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Biofilms- Stuck Like Glue, Stuck On You 
The phenomenon of dental plaque drives student exploration in this five-lesson introduction to biofilms. In the 
first lesson, students investigate the similarities and differences between plant and animal cells, as well as 
develop models to describe the function of cells. Additionally, students explore how parts of cells contribute to 
the overall function of the cell. Finally, bacteria are introduced for students to compare/contrast with plant and 
animal cells. Overall, students learn that some living organisms, like bacteria, are made of a single cell. Though 
humans are made of many cells, there can be smaller living things (such as bacteria) living in and/or on us… such 
as in our dental plaque. 
 

Lesson Two promotes an awareness of oral hygiene methods, and how they pertain to the fight against 
microbial biofilms in the human mouth. Initially, students self-document oral hygiene methods and investigate 
cultural differences (and similarities) in the fight against cavities. Then, students explore biofilms and the 
process by which a biofilm develops through game play. Ultimately, groups collaborate to choreograph a 
play/skit/dance that models and explains the components of a biofilm, as well as the steps involved in biofilm 
development. Overall, students learn that bacteria are a major component of dental biofilms (plaque). The 
microbes of a biofilm collaborate, finding safety in numbers and the sticky extracellular substances they many of 
them secrete. It can be extremely hard to remove a biofilm completely, even with scraping, and what remains 
quickly reforms a vibrant new biofilm community. 
 
Students discover, in Lesson Three, that biofilms occur just about everywhere. After considering cause and effect 
relationships between environmental factors (or available resources) and genetically encoded factors (needs), 
students engage in discourse during a card sort activity while determining the most likely biofilm environment 
for supporting the survival of various bacterial species. Overall, students learn that whether an organism like a 
bacterium thrives, survives, or dies in any environment depends on their needs, encoded within the DNA of their 
cell(s). If the environmental factors present support the genetically encoded needs of an organism, then it will 
likely survive in that environment. 
 
Lesson Four focuses on a biofilm infected knee implant introduced in Lesson Three, and the fact that 
antimicrobial substances (like antibiotics) usually fail to clear these infections. Students are challenged to design 
and carry out an investigation using a model EPS (using one or more widely available polysaccharides) and 
antimicrobial (food dye) system. The goal is to gather data as evidence in the construction of an explanation for 
why antimicrobial treatment often fails to cure infected knee implants. Overall, students discover that bacteria 
in a biofilm alter their environment to help ensure their continued survival. The exclusion of antimicrobial 
products from the deepest regions of the biofilm is one example. 
 
Students begin Lesson Five by observing a fake horror movie poster (The Biofilm) and flip through their Lesson 
One - Four notes collecting evidence to use in determining whether they believe all biofilms are bad, or not. 
Students then share beliefs and evidence with each other before engaging in an activity highlighting examples of 
beneficial biofilms and biofilm associated engineering solutions. Students then collaborate in the design of an 
object, tool, process, or system for combating a real-world biofilm-associated concern. 
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Lesson Standards 

1 (Optional) MS-LS1-1 Conduct an investigation to provide evidence that living things are made of 
cells; either one cell or many different numbers and types of cells. 

MS-LS1-2 Develop and use a model to describe the function of a cell as a whole and ways parts of 
cells contribute to the function. 

Science and Engineering Practice (SEP):  

• Developing and Using Models- Develop and/or use a model to predict and/or describe 
phenomena. 

Crosscutting Concept (CCC): 

• Structure Function- Complex and microscopic structures and systems can be visualized, 
modeled, and used to describe how their function depends on the shapes, composition, 
and relationships among its parts; therefore, complex natural and designed 
structures/systems can be analyzed to determine how they function. 

2 Working Towards MS-LS1-5 Construct a scientific explanation based on evidence for how 
environmental and genetic factors influence the growth of organisms. 

Science and Engineering Practice (SEP):  

● Developing and Using Models- Develop and/or use a model to predict and/or describe 
phenomena. 

