
Microbiology and 
Cell Culture

Chapter 3: Background



Microorganisms and History

▪ Malaria (a protozoan) is thought 
to have killed King Tutankhamun 
and possibly played a role in the 
decline of the Roman empire 

▪ Anthrax was thought to have 
been the cause of the fifth plague 
of Egypt mentioned in the Book of 
Exodus in the Bible that 
devastated Egyptian livestock 

▪ Plague is caused by Yersinia 
pestis and is believed to have 
been the source of the Black 
Death that killed millions in the 
Middle Ages



Microbiology and Cell Biology

▪ Cell biology is the study       of 
cells 
– A subdivision of that study is 

microbiology, which is the 
study of microorganisms and 
their effects on other living 
things 

▪ Types of cells 
– Prokaryote  

• Archaea  
– extremophiles 

• Bacteria 
– By far the most diverse life 

form on the planet

The three domains of life: 
Archea, Bacteria, and Eukarya



Bacteria



Bacterial Structures

▪ Three major shapes 
– Bacillus 
– Coccus 
– Spirillum 

▪ Escherichia coli is a bacillus bacteria commonly found in the 
digestive track of animals. A weakened laboratory strain is 
often used in molecular biology 
– Names are often abbreviated by giving the first initial of the genus 

followed by the species name and strain 
• E. coli HB101



Naming Bacteria

▪ Bacteria are often named after their shapes 
– Bacillus anthraces  

▪ Prefixes are used to help describe how the 
bacteria are arranged when growing 
– Strepto- comes from the Greek word 

streptos, which means twisted chain   
– Streptococcus refers to round bacteria 

that grow as a chain 
– Staphylo- comes from the Greek word 

staphule, which means bunch of grapes 
– Staphylococcus refers to round bacteria 

growing in a clump



Bacterial Cell Walls

▪ Types of cell walls 
– Gram-positive 

• Thick peptidoglycan layers 
– Gram-negative 

• Thin peptidoglycan layers 

▪ Can be differentiated by 
Gram staining



Importance of Bacterial Cell Walls

▪ Bacterial cell walls are made of a 
peptidoglycan layer. It is composed of 
alternating sugars 

– N-acetylmuramic acid (NAM) 
– N-acetylglucosamine (NAG) 
!

▪ Penicillin-based antibiotics prevent 
bacterial growth by disrupting the cell wall 
formation. They do this by inhibiting 
protein cross-linking between these sugar 
chains 
!

▪ Some antibiotics kill by other methods, 
such as inhibiting protein synthesis Kirby-Bauer (disk diffusion) test



Uses of Bacteria

▪ Naturally occurring bacteria are commonly used in 
food production 

▪ Foods produced by bacteria and lactic acid 
fermentation: 
– Yogurt (Lactobacillus delbrueckii subspecies bulgaricus or  L. 

bulgaricus) 
– Cheese 
– Sauerkraut 
– Pickles 
– Kimchi 
– Animal feed (silage)



Uses of Bacteria

▪ Protein production 
– Recombinant protein 

production in E. coli 
• Human insulin 
• Human growth hormone 
• Granulocyte colony 

stimulating factor

Bovine growth hormone $14
Gold* $56

Insulin $60

Human growth hormone $227,000

Granulocyte colony 
stimulating factor

$1,357,000

Price Per Gram

* Prices in 2011 U.S. dollars as of 8/14/2011



Culturing Bacteria

▪ Growth media 
– Solid media 

• Agar and additives to grow bacteria on a solid 
matrix 

– Petri plates 
– Slants 
– Deep tubes 

– Liquid Media 
• Broth cultures that contain additives to 

promote bacteria growth 
– Lysogeny broth (LB) or Luria-Bertani 
– Terrific broth



Selective Media

▪ Some media contain additives, 
such as antibiotics, that allow 
only certain cells to grow in the 
presence of such additives 
– Often genetically engineered 

bacteria contain enzymes that 
allow them to live if they have 
been engineered correctly 

▪ Other additives create changes 
in bacteria that allow 
identification

Photo courtesy of the Public Health 
Image Library



Microbiological Tools

▪ Inoculating loops and needles 
– Used to transfer liquid cultures, stab deep tubes, or move a colony 

from one petri plate to another



Aseptic Technique

▪ A method that prevents the introduction of unwanted 
organisms into an environment 
– Often called sterile technique 
– Key practices: 

