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S.1.Materials and methods
S.1.1. Materials
1,4-Diazabicyclo [2.2.2] octane (Dabco), N,N´-dicyclohexylcarbodiimide (DCC), triethylamine (TMA), dry dichloromethane and 1-hydroxybenzotriazole hydrate (HOBt) were purchased from Sigma ( EUA). Dichloromethane (DCM), ethyl acetate, methanol, hydrochloric acid (HCl), dimethyl sulfoxide (DMSO), 1H-benzotriazol-1-yloxy-tris (dimethylamino) phosphonium hexafluorophosphate (BOP), H-Arg-OMe·2HCl, H-Lys(Cbz)-OMe·HCl, palladium on activated charcoal (Pd/C,10%) and silica gel 60 were supplied by Merck (Germany). N,N-Dimethylformamide (DMF) was purchased from Scharlau (Spain), sodium sulfate from Panreac  (Spain), Trypticase Soy Agar (TSA) from Pronadisa (Spain) and Tryptone Soya Broth (TSB) from Oxoid (UK). The 75 cm2 flasks and 96-well plates were purchased from TPP (Switzerland). Mueller-Hinton Broth (MHB) was purchased from Difco Laboratories (USA). Water from a Milli-Q Millipore System was used to prepare aqueous solutions.
S.1.2 Production and purification of rhamnolipids
The microorganisms used for RL production were strains of Pseudomonas aeruginosa MB maintained in cryogenic tubes containing 30% glycerol. After growth in TSB at 30 °C, the bacteria were reserved at 4 ºC. Production was carried out in 2-L baffled Erlenmeyer flasks containing 400 mL of medium and 40 g/L of carbon source (olive/soy (50:50 v/v) waste frying oil). Medium components were sterilized separately at 120°C, 1 atm for 20 min. The initial pH of the medium was adjusted to 7.0. Then, a 2% (v/v) of inoculum, cell suspension in saline serum of an overnight culture on TSA, was added. Cultures were incubated at 30°C for 72 h on a reciprocal rotary shaker at 150 rpm. After the incubation of the cultures, cells were removed by centrifugation. The supernatant was acidified to pH 2.0 with HCl 1 M and kept at 4 ºC overnight. Then, three extractions with ethyl acetate were made. The organic phase was dried to obtain an RL mixture (RLmix). The monoRL sample was purified by flash-chromatography in a glass column filled with silica gel 60. The mobile phase used was chloroform:methanol 50:5 (v:v).

 S.1.3.  Synthesis of amino acid rhamnolipid conjugates 
Arginine-based rhamnolipids. A solution of dimethylformamide (DMF, 2.5 mL) containing 0.38 g of H-Arg-OMe and 0.192 g of triethylamine (TEA) was stirred until a clear solution was achieved. Then, 0.5 g of RLmix or monoRL, 0.30 g of diciclohexilcarbodiimida (DCC) and 0.18 g of Hydroxybenzotriazole (HOBt) dissolved in dry dichlorometane (DCM) were added to the first solution. The reaction mixture was maintained under stirring for 24 h in a round-bottom provide with a balloon with N2 at room temperature. The DMF and DCM were reduced under vacuum and the solid obtained was washed three times with cold water. Finally, the desired products were isolated by preparative HPLC.
Lysine-based rhamnolipids. A two-step procedure was used to prepare the lysine derivatives.  A solution of 0.5 g of RL sample (RLmix or monoRL) in 10 mL of DCM with 0.26 g of 1,4-diazabicyclo[2.2.2]octane (DABCO) was stirred at room temperature until a clear solution was obtained. Then, H-Lys (Cbz)-OMe (0.39 g) and 0.46 g of the benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate reagent (BOP) were added and the solution was kept under stirring at room temperature for 4 h and moved to the freezer overnight. The reaction mixture was subsequently washed with water three times. The organic phase was concentrated and purification was performed by preparative HPLC to give the target compounds. To remove the Cbz group, a solution of RLmix-Lys(Cbz) or monoRL-Lys(Cbz) (1g) in methanol (60 mL) was stirred at room temperature under a H2 atmosphere for 4 hours. Pd/C (10%) was used as a catalyst for the hydrogenation reaction. Positively charged lysine conjugates were obtained by adding HCl to the solution. The methanol was evaporated and the target RLs were solubilized in water and lyophilized. 
All the synthesized compounds were characterized by 1H and 13C nuclear magnetic resonance (NMR) analyses and Mass Spectrometry (MS).  
S.1.4. Analytical and preparative HPLC
Analytical HPLC: The progress of the reactions was monitored by HPLC, model Merck-Hitachi D-2500, using a UV-vis detector L-4250 at 215 nm. A Lichrospher 100 CN (propylcyano) 5 μm, 250 x 4 mm column was used. A gradient elution profile was employed from the initial solvent composition of A/B 75:25 (by volume), changing in 24 min to a final composition of 5:95; solvent A was 0.1% (v/v) TFA in H2O, and solvent B was 0.085% of TFA in H2O/CH3CN 1:4. The flow rate through the column was 1.0 mL min-1.
Preparative HPLC: The following methodology was used to purify the target surfactants. HPLC was performed using a Waters preparative HPLC system equipped with a Kromasil 100 C8 5 μm 25 x 2.12 column. Crude product (500 mg dissolved in 5 mL of methanol) was loaded onto the preparative column. The eluent solvent consisted of 0.1% trifluoroacetic acid (TFA) in water (solvent A) and 0.1% TFA in acetonitrile (solvent B). The compounds were eluted at a flow rate of 20 ml/min with a linear gradient from the mixture A:B (60:40, vol/ vol) to A:B (0:100, vol/vol) in 24 min. The absorbance of the eluate was measured at wavelength λ 215 nm. All collected fractions were analyzed directly by HPLC on the 100 CN (Propylcyano) column and those containing the target products were dried under vacuum.

