
Send Orders for Reprints to reprints@benthamscience.net 

  Protein & Peptide Letters, 2020, 27, 1-10   1 
RESEARCH ARTICLE 

 0929-8665/20 $65.00+.00 © 2020 Bentham Science Publishers 

Separation of the Epitopes in a Multi-epitope Chimera: Helical or Flexible 
Linkers 

Mona Kabiria-c, Mohsen Tafaghodia,b, Mohammad Reza Saberid, Maliheh Moghadame, Seyed 
Abdolrahim Rezaeef and Mojtaba Sankiane,f,* 

aNanotechnology Research Center, Pharmaceutical Technology Institute, Mashhad University of Medical Sciences, 
Mashhad, Iran; bSchool of Pharmacy, Mashhad University of Medical Sciences, Mashhad, Iran; cStudent Research 
Committee, Mashhad University of Medical Sciences, Mashhad, Iran; dMedical Chemistry Department, School of 
Pharmacy, Mashhad University of Medical Sciences, Mashhad, Iran; eImmunobiochemistry Lab, Immunology Research 
Center, Mashhad University of Medical Sciences, Mashhad, Iran; fDepartment of Immunology, Faculty of Medicine, 
Mashhad University of Medical Sciences, Mashhad, Iran 

 

A R T I C L E  H I S T O R Y 

 
Received: July 03, 2019 
Revised: September 25, 2019 
Accepted: September 29, 2019 
 
 
DOI:  
10.2174/0929866526666191112124602 

Abstract: Background: The engineered chimeric peptides including functional multi-epitope 
structures fused by various peptide linkers are widely applied in biotechnological research to 
improve the expression level and biological activity of chimera. 
Objective: The aim of our study was to evaluate the effect of helical and flexible linkers on 
solubility, expression level and folding of multi-epitope chimera containing four epitopes of human 
T lymphotropic virus type 1 (HTLV-1).  

Methods: For this purpose, the chimera sequences connected by the helical or flexible linker were 
inserted into different plasmid vectors and expressed in E. coli strains. The expressed products were 
analyzed using SDS-PAGE and Western blot techniques. Additionally, the molecular modeling 
study of the chimera with helical or flexible linker was performed using iterative threading 
assembly refinement (I-TASSER) to attain their three-dimensional structures. 

Results: Comparison of the chimera expression indicated that the insertion of a flexible 
(GGGGS)3 linker among chimera epitopes could significantly enhance the level of expression, 
whereas, the low-level of chimera expression was observed for chimera containing the contiguous 
helical (EAAAK)5 linker. According to the results of sequence alignment and plasmid stability test, 
the structure and function of a consecutive helical linker among chimera epitopes were similar to 
porins as the outer-membrane pore-forming proteins. The molecular modeling results confirmed 
our experimental study.  

Conclusion: This investigation illustrated the key role of linker design in determining the 
expression level of multi-epitope chimera and conformational folding. 

Keywords: Multi-epitope chimera, helical and flexible linkers, expression level, immobilized metal ion affinity 
chromatography, Purified chimera, molecular modeling. 

1. INTRODUCTION 

 The chimeric proteins have been utilized as a type of 
biomolecules with multi-functional characteristics that have 
been accumulated from different molecules in a molecule. 
Fusion epitope constructs as a chimeric protein usually 
contain desired epitopes which are connected by a rigid or 
flexible peptide linker. The mentioned linkers exhibit many  
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functions, such as retaining biological activity, appropriate 
processing and preserving inter-epitope interactions [1-3]. A 
successful fusion protein depends on proper selection of 
linker (flexible or helical), domains and arrangement of the 
selected domains.  
 Flexible linkers are made of small non-polar (e.g. 
Glycine) or polar (e.g. Threonine or Serine) amino acids as 
recommended by Argos [4]. The most popular sequence 
applied as the flexible linker is (Gly–Gly–Gly–Gly–Ser)n, 
where "n" illustrates the repeat number of the motif. 
Glycine-rich linkers have been indicated to be beneficial for 
preventing undesired interactions [5]. The flexible linkers are 



