
REFERENCES

Abad, A., Concepcion, p., Corma, A., and Garcia, H. (2005) A Collaborative Effect 
between Gold and a Support Induces the Selective Oxidation of Alcohols. 
Angewandte Chemie International Edition, 44(26), 4066-4069.

Agard. N.J., Prescher, J.A., and Bertozzi, C.R. (2004) A Strain-Promoted [3 + 2] 
Azide-Alkyne Cycloaddition for Covalent Modification of Biomolecules in 
Living Systems. Journal of the American Chemical Society, 126(46), 
15046-15047.

Aiba, ร. ( 1989) Studies on chitosan: 2. Solution stability and reactivity o f partially
N-acetylated chitosan derivatives in aqueous media. International Journal o f 
Biological Macromolecules, 11(4), 249-252.

Aktaç. Y., Yemisci, M., Andrieux, K... Giirsoy, R.N., Alonso, M.J., Fernandez- 
Megia, E., Novoa-Carballal, R., Quinoâ, E., Riguera, R., Sargon, M. F., 
Çelik, H. H., Demir, A.- ร., Hincal, A. A., Dalkara, T., Çapan, Y., and 
Couvreur, P. (2005) Development and Brain Delivery o f Chitosan-PEG 
Nanoparticles Functionalized with the Monoclonal Antibody 0X26. 
Bioconjugate Chemistry, 16(6), 1503-151 1.

Ambrosi, A., Airô. F.. and Merkoçi, A. (2009) Enhanced Gold Nanoparticle Based 
ELISA for a Breast Cancer Biomarker. Analytical Chemistry, 82(3), I 15เ ­
ท 56.

Ameal, A., Vega-Chicote, J.M., Fernandez, ร., Miranda, A., Carmona. M.J.. Rondon, 
M.C., Reina, E.. and Garcia-Gonzalez, J.J. (2005) Double-blind and 
placebo-controlled study to assess efficacy and safety of a modified allergen 
extract of Dermatophagoides pteronyssinus in allergic asthma. Allergy, 
60(9), 1178-1183.

Arya. G., Vandana, M., Acharya, ร., and Sahoo, S.K.. (2011) Enhanced 
antiproliferative activity of Herceptin (HER2)-conjugated gemcitabine- 
loaded chitosan nanoparticle in pancreatic cancer therapy. Nanomedicine: 
Nanotechnology. Biology and Medicine, 7(6), 859-870.

Atherton. J.c. (2003) Acid-base balance: maintenance o f plasma pH. Anaesthesia & 
Intensive Care Medicine, 4( 12), 419-422.



81

Bal, S.M., ร lutter. B., Verheul, R., Bouwstra, J,A., and Jiskoot, พ. (2012) 
Adjuvanted. antigen loaded N-trimethyl chitosan nanoparticles for nasal and 
intradermal vaccination: Adjuvant- and site-dependent immunogenicity in 
mice. European Journal ofPharmaceutical Sciences. 45(4), 475-481.

Barcikowski, ร.. and Mafiiné, F. (2011) Trends and Current Topics in the Field of 
Laser Ablation and Nanoparticle Generation in Liquids. The Journal of 
Physical Chemistry c. 115(12), 4985-4985.

Behera, T., Swain, p„ and Sahoo, S.K. (201 I) Antigen in chitosan coated liposomes 
enhances immune responses through parenteral immunization. International 
Immunopharmacology. 11(8), 907-914.

Borges, 0., Silva, M.. de Sousa, A., Borchard, G., Junginger, H.E., and Cordeiro-da- 
Silva, A. (2008) Alginate coated chitosan nanoparticles are an effective 
subcutaneous adjuvant for hepatitis B surface antigen. International 
Immunopharmacology. 8(13-14), 1773-1780.

Broos. ร.. Lundberg, K., Akagi, T., Kadowaki, K., Akashi, M.-. ■ G re iff I.., 
Borrebaeck. C.A.K.. and Lindstedt, M. (2010) Immunomodulatory 
nanoparticles as adjuvants and allergen-delivery system to human dendritic 
cells: Implications for specific immunotherapy. Vaccine. 28(31), 5075- 
5085.

Brust, M.. Walker,- M., Bethell. D.. Schiffrin, D. J., and Whyman, R. (1994) 
Synthesis of thiol-derivatised gold nanoparticles in a twa-phase Liquid- 
Liquid system. Journal of the Chemical Society, Chemical Communications, 
0(7). 801-802.- • •

Casettari. L., Vllasaliu, D.. Mantovani, G., Hovvdle, S.M., Stolnik, ร., and Ilium, L.
(2010) Effect of PEGylation on the Toxicity and Permeability Enhancement 
of Chitosan. Biomacromolecules, 11 ( 1 I ), 2854-2865.

Charan, ร.. Sanjiv, K.. Singh. N., Chien, F.-C., Chen, Y.-F., Nergui, N.N.. Fluang, ร.-
H.. Kuo, c. พ., Lee, T.-C, and Chen, p. (2012) Development o f Chitosan 
Oligosaccharide-Modified Gold Nanorods for in Vivo Targeted Delivery 
and Noninvasive Imaging by N1R Irradiation. Bioconjugate Chemistry, 
23(11), 2173-2182.



82

Chew, J.L., Wolfowicz, C.B., Mao, H.-Q., Leong, K.W., and Chna, K..Y. (2003) 
Chitosan nanoparticles containing plasmid DNA encoding house dust mite 
allergen, Der P 1 for oral vaccination in mice. Vaccine. 21(21-22), 2720- 
2729.

Cormode, D.P., Skajaa, T., van Schooneveld, M.M.. Koole, R„ Jarzyna, p., Lobatto, 
M. E., Calcagno, c ., Barazza, A., Gordon, R.., Zanzonico, p.. Fisher, E.A., 
Fayad, Z.A., and Mulder, W.J.M. (2008) Nanocrystal Core Fligh-Density 
Lipoproteins: A Multimcdality Contrast Agent Platform. Nano Letters. 
8(11), 3715-3723.

Cosmi, L., Santarlasci, V., Angeli. R., Liotta. F., Maggi, L., Frosali, F., Rossi, o., 
Falagiani, p., Riva, G., Romagnani, ร., Ànnunziato, F., and Maggi, E.
(2006) Sublingual immunotherapy with Dermatophagoides monomeric 
allergoid down-regulates allergen-specific immunoglobulin E and increases 
both interferon-y- and interleukin-10-production, Clinical & Experimental 
Allergy. 36(3). 261-272.

Couvreur, p. and Puisieux, F. (1993) Nano- and microparticles for the delivery of 
polypeptides and proteins. Advanced Drug Delivery Reviews. 10(2-3), 141- 
162.

Csaba, N., Sanchez, A., and Alonso, M.J. (2006) PLGA: Poloxamer and PLGA: 
Poloxamine blend nanostructures as carriers for nasal gene delivery. Journal 
of Controlled Release, I 13(2), 164-172.

de Britto, D. and Campana-Filho, s.p. (2004) A kinetic study on the thermal 
degradation ofN,N,N-trimethylchitosan. Polymer Degradation and 
Stability. 84(2). 353-361. -

Dekamin, M.G., Azimoshan, M., and Ramezani, L. (2013) Chitosan: a highly 
efficient renewable and recoverable bio-polymer catalyst for the expeditious 
synthesis of [small alphaj-amino nitriles and imines under mild conditions. 
Green Chemistry, 15(3). 811-820.

Deng, J., Zhou, Y., Xu, B., Mai, K... Deng, Y., and Zhang, L.-M. (2011) Dendronized 
Chitosan Derivative as a Biocompatible Gene Delivery Carrier. 
Biomacromolecules. 12(3), 642-649.



83

Dondoni, A. (2008) The Emergence of Thiol-Ene Coupling as a Click Process for 
Materials and Bioorganic Chemistry. Angewandte Chemie International 
Edition. 47(47), 8995-8997.

Durocher, ร., Rezaee, A., Hamm, c., Rangan, c., Mittler, ร., and Mutus, B. (2009) 
Disulfide-Linked, Gold Nanoparticle Based Reagent for Detecting Small 
Molecular Weight Thiols. Journal of the American Chemical Society, 
131(7), 2475-2477.

England, R.J.A., Homer, J.J., Knight, L.C., and Ell, S.R. (1999) Nasal pH 
measurement: a reliable and repeatable parameter. Clinical Otolaryngology 
& Allied Sciences. 24( I), 67-68.

Fang, c ., Shi, B., Pei, Y.-Y., Hong, M.-H., พน, J., and Chen, H.-Z. (2006) เท vivo 
tumor targeting of tumor necrosis factor-a-loaded stealth nanoparticles: 
Effect of MePEG molecular weight and particle size. European journal of 
Pharmaceutical Sciences. 27(1), 27-36.

Fangkangwanwong, J., Akashi, M., Kida, T., and Chirachanchai, ร. (2006) Chitosan- 
Hydroxybenzotriazole Aqueous Solution: A Novel Water-Based System for 
Chitosan Functionalization. Macromolecular Rapid Communications. 
27(13), 1039-1046.

Fangkangwanwong, J., Akashi, M.. Kida. T., and Chirachanchai. ร. (2006) One-pot 
synthesis in aqueous system for water-soluble chitosan-graft-poly(ethylene 
glycol) methyl ether. Biopolymers, 82(6), 580-586.

Fernandez-Caldas, E., Iraola, V., Boquete, M., Nieto, A., and Casanovas; M. (2006) 
Mite immunotherapy. Current Allergy and Asthma Reports. 6(5), 413-419.

