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Going from Understanding to Engineered SoluBons 

 ‐ExploiBng Understanding of HR 
 for geneBc engineering 

 ‐CondiBonal Expression 

Mammalian Cell Culture: Methods and Logic 

 ‐Fundamentals & How To 



Why you owe Your Life to Homologous 
Recombina9on… 

But how do we that cells  
cannot survive without HR? 

Sonada et al., EMBO J. 17, 598–608 (1998). 

Normal  Rad51‐/‐ 



To understand how the 
experiments were done to 
show that HR is essenBal,  
you need to understand:  

a) Gene TargeBng 
b) CondiBonal Expression 
c) Cell Cycle Analysis by Flow Cytometry 







Traditional Knock-Out Technology  

Targeted Homologous Recombination 

                                   Your Favorite Gene                                 

Neo hsvTK 
Long Arm Short Arm 

                                   Your Favorite Gene                                 Neo 





Southern Blot Analysis 



CondiBonal Expression: 

Tet‐Repressible Expression 
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Expression is Off 

RegulaBon of Gene Expression 



Expression is On 

RegulaBon of Gene Expression 



Rad51 Rad51 

Expression On                            Expression Off 

Add Doxycycline 
(= a tetracycline analog) 

Tet‐Repressible Expression 



Rad51 Rad51 

Expression On                            Expression Off 

Add Doxycycline 
(= a tetracycline analog) 

Tet‐Repressible Expression 



Rad51 Rad51 

Expression On                            Expression Off 

Add Doxycycline 
(= a tetracycline analog) 

Vector for Expression of  
Transcription Factor 

Tet‐Repressible Expression 
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Cell Cycle 

How much DNA/
cell is there at 

different phases 
of the cell cycle? 



Cell Cycle Analysis by Flow Cytometry 





Mod 1: DNA Engineering 

Engineering in vitro 
recombinaBon assay 

Day 6 
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 A Plasmid-Based Assay for Homologous 
Recombination in Mammalian Cells 



Culturing Mammalian Cells 



Tissue Culture vs Cell Culture 



What do cells need to grow in culture? 

Correct Temperature 

Correct pH 

Correct Osmolality 

Amino Acids  

Glutamine  (used for energy) 

Vitamins 

Glucose 

Salts 

Growth Factors 

(Antibiotics) 

Lipids (usually in serum) 

Minerals 

Serum: Calf, Fetal, Horse, Bovine… 



Amino 
Acids 

What is in DMEM? 

Salts 

Vitamins 



Blood pH is 7.4 

The most important buffer in extracellular fluids is 
a mixture of carbon dioxide (CO2) and bicarbonate 
anion (HCO3

-).   

H2O + CO2  ↔   H2CO3   ↔  H+  +  HCO3
- 

How do you maintain a neutral pH? 

The pH is determined by the concentration of 
CO2 and bicarbonate.   



82  ml DMEM  

     15  ml Calf Serum 

     1.5 ml Glutamine 

     1.5 ml Pen/Strep  

Typical media... 



Where do you grow your cells? 



Why is sterility 
important? 



From Freshney’s “Culture of Mammalian Cells” 

How do you maintain sterility? 



Mammalian Cell Culture Hood 



Hands-On..  

What does it mean to 
“pass” your cultures? 



Low Density       High Density         Confluent 

Cell Density (cells per cm2) 



Cell Density can be kept low through  
“Passaging” 

Trypsin is used to release cells from the surface of the dish 





Cell Culture Growth Phases 


