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1. Introduction

T11-Target Structure (T11TS) is a 42 K SRBC membrane glycoprotein and the classical ligand 

of the E-receptor (CD2).  It is an important costimulator of T cell activation process. 

Therapeutic potential of the bioactive molecule has recently been deciphered and thus 

necessitated structural analysis. 3D structure of extracellular domain (residues 2-192) of 

T11TS was generated using 1CCZ_A as template by web based molecular modeling program 

'LOOPP' and refined by energy minimization (SD and CG) and molecular dynamics simulations 

in cff91.frc force field. Structural quality assessment of the final model with six high throughput 

structure validation programs (PROCHECK, MODELYN, MOLPROBITY, VERIFY_3D, ERRAT and 

PROSA) demonstrated its reliability for further studies. Secondary structural analysis reveals 

that 41.36%, 21.99%, 3.66%, 3.14% and 29.84% residues of the final model form â-sheet, 
10bend, turn, 3  helix and coil conformations respectively. Insilico analysis of the three receptor-

ligand complexes viz. T11TS-humanCD2, T11TS-ratCD2 and T11TS-mouseCD2 highlight that 

the main interacting residues (Met27, Phe29, Lys32, Asp33, Lys34, Glu37, Asp39, Gln40 and 

Phe47) are highly conserved and located in a heterophilic, charged AGFCC'C? face on the N-

terminal IgV domain of T11TS. Intermolecular hydrogen bonding and electrostatic force play a 

prominent role in these receptor-ligand interactions. Although the CD2 binding domain 

contains two potential N-type glycosylation sites (N-12, and N-62) but none is found to be 
0present within 4A  of the CD2 binding interface, implies their probable functional silence in 

immune activation process. The phylogenetic analysis using KITSH program shows that T11TS 

and bovine CD58 are closely related to each other. 

Cell adhesion molecules of the immunoglobulin supergene 

family (IgSF) play an important role in enhancing the efficacy of 

specific receptor dependent interactions between lymphocyte-

accessory cells and lymphocyte-target cells [1]. Sheep CD58 is one 

of the members of this family. This important costimulator of the

immune system was first successfully purified and partially 

characterized in the late 1980s. Later, the molecule was renamed 

“T11-Target Structure” (T11TS) [2] after its classical receptor and 

cognate partner T11 (CD2), which is expressed on T cells, Natural 

Killer cells, macrophages and other immunocytes [3,4]. CD2 binds 

CD48 in rodents but is preferentially activated in humans by CD58, 

a molecule missing from the rodent genome [5]. T11TS, a 42 K 

sheep erythrocyte cell surface acidic (pI 4.5) glycoprotein, is a 

structural and functional homologue of human CD58 [2, 6, 7] 

which is known to express on mature and immature hematopoietic 

cells, vascular endothelium and smooth muscle [8]. It plays a key 

role in transitory initial encounters between T-cells and antigen 

BioMedSciDirect
Publications

aDepartment of Laboratory Medicine, Calcutta School of Tropical Medicine, 108, C.R.Avenue, Kolkata-700073, West Bengal, India.
bStructural Biology and Bioinformatics Division, Indian Institute of Chemical Biology (CSIR), 4, Raja S.C. Mullick Road, Kolkata-700032, West Bengal, India.
cDepartment of Biochemistry, University College of Medicine, I.P.G.M.E&R, 244B, A.J.C. Bose Road, Kolkata-700020, West Bengal, India.

*  Corresponding Author :  Dr. Swapna Chaudhuri

Department of Laboratory Medicine 
Calcutta School of Tropical Medicine 
108, C.R.Avenue, Kolkata-700073 
West Bengal, India.
E-mail:  
Mobile: 9831386832

schaudhuri.cmiil@gmail.com

Copyright 201  BioMedSciDirect Publications IJBMR -  All rights reserved.1 ISSN: 0976:6685.c

International Journal of
BIOLOGICAL AND MEDICAL RESEARCH

www.biomedscidirect.com
ISSN: 0976:6685

Int J Biol Med Res
Volume 2, Issue 1, Jan 2011

Copyright 2011 BioMedSciDirect Publications. All rights reserved.
c

mailto:schaudhuri.cmiil@gmail.com


presenting cells through CD2 and thereby stimulates T cell 

activation process via an alternative, Ag-independent pathway; 

this is considered an important mechanism for intrathymic T cell 

proliferation [9-11].  The amino acid sequences of the extracellular 

domains of these two antigens (CD2 and CD58), predicted from 

their cDNA sequences, show significant similarities, and both are 

members of the IgSF [12]. Natural immunological consequences of 

CD58-CD2 interaction are well known but therapeutic importance 

of the bioactive probe of sheep erythrocyte is recently deciphered. 

Initially it was found that sheep erythrocyte (SRBC), a non 

specific biological response modifier, had been shown to exert an 

immunomodulatory and anti-tumor property in experimental 

animals [13]. SRBC can form rosette and can activate human 

lymphocytes upon incubation of SRBC and lymphocytes [14]. The 

active component of SRBC which is responsible for such effects 

was found to be the cell surface glycoprotein molecule, T11TS. It 

was found that T11TS can boost up the dampened immune status 

of immune suppressed glioma bearing rat model [15-19]. T11TS 

can also act as an apoptotic [20] as well as cell cycle modulatory 

[21] agent by inducing cytotoxic T lymphocyte mediated immune 

activation. The above observations hinted the conserve nature of 

its binding environment. Structural and functional details are 

known for the human CD58 [22-23], but a detailed 

characterization of the important bioactive molecule has not yet 

been carried out. As the 3D structures of the proteins are directly 

related to their functions an initiative has been taken to decipher 

the 3D structure of these molecules and their complexes. Multiple 

Sequence Alignment and Phylogenetic analysis was also done to 

enlighten the degree of conserve ness of the binding region that 

may further help in structure based rational drug designing [24]. 

