Lab Exercise – Activated Carbon Batch Tests

Removal of Estradiol from Wastewater using Activated Carbon and Estradiol Analysis using Transgenic Yeast

(Updated 1-28-08)

Overview

Organisms are adaptable. Humans, for example, can adapt to a variety of chemical or mechanical stressors. However, when cells and tissues can no longer successfully adapt, normal physiologic function will be altered, and an abnormality or disease develops.

Scientists are concerned that exposure to compounds that mimic or block the action of natural estrogen may disrupt endocrine function, thus disrupting sexual and reproductive development in various organisms. The chemicals of concern are often referred to as "environmental estrogens" because they are so prevalent in ground water, well water, streams, lakes, and oceans. In addition, many foods consumed by birds, fish, animals, and humans contain chemicals with estrogenic activity. 

Estrogenic compounds can enter the water supply from several sources. Herbicides, fungicides, insecticides, nematocides, industrial chemicals, and byproducts such as metals, polycholorinated biphenyls, dioxin, styrenes, and nonylphenols are all compounds that may have estrogenic activity. All of these compounds may leach, or be dumped directly, into ground water sources.  

Estrogenic compounds enter the wastewater stream from many sources; a significant source of compounds with estrogenic activity, however, comes from the urine of women taking birth control pills or hormone replacement therapy (HRT).   Other sources of estrogenic compounds include pesticides, industrial chemicals, and farm animals.  The concentrations of estrogenic compounds that have been found in wastewater (on the order of E-10 molar, 20 parts per trillion) can have effects on aquatic organisms.  These compounds end up in wastewater and may or may not be adequately removed.  As environmental engineers we are concerned with removing contaminates such as estrogenic compound from water and/or wastewater. 

In this laboratory exercise, treated wastewater effluent will be spiked with a specific concentration of estradiol, a metabolite of estrogen.  Students will use a batch test approach to assess the effectiveness of activated carbon as a possible treatment option.  Once the batch tests are completed a yeast assay technique will be used to measure any remaining estradiol.

Several methods have been developed to measure estrogenic compounds in wastewater.  The easiest method uses a strain of yeast that has been transfected with gene for the human estrogen receptor along with a reporter gene system from bacteria that yield a yellow product if estrogen is detected.

There are four phases to the laboratory exercise:

Phase 1:  Estradiol Spike.  Secondary clarifier wastewater from the Easton Wastewater Treatment Plant will be “spiked” with a known concentration of estradiol (to be announced by the lab instructor).  The waster water will have been presteriled by the instructor to removal of any particulate matter that might interfere in the detection of color and the removal of microorganisms allows the yeast to grow without competition from other organisms. 

Phase 2:  Batch Tests with Activated Carbon.  The filtered-spiked-treated-wastewater will be distributed into 125 ml Erlenmeyer flasks in 50 ml aliquots.  Activated carbon will be added to all but two flasks (i.e., a blank and a control) in varying amounts.  All flasks will be placed on a shake table for one hour.  Samples from each Erlenmeyer flask will be analyzed for estradiol and some will be analyzed for total organic carbon (TOC).

Phase 3:  Growth of yeast in samples.   A sample from each batch test will be inoculated with the transgenic yeast and nutrients needed by the yeast to grow.  The yeast will grow in contact with the estradiol in the wastewater.  The yeasts’ reporter gene system will be stimulated proportionately to the concentration of estrogenic compounds. A dilution series may be needed if high concentrations of estradiol remain in the wastewater such that the yeast would be overwhelmed.  A standard curve (series of estradiol concentrations) will be run with the samples to calibrate the system.

Phase 4:  Assay the product of the reporter gene system.  The medium in which the yeast was growing will be added to the substrate of the reporter gene system.  The more the reporter gene system was stimulated by estradiol of other estrogenic compounds, the more of the substrate will be turned into a yellow product.  The concentration of yellow product will be measured with a spectrophotometer.  Readings from the samples and positive controls will be compared to the readings from the standard curve to determine the estrogenic concentration in the wastewater.

