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Biomembrane

• It is a membrane surrounding all living cells and cell organelles.

• It is composed of phospholipid bilayer and integral  protein molecules.

• Phospholipid bilayer forms a stable barrier between two aqueous 
compartments.

• It offers selective permeability to the solutes.

• It often carries our active transport.

• Its many properties are dependent on temperature and pH; high 
temperatures and extreme pH greatly affect its functionality.

• It has antigenic properties and may also have binding sites or receptors.

• It is asymmetrical in nature and may have carbohydrates and cholesterol
sometimes.

• It protects the cells and cell organelles from physical and chemical insults.



Biomembranes are semipermeable

© 2008 W. H. Freeman and Company
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Lipid components of plasma membrane

• Hydrophobicity of interior of the bilayer makes any water, ionic and most 
biological molecules impermeable.

• Membrane phospholipid may have one or more double bonds which 
results in kinks into hydrocarbon chain.

• In addition to the phospholipid, cell membrane of animals cells contain 
glycolipids and cholesterol.

• The glycolipids are found exclusively in the outer layer and constitute only 
2% of total lipid. Its carbohydrate portions flanks to extracellular space.

• Dutch scientists, E. Gorter and R. Grendel,  extracted the 
membrane lipids from a known number of red blood cells and measured 
the area of the membrane.



Lipid components of plasma membrane



Biomembrane – A lipid bilayer

 Gorter & Grendel in 1925 opined and proved that biomembrane/plasma 
membrane is made of lipid bilayer.

 They extracted lipids from RBCs.

 After lipid extraction, they measured the area of the lipid extracted by 
applying following formula:

𝐴𝑟𝑒𝑎 = 𝜋𝑟2

 They found that area of the lipids extracted from the RBCs is twice the area of 
the RBCs from which the lipid was extracted.

 They concluded that cell membranes are made of lipid bilayers.

Oïl drop measurementSEM of érythrocytes Paul Billiet ODWS, 2016

http://www.saburchill.com/IBbiology/bio_hp.html


Phopholipid bilayer

• Phospholipids consist of a glycerol molecule, two fatty acids, and a 
phosphate group that is modified by an alcohol. The phosphate group is the 
negatively-charged polar head, which is hydrophilic and the fatty acid 
chains are the uncharged, nonpolar tails, which are hydrophobic.
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R.N.Robertson (1983) The lively membranes Cambridge UPPaul Billiet ODWS, 2016

http://www.saburchill.com/IBbiology/bio_hp.html


Types of membrane phospholipids



Phospholipids composition of biomembrane



Lipids composition of biomembrane

Lipid composition 

varies across 

different 

membranes.



Lipids composition of biomembrane

 Lipid composition 

varies across the 

two leaflets of the 

same membrane.



Phospholipid

• The biological membrane of animal cells contain four major phospholipids; 
phosphatidylcholine, phosphatidylethanolamine, phosphatidylserine, and 
sphingomyelin accounting for more than 50% of total lipid.

• The outer layer consists mainly of posphatidylcholine and sphingomyelin.

• Whereas inner layer consists mainly of phosphatidylethanolamine and 
phosphatidylserine.

• A fifth phospholipid, phosphatidylinositol, is also localized to the inner 
layer of the lipid bilayer.

• In plants, more or less similar types of phospholipids are present in the 
cell membrane; constituent of outer and inner membrane differ.

• The phospholipids vary from different tissue or different zones of plant 
tissue.

• Cholesterol are found inserted in the phospholipid bilayer with the rigid 
hydrocarbon ring just interacting just adjacent to phospholipid head.



Distribution of Phospholipid

Colin & Jaillais. Curr. Opin. Plant Biol. 2020, 53: 1-9.



Protein components of plasma membrane

Singer & Nicolson 
fluid mosaic model

Universally accepted
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Protein components of plasma membrane

• It is 50% of total plasma membrane by weight which.

• It is larger molecules compared with that of lipids and estimated to be one 
protein molecules per every 50 to 100 lipid molecules.

• Membrane proteins are classified into two; peripheral proteins & integral 
proteins.

• Those proteins which are indirectly associated with membranes through 
protein-protein interactions, and therefore can be dissociated without 
disruption of bilayer.

• Integral proteins are inserted into the lipid bilayer so it can not be 
dissociated without disrupting lipid bilayer.



Protein components of plasma membrane

Solubilization of integral membrane. proteins. Detergents, such as octyl glucoside),
are amphipathic molecules containing hydrophilic head groups and hydrophobic tails. The hydrophobic tails
bind to the hydrophobic regions of integral membrane proteins, forming detergent-protein complexes that
are soluble in aqueous solution.



Protein components of plasma membrane

• Many integral proteins are transmembrane proteins, i.e. the proteins 
which are exposed on both sides of the membrane.

• Membrane-spanning portion are usually a helix of 20 to 25 hydrophobic 
amino acids (Generally tryptophan & tyrosine).

• Most abundant peripheral protein of RBCs is spectrin, which is a major 
cytoskeletal protein. Other proteins are actin, ankyrin and band 4.1. 

• Integral proteins are two major types; glycophorin which is a small 131 aa
and 30kDa protein (Half carbohydrate) and band 3 which is larger, 929 aa
long thought be have 14 membrane spanning alpha helices (anion 
transporter).



Protein components of plasma membrane

Integral membrane proteins of red blood cells.



Protein components of plasma membrane

Porin in bacterial outer membrane. It crosses the membrane as β barrels, in
which 16 β sheets fold up into a barrel-like structure enclosing an aqueous pore

• Some integral proteins known to have transmembrane region of beta-
sheets, such as Porins (forms an open aqueous channel in outer 
mambrane of bacteria)  found in bacteria, mitochondria, and chloroplast.



