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Human Illness Overview

Communicable Diseases

• Pathogens are agents that cause disease by spreading from person to person 

or animal to person directly or indirectly  = Contagious

– Direct Spread: hand-holding, shaking hands, kissing, sneezing, 

coughing, animal bite, etc

– Indirectly: on door knobs, sink handles, toilet/chair seats, and other 

surfaces

• A vector is any agent (person, animal or microorganism) that carries and 

transmits an infectious pathogen into another living organism 

– Examples of common vectors: mosquitoes, rodents, fleas, other people

Bill Nye: Germs (23:02) - https://www.youtube.com/watch?v=1NIWoeN6SPU

Historic Overview (5:00) - https://www.youtube.com/watch?v=oUMCKai3xp4

10 deadliest diseases (2:08) - https://www.youtube.com/watch?v=ou7LQOooD_0

Bacteria (Prokaryotes)
• Bacteria are single-celled prokaryotes that make us sick by:

– Directly killing our body cells (in order to get nutrients from them)

– Multiplying rapidly and crowding out our body cells or disrupting 
their function

– Releasing toxins into our body that make us sick by causing cells to 
do things they aren’t suppose to do

• Of the millions of bacterial species on the planet, only about 540 cause disease 
in humans

Color-enhanced scanning 
electron micrograph showing 

Salmonella typhimurium (red) 
invading cultured human cells.

Bacteria (Prokaryotes)
• There are two types (kingdoms) of bacteria, which differ in the composition 

of their cell wall and a few key genes:
1) Eubacteria are very diverse and can be found almost everywhere on the 
planet, and 
2) Archaebacteria tend to live in harsh environments where eubacteria
cannot survive as well (for example, very salty or very hot places). 

• Bacteria are about 10 times smaller than your own body cells and come in 
several basic shapes. There are about 100 times more bacterial cells 
in and on your body than your own cells that make you up!

• Bacteria are characterized by their shape, 
composition of their cell wall (gram 
staining) and how they move

• Bacteria reproduce asexually via binary fission – 1) they copy their 
DNA, 2) they divide into two cells by pinching off their membrane – each 

of the daughter cells is genetically identical to the original cell

Bacteria (Prokaryotes)

• Many bacteria form spores when growth conditions become unfavorable 
(too dry, lack of food, too hot or cold, etc). This involves the cells forming 

a protective coating around their DNA and a little cytoplasm that can 
remain dormant for a long time (some have survived hundreds of years!). 

The spore reverts back into a normal cell when conditions become

favorable once again. 
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Bacteria (Prokaryotes)

• Antibiotics are chemical agents (drugs) that kill bacteria or prevent them from dividing. 

• People have used antimicrobial plants to fight infection for thousands of years; but it 

wasn’t until the late 1800’s that scientists started to identify specific compounds that 

could kill bacteria. In 1928 Alexander Fleming discovered that compounds in molds could 

kill bacteria. One of these was later isolated in 1942 and named penicillin. This powerful 

antibiotic is widely credited with dramatically increasing human life expectancy by 

radically decreasing deaths caused by bacterial infections.

• In addition to fungi, antibiotics are also derived from bacteria who produce chemicals to 

kill other bacteria; and newer antibiotics are synthetic (man-made).

Alexander Fleming Ancient Nubians and Egyptians drank beer that contained 

the antibiotic tetracyclin from fermented grain

Syrian, 1350 BC. 

• Even though bacteria reproduce asexually, they still have a way to share 
genetic information with one another.

• During conjugation, bacteria connect to each  
other by forming tubes called pili (singular pilus). 
They pass genes back and forth to one another 
through each pilus.  

• In this way, a bacterium that has a gene for a 
protein that makes it immune to a particular 
antibiotic can pass that antibiotic resistance to 
another bacterium - and they may not even be 
the same species of bacteria!

Bacteria (Prokaryotes)

pilus
Bacterial 
chromosome

Plasmid with 
“special” gene 

pilus

• Antibiotics are used to kill bacteria in the body (to treat 
infections) – vaccines are used to train the body’s immune 

system to detect and destroy pathogens ahead of time 

• Disinfectants (ex. bleach) and heat are methods to kill bacteria 
outside of the body. When a surface is almost completely free of
bacteria, it is said to be sterile.

• Preservation is the process of slowing bacterial growth in food

– Refrigeration (slows enzymes of bacteria)

– Addition of salt or sugar (causes bacteria to lose water and 
dehydrate)

– Storage in vinegar (too acidic for most bacteria)

– Pickling involves soaking foods in a mix of vinegar and salt

Bacteria (Prokaryotes) Bacteria (Prokaryotes)

• Not all bacteria are pathogenic. Many bacteria are helpful to our bodies and have 

developed a mutual symbiotic relationship with us. These bacteria help by:

– Aiding in digestion of food

– Producing vitamins and other nutrients we need

– Protecting us from harmful bacteria (usually by killing harmful bacteria or 

taking up space in our body so that the harmful bacteria cannot colonize it)

INTESTINAL BACTERIA

The human gut teems with bacteria, many of their species still unknown. They help us digest 
food and absorb nutrients, and they play a part in protecting our intestinal walls. Gut bacteria 

may also help regulate weight and ward off autoimmune diseases. 

http://ngm.nationalgeographic.com/2013/01/125-microbes/oeggerli-photography#/05-intestinal-bacteria-670.jpg

