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Experimental 

Neutron spin echo (NSE). Neutron Spin-Echo (NSE)1 measurements have been performed 

at the instrument IN152 at the Institut Laue-Langevin (ILL) in Grenoble (France). Four different 

wavelengths (λ) have been used, namely 13.5, 12, 10 and 8 Å allowing to reach maximum 

Fourier times t of 477, 335, 194 and 99 ns, respectively and covering a 𝑞-range from 0.03 to 

0.14 Å-1, where 𝑞 =
4𝜋

𝜆
sin⁡(

𝜃

2
) is the modulus of the scattering vector, with scattering angle 𝜃. 

The data were corrected for resolution effects using graphite and the scattering from the aqueous 

background was subtracted. Experiments were performed in a fully deuterated (D2O) medium. 

To analyze the data, the Zilman-Granek model3 was applied. Starting from a Helfrich 

bending Hamiltonian,4 it predicts a stretched exponential shape of the intermediate scattering 

function 𝑆(𝑞, 𝑡) (Eq. 1) with a stretch exponential 𝛽= 2/3, 𝐼(𝑞, 𝑡) being the spin echo intensity 

at a given value of 𝑞 and time, 𝑡 

𝐼(𝑞,𝑡)

𝐼(𝑞,0)
= 𝑆(𝑞, 𝑡) = 𝑒−(Γ𝑍𝐺𝑡)

𝛽
                                               Eq. S1 

 

where 

 

Γ𝑍𝐺 = 𝛼𝛾(
𝑘𝑏𝑇

𝜅
)
1

2(
𝑘𝑏𝑇

𝜂
)𝑞3                                 Eq. S2 

 

from which, the scaled bending rigidity, 𝜅, is 

 

𝜅

𝑘𝑏𝑇
= (

𝛼𝛾

𝜂
(𝑘𝑏𝑇)

1

2
𝑞3

Γ𝑍𝐺
)2        Eq. S3 

 

where 𝛼is a prefactor, 𝛾 ≈ 1 for 
𝑘𝑏𝑇

𝜅
<< 1, 𝜂 is the solvent viscosity (generally 𝜂(D2O)= 1.1.10-3 Pa.s at 

25°C), 𝑘𝑏 is the Boltzmann constant, 𝑇 is the temperature in Kelvin.  

 

Small angle X-ray scattering (SAXS). SAXS experiments have been performed on various 

beamlines and synchrotron facilities. The environments as well as the samples associated to 

each session are presented below. 

 

Capillary SAXS. SAXS experiments are performed using hydrogel samples prepared at room 

temperature and analyzed into 1.5 mm quartz capillaries on the Swing beamline (proposal N° 

20201747) at Soleil Synchrotron (Saint-Aubin, France) and on the BM29 beamline at the ESRF 

Synchrotron (Grenoble, France). Samples are manually injected into the capillary using a 1.0 
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mL syringe. The Swing beamline is used with an energy of E = 12 keV and a fixed sample-to-

detector (Eiger 4M - Dectris) distance of 2.005 m. An additional run has also been performed 

on the SWING beamline (proposal Number: BAG 20201118), with E= 12 keV and two sample-

to-detector distances, 6.60 m and 0.50 m. 

The BM29 beamline (Proposal N° MX  2311) is used with an energy of E = 12.5 KeV and 

a sample-to-detector distance of  2.83 m. q is the wave vector, with q = 4π/λ sin(θ), 2θ 

corresponding to the scattering angle and λ the wavelength. The q-range is calibrated between 

∼⁡0.05 < q / nm−1 < ∼ 5, using the standard silver behenate calibrant (d(001) = 58.38 Å); raw data 

obtained on the 2D detector are integrated azimuthally using the in-house software provided at 

the beamline and thus to obtain the typical scattered intensity I(q) profile. Absolute intensity 

units are determined by measuring the scattering signal of water (I(q=0) = 0.0163 cm−1). 

 

Figure Sample Experiment Beamline Synchrotron Proposal N° 

3a, 3b {Ca2+}G-C18:1, no shear 
Capillary 

SAXS 
SWING Soleil BAG 20201118 

3a, 3b 

{Ca2+}G-C18:1 shear 

{Ca2+}G-C18:1, no shear  

G-C18:1 

Capillary 

SAXS 
BM29 ESRF MX  2311 

3a {Ag+}G-C18:1 shear 
Capillary 

SAXS 
SWING Soleil 20201747 

S 1, S 4a,b  All 
Capillary 

SAXS 
BM29 ESRF MX  2311 

S 5 pH 8 
Capillary 

SAXS 
BM29 ESRF MX  2311 

 

 

Cryogenic-transmission electron microscopy (Cryo-TEM). Pictures are recorded on an FEI 

Tecnai 120 twin microscope operating at 120 kV with an Orius 1000 CCD numeric camera. 

