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Fig. S1 The fluorescence emission spectrum of UCNPs and the UV-vis absorption spectrum of

AuNPs.
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Fig. S2 (a) The UV-vis absorption spectra of UCNPs (curve a) and the UCNPs-CEA Ab 1 (curve
b). (b) The SEM image of the as-prepared UCNPs-CEA Ab 1 immobilized on the surface of paper.
(c) The normalized intensity of UCNPs-CEA Ab 1 on the surface of paper before and after washing
by PBS buffer for several times. The luminescence intensity was normalized to the intensity before

washing. Data are presented as the average + SD from three independent measurements.
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Fig. S3 (a) The UV-vis absorption spectra of AuNPs conjugated with the increasing amounts of

CEA Ab2(1,3,5,8,10, 12, 14, 16, 20 pg, respectively). (b) The peak position corresponding to

the maximum absorption of AuNPs conjugated with the increasing amounts of CEA Ab 2 (1, 3, 5,

8, 10, 12, 14, 16, 20 ng, respectively). (c) The UV-vis absorption spectra of AuNPs (curve a) and

AuNPs-CEA Ab 2 (curve b) conjugated with 16.8 ng CEA Ab 2.

Fig. S4 (a) TEM image of UCNPs-CEA Ab 1-CEA-AuNPs-CEA Ab 2 complex. (b) HRTEM

image of UCNPs-CEA Ab 1-CEA-AuNPs-CEA Ab 2 complex.
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Fig. S5 EDX element mapping analysis of UCNPs-CEA Ab 1-CEA-AuNPs-CEA Ab 2 complex.
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Fig. S6 (a) The normalized intensity in the test zones with 0 and 30 ng/mL CEA and 16.5 nM
AuNPs-CEA Ab 2, in which CEA and AuNPs-CEA Ab 2 were added separately and
simultaneously. (b) The quenching efficiency in the test zones with 20 ng/mL CEA and different
amounts of AuNPs-CEA Ab 2 (0, 5.5, 11, 16.5, 27.5 nM). (c¢) CEA reaction time dependence of

quenching efficiency in the test zones with 20 ng/mL CEA and 16.5 nM AuNPs-CEA Ab 2. (d)
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AuNPs-CEA Ab 2 reaction time dependence of quenching efficiency in the test zones with 20

ng/mL CEA and 16.5 nM AuNPs-CEA Ab 2.
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Fig. S7 The normalized intensity of UCNPs-CEA Ab 1 on the surface of paper before and after

added 16.5 nM AuNPs-CEA Ab 2, which were washing by PBS buffer for several times. The

luminesence intensity was normalized to the intensity without AuNPs-CEA Ab 2. Data are

presented as the average £ SD from three independent measurements.
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Fig. S8 The quenching efficiency in the test zones with 30 ng/mL CEA and 16.5 nM AuNPs-CEA

Ab 2, which were kept in 4°C dry environment for different time. Data are presented as the average

+ SD from three independent measurements.
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Fig. S9 Illustration of the self-made device for the collection of upconversion luminescence images,
which consists of a 980 nm diode laser as the light source, a homemade metal base as sample holder,

a black box and a smartphone.

Table S1 A detailed comparison on analytical performance for CEA detection between previously

reported methods and this method.

Detection Probes Linear range LOD Detection Ref.
methods (ng/mL) (ng/mL) time (h)
Fluorescence UCNPs/ 0.05-20 0.05 >2.5 [1]
Immunoassay magnetic beads
Homogeneous UCNPs/CNPs 0.1-40 0.1 3 [2]
UC-FRET
Homogeneous UCNPs/AuNPs 0.05-2 0.02 2.5 [3]
UC-FRET
Photoelectrochemical UCNPs@TiO, 0.01-40 0.0036 6 [4]
microrods/RCA
Aptasensor
Photoelectrochemical UCNPs/Ag,S/H 0.005-5.0 0.0019 2.5 [5]
CR
Aptasensor
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Paper-based UCNPs/AuNPs 1-100 0.89 Not [6]

mentioned
UC-FRET
FRET-based lateral flow FITC/AuNPs 5-80 5 0.08 [7]
test strip
Paper-based UC-FRET UCNPs/AuNPs 0.5-30 0.21 <1 This work
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