Collaborative experience using a recombinant yeast assay to quantify estrogenic compounds in wastewater 
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Lab Exercise for Detection of Estrogenic Compounds in Wastewater with Transgenic Yeast

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 a variety of 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 surface or ground water 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). These compounds end up in wastewater and may or may not be removed by wastewater treatment.

The concentrations of estrogenic compounds that have been found in wastewater (on the order of E-10 molar, 20 parts per million) can affect aquatic organisms.  Several methods have been developed to measure estrogenic compounds in wastewater.  The method that we will use in this exercise involves a strain of yeast transfected with the human estrogen receptor gene and a bacterial reporter gene system.

There are three phases to the analysis:

Phase 1:  Filtration of wastewater.  Wastewater will be filtered in a sterile, bacteriological filter to remove particulate matter and all microorganisms (except viruses).  The removal of particulate matter reduces interference in the detection of color change, and the removal of microorganisms allows the yeast to grow without competition from other organisms.  The viruses will not interfere with the yeast or the chemical tests.  These viruses could be serious pathogens, but, since there is no easy way to eliminate them, one will have to be very careful in handling the samples.

Phase 2:  Growth of yeast in samples.  A dilution series will be created from the waste water and inoculated with the transgenic yeast along with the nutrients needed by the yeast to grow.  The yeast will grow in contact with the estrogenic compounds in the wastewater, and its reporter gene system will be stimulated proportionately to the concentration of estrogenic compounds.  The dilution series is needed because there may be such a high concentration of estrogenic compounds in the wastewater that the yeast is overwhelmed by it.  A standard curve (series of estradiol concentrations) will be run with the samples to calibrate the system.

Phase 3:  Assay of 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 is stimulated by estradiol or 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 door knobs 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.

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

Phase 1

Day 1
Phase 1:  Filtration sterilization of wastewater

Phase 1 materials 

	Apparatus
	Number needed
	Notes

	Gloves, goggles, and lab coats
	One per student
	To protect hands, eyes, and clothes from contamination

	1 L beaker
	One per group
	For contaminated and waste materials

	Large plastic container
	One
	For contaminated plasticware and glassware

	Spray bottle of Lysol disinfectant
	One
	To disinfect work area when finished

	Extra fine point Sharpie
	One per group
	To label glassware and plastic ware

	Absorbent pad
	One per group
	To provide a work surface that will absorb spills

	Erlenmeyer flask with 200ml of wastewater
	One per sample
	Wastewater to be tested

	Vacuum hose
	One per group
	To connect the vacuum source to the side arm flask

	0.2μm sterile, disposable bacteriological filter
	One per sample
	To remove bacteria, etc; one needed for each sample


	Procedure for Phase 1:  Filter sterilization of waste water..

1.  Carefully pour 50 to 100 ml of wastewater into the top of a plastic disposable 0.2µm bacteriological filter. 

2.  With vacuum, suction the liquid through the bacteriological filter. 

3. Unscrew the top of the bacteriological filter from the receiver and aseptically (without contamination of sample) secure the sterile top to the bottom.

4.  Label the bottom and store the sterile, filtered wastewater sample in the refrigerator.  

5.  Discard the bacteriological filter in the place designated for contaminated glassware and plasticware.
	Hints and Explanations

1.  Labels should give site of collection, date and any other pertinent information.




Phase 2 (Continuation of Day 1)
Phase 2: Growth of yeast in wastewater and estradiol standard concentration series
Phase 2 materials per group

	Apparatus
	Number needed
	Notes

	Bottle of 25ml sterile DI water
	One
	To dilute 2X medium to 1X

	Bottle of 20ml sterile 2X medium
	One
	Provides nutrients for the yeast to grow

	Sterile 250 ml beaker
	Three
	One for 2X medium and one for 1X medium

	Sterile microfuge tubes
	38
	To incubate yeast in wastewater plus standard curve concentrations of estradiol; two replicates each

	Microfuge tube rack
	Two
	To hold microfuge tubes

	Pipetter for 10 ml pipettes
	One
	To measure out 2X medium and sterile DI water

	Sterile 10 ml pipettes
	Four
	To measure out 2X medium and sterile DI water

	Set of estradiol concentrations in DMSO
	One
	To calibrate the yeast response to estradiol

	Microfuge tube of 24-hour yeast culture
	One
	Source of yeast for incubation with samples

