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Supporting information

Figure S1. Overview of lipid’s structures.

Chemical structures of the lipids used for SLBs synthesis, evidencing the charged groups The blue and red circles indicate negatively 
charged and positively charged groups, respectively. (A) POPC and (C) sphingomyelin are zwitterionic lipids most frequently found in the 
neuronal membrane.1,2 (B) Cholesterol was also incorporated in SLBs. (D) Negatively charged Succinyl-PE lipid presenting an unbalanced 
PO3- was introduce in order to incorporate some negative charges inside SLBs. (E)An EDC/NHS reaction was used to convert the carboxylic 
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acid of Succinyl-PE lipid, to NHS-ester group.3  (F) Sulfo-NHS Succinyl-PE lipid after the EDC/NHS reaction presenting unbalanced PO3-  and 
SO3

- groups.

Figure S2. SLBs surface charges. 

Fluorescence images of fluorescent positively charged amine-modified latex beads (green signal) on (A) positively PLL-coated glass, (B) 
neutral POPC/chol/SM, (C) negatively POPC/chol/SM/Succ-PE and (D) negatively POPC/chol/SM/sulfo-NHS-Succ-PE.
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Figure S3. SLBs fluidity characterization. 

Normalized fluorescence intensity profiles and FRAP snapshots of (A) POPC, (B) POPC/chol, (C) POPC/SM, (D) POPC/Succ-PE, (E) POPC/chol/ 
Succ-PE, (F) POPC/SM/ Succ-PE, (G) POPC/sulfo-NHS-Succ-PE, (H) POPC/chol/sulfo-NHS-Succ-PE and (I) POPC/SM/sulfo-NHS-Succ-PE.  The 



ARTICLE Journal Name

4 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins

Please do not adjust margins

recovery of the fluorescence intensity after photobleaching is shown at t = 0 and 5 minutes. The bilayers exhibit complete fluorescence 
recovery after 5 minutes, confirming the correct formation of SLBs.

Figure S4. Surface morphology characterization of SLBs synthetized on glass. 
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AFM images of surface morphologies of (A) POPC, (B) POPC/chol, (C) POPC/SM, (D) POPC/Succ-PE, (E) POPC/chol/ Succ-PE, (F) POPC/SM/ 
Succ-PE, (G) POPC/sulfo-NHS-Succ-PE, (H) POPC/chol/ sulfo-NHS-Succ-PE and (I) POPC/SM/ sulfo-NHS-Succ-PE. All lipid compositions allow 
the formation of homogeneous and defect-free surfaces on glass. In particular, the presence of cholesterol (B-E-H) did not cause phase 
separation as it intercalated between the lipids’ chains.4 By contrast, the incorporation of the sphingomyelin (C-I) results in the formation 
of granular domains, as previously observed.5

Table S1. Diffusivity and surface roughness values of SLBs.

Lipid mixture Diffusivity [μm²/s] Roughness (Ra) [pm]

POPC 1 ± 0.2 134 ± 16

POPC-chol 0.9 ± 0.1 169 ± 16

POPC-chol-SM 1.1 ± 0.2 166 ± 10

POPC-SM 0.9 ± 0.1 160 ± 13

POPC-Succ-PE 1.4 ± 0.2 123 ± 11

POPC-chol-Succ-PE 1.4 ± 0.1 155 ± 11

POPC-chol-SM-Succ-PE 1.5 ± 0.3 152 ± 39

POPC-SM-Succ-PE 1.5 ± 0.1 120 ± 11

POPC-sulfo-NHS Succ-PE 1.2 ± 0.1 131 ± 20

POPC-chol-sulfo-NHS Succ-PE 0.6 ± 0.1 126 ± 17

POPC-chol-SM-sulfo-NHS Succ-PE 0.8 ± 0.1 136 ± 22

POPC-SM-sulfo-NHS Succ-PE 1 ± 0.1 147 ± 23

Diffusion coefficients and surface roughness for all the SLBs compositions are shown in Table 1 and presented as mean ± SD (n = 3). The 
presence of cholesterol decreased the diffusion coefficient depending on the lipid compositions, in agreement with previous findings.6 In 
addition, no differences in roughness parameters have been found between the various lipids’ mixtures, confirming homogeneous surface 
morphologies.
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Figure S5. SLBs biocompatibility.
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(A) Fluorescence images of primary neurons cultured on SLBs at DIV1: live cells are shown in green, dead cells in blue and SLBs in red. On 
neutral (i) POPC, (ii) POPC/chol and (iii) POPC/SM SLBs neuronal clusters were present, probably due to the absence of a specific surface 
charge.7 By contrast, cells appeared well spread on the negatively charged (iv) POPC/Succ-PE, (v) POPC/chol/ Succ-PE, (vi) POPC/SM/ Succ-
PE, (vii) POPC/sulfo-NHS-Succ-PE, (viii) POPC/chol/ sulfo-NHS-Succ-PE and (ix) POPC/SM/ sulfo-NHS-Succ-PE SLBs.  (B)  Shows the 
percentage of live cells (mean ± SD, n = 3) across all compositions.  (C) The complementary statistical analysis of the percentage of live cells 
shows a significative increase of live cells on glass and on sulfo-NHS-Succinyl-PE-containing SLBs compared to Succinyl-PE-containing SLBs, 
suggesting that the number of surface charges may better support the neuronal growth. (ns = not significant, ****= p < 0.0001)
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Figure S6. SLBs-mediated neurite elongation and branching. 

(A) Fluorescence micrographs of primary neurons at DIV4 cultured on (i) POPC/Succ-PE, (ii) POPC/chol/ Succ-PE, (iii) POPC/SM/ Succ-PE, (iv) 
POPC/sulfo-NHS-Succ-PE, (v) POPC/chol/ sulfo-NHS-Succ-PE and(vi) POPC/SM/ sulfo-NHS-Succ-PE. Cells were fluorescently labelled for the 
nuclei (blue) and β-III tubulin (red). (B-C) The normalized length and number of neurites show a significative increase of both when neurons 
are cultured on sulfo-NHS-Succinyl-PE-containing SLBs compared to glass and Succinyl-PE-containing SLBs.  (D-E) The normalized number of 
the nodes and the complementary statistical analysis across SLBs confirmed the increased neurites arborization on sulfo-NHS-Succinyl-PE-



ARTICLE Journal Name

10 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins

Please do not adjust margins

containing membranes. Taken together, all these results suggest that SLBs surface charge mediates neuronal network growth, confirming 
that the presence of SO3- groups on the SLBs surface may promote neurites sprouting. Normalized values reported as mean ± SD (n = 3); 
ns= not significant, ** = p < 0.01, *** = p < 0.001, ****= p < 0.0001.

Figure S7: The effect of SLBs on neurite arborization.

(A) Number of primary, secondary and tertiary neurites. Neurons had a significantly higher number of primary, secondary and tertiary 
neurites on sulfo-NHS-Succinyl-PE-containing SLBs compared to all other compositions. (B) Length of primary, secondary and tertiary 
neurites. Secondary and tertiary neurites were longer on sulfo-NHS-Succinyl-PE-containing SLBs, compared to Succinyl-PE-containing SLBs, 
whereas the length of primary neurites did not change significantly. This was further confirmed by (C) the percentage of primary, 
secondary and tertiary neurite length on the overall length and by the (D) occurrence of primary, secondary and tertiary neurites. These 
results highlight how neuronal arborization and network formation is indeed mediated by surface charge and the presence of SO3- . 
Normalized values reported as mean ± SD (n = 3); n = 3, * = p < 0.05, ** = p < 0.01, *** = p < 0.001, ****= p < 0.0001.
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