
 

 

TEACHER’S GUIDE 
 

SAY IT WITH DNA: Protein Synthesis Activity  
by Larry Flammer 
 
SYNOPSIS 
This activity uses the metaphor of decoding a secret message for the Protein Synthesis process. Students 
teach themselves the sequence of DNA-Translation (DNA-mRNA-tRNA protein), and practice with DNA 
codes which translate into amino acid sequences spelling out meaningful sentences in English! This 
activity provides practice in base-pair matching and following the sequence as performed by cells. 
Further practice is provided by requesting students to create new DNA messages which can be "decoded 
biologically" by others. 
 
CONCEPTS 
1. DNA is the central repository of information (in molecular code form) which controls life via protein 

synthesis. 
2. DNA makes RNA makes Protein ("The Central Dogma"), or, more precisely 
3. DNA makes mRNA, which is read by ribosomes to position tRNA carrying amino acids into a 

particular sequence forming a particular protein, which in turn (at least as an enzyme) enables (or 
inhibits) a particular biochemical reaction. 

4. DNA bases match (pair) in specific ways: A with T, C with G, (A with U in RNA) 
 
ASSESSABLE OBJECTIVES 
1.  Recognize DNA as a central repository of information (in code form) which controls life via protein 

synthesis. 
2.  Know the "Central Dogma": DNA makes  RNA makes  Protein 
3.  Know that certain DNA bases match: A & T, C & G, (and A & U in RNA) 
 
MATERIALS 
Handouts 
TIME: one 45 minute period 
 
STUDENT HANDOUTS 
 Say It With DNA: Protein Synthesis Worksheet – Practice Pays Student Handout (directions, 

tutorial, sample message, tRNA dictrionary) 
 SAY IT WITH DNA - DNA-Decoding Practice Sheet 
 SAY IT WITH DNA Protein Synthesis Practice Sheet 
 SAY IT WITH DNA MESSAGES 1-30 (3 pages, 30 to choose from; laminate, cut into strips and place in 

a baggie or in plastic sleeve) 
 SAY IT WITH DNA: Message Maker - Student Handout 
 
TEACHING STRATEGY 
1.  This activity provides a logical activity to use following your Protein Synthesis reading assignment. 
2.  Be sure that students understand the significance of controlling protein production, namely the "One 

Gene - One Enzyme" concept: each step of a biochemical series of reactions requires a unique 
enzyme which in turn is the product of one gene. If the gene is there, the enzyme can be produced, 



 

 

and that step of the series can proceed; if the gene is not there (or has mutated), the enzyme may 
not be produced, and that step may not proceed. This is to some extent a simplification of reality, 
but should be recognized as a fairly good generalization for understanding how DNA (genes) can 
control life processes. 

3.  The one-letter symbols for the amino acids are the standard symbols assigned in molecular biology. 
 
PROCEDURE 
1.  Hand out the Say It With DNA: Protein Synthesis Worksheet – Practice Pays Student Handout to 

every student. 
2.  Have students read the Worksheet and finish the partially solved message. You may use the SAY IT 

WITH DNA – DNA Decoding Practice Sheet as additional practice problems in class or for students to 
complete as homework. 

3.  Hand out the SAY IT WITH DNA Protein Synthesis Practice Sheet.  
4.  Assign each student one of the practice messages. Have them decode the message making sure to 

show each step in the “Decoding a DNA Message” section of their practice sheet. They can do more, 
if interested and have the time. To check for accuracy of the decoded messages, use the SAY IT 
WITH DNA MESSAGES 1-30 KEY. 

5.  Optional: Students can do additional messages for homework. 
6.  Hand out the SAY IT WITH DNA: Message Maker - Student Handout. Have each student create at 

least one good message in the “Creating a DNA Message” section of their practice sheet using these 
instructions. This could be done for homework. 

8.  An optional follow-up activity would be to collect all of the newly made messages and re-distribute 
them among the class the following day for the students to decode. 

9.  Ask students to do the Quick Check measure of their understanding of the functional roles for the 
real "players" involved in protein synthesis in the cell. (Alternatively, have them do just one of the 
analogies here, and use the other for assessment, OR, use the Quick Check for assessment only. You 
could also enlarge the table, place it on an overhead transparency, and do the Quick Check with the 
entire class in dialogue/recitation mode.  

