
 

 

 

 

Abstract— Fragment antigen-binding (Fab) is used for several 

applications in research. However, overexpression of Fab in E. coli 

cells often leads to the accumulation of inclusion bodies, which limits 

the application for Fab production using E. coli expression system. 

Leucine zipper (LZ) forms a heterodimeric coiled-coil structure, the 

fusion of which peptides to Fab enhanced correct pairing of Hc and 

Lc, leading to more efficient formation of active Fab. The new Fab 

format is named as ‘Zipbody’. In this study, we examined various 

refolding conditions to obtain a high amount of m6FabLZ, a leucine 

zipper-fused mouse Fab which binds to E. coli O157 and expressed in 

E.coli BL21 (DE3). The isolated inclusion body was soblubized in 3 

M Urea using freeze-thawing method. The yield of purified 

m6FabLZ was 0.25 g from 1 L culture. The refolded showed a high 

affinity and specificity toward E. coli O157 in ELISA. 
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I. INTRODUCTION 

 OWADAYS, antibodies have become increasingly 

important for several applications. Fragment antigen-

binding (Fab) are the most widely used and produced by 

recombinant processes[1]. However, overexpression of 

recombinant proteins in E. coli often resulted in the 

accumulation of protein aggregation as inclusion bodies. 

Inclusion bodies need extensive processing of isolation, 

solubilisation and refolding to recover a function of biological 

activity[2]. In general, inclusion bodies are solubilized by use 

of high concentration of denaturant. However, complete 

denaturation during solubilization causes a complete loss of 

secondary structure and leads to protein aggregation [3]. Mild 

solubilization processes have been reported to preserve native-

secondary structures of solubilized proteins, which repress 

protein aggregation during refolding leading to a high yield of 

bioactive proteins. 

From previous study, our group reported that the fusion of 

leucine zipper of C-terminal of Fab significantly increased the 

production of active Fab in E. coli cell-free protein synthesis 

system and in vivo E. coli  expression system and named the 

new Fab format as Zipbody [4]. 
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In this study, we examined various conditions of the protein 

refolding for zipbody to find highly efficient refolding 

procedures from inclusion bodies. We obtained a high amount 

of a zipbody, m6FabLZ, a leucine zipper-fused mouse Fab 

which binds to E. coli O157, from the inclusion bodies 

expressed in E. coli BL21 (DE3).  

II. SOLUBILIZATION OF M6FABLZ 

The isolated of m6FabLZ was efficiently solubilized 

using freeze-thawing method with different urea concentration 

(2M, 3M and 4M) and 10 mM DTT. 

Fig. 1 SDS-PAGE analysis of m6FabLZ solubilization from inclusion 

bodies. M : marker, 1 and 2: supernatant  and pellet from  dissolved 

in 2 M urea, 3 and 4: supernatant and pellet from  dissolved in 3 M 

urea , 5 and 6: supernatant and pellet from  dissolved in 4 M urea . 

III. REFOLDING OF M6FABLZ  

The solubilized m6FabLZ inclusion bodies by dissolved in 

3 M urea were chosen for the examination of refolding by 

dialysis. The solution was removed urea by dialysis using 

dialysis buffer (50 mM Tris-HCl (pH 8.0), 3 M urea and 100 

mM NaCl) followed by dialysis in the same buffer with step 

wise reductions in urea concentration (2 M, 1 M, 0.5 M and 0 

M). At the 1 M and 0.5 M stage stage, 50 fold molar excess of 

GSSG and 400 mM L-Arginine was added in the dialysis 

buffer and each dialysis step was incubated overnight at 4 C°. 

The soluble meterials after refolding were collected for 

analysis by SDS-PAGE and ELISA. 

 Figure 2 shows that the refolding yield was 65%. The yield 

of purified m6FabLZ was 0.25 g from 1 L culture. The 

refolded protein showed a high affinity and specificity toward 

E. coli O157 in ELISA (Figure 3). 
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Fig. 2 SDS-PAGE analysis of m6FabLZ refolding. M : marker, S and 

P: supernatant and pellet after refolding. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3 ELISA results of refolded protein. The blue squares is negative 

control (1% BSA), the brown squares is supernatant of refolded 

protein diluted 1:10, the orange squares is supernatant of refolded 

protein diluted 1:100 and light orange squares is supernatant of 

refolded protein diluted 1:1000. 

IV. CONCLUSION 

The high yield recovery of active antibodies from inclusion 

bodies is important for several applications of antibodies in 

clinical research, therapy and medical diagnostics.  

In this study, we examined condition for solubilization and 

refolding of insoluble Fab protein. There are two important 

conditions to recover a high amount of bioactive proteins: 

first, solubilization of protein aggregates by freeze-thawing 

method with mild solubilization agent and reducing agent. Use 

of 3 M Urea preserved native-secondary structure of protein, 

which repress protein aggregation during refolding [5, 6] and 

10 mM DTT prevented incorrect disulfide bonds by reduced 

nonnative inter- and intramolecular disulfide bonds [7]. 

Second, refolding of the solubilized protein by the step-wise 

dialysis and the incubation with GSSG and L-arginine at the 

appropriate stage (1 M and 0.5 M of urea). The GSSG 

promoted formation of disulfide bonds in proteins [8] and L-

arginine suppressed aggregation and prevented incorrect of 

intramolecular disulfide bonds[9, 10]. In summary, refolding 

procedures in this study is easy, inexpensive, time-saving and 

can be utilized for a high yield recovery of Fab inclusion 

bodies produced in E. coli.  
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