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Abstract: Biomimetic design to afford smart functional biomaterials 
with exquisite properties represents synthetic challenges and 
provides unique perspectives. In this context, elastin-like polypeptides 
(ELPs) recently became highly attractive building blocks in the 
development of lipoprotein-based membranes. In addition to the 
bioengineered post-translational modifications of genetically encoded 
recombinant ELPs developed so far, we report here a simple and 
versatile method to design biohybrid brush-like lipid-grafted-ELPs 
using chemical post-modification reactions. We have explored a 
combination of methionine alkylation and click chemistry to create a 
new class of hybrid lipoprotein mimics. Our design allowed the 
formation of biomimetic vesicles with controlled permeability, 
correlated to the temperature-responsiveness of ELPs. 

Introduction 

The design of functional membranes mimicking biological 
materials represents a critical challenge for the study of the origin 
of life, for artificial cell/protocell construction, biotechnology or 
pharmaceutical industry.1,2 Biomimetic models of cellular 
membranes that can provide an optimal environment to perform 
multiple complex biochemical reactions (e.g., selective catalytic 
transformations, complex enzymatic reactions, protein 
expression, RNA replication) may offer outstanding opportunities 
for the understanding of cell membrane properties (e.g., 
endo/exocytosis, cell adhesion, membrane permeation).1,3-5 
Considering the average 60% 6 lipid composition of natural 
membranes (i.e., cholesterol, phospholipids, 
glycerophospholipids, sphingolipids, etc.), the first basic synthetic 
analogues of biological cells reported are ‘liposomes’ prepared 
from naturally-occurring phospholipids and composed of a 3-5 nm 
thick bilayer membrane.7,8 Later developed ‘polymersomes’, built 
from amphiphilic synthetic polymers/polypeptides, provided more 
mechanically stable vesicle structures owing to macromolecules 
of higher molar mass and thicker membranes (5-50 nm).8-11 
Recent advances in cell-mimicking systems have drawn the 
attention to genetically encoded protein/peptide-based 
membrane forming bioamphiphiles for potential design of artificial 
living systems with self-replication, growth and division 
properties.6,12-14 Among proteins of interest, elastin-like 
polypeptides (ELPs) have been proposed as a relevant class of 
intrinsically disordered proteins (IDPs). ELPs consist in repetitive 
(-VPGXG-) pentapeptide sequences (X is a guest residue) and 
are ideal biomaterials for artificial cells design.12,13,15,16 ELPs 
exhibit unique lower critical solution temperature (LCST) phase 
transition behavior, which drives their transition from a soluble 

state below their cloud point temperature (Tcp) to a dehydrated 
coacervate state above Tcp.17 In this context, recent synthetic 
approaches have been proposed to synthesize protein-based 
amphiphiles as membrane forming materials. Schiller’s group 
introduced genetically encoded amphiphilic proteins built from 
recombinantly produced and fluorescently labelled diblock 
elastin-like polypeptides (dbELPs) which formed complex 
architectures varying from vesicles to twisted fibers upon solvent 
(n-butanol or 1-octanol) assisted self-assembly.18 Kiick’s lab also 
reported conjugates of elastin-like and collagen-like polypeptides 
(ELP-CLP) and the production of thermoresponsive, collagen-
binding drug delivery vehicles.19,20 Champion’s lab developed 
another approach to access protein vesicles from ELPs, 
especially using charge interactions with peptide zippers.21,22 
Francis’ lab also reported series of fusion proteins that have been 
developed to self-assemble spontaneously into stable micelles 
after enzymatic cleavage of a solubilizing protein tag.23 
Natural lipidated proteins are reference models for the 
development of relevant artificial lipid-protein conjugates due to 
their diverse properties, such as bioactivity, self-assembly and 
cell membrane anchoring properties that can regulate different 
cellular functions.24 In this context, Chilkoti’s group has firstly 
produced post-translationally modified ELPs conjugates with 
cholesterol 25 and aliphatic myristoyl group 26, exhibiting 
temperature-triggered self-assembly into a diverse array of 
structures including fibers, beads-on-a-string coacervates, and 
networks of fibers. In addition, the production of different 
derivatives of linear lipid-ELPs via post-translational modification, 
self-assembly into micelles,27,28 elongated fibers and bottle–brush 
structures,29 have also been reported recently by Mozhdehi et al. 
Nevertheless, none of these previous studies using linear lipid-
ELP bioamphiphiles have shown or investigated their membrane 
forming property. 
In this work, we have explored a simple and versatile synthetic 
strategy to chemoselectively graft aliphatic mono-cis-unsaturated 
lipid tails to recombinant ELP 30 backbones to access, for the first 
time, brush-like biohybrid lipoproteins (Figure 1), that are able to 
self-assemble into vesicles, also referred to as “lipo-
proteinosomes” with a simple solvent free thin film hydration 
technique. 
We hypothesized that this brush-like architecture, where each 
lipophilic alkyl tail is mimicking the phospholipids’ acyl chain, 
should facilitate vesicle formation stabilized by the peptide 
backbone which connect 11 lipid tails distributed every 20 
probiotic amino acid residues. This novel class of biohybrid 
amphiphiles combine the best features of the ELP (e.g. bioactivity, 
non-immunogenicity, chemical diversity, multifunctionality and 
thermal responsiveness) together with the membrane-forming 
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properties of lipids, enabling the growth of vesicles with 
temperature responsive on/off release profiles. 

