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Introduction



All cells in the human body are surrounded by semipermeable membranes composed of various proteins, carbohydrates, steroids and (primarily) phospholipids. The phospholipids serve to keep important molecules in and out of the cell as well as allow the inside of the cell to be chemically different than the outside. The chemical properties of these membranes are directly impacted by the chemical properties of the phospholipids within the membranes. Phospholipids are classes of lipids that, due to their aliphatic nature, congregate to form these phospholipid membranes. Because phospholipids have both a polar and non-polar region, they will group together in polar solutions (such as water) in such a way that the hydrophobic fatty acid tails are oriented away from the polar solution. Thus the polar head groups are exposed to the polar solution. 


Phospholipid bilayers have two main matter states: a liquid crystal state and crystalline state  (Steim, 1969). In the liquid crystal state, the phospholipids (as well as the other molecules) are able to move freely within the membrane. Movement through the membrane is essential for many biochemical and physiological functions. The crystalline state membrane phospholipids are rigid and thus cannot move freely within the membrane. There is energy associated with moving from one phase to another which depends on the chemical properties of the phospholipids composing the membrane. 


Phospholipids exhibit different thermodynamic properties depending on several chemical properties (Ohline, 2001). Differences in the polar head group determines how the hydrophilic portion of the phospholipid will interact with the polar environment. Phosphatidylcholine has a bulky polar charged head group. The steric hindrance makes interactions with the surrounding polar environment more difficult. Less energy is required to induce a phase change. Phosphatidylethanolamine, however, has a smaller polar charged head group making any interactions with the environment more favorable. Thus more energy is required to undergo a transition due to increased number of intermolecular interactions.


Fatty acid chain length also affects the thermodynamic properties of phospholipids. The number of carbons in each fatty acid affects the strength of the Van der Waals forces. Longer fatty acid chains create large dipole moments in which like charges segregate on the same sides of a chain. The longer the chain, the more energy is needed to induce a phase change. 


In this experiment both chain length and head group characteristics are explored in order to understand how changing these characteristics influences the membrane thermodynamic characteristics. First phosphatidylethanolamine bilayers will be made using a rotary evaporator. The bilayers will then be tested using a Differential Scanning Calorimeter (DSC). A DSC instrument is used to measure the temperature of transition of samples enclosed in specialized metal pans and placed on heating/cooling diodes. In this experiment, each trial involves equilibrating the enclosure to a starting temperature (usually around 80-100 degrees Celsius). Once equilibrated, the temperature is 'ramped' one degree per minute to a higher temperature than the expected temperature of transition. The temperature of transition will indicate how much energy was involved in changing the sample from one phase to another. 


This lab is a follow up to previous studies involving both phosphatidylethanolamine and phosphotidalcholine. Multiple problems occurred in the previous experiments including contradictory data and membranes that did not fully form. Attempts were made to correct these problems in this experiment. The phosphatidylethanolamine lab (as well as the phosphotidalcholine lab) was based upon the experiment outlined in the Ohline et.al paper. Thus, along with exploring the thermodynamics of these phospholipids, it is also hoped that a new education laboratory will emerge out of the work outlined in this paper.  

Methods 

Melting Points


Three different, commercially attained, lipids (L-α-phosphatidylethanolamine dilauroyl (DLPE), L-α-phosphatidylethanolamine dimyristoyl (DMPE) and D,L-α-phosphatidylethanolamine dipalmitoyl (DPPE)) were melted using a Digimelt melting point apparatus. Prior to any interaction with sample the apparatus was preheated to the desired starting temperature of 100 degrees Celcius. A small amount of each lipid sample was placed into a sealed capillary tube which was then lowered into the designated slot in the apparatus. The sample was observed until solid to liquid transition had occurred. Once the melting point of the first lipid was discovered (196 degrees Celsius), the starting temperature was raised to 180 degrees Celcius to save time. 

Ohline et.al. Experiment 


Prior to the start of the experiment several preparatory steps were followed. First a 5mL conical flask was submerged in a sodium hydroxide in isopropylalcohol solution for fifteen minutes to ensure that no detergents were left on the sides of the flask. Next the rotary evaporator pump was switched on and the hot water bath set to 70 degrees Celsius. Using a stoppered side arm vacuum flask and an electric pump, water was degassed for ten minutes. After fifteen minutes, the conical flask was removed from the base bath, rinsed with warm tap water and DI water, then left to dry. Once the prep work had finished 10 mg of DLPE was measured and added to 5 mL of chloroform. This acted as the stock solution. After this, 2.5 mL of the stock solution was added to the conical flask. The conical flask was then attached to the rotavap, secured using a Keck clip and slightly submerged in the water while rotating. Once the chloroform had evaporated entirely and the sample was dry, the flask was removed and 2 mL of degassed water was added. The flask was re-submerged and rotated until a milky white liquid remained. The product was transferred to a sterile vial. Nitrogen was run through the flask containing the product to remove any oxygen.  


