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DISCUSSION QUESTIONS 

 
 

1. Describe the advance the authors in this work made over previous work. What 
makes this enzyme different than previously reported enzymes that can digest 
PET? 

LEARNING STANDARDS 
 
LS1.C 
RST.11-12.8 
SP3 
Nature of Science 
 

2. If you wanted to use this technology on a larger scale, what further research 
would you do? What attributes would you look for in the bacteria? 

SEP6 
Energy and Matter 
Systems and System 
Models 
SP3 
 

3. What are the results of the PET break down process? What might we do with 
these products of PET degradation? Can we use them for something useful? 

SEP4 
LS1.C 
RST.11-12.2  
SP6 

4. Suppose this technology has been developed enough to be useful on a large 
scale. Where would you deploy it? What type of environment or part of the 
world would you focus on? How would you convince the people who might 
want to fund its use that the technology is worth using? 

ETS1.A 
SP3 
Nature of Science 
 

5. PET plastic can also be decomposed chemically, for example by heating it with 
an acid or base. What might be the advantages of using biological 
decomposition with bacteria over a chemical process? 

 
 

ETS1.A 
Energy and Matter 
RST.11-12.8 
SP7 
 

6. Do you think it is better to develop new methods to decompose existing plastic 
or to change the structure of plastics we use so they are more easily degraded 
by current technologies? What factors influence your opinion? 

SEP7 
ESS3.C 
EK4.A.6 
 

 

 

 

 

 

 

 



 
 

ACTIVITIES FOR INTERACTIVE ENGAGEMENT 

 
 
Writing an abstract 
 
Students write a new abstract for the article at a grade-appropriate reading level. 
 

LEARNING STANDARDS 
 
ETS1.A 
RST.9-10.2 
RST.11-12.2 
 

Locating this study in the larger field 
 
Students use the annotated list of references to explain how this research builds on the 
published work of at least one other independent group of scientists. Students will 
evaluate whether data from this research supports or contradicts previous conclusions, 
and reflect on the statement that scientific knowledge is a “community effort.” 
 

SEP7 
RST.9-10.8 
RST.11-12.8 

The next steps 
 
Students design a follow-on experiment to this study that either addresses flaws or 
unanswered questions in the research at hand, or builds on it to explore a new 
question. 
 

 
SP3 
Nature of Science 

Enzyme Kinetics 
 
Table 1 depicts the kinetic parameters of MHETase. The quotient of the turnover rate 
over the Michaelis constant equals the reaction’s catalytic efficiency. Students 
calculate the catalytic efficiency for the MHET substrate. What is the value and what 
are the units of catalytic efficiency? How is catalytic efficiency affected by a larger 
turnover rate and smaller Michaelis constant? How might these parameters be 
affected under conditions different than the those described in the Table’s caption (i.e. 
different pH and different temperature)? 
See video: https://www.khanacademy.org/test-prep/mcat/biomolecules/enzyme-
kinetics/v/steady-states-and-the-michaelis-menten-equation 
  

SEP4 
LS1.C 
Energy and Matter 
SP2 

Creating Phylogenetic Trees from DNA Sequences 
 
Students follow along with this click-and learn activity, developed by HHMI 
BioInteractive, to learn how DNA sequences can be used to create phylogenetic trees 
and how to interpret these relationships. While this activity was developed with 
human evolution in mind, it is a useful tool for understanding bacteria evolution, too. 
http://www.hhmi.org/biointeractive/creating-phylogenetic-trees-dna-sequences 
 

SEP4 
LS4.A 
EK1.B.2 

Quantitative Modelling 
 
Students research and estimate how much plastic we use and dispose of each year. 
Consider the following questions: If we used the biological degradation technique 
described in this paper, can you make an estimate of what percent of the plastic that 
bacteria could dispose of? What assumptions did you have to make to calculate this? 
Do you think those assumptions are justified? Why or why not? 

SEP6 
ESS3.C 
ETS1.A 
Energy and Matter 
RST.11-12.9 
SP2 
SP3 

 

https://www.khanacademy.org/test-prep/mcat/biomolecules/enzyme-kinetics/v/steady-states-and-the-michaelis-menten-equation
https://www.khanacademy.org/test-prep/mcat/biomolecules/enzyme-kinetics/v/steady-states-and-the-michaelis-menten-equation
http://www.hhmi.org/biointeractive/creating-phylogenetic-trees-dna-sequences


 
 

ARTICLE OVERVIEW 

Article summary (recommended for educator use only) 

The paper’s authors isolated a new bacterium, Ideonella sakaeinsis¸ from samples taken near a PET plastic recycling 

plant and determined that I. sakaeinsis is capable of PET degradation. The authors proposed the gene ISF6_4831 is 

responsible for the bacterium’s ability to degrade PET into monomer MHET. Researchers compared other PET-degrading 

enzymes and showed that the PETase encoded by ISF6_4831 is better at degrading PET than other polymers. PETase can 

reportedly break down PET film into either MHET or BHET monomers or directly into a degradation product of the 

monomers called terephthalic acid (TPA) and ethylene glycol (EG). Using genetic statistical techniques, the authors 

determined that the ability to degrade MHET for energy likely evolved first and that I. sakaeinsis evolved to degrade PET 

as a result of its PET-rich environment near the recycling plant. 

