TITLE:  The Cell In Motion
CONCEPTS TAUGHT:  The basic building blocks of a cell are carbohydrates, nucleotides, lipids, and amino acids.  The flow of genetic information goes from DNA to RNA to protein.  In the nucleus, DNA codes for the production of RNA, which in turn codes for the production of protein in the cytoplasm.  The role of the Golgi apparatus is in packaging protein products of the rough endoplasmic reticulum (ER) for use in the cell and secretion.  Disabling mutations in a Golgi sugar transferase results in mis-sorting of lysosomal proteins (I cell disease).

AGE GROUP:  High School
GROUP SIZE: up to 35 

SYNOPSIS OF WORKSHOP:  The Cell in Motion is an original interactive play that shows how organelles work to create a protein and how a protein is sorted for secretion or use in the cell.
MATERIALS:

(
Index cards and colored markers

(
Crepe Paper (white) – 1 small rolls

(
Crepe Paper (colored) – 3 small rolls

(
Chairs and Desks

(
Equal parts oil, corn syrup, and water in a jar

(
Two helical phone cords (red and white) 6 foot or 12 foot

(
Gummy Drops (red and green)

(
Soap bubbles 

(
Gelatin package 

(
Playdoh – multiple colors for amino acids

(
Large Round Toothpicks 

(
Small Toothpicks 

(
Scissors and tape

(
Bucket and bottle of vinegar

(
Ring and string cut into 6 foot long pieces

(
Candy pieces – 1 per student

ItemUseIndex cards and colored markersRole CardsCrepe Paper (white)mRNACrepe Paper (colored)nuclear envelope, plasma membrane, ER, GolgiChairs and Desksanchors for nuclear envelope, plasma membrane, ER, GolgiOil, corn syrup, and water in a jardemonstration of hydrophilic versus hydrophobicTwo helical phone cords (red and white)DNAGummy Drops (red and green)sugar moietiesSoap bubbleslipidsGelatin packageproteinsPlaydohamino acidsLarge Round Toothpickschemical bonds between amino acids (peptide bonds)Small Toothpickschemical bonds between monosaccharides (glycosidic bonds)Scissors and tapeRNA splicing and phosphodiester linkageBucket and bottle of vinegarlysosomeRing and stringcytoskeleton (centrioles and microtubules)Candy piecesATP and other nucleotides used for energy
RoleNumber of PlayersRNA Polymerase1-2Spliceosome1-2Ribosomes1-4Transfer RNA3-15 (must have AUG –methionine and AAC or AAU-asparagine Oligosaccharyl transferase1-2GlcNAc-phosphotransferase1-2Mannose 6-phosphate receptor1-2Cytoskeleton5-8Motor Protein1-2Mitochondrion1-2
LENGTH OF WORKSHOP This play was originally designed to take 1 hour.  Explanation and short demonstration will be 15 minutes.

INSTRUCTIONS:

A. Before class prepare the following:

1.
Label Index cards with role-playing instructions.

2.
Tie 5 or more long strings to a ring

3.
Use the chairs and desks as anchors to create a plama membrane, nuclear envelope, ER, and Golgi out of the crepe paper.  Openings in the nuclear envelope represent nuclear pores.

4.
Make pre-mRNA transcripts from Crepe paper

5.
Wind the Red and White phone cords together to form the double Helix DNA.

Diagram of Setup

B. Explain the purpose and nature of the activity.  Review that the basic building blocks of the cell are carbohydrates, amino acids, nucleotides, and lipids.  

C. Hand out the role-playing index cards to each student:

1.
Call out the first role, “RNA Polymerase come and stand in the nucleus”.  Read the card with the student and perform the instructions:  RNA Polymerase (1) unwind DNA, (2) copy DNA to RNA, (3) Rewind DNA.  The student separates the phone cords forming a bubble in the double helix.   The student unrolls the Crepe paper pre-mRNA transcript to demonstrate copying DNA to RNA.  Then the student rewinds the DNA strands.

2.
Call out the second role, “Spliceosomes come stand in the nucleus.”  Spliceosome: [small nuclear RNA’s that catalyze RNA splicing i.e. the cut-and-paste reactions that remove introns and join exons.  The resulting RNA is messenger RNA (mRNA)] (1) Take pre-mRNA transcript made of crepe paper.  (2) Cut out the intron from the transcript.  (3) Tape the exons together.

3.
Call out the third role, “Ribosomes come stand together in the nucleus.  You are forming the nucleolus.”   Ribosome [particle composed of ribosomal RNA (rRNA) and ribosomal protein that catalyzes protein synthesis]  (1) Ribosomes stand together representing the nucleolus.  (2) They then exit the nucleus through the nuclear pore. (3) The students stand in the cytoplasm and against the cytoplasmic face of the ER.  (4)  They hold mRNA for translation [RNA directed synthesis of polypeptides.]