2    Protein & Peptide Letters, 2020, Vol. 27, No. 00  Kabiri et al. 

short peptides that establish a connection between various 
domains, whereas rigid peptides separate two parts of the 
chimeric protein. Therefore, the fusion peptides with helical 
linkers are more extended than flexible linkers [6, 7]. The 
helical peptide with the sequence of A(EAAAK)n A (n=2–5) 
was designed as the rigid linker by Arai et al. The results 
demonstrated that the mentioned linkers can separate the 
domains of chimeric protein and the domain-domain distance 
can be adjusted by altering the EAAAK peptide repeats. 
Additionally, four or five repeats of the helical linker could 
efficiently detach domains to prevent unwanted interactions 
[1, 6]. The high expression level of transferrin (Tf) and 
human growth hormone (hGH) connected by the helical 
peptide linkers (LEA(EAAAK)4aLE], (H4), and two copies 
of H4, was reported by Amet et al. This study revealed that 
the biological activity of the fusion proteins increased in the 
presence of helical linkers [8]. Ortiz et al., reported that the 
contiguous helix between spectrin repeats induced unfolding 
of the protein structure. The steered molecular dynamics 
(SMD) outcomes indicated that peptide-water interactions 
are important in unfolding and unwinding processes due to 
increasing the backbone hydration [9].  
 Additionally, there are several studies about the 
successful exploitation of the flexible linker in chimeric 
proteins [8-13]. Yan et al., demonstrated that the ND-
1sc(Fv)2 fusion protein with flexible GGGGS linker 
enhanced the expression level of protein and also induced a 
great immunity [11]. Additionally, the considerable enhance 
(over 30 fold) in the expression level of the chimeric 
antibody (anti-HER-2/neu scFv) fused by a flexible 
(GGGGS)3 linker was described by Trinh et al. [12]. Hu et 
al., constructed two copies of hepatitis B virus epitope joined 
via the flexible linker (GGGGS)3 and fused to glutathione S-
transferase (GST) which extremely improved 
immunoreactivity and expression level of the fusion protein 
in E. coli strain [13]. However, there is no extensive 
investigation referring to the effects of the flexible or helical 
linkers among multiple short-size MHC-class I/II epitopes.  
 In the present study, we constructed two chimeric 
peptides containing four immunogenic epitopes of the human 
T lymphotropic virus type 1 (HTLV-1) connected by the 

helical (HL)5 or flexible linker (FL)3. The aim of this 
investigation was to evaluate the effects of the different 
linkers on the expression level, solubility, three-dimensional 
structure and folding of the multi-epitope chimera.  

2. MATERIALS AND METHODS  

2.1. Plasmids, Strains, Reagents, and Enzymes 

 E. coli TOP10 (Invitrogen, USA) competent cells were 
used for transformation and propagation of pET21b(+) or 
pET32b(+) plasmids (Novagen, USA) containing chimera. 
The E. coli cells harboring mentioned plasmids were grown 
in Terrific Broth (TB) or Luria-Bertani (LB) broth (Sigma-
Aldrich, USA). Plasmids were extracted with plasmid 
extraction kit (Qiagen, Germany). Restriction enzymes, T4 
DNA ligase, Taq DNA polymerase, T7 primers and 
isopropyl-β-D-thiogalactopyranoside (IPTG) from 
Fermentas (Waltham, USA) were utilized for gene cloning 
and protein expression. The Ni-NTA agarose and 
Guanidinium chloride (GuHCl) reagent were purchased from 
Qiagen Company and Merck Millipore, respectively. 
SigmaFAST Protease Inhibitor Tablet and PVDF membrane 
were obtained from Sigma-Aldrich, USA, and HiMedia 
Leading BioSciences Company, respectively.  

2.2. Preparation of Gene Fusion Constructs 

 The chimeric peptide sequences comprising gp21 (aa 
370-400), gp46 (aa 165-306), Tax (aa 11-19 and aa 178-
186), and gag (aa 105-124) epitopes of HTLV-1 fused by the 
helical or flexible linker were constructed (Figure 1). The 
Tax epitopes were separated by two repeats of lysine 
residues. The amino acid sequences of the helical 
(EAAAK)5, and flexible (GGGGS)3 linkers among epitopes 
are LAEAAAKEAAAKEAAAKEAAAKEAAAKAAA and 
GGGGSGGGGSGGGGS, respectively. Codon adaptation of 
the chimera sequences was accomplished by JCat software, 
and the mRNA stability was predicted using bioinformatics 
software. The free Gibbs energy (∆G0) and codon adaptation 
index (CAI) of chimera constructions containing peptide 
linkers are summarized in Table 1. The optimized nucleotide 
sequences with restriction sites for HindIII (5′-end) and XhoI 

 
A 

 

