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Nuggets from Last Day

• On your desk, draw and label the various parts 
of the respiratory system



Nuggets from Last Day

• What are the various receptors that monitor 
your breathing? List them all, where they are, 
and what they do.



Nuggets from Last Day

• What is the equation that shows how carbon 
dioxide will impact blood pH?



Into Thin Air

• Respiratory 
System case 
study



Read Part 1: Mt. Denali, Alaska

1. What types of 
physiological problems do 
humans encounter at high 
altitudes?

2. What symptoms did the 
climbers exhibit that might 
be related to altitude?

3. Compare the air  at 
18,000ft (280mmHg) to air 
at sea level (760mmHg). 
How will this impact the 
respiratory system?



Read Part 1: Mt. Denali, Alaska
Altitude Sickness Symptoms

•Shortness of breath

•Fatigue

•Vomiting

•Rapid heart rate

•Insomnia

•Nausea

•Headache

Serious symptoms may include:

•Skin discoloration-blue, pale or grey

•Shortness of breath at rest

•Confusion

•Decreased consciousness

•Not being able to walk in a straight line

•Chest tightness

•Coughs with bloody mucus



Read Part 2: Gasping for Air

Why does 

someone “altitude 

train”? What does 

it do?

What are some 

advantages of 

altitude training?



Read Part 3: Airlift

How would oxygen 

and Gammow

(hyperbaric) bag 

help Mark?

Once Mark

reaches the

hospital, what type

of tests would you 

want to run?



Read Part 4: Mark’s Medical Data

Which 
results are 
abnormal? 
What does 
this mean?

Use your phone or ipad
for research





Read Part 4: Mark’s Medical Data

Which 
results are 
abnormal? 
What does 
this mean?

Use your phone or ipad
for research



Read Part 5: Mark This…

AMS can 
occur

greater than
2,500m

Rockies (4,200m)
Coquihalla (1,800m)



Cellular 

Respiration

How does our body make out ATP?



I’m so strong!

Show your muscle strength by 
opening and closing the clip as 
many times as possible.  

• Record how many times you 
open in 1  minute

• Let’s do this 5 times

• What do you notice?

• Why is this happening?



Mitochondria Structures



3 steps
1. Glycolysis (in cytoplasm of cell)
2. Kreb’s Cycle (in matrix of mitochondria)
3. Electron Transport Chain (inner membrane cristae of 

mitochondria)



Structure of ATP



Structure of ADP





Summary of ATP production



What makes ATP?

• Glycolysis

– 2 ATP directly

– 2 NADH → ETC→ 6 ATP

• Krebs Cycle 

– Prior to KC, 2 NADH  → ETC→ 6 ATP

– 2 ATP directly

– 6 NADH → ETC→ 18 ATP

– 2 FADH2 → ETC→ 4 ATP

38 ATP





Summary of ATP production



Watch and take 5 notes of new 
learning for you…

https://www.youtube.com/watch?v=4Eo7JtRA7lg


Let’s Walk Through the Process Again!

• What are the three parts to cellular 
respiration?

• What happens first? What is made? Where 
does it go?

• What happens next? What is made, where 
does it go?

• What happens lastly? Where does this go? 
How is it used?



What is the WASTE of Krebs?



Partner Practice

• Use Whiteboards and Pens to draw either on 
board or on window

1.  Process of Cellular respiration
– Molecules to include: glucose, pyruvate, Acetyl CoA

– Products to Include: ATP, NADH, FADH2

– Locations to include: cytoplasm, mitochondria 
cytosol, matrix

– Steps to include: glycolysis, Krebs Cycle, Electron 
Transport Chain



The Mystery 
of the Seven 

Deaths

A study of cellular 
respiration



Read Part 1: The Symptoms

1. Are there any similarities or connections between 
these seven individuals? What questions would you 
want to ask the families to answer these questions?

2. In your opinion, are these seven deaths connected? 
Why or why not?



Read Part 2: Autopsy Report

Answer the following questions (Use your device or ipad to do 
some research)

1. What are the symptoms of hypoxia?  What are some issues 
that can cause it? Do you think those are at play here?

2. Recalling your knowledge of the function of organelles, what 
function of the cells was interrupted in these patients? 
Could this loss of function lead to the death of these 
individuals? Why or why not? 

