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https://www.london.gov.uk/sites/default/files/achievement_for_all_university_learning_in_schools_ulis_final_report.pdf
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Glycerolipids Sphingolipids Sterols 
Phospholipids Sphingomyelin Glycosphingolipids Cholesterol 

 

 

 

 

 

   

~ 65 mol% ~ 10 mol% ~ 25 mol% 

 



Palmitic Acid (saturated)  
16:0 
(16 carbon atoms, 0 double 

bond) 
 

 

 

 

Palmitoleic Acid (unsaturated)  
16:1 
(16 carbon atoms, 1 double 
bond) 

 

 



 
Choline 

(PC) 
 

Inositol 
(PI) 

 
 

Ethanolamine 
(PE)  

Glycerol 
(PG) 

 
Serine 

(PS) 

 

Cardiolipin 
(CL) 

 
 





 

Phospholipid Head Net Charge Plasma Membrane Red Blood Cell 

PC 0 ~ 45 % ~30 % 
PE 0 ~ 25 % ~28 % 
PS -1 < 10 % ~15 % 
PI up to -4 ~ 5 % < 1 % 

Phospholipid Head Net 
Charge 

Escherichia       
Coli 

Pseudomonas 
Aeruginosa 

Bacillus       
Subtilis 

Staphylococcus 
Aureus 

PE 0 80 % 60 % 12 %  
PG -1 20 % 22 % 70 % 58 % 
CL -2  11 % 4 % 42 % 

 



Sphingosine 

 
 

Ceramide Sphingomyelin 
(phosphosphingo-

lipid, PC head) 

Cerebroside 
(glycosphingo-

lipid, glucose 
head) 

Ganglioside (glycosphingo-lipid, 
oligosaccharide head, sialic acid 

residual) 

 
 
 

 

 
 

 
  

 





Cholesterol Ergosterol β-Sitosterol 

   
 

Diplopterol Tetrahydroxbacteriohopane Bacteriohopanetetrol 
glucosamine 

   
 





Lipids Membrane curvature and Phase 
behaviour 

Molecular Shape 

Large headgroup, acyl chain(s) 

occupy smaller volume 
Lysophospholipids, 

Phosphoinositides (PIP2, PIP3). 
Detergents 

• Positive membrane curvature  

• Favour the assembly membranes 
into normal micelles or cubic 

structures 

 
 

Inverted Conical 

 

Diameter of headgroup and 
acyl chains similar 

SM, PC, PS, PI, PG 
Phosphatidic Acid  
 

• No membrane curvature  

• Favour the assembly into lamellar 
structures or flat bilayers  

 

Cylindrical 

 

Small headgroup, acyl chains 

occupy large volume 

PE, PS at pH < 4, CL 

Phosphatidic Acid at pH < 3 

 

• Negative membrane curvature 

• Favour assembly into 
tubular/hexagonal or spherical 

inverted micelles 

 

Conical 
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https://www.youtube.com/watch?v=H44rdXEVXGg
https://jcs.biologists.org/content/124/1/5
https://www.lipidmaps.org/resources/databases/index.php?tab=lmsd
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https://commons.wikimedia.org/w/index.php?curid=6027169)
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Phospholipid Inner leaflet Outer leaflet 

PC and SM ~ 23 % ~ 89 % 
PE ~ 44 % ~ 11 % 
PS, PI, Phosphatidic acid ~ 33 % 0 % 

 



https://commons.wikimedia.org/w/index.php?curid=61799352


https://ccsearch.creativecommons.org/photos/d324385a-de76-4344-aa2d-99448adcd2f0


 

Phospholipid Head Net 

charge 

Plasma 

membrane 

Red blood cell Cancer cell line 

MCF7 

Cancer cell line 

MDA-MB-231 

PC 0 ~ 45 % ~30 % 50 – 54 % 43 – 45 % 

PE 0 ~ 25 % ~28 % 18 – 20 % 10 – 18 % 
PS -1 < 10 % ~15 % ~ 6 % 6 – 10 % 
PI up to -4 ~ 5 % < 1 % 5 – 10 % < 10 % 

Phospholipid Head Net 
Charge 

Escherichia       
Coli 

Pseudomonas 
Aeruginosa 

Bacillus       
Subtilis 

Staphylococcus 
Aureus 

PE 0 80 % 60 % 12 %  
PG -1 20 % 22 % 70 % 58 % 
CL -2  11 % 4 % 42 % 
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https://www.nature.com/scitable/topicpage/cell-membranes-14052567/
https://youtu.be/BpBzMh5QnHw


✓

✓

✓





 Monolayers 
 

 

Supported Bilayers 

 

Liposomes/ Vesicles 

 
Controllable 
parameters 

- lipid composition 
- lateral pressure 

- lipid composition 
- incorporation of integral 
proteins/ compounds 
- membrane curvature/ 

patterning 

- lipid composition 
- membrane curvature/ lipid 
packing  
- incorporation of proteins 

