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Abstract 

This unit is intended to encourage students to contextualize expository text by developing 

narrative storytelling to encompass factual information. While this unit was conceived for 

cellular biology topics, the methods and theory can be adapted to various fields of study 

including but not limited to natural and social sciences. In this unit, students are 

introduced to Joseph Campbell’s Hero’s Journey®, and challenged to collaborate on an 

interpretation of expository text to narrative story following the schema provided by 

Campbell, culminating in the creation of a graphic novel version of the narrative 

constructed from expository text provided. After completing this unit, students will be 

able to apply the epistemology of narrative storytelling to conventionally abstract 

ontologies. 

Content Objectives  

Conventional instruction in science, technology, engineering and math, STEM is both 

specifically culturally biased against, and generally fails to engage students. Recent 

research shows that young people, ages ten to seventeen, have negative attitudes toward 

science and no interest in engaging with science (European Commission, 2015). In 

particular, underrepresented minority students may be even further marginalized by 

conventional STEM instruction which presents science as independent of value and 

context, and is at odds with their cultural self-identity. 

In particular, the students I work with in Lower North Philadelphia express that 

science “is not [their] thing”, and express a sense of hopelessness when confronted with 

studying science content. Even students who demonstrate aptitude for studying science 

express a distaste for it, and a preference for studying language arts over STEAM. 

The way that conventional STEAM instruction approaches the subject is counter-

cultural and off-putting for my students; 85% of whom identify as Black/African 

American, 18% identify as Hispanic/Latino/a, 3% as White, and 3% as Multiracial/Other. 

Glen Aikenhead and Masakata Ogawa explore diverse cultural epistemologies in regards 

to the natural world, exposing the artificial monolith of The Scientific Method as a 

flawed paradigm based on a narrow, Eurocentric conception of empirical knowledge, 

including the functional presupposition that mystery is intolerable and must be, through 

thorough investigation, destroyed (Aikenhead & Ogawa, 2007). Furthermore, Aikenhead 

(2001) supposes students whose world views and self-identities do align with the 

anthropocentric posture conveyed in STEM classrooms comprise a small minority. That 



is to say that only Eurocentric scientists hold self-evident the assertion that Eurocentric 

scientists, having defined the center of the universe to their own satisfaction, deserve 

therefore to be acknowledged as personally definitive of its center, and that laws of 

nature ought to be named after the men whose analyses on the topics are most broadly 

published, most likely in an Indo-European language. 

One source of the problem is that STEM coursework provides exhaustive 

descriptions of problems. The potential for designing solutions to the problems are 

poorly, if ever addressed in primary and secondary classrooms, indeed the questions in 

science and math texts rarely, if ever beg innovation or novel ideas, but instead prompt 

repetition, regurgitation and the identification of a limited set of patterns and predictions. 

There is little, if any room for the kind of divergent thinking necessary for developing 

novel solutions. 

There is no single solution to address this problem. A multi-pronged approach 

involving the exposure to science and mathematics fields at earlier ages across all 

school districts, encouraging science educators to spark the curiosity of their 

students and commend them for diligence and persistence. - Edward Colon (as 

cited in Shepherd, 2016) 

A review of the literature shows that one approach to addressing the problem of young 

people’s disengagement with science is by exploring alternative and attractive modes of 

communicating science, such as with the use of narrative (Avraamidou & Osborne, 

2009). 

Prolific author and pioneer of Constructivist Theory, Jerome Brunner, in his book 

Actual Minds, Possible Worlds, differentiates between two distinct ways that humans 

order experience. He called the first one paradigmatic, which refers to organizing thought 

that is logico-scientific, based on empirical observation and reason, or ontological, 

describing what is known. The second is narrative and deals with the creation of stories. 

Narrative is part of how people understand the world they live in and serves as a way of 

communicating understanding to others or epistemological, describing a way of knowing 

(1986).  

The understanding of narrative as a cognitive tool for learning is based on the fair 

assumption that students already know t narrative structure and content and consistently 

use them to understand and retell their experience. Narrative is a familiar tool given its 

use for communication in everyday life, and which students can use for interpretation. 

Hence, by introducing narrative to school science, students have a familiar structure to 

help them cope with all the unfamiliar elements that comes with learning a new topic, 

developing skills, and physically navigating in learning environments (R. Prins, L. 

Avraamidou & M. Goedhart 2017). 



There have been several studies published demonstrating the utility of reading 

science content written in narrative context. In a study with primary school students, 

reading narratives resulted in a greater understanding of evolution than the expository 

text (Browning & Hohenstein, 2015). These results suggest that narrative text structure 

may lift some conceptual constraints for children. Negrete and Lartigue (2010) conducted 

a study comparing narrative texts to expository texts with a group of university students. 

Two different narratives and expository texts were used; one set about natural selection, 

the other about nitrogen. Students read either the expository versions of the texts or the 

narrative versions, and took quizzes. A week later, they completed the same quizzes. The 

expository group’s scores were initially higher, but their scores diminished after a week. 

No difference was found between sessions for the narrative text group. These results 

indicate that when reading a narrative, information is retained longer, suggesting 

narrative text has an enhanced effect on long-term memory. 

My particular proposition, and the grounding of my objectives is based on the 

logico-scientific inference that if reading a narrative form of a science text, understanding 

and retention is enhanced, then both student understanding and retention will be 

enhanced significantly when students themselves authoring the narrative form from an 

expository science text, because of the integration of the Higher Order Thinking Tasks of 

creating, evaluating, analyzing, and applying, all Best Practice staples from Bloom 

(1976). 

