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The Structure and Biological Function of Polyphosphate-related Proteins
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Abstract Polyphosphate ( polyP) comprising several to hundreds of phosphate ( P,) residues linked by
phosphoanhydride bonds the same type of bond that links the phosphates in ATP has been found in every
cell examined from bacteria to mammals. PolyP—related proteins include polyP—related enzymes and polyP-
binding proteins. PolyP—elated enzymes such as polyP kinase ( PPK) which catalyzes the reversible
synthesis of polyP from the terminal phosphate of ATP and exopolyphosphatase ( PPX) and
endopolyphosphatase ( PPN) which hydrolyze polyP to shorter chains or P, have been identified in a
variety of micro-organisms. PolyP-dependent kinases that transfer a phosphate from polyP to small
molecules such as glucose and nicotinamide adenine dinucleotide ( NAD) have also been described. PolyP-
binding proteins bind polyP and exert many physiological effects. We speculate on the roles of polyP in
biological process are to understand the structures and biological functions of polyP-related proteins.
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Fig. 1 Summaries of the involvement of polyP-related proteins in biological processes
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Arrows indicate the

metabolism of polyP and inorganic phosphate through functional polyP—related proteins. Four groups of polyP—elated

proteins are involved in the regulatory functions for the dynamic phosphate pool. ( A) PolyP kinase group; ( B) PolyP-

dependant kinase group; ( C) PolyP-binding protein group; ( D) Polyphosphatase group
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Table 1 Summaries of major polyP-related proteins

Enzyme Sequence similarity Structural information Multifunctional activity
PPK1 Monomer contains a region Four domains (N H CI C2) central Catalyzes conversion between
similar to PLD domain and  tunnel is ATP-binding pocket and where NDP and NTP

conserved  autophosphorylation  polyP is synthesized
site
PPK2 Monomer contains Walker A and ~ a-Helix/B-strand/a-helix ~ sandwich  fold ~ Prefers GDP to generate GTP
Walker B motifs central five or six B-strands parellel B-sheet
flanked by a-helix
PPK3 Contains ATP/gelsolin/ profilin ~ Three subunits belonging to ARP family Synthesizes polyP chain
binding sites concurrent with actindike
autopolymerization
PPK4/VTC4 Contains SPX domain Anti-parellel B-strands consititutes tunnel— Transports polyP across
shaped active region membrane
PPX1 Belongs to DHH family N/C terminal domain contains threedayer a/
Bl/a central five B-strands parellel B—sheet
PPX/GPPA Belongs to ASKHA phosphatase ~ Four domains (I II Il and IV) functional Degrades pppGpp to generate
superfamily dimer surface forms S-shaped channel ppGpp
PPN/DIPP Belongs to Nudix hydrolase  Classical Nudix fold contains mixed B-sheet  Degardes PP4Pn
family anti-parellel B—sheet and short helix
GMK Belongs to transferase family N/C terminal domain contains five S—strands Phosphorylates glucose to
mixed B-sheet the second B-strand is anti— generate glucose-6-phosphate
parellel
PPNK Belongs to NADase family N terminal core contains four B-strands  Catalyzes NAD® to generate

a-helices  C

terminal core contains nine B-strands in two

parallel B-sheet and four

layers

NADP*

According to bioinformatics databases we summarized the sequence

structural and functional features of polyP-related enzymes

polyP * E. coli
polyP polyP
E. coli
5
4.2 LI LtrB 4.3 - RNA
11
( Neurospora crassa)
II - RNA Cytd8 E. coi  HTH
XapR Gppa  Ppx
| Ppk
( mobile group II intron) ( poledocalized distribution) **
RNA( intron RNA) polyP
( intron-encoded protein)
DNA E. coli 4.4 Lon
( Lactococcus lactis) Ll LirB rRNA  tRNA
LirA RNA
( ribonucleoprotein particles RNP)
E. coli “ " ( stringent factor)
OriC Ter. polyP RelA ATP

LirA GTP pppGpp pppGpp  GPPA
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