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Abstract 
A fusion protein is one whose polypeptide 
sequence is composed by joining two or more 
different protein sequences with a suitable 
linker. Fusion protein exhibits 
multifunctional properties derived from each 
of their parent proteins. Fusion proteins can 
be used in a wide variety of applications and 
playing an important role in structural 
biology and biotechnology. The major 
challenges in computational biology for the 
design of the novel bifunctional fusion protein 
are the prediction of the structure and linker. 
This review highlights the applications of the 
fusion protein, linkers and soft computing 
techniques for the prediction of the fusion 
protein structure.  
KEYWORDS: Computational Biology, 
Fusion Protein, Linkers, Protein, Soft 
computing techniques.  

1. Introduction 
Proteins are large, complex molecules in our 
cells and are the essence of life processes. They 
are the fundamental constituents of all 
protoplasm, involved in the structure of the 
living cell and in its function. Proteins are 
organic compounds made up of smaller units 
called amino acids, which are covalently linked 
to each other by peptide bonds. There are 20 
standard amino acids that can be combined to 
make a protein [1]. Proteins have widespread 
applications in pharmaceuticals and medical 
diagnosis [2]. In the beginning, natural proteins 
were extracted from animal, human sources, or 
from plants. Then, Recombinant DNA 
technology started a new area of research and 
applied aspects of biology [3]. Since then, a 
significant increase has been seen in reproducing 

natural proteins by Recombinant DNA 
technology. It also focused toward developing de 
novo proteins that do not exist in nature and are 
called as fusion proteins. Fusion proteins are a 
class of proteins, constructed by joining two or 
more different domain proteins [4]. Fusion 
proteins are also called as chimeric proteins or 
hybrid proteins. Fusion protein obtains many 
functional properties derived from each of the 
original proteins, including biological activity 
[5]. Many of the research studies revealed that 
some fusion proteins have greater stability and 
effectiveness over naturally occurring proteins 
[6]-[8]. Over the years, researchers have been 
using the recombinant DNA technology for the 
construction of the fusion proteins due to the 
wide variety of its applications such as tissue 
engineering, improving enzyme activity, drug 
development, half-life extension[7][9], 
biomaterial design[10] and analyses of protein-
protein interactions [11][12]. Successful 
construction of the fusion protein initially 
requires the desired proteins and its 
compatibility. If component domains are not 
compatible then it leads to misfolding [13]. The 
simplest method of fusing selected domains is an 
end to end genetic fusion. In some cases, direct 
fusing is simple and works best where N or C-
terminal regions of the component proteins act as 
a “bridge” to provide enough space between 
protein domains for correct folding[14][15]. 
However, this strategy fails when the N or C-
terminal is not flexible or long enough to avoid 
steric hindrance, which reduces the degrees of 
freedom in protein bioactivity and may give rise 
to undesirable outcomes such as lack of proper 
protein folding, low yield in protein production 
and decreased bioactivity[16]-[18]. For this 
reason, several protein bioactivity studies 
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yielded fusing of the selected proteins without a 
linker results in decreased biological activity 
[19][20]. In this context, most commonly used 
method for construction of the fusion protein is 
linker mediated tandem fusion method. In this 
method, fusion protein is achieved by fusing two 
proteins with a suitable linker [4].   

2. Application of the Fusion Proteins 
2.1 Fusion Proteins in the field of Tissue 
Engineering 

Hayashi M et al. [21] introduced EGF-
Collagen fusion protein and showed various 
purposes of this fusion protein like in the field of 
tissue engineering biocompatible, biodegradable 
and adhesive fibrous mitogen. Huang J et al. [22] 
constructed a novel fusion protein with the 
combination of spider silk and HA nucleating 
domain of DMPI and they specified this new 
fusion protein has potential applications in bone 
tissue engineering. 

A new spider silk-bone sialoprotein 
fusion protein was designed by Gomes S et al. 
[23]. They fused spider silk protein with the 
human bone sialoprotein (BSP) and result 
showed that fusion protein retained same 
functionalities of each of the domains. They also 
showed that this fusion protein can be used as a 
biomaterial in tissue engineering field 
(especially for the construction of grafts for bone 
regeneration). A novel fusion protein FNIII7–
10/CDH 11 EC 1–2 was derived by Zhang Y et 
al. [24] for the construction of tissue engineering 
bones and cartilage products and the 
manufacture of cell-loaded plastic materials. 
Asakura et al. [25] developed a silk-like fusion 
protein film, which showed high cell growth 
activities of kidney VERO cells. 
 