Cautions:  

1.  Raw sewage may contain serious pathogens and should be handled with great care.  Gloves, goggles, and lab coats must be worn at all times. Remove the gloves to handle objects that should not get contaminated such as doorknobs and cabinet drawer handles.  Always stand (not sit) when working with raw sewage to reduce the chance of spills on clothing and do not wear open toe shoes such as sandals.

2.  Transgenic yeast is not natural.  It could proliferate in the environment and harm other organisms if it gets out of the lab.  All tubes, tips, and glassware that come in contact with the yeast must be sterilized before being discarded. Work should not begin until proper means of disposal of contaminated liquids and equipment are in place. 

3. All glassware and plasticware used for this exercise must be free of estrogenic chemicals.  It should be thoroughly washed, rinsed at least three times with tap water, rinsed at least three times with deionized water, rinsed three times with 95% ethanol, and rinsed again at least three times with deionized water.  Glassware and plasticware used to prepare the yeast for incubation must be sterile.

Care must be taken to follow the directions closely because the exercise involves many liquid transfers that could easily be confused.

Phase 1:  Spiking of Wastewater - Estimated time to complete = 15 minutes
One group may use tap water instead of wastewater

	Materials per group

	Apparatus
	Number needed
	Notes

	Gloves 
	One pair per student
	To protect hands and clothes from contamination.

	Spray bottle of diluted bleach to act as disinfectant
	One
	To disinfect work area when finished

	Stack of paper towels
	10
	Disinfectant and equipment wipe.

	Extra fine point Sharpie
	One
	To label glassware and plastic ware

	About 600 ml sample of 0.2 μm prefiltered WW in a 1500 ml beaker (Sterile) 
	One
	Wastewater to be tested

	1500 ml sterile beaker
	One
	To transfer 500 ml of Prefiltered wastewater.

	Sterile glass stirring rod
	One
	To stir spiked 500 ml WW sample

	100 ml graduated cylinder
	One
	To measure out 50 ml aliquots of wastewater for batch test.

	125 ml Erlenmeyer flask
	One
	For blank batch test

	1 L beaker
	One
	For contaminated and waste materials

	10-100μl pipetter 
	One
	To add the estradiol spike to the sterilized wastewater 

	Box of sterile tips for 10-100μl pipetter
	One
	To add the estradiol spike to the wastewater

	Tube of 1 ml of 1E-04 estradiol in DMSO (Supplied by instructor)
	One
	To add the estradiol spike to one of the wastewater samples

	Parafilm
	1 pc
	1, 1” x 1” piece for blank


Note of Caution:  Wastewater (WW) may still contain serious pathogens.  Always wear gloves.  Remove the gloves to handle objects that should not get contaminated such as door handles and cabinet drawer handles.  Always stand (not sit) when working with raw sewage to reduce the chance of spills on clothing and do not wear open toe shoes such as sandals.

***Mark glassware on clear glass, NOT on white print***

Procedure for Phase 1:  Spiking of Wastewater (DI Water is Sterilized)

One group may use tap water instead of wastewater

**********Before starting: wipe all equipment (Phase 1 through Phase 3) with disinfectant followed by an ethanol wipe. (i.e., simply dampen a paper towel with disinfectant or ethanol, then wipe)***********

A.  Setting up #1 - Blank Batch Test

1. Measure 50 ml of the sterile WW in the 100 ml graduated cylinder.

2. Pour the 50 ml of sterile WW into a sterile 125 ml Erlenmeyer flask.  Nothing else will be added to this flask; it is considered the “Blank”.  The reason for the blank is to be certain contamination from outside sources of estrogenic compounds does not taken place throughout the test.  Although, in this sample we should be able to identify a very small amount, why?  Will this affect the outcome of our batch tests?

