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Abstract 
        

C-type lectin domain family 2 member D acts as a receptor for KLRB1 that 
protects target cells against natural killer cell-mediated lysis. C-type lectin 
domain family 2 member D exists in six isoforms produced by alternative 
splicing. In this study information from the transcript and other studies is 
combined with tertiary structure information derived from homology models, 
as structure can reveal the fine details of how molecules perform their 
biological functions. Through the comparative modeling method we have 
predicted splice variants models. A three-dimensional structural model of C-
type lectin domain family 2 member D from the Homo sapiens and Mus 
musculus were generated using the crystal structure of Human Cd69 from 
homo sapiens as template.  

Various models of splice variants for target proteins were produced. On 
the basis of energy, G-factors, residues in the most favored region & 
disallowed region in Ramachandran plot. The best models were selected of 
Homo sapiens and Mus musculus. In present study we consider predicted 
models were compared with the reference protein isoform and found that little 
variation in protein sequence convert secondary structural elements to another 
while in some isoform structure remain the same. The visualization of these 
possible structures provides new insights about their functionality and can aid 
the design of further experiments. The predicted model was further analyzed 
to locate the residues in the active sites those provide interactions with the 
ligand.  
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Introduction 
Calcium-dependent (C-type) lectins are a family of lectins which share structural 
homology in their high-affinity carbohydrate-recognition domains [1]. Carbohydrate-
recognition domains of C-type (Ca2+-dependent) serve as prototypes for an important 
family of protein modules. Only some domains in this family bind Ca2+ or sugars. A 
comparison of recent structures of C-type lectin-like domains reveals diversity in the 
modular fold, particularly in the region associated with Ca2+ and sugar binding. C-
type lectin-like domains associate with each other through several different surfaces 
to form dimers and trimers, from which ligand-binding sites project in a variety of 
different orientations [2]. Carbohydrate-recognition domains of C-type lectins form a 
subgroup of a larger family of protein domains that are called C-type lectin–like 
domains (CTLDs) [3]. The CTLD-containing proteins are divided into several 
families according to primary protein structure and architecture [4]. The classification 
of CTLD-containing proteins into families is further supported by analysis of the 
genomic organization of CTLDs [5]. Within the super family of C-type lectin–like 
proteins, a heterogeneous group of proteins has been described, consisting of a single 
CTDL found in the absence of other protein domains[6][7][8]. Several alternatively 
spliced transcript variants have been identified in human, but the full-length nature of 
every transcript has not been defined [9]. These activities could influence the resultant 
immune response and can, in certain circumstances, lead to autoimmunity and disease 
[10]. In the present study we analyzed a C-type lectin domain family 2, member D 
(gene clc2d) of human and mouse. This gene encodes a member of the natural killer 
cell receptor C-type lectin family. The encoded protein inhibits osteoclast formation 
and contains a transmembrane domain near the N-terminus as well as the C-type 
lectin-like extracellular domain.  
 The aim of the present study is to derive a putative three-dimensional structure for 
C-type lectin domain family 2, member D ( gene name clc2d) of human and mouse 
based on the crystal structure of Human Cd69 (PDB code: 1fm5) and active site 
analysis. Comparative analysis of various isoforms of the given protein in human has 
also been done. The 3D structures of a protein are of great assistance when planning 
experiments aimed at the understanding of protein function and during the drug 
design process. 
 
 
Material and Methods 
The primary protein sequences of human and mouse C-type lectin domain family 2 
member D were downloaded from GenBank (NCBI) under the gene name 
clc2d_human and CLC2D_mouse respectively. The retrieved target sequences were 
of 191(human) and 207(mouse) amino acids long, stored in FASTA format. The 
modeling began with a template structure search. 
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Sequence comparison 
Protein BLAST [11] was used to compare target sequence against the structures 
available in PDB. Alignment confirmed that the Human Cd69 shares the highest 
percentage residue identity with the query sequences. Template sequence was made 
up of 199 amino acids but crystal structure was available only of a small fragment 
(85-199) in PDB. In alignment the human sequence from 74 to 191amino acids and 
the mouse sequence from 79-207 amino acids were shown similarity against template 
structure. The build both the human and the mouse C-type lectin domain family 2 
member D model using Human Cd69 as templates. The human CLC2D exists in six 
isoforms produced by alternative splicing. 
 
