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THE GAME “SYNTHESING PROTEINS” 

 

This supplemental material is an English version of excerpts contained in 

the manuscript, originally written in Portuguese, by Carvalho and 

collaborators (2014)1, and made with the permission of the authors. 

1. The game 

The game consists of a board containing a drawing of the section of an 

animal eukaryotic cell; cards representing the proteins to be formed and 

containing a problem situation; board pieces representing the game 

components, like messenger RNA, primary structure of the protein and 

processed protein; cards that both contain the necessary instructions for 

fulfilling each stage of the game and are responsible for the dynamics of the 

game. Additional material includes: 4 coloured felt-tip pens (yellow, red, green, 

and blue), 1 pencil with an attached eraser, and 1 pencil sharpener. 

The board consists of a drawing representing the section of an animal 

eukaryotic cell (Figure S1) containing the names of each organelle or region, 

instructionally developed and adapted so as to meet the purposes of the game. 

There are 5 stages in the game, all of them properly numbered on the board in 

order to guide the players (except the first stage, which takes place in the cell 

nucleus) (Figure S1a). The first stage corresponds to the transcription process, 

i.e., formation of messenger RNA; the second stage is related to the movement 

of messenger RNA out of the nucleus into the cytosol; the third stage is about 

the translation process, culminating with the formation of the primary structure 

of each protein; the fourth stage, ‘processing protein’, is represented in a 

simplified way, symbolising processes such as molecule folding, substrate 

addition, and others; the fifth and last stage refers to the protein being 

addressed to the place where it will  function. Each one of the aforementioned 
 

1 Carvalho, J.C.Q., L.M. Beltramin, L.D.S. Abel, and N.R.S. Bossolan. 2014. “Sintetizando Proteínas”, o 

jogo: proposta e avaliação de uma ferramenta educacional (Synthesizing Proteins”, the game: Proposal 

and evaluation of an educational tool). Revista de Ensino de Bioquímica (Journal of Biochemistry 
Education) 12 (1), 48-68. 
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stages is represented by a drawing on the board that has the same shape of the 

pieces used by the players, so that each player or group knows where to put 

each piece according to the stage (Figure S1b).     

 

Figure S1. Representation of the "Synthesizing Proteins" board. The letter "a" 
indicates the game’s stages. Stage 1, which corresponds to the transcription in the 
nucleus of the cell, is not indicated by a number. Step 2 indicates the transfer of the 
mRNA to the cytosol, step 3 indicates mRNA translation, step 4 indicates protein 
synthesis, and step 5, protein allocation. The letter "b" indicates where the pieces 
should be placed in each stage; “c” indicates the spot for the buying pile of  cards; "d" 
indicates where the discarded cards are placed; and "e" represents an enlarged 
plasma membrane (Carvalho et al. 2014) 

 

In addition to the board, the game has 16 cards, called “objective 

cards”, representing the objectives to be fulfilled by each student or group, the 

final objective being the synthesis of a specific protein. These cards present 
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three sections: The situation, in which the protein to be formed is put into a 

context related to the students’ daily life, in the form of a problem situation, and 

the solution of that problem depends on the synthesis of the specific protein 

(Figure S2a); The mechanism, which describes in quite a simple and brief way 

the biological mechanism whereby the protein under consideration will be 

formed, with information about the process stages and reaction intermediates 

(Figure S2b); and Your objective, based on a problem situation and on the 

biological mechanism, indicating which protein should be formed and where it 

should be addressed to when the fifth stage of the game is reached (Figure 

S2c).   

 

 

 

 

 

 

 

 

 

 

 

 

Figure S2. “Objective card”, which contains three sections: (a) “The situation”, (b) “The 
mechanism”, and (c) “Your objective”. 

For each stage of the game there are pieces representing specific 

biochemical structures (Figure S3). The first piece is a checked ribbon (with 20 
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squares) that represents the messenger RNA, the first square, coloured, being 

reserved to the RNA polymerase, whereas the others are reserved to write the 

corresponding nucleotides. That piece is part of the first and second stage 

(Figure S3a). The second piece is also a checked ribbon (but with 5 squares), 

and it represents the primary structure of the protein to be formed, its squares 

being reserved to write the corresponding amino acids. That piece is used in the 

third stage (Figure S3b). The third piece is a coloured circle that represents the 

protein after its processing, and is used in the fourth and fifth stage, with a 

drawing of a protein in the form of a P (Figure S3c). Those pieces walk across 

the board in specific areas that have the same formats and drawings of the 

board, as shown in Figure S3b.  

