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Figure S1. Absorbance responses of Phen solution to different metal ions (each 0.8 mM).
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Figure S2. Absorbance of the Phen-Fe3* solution in the presence of AA with different concentrations.
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Figure S3. Absorption spectra of the solutions of Phen, Phen + AA, Fe** + AA, and Phen + Fe¥*+ AA.
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Figure S4. Absorbance intensity of [(Phen)sFe]** complex at 510 nm under different conditions. (a) The
concentration of Fe** and AAP are fixed at 0.5 and 2 mM, respectively, while Phen concentration is
varied. (b) The concentration of Phen and AAP are fixed at 0.5 and 2 mM, respectively, while Fe3*

concentration is varied. (¢) The concentration of Fe3" and Phen are both at 0.5 mM, while AAP
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concentration is varied.
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Figure S5. Absorption spectra (a) and intensity at 510 nm (b) of the Phen-Fe*" solution in the presence
of 2 mM of AAP and ALP with different concentrations. Inset is the calibration curve of the absorbance
of [(Phen)sFe]*" complex at 510 nm versus ALP concentration.
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Figure S6. (a) SEM image of ZnCPs. (b) Powder XRD patterns of ZnCPs and ALP/anti-CEA@ZnCPs.
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Figure S7. FTIR spectra of adenine, ZnCPs and ALP/anti-CEA@ZnCPs.
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Figure S8. N» adsorption-desorption isotherms of ZnCPs.
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Figure S9. SEM images of ZnCPs after keeping in aqueous solution for different times (from a to d: 0, 1,

3, 7 days).
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Figure S10. Selected area electron diffraction images of ZnCPs (a) and ALP/anti-CEA@ZnCPs (b).
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Figure S11. BCA assay of ZnCPs and ALP/anti-CEA@ZnCPs.
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Figure S12. EDS spectra of ZnCPs (a) and ALP/anti-CEA@ZnCPs (b).
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Figure S13. (a) Absorbance spectra of BCA reagent in the presence of bovine serum albumin (BSA) with
concentration from 0 to 500 pg/mL. (b) The calibration curve of the absorbance of BCA reagent at 650
nm as a function of BSA concentrations.

100

H (o2} @
o o o
1 1 f

Cumulative Release Rate (%)
N
o

|
;
;
;
|

Time (h)
Figure S14. Proteins release profile from ALP/anti-CEA@ZnCPs in ultrapure water.
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Figure S15. Absorption spectra of Phen-Fe** solution in the presence of AAP (2 mM) and ALP/anti-
CEA@ZnCPs with different amounts (from 0 to 100 ug).
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Figure S16. Relative activities of free ALP and ALP/anti-CEA@ZnCPs obtained from substrate systems
of pNPP and the mixture of Phen and Fe?" (Phen-Fe?*).
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Figure S17. (a) Steady-state kinetic assays of free ALP (a) and ALP/anti-CEA@ZnCPs (b) in the presence
of AAP with different concentrations. The insets are their corresponding double-reciprocal plots.

The kinetic behaviors of free ALP and ALP/anti-CEA@ZnCPs were studied by monitoring the
absorbance of [(Phen)sFe]?" complex in 3-min intervals while varying the AAP concentration. The
Michaelis-Menten constant was calculated by using Lineweaver-Burk plots of the double reciprocal of
the Michaelis-Menten equation, 1/v = Kn/Vi (1/[S] + 1/Kn), where v is the initial velocity, Vi, represents

the maximal reaction velocity, [S] corresponds to the substrate concentration, and K is the Michaelis

constant.

Table S1. Kinetic data for free ALP and ALP/anti-CEA@ZnCPs

Catalyst KH] (IIlM) Vmax (10_8 M S_l) Kcat (S_])
free ALP 0.15 7.53 68.45
ALP/anti-CEA@ZnCPs 0.12 8.05 73.18
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Figure S18. Effects of the concentration of capture antibody (a), blocking agent (b), ALP/anti-
CEA@ZnCPs (c), and reaction time (d) on ALP/anti-CEA@ZnCPs-based immunoassays with (red, as
experimental group) and without (black, as control group) antigens.
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Figure S19. Effects of metal ions and biological species on the colorimetric immunoassay based on
ALP/anti-CEA@ZnCPs as a detection antibody. Black bars represent the addition of single interfering
material (100 uM). Red bars represent the addition of the mixture of CEA (100 ng/mL) and interfering

materials (100 pM).
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Table S2. Comparison of various immunoassays for CEA detection.

Antibody labels Readout signal Lincar range Lob Ref.
(ng/mL) (pg/mL)
Gold nanoparticle Colorimetric 0.05-50 48 1
Nanogold/graphene Electrochemical 0.05-350 10 2
HRP Electrochemical 0.5-167 100 3
AuNP Chemiluminescence 5-20 100 4
Eu** Fluorescence 1 - 1000 500 5
Zn0O/GOx-graphene Electrochemiluminescence 0.01-80 33 6
Ag@Au nanoparticle Dynamic light scattering 0.06 - 50 35.6 7
ALP/anti-CEA@ZnCPs Colorimetric 0.05 - 100 21.1 This work
Table S3. Determination of CEA in human sample
(ﬁ;ﬂfﬁ) l()negt/egi()i Recovery (%) RSD (n=3, %) If;fg;‘;i‘;

20 19.98 99.9 1.24 20.01

40 40.27 100.67 0.32 40.13

60 61.66 102.76 0.56 59.87

80 76.33 95.41 0.37 79.73
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Calculation of detection limit

The detection limit was calculated according to previous reports.®® The absorbance signals of the

blank sample (without target CEA) were executed with three repeated experiments, which exhibits an

average absorbance signal (/pant) of 1.00 and a standard deviation (SD) of 0.5269. With a signal-to-noise

ratio of 3, the minimum detectable signal (A) could be calculated as A = Ipinr + 3SD = 2.5809. The value

of 2.5809 was then inserted into the linear equation (y = 0.1451x + 2.5778). On this basis, the LOD was

finally calculated to be 21.1pg/mL.
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