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General Biology I: Mrvacupanda's Cell
Explorer Quest

Materials Needed

General Supplies: Science notebook or binder, pens, colored pencils, markers, scissors,
glue/tape.
Art & Craft Supplies: Large poster board or cardboard, modeling clay (multiple colors), pipe
cleaners (multiple colors), small beads, pom-poms, yarn, LEGOs or puzzle pieces.
Kitchen Lab Supplies: Raw eggs (2-3), vinegar, jars or glasses, water, salt, corn syrup, food
coloring, gelatin mix (like Jell-O), fresh pineapple or papaya (or their juices), potato, hydrogen
peroxide (3%), ice cubes, access to a warm water bath (bowl of warm water).
Tech & Media: Computer with internet access, camera or smartphone (for stop-motion
video), access to online virtual microscope websites (if a real microscope is unavailable).
Optional: A basic light microscope with blank slides and coverslips, onion, toothpick (for
cheek cells), pond water sample.

Mission 1: The Blueprint of Life
Your first mission is to travel back in time to uncover the secrets of how life was discovered and what
unites all living things. You are now a Biology Historian and Explorer!

Learning Objectives:

State the three postulates of the Cell Theory in your own words.
Identify the key scientists involved in the development of the Cell Theory.
Describe the major unifying themes that characterize life.
Provide a real-world example for each unifying theme of life.

Instructional Strategy & Activities (The Mission Briefing)

Hook - The "What is Life?" Walk (30 mins):1.

Go outside to your backyard or a nearby park. In your science notebook, create two columns:
"Living" and "Non-Living." List everything you see and place it in the correct column. For each
"Living" item, try to write down why you think it's alive. What does a plant do that a rock
doesn't?

Activity - Scientist Hall of Fame (60 mins):2.

Research the "Superstars of Cell Biology": Robert Hooke, Antonie van Leeuwenhoek, Matthias
Schleiden, Theodor Schwann, and Rudolf Virchow. Create a "Hall of Fame" timeline on a piece
of paper or poster board. For each scientist, include:

A small portrait (you can draw it!).
The approximate date of their major discovery.
A one-sentence summary of their contribution to the Cell Theory.

At the end of your timeline, write down the three parts of the Cell Theory that these scientists
developed together.
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Creative Application - Unifying Themes Collage (45 mins):3.

The "Unifying Themes of Life" are the rules that all living things follow (e.g., Organization,
Metabolism/Energy Use, Homeostasis, Growth & Development, Reproduction, Response to
Stimuli, Evolution). Create a visual collage or a mind map. For each theme, find a picture (from
a magazine or printed from the internet) or draw a symbol that represents it. For example, for
"Response to Stimuli," you could draw a person touching a hot stove and pulling their hand
away.

Assessment (Mission Debrief)

Present your "Hall of Fame" timeline and "Unifying Themes Collage." As you present, explain one of
the scientist's contributions and describe one of the unifying themes using your collage as a visual
aid. Answer the question: "How does the Cell Theory help us understand the theme of Organization?"

Challenge Mission: Research the "Endosymbiotic Theory." How does this idea challenge or
add to our understanding of the origin of complex cells? Write a short paragraph explaining it.

Mission 2: The Cell City Tour
Welcome, Mrvacupanda, to the bustling metropolis of the cell! Your mission is to become a master
architect and city planner, learning the function of every building (organelle) and the difference
between two major city types: Prokaryote-ville and Eukaryote-opolis.

Learning Objectives:

Describe the structure and function of major subcellular organelles.
Distinguish prokaryotic and eukaryotic cells.
Classify plant and animal cell types, specifying the functions of each.
Describe cell modifications that lead to adaptation (e.g., microvilli, root hairs).

Instructional Strategy & Activities (The Mission Briefing)

Hook - Virtual Microscope Lab (45 mins):1.

If you have a microscope, prepare slides of onion skin (plant) and your own cheek cells
(animal). If not, use a high-quality virtual microscope website (search for "virtual microscope
onion root tip" and "virtual microscope cheek cell"). Sketch what you see in your notebook.
Label the parts you can identify (cell wall, membrane, nucleus, cytoplasm). Notice the
differences in shape and structure.

Creative Project - The "Cell City" Blueprint (90-120 mins):2.

This is your masterpiece! On a large poster board, design a city (or a spaceship, a castle, a
theme park) that works as an analogy for a cell. You must represent at least 10 organelles.
Be creative!

The Nucleus could be City Hall, holding the city's blueprints (DNA).
The Mitochondria could be the Power Plant.
The Cell Membrane could be the City Border/Security Gate.
Ribosomes could be small factories building things the city needs.