I propose to integrate narrative production as well as narrative readings into high 

school biology instruction of a 100% socioeconomically disadvantaged, underrepresented 

minority urban population in North Philadelphia, where the dominant, problem storyline 

is that underrepresented minority students are marginalized by conventional, Eurocentric 

STEM instruction which presents science as independent of value and context, is at odds 

with their cultural self-identity. 

The preferred reality is to position underrepresented minority students as STEM 

storytellers, who create and own content in their own learning context. The solution is in 

the process and product of storytelling. “The big message is that you cannot change the 

stories until you change the storytellers” (Welteroth, 2018). In my coursework in the 

University of Pennsylvania’s Teacher’s Institute of Philadelphia, Deven Patel’s 

Storytelling Traditions of South Asia and the Middle East, we were introduced to the 

happiness of fish. A modern translation of the traditional Taoist text by Zhuang Zhou 

follows: 

Zhuangzi and Huizi were strolling along the bridge over the Hao River. Zhuangzi 

said, “The minnows swim about so freely, following the openings wherever they 

take them. Such is the happiness of fish.” 

 

Huizi said, “You are not a fish, so whence do you know the happiness of fish?” 



 

Zhuangzi said, “You are not I, so whence do you know I don’t know the 

happiness of fish?” 

 

Huizi said, “I am not you, to be sure, so I don’t know what it is to be you. But by 

the same token, since you are certainly not a fish, my point about your inability to 

know the happiness of fish stands intact.” 

 

Zhuangzi said, “Let’s go back to the starting point. You said, ‘Whence do you 

know the happiness of fish?’ Since your question was premised on your knowing 

that I know it, I must have known it from here, up above the Hao River.” 

(Ziporyn, 2009) 

This text not only only describes an entirely unscientific epistemology, it is also provided 

by the author without interpretation, and the point of the story is unclear, particularly 

without context.  

If I were to use this story to teach a lesson, I would suggest the culture of the 

person who wrote this story is foreign to me, and I can only assume I understand the 

point, because I can no more be in Zhuangzi’s head than Zhunagzi can be in the head of 

the fish. It is up to the fish to determine what brings fish joy, success, or fulfillment. 

If we read that story again, and this time replace the word happiness with the 

word epistemology, and the words minnows and fish with underrepresented minority 

students, my intended meaning may be more clear. If we seek to teach fish, we might 

learn more by considering how fish learn. Rather than observing fish swim, and making 

assumptions about what is useful for fish to build knowledge, a surer way to determine 

how fish learn best is to observe fish build tools that suit their own understanding. Once 

we have done a satisfactory job of that, then the fish are empowered to make meaning for 

themselves, without further interference from teachers, and isn’t that the point? 

Particularly esoteric content from cellular and molecular biology topics has the 

most to gain from narrative construction. This includes, but is not limited to the following 

topics within Pennsylvania State Standards, Eligible Content for Biology: 

BIO.A.1.2.1 Compare cellular structures and their functions in prokaryotic and 

eukaryotic cells.  

BIO.A.1.2.2 Describe and interpret relationships between structure and function 

at various levels of biological organization (i.e., organelles, cells, tissues, organs, 

organ systems, and multicellular organisms). 



BIO.A.4.1.1 Describe how the structure of the plasma membrane allows it to 

function as a regulatory structure and/or protective barrier for a cell.  

BIO.A.4.1.2 Compare the mechanisms that transport materials across the plasma 

membrane (i.e., passive transport—diffusion, osmosis, facilitated diffusion; and 

active transport—pumps, endocytosis, exocytosis).  

BIO.A.4.1.3 Describe how membrane-bound cellular organelles (e.g., 

endoplasmic reticulum, Golgi apparatus) facilitate the transport of materials 

within a cell. BIO.A.4.2.1 Explain how organisms maintain homeostasis (e.g., 

thermoregulation, water regulation, oxygen regulation). 

All of the above standards suffer from their artificial conceptual separations, as the 

understanding of each is essentially enmeshed in, and dependent upon the others. The 

study of any one in isolation is like trying to understand a play through hearing the lines 

of only one character of an ensemble. Stories are an integral part of cultural heritage the 

world over. Stories are used to teach values and morals. Stories are used to elaborate and 

to clarify. Stories are powerful vehicles for learning, “character-driven stories with 

emotional content result in a better understanding of the key points a speaker wishes to 

make and enable better recall of these points weeks later” (Zak, 2014). Science texts 

incorporate very little in the way of character. Names and accomplishments are expected 

to be digested without emotion or drama. It is unsurprising that science topics come 

across as esoteric. Storytelling can enhance our understanding of science, but teaching 

storytelling through the vehicle of science serves the dual purpose of developing an 

essentially human skill, and increasing content mastery.   

Teaching Strategies 

Problem-based learning, while not exclusive of project-based, differs in that the product 

solves a real existent problem, at least to some degree. The deliverable product is not 

therefore a project, but a solution. As the problems chosen are, to use a term coined by 

Rittel and Webber (1973) wicked problems; which are difficult to define, they have no 

one solution. As described in the previous section, the purpose of both the product, and 

the process of this unit is to incrementally solve the problem of young underrepresented 

minority people’s disengagement from science teaching and learning. The process, I hope 

is a valuable vehicle for students to make sense of the minutia of the content, while the 

products, I hope will serve to imbue some beauty and wonder into the material as the 

graphic novels should stand alone to communicate understanding, and be a provocative 

narrative vehicle to promote rigorous science learning. The problem is that the content is 

dense, foreign and incomprehensibly presented. The solution is the creation of a 

comprehensible, compelling narrative story to convey the meaning of the content, 

independent of the Eurocentric epistemology surrounding its discovery. 



In the execution of this design solution, I am employing the stages of the U 

School Design Process (see figure). The initial stage is discovery. Here, the problem is 

making sense of cells through the narrative structure of the Hero’s Journey®. In order to 

define the content of which to make sense, students will employ their biology text. The 

School District of Philadelphia currently uses Holt Biology, which is adequate to the task. 