3. Cover the flask with parafilm and label it with the sharpie (identify as #1 - Blank, also include your group number).  Set this flask aside for the time being.


B.  Spiking of Sterilized Wastewater Sample

1.  Using the 100 ml graduated cylinder transfer 500 ml of the prefiltered WW to the 1500 ml sterile beaker.

2. Using a 10-100μl pipetter with a 10-100μl sterile pipetter tip, transfer 50.0μl of E-04 Molar estradiol to the 500 ml of sterilized wastewater.  Carefully swirl to mix with the sterile glass rod.  This will produce a concentration of 1.00E-8 M estradiol or 0.00272 mg/L or 2.72 μg/L

*****After handling anything with estrogen be sure to change gloves regularly******

Phase 2:  Batch Tests with Activated Carbon - Estimated time to complete = 30 minutes plus 1 hour GAC contact time – Total time to complete = 1.5 hours

	Materials per group

	Apparatus
	Number needed
	Notes

	500 ml of sterile/spiked WW
	One
	Test water for batch test (from Phase 1)

	125 ml Erlenmeyer flask*
	Six
	For batch tests

	100 ml graduated cylinder
	One
	To measure out 50 ml aliquots of wastewater for batch tests.  (Use the same one from Phase 1)

	Small beaker of GAC
	One
	Granular activated carbon (GAC) for batch tests

	1 gm aluminum weighing boat
	Five
	For weighing GAC (Bend slightly before filling)

	Parafilm
	6 pc
	6 each, 1” x 1” pieces to cover six flasks

	Disposable, Large Pipette
	1 pc
	To help with transfer of WW to E-Flasks


*The class will share one box of Parafilm to cover the Erlenmeyer flasks.
DID YOU CHANGE YOUR GLOVES?

Procedure for Phase 2:  Batch Tests with Granular Activated Carbon (GAC)

A.  Distribution of sterile/spiked wastewater and GAC

i. Preparation of #2, Control batch test

1. Label a sterile 125 ml Erlenmeyer flask with the sharpie (identify as #2 - Control, also include your group number).

2. Measure 50 ml of the sterile/spiked WW in the 100 ml graduated cylinder.

3. Pour the 50 ml of sterile/spiked WW into a sterile 125 ml Erlenmeyer flask.  Nothing else will be added to this flask; it is considered the “control”.  The reason for the control is to make sure the estradiol is not being adsorbed by anything other then the GAC during the batch tests.  The starting concentration in the control should be the same as the ending concentration.

ii. Batch Test #3

1. Label a sterile 125 ml Erlenmeyer flask with the sharpie (identify as #3, 0.05 g Carbon, also include your group number).

2. Using the aluminum weighting boat, mass 0.05 gms of GAC

3. Measure 50 ml of the sterile/spiked WW in the 100 ml graduated cylinder.

4. Now, pour as much of the GAC into a sterile 125 ml Erlenmeyer flask as possible.

5. There may be some GAC left on the aluminum weighing boat that you cannot get into the E. flask. To deal with this situation it is easiest to wash it into the flask with the solution that you are going to add to the flask. Take the 50 ml of sterile/spiked WW and with the aluminum weighing boat positioned over the mouth of the flask such that as you pour solution onto the boat it will then be directed into the flask.  Now, very carefully pour the sterile/spiked WW onto the aluminum boat thereby washing the remaining GAC out and directly into the flask along with the sterile/spiked WW.

6. Cover with parafilm and set aside.

iii. Batch Test #4

1. Label a sterile 125 ml Erlenmeyer flask with the sharpie (identify as #4, 0.10 g Carbon, also include your group number).