2.2 Fusion Protein for Half-life Extension and 
Drug Delivery 

One of the useful applications of the 
fusion proteins is to prolong the in vivo half-life 
of pharmaceutical proteins because many of the 
proteins have short half-life profiles. For 
example, pharmacokinetic studies predicted that 
half-life of soluble CD4 is short in human. So 
that Capon et al. [27] fused CD4 derivative with 
the Fc portion of immunoglobulinG(IgG) and 
showed rapidly cleared protein can be stabilized 
by fusion. Generally GLP-1(Glucagon-like 
peptide-1) is considered as a therapeutic agent 
for type-2 diabetes. Unfortunately this GLP-1 
has short half-life in vivo. To prolong the life of 

the GLP-1 Gao Z et al. [28] designed a novel 
fusion protein of KGLP-1/HAS. Here, the N-
terminal of GLP-1 is fused with HAS (human 
serum albumin). Like KGLP-1/HAS, Glaesner et 
al. [29] developed a GLP-1 immunoglobulin 
G(IgG4)Fc fusion protein(LY21892625) and 
proved that  LY21892625 retains the activity of 
GLP-1 with increased half-life. Xin Yan et al. 
[30] explained vascular endothelial growth 
factor (VEGF) protein which is an important 
active protein that stimulates angiogenesis and 
actively participates in the tissue regeneration of 
diabetic wounds. However, there are some 
problems with VEGF: low doses of VEGF may 
lead to retarded angiogenesis, half-life of VEGF 
is too short etc. Due to these reasons Zhang J et 
al. [77] designed CBD-VEGF fusion protein by 
fusing vascular endothelial growth factor 
(VEGF) protein with a collagen-binding domain 
(CBD). VEGF-CBD fusion protein showed 
better results in diabetic wound healing with 
extended half-life. Wen ZL et al. [26] fused a 
gene encoding diphetheria toxin with a gene of 
α-melanocyte stimulating hormone and also 
demonstrated that the resulted fusion protein acts 
as a potential drug for the treatment of malignant 
melanoma. 

In the recent years, several classes of 
fusion proteins such as structure-based 
recombinant fusion protein, elastin-and silk-like 
polymers [31] [32] and cadherin-based fusion 
protein has been used in different applications. 
 
3. Role of Linkers in the Design of Fusion 
Proteins 

Linkers are short peptide sequences and 
are widely used in the fusion protein design. 
Linkers can be considered as independent units 
in the design of fusion proteins. Linkers do not 
affect the function of the individual proteins to 
which they are attached [33] [34]. Linkers are 
classified into two types: Natural linkers, 
Empirical linkers.  

3.1 Natural Linkers 
Naturally occurring multi-domain 

proteins are common in a variety of cellular 
processes and their domains are interconnected 
through linkers. Linkers perform a key role in 
cooperative inter-domain interactions, function 
regulation, regulate different folded domains, 
and domain-domain orientation [35]. In 
recombinant technology, studying the natural 
linkers can help in the rational design of 
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empirical linkers [33]. In the recent years 
researchers have been identified various natural 
linkers in several multi-domain proteins [36].  
Natural linkers mostly consists of Pro, Arg, Phe, 
Thr, Glu and Gln amino acid residues and many 
of linker studies revealed Proline-rich sequences 
form rigid structures to prevent unfavourable 
interactions between the domains. Flexible Gly-
rich regions have been treated as natural linkers 
in multi-domain proteins [37]. For example, 
Crystal structure analysis of PAX6 complex 
revealed that Pax6 Gly-rich linker is much better 
ordered and makes many more contacts with the 
DNA [38]. Wilson1 et al, [39] showed Gly-rich 
linkers plays an important functional roles in 
transmembrane glycoproteins(TMs) of 
retroviruses and Cho S. et al. [40] showed RNA-
binding domain (RBD) of SRSF1, consists of  
two RRMs connected through a glycine-rich 
linker.  
 
