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   Summary of thesis: Studies on dynamics of functionalized lipid 

bilayers   

 

                  Shunsuke F. Shimobayashi 
 

“What is life?” is one of the most fascinating questions people have. 

Considering life from a physical point of view, life is a microscale non-

equilibrium ordered structure consisting of soft materials, including DNA, 

RNA, lipids, and proteins. Rich investigations on the physical properties of 

the soft materials have shed some lights on the physical principals of life. 

Especially, membrane structure is ubiquitous in life, through which 

information and substances come in and out. Simplified lipid bilayer vesicles, 

called liposomes, have been widely used as a model system of cell membrane. 

Considerable effort has been directed toward elucidating the physics of single 

liposomes with one- and multi-components and has illuminated some aspects 

of the physics. However, the underling physics behind functionalized lipid 

bilayers has been still poorly understood although cell membrane possesses 

numerous functions, e.g. cell-adhesion through glycolipids and/or proteins. 

Thus, the effort in this thesis focuses on revealing the physics of 

functionalized adhesive lipid bilayers toward a deeper physical 

understanding of life.  

In PartⅡ, we functionalize multi-component lipid vesicles by externally 

added glycolipids (GM1: monosialotetrahexosylganglioside), which are 

extracted from intact cells. The following phase separation dynamics are 

investigated experimentally and numerically. In Chapter 3, the transition 

dynamics from macro- to micro-phase separation are experimentally revealed 

through confocal microscopy for the first time to our knowledge. The 

transition occurs via stripe morphology as a metastable state. During the 

transition, monodisperse micro domains emerge through repeated scission 

events of the stripe domains. In Chapter 4, we numerically confirm the 

transitions by the time-dependent Ginzburg-Landau model, which describes 

phase separation and the bending elastic membrane, suggesting that the 

novel transitions are apparently governed by the local spontaneous curvature 

induced by the local asymmetric composition. In Chapter 5, we demonstrate 

the effect of inserted GM1 into lipid bilayers on the bending modulus, to 

confirm the validity of the significant assumption in the numerical analysis. 



It is revealed that the bending moduli do not depend on the inserted GM1 in 

the tested range, guaranteeing the validity of the important assumption. In 

Chapter 6, based on the expectation by our findings in Chapter 3-5, we 

quantitatively investigate the relationship between the degree of lipid 

asymmetry and micro domain size in both of the experiments and numerical 

analysis, and unexpectedly discover a power law behavior in the relationship.   

In PartⅢ, we functionalize single-component lipid vesicles by 

programmably-synthesized DNA with sticky ends. We experimentally 

investigate temperature-dependent adhesion of Giant-Unilamellar-Vesicles 

on supported lipid bilayers mediated by mobile DNA linkers. The simple 

geometry allows for an accurate characterisation of the morphology of 

adhering GUVs. For sufficiently high DNA coverage, the adhesion contact 

angle exhibits a re-entrant temperature dependence. With a single fitting 

parameter, the model is capable of quantitatively predicting the low 

temperature regime. The theory is developed in the limit of strong adhesion, 

therefore it fails to predict the re-entrant behaviour of the adhesion area, 

caused by the weakening of the DNA bonds. Moreover, the melting of DNA 

bonds is investigated in-situ by FRET measurements. We observe a broad 

melting transition and find that bonds formed within the GUV-plane 

adhesion patch are more stable than in-plane bonds formed on free bilayers. 

Our model can semi-quantitatively reproduce these features, although an 

underestimation of the melting temperature is observed. Furthermore, for the 

first time to our knowledge, we quantify the temperature-dependent 

membrane tension induced by DNA bonds by analyzing the thermal 

fluctuations of the GUVs imaged across their equatorial plane. Membrane 

tension measurements demonstrate a weak temperature dependence. In a 

similar range of temperatures, non-adhering GUVs exhibit significantly 

lower tension, rapidly decreasing upon heating. The differences in magnitude 

and trend demonstrate the role played by DNA in mediating membrane 

adhesion.     

 Our findings in this thesis not only suggest that the functionalization of lipid 

bilayers to mimic cell membrane functions greatly changes the physical 

properties of lipid bilayers, but also give us some insight into biological 

phenomena, which has not been unveiled in the conventional studies on non-

functionalized liposomes. 




