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Abstract 

Fanconi anemia (FA), is an uncommon inherited disease, is connected with dynamic bone marrow failure, inclination to cancer, 

and genomic instability. FA described by formative deformities, short stature, bone marrow failure, and a high danger of 

cancer. The mRNA of FANCD2 was recovered from the NCBI database, then interpreted into 679 amino acid by GeneMark 

server and study capacity of Fanconi anemia ID complex (FANCI-FANCD2) in light of the SWISSPORT Blast report: assumes 

a focal part in the repair of DNA interstrand cross-links, activated by means of DNA damage-induced phosphorylation by ATR 

and monoubiquitination by the FA center complex ubiquitin ligase, this capacity that permit processing and evacuation of 

crosslinked DNA and subsequently advances cell survival after DNA damage. The preservation homology was assessed by 

different arrangement utilizing BioEdit pakage, demonstrating high characters with another FANCD2 protein H. sapiens. The 

study structural and functional characterization, molecular formula, pI, EC, AI, GRAVY, instability index, half-life time and 

secondary structure were anticipated, this outcome affirm FANCD2 protein is steady, which can be utilized to confine and 

study in the vitro. In the present study a complete structural investigation and 3-D demonstrating of the FANCD2 protein 

utilized CPHmodels 3.2 server by utilizing template pdb of Mus musculus model because of the high rate of character (71.7%) 

and envision by Chimera 1.8. programming. Anticipated model was further surveyed by VERIFY-3D, this confirmation of 

quality of model. 
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1. Introduction 

Fanconi anemia (FA) is a complex infection that is viewed as 

a congenital type of aplastic anemia, the genetic method of 

transmission is both autosomal and X-linked, and a 

developing number of recognized genes are disseminated 

among the different chromosomes. The most widely 

recognized clinical appearance in many patients with FA, 

which may happen in all FA patients eventually, is a life-

threatening bone marrow failure (BMF).
1-2

 The FA is also 

associated with diverse birth defects and a predisposition to 

malignancies. FA-related congenital malformations can 

influence numerous organ systems, including the central 

nervous system, the gastrointestinal system, and the skeletal 

system. 
3–8

 Other outcomes in patients with FA incorporate 

short stature, skin pigmentation variations from the norm, 

and small facial features. Furthermore, more than 70% of 

patients with FA show endocrine dysfunctions incorporating 

lacks in development hormone and thyroid hormone and in 

addition diabetes. 
9-10

 All of these disease manifestations 

recommend a part for FA genes in mechanisms that bear on 

hematopoiesis, development, and neoplasia. Fanconi anemia 

(FA) is an uncommon genome-instability, disorder with the 

variable presence of cellular hypersensitivity to DNA-inter 
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strand cross connecting agents 
11

. There are no less than 12 of 

the basic genes have been recognized: FANCA, FANCB, 

FANCC, FANCD1/BRCA2, FANCD2, FANCE, FANCF, 

FANCG/XRCC9, FANCJ/BRIP1, FANCL/PHF9, 

FANCM/HEF, and FANCN/PALB2 
12-16

. Eight of the FA 

proteins (FANCA, -B, -C, -E, -F, -G, -L, and -M) and other 

parts collect in a nuclear complex, the FA “core complex,” 

that is needed for the monoubiquitination of FANCD2 at 

amino acid residue K561 
17-18

. Monoubiquitination happens 

in response to DNA damage and amid the S phase of the cell 

cycle 
18-19

. The monoubiquitinated FANCD2 isoform 

(FANCD2-L, as opposed to FANCD2-S) is focused to 

nuclear foci containing proteins such as BRCA1, BRCA2, 

and RAD51 that are included in DNA-damage signaling and 

recombination repair 
20-23

. The FANCD2-lacking DT40 cells 

show imperfections in homologous recombination-mediated 

DNA double strand break (DSB) repair, translation synthesis, 

and gene conversion 
20, 24, 25

. Hence, FANCD2 is thought to 

assume a focal part in the support of genome stability 
20, 25-26. 

2. Materials and Methods 

The mRNA of FANCD2 gene was retrieved from the NCBI 

database 
27

 GenBank: [AK022613] and translated into the 

protein by GeneMark software. The selected sequence for 

physiochemical analysis and 3-D modeling is given below: 

