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. Computational Details. Any additional computational detail and material (xyz files of computed
structures, calculated vibrational frequencies for all structures, etc.) is available from the authors

upon request.

. Fig. S1 Reproducibility of the IRMPD spectra of protonated O-phosphotyrosine (m/z 262)
recorded in the 3250-3700 cm™! range on two experimental set-ups: (a) a modified commercial Paul-
ion trap mass spectrometer (Bruker Esquire 3000+) coupled to a tabletop IR optical oscillator
/amplifier (OPO/OPA; laserVison, Bellevue, WA) pumped by an Innolas Splitlight 600 (Munchen
Germany) non-seed Nd:YAG laser running at 25 Hz; (b) a modified commercial Paul-ion trap mass
spectrometer (Bruker Esquire 6000+) coupled to a tabletop IR optical oscillator/amplifier
(OPO/OPA; laserVison, Bellevue, WA) pumped by a Nd:YAG laser (Continuum Surelite II)
running at 10 Hz. The irradiation time was 500 ms in both experiments.

. Fig. S2 Performance of different levels of theory in the simulation of the experimental IRMPD
spectrum of the St-1 conformer of [sSer-H]- ion. Two functionals (B3LYP and M06-2X) and
different basis sets were tested. The employed scale factors are reported on the right and were taken
from J. P. Merrick, D. Moran, L. Radom, J. Phys. Chem. 4, 2007, 111, 11683-11700 for the B3LYP
functional and from I. M. Alecu, J. Zheng, Y. Zhao, and D. G. Truhlar, J. Chem. Theory Comput,
2010, 6, 2872-2887 for the M06-2X functional. S-O stretching modes were left unscaled. The
experimental spectrum is also reported as a pale trace over the calculated spectra to enable
immediate comparison.
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. Fig. S3 Mass spectrum obtained after mass selection of deprotonated O-sulfo-L-serine, [sSer-H]
(m/z 184), in a Bruker Esquire Paul trap mass spectrometer (Esquire 3000+, Bruker Inc.) before
(upper trace) and after (bottom trace) irradiation with CLIO FEL IR radiation at 1206 cm-'. Ton
intensity is in arbitrary units.

. Fig. S4 Mass spectrum obtained after mass selection of protonated O-sulfo-L-serine, [sSer+H]"
(m/z 186), in a Bruker Esquire Paul trap mass spectrometer (Esquire 6000+, Bruker Inc.) before
(upper trace) and after (bottom trace) irradiation with OPO/OPA IR radiation at 3572 cm!. Ton
intensity is in arbitrary units.

. Fig. S5 Experimental IRMPD spectrum of deprotonated L-serine-O-sulfate [sSer-H]- (bottom, red
line) in the 2900-3700 cm! range, and computed IR spectra (at the M06-2X/6-311+G(d,p) level) of
conformers St-1, St-2, St-3, St-4, St-5. The experimental spectrum is also reported as a pale trace
over the calculated spectra to enable immediate comparison.

. Fig. S6 Optimized geometries (at the M06-2X/6-311+G(d,p) level) and relative enthalpy and free
energy (in parentheses) values (at the MP2/aug-cc-pVTZ level) at 298 K (kJ mol!") of [sSer-H]
conformers Sz-7, St-8, St-9, St-10, St-11, St-12. Interatomic bond distances, marked by dashed
lines, are given in A.

. Fig. S7 Optimized geometries (at the M06-2X/6-311+G(d,p) level) and relative enthalpy and free
energy (in parentheses) values (at the MP2/aug-cc-pVTZ level) at 298 K (kJ mol!) of [sSer-HJ-
isomers St-1, ZW-1, Sc-1, C-1. Interatomic bond distances, marked by dashed lines, are given in A.

. Fig. S8 Computed IR spectra (at the M06-2X/6-311+G(d,p) level) of deprotonated L-serine-O-
sulfate [sSer-H] of conformers Sz-6, St-7, S#-8, St-9. The experimental spectrum is also reported as
a pale trace over the calculated spectra to enable immediate comparison.

. Fig. S9 Computed IR spectra (at the M06-2X/6-311+G(d,p) level) of deprotonated L-serine-O-
sulfate [sSer-H]- of conformers Sz-10, S#-11, Sz-12. The experimental spectrum is also reported as a
pale trace over the calculated spectra to enable immediate comparison.