The text will be used as a reference to anchor the content of BBC’s Our Secret Universe: 

The Hidden Life of a Cell video, which is approximately one hour in length. In addition, 

the transcript is provided to facilitate higher-order thinking, rather than the taking of 

dictation. As the content is dense, and spans several chapters and multiple units of the 

text, I will divide the key terms to employ the jigsaw classroom technique. 

The jigsaw classroom is a research-based cooperative learning technique first 

developed by Elliot Aronson (1978). In the jigsaw classroom, material is divided into 

segments. Each student, is assigned to one of several jigsaw groups, not to exceed five 

students, is assigned to learn about one portion of the material. Then, students meet with 

the other students who have been assigned the same segment in a temporary ‘‘expert’’ 

group. Together, the experts cooperatively study and analyze their segment, as the goal is 

to share all understanding of the segment. Then, the expert students return to their jigsaw 

groups, and each student in each group provides their insight on their segment of the 

material. Aronson (2002) found that students learn the material faster and perform 

significantly better on objective exams than a control condition of students learning the 

same material in classes conducted with traditional instruction. Furthermore, the jigsaw 

structure encourages listening, engagement, and empathy by giving each member of the 

group an essential part to play in academic activity (Hänze & Berger, 2007). 

I employ a Jigsaw of a Hero’s Journey®, to facilitate the problem-based design of 

a twelve-chapter graphic novel. Using the list of textbook key terms most relevant to the 

content of the video, students will discover the relationships between their key terms and 

the video transcript (Appendix C). Students will share their discoveries. In the second 

stage of the U School Design Process, define the processes in the video by annotating a 

shared digital version of the transcript, commenting on excerpts relevant to their assigned 

key terms. I will also provide paper copies of the key terms and transcript, as several 

students have a preference for drafting and designing on paper before creating digital 

products.  Once the transcript is thoroughly defined and annotated, the experts will return 

to their Hero’s Journey® stage group. 

Transitioning to the third stage of the U School Design Process (Appendix A), 

and in order to facilitate the translation of biological cellular processes into the narrative 

form of a Hero’s Journey®, students will use a template graphic organizer, based on 

Campbell’s Hero’s Journey® Schema, to begin to design a working model of viral 

immune response as detailed in the BBC’s Our Secret Universe; The Hidden Life of the 

Cell. Students will analyze the extended analogy provided in the program, and identify 

which cell structures and processes are identified and described, completing the concept 



map using the annotated transcript and their biology text. Having a completed concept 

map, and having familiarized themselves with the twelve stages, as as described by 

Joseph Campbell, of The Hero’s Journey® (2008), students will story-board the Cellular 

Hero’s Journey® in jigsaw, and collaborate to develop (Design Process step 5) a graphic 

novel chapter. When complete, students will Deliver (final Design Stage) twelve 

chapters, following the stages of the Hero’s Journey, in three or four or six or twelve 

cooperative student groups, whichever your class size is best suited. 

The jigsaw groups will represent the assigned stages of the Hero’s Journey®, 

there students will be assigned a portion of the key terms for analysis in the expert 

groups. The alphabetical distribution of the terms ensures that experts are not limiting 

their study to a particular segment of the video, but exploring the entire storyline in the 

process of discovering the relationships between the terms, the textbook material and the 

video. 

Classroom Activities 

Lesson 0a; Narrative Informative Text Analysis (optional) 

Materials needed include Our Iceberg Is Melting by John Kotter and Joseph Campbell’s 

Hero’s Journey® schema from The Hero with a Thousand Faces, provided in appendix 

D. This lesson, while irrelevant to science standards, may clarify the genre of the 

culminating task, and can be used in whole or part depending on the particular student 

audience. This task should ideally take only one or two class periods. 

Beginning on p. 130, read and provide this outline to students of The Eight Step 

Process of Successful Change. 

1. Create a Sense of Urgency 

2. Pull Together the Guiding Team 

3. Develop the Change Vision and Strategy 

4. Communicate for Understanding and Buy In. 

5. Empower Others to Act 

6. Produce Short-Term Wins 

7. Don’t Let Up 

8. Create a New Culture 

You will divide students into as many as seven groups, and assign each group a process 

step, excepting the one that you are providing as a model. You will have students read 

either the whole narrative, or select portions for each group as is appropriate to your 

student body. You will have students provide evidence from the text that shows narrative 

illustration of their assigned step in the process, and annotate it with an elaboration of 

how it shows that step. First, in order to demonstrate what the product of this exercise 



should look like, model annotation and elaboration for the students, either as a marked-up 

photocopy of text, or an electronic document with comments. 

Then, assign the same task to student groups, with your model available as a 

reference. 

Finally, have students evaluate Kotter’s text against the same specific rubric you 

will provide for the culminating task, such as that provided in Appendix E, in preparation 

for self and peer evaluation of those culminating tasks, or you may save this exercise for 

Lesson 0b, if you are using it. 

Have students provide specific examples of where in the text they find evidence 

supporting their evaluations. 

Lesson 0b; Iceberg Hero’s Journey® (optional) 

Following an introduction to the Hero’s Journey® structure by any one of several 

available Youtube videos, have students practice fitting the storyline of Our Iceberg Is 

Melting by John Kotter and Joseph Campbell’s Hero’s Journey® schema. 

You will divide students into as many as eleven groups, and assign each group a 

process step, excepting the one that you are providing as a model. You will have students 

read either the whole narrative, or select portions for each group as is appropriate to your 

student body. You will have students provide evidence from the text that shows narrative 

illustration of their assigned stage in the Hero’s Journey®, and annotate it with an 

elaboration of how it shows that stage. First, in order to demonstrate what the product of 

this exercise should look like, model annotation and elaboration for the students, either as 

a marked-up photocopy of text, or an electronic document with comments. 