 
ASSESSMENT 
1.  Along with your unit test on the DNA unit, include the "practical" test supplement, requiring students 

to decipher a short DNA message during a test. Provide the Test Supplement (including tRNA 
Dictinary), the special answer sheet, and a unique word for each student (on little slips of paper, 
which you can prepare from the sample sentences provided, or use the 33 3-letter test words 
provided (along with a test key for you to use in grading the test.). Insist that each step be shown 
and the molecules involved be labeled (DNA, mRNA, tRNA, "protein" (as the "meaningful amino acid 
sequence"). Include completeness and accuracy in showing these steps and labels in your grading. 

2.  In addition, you may want to use the "Quick Check" here as a measure of understanding of the actual 
roles for the real "players" in protein synthesis in the cell. 

 
EXTENSIONS AND VARIATIONS 
1.  Students can use the DNA Message Maker to create the DNA sequence which would code for their 

initials or 3-letter name or nickname, then use that code to build DNA jewelry (earrings, etc.) in the 
Genetic Jewels activity (not included with this lesson document). They would have to be sure that 
the base letters (beads) for the code runs end to end along one strand, and the complementary base 
letters (beads) run along the connected strand. Such items would have even greater meaning and be 
uniquely personal, contributing to their retention of understanding. 



 

 

2.  As a special project, a student (or team) could build a large DNA demo model in which the base 
sequence codes for the name or initials of the school, or the school mascot. Flat rectangular sheets 
of Styrofoam could serve as the base-pair steps; flat pentagonal pieces as deoxyribose sugars, and 
flat round pieces as the phosphate groups. If interested in trying this, contact the webmaster on this 
site for templates and other details. 

 
 
ATTRIBUTIONS 
Larry Flammer, idea developed in 1963 and used in Biology classes ever since, as the finale to a series of 
Do-It-Yourself DNA Kits (1. DNA Structure & Sub Structure, 2. DNA Replication, and 3. Protein Synthesis, 
all involving manipulation of cutouts, and resulting in the spelling out of a little 3-letter word 
(meaningful amino acid sequence). 
 
© 2004 ENSI (Evolution & the Nature of Science Institutes) www.indiana.edu/~ensiweb 
This material may be copied only for noncommercial classroom teaching purposes, and only if this source is clearly cited. 
 



 

 

SAY IT WITH DNA: PROTEIN SYNTHESIS WORKSHEET: Practice Pays 
Student Handout  

Having studied the process by which DNA directs the synthesis of proteins, you should be ready to decode 
some DNA "secret" messages. To do this, you must follow the procedure of protein synthesis as this is taking place 
right now in your cells; no short cuts! Practice these steps by following and finishing the partially solved message 
below. 
STEP 1: "Build" the mRNA molecule, matching the RNA nucleotides to the DNA nucleotides properly, letter by 
letter.  (For purposes of simplicity, it will be assumed that this mRNA is bacterial; there are no introns to cut out!) 
STEP 2: Figure out the tRNA triplets (codons) that would fit the mRNA triplets (letter by letter). 
STEP 3: Look up each tRNA codon in the tRNA Dictionary (below), and find the corresponding symbol and amino 
acid abbreviation for that codon. Record that one-letter symbol (and its amino acid) below each codon. "Spc" = 
"space". If you have done this correctly, the symbols should spell out a meaningful message in English. 

Remember, C always pairs with G, G always pairs with C, A pairs with T or T pairs with A (in DNA).  In 
RNA, C always pairs with G, G always pairs with C, A pairs with U or U pairs with A.  Clues: C & G are curved 
letters; A & T are angular; U is used in RNA in place of T. 
When you finish the sample message below, decode the special message assigned to you (from the DNA 
Messages 1-30). Be sure to show the details of your solution on the student answer sheet provided, and hand it in. 

Be sure to show the details of your solution on the Practice Sheet provided, and hand it in. In your DNA 
exam, you will be expected to do this from memory (provided with the tRNA Dictionary). 

 

PARTIALLY SOLVED MESSAGE 
GIVEN: DNA code message --> GAA TAG AAA CTT ACT TAG AGC ATT CCT GCC CTT CGA TGC ATC 

 
SOLUTION (steps 1-4) 
1. mRNA (built to match 
    the DNA message, 

    letter for letter----------------  CUU AUC UUU GAA UGA AUC UCG ... ... ... ... ... ... ... 

 
 
2. tRNA (determined by 
    matching letters (bases) 

    with those in mRNA)-------  GAA UAG AAA CUU ACU UAG ... ... ... ... ... ... ... ... 

