Supplemental Table S1

Supplementary Table S1
Control Serine Residues with High Asp/Glu Replacement Percentages

# with aresidue

Ser # of other than Ser

Protein name Species residue homologs at this site Asp + Glu %
TUBA6 Human 292 208 207 100.0
EF2 Human 530 252 225 98.2
EF2 Human 677 316 215 98.1
Thyroid hormone receptor alpha (c-ErbA) Chicken 381 75 52 96.2
Isoform 1 OF myosin-5A Human 1118 85 75 96.0
Isoform 1 OF Krueppel-like factor 3 Human 275 72 22 95.5
14-3-3 protein beta/alpha Cow 144 93 87 94.3
Multidrug resistance-associated protein 4 Human 906 7 69 94.2
Isoform 1 of cytoplasmic linker protein 2 Human 194 84 69 94.2
ISOFORM 1 OF MYOSIN-5A Human 1712 85 69 94.2
Zinc finger protein 516 Human 273 155 152 94.1
EF2 Human 540 316 76 93.4
Phosphoribosyl pyrophosphate synthetase-

associated protein 2 Human 189 134 128 93.0
TUBAG Human 312 208 200 92.5
Isoform 1 of cytoplasmic linker protein 2 Human 551 84 78 92.3
Isoform 1 of myosin-5A Human 347 85 7 92.2
Isoform 1 of myosin-5A Human 1673 85 73 91.8
Isoform 1 of myosin-5A Human 1127 85 72 91.7
Isoform 1 of myosin-5A Human 1714 85 70 91.4
Isoform 1 of cytoplasmic linker protein 2 Human 854 84 79 91.1
Isoform 1 of cytoplasmic linker protein 2 Human 899 84 79 91.1
Tubulin beta-2C chain Human 153 359 172 89.5
Tubulin beta-2C chain Human 413 359 163 89.0
RAB31 Human 42 354 272 87.5
MAP kinase kinase 1 Rabbit 149 421 305 84.6

EF2 Human 773 316 248 79.4
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Table S2A. Detailed Phylogenetic Tree for eEF2

[related to Figure 4]

This tree adds the species names, the identities of the residues corresponding to S502, and the
bootstrap values (when >50%) to the maximum-likelihood tree shown in Figure 4A.
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Table S2B. Detailed Phylogenetic Tree for Control Serine 530 in eEF2
[related to Figure 4]
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Table S2C. Detailed Phylogenetic Tree for Control Serine 774 in eEF2
[related to Figure 4]
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Table S2D. Detailed Phylogenetic Tree for DNA Topoisomerase 11

[related to Figure 4]

This tree adds the species names, the identities of the residues corresponding to T639, and the
bootstrap values (when >50%) to the tree shown in Figure 4B.
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Table S3A. Detailed Phylogenetic Tree for Enolase

[related to Figure 5]

This tree adds the species names, the identities of the residues corresponding to S10, and the
bootstrap values (when >50%) to the tree shown in Figure 5A.
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Table S3B. Detailed Phylogenetic Tree for the Fungal Enolases
[related to Figure 5]
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This tree adds the species names, the identities of the residues corresponding to S10, and the

bootstrap values (when >50%) to the tree shown in Figure 5B.
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Table S3C. Detailed Phylogenetic Tree for Control Serine 96 in Enolase

[related to Figure 5]



Pearlman, Serber and Ferrell, Supplemental Information

Homo sagiens
0.5 changespositon [t
Slios muscal
Sikanus novapbus]
— sy
— oE
others
Gontrol Ser 96

us)
Riethancihasmabaci: hermautotophicus st Deta H]

EHaloarcula mansmortu]
Halobacterium sp. NRC-1]
<[Archasoglobus fuigidus]

L Thermoplasma acidophium]
E[Methanopyrus kandier]
aiorseaicu]
Jorobaculum tepidum]
Slaocvacior volocoss
(Ureaplasma parvum]
My
M,
My
My
E[Mo
ElMy mycoides]
£
£
EMy
ipesloubrio viigars S yecak]
lgars st Hidenborough]

[Treponema dentcola)

snogooous
Scrocrsis s e shoa
Nosioesp. PCC7120]

s st

sl
[Prochiorococeus marnus subsp. pastoris str. CCMP1966]
[lemwuwwus St WSSt g
B

o gy as gogiate]

i cerodes eataomicon] )
serobacter tengcongensis]
(Clostnaum pertingens]
C\osmd m tetani)
csridun aceoguyn)
m thermophium)
Sultaredcens]
fBacils haiodurans
ElBacillus clausi KSV-K16]
is]

nobacilus iheyonsis]
fogenes o b £2365)

sterta mor
Isteria monocyt
(Gricn otows pimtopiaamal
facius aniace]

esets

Bachs cormis ATEL ]
SR Corevs ATCC 1008

A Nma farnca]
trium avium subsp. paratubercuiosis]
cabacienom wbercuioen]
rMycnbaclen um lprae]