The sample holder is a Gatan Cryo holder (Gatan 626DH, Gatan). Digital Micrograph software 

is used for image acquisition. Cryo-fixation is done with low dose on a homemade cryo-fixation 

device. The solutions are deposited on a glow-discharged holey carbon coated TEM nikel grid 

(Quantifoil R2/2, Germany). Excess solution is removed and the grid is immediately plunged 

into liquid ethane at -180°C before transferring them into liquid nitrogen. All grids are kept at 

liquid nitrogen temperature throughout all experimentation. Cryo-TEM images are treated and 

analyzed using Fiji software, available free of charge at the developer’s web site.5 

 

Isothermal titration calorimetry (ITC). ITC experiments are performed using a nano-ITC 

from TA Instruments. A water solution is prepared at pH 8 and used as solvent by G-C18:1. 

Note that a classical phosphate buffer solution could not be used due to a side reaction with 
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calcium. All solutions are degassed during 20 min under vacuum (400 mmHg). The titration 

experiments between calcium chloride, or silver nitrate, and G-C18:1 employ a solution at pH 

8 of calcium chloride as titrant at concentration of 80 et 50 mM. The titrated solution 

corresponds to 20 mM of G-C18:1 at pH in water, freshly prepared before the experiment to 

prevent precipitation of calcium hydroxide. Experiments are run at 23°C, 25 injections of 10 

μL of titrant each every 300 s. To take account of dilution effects, all titration experiments are 

followed by the same experiment without G-C18:1 in water at pH 8, which is used as a control, 

subtracted to the original titration measurement. The mixing rotation of the syringe was 

established to 200 rpm. 

Data are fitted using a multi-site model using Nano-data analysis software (TA Instruments) 

in order to determine the thermodynamic as well as the reaction parameters of the interaction 

between Ca2+ and G-C18:1. From the enthalpy (ΔH) and the binding constant (Ka) of the 

reaction, the entropy (ΔS) and the Gibbs free energy (ΔG) of reaction were calculated using the 

equation ΔG= ΔH −TΔS = −RT.ln(Ka). For the titration of Ag+ and G-C18-1, an independent 

model is used, as a single reaction is observed. 

 

Solid-state nuclear magnetic resonance (ssNMR). 13C solid-state NMR experiments were 

carried out on an Avance III HD Bruker 7.05 T (ν1H= 300 MHz) spectrometer and a 4 mm 

magic angle spinning (MAS) probe. The 13C NMR spectra were obtained by 1H → 13C cross-

polarization (CP) under magic angle spinning (MAS). νMAS= 10 kHz, number of transients, NS= 

1024; time domain size, TD= 2 k; pulse length, p(1H)= 7.00 µs, p(13C)= 3.62 µs, relaxation 

delay, D= 3 s; CP is performed under ramped (square) conditions with contact time during CP, 

tc being indicated in the main text. 
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Table S 1 – Literature survey based on the scattering (SAXS or SANS) data reported in each cited article. 

Articles cited under SAFiN with disordered fibers report a typical scattering profile of the fiber alone, with 

or without a structure peak. Articles cited under SAFiN with suprafibrillar assembly report scattering 

profiles where the fiber’s form factor is superimposed with the structure factor associated to the 3D 

organization of the fibers. Articles cited under β-sheet-like gel (“nano-fishnet”) report those hydrogels 

characterized by entanglement and β-sheet or β-sheet-like structure. 

SAFiN with disordered fibers 

Not gelled 6–9 

Gels 10,11,20–22,12–19 

SAFiN with suprafibrillar assembly 

Hexagonal bundles/Columnar hexagonal 23–28 

Raft-like/lamellar (solution, not gelled) 29,30 

β-sheet-like gel (“nano-fishnet”) 

Biopolymers (fibroin, actin) 31–38 

SAFiN This work 
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Table S 2 - Table of correlation peaks related to SAXS data presented in Figure 3 in the main text. a) 

Correlation peaks of 3 wt% G-C18:1 at basic pH and [Ca2+]/[G-C18:1]= 0.61. b) Correlation peaks of 3 

wt% G-C18:1 at basic pH with [Ag+]/[G-C18:1]= 1.0. 
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Figure S 1 – SAXS profiles recorded as a function of G-C18:1 concentration at basic pH for a) {Ca2+}G-