Importance of this research 

Over 300 million tons of plastic is produced each year and this number is growing. Because its recycling lifespan is 

limited, a large portion of that plastic is disposed of and causes harm to the environment. Since most common plastics 

biodegrade over centuries or longer, it is necessary to find safe and effective ways of disposing of this waste. This 

research focuses on identifying biological pathways to degrade a specific type of plastic called PET. Prior to this research, 

several groups reported fungi capable of degrading PET fibers; however, this is the first reported case of a bacterium 

with PET-degrading enzymes. Additionally, based on genetic data, this is the first reported organism that contains all the 

enzymes necessary to break down PET to more environmentally friendly byproducts. 

Experimental methods 

Cell Culturing:  

Researchers grew cells taken from their sample at the plastic recycling plant and grew them in the lab. By 

controlling the environmental conditions the cells are grown in, such as what polymers the cells have as a food 

source, scientists can control and study the behavior of individual and populations of cells. 

Light Microscopy:  

Light microscopy works by shining light on a sample and through a series of lenses to make the sample appear 

bigger. Light microscopes typically have an eyepiece through which a researcher can see or photograph the 

magnified sample 

Scanning Electron Microscopy:  

Scanning electron microscopy is useful for visualizing the surface of samples that are too small to be easily 

viewed by light microscopy. The microscope shoots a beam of electrons at the sample and measures the 

strength of the interaction. Specialized software uses this data to create an image of the surface. 

Genomics:  

Genomics allows researchers to take large amounts of data about the genetic code from the DNA of an organism 

as well as DNA from previously studied organisms and use statistics to compare them. In this paper, the authors 

found DNA coding for MHETase and DNA coding for the PETase enzyme. 

HPLC:  

High performance liquid chromatography, also called HPLC, is a method of separating similar compounds. A 

mixture of compounds is run through a thin tube, called a column, in some liquid. Compounds that prefer being 

dissolved in the liquid leave the tube faster than compounds that prefer sticking to the tube's sides, allowing 

different compounds to come out of the column at different times. 



 
 
Conclusions 

• I. sakaeinsis is a bacterium capable of degrading PET plastic. 

• The enzyme directly responsible for PET degradation was identified and is referred to as PETase, which is coded 

from the DNA strand ISF6_4831. 

• An additional enzyme coded by DNA strand ISF6_0224 breaks down MHET into TPA and EG. 

• I. sakaeinsis has all the enzymes required to break down environmentally persistent PET fibers into 

environmentally benign TPA and EG.  

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 
 

LEARNING STANDARDS ALIGNMENT 

The following tables provide an overview of the learning standards covered by this article, including the A Framework for 

K-12 Science Education (Framework), Common Core State Standards English Language Arts-Literacy (CCSS ELA), Common 

Core State Standards Statistics and Probability (CCSS HSS), AP Science Practices, and Vision and Change for 

Undergraduate Education. Where applicable, activities and information will be marked with specific standards to which 

they are linked. 

A Framework for K-12 Science Education  

Science and Engineering Practices Disciplinary Core Ideas Crosscutting Concepts 

Analyzing and interpreting data 
(SEP4) 
The student can perform data analysis and 
evaluation of evidence. 
 

Constructing explanations and 
designing solutions (SEP6) 
Evaluate a solution to a complex real-world 
problem, based on scientific knowledge, 
student-generated sources of evidence, 
prioritized criteria, and tradeoff 
considerations. 
 

Engaging in argument from evidence 
(SEP7) 
Evaluate the claims, evidence, and/or 
reasoning behind currently accepted 
explanation or solutions to determine the 
merits of arguments. 
 

LS1.C: Organization for Matter and 
Energy Flow in Organisms 
As matter and energy flow through different 
organizational levels of living systems, 
chemical elements are recombined in 
different ways to form different products. 
 
LS4.A: Evidence of Common 
Ancestry and Diversity 
DNA sequences vary among species, but 
there are many overlaps; in fact, the ongoing 
branching that produces multiple lines of 
descent can be inferred by comparing the 
DNA sequences of different organisms. Such 
information is also derivable from the 
similarities and differences in amino acid 
sequences and from anatomical and 
embryological evidence. 
 

ESS3.C: Human Impacts on Earth 
Systems 
Scientists and engineers can make major 
contributions by developing technologies that 
produce less pollution and waste and that 
preclude ecosystem degradation.  
 

ETS1.A: Defining and Delimiting an 
Engineering Problem 
Criteria and constraints also include satisfying 
any requirements set by society, such as 
taking issues of risk mitigations into account, 
and they should be quantified to the extent 
possible and stated in such a way that one 
can tell if a given design meets them.  