Fifis, T., Gamvrellis, A., Crimeen-Irwin, B., Pietersz, G.A., Li, J., Mottram. P.L., 
McKenzie, EF.C., and Plebanski, M. (2004) Size-Dependent 
Immunogenicity: Therapeutic and Protective Properties o f Nano-Vaccines 
against Tumors. The Journal of Immunology, 173(5), 3148-31 54.

Fujita, H., Soyka, M., Akdis, M., and Akdis, c. (2012) Mechanisms of allergen- 
specific immunotherapy. Clinical and Translational Allergy. 2(1), 2.

Ghaemmaghami, A.M., Robins, A., Gough, L., Sewell, H.F., and Shakib, F. (2001) 
Human T cell subset commitment determined by the intrinsic property of



84

antigen: the proteolytic activity of the major mite allergen Der P  I 
conditions T cells to produce more IL-4 and less IFN-y. European Journal o f 
Immunology. 31 (4). 1211-1216.

Giudice, E.L. and Campbell. J.D. (2006) Needle-free vaccine delivery. Advanced 
Drug Delivery Reviews. 58(1), 68-89.

Gress, A., Vôlkel, A., and Schlaad, H. (2007) Thio-Click Modification o f Poly[2-(3- 
butenyl)-2-oxazoline]. Macromolecules. 40(22), 7928-7933.

Guo, R., Zhang, L., Zhu, z., and Jiang, X. (2008) Direct Facile Approach to the 
Fabrication of Chitosan-Gold Hybrid Nanospheres. Langmuir. 24(7), 3459- 
3464.

Han, D., Wang, c., Lou, พ., Gu, Y., Wang, Y., and Zhang, L. (2010) Allergen- 
specific IL-10-secreting type I T regulatory cells, but not
CD4(+)CD25(+)Foxp3(+) T cells, are decreased in peripheral blood of 
patients with persistent allergic rhinitis. Clinical Immunology and 
Immunopathology. 136(2), 292-301.

Han, J., Liu, Y., and Guo, R. (2009) Facile Synthesis o f Highly Stable Gold 
Nanoparticles and Their Unexpected Excellent Catalytic Activity for 
Suzuki-Miyaura Cross-Coupling Reaction in Water. Journal of the 
American Chemical Society. 131 (6 ), 2060-2061.

Hashmi, A.S.K., Frost, T.M., and Bats, J.w. (2000) Highly Selective Gold-Catalyzed 
Arene Synthesis. Journal of the American Chemical Society. 122(46), 
11553-11554.

Huang, E., Zhou, F., and Deng, L. (2000) Studies o f Surface Coverage and 
Orientation of DNA Molecules Immobilized onto Preformed Alkanethiol 
Self-Assembled Monolayers. Langmuir. 16(7), 3272-3280.

Huang, H. and Yang, X. (2004) Synthesis o f Chitosan-Stabilized Gold Nanoparticles 
in the Absence/Presence of Tripolyphosphate. Biomacromolecules. 5(6), 
2340-2346.

Hunter, R. J. (1981). Zeta potential in colloid science: Principles and applications. 
Academic Press (London and New York).

Huo, M., Zhang, Y., Zhou, J., Zou, A., and Li, J. (2011) Formation, microstructure, 
biodistribution and absence of toxicity of polymeric micelles formed by N-



85

octyl-N,0-carboxymethyl chitosan. Carbohydrate Polymers. 83(4), 1959- 
1969.

Ingram, R.S., Hostetler, M.J., and Murray, R.w. (1997) Poly-hetero-co-fiinctionalized 
Alkanethiolate-Stabilized Gold Cluster Compounds. Journal o f the 
American Chemical Society, 119(39), 9175-9178.

Jain, A., Thakur, K., Kush, p., and Jain, U.K. (2014) Docetaxel loaded chitosan 
nanoparticles: Formulation, characterization and cytotoxicity studies. 
International Journal of Biological Macromolecules, 69(0), 546-553.

Jeong, ร., Choi, S.Y., Park, J., Seo, J.-H.. Park, J.. Cho, K., Joo, ร.-พ., and Lee, S.Y.
(2011) Low-toxicity chitosan gold nanoparticles for small hairpin RNA

- delivery in human lung adenocarcinoma cells. Journal of Materials 
Chemistry. 21(36). 13853-13859.

Jirawutthiwongchai, J., Krause, A., Draeger, G., and Chirachanchai, ร. (2013) 
Chitosan-Oxanorbornadiene: A Convenient Chitosan Derivative for Click

■ Chemistry without Metal Catalyst Problem. ACS Macro Letters, 2(3), 177- 
180.

Jouyban A., Soltanpour ร., and Chan H-K. (2004) A simple relationship between
- dielectric constant of mixed solvents with solvent composition and 
• temperature. International Journal o f Pharmaceutics. 269, 353-60.

Kang, E.Y., Moon, H.J., Joo, M.K., and Jeong, B. (2012) Thermogelling Chitosan-g- 
.(PAF-PEG) Aqueous Solution As an Injectable Scaffold.

- Biomacromolecules, 13(6), 1750-1757.
Kennedy,’R., Costain, D.J., McAlister, V.C., and Lee, T.D.G. (1996) Prevention of 

experimental postoperative peritoneal adhesions by N,0-carbo.\ymethyl 
chitosan. Surgery, 120(5), 866-870.

Kimling, J., Maier, M., Okenve, B., Kotaidis, V., Ballot, PL, and Plech. A. (2006) 
Turkevich Method for Gold Nanoparticle Synthesis Revisited. The Journal 
of Physical Chemistry B, 110(32), 15700-15707.

Kjellander, R. and Florin, E. (1981) Water structure and changes in thermal stability 
of the system polyethylene oxide)-water. Journal o f the Chemical Society, 
Faraday Transactions 1: Physical Chemistry in Condensed Phases, 77(9), 
2053-2077.



86

Kolb, H.C., Finn, M.G., and Sharpless, K.B. (2001) Chemlnform Abstract: Click 
Chemistry: Diverse Chemical Function from a Few Good Reactions. 
Angewandte Chemie International Edition, 40(11 ), 2004-2021.

Kono, K., Akiyama, Fl., Takahashi, T., Takagishi, T., and Flarada, A. (2004) 
Transfection Activity o f Polyamidoamine Dendrimers Flaving Hydrophobic 
Amino Acid Residues in the Periphery. Bioconiugate Chemistry. 16(1), 
208-214.

Koo, A.N., Min, K.H., Lee, H.J., Lee, ร.-ช., Kim, K., Chan Kwon, L, Cho, S.H., 
Jeong, S.Y., and Lee, s.c. (2012) Tumor accumulation and antitumor 
efficacy o f docetaxel-loaded core-shell-corona micelles with shell-specific 
redox-responsive cross-links. Biomaterials, 33(5), 1489-1499.

Koo, H., Lee, ร., Na, J.FL, Kim, S.H., Hahn, S.K., Choi, K., Kwon, I.C., Jeong, S.Y., 
and Kim, K. (2012) Bioorthogonal Copper-Free Click Chemistry In Vivo 
for Tumor-Targeted Delivery o f Nanoparticles. Angewandte Chemie 
International Edition, 51(47), 11836-11840.

Krause, A., Kirschning, A., and Drager, G. (2012) Bioorthogonal metal-free click- 
ligation o f cRGD-pentapeptide to alginate. Organic & Biomolecular 
Chemistry, 10(29), 5547-5553. .

Kurita, K., Ikeda, H., Shimojoh, M., and Yang, J. (2007) N-Phthaloylated Chitosan 
as an Essential Precursor for Controlled Chemical Modifications of 
Chitosan: Synthesis and Evaluation. Polymer Journal, 39(9), 945-952.

Kurita, K., Ikeda, H., Yoshida, Y., Shimojoh, M., and Harata, M. (2001) 
Chemoselective Protection of the Amino Groups of Chitosan by Controlled 
Phthaloylation: Facile Preparation of a Precursor Useful for Chemical 
Modifications. Biomacromolecules, 3(1), 1-4.

Lallana, E., Fernandez-Megia, E., and Riguera, R. (2009) Surpassing the Use of 
Copper in the Click Functionalization o f Polymeric Nanostructures: A 
Strain-Promoted Approach. Journal of the American Chemical Society, 
131(16), 5748-5750.

Lee, c., Gaston, M.A., Weiss, A.A., and Zhang, p. (2013) Colorimetric viral 
detection based on sialic acid stabilized goldnanoparticles. Biosensors and 
Bioelectronics, 42, 236-241.



87

Lei, L., Gohy, J.-F., Wi 1 let, N., Zhang, J.-X., Varshney, ร., and Jérôme, R. (2003) 
Tuning of the Morphology of Core-Shell-Corona Micelles in Water. 1. 
Transition from Sphere to Cylinder. Macromolecules. 37(3), 1089-1094.

Lim, ร., Koo, O.K., You, Y.S., Lee, Y.E., Kim, M.-S., Chang, P.-S., Kang, D.H., Yu, 
J.-LL, Choi, Y.J., and Gunasekaran, ร. (2012) Enhancing Nanoparticle- 
Based Visible Detection by Controlling the Extent o f Aggregation. 
Scientific Reports. 2, 456.

Lin, z., Gao, ร., Lin, J., Lin, พ., Qiu, ร., Guo, L., Qiu, B., and Chen, G. (2012) 
Visual detection of copper(ii) based on the aggregation o f gold nano­
particles via click chemistry. Analytical Methods, 4(3), 612-615.

Liu, D., Yu, B., Jiang, X. ,and Yin, J. (2013) Responsive Hybrid Microcapsules by 
the One-Step Interfacial Thiol-Ene Photopolymerization. Langmuir. 29(1 7), 
■ 5307-5314.

