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:Johnson, 1965) ¢l ;e awl ol Joli Gallus gallus o595 sla acwl ol Jlgs

pp lawg Jgaz 90 cpl Cawl oad o3yl w9 sle aisl sl S S5 Gleogas Y- Jgox o
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121 qgawirgcrl

ID Name Parent type 1-letter 1-letter&ID  3-letter  Hydropobicity Ribbon size Secondary
1 LYS1 Lysine K K1 Lys -3.9 0.75 Coll
2 VAL2 A Valine \ V2 Val 4.2 0.75 Coil
3 PHE3 A Phenylalanine F F3 Phe 2.8 0.75 Coll
4 GLY4 A Glycine G G4 Gly -0.4 0.75 Coil
5 ARG5 A Arginine R R5 Arg -4.5 1.3 Helix
6 CYS6 A Cysteine C C6 Cys 25 1.3 Helix
7 GLU7 A GlutamicAcid E E7 Glu -3.5 1.3 Helix
8 LEUS8 A Leucine L L8 Leu 3.8 13 Helix
9 ALA9 A Alanine A A9 Ala 18 1.3 Helix

10 ALA10 A Alanine A Al0 Ala 1.8 1.3 Helix

11 ALA11 A Alanine A All Ala 1.8 1.3 Helix

12 MET12 A Methionine M M12 Met 1.9 13 Helix

13 LYS13 A Lysine K K13 Lys -3.9 1.3 Helix

14 ARG14 A Arginine R R14 Arg -4.5 1.3 Helix

15 HIS15 A Histidine H H15 His -3.2 0.22 Turn

16 GLY16 A Glycine G G16 Gly -0.4 0.22 Turn

17 LEU17 A Leucine L L17 Leu 3.8 0.75 Coll

18 ASP18 A AsparticAcid D D18 Asp -3.5 0.22 Turn

19 ASN19 A Asparagine N N19 Asn -3.5 0.22 Turn

20 TYR20 A Tyrosine Y Y20 Tyr -1.3 1.3 Helix

21 ARG21 A Arginine R R21 Arg -4.5 1.3 Helix

22 GLY22 A Glycine G G22 Gly -0.4 1.3 Helix

23 TYR23 A Tyrosine Y Y23 Tyr -1.3 0.75 Coll

N
N



ID Name Parent type 1-letter 1-letter&ID  3-letter  Hydropobicity = Ribbon size  Secondary
24 SER24 A Serine S S24 Ser -0.8 0.75 Coil
25 LEU25 A Leucine L L25 Leu 3.8 13 Helix
26 GLY26 A Glycine G G26 Gly -0.4 1.3 Helix
27 ASN27 A Asparagine N N27 Asn -3.5 1.3 Helix
28 TRP28 A Tryptophan w w28 Trp -0.9 1.3 Helix
29 VAL29 A Valine \ V29 Val 4.2 1.3 Helix
30 CYS30 A Cysteine C C30 Cys 2.5 1.3 Helix
31 ALA31 A Alanine A A3l Ala 1.8 1.3 Helix
32 ALA32 A Alanine A A32 Ala 18 1.3 Helix
33 LYS33 A Lysine K K33 Lys -3.9 1.3 Helix
34 PHE34 A Phenylalanine F F34 Phe 2.8 1.3 Helix
35 GLU35 A GlutamicAcid E E35 Glu -3.5 13 Helix
36 SER36 A Serine S S36 Ser -0.8 13 Helix
37 ASN37 A Asparagine N N37 Asn -3.5 0.22 Turn
38 PHE38 A Phenylalanine F F38 Phe 2.8 0.22 Turn
39 ASN39 A Asparagine N N39 Asn -3.5 0.75 Coll
40 THR40 A Threonine T T40 Thr -0.7 0.22 Turn
41 GLN41 A Glutamine Q Q41 GIn -3.5 0.22 Turn
42 ALA42 A Alanine A A42 Ala 1.8 0.75 Coil
43 THR43 A Threonine T T43 Thr -0.7 1.3 Sheet
44 ASN44 A Asparagine N N44 Asn -3.5 1.3 Sheet
45 ARG45 A Arginine R R45 Arg -4.5 1.3 Sheet
46 ASN46 A Asparagine N N46 Asn -3.5 0.75 Caoil
47 THR47 A Threonine T T47 Thr -0.7 0.22 Turn
48 ASP48 A AsparticAcid D D48 Asp -3.5 0.22 Turn
49 GLY49 A Glycine G G49 Gly -0.4 0.75 Coil
50 SER50 A Serine S S50 Ser -0.8 0.75 Coil
51 THR51 A Threonine T T51 Thr -0.7 1.3 Sheet
52 ASP52 A AsparticAcid D D52 Asp -3.5 1.3 Sheet
53 TYR53 A Tyrosine Y Y53 Tyr -1.3 1.3 Sheet
54 GLY54 A Glycine G G54 Gly -0.4 0.22 Turn
55 ILE55 A Isoleucine | 155 lle 4.5 0.22 Turn
56 LEU56 A Leucine L L56 Leu 3.8 0.22 Turn
57 GLN57 A Glutamine Q Q57 GIn -3.5 0.22 Turn
58 ILE58 A Isoleucine | 158 lle 45 13 Sheet
59 ASN59 A Asparagine N N59 Asn -3.5 1.3 Sheet
60 SER60 A Serine S S60 Ser -0.8 0.22 Turn
61 ARG61 A Arginine R R61 Arg -4.5 0.22 Turn
62 TRP62 A Tryptophan w W62 Trp -0.9 0.22 Turn
63 TRP63 A Tryptophan W W63 Trp -0.9 0.22 Turn