Primary sequence obtained from NCBI nr database was 

analyzed using different web based programs viz. PROTPARAM 

[25], PROSITE [26], SIGNALP [27], bigPI-PREDICTOR [28] and 

TMHMM2 [29]. 

The amino acid sequence of N terminal extracellular domain of 

T11TS was subjected to NCBI PSI BLAST [30, 31] search in the 

protein structure database (PDB) and X-Ray structure of human 

CD58 (PDB Id: 1CCZ_A) was selected as a suitable template for 

comparative modeling. Based on that template, two models were 

obtained from SWISS-MODEL server [32] and one model was 

received from LOOPP server [33]. Comparing % length coverage 

and structural quality, LOOPP model was selected as initial model. 

Structural quality evaluation by PROCHECK [34] program showed 

that some short segments of initial model contained 

stereochemical problems and needed refinement. The short 

segments having unsatisfactory structural parameters (e.g. 

dihedral angles, bond lengths and bond angles) were selected one 

by one for subsequent refinement steps using DISCOVER and 

CHARMm module of INSIGHTII with the cff91.frc force field on a 

Silicon Graphics FUEL workstation. Positional Constraints were 

applied to the other parts of the molecule while running 

minimization (steepest descent and conjugate gradient, 100 steps 

each) and molecular dynamics (1000 steps of dynamics and 

followed by 100 steps of equilibration for a time step of 1 femto 

second) for regularization of the selected segments. SCWRL 3.0 

[35] was used to regenerate the side chains of the modeled protein. 
0Finally the model was solvated with a 40 A  water cap from the 

centre of mass of T11TS and energy minimizations (steepest 

descent and conjugate gradient; 100 steps each) were done 

without applying any constraints to the atoms of the modeled 

protein with a convergence criterion of 0.001 kcal/mol. 

Structural parameters and quality of the final 3D structure of 

T11TS were determined using PROCHECK [34], MOLPROBITY 

[36], VERIFY_3D [37], ERRAT [38], PROSA [39] and MODELYN [40] 

and compared with reference protein structure using DaliLite [41]. 

The ribbon structure and electrostatic potential surface of the 

model were determined by Chimera [42] and MOLMOL [43]. 

Secondary structure and the percent Relative Solvent Accessibility 

(%RSA) of the model were determined using a web based program 

POLYVIEW 2D [44]. Hydropathy character was determined using 

Kyte-doolittle hydropathy plot [45].

Different protein-protein interacting sites and small molecules 

binding pockets were searched using PPIpred [46] and Q-Site 

Finder program [47].

Probable binding partners of T11TS were searched using 

HOMCOS web server [48]. Among the five partners received from 

the server human CD2, rat CD2 and mouse CD2 were selected for R-

L interaction study based on our previous and current 

experimental study design. The structures of the three complexes 

viz. T11TS-hCD2, T11TS-rCD2 and T11TS-mCD2 were obtained by 

the superposition of the modeled protein structures with the 

experimental structure of human CD58 in complex with human 
0CD2 (PDB Id: 1QA9) [49]. Each complex was solvated with a 20 A  

water cap from the centre of the bound interface using the 

Assembly/Soak option of INSIGHTII and positional constraints 
0were applied to the atoms, which were >10 A  away from contact 

surface. The potential of complex was assigned to cff91.frc force 

field followed by optimized with repeated energy minimization 

and molecular dynamics simulation. In this case, 1000 steps of 

equilibration were allowed in every span of 10 ps dynamics at 

300K. Absolute binding energies was calculated following the 

linear interaction energy approximation method [50] using the 
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2. Methods

2.3. Structure Validation

2.4. 3D Structure Analysis

2.5. Insilico T11TS and CD2 Interaction Analysis
2.1. Primary Sequence Analysis of T11TS

2.2. 3D Structure Prediction of T11TS



el vdrelation  ÄG = 0.5 (V )+ 0.16(V W),where ÄG  is the absolute bind bind

elbinding energy, stands for differences in the electrical (V ) and 
vdvdW (V W)components of the free energies of the ligand solvent 

(l-s) systems, that is, in pure water and protein-containing water 

environments. The weight factors of the electrical and vdW 

contributions were taken, respectively, as 0.50 and 0.16. 

Association constant (Ka) was calculated using the 

thermodynamic relation ÄG = -RTlnKa, where R is the ideal gas bind 

constant and T the absolute temperature; K  was calculated by d

taking the inverse of Ka. 

The interacting atoms in modeled structures of the complexes 

were identified by measuring distance of residues within 4 
0A around the bound interface. Receptor binding affinities and 

intermolecular hydrogen bonding patterns of the complexes were 

determined using ANALYSIS module of INSIGHTII with the cff91 

force field on a Silicon Graphics FUEL workstation. 

Binding site residues of the T11TS were replaced one by one 

using Alanine and binding energy was calculated for identifying 

the key interacting residues. 

CD58 protein sequences of five different taxa viz. Ovis sp. 

(BAA05920), Homo sapience (CAI22764), Macaca mulatta 

(XP_001112756), Bos taurus (AAI34444) and Sus scrofa 

(AAP59042) were retrieved in FASTA format using NCBI Entrez 

Insilico primary structure analysis using SIGNALP showed that  

the 253 amino acid long nascent protein contains a 28 amino acid-

long N-terminal signal peptide which cleaved off to form the 

mature protein of 225 amino acid residues. Further analysis of the 

nascent protein sequence showed residues 29-221 form the 

extracellular domain, residues 222-244 form the transmembrane 

domain and residues 245-253 form the intracellular domain. 

Analysis with bigPI PREDICTOR showed that residue 223 of 

T11TS is a probable GPI link site.

A theoretical idea about the physicochemical properties e.g. 

