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General system properties

Figures S1 to S7 show general system properties extracted as a function of time during
QM/MM dynamics simulations (potential, kinetic and total energy, density, temperature,
pressure, volume and backbone RMSD versus time). Results are presented for WT NRas

and Q61 mutants.
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Figure S1: System properties as a function of time for wild type p21¥="% during QM /MM
dynamics simulations (a) Potential, kinetic and total energy (b) Density, (c)Temperature,
(d) Pressure, (e) Volume and (f) backbone atoms rmsd.
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Figure S2: System properties as a function of time for Q61E NRas during QM /MM dynamics
simulations (a) Potential, kinetic and total energy (b) Density, (c)Temperature, (d) Pressure,

(e) Volume and

(f) backbone atoms rmsd.
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Figure S3: System properties as a function of time for Q61P NRas during QM /MM dynamics
simulations (a) Potential, kinetic and total energy (b) Density, (c)Temperature, (d) Pressure,
(e) Volume and (f) backbone atoms rmsd.
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Figure S4: System properties as a function of time for Q61H NRas during QM /MM dynamics
simulations (a) Potential, kinetic and total energy (b) Density, (c)Temperature, (d) Pressure,

(e) Volume and

(f) backbone atoms rmsd.



(a) Total, Potential and Kinetic Energies

(b) Density

20000
07 — Total Energy 105 B
— Potential Energy
- T Kinetic Energy r| 7
g =
= 20000 Z
g z u
k] g
= a8
5 1
5 L |
2
-40000
095 u
60000 —— ]
. | . | . | . | . I 09 , : : : . : ! T . T
0 200 0 et ) 800 1000 0 200 400 600 800 1000
s ps Elapsed time (ps)
(c) Temperature
P (d) Pressure
400
1500
1000 i
300 — : oy 1
: i
2 Bl B
E 2
2 2001
H 200 g o i
g 5 i
K] ] £
100 1
-1000 {- -
0 T T T T T T T T T T -1500 T T T T T T T T
0 200 400 600 800 1000 0 200 600 800 1000
Elapsed time (ps) Elapsed time (ps)
(f) Global RMSD
(e) Volume
10
1.7e+05
1.65¢+05 — 8-
1.6e405
o 6
: 1 <
| 155405 g 7
| .55¢+05 — s
] 2o,
1.5¢405 1
ik L
1.45e+05 — M
1.4e+05 T : T . T T T T T T 0 T T T T T T T T T T
0 200 400 600 800 1000 0 200 400 600 800 1000

Elapsed time (ps)

Elapsed time (ps)

Figure S5: System properties as a function of time for Q61L NRas during QM /MM dynamics
simulations (a) Potential, kinetic and total energy (b) Density, (c)Temperature, (d) Pressure,

(e) Volume and

(f) backbone atoms rmsd.
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Figure S6: System properties as a function of time for Q61K NRas during QM /MM dynamics
simulations (a) Potential, kinetic and total energy (b) Density, (c)Temperature, (d) Pressure,
(e) Volume and (f) backbone atoms rmsd.
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Figure S7: System properties as a function of time for Q61R NRas during QM /MM dynamics
simulations (a) Potential, kinetic and total energy (b) Density, (c)Temperature, (d) Pressure,
(e) Volume and (f) backbone atoms rmsd.



S1. Active site stability

Side chain RMSD plots

The structural impact of Gln 61 substitutions on NRas was assessed by computing the
RMSD, with respect to the initial structure, of each residue forming the active site. This
analysis was carried out for each individual side-chain. The fluctuations observed in the
plots hence correspond to their intrinsic mobility. Figures S8 to S14 present the RMSD
plot of residues that remain stable upon mutation, figures S15 to S19 present the RMSD
plot of residues that undergo conformational changes within Q61E, Q61P, Q61H, Q61L
and Q61K mutant proteins. For WT NRas and Q61R mutant, the most NRas widespread
mutation, RMSD plots of the same mobile residues are found in figures 2 and 4 of the article,

respectively.
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Figure S8: RMSD plot of (a) Glycine 12, (b) Glycine 13 and (¢) Glycine 60 within the active
site of wild-type p21¥="%* during QM /MM molecular dynamics
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Figure S9: RMSD plot of (a) Glycine 12, (b) Glycine 13 and (¢) Glycine 60 within the active
site of Q61E NRas mutant during QM /MM molecular dynamics
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Figure S10: RMSD plot of (a) Glycine 12, (b) Glycine 13 and (¢) Glycine 60 within the