B

emospes e

eudomonas (-
ot sl

K tocacs emoniey

§
H
14

[streptomyces
aul \obamru\mo\d-sl
radyihizotyum japonicum]
Rhwmsudmnaslpa\uslnsl
b
robactorium lumelaciens st C56)
oot et !
[Brucella melfensis bovar Suis]

Brucels melionse]
fesorhizobium lot] o

iser
[Burkholderia pseudomalei]

[Ralstonia solanacearum]
{Metococcus capssas)

(Xyllla fastdiosa)

(XYl fastidiosa Temecua1]

monas axonopodis pv. i)
anthomonas campesirs py. campestis]
RoP)

ruginosal
fida KT2440]
‘tomato)

{aemophius ducrey .

uchnora apideola Arivcsphon pisun]
ichnara aphidicoa Schizaphi gramum]
uchnora aphidicola Baizongia pistaciae]
andidatus Blochmannia fondanus)
E[Vibrio fischerl ES114]
ElEscherichia coll]
EfSaimonela typhimurur)
habdus luminescens subsp. laumondil

ElPectobactenum atrosepticum)
ElYersinia posts]
E[Yersinia pseudotuberculosis]

{Aeromonas hydrophila]

brio vuinificus YJ016]
E[Vibrio vulnficus)

€
s%.m parahaemolylicus]

Table S3D. Detailed Phylogenetic Tree for Control Serine 159 in Enolase
[related to Figure 5]
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Table S3E. Detailed Phylogenetic Tree for Control Serine 285 in Enolase

[related to Figure 5]



YY[Danio rerio] A-Raf
YY[Oryzias latipes] A-Raf
YY[Fugu rubripes] A-Raf
YY[Tetraodon nigroviridis] A-Raf
YY[Xenopus laevis] A-Raf-a
YY[Xenopus laevis] A-Raf-b
YY[Equus caballus] A-Raf
YY[Bos taurus] A-Raf
YY[Canis familiaris] A-Raf
YY[Sus scrofa] A-Raf
YY[Homo sapiens] A-Raf
YY[Macaca mulatta] A-Raf
YY[Oryzias latipes] C-Raf
YY[Danio rerio] C-Raf
YY[Fugu rubripes] C-Raf
YY[Tetraodon nigroviridis] C-Raf
YY[Xenopus laevis] C-Raf
YY[Xenopus tropicalis] C-Raf
YY[Gallus gallus] C-Raf
YY[Canis familiaris] C-Raf
YY[Monodelphis domestica] C-Raf
YY[Bos taurus] C-Raf
YY[Pan troglodytes] C-Raf
YY[Macaca mulatta] C-Raf
YY[Homo sapiens] C-Raf
YY[Mus musculus] C-Raf
YY[Rattus norvegicus] C-Raf
YY[Equus caballus] C-Raf-1
Equus caballus] C-Raf-2
DD[Xenopus laevis] B-Raf-2
DD[Xenopus laevis] B-Raf-1
96 DD[Mus musculus] B-Raf
DDI[Rattus norvegicus] B-Raf
DD[Ornithorhynchus anatinus] B-Raf
| 53 DD[Monodelphis domestica] B-Raf
54 DD[Canis familiaris] B-Raf
DDI[Danio rerio] B-Raf
DDI[Fugu rubripes] B-Raf
78 DD[Tetraodon nigroviridis] B-Raf
DD[Oryzias latipes] B-Raf-2
DD[Oryzias latipes] B-Raf-1
DD[Equus caballus] B-Raf
DD[Taeniopygia guttata] B-Raf
DD[Sus scrofa] B-Raf
p— DDI[Pan troglodytes] B-Raf
59 — DD[Macaca mulatta] B-Raf
DDI[Bos taurus] B-Raf
DDI[Gallus gallus] B-Raf
DD[Homo sapiens] B-Raf
ED[Ciona intestinalis] Raf
DD[Nematostella vectensis] Raf
DE[Schistosoma mansoni] Raf
DD[Hydra magnipapillata] Raf
 E— ED[Acrythosiphon pisum] Raf
1 r EG[Brugia malayi] Raf
100 1 —  ED[Caenorhabditis elegans] LIN-45
100 L ED[Caenorhabditis briggsae] LIN-45
ED[Pediculus humanus] Raf
58 ',_'—— ED[Daphnia pulex] Raf
ED[Ixodes scapularis] Raf
ED[Tribolium castaneum] Pole hole
m ED[Apis mellifera] Pole hole
91 ED[Nasonia vitripennis] Pole hole
Anopheles gambiae] Pole hole
Aedes aegypti] Pole hole
Culex quinquefasciatus] Pole hole
Drosophila willstoni] Pole hole
Drosophila mojavensis] Pole hole
Drosophila grimshawi] Pole hole
Drosophila virilis] Pole hole
Drosophila ananassae] Pole hole
Drosophila pseudoobscura pseudoobscura] Pole hole
Drosophila persimilis] Pole hole
Drosophila erecta] Pole hole
Drosophila yakuba] Pole hole
Drosophila simulans] Pole hole
Drosophila sechellia] Pole hole
Drosophila melanogaster] Pole hole

