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Abstract Colorimetric assay taking advantage of the unique surface plasmon resonance properties of metallic nanoparticles
has attracted significant attention in bioassays due to its simplicity, low cost, high sensitivity and compatibility. However,
most reported colorimetric methods used adenosine triphosphate (ATP), peptides or nucleotides (DNA and RNA) as the
phosphatase-sensing species, which are quite unstable or hydrolysable by other enzymes in normal conditions. In this paper, a
chemically stable and hydrophilic oligo(4-vinyl-phenyl phosphate) (OVPP) was synthesized. Specifically, the oligomer pre-
cursor oligo(dibenzyl-4-vinylphenyl phosphate) was synthesized via RAFT polymerization of a synthetic monomer diben-
zyl-4-vinylphenyl phosphate in dioxane, using S-ethyl-S’-(a,0'-dimethyl-a"-acetic acid) trithiocarbonate as the chain transfer
agent. Deprotection by trimethylsilyl bromide in deuterochloroform containing 2,4,6-collidine at 0 ‘C and then hydrolysis in
water at pH 9.0 gives the desired OVPP. Then, an OVPP-stabilized and phosphatase-responsive gold nanoparticle was pre-
pared via simple ligand exchange in water and finally tested for visual detection of a model phosphatase acid phosphatase
(ACP). Due to the hydrophilicity of OVPP, Au@OVPP is soluble and stable in water. In the presence of ACP, however, the
hydrophilic phosphate groups in OVPP were hydrolyzed and released, transforming the hydrophilic OVPP of Au@OVPP
into hydrophobic type. This change from hydrophilicity to hydrophobicity triggered the aggregation and color changes of the
gold nanoparticles and their sols, respectively. Via this method, a sensitive visual detection of ACP was achieved, with a
detection limit of ca. 10 U/mL after 24 h incubation at pH 5.0 and 37 °C. Besides, a high selectivity for the phosphatase de-
tection was confirmed as controlled with other bio-species including esterase, proteinase, serum proteins, DNA and so on. By
using pyrene as a polarity probe, a significant decrease of the ratio I373/334 was found in Au@OVPP sols after incubation
with ACP, indicating the hydrolysis of OVPP and formation of hydrophobic domains in the ACP activated solutions. Collec-
tively, Au@OVPP represents a chemically stable, low cost, highly sensitive and specific phosphatase-visualization agent for
phosphatase detection.

Keywords gold nanoparticle; phosphate derivate; phosphatase; visualization; detection
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Scheme 1 Schematic illustration of Au@OVPP-based visual detection
strategy for phosphatases
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Figure 1 500 MHz 'H (A) and *'P (B) NMR spectra of OVPP in D,0 at
room temperature
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Figure 2 A typical TEM image of Au@OVPP (1.0 nmol/L) in water

(A) and the hydrodynamic diameter distribution profiles of Au@OVPP

(1.0 nmol/L) or Au@Citrate (1.0 nmol/L) in water as revealed by DLS

(B) at room temperature
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B3 37 CF, ¥ 0.7 mL &4 5.0 nmol/L Au@OVPP [FIf7 15 M Eh 2%
(5.0 mmol/L, pH 5.0) 5 AN HE (1) ACP $1455% 24 h G IR (A),
DLSCHH SR il 1 52 40— m] RO 15 (B)

Figure 3 A photograph of vials containing 0.7 mL citrate buffer (5.0
mmol/L, pH 5.0) suspended with 5.0 nmol/L Au@OVPP in each vial
after incubation with different contents of ACP for 24 h at 37 C (A),
and the corresponding UV-Vis spectra at room temperature (B)
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Figure 5 A photograph of vials containing 0.7 mL citrate buffer (5.0
mmol/L, pH 5.0) suspended with 5.0 nmol/L Au@OVPP in each vial
after incubation with different bio-species (0.02 mg/mL) for 24 h at
37 C (A), and the corresponding Asy4/Ag00 values (B)
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(5.0 mmol/L, pH 5.0), F &L F iz 1L 400~900 nm
AR UV-Vis I th 26 (85 UV2500).
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