 

 

 

 

 

 

 

 

Figure S3. Board pieces representing biochemical structures, presented in 4 dif ferent 
colours in the printed version. (a) Messenger RNA, (b) primary structure of the protein, 
and (c) processed protein. 

 

Finally, we have the cards responsible for the dynamics of the game, 

which are called “action cards” (Figure S4), since they allow the participants to 

advance through the stages, as we shall see. Eyeing to optimise the process, 

the cards present two action options separated by the conjunction ‘or’, 

indicating alternation or exclusion, so that the group or player, depending on the 



5 

 

stage, can choose the more convenient option. Only two cards, “RNase” and 

“Protease”, don’t offer that option and have actions parallel to the process, 

making it possible to destroy what other player has done.  

 

 

 

 

 

 

 

 

 

 

 

Figure S4. ‘Action card’. (a) Internal part of the card, with two action options separated 
by the conjunction ‘or’; (b) back of the card, with the logotypes of both the CBME and 
the project “Experimentoteca” of the CDCC/USP (Centre for Scientif ic and Cultural 
Diffusion of the University of São Paulo). 

    

2. Dynamics of the game 

a) Preliminary procedures 

The maximum number of participants (or groups) is 4, so all pieces and 

cards, except the action cards, come in 4 colours: red, blue, green, and yellow.  

Each player or group needs to pick up one of the objective cards, 

according to the intended colour, and then take the material corresponding to 

the chosen colour (ribbon of messenger RNA, ribbon of the primary structure of 
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the protein, and circle representing the processed protein). Each player or 

group reads aloud the content of their objective card so that the other players 

know all the proteins that must be formed, as well as their biological 

mechanisms and where in the cell they function.  

b) The first round 

One of the players shuffles the set of action cards, deals five of them to 

each participant, and puts the rest of them in the area reserved to the set of 

purchases, with their information facing downward. The same player who has 

shuffled and dealt the cards starts the game. He/She checks if among the cards 

in his/her hands there is one with the option “RNA polymerase”, which needs to 

be presented only once. In case there is not, he/she will not be able to move on 

and should pick up one of his/her cards and discard it, putting it on the board in 

the area reserved to that purpose and passing his/her turn to the player on 

his/her right; in case the dealer has the card with the referred option, he will be 

able to move on. Cards with “n nucleotides of RNA” can be combined to other 

similar cards, and the amount of nucleotides involved is added, as long as one 

of the cards be kept to be discarded.   

c) Other rounds 

The other rounds consist of the following sequence of actions: 1) 

purchase of cards – at the start of each round, each group can buy up to 3 

cards, as long as each participant doesn’t get more than 5 cards in his/her 

hand; 2) use of cards – the number of cards that the player on turn can combine 

to carry out his/her actions corresponds to the number of cards in his/her hand 

minus one; 3) the discard – after having carried out his/her actions, the 

participant should pick up one amongst the cards remaining in his/her hand and 

discard it, putting it in the area of the board reserved to that purpose. 

d) The wild cards 

Amongst the action cards that the participants can combine to complete 

the stages until fulfilling their objectives in the game, two of them stand out 
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because, when presented, they don’t allow the player to advance through the 

stages, but are rather trumps that can be used to retard the other players. One 

of them is called “RNase” and has the power to make the chosen participant 

erase half of the nucleotides that he has written on the ribbon of the messenger 

RNA at the first stage. The other card, called “Protease”, makes a player erase 

half of the amino acids written on the ribbon of the primary structure of the 

protein, at the third stage.   

Those cards are only valid at the stages indicated, i.e., by reaching the 

second stage, all the players will be immune to the action of the RNase card. 

Likewise, the Protease card can only be shown to players who are at the third 

stage; as soon as they reach the fourth stage, they will be immune to it.   

e) Finishing the game 

The game can be finished in two ways: when one of the players 

reaches the fifth and last stage, or when the last player does so. After either 

event, each player reads his/her objective again to the others, which opens a 

discussion session on what would happen to the cell, and consequently to the 

organism, if one of the proteins that should be formed were not expressed. This 

will point out the importance of the protein in the solution of the problem 

situation described in each objective card. It is also possible to approach the 

fact that the synthesis processes of the different proteins present in our 

organism take place simultaneously. Furthermore, the comparison of the 

proteins mentioned in the game can lead the students to realise the variety of 

their functions and their importance to the human organism.  

 

Note:  There is currently an online Portuguese version of the game for single 

players, available at 

http://eic.ifsc.usp.br/playercbme/interatividade/jogosintese/sintetizando.html 