Figure 1. (A) Chemical structure and (B) schematic representation of 
ELP[M(Oleyl)1V3-40]. 

Results and Discussion 

Synthesis of lipid-graft-ELP[M1V3-40] 
The lipoprotein designed in this work is based on a recombinant 
ELP with the exact protein sequence 
MW[(VPGVG)(VPGMG)(VPGVG)2]10, noted as ELP[M1V3-40], 
produced in Escherichia coli bacteria.31,32  The latter was 
chemoselectively alkylated using glycidyl propargyl ether to 
introduce an aliphatic alkyne group on the side chain of the eleven 
methionine (Met) residues of the ELP as previously reported by 
our group.30,31 In parallel, the chlorine group at the chain end of 
oleyl chloride was converted into an azide group (Scheme S1) for 
subsequent coupling to ELP[M(Alkyne)1V3-40] via Huisgen’s 
copper(I)-catalyzed alkyne-azide cycloaddition (CuAAC) reaction. 
(Scheme S2) Full substitution of the halogen atom by the azide 
group was confirmed by 1H NMR spectroscopy by the 
characteristic 0.2 ppm downshifting of α-methylene group’s 
resonance peak from 3.56 to 3.27 ppm, (Figure S1) and by the 
emerging large -N3 stretching vibration band at 2,092 cm-1 in the 
ATR FT-IR spectrum. (Figure S2) The quantitative grafting of oleyl 
azide onto ELP[M(Alkyne)1V3-40] and successful purification of 
ELP[M(Oleyl)1V3-40] were confirmed by different techniques 
namely by 1H NMR spectroscopies, size exclusion 
chromatography (SEC), SDS-PAGE and ATR FT-IR. (Figures S2-
S5) 
The 1H NMR spectrum of ELP[M(Oleyl)1V3-40] showed a well-
defined and separated resonance peak at 8.02 ppm 
corresponding to the newly formed triazole proton which was used 
as reference to quantify the reaction conversion. (Figure S3) 
Setting triazole proton peak integral to 11, the expected number 
of protons for all the well identified and separated peaks were 
found as indicated in the experimental part. (Table S1) 
Comparative SEC chromatograms of the native recombinant 
ELP[M1V3-40] and of ELP[M(Alkyne)1V3-40] indicated a retarded 
elution of the latter despite a higher molar mass. This can be 
attributed to the branching introduced on the polypeptide 
backbone which significantly affects the hydrodynamic volume of 
the macromolecule,33 but also to the positively charged sulfonium 
groups and associated counterions that may interact with the 
columns.30 (Figure S5-A) After grafting of the monounsaturated 
lipid tail, ELP[M(Oleyl)1V3-40] displayed a slightly shorter 

retention time consistent with an increased molar mass. SEC 
analysis also evidenced a significant peak shoulder attributed to 
dimer species. The band associated with these dimers was found 
much weaker in SDS-PAGE analysis which confirmed their non-
covalent nature, hydrophobic inter-chain interactions likely 
occurring between the brush-like lipopeptide chains. (Figure S5-
B) 
The conjugation was further confirmed by ATR FT-IR 
spectroscopy following the disappearance of the stretching 
vibration band of the azide group of the oleyl azide chains and the 
emergence of new stretching vibration bands at 2,962 and 2,927 
cm-1 attributed to the asymmetric and symmetric stretching bands 
of -CH2- 34 indicating a successful lipidation of the ELP. (Figure 
S2) 
The structural characteristics of ELP[M(Oleyl)1V3-40] are provided 
in Table 1 and compared to those of synthetic intermediates. 