B 

Figure 1: The schematic chimeric peptides containing HTLV-1 epitopes with helical or flexible peptide linker inserted into pET21b(+) (a) 
and pET32b(+) (b) plasmid vectors. (A higher resolution / colour version of this figure is available in the electronic copy of the article). 
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(3′-end) enzymes were synthesized by SBS Genetech 
Company. The synthesized DNA sequences were inserted 
into pET21b(+) or pET32b(+) plasmid vectors, which 
pET32b(+) contains thioredoxin tag (Trx-tag). The 
pET21b(+) plasmid vector contains the six-histidine tag 
(His-tag) inserted at the C-terminus of chimera sequences 
after the cloning procedure. The pET32b(+) vector has two 
polyhistidine-tags located at the N-terminus and C-terminus 
of sequences followed by the cloning process. The Trx-tag is 
located at the N-terminus of the chimera sequences by 
inserting chimera into the pET32b(+) plasmid vector. 
Additionally, to propagate the recombinant DNA, the 
constructions were transformed into E. coli TOP10 
competent cells. The positive clones were confirmed by 
DNA sequencing technique and also polymerase chain 
reaction (PCR) method using T7 primers.  

2.3. Protein Expression  

 E. coli BL21(DE3) or BL21(DE3)pLysS cells harboring 
plasmid containing chimera with helical or flexible linker 
were grown in LB and TB media with 100 µg ml-1 ampicillin 
or 34 µg ml-1 chloramphenicol plus 100 µg ml-1 ampicillin at 
37 °C, respectively. When OD600 reached 0.4-0.6, the IPTG 
with a concentration of 0.6-1 mM was added to induce the 
expression of chimera at 4 °C, 16 °C, and 37 °C for 16-18 h, 
and the cells were harvested by centrifugation. 

2.4. Isolation of Inclusion Bodies and Purification 

 Cells were suspended in lysis buffer (100 mM Tris 
buffer, pH 7.2, 2 mM EDTA and 2 mM DTT with the 
addition of protease inhibitor tablet) and also sonicated on 
ice for 1 min, to shear chromosomal DNA (UP200HT, 
Hielscher Ultrasound Technology, Germany). The pellet of 
inclusion body was attained by centrifugation at 13,500 rpm 
for 40 min at 4 °C. The cells were resuspended in wash 
buffer (100 mM Tris buffer, pH 7.0, 1.5 mM EDTA, 1.5 mM 
DTT, 2% (v/v) Triton X-100 and 2 M urea) for three times 
and the suspension was centrifuged for 20 min at 14,000 rpm 
and 4 °C. Washing the pellet continued until the supernatant 

becomes clear. Subsequently, the pellet was suspended in 
wash buffer without Triton X-100 or urea and centrifuged for 
20 min at 14,000 rpm and 4 °C. The pellet was resuspended 
in extraction buffer (100 mM phosphate buffer, 6 M GuHCl) 
and centrifuged at 14,000 rpm for 35 min at 4 °C. The 
obtained supernatant was applied for purification via 
chromatography technique. The fusion peptides containing 
histidine (His)-tag were purified using immobilized metal 
ion affinity chromatography (IMAC) on Nickel-
nitrilotriacetic acid (Ni-NTA)-agarose, according to 
manufacturer’s protocol. 

2.5. Refolding 

 The purified fusions were dialyzed and refolded with 50 
mM Tris buffer at pH 7.4, containing 150 mM NaCl, 2 mM 
EDTA, 2 mM DTT, 15% glycerol (v/v), 3 M GuHCl and 20 
mM imidazole, with the addition of protease inhibitor tablet 
for overnight dialysis at 4 °C. In the following day, the 
mentioned refolding buffer with no GuHCl and imidazole 
was added dropwise into the buffer solution using tubing 
pump (Ismatec IPN, Glattbrugg, Switzerland) to remove 
GuHCl and imidazole reagents.  

2.6. SDS-PAGE and Western Blotting 

 The chimeric peptides were visualized by SDS-PAGE 
(12.5% gel) with Coomassie staining. The equal amounts of 
the chimera with helical or flexible linker were loaded into 
SDS-PAGE gel wells to determine the level of expression. 
For analyzing by Western blot, protein bands were 
transmitted to a membrane (PVDF) and blocked with 2% 
(w/v) BSA for overnight at 4 °C. The chimeric epitopes were 
identified by cross-adsorbed anti His-tag primary antibody 
with E. coli cells and HRP-conjugated goat anti-rabbit 
secondary antibody, according to the manufacturer's 
protocol. Additionally, the ImageJ software was utilized to 
quantify the intensity of chimera band to analyze and 
compare the expression level of the chimeric peptide with a 
helical or flexible linker.  
 

Table 1. The construction of chimeric epitopes with peptide linkers, codon adaptation index (CAI) and free Gibbs energy of 
sequences, as well as the cloning and expression information of fusion peptides. 

