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[I] INTRODUCTION 
 
Dysregulated cell-cycle control or apoptosis often leads to 

tumorigenesis. An instrumental role is played by ubiquitin and 

ubiquitin-related families of proteins in various cellular 

processes through modification of target proteins [1, 2].  

 

Ubiquitin is a conserved 76 amino-acid polypeptide that plays 

role in conjugation of target proteins, thereby tagging ‟these 

proteins for degradation via the 26s proteosome pathway [3, 4]. 

This process of ubiquitylation, is an ATP dependent process that 

involves the sequential action of at least three different classes 

of enzymes. An E1 or ubiquitin activating enzyme, an E2 or 

ubiquitin conjugating enzyme, an E3 or ubiquitin protein ligase 

and in some cases an E4 chain elongation factor [5]. 
 
1.1. Ubiquitin-like proteins 

 

 A new group of proteins have been discovered recently that are 

related to ubiquitin or function similarly. These ubiquitin-like 

proteins     can be divided into two groups, namely the ubiquitin 

- like modifiers (UBLs) and Ubiquitin-domain proteins (UDPs) 

[1].  

 

Ubiquitin- like modifiers (UBL) modify other proteins by 

covalent formation of an isopeptide-bond with their target. 

These include Ubiquitin, SUMO-1/SMT3, SUMO-2, SUMO-3, 

NEDD8, ISG-15, FAT 10, HUB, Fau, An1a, An1b, APG12, 

URM1. Ubiquitin   domain proteins (UDP) on the other hand 

are only structurally linked with ubiquitin and cannot become 

covalently conjugated to target proteins [1]. These include 

RAD23/HHR23A, B; DSK2, PLIC-1, PLIC-2/Chap1, XDRP1, 

BAG-1, BAT3/Chap2, Scythe, Parkin, UIP28/RBCK1, UBP6, 

Elongin B, Gdx. 

 

FAT10 or diubiquitin belongs to UBL class of ubiquitin - like 

proteins. The FAT10 gene is identified as one of the genes in 

the MHC class I HLA-F locus of chromosome 6 [6]. It encodes 

an 18kDa protein containing 165 amino acid residues that has 

two ubiquitin- like domains, which are separated by a linker of 

5 amino acid. The N-terminal domain is with 29% identity and 

C-terminal domain is with 36% identity with ubiquitin [Figure– 

1]. 

 

Of the seven lysine-residues in ubiquitin four are conserved in 

both ubiquitin- like domains of FAT10. These lysine residues 

correspond with the Lys-27, Lys-33, Lys-48 and Lys-63 of 

ubiquitin. Among these lysine residues Lys-48 and Lys-63 of 

ubiquitin are important for polyubiquitin-chain formation. Also 

the diglycine motif of the very C-terminus of the C-terminal 

domain is conserved. Atypical of ubiquitin is the appearance of 

four cysteine residues in FAT10 [8]. 

 

Over-expression of the FAT10 gene was observed in the tumors 

of several cancers including gastrointestinal and gynaecological 

cancers [9]. Increased mitotic non-dysjunction and chromosome 

instability was observed in cells having high level expression of 

FAT10 protein [10]. Fat10 has been shown to bind 
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noncovalently to the human spindle assembly checkpoint 

protein, MAD2 [11], a protein responsible for maintaining 

spindle integrity during mitosis [12].The inhibition of MAD2 

function has been associated with chromosomal instability, a 

characteristic of many cancers [13,14]. 

 
Protein-protein interactions are integral to many cellular control 

mechanisms, because of the formation of protein–protein 

complexes in many biological events. Disruption of protein–

protein interactions can cause biochemical diseases [15, 16]. In 

order to identify the way how proteins interact with each other, 

the structural details of these complexes at atomic level and 

their docking studies will be particularly important for 

elucidating functional mechanisms and designing inhibitors, and 

thus is a major goal of structural biology [17-19]. In the present 

study, we have carried out protein-protein docking studies 

between the two proteins i.e., FAT10 and MAD2.  