Crosscutting Concept (CCC): 

● Structure and Function- Complex and microscopic structures and systems can be 
visualized, modeled, and used to describe how their function depends on the shapes, 
composition, and relationships among its parts; therefore, complex natural and designed 
structures/systems can be analyzed to determine how they function. 

3 MS-LS1-5 Construct a scientific explanation based on evidence for how environmental and genetic 
factors influence the growth of organisms. 

Science and Engineering Practice (SEP):  
● Constructing Explanations and Designing Solutions- Construct an explanation that includes 

qualitative or quantitative relationships between variables that predict(s) and/or 
describe(s) phenomena. 

Crosscutting Concept (CCC): 
● Cause and Effect- Cause and effect relationships may be used to predict phenomena in 

natural or designed systems. 

4 MS-LS1-5 Construct a scientific explanation based on evidence for how environmental and genetic 
factors influence the growth of organisms. 

Science and Engineering Practice (SEP):  
● Planning and Carrying Out Investigations- Collect data to produce data to serve as the 

basis for evidence to answer scientific questions. 

Crosscutting Concept (CCC): 
● Structure and Function- Complex and microscopic structures and systems can be 

visualized, modeled, and used to describe how their function depends on the shapes, 
composition, and relationships among its parts; therefore, complex natural and designed 
structures/systems can be analyzed to determine how they function. 

5 MS-LS1-5 Construct a scientific explanation based on evidence for how environmental and genetic 
factors influence the growth of organisms. 

6-8-ETS1-2 Evaluate competing design solutions using a systematic process to determine how well 
they meet the criteria and constraints of the problem. 

Science and Engineering Practice (SEP):  
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● Constructing Explanations and Designing Solutions- Apply scientific ideas or principles to 
design, construct, and/or test a design of an object, tool, process or system. 

Crosscutting Concept (CCC): 
● Cause and Effect- Cause and effect relationships may be used to predict phenomena in 

natural or designed systems. 
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and external environments. The cell membrane is sometimes also referred 
to as the plasma membrane. 
 
Within this membrane, a cell's interior environment is water based. Called 
cytoplasm, this liquid environment is packed full of cellular machinery and 
structural elements. In fact, the concentrations of proteins inside a cell far 
outnumber those on the outside — whether the outside is ocean water (as 
in the case of a single-celled alga) or blood serum (as in the case of a red 
blood cell). In plants (as well as fungi and many bacteria), the cell 
membrane is surrounded by an additional structure called the cell wall. 
Cell walls provide rigidity and structure. 
 
As previously mentioned, a cell's cytoplasm is home to numerous 
functional and structural elements. These elements exist in the form of 
molecules and organelles — picture them as the tools, appliances, and 
inner rooms of the cell. Major classes of intracellular organic molecules 
include nucleic acids, proteins, carbohydrates, and lipids, all of which are 
essential to the cell's functions. 
 
Some cells also feature orderly arrangements of molecules called 
organelles. Similar to the rooms in a house, these structures are 
partitioned off from the rest of a cell's interior by their own intracellular 
membrane. Organelles contain highly technical equipment required for 
specific jobs within the cell. One example is the mitochondrion — 
commonly known as the cell's "power plant" — which is the organelle that 
holds and maintains the machinery involved in energy-producing chemical 
reactions. Plants have an additional organelle called the chloroplast. Since 
plants don’t typically eat food the way animals do, they need chloroplasts 
to produce their own food utilizing energy from the sun.  
 
Bacteria 
 
Rather than grouping cells by their size or shape, scientists typically 
categorize them by how their genetic material is packaged. If the DNA 
within a cell is not separated from the cytoplasm, then that cell is a 
prokaryote. All known prokaryotes, such as bacteria and archaea, are 
single cells. In contrast, if the DNA is partitioned off in its own membrane-
bound room called the nucleus, then that cell is a eukaryote. Some 
eukaryotes, like amoebae, are free-living, single-celled entities. Other 
eukaryotic cells are part of multicellular organisms. For instance, all plants 
and animals are made of eukaryotic cells — sometimes even trillions of 
them.  
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Question 1: What are all living things made of? 
 

