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ABSTRACT

This work exploits interactions between proteins and reversibly
soluble-insoluble polymers for dual applications of protein separation and
immobilization. Protein separation is_important because as high as 60-80% of
production cost of a protein involves its downstream processing. The protein
stébilization assumes importance in the context of actual use of the enzyme. An
enzyme during fransport, storage or reaction may be subject to relatively harsh
conditions. Variety of approaches for protein stabilization are well known, one

which is frequently employed is the immobilization of the protein on a support.

Chapter 1 consists of literature survey which provides the backdrop fo!
separation processes which have been used in the present thesis. This surve)
also briefly touches upon the area of protein immobilization in general ant

emphasizes noncovalent methods of immobilization in particular.

The second chapter of the thesis focuses on metal affinity interactions in fre
solution. To start with, the extent of precipitation of various proteins (containin
varying number of histidine residues/mol of protein) by metal ions (Cu*, Fe®
Zn*") in free solution was studied. Precipitation by Cu** was investigated in detz

and was used for purification of Concanavalin A, soybean agglutinin, and soybez
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nitz trypsin inhibitor. In the last case it was conformed that data obtained in free
ution agrees rather well with what is obtained in immobilized metal affinity
omatography. The result with soybean trypsin inhibitor also prompted us to

k at behaviour of evolutionary related inhibitors from other plant sources.

Two thermoprecipitable polymers, copolymer of 1-vinyl imidazole with vinyl
rolactam (poly VI-VCI) or N-isopropylacrylamide (poly VI-NIPAM) were used
:arry out metal affinity precipitation in free solution. Cu®** was immobilized on
se polymers. Both the polymers were found to bind Kunitz trypsin inhibitor from
bean (STI). Maximum precipitation with Cu®* loaded poly Vi-VCI was 83% and
very was 65% at 0.83% polymer concentration. STI could be precipitated
ntitatively using Cu®* loaded poly VI-NIPAM with complete recovery at 0.67%
mer concentration. Cu®*-poly VI-VCI did not precipitate quantitatively from the
tion. On the other hand, precipitation efficiency of poly VI-NIPAM was 100%.
‘efore, poly VI-NIPAM was chosen and Kunitz trypsin inhibitor was separated

crude soybean extract.

n the third chapter, chitosan (a polymer of N-acetyl glucosamine) and
agit S-100 (copolymer of methyl methacrylate and methyl methacrylic acid)
+ used for purification of 8- glucosidase from two sources (almond meal and
'oderma fongibrachiatum). B-Glucosidase from almond meal was purified 5.6
>y simple pH precipitation step followed by precipitation with Eudragit S-100
73% recovery of activity. Recovery of activity was critically dependent on the

ner concentration and the recovery increased with decrease in polymer
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concentration. Therefore, 0.1% Eudragit S-100 was used in all the experiments.
B-Glucosidase from Trichoderma longibrachiatum could be purified 3.7 fold with
83% recovery by precipitation with Eudragit S-100 alone. By sequential
precipitation with chitosan and Eudragit S-100, followed by a gel filtration step,
enzyme could be purified 29 fold with 74% recovery of activity. This purified

preparation was homogeneous as shown by SDS-PAGE.

it has been reported earlier that there might be significant amount o
noncovalent adsorption in immobilized enzyme preparation obtained by covalen
cbupling procedures“This is an important issue which may, perhaps, account fo
the leaching off the enzyme from immobilized preparations obtained by covaler
c;oupling procedures. The fourth chapter looks at this issue more extensively. Fou
enzymes viz trypsin, B-glucosidase, fB-galactosidase and wheat germ aci
phosphatase (WGAP) were covalently coupled by EDC on Eudragit S-10(
Simultaneously, enzymes were bound noncovaléntly to Eudragit S-100. Tt
coupling and adsorption were carried out at two pH (4.5, when the polymer ws
not soluble; 7.2 when the polymer was in soluble form). In the case of WGAP,
was found that while there were measﬁrable differences between protein whi
came off the matrix with various solutions (1 M NaCl, 0.15% triton X-100) a
ethylene glycol) in case of adsorbed and covalently conjugated enzymr
significant amount of covalent conjugation in fact seems to involve binding of t
enzyme through noncovalent interactions only. In case of trypsin, conjugation w
carried out in presence of 1 M NaCl and two polymer concentrations were tak

(0.1% and 1%). Even in presence of 1 M NaCl, the enzyme binds to 1% polyn



oth by adsorption and covalent coupling. The nonspecific binding was 45% at pH
5 while the covalent binding was 89%. At pH 4.5 nonspecific binding was 78%
1d covalent binding was 97%. When the polymer concentration was reduced to
1% the nonspecific binding was 18% at pH 7.2 and 53% at pH 4.5. Thus, at
wer polymer concentration, nonspecific binding in presence of salt was much
5s as compared to the nonspecific binding at 1% polymer concentration. Higher
lymer concentration was chosen to immobilize trypsin and B-glucosidase on

idragit S-100. Various parameters like effect of pH, thermostability and Km of

2 immobilized preparations were studied.

In the last chapter, alkaline phosphatase was purified on chitosan modified
h gluteraldehyde. When alkaline phosphatase was bound (99%) to modified
tosan in presence of 2.4M (NH,),SO,, enzyme could be completely recovered

50% ethylene glycol at 10°C. It appears that in presence of high salt
centration, binding was mostly due to hydrophobic interactions. This way, the

zyme could be purified 4.5 fold with 99% recovery of activity.
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