SEED Academy

Spring 2008

Synthetic Biology

Final Exam

May 3, 2008
No calculators allowed. Show your work where appropriate and include units on all answers.  Good Luck!
Part I: Written Section

1) Restriction Enzymes & Gel Purification
You have graduated from your high school with flying colors and are now a freshman at MIT working in Prof. A. Carter’s laboratory.  Knowing your history with SEED Program and the synthetic biology class, Prof. Carter wants you to create a project utilizing E. Coli as a system.  To brush up on your cloning techniques, you decide to recreate the E. Coli strain that produces a wintergreen fragrance from salicylic acid that was created by the 2006 MIT iGEM team.  Your first step is to insert the gene that codes for the enzyme, benzoic salicylic acid methyltransferase (BSMT) into the SEED plasmid (pSEED).  You are given the SEED plasmid and four restriction enzymes: EcoRI, SmaI, XbaI, and SpeI.  The SEED plasmid is 7000 base pairs in length (or 7kb).  
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a. List the number of fragments and their lengths if the plasmid was cut with the following restriction enzymes. 

Restriction Enzymes   

Number of Fragments


Length of Fragments

EcoRI                                      
__________________


__________________
SmaI



__________________


__________________
SpeI



__________________


__________________
XbaI and SmaI


__________________


__________________
SpeI and XbaI


__________________


__________________
EcoRI and SmaI

__________________


__________________
b. Draw a representation of what each digest would look like if run on an electrophoresis gel.  Show the DNA fragments at the appropriate length and at the proper positions on the gel.  Please draw your own DNA ladder and label the lengths of the bands of your ladder.  Label your gel lanes with the digest or ladder represented.


c. After cutting the SEED plasmid with the restriction enzymes, you isolate your desired DNA fragment from the agarose gel via gel extraction.  You purify 0.5 mL of the vector at a concentration of 36 ng/μL and 25 μL of the BSMT gene (which was kindly amplified by D.A. Green, a former 2006 iGEM member) at 4 μg/μL.  After purification, you obtain 81 μL of the vector at 20 ng/μL and 70 μL of the insert at a concentration of 10 ng/μL.  Prof. Carter is a stickler about the recovery of all gel purifications performed in her lab and hates any recoveries less than 5%.  Therefore, calculate the % yield from your gel purification and hope that you impress Prof. Carter.  (Remember, % yield = mass(out)/mass(in)*100%).

2) Unit Conversion / Calculation Questions

a. SI Units & Prefixes

i. What is the S.I. Unit for:

1. Volume

2. Mass

ii. What is the conversion factor for each of the following prefixes (i.e. each of the following is how big compared to the base unit above)?

1. milli (m)

2. micro (µ)

3. name (n)

4. pico (p)

iii. How are the following combined units defined?

1. Molarity (M)

2. % Solution (Please explain V/V and W/V) 

b. DNA Calculations
Assume that:

- Avogadro's number is 6 x 1023
- Each base pair of DNA is 1000 Daltons
i. What is the molecular weight of 1000 bp DNA?

ii. If you have 100 ng of the DNA above, how many moles do you have?

iii. How many molecules of the DNA above do you have?

iv. If the DNA above is in 50 µL of water, what is the molarity?
3) iGEM / Synthetic Biology
a. Define Synthetic Biology:
b. What is iGEM and who are the participants?

c. Explain the Synthetic Biology terms:

i. System – 

ii. Device – 

iii. Part – 
d. Explain the Terms:

i. Abstration – 

ii. Encapsulation – 

iii. Standardization – 
4) Cloning
a. What does cloning mean in molecular biology?

b. What are the major steps in the cloning process?  (Hint: you should have about 4-6 steps)

c. What gene did you clone during this class?

d. What does the gene you cloned do?

e. Into what strain of bacteria did you clone this gene?

f. What construct did we vary during the cloning process and finally characterize with the Miller assay?  (Hint: This is not the gene, but rather some other part(s))

5) PCR Question (Primer Design, Cycle)

a. Design 10 base primers to amplify the entire sequence below:

5’ – GCCGTAGCATGACGTGTCATGGACCATGTGTTCACCTTGGGA – 3’

3’ – CGGCATCGTACTGCACAGTACCTGGTACACAAGTGGAACCCT – 5’
b. Explain what happens in the different stages of PCR and what temperatures are associated with each stage.

6) Please group the following terms into categories.  You must come up with your own categories (3-5).  Justify your categories and explain why each term you have included belongs in that category.

	Abstraction
	Escherichia coli
	RNA Polymerase

	Agarose
	Gel Electrophoresis
	SEED

	Alia
	Justin
	Standardization

	Amino Acid
	LacZ
	Synthetic Biology

	Ampicillin
	Ligase
	Systems

	Austin 
	Ligation
	Transcription

	Beta-galactosidase
	mRNA
	Transformation

	BioBrick
	Parts
	Translation

	Biological Engineering
	Plasmid
	tRNA

	Buffer
	Polymerase Chain Reaction
	

	Cloning
	Primer
	

	ddNTP
	Promoter
	

	Deoxyribonucleic acid
	Protein
	

	Devices
	Receptor
	

	DNA Polymerase
	Replication
	

	dNTP
	Restriction Endonuclease
	

	Encapsulation
	Ribosome
	

	Enzyme
	Ribosome Binding Site
	


Part II: Laboratory Practical
The instructors will call on you to rotate through the various stations to administer this section of the exam.

Station number 1 (dilutions):

You are given a stock blue solution. Start with 100μl of the stock solution and make three 10x serial dilutions with water. For your final most dilute solution, centrifuge at 5000g for 15 seconds. Measure the absorbance at 475 nm.

Station number 2 (PCR):
You will be provided with a rack with various labeled tubes. Set up a 50μl PCR reaction with the correct components that go into a PCR.
· 10x PCR buffer

· 10x dNTP

· 10x ddNTP

· 25x forward primer

· 25x reverse primer

· 50x ONPG

· 50x RNA polymerase

· 50x template DNA

· 50x EcoRI

· 50x Taq DNA polymerase

· 50x agarose

After you have set up your reaction, now load 10μl of it on to a pre-poured agarose gel. Start the gel running.

	Station Number
	Topic
	Skill
	Score (+/check/-)

	1
	Serial Dilutions & Spectrophotometer
	Serial Dilution Calculations
	

	
	
	Correctly Mixes Dilutions
	

	
	
	Setting Spec Wavelength
	

	
	
	Blanking Spec
	

	
	
	Final Spec Reading
	

	
	
	Pipetting Technique
	

	
	
	Proper use of centrifuge
	

	
	
	
	

	2
	PCR Concepts,  Reaction Setup
	Calculating Reagent Quantities
	

	
	
	Included Correct Reagents
	

	
	
	Pipetting Technique
	

	
	
	Technique in Loading a Gel
	

	
	
	Properly Orients Gel in Box
	

	
	
	Sets Voltage in a Reasonable Range
	


pSEED


7kb





XbaI


(0/7000)





EcoRI


(50)





SmaI


(250)





EcoRI


(1000)





SpeI


(5000)








