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Fig. S1. (A) Fluorescent emission spectra and photographs (Inset) and (B) TEM image of the
CDs@Eu/GMP ICP nanoparticles after 14 days.

As shown in Fig. SI1A, even after 14 days, both the fluorescence color and the
fluorescent intensity of CDs@Eu/GMP ICP nanoparticles all remained unchanged.
Furthermore, TEM image of spherical network structure for CDs@Eu/GMP ICP
nanoparticles after 14 days storage (Fig. S1B), was also indicative of the good stability of the
as-formed CDs@Eu/GMP ICP nanoparticles. The results demonstrated in our study
suggested that the CDs@Eu/GMP ICP nanoparticles with long time storage feature is of

great potential to develop paper-based colorimetric sensors.
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Fig. S2. (A) Schematic illustration for the hydrolysis process of acetylthiocholine (ATCh)
(upper) and acetylcholine (ACh) (lower); (B) Fluorescence emission spectra and
photographs (Inset) of CDs@Eu/GMP ICP nanoparticles without (vial 1) and with acetic
acid (0.8 mM) (vial 2); (C) Fluorescence emission spectra and photographs (Inset) of
CDs@Eu/GMP ICP nanoparticles (vial 1), CDs@Eu/GMP ICP nanoparticles in the presence
of ACh (0.8 mM) (vial 2), CDs@Eu/GMP ICP nanoparticles in the presence of ACh (0.8
mM) and AChE (10 mU mL-!) (vial 3).

In order to further verify the chemical interaction between the enzymatic products (Fig.
S2A, upper, thiocholine (TCh) and acetic acid (Ac)) and CDs@Eu/GMP ICP nanoparticles,
Ac (0.8 mM) (red dotted frame) was firstly added to the dispersion of CDs@Eu/GMP ICP
nanoparticles. As displayed in Fig. S2B, with the presence of Ac, nearly no change could be
noticed either from the white colloid or the fluorescence of CDs@Eu/GMP ICP
nanoparticles, indicating that the production of Ac during the enzymatic reaction did not
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result in any effect on CDs@Eu/GMP ICP nanoparticles. Therefore, it is speculated that TCh,
the other enzyme product, plays a key role in the structural alteration of CDs@Eu/GMP ICP
nanoparticles. As depicted in Fig. S2A (upper), there are mainly two functional groups in
TCh, both quaternary ammonium group and thiol group may possibly interfere the
coordination environment of CDs@Eu/GMP ICP nanoparticles. To figure out the specific
functional group more clearly, the substrate acetylthiocholine (ATCh) was replaced by
acetylcholine (ACh), to give birth to choline (Ch) with quaternary ammonium groups (blue
dotted frame) but without thiol group (Fig. S2A, lower). As can be seen clearly from Fig.
S2C, not only the sole addition of ACh, but also the addition of AChE treated ACh did not
result in any response of CDs@Eu/GMP ICP nanoparticles: the white colloid of
CDs@Eu/GMP ICP nanoparticles with red fluorescence remained unchanged (Fig. S2C,
inset), suggesting that Ch with quaternary ammonium groups (blue dotted frame) while
without thiol group would not lead to the structural changes of CDs@Eu/GMP ICP
nanoparticles. This result also confirmed that the thiol group rather than ammonium group in
TCh may interact with CDs@Eu/GMP ICP nanoparticles and eventually result in their

structural changes.
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Fig. S3. (A) The effects of different concentration of CDs@Eu/GMP ICP nanoparticles
(0.22 mg mL-!, 0.45 mg mL-!, 0.67 mg mL-!, 0.89 mg mL"!, 1.12 mg mL™"); (B) Different pH
in the presence of 30 mU mL-! AChE (7, 7.4, 8, 8.5); (C) Different concentration of ATCh (0
mM, 0.1 mM, 0.2 mM, 0.4 mM, 0.6 mM, 0.8 mM, 1 mM, 1.2 mM); (D) Reaction time
between AChE (30 mU mL-") and ATCh (0.8 mM) (0 min, 5 min, 10 min, 15 min, 20 min,

25 min, 30 min, 35 min).