Molecular weight, theoretical pI, amino acid composition, atomic 

composition, extinction coefficient, estimated half life, instability 

index, aliphatic index and grand average hydropathy (GRAVY) of 

the mature protein was obtained (Table 1) using PROTPARAM 

accessible through EXPASY sever. Important fact obtained was its 

estimated half life (mammalian reticulocyte, invivo) based on 'N-

end rule' is 100hrs and instability index 55.89.

and subjected to multiple sequence alignment using CLUSTALW 

[51]. Phylogenetic Analysis was also done by PHYLIP3.5 program 

package while distance matrix was computed using PROTDIST 

with 100 BOOTSTRAP analysis. Phylogeny tree searching was 

performed by KITSH program.

2.6. Multiple Sequence Alignment and Phylogenetic Analysis of CD58

3. Results

3.1. Sequence Analysis

348

Number of amino acids 225

Molecular weight 24991.3

Theoretical pI 5.13

Total number of negatively charged residues (Asp + Glu) 27

Total number of positively charged residues (Arg + Lys) 20

Formula C H N O S1110 1733 293 343 10

Total number of atoms 3489

Ext. coefficient    

Abs 0.1% (=1 g/l)

Estimated half-life

Instability index

Aliphatic index

Grand average of hydropathicity (GRAVY)

-1 -1= 25940 M  cm (assuming all pairs of Cys residues 
form cystines)

-1 -1=25440 M  cm  (assuming all Cys residues are reduced

=1.038(assuming all pairs of Cys residues form cystines)
=1.018(assuming all pairs of Cys residues are reduced)

= 100 hours (mammalian reticulocytes, in vitro).
>20 hours (yeast, in vivo).
>10 hours (Escherichia coli, in vivo).

The instability index (II) is computed to be 55.86
This classifies the protein as unstable.

85.29

0.172

Table 1: Prediction of Physicochemical Properties of T11TS by PROTPARAM.
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MOTIFS/POSTTRANSLATIONAL
MODIFICATION SITES

Templates

Pdb

Pdb

Pdb

1CCZ

1QA9

2EDO

A

B

A

114

101

44.3

2e-26

2e-22

3e-05

Score
 (Bits)

E Value

LOCATION (CONSERVE SEQUENCE)

MYRISTYL

ASN_GLYCOSYLATION

CK2_PHOSPHO_SITE

PKC_PHOSPHO_SITE

TYR_PHOSPHO_SITE

CAMP_PHOSPHO_SITE

AMIDATION

N-myristoylation site

N-glycosylation site

Casein kinase II phosphorylation
site

Protein kinase C phosphorylation site

Tyrosine kinase phosphorylation site

cAMP- and cGMP-dependent protein
kinase phosphorylation site

Amidation site

7 – 12 (GAmnGN)
109 – 114 (GGniTL)
147 – 152 (GSisSE)

12 - 15 (NVTF)
62 – 65 (NLTI)
111 – 114 (NITL)

42 – 45 (SglE)
69 – 72 (TklD)
117 – 120 (SipE)

49 – 51 (SfK)
82 – 84 (SvK)
219 – 221 (SqR)

70 – 76 (Kld.Edv.Y)

84 – 87 (KKsS)

215 – 218 (lGRR)

Table 2: Identification of Different MOTIFS/ Posttranslational Modification Sites in T11TS using PROSITE.

Table 3: PSI BLAST Search Result: Most suitable template for 
3D structure prediction of the T11TS was searched using 
NCBI PSI BLAST search in protein database (pdb data base). 
Templates are arranged according to their expectation (E) 
value. First one, 1CCZ_A is most suitable for structure 
prediction.

3.2. Model Construction and Model Accuracy Evaluation

Sirshendu Chatterjee et.al /Int J Biol Med Res. 2011; 1(5): 346-359

PROSITE is a database of protein families and domains. It consists 

of entries describing the domains, families and functional sites as 

well as amino acid patterns, signatures, and profiles in them. 

Sequence analysis using PROSITE showed that the mature protein 

contain different posttranslational modification motifs e.g. three 

N–Myristoylation motifs,   three N-Glycosylation motifs, three 

Casein kinase phosphorylation motifs, three Protein kinase C 

phosphorylation motifs, one Tyrosine kinase phosphorylation 

motif, one CAMP-CGMP dependent kinase phosphorylation motif 

and one Amidation  motif  (Table 2). 

According to conventional approach to structure prediction, 

amino acid sequence of N terminal extracellular domain of T11TS 

was subjected to NCBI PSI BLAST search in the protein structure 

database (PDB)  for finding appropriate template (X-Ray 

structure having significant sequence homology) useful for 

comparative modeling. From PSI BLAST search three X-Ray 

crystal structures, 1CCZ_A, 1QA9_B and 2EDO_A were obtained 

(Table 3). Among the above three crystal structures 1CCZ_A was 

selected as suitable template for 3D structure prediction of the 

extracellular domain. Two web-based servers, SWISS-MODEL 

and LOOPP, were used for initial model building. Upon submission 

of the query sequence, two models were received from the SWISS-

MODEL server based on the template (1CCZ_A). Though the 

models were made from the same template, they differed slightly 

due to differences in the alignment procedures used. Swiss-

Model-1 (SM1) was based on pairwise alignment (sequence 

identity = 50%) and contained residues 30-154 of the T11TS, 

whereas the Swiss-Model-2 (SM2) was based on HHsearch 

(sequence identity = 35%) and contained residues 29-182 (Fig. 

1A). Similarly, five models based on five different templates were 

received from the LOOPP web server (Table.4). LOOPP-Model-3 

(LM3) (score: 5.9) was generated based on 1CCZ_A. This model is 

very similar to SM2 and contained residues 29-192 (sequence 

identity: 34.90%) (Fig. 1B). 



Table 4: Signals Used for Template Identification for Structure Prediction of T11TS: Five X-Ray structures (Templates)
 were selected by a web accessible fold recognition program LOOPP for model building based on numerous signals viz. 
COP classification, SCOP STAT, SCORE, % of Query Sequence Aligned, % Length Coverage and Secondary Structure.