 

 
 
Fig: 1. Primary Structure of FAT10 and its sequence similarity to ubiquitin. (from Mark Steffen Hipp, 2005) [7]. (A) schematic 

diagram of FAT10 (B) sequence comparison of the N and C-terminal halves of FAT10 (N- / C-) with ubiquitin (Ub) 

 

[II] MATERIALS AND METHODS  
 

2.1. Sequence retrieval and template selection 

The amino acid sequence of FAT10 is retrieved in FASTA format from 
SWISS PROT database followed by BLAST against PDB for template 
selection. The BLAST is used to find the similarity of the sequence to 
closest homologous proteins with known structures available in the PDB 
and identifies the structure with high identity and similarity to be 
employed as template for homology modeling. 

 

2.2. Sequence alignment and model building 

By extracting the sequence of template and target the alignment process 
is carried out by using ClustalW. Using “MODELLER 9.12” the 3D 
structure of FAT10 is generated. Energy minimization of the modeled 
structure is carried out by applying CHARMm force fields and steepest 
descent algorithm followed by conjugant gradient algorithm in DS until 
the convergence gradient is satisfied. 

 

2.3. Model validation 

2.3.1. Procheck 

Procheck is used in validation of protein structure and models by 
verifying the parameters like Ramachandran plot quality, peptide bond 
planarity, bad non-bonded interactions, main chain hydrogen bond 
energy, C-alpha chirality and over-all G factor and the side chain 
parameters like standard deviations of chi1 gauche minus, trans and 
plus, pooled standard deviations of chi1 with respect to refined structures 
[20]. 

2.3.2. Prosa 

This program compares Z scores between target and template structure 
which are a measure of compatibility between its sequence and 
structure. The Z score of the model should be comparable to the Z 

scores obtained from the template [21, 22]. 

 
2.3.3. Docking studies 

Protein-protein docking studies of diubiquitin (FAT10) with its receptor, 
mitotic spindle check point protein (MAD2), were performed in GRAMM-
X Protein-Protein Docking Web Server v.1.2.0 using the GRAMM global 

search algorithm [23]. The crystal structure of MAD2 with PDB entry 

2V64 containing 205 amino acid residues at a resolution of 2.90 was 
taken from the PDB database.  

 
[III] RESULTS  
 
3.1. Sequence retrieval and template selection 

 

The FASTA sequence of the FAT10 protein (1-165) taken from 

SWISSPROT database accession number: O15205, entry name: 

UBD_HUMAN, and protein name: Ubiquitin D was submitted 

to BLAST against PDB database. The BLAST results yield X-

ray structure of 2ZVN from human having a sequence identity 

of 31% with a resolution of 3.00 A0. All the further procedures 

are carried out using MODELLER 9.12.  



REGULAR ISSUE  

 Pandrangi 
_______________________________________________________________________________________________________________________  

       

 

   IIOAB-India                                                          Pandrangi. IIOABJ; Vol. 5; Issue 3; 2014: 13–18 15 

                           w
w

w
.iio

a
b

.o
rg

                                                                                        
 

   
                                            w

w
w

.iio
a
b

.w
e
b

s
.c

o
m

 
B

IO
IN

F
O

R
M

A
T

IC
S

 

 

 
3.2. Sequence alignment and model building 

 

An essential input to a homology modeling program is the 

sequence alignment between the template-target pair. 

Alignment of FAT10 protein with the extracted sequence of 

2ZVN was carried out using Clustal W. On the basis of this 

alignment as input, model of the FAT10 is built using 

“MODELLER 9.12.” Ten molecular models of FAT10 are 

generated. The refinement process is carried out using DS by 

applying CHARMm force field and steepest descent method is 

applied with 0.001 minimizing RMS gradient and 2000 

minimizing steps followed by conjugant gradient method till it 

reaches the satisfactory results for minimization. The energy 

refinement method gives the best conformation to the model 

[Figure– 2]. 

 

3. 3. Model validation 

The final refined modeled structure of FAT10 protein is 

analyzed by the Procheck and Prosa. 

 

 

3.4. Procheck 

Procheck is used to evaluate the overall stereochemical quality 

of the modeled protein by analyzing the overall residue by 

residue geometry and psi and phi torsion angles of 

Ramachandran plot showing residues with most favorable 

region (88.4%), generously allowed region (0.0%), additionally 

allowed region (10.2%), and disallowed region (1.4%) in 

comparison to 2ZVN template (80.2%, 0.8%, 19.2%, and 

0.0%), respectively. The plot statistics are given in [Table–1, 

Figure-3]. 