. Fig. S10 Averaged spectrum of deprotonated L-serine-O-sulfate [sSer-H]- (bottom), computed by
considering contributions from all thermally accessible conformers, according to their enthalpy
values, and computed IR spectra (at the M06-2X/6-311+G(d,p) level) of isomers , ZW-1, Sc-1, C-
1. The experimental spectrum is also reported as a pale trace over the calculated spectra to enable
immediate comparison.

. Fig. S11 Averaged spectrum of deprotonated L-serine-O-sulfate [sSer-H], computed by
considering contributions from all thermally accessible conformers, according to their relative free
energy values. The experimental spectrum (red line) is also reported to enable immediate
comparison.

. Fig. S12 Optimized geometries (at the M06-2X/6-311+G(d,p) level) and relative enthalpy and free
energy (in parentheses) values (at the MP2/aug-cc-pVTZ level) at 298 K (kJ mol!) of [sSer+H]"

isomers Ne-1, N#-1, CO-1, SOH-1. Interatomic bond distances, marked by dashed lines, are given
in A.



. Fig. S13 Averaged spectrum of protonated L-serine-O-sulfate [sSer+H]", computed by considering
contributions from all thermally accessible conformers, according to their relative free energy
values. The experimental spectrum (red line) is also reported to enable immediate comparison.

. Fig. S14 Computed IR spectra (at the M06-2X/6-311+G(d,p) level) of conformers Ne-1, Ne-2, Ne-
3, and Nc-4 of protonated L-serine-O-sulfate [sSer+H]". The experimental spectrum is also reported
as a pale trace over the calculated spectra to enable immediate comparison.

. Fig S15 Computed IR spectra (at the M06-2X/6-311+G(d,p) level) of isomers Ne-1, Nz-1, CO-
l,and SOH-1 of protonated L-serine-O-sulfate [sSer+H]". The experimental spectrum is also
reported as a pale trace over the calculated spectra to enable immediate comparison.

. Table S1 Thermodynamic data for the lowest energy conformers and isomers of protonated L-
serineO-sulfate [sSer+H]" and deprotonated L-serine-O-sulfate [sSer-H]- calculated at the MP2/aug-
cc-pVTZ//M06-2X/6-311+G(d,p) level of theory.

. Table S2 Selected dihedral angles (°) of low-lying conformers (S#-1, St-2, S¢-3, St-4, St-5, St-6,
St-7, St-8, St-9, St-10, St-11, St-12) of deprotonated L-serine-O-sulfate [sSer-H]-, calculated at the
MO06-2X/6-311+G(d,p) level of theory.

