Ages: 10-14
Topic: Bacteria, Scientific Method, Classifying, Sampling
Time: 2 class days

Mission X: Train Like an Astronaut Nt .ion scince standarcs

» 5-LS2-1 Develop a model to describe the movement of
H I l E I I matter among plants, animals, decomposers, and the
environment

Common Core State Standards: MP.4 Model with
mathematics

EDUCATOR SECTION (PAGES 1-12)

STUDENT SECTION (PAGES 13-21)
Background

Microbes live everywhere! While many microbes on Earth are
harmless, and can even be helpful to humans, some microbes can be
unsafe.

Microbes belong to a group all by themselves because they are neither
plants nor animals. Because they can multiply extremely quickly, it is
normal to find millions of them in the same location. Some microbes or -
“germs”, such as bacteria and mold, can grow on food, dirty clothes, — Astronaut Chris Hadfield taking microbe samples
and garbage that people produce. Microbes live on your skin, in your 07 € 1SS,

mouth, nose, hair, and inside your body.

Microbes can also be found aboard the International Space Station (ISS). NASA scientists have reported that some
germs on the ISS have different characteristics when grown in space compared to when they grow on Earth. The
safety of the crew is of utmost importance. Therefore, cleanliness and proper disposal of garbage is an important
part of living on the ISS.

Scientists who study microbes are called microbiologists and microbiology is the study of microorganisms

or microbes. The root word “micro” comes from Greek and means “small”. These microbes are so small that
powerful microscopes are needed to be able to see them. At the Johnson Space Center in Houston, Texas, NASA
microbiologists study the small microbes in the air, water, food, and surfaces of the ISS. Controlling the microbes
inside your body is an important part of staying healthy. So, where can you find microbes?

Teacher Notes / suggestions for
implementation:

This activity is designed to accompany A Microbial
Box, so completing both activities will give the
students both a research and a laboratory experience.

Lesson Objectives. Students will:
e formulate and prepare an inquiry-based investigation.
e grow and study microbial life.
e categorize microbes based on different properties.

* think critically. It is possible to do the activities in different years or

e investigate the relationship of everyday products to microorganisms. separated by a significant amount of time. Thus, the
e examine the impact of microorganisms on daily life. student reading sections and background information
e discover that microorganisms have the greatest diversity of all are the same as they are appropriate for either activity.

living organisms.
e explain how microorganisms are beneficial to humans and the environment.
e connect healthy living habits from living in space to their schools and homes.
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https://www.stem.org.uk/resources/elibrary/resource/449253/microbial-box-english

QUESTION: WHAT IS GROWING

D YOUR Sy, YOUR DESX.

HE COMP R KEYBOARD! Microbiologists have found that microbes can live just about everywhere, even

ON THE ISS AND YOUR o J e
SCHOOL?

on us! We have trillions of microbes inside and outside of our bodies. Run your
tongue over your teeth—you are licking thousands of microbes that normally
live on your teeth. Millions of them live on your tongue, too. A large part of the
mass of your body is actually something else: bacteria, viruses, and fungi.

Microbes are in the world around you, too. If you pick up a fistful of garden
soil, you are holding hundreds (if not thousands) of different kinds of microbes
in your hand. A single teaspoon of that soil contains over 1 billion microbes of

r bacteria, about 120,000 microbes of fungi and 25,000 microbes of algae.
. — |

While on the International Space Station,  \pisrobes have been around for billions of years because they are able to adapt
astronauts take samples to monitor

microbial growth and ensure  safe and to the ever-changing environment. They can find a home anywhere, and some

healthy environment. They take the samples ©Of them live in places where we once thought nothing could survive.

much like you will do in this activity, and

while in space they sample the air, surfaces, For example, scientists have discovered microbes living in the boiling waters

and water of the ISS. of hot springs in Yellowstone National Park. Other heat-loving microbes live in
volcanic cracks—miles under the ocean surface, where there is no light and

the water is a mixture of poisonous chemicals. Other microbes live in the permanently frozen ice of Antarctica, )

Microbes have also been found living inside the stones that make up the walls of old cathedrals in Europe. g

Microbes can even survive

in space. On April 20, 1967, ag

the unmanned lunar lander = e

Surveyor 3 landed near Oceanus

Procellarum on the surface of the

Moon. One of the onboard items

included a television camera.

