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Supplementary information

Table S1. Selected QM(B3LYP/6-31+G(d))/CHARMM bond distances (&), bond angles (deg), and dihedrals (deg) of the calcium-bound initial model structures. Selected
QM(B3LYP/def2-TZVP)/CHARMM bond distances (A), bond angles (deg), and dihedrals (deg) of the strontium-bound initial model structures. Comparison with values from
pseudo-Michaelis complex 4IAC X-ray crystallographic structure (used as model template) and PKAc-Mg,ATP-SP20 initial model structure (QM(B3LYP/6-31+G(d))/CHARMM
level). Sergupsirate holds for Ser21 and Serl7 in SP20- and Kemptide-bound ternary complex models, respectively.

41AC imodetSMg  ImodeiSca  ImodeiSsr imodelKca  imodelKsr
O3BATP-PyATP 1.8* 1.70 1.72 1.70 1.74 1.70
PYATP-OySerpsirate 3.5 3.76 3.59 3.70 3.68 3.59
OySersupstrate-HYSE  supstrate - 0.98 0.99 0.99 1.00 0.99
062Asp166-HySer psirate - 4.23 4.69 423 424 4.40
O2yATP-HySerpstrate - 3.52 3.47 3.23 3.31 3.39
OvSer upsirae-O062Asp166 4.4 4.28 4,93 4.24 4.30 4.60
3.03BATP-PYATP-OySerSubs. 148.2* 141.3 143.2 142.2 141.7 146.6
.0ySerSubs.-HySerSubs.-082Asp166 --- 86.4 98.0 83.8 86.6 95.3
2.052Asp166-HySerSubs.-02yATP - 60.2 57.1 67.0 64.8 63.9
dseraiincacaon 640 687 612 687 708  69.1
O 166(CB-Cy-052).C2yATP 1600  167.2 -179.7 -177.8 1782  -153.6
M1-O1BATP 2.2 2.08 2.38 2.54 2.38 2.53

M1-O3yATP 2.3 2.16 2.47 2.74 2.47 2.48



M1-061Asp184 2.4 2.21 2.47 2.63 2.49 2.56

M1-062Asp184 2.3 2.20 2.58 2.77 2.53 2.68
M1-OH2XWAT1003 2.2 2.07 2.44 2.64 243 2.60
M1-OH2XWAT1001 2.2 2.02 243 2.63 2.45 2.52
M1-OH2XWAT1029 4.0 3.94 2.51 2.66 2.42 2.52
M1-OH2XWAT1057 6.1 4.97 4.55 2.59 4.20 2.62
M2-02aATP 2.2 1.99 2.32 241 2.32 2.40
M2-O3BATP 3.3* 2.96 2.65 2.89 2.55 291
M2-O2yATP 2.2 2.00 2.35 2.42 2.39 2.47
M2-062Asp184 2.2 2.10 2.37 2.47 2.38 2.46
M2-061Asnl171 2.2 2.01 2.30 2.39 2.30 2.43
M2-OH2XWAT1002 2.3 2.12 2.41 2.53 2.40 2.53

For 4IAC * stands for O3BATP = CBAMPPCP.



Table S2. For the PKAc-Ca,ATP-SP20 model, selected QM(B3LYP/6-31+G(d))/CHARMM bond distances (A), bond angles (deg), and dihedrals (deg) in the optimized reactants
(Rdcass), phosphoryl-transfer transition state (TSd1Pcys), proton shift intermediate (Id1c,s), proton shift transition state (TSd1Hc,/s), phosphoryl-transfer products (Pd1c,s),
protonated Aspl66 side chain-rotation transition state (TSd2Tc,s), and proton-transfer products (Pd2c,s) for the dissociative mechanism with the O2yATP as the final
proton acceptor (O2yATP-dissociative path). Comparison with values from X-ray crystallographic structures characterizing different stages of the phosphoryl-transfer
mechanism catalyzed by the PKAc with SP20 or CP20 as substrates and Ca?* ions.

