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Introduction

0Py s, a vital™ ell element, was (ad? tedly invAlved int? the
earlfesf stages #f life drigin 40 thg arth [1-6].

lndrganf PAlyphdsphate was ProPosed t9 e an ail ieat Al le
PerfArming energy {1 tidas in Pricnary living™ ells [4,6]. The 2Pinidn
that PAlyprdsPhate fArmed as a res lt Af gedthermal & tivity 2.ld ye
ised py Primitive kinases fArthead ieattransphdsPhdrylatidn Pré¥ esses
was s PPorted Ly several reseaf hers [1-7]. Mdddern hypathesis
mAgeling life Arigin s uggests the Partt ifatida indrgact PAlyphdsphate
and Pyr?phdsphate in energy transd S tidn and mermyrane transPArt in
Progendte meta, At Pathiways [8,9].

ndsPidr s defl ied y s PPresses the gidwth and devel?Pment Af
wf 1Adrganisis, while their eX ess has a negative effé t 2a reg lati?n
of PhidsPhate metaylistm. The intrd ell dar® ateat of is stif tly
reg lated. Ma§ r?d1ganisms living in the varying eavirdhment have
mé hanisms 2f adaftatidn t9 PhdsPhate deff ied y and eX ess. e
#f sS b mé hanisms is the . transPdrt systems with different aﬁiray
and & hanism A § tidn, AL andther Pathiway f mf 19, ial adaptatidn
td the® hanges in Phdsphdr s ' essibility in the envirdnment is the
fArmatidn Af reserve PhdsPhdy us© 2P iads, whi b are £ wm lated
o1 tilized nder eX ess A1 deff ieid y f Phdsphdr s s@ .f es in the
medim, resPé tively. These™ 2mpd inds are 2f diverse” hemf al nat ure
and 0ot daly Play the 1le Af relatively inert PhdsPhdr s reserves in a
mf 19pial° ell it als? Perfdrm str T tqal and reg latdry fuff tidas.

Phosphorus Storage Compounds in Microorganisms

The simplest teserve Af Phdsphdidis © dmpdinds Af
aif 19drganisms is [dw-sd le Phdsphates:Yidg 4  _formed

in the haldPhilf af haea, Hal pac elum sal’nu@un.a}!ﬂi'Ha&/me
d's Mbu um
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Press ire and sim ltane? isly are an energy reserve, € ase the energy
I their Phosphddiester ,Pnd is the same asin AT mdlé ile. The 1dle of
PAly asaPhdsPhate reserve has yeen Praved A1 many i 1221ganisms
bel'Eging td different taxa, frdm af haea t? fingi [15-17]. The am? .t
of these PAlymers is [dwer nder PhidspPhate starvatidn and higher with
s flf {ent PhdsPhate” datent in the mediwmn. dly is rapidly” dns med
\nder PhdsPhate starvatidn even in E. ¢ J° Parterized py 12w P2ly
reserve [18]. SPme ,F teria §° i date wa s ally high PAlyphdsphafe
levels. Aly  was P t930% f drypidmass in the pd teri wm A. j jams "
ader” .x ef ess 1191, C R nebac um glu am'cum §° m lates P t2
600 &% (inthé ytdsdlas PAly ,and PAly  gran les may e P19 37%
of tie efl val ime [20]. BE terid peldngingdt? the generabhdy )4 teria
and CArynepd teria §° mlate a 19t #f PAly  as® ytdPlasa granles
14,20]. T seems that the high ayility t9 &5 M late PAly is ass# iated
energy f WF tidn Af these PAlymers. Tn additida t9 Pllyfh)sfhate
kinase, the key enzyme #f PAly synthesis in Prdkarydtes [21],
MG 2§ teria and Coryneyd teria PAssess the eazymes Praviding the
diré t° dasmPtida A PAly  energy fAr siystrate PhdsPhdrylatidn,
sT h as PAlyphdsphate gl Parinase [22,23], AD kinase [24,25],
fr T tdse and manndse kinases |26]. Tn mdst )fﬂﬁe yeast sP€ ies st died
in this resPé t, the past reserve PhdsPhidid s AP ad is indrgant
PAlypidspiates |4]. 1o the typf al ase A< ltivatida in a© dmplete
tedi i with eX ess | (20 M), theS ells Af S. celb 's'ae £ . late
little » (~ 94 pmdle ; /g dry pi®mass) and @< b f’lyP (~ 658 mdle
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and PAly  [52,53]. The st diesin A ligate iy Arihizal fingi have shdwa
that pAly, is §° m lated ia f agal® ells and then 14 ally hydrdlyzed t9
s PPly pRaspuate 19 symp it Plaats [52]. The® dateat If PAly  in the
flng s varies d wing m§ drrhiza develdpment and® an pe sdd as an
i tivity indf atdr Af the fung.s as a PhdsPhate s PPlier Ar the Plant
[52]. The A ligate my Arrhizal fungi bhave 1€ ently yeen sidwn t have
a PAly -synthetase & tivity in the Presei e f AT [53].%4y Arrhizal
fogi Play a key 1dle in Phdspiidy s s PPy t2 symy P Plants [54]. Ttis
ass¥ iated with the apility o f1ngal® ells t9° A entrate _ frdm sil, t9
diss?lve 19w-sd] yle mineral Phdsphdid s© dmPd nds e 2rgant
4 id eX reti®n intd the medi un, and t# £ m late fJIyP.

