after ABA treatment.
Again, we used PP2A-A antibodies to immuno-precipitate PP2A
from cellular extracts of GFP-AtPTPA overexpressing plants

75 before and after ABA treatment. The result showed that total
PP2Ac and methylated PP2Ac bound to A subunits were both
reduced after plants were treated with ABA (left column,
Fig. 2B). These data indicate that ABA might reduce PP2A holo-
enzyme formation by preventing C subunits from binding to A

80 subunits, as less PP2Ac, especially methylated PP2Ac, were
pulled down with PP2A-A antibodies, therefore leading to
reduced PP2A activity after ABA treatment.
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As one of the most important regulators in eukaryotes, PP2A is
involved in diverse aspects of cellular signaling and metabolisms
in plants.1-4,7-13 AtPTPA, the critical regulator for PP2A holoen-

125zyme assembly, is essential for a number of PP2A mediated cellu-
lar processes like ABA signaling and abiotic stress responses.1,3

Here we provide evidence that the effect of ABA on PP2A activity
is to prevent C subunits from binding to A subunits, thereby pre-
venting the formation of active PP2A holoenzyme. To under-

130stand how PP2A is involved in ABA signaling in plants, it will be
necessary to elucidate the molecular mechanism of how ABA
affects the AC dimer formation during PP2A assembly, which
will be the next challenge in studying how PP2A is regulated by
plant hormone ABA.
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Figure 1. Overexpression of AtPTPA increases PP2A activity by promot-
ing PP2A holoenzyme assembly. (A). PP2A activity is higher in GFP-
AtPTPA overexpressing plants in comparing to wild-type plants. Bar indi-
cates standard deviation. The method for PP2A enzyme assay was
described in Chen et al.3 (B). PP2A-A antibodies bring down more PP2A-
C subunits from cellular extracts of GFP-AtPTPA overexpressing plants
than that from wild-type plants. Lane a, immunoprecipitated cellular pro-
teins from wild-type plants; lane b, immunoprecipitated cellular proteins
from GFP-AtPTPA overexpressing plants. Equal amount of total proteins
from immunoprecipitation was loaded in a and b. Different antibodies
were used in the Western blots and these antibodies recognize PP2A-C
subunits (PP2Ac total), methylated PP2Ac (PP2Ac methyl), PP2A-A subu-
nits (PP2A A), and GFP-AtPTPA (GFP-AtPTPA fusion protein), respectively.

Figure 2. Effects of ABA on PP2A activity and formation of PP2A holoen-
zyme assembly. (A). ABA treatment and cold reduce PP2A activity in
plant seedlings and seeds. MS, Murashige and Skoog medium; ABA 1 h,
ABA 2 h, and ABA 24 h, plant seedlings were treated with ABA for 1, 2,
and 24 hours, respectively. Bar indicates standard deviation. (B). Immu-
noprecipitation with PP2A-A antibodies brings down less PP2A-C subu-
nits after ABA treatment. Proteins recognized by different antibodies are
labeled on the right.
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