1. Blood 

2. Cells 

3. Muscle 

4. All of the above 

5. None of the above 

Observe answers without indicating anything to students about the 
correct answer. Then proceed to the second question: 
 
Question 2: What do all living things “do”? 

1. Move around 
2. Use energy 
3. Breath oxygen 
4. All of the above 
5. None of the above 
 

Again, observe student answers without indicating which answer was 
correct. If every student held up two fingers in response to both questions, 
proceed to Part B. If there was a variety of answers for either question (or 
both), consider beginning with Part A. However, if you plan to begin with 
Part A, DO NOT tell students which answers were correct!  
 

 
(Optional) Part A 
Display and hand out copies of the cork board phenomenon and direct 
students to the top of page 3 of the Lesson One Notebook Scaffold- Cork 
Phenomenon. Alternatively, if you have access to microscopes, have 
students observe the prepared cork slides provided with the kit. 
Give students a few minutes to silently observe the phenomenon, and 
then note the following in their science notebooks.  

● What do you notice? 

● Write down two questions that you have: 

Tell students that you are about to show them a 6 minute video. While 
watching, you’d like them to:  

● Listen for answers to their questions 

● Write down 2 NEW questions they have after watching the video 

Show the TED Talk “The Wacky History of Cell Theory” (6 min 11 sec). 
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Conduct another Stand and Talk, but with new partners this time. Use a 
different determining characteristic to decide which partner shares first. 
One minute per partner to address the following: 

● One of your original questions and the answer you discovered 

● One new unanswered question you have 

Again, if time permits, allow a minute or so for open discussion between 
partners. 
Randomly select 3-4 students to share one of the answered questions 
their group discussed, and then select another 3-4 to share a yet 
unanswered question. 
If any unanswered questions pertain to cell theory (MS-LS1-1) that you 
feel are critical to answer before continuing, feel free to add whatever 
activities you desire. 
 

Part B 

Ask students to think silently for a moment about what these three things 
have in common (besides having the word “system” in each). Students 
should also consider the overall function of each system, the parts of each, 
and how the parts work together to perform their unique function. There 
is a slide on the unit USB to project, if desired. It displays visuals for the 
systems as well as the questions for students to consider. 

● School System 
● Circulatory System 
● Justice System 

Note: Feel free to alter any of the provided examples, as appropriate, for 
your students. For instance, maybe your students are more familiar with 
weather systems, the Dewey Decimal system, or computer operating 
systems. 

Students may write their thinking in their science notebook or hold it in 
working memory. Then, have students pair-up to share their thinking (2-3 
minutes). This can be done through another Stand and Talk with new 
partners, or as a seated “Dyad” where partners sit knee-to-knee. 
Otherwise, the basic structure of the Dyad is the same as that for Stand 
and Talk. 

Randomly choose a few groups to share what they discussed. Keep calling 
on groups or hold a larger group discussion if necessary. A system is a 
group of related parts that make up a whole and can carry out functions its 
individual parts cannot.  
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Tell students that the basic building block of all living things, the cell, is a 
system as well. But what is the overall function of the cell? Provide silent 
think time again, before having partners discuss and share. The task card 
for this activity is on page 5 of the student notebook scaffold.  
 
After a few minutes of silent think/write time, form groups of three for the 
discussion. It is acceptable to have a few groups of 4, if necessary.  Each 
student gets about a minute, one at a time, to share his or her thoughts. 
To facilitate equitable sharing, consider the use of a talking stick. Any 
student may begin, but only the student holding the talking stick may 
speak… while the rest of the group listens. The talking stick is passed 
around the table (to the left) so that every student has a chance to share. 
In order to prevent a high-status student from grabbing the talking stick to 
begin every discussion, consider having any student pick up the stick, and 
then tell them to hand it to the student on their left. Alternatively, you 
could specify that the student wearing the darkest colored shirt picks up 
the stick to begin, and alter the identifying feature at the start of each 
discussion. 
 