ID Name Parent type 1-letter 1-letter&ID  3-letter  Hydropobicity = Ribbon size  Secondary
64 CYsS64 Cysteine C C64 Cys 2.5 0.75 Caoil
65 ASNG65 A Asparagine N N65 Asn -3.5 0.75 Coll
66 ASP66 A AsparticAcid D D66 Asp -3.5 0.75 Caoil
67 GLY67 A Glycine G G67 Gly -0.4 0.75 Coll
68 ARG68 A Arginine R R68 Arg -4.5 0.75 Coil
69 THR69 A Threonine T T69 Thr -0.7 0.75 Coll
70 PRO70 A Proline P P70 Pro -1.6 0.22 Turn
71 GLY71 A Glycine G G71 Gly -0.4 0.22 Turn
72 SER72 A Serine S S72 Ser -0.8 0.75 Coil
73 ARG73 A Arginine R R73 Arg -4.5 0.75 Caoll
74 ASN74 A Asparagine N N74 Asn -3.5 0.75 Cail
75 LEU75 A Leucine L L75 Leu 3.8 0.22 Turn
76 CYS76 A Cysteine C C76 Cys 2.5 0.22 Turn
77 ASN77 A Asparagine N N77 Asn -3.5 0.75 Coll
78 ILE78 A Isoleucine | 178 lle 45 0.75 Coil
79 PRO79 A Proline P P79 Pro -1.6 0.75 Call
80 CYS80 A Cysteine C C80 Cys 2.5 1.3 Helix
81 SER81 A Serine S S81 Ser -0.8 1.3 Helix
82 ALA82 A Alanine A A82 Ala 18 13 Helix
83 LEU83 A Leucine L L83 Leu 3.8 1.3 Helix
84 LEU84 A Leucine L L84 Leu 3.8 13 Helix
85 SERS85 A Serine S S85 Ser -0.8 0.75 Coll
86 SER86 A Serine S S86 Ser -0.8 0.75 Coil
87 ASP87 A AsparticAcid D D87 Asp -3.5 0.75 Coll
88 ILE88 A Isoleucine | 188 lle 45 0.22 Turn
89 THR89 A Threonine T T89 Thr -0.7 1.3 Helix
90 ALA90 A Alanine A A90 Ala 1.8 1.3 Helix
91 SER91 A Serine S S91 Ser -0.8 1.3 Helix
92 VAL92 A Valine \ V92 Val 4.2 1.3 Helix
93 ASN93 A Asparagine N N93 Asn -3.5 1.3 Helix
94 CYS94 A Cysteine C C94 Cys 25 1.3 Helix
95 ALA95 A Alanine A A95 Ala 1.8 1.3 Helix
96 LYS96 A Lysine K K96 Lys -3.9 1.3 Helix
97 LYS97 A Lysine K K97 Lys -3.9 1.3 Helix
98 ILE98 A Isoleucine | 198 lle 45 13 Helix
99 VAL99 A Valine \% V99 Val 4.2 1.3 Helix
100 SER100 A Serine S S100 Ser -0.8 0.22 Turn
101 ASP101 A AsparticAcid D D101 Asp -3.5 0.75 Coll
102 GLY102 A Glycine G G102 Gly -0.4 0.75 Caoil
103  ASN103 A Asparagine N N103 Asn -3.5 0.75 Coll
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ID Name Parent type 1-letter 1-letter&ID  3-letter  Hydropobicity = Ribbon size  Secondary
104  GLY104 A Glycine G G104 Gly -0.4 1.3 Helix
105 MET105 A Methionine M M105 Met 1.9 1.3 Helix
106  ASN106 A Asparagine N N106 Asn -3.5 1.3 Helix
107 ALA107 A Alanine A A107 Ala 1.8 1.3 Helix
108 TRP108 A Tryptophan w w108 Trp -0.9 0.75 Coil
109 VAL109 A Valine \ V109 Val 4.2 1.3 Helix
110  ALAl10 A Alanine A Al110 Ala 1.8 13 Helix
111 TRP111 A Tryptophan W w111 Trp -0.9 1.3 Helix
112 ARG112 A Arginine R R112 Arg -4.5 1.3 Helix
113  ASN113 A Asparagine N N113 Asn -3.5 1.3 Helix
114 ARG114 A Arginine R R114 Arg -4.5 1.3 Helix
115 CYS115 A Cysteine C C115 Cys 25 0.22 Turn
116 LYS116 A Lysine K K116 Lys -3.9 0.22 Turn
117 GLY117 A Glycine G G117 Gly -0.4 0.22 Turn
118 THR118 A Threonine T T118 Thr -0.7 0.75 Coil
119 ASP119 A AsparticAcid D D119 Asp -3.5 0.75 Coil
120  VAL120 A Valine \Y V120 Val 4.2 13 Helix
121  GLN121 A Glutamine Q Q121 Gln -3.5 1.3 Helix
122 ALA122 A Alanine A Al122 Ala 1.8 1.3 Helix
123  TRP123 A Tryptophan W W123 Trp -0.9 1.3 Helix
124 ILE124 A Isoleucine | 1124 lle 45 1.3 Helix
125 ARG125 A Arginine R R125 Arg -4.5 0.22 Turn
126  GLY126 A Glycine G G126 Gly -0.4 0.22 Turn
127 CYS127 A Cysteine C C127 Cys 2.5 0.75 Coll
128 ARG128 A Arginine R R128 Arg -4.5 0.75 Coil
129 LEU129 A Leucine L L129 Leu 3.8 0.75 Call
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Structure Region Type Residue  Number Percentage
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skisLls (Yan et al.,, 2008; Ponkham et al., 2010) s,ls 845 Slpis 10 i ob g ol laslens
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wlie s gl Wgdh o on Baiy j0 &5 eaj95) g0 (Menendez-Arias et al., 1985)
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Foko oyles 1) LUl lawg gl 49> g4 sl w395 (Simpson and Morgan, 1983) s
Sylbl el asYL pl sl 5 ool (JsShe (459 «soum! PH 5 ol )5 s ll Micrococcus luteus
SauS 5 cools (Menendez-Arias et al., 1985) wigs o olulis 05 o b pH ol o ol
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plo b awlio,s Jol jtole Ll 3l wie5d 5l g9 ol sl b 000 (o0 @0 Blaie a5 Consl ouls olulis |
ol Sl (09 (30588 5 s gl ey Sl o Sgla Sl lsie 4 )0 (ke Dglis Lo 02595
Thammasirirak et al., 2006; ol SsLwl) o)ls i wpl Sl clld o oS
His, Arg, Lys, GIn, Asn sl aisl ol oYU slgme bl 4 (Siritapetawee et al., 2009
o oolaiwl o1de g gyl mlio o lghd sb 4 bl e 4 ol jge55 g 65,1 0o dmodulatory
a VgsT JlasT b it 0,5 slo 5,551 ade s s (s Serntd D1 oS wins o olis Slihos 35
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(Behbehani et al., 2009
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HIV it gloys oo olaie & w95 ~3-)
opl ade o)l 9929 ( Human Immunodeficiency Virus) HIV e 5 5550 53,10 Yooro
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Kinetical studies on the lysozyme stability in the presence of ZnO