2. Using the aluminum weighting boat, mass 0.10 gm of GAC

3. Measure 50 ml of the sterile/spiked WW in the 100 ml graduated cylinder.

4. Now, pour as much of the GAC into a sterile 125 ml Erlenmeyer flask as possible.

5. There may be some GAC left on the aluminum weighing boat that you cannot get into the E. flask. To deal with this situation it is easiest to wash it into the flask with the solution that you are going to add to the flask. Take the 50 ml of sterile/spiked WW and with the aluminum weighing boat positioned over the mouth of the flask such that as you pour solution onto the boat it will then be directed into the flask.  Now, very carefully pour the sterile/spiked WW onto the aluminum boat thereby washing the remaining GAC out and directly into the flask along with the sterile/spiked WW.

6. Cover with parafilm and set aside.

iv. Prepare the remaining three batch tests (i.e., #5, #6, #7) in the manner as described in iii using the prescribed mass of GAC. (0.25, 0.75, 1.00 grams)


B.  Begin Batch Test

1. Collect all Erlenmeyer flasks, including the blank prepared during Phase 1 and place them on the shake table.

2. They are to shake for at least one hour.

*****After handling anything with estrogen be sure to change gloves regularly******
Phase 3:  Growth of yeast in samples and estradiol standard curve concentration series - Estimated time to complete = 1 hour
	Materials per group

	Apparatus
	Number needed
	Notes

	Beaker of sterile DI water – about 100 ml
	One
	To dilute 2X medium to 1X.

	Beaker of sterile 2 X medium, about 40 ml in a 50 ml beaker
	One
	Provides nutrients for the yeast to grow

	Sterile 250 ml beaker
	One
	For 2X yeast/medium, 

	Sterile microfuge tubes
	59
	To process two wastewater sources (spiked and unspiked for each) plus standard curve concentrations of estradiol.  Two replicates each.

	Microfuge tube rack
	Two
	Guess what they are for?

	Pipetter for 10 ml pipettes
	One
	To measure out 2X medium 

	Sterile 10ml pipettes
	One
	To measure out 2X medium and 2X yeast/medium

	Set of estradiol concentrations in DMSO (Supplied by instructor)
	One
	To calibrate the yeast response to estradiol

	Microfuge tube of 1.0 ml 24 hr yeast culture.
	One
	Source of yeast for incubation with samples

	Micropipetter: 100μl-1000μl
	One
	To accurately measure out small quantities of liquid

	Micropipetter: 0.5μl-10μl 

(Supplied by instructor)
	One
	To accurately measure out small quantities of liquid

	Repeating Micropipetter w/5 ml tip (Supplied by instructor)
	One
	To accurately measure out small quantities of liquid

	Sterile Pipette tips:  0.5-10μl, and 100μl-1000μl
	One box each
	To accurately measure out small quantities of liquid

	1 L beaker 
	One
	For waste tips (Use from Phase 1)

	Vortex (Shared by groups)
	One
	To mix samples and for incubation of yeast

	Vortex heads for vortexing and to hold microfuge tubes for incubation
	One each
	To place microfuge tube for incubation period.  To be shared by all groups.

	30oC incubator
	One
	To incubate the yeast

	Parafilm
	1 pc
	1, 3” x 3” piece for 2X yeast/medium beaker


DID YOU DO CHANGE YOUR GLOVES?

Procedure for Phase 3:  Growth of yeast in batch test samples and estradiol standard curve concentration series.  Each sample is run in duplicate.

Note:  The yeast will begin to grow after it is mixed with medium.  Try to work so that all tubes of yeast and medium do not have a large time difference between the first and last.  


All media and materials must be handled aseptically

A. Preparation of 2X yeast/medium (May be provided to each group)

1. Before adding any yeast to the medium set aside 1.5 ml of the medium in a sterile microfuge tube using the sterile 10 ml pipette. (Label M-NY (i.e., Medium with No Yeast))

2. Using the same 10 ml pipette from Step 1 prepare the 2X yeast/medium by aseptically transferring 34.3 ml of sterile 2X medium to a sterile 250 ml beaker.  Discard the pipette.  You are now done with the 2X beaker and can now use it to discard liquids throughout the rest of the procedure.