MOUTH MICROBES
The human mouth hosts a panoply of microbes, some taking up residence on the mouth 
lining (blue) within days after birth. Harmful species form biofilms, like the plaque that 

encourages tooth decay, or colonize the crevices between teeth and gums, causing 
periodontal disease. Oral probiotics designed to boost the population of species that 

outcompete pathogenic ones could help prevent or reverse dental disease. 

http://ngm.nationalgeographic.com/2013/01/125-microbes/oeggerli-photography#/05-intestinal-bacteria-670.jpg
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STAPHYLOCOCCUS AUREUS
The bug lives harmlessly in the noses of about a third of us. But it can turn rogue, 

causing skin infections—or worse. Heavy use of antibiotics since the middle of the 
last century has prompted the evolution of deadly superbug strains. 

http://ngm.nationalgeographic.com/2013/01/125-microbes/oeggerli-photography#/05-intestinal-bacteria-670.jpg

Normal Bacteria that colonize the 

human body. 

Imbalances in these 
bacteria can lead to 

illness due to vitamin 
deficiencies and 

infection by harmful 
bacteria. 

• Some bacteria produce gas as a byproduct of their life 
processes

• Methane gas produced in the guts of cows is a 
contributing factor to global warming!

https://www.youtube.com/watch?v=IfuyaMYapkY

Bacteria (Prokaryotes) Bacteria (Prokaryotes)

Bacteria are useful in other ways too!

• Many bacteria are decomposers, they play a key 
role in helping to break down (decompose) dead 
organisms, recycling their nutrients back into the 
environment.

• Humans have learned to use bacteria for many 
useful applications, for example:

– Break down petroleum to help clean up oil spills

– Make foods like cheese, wine, vinegar, soy 
sauce, pickles, and yogurt when bacteria break 
down sugar in foods via fermentation

– Isolate useful chemicals from them like ethanol 
and certain antibiotics

Nitrogen-fixing bacteria are essential to all life 

on earth. These bacteria remove nitrogen from 
the air and turn it into ammonia, which plants can 

then take in and use to make amino acids and 
other compounds that require nitrogen. 

Bacteria (Prokaryotes)

• Bacteria are also the reason that our atmosphere 
has oxygen!

• Earth is about 4.6 billion years old, but it did not 
cool enough for the oceans to form until about 
3.8 billion years ago. Then the first cells formed 
within 200-300 million years after that (3.5 
b.y.a.). But there was no oxygen in the 
atmosphere at that time so the first cells were 
anaerobes (don’t use oxygen in their chemical 
processes to release energy)

• By 2.2 b.y.a. the first photosynthetic cells had 
evolved. Photosynthesis is an endergonic
reaction in which energy from the sun is used to 
convert carbon from CO into organic molecules 

CYANOBACTERIA
Tiny green cyanobacteria played a key role in Earth’s 

history by creating the planet’s oxygen-rich atmosphere 
through photosynthesis. Ancestral forms also evolved into 

chloroplasts, the cell parts that carry out photosynthesis in 
plants. 
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• Oxygen began to build up in the atmosphere and pollute the planet. 
Most cells were obligate anaerobes and the oxygen killed them! Today 
obligate aerobes exist only in oxygen-free places on the earth.

• Some facultative anaerobes (cells that do not use oxygen but can 
survive in it) adapted to be able to use the oxygen in their chemical 
processes to release energy, becoming the first aerobes. In time, most 
cells became completely dependent on oxygen (obligate aerobes). 
These cells use oxygen to release energy from organic molecules 
(usually sugars like glucose) in a process called cellular respiration.

C6H12O6 +  6 O2 ���� 6 CO2 +  6 H2O  

glucose (sugar)        oxygen gas     carbon dioxide          water                

Bacteria (Prokaryotes)

Notice that the chemical equation for cellular respiration is the opposite of 

that for photosynthesis 

First photosynthetic cells

First aerobesFirst 

anaerobes

How do we know? (50 minutes) - https://www.youtube.com/watch?v=BzRd4qzyS1c

Birth of Earth (45:36) - https://www.youtube.com/watch?v=rPwQj3f5osY

Carbon-Oxygen Cycle
• Anaerobic and aerobic bacteria formed the first carbon-oxygen cycle. 

Today plants and animals, which didn’t evolve until about 600 million years 
ago (a little over half a billion years), contribute to the cycle as well.

Photosynthesis & Cellular Respiration

• These processes 
are more complex 
in plants and 
animals.

• Photosynthesis in 
plants occurs in 
the chloroplasts. 
Cellular respiration 
in plants and 
animals occurs in 
the mitochondria.

Practice Questions

1. Where do plants get the carbon they need to make organic compounds like 
carbohydrates, nucleic acids, proteins, and lipids?

2. Where to plants get the energy they need to make organic compounds?

3. Where do plants get the water they need for photosynthesis?

4. What happens to the oxygen gas plants produce as a byproduct of cellular 
respiration?

5. Where do animals get the carbon they need to make organic compounds?

6. Where do animals get the energy they need to make organic compounds?

7. What happens to the carbon dioxide animals produce as a byproduct of 
cellular respiration?

8. Where do animals get the oxygen they need for cellular respiration?

9. Where do plants get the oxygen they need for cellular respiration?

Practice Questions

10. Why do living organisms need nitrogen?

11. Where do plants get the nitrogen they need?

12. Why are bacteria needed by plants in order to get the nitrogen they need?

13. Where do animals get the nitrogen they need?

14. Identify the components entering and leaving the parts of each eukayotic cell 
organelle below:

mitochondrion chloroplast

E

B and C

F

A
D