Polyphosphate and Apatite: An Evolutionary Insight

Sdme Pathways of Phdsphdrus pidmiceralizatidn have peen
maintained dring the evdlitidn fidm pPrdkarydtes td the higher
enkary?tesy 1€ trda-dense graniles (the s#* alled “dense granles”)
with high Caand _© A eatratidns were {2 .nd in 1at liver mitd dadria
as early as in 1968 1401, Tt was «f lear why* rystalline aatite was oot
fdrmed in these graniles. dwever, later 2a it was shdwn that s h
grac les” Aatained ndt ilgwf P2ly [55]. They were {2 nd in P1otdzda
in sP€ ial® ell )l'ganelleps (7 id¥ a¥ is?mes) [55] and in mamimals: in
the Platelets |56] and mit# hdndria Af yPae and Ather tiss ies [57,58].

T2 date, the ideas #f the 19le of PAly in ydne tiss es are in prief
as fAlldws [57,59,60] Mdit¥ hdndria &£° Bo late® af i and PAly_ in
dsted lasts, fArming dense gran les. As a res It If ex# ytsis, these
grac les are released int® extrd ell lar sPd e in the PIF e #f ,dne
grdwth A1 refair. ere, the granles are destrdyed and the alkaline
PhdsPhatase hydﬁlyzes P2ly acd releases . ith the invAlvement
of dstedylast-sPé iff ],'r)fein;, the str twrepdvf))ne apatite is fArmed
fidem the released . and® at iuwm. There are still a 19t #f & lear
asPé ts in this Prd Rss. T is wakadwn what enzymes are respdasiple
fAr PAly  syathesis in mit¥ hdndria, € ase the gene Af the tyPf al
f)ly]’h)gfhafe kinase respdasiple for PAly syathesis in pd teria has
ot peen fAund in mammals. Tt is umm)zvn what signalsc ase the
release of f)lyP gran les frdm dsted lasts either.

After destr § tidn Af Platelets, P2ly s released int? 1924, where it
is invAlved in the® dag lati®n® a§ ade peing p? id py 8 191 X1 and
g tivating it, and then Paly and® af ium i9as enter the thrdmy s t9
i rease its stapility [61].

Thereisaneval tidnaryanaldgyetween PrdsPhidy (s mineralizatidn
in mf 19drganisms and the pdoe afatite fArmatida and individ al
stages Af° 12tting in mammals. A1 example, a similarity anye adted
petween the fArmatidn Af sedimentary apatites y mf 192rganisms and
the fArmatidn Af | dne tiss e afatite in mammals (" ig e 2). Individ 1l
stages Af these P1¥ esses are” haird terized ,y Pred?minafl e Af either
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