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Lecture 3:

History and Review (ll)
DNA the code

Course 485

Introduction to Genomics
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AIMS

* Review concepts related to:
* Chemical composition of DNA and RNA
* Double helix DNA structure
« Genome organizations
* Histone modifications
* Crick’s Central Dogma

* Decoding the code
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Good Reads

Life's Greatest Secret: The Story of the Race to Crack
the Genetic Code by Matthew Cobb

—
'
Z/



LLLLLLR e ataedieteniedy

What is nucleic acid made of?

What is the chemical composition
of nucleic acids (DNA and RNA)?
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DNA and RNA chemical unit

* The chemical unit that makes nucleic acids (DNA and
RNA) is called Nucleotide.

Nucleotide

|
H.  _H ‘
« A nucleotide is N
composed of: y {Nﬁ“‘
o 4.
| N~ SN H

O=P—0——CH,

1 Sugar | Nitrogenous
] O- H H base
(adenine)
2. Phosphate group Phosphate M !
3. Nitrogenous base group OH H
Sugar
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DNA and RNA chemical unit

Do you remember what a nucleoside is?
only for fun :-)
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The phosphate group

A number of phosphate groups can be attached
to carbon 5 of the sugar.

NTPs? dNTPs?

I@O 1
\P /O " .
OTZ | OmlP—1" ~p Base
: Q. i© : P~
i S o S\ /A o
O @O Oi glycosidic bond
-------- nucleoside ------
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The phosphate group

What is the function os the phosphate groups?

Any relation to replication/sequencing?
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The bases

Nitrogenous bases
|

[
Small bases

}
Pyrimidines
One ring Found in DNA
Cytosine B — andRNA
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NH HC NH
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Large bases

Purines
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Two rings
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Naming of DNA bases

Celebrating an unsung hero of
genomics: how Albrech Kossel
saved bioinformatics from a
world of hurt

LLLLLTALL R naeneiiinieniedty

[l a'brech-kossel-saved-bioinformatics-from-a-world-of-hurt

u http://www.acgt.me/blog/2014/3/3/celebrating-an-unsung-hero-of-genomics-how-
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Naming of DNA bases

Guanine had already been named
based on where it had first been
discovered (the excrement of

seabirds known as guano).
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Naming of DNA bases

Adenine

was so named by Kossel because it
was isolated from the pancreas gland

(‘adenas' in Greek).
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Naming of DNA bases

Thymine was
named because it was isolated in
nucleic acids from the thymus of a

calf.
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Naming of DNA bases

Cytosine — the last of the four
DNA bases to be characterized —
was also discovered from hydrolysis
of the calf thymus. Its name comes
from the original name in German
(‘'cytosin') and simply refers to to the

Greek prefix for cell ('cyto).

-y



LLLLLTALL R naeneiiinieniedty

Naming of DNA bases

The naming of the DNA bases made it easier
to abbreviate the names of the molecules
iInto unique single letters (A, T,G,C).

The single letter representation of DNA
enabled application of information theory via
bioinformatics.

-



LLLLLLR e ataedieteniedy

Nucleotide linking

Nucleotides are linked via phosphodiester bond.

A covalent bond links the phosphate group of one

nucleotide to the 3’ carbon of the sugar of another.

?_
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Condensation ’

OH OH
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Polarity

* 5’ end: where the 5’ carbon at one end of the
molecule has a phosphate group.

3’ end: where the 3’ carbon at the other end of
the molecule has a hydroxyl group.

| - S
b) DNA polynucleotide chain Phospho-

diester

PhOSphO- bond
diester
bond o
. < |
@)
i £°
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The Race to DNA structure

The story of the discovery of the double helix
iInvolves these key actors
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Molecular structure

How can we learn about the structure of
molecules?
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X-ray diffraction

X-ray diffraction was the method to study the fine
structure of molecules. DNA was no different!