C18:1 and b) {Ag+}G-C18:1 gels. Table in c) illustrates the log(I)-log(q) dependency (slope) for the Ca2+ 

system. The slopes for the Ag+ cannot be reasonably estimated due to the overlap of two scattering signals 

below about 0.2 nm-1. d-e) Simulated SAXS curves extracted from the experiments in a-b): {Ca2+}G-C18:1 

(0.1 wt%, 5 wt%) and {Ag+}G-C18:1 (0.1 wt%, 3 wt%). Magenta segmented curves employ model M1; blue 

segmented curves employ model M2; red solid curve employ the sum of M1 and M2. Simulation was 

performed with form factor models available in SasView 3.1.2 software. The full list of parameters and 

model description is given in Table S 3 and Page S 8 to Page S 10 in the Supporting Information. 
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Table S 3 – Set of the numerical parameters used for the form factor models employed to simulate SAXS 

curves of {Ca2+}G-C18:1 (0.1 wt%, 5 wt%) and {Ag+}G-C18:1 (0.1 wt%, 3 wt%). Simulations are shown in 

Figure S 1d,e: magenta segmented curves employ model M1; blue segmented curves employ model M2; red 

solid curve employ the sum of M1 and M2.  

M1 (core-shell parallelepiped model) and M2 (lamellar paracrystal model) are shortly described below. 

 

{Ca2+}G-C18:1 

[Ca2+]/[G-C18:1]= 0.61, pH 8  

0.1 wt% 5 wt% 
M1_background  =  0.00003   1/cm 

 M1_longC  =  100  nm 

 M1_midB  =  30 nm 

 M1_rimA  =  1   nm 

 M1_rimB  =  0   nm 

 M1_rimC  =  0   nm 

 M1_scale  =  0.05  

 M1_shortA  =  2.6   nm 

 M1_sld_pcore  =  8.0e-04   1/nm2 

 M1_sld_rimA  =  1.6e-03 1/nm2 

 M1_sld_rimB  =  - 

 M1_sld_rimC  =  - 

M1_ sld_solv  =  9.4e-04   1/nm2 

M1_background  =  0.3  1/cm 

 M1_longC  =  100  nm 

 M1_midB  =  25  nm 

 M1_rimA  =  1.45  nm 

 M1_rimB  =  0  nm 

 M1_rimC  =  0  nm 

 M1_scale  =  10000 

 M1_shortA  =  3.3  nm 

 M1_sld_pcore  =  8.0e-04  1/nm2 

 M1_sld_rimA  =  1.8e-03  1/nm2 

 M1_sld_rimB  =  - 

 M1_sld_rimC  =  - 

 M1_sld_solv  =  9.4e-06  1/nm2 

 M2_background  =  0.3  1/cm 

 M2_Nlayers  =  15 

 M2_pd_spacing  =  0.1 

 M2_scale  =  500 

 M2_sld_layer  =  11.5e-04  1/nm2 

 M2_sld_solvent  =  9.4e-04  1/nm2 

 M2_spacing  =  2.7  nm 

 M2_thickness  =  0.5  nm 

 scale_factor  =  1 

  

{Ag+}G-C18:1 

[Ag+]/[G-C18:1]= 1, pH 8 

0.1 wt% 3 wt% 
M1_background  =  0.00005   1/cm 

 M1_longC  =  100   nm 

 M1_midB  =  10   nm 

 M1_rimA  =  1   nm 

 M1_rimB  =  0   nm 

 M1_rimC  =  0   nm 

 M1_scale  =  0.1  

 M1_shortA  =  2.8   nm 

 M1_sld_pcore  =  3e-04   1/nm 2 

 M1_sld_rimA  =  11e-04   1/nm 2 

 M1_sld_rimB  =  - 

 M1_sld_rimC  =  - 

 M1_sld_solv  =  9.4e-04   1/ nm 2 

 M2_background  =  0   1/cm 

 M2_Nlayers  =  5  

 M2_pd_spacing  =  0.25  

 M2_scale  =  2.9  

 M2_sld_layer  =  11e-04   1/ nm 2 

 M2_sld_solvent  =  9.4e-04   1/ nm 2 

 M2_spacing  =  2.2   nm 

 M2_thickness  =  1   nm 

 scale_factor  =  1 

M1_background  =  0.4   1/cm 

 M1_longC  =  100   nm 

 M1_midB  =  10   nm 

 M1_rimA  =  1   nm 

 M1_rimB  =  0   nm 

 M1_rimC  =  0   nm 

 M1_scale  =  310  

 M1_shortA  =  2.8   nm 

 M1_sld_pcore  =  4e-06   1/ nm 2 

 M1_sld_rimA  =  20e-06   1/ nm 2 

 M1_sld_rimB  =  - 

 M1_sld_rimC  =  - 

 M1_sld_solv  =  9.4e-04   1/ nm 2 

 M2_background  =  0.008   1/cm 

 M2_Nlayers  =  5  

 M2_pd_spacing  =  0.13  

 M2_scale  =  1000  

 M2_sld_layer  =  11.6e-04   1/ nm 2 

 M2_sld_solvent  =  9.4e-04   1/ nm 2 

 M2_spacing  =  5.1   nm 

 M2_thickness  =  0.5   nm 

 scale_factor  =  1 
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Simulations were performed with form factor models available in the software SasView 