Liu, X., Dai, Q., Austin, L., Coutts, J., Knowles, G., Zou, J., Chen, H., and Hub, Q.
(2008) A One-Step Homogeneous Immunoassay for Cancer Biomarker 
Detection Using Gold Nanoparticle Probes Coupled with Dynamic Light 
Scattering. Journal of the American Chemical Society, 130(9), 2780-2782.

Lu, Y., Chen, J., Li, F., and Xue, G. (2001) Enhancing effect of chemically reduced 
gold on surface Raman scattering for organic sulfides chemisorbed on iron. 

.Journal of Raman Spectroscopy, 32(10), 881-884.
Manova, R.K., Pujari, S.P., Weijers, C.A.G.M., Zuilhof, H., and van Beek, T.A.

(2012) Copper-Free Click Biofunctionalization o f Silicon Nitride Surfaces 
•via Strain-Promoted A'lkyne-Azide Cycloaddition Reactions. Langmuir. 
•28(23), 8651-8663.

Mao, B.W., Gan, L.H., Gan, Y.Y., Tam, K.C., and Tan, O.K. (2005) Controlled one- 
pot synthesis o f pH-sensitive self-assembled diblock copolymers and their 
aggregation behavior. Polymer, 46(23), 10045-10055.

Mao, ร., Shuai, X., Unger, F., Wittmar, M., Xie, X., and Kissel, T. (2005) Synthesis, 
characterization and cytotoxicity of polyethylene glycol)-graft-trimethy 1 
chitosan block copolymers. Biomaterials, 26(32), 6343-6356.

Matsusaki, M., Waku, T., Kaneko, T., Kida, T., and Akashi, M. (2006) One-Step 
Advanced Preparation of Surface-Functional Peptide Nanospheres by the



88

Polymerization o f l-Phenylalanine N-Carboxyanhydride with Dual 
Initiators. Langmuir. 22(4), 1396-1399.

Mittal, M., Siddiqui, M.R., Tran, K., Reddy, S.P., and Malik, A.B. (2014) Reactive 
oxygen species in inflammation and tissue injury. Antioxidants and Redox 
Signaling. 20(7), 1126-1167.

Molinaro, G., Leroux, J.-C., Damas, J., and Adam, A. (2002) Biocompatibility of 
thermosensitive chitosan-based hydrogels: an in vivo experimental approach 
to injectable biomaterials. Biomaterials. 23(13), 2717-2722.

Muzzarelli, R.A.A., I lari, p., and Petrarulo, M. (1994) Solubility and structure of N- 
carboxymethylchitosan. International Journal o f Biological 
Macromolecules. 16(4), 177-180.

Nash, M.A., Waitumbi, J.N., Hoffman, A.S., Yager, p., and Stayton, p.s. (2012) 
Multiplexed Enrichment and Detection of Malarial Biomarkers Using a 
Stimuli-Responsive Iron Oxide and Gold Nanoparticle Reagent System. 
ACS Nano. 6 (8 ), 6776-6785.

Nishino, H., Nihira, T., Mori, T. and Okahata, Y. (2004) Direct Monitoring o f 
Enzymatic Glucan Hydrolysis on a 27-MHz Quartz-Crystal Microbalance. 
Journal of the American Chemical Society. 126(8), 2264-2265.

Ogawa, K., Oka, K., and Yui, T. (1993) X-ray study o f chitosan-transition metal 
complexes. Chemistry of Materials, 5(5). 726-728. -

Peek, L.J., Middaugh, C.R., and Berkland, C. (2008) Nanotechnology in vaccine 
delivery. Advanced Drug Delivery Reviews. 60(8), 915-928.

Prabaharan, M., Grader, J.J., Pilla, ร., Steeber, D.A., and Gong, ร. (2009) Gold 
nanoparticles with a monolayer of doxorubicin-conjugated amphiphilic 
block copolymer for tumor-targeted drug delivery. Biomaterials, 30(30), 
6065-6075.

Prego, c., Torres, D., Fernandez-Megia, E., Novoa-Carballal, R., Quinoâ, E., and 
Alonso, M. J. (2006) Chitosan-PEG nanocapsules as new carriers for oral 
peptide delivery: Effect of chitosan pegylation degree. Journal o f Controlled 
Release. 111(3), 299-308.



89

Rodriguez-Fernandez, J., Pérez-Juste, J., Mulvaney, P., and Liz-Marzân, L.M. (2005) 
Spatially-Directed Oxidation of Gold Nanoparticles by Au(III)-CTAB 
Complexes. The Joiirnal of Physical Chemistry B. 109(30), 14257-14261.

Saha, K., Agasti, ร.ร., Kim, c., Li, X., and Rotello, V.M. (2012) Gold Nanoparticles 
in Chemical and Biological Sensing. Chemical Reviews, 112(5), 2739-2779.

Sawatari, c. and Kondo, T. (1999) Interchain Hydrogen Bonds in Blend Films of 
Poly(vinyl alcohol) and Its Derivatives with Polyethylene oxide). 
Macromolecules, 32(6), 1949-1955.

Schlick, ร. (1986) Binding sites o f copper2+ in chitin and chitosan. An electron spin 
resonance study. Macromolecules, 19(1), 192-195.

Scholes, P.D., Coombes, A.G.A., Ilium, L., Daviz, ร.ร., Vert, M., and Davies, M.c. 
(1993) The preparation of sub-200 nm poly(lactide-co-glycolide) 
microspheres for site-specific drug delivery. Journal o f Controlled Release. 
25(1-2), 145-153.

Sheng, Y., Liu, c., Yuan, Y., Tao, X.. Yang, F., Shan, X., Zhou, H., and Xu, F.
(2009) Long-circulating polymeric nanoparticles bearing a combinatorial 
coating o f PEG and water-soluble chitosan. Biomaterials, 30(12), 2340- 
2348.

ร lUtter, B., Bal, ร., Keijzer, c., Mallants, R., Hagenaars, N., Que, L, Kaijzel, E., van 
Eden, พ ., Augustijns, P., Lôwik, c., Bouwstra, J., Broere, F., and Jiskoot, 
พ . (2010) Nasal vaccination with N-trimethyl chitosan and PLGA based 
nanoparticles: Nanoparticle characteristics determine quality and strength of 
the antibody response in mice against the encapsulated antigen. Vaccine. 
28(38), 6282-6291.

Skitter, B., Soema, P.C., Ding, Z., Verheul, R., Hennink, พ ., and Jiskoot, พ . (2010) 
Conjugation of ovalbumin to trimethyl chitosan improves immunogenicity 
ofthe antigen. Journal of Controlled Release, 143(2), 207-214.

Suntivich, R., Choi, 1., Gupta, M.K., Tsitsilianis, c., and Tsukruk, v.v. (201 1) Gold 
Nanoparticles Grown on Star-Shaped Block Copolymer Monolayers. 
Langmuir, 27(17), 10730-10738.



90

รน, Y., Kasper, c., Kirschning, A-, Drâger, G., and Berski, ร. (2010) Synthesis of 
New Polysialic Acid Derivatives. Macromolecular Bioscience. 10(9), 1028- 
1033.

Sylvestre, J.-P., Poulin, ร., Kabashin, A.V., Sacher, E., Meunier, M., and Luong, 
J.H.T. (2004) Surface Chemistry of Gold Nanoparticles Produced by Laser 
Ablation in Aqueous Media. The Journal of Physical Chemistry B. 108(43), 
16864-16869.

Taranejoo, ร., Janmaleki, M., Rafienia, M., Kamali, M., and Mansouri, M. (2011) 
Chitosan microparticles loaded with exotoxin A subunit antigen for 
intranasal vaccination against Pseudomonas aeruginosa: An in vitro study. 
Carbohydrate Polymers, 83(4), 1854-1861.

Tornoe, C.W., Christensen, c., and Meldal, M. (2002) Peptidotriazoles on Solid 
Phase: [ 1,2,3]-Triazoles by Regiospecific Copper(l)-Catalyzed 1,3-Dipolar 
Cycloadditions of Terminal Alkynes to Azides. The Journal o f Organic 
Chemistry. 67(9), 3057-3064.

Traidl-Hoffmann, c., Jakob, T., and Behrendt, H. (2009) Determinants of 
allergenicity. Journal of Allergy and Clinical Immunology. 123(3). 558-566.

Unterreitmeier, ร., Fuchs, A., Schaffler, T., Heym, R.G., Frishman, D., and 
Langosch, D. (2007) Phenylalanine Promotes Interaction o f Transmembrane 
Domains via GxxxG Motifs. Journal o f Molecular Biology. 374(3), 705- 
718.

van Berkel, ร.ร., Dirks, A.J., Debets, M.F., van Delft, F.L., Cornelissen, J.J.L.M., 
Nolte, R.J.M., and Rutjes, F.P.J.T. (2007) Metal-Free Triazole Formation as 
a Tool for Bioconjugation. ChemBioChem, 8(13), 1504-1508.

van Berkel, ร.ร., Dirks, A.J., Meeuwissen, S.A., Pingen, D.L.L., Boerman, O.C., 
Laverman, p„ van Delft, F.L., Cornelissen, J.J.L.M., and Rutjes, F.P.J.T. 
(2008) Application of Metal-Free Triazole Formation in the Synthesis of 
Cyclic RGD-DTPA Conjugates. ChemBioChem, 9(1 1 ), 1805-1815.

van Dijk, M., Rijkers, D.T.S., Liskamp, R.M.J., van Nostrum, C.F., and Hennink, 
W.E. (2009) Synthesis and Applications o f Biomedical and Pharmaceutical 
Polymers via Click Chemistry Methodologies. Bioconiugate Chemistry. 
2 0 ( 1 1 ), 2001-2016.