100

920

<

100
0.5 changes/position

—— S, T,Y 99
—— D,E
others

5]
S
mmmmmmmmmmmmmmm

Table S4A. Detailed Phylogenetic Tree for Raf

[related to Figure 6]

This tree adds the species names, the identities of the residues corresponding to Y340 and Y341,
and the bootstrap values (when >50%) to the tree shown in Figure 6A.
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Table S4B. Detailed Phylogenetic Tree for S484 of GRKS
[related to Figure 6]

S--T
S--T
S--T
S--T
S--T
S--T
A--A
S--T
S--T
S--T
S--T

S--T
S--T
S--T
S--T

S--s
S--T
S--T
S--T
S--T
DERD

Homo sapiens] GRK1

Bos taurus] GRK1

Mus musculus] GRK1

Fugu rubripes] GRK1

Danio rerio] GRK1-1

Fugu rubripes] GRK1-1

Gallus gallus] GRK1

Danio rerio] GRK1-2

Fugu rubripes] GRK1-2
Monodelphis domestica] GRK1
Homo sapiens] GRK7

Bos taurus] GRK7
Monodelphis domestica] GRK7
Gallus gallus] GRK7

Xenopus laevis] GRK7-1
Xenopus laevis] GRK7-2
Xenopus tropicalis] GRK7
Fugu rubripes] GRK7

[Danio rerio] GRK7-2

Danio rerio] GRK7-1

Fugu rubripes] GRK7
Schistosoma mansoni] GRK1/7-like
Ciona intestinalis] GRK1/7-like
Homo sapiens] GRK6

Bos taurus] GRK6

Mus musculus] GRK6
Monodelphis domestica] GRK6
Xenopus laevis] GRK6
Xenopus tropicalis] GRK6
Danio rerio] GRK6

Fugu rubripes] GRK6

Gallus gallus] GRK6

Homo sapiens] GRK5

Mus musculus] GRK5

Gallus gallus] GRK5-1
Monodelphis domestica] GRK5-2
Bos taurus] GRK5

Xenopus tropicalis] GRK5S
Homo sapiens] GRK4

Gallus gallus] GRK4

Bos taurus] GRK4
Monodelphis domestica] GRK4
Xenopus tropicalis] GRK4
Xenopus laevis] GRK4-1
Xenopus laevis GRK4-2

Danio rerio] GRK4-1

Fugu rubripes] GRK4

Danio rerio] GRK4-2

Xenopus tropicalis] GRK5
Danio rerio] GRK5-1

Fugu rubripes] GRK5-1

Danio rerio] GRK5-2

Fugu rubripes] GRK5-2
Branchiostoma floridae] GRK
Ixodes scapularis] GRK
Acyrthosiphon pisum] GRK
Apis mellifera] GRK

Nasonia vitripennis] GRK
Anopheles gambiae] GRK
Aedes aegypti] GRK
Drosophila virilis] GRK
Drosophila erecta] GRK
Drosophila ananassae] GRK
Drosophila pseudoobscura pseudoobscura] GRK
Drosophila melanogaster] GPRK2
Nematostella vectensis] GRK
Hydra magnipapillata] GRK
[Trichoplax adhaerens] GRK
Caenorhabditis elegans] GRK
Caenorhabditis briggsae] GRK
[Monosiga brevicollis] BARK
[Trichoplax adhaerens] BARK
Nematostella vectensis] BARK
Branchiostoma floridae] PARK
Schistosoma mansoni] BARK
Caenorhabditis elegans] BARK
Ixodes scapularis] BARK