Spots created by Spot created by
. diffracted x-rays x-ray beam
Crystalline
material
X-ray Collimator to
source focus beam
Photographic
film
(a) X-ray diffraction (b) X-ray diffraction pattern captured

on photographic film

—
'
Z/



LLLLLLR e ataedieteniedy

X-ray diffraction

Look at the pattern resulting!
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New Method

[HE REVOLUTION WILLNOT BE
CRYSTALLIZED

bas , deep in the bowels of a steel-clad building i
MOVE OVER X-RAY CRYSTALLOGRAPHY. [l Ginricee amajorimsurgencysunernay o
C RYU ELE CTRUN M | C RU S C [] PY |S A hulking metal box, some three metres tall, is quietly beaming
- terabytes’ worth of data through thick orange cables that disappear
ff h iling. It i f the world adv. -
clecron michoscope s deic tht s clectron b o phorograph
Kl C K | N G U P A ST[] RM | N STRU CTU RAL frozen biological molecules and lay bare their molecular shapes. The
microscope is so sensitive that a shout can ruin an experiment, says
jors Scheres, as al biologist at the dical Research il
BIOLOGY BY REVEALING THE HIDDEN 3ot ooy (:0t8ahesndecwaicabeicne

£5-million (US$7.7-million) piece of equipment. “The UK needs many

M AC H | N E RY U F TH E C E |_ |_ . more of these, because there’s going to be a boom,” he predicts.

In labs around the world, cryo-electron microscopes such as this
one are sending tremors through the field of structural biology. In the
LA AT IRNNTNY  past three years, they have revealed exquisite details of protein-making

ribosomes, quivering membrane proteins and other key cell molecules,

ILLUSTRATION BY VIKTOR KOEN

172 | NATURE | VOL 525 | 10 SEPTEMBER 2015

STRUCTURE SOLVERS

X-ray crystallography has long
been the dominant method for
deducing high-resolution protein
structures, but cryo-electron
microscopy is catching up.

CRYO-ELECTRON MICROSCOPY

A beam of electrons is fired at a
frozen protein solution. The
emerging scattered electrons pass
through a lens to create a magnified
image on the detector, and the
structure can then be deduced.

X-RAY IMAGE: SPL

X-RAY CRYSTALLOGRAPHY
X-rays scatter as they pass through a

crystallized protein; the resulting waves E|eC
interfere with each other, creating a be tron
diffraction pattern from which the am

position of atoms is deduced.

http://www.nature.com/news/the-revolution-will-not-be-crystallized-a-new-method-sweeps-through-
structural-biology-1.18335?WT.mc_id=TWT_NatureNews
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Franklin/Wilkin

* R. Franklin produced the best diffraction photo
(called photo 51).

* Her findings were shared (with or without her
approval?) Watson and Crick by Wilkin.
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Watson and Crick

* They published a 900 words paper and Franklin
and Wilkin also published on the same issue of
Nature.
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DNA structure

1) DNA is a double helix.
2) Two polynucleotides chains.

3) The two chains wind around right handedly -
right handed double helix.

4) The two chains are in an anti-parallel
orientation. One strand 5’ — 3’ orientation and
the other 3' — 5’).

5) Sugar-phosphate backbone is located on
the outside of the helix.

6) The nitrogenous bases located on the inside
of the helix.
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DNA structure

/) The bases are stacked flat and
perpendicular to the axis of the helix. The
bases are on top of each other following the
twist of the helix.

8) The bases of the two polynucleotides are
bonded together via hydrogen bonds on the
inside of the helix.

9) Bases of the two polynucleotide chains are
base-pairing in a combination that maintains
similar diameter of the double helix.

10) A Pyrimidine always basepair with Purine
forming complementary base pairs.

-
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DNA structure

11) Thymine (T) basepair with Adenine (A),
and Cytosine basepair with Guanine (G).

12) Two hydrogen bonds involve the base-
pairing of (A and T) and three hydrogen bonds
between (G and C).

13) The sequence of one chain (strand) is
enough to predict the complementary one in
the other orientation.

14) A major and minor groove result from the
unequal spacing of the phosphate-sugar
backbone.

-
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Pyrimidine N
Purine 3"end Guanine

(a) Double helix (b) Antiparallel orientation of strands
© 2012 Pairson Educaton ne

5’ to 3’ direction
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Genome packaging and organization
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Do you remember the organization of
viral genomes?

prokaryotic genomes?
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Review of genome condensation

* Double helix.
* Nucleosomes (DNA histones).
* Beads on a string.

