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Introduction 

Engineered strains of E. coli have been well-documented 

as ideal and often first- choice expression systems when 

fast and economical production of recombinant proteins 

is desired.
1-3

 This system has several advantages over 

other expression systems including well-characterized 

genetic structure, easy cultivation in inexpensive culture 

media, and rapid biomass accumulation.
4
 This expression 

system is particularly preferable to other systems when 

relatively small and unmodified proteins are to be 

produced.
5
  

Despite advantages mentioned for E. coli, several 

limitations including formation of inclusion bodies (IBs) 

in case of aggregation- prone proteins, system inability in 

yielding proper soluble proteins of large- size (>60 kD), 

impotency of the system in producing glycosylation-

needed proteins, and disturbance of correct folding 

imposed by unfavorable disulfide bonds formation, are 

restrictive factors in using this host for recombinant 

protein production.
6-8

  

IBs are defined as accumulation of over-expressed 

insoluble proteins in which the correct tertiary structures 

of proteins has been agitated leading to generally mis-

folded proteins devoid of biological functions.
8,9

 

Protein refolding from IBs is often considered an 

undesirable process suffering from constraints such as 

poor recovery yields, optimization necessity of refolding 

conditions and the potential obtaining of inactive 

proteins from resolubilization procedures which affect 

the integrity of refolded proteins. Furthermore, the 

purification of a highly expressed soluble protein is less 

expensive and time-consuming than in-vitro refolding 

and purification from IBs. Despite all drawbacks 

mentioned for refolding from IBs, this procedure is the 

method of choice largely because of its ability in 

achieving massive quantity of inexpensive protein of 

interest.
10,11

 

To overcome the problems related to protein misfolding 

and solubility, various strategies have been proposed 
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Abstract 
Purpose: Formation of inclusion bodies is a considerable obstacle threatening the 

advantages of E. coli expression system to serve as the most common and easiest system in 

recombinant protein production. To solve this problem, several strategies have been 

proposed among which application of molecular chaperones is of remarkable consideration. 

The aim of this study was to evaluate the effects of molecular chaperones on soluble 

expression of aggregation-prone humanized single chain antibody. 

Methods: To increase the solubility of a humanized single chain antibody (hscFv), different 

chaperone plasmids including PG-tf2 (GroES- GroEL- tig), ptf16 (tig) and pGro7 (GroES- 

GroEL) were co-expressed in BL21 cells containing pET-22b- hscFv construct. The 

solubility of recombinant hscFv was analyzed by SDS-PAGE. After purification of soluble 

hscFv by Ni-NTA column, the biological activity and cytotoxicity of the recombinant 

protein were tested by ELISA and MTT assay, respectively. 

Results: SDS-PAGE analysis of the hscFv revealed that chaperone utility remarkably 

increased (up to 50%) the solubility of the protein. ELISA test and MTT assay analyses also 

confirmed the biological activity of the gained hscFv in reaction with A431 cells (OD 

value: 2.6) and inhibition of their proliferation, respectively.  

Conclusion: The results of this study revealed that co-expression of chaperones with hscFv 

leads to remarkable increase in the solubility of the recombinant hscFv, which could be of 

great consideration for large scale production of recombinant single chain antibodies.
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among which are co-expression of molecular chaperones 

that facilitate the correct folding of proteins and gene 

fusions in which fusion partners such as glutathione- S- 

transferase (GST) and maltose- binding protein (MBP) 

function both as protein solubility enhancers and protein 

purification tags.
12,13

  

Molecular chaperones have already proven invaluable in 

protein quality control (an essential cellular process) and 

considered extremely important in protein stabilization.
10

 

Once insolubiliy-related difficulties occur in the 

production of heterologous proteins in biotechnology, 

co-expression of molecular chaperones considers as a 

promising strategy in retaining the correct folding of the 

proteins resulting in the active recombinant proteins.
14,15

 

The most abundant and functionally important classes of 

chaperones existing in E. coli are DnaK, DnaJ, GrpE, 

GroEL and GroES which are controlled positively by 

minor sigma factor (Sigma 32) encoded by rpoH gene.
16

 

Co-expression of plasmids carrying DnaK-DnaJ- GrpE 

and/ or GroEL-GroES chaperone teams are used to 

overcome the obstacles relating to protein aggregation 

(IBs) in E. coli.
17,18

  

The chaperone plasmids applied in this study possess a 

pACYC- derived origin of replication and a 

chloramphenicol- resistance gene (Cmr). This system is 

fully compatible with E. coli expression system utilizing 

ColE1- type plasmids which contain the ampicillin 

resistance gene as a marker but not with E. coli strains or 

expression plasmids containing chloramphenicol 

resistance gene. Therefore, E. coli BL21 (DE3), often 

used with pET system, is an optimal host.
19

 

Single chain antibodies are minimized recombinant 

antibodies whose variable regions of heavy and light 

chains are joined together by a flexible linker.
20-22

 These 

types of antibodies are smaller than full-length antibody 

so their penetration into tumor tissues is much easier and 

their production procedures are more economical.
23

 

In our study the effects of plasmid chaperones pGro7 

containing GroES-GroEL chaperone team, pG-Tf2 

containing GroES- GroEL- tig chaperone team and 

pTf16 containing tig chaperone on soluble expression of 

hscFv were investigated. 

