
Lesson 10: Teacher Reference

Procedure for growing E.coli on agar with different levels of nutrients as a wet lab
This reference outlines the materials and procedures you will need to follow if you choose to grow E. coli as a class wet lab. These instructions are for
preparing, inoculating, and growing one set of plates per class (for 6 classes) as well as one extra set (7 sets total).

A major concern with this investigation is unwanted microbial contamination that will compete with E. coli for space and nutrients. To minimize this concern,
wear gloves as you handle all materials. Try as best as you can to work in a draft-free area. Consider wearing a cotton or surgical mask to protect materials
from microbes you may inadvertently expel.

An additional challenge is the fact that the ideal temperature for growing E. coli is 37°C (98.6°F). At lower temperatures, E. coli growth will be much slower
and it may take several days to see anything. For this reason, you may want to build your own incubator out of everyday materials like a styrofoam cooler or
cardboard box and an incandescent light bulb or heating pad to help keep the plates at a temperature between room temperature and 37°C. If your DIY
incubator gets fairly warm, place a container of water inside to maintain humidity. Plans for simple incubators can be found online, however it may be
challenging to build one large enough for 35 petri dishes. You may want to try growing the class sets in the warmest place in your classroom and then grow
the extra set in a DIY incubator. If no growth is seen at room temperature, you can always use the extra set.

Materials needed
You will need the following materials and supplies:

Disposable gloves
Surgical or cotton face mask
35 60mm sterile petri dishes (plastic)
A permanent marker
Scale or balance
Weighing paper or parchment paper
Two plastic spoons
Plain agar, powdered, at least 4 g
Nutrient agar, powdered, at least 4 g
Glass jars or flasks that hold at least 150 mL (preferably one for each solution, 5 total)
Distilled water
Hot pad
Hot plate or microwave
Tape
E. coli, K-12 strain (the scientist used a MicroKwik Culture® from Carolina Biological Supply Company)
Disposable pipette
Alcohol spray (>60% ethanol or >70% isopropanol)
Disposable sterile inoculating loops (3 mm ID, 10 microliter volume), need 3 per plate OR one reusable nichrome inoculating loop (also 3 mm ID, 10
microliter volume)
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If you choose to grow E. coli as a wet lab, you will need to prepare petri dishes of agar containing 5 different levels of nutrients. You will make 70mL each of 5
agar solutions containing different nutrient levels: 0, 25, 50, 75, and 100%. The total amount of dry agar used for each solution is 1.6 g, and the nutrient level
is based on the weight of nutrient agar that is used. The table below indicates the amounts of dry, powdered agar with nutrients and plain agar that you will
need. Note that you may want to scale-up the amounts of nutrients and plain agar based on the quality of your scale or balance.

Percent nutrient in agar Weight of agar with nutrients (g) Weight of plain agar (g)

0 0 1.6

25 0.4 1.2

50 0.8 0.8

75 1.2 0.4

100 1.6 0

Reactivate your E.coli
This should be done according to the manufacturer’s instructions at least 2-3 days prior to use on day 3 of Lesson 10. If you decide to use the MicroKwik
Culture® that the scientist used, please note that the solution will need to be reactivated for 24-48 hours at 37°C. If you do not build a DIY incubator, you can
allow your culture to reactivate in a warm place but note that it may take longer. When the culture is successfully reactivated, it should appear cloudy but not
have large clumps.

Instructions for preparation of agar plates
Ideally, agar plates should be prepared the day before you intend to inoculate them with E. coli (on day 2 of Lesson 10).

1. Wash 5 150mL flasks with soapy water, rinse thoroughly, and allow to air dry.

2. You will be pouring 5 60mm petri dishes (1 for each % nutrient agar solution) per class. Label the
bottoms of the petri dishes near the edge with the nutrient levels (0, 25, 50, 75, and 100) using a
marker. Draw a line across the dish under the label, about 1 cm from the top.
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3. Find a protected, level, and draft-free place where your uncovered petri dishes can cool for a few hours after the hot agar solution
is poured. This can be a cabinet or underneath a large cardboard box. The space should be large enough to prevent condensation
from forming on the surface of the agar. Make sure that 35 60mm dishes will fit in that space; you may want to use some sort of
tiered rack.

