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Learning Performance: Students will evaluate the use of green fluorescent protein as a solution to the real-world 

problem of tracking the activity of proteins and defend the claim about the effectiveness of this design solution, 

accounting for a range of constraints, including cost, safety, reliability, and aesthetics as well as possible social, cultural, 

and environmental impacts. 

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. 

Next Generation Science Standards (NGSS)  

Science and Engineering Practices Disciplinary Core Ideas Crosscutting Concepts 

Planning and Carrying Out 
Investigations (SEP3) 
Plan an investigation … to produce data to 
serve as the basis for evidence as part of 
building and revising models, supporting 
explanations for phenomena, or testing 
solutions to problems. Consider possible 
confounding variables or effects and evaluate 
the investigation’s design to ensure variables 
are controlled.  

Engaging in Argument from Evidence 
(SEP7) 
Evaluate the claims, evidence, and/or 
reasoning behind currently accepted 
explanations or solutions to determine the 
merits of arguments. 
 
Make and defend a claim based on evidence 
about the natural world or the effectiveness of 
a design solution that reflects scientific 
knowledge and student-generated evidence. 

 
 
 
 
 
Obtaining, Evaluating, and 
Communicating Information (SEP8) 
Critically read scientific literature adapted for 
classroom use to determine the central ideas 
or conclusions and/or to obtain scientific 
and/or technical information to summarize 
complex evidence, concepts, processes, or 
information presented in a text by 
paraphrasing them in simpler but still accurate 
terms. 

PS4.B: Electromagnetic Radiation 
Photoelectric materials emit electrons when 
they absorb light of a high-enough frequency. 
(HS-PS4-5) 

 
LS1.A: Structure and Function 
All cells contain genetic information in the 
form of DNA molecules. Genes are regions in 
the DNA that contain the instructions that 
code for the formation of proteins. (HS-LS3-1) 

 
ETS1.B: Developing Possible Solutions 
When evaluating solutions, it is important to 
take into account a range of constraints, 
including cost, safety, reliability, and 
aesthetics, and to consider social, cultural, and 
environmental impacts. (HS-ETS1-3) 

Both physical models and computers can be 
used in various ways to aid in the engineering 
design process. Computers are useful for a 
variety of purposes, such as running 
simulations to test different ways of solving a 
problem or to see which one is most efficient 
or economical; and in making a persuasive 
presentation to a client about how a given 
design will meet his or her needs. (HS-ETS1-4) 

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. (HS-LS1-
2),(HS-LS1-4) 

 
Cause and Effect 
Empirical evidence is required to differentiate 
between cause and correlation and make 
claims about specific causes and effects. (HS-
LS4-2),(HS-LS4-4),(HS-LS4-5) 
 

Structure and Function 
Investigating or designing new systems or 
structures requires a detailed examination of 
the properties of different materials, the 
structures of different components, and 
connections of components to reveal its 
function and/or solve a problem. (HS-LS1-1) 
 



 
 
Communicate scientific information (e.g., 
about phenomena and/or the process of 
development and the design and performance 
of a proposed process or system) in multiple 
formats (including orally, graphically, textually, 
and mathematically). (HS-LS4-1) 

 

Common Core State Standards English Language Arts-Literacy 

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

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.11-12.2 
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.11-12.8 
Evaluate the hypotheses, data, analysis, and 
conclusions in a science or technical text, 
verifying the data when possible and 
corroborating or challenging conclusions with 
other sources of information. 

 

 

 

 



 
 

AP Science Standards 

AP Science Practices AP Biology Content Standards 

Science Practice 4 (SP4) 
The student can plan and implement data collection strategies in 
relation to a particular scientific question. (Note: Data can be collected 
from many different sources, e.g., investigations, scientific observations, 
the findings of others, historic reconstruction and/or archived data.) 
 
Science Practice 7 (SP7) 
The student is able to connect and relate knowledge across various 
scales, concepts and representations in and across domains. 

Essential knowledge 3.A.1: DNA, and in some cases RNA, 
is the primary source of heritable information (EK3.A.1) 
DNA and RNA molecules have structural similarities and differences that 
define function. 
 
Genetic information flows from a sequence of nucleotides in a gene to a 
sequence of amino acids in a protein. 
 
Genetic engineering techniques can manipulate the heritable 
information of DNA and, in special cases, RNA. 
 

Essential knowledge 3.B.1: Gene regulation results in 
differential gene expression, leading to cell specialization. 
(EK3.B.1) 
Both DNA regulatory sequences, regulatory genes, and small regulatory 
RNAs are involved in gene expression. 

 
In eukaryotes, gene expression is complex and control involves 
regulatory genes, regulatory elements and transcription factors that act 
in concert. 
 
Gene regulation accounts for some of the phenotypic differences 
between organisms with similar genes. 
 

Essential knowledge 3.B.2: A variety of intercellular and 
intracellular signal transmissions mediate gene 
expression. (EK3.B.2) 
Signal transmission within and between cells mediates gene expression. 

 

Connections to the Nature of Science 

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

Next Generation Science Standards 
Understandings About the Nature of Science 

Ability to apply the process of science 
Design scientific process to understand living systems: observational 
strategies, hypothesis testing, experimental design, evaluation of 
experimental evidence, and developing problem-solving strategies. 
 
Ability to communicate and collaborate with other 
disciplines 
Communicate biological concepts and interpretations to scientists in 
other disciplines: scientific writing, explaining scientific concepts to 
different audiences, team participation, collaborating across disciplines, 
and cross-cultural awareness. 

