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Introduction to Cells

Biology is the subject of life and living organisms.   The living organisms are 
diverse in almost every aspect.  What a great difference exists between human
and flower; ant and lion; algae and a bacterium.  Before expanding knowledge of
any science thousands years ago, our ancestor found something in common in 
all these creatures.  They called that something “life”.  

Characteristics of Cells

It is estimated that there are 10 million living species on Earth today.  These 
living species are virtually everywhere, and are found in all sizes, shapes and 
colors. From bacteria to trees, dolphin to daisy, there is a remarkable array of
living organisms to catalog and observe on earth. Also, each species reproduces
itself and giving progeny for continuation of its own species. If all the cells 
operate same way i.e. production of energy, reproduction, chemical composition, 
what makes each species so different?  The answer to this question is “heredity”. 
Heredity is the genetic compositions of living creature and contains information
that how each of these species is going to look like and its all biological 
characteristics.   

A. Sea urchin egg
B. Mouse
C. Seaweed 

All Cells Store Their Hereditary Information in the Same Linear Chemical 
Code---DNA

All living cells on the earth, without any known exception, store their hereditary 
information in the form of double-strand molecules of DNA.  DNA guides growth, 
development and maintenance of tissues and organs of multicellular organisms.  
DNA instructions are passed from generation to generation (inherited) by the process 
of reproduction

Common Characteristics of cells

Common Characteristics of cells Common Characteristics of cells
All Cells Replicate Their Hereditary Information Template Polymerization
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All Cells Transcribe Portions of Their Hereditary Information into the Same 
Intermediary Form---RNA

Common Characteristics of cells

From DNA to protein
Genetic information is read out and put to 
use through a two step process. First,
in transcription, segments of the DNA 
sequence are used to guide the synthesis 
of molecules RNA.  

Common Characteristics of cells
All cells Use Proteins as Catalysts

All Cells Translate RNA into protein in the Same Way

Common Characteristics of cells

Ribosome moves along an mRNA molecules that 
match the codons in the mRNA and using them to
join amino acids into a protein chains.  

Energy

All organisms require energy input to maintain the process of life.  Living organisms 
must have capacity to obtain and convert energy from their surroundings to grow and 
maintain themselves. This phenomenon is known as metabolism in Biology. 

Common Characteristics of cells

Response to stimulus

Organisms constantly sense changes in their surroundings and make controlled 
response to those changes. They achieve sensing through their receptors and response
accordingly.  This communication between cells and environment called homeostasis.  

Discovery of Cells

“...I could exceedingly plainly perceive it to be all perforated and porous, 
much like a Honey-comb, but that the pores of it were not regular. . . . 
these pores, or cells, . . . were indeed the first microscopical pores I ever 
saw, and perhaps, that were ever seen, for I had not met with any Writer or 
Person, that had made any mention of them before this. .”

Matthias Schilden and Theodor Schwan documented the result of a systematic 
investigation of plant and animal tissues with light microscope, showing the cells
were universal building blocks of all living tissues in 1839
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Types of microscope
Light microscopy

The bright field microscope is best known to students.  Visible light is focused through a 
specimen by a condenser lens, then is passed through two more lenses placed at both 
ends of a light-tight tube. The latter two lenses each magnify the image. Limitations to 
what can be seen in bright field microscopy are not so much related to magnification as 
they are to resolution, illumination, and contrast. Resolution can be improved using oil 
immersion lenses, and lighting and contrast can be dramatically improved using 
modifications such as dark field, phase contrast, and differential interference contrast.
Fluorescence and confocal microscopes are specialized instruments, used for research, 
clinical, and industrial applications. 

You can magnify a sample under the light microscope up 1000X. e.i. you can 
see a sample in size of 200 nm.  In order to see a sample by the light microscope: 
(1) lihgt source must be focused on the sample. (2) Sample must be thin. (3) Lenses 
(2) and eyepiece must focus sample in the eye.  

Light microscopy

Light microscopy

Living cells can be observed by light microscope. (A) A cell taken form human cell. 
(B) A cell from growing of newt (semiaquatic salamanders).