NSDEINIPRLIVSQLKWLDRVVDGKDLTTKIMQLISIAP

ENLQHDIITSLPEILGDSQHA 

DVGKELSDLLIENTSLTVPILDVLSSLRLDPDFLLKVRQ

LVMDKLSSIRLEDLPVIIKFI 

LHSVTAMDTLEVISELREKLDLQHCVLPSRLQASQVKL

KSKGRASSSGNQESSGQSCIIL 

LFDVIKSAIRYEKTISEAWIKAIENTASVSEHKVFDLVM

LFIIYSTNTQTKKYIDRVLRN 

KIRSGCIQEQLLQSTFSVHYLVLKDMCSSILSLAQSLLH

SLDQSIISFGSLLYKYAFKFF 

DTYCQQEVVGALVTHICSGNEAEVDTALDVLLELVVL

NPSAMMMNAVFVKGILDYLDNIS 

PQQIRKLFYVLSTLAFSKQNEASSHIQDDMHSVIRKQL

SSTVFKYKLIGIIGAVTMAGIM 

AADGSESPSLTQERANLSDEQCTQVTSLLQLVHSCSEQ

SPQASALYYDEFANLIQHEKLD 

PKALEWVGHTICNDFQDAFVVDSCVVPEGDFPFPVKA

LYGLEEYDTQDGIAINLLPLLFS 

QDFAKDGGPVTSQESGQKLVSPLCLAPYFRLLRLCVER

QHNGNLEEIDGLLDCPIFLTDL 

EPGEKLESMSAKERSFMCSLIFLTLNWFREIVNAFCQE

TSPEMKGKVLTRLKHIVELQII 

LEKYLAVTPDYVPPLGNFD 

The capacity of the FANCD2 protein through conserved 

domain (CD) for indistinguishable or exceptionally 

comparable from BLASTp (protein-protein BLAST) 

Algorithm and utilized (SWISSPROT) database 
28-29

. The 

Multiple Sequence Alignment (MSA) by BioEdit package 
30

. 

Total 3 sequences that have higher comparability with a low 

E - value of BLASTp output, was taken for this study. 

Physiochemical characterization, theoretical isoelctric point 

(pI), aggregate number of positive and negative deposits, 

extinction coefficient, instability index, half life time, 

aliphatic index and grand average hydopathy (GRAVY) were 

computed utilizing Expasy’s Prot-Param server 
31

, this 

apparatuses which permits the computation of different 

physical and chemical parameters for a given protein stored 

in Swiss-Prot or TrEMBL or for a user entered sequence. 

The secondary basic components of FANCD2 protein was 

considered for this study that was utilized in SOPMA view 
32

, another exceptionally exact optional structure prediction 

method, SOPMA Expasy’s incorporates two feed-forward 

neural networks, which perform an investigation on yield got 

from every one of the successions of an arrangement of 

adjusted proteins fitting in with the same group of the 

database.  

The 3-dimensional structure expectation we utilized 

CPHmodels 3.2 server to predict the 3D structure of those 

proteins with an unknown 3D structure model 
33, 34

. It is a 

protein homology modeling server, where the template 

recognition is based on profile-to-profile arrangement, 

guided by secondary structure and presentation forecasts. 

Visualization and characterization of the FANCD2 protein 

model were done by CHIMERA software and structural 

validation of protein model was done 
35

. Further, the model 

was surveyed by VARIFY 3D 
36

 which determine 

stereochemical viewpoints alongside principle chain and side 

chain parameters with a complete examination. 

3. Results and Discussion 

In this study the FANCD2 protein sequence of H. sapiens 

was translated from mRNA of FANCD2 gene taken from 

NCBI database, after then the protein sequence was checked 

for their function with a conserved domain (CD) utilizing 

pBLAST analysis (Table 1). This protein has domain 

function: CD [11721], Fanconi anemia D2 protein; The 

Fanconi anemia ID complex comprises of two subunits, 

Fanconi anemia I and Fanconi anemia D2 (FANCI-FANCD2) 

and plays a focal part in the repair of DNA interstrand cross-

links (ICLs). The complex was activated via DNA damage-

induced phosphorylation by ATR (ataxia telangiectasia and 

Rad3-related) and monoubiquitination by the FA core 

complex ubiquitin ligase, and it was bound to DNA at the 

ICL site, perceiving branched DNA structures. Defects in the 

complex causes Fanconi anemia, a cancer predisposition 
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syndrome. The phosphorylation of FANCD2 was required for 

DNA damage-induced intra-S phase checkpoint and for 

cellular resistance to DNA cross linking agents. 

Table 1. pBlast report of FANCD2 protein. 

Organism Name Accession % Identity E value Total score 

Homo sapiens  Q9BXW9 99% 0 1377 

Rattus norvegicus Q6IV68 78% 0 1074 

Mus musculus  Q80V62 77% 0 1073 

 

Multiple sequence alignment investigation of the FANCD2 

protein was completed by BioEdit package that cover 3 

sequences of pBLAST yield document in light of the fact that 

these sequences showed interesting similitude and low e-

value. Predicted MSA had demonstrated high ration area 

(black and gray color) and low variable regions took after by 

color coding as red, blue and green (Fig. 1). The outcome 

was indicating over 99%, 78% and 77% identities with Homo 

sapiens, Rattus norvegicus and Mus musculus, respectively 

and can support the conservation function of FANCD2 

protein. 

 

Fig. 1. Multiple Sequence Alignment of FANCD2 protein. 

 

Fig. 2. Secondary structure of the FANCD2 protein. 
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Fig. 3. 3-D model of FANCD2 protein. 

Table 2. Total amino acid in FANCD2 protein. 