Active core geometric features AXW4 AXW5 imodeiSca  Rdcas  TSA1Pcys  1ddcas  TSA1Hcas Pdleys  TSA2Teys  Pd2cqs 41Al AXW6
O3BATP-PYATP 1.74* 1.68 1.72 1.77 2.40 3.04 3.21 3.37 3.35 3.35 4.01 3.33
PyATP-OySer21 4.70 5.55* 3.59 3.47 2.45 1.94 1.84 1.73 1.69 1.63 1.63 4.44/2.37*
OySer21-HySer21 --- --- 0.99 0.98 0.99 1.04 1.20 1.56 2.01 2.62 --- ---
062Asp166-HySer21 4.69 1.87 1.78 1.57 1.25 1.03 1.00 1.53
O2yATP-HySer21 3.47 3.26 2.86 2.74 2.78 2.72 2.06 1.03
OySer21-062Asp166 455 3.36/3.17* 4.93 2.84 2.77 2.60 244 2.58 291 3.55 5.01 5.80/3.06*
angleosparp-pyatp-oyser21 136.8* 161.1 143.2 155.4 164.6 166.1 169.1 175.4 173.6 174.1 155.4 115.1/152.0*

--- --- 98.0 170.7 176.4 172.0 171.0 169.5 148.8 114.7 --- ---

a ngleOvSerZ1-HvSer21-062Asp166

angleosoasp166-Hyser21-02yaTP 571  103.0 1071  111.5 1145 1121  129.7 1726

d-ser21(N-Ca-cp-0y) 64.3 -76.6 612 -549 561  -461  -461  -529  -563  -55.7 63.9  56.9/-66.7*
0. Asp166(CB-Cy-062)-02ATP 135.9 1591  -179.7 1442 1305 1258 1246 1203  137.8  170.8  ~130 129.5
d.phinsp1cs -147.2 1423 92,6 954  -90.7 -881  -87.2  -949 961  -957  -150.9 -144.9
d.psinsp1cs 40.5 34.4 880 856 82.5 80.4 79.2 77.3 78.8 83.9 43.0 36.7
O.ySer21-pyATP-02yATP-052A5p166 -36.6 -32.2 374  -408  -39.2  -379  -375 353  -393  -51.0  253* -3.2/-29.2%
051Asp245°2°-Ce1His87 6.00 5.04 5.7 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.56 12.33
061Asp245P20-Ng2Gly84 3.67 3.39 3.0 2.9 2.9 2.9 2.9 2.9 2.9 2.9 5.26 11.36
0e1Gly84-N51His87 2.74 3.20 2.7 2.70 2.70 2.70 2.70 2.70 2.70 2.70 2.72 2.86

02pThr197-Ne2His87 2.67 2.59 2.7 2.65 2.65 2.65 2.65 2.65 2.65 2.65 2.72 2.63



2.66

5.54%2  5.62%2 43R 3207 2732 2572 2532 25472 24972 2502 5.8472/3 362
0ySer21-OlyATP 2.55
3.97*73  4.80%3 263 33073 283" 2647 260°* 2583 2583 2583 4.223/3.0173
2.57
Catalytic core interaction distances 4XW4 4XW5 imodeiSca  Rdcas  TSA1Pcys  1d1cas  TSA1Hcys Pdleys  TSA2Teys  Pd2cys 4]1Al 4XW6
Oy1Thr201-0861Asp166 2.98 3.47 276 2.80 2.74 2.73 2.75 2.89 2.99 2.94 2.88 3.04
Oy1Thr201-NZLys168 2.78 2.79 275 274 2.71 2.72 2.73 2.75 2.75 2.73 2.84 2.66
Oy1Thr201-OySer21 5.54 3.39 521 296 3.06 3.04 3.08 3.02 3.07 3.05 555  5.99/3.51*
082Asp166-OySer21 455 336/3.17* 493 284 2.77 2.60 2.44 2.58 2.91 3.55 501  5.80/3.06*
062Asp166-PyATP 6.18 6.02 494 470 411 3.69 3.48 3.43 3.40 3.59 5.09 3.27
OH595 OH1001
062Asp166-OH2XWAT1003 OH589 2.63 2.70 2.71 2.74 2.79 2.86 2.92 2.90 2.78 2.65 OH714
2.74  OH598 OH1003 2.88
3.02 2.79
062Asp166-NILys168 4.35 4.36 398 431 4.45 4.60 4.62 5.05 4.95 4.88 4.41 3.98
061Asp166-NZLys168 4.06 3.86 432 441 4.42 4.43 4.39 4.63 4.67 4.62 4.15 3.77
NZLys168-OySer21 5.16 3.26 515  2.86 3.05 3.27 3.31 3.37 3.37 3.35 536  5.94/3.22*
NZLys168-PyATP 5.84 5.97 395  3.88 3.64 3.51 3.46 3.31 3.31 3.34 5.33 3.06
NZLys168-O2yATP 5.23 5.22 271 271 2.72 2.69 2.69 3.11 3.15 3.08 5.03 2.98
NZLys168-O1yATP 5.77 6.14 426  4.18 3.84 3.72 3.63 2.81 2.77 2.80 4.76 3.10
N52Asn171-02yATP 6.08 5.97 485  4.64 4.26 4.10 3.92 3.31 3.38 3.70 5.57 3.19
N52Asn171-062Asp166 2.99 2.85 301  3.58 3.84 4.06 4.11 4.23 3.66 3.11 3.00 4.81
NZLys72-O10ATP 3.02 2.75 275 272 2.71 2.72 2.72 2.73 2.73 2.73 3.84 3.17
NZLys72-O1BATP 3.37 2.91 278 278 2.75 2.73 2.73 2.73 2.73 2.74 2.82 2.87
NZLys72-0€2Glu91 2.86 2.67 272 272 2.75 2.75 2.75 2.75 2.75 2.74 2.71 2.73