According to previous studies, the activity of AChE depends largely on CDs@Eu/GMP
ICP nanoparticles concentration, pH value, ATCh concentration and reaction time.' Here,
the concentration of CDs@Eu/GMP ICP nanoparticles was firstly optimized. As shown in
the Fig. S3A, when the concentration of CDs@Eu/GMP ICP nanoparticles was higher than
0.67 mg mL-!, the ratio of F4/F¢;s remained almost unchanged, while excessive ICP
nanoparticles could not be disrupted in the presence of AChE treated ATCh, the
concentration of CDs@Eu/GMP ICP nanoparticles was determined to be 0.67 mg mL!. The

influence of pH value was next investigated. As depicted in Fig. S3B, when the pH value
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was settled at physiological pH 7.4, AChE was highly activated, this result also validated the
further exploration of the CDs@Eu/GMP ICP nanoparticles for AChE activity detection in
rat brain. Moreover, as depicted in Fig. S3C, when the concentration of ATCh was higher
than 0.8 mM, the ratio of F40¢/Fg15 of CDs@Eu/GMP ICP nanoparticles reached maximum
and was almost unchanged, while high concentration of ATCh may cause a negative impact
on the sensitive detection of enzyme activity, the concentration of ATCh was rationally
optimized at 0.8 mM. In addition, as shown in the Fig. S3D, the ratio of F40/F¢;5 increased
gradually with the increasing of reaction time to 30 min, indicating the completion of

enzymatic reaction, thereby 30 min was chosen as the appropriate reaction time.
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Fig. S4. (A) Images of prefrontal cortex immunostained with congo red from normal rats
within 90 days; (B) Images of prefrontal cortex immunostained with congo red from CdCl,-

exposed rats within 90 days.
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Fig. S5. (A) Images of hippocampal vertebral cells immunostained with hematoxylin-eosin
from normal rats within 90 days; (B) Images of hippocampal vertebral cells immunostained

with hematoxylin-eosin from CdCl,-exposed rats within 90 days.
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Fig. S6. Images of prefrontal cortex immunostained with congo red from normal rats within
30 days (A) and 60 days (C); Images of prefrontal cortex immunostained with congo red

from CdCl,-exposed rats within 30 days (B) and 60 days (D).

The images of congo red immunostained prefrontal cortex were displayed in Fig. S6.
As shown in Fig. S6A and C, no obvious amyloid plaque was observed in the prefrontal
cortex of normal rats within 60 days. Also, within 60 days, there was no obvious amyloid

plaque in the prefrontal cortex of rats exposed to Cd** (Fig. S6B and Fig. S6D).
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Fig. S7. Images of hippocampal vertebral cells immunostained with hematoxylin-eosin from
normal rats within 30 days (A) and 60 days (C); Images of hippocampal vertebral cells
immunostained with hematoxylin-eosin from CdCl,-exposed rats within 30 days (B) and 60

days (D).

The images of hematoxylin-eosin immunostained hippocampal vertebral cells were
shown in Fig. S7. As displayed in Fig. STA and C, for normal rats, the hippocampal
vertebral cells within 60 days were closely and tightly arranged. Similarly, for Cd**-exposed
rats, the hippocampal vertebral cells in rats exposed to Cd?" within 60 days exhibited regular

and tight arrangement (Fig. S7B and Fig. S7D).

S-10



Table S1. The comparison of fluorescent methods for the detection of AChE.

Detection
Methods Sensor Enzyme limit (mU Real samples Refs.
mL1)
Colorimetry )
Cerebrospinal
and RB-AuNP AChE 1(C),0.1(F) fluid 2
ui
Fluorescence
Fluorescence =~ DNA-Cu/AgNCs AChE 0.05 None 3
Human serum
Carbon quantum .
Fluorescence dot AChE 4.25 and seminal 4
ots
plasma
PSA-carbon
Fluorescence AChE 2.6 None 5
quantum dots
Cerebrospinal
Fluorescence GQDs-MnO, AChE 0.37 . 6
fluid
Black phosphorus
Fluorescence AChE 0.04 None 7
quantum dots
Human whole
Fluorescence Carbon dots AChE 0.1 8
blood
Cerebrospinal
CDs@Eu/GMP fluid This
Fluorescence ) AChE 0.033 L
ICP nanoparticles and brain tissues ~ work
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Table S2. The concentration of AChE in hippocampus from normal rats and CdCl,-exposed
rats was calculated using the calibration curve of the B/R ratio from the photographs of

paper-based sensor and the fluorescence spectra.