(A) cross section of plant root tip, which stained red dye. (B) A section from kidney. 
(B) Nuclei is stained with red while ring surrounded by extracellular matrix stained 
with purple.

Electron Microscopes were developed due to the limitations of Light Microscopes 
which are limited by the physics of light to 500x or 1000x magnification and a resolution
of 0.2 micrometers. In the early 1930's this theoretical limit had been reached and there
was a scientific desire to see the fine details of the interior structures of organic cells 
(nucleus, mitochondria...etc.). This required 10,000x plus magnification which was
just not possible using Light Microscopes.

Electron Microscope

The Transmission Electron Microscope (TEM) was the first type of Electron Microscope
to be developed and is patterned exactly on the Light Transmission Microscope except 
that a focused beam of electrons is used instead of light to "see through" the specimen. 
It was developed by Max Knoll and Ernst Ruska in Germany in 1931.

The first Scanning Electron Microscope (SEM) debuted in 1942 with the first commercial
instruments around 1965. Its late development was due to the electronics involved in
"scanning" the beam of electrons across the sample. 
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Electron Microscope

E.coli S.auerus

Electron Microscope

Prokaryotic and Eukaryotic Cells

Every contemporary organism is composed of one of two structurally different types
of cells: prokaryotic and eukaryotic cells.  The two types of cells differ markedly in their
internal organization.  The prokaryotic cell has no true nucleus. Its genetic material
(DNA) is concentrated in a region called the nucleoid, but NO MEMBRANE separate
this region from the rest of the cell.  In contrast, the eukaryotic cell has a true nucleus
enclosed by a membranous nuclear envelope.   The entire region between the nucleus 
and plasma membrane is called cytoplasm. It consists of semi fluid medium called 
cytosol, where other organelles are suspended.  

Cell Size and Shape

The smallest cells are known bacteria called mycoplasm, which diameters 
of between 0.1 and 1 micrometer. Most bacteria are 1 to 10 micrometer in diameter.
Eukaryotic cell are typically 10 to100 micrometer.  

Different types of cells 
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Prokaryotic Cells

Bacteria have simple structure.  They are typically, rod shaped, spherical, or 
spiral cells.  They often have a protective coat called a cell wall. There is a plasma
membrane (encloses a single compartment containing cytoplasm and DNA) just 
beneath cell wall.  

•Small and reproduce quickly 

•They are simple structurally but in their chemistry they are more complex

•They live in hot puddle, artic region,  fresh water, sea, soil 

•Some of the aerobic using oxygen to oxidize food molecule; some are anaerobi

using oxygen will poison them. 

•They can utilize wide variety of food ranging from wood to petroleum. 

Prokaryotes is divided into two domains: Eubacteria
and Archaea

•Most eubacteria are soil borne and cause diseases. However, archaea

are found in our environment and hostile environment as well.  

•Bacteria that belong to archaea live in these regions.

•In concentrated brine

•In hot acid volcanic spring

•In the airless depths of marine sediments

•In the sludge of sewage treatment plants

•In the pools beneath the frozen surface of Antarctica

•In the cow stomach

Importance of Microorganisms to Humankind

1-Microorganism that cause diseases: Many disease that transmits form the
environment cause health problem. 

2- Microorganisms that are beneficial to human: Many foods and beverages 
are produced using microorganisms. In addition, Sewage treatment plants, 
compost piles, and septic tanks use microorganisms to decompose wastes into 
products that can be accommodated by environment.  

Eukaryotes

Brewer’s is a simple eukaryotic cell.  Human cells are more complicated and hard 
to work.  If we really want to understand the fundamentals of eukaryotic cell biology, 
it is often easy to work on a species like E.coli among the bacteria and, is simple and 
robust and reproduces rapidly.  The popular choice for this role of minimal model 
eukaryote has been the yeast.   
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Yeast are small, simple, and innocuous cells, feeding on sugar, secreting alcohol, 
and burping carbon dioxide.  

