
Moises: Biochemical Engineering at a Research University 
 
 
 
Moises is a biochemical engineer who earned his PhD at Iowa 
State University. During his time there, he worked on developing 
a new way to combat bacterial infections that avoids using 
antibiotic drugs. This is important because many bacteria are 
becoming resistant to the antibiotics that we typically use to 
treat them. New approaches to treating bacterial infections are 
therefore very important for public health.  
 
 
 
 
 
 
 
 

During a bacterial infection, individual bacteria can communicate with one another and work together to 
overwhelm the body’s immune system. Bacteria use specific chemicals to communicate, and so Moises 
tried to interfere with the chemical signals they were sending. First, he had to learn about how bacteria 
communicate and explore the many ways to 
interfere with them. 
 

“So, one side of the project is figuring out 
all of the different ways that the bacteria 
use chemicals to communicate, and the 
second part is trying to find ways to 
intercept that communication. We could 
do that by getting rid of the chemical 
signals or preventing bacteria from 
producing or receiving the signals in the 
first place. We have tried looking at both 
of those options.” 
 
 
 
 

 
 

1. Many people might be surprised to learn that bacteria can communicate with one another. 
What do you suppose it means for an organism as simple as bacteria to “communicate”? 

 

2. What are some examples of ways that your body uses chemical signals? 

Antimicrobial resistance occurs when microbes (such 
as bacteria, viruses, fungi, and parasites) change over 
time so that they are no longer affected by the 
substances commonly used to prevent and treat 
infections in humans, animals, and plants (for instance, 
penicillin). Because of antimicrobial resistance, many 
common infections affecting humans are becoming 
difficult to treat, leading to longer periods of sickness, 
higher medical costs, and higher death rates. In fact, 
antibiotic resistant bacteria have become one of the 
leading causes of death for people in all age groups 
around the world.  
 
For more information visit: 
https://www.cdc.gov/drugresistance/index.html 
 

https://www.cdc.gov/drugresistance/index.html


The first thing Moises tried to do was get rid of the chemical signals entirely, but after spending nearly 
two years on it, he just couldn’t find a way to make it work. So, he had to make the painful decision to 
abandon that idea and try something new. 
 

“At that point, you get to a crossroads where you need to decide: do you spend more time 
pursuing this avenue or do you start from scratch from a different path? It’s a difficult position 
because you’ve already invested so much time in it… Staying motivated through so many 
negative results has been challenging for me.” 

 
The experience Moises had in encountering dead ends and then having to try something new is very 
common in engineering (and science!). Projects that explore new areas are filled with unknowns, and 
ideas that look promising can turn out to be filled with difficulties. Successful researchers constantly 
assess and reassess how likely it is that the project is on the right track. There is only so much time that 
an engineer should devote to a project that isn’t making progress! Projects not only require people’s time 
but also the material resources that go into running tests, developing new approaches, and the like. 
Moises chose to abandon his first approach because he only had so much time to complete his PhD. For 
engineers working in industry, the limitation is often cost; a project needs to be very promising for a 
company to continue putting money into it. 
 

 
 
Testing a New Approach 
 

Fortunately, despite the setbacks that Moises encountered with his first approach, he found an option 
that was promising. Instead of trying to eliminate the bacteria’s communications, he looked for a 
chemical that that would block their ability to 
receive the signals (an analogy: think of 
putting in earplugs instead of turning off the 
stereo). Moises identified a bunch of candidate 
chemicals that might work, but he had to test 
them out. The tough part was that there were 
an incredibly large number of chemicals that 
might work. From his research, Moises knew 
that the chemical was going to be a biological 
molecule called a peptide, which is a string of 
amino acids. Moises also knew that the 
peptide would be a string that is 8 amino acids 
long, but that still left a lot of different 
possibilities. It might not seem like there 
should be so many different ways to create a 
string that is only 8 amino acids long, but 
because there are 20 different amino acids, that 
means that there are 208 different ways to 
create a chain of 8 of them, which is over 25 
billion!  

3. Engineering projects begin with the hope of achieving some goal, but most of the time you 
don’t know in advance if a project will work out. Even if success is not guaranteed, what’s the 
value of pursuing exploratory projects like the one that Moises is working on? 

