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Virtual Cellular Respiration Lab Experience

The Prompt:

Design a virtual lab experience that extends our cellular respiration unit:

1. Create 3 different experimental scenarios that would be impossible to recreate in a middle
school lab
2. For each scenario, provide:
a. The experimental setup and variables
b. Expected outcomes with explanations
c. Data visualization templates for students to complete
d. Analysis questions that connect to real-world applications
3. Include modifications for different learning levels
4, Suggest a creative way for students to present their virtual findings

The Output:

Virtual Cellular Respiration Lab Experience

Overview

This virtual lab extends the cellular respiration unit by exploring scenarios that would be
impossible to recreate in a typical middle school setting. Students will investigate how various
factors affect cellular respiration across different organisms and environments.

Scenario 1: Cellular Respiration Across Species

Experimental Setup

In this virtual experiment, students will compare cellular respiration rates across different types of
organisms that would be impractical to study in a classroom setting.

Setup:

e Virtual respirometer chambers connected to CO, sensors
e Temperature control maintained at 25°C (77°F)
e Equal biomass (5g) of each organism type

Organisms to test:
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Human muscle cells
Elephant heart cells

Mouse liver cells
Hummingbird muscle cells
Reptile (turtle) muscle cells
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Variables:

e Independent variable: Organism type
e Dependent variable: Rate of oxygen consumption (mL Ox/min/g tissue)
e Controlled variables: Temperature, biomass amount, nutrient availability

Expected Outcomes
The rate of cellular respiration varies dramatically across species based on their metabolic needs:

1. Hummingbird muscle cells: Highest rate (~10-15 mL O,/min/qg)
o Extremely high metabolic rate to support rapid wing movement (50-80 beats per
second)
o Require constant energy production to maintain body temperature and flight
2. Mouse liver cells: High rate (~5-8 mL O,/min/g)
o Small mammals have higher metabolic rates relative to body size
o Higher surface area to volume ratio increases heat loss, requiring more energy
production
3. Human muscle cells: Moderate rate (~3-5 mL O,/min/qg)
o Balanced metabolic rate for a large mammal
o Efficient energy utilization with moderate oxygen needs
4. Elephant heart cells: Lower rate (~1-3 mL O2/min/g)
o Larger animals have lower metabolic rates per gram of tissue
o More efficient energy conservation due to favorable surface area to volume ratio
5. Turtle muscle cells: Lowest rate (~0.5-1 mL O»/min/g)
o Reptiles have lower metabolic rates compared to mammals
o Adapted for energy conservation and can function in low-oxygen environments

Data Visualization Template
Students will create a bar graph with:

e X-axis: Organism type
e Y-axis: Rate of oxygen consumption (mL O,/min/g tissue)

Oxygen Consumption Rate By Species

A
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Analysis Questions

1. Why do you think hummingbirds have such a high rate of cellular respiration compared to
other organisms?
2. How does body size relate to metabolic rate across these species?
3. How might the turtle's low respiration rate help it survive in its environment?
4. If human cells were placed in a colder environment (15°C), how would their respiration rate
change and why?
5. Real-world application: How does understanding different metabolic rates help us:
o Develop better conservation strategies for endangered species?
o Create more effective treatments for metabolic diseases in humans?
o Design better animal care guidelines for zoos and wildlife rehabilitation centers?

Scenario 2: Extreme Environments and Cellular Respiration

Experimental Setup

Students will investigate how extreme environmental conditions affect cellular respiration in yeast
cells.

Setup:

Virtual bioreactors with pressure, temperature, and pH controls
Equal amounts of yeast cells in each chamber

CO, and O sensors to measure gas exchange

Addition of glucose as energy source

Environmental conditions to test:
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Deep ocean conditions (High pressure: 100 atmospheres, Low temperature: 4°C, pH 7.5)
Hot springs (Normal pressure, High temperature: 50°C, pH 3.0)

Salt flats (Normal pressure, High temperature: 40°C, pH 8.5, High salinity: 15% NacCl)
Control condition (1 atmosphere, 25°C, pH 7.0, 0% NaCl)

Mars-like conditions (Low pressure: 0.01 atmospheres, Extreme cold: -20°C, pH 6.0)

oNWN

Variables:

e Independent variables: Pressure, temperature, pH, and salinity
e Dependent variable: Rate of CO, production (umol CO./min)
e Controlled variables: Yeast concentration, glucose amount, chamber volume

Expected Outcomes

1. Control conditions: Baseline CO, production (~100 pmol CO,/min)
o Optimal conditions for yeast respiration
o Efficient aerobic respiration produces maximum CO;
2. Deep ocean conditions: Greatly reduced rate (~20-30 umol CO,/min)
o Cold temperatures slow enzymatic reactions
o High pressure affects membrane fluidity and protein function
3. Hot springs: Moderate rate (~60-70 pmol CO2/min)
o High temperature increases reaction rate but extreme acidity denatures some
proteins
o Some thermophilic enzymes remain functional but overall efficiency decreases
4. Salt flats: Low rate (~10-20 umol CO,/min)
o High salinity causes osmotic stress and dehydration of cells
o Cells expend energy on maintaining osmotic balance rather than growth
5. Mars-like conditions: Extremely low or undetectable rate (~0-5 pmol CO,/min)
o Extreme cold drastically slows or halts enzymatic activity
o Low pressure affects cell membrane integrity and gas exchange