 

Materials and Methods 

Cloning of humanized single chain antibody 

The pUC19 containing target protein (PUC19-hscFv 

construct) was double digested by BamHI and XhoI, 

after that this construct was subcloned into pET -22b and 

transformed into the E. coli DH5α for cloning. 

Restriction analysis and PCR were employed to confirm 

the integrity of this recombinant construct (pET -22b – 

hscFv). 

 

Expression of humanized single chain antibody without 

employing chaperones 

The expression vector pET -22b containing hscFv (pET -

22b – hscFv construct) was transformed into E. coli 

BL21 competent cells.
24

 Single colonies were inoculated 

in LB medium containing 100ug/ml of ampicillin. Then, 

the culture was incubated with shaking (140 rpm) at 

37ºC until the optical density at 600 nm (OD600) 

reached about 0.7. The cells were induced with IPTG 

(0.5mM) and incubated at 26ºC (150 rpm) for 4 h. Cells 

were then harvested by centrifugation and the expression 

was analyzed by 12% SDS-PAGE. 

 

Purification and refolding of hscFv from IBs 

Purification of recombinant hscFv was performed as 

described.
20,25,26

 Briefly, 500 ml LB media containing 

100μg/ ml ampicillin was inoculated with 5 ml of an 

overnight culture of recombinant bacteria and incubated at 

37°C with shaking (150 rpm).At mid-log phase; the 

culture was induced by adding 0.125 mM IPTG permitting 

to grow for 6 h. Then, the Bacteria were harvested (10000 

x g, for 15 min), resuspended in 10 ml lysis buffer A (50 

mM NaH2PO4, pH-8, 300 mM NaCl, 10 mM imidazole, 

1 mg/ml lysozyme) and disrupted by sonication (five 30s 

pulses interrupted with cooling on ice). Soluble and 

insoluble fractions were separated by centrifugation at 

12000 x g for 10 min at 4°C and recombinant hscFv was 

found mainly in the insoluble fraction in the form of IBs. 

Ni-NTA affinity chromatography method (Qiagen, 

Chatsworth, CA, USA) was employed for His- tagged 

fusion protein purification according to the manufacturer 

instructions. 

The pellet containing IBs was washed 3x with PBS + 

1%Txt-100 and dissolved in 4-6 ml of 8M urea lysis 

buffer. The supernatant was then mixed with 2 ml resin, 

incubated 30 minutes at room temperature, and transferred 

to chromatography column. The recombinant hscFv was 

collected from column by elution with imidazole (250 

mM) after several washing steps. The purity of protein 

was analyzed by SDS-PAGE and the concentration of 

hscFv was assessed by Bradford method. To remove 

contaminants from pellet containing inclusion 50mM Tris-

HCl (pH 8.0) containing 2M urea, 1 mM EDTA, and 2% 

Triton X-100 (v/v) was used. The prepared IBs were then 

solubilized in 50mM Tris-HCl (pH 8.0) containing 8 M 

urea, and 10 mM dithiothreitol (DTT) overnight at 4 °C. 

After equilibration of Ni-NTA column with denaturing 

buffer (8M urea and 10mM DTT in 50mM Tris–HCl, pH 

8.0) 10 ml of the solubilized IBs were loaded into the 

column. Purified hscFv was collected by elution with 

denaturing buffer containing imidazole (250 mM) after 

several washing steps. The quality of purified hscFv was 

analyzed by SDS- PAGE and the protein concentration 

was determined using the Bradford method. 

Refolding of the hscFv was done by successive dialysis 

against buffer (containing 3 mM GSH, 1 mM GSSG, 150 

mM NaCl) containing urea at 8, 4, 2, 1 and 0 molar. 

Finally, the refolded sample was dialyzed against PBS (pH 

7.4) and to remove the insoluble materials centrifugation 

at 12000g for 15 min was done. 

 

Co- expression of hscFv with chaperone 

To assess the effects of chaperones on solubility of 

hscFv, the chaperone plasmids pGro7, pG-Tf2, and 
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pTf16 were separately transformed into E. coli BL21 

cells containing pET -22b- hscFv. 

