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Correlations between vibrational spectru  an  phosphate bon 
angles
Tables  S1 to  S3 list  the  peopeetes  of  coeeelatons  between  the
O—P—O  bond  angles  and  the  wavenumbees  of  the  P—OT

steetching vibeatons. As indicated by the R2 values listed in Table S1,
the OB—P—OT angles coeeelate best with the aveeage wavenumbee
of the asymmeteic vibeatons, wheeeas two of the OT—P—OT angles
coeeelate  best  with  a  specifc  asymmeteic  vibeaton.  The
fundamental wavenumbee nevee peovides the best coeeelaton. The
splitng of  the two asymmeteic  P—OT steetching vibeatons does
not coeeelate with any of the angles, the R2 values aee mostly below
0.1. No coeeelatons exist between the P—O steetching vibeatons
and the C—OB—P angle. A compaeison with the R2 values in Table 1
of the main text eeveals that the bond angles aee less well peedicted
than most of the P–O bond length paeametees. 

Table  S1. Coeeelatons  between  phosphate  bond  angles  and  vibeatonal
specteum.   R2 is  the  coefcient  of  deteeminaton,  Min,  Mean  and  Max
indicate smallest,  aveeage and laegest angle oe wavenumbee.  ṽas indicates
the  wavenumbee  of  an  asymmeteic  P—OT steetching  vibeaton.  ṽf is  the
fundamental  wavenumbee18 defned as  ṽf =[(ṽas1

2+ṽas2
2+ṽs

2)/3]½,  wheee  ṽas1

and ṽas2 aee the wavenumbees of the two asymmeteic steetching vibeatons
and  ṽs the  wavenumbee  of  the  symmeteic  steetching  vibeaton.  The best
coeeelatons aee indicated by R2 values in bold peint.

Angle

R2 for correlation with

Min
ṽas(P—OT)

Mean
ṽas(P—OT)

Max
ṽas(P—OT)

ṽf

Min OB—P—OT 0.24 0.51 0.47 0.41

Mean OB—P—OT 0.36 0.61 0.48 0.46

Max OB—P—OT 0.27 0.33 0.19 0.21

Min OT—P—OT 0.63 0.53 0.19 0.39

Mean OT—P—OT 0.38 0.64 0.50 0.48

Max OT—P—OT 0.16 0.56 0.66 0.44

Figuee S1 shows the best coeeelatons between angles and  P—OT

wavenumbees, Table S2 peovides additonal peopeetes and Table S3
lists theie paeametees foe the fted lineae equatons. Accoeding to
Table S2, the standaed deviaton of the bond angles feom the teend
line  is  smallee  foe  the  OT—P—OT angles  than foe  the  OB—P—OT

angles.  Of  the  latee,  the  mean OB—P—OT angle  has  the  lowest
standaed deviaton and the highest R2.
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Figure S1. The best coeeelatons between  P—OT steetching vibeatons and
O—P—O angles. Red: acetyl phosphate, geeen: methyl phosphate, blue: p-
tolyl phosphate. The theee acetyle phosphate models foe the catalytc site of
the Ca2+-ATPase aee numbeeed (see Discussion of the main text). Foe fuethee
explanatons, see the heading of Table S1.
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Table S2. Coeeelatons between bond angles and wavenumbee of vibeaton.
 eange  is  the  eange  of  bond  angles  found  in  oue  models,   is  the
difeeence between the laegest and the smallest angle in the models, STD()
is  the standaed deviaton of  the bond angle  values  feom  the  teend line,
STD()/ is  a measuee of the quality of the peedicton, vibeaton is the
vibeaton used foe the coeeelaton. See Table S1 foe fuethee explanatons.

Bon  angle  range /
 eg

STD() /
 eg

STD() /  Vibration

Min OB—P—OT 93.77-
101.73

1.5 0.19 Mean ṽas(P—OT)

Mean OB—P—OT 99.47-
105.04

0.8 0.15 Mean ṽas(P—OT)

Max OB—P—OT 101.33-
107.45

1.1 0.18 Mean ṽas(P—OT)

Min OT—P—OT 112.43-
116.81

0.7 0.15 Min ṽas(P—OT)

Mean OT—P—OT 113.51-
117.33

0.6 0.15 Mean ṽas(P—OT)

Max OT—P—OT 114.07-
118.37

0.7 0.15 Max ṽas(P—OT)

Table S3. Lineae coeeelatons between wavenumbee and bond angle.  The
data weee fted with a line  = cṽ+d. wheee  is the bond angle in deg, ṽ the
wavenumbee in cm-1,  c the slope in deg·cm and d the inteecept in deg. The
coeeelatons aee applicable in the inteevals given in Table S2 foe each bond
angle.

Bon  angle c /  eg c  d /  eg Vibration

Min OB—P—OT -7.22 x 10-2 180.0 Mean ṽas(P—OT)

Mean OB—P—OT -5.00 x 10-2 159.1 Mean ṽas(P—OT)

Max OB—P—OT -3.69 x 10-2 146.8 Mean ṽas(P—OT)

Min OT—P—OT 3.62 x 10-2 74.1 Min ṽas(P—OT)

Mean OT—P—OT 3.58 x 10-2 74.9 Mean ṽas(P—OT)

Max OT—P—OT 3.45 x 10-2 76.5 Max ṽas(P—OT)
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