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S1. Experimental Section 

 

S1.1. Materials 

Boc-L-tyrosine (Boc-Tyr-OH, 99%, Sisco Research Laboratories Pvt. Ltd., India), adenosine 

triphosphate disodium salt (ATP, Sisco), trifluoroacetic acid (TFA, 99.5%, Sisco), calf 

intestinal alkaline phosphatase (CIALP, Sisco), 4-dimethylaminopyridine (DMAP, 99%, 

Sigma Aldrich), anhydrous N,N′-dimethylformamide (DMF, 99.9%, Sigma Aldrich), 

dicyclohexylcarbodiimide (DCC, 99%, Sigma Aldrich) and 2-hydroxyethyl acrylate (HEA, 

97%, Sigma Aldrich) were used as received. The 2,2′-azobisisobutyronitrile (AIBN, Sigma 

Aldrich, 98%) radical initiator was purified by recrystallization from methanol. Synthesis of 4-

cyanopentanoic acid dithiobenzoate (CTP) and 4-cyano-(dodecylsulfanylthiocarbonyl) 

sulfanylpentanoic acid (CDP) was conducted following earlier reported literature procedure.1 

The solvents such as hexanes (mixture of isomers), acetone, ethyl acetate, methanol (MeOH), 

tetrahydrofuran (THF), dichloromethane (DCM), etc. were purified prior use. DMEM media, 

fetal bovine serum, antibiotics for cell culture and MTT all were purchased from Hi Media, 

India. Dimethyl Sulphoxide (DMSO) was purchased from SRL, India. 

S1.2. Instrumentation 

Gel permeation chromatography (GPC) technique was used to determine the number average 

molecular weights (Mn) and molecular weight distributions (Mw/Mn, PDI) in THF at 30 0C at 

1.0 mL/min flow rate. The GPC instrument contains a Viscotek VE 1122 pump, a VE 3580 RI 

refractive index (RI) detector and VE 3210 UV/VIS detector. Poly(methyl methacrylate) 

(PMMA) standards were used to calibrate the GPC system. UV-Vis measurements were carried 

out on a Perkin-Elmer Lambda 35 UV-Vis spectrophotometer. NMR spectra were acquired in 

a Bruker AvanceIII 500 MHz spectrometer. Dynamic light scattering (DLS) measurements were 

carried out on a Zetasizer Nano ZS, Malvern Instrument Ltd., UK, equipped with a He–Ne 

laser beam at 632 nm. Polymer solutions were filtered through a 0.45 µm syringe filter prior to 
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analysis and each experiment was repeated at least three times to obtain the average value. 

TEM analysis was performed in a JEOL JEM 2100 HR instrument. 

S1.3. Synthesis  

S1.3.1. Synthesis of TPE and PHE polymer 

The RAFT polymerization to derive water soluble pendant amine containing TPE and PHE 

polymer was performed based on our earlier report.2-4 As a typical example, the tyrosine-based 

monomer tert-butyloxycarbonyl-L-tyrosine acryloyloxyethyl ester (Boc-Tyr-HEA) (100 mg, 

0.280 mmol) was dissolved in dry DMF (2 mL) in a septa sealed glass vial under argon 

atmosphere. The chain transfer agent 4-cyano-4-(dodecylsulfanylthiocarbonyl) sulfanyl 

pentanoic acid (CDP) (2.33 mg, 0.0056 mmol) and AIBN (0.183 mg, 1.12 μmol, from stock 

solution) was added in the glass vial and placed in an oil bath at 70 °C. After a predetermined 

time, the polymerization reaction was quenched by cooling the vial in an ice-water bath and 

exposing to air. The polymer was purified by diluting in small amount of acetone and 

precipitated into cold diethyl ether. The polymer was characterized by GPC shown in Fig. S1. 

The deprotection of the Boc group was performed by dissolving the polymer (100 mg) in 

minimum amount of DCM followed by addition of TFA (1 mL). The reaction mixture was 

stirred for 2 h in room temperature and finally the solid TPE polymer was isolated by 

precipitating in diethyl ether and under high vacuum at 45 °C for 8 h. 

S1.3.2. Preparation of TPE-ATP nanodroplets  

The nanodroplet dispersions were prepared at room temperature by adding a buffer solution of 

sodium adenosine 5'- triphosphate (ATP) (0.4-50 mM) to the same volume of an aqueous 

solution of TPE polymers with molecular weight of 15 kDa, depending on the molar ratio used. 

The reaction mixture was kept under stirring for 30 min followed by centrifugation at 5,000 

rpm for 15 min to collect the bulk phase. 
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S1.4. Enzyme responsive study 

The TPE-ATP nanodroplet of concentration of 5 mg/mL was dissolved in tris-HCl buffer at 

pH = 7.0 and 150 UL-1CIALP was added to the solution. This mixture was stirred at 37 0C. 

After 12 h the reaction mixture was withdrawn and dialyzed against the buffer solution of same 

pH by using a dialysis bag (Spectra/por dialysis membrane, molecular weight cut-off 

(MWCO): 2 kDa). The buffer solution was replaced after every 2-8 h for 6 times. Finally, the 

sample was dried via freeze drying, Operon, Model: FDU 8606, Korea) and the 31P NMR was 

taken to ensure the appearance of characteristic phosphate resonance signals. 