. Table S3 Selected dihedral angles (°) of low-lying conformers (Ne¢-1, Ne-2, Ne-3, Ne-4) of
protonated L-serine-O-sulfate [sSer+H]*, calculated at the M06-2X/6-311+G(d,p) level of theory.
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Fig. S1 Reproducibility of the IRMPD spectra of protonated O-phosphotyrosine (m/z 262) recorded
in the 3250-3700 cm™! range on two experimental set-ups: (a) a modified commercial Paul-ion trap
mass spectrometer (Bruker Esquire 3000+) coupled to a tabletop IR optical oscillator /amplifier
(OPO/OPA; laserVison, Bellevue, WA) pumped by an Innolas Splitlight 600 (Munchen Germany)
non-seed Nd:YAG laser running at 25 Hz; (b) a modified commercial Paul-ion trap mass
spectrometer (Bruker Esquire 6000+) coupled to a tabletop IR optical oscillator /amplifier
(OPO/OPA; laserVison, Bellevue, WA) pumped by a Nd:YAG laser (Continuum Surelite II)
running at 10 Hz. The irradiation time was 500 ms in both experiments.
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Fig. S2 Performance of different levels of theory in the simulation of the experimental IRMPD
spectrum of the St-1 conformer of [sSer-H]- ion. Two functionals (B3LYP and M06-2X) and
different basis sets were tested. The employed scale factors are reported on the right and were taken
from J. P. Merrick, D. Moran, L. Radom, J. Phys. Chem. A, 2007, 111, 11683-11700 for the B3LYP
functional and from I. M. Alecu, J. Zheng, Y. Zhao, and D. G. Truhlar, J. Chem. Theory Comput,
2010, 6, 2872-2887 for the M06-2X functional. S-O stretching modes were left unscaled. The
experimental spectrum is also reported as a pale trace over the calculated spectra to enable
immediate comparison.
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Fig. S3 Mass spectrum obtained after mass selection of deprotonated O-sulfo-L-serine, [sSer-H]
(m/z 184), in a Bruker Esquire Paul trap mass spectrometer (Esquire 3000+, Bruker Inc.) before
(upper trace) and after (bottom trace) irradiation with CLIO FEL IR radiation at 1206 cm-'. Ion
intensity is in arbitrary units.
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Fig. S4 Mass spectrum obtained after mass selection of protonated O-sulfo-L-serine, [sSer+H]"
(m/z 186), in a Bruker Esquire Paul trap mass spectrometer (Esquire 6000+, Bruker Inc.) before
(upper trace) and after (bottom trace) irradiation with OPO/OPA IR radiation at 3572 cm™'. Ion
intensity is in arbitrary units.
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Fig. S§ Experimental IRMPD spectrum of deprotonated L-serine-O-sulfate [sSer-H]- (bottom, red
line) in the 2900-3700 cm! range, and computed IR spectra (at the M06-2X/6-311+G(d,p) level) of
conformers St-1, St-2, St-3, St-4, St-5. The experimental spectrum is also reported as a pale trace
over the calculated spectra to enable immediate comparison
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Fig. S6 Optimized geometries (at the M06-2X/6-311+G(d,p) level) and relative enthalpy and free
energy (in parentheses) values (at the MP2/aug-cc-pVTZ level) at 298 K (kJ mol!) of [sSer-HJ-
conformers Sz-7, St-8, St-9, St-10, St-11, St-12. Interatomic bond distances, marked by dashed
lines, are given in A.
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Fig. S7 Optimized geometries (at the M06-2X/6-311+G(d,p) level) and relative enthalpy and free
energy (in parentheses) values (at the MP2/aug-cc-pVTZ level) at 298 K (kJ mol!") of [sSer-H]
isomers St-1, ZW-1, Sc-1, C-1. Interatomic bond distances, marked by dashed lines, are given in A.
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Fig S8 Computed IR spectra (at the M06-2X/6-311+G(d,p) level) of deprotonated L-serine-O-
sulfate [sSer-H]- of conformers S#-6, S#-7, St-8, St-9. The experimental spectrum is also reported as
a pale trace over the calculated spectra to enable immediate comparison.
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Fig. S9 Computed IR spectra (at the M06-2X/6-311+G(d,p) level) of deprotonated L-serine-O-
sulfate [sSer-H]- of conformers Sz-10, S#-11, Sz-12. The experimental spectrum is also reported as a
pale trace over the calculated spectra to enable immediate comparison.
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Fig. S10 Averaged spectrum of deprotonated L-serine-O-sulfate [sSer-H]- (bottom), computed by
considering contributions from all thermally accessible conformers, according to their enthalpy
values, and computed IR spectra (at the M06-2X/6-311+G(d,p) level) of isomers , ZW-1, Sc-1, C-
1. The experimental spectrum is also reported as a pale trace over the calculated spectra to enable
immediate comparison.
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Fig. S11 Averaged spectrum of deprotonated L-serine-O-sulfate [sSer-H], computed by
considering contributions from all thermally accessible conformers, according to their relative free
energy values. The experimental spectrum (red line) is also reported to enable immediate
comparison.
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Fig. S12 Optimized geometries (at the M06-2X/6-311+G(d,p) level) and relative enthalpy and free
energy (in parentheses) values (at the MP2/aug-cc-pVTZ level) at 298 K (kJ mol!) of [sSer+H]*

isomers Ne-1, N#-1, CO-1, SOH-1. Interatomic bond distances, marked by dashed lines, are given
in A.
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Fig. S13 Averaged spectrum of protonated L-serine-O-sulfate [sSer+H]*, computed by considering
contributions from all thermally accessible conformers, according to their relative free energy
values. The experimental spectrum (red line) is also reported to enable immediate comparison.
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Fig. S14 Computed IR spectra (at the M06-2X/6-311+G(d,p) level) of conformers Nec-1, Ne-2, Ne-
3, and Nc¢-4 of protonated L-serine-O-sulfate [sSer+H]*. The experimental spectrum is also reported
as a pale trace over the calculated spectra to enable immediate comparison.
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Fig S15 Computed IR spectra (at the M06-2X/6-311+G(d,p) level) of isomers Ne-1, N#-1, CO-
1,and SOH-1of protonated L-serine-O-sulfate [sSer+H]", . The experimental spectrum is also
reported as a pale trace over the calculated spectra to enable immediate comparison.