Energy and Matter: Flows, cycles, 
and conservation 
Tracking fluxes of energy and matter into, out 
of, and within systems helps one understand 
the systems’ possibilities and limitations. 

 
Systems and System Models 
Models (e.g., physical, mathematical, 
computer models) can be used to simulate 
systems and interactions—including energy, 
matter, and information flows—within and 
between systems at different scales. 

 

 

 

 

 



 
 

Common Core State Standards English Language Arts-Literacy 

Key Ideas and Details Craft and Structure Integration of Knowledge and Ideas 

RST.9-10.1 
Cite specific textual evidence to support 
analysis of science and technical texts, 
attending to the precise details of 
explanations or descriptions. 

 
RST.9-10.2 
Determine the central ideas or conclusions of 
a text; trace the text’s explanation or 
depiction of a complex process, phenomenon, 
or concept; provide an accurate summary of 
the text. 

 
RST.11-12.1 
Cite specific textual evidence to support 
analysis of science and technical texts, 
attending to important distinctions the author 
makes and to any gaps or inconsistencies in 
the account. 

 
RST.11-12.2 
Determine the central ideas or conclusions of 
a text; summarize complex concepts, 
processes, or information presented in a text 
by paraphrasing them in simpler but still 
accurate terms. 
 

RST.9-10.4 
Determine the meaning of symbols, key terms, 
and other domain-specific words and phrases 
as they are used in a specific scientific or 
technical context relevant to grades 9-10 texts 
and topics. 

 
RST.9-10.5 
Analyze the structure of the relationships 
among concepts in a text, including 
relationships among key terms (e.g., force, 
friction, reaction force, energy). 

 
RST.9-10.6 
Analyze the author’s purpose in providing an 
explanation, describing a procedure, or 
discussing an experiment in a text, defining 
the question the author seeks to address. 
 
RST.11-12.4 
Determine the meaning of symbols, key terms, 
and other domain-specific words and phrases 
as they are used in a specific scientific or 
technical context relevant to grades 11-12 
texts and topics. 
 

RST.11-12.5 
Analyze how the text structures information or 
ideas into categories or hierarchies, 
demonstrating understanding of the 
information or ideas. 
 

RST.11-12.6 
Analyze the author’s purpose in providing an 
explanation, describing a procedure, or 
discussing an experiment in a text, identifying 
important issues that remain unresolved. 

RST.9-10.8 
Assess the extent to which the reasoning and 
evidence in a text support the author’s claim 
or a recommendation for solving a scientific 
or technical problem. 
 

RST.9-10.9 
Compare and contrast findings presented in 
a text to those from other sources (including 
their own experiments), noting when the 
findings support or contradict previous 
explanations or accounts. 

 
RST.11-12.8 
Evaluate the hypotheses, data, analyses, and 
conclusions in a science or technical text, 
verifying the data when possible and 
corroborating or challenging conclusions 
with other sources of information. 

 
RST.11-12.9 
Synthesize information from a range of 
sources (e.g., texts, experiments, 
simulations) into a coherent understanding 
of a process, phenomenon, or concept, 
resolving conflicting information when 
possible. 

 

 

 

 

 

 

 



 
 

AP Science Standards 

AP Science Practices AP Biology Content Standards 

Science Practice 2 (SP2) 
The student can use mathematics appropriately. 

 
Science Practice 3 (SP3) 
The student can engage in scientific questioning to extend thinking or 
to guide investigations within the context of the course. 
 

Science Practice 6 (SP6) 
The student can work with scientific explanations and theories, 
construct explanations of phenomena based on evidence, articulate 
the reasons that scientific explanations and theories are refined or 
replaced, and evaluate alternative explanations. 

Essential knowledge 1.B.2 (EK1.B.2) 
Phylogenetic trees and cladograms are graphical representations 
(models) of evolutionary history that can be tested. 
 

Essential knowledge 4.A.6 (EK4.A.6) 
Interactions among living systems and with their environment result in 
the movement of matter and energy. 

 

Connections to the Nature of Science 

Vision and Change for Undergraduate Biology Education 
Core Competencies and Disciplinary Practices 

A Framework for K-12 Science Education 
Understandings About the Nature of Science 

Ability to apply the process of science 
Understand that science is evidence-based and grounded in the formal 
practices of observation, experimentation, and hypothesis testing 
 
Ability to tap into the interdisciplinary nature of science 
Apply concepts and knowledge across traditional boundaries 
 
Ability to understand the relationship between science 
and society 
Identify social and historical dimensions of biology practice: evaluating 
the relevance of social contexts to biological problems, developing 
biological applications to solve societal problems, and evaluating 
ethical implications of biology research. 
 

Scientific knowledge is open to revision in light of new 
evidence 
Scientific explanations can be probabilistic. Most scientific knowledge 
is quite durable but, in principle, is subject to change based on new 
evidence and/or reinterpretation of existing evidence. 
 

Science is a way of knowing 
Science distinguishes itself from other ways of knowing through the 
use of empirical standards, logical arguments, and skeptical review. 
 

 