Data Visualization Template

Students will create a line graph showing respiration rate over time (30 minutes) for each
environmental condition:

CO5 Production Over Time in Different Environments

CO2
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Analysis Questions

1. Which environmental factor (temperature, pressure, pH, or salinity) seems to have the
greatest impact on cellular respiration? Explain your reasoning.
2. How might organisms that live in extreme environments have adapted their cellular
respiration processes?
3. Based on the Mars-like condition results, what challenges would Earth organisms face if
transported to Mars?
4. If you gradually adjusted the salt flat conditions to be more like the control, how would the
respiration rate change?
5. Real-world application: How does this experiment help us understand:
o How climate change might affect microbial activity in different ecosystems?
o The search for life on other planets?
o Development of bioreactors for industrial fermentation in challenging conditions?
o Preservation of food through environmental control?

Scenario 3: Cellular Respiration Through Different Life Stages

Experimental Setup

Students will investigate how cellular respiration changes throughout the complete life cycle of a
butterfly, from egg to adult.

Setup:

Virtual microrespirometers suitable for small specimen measurement
Controlled temperature (25°C) and humidity (70%)

Equal numbers of specimens at each life stage

Automated imaging to track development alongside respiration measurements
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Life stages to test:

Eggs (day 1-3)

Early larvae/caterpillar (day 4-7)

Late larvae/caterpillar (day 8-14)

Pupae - early chrysalis (day 15-18)

Pupae - late chrysalis (day 19-21)

Adult butterfly - newly emerged (day 22-23)
Adult butterfly - mature (day 24-30)
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Variables:

e Independent variable: Life stage/developmental phase
e Dependent variable: Rate of oxygen consumption (uL Oz/hour/mg tissue)
e Controlled variables: Temperature, humidity, measurement protocol

Expected Outcomes

1. Eggs: Very low respiration rate (~0.5-1 uL O./hour/mg)
o Minimal cellular activity during initial development
o Primarily using stored nutrients with slow cell division
2. Early larvae: Moderate and steadily increasing rate (~3-5 yL Ox/hour/mg)
o Rapid tissue growth and development
o Intensive feeding and nutrient processing
3. Late larvae: Highest respiration rate (~8-12 uL Oz/hour/mg)
o Maximum feeding and growth activity
o Building energy reserves for metamorphosis
4. Early pupae: Sharp drop followed by low rate (~1-2 uL O,/hour/mg)
o Major tissue reorganization
o Breakdown of larval structures
5. Late pupae: Gradually increasing rate (~2-4 uL O./hour/mg)
o Formation of adult structures
o Preparing for emergence
6. Newly emerged adult: Moderate spike (~5-7 uL Oz/hour/mq)
o Wing inflation and hardening
o High energy demand for final development
7. Mature adult: Moderate but fluctuating rate (~4-6 uL Ox/hour/mg)
o Flight activity increases respiratory rate
o Periodically high during feeding and mating behaviors

Data Visualization Template

Students will create a line graph showing respiration rate across developmental time:
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Respiration Rate Through Butterfly Life Cycle
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Analysis Questions

1. During which stage of the butterfly's life cycle is the most energy consumed? Why do you
think this is the case?
2. What is happening during the pupal stage that explains the initial drop and then increase
in respiration rate?
3. How does the respiration rate of adult butterflies compare to those of the larvae, and what
might explain these differences?
4. If the temperature was increased to 30°C, how would you expect the graph to change
across all life stages?
5. Real-world application: How does understanding life cycle respiration help us with:
o Conservation efforts for endangered butterfly species?
o Pest management strategies for agricultural crops?
o Understanding the energy requirements of different ecosystems?
o Predicting the impacts of climate change on insect populations?

Modifications for Different Learning Levels

For Students Needing Additional Support
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1. Simplified scenarios:
o Focus on fewer variables (2-3 instead of 5)
o Provide partially completed data tables
o Include visual prompts that indicate expected trends
2. Guided analysis:
o Offer multiple-choice options for analysis questions
o Provide sentence starters for written responses
o Include a glossary of key terms with each scenario
3. Collaborative approach:
o Assign specific roles within student groups
o Create checkpoint questions throughout the experiment
o Provide video tutorials for each major procedure

For Advanced Students

1. Extended variables:
o Add additional organisms or conditions to test
o Introduce random "equipment failures" that students must troubleshoot
o Ask students to design follow-up experiments based on initial findings
2. Deeper analysis:
o Require statistical analysis of data (calculating standard deviation, significance)
o Ask for detailed metabolic pathway explanations
o Challenge students to find and explain anomalies in the data
3. Research integration:
o Connect experiments to current scientific research papers
o Ask students to propose real-world applications beyond those suggested
o Require students to defend their conclusions against alternative hypotheses

