Chapter 4

Expression of Genetic
Information



Genetic Code

Information in DNA - amino acid sequence in protein
MRNA

5’ GCA GCA CUA GGA GAG AAG 3* pm W % HH

« Codon: triplet of RNA bases TTTTTT
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20 amino acids in nature

Codon (nt) Amino acid
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2 16



First base

Genetic Code

Second base
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Genome

Gene

= The complete stretch of DNA needed to determine
the amino acid sequence of a protein

Genome
= The complete set of genetic material in an organism

= Human genome project

* 1990-2003

« U.S. department of energy and the National Institute of
Health

« 3.2 x 10° bp, 19,000~20,000 genes
* 98% is noncoding DNA



Protein Synthesis

Transcription
= From DNA to mRNA (messenger RNA)

Translation
= From mRNA to protein
= tRNA (transfer RNA) matches the codon to amino
acid
= Ribosome (made of Proteins and RNAS)
* Protein synthesis



Transcription

RNA synthesis
using only one
strand as a
template

= MRNA - encode
protein

= Ribosomal RNA
(rRNA) and tRNA
- no translation

RNA polymerase
= mMRNA synthesis




Regulation of Transcription

Promoter

= Binding site of RNA polymerase and regulatory proteins
(transcriptional regulator; activator or repressor)

Terminator
= The site where transcription stops

Processing of eukaryotic RNA
= Splicing : joining of exons

Exon Intron Exon Intron Exon Intron Exon

DNA

Promoter Terminator
l Transcription

RNA transcript | [ [ [ [ 1

l Splicing

mRNA | [ [




Translation

11 111

UUG ACA

AUGCCAAACUGUUUGACA
———— e e MRNA

Protein

Ribosome



Translation

Wahd Amino acid

= attachment site
tRNA send
= Cloverleaves shaped

folding @%;@

= Anticodon:;
complementary to codon a
= 3’ end: amino acid AR
attachment Btiepsian
Translation —_
. LR B
= Assembly of ribosome <

and MRNA &1@
= Binding of tRNA
= Peptide bond formation @;ﬁ

= Release of tRNA




Transcription and Translation

Ribosome

Signals for

binding site in MRNA

= Shine-Dalgarno Sequence

Initiation codon
= AUG for methionine

Stop codon
= UGA, UAA, UAG : no corresponding tRNA

Ribosome

recognition element Coding sequence
DNA & El l
3’ i
Promoter Initiation Stop Terminator
codon Transcription ~ codon
\
mRNA 5 [ [ 3
Translation
\
Protein )

Amino acids corresponding
to the coding sequence

3:
51



Cellular Fate of Proteins

Protein Targeting to specific compartment (ER, Nucleus,
Mitochondria ) is guided by signal peptide (tags)

Membrane

/ ‘ Secretion
Mitochondria /

Lysosome

Nucleus



Overview of Protein Sorting Pathway
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Protein Targeting to ER

Proteins with signal
peptide

= Secretory proteins

= Membrane proteins

= Proteins in ER, Golg,

and lysosome

Modification during
transport from ER to
Golgi apparatus

= Glycosylation




Mutations

Mutation

= Any change in a DNA sequence
« During normal cellular processes
— Error of DNA polymerase
— Transposition (Chapter 13)
« Environmental factors

— DNA damage by UV or chemicals
= Source of genetic variation and evolution

Types of mutation

= Silent mutation: : mutation with no effect on a protein (the codon
encoding the same amino acid)

= Mutations having slight effect : mutation in non-functional
domain of a protein

= Mutations affecting protein function

» Promoter or ribosome binding sequence : no protein synthesis
« Essential protein sequence



Mutations

No effect on survival
= e.g. hair color

A B
MSH-1 hormone MSH-1 hormone Nonfunctional
hormone
receptor
Hormone /
receptor
&%L receptor 1 1
(0080089 CEaE0 QODTST \N\N\M O
~— g—
S— —_—
Cytoplasm /Signal for melanin No signal
pigment production No pigment




Mutations

Harmful
= e.g. sickle-cell anemia
« Ato T mutation of hemoglobin
- 6" amino acid change from

\ ‘\
o

glu ({0 Val A. Normal hemoglobin
> hydrophobic aggregation of ¢ Y @ %
hemoglobin

B. Sickle-cell hemoglobin



Mutations

Benign erythrocytosis

= Elevated levels of RBC

= Mutation in erythropoetin receptor
-- 481 TGG to TAG (stop codon)

= Deletion of 70 amino acids for repression of signal
transduction

—->More RBC production from bone marrow stem cells
- Greatly enhanced stamina

(Finnish athlete Eero Mantyranta won three gold
medals for cross-country skiing in the 1964 Winter
Olympics)



A. Normal receptor protein

Cell

signaling

site

Docking site for
braking protein

Hormone O

Cell is signaled to mature
and form RBCs.