S.1.5. Magnetic Resonance and Mass Spectrometry
The structures of the precursors and the new surfactants were evaluated by 1H and 13C nuclear magnetic resonance (NMR) analyses, which were performed on a Varian spectrometer at 499.803 (H) and 125.233 (C) MHz, respectively, using the deuterium signal of the solvent as lock. The gHSQC (Gradient Heteronuclear Single Quantum Correlation) and gCOSY (Gradient Correlation Spectroscopy) were achieved using the standard Varian pulse programs. Mass spectroscopy (MS) with fast atom bombardment (FAB) or electrospray techniques was carried out with a VGQUATTRO from Fisons Instruments. 
S.1.6. Surface tension measurements
Surface tension measurements were measured by the Wilhelmy plate technique using a Krüss tensiometer. MilliQ water of γ = 72 mN/m was used in the preparation of the different concentrations of surfactants. Sets of Measurements of equilibrium surface tension were taken every 5 min until the change in surface tension was less than 0.05 mN m−1.

S.1.7. Fluorescence measurements
A Shidmadzu RF 540 spectrofluorometer was used to measure CMC by fluorescence, using pyrene as a fluorescence probe at 25ºC. From a stock solution of RLmix, monoRL and its derivatives (1 mM) in a pyrene aqueous solution of 10-6 M (pH = 6), different dilutions were prepared to obtain the CMC. The fluorescence emission spectra of these dilutions were recorded from 340 to 450 nm after excitation at 332 nm. The steady-state fluorescence emission spectrum of pyrene exhibits a fine structure in the 370-400 nm region that depends on the polarity of the environment. The ratio of the first to the third vibronic peaks (II/IIII) shows the greatest solvent dependency and can be used to obtain the CMC of the surfactant solutions

S.1.8. Size distribution analysis 
The Dynamic Light Scattering (DLS) technique was used to measure the size distribution of all formulations. The DLS unit is a Malvern Zeta Nanosizer, working at 632.8 nm and 25 ºC. The DLS measurements were started after 5-10 minutes to allow equilibration of the samples at room temperature. The scattering intensity was measured at a 173 º angle to the incident beam. This is known as backscatter detection and allows measurements in turbid dispersions, minimizing multiple scattering effects. Depending on the system turbidity, the unit automatically determines the thickness of the sample under investigation and focuses the beam at a given position from the cell walls. At least 10 runs were performed to obtain the correlation function of each sample. 