Table S1 Thermodynamic data for the lowest energy conformers and isomers of protonated L-
serineO-sulfate [sSer+H]* and deprotonated serine O-sulfate [sSer-H] calculated at the MP2/aug-
cc-pVTZ//M06-2X/6-311+G(d,p) level of theory.

Species Elal AH® "] AG® "]
[sSer-H] ¢!
St-1 -1020.9493352 1.3 0.0
St-2 -1020.9491817 0.9 1.4
St-3 -1020.9486690 1.2 1.7
St-4 -1020.9495971 0.0 2.4
St-5 -1020.9493780 1.3 3.8
St-6 -1020.9492278 2.6 4.4
St-7 -1020.9480738 4.0 6.0
St-8 -1020.9470883 7.2 6.2
St-9 -1020.9479653 6.1 6.8
St-10 -1020.9471888 6.6 8.9
St-11 -1020.9452248 12.6 10.8
St-12 -1020.9463974 9.5 11.5
ZW-1 -1020.9439189 12.9 14.4
Sc-1 -1020.9364080 35.2 31.0
C1 -1020.8883356 157.6 149.2
[sSer+H]*d]
Nc-1 -1021.7889787 0.0 0.0
Nc-2 -1021.7875554 39 1.9
Nc-3 -1021.7853213 9.6 8.2
Nc-4 -1021.7851752 11.2 11.7
Nz-1 -1021.7733948 40.3 39.2
CO-1 -1021.7404103 123.1 121.4
SOH-1 -1021.7179370 177.8 168.7

(a) Electronic energy at 0 K in Hartree/particle.

(b) Relative enthalpies (AH®,j) and Gibbs free energies (AG®) at 298 K in kJ mol-!.
(c) Optimized structures depicted in Fig. 2 and Fig. S6 and S7.

(d) Optimized structures depicted in Fig 6 and Fig. S12.



Table S2 Selected dihedral angles (°) of low-lying conformers (St-1, S#-2, St-3, St-4, S¢-5, St-6, St-
7, St-8, St-9, St-10, St-11, St-12) of deprotonated L-serine-O-sulfate [sSer-H]-, calculated at the
M06-2X/6-311+G(d,p) level of theory.

O(H)CIC2N C2C30S C1C2C30 C30S0
St-1 -6.8° 114.3° 171.3° -59.8°
St-2 169.6° -88.9° 128.0° 52.0°
St-3 -139.2° 134.5° -65.6° 134.5°
St-4 -44.7° -80.5° -42.5° 76.1°
St-5 -50.4° -72.0° -51.8° 84.5°
St-6 10.3° 68.3° 158.5° 33.1°
S¢-7 164.3° -90.2° 131.6° 50.3°
St-8 -2.8° -115.5° -68.7° 64.7°
St-9 16.1° -64.5° -167.8° 81.7°
S¢-10 -41.2° 77.1° -99.1° -78.8°
St-11 -79.1° -114.5° -52.9° 65.7°

St-12 -62.7° 94.1° -124.4° -55.0°



Table S3 Selected dihedral angles (°) of low-lying conformers (Nc-1, Nc-2, Ne-3, Ne-4) of
protonated L-serine-O-sulfate [sSer+H]*, calculated at the M06-2X/6-311+G(d,p) level of theory.

Ne-1

Nec-2

Nec-3

Nc-4

C2C30S

-100.5°

102.9°

-103.7°

-64.0°

C1C2C30

-43.8°

168.4°

-48.2°

-160.9°

C30S0

43.3°

-44.4°

71.9°

82.8°

OSOH

-92.0°

93.8°

-82.3°

83.8°
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