OySer53-01yATP 6.01 2.57 5.63 5.64 5.63 5.67 5.78 6.55 6.62 6.72 2.39 2.97
NSer53-02BATP 4.54 434 4.24 4.47 4.17 4.48 4.46 4.45 4.47 4.49 4.13 3.26
NPhe54-02BATP 5.45 4.94 5.38 5.85 5.39 5.79 5.77 5.77 5.79 5.83 4.58 3.49
NGly55-02BATP 5.59 5.09 5.57 5.83 5.96 5.68 5.66 5.68 5.71 5.77 3.53 5.11
OySer53-0Ser21 6.45 7.25 4.8 4.70 4.64 4.70 4.72 4.67 4.61 4.53 4.46 4.80
Ca?* ions coordination sphere AXW4 4XW5 imodetSca  Rdcass  TSA1Pcys  1dlcas TSA1Hcas Pdlcys TSA2Teys  Pd2cyss 41Al 4XW6
Cal-O1BATP 2.42 2.26 2.38 2.41 2.38 2.36 2.35 2.36 2.36 2.36 2.26 2.37
Cal-O3yATP 2.63 2.37 2.47 2.40 2.41 2.41 2.40 2.44 2.46 2.53 2.29% 2.13
Cal-061Asp184 2.59 2.37 2.47 2.47 2.46 2.47 2.46 2.52 2.54 2.52 2.41 2.73
Cal-062Asp184 2.54 2.42 2.58 2.60 2.61 2.59 2.59 2.53 2.53 2.55 2.45 2.25
Cal-OH2XWAT1003 OH589  OH598 2.44 2.46 2.48 2.50 2.53 2.54 2.53 2.48 OH1003  OH714
2.42 2.69 2.41 2.19
Cal-OH2XWAT1001 OH592  OH802 2.43 2.44 2.45 2.47 2.48 2.48 2.47 2.43  OH702 OH713
2.42 2.39 2.43 2.34
OH711
Cal-OH2XWAT1029 2.61 OH594 2.51 2.53 2.50 2.50 2.50 2.51 2.52 251 OH1004
OH813 2.64 2.47
2.69
Ca2-020ATP 534 2.32 2.32 2.31 2.31 2.33 2.34 2.36 2.37 2.36 2.27 1.92
Ca2-O3BATP 4.21* 4.23 2.65 2.52 2.40 2.32 2.31 2.31 2.30 2.30 2.25 2.07
2.68
Ca2-02yATP O3yATP  2.42 2.35 2.33 2.34 2.38 2.39 2.45 2.49 2.63  OH701 2.47
2.78 2.57
Ca2-062Asp184 229 2.40 2.37 2.40 2.41 2.42 2.43 2.40 2.39 2.38 2.39 2.29
Ca2-061Asn171 2.40 2.38 2.30 2.29 2.32 2.35 2.36 2.34 2.35 2.35 2.43 2.20
Ca2-OH2XWAT1002 OH587  OH596 2.41 2.42 2.44 2.46 2.46 2.47 2.47 2.45  OH1002 2.35
2.46 2.57 2.42