After every team member has shared his or her ideas, allow 3-5 minutes 
for open discussion. To facilitate equitable group discussion, we 
recommend using talking chips. Almost anything can be used for talking 
chips; pencils, erasers, poker chips, small colored pieces of paper, small 
craft pom-poms, etc. Each student needs 3 talking chips. Any student may 
start the discussion. A talking chip is placed in the center of the table each 
time a student contributes to the discussion- 1 chip per 
statement/thought/question. When there are no more chips to be used in 
the group, students can refresh their chips to continue the discussion. This 
ensures that every group member contributes to the discussion, and no 
student is allowed to dominate. 
 
Be sure to listen-in on student conversations, ready to provide probing 
questions as necessary. If students are having trouble accessing the 
question, here are some suggestions for rephrasing the prompt: 
 

● If cells are the basic “building block” of living organisms, and you 

may be familiar with building things out of blocks, what does this 

tell you about the purpose of all those cells in a plant or animal 

made out of many-many cells? 

● What are the things that all living organisms do? (If your students 

are familiar with any single celled organisms, you might remind 

them that those single cells are still living things!) 
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Wrap-up by randomly asking 2-4 groups to share what they believe are the 
overall function(s) of the cell, and why. 
 
Cell Parts Jigsaw 
Explain that next they will consider the individual parts of the cell, and 
how each contributes to the overall function. Continue using groups of 
three, these will be the “home groups” for the jigsaw activity. Hand each 
group a set of jigsaw resources, labeled A-C, and direct students to the 
task card on page 5 of the notebook scaffold. Each student will choose one 
of the resources (Nucleus, Cell Wall/Membrane, or 
Mitochondria/Chloroplast) to become the “expert” on that resource for 
the group.  

We recommend printing copies of the A-C resources so students can 
interact with the text through underlining, highlighting, making notes in 
the margins, And such.. 

Students should take 5-8 minutes to silently read the resource and 
contemplate the questions provided. Note taking is encouraged. 

Next, form “expert groups”. Every student who analyzed resource “A” 
should gather for discussion, and every student who analyzed resource “B” 
should gather in a different location, etc. (Expert group sizes of 4-5 
students are optimal, but not always achievable. Consider forming two of 
each expert group if you have a large class). Each expert group should 
attempt to come to consensus as they consider the associated questions. 
The use of a talking stick and/or talking chips is highly encouraged. 
Circulate among the expert groups, listening for any that might need you 
to ask guiding or probing questions to help them draw logical, truthful, 
conclusions. 
 
Reassemble the original “home groups”. Each student (or “expert”) will, 
one at a time, share their findings/learning with their team members. 
When not sharing, students should be listening attentively and making 
notes… as every student is responsible for every piece of learning, even if 
they were not an “expert” on it to begin with.  
 
Groups should then collaborate on crafting, in their science notebooks, 
two cell models: a plant cell model, and an animal cell model. Each cell 
part should be labeled somehow, with both name and function.  
 
Creativity and originality are encouraged! Every student should craft his or 
her cell models in whatever manner desired, though the general 
information should be similar. 
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Multiple environmental conditions help determine the extent to which a 
biofilm grows. These factors also determine whether it is made of only a 
few layers of cells, or many. For instance, microorganisms that produce a 
large number of EPS can grow into thick biofilms, even if they do not have 
access to a lot of nutrients. On the other hand, for microorganisms that 
depend on oxygen, the amount of oxygen able to penetrate the biofilm 
limits how thick they can grow. Another environmental factor is the 
concept of "shear stress”. If there is a very high flow of liquid across a 
biofilm, like in a creek, the biofilm is usually thin. If you have a biofilm in 
slow flowing water, like in a pond, it can become thick. 
 