S1.5. Doxorubicin encapsulation study 

The encapsulation of the hydrophobic drug doxorubicin within the inner core of the 

nanodroplet was performed as follows: 0.5 mg of triethylamine neutralized doxorubicin was 

added with 1mg of TPE-ATP complex in 200 µL of DMSO solution. Deionized water (1.0 mL) 

was added dropwise within the reaction medium and stirred at 37 0C for 12 h under dark. The 

resulting solution was then transferred to a dialysis bag Spectra/por dialysis membrane 

(molecular weight cut-off (MWCO): 1 kDa)) and dialyzed against deionized water (200 mL) 

for 48 h. After 48 h, the resulting solution was filtered through a 0.45 μm filter, followed by 

freeze-dried via lyophilizer. 

Drug loading content (%) = [(Weight of doxorubicin within the nanodroplet)/(Weight of 

doxorubicin loaded nanodroplets)] X 100% 

S1.6. In vitro Drug Release Studies 

The release profile of doxorubicin from the nanodroplets was studied using the dialysis method. 

Briefly, 2.0 mg of drug-loaded sample was dispersed in 2.0 mL of phosphate buffer solution 

(PBS), and the resulting solution was then transferred to a dialysis bag. The dialysis bag 

containing the resulting solution was immersed in 60 mL of PBS and incubated at 37 0C. 

Periodically, 2.0 mL of solution was withdrawn from the system and replaced with 2.0 mL of 
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fresh PBS solution. The aliquots obtained were then subjected to spectral measurements, and 

the amount of doxorubicin released was calculated.  

S1.7. Sequestration of AgNPs 

The NaBH4 stabilized AgNPs (10 mM) were added into 200 µL of post-centrifuged TPE-ATP 

nanodroplet suspension and incubate in dark for 3 h under stirring. The mixture was further 

centrifuged and the concentration of the AgNPs were determined via UV-Vis spectroscopy. 

S.1.8. Determination of partition coefficient 

The partition coefficient has been determined based on already established protocol.5 Followed 

by the sequestration of AgNPs within nanodroplet assembly, the AgNPs sequestered 

nanodroplets were collected from the equilibrium solution phase via centrifugation at 5,000 

rpm for 15 min, and the concentrations of the AgNPs in the dense coacervate phase and bulk 

solution phase was analyzed by optical absorbance measurements at 400 nm. The nanoparticle 

concentration in the bulk coacervate phase was evaluated spectrophotometrically by 

disintegrating the isolated AgNPs sequestered nanodroplets in presence of high ionic strength 

(10 μL of 1 M NaCl solution). The partition coefficient value (K) was evaluated as K = CCOA/Cs, 

where CCOA and CS were the concentrations of the nanoparticles in the dense coacervate phase 

and bulk solutions, respectively. 

S1.9. Cell Culture 

Human kidney cell line (HEK) and human lung carcinoma cell line (A549) were obtained from 

National Centre for Cell Sciences, Pune, India. Cells were grown in DMEM medium 

supplemented with 10% fetal bovine serum (FBS) at 37 0C in a humified atmosphere of 5% 

CO2.  

S.1.10. Cell viability assay by MTT  

Cytotoxicity of nanodroplets, AgNPs sequestered nanodroplets, doxorubicin and doxorubicin 

encapsulated nanodroplets were measured by MTT assay. In each well of 96 well plates 3×103 
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cells were seeded in 100 µl fresh DMEM medium10% FBS (fetal bovine serum). After 17 h of 

incubation, cells were washed with PBS and then treated with different concentrations of 

compounds for 48h. All control and treated experiments were performed in triplicate. Cells 

were incubated for 48 h without change in medium, and after 48 h, the medium was discarded. 

10 µl of MTT solution (5mg/ml) was added in each well and incubated in CO2 incubator for 

4h in dark at 37 0C. Then in each well 100 µl DMSO was added to dissolve the purple formazan 

crystals. Absorbance was measured in Agilent Cary 100 UV-Vis spectrophotometer at 595 nm. 

Experiments were repeated three times with same doses and standard deviation was obtained. 

S.2. Additional Characterizations 
 

 
Fig. S1. GPC chromatogram analysis of TPE polymer 
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Fig. S2. DLS count rate of TPE-ATP supraamphiphile formation at different molar ratios 

 

Fig. S3. TEM image of TPE-ATP complex in presence of high ionic strength (~1 M NaCl) 

 

 

Fig. S4. Fluorescence microscopy image of FITC encapsulated a) TPE-ATP complex 
coacervate nanodroplets, b) in presence of high ionic strength (~1 M NaCl) 
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Fig. S5. TEM image of TPE-ATP complex after CIAP treatment 

 

 
Fig. S6. Zeta potential measurements of the TPE-ATP nanodroplets at different pH 

 

 
Fig. S7. GPC chromatogram analysis of PHE polymer 
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Fig. S8. TEM image of PHE:ATP coacervate assembly 
 
 

 
 

Fig. S10. TEM image of AgNPs sequestered TPE:ATP nanodroplets at pH 6 
 

 

 
Fig. S10. In vitro release of doxorubicin at different pH in presence of enzyme 
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Fig. S11. Cytotoxicity assay of TPE-ATP nanodroplets on a) A549 cells and b) HEK cells. For 
each concentration of the polymer, the data are presented as the mean of the triplicate 
measurements and the error bar indicates the standard deviation of the three measurements. 
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