Multi-epitope Chimera Peptide 

Linker 

CAI ∆G0 
(kcal/mol) 

Primer Restriction 

Sites (5ˊ/3ˊ) 

Plasmid 

Vector 

MW of 

Chimera 
(kDa) 

Expression 

Host 

Tax (aa 11-19 and aa 178-
186)- (HL)5- gp21 (aa 370-
400)- (HL)5- gp46 (aa 165-

306)- (HL)5- gag (aa 105-124) 
 

(EAAAK)5 0.96 -283.4 T7 HindIII, XhoI pET21b(+) 

pET32b(+) 

34 

59 

BL21(DE3), 

BL21(DE3)pLysS 

Tax (aa 11-19 and aa 178-
186)- (FL)3- gp21 (aa 370-
400)- (FL)3- gp46 (aa 165-

306)- (FL)3- gag (aa 105-124) 

(GGGGS)3 0.97 -289.2 T7 HindIII, XhoI pET21b(+) 

pET32b(+) 

30 

53 

BL21(DE3) 

 (HL)
5
: (EAAAK)

5 
(FL)

3
: (GGGGS)

3 
CIA: Codon adaptation index 

∆G
0

: Free Gibbs energy  

MW: Molecular weight. 
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2.7. Plasmid Stability Test 

 The percentage of E. coli transformant cells bearing 
plasmid vector and chimera with helical or flexible linker 
was calculated followed by each subculture passages (five 
subcultures) to compare the effect of different linkers on 
bacterial cells containing chimera. Results were introduced 
as the mean ± standard deviation (SD) of three repeats. 

2.8. The I-TASSER Structure Modeling Method 

 I-TASSER server 
(http://zhanglab.ccmb.med.umich.edu/I-TASSER) was 
applied to obtain the 3D structure of chimeric peptides. The 
output for each entry includes five top models which the one 
with the highest confidence score (C-score) was selected as 
the best model for the chimera. 

3. RESULTS 

 The constructs were inserted into pET21b(+) or 
pET32b(+) plasmid vectors and expressed in BL21(DE3) or 
BL21(DE3)pLysS E. coli cells. Enzyme digestion and PCR 
assay, as well as sequencing results, indicated that the genes 
were correctly inserted into the plasmid vectors. Figure 1 
demonstrates the diagram of multi-epitope chimera fused by 
the helical or flexible peptide linker. According to Figure 1a, 
the His-tag of pET21b(+) plasmid vector is located at the C-
terminus of chimera sequences before stop codons. 
Additionally, the pET32b(+) vector has two polyhistidine-
tags placed at the N-terminus and C-terminus of sequences 
and the Trx-tag of pET32b(+) is located at the N-terminus of 
sequences before His-tag, followed by cloning procedure 
(Figure 1b).  
 To determine the expression level of constructs, the 
chimeric peptides connected by the helical or flexible linker 
were analyzed by SDS-PAGE and Western blot techniques 
(Figure 2-5). As shown in Figure 2, the chimera construct 
containing helical linker within the pET21b(+) or pET32b(+) 
vectors were not successfully expressed in BL21(DE3) and 
BL21(DE3)pLysS cells. SDS-PAGE analysis of the 
pET21b(+)-chimera expression in BL21(DE3)pLysS or 
BL21(DE3) E. coli hosts at 37 °C (Figure 2a, lanes 3, 4, 6 
and 7) demonstrated a protein profile similar to the negative 
controls (Figure 2a, lanes 1, 2, 8 and 9). The expected 
molecular weight of the chimera was approximately 34 kDa. 
Additionally, the expression of the chimeric peptide with a 
helical linker illustrated the same results at 16 °C (Figure 2b, 
lanes 2, 3, 8 and 9) and 4 °C (data not shown). 
 The SDS-PAGE analysis of pET32b(+)-chimera with 
helical linker indicated a band of 59 kDa equivalent to the 
molecular weight of chimera (34 kDa) and pET32b(+) fusion 
Trx-tag (25 kDa) (Figure 2c, lanes 3-6). This chimera was 
expressed in BL21(DE3)pLysS (Figure 2c, lanes 3 and 4) 
and BL21(DE3) competent cells (Figure 2c, lanes 5 and 6). 
The expression level of the pET32b(+)-chimera with helical 
linker was very low in an insoluble form (Figure 2c, lanes 4 
and 6). This multi-epitope chimera was solubilized using 
urea and guanidine hydrochloride chaotropic agents. Figure 
2c, lane 9 displays the refolded chimeric peptide after 
purification via immobilized metal ion affinity 
chromatography and gradual refolding by dialysis method. 