The cells were cultured in LB medium containing 20 

µg/ml chloramphenicol and 50 µg/ml ampicillin for 

selection and 1 mg/ml of arabinose for induction of 

chaperone expression was induced (L-arabinose for 

pGro7, and pTf16 and tetracycline for pG-Tf2). After 

addition of IPTG to the medium in a final concentration 

of 0.5mM, the solubility of recombinant hscFv was 

tested using SDS-PAGE as described above. 

 

Purification of soluble hscFv 

The harvested cells were sonicated as described above 

and soluble part of cells was subjected to affinity 

chromatography. The supernatant collected by 

centrifugation was agitated with Ni-NTA beads for 2 h at 

room temperature. After that the unattached proteins 

were removed using wash buffer of 25mM imidazole. 

Finally the sample was eluted with elution buffer 

containing 250mM imidazole. The concentration of 

hscFv was determined by nanodrop analyzer and finally 

the purity was assessed by SDS-PAGE and coomassie 

blue staining. This purification procedure was performed 

for cultures with or without chaperones to compare the 

solubility parameter with or without using chaperons. 

 

Affinity analysis by ELISA test 

To assess the affinity of humanized single chain 

antibody, ½ serial dilutions of A431 cells was coated in 

ELISA plates and incubated overnight at 4 °C. Then 

plates were blocked (PBS containing 2% BSA, 300 µL 

per well) for 1 hour at room temperature. Affinity 

purified humanized single chain antibody was used at 

five different concentrations and detected by HRP- L 

protein (0.5 µg/ml).
20

 Finally, TMB substrate was added 

and colorimetric measurements were conducted at 450 

nm wavelength. 

 

Proliferation inhibition analysis 

Cell growth inhibition of the hscFv was assessed by 

mitochondrial reduction of MTT. EGFR- overexpressing 

A431 cells were plated at 2×10
3
 cells/well in 96-well 

plates containing 180 µl growth medium (RPMI 1640) 

and allowed to attach overnight. The medium was then 

removed and wells were divided into three groups of six 

parallel wells each. Group one contained 200µl of 

growth medium and served as negative control group. 

The other two groups contained different concentrations 

of recombinant hscFv and murine scFv (counterpart of 

hscFv). After 48 hours, the medium was removed from 

the wells, replaced with 50 µl of MTT solution 

(2.5mg/ml) and incubated for 4 hour at 37ºC. Then, the 

MTT solution was carefully aspirated and replaced with 

150 µl DMSO + 50 µl Sorenson’s glycine buffer and 

incubated for 15 min. The absorbance of each well was 

measured at 570 nm. Results are expressed as percentage 

of viable cells compared with untreated cells.  

 

Results 

Cloning, expression and purification of hscFv 

For expression in E. coli, the hscFv encoding fragment 

was subcloned into the pET -22b expression vector in 

frame with C-terminal 6His-tag and confirmed by 

subsequent restriction digestion analysis (Figure 1). 

Analysis by SDS-PAGE revealed that the majority of 

expressed protein appeared as IBs (Figure 2). 

 

 
Figure 1. Restriction digestion analysis of the pET-22b-hscFv 
construct. 
Lane A indicates the digested pET-22b-hscFv construct 
Lane B indicates the undigested pET-22b-hscFv construct 
Lane C indicates the DNA size marker 
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Figure 2.  SDS-PAGE analysis of hscFv expression in 
supernatant and pellet. Comparing to pellet the amount of hscFv 
in supernatant is ignorable. 
Lane A indicates the protein marker 
Lane B indicates hscFv in supernatant 
Lane C indicates hscFv in pellet   

 

Refolding of hscFv from IBs 

The correct refolding of proteins from IBs is sometimes 

difficult to gain. Analysis for yield of soluble protein 

after refolding revealed that up to 90% of the hscFv re-

aggregated in the form of insoluble protein and excluded 

from the experiment. The remaining soluble fraction of 

the refolded hscFv displayed a weak reactivity when 

ELISA test conducted. 

 

Soluble expression of hscFv with chaperones 

application 

Before using chaperones, the majority of hscFv was 

found in pellet than in supernatant displaying the low 

soluble expression of the protein.To increase the protein 

solubility, co-expression with chaperones (pGro7, pG-

Tf2 and pTf16) was employed. The results demonstrated 

a remarkable increase (up to 50%) in the solubility of the 

recombinant hscFv following chaperone application. The 

results also showed much more efficiency for pTf16 in 

solubility increase of hscFv than the other two 

chaperones. Compared to pGro7, pG-Tf2 chaperon had a 

better effect on solubility (Figure 3). 

