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Supporting information 

1. Morphological and Structural Characterization of Single Walled Carbon Nanotubes (SWCNTs)  

Morphological characterization of nanotubes was performed by Scanning Electron Microscopy 

(SEM). For SEM analyses, the SWCNTs were deposited on Si wafer and metalized. SEM analyses 

were performed by using Hitachi S-4000 Scanning Electron Microscope. A few microliters of sample 

dispersion of SWCNTs were deposited on the Silicon substrate and an ultra-thin coating of gold was 

applied to increase the signal-to-noise ratio. The length of the nanotubes was determined by 

analyzing SEM images using ImageJ software, as described earlier [1]. 
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Figure 1. SEM characterization of SWCNT length after the purification and shortening. (a) A 

representative SEM image used in the length estimation of SCNTs. (b) A portion of the same SEM 

image after processing in ImageJ1. (c) Length distribution histogram of purified unshortened 

SWCNTs and SWCNTs shortened by 15-min tip sonication. 

The structural integrity of SWCNTs after the shortening procedure (15, 30, and 60 min of tip 

sonication) was estimated by Raman spectroscopy (Figure S2). The 15-min shortening preserve the 

structure of the nanotubes, while the longer treatments of 30 min and 60 min produced nanotubes 

with compromised sp2 network (increase of D band, Figure S2) that were not included in the further 

experiments. 
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Figure 2. Raman spectra, in the 1200-1900 cm -1 spectral range, of purified SWCNTs and after 

shortening by tip sonication for 15, 30, and 60 min. D band at about 1350 cm-1 and G band at about 

1580 cm-1. The spectra were collected by using a Horiba eXplora device using a 532-nm laser source. 

2. Growth Curves of cc400 Chlamydomonas Mutant Exposed to SWCNTs 

Algal cultures in initial-exponential growth phase (3.1 ± 0.17 × 106 cells mL−1) were exposed to 1 

or 2 µg mL−1 of DNA-wrapped SWCNTs, shortened or not. Control and SWCNTs-enriched 

Chlamydomonas cultures were grown for a period of 72 h and culture growth were examined every 24 

h. Neither of the treatments induced formation of visible cell agglomerates. However, the treatment 

with unshortened SWCNTs slowed down cell proliferation during the first 48 h in a concentration-

dependent manner.  

 

Figure 3. Growth curves of cc400 Chlamydomonas cultures exposed to 0, 1, and 2 µg SWCNTs mL-1 for 

a period of 72 h. (a) Unshortened SWCNTs. (b) SWCNTs shortened by 15 min tip-sonication. The 

effect of PBS buffer (Phosphate-Buffered Saline) was also tested, as it is present in the SWCNT 

dispersions. Average values from three separate cultures, with 2-4 technical repetitions for each 

culture, ±SE. 

  

 

0 20 40 60 80
0

10

20

30

40

50

a

C
e

ll
 n

u
m

b
e

r 
(x

1
0

6
) 

m
L

-1

C
e

ll
 n

u
m

b
e

r 
(x

1
0

6
) 

m
L

-1

Time (h)

 Control 

 1g SWCNTs mL
-1

 2g SWCNTs mL
-1

b

0 20 40 60 80
0

10

20

30

40

50  Control

  2g SWCNTs mL
-1

 PBS

Time (h)



4 

3. TEM Images of Control Cells  

Approximately half of the volume of the oval C. reinhardtii cell is occupied by a single cup-

shaped chloroplast, which expands towards the cell-wall engirding a “hollow” central part 

containing the main cellular organelles.[2] The chloroplast rim is in close proximity of the cell wall 

and plasmalemma membrane. In the case of cc400 mutant, the lack of well-structured cell wall results 

in cells with an irregular shape when imaged by TEM [3].  

 

Figure 4. TEM images of a cc400 Chlamydomonas mutant and chloroplast of cells not exposed to 

SWCNTs. The samples have been prepared from control algal cultures from the same growth phase 

as the one grown in the presence of nanotubes. Well-developed grana stacks and stromal thylakoids 

(TM) along with plastoglobules (Ps) and abundance of starch granules (G) presented. The whole cell 

image shows the photoreceptive organelle of Chlamydomonas, namely eyespot (ES). 
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4. Raman Spectra of Chemical Components Detected in Cells Hosting SWCNTs 
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Figure 5. Two Raman spectra detected in Chlamydomonas cells hosting SWCNTs: red asterisks denote 

G and G’ Raman signals of SWCNTs, blue asterisk marks a signal at approximately 1165 cm−1 

attributed to the polyphosphate species [4] green asterisks mark signals at about 940, 1130, and 1340 

cm-1 attributed to starch [4]. 
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5. Raman Map of Cells Free of SWCNTs 

 

Figure 6. A bright field microscopy image (a) and the corresponding Raman map (b) of a single 

Chlamydomonas cell free of nanotubes. (b) Red and dark red pixels correspond to fluorescence 

emission of the cell chlorophylls, blue pixels correspond to the Raman signal of Si substrate, and green 

indicated the Raman signal of a SWCNT localized outside the cell. 
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