Two-and-a-half years later, on

i . " : November 20, 1969, Apollo 12

Figure 2: Television camera astronauts Pete Conrad and Alan

from Surveyor 3. L. Bean recovered the camera.
When NASA scientists examined

it back on Earth, they were surprised to find some bacteria called Streptococcus mitis were still alive. Because

of the precautions the astronauts had taken, NASA was sure that the germs found inside the camera had been

in the camera since before Surveyor 3 launched to space. These bacteria had -

survived for 31 months in the vacuum of the Moon’s atmosphere. They may

have frozen or dried inside the camera, which are two ways normal bacteria

can enter a state of deep sleep.

Some scientists even believe there is a possibility that bacteria may have once
lived on Mars. The photograph below (taken through a microscope) shows
what some scientists believe may be the fossils of tiny bacteria in a rock that [ P in § 3

formed oln Mars about 4.5 billion years ago. The rock crash-landed on Earth as Figure 4: Close-up of bacteria that survived
a meteorite thousands of years ago. for almost 3 years on the moon.
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Problem: Can | observe life around me that cannot be seen?

SAFETY!!

¢ Remind students about the importance of classroom and lab
safety.

e Students should wear eye and hand protection during this
activity.

e Safety Data Sheets (SDS) are required for part 2 of this activity.
http://www.3m.com/3M/en_US/company-us/SDS-search/
https://www.osha.gov/dsg/hazcom/ghs.html#4.8

e |[f a chemical spill occurs, have the students move quickly from the site.
Wash off chemicals that have splashed onto the skin or clothing for 15
minutes using large amounts of water in the safety shower, eye/face wash
station, or sink.

e This activity requires proper clean up.

Part 1 - Explore
Observing life around us that is too small to be seen!

SAFETY SECTION
Remind students about the importance of classroom and lab safety.
e Students should wear eye and hand protection during this
activity.

Teacher Notes / suggestions

for student engagement:
To help with the student
engage section, ask some
questions such as: If you
can’t see something, how
do you know it exists? If you
drop a piece of candy on the
gym floor, would you still eat
it? What are some cleaning
products you use at home?
What are some ways to clean
a wound if you get a cut in
your skin? What are some
ways to prevent getting sick?
Which surfaces in the school
do they think might have the
most bacteria and microbial
growth?

e Safety Data Sheets (SDS) are required for part 2 of this activity. Examples of SDS can be found here:

http://www.3m.com/3M/en_US/company-us/SDS-search/
https://www.osha.gov/dsg/hazcom/ghs.html#4.8

e |[f a chemical spill occurs, have the students move quickly from the site. Wash off chemicals that
have splashed onto the skin or clothing for 15 minutes using large amounts of water in the safety

shower, eye/face wash station, or sink.
e This activity requires proper clean up.

Pre-lesson Preparation:

Students should work in groups of four. Group size can be adapted for your needs. Students can complete the

Analysis Sheet (Appendix A) together or individually.

Materials:

Per class

e Clear adhesive tape

e Thermometer

e Small desk lamp or light (15-60 watt)

e Small container (such as medicine cup or cough syrup container)

e Anti-bacterial soap

e Incubator, using a hard-sided cooler OR a 10-gallon glass aquarium
with heavy weight plastic (laminating plastic) and packing tape (See
how to make a classroom incubator and determine other needed
materials in Part 2's pre-lesson instructions section and in Appendix B)

Per group of 4
e 2 plastic cups

solution

e Color pencils

www.trainlikeanastronaut.org

e 5-cup distilled water
e 2 permanent markers
e >-cup weak bleach

e One 1-gallon zipper seal
bag (to use at 48-hour
observation period)

Per student

e 1 Petri dish
(with nutrient agar)

¢ 1 hand lens

e 1 cotton swab

e Eye protection

e Hand protection

e Copy of What's in your
Petri? Student Section
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At least three days prior to the activity
e Purchase Petri dishes
— It is important to use an agar formulation that does not preferentially grow one
kind of bacteria over another. Although other agar formulations might work,
it is recommended that you purchase nutrient agar for this activity as it has
more nutrients and will grow the widest range of bacteria. You can purchase
nutrient agar from any science supply and material company.
— Prepared Petri dishes should be refrigerated until used and always stored
upside down. (i.e., media in upper dish and cover on the bottom). This keeps

condensation which forms in the lid from dropping onto (and disrupting) the  E.coli cultures in Petri dishes. NASA
microbe growing surface. launched E.coli in the first GeneSat on

Nov. 13, 2006. (Image Credit: NASA)

e Construct an incubator (See Appendix B for images of incubators.)
An incubator is a warm cabinet where you can set the temperature for proper microbe growth to about 35 °C, or
normal body temperature (98.6 °F). The hard-sided cooler incubator is recommended because it is easy to set-
up and easy to regulate temperature.
— If using a hard-sided cooler:

Place a small desk lamp inside a hard-sided cooler, letting the cord come out the top under the cooler lid

(see Appendix B, Image 1).

