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Penicillin Resistant Enterobacteriaceae have developed a resistance to a large number of beta-lactam antibiotics, which are
regularly used and contain various drugs such as penicillin and amoxicillin. This is due to those bacteria producing extended
spectrum Beta-lactamase enzymes, which break down various penicillins. Although it is possible to cure patients of Penicillin
Resistant Enterobacteriaceae infections, it requires an intensive alternative antibiotic regimen, which is extremely dangerous
for individuals who cannot process antibiotics such as seniors and those with kidney complications. More so, every antibiotic
that does not work on this disease only clears the environment for it to flourish, sometimes making the outcome worse. The
fact there is no reliable way apart from lab testing to discern between regular Penicillin Resistance Enterobacteriaceae and its
antibiotic-resistant counterpart results in professionals prescribing beta-lactam antibiotics according to procedure, leading to
the situation mentioned above. However, there is a novel way to prevent this that can be found in the normal working of the
human body. The human body contains trillions of different cells of bacteria. While some are symbiotic, others neither harm
nor help the body by simply just taking up space. This act actually prevents other infectious bacteria from having enough space
to grow, which is particularly useful in areas in which Penicillin Resistance Enterobacteriaceae reside. This paper does this
experiment by utilizing a resistance plasmid that encodes for inhibition of an antibiotic similar to penicillin: ampicillin. By
using DH5α strain of E. Coli, pBLU, a plasmid that codes for resistance against ampicillin, was introduced into the cells. After
transformation, the cells were then transferred to an agar plate containing only ampicillin as well as plates with Ampicillin and
other ampicillin Resistant gut bacteria taken from a stool sample. The E. Coli grown in a culture with other resistant bacteria
exhibited reduced growth compared to cultures with only E. Coli. In addition, a restriction digest and gel electrophoresis of
the plasmid extracted from transformed E. Coli confirmed plasmid identity, although sanger/nanopore sequencing must be
performed to increase certainty. The results suggest that inducing resistant competition in a natural environment even with an
antibiotic present can inhibit the growth of dangerous drug-resistant bacteria.
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Introduction1

Context2

What are Enterobacteriaceae and how are they treated?3

Bacteria of the Enterobacteriaceae family (Figure 1.1) are4

prevalent, gram-negative, rod-shaped bacteria. Although it is5

to be noted that these bacteria reside in the body naturally, a6

rupture in mucosal lining can lead to dangerous infections. It7

is transmitted via contact with infected feces and poor food8

controls. E. Coli can be found anywhere in the world and9

can infect anyone. However, preventative measures are best10

done through proper food safety and hygiene. Fortunately, it11

is possible to cure nonresistant forms with various drugs. The12

most used are Beta-Lactam Antibiotics (Figure 1.2), a fam-13
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ily of drugs derived from Penicillin. Unfortunately, Penicillin 14

Resistant Enterobacteriaceae do not respond to these antibi- 15

otics.1
16

Enterobacteriaceae Statistics 17

Many species of Enterobacteriaceae and the human body have 18

a commensal relationship under normal conditions. In fact, 19

bacteria of the family Enterobacteriaceae are found in most 20

human bodies and provide bacterial competition to other more 21

dangerous organisms. The problem arises, however, when a 22

breach is found in the mucosal lining of the colon. This can 23

lead to inflammation, mucus abscesses, and even more severe 24

symptoms such as fevers and diarrhea. In addition, if present 25

in the sinuses, it can cause severe inflammation and risks dam- 26

age to the lungs. 27

© The National High School Journal of Science 2026 | 1



Fig. 1.1 Electron micrograph of Escherichia Coli undergoing mito-
sis. This species is the most commonly known species in the Enter-
obacteriaceae family.

Fig. 1.2 The basic structure of most Beta-Lactam Antibiotics. The
defining structure, the Beta-Lactam ring is found around the square
structure in red, comprising of a three Carbon and one Nitrogen ring
double bonded to Oxygen. As is with normal proteins, the actual
identity is determined by the composition of the R- group. Peni-
cillins, while they share the same Beta-Lactam ring, lack an addi-
tional R-group and retain the five-ring structure.

What is a Beta-Lactam Antibiotic?28

Beta-lactam antibiotics are a class of drugs that contain a four29

ringed amide structure. As mentioned before, the most well-30

known and first discovered of these is Penicillin. Beta-lactam31

antibiotics are used regularly to treat both gram-positive and32

gram-negative bacteria.2 Recently, due to high use of antibi-33

otics such as these, many strains of infectious bacteria are34

developing resistance to these drugs. One example of this35

is MRSA, or Methicillin Resistance Staphylococcus Aureus.3
36

In this case, the most common beta-lactam antibiotic used to 37

treat regular Penicillin Resistance Enterobacteriaceae infec- 38

tions is Amoxicillin although as mentioned before, there is an 39

increased resistance across multiple species to antibiotics in 40

the same class as Amoxicillin (Figure 1.3) due to its increased 41

use since the emergence of Penicillin Resistant Enterobacteri- 42

aceae. 43

Fig. 1.3 Shown is the commonly used Beta Lactam antibiotic Amox-
icillin. The markings of a Beta Lactam antibiotic are clearly visible in
the square beta-lactam ring. This antibiotic, along with many others
in the family, prevents the bacterial cell from properly synthesizing a
cell wall by inhibiting transpeptidation. As a result, the cell lyses due
to the lack of a proper barrier.4

Enterobacterial Infection Cycle 44

The most common Enterobacterial infection, E. Coli, has its 45

infection process very well studied and understood. In the ab- 46

sence of a protective mucus layer in areas such as the small 47

intestine and liver, the bacterium utilize pili to bind with the 48

human cell. Once bonded, the pathogen secretes an infectious 49

protein known as a Bacterial Translocation Intimin Protein 50

(Tir), along with many other such toxins, via a Type III se- 51

cretion system, a syringe-like insertion system. Once inside 52

the cell, Tir begins to rearrange the cytoskeleton of the host 53

in order to create “pedestals”, which are mainly composed of 54

actin. These protrusions allow for further anchoring of more 55

bacteria to the cell, hastening the infection process.5
56

Bacterial Competition in the Gut 57

As mentioned before, the stomach, small intestine, and large 58

intestine have a large and diverse community of bacteria. 59

While most of these are species that do not actively help the 60

human body, they are noninfectious and take up space and 61

resources from other potentially detrimental bacteria. This 62
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