Sun-Screen Your Genes 
Teacher Activity Guide 

Topic:  Genetics/DNA and Skin Cancer

Subject/Grade: 7th grade Life Science

Duration: 3-4 class periods 

Standards:
	1. All living organisms are composed of cells, from just one to many trillions, whose details 		usually are visible only through a microscope. As a basis for understanding this concept: 
		a. Students know cells function similarly in all living organisms. 
		b. Students know the characteristics that distinguish plant cells from animal cells, 			 	including chloroplasts and cell walls.
	2.  A typical cell of any organism contains genetic instructions that specify its traits. Those 	traits may be modified by environmental influences. As a basis for understanding this 	concept: 
		d. Students know plant and animal cells contain many thousands of different 				genes and typically have two copies of every gene. The two copies (or alleles) 				of the gene may or may not be identical, and one 	may be dominant in 					determining t	he phenotype while the other is recessive. 
		e. Students know DNA (deoxyribonucleic acid) is the genetic material of living 			 	organisms and is located in the chromosomes of each cell. 
	6.  Physical principles underlie biological structures and functions. As a basis for 		understanding this concept: 
		a. Students know visible light is a small band within a very broad electromagnetic 				spectrum. 
		f. Students know light can be reflected, refracted, transmitted, and absorbed by 				matter. 
	7.  Scientific progress is made by asking meaningful questions and conducting careful 	 		investigations. As a basis for understanding this concept and addressing the content in 		the other three strands, students should develop their own questions and perform		Investigations. Students will: 
		a. Select and use appropriate tools and technology (including calculators, 					computers, balances, spring scales, microscopes, and binoculars) to perform tests, 				collect data, and display data. 
		 c. Communicate the logical connection among hypotheses, science concepts, tests 		  	 conducted, data collected, and conclusions drawn from the scientific evidence. 
		d. Construct scale models, maps, and appropriately labeled diagrams to 					communicate scientific knowledge (e.g., motion of Earth’s plates and cell 					structure). 
		e. Communicate the steps and results from an investigation in written 					reports and oral presentations. 

Learning Objectives: 
In this laboratory experiment students explore how effectively different sunscreens protect yeast cells from damage caused by exposure to ultraviolet (UV) radiation. Students may compare differing SPFs of the same brand of sunscreen or different brands with the same SPF. The experiment utilizes a strain of yeast that lacks several DNA repair mechanisms; UV-induced mutations lead to cell death. The experiment provides data for students to make relative comparisons between sunscreens.
Make students aware that simpler organisms can be used to help understand the processes in more complex organisms.

Prior Knowledge:
Before carrying out this experiment, students minimally need to understand that DNA contains the instructions for proper cell function; DNA can be changed so that cells no longer function normally, such as in cancer, which is uncontrolled cell growth; skin cancer and other adverse health effects can be caused by exposure to ultraviolet (UV) radiation, which comes from the sun; and the meaning of sun protection factor (SPF) ratings on sunscreens.

Detailed Materials List
1. UV-sensitive yeast strain
2. YED (Yeast-Extract Dextrose) media. You will need approx. 20-25ml/dish
3. Sterile container with lid
4. Sterile pipet to measure 1 ml
5. Pipet bulb or pipet pump to use with the pipet, if needed
6. Sterile test tubes with caps (optional)
7. Sterile distilled water (optional)
8. 70% or 95% ethyl or isopropyl (“rubbing”) alcohol
9. Waterproof marking pens with fine tips - 1/student pair
10. Sterile, flat toothpicks
11. Aluminum foil
12. Paper towels
13. Self-sealing (“Zip-lock”) plastic bag
14. Transparent (“Scotch”) tape
15. Small brown paper bags (optional)
16. Sunscreens of different SPFs and/or different brands
17. Other sun protection items such as lip gloss, lenses from sun
      glasses and fabric
18. Dark paper such as construction paper
19. Source of UV radiation – sun, quartz halogen or fluorescent light
20. Place to incubate the yeast (30 degrees C incubator or room temperature)
21. Sterile Polystyrene Petri dishes (100 x 15mm). 
	Item
	Company
	Catalog #
	Quantity
	Price

	UV-Sensitive Yeast
	Carolina
	173634
	Each
	$11.95

	YED Medium dry
	Carolina
	173650
173651
	To prepare 500ml
To prepare 2L 
	$6.00
$19.00

	Sterile Polystyrene Petri dishes
	Carolina
	741250
	Sleeve of 20
	$5.65

	Sterile Plastic Pipets
	Carolina
	214551
	100 wrapped
	$33.00

	Sterile water
	Carolina
	198697
	1 L bottle
	$17.90


* Although most are fine, the polystyrene in some brands of Petri dishes filters out UV radiation,
   making them making them unsuitable for this experiment.