. Itis recommended not to use a halogen lamp. Halogen lamps get hotter than regular, incandescent
lamps. Because the halogen lamp operates at very high temperatures, it can pose fire and burn
hazards.

. Try different bulbs (15-25 watts) until you find one that gives you the temperature you need for your
incubator.

Place a thermometer (0—-100 °C) inside the cooler.

Close the lid, leaving a small opening for air flow.

— If using an aquarium:

You will need a 10-gallon aquarium. (It does not need to be watertight.)

Turn the aquarium so that the opening faces the front instead of the top (see Appendix B, Images 2 and 3).

Cut a heavy-weight plastic (such as laminating film) slightly wider than the aquarium opening and about

two inches longer than the height of the opening.

Tape the plastic to the top of the aquarium, so that the plastic falls over the opening at the front. This is

the “door”.

Place a small desk lamp in the aquarium, letting the cord come out the front under the plastic covering.

. Itis recommended not to use a halogen lamp. Halogen lamps get hotter than regular, incandescent
lamps. Because the halogen lamp operates at very high temperatures, it can pose fire and burn
hazards.

. Try different bulbs (15-25 watts) until you find one that gives you the temperature you need for your
incubator (see box below).

Place a thermometer (0-100 °C) in the aquarium so that you can read it without opening the plastic “door”.

Cover the top and back of the aquarium with aluminum foil.

— If a hard-sided cooler or aquarium is not available, here is an
alternative option. Find a warm place behind your refrigerator, ~ 1eacher notes: For whichever option you
next to the radiator, or inside an oven that is off (with the inside = ¢/100S€, prepare your incubator in advance
light turned on). Please be aware that if using this method, it = @19 use a thermometer to test it a aay before
may take longer than 48 hours to see microbe growth. starting your investigation. Temperature

should be between 35-39 °C (98-100 °F).
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The day prior to the activity:
e Make enough dishes for each group to have four labelled Petri dishes and label
them. (See the image to the right of a labelled Petri dish.)
— Using a permanent marker, divide the Petri dish into two sections by marking a
line on the outside of the bottom of the dish.
— Label one side of the lid with “E” for experimental.
— Label the other side with “C” for control.

The day of the activity:
e \With a permanent marker, label two plastic cups per group as follows:
- WATER
- BLEACH
¢ To prepare the cup labeled WATER:
— Make sterilized water by boiling distilled water and letting cool to room temperature.
— Partially fill the cup with the sterilized water (one per group for each class).
— Place cotton swabs in the plastic cup (one cotton swab per student).
e To prepare the cup labelled BLEACH:
— Make a weak bleach solution by mixing one part bleach with three parts water.
— Fill half of the cup with this bleach solution. (Use this cup for disposing of used cotton swabs.)

Labeled petri dish for What's in your
Petri 1. Courtesy NASA JSC HREC.

Procedures:

Microbial Life (taken from the What’s in your Petri? Student Section)

Before beginning, give each group one plastic cup containing cotton swabs in distilled water and one plastic cup
containing the weak bleach solution.

Make a list of places and items that microbes live in. Which of these places or items may also be on a spaceflight
mission?

Have the students discuss (as a class) the places or items in their environment that contain microbes which might
also appear on a spaceflight mission.

Before beginning the activity, students should fill out the sections for the KWHL chart for “WHAT THEY KNOW”
and “WHAT THEY WANT TO KNOW”. They can use the data from the A Microbial Box activity
(http://trainlikeanastronaut.org/mission-data) to assist them.

Direct the discussion towards items that can be swabbed by the students such as:
e Floors
e Trash cans
e Bottom of shoes
e Bathrooms
e Coins
e Sinks
e Erasers
* |nsects (an insect can walk across the dish, e.g., a pill bug)
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Do not allow students to swab any part of the body such as lips, fingers, mouth, etc. for this

activity.

1. With your group, decide what places or items to use to swab the Petri dish. Make sure your teacher
approves them.

2. Record the places or items your group will test on your Microbial Life Analysis Sheet (Appendix A).
(Use one Microbial Life Analysis Sheet per place or item tested.)

