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Experimental details

Preparation of AuNRs: Seeding solution of the AuNRs was prepared as follows: 0.25 mL of 0.20 M cetyl
trimethylammonium bromide (CTAB) solution was mixed with 0.25 mL of 0.5 mM HAuCly. To the stirred solution,
0.03 mL of ice-cold 0.01 M NaBH, was added, which resulted in the formation of a brownish-yellow solution.
Vigorous stirring of this seeding solution was continued for 2 min after which the solution was kept at 25 °C. The
growth solution was prepared by mixing together in 50 ml flask 10 mL of 0.2 M CTAB, 0.56 mL of 4 mM AgNO:;,
0.65 mL of 23 mM HAuCl, and 9.5 mL of Milli-Q water. Approximately 0.25 mL of 80 mM ascorbic acid was
slowly added to the mixture. The addition of ascorbic acid was conducted dropwise until the mixture became
colourless after which one quarter more of the total number of droplets to that point was added. The final step was the
addition of 0.18 mL of the seed solution to the growth solution at 25 °C. The colour of the solution gradually changed
within 10-20 min. The temperature of the growth medium was kept at 25 °C during the full procedure. 5 mL of the as-

prepared solution was centrifuged and redispersed in 5 ml water before use.

Synthetize of biotinylated silica nanoparticles: The silica nanoparticles were prepared as Stober method. Briefly, 4.5
mL of tetracthyl orthosilicate (TEOS) was mixed with 45.5 mL ethanol. 3.33 mL H,O and 7.55 mL NH;.H,0 (25%)
were mixed with 39 mL ethanol under stirring (1100 rpm). Then the TEOS ethanol solution was added to the above
solution and the stirring speed was slowed down to 400 rpm. 3 h later, 0.25 mL of 3-mercaptopropyl trimethoxysilane
was added. The silica nanoparticles solution was centrifuged and washed with water after 1 h. Then 5 mg/mL of the
thiol modified silica nanoparticles in ethanol was reacted with biotin-malemide (1 mg/mL). After 3 h, the
nanoparticles were centrifuged and washed with ethanol. Finally, the nanoparticles were mixed with PEG,,-malenide
solution for 6 h. After centrifugation, wash and redispersed in PBS steps, the biotin modified silica nanoparticles

were prepared.



Assay procedure: 96-well polystyrene plates were modified with mouse monoclonal anti-PSA (100 ml 6pg/mL,
Abcam) in PBS at 4 °C overnight. After washing the plates three times with wash buffer, the plates were blocked
with blocking buffer (1 mg/ml BSA in PBS) for 1 h at room temperature. Subsequently, the plates were washed three
times with wash buffer, and PSA (100 ml, Abcam) was added to the desired final concentration by diluting block
buffer. After 2 h, the plates were washed three times with wash buffer, and biotinylated rabbit polyclonal anti-PSA
(100 ml, Spg/mL, Abcam) in blocking buffer was added for 2 h at room temperature. The plates were then washed
three times, and 20 pg/mL streptavidin in blocking buffer for 1 h at room temperature. After three times of thorough
washing, 20 pg/mL the biotinylated silica nanoparticles were added. Subsequently, 20 pg/mL streptavidin linked
alkaline phosphatase was added. Finally, the plates were washed three times with wash buffer and two times with
HEPES buffer (100 pL, 10 mM, 5 mM Mg(Ac),, pH 7.9). The alkaline phosphatase substrate p-aminophenyl
phosphate in HEPES buffer (5 mM, 100 puL) was added in each well and incubated for a period of 60 min to produce
the reducing agent p-aminophenol. Finally, 20 puL of the AuNRs was added, followed by the addition of fresh
prepared AgNO; with a final concentration of 0.25 mM. After a period of 30 min incubation, the spectrum of each

well was recorded.
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Figure S1 Liner element mapping of the AuNRs after the enzyme-catalysed deposition of the ultrathin silver
shells.
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Figure S2 (A) UV-vis spectrum of the AuNRs in the presence of 30 pM alkaline phosphatase and (B) the
corresponding TEM image.
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Figure S3. SEM image of the biotinylated silica nanoparticles.
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Figure S4. Performance of HRP-based ELISA for PSA.



Table S1 Summary of sensitivities of different protein assays

LSPR chip PSA 17 ng/mL 1
Enzyme catalyzed gold particle growth PSA 93 aM 2
Plasmonic ELISA PSA/p24 10718 g/ml 3
Electrochemical immunoassay human IgG 5pM 4
Chemiluminescent immunoassay Human IgG 7.1 pM 5
Rolling circle amplification Human IgG 0.9 M 6
Surface-enhanced Raman spectroscopy THR/MYG/CRP 100 pM 7
Dissolution-Enhanced Luminescent Bioassay CEA 0.5 M 8
DNA-based hybridization chain IgG 0.1 fg/mL 9
Electronic ELISA sFlt1 1.25 ng/mL 10
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