Amino acids are organic molecules composed of carbon, 
hydrogen, oxygen, nitrogen, and in some cases sulfur. 
There are 20 different amino acids, each of which has a 
unique structure and chemical properties. Amino acids 
can attach to each other in chains to form larger 
molecules, called Proteins and peptides. Peptides are 
short chains and proteins are long chains. Proteins are so 
long that they fold back onto themselves to form 
complex 3-dimensional shapes. Peptides and proteins 
play a wide variety of roles in living organisms. Some 
act as hormones, which transmit signals between 
different parts of an organism. 

 
 



It takes time to test every option, and so testing 25 billion molecules wasn’t going to work. To narrow it 
down, he had to do more research on how bacteria communicate. Based on that research, he managed to 
narrow it down quite a lot - all the way down to about 13,000. Great news, right? Well, it turns out, 
13,000 is still a pretty big number, and with typical testing methods he could only test out around 10 of 
them a day. Going at that rate, it would take years to test them all. So, Moises developed a new testing 
method that would allow him to do more, and his method allowed him to test as many as 800 candidates 
every day.  
 

“Honestly, that’s probably the most fun part of the project. What I do, and what most engineers 
do, is we start with the information that is already established. We try to understand the current 
system. And based on that information, we theorize and come up with creative solutions about 
what would block that signal. We use all that knowledge that years of research have provided. 
You have this information; now how creative can you get with that information? What can you 
come up with?” 

 

 
 
So, what exactly is this amazing new testing 
system that Moises has created? He found a 
way to tie the bacteria’s communication 
chemicals to a set of fluorescent chemicals, 
which can be visually observed in the lab. 
Because they were linked together, this 
allowed him to “see” whether and how 
much of the communication chemicals were 
present. When the fluorescence was 
brighter, that meant that the communication 
signal was stronger. Because his goal was to 
reduce that communication signal, that 
meant he just had to look at which of his 
13,000 candidate chemicals effectively 
reduced the fluorescent brightness. The 
picture on the next page shows what his 
samples looked like.  
 
 

4. Many people incorrectly assume that engineers (and scientists) follow some kind of 
“recipe-like” process when they do their work, where they move through a series of 
well-defined steps to design a technology. How does Moises’s work illustrate how 
engineering does not follow a specific sequence of steps?  

5. Although there is no single “recipe” for doing engineering, what are some strategies 
that Moises used that would probably apply to other engineering problems? 

 

If you have ever seen something glow under a “black light,” 
you’ve experienced fluorescence. Fluorescent molecules 
emit light after absorbing energy, typically from incoming 
light of a different (shorter) wavelength (such as from a 
black light).  
 

 
 
The incoming light excites some electrons in the fluorescent 
molecule, bumping them up to a higher energy level. As 
some of those electrons fall back to a lower energy level, 
they emit light that we can detect. 
 

Many living organisms produce fluorescent chemicals. They 
are also found in many minerals and human made products, 
such as dyes and lamps. Modern paper currency has labels 
marked with fluorescent chemicals which become visible 
when exposed to UV radiation.   
 
 



 
Engineering or Science? 
 
Moises’s project involved 
elements of science and 
engineering. On the one hand, 
he spent a lot of time studying 
the phenomenon and trying to 
learn how the chemical 
communication process works 
in bacteria. Putting so much 
effort on the learning process 
itself was an aspect of Moises’ 
project that leaned more 
towards research in science. 
On the other hand, his project 

very much needed to result in a chemical that did what he wanted it to do, and anything less would not 
have been a useful result. This is much more typical of research in engineering, where there is more 
pressure to create something that “works”.  

 
“In scientific research, all results, even negative ones, are useful because you’re learning 
something. But if you’re trying to develop an application, a technology, a therapy, then negative 
results are definitely not as useful as positive results.” 

 
Like all engineers, Moises worked on developing a technology, but the “finished product” is still a long 
way off. Even though he found some chemicals that were very promising at disrupting bacterial 
communication, it will take much more time and effort to develop that into a real-world technology. 
Even if he didn’t create a finished product, though, Moises found the work exciting and rewarding: 
 

“It’s essentially a way to teach you to think critically and design experiments, rather than 
learning how to do this and this and that. It’s constantly reading papers, seeing creative 
solutions that people came up with for each particular problem. That’s super exciting, and the 
more exposed you are to different solutions, I think when the time comes for you to solve new 
problems, you have more places to draw from.” 

 

 

6. Many people would likely look at what Moises was doing and think that he is a scientist. 
But in what ways is Moises acting as an engineer rather than a scientist? What are 
some ways that his work resembles science?  


