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Course Program

Genetic information and informational molecules

»General introduction and historical hints. The chemical structure of DNA and
RNA. Three dimensional structure of DNA. Physico-chemical properties of DNA.
DNA, RNA and gene structure

»Definition of gene coding and regulatory regions. From genes to proteins;
messenger RNA, transfer RNA and ribosomal RNA.

Genome organization and evolution

»DNA content and number of genes. Mutations, DNA rearrangement and
genome evolution. The organelle genomes. Interrupted genes; introns. cDNA.
Gene families and duplication. DNA repeats.

Transposable elements

»Transposition mechanisms and control. Retroviruses and retrotransposones.
Transposons.

Chromatin and chromosomes

»Nucleosomes, histones and their modifications. Higher organization levels of
chromatin. Heterochromatin and euchromatin. Eukaryotic chromosomes,
telomeres and centromeres.

DNA replication

»DNA polymerases. Proofreading activity of DNA polymerases. Replication
mechanism in bacteria and eukaryotic cells.



Introns and RNA splicing

»Features of spliceosomal introns. Spliceosome and splicing mechanism.
Alternative splicing and trans-splicing. Other kinds of introns: group I and group
IT introns and tRNA introns. The intron movement. RNA editing. Ribozymes and
riboswitch.

DNA mutation and repair

»Spontaneous mutations and mutations caused by physical and chemical
mutagens. Pre- and post-replicative repair systems. Recombination in the
immunity system cells. Approaches to homologous recombination.

Regulation of gene expression

»Bacterial promoters. The operon. Activators, repressors and coactivators.
Signal transductions and two component regulation systems. Eukaryotic
promoters. Activators, repressors and coactivators. Gene expression and
chromatin modifications. Epigenetic mechanisms.

RNAs and transcription

> Different types of RNA: synthesis and maturation. Bacterial RNA polymerase.
Sigma factors. Eukaryotic RNA polymerases. Eukaryotic mRNAs: capping,
polyadenylation, cytoplasmic localization. The transcription process in bacteria
and in eukaryotic cells.

Translation

»Ribosomes. tRNA structure and function. Aminoacyl-tRNA synthesis. Initiation
in bacteria and eukaryotic cells. Polypeptide chain synthesis and translation end.
Regulation of translation.

Protein localization



6 Credits of Theory—-> 48 Hours

Exam Methods

Oral examination
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Writing in Nature, William Astbury
described molecular biology as:
"... not so much a technigue as an

| approach, an approach from the

g viewpoint of the so-called basic

sciences with the leading idea of
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searching below the large-scale
manifestations of classical biology for
the corresponding molecular plan.
It is concerned particularly with the
forms of biological molecules and .....
IS predominantly three-dimensional
and structural - which does not
mean, however, that it is merely a
1% refinement of morphology - it must at
' .\ oo Ka gl the same time inquire into genesis

, and function."
' ) o
F. Crick og J. Watson 1953 Fyrsta DHA-IIkanidr

gt FIEE |




Molecular Biology

« How the genetic material is conserved?

« How the information hold in the genetic
material is decodified?



1 gtgcacctga ctcctgagga gaagtctgcc gttactgccc tgtggggcaa ggtgze
61 gatgaagttg gtggtgaggc cctgggcagg ctgctggtgg tctacccttg gacca
121 ttctttgagt cctttgggga tctgtccact cctgatgcetg ttatgggcaa ccctaagg
181 aaggctcatg gcaagaaagt gctcggtgcc tttagtgatg gcctggctca cctgg
241 ctcaagggca cctttgccac actgagtgag ctgcactgtg acaagctgca cgtg
301 gagaacttca ggctcctggg caacgtgctg gtctgtgtgce tggcccatca ctttgo
361 gaattcaccc caccagtgca ggctgcctat cagaaagtgg tggctggtgt ggct:
421 ctggcccaca agtatcac

NC_000011.9

4 5246696 ]

13'.
NP_000509.1 CCDE7753.1

A 5245301 ]

5%

NH_000515.4 - I

B - codina resion B - untranslated resion




VHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFF
ESFGDLSTPDAVMGNPKVKAHGKKVLGAFSDGLAHLDNLKG

TFATLSELHCDKLHVDPENFRLLGNVLVCVLAHHFGKEFTPPV
QAAY QKVVAGVANALAHKYH




Definitions

« Nucleic Acids: molecules that codify for genetic
information. DNA, RNA

e Gene: segment of DNA coding for a
polypeptide chain.

« Genome:whole of DNA sequences of an entire organism.



