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restriction Enzyme digestion
Title of Lesson: Restriction Enzyme Digestion of Mytilus ITS PCR Product

Objective:  Cleave ITS PCR products at specific locations to generate a species-specific banding pattern

Designed by: Erinn McKell and Dr. Simona Bartl (sbartl@mlml.calstate.edu) 
Background

This activity fulfills the following Science Standards:

· California State
· Chemistry 

· Grade 8: 6c

· Grades 9-12: 6, 7, 8

· Biology

· Grade 7: 2e, 3a

· Grades 9-12: 5

· Investigation and Experimentation

· Grade 7: a

· Grade 8: a

· Grades 9-12: a, b, c, d, i, k

· National (grades 6-12)
· Content Standard A: Science as Inquiry

· Content Standard C: Life Science

· Content Standard E: Science and Technology
Safety

When working with chemicals, always wear a lab coat, disposable gloves, and protective goggles. For more information about chemicals, consult the appropriate material safety data sheets (MSDSs).  Safety sheets are available for all reagents on the Fermentas website (www.fermentas.com).  

The following risk and safety information applies to the restriction enzyme digest reagents: 

· Hha I enzyme contains glycerol - irritating to eyes and skin. In case of contact with eyes, rinse immediately with plenty of water and seek medical advice. In case of contact with skin, rinse immediately with soap and water.  If swallowed, wash mouth out with water.  Contact physician.  If inhaled and breathing is labored, relocate to fresh air and contact physician immediately. 

Materials/Resources 

In order to complete this lesson, the following materials are needed for 40 restriction enzyme digests.  

Suggested organization: One restriction enzyme digest per student and 4 students per group OR 2 restriction enzyme digests per student and 2 students per group.  Thus each group will need reagents for 4 extractions.  Attempting more than 40 digests per class is not recommended.

· FastDigest TM Hha I restriction enzyme (store at -20oC) 

· FastDigest TM 10X buffer (store at -20oC)

· Nuclease-free H20 (store at room temperature) 

· 1.5 ml centrifuge tubes (5 per group)

· Tube racks (1 per group) 

· Pipette tips (1 box of 200 μl per group)

· Pipetters (1 set of 20 μl and 200 μl per group)

· Solid waste containers for non-hazardous waste (e.g. beaker or trash can, 1 per group)
· Microcentrifuge

· Vortexer

· Water bath and/or heat block (with enough capacity to hold 40 - 1.5 ml tubes) 

· Gloves (1 pair per student)

Procedure                     
Time needed for lesson

· Pre-lab: 1 hour to label tubes and aliquot reagents 

· Lab: one 50-minute period

Pre-lab: 

1. Heat water bath / heat block to 37ºC.   

2. Remove FastDigest TM Hha I, FastDigest TM buffer, and DNA from -20oC and thaw on ice (5-10 minutes). 

· Aliquot reagents for group preparation of a restriction digest Master Mix: 

· Label and aliquot one 1.5 ml tube/group with 85 μl nuclease-free water

· Label and aliquot one 1.5 ml tube/group with 10 μl FastDigest TM 10X buffer

Keep reagent aliquots on ice until beginning the lab.  ***Enzyme is not aliquotted***

3. Distribute to each station:
· One aliquot of each reagent from step 3

· ITS PCR products in original tubes (generated in ITS PCR activity)

· 5 empty 1.5 ml tubes 

Lab:

Restriction Enzyme Reactions
The ITS primers amplify a fragment of the same size from both Mytilus species.  To distinguish between the two species, we must cut the ITS PCR product with a restriction enzyme and then visualize the differences using agarose gel electrophoresis.  Each restriction enzyme recognizes and cuts a specific DNA sequence. We will use the restriction enzyme Hha I, which cuts the M. trossulus fragment into more pieces than M. galloprovincialis.  The table below shows the Hha I restriction sites and resulting fragment lengths for the ITS locus from the two species:  

M. galloprovincialis (~959 bp)

|                             442                       |      156      |        172       |          189        | 

M. trossulus (~951 bp)

|            197        |          240               |      156      |        169        |          189       | 

As with the PCR setup, we will make a Restriction Enzyme Master Mix.  
***When pipetting, remember not to touch the tube contents already present when adding reagents.  Use a new pipette tip for each step. 

1. Label one 1.5 ml tube “Digest Master Mix” (1 per group)

2. Determine the volume of each Master Mix reagent needed based on the total number of digests to be run (see table below).  Pipette the calculated volume of each reagent into the Master Mix tube.  See instructor for Hha I enzyme.  
Master Mix for Mytilus ITS locus restriction digest:

	Reagent
	Volume / Digest
	# Digests

	Nuclease-free water
	17.0 μl
	

	FastDigest TM 10X buffer
	2.0 μl
	

	FastDigest TM Hha I
	1.0 μl
	

	Total
	20.0 μl
	


3. Once all reagents are added to Master Mix tube, close cap and flick the bottom of the tube several times to thoroughly mix reagents.  Centrifuge at low speed (2000 rpm) for 5 seconds to collect liquid at bottom of the tube.  
4. Label one 1.5 ml tube with sample identification. 
5. Pipette 20.0 μl of Master Mix into sample tube. 
6. Pipette 10.0 μl of ITS PCR product into sample tube.  Close cap tightly.
7. Flick bottom of tube several times to thoroughly mix.  Centrifuge at low speed (2000 rpm) for 5 seconds to collect liquid at bottom of the tube.  

8. Incubate samples in water bath or heat block at 37oC for 10 minutes.

9. Store samples at 4oC until ready for gel electrophoresis.

10. Use electrophoresis of a 2% agarose gel to visualize and interpret digest products.  See interpretation guide on the following page.

Interpretation of Results
Compare your digested ITS PCR products with the characteristic patterns shown below.  Match the pattern of bands on your gel to determine if your sample came from Mytilus galloprovincialis, Mytilus trossulus or a Mytilus hybrid. 
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M = Marker; G = Mytilus galloprovincialis; T = Mytilus trossulus; H = Hybrid
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