The concentration of AChE (mU mL™")

Exposure Based paper-based sensor Based optical spectra
Group
time calibration curve calibration curve
Normal 455 7+1.5 452.5+0.3
30 days
CdCl, 395.0+7.0 397.8+0.3
Normal 4373 +2.1 441.0+0.7
60 days
CdCl, 361.3+£2.5 363.7+£0.6
Normal 4393+59 437.0+£1.2
90 days
CdCl, 328.0+54 325.0+1.4
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Table S3. The concentration of AChE in prefrontal cortex from normal rats and CdCl,-
exposed rats was calculated using the calibration curve of the B/R ratio from the photographs

of paper-based sensor and the fluorescence spectra.

The concentration of AChE (mU mL™")

Exposure Based paper-based sensor Based optical spectra
Group
time calibration curve calibration curve
Normal 5223+3.2 523.3+0.7
30 days
CdCl, 4497+ 4.0 451.5+0.9
Normal 5257+1.6 5253+0.3
60 days
CdCl, 397.7+3.8 398.3+0.8
Normal 519.7+3.5 514.0+0.7
90 days
CdCl, 333.0+£2.0 333.0+£0.7
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Table S4. The concentration of AChE in striatum from normal rats and CdCl,-exposed rats
was calculated using the calibration curve of the B/R ratio from the photographs of paper-

based sensor and the fluorescence spectra.

The concentration of AChE (mU mL™")

Exposure Based paper-based sensor Based optical spectra
Group
time calibration curve calibration curve
Normal 351.3+5.5 352.8+0.5
30 days
CdCl, 316.0+£6.9 311.8+0.2
Normal 343.0+ 6.6 3483 +0.6
60 days
CdCl, 285.7+3.8 288.7+2.0
Normal 3463 +2.5 345.0+0.7
90 days
CdCl, 269.7+ 4.6 265.0+0.7
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Table S5. Effect of Cd?>" on MDA content (umol g™!) in rat brains (mean + SD, n=4)

. . Normal CdCL” Normal CdcCL” Normal CdcL”
Brain regions
(30 days) (30 days) (60 days) (60 days) (90 days) (90 days)
Hippocampus 2.17+£0.07 3.81+£0.05 2.18+£0.07 437+£0.04 2.18+0.08 5.55+0.06
Prefrontal
1.71£0.05 3.56+£0.04 1.73+0.05 3.84+£0.05 1.74+£0.03 4.99+0.07
cortex
Striatum 1.05+£0.05 2.33+£0.03 1.03+0.03 2.63+0.04 1.05+£0.06 3.83+0.07

*P <0.0001 compared with normal group.
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Table S6. Effect of Cd*" on CAT activity (U mg!) in rat brains (mean = SD, n=4)

Normal CdCL” Normal CdcL” Normal CdCL”

Brain regions
(30 days) (30 days) (60 days) (60 days) (90 days) (90 days)

Hippocampus 4.01+0.05 3.52+0.04 4.01+0.02 332+£0.04 4.00+0.04 3.15+£0.04

Prefrontal
) 420+£0.02 3.61+£0.04 416+0.06 343+0.02 4.16+0.08 3.20+0.02
cortex

Striatum 4.03+£0.02 3.58+0.02 4.01+0.02 346+0.04 4.03+0.03 3.18+0.02

*P <0.0001 compared with normal group.
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Table S7. Effect of Cd*" on SOD activity (U mg!) in rat brains (mean = SD, n=4)

Normal CdCL” Normal CdcL” Normal CdCL”

Brain regions
(30 days) (30 days) (60 days) (60 days) (90 days) (90 days)

Hippocampus 1314003 091+002 1294003 085+0.04 124+0.06 0.650.02

Prefrontal
¢ 0.86+0.02 0.68+0.01 0.88+0.02 048+0.01 0.88+0.02 0.34+0.02
cortex

Striatum 1.11£0.02 084+0.02 112+003 0.74+0.02 1.11+£0.03 0.60=0.01

*P <0.0001 compared with normal group.
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Table S8. The concentration of AChE in CSF from normal rats and CdCl,-exposed rats was
calculated using the calibration curve of the B/R ratio from the photographs of paper-based

sensor and the fluorescence spectra.

The concentration of AChE (mU mL™")

Exposure Based paper-based sensor Based optical spectra
Group
time calibration curve calibration curve
Normal 573.0+3.6 5703 +£0.6
30 days
CdCl, 495.6+5.0 495.0+0.3
Normal 563.0+7.2 569.7+0.2
60 days
CdCl, 429.0+5.3 437.7+0.9
Normal 553.3+6.0 560.7+1.2
90 days
CdCl, 361.0+£1.6 369.0£0.7
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