Then, assign the same task to student groups, with your model available as a 

reference.  

Finally, have students evaluate Kotter’s text against the same specific rubric you 

will provide for the culminating task, such as that provided in Appendix E, in preparation 

for self and peer evaluation of those culminating tasks, unless you used this exercise for 

Lesson 0a. 

Have students provide specific examples of where in the text they find evidence 

supporting their evaluations. 

Lesson 1; Hidden Life of the Cell 

Materials needed include the film and transcript of BBC’s Our Secret Universe; The 

Hidden Life of the Cell. The film is approximately one hour, it will take an additional two 

https://drive.google.com/drive/folders/1ixhlIx9oxtc0bGIKnxSAa5XY_id9OvEE?usp=sharing
https://drive.google.com/drive/folders/1ixhlIx9oxtc0bGIKnxSAa5XY_id9OvEE?usp=sharing


to six hours to complete the concept map for the film, depending on how much support is 

necessary and provided to students in order to complete the model. 

Pennsylvania State Standards 

BIO.A.1.2.2 Describe and interpret relationships between structure and function 

at various levels of biological organization (i.e., organelles, cells, tissues, organs, 

organ systems, and multicellular organisms). 

BIO.A.4.1.1 Describe how the structure of the plasma membrane allows it to 

function as a regulatory structure and/or protective barrier for a cell.  

BIO.A.4.1.2 Compare the mechanisms that transport materials across the plasma 

membrane (i.e., passive transport—diffusion, osmosis, facilitated diffusion; and 

active transport—pumps, endocytosis, exocytosis).  

BIO.A.4.1.3 Describe how membrane-bound cellular organelles (e.g., 

endoplasmic reticulum, Golgi apparatus) facilitate the transport of materials 

within a cell. BIO.A.4.2.1 Explain how organisms maintain homeostasis (e.g., 

thermoregulation, water regulation, oxygen regulation). 

National Standards 

Life Science (12CLS) 

The cell (12CLS1)  

 Cell structures (12CLS1.1 

 Chemical reactions in cells (12CLS1.2) 

 DNA function (12CLS1.3) 

 Regulation of cell function (12CLS1.4) 

 

BBC Our Secret Universe: The Hidden Life of a Cell Transcript (copyright permission 

pending) is provided in Appendix C. 

Instruct students to annotate the transcript, identifying references to key terms, 

including but not limited to: 

active transport 

amino acid 

antibody 

antigen 

ATP 

carrier proteins 

cell membrane 

cytoplasm 

cytoskeleton 



DNA 

double helix 

endocytosis 

exocytosis 

gene expression 

histamine 

inflammatory response 

interferon 

lipid bilayer 

lysosomes 

macrophage 

messenger RNA 

microtubules 

mitochondria 

mucous membrane 

nucleic acid 

nucleotide 

nucleotides 

nucleus 

passive transport 

pathogen 

protein 

protein synthesis 

receptor protein 

ribosomes 

RNA 

transcription 

translation 

transport protein 

vesicle



This task should ideally take only one or two class periods. While I plan to 

provide the terms to expert groups portioned alphabetically, terms can be sorted and 

chunked by the sequence in which they first appear in the video, as best suits your 

students and their needs. Some students may find the breadth of the task overwhelming. 

The textbook index should be made available to students, as well as searchable online 

textbook as may be available to you and your students, to facilitate cross referencing 

between texts. 

Formative evaluation of annotation should address accuracy of the identification 

of the portions describing each term, expressed as a percent correct. incorrect or 

incomplete annotation should be corrected before transitioning to the Hero’s Journey® 

lessons.   

Lesson 2a; Cellular Hero’s Journey® 

Following an introduction to the Hero’s Journey® structure by any one of several 

available Youtube videos, have students practice fitting familiar mainstream storylines of 

their choice into the outline, based on Joseph Campbell’s Hero’s Journey® schema from 

The Hero with a Thousand Faces, provided in appendix D. 

Once students demonstrate a functional understanding of the stages of the Hero’s 

Journey®, they are ready to apply this schema to a novel context. 

Lesson 2b; Cellular Hero’s Journey®. 

In this lesson jigsaw groups will select processes and portions of the BBC’s Our Secret 

Universe, The Hidden Life of the Cell as source material for their assigned stage of the 

hero’s journey. Jigsaw groups will complete their assigned portion of the shared digital 

organizer in order to define their stage. Formative assessment should be made before 

students transition to storyboarding to limit redundancies and omissions in the final 

product. 

Lesson 2c; Cellular Hero’s Journey®,  

Before moving on to this task, provide students with a task specific rubric, such as in 

Appendix E. 

 Assign jigsaw groups to create a text and sketch flow chart of twelve or more 

scenes abstracted from the materials provided to outline their stage of the Hero’s 

Journey® storyline.  
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https://www.ted.com/talks/drew_berry_animations_of_unseeable_biology 

This video includes cell animations similar to those in the BBC video. 

Raw Spirituality, The Hero's Journey - Joseph Campbell (Teacher Edition) [Video file]. 

(2018, March 26). Retrieved from: https://www.youtube.com/watch?v=6eNun-

x_s2Y&t=22s 

This video file is a school-friendly version that introduces the Hero’s Journey® with 

colorful and compelling narration and video editing. It is just over ten minutes long. 