3. Put on your eye and hand protection.

Teacher notes: Stress the importance of keeping eye and hand protection on during this section of the
lesson. The hand protection is to ensure that students do not transfer microorganisms from their hands to the
item. In addition, safety procedures should be followed to ensure that whatever organisms are swabbed does
not affect the health of the student.

4. Watch as your teacher models the correct procedure to swab the Petri dish without tearing the agar surface.
Swab the Petri dish by gently rubbing the sterile cotton swab on the experimental side “E” without tearing the
agar surface.

Teacher notes: Discuss the control side of the Petri dish with your students. Explain why this side is left
untouched.: The control side is needed to make the experimental results valid. Leaving the control side untouched
allows the student to view the growth difference between the swabbed side (with microbes) and the unswabbed
side (without microbes). The two groups are kept in identical conditions and observed in the same way.

5. Without tearing the agar surface, very gently rub the swab over the agar onto the experimental side “E” in a few
strokes, and replace the lid to the dish. (Each student from the group should collect bacteria from their selected
place or item using a swab. Each student will test a different item.)

6. Dispose of the used cotton swabs in the cup of bleach solution.

7. With a permanent marker, label the edge of your Petri dish with your name and the name of the item to be tested.

Teacher notes: /t’s important for students to label each dish so they know the source of
the bacteria. When labelling, students should use the edges and the control side, “C”. This
makes it easier to view the culture on the experimental side, “E”. (See image to the right of
a labeled Petri dish.)

8. To help prevent condensation from dropping onto and disrupting the microbe growing surface, place the Petri

dish upside-down in the incubator.

9. Place a thermometer inside the incubator to monitor the temperature. To encourage culture growth in the

incubator, the environmental temperature should be between 35°-39 °C (98-100 °F).

10. Place the small container (such as a medicine or cough syrup cup) with water in the incubator to keep the
environment moist and to prevent the agar from drying. Be careful not to spill water inside the incubator.
Excess water could cause a short circuit with the lamp.

11. Wash your hands with anti-bacterial soap and water.

12. Predict what will happen in 24-48 hours, and record your predictions on the Microbial Life Analysis Sheet.
Include physical properties such as shape, color, etc. Discuss predicted physical properties (i.e., shape, color,
etc.) with students and ensure these properties are included in their recorded predictions. Prior to students
recording their observations, explain and discuss the Microbial Life Analysis Sheet. Make sure students
understand the words “translucent” and “sketch”.
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I} SUGGESTED PLACE TO PAUSE ACTIVITY TO LET MICROBES GROW -
RESUME AT 24 AND 48 HOURS

Students should observe the Petri dishes at 24 and 48 hours.

After two days (or when the cultures are ready for observations), tape the Petri dishes shut, sealing around the
outside edges using the following procedure. This will prevent students from opening a Petri dish with microbial
growth. Additional suggestions:

e Close the Petri dish, making sure it is tightly shut.

e Using clear adhesive tape, center the tape on the two sides of the edge of the dish.

e Jape the outside of the dish all the way around.

Teacher notes: Upon removal and observation, make sure students DO NOT turn the Petri dish right side
up; otherwise condensation will leak out (see Appendix B, Image 4).

183. Put on your eye and hand protection.
14. With your group, use hand lenses to make observations and record data on the culture-tested bacteria from
your selected place or item containing microbes.

Important! Do not open cultures!

You should see growth within a couple of days. The dishes might start to smell,
which means the bacteria are growing.

15. Record your observations by making sketches using colored pencils on your Microbial Life Analysis Sheet.
16. As a group, present your data to the class.

Teacher notes: As groups, have students present their data or write their data on chart paper. You can also
make a transparency of a blank Microbial Life Analysis Sheet so that the information can be viewed by the
whole class. This information will be important when answering the study data questions. If available, you may
also consider using a document camera to view the Petri dishes with microbial growth.

17. If completing the 24-hour observation, allow your teacher to return the Petri dishes to the incubator.
Put on hand protection. Keeping petri dishes with lids facing down, remove the tape from each petri dish
& and gently replace back into incubator.

If completing the 48-hour observation, properly dispose of the bacterial cultures.
* Place the Petri dishes inside your group’s zipper seal bag and close securely.
e Give the sealed bag to your teacher.
Put on hand protection. For each zipper sealed bag: remove tape from the outside of each Petri dish, but
make sure each Petri dish is opened inside the bag. Add one tablespoon of household bleach to the bag.
Make sure bleach goes inside each Petri dish to Kill the microbes. Dispose of the Petri dishes.
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Explain:
When students have completed their observations, ask them to study their data and answer the following
questions.

