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EDS simulations

Enveloping distribution sampling (EDS) simulations'? were conducted in the present work
with the aim to remove a sampling issue related to the use of a dual topology in previous
work,? in which two copies of the side chain are present that do not interact with each other
but with the environment. In many cases, these two copies (one belonging to the native and
one to the ester end state) sampled different conformations at a particular time step leading
to strong solute-solvent overlap and strong modifications of the potential energy landscape
through the need to use a low EDS smoothness parameter (see Table S1 in [3]). Through the
application of distance restraints that keep the two copies of the side chain within the same
conformation (see Table S1), this sampling issue can be removed allowing an EDS smoothness
parameter of unity to be used for all cases. The sampling quality is improved considerably
as demonstrated in Figures S1 to S3 for the case of tri- to heptapepdides (see previous work?
for computational details and Figures S4 to S9 therein for an analysis of sampling quality).
However, as is discussed in the main text of the present work, the use of distance restraints
does not remedy the observed starting structure dependence and might even hamper the
sampling of conformational transitions in the backbone. Therefore, we resorted to a single

topology approach in the present work combined with an enhanced sampling method.
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Table S1: Overview of applied distance restraints between corresponding side
chain atoms of the two non-interacting side chain branches (dual topology ap-
proach) in the EDS simulations. A force constant of 500 kJ mol™! nm~2 and a
zero reference distance was applied for the harmonic restraining potential.

Mutation Residue Type * Restrained Atoms ¢

L7A LEU -
Wllw TRP CD1, CE3, CZ2
E12¢ GLU CB, CG, CD
K13k LYSH CE

R14p ARG CD, NH1, NH2
M15u MET CG, CE
S160 SER -

R17p ARG CD, NH1, NH2
S190 SER -

V22w VAL -

Y234 TYR CG, CEl1, CE2
Y244) TYR CG, CEl1, CE2
F25¢ PHE CG, CE1, CE2
N26v ASN CG

H27n HISA/HISB CG, CD2, CE1
N30v ASN CG
A3la ALA -

S320 SER -

Q336 GLN CB, CG, CD
W34w TRP CD1, CE3, CZ2

% Naming convention of residue types (protonation states) and atoms according to the GROMOS force field.
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Figure S1: Upper panel: Time series of the potential energy differences, sampled from the
EDS reference state simulations in case of tripeptides. The y-axes for all rows cover a range
For improved sampling, distance restraints between atoms
of the two non-interacting copies of the side chains (dual topology approach) were applied,
as specified in Tab. S1. Lower panel: Corresponding energy difference distributions for the
reference state (black), the amide (green) and the ester state (red). Distributions of the two
end states were obtained from reweighting of the reference state distribution.?
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Figure S2: Upper panel: Time series of the potential energy differences, sampled from the
EDS reference state simulations in case of pentapeptides. The y-axes for all rows cover a
range from -2000 to +2000 kJ mol~!. For improved sampling, distance restraints between
atoms of the two non-interacting copies of the side chains (dual topology approach) were
applied, as specified in Tab. S1. Lower panel: Corresponding energy difference distributions
for the reference state (black), the amide (green) and the ester state (red). Distributions of
the two end states were obtained from reweighting of the reference state distribution.?

S5



-1

energy difference/ kd mol

occurence p(AV,AV ;) / au.