Kurt Vonnegut, Shape of Stories [Video file] (Jul 14, 2018) 

https://www.youtube.com/watch?v=GOGru_4z1Vc 

I included this video of Kurt Vonnegut’s two dimensional analysis of stories because I 

find it brilliant. It illustrates some archetypal storylines in a novel fashion that may 

inspire others to think about the dimensions of good and bad fortune over time as a means 

by which to visualize the progress of a narrative. 
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Transcript of BBC Our Secret Universe: The Hidden Life of a Cell Transcript  

It takes 120 trillion cells to make a human. They are the fundamental units of life, making 

up our brain, muscles, organs - every part of us. In the last decade, scientists have been 

able to witness what once seemed impossible - the world inside a human cell.  

When I was a student, the idea that we could burrow deep inside a living cell was 

unthinkable. Recent advances have made it so scientists can see inside cells like never 

before. We can see the parts of single cells and how they work together.  

The more we learn about the universe, the simpler it seems. But the cell isn't like that. 

The more we find out, the more complicated things get. But these beautiful worlds are 

also on the front line of the longest war in history. This is a battle that goes back into the 

depths of time, to a time when the earth was dominated by single cells and viruses. Every 

day, our cells confront these ancient virus enemies, tiny, ruthless machines that kill to 

reproduce. There is this whole mechanism inside cells that are taking out viruses that 

previously we just didn’t know was there. It is a four-billion-year-old struggle that has 

changed the course of our evolution. This battle of these viruses against your cells, this 

amazing, epic science fiction movie, it's going on inside your body all the time, and you 

don't even know it.  

Cells are the basic building blocks of living tissue, and the smallest units of what makes 

us human. And yet, beneath the surface of every one lies a world stranger than any in 

science fiction. A world in which a billion microscopic machines all play their part, 

working in concert through every second of our life.  

Every one of us in made of 120 trillion cells, and every one of those cells is different. But 

they contain the same instructions. Cells are a bit like babies. When they're born, they all 

look the same but they change very quickly. In different countries they learn to speak 

different languages, and our bodies are like that - some cells speak heart, and some cells 

speak liver.  

The workers of this incredible world are proteins, chains of complex chemicals that can 

lock together to transform into spectacular machines. Others work to create incredible 

structures, like the internal skeleton that holds the cell together. These great trusses are 

constantly adjusting to stresses and strains, building and rebuilding to give the cell its 

shape and strength.  

Then there are the motor-proteins, haulage workers that use the cell's skeleton as 

highways to deliver food, chemicals and the essential building materials of life to 

wherever they are needed. They are just one of the astonishing micro machines that keep 

this bustling community healthy.  



Scientists are asked all the time, how do things in a cell know how to get where they're 

supposed to go to do their job?  

And for sure cells are very chaotic and things are bumping into each other and most of 

that's just random. But enough things get where they're supposed to go that the entire 

system works.  

And powering all this activity are the cell's power stations. Inside these free-floating 

structures called mitochondria, turbines spin at over 1,000 times per minute, recharging 

billions of tiny chemical batteries. Everything we do, every heartbeat, every movement, 

every thought, is powered by the batteries charged by these cellular power stations.  

And everything in this world works to a master plan. And the plan is protected deep in 

the heart of every cell. The nucleus is the vault containing the instruction manual for life. 

DNA. DNA is a chain of chemicals, organized into genes. Each gene holds the 

instructions to build a specific protein. The double helix contains over 20,000 instructions 

that tell our cells what to make and when, how to organize not just our cells, but our 

entire bodies.  

The double helix has become the icon of the 21st century, and it's pretty amazing stuff.  

There's six feet of DNA in every cell of the body. And if all of those bits were set out in a 

straight line, they'd reach to the moon and back, thousands of times.  

But this crucial chain of chemicals would be useless without an army of microscopic 

machines that endlessly travel its length, repairing it and transcribing it, turning the DNA 

into instructions that the cell can understand.  

Once a gene has been copied, the instructions are carried outside the nucleus. Here, 

mobile factories read them and turn them into proteins. Up to two million different kinds, 

each with its own specific shape and purpose.  

And little goes to waste in the cell. Used and faulty proteins are tagged for recycling, then 

chewed apart by powerful roving shredders called proteasomes, reducing them to tiny 

building blocks for new proteins.  

But each cell is also part of a wider neighborhood of cells, all continually communicating 

with each other. Fragments of shredded proteins are constantly transported to the surface. 

Here, they are presented for inspection, to be monitored by the guardians of our body's 

immune system, our white blood cells. These roving soldiers check the protein fragments 

for signs of damage or infection.  

And for the moment, everything is in order. Every single human cell contains this world 

of breathtaking complexity, organized by the nuclear machines at its heart, ceaselessly 

working from instructions written down in our DNA.  



But our cells are under constant attack, and this cell is about to face an ancient enemy, in 

an encounter that starts with an event so commonplace, you seldom even notice it. Every 

day our bodies are constantly bombarded by these invisible critters, bacteria and viruses. 

But we have our skin, it's our first line of defense that keeps them out. But we have 

Achilles heels - we have openings to the outside world, our mouths, our noses, we touch 

things, we rub our lips, we rub our eyes or wipe our nose. They can get in. And once 

they're in, they're in.  

Inhaled from a sneeze, an alien army is being carried into our body. A million invaders, 

hell-bent on destruction. This is one of our most common enemies - the adenovirus. It's a 

masterpiece of design, and each one has a single aim, to breach a cell's defenses and 

reach the nucleus.  

Once inside, any one of these viruses can take control of the cell and reproduce 10,000 

times over. The result could be anything, from the common cold to pneumonia - even 

death.  

But our bodies are prepared. As the viruses approach the cell, they are met by a cloud of 

resistance. Antibodies, Y-shaped proteins that identify alien intruders patrol the space 

between our cells, looking for viruses. Recognizing the invader, they lock to the virus's 

armor plating, shackling them together, making the viruses easy meat for the white blood 

cells that feed on alien invaders like these. Antibodies and white blood cells form the 

front line of our immune system. The immune system is certainly amazing, and it actually 

evolved to see invading microbes and get rid of them. But that's just one part of your 

body's defenses.  