3. With the 100μl-1000μl pipetter, and a sterile 100μl-1000μl tip, transfer 700μl of the 24-hour yeast culture to the 34.3 ml of 2X medium in the beaker and swirl to mix.  BE CERTAIN TO MIX CULTURE BEFORE TRANSFER (This is a 1 to 50 dilution of the yeast.  Another 1 to 2 dilution will occur when the 2X yeast/medium is diluted when mixed with the sample making a 1 to 100 dilution of the yeast.)

4. You now have your 2X yeast/medium.  Label the beaker 2XY medium.  Cover the beaker with Parafilm.


B. Preparation of standard curve.  (For precision, these concentrations will be prepared and measured in duplicate.)

1. Label 2 sets (i.e., Set A & Set B) of 9 microfuge tubes according to the following table and place into the microfuge tube rack.  On both microfuge tube racks place a piece of masking tape on the front and a piece of tape on the back– mark your group number and laboratory period CLEARLY.
2. Also label all of your batch test microfuge tubes (see Phase 3, Parts C, D, & E)

Estradiol concentrations for standard curve
	Tube number

Set A
	Estradiol concentration M
	
	Tube number

Set B
	Estradiol concentration M

	1SA
	1.00 E -09
	
	1SB
	1.00 E -09

	2SA
	5.00 E -10
	
	2SB
	5.00 E -10

	3SA
	2.50 E -10
	
	3SB
	2.50 E -10

	4SA
	1.25 E -10
	
	4SB
	1.25 E -10

	5SA
	6.25 E -11
	
	5SB
	6.25 E -11

	6SA
	3.12 E -11
	
	6SB
	3.12 E -11

	7SA
	1.56 E -11
	
	7SB
	1.56 E -11

	8SA
	7.80 E -12
	
	8SB
	7.80 E -12

	DMSO A
	0
	
	DMSO B
	0


3. DI Water - Using the shared repeating pipetter with a 5 ml sterile tip set to #5, transfer 0.5 ml (500μl) of sterile DI water to each of the 18 standard curve test sterile microfuge tubes.  (only use 9 shots per volume of 5 ml).

4. DI Water - Using the shared repeating pipetter with a 5 ml sterile tip set to #5, transfer 0.5 ml (500μl) of sterile DI to the TWO batch microfuge tubes identified in Part C of Phase 3 – i.e., tubes B8A and B8B.

5. 2X Yeast Medium - Using the shared repeating pipetter with a 5 ml sterile tip set to #5, transfer 0.5 ml (500μl) of 2X yeast/medium to each of the 18 standard curve sterile microfuge tubes. (only use 9 shots per volume of 5 ml).  (Keep Yeast Suspended at all times when filling repeating pipetter)
6. 2X Yeast Medium - Using the shared repeating pipetter with a 5 ml sterile tip and set to #5, transfer 0.5 ml (500μl) of 2X yeast/medium to each of batch microfuge tubes of Phase 3, Part C - B1A – B7A and B1B – B7B. (only use 9 shots per volume of 5 ml).  DO NOT PUT ANY OF THE YEAST/MEDIUM into B8A and B8B.
7. 2X Yeast Medium - Using the shared repeating pipetter with a 5 ml sterile tip and set to #5, transfer 0.5 ml (500μl) of 2X yeast/medium to each of 100x batch microfuge tubes of Phase 3, Parts D and E ( B2A-100 to B7A-100, B2B-100 to B7B-100, B2A-10 to B7A-10 and B2B-10 to B7B-10 (only use 9 shots per volume of 5 ml).

8. With the shared 0.5 - 10μl pipetter (i.e., instructor will provide) and a new sterile 0.5 - 10μl tip for each tube, transfer 1μl of each of the standard estradiol concentrations in DMSO to each labeled microfuge tube containing the 1 ml of the now 1X medium.

