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Force Fields Families
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Figure S1: Documents published from 1994 to 2025 that reported the name of the FF family
in one of the research fields. The analysis was conducted using Scopus on 6 February 2026.



AMBER Force Fields and Water Models
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Figure S2: Schematic overview of force fields, highlighting with different colors the wa-
ter model usually used to perform MD simulations: in red TIP3P/M in dark green
TIP4P-Ew,2 in light cyan SPC/E,® in blue TIP4P/2005,% in yellow TIP4P-D)% in
dark cyan SPC/E,% in light green a99SB-disp,” in violet OPC.® References for FFs:
94,9 196,10 ffo4gs 1 fF-FB1512 ff14ipq, 3 ff15ipq, ¥ 199,15 994 16 0317 03w 18
ff03* 22 ff03cmap,2 ff03ws, 2! ff99SB,22 ff99SB-¢,23 RSFF2,2¥ RSFF2C,28 RSFF2+ 26
ff99SBnmrl,,27 f99sbnmrl-ILDN 2728 ff99SBnmr2,2? f99SB* 19 ff99SB-ILDN 28 ff99SB*-
ILDN 1928 f99sh*-ILDN-Q,59 ff99sb-ws, 2 ff99SBIDPs,%!' a99sb-disp,” DES-AMBER,32
ff14SB,53 ff19SB 3 ff24EXP-GA 5% ff14IDPs 0 ff14IDPSFF 57 ESFF1.58

Information for the Repository Navigation

The repository https://marinamacchiagodena.github.io/ AMBERFFs-WaterModels/ contains

the results of the analysis for all 95 FF-water model combinations. The following Figures
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S3-S6 provide navigation information.

AMBERFFs-WaterModels

Comparative Study of Folded/Unfolded Peptide Dynamics with
Modern AMBER Force Fields and Water Models
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On this page we present the results of a comparative study in which 95 combinations of AMBER Force Fields and water models are used to
simulate 4 different peptides performing Molecular Dynamics (MD) simulations. The four peptides have different secondary structures, and
we verify which Force Field-Water Model combination better reproduces the experimental arrangment.

To visualize the results, it is necessary to select a Peptide, a Force Field and a Water Model HERE . /

Details about the studied systems and the performed analysis can be found in this paper . The peptides studied have the following

characteristics:
Peptide PDB Code Sequence Motif % Deposited % Water
H1 1DJF QAPAYKKAAKKLAES a-helix 73% 5%
H2 L2y NLYIQWLKDGGPSSGRPPPS a-helix 35% 35%
B1 2GB1(2-19) TYKLILNGKTLKGETTTE B-hairpin 55% 5%
B2 2GB1(41-56) GEWTYDDATKTFTVTE B-hairpin 62% 25%

The five Force Fields tested are:

o ffo9SB-ILDN , ff14SB, ff19SB , ff-FB15, and ff15ipq with the nineteen Water Models:
o SPC, TIP3P, SPC/E, TIP3P-Ew, SPC/Eb, TIP3P-FB, SPC/e, OPC3, TIP3P-ST;

o TIP4P, TIP4P-Ew, TIP4P/2005, TIP4P-FB, OPC, TIP4P/e, TIP4P-D, a99SB-disp, TIP4P-ST, and TIP4P-BG.

Michele Casoria, Marina Macchiagodena, Anna Maria Papini, Claudia Andreini, Marco Pagliai,Piero Procacci
Dipartimento di Chimica “Ugo Schiff”, Universita degli Studi di Firenze, Via della Lastruccia 3, 50019 Sesto Fiorentino, Italy
If you have any questions, please feel free to contact the authors,

Figure S3: Main page. To choose the results, it is necessary to select the page indicated
with an arrow.



Select a Peptide, an AMBER Force Field, and a Water Model to visualize the results.

PEPTIDE FORCE FIELD WATER MODEL

SPC TIP4P

FF99SB-ILDN

TIP3P TIP4P-Ew

fF14SB

SPC/E

TIP4P/2005

TIP3P-Ew TIP4P-FB

FF15ipq

FB15

TIP3P-FB TIP4P/e

SPC/e TIP4P-D

OPC3 a99SB-disp

w
Q’\l/\

TIP3P-ST TIP4P-ST

B1 B-hairpin

TIP4P-BG

e
.
D

B2 B-hairpin

lI

Figure S4: In this page, we can select the system and the FF-water model combination of
interest.



