Chapter 4

Expression of
Genetic Information
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1. 38 &F (Central Dogma)



Central Dogma

by F. Crick

DNA — RNA — Protein (24a)
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Central Dogma

DNA RNA Protein (SHal)
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Triplet

YOUCANUSETHEPEN

OUCANUSETHEPEN

YQUCANUSETHEPEN

YOQPCANUSETHEPEN
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<Amino acid> Ala Ala Leu Gly Glu Lys
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<Protein> Ala — Ala — Leu — Gly — Glu — Lys
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Genetic Code

Second letter

uuu ucu UAU uGu U
uc 17" ucc | gq Uac | ™ Uge |©¥ g
UUA T ., UCA UAA Stop UGA Stop A
ulG UCaG | UAG Stop UGG Trp G
CuUu | CCU | CAL His CGU | ]
CUC |, ., CCC by CAC CGC Arg C
o CUA CCA CAA | g, CGA A o
% CUG | CCG . CAG . CGG | ¢ 2
jZ AUU | ACU | AAUT,  AGUT_ U T
L AUC |lle  ACC | _ =~ AAC. AGC _ c @
AUA | ACA T AAA AGA T pe A
AUG Met ACG AAG | DY A |7 o
GUU GCU 7 GAL GGU | U
GUC |\, GCC |, = GAC ASPH ieaC oy ©
GUA GCA GAA]. =~ GGA Y A
GUG GCG | GAG - GGG | G

% £2{ : commons.wikimedia.org



RNA Tie Club
(Gamow & Watson)
20 members for 20 amino acids

Designed club tie
Designed tie pins for 20 amino acids



RNA Tie Club

1) ALA - George Gamow 11) LEU - Edward Teller

2) ARG - Alexander Rich 12) LYS - Erwin Chargaff

3) ASN - Paul Doty 13) MET - Nicholas Metropolis
4) ASP - Robert Ledley 14) PHE - Gunther Stent

5) CYS - Martynas Ycas 15) PRO - James Watson

6) GLN - Robley Williams 16) SER - Harold Gordon

7) GLU - Alexander Dounce 17) THR - Leslie Orgel

8) GLY - Richard Feynman 18) TRY - Max Delbrick

9) HIS - Melvin Calvin 19) TYR - Francis Crick

10) ISO - Norman Simmons 20) VAL - Sydney Brenner



George Gamow
(Physicist)

“Alpher, Bethe, Gamow?”
(Paper about the chemical

elements in space)

“aBy” paper (April 1, 1948)

» | B
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% =2{ : George Gamow, https://en.wikipedia.org



2. H&= (Genome)



DNA
SIMN| (chromosome)

784 (gene)
. olm Cmo| ofn|iyt NS TFSHH LRD

oMot MEHE TR DNA
W5 (genome, §TH))
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(Human Genome Project)

1988, Watson®| National Center for Human
Genome Research 20 A™S Stol =H

3.2 x 109 bp

21°1°F ot=H|,
& orEolY|,




First Draft of HGP

2000. 6. 26.

B. Clinton
(White House)
T. Blair

(10 Downing St.)

Clinton

“Today, we are learning
the language in which
God created life.”

% =2{ : Bill Clinton, https://en.wikipedia.org,
Tony Blair, https://www.wikidata.org



Toward one thousand genome

(M= °1= HI§ 1000E=S Fo11)
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20154
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L3E0] (deCODEme)
2,000

HHIAIH A (Navigenics)
9995

232ME0] (23andMe)
499=



2l #8SE =4 MHA




3. MAt(Transcription)



Central Dogma

DNA
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MRNA synthesis by RNA polymerase
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Regulation of Transcription

Promoter

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

Terminator
= The site where transcription stops

Exon Intron Exon Intron Exon Intron Exon
DNA
Promoter Terminator
Transcription
\/
RNA transcript | [ [ I I | I
Splicing
Y

mRNA | | |




Regulation of Transcription

Processing of eukaryotic RNA
= Splicing : joining of exons

Exon Intron Exon Intron Exon Intron Exon
DNA
Promoter Terminator
Transcription
\/
RNA transcript | [ [ | [ [ [
Splicing
\/

mRNA | | I




MRNA (messenger RNA)

- HUAZ HoEE YE NP

'RNA (ribosomal RNA)

. BojEg Y

tRNA (transfer RNA)

