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• Single-Walled 
Nanotubes (SWNT)

• Multi-Walled 
Nanotubes (MWNT)

• Polymerized single-
walled nanotubes     
(P-SWNT)

Carbon Nanotubes (CNTs)

Nora Jameson @ Wipf Group Page 2 of 16 2/15/2009



• exhibit extraordinary strength

• unique electrical properties

• efficient conductors of heat

• composed entirely of sp2 
bonds

Carbon Nanotubes (CNTs)
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• arc discharge

• laser ablation

• chemical vapor deposition 
(CVD)

• natural, incidental, and 
controlled flame 
environments

Carbon Nanotubes (CNTs)
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• electrical circuits

• solar cells

• ultracapacitors

• mechanical memory elements

• nanoscale electric motors

• nanoradios

• electricity storage

Carbon Nanotubes (CNTs)
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Carbon Nanotubes (CNTs)

• Useful for a variety of 
biological functions:

• biosensing

• imaging

• intracellular delivery

• cancer cell targeting
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• cytotoxic to cells with different phenotypes

• accumulate in the cytoplasm and cause cell 
death 

• functional modifications can alter these 
cytotoxic responses

• possibility of in situ desorption brings 
considerable risk to their use in living 
organisms

Carbon Nanotubes (CNTs)
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• inherently noncytotoxic

• wide band gap 
semiconductors whose 
electrical properties are 
independent of geometry

• more chemically inert and 
structurally stable than 
CNTs

Boron Nitride Nanotubes 
(BNNTs)
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• aerospace technology

• medical and nanobiological technology

• ultraviolet lasers

• field-emitting devices

• electrical nano-insulators

• gas adsorption

• polymeric composites

Boron Nitride Nanotubes 
(BNNTs)
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• boron atoms in one layer are located directly on top 
of nitrogen atoms in neighboring layers and vise versa

• In graphite hexagons are offset and do not lie on top 
of each other

CNTs vs. BNNTs

Boron NitrideGraphite
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BNNTs Cytotoxic?

• BNNTs are not cytotoxic. (a) BNNTs do not inhibit 
HEK 293 cell proliferation. (b) BNNTs have no effect on 
cell viability. HEK 293 cells were cultured with BNNTs or 
with media alone.
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Surface Functionalization

Nora Jameson @ Wipf Group Page 13 of 16 2/15/2009



 BNNTs can bind to proteins

• (left) BNNTs coated with [G-2] 
Gal, which do not bind to Con A, 
showed no fluorescent labeling of  
the surface of CHO cells

• (right) fluorescence associated 
with Con A-bound [G-2] Man-
BNNTs
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BNNTs as cell delivery agents

• (left) CHO cells after overnight incubation with 
FITC-DNA alone, showed no significant cell 
surface fluorescence.

• (right) CHO cells after internalization of BNNTs 
coated with FITC-labeled DNA. CHO cells were 
incubated with FITC-DNA-BNNTs overnight and 
stained with DAPI prior to microscopy analysis. 
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Conclusions

• BNNTs are not cytotoxic

• BNNTs can be functionalized

• BNNTs can bind specifically to proteins

• BNNTs can act as cell delivery agents

• Future therapeutic/pharmaceutical uses
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