* 30 nm chromatin fiber/
solenoid.

* Eu/Heterochromatin.

» Metaphase
chromosome.
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DNA packaging

* Asingle nucleosome is composed of 8 histone
proteins (octamer).

» Histone proteins contain tails of amino acids
that can be modified.
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Histone tail modifications

A Acetylation
B Methylation -
© Phosphorylation

| dlr
™ML
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Histone tail modifications

Do you remember the functions/effects of
histone modifications?

Are the histone modifications uniform
across all chromosomes?
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The Central Dogma

Genes
J—

v v
(©@ ~2~

ncBRNA mRNA

Protein

The ‘Central Dogma’
of molecular biology
was proposed by
Francis Crick.

1958
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The Central Dogma

Do you what the word “Dogma” means?

Do we have dogmas in science?
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The Central Dogma

Ideas on Protein Synthesis (Oct. 1956)

The Doctrine of the Triad.

The Central Dogma: "Once information hac got intoc a protcin it
can't get out again". Information here means the segquence of
the amino acid residues, or other sequences related to it.

That 18, we may be able to have

T o T—

S > . 4
DNA = L (Ejf!; — Protein
but never
....’-'"""—’f | T
DA &= RNA < —  Protein

@

where the arrows show the transfer of information.
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The Central Dogma

Molecules as information and information flow

QA LILIC LAMAS g/ prLadasaa e .. M Amm sy 4 e ———— T

a hypothesis with rcgard to the funchon of the ‘bases’ - the f
kinds of molecule that are spaced along each st and 0 ,7'_.:.,‘
helix and which bind thetwostrandsmgem Th

fore seems likely that the precise sequence of the b

which carries the genetical information.’ g

haveseemedboﬁ\utterlysuangeand comp

B S
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Terms and processes

The flow of information from DNA to proteins go
through an intermediate molecule and involves
two processes.

Replication

DN A Transcription RN A Translation

LLLLLLR e ateedieteniedy
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1965: Marshall Nirenberg and Har Gobind
Khorana (and others)
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The code revealing experiments

What scientific developments enabled
discovering the genetic code?

What were the experiments based on?

-



LLLLLLR e ataedieteniedy

The code revealing experiments

Major advances:

(1) Cell free protein synthesis
(2) Artificial (synthetic) m-RNA

-
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The code revealing experiments

Decoding experiments

; ;
Stage 1 Stage 2
Mononucleotide polymers Ribosome binding
Random copolymers Assay

-
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Mononucleotide polymers

Translating a mononucleotide polymer
results in a a single amino acid polypeptide

Bacterial
extract

+| UUU

Uuuu

Uuu

CCC

CCC

U+ CEE

Synthetic mRNA

Phe Phe Phe

Lys Lys Lys

Pro Pro Pro
Polypeptide

—
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Random copolymers

%—M TRENDS in Biochemical Sciences Vol.29 No.1 January 2004

"
3

Historical review: Deciphering the
genetic code — a personal account

Marshall Nirenberg

Polynucleotides Amino acids

U PHE

c PRO

A LYS

G —

uc LEU SER

UA LEU TYR ILE ASN
UG LEU VAL CYS TRP
CA HIS THR GLN ASN
CG ARG ALA

AG ARG GLU

UAG ASP MET

CAG ASP SER

Figure 6. The specificity of randomly ordered polynucleotide templates in stimulat-
ing amino acid incorporation into protein in Escherichia coli extracts. Only the
minimum kinds of bases necessary for template activity are shown, so many
amino acids that respond to randomly ordered polynucleotides composed of two
or more kinds of bases are omitted. The base compositions of RNA codons were
derived from these experiments [49]. Reproduced from Ref. [49].
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Random copolymers

Can random copolymers
definitively identify the genetic
code?
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Ribosome binding assay

This technique revealed the language of the
genetic material and the information hidden in it

HYPOTHESIS An RNA teplet can bind 10 a rbosome and promote the binding of the tRNA that carmes the amino acid that the RNA triplet
specifies.

