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Optical tweezers studies of RNA/protein interactions in ribosome assembly
The present project focuses on the ribosome, the RNA-protein complex (RNP) responsible for protein  
synthesis in all organisms. The aim is to study ribosome assembly at a single molecule scale. 
The large subunit of the E. coli ribosome results from the stoichiometric assembly of two rRNA species, 
and 34 r-proteins. This assembly is highly cooperative in vivo and in vitro. However, the molecular basis 
for the cooperativity remains largely unknown. 
Assembly is far more efficient in vivo than in vitro, presumably due to a series of non-ribosomal factors  
that transiently interact with the nascent ribosome and assist its assembly. In particular, in E. coli, three 
DEAD-box helicases participate in the assembly of the large subunit. DEAD-box helicases are present in 
all organisms and participate in nearly all reactions implying RNA; they are believed to locally rearrange  
RNP structure at the expense of ATP hydrolysis.
We will use single molecule force measurements to address the molecular mechanism of cooperativity  
during ribosome assembly (figure 1) [1,2]. The studied rRNA is linked to two DNA/RNA hybrid handles. 
The handles are then fixed to two functionalized beads, that can be manipulated with a dual optical trap.  
Pulling the molecular construct triggers the unfolding of the RNP. The force is measured continuously  
during the experiment.  In practice,  we shall record the binding of various r-proteins and helicases to 
selected fragments of the rRNA. Altogether, we expect that this original single molecule approach will  
shed new light on the process of ribosome assembly.

Figure  1:  Inset:  Schematic  view  of  a  typical  measurement 
configuration.  A  fragment  of  rRNA  is  linked  to  two  beads  via 
RNA/DNA  handles.  Two  force  versus  displacement  curves  are 
shown in the main part of the figure; they have been measured in the 
presence (blue) or absence (red) of the protein L20C. L20C binds 
tightly to the RNA fragment; as a result, the force needed to unfold 
the RNA fragment  is  higher  in  the presence of  L20C than in its 
absence.

[1] P. Mangeol, T. Bizebard, C. Chiaruttini, M. Dreyfus, M. Springer and U. Bockelmann. Probing ribosomal  
protein-RNA interactions with an external force. Proc Natl Acad Sci U S A, 108, 18272–6, 2011.
[2] P. Gross, N. Laurens, L. B. Oddershede, U. Bockelmann, E. J. G. Peterman, and G. J. L. Wuite. Quantifying  
how DNA stretches, melts and changes twist under tension. Nature Physics, 7(2002), 731–6, 2011.

Indiquez le ou les parcours (ex DEA) qui vous semblent les plus adaptés au sujet  :
Physique de la matière condensée  : OUI Physique des Liquides OUI 
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