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Bacteria do not live alone. They crowd together and form 
tiny “neighborhoods.” In these neighborhoods, some 
bacteria can resist antibiotics. They break down the 
medicine and create “safe zones.” They then protect their 
sensitive neighbors.

We mixed resistant and sensitive bacteria. Then we 
watched how they grew on plates with different amounts of 
antibiotics. The two types of bacteria formed many different 

patterns. Sometimes the resistant ones took over. Other 
times, the sensitive ones used the safe zones to survive.

We also grew the same bacteria in liquid. We found that the 
same kind of safe zones do not exist in liquid. Instead, the 
cultures either grew rapidly or died.

Our study shows that bacterial survival does not depend 
on one cell alone. It depends on the whole neighborhood 
around it.

Methods

Have you ever seen cartoons showing bacteria in your 
science textbook? They’re often pictured living alone. In 
fact, they live in crowded communities stuck to surfaces, 
like tiny “neighborhoods.” And, just like in your own 
neighborhood, the bacteria interact all the time. They 
compete for food, push for space, and sometimes even 
help each other survive. But how?

One major danger to bacteria is antibiotics – medicines 
that kill them or slow them down. Some bacteria are 
resistant to antibiotics. This means they have a special tool 
(an enzyme) that breaks the antibiotic and stops it from 

working. What if this resistance is actually a social skill? 
When a resistant bacterium breaks down the antibiotic, it 
clears the area around itself. Sensitive bacteria nearby 
can then survive. It’s like opening a big umbrella in the rain. 
You can protect yourself AND your friends under it.

So what does this “umbrella effect” change? How do 
bacteria arrange themselves as they grow? Does it matter 
how many resistant or sensitive bacteria there are? And do 
bacteria growing on surfaces behave differently from those 
growing in liquids? These are the questions we wanted to 
answer.

To study these neighborhoods, we worked with a 
bacterium called Enterococcus faecalis. We used two 
kinds of this bacterium. One kind was resistant to the 
antibiotic ampicillin. The other kind was sensitive to it. 

We added fluorescent tags so we could see them under 
a microscope. The resistant bacteria glowed green. The 
sensitive ones glowed magenta. This color-coding let us 
see who was winning the battle for space: the green team 
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Figure 1: We placed a tiny drop 

of resistant (green) and sensitive 

(magenta) bacteria on an agar 

plate. After growing overnight, 

we used a microscope to see the 

patterns they formed.

Results

or the magenta team.

1.  We mixed resistant and sensitive cells at different 
starting ratios and densities.

2.  We put a tiny droplet of this mixture onto agar plates 
that contained none or different concentrations of ampicillin 
(Fig. 1).

3.  We let the colonies grow for about a day at 37°C 
(98.6°F, the average human body temperature).

4.  We took microscope images of the neighborhood.

5.  We used computer tools to measure how much of the 
area was resistant versus sensitive.

6. We built a computer model where bacteria sat on a 
grid, divided, died, and interacted with the antibiotic. The 
antibiotic spread and was broken down by resistant cells.

7.  We grew the same mixtures in well-shaken liquid. We 
could then compare surface growth with well-mixed growth.

So, what did we see? We found that the survival of the 
neighborhood depends on a specific combination of three 
factors:

how many green (resistant) cells we start with,
how many cells there are in total (density), and
how much antibiotic is on the plate.

At no or low levels of ampicillin, the rule is simple: more 
green at the start usually means more green at the end.

But at high levels of ampicillin, the rule can flip. If we start 
with many green cells and high density, they clear so much 
antibiotic that big safe zones appear. Magenta (sensitive) 
cells grow inside these zones and can take over a lot of 
space. A colony that starts with more green can end with 
a smaller percentage of green than one that started with 
fewer green cells (see Fig. 2 on p.3).

We also saw that the safe zones around green cells did 
not have a fixed size. When green clusters grew bigger, 
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What surprising thing can happen when 
we start with fewer green (resistant)
cells at high antibiotic levels?

their safe zones could reach farther and cover more of the 
neighborhood.

