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The cell membrane:
A necessary biological barrier that enables life

E. coli Erythrocyte - red blood cell

https://ccsb.scripps.edu/goodsell/art/



Robert C. Hooke, Micrographia: or Some Physiological Descriptions 
of Miniature Bodies Made by Magnifying Glasses with Observations 

and Inquiries thereupon (1665)

The first visualization of ‘cells’

1665



Not just plants - microbes and animal cells

(a) Replica of a single-lens microscope by Leeuwenhoek (Image by Jeroen

Rouwkema. Licensed under CC BY-SA 3.0 via Wikimedia Commons). (b,d)

Photomicrographs taken using simple single-lens microscopes including one of

Leeuwenhoek's originals in Utrecht, by Brian Ford (Copyright © Brian J. Ford). (b)

An air-dried smear of Ford's own blood through the original van Leeuwenhoek

microscope at Utrecht, showing red blood cells and a granulocyte with its lobed

nucleus (upper right; about 2 µm in diameter). (c) Spiral bacteria (Spirillum

volutans) imaged through a replica microscope with a lens ground from spinel; each

bacterial cell is about 20 µm in length. (d) The intestinal protist parasite Giardia

intestinalis imaged through a replica soda-glass produced by Brian Ford [28,29].

DOI: 10.1098/rstb.2014.0344 

(a) Rotifers, hydra and vorticellids associated with a duckweed root, from a Delft canal. 

From Leeuwenhoek [16]. (b) Bacteria from Leeuwenhoek's mouth; the dotted line 

portrays movement. From Leeuwenhoek [17]. Copyright © The Royal Society.

Antonie van Leeuwenhoek observations of microbes (1677)

https://doi.org/10.1017/S1551929514000583

1677

http://rstb.royalsocietypublishing.org/content/370/1666/20140344
http://rstb.royalsocietypublishing.org/content/370/1666/20140344
http://rstb.royalsocietypublishing.org/content/370/1666/20140344
http://rstb.royalsocietypublishing.org/content/370/1666/20140344
https://doi.org/10.1017/S1551929514000583


http://www.microscopy-
uk.org.uk/mag/indexmag.html?http://www.microscopy-

uk.org.uk/mag/artsep01/amoeba.html

Invisible boundaries must be flexible 

August Johann Rösel von Rosenhof, who named his discovery 

"Der Kleine Proteus" ("the Little Proteus”) 1755

https://en.wikipedia.org/wiki/August_Johann_R%C3%B6sel_von_Rosenhof


The first uttering of a cellular “membrane”

https://doi.org/10.1186/s13062-014-0032-7

The development of cells according to Schleiden. This figure has been drawn for clarity from descriptions by 

Schleiden and Schwann, but these authors never tried to provide such a synthetic depiction in their work. 

Schwann’s model was very similar, except for his opinion that new cells could also crystallize from 

cytoblastema outside previous cells.
1836

https://doi.org/10.1186/s13062-014-0032-7


Biology requires boundaries

• Prevent the passage of large 
charged molecules like 
proteins, DNA & RNA

• Prevent passage of small 
charged molecules like ATP 
and nutrients

• Hold ionic gradients

• Hold pH gradients

• Fluid and flexible

• Sustain diverse living 
conditions (temperature, 
acidity/alkalinity, pressure)

https://www.khanacademy.org/science/biology/bacteria-archaea/prokaryote-
metabolism-ecology/a/prokaryote-classification-and-diversity



Riback et al., Cell 2017; https://doi.org/10.1016/j.cell.2017.02.027

Other theories of cell boundaries 

XIX th century doubts about the existence of membranes. A. In this vision, the cell is devoid of any membrane and all the properties of the 

cell are defined by the activity of the protoplasmic colloid. B. The cell is surrounded by an external layer (membrane) of which the nature is 

distinct to the rest of the protoplasm. Yet, in this view, the inside of the cell remains a colloid.
https://doi.org/10.1186/s13062-014-0032-7

Aggregation of the colloidal protoplasm

Biological phase separationHardened shells in molecular gastronomy

Calcium chloride and sodium alginate combines to polymerize, 
forming a hardened aggregate layer around a volume of solution.  
Shown here are the olives from Ferran Adria’s restaurant elBulli

1850s

https://doi.org/10.1016/j.cell.2017.02.027
https://doi.org/10.1186/s13062-014-0032-7


Studies of plasmolysis



Studies of plasmolysis



The theory of osmotic pressure

П = icRT

П - osmotic pressure
i - van’t Hoff factor (dissociable species) 

c - N/V - concentration 
R - gas constant

T - temperature (K)



Plasmolysis reveals invisible barriers within living cells. (A and B) A normal Spirogyra cell (A) 

and the cell during plasmolysis (B). From Overton (1895), Fig. 1 is adapted from Vierteljahresschr. 

