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In this study, the following systems were studied:
	


	№
	counterion
	force field
	polyamino acid
	№
	counterion
	force field
	polyamino acid

	1
	Na+
	opls
	PGA
	25
	Na+
	opls
	PASA

	2
	K+
	
	
	26
	K+
	
	

	3
	Na+
	amber99sb-ildn
	
	27
	Na+
	amber99sb-ildn
	

	4
	K+
	
	
	28
	K+
	
	

	5
	Na+
	amber99sb-ildn (ECC)
	
	29
	Na+
	amber99sb-ildn (ECC)
	

	6
	K+
	
	
	30
	K+
	
	

	7
	Na+
	charmm27
	
	31
	Na+
	charmm27
	

	8
	K+
	
	
	32
	K+
	
	

	9
	Na+
	charmm22*
	
	33
	Na+
	charmm22*
	

	10
	K+
	
	
	34
	K+
	
	

	11
	Na+
	charmm36m
	
	35
	Na+
	charmm36m
	

	12
	K+
	
	
	36
	K+
	
	

	13
	Na+
	charmm36m (NBFIX)
	
	37
	Na+
	charmm36m (NBFIX)
	

	14
	K+
	
	
	38
	K+
	
	

	15
	Na+
	charmm36m (ECC)
	
	39
	Na+
	charmm36m (ECC)
	

	16
	K+
	
	
	40
	K+
	
	

	17
	Na+
	amber14sb
	
	41
	Na+
	amber14sb
	

	18
	K+
	
	
	42
	K+
	
	

	19
	Na+
	amber14sb (ECC)
	
	43
	Na+
	amber14sb (ECC)
	

	20
	K+
	
	
	44
	K+
	
	

	21
	Na+
	amber fb15
	
	45
	Na+
	amber fb15
	

	22
	K+
	
	
	46
	K+
	
	

	23
	Na+
	amber fb15 (ECC)
	
	47
	Na+
	amber fb15 (ECC)
	

	24
	K+
	
	
	48
	K+
	
	


 Table S1. List of simulated systems
Ramachandran maps for PASA and PGA. 
Ramachandran plots obtained below in Figures S1 and S2 demonstrate the differences in the conformational space populations for PASA (Figure S1) and PGA (Figure S2). 
[image: ]
[bookmark: _Hlk90303722]Figure S1. PASA Ramachandran plots. Red dots – experimental data adapted from Ref. [1]
[image: ]
[bookmark: _gjdgxs][bookmark: _Hlk90303738]Figure S2. PGA Ramachandran plots. Red dots – experimental data adapted from Ref. [1].

Integration areas of Ramachandran plots allocated for calculation of the conformational fractions.
In Figure S3, the integration areas for PASA Ramachandran plots obtained with AMBER force fields are presented as an example. For PGA, the integration areas are the same.
[image: C:\Users\luk\AppData\Local\Temp\S3.png]
[bookmark: _Hlk90303760]Figure S3. The integration areas of Ramachandran maps obtained for PASA by using AMBER force fields: a) FF99SB-ILDN, b) FF14SB and c) FF-FB15. The areas of dihedral angles related to specific peptide conformations are shown as follows: 0 –  αR helix, 1 – additional screw, 2 – PPII helix, 3 – β sheet, 4 – φ > 0° (mostly left handed α helix).


The calculated fractions of PASA and PGA monomer conformations are presented below in Tables S2 and S3, respectively.

[bookmark: _Hlk90303790]Table S2. The fractions of PASA monomer conformations. The values in agreement with experiments are indicated in green color. Additional screw conformations are named add. scr. Force fields for which 3.10 were estimated are indicated in blue color.
	
	K+
	Na+

	
	α
	3.10, add. scr.
	PPII
	β
	α
	3.10,
add.scr.
	PPII
	β

	Experiment [2]
	0.05
	---------
	0.49
	0.46
	0.05
	--------
	0.49
	0.46

	FF99sb-ildn
	0.13±0.02
	0.15±0.02
	0.30±0.02
	0.41±0.02
	0.24±0.03
	0.15±0.03
	0.25±0.02
	0.33±0.04

	FF99sb-ildn ECC
	0.31±0.03
	0.21±0.02
	0.18±0.02
	0.23±0.02
	0.34±0.03
	0.16±0.04
	0.19±0.03
	0.27±0.03

