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Genes and Protein Synthesis

31.9112.A

Proteins are vital to the functioning of cells. Nearly all cellular
processes require proteins. Proteins are also important structural
components of cells, and they play a role in cellular communication.
To build proteins, the cell uses instructions contained in molecules of
deoxyribonucleic acid, or DNA. Just as the blueprint for a building
describes how to build the building, DNA is a blueprint that
how to “build” a protein.

yribonucleic acid, or
DNA, is the molecule that

subunits that make up
DNA/ Each nucleotide
DNA, Genes, and Chromosomes cofsists of a sugar, a

A DNA molecule is a long polymer chain made u . phosphate group, and a
Nucleotides are molecules composed of carbon, hydrogen, and oxygen: nitrogen base that varies
In addition, they contain nitrogen and phosphgrus. Ea cleotide among nucleotides.
contqlns one of four n!trogen bases_: adenine/A), cyt (©), Tivs o e Er e
guanine (G), and thymine (T). DNA is usually found in"thé form/of a -

, pairing rules state that

double strand, made up of two moleculeslj ed_ k_)y bonds be \ base A pairs with T and
the bases. The DNA bases can bond onlyin_specific ways: adenine

, S ' C pairs with G.
bonds only with thymine, and cytosin
bonding rules are called complemen

Hydrogen bonds between
nitrogen bases hold two
DNA strands together as a
double strand.

Key to Bases:

2 A ]

Thymine Adenine A codon is a sequence of
three nucleotide bases

)G | that codes for a specific

Cytosine Guanine amino acid.
The bases of DNA make leotide sequences. These sequences A gene is a stretch of
instruetions for making certain DNA that contains the
oleculés for,the body. The process by which information needed to
to make/a protein is called gene expression. make a protein.
psomes Wh|Ch are in the nUCleUS Of A chromosome is a sing'e
are made up of DNA that is tightly piece of DNA, made up of
genes.
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Chromosome

Nucleus

Every living thing has its owry geneti e/ [ Although species differ
when DNA is translated to api amino acid sequence. in many of their genes,
the genetic code is the
same for nearly all the
organisms on Earth. This
is evidence for a common
B genes origin for all life.

What are regions of DNA tha

A bases

regions’of DNA thatcode forproteins, so the correct answer is B.
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Transcription: From DNA to RNA

In eukaryotes, DNA is located inside the nuclei of cells, but proteins
are assembled in the cytoplasm outside the nucleus. Although DNA
carries the instructions for making proteins, it does not leave the
nucleus. Instead, the information contained in DNA is copied, and a
“transcript” of the information moves out into the cytoplasm. This
transcript is a molecule of ribonucleic acid, or RNA.

RNA is similar in structure to DNA; it is also made up of nucleoti
An RNA molecule, however, is made up of only one strand of
nucleotides. Another difference between DNA and RNA is that RNA
does not contain the base thymine. Instead, it contains uracil (U). Like
thymine, uracil bonds only to adenine.

There are three main types of RNA: messenger RNA
RNA (tRNA), and ribosomal RNA (rRNA). Messenger R

G

Transcription is the

Before transcription begins, specific proteins separate the two Strand process in which genetic

of the DNA molecule. The bonds between the information from DNA is
copied to mRNA.

Sequences of “junk DNA”
may be snipped out of
an mRNA transcript by
enzymes in the nucleus.

up a strand of mRNA.
In eukaryotes, once an mRNA strand“has been-transcribed, jt is

further processed before it exi for the tytoplasm.

P A v RNA nucleotides

Direction of
transcription

~DNA template strand
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Translation: From RNA to Protein

Proteins consist of chains of amino acids, and most proteins contain
hundreds of these building blocks. Like the nucleic acids that provide
the blueprints, proteins are also made of carbon, hydrogen, and
oxygen atoms. Proteins also contain nitrogen and, sometimes, sulfur,
There are about 20 different amino acids that make up proteins. Thé
order of amino acids in a protein determines the protein’s three-
dimensional structure and its function. In turn, the sequence of ba
in a strand of mMRNA specifies the sequence of amino acids in the
protein. This is done in groups of three. Three mMRNA bases form a
codon. A codon is “code” for a particular amino acid. The process of
synthesizing proteins from MRNA sequences is called trans

Ribosomes translate mRNA with the help of ahother/type of RNA
called tRNA. The two ends of a tRNA molecute have al fungtions.

toplasm:~Each of

for the amino acid tryptophan. Tryptophan is coded for by the mRNA
codon when the tRNA molecule-carrying'the anticoden, ACZ, binds to

A ribosome, mRNA strand/and tRNA molecules work together to
RNA strand atd

tfand and exposes
the next codon, allowing the appropriate tRNA molecule to bring its
amino acid into plae ino acid is/carried to the ribosome,
it is bound to the previous aming’ acid,/making the polypeptide
chain longer. The tRNA molecule is détached and released into the
cytoplasm, the-rihosome shifts to the next codon, and the process is
repeated

© The Continental Press, Inc. DUPLICATING THIS MATERIAL IS ILLEGAL.

A protein consists of one
ore long chains of
aming acids. The chains

Thefibosomes of
eukaryotic cells may
be found free in the
cytoplasm or bound to
the rough endoplasmic
reticulum. rRNA and
protein make up each
ribosome.

tRNA stands for transfer
RNA, because it transfers
free amino acids to the
growing peptide chain on
the ribosome.

An anticodonis a
sequence of three tRNA
bases that binds to a
complementary mRNA
codon.

tRNA and rRNA are also
transcribed from genes in
the nucleus.