3. Given the data in the autopsy, were there any reports that 
seemed inconsistent with the immediate cause of death?



Hypoxia



Read Part 3: Subcellular Metabolite 
Analysis

1.  What do each of the above 
molecules do in the body?



Biomolecules

• Glucose - a monosaccharide that functions as the main energy source for 
the body. It is the substrate that enters glycolysis, where it is broken down 
into pyruvate, forming 2 NADH and a net yield of 2 ATP molecules.

• Pyruvate  - a 3 carbon sugar that is formed as a product of glycolysis. It is a 
substrate of the preparatory reaction, where it is converted into a two 
carbon Acetyl CoA molecule, releasing a molecule of carbon dioxide and 
producing a molecule of NADH. Acetyl CoA then functions as a substrate of 
the citric acid cycle.



Biomolecules

• NAD+—This is an electron acceptor. It functions as a substrate 
in glycolysis and the citric acid cycle, where it picks up 
electrons (is reduced) to form NADH.

• NADH—This is an electron donor. It is a product of glycolysis 
and the citric acid cycle; it is the reduced form of NAD+. NADH 
functions to bring electrons from glycolysis and the citric acid 
cycle and donate them to the electron transport chain (NADH 
is oxidized back to NAD+).



What Could Be Wrong?

1.Are there any abnormalities in the levels of 
these metabolites in the victims? Develop a 
hypothesis about which pathway may be 
affected based on these abnormalities.

2.Explain your reasoning for your hypothesis.



Hypothesis

Hypothesis - electron transport chain is no longer working. 

• If this is the case, then there would be no removal of 
electrons from the NADH carrier. 

• NADH levels would increase as it was continually made by 
the glycolysis and citric acid cycle pathways, resulting in the 
increased levels observed in the patients. 



Hypothesis

• NAD+ is regenerated from NADH after it donates 
its electrons to the ETC. 

• Because NADH is unable to transfer electrons, 
NAD+ is unable to be regenerated. 

• NAD+ is being used up during glycolysis and the 
citric acid cycle, but no more is being produced, 
resulting in the low levels seen in the patients.



Part 4: Cyanide
1. What affect would cyanide have on the electron transport 

chain and the production of ATP? Explain your answer.

2. Given what you now know about the action of cyanide on 
cellular respiration, explain why the patients died of lack of 
oxygen while their blood oxygen levels were normal? 

3. Would artificial respiration or oxygenation have saved these 
people? Why or why not? 

4. Looking back at the information you have about the people 
before they got sick, can you suggest a possible source of the 
cyanide poisoning? How should public health officials and 
police respond to this tragedy



What does cyanide do?
Cyanide is a non-
competitive inhibitor of 
cytochrome C enzyme in ETC

Prevents NADH from giving 
electron to ETC and 
becoming NAD+

Ultimately prevents ATP 
production

Carbon Monoxide can also 
work this way



Would oxygen save these peoples 
lives?

Why?



Connection between deaths?



Real Story

• These seven deaths occurred in autumn 1982 in the Chicago area. 

• The victims had all taken Tylenol capsules laced with potassium cyanide. 

• The laced capsules were found in different bottles from different production 
sites and thus the contamination did not occur during production but 
afterwards, when the bottles were on the shelves. It is believed that the 
Tylenol killer removed the bottles, laced the capsules, and then placed the 
bottles back on the shelf. 



Real Story

• The Tylenol killer was never caught although they did arrest and 
convict James W. Lewis who sent a note to Johnson and Johnson 
demanding 1 million dollars to stop the attacks. 

• He was convicted of extortion, but police could never link him to 
the actual murders. The $100,000 reward offered by Johnson 
and Johnson has never been claimed.



Unsolved Mysteries – The Tylenol Killer

https://www.youtube.com/watch?v=l1R0EnzGB3I


Breakout Box Competition
• As a team, figure out the clues to open the 

various locks and find out your prize in the 
tool box


