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Experimental Section

Chemicals and materials Amine-terminated fourth-generation polyamidoamine 

dendrimers (G4-NH2 PAMAM dendrimers), potassium tetrachloroplatinate (K2PtCl4), sodium 

borohydride (NaBH4), hydrogen peroxide (H2O2), 3,3’,5,5’-tetramethylbenzidine (TMB), o-

phenylenediamine (OPD), 3,3’-diaminobenzidine (DAB), 2,2’-azino-bis(3-ethylbenzothiazoline-

6-sulfonic acid) (ABTS), catalase (from bovine liver), D-(+)-glucose, D-lactose monohydrate, D-

(+)-maltose monohydrate, D-(-)-fructose, sucrose, sodium acetate (NaAc), dimethyl sulfoxide 

(DMSO), phosphate buffered saline (PBS), and cellulose dialysis sacks (MW cutoff of 12,000) 

were obtained from Sigma-Aldrich, Inc. (USA). N-hydroxysuccinimide ester of biotin (EZ-Link® 

NHS-PEG4-Biotin), avidin and 4’-hydroxyazobenzene-2-carboxylic acid (HABA) were 

purchased from Thermo Fisher Scientific, Inc. (USA). Streptavidin-conjugated glucose oxidase 

(Streptavidin-GOx) was used as received from Fitzgerald Industries International (USA). 18 

Mcm deionized (DI) water was used in the preparation of aqueous solutions (Ultra370, 

Younglin Co., Korea).

Synthesis of dendrimer-encapsulated Pt nanoparticle (Pt DEN)  Pt DENs were 

synthesized as previously reported with some modification.1-5 Briefly, 55 mol equivalent of an 

aqueous 10 mM K2PtCl4 was added to an aqueous 10 M G4-NH2 PAMAM dendrimer solution 

(pH 5). The mixture was stirred for 76 h to complex Pt ions with the intradendrimer tertiary 

amines. Then, a 20-fold excess of an aqueous NaBH4 solution was slowly added to the Pt ion-

dendrimer complex solution with vigorous stirring. The mixture solution (pH 7) was kept in a 

closed vial for 24 h to ensure sufficient reduction of Pt. Finally, the Pt DENs solution was 

dialyzed using a cellulose dialysis sack for 2 days to remove impurities. Transmission electron 
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microscope (TEM) images of the as-synthesized Pt DENs were collected using a Tecnai G2 F30 

instrument (FEI Co., USA) operating at 200 kV. TEM samples were prepared by evaporating a 

drop of aqueous Pt DEN solution on 200 mesh carbon-coated copper grids (Ted Pella Inc., USA).

Peroxidase-mimetic activity measurements  The peroxidase-like activity of Pt DENs 

was measured at room temperature in reaction mixtures containing H2O2 and chromogenic 

substrates such as TMB, DAB, OPD, and ABTS in the presence of Pt DENs. Specifically, the 

steady-state kinetic assays were carried out in 3 mL of 200 mM NaAc reaction buffer (pH 4.0) 

containing various concentrations of H2O2 (10 to 300 mM) and TMB (25 to 800 μM) in the 

presence of 30 nM Pt DENs. The reaction buffer used for OPD and ABTS was 200 mM NaAc 

(pH 3.5) buffer, and for DAB was 200 mM NaAc (pH 6.0) buffer. All the reactions were 

monitored at 652 nm in kinetic mode using Agilent 8453 UV-vis spectrometer (Agilent Tech., 

USA). The Michaelis-Menten constants (Km) were calculated based on Lineweaver-Burk plots, 

1/ν= (Km/VMAX)·(1/[S]+1/Km) where ν is the rate of conversion, VMAX is the maximum rate of 

conversion, and [S] is the substrate concentration. To test stability of the peroxidase-like activity 

of Pt DENs, Pt DEN solutions were heat-treated at 95 ℃ for 30 min and cooled to room 

temperature. The catalytic reactions were carried out using 30 nM of heat-treated or non-treated 

Pt DENs in 200 mM NaAc buffer (pH 4.0) containing 100 mM H2O2 and 800 μM TMB. 