91

Vega, R.A., Wang, Y., Harvat, T., Wang, ร., Qi, M., Adewola, A.F., Lee, D., 
Benedetti, E., and Oberholzer, J. (2010) Modified gold nanoparticle vectors: 
A biocompatible intracellular delivery system for pancreatic islet cell 
transplantation. Surgery. 148(4), 858-866.

Verheul, R.J., Amidi, M., van der Wal, ร., van Riet, E., Jiskoot, พ ., and Hennink, 
W.E. (2008) Synthesis, characterization and in vitro biological properties of 
O-methyl free N,N,N-trimethylated chitosan. Biomaterials. 29(27), 3642- 
3649. '

Vila, A., Sanchez, A., Janes, K., Behrens, I., Kissel, T., Jato, J.L.V., and Alonso, M. 
a. J. (2004) Low molecular weight chitosan nanoparticles as new carriers for 
nasal vaccine delivery in mice. European Journal o f Pharmaceutics and 
Biopharmaceutics, 57(1), 123-131.

Wang, B., Fie, c., Tang, c., and Yin, c . (2011) Effects of hydrophobic and 
hydrophilic modifications on gene delivery o f amphiphilic chitosan based 
nanocarriers. Biomaterials. 32(20), 4630-4638.

Wang, Q.Z.. Chen, X.G., Liu, N., Wang, S.X., Liu, C.S., Meng, X.H., and Liu, C.G. 
(2006) Protonation constants o f chitosan with different molecular weight 
and degree o f deacetylation. Carbohydrate Polymers, 65(2), 194-201.

Wang, X., He, Y;„ พน, J., Gao, c., and Xu, Y. (2009) Synthesis and Evaluation of 
Phenylalanine-Modified Flyperbranched Poly(amido amine)s as Promising 
Gene Carriers. Biomacromolecules. I 1(1), 245-251.

พน, L., Shi, C., Tian, L., and Zhu, J. (2007) A One-Pot Method to Prepare Gold 
NanoparUcle Chains with Chitosan. The Journal of Physical Chemistry c . 
112(2), 319-323.

Yang, H.-C. and Hon, M.-H. (2009) The effect of the molecular weight of chitosan 
nanoparticles and its application on drug delivery. Microchemical Journal, 
92(1), 87-91.

Yoksan, R. and Akashi, M. (2009) Low molecular weight chitosan-g-1- 
phenylalanine: Preparation, characterization, and complex formation with 
DNA. Carbohydrate Polymers, 75(1), 95-103.



92

Yoksan, R., Akashi, M., Hiwatari, K., and Chirachanchai, ร. (2003) Controlled 
hydrophobic/hydrophilicitv o f chitosan for spheres without specific 
processing technique. Biopolymers. 69(3), 386-390.

Yu, ร., Hu, J., Pan, X., Yao, p., and Jiang, M. (2006) Stable and pH-Sensitive 
Nanogels Prepared by Self-Assembly of Chitosan and Ovalbumin. 
Langmuir. 22(6), 2754-2759.

Zhang, c., Ping, Q., Zhang, H., and Shen, J. (2003) Synthesis and characterization of 
water-soluble O-succinyl-chitosan. European'Polymer Journal. 39(8), 1629- 
1634.

Zhang, H. X., Du, G.H., and Zhang, J.T. (2004) Assayof mitochondrial functions by 
resazurin in vitro. Acta Pharmacologica Sinica. 25(3), 385-389.

Zhang, พ., Shi, L., An, Y., Gao, L., พน, K., and Ma, R. (2004) A Convenient 
Method of Tuning Amphiphilic Block Copolymer Micellar Morphology. 
Macromolecules, 37(7), 2551-2555.

Zoldners, J., Kiseleva, T., and Kaiminsh, I. (2005) Influence of ascorbic acid on the 
stability of chitosan solutions. Carbohydrate Polymers. 60(2), 215-218.

“The Structure of Antibodies and T Cell Receptors’- Unipv. N/A. 2 August 2013 
<http://nfs.unipv.it/nfs/minf/dispense/immunology/lectures/files/structure_abs_tcr.ht 
ทา l>
“The. Story of Immune Systenf’Captain-Nitrogen. 18 February 2012. 2 August 2013 
<http://captain-nitrogen.tumblr.com/post/17850004239/the-story-of-the-immune- 
system-warfare-at-the>

http://nfs.unipv.it/nfs/minf/dispense/immunology/lectures/files/structure_abs_tcr.ht%e0%b8%97%e0%b8%b2_l
http://nfs.unipv.it/nfs/minf/dispense/immunology/lectures/files/structure_abs_tcr.ht%e0%b8%97%e0%b8%b2_l
http://captain-nitrogen.tumblr.com/post/17850004239/the-story-of-the-immune-system-warfare-at-the
http://captain-nitrogen.tumblr.com/post/17850004239/the-story-of-the-immune-system-warfare-at-the


APPENDICES

Appendix A Supporting Synthesis for Chapter III

Synthesis o f mPEG-COOH
The reaction was carried out as reported by Yoksan et al.(Yoksan et al., 

2003) เท brief, mPEG ( M n  = 5000 Da, 20 g, 4.0 mmol, 1.0 eq.) was reacted with 
succinic anhydride (0.48 g, 4.8 mmol, 1.2 eq.) overnight at 60°c in the presence of a 
catalytic amount of pyridine. The solution obtained was concentrated and 
precipitated in diethyl ether before drying in vacuo to obtain mPEG-COOH (20.15 g, 
3.95 mmol, 98%).

mPEG-CQOH: FT-IR (ZnSe, cm '); 3503 (OH), 2864 (C-H stretching), 
1733 (C=0), and PIT2 (C-O-C). ' h NMR (5, ppm); 2.56 (COCH2CH2CO) and 3.28 
ppm for (C//3).
In vitro cytotoxicity by MTT assay

After the cells were incubated with the products. 20 pL of MTT-solution (5 
mg MTT/mL phosphate-buffered saline) (Invitrogen), was added to each well, 
followed by 4 h incubation in darkness. All wells were then aspirated, and 100 pL 
acid . isopropanol (4% I mol/L HCI in 2-isopropanol) was added. The 
spectrophotometric absorbance at 570■ ท๓ was then measured using an ELx808 
absorbance microplate reader (BioTek Instruments). The mean absorbance values 
corrected for a blank (media only) were calculated as percentages of control. The 
same procedures were repeated with the samples without cells as a blank. The 
experiments were run in triplicate (ท=3).
Allergen detection by Elisa

The entrapped- and released- allergen contents were measured by collecting 
supernatant. 96-well plates were coated with the supernatant (50 pL/well) and 
incubated overnight at 4°c. Plates were blocked with 2% BSA in washing buffer and 
incubated 2 h at 37 °c. Duck polyclonal IgY was diluted (1:200), placed in wells, 
and incubated 2 h at 37 °c. (HRP)-conjugated duck polyclonal IgY was placed in 
wells, and incubated 2 h at 37 °c. Every time after incubating the mixture, the wells 
were decanted and washed with 400 pL of washing buffer, in total 4 times. To
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observe the color of mixture, a 3,3',5,5'-tetramethylbenzidine (TMB) substrate 
solution was added and incubated 1 h at 37°c before finishing the reaction with 50 
|iL 1 M H2SO4. The optical density at 450 nm was determined by Thermo Scientific 
Multiskan FC Microplate reader visible spectroscopy.
In vitro release

The in vitro releases of allergen were studied in model media, i.e. phosphate 
buffer saline (PBS, pH 7.4), citric acid/trisodium citate buffer (pH 5.2), and tris 
buffer (pH 8 ). The allergen-entrapped CS-Phel.0-mPEG0.3 (I mg) and media (I 
ทาL) were placed in a microtube and incubated at 37°c. The incubated mixture was 
centrifuged before collecting the supernatant ( 2 0 0  (J.บ่). to determine the released 
allergen content. An equal volume of fresh media was added to the mixture, and the 
whole procedure was repeated for the subsequent sampling. The released allergen 
content was evaluated by the enzyme-linked immunosorbent assay or ELISA (see 
supporting experiment S3).
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Appendix B Supporting Structural Characterization for Chapter III

Scheme Bl. (A) water soluble chitosan coming from complexation between -NH2 of 
chitosan and HOBt, (B) mechanism of ester linkage by using EDC conjugating 
agent.
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Table B1 Integral ratio of chitosan and chitosan derivatives by FT-IR curve fitting

Sample

Integral ratio

Amine/std Amidell/std Ester/std
c s 1 2 . 2 0.0 0.0
CS-Phel.O 3.8 3.4 0.7
CS-Phe3.0 3.5 1 . 2 0 . 2

1 S-CS-Phe0.5-mPEG0.3 1.4 7.9 3.8
1 S-CS-Phe 1.0-mPEG0.3 1.4 7.4 3.2
lS-CS-Phel.5-mPEG0.3 2.9 6.7 1.5
1 S-CS-Phe2.0-mPEG0.3 5.2 5.1 1.4
lS-CS-Phe3.0 mPEGO.3 6.7 5.0 1.3
2S-CS-Phe 1.0-mPEG0.3 1 . 6 7.2 2.9
2S-CS-Phe3.0-mPEG0.3 2.3 6 . 6 1.4
CS-mPEG0.3 1 . 6 4.6 2 . 2
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8.0 7.6 7.2 6.8 6.4 6.0 5.6 5.2 4.8 4.4 4.0 3.6 3.2 2.8 2.4 2.0 1.6

Chemical shift (ppm)

%DS of Phe ; = Integration of c/5 x 100
Integration of 2

%DS of mPEG = Integration of d/4 x 100
- . Integration of 2

Figure Bl. Determination o f degree of substitution (%DS) o f phenylalanine (Phe)
and poly(ethylene glycol)methyI ether (mPEG) by ' h NMR.
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Chemical shift (ppm)



