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Case File #621 — The Cellular Respiration Breakdown Mystery
Doctors and health clinics are reporting an Increase in patients experiencing extreme 1
muscle weakness, shortness of breath during mild activity, dizziness, and difficulty

concentrating. Some patients report feeling tired even after rest, while others struggle t
maintain norrmal bady termperature or recover after physical exertion, Medical tests thowlllow
ATP production, abnormal oxygen use within cells, and signs that cells are not producing |
enough energy to meet the body's needs, ]

Health officials suspect a breakdown in cellular respiration—the process by which cells i
mwygen and nutrients to produce energy. When cellular respiration does not function prgierly,
cells cannot make enough energy to power essential life processes, even if oxygen and iffod are
available,
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srgy production affects body systems
art healthy cellular function
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A complete student case file

with guided worksheets for

every step of the investigation.

10 detailed evidence cards
based on real cellular
respiration research and real-
world examples that include
images, graphs, and text. -
A full teacher answer key
AND marking rubric with
sample responses.
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Interpretation & Record
10 Evidence Cards to Determine Culprit

Ing Data

O-PREP. JUST PRINT TO GO!

Full investigation
breakdown

Evidence Card 7 = Reduced Enzyme Activity
Tests show lower activity of enzymes involved in cellular respiration.
Cellular Respiration Enzymae Activity

Enzyme [Role) MNormal Activity Reduced Activity
| _ [Healthy Cells) | [Impaired Respiration)
Citrate Synthase (Krebs cycle - ~100% [reference #0-60% of normal
| mitocharndrial capacity marker) level] |
Succinate Dehydrogenase (Complex ) ~100% 50-70% of normal
[Krebs cycle + ETC)
Cytochrarme ¢ Oxidase [Complex IV] ~100% 30-60% of normal

[Final step of ETC)

These enzrymes are needed for cells to make energy.
Detective Prompt:

Why are enzymes important for energy-releasing reactions?

Evidence Card 8 = Heat Regulation Problems
Patients struggle to maintain normal body temperature during physical activity,
suggesting insufficient heat production at the cellular level.

HNormal Control et

How is heat production related to cellular respiration?




HOW THIS ACTIVITY HELPS YOU

> Saves prep time with a fully structured,

, | o 10-PART INVESTIGATION
print-and-go Investigations.

Students:
> Drives high engagement while still L.Step into the role of a Science Detect
, , 2.Examine real scientific gfidence frorm aroimy d the world.
meeting academic goals as students are 3 track the hidden pagfivays of the Cellular i Sspiration
interested in what they're doing. Breakdown Mystgty.
_ _ _ 4. Interrogate suspeéts (reduced oxygen avallablllty,
> Builds deep understandlng with real- damaged mitochodria, etc.) and identify the majn
culprits. )
world relevance as the students

5. Build a scientific case'u;nb Claim-Evidencafi

analyze real evidence, make Reasoning.
, _ _ 5. Propose real solutions that matter.
connections, and using CER to explain

Yo% %% % The added images and graphs enhanced the activity. My
th e lm paC'[ on th v hu mall bOdy an effective introduction to the topics. - Mystery Resource Buyer 99

students were engaged and motivated during the case study, and it was



HOW THIS MYSTERY

WILL HELP YOU

> Prep-FREE and fully editable Mystery Investigation - just

print/upload and assign with no materials.

Y>> Evidence Cards can be printed with and without images or
projected on board.

> Engages every learner through hands-on, high-interest
mystery investigations that boost motivation and participation.

>> Builds essential skills such as graph interpretation, problem-
solving, teamwork, creativity, and communication.



What cellular respiration is and why it is
essential for life

How oxygen and glucose are used to produce
ATP

Why damaged mitochondria, enzyme
problems, or poor oxygen use reduce energy
production

How low ATP levels affect muscles, the brain,
and organ systems

Why lactic acid buildup and slow recovery
Indicate cellular energy problems

How to analyze cellular and medical-style data
to identify patterns

How to use Claim—Evidence—Reasoning
(CER) to support scientific explanations

What Will Your
Students Learn?

FULLY EDITABLE AND READY-
TO-GO INVESTIGATION

— FULL
ANSWER KEY

i

06

Y A% This product will make a great addition of Environmental
Mystery Mondays for my Environmental Issues Curriculum, with no
teacher prep needed. - Mystery Resource Buyer
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The Cellular Respiration Breakdown Mystery
Part 1 — Mission Briefing & Case Overview
Name: Date:

Case File #621 — The Cellular Respiration Breakdown Mystery

Doctors and health clinics are reporting an increase in patients experiencing extreme fatigue,
muscle weakness, shortness of breath during mild activity, dizziness, and difficulty
concentrating. Some patients report feeling tired even after rest, while others struggle to
maintain normal body temperature or recover after physical exertion. Medical tests show low
ATP production, abnormal oxygen use within cells, and signs that cells are not producing
enough energy to meet the body’s needs.