Model building 
Model building was performed using the program MODELLER9v6 program [12] 
with multiple cycles of refinement with conjugate gradient minimization and 
molecular dynamics with simulated annealing. Several models at various refinements 
level and library schedules were generated. The program models protein structure by 
satisfaction of spatial restraints starting from the extended polypeptide chain 
conformation. For homology modeling of human and mouse, these restraints were 
derived from aligned sequences and template structures of Human Cd69 from Protein 
Data Bank (1fm5a and 3hupa). 
 
Model evaluation 
The models were then analyzed further and validated using Ramachandran [13]. The 
amino acid environment was evaluated using ERRAT plots [14], which assess the 
distribution of different types of atoms with respect to one another in the protein 
model and energy minimization performed by Verify3D (15). The model structure 
was visualized and superimposed with template using Pymol and VMD. Active site 
analysis was carried out using WHAT IF (http://swift.cmbi.ru.nl/servers) server. 
 
 
Results & Discussion 
BLAST search was performed for C-type lectin domain family 2 member D of H. 
sapiens and Mus musculus across from Protein Data Bank and significant similarities 
were found with several proteins belonging to the C-type lectin domain family (Table 
1). Among them two proteins 1fm5a and 3hupa were selected for the further 
procedure. Homology percent was calculated with the help of GENEBEE tool to 
select the best homolog among the selected templates (Table 2). 
 
 
Table 1: Proteins found with BLAST search producing significant alignments with 
CLC2D human against PDB. 
 
DB ID 
Source 

Description Identity 
(%) 

E-
value 

1FM5_A Chain A, Crystal Structure Of Human Cd69  62  6e-26 



122  Poornima Chauhan et al 

 

3HUP_A Chain A, High-Resolution Structure Of The 
Extracellular Domain Of Human Cd69 

 62 1e-25 

1E87_A Chain A, Human Cd69-Trigonal Form  59 3e-25 
1DV8_A Chain A, Crystal Structure Of The Carbohydrate 

Recognition Domain Of The H1 Subunit Of The 
Asialoglycoprotein Receptor 

 50 2e-13 

1T8C_A Chain A, Structure Of The C-Type Lectin Domain Of 
Cd23 

 32 5e-11 

Significant alignments with CLC2D_mouse against PDB 
1FM5_A Chain A, Crystal Structure Of Human Cd69  60 2e-21 
3HUP_A Chain A, High-Resolution Structure Of The 

Extracellular Domain Of Human Cd69 
 60 5e-21 

1E87_A Chain A, Human Cd69-Trigonal Form  55 3e-20 
3KQG_A Chain A, Trimeric Structure Of Langerin  75 2e-10 
3P7G_A Chain A, Structure Of The Human Langerin 

Carbohydrate Recognition Domain In Complex 
With Maltose 

 60 2e-10 

 
 
 
Table 2: Homology percentage of mouse and isoforms of human using GENEBEE 
tool. 
 

Target proteins 1FM5_A 3HUP_A 
CLC2D_HUMAN (Q9UHP7.1) 44.7 36.7 
CLC2D_ HUMAN (Q9UHP7.2) 41.6  33.9 
CLC2D_ HUMAN (Q9UHP7.3) 39.0  31.5 
CLC2D_ HUMAN (Q9UHP7.4 ) 27.7 21.2 
CLC2D_ HUMAN (Q9UHP7.5 ) 39.2 43.9 
CLC2D_ HUMAN (Q9UHP7.6) 22.6 25.0 
CLC2D_MOUSE 41.8 31.4 

 
 
 Among the selected templates the extracellular domain of Human Cd69 from H. 
sapiens (PDB code: 3hup) has high E value and less homologues in BLAST search 
than Crystal Structure of Human Cd69 (PDB code: 1fm5a) even sequence coverage 
was same. Multiple sequence alignment of human and mouse along with Human 
Cd69 sequence was performed (Fig. 1). On the basis of these results, we can conclude 
that LEPR protein may be folded similarly to these proteins.  
 
