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Left: gold nanorods with a length of 40 nanometres and a thickness of about ten nanometres imaged with 
electron microscopy. Middle: two-photon luminescence microscopy of individual nanorods. Due to the high 
signal to noise ratio, the position of the protein can be determined to within an accuracy of a few nanometres. 
Right: At the same time the spectrum provides information about the shape and environment of each rod. 
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1. Scientific results 2013 

The FOM programme 'Single gold nanorods in live cells' is halfway its second year. In the first 
year the new team members have acquainted themselves with their parts of the programme. 
 
FOM postdoc Boyle has, in collaboration with colleagues in the Kros group, synthesized multiple 
batches of gold nanorods (GNRs), with various sizes, aspect ratio's and chemical functionality. In 
particular, Polyethylene Glycol (PEG) -coating and functionalization with Rhodamine and Halo-
ligands have been developed and tested. Initial experiments with binding of GNRs to synthetic 
vesicles have been carried out. 
 
In the Van Noort group, oio Carozza has moved the two-photon multifocus microscope from the 
Huygens Laboratory to the Leiden Cell Observatory. This has strongly facilitated interactions with 
the biologists involved in this program. The Mira/Verdi IR laser was replaced for a Cameleon 
Ultra laser, giving us more power, resulting in a larger field of view, and the possibility to easily 
tune the wavelength. Together with postdoc Capoulade, several changes were implemented to 
allow for robust and easy access by others in the programme. With the new tuning capacity it is 
possible to alternate two-photon Green Fluorescent Protein (GFP) imaging and GNR tracking on 
the same sample. Capoulade set up a single-molecule microscope for quantitative comparison of 
single molecule GFP imaging and single GNR tracking. Experiments were done to asses IR 
induced cell damage, together with Jan Stap (AMC), GNRs were visualized in zebrafish embryos, 
excitation spectra of single GNRs were measured and tracking analysis was optimized. 
 
Using microinjection of GNRs in zebrafish embryos at the 1-2 cell stage and dissociation of these 
embryos approximately 4 hours later, oio Keizer in the Schaaf group has been able to introduce 
GNRs into living cells. These GNRs do not enter the nucleus and seem to diffuse freely through the 
cytoplasm. Electroporation of mammalian cells also results in introduction of GNRs into the cells, 
but the GNRs end up in an immobile state, probably caught in vesicles. Next to cloning a Halo-tag 
to a membrane protein and a Gluccocorticoid receptor (GR), the mobility of this GR was quantified 
at the single molecule level using fluorescent proteins. 
 
Oio Carattino rebuilt the optical trap in the Orrit group, and checked its correct functioning. With 
this setup we can trap GNRs with approximate dimensions: 25x60nm and forces of up to 0.5pN. 
We trapped GNRs in the vicinity of cells, and started to update the setup for being able to image 
cells and manipulate nanoparticles at the same time. Carattino also performed experiments quanti-
fying the reshaping of GNRs through etching with KCN, as a method for fine tuning the surface 
Plasmon resonance after synthesis of a single nanoparticle. 
 
Overall we have had a smooth start with the new people picking up on new techniques rapidly, 
and frequent and intensive contacts between the involved groups. Moving the two-photon setup 
and installing a new laser cost some extra time, but this investment will be worthwhile given the 
new technical opportunities and the closer proximity of the involved groups. Synchronization of 
the development of GNR synthesis, transfection GNRs into cells and live cell imaging is challeng-
ing and in the coming year we will further extend the integration of these activities. We aim to be 
able to track individual GR proteins in live cells in the coming year and demonstrate their activity. 
 
2. Added value of the programme 

As anticipated, it has been essential to bring together the expertise of physicists, chemists and bio-
logists in order to achieve the full potential of GNRs as superior biological markers. Having all the 
involved labs in the same building has greatly facilitated this. We have had bi-monthly meetings 
with all participants, including co-author Dr. Peter Zijlstra who moved from Leiden to Eindhoven 
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at the beginning of the program. Next to these lively meetings, there have been frequent, regular 
interactions between the researchers from the participating groups. Many of the oio's/postdocs 
have participated in joint experiments in which both partners were present in each other's labora-
tory. 
 
New proof-of-principle experiments have been conducted with Jan Stap (AMC) and 
Martina Vijver (Leiden University). 
 
3. Personnel 

All of the positions are currently filled and progress is on schedule. Since it is early in the pro-
gramme there are no graduations planned for the coming year. 
 
4. Publications 

11SGC01 
- Van den Broek, B., Ashcroft, B., Oosterkamp, T.H., & van Noort, J. (2013). Parallel nanometric 

3D tracking of intracellular gold nanorods using multifocal two-photon microscopy. Nano let-
ters, 13(3), 980-986. 

 
11SGC03 
- F.L. Groeneweg, M.E. van Royen, S. Fenz, V.I.P. Keizer, B. Geverts, J. Prins, E.R. de Kloet, 

A.B. Houtsmuller, T. Schmidt, and M.J.M. Schaaf, Quantitation of Glucocorticoid Receptor 
DNA-Binding Dynamics by Single-Molecule Microscopy and FRAP, PLoS ONE 9(3): e90532. 
doi:10.1371/journal.pone.0090532. 

 
5. Valorisation and outreach 

There have been no activities in terms of patents or start-ups. We have started initial experiments 
with Martina Vijver (Leiden University) on screening the toxicological effects of GNRs. We aim to 
organize a Lorentz workshop on the use of nanoparticles in biology in 2015. 
 