There is huge diversity of other free living single cell
eukaryotes.   These can be:
-photosynthetic
-carnivorous
-motile
-sessile
Their appearance can be vary depending on species 

A,B,E, and F are Ciliates 
C is a euglenoid
D is an amoeba 
G is dinoflagellate
H is a heliozoan 

Animal Cell Plasma membrane

At the boundary every cells, the plasma membrane (PM) functions as a selective
barrier that regulates the cell’s chemical composition.  PM allows the sufficient
passage of oxygen, nutrients, and wastes to service the entire volume of cell.

Nucleus
The nucleus contains most of the genes that control the cell.  It is generally most conspicuous 
organelles in a eukaryotic cell, averaging about 5micrometer in diameter.  The nuclear
envelope encloses the nucleus, separating its content from cytoplasm. The nuclear envelope 
is a double membrane.  Inner membrane is associated with chromosome and maintains
shape of nucleus.
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Ribosomes

Ribosomes are the proteins involve in conversion of genetic information into protein. 
Two types of ribosomes exist within the cell: free ribosome (located in the cytosol and 
bound ribosome (attached to endoplasmic reticulum). 

Endoplasmic Reticulum

The endoplasmic reticulum (ER) is a membranous labyrinth so extensive that it 
accounts for more than half of the total membrane in many eukaryotic cells.   
The ER consists of network membranous tubules and sacs called cistternae
The ER membrane in many eukaryotic separates its internal part from cytosol.  
There are two distinct type of ER in structure and function: smooth ER and 
rough ER.

Rough ER

Many types of specialized cells secrete proteins produced by the rough ER. 
Most secretory proteins are glycoproteins, that are covalently bonded to 
carbohydrate.  In addition to making secretory proteins, rough ER is a membrane 
factory. 

Smooth ER

The smooth ER of various cell types functions in diverse metabolic process, 
including in lipid biosynthesis, carbohydrate metabolism, and detoxification of drugs
and other poisons. 

The Golgi apparatus

After leaving the ER, many transport vesicle travel to the Golgi apparatus.  We can
think of the Golgi as a center of manufacturing, warehousing, sorting, and shipping.
Here, product of ER are modified and stored, and then sent to the other destinations.
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Lysosomes
A lysosome is a membrane-enclosed bag of hydrolytic enzymes. These enzymes are 
used for to digest macromolecules, such as proteins, polysaccharides, fats and 
nucleic acids. The hydrolytic enzyme and lysosomal membrane are made by rough 
ER and then transfer to a Golgi apparatus for further process. 

Vacuoles

Vacuoles are membrane enclosed sacs within the cell. Vacuoles have various functions. 
Animal vacuole is the food vacuole which fused lysosome and digest the food.  Plant cells 
generally contain a large central vacuole enclosed by membrane called tonoplast.  
The plant cell vacuole is a versatile compartment.  It is a place to store organic 
compounds, such as proteins.  Also, vacuole is the storage place that poisonous 
chemicals are stored in plant cell.

Peroxisomes
Peroxisome, also called a microbody, is a specialized metabolic compartment by 
single membrane. It contains enzymes that transfer hydrogen from various substrates
to oxygen producing hydrogen peroxide as by product. 

Mitochondria

Mitochondria are the organelles that convert energy to forms the cell can use for its
various kinds of work.  Mitochondria are the sites of cellular respiration, the elaborate 
catabolic process that generates ATP by extracting energy from sugars, fats, and other 
fuels with help of the oxygen.  Although mitochondria are enclosed by membranes, they 
are not   considered part of endomembrane system.  Their membrane proteins are made
NOT by ER, but by free ribosomes in the cytosol and by ribosomes contained within the 
mitochondria.  They also contain DNA that programs the synthesis of some their own
proteins.  Mitochondria are semiautonomous organelles that grow and reproduce 
within the cell

Mitochondria are found in nearly all eukaryotic cells.  The mitochondrion is enclosed in 
an envelope of two membranes, each a phospholipids bilayer with a unique collection
of embedded proteins. The outer membrane is smooth, but inner membrane is 
convoluted, with infoldings called cristae

Mitochondria contain their own DNA and reproduce by dividing into two.  
Mitochondria resemble bacteria in many ways (look prokaryote section), it has been
hypothesized that mitochondria derived from bacteria and engulfed by eukaryotic cells. 
This creates a symbiotic relationship between eukaryote cell and engulfed bacterium. 