9. Using the Vortex mixer, mix the each microfuge tube.

C.  Preparation batch test samples  (For precision a duplicate set of each batch test will be made.)

1. Label 16 sterile microfuge tubes based on the configuration of your batch tests.  Remember you should end up with two sets.  B8A and B8B are to be used as blanks for the 2X medium without yeast you set aside earlier.  (These tubes are to make sure the yeast is the only thing causing color change in Phase 4)

	Tube number

Set A
	Erlenmeyer 
	
	 Tube number

Set B
	Erlenmeyer 

	B1A
	Unspiked Blank
	
	B1B
	Unspiked Blank

	B2A
	Control
	
	B2B
	Control

	B3A
	0.05 g Carbon
	
	B3B
	0.05 g Carbon

	B4A
	0.10 g Carbon
	
	B4B
	0.10 g Carbon

	B5A
	0.25 g Carbon
	
	B5B
	0.25 g Carbon

	B6A
	0.75 g Carbon
	
	B6B
	0.75 g Carbon

	B7A
	1.00 g Carbon
	
	B7B
	1.00 g Carbon

	B8A
	No Yeast Medium

Blank
	
	B8B
	No Yeast Medium

Blank


2. Using a 100-1000µl pipetter transfer 500μl of the appropriate batch test sample to the appropriate microfuge tube.

3. To the each of the two remaining microfuge tubes (i.e., B8A and B8B) add 500µl of the medium with no yeast set aside earlier, these two tubes will now be considered the medium-blank tubes.

4. Vortex each tube.  All tubes are now 2X dilutions (are they?).
D. 100X Dilution

	Tube number

Set A
	Erlenmeyer 
	
	 Tube number

Set B
	Erlenmeyer 

	B2A-100
	Control
	
	B2B-100
	Control

	B3A-100
	0.05 g Carbon
	
	B3B-100
	0.05 g Carbon

	B4A-100
	0.10 g Carbon
	
	B4B-100
	0.10 g Carbon

	B5A-100
	0.25 g Carbon
	
	B5B-100
	0.25 g Carbon

	B6A-100
	0.75 g Carbon
	
	B6B-100
	0.75 g Carbon

	B7A-100
	1.00 g Carbon
	
	B7B-100
	1.00 g Carbon


1. Take the next 12 microfuge tubes and label them as follows

2. Using the shared 0.5-10 µl pipette and a new tip for each action, Transfer 10 µl of B2 to microfuge tube # B2A-100 and 10 µl of B2 to microfuge tube # B2B–100.

3. Follow the same procedure for B3A-100 through B7A-100 and B3B-100 through B7B-100 

4. Using a 100 – 1000 µl pipetter transfer 490 µl of DI water to microfuge tube # B2A-100 and 490 µl of DI water to all # BXX–100 microfuge tubes.  You now have a 100x dilution.
E. 10X Dilution

	Tube number

Set A
	Erlenmeyer 
	
	 Tube number

Set B
	Erlenmeyer 

	B2A-10
	Control
	
	B2B-10
	Control

	B3A-10
	0.05 g Carbon
	
	B3B-10
	0.05 g Carbon

	B4A-10
	0.10 g Carbon
	
	B4B-10
	0.10 g Carbon

	B5A-10
	0.25 g Carbon
	
	B5B-10
	0.25 g Carbon

	B6A-10
	0.75 g Carbon
	
	B6B-10
	0.75 g Carbon

	B7A-10
	1.00 g Carbon
	
	B7B-10
	1.00 g Carbon


1. Take the remaining 12 microfuge tubes and label them as follows


2. Using the 100-1000µl pipetter and a new tip for each action, transfer 100 µl of B2 through B7 to microfuge tubes # B2A-10 through B7A-10 respectively and 100 µl of B2 through B7 to microfuge tubes # B2B-10 through B7B-10.