Some amino acids are
coded for by more than
one codon. For example,
histidine is coded for by
both CAU and CAC.

A polypeptide is a chain
of amino acids, i.e., a
protein.
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Valine

The order of amino
Incoming ids in a protein is only
tRNA bonded one of the factors that

b vaite srminejthe protein’s
' in ha it folds
& in a specijfic way,/giving
Released ‘ | it a part
tRNA ; i i ape. The

Codon for valine

Growing protein chain

Anticodon for valine

The ribosome and amino-acid—carrying tRNA

) : the’protein’s function
translate the mRNA sequence into a protein.

of make it completely

nonfunctional.

The table below contains all amino acids and their associated

codons. Special “start” and
Second letter “stop” codons on mRNA
C tell the ribosome where
— translation should begin
UUU } Phe ucu u r and end.
u | VU ucc | o, AC
UUA } Leu UCA AA Stop A
uuG UCG | UAG Stop G
cuu CCU U }N CcGU U
= CuUcC CCC CA GC Cla
] L - P
1 cua [ |cea /@\ AAY o NG 9 1A%
E CcuaG CCG J CAG G G °
= AUU ACU U |
[
A AUC lle ACC C
AUA ACA A
AUG Met | ACG J G
GUU GCU 1 u
GUC C
Val
G| Gua "/ | aca A
GUG GCG GAG GGG G

A strand of DNA contains tlm)win es: GAT AGA GAT CAA.
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Protein Synthesis in the Cell

The process of transcription of DNA to RNA, followed by the
translation of MRNA into protein, is called the central dogma of
molecular biology. It occurs in all living cells, both prokaryotic and
eukaryotic. All cells have polymerase enzymes that transcribe DNA to
mRNA and ribosomes that translate the information in mRNA to a
sequence of amino acids.

The central dogma of

In eukaryotic cells, a number of organelles are also involved in these karyotic cglls, which

processes. Chromosomes cannot leave the nucleus, which is where anscription
transcription of mMRNA occurs. The mRNA strand exits to the cytoplasm 3 ’n both take
through a pore in the nuclear membrane. 2.in the cytoplasm.

In the cytoplasm ribosomes may be free or bound to

translated by the free nbosomes in the cytoplasm. Protein
destined for the plasma membrane or for secretion from

There are two kinds of
ER, rough and smooth.
Smooth ER is involved

in the production of

fatty acids and lipids. No
ribosomes are attached to
smooth ER.

The flowchart on the next page summ the pracess of protein

synthesis in a eukaryotic cell.

A vesicle is a small
membrane sac inside the
cell, which may contain
material for transport.
Proteins are transported
in vesicles from the ER
to the Golgi apparatus,
and then to the plasma
membrane.

The Golgi apparatus is
an organelle made up
of many stacks or folds
of membrane. It accepts
proteins from the ER,
modifies the proteins,
packages them into
vesicles, and releases
the vesicles on the side
nearest the plasma
membrane.
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PROTEIN SYNTHESIS IN EUKARYOTIC CELLS

MRNA transcript exits nucleus.
I
] ./

Ribosomes on the endoplasmic Ribosomes in/the cytgpla
reticulum synthesize proteins. synthesize groteins

7
Y 4\7

The endoplasmic reticulum modifies the protein and then . .
o ) . Proteins are used inside the cell
encloses it in a vesicle, or tiny membrane-bound sac.

Y
The vesicle moves through
the cell to a Golgi apparatus.

Y
The Golgi apparatus further modifies the
protein, and then encloses it in another vesicle.

The fusion of vesicles with
the plasma membrane
and the release of
proteins from the cell is
called exocytosis.

Y
The vesicle moves out of the Golgi
apparatus to the plasma membrane.

Y

AN
The protein moves through the plasma embrarne.
to the outside of the cell, where it is néeded.

Which organelle is not involved in the.synth and secretion of a

protein from the cell?
A ribosome
B smooth ER
C Golgi apparatus
D plasma membrane

ugh ER and sent
to the Golgi appatatus for further modificatioh, so choices A and

correct.
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It’s Your Turn

Please read each question carefully. For a multiple-choice question, cip
letter of the correct response. For a constructed-response question,
answers on the lines.

1 In which order is a protein created?
A DNA — mRNA — amino acid — protein
B amino acid - mRNA — DNA — protein
C protein — amino acid = mRNA — DNA
D mRNA — protein — DNA — amino acid

Use the table below to answer questions 2 and 3.
MRNA CODONS FOR SEVERAL AMWNO ACIDS

Amino Acid Codons Aminy/Acid odons\
Asparagine AAU, AAC },{sine A%A, AA}&
Cysteine UGU, UGC @rosine \{JAU, %C

, g anticodons would be
able to bind t¢’a molecule of lysine?

A TTT
B TTC
C AAA
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4 Suppose all of the ribosomes in a cell were destroyed. How would this
most likely affect the process of gene expression?

A The DNA double strand would be unable to separate.
B The cell would be unable to form mRNA strands.
C The amino acids could not be joined to form a protein.

D The tRNA molecules would bind to the wrong amino adi

5 A scientist studying protein synthesis makes the following observations:
A UUU-UUCCUU-GAA — Protein A
B UUU-UUC-CUA-GAG — Protein A
C UUU-UUCGCUG-GAA — Protein A

Which explanation is supported by the evidenee:

A There are multiple DNA codes that can/produce the same prote

B Each protein is coded for in only one/way.

C The sequence of proteins on a chr,
genes.

pMosome ends,/upon its

A Which condl
evidence?
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B Describe two differences between transcription and translation.

from the cell.
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