H1 | ff19SB | SPC-E_b

DSSP Unfolding Process DSSE

Define Secondary Structure of Proteins
calculated from the 15 MD simulations
of 20 ns each (300 ns in total). Color

Code: blue, o-helix; green, bent; yellow,
turn; violet, ri-helix; gray: 3-helix; white,

coil; red, B-strand; black: B-bridge.

Unfolding process calculated for the five
FFs-TIP4P-D water model
combinations by averaging the DSSP
results of the 15 MD simulations, each
of 20 ns. On the y-axis, the percentage
of helicity/B-strand, and on the x-axis,
the time in ns. In blue, ff99SB-ILDN; in
green, fi-FB15; in yellow, ff15ipq; in red,
ff14SB; and in violet, ff19SB. The shade
area represents the error computed
with bootstrap resampling.

DSSP-based Secondary Structure
Entropy calculated from 15 repetitions
with the five FFs-TIP4P-D water model
combinations: in blue, ff39SB-ILDN; in
green, ff-FB15; in yellow, ff15ipq; in red,

f14SB: and in violet, ff19SB. The shade
area represents the error computed
with bootstrap resampling.

Please select an analysis to view the PDF.

Heatmap showing the deviation of the
final o-helix/B-strand content (in \%)
from the experimental findings using

different FF-water model combinations.

Agreement with experiment increases

with the intensity of color.

Figure S5: Once the triad system—FF-water model has been selected, a new page displaying

the results is opened.



H1 | ff19SB | SPC-E_b

DSSP Unfolding Process DSSE

Define Secondary Structure of Proteins
calculated from the 15 MD simulations
of 20 ns each (300 ns in total). Color
Code: blue, o-helix; green, bent; yellow,
turn; violet, m-helix; gray: 3-helix; white,
coil; red, B-strand; black: B-bridge.

Unfolding process calculated for the five
FFs-TIP4P-D water model
combinations by averaging the DSSP
results of the 15 MD simulations, each
of 20 ns. On the y-axis, the percentage
of helicity/p-strand, and on the x-axis,
the time in ns. In blue, ff39SB-ILDN; in
green, ff-FB15; in yellow, ff15ipq; in red,
f14SB; and in violet, fi19SB. The shade
area represents the error computed
with bootstrap resampling.

DSSP-based Secondary Structure
Entropy calculated from 15 repetitions
with the five FFs-TIP4P-D water model
combinations: in blue, ff39SB-ILDN; in
green, ff-FB15; in yellow, ff15ipq; in red,
f14SB; and in violet, fi19SB. The shade
area represents the error computed
with bootstrap resampling.

Heatmap showing the deviation of the
final a-helix/B-strand content (in \%)
from the experimental findings using

different FF-water model combinations.

Agreement with experiment increases

with the intensity of color.
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Figure S6: An example of the DSSE results for H1-ff19SB-SPC-E_b combination.



Secondary-structure Composition
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Figure S7: Secondary-structure composition of peptides H1, H2, B1, and B2 obtained from
DSSP analysis at the final simulation time using the ff99SB-ILDN force field. Stacked bars
report the percentage of residues assigned to each secondary-structure class (a-helix, 310-
helix, 7-helix, f-strand, S-bridge, turn, bend, and coil) across different water models. Values
are averaged over 15 replicas and normalized to 100%. Color code: white, coil; red, S-strand;
green, bend; yellow, turn; violet, m-helix; black, S-bridge.
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Figure S8: Secondary-structure composition of peptides H1, H2, B1, and B2 obtained from
DSSP analysis at the final simulation time using the ff14SB force field. Stacked bars report
the percentage of residues assigned to each secondary-structure class (a-helix, 3;o-helix, 7-
helix, f-strand, S-bridge, turn, bend, and coil) across different water models. Values are
averaged over 15 replicas and normalized to 100%. Color code: white, coil; red, S-strand;
green, bend; yellow, turn; violet, m-helix; black, S-bridge.
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Figure S9: Secondary-structure composition of peptides H1, H2, B1, and B2 obtained from
DSSP analysis at the final simulation time using the ff15ipq force field. Stacked bars report
the percentage of residues assigned to each secondary-structure class (a-helix, 3;o-helix, 7-
helix, f-strand, S-bridge, turn, bend, and coil) across different water models. Values are
averaged over 15 replicas and normalized to 100%. Color code: white, coil; red, S-strand;
green, bend; yellow, turn; violet, m-helix; black, S-bridge.
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Figure S10: Secondary-structure composition of peptides H1, H2, B1, and B2 obtained from
DSSP analysis at the final simulation time using the ff-FB15 force field. Stacked bars report
the percentage of residues assigned to each secondary-structure class (a-helix, 3;o-helix, 7-
helix, f-strand, S-bridge, turn, bend, and coil) across different water models. Values are
averaged over 15 replicas and normalized to 100%. Color code: white, coil; red, S-strand;
green, bend; yellow, turn; violet, m-helix; black, S-bridge.
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Figure S11: Secondary-structure composition of peptides H1, H2, B1, and B2 obtained from
DSSP analysis at the final simulation time using the ff19SB force field. Stacked bars report
the percentage of residues assigned to each secondary-structure class (a-helix, 3;o-helix, 7-
helix, f-strand, S-bridge, turn, bend, and coil) across different water models. Values are
averaged over 15 replicas and normalized to 100%. Color code: white, coil; red, S-strand;