Amino acid Number Composition (%) 

Ala (A) 35 5.2 

Arg (R) 21 3.1 

Asn (N) 22 3.2 

Asp (D) 44 6.5 

Cys (C) 15 2.2 

Gln (Q) 38 5.6 

Glu (E) 43 6.3 

Gly (G) 27 4.0 

His (H) 15 2.2 

Ile (I) 52 7.7 

Lue (L) 95 14.0 

Lys (K) 38 5.6 

Met (M) 14 2.1 

Phe (F) 28 4.1 

Pro (P) 25 3.7 

Ser (S) 67 9.9 

Thr (T) 30 4.4 

Trp (W) 4 0.6 

Tyr (Y) 17 2.5 

Val (V) 49 7.2 

Pyl (O) 0 0.0 

Sec (U) 0 0.0 

The predicted physiochemical characteristic of the FANCD2 

protein demonstrated that the molecular formula of 

FANCD2protein was C3409H5452N874O1028S29, have 

10792atom that provided the ab-into information of this 

protein. The amino acid composition of the FANCD2 protein 

has 87(Asp + Glu) negatively charged, 59 (Arg+ Lys) 

positively charged, these outcome significance acidic nature 

of FANCD2 protein (Table.2). The genuine predicted 

molecular weight of the FANCD2 protein was 76059.7 Da, 

which was valuable in the isolation of this protein with the 

western blot procedure. The computed pI value was 4.98 and 

was less than 7 (pI<7) demonstrated that target protein was 

considered as acidic. This additionally corresponds with the 

number of negatively charged residues presented in the 

FANCD2 protein. At isoelectric point (pI), proteins were 

stable and compact so the computed pI will be valuable for 

building up a buffer system for purification by isoelectric 

centering technique and in pH based separation. Expasy’s 

ProtParam computed the extinction coefficient at 280 nm 

measured in water was 48205 M-1 cm-1. The extinction 

coefficient demonstrated the presence of Cys residues were 

diminished, such as low concentrations of Trp, Met and Tyr, 

that help us in the quantitative investigation of the protein-

protein and protein-ligand interactions in solution. 

3.1. Half Lifetime, Stability and Solubility 

The evaluated half life time of FANCD2 protein was figured 

to be 1.4 hours (mammalian reticulocytes, in vitro), 3 min 

(yeast, in vivo) and less than 10 hours (Escherichia coli, in 

vivo) by N-end rule 
30

, which related the half-life of a protein 

to the identity of its N-terminal residue; the prediction was 

given for 3 model organisms (human, yeast and E. coli). The 

anticipated half life time demonstrated that FANCD2 was a 

stable protein in the cell after synthesis. The instability index 

of the FANCD2 protein was calculated (in vitro) to be 46.17. 

A protein whose instability index was smaller than 40 was 

predicted as stable, a worth over 40 predicts that the protein 

may be unstable 
11

. Therefore, the ascertained result has been 

demonstrated that FANCD2 protein was unstable in nature 

and this outcome was also correlated with calculated half life 

time value. The aliphatic index of the FANCD2 protein was 

predicted to be very high as 110.52, demonstrated that it may 

sustain on a wide temperature range because of its positive 

factor for the increment of thermal stability of globular 

proteins because of their relative volume involved in the 

aliphatic side chain (alanine, Valine, Isoleucine, and leucine). 

The computed GRAVY of FANCD2 protein was 0.074which 

demonstrated the hydrophilic nature of protein that supports 
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the soluble nature of the FANCD2 protein, which can solve 

the frontier problem of isolation of soluble protein because 

acquiring of high-concentrations of soluble proteins remains 

an intensive experimental challenge 
24

. 

3.2. Secondary and Tertiary Structure 

The secondary structures of proteins are the frequently 

repeating local structures stabilized by hydrogen bonds. The 

most widely recognized samples were the alpha-helix and 

beta-sheet. It revealed that 447 were helices (65.83%), 18 

were strands (2.65%), 12 were Beta (1.77%) and 202 were 

coils (29.75%) presented at different positions in the 

FANCD2 protein structure of H. sapiens (Fig.2). The 

outcome revealed that random helices were dominated 

among the secondary structure. 

The three dimensional structure prediction of the FANCD2 

protein (Fig.3) was built by utilizing template pdb of Mus 

musculus model (pdb id 3S4W) because of the high 

percentage of identity (71.7%), score (969) and e-value (0.0), 

because a high level of sequence identity should guarantee a 

more accurate alignment between the targeted sequence and 

template structure. The model was constructed for the target 

protein using CPH model 3.2 servers 
37

 to obtain PDB file 

and visualize by Chimera 1.8. 

The quality of predicted structure of the four was further 

surveyed and affirmed by VARIFY 3D. The scores (from -1 

to +1) were added and plotted for individual residues. The 

residues falling in the area where the orange line crosses 0.0 

have low prediction accuracy and less stable conformation 

whereas, most of the residues fall above -0.17-0.71 so we can 

say that the model is of good quality (Fig. 4). 

4. Conclusions 

The FANCD2 protein is very important in the repair and 

damage DNA. The overall results provided the evidences that 

the FANCD2 protein of H. sapiens was a stable protein 

having acidic nature, it can be utilized to detect Fanconi 

anemia via Western Blot. 
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