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ACPh-wt MAEGNTLISVDYEIFGKVQGVFFRKHTQAEGKKLGLVGHWVQNTDRGTVQGOLOGPTSKVRHMOEWLETRGSPKSHI DKANFNNEKVI LKLDYSDFQTIVK
ACPh-des MAEGNTLISVDYEIFGKVQGVFFRKHTQAEGKKLGLVGWVQNTDRGTVQGKLOGP ISKVREMOKWLETRGSPESHI DKANFKNEKVILKLDYSDFQIVK

ADAZh-wt MDQVLEIVPSNEEQIKNLLQLEAQEHLQLDFWKSPTTPGETAHVRVPFVNVQAVKVFLESQGIAYSIMIEDVQ
ADA2h-des MDEVLEIVPSNEEQIKNLLOLEAQEHLOLDFWKSPTTPGETAEVRVPFVNVQAVKVFLESQGIAYKIKIERVQ

TnEII-wt MRLDAPSQIEVKDVIDTTALITWFKPLAEIDGIELTFGIKDVPGDRTTIDLTEDENQFS IGNLKPDTEFEVSLISRRGDMSSNPAKETFTTGA
TnfII-des MRLDAPSKIEVKDVIDTTAKITWFKPLAEIDGIELTFGIKDVPGDRTTIKLTEDENQFSIGNLKPDTEFEVSLISRRGDMSSNPAKETFRTGA

UlA-wt MAVPETRPNHTIYINNLNEKIKKDELKKSLHAIFSRFGQILDILVSRSLKMRGQAFVIFKEVSSATNALRSMOGFPFYDKPMRIQYAKTDSDI TAKM
UlA-des MAVPETRENHTIYIENLNEKIKKDELKKSLHAIFSRFGEILDILVSRSLKMRGQAFVIFKEVSSATEALRSMOGFPFYDKPMRIKYAKTDSDI IAKM

Fig. S1. Cartoon structure showing different topologies of four studied proteins and the sequence comparison for WT and des protein pairs. ACPh—PDB ID
code: 2ACY (1), ADA2h—PDB ID code: 1AYE (2), Tnflll—PDB ID code: 1TEN (3), U1A—PDB ID code: TURN (4). Charged residues are color coded: magenta—acidic
residues, blue—basic residues. The positions that were substituted in the des variants are shown in space-filling representation. The sequence alignment of the
WT and des proteins shows substituted residues in red font.
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Fig. S2. Comparison of the energies of charge-charge interactions in the WT and des sequences ACPh, ADA2h, Tnflll, and U1A in the native state. Each bar
corresponds to the total energy of charge—charge interactions of that residue with all other ionizable residues in the protein. Black and green bars are for the
Wt proteins, and red and yellow bars are for the des variants. The black and red bars show the original TKSA (Tanford-Kirkwood model with solvent ac-
cessibility) energies calculated using all-atom models (1, 2). The green and yellow bars show the Debye-Huckel (DH; see Eq. 5 of the main text) energies
calculated from the Ca-SBM ensemble. The numbers on each plot represent the sum of all charge-charge interactions and clearly show that whether TKSA or
DH energy is used, the des proteins have more optimized energy than the corresponding wt proteins.
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Fig. S3. Plots of distances between pairs of charged residues in the native state ensemble, R;; native, versus distances in the unfolded state ensemble, R;;
unfolded. Black symbols are for the WT proteins and red symbols for the des proteins. Filled symbols are for the oppositely charged pairs whereas open symbols
are for pairs with the same charge. The majority of data points are above the diagonal, suggesting that the distances between charged pairs increase in the
unfolded state relative to the native state. Those data points that are below the diagonal are at the distances over 15 A. The 15 A in the Ca-SBM can be
considered as maximal possible distance for the potential salt-bridge formation, based on the calculated maximum distance between the Ca atoms of longest
side chains forming a salt bridge (e.g., Glu and Lys) in all-atom representation. This comes to about ~15 A: 4 A for a salt bridge plus 5 A distance from Ca to
carboxyl carbon of Glu side chain plus 6 A distance from Ca to nitrogen of Lys side chain. These data support the notion that there are no stable native or
nonnative “salt bridges” in the unfolded state ensemble.
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Fig. S4. Dependence of the Debye-Huickel (see Eq. 5 of the main text) energies on Q for the four studied proteins pairs. Colors are the same as in Fig. 3 of the
main text. These dependencies provide clear indication that the des sequences are stabilized through long-range charge-charge interactions relative to the WT
proteins.
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Fig. S5. Dependence of <Qi> on Q for the four studied proteins pairs. Colors are the same as in Fig. 3 of the main text.
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Fig. 6. Distribution of radii of gyration Ry as a function of fraction of native contacts Q shows that in the unfolded state the des proteins are more compact
than the corresponding WT proteins. Protein identifiers are shown above each plot.
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Fig. 7. Contribution of the enthalpy (AH) and entropy (-TAS) change for the folded state and for the unfolded state of the des variants relative to the
corresponding WT proteins. Enthalpies and entropies were calculated using WHAM by combining simulation data from different temperatures into single free-
energy profiles (1). Comparison is done at the T values for the WT proteins. No common enthalpic or entropic stabilization signature for the four studied
proteins is observed, which emphasizes that salt bridges in the native or unfolded states are not responsible for the observed stabilization.
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