OH590 OH595 OH1001
2.66 2.63 2.46
For 4lAl * means that is not possible to establish the chemical correspondence of the OiyATP atoms in relation to the 4IAC nomenclature

Table S3. For the PKAc-Sr,ATP-SP20 model, selected QM(B3LYP/def2-TZVP)/CHARMM bond distances (A), bond angles (deg), and dihedrals (deg) in the optimized reactants
(Rdsrs), phosphoryl-transfer transition state (TSd1Ps.s), phosphoryl-transfer products (Pdls.s), protonated Aspl66 side chain-rotation transition state (TSd2Ts,s), and
proton-transfer products (Pd2s,s) for the dissociative mechanism with the O2yATP as the final proton acceptor (O2yATP-dissociative path). Comparison with values from X-
ray crystallographic structures characterizing the product complex stage of the phosphoryl-transfer mechanism catalyzed by the PKAc with SP20 as substrate and with Sr?*

ions.

Active core geometric features imodelSsr Rds/s TSd1Ps,/s Pd1ss TSd2Ts,/s Pd2g,/s 4|1AK 41AY
O3BATP-PYATP 1.70 1.77 2.60 4.05 4.21 4.34 4.72 4.49
PyATP-OySer21 3.70 3.59 2.73 1.72 1.67 1.61 1.62 1.63
OySer21-HySer21 0.99 0.98 0.99 1.67 2.03 2.64
062Asp166-HySer21 4.23 1.77 1.72 1.01 0.99 1.41
O2yATP-HySer21 3.23 3.27 2.98 2.89 211 1.05
OySer21-062Asp166 4.24 2.74 2.71 2.66 2.93 3.47 5.21 5.09
anglegspate-pyATP-Oyser21 142.2 154.1 158.5 161.5 164.3 152.9 159.0 159.2
angleoyser21-Hyser21-062Asp166 83.8 170.2 178.4 166.6 149.7 114.5
aNgleos52asp166 Hyser21-02yATP 67.0 105.7 110.2 124.6 131.4 174.3
d.ser21(N-Co-Cp-0y) 68.7 -53.3 -42.2 -39.4 -49.9 -51.3 72.1 72.1
d. Asp166(CB-Cy-052)-02yATP -177.8 160.5 140.0 130.8 133.9 155.9 -163.1 -132.5
d.ohinsp166 -121.6 -119.6 -119.7 -119.5 -125.8 -128.1 -151.4 -142.8
d. psiasp166 75.6 80.5 76.6 70.4 65.4 66.1 45.2 41.2
d. oyser21-pyATP-02yATP-062Asp166 -27.8 -39.3 -36.5 -42.6 -39.2 -56.3 -85.7 31.4

061Asp245P20-Ce1His87 5.5 5.5 5.5 5.5 5.5 5.5 10.23 10.99



061Asp245P20-Ne2Gly84 3.0 2.9 2.9 3.0 2.9 2.9 7.14 9.32

0g1Gly84-N&1His87 2.8 2.8 2.8 2.8 2.8 2.8 2.76 2.78
02pThr197-Ne2His87 2.7 2.6 2.6 2.6 2.6 2.6 2.69 2.84
OvSeraLONATP 4.1 3.1572 2.8372 2.4672 2.46/2 2.472 2.58%*-1 2.57%-1
y>erZl-Uly ) . ) ) . ) 58%i=2 . *j=2
2.7 3.4973 3.0173 2.5973 2.5473 2.5473 ;??*H ;_22*,=3

Catalytic core interaction distances imodelSsr Rds/s TSd1Psy/s Pdlg,s TSd2Ts,/s Pd2g,/s 41AK 4|1AY
Oy1Thr201-061Asp166 2.68 2.79 2.73 2.77 2.93 2.93 2.93 2.88
Oy1Thr201-NZLys168 2.74 2.80 2.74 2.79 2.79 2.77 2.74 2.84
Oy1Thr201-OySer21 4.86 2.96 3.18 3.31 3.28 3.28 5.41 5.55
082Asp166-OySer21 4.24 2.74 2.71 2.66 2.93 3.47 5.09 5.01
082Asp166-PyATP 5.17 4.87 433 3.53 3.43 3.42 5.19 5.09
OH1002 OH1001

