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RET I: Expression of gut fungal 
cellulase in a bacterial host 
! Current practice allows the 

creation of bio-fuels from 
agriculture (corn, etc.) 

! The use of agricultural 
waste would present higher 
yields without the cost, 
acreage, and societal 
impacts of large grain 
production 

Principal Investigator, 
Michelle O’Malley, with 
P. finn fungus used in 
the lab 



RET I: Expression of gut fungal 
cellulase in a bacterial host 
! The purpose of this 

research is to use 
bacterial plasmids 
to create 
chemicals on a 
large scale 

! Uses and 
applications 
include: 
! Pharmaceuticals 
! Bio-fuels 



RET I Project Goals 

! Clone cellulase, an 
enzyme from P. finn fungus 

! Transform into E. coli 
bacteria 

! Ultimately it will be able to 
break down biomass in 
order to make chemical 
products 

Recombinant 
DNA 

E. coli 
host cell 

Transformed 
E. coli cell 



Lab Process 

Source DNA P. finn 

Confirm source DNA 
Digest insert and vector 

Ligate insert and vector 

Check growth of 
colonies and 
screen overnight 

Make index plates 



RET I – RET II 

University Research 50 min Junior High Period 

How does this translate to  
7th grade life science? 



Synthetic Biology in 7th Grade 

Essential 
elements of 
cell biology 
and genetics 

Teach genetic 
engineering 
without 
oversimplifying 
the process 

Real world 
applications 
of synthetic 
biology 



Module     Big Idea     Activities 

Synthetic 
Biology 

Use of 
Microbes 

Introduction 
PowerPoint 

1. 

Breaking it 
Down 

Metrics, 
Prokaryotes, 

DNA 

Size and Scale, 
Enzymes, 

Microbes, DNA 
Extraction 

2. 

Putting it 
Back 

Together 

Prokaryotes, 
Genetics, 

DNA, 
Engineering 

Bacterial Growth, 
Recombinant 

DNA Lab, 
Bacterial 

Transformation 

3. 

Ethics 
Debate 

Influence of 
Sci., Engr. & 

Tech. on 
Society 

Syn. Bio. 
Ethics 

Debate 
4. 



Next Generation Sci. Standards 
!  LS1.A: Structure and Function: 

special structures are responsible for 
particular functions 

!  LS1.B: Growth and Development of 
Organisms:  

!  LS1.C: Organization for Matter and 
Energy Flow in Organisms  

!  LS2.A: Interdependent Relationships 
in Ecosystems  

!  LS3.A: Inheritance of Traits  

!  LS3.B: Variation of Traits  

!  LS3.2 Using models to show asexual 
vs. sexual reproduction and resulting 
variation 

!  LS4.D: Biodiversity and Humans  

!  Developing and Using Models to 
describe, test, and predict more 
abstract phenomena and design 
systems 

!  Influence of Science, Engineering, 
and Technology on Society and 
the Natural World 

!  PS1.B: Chemical Reactions  

!  ETS1.B: Developing Possible 
Solutions  

!  ETS1.C: Optimizing the Design 
Solution  



Common Core State Standards 
!  Reading: 

!  Cite specific textual evidence 

!  Follow precisely a multistep 
procedure when carrying out 
experiments 

!  Integrate quantitative or technical 
information expressed in words in 
a text with a version of that 
information expressed visually 
(e.g., in a flowchart, diagram, 
model, graph, or table).  

!  Writing 

!  Write informative/explanatory 
texts, including the narration of 
historical events, scientific 
procedures/ experiments, or 
technical processes.  

!  Write arguments focused on 
discipline-specific content 

!  Writing Continued: 

!  Support claim with evidence and 
reasoning 

!  Conduct short research projects 

!  Gather relevant information from 
print and digital sources 

!  Draw information from 
informational texts to support 
research and reflection 

!  Speaking and Listening 

!  Engage in a range of 
collaborative discussions, building 
on others’ ideas and expressing 
their own clearly 



Synthetic 

Biology Intro 

Module 1 



1.1 Synthetic Biology Intro 
!  Introduction to the unit 

through PowerPoint 
presentation and 
dialogue 

!  Presentation of current 
synthetic biology 
research and methods 

!  Vocabulary 
development 

!  Preliminary reflection 

!  Standards: LS1A, 
influence of science on 
society  



Breaking it Down 
Module 2 



2.1 How Small is Really Small? 
! Conceptualize the size 

and scale of the 
individual 
components used in 
synthetic biology 

! Card sort 



2.2 Enzymes Break it Down 
! Demonstrate how 

enzymes change the 
chemical properties of 
substances 

! Vital for life functions 
(ex. digestion), and for 
synthetic biology 

!  Iodine on chewed up 
saltine crackers will 
present a color 
change to show 
presence of enzymes 



2.3 Microbiology + Presentations 
!  Introduction to microbes and their role in synthetic 

bio 

!  Small group research and presentations on 
subfields of microbiology 



2.3 Presentation Rubric 



2.4 DNA Extraction Lab 
!  Inquiry based DNA 

extraction 

!  Reading of 
informational text to 
write procedures 

! Multiple trials 
encouraged to 
improve procedures 

! More authentic lab 
experience…failure is 
inevitable 



Wheat Germ DNA Extraction 
Failure, to some level, is inevitable in this lab. Learning this is a critical 
element of persistence in research. 



Putting it   

Back Together 

Module 3 



3.1 Bacterial Resistance to 
Antibiotic Demo 
! Demo begins at the 

start of the module to 
produce results by the 
end of the module 

!  Up close look at 
bacterial growth and 
effect of antibiotic 

! Direct applications to 
3.2 and 3.3 

!  Example of bacteria growth with 
inhibition zones 



3.2 Recombinant DNA Lab 
!  Putting the 

components of 
Module 2 together 

! Give the students a 
“hands-on” approach 
to engineering as it is 
often very abstract 

!  To model the protocol 
involved with 
recombinant 
engineering 



3.2 Recombinant DNA Lab 
Human DNA Sequence Bacterial Plasmid 

Sequence Restriction 
Enzymes 



Recombinant DNA Lab 
Students use the restriction enzyme cards to identify a location a 
each DNA strand that can be cut by one enzyme 



3.3 Bacterial Transformation 
Simulation 
! Continuation of 

3.1 activity 

!  Transform 
recombinant 
plasmid into E. 
coli using actual 
lab methods 

!  Students record 
lab protocol 

https://www.classzone.com/books/hs/ca/sc/bio_07/virtual_labs/virtualLabs.html 



Synthetic 

Biology Ethics 

Module 4 



4.1 Syn. Bio. Ethics Debate 
! Armed with the knowledge of how and why one 

would want to synthetically engineer organisms 

! Additional resources presented: TED Talk, NPR Story 
of the Day Podcast, ethics study report 

!  Students team up to debate both sides of the 
argument and use evidence to back up their claim 



4.1 Debate Scaffolding & Rubric 
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