S.1.9. Agarose gel electrophoresis
A series of DNA/RL surfactants were prepared by mixing 50 µL of a DNA solution (1.6 mg /mL) with 5 mL of RL surfactant solutions of different concentrations (12.5, 25, 50, 100 and 200 μM). The DNA/RL surfactant complexes (25 µL) were prepared in the presence of loading gel (2.5 µL). All the samples were analyzed by electrophoresis using 0.7% of agarose gels and 5 µL of a 10.000 x solution of GelStar.  

S.1.10. Etidium Bromide fluorescence
The fluorescence spectra of 3 mL of an EB solution (0.16 µM) were recorded from 530 to 700 nm at an excitation wavelength (λexc) of 490 using a PTI Fluorescence Master System fluorescence spectrophotometer. Then, 2 µg of DNA from salmon testes (average MW 1.3 x 106 ca. 2000 bp) was added to the EB solution and fluorescence spectra were recorded under the same conditions. Increasing amounts of cationic RL surfactants were then added to the EB/DNA solution and fluorescence spectra were recorded after each surfactant addition.

S.1.11. Antimicrobial Activity
10 μL of a nutrient broth starter culture (TSB) of each bacterial strain was added to achieve final inoculums of 5 x 105 colony-forming units mL.  The TSB nutrient was used as a control. A two-fold serial RL dilution technique was used to measure antimicrobial activity. A wide range of Gram-positive and Gram-negative bacteria were tested: Bacillus subtilis ATCC 6633, Staphylococcus epidermidis ATCC 12228, S. aureus ATCC 6538, S. aureus methicillin-resistant (MRSA) ATCC 43300, Listeria monocytogenes ATCC 15314, Pseudomonas aeruginosa ATCC 27853, Klebisiella pneumoniae ATCC 4352 and Escherichia coli ATCC 8739. The growth of the microorganisms was determined visually after incubation for 24 h at 37 ºC.

S.1.12. Biodegradability
Surfactants were tested at a concentration of 20 mg C/L. Samples were inoculated with activated sludge collected from a municipal wastewater treatment plant (Manresa, Barcelona) and then incubated in the dark at 20 ± 1 °C in sealed vessels (160 mL) with a headspace of air (headspace/liquid volume ratio of 1:2). Sodium n-dodecyl sulfate (SDS) (20 mg C/L) was used as a reference substance. Two replicates of surfactants, the blank and reference substance were performed for each sampling day except for the last day, when four replicates were performed. The tests ran for 28 days. Every sampling day, after injecting a sodium hydroxide solution to the vessels, shaking and allowing settling, suitable volumes were withdrawn by syringe from the liquid phase of each vessel and kept in small beakers carefully filled to the brim and covered with a cap to prevent CO2 exchange with the air. The concentration of inorganic carbon (IC) was determined in a carbon analyzer (Shimadzu TOC-5050). The extent of biodegradation was expressed as a percentage of the theoretical amount of inorganic carbon (ThIC) based on the initial amount of the tested compound.
S.2.Supplementary Figures
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Scheme S1. Synthetic route toward the amino acid rhamnolipid conjugates based on the two main homologues of the rhamnolipid mixture. A) Chemical reactions to obtain arginine derivatives and B) chemical reactions to obtain lysine derivatives.
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Figure S1.  ESI-MS corresponding to the anionic rhamnolipids and its amino acid conjugates.  A) Rhamnolipids mixture (RLmix) B) monorhamnolipids (monoRL) C) RLmix_Arg, D) monoRL_Arg, E) RLmix_lys and F) monoRL_lysine.
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Figure S2. NMR characterization of the monoRL sample
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Figure S3. NMR characterization of the monoRL-Lys
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Figure S4. NMR characterization of the monoRL-Arg
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Figure S5. NMR characterization of the RLmix sample.
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Figure S6. NMR characterization of the RLmix-Lys
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Figure S7. NMR characterization of the RLmix-Arg
19








     


    
Figure S8. Size distribution profiles  for anionic rhamnolipids and its arginine and lysine cationics conjugates in different concentrations. A) RLmix, B) monoRL, C) RLmix_Arg, D) monoRL_Arg, E) RLmix_Lys and F) monoRL_Lys.
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Figure S9. Etidium bromide exclusion experiments for anionic rhamnolipids and its arginine and lysine cationics conjugates. A) RLmix, B) monoRL, C) RLmix_Arg, D) monoRL_Arg, E) RLmix_Lys and F) monoRL_Lys.