(a) Glycine 12

(b) Glycine 13
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Figure S11: RMSD plot of (a) Glycine 12, (b) Glycine 13 and (¢) Glycine 60 within the
active site of Q61H NRas mutant during QM /MM molecular dynamics
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(a) Glycine 12 (b) Glycine 13
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Figure S12: RMSD plot of (a) Glycine 12, (b) Glycine 13 and (¢) Glycine 60 within the
active site of Q61L NRas mutant during QM /MM molecular dynamics
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Figure S13: RMSD plot of (a) Glycine 12, (b) Glycine 13 and (¢) Glycine 60 within the
active site of Q61K NRas mutant during QM /MM molecular dynamics
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Figure S14: RMSD plot of (a) Glycine 12 and (b) Glycine 13 within the active site of Q61R
NRas mutant during QM /MM molecular dynamics

Native /non-native contacts

Unlike NRas residues for which their side chain RMSD plot is sufficient to describe what
we observe during the visualisation of the obtained trajectories, GAP Arg 789 behaviour
is poorly depicted by this sort of analysis. In order to better depict the arginine finger
behaviour, we propose to analyse the native/non-native contacts it engages in during the
simulation.

The native/non-native contacts analysis consists in identifying possible interactions be-
tween two atoms based on a distance criterion. The native contacts are present in the initial
structure while the non-native contacts are formed in the course of the simulation. After run-
ning this analysis, we have identified the strongest native/non-native contacts by i) searching
for the ones that remain the longest, ii) identifying the atoms that have the most numer-
ous native/non-native contacts with the arginine residue. Following this procedure, we have
made the average of the native/non-native contacts of a given atom with the entire Arg 789
such that if a given atom has 9 contacts with Arg 789 (i.e. with 9 different atoms of Arg
789), then the plot of native/non-native contacts lifetime represents the average between the
9.

The corresponding figures are presented and discussed in figures 2(d) and 4(d) of the
article for WT NRas and Q61R mutant, respectively. For Q61E, Q61P, Q61H, Q61L and
Q61K they are presented in figures S15(d) to S19(d) and discussed in the article.
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Figure S15: RMSD plots alongside the associated conformational changes of Glu 61 (a), Tyr
32 (b), Thr 35 (c) from Q61E NRas and lifetime curve of native contacts between GTP P,
atom and GAP Arg 789 (d) during QM /MM molecular dynamics.
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(a) Proline 61
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Figure S16: RMSD plots alongside the associated conformational changes of Pro 61 (a), Tyr
32 (b), Thr 35 (c) from Q61P NRas and lifetime curve of native contacts between GTP P,
atom and GAP Arg 789 (d) during QM /MM molecular dynamics.
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(a) Histidine 61 (b) Tyrosine 32
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Figure S17: RMSD plots alongside the associated conformational changes of His 61 (a), Tyr
32 (b), Thr 35 (c) from Q61H NRas and lifetime curve of native contacts between GTP P,
atom and GAP Arg 789 (d) during QM /MM molecular dynamics.
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(a) Leucine 61
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Figure S18: RMSD plots alongside the associated conformational changes of Leu 61 (a), Tyr
32 (b), Thr 35 (c¢) from Q61L NRas and lifetime curve of native contacts between GTP P,
atom and GAP Arg 789 (d) during QM /MM molecular dynamics.
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(a) Lysine 61 (b) Tyrosine 32
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Figure S19: RMSD plots alongside the associated conformational changes of Lys 61 (a), Tyr

32 (b), Thr 35 (c) from Q61K NRas and lifetime curve of native contacts between GTP P,
atom and GAP Arg 789 (d) during QM /MM molecular dynamics.
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S2. 2D RDF algorithm

We implemented an algorithm with the objective of mapping water molecules occupancy in
the protein active site. The developed algorithm counts the number of water molecules as
a function of the distance from a given atom and subsequently projects them on a plane of
interest. To define this plane, an orthonormal basis, based on three atoms coordinates, is
chosen at the beginning of the simulation run or for each new generated configuration. In
the later case, the changes of the coordinates of the three reference atoms are taken into
account.

In this study, we considered that a plane containing GTP P3 and P, atoms was the most
appropriated to describe water occupancy in NRas active site. Three GTP atoms, P3, P,
and Oy, (see figure S20), were chosen to define the orthonormal basis. The first vector is
normalized PgP,. The second vector is built from the orthogonal projection of O, coor-
dinates on the plane containing P, atom and to which PgF, is a normal vector. We thus
define and normalize the second vector P,0,,, where O, is the orthogonal projection of
O14. Finally, the third vector of this orthonormal basis is obtained by the cross product of
P3P, and P,01,,. On the plane perpendicular to P,0,,, we projected on water molecules
found within 7 A of GTP P, atom, as well as noticeable atoms of the active site to locate
where water molecules have the highest probability to stay relative to these atoms. We chose
to center the plane at P,.

P —_
ngfy X P’YOl’YP

Figure S20: Orthonormal basis defined by GTP Pg, P, and O, atoms
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