Table 1. Characteristics of ELP derivatives. 

Compound Mn[a] Đ[a] MW[b] Yield[c] Yield[d] 
ELP[M1V3-40] 14,930 1.09 17,035 - - 
ELP[M(Alkyne)1V3-40] 10,270 1.23 18,917 100 91  
ELP[M(Oleyl)1V3-40] 12,520 1.44 23,957 100 64 
[a] Number average molar mass (Mn, g.mol-1) and polydispersity index (Đ) were 
determined by SEC. Dextran used as the standard and dimethysulfoxide 
(DMSO + lithium bromide LiBr 1 g.L-1) was used as an eluent. 
[b] Theoretical molar mass (MW, g.mol-1) 
[c] Grafting yield determined by 1H NMR (%) 
[d] Product yield of reaction (%) 

Considering the temperature responsive property of ELP[M1V3-
40],32 a monounsaturated aliphatic tail 35 with a low melting 
transition temperature (Tm = -25 °C, Figure S6) was selected in 
order to not interfere with the phase transition temperature (Tt) of 
the ELP. The olefin bond present in natural lipids/fatty acids has 
a significant impact on the membrane packing and on its fluidity 
owing to the conformational (cis/trans) difference.36 The planar 
structure, torsion angle and faster rotational motions of the first 
neighboring single C-C bonds on the cis alkyl chains have a 
significant impact on the formation of well-packed lipid bilayers in 
natural cell membranes.36 Whereas the trans conformation 
behaves similar to saturated fatty acids.36 ATR FT-IR 
spectroscopy was used to confirm the presence of the 
characteristic =C-H stretching vibration band of the cis 
conformation at 3,005 cm-1 and the absence of the trans 
conformation band at 3,034 cm-1.34 (Figure S2) 

Formation of lipo-proteinosomes 
The Tcp of the final conjugate, ELP[M(Oleyl)1V3-40], was 
determined in water (10 mg·mL-1, 417 μM colloidal dispersion) by 
differential scanning calorimetry (DSC) analysis. (Figure S7) The 
onset temperature was measured at 25.4 °C on the second 
heating ramp. This value is very close to the Tcp of the unmodified 
recombinant ELP[M1V3-40] (i.e., 22.2 °C, 100 mg·mL-1 in water, 
5,900 μM), and only slightly lower than the Tcp of ELP[M1V3-40] at 
identical molar concentration (417 μM, 30 °C) as expected by 
turbidimetry assays. (Figure S8) This confirmed that the ELP 
backbone preserved its thermo-responsiveness after the 
lipidation. The ELP[M(Oleyl)1V3-40] dispersion in water was 
further investigated by dynamic light scattering (DLS) 
measurements through the scanning of lipopolypeptide solutions 
in the range of 15-75 °C at 90° angle. (Figure S9-A) The average 
hydrodynamic diameter of the nanoparticles formed expectedly 
decreased above 30 °C while the derived count rate increased, 
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as a consequence of the ELPs dehydration resulting in a 
conformational change from coils to β-spiral structures above Tcp 
and an increased density of the dispersed particles.17,37 
Additionally, heating-cooling cycles (up to 37 °C and down to 20 
°C) confirmed the reversibility of the temperature response, while 
the size of particles decreased and increased of approximately 45 
nm in response to temperature change. (Figure S9-B) 
Considering the physico-chemical parameters and phospholipid 
like structure of Met residues’ side chains, we hypothesized that 
such hybrid brush-like lipoprotein may self-assemble in the 
aqueous milieu into membrane systems via lateral packing of alkyl 
tails,38 in a similar manner to natural phospholipids above Tm and 
be stabilized by the ELP backbone below its Tcp. A dense packing 
of lipid tails may induce the formation of entropically constrained 
ELP (VPGVG)3 loops in the internal and external surface of the 
vesicles shell, lipid tails being separated by 20 amino acid 
residues. To induce the formation of large vesicles, we have 
chosen the simplest, organic solvent free, conventional vesicle 
growth technique namely ‘thin film hydration’ 39 consisting in the 
formation of a thin lipopolypeptide film on a solid surface that is 
subsequently swollen by the addition of an aqueous solution to 
facilitate budding and vesicles growth. (Figure 2-A, experimental 
section of supporting information (SI)) 

Figure 2. (A) Schematic representation of the glass beads thin film hydration 
process in water. (B) Confocal laser scanning microscopy image (red channel) 
of giant lipo-proteinosomes (GLPs obtained using 5 mm beads) at room 
temperature, and (C) size distribution histogram plotted from the counting of 25 
vesicles. (D) Uranyl acetate-stained TEM  image of nanometer sized lipo-
proteinosomes (NLPs obtained using 0.5 mm beads) with an average size of 
295±62 nm (n=20) and (E) 90° angle DLS intensity-averaged distribution of 

diameters of NLPs at room temperature and correlogram (DH=372 nm, 
PDI=0.25).  