99

I  J  ~ ~ Y
7.6 7.2 6.8 6.4 6.0 5.6 5.2 4.8 4.4 4.0 3.6 3.2 2.8 2.4 2.0 1.6

Chemical shift (ppm)

( d )

8.0 7.6 7.2 6.8 6.4 6.0 5.6 5.2 4.8 4.4 4.0 3.6 3.2 2.8 2.4 2.0 1.6

Chemical shift (ppm)
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8.0 7.6 7.2 6.8 6.4 6.0 5.6 ร.2 4.8 4.4 4.0 3.6 3.2 2.8 2.4 2.0 1.6
Chemical shift (ppm)

Chemical shift (ppm)
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8.0 7.4 6.8 6.2 5.6 5.0 4.4 3.8 3.2 2.6 2.0

Chemical shift (ppm)

Figure B2. 'H-NMR spectra of (a) CS-Phel.O, (b) CS-Phe3.0, (c) 1 S-CS-Phe0.5- 
mPEG0.3. (d) 1 S-CS-Phel.0-mPEG0.3, (e) lS-CS-Phel.5-mPEG0.3, (f) 1S-CS- 
Phe2.0-mPEG0.3, (g) !S-CS-Phe3.0-mPEG0.3, (h) CS-mPEG0.3 in 2%
CD3COOD/D2O.
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Table B2 Degree of substitution (%DS) of Phe and mPEG-COOH of chitosan 
derivatives as identified by 'fl-NMR

Samples
%DS

Phe mPEGcs - -

CS-Phel.O 17.9 ± 0.5 -

CS-Phe3.0 5.5 ± 0.4 -

lS-CS-Phe0.5-mPEG0.3 15.7 ± 1.1 13.8 ± 0.7
lS-CS-Phel.0-niPEG0.3 15.2 ± 1.1 13.4 ± 0.7
1 S-CS-Phel .5-mPEG0.3 12.0 ± 0.7 9.1 ± 0.9
lS-CS-Phe2.0-mPEG0.3 9.0 ± 0.2 5.6 ± 0.9
lS-CS-Phe3.0-mPEG0.3 6.2 ± 0.5 4.7 ± 0.7
2S-CS-Phel.0-mPEG0.3 16.9 ± 0.6 11.3 ± 0.3
2S-CS-Phe3.0-mPEG0.3 5.1 ± 0.1 13.2 ± 0.9
CS-mPEGO.3 - 14.9 ± 1.3
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CS: Anal. Calcd for (CgH 1 |0 4N)0 92(C8H13O5 N )0 08 (%): c, 44.97; H, 6.79; and N, 8.51. Found

CS-Phe1.0: Anal. Calcd fo r(CgH ,,0 4N)0 85(C8H 130 5N)q 08(C15H200 5 N2)oo7 (0/°): c , 46.65; H,
7.26; and N, 8.58. Found (%): c , 41.95; H, 7.08; and N, 8.36.
CS-Phe3.0: Anal. Calcd fo r (C g ^ ^ ^ o  g0(C8H 13O 5N )0 08(C15H200 5N2)o 02 (0/°): c, 45.48; H,
6.78; and N, 8.54. Found (%): c, 45.06; H, 6.74; and N, 8.46.
1S-CS-Phe0.5-mPEG0.3: Anal. Calcd for
(C6Hn O4N)o 66(CgH13O5N)0 o5(C 15H2o0 5 N2)C| 06 (C23gH4710 ,21N 1)0 03 (%): c, 50.07; H, 7.77; and N, 
4.70. Found (%): c, 44.50; H, 8 .6 6 ; and N, 5.25.
1S-CS-Phe1.0-mPEG0.3: Anal. Calcd for
(CgH, 10 4N)0 65(CgH13O5N)0 07(C 15H2o0 5N2)o.o5 (C23gH4710 ,21N 1)QQ3 (%): c, 59.89; H, 7.76; and N, 
4.76. Found (%): c, 44.29; H, 8.78; and N, 5.38.
1S-CS Phe1.5 mPEG0.3: Anal. Calcd for
(CsH  ๆ10 4N)0 68(C8H130 5N)o 07(C 15H20O5N2)0 03(^239^47-1O 121N1 )o 02 (%), c , 49.40; H, 7.74; and N,
4.85. Found (%): c, 44.78; H, 8.02; and N, 5.03.
1S-CS-Phe2.0-mPEG0.3: Anal. Calcd for
(C6H 1 iO^NJq 69(C8H,30 5N)o 07(C ,5H2o0 5N2)o 02( 2̂39 4̂7! ̂ 121^1 )o.02 (0//°): C ' 49.07; H, 7.67; and N, 
5.11. Found (%): c, 49.01; H, 7.66; and'.N, 5.09.
1S-CS-Phe3.0-mPEG0.3: Anal. Calcd for
(CgH110 4N)o 90(CgH13O5N)o O7( c 15ff2o0 5 ^2.)o 01(^239^4710 121 1 )o.o2 (°/°): C ' 48.65; H, 7.59; and N, 
5.41. Found (%): C, 48.49; H, 7.54. and N, 5.41.
2S-CS-Phe1.0-mPEG0.3: Anal. Calcd for
(CgH,,0 4N)0 63(C8H,3OsN)o 08(C 15H2o05N2)o 06 (̂ -'239^4710 121^1)อ03 (%)•’ C' 49.92; H, 7.73; and N,
4.86. Found (%): c, 49.92; H, 7 72; and ผิ,.4.82.
2S-CS-Phe3.0-mPEG0.3: Anal. Calcd for
(C6H11O4N)0 68(C8H130 5N)o 08(C 15H2o0 5N2 )o 0, (C239H471 21 N,)o 03 (%): c, 49.67; H, 7.85; and N,
4.44. Found (%): c, 49.70; H, 7.84; and N, 4.46.
CS-mPEG0.05: Anal. Calcd for (C6H |,04N)0 91 (C8H 13O5N )0 08(C239H4710 , 2 1N 1)0 01 (%): c, 47.23; 
H, 7.31; and N, 6.50. Found (%): c, 40.57; H, 7.69; and ผิ, 6 94
CS-mPEG0.3: Anal. Calcd fo r (CgH110 4N)o 83(CBH130 5 N)o08 (C239H4710 121N 1)o04 (%): c, 50.71;
H, 8.14; and N, 3.34. Found (%): c, 46.61, H, 9.22; and ผิ, 3.81.

Figure B3. Elemental Analysis of various types of chitosans.
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Appendix c Supporting Evaluation of Morphology, Size, and Ç-potential

Figure Cl. TEM micrographs of (a) lS-CS-Phe0.5-mPEG0.3, (b) lS-CS-Phel .5- 
mPEG0.3, (c) 1 S-CS-Phe2.0-mPEG0.3, and (d) lS-CS-Phe3.0-mPEG0.3. • .
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Figure C2. Appearances of c s  after stirring (a) 0 day,'(c) I day, and lS-CS-Phel.O- 
mPEG0.3 after stirring (b) 0 day, (d) 1 day. The samples were dispersed in deionized 
water with the concentration 1 mg/mL.
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A

Size (nm)

B Em  =  0 1£1 + 0  2£2

ร!11 = dielectric constants of the binary mixture of solvents 

E| = dielectric constants of 2-propanol 

ร] = dielectric constants water

0 1  = volume fraction of 2-propanol

0 2  = volume fraction of water

Figure C3. (A) size (determined by DLS) of IS-CS-Phel .0-mPEG0.3
(concentration 1 mg/mL) in solvents with different dielectric constants, {B) 
determination of dielectric constants of the binary mixture of solvents (Jouyban et 
ai, 2004).
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Non-polar
solvent

Polarity 2.3

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- Polar solvent —

Aprotic solvent S ize(nm ) Protic solvent

Figure C4. Appearance and average diameter size (determined by DLS) of 1S-CS- 
Phel.O-mPEGO.3 in different types of solvents.
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A Ç -potentials (mV)

B Size (d-nm)

Figure C5. (A) Ç, -potentials and (B) size of (๐) c s , (□ ) CS-Phel.O, ( O) CS- 
mPEG0.3, (A) 1 S-CS-Phel .0-mPEG0.3, and (x) 1 S-CS-Phe3.0-mPEG0.3 at pH 2-12 
(concentration of products: 1 mg/mL) in HCI/NaOH solution. Results are means ± 
SD (ท=3).
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200 nm100 nm

Figure C6. SEM micrographs of (a) cs, (b) lS-CS-Phel.0-mPEG0.3, and (c) 2S- 
CS-Phel .O-mPEGO.3.



Appendix D Supporting Determination of Allergen Content

m V ..............
Detect or À: 290nm

40
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Figure Dl. HPLC spectrum of allergen supernatant. 

Abs

Figure D2. Standard curve of Bovine serum albumin (BSA) by Bradford Assay 
order to determine the crude allergen concentration.
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Content of initial loaded allergen (pg/ml)
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Figure D3. %EE and %LC of ( I= | )  c s . and ( a )  I S-CS-Phel .0-mPEG0.3 
(concentration l mg/mL) at different contents of initial loaded allergen in Dl water 
adjusted to pH 6.0 by HCI/NaOH. The contents were determined by Elisa. Resiilts 
are means ± SD (ท=3).
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Scheme D1 (A) Sauebrey equation, eq. 3, (Huang et ai, 2000; Nishino et ai, 2004) 
for analysis of immobilized mass per surface area (AM), and (B) QCM spectra and 
calculation of immobilized 1 S-CS-Phel .0-mPEG0.3, and immobilized allergen 
including allergen immobilization equation.

