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1H NMR compound 3a 

 
13C NMR compound 3a 
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1H NMR compound 3b 

 
13C NMR compound 3b 
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1H NMR compound 3c 

 
13C NMR compound 3c 
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1H NMR compound 3d 

 
13C NMR compound 3d 
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1H NMR compound 3e 

 

13C NMR compound 3e 
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1H NMR compound 3f 

 
13C NMR compound 3f 
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1H NMR compound 3g 

 
13C NMR compound 3g 
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1H NMR compound 3h 

 
13C NMR compound 3h 
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Mass spectra compound 3a 

 

Mass spectra compound 3b 
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Mass spectra compound 3c 

 

Mass spectra compound 3d 
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Mass spectra compound 3e 

 

Mass spectra compound 3f 
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Mass spectra compound 3g 

 

Mass spectra compound 3h 
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HPLC compound 3a 

 

HPLC compound 3b 
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HPLC compound 3c 

 

HPLC compound 3d 
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HPLC compound 3e 

 

HPLC compound 3f 
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HPLC compound 3g 

 

HPLC compound 3h 
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S1. Histamine and H3R 

The simulation of the histamine and H3R was carried out by superimposing the 3RZE 

(inactive conformation) and 7DFL (active conformation) crystals. Subsequently, the ligand 

is removed from the 3RZE crystal and the receptor from the 7DFL crystal. As a result, the 

new model depicts the arrangement of the amino acids Asp114 and Glu206 in relation to 

histamine's primary amine and imidazole orientation. 

 

Figure S1. Graphical representation of histamine at the H3R binding site. 

 

Figure S2. The two best poses were achieved with the induced-fit docking protocol for 3d at 

the H3R binding site. (A) Piperidine oriented toward Asp114, and (B) piperidine oriented 

toward Glu206. 
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S2. Molecular dynamics analysis 

S2.1. RMSD of systems 3a and 3d 

The Root Mean Square Deviation (RMSD) is a metric for calculating a group of atoms' average change 

in displacement concerning a reference frame. It is calculated for each frame of the trajectory. For frame 

x, the RMSD is: 

𝑅𝑀𝑆𝐷 = ඩ
1

𝑁
෍ቀ𝑟௜

ᇱ(𝑡௫)ቁ − ቀ𝑟௜൫𝑡௥௘௙൯ቁ
ଶ

ே

௜ୀଵ

 

where N is the number of atoms in the atom selection; tref is the reference time (typically the 

first frame is used as the reference, and it is regarded as time t = 0); and r' is the position of 

the selected atoms in frame x after superimposing on the reference frame, where frame x is 

recorded at time tx. The procedure is repeated for every frame in the simulation trajectory. 

 

Figure S3. The RMSD of the two studied complexes (3a in red and 3d in blue) was obtained 

during 50 ns of MD simulations. 

 

The above plot shows the RMSD evolution of a protein (left Y-axis) in angstrom (Å). All protein 

frames are first aligned on the reference frame Cα of the protein, and then the RMSD is calculated 

based on the atom selection. 
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Monitoring the RMSD of the protein can give insights into its structural conformation 

throughout the simulation. RMSD analysis can indicate if the simulation has equilibrated; its 

fluctuations towards the end of the simulation are around some thermal average structure. 

Changes of the order of 1-3 Å are perfectly acceptable for small, globular proteins. However, 

more extensive changes indicate that the protein undergoes a significant conformational 

change during the simulation. For example, the H3R-3a system increases its RMSD from 20 

ns onwards, the cause of which lies in the displacement of 3a at the binding site due to the 

low affinity achieved for the halogenated aromatic fragment of the hydrophobic pocket 2 

(HP2). In contrast, the H3R-3d system has a better affinity for HP2, achieving a more stable 

RMSD (~ 3.5 Å). 

 

S2.2. RMSF of systems 3a and 3d 

The Root Mean Square Fluctuation (RMSF) is useful for characterizing local changes along 

the protein chain. The RMSF for residue i is: 

𝑅𝑀𝑆𝐹௜ = ඩ
1

𝑇
෍〈ቀ𝑟௜

ᇱ(𝑡)ቁ
ଶ

− ቀ𝑟௜൫𝑡௥௘௙൯ቁ
ଶ
〉

்

௧ୀଵ

 

where T is the trajectory time over which the RMSF is calculated, tref is the reference time, ri 

is the position of residue i; r' is the position of atoms in residue i after superposition on the 

reference, and the angle brackets indicate that the average of the square distance is taken over 

the selection of atoms in the residue. On this plot, peaks indicate areas of the protein that 

fluctuate the most during the simulation. 
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Figure S4. The root means square deviation (RMSF) values of each residue averaged over 

two trajectories for 3a (red line) and 3d (blue line). 

S2.3. Ligand-protein contacts 

Protein interactions with the ligand can be monitored throughout the simulation. As shown 

in the plot below, these interactions can be categorized by type and summarized. Protein-

ligand interactions (or 'contacts') are categorized into four types: Hydrogen Bonds, 

Hydrophobic, Ionic, and Water Bridges. The stacked bar charts are normalized throughout 

the trajectory: for example, a value of 0.7 suggests that the specific interaction is maintained 

70% of the simulation time. The threshold was 0.3 (dot line in red of Figure S5-A and S6-A) 

residue interactions with the respective ligand. 

In Figure S5-B and S6-B, the top panel shows the total number of specific contacts the protein 

makes with the ligand for the trajectory (blue graphic). The bottom panel shows which 

residues interact with the ligand in each trajectory frame. Some residues make more than one 

specific contact with the ligand, which is represented by a darker shade of orange, according 

to the scale to the right of the plot. 
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Figure S5. (A) Histogram plot of the contact H3R-3a system. (B) Timeline plots represent 
of the interactions and contact with 3a. 
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Figure S6. (A) Histogram plot of the contact H3R-3d system. (B) Timeline plots represent 
of the interactions and contact with 3d. 

 

According to the H3R-3a system are Asp114, Phe192, Glu206, Tyr374, and Phe398, the 0.3 

threshold and only Asp114, Tyr115, and Phe378 exceed 80% during molecular dynamics. In 

contrast, the H3R-3d system has Asp114, Tyr115, Cys118, Trp371, Tyr374, Phe398, Trp402, 

exceeding the 0.3 thresholds; however, the amino acids Asp114, Trp371, and Tyr374 exceed 

80% during molecular dynamics, a pattern of interactions similar to that achieved with 

pitolisant (10.1111/cbdd.13471) 
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S2.4. Ligand properties in the binding site 

The properties of the ligand give a clear idea about the global interactions affecting the ligand 

at the binding site, such as the evolution of its RMSD, the radius of gyration, Molecular 

surface area, Solvent accessible surface area and Polar Surface area, whose properties are 

defined as:  

Ligand RMSD: Root mean square deviation of a ligand with respect to the reference 

conformation (typically, the first frame is used as the reference, and it is regarded as time 

t=0). 

The radius of Gyration (rGyr): Measures the 'extendedness' of a ligand and is equivalent to 

its principal moment of inertia. 

Molecular Surface Area (MolSA): Molecular surface calculation with 1.4 Å probe radius. 

This value is 

equivalent to a van der Waals surface area. 

Solvent Accessible Surface Area (SASA): Surface area of a molecule accessible by a water 

molecule. 

Polar Surface Area (PSA): Solvent accessible surface area in a molecule contributed only by 

oxygen and nitrogen atoms. 
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Figure S7. Graphical representations of 3a and 3d properties in the binding site. 

 