3.2 Empirical Linkers 

In addition to the natural linkers, 
researchers have designed many empirical 
linkers for the construction of fusion proteins 
[41]. Empirical linkers are classified into three 
types: flexible, rigid and cleavable linkers. 
 
3.2.1 Flexible Linkers  

Flexible linkers provide an important 
consequence of the flexibility between the linked 
domains. Flexible linkers maintain structural 
stability by forming hydrogen bonds with the 
water molecules. Flexible linkers are used 
whenever fused domains require the ability to 
move to and from spatial proximity. Argos [42] 
analysed flexible linkers are generally consists of 
small, polar or non-polar amino acids such as 
Gly, Ser and Thr. Generally flexible linkers have 
the (Gly-Ser) n amino acid sequence, where “n” 
represents number of repeats of the motif and by 
adjusting the number “n” the length of the 
flexible linker (Gly-Ser) can be fine-tuned to 
achieve necessary interactions between fused 
domains. Argos [42] also suggested that flexible 
linkers designed with Gly and Ser are also 
contains additional residues like Thr and Ala in 
order to reduce unfavourable interactions 
between linker and the fused domains. Yun Bai 
et al. [43] used a flexible linker of (GGGGS)3 
and showed inserted flexible linker has improved 
both in vitro and in vivo myelopoietic activity 
over non-linker (G-CSF-Tf ) fusion protein. In 
another study, Hu W et al. [44] inserted 

(GGGGS)3 linker between two copies of  HBsAg 
preS1(21-47) to produce a fusion protein and 
showed  immunoactivity of the fusion protein is 
much stronger than the fusion protein without a 
linker. Michelle S et al. [45] used an eight amino 
acid flexible linker (Gly)8 in the construction of 
Myc-Est2p fusion protein and analysed that  
inserted flexible linker improved in vivo ability 
of the telemerase sub units( Est2p and Est1p) to 
maintain telomere length. In the construction of 
the HAS-ANF fusion protein Sheffield WP et al. 
[46] fused HAS and ANF with a flexible linker 
i.e (Gly)6 in order to increase biological activity 
of ANF, Zhao HL et al. [47] showed that direct 
fusion of human serum albumin(HSA) with 
interferon-alpha2b(IFN-alpha2b) resulted as 
unstable. To get stability of HSA-IFN-alpha2b 
they inserted flexible linker in between HSA and 
IFN-alpha2b. 

 
3.2.2 Rigid Linkers 

Flexible linkers have several advantages 
for constructing a wide variety of fusion proteins, 
even though they have limitations such as 
ineffectiveness in separating functional domains 
due to its high flexibility. Maeda et al. [17] 
described immunoglobulin binding activity of 
the protein G domain in a G-Vargula luciferase 
fusion protein is not retained with the inserted 
flexible GGGGS linker. Some other linker 
studies revealed use of the flexible linkers 
resulted in poor expression or loss of biological 
activity [19]. In this context, rigid linkers have 
been successfully applied to keep a fixed 
distance between domains. Rigid linkers also 
prevent unfavourable interactions between the 
protein domains [33]. Aria et al. [18] were first 
introduced a rigid linker with the peptide 
sequence of A(EAAAK)nA (n=2-5) for the 
construction of bioactive fusion proteins. George 
and Heringa [48] suggested stiff alpha-helical 
linkers to act as rigid spacers between protein 
domains. Rigid linkers often applied in cases 
where the spatial separation of the individual 
domains is crucial to maintain the stability and 
biological activity of the entire fusion protein. 
Amet N et al. [49] used a helical linker in the 
design of hGH-Tf fusion protein and this helical 
linker was inserted as a rigid spacer between the 
fused domains in order to enhance the biological 
activity. Rigid linkers exhibit relatively stiff 
structures by adopting α-helical structures or by 
containing multiple Pro residues. Lu et al. [50] 
used α-helical peptides linker (EAAAK)n (n=1-
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3) to construct bifunctional β-glucanase-
xylanase fusion enzyme. The results showed that 
the inserted α-helical linker improved the 
catalytic effect of both moieties. 