Conjugation of Pt DEN to glucose oxidase (GOx)  For colorimetric assays of glucose, 

streptavidin-GOx enzymes were conjugated at the surface of Pt DENs via streptavidin-biotin 

chemistry. Specifically, a 20 μM Pt DEN solution was mixed with a 200 mM NHS-PEG4-biotin 

solution (in DMSO) to yield a molar ratio of 1:1920. The mixture solution was stirred for 1 h and 
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then dialyzed using a cellulose dialysis sack for 4 days to remove any free NHS-PEG4-biotin. 

After purification, the biotinylated Pt DENs were examined with HABA assay to confirm the 

presence of biotin moieties conjugated to the Pt DENs.6, 7 The biotinylated Pt DENs were then 

mixed with streptavidin-GOx at a molar ratio of 1:1, and stirred for 2 h to conjugate the 

biotinylated Pt DEN to the streptavidin-GOx. The colorimetric analyses of glucose were 

performed as following. Glucose solutions were added into O2-purged 200 mM NaAc buffer (pH 

4.0) solutions containing 800 μM TMB and 30 nM Pt DEN-GOx conjugate, and the reaction 

mixture solutions were incubated at 37 ℃ for 60 min. Absorbance values of the reaction 

mixtures were then measured at 652 nm using Agilent 8453 UV-vis spectrometer (Agilent Tech., 

USA). The selectivity of the colorimetric assays of glucose was also tested using glucose 

analogues such as fructose, sucrose, maltose, and lactose even at 10 times higher concentration 

(i.e. 166.7 μM) than that of glucose (i.e. 16.67 μM). 
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Table S1 Comparison of apparent Km value of Pt DENs with TMB to that of other previously 

reported Pt-based peroxidase mimics and natural HRP enzyme.

 



S6

Table S2 Comparison of selected nanomaterial-based colorimetric assays of glucose.
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Fig. S1 Spectra of 800 μM TMB solutions (200 mM NaAc buffer, pH 4.0) containing 100 mM 

H2O2 in the presence of 30 nM G4-NH2(Pt55) DENs. Incubation times: (red) 0 s and (blue) 60 s. 
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Fig. S2 Photograph of an aqueous 30 nM G4-NH2(Pt55) DEN solution.
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Fig. S3 Spectra of 800 M TMB solutions (200 mM NaAc buffer, pH 4.0) (red) before or (blue) 

after purging oxygen gas for 10 min. Enlarged spectra are shown in inset for clear comparison. 

Flow rate of oxygen: 300 mL/min. 
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Fig. S4 Time-dependent absorbance changes at 652 nm obtained with 800 μM TMB solutions 

(200 mM NaAc buffer, pH 4.0) containing 100 mM H2O2 at different concentrations of G4-

NH2(Pt55) DENs. The error bars represent the standard deviations derived from independent 

measurements (n=3).
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Fig. S5 Photographs of 800 μM chromogenic substrates, i.e. (A) DAB (200 mM NaAc buffer, 

pH 6.0), (B) OPD (200 mM NaAc buffer, pH 3.5), and (C) ABTS (200 mM NaAc buffer, pH 

3.5), containing 100 mM H2O2 in the presence of 30 nM G4-NH2(Pt55) DENs. Incubation time: 

30 min. 
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Fig. S6 Effects of (A) pH and (B) H2O2 concentration on the peroxidase-like activity of G4-

NH2(Pt55) DENs. The peroxidase-like activity of G4-NH2(Pt55) DENs is dependent on pH and 

H2O2 concentration, which is in agreement with previously reported peroxidase-mimetic 

nanomaterials and natural peroxidases. The error bars represent the standard deviations derived 

from independent measurements (n=3).
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Fig. S7 Steady-state kinetic assays of heat-treated G4-NH2(Pt55) DENs. (A) Michaelis-Menten 

and (B) Lineweaver-Burk plots for TMB substrate. Experimental details are provided in 

Experimental Section. The error bars represent the standard deviations derived from independent 

measurements (n=3). 
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Fig. S8 Photographs of 800 µM TMB solutions (200 mM NaAc buffer, pH 4.0) containing 100 

mM H2O2 in the presence of 300 nM G4-NH2(Pt55) DENs (left photograph) or 300 nM HRP 

(right photograph) after heat treatment of G4-NH2(Pt55) DENs and HRP in boiling water for ca. 3 

min. Incubation time: ca. 10 s. The movie file is also provided separately, which shows the 

colorimetric assays carried out as described above. 
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