To increase the surface area of the lipopolypeptide film per 
volume, provide extra curvatures and have better control on the 
vesicles growth process, 0.5 and 5 mm size glass beads were 
used.40,41 Film hydration on glass beads yields narrow size 
distribution and allows to reduce the volume of the swelling 
solvent to microliters thus known as a robust and rapid 
method.12,41 Therefore, a thin layer of ELP[M(Oleyl)1V3-40] 
lipopolypeptide was formed directly on the surface of the beads 
by evaporating the solvent via nitrogen flow (CHCl3: MeOH, 8:2). 
Considering the thermal characteristics of ELP[M(Oleyl)1V3-40], 
(Table S2) the film hydration process was conducted in pure 
deionized water by incubation over 48 h at a temperature below 
20 °C. As expected, 5 mm size beads yielded giant lipo-
proteinosomes (GLPs), (Figure 2-B, 3 and Figure S9) with 
micrometer sizes. In contrast, the smaller 0.5 mm beads yielded 
nanosized lipo-proteinosomes (NLPs) with an average 
hydrodynamic radius of 372 nm and an estimated membrane 
thickness of 7.8 nm, consistent with a bilayer packing model. 
(Figure 2-D, and Figures S11-13) In order to visualize the as-
formed vesicles, 5 v% of rhodamine labelled Rhd-
ELP[M(Oleyl)1V3-40] (Scheme S3 and Figure S14) was mixed 
with the unlabeled lipopolypeptide solution before the film was 
formed. Images captured by epifluorescence and confocal 
microscopy confirmed the formation of GLPs with homogeneous 
membranes as can be seen in Figure 3 and Figure S9 without any 
defect or domain formation. The use of an excess swelling solvent 
to cover the large beads yielded a dilute vesicles solution with a 
broad size distribution varying between 6-23 μm (obtained from 
confocal images, Figure 2-C). In contrast, the small beads yielded 
NLPs with an average hydrodynamic radius of 372 nm in good 
yield and with rather narrow size distributions (PDI=0.25, Figure 
2-E) which was in a good agreement with the size obtained from 
TEM images (295±62 nm, Figure 2-D).  

Figure 3. Optical microscopy images of giant lipo-proteinosomes (GLPs) at 
room temperature. (A) Bright field and (B) red channel images taken with a 
confocal laser scanning microscope. (C) Fluorescence intensity profile along 
the white solid line in (B). 

Thermo-responsive permeability of lipo-proteinosomes 
The vesicles (NLPs) were then subjected to DLS analysis to 
evaluate the temperature-responsive hydration-dehydration of 
closely packed ELP chains on the lipoprotein membrane as 
illustrated in Figure 4-C. 

Author manuscript of article published in Angewandte Chemie International Edition DOI: 10.1002/anie.202102807

https://dx.doi.org/10.1002/anie.202102807


RESEARCH ARTICLE 

4 

Figure 4. (A) Derived count rate (DCR) versus temperature (20-50 °C) during 
repetitive heating (red trace) and cooling (blue trace) cycles of NPLs (n=3). (B) 
Hydrodynamic diameter of NPLs at 20 and 37 °C (average of Z-average (d, nm) 
size has been used in the figure for each data point, n=3 cycles). (C) Schematic 
illustration of the thermal responsiveness of NPLs.  

Repetitive heating-cooling cycles of NLPs showed an increase in 
derived count rate as temperature increased above Tcp due to the 
dehydration and collapse of ELP chains, forming a compact 
vesicle shell. (Figure 4-A) Repetitive heating (n=3) to 37 °C and 
cooling 20 °C cycles further confirmed the reversibility of the 
hydration and dehydration process at physiological and room 
temperatures. (Figure 4-B) After confirming thermo-
responsiveness of the ELP[M(Oleyl)1V3-40] membrane, the effect 
of temperature on membrane permeability was subsequently 
evaluated. Self-quenched fluorescein was loaded in NLPs via film 
hydration in 10 mM fluorescein solution over 48 h. Excess dye 
was removed by Sephadex G-100 size-exclusion 
chromatography and the presence of vesicles was confirmed by 
DLS and TEM measurements. (Figure 5-A) 

Figure 5. Temperature-triggered dye release from NPLs. (A) DLS intensity-
averaged distribution of fluorescein-loaded NLPs (n=3). Insert: characteristic 
TEM image of NPLs. (B) Fluorescence intensity at 520 nm over time and 
temperature (n=3) with schematic illustration: NPLs (green trace) and 
fluorescein in water (black trace). 