George and Heringa [48] also specified 
another type of rigid linkers which are composed 
of a proline-rich such as (XP)n. Here, X indicates 
any amino acid, with preference of Lys, Ala or 
Glu. Proline is a very unique amino acid and it 
structurally prevents the unfavourable 
interaction between protein domains. For 
instance, recombinant fusion proteins comprised 
of interferon-y (IFN-y) and gp120 of the human 
immunodeficiency virus were constructed using 
(Ala-Pro)n linkers of different lengths[51].  
 
3.2.3 Cleavable Linkers 

Flexible and rigid likers generally consist 
of stable peptide sequences and provide many 
facilities like structure flexibility and increase 
biological activity. However, these linkers do not 
allow for the separation of the two fusion protein 
domains in vivo. Flexible and rigid linkers have 
several drawbacks including decreased 
bioactivity, steric hindrance between functional 
domains, and altered bio-distribution [33]. To 
overcome some of these potential pitfalls, Chen 
et al. [52] introduced an in vivo cleavable linker 
using the reversible nature of the disulfide bond. 
Cleavable linkers are large size category of 
linkers used to construct recombinant fusion 
proteins [33]. These linkers are often designed 
with the aim of release free functional domains 
in vivo, to reduce steric hindrance, improve 
bioactivity, or achieve independent 
actions/metabolism of individual domains of 
recombinant fusion proteins after linker cleave. 
Xiaoying ch et al. [52] designed a cleavable 
linker for in vivo release of protein domains from 
a fusion protein. They inserted in vivo cleavable 
linker between transferrin (Tf) and granulocyte 
colony-stimulating (G-CSF) and achieved an 
improved therapeutic effect, desired 
pharmacokinetic profile and bio-distribution.  
 
3.3 Linker Prediction using Soft Computing    
Methods  

Understanding of linkers and their 
biochemical properties is crucial in designing 
linkers for construction of various recombinant 
fusion proteins. Linkers are short peptide 
sequences that occur between protein domains. 
Crystallographers usually identify domains and 
linkers while determining the structure of multi-

domain proteins. However, in many cases, the 
domain linkers are not identified explicitly and 
there is a need to employ computational methods 
to determine the linkers based on sequence or 
structure of the protein.  In this context, soft 
computing provides several possibilities by 
generating low-cost good solutions. Recent soft 
computing approaches used for domain-linker 
prediction are Artificial Neural Networks (ANN) 
and variants of Support Vector Machines 
(SVM).In 2002 Miyazaki S et al. [53] described 
prediction of domain linkers using neural 
network. Here the neural network was trained to 
differentiate between domain linker sequences 
and non-linker sequences using a SCOP-defined 
domain library. The neural network tested by a 
jack-knife test validation technique and 
predicted linker regions with 58% specificity and 
36% sensitivity of domain linkers.  Again in 
2006, Miyazaki,S. et al. [54] used neural network  
to identify putative domain linker regions in the 
SWISSPROT database consisting  data set of 74 
multi-domain proteins [55]. Sim et al. [56] 
introduced a neural network method, PPRODO 
(Prediction of PROtein DOmain boundaries) for 
the prediction of protein domain boundaries. 
Paul D et al. [57] used an enhanced general 
regression neural network(EGRN) for the 
prediction of linkers from the multi-domain 
proteins and this model achieved  71% accuracy 
for domain boundary identification in multi-
domains proteins.  

Ebina et al. [58] constructed a protein 
linker predictor called DROP (Domain linker 
PRediction using OPtimal features) which 
utilizes a SVM with a Radial Basis Function 
(RBF) kernel. SVM classifier is trained using 25 
optimal features. The optimal features were 
selected from a set of 3000 features using a 
Random Forest (RF) algorithm. The selected 
features were related to secondary structures and 
PSSM (position specific scoring matrix) 
elements of hydrophilic residues. The accuracy 
of DROP was evaluated by two domain-linker 
datasets (DS-All and CASP8 FM). DS-All 
contains 169 protein sequences, with a maximum 
sequence identity of 28.6%, and 201 linkers. In 
protein linker predictions DROP showed a 
sensitivity and precision of 41.3% and 49.4%, 
respectively. Ebina T et al. [59] used a variant of 
SVM called Loop-Length-Dependent SVM was 
used to predict the domain linkers.  
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4. Role of Soft Computing in Fusion Protein 
Design 