Apis mellifera] BARK

Nasonia vitripennis] BARK
Anopheles gambiae] BARK
Aedes aegypti] BARK
Drosophila ananassae] fARK
Drosophila melanogaster] GPRK1
Drosophila virilis] BARK
Monodelphis domestica]
Xenopus tropicalis] GRK3
Gallus gallus] GRK3

Bos taurus] GRK3

Homo sapiens] GRK3

Fugu rubripes] GRK2

Danio rerio] GRK2

Gallus gallus] GRK2

Bos taurus] GRK2

Mus musculus] GRK2

Homo sapiens] GRK2

This tree adds the species names, the identities of the residues corresponding to S484 and T485,
and the bootstrap values (when >50%) to the tree shown on the left in Figure 6C. Leaves,
branches and internal nodes are colored according to the residue corresponding to S484.
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S - - T [Homo sapiens] GRK1
S - - T [Bos taurus] GRK1

S - - T [Mus musculus] GRK1
S - - S [Fugu rubripes] GRK1

86 S - - T [Danio rerio] GRK1-1
93 S - - T [Fugu rubripes] GRK1-1
S - - T [Gallus gallus] GRK1
95 ) S - - T [Danio rerio] GRK1-2
96 S - - T [Fugu rubripes] GRK1-2
— S T.Y S - - T [Monodelphis domestica] GRK1
T S - - E [Homo sapiens] GRK7
— D,E rn 99 S - - E [Bos taurus] GRK7
S - - E [Monodelphis domestica] GRK7
others S - - E [Gallus gallus] GRK7
S - - E [Xenopus laevis] GRK7-1
S - - E [Xenopus laevis] GRK7-2

S - - T [Schistosoma mansoni] GRK1/7-like

100 S - - E [Xenopus tropicalis] GRK7
. S - - E [Fugu rubripes] GRK7
0.5 changes/position = S - - D [Danio rerio] GRK7-2
S - - E [Danio rerio] GRK7-1
88 S - - E [Fugu rubripes] GRK7

S - - T [Ciona intestinalis] GRK1/7-like

S - - T [Homo sapiens] GRK6

S - - T [Bos taurus] GRK6

S - - T [Mus musculus] GRK6

S - - T [Monodelphis domestica] GRK6
S - - T [Xenopus laevis] GRK6

S - - T [Xenopus tropicalis] GRK6

S - - T [Danio rerio] GRK6

S - - T [Fugu rubripes] GRK6

S - - T [Gallus gallus] GRK6

S - - T [Homo sapiens] GRK5

S - - T [Mus musculus] GRK5

S - - T [Gallus gallus] GRK5-1

S - - T [Monodelphis domestica GRK5-2
S - - T [Bos taurus] GRK5

S - - T [Xenopus tropicalis] GRK5

89
100 {
S - - V [Homo sapiens] GRK4
S - - T [Gallus gallus] GRK4
S - - T [Bos taurus] GRK4
S - - T [Monodelphis domestica] GRK4
— S - - T [Xenopus tropicalis] GRK4
89 S - - T [Xenopus laevis] GRK4-1
S - - T [Xenopus laevis GRK4-2
S - - T [Danio rerio] GRK4-1
95 S - - T [Fugu rubripes] GRK4

S - - T [Danio rerio] GRK4-2

S - - T [Xenopus tropicalis] GRK5
A - - A [Danio rerio] GRK5-1

S - - T [Fugu rubripes] GRK5-1

S - - T [Danio rerio] GRK5-2

S - - T [Fugu rubripes] GRK5-2

S - - T [Branchiostoma floridae] GRK
— — S - - T [Ixodes scapularis] GRK
S - - T [Acyrthosiphon pisum] GRK
92 96 S - - T [Apis mellifera] GRK
96 S - - T [Nasonia vitripennis] GRK
90| S - - T [Anopheles gambiae] GRK
S - - T [Aedes aegypti] GRK
8 S - - T [Drosophila virilis] GRK
r S - - T [Drosophila erecta] GRK
87 S - - T [Drosophila ananassae] GRK
S - - T [Drosophila pseudoobscura pseudoobscura] GRK
S - - T [Drosophila melanogaster] GPRK2
S - - S [Nematostella vectensis] GRK
_E S - - T [Hydra magnipapillata] GRK
—_— S - - T [Trichoplax adhaerens] GRK
[ S - - T [Caenorhabditis elegans] GRK
100 S - - T [Caenorhabditis briggsae] GRK
DERD [Monosiga brevicollis] BARK
DDED [Trichoplax adhaerens] BARK
- - - - [Nematostella vectensis] BARK