TableS1. 1HNMR and 13CNMR spectroscopy data of monorhamnolipids and their arginine and lysine derivatives.
MonoRL  			MonoRL-Arg				MonoRL-Lys            




	MonoRL
	MonoRL-Arg
	MonoRL-Lys

	
	δ 1H  (ppm)
	δ 13C (ppm)
	δ 1H         (ppm)
	δ 13C             (ppm)
	δ 1H (ppm)    
	δ 13C (ppm)

	
a
	
4.78
	
100.6
	
4.80
	
100.8
	
4.79
	
100.7

	b
	3.74
	72.6
	3.70
	72.6
	3.75
	72.5

	c
	3.62
	72.2
	
	
	3.76
	72.5

	d
	3.34
	74.0
	3.36
	73.9
	3.36
	73.9

	e
	3.65
	70.0
	3.64
	70.1
	3.64
	70.1

	f
	1.2
	17.9
	1.24
	18.0
	1.24
	17.7

	1
	4.05
	75.5
	4.05
	75.7
	4.04
	75.7

	2
	2.57
	41.2
	2.51
	41.3
	2.5
	41.3

	3
	---
	172.4
	---
	172.4
	----
	172.4

	4
	5.23
	72.2
	5.22
	72.7
	5.22
	72.6

	5
	2.56
	40.0
	2.58
	41.3
	2.57
	41.3

	6
	---
	174.2
	----
	172.7
	----
	172.6

	7
	
	
	4.42
	53.1
	4.39
	53.2

	8
	
	
	---
	173.5
	----
	173.4

	9
	
	
	3.72
	52.8
	3.71
	52.3

	10
	
	
	3.21
	41.6
	2.92
	40.4

	11

	
	
	---
	158.6
	
	







Table S2. 1HNMR and 13CNMR spectroscopy data of dirhamnolipids and their arginine and lysine derivatives. 
DiRL 					DiRL-Arg				 DiRL-Lys




	
	
DiRL
	
DiRL-Arg

	
DiRL-Lys


	
	
δ  1H
(ppm)
	
δ 13C
(ppm)

	
δ  1H
(ppm)
	
δ 13C
(ppm)
	
δ  1H
(ppm)
	
δ 13C
(ppm)

	
a
	
4.92
	
99.1
	
4.93
	
99.2
	
4.97
	
99.1

	b
	3.74
	80.5
	3.72
	80.5
	3.77
	80.5

	c
	3.36
	
	3.58
	
	
	

	d
	
	
	3.33
	74.1
	3.34
	73.7

	e
	3.65
	70.1
	3.62
	70.2
	3.63
	69.9

	f
	1.24
	18.0
	1.24
	17.9
	1.26
	18.1

	a’
	4.88
	104.2
	4.89
	104.5
	4.96
	103.7

	b’
	3.97
	69.3
	3.97
	71.9
	4.04
	71.7

	c’
	3.65
	70.03
	3.60
	72.3
	3.76
	72.2

	d’
	3.34
	74.0
	3.33
	73.9
	3.42
	73.7

	e’
	3.65
	70.2
	3.62
	70.2
	3.61
	69.8

	f’
	1.24
	18.0
	1.24
	17.9
	1.26
	18.1

	1
	4.06
	75.3
	4.04
	75.36
	4.06
	75.4

	2
	2.50
	41.2
	2.54
	41.2
	2.5
	41.2

	3
	---
	172.4
	-----
	
	---
	172.4

	4
	5.2
	72.4
	5.22
	72.6
	5.2
	72.5

	5
	2.57
	41.3
	2.57
	41.2
	2.50
	41.2

	6
	----
	174.3
	-----
	
	----
	172.6

	7
	
	
	4.42
	53.2
	4.04
	53.4

	8
	
	
	----
	
	----
	173.9

	9
	
	
	3.72
	52.8
	3.72
	52.8

	10
	
	
	3.21
	41.8
	2.94
	40.3

	11

	
	
	
	158.6
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