The chimera band was identified by overlay the Coomassie-
stained PVDF membrane with Western blot images. 
 Figure 3 illustrates the Western blot assay using anti His-
tag antibody which had been cross-adsorbed with E. coli 
strain to prevent the non-specific antibody binding. These 
results confirmed that the pET21b(+)-chimera containing 
helical linker was not expressed in E. coli cells (Figure 3, 
lane 1). The Western blot analysis also demonstrated a band 
of 59 kDa for BL21(DE3)pLysS (Figure 3, lane 2) or 
BL21(DE3) (Figure 3, lane 3) that were transformed by 
pET32b(+)-chimera. On the other hand, no band 
corresponding to the chimeric peptide was found in the blank 
BL21(DE3) and BL21(DE3)pLysS strains (Figure 3, lanes 4 
and 5). As shown in Figure 3, lane 6, the expressed chimera 
was purified and refolded using Ni-NTA affinity 
chromatography and dialysis methods, respectively. 
 The SDS-PAGE analysis of insoluble and soluble forms 
of the chimera containing flexible linkers (FL)3, has been 
displayed in Figure 4. The results revealed a slight 
expression of pET21b(+)-chimera in BL21(DE3) cells (~ 30 
kDa) as insoluble form (Figure 4a, lane 5), whereas, the 
pET32b(+)-chimera indicated a notable expression at the 
predictable size of 52 kDa in the same expression condition 
(Figure 4b, lane 2). In contrast, no band corresponding to the 
chimera was found in the soluble form of the chimeric 
peptide (Figure 4a, lane 4 and Figure 4b, lane 3). 
Subsequently, the high-level of purified chimera was 
obtained after the affinity chromatography purification and 
refolding procedures (Figure 4b, lanes 6 and 8). Although 
the protease inhibitor cocktail was applied to avoid protease 
activity, the degradation of a chimera containing flexible 
linker was observed during the purification process (Figure 
4b, lane 6). Accordingly, the period of purification was 
decreased to prevent the degradation of the chimera to obtain 
the single band of the chimeric peptide (Figure 4b, lane 8).  
 Based on the ImageJ analysis, the multi-epitope chimera 
fused by three repeats of the flexible linker (Figure 4b, lane 
8) was expressed at about 6.3 fold higher in comparison to 
the chimera connected by five copies of the helical linker 
(Figure 2c, lane 9). The quantitative comparison of total 
biomass and chimera yield after purification and refolding 
procedures are summarized in Table 2. The final purified 
concentration of chimera containing helical or flexible linker 
was 135 µg/ml and 600 µg/ml, as determined by the BCA 
method, respectively. The total biomass and total purified 
pET32b(+)-chimera which was expressed in 
BL21(DE3)pLysS were 4.19 ± 0.35 g/L and 3.34 ± 0.43 
mg/L, respectively, and expressed in BL21(DE3) cells were 
7.68 ± 0.52 g/L and 10.12 ± 0.75 mg/L, respectively. Data 
were shown as the mean ± SD of five measurements. 
 As shown in Figure 5, the results of Western blot analysis 
indicated that the expression level of the pET21b(+)-chimera 
with a flexible linker (lanes 1 and 2), was lower compared to 
the pET32b(+)-chimera (lanes 5 and 6). The non-specific 
antibody binding was eliminated by the cross-adsorbed anti 
His-tag antibody. Additionally, Western blot analysis did not 
reveal any desired protein band in the negative control 
(Figure 5, lanes 3 and 4). The purified chimera after gradual 
refolding has been displayed in Figure 5, lane 7. These 
results indicated that 30 kDa and 52 kDa bands are 
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Figure 2. The SDS-PAGE profiles of chimera connected by the helical (EAAAK)5 linker.  
a: The pET21b(+)-chimera expressed in BL21(DE3) or BL21(DE3)pLysS cells at 37 °C. Lane 1: insoluble BL21(DE3)pLysS; lane 2: soluble 
BL21(DE3)pLysS; lane 3: insoluble chimera expressed in BL21(DE3)pLysS; lane 4: soluble chimera expressed in BL21(DE3)pLysS; lane 5: 
protein MW markers; lane 6: insoluble chimera expressed in BL21(DE3); lane 7: soluble chimera expressed in BL21(DE3); lane 8: insoluble 
BL21(DE3); lane 9: soluble BL21(DE3) fraction; lane 10: protein MW markers.  
b: The pET21b(+)-chimera expressed in BL21(DE3) or BL21(DE3)pLysS cells at 16 °C. Lanes 1: protein MW markers; lane 2: insoluble 
chimera expressed in BL21(DE3); lane 3: soluble chimera expressed into BL21(DE3); lane 4: insoluble BL21(DE3); lane 5: soluble 
BL21(DE3); lane 6: insoluble BL21(DE3)pLysS; lane 7: soluble BL21(DE3)pLysS; lane 8: insoluble chimera expressed in 
BL21(DE3)pLysS; lane 9: soluble chimera expressed in BL21(DE3)pLysS; lane 10: protein MW markers.  
c: The pET32b(+)-chimera expressed in BL21(DE3) or BL21(DE3)pLysS cells at 37 °C. Lane 1: protein MW markers; lane 2: insoluble 
BL21(DE3)pLysS; lane 3: soluble chimera expressed in BL21(DE3)pLysS; lane 4: insoluble chimera expressed in BL21(DE3)pLysS; lane 5: 
soluble chimera expressed in BL21(DE3) cells; lane 6: insoluble chimera expressed in BL21(DE3) cells; lane 7: soluble BL21(DE3); lane 8: 
insoluble BL21(DE3); lane 9: purified chimera after expressed in BL21(DE3)pLysS cells; lane 10: protein MW markers.  
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Figure 3. Western blot assay of the multi-epitope chimera with a helical (EAAAK)5 linker expressed in BL21(DE3) or BL21(DE3)pLysS 
cells. Chimeric peptides were evaluated by anti His-tag (1:2,000) antibody and the signal was determined using HRP-conjugated goat anti-
rabbit antibody (1:50,000) and ECL reagents. Lane 1: pET21b(+)-chimera expressed in BL21(DE3); lane 2: pET32b(+)-chimera expressed in 
BL21(DE3)pLysS; lane 3: pET32b(+)-chimera expressed in BL21(DE3) cells; lane 4: BL21(DE3); lane 5: BL21(DE3)pLysS; lane 6: purified 
chimera after expressed in BL21(DE3)pLysS cells. The left side protein MW marker corresponds to lanes 1-5, whereas lane 6 corresponds to 
the protein marker on the right side of the figure. (A higher resolution / colour version of this figure is available in the electronic copy of the 
article). 

