
Welcome to 20.109

Laboratory Fundamentals of	


Biological Engineering

F14 Orientation Lecture, 9/4/14



Brain warm-up
What do the following words have in common?

Doughnut	


Notebook	



Golf Course
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Brain warm-up
What do the following words have in common?

Doughnut	


Notebook	



Golf Course

Cough	


Tear	


Rain

Present	


Violin	


Ship



Brain warm-up
These words have formed a club:

Ambidextrous	


Auctioned	


Cauliflower	



Which celebrity can join the club and why?

Exhaustion	


Tambourine	



Troublemaking

Channing 	


Tatum

Shia	


LaBeouf

Julia	


Roberts

Emma	


Watson

Beyonce	


Carter



Your first 20.109 challenge:
What do these three words have in common?

Gull	


!

Sunshine	


!

Gold



Laboratory Fundamentals of	


Biological Engineering

Core 20.109 Mission

Modular Structure of Course

Introductions

Building a better bioengineer.	


What’s in it for you?

Module 1: DNA Engineering	


Module 2: Systems Engineering	


Module 3: Biomaterials Engineering	



Logistics
Everything you really want to know -- today	





20.109 Instruction Team
Technical

Communications

Teaching Assistants

image credit: www.abccollector.com

Prof. Runstadler (Mod 1)	


Prof. Samson (Mod 2)	


Prof. Belcher (Mod 3)	


Shannon Hughes (T/R)	


Noreen Lyell (W/F)	


Leslie McClain (W/F)

Leslie Ann Roldan (Writing)	


Atissa Banuazizi (Oral Presentations)

Module 1: Djenet Bousbaine 	


Module 2: Novalia Pishesha  	


Module 3: Cherry Gao

http://www.abccollector.com


MIT BE Core Mission

\

Manipulate
Molecular Genetics
Chemical Genetics
Cell Engineering

Systematic Experiments

Model
Network Models

Mechanical Models
Biochemical Models

Quantitative Models

Measure
Array Technologies

Imaging
Bio-devices

Mine
Bioinformatics

Databases
Data Semantics

Proteomics
Genomics

Definition of biological engineering according to Doug Lauffenburger



openwetware.org/wiki/20.109(F15)

20.109: The Plan

Module 1	


Module 2	


Module 3

DNA Engineering (J. Runstadler)	


System Engineering (L. Samson)	


Biomaterials Engineering (A. Belcher)



DNA Engineering: Module 1
Experimental Goals:	



Compare microbiome of 
gulls found in Boston area.	



Improve detection of flu 
virus in gulls for public 
health application.

Skills gained in Mod1:	


Amplify and clone DNA, Design quantitative PCR primers	



Computational sequence and phylogenetic analysis	



Familiarity with scientific literature and data presentation



Systems Engineering: Module 2

Experimental Goals:	


Measure DNA repair with a 
genetically engineered sensor	



Quantify the contribution of 
important proteins in the 
DNA repair pathway	



Skills gained in Mod2:	


Mammalian tissue culture and DNA transfection	



Experimental design and statistical analysis of flow cytometry data 	



Preparation of a journal quality scientific paper



Biomaterial Engineering: Module 3
Experimental Goals:	



Biotemplate phage nanoparticles 
with inorganic material	



Create and test a dye sensitized 
solar cell

Skills gained in Mod3:	


Biomaterial production from M13 phage	



Fabrication of bio-based devices and comparison across class wide data	



Presentation of a novel research proposal utilizing 20.109 knowledge



20.109 Core Mission

To prepare students to be the future of Biological 
Engineering

To teach cutting edge research skill and 
technology through an authentic research experience

To inspire rigorous data analysis and its thoughtful 
communication



Module Topic Assignment % of Final 
Grade

1 DNA 
Engineering

Methods section 5

Data Summary + 
Abstract 15

2 System 
Engineering

Research article 25

Journal club 
presentation 10

3 Biomaterial 
Engineering

Research idea 
presentation 20

Mini report 5

Written and oral scientific communication

Remaining 20% comes from daily work and participation.



Written and oral scientific communication



Written and oral scientific communication

“

“



Written and oral scientific communication

We are not abandoning you to the unknown...

Leslie Ann Roldan	


Lectures/discussions in class	



Written feedback on drafts	



Office hours by appointment	



 	



(2) BE Communications Lab:	


Writing fellows available to provide peer coaching

(3) 20.109 instructors:	


Extensive feedback on drafts -- chances to revise major reports

(1) WRAP instructors:

Atissa Banuazizi	


Lectures/discussions in class	



One-on-one review of videotaped talk	



Office hours by appointment	





20.109’s Standard Workflow

But, you can’t 
design an 

experiment if 
you haven’t 

‘analyzed’ some 
data!

We start here



20.109: Design

Image credit: www.tasss.com

We aim to prevent “just follow the protocol” syndrome.

http://www.tasss.com


20.109: Experiment

“Supposing is good, but finding out is better.”~Mark Twain

Image credit: http://blog.glennz.com/evolution/ Buy the t-shirt!

You’ll notice a pattern emerge...

http://blog.glennz.com/evolution/


20.109: Experiment

http://blogs.discovermagazine.com/bodyhorrors/2013/03/20/mouth_pipetting/#.Uh-277x56TJ

And we do it safely:

We will do relevant and cutting edge experiments.

http://blogs.discovermagazine.com/bodyhorrors/2013/03/20/mouth_pipetting/#.Uh-277x56TJ


20.109: Analyze
Step one:  What are the data?
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Data ≠ Understanding



20.109: Analyze

http://farm2.static.flickr.com/1159/526560734_3c3ecebb08_o.gif

*Step two*:  What are the data telling you?
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, μM

What is the working range 	


of this Ca2+ sensor?

Can we detect changes in extracelular [Ca2+]?

http://blogs.discovermagazine.com/bodyhorrors/2013/03/20/mouth_pipetting/#.Uh-277x56TJ


Course Logistics
Lectures:	



Tues/Thurs -- 11-12pm in 4-237	



Prof. Runstadler —> Prof. Samson --> Prof. Belcher

Lab:	


Tues/Thurs -- 1-5pm in 56-322 (Shannon)	



Wed/Fri -- 1-5pm in 56-322 (Noreen & Leslie)	



There are no* make-up labs.

Important details:	


You will work in pairs in the lab.	



Collaboration with integrity is key.

*some v. limited exceptions



Expectations

Some of your expectations of us!
•  that we will come to class and lab prepared!

•  that our assignments are clear and reasonable!
•  that we will treat every 109er with respect!
•  that we will give everyone equal chance at success!

Some of our expectations of you!
•  that you will come to class and lab prepared!

•  that you will not interfere with each other’s learning!
•  that you will invest the very best of yourself!

•  that you will offer honest and frequent feedback!!



After 20.109, you will be able to:

• Organize a constructive lab notebook	


• Implement lab protocols & troubleshoot	


• Design novel experiments with appropriate controls	


• Interpret qualitative data	


• Analyze quantitative data	


• Recognize the utility of models	


• Critically examine the scientific literature	


• Communicate your science through writing and oral 

presentation	


• Work as a team and provide constructive and helpful 

feedback and aid to other engineers/scientists



Your first 20.109 challenge:
What do these three words have in common?

Gull	


!

Sunshine	


!

Gold