3. Using a 100-1000µl pipetter transfer 400 µl of DI water to microfuge tubes # B2A-10 through B7A - 10 and 400 µl of DI water to microfuge tubes # B2B-10 through B7B-10.
4. Vortex each and every tube. 

5. Make sure all microfuge tube racks are labels as stated in 3.B.1.

6. At this point you are ready to incubate your tube…see the instructor.
7. Transfer trays to the 30oC incubator.  Incubate the tubes for about 48 hours.  You are looking for a noticeable amount of yeast growth in all tubes except the control and blank tubes.
Phase 4: Assay the product of the reporter gene system 
Done two days later    Saturday    Done in two stages

Stage 1)  All groups between 9 am to 11 am – Estimated time to compete = 45 minutes


Stage 2)  Return between 1:15 pm to 2:15 pm – Estimated time to complete = 30 minutes

	Materials per group

	Apparatus
	Number needed
	Notes

	250 ml beaker
	One
	To mix the assay solution of Z buffer, DTT, and ONPG. 

	100 ml graduated cylinder
	One
	To measure out Z buffer

	Extra fine point Sharpie
	One
	To label glassware and plastic ware

	Beaker of Z buffer – about 60 ml
	One
	The solution that will lyse the cells

	Stop reaction mix – about 30 ml in a 250 ml beaker
	One
	The solution that will stop the color development reaction

	Microfuge tube of DTT
	One
	Protects enzymes

	Microfuge tube of ONPG
	Three
	The substrate that will turn yellow if estrogen was present

	Nonsterile microfuge tubes
	58
	To lyse cells and incubate enzyme reaction

	Set of pipetters: 10μl-100μl, and 100μl-1000μl
	One
	To accurately measure out small quantities of liquid

	Sterile Pipette tips:  10μl-100μl, and 100μl-1000μl
	One box each
	To accurately measure out small quantities of liquid

	Repeating pipetter (Supplied by instructor)
	One
	To accurately measure out multiple aliquots of small quantities of liquid

	Sterile 5ml or 10ml tips for repeating pipetter (Supplied by instructor)
	One
	

	Waste beakers 
	Two
	One for waste tips and one for waste solutions

	Vortex
	One
	To mix samples and for incubation of yeast

	37C incubator
	One
	To incubate enzyme reaction

	Spectrophotometer
	One
	To read optical density of the samples

	Disposable 1.5 ml Cuvettes 
	2
	To read optical density of the samples

	Squirt Bottle of DI water (Supplied by instructor)
	One
	To rinse out cuvettes

	Microfuge tube rack
	Two
	Guess what they are for?


Note:  The reaction that produces the yellow product from the ONPG begins to occur as soon as the substrate contacts the yeast solution.  Work so that there is little time difference between the first and last tubes to receive the buffer.

Procedure for Phase 4:  Assay the product of the reporter gene system 

A.  Preparation of lyse buffer with substrate.

1. Turn on the spectrophotometer right away.

2. Transfer 55 ml of Z buffer to a clean 250 ml beaker with a clean graduated cylinder.

3. Thaw and vortex the 25X ONPG and 1000X DTT tubes.  With the 100μl-1000μl pipetter and 100μl-1000μl tip, transfer 2310μl (2.31ml) of ONPG (770μl from each microfuge tube) to the Z buffer in the beaker.  With the 10μl-100μl pipetter and 10μl-100μl tip, transfer 55μl of DTT to the beaker and swirl to mix.

B.  Transfer yeast/medium/sample from each tube to a new tube.

1. Label 58 clean microfuge tubes the same as the 58 labeled in Phase 3.  On both microfuge tube racks place a piece of masking tape on the front and a piece of tape on the back – mark your group number and laboratory period CLEARLY.
2. Vortex each tube from Phase 3 and with a new sterile 100μl-1000μl tip for each transfer, use the 100μl-1000μl pipetter to transfer 100μl of yeast solution to the appropriately labeled new microfuge tube.