4. Label each flask as follows: “Agar - x% nutrient.” Label one flask for each nutrient level listed in the table above.

5. With a plastic spoon, weigh the appropriate amount of agar with nutrients onto a piece of parchment paper using a scale. Carefully
add it to the corresponding flask. Do this for the flasks labeled 25, 50, 75, and 100%. You may reuse the same plastic spoon and
piece of parchment paper.

6. With a new plastic spoon, weigh the appropriate amount of plain agar onto a new piece of parchment paper using a scale.
Carefully add it to the corresponding flask. Do this for the flasks labeled 0, 25, 50, and 75%. You may reuse the same plastic spoon
and piece of parchment paper.

7. Using either a graduated cylinder or a scale, measure out and add either 70mL or 70g of distilled water to each flask. Gently swirl
each flask after the addition of water to disperse the powder.

8. Each flask will need to be heated to near boiling to dissolve the agar. This can be done in 2 ways:
A. The flasks can be heated on a hot plate. This is somewhat time consuming and requires babysitting. If you choose to go this

route, cover the top of each flask with some aluminum foil to minimize contamination. Using a hot pad, carefully swirl the
contents of each flask as it heats up. Remove it from the hot plate as it just begins to boil. You should not be able to see any
undissolved agar floating around. Set it aside to cool until it is 50-60°C or cool enough to handle without a hot pad.
 Depending on the size of your hotplate, you may be able to heat 3 flasks at a time.

B. The flasks can also be heated in the microwave. This approach is less time consuming but there is a danger of boil-over.
Place the open flask in the microwave and heat it for no more than 30 seconds at a time. Watch the flask while it is in the
microwave and stop the microwave as soon as you see the solution begin to bubble. Using a hot pad, carefully swirl the
contents of the flask. Return the flask to the microwave, pull it again when it starts to bubble, then swirl the contents to mix
and evenly heat the solution. Consider it ‘done’ when you can no longer see any undissolved agar floating around. Set it aside
to cool until it is 50-60°C or cool enough to handle without a hot pad. It is recommended that you heat no more than two
flasks at a time by this method.

8. Once the agar solutions have cooled a bit, you can begin pouring the plates (see https://www.teachersopensciedfieldtest.org/heal
ing ). It is recommended that you work with one solution and set of plates at a time. Place the petri dishes right-side up on a level
surface such as a counter. Uncover the dishes. Pour the hot agar solution into the dish until it covers the entire bottom surface.
Carefully transfer the uncovered plates to the protected area you located in step 3. Try not to hover or pass any tools or arms over
the plates to avoid contamination.

9. Repeat step 8 with the remaining agar solutions.
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10. After a few hours, place the lids on the petri dishes and secure them with one piece of scotch
tape as shown. Invert the petri dishes so that the lid is on the bottom. This way, any condensation
that forms will not collect on the surface of the agar. If you will not be using the dishes in the next
few hours, stack them and store them in a refrigerator to minimize the growth of any microbial
contaminants. Allow the dishes to warm to room temperature before use.

Instructions for inoculating agar plates
The chance for contamination at this stage is very high. You will need to be diligent about keeping the area and your tools as aseptic as possible. It is highly
recommended that you work in a draft-free area, wear gloves and a face mask, and spray down the area and tools with alcohol spray (spray and let things air
dry instead of wiping them dry) prior to use. Wash your hands prior to gloving up and then spray your gloves with alcohol spray immediately before handling
the loop and plates. To minimize contamination, try not to pass anything over an uncovered plate. For this reason, it would be best to project looping of the
plate on a document camera rather than having students gather around.

There are two types of loops that you can use: disposable plastic loops or reusable nichrome loops that can be flame sterilized. If you do not have access to
or are not able to use an alcohol burner or Bunsen burner, you will need to use 3 disposable loops per plate to obtain the desired dilution of E. coli during
streaking. This can get expensive if you create a set of plates for each section. If you use a nichrome loop, you will be able to reuse it to obtain the desired
dilution by sterilizing it in a flame between streaks.

