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Introduction 
• The Problem 

– Undergraduate microbiology students lack 
direct exposure to the variety of research 
tools used in the field. 

• The Project 
– Develop hands on investigative activities. 

• Electron microscopy 
• Transformation 

• Goals 
– Increased understanding of applications of the 

technology. 
– Recruitment for advanced courses. 



Electron Microscopy Lab 



Approach 
• Prior exposure to compound light microscope 

– Viewed yeast and bacteria 
• Introductory lecture on electron microscopy 
• Hands-on activities 

– Specimen preparation 
– Time on transmission and scanning electron 

microscopes 
– Micrograph stations 

• Evaluation 
– Pre/post test 
– Student survey 



Electron Microscopy, 2nd edition 
Bozzola and Russell 1999 



Viewing Specimens with TEM and SEM 



Micrograph stations 



Structures of  Fungal Hypha: 
Cell Wall 
Plasma Membrane 
Mitochondria 
Lipid Bodies 

30,000X 

1. Describe what you see in this micrograph. 
2. What type of microscope was used to acquire 
 this image? How do you know? 
3. Is the organism prokaryotic or eukaryotic? 
 Explain. 



1. Describe what you see in this micrograph. 
2. What type of microscope was used to acquire this image? How 
 do you know? 
3. Based on the structures depicted, is the organism a bacterium 
 or a fungus? Explain. 



These micrographs depicts spherical shaped bacterial cells. 
Approximate the size of these cells. Explain your method for 
making this estimation. 



Pre/post Test – Electron 
Microscopy 

• Objective and subjective questions; N = 17 
• Pre-test 

– Mean % correct = 41; high = 56 
• Post-test 

– Mean % correct = 66; high = 88 
• All students improved in level of knowledge. 

– Range of improvement 11 – 37%; mean = 25% 



Electron Microscopy Lab Scores 



An electron microscope uses 
_____ to focus the source of 

illumination. 
a. Mirrors 
b. Glass lenses 
c. Magnets 
d. a and b 
e. a, b and c 

15/17 (88%) answered  
correctly on post-test. 



True or False 
Denser regions of a specimen scatter more 

electrons and therefore appear lighter in 
the image projected onto the screen of a 
transmission electron microscope. 

 
 
12/17 (71%) answered correctly on post-test. 
 



Choose the best microscope to use 
for visualizing the specimen 
described in each situation. 

Small morphological structures within a 
cell’s  interior.  (TEM) 

 15/17 (88%) answered correctly on post-test. 
 
Smallpox virus. (TEM) 
 7/17 (41%) answered correctly on post-test. 
 



11/17 (65%) scored 3 or 4 (max) on post-test. 



Transformation Lab 



Approach 
• Introductory lecture on biotechnology 
• Hands-on activities 

– Transformation of E. coli cells to produce green 
fluorescent protein 
• Students conducted the procedure. 

– “The  Life  and  Times  of  Lydia  Villa-Komaroff” 
• Transformation of bacteria to produce human insulin.  

– Group time-line stations, followed by class discussion. 

• Evaluation 
– Pre/post test 
– Student survey 



E. coli transformation 

Observing transformed cells after 48 hrs. 



The Life and Times of Lydia Villa-
Komaroff 



http://www.pnas.org/content/75/8/3727.full.pdf 



Lydia Villa-Komaroff | MAKERS 

http://www.gale.cengage.com/free_resources/chh/bio/villa_l.htm 

Autobiographical Resources 

http://www.makers.com/lydia-villa-komaroff
http://www.makers.com/lydia-villa-komaroff
http://www.makers.com/lydia-villa-komaroff
http://www.makers.com/lydia-villa-komaroff


Family History 
• When and where was she 

born? 
 

• How is her family connected to 
Pancho Villa? 
 

• Which relatives shared as 
good role models?  In what 
ways? 
 

• How did her father help by 
bringing home a copy of the 
World Book encyclopedia? 
 
 



Education 
• How did Texas College help 

her get into science? 
 
• What made her change her 

major from chemistry to 
biology? 
 

• Women made up ___ of her 
graduate class at MIT.  Did this 
have an effect on her work? 

 
• What did Villa-Komaroff say 

about being a female graduate 
student? 

 



Groundbreaking Research! 
• Where did Villa-Komaroff spend 

3 years as a post-doctorate? 
 
• How did the city of Cambridge 

impact her studies; what was the 
fear? 
 

• Describe the situation and 
precautions she had to take 
when  she  worked  on  Gilbert’s  
recombinant DNA team. 
 

• What major breakthrough did 
she make in 1978? 

 



Transformation Lab Scores 



Transformation is best described as: 
 

a. The uptake of DNA from a medium and the 
incorporation of this DNA into the host 
chromosome. 

b. The transfer of DNA from a donor to a recipient 
cell by direct cell to cell contact. 

c. The transfer of DNA into a cell by viruses. 
d. All of the above are examples of 

transformations. 
 



Which of the following was the first 
commercial product of recombinant DNA 

technology? 
 a. human growth hormone 

b. interferon  
c. hepatitis B vaccine   
d. penicillin 
e. insulin  

 



Subjective questions on transformation 

• Briefly outline the steps that are typically carried 
out to genetically engineer a bacterium so that it 
contains and expresses (a) gene(s) normally 
found in human cells. 

• What role did Lydia Villa-Komaroff play in the 
story of bacterial production of proinsulin?  What 
role  did  Lydia’s  successes  and  failures  during  
her educational experience play in her life as a 
scientist? 
 



Student Survey Results 



Student Opinions – Electron 
Microscopy Lab 

Question Rating 
range 

Rating 
average 

1. This activity brought pictures and text in the book to life and helped me 
understand operation and use of electron microscopes. 

4 - 5 4.6 

2. This activity helped me prepare for laboratory and lecture assessments 
concerning microscopy. 

3 - 5 4.1 

3. This activity encouraged me to consider taking upper division courses that 
focus on electron microscopy. 

2 - 5 3.2 

4. This activity expanded my horizons for careers in biology that involve the 
use of microscopy. 

2 - 5 3.9 

5. This activity should be repeated during subsequent semesters. 4 - 5 4.6 

Student participants answered each question using the following scale: 
1 = strongly disagree 
2 = disagree 
3 = neutral 
4 = agree 
5 = strongly agree 



Student Opinions – Transformation Lab 
Question Rating 

range 
Rating 

average 

1. This activity brought pictures and text in the book to life and helped me 
understand the process and uses of transformation.  

3 - 5 4.3 

2. This activity helped me prepare for laboratory and lecture assessments 
concerning biotechnology.  

3 - 5 4.3 

3. This activity encouraged me to consider taking upper division courses that 
focus on molecular biology.  

2 - 5 3.4 

4. This activity expanded my horizons for careers in biology that involve the 
molecular biology.  

2 - 5 4.0 

5. This activity should be repeated during subsequent semesters. 4 - 5 4.6 
6. This activity helped me understand the important contributions that minority 
scientists like Lydia Villa-Komaroff made to science. 

2 - 5 4.3 

Student participants answered each question using the following scale: 
1 = strongly disagree 
2 = disagree 
3 = neutral 
4 = agree 
5 = strongly agree 



Conclusions 
• An effective method to introduce students 

to research tools and their applications. 
– Test results revealed areas needing additional 

emphasis. 
• Future goals 

– More hands-on time at the EMs and support 
equipment (2 labs). 

– Emphasize connections between primary 
research (PNAS article) and the 
transformation procedure. 


