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Cells: a historical perspective

 The term “Cell” was first used by Robert Hooke , a British Scientist, in 1665 
while doing study on living things under a light microscope.

 He referred tiny units of cork seen under microscope as a cell to denote a 
hollow closed tiny structure. Cell is derived from Latin word Cella, meaning 
“small room” .

A portrait of Robert Hooke and a drawing of section of cork that was seen by Robert Hooke

under his microscope. The hollow unit seen in the cork was referred as cell by Him.

1635- 1703



Cells: a historical perspective

 Soon after Robert Hooke discovery, Anton van Leeuwenhoek of Holland 
made his own single glass microscope and started study of living things.

 Using his own microscope, he observed human cells and bacteria. In fact 
he was the first person to observe human cells and bacteria.

A portrait of Anton van Leeuwenhoek, replica of his

microscope (more strong microscope of his time and as

effective as modern day light microscope). He observed

green alga Spirogyra and reported in September 7, 1674.

Later in December 25, 1702, he reported many protists,

including ciliate Vorticella. Thereafter, he has performed

various study on the bacteria of his own oral cavity.

Spirogyra Vorticella

1632 - 1723



Origin of cell theory

 After the initial experiments of Robert Hooke and Anton van 
Leeuwenhoek ,  studies on cells gained impetus.

 More than 100 years after Leeuwenhoek, two German Scientists Theodor 
Schwann (on animal cells) and Matthias Jakob Schleiden in 1838 (on plant 
cells) did their work.

 Schwann summarized his observation into three conclusions:

1. The cell is the unit of structure, physiology, and organization in 
living things.

2. The cell retains a dual existence as a distinct entity and a building 
block in the construction of organisms.

3. Cells form by free-cell formation, similar to the formation of 
crystals (spontaneous generation).
Schwann published book on animal and plant cells in 1839.

We know today that cells can reproduce by themselves.



Origin of cell theory: Virchow’s hypothesis

 Around 1850, a German Doctor named Rudolf Virchow realized that cells 
produce new cells through division while studying cells under a 
microscope.

 On the basis of his experiments, he proposed that living cells arise only 
from other living cells.

 Through his proposition, he completely rejected third tenet of Cell theory 
propounded by Schwann in 1838.

 Virchow's cellular theory was encapsulated in the epigram Omnis cellulae
cellula ("all cells (come) from cells"), which he published in 1855.

Virchow was the first to correctly link the origin of cancers from 

otherwise normal cells (His teacher Müller had proposed that 

cancers originated from cells, but from special cells, which he 

called blastema.).



Origin of cell theory: Virchow’s hypothesis

 Schwann, Schleiden, and Virchow, all three scientists led to encapsulation 
of cell theory, known as Modern Cell Theory.

 Modern cell theory states that:

 All organisms are made of one or more cells.

 All the life functions of organisms occur within cells.

 All cells come from already existing cells.

 After 1950, due to several technological upgradation, now it is possible to 
maintain, grow and manipulate cells outside of living organisms.

 In this line, the first continuous cell line cultured was in 1951 by George 
Otto Grey and coworkers, derived form cervical cancer cells HeLa cells.

The cells were taken from Henrietta Lacks, who died from her cancer in 1951.  



Development of models of plasma membrane

 Cell theory was gradually developed in seventeenth century of microsopic
observation, while nearly after 200 years after, a complete cell membrane 
theory was developed.

 The basic of development of cell membrane theory is the assumption that 
some form of semi-permeable barrier must exist around a cell. 

 Use of anesthetic molecules led the assumption that the membrane might 
be made up of some sort of fats or lipids.

 Later on Gorter & Grendel in 1925 opined and proved that plasma 
membrane is made of lipid bilayer on their experiments on blood cells.

 However, the controversy remained regarding the role of proteins in the 
cell membrane.

 In due course, several models had been propounded to visualize the 
structure and function of plasma membrane.

 The function of proteins had been sorted after the Fluid Mosaic Model of 
Singer and Nicolson. 



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


Lipid and Lipid Bilayer Model

 This model of plasma membrane was proposed by Charles Ernest Overton (British 
Physiologist), Evert Gorton and François Grendel (Dutch Physiologist).

 This model conceptualized after the observation of Overton in 1922 that 
substances soluble in lipid could selectively pass through the membrane – he later 
proposed that plasma membrane is made of thin layer of lipid.

 Later, Gorter and Grendel in 1925 through their experiments on blood cells proved 
that this thin layer is made of lipid bilayer.



Protein-Lipid Bilayer-Protein

 This model is also known as Unit Membrane Model which was proposed 
by Hugh Davson, James Daneill and J. David Robertson.

 This model is modified form of the model proposed by Gorter and 
Grendel.

 This model was developed on the assumption that the surface tension of 
cells is much lower than what one would expect if only lipids were 
involved.

 They observed that if protein is added to model lipid water system, 
surface tension is lowered.

 On this basis , they proposed that plasma membrane contained a lipid 
bilayer with protein on both surfaces (Paucimolecular model).

 Initially they put the proteins on the lipid bilayer covalently attached with 
the lipid but later he refined it to show that the proteins are smeared over 
the hydrophilic ends of the lipid bilayer.



Protein-Lipid Bilayer-Protein

Protein molecules are throught to be globular in Davson-Danielli model and extended in 

Robertson model. 

 Davson and Danielli model was proposed 

in 1935.

 It was proposed to address the problem 

associated with surface tension. 

 They advocated the presence of globular 

protein that spans the bilayer.

 Robertson model was proposed in 1959.

 It was also proposed to address the 

problem associated with surface tension.

 He advocated the presence of extended 

protein that is smeared over both 

cytoplasmic and extra-cellular face. 

Robertson extended his model to include the notion that continuity exists between the 

membranes of the nuclear envelope and the plasma membrane via the endoplasmic reticulum.



Fluid Mosaic Model

Model as proposed by Singer and Nicolson in 1972. In 

this cross-sectional submicro- or nano-sized structural 

view of a cell membrane the solid bodies with stippled 

cut surfaces represent globular integral membrane 

proteins, which at intermediate range are randomly 

distributed in the plane of the membrane. At short 

range, some integral membrane proteins form specific 

integral protein complexes. 

Nicolson G.L. Biochimica et Biophysica Acta (BBA) Biomembrane 2014, 1838: 1451-1466.

Present day modified Singer and 

Nicolson Fluid Mosaic Model 

proposed in 1976.

Nicolson G.L. Biochim. Biophys. Acta, 1976, 

457: 57-108.



Purple Membrane Model

 This model was put forwarded by Richard Henderson and Peter Nigel Tripp Unwin
in 1967 to address the rotational movement and mobility of integral protein.

 They found that protein extends to both sides of the lipid bi-layer and is composed 
of seven α-helices packed about 1–1.2 nm apart, 3.5–4.0 nm in length, running 
perpendicular to the plane of membrane.

 The molecules are organized around a 3-fold axis with a 2 nm-wide space at the 
center that is filled with lipids.

It has for the first time

provided us with the

structure of an integral

membrane protein in situ on

doing experiments on

rhodopsin protein found in

archea bacteria.
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