 
3. Amino acids carried by         
   each tRNA (according to            
   dictionary, below)-----------  
 
 
4. Symbols of amino acids:--    L   I   F   E   -  I . . . . . . . . 

 

DICTIONARY OF tRNA CODONS & THEIR AMINO ACIDS (SYMBOLS & ABBREVIATIONS) 
 



 

 

SAY IT WITH DNA – DNA Decoding Practice Sheet 
 

 
 

 

 

 



 

 

 

SAY IT WITH DNA – DNA Decoding Practice Sheet 

KEY  
 

 



 

 

SAY IT WITH DNA MESSAGES 1-30 
 (Cut into strips and give one message to each student) 

 

1.   CCT CTT TGC ACT CGG ATC GTA CGC TAT TCT ATG ATT ACA CGG TTG 

CGA TCC ATA ATC 

2.   AGA TAC TAG GAC CTT ACT CGA TTG CTG ATT GCG CGA CTA TAA 

CGG TGC CTC ACT CGG ATT AAC TAG TGC TGA AAT CTT ATT ACG 

GTA CTT CTC GCC ATC 

3.  TCC CTT GGG GAA TAT ACA CGC TGG CTT ACT CGA ATT TGA CTC CGT 

ACG GTA CTC GCC ATC 

4.  AGA ACA TAA CTC TTA ACA CTC TAA AGA CCA GCA CTC CGA TGA 

5.  TAA ACT CGG TAC ATT CTA GCT TAG CAC TAA TTA CCC ATC 

6.  TAC CGT TTC CTT ATT GAT CGC GCC CCA CTC ATT CTT CGG TCT AGG 

ATC 

7.  CTA GCC CTC CGT TAC TAG TTA CCT ACT TAT TCA ATT TTG TAA ACG 

CTC ATC CGA ACC CGC TTT TAA TTG CCC ACT TAG TCG ATT ACC CGT 

TTA TGT TAA TTA CCT ATC 

8.  ACC GTG ATA ACT CGT GCT CTT ATT ACC CTC ACT AAT CTC CGG TCC 

TTA TAT TTG CCT ATT TGC GTA TAG TCG ATC 

9.  TAC CGA TTT CTT ACT AGT GGC TCC TAT TTA CCT ATA ATT ACA GTG 

TAA ACG TTC CTC TTA TCA ATC 

10.  CTA TTA CGA ACT TAG AGC ATT GAA TAG AAA CTT ATC 

 



 

 

SAY IT WITH DNA MESSAGES 1-30 
 (Cut into strips and give one message to each student) 

 

11.  CTC CAC GTG AGA ATT CAC CGA GCA TCA TAG TGG ATG ATT AGA 

ACC TAT TAC TAC TAT TTG CCT ATC 

12.  ACC GTG ATA ACT CGA GCA CTC ATT GGC AAC CGC TTA TGT AGC 

ATT CCT TCT CTC CTT TTG ATC 

13.  ACG GCT CTC CGT TGT CTC ACT CGA TTG ATT CTC ATG CTT ATC 

14.  CTG CTT AGT TAT CCA TTG ACT CGA ATT GTG CGC TTG CTG ATC 

15.  ACA GCC CTT CGC TGC CTC ACT CGA ATT AAA TAT TTG CCA CTC 

GCT ATC 

16.  AAA TAT TTA CTA ACT TGG GTA CTT ATT AGC CTC ACG GCG CTT TGT 

ATT TAC CTC AGA AGC  CGA CCA CTC ATC 

17. CTT CGA TGA ATT CCA GCC CTC CTT TTG ATC CTT CCA CCT AGC ATC 

CGA TTG CTA ACT GTA CGC ATC 

18. AGT TAC TAA GAA CTT ACT TAG TGT TCA ATC GTA CTT CGA GAG TGG 

GTA ATG 

19. ACC CGA TGG CTC TCT ATC TAT AGC ATT ACA AAC CTC CGA GCG 

20. ACG CTT GAA AAT AGG ACT CGA TCT CTC ATC CCG TCC CTG CGC 

TGC ATT TGT GTA TAG TTA CCC AGG 

21. GAA CTC CGA TCT TTG TAT CCG ACT CTA TTA CGG ATC TAA AGC ATT 

CCT TCC CTT CGT TGT 



 

 

SAY IT WITH DNA MESSAGES 1-30 
 (Cut into strips and give one message to each student) 

 