Regardless of the type of loop you use, you will be streaking the plates in the pattern shown below in 3 steps. The arrows show the streak direction and are at
the end where you would lift off the loop. Note that only light contact between the loop and the agar is required; you should not gouge the agar.

For reference, watch https://www.teachersopensciedfieldtest.org/healing . You will follow the same procedure if you
are using disposable loops, except instead of sterilizing the loop in a flame, you will switch to a new disposable loop as
outlined below.

openscied.org Page 4Unit 6.6 • Lesson 10 • 12/21/20

https://www.teachersopensciedfieldtest.org/healing


1. Before you begin, make sure you have everything you will need at hand and that you gear up and spray down the area with alcohol
spray. Spray the test tube with the E.coli solution and the container you set it in prior to placing it on the sanitized surface. If using
nichrome loops, be sure to spray the handle.

You will need:
Agar plates at room temperature
E. coli solution (place the tube in a small beaker or container for easy access)
Inoculating loop or loops
Flame source if using reusable nichrome loop

2. Bring the agar plate you intend to inoculate to your work area.

3. Follow these instructions to inoculate the plate with the disposable loop:
a. Unwrap a disposable loop and do not set it down until you are finished with it.
b. Uncap the E. coli solution.
c. Carefully dip the loop into the E. coli solution and withdraw it without touching the sides of the test tube.
d. Recap the E. coli solution.
e. Uncover the agar plate.  

f. Gently touch the loop to the top section of the agar plate that you marked off with the marker, and gently streak the loop
back and forth in that area. See 1 on the image.

g. Gently lift the loop off the agar and place the lid on the plate.
h. Throw away the disposable loop.
i. Unwrap another disposable loop, remove the lid from the plate.
j. Gently touch the loop to area 1, draw it through that area and straight down to the opposite end of the dish as shown for 2 on

the image. Gently lift the loop off the plate and cover the plate.
k. Throw away the loop.
l. Unwrap another loop.

m. Remove the lid from the plate. Touch the loop to one side of the agar below the marker line and streak it back and forth
across the straight line created in 2 as shown for 3.

n. Gently lift the loop off the agar, cover the plate and place it upside down.
o. Throw away the disposable loop.

Repeat a-o for the remaining plates.
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4. Follow these instructions to inoculate the plate with the reusable loop:
a. Place the entire nichrome loop in a flame until it all glows red.
b. Remove the loop from the flame and allow it to cool for a few seconds.
c. Crack open the lid and touch the loop to the edge of the agar to cool it. This should be a place on the agar that will not be

streaked with E. coli.
d. Uncap the E. coli solution.
e. Carefully dip the loop into the E. coli solution and withdraw it without touching the sides of the test tube.
f. Recap the E. coli solution.
g. Uncover the agar plate.  
h. Gently touch the loop to the top section of the agar plate that you marked off with the marker and gently streak the loop back

and forth in that area. See 1 on the image.
i. Gently lift the loop off the agar and place the lid on the plate.
j. Repeat steps a-c to sterilize and cool the loop.

k. Remove the lid from the plate.
l. Gently touch the loop to area 1, draw it through that area and straight down to the opposite end of the dish as shown for 2 on

the image. Gently lift the loop off the plate and cover the plate.
m. Repeat steps a-c to sterilize and cool the loop.
n. Remove the lid from the plate. Touch the loop to one side of the agar below the marker line, and streak it back and forth

across the straight line created in 2 as shown for 3.
o. Gently lift the loop off the agar, cover the plate and place it upside down.

Repeat a-o for the remaining plates.

5. Place the inoculated plates in either your DIY incubator or in a warm part of your classroom.  Monitor the growth of your E.coli by
checking on the plates periodically.

Clean up
The K-12 E. coli strain is non-pathogenic, but you will need to dispose of the remaining E.coli and the plates by first killing the bacteria in a bleach solution.
Allow plates and the test tube of E. coli to soak in a 1:4 bleach:water solution overnight prior to disposing the agar in the garbage.
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