Health officials suspect a breakdown in cellular respiration—the process by which cells use
oxygen and nutrients to produce energy. When cellular respiration does not function properly,
cells cannot make enough energy to power essential life processes, even if oxygen and food are
available.

Cellular respiration breakdown has been linked to:
+ Low energy (ATP) production
» Reduced oxygen use inside cells
« Poor muscle and organ performance
* Increased fatigue and weakness
» Disrupted body balance

No single symptom explains the full problem. What is clear is that when cells cannot efficiently
convert oxygen and nutrients into energy, the effects spread throughout the entire body.
You are a science detective assigned to investigate this cellular-level mystery.

Your Mission
« Explain how cellular respiration normally works
« |dentify what disrupts cellular respiration
e Describe how reduced energy production affects body systems
« Propose solutions that support healthy cellular function
The function of every body system depends on what you discover.

Part 2 — Background: What Is Cellular Respiration?
Read the background information provided, then answer:

1. What is cellular respiration, and what does it produce?

2. How is normal cellular respiration different from cellular respiration that is not
functioning properly?

3. Whv are problems with cellular respiration difficult to detect early?

Part 1 — Mission Briefing & Case
Overview

Students are introduced to cellular
respiration and take on the role of
science detectives.

Part 2 — Background: What is Cellular
Respiration?

Students read a short background
passage and answer guiding questions to
uild foundational understanding before

analyzing evidence.



Part 3 - Evidence Log

For each Evidence Card, answer the questions below in 1-2 sentences in the chart.
¢ Summarize the evidence in your own words.
¢ Choose the one category that best fits each piece of evidence.

[0 What causes it
[J Pathway
[ Its impact

« What question does this evidence raise for you?
Example Evidence Log Entry (Model response only — not related to this topic)
This evidence suggests an impact because it shows how poor air quality can reduce oxygen
intake, making it harder for the body to supply oxygen to cells.

Evidence

Key Understanding

Part 4 — Suspect List: What Is Causing the Breakdown?
Rank the suspects from 1 (most responsible) to 5 (least). Each rank can only be used once.

Suspect

Rank

Why You Ranked It This Way

Reduced oxygen availability

Damaged mitochondria

Inefficient glucose (sugar) use

Disrupted enzyme function

Long-term cellular stress
(environmental/health)

Part 3 — Evidence Log

Students begin examining the evidence cards and

record key information, observations, and insights in

their evidence log.

Evidence Card 5 — Damaged Mitochondria
Microscopy shows damaged or reduced mitochondria in patient cells (left)
compared with non-patient cells (right).

Body Temperrature (C)

Detective Prompt:
What role do mitochondria play in cellular respiration?

Part 4 — Evidence Analysis

Students summarize each piece of evidence,

8.5

38.0

375

370

365

Evidence Card 8 — Heat Regulation Problems
Patients struggle to maintain normal body temperature during physical activity,
suggesting insufficient heat production at the cellular level.

= Normal Controls Patients

ridence Card 1 — Low ATP Levels
:ll tests show significantly reduced ATP production, meaning cells do not have
ough usable energy.

allular ATP Production Test Results

Cell Condition ATP Produced per | ATP Production What This Indicates
Glucose Molecule Level
lormal, Healthy Cells | ~36-38 ATP Normal energy Cells have enough usable energy
production for growth, repair, and function
ells with Impaired ~10-15 ATP Reduced ATP Mitochondria not working
‘espiration production efficiently
everely Stressed or | ~2 ATP Very low ATP Cells rely mostly on
lamaged Cells production fermentation
ells Affected by ~2-4 ATP Critically low Cellular functions slow or fail
oxins / Low Oxygen energy

etective Prompt:

'hy is ATP essential for cellular function?

identify what it reveals about the cellular respiration

breakdown, and generate questions, building critical

thinking and reasoning skills.




EVIDENCE CARDS

All Evidence Cards come In two versions -
With images and graphs and Without and g T
can be printed or projected as needed. Note:

Both contain data tables. o | |I
Students analyze each Evidence Card and

Images

Graphs

Evidence Cards — No Images

Evidence Card 1 - Low ATP Levels

Cell tests show significantly reduced ATP production, meaning cells do not have
enough usable energy.