The NLPs dispersion was immediately placed in the 
spectrofluorimeter to follow the temperature-responsive on/off 
dye release profile. The solution was heated above Tcp to 37 °C 
to facilitate the dehydration of the ELP chains that collapsed at 
the vesicle surface. In these conditions, a constant fluorescence 
emission of fluorescein at 520 nm (measured every 5 min during 
30 min) suggested the stability and impermeability of the NLPs 

membrane. (Figure 5-B) When temperature was then reduced 
down to 20 °C (Figure 5-B), a burst release of fluorescein was 
observed, in correlation with the swelling and decompaction of the 
ELPs chains. Interestingly, the loading of fluorescein in vesicles 
also improved the stability of the dye, especially at high 
temperature (Figure 5-B, grey curve).  
. 

Conclusion 

We reported here a straightforward and versatile design of brush-
like ELP[M(Oleyl)1V3-40] lipopolypeptides allowing the formation 
of model thermo-responsive membranes with great potential 
applications in protocell design, nano/micro reactors, drug 
delivery vehicles with biomimetic character and controlled burst 
release properties. Such combination of genetically engineered 
elastin-like polypeptides with chemical post-modification 
reactions to introduce alkyl chains offers promising opportunities 
for biohybrid materials design, featuring compartmentalization 
properties from natural phospholipids combined with temperature 
responsiveness, bioactivity, sequence-defined structure, 
reproducibility, easy scalability and narrow molar mass 
distribution of the genetically engineered and recombinantly 
produced ELPs. 
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Experimental Procedures 