= HY IF§eIN o=t S



4. M A (Translation)



Translation

Protein
I l tRNA
111 111

UUG ACA

AUGCCAAACUGUUUGACA
NS WS TS S S ([ — MRNA

Ribosome



Translation

3'end Amino acid

tR N A — attachment site

= Cloverleaves ene
shaped folding

= Anticodon:
complementary to
codon

= 3’ end: amino acid
attachment

Anticodon



tRNA

Amino acid
qttach ment sjte
¥ ™

% £2{ : commons.wikimedia.org



Translation

psemol o uuuuuuumuk%u
rlbosome and e
MRNA ()
Binding of tRNA w%
Peptide bond Cﬁ
formation I

--- 3 Alanine T Alanine J Leucine J Glycine

Release of tRNA



Translation

Ribosome binding site in mMRNA
= Shine-Dalgarno Sequence

Initiation codon
= AUG for methionine

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

Ribosome

recognition element Coding sequence
5 = 3
DNA 3 = I 5’
Promoter Initiation Stop Terminator
codon Transcription ~ codon
\/
mRNA 5 [ [1 I 3
Translation
\/
Protein | )

Amino acids corresponding
to the coding sequence



Cellular Fate of Proteins

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

Membrane

‘ Secretion

Mitochondria

Lysosome
Nucleus



Protein Targeting to ER

Proteins with signal A et
peptide = \ p-glll
= Secretory proteins - v%*j)
= Membrane proteins T ?\/\J‘)l
= Proteins in ER, Golg, 55
and lysosome —
Modification during ... €
transport from ER to 39(‘ e
Golgi apparatus it () Pt o
= Glycosylation o / _



Chapter 5

Protein Structure and Function
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1. OO (Amino acid)



Amino Acids and Primary Structure

Amino acids H H 5
= Amino group b lll (|: C/
= Carboxyl group / I:I{ NoH

= R group; 20 Side chains Amino group \Acid group



Amino Acids and Primary Structure

Peptide bond

H_E_z_c/o ) H—E—Z_/O = Between NH, and
4 Do d on COOH
1 2
i»»mo Polypeptide
s = A chain of amino acids
H—N—C—g&=NS— C — C .
] L on = Nterminus and C
1 2 .
Peptide bond te MIiNnus
:terminus C terminus P“mary Stru CtU re
DT T Ty T ee o L
4o e e L _?_Cf inear arrangement
A o o R4 o WP (sequence) of amino

acids



Amino Acids

Charged R groups Polar R groups
COOH ?OOH COOH COOH fOOH COOH fOOH
HZN—E—H H2N—(|i—H H,N—C—H H2N—$—H HzN—(l'_—H HZN—$—H HzN_f_H
?Hz %Hz CH,OH H= ? —OH (|ZH2 ?Hz (IZHZ
CH, CH, CHs3 SH CH, C
i e I :
?Hz TH CHs
+
*NH; C=NH, Serine (Ser) Threonine (Thr) Cysteine (Cys) Methionine (Met) Asparagine (Asn)
|
NH, nonpolar
Lysine (Lys) Arginine (Arg) COOH COOH COOH COOH
HZN—f—H HZN—T—H HZN—?—H HZN—?—H
COOH COOH
| ?Hz ?Hz CH, ?Hz
H,N—C—H H,;N—C—H
| | CH, /C\ c\
CH, $H2 é HC\ /NH CH
coo- $H2 HN” o N=CH NH
- OH
& nonpolar
Aspartate (Asp) Glutamate (Glu) Glutamine (Gln) Histidine (His) Tyrosine (Tyr) Tryptophan (Trp)
Nonpolar R groups
fOOH COOH $OOH (|ZOOH TOOH ?OOH ?OOH
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,
H C/ \CH l
3 3 CHs
Glycine (Gly) Alanine (Ala) Valine (Val) Leucine (Leu) Isoleucine (lle) Proline (Pro) Phenylalanine (Phe)



2 (Hydrogen bond)



Polar

= Hydrophilic

Hydrogen nucleus

Oxygen

Hydrogen Oxygen
nucleus

nucleus nucleus

(=) (+) (-) Partial charge

Shared electron cloud

Shared electron cloud



Hydrogen bond

High electronegativity
= F, O, N



Hydrogen bond



27X (Protein structure)




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 - 2 4.2 4
* o helix, B sheet : 60% of the polypeptide chain \:\/ D G S o
- Random coils and U-shaped turn ] P e T s

