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Supporting Methods 
 
DNA wrapping of SWNTs. 1.0 mg electric arc SWNTs (CarboLex, Inc., Lexington, KY) 
and 1 mg (GT)15 oligodeoxyribonucleotides (Integrated DNA Technologies, Inc., Coralville, 
IA) were added in 2 ml piperazine-1,4-bis(2-ethanesulfonic acid) (PIPES) buffer (Sigma, 1 
mM, pH 7) in a 15 ml polypropylene centrifuge tube. The tube was placed on ice and 
sonicated (Sonics Model VC 130) at a power of 8-9 W and 20 kHz for 120 min using a 6-mm 
diameter probe tip vibrating at 80% amplitude. After sonication, the sample was centrifuged 
at 16000 g for 90 min. The supernatant was carefully collected and filtered with a Millipore 
Amicon Ultra-4 centrifugal filter device (molecular weight cut off 100 kDa). The 

concentrated, desalted samples were collected and stored at 4 ⁰C. F127-wrapped SWNTs 

were prepared by sonication of 1.0 mg electric arc SWNTs in 2-ml 5 % (w%) F127 solution 
for 1 h. Then the sample was centrifuged at 16000 g for 90 min and the supernatant was 
carefully collected. To disperse SWNTs in sodium cholate or sodium dodecyl sulfate, 1.0 mg 
electric arc SWNTs were suspended in 2-ml 2% (w%) sodium cholate or sodium dodecyl 
sulfate solution by probe sonication for 1 h. After centrifugation at 16000 g for 90 min, the 
supernatant was collected. The pure S-SWNTs and M-SWNTs were purchased from 
Nanointegris Inc (Skokie, IL). 
 
Transient absorption imaging of SWNTs in living cells. Chinese hamster ovary (CHO) 
cells were cultured at 37 °C in a humidified atmosphere containing 5% CO2 and grown 
continuously in folate-deficient RPMI 1640 medium containing 10% FBS and 1% 
penicillin-streptomycin. In a typical experiment, a 1-ml suspension of CHO cells (105 /ml) 
was plated onto a glass-bottomed Petri dish, grown for 2 days, then treated with an aliquot of 
the DNA-wrapped SWNTs (20 µl, 0.37 mg/ml) and incubated at 37 °C for different periods 
of time to monitor the cellular uptake. To image SWNTs in cells, pump and probe beams 
were tuned at 707 nm and 885 nm, respectively. The laser power post objective was 1 mW 
for the pump beam and 1.6 mW for the probe beam.  
 
Transient absorption imaging of circulating SWNTs in vivo. 6-8 week BALB/c mice were 
used for in vivo study. After anesthesia by intraperitoneal injection of ketamine (50 mg/kg) 
and xylazine (5 mg/kg), 100 µl of F127-wrapped SWNT solution (0.25 mg/ml) was 



administrated by tail vein injection. The mouse was then placed on a Petri dish with one ear 
pressed against the coverslip. A 40× water objective (NA = 0.8) with a working distance of 
3.3 mm was used to focus the beams onto the earlobe. The wavelength of pump and probe 
beams were selected at 790 nm and 885 nm to minimize the thermal lens signal from RBCs 
in the in-phase channel. The laser power was 16 mW post objective for both the pump and 
probe beams. No photodamage to blood vessel or surrounding tissues was observed. The 
signals were collected by an air condenser and detected by a photodiode, with transient 
absorption signals from SWNTs appearing in the in-phase channel and thermal lens signals 
from RBCs appearing in the quadrature channel. Videos were acquired by 2D (256 ×256 
pixels/frame) or 1D (x-t) scanning with 50 µs/pixel dwell time. A total of 3 mice were 
imaged. Control experiment was performed by imaging the mouse injected with pure saline at 
the same condition. 
 
Imaging SWNTs in extracted organs. Mice were euthanatized 24 h after i.v. injection of 
SWNTs. Organs including liver, spleen and kidney were explanted and fixed in 4% formalin 
solution to preserve the tissue architecture. For imaging, the organs were cut into 100 µm 
slices and put onto a clean coverglass. Kupffer cells in liver were stained by 
immunofluorescence with primary ED-1 antibody and secondary Alexa fluor 488 antibody. 
The pump and probe beams were at 707 nm and 885 nm, respectively. The laser beams were 
focused onto the sample by a 60× water objective with laser power of 1 mW for pump beam 
and 1.6 mW for probe beam after objective. The forward-signals were collected with another 
60× water objective and detected by a photodiode. The Kupffer cells were visualized by TPF 
imaging simultaneously in the epi-channel detected by a PMT with a bandpass filter (520/40).  
 



 
Supplementary Figures 
 

  
 
Figure S1. Schematic of the transient absorption microscope. Two 5-ps lasers providing the 
pump and probe beams were synchronized and collinearly combined into an inverted 
laser-scanning microscope (FV300/IX71, Olympus Inc). DM: dichroic mirror. F1: filter 
before the photodiode to block pump beam in the forward detection. F2: filter before the 
photomultiplier tube in the epi-detection. FM: flip mirror. OM: optical modulator. PD: 
photodiode. PMT: photomultiplier tube. SU: scanning mirror unit.  



 

 
 
Figure S2. Transient absorption imaging of pure S-SWNT (a-b), M-SWNT(c-d) and 
DNA-wrapped SWNT (DNA-SWNT, e-f) in the in-phase channel (a,c,e) and quadrature 
channel (b,d,f). The pump and probe beams were at 707 nm and 885 nm, respectively. The 
laser power after objective was 0.7 mW for pump beam and 1.3 mW for probe beam. Bar = 2 
µm.  