3.1.2.39 Full model description can be found in the documentation of SasView,39 while a short 

description follows.  

* Model, M1, CSParallelepipedModel: Calculates the form factor for a rectangular solid with 

a core-shell structure. The thickness and the scattering length density of the shell or “rim” can 

be different on all three (pairs) of faces. 

 

 

* Model, M2, LamellarPCrystalModel: This model calculates the scattering from a stack of 

repeating lamellar structures. The stacks of lamellae (infinite in lateral dimension) are treated 

as a paracrystal to account for the repeating spacing.  

 

The choice of M1 and M2, as well as the parameters listed in Table S 3, was based on 

the knowledge of the system, estimated by the chemical structure of G-C18:1 and cryo-TEM 

data presented in the main text. From cryo-TEM, one observes fibers with a flat cross-section. 

On the other hand, previous modelling of SAXS profiles characterizing the self-assembly of G-

C18:1 required the use of a core-shell model.40 For this reason, we selected a core-shell 

parallelepiped form factor model (M1). M1 reveals to be particularly efficient in modelling the 

SAXS profile of {Ca2+}G-C18:1 under diluted conditions at 0.1 wt% (Figure S 1d), where fibers 

do not interact with each other. On the other hand, all other samples could only be modelled 

with a second contribution, namely a lamellar paracrystal (M2). Employing M2 is justified by 

the cryo-TEM images in the main text, which show the assembly of the fibers into lamellar 

rafts. Lamellar rafts contribute both to the low-q scattering as a flat morphology but also to the 

lamellar structure factor at mid-q/high-q. Unfortunately, SasView does not provide any 

valuable structure factor allowing simulation of the diffraction peaks found in {Ca2+}G-C18:1 

at 3 wt%. 
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The list of the parameters given in Table S 3 is given hereafter and  discussed below.  

  

 

Parameters were accurately selected to keep the physics of the model as close as possible 

to the experimental data. For instance, the value of 9.4.10-4 1/nm2 for the sld (scattering length 

density) of the solvent reflects the value for water. The sld of the core, classically in the order 

of 8.10-4 1/nm2 for a hydrocarbon, was tentatively modified only if necessary, and possibly 

reflecting the higher contrast between the core, the shell and the solvent. Some parameters did 

not have any influence, like the size of the rim B and rim C. These were set to zero. The length 

of the C axis is also not important, provided it is sufficiently long. The arbitrary value of 100 

nm chosen here was satisfactory for the simulation. Other parameters were, on the contrary, 

critical and were adapted manually with extreme care. In M1, these are the B and A sides, the 

rim of A, the sld of the A-rim. In M2, these are the spacing, the polydispersity of the spacing, 

the number of layers and the thickness. The choice of the scale was always arbitrary.  

Please note that the values given in Table S 3 are indicative of an order of magnitude 

and should not be taken as accurate. These were optimized manually for the purpose of the 

simulation but they are not the result of a numerical fitting process, which revealed to be too 

complex, due to the large number of critical free variables.  
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Figure S 2 –Possible arrangements of Ca2+ and G-C18:1 within an oblique lattice either a) within (according to ref. 41,42) 

or b) orthogonal (ribbon phase43,44) to the fiber’s longitudinal axis. c) (A) and (B) show the possible attributions of the 

Bragg peaks typically found in sheared {Ca2+}G-C18:1 samples.  

 

Figure S 2 shows the tentative attribution of the peaks and evaluation of the fiber’s structure. 