Timeline:

Four or more weeks before the activity —
• Order UV-sensitive yeast strain, YED Medium and Petri Dishes and all other materials needed.

A week or more before the activity —
• Prepare YED media plates.
• After the media has solidified, turn the plates upside down and allow them to dry for 2-3 days before storing them in sealed plastic bags. For this activity, it is important that the media be a
bit dry so that it will absorb the water with the yeast solution.

Two-four days before the activity — 
•Prepare a fresh culture of UV sensitive yeast.

One day or more before the activity —
• Engage in learning experiences with students to prepare them to carry out the experiment.
• Have students plan their experiments.
• Ask students to bring sunscreen samples or other sun protection items for their experiment to class if you would like them to do so.


Materials Preparation Guide:

Making the YED media Plates:

1. Pour the dry media into the flask.
2. Add the appropriate amount of deionized or distilled water to the dry media.
3. Pour about one-fourth of the water into the flask.
4. Swirl the flask until most of the lumps are dissolved and the media is thoroughly wet. Use the rest of the water to wash any dry media on the sides of the flask down into the solution; avoid further mixing. Cover the flask with a piece of plastic wrap. Punch a hole in the plastic to allow steam to escape.
5.  Dissolve the media in the microwave.
	• Microwave the flask on HIGH for several minutes. Watch the media carefully through 	the 	 	window in the door.
	• When the media boils, stop the microwave and swirl the media; use a folded paper towel 	or hot pad to protect your hand. Continue to do this until the media dissolves.
6. Cool the media to 55oC – the flask will be warm, but not too hot to touch comfortably (do not place a thermometer in the sterile media). It will take about 30 minutes at room temperature for the media to cool. If you prepare several flasks at the same time, you may place them in a 55oC water bath to keep them at pouring temperature. If you allow the media to become too cool, it will begin to “gel” in the bottom of the flask. Cooling the media to 55oC before pouring prevents excess condensation from forming on the Petri dish lids.








Pouring YED Media Plates-
You will need approximately 20-22ml of liquid media for each Petri dish.

1. Make a clean workspace by wiping down your work area with ethanol or soapy water.

2. Pour just enough melted YED agar media into each petri dish to cover the bottom of the dish (20-22 mL for each plate). Remove the lid of the dish just long enough to pour the YED agar media. Replace the lid immediately after you finish pouring. Use a padded glove to protect your hands during these steps. 

3. When the media in the Petri dishes has cooled and solidified, invert them so that condensation does not drip onto the media surface.

4. It is very important that the media be a bit dry for this experiment so that it will quickly absorb the water in the yeast solution. Let the plates sit in an undisturbed place for 2-3 days (or longer if you have high humidity) before using or storing them. 

5. To store the plates, return them to the bags they came in (keep them inverted) and tightly seal the bag tops with rubber bands or tape. The plates can be stored for several months at room temperature, or in the refrigerator, which inhibits the grown of contaminants.

Removing water condensation on the lids of media plates: Before turning media plates right side up to use them, look to see if there are droplets of water on the inside of the lid. If there are, do the following:
• Hold the plate in the upside down position.
• Grasp the bottom (which is facing up) with one hand.
• Remove the lid with the other hand, turn it over, and briskly flick it to remove the water droplets.
• Replace the lid on the plate and turn it over.

If there is moisture condensation in the lid that cannot be removed by flicking, pull a sterile facial tissue out of the box and use a part of it that you have not touched to wipe the condensation from the lid.

Sterile container with lid:
Use a beaker covered with aluminum foil, a baby food jar, or any other container that you can sterilize and cover. If you can get a donation from a doctor’s office, clinic or hospital, a sterile, plastic specimen container with a lid is easy to use. The container needs to hold at least twice the volume of the yeast solution you will need (1 ml/student or student pair). To reduce contamination, use a different container for each class.
To sterilize a container, place the cover or aluminum foil loosely bake at 320oF for 2 hours.

