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Feynman questions
• What is the sequence of bases in DNA ?
• What happens when there is a mutation ?
• How is the base order in the DNA connected to the order

of aminoacids in the protein ?
• What is the structure of RNA ?
• What is the organisation of the « microsomes » ?
• How are proteins synthesized ?
• Where does the (m)RNA go ?
• How does it sit ?
• Where does the protein sit?
• Where does the amino acid go in ?



Feynman question 1
• What is the sequence of bases in DNA ?
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Feynman question �
• What happens when there is a mutation ? 

Error in replication DNA →DNA
or

in retro-transcription RNA →DNA 
(RNA viruses)



What kinds of gene mutations 
are possible?
Missense mutation

Nonsense mutation

Insertion

Deletion

Duplication

Frameshift mutation

Repeat expansion

http://ghr.nlm.nih.gov/handbook/mutationsanddisorders/possiblemutations
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Feynman question �
• �o� is the base o��e� in the DNA 
connecte� to the o��e� of a�inoaci�s in the 
��otein ?
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Feynman question �
• What is the stru�ture o� ��� ?

 arious !  single strand "RNA(#le$i%le)
#olded tRNA (#i$ed)
ri%oso"e rRNA (#i$ed)
ri%o&'"es (#i$ed)
()

• �ow is the or�er in ��� re�ate� to ��� ?

*ranscription DNA → "RNA



"ase#paired segments of tRNA
($% distinct& one for each AA) ha'e a 
spatia( structure simi(ar to A#DNA

AA attached to 3’ end by an enzyme
robot specific to the anticodon



(rans ription)a hiner! * 
�#$ pol!merase robot

m�#$ ss trans ript
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strand



Feynman questions 5-10
Protein synthesis?

• What is the o��anisation of the � �ic�oso�es � ?
• �o� a�e ��oteins s�nthesi�e� ?
• Whe�e �oes the �� !NA �o ?
• �o� �oes it sit ?
• Whe�e �oes the ��otein sit
• Whe�e �oes the a�ino aci� �o in ?

The ri
o�o�e� ro
ot



+u ar!oti ribosome
 omponents



�#$ binding sites in ribosome
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« Her photographs are among the most beautiful
X-ray photographs of any substance ever taken. »  
J.D. Bernal. 

!he �ourth man o� ��� 
was a woman"

�osa�in� #ran$�in
%&'(�%&5)

See Brenda Maddox : Rosalind Franklin, 
the Dark Lady of DNA, Harper Collins 2002
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�������i��lations� it! optical �i��raction
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0-ray
1ptical simulation
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0-ray 1ptical simulation



A3 4ucas et al, 
53 )hem3 6duc3 7&, 37/, 1999
8nstitute of )hemical 6ducation

1ptical diffraction 9it

*he :6;A website
http<==www3vega3org3u9

From 4ight to 4ife (D:D)
amand3lucas>fundp3ac3be
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A diffraction slide with 12 planar motives



Di##raction slide
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ADNA  Fran9linA-DNA  Cil9ins



D-DNA  E3 Cil9ins
D-DNA  ,3 Fran9lin



�i  rac#ion by ���� $arbon �ano#%bes 
an� o#&er Helical �anos#r%c#%res

$.$. 2u as and 4h. 2ambin
Rep- +rog- +hys- &-, 11/1 (2005)

1) BaulingFs α-heliG
2) DNA
3) *E: virus
.) )arbon Nano *ubes

How the structure of DNA was discovered



(he #obel 4ri;e in 4h!siolog! or )edi ine 19&:

.or their disco'eries concerning
the mo(ecu(ar structure of nuc(eic acids

and its significance for information transfer
in (i'ing materia(

H *he *hird Ean
of the double helix I
1Gford +B, 2003

1916-200.

/- Wi(0ins



M. Wilkins 1957

4i D-DNA



�he instant � sa� the �i�t�re, �y �o�th fell o�en and �y ��lse �e�an to ra�e
�� �a�son, �ro�  !"e #o$%le Helix &

�e�el�tio� �the bases
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