KEY MATERIALS The researchers made 20 in vitro transiation systems, which included ribosomes, tRNAs, and 20 amino acids. The 20
translation systerns di#ered with regard to which amino acid was radiclabeled. For example, in one sample, radiclabeled
ghycine was added, and the other 19 amino ackds were unlabeled. In a different sample, radiolabeled proline was added,
and the other 19 amino acids were unlabeled. The IRNA preparasion also contained the enzymes that attach amino acids to
tRANAs.

Experimental level Conceptual level
. . . \ Q r Proline ":'."
1 Mix logether RNA triplets of a specific In vitro translation |, , ’ 5 ' lc,o v T

sequence and 20 in vitro translation system with one o 4 . ‘ .
systems. In the example shown here, radiolabeled S : \ B g = ’ ;
the triplet is 5'~-CCC-3", Each translaton amino ackd (lor o %
system contained a different radholabeled example, proline) ‘ 3 e e
amino acid. (Note: Only three tubes are - , ‘)'{»;$ - Vi
shown here.) Tubes containing 2\ 1 o :

an RNA trioh °> ‘)é\‘ i 'Ribosome

2 Allow ime for the RNA triplet to bind to

/‘/'2 / - - -

the ribosome and for the appropriate A 3 " " n
TRNA 1o bind 1o the RNA triplet,

- -~ : ‘

‘/ 6 \ |

3 Pour each mixture theough a Hiter that
allows the passage of unbound IRNA but
does not allow the passage of rbosomes, T e— e ==

trapped "

on filer
)
Fiter

Radiolabeled proline
Profine tANA

RNA triplet that
specifies proline

b |
- et
X g g o =
‘_:’,' - 123 W >
L]
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What is the name of the protein coding unit
of genetic information?

How many nucleotides it contains?
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The genetic code

The genetic code is composed of 64 codons

)
[ |

61 amino acid Three codons code
coding codons for the stop of
| | | translation
UAA
Start codon 60 codons code for UAG
AUG) -
( 19 other amino UGA
methionine (Met) acids
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Characteristics of the genetic code

1. The genetic code is made of triplets of
nucleotides (3nts) called codons.

2. The genetic code is continuous (no skipping).
3. The code is not overlapping. Every three
nucleotides in a sequence code for one codon.
4. The genetic code is universal (almost).
5. The code has specific signals for start of

translation and stop of translation.

6. The genetic code is “degenerate”.
/. The Wobble effect of the third base in the

codon.
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Characteristics of the genetic code

First letter

U

U}

UuC
UUA
UuG

CUU]
CucC
CUA
CUG

AUU’
AUC

JLeu

' Leu

e

AUA |

AUG Met

GUU]
GUC
GUA

Val

GUG

Second letter
A

C

UCU
UCC
UCA
UCG |

CCu’
CCC
CCA
CCG |

ACU
ACC
ACA
ACG |

GCU ]
GCC
GCA

| Ser

 Pro

 Thr

 Ala

GCG |

UAU
UAC

UAA Stop UGA Stop

|

Tyr

G

UuGuU

UGC }Cys

UAG Stop UGG Trp

CGU |
CGC
CGA

' Arg

CGG .
AGU

AGC }Ser

AGA

AGG } Arg

GGU |
GGC
GGA

 Gly

GGG |

O>PNC O>PNC O>PNC O>PNC

19333 pAIyL
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The genetic code

3l

Phe

Gly Leu
au\ ©@ | P/ @)
(E) A Ser
g Jalelulc/a (S)
(D) e\l
Ala G
G
(A) 4 A GU C > 0‘
G C A Cys (C)
Val A C
M [c G U A
s U A -
< G < \\\5{/7 - - 3
Arg (R) C G A C U e Leu
L)
Ser (S) \7g A C S (
C
Lys (K) XGC C U G A (A o
Asn G A v =]
c (P)
(N) C A
= G clugla c\Y His
r =~
m /S Y oin\("
2/ e Arg Q)
4 () (R)
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Expectations

* You are familiar, broadly, with the concepts
covered.
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Disclaimer

Figures, photos, and graphs in my lectures are
collected using google searches. | do not claim to have
personally produced the material (except for some). |
do cite only articles or books used. | thank all owners of
the visual aid that | use and apologize for not citing
each individual item. If anybody finds the inclusion of
their material in my lectures a violation of their copy
rights, please contact me via email.

hhalhaddad@gmail.com
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