Fig.1: Sequence Alignment of T11TS with Template: Amino 
acid sequence of T11TS was aligned with the selected 
template (PDB Id: 1CCZ_A) prior to modeling of three 
dimensional structure by A. SWISS-MODEL server B. LOOPP 
server.

Fig.2: Ramachandran Plot of A. Initial model and B. Final 
model. Red region, deep yellow, light yellow and white 
regions show the core, allowed, generously allowed and 
disallowed region. Residues of initial model in generously 
allowed and disallowed region are highlighted in red color.

HOMOLOG/ 

DOMAIN USED 

SCOP  SCOP STAT  SCORE  % OF QUERY  

SEQUENCE  

ALIGNED 

% LENGTH 

COVERAGE 

SECONDARY 

STRUCTURE 

%H  %E  %L/O  

1QA9_B b.1.1.1  31.27.26.21  6.392  55.21%  37.55%  0 44.68  55.32  

b.1.1.1.157_A  b.1.1.1  31.27.26.21  6.207  53.19%  36.76%  0 47.83  52.17  

1CCZ_A  b.1.1.1  31.27.26.21  5.891  34.90%  67.59%  0 51.18  48.82  

2DRU_A  Not found  9.9.9.9  2.966  20.21%  71.15%  0 48.60  51.40  

1HNG_A  b.1.1.1  31.27.26.21  2.597  20.93%  63.64%  0 53.99  46.01  
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After comparing the percent length coverage and 
stereochemical quality between SM2 and LM3 (received from 
LOOPP server), LM3 was selected for subsequent structural 
regularization and refinement. 

Evaluation of the structural and stereochemical quality of 
the final model with respect to the X-ray structure (1CCZ_A) by six 
different high quality structure validation programs (PROCHECK 
(Fig. 2), MOLPROBITY, MODELYN, VERIFY_3D, ERRAT and PROSA 

 (Fig. 3)) demonstrated the reliability of the model (Table 5).The 
superposition of the molecular model with the template structure 
(i.e. 1CCZ_A) with respect to the set of Cá atoms reveals a very 
small root mean squared deviation (1.4Å), as shown in (Fig. 4). 
The RMSD of bond lengths and bond angles of the modeled 
structure were within 0.02 Å and 3.5 degrees, respectively, from 
the standard values calculated by MODELYN. The final model of 
the target protein (T11TS_ECD.pdb) was deposited in the Protein 
Model Data Base (PMDB Id = PM0075914).

Sirshendu Chatterjee et.al /Int J Biol Med Res. 2011; 1(5): 346-359

Table 5: Structural Quality Validation: Three dimensional structural quality parameters e.g. stereochemical quality, all atom 
clash score, overall quality etc. of the final model evaluated and compared with one of the X-Ray structure (1CCZ_A) used for 
model building, using different protein structure validation programs viz. PROCHECK, MOLPROBITY, VERIFY_3D, ERRAT and 
PROSA .

Validation 

Program 

Structural 

Parameters to be 

evaluated 

Value 

Model X-Ray  Structure 

(pdbID:1CCZ_A) 

PROCHECK Ramachandran 

Plot Statistics 

 81.4% residues 

present in core 

region  

 87.3% residues 

present in core 

region  

 18.6% residues 

present in allowed 

region  

 10.8% residues 

present in allowed 

region  

 0.0% residues 

present in  

generously allowed  

region 

 1.3% residues 

present in  

generously allowed  

region 

 0.0% residues 

present in 

disallowed region. 

 0.6% residues 

present in 

disallowed region. 

Main Chain 

Parameter 

6 6 better better 0 0 inside inside 0 0 worseworse   

Side Chain 

Parameters 

5 better 0 inside 0 worse          5 better 0 inside 0 worse  

MOLPROBITY All  atom clash 
score 

26.57 17.01 

Rotamer  Outliers 3.7% 8.7% 

VERIFY_3D Residues  had 
an averaged 3D-

1D score > 0.2 

82.81% 91.28% 

ERRAT Overall  quality 

factor 

82.320 95.062 

PROSA Z score Overall 
Model Quality  

-5.62 N/A 
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Fig.3: A. Overall Model Quality (Zscore) and B. Local Model 

Quality (residue interaction energy profile) of the 3D Model 

of T11TS are determined using PROSA. 

Percent residue solvent accessibility were analyzed (Fig. 5B) 

and documented using the web-based program POLYVIEW 2D. 

Electrostatic surface potential analysis of the model using 

MOLMOL shows that the molecule has highly charged surface. 

Overall, it is acidic in nature, and the negative charges outweigh 

the positive charges on the surface (Fig. 5C).

Fig.6: A. Electrostatic Surface Potential and B. Intermolecular H-

Bonding patterns of T11TS-CD2 binding Interface are analyzed 

and documented where H-Bonds are represented in dotted line 

with corresponding H-Bond distance. 

Fig.5: A. Secondary structure analysis of final model reveals that 
41.36%, 21.99%, 3.66%, 3.14% and 29.84% residues of T11TS form 
ß-sheet, bend, 310 helices and loop conformation respectively. In 
Ribbon representation CYAN arrow implying Beta strand, 
Red/Yellow coil implying 310 helix and Grey coil implying loop. B. 
Secondary Structure and corresponding % Relative Solvent 
Accessibility Determination Using POLYVIEW2D: Helix, Sheets and 
the loops are represented by red, light green and blue color. Beta 
sheets of the membrane distal domain were labeled as A, B, C, C', C?, 
D, E, F and G respectively. The numbering system (0 to 9) below the 
secondary structure representation denoted the solvent 
accessibility of the amino acid residues where solvent accessibility 
increases from 0 to 9. C. Electrostatic Potential Surface (ESP) of the 
entire extracellular domain was determined using MOLMOL. Figure 
represents ESP of the model after 1800 rotation. In electrostatic 
potential surface diagram positive, negative and neutral molecular 
surface potential are shown in blue, red and white respectively.