Cellular ATP Production Test Results

What does lactic acid buildup suggest about oxygen

Evidence Card 10 - Slow Recovery Time

n n n |
Patients’ heart rate takes longer than normal to reco Cell Condition ATP Produced per | ATP Production What This Indicates
record the following In their Evidence Lo
Normal, Healthy Cells | ~36-38 ATP Normal energy Cells have enough usable energy
] \.\ [ | production for growth, repair, and function
2 1407 N Cells with Impaired ~10-15 ATP Reduced ATP Mitochondria not working
u u u u E N Respiration production efficiently
a 120 \\. Severely Stressed or | ~2 ATP Very low ATP Cells rely mostly on
= " Damaged Cells production fermentation
u u 2 ™~ — Cells Affected by ~2-4 ATP Critically low Cellular functions slow or fail
£ 1001 T Toxins / Low Oxygen energy
4 T~ . .
[ ] n n £ Detective Prompt:
: ! D m 2 g0 Why is ATP essential for cellular function?
| e er Ine W a IS eVI ence Su eS S Or;\nn Sr;un la;mn 1 .
Time After Exercise Evidence Card 2 — Normal Oxygen Intake but Low Energy
Patients breathe normally, yet their cells show poor oxygen use during energy
—e— Non-Patient (Normal Recovery) Patient production.
Detective Prompt: Detective Prompt:

What causes it

Pathway

Its Impact on the human body

3. Explain what question(s) this evidence raises
for them?

Why does energy availability affect recovery? Why might oxygen be present but not used effectively by cells?

igue during mild physical activity.

Text
Only

ce Card 5 - Damaged Mitochondria

icroscopy shows damaged or reduced mitochondria in patient cells compared
with non-patient cells.

Detective Prompt:

What role do mitochondria play in cellular respiration?




Part 5 — Suspect List
Students rank possible issues, defend their
choices, and determine which suspect is most

Part 5 — Pathway Tracking: How Does Cellular Respiration Breakdown Spread?

e ol o e e e . responsible for the problem inside the human body.

Example:

Low oxygen = Reduced cellular respiration = Less ATP = Muscle fatigue

T e o th as and rcehow et he body Part 6 — Pathway Tracking

o Students trace how the cellular respiration
breakdown lead to other problems that affects the
body.

Part 7 — Impact Analysis

Students analyze how the cellular respiration
e e DPEa@kdown affects organs, cells, and the whole
body, using evidence from the case to support their
answers.

Impact on the Whole Body
How can cellular respiration breakdown affect overall health and daily activities?



Part 8-10

Claim

Evidence
List two pieces of evidence from the case.

Part 8 — The Big Question

Students synthesize all their learning to explain
the main cause of the problem in this case.
Part 9 — Claim-Evidence-Reasoning (CER)
Students write a structured scientific argument,
making a claim, supporting it with evidence, and
explaining their reasoning.

Part 10 — Reflection and Solutions

Students propose realistic actions at the personal,
school/community, and medical/health system
levels, moving from awareness to problem-
solving.
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Background Reading: What Is Cellular Respiration?

Energy is essential for life. Every movement, thought, and body process requires energy to occur. Cells

F u I I e a c h e r A n sw e r K e use energy to grow, repair damage, send signals, and maintain balance within the body. Without a
I steady supply of energy, cells cannot perform the functions needed to keep tissues, organs, and body

systems working properly.

Cellular respiration is the process cells use to convert oxygen and nutrients into usable energy. This
energy is stored in a molecule called ATP, which acts as ths ain energy source. During cellular
respiration, oxygen combines with nutrie s release energy that is captured in ATP.
'uscle contraction, nerve signaling, and

Teacher Answer Key
Part 2 - Background Questions
1. Whatis cellular respiration, and what does it produce?
Cellular respiration is the process cells use to convert ¢

