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Materials 

2-Dodecylsulfanylthiocarbonylsulfanyl-2-methyl-propionic acid 3-azidopropyl ester (1) and 

propargyl maleimide (2, PM) were prepared according to previous reports.[1-3] Bovine serum 

albumin (BSA, 98%) was purchased from Aldrich and used as received. 2,2′-

Azobisisobutyronitrile (AIBN, Sigma, 98%) was recrystallized from ethanol. 1,4-Dioxane (Alfa 

Aesar, 99+%) was passed through a column of basic alumina prior to use. N-Isopropylacrylamide 

(NIPAM) was recrystallized from hexane. All other chemicals were purchased from VWR and 

used without further purification. 

 

Synthesis of αααα-azido-terminated poly(N-isopropylacrylamide) PNIPAM-N3. Reversible 

addition-fragmentation chain transfer (RAFT) polymerization of NIPAM was conducted with 1 

as the CTA and AIBN as the initiator under N2 atmosphere in 1,4-dioxane at 60 °C. A typical 
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RAFT polymerization procedure was as follows. [NIPAM] : [CTA] : [I] = 300 : 1 : 0.05. NIPAM 

(6.00 g, 53.0 mmol), 1 (78.7 mg, 0.176 mmol), 1,3,5-trioxane (20.0 mg, 0.220 mmol, internal 

standard), AIBN (1.45 mg, 9.00×10-3 mmol), and 1,4-dioxane (15 mL) were sealed in a 20 mL 

vial. The solution was purged for 30 min and then placed in a preheated reaction block at 60 °C. 

Samples were withdrawn periodically for conversion and molecular weight analysis. The reaction 

was stopped at 3 h, the solution was precipitated into ether (×2), and the resulting polymer was 

dried under vacuum to yield α-azidoterminated polymer (PNIPAM-N3). Conversion = 51.0 %, Mn 

= 16 300 g/mol and PDI = 1.06. 

 

Reduction of BSA. BSA (500 mg, 75.0×10-4 mmol) was dissolved in purged phosphate buffered 

saline (70.0 mL) (PBS, pH 6.5, 0.1 M, containing 1 mM ethylene diamine tetraacetic acid 

(EDTA)). Tris(2-carboxyethyl)phosphine hydrochloride (TCEP, 21.5 mg, 0.0750 mmol) was 

dissolved in PBS (2.50 mL) and then added drop-wise to the BSA solution. After 4 h, the solution 

was dialyzed against DI water for 24 h (membrane molecular weight cut off (MWCO) = 1,000 

g/mol) and lyophilized to obtain reduced BSA (BSAred). 

 

Alkyne Functionalization of BSA and BSAred. BSA (30.0 mg, 4.50×10-4 mmol, 1 equiv.) and 2 

(1.20 mg, 9.00×10-3 mmol, 20 equiv., dissolved in 1 mL methanol) were mixed in PBS (15 mL) 

at RT. After 24 h, the mixture was centrifuged to remove excess 2 using a 50 mL membrane tube 

with MWCO 50,000 g/mol. The product (BSA-alkyne) was isolated by lyophilization. Alkyne 

functionalization of BSAred was carried out according to a similar procedure, except that the mole 

ratio of 2 to BSAred was 60:1. 
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Copper-catalyzed azide-alkyne cycloaddition between alkyne-functionalized BSA and 

PNIPAM-N 3. The catalyst solution consisted of CuSO4 (3.20 mg, 0.0200 mmol), ascorbic acid 

(17.6 mg, 0.100 mmol) and degassed phosphate buffer (PB, 5 mL, pH 7.2, 0.1 M, containing 1 

mM EDTA). BSA-alkyne (10 mg, 1.5×10-4 mmol) and PNIPAM-N3 (Mn = 16,300 g/mol, 2.93 

mg, 1.8×10-4 mmol) were dissolved in PB (375 µL). Catalyst solution (250 µL) was added to the 

above solution. After 24 h, the solution was dialyzed against DI water (MWCO 50 000 g/mol) for 

7 days, followed by lyophilization to obtain PNIPAM-BSA conjugate. PNIPAM-BSAred 

conjugate was synthesized according to a similar procedure, except that the mole ratio of 

PNIPAM-N3 to BSAred-(alkyne)3 was 3.6 : 1. 