Sirshendu Chatterjee et.al /Int J Biol Med Res. 2011; 1(5): 346-359

Fig.4: 3D model of T11TS and the template structure (PDB 
Id: 1CCZ_A) are shown in superposed condition where 
T11TS and 1CCZ_A are shown in deep violet and cyan 
respectively. RMSD value determined by DaliLite program 

0is 1.4A .

3.3. Structural Analysis

Secondary structure analysis of the model using MOLMOL 

revealed that 41.36%, 21.99%, 3.66%, 3.14% and 29.84% 

residues of the final model form â-sheet, bend, turn, 310 helices 

and coil conformations respectively. Detailed analysis showed 

that the model contained four beta-sheets composed of 16 beta-

strands (Fig. 5A). The membrane distal adhesion domain (D1) of 

T11TS consisted of two parallel beta-sheets containing nine 

beta-strands to form an immunoglobulin V-type domain. The 

beta-sheet at the front consists of strands A, G, F, C, C' and C? with 

residues 3-8, 87-94, 74-79, 26-30, 33-39 and 43-46, respectively. 

The beta-sheet at the back consists of strands B, E and D with 

residues 12-15, 63-66 and 54-56, respectively. All the strands in 

the beta- sheets run anti-parallel to each other, except A and G. 

The C?-D loop and E-F loop each contain two short three residue 

helical turns (310 helices) consisting of residues 48-50 and 70-

72, respectively. Similarly, the membrane proximal IgC2 domain 

(D2) contains seven beta-strands forming two parallel beta-

sheets with residues 152-156, 113-117 and 105-108 on the 

front side and two anti-parallel beta-sheets with residues 185-

187, 165-168, 133-137 and 141-145 on the back side. 



 V17,S18,F23,I26,I78,E79,S80,V83,K84,K85, 

 P100,C104,F105,C116,S117,R133,V165,Q166,

 L114,E137,A157,D160,L161,Q163,N164,V165

 G121,D122,P123,E125,D128,L131,S148,I149 

 K70,V93,I94,E95,D122,D127,D128,S129 

 F105,L106,L114,T115,C116,L135,A153,V155,

 Y6,G7,A8,N12,L173,T176,S177,A178 

 S49,F50,R53,I65,T66,G67,L68,T69,D72 

Target  Protein 
Volume

 

Predicted  Site    Site   Volume Residues Present  

0317120 A  1 157 

S86,S87,E89 

2 58 

C167,T184,C185,L186 

3 57 

,E188,Y190 

4 38 

5 37  K30,D33,K34,V35,Q48,F50 

6 37 

7 30 

V165,C167 

8 31  V13,T14,F15,L63,T64,I65 

9 29 

10 33 
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Table: 6. Small Molecule Binding Sites Search: 10 different small molecule binding pockets present in the MODEL (entire 
Extracellular Domain) were determined using Q SITE-FINDER program. Total volume of the model, volume of each ligand 
binding pocket along with probable interacting residues were also determined and documented.

Table 7: Protein-Protein Interface Prediction: Table lists the residues that make up the three highest scoring patches. The patch 
most likely to be part of the protein-protein binding site is the highest scoring patch indicated and the other two patches may 
form other important functional sites on the protein surface.

No. of 

sites 

Protein-Protein 

Interacting Sites 

Residues Involved 

1. Probable 

Binding Site 

S177, T176, A178, P96, P172, F174,R175, S179, V180,  

L173, R146, P98, S170, S181, S182, P97, T99, C144, 

Y134, I168, S183, T141, W136, T184, Q166, C185, P139. 

2. Second  Highest 

Scoring  Patch 

L44, E45, W38, P22, F23, I58, A46, V59, L56, V54, N52, 

S20, D57, H55, V36, E19, N62, T64, T66, Y16, S60, T14, 

3. Third Highest 

Scoring Patch 

E120, P98, P123, S101, P119, I149, A102, S151, E152  ,

S150, H145, T184, P100, C104, S103, S117, A153, F154 ,

L186, F105, L106, T115, L106, T115, S156, T107, T113 ,

E108. 

Sirshendu Chatterjee et.al /Int J Biol Med Res. 2011; 1(5): 346-359
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03A

03A

03A
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03A

03A
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Table.8.T11TS-CD2 Binding Analysis: Interaction Energy, Intermolecular Hydrogen Bonding Pattern, Kd values and residues 
involved in E-receptor binding of the three complexes viz. T11TS-Human CD2, T11TS-Rat CD2 and T11TS-Mouse CD2 were 
determined using ANALYSIS module of INSIGHTII in Silicon Graphics Workstation.

Complex Binding Energy 

(k.cal/mol) 

 Res. of T11TS 

within 4A
0
 

H-BONDING 

vdW 

Energy 

Electrical 

Energy 
Donor Acceptor Dist. 