062Asp166-OH2XWAT1003 2.72 2.70 2.74 3.04 2.94 2.74 2.80 2.65
OH1003 OH1003

2.67 2.79

082Asp166-NZLys168 3.99 4.18 430 453 4.81 4.82 4.06 4.41
081Asp166-NZLys168 4.38 4.27 4.17 4.06 4.32 4.36 4.04 4.15
NZLys168-OySer21 4.90 2.80 2.96 3.21 3.25 3.22 5.28 5.36
NZLys168-PyATP 3.99 3.99 3.76 3.51 3.35 3.40 5.21 5.33
NZLys168-02yATP 2.72 2.79 2.81 2.70 3.17 3.15 4.89* 5.03*
NZLys168-O1yATP 4.28 4.22 4.01 3.86 2.92 2.98 4.56* 4.76*
N52Asn171-02yATP 5.08 4.88 454 4.20 3.51 3.52 5.79* 5.57*

N62Asn171-062Asp166 2.95 3.26 3.66 4.11 3.83 3.39 3.13 3.00



NZLys72-O1aATP 2.73 2.73 2.72 2.71 2.70 2.70 2.77 3.84
2.83 2.81 2.72 3.23 3.45 3.62 2.85
NCLys72-O1BATP XW1029 XW1029 XW1029 XW1029 XW1029 XW1029 XW1003 2.82
2.83 2.83 2.92 2.81 2.80 2.79 2.97
NZLys72-0£2Glu91 2.71 2.73 2.75 2.72 2.70 2.69 2.94 2.71
OySer53-01yATP 5.44 5.39 5.21 5.18 6.05 6.20 2.34 2.39
NSer53-02BATP 4.21 4.14 4.16 4.27 4.15 4.09 3.75 4.13
NPhe54-02BATP 5.33 5.40 5.39 5.43 5.43 5.41 4.85 4.58
NGly55-02BATP 5.74 5.84 5.82 5.82 5.88 5.89 5.67 3.53
OySer53-0Ser21 4.55 4.66 4.63 4.64 4.52 4.45 5.32 4.46
Sr?* jons coordination sphere ImodelSsr Rdsy/s TSd1Psys Pd1s,s TSd2Tsys Pd2s/s 4|AK 4|1AY
Sr1-O1BATP 2.54 2.53 2.50 2.54 2.50 2.52 2.33 2.27
Sr1-O3yATP 2.74 2.57 2.63 2.49 2.59 2.62 2.44% 2.44%
Sr1-061Asp184 2.63 2.64 2.59 2.60 2.66 2.61 2.64 2.61
Sr1-062Asp184 2.77 2.79 2.79 2.78 2.72 2.73 2.64 2.55
Sr1-OH2XWAT1003 2.64 2.68 2.70 2.88 2.93 2.84 OH1001 OH1002
2.52 2.88
Sr1-OH2XWAT1001 2.63 2.56 2.57 2.62 2.61 2.58 OH1003 OH1006
2.49 2.86
Sr1-OH2XWAT1029 2.66 2.68 2.62 2.64 2.68 2.67 OH701 OH701
2.49 2.79
Sr1-OH2XWAT1057 2.59 2.69 2.68 2.65 2.66 2.68 OH702 OH1001
2.56 2.87
Sr2-020ATP 2.41 2.42 2.40 2.47 2.48 2.46 2.35 2.37
Sr2-0O3BATP 2.89 2.83 2.57 2.56 2.60 2.61 2.59 2.42
Sr2-02yATP 2.42 2.39 2.46 2.51 2.63 2.87 3.90% 3.82*



Sr2-062Asp184
Sr2-061Asn171

Sr2-OH2XWAT1002
Sr2-O1BATP

Sr2-

Sr2-

2.47
2.39

2.53

3.48

O1yATP
4.53not directed

2.49
2.40

2.52

3.71

O1yATP
4.48not directed

2.52
2.46

2.53

3.60

O1yATP
4.50not directed

2.63
2.55

2.56

2.75

O1yATP
4.37not directed

2.61
2.52

2.59

2.68

O1yATP
3.57not directed

2.59
2.54

2.56

2.65

O1yATP

3.13

2.46
2.62

2.61

3.22

OH703

2.66

OH1004

2.47

2.50
2.70

OH703
2.88
3.70

OH702
3.06

OH1003

2.77

For 41AK and 4IAY * means that is not possible to establish the chemical correspondence of the OiyATP atoms in relation to the 41AC nomenclature

