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2.7 Protein Synthesis

Essential Question(s): How does the structure of DNA determine its function?
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Part 1: Transcription

Transcription is the process in which one small section of DNA (a
gene) is copied into a messenger RNA (mRNA) molecule. It's taking
one string of nucleotides (DNA) and transcribing it into another string
of nucleotides (RNA), a little like listening to a sentence and then
writing it down. The sequence of nucleotides in the DNA determines
the sequence of nucleotides in the mRNA.

DNA is transcribed to mRNA using base pairing rules much like those

used when DNA is copied (replication), but there are some differences. Notably, RNA does not contain
thymine, but has a different base, uracil, instead. So, when RNA is being made from a DNA template, uracil
pairs with adenine (U pairs with A). Use this video to help you in transcribing DNA to mRNA.

ribose deoxyribose

1. Check your skills. Use base pairing rules to transcribe the DNA strand into mRNA.

DNA TAC | GCG | CCA | CAA | CGC | TAT | ACC | GAC | TCT [ GGG | TGA | ATT

mRNA [ AUG | CGC

Patterns Biology 2.7 Protein Synthesis Updated 10/2023 1

Unless otherwise noted, this work is licensed by Portland Metro STEM Partnership and Beaverton School District under the Attribution-NonCommercial-ShareAlike 4.0 International



http://learn.genetics.utah.edu/content/basics/proteins/
https://youtu.be/Yf3UmSiJW54
https://www.youtube.com/watch?v=5MfSYnItYvg
https://www.youtube.com/watch?v=QLhIg60hK9M
https://www.youtube.com/watch?v=8dsTvBaUMvw
http://learn.genetics.utah.edu/content/basics/proteins/
https://youtu.be/Yf3UmSiJW54
http://creativecommons.org/licenses/by-nc-sa/4.0/

First base

Watch transcription happening in real time as it occurs in living cells.

2. Summarize the process of transcription: explain how a gene in DNA directs the synthesis of an mRNA
molecule. Use the word bank and sentence frames below, or write your own sentences.

Word Bank:
base-pairing rule cytoplasm gene nucleotide RNA polymerase
complementary DNA messenger RNA nucleus unzip

First, , then , last

Prior to, , followed by , eventually

Part 2: Translation

Translation is the process in which an mRNA molecule is used to
produce a protein molecule. A string of mMRNA nucleotides is “read”
and translated into a string of amino acids, a little like reading a
sentence in Spanish and translating it to English. The sequence of
nucleotides in the mRNA determines the sequence of amino acids in
the protein.

Protein

Amino
acid

\Ne

Image Source: Rachel Taylor, Millenium HE, New York NY

Translation is like a secret code. The charts below provide a key
used to translate from the mRNA “nucleotide language” to the
amino acid “protein language”. Read the codon chart by taking a
3-letter mRNA codon, starting with the first

letter in the center circle, and moving o I& \ 3, @

outwards with each successive letter. For L "*",:_a @ - SN
example, the codon A A C codes for £ @a c-;U /&* u'-‘-nc u
asparagine. Use this video to help you in . eu/s ho W éé*’ u; rJ'::u
reading the two different types of codon chart. Mjg j E & § §
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https://www.youtube.com/watch?v=5MfSYnItYvg
https://www.youtube.com/watch?v=QLhIg60hK9M
http://creativecommons.org/licenses/by-nc-sa/4.0/

3. Practice using the codon chart to translate from 3-letter mMRNA codons to amino acids. Note: You only
need to include the first 3 letters of each amino acid.

mRNA | AUG

CGC | GGU |GuUU

GCG

AUA [ UGG | CUG

AGA | CCC | ACU |[UAA

Amino
Acid

methionine

Finally, watch translation happening in real time as it occurs in living cells.

Review:

Original molecule

(subunits and polymer)

Molecule that is synthesized
(subunits and polymer)

Location in a cell where
process takes place

Transcription

Translation

Part 3: The Central Dogma: Tying It All Together

The process of transcription and translation is sometimes referred to as the Central Dogma of Molecular
Biology. All the functions of a cell are taken care of by proteins, so the manufacturing of those proteins are
central to the proper functioning of the cell, and therefore an organism.

Think about it this way: (analogy from Bioninja)

make food.

Patter

DNA

Unless ot fennk hook)

Transcription
{phatocopying) 3 15
I

Protein

Cakg

|

mRMNA
(recipe)

Translation

A cell is like a restaurant — differentiated cell types are like restaurants specializing in different cuisines
The DNA is the set of instructions for the cell — like a cookbook is the set of instructions for a restaurant
A single DNA instruction is a gene — like a single recipe in a cookbook
Transcription is the process of making an RNA copy of a gene — RNA polymerase is like a photocopier
The mRNA transcript (i.e. photocopied recipe) is transported to the ribosome — which functions as the cook
The ribosome reads the mRNA one codon at a time — as a chef would read the recipe one step at a time
Each codon corresponds to an amino acid — just like each step in a recipe refers to a specific ingredient
The amino acids are brought to the ribosome by tRNA — these tRNA molecules are like kitchen hands

The ribosome joins the amino acids together to make a polypeptide — just like a cook mixes ingredients to

(making the recipe)

) + +
1 @
_— - |
e anan
21 P Ribosome tRNA Amino acid 02> 3
{chel) (katchen hand) (ingredient)

erton Schc



https://www.youtube.com/watch?v=8dsTvBaUMvw
https://old-ib.bioninja.com.au/standard-level/topic-2-molecular-biology/27-dna-replication-transcri/translation-analogy.html
http://creativecommons.org/licenses/by-nc-sa/4.0/

Summary: Write a paragraph describing the steps necessary to turn a gene into a protein using the word
bank shown below. In your paragraph, bold the word bank words and make sure you use each of these words
at least once. Use the picture of the restaurant analogy and sentence frames to help you write your paragraph.

Word Bank:
transcription nucleus amino acid nucleotide tRNA
mMmRNA translation ribosome genes protein

Sequencing Sentence Frames:

First, , then , last
Initially, _ , meanwhile | finally .
Priorto, ___, followed by, eventually

Summary Paragraph:
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