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Abstract 

A major part of biotechnology is concerned with producing proteins in a reasonably 

purified form for using their biological activity in an efficient fashion. A detailed 

study and characterization of novel proteins from new sources require purified protein 

in substantial amount. Therefore, protein purification and characterization continues 

to be a challenging area in protein biotechnology. 

Downstream processing often is a more challenging aspect of protein production. 

Therefore. a purification protocol with less number of steps which can ultimately 

reduce the cost of production is desirable. 

For application of enzymes, creating efficient biocatalyst designs involving greater 

catalytic efficiency, higher stability and reusability for various industrially important 

biotransformations is the next important step in protein biotechnology. 

These twin aspects form the basis of the work described in the current thesis. The 

thesis is divided into eight chapters. The chapters 2-6 relate to development of 

efficient protein purification protocols for proteins/enzymes of diverse kinds. The 

chapters 7 & 8 describe the somewhat novel strategies of protein immobilization. 

Chapter 1 is the introductory chapter and reviews the literature on various topics 

covered in the rest of the thesis. 

Chapter 2 describes production. purification and characterization of an alkaline 

lipase from Burkholderia cepacia ATCC 25609. A Burkholderia cepacia strain 

ATCC 25609, which had been isolated from the bronchial washings of a cystic 

fibrosis patient was used to produce lipase. The presence of sodium alginate at an 

optimum concentration of 8 mg/ml in the growth medium nearly doubled the 

production of extracellular lipase activity. The enzyme could be purified with 38 fold 

purification and 96% activity recovery using a two-step purification protocol. The 



minimum molecular weight of the purified lipase determined by sodium dodecyl 

sulfate-poIyacrylamide gel electrophoresis (SDS-PAGE) was shown to be 28000 Da. 

Lipases from Burkholderia cepacia are known to be monomeric proteins with a 

molecular weight in the range of 25000-36500 Da. The purified enzyme showed pH 

optimum at pH 9 and it was stable upto 12 h at pH 9 and 10. The enzyme has 

temperature optimum at 40 °C and its half-lives were 54 min and 46 min at 50 °C and 

60 °C respectively. The lipase was found to be stable in the presence of detergents 

Tween-20 and Triton X-100. Hence, the lipase could be useful in detergents. The 

Secondary structure analysis of lipase by circular dichroism spectroscopy showed 

52% a-helix, 7.7% p-sheet, 12.6% P-turn and 27.8% random structure. 

Chapter 3 describes extraction, purification and characterization of a novel trypsin 

inhibitor (JCTI) from Jatropha curcas seeds have been described. JCTI was purified 

to homogeneity using three chromatography steps: i) Cu'+  StreamlineTM; ii) DEAE-

cellulose; iii) Trypsin-sepharose CL 4B. Purity of >99% was achieved with 70% yield 

and 13 fold purification. JCTI is found to be heterodimeric protein with a minimum 

molecular weight of 10500 Da as determined by HPLC and SDS-PAGE under non-

reducing conditions. SDS-PAGE under reducing conditions showed two protein bands 

of 6000 Da and 4500 Da molecular weights. The N-terminal amino acid sequence of 

JCTI (both the peptides) showed similarity (29-36%) with Bowman-Birk trypsin 

inhibitors from Zea maiz, Oliva saliva japonica and Oliva saliva indica. The -N-

terminal sequence for the higher molecular weight peptide (6000 Da) was Gly-Pro-

Pro-Glu-Ala-Ala-Leu-Glu-Thr-Glu-Asn-Gly-Ileu-Phe. The N-terminal sequence for 

the lower molecular weight peptide (4500 Da) was Val-Arg-Asp-Ileu-Ala-Lys-Lys- 

Glu-Ala-Ala-Arg-Arg-Asp-Asp. JCTI has a high affinity for trypsin with K;  of 6.5 X 

10-9  M. JCTI does not inhibit a-chymotrypsin. JCTI is completely stable in the pH 
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range of 2-8 for 24 h at room temperature. JCTI has a remarkable thermal stability 

retaining 93% inhibitory activity at 70 °C for 30 min. The inhibitory activity 

measurements and CD studies at different temperatures showed that transition 

midpoint for JCTI lies close to 85 °C. CD analysis of JCTI revealed that it is an a, 1 

protein rather than a predominantly 3-sheet protein (26% a-helix, 15% 13-sheet and 

59% random structure). 