	FF14sb
	0.04±0.01
	0.09±0.02
	0.25±0.02
	0.61±0.02
	0.06±0.02
	0.15±0.03
	0.24±0.02
	0.52±0.03

	FF14sb ECC
	0.03±0.01
	0.10±0.02
	0.24±0.01
	0.62±0.02
	0.04±0.01
	0.10±0.02
	0.24±0.02
	0.62±0.02

	FF fb15
	0.10±0.02
	0.20±0.03
	0.14±0.02
	0.51±0.06
	0.13±0.04
	0.20±0.03
	0.14±0.02
	0.47±0.06

	FF fb15 ECC
	0.19±0.04
	0.26±0.02
	0.10±0.0
	0.42±0.04
	0.27±0.05
	0.26±0.04
	0.12±0.03
	0.27±0.04

	C22*
	0.12±0.02
	0.07±0.01
	0.72±0.03
	0.09±0.01
	0.18±0.03
	0.08±0.01
	0.64±0.05
	0.10±0.01

	C27
	0.20±0.07
	0.11±0.02
	0.54±0.06
	0.13±0.02
	0.24±0.03
	0.16±0.02
	0.37±0.08
	0.21±0.05

	C36m#
	0.06±0.01
	0.06±0.02
	0.77±0.03
	0.08±0.01
	0.10±0.01
	0.09±0.02
	0.63±0.05
	0.15±0.03

	C36m# ECC
	0.07±0.01
	0.06±0.01
	0.76±0.03
	0.08±0.01
	0.06±0.02
	0.06±0.01
	0.77±0.03
	0.09±0.01

	C36m# NBFIX
	0.06±0.01
	0.06±0.02
	0.77±0.03
	0.08±0.01
	0.06±0.01
	0.05±0.02
	0.79±0.02
	0.08±0.01

	OPLS
	0.18±0.09
	0.05±0.01
	0.42±0.05
	0.34±0.04
	0.15±0.07
	0.05±0.01
	0.52±0.05
	0.28±0.03






[bookmark: _Hlk90303801]Table S3. The fractions of PGA monomer conformations. The values in agreement with experiments are indicated in green color. Additional screw conformations are named add. scr. Force fields for which 3.10 were estimated are indicated in blue color
	
	K+
	 Na+

	
	α
	3.10,
add. scr.
	PPII
	β
	α
	3.10,
add. scr.
	PPII
	β

	Experiment 
	[3]
	0.05
	0.09
	0.4
	0.26
	0.05
	0.09
	0.4
	0.26

	
	[4]
	0.08
	
	0.54
	0.48
	0.08
	
	0.54
	0.48

	FF99sb-ildn
	0.25±0.03
	0.19±0.02
	0.25±0.03
	0.30±0.03
	0.27±0.05
	0.19±0.02
	0.24±0.04
	0.29±0.03

	FF99sb-ildn ECC
	0.39±0.06
	0.20±0.02
	0.17±0.04
	0.20±0.04
	0.44±0.04
	0.23±0.03
	0.14±0.02
	0.17±0.02

	FF14sb
	0.04±0.01
	0.08±0.02
	0.29±0.02
	0.58±0.02
	0.07±0.02
	0.11±0.01
	0.23±0.02
	0.59±0.02

	FF14sb ECC
	0.05±0.01
	0.11±0.03
	0.28±0.02
	0.54±0.03
	0.05±0.01
	0.09±0.02
	0.28±0.02
	0.56±0.03

	FF fb15
	0.22±0.05
	0.17±0.03
	0.32±0.05
	0.29±0.02
	0.24±0.05
	0.16±0.03
	0.28±0.06
	0.30±0.02

	FF fb15 ECC
	0.31±0.07
	0.23±0.04
	0.18±0.03
	0.26±0.04
	0.37±0.08
	0.21±0.03
	0.16±0.04
	0.24±0.04

	C22*
	0.12±0.02
	0.09±0.01
	0.61±0.04
	0.17±0.01
	0.16±0.03
	0.11±0.02
	0.55±0.04
	0.16±0.01

	C27
	0.18±0.08
	0.11±0.02
	0.44±0.06
	0.22±0.03
	0.28±0.03
	0.19±0.02
	0.24±0.04
	0.19±0.05

	C36m#
	0.02±0.01
	0.03±0.01
	0.79±0.02
	0.13±0.01
	0.03±0.01
	0.04±0.01
	0.77±0.04
	0.13±0.01