1865 Genes are particulate factors First chemical studies on DNA
1903 Chromosomes are hereditary units

1910 Genes are localized in chromosomes

1913  Chromosomes hold wholes of linear genes
1927 Mutations are physical changes in genes
1931 Recombination is caused by crossing-over
1944 DNA is the genetic material <
1945 One gene -> one protein

1953 DNA has a double helix structure

1958 DNA replicates in semiconservative manner
1961 The genetic code is defined by triplets of bases
1977 Eukaryotic genes are interrupted

1977 DNA sequencing

1995 Bacterial genomes sequencig

2001 Human genome sequencig




Friedrich Miescher
(1844-1895)

-.l____r.

The laboratory located in the vaults of an old
castle where Miescher isolated nuclein

Johan Friedrich Miescher (13 August 1844, Basel - 26 August 1895,
Davos) was a Swiss biologist. He isolated various phosphate-rich
chemicals, which he called nuclein (now nucleic acids), from the nuclei of
white blood cells in 1869 at Felix Hoppe-Seyler's laboratory at the

University of Tubingen, Germany, paving the way for the identification of
DNA as the carrier of inheritance.




Phoebus Levene

Levene's laboratory with
some of his students (1909).

In 1905, Levene was appointed as head of the biochemical laboratory
at the Rockefeller Institute of Medical Research. He spent the rest of his
career at this institute, and it was there that he identified the
components of DNA. (He had discovered ribose in 1909 and
deoxyribose in 1929.) Not only did Levene identify the components of
DNA, he also showed that the components were linked together in
the order phosphate-sugar-base to form units. He called each of
these units a nucleotide, and stated that the DNA molecule consisted
of a string of nucleotide units linked together through the
phosphate groups, which are the 'backbone' of the molecule.
However, his ideas about the structure of DNA were wrong............. . he
thought there were only four nucleotides per molecule.......... :




Tetranucleotide structure
proposed in 1935

by Levene e Tips

by Takahashi
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1865
1903
1910
1913
1927
1931

Genes are particulate factors
Chromosomes are hereditary units

Genes are localized in chromosomes
Chromosomes hold wholes of linear genes
Mutations are physical changes in genes
Recombination is caused by crossing-over

1944

DNA is the genetic material )

1945
1953
1958
1961
1977
1977
1995
2001

One gene -> one protein

DNA has a double helix structure

DNA replicates in semiconservative manner

The genetic code is defined by triplets of bases
Eukaryotic genes are interrupted

DNA sequencing

Bacterial genomes sequencig

Human genome sequencig



Bacterial “transformation” experiment: Griffith, 1
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Pneumococcus (Streptococcus pneumoniae)
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A “transforming” factor changes
the R into the S strain



Oswald Avery at work in the laboratory, around 1930




Pneumococcus mutants transformation from R
in to S strain using a cellular extract

S-strain cells

fractionation of cell-free
extract into classes of
molecules

oo

RNA  protein DNA lipid carbohydrate

molecules tested for transformation of R-strain cells
} | ' ¢ '
0© O @® ©, 0°

R R S R R
strain strain strain strain strain

CONCLUSION: The molecule that
carries the heritable information
is DNA.

Figure 5-4 Essential Cell Biology, 2/e. (® 2004 Garland Science)

Avery, MacLeod, and McCarty demonstrate that DNA is
responsible for the transforming activity” and published
that analysis in 1944, just 3 years after Griffith
had died in a London air-raid.



Alfred Hershey and Martha Chase (1953)



Blender Experiment by Hershey and Chase, 1952

Only DNA is inherited by progeny phages

Infect bacteria with
B 52P in DNA

labeled phages ?

O 353 in protein

Separate phage coats

and infexbacteria
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Hershey-Chase experiment furthered work of Avery (1952)

Phige © Mix radioactively €) Agitate in a blender to  €) Centrifuge the € Measure the
x labeled phages with separate phages mixtiure so bacteria radicactivity in the
bacteria. The phages outzide the bacteria form a pellet at the pellet and the ligquid.
infect the bacterial cells. from the cells and bottom of the test
their contents. tube,
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! Phage{ i rprmain ] -"{ proteln shell Radioactivity
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{b) The experiment showed that T2 protains remain outside the host cell during infection, while T2 DNA enters the call.



Transfection introduces new DNA into cells
Cells that lack TK gene cannot produce

Transfection is the thymidine kinase and die in absence of thymidine
introduction of DNA into a e

recipient eukaryote cell and ¥ e ?

its subsequent integration | o o ® |

into the recipient cells &;}
chromosomal DNA. ?