Chapter 4 deals with purification of recombinant green fluorescent protein (r-GFP) 

overexpressed in Escherichia coli using immobilized metal ion chromatography 

(IMAC) in both packed bed as well as expanded bed. Performance of cross-linked 

Nit+  alginate beads with that of commercial Ni +̀  StreamlineTM has been compared. 

Cross-linked alginate beads can constitute an attractive alternative matrix for 

expanded bed affinity chromatography since these beads are easy to make and very 

cheap as compared to StreamlineTM.  The adsorption isotherms to both IMAC media 

followed the Langmuir model. The maximum binding capacity (q,,,,,,) of Nit+  

StreamlineTM  and Ni2+  cross-linked alginate for the GFP was 1.42,860 FU/ml and 

18,000 FU/ml, respectively. The packed bed chromatography with Nit  StreamlineTM 

gave 2.85 fold purity with 84% recovery, while Nit*  alginate gave 3.1 fold purity with 

88% recovery. The expanded bed chromatography using Niz+  StreamlineTM  gave 2.7 

fold purification with 89% of GFP recovery, while Nit  alginate gave 3.1 fold 

purification with 91% of GFP recovery. SDS-PAGE of purified GFP in both cases 

showed single band. 

Chapter 5 describes purification of three isozymes of peroxidase from the roots of 

Brassica rapa (Indian variety). Furthermore, acidic isozyme (TP I. eluted from 

DEAE-cellulose) has been characterized in more detail. Three peroxidase isozymes 

have been purified to homogeneity using combination of ammonium sulphate 
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precipitation, Con A-sepharose 4B chromatography, DEAE-cellulose chromatography 

and CM-cellulose chromatography. Turnip peroxidase isozyme I (TPI) was purified to 

28 fold purity with 53% yield using DEAE-cellulose. Turnip peroxidase isozyme II 

(TP II) and isozyme III (TP III) has been obtained from unbound and eluted fractions 

of CM-cellulose column, respectively. TP II constituted 19% while. TP III constituted 

21% of total peroxidase activity. Molecular weight of TP 1. TP II and TP III were 

found to be 45000 Da, 36000 Da and 34000 Da respectively. Most of the plant 

peroxidases are known to be monomeric enzymes with molecular weight in the range 

of 40000-50000 Da. The N-terminal amino acid sequence of TP I (Gln-Phe-Val-Ile-

Pro-Thr-Tyr-Ala-Tip-Gln) showed similarity (40-60%) with that of C. sativus, S. 

aureus, Cyanothecs sp. PCC 8802, L. xyli, T. >>ihrio and Mi domestica. Far-UV CD 

spectroscopy study revealed a-helix structure for TP 1(44% a-helix. 16% 3-sheet and 

40% random structure). Melting temperature (T,,,) calculated from the first-order 

derivatives of ellipticity-temperature plot was 50 °C for TP I. TP I showed highest 

specificity towards TMB (3,3'.5,5' tetramethylbenzidine) among the substrates 

studied. TP I has a pH optimum at pH 5.5 and temperature optimum of 25 °C. TP I 

was chemically modified with PMDA (pyromallitic dianhydride) with 0.75 degree of 

modification. PMDA modified TP I showed enhanced thermal stability (retains 80% 

activity at 60 °C) and pH stability (retains 80% activity at pH 7), enhanced p- 

chlorophenol removal efficiency and increased catalytic efficiency towards various 

substrates. PMDA modified TP I was examined for wastewater treatment using p- 

chlorophenol as a model system and compared with native TP I. 