1. How is the control side of your Petri dish used? [The control side is to give a baseline for any microbial growth
that is independent, or not part, of the experiment.]
2. What is an incubator? [An incubator is something that creates a controlled environment to grow microbes.]

3. How did you choose your sample? [Answers will vary]

4. Does the sample growth lead you to believe that there are few or many microbes in your environment? Why?
[Answers will vary]

Evaluate:
Have the students update the HOW DID YOU FIND OUT and LEARNED columns in your KWHL chart and then
answer the following questions:

1. Restate your hypothesis. [Answers will vary]

2. Explain how the results do, or do not, support your hypothesis. [Answers will vary, but make sure the answers

refer to the students’ hypothesis. It is acceptable to have the results not support the hypothesis, but not

acceptable for them to change the hypothesis at this stage to match the results. It is better to explain why the

results are different than what they expected.]

3. Microbes are too small to see without a microscope. How did you observe and measure microbe growth
without seeing each microbe? [Answers will vary, but most likely will relate to not being able to see single

microbes, rather seeing many of them.]

4. What was the purpose of using light bulbs to grow the microbes? [The light bulbs increased the temperature to
provide optimal temperature.]

5. Where else do you think you would be able to find a large amount of microbes? [Answers will vary]

Elaborate:
1. How can you observe life around you that cannot be seen? [Using tools such as microscopes or telescopes, or
letting things grow until they are big enough to see.]

2. Does your data support your hypothesis? Why or why not? Compare your data with your class. [Answers will vary]
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3. As a group, develop a plan as to how you help maintain a clean and microbe-free school. How could you do
this at home? [Answers will vary|

4. Imagine you are a microbiologist concerned about astronaut safety. Please make recommendations to NASA to
reduce the microbial level aboard spaceflight missions. [Answers will vary]

Extend:

1. A company makes cleaning supplies and has asked your group for advice. They would like to investigate which
surface might be the most important to clean. Which surface in your school would you suggest they use to test
their cleaning supplies? [Answers will vary]

2. Read the “Did you know?” graphic. Why do you think astronauts have their bodies wiped with rubbing alcohol
before they fly to the space station? [Answers will vary]

3. Astronauts are kept away from other people for a week before launching into space. How does this keep them
from getting sick in space”? [Answers will vary]

4. Look at your data again. Where on the ISS would you expect more microbes to be found? Where would you
expect the least amount of microbes? [Answers will vary]

5. Pick one of your petri dishes and create a diary or story from the perspective of the microbes inside. For
example, if you were one of the microbes in the petri dish, what would be your life story? [Answers will vary]

Educator resources

Useful Websites for Further Information

Microbes living on the ISS before humans ever lived there
http://science.nasa.gov/science-news/science-at-nasa/2000/ast26nov_1/

Preventing “Sick” spaceships
http://science.nasa.gov/science-news/science-at-nasa/2007/11may_locad3/

To read more about the ISS Environmental Control and Life Support System
http://www.nasa.gov/sites/default/files/104840main_eclss.pdf

To learn more about microbes and health
https://www.niaid.nih.gov/topics/microbes/Documents/microbesbook. pdf

NASA eClips about life on other planets
http://www.nasa.gov/audience/foreducators/nasaeclips/search.html?terms=&category=1000
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SCIENTIFIC INVESTIGATION RUBRIC

Experiment: WHAT'S IN YOUR PETRI?

Student Name

Date

Performance Indicator

Developed a clear and complete
hypothesis.

Followed all lab safety rules and
directions.

Followed the scientific method.

Recorded all data and drew a
conclusion based on the data.

Asked engaging questions related to
the study.

Made recommendations to NASA for
reducing the microbial level onboard
spaceflight missions.

Point Total

4 = Excellent/Complete/Always follows directions/Organized
3 = Good/Almost complete/Almost always follows directions/Usually organized

2 = Average/About half done/Sometimes follows directions/Sometimes organized
1= Poor/Incomplete/Rarely follows directions/Disorganized

0 = No work/Didn’t follow directions/Interfered with work of others

Point total from above: / (24 possible)

Grade for this investigation:

www.trainlikeanastronaut.org

Grading Scale:
A = 22-24 points
B =19-21 points
C = 16-18 points
D = 13-15 points
F = 0-12 points
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Appendix A - Sample of Microbial Life Analysis Sheet from Student Section.