In liquid, the story was much simpler. The cultures either 

grew a lot or collapsed. Because liquid culture is well mixed, 
they did not form the patterns we saw on plates.

Discussion
So what does this all mean?

Bacteria do not live alone. They live in crowded 
neighborhoods. Their neighbors matter a lot. Resistant 
cells can break down the antibiotic around them. This 
creates safe zones. Sensitive cells can grow in these zones 
even when the antibiotic should kill them. But these safe 
zones do not stay the same size. They grow as the resistant 
clusters grow. Because of this, the neighborhood can form 
many different patterns.

But we had a surprise. At high antibiotic levels and high 
density, starting with more resistant cells does not always 
mean you end with more resistant cells. The extra resistant 
cells make larger safe zones, and sensitive cells move in 
and compete for food and space.

Our computer model helped us learn why these patterns 
appear. It used two simple rules: fight for space and protect 
nearby cells. Even with only these rules, the model created 

patterns that looked very close to the real ones. This shows 
that simple interactions can build complex neighborhoods.

But the model is much simpler than real life. Bacteria can 
use many other tricks. They can change shape, slow their 
growth, or enter special “survival modes.” Some species 
even release their enzymes into the space around them. 
That could spread protection much farther than we saw 
here.

We also learned that the place where bacteria grow 
matters. On a surface, they stay in one spot. They interact 
with their close neighbors. In a liquid, they mix all the 
time. Because of this, the two environments behaved very 
differently. Surface colonies formed many mixed patterns. 
Liquid cultures either grew a lot or died out.

Overall, we learned that antibiotic resistance is not only 
about one cell. It is also about teamwork, competition, and 
the neighborhood each bacterium lives in.

Figure 2: Starting with more 

resistant cells does not always 

mean you end with even more 

resistant cells. More resistant cells 

can create larger safe zones. This 

allows sensitive cells to move in 

and compete for food and space. 

Starting with fewer resistant cells 

means there aren’t as many safe 

zones for sensitive cells. Then the 

resistant cells can take over! The 

percentages show the amount of 

resistant (green) cells present.
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Glossary of Key Terms

Agar plate - a flat dish filled with a jelly-like food that bacteria grow on.

Ampicillin - a type of antibiotic. It belongs to the penicillin family of medicines. 

Antibiotic - a medicine that kills bacteria or stops them from growing.

Bacterium (plural: bacteria) - a tiny living organism made of a single cell. You need a microscope to see it.

Enzyme - a special protein that does a job inside or outside a cell, like cutting or breaking molecules. Some enzymes 
break down antibiotics.

Fluorescent tag - a glowing marker that helps scientists see bacteria under a microscope.

Resistant bacteria - bacteria that can survive an antibiotic because they have a special tool (like an enzyme) that 
protects them.

Sensitive bacteria - bacteria that cannot survive an antibiotic unless something else protects them.
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Conclusion
Even simple organisms behave in complex ways when they 
live together. It’s a reminder to look past individuals and 
think about systems and the surroundings in which we 
live. Whether you’re studying biology, working on a group 

project, or solving a problem, what (and who) do you rely 
on? Teamwork, neighbors, and environment matter at 
every scale!

https://www.pnas.org/doi/10.1073/pnas.2417065122
https://www.pnas.org/doi/10.1073/pnas.2300262120
https://www.cdc.gov/antimicrobial-resistance/about/index.html
https://www.cam.ac.uk/stories/medievalinequality 
https://www.snexplores.org/article/explainer-what-you-can-do-fight-antibiotic-resistance
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Check your understanding

What creates “safe zones” in the bacterial neighborhoods?

Why do sensitive bacteria sometimes survive even when there is a lot of antibiotic?

How were the results in the liquid different from those on the agar plates?

How can learning more about how bacteria behave in their neighborhoods help 
doctors treat infections?

Think about your own life. Can you name a situation where people around you, like 
neighbors, or teamwork matter more than individual ability?
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