Chapter 6 describes purification of horseradish peroxidase (HRP) and laccase by 

using affinity precipitation with crude Concanavalin A. Addition of a simple crude 

extract of a lectin when added to a protein mixture would lead to formation of lectin- 
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glycoprotein precipitates. This simple economical and nonchromatographic approach 

can be useful in search for biomarkers in proteomic research. The concept was tested 

with commercial horseradish peroxidase (HRP) and laccase from modified 

Aspergillus oryzae (Denilite IIS) which are well known Concanavalin A (Con A) 

specific glycoproteins. Crude extract of jack beans containing Con A was mixed with 

HRP and laccase solutions. The contaminating non-glycoproteins remained in the 

supernatant. The precipitates of lectin-glycoprotein affinity complex thus obtained 

were redissolved in I M a-D methyl mannoside. The HRP and laccase was then 

separated from Con A using Sephacryl S-100 gel filtration chromatography. HRP 

could be purified to 9.3 fold purification with 93% yield and Con A could be purified 

to 7.3 fold purification with 72% yield. Laccase was purified to 10 fold purification 

with 80% yield and at the same time Con A was purified to 8 fold purification with 

73% yield. SDS-PAGE analysis revealed single band of each purified glycoprotein 

and Con A. 

Chapter 7 describes the preparation and characterization of biocatalyst preparation in 

which horseradish peroxidase was immobilized by bioaffinity layering. Immobilized 

preparation was then used for the treatment of phenolic wastewater using p- 

chlorophenol as a model system. For this purpose, lectin Concanavalin A was bound 

to Sephadex beads. The glycoenzyme peroxidase was layered upon this Con A layer. 

Subsequently, alternate layers of the enzyme and Con A were applied. The most 

efficient design consisted of three layers of Con A and peroxidase each. This 

immobilized enzyme preparation retained 80% of the activity of the free peroxidase 

used for immobilization. Kinetic parameters for the immobilized and free enzyme 

were determined. The L ;,,ax/K,,, value of the enzyme significantly increased on 

immobilization from 100 to 160. PEG at the concentration of 0.1 mg/ml was found to 
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prevent enzyme inactivation by the products, although it increased the process time. 

Thus 60 U/mI of enzyme completely converted the p-chlorophenol (into products) in 

4 min in the absence of PEG. On the other hand, only 0.05 U/ml of enzyme was 

required for this purpose in the presence of PEG but the process required 60 min. 

Peroxidase converts phenol molecules into free radicals. These free radicals then 

polymerize and get precipitated. As a further means of minimizing exposure of the 

enzyme to free radicals and enhancing the reusability, it was decided to remove the 

enzyme from reaction medium after 10 min. With this strategy, the bioaffinity layered 

peroxidase preparation could be reused five tunes without any loss of activity. 

Chapter 8 describes preparation and characterization of multipurpose cross-linked 

enzyme aggregates (multipurpose-CLEAs) of two commercial preparations, i.e. 

Porcine pancreatic extract and PectinexTM Ultra SP-L. Porcine pancreatic extract is 

known to be rich in lipase, a-arnylase and phospholipase A2  activities. Complete 

precipitation of all the three enzyme activities were achieved with Dimethoxyethane 

(DME). When precipitates were cross-linked with 20 mM glutaraldehyde, all the three 

enzymes retained 100% activity in resulting CLEAs. The lipase present in CLEAs 

showed greater thermal stability at 50 °C as compared to the free enzyme. For lipase 

and phospholipase A2, Vn,aX/K,,, showed no significant change upon multipurpose-

CLEAs formation but decreased significantly for u-amylase activity from 190 to 114 

min-'. The lipase and u-amylase activity in CLEAs were completely retained upto 

three cycles of reuse. The scanning electron microscopy (SEM) studies showed that 

morphology of CLEAs changed upon inactivation by reuses. 	 Ultra SP-L 

contains pectinase, xylanase and cellulase activities. Complete precipitation of the 

three enzyme activities was obtained with n-propanol. When resulting precipitates 

were subjected to cross-linking with 5 mM glutaraldehyde, the three activities initially 
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present (pectinase, xylanase and cellulose) were completely retained after cross-

linking. The V,,,,,/K., values were increased from 11, 75 and 16 to 14, 80 and 19 for 

pectinase, xylanase and cellulase respectively. The thermal stability was studied at 50, 

60 and 70 °C for pectinase xylanase and cellulase, respectively. Half-lives were 

improved from 17, 22 and 32 minutes to 180, 82 and 91 minutes for pectinase, 

xylanase and cellulase actvities. respectively in CLEAs. All the three enzymes in 

multipurpose-CLEAs could be reused three times without any loss of activity. 
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