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2. Dynamic light scattering
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Table 1 Protein and peptide NPs size obtained by DLS technique accomplished by zeta potential

Zeta-potential (mV)

Particle Size (nm)

-36
-27

85 Protein nanoparticles
150

Peptide nanoparticles
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Fig 1 FE-SEM image of the nanomagnetite and immobilized inulinase on protein and peptide nanoparticles. (A)

Magnetic (Fe;O,4) nanoparticles, (B) Nanopeptides resulted by gluten hydrolysates, (C) Soy protein isolate (SPT)
nanoparticles, (D) Soy protein isolate and Bovine Serum Albumin (SPI+ BSA) nanoparticles, (E & F) Immobilized
enzyme on the NPs.
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Fig 2 Comparison between Free enzyme and
immobilized inulinase on protein and peptides
magnetic nanoparticles
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Table 2 Inactivation rate constant of free and immobilized enzymes at 55 and 65°C

65°C 55°C
ki (<107 min™) kin (<107 min™)
10.9 3.8 Free enzyme
17 14 Immobilized enzyme on protein
) ‘ magnetic nanoparticles
%5 34 Immobilized enzyme on peptide
) ‘ magnetic nanoparticles
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Table 3 Half- life of the free and immobilized enzyme on the magnetic peptide and protein nanoparticles
at 55 and 65°C

65°C 55°C
f]/g (}’I’Ill’l) f]/g (}’I’Ill’l)
63 182 Free enzyme
Immobilized enzyme on protein magnetic
407 495 nanoparticles
Immobilized enzyme on peptide magnetic
81.5 203.8 nanoparticles
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Table 4. Thermodynamic parameters of free and immobilized enzyme on the magnetic peptide and
protein nanoparticles.

AH(kJ mol™) E. (kJ mol”)

9.88 12.6 Free enzyme

15.11 179 Immobilized enzyme on protein magnetic
nanoparticles

12.82 15.63 Immobilized enzyme on peptide magnetic
nanoparticles
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Table 5. Kinetic parameters of free and immobilized enzyme on the magnetic peptide and protein
nanoparticles

K (mg ml’])

Vinax (umol min™") enzyme
2.72 0.83 Free enzyme
203 067 Immobilized enzyme on protein
: ' magnetic nanoparticles
125 064 Immobilized enzyme on peptide
) ) magnetic nanoparticles
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Inulinase can produce high fructose syrup from inulin in a one-step enzymatic process. In this research,
Inulinase was immobilized on the magnetic nanoparticles functionalized with protein and peptide
nanoparticles through covalent attachment to improve the stability of the enzyme. At the first step, the

magnetite nanoparticles were prepared by co-precipitation method. Then, in the second step, a mixture of
soy protein isolate and bovine serum albumin nanoparticles, and wheat gluten hydrolysates prepared by
endopeptidases were synthesized by desolvation method and then the magnetite nanoparticle’s surface
were coated for modification and stabilization. In The third step, the enzyme was immobilized on the
surface of the magnetite carrier by using of glutaraldehyde. In this study, scanning electron microscope
(SEM) and dynamic light scattering (DLS) were used for analyzing the particle size, shape, morphology
and functional characteristics of magnetite and protein nanoparticles and enzyme immobilization in all
steps of preparation. After enzyme immobilization the functional properties were compared with the free
enzyme. The results implied that thermal stability and resistance to acidic pH were increased. The activity
of the enzyme, reusability, and kinetic parameters (Vm.x, K, ti2) were assayed and the results revealed
better operational stability compared to free enzyme.

Keywords: Inulinase immobilization, Nanopeptides, Magnetic nanoparticles, Soy protein isolate, Wheat
gluten hydrolysates.
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