Table S4. For the PKAc-Ca,ATP-Kemptide model, selected QM(B3LYP/6-31+G(d))/CHARMM bond distances (A), bond angles (deg), and dihedrals (deg) in the optimized
reactants (Rdca), phosphoryl-transfer transition state (TSd1P¢,z), proton shift intermediate (Id1c,), proton shift transition state (TSd1Hc,), phosphoryl-transfer products
(Pd1c,), protonated Asp166 side chain-rotation transition state (TSd2Tc,.), and proton-transfer products (Pd2c,) for the dissociative mechanism with the O2yATP as the
final proton acceptor (O2yATP-dissociative path).

Active core geometric features imodelKca Rdca/k TSd1Pc,k ld1cak TSd1Hcak Pdlc,k TSd2Tca Pd2c,k
O3BATP-PYATP 1.74 1.79 2.62 3.26 3.39 3.56 3.65 3.66
PyATP-OySer21 3.68 3.69 2.53 1.97 1.89 1.76 1.71 1.65
OySer21-HySer21 1.00 0.99 1.00 1.05 1.18 1.70 2.05 2.50
062Asp166-HySer21 4.24 1.80 1.74 1.52 1.28 1.02 1.00 1.57
O2yATP- HySer21 331 3.27 2.83 2.68 2.75 2.92 2.00 1.03
OySer21-062Asp166 4.30 2.79 2.74 2.56 2.46 2.71 291 3.28
anglegspatp-pyaTr-oyser21 141.7 148.7 157.4 161.2 161.7 161.2 171.6 170.2

aNgleoysera1tyser21-0625p166 86.6 174.3 173.5 170.3 171.1 167.0 142.1 105.0



angleosaasp166-Hyser21-02yATP 64.8 108.7 112.8 115.4 117.6 126.4 139.1 175.4
d.ser21(N-Co-Cp-0Y) 70.8 -48.1 -33.1 -33.8 -34.7 -33.7 -36.2 -36.5
d. Asp166(CB-Cy-052)-02yATP 178.2 152.9 141.1 132.6 131.1 136.9 154.6 171.8
d.ohinsp166 -128.1 -124.7 -122.9 -120.7 -119.4 -120.1 -123.4 -121.8
d. psiasp166 80.8 76.0 73.2 71.7 71.4 71.1 73.0 76.0
d. oyser21-pyATP-02yATP-062Asp166 -31.1 -41.7 -40.2 -38.7 -38.1 -43.2 -43.0 -50.3

4.1=2 3.1872 2.7172 2.522 2.507=2 2.4572 2.44=2 2.46/2
OySer21-OlyATP

2,73 3.653 2.96"3 2,703 2,653 2.60%3 2,623 2,633
Catalytic core interaction distances imodelKca Rdcask TSd1Pc,k ld1cak TSd1Hcak Pd1c,k TSd2Tca Pd2c,k
Oy1Thr201-0861Asp166 2.74 3.00 2.84 2.81 2.81 291 3.17 3.23
Oy1Thr201-NZLys168 2.82 2.88 2.78 2.81 2.82 2.84 2.82 2.79
Oy1Thr201-OySer21 5.21 2.93 3.24 3.33 3.35 3.39 3.27 3.24
062Asp166-0OySer21 4.30 2.79 2.74 2.56 2.46 2.71 291 3.28
062Asp166-PyATP 5.05 4.80 4.14 3.68 3.54 3.60 341 3.48
062Asp166-OH2XWAT1003 2.69 2.74 2.78 2.84 2.88 2.97 2.95 2.77
062Asp166-NTLys168 3.96 4.37 4.38 4.44 4.42 4.56 4.82 4.87
0O681Asp166-NTLys168 4.45 4.46 4.36 434 4.30 4.32 453 4.43
N{Lys168-OySer21 5.00 2.74 2.94 3.13 3.15 3.11 3.15 3.17
N{Lys168-PyATP 4.11 4.16 3.81 3.61 3.56 3.52 3.36 3.41
NLys168-O2yATP 2.82 2.87 2.83 2.79 2.77 2.74 3.16 3.21
N{Lys168-O1yATP 4.52 4.62 4.15 2.87 3.82 3.87 2.94 2.93
N62Asn171-02yATP 4.79 4.77 4.34 4.09 4.03 4.08 3.47 3.66
N62Asn171-062Aspl66 3.01 3.26 3.42 3.62 3.67 3.64 3.19 2.98