Protein components of plasma membrane

Some proteins, such as Thy-1, are
anchored in the outer leaflet of the
plasma membrane by GPI anchor added
to their C-terminus.

• A variety of proteins are also 
anchored in the plasma membrane 
by covalently attached lipids or 
glycolipids.

• Such proteins are inserted into the 
outer leaflet of the plasma 
membrane by 
glycosylphophatidylinositol (GPI) 
anchors.

• GPI-anchored proteins have mainly 
role in signal transduction.



Protein components of plasma membrane

Mobility of membrane proteins

• Larry Frye and Michael Edidin in 1970 
(shown in figure).

• Both proteins and lipids are able to 
diffuse through the membrane (signifies 
its fluidic nature).

• However, those proteins which are 
associated with cytoskeleton, can not 
diffuse.



Role of transmembrane proteins

 Transporters carry a molecule (such as glucose) from one side of the plasma membrane to the 

other. 

 Receptors can bind an extracellular molecule (triangle), and this activates an intracellular processes. 

 Enzymes in the membrane can do the same thing they do in the cytoplasm of a cell: transform a 

molecule into another form. 

 Anchor proteins can physically link intracellular structures with extracellular structures

http://www.nature.com/

http://www.nature.com/


Carbohydrate components of plasma membrane

• They are relatively minor component of plasma membrane, which is only 
2% of membrane mass.

• Carbohydrate is found in the form of glycolipids or glycoproteins.

• Glycolipids are exposed on the outer face of the plasma membrane 
forming a carbohydrate coat, known as glycocalyx.

• Its main role is to protect the cells and play a role in cell-to-cell 
interaction.

• Example of cell-cell interaction is intercation of selectin (a 
transmembrane glycoprotein; E, endothelial or P, platelet) binds to 
specific oligosaccharides (E-selectin ligand-1, ESL-1; or P-selectin
glycoprotein-1, PSGL-1 )expressed on leukocytes.



Carbohydrate components of plasma membrane

 On exoplasmic face only

 An example is the blood group antigens



Variation in membrane components



Extracellular and Intracellular Ion Concentration of minerals

Concentration (mM)

Ion Intracellular Extracellular

Squid axon Mammalian cell

K+ 400 20 140 5

Na+ 50 440 5 – 15 145

Cl- 40 – 150 560 4

Ca2+ 0.0001 10 0.0001 2.5 – 5
http://www.ncbi.nlm.nih.gov/

The concentration of ions of both intracellular and extracellular microenvironment is variable 

and specific to tissue types, but it is maintained by cell membrane/plasma membrane of the 

cell. Likewise intracellular compartmentalization of ions also exists.

http://www.ncbi.nlm.nih.gov/


Permeability across biomembrane

http://www.ncbi.nlm.nih.gov/

http://www.ncbi.nlm.nih.gov/


Permeability across biomembrane

http://www.ncbi.nlm.nih.gov/

https://en.wikipedia.org

http://www.ncbi.nlm.nih.gov/
https://en.wikipedia.org/


Permeability across biomembrane

http://www.ncbi.nlm.nih.gov/

https://en.wikipedia.org

http://www.ncbi.nlm.nih.gov/
https://en.wikipedia.org/


Difference between cell membrane and membrane of cell organelle

https://tel.archives-ouvertes.fr/tel-01687535



Difference between cell membrane and membrane of cell organelle

http://msrblog.com/assign/science/biology/nuclear-envelope.html



Difference between cell membrane and membrane of cell organelle

Mitochondria associated endoplasmic reticulum complex
DOI:10.1051/mmnp/20127608

Mitochondria-associated ER membrane complex (MAM), ER-endoplasmic reticulum, Cyt-

cytosol, IP3R/RyR-calcium channels on the surface of the ER, VDAC-1/uniporter-calcium

channels on outer mitochondria membrane, erp44/erp57-endoplasmic reticulum protein 44/57,

σ1R-sigma-1 receptor and grp75 chaperone

http://dx.doi.org/10.1051/mmnp/20127608


How are cell membrane synthesized

 The process of formation of plasma membrane is called as membrane 

biogenesis.

 The proteins and lipids are first synthesized in rough endoplasmic 

reticulum and the smooth endoplasmic reticulum, respectively. 

 These are then transported to the Golgi complex for their modification. 

 After modification, these are transported to the cell surface through 

vesicles which bud off from Golgi complex to fuse with cell membrane and 

form a part of the membrane.

 Plasma membrane of cell organelles are also synthesized in this way, but 

a signal amino acid sequence are added in the RER that directs the way 

of transport vesicles to the target.



How are cell membrane synthesized

Co-translational synthesis: A signal sequence on a growing protein will bind with a signal recognition particle

(SRP). This slows protein synthesis. The SRP then binds to a location on the surface of the nearby ER. Then,

the SRP is released, and the protein-ribosome complex is at the correct location for movement of the protein

through a translocation channel. © 2014 Nature Education All rights reserved.

http://www.nature.com/nature_education


Membrane dynamics

 Phospholipids in a bilayer have free lateral diffusion.



Membrane dynamics

 Phospholipids in a bilayer have restricted movement 

between the two faces.



Membrane dynamics

 Flippases, floppases, and scramblases catalyze movement 

between the two faces.



Functions of biomembrane

• It forms an outermost boundary of the cell and/or cell organelle, i.e. it has 
protective role.

• It takes in food and excretes waste products in the form of cell membrane.

• It helps in transport across the membrane.

• It contains cell surface receptors which are important in signal 
transduction.

• It contains molecules that function as antigens.

• It contains cell adhesion molecules, i.e. cadherins, that play an important 
role in inflammation.

• It contains proteins that are important for cell to cell interaction and helps 
in formation of various types of junctions with cytoskeletal proteins.
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