 

Determination of Free Thiol content via Ellman’s Assay. 5,5′-Dithio-bis-(2-nitrobenzoic acid) 

(Ellman’s reagent, 4.00 mg, 0.0101 mmol) was dissolved in PB (1 mL). The sample to be 

analyzed (5.0 mg) was dissolved in PB (2.5 mL) and mixed with the Ellman’s reagent solution 

(50 µL). After 45 min incubation at RT, the absorbance at 412 nm was measured by UV-Vis 

spectroscopy. The thiol concentration was calculated using Beer-Lambert’s law (molar extinction 

coefficient of 2-nitro-5-thiobenzoic acid = 16,564 M
-1
cm

-1 
at 412 nm). 

 

Thermoprecipitation Purification. BSA-PNIPAM was dissolved in DI water at a concentration 

of 30 g/L. The solution was maintained at 40 oC for 1 h and then centrifuged at 40 oC. The 

supernatant was discarded, and the precipitate was collected and lyophilized. 

 

Analysis and methods. For characterization of PNIPAM-N3, size exclusion chromatography 

(SEC) was conducted in N,N-dimethylformamide (DMF) with 50 mM LiBr at 55 °C using a flow 
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rate of 1.0 mL/min (Viscotek GPC pump; columns: ViscoGel I-series G3000 and G4000 mixed 

bed columns: molecular weight range 0-60×103 and 0-400×103 g/mol, respectively). Detection 

consisted of a Viscotek refractive index detector operating at λ = 660 nm, a Viscotek UV-Vis 

detector operating at λ = 254 nm, and a Viscotek model 270 series platform, consisting of a laser 

light scattering detector (operating at 3 mW, λ = 670 nm with detection angles of 7° and 90°) and 

a four-capillary viscometer. Molecular weights were determined by the triple detection method 

using a dn/dc = 0.077 mL/g. SEC characterization of BSA and polymer-BSA were conducted in 

water (containing 0.5% w/v NaN3) at 23 °C with a flow rate of 0.7 mL/min (Viscotek GPC 

pump; column: Biosep-SEC-S 3000). Detection consisted of a Viscotek refractive index detector 

operating at λ = 660 nm and a Viscotek UV-Vis detector operating at λ = 275 nm. UV-Vis 

spectroscopic measurements were carried out with an Ocean Optics UV-Vis spectrophotometer 

(USB2000, Ocean Optics Inc.). Solution turbidity measurements (1.0 g/L in DI water) were 

monitored by UV-Vis absorbance at 600 nm. The solution temperature was gradually raised from 

28 to 37 oC at a rate of approximately 1.0 °C/min with 20 min equilibration time at each 

increment. The LCST was defined as the temperature at 10% of the maximum absorbance. 1H 

NMR spectroscopy was conducted with a Bruker Avance 400 spectrometer operating at 400 

MHz. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed 

with 8% polyacrylamide gels. Staining was accomplished using Coomassie blue. Dynamic light 

scattering (DLS) was conducted with a Malvern Zetasizer Nano-S equipped with a 4 mW, 633 

nm He-Ne laser, and an Avalanche photodiode detector at a constant angle of 173°. Samples 

were dissolved in DI water at a concentration of 1.0 g/L. The resulting sample solutions were 

filtered through 0.22 µm mixed cellulose ester filters. Sample solutions were incubated for 24 h 
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at the desired temperature (25 or 45 oC) before measurements. Measurements were performed in 

triplicate. 
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