DEED [Branchiostoma floridae] BARK

DEED [Schistosoma mansoni] BARK

DDDE [Caenorhabditis elegans] BARK
% DEED [Ixodes scapularis] BARK

DEED [Apis mellifera] BARK

DEED [Nasonia vitripennis] BARK

DEED [Anopheles gambiae] BARK

DEED [Aedes aegypti] PARK

DEED [Drosophila ananassae] BARK

3 DEED [Drosophila melanogaster] GPRK1

DEED [Drosophila virilis] BARK

DEED [Monodelphis domestica] GRK3

DEED [Xenopus tropicalis] GRK3

DEED [Gallus gallus] GRK3

DEED [Bos taurus] GRK3

DEED [Homo sapiens] GRK3

DEED [Fugu rubripes] GRK2

DEED [Danio rerio] GRK2

DEED [Gallus gallus] GRK2

DEED [Bos taurus] GRK2

DEED [Mus musculus] GRK2

DEED [Homo sapiens] GRK2

Table S4C. Detailed Phylogenetic Tree for T485 of GRKS

[related to Figure 6]

This tree adds the species names, the identities of the residues corresponding to S484 and T485,
and the bootstrap values (when >50%) to the tree shown on the right in Figure 6C. Leaves,
branches and internal nodes are colored according to the residue corresponding to T485.
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Q [Homo sapiens] GRK1

O [Bos taurus] GRK1

Q [Mus musculus] GRK1

E [Fugu rubripes] GRK1

E [Danio rerio] GRK1-1

E [Fugu rubripes] GRK1-1

E [Gallus gallus] GRK1

D [Danio rerio] GRK1-2

E [Fugu rubripes] GRK1-2

O [Monodelphis domestica] GRK1
K [Homo sapiens] GRK7

I [Bos taurus] GRK7

Q [Monodelphis domestica] GRK7
K [Gallus gallus] GRK7

K [Xenopus laevis] GRK7-1

K [Xenopus laevis] GRK7-2

< [Xenopus tropicalis] GRK7

R [Fugu rubripes] GRK7

K [Danio rerio] GRK7-2

< [Danio rerio] GRK7-1

< [Fugu rubripes] GRK7

N [Schistosoma mansoni] GRK1/7-like
A [Ciona intestinalis] GRK1/7-like
A [Homo sapiens] GRK6

A [Bos taurus] GRK6

A [Mus musculus] GRK6

A [Monodelphis domestica] GRK6
S [Xenopus laevis] GRK6

S [Xenopus tropicalis] GRK6

S [Danio rerio] GRK6

S [Fugu rubripes] GRK6

A [Gallus gallus] GRK6

S [Homo sapiens] GRK5

S [Mus musculus] GRK5

S [Gallus gallus] GRK5

S [Monodelphis domestica] GRKS
S [Bos taurus] GRKS

S [Xenopus tropicalis] GRK5

A [Homo sapiens] GRK4

S [Gallus gallus] GRK4

A [Bos taurus] GRK4

A [Monodelphis domestica] GRK4
S [Xenopus tropicalis] GRK4

S [Xenopus laevis] GRK4-1

S [Xenopus laevis GRK4-2

A [Danio rerio] GRK4-1

A [Fugu rubripes] GRK4

A [Danio rerio] GRK4-2

S [Xenopus tropicalis] GRK5

A [Danio rerio] GRK5-1

S [Fugu rubripes] GRK5-1

K [Danio rerio] GRK5-2

S [Fugu rubripes] GRK5-2

A [Branchiostoma floridae] GRK
T [Ixodes scapularis] GRK
Acyrthosiphon pisum] GRK
Apis mellifera] GRK

Nasonia vitripennis] GRK
Anopheles gambiae] GRK
Aedes aegypti] GRK
Drosophila virilis] GRK
Drosophila erecta] GRK
Drosophila ananassae] GRK
Drosophila pseudoobscura pseudoobscura] GRK
Drosophila melanogaster] GPRK2
Nematostella vectensis] GRK
Hydra magnipapillata] GRK
Trichoplax adhaerens] GRK
Caenorhabditis elegans] GRK
Caenorhabditis briggsae] GRK
Monosiga brevicollis] BARK
Trichoplax adhaerens] BARK
Nematostella vectensis] BARK
Branchiostoma floridae] BARK
Schistosoma mansoni] BARK
Caenorhabditis elegans] BARK
Ixodes scapularis] BARK

