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	摘要(中)	本論文提出一個在介觀層次模擬脂質雙層膜上分子馬達（機器）的 新方法，其中分子機器以一彈性網路來模擬，脂質分子則以 由彈簧和球所組成的鏈狀分子來表示，並利用多粒子碰撞來呈現溶液的動力學。這個模擬的方法可以重現液態和膠態的脂質雙層膜。模擬中所測得液態細胞膜的彎曲和拉伸的彈性模數接近實驗的測量值。從分析兩個脂質區塊間速度的相關性，我們發現脂質雙層膜在模擬的空間尺度下可以被看作一個二維的流體。當把一個簡單的奈米游泳機器放在這個二維流體上時，它在熱擾動下仍能自我推進。模擬亦探討了主動和被動的分子機器對細胞膜的影響。當此分子機器為被動且沒有配體時，它使得細胞膜有較劇烈的形變。模擬主動的分子機器在細胞膜中時，細胞膜形狀的擾動被此機器所影響。另一有趣的現象是這樣循環轉換狀態的分子機器會造成一個長距離的脂質流場。本論文為生物膜上分子馬達的大尺度模擬指出了全新的研究方向。
	摘要(英)	This thesis discusses an efficient method to simulate the dynamics of active molecular machines in a lipid bilayer embedded in a solvent. A molecular machine is modeled as an elastic network (EN) that can change its conformations, a lipid chain is modeled by a single bead-spring chain, and the dynamics of the solvent is carried out using multiparticle collision dynamics. This simulation method reproduces liquid and gel phases of a lipid membrane. In the liquid phase, the bending and stretching moduli are found to be comparable to the experimental measurements. Analyzing velocity correlation between two lipid domains at different separations, lipid bilayers are found to indeed behave as two-dimensional (2D) fluids. Simulations of a toy machine representing nano swimmer in such 2D fluid have been performed. We find that this swimmer propels itself over long distances against thermal nosies. Using EN model, the effects of both passive and active molecular machines on the membrane are investigated. For passive machine, the membranes are found to be strongly deformed when the machine is in its ligand-free conformation state. When the active machine is considered, we find that the membrane shape fluctuations modified by machine activities. Moreover, the cyclic conformation transitions of the machine induces a long-ranged lipid flow field.
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