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What does it mean to say that something is alive?  

  An organism is a life form- a living entity made up 
of one or more cells. There is no simple definition 
of life but most biologists agree that organisms 
share five fundamental characteristics. 

• Energy- To stay alive and reproduce, organisms 
have to acquire and use energy (e.g. plants absorb 
sunlight, animals ingest food). 

• Cells- Organisms are made up of membrane- 
bound units cells. A cell’s membranes regulates the 
passage materials exterior and interior spaces. 



• Information- Organisms process hereditary 
or genetic information, encoded in units called 
genes, along with information they acquire 
from the environment. 

• Replication- Almost everything an organism 
does contributes to one goal: replicating itself. 

• Evolution- Organisms are the product of 
evolution, and their populations continue to 
evolve. 



 
Origin of life 

 • It is generally agreed that all life today evolved by 
common descent from a single primitive life-form. We do 
not know how this early form came about, but scientists 
think it was a natural process which took place perhaps 
3,900 million years ago. This is in accord with a 
philosophy called naturalism: only natural causes are 
admitted. 

• We do not know whether metabolism or genetics came 
first. The main hypothesis which supports genetics first is 
RNA world hypothesis, and the one which supports 
metabolism first is Protein world hypothesis.  

• Another big problem is how cells develop. All existing 
forms of life are built out of cells (biogenesis). 

 



• A few scientists think life might have been carried 
from planet to planet by the transport of spores. This 
idea is now known as panspermia. 

• Many religions teach that life did not evolve 
spontaneously, but was deliberately created by a God 
or several gods. Often they claim that this happened 
within the last few thousand years, which is much 
more recent than the fossil record suggests. These 
theories are known as creationism. 

 



 
History of studies into the origin of life 

 • Spontaneous generation 

 Until the early 19th century many people believed in the 

regular spontaneous generation of life from non-living matter. 
This was called spontaneous generation, and was disproved 
by Louis Pasteur. He showed that without spores no bacteria 
or viruses grew on sterile material. 

• Darwinism 

 Charles Darwin (1871) proposed a natural process for the 
origin of life. He suggested that the original spark of life may 
have begun in a "warm little pond, with all sorts of ammonia 
and phosphoric salts, lights, heat, electricity, etc. A protein 
compound was then chemically formed ready to undergo still 
more complex changes".  

 



• Around 1924 Haldane/Oparin reasoned that 
atmospheric oxygen prevented the synthesis of the 
organic molecules. A "primeval soup" of organic 
molecules could be created in an oxygen-less 
atmosphere through the action of sunlight. It was 
suggested that the Earth's pre-biotic oceans, which 
were very different from what oceans are now, 
would have formed a "hot dilute soup". In this soup, 
organic compounds, the building blocks of life, could 
have formed. This idea was called biopoiesis, the 
process of living matter evolving from self-replicating 
but nonliving molecules. 

 



• The basic chemicals from which life is thought to 
have formed are: 

• Methane (CH4), 

• Ammonia (NH3), 

• Water (H2O), 

• Hydrogen sulfide (H2S), 

• Carbon dioxide (CO2) or carbon monoxide (CO), and 

• Phosphate (PO4
3-). 

• Molecular oxygen (O2) and ozone (O3) were either 
rare or absent. 

 

https://simple.wikipedia.org/wiki/Methane
https://simple.wikipedia.org/wiki/Ammonia
https://simple.wikipedia.org/wiki/Water
https://simple.wikipedia.org/wiki/Hydrogen_sulfide
https://simple.wikipedia.org/wiki/Carbon_dioxide
https://simple.wikipedia.org/wiki/Carbon_monoxide
https://simple.wikipedia.org/wiki/Phosphate
https://simple.wikipedia.org/wiki/Oxygen
https://simple.wikipedia.org/wiki/Ozone


 
Current models 

 There is no "standard model" on how life started. 
Most accepted models are built on molecular 
biology and cell biology: 

• When the right conditions exist, some basic small 
molecules are created. These are called monomers 
of life (e.g. Amino acids). This has been shown 
experimentally. These basic building blocks are 
common throughout space. Early Earth would have 
had them all. 

 

 



• Phospholipids, which can form lipid bilayers, a main 
component of the cell membrane. 

• Nucleotides which might join up into random RNA 
molecules. This might have resulted in self-
replicating ribozymes (RNA world hypothesis). 

• The ribosome is critical to protein synthesis in 
present-day cells, but it is uncertain how it evolved. 

• The origin and order of steps of these basic 
biomolecules are uncertain. 