 



 

 
 
Figure S3. Characterization of DNA-SWNTs by AFM. (a) AFM image of DNA-SWNTs. (b) 
A zoomed-in AFM image of DNA-SWNTs. (c) Height analysis long the line indicated in (b). 
Bar = 1 µm. 



 

 
Figure S4. Transient absorption imaging of aligned single SWNTs grown on special-cut 
quartz substrate. (a) Image of aligned single S-SWNT (position of 2) and M-SWNT (position 
of 1) in the in-phase channel showing transient absorption signal with opposite phases. Bar = 
5 µm. Pump: 707 nm. Probe: 885 nm. The image was acquired with 200 µs/pixel dwell time. 
(b) Intensity profile in the in-phase channel (ch) of lock-in amplifier from the line scan 
(yellow dish line) in (a). The peaks labeled with numbers 1 and 2 correspond to the single 
SWNTs indicated in image (a). The lateral resolution was around 398 nm.  











 

 
Figure S9. Transient absorption imaging of cellular uptake of DNA-SWNTs in CHO cells at 
different incubation time: (a1, a2) 4 h, (b1, b2) 8 h, (c1, c2) 24 h. Gray: transmission image of 
cells. Green: S-SWNTs. Red: M-SWNTs. Big aggregates of M-SWNTs (indicated by white 
arrows) were observed in some places in the cell culture medium or on the cell surface. More 
aggregates were observed at longer incubation time. The formation of aggregates might be 
due to the low affinity of DNA-coatings to M-SWNTs. Pump: 707 nm. Probe: 885 nm. The 
laser power after objective was 1 mW and 1.6 mW for pump and probe beam, respectively. 
Bar = 10 µm. 



 

 
Figure S10. Single particle tracking of DNA wrapped S-SWNTs in CHO cells. 15 of 
S-SWNTs were tracked and 4 of them were shown here. Green: S-SWNTs. Red: M-SWNTs. 
(a1,b1,c1,d1) Transient absorption image of DNA-SWNTs in CHO cells. The S-SWNTs 
analyzed were indicated by a yellow circle. Bar = 2 µm. (a2,b2,c2,d2) S-SWNT trajectories. 
The red circle indicated the starting point of the trajectory. (a3,b3,c3,d3) Instantaneous 
velocities of S-SWNTs. Plus and minus velocities were used to indicate movement toward 
the cell periphery and the nucleus, respectively. (a4,b4,c4,d4) Mean squared displacement 
(MSD) of S-SWNTs (squares). Least-squares fit (red solid curve) described active 
intracellular transport according to the function of MSD =4D∆t + (V∆t)2, where D is the 
diffusion coefficient and V is the average transport speed. a4) D= 5720 nm2/s; V =30.3 nm/s; 
b4) D= 757.5 nm2/s; V =14.2 nm/s; c4) D= 767.5 nm2/s; V =9.63 nm/s; d4) D= 2500 nm2/s; 
V =11.6 nm/s. 

 



 

 
 
Figure S11. Single particle tracking of DNA wrapped M-SWNTs in CHO cells. 10 of 
M-SWNTs were tracked and 4 of them were shown here. Green :S-SWNTs. Red: M-SWNTs. 
(a1,b1,c1,d1) Transient absorption image of DNA-SWNTs in CHO cells. The M-SWNTs 
analyzed were indicated by a yellow circle. Bar = 2 µm. (a2,b2,c2,d2) M-SWNT trajectories. 
The red circle indicated the starting point of the trajectory. (a3,b3,c3,d3) Instantaneous 
velocities of M-SWNTs. Plus and minus velocities were used to indicate movement toward 
the cell periphery and the nucleus, respectively. (a4,b4,c4,d4) Mean squared displacement 
(MSD) of M-SWNTs (squares). Least-squares fit (red solid curve) described active 
intracellular transport according to the function of MSD =4D∆t + (V∆t)2, where D is the 
diffusion coefficient and V is the average transport speed. a4) D= 1520 nm2/s; V =13.5 nm/s; 
b4) D= 627.5 nm2/s; V =14.2 nm/s; c4) D= 665 nm2/s; V =10.3 nm/s; d4) D= 2330 nm2/s; V 
=11.3 nm/s. 



 

 
Figure S12. Summary of single particle tracking results of S-SWNTs and M-SWNTs 
(exemplary graphs were shown in Fig. S11 and Fig. S12). Mean squared displacement (MSD) 
of each particle is fitted by the function of MSD =4D∆t + (V∆t)2, where D is the diffusion 
coefficient and V is the average transport speed. V and D for 15 of S-SWNTs and 10 of 
M-SWNTs are shown in (a) and (b) with mean ± SD, respectively. *: no significant 
difference between the means by unpaired t-test at p<0.05.  



 

 
 
Figure S13. Characterization of F127-wrapped SWNT (F127-SWNT) sample. (a) Extinction 
spectrum from F127-SWNT solution. (b) AFM image of F127-SWNT. Bar = 1 µm.  

 



 

 
 
Figure S14. Transient absorption image of SWNTs in bulk liver tissue detected in the 
backward channel. Gray: autofluorescence signal from liver tissue. Green: S-SWNTs. Red: 
M-SWNTs. Pump: 707 nm. Probe: 885 nm. Bar = 5 µm.  
 
 
 
 
 
 

Supplementary Videos 

Video S1: Real time imaging of intracellular trafficking of DNA-SWNTs in CHO cells by 
transient absorption microscope. 
 
Video S2: Transient absorption imaging of intracellular trafficking of DNA-SWNTs in CHO 
cells. Green: S-SWNTs. Red: M-SWNTs. The cell was outlined by yellow line.  
 
Video S3: Intravital imaging of F127-SWNTs in the blood vessel inside the earlobe of a 
mouse. In-phase channel: transient absorption signals from SWNTs. Quadrature channel: 
thermal lens signals from red blood cells.  