          
     A       B 
Figure 4. SDS-PAGE analysis of chimera linked by a flexible (GGGGS)3 linker.  
a: The pET21b(+)-chimera expressed in BL21(DE3) competent cells. Lane 1: MW markers; lane 2: soluble BL21(DE3); lane 3: BL21(DE3) 
insoluble fraction; lane 4: soluble chimera expressed in BL21(DE3); lane 5: insoluble chimera expressed in BL21(DE3) cells.  
b: The pET32b(+)-chimera expressed in BL21(DE3) cells. Lane 1: MW markers; lane 2: insoluble chimera expressed in BL21(DE3) cells; 
lane 3: soluble chimera expressed in BL21(DE3) cells; lane 4: insoluble BL21(DE3); lane 5: soluble BL21(DE3); lane 6: purified chimera; 
lane 7: protein MW markers; lane 8: purified chimera after decrease in the process of purification; lane 9: protein MW markers. (A higher 
resolution / colour version of this figure is available in the electronic copy of the article). 

 
Table 2. The quantitative comparison of total biomass and yield for chimeric peptides containing a helical or flexible linker 

followed by purification and dialysis procedures. Results were introduced as the mean ± SD of five measurements. 

Chimeric peptide Plasmid Vector Expression Host Total Biomass (g/L) Yield (mg/L) 

Chimera with a helical linker pET21b(+) 

pET32b(+) 

BL21(DE3) 

BL21(DE3) 

BL21(DE3)pLysS 

---- 

3.27 ± 0.26 

4.19 ± 0.35 

---- 

1.98 ± 0.47 

3.34 ± 0.43 

Chimera with a flexible linker pET21b(+) 
pET32b(+) 

BL21(DE3) 
BL21(DE3) 

5.93 ± 0.31 
7.68 ± 0.52 

4.25 ± 0.52 
10.12 ± 0.75 
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corresponded to chimera inserted into pET21b(+) (Figure 5, 
lane 1) or pET32b(+) plasmid vectors (Figure 5, lanes 5-7), 
respectively.  