The trial was repeated for DMPE and DPPE, however a few steps were added or changed. A solution of 50mM KCl in degassed water (37 mg of KCl in 10 mL of water) was used instead of degassed water after the initial evaporation of chloroform and methanol. For the DMPE experiment, 22 mg of phospholipid was measured and added to a solution of 10 mL of chloroform and 1 mL of methanol. In the DPPE trial, 5mg of phospholipid was added to 4 mL of chloroform and 1 mL of methanol. A very small scoop of solid KCl was added to the conical flask containing the DPPE. The solid KCl acted as a dissolving aid. These changes were made in order to ensure that the phospholipids dissolved in the solvents (Ohline, 2001). 

Differential Scanning Calorimeter


Once the phospholipid bilayer solutions were prepared, they were run through the DSC instrument. An empty t-zero pan with a t-zero lid was weighed and 20 micrograms of DLPE solution was pippetted into the pan. The pan was sealed and weighed then placed onto the trial diode in the DSC. A reference pan containing 20 micrograms of degassed water was sealed and placed on the reference diode. 


The experiment was set up in the TA Instrument Explorer software where the temperature would equilibrate at eighty degrees Celsius and ramp at two degrees Celsius per minute to two hundred degrees Celsius. Nitrogen was run through the testing chamber to establish an inert environment for the experiment to take place.

Results


Melting Points


The results of this part of the experiment were not what was expected. The largest phospholipid (DPPE 16:0) had the lowest melting point and the smallest phospholipid (DLPE 12:0) had the largest melting point. Table one shows the starting, stopping and melting temperatures for each phospholipid. 

	Phospholipids
	Experimental Melting Point (0C)

	DLPE
	184.1 – 185.0 

	DMPE
	197.8 – 198.6

	DPPE
	200.9 -201.3


Figure 1 

Further Trials will be performed to confirm the accuracy of these temperatures. 

DSC Experiments 


Analysis of the DSC results indicated that there had indeed been a change in the interaction between the phospholipids in solution (the lipid bilayer) compared to the solid phospholipids. The temperature of transition for DLPE was found to be 112.77 degrees Celsius, DMPE had a temperature of transition of 123.77 and DPPE had a temperature of transition of 126.69. The literature values for each temperature of transition is 29 degrees Celsius, 47.5 degrees Celsius and 60 degrees Celsius respectively. The literature enthalpy of vaporization for each fatty acid is shown in figure 2. Though the experimental temperatures are much higher, they still correspond to fatty acid chain length where the lowest temperature of transition corresponded to the smallest fatty acid chain (Dijck, 1976). 

	DLPE
	103.97±6.0 

	DMPE
	109.57±6.0 

	DPPE
	115.07±6.0 


Figure 2: The literature enthalpy of vaporization for the phospholipids (SciFinder).

Discussion 


This experiment demonstrated the effect chain length has on the temperature of transition for phospholipid membranes. DPPE had the highest temperature of transition due to the its fatty acid chain length just as DLPE had the lowest. The literature values suggest that the temperature of transition measured was not the phase change from crystalline to liquid crystal, but rather the enthalpy of vaporization for the phospholipids themselves. The experimental peaks corresponded to the literature enthalpy of vaporization temperatures.


 Another peak present on the DSC graph was thought to be the boiling of water. This means that either the reference pan was empty, not sealed properly, or the water in the phospholipid product was influenced enough by the added chloroform that the reference did not negate the water in the trial pan. The measured temperature of transition was 99.72 degrees Celsius which is low compared to the established boiling point of water. This discrepancy is due to the potassium chloride altering the colligative properties of the water. The ions disrupt the hydrogen bond formation thus lowering the boiling point (Silberberg, 2011). 


Though literature crystalline to liquid crystal transition was not obtained, a phospholipid chemical property was demonstrated. It was found that as the fatty acid chains increase in length, the temperature of transition increases. This is important as it pertains to how these molecules will interact when incorporated into cellular membranes. It has been shown that interrupting these chemical bonds will lower melting points. In a fluid membrane with steroids, sugars and proteins, fatty acids of longer chain lengths would have stronger intermolecular interactions which would increase their ability to hold together. Understanding how phospholipids behave will help scientists understand the impact of drugs and other metabolites on the integrity of cellular membranes. 
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