PART 2: Microbial Life Analysis Sheet - sample

Write a description of the
bacterial culture

Sketch the bacterial culture

(Use colored pencils when appropriate)

Date:

Time:
Temperature:
Shape and color:
Translucent:

Other:

Object tested:

Group Members:

www.trainlikeanastronaut.org
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Appendix B - Homemade Incubator Designs and Petri Dish Labelling

Image 2: Incubator made from a 10-gallon aquarium with closed
plastic cover.

Image 3: Incubator made from a 10-gallon aquarium with Image 4: Labeled petri dish for
open plastic cover. What's in  your Petri,
courtesy NASA JSC HREC.
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Mission X: Train Like an Astronaut pidyouknow? '

“Less-known astronaut fact: before launch

! 4 E in the Russian Soyuz, our bodies are wiped with
rubbing alcohol to kill fungus”

— Commander Chris Hadfield,
who flew to space three times

Student Section

Problem: Can | observe life around me that cannot be seen?

Engage:

Which do you think has more bacteria or fungus on it, a student
desk in a classroom or the door handles to the front door of a
school? Which surfaces in your school do you think have the
most microbes? Can you imagine all the microbes floating around
your school or the International Space Station?

In this activity, your group will sample, grow, and investigate the microorganisms
around us. If your class completes the introductory part 1 of this activity, “A
Microbial Box”, your group will research and study different types of microbes
and discuss which ones are in space.

Explore “1;;1 &£
How can | observe life that is too small to be seen?

Safety: Classroom and lab safety is important!

e Everyone should wear eye and hand protection during this activity.

e Materials Safety Data Sheets (MSDS) are required for part 2 of this activity.
http://www.msdssearch.com/msdssearch.htm.

e |f a chemical spill occurs, move quickly from the site. Wash off chemicals that have splashed onto
the skin or clothing for 15 minutes using large amounts of water in the safety shower, eye/face
wash station, or sink.

e This activity requires proper clean up.

Materials needed Per Group of 4 Materials Needed Per Student
e 2 plastic cups e 1 Petri dish (with nutrient agar)
e >-cup distilled water ¢ 1 hand lens
e 2 permanent markers e 1 cotton swab
e 5-cup weak bleach solution e Eye protection
e One 1-gallon zipper seal bag (to use at e Hand protection
48-hour observation period) e Copy of What’s in your Petri? Student
e Color pencils Section (distributed in Part 1)
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Procedures

Microbial Life

Use the first column of this KWHL chart to organize what you already know about microbial growth. Brainstorm
with your group what you want to know about microbial growth, then list in the second column of this KWHL
chart. Later you will fill in how you found out and what you learned.

KNOW WANT TO KNOW HOW DID YOU FIND OUT LEARNED

Hypothesis:
Based on your observations, answer the “problem question” with your best guess about what will happen. (How
can | observe life around me that cannot be seen?) Your hypothesis should be written as a statement.

My hypothesis:

1. With your group, decide what places or items to use to swab the Petri dish. Make sure your teacher approves them.

2. Record the places or items your group will test on your Microbial Life Analysis Sheet. (Use one Microbial Life
Analysis Sheet per place or item tested.)

3. Put on your eye and hand protection.

4. Watch as your teacher models the correct procedure to swab the Petri dish without tearing the agar surface.

5. Without tearing the agar surface, very gently rub the swab over the agar onto the experimental side “E” in a few
strokes, and replace the lid to the dish. (Each student from the group should collect bacteria from their selected
place or item using a swab. Each student will test a different item.)

6. Dispose of the used cotton swabs in the cup of bleach solution.

7. With a permanent marker, label the edge of your Petri dish with your name and the name of the item to be tested.

8. To help prevent condensation from dropping onto and disrupting the microbe growing surface, place the Petri

dish upside-down in the incubator.
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9. Place a thermometer inside the incubator to monitor the temperature. To encourage culture growth in the
incubator, the environmental temperature should be between 35°-39°C  (98-100°F).

10. Place a medicine cup with water in the incubator to keep the environment moist and to prevent the agar from
drying.

11. Wash your hands with anti-bacterial soap and water.

12. Predict what will happen in 24-48 hours, and record your predictions on the Microbial Life Analysis Sheet.
Include physical properties such as shape, color, etc.

183. Put on your eye and hand protection.

14. With your group, use hand lenses to make observations, and record data on the culture-tested bacteria from
your selected place or item containing microbes.