A

B

AF = AM
A(pqpq)1'2

AF = Frequency change (Hz)
F0 = Fundamental frequency (Hz)
A = Surface area of the gold disk 
pq = Shear modulus of quartz 
pq = Density of quartz 
AM = Immobilized mass per surface area

(3)

At pH 6 
AF 1 = -2 F02

A (pqP q) 1/2AMi a f2 -2 Fo2
A(pqPq)

A M o

■ 9115 = ~2 (2?2-) a m ,
0.071 (2 .648)1/2 (2.947x1 o 11)1'2

-2837 ะ -2 (272) AM2
0.071 (2 .648 )1/2 (2 .947X1011)1'2 ■

AM, = 0 .394 |jg AM2 = 0.122 Mg

Allergen immobilization efficiency (%) = AM2
AM,

X  100 • - ( 4 )
= - 12—  X 100

0.394
= 30.99
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Appendix E Supporting Evaluation of In Vitro Cytotoxicity

Figure E l. Optical micrographs of HaCaT cells after incubation for 24 h at 37 °c 
with different samples; (a) control, (b) DMSO, (c) HDM-allergen, (d) CS, (e) HDM- 
allergen-entrapped c s ,  (f) CS-Phe-mPEG, HDM-allergen-entrapped CS-Phe-mPEG.
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(a) (b) (c)

Figure E2. Cell viability o f PBMC determined by Alarmar blue in the presence o f 
(a) no treatment, (b) HDM-allergen, and (c) HDM-allergen-entrapped CS-Phe-mPEG 
incubated for 5 day..
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Appendix F Supporting Evaluation of Allergen Release Profile

Time (h)

Figure FI. Release profiles of HDM-allergen-entrapped. CS-Phe-mPEG in (•)  Citric 
buffer (pH 5.2), (□ ) PBS buffer (pH 7.4), and (A ) Tris byffer (pH 8.1). The allergen 
content was determined by Elisa. Results are means ± SD (n=3).
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Figure F2. Release profile of (•) allergen-entrapped cs and (A ) allergen-entrapped 
1 S-CS-Phel .0-mPEG0.3 in (a) Citric buffer pH 5.2, (b) PBS buffer pH 7.4, (c) Tris 
buffer pH 8 .1. The allergen content was determined by Elisa. Results are means ± SD 
(ท=3).
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NO๐'''

Figure F3. Accumulative release allergen o f (•) HDM-allergen-entrapped c s , (A) 
HDM-allergen-entrapped CS-Phe-mPEG in DI water. The allergen content was 
determined by HPLC. Results are means ± SD (ท=3).
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Oxanorbornadiene derivatives (1, 2, 3) were synthesized based on the 
protocols of Rutjes et al(van Berkel et al., 2007; van Berkel et al., 2008) and Drager 
et al(Su et al, 2010), briefly

(2-Ethoxy-2-oxoethyl)triphenylphosphoninm bromide, a

Appendix G Supporting Synthesis for Chapter IV

A mixture of ethyl 2-bromoacetate 30.2 mL (272.9 mmol, 1.1 eq.), 
triphenylphosphine (65 g, 248.1 mmol, 1 eq.), and catalytic amount of K1 in 
anhydrous toluene (500 mL) was stirred at room temperature for 2 days. After 
filtration, the solid was washed with toluene until colorless solid was observed. The 
desired product a was obtained after the solid was dried in vacuo (111.6 g, 261.3 
mmol, in quantitative yield).
'H-NMR (200 MHz, CDCh) ร: 7.72-7.67 (m, 15H, Ar-H), 3.98-3.92 (q, 2H, CH2), 
0.90-0.87 (t, 3H, CH3) ppm.

Ethyl 4,4,4-trifluoro-3-oxo-2-(itriphenylphosphoranylidenejbutanoate, b

a (100 g, 234.2 mmol, 1 eq.) was dispersed in 250 mL anhydrous THF. The 
slurry was cooled to 0 °c, 71.3 mL triethylamine was added and stirred for 20 min. 
Then, trifluoroacetic anhydride 35.8 mL (257.6 mmol, 1.1 eq.) was added dropwise 
to the reaction mixture and continually stirred for 1 h. The mixture was filtrated and 
the precipitate was washed with cold THF (three times). The filtrate was
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concentrated in vacuo to obtain a yellow viscous liquid. Then, cold water was added 
and strongly shaken to provide a light yellow crystalline compound b. After 
filtration, compound b was dried in vacuo (99.6 g, 224.4 mmol, 99.8 %).
'H-NMR (200 MHz, CDCfi) 5: 7.79-7.68 (m, 15H, Ar-H), 3.82-3.76 (q, 2H, CH2), 
0.9-0.87 (t, 3H, CH3) ppm.

Ethyl 4,4,4-trifluorobut-2-ynoate, c

b (99.6 g, 224.3 mmol, 1 eq.) was heated to 180-230 ๐c  at low pressure (~ 
15 mbar) for 1 h. c product was collected at -70 ๐c  as a dark yellow liquid (18.5 g,
111.1 mmol, 49.6 %).
'H-NMR (200 MHz, CDCb) 5: 4.32-4.26 (q, 2H, CH2), 1.42-1.35 (t, 3H, CH3) ppm.

(IS,4R)-Ethyl 3-(trifluoromethyl)-7-oxabicyclo[2.2.1 Jhepta-2,5-diene-2-carboxylate, 
d

c (8.2 g, 49.5 mmol, 1 eq.) was mixed with furan 4.3 mL (4.0 g, 59.3 mmol,
1.2 eq.). The mixture was heated under microwave irradiation at 60 °c for 30 min. 
After the compound was concentrated in vacuo, the crude was purified by column 
chromatography (mobile phase: petroleum ether (PE) and ethylacetate (EtOAc) 
(10:1)). The resulted compound was concentrated in vacuo to provide the desirable 
product d as dark red viscous liquid.

F3C

Rf: 0.60
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'H-NMR (200 MHz, CDC b) 5: 7.34-7.30 (q, 1H), 7.25-7.21 (q, 1H), 5.75-5.71 (m, 
IH), 5.70-5.68 (t, 1 H), 4.34-4.27 (๓, 2H), 1.33-1.31 (t, 3H) ppm.

3-Trifluoromethyl-7-oxa-bicyclo[2.2.1] hepta-2, 5-diem-2-carboxylic acid, 1

d (1.9 g, 8.1 mmol, 1 eq.) was dissolved in solvent mixture of THF (25 mL) 
and water (75 mL). After reaction was cooled to 0 °c, LiOH solution (20 mL, 1M) 
was added to obtain a pH of 8-9 and stirred for 1 h. Then, the reaction was stirred at 
room temperature for 2 h. The formation of 1 was traced by TLC (petroleum ether 
(PE)/ethylacetate (EtOAc) 10:1). To extract unreacted d, EtOAc was added, the 
aqueous layer was separated'and acidified to pH 2-3 by HC1 solution (1 M). The 
acidified solution was extracted by EtOAc (3x). The organic phase was collected and 
dried over MgSO.}. After drying in vacuo, 1 was obtained as a white solid (1.3 mg, 
6.2 mmol, 77%).

'H-NMR (200 MHz, CDCb) ร: 7.37-7.33 (q, 1H), 7.28-7.24 (q, 1H), 5.80-5.76 (m, 
IH), 5.75-5.73 (t, 1H) ppm. .

Methyl 3-((lร.4R)-3-(trifluowmethyl)-7-oxabicyclo[2.2.1Jhepta-2,5-diene-2- 
carboxamidojpropanoate, la

Rf: 0.00

o
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1 (1.0 g, 4.9 mmol, 1 eq.) was dissolved in dichloromethane (10 mL) and 
cooled to 0 °c. Then p-alanine methyl ester hydrochloride (0.8 g, 5.8 mmol, 1.2 eq.), 
DMAP (0.9 g, 7.2 mmol, 1.5 eq.), and EDC HC1 (1.1 g, 5.8 mmol, 1.2 eq.) were 
added and stirred for 1 h at 0 ๐c  and additionally at room temperature overnight. The 
reaction progress was monitored via TLC. After the reaction finished, saturated NaCl 
solution was added, the aqueous layer was separated, extracted by dichloromethane 
(3x), and dried over MgSC>4. The crude product la was purified by TLC (PE:EE 3:2). 
Finally, the extracted product was dried in vacuo to obtain la (0.7 mg, 2.5 mmol, 
52%) as a green viscous liquid.
Rf: 0.55
'H-NMR (200 MHz, CDCI3 ) ร: 7.33-7.29 (q, 1H), 7.24-7.20 (q; 1H), 5.67-5.65 (t, 
1H), 5.56-5.53 (m, 1H), 3.67 (ร, 3H), 3.32-3.29 (ทา, 2H), 2.60-2.54 (t, 2H) ppm.

Methyl4-((lS,4.R)-3-(trifluoromethyl)-7-oxabicyclo[2.2. ]Jhepta-2,'5-diene-2- 
carboxamidojbutanoate, lb

lb was obtained from oxanorbornadienyl carboxylic • acid 1 and 4- 
aminobutanoate in 60% yield according to the procedure as described in la.
Rf: 0.55
'H-NMR (200 MHz, CDCb) ร: 7.33-7.29 (q, 1H), 7.24-7.20 (q, 1 H), 5.67-5.65 (t, 
1H), 5.56-5.53 (m, 1H), 3.67 (ร, 3H), 3.32-3.29 (m, 2H), 2.60-2.54 (t, 2H), 2.08-2.04 
(m, 2H) ppm.
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3-(( IS,4R)-3-(Trifhioromethyl)-7-oxabicyclo [2.2.1 ]hepta-2,5-diene-2- 
carboxamido)propanoic acid, 2

2 was obtained from acidification of la with a 78% yield according to the 
procedure as described ini.
R, : 0.00
'H-NMR (200 MHz, CDCb) 5: 7.33-7.29 (q, 1H), 7.24-7.20 (q, 1H), 5.67-5.65 (t, 
1H), 5.56-5.53 (ทา, 1H), 3.32-3.29 (m, 2H), 2.60-2.54 (t, 2H) ppm.

