
Derivation of Membrane and Receptor Mediated Kinetic Model of SWCNT Uptake.  
 
Equation S1 describes reversible SWCNT association with the cell surface, followed by membrane surface internalization. 
Equation S2 describes reversible SWCNT binding to a surface receptor, followed by internalization of the SWCNT–receptor 
complex.  The model assumes a complete dissociation of internalized SWCNT–receptor complexes and constant total receptor 
concentration. Equation S3 describes expulsion of internalized SWCNTs back into the extracellular SWCNT reservoir. 
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Thus, the rate equations for external SWCNTs, surface associated SWCNTs, SWCNT–receptor complexes, receptors and 

internalized SWCNTs are given by equations S4 – S8.  
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If we assume that the concentration of surface adsorption sites and receptors is much less than external SWCNT 

concentration, then surface associated SWCNTs and SWCNT–receptor complexes will replenish about as quickly as they are 
internalized, creating a pseudo-steady state concentration for both species. Thus, rate equations S5 and S6 are approximately 
equal to zero, and can be used to write expressions for surface associated SWCNT and SWCNT–receptor complexes given by 
equations S9 and S10 with the condition of equation S11. 
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We also assume the internalized SWCNT concentration has reached steady state value after 48 h. Setting equation S8 equal 
to zero and solving for internalized SWCNTs results in equation S12. 
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Along with a total receptor balance, given by equation S11, equations S9 and S10 can be substituted into equation S12 to 

arrive at the steady state intracellular SWCNT concentration represented for SWCNT–PF127 uptake in equation S13 (rewritten 
as S14) and SWCNT–BSA uptake in equation S15 (rewritten as S16). Equation S14 is equivalent to equation 1 of the text, and 
equation S16 is equivalent to equation 4 of the text. 
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Parameter fitting 
 
K′mem was imputed to the model as a constant, and the resulting best overall fit shown in Figure 4 was achieved with parameters  
and  equal to ~21 pg/cell and ~4 g/mL, respectively.  In the limit of high [SWCNT]ext ≥ 10 g/mL, [SWCNT]int ~  + 
K′mem[SWCNT]ext and linear regression of the data taking K′mem = 0.492 resulted in  = 18 ± 5 pg/cell.  In the limit of low 
[SWCNT]ext ≤ 10 g/mL, [SWCNT]int ~ (+ K′mem)[SWCNT]ext and linear regression of the data taking K′mem = 0.492 and  = 
18 ± 5 pg/cell resulted in  = 10 ± 7 g/mL, where the uncertainty in  was obtained through propagation of uncertain in .      

Electronic Supplementary Material (ESI) for Soft Matter
This journal is © The Royal Society of Chemistry 2013



Suppleme

Figure S1
registration
both SWC
 
 
 
 
 
 
 
 
 

ental Figures 

. Raman intensi
n of the phase im

CNT-PF127 and 

ity (heatmap) is
mage, nuclear i
SWCNTs-BSA

s localized perip
image and Rama
A.  Scale bar rep

pheral to the nuc
an image show 
presents 20 m.

cleus. The nucle
perinuclear loc
 

eus is labeled by
calization of SW

y a DNA stain (
WCNTs within th

 
(DAPI). Co-
he cell for 

Electronic Supplementary Material (ESI) for Soft Matter
This journal is © The Royal Society of Chemistry 2013



 
Figure S2
images sho
SWCNTs–
3T3 fibrob
 

 

 

 

 

 

 

 

 

 

 

.  SWCNTs–BS
ow a dose-depe
–BSA.  Scale ba
blasts treated wi

SA concentratio
ndent change in
ar represents 50
ith increasing co

on-dependent ef
n morphology w
0 m. (B) Low m
oncentrations of

ffects on macrop
with noticeable p
magnification im
f SWCNTs–BS

phage and fibro
phase dense reg
mages show no 

SA.  Scale bar  r

oblast morpholo
gions for J774A
dramatic chang

represents 100 

gy. (A)  Low m
A.1 macrophages
ge in morpholog
m.  

 

magnification 
s treated with 
gy for NIH-

Electronic Supplementary Material (ESI) for Soft Matter
This journal is © The Royal Society of Chemistry 2013



 

Figure S3.  Spectroscopic analysis of SWCNT stability in complete cell culture media over 48 hrs.  (A)  NIR absorbance of 
SWCNTs-PF127 and SWCNTs-BSA as prepared in water (solid line) and in complete cell culture media at 0 and 48 hrs (broken 
lines).  Absorbance spectra show that distinct van Hove peaks were maintained after 48 hrs in cell culture media.  (B) Raman 
spectra of SWCNTs-PF127 and SWCNTs-BSA as prepared in water (solid line) and in complete cell culture media at 0 and 48 
hrs (broken lines), normalized to the intensity of the G-band (at 1590 cm-1). Raman spectra show no change in the D-band (at 
1350 cm-1) or RBM above 250 cm-1 after 48 hrs in cell culture media.    
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