Transfection is analogous to 5ladaTionaf] @ 75 'S
bacteria transformation but 7 e

in eukaryotes
transformation is used to
describe the changes in
cultured cells caused by
tumor Viruses' Some cells take up T;{gene;

descendants of transfected cell pile up into a colony




DNA chemical structure



Purine

© 2010 Pearson Education, Inc.

Chemistry of nucleic acids

(found in RNA)
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-0—P—0—CH
CHaOH : 2
o
0O OH OH OH
|
'0=P=0
o
(Pyrimidine) ~ (Purine)
3'- monofosfate 5'- monofosfate

The phosphate groups form bonds with either

the 5" or 3 position (also 2')
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AMP + P > ADP + P > ATP




Bases, nucleosides and nucleotides

Adenine Adenosine Ade”f:g;:ﬁ;i:‘i’jg’hate AMP | dAMP

Guanine Guanosine Guarzgsljg}gl'i f ngdp)hate GMP dGMP

Cytosine Cytidine Citig;z;/ﬁ:ii?;ate CMP dCMP

Thymine Thymidine | T e dTMP
Uracil Uridine Uridi(zi;j;isxig; e UMP




IATS AR 43153

pl1aE apoyds oyd F12E Juoydsoyd 18158 [12E | AXOQIED
d0 L b=
| | I
] 0 __n
_ _ L
M0 o
i
C—d=0
_
H ]

_
E 0—d=0
._z/_x\x o f
_ puag

ialzaipaydsoyd

~7

LIELD BB IO HES



Erwin Chargaff

The first who precisely measured the percentage
composition of the four nucleotides in DNA




DNA base composition in different spieces

Organism A G C T AT G/C | G+C |Py/Pu
Escherichiacoli < 26.0 | 249 | 252 | 23.9>1.08| 099 | 50.1 | 1.04
Mycobact. tuberc. 151 | 349 | 354 | 146 | 1.03| 0.99 | 70.3 1.00
Yeast 31.7 | 183 | 174 | 326 | 097 | 1.05| 357 | 1.00
Bovine 200 | 21.2 | 21.2| 28.7| 1.01| 1.00 | 424 | 1.01
Pig 20.8 | 20.7 | 20.7 | 29.1| 1.02| 1.00 | 414 | 1.01
Human 4°30.4 | 199 | 199 | 301 P 1.01| 1.00 | 398 | 1.01




Physical-chemical structure of DNA
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Maurice Wilkins
(1916 - 2004)

Francis Crick James Watson

Linus Paulin
® (1916 - 2004) (1928 - )

(1901 - 1994)



DNA structural data known
before Watson & Crick structure

* Is formed by two chains
- Base percentage: G=C e A=T

* Phosphodiester bonds between nucleotides



X-ray diffraction patterns from DNA fibres

configurazione B configurazione A

Franklin R.E. & Gosling R., 1953 Wilkins M.H.F., 1956



Original figure from
Watson e Crick paper

Nature, April 1953
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This flgure i8 purely
diagrammatic. The two
ribbons symbeolize the
two phosphate—sugar
chains, and the hori-
zontal rods the pairs of
bases holding the chains
together. The vertical
line marka the flbre axis
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Base pairing comes with hydrogen bond formation

b) Guanine-cytosine base pair
(Three hydrogen bonds)

Cytosine H Guanine
\ H
H N—H:-0 N /
\ / N\ .o
C—C C—C /
// A\ / \\
H-—C H—N g
\ / \ / \
N—C C—
/ N\ / Deoxyribose
O. «H N
Deoxyribose \
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Minor groove
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Base pairs are flat
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DNA (B) structure

- DNA is a regular double helix, 20A diameter,
34A one turn of helix.

* Hydrogen bonds between bases.

* Base stacking is determined by hydrophobic
interactions (pie-pie interactions).

» Sequent base pairs turned by 36°.
* Major groove (224) and minor groove (12A).
* Coiled in a clockwise manner (right handed helix).



Nature, Vol. 171, p.737, April 25, 1953

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

We wish to s uggest a structure for the sdlt o
deoxyribose nucleic acid (D.N.A.). This structure has
novel features which are of considerable biological
interest.

A structure for nucleic acid has already been
proposed by Pauling and Corey (1). They kindly made
their manuscript available to us in advancé o
publication. Their model consists of three intertwined
chains, with the phosphates near the fibre axis taed
bases on the outside. In our opinion, this structsre i
unsatisfactory for two reasons: (1) We believe that the
material which gives the X-ray diagrams is the salt, not
the free acid. Without the acidic hydrogen atoms it is
not clear what forces would hold the structure together,
especially as the negatively charged phosphates near
the axis will repel each other. (2) Some of the van der
Waals distances appear to be too small.

