REPORT DOCUMENTATION PAGE

Form Approved
OMB No. 0704-0188

PuDhil reolrun
gatnenng enc
collecuion ¢f iIntormauon, including suagaestions tor reducing this buroen.

3

30t 107 1his COHECHION Gf INTOIMAatioN 15 SSTIM318C (G av€133€ | NGUT Per resporse, intluding the time {Or reviewing INSLFUCLIONS, s€arching existing 0ata sources,
‘emmuing the Cala neegea, ana COMPIETING anc reviewing tne Joltection of 1nformation. SEna comments regaroing this burden estimate Of any other aspect of tnis
10 Washington Headquarters Services, Directorate for information Operations and Reports, 1215 Jetrerson
Davis Fighway, Suite 1204, Ariington, v£ 22202-4302, and to the Otiice of Management and Budget, Papervork Reauction Project {C704-0388}, washington, DC 20503

2. REPORT DATE

1. f\GENCY USE ONLY (Leeve Dpiank)
January 1997

3. REPORT TYPE AND DATES COVERED
Technical Report (Final)

4. TITLE AND SUBTITLE
Structure and Dynamics of Agueous Solutions
Next to and Between Membrane Surfaces.

5. FUNDING NUMBERS

Grant N00014-89-J-3002
RT4414912

6. AUTHOR(S)

Max L. Berkowitz

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
University of North Carolina
Department of Chemistry

CB#3290

Chapel Hill, N.C. 27599-3290

8. PERFORMING ORGANIZATION
REPORT NUMBER

S, SPONGORING /MORITORING AGENZY NAME(S) ARD ADDRESSIES)
Office of Naval Research '

800 N. Quincy Street

Arlington, VA 22217

10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

11. SUPPLEMERTARY NOTES

9970213 058

T A L TVt aar e
126, DISTRIDUTIOK AVAILABILITY STATIMING

This document has been approved for public
sale; its distribution is unlimited.

release and

13. ABSTRACT (Maximum 200 words)

DTIC QUALITY ITSPECTED 4

14. SUBJECT TERMS

Phospholipid membranes, hydration force, water

15. NUMBER OF PAGES

16. PRICE CODE

18. SECURITY CLASSIFICATION
OF THIS PAGE

17. SECURITY CLASSIFICATION
OF REPORT

unclassified unclassified

19. SECURITY CLASSIFICATION | 20. LIMITATION OF ABSTRALT

OF ABSTRACT

unclassified

NSN 7540-01-280-5500

Standard Form 298 (Rev 2-39)
Proscribed by ANS1 Sid 7391




FINAL TECHNICAL REPORT

Grant #: N00014-89-J-3002 R&T CODE: 4414912
PRINCIPAL INVESTIGATOR: Max Berkowitz

INSTITUTION: University of North Carolina at Chapel Hill

GRANT TITLE: Structure and Dynamics of Aqueous Solutions Next to and Between
Membrane Surfaces.

AWARD PERIOD:7/1/89-11/30/95

OBJECTIVE: To investigate structural and dynamical properties of aqueous solutions next to
and between surfaces of biological macromolecules, particularly membranes.

APPROACH: In order to understand the structure and dynamics of water between layers of
phospholipid molecules we performed molecular dynamics computer simulations on a system

composed of water molecules embedded between surfaces of phospholipid molecules.

ACCOMPLISHMENTS: To understand the role of water in the hydration force acting

between the membrane molecules we performed molecular dynamics computer simulations on
the DLPE/water system in lamellar arrangement and DPPC/water system also in the lamellar
arrangement. The simulations were done on DPPC/water in gel and liquid crystal phase and on
DLPE/water in liquid crystal phase. To perform these simulations we refined the force fields
available in the literature to describe water/phospholipid interactions and also refined the
Particle Mesh Ewald method to include the long ranged forces.

Based on the analysis of the results from our simulations we concluded that the
DLPE membranes are separated by two layers of water on average at the full hydration
limit. Removal of these water layers contributes to the repulsive force. Due to ragged
character of the membrane surfaces the steric interactions between them are also
contributing to the force. The DPPC membranes are separated by four layers of water on
average (two from each side of the membrane) at the limit of full hydration. Our
simulations indicate that only one layer of water next to the membrane is substantially
perturbed. Therefore we think, that the contribution of water into the total repulsive force
comes into play only when we remove this hydration layer, which means that the true
hydration force is probably appearing to act at distances d, below 0.8 nm in agreement

with the experimental assesment given by McIntosh and Simon. As in the case of DLPE




membranes, the raggedness of the surface can contribute to the repulsive force. Our
simulations also reveal the difference in the water structure around the membranes with
PE vs PC headgroups (in case of membranes with PE groups we observe the presence of
water bridging the oposing groups, while around PC groups we observe clathrate
structures of water). We connect the observed in the simulations microscopical structural
difference to the difference in the hydration limit of such membranes, observed in

macroscopic experiments.
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