Sterile pipet: If you do not purchase sterile, graduated, plastic pipets, glass pipets can be sterilized using the same methods as those for sterilizing a container (see above).

Sterile distilled water: Sterile distilled water can be purchased or you can prepare it by placing a loosely covered bottle of water in a pan of boiling water for 15 minutes. After the water and container cool, tighten the lid.

Sterile, flat toothpicks: Toothpicks in unopened boxes are sterile and can be used directly from the box. Use scissors to cut a small hole (about 1/4 inch across) in one corner of the box to serve as a dispenser.
The toothpicks in the box are pointing in both directions; use only the ones you grasp by the pointed end (leaving the rounded end sterile, for use).


Prepare a fresh culture of UV sensitive yeast. 2-4 days before the activity — 

• Use the rounded end of a sterile toothpick to collect a very small amount of yeast from the culture you     ordered.
• Gently streak the yeast in several lines across the surface of a YED media plate. Yeast cells will be spread on the media even if you cannot see them.
• Turn the plate upside down and wrap it in aluminum foil to protect the yeast from UV radiation damage.
• Incubate the upside down plate at 30oC (1-2 days) or room temperature (2-4 days) until the yeast has grown.
• Store the plate upside down in a sealed plastic bag in a refrigerator if you don’t plan to use it right away.

Immediately before the activity —
• Prepare a visibly turbid suspension of UV-sensitive yeast cells in sterile water.
• Use the rounded end of a sterile toothpick to collect a small amount of yeast from the YED plate.
• Place the yeast on the side of a sterile container and add sterile water; you will need 1 ml of water for      each student or pair.
• Replace the lid on the container and swirl it to mix the yeast and water. Add more yeast cells if necessary to make a visibly cloudy suspension of cells.

• You may choose to aliquot 1 ml of yeast solution for each student or pair into sterile, capped test tubes or dispense the yeast yourself.

• Yeast cells do not survive long in water; it is best to prepare a fresh yeast suspension immediately before each class or couple of classes.

Day 1: Introduction to UV radiation and Skin Cancer.

1. Ask students if they know anyone who has had cancer? What they think is the most common type of cancer in the U.S.?  Answer = Skin Cancer!
2. Show powerpoint: Skin Cancer or Informational reading
*I have included another worksheet that has information on UV, but does not go into as much detail as the ppt. You can have the students read this before you begin instead of the ppt.
3. Students will complete worksheet that goes along with powerpoint presentation.
4. Talk about Different protections and have them think about what they want to test.

DAY 2:  Lab procedure/write-up.
1. Pass out lab template 
2. Have students start to fill out lab template and discuss how lab procedure will go the following day.
3. Discuss and finalize what products will be tested.

Day 3: Plating the yeast and exposing to UV rays.

1. Hand out materials to each student group:
· YED medium Petri dish
· Tape and marker
· Alcohol and paper towel
· Black paper and scissors	
	
	Around the room:
· sunscreens, cloth, sunglasses and other materials brought in that the students can choose to test
· Yeast suspension
· Sterile pipet
· Sterile toothpicks
	
2. Have students clean their desk/work area.
3. Have them write their group name on the outside edge of bottom of dish.
4. They will draw lines on the top and bottom of the dish to divide it into parts for testing. One part should be for full sun. Have them label each area.
5. Come up and get 1ml of yeast suspension.
6. Gently tilt and rotate the dish to spread it around. They may need to use a toothpick to help spread it around. 
7. Let the liquid soak into the medium for 10-20min. until the liquid disappears. Make sure it is placed in a dark place,  or covered with aluminum foil.
	*While waiting have them fill in part of their lab template: Hypothesis, controls, 	variables, materials and procedure.
8. Then have them tape the 2 halves together on the side of the dish with clear tape.
9. Have them spread the sunscreen, tape the cloth or glasses etc. for testing
	* Try to use equal amounts of sunscreen for each treatment; for more precise 	comparisons, 	use a balance to weigh each sunscreen amount.
	