Apis mellifera] BARK

Nasonia vitripennis] BARK
[Anopheles gambiae] ARK
Aedes aegypti] BARK

VI [Drosophila ananassae] PARK
I [Drosophila melanogaster] BARK
VI [Drosophila virilis] BARK

T [Monodelphis domestica] GRK3
T [Xenopus tropicalis] GRK3

T [Gallus gallus] GRK3

T [Bos taurus] GRK3

T [Homo sapiens] GRK3

T [Fugu rubripes] GRK2

T [Danio rerio] GRK2

T [Gallus gallus] GRK2

T [Bos taurus] GRK2

T [Mus musculus] GRK2

T [Homo sapiens] GRK2

—AAAAAAAAA4A>AA4>P O >0 OO0O0O0OV > > >

Table S4D. Detailed Phylogenetic Tree for Control Serine 229 in GRKS

[related to Figure 6]
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Control Ser 365
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Homo sapiens] GRK1

Bos taurus] GRK1

Mus musculus] GRK1

Fugu rubripes] GRK1

Danio rerio] GRK1-1

Fugu rubripes] GRK1-1

Gallus gallus] GRK1

Danio rerio] GRK1-2

Fugu rubripes] GRK1-2
Monodelphis domestica] GRK1
Homo sapiens] GRK7

Bos taurus] GRK7
Monodelphis domestica] GRK7
Gallus gallus] GRK7

Xenopus laevis] GRK7-1
Xenopus laevis] GRK7-2
Xenopus tropicalis] GRK7
Fugu rubripes] GRK7

Danio rerio] GRK7-2

Danio rerio] GRK7-1

Fugu rubripes] GRK7
Schistosoma mansoni] GRK1/7-like
Ciona intestinalis] GRK1/7-like
Homo sapiens] GRK6

Bos taurus] GRK6

Mus musculus] GRK6
Monodelphis domestica] GRK6
Xenopus laevis] GRK6
Xenopus tropicalis] GRK6
Danio rerio] GRK6

Fugu rubripes] GRK6

Gallus gallus] GRK6

Homo sapiens] GRK5

Mus musculus] GRK5

Gallus gallus] GRK5
Monodelphis domestica] GRKS
Bos taurus] GRK5

Xenopus tropicalis] GRK5-1
Homo sapiens] GRK4

Gallus gallus] GRK4

Bos taurus] GRK4
Monodelphis domestica] GRK4
Xenopus tropicalis] GRK4
Xenopus laevis] GRK4-1
Xenopus laevis GRK4-2

Danio rerio] GRK4-1

Fugu rubripes] GRK4

Danio rerio] GRK4-2

Xenopus tropicalis] GRK5-2
Danio rerio] GRK5-1

Fugu rubripes] GRK5-1

Danio rerio] GRK5-2

Fugu rubripes] GRK5-2
Branchiostoma floridae] GRK
Ixodes scapularis] GRK
Acyrthosiphon pisum] GRK
Apis mellifera] GRK

Nasonia vitripennis] GRK
Anopheles gambiae] GRK
Aedes aegypti] GRK
Drosophila virilis] GRK
Drosophila erecta] GRK
Drosophila ananassae] GRK
Drosophila pseudoobscura pseudoobscura] GRK
Drosophila melanogaster] GPRK2
Nematostella vectensis] GRK
Hydra magnipapillata] GRK
Trichoplax adhaerens] GRK
[Caenorhabditis elegans] GRK
[Caenorhabditis briggsae] GRK
Monosiga brevicollis] BARK
Trichoplax adhaerens] BARK
Nematostella vectensis] BARK
Branchiostoma floridae] BARK
Schistosoma mansoni] BARK
Caenorhabditis elegans] BARK
Ixodes scapularis] BARK

Apis mellifera] BARK

Nasonia vitripennis] BARK
Anopheles gambiae] BARK
Aedes aegypti] BARK
Drosophila ananassae] BARK
Drosophila melanogaster] BARK
Drosophila virilis] BARK
Monodelphis domestica] GRK3
Xenopus tropicalis] GRK3
Gallus gallus] GRK3

Bos taurus] GRK3

Homo sapiens] GRK3

Fugu rubripes] GRK2

Danio rerio] GRK2

Gallus gallus] GRK2

Bos taurus] GRK2

Mus musculus] GRK2

Homo sapiens] GRK2

Table S4E. Detailed Phylogenetic Tree for Control Serine 365 in GRKS

[related to Figure 6]
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Control Ser 413
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S [Homo sapiens] GRK1