Scientific Models, Laws, Mechanisms, and Theories 
Explain Natural Phenomena 
A scientific theory is a substantiated explanation of some aspect of the 
natural world, based on a body of facts that have been repeatedly 
confirmed through observation and experiment and the science 
community validates each theory before it is accepted. If new evidence 
is discovered that the theory does not accommodate, the theory is 
generally modified in light of this new evidence. 
 
Scientific Investigations Use a Variety of Methods 
Scientific inquiry is characterized by a common set of values that 
include: logical thinking, precision, open-mindedness, objectivity, 
skepticism, replicability of results, and honest and ethical reporting of 
findings. (HS-LS1-3) 

 



 
 

Article summary (recommended for educator use only) 

In the 1960s, Martin Chalfie extracted the bioluminescent protein Green Fluorescent Protein (GFP) from the jellyfish 

Aequorea victoria. In the 1990s, he built on this by isolating the portion of the protein that codes for the chromophore 

(portion of the protein that emits light when excited), a six-amino acid peptide. In order to test whether other chemicals 

or factors from A. victoria were needed for the chromophore to fluoresce, the scientists inserted this peptide into two 

different model organisms: E. coli and C. elegans. In both cases, they were able to produce fluorescence. This confirmed 

their hypothesis that no exogenous (external) factors are needed to activate the GFP chromophore. This discovery has 

led to widespread use of GFP to track protein activity, and enabled great advances in cancer research, HIV/AIDS 

research, and other fields of molecular medicine. 

Importance of this research 

This research was a milestone in our understanding of genetics and development. The ability to visualize and localize 

proteins has led to many advances in cell and molecular biology. GFP has been expressed in many species to date, from 

bacteria to human cells. Although many new streamlined visualization methods have been developed, GFP and its 

modified forms are still used by biomedical researchers today. 

Experimental methods 

 Bacterial transformation 

 Sonication and protein purification 

 Spectrophotometry 

Conclusions 

 It is possible to insert the chromophore hexapeptide from GFP into other organisms as a means of monitoring 

gene activity and protein distribution. 

 Unlike firefly luciferase, GFP does not require any additional enzymes or cofactors. This eliminates potential 

confounding variables and presents a more streamlined technology. 

 

 

 

 

 

 

 

 

 



 
 

Learning Performance: Students will evaluate the use of green fluorescent protein as a solution to the real-world 

problem of tracking the activity of proteins and defend the claim about the effectiveness of this design solution, 

accounting for a range of constraints, including cost, safety, reliability, and aesthetics as well as possible social, cultural, 

and environmental impacts. 

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

SEP8 
SP7 
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 on 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 

Science in the news 
 
Students explore news stories in the Related Resources tab and evaluate the stories for 
tone, accuracy, missing information, etc. They may then write their own news stories on 
the article.  
 
 

RST.9-10.5 
RST.11-12.5 
RST.9-10.6 
RST.11-12.6 
RST.9-10.8 
RST.11-12.8 

Results and conclusions 
 
Students diagram each of the experiments presented in the study (divided up by figure, if 
appropriate). They then consider the results depicted in each figure, and how these 
results support the conclusions of the study.  
 
 

 
SEP8 
SP7 
 

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. 

SEP3 
SP4 

 

 

 

 

 

 



 
 

1. Why is it important that GFP does not require cofactors or exogenous 
substrates? How does this affect its usefulness as a reporter? 
 
 

LS1.A 
ETS1.B 
Structure and Function 
EK3.B.2 
EK3.B.1 
 
 

2. Besides cofactors and exogenous substrates, what other factors affect how 
useful GFP is?  
 
 

LS1.A 
ETS1.B 
Structure and Function 
Cause and Effect 
 
 

3. Before GFP, researchers used a class of enzymes called luciferases as reporters. A 
luciferase catalyzes the oxidation of a protein called luciferin, which produces 
light. What are the relative advantages of using a reporter like luciferase, which 
requires an additional step? 
 
 

SEP7 
LS1.A 
ETS1.B 
Systems and Systems 
Models 
EK3.B.2 
EK3.B.1 
 
 

4. When GFP is excited, it emits light at a wavelength of 509nm. Hemoglobin found 
in mammalian blood absorbs light in this range, so GFP generally cannot be used 
as a reporter when hemoglobin is present. What is a solution to this problem? 
 

SEP3 
PS4.B 
ETS1.B 
SP4 
 
 

5. Since the discovery that GFP works in other species, many new fluorescent 
proteins have been engineered for laboratory use. These proteins are similar to 
GFP in that they do not require cofactors or exogenous substrates, but they emit 
different colors of light when they are activated. What are some of the 
advantages of having many colors of fluorescent proteins available? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SEP3 
ETS1.B 
SP4 



 
 

6. Refer to the following table of fluorescent protein excitation and emission 
spectra: 
 

Protein Excitation Wavelength 
(nm) 

Emission Wavelength 
(nm) 

GFP 475 509 

ECFP (Enhanced Cyan 
Fluorescent Protein) 

433 475 

Sapphire 399 511 

 
A researcher is investigating an anti-parasitic drug for a parasite found in tropical 
rivers in South America. To determine whether the anti-parasitic is taken up by 
parasites in the human blood, they will use a fluorescent reporter. Based on your 
knowledge of reporters, which of the above is their most likely choice (hint: refer 
to question 4)? 
 

SEP3 
PS4.B 
ETS1.B 
SP4 
 
 
 

7. Since the discovery of GFP, transgenic pets such as glowing mice and fish have 
been developed. Is it ethical to genetically engineer animals with GFP? What 
factors go into this decision? 

 

SEP8 
SP7 
 

 