Several biochemical experiments have 
shown that the protein function is determined by 
its structure [60]-[62]. Thus, explicating a fusion 
protein structure is a key to understanding its 
function, and is essential for any related 
biological, medical, or biomaterial applications. 
In spite of progress in Recombinant DNA 
technology, experimental determination of a 
protein structure using the techniques like X-ray, 
crystallography [63][64] are still expensive, 
labor intensive, time consuming, and not always 
possible. Therefore, computational methods to 
predict structures have been rigorously explored. 
On this scenario, Soft Computing plays an 
important role as it provides techniques that are 
especially well suited to resolve imprecision and 
uncertainty that the bioinformatics problems 
have [65]. Various bioinformatics problems like 
DNA, RNA, protein structure prediction and 
gene finding etc. are often affected by 
uncertainty [66]. For all these problems, soft 
computing techniques are the promising 
approaches to achieve efficient and reliable 
heuristic solutions. This review describes the 
application of these soft computing techniques in 
the area of fusion protein structure prediction.  

 
4.1 Fusion Protein Structure Prediction using 
Soft Computing Methods 

Once the fusion protein has been fused 
with the linker then prediction of its functionality 
is important because individual proteins have a 
defined shape and structure. Observing the 
resulted fusion protein structure in detail could 
reveal what it acquired from its parental 
domains. Now a day’s Structural Bioinformatics 
mainly focused on prediction of 3D structure of 
proteins through different experimental methods 
such as X-ray diffraction, electron microscopy or 
NMR (nuclear magnetic resonance). In this 
context, Fusion proteins are complex proteins as 
they consist of multiple structural domains.  
Determination of fusion protein structure using 
experimental methods is expensive due to the 
costs associated to crystallography, electron 
microscopy or NMR and time consuming [67]. 

In order to know the 3D structure of the 
designed fusion protein (TGFαL3-SEB) Abbas 
ali et al. [68] used I-TASSER server. For 
accurate prediction of the fusion protein structure 
I-TASSER used a simple neural network 

algorithm.  Golshani et al. [69] also used neural 
network based I-TASSEER for the structure 
prediction of the L7/L12-TOmp31 fusion 
protein. Initially Qian et al. [70] used a fully 
connected feed forward neural network for 
prediction of protein secondary structure. Here, 
input layer used a sliding window of 13 
consecutive amino acids and the output layer 
predicts secondary structure classes of the amino 
acids (helex,beta,coil). Another method to 
predict the structure of the protein is PSIPRED 
that was designed by McGuffin LJ et al. [71] 
which incorporates two feed forward neural 
networks. The sequences of amino acids are 
given as input to the first neural network. The 
network has one hidden layer and produces an 
initial prediction.  Second neural network is used 
to filter the predicted structures of the first neural 
network. Vapnik et al. [72] proposed support 
vector machine method for prediction of protein 
structure. Also several researchers used support 
vector machines (SVM’s) for the prediction of 
protein secondary structure [73].  

The genetic algorithm is used by 
Dandekar et al. [74] to predict the protein 
structure by using tetrahedral lattice and fitness 
function for the protein structure prediction. 
Later, Day Ro et al. [75] used multi-objective 
genetic algorithm to increase the effectiveness of 
the algorithm. In the combination of genetic 
algorithm and tabu search algorithm, Mansour 
RF et al. [76] proposed a hybrid algorithm in off-
lattice AB model. Thang N. Bui and 
Gnanasekaran Sundarraj [81] used genetic 
algorithm for the prediction of protein tertiary 
structure in the 2D HP model.  

5. Conclusion 
This review highlighted various 

applications of fusion proteins, different types of 
linkers and various soft computing techniques 
used in the design of the fusion protein. Linkers 
offer many advantages in the construction of the 
fusion proteins such as improving stability and 
bioactivity and achieving required 
pharmacokinetic profiles. Construction of the 
fusion protein using an empirical linker will 
increase the proximity between protein domain 
partners and preserve the natural interaction. Till 
now only ANN and SVM soft computing 
techniques were used for fusion protein structure 
and linker prediction. However, computational 
methods for accurate fusion protein structure 
prediction are still in the stage of development. 
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