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S1 The Thickness Characterization of Denatured BSA Functionalized Graphene
Channel

The thickness of uniform heat denatured BSA (dBSA) film on single layer graphene channel
was measured by optical characterization methods (Lecia DCM8). The thickness of denatured
BSA functionalized Gr channel was approximately 26.4 nm when measured along the vertical
dash line indicated in Fig. Sla.
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Fig. S1 a Topographic image of the denatured BSA functionalized Gr channel. b The thickness
of dBSA functionalized Gr channel was approximately 26.4 nm when measured along the
vertical dash line indicated in topographic image a

S2 Fluorescent Characterization of Anti-CEA-dBSA Functionalized Graphene

Sandwich fluorescent immunoassay was used to verify the successful immobilization of anti-
CEA on dBSA here. Secondary anti-CEA labeled with quantum dots (QDs) with the
concentration of 100nM mixed with 100 ng mL* CEA solution. Then this mixed solution
incubated with anti-CEA-dBSA functionalized graphene and bare dBSA functionalized
graphene for one hour, respectively. Then fluorescent images of anti-CEA-dBSA
functionalized graphene and bare dBSA functionalized graphene were shown in Fig. S2a, b,
while the time of exposure is 5.5 s.

Fig. S2 a Fluorescent image of anti-CEA-dBSA functionalized graphene (The insert is the
schematic diagram of sandwich fluorescent immunoassay of dBSA modified graphene). b
fluorescent image of bare dBSA functionalized graphene
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S3 Comparison of the Transconductance, Gating Capacitance and Mobility Parameters
of Electrolyte-Gated Anti-CEA-dBSA Functionalized GFET and anti-CEA-PYR NHS
Functionalized GFET

The complete experimental

data of the transfer characteristics, the corresponding

transconductance, the calculated total gating capacitance and mobility were presented in this
section. Allof the experiments were conducted in 0.001x PBS buffer and the drain-source
voltage (Vas) was set at 0.1 V. The double layer capacitance Cq of the electrolyte was 2.97 uF
cm2,

Table S1 Transconductance, gating capacitance and mobility parameters of electrolyte-gated
anti-CEA-dBSA functionalized GFET devices

D| Vo Hole regime Electron regime
ev | (V) Vimax- Omax- Co Crot b Vimax+ Omax+ Co Coot | pe(cm?
ic V) (UFcm?) | (uUFcm?) (cm? (V) (1S) (uF (uF Vist)
e V-ist) cm?) cm?)
| 0.17 0.07 -577.78 1.1205 0.8136 | 3550.9 0.24 434 | 25283 | 1.3657 | 1588.9
2# | 0.17 0.08 -509.05 1.2113 0.8604 2958.2 0.24 352.43 | 2.5283 | 1.3657 | 1290.3
3# | 0.17 0.06 -350.65 1.0316 0.76566 | 2289.9 0.22 217.31 | 2.3831 | 1.3222 | 821.8
4# | 0.14 | -0.07 | -499.93 1.1205 0.8136 | 3072.4 0.26 553.44 | 2.6687 | 1.4057 | 1968.6
5#| 0.19 0.11 -411.66 1.4840 0.9896 2080.0 0.25 24555 | 25991 | 1.3861 | 885.8
6# | 0.22 0.07 -354.57 1.1205 0.8136 2179.1 0.29 205.91 | 2.8714 | 1.4599 | 705.2
7# | 0.17 0.07 -492.66 1.1205 0.8136 3027.8 0.25 256.89 | 2.5991 | 1.3861 | 926.7
Table S2 Transconductance, gating capacitance and mobility parameters of electrolyte-gated
anti-CEA-PYR NHS modified GFET devices

Dev | Vp Hole regime Electron regime
ice | (V) Vimax- Omax- Co (uF Crot 9} V max+ Qmax+ Co Chot 53

(V) (LS) cm?) (uF (cm2Vv (V) (LS) (UF cm- (uF | (cm?V

cm2) 151 2) cm2) 151

1# | 0.38 0.18 -70.281 | 2.0769 | 1.2222 | 1150.1 0.7 33.2488 5.0452 | 1.8695 | 355.7
2# | 0.52 0.26 -144.922 | 2.6687 | 1.4057 | 2062.0 0.78 | 71.1832 5.3900 | 1.9149 | 7435
3# | 0.36 0.2 -73.8079 | 2.2328 | 1.2746 | 1158.1 0.64 53.532 47742 | 1.8310 | 584.7
4# | 0.26 | 0.105 | -58.7013 | 1.4390 | 0.9693 | 1211.2 0.5 51.179 4.0910 | 1.7208 | 594.8
5# | 027 | 0.03 | -61.0435 | 0.7990 | 0.6296 | 1939.1 | 0.59 | 66.676 | 4.5391 | 1.7953 | 742.8
6# | 0.33 0.18 -131.129 | 2.0769 | 1.2222 | 2145.8 0.78 | 84.3242 5.3900 | 1.9149 | 880.7
7# | 029 | 0.165 | -62.305 | 1.9562 | 1.1794 | 1056.5 0.4 | 45.3665 | 3.5468 | 1.6164 | 561.3
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S4 Comparison with the Sensitivity of Other Nanomaterial-Based Immunosensors for
CEA Detection

Compared to other nanomaterial-based immunosensors in the below table, the sensitivity of
multifunctional dBSA modified GFETs was 337.58 fg mL™!, which showed obvious superiority.

Table S3 The sensitivity of nanomaterial-based immunosensors for CEA detection

) Limit of Detection
Sensing element Method Refs.
(LOD, ng mL™)
Graphene .
. Electrochemical 0.1 [S1]
nanocomposites
Paper-based
microfluidic )
. Electrochemical 0.01 [S2]
electrochemical
immunodevice
graphene
oxide/carboxylated
multiwall carbon Electrochemiluminescence 0.02 [S3]
nanotubes/gold/cerium
oxide nanoparticles
hyrin-sensitized
i p01.‘p yrlTl S?nSI 1z'e Photoelectrochemical
titanium dioxide (TiO2) ) 0.006 [S4]
immunoassay
nanostructures
. Capillary electrophoresis-
aptamer/graphene oxide . 0.0048 [S5]
chemiluminescence
gold nanoparticles Immunochromatography test strip 0.0059 [S6]
magnetic FICTS --
PLGA@Fes;04 super- )
. Immunochromatography test strips 0.06 [S7]
paramagnetic
nanosphere
magnetic nanoparticle/ o
) ) ) Electrochemical immunosensor 431 [S8]
bimetallic nanoparticles
silver nanoclusters ) .
. Ratiometric fluorescence 0.1 [S9]
(AgNCs) pair
AgNCs@Apt@UiO-66 Electrochemical/SPR 0.0049 [S10]
magnetic bead--Au ) )
Colorimetric 0.00045 [S11]
NP/urease nanoprobe
CVD grown graphene Electrochemical 0.23 [S12]
Concanavalin A/ HRP Electrochemical 34 [S13]
Silicon nanowire arrays FET 0.000001 [S14]
silicon nanoribbon FET 0.1 [S15]
dBSA--Graphene FET 0.000337 This work
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