Our DNA encodes all these other features that help us to fight against virus at every 

single step.  

Despite the body's early immune response, hundreds of thousands of viruses make it 

through to our cell. But at the surface, they face their next obstacle - the cell's membrane, 

or skin.  

The surface of the cell is an amazingly complicated place. There are hundreds, maybe 

thousands of receptor proteins sticking out of the cell and they all have a unique function 

to play. Some of them will be just transporting information from outside of the cell into 

the cell.  

Other receptors can bring whole cargoes in. The surface of each cell is a living barrier, 

teeming with security proteins that constantly monitor molecules as they enter and leave. 

Small molecules like water and oxygen can simply seep through the membrane.  Larger 

molecules, like sugar, are allowed entry through specialized pumps.  



But the largest deliveries require a special key before they are allowed into the cell.  

These protein keys are recognized by teams of mobile sentries that continually roam the 

surface.  

This sophisticated system is designed to keep harmful molecules out of the cell. But over 

billions of years of evolution, the adenovirus has evolved its very own key, etched into 

the end of these projecting fibers. Antibodies still cling to the some of these fibers, 

blocking many of the counterfeit keys - but not all. One by one, sentries all over the cell's 

surface are fooled. And the virus army quietly slips inside. In this ancient battle for the 

cell, it's round two to the virus.  

So, how far back does it go, this cat and mouse game, this battle between cells and 

viruses? Every indication suggests it goes right back to the origins of life on Earth.  

Wherever life started, very early on there was a divergence, two different strategies that 

life followed.  One of them was to become more complex, to become cells, to become, 

ultimately, organisms like ourselves.  The other way was to remain simple - to become 

viruses, and to exploit those cells to their own ends, to replicate themselves.  

Beneath the surface, the cell prepares to receive the deadly invaders. Fooled into thinking 

that the virus is an important nutrient, special proteins slot together to form a spherical 

mold. They pinch out a bubble of cellular membrane, wrapping the virus inside. Finally, a 

separate protein pinches the bubble free, delivering the virus into the cell's interior.  

Unwittingly, the cell has just taken a large step towards to its own downfall. Every single 

member of this invading virus army has the weaponry to ultimately destroy this cell. Its 

protein shell is a multi-layered cloak of deception, which has still more surprises in store. 

And at its heart, it carries a tiny string of DNA, its ultimate weapon.  

It's a masterpiece of evolution and design. And yet scientists still can't decide if it's 

actually alive or dead. At the level of large animals like ourselves, the difference between 

living things and non-living things is very obvious. Come down a level, though, to cells, 

and it becomes a bit more ambiguous. For our own cells, of course, you can still tell 

immediately that they are alive. Come down another level, though, to the virus, and it's 

no longer obviously alive. They don't look alive. Yet they behave perhaps as if they are. 

They behave with a sense of purpose.  

A virus isn't strictly alive; it can't make more of itself on its own. It only can replicate if it 

uses parts that it hijacks from a cell.  

But the cell still has a formidable array of defenses to keep these killing machines at bay. 

Every delivery that the cell receives is taken to a sorting station, called an endosome. 

Endosomes process incoming supplies and decide where inside the cell they will be 

delivered.  



The first step of the process is to break them down. The virus army is about to be 

digested. The walls of the sorting stations are fitted with specialized protein pumps. The 

pumps draw in special atoms, turning the inside of the endosome into an acid bath. The 

acid breaks down large nutrients into smaller molecules that are easier for the cell to 

transport and use.  

And as the acid eats away at the virus's outer shell, it begins to break apart. This should 

spell disaster for the adenovirus. But the acid is part of its escape plan. The virus fibers 

are the first to break away. But their disintegration releases a special protein hidden 

inside the virus that targets the wall of the sorting station, tearing the membrane apart and 

setting the virus free.  

But not every virus escapes. Many still carry antibodies locked to their surface. Their 

primary job was to alert the immune system to intruders, but their firm grip now ties the 

shell together. The fibers cannot break free, and the escape protein stays trapped inside 

the shell.  

Countless viruses are eaten away before they can escape. But enough are released.  Now 

there is nothing between these viruses and the nucleus of the cell - their ultimate goal. 

Yet although they are just five micrometers from their target, most might as well be a 

million miles away. For 90% of the army, the invasion will end here, floating helplessly 

beneath the surface.  

Although they are surrounded by the constant bustle of cellular activity, the inert invaders 

have no way of moving themselves. And they have no way of utilizing the energy 

generated by the cells' floating power stations - the mitochondria.  

Inside each mitochondrion, the food we eat and the air we breathe drives thousands of 

turbines that continually recharge billions of tiny batteries. But what is even more 

extraordinary is that scientists believe that mitochondria were once simple cells 

themselves. Then they one was swallowed by another cell, firing one of the greatest leaps 

in evolution - complex life.  

To be complex at all, you must have all this machinery, all these proteins encoded by 

genes. And to support all of that requires a tremendous amount of energy. All complex 

life share a single common ancestor, and that ancestor arose just once in four billion years 

of life on Earth.  

For two to three billion years it was bacteria and nothing else, and then this complex cell 

arose. One simple cell got inside another simple cell, it's a very rare event in itself. And 

once this happened, it transforms the energetic possibilities of life. Without that energy, 

evolution could never have produced the astonishing diversity of life that we see around 



us. Without that energy, we wouldn't see plants and animals, we wouldn't see ourselves. 

The world would be an almost sterile desert.  