	Pipetters: 0.5μl to 10μl, 10μl to 100μl, and 100μl to 1000μl
	One
	To accurately measure out small quantities of liquid

	Sterile pipette tips: 0.5μl to 10μl, 10μl to 100μl, and 100μl to 1000μl
	One box each
	To accurately deliver small quantities of liquid

	1 L beaker 
	One
	For waste tips

	Large plastic storage container
	One
	For contaminated plasticware and glassware

	Vortex
	One
	To mix samples and for incubation of yeast

	Vortexing and microfuge tube platforms 
	One each
	To vortex tubes and hold microfuge tubes for incubation

	30ºC incubator
	One
	To incubate the yeast


	Procedure for Phase 2:  Growth of yeast in wastewater and estradiol standard curve concentration series.  (Protocol for two wastewater sources; each sample is run in duplicate.)

A.  Standard curve:  Label 18 microfuge tubes (two sets of nine) according to the Estradiol concentrations for standard curve table (Table 1, page 7).  


Samples:  Label   16 microfuge tubes (two sets of 8) according to the sample dilution and treatment code table (Table 2, page 7)

B.  Addition of first component, sterile DI water

1.  Dispense 400µl of sterile DI water to each of the 8 tubes getting 1/10  X filtrate (Table 2).

2.  Dispense (500µl) of sterile DI water to the 18 standard curve tubes and wastewater color blank tubes (if wastewater has a dark color).
C.  Addition of the second component, sterile wastewater and estradiol dilution series

3.  With a new 100μl to 1000μl sterile pipette tip for each microfuge tube, transfer 500μl of the appropriate sterile wastewater to each of tubes 11a, 11b, 12a, 12b, 21a, 21b, 22a, 22b

4.  With a new 100μl to 1000μl sterile pipette tip for each microfuge tube, transfer 100μl of the appropriate sterile wastewater to each of tubes 13a, 13b, 14a, 14b, 23a, 23b, 24a, 24b..

5.  With a new 1.0μl to 10.0μl sterile pipette tip for each tube, transfer 1.0μl of the appropriate estradiol concentration to each of tubes labeled S1a through S8b and DMSO.  

6.  Estradiol spike:  Transfer 1.0μl of estradiol concentration 7 (1.56E-11)  to each of tubes 13a, 13b, 14a, 14b, 23a, 23b, 24a, 24b.

D.  Preparation and dispensing of the third component, yeast/2X medium, 

7.  Prepare the yeast/2X medium by aseptically transferring 20.0 ml of sterile 2X medium to a sterile beaker with a sterile 10 ml pipette.

8.  Vortex well the tube of yeast to fully suspend the yeast.

9.  With the 100μl to 1000μl sterile pipette tip, transfer 2.00 ml of yeast (2000μl) to the 20.0 ml of 2X medium in the beaker and swirl to mix.

10.  Dispense ½  ml (500µl) of 2X yeast medium to each of the 34 sterile microfuge tubes listed in table 2. When drawing in the yeast-2X medium, keep the tip above the bottom of the beaker so the yeast are not restricted from being drawn in.

11.  Do not add the yeast/medium to the four color blank tubes.  Add 500µl 2X medium without yeast to the four wastewater color blank tubes.

12.  Vortex each tube. Attach the microfuge tube platform to the vortex, and insert the microfuge tubes in the wastewater color blank tubes holder.  

13  Incubate the tubes with shaking for 24 or more hours until there is heavy growth of yeast in all tubes except the four color blank tubes (1cb and 6cb).
	Hints and Explanations
Note:  The yeast will begin to grow after it is mixed with medium.  Minimize the time from first to last tube.  


Handle all media and materials aseptically.


There can be no contamination in phase 2.

A.  For precision, these concentrations will be prepared and measured in duplicate.  Label two sets, an “a” set and a “b” set (i.e. S1a, S1b, S2a, S2b, etc., and 11a, 11b, 12a, 12b, etc.).

3.  Use a new tip for each transfer.

5.  Final Estradiol concentration in the standard curve tubes is given in table 1.  

6.  The final concentration of the spike is 1.56E-11.

7  Make sure the yeast is fully and evenly suspended.

    This is a 1 to 11 dilution of the yeast (≈0.1X).  Another 1:2 dilution will occur when the 2X yeast/medium is diluted when mixed with the sample making a 1 to 22 dilution of the yeast (≈0.05X).