T11TS-HCD2 -26.295 -717.678 0.909 

Kd
Value

Met 27, Lys29, 

Lys32, Asp33, 

Lys34, Glu37, 

Asp39, Gln40, 

Ser42, Glu45, 

Phe47, Gln48, 

Glu79, Pro81, 

Lys84, Lys85 

HCD2:C86:HH T11TS:A32:O 2.00 

HCD2:C91:HZ1 T11TS:A33:OD2 1.61 

T11TS:A34:HN HCD2:C90:O 1.81 

T11TS:A34:HZ1 HCD2:C32:OD2 1.68 

HCD2:C48:HH21 T11TS:A37:OE1 1.84 

HCD2:C48:HH11 T11TS:A37:OE2 1.90 

HCD2:C51:HZ3 T11TS:A39:O 1.85 

HCD2:C43:HZ3 T11TS:A39:OD2 1.69 

HCD2:C51:HZ1 T11TS:A40:O 1.83 

HCD2:C34:HZ1 T11TS:A79:OE1 1.69 

HCD2:C34:HZ1 T11TS:A79:OE2 2.10 

HCD2:C41:HZ2 T11TS:A84:O 1.86 

T11TS-RCD2 -53.4356 -461.502 0.925 Met27, Lys29, 

Gly31, Lys32, 

Asp33, Lys34, 

Glu37, Asp39, 

Gln40, Phe47 

RCD2:B87:HE T11TS:A31:O 2.10 

RCD2:B87:HH22 T11TS:A31:O 2.02 

RCD2:B87:HN T11TS:A32:O 1.96 

RCD2:B86:HG1 T11TS:A33:OD2 2.43 

T11TS:A34:HN RCD2:B85:O 1.79 

T11TS:A34:HZ1 RCD2:B29:OE1 1.70 

RCD2:B43:HZ2 T11TS:A37:OE2 1.88 

RCD2:B31:HH11 T11TS:A39:OD2 1.97 

RCD2:B31:HH21 T11TS:A39:OD2 2.05 

T11TS:A40:HE22 RCD2:B41:OE2 2.00 

T11TS-

MCD2 

-46.6789 -314.185 0.962 Met27, Lys29, 

Lys32, Asp33, 

Lys34, Glu37, 

Asp39, Gln40, 

Phe47, Pro81 

T11TS:A34:HZ3 MCD2:51:OE1 2.05 

MCD2:D53:HH11 T11TS:A39:OD2 1.84 

MCD2:D53:HH21 T11TS:A39:OD1 1.81 

MCD2:D60:HN T11TS:A81:O 2.49 

MCD2:D67:HZ1 T11TS:A37:OE2 1.86 

MCD2:D68:HZ1 T11TS:A40:OE1 1.76 

MCD2:D68:HZ2 T11TS:A39:O 1.95 

MCD2:D104:HH T11TS:A32:O 1.89 

T11TS:A34:HN MCD2:D108:O 1.94 

MCD2:D110:HN T11TS:A33:OD2 1.73 

T11TS:A32:HZ1 MCD2:D110:OG1 1.71 
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3.4. Insilico T11TS and CD2 Interaction Analysis

   
    

Probable binding partners of T11TS were search using HOMCOS 
web server. Among the five partners received from the server 
human CD2, rat CD2 and mouse CD2 were selected for R-L 
interaction study based on our previous and present experimental 
study design. To perform a docking screen, the first requirement is 
the structure of both receptor and ligand. X-ray structure of human 
CD2 and rat CD2 were available but 3D structure of mouse CD2 was 
not available, hence it was predicted using homology modeling 
techniques based on the X-ray crystal structure of rat CD2 [52] (PDB 
ID 1HNG_A) , validated as described above (unpublished; 
S.Chatterjee et al.) and used for receptor-ligand interaction analysis. 

After docking, the receptor-ligand interaction energy was 
calculated using the Analysis module of InsightII for all three 
complexes. As shown in (Table. 8), the electrical interaction energy 
(ranging from -314.185 to -717.678 k.cal/mol) was greater than the 
van der Waals interaction energy (ranging from -26.2930 k.cal/mol 
to –53.4356 k.cal/mol) in all three complexes, indicating that 
electrostatic interactions play a dominant role in receptor-ligand 
binding (Fig. 6A). The total linear interaction energy of complex 
formation was found to increase from T11TS-mouseCD2 < T11TS -
ratCD2 < T11TS -humanCD2, indicating the order of increasing 
binding strength with Kd values of 0.962 µM, 0.925 µM and 
0.909µM, respectively. 

Intermolecular H-bonding also plays a significant role in the 
T11TS-CD2 interaction, as evident from the H-bonding analysis 
(Fig. 6B), (Table 8). 

Fig.7. CD2 Binding Site Analysis: CD2 binding site is analyzed and 
documented by MOLMOL. A. In Ribbon representation CYAN 

10arrow implying Beta strand, Red/Yellow coil implying 3  helix 
and Grey coil implying loop. The common residues of the active 
site of the three T11TS-CD2 complexes were represented in stick. 
B. Electrostatic potential surface (ESP) of the CD2 binding region 
is encircled with orange band. In electrostatic potential surface 
diagram positive, negative and neutral molecular surface 
potential were shown in blue, red and white respectively. C. 
Hydropathy Plot of the T11TS showing hydrophilic nature of the 
binding region.

Fig.8. Multiple Sequence Alignment and Phylogenetic Analysis of 
CD58 amino acid sequences from five different species viz. Ovis sp. 
(BAA05920), Homo sapience (CAI22764), Macaca mulatta 
(XP_001112756), Bos taurus (AAI34444) and Sus scrofa 
(AAP59042): Sequences were retrieved from the database. Short 
form of the species are given in the figures such as O.sp. for Ovis 
species, H.s for Homo sapience, M.m for Macaca mulatta, B.t for Bos 
taurus and S.s for Sus scrofa. A. Multiple Alignments was done 
using ClustalW. Columns with highly conserved amino acid 
residues are marked with '*'. Residues of the five species aligned 
with active site residues of CD2 binding domain of T11TS of all 
three complexes were colored with green where as other 
interacting residues were colored in dark pink. Residues of the five 
taxa aligned with Nglycosylation and O-glycosylation sites of 
T11TS were colored with light blue. B. The Phylogenetic tree states 
that T11TS or Ovine CD58 is closely related to bovine CD58. All the 
CD58 proteins were diverged from a common ancestral origin.
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Fig.9. Mode of T11TS and CD2 Interaction: A. Human CD2, Rat CD2 and Mouse CD2 are presented in superposed ribbon diagram in 
interacting mode with T11TS. Human CD2, Rat CD2 and Mouse CD2 are green, violet and pink colored respectively. T11TS is 
shown in surface mode where blue color and orange red color highlight the positive charge and negative charge environment. 
The residues in AGFCC’C” face is interacting with three CD2 molecules. B. Positioning of CD2 Binding Sites and Glycosylation Sites 
of T11TS: CD2 binding domain and N–glycosylation sites (N12 and N62) are shown in the ribbon diagram of the model.