 

 
 

Fig: 2. Modeled FAT10 protein 

 

Table: 1. The % of residues in the core region of the Ramachandran plot for the built FAT10 model and the template 

 

Structure Core Allowed Generous Disallowed 

2ZVN 80.2 19.2 0.8 1.4 

FAT10 88.4 10.2 0.0 0.0 

 
3.5. Prosa 

Prosa was used for quality assessment of the model which 

revealed that the FAT10 model matched NMR region of the plot  

 

 

 

with Z score (-6.48) which is reliable to the Z score of the 

template 2ZVN (-7.37) . It signifies the quality of our model. 

[IV] DISCUSSION  
 
4.1. Docking studies 
 

Protein-protein docking has been performed using GRAMM-X 

docking server which employs smoothed potentials, refinement 

stage, and knowledge based scoring [23]. It uses smoothed 

Lennard-Jones potential on a fine grid during the global search 

FFT stage, followed by the refinement optimization in 

continuous coordinates and rescoring with several knowledge-

based potential terms. The extracted PDB structures 2V64 of 

MAD2 and FAT10 are taken for docking studies. The top 4000 

grid-based predictions are subjected to a conjugate gradient 

minimization in continuous 6D rigid body space with the soft 

potential. The minimization accumulates many points, initially 

located on the grid, in a fewer local minima. One representative 

prediction for each minimum is stored and the number of initial 

predictions falling into this minimum is marked as the volume 

of the minimum. The average radius of such minima is 5 s. The 

local minimization of a smoothed landscape can be viewed as 

clustering on the original rugged Lennard-Jones landscape, and 

helps locate the protein binding funnel.  
 
For each minimized prediction soft Lennard-Jones potential, 

evolutionary conservation of predicted interface, statistical 

residue–residue preference, volume of the minimum, empirical 

binding free energy and atomic contact energy are calculated. 

To eliminate predictions that are likely to be located far from 

the correct binding site, Support Vector Machine filter trained 

on a subset of the benchmark set is applied using the above 

mentioned set of potential terms. The remaining predictions are 

re-scored by a weighted sum of the potential terms. Figure– 4 

illustrates the top ranking pose of predicted MAD2-FAT10 

complex formation that reveals the correct binding mode of the 

protein.  
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Figure: 3. A) Ramachandran’s Map of FAT10 protein. B) Ramachandran’s Map of 2ZVN  protein 

 

 
 
Fig: 4. The top ranking pose of predicted MAD2 (red colored flat ribbon shaped)-FAT10 (yellow colored flat ribbon shaped) 
complex formation illustrating intermolecular hydrogen bonding between the active site regions of the MAD2 and FAT10 
complex. The amino acids on MAD2 involved in hydrogen bonding are represented in yellow colored stick shaped while the amino acids on FAT10 

involved in hydrogen bonding are represented in red colored ball and stick shaped. 
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Several intermolecular hydrogen bonds consistently form 

between the active site regions of the MAD2 and FAT10 

complexes which are listed in [Table–2]. All these binding 

interactions lead to stability of complex thus preventing the 

function of mitotic check point function of MAD2. MAD2 

(mitotic arrest-deficient 2) is a key mitotic spindle checkpoint 

protein which ensures that all of the chromosomes are properly 

attached to the mitotic spindle before the onset of anaphase 

[24]. It is activated by associating with unattached kinetochores. 

Activated MAD2 binds to Cdc20 and prevents the anaphase-

promoting complex from ubiquitylating securin. As a result, 

anaphase is delayed until all of the kinetochores are attached by 

microtubules and the chromosomes are properly aligned along 

the metaphase plate [12, 25, 26] 
          

Table: 2. Various binding interactions between the MAD2 
and FAT10 complex 

 
Sl. No Intermolecular Hydrogen bonds 

 MAD2 FAT10 

1. THR 42 SER 14 

2. ARG 45 THR 121 

3. THR 52 GLY 124 

4. THR 56 GLU 16 

5. ARG 133 GLU 98 

6. SER 14 THR 42 

 
 
[IV] CONCLUTION 
 

The present study demonstrated the binding interactions of the 

MAD2-FAT10 complex through docking analysis. Docking 

studies reveals the correct binding mode and interacting amino 

acids. This protein – protein docking studies of MAD2 and 

FAT10 provides a great assistance in understanding structural 

details and may lead to the establishments of therapeutic 

approaches in designing of effective drugs for gastrointestinal 

and gynaecological cancers. 
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