Finally, the cells within a biofilm can leave and establish themselves on a 
new surface. Either a clump of cells breaks away, or individual cells burst 
out of the biofilm and seek out a new home.  
 
Living as part of a biofilm comes with certain advantages, as communities 
of microbes are usually more resilient to stress as compared to those living 
alone. Potential stressors include the lack of water, high or low pH, or the 
presence of substances toxic to microorganisms such as antibiotics, 
antimicrobials or heavy metals.  
 
There are many possible explanations for the hardiness of biofilms. For 
example, the slimy EPS covering can act as a protective barrier. It can help 
prevent dehydration or act as a shield against ultraviolet (UV) light. Also, 
harmful substances such as antimicrobials, bleach or metals are either 
bound or neutralized when they come into contact with the outermost 
layers of EPS. Thus, they are diluted to concentrations that aren't lethal 
well before they reach cells deep in the biofilm.  
 
Still, it is possible for certain antibiotics to penetrate the EPS and make 
their way through a biofilm's layers. Here, another protective mechanism 
can come into play: the presence of bacteria that are physiologically 
dormant. In order to work well, all antibiotics require some level of cellular 
activity. So, if bacteria are physiologically dormant to begin with, there is 
not much for an antibiotic to disrupt. The dormant bacteria will be around 
to begin a new biofilm community when the antibiotics are no longer 
present. 
 
Modeling Through Movement 
 
There are many different ways to model scientific concepts, but the use of 
physical movement through acting and/or dancing…physically 
experiencing and expressing the concepts… can be particularly beneficial. 







Rev. 01 
EO-(1000-A)-209765 

  Biofilms Curriculum Unit  
_______________________________________________________________________ 
 

South Dakota Science and Technology Authority Page 26 of 105 Attachment 

 

begin on page 11 of the notebook scaffold. The model they will be using is 
in the form of a game. As they play, they will be collecting “Step Cards”. 
Additionally, they will collect “Character Cards” upon completion of the 
game. These cards are designed to facilitate note taking during game play, 
but not replace it. Students should record anything that aids their 
understanding of biofilm development because they will be responsible 
for choreographing a skit, play, dance (etc.) to perform at the end of the 
lesson. Specifically, they need to be looking closely for: 

● The parts of a biofilm (in this case, dental plaque)… what needs to 

be present for a biofilm to develop? 

● The steps of biofilm development (and, maybe, dental cavities)… is 

there a specific order in which events must take place? Why? 

Pass out the Cavity Creator game boards and supply bags. Each supply bag 
should contain a die, a token for the game board, a card deck, and “EPS” 
tokens. Also, provide each student with a sheet of “Step Cards” to cutout 
and collect as they play. The collection of Step Cards during game play 
models, in order, the steps of biofilm development. It is the order of Step 
Card collection that matters most, and Step Cards should be fixed in place 
in student notebooks once they have been properly ordered. It will most 
likely take about 5 minutes for groups to read the directions, cut out the 
Step Cards and prepare the board and supplies.  
 
5 minute Check-In: As groups begin actual game play, pause the class for a 
“check-in”. Randomly call on students to share something they need to be 
paying attention to (or “looking for”) as they play the game (see page 11 of 
the student notebook scaffold). Answer questions the students may still 
have, and then resume game play. 
 
Allow about 10 minutes for game play.  
 
Cycle around the groups watching for any that may need encouragement 
moving on to planning and choreographing their skit, play, or dance (etc.). 
An understanding of how cavities form is desirable, but not essential.  
 
When groups come to you for their final “check-in”, look for 1) a basic 
understanding of the components of a biofilm (bacteria, a surface, EPS, 
etc.), 2) the steps involved in biofilm formation (correctly ordered Step 
Cards), and 3) logical explanations for why our tooth care methods work 
(what effect they have on biofilms in the human mouth).  
 
Note: Groups do not necessarily need to reach the “Finish” space on the 
game board to pass the final “check-in” and progress toward 
choreographing their presentation.  
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different parts of the underground spaces in an effort to map the various 
water sources seeping slowly through cracks and fissures present in the 
rock. 
 
