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Peptides mimicking the CD2 β-strands C and F have already 
been synthesized to specifically block the CD2-CD58 interface. 
Three cyclic peptide ligands reported in literature are 
characterized by low IC50 values, i.e., P6 [3], P7 [4], and RTD-c 
[5], with values of 6.9 ± 0.4 [5,6], 11.1 ± 3.8 [6], and 27 ± 15 nM 
[5], respectively (Fig. 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3. Hydrogen bond analysis 
 

The numbers of ligand-CD58 Hbonds are similar for the three 
ligands, but are more frequent for P6 (Table 1). Tyr86, 
experimentally identified as a hot spot, forms contacts with 
CD58 but does not interact through Hbonds, as also observed 
for the turn inducers. For all ligands, water-mediated Hbonds 
are formed (Fig. 4). Long-term and short-term residence times 
of bridging H-bonds tr1 and tr2, respectively, show that a 
mixture of slow and fast water molecules are involved as 
ligand-CD58 bridging partners. In particular, the residence 
time of the fastest molecules, tr2, follows the same trend as 
the IC50 values.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Ligand flexibility and mobility 
 

Flexibility - Ligand structures are constrained due to the turn 
inducers and/or disulfide bridges (Fig. 1). All conformations 
belong to one cluster only (Table 2).  
Re-orientation - The ligand P6 is characterized by the largest 
correlation time τ1 = 37644 ps of the long-term correlation 
function, while P7 and RTD-c adopt a similar re-orientational 
behavior. P7 presents the smallest correlation time τ2 = 36 ps, 
associated with the fastest decrease of the correlation 
function, i.e., the highest short-term mobility. 
 

 
 
 
 
 
 
 
aOne cluster gathers > 99.99 % of the conformations. 
 
 

5. Ligand efficiency 

 

Efficiency =  
|𝐸|

𝑆𝐴𝑆
  

 
E = ligand-CD58 intermolecular interaction energy 
SAS = ligand solvent accessible surface 
 
The ranking of the ligands based on their efficiency index is in 
agreement with the experimental IC50 (Table 3). 

1. Methods and contact analysis 
 

Four approaches were selected: Autodock [8], Vina and Vinardo 
[9,10], and Gold [11].  Due to the flat surface of the receptor and 
the low experimental affinity [12], the search space had to be 
strongly limited. Starting ligand conformations were obtained 
from vacuum MD simulations (not detailed here). A consensus 
analysis was carried out over the three best poses of a series of 
20 calculations (four programs, several search space definitions) 
in order to identify the most frequent contacts (Table 5). 
 

Table 5 Shortest (< 2.1 Å) and most frequent (no. of occurrences > 5) ligand-CD58 contacts as 
observed from the first three poses of the 3 x 20 docking calculations  
 

 
 
 
 
 
 
 
 
 
 

• For all ligands, Tyr86 is in contact with Lys34 of CD58. Most of 
the ligand residues form a close contact with the expected CD58 
residue in the crystal structure, but not simultaneously.  
• For P7 and RTD-c, there are less and less frequent and 
expected contacts that are common to the 20 docking 
approaches.  
• P6 has the most relevant contacts. The insertion of structural 
constraints introduces a risk to miss expected contacts. It is thus 
consistent with the trend adopted by the experimental IC50 
values.  
 

2. Tyr86 binding modes 
 
 
 
 
 
 
 
 
 
 
 
 

• P6 - In the Vinardo very best pose, the side chain of Tyr86 is 
packed against the hydrophobic part of the side chain of Lys34, 
as it is in the crystal state. 

• P7 - The very best poses generated by Autodock and Vina both 
show the residue in the same site. The side chain is located at 
the basis defined by the four side chains of the charged Glu37, 
Glu39, Glu42, and Arg44 residues. 

• RTD-c - Tyr86 is in the same location as in the crystal structure. 
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CD2 plays an essential role in the cell-cell interactions and signal 
transductions through interactions with its CD58 counterpart in 
humans. Particularly, the CD2-CD58 protein-protein interface is 
reported as crucial in inflammatory and autoimmune diseases 
such as rheumatoid arthritis [1]. The energetics, structural, and 
dynamical properties of three cyclic ligands facing CD58 are 
studied using Molecular Dynamics (MD) simulations in water. 
Correlations are established between our results and 
experimental IC50 values [2]. In parallel, ligand-protein molecular 
docking calculations are achieved using constrained binding sites 
to identify binding modes which are not observed with MD 
trajectories [2].  