Three stages 

• Stage 1: The origin of biological monomers 

• Stage 2: The origin of biological polymers 

• Stage 3: The evolution from molecules to cells 

 



Introduction 
  

to  
 

Cell Biology 



The cellular level of organization 

• Living things are constructed of cells. 
 

• Living things may be unicellular or multicellular. 
 

• Cell structure is diverse but all cells share common characteristics. 
 

• Cells are small so they can exchange materials with their surroundings. 
 

- Surface area relative to the volume decreases as size of cell increases. 
 
- This limits the size of cells. 

 
 

• Cell Theory states: 
 
 1. All organisms are composed of one or more cells. 
  
 2. Cells are the basic unit of structure and function in organisms. 
  
 3. All cells come only from other cells. 



Size of Living Things 

1 m = 100 cm = 1,000mm = 1,000,000 µm = 1,000,000,000nm 

1mm = 1000 µm = 1000000nm 

1 µm = 1000nm 

 

 

http://en.wikipedia.org/wiki/Image:Relative_scale.svg


Only TWO Basic Types of Cells 

Cells: 
- are the building blocks of life!  
- All living things are made of one or more cells. 
- only come from other cells. 
- are , really small. How small are they? 

http://learn.genetics.utah.edu/content/begin/cells/scale/


Prokaryotes…The “studio apartment” of cells.  



Prokaryotes can be our 
friends… 

• Human body has ~ 100 trillion microbes in  
intestines (10x more than the total number of 
human cells in the body). 
 

• Bacteria that live on and in us without 
usually causing harm are called  

    normal flora. 
 

• Bacteria = ~ 60% of the dry mass of poo. 
 

• Relationship between gut flora and humans 

mutualistic … win/win.  
 

• Gut microbes perform many useful 
functions: 
– preventing growth of harmful, pathogenic 

bacteria 

– producing vitamins for  host (such as biotin 
and vitamin K) 

–  producing hormones to direct host to store 
fats 

– keeping our immune system on its toes 

Gut 
Flora 

http://www.scienceprofonline.org/microbiology/what-are-normal-flora-resident-transient-opportunistic.html


Clostridium 

 Members of this genus have a couple of bacterial 
weapons that make them particularly tough 
pathogens.  

 

 Vegetative cells are obligate anaerobes killed by 
exposure to O2, but their endospores are able to 
survive long periods of exposure to air.  
 

 Known to produce a variety of toxins, some of 
which are fatal.  
 

  - Clostridium tetani = agent of tetanus 
  
  - C. botulinum = agent of botulism 
   

  - C. perfringens = one of the agents of gas gangrene 
  
  - 
 

Prokaryotes can be our 
foes… 

http://www.scienceprofonline.com/microbiology/bacterial-pathogens-genus-clostridium.html
http://www.scienceprofonline.com/microbiology/what-is-a-bacterial-endospore.html
http://www.scienceprofonline.com/microbiology/clostridium-tetani-what-causes-tetanus-when-to-get-vaccinated.html
http://www.scienceprofonline.com/microbiology/clostridium-tetani-what-causes-tetanus-when-to-get-vaccinated.html


 

 Staphylococcus 
  GRAM-POSITIVE 
   Facultative anaerobe 
     coccus-shaped 
 

   Coccus-shaped bacteria, which divides in a way that     
results in grape-like clusters.  

 

- Staphylococcus aureus  (golden staph), most common cause of 
staph infections.  
 

- Approximately 20–30% of general population  “Staph carriers."  
 

- S. aureus can cause illnesses ranging from minor skin infections to 
life-threatening diseases, such as meningitis, toxic shock syndrome 
(TSS) & septicemia.  
 

- S. epidermidis is normal flora which inhabits the skin of healthy 
humans. 

Prokaryotes 

Our buddy 
Stapylococcus 

epidermidis. 

Staphylococcus aureus,  
Golden staph  

(One of the reasons  
snot gets yellow when  

you are sick.) 

Gram 
Stain 

http://www.scienceprofonline.org/microbiology/gram-positive-bacteria-cell-wall.html
http://www.scienceprofonline.org/microbiology/gram-positive-bacteria-cell-wall.html
http://www.scienceprofonline.org/microbiology/gram-positive-bacteria-cell-wall.html
http://www.scienceprofonline.org/microbiology/what-are-normal-flora-resident-transient-opportunistic.html
http://www.scienceprofonline.org/microbiology/gram-stain-test-for-gram-positive-gram-negative-bacteria-id.html
http://www.scienceprofonline.org/microbiology/gram-stain-test-for-gram-positive-gram-negative-bacteria-id.html


Prokaryotes 
 
Bacteria  
are  
EVERYWHERE!  

 



Eukaryotes…The “mansion” of cells.  