T-COFFEE, Version_8.93 (Thu Aug 5 18:09:23 CEST 2010) 
Cedric Notredame  
CPU TIME:0 sec. 
SCORE=98 
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 BAD AVG GOOD 

 

1FM5_A|PDBID|CH   98 

sp|Q9UHP7|CLC2D    98 

sp|Q91V08|CLC2D    97 

cons           98 

 

1FM5_A|PDBID|CH   -CSEDWVGYQRKCYFISTVKRSWTSAQNACSEH 

sp|Q9UHP7|CLC2D   -CPESWIGFQRKCFYFSDDTKNWTSSQRFCDSQ 

sp|Q91V08|CLC2D   ACPQNWIGVENKCFYFSEYPSNWTFAQAFCMAQ 

cons                                *.:.*:* :.**:::*    .** :*  *  : 

 

1FM5_A|PDBID|CH   GATLAVIDSEKDMNFLKRYAGREEHWVGLKKEP

sp|Q9UHP7|CLC2D   DADLAQVESFQELNFLLRYKGPSDHWIGLSREQ 

sp|Q91V08|CLC2D   EAQLARFDNQDELNFLMRYKANFDSWIGLHRES 

cons                              * ** .:. .::*** ** .  : *:** :*  

 

1FM5_A|PDBID|CH   G-HPWKWSNGKEFNNWFNVTGSDKCVFLKNTEV 

sp|Q9UHP7|CLC2D   G-QPWKWINGTEWTRQFPILGAGECAYLNDKGA 

sp|Q91V08|CLC2D   SEHPWKWTDNTEYNNTIPIRGEERFAYLNNNGI 

cons                             . :**** :..*:.. : : *  . .:*::.   

 

1FM5_A|PDBID|CH   SSMECEKNLYWICNKP--Y----------K 

sp|Q9UHP7|CLC2D   SSARHYTERKWICSKSDIH----------V 

sp|Q91V08|CLC2D   SSTRIYSLRMWICSKLNSYSLHCQTPFFPS 

cons                             ** .  .   ***.*  :             
 
Figure 1: Sequence alignment between CLC2D_human E1, CLC2D_mouse and 
human Cd69 (PDB: 1FM5_A). 
 
 
 MODELLER 9V6 was used for generation of models and a total of 14 models 
were generated. The comparable Ramachandran plot characteristic and the goodness 
factors confirm the quality of the modeled structure. An analysis of templates and the 
predicted structures using PROCHECK [16] indicates that the quality of the presented 
model is satisfying (Table 3). It does not differ significantly from those of the 
templates. A criterion to select the best model was energy that tends to minimum to 
provide stability to the molecule and core region in the Ramachandran plot should be 
equal to template or more than 90%. 

 
Table 3: Parameters for structural verification of the predicted models. 

 
Model No. Core region in 

Ramachandran 
plot 

Disallowed region in 
Ramachandran plot 

CLC2D_HUMAN 
(Q9UHP7.1) 

91.3% 1.0% 
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CLC2D_ HUMAN 
(Q9UHP7.2) 

81.6% 1.1% 

CLC2D_ HUMAN 
(Q9UHP7.3) 

92.9% 0.0% 

CLC2D_ HUMAN 
(Q9UHP7.4 ) 

85.0% 0.8% 

CLC2D_ HUMAN 
(Q9UHP7.5 ) 

91.6% 0.0% 

CLC2D_ HUMAN 
(Q9UHP7.6) 

81.6% 1.1% 

CLC2D_MOUSE 82.9% 1.7% 
1FM5_A 89.4% 1.0% 

 
 

 
 

Figure 2: (A) - 3D structure of predicted CLC2D_Human (sequence region 74 to 
191) (B) - 3D structure of predicted CLC2D_Mouse (sequence region 79-207) (C) - 
Superposition between the CLC2D_human and CLC2D Mouse models. 