3. Attach a sterile 5 ml tip to the repeating pipetter, set it to #9 and transfer 900μl of Z buffer with ONPG and DTT to each tube.  You will get 5 shots per round.  Note that this will be 52.200 mls of the available 57.365 mls…be careful not to waste a drop.

4. Vortex each tube. Transfer trays to the 37 C incubator.  Let color develop until a strong yellow color develops in tubes of high concentration of E2, this can take up to 3 or more hours or happen in as little as 15 minutes.

C.  Stop the enzyme reaction

1. Identify the 30 ml stop solution (1M Na2CO3) provided in the 50 ml beaker.

2. Attach a 5 ml or 25 ml tip to the repeater pipette and set to the appropriate # for a 400 ul aliquots.

3. Transfer 400 μl of the stop solution to each microfuge.

4. Vortex each microfuge tube.

D.  Read optical density of each tube.  The spectrophotometer should have been turn on (it needs about 30 minutes to warm up).  Set the wavelength to 420 nm.

1. The appropriate blanks for the samples are:

i. For standard curve, the DMSO tubes (Zero using DMSO for Standards)\

ii. For all sample tubes, B8A and B8B tubes (Zero using Blank for batch tests)

2. Cuvettes and pipettes may be economized so long as tubes are read in order of increasing amount of color.  For example, start with no color (you should have no color in the DMSO standard and the control/blank) and test in order of inc. color.

3. Using a clean pipetter transfer about 1ml of a sample into a new cuvette - always starting with a blank (control/blank in our case). Zero the system.  With the same pipette, suck out the contents of the cuvette (as completely as possible) and transfer it back the microfuge tube from which it came.  With the same pipetter, transfer 1ml of the first sample to be tested into the same cuvette and take the reading.  Continue this process.

4. Never use the same pipette and cuvette for a solution with weaker color than the previous tube.

5. Record the results from the duplicate tubes and average the two values.  (They should not be very different)

Data Sheet

Group #:_______


Groups Members:_____________________________________________________________

Carbon Type/Information:___________________________________

Date/Time:_______________________________

Estradiol absorption data for standard curve

	Tube number
	Estradiol concentration (M)
	OD420
Group 1 or 3 Data
	OD420
Group 2 or 4 Data
	Average of all Standard Curves

	
	
	Set A
	Set B
	Set A
	Set B
	

	DMSO
	0
	
	
	
	
	

	S8
	7.80 E -12
	
	
	
	
	

	S7
	1.56 E -11
	
	
	
	
	

	S6
	3.12 E -11
	
	
	
	
	

	S5
	6.25 E -11
	
	
	
	
	

	S4
	1.25 E -10
	
	
	
	
	

	S3
	2.50 E -10
	
	
	
	
	

	S2
	5.00 E -10
	
	
	
	
	

	S1
	1.00 E -09
	
	
	
	
	


Batch tests

	Tube number
	Mass of Carbon
	Act.

Mass (g)
	 Set A

2X
	Set B

2X
	Average of Tests
	Set A

100x
	Set B

100x
	Average of 100X
	Set A

10x
	Set B

10x
	Average of 10X

	1
	Unspiked Blank
	
	
	
	
	
	
	
	
	
	

	2
	Control
	
	
	
	
	
	
	
	
	
	

	3
	0.05 g Carbon
	
	
	
	
	
	
	
	
	
	

	4
	0.10 g Carbon
	
	
	
	
	
	
	
	
	
	

	5
	0.25 g Carbon
	
	
	
	
	
	
	
	
	
	

	6
	0.75 g Carbon
	
	
	
	
	
	
	
	
	
	

	7
	1.00 g Carbon
	
	
	
	
	
	
	
	
	
	

	8
	No Yeast Med.

Blank
	
	
	
	
	
	
	
	
	
	


NOTES:
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