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Abstract 

To increase the folding efficiency of the proinsulin and the production yield of insulin, we have displaced C- peptide 
of proinsulin with the sequence EAEDLQ. The instability index of mini- proinsulin and fusion part is computed to be 
26.38. This classifies the protein as stable. The mini-proinsulin was fused at the N-terminus to thioredoxin fusion 
partner containing a His6 tag for affinity purification. The gene for the fusion protein was inserted downstream of the 
T7 promoter of the expression plasmid pET-32a. The observed results from native PAGE, ELISA and HPLC show 
improvement in recombinant insulin production. 
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Introduction 

Recombinant insulin is important in the treatment of diabetes mellitus. Insulin is normally 
synthesized as preproinsulin in the pancreatic β-cells and is processed to 
the two-chain 51-residue globular peptide hormone in the secretory pathway. The 21-residue A-
chain features two alpha helices (A2–A8 and A13–A19) joined by a loop (A9–A11) and one 
intrachain disulphide bridge (A6 to A11). The A chain is joined to the 30-residue B-chain by 
two disulphide bridges (A7 to B7 and A20 to B19) (1).  
The role of the C-peptide in the folding of proinsulin is not clearly understood. The length of the 
C-peptide varies between 26 and 38 residues in various animal species and shows more 
sequence variation than the insulin moiety (2). 
To increase the folding efficiency of the proinsulin and the production yield of insulin, the 
proinsulin with the various mini C-peptides have been produced such as AAK,  
EWK, EYK, EFK, LWK and YPGDV (1, 3).  In the present study, the 31-residue C-peptide was 
replaced with a short peptide sequence (EAEDLQ) to facilitate the refolding process. This 
sequence belongs to natural C- peptide and the instability index of mini- proinsulin and fusion 
part is computed to be 26.38. This classifies the protein as stable. The mini-proinsulin showed 
enhanced refolding yield. Increase of mini-     

   proinsulin expression and the increased refolding capacity of the mini-proinsulin      
   suggest that this mini-proinsulin could be used in the production of recombinant  
   human insulin in E. coli. 
 

Material and methods  
Molecular modeling of mini-proinsulin - Molecular modeling of mini proinsulin and fold 
recognition was performed with 3D-PSSM server. 
Calculation of instability index and estimation of the in vivo half-life: instability index and 
estimation of the in vivo half-life was calculated with protparam tools.  
Construction of mini proinsulin and expression – creation of new mini C-peptide was 
performed with restriction enzyme digestion. PstI was used for digestion of a plasmid which 
contains the proinsulin DNA . This plasmid didn't have any site for PstI. After digestion, self 
ligation was performed, then DNA amplification was carried out with this primer: Forward 
primer, 5 ’-CGTCGCTTTGTTAACCAACACCTG-3' and  Reverse primer, 5’-
TCAGTTGCAGTAGTTTTCCAGTTGGTA- 3’. The PCR product, directly cloned into pCR 
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2.1-TOPO vector and sent for sequencing (Cinna gene,Tehran, IRAN ) to confirm the entire 
sequence and the changes made in the polymerase chain reaction. The new construct digested 
with EcoRI then the mini proinsulin cloned into EcoRI site of pET32a as expression vector. The 
E. coli expression host strain used in this study was Origami B and condition of induction was 
37ºC and 1mM IPTG with 4 hours incubation after induction.  

   Purification – Purification of Trx tag/mini proinsulin was performed in the native     
   condition via NiNTA column protocol.    
  Protease reaction, native PAGE, ELISA and RP-HPLC – The purified protein was    
  applied for trypsin treatment (without any desalting). Protease reaction was carried out    
  with trypsin in 37ºC for 90 minute. ELISA was performed with insulin detection kit  
  (Diaplus, San Ferancisco, USA).  RP-HPLC analysis was performed on a C18 column,      
   using a linear gradient   
  (0-100% acetonitrile in 80 minutes) at a flow rate of 0.8 ml/min at 45ºC and 0.1% TFA in each 
mobile phase.   

 
Result and Discussion 
 Molecular modeling of mini-proinsulin - Result showed the correct fold of mini proinsulin, 
specifically the position of cysteins and the trypsin cut site were suitable for correct disulphide 
bridge formation and digestion of trypsin (Fig 1). The 3D-PSSM server is designed to take a 
protein sequence, and attempt to predict its 3-dimensional structure and its probable function. 
Calculation of instability index and estimation of the in vivo half-life - On the bases of results, 
instability index of mini proinsulin was 26.38 and the estimated half-life was more than 10 hours 
in E. coli (in vivo) (4). 
 Computed instability index is defined as:  

                    i=L-1 
    II = (10/L) * Sum     DIWV(x[i]x[i+1]) 
                    i=1 

where: L is the length of sequence DIWV(x[i]x[i+1]) is the instability weight value for the 
dipeptide starting in position i. A protein whose instability index is smaller than 40 is predicted as 
stable, a value above 40 predicts that the protein may be unstable (5).   
mini proinsulin construction - after PstI digestion (Fig 2),  self ligation and cloning processes  
the sequence of mini proinsulin was confirmed with DNA sequencing.  Purification - The results 
from purification showed that the NiNTA column is sufficient for isolation of fusion 
part/proinsulin from soluble fraction. 
Native PAGE – After digestion of purified mini proinsulin and proinsulin with trypsin, the native 
gel showed the gain of arginin insulin from each protein (Fig 3).  
RP-HPLC and ELISA – The observed result of RP-HPLC showed one pick equal to standard 
arginin insulin (Sigma). The ELISA confirmed creation of arginin insulin after trypsin treatment 
and showed increase of insulin production from mini proinsulin compared with proinsulin (Fig 4).    
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 Fig 1. 3D structure of mini proinsulin 

 
 
 
 
 
 
 
 
 
 
 

 
 

FVNQHLCGSHLVEALYLVCGERGFFYTPK
TRR     

1 
 EAEDLQVGQVELGGGPGAGSLQPLALEGSLQ 

KRGIVEQCCTSICSLYQLENYCN 
 Genetic manipulation  

 2  
EAEDLQ FVNQHLCGSHLVEALYLVCGERGFFYTPKTRR  

 KRGIVEQCCTSICSLYQLENYCN 
 
Fig 2. The amino acid sequence after DNA manipulation with PstI as restriction enzyme.            
          1) proinsulin, 2) mini proinsulin 
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 Fig 3. Native gel, 1) undigested,  2) mini proinsulin (60 min), 3) mini proinsulin (90 

min), 4) proinsulin (60 min), 5) proinsulin (90 min), 6) Trypsin (60 min), 7) Trypsin 
(90 min), 8) insulin standard, 9) arg insulin standard. 

 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
Fig 4. ELISA, time course of trypsin treatment.  
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