green, bend; yellow, turn; violet, m-helix; black, S-bridge.
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Analysis for B1 and B2 at Higher Temperature (340 K)
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Figure S12: a: B1 DSSP calculated from 15 MD simulations of 50 ns each (750 ns in total),
with ff15ipg-TIP4P-D water model combination. Color Code: white, coil; red, S-strand;
green, bent; yellow, turn; violet, w-helix; black: S-bridge. (Caption continues on next page.)
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Figure S12: (Continued) b: B1 DSSE calculated from the 15 MD with the five FFs-TIP4P-
D water model combinations: in blue, ff99SB-ILDN; in green, f-FB15; in yellow, ff15ipq;
in red, ff14SB; and in violet, ff19SB. The shaded area represents the error computed with
bootstrap resampling. c¢: B1 unfolding process calculated for the five FFs-TIP4P-D water
model combinations by averaging the DSSP results of the 15 MD simulations. On the y-axis,
the percentage of 5-sheet, and on the x-axis, the time in ns. In blue, ff99SB-ILDN; in green,
f-FB15; in yellow, ff15ipq; in red, ff14SB; and in violet, ff19SB. The shaded area represents
the error computed with bootstrap resampling. d: B1 heatmap showing the deviation of the
final B-sheet content (in %) from the experimental findings. Agreement with the experiment
increases with the intensity of the red color. e: Secondary-structure composition of peptide
B1 obtained from DSSP analysis at the final simulation time using all FFs combined with
TIP4P-D water model. Stacked bars report the percentage of residues assigned to each
secondary-structure class (a-helix, 310-helix, 7-helix, S-strand, S-bridge, turn, bend, and
coil) across different water models. Values are averaged over 15 replicas and normalized to
100%. Color code: white, coil; red, S-strand; green, bend; yellow, turn; violet, w-helix; black,
[-bridge, blue, a-helix; gray: 3-helix.
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Figure S13: a: B2 DSSP calculated from 15 MD simulations of 50 ns each (750 ns in total),
with ff15ipg-TIP4P-D water model combination. Color Code: white, coil; red, [-strand;
green, bent; yellow, turn; violet, m-helix; black: S-bridge. (Caption continues on next page.)
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Figure S13: (Continued) b: B2 DSSE calculated from the 15 MD with the five FFs-TIP4P-
D water model combinations: in blue, ff99SB-ILDN; in green, f-FB15; in yellow, ff15ipq;
in red, ff14SB; and in violet, ff19SB. The shaded area represents the error computed with
bootstrap resampling. c¢: B2 unfolding process calculated for the five FFs-TIP4P-D water
model combinations by averaging the DSSP results of the 15 MD simulations. On the y-axis,
the percentage of 5-sheet, and on the x-axis, the time in ns. In blue, ff99SB-ILDN; in green,
f-FB15; in yellow, ff15ipq; in red, ff14SB; and in violet, ff19SB. The shaded area represents
the error computed with bootstrap resampling. d: B2 heatmap showing the deviation of the
final B-sheet content (in %) from the experimental findings. Agreement with the experiment
increases with the intensity of the red color. e: Secondary-structure composition of peptide
B2 obtained from DSSP analysis at the final simulation time using all FFs combined with
TIP4P-D water model. Stacked bars report the percentage of residues assigned to each
secondary-structure class (a-helix, 310-helix, 7-helix, S-strand, S-bridge, turn, bend, and
coil) across different water models. Values are averaged over 15 replicas and normalized to
100%. Color code: white, coil; red, S-strand; green, bend; yellow, turn; violet, w-helix; black,
[-bridge, blue, a-helix; gray: 3-helix.
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Water Models

Table S1: Parameters of the 3-site water models used in the present benchmark. All values
are rounded to the same number of decimal places.