- membrane deformation  

Major 
advantages  

- defined geometry 
of lipid assembly  
- homogenous 
system 

- individual 
components can be 
studied 

- flat geometry 
- asymmetric lipid 
distribution possible 
- accessibility of both 

leaflets  
- compatible with multiple 
methods 

- simple preparation  
- free-standing membrane 
- suitable for microscopic 
techniques due to micrometre-

scale  
- compatible with multiple 
methods 

Major 
disadvantages 

- non-physiological 
single leaflet 

presentation 
- restricted to 
planar lipid 
monolayers (and 
mainly cylindrically 

shaped lipids) 

- interactions with solid 
support cause restricted 

fluidity of lipids and non-
physiological lipid 
distribution between the 
leaflets  
- possible defects within a 

bilayer 

- possible variability in terms of 
size and multilamellarity 

- potentially size below optical 
resolution 
- only outer leaflet accessible 
- no control of lipid distribution 
in a mix 

 













https://commons.wikimedia.org/w/index.php?curid=53837678
https://commons.wikimedia.org/w/index.php?curid=1819759
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https://youtu.be/-_zYr6XG6Go
https://en.wikipedia.org/wiki/HeLa


https://commons.wikimedia.org/w/index.php?curid=2521356
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Cylindrical Conical 

   
No curvature Curvature 

 



Phospholipid Head net 
charge 

E. coli P. Aeruginosa B. Subtilis S. Aureus 

PE 0 80 % 60 % 12 %  
PG -1 20 % 22 % 70 % 58 % 
CL up to -2  11 % 4 % 42 % 

 



p = g0 - g 

p = g0 - g 

p = g0 - g 

p = g0 - g 

p = g0 - g 















•

•

https://www.youtube.com/watch?v=sns1C1cK5EU
https://www.youtube.com/watch?v=JgpphZE5XAk
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Small unilamellar 

vesicles (SUV) 

Large unilamellar 

vesicles (LUV) 

Giant unilamellar 

vesicles (GUV) 

Multivesicular 

vesicles (MVV) 

Large multilamellar 

vesicles (MLV) 

 
 

   

20 nm – 100 nm 100 nm – 400 nm 1 micron and larger 200 nm - ~ 3 
microns 

200 nm - ~ 3 
microns 

 





https://cnx.org/contents/havxkyvSZIP%20Download:https:/cnx.org/exports/85abf193-2bd2-4908-8563-90b8a7ac8df6@9.524.zip/chemistry-9.524.zip,%20CC%20BY%204.0,%20https:/commons.wikimedia.org/w/index.php?curid=64301360
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https://www.isis.stfc.ac.uk/Pages/Mastering-Membrane-Mimicking-to-Outsmart-Bacteria.aspx
https://www.isis.stfc.ac.uk/Pages/SH19_Rethinking-lipid-transfer-in-bacteria.aspx
https://www.youtube.com/watch?v=VESMU7JfVHU
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G5:      G4.5:  
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https://en.wikipedia.org/wiki/Dendrimer
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YoutubeBlogsTweets

Journals Academic  
book

Encyclopaedia Popular 
magazine

Newspaper
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0
<2

0

<5
<2

<5

<15

<30

<5

Number of sources cited

Time in review

Number of reviewers 0 reviewers

seconds minutes minutes

1-2 reviewers

hours days days

3-4 reviewers

2-3 months 6-2 months 3-5 years

Tweets
Blog

Youtube

Newspaper

Popular 
magazine

Academic 
book

Online 
article

Journal

Encyclopaedia
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https://www.startprofile.com/
http://www.careerpilot.org.uk/
https://www.careersbox.co.uk/
https://www.prospects.ac.uk/
https://nationalcareersservice.direct.gov.uk/
http://www.russellgroup.ac.uk/media/5457/informed-choices-2016.pdf
http://www.thinkuni.org/
http://unistats.direct.gov.uk/
https://www.thecompleteuniversityguide.co.uk/
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http://www.ucas.com/undergraduate
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http://www.access-ed.ngo/timelines-for-applying-to-university
http://www.access-ed.ngo/writing-your-ucas-personal-statement
https://www.ucas.com/sites/default/files/ucas-personal-statement-worksheet.pdf
https://www.ucas.com/corporate/about-us/who-we-are/ucas-terms-explained
https://www.ucas.com/undergraduate/applying-to-university
https://www.ucas.com/undergraduate/applying-university/how-write-ucas-undergraduate-personal-statement
https://www.thecompleteuniversityguide.co.uk/student-advice/applying-to-uni/tips-for-writing-your-personal-statement
https://www.thestudentroom.co.uk/university/personal-statements/writing-your-personal-statement
http://www.reading.ac.uk/virtual-events
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https://www.ucas.com/undergraduate/subject-guide-list/biological-sciences
https://www.ucas.com/job-subjects/biology