10. The yeast cells settle to the bottom.  Frequently swirl the yeast container so the cells stay suspended. 

11.  Note tubes 1cb and 6cb are wastewater color  blanks.  They do not get yeast.






Table 1. Estradiol concentrations for standard curve


	Estradiol concentration series
	Tube number
	Final Estradiol concentration M

	3
	S3
	2.50 E -10

	 4
	S4
	1.25 E -10

	5
	S5
	6.25 E -11

	6
	S6
	3.12 E -11

	7
	S7
	1.56 E -11

	8
	S8
	7.80 E -12

	9
	S9
	3.90E -12

	10
	S10
	1.95E -12

	DMSO
	DMSO
	0




Table 2. Sample dilution and treatment codes.

	Dilutions of sterile wastewater filtrate with 2X medium for yeast incubation. 

	Component
	(½ X) Filtrate

0.5X


	(½ X) Filtrate

0.5X

Plus 1.56E-11 spike 
	(1/10X) Filtrate

0.125X


	(1/10X) Filtrate

0.125X

Plus 1.56E-11 spike
	Estradiol standard curve from table 1 

(18 tubes)

	Sterile DI water
	none
	none
	400µl sterile

DI H2O
	400µl sterile

DI H2O
	500µl sterile

DI H2O

	Wastewater Filtrate 
	500µl filtrate
	500µl filtrate
	100µl filtrate
	100µl filtrate
	none

	2X yeast/medium 
	500µl 2X

yeast/medium
	500µl 2X

yeast/medium
	500µl 2X 

yeast/medium 
	500µl 2X 

yeast/medium 
	500µl 2X 

yeast/medium

	Estradiol 
	none
	1µl #7spike  from table above (1.56 E -11)
	none
	1µl #7spike  from table above (1.56 E -11)
	1µl from estradiol series in table above

	Sample 1
	11a, 11b
	12a, 12b
	13a, 13b
	14a, 14b
	S1a-DMSOa

	Sample 2
	21a, 21b
	22a, 22b
	23a, 23b
	24a, 24b
	S1b-DMSOb

	
	
	
	
	
	


	If the wastewater has a dark color, prepare wastewater color blanks. Prepare extra tubes 11a, 11b, 21a, and 21b but add 500µl sterile

2X medium and no yeast to each tube.  Label these tubes 11Ca, 11Cb, 21Ca, 21Cb


Phase 3

Day 2

Phase 3:  Assay of product of the reporter gene system

Phase 3 materials per group

	Apparatus
	Number needed
	Notes

	250 ml beaker
	Two
	One to mix the assay solution of Z buffer, DTT, and ONPG

One to hold the stop reaction mix

	100 ml graduated cylinder
	Two
	To measure out Z buffer and to measure stop buffer

	Bottle of 35ml Z buffer
	One
	The solution that will lyse the cells

	Microfuge tube of DTT
	One
	Protects enzymes

	Microfuge tube containing 1.5ml of ONPG
	One
	The substrate that will turn yellow if estrogen was present

	Nonsterile microfuge tubes
	38
	To lyse cells and incubate enzyme reaction

	Pipetters: 0.5μl to 10μl, 10μl to 100μl, and 100μl to 1000μl
	One
	To accurately measure out small quantities of liquid

	Sterile pipette tips: 0.5μl to 10μl, 10μl to 100μl, and 100μl to 1000μl
	One box each
	To accurately deliver small quantities of liquid

	1 L beaker 
	One
	For waste tips and solution

	Vortex
	One
	To mix samples and for incubation of yeast

	37ºC incubator
	One
	To incubate enzyme reaction

	Spectrophotometer
	One
	To read optical density of the samples

	Disposable Pasteur pipettes 20 drops per ml
	11
	To transfer samples to and from cuvettes

	Disposable 1.5 ml cuvettes 
	11
	To read optical density (OD) of the samples

	Box of Kimwipes
	One
	To wipe outside of cuvette to remove smudges or other material

	Microcentrifuge
	One
	To pellet yeast so it does not interfere with OD readings


	Procedure for Phase 3

A.  Preparation of lyse buffer with substrate.

1.  Transfer 35ml of Z buffer to a clean 250 ml beaker with a clean graduated cylinder.

2. Thaw and vortex the 25X ONPG and 1000X DTT tubes.  

3. With the 100µl to 1000µl pipetter and tip, transfer 1500µl (1.50 ml) of ONPG to the Z buffer in the beaker.  

4. With the 10µl to 100µl pipetter and 10µl to 100µl tip, transfer 35µl of DTT to the beaker and swirl to mix.

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

5.  Label 34 clean microfuge tubes the same as the 36 labeled in phase 2. (Plus 4 color blank tubes if they are being used)

6.  Just before each transfer, vortex each phase 2 tube thoroughly and, with a new sterile 100µl to 1000µl tip for each transfer, transfer100µl of yeast solution to the appropriately labeled new microfuge tube.