Biofilm B- Infected wound   
Adapted from https://www.woundsource.com/blog/what-are-biofilms 
 

Biofilms can have a significant impact on wound healing; by contributing 
to bacterial infection, inflammation, and delayed wound healing. These 
issues make reducing biofilm presence a critical component of effective 
wound care. 60% of chronic wounds contain a biofilm! As the body tries to 
fight the biofilm through an inflammatory response, the body may actually 
help the biofilm by providing nutrition in the form of exudate (secretions). 
This creates a situation in which the body is ineffectively fighting biofilms 
while damaging healing tissue and delaying wound healing. Initially, health 
care practitioners can reverse the development of the biofilm through 
cleaning and scraping. After a period of time, though, the biofilm forms a 
more permanent attachment and begins producing extracellular polymeric 
substance (EPS). EPS creates a protective barrier that makes it significantly 
more difficult to sanitize the wound and remove the bacteria. Even after 
debriding (scraping), a well-established biofilm can form again in as little 
as 24 hours. 
 
Biofilm C- Knee implant (biofilm stained black) 
 
In reflecting upon the (rare, yet increasing) infection of implanted devices, 
A. G. Gristina coined the idea of a “race to the surface”. Implanted 
biomaterials act as fresh, uncolonized environments. This “race to the 
surface” pertains to the concept of healthy host tissues competing against 
microorganisms in a race to attach to (or “inoculate”) available surfaces 
like biomaterials (plates, screws, wires, joint prosthesis, etc). If host tissues 
attach first, the surface can be defended and is less available for bacterial 
colonization. However, if the microorganisms win out, then biofilms can 
form. Biofilm formation takes place in steps. First is the formation of a 
conditioning film on the surface of the biomaterial, occurring seconds 
after exposure. This film allows for microorganisms to adhere to the 
biomaterial surface. At this point, the microorganisms are reversibly 
attached. Next is the production of the extracellular polymeric substance 
(EPS) and more permanent adherence. The EPS not only acts as the 
anchor, but is also a protection against antibiotics. These organisms also 
have a lowered metabolic state, reducing antibiotic sensitivity and creating 
a difficulty in detection through microbiological culturing.  
 
Biofilm D- Streambed rock  
Adapted from https://stroudcenter.org/news/getting-slimed/ 
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availability of food, light, space, water and other such characteristics of 
the places that organisms might live. 
Each group member will then share, one at a time, their thoughts about 
the similarities and differences between the environmental factors 
present in a human mouth as opposed to the back of a hand. Talking sticks 
recommended. 
 
Groups should produce a Venn Diagram, T-chart, or other visual 
representation of the similarities and differences between the 
environmental factors “available” in each habitat (mouth versus hand). 
 
Groups should then discuss whether they believe the same bacteria that 
live in their mouths would be able to exist (long-term) on the backs of 
their hands, as well as their reasoning (talking chips recommended). As 
you walk around the classroom, listen for groups that might require 
prompting to ensure they are explaining the reasoning behind their ideas. 
Also, listen for any struggling groups that would benefit from leading 
questions: 
 

● What evidence do you have for that? 

● What would be the effect on your health and wellbeing if you 

suddenly found yourself on the moon, where there is little 

atmosphere? 

● Which similarities, or differences, between the two places make 

you think that? 

● Would a fish be able to live, grow and reproduce on land? Why or 

why not? 

Wrap-up by randomly calling on 3-4 students to share an interesting 
conclusion, insight, or “A-HA!” from their group’s discussion. 
 
 
 
 
 
Biofilm Bacteria Card Sort (Pairs) 
 
The task card for this activity is on page 19 of the notebook scaffold. 
 