22. TAC ATA ACT TAC TAG TTA CTA ATC TAT AGA ATT TAC CGA CCC TTG 

TAT AAA TAG ACG CTT TTA TGC ATC 

23. TAA ACT GTG CGA CAC CTC ATT CGT ATC CTA GCG CTT CGT TAC ATC 

24. AGA CGG CAA CTC ATT TGG GTG CTT ACT TGT TCT CTT CTC AGT ATC 

25. CCG GCA CTC CTT CTA ATT GCT CTT TAG CCA TTA AGT ACT TAA TTG 

ATC ACC CGA AAT GAG ATT AGG TGT TCC CTC CTT TGC ATC 

26. GAT TAA AAA CTC ACT TAG AGC ATT AGT GGG CTT ACA TAA CGG GAA 

ATC 

27. ACC GTA ATG ATT TAG AGG ATC CTG TTA CGA ACT TTG CTC ACA CTT 

AGC AGT CGG TCC ATA ATC 

28. GTA CGA GGA GGA ATG ATC CAA CGA AAC CTC TTA TGA TAA TTA CTC 

AGG ATC CTA CGA ATA ATC 

29. AAT CTC CGA GCT TTG TAG TTA CCC ATT TAG AGT ATC TAG TTG TGT 

CTC GCT CTC AGG TGC TAT TTG CCT ACT 

30. CGA ACT AGA TAA CCC TTA TAG AAA TAT ACA CGC TTG TGA AAC ATA 

ATC CGG CTG CAA CGT TTA ACA CTC CTA ATT AGG ACA TAA CTC 

TTG ACA CTT ACT TAG AGA ACT CTC CGC TCA TAG GAG ATA ATT TAC 

TAA AGA TGA CGG TTT CTT TTG ACT CGA AGC ATT TAC CGC CCC 

TAG ATC 



 

 

 
 

 

 



 

 

 



 

 

SAY IT WITH DNA: Message Maker 
Student Handout 

Since you will be expected to decipher a DNA message in the unit exam, it would be wise to get 
as much practice as possible. If you can have fun in the process, so much the better! You are to think up 
at least one good (clever? funny?) message that can be written using only the 20 symbols representing 
the 20 amino acids. Those 20 amino acids are represented by a universal single letter code, using all the 
letters in the English alphabet except B, J, O, U, X, and Z. This means, of course, that your message 
cannot have any B, J, O, U, X, or Z letters in it! A little restrictive, you see, so you will need to be a bit 
creative.  After you have created your message (in English) on scratch paper, carefully print its DNA code 
along the length of a full separate sheet of notebook paper, held horizontally, using DNA triplets ONLY. 

 
Try to keep it to one long row; make the letters clear. Include each row of mRNA, tRNA, amino 

acid sequence, and the English translation.  CAUTION: obscene or derogatory messages are not 
acceptable, so use good judgment. 

 
You will quickly notice that there is more than one codon for nearly every amino acid. Make a 

point of using different codons whenever you can for the same (amino acid) letter-symbol, especially 
when they occur side by side in succession. 

 
Use the DNA-Amino Acid Dictionary below to help make your messages. You will need the tRNA 

Dictionary on your Protein Synthesis Worksheet for solving the messages. 

 
“DNA - AMINO ACID DICTIONARY” 

DNA Codons and the Amino Acids (symbols and abbreviations) for which they code. 

 
Letters NOT available: B J O U X Z 



 

 

SAY IT WITH DNA Protein Synthesis Practice Sheet 
DECODING A DNA MESSAGE 
 
Number of DNA Message Assigned: #_____ (carefully copy below the DNA message assigned): 
Practice DNA message:  
 
__________________________________________________________________________________________________________________________________________ 
 
mRNA: 
 
__________________________________________________________________________________________________________________________________________ 
 
tRNA:  
 
__________________________________________________________________________________________________________________________________________ 
 
AMINO ACID SEQUENCE (three-letter abbreviations are okay):  
 
__________________________________________________________________________________________________________________________________________ 
 
Decoded Message (English word or words):  
 
__________________________________________________________________________________________________________________________________________ 
 

CREATING A DNA MESSAGE 
 
Practice DNA message:  
 
__________________________________________________________________________________________________________________________________________ 
 
mRNA: 
 
__________________________________________________________________________________________________________________________________________ 
 
tRNA:  
 
__________________________________________________________________________________________________________________________________________ 
 
AMINO ACID SEQUENCE (three-letter abbreviations are okay):  
 
__________________________________________________________________________________________________________________________________________ 
 
Decoded Message (English word or words):  
 
__________________________________________________________________________________________________________________________________________ 



 

 

Test Supplement 

 

 