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

R k" 3.6 residues per
s ~ ¢ helical turn



i P P I

z 3 @) z § @) z 5 ¢
T A TN T T T
9] =z 3 ©) =z 3 U =z
R U Y (N A
(@] T (@) a5 @) T
r o© r o r o
s I W [ s [
N NN S e S N S
i il i il iy
(©] T ©] s @] o
T o =z o =z o
Laddedliod
NN A N N R Y N
|9} =z ) |9 =z 8 |9 =
ST LT or o
o & o K o T

Wn.u wm wn.u

s A I W [ W [

CENE NG N SN RN R N
il il el i il
] = o e e o iE

pleated sheet

between [} strands
but twisted

Hydrogen bonding
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Tertiary Structure

Overall folding of a polypeptide chain

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




Tertiary Structure

Stabilization

= weak interaction
— Hydrophobic interaction between nonpolar side chains

— Hydrogen bond between polar side chains and peptide
bonds

= Disulfide bond formation

Cysteine Peptide
side chains backbone

oo

CH,—S—H H—S—CH,

‘ ’—CHZ—S—S— CH2~‘ |
Disulfide bridge



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 —
« 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
Domains that are homologous to EGF,
EGF '
&) a small polypeptide of 53 amino acids
- A two-domain, 254-amino-acid,
Chymotrypsin CO protein-cleaving unit homologous to

the enzyme chymotrypsin

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

that contains three disulfide bridges

Factor 1X @_&_&_@ @ A calcium-binding domain




Quaternary Structure

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

(a) Bacterial RNA polymerase (b) Yeast RNA polymerase Il

7 e
‘.k\/ <




Levels of Protein Structure

Notes

Level of structure Description
Primary Amino acid sequence
Secondary Local areas of alpha helix,
beta sheets, or unstructured
loops
Tertiary Domains
Quaternary Association of multiple

polypeptide chains

Encoded directly by the DNA base se-
quence of the gene; every protein has pri-
mary structure.

Much secondary structure is a solution to
keeping hydrophobic amino acid side
chains together and neutralizing the hy-
drophilic peptide backbone.

A protein may contain one or more do-
mains. Domains are compact structures
usually encoded by a continuous stretch of
DNA and often associated with a specific
function.

Proteins can contain more than one copy
of the same polypeptide chain or be made
of associations of different polypeptides
encoded by different genes. Proteins made
of a single polypeptide chain do not have
quaternary structure.

e —



22} 1§ (Structure and Function)




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

N

__—Keratin
fiber

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

B A B e T

) D e e

e Y i, i |

o Y . N
wv
|
wv

hold hair in a wavy
conformation.



Lambda Repressor

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

Binding of N-
terminal domain
nelix 3 to specific
pases Within the = Jemimasemeednarame @8 SRS G ()

that are contacted by amino acid side er la

:) NA Se q u e n Ce chains are indicated by arrows. \ //

> 2=

>\v=,
=

(9}

(a)

>
[
()

(V]

C. The contact between N: 5 H O
the first glutamine side R /N\ [l
chain in helix 3 and its Ne-<H C—CH,—CH,—C—C —
target base NT S o” |

| HY N—

\\ <N I

| H

Glutamine .
Protein

H
backbone
o]

o) N
TSN
Minor groove U Major groove
Ni‘ 2 CH;
3 5’




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



Regulation of Tryptophan Synthesis

Trp synthesis in E. coli
= Turn off transcription of Trp genes in the presence of Trp

Hormonal regulation in higher eukaryotes

A
trp repressor
protein cannot
bind to DNA.
trp genes

s ] I
DNA 3 S| |

3
Promoter Operator + trp genes are transcribed

nw

mRNA 5 [ 1 |3

B
Tryptophan @
Tryptophan-trp
repressor complex can
bind to target DNA.
=

- @ W I
DNA 5 ] |

3
Promoter  Operator Transcription blocked

nw




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)

o http://www.ncbhi.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



Detergent

SOz Na* SO; Na*
Soap
0
/\/\/\/\/\/\/\/\)J\O-Na+
o]
H, H H, H, H, H H H |C|:

2 2 2 2
C C C C c c c C
H, H, H, H, H, H, H, H,



Protein Stability Engineering

Bacteriophage T4 Lysozyme

To increase the stabllity

= Three S-S bonds
= Cys-54 - Thr