Provide a photocopy of the Biofilm Descriptions sheet and the Bacterial 
Species descriptions sheet to every student. Provide at least 5 minutes for 
students to work, silently and individually, on which biofilm environment 
they believe each bacterial species might thrive. Photocopies of these 
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● Different EPS substances 

● Different antibiotics (different colors of food dye) 

● Different concentrations (or amounts) of antibiotic 

The kit includes 3 water soluble polysaccharides (EPS) to choose from, 
psyllium, guar gum, and dextrin. Additionally, there are 4 food dye colors 
to choose from (red, yellow, green and blue).  
 
The kit contains supplies for up to 10 groups of 2-3 students. 
 
Once each group has a variable chosen, they should work on designing 
their investigation. If your students are less familiar with designing 
experiments, consider showing the video “Control and Variable Groups” 
hyperlinked here: https://www.youtube.com/watch?v=aLesk8fujH8   
After the video, you may want to discuss the use of more than two 
experimental set-ups/groups. For instance, if you were conducting a 
hypothetical experiment on whether the addition of energy drinks effect 
plant growth, it would be advisable to set-up 3-4 plants that get different 
amounts of energy drink. What if ¼ cup a day supports growth, but ½ cup a 
day inhibits growth? Amounts can matter!  
 
Experimental Notes/Suggestions (for teachers) 
Using food coloring to model antibiotic: 

● Student groups dilute 1 drop of food coloring in 15 ml (1 Tbsp) 

water, then mix gently (swirling works fine). 

● Layer a pre-determined amount of the diluted food coloring 

over each biofilm slowly to limit mixing.  

● Droppers provided for layering food coloring (recommended). 

Place the dropper tip on the side of the container, just above 

the polysaccharide, to minimalize mixing. 

● White paper underneath/behind experiment aids visualization. 

● Consider allowing groups to experiment with more 

concentrated food dye solutions, as needed. 

Handling EPS (polysaccharide): 
● All 3 polysaccharides are water soluble. 

● If testing EPS concentration, diluting the stock solution is 

strongly recommended.  

● Stock solution recipes (to be made ahead of time): 
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knee implants. Include in your discussion how the bacteria benefit from 
building a biofilm… what’s in it for them? 

Use the experimental results of your group, and the rest of your class, as 
evidence to support your answer. 

The use of labeled pictures, graphics, and other visual representations in 
your explanation are encouraged. 

Rubric on page 29 of the notebook scaffold. 

 

 
Lead-in to Lesson Five- At this point, students are likely wondering if ALL biofilms are 
bad. They may also be wondering if there are any tools, other than antibiotics, for 
treating/curing biofilm infections.  
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Biofilms form and grow in practically every possible environment on earth. 
Obviously, then, not all biofilms are harmful. Many play an important role 
in the ecology of the earth and the sustainability of life in general. 
Microbes comprise the bulk of living biomass on Earth and play a major 
role in the cycling of elements. Most of those microbes live in biofilms on 
surfaces. 
 

It is important to recognize that microorganisms, such as bacteria, that live 
in biofilms have evolved along with other organisms, including humans. 
While some bacteria produce effects that are bad for other organisms, 
most bacteria are harmless or even beneficial. When it comes to bacteria, 
higher organisms (like us) are just another environment to colonize.  

Bioremediation 

One of the best examples of a beneficial application of biofilms is in the 
treatment of wastewater. Engineers long ago developed a system that uses 
biofilm to process wastewater and sewage. They figured out that if you provide a 
surface (like a sand filter) and the desired bacteria, they will attach, form a 
biofilm, and eat the "bad" stuff in the water.  

One of the less obvious beneficial applications of biofilms is in cleaning up 
oil and gasoline spills. The fact that some of the naturally occurring 
bacteria in soil and water can clean-up contamination (by using it as a 
carbon and energy source) is called bioremediation.  
 
Bioremediation using biofilms is also used for cleaning up sites 
contaminated with other hazardous wastes. Making it work requires an 
understanding of biofilm processes. Engineers assess the genetic needs of 
the biofilm species they want to utilize and the environmental factors (or 
available resources) present at the contaminated site. If any 
environmental factors are missing at the contaminated site, engineers 
develop a process for incorporating them so that the beneficial biofilm 
bacteria flourish. 
 