Our paper on nanometric tracking of GNRs was picked up as a research highlight in Nature Pho-
tonics (7) 2013. 
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Fact sheet as of 1 January 2014 

 FOM - 12.0254/2 
 datum: 01-01-2014 
 
 
APPROVED FOM PROGRAMME 
 
 
Number 135. 
  
Title (code) Single gold nanorods in live cells (SGC) 
  
Executive organisational unit BUW 
  
Programme management Dr.ir. S.J.T. van Noort 
  
Duration 2012-2017  
  
Cost estimate M€ 1.4 
  
Concise programme description 

a. Objectives 

The aim of this program is to develop the methodology to probe the function and mechanics of a 
wide range of biomolecules in a living cell. We will use a single gold nanorod as a probe for 
tracking and force/torque transduction on single molecules. Kros will synthesize gold nanorods 
with a surface chemistry that allows us to incorporate a specific functionality onto the probe and to 
control conjugation with selected proteins inside the cell, that are genetically tagged by Schaaf. 
Tagged proteins will be followed in three dimensions for arbitrarily long times using the two-
photon microscope and tracking algorithms developed by Van Noort. Orrit will further develop 
the optical trapping and manipulation of a single gold nanorod in vitro. 
We will use this new technology to study and develop delivery strategies for nanorods into the 
cell, to optimize detection and manipulation techniques for chromatin biophysics in vitro, to reveal 
the mechanisms of glucocorticoid receptor (GR) based regulation in vivo and to probe chromatin 
organization in vivo. 
 
b. Background, relevance and implementation 

Single-molecule fluorescence and force spectroscopy provide novel insight into the dynamics and 
interactions of biomolecules. Yet, current in vitro experiments are not always relevant to complex 
and variable cell conditions. Tracking and manipulating single molecules inside a cell is still not 
possible because (1) current fluorescent labels exhibit poor optical stability and (2) the bulky 
microbeads employed in optical or magnetic tweezers easily interfere with cell function. 
We will employ gold nanorods as a solution to both these issues. Recently we have developed 
methods to track and trap single gold nanorods in vitro, and in this program we will advance these 
methods further to probe specific biomolecules inside a cell. Because gold nanorods don't blink or 
bleach we can follow a labelled biomolecule for arbitrary long times. Moreover, their small volume 
(comparable to a big protein complex) warrants a significantly reduced invasiveness compared to 
microbeads generally used for force spectroscopy. Being small, they are also less prone to 
undesired non-specific interactions with cell components. 
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Our consortium will use the physical knowledge on microscopy and force spectroscopy, chemical 
knowledge on the synthesis and functionalization of gold nanoparticles, as well as specific 
biological knowledge to address the glucocorticoid signalling pathway. All participants are located 
in one building, ensuring a close and efficient collaboration. By joining the expertise from such 
diverse disciplines we will be able to address one of the most pertinent challenges in biophysics 
and cell biology i.e. tracking and manipulating the journey of individual molecules through the 
cell.  
 
 
Funding 

salarispeil cao per 01-07-2012 

 
Via BUW 

bedragen in k€ < 2013 2014 2015 2016 2017 2018 ≥ 2019 Totaal 

FOM-basisexploitatie 446 294 326 259 46 - - 1.371 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO - - - - - - - - 

Doelsubsidies derden - - - - - - - - 

Totaal 446 294 326 259 46 - - 1.371 

 
 
Source documents and progress control 

a) Original programme proposal: FOM-11.1199 
b) Ex ante evaluation: FOM-11.1412 
c) Decision Executive Board: FOM-12.0253 
 
 
Remarks 

The final evaluation of this programme will consist of a self-evaluation initiated by the programme 
leader and is foreseen for 2017. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 EK par. HOZB 
 
 
Subgebied: 100% FL  
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Historical overview of input en output 

 

Input 
personnel (in fte)  finances* (in k€ ) 

WP/V WP/T PhD NWP 

2012 - - 1.1 - 208 

2013 - 1.3 3.0 - 663 

 

Output 
PhD theses refereed publications other publications & 

presentations 
patents 

2013 - - 2 - 

* After closing the financial year. 
 
 
PhD defences 

2013 
None. 

 

 
 
Patents (new/changes) 

2013 
None. 
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Overview of projects and personnel 

 
Workgroup FOM-L-21 

Leader Prof.dr. M.A.G.J. Orrit 

Organisation Leiden University 

Programme Single gold nanorods in live cells 

Project (title + number) GNRs for single molecule detaction andmanipulation 11SGC02 

 

FOM employees on this project 

Name  Position Start date End date 

A.J. Carattino PhD 01 October 2012 30 September 2016 

 
 
Workgroup FOM-L-36 

Leader Dr.ir. S.J.T. van Noort 

Organisation Leiden University 

Programme Single gold nanorods in live cells 

Project (title + number) Two-photon tracking of functional GNRs in livecells 11SGC01 

 

FOM employees on this project 

Name  Position Start date End date 

J. Capoulade postdoc 01 September 2013 31 August 2015 

S. Carozza PhD 01 July 2012 30 June 2016 

 
 
Workgroup FOM-L-37 

Leader Dr. M.J.M. Schaaf 

Organisation Leiden University 

Programme Single gold nanorods in live cells 

Project (title + number) GR signaling exposed with GNRs 11SGC03 

 

FOM employees on this project 

Name  Position Start date End date 

V.I.P. Keizer PhD 01 September 2012 31 August 2016 
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Workgroup FOM-L-38 

Leader Dr. A. Kros 

Organisation Leiden University 

Programme Single gold nanorods in live cells 

Project (title + number) Synthesis and dilivery of functional GNRs 11SGC04 

 

FOM employees on this project 

Name  Position Start date End date 

A.L. Boyle postdoc 01 January 2013 31 December 2015 

 