4-((lS,4R)-3-(trifluoromethyl)-7-oxabicyclo[2.2. l]hepta-2,5-diene-2- 
carboxamido) butanoic acid, 2b

2a W'as obtained from acidification of lb in 75 % yield according to the 
procedure as described in 1.
Rp: 0.00
’H-NMR (200 MHz, CDCI3) 5: 7.33-7.29 (q, 1H), 7.24-7.20 (q, 1H), 5.67-5.65 (t, 
1H), 5.56-5.53 (m, IH), 3.32-3.29 (m, 2H), 2.60-2.54 (t, 2H), 2.08-2.04 (ทา, 2H)
ppm.
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1-((1 ร,4R)-3-Trifluoromethyl)-7-oxabicyclo[2.2. l]hepta-2,5-diene-2- 
carbonyl)pyrrolidine-2,5-dione, 3a

1 (0.1 g, 0.48 mmol, 1 eq.) was dissolved in dichloromethane and cooled to 
0 °c. DCC (0.12 g, 0.58 mmol, 1.2 eq.) and NHS (0.67 g, 0.58 mmol, 1.2 eq.) were 
added to and stirred for 1 h. The reaction was continually stirred at room temperature 
overnight. The reaction progress was monitored via TLC. After finishing the 
reaction, the precipitate was filtered. The solvent of filtrate was removed under 
vacuo and purified by column chromatography (PE:EE 2:3). After drying in vacuo, 
3a was obtained (0.89 g, 0.29 mmol, 60%).

'H-NMR (200 MHz, CDCb) 5: 7.36-7.35 (q, 1H), 7.27-7.26 (q, 1H), 5.90-5.88 (เท, 
1H), 5.76-5.75 (m, 1H), 2.90-2.87 (m, 2x2H) ppm.

2.5- Dioxopyrrolidm-1 -yl 3-((lS,4R)-3-(trifluoromethyl)-7-oxabicyclo[2.2. ljhepta-
2.5- diene-2-carboxamido)propanoate, 3b

3b was obtained from oxanorbornadienyl propanoic acid la and NHS in 
95% yield according to the procedure as described in 3a.
Rf: 0.80

Rf: 0.80
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'H-NMR (200 MHz, CDC b) 5: 7.33-7.29 (q, 1H), 7.24-7.20 (q, 1H), 5.67-5.65 (t, 
1H), 5.56-5.53 (ทา, 1 H), 3.32-3.29 (ทา, 2H), 2.60-2.54 (t, 2H), 2.90-2.87 (ทา, 2x2H) 
ppm.

2.5- Dioxopyrrolidin-1 -yl 4-((]ร,4R)-3-(trifluoromethyl)-7-oxabicyclo[2.2. JJhepta-
2.5- diene-2-carboxamido)butanoate, 3

3 was obtained from oxanorbornadienyl propanoic acid lb and NHS in 60% 
yield according to the procedure as described in 3a.
RF: 0.80
'H-NMR (200 MHz, CDCb) 5: 7.33-7.29 (q, 1H), 7.24-7.20 (q, 1H), 5.67-5.65 (t, 
1H), 5.56-5.53 (m, 1H), 3.32-3.29 (ทา, 2H), 2.60-2.54 (t, 2H), 2.08-2.04 (m, 2H), 
2.90-2.87 (m, 2x2H) ppm.

1,2-bis(3-Azidopropyl)disulfane, 5

3-Chloropropane-l-thiol (0.5 g, 4.5 mmol, 1 eq.) and sodium azide (0.4 g,
5.5 mmol, 1.2 eq.) were dissolved in DMF 20 ทาL, and stirred overnight at 1 10 °c. 
The color of solution was changed to yellow. After cooling down, water was added 
to dissolve excess of sodium azide. The crude product was extracted with diethyl 
ether (3x) and alternately washed by adding water. Then the organic phase was
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collected and dried over MgSCL, and the solvent was removed at 40 ๐c  700-800 
mbar to obtain 5.
'H-NMR (200 MHz, CDCI3) ร: 3.45-3.40 (t, 2x2H), 2.78-2.70 (t, 2x2H), 2.03-1.91 
(m, 2x2H) ppm.
FT-IR: (KBr, cm'1): 2915 (C-H, antisym stretching), 2095 (N=N+=N\ antisym 
stretching).
ESI : Calcd C6H,2N6S2 : 232.06; found 232.00 

(3-Azidopropyl) triethoxysilane, 6

(3-Chloropropyl)triethoxysilane (0.4 g, 1.7 mmol, 1 eq.) and sodium azide 
(1.3 g, 2.0 mmol, 1.2 eq.) were dissolved in DMF 20 mL, and stirred overnight at 80 
°c. After cooling down, the precipitate was filtered. Then, the filtrate was washed 
with water and extracted by diethyl ether. The organic phase of diethyl ether was 
collected and dried over MgSC>4, and the solvent was removed at 40 °c 700-800 
mbar to obtain 6.
'■ H-NMR (200 MHz, CDCh) ร: 3.85-3.80 (q, 3x2H), 3.28-3.25 (t, 2H), 1.75-1.68 (ทา, 
2H), 1.24-1.22 (t, 3x3H), 0.69-0.66 (t, 2H) ppm.
FT-IR: (KBr, cm’1): 2974-2884 (C-H, antisym and sym stretching), 2093 (N=N+=N\ 
antisym stretching), 1077 (Si-O, antisym strething).

Chitoscm functionalized 1 (CS-l)
Chitosan c s  (10.0 mg, 0.06 mmol, 1 eq., MW 15 kDa) and HOBt (9.8 mg, 

0.07 mmol, 1.2 eq.) were dissolved in water 10 mL. Then, CS-HOBt solution was 
added to 1 (37.5 mg, 0.18 mmol, 3 eq.) which was dissolved in the mixture of THF 
(2.5 mL) and water (7.5 mL). Then, EDC HCI (34.9 mg, 0.18 mmol, 3 eq.) and 
DMAP (22.2 mg, 0.18 mmol, 3 eq.) were added to the mixture. The reaction was 
cooled to 0 °c and stirred overnight at room temperature. The mixture was purified
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by dialysis against NaCI solution followed by DI water for 3 days. After 
lyophilisation. CS-1 was obtained.
'H-NMR (400 MHz, CDCh) 8: 7.37-7.33 (m, 2H), 5.79-5.77(๓, 1H), 5.72-5.71 (m, 
1H), 3.91-3.50(๓, 5H from pyranose ring), 3.16-3.12(๓, 1H from pyranose ring), 
2.07-2.05 (๓, 3H) ppm.

Chitosan functionalized 2 (CS-2)
CS-2 was obtained from 2 and c s  according to the procedure as described

in CS-1.
'H-NMR (400 MHz, CDCh) 5: 7.37-7.33 (๓, 2H), 5.85-5.84(๓, 1H), 5.72-5.71 (๓, 
IH), 3.95-3.68(๓, 5H from pyranose ring), 3.51 -3.48 (๓, 2H), 3.20-3.17(๓, 1H from 
pyranose ring), 2.59-2.54 (๓, 2H), 2.06-2.04 (๓, 3H) ppm.

Chitosan functionalized 3 (CS-3)
CS (10.0 mg, 0.06 mmol, 1 éq., MW 15 kDa) and HOBt (9.8 mg, 0.07 

mmol, 1.2 eq.) were dissolved in water 10 mL. Then, CS-HOBt solution was added 
in to the 3 (70.6 mg, 0.18 mmol, 3 eq.) which was dissolved in the mixture of THF 
(2.5 mL) and water (7.5 mL). Additionally, diisopropylethylamine (DIPEA) (23.5 
mg, 0.18 mmol, 3 eq.) were added to the mixture. The reaction was cooled to 0 ๐c  
and stirred overnight at room temperature. The mixture was purified by dialysis 
against NaCI solution followed by DI. water for 3 days. After lyophilisation, CS-3 
was obtained.
'H-NMR (400 MHz, CDCh) 5: 7.37-7,33 (m, 2H), 5.85-5.84(๓, 1H), 5.72-5.7! (m, 
1H), 3.89-3.62(๓, 5H from pyranose ring), 3.31-3.29 (m, 2H), 3.17-3.13(๓, 1H from 
pyranose ring), 2.34-2.31(๓, 2H), 2.06-2.04 (m, 3H), 1.85-1.82 (m, 2H) ppm.

Chitosan functionalized A (CS-4)
CS - 3  (2 mg, 0.0045 mmol, 1 eq.) was dispersed in 2 % CD3COOD/D2O (1 

mL). Then 4 0.65 pi (0.65 mg, 0.0045 mmol, 1 eq.) was added in to the mixture. The 
ligation progress overtime was monitored by 'll-NMR.
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'H-NMR (400 MHz, CDCi3) 5: 7.42-7.40 (m, 2H), 6.36-6.34 (m, 2H), 3.86-3.55 (m, 
5H from pyranose ring), 3.23-3.18 (m, 2H), 2.30-2.26(๓, 2H), 1.94-1.91 (m, 2H), 
1.53-1.50 (m, 2H) ppm.

