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CONCLUSION

« ~5% of examined sites have evolved from acidic residues

* Such sites appeared both at the divergence of eukaryotes
from prokaryotes and at subsequent times in evolution




D/E SUBSTITUTION RATES AT
pS AND CONTROL SITES

[S.cerevisiae]
[Acinetobacter] 7.336E-104
[Aeromonas] 1.059E-102
[Aeropyrum] 2.527E-96
[Agrobacterium] 5.617E-104
[Alligator] 2.838E-156
[Alnus] 1.568E-130
[Alternaria)] 4.500E-178
[Anas] 4.099E-155
[Aquifex] 1.993E-109
[Arabidopsis] 3.054E-134
[Archaeoglobus] 3.812E-60
[Aspergillus] 8.487E-177
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Amino acid incidence (%)
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T/E/D SIGNIFICANTLY
ENRICHED AT pS SITES
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A SUBSET OF pS HAS VERY HIGH
% OF D/E REPLACEMENT

Structure similarity or charge similarity?
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A Human eEF2-pS502
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C eEF2 02
Homo sapiens FSVEPVVRVAV
Saccharomyces cerevsiae FSVEIPVVQVAV
Escherichia coli F-PPHPVISIAV
Synechococcus elongatans I-PRAPVISVAV
sthanosarcina mazei HVSEPVVTVAV
Sulfolobi docaldar. YISEIPVVTISVY
D Topol 639 640
Homo sapiens YKGLGEEEIT AKE
Saccharomyces cerev. e YKGLGERILAQE
A. polyphaga mimiviru YKGLGEREIDP A E
Escherichia co FKGLGEIMNP S Q
Mycoplasma genitalium YKGLGREM NADOQ
Archaeoglobus profundus FEGLGEIMNPEQ
Methanosarcina mazei YKGLGEAM NP E Q

EMERGENCE OF
PHOSPHORYLATION
SITES AT THE
PROKARYOTIC/
EUKARYOTIC SPLIT

PhyML for trees
FASTML to infer internal
nodes

eEF2 : a translation factor
required for the
translocation step in
protein synthesis

DNA Topoisomerase Il: a
conserved enzyme that

catalyzes the passage of
one DNA duplex through

another.




A S. cerevisiae Eno1-pS10 B Fungal enolases

Basidiomycetes

1[Ustilago maydis]
2{Cryptococcus neoformans)
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Homo sapiens WARBEILDSRGN
Drosophila melanogaster KARJII YD SRGN
Saccharomyces cerevsiae YAREIVYD SRGN
Arabidopsis thalania KAREIIFDSRGN
Methanosarcina mazei HARBJI LD SRGN
Sulfolobus acidocaldarius KGYRIIIDSRAN
Escherichia coli IGREITI ID SRGN
Synechococcus elongatans TARRJILD SRGR

Bacteria

Glu -> GIn ->S/Y ?
GIn can act as intermediaries in the evolution
of phosphosites

Enolase: a key enzyme in glycolysis and
glyconeogenesis.




A Human C-Ral-pY340 and pY341 C Bovine GRK5-pS484 and pT485
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B Raf Bovine GRK1 GATF VKGV
340 341 Bovine GRK2 (fARKI1) GSF TKGI
Human A-Raf DS WEVPPSEV Bovine GRK3 (PARK2) GSF TKGI
Human C-Raf DS WEIEASEV Bovine GRK4 EQF VRG1I
Human B-Raf D s WEIPDGQTI Bovine GRKS EQF VEKGV
Cciona intestinalis Raf DS WEVPEEETI Bovine GRK6 EQF VKGYV
Drosophila melanogaster Raf S § WNILAEETI Bovine GRK7 DDF VRGV
Apis mellifera Raf E S WEIPADETI Drosopohila melanogaster GPRKL G S F TKGI
Hydra magnipapillata Raf DS WEIKEGEZI Drosopohila melanogaster GPFRKZ E Q F VKGV




A Topolll B Enoclase

Lysss {_ (S
% @ STRUCTURES OF

) L TOPO II, ENOLASE,
" [ g~ AND RAF
v X0

A. Topo Il in S. cerevisiae
and in E. Coli (yellow)
3.1AV.S. 7.3A
B. Eno 1in S. cerevisiae
and in E. Coli (yellow)
2.7A V.S. 128 A
C. Human B-Raf (yellow)
and C-Raf
35AV.S. 7.7TA




CONCLUSION

« Acidic residues D/E were found to be present at the
positions of phosphosites more often than they were at
control serines.

« Other charged and polar amino acids did not, indicating
enrichment is not simply because of surface preference.

* No similar enrichment for N/Q, indicating the importance
of negative charge in this enrichment.

« ~5% of examined sites (234, with high confident set of
MSA, those with at least 60 homologs) have evolved from
acidic residues

» Such sites appeared both at the divergence of eukaryotes
from prokaryotes and at subsequent times in evolution




DISCUSSION

« This study provides an explanation for the fact that
phosphorylation sometimes activates proteins;

« Both D/E to S/T/Y and S/T/Y to D/E are observed;

« Those phosphosites locate are at well conserved and
structured regions; --- allosteric regulation instead of bulk
electrostatic effects or the generation of phosphoepitopes




