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1. FT-IR characterization of HA-Tyr
In the presence of EDC and NHS, the carboxyl groups of HA can react with amino groups of 

Tyr-oMe resulting in the formation of HA-Tyr through amide linkages. The amide bond formation 
was characterized with FT-IR spectroscopy. As shown in Fig. S-1, characteristic peaks of HA 
appeared at 1610 and 1405 cm-1 for the asymmetric COO- stretching vibration and the symmetric 
COO- stretching vibration, respectively.1 In the IR spectrum of graft HA-Tyr, these carbonyl 
absorption bands of carboxylate sodium salt in HA become weak and the new characteristic amide 
I band appears at 1660 cm-1.2 In addition, transmittance bands from the Tyr hydroxyl group (1250 
cm-1) and Tyr ring vibration (1515 cm-1) appear in the IR spectra of HA-Tyr and Tyr3. These 
results suggest the graft of Tyr on HA. 

Fig. S-1 FT-IR spectra of HA (a), HA-Tyr (b), and Tyr-oMe (c).

2. Possible interfering effect of the reducing ability of HA

Fig. S-2 HA has very limited reducibility to reduce Au3+ ions at pH ~12.
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3. Characterization of AuNP surface HA-Tyr chains

Fig. S-3 Zeta potential of HA-Tyr-AuNP.

Fig. S-4 FT-IR spectra of free HA-Tyr (black line) and HA-Tyr-AuNP (red line).

Fig. S-4 shows the FT-IR spectra of HA-Tyr-AuNP after removing the excess unadsorbed HA-Tyr, 
which is compared with the pure HA-Tyr. The spectrum for HA-Tyr-AuNP conjugate shows two 
weak resonances at about 1515 and 1205 cm-1, corresponding to the Tyr moieties of the HA-Tyr, 
and a 1405 cm-1 band, corresponding to the carbonyl groups of the HA moieties. The presence of 
these characteristic peaks for the HA-Tyr implies their presence on the nanoparticle surface. 
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4. Stability of the HA-Tyr-AuNP

Fig. S-5 UV-vis spectra of the HA-Tyr-AuNP before and after 3 months of storage at room 
temperature.

5. DLS analysis of the HA-Tyr-AuNP before and after treatment with phorate

Fig. S-6 DLS measurements of HA-Tyr-AuNP solutions before (black line) and after (red line) 
adding phorate.
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6. The pH effect on the detection of phorate

Fig. S-7 Time-dependent absorption of the HA-Tyr-AuNP after treating with 2 μg mL-1 phorate at 
pH 9. Inset: Photograph showing colorimetric response of detection system to phorate (after 2h).

Note: To investigate the pH effect on the detection of phorate, the HA-Tyr-AuNP was first 
centrifuged from the colloidal solution at 10000 rpm for 10 min, then washed with water for three 
times, and re-dissolved in the media at different pHs. The media were 0.01 M phosphate-buffered 
solution (pH 9.0). The pH values were checked precisely by a FE-20 pH-meter (Mettler Toledo, 
China). The ionic strength (I) was carefully adjusted to 0.03 M by adding an appropriate amount 
of sodium chloride.

7. Comparison of the determination of phorate

Table S-1 Comparison of different phorate probing strategies

Methods
Linear range 

(μg mL−1)
Detection limit 

(μg mL−1)
Reference

Colorimetric method using rhodamine B-covered gold 
nanoparticle integrated with acetylcholinesterase

Not given 0.001 4

Capillary electrophoresis with laser-induced 
fluorescence using quantum dot-DNA aptamer 
conjugates

 0.16-2.6 0.052 5

Fluorescence polarization assay with aptamer Not given 0.0192 6

Surface enhanced Raman scattering method with Ag 
dendrites modified with aptamer and 6-
mercaptohexanol

 0-0.99 0.01 7

Surface enhanced Raman spectroscopic analysis with 
silver nanoparticles

Not given 0.05 8

Colorimetric method with hyaluronan-tyrosine-gold 
nanoparticles

0.005-1 0.005 This work
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