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Che cosa e la biologia molecolare?

Quale e la complessita molecolare
di una cellula?
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Complessita molecolare di una cellula: un assaggio
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MITOSI

Conivolge alcune migliaia di proteine diverse
(e forse altri tipi molecolari)

La funzione di gran parte di queste proteine € regolata durante la mitosi
(modificazioni post-traduzionali, fosforilazione, ubiquitinazione, etc.)

Molte di queste proteine agiscono iIn complessi macromolecolari

Idealmente, vorremmo conoscere le basi molecolari
della funzione di queste macromolecole



Esempio: cinetocori al microscopio elettronico
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Uso di tecniche strutturali per capire
la organizzazione del cinetocoro
Claudio Ciferri, Sebastiano Pasqualato
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Come si acquisisce I’evidenza
che costituisce
la base della biologia molecolare?
Quale e 1l livello di dettaglio richiesto?



James Watson and Francis Crick
Scoperta della struttura a doppia elica del DNA




Professor Francis Harry Compton Crick, OM FRS (8 June, 1916 — 28 July, 2004)
British physicist, molecular biologist and neuroscientist, most noted for being one of the co-discoverers of the structure of the DNA molecule in 1953.
He, James D. Watson, and Maurice Wilkins were jointly awarded the 1962 Nobel Prize for Physiology or Medicine for their discoveries
concerning the molecular structure of nucleic acids and its significance for information transfer in living material



http://www.biocrawler.com/encyclopedia/National_Institutes_of_Health

James D. Watson and Francis H. €. Crick

"Molecular Structure of Nucleic Acids: A Structure for Deoxyribose Nucleic Acid™ (1953)
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Inizio della biologia molecolare

“It has not escaped our notice
that the specific pairing we have
postulated immediately suggests
a possible copying mechanism
for the genetic material”



Biologia molecolare
L>appaitamento delle basi e la base dell’eredita

Figure B-6: Base Pairing

The chemical structure of each base allows aﬁ
it to match up with another base. The 30

maodels provide a nice simulation of the

shape-dependent base painng. The

gctual chemical structures of the bases
are shown below, with the bonds drawn in blue.
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Che cosa e la biologia molecolare?

La biologia molecolare e un approccio allo studio
della Dbiologia che aspira a descrivere le basi
fisico-chimiche della funzione biologica, desrivendo
i1l macchinario molecolare ad essa sottesa con 1l
maggior dettaglio possibile. In questo senso la
biologia molecolare e eminentemente riduzionista



Come si acquisisce 1’evidenza?
Con quale livello di dettaglio la
S1 acquisisce?

Con quale tecnica Watson e Crick
risalirono alla struttura del DNA?

Risposta?
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Nascita del Laboratorio di Biologia Molecolare di
Cambridge (UK)
http://www2_mrc-Imb.cam.ac.uk/origins.html
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In 1947 the Medical Research Council set up a Unit for "Research on the Molecular Structure of Biological Systems” to
enable Max Perutz and John Kendrew to develop their work using X-ray diffraction to study proteins. At that time, the
application of X-ray diffraction to determine the architecture of proteins and nucleic acids was a formidable undertaking,
because these molecules were larger by orders of magnitude than the sugars and vitamins whose atomic structures were
then known.

The first success came in 1953 when Jim Watson and Francis Crick, using data from Rosalind Franklin's X-ray diffraction
work in London, proposed the double helical structure of DNA. 1953 was also the year when Perutz found a way of
deciphering the X-ray diffraction patterns from crystalline proteins using heavy atom derivatives. This method later
allowed Kendrew, Perutz and their collaborators to solve the structures of myoglobin and haemoglobin to atomic
resolution, and picneered the way for the elucidation of many thousands of different protein structures to date. At about



Nascita del Laboratorio Europeo di Biologia
Molecolare
di Herdelberg (Germania, 1965 circa)
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The European Molecular Biology Laboratory was the idea of prominent scientists such as the American physicist
and molecular biologist Leo Szilard and Nobel Prize winners James D. Watson and John C. Kendrew.

Their goal was to create a CERN-like supranational research centre to redress the balance in the strongly
US-dominated field of molecular biology.
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“The structure of lysozyme” The Royal

David Phillips



insight review articles
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Processi nella cristallografia
macromolecolare
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X-ray diffraction experiment

Why X-ray: radiation with wavelength approximately the size of detail to be observed
(atomic bonds are ~ 1.5 A in length ) must be used.

How: monochromatic X-ray beams are generated either by rotating metal anodes,

or by charged particles (electrons or positrons) rotating at high speed with circular
trajectories (synchrotrons).

B _X-ray beam
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detector crystal  cryo-stream



Sincrotoni per la collezione di
dati cristallografici
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Modello atomico del ribosoma: La sconfitta della blobbologia

Tom Steitz

>
Venki Ramakrishnan

Ada Yonath



Una macchina fatta di proteine e RNA



Varie rappresentazioni blobbologiche
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1 ribosomi 1n una cellula
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Dal lavoro dei microscopisti elettronici J. Frank e M. van Heel
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La differenza si1 vede!




MOLECULAR
MACHINERY:
A Tour of the
Protein Data
Bank
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1 file .pdb contengono coordinate atomiche

REMARK Written by O version 8.0.11
REMARK Tue Mar 18 21:12:38 2003
CRYST1 73.980 40.427 39.663 90.00 92.85 90.00

ORIGX1 1.000000 0.000000 0.0000O0O0 0.00000

ORIGX2 0.000000 1.000000 0.000000 0.00000

ORIGX3 0.000000 0.000000 1.000000 0.00000

SCALE1 0.013517 0.000000 0.000673 0.00000

SCALE2 0.000000 0.024736 -0.000001 0.00000

SCALE3 0.000000 0.000000 0.025244 0.00000

ATOM 1 N PHE A 10 3.824 8.877 12.772 1.00 28.45 7
ATOM 2 CA PHE A 10 4.527 10.098 12.298 1.00 26.06 6
ATOM 3 C PHE A 10 5.217 9.780 10.978 1.00 24.85 6
ATOM 4 O PHE A 10 6.448 9.727 10.894 1.00 24.47 8
ATOM 5 CB PHE A 10 5.530 10.557 13.351 1.00 26.34 6
ATOM 6 CG PHE A 10 4.905 10.953 14.660 1.00 26.79 6
ATOM 7 CD1 PHE A 10 4.297 12.193 14.758 1.00 27.47 6
ATOM 8 CD2 PHE A 10 4.956 10.106 15.751 1.00 27.81 6
ATOM 9 CE1 PHE A 10 3.722 12.584 15.962 1.00 27.86 6
ATOM 10 CE2 PHE A 10 4.381 10.503 16.950 1.00 27.37 6
ATOM 11 C€z PHE A 10 3.773 11.733 17.038 1.00 27.79 6
ATOM 12 N SER A 11 4.407 9.627 9.933 1.00 22.13 7
ATOM 13 CA SER A 11 4.937 9.255 8.629 1.00 21.44 6
ATOM 14 C SER A 11 5.703 10.411 8.003 1.00 20.60 6
ATOM 15 O SER A 11 5.533 11.574 8.370 1.00 20.59 8
ATOM 16 CB SER A 11 3.812 8.853 7.662 1.00 23.43 6
ATOM 17 OG SER A 11 2.985 9.989 7.417 1.00 23.97 8
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Struttura cristallina dir Aurora B:INCENP:ZM447439
1.9 A, R = 0.19, Rfree = 0.24, mean B = 26 A2

(Fabio Sessa, Fabrizio Villa)
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