0,0025

0,0025

0,0025

0,0025
0,005 }« wMMMMM
N30v
0,0025 M
0]005 il .AMM

0,0025

R14p M15u

A

RI7Tp | :A NM&%
ol o e
AN

N26v

0,005 p

0,005

0,005 -

Q330

01000 o0 1000 -1000 0 1000 1000 0 1000

energy difference AV / kJ mol ™

S6

| | | m
I‘I“.“lill'ﬂl'lwil'-ﬂdw"ﬂ”l”'l"llh II"'“ d lil\‘l’“l"hr o "u"."'l L7A
"Ipm LN |"'F"!H‘|‘li”\'llli\ ‘\"‘HHVI'IN'TI " LRI AL
lllnrid T 1 NS '”" II 'IM i Ukl ) ‘ ” Nllu'lrlu' CRVTT T llﬂ LA ) 0 A f 11 Wl I|I'I|“l‘ il \‘l’ﬁll'l Iﬂ”l‘.‘l'm.ll llj Wllw
”A‘I'"Ivllll[l‘I 'I'I‘ 'Illlu‘ﬂlmll “II Iu. II“IITM Iul\“IH_- El2e
K13k
R14p
L Rl v e 11 ‘ M15u
L L ! lm\ npnre U | | IMIEA
Frrim A g m f LA A Y S160
[] INNITAN Y, L LALLL Ll e o LI LRIV LR J LT LN
:'.'n"'ﬂum'..“uwnm'n’-mﬂn‘amﬂ'mmmmmn—mm Rl?p
W n ) N [ T | W‘HW'
By ety o e e byl S190
1§71 ANV R IRT " [RLIL L W‘"" " wm
.u'I‘Il!l HMI il ) WD b A L b lmuhl P AT Y LTI Hnnlil. ﬂ"ﬂnvmnmu'\'ulh [T 1" T V22w
I! Il | ‘ MM.\H M ll-'l H"IH‘ . 'Illllllll'i'l.lﬂlwHll”lll .‘||I|(.ﬂl.Fll|LII\PM " 'F\l Y23ll_|
| | | I TLET | [} | i [ LI I
.IIJ Hl‘l'ﬂlﬂ' Ill 'lh‘llul'l I'Ir I'l'l' Illl |‘lml"l IlII'J 'IVIFIA"I’I-‘\" III'III'I'.!M'IW Iltl'llllﬂulmlﬂm'-yl‘ Y24"IJ
LCOCOCORCL N L T T RN [ L LT TR R T URECHTE L LLaL R T R AL AIRCITE T I T Flll”llrll' LK L LK F25(p
(AN Y] T YL S e 0y Ty e B Y S SO S T 1O Ol T L ™ T Yy [T
N26v
i T AU TR L DI R LTl T T g N o A AR A SO SO R i LT bR LG s L WL DL T D LT T H27n B
00O 0 L L MY (N 0 N G 1 a0 b L O N ) ek i Wi
1l l.l’\ (1Ll ‘!"l'l'l"ll'“ll"'"'m!“HIIII“IU"W""V TR 1R IS RV VIV I PPN O PP I PP T O TR I H27r] A
I YT YO T T umu LT o Y Y e Y P T P S TN Y Yo P Y (I UIN™Y Wy " 0 Y™
r ’
! '.ll"l." 'II“IIIWI' I'I'“l“l “h’ll-l' l'I:'JMFIII.IrI I‘ "I' - N30v
. . S VS TS S——— ] A3la
[ 4 RN L] T L4 V'l EET VAURE TINRR RO LIl [ J]
lulm-"’l'ﬁhw’l’lll uun.-mun-"n' ¥ n“’ _,. Y '-1 4. I.L”l‘l!lllelll_lm"l. l_ $20-
1 N i [l L T
s ™ e " "'"' '. prveree i I (1330
m1 [ N' [ TRALR X W | QAR S LS L A A e T M AT o
bt o1 i“"?'.”.m.."n. AR W34
0 10000 20000 30000 40000 50000
time/ ps
0,005
W1lw El2¢
0,0025
0 005 y .‘Mﬂ \ Y \ L il .MM

Figure S3: Upper panel: Time series of the potential energy differences, sampled from the
EDS reference state simulations in case of heptapeptides.
range from -2000 to +2000 kJ mol~!. For improved sampling, distance restraints between
atoms of the two non-interacting copies of the side chains (dual topology approach) were
applied, as specified in Tab. S1. Lower panel: Corresponding energy difference distributions
for the reference state (black), the amide (green) and the ester state (red). Distributions of
the two end states were obtained from reweighting of the reference state distribution.?
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Table S2: Results from a thermodynamic analysis, conducted for tripeptides of
a selected subset of A-to-E mutations, in terms of enthalpic (AH} ), entropic
(To ASy:,, with T, = 278 K) and free energy differences (AG},).

Mutation AGE [kJ mol™] AH! ToASE
278K 203K 318K 338K [kJmol '] [kJ mol ]
Wllw 107.1  106.9 106.9 106.6 109.2 2.1
E12e 79.0 79.5 78.9 78.6 81.0 2.0
N26v 35.7 35.5 35.1 34.7 40.4 4.7
N30v 9.5 9.4 9.0 9.0 12.0 2.5
Y231 81.6 81.6 81.2 80.9 85.1 3.6
Y244) 81.7 80.7 80.6 80.3 87.7 6.0
S190 116.8 116.6 116.3 116.3 119.2 24
S320 142.2  141.8 142.0 141.8 143.7 1.4
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Figure S8: Time evolution of secondary structure elements, obtained from 10 ns MD simu-
lations (isobaric, isothermal) of the protein wild-type, initiated from two conformers of the
NMR model set ((a): conformer C14, (b): conformer C15). Every residue is assigned to
a particular secondary structure element according to the DSSP algorithm:® coil (white),
B-sheet (red), S-bridge (black), bend (green), turn (yellow).
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