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Cell Biology (cellular biology or cytology) is a branch of biology that studies the 

structure, function, and behavior of cells. All living organisms are made of cells.  

A cell is the basic unit of life that is responsible for the living and functioning of 

organisms.  

Cell biology encompasses both prokaryotic and eukaryotic cells and has many 

subtopics which may include the study of cell metabolism, cell communication, cell 

cycle, biochemistry, cell composition and cell death. The study of cells is 

performed using several microscopy techniques, cell culture, and cell fractionation. 

These have allowed for and are currently being used for discoveries and research 

about how cells function, ultimately giving insight into understanding larger 

organisms.  

Knowing the components of cells and how cells work is fundamental to all 

biological sciences while also being essential for research in biomedical fields such 

as cancer, and other diseases.  

Research in cell biology is interconnected to other fields such 

as genetics, molecular genetics, molecular biology, medical microbiology, 

immunology, and cytochemistry. 

History (The discovery of Cells): 

*The cell was first discovered and named by Robert Hooke in 1665. He remarked 

that it looked strangely similar to cellula or small rooms, thus deriving the name. 

However what Hooke actually saw was the dead cell walls of plant cells (cork) 

*A few years later, in 1674, Anton Van Leeuwenhoek was the first to analyze live 

cells in his examination of algae.  

All of this preceded the cell theory which states that: 

(1) all living things are made up of cells 

(2) cells are the functional and structural unit of organisms.  

This was ultimately concluded by plant scientist, Matthias Schleiden[4] and animal 

scientist Theodor Schwann in 1838, who viewed live cells in plant and animal 

tissue, respectively. 
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*19 years later, Rudolf Virchow further contributed to the cell theory, adding that  

(3) all cells come from the division of pre-existing cells.  

Viruses are not considered in cell biology – they lack the characteristics of a living 

cell, and instead are studied in the microbiology subclass of virology 

 

 

Techniques commonly used to study cells: 

Cell biology research looks at different ways to culture and manipulate cells 

outside of a living body to further research in human anatomy and physiology, and 

to derive medications. The techniques by which cells are studied have evolved. Due 

to advancements in microscopy, techniques and technology have allowed scientists 

to hold a better understanding of the structure and function of cells. Many 

techniques commonly used to study cell biology include: 

 

Cell culture 

• Is the basic technique which involves isolation of cells from animal/plant body i.e. 

from their natural environment (in vivo) and practicing to grow isolated cells in cell 

specific media in plastic flask or petri dish in a controlled environmental artificial 

condition (in vitro).  

•  Cell culture means to keep cells alive and grow in an in vitro condition in a 

nutritive media which are widely used for research and diagnosis of different 

pathogens and to understand the function and mechanism of operation of many 

cells.  

•   Cell culture is one of the major tools used in cellular and molecular biology, 

providing excellent model systems for studying the normal physiology and 

biochemistry of cells (e.g., metabolic studies, aging), the effects of drugs and 

toxic compounds on the cells, and mutagenesis and carcinogenesis. It is also used 

in drug screening and development, and large scale manufacturing of biological 

compounds (e.g., vaccines, therapeutic proteins). 

•   When the cultured cells are derived from a single cell, it is known as a cell line. 

Because of this derivation, all the cells are considered to be genetically identical. 

•    Many kinds of cells are maintained in cultures, but due to the fact that a great 

deal of research is concerned with humans, human-derived tissue culture lines are 

of the highest importance. The most common and thus most widely used human 
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cell culture line is called HeLa. These cells were obtained from the cervical tumor 

of Henrietta Lacks in 1951. Ms. Lacks was a young mother who visited the Johns 

Hopkins Hospital when she noted vaginal bleeding, and was subsequently 

diagnosed with cervical cancer. The cells taken from Ms. Lacks were given her 

name—Henrietta (He) and Lacks (La), hence the name HeLa cell.  

• To grow the cells, researchers place a single cell in a nutrient-rich growth 

medium and place that medium in a glass flask incubated at 37°C, human body 

temperature. The cells divide and divide again, continuing until the flask is filled. 

At that point some cells can be removed and placed in a new flask, and the 

process can be repeated. In this way, HeLa cells have been maintained 

continuously since 1951 

 

Immunohistochemistry 

• Immunohistochemistry (IHC) is a powerful microscopy-based technique for 

visualizing cellular components, for instance proteins or other 

macromolecules in tissue samples. 

• Immunohistochemistry (IHC), or immunohistochemical staining, is a 

technique which employs antibodies to detect antigens in cells within a tissue 

section. This application is used to locate specific antigens in tissue sections 

with labeled antibodies based on antigen-antibody interactions 

• Immunohistochemistry is commonly used by clinicians to detect and 

diagnose abnormal cells found in disease states such as cancer.   Such 

biomarkers are specific to the disease state and are characteristic of particular 

events such as cell death, apoptosis or proliferation, which give rise to the 

abnormality. 
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Fluorescence microscopy 

• Most cellular components are colorless and cannot be clearly distinguished 

under a microscope. The basic premise of fluorescence microscopy is to stain 

the components with dyes. 