For more information, pictures and a short video about the Sanford Lab’s 
Waste Water Treatment Plant, which uses biofilm: 
https://www.sanfordlab.org/feature/waste-water-treatment-plant 

South Dakota EPSCoR 
 
The National Science Foundation created the Established (formerly 
Experimental) Program to Stimulate Competitive Research (EPSCoR) in 
1979 because Congress recognized the uneven distribution of federal 
research and development grants. After World War II, federally funded 
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academic research grew dramatically, but national science policy at the 
time tended to funnel resources to a small number of centers of 
excellence. 
 
This status quo ignored the dramatic growth in regional educational and 
research institutions. In every state, talented young people aspired to 
careers in science, technology, engineering and mathematics, but the 
nation wasn’t profiting fully from the wealth of ingenuity and skill 
embedded across the country. EPSCoR provided a solution and is now a 
federal-wide initiative spanning five agencies including NASA, DOE, DoD, 
NIH and NSF. 
 
Current goals of South Dakota EPSCoR (SD EPSCoR) include: 

● Increase South Dakota’s Science and Technology Research Capacity 
● Provide educational opportunities for k-12, undergraduate, and 

graduate students 
● Promote Science Based Economic Development for South Dakota 

 
Legumes 
A legume is a plant in the family Fabaceae (or Leguminosae); also called a 
pulse, especially in the mature, dry condition. Legumes are grown 
agriculturally, primarily for human consumption, for livestock forage and 
silage, and as soil-enhancing green manure. Well-known legumes include 
alfalfa, clover, beans, peas, chickpeas, lentils, soybeans, and peanuts.  
 
Legumes are notable in that most of them have symbiotic nitrogen-fixing 
bacteria in structures called root nodules. The nitrogen-fixing bacteria 
convert atmospheric nitrogen (which most living organisms cannot utilize), 
and convert it into forms that are useful to other living things. In return for 
usable nitrogen (a major component of fertilizer), the plant shares food, in 
the form of sugars, with the bacteria. The structure of the root nodule also 
protects the nitrogen-fixing bacteria from predators in the soil that would 
otherwise prey on the bacteria. 
 
A focus of the SD EPSCoR project, begun in 2020, focuses on increasing the 
nitrogen fixing capability of soybeans. Soybean is the second largest crop 
in South Dakota (5.6M acres planted in 2018). The first step in forming 
root nodules is the production of a biofilm on the soybean root. However, 
not all root nodules contain bacterial species capable of supplying high 
levels of nitrogen. Some are better than others are. Evidence suggests that 
soybeans and other legumes may supply more food to the root nodules 
providing the most nitrogen, and/or limit food to the inefficient nodules. 
Researchers with SD EPSCoR are working on increasing the number of 
highly efficient soybean root nodules to decrease the amount of fertilizer 
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include: 

● Description of the object, tool, process, or system 
● Brief explanation of why you chose this idea above any other(s) 
● Expected outcome (effect) when implemented (the cause) 
● Discussion of how genetic (needs) and environmental factors 

(available resources) are involved  

Next, groups will discuss which ideas are most promising, as well as how 
parts of proposed solutions could be combined to create an even better 
object, tool, process or system. Talking chips recommended. 
 
Final engineering design proposal 

Page 37 of the science notebook scaffold guides students as they compose 
their final design proposal. Final design proposals should be individual, to 
allow for individuality. Consider allowing non-written, alternative, 
presentation options to enhance student creativity! 

Final proposals should include: 

• Detailed description of the object, tool, process or system. 
• Brief comparison with at least 1 other idea highlighting the 

reason(s) you chose the proposed solution. 
• Explanation of how it works, including: 

• Expected outcome (the effect) when implemented (the cause). 
• Discussion of the relationships between genetic (needs) and 

environmental factors (available resources) involved. 
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