	C36m# ECC
	0.04±0.01
	0.05±0.01
	0.74±0.03
	0.14±0.01
	0.04±0.01
	0.05±0.01
	0.79±0.03
	0.13±0.01

	C36m# NBFIX
	0.02±0.01
	0.03±0.01
	0.80±0.03
	0.13±0.01
	0.03±0.01
	0.04±0.01
	0.75±0.03
	0.13±0.01

	OPLS
	0.06±0.02
	0.02±0.00
	0.72±0.03
	0.19±0.01
	0.09±0.02
	0.02±0.01
	0.65±0.03
	0.23±0.01





Procedure for estimation of the fractions of carboxyl groups involved in the Na+ bridges formation. 
The coordination of a counterion with at least of two oxygens belonging to different carboxyl groups was considered as a counterion bridge. The fraction of bridges was calculated as the difference between the average number of carboxyl groups coordinated with an ion (divided by the number of carboxyl groups) (νcarb) and the fraction of adsorbed ions (νads)
νrb = νcarb - νads 										(S1)
The average number of carboxyl groups coordinated with an ion was estimated the same way as the fraction of adsorbed ions. 
Molecular fragments with different lengths consisting of monomers with the same conformation (“regular regions”).
The number of the appearances of the molecular fragments of different lengths with the same conformations of monomers along the trajectory were estimated and presented in Figures S4 and S5.

[image: ]
[bookmark: _Hlk90303838]Figure S4. Number of the cases of the molecular fragments of different lengths with the same conformations of monomers observed along the PASA simulation trajectory. a), b), c) simulation with K+ counterions; d), e), f) simulation with Na+ counterions. a), d) right-handed α helix; b), e) -sheet; c), f) PPII helix.

[image: ]
[bookmark: _Hlk90303853]Figure S5 Number of the cases of the molecular fragments of different lengths with the same conformations of monomers observed along the PGA simulation trajectory. a), b), c) simulation with K+ counter ions; d), e), f) simulation with Na+ counter ions. a), d) right-handed α-helix; b), e) b-sheet; c), f) PPII helix.


Fractions of different conformations in PASA and PGA molecules.
Calculated from the Ramachandran maps, the fractions of the different conformations in PASA and PGA molecules with Na+ and K+ counterions obtained for the different force fields are presented for clarity in graphs in Figure S6. This gives the additional information to Figure 9 in the main text. 

[image: ]
[bookmark: _Hlk90303870][bookmark: _Hlk90303875]Figure S6. Fractions of different conformations in a), b) PASA and c), d) PGA molecules; with a),c) K+ and b), d) Na+ counterions for different force fields.


Autocorrelation functions


[image: C:\Users\luk\AppData\Local\Temp\S7.tif]
[bookmark: _Hlk90303891]Figure S7. Autocorrelation functions of the time dependence of the end-end distance for all considered systems.


[image: C:\Users\luk\AppData\Local\Temp\S8-1.tif]
[bookmark: _Hlk90303904]Figure S8. Autocorrelation functions of the Ψ and Φ dihedral angles for all considered systems.
Φ, Ψ peptidic dihedral angle autocorrelation functions
The Φ, Ψ peptidic dihedral angle autocorrelation functions in Figure S8 reflect the dynamics of the transitions inside the allowed conformational areas and between them (Figures S1 and S2). The dihedral autocorrelation functions for PASA and PGA decay from <0.1 ns to hundreds or even thousands of nanoseconds due to the dynamical processes involving backbone and side-chain local motions, backbone segmental dynamics, long-range correlated dynamics, and other processes [5–7].
The dynamics of the Φ angles is restricted in most cases and the autocorrelation function behavior demonstrates weak dependence on the force field and counterion type (Figure S8). The regions in the Ramachandran plots for Φ (see Figures S1 and S2) are narrow and only restricted fluctuations near the strongly stabilized PPII or α-helical conformations are possible. It affects the autocorrelation functions of Φ angles and its relaxation times (see Figure S8b) The exception is FB99SB-ILDN (with and without ECC) for PASA only. Probably this is due to the improvements for the side-chain torsion potentials for aspartic acid to achieve better than FF99SB agreement with experiment [8]. FF99SB-ILDN gives for PASA a significantly wider distribution for angle Φ and quicker decay of the autocorrelation curve. 
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