 
Figure 5. Western blot assay of the chimera containing flexible 
(GGGGS)3 linker expressed in BL21(DE3) cells. Lane 1: insoluble 
pET21b(+)-chimera; lane 2: soluble pET21b(+)-chimera; lane 3: 
insoluble BL21(DE3); lane 4: soluble BL21(DE3); lane 5: soluble 
pET32b(+)-chimera; lanes 6: insoluble pET32b(+)-chimera; lane 7: 
purified chimera. Chimeric peptides were evaluated by the anti His-
tag antibody (1:5,000) and the signal was determined by HRP-
conjugated goat anti-rabbit antibody (1:70,000) and ECL reagents. 
(A higher resolution / colour version of this figure is available in 
the electronic copy of the article). 

 
 The percentage of E. coli transformant cells bearing 
pET32b(+)-chimera has been shown in Figure 6. The 
percentage of BL21(DE3) or BL21(DE3)pLysS cells 
containing pET32b(+)-chimera with helical linker were 
decreased from 100% to 13.5% and 19.5% after five 
subcultures, respectively. In contrast, the percentage of 
transformant cells bearing pET32b(+)-chimera with flexible 
linker was greater than 96.5% after five subculture passages. 
Figure 7 demonstrates three-dimensional structures of two 
top models with highest C-score from chimera containing the 
helical (Figure 7a) or flexible linker (Figure 7b) as predicted 
by I-TASSER modeling method. The C-score level of the 
model (a) and model (b) for chimeric epitope fused by (HL)5 
linker was -3.12 and -4.43, respectively (Figure 7a). As seen 
in Figure 7b, the highest level of C-score was found for the 
model (a) (-3.28) and model (b) (-4.47) of chimera connected 
by the flexible linker. Since the C-score implies to the 
confidence in the quality of the predicted structure [14], 
model (a) was selected as the best prediction model.  

4. DISCUSSION  

 The aim of this study was to compare the effect of the 
helical or flexible linkers on the expression level, solubility, 
and folding of a multi-epitope chimera from four 
immunogenic epitopes of HTLV-1. Based on previous 
investigations, the presence of linker is crucial for 
connecting epitopes or domains of chimeric peptides and 
proteins to prevent unwanted interactions between segments 
of the fusion proteins [1-3, 5]. Several studies indicated that 
the fusion peptides in the absence of linker sequence could 

not be processed and presented to T-cells [15], whereas the 
fusion epitopes including linker induced potent T-cell 
immune responses [15-19]. Accordingly, utilization of 
appropriate linkers is essential to produce a successful 
chimeric peptide from immunodominant epitopes of HTLV-
1 antigens. For this purpose, we constructed fusion 
sequences with the helical or flexible linker as a spacer 
between epitopes. The chimera sequences were inserted in 
different plasmid vectors and expressed in E. coli strains at 
several temperatures. Our data revealed that the expression 
of the chimeric peptide can be greatly decreased by inserting 
a long repeat of a helical linker among epitopes in 
comparison to the chimera with a flexible linker. Lu et al., 
utilized the helical (EAAAK)n and flexible (GGGGS)n 
peptide linkers, (n ≤ 3) to construct the xylanase (Xyl) and 
beta-glucanase (Glu) fusions. According to the results, two 
repeats of the flexible linker was selected as the best linker. 
The percentage of catalytic yield enhanced up to 43% and 
32.6% for the Xyl and the Glu fusions with the felxible 
linker, respectively. Furthermore, the Xyl and Glu fusions 
containing three copies of the helical linker illustrated the 
increase of 31% and 26.2% in catalytic yield, respectively 
[20]. In contrast to our study, joining parts of this chimera 
were neither the short sequences of the epitopes nor multiple 
as our constructs. 

 
Figure 6. The percentage of BL21(DE3) or BL21(DE3)pLysS 
transformant cells containing pET32b(+) plasmid vector and 
chimera with a helical or flexible linker after five subculture 
passages. Solid squares, pET32b(+)-chimera with the helical linker 
in BL21(DE3) strain; solid circles, pET32b(+)-chimera with the 
helical linker in BL21(DE3)pLysS; and open squares, pET32b(+)-
chimera with a flexible linker in BL21(DE3) strain. Data were 
shown as the mean ± SD of three measurements. (A higher 
resolution / colour version of this figure is available in the 
electronic copy of the article). 

 
 Some of the investigations such as Argos study 
highlighted that the alanine is a favorable linker [4] whereas, 
George and Heringa, reported that alanine is an undesirable 
linker [21]. George and Heringa illustrated that the preferred 
linker amino acids were Glutamine (Gln), glutamic acid 
(Glu), Threonine (Thr), phenylalanine (Phe), arginine (Arg), 
and Proline (Pro) in order of increasing preference to connect 
fusions. Their results revealed that alanine was an 
unfavorable linker constituent based on the amino acid 
propensities for helical and non-helical linkers. Additionally, 
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their results demonstrated that the helical linkers as rigid 
spacers may lead to incorrect folding of multi-domain 
proteins due to preventing non-native interactions between 
domains [21].  

