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SUMMARY 

Insulin is an anabolic hormone which plays an important role in glucose homeostasis. 

Type I diabetes mellitus has been treated for a long time by supplementing the patient with 

animal insulin since its momentous discovery and then swapped by recombinant human 

insulin. Recent advances in recombinant DNA technology have made it possible to isolate 

and sequence the mRNAs and chromosomal genes coding for insulin precursors 

(preproinsulin and pro insulin) from different organisms to know the evolutionary aspects and 

unique characteristics of this protein that can be exploited. This study provides the first 

detailed information about the nucleotide and amino acid sequences of buffalo (Bubalus 

bubalis) proinsulin (Accession No. AB234S71). Nucleotide sequence analysis revealed that 

buffalo proinsulin cDNA is composed of 246 base pairs with a coding region for a Sl amino 

acid protein. The nucleotide sequence is 97.5 % identical with cow (Bas taurus) proinsulin 

showing nucleotide changes at 6 positions i.e; 15(T --+C), 4S(C--+T), 111(G--+C), lS0(T --+C), 

210(C--+G) and 216(G--+ T) (2 changes in each of A-, B- and C- chain region). The 

homology of amino acid sequence of buffalo and cow proinsulin is 100 % showing that the 

nucleotide changes are in the third position of translation co dons and do not alter the 

specified amino acid. Buffalo pro insulin DNA was cloned in two vectors (PT7-7 and pET-

21a), and expressed in two different hosts, (BL21(DE3) and BL21-CodonPlus(DE3)-RIL), 

and the resulting protein was called M-proinsulin because it contains an extra N-terminal 

methionine. The effect of different concentrations of IPTG showed a significant level of M

proinsulin expression by as little as 5 IlM IPTG which progressively increased as IPTG 

concentration was raised to 200 IlM. The optimized expression of M-proinsulin was 

obtained in BL21-CodonPlus(DE3)-RIL, harbouring the buffalo proinsulin gene in pET-21a, 

grown at 37°C using shake flask method, induced with 0.2 mM IPTG or 0.4 mM lactose (for 

cost effective bulk scale preparation of M-proinsulin) and grown for 6 7 h post induction. 

M-proinsulin was produced in the form of inclusion bodies which were isolated by 'French 

press cum sonication' followed by centrifugation after extensive washings. About 35 - 45 

OD280 units of inclusion bodies were isolated from one liter culture (about 3 g of wet weight 

of cell pellet) of E. coli. These inclusion bodies consisted of about 50 - 60 % of M

proinsulin polypeptide according to gel analysis. Recombinant M-proinsulin produced in 

inclusion bodies was about SO % in a reduced form quantified by the DTNB assay and 

migrated as a monomer on nonreductive PAGE. The inclusion bodies, containing M

proinsulin, were solubilized to as much as 10- 15 OD280 units per ml of buffered GndHCl at 
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slightly acidic pH i. e; 6.5 and about 4 - 6 OD280 units of protein per ml in case of urea 

solubilization buffer. The solubility of M-proinsulin in urea is pH dependent and greater at 

pH 8.0 than at pH 6.5. The solubilized protein was completely reduced with the help of 2 

mM DTT and diluted into refolding buffer containing chaotropic reagent and suitable redox 

couple (cystine:cysteine). In this study, the effects of three different ratios of redox couple 

(3:3, 3:5 and 0.5:5 mM of cystine:cysteine), different temperatures (4°C and 23 0c) and 

presence of additives (10 % glycerol and 5 % sucrose) in refolding buffer were monitored for 

the optimization of the refolding conditions to get a good yield of properly folded M

proinsulin. The monitoring of the loss ofthiols of the refolded mixture by DTNB assay was a 

key feature in our method. The loss of thiols was high in the presence of 3:3 mM redox 

couple and all the thiols were lost within 4 h while the change in the ratio of redox couple to 

3:5 and 0.5:5 mM (cystine:cysteine) decreased the loss ofthiols which survived for 22 - 25 h. 

The quality of the refolding was initially analyzed by reductive and nonreductive SDS-P AGE 

and the observation of mobility difference between correctly and incorrectly folded forms of 

M-proinsulin was used as a tool to check the refolding quality as not reported previously and 

efforts were made to find conditions to increase the amount of the fast moving band i.e; 

properly folded protein. The refolding process was shown to be strongly dependent on the 

redox potential but not on temperature and addition of additives. In this study two methods 

of refolding and purification of M-proinsulin were developed on the basis of information 

gathered by different preliminary refolding experiments. In one method, GndHCl solubilized 

inclusion bodies were refolded in the presence of 2 M GndHC1, 0.5:5 mM cystine:cysteine, 

with 0.5 OD28o/mi final protein concentration at pH 9.0 and 4 °C followed by dialysis and ion 

exchange chromatography. In the other method 8 M buffered urea, pH 8.0, was used as 

solubilizing agent and refolding was performed in the presence of 2 M urea, 0.5:5 mM 

cystine:cysteine, 0.4 OD28o/mi final protein concentration at pH 9.0 and 4 °C followed by 

dialysis and then acid precipitation at pH 4.8 - 4.9. The refolded and partially purified M

proinsulin, in both methods, was then SUbjected to final purification step by reverse phase 

high performance liquid chromatography (RP-HPLC). The yield of RP-HPLC purified 

properly folded M-proinsulin, in this work, was 5.0 - 5.5 mglL of culture. M-proinsulin was 

then converted into M-insulin by the combined action of trypsin and carboxypeptidase B. 

M-insulin was purified by RP-HPLC with a yield of about 3 - 4 mglL culture. 

To obtain native buffalo insulin a derivative of buffalo proinsulin (M(H)6R

proinsulin) that contains six histidine and a basic residue (arginine) after N- terminal 

iii 
















































































































































































































































































































































































































































































































































