Chitosan functionalized 5 (CS-5)
CS-3 (5 mg, 0.01 mmol, 1 eq.) was dispersed in 2 % CD3COOD/D2O (1 

mL). Then 5 1.8 pi (1.3 mg, 0.01 mmol, 1 eq.) was added in to the mixture. The 
ligation progress over time was monitored by 'H-NMR.
'H-NMR (400 MHz, CDCI3) 5: 7.46-7.44 (m, 2H), 6.40-6.38 (m, 2H), 3.88-3.57 (m, 
5H from pyranose ring), 3.40-3.32 (m, 2H), 3.17-3.13(๓, 1H from pyranose ring), 
2.75-2.68(๓, 2H),ฯ .96-1.92 (m, 3H) ppm.

Chitosan functionalized 4 (CS-6)
CS-3 (2 mg, 0.0045 mmol, 1 eq.) was dispersed in 2 % CD3COOD/D2O (I 

mL). Then 6(1.12 mg, 0.0045 mmol, 1 eq.) was added in to the mixtiire. The ligation 
progress over time was monitored by 'H-NMR.
'H-NMR (400 MHz, CDCI3) 5: 7.44-7.42 (m, 2H), 6.38-6.36 (m, 2H), 3.-87-3.58 (m, 
,5H from pyranose ring), 3.54-3.51 (m, 3x2H), 3.23-3.17 (m, 2H), 1.60-1.55 (m, 2H), 
1.07-1.04 (m, 3x3H), 0.60-0.58 (m, 2H) ppm.
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Appendix H Supporting Structural Characterization for Chapter IV
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Figure HI. Curve fitting FT-IR spectra of (a) cs (b) CS-1, (c) CS-2, and (d) CS-3.



Table HI. Curve fitting FT-IR integral ratio of CS, CS-1. CS-2, and CS-3

Sample

Integral ratio 
Ester/std
(at position 1740/895 cm ’)

Amide2/std
(at position 1550/895 cm '-)

c s 0 15
CS-1 5.8 5 6
CS-2 0.5 6.2
CS-3 3.5 15.3

Figure H2. FT-IR spectra of (a) 5, (b) 6, (c) CS-3, (d) CS-5, and (e) CS-6.
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Chemical shift (ppm)

Figure H3. 'H-NMR spectra of A) CS-1, B) CS-2.-C) CS-3, อ) CS-4, E) CS-5, and 
F) CS-6.
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Figure H4. Mechanism of CS-2 and iV-acylurea by using EDC.
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Figure H5. 'H-NMR spectra of A) 1,B)2,C) la, D) 3a, E) 3b, F ), G) 5, and H) 6.

0.43
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Appendix I Supporting Structural Characterization for Chapter V

B

.5 6.0 5.5 5.0 4.5 . 4.0 3.5 3.0 2.5 2.0 1

Chemical sh ift (ppm)

M)30



141

5.8 5.4 5.0 4.6 . 1 1 . 3.0Chemical sh ift (ppm) 2.6 2.2 1.8

7.8 7.2 6.6 6.0 5.4 4.8 4โ2 3.6 3.0 2.4 1.8
Chemical shift (ppm)

0
.3

0
-



142

E
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Figure II. 'H-NMR spectra of A) mPEG-COOH, B) CS, C) CS-mPEG, CS-mPEG- 
OND from the initial content of OND; D) l .5, E) 1.0, F) 0.5 equivalent to c s .
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Figure 12. FTIR spectra of (a) mPEG-COOH, (b) c s  (c) CS-mPEG, (d) CS-mPEG- 
OND with 30 %DS of OND, and (e) CS-mPEG-OND-Ab with 30 %DS of OND.
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Wavenumber (cm1)

Figure 13. Curve fitting FT1R spectra of (a) cs, (b) CS-mPEG, (c) CS-mPEG-OND 
with 30 % DS of OND, and (d) CS-mPEG-OND-Ab with 30 %DS of OND.
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Table II. Curve fitting FT1R integral ratio of cs, CS-mPEG, CS-mPEG-OND with 
30 %DS of OND, and CS-mPEG-OND-Ab with 30%DS of OND

Samples
Integral ratio at peak positions (cm'1 /cm'1)
1730/895 1650/895 1595/895 1550/895

CS 0 4.2 2.4 0.7
CS-mPEG 0.2 57.4 05 12.1
CS-mPEG-OND 5.6 64.5 0.3 17.5
CS-mPEG-OND-Ab 5.7 68.7 0.2 19

(0 A. À : k __________ ___________

(b) . J \ _______

(a) ^  .................... ......._ ..
า -------’--------1------- '------- 1-------1------- 1-------»-------1------- »------- 1-------1------- 1------- '-------1------- 1-------1-------1------- 1-------'— I-------1--------1------- 1------- 1------- »-------1-------1------- 1---------------1------- >------- 1------- ’------- 1------- --------1------- 1------- r-54.5 -55.5 -56.5 .-57.5 -58.5 -59.5 -60.5 -61.5 -62.5 -63.5 -64.5

Chemical shift (ppm)

Figure 14. I9F-NMR spectra of (a) oxanorbornadiene derivative (OND), (b) CS- 
mPEG-OND-Ab, and (c) CS-mPEG-Ab-click-disulfide.
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Appendix J  Observation of Chitosan Solution Appearances

Figure J l .  Appearances of (a) CS-mPEG, (b) CS-mPEG-OND with 60 % and 60 
%DS of mPEG and OND, respectively, (c) CS-mPEG-OND-Ab with 30 %DS of 
OND, (d) CS-mPEG-OND-Ab with 60 %DS of OND, and (e) CS-mPEG-OND-Ab 
with 30 %DS of OND after adding azido-disulfide for 11 d.
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Appendix K Evaluation of Antibody Immobilization

A)

B)

Figure Kl. ^-potentials of (A) WSC-OND and (B) พรC-OND-Ab at pH 2-12 
adjusted by 0.1 MNaOH/O.l M NaCl.
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Appendix L  Evaluation of Azido-disulfide Content

A) B)
Abs Abs@ 268 nm

5 31  I
๐ A •5N ร (0 ๐๐ O) c  150 £1 Ç■ Ë ®c ๐ o 0) o ไซิ

1.4 
1.2 

1
0.8 
0.6 
0.4 
0.2

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Initial concentration of azido-disulfide (pmol/mL)

0.2

0.1
0 ■ •■ •f------T----- ,---

0 0.05 0.1 0.15 0.2 in supernatant

Figure LI. (A) UV-Vis spectra of azido-disulfide in DMSO (B) Standard Curve 
plotting between concentration of azido-disulfide and absorbance. (C) Concentration 
of supernatant (after centrifugation with 21,000 rpm to separate AuNPs at the bottom 
part) measured by UV-VIS spectrophotometer with a variation of initial 
concentration of azido-disulfide.
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Appendix M Mechanism of Disulfide Cleavage and Azido-Gold Nanoparticle 
Forming

20 H' N-r

Frorence, T. M.,Biochem. J . 1930, 139. 507

''ร + + H2O
(base solution) Thiol Sulphenic acid

.ร^
Coordination bond

2 O S ^ /^ 'N j 
Sulphenic acid ;

OzS ร / V  N3 
Sulphinic acid

Abs

Figure Ml. UV-Vis spectra of azido-AuNPs.
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Appendix N Appearance of Gold Nanoparticle Solution Mixed with Chitosan 
Solutions

A) B)

Figure Nl. Appearances of mixture between azido-AuNP solution and.(a) water (b) 
CS-mPEG-Ab solution, and (c) CS-mPEG-OND-Ab solution with A) 30% and B) 
60% OND substitution and over the time at room temperature.
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Appendix o Cycloaddition Time of Mixture between WSC-OND-Ab and Azido- 
disulfide

0 50 100 150 200 250 300 350 400 450 500 550
Time (h)

Figure Ol. Ratio of furan and oxanorbornadiene (integral ratio of 5 6.4/85.7) of 
cycloaddition between CS-mPEG-OND-Ab and azido-disulfide over the reaction 
time detected by 'H-NIVIR based on the integration at; ([ว) 60 ๐c  1 (A) 25 ๐c, (•) 40
°c, and (x) 4 °c.
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Figure 02. 'H-NMR spectra of ligation progress in the presence of A) phosphate 
buffer and B) 10% DMSO over time between CS-mPEG-OND-Ab and azido- 
disulfide.
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Appendix p Synthesis of 1,2-bis (3-azidopropyl) disulfane Immobilized Gold 
Nanoparticle, Azido-AuNPs

1,2-bis (3-azidopropyl) disulfane or azido-disulfide (2 pL, 8.6 pmol/mL in 
phosphate buffer pH 9.4) was added into AuNPs aqueous solution (498 pL, 1.0 
pmol/mL in 10% DMSO/DI water V/V) to obtain azido-AuNPs. The mixture was 
incubated for 1 h at room temperature before use.
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Appendix Q Antigen Detection by Naked Eyes

This technique was adapted from Dot-blot Elisa. In brief, 2 pi of antigen (Ag, 
0.44 mg/mL) mixed with coating buffer, was coated on a nitrocellulose membrane 
(Millipore, Ireland). After drying, 2 pi of CS-mPEG-OND-Ab solution (4 mg/mL in 
PBS buffer, pH 7.4) was dropped at the center of membrane and allowed to dry. 
Then, the membrane was washed with PBS-Tween 20. After drying, the membrane 
was soaked in 600 pi of azido-AuNP solution for 10 min and was dried by air dryer. 
The soaking with azido-AuNP solution and washing steps were done for four times 
before observing the appearance of the color. For comparative studies, a series of 
compounds, CS-mPEG, CS-mPEG-Ab, CS-mPEG-OND, Ab, with and without Ag 
were also followed from above steps.
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