Detailed binding site analysis indicated that the residues 
Met27, Phe29, Lys32, Asp33, Lys34, Glu37, Asp39, Gln40, and 
Phe47 in the extracellular domain were crucial for receptor-ligand 
interaction in all three complexes. In addition to these residues, 
Ser42, Glu45, Gln48, Pro81, Lys84, Lys85 also took part in the 
T11TS-humanCD2 interaction. Secondary structure analysis of the 
CD2 binding domain of T11TS revealed the residues were 
clustered on the C (Met27, Phe29), C' (Asp33, Lys34, Glu37, Asp39) 
and C? (Glu45) beta-strands and CC' (Lys32), C'C? (Gln40, Ser42), 
C?D (Phe47, Gln48,) and FG (Lys84, Lys85) loops (Fig. 7A). The 
electrostatic potential map of the surface around the binding 
domain showed that the CD2 binding site was highly charged and 
heterophilic in nature, containing positive as well as negative 
residues (Fig. 7B). Hydrophilic in nature of the CD2 binding site of 
T11TS is also evident from Hydropathy plot analysis (Fig. 7C).

Alanine scanning mutagenesis indicated that D33, E37, D39 
and E45 are more or less the key residues for receptor-ligand 
interaction in all three complexes. 

3.5. Multiple Sequence Alignment and Phylogenetic Analysis of CD58 
proteins

The multiple sequence alignments of CD58 proteins from five 
different taxa are shown in Fig. 8A. The residues within the binding 
site are highly conserved, indicating the structural and functional 
importance of this motif.

The Phylogenetic tree states that T11TS or Ovine CD58 is 
closely related to bovine CD58 to each other than either is to 
porcine CD58 where as human CD58 and monkey CD58 are closely 
related to each other. All the CD58 proteins were diverged from a 
common ancestral origin (Fig. 8B).

There are mainly three kinds of structure possible for a protein 
such as primary, secondary and tertiary. All types are interdependent 
that infers knowledge of one type can help to predict another. 
Simplest way is primary structure based analysis. The primary 
structure of a protein also sometimes referred to as a polypeptide, is 

decided by sequence of amino acids. The sequence of the amino 
acids in a protein or peptide determines the properties of the 
molecule. Amino acid sequence analysis provides important 
insight into the structure of a protein, which in turn greatly 
facilitates the understanding of its biochemical and cellular 
functions. Therefore, before going to in-depth analysis of 
secondary and tertiary structure, amino acid sequence analysis 
of T11TS was done. 

Complete amino acid sequencing of T11TS has not yet been 
carried out but a cDNA sequence and a reverse translated amino 
acid sequence is available in NCBI nr database (accession no: 
BAA05920). That shows that the nascent peptide chain is 253 
amino acids long. Primary structure analysis showed that 
nascent protein contains a 28 amino acid-long N-terminal signal 
peptide which cleaved off to form the mature protein of 225 
amino acid residues which contain 193 amino acids long 
extracellular domain, 23 amino acids long transmembrane 
domain and small 9 amino acids containing intracellular domain. 
Presence of a probable GPI link site at residue 223 of T11TS is 
also evident from the analysis. That clearly depicts the presence 
of two isoforms of T11TS are present in sheep blood cell; 
transmembrane domain containing form and GPI linked form. 
Theoretical idea about the physicochemical properties of the 
mature protein was obtained using PROTPARAM server. 
According to result obtained, theoretical molecular weight of the 
T11TS is 25 K and theoretical pI is 5.14 that are different from 
experimental values. The difference may due to presence of post 
translation modification in the mature protein. So our next aim 
was to identify different post translation modification motifs 
using PROSITE which is a database of protein families and 
domains. It consists of entries describing the domains, families 
and functional sites as well as amino acid patterns, signatures, 
and profiles in them. PROSITE analysis showed that the mature 
protein contain different motifs e.g. N–Myristoylation motifs, N-
Glycosylation motifs, Casein kinase phosphorylation motifs, 
Amidation motif etc. Since presence of glycan moieties in T11TS 
is evident from the previous experimental findings [1] therefore 
among the different types of modifications, 'glycosylation' 
became our prime interest. Glycosylation, i.e., the attachment of 
monosaccharides or extended sugar chains to proteins, is the 
most pronounced and complex form of post-translational 



protein modification. Computational analysis shows that T11TS 
contains three N-glycosylation sites (Asn12, Asn62, and Asn111).

