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Processes of the GCNP-ICA for CEA detection

It is similar to the processes of the MNP-ICA development. Firstly, the detection probes
for GCNP-ICA were prepared by conjugating CGNPs with mAb against CEA. In detail, 10 pL
of 0.2 M K2COs solution was added to 1 mL colloidal gold solution to adjust the pH, then 10 ug
of mAbI was added. After incubating for one hour at room temperature, 100 uL of 1% PEG
solution and 100 uL of 10% BSA solution were added successively, and stirring for 10 min at
room temperature. The mixture was centrifuged at 8000 rpm for 30 min to collect detection
probes CGNP-mAD, and the precipitate was resuspended in 100 uL of 0.02 M Tris-HCl buffer
(containing 0.5% trehalose, 10% sucrose, 0.5% PVP, 0.1% Tetronic 1307, 0.05% Proclin-300, 1%
BSA, 0.1% Tween-20).

The test strips for GCNP-ICA was fabricated as similar as that for MNP-ICA. The mADII
and goat anti-mouse IgG were diluted with PBS buffer (0.01 M, pH 7.4) were sprayed on the
NC membrane with 0.8 uL/cm as the T and C lines, and then dried at 37°C for 12-16 hours. The
NC membrane, conjugated pad, sample pad and absorption pad were successively pasted on
the PVC backing pad by overlapping 2.0 mm. The fabricated test strip was cut into 3.0 mm
wide strips, stored at room temperature, and kept dry.

In order to compare the performances of the GCNP-ICA and MNP-ICA under the same
conditions, amount of capturing and coating antibodies and other parameters were not
optimized systematically. However, the conjugation condition, especially pH, is important for
detection probes preparation, pH has been optimized. Under the condition, 3 puL of detection
probe was employed, 10 uL of sample and 80 pL of 0.1 M PBS buffer (containing 3% NaCl, 1%
Tween-20, 1% BSA) were added onto the sample pad. Detection results can be observed by
naked eye for qualitative detection after 15 min, and the colorimetric signals were obtained by

the portable immunochromatographic analyzer for quantitative detection.
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Figure S1. Optimal parameters for MNP-ICA development, including pH (A), EDC/NHS
amount (B), mAbl amount for labeling (C), amount of mAbII (D) and goat anti-mouse IgG
(E) on T and C lines, and volume of MNP-mADbI for each strip (F). ("+" refers to the positive
group, that is, the test strip with 50ng/mL CEA serum sample added, and "-" refers to the

negative control, that is, the test strip without CEA serum sample.)
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Figure S2. Results of MNP-mADI used with incubation (A) and without incubation (B)
before ICA testing, and the signal intensities of T lines obtained and recorded by the
portable reader (C).
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Figure S3. Optimization for incubation time (A) and detection time (B) ("+" refers to the

positive group, that is, the test strip with 50ng/mL CEA serum sample added, an

refers

to the negative control, that is, the test strip without CEA serum sample.)
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Figure S4. Different concentrations of CEA detected by MNP-ICA without incubation. (A) Detection
results obtained by naked eye. (B) Calibration curve plotted by CEA concentration vs. OD1/ODc, and the

inset is the linear relation between OD1/ODc and logarithmic concentration.

A sigmoidal curve fitted by plotting the ODr/ODc ratio against the CEA
concentration is displayed in Fig.54B, which indicates the OD1/ODc ratio
correlated well and with logarithmic concentration from 2.0 ng/mL to 64.0
ng/mL, the regression equation is y = 1.336 - 1.333/(1+(x/32.06)"0.731) (R? =
0.9934). TheLOD of MNP-ICA without incubation was calculated according to
the regression equation and formula: Imin = X + 3*0, where Imin is the OD1/ODc
ratio corresponding to the LOD, X is the average ODT/ODC ratio of 11 blank
serum samples, o is the standard deviation. As calculated, the LOD was 0.80

ng/mL, which was about twice higher than that of assay mode with incubation.



Figure S5. Evaluation of the specificity for MNP-ICA with common tumor biomarkers
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Figure S6. SEM image of GCNPs (A) and UV-Vis absorption spectrum for GCNP,
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Figure S7. Calibration curve of the developed GCNP-ICA for CEA detection, and the inset
is the sigmoidal curve fitted with the OD1/ODc and logarithmic concentration.



Table S1. Relative standard deviation (RSD) of OD1/ODc and ODr

Concentration OD1/ODc ODr

(ng/mL) Average RSD(%) Average RSD(%)

1.0 0.200 12.2 10.248 12.4
2.0 0.260 6.6 14.250 10.3
4.0 0.398 10.6 20.198 18.9
8.0 0.557 54 28.862 9.3
16.0 0.719 0.2 36.448 5.2
32.0 0.845 4.5 42.798 34
64.0 0.955 0.4 45.715 5.3
128.0 1.076 2.8 47.294 1.9

256.0 2.931 4.5 48.814 4.5




Table S2. Comparison of ICA methods based on different labels for CEA detection

Nanomaterials Linear Range Time (min) LOD Ref.
Pdots / / 0.12ng/mL  Yangetal.ll
Au NPs-CEA-FITC-Ab 5.0-80 ng/mL / 0.1 ng/mL Wang et al.l?!

NaYFa:Yb,Nd@CaF: 0.5-10 ng/mL 8 0.5ng/mL  Hanetall
MNPs 0.25-1000 / 0.25ng/mL  Liu et al¥
ng/mL
MNPs 1-100 ng/mL 10 0.045 Luetall?
ng/mL
GNT/GNPs 50-5000 ng/mL 20 15.6 ng/mL  Liu et al.l¥)
MNPs 1.0-128 ng/mL 15 0.53ng/mL  This work
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