Important! Do not open cultures!

Note: You should see growth within a couple of days. The dishes might start to smell,
R, which means the bacteria are growing.

15. Record your observations by making sketches using colored pencils on your Microbial Life Analysis Sheet.
16. As a group, present your data to the class.
17. If completing the 24-hour observation, allow your teacher to return the Petri dishes to the incubator.

If completing the 48-hour observation, properly dispose of the bacterial cultures.

e Place the Petri dishes inside your group’s zipper seal bag and close securely.
¢ Give the sealed bag to your teacher.
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Microbial Life Analysis Sheet

Write a description of the Sketch the bacterial culture
bacterial culture (Use colored pencils when appropriate)
Date: Object tested:

Time:

Temperature: Group Members:

Shape and color:

Translucent:

Other:

Date: Object tested:
Time:

Temperature: Group Members:

Shape and color:

Translucent:

Other:

Date: Object tested:
Time:

Temperature: Group Members:

Shape and color:

Translucent:

Other:

Date: Object tested:
Time:

Temperature: Group Members:

Shape and color:
Translucent:

Other:

9000
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Student reading section:

Microbes live everywhere! While many microbes on Earth are harmless, and can even be helpful to humans, some
microbes can be unsafe.

Microbes belong to a group all by themselves because they are neither plants nor animals. Because they can
multiply extremely quickly, it is normal to find millions of them in the same location.

.’ - o )N Some microbes or “germs”, such as bacteria and mold, can grow on food,
o dirty clothes, and garbage that people produce. Microbes live on your
skin, in your mouth, nose, hair, and inside your body.

Microbes can also be found aboard the International Space Station (ISS).
NASA scientists have reported that some germs on the ISS can increase
to a higher number than they do on Earth. Therefore, cleanliness and
proper disposal of garbage is an important part of living on the ISS.

Figure 1: Inside a mouth_ Where microbes cultivate
(courtesy of Hardin MD/ University of lowa and The
Centers for Disease Control and Prevention)

Scientists who study microbes are called microbiologists and microbiology
is the study of microorganisms or microbes. The root word “micro” comes
from Greek and means “small”. These microbes are so small that powerful
microscopes are heeded to be able to see them. At the Johnson Space
Center in Houston, TX, NASA microbiologists study the small microbes in the air, water, food, and surfaces of

the ISS. Controlling the microbes inside your body is an important part of staying healthy. So, where can you find
microbes?

Microbiologists have found that microbes can live just about everywhere, even on us! We have trillions of microbes
inside and outside of our bodies. Run your tongue over your teeth—you are licking thousands of microbes that
normally live on your teeth. Millions of them live on your tongue, too. A large part of the mass of your body is
actually something else: bacteria, viruses, and fungi.

Microbes are in the world around you, too. If you pick up a fistful of garden soil, you are holding hundreds (if
not thousands) of different kinds of microbes in your hand. A single teaspoon of that soil contains over 1 billion
microbes of bacteria, about 120,000 microbes of fungi and 25,000 microbes of algae.

Microbes have been around for billions of years because they are able
to adapt to the ever-changing environment. They can find a home
anywhere, and some of them live in places where we once thought
nothing could survive.

For example, scientists have discovered microbes living in the boiling
waters of hot springs in Yellowstone National Park. Other heat-loving
microbes live in volcanic cracks —miles under the ocean surface,
where there is no light and the water is a mixture of poisonous
chemicals. Other microbes live in the permanently frozen ice of
Antarctica. Microbes have also been found living inside the stones that e R———
make up the walls of old cathedrals in Europe. Geyser in Yellowstone National Park.

www.trainlikeanastronaut.org NP-2015-09-031-JSC What's in your Petri? - Student Section 17




Microbes can even survive in
space. On April 20, 1967, the
unmanned lunar lander Surveyor 3
landed near Oceanus Procellarum
on the surface of the Moon. One
of the onboard items included a
television camera. Two-and-a-half
years later, on November 20, 1969,
- Apollo 12 astronauts Pete Conrad
- P and Alan L. Bean recovered the

. s " Mﬁ,ﬁ“ g camera. When NASA scientists
Figure 2: Television camera Figure 3: Bacteria found on the television camera of Surveyor 3. examined it back on Earth, they
from Surveyor 3. were surprised to find some

bacteria called Streptococcus mitis

were still alive. Because of the precautions the astronauts had taken, NASA
could be sure that the germs were inside the camera when it was retrieved,
so they must have been in the camera before the Surveyor 3 was launched.
These bacteria had survived for 31 months in the vacuum of the Moon'’s
atmosphere. They may have frozen or dried inside the camera, which are two
ways normal bacteria can enter a state of deep sleep.

d Some scientists even believe there is a possibility that bacteria may have once
lived on Mars. The photograph below (taken through a microscope) shows
what some scientists believe may be the fossils of tiny bacteria in a rock that
formed on Mars about 4.5 billion years ago. The rock crash-landed on Earth

as a meteorite thousands of years ago. 112

a e " " 5§ .

