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	摘要(中)	根據研究，含有重複四級銨陽離子的聚（甲基丙烯酸三甲基氨基）乙酯（pTMAEMA）聚合物在醫院感染中具有有效的抗微生物活性。然而，pTMAEMA水凝膠的三維結構在結果中所顯示很低的最大壓縮應力，表示其機械性質是弱的。聚合物鏈段之間的低摩擦力和聚合物鍊長度的不均勻分佈導致水凝膠有柔軟和易脆的特性。這些特性限制了pTMAEMA水凝膠在生物材料中的潛在應用。因此，我們透過天然的多原子價植酸（PA）將可逆的物理性交聯劑加入pTMAEMA網狀結構。 PA的機械性質和生物性的增強使其廣泛地運用於生物醫學材料。在pTMAEMA水凝膠的四級銨基團和PA的陰離子基團之間形成的離子鍵（pTMAEMA-PA水凝膠）改善了水凝膠的韌性和耐久性（壓縮斷裂應力高於1百萬帕，在4次加載 - 卸載循環後的遲滯現象穩定性）。此外，在低至高偏移下的壓縮模數的變化以及在增加的鹽濃度下水凝膠的體積比的變化表示PA的離子橋接。 此外，由於可逆的物理交聯劑，pTMAEMA-PA如滯後應力-應變曲線所示，顯示出類似彈性體的特性。有趣的是，pTMAEMA與六偏磷酸鈉（PP6-）對接顯示出對細菌高度抗沾黏性，而pTMAEMA-PA水凝膠由於PA的強螯合能力而獲得殺菌效果。這一發現可能會擴大pTMAEMA水凝膠在未來作為多功能抗菌材料的應用範圍。
	摘要(英)	Poly((trimethylamino)ethyl methacrylate chloride) (pTMAEMA) brushes, containing repeated quaternary ammonium cations, has been proposed with efficient antimicrobial activity in nosocomial infection. However, 3-dimentional structure as pTMAEMA hydrogels shows weak mechanical properties as demonstrated in the result of low maximum compressive stress. The low friction between polymer chains and the heterogeneous distribution of the polymer chain length lead to the soft and brittle characteristics of the polyelectrolyte hydrogels. These characteristics limit the potential applications of pTMAEMA as biomaterials. Therefore, we introduce reversible physical crosslinkers to pTMAEMA network via docking natural multivalent phytic acid (PA). PA has been widely used for the mechanical enhancement of biomedical materials. Ionic bonds formed between quaternary ammonium groups of pTMAEMA hydrogels and anion groups of PA (pTMAEMA-PA hydrogels) improve their toughness and durability (compressive fracture stress above 1 MPa, hysteresis loop stability after 4 loading-unloading cycles). Furthermore, the change in the compressive modulus at low to high offset, and the change in the volume ratio of the hydrogels under the increasing saline concentration suggest the ion-bridging of PA. In addition, owing to the reversible physical crosslinkers, pTMAEMA-PA also displayed elastomer-like characteristic as shown in the hysteresis stress-strain curve. Interestingly, pTMAEMA docking with sodium hexametaphosphate (PP6-) shows high resistance to bacterial fouling, while pTMAEMA-PA hydrogels acquire bactericidal effect due to the strong chelating capacity of PA. This finding may broaden the application of pTMAEMA hydrogels as a versatile antibacterial material in the future.
	關鍵字(中)	
      	  ★ 聚電解質
★ 季銨鹽
★ 植酸
★ 靜電相互作用
★ 特定的離子效應
★ 離子橋接效應	關鍵字(英)	
      	  ★ Polyelectrolyte
★ quaternary ammonium
★ phytic acid
★ electrostatic interaction
★ specific ion effect
★ ion-bridging effect
	論文目次	Table of Contents

摘要    i

Abstract    ii

Acknowledgment    iii

Table of Contents    iv

List of Abbreviations    vii

List of Figures    viii

List of Tables    11

Chapter 1: Literature Review.    1

1-1. Healthcare-associated infection.    1

1-2. Antibiotic-resistant issues and antibiotic alternatives.    2

1-3. Biofilm formation.    4

1-4. “Kill and release” surfaces.    5

1-4-1. “K + R”-type antibacterial surfaces.    6

1-4-2. “K → R”-type antibacterial surfaces.    7

1-4-3. “K + (R)”-type antibacterial surfaces.    8

1-5. Poly((trimethylamino)ethyl methacrylate chloride) and its tunability.    10

1-6. Engineering tough hydrogels.    14

1-6-1. Polymer-intercalated nanocomposite hydrogel.    14

1-6-2. Double-network hydrogels.    15

1-6-3. Dual-crosslink hydrogels.    16

1-6-4. Fully physical-crosslinked hydrogels.    17

1-7. Phytic acid and its beneficial effects.    19

Chapter 2: Research Objectives.    21

Chapter 3: Materials and Methods.    23

3-1. Materials.    23

3-2. Methods.    23

3-2-1. Preparation of polycationic hydrogels.    23

3-2-2. Equilibrium water content measurement.    24

3-2-3. Fourier transformed infrared (FT-IR) spectra analysis.    24

3-2-4. Compressive mechanical test.    24

3-2-5. Stability test.    25

3-2-6. Fouling-resistant test.    25

3-2-7. Antibacterial activity test.    26

Chapter 4: Results.    27

4-1. Preparation of pTMAEMA hydrogels.    27

4-2. Hydration properties of pTMAEMA hydrogels coupled with different anions.    28

