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While bacteria are simple organisms, their cell envelopes are remarkably complex. The cell envelope of Gram-negative bacteria has a double membrane arrangement in contrast to the single membrane of Gram-positive bacteria. In both cases, the membranes provide a formidable barrier to permeation of solutes both into and out of the cell. In particular, the outer membranes of Gram-negative bacteria e.g E.coli and P.aeruginosa, are particularly complex. They are asymmetric in nature; the outer leaflet is composed of lipopolysaccharide (LPS) while the inner membrane is composed of a mixture approximately 25 mixture of phospholipids, when all the different head group and tail combinations are included. This presents something of a challenge for MD simulations, which traditionally have treated bacterial membranes as a bilayer composed of one type of phospholipid. The reasons for the simplification of these membranes have largely been due to (i) simplicity of simulation setup and (ii) lack of parameters for LPS. While this usually an accurate representation of in vitro electrophysiology experiments, it clearly is far too simple to represent the heterogeneity of the in vivo environment.  

Encouragingly, models of LPS for P.aeruginosa and E.coli have been reported in the literature in recent years. By pure serendipity models have been reported for each of the three most widely used families of force-fields; Charmm, Amber and GROMOS thereby giving most membrane simulations groups an off-the-shelf solution. The process of electroporation has been studied via MD simulation (add a sentence on Tieleman & Tarek’s works)

Our recent simulation study has revealed the intricate interdependency of water and lipids in the process of electroporation. We compared the pore-forming process in a Gram-positive (S.aureus) and Gram-negative bacterium (E.coli). Briefly, our results showed two very different mechanisms of electroporation. In the symmetric membrane of S.aureus, the mechanism proceeds as follows: initially between 3-5 lipid headgroups move slightly towards the hydrophobic core of the bilayer. This is followed by water permeation into the core through the resulting ‘defect’ in the headgroup region of the bilayer. The molecules of water quickly extend through the bilayer core region and into the headgroups of the opposing leaflet, producing a continuous column or channel of water. This channel of water remained intact even when the magnitude of the external electric field was drastically reduced. 
In contrast, in E.coli, the water channel was only observed to form, once a phospholipid had flip-flopped from the inner leaflet into the outer, LPS-containing leaflet. Furthermore, upon reduction of the applied electric field, the water was observed to exit the bilayer core, after which the headgroup region resealed, giving a defect-free bilayer. These results begin to reveal some of the molecular basis for the highly impermeable nature of Gram-negative bacteria. The LPS leaflet is tightly cross-linked by ions and extended LPS-LPS hydrogen bonds that the individual molecules are extremely immobile and therefore difficult to penetrate. Conversely, the phospholipid molecules in the inner leaflet diffuse an order of magnitude faster enabling them to expel water and quickly reseal if defects do form.
[bookmark: _GoBack]Given the recent availability of LPS models, the outlook for the future of bacterial membrane simulations is extremely promising. In addition to the complexity of the lipids, one of the next key steps will be to incorporate realistic copy numbers of the major proteins native to these membranes. Recently coarse-grain simulations that begin to address…finish this…
Thus, it is easy to envisage that simulations will play a major role in understanding the fine interplay between proteins, lipids and water in bacterial membranes.
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