Throughout each cell, hundreds of mitochondria feed energy to power the network of 

protein that make us the complex creatures that we are. The virus has evolved into a 

model of efficiency. But the simplicity of its design makes it useless without the 

machinery of complex life.  

But just beneath the surface, large numbers of motor proteins, molecular haulage 

workers, await nutrients processed for delivery by the endosomes.  

And in this billion-year arms race the virus has evolved the precise mechanism to attach 

to the cell's motor proteins. Now it can use the energy of the mitochondria. The virus is 

on its way. It has hijacked the cell's own transport system, and is being carried towards 

the nucleus and its ultimate prize, the DNA machines it needs to take control of the cell.  

These microscopic motorized legs are a wonder of the natural world. Slowed down to 

one-thirtieth of their normal speed, their movement is clearly visible. But at their actual 

speed, over 100 steps a second, they would appear a blur.  

But speed isn't everything. Cells are densely packed, and their internal highways are 

littered with obstacles. And these motor proteins can only move in one direction. For this 

virus, it seems to be the end of the road. But scientists have recently discovered the virus 

locks on to a second motor protein. And this one is built to move in the opposite 

direction. Together, the two motor proteins can navigate around almost any obstacles.  

And once again, the invader benefits. The virus is on the move again. And it leads an 

army of hundreds. It's been almost an hour since the adenovirus first attacked the cell. 

The nucleus is just one more hour away.  

Until recently, scientists thought that once the viral army was on the march, nothing 

could stop it. But then they found that the cell has its own internal immune system. There 

is this whole mechanism inside cells that are taking out viruses that previously we just 

didn't know was there. And I remember the day we published the paper about it, I woke 

up to hear it being announced on the national radio and then went into a shop to pick up 

the newspapers to discover it was on the front page.  

Dotted along the cell's highway system, a special protein searches for anything carrying 

antibodies from the surface. The clever thing about this protein is it uses systems that the 

cell already has in place. Once it's stuck to the antibody, it sends signals to a cellular 

machine called the proteasome. And the proteasome plays the role of recycling proteins 

in the cell.  



It gets brought along to the virus and it destroys the virus, breaking down all its parts into 

tiny fragments. Once attached, the defense protein initiates a chain reaction, attracting 

specialized tagging proteins. Together, they mark the virus for destruction.  

Then it's only a matter of time before the recyclers arrive. They rip the virus to shreds.  

Somewhere inside your body, this battle is raging right now.  

The discovery of TRIM21 provides potentially new ways of making therapeutics to fight 

viruses, and one way this could work is if we find ways of encouraging the immune 

system to make more TRIM21.  So as soon as that virus enters into the cell, the TRIM21 

is ready to recognize the antibodies and destroy the virus. By working together, the 

defense proteins and recycling shredders can destroy an army of viruses in just a few 

hours.  

But it only takes a single virus to take control of an entire cell spreading infection 

throughout the body. With no antibodies attached, this virus has evaded the cell's 

shredders. Nothing now stands between it and its target. The virus is now just one 

thousandth of a millimeter from the nucleus. But if it is to achieve its ultimate goal, it 

first has to get inside.  

Compared to the cell, the virus is tiny. But really they're just different versions of the 

same machine, and its only job is to copy itself. But the virus needs to take advantage of 

our cell mechanism for its own selfish ends.  

At the heart of every cell lies the nucleus, and it is a world all of its own. Its surface is 

made of the same molecules as the cell membrane. But entry into this world is governed 

by completely different gateways. Across the surface, protein arms search for molecules 

to draw inside nuclear pores. Through these gateways, billions of chemical messages and 

instructions pass between the DNA and the cell.  But only if they are recognized by the 

protein arms.  

But once again, the viral shell carries a counterfeit pass. The arms lock on, but the virus is 

too large to be ferried inside. Thinking that they have hit an obstruction - the motor 

proteins shunt the virus into reverse. Pulled in two directions the virus is ripped apart.  

But what looks like a catastrophe for the virus is, in fact, its masterstroke. Now the single 

strand of DNA it held inside is carried through the pore, and into the cell's control center.  

Inside the human cell nucleus there are about 23,000 genes.  They code for thousands and 

thousands of biochemical pathways.  The virus has just got 40, but with those 40 it can do 

remarkable things. It's so tiny, just a piece of DNA, a couple of proteins to make its shell, 

and yet it can take over and wreak havoc in a huge human cell. It's brilliant.  



The adenovirus has proven itself a master of deception - continually exploiting the cell's 

processes to further its own deadly aims.  But its greatest trick is yet to come.  

The cell's DNA machines have no way of telling the difference between its own DNA 

and the DNA of the virus.  Blindly, they set about converting its deadly code into 

thousands of instructions for the cell to act upon, blueprints for the cell’s own destruction.  

But the machines that turn the blueprints into proteins lie outside the nucleus.  Out in the 

main body of the cell, the instructions are met by a squadron of mobile protein factories, 

called ribosomes.  The ribosomes precisely follow the instruction and start to construct 

viral proteins.  Each is carefully folded into a specific shape, with a unique job to do.  

These large cellular machines, ribosomes, are absolutely fundamental to life, and very 

similar forms of them are found in every type of living cell on the planet. They read the 

genetic information and they decode it, bringing in the building blocks that make up 

proteins and sticking them together to make these functional molecules that are going to 

work inside the living cell. Only these functional molecules are the kit of parts needed to 

build an enemy army.  

But the army will not be built out here.  The raw material for the new army is drawn back 

inside the nucleus, ready for construction. With its mission reaching its climax, the virus 

turns its attention to the cell's DNA, halting any process it doesn't need. The virus has 

taken complete control.  

