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CHAPTER 1 From DNA to Proteins
Chapter Outline

1.1 DNA AND RNA

1.2 PROTEIN SYNTHESIS: TRANSCRIPTION & TRANSLATION

1.3 REFERENCES

The spiral structure in the picture is a large organic molecule. Can you guess what it is? Here’s a hint: molecules like
this one determine who you are. They contain genetic information that controls your characteristics. They determine
your eye color, facial features, and other physical attributes. What molecule is it?

You probably answered “DNA.” Today, it is commonly known that DNA is the genetic material. For a long time,
scientists knew such molecules existed. They were aware that genetic information was contained within organic
molecules. However, they didn’t know which type of molecules play this role. In fact, for many decades, scientists
thought that proteins were the molecules that carry genetic information. In this chapter, you will learn how scientists
discovered that DNA carries the code of life.
User:PublicDomainPictures/Pixabay. pixabay.com/en/dna−biology−medicine−gene−163466/. Public Domain.
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1.1 DNA and RNA

DNA & RNA Lesson Summary

• The genetic information responsible for inherited characteristics is encoded in the DNA molecules in chromo-
somes.

• DNA is genetic material. DNA has a double helix shape, made up of smaller subunit molecules called
nucleotides (A, T, C, G) that code for genetic traits.

• The nucleotide sequence in a gene specifies the amino acids needed to make a protein. Proteins express
inherited traits (e.g. eye color, hair texture) and carry out most cell functions.

• The central dogma of molecular biology states that DNA contains instructions for making a protein, which are
copied by RNA. RNA then uses the instructions to make a protein. In short: DNA→ RNA→ Protein.

• RNA differs from DNA in several ways. There three main types of RNA: messenger RNA (mRNA), ribosomal
RNA (rRNA), and transfer RNA (tRNA). Each type plays a different in role in making proteins.

Introduction

Your DNA, or deoxyribonucleic acid, contains the genes that determine who you are. How can this organic molecule
control your characteristics? DNA contains instructions for all the proteins your body makes. Proteins, in turn,
determine the structure and function of all your cells. What determines a protein’s structure? It begins with the
sequence of amino acids that make up the protein. Instructions for making proteins with the correct sequence of
amino acids are encoded in DNA.

Central Dogma of Molecular Biology

DNA is found in chromosomes. In eukaryotic cells, chromosomes always remain in the nucleus, but proteins are
made at ribosomes in the cytoplasm. How do the instructions in DNA get to the site of protein synthesis outside
the nucleus? Another type of nucleic acid is responsible. This nucleic acid is RNA, or ribonucleic acid. RNA is a
small molecule that can squeeze through pores in the nuclear membrane. It carries the information from DNA in the
nucleus to a ribosome in the cytoplasm and then helps assemble the protein. In short:

DNA→ RNA→ Protein

DNA

DNA is the genetic material in your cells. It was passed on to you from your parents and determines your character-
istics. The discovery that DNA is the genetic material was another important milestone in molecular biology.

The Double Helix

Scientists concluded that bonds (hydrogen bonds) between complementary bases hold together the two chains of
DNA.

• Adenine (A) always bonds with its complementary base, thymine (T).
• Cytosine (C) always bonds with its complementary base, guanine (G).

2
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DNA Replication

DNA replication is the process in which DNA is copied. It occurs when a eukaryotic cell cycle needs to create more,
identical cells. As a result, the two daughter molecules are both identical to the parent molecule.

The process of DNA replication is actually much more complex than this simple summary. You can see a detailed
animation of the process at this link: http://www.youtube.com/watch?v=-mtLXpgjHL0 (2:05).

FIGURE 1.1
DNA Replication. DNA replication is
a semi-conservative process. Half of
the parent DNA molecule is conserved
in each of the two daughter DNA
molecules.

RNA

DNA alone cannot “tell” your cells how to make proteins. It needs the help of RNA. Remember, DNA "lives" in the
nucleus, but proteins are made on the ribosomes in the cytoplasm. How does the genetic information get from the
nucleus to the cytoplasm? RNA is the answer.

RNA vs. DNA

RNA, like DNA, is a nucleic acid. However, RNA differs from DNA in several ways. In addition to being smaller
than DNA, RNA also
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• consists of one nucleotide chain instead of two,
• contains the nitrogen base uracil (U) instead of thymine,
• contains the sugar ribose instead of deoxyribose.

Types of RNA

There are three main types of RNA, all of which are involved in making proteins.

1. Messenger RNA (mRNA) copies the genetic instructions from DNA in the nucleus, and carries them to the
cytoplasm.

2. Ribosomal RNA (rRNA) helps form ribosomes, where proteins are assembled.
3. Transfer RNA (tRNA) brings amino acids to ribosomes, where they are joined together to form proteins.