NCLys72-O1aATP 2.74 2.72 2.71 2.72 2.72 2.72 2.72 2.72

N{Lys72-O1BATP 2.76 2.76 2.73 2.74 2.74 2.75 2.76 2.76
N{Lys72-0g2Glu91l 2.70 2.69 2.71 2.72 2.72 2.73 2.73 2.72
OySer53-O1yATP 5.49 5.17 5.35 5.47 5.49 5.44 6.25 6.39
NSer53-02BATP 4.21 4.29 4.28 4.28 4.27 4.28 4.24 4.23
NPhe54-02BATP 5.46 5.46 5.47 5.45 5.44 5.44 5.44 5.47
NGly55-02BATP 5.77 5.70 5.70 5.65 5.64 5.62 5.64 5.70
OySer53-0Ser21 4.75 4.96 4.94 4.97 4.98 4.95 5.07 5.05
Ca?* ions coordination sphere imodelKca Rdca/k TSd1Pcy/k ld1ca TSd1Hcq/k Pd1cy TSd2T o/ Pd2ca/
Cal-O1BATP 2.38 2.37 2.33 2.32 2.32 2.32 2.32 2.32
Cal-O3yATP 2.47 2.41 2.47 2.47 2.45 2.43 2.56 2.66
Cal-O861Asp184 2.49 2.45 2.44 2.45 2.46 2.47 2.55 2.52
Cal-062Asp184 2.53 2.60 2.58 2.58 2.58 2.61 2.53 2.54
Cal-OH2XWAT1003 2.43 2.45 2.47 2.48 2.50 2.51 2.49 2.46
Cal-OH2XWAT1001 2.45 2.40 2.41 2.42 2.42 2.41 241 2.40
Cal-OH2XWAT1029 2.42 2.63 2.57 2.59 2.59 2.60 2.61 2.59
Ca2-02aATP 2.32 2.31 2.30 2.31 2.32 2.34 2.36 2.35
Ca2-03BATP 2.55 2.57 2.39 2.35 2.34 2.34 2.35 2.35
Ca2-0O2yATP 2.39 2.36 2.38 2.39 2.38 2.37 241 2.55
Ca2-062Asp184 2.38 2.42 2.44 2.46 2.46 2.48 2.43 2.40
Ca2-061Asn171 2.30 2.31 2.34 2.36 2.37 2.39 2.36 2.36

Ca2-OH2XWAT1002 2.40 2.40 2.41 2.42 2.43 2.43 2.42 2.40
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Figure S1. (A) Superposition of the active sites in the initial model structures of PKAc-Ca,ATP-SP20 (imogeiSca, cOlored in orange), PKAc-Sr,ATP-SP20 (imogerSsr, colored in dark
red), PKAc-Ca,ATP-Kemptide (imogelca, colored in purple), PKAc-Sr,ATP-Kemptide (imogeiKsr, colored in blue), and PKAc-Mg,ATP-SP20 (imogeiSmg Shown for comparison, colored
in black). (B) Superposition of the coordination sphere for the M1 site in the initial model structures of PKAc-Ca,ATP-SP20 (colored in orange), PKAc-Sr,ATP-SP20 (colored in
dark red), and PKAc-Mg,ATP-SP20 (colored in black).
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Figure S2. Active site structures at: (A) QM(B3LYP/6-31+G(d))/CHARMM optimized Rdcyss; (B) QM(B3LYP/def2-TZVP)/CHARMM optimized Rds,s; and (C) QM(B3LYP/6-
31+G(d))/CHARMM optimized Rdc,/. Selected distances are given in A.
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Figure S3. Active site structure at: (A) QM(B3LYP/6-31+G(d))/CHARMM optimized TSd1Pc,s; (B) QM(B3LYP/def2-TZVP)/CHARMM optimized TSd1Ps,s; and (C) QM(B3LYP/6-
31+G(d))/CHARMM optimized TSd1Pc,. Selected distances are given in A.