S [Bos taurus] GRK1

S [Mus musculus] GRK1

S [Fugu rubripes] GRK1

S [Danio rerio] GRK1-1

S [Fugu rubripes] GRK1-1

S [Gallus gallus] GRK1

S [Danio rerio] GRK1-2

T [Fugu rubripes] GRK1-2

S [Monodelphis domestica] GRK1
T [Homo sapiens] GRK7

T [Bos taurus] GRK7

T [Monodelphis domestica] GRK7
T [Gallus gallus] GRK7

T [Xenopus laevis] GRK7-1

T [Xenopus laevis] GRK7-2

T [Xenopus tropicalis] GRK7

D [Fugu rubripes] GRK7

D [Danio rerio] GRK7-2

D [Danio rerio] GRK7-1

D [Fugu rubripes] GRK7

S [Schistosoma mansoni] GRK1/7-like
T [Ciona intestinalis] GRK1/7-like
S [Homo sapiens] GRK6

S [Bos taurus] GRK6

S [Mus musculus] GRK6

S [Monodelphis domestica] GRK6
S [Xenopus laevis] GRK6

S [Xenopus tropicalis] GRK6

S [Danio rerio] GRK6

S [Fugu rubripes] GRK6

S [Gallus gallus] GRK6

S [Homo sapiens] GRK5

S [Mus musculus] GRK5

S [Gallus gallus] GRK5

S [Monodelphis domestica] GRKS
S [Bos taurus] GRKS

S [Xenopus tropicalis] GRK5-1

S [Homo sapiens] GRK4

S [Gallus gallus] GRK4

S [Bos taurus] GRK4

S [Monodelphis domestica] GRK4
S [Xenopus tropicalis] GRK4

S [Xenopus laevis] GRK4-1

S [Xenopus laevis GRK4-2

S [Danio rerio] GRK4-1

S [Fugu rubripes] GRK4

S [Danio rerio] GRK4-2

S [Xenopus tropicalis] GRK5-2

D [Danio rerio] GRK5-1

S [Fugu rubripes] GRK5-1

S [Danio rerio] GRK5-2

Fugu rubripes] GRK5-2
Branchiostoma floridae] GRK
Ixodes scapularis] GRK
Acyrthosiphon pisum] GRK
Apis mellifera] GRK

Nasonia vitripennis] GRK
Anopheles gambiae] GRK
Aedes aegypti] GRK
Drosophila virilis] GRK
Drosophila erecta] GRK
Drosophila ananassae] GRK
Drosophila pseudoobscura pseudoobscura] GRK
Drosophila melanogaster] GPRK2
[Nematostella vectensis] GRK
Hydra magnipapillata] GRK
Trichoplax adhaerens] GRK
[Caenorhabditis elegans] GRK
[Caenorhabditis briggsae] GRK
Monosiga brevicollis] BARK
Trichoplax adhaerens] BARK
Nematostella vectensis] BARK
Branchiostoma floridae] BARK
Schistosoma mansoni] BARK
Caenorhabditis elegans] BARK
Ixodes scapularis] BARK

Apis mellifera] BARK

Nasonia vitripennis] BARK
Anopheles gambiae] BARK
Aedes aegypti] BARK
Drosophila ananassae] pARK
Drosophila melanogaster] BARK
Drosophila virilis] BARK
Monodelphis domestica] GRK3
Xenopus tropicalis] GRK3
Gallus gallus] GRK3

Bos taurus] GRK3

Homo sapiens] GRK3

Fugu rubripes] GRK2

Danio rerio] GRK2

Gallus gallus] GRK2

Bos taurus] GRK2

Mus musculus] GRK2

Homo sapiens] GRK2

MoOownHZonzZzzon—A-4-40n-

DOOOATHOLOLOOVOOOOOOOOOO®n !

Table S4F. Detailed Phylogenetic Tree for Control Serine 413 in GRKS
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D [Homo sapiens] GRK1
D [Bos taurus] GRK1
D [Mus musculus] GRK1
L [Fugu rubripes] GRK1
Control Ser 418 S [Danio rerio] GRK1-1
93 S [Fugu rubripes] GRK1-1
S [Gallus gallus] GRK1
95 I_ 83 D [Danio rerio] GRK1-2
96

D [Fugu rubripes] GRK1-2
— S T.Y D [Monodelphis domestica] GRK1
T D [Homo sapiens] GRK7

— D, E = 99 D [Bos taurus] GRK7

D [Monodelphis domestica] GRK7
—— others D [Gallus gallus] GRK7
D [Xenopus laevis] GRK7-1
D [Xenopus laevis] GRK7-2