Introduction 

1. Ligand-CD58 complexes 

Conclusions 

The experimentally better IC50 value of P6 is correlated with its: 
- relatively larger number of H bonds formed with CD58, 
- low mobility and flexibility within the complex structure, 
- residence time of the bridging water molecules, 
- reduced amount of contact atoms closely facing CD58, 
- large efficiency index. 
The location of P7 at the surface of CD58 (MD) and the diversity of 
docking poses suggests that several possible binding sites lead to 
an inhibition activity of the ligands; it is not inconsistent with the 
reported transient character of the CD58 complexation. 
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3. Molecular docking 
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DPro Asp87 Tyr86 Ile85 Ser84

Pro Asp31 Asp32 Ile33 Lys34

P6 

Asp87 Tyr86 Ile85

Asp31 Asp32 Lys34

DBF P7 

Ala18 Asp87 Cys16 Tyr86 Cys14

Gly1 Asp31 Cys3 Asp32 Cys5 Lys34 Cys7 Glu36 Ala9

Ser84 Cys12 Lys82 Gly10

RTD-c 

1. Simulation conditions 
 

Program: Gromacs 4.5.5 [7] 
Force fields: Amber99SB and TIP3P/SIRAH water + PME 
Equilibration: 60 ns 
Production: 300 ns 
NPT (1 bar, 300 K) 
 
2. Ligand position 
 

The ligands bind at the CD58 surface away from the 
experimentally observed position of CD2 (1QA9.pdb). P7 is the 
most displaced ligand (Figs. 2 and 3). 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
Figure 3. Superimposition of 100 frames of the ligand-CD58 complexes in TIP3P/SIRAH water 
obtained from the 300 ns NPT MD simulations at 300 K and 1 bar. Tyr86 of the ligands is shown 
with orange sticks. 
 
 
 
 
 
 
 
 

 
 
 

2. Molecular Dynamics simulations 
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Figure 2. Distance between the center-
of-mass of the ligands and the center-
of-mass of the crystallographic CD58 
binding residues. 

Table 1 Mean properties and standard deviations obtained from 300 ns MD simulations at 
300 K and 1 bar 

Figure 4. Selected snapshots with bridging water molecules obtained from the 300 ns NPT 
MD simulations at 300 K and 1 bar. Water molecules located at a maximal distance of 0.35 
nm from the ligand and the receptor are shown in gray. Among them, water molecules 
involved in water-mediated bridging Hbonds are displayed in green. Long-lasting bridging 
molecules are shown with purple sticks. 

  P6 P7 RTD-c 

Conformation clusters  
(RMSD = 0.15 nm) 

1 1 2a 

τ1 (ns) 37.644 ± 1.102 27.684 ± 0.679 27.670 ± 0.668 

τ2 (ns) 0.050 ± 0.004 0.036 ± 0.003 0.086 ± 0.005 

 H Bonds P6 P7 RTD-c 

Largest occ. freq. 
Asp32 (92.4 %) 
Asp87 (67.3 %) 

Asp31 (28.8 %) Ser84 (37.2 %) 

Tyr86-CD58 0.06 ± 0.28 0.57 ± 0.79 0.16 ± 0.38 

Turn-CD58 0.001 ± 0.032 0.3 ± 0.5 0.01 ± 0.10 

 Ligand-CD58 5 ± 1 4 ± 2 4 ± 2 

Water-mediated 1.3 ± 1.8 2.9 ± 1.0 1.3 ± 1.5 

tr1 (ns) 0.774 ± 0.036 2.812 ± 0.197 2.063 ± 0.108 

tr2 (ns) 0.054 ± 0.002 0.059 ± 0.003 0.068 ± 0.004 

  P6 P7 RTD-c 

Mean Elig-CD58 (kJ/mol) -406.26 ± 83.08 -372.54 ± 123.07 -473.51 ± 118.87 

Ligand SAS (nm2) 10.85 ± 0.34 11.05 ± 0.39 18.06 ± 0.49 

Ligand efficiency 37.51 ± 8.00 33.67 ± 11.09 26.22 ± 6.52 

IC50 (nM) 6.9 ± 0.4 11.1 ± 3.8 27 ± 15  

Figure 1. (Top) Cartoon representation of the CD2—
CD58 complex (1QA9.pdb). (Bottom) Planar and 
perspective structure of the ligands P6, P7, and RTD-
c. Conserved CD2 residues are in bold and are 
labeled as in the PDB structure file 1QA9.  

P6 @ 61 ns P7 @ 210 ns RTD-c @ 195 ns 

Table 2 Mean properties and standard deviations obtained from 300 ns MD simulations at 
300 K and 1 bar 

Table 3 Mean properties and standard deviations obtained from 300 ns MD simulations at 
300 K and 1 bar 

P6 P7 RTD-c 

Asp32 - Lys29 9 Asp31 - Lys34  8 Cys16 - Lys34  12 

Asp32 - Lys34 7       

Lys34 - Glu25 6 Lys34 - Lys34 10     

Ile85 - Lys34 7 Lys34 - Asp33 6     

Tyr86 - Lys34 11 Tyr86 - Lys34  12 Tyr86 - Lys34  10 

Tyr86 - Asp33 6     Asp87 - Arg44 7 

P6 P7 RTD-c 

Figure 5. (P6) Vinardo best pose (blue). Lys34 and Phe46 of CD58 are colored in yellow and 
gray; (P7) Best poses (Autodock: red; Vina: green). Glu37, Glu39, Glu42, and Arg44 are colored 
in pale yellow, cyan, pink, and orange; (RTD-c) Gold best pose (orange). Lys29, Lys32, Lys34, 
and Phe46 are colored in red, green, yellow, and gray. CD2 residues are in black. 

P6 P7 RTD-c 

Turn inducers 