the energy needed for life. ong as this process works correctly, cells receive enough energy to
2. How is normal cellular respiration different from one th Part 5 — Sample Pathway
Normal respiration produces sufficient ATP, while brez Damaged mitochondria < Reduced cellular respiration < Low ATP - Fatigue and weakness
even when oxygen and nutrients are present. on that is not functioning properly looks very different. Even when oxygen and nutrients
3. Why are cellular respiration problems difficult to detect , cells may struggle to produce enough ATP. Damage to mitochondria, disrupted enzyme
Cells may partially compensate for reduced energy pr¢ Part 6 - Impact ““3'\’5'7 cunction with el vity, or problems using oxygen can limit energy production. When ATP levels drop, cells cannot
symptoms. e Organs: Organs lose function without enough cellular energy. perform their normal tasks efficiently. This can affect muscles, organs, and entire body systems that rely
« Cells: Cells cannot perform essential processes without ATP. on a constant energy supply
Part 3 - Evidence Log - Key Points * Whole Body: Energy loss affects strength, thinking, and endurance. ’
Evidence Key Understandii L . . . .
# o Healthy cellular respiration supports normal body function, while breakdown in this process reduces
1 This evidence shows an impact, because low ATF Part 7 - The Big Question energy across many systems. Muscles may fatigue quickly, the brain may struggle to concentrate, and
’ - .
2 This evidence shows a pathway, explaining that ( Cellular respiration breakdown became serious beca organs may not function at full capacity. Because every body system depends on energy at the cellular
effectively. leading to widespread energy shortages across.s level, problems with cellular respiration can lead to widespread effects rather than isolated symptoms.
3 This evidence shows an impact, because muscle:
4 This evidence shows an impact, because brain fu ially compensate
energy supply. :Ia': 8- CER (Sample) Rilseis — Disis esses or using
- - . aim: H £ 3 M
5 Th is ev!dence shows a cause, as dama.ge'd rr.utoc! Themaincuisoftesrsbisml Section Cteria Tevel 8 Level 3 Level 2 Leveld hide early signs of
6 This evidence shows a pathway, explaining ineffi Part2- Understanding | Answers are accurate, thorough, and Answers are accurate Answers are partially correct | Answers are
7 This evidence shows a cause, because enzymes Background | of Core clearly explained using correct scientific | with clear explanations | or lack detail incumplete or
8 This evidence shows an impact, as heat producti Evidence: Questions | Concepts vocabulary i i i - inaccurate dually. Mild
restieation Low ATP levels and damaged mitoch production. Use of Evidence | Consistently uses information from the | Uses reading to support | Limited reference to reading Does not reference p gradually. i
'p - . - - from Reading background reading to support answers | most answers reading iration occurs
9 This evidence shows a cause, because lactic acid R Ihat Part3— Understanding | Accurately identifies cause, pathway, or | Correctly identifies most | Identifies some categories Misidentifies most re noticeable
use, e.ason ng: . . . Evidence of Evidence impact for all evidence and clearly evidence categories correctly but explanations are | evidence or provides
10 This evidence shows an impact, because low ene Without ATP, cells cannot function properly, causing system-wide effects. Log explains reasoning with clear explanations | incomplete little explanation already be
. Use of Scientific | Consistent, precise scientific vocabulary | Appropriate scientific Limited or inconsistent Minimal scientific
Language vocabulary vocabulary language
Part 9 — Solutions Part 4 - Ranking & Ranking is logical and fully supported Ranking is mostly logical | Ranking is partially supported | Ranking lacks .
Part 4 — Suspect Ranking (Sample) ' . . Suspect Justification with case evidence with some evidence but reasoning is weak evidence or logical n be widespread
High Responsibility: + Personal: Support health thrqugh nutrition, activity, and rest. Ranking suppart reasoning grow into serious
o [Damsesdmitothondiis « Community: Promote education on cellular health. Part 5— Cause-and- Clearly traces accurate multi-step Shows correct pathway | Shows limited or partially Pathway is unclear or ining health
g e Medical: Diagnose and treat cellular-level disorders early. Pathway | Effect pathway showing how the problem with minor gaps accurate connections inaccurate e Y
+ Reduced oxygen use Tracking Connections spreads through the body
Part 6— Organ-Level Thorough explanation of system-level Explains most effects Partial understanding Lirmited
Moderate Responsibility: Impact Understanding | effects correctly understanding
" Disrupted enzyme function Part 10 — Reflection (Samplej Analysis Cellular Clearly explains cellular impact Mostly accurate Basic or incomplete Inaccurate or missing
e inefficlent ghucosause One thing that surprised me in this case was: Understanding explanation explanation explanation
¢ How a problem at the cellular level can affect the entire body’s ability to function Whole-Body | Strong connection to overall health General connection Limited connection No clear connection
' Impact made
Lower Responsibility: Part 7- Explanation Thorough, logical explanation using Clear explanation using | Basic explanation with limited | Minimal or
« Long-term cellular stress One change | would make after learning this information is: The Big Using Evidence | multiple pieces of evidence some evidence evidence unsupported
| would pay more attention to habits that support cellular energy, such as proper nutrition and Question explanation
Part 8- Claim Clear, specific, scientifically accurate Clear but somewhat Claim present but vague Claim unclear or
rest.
CER claim general claim missing
Evidence Multiple relevant pieces of case Some relevant evidence | Limited or weak evidence Evidence missing or
evidence used used irrelevant
- =7 explains how evidence supports | Reasoning mostly clear | Limited reasoning connection | No clear reasoning
iing science concepts with minor gaps
_ . ' ' tful personal, community, and Practical solutions in Basic or incomplete solutions | Solutions missing or
fsystem solutions maost categories unrealistic
p I O n a a r I n g u I I ‘ : Tlection with personal Clear reflection Basic response Minimal effort
iion
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