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is is a paper stand you can
use (as shown in sample photo). )
You don't have to glue it to the
model. The model can simply
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\VAVAVA

PATTERN for making a paper vesicle
for motor protein craft if a hollow
plastic ball is not available.

PRINT ONTO CARD STOCK

VAN

121






— — — o— —

— — — — e e w—




Use these three rectangles for the
smaller tubes that insert into the larger
tubes. (Roll them lengthwise.)
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COPY ONTO CARD STOCK
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@P caD ADP
Q00D ATP

THE PROTEIN .
STRUCTURE OF 3
ATP SYNTHASE purple: 3
FO subunit g
Vv
v
blue: PN ‘e _
"stator" /ﬁ.: v :)(;forlge' v | WV
subunit Ay : P 2k e
. subunit

CUT OUT

CUT OUT

There isn't
any significance
to the colors, except
to highlight the subunits.

" green:

By BiochemEkaterina - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid

©2022 www.ellenjmchenry.com




CYLINDER PORTION OF FO SUBUNIT

COPY ONTO CARD STOCK

F1 SPHERICAL SUBUNIT

You may want carefully trim off the black lines around the edges of the tabs because they will visible on the floor of the model.

TOP OF FO SUBUNIT

If the tabs have no black on them, they will be less visible.

HEXAGONAL RING FOR TOP
OF F1 SUBUNIT SPHERE




BOTTOM OF
FO CYLINDER

CUT OUT
CENTER

IN19

ROTOR SHAFT

STATOR SUBUNIT

BOTTOM OF STATOR SUBUNIT

COPY ONTO CARD STOCK

wodAlusyowlua|e'mmm zz0zZo

3) Pull out the
recharged ATP.

2) Turn the FO/rotor
shaft 120 degrees
clockwise.

1) Push an (ADP + P)
between an alpha
and beta subunit.

ATP SYNTHASE

Found in the cristae membranes in mitochondria and in the
thylakoid membranes of chloroplasts in plant cells, ATP synthase
"recharges” ATP by putting the third phosphate back onto ADP.

©2022 www.ellenjmchenry.com
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ADENINE

Do not cut off blank triangle area.
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GUANINE Include blank area inside dotted line. 141
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DEOXYRIBOSE for DNA
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RIBOSE for RNA
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i

AUGIGUAIAAAIGGA|IUGU
SO

y

end 3’

q

o

AUGAAAGUA} GAAIGGA
SO

5" stat fRNA

GAA|[CGUIGUAICGU|UGUIGAAIAAA

1

end 3’

q

ot

AUGIGGA/[UGU|GUAIAAA
JeSUSE

5 stat MRNA

UGU[GUAIGGA|AAA|CGU|GAAIUGU

1

end 3’

oot

AUGIUGUIGGA|GAA|GUA
JESUSE

5 stat MRNA

GUAAAAUGUGAAGGACGQQGA

1

end 3’

A

AUGIGGAIUGUIAAA|IGAA
SO

4

5 start (ARNA

AAA|GGAAAAIGUAIGAAIGGAIUGU

1

end 3’

! 5
5 start MRNA .
GUA|IGGAIGUA|UGU|GGA GAAAAA
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LIST OF CODONS:

FIRST LETTER SECOND LETTER THIRD LETTER AMINO ACID
A AorG Lysine
CorU Asparagine
G AorG Arginine
A CorU Serine
C A G,C,orU Threonine
A Isoleucine
] G Methionine (START)
CorU Isoleucine
A AorG Glutamic acid
CorU Aspartic acid
G A, G, CorU Glycine
G
C A G, CorU Alanine
U A G,CorU Valine
A AorG Glutamine
CorU Histadine
G A, G, CorU Arginine
C C A, G,CorU Proline
U A G, CorU Leucine
AorG STOP
A CorU Tyrosine
A STOP
U G G Tryptophan
CorU Cysteine
A /G CorU Serine
AorG Leucine
U ,
CorU Phenylalanine

5) Decide how long you want to make your protein chain. | recommend making a chain that has about 20-30
amino acids (pieces of colored paper) so the total length would be about 7 feet (2 m) long. Make sure each player
gets to contribute a link at least two times. If you are working with a small number of players, they might con-
tribute a link five or six times.

6) To make the messenger RNA, roll out a long strip of paper that is just a bit longer than the length you want
to make your protein chain. (If you don’t have cash register tape, you can make a long strip by cutting strips of
paper and taping them end to end.) This strip of messenger RNA has just come from the nucleus and is ready for
translation in a ribosome.

Write “START” on one end of the strip, then begin marking off sections that are exactly the width of one
of the tRNA cards. (If you are adapting this game to a smaller scale, adjust accordingly.) Count off the number of
aminos you want in your chain then write “END” after the last one. (For my group of a dozen players | made the
MRNA 24 aminos long.) Then go back and write a codon in each of the sections. You will need to use tRNA cards
while you do this, making sure to use each codon at least once. | laid out the dozen tRNA cards along the first
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TRANSCRIPTION

RNA polymerase copies
a section of DNA

Messenger RNA
EXITS NUCLELS

TRANSLATION
in a RIBOSOME

The first part of the protein says,
"Take me to the E.R.!"

iqnal
re?'t?ﬁ‘é’/v/

RIBosoME

RNA polymerase. ‘
RIBOSOME DOCKS
on the E.R.

PROTEIN MADE
INSIDE THE E.R.

The protein will be a neurotransmitter.

VESICLE BLDS
OFF FROM E.R.

Vesicle contains neurotransmitter

VESICLE MERGES
INTO GOLGI BODY

GOLGI MODIFIES
PROTEIN

Golgi enzymes make changes such as
folding or adding sugars and phosphates.

%_,_,‘{5-—-)@—9

VESICLE BUDS
OFF FROM GOLGI

|

Several
idertical

molecules

MAKE THREE COPIES ON CARD STOCK
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TRANSPORT
BY A KINESIN

{

prATN
g

L e s ooy
K& @

e

mwrofubule

7 TRANSPORT
BY A KINESIN

Vesicle is handed off to another kinesin

1 .

vmcrotubule

7 TRANSPORT
BY A KINESIN

Vesicle is handed off to a final kinesin

p\lg \W !WJ‘Dk

Dyneivr\_{-akif\g a
mito back o cell body,

VESICLE DOCKS

There are docking proteins
on vesicle and membrane

1

VESICLE PRIMED

Docking proteins change
shape and get ready to
receive calcium ions.

1

z;‘;‘;_ \“w (show IqrgeJ)

K

]1 EXOCYTOSIS

Docking proteins change
shape and get ready to
receive calcium ions.

Your team may take a card
from the other team at the
beginning of a turn. The
stolen card will count as
one of your 3 draw cards.

After using this card,
remove it from the game.

IVRYAND EE:

Your team may take a card
from the other team but
must also give them one.
You may decide which card
to give them.

After using this card,
remove it from the game.

NIE{WR(©N
GESPA
BRIEE

After this card is played,
remove it from the game.
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As you might guess, this neuron has been
vastly simplified. Real axons are packed full

of microtubules. There are also mitochondria in
the axons and in the terminal knobs, providing
ATPs for all the work being done. Motor
proteins must transport not only vesicles, but
mitochondria, too. When a mitochondrion
wears out, the motor proteins must carry it all
the way back to the cell body!

(You can draw some mitos in these knobs.)