100 D [Xenopus tropicalis] GRK7
" D [Fugu rubripes] GRK7
0.5 changes/position % D [Danio rerio] GRK7-2
D [Danio rerio] GRK7-1
88 D [Fugu rubripes] GRK7

K [Schistosoma mansoni] GRK1/7-like
S [Ciona intestinalis] GRK1/7-like

S [Homo sapiens] GRK6
Bos taurus] GRK6
Mus musculus] GRK6
Monodelphis domestica] GRK6
Xenopus laevis] GRK6
89 Xenopus tropicalis] GRK6
Danio rerio] GRK6
Fugu rubripes] GRK6
Gallus gallus] GRK6
Homo sapiens] GRK5
100 [
89
95,

Mus musculus] GRK5

Monodelphis domestica] GRKS
Bos taurus] GRK5
Xenopus tropicalis] GRK5-1
Homo sapiens] GRK4
Gallus gallus] GRK4
Bos taurus] GRK4
Monodelphis domestica] GRK4
Xenopus tropicalis] GRK4
Xenopus laevis] GRK4-1
Xenopus laevis GRK4-2
Danio rerio] GRK4-1
Fugu rubripes] GRK4
Danio rerio] GRK4-2
Xenopus tropicalis] GRK5-2
Danio rerio] GRK5-1
Fugu rubripes] GRK5-1
Danio rerio] GRK5-2
Fugu rubripes] GRK5-2
Branchiostoma floridae] GRK
Ixodes scapularis] GRK
Acyrthosiphon pisum] GRK
Apis mellifera] GRK
Nasonia vitripennis] GRK
Anopheles gambiae] GRK
[Aedes aegypti] GRK
8 S [Drosophila virilis] GRK

% S [Drosophila erecta] GRK
87 S [Drosophila ananassae] GRK
S [Drosophila pseudoobscura pseudoobscura] GRK
S [Drosophila melanogaster] GPRK2

Gallus gallus] GRK5
92 96!

VOOMronrzrOZNo000nnnnnnnnnnnnnunnnnnnnn

S [Nematostella vectensis] GRK
—|__|: S [Hydra magnipapillata] GRK
] D [Trichoplax adhaerens] GRK
{ T [Caenorhabditis elegans] GRK
100 T [Caenorhabditis briggsae] GRK

D [Monosiga brevicollis] BARK
Trichoplax adhaerens] BARK
Nematostella vectensis] BARK
Branchiostoma floridae] BARK
Schistosoma mansoni] BARK
Caenorhabditis elegans] BARK
Ixodes scapularis] BARK

Apis mellifera] BARK

[Nasonia vitripennis] BARK
Anopheles gambiae] BARK
Aedes aegypti] BARK
Drosophila ananassae] BARK
Drosophila melanogaster] BARK
Drosophila virilis] BARK
Monodelphis domestica] GRK3
Xenopus tropicalis] GRK3
Gallus gallus] GRK3

Bos taurus] GRK3

Homo sapiens] GRK3

Fugu rubripes] GRK2

Danio rerio] GRK2

Gallus gallus] GRK2

Bos taurus] GRK2

Mus musculus] GRK2

Homo sapiens] GRK2

=

% F

Table S4G. Detailed Phylogenetic Tree for Control Serine 418 in GRKS
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Table S4H. Detailed Phylogenetic Tree for the CMGC Family of Protein Kinases

Because a full species tree for the CMGC family of kinases would be too large to display, we
have restricted the tree shown here to CMGC kinases from four species: Homo sapiens,
Saccharomyces cerevisiae, Arabidopsis thaliana, and Monosiga brevicollis. The tree is labeled
with the species names, the identities of the residues corresponding to the TEY motif in ERK2,
and the bootstrap values (when >50%). Some of the internal nodes are labeled with the inferred
sequence of the hypothetical ancestral proteins to trace the evolution of the primordial TDY
motif to the sequences present in the present-day ERK2 and CDK1 proteins.

Note that in GSK3 and some of its close relatives, the tyrosine phosphosite is
hypothesized to be autophosphorylated co-translationally and then to act as a structural
phosphate, resistant to dephosphorylation (Cole et al., 2004). Thus, it is possible that a
primordial pY that acted as a permanent negative charge (persisting today in GSK3) evolved into
both the Glu-containing kinases like CDK1, which have a different permanent negative charge in
this position, and the kinases like ERK2, where the tyrosine phosphate turns over and acts as a
conditional negative charge.
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