Another three-chain structure has also been
suggested by F raser (in the press). In his model the
phosphates are on the outside and the bases on the
inside, linked together byhyd rogen bonds. This
structure as described is rather ill-defined, and for this
reason we shall not comment on it.

We wish to put forward ara dically different
structure for the salt of deoxyribose nucleic acidsThi
structure has two helical chains each coiled round the
same axis (see diagram). We have made the usual
chemical assumptions, namely, that each chain consists
of phosphate diester groups joining §-D-
deoxyribofuranose residues with 3',5' linkages. The tw
chains (but not their bases) are related by a dyad
perpendicular to the fibre axis. Both chains follow
right- handed helices, but owing to the dyad the
sequences of the atoms int he two chains run in
opposite directions. Each chain loosely resembles
Furberg's2 model No. 1; that is, the bases are on the
inside of the helix and the phosphates on the aitsid
The configuration of the sugar and the atoms near it is
close to Furberg's 'standard configuration', the sugar
being roughly perpendicular to the attached base. There
is a residue on each every 3.4 A. in the z-direction. W
have assured an ande « 360 ketween adjacent

=
SN

This Agurc is purely
diagrammatie. The two
ribbons symbolize® the
two phoaphate—sugar
chains, and the hori-
zontal rods the pairg of
bases holding the chsing
together. 'T'he vertieal
line marks the fibre axiz

residues in the same chain, so that the struceeats
after 10 residues on each chain, that is, afted.3%the
distance of a phosphorus atom from the fibre axis0i

A. As the phosphates are on the outside, catiome ha
easy access to them.

The structure is an open one, and its water content
is rather high. At lower water contents we woulgeot
the bases to tilt so that the structure could becoroe
compact.

The novel feature of the structure is the mariner
which the two chains are held together by the purin
and pyrimidine bases. The planes of the bases are
perpendicular to the fibre axis. The are joinedethgr
in pairs, a single base from the other chain, st tthe
two lie side by side with identical z-co-ordinat&ne
of the pair must be a purine and the other a pyiimei
for bonding to occur. The hydrogen bonds are made a
follows : purine position 1 to pyrimidine positidh;
purine position 6 to pyrimidine position 6.

If it is assumed that the bases only occur in the
structure in the most plausible tautomeric forrhai(fs
with the keto rather than the enol configuratioits}
found that only specific pairs of bassn bond

together. These pairs are : adenine (purine) with
thymine (pyrimidine), and guanine (purine) with
cytosine (pyrimidine).

In other words, if an adenine forms one member o
a pair, on either chain, then onth ese assumptioas
other member must be thymine ; similarly for guanin
and cytosine. The sequence of bases on a singie cha
does not appear to be restricted in any way. Howyéve
only specific pairs of bases can be formed, itofo#
that if the sequence of bases on one chain is gtlien
the sequence ont he other chain is automatically
determined.

It has been found experimentally (3,4) that thiorat
of the amounts of adenine to thymine, and the matfo
guanine to cytosine, are always bery close to Uity
deoxyribose nucleic acid.

It is probably impossible to build this structure
with a ribose sugar in place of the deoxyribosethas
extra oxygen atom would make too close a van der
Waals contact. The previously published X-ray data
(5,6) on deoxyribose nucleic acid are insufficiémta
rigorous test of our structure. So far as we cénités
roughly compatible with the experimental data, hut
must be regarded as unproved until it has beerkedec
against more exact results. Some of these are gven
the following communications. We were not awafe o
the details of the results presented there when we
devised our structure, which rests mainly though no
entirely on published experimental data and

i e

It has not escaped our notice that the spegific
pairing we have postulated immediately suggess a
ossible copying mechanism for the genetic materig
u etalls” o e structure, Including
conditions assumed in building it, together withea d
co-ordinates for the atoms, will be published elsese.

We are much indebted to Dr. Jerry Donohue for
constant advice and criticism, especially on irtterac
distances. We have also been stimulated by a
knowledge of the general nature of the unpublished
experimental results and ideas of Dr. M. H. F. \ivisk
Dr. R.E. Franklin and their co-workers at King's
College, London. One of us (J. D. W.) has beendaide
by a fellowship from the National Foundation for
Infantile Paralysis.

e

J. D. WATSON
F. H.C. QRiCcK

Medical Research Council Unit for the Studyf o
Molecular Structure of Biological Systems, Cavehdis
Laboratory, Cambridge.
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"It has not escaped our notice that the
specific pairing we have postulated immediately
suggests a possible copying mechanism for the
genetic material.”