In the next lesson, you can read in detail how these three types of RNA help cells make proteins.
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1.2 Protein Synthesis: Transcription & Trans-
lation

Protein Synthesis Lesson Summary

• Transcription is the DNA → RNA part of the central dogma of molecular biology. It occurs in the nucleus.
During transcription, a copy of mRNA is made that is complementary to a strand of DNA.

• The genetic code consists of the sequence of bases in DNA or RNA. Groups of three bases form codons, and
each codon stands for one amino acid. A chain of amino acids makes up proteins.

• Translation is the RNA → protein part of the central dogma. It occurs at a ribosome. During translation, a
protein is synthesized using the codons in mRNA as a guide. All three types of RNA play a role in translation.

Introduction

The process in which cells make proteins is called protein synthesis. It actually consists of two processes: transcrip-
tion and translation. Transcription takes place in the nucleus. It uses DNA as a template to make an RNA molecule.
RNA then leaves the nucleus and goes to a ribosome in the cytoplasm, where translation occurs. Translation reads
the genetic code in mRNA and makes a protein.

Transcription

Transcription is the first part of the central dogma of molecular biology: DNA→ RNA. It is the transfer of genetic
instructions in DNA to mRNA. During transcription, a strand of mRNA is made that is complementary to a strand
of DNA. Figure 1.2 shows how this occurs. You can watch an animation of the process at this link: http://www.b
iostudio.com/d_%20Transcription.htm .

• A detailed video about transcription is available at this link: http://vcell.ndsu.edu/animations/transcription/m
ovie-flash.htm .

Steps of Transcription

Transcription takes place in three steps: initiation, elongation, and termination. The steps are illustrated in Figure
1.3.

Translation

Translation is the second part of the central dogma of molecular biology: RNA → Protein. It is the process in
which the genetic code in mRNA is read to make a protein. Figure 1.5 shows how this happens. After mRNA
leaves the nucleus, it moves to a ribosome, which consists of rRNA and proteins. The ribosome reads the sequence
of codons in mRNA in groups of 3 letters called codons. Molecules of tRNA bring amino acids to the ribosome in
the correct sequence based on the 3 letter code in the mRNA.

There are 20 common amino acids in proteins. There are 64 possible codons, more than enough to code for the 20
amino acids. The genetic code is shown in Figure below. To see how scientists cracked the genetic code, go to this
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FIGURE 1.2
Overview of Transcription. Transcription
uses the sequence of bases in a strand
of DNA to make a complementary strand
of mRNA. Triplets are groups of three suc-
cessive nucleotide bases in DNA. Codons
are complementary groups of bases in
mRNA.

FIGURE 1.3
Steps of Transcription. Transcription oc-
curs in the three steps - initiation, elonga-
tion, and termination - shown here.
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link: http://www.dnalc.org/view/16494-Animation-22-DNA-words-are-three-letters-long-.html .

FIGURE 1.4

Reading the Genetic Code

As shown in Figure above, the codon AUG codes for the amino acid methionine. This codon is also the start codon
that begins translation. After the AUG start codon, the next three letters are read as the second codon. The next three
letters after that are read as the third codon, and so on. This is illustrated in Figure below. The mRNA molecule is
read, codon by codon, until a stop codon is reached. UAG, UGA, and UAA are all stop codons. They do not code
for any amino acids.

To understand the role of tRNA, you need to know more about its structure. Each tRNA molecule has an anticodon
for the amino acid it carries. An anticodon is complementary to the codon for an amino acid. For example, the amino
acid lysine has the codon AAG, so the anticodon is UUC. Therefore, lysine would be carried by a tRNA molecule
with the anticodon UUC. Wherever the codon AAG appears in mRNA, a UUC anticodon of tRNA temporarily binds.
While bound to mRNA, tRNA gives up its amino acid. Bonds form between the amino acids as they are brought one
by one to the ribosome, forming a polypeptide chain. The chain of amino acids keeps growing until a stop codon is
reached. To see how this happens, go the link below. http://www.youtube.com/watch?v=B6O6uRb1D38 (1:29)

After a polypeptide chain is synthesized, it may undergo additional processes. For example, it may assume a folded
shape due to interactions among its amino acids. It may also bind with other polypeptides or with different types
of molecules, such as lipids or carbohydrates. Many proteins travel to the Golgi apparatus to be modified for the
specific job they will do. You can see how this occurs by watching the animation at this link: http://vcell.ndsu.ed
u/animations/proteinmodification/movie-flash.htm .
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FIGURE 1.5
Translation. Translation of the codons in mRNA to a chain of amino acids occurs at a ribosome. Find the different
types of RNA in the diagram. What are their roles in translation?
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