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Nature = transport via motor 
proteins and associated filaments

Experimentally = kinesin and 
microtubules
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Two types of kinesin-based in vitro
motility
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Functionalized microtubes; kinesin provides energy/motility
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Standard Motility

AF488 
sphere

Streptavidin Qdot

• Mimics natural transport pathways  

• Kinesin attached via passive adsorption 
or biotin-streptavidin interaction



Kinesin-based nano-harvesters:
Kinesin conjugates with antigen-recognition capability

Bidirectional Approach

Kinesin-ScFv fusion protein Streptavidin QDot:Biotinylated 
Kinesin:Biotinylated Antibody 
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Kinesin-ScFv Fusion Protein
Genetic engineering approach

http://www3.unifi.it/scibio/pers/deglinnocenti/scFv.jpg
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• Potential to functionalize 
kinesin with:

- antibody recognition 
elements (ScFvs to a 
variety of antigens)

- reactive peptides (Au, Pt, 
Ag, CNTs, etc.)
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Fusion Protein Functionality:

• Kinesin- ATP hydrolysis 
assays; standard motility assays

• ScFv - ELISA
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Quantum dot:Kinesin:Antibody 
Conjugates

www.probes.invitrogen.com

5-10 streptavidins/Qdot

4 biotin binding sites/streptavidin

Biotinylated Kinesin

Biotinylated Antibody 
(TNF, IL-2, and NFkB)

Streptavidin Qdot

55kDa

Conjugate Functionality:

• Kinesin – Standard 
motility assay; ATP 
hydrolysis assay

• Antibody – ELISA; 
standard motility assay

110kDa wt DK

bio DK



1:10 Qdot:BioDK ratio

1:10:5 Qdot:BioDK:Antibody ratio 1:10:9 Qdot:BioDK:Antibody ratio

Kinesin Functionality:



Antibody Functionality

HRP HRP HRP HRP

-DK

Qdot:bDK:bAb

Antigen

HRP -Ag

Streptavidin Qdots

Biotinylated Kinesin/Antibody

Antigen

Readout = HRP signal

Streptavidin non-fluorescent 
spheres

Biotinylated Kinesin/Antibody

Readout = Transport of 
fluorescent protein (Ag)



Applications

• In vitro:
– Antigen capture within biosensor –

disease determinants, cytokines, etc.

– Large scale material organization along 
microtubule pattern

• In vivo:
– Capture and retention of molecules within 

a cell (infectious agents, cellular proteins, 
etc.)

“Tracking individual kinesin motors in living cells using single-
quantum dot imaging”

Courty S., et al.  Nanoletters 6(7): 1491-1495, 2006
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