 
Figure 3. Analysis of different chaperones on hscFv solubility. In 
this figure the most effective chaperon plasmids are PG-tf2, ptf16 
and pGro7 respectively 
Lane 1 and 2 indicate hscFv before and after IPTG induction 
Lane 3 and 4 indicate supernatant and pellet after pGro7 co-
expression 
Lane 5 and 6 indicate supernatant and pellet after ptf16 co-
expression 
Lane 7 and 8 indicate supernatant and pellet after PG-tf2 co-
expression 
Lane 9 indicates the protein size marker 

 

ELISA test for reactivity analysis 

To test the potency of the hscFv purified from chaperon-

containing cells in reactivity with EGFR over-expressing 

A431 cells, a whole cell ELISA was applied. This 

assessment revealed that the purified hscFv had a high 

reactivity with A431 cells (OD value of 2.6) indicating 

correct folding of purified protein. 

MTT assay of hscFv 

Humanized scFv displayed a concentration-dependent 

growth inhibition effect on EGFR-expressing A431 cells. 

The calculated IC50 for hscFv and its murine counterpart 

were 967.8 and 2572.6 nM, respectively, indicating that 

hscFv represents 2.6 times higher activity than murine 

scFv (Figure 4). 

 

 
Figure 4. Effect of hscFv A431 cells. The X axis indicates the 
different concentrations of antibodies and the Y axis indicates 
the growth inhibition rates. Form growth inhibition point of view, 
hscFv is stronger than its murine counterpart. 
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Discussion 

Although E. coli expression system is the most widely 

used system in producing heterologous proteins, several 

considerable obstacles challenge its leading role as an 

ideal host. Aggregation of recombinant proteins in the 

form of IBs with incorrect tertiary structure is a serious 

limitation severely affecting production of biologically 

active recombinant proteins from this expression system. 

When meeting this problem, various strategies including 

in-vitro refolding from insoluble IBs and application of 

molecular chaperones are proposed to facilitate the 

correct folding of proteins in soluble forms. Due to 

occurrence of reaggregation during in-vitro refolding 

process which adversely influence the protein structures, 

production of large amount of recombinant proteins in 

the soluble form is preferred. 

In this study, both in vitro refolding and chaperon-

assisted expression were examined to produce correctly 

folded active hscFv. Refolding from IBs revealed that 

more than 90% of the denatured hscFv re-aggregated in 

the form of IBs and the remaining soluble portion of 

refolded hscFv was inactive indicating the occurrence of 

undesired misfolding in hscFv structure during refolding 

conditions. Upon co-expression of different plasmid 

chaperone sets with hscFv, the solubility was remarkably 

increased (up to 50%). These findings were consistent 

with the previous reports confirming the positive effects 

of molecular chaperones on solubility parameter and 

disaggregation.
21,22,27-29

 Among the molecular plasmid 

chaperones, PG-tf2 exhibited a fairly much more positive 

effect on solubility of our aggregation-prone hscFv than 

the other two plasmid chaperones. The efficiency of 

ptf16 was also higher than that observed for pGro7. 

The differing functions of plasmid chaperones (pGro7, 

pG-tf2, ptf16) on the solubility of recombinant hscFv 

could be logically related to the type of chaperones 

included in these plasmids. Since the most effective 

plasmid chaperone in this study (pG-tf2) contains 

GroES- GroEL- tig chaperone team, and the least 

effective plasmid chaperone (pGro7) also contains 

GroES- GroEL chaperone team, the higher efficiency of 

the pG-tf2 may be attributed to the presence of the tig 

chaperone proposing it as a particularly suitable 

chaperone for hscFv solubility. On the other hand, the 

ptf16 containing tig chaperone also manifested an 

enhancing effect on hscFv solubility which could be 

implied as another evidence for the pivotal role of tig 

chaperone on solubility. Another logical interpretation 

that could be deduced from the higher efficiency of pG-

tf2 compared to ptf16 is the existence of a constructive 

cooperation between GroES- GroEL and tig 

chaperones.
22

 

In addition to the appreciable effects of these chaperone 

plasmids (pGro7, pG-tf2, ptf16) on hscFv solubility, the 

remarkable reactivity of the purified hscFv with 

A431cells and its inhibitory effect on cell proliferation 

could be considered as an indication of correct tertiary 

structure of hscFv. 

While checking different chaperones on solubility, 

Nishahara, K and colleagues reported the higher 

efficiency of trigger factor (TF) in soluble expression of` 

recombinant human lysozyme.
18

 Another study has 

shown that ptf16 promotes the soluble expression of 

human sequence marker protein 30 (SMP30) more 

effectively than its counterpart pG-tf2.
28

 Watanabe K.I. 

et.al and colleagues studied the role of different 

chaperones on soluble expression of human ST6Gal I 

(hST6Gal I), and showed that chaperon pGro7 is the 

efficient chaperon of choice for solubility increase of the 

protein.
30

 Altogether, these results demonstrate the 

protein specific effects of molecular chaperones in 

solubility enhancement. 

 

Conclusion 

The result of this study indicates that application of 

chaperones can be followed as an effective strategy in 

producing active soluble proteins which considerably 

diminishes difficulties relevant to the refolding form IBs. 
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