Naturforsch. Ges. Zürich.

DOI: 10.1085/jgp.201812153

Overton’s return to plasmolysis

Figure 1: The wide range of membrane permeabilities of different compounds in the cell. Membranes are more permeable to uncharged compounds and least permeable to charged 

ions. Note that the existence of ion channels will make the apparent permeability when they are open several orders of magnitude higher. The units are chosen as nm/s and several 

nm is the characteristic membrane width. Figure adapted from R. N. Robertson, The Lively Membranes, Cambridge University Press, 1983. The value for glucose is smaller than 

in Robertson based on several sources such as BNID 110830, 110807. Other sources of data: BNID 110729, 110731, 110816, 110824, 110806.http://book.bionumbers.org/what-is-the-permeability-of-the-cell-membrane/

http://bionumbers.hms.harvard.edu/bionumber.aspx?&id=110830
http://bionumbers.hms.harvard.edu/bionumber.aspx?&id=110807
http://bionumbers.hms.harvard.edu/bionumber.aspx?&id=110729
http://bionumbers.hms.harvard.edu/bionumber.aspx?&id=110731
http://bionumbers.hms.harvard.edu/bionumber.aspx?&id=110816
http://bionumbers.hms.harvard.edu/bionumber.aspx?&id=110824
http://bionumbers.hms.harvard.edu/bionumber.aspx?&id=110806


Cell membranes are made of lipids



https://www.dailymail.co.uk/sciencetech/article-4032412/Incredible-video-shows-just-one-
tablespoon-olive-oil-calm-half-acre-waves-lake-minutes.html

An unusual property of olive oilAn interesting property about olive oil



Measuring the area of oily films
The first studies of surface tension of oil monolayers



https://itn-snal.net/2014/10/langmuir-trough/

Measuring the area of oily films

The Langmuir trough
(Pockels)

High resolution measurements of lipid monolayers



Gorter & GrendelMembranes as lipid bilayers



Davson DanielliDavson & Danielli’s paucimolecular model



FrickeSeeing is believing - the ultrastructure of membranes

http://doi.org/10.1085/jgp.52.1.257

Robertson 1964



FrickeThe unit membrane hypothesis



J.D. RobertsonFluid lipid bilayers

Frye & Edidin, 1970



Singer & NicolsonA summary of membrane models over the past 200+ years

1850s 1925, 1935 1959 1972

1976E 2019F

Anselmi et al., 2019



Davson & Danielli modelPolypeptides are expected to be unstable in 
membranes due to unsatisfied charges in the 

backbone

The problem of putting protein in membranes



Freeze-fracture EM reveals integral membrane proteins

Moor and Mühlethaler, 1963



Singer & NicolsonThe fluid mosaic model



A gold-mine of highly ordered membrane protein

• Stoeckenius & Rowen (1967) isolated purple membranes from H. Halobium archaea (> 4.3 M salt conc.)
• Osterhelt & Stoeckenius (1970) identified a single molecular species with MW 26 kDa formed the purple membrane.  

They showed that it was responsible for the color due to the binding of retinal, bound via a Schiff base linkage to lysine 
216.  

• First membrane protein structure in 1975 by Henderson & Unwin by EM diffraction

http://www.spiegel.de/wissenschaft/natur/chemie-nobelpreis-fuer-kryo-
elektronenmikroskopie-dem-leben-bei-der-arbeit-zusehen-a-1171144.html

1975 1990



• Deisenhofer, …, Huber & Michel (1985) solved the first x-ray crystal structure of a membrane protein, the 
photosynthetic reaction centre of Rhodopseudomonas viridis at 3 Å resolution

• Detergent solubilization was critical

Figure 1. The reaction center from the photosynthetic bacterium Rhodopseudomonas viridis. 

The electron transfer cofactors are depicted as structures comprised of red spheres. The 

cytochromes supply electrons to a bacteriochlorophyll dimer called the "special pair" that absorbs 

light and reduces a bacteriopheophytin intermediate. There are four proteins, the "L" and "M" 

subunits (dark and light blue) whose alpha-helices span the membrane bilayer, the "H" subunit 

(yellow) on the side of the reaction center that accepts the electrons released by absorption of 

photons, and the cytochrome subunit that ligates the electron donor hemes (gold).

The first high-resolution membrane protein structure



https://www.rcsb.org/stats/growth/growth-released-structures

MEMBRANE PROTEINS ALL PROTEINS



Singer & NicolsonA summary of membrane models over the past 200+ years

1850s 1925, 1935 1959 1972

1976E 2019F

Anselmi et al., 2019



http://lipidbuilder.epfl.ch/home

A molecular understanding of the lipid bilayer