7. Transfer 900µl of Z buffer with ONPG to each tube.

8. Incubate tubes at 37C for one hour or more until a weak yellow color develops in the S7 standard curve tubes.

C.  Stop the enzyme reaction.

10. Transfer 15 ml of the stop solution (1M Na2CO3) to a clean beaker with a clean graduated cylinder.

11 Transfer 400µl of stop solution to each tube.

12.  Vortex each microfuge tube.

D.  Read optical density of each tube.  

13.  Centrifuge all tubes in a microcentrifuge for 30 seconds.

14.  Obtain optical density readings for the standard curve using the DMSO tube as the blank for standard curve and wastewater tubes..  Use the same pipette and cuvette for each sample working from S8 to S1.

15.  Using the DMSO tube as the blank, take OD readings from the sample tubes.  Use the same pipette and cuvette so long as each succeeding tube has more yellow color.  Change pipette and tube when going to a tube with lighter color.

16.  Readings should be taken of both “a” and “b” sets. 

17.  Obtain the optical density of the wastewater color blank tubes 11Ca, 11Cb, 21Ca, 21Cb using DMSOa and DMSOb as blanks  
	Hints and Explanations

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

3. Do this as two transfers of 1000µl and one of 500µl.     

    This transfer is 42 µl ONPG per ml of Z buffer..

6. Use the 100µl to 1000µl pipetter to transfer the solutions.

     Do not allow enough time between vortexing and   

     transfer for the yeast cells to settle.

D. Turn on the spectrophotometer, set the wavelength to 405 nm, and allow it to warm up for 30 minutes.

13.  This will pellet the yeast so they do not interfere with the optical density readings.  Do not disturb the tubes or draw the liquid up from the bottom.

14.  DMSO tubes are the blanks for all tubes.

      Cuvettes and pipettes may be economized so long as tubes are read in order of increasing amount of color.  

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

17. Wastewater sample tubes may have some interfering color from the wastewater that could give a false positive.  If there is a positive OD of the wastewater blank tubes, subtract the OD value of 11Ca, 11Cb, 21Ca, 21Cb from the OD values of the wastewater sample tubes 11a, 11b, 12a, 12b, 21a, 21b, 22a, 22b,  Unless the wastewater has strong color, it is not likely that the OD value of the 1/10 tubes will be affected by color in the wastewater.


Data Tables


Data Table 1. Optical density readings for standard curve.  (DMSO is blank) 
	Tube number
	Estradiol concentration M
	OD405 series “a”
	OD405 series “b”
	Average  OD405

	S3
	2.50 E -10
	
	
	

	S4
	1.25 E -10
	
	
	

	S5
	6.25 E -11
	
	
	

	S6
	3.12 E -11
	
	
	

	S7
	1.56 E -11
	
	
	

	S8
	7.80 E -12
	
	
	

	S9
	3.90E -12
	
	
	

	S10
	1.95E -12
	
	
	

	
	
	
	
	


Data Table 2. Optical density readings for wastewater samples. DMSO is blank)
	0.5X Filtrate 

(1/2X)
	OD405
	0.10 X

(1/10X)


	OD405
	
	

	11


	a

b

ave. 
	13


	a

b

ave.   
	
	

	12

(spike)


	a

b

ave.   
	14

(spike)


	a

b

ave.   
	Wastewater color blanks  (OD405)

	21


	a

b

ave.   
	23


	a

b

ave.   
	Wastewater color blank


	a

b

ave.

	22

(spike)


	a

b

ave.   
	24

(spike)


	a

b

ave.   
	Wastewater color blank


	a

b

ave.


Blanks for all tubes are DMSO a and b.
Subtract OD values of wastewater color blank tubes from OD values of tubes 1W1 and 2W1 if there is a positive OD in wastewater color blank tube (to remove false positive reading, if any, from the color of the wastewater).  

Wastewater sample 1_________________





Wastewater sample 2 _________________
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