10. Expose the Petri dish to the sun or UV light if you have one. Sunlight — 
	* If you plan to expose the plates to UV radiation by holding them perpendicular to the 	sun, it is particularly important that all of the water from the yeast suspension be absorbed 	by the media before continuing with the next step of the experiment. If the water is not 	absorbed, the yeast cells will migrate across the surface of the plate when it is tilted, 	obscuring differences between treatments.

For maximum exposure and effectiveness, hold plates of yeast so that the surface of the agar is perpendicular to the sun's rays. Placing a piece of paper or 3x5” card behind the Petri dish to show a shadow may be helpful; when the dish is perpendicular to the sun, the shadow will be smallest.


Use the following table to determine the number of minutes to expose the plates.
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11.  They will wipe the sunscreen off the lid and place upside down in a dark place or incubator if you have one.
12. Let the yeast grow for 1 day in an incubator or at least 2 at room temperature.

Yeast incubation temperature and growth rates: The optimum growth temperature for yeast is 30oC, but it will grow satisfactorily at room temperature; the cooler the room, the slower it will grow.

Incubate yeast in the dark as much as possible. 

For optimal growth, the plates must be aerobic. Do not tightly seal them in plastic bags while they are incubating. You may find it helpful to incubate them in open food-storage bags, which keep them from drying out too quickly and protects them from contamination.

If the yeast has grown enough to show differences among the treatments and students are not able to immediately observe the plates, place the plates upside down in the refrigerator in a sealed plastic bag. This will stop the yeast from growing. If the yeast grows too much it may obscure differences among the treatment areas on the dish.

Yeast strains can be stored on media plates in the refrigerator for up to six months or a year.

Day 3 Results and analysis:

1. Have students examine the incubated plates and completely fill out their lab report template.
2. Report findings to the class orally.
3. I also made a chart on the board of the results from all classes.


	A semi-qualitative method for growth is ranked on a scale of 0-4:

					0= no growth			3= high growth
					1= little growth		4= maximum growth
					2= some growth




Proper Disposal:
Soak in a 10% bleach solution for a couple of hours. After the bleach treatment, they can be placed in the regular garbage cans.


If there is time…..

Assessment Suggestions: Have students create a media piece related to what they have learned. This might be a brochure, a poster, a press release or a public service announcement (PSA) for TV, radio or print media. You may choose to offer students all of these options or only 1-2. The media piece needs to have a clearly-defined message, target a specific audience, and be creative.

*I will then talk to students about cancer treatments, and discuss with them my research on dendrimers and how they may impact the future of cancer therapy. 


This lesson was adapted from:

Learn.genetics: How does sunscreen protect my DNA- http://learn.genetics.utah.edu/
Carolina: Sunscreen for Yeast and People Too.
Cancerquest- http://www.cancerquest.org/
Biosciencexplorations.org

You can access these websites for more information and details.





























NAME:										PERIOD:

SKIN CANCER 
POWERPOINT NOTES:


1. What is Cancer?

	Changes to the __________of a cell called _______________lead to cellular damage.
	Mutations enable _____________to divide continuously. Unchecked growth results 	in a mass, called a __________.	
2.  Skin
	
	The__________ is the body’s largest organ.
	List 3 functions of the skin:
a) 
b) 
c) 
Skin cancer is an ____________  ___________ in the skin resulting from ___________________________ growth.
There are three main types of skin cancer:
a) 
b) 
c) 
	How many cases are diagnosed each year?_______________Deaths?____________
3.  Types of Skin Caner
a)	___________ _________ _____________ is the ____________ dangerous of the 	skin 	cancers, grows ___________, and rarely spreads beyond original location. 
	It is the_______ ______________skin cancer.  Major Risk Factors: _______________ 	_______ __________________________.
b)	___________________ _______ ________________- Most cases are not dangerous if 	______ and ______________ early.  Considered “_________ ______________” than 	basal cell carcinoma, although they are both highly treatable.  ______________ 	most common cancer diagnosed. Major Risk Factors:___________________________.	
c)	______________________ -Responsible for ________of deaths due to skin cancer.  	More 	likely to ____________________(spread) than other types of skin cancer.  	Major Risk 	Factors: Exposure to ______________________, ______________, 	__________________________.
4.  The Big Risk: Ultraviolet (UV) Radiation
	UV radiation is the ____________ _____________ that fuel the sun and other stars, 	and release an enormous amount of ______________. This energy is emitted as 	radiation of several kinds, including ____________ _________ and the__________ 	that warms the earth.
	Three types of UV Radiation:	
a) __________: Longest wavelength (400-315nm)
· 
· 
· 
b) __________: Middle UV wavelength (315 - 280 nm)
· 
· 
· 
a) __________: shortest UV wavelength (280 - 100 nm)
· 
· 
5.  Benefits of the sun:
	The sun triggers _________________synthesis (production) which is good for the 	body!
6.  Prevention:
	SPF stands for ______ ________________ ________________.
	The ____________ SPF equals a ___________ period of protection. SPF relates only 	to  _________ not UVA rays.
	If it takes you 10 min. to burn how long can you stay in the sun without a burn 	with a sunscreen 	that has a SPF of 30? _______________.
	List 2 Dangers of Tanning:
a) 
b) 
A tan is actually the result of skin injury…the skin is trying to protect itself by producing more pigment or “_______________________.” 
	Who is 100% risk free from skin cancer?_________________________.
7. Experimenting with UV Radiation: 
Why can we use yeast as a model system to explore the effects of UV radiation on 	cells?

