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1. SASA of NH3+ spacers are increased in mixed surface than no mixed one
2. Distance between COM of protein over gold surface is less in mixed surface 
      than no mixed one as indicated over time

SASA of each N40 belonging to the investigated surfaces are qualitatively
classified in three regimes: SASA < 0.4 nm, 0.4 < SASA > 0.5, SASA > 0.5
Since the overall SASA of amino groups belonging to the second and third
group is found to be larger for the mixed-SAM with respect to S-SAM, for a 
fully functionalized high density surfaces, the saturation is expected to 
becomes earlier than in its half functionalized counterpart. 
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Figure S1. RMSD (panel A) and SASA (panel B) of the 300 ns trajectories collected for M-SAM and 
S-SAM, using as the reference the first frame. Panel C, SASA computed for individual NH3+ spacers is 
increased in M-SAM compared to S-SAM. SASA of each N4 (namely N of NH3+ group) are 
qualitatively classified in three regimes: SASA < 0.4 nm, 0.4 < SASA > 0.5, SASA > 0.5. Since the 
overall SASA of amino groups in the second and third groups is larger for the mixed-SAM compared to 
the S-SAM, fully functionalized high-density surfaces are expected to reach saturation earlier than their 
half-functionalized counterparts.

7.3 Molecular Dynamics results 59

SAM Cutoff (nm)
M-SAM 0.11
S-SAM 0.10

Table 12: Cutoff values for clustering.

Figure 7.7: M-SAM cluster top-view (left ) and side-view (right).

Figure 7.8: S-SAM cluster top-view (left ) and side-view (right).

The two clusters exhibit dist inct features in their characterizat ion: the M-SAM
cluster is typified by the nearly ordered and elongated conformat ion of linker chains,
whereas the other system is characterized by densely packed ligands that repel each
other, result ing in theso-called "brush-like" conformat ion. Thisdisordered structure
is further marked by ligands that are folded.

7.3.4 Solvent A ccessible Sur face A rea

Following that , the Gromacs tool gmx sasa was used to calculate the solvent-
accessible surface areas.

SASA is a measure used in computat ional chemistry to quant ify the surface
area of a biomolecule that is accessible to a solvent . It is a crucial metric in un-
derstanding the interact ions and behavior of molecules in a solvent environment,
part icularly in the context of protein-ligand binding, protein-protein interact ions,
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7.3 Molecular Dynamics results 57

Figure 7.5: Snapshot of SAM surface in the presence of the total number of CL
counter ions.

Figure 7.6 illust rates the findings, which indicate a prominent peak located at
z = 2.3 nm for S-SAM and two peaks for M-SAM. These peaks correspond to the
region close to the terminal group of SAM ligands.

Figure 7.6: Number density analysis for both systems.

According to the definit ion of number density, the quant ity of CL ions has been
computed: a layer in the vicinity of the ligands has been formed by 217 CL ions and
432 CL ions for the Mixed and S-SAM, respect ively.

Figure7.6 demonstrates that thepeak of theS-SAM appearsslight ly right-shifted
compared to the peak of the M-SAM. This discrepancy arises from the fact that the

Figure S2. Illustration of the density of Cl⁻ ions condensed near the SAM surfaces. Panel A shows the 
calculation of the number density of particles by dividing the box into slices and calculating the 
temporal average over time. Panel B shows a snapshot of the surface with the total number of Cl⁻ 
counterions. A layer of 217 Cl⁻ ions formed near the ligands of the M-SAM, and 432 formed near the S-
SAM.
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Figure S3. RMSD, Radius of gyration and RMSF of IL-6 and IL-6-noTER.
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calculation of the number density of particles by dividing the box into slices and calculating the 
temporal average over time. Panel B shows a snapshot of the surface with the total number of Cl⁻ 
counterions. A layer of 217 Cl⁻ ions formed near the ligands of the M-SAM, and 432 formed near the S-
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Figure S4. Curve obtained during clustering procedure over protein’s trajectories. The cut off= 0.13 nm 
was choosen for IL-6-noTER and cut off = 0.18 nm was choosen for IL-6. 
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Chapt er 5. Result s and D iscussion

Figure 5.5: Curve obateined during clustering procedure over protein’s t rajectories.
cut − of f = 0.13 nm was choosen for IL6 and cutof f = 0.18 nm was choosen for
IL6-NTER

5.2 SA M on wat er and ions
A system containing the SAM on top of a gold slab modelled with GolP was assembled
as desscribed in Chapter 4.
Fully atomist ic molecular dynamicswasperformed for SAM − N H +

