
This technique allows the 

imaging of single 1.4 nm gold 

and silver nanoparticles in a 

scattering environment, e.g., a 

living cell. 

Nanoparticles are not subject 

to photobleaching and a single 

nanoparticle can be visualized 

over many hours.

The first microscope of this 

type has been developed by 

Brahim Lounis team in 

Bordeaux . 

In collaboration with Lounis, 

we have built a photothermal 

microscope dedicated to live 

cell imaging.

NANOPARTICLE ENGINEERINGCELL IMAGING

Nanoparticles, peptides and cells; 
some insights into the bionano interface - 
Raphaël Lévy, Liverpool Institute for Nanoscale Science, Engineering and Technology (LINSET)
        

Email: rapha@liv.ac.uk - Weblog: http://raphazlab.wordpress.com/

Through rational and combinatorial design, peptides 

that form a densely packed Self-Assembled 

Monolayer (SAM)  at the surface of gold 

nanoparticles were obtained. 
Lévy, et al J. Am. Chem. Soc. 2004, 126, 10076
  

Multifunctional particles are easily prepared using 

mixed self-assembled monolayers.
Wang, et al Bioconjugate Chem. 2005, 16, 497
   

Control over the number of functional group per 

nanoparticle can be achieved using affinity 

chromatography.
Lévy, et al ChemBioChem 2006, 7, 592
   

Peptide-capped gold nanoparticles can be modified 

by kinases and used for colorimetric kinase activity 

screening.
Wang, et al J. Am. Chem. Soc. 2006, 128, 2214
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Stripy nanoparticles revisited

In a series of article  stripy patterns on gold nanoparticles capped with 

mixed layers of alkane thiolates were reported by a group at MIT 

[Jackson et al., 2004, Nature Materials, etc.]. The description of these structures 

was based on Scanning Tunneling Microscopy. The stripy 

nanoparticles are attributed extraordinary properties such as being 

“extremely effective in avoiding non-specific adsorption of a variety of 

proteins” and having the ability to “penetrate the plasma membrane 

without bilayer disruption”.

We revisited the evidence for the existence of stripes in mixed layers of 

alkane thiolates. Fast Fourier Transform analysis of the STM images 

reveals that the stripes are a scanning artefact. Solubility 

measurements do not point towards the existence of phase transitions 

in the OT/MPA system and a careful photothermal examination of the 

localization of MUS/OT nanoparticles after uptake by Hela cells 

indicate an endosomal localization for all monolayers compositions.
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Tuning the activity of proteases with PEGylation
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For future biomedical applications of nanoparticles, it 
will be necessary to combine on a single 
multifunctional nanoparticle properties which can be 
antagonistic such as molecular recognition,  
resistance to non-specific binding and full colloidal 
stability. PEG has been shown to be very efficient at 
preventing non-specific binding and, as we show 
here, also strongly reduce accessibility of substrates 
at the nanoparticle surface. 
The quantitative measurements presented in this 
work open the road to the fine tuning of the properties 
of multifunctional nanoparticles for in vivo 
applications.
ChemComm 2009, Free et al., 5009-5011

Caspase sensing in live cells
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Cells were loaded with the nanoparticle probes for 3 hours in presence of chloroquine, and then 
washed off the cells before caspase-3 activation by a direct pro-caspase activator (PAC-1). The 
figure shows that PAC-1 induces cleavage of CCALNNCaspRhod but not CCALNNThrFluor (left). 
No cleavage was observed in the absence of the PAC-1 treatement (right). The kinetics and 
sensitivity of PAC-1 induced caspase-3 activation were similar to end point measurements 
performed with a commercially available kit.

Digestion of nanoconjugates upon endocytosis
Understanding the fate and interactions of bioconjugated 

nanoparticles within living cells and organisms is a prerequisite 

for their use as in situ sensors or actuators. Here we show that, 

upon internalization in a wide range of mammalian cells, 

biological molecules attached to the nanoparticles are 

degraded within the endosomal compartments through 

peptide cleavage by the protease cathepsin L. Using 

bioinformatics tools, we show that cathepsin L is able to cleave 

more than a third of the human proteome, indicating that this 

degradation process is likely to happen to most nanoparticles 

conjugated with peptides and proteins and cannot be ignored 

in the design of nanomaterials for intracellular applications. 

Preservation of the bioconjugates can be achieved by a 

combination of cathepsin inhibition and endosome disruption.

ACS Nano 2009, Sée et al., published online

Engineering secondary structures at the surface 
of gold nanoparticles

Fourier Transform Infra Red spectra of CFGAILSS “free” in solution 
(where it forms extended amyloid fibrils) and as part of a self-
assembled monolayer (SAM) on gold nanoparticles. The free 
peptide (black) has two Amide I bands at 1627 cm-1 and 1694 cm-1 
which is consistent with an anti parallel beta sheet structure. When 
part of a SAM ( ) the amide I has a position of 1630 cm-1 which is 
consistent with parallel beta sheet. NMR studies are ongoing - 
initial results confirm distances indicative of beta-sheet formation. 
These results constitute the first spectroscopic evidence of 
supramolecular order in a 3D peptide SAM.
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Streptolysin-O assisted delivery of nanoparticles
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control Streptolysin O StreptolysinO is a 61 Kda secreted bacterial 
protein (toxin) which is a pore-forming agent 
that has been used previously as mean of 
introducing oligonucleotide and siRNA in live 
cells. Our initial results confirm that more gold 
nanoparticles are uptaken in cells which have 
been treated with SLO than in untreated cells. 
We are also studying the effect of partial 
nanopa r t i c l e  cove rage  w i t h  PEG 
(polyethylene-glycol) on SLO assisted 
delivery of gold nanoparticles.  We are 
cu r ren t l y  comb in ing  f l uo rescence  
microscopy, photothermal microscopy and 
electron microscopy to elucidate the 
mechanisms, localization and fate of the 
nanoparticles up taken during the SLO 
treatment.
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