Answer Key:

SKIN CANCER 
POWERPOINT NOTES:

     1.  What is Cancer?

	Changes to the DNA of a cell called mutations lead to cellular damage.
	Mutations enable cancer cells to divide continuously. Unchecked growth results 	in a mass, called a tumor.	
2.  Skin
	
	The skin is the body’s largest organ.
	List 3 functions of the skin: examples include
a) Prevents water loss
b) Protects organs
c) regulates body temp.
Skin cancer is an abnormal change in the skin resulting from uncontrolled cell
growth.
There are three main types of skin cancer:
d) basal cell carcinoma
e) squamous cell carcinoma
f) melanoma
	How many cases are diagnosed each year?1 mill. Deaths? 10,000.
3.  Types of Skin Caner
	Basal cell carcinoma  is the least dangerous of the skin cancers, grows slowly, 	and rarely spreads beyond original location. 
	It is the most common skin cancer.  Major Risk Factors: exposure to 	sunlight/sunburns.
	Squamous cell carcinoma. Most cases are not dangerous if detected and treated 	early.  Considered “more aggressive” than basal cell carcinoma, although they 	are both highly treatable.  Second most common cancer diagnosed. Major Risk 	Factors: exposure to sunlight/sunburns.	
	Melanoma. Responsible for 75% of deaths due to skin cancer.  More likely to 	metastasize(spread) than other types of skin cancer.  Major Risk Factors: 	Exposure to UV radiation, Sun, and tanning lamps.

4.  The Big Risk: Ultraviolet (UV) Radiation
	UV radiation is the nuclear reactions that fuel the sun and other stars, and	release an enormous amount of energy.  This energy is emitted as radiation of 	several kinds, including visible light and the heat that warms the earth.
	Three types of UV Radiation:	
c) UVA: Longest wavelength (400-315nm)
· Can be harmful
· Penetrates deeper into the skin
· sunburns
b) UVB: Middle UV wavelength (315 - 280 nm)
· Responsible for most sunburns
· Causes DNA damage
· Mostly absorbed by ozone and atmosphere
a) UVC: shortest UV wavelength (280 - 100 nm)
· Not harmfui to humans
· Completely absorbed by the atmosphere
5.  Benefits of the sun:
	The sun triggers vitamin D synthesis (production) which is good for the 	body!
6.  Prevention:
	SPF stands for Sun Protection Factor
	The higher SPF equals a longer period of protection. SPF relates only to UVB  not 	UVA rays.
	If it takes you 10 min. to burn how long can you stay in the sun without a burn 	with a sunscreen 	that has a SPF of 30? 300 min..
	List 2 Dangers of Tanning:
a) 
d) 
A tan is actually the result of skin injury…the skin is trying to protect itself by producing more pigment or “melanin.” 
	Who is 100% risk free from skin cancer? NO ONE!
7. Experimenting with UV Radiation: 
Why can we use yeast as a model system to explore the effects of UV radiation on 	cells?
Contain genes that are very similar to ours; UV sensitivity enables us to observe how much DNA damage occurs when the cells are exposed to or protected from UV light.
UV Radiation and Skin Cancer Information

