Pis’ma v ZhETF, vol. 107, iss. 11, pp. 753 – 754 © 2018 June 10

Microscopic description of thermodynamics of Lipid Membrane at Liquid-Gel Phase Transition

B. Kheyfets^{+1)}, T. Galimzyanov^{+∗}, S. Mukhin^+

+National University of Science and Technology “MISIS”, 119049 Moscow, Russia

∗A.N. Frumkin Institute of Physical Chemistry and Electrochemistry, Russian Academy of Sciences, 119071 Moscow, Russia

Submitted 17 April 2018

DOI: 10.7868/S0370274X18110115

Over the years main phase transition in lipid membrane has been treated with various theoretical approaches, such as phenomenological [1], semi- emperical [2], and a number of microscopic approaches [3–5]. Some of the microscopic approaches resort to numerical methods [4, 5], though so far obtained results differ substantially from experiment [3]. Hence, consistent and comprehensive analytical description of the main phase transition is still missing. This paper is aimed to close this gap by considering consistently lipid molecules steric repulsion, van der Waals (VdW) attraction, and hydrophobic tension at the membrane water interface. The novelty of our approach is application of pathintegral technique for description of steric repulsion between hydrocarbon chains.

Liquid to gel phase transition, referred to as “main phase transition” in literature, is first-order phase transition [6, 7] characterized by higher ordering of the lipid tails [8], a reduction of area per lipid and increase in membrane thickness [8, 9], a growth by an order of magnitude of membrane rigidity [10], a drop in selfdiffusion coefficient [11], and change of volume per lipid [12]. Recently, main phase transition has been a topic of several molecular dynamics studies [8, 13]. Though, for most lipids a corresponding single-component lipid membrane undergoes this transition at a temperature significantly lower than the room temperature, an important exceptions exist for lipids with fully saturated hydrophobic chains, e.g., DMPC^{2)} (T_m = 24^∘C) and DPPC (T_m = 41^∘C). Moreover, a number of recent studies suggest that cholesterol might induce gel phase in lipid membrane [14, 15].

Present study belongs to a new stream of works caused by the recent increase of interest to the mem-

1)e-mail: kheyfboris@misis.ru 2)DMPC stands for 1,2-dimyristoyl-sn-glycero-3- phosphocholine, DPPC stands for 1,2-dipalmitoyl-sn-glycero-3- phosphocholine

brane thermodynamics in a view of its role in the functioning of proteins [16–19].

In this paper we consider microscopic model and present a theory that makes transparent the physical mechanism of the liquid-gel phase transition. Our calculation results, obtained in a single approach, describe corresponding changes in the various thermodynamic characteristics, as well as dependence of main transition temperature on chain length. Though molecular dynamics studies [8, 13] achieved quantitative agreement with experiment in each particular case, they serve rather as numerical experimental tool complementing generalized physical concept of the underlying mechanisms clarified by the theory. In particular, it is clear that area per lipid in a gel phase is defined by the steric repulsion and van der Waals attraction, where as area per lipid in a liquid phase is defined by steric repulsion and hydrophobic tension. This is due to the degrees in which van der Waals attraction and hydrophobic tension depend on the area per lipid.

Full text of the paper is published in JETP Letters journal. DOI: 10.1134/S0021364018110036

1. P. G. de Gennes. Phys. Lett. A 47(2), 123 (1974). 2. S. Marcelja, Biochimica Et Biophysica Acta 367(2), 165 (1974).

3. J. F. Nagle, J. Chem. Phys. 58(1), 252 (1973). 4. H. L. Scott and W. H. Cheng, Biophys. J. 28(1), 117 (1979).

5. A. Caille, A. Rapini, M. J. Zuckermann, A. Cros, and S. Doniach, Can. J. Phys. 56(3), 348 (1978).

6. C. Huang and S. Li, Biochimica et Biophysica Acta (BBA) – Reviews on Biomembranes, 1422(3), 273 (1999).

7. E. I. Kats, V. V. Lebedev, and A. R. Muratov, Phys.

Rep. 228(1), 1 (1993).

8. S. Leekumjorn and A. K. Sum, Biochimica et Biophysica Acta (BBA) – Biomembranes 1768(2), 354 (2007).

Письма в ЖЭТФ том 107 вып. 11 – 12 2018 753

754 B. Kheyfets, T. Galimzyanov, S. Mukhin

9. J. F. Nagle and S. Tristram-Nagle, Biochimica et Biophysica Acta (BBA) – Reviews on Biomembranes 1469(3), 159 (2000).

10. D. Needham and E. Evans, Biochemistry 27(21), 8261

(1988).

11. B. S. Lee, S. A. Mabry, A. Jonas, and J. Jonas, Chemistry and Physics of Lipids 78(2), 103 (1995).

12. J. F. Nagle and D. A. Wilkinson, Biophys. J. 23(2), 159

(1978).

13. S. J. Marrink, J. Risselada, and A. E. Mark, Chemistry

and Physics of Lipids 135(2), 223 (2005).

14. S. W. Chiu, E. Jakobsson, J. Mashl, and L. Scott, Biophys. J. 83(4), 1842 (2002).

15. D. A. Brown and E. London, J. Biolog. Chem. 275(23), 17221 (2000).

16. F. M. Goni, Biochimica et Biophysica Acta (BBA) – Biomembranes, 1838(6), 1467 (2014).

17. V. S. Markin and B. Martinac, Biophys. J. 60(5), 1120 (1991).

18. S. Sukharev, S. R. Durell, and H. R. Guy, Biophys. J.

81(2), 917 (2001).

19. K. Simons and E. Ikonen, Nature 387(6633), 569 (1997).

Письма в ЖЭТФ том 107 вып. 11 – 12 2018