Q/Hormone

binding
site

)

=

O Hormone

Braking

No signaling,
no RBC production

Mutations

B. Mutant receptor protein

Cell I
signaling i

site \Vvv

No docking site -

protein

Cell is signaled to mature
and form RBCs.

Hormone O O Hormone
Braking
protein

N N
R_—~Hormone
binding
site

’J&u

G E

Even when the braking
protein is present, the cell
is signaled to mature

and form RBCs.



Chapter 5

Protein Structure and
Function



Amino Acids and Primary Structure

5 H
. . O
Amino acids .
. Y
= Amino group 7 ' Y
. Carboxyl gI’OUp Amino group Acid group
= R group; 20 Side .
chains ! 4B oL
] H—N—(li—C\ + H—N—?—C\
Peptide bond H O
= Between NH, and }_’”2"
COOH H H O H H 5
| | - |
. H—N—C G —C
Polypeptide R'1 g O
= A chain of amino acids Peptide bond
B
n N term|nus and C N terminus C terminus
i W M M N N
terminus H—N—C—C—N—?—C—N—?—C—N—(lZ—C—N —<|:—c<



Amino Acids

Charged R groups Polar R groups
?OOH COOH COOH COOH fOOH COOH ?OOH
HZN—f—H HZN—$—H H2N—?—H HZN—?—H H2N—f—H HZN—?—H H2N—f—H
(|ZH2 ?Hz CH,OH H= ? —OH (|ZH2 ?Hz (|ZH2
CH, CH, CHs3 SH CH, C
| | | N Do
5 B i €
(|ZH2 l]\lH CH;
+
*NH; f=NH2 Serine (Ser) Threonine (Thr) Cysteine (Cys) Methionine (Met) Asparagine (Asn)
NH, nonpolar
Lysine (Lys) Arginine (Arg) COOH COOH COOH COOH
| |
HzN_f_H HZN—?—H HZN—?—H H2N—?—H
COOH COOH
[ (IZHZ sz CH, ?Hz
H,N—C—H H,;N—C—H
| | CH, C\ C\
?Hz $H2 é HC /NH CH
coo- ?Hz HN” o N=CH NH
- OH
& nonpolar
Aspartate (Asp) Glutamate (Glu) Glutamine (Gln) Histidine (His) Tyrosine (Tyr) Tryptophan (Trp)
Nonpolar R groups
COOH COOH COOH COOH COOH ?OOH COOH
H,N—C—H H,N—C—H H,N—C—H H,N—C—H H,N—C—H /C<H H,N—C—H
| | | | HN™  CH, |
H CH3 CH CH, H—C—CH; \ / CH,
NS [ | H,C—CH,
CH; CH CH,
N |
HxC CH3 CHs
Glycine (Gly) Alanine (Ala) Valine (Val) Leucine (Leu) Isoleucine (lle) Proline (Pro) Phenylalanine (Phe)



Primary and Secondary Structure

Primary structure
= Linear arrangement (sequence) of amino acids

Secondary structure
= Core elements of protein architecture

= Neutralization of partial charges of the peptide
backbone by hydrogen bonding

= Local folding of polypeptide chain
* a helix, B sheet : 60% of the polypeptide chain
« Random coils and U-shaped turn



Common Hydrogen Bonds
In Biological Systems

7 0 Vi 0 7
Heooooo 0=C 7 \H ..... N 7 \|..| ..... 0
5 X X
X b \ / N Vi
N—H O=C N_H ..... O N_H ..... N



Hydrogen bond between
carbonyl O (n) and amid H
(n+4)

Directionality on the helix :

The same orientation of H
bond donor

Side chains point outward :

Determine hydrophobic or
hydrophilic quality

o-Helix

< 3.6 residues per
= helical turn
v



B-Sheet

oo n__u T

o (9
_ I

|
o =T o

T n_._u T

3
N SN N SN S N
v =z v

(V)

_

| |
o T D

- n_._u "

(V) _ ()

| |
o T o

T n_._u -

(V)

e

o
[

I

o
[

o
I

1)

I

|
o

I

o
I

=z (@) O =z (@) O =z (0] |9
N NN RN N RN

a5

o
l

G N
=z () (@) =z

_

I

o
I

=z (@) ) o= (@) )
7%
WA NN N

(9]

|
<

I

|9
|
o

b

e o

o
I

~ W ¢
S /N\

T

o
l

3
CENE NG N SN RN R N

U z @]
| _ |
(@) T o

between 3 strands
pleated sheet

Hydrogen bonding
-> [ sheet,

9]

o=

_

I

(9
|
o

Usually not flat,

1Y)