Abstract:
Adsorption of proteins on inorganic surfaces may lead to structural and functional
changes that are dependent on both the nature of the adsorbed proteins and the
physicochemical properties of the inorganic surfaces. Protein surface recognition offers a
powerful tool in understanding protein-protein interaction, which is a key aspect of many
complex cellular functions. Nanoparticles (NPs), because of their small sizes, have
distinct properties compared to the bulk form of the same material, thus offering many
new developments in the fields of biosensors, biomedicine, and bio nanotechnology. The
adsorption of protein on NPs and its consequence on the structure and function are
strongly dependent on the sizes and shapes of the NPs. Chicken egg white lysozyme
(molecular weight (MW) = 14.6 kDa) is a small globular protein, that consists of 129
amino acid residues with four disulfide bonds. The importance of lysozyme relies on its
extensive use as a model system to understand the underlying principles of protein
structure, function, dynamics, and folding through theoretical and experimental studies.
The effect of ZnO nanoparticles on lysozyme was investigated by UV-Vis
spectrophotometry for pH 7.25 at 25°C using sodium phosphate buffer. The thermal
stability of lysozyme was studied in the presence of Nano-ZnO over the temperature
range of (293-372) K in sodium phosphate buffer and pH 7.25. The obtained results
indicated that thermal stability of lysozyme will be decreased in the presence of these
ZnO nanoparticles.
Keywords: Lysozyme, ZnO nanoparticles, Spectrophotometry, Stability, Protein
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