3 surfaceand 300 ns
trajectories were analyzed. The gold slab atoms were keep rigid during the simulat ion.
The system was solvated in a rectangular box of dimension 10x10x15 nm with periodic
boundary condit ions and 480 counter ions were added in order to neutralize the sim-
ulat ion box, as shown in Figure5.6. The funct ionalized surface and the solvent were
separately weakly coupled to an external temperature baths to 300 K.
Finally, the product ion simulat ion was run for 300 ns, whereby the coordinates were
saved every 1 ps.
The equat ion of mot ion was integrated by using Leap-Frog algorithm with a t ime step
of 1 fs. The LINCS algorithm was taken to constrain all bonds containing hydrogen
atoms. The non bonded pair list was updated every 10 steps.
Short rangecut-o↵ for van der Waalsaswell as for elect rost ic interact ionswasset to 1.2
nm. Elect rostat ic interact ions were calculated with Part icle-Mesh Ewald summation
scheme.
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Figure S4. Curve obtained during clustering procedure over protein’s trajectories. The cut off= 0.13 nm 
was choosen for IL-6-noTER and cut off = 0.18 nm was choosen for IL-6.

3



time (ns) 

 Lennard-Jones Energy  Electrostatic Energy 

0              100            200           300         400            500
time (ns) 

0              100            200           300         400            500

Co
ul

om
b 

En
er

gy
 (k

J/
m

ol
) 

LJ
 E

ne
rg

y 
(k

J/
m

ol
) 

Figure S5. Computed Adsorption Energies along 500 ns trajectories: Coulomb (left panel) and Lennard 
Jones (right panel) contributions for M-SAM and S-SAM 

6.1 Interleukin 6 Models 47

6.1.1 I nt er leukin 6: A I st ruct ure vs homology st ruct ure

Art ificial Intelligence (AI) is a field of computer science that focuses on develop-
ing intelligent machines that can perform tasks that would typically require human
intelligence. The foundat ion of AI lies in machine learning, which involves train-
ing algorithms to learn pat terns and make predict ions based on data. AI has a
wide range of applicat ions, including speech recognit ion, natural language process-
ing, computer vision, and robot ics. In biophysics, AI can be used to analyze large
amounts of biological data, such as genet ic informat ion or protein structures, to
ident ify new targets for drug development, and to predict the structure of proteins
or how a part icular drug will interact with a biological system. AI can also help
simulate complex biological systems, such as the human brain, to gain a bet ter
understanding of how they work. Overall, AI has the potent ial to revolut ionize bio-
physics research and accelerate the discovery of new therapies for various diseases.

Robet t a is a service that predicts protein structures using various features, such
as efficient and precise deep learning methods called RoseTTAFold and TrRoset ta.
Addit ionally, it offers an interact ive submission interface that allows users to cus-
tomize their homology modeling sequence alignments by incorporat ing constraints
and local fragments. It is also capable of modeling mult i-chain complexes using
either the paired MSA provided by the user for RoseTTAFold or comparat ive mod-
eling (CM) and can perform large scale sampling if needed.

Using the 165 amino acid primary structure of IL-6 as a start ing point , the
Alphafold website was ut ilized to generate various models of the complete protein,
consist ing of 185 amino acids. The absent port ion pertains to the protein’s tail,
which requires construct ion.
Five dist inct models have been forecasted based on the primary structure.

Figure 6.4: IL-6 models predicted with AI from the primary structure.

6.2 SAM Gold Surfaces 48

One can compare the five previous models with the protein structure predicted
through non-AI methods following the relaxat ion process.

Figure 6.5: IL-6 model adopted for the simulat ions.

To comparethestructurespredicted by Robetta with thoseobtained through non-
AI methods, one can compute the Root Mean Square Deviat ion (RMSD) between
the two models. However, it is important to exclude the first predicted model as it
has a straight tail conformat ion that does not match the protein’s structure. The
Gromacs tool, specifically gmx rms, was ut ilized for this purpose as it can calculate
the RMSD by performing a least-squares fit t ing of the second structure onto the
first one.

I L -6 model predict ed wit h A I RM SD (nm)
Model 2 0.6612
Model 3 0.5811
Model 4 0.7490
Model 5 0.6996

Table 3: Protein models RMSD.

Upon comparing the structures, it appears that there are some atoms that dif-
fer in the first 20 amino acid sequence, specifically in the predicted tail region.
Notably, Model 3 has the lowest RMSD value among the models compared affirm-
ing the validat ion of the protein structure obtained through the relaxat ion process.
Consequent ly, this arrangement is selected for subsequent studies.

6.2 SA M Gold Sur faces
Two gold slabs with a crystalline st ructure exposing the (111) facet , denoted as
Au(111), were created. There are several reasons why this surface has been selected
[22]:

• It has been the subject of numerous experimental studies on small molecule
adsorpt ion in well-controlled condit ions.

Model 1 Model 2 Model 3

Model 5Model 4

Figure S6. Top. IL-6 models predicted with AI from the primary sequence. Bottom. RMSD with respect 
to Protein backbone. Model 3 has been used in simulation.
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