• Fluorescent dyes, also known as fluorophores or fluorochromes, are non-

protein molecules that absorb excitation light at a given wavelength 

(generally UV), and after a short delay emit light at a longer wavelength. The 

delay between absorption and emission is negligible, generally on the order 

of nanoseconds. 

 

 

Phase-contrast microscopy 

• Uses the optical aspect of light to represent the solid, liquid, and gas-phase 

changes as brightness differences 

• Phase-contrast microscopy is an extremely useful technique for observing 

specimens that have not been stained and are in their natural state. 

https://en.wikipedia.org/wiki/Fluorescence_microscope
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Objects, that under normal light microscopy cannot be seen, are observed in 

sharp outline and in good contrast to their surroundings. 

• One of the major advantages of phase contrast microscopy is that living cells 

can be examined in their natural state without previously being killed, 

fixed, and stained. As a result, the dynamics of ongoing biological 

processes can be observed and recorded in high contrast with sharp clarity of 

minute specimen detail. 

 

 

Cytometry 

• Cytometry is the measurement of number and characteristics of cells. 

Variables that can be measured by cytometric methods include cell size, cell 

count, cell morphology (shape and structure), cell cycle phase, DNA content, 

and the existence or absence of specific proteins on the cell surface or in 

the cytoplasm. 

• Cytometry is used to characterize and count blood cells in common blood 

tests such as the complete blood count. In a similar fashion, cytometry is also 

used in cell biology research and in medical diagnostics to characterize cells 

in a wide range of applications associated with diseases such 

as cancer and AIDS. 

Cell fractionation 

• This process requires breaking up the cell using high temperature or 

sonification followed by centrifugation to separate the parts of the cell 

allowing for them to be studied separately.  
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Electron Microscopes 

• An electron microscope is a microscope that uses a beam of 

accelerated electrons as a source of illumination. 

• It is a special type of microscope having a high resolution of images, able to 

magnify objects in nanometres, which are formed by controlled use of 

electrons in vacuum captured on a phosphorescent screen. 

• Ernst Ruska (1906-1988), a German engineer and academic professor, built 

the first Electron Microscope in 1931, and the same principles behind his 

prototype still govern modern EMs. 

• live cells cannot be viewed using this type of microscopy, because the 

process of preparation the specimen will kill it.  

 

 
 

Types of Electron microscope 

The two most common types of electron microscopes are: - 

1-Transmission electron microscope (TEM) 

 

TEM is used to image the interior of cells (in thin sections), the structure of protein 

molecules (contrasted by metal shadowing), the organization of molecules in 

viruses and cytoskeletal filaments (prepared by the negative staining technique), 

and the arrangement of protein molecules in cell membranes (by freeze-fracture). 
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2. The scanning electron microscope (SEM) 

It provides detailed images of the surfaces of cells and whole organisms that are not 

possible by TEM. It is termed a scanning electron microscope because the image is 

formed by scanning a focused electron beam onto the surface of the specimen in a 

raster pattern.  
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-A transmission electron microscope passes electrons through a specimen, while a 

scanning electron microscope reflects electrons off the surface of a specimen.  

-The magnification and resolution of an SEM are slightly lower than those of a 

TEM; however, the SEM requires less power to operate because the electrons do 

not have to pass through the sample. 

-The techniques used by the TEM and SEM can be combined, the result being the 

scanning transmission electron microscope (STEM), which gives the greatest 

resolution.  

 

Main steps in preparing samples for TEM: 

1) Fixation: The tissues are fixed in 2.5%-6% glutaraldehyde prepared in buffer 

(cacodyl ate buffer) Ph 7.2-7.4, 

2) Post fixation: The tissue postfixed in 1% osmium tetroxide (OsO4) for one 

hour, it is dangerous so you must be careful in handling because when it touches 

the skin it will oxidize and produces a black precipitate in which it will be 

dangerous to eyes. It has a low penetration rate because it contain osmium with 

high molecular weight, that is why it is used after primary fixation 

3) Dehydration: The tissue dehydrated in ascending concentrations of ethanol or 

acetone 50%, 70%, 90% and 100%  

4) Clearing: Cleared in propylene oxide  

5) Infiltration: by a mixture of resin (plastic medium) + propylene oxide 

6) Embedded: in resin  

7) Sectioning: using ultramicrotome (glass or diamond knives) into thick and 

semi-thin sections (0.5-1micrometer) or ultrathin sections (600-900A).  

8) Mounting: transferring the ultrathin sections to the electron microscope grids 

which are either copper, nickel or gold, copper is used because it is cheap. 

9) Staining: The thick and semithin sections on the grids are stained by 1% 

toluidine blue, while the ultrathin sections are stained by heavy metals such as 

uranyl acetate and lead citrate. 

10) Examining by electron microscopy. 
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