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Phospholipids are the building blocks of biological membranes, and thus have drawn much attention in their structural and dynamic studies. Due to their amphiphilic characteristics, phospholipids can self-assemble into a variety of bilayered structures,  including multi-lamellar vesicles (MLVs), nanodiscs,  lamellae, and unilamellar vesicles (ULVs, also known as liposomes), which were of particular interest in this study. Since liposomes resemble the structure of cells and biological vesicles, they are commonly used to understand the interplay between biochemical and biophysical properties of membrane-associated molecules (e.g., proteins) and their biological functions. Moreover, liposomes have been used as carriers for therapeutic agents due to their ability to encapsulate both hydrophilic and hydrophobic molecules. Recently, it was found that liposomes can form spontaneously in mixtures of long-chain and short-chain lipids, paving a new avenue for large-scale manufacturing of uniform liposomes. However, it is unclear how the presence of short-chain lipids affects the dynamics of liposomal membrane, which is of great importance in gaining a better understanding of the relative stability of lipid bilayers. One of the dynamic properties of lipid assemblies is the rate at which individual lipid molecules transfer between the bilayers through the aqueous phase, a process known as the spontaneous lipid transfer.  
[bookmark: _GoBack]In this study, the effect of short-chain lipid 1,2-dihexanoyl-sn-glycero-3-phosphocholine (DHPC) on the rate of lipid transfer in liposomes was examined using differential scanning calorimetry (DSC). Liposomes were prepared using either long-chain 1,2-dimyristoyl-sn-glycero-3-phosphocholine (h-DMPC) or its deuterated counterpart 1,2-dimyristoyl-d54-sn-glycero-3-phosphocholine (d-DMPC), at various DHPC compositions. Since DSC can detect the phase transition temperature, TM and d-DMPC exhibits lower TM than h-DMPC, the DSC thermogram of the mixture of h-liposomes (h-DMPC/DHPC) and d-liposomes (d-DMPC/DHPC) yields two transition peaks. Over time, as lipid molecules transfer between liposomes, both peaks move toward each other and the temperature difference between them decreases. Hence, the rate of lipid transfer can be determined by measuring the rate at which the temperature difference, ΔTM decreases as a function of the incubation time. The lipid transfer rates of individual lipids were determined in gel phase and liquid-crystalline phase, respectively. The results show that in the gel phase, the rate of lipid transfer increased as the amount of short-chain lipid increased, at a constant temperature. On the other hand, in the liquid-crystalline phase, the rate of lipid transfer was found to be faster, and independent of the short-chain lipid amount. Presumably, the DHPC molecules induce the ‘melting’ of DMPC molecules adjacent to them, and facilitate the dissociation of DMPC molecules from the bilayer. However, at temperatures higher than the TM of DMPC, all lipids are in a liquid-crystalline state, thus the introduction of DHPC will not affect the lipid transfer rate. Furthermore, the enthalpies of phase transition, ΔHM (from gel to liquid-crystalline) at different lipid compositions were determined and the results indicate that increased DHPC content reduces the required ΔHM, consistent with the notion that DHPC induces the ‘melting’ of gel-phase DMPC.
