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Life of PPi: Soluble PPases and H+-PPase Act Cooperatively
to Keep Pyrophosphate Levels in Check[OPEN]

Inorganic pyrophosphate (PPi) is a by-

product of many metabolic reactions, in-

cluding those involved in sucrose, sugar

nucleotide, and cellulose biosynthesis. Al-

thoughPPi is an important phosphate donor

and source of cellular energy, high levels of

cytosolic PPi are toxic, disrupting the met-

abolic reactions that produce it. Thus,main-

taining low cytosolic PPi levels, through PPi

hydrolysis, is critical.

In most organisms, the cytosolic soluble

pyrophosphatases (sPPases) are solely re-

sponsible for catalyzing PPi hydrolysis. Cy-

tosolic sPPases are present in plants too;

the Arabidopsis thaliana genome encodes

five isoforms, PPa1-5 (Gutiérrez-Luna et al.,

2016). However, a proton-pumping pyro-

phosphatase localized to the tonoplast, H+-

PPase (encoded by AtVHP1/FUGU5), has

been proposed to be a master regulator of

cytosolic PPi homeostasis in plant cells that

recycles the PPi generated during processes

such as cellulose biosynthesis (Ferjani et al.,

2011), calling intoquestion the role of cytosolic

sPPases in PPi homeostasis in plants.

Now,Segami et al. (2018) addressed this

question using a series of mutants lacking

individual PPa isoforms and higher-order

mutants lacking four of the isoforms (ppa1-1

ppa2-1 ppa4-1 ppa5-1)or one of the isoforms

plus H+-PPase (e.g., fugu5-1 ppa1-1). GFP

fusion analysis revealed that PPa isoforms

were localized to the cytosol and nucleus.

Whereas PPA1, 2, 4, and 5 were widely

distributed throughout the plant, PPA3

was confined to pollen and root hair cells.

Heterologousexpressionof theArabidopsis

PPA isoforms in a yeast mutant lacking

soluble PPase showed that each of the

Arabidopsis isoformshadpyrophosphatase

activity.

Although most of the mutants appeared

normal, the authors noticed that some of

the double knockout mutants, particularly

fugu5-1 ppa1-1, had defects, including re-

ducedhypocotylandrootelongation,aberrant

cell wall morphology, and atrophied rosette

leaves. Closer inspection showed that the

double mutants had striking increases in PPi

content; fugu5-1 ppa1-1 plants had higher

levels of PPi than fugu5-1, even though

ppa1-1 plants had PPi levels that were com-

parable to thoseof thewild type. Furthermore,

the authors detected defects in cell wall com-

position in fugu5-1 ppa1-1 roots, including

reduced levels of cellulose (see figure) and

callose and changes in monosaccharide con-

tent.Thesedifferencesweakenedthecellwalls

of the double mutant, rendering them more

likely to burst following small changes in os-

moticpressure.Moreover, the fugu5-1ppa1-1

mutant had higher levels of starch than the

wild type and ectopically accumulated starch

grains in root and hypocotyl cells, indicating

a shift inmetabolism fromcell proliferationand

elongation to starch biosynthesis.

Together, these findings highlight the im-

portance of PPi turnover for normal plant

growth and development and reveal that

soluble PPases cooperate with H1-PPase

tomaintainPPihomeostasis in thecytosolof

plant cells.
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The cell walls of roots lacking both H1-PPase and a PPA isoform have striking reductions in cellulose

content. Confocal X-Z images of fixed and cleared roots of wild-type, fugu5, ppa1,2,4,5, fugu5-1 ppa1-1,

and fugu5-1 ppa2-1 seedlings stained with the cellulose-specific dye Direct Fast Scarlet 4BS. Epi,

epidermis. Bars = 20 mm. (Adapted from Segami et al. [2018], Figure 8C.)
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