4.
Call out the fourth role, “Transfer RNA’s come stand in the cytoplasm.”  Transfer RNA (tRNA) [binds to the messenger RNA (mRNA) at one end and the amino acid at the other end]  (1) Students find the play dough representing their amino acid. (2) Students roll the play dough into small balls to represent amino acids.  (2) The student with the start codon methionine (MET) adds a blue play dough ball to the end of a long round toothpick.  (3) Other students check the mRNA held by the ribosomes, and add their amino acid after the methionine.  The ribosomes hold the growing peptide chain, i.e. the toothpicks and play dough. (4) Fill the toothpick with about 6 amino acids, i.e. play dough balls.

a.
tRNA AUG Find the blue Play-Doh, which represents the amino acid Met 

b.
tRNA AAC Find the red Play-Doh, which represents the amino acid ASN

c.
tRNA AAU Find the red Play-Doh, which represents the amino acid ASN

d.
tRNA GGC  Find the purple Play-Doh, which represents the amino acid  Gly

e.
tRNA ACU  Find the white Play-Doh, which represents the amino acid Thr

f.
tRNA ACG  Find the white Play-Doh, which represents the amino acid Thr

g.
tRNA UGG Find the orange Play-Doh, which represents the amino acid Trp

h.
tRNA AGC Find the yellow Play-Doh, which represents the amino acid Ser

i.
tRNA UGC Find the green Play-Doh, which represents the amino acid Cys

j.
tRNA CAC Find the pink Play-Doh, which represents the amino acid His

k.
tRNA GGA Find the purple Play-Doh, which represents the amino acid Gly

l.
tRNA UCA Find the yellow Play-Doh, which represents the amino acid Ser

m.
tRNA UGU Find the red Play-Doh, which represents the amino acid Cys

n.
tRNA CAU Find the pink Play-Doh, which represents the amino acid His

5.
Pass the completed peptide chain, i.e. the toothpick and playdough, into the lumen of the ER.  Place on desk in lumen of the ER.  

6.
Call out the fifth role, “Oligosaccharyl transferase stand in the endoplasmic reticulum.”  Oligosaccharyl transferase [Enzyme that adds sugars in the endoplasmic reticulum]  (1) Student stands in the ER next to the peptide chain. (2) Student adds a red sugar to the asparagine amino acid, i.e. he puts two red gum drop in the middle of  of a small toothpick and attaches it to the red play dough ball.  Note that some proteins may not have any red play dough balls.

7.
Pass the peptide chain plus red sugars into the lumen of the Golgi apparatus.

8.
Call out the sixth role, “GlcNAc-phosphotransferase stand in the cis-Golgi.”  GlcNAc-phosphotransferase [Enzyme that adds sugars in the cis-Golgi.] (1) Student adds a green sugar to the end of the sugar chain, i.e. he adds a single green gum drop to the end of the toothpick.

9.
Call out the seventh role, “Mannose 6-phosphate receptor pick out the compound that has a green sugar.   With the help of the cytoskeleton and motor protein you will carry it to the lysosome.”

10.
Call out the eighth role, “The cytoskeleton is attached to the plasma membrane and centrioles.  It provides shape and structure to eucaryotic cells and is used as tracks to transport vesicles and organelles around in the cells.  It directs cellular activities such as movement, mitosis, and cell division, among others.  This ring represents the centriole and the strings represent the cytoskeleton”  Instruct eight students on how to hold the ends of the strings.  Have the strings reach from the Golgi to the crepe paper plasma membrane and to the lysosome, i.e. the bucket with vinegar.  

11.
Call out the ninth role, “Motor proteins wrap a protein in crepe paper membrane from the Golgi.  If the protein has a green sugar, hold onto the cytoskeleton string attached to the lysosome, i.e. the bucket with vinegar.  Transport the protein to the lysosomes.  These proteins represent lysosomal proteins.”  

12.
 Explain that lysosomal proteins are like the cell’s “demolition crew, and that the lysosomes where they reside are like a “recycling center”.  Explain that the vinegar represents the acidic environment inside a lysosome.   

13.
Demonstrate what happens when the GlcNAc-phosphotransferase is absent due to genetic mutation.  Lysosomal proteins that don’t have a green sugar are transported out of the cell for secretion.  This process is called exocytosis because the proteins exit the cell.  Because these proteins are misaddressed they never reach the lysosomes.  The lysosomes are unable to function properly.  This is I Cell disease, and affected individuals have severe symptoms like mental retardation.  This example illustrates how a gene is linked to a disease.

14.
Call the last role, “Mitochondrion pass out ATP to all the role-players.”  The student passes out candy.  Explain that the Mitochondrion produces most of the ATP in cells.  ATP is the primary energy currency of the cell: it is needed for transport work (e.g. exocytosis), mechanical work (e.g. muscle contraction), and chemical work (enzymatic reactions and synthesis of macromolecules).   ATP can transfer its energy to other energized nucleotides that are used for glycosylation and to make RNA, and DNA.  

Note: You can use this play to illustrate other diseases like familial hypercholesterolemia.

PREPARED BY:  Katherine Rader, Ph.D.
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