Create a "key" on the side of your poster that lists each organelle, its city-part-analogy, and its
actual biological function. Be sure to design both an Animal Cell City and a Plant Cell City,
highlighting the three main differences (Cell Wall, Chloroplasts, large Central Vacuole).
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Application - "Specialized Cells" Design Challenge (30 mins):3.

Read about specialized cells like root hairs on plants (for absorption) and microvilli in your
intestines (also for absorption). In your notebook, design a new "specialized" cell for a fictional
purpose. For example: "A cell designed to glow in the dark." What organelle would it have a lot
of? What special shape or modification might it have? Sketch your new cell and explain your
design choices.

Assessment (Mission Debrief)

Conduct a "City Tour" of your Cell City poster. Explain the role of at least five organelles using your
analogy. Then, point out the key differences between your plant and animal cell designs. Explain
why a plant needs a cell wall and chloroplasts, but an animal does not.

Challenge Mission: Compare your detailed Eukaryotic Cell City to a simple Prokaryotic
"Campsite." Draw a small diagram of a prokaryotic cell and explain why it's so much simpler
but still very successful.

Mission 3: The Division Decision
Urgent message for Agent Mrvacupanda! A cell needs to divide, but it's a complex process. Your
mission is to choreograph the intricate dance of the chromosomes through the cell cycle, mitosis,
and meiosis to ensure everything goes perfectly.

Learning Objectives:

Characterize the phases of the cell cycle and their control points.
Describe the stages of mitosis and meiosis.
Compare mitosis and meiosis, and their role in cell division.
Explain the significance of mitosis (growth, repair) and meiosis (genetic variation).
Identify a disorder resulting from a malfunction in the cell cycle.

Instructional Strategy & Activities (The Mission Briefing)

Hook - The Cell Cycle Clock (30 mins):1.

Draw a large circle in your notebook to represent a 24-hour clock. This is the Cell Cycle. Divide
it into the main phases: Interphase (G1, S, G2) and M phase (Mitosis/Meiosis). Interphase
should take up most of the clock (maybe 22 hours!). Label each phase and write one key event
that happens there (e.g., S Phase = DNA Synthesis). Mark the "checkpoints" as big red stop
signs between the phases.

Kinesthetic Activity - Chromosome Choreography (90 mins):2.

Using pipe cleaners or clay, create a set of chromosomes for a cell where 2n=6 (meaning 3
pairs of homologous chromosomes). Use different colors for each pair. Now, become a director!

Act 1: Mitosis. Take your "chromosomes" through the stages: Prophase, Metaphase,
Anaphase, Telophase. You can film this as a stop-motion animation with your phone or
just take a picture of each stage. Narrate what is happening in each step.
Act 2: Meiosis. Reset your chromosomes. Now take them through Meiosis I and Meiosis
II. Pay close attention to how "crossing over" in Prophase I and the separation of
homologous pairs in Anaphase I are different from mitosis. Animate or photograph these
stages as well.
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Real-World Connection - Medical Case File (30 mins):3.

Research a disorder caused by an error in cell division, such as Down Syndrome (Trisomy 21).
Write a short "Case File" in your notebook. Describe the disorder and explain how an error
during meiosis (specifically, nondisjunction) leads to it.

Assessment (Mission Debrief)

Show your stop-motion animation or photo series. As you play it, pause at Metaphase of Mitosis and
Metaphase I of Meiosis. Explain the key difference in how the chromosomes line up. Finally, answer
the big question: "If you get a cut on your skin, which process, mitosis or meiosis, does your body
use to heal it? Why?"

Challenge Mission: Cancer is described as "uncontrolled cell division." Explain how a failure
at the G1 checkpoint of the cell cycle could lead to cancer.

Mission 4: The Great Cell Gate
Security Chief Mrvacupanda, you are now in charge of the cell's border patrol. Your mission is to
understand the sophisticated structure of the cell membrane and manage all traffic—passive, active,
and bulk transport—in and out of the cell.

Learning Objectives:

Describe the structural components of the cell membrane (fluid mosaic model).
Relate the structure and composition of the membrane to its function.
Explain and differentiate diffusion, osmosis, facilitated transport, and active transport.
Differentiate exocytosis and endocytosis.

Instructional Strategy & Activities (The Mission Briefing)

Hands-On Model - Build a Fluid Mosaic Membrane (45 mins):1.

Using craft supplies, build a small, 3D model of the cell membrane.

Use small beads for the hydrophilic phosphate heads and pipe cleaners for the
hydrophobic lipid tails to make the phospholipid bilayer.
Embed large pom-poms or LEGO bricks as proteins (some spanning the entire
membrane).
Drape yarn chains across the outer surface to represent carbohydrates
(glycoproteins/glycolipids).