4-3. Mechanical properties of pTMAEMA hydrogels coupled with different anions.    29

4-4. FT-IR spectra analysis.    31

4-5. Concentration-dependent properties of pTMAEMA-PA.    32

4-6. Ion exchange effect on pTMAEMA-PA hydrogels.    34

4-7. Fatigue-resistant properties of pTMAEMA-PA hydrogels.    35

4-8. Stiffness and toughness of pTMAEMA after coupling with kosmotropic and chaotropic anions.    35

4-9. Antibacterial activity of pTMAEMA-PA.    36

4-9-1. Bacterial attachment test of pTMAEMA docking with counterions.    36

4-9-2. Antibacterial capability of pTMAEMA-PA.    37

Chapter 5: Discussions.    39

5-1. Enhancement of mechanical properties of pTMAEMA-PA.    39

5-2. Ionic crosslinking capability of PA.    41

5-3. Summary and outlook on how to enhance mechanical properties of polyelectrolyte hydrogels via ionic coupling with counterions.    43

5-4. Antibacterial activity of pTMAEMA-PA    46

Chapter 6: Conclusions.    49

Chapter 7: Future perspectives.    50

References    51
	參考文獻	[1]    O. Azzaroni, A.A. Brown, W.T. Huck, Tunable wettability by clicking counterions into polyelectrolyte brushes, Adv. Mater., 19 (2007) 151-154.

[2]    ZME science, What are biofilms and how they form, 2017  January 20th, 2017]; Available from: https://www.zmescience.com/science/what-are-biofilms/.

[3]    D. Gu, S. Tan, C. Xu, A.J. O′Connor, G.G. Qiao, Engineering tough, highly compressible, biodegradable hydrogels by tuning the network architecture, ChemComm, 53 (2017) 6756-6759.

[4]    W. Kunz, Specific ion effects in colloidal and biological systems, Curr. Opin. Colloid Interface Sci., 15 (2010) 34-39.

[5]    T. Wei, Z. Tang, Q. Yu, H. Chen, Smart antibacterial surfaces with switchable bacteria-killing and bacteria-releasing capabilities, ACS Appl. Mater. Interfaces, 9 (2017) 37511-37523.

[6]    J.P. Gong, Y. Katsuyama, T. Kurokawa, Y. Osada, Double‐network hydrogels with extremely high mechanical strength, Adv. Mater., 15 (2003) 1155-1158.

[7]    K. Haraguchi,T. Takehisa, Nanocomposite hydrogels: a unique organic–inorganic network structure with extraordinary mechanical, optical, and swelling/de‐swelling properties, Adv. Mater., 14 (2002) 1120-1124.

[8]    B. Cao, C.-J. Lee, Z. Zeng, F. Cheng, F. Xu, H. Cong, G. Cheng, Electroactive poly (sulfobetaine-3, 4-ethylenedioxythiophene)(PSBEDOT) with controllable antifouling and antimicrobial properties, Chem. Sci., 7 (2016) 1976-1981.

[9]    Q. Yu, L.K. Ista, G.P. López, Nanopatterned antimicrobial enzymatic surfaces combining biocidal and fouling release properties, Nanoscale, 6 (2014) 4750-4757.

[10]    A. LS Santos, C. L Sodre, R. S Valle, B. A Silva, E. A Abi-chacra, L. V Silva, A. L Souza-Goncalves, L. S Sangenito, D. S Goncalves, L. OP Souza, Antimicrobial action of chelating agents: repercussions on the microorganism development, virulence and pathogenesis, Curr. Med. Chem., 19 (2012) 2715-2737.

[11]    S. Moya, O. Azzaroni, T. Farhan, V.L. Osborne, W.T. Huck, Locking and unlocking of polyelectrolyte brushes: toward the fabrication of chemically controlled nanoactuators, Angew. Chem. Int. Ed. Engl., 44 (2005) 4578-4581.

[12]    T.L. Sun, T. Kurokawa, S. Kuroda, A.B. Ihsan, T. Akasaki, K. Sato, M.A. Haque, T. Nakajima, J.P. Gong, Physical hydrogels composed of polyampholytes demonstrate high toughness and viscoelasticity, Nat. Mater., 12 (2013) 932.
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