• Always wash hands 
• Wipe down work surfaces with 70% alcohol or antimicrobial 

cleanser 
• Change gloves frequently 
• Air is a source of contamination, so how containers are opened 

should be noted 
• Do not set lids on a surface that is not sterile



Biological Safety Cabinets

▪ Often work is done inside 
of a biological safety 
cabinet 

▪ Some are fully contained, 
especially for use with 
bacteria that are known 
human pathogens

Photo courtesy of the Agricultural Research 
Service, USDA



Labeling Petri Plates

▪ Label the side that contains 
the agar 

▪ Place at outermost edge 
▪ Note type of agar, who made 

it, date poured 
▪ Once inoculated, write 

microorganism name and 
date of inoculation



Techniques

▪ Streak plating to isolate 
individual colony forming 
units (CFU)



Eukaryotic Cells

▪ Eukaryotic cells are characterized by having 
membrane bound internal organelles, 
including a nuclear membrane 

▪ Major types: 
– Animal cells 

– Plant cells



Eukaryotic Cell Membrane

▪ Membranes 
contain 
proteins, 
phospholipids, 
cholesterol, 
glycoproteins, 
and glycolipids 

▪ They are 
bifacial at the 
outer boundary



Eukaryotic Cell: Animal

Organelles not drawn to scale



Eukaryotic Cell: Plant

Organelles not drawn to scale



Uses of Eukaryotic Cells

▪ Fermentation 
– Yeast 

• Saccharomyces cerevisiae 
– Wine making, beer brewing, 

baking 

▪ Protein production 
– Sf9 cells: from fall armyworm 
– CHO cells: Chinese hamster 

ovary cells

S. cerevisiae from 
Wiki commons



Uses of Eukaryotic Cells in Biotechnology

▪ Eukaryotic cells often splice the mRNA molecules 
before they are translated 
– This can be overcome using reverse transcription 

(reverse transcriptase) going from isolated mRNA back 
to DNA 

▪ Often proteins are glycosylated or are post-
translationally modified by the host cell 

▪ Since bacteria do not modify their proteins in this 
manner they cannot do this



Proteins Produced and Their Host Cells

Protein Used in the treatment of Cell Production

Insulin Diabetes E. coli
Human growth hormone Growth disorders E. coli
Granulocyte colony stimulating factor Cancers E. Coli
Erythropoietin Anemia CHO cells
Tissue plasminogen activator Heart attack CHO cells
Hepatitis B virus vaccine Vaccination Yeast
Human papillomavirus vaccine Vaccination Yeast



Stem Cells

▪ Embryonic stem cells 
– Derived from the inner cell mass 

(ICM) of a fertilized embryo 
– First human embryonic stem cells 

(hESC) were isolated in 1998 
– In 2009 the FDA approved Geron to 

conduct the first human clinical trial to 
treat human spinal cord injury 

▪ Pluripotent stem cells 
– Can develop into most tissue types, 

but cannot recreate an entire 
organism 

– Induced pluripotent stem cells (iPSC) 
are derived from adult stem cells



Eukaryotic Cell Culture

▪ Primary cells 
– Taken directly from animals and are used to determine how normal 

cells function 
– They last only a short amount of time 

▪ Cell lines 
– Cells that have changed in culture so that they grow indefinitely or 

are immortal 
– Most eukaryotic cells need to adhere to a surface in order to grow 

and they stop growing when they touch each other (contact 
inhibition) 

– Some have lost the requirement for adhesion and can grow in 
suspension and they are know as suspension cultures



Growing Eukaryotic Cells

▪ Eukaryotic cell culture 
media are a mixture of 
amino acids, salts, 
glucose, vitamins, iron.  
They often contain 
phenol red pH indicator 
and also require animal 
serum to grow 

▪ Serum is expensive but 
is necessary to provide 
the proper hormones etc



Growing Eukaryotic Cells

▪ Often eukaryotic cells are grown in 
incubators that have a high CO2 level 
– That is to mimic the levels that are in the natural 

environment 
– Yeast, plant, and insect cells do not need this and 

can be cultured in a regular incubator 
▪ Contamination is a huge problem when 

growing any cells in culture 
▪ Biological safety cabinets that have HEPA 

filters that filter the air before it is drawn in 
are often used; some also filter as air comes 
out