Figure 4: Close-up of bacteria that survived
for almost 3 years on the moon.

Explain
When you have completed your observations, study your data and answer the following questions.
1. How is the control side of your Petri dish used?

2. What is an incubator?

3. How did you choose your sample?

4. Does the sample growth lead you to believe that there are few or many microbes in your environment? Why?
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Evaluate:

Update the HOW DID YOU FIND OUT and LEARNED columns in your KWHL chart. Then answer the following
questions:

1. Restate your hypothesis

2. Explain how your results do, or do not, support your hypothesis.

3. Microbes are too small to see without a microscope. How did you observe and measure microbe growth
without seeing each microbe?

4. What was the purpose of using light bulbs to grow the microbes?

5. Where else do you think you would be able to find a large amount of microbes?

Elaborate
1. How can you observe life around you that cannot be seen?

2. Does your data support your hypothesis? Why or why not? Compare your data with your class.

3. As a group, develop a plan as to how you help maintain a clean and microbe-free school. How could you do
this at home?

4. Imagine you are a microbiologist concerned about astronaut safety. What would be your top three
recommendations to NASA to reduce the microbial level aboard spaceflight missions?
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Extend

1. A company makes cleaning supplies and has asked your group for advice. They would like to investigate which
surface might be the most important to clean. Which surface in your school would you suggest they use to test
their cleaning supplies?

2. Read the “Did you know?” graphic. Why do you think astronauts have their bodies wiped with rubbing alcohol
before they fly to the space station?

3. Astronauts are kept away from other people for a week before launching into space. How does this keep them
from getting sick in space?

4. Look at your data again. Where on the ISS would you expect more microbes to be found? Where would you
expect the least amount of microbes?

5. Pick one of your petri dishes and create a diary or story from the perspective of the microbes inside. For
example, if you were one of the microbes in the petri dish, what would be your life story?

www.trainlikeanastronaut.org NP-2015-09-031-JSC What's in your Petri? - Student Section 20




Thank you to our Contributors:

Thanks to subject matter experts Dr. Cherie Oubre, Rebekah Bruce, and Dr. Mark Ott for their contributions to
the development of this education material. These scientists work in the Microbiology Laboratory at the NASA
Johnson Space Center (JSC) in Houston, Texas.

Are you interested in working with microbes that are too small to see, yet are critical in the health and well-being of
others? You, too, can continue to study microbiology and maybe one day you can work in the NASA Microbiology
Laboratory with the highly skilled interdisciplinary team at the Johnson Space Center!

The Microbiology Laboratory serves as a NASA-wide resource for microbial issues associated with living and
working in closed environments specializing in spaceflight operations, including requirements development,
environmental monitoring (including enumeration, microbial characterization and identification), potable water
analysis, crew diagnostics, food analysis, crew training, biosafety review of payloads, and flight hardware and
technology development. When a microbe is sampled on the ISS, chances are very good that the JSC Microbiology
Laboratory has already studied it. The wonderful scientists in this lab devote their careers to studying these very
small organisms that are too small to see, but are necessary to maintain a healthy life in space as well as on Earth.

This lesson was developed with the support of Sylvia Saenz, a Bilingual Educator at Tinsley Elementary in Houston
ISD. She has been teaching for nine years and currently works as a 3rd grade bilingual educator.

This lesson was beta-tested with the support of the following teachers: Ellen Hutto has taught 6th, 7th, and
8th grade and has a true passion for space science. She is also the founder and director of Saltgrass Science
Programs. Jami Temple has taught 5th grade and, at the time of this activity being developed, taught math and
science, and spent any spare time she had reading and spending time with her 19-month old son, Travis.

Both teachers were proud to be Ross Roadrunners at James H. Ross Elementary in League City, Texas.

Lesson development by the NASA Johnson Space Center Human Research Program Education Outreach team.

www.trainlikeanastronaut.org NP-2015-09-031-JSC What's in your Petri? - Student Section 21