The next aim of our study was to investigate the role of N-
glycan moieties in the T11TS-CD2 interaction. Well-defined 3D 
structures of both ligand and receptors as well as knowledge of the 
most probable binding regions were essential for docking study 
and receptor-ligand interaction analysis. So three-dimensional 
structure of receptors (human, rat and mouse CD2) and ligand 
(T11TS) are minimum requirement for that purpose. The X-ray 
crystal structures of T11TS and mouse CD2 were unavailable, 
whereas the X-ray crystal structures of human CD2 and rat CD2 
were present in the protein data bank having PDB ID 1QA9_A and 
1HNG_A. Therefore, 3D structure of both T11TS and mouse CD2 
are essential prerequisite for the present course of study. The 
heavy glycosylation and high molecular weight of protein are 
major obstacles for three-dimensional structure determination by 
X-ray crystallography and NMR spectroscopy. Instead, a 3D 
structure prediction based on molecular modeling techniques is a 
comparatively easy alternative. However, protein structure 
prediction from amino acid sequence is a fundamental scientific 
problem and it is regarded as a grand challenge in computational 
biology [53-55]. Despite several decades of research, the ability to 
predict a protein's native structure from its sequence remains an 
unsolved problem. Conceptually, there are three basic approaches 
to protein structure prediction, e.g. comparative modeling [56-59], 
threading [33, 60-62] and ab initio or template free methods [63, 
64]. Among them, comparative modeling alone or in conjunction 
with fold recognition analysis provides relatively accurate 
structures when the target sequence of a protein is evolutionarily 
related to a template, which has an experimentally determined 
structure in the protein data bank (PDB). In the present course of 
study the crystal structure of human CD58 was used for 3D 
structure prediction. For structure prediction purpose two web 
based computational modeling servers were used e.g. SWISSMOD 
and LOOPP. One model predicted by the SWISS-MODEL server was 
similar to the 3D model predicted by the LOOPP server. Based on 
stereochemical quality and percent length coverage, the model 
predicted by the LOOPP server was selected for subsequent 
modifications. 'LOOPP' enables optimal alignments of sequence to 
sequence using BLOSUM50 substitution matrix in conjunction 
with gap penalty defined by structural environment, sequence to 
structure using global variant of dynamic programming algorithm 
and THOM2 threading potential, structure to structure using same 
threading potential and local variant of  dynamic programming 
algorithm for appropriate fold recognition, secondary structure 
determination , exposed surface area calculation and finally 
merging these numerous signals into a single score. Atomic models 
are then generated using an alignment produced by the scoring 
scheme and the MODELER program. The final atomic structure is 
evaluated by additional energy scores. The energies used, and the 
combination of individual scores are determined by a 
Mathematical Programming algorithm. However the initial model 
received from LOOPP server was energy minimized. The final 
model of T11TS has to be evaluated to make sure that the structural 
features of the model are consistent with physicochemical rules. 
This involves checking anomalies in Ö-Ø angles, bond lengths, 
close contact, non bonded interaction, 3D-1D scores, over all 
structure quality etc. If the structural irregularities are found, the 
region is to have errors and has to be further refined. There are no 
such program, which can take care of all possible errors and 
deviations. Therefore, in the present study structural and 
stereochemical quality of the final model of T11TS was evaluated 
by six different high quality structure validation programs 

(PROCHECK, MOLPROBITY, MODELYN, VERIFY_3D, ERRAT and 
PROSA) and compared with the X-Ray structure of the templates 
that demonstrated the reliability of the model. Similarly, a 
homology model of the mouse CD2 was constructed based on the 
3D structure of rat CD2 (1HNG_A) due to their considerable 
sequence similarity, subsequently energy minimized, validated 
as stated above and used for subsequent study.

Receptor (CD2)-ligand (T11TS) interaction analysis showed 
that the binding site is conserved and present in a heterophilic 
environment in the N-terminal membrane distal domain of 
T11TS where salt bridge interaction as well as H-bonding play 
crucial role. Active site residues, namely Glu25, Met27, Lys29, 
Lys30, Gly31, Lys32, Asp33, Lys34, Glu37, Asp39, Gln40, Ser42, 
Glu45 and Phe47, are mainly responsible for binding and are 
present on the AGFCC'C? surface of T11TS (Fig.9A,B). The 
dissociation constant (kd) values of the three complexes are very 
small and signify an instantaneous interaction pattern. The N-
glycosylation sites (Arg12 and Arg62) (Fig.9C) are also present in 
the N-terminal membrane distal domain (D1) but almost 
opposite to the CDL binding  site. This indicates that 
glycosylation has no direct role or involvement in receptor ligand 
interaction. But multiple sequence alignment also shows that 
these two N-glycosylation sites are evolutionary conserved. Thus 
implied that glycosylation does not take part directly in receptor 
ligand interaction but might play crucial role for conformational 
stability of the CD2 binding domain. 

Alanine-scanning mutagenesis is a simple and widely used 
technique used to determine the catalytic or functional role of 
key protein residues in the binding interface. Alanine is the 
substitution residue of choice since it eliminates the side chain 
beyond the (beta) carbon, but does not alter the main-chain 
conformation as gly or pro can, nor does it impose any extreme 
electrostatic or steric effects. Alanine scanning mutagenesis 
showed that three negatively charged residues, Asp33, Glu37 and 
Asp39, are the key residues of the CD2 binding domain. 
Nevertheless the aspartate residue at position 39 appears to be 
particularly important; mutation of this residue drastically 
reduced the receptor ligand interaction for all three complexes. 

Multiple Sequence Alignments is generally used for finding 
regions of similar sequence in all the query sequences that define 
a conserved, consensus pattern or domain. It also can be used to 
derive the possible evolutionary relationship between the 
families of related nucleic acid or protein sequences or 
Phylogenetic Analysis. From the result it is observed that the 
binding residues are highly conserved implying structural and 
functional importance of this motif. The phylogenetic tree says 
that T11TS or Ovine CD58 is closely related to bovine CD58 to 
each other than either is to porcine CD58 where as human CD58 
and monkey CD58 are closely related to each other. All the CD58 
proteins were diverged from a common ancestral origin. 
However this study also indicates that bovine CD58 can also be 
used for easy alternative of T11TS.

A theoretical model of complete extracellular domain of 
T11TS has been proposed by us for the first time. In the present 
study we tried to highlight all the crucial features of the three 
dimensional structure of the target protein. Glycosylation site 
analysis studies clearly enlighten that the N-glycosylation may 
have role for maintaining the structural integrity of the binding 
domain but they do not take part in receptor-ligand interaction. 
E-receptors docking and binding analysis also highlighted that 

5. Conclusion
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the CD2 binding region was overlapped with the 5th pocket having 
03site volume 37 A  and second highest scoring patch. The above 

finding will facilitate the cost effective production of CD2 binding 
domain of target protein as well as small molecules or peptide 
inhibitors which fit into the binding environment by cloning or 
relevant synthetic method for therapeutic purposes. However 
alternative of T11TS bovine CD58 can also be used for therapeutic 
purposes as evident from present study.
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