 
A 

 
B 
Figure 7. I-TASSER molecular modeling of the multi-epitope 
chimera containing helical or flexible linker.  
a: I-TASSER predicted tertiary structure of two top models from 
chimeric peptide connected by the helical (EAAAK)5 linker, model 
a (C-score: -3.12) and model b (C-score: -4.43).  
b: Two top models of I-TASSER prediction for chimera with the 
flexible (GGGGS)3 linker, model a (C-score: -3. 28) and model b 
(C-score: -4.47). (A higher resolution / colour version of this figure 
is available in the electronic copy of the article). 

 
 According to our results, the expression level of a 
pET21b(+)-chimera containing five copies of the helical linker 
was near zero. Even in a pET32b(+) vector, a slight expression 
of the chimera was observed. Additionally, the E. coli 
transformant cells containing pET32b(+) plasmid vector and 
chimera with helical linker were subcultured for several times 
which was accompanied by a steady decline in the colony 
number in each subculture passage. The percentage of 
BL21(DE3) or BL21(DE3)pLysS cells were reduced to 13.5% 
and 19.5% after five subcultures, respectively. 
 We found a structural similarity between the helical 
(EAAAK)n, (n ≥ 3) linker and porin proteins by sequence 
alignment of the helical linker sequence with porins. The outer 
membrane of gram-negative bacteria contains pore-forming 
proteins (OMPs) such as porins that permit the transmembrane 
diffusion of small hydrophilic solutes. They are usually 
trimeric and each of the subunits produces a water-filled 
channel through the internal folding of a loop [22-27].  

 Based on the results of plasmid stability test and also the 
similarity of (HL)5 linker to porins, the low-level of chimera 
expression could be due to pore formation on the cell wall of 
bacteria by the helical linker. Probably, insertion the 
contiguous helical linker between small epitopes of chimera 
can lead to lysis the cell wall of bacteria and death of 
bacterial cells. In contrast, the chimera sequence containing 
flexible (GGGGS)3 linker illustrated a high-level of protein 
expression (6.3 fold higher) compared to chimera with the 
helical linker. According to our results, the colony 
percentage of BL21(DE3) competent cells bearing 
pET32b(+) and chimera with flexible linker was greater than 
96.5% after five subcultures. Therefore, utilization of (FL)3 
linker between chimera epitopes had no toxic effect on 
BL21(DE3) bacterial cells.  
 The protein expression vectors such as pET32b(+) with 
Trx-tag as a fusion partner have a powerful potential to 
enhance the protein expression and solubility, especially 
when the tags located at the N-terminal end of the proteins 
[28-31]. 
 Since the crystallographic structures of all HTLV-1 
epitopes used in chimera construction have not been reported 
yet, the I-TASSER modeling method was utilized to predict 
the secondary and tertiary structure of multi-epitope chimera. 
I-TASSER predicts the best three-dimensional structures 
among all automated servers and this online server has been 
widely tested in both benchmarking and blind experiments 
[14, 32, 33]. The estimation of the 3D structure by I-
TASSER obtains five models with confidence score ranging 
from -5 to 2. An estimation of the prediction accuracy is 
presented according to the C-score of the modeling, that a 
higher C-score indicates the higher quality of the protein 
model prediction [14, 32-35]. Therefore, the model with the 
highest confidence score (model a) was selected as the best-
estimated structure. Our molecular modeling results 
confirmed that the structure of five copies of the helical 
linker was similar to porins as the outer-membrane pore-
forming proteins (Figure 7a). The predicted secondary 
structure of the chimera with helical linker significantly 
implies the structure of α-helix, while the predicted 
secondary structure of the sequence containing flexible 
linker includes α-helix and β-pleated sheet structures.  

CONCLUSION  

 Taken together it is concluded that the insertion of a 
contiguous helical (EAAAK)5 linker among chimera 
epitopes could induce the low-level of chimera expression. 
Accordingly, the long repeat of the helical linker is not 
recommended to be utilized among relatively short domains 
of the fusion peptides. This study also illustrated that the 
high expression level of protein was observed for the 
chimera containing three copies of the flexible peptide 
linker. The utilization of optimized peptide linker is essential 
to improve the immunogenicity, conformational dynamics 
and expression level of multi-epitope chimera.  
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