Creative Presentation Methods for Virtual Findings

1. Digital Scientific Conference
Students create a scientific conference presentation including:

A recorded scientific talk (3-5 minutes)

Digital research poster following scientific convention

Q&A session where students answer questions from peers

Optional: Conference "proceedings" with abstracts from all student groups

2. Social Media Science Communication

Students develop a science communication campaign:
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Create a series of social media posts explaining their findings

Design infographics that highlight key discoveries

Record short "TikTok-style" videos explaining complex concepts simply

Create a "Day in the Life of a Scientist" story showing their experimental process

3. Interactive Museum Exhibit

Students design a virtual museum exhibit:

Create interactive stations explaining each experiment

Develop "hands-on" digital activities demonstrating key concepts
Include scientist profiles and historical context

Design visitor challenges that test understanding

4. Science Journalism

Students take on the role of science journalists:

Write a feature article for a science magazine

Create a podcast episode discussing their findings

Design data visualizations that tell a story

Conduct and record "interviews" with scientists (role-played by other students)

5. Virtual Reality Lab Tour

For schools with VR/AR capability:

Create a guided tour of their virtual experiments

Design 3D models of the experimental setups

Create interactive graphs that change as variables are adjusted
Include "expert commentary" at key points in the tour
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Data Visualization Templates
For Virtual Cellular Respiration Lab
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Virtual Cellular Respiration Lab: Data Collection Templates

Scenario 1: Cellular Respiration Across Species

Data Collection Table

Instructions: Record the oxygen consumption rate for each organism type. Take three
measurements and calculate the average.

Organism Type Trial1 | Trial 2 | Trial 3 | Average Rate | Notes on Observations

Turtle Muscle Cells

Elephant Heart Cells

Human Muscle Cells

Mouse Liver Cells

Hummingbird Muscle
Cells

Calculation Guide

1. Calculate the average rate: (Trial 1+ Trial 2 + Trial 3) + 3

Calculate metabolic rate relative to body mass: Respiration Rate + Body Mass

3. Determine the percent difference between highest and lowest rates: [(Highest - Lowest) +
Lowest] x 100

N

Hypothesis Testing

My hypothesis:
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The data supports/doesn't support my hypothesis because:

Scenario 2: Extreme Environments and Cellular Respiration

Data Collection Table

Instructions: Record the CO, production rate (umol CO./min) for yeast cells in each environmental
condition at 5-minute intervals.

Time Control Deep Ocean | Hot Springs Salt Flats Mars-like
(min) Conditions

10

15

20

25

30
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Final Rate

% of 100%
Control

Environmental Conditions Reference

Condition | Temperature | Pressure | pH Salinity
Control 25°C Tatm 70 | 0%
Deep 4°C 100 atm 75 13.5%
Ocean
Hot Springs | 50°C 1Tatm 30 [05%
Salt Flats 40°C Tatm 85 |15%
Mars-like -20°C 00Tatm [6.0 |0%

Rate Calculation Formula

CO, Production Rate (umol/min) = [CO, concentration at time t, - CO, concentration at time t;] +
[tz - t4]

Research Question Responses

1. Which environmental factor appears to have the most significant impact on cellular
respiration?
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2. What type of organisms might thrive in the hot springs environment? Explain why.

Scenario 3: Cellular Respiration Through Life Stages

Data Collection Table

Instructions: Record the oxygen consumption rate (UL O./hour/mg tissue) for each butterfly life

stage.
Development Day Oxygen Consumption Notable
Stage Range Rate Observations

Eggs 1-3

Early Larvae 4-7

Late Larvae 8-14

Early Pupae 15-18

Late Pupae 19-21

New Adult 22-23

Mature Adult 24-30

Rate Comparison Table
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Comparison Ratio

Biological Explanation

Late Larvae : Eggs

Late Larvae : Early Pupae

Mature Adult : Late Pupae

Mature Adult : Late Larvae

Temperature Effect Prediction

If temperature increased from 25°C to 30°C, predict the percent change in respiration rate for each

life stage:

Life Stage

Predicted % Change

Reasoning

Eggs

Late Larvae

Early Pupae

Mature
Adult
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Student Presentation Planning Template

Presentation Format:

Key Findings to Highlight

1. Most surprising discovery:

2. Most significant trend:

3. Real-world connection:

Visual Elements to Include

1. Primary data visualization:

2. Supporting graphics:

3. Interactive element:

Presentation Outline
Introduction (Answer these questions in your introduction)

e \What was our research question?
e Why is this important to understand?
e What did we predict would happen?

Methods Summary (2-3 sentences only)
Results Highlights (Pick the 2-3 most important findings)
Conclusions

e \What did we learn?
e How does this connect to the real world?
e What would we study next?

Audience Engagement (How will you make your presentation interactive?)
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