1. Materials and methods.

The following reagents were used as received. Copper(II) sulfate pentahydrate (CuSO4·5H2O, 99%) and anhydrous sodium 
sulfate (Na2SO4, 99.5%), sodium azide (NaN3, 99.5%), sodium sulfate (Na2SO4, anhydrous, 99.0%) and 5-Carboxy-X-
rhodamine N-succinimidyl ester were purchased from Sigma-Aldrich. (+)-sodium L-ascorbate (C6H7NaO6, 99%) was obtained 
from Alfa Aesar. Cis-1-chloro-9-octadecene (oleyl chloride, C18H35Cl, 70%) and N,N-Diisopropylethylamine (DIPEA, 99.0%) 
were purchased from TCI. Fluorescein disodium salt dehydrate was purchased from Fluka. Cuprisorb® was purchased from 
Seachem. 
The following solvents were used without additional purification: Methanol (MeOH, analytical grade, 100%, VWR chemicals), 
ethanol (EtOH, absolute, 99.9%, VWR chemicals), N-N-Dimethylformamide (DMF 99.9%, HPLC grade, VWR chemicals), diethyl 
ether (Et2O, 97%, VWR chemicals), dimethyl sulfoxide (DMSO, 99.9%, Sigma-Aldrich) and chloroform (CHCl3, HPLC grade, 
99.8%, Sigma-Aldrich). The following deuterated solvents were purchased from Sigma-Aldrich and used without additional 
purification: Trifluoroacetic acid-d (TFA-d, 99.5 atom % D) and chloroform-d (CDCl3-d, 99.8 atom % D). Ultrapure water (18 
MΩ·cm) was obtained by using a Millipore Milli-Q Biocel A10 purification unit. 
Spectra/Por Regenerated Cellulose (RC) and Float-A- Lyzer G2 dialysis tubes were used for the purification of ELP-conjugate. 
Glass beads (0.5 and 5 mm) were purchased from Sigma-Aldrich. 
ELP production: ELP[M1V3-40] was produced recombinantly in Escherichia coli bacteria and purified by inverse transition 
cycling following established procedures.[1-2] 
Nuclear Magnetic Resonance (NMR): 1H NMR spectra were recorded with a Bruker AVANCE III HD (Liquid-state 400 MHz 
NMR spectrometer with 5 mm BBFO probe). Deuterated chloroform (CDCl3, Euriso-top, 99.8%), and deuterated water (D2O, 
Euriso-top, 99.8%) were used as solvents and references for the lock. Bruker Topspin Software was used for data treatment. 
Size Exclusion Chromatography (SEC): Analyses were performed on an Ultimate 3000 system from Thermoscientific 
equipped with a diode array detector (DAD). The system from Wyatt technology also includes a multi-angle light scattering 
detector (MALS) and a differential refractive index detector (dRI). Polypeptide conjugates were separated on two TOSOH 
successive columns (one G4000PWXL (7.8*300) column with exclusion limits from 2,000 Da to 300,000 Da and one 
G3000PWXL (7.8*300) column with exclusion limit below 40,000 Da). Analyses were performed at a flow rate of 0.5 mL·min-1 
and columns temperature was held at 80 °C. Dextran (PSS) was used as the standard. Dimethysulfoxide (DMSO, lithium 
bromide LiBr 1 g·L-1) was used as eluent and ethylene glycol was used as a flow marker. 
Differential scanning calorimetry (DSC): In a dry state, measurement of 10 mg sample was performed using a Q 100-RCS 
apparatus from TA Instruments over temperature range from -80 to 120 °C, in a heating cooling mode at 5 °C·min-1. The analysis 
was carried out in a nitrogen atmosphere with aluminum pans. 
In a liquid state, measurements were carried out using high pressure crucibles filled with 30 µL of solution sample at a 
concentration of 10 or 100 mg·mL-1 in water. The temperature range was 5 to 50 °C with a heating rate of 2 °C·min-1. 
Sodium dodecyl sulfate – polyacrylamide gel electrophoresis (SDS-PAGE) analysis: Precision Plus ProteinTM Standards 
(BIO-RAD, unstained) was used as size marker. 20 μL of sample were loaded in gel wells (BIO-RAD, 4–20% Mini-PROTEAN® 
TGX™ stain-free gel). Tris-Glycine-SDS Buffer (BIO-RAD, TGS 1x) was used as loading buffer. Laemmli Sample Buffer (BIO-
RAD, 2x) was used as a running buffer. 
Dynamic light scattering measurements (DLS): The measurements were performed on a NanoZS 90 instrument (Malvern, 
UK) at a 90° angle and at a constant position in the cuvette (constant scattering volume) at different temperatures. The derived 
count rate (DCR) was defined as the mean scattered intensity normalized by the attenuation factor.  
Imaging of giant lipo-proteinosomes: Giant lipo-proteinosomes (GLPs) were collected and imaged in an Ibidi chamber slide 
(µ-Slide VI 0.4, Ibidi) by using confocal laser scanning microscopy and epifluorescence microscopy. Confocal images were 
acquired by a confocal laser scanning microscopy (Leica, SP5 AOBS) through an HCX PL APO 63x oil immersion objective. A 
diode laser (561 nm) was used to excite rhodamine that is labelled on the ELP backbone. Bright field and epifluorescence 
microscopy images of GLPs were taken on a Zeiss Axiovert 40 CFL inverted microscope with a 100x oil immersion objective 
captured with a digital Gigabit Ethernet CCD camera (Viewvorks VG-2M). For epifluorescence microscopy, a mercury lamp was 
used as source with an excitation and emission filter of narrow band pass window in the red for the rhodamine fluorophore (532 
to 544 nm for excitation and 573 to 637 nm for emission). 
Fluorescence spectrometry: Fluorescence spectra were measured on a JASCO Spectrofluorometer FP-8500 equipped with 
mini circulation bath (JACOB MCB-100). Light source is 150 W xenon lamp with 1.0 nm wavelength accuracy. The device is 
equipped with Silicon photodiode (Ex. monochromator) and Photomultiplier (Em. monochromator) detectors. The 
measurements were taken three times in a 0.5 mL volume quartz cell (2x10 mm light path) and averaged data were used for 
the final plot.  
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Figure S3. 1H NMR spectrum of ELP[M(Oleyl)1V3-40] in CDCl3 (15% TFA-d) at room temperature. 

Table S1. 1H NMR spectrum characterization of ELP[M(Oleyl)1V3-40]  

Proton Theoretical Experimental Comment 
a 11 H 11 H Peak used as 

reference 
b 22 H 22 H Olefin bond protons 
c 33 H 33 H 
d 308 H 338 H Overlapped with e 
e 30 H Overlapped with d 
f 33 H 459 H Overlapped with g 
g 420 H Overlapped with f 
h 30 H 35 H 
i 80 H 87 H 
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