Model Year dor [A] bon [°] qo le] oo [nm] eo [kJ/mol]
SPCH# 1981 1.0000 109.47 -0.82000 0.31660 0.65000
TIP3P! 1983 0.9572 104.52 -0.83400 0.31508 0.63639
SPC/E® 1987 1.0000 109.47 -0.84760 0.31660 0.65000
TIP3P-Ew 2004 0.9572 104.52 -0.83000 0.31880 0.42677
SPC/Ey” 2012 1.0100 109.47 -0.84760 0.31658 0.64978
TIP3P-FB% 2014 1.0118 108.15 -0.84844 0.31780 0.65214
SPC /4 2015 1.0000 109.45 -0.89000 0.31785 0.70586
OPC3# 2016 0.9789 109.47 -0.89517 0.31743 0.68370
TIP3P-ST*4 2019 1.0230 108.11 -0.85112 0.31926 0.60191

Table S2: Parameters of the 4-site water models used in the present benchmark. All values
are rounded to the same number of decimal places.

Model Year doy [A]  Oon [7] anm e] dyo [A] 0o nm] o [kJ/mol]

TIP4PY 1983  0.9572 104.52  -1.04000  0.15000  0.31536 0.64852
TIP4P-Ew* 2004  0.9572 104.52  -1.04844  0.12500  0.31644 0.68095
TIP4P/2005% 2005  0.9572 104.52  -1.11280  0.15460  0.31589 0.77490
TIP4P-FB# 2014 0.9572 104.52  -1.05174  0.10527  0.31656 0.74928

OPC® 2014 0.8724 103.60  -1.35828  0.15940  0.31666 0.89036
TIP4P /g4 2014 0.9572 104.52  -1.05400  0.10500  0.31650 0.77325
TIP4P-D°® 2015 0.9572 104.52  -1.16000  0.15460  0.31650 0.93655

a99SB-disp” 2018  0.9572 104.52  -1.18000  0.15460  0.31650 0.99899
TIP4P-ST#* 2019  0.9572 108.11  -1.04344 0.09890  0.31661 0.74030
TIP4P-BG#® 2021  0.9572 104.52  -1.02488  0.12097  0.31640 0.59966
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Figure S14: Radar plot comparison of geometric and electrostatic parameters for three-site
(left) and four-site (right) water models. Values are normalized with respect to the min-max
range of each parameter within the respective group. Parameter ranges: doy € [0.86,0.98] A,
Oon € [103.5,104.62]°, qo € [—1.40,—0.98] e, 0o € [0.30,0.32] nm, ep € [0.54, 1.04] kJ/mol,
dyro € [0.08,0.18] A.

Multivariate Linear Regression Analysis

Table S3: Multivariate linear regression results for 3-site water models. The dependent
variable is defined as the deviation from the average secondary-structure stability of peptides
H1 and B1. Predictors (dipole u, LJ o, LJ €) were standardized before fitting. Reported are
average value (T), standard deviation (o,.), regression coefficients (), standard errors (SEz),
and statistical significance (p-values).

Parameter T O 153 SEz p-value
1 2.434 0.130 6.049 1.731 <0.001
o 0.317 0.001 0.608 0.513 0.236
€ 0.708 0.127 2.162 1.069 0.043
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Table S4: Multivariate linear regression results for 4-site water models. The dependent
variable is defined as the deviation from the average secondary-structure stability of peptides
H1 and B1. Predictors (dipole i, LJ o, LJ €) were standardized before fitting. Reported are
average value (T), standard deviation (o, ), regression coefficients (), standard errors (SEz),
and statistical significance (p-values).

Parameter T Oy 6] SEz p-value
1 2.434 0.130 0.263 0.338 0.437
o 0.317 0.001 2.242 1.277 0.079
€ 0.708 0.127 -3.826 0.595 <0.001
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