First of all, one could pinpoint the main peaks at q1= 2.41 nm-1, q2= 3.02 nm-1 and q3= 4.71 nm-

1, identifying a ratio of q2/q1= 1.25 and q3/q1= 1.95 (~2). Many similar SAFiN systems only 

show one main structural peak corresponding to an inter-lipid distance,9,45 or an hexagonal order 

(1 :⁡√3 ≡ 1.73 : 2) within  the fiber (Table S 1). However, the peak positional ratio q2/q1= 1.25 

found here is quite atypical. If such ratio certainly excludes any lamellar and hexagonal 

arrangement, as well as all cubic phases due to the strong anisotropy of the fibers, two other 

possibilities exist. In the first one, one could suppose a ribbon mesophase with a rectangular, or 

oblique, 2D lattice orthogonal to the fiber’s longitudinal axis (Figure S 2b);43,44 in the second 

one, one could suppose a flat ribbon with a rectangular, or oblique, crystalline arrangement of 

the lipids within the fiber’s plane (Figure S 2a).41,42 The values of calculated wavevectors, 

q(calc), match well the experimental data, q(exp), as shown in Figure S 2b, when a 2D 

rectangular/oblique lattice with (h,k)= 1,0; 0,1; 1,1; 0,2 is employed. However, the rectangular 

lattice (γ= 90°, hypothesis (A) in Figure S 2b) requires indexing the broad shoulder at 1.8 nm-1 

as the (1,0) plane. Although not impossible, this hypothesis seems to be inconsistent when 

0.1 1 10

I 
/ 

cm
-1

q / nm
-1 b)

(10)

(01)

(11)

(02)

(A)
γ= 90°
a= 3.33 nm
b= 2.63 nm

a

b

a= 2.80 ± 0.01 nm
b= 2.67 ± 0.01 nm

γ= 81° ± 2°

(10)

(01)

(11)

(02)

(A)

(B)

(B)

Ca2+

~ 10 nm

~ 10 nm

a)

c)

h k
q(exp) / 

nm-1

q(calc) / 
nm-1

1 0 2.28 2.28
0 1 2.39 2.39
1 1 3.06 3.07
0 2 4.73 4.79
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considering the peak width, much broader for (1,0) than for all other reflections. On the 

contrary, the use of an oblique lattice requires indexing of the multicomposite peak at about 

2.40 nm-1 (hypothesis (B) in Figure S 2b). For this hypothesis, the broad shoulders at 1.8 nm-1 

and 3.5 nm-1 could be attributed to the subjacent oscillation of the form factor. Possibly, one 

last hypothesis could leave room for interpreting the data as a combination of coexisting 

polymorphs with similar periods, as recently proposed for comparable glycolipid fibrillary 

hydrogels.46,47 Finally, a broad peak is observed at 13.9 nm-1 (Figure S 1a), corresponding to a 

d-spacing of 0.45 nm, compatible with an intra-alkyl chain distance, generally poorly affected 

by molecular packing.48,49 Although important, a detailed study of the crystal structure of 

SAFiN is a task per se and out of the scope of this work. 
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Figure S 3 – Calorimetric titrations (24 injections of 10 µL each) of a G-C18:1 solution (20 mM) with a solution of 50 

mM of 80 mM CaCl2. Calorimetric titrations (24 injections of 10 µL each) of a G-C18:1 solution (5 mM) with a solution 

of 32 mM AgNO3. 
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Figure S 4 – Circular dichroism spectra recorded on typical {Ag+}G-C8:1 and {Ca2+}G-C18:1 gels prepared 

at 3 wt% in water. 
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Figure S 5 – Stability and reversibility tests employing ethylenediaminetetraacetate (EDTA) and NaCl. 

EDTA complexes Ca2+ ions and it is employed with {Ca2+}G-C18:1 gels, while NaCl precipitates silver ion 

as AgCl and it is used with {Ag+}G-C18:1 gels (gel volume 1 mL). For {Ag+}G-C18:1, we sequentially 

employ: CG-C18:1= 3 wt% at pH 10 with AgNO3]= 65.2 mM  a gel forms. NaCl]= 65.2 mM destabilizes the 

gel. AgNO3]= 130.4 mM are added and the gel forms again. For {Ca2+}G-C18:1, we sequentially employ: 

CG-C18:1= 3 wt% at pH 10 with CaCl2]= 40.0 mM  a gel forms (gel volume 500 µL). 4 µL of a saturated 

EDTA solution destabilizes the gel into a liquid sol and reduces pH to 5.9. CaCl2]= 80.0 mM are added  

the solution is still liquid. NaOH]= 40 mM, pH raises from 6.7 to ≥10  the solution still liquid. Heating at 

70°C during 5 min and cooling at room temperature  a gel forms. 

 

 

  

{Ag+}G-C18:1 {Ag+}G-C18:1 + NaCl {Ag+}G-C18:1 + NaCl + excess AgNO3

{Ca2+}G-C18:1 {Ca2+}G-C18:1 + EDTA {Ca2+}G-C18:1 + EDTA + excess
CaCl2 (heated at 70°C and cooled)
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