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SMALL 
2” dia.
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MEDIUM 2.5” dia.
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ABO 
Blood 
an� gens
(made of 
sugars)

Type O

Type B

Type A

For type 
AB, use 
both A 
and B.

Op� onal:This 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 
rest on top of it. Use this corner 
for the base but use it upside 
down so the words don't show,
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PATTERN for making a paper vesicle 
for motor protein craft if a hollow 
plastic ball is not available.

PRINT ONTO CARD STOCK
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 Use these three rectangles for the 
smaller tubes that insert into the larger 
tubes.  (Roll them lengthwise.)
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THE PROTEIN 
STRUCTURE OF 
ATP SYNTHASE

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

purple:
FO subunit

green: 
F1 subunit

blue:
"stator"
subunit

orange:
rotor
shaft
subunit
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TOP OF F0 SUBUNIT

HEXAGONAL RING FOR TOP 
OF F1 SUBUNIT SPHERE

C
YLIN

D
ER

 PO
R

TIO
N

 O
F F0 SU

BU
N

IT
F1 SPHERICAL SUBUNITF1 SPHERICAL SUBUNIT

X                                X                                X                                X                                X                                X

You m
ay w

ant carefully trim
 off the black lines around the edges of the tabs because they w

ill visible on the floor of the m
odel.  If the tabs have no black on them

, they w
ill be less visible.

You m
ay w

ant carefully trim
 off the black lines around the edges of the tabs because they w

ill visible on the floor of the m
odel.  If the tabs have no black on them

, they w
ill be less visible.

COPY ONTO CARD STOCK
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1) Push an (ADP + P)
between an alpha 
and beta subunit.2) Turn the FO/rotor 

shaft 120 degrees 
clockwise.

3) Pull out the 
recharged ATP.

STATOR SUBUNIT

BOTTOM OF STATOR SUBUNIT

BOTTOM OF 
F0 CYLINDER

CUT OUT 
CENTER

           ROTOR SHAFT FLOOR OF MODEL

©
2022 w

w
w

.ellenjm
chenry.com

©
20

22
 w

w
w

.e
lle

nj
m

ch
en

ry
.c

om

COPY ONTO CARD STOCK
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                   ADENINE          Do not cut off blank triangle area.



140

TH
YM

IN
E 

 



141            GUANINE         Include blank area inside dotted line.



142

CYTOSINE 
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RIBOSE for RNA  
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  C
Y

S
TE

IN
E
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E
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LIST OF CODONS:
  

   5)  Decide how long you want to make your protein chain.  I 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 I 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.  I laid out the dozen tRNA cards along the first 
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