What is ultraviolet radiation?
The sun radiates energy over a broad spectrum of wavelengths. About half of this radiation is visible light. The other, invisible, light includes ultraviolet (UV) radiation whose short wavelengths have the potential to cause sunburn and other health problems. Fortunately the ozone layer in the earth’s atmosphere shields us from most UV radiation. Scientists classify UV radiation into three types:
	• UVA, which is not absorbed by the ozone layer. It penetrates deep into the 	skin, causing premature aging and immune system problems.
	• UVB, which is partially absorbed by the ozone layer. It mostly impacts the 	surface of the skin. After exposure to UVB the skin increases production of 	the 	pigment melanin which darkens the skin and protects it by absorbing UV light. 	UVB is the primary cause of sunburn and skin cancer. The amount of UVB 	radiation reaching the earth’s surface is increasing as the ozone layer thins.
	• UVC, which is completely absorbed by the ozone layer and oxygen in the 	atmosphere.

How can your health be affected by exposure to ultraviolet radiation?
UV radiation harms cells by causing changes in their DNA. While most cells repair this damage, occasionally one does not. This “glitch” can cause a change, called a mutation, in the DNA of a gene. When this gene is transcribed and translated into a protein, the protein may contain an error that causes it to function improperly and lead to cancer. Extensive DNA damage can also lead to skin cells killing themselves. This is one reason why skin peels after a bad sunburn.
Skin cancer is one of the major diseases linked to overexposure to UV radiation. One in five Americans will develop skin cancer and one American dies from this disease every hour. People who have had several blistering sunburns before age 18 are at higher risk of developing melanoma, the most serious form of skin cancer. While individuals with fair skin and freckles have a higher risk of developing skin cancer, dark-skinned individuals can also get this cancer. Both UVA and UVB radiation contribute to the formation of skin cancer. Overexposure to UV radiation can have other effects on your health, regardless of your skin color. UVA radiation can lead to premature aging of the skin, causing it to become thick, wrinkled and leathery. 
Proteins in the lens of the eye can be changed by UV radiation, leading to the formation of cataracts. The resulting cloudiness of the lens can lead to partial or complete blindness.  UV radiation may also suppress proper functioning of the body’s immune system. 

Most tanning beds contain less UVB radiation than normal sunlight and significantly more UVA.  While this results in more tanning and less burning, it leads to more UVA damage to the skin.

What does SPF mean and how do sunscreens work?
Sunscreens are labeled with a Sun Protection Factor (SPF) rating which is really a sunburn protection factor. For example, suppose that your skin begins to redden after 10 minutes in the sun. If you protected it with an SPF 15 sunscreen, it would take 15 times as long, or 2.5 hours, to get a comparable burn. However, the testing laboratories use 2 milligrams of sunscreen per square centimeter of skin for their tests – much less than most people usually use. SPF relates only to UVB protection; there is no standard for UVA protection in the U.S.

Sunscreens act like a very thin bullet proof vest by stopping the UV radiation before it can enter the skin and cause damage. Some sunscreens contain organic molecules (such as oxybenzone, homosalate and PABA) that absorb UVB and/or UVA radiation. Others use inorganic pigments (such as titanium dioxide and zinc oxide) that absorb, scatter and reflect both UVA and UVB light.  Many sunscreens contain both to provide better protection.

Why use yeast to study the effects of UV radiation?
Ordinary baker's yeast (Saccharomyces cerevisiae) contains genes for DNA repair that are very similar to human genes with the same function. Therefore we can use yeast as a model system to explore the effects of UV radiation on cells. Like human cells, most yeast cells effectively repair DNA damage caused by UV radiation. However, some yeast strains have mutations that prevent them from making certain types of DNA repairs. Because they cannot repair DNA damage, these cells usually die after exposure to UV radiation. This sensitivity enables us to observe how much DNA damage occurs when the cells are exposed to or protected from UV light.
Genetics Science Learning Center. http://gslc.genetics.utah.edu © 2002 University of Utah
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Number of minutes to expose plates

Season Mid- Noon | Mid-afternoon
morning

Summer 34 23 34

Spring & Fall 56 34 45

Winter 4050 | 1520 20-30

Table from “A Classroom Guide to Yeast Experiments”
hitp:/ /www.phys ksu.edu/ gene/chapters html
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