1
u

but twisted



Tertiary Structure

Overall folding of a polypeptide chain

Stabilization

= weak interaction
— Hydrophobic interaction between nonpolar side chains

— Hydrogen bond between polar side chains and peptide

bonds
Cysteine Peptide

= Disulfide bond formation side chains backbone\
|

| %Rlﬁ |

‘ ’—CHZ—S—S— CH2~| |
Disulfide bridge



. Graphical Representation

of the Proteln —

(a) C, backbone trace (b) Ball and stick




Higher Levels of Structure

Domains
= One stable, compact, three-dimensional shape

= Fundamental units of protein structure and function
* DNA binding domain, transmembrane domain

A —236

= e.g. lambda repressor (236 aa)
* N terminal domain : DNA binding s
« C terminal domain : o
Interaction with C terminal domain
of another molecule (dimerization)




Modular Proteins

New proteins by combination of functional domains

Biotechnological application using recombinant DNA
technology

EGF & Domains that are homologoqs to EGF,
a small polypeptide of 53 amino acids

h : A two-domain, 254-amino-acid,
Chymotrypsin C:) protein-cleaving unit homologous to

the enzyme chymotrypsin

Urokinase CD—@—& @ A Kringle domain of 85 amino acids

that contains three disulfide bridges

Factor 1X () ‘ ‘ c A calcium-binding domain
Plasminogen @—@—@-@-@—@




Quaternary Structure

= Association of multiple polypeptide chains
= Lambda repressor : dimer
= E. coli RNA polymerase : Five polypeptide chains

P.'\'.‘:.




Disruption of Protein Structure

Factors disrupting protein structure
= Heat, extreme pH, organic solvent, detergent

Denaturation
= Complete unfolding of amino acid chain
= Sometimes irreversible : e.g. boiled egg

= Melting temperature (T,,)
« Denaturation temperature for a given protein
« Depending on protein structure
— Proteins from organisms living at high temperature
— Disulfide bridge increases protein stability



Examples of
Protein Structure and Function

Keratin

= Structural protein for hair, wool, feathers, nails,
scales, hooves, horns, skin

= Very strong and water insoluble
« Hydrophobic alpha helices
— Long a-helix with hydrophobic amino acids
— Forming fibers by hydrophobic interactions
 Disulfide bonds
— The more S-S bonds the harder the structure
— Permanent hair wave

» Reducing of disulfide bond - Generation of
new disulfide bond



Examples of
Protein Structure and Function

C __—Keratin
fiber

=3 &=

=S &=

=

e A e AT

1. Normal 2. Hairis wrapped 3. Reducingagent 4. Neutralization
hair around curling rod. breaks disulfide allows disulfide
bonds. bridges to re-form;
new disulfide bonds
hold hair in a wavy
conformation.
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Lambda Repressor

A. The orientation of
protein helices on
the DNA-binding site

Binding of N-
terminal domain
nelix 3 to specific
pases WIithin the & megmiescidseauenceof et s e

that are contacted by amino acid side

:) N A Se q u e n Ce chains are indicated by arrows.

C. The contact between
the first glutamine side N
chain in helix 3 and its PN C—CH,—CGH> =G (=
target base N “ |

Protein
backbone

Minor groove




Trp Repressor

If plenty of Trp in the cytosol

Binding of Trp into Trp Repressor and change the
conformation

Trp repressor binds to DNA and represses the expression
of genes involved in Trp synthesis

Unstructured amino acid loop

Loop changes conformation upon
binding to tryptophan

Tryptophan

Gene off

Gene on



Predicting Protein Structure

It is difficult to predict three dimensional
structure from the amino acid sequence

Compare to other proteins with known function

or structure

= Easy access of information through public database

« NCBI (National center for Biotechnology Information) run by
National Institutes of Health (NIH)

e http://www.ncbi.nlm.nih.gov

= Testing structure-function prediction
« Using molecular biological tools
* Introduction of mutations into protein
—>change of protein function



http://www.ncbi.nlm.nih.gov/

Protein Engineering

Manipulation of protein’s amino acid sequence
to change its function or properties

Chemical manufacturing

= Develop enzymes more suitable for industrial
applications

= |ncreasing enzyme stability

 e.g. bacteriophage lysozyme: introduce S-S bond to
Increase heat resistance

« Proteases in detergent