And yet the cell still has a small window of opportunity. Before all normal activity stops, 

it has just enough time to send a message to the outside world. This parcel contains 

fragments of the viral army.  The parcel merges with the cell membrane, and the enemy 

fragments are pushed to the surface, flags warning of the invasion that has taken place.  If 

patrolling white blood cells spot the distress signal, they will destroy the cell, along with 

the entire alien army inside.  If not, the infection will spread from cell, to cell, to cell.  

After just one day of occupation, the virus has complete control over the cell. With 

routine maintenance halted, the cell has started to decay.  And all activity is now focused 

on building the brand new viral army inside the nucleus.  The new army self-assembles.  

How do viruses know how to invade our cells, how to break and enter the nucleus itself?  

We know that viruses and cells co-evolved together over long periods of time, but it's 

more than that. We're actually surprisingly closely related. It turns out that the viruses 

that attack us are actually made from bits and pieces of our own cells. As our cells were 

evolving, as our nucleus was first coming to be, so these viruses were cobbled together 

from bits and pieces, and they can attack our nucleus because they're made of the same 

stuff.  



Already built into its surface are the binding sites for the cell's motorized legs.  Fibers 

snap into place, arming each virus with the keys to enter other cells.  But these shells are 

harmless without its instructions.  The final component is loaded - identical copies of the 

virus's deadly DNA.  Carried by powerful motors, long strands of DNA are fed into every 

single virus.  All this is the result of one single virus getting through our cell's defenses.  

It's been two days since the virus entered the body, and the nucleus, once the center of 

cellular organization, now harbors an army of 10,000 deadly viruses.  But before it can 

begin its conquest, it has to overcome two barriers.  The army is trapped inside the tough 

nuclear membrane, held at the center of the cell itself.  And then there is the skin of the 

cell itself.  

The protein factories outside the nucleus are instructed to build viral saboteurs.  The first 

are released into the decaying cell and target its cytoskeleton.  The effects are 

cataclysmic.  Without support the cell starts to collapse.  

Now the virus turns its attention to the nuclear membrane. A second protein is released.  

Called the Adenovirus Death Protein, it burrows into the membrane and weakens it.  The 

nucleus can no longer contain the bulging army.  

Beyond the nucleus, the cell is a wasteland unrecognizable from the harmonious, buzzing 

community of just 48 hours ago.  The cell is now completely helpless to stop the virus 

army from flooding into surrounding tissue, attacking neighboring cells, and spreading 

infection throughout the body.  The battle for this cell is over.  

But the war has only just begun.  While the virus has been busy inside the cell, our 

antibodies have adapted and now come back in force, carrying new receptors, tailor-made 

to lock onto the escaping army.  Yet even in these numbers, they cannot stop every virus.  

But they are not alone.  

The cell's dying message to the outside world was not in vain.  Giant white blood cells 

flock to the stricken cell to devour the escaping hordes.  They too are learning how to 

tackle this particular invader.  Once the virus has been detected by the immune system, 

there's a heightened level of security inside your body, and one of the results of this is 

that the cells that make antibodies, and make the right antibody for that virus, will make 

lots of copies of themselves, and then they will start pumping out up to 5,000 antibodies 

per second to flood your bloodstream, the spaces between your cells, so as the viruses 

emerge from dying cells, they can get tagged by antibodies, then destroyed by white 

blood cells.  

Taking no chances, white blood cells engulf nearby cells that may have been infected. 

Meanwhile, surrounding healthy cells make the ultimate sacrifice, destroying themselves 



to stop the spread of the virus.  It is only at this stage that we become aware of the battle 

taking place inside us.  

Increasing blood flow brings more white blood cells to the battleground, causing our 

nasal tissue to become inflamed.  What we feel is a blocked nose is, in fact, the clearest 

sign of a viral onslaught.  

Once you've had an infection, one cell, that makes the antibody for that infection, will be 

kept inside your bone marrow for the rest of your life.  So that if you ever get another 

infection with the same virus, the immune system already knows how to respond.  It 

knows what antibody to make and it can respond very quickly and stop you getting sick.  

Working together, the body's immune system finally prevents the viral infection from 

spreading.  It's one more battle in an unending war.  The struggle between viruses and 

ourselves is evolution, but it's co-evolution - both sides have to change.  It's a bit like an 

arms race; one party gets better weapons the other party has to match them.  

Even though the individual cells are fighting this epic battle against viruses, remember, 

you have trillions of cells.  And so even if one cell loses its war, most of the time the 

organism wins and we get better.  The war is over; for now. 

Although many cells have been lost, there are many more, healthy cells waiting to replace 

them.  And at the heart of each one lies an identical copy of our DNA.  Inherited from our 

parents, and their parents over countless generations, our DNA connects us to a family 

tree that stretches back over three billion years, to the very first cell - a cell that existed 

long before humans, long before mammals, long before the dinosaurs.  It's a lineage that 

connects us to every living creature and plant on Earth.  We are all descended from a 

single prehistoric ancestor, a cell containing the single strand of DNA that started it all.  

But the virus is as old as we are.  It has evolved alongside us, forcing us to adapt, to 

change or die in a deadly game of cat and mouse.  This eternal arms race has driven our 

evolution and made us both stronger.  We wouldn't be what we are today were it not for 

this battle with our ancient enemy.  

The story of the cell is a story of innovation and change, and because viruses 

continuously force cells to change, they actually aid their adaptation to different 

environments.  And for that reason they've also helped shape us, they've made us who we 

are.  Every minute of every day, this battle with the virus rages within seven billion of us.  

Though we are rarely aware of it, we fight each other, change each other, improve each 

other. 
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Joseph Campbell’s Hero’s Journey schema from The Hero with a Thousand Faces (New 

World Library) copyright © 2008 by the Joseph Campbell Foundation (jcf.org), used 

with permission. All rights reserved. 
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