 
 

 
 
Figure3: Structural verification of the predicted models through Ramachandran Plot 
(a) CLC2D_human (b) CLC2D_Mouse. 
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Figure 4: Predicted 3D structure of five isoforms of CLC2D_Human. 
 

 
 
Figure 5: Superposition of the c-type lectin domains from the model of human and 
mouse E1 (CLC2D_human in green; CLC2D_mouse E1 in magenta). 
 
 
 The predicted model was further analyzed to locate the residues in the active sites 
those provide interactions with the ligand (Fig.4). In whole protein sequence the 
active site residues are present as: 
 
Model Active sites 
Isoform 1 V113,F116,L119,N120, 126,P127,S128,D129,W132,I133,L135,G159-

A160,G161,A164,I65Y,166L,167N,168D,169K,170G,A171,S172,S173,
A174,R175,T178,R180 

Isoform 2 C75,P76, F81,Q82,R83,K84,C85,F86, C103, D104, Q105, D106, A107, 
D108,L109,A110,Q111,V112,E113,S114,F115,Q116,E117,L118,I33,L1
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35,W144,I145,N146,G147,T148,E149,W150,T151,R152,Q153,L154,V1
55, L164, Q171, Y184, P185, G186, S187, R188, R189, V190, C191, 
L192, F193,E194 

Isoform 3 C75,P76, F81,Q82,R83,K84,C85,F86, C103, D104, Q105, D106, A107, 
D108,L109,A110,Q111,V112,E113,S114,F115,Q116,E117,L118,I33,L1
35,W144,I145,N146,G147,T148,E149,W150,T151,R152,Q153,L154 

Isoform 4 H2,D3,N5,N6,V7,P13,S14,E15,L16,P17,A18,N19,P20,G21,C22,H24,S2
5,K26,H28,S29,I30,K31,A32,T33,L34,I35,W36,R37,L38,F39,F40,L41,I
42,M43,F44,L45,T46,I47,I48,V49,C50,G51,M52,V53,A54,A55,Q72,G1
24,R127,V128,C129,L130,F131 

Isoform 5 T47,Q48,R49,K50,C51,F52, Q71,D72,A73,D74,L75,A76,Q77,V78,E79, 
I103,N104,G105,T106,C151,S152,K153,S154,D155,I156,H157,V158 

Isoform 6 H2,N6,V7,E8,K9,D10,I11,T12,P13,S14,E15,P30,S31,V32,C33,L34,Q35
,A36,A37,C38,P39,E40,S41,W42,I43,S55,D56,D57,T58,K59,V78,E79,
S 90,L84,V85,S86,Y87,P88,G89,S90,R91,R92,V93,E97 

 
 
Discussion 
3D structure of predicted CLC2D_Human and CLC2D_Mouse is shown in Fig 2. 
Both the structures are superimposed also that denotes few variations between them. 
The predicted structures are verified by Ramachandran plot (fig. 3).The plot is divided 
into four parts, among them core region and disallowed region are considered (Table 
3). After the analysis of various isoform of CLC2D_Human (fig. 4), we found that 
variation in isoform 2 changed sequences from 155 to 191 but structure was 
remaining unchanged. While in isoform 3 such region was deleted and isoform 4 had 
substitutions from 120 to 191 (fig. 6). In isoform 5 sequence region from 21 to 57 was 
missing, F82 substituted to FFT and Q141 to QFT. Six isoform was shown large 
variations. In fig 4 purple colour shows ß sheets, α sheets represented by yellow 
colour and rest region represented loops  

 

     
 

Figure 6: (a) Superposition of the CLC2D_human isoform1 and isoform2 (b) Same 
structural element in both isoforms (155 to 191 regions). 
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