Explain why it's called "fluid" (the parts can move around) and "mosaic" (it's made of many
different pieces).

Kitchen Experiment - The "Naked" Egg Osmosis Lab (2-3 days observation):2.

This is a classic for a reason!

Place a raw egg in a jar of vinegar for 24-48 hours. The vinegar will dissolve the shell,1.
leaving only the semipermeable membrane.
Gently rinse the "naked" egg and record its weight or circumference. Place it in a jar of2.
pure water overnight. Observe and record changes. (It should swell).
Next, place the same egg in a jar of corn syrup or very salty water overnight. Observe3.
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and record changes. (It should shrivel).
In your notebook, draw what happened to the egg in each solution and explain the results
using the term osmosis.

Transport Skits - Act It Out! (30 mins):3.

Imagine your membrane model is a gate. Use small items (like pebbles or beads) to represent
molecules.

Diffusion: Drop a lot of "molecules" on one side and show them spreading out to the
other side without help.
Facilitated Diffusion: Show a molecule that's too big to fit, but a "protein channel"
(your pom-pom) helps it through.
Active Transport: Show a molecule being pushed "uphill" against its concentration
gradient through a protein pump, explaining that this requires energy (maybe you have
to make a buzzing sound for ATP!).
Endo/Exocytosis: Use your flexible clay membrane model to show it engulfing a large
object (endocytosis) or spitting one out (exocytosis).

Assessment (Mission Debrief)

Using your naked egg experiment results, explain what would happen to a saltwater fish if it were
placed in a freshwater lake. Which way would the water move, and why? Use the terms osmosis and
semipermeable membrane. Then, explain why your cells need active transport in addition to
diffusion.

Challenge Mission: Why is the sodium-potassium pump so important for nerve cells? Do a
quick search and explain its role in sending signals.

Mission 5: The Enzyme Enigma
Final mission, Agent Mrvacupanda! You are a biochemist tasked with cracking the code of
enzymes—the amazing catalysts that make life happen. Your goal is to figure out what they are, how
they work, and what makes them stop working.

Learning Objectives:

Describe the components of an enzyme (active site, substrate).
Explain the lock-and-key or induced-fit model.
Determine how factors like pH, temperature, and substrate concentration affect enzyme
activity.

Instructional Strategy & Activities (The Mission Briefing)

Hook - The Puzzle Model (15 mins):1.

Use LEGOs or puzzle pieces. Designate one large, specific piece as the "Enzyme" with a
uniquely shaped "Active Site." Designate smaller pieces as "Substrates." Show how only one
specific substrate fits into the active site. This is the "lock-and-key" model. Then, show how the
enzyme might change shape slightly to get a better grip—this is the "induced-fit" model.

Kitchen Experiment 1 - The Jell-O Sabotage (2-4 hours observation):2.
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Prepare three small bowls of gelatin (Jell-O) according to the package.

Bowl 1 (Control): Let it set normally in the fridge.
Bowl 2 (Fresh Pineapple): Add a few chunks of fresh pineapple before putting it in the
fridge.
Bowl 3 (Canned Pineapple): Add a few chunks of canned pineapple before putting it in
the fridge.

Observe what happens. The fresh pineapple contains an enzyme (bromelain) that breaks down
the gelatin protein, preventing it from setting. The canned pineapple has been heated, which
denatures the enzyme, so the Jell-O should set just fine. Record your observations and
conclusions.

Kitchen Experiment 2 - The Potato & Peroxide Race (30 mins):3.

Potatoes contain the enzyme catalase, which breaks down hydrogen peroxide into water and
oxygen (bubbles!).

Pour a small amount of hydrogen peroxide into three glasses.1.
Glass 1 (Temperature): Add a piece of potato that has been sitting in ice water. Add a2.
room-temperature piece to Glass 2. Add a piece that has been sitting in hot water to
Glass 3. Compare the rate of bubbling.
Glass 2 (Surface Area/Substrate access): In two new glasses of peroxide, add one3.
whole chunk of potato to one, and a mashed-up chunk of potato to the other. Which one
bubbles faster? Why?

Assessment (Mission Debrief)

Explain why your fresh pineapple Jell-O didn't set, but the canned pineapple one did. Use the words
enzyme, active site, protein, and denature. Then, based on your potato experiment, explain
what conditions (temperature, pH, surface area) make the enzyme catalase work best. Why are high
fevers dangerous for the human body? Relate your answer to enzymes.

Challenge Mission: Many people are "lactose intolerant." Research the enzyme involved
(lactase) and explain what is happening in their bodies on a biochemical level when they
consume dairy.


