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Abstract

An improved enzyme-free immunosorbent assay is described for the simultaneous detection of the myocardial infarction bio-
markers N-terminal pro B type natriuretic peptide (NT-proBNP), creatine kinase-MB (CK-MB), and cardiac muscle troponin T
(cTnT). The assay integrates 3D gold nanovesicles (GNVs) and three allochroic agents (phenolphthalein, methyl
red, bromothymol blue). The pH regulated allochroic agents were enwrapped in GNVs to acts as ultrasensitive nanoprobes.
Loading can be controlled by adjusting the temperature to efficiently load and release the allochroic agents. This bare-eye
multicolor assay has limits of detection of 70 pg'mL~" for NT-proBNP, 910 pg'mL ™" for CK-MB, and 7.8 pg'mL™" for ¢TnT.
Other features include (a) a linear range that extends over a wide range and sometimes is better than conventional HRP-based
immunoassays, and (b) a precision that is comparable to immunofluorescence assays as used in the clinical laboratory.
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Introduction

Acute myocardial infarction (AMI) is a serious life-
threatening and common heart disease [1]. Creatine
kinase-MB (CK-MB) is a typical biomarker of AMI. It
has been reported that serum CK-MB increases with the
area of myocardial infarction elevating [2]. The level of
serum CK-MB can reflect the degree of myocardial damage
[3]. Similarly, cardiac muscle troponin T (cTnT) is consid-
ered the best indicators and even the gold standard of myo-
cardial damage [4]. It has great value in estimating the
effect of thrombolytic therapy, predicting the area of myo-
cardial necrosis, identifying unstable angina, etc. N-terminal
pro B type natriuretic peptide (NT-proBNP) is another im-
portant AMI estimating biomarker, it can quantify the de-
gree of severity and prognosis of AMI [5-7]. In generally,
the sensitivity, specificity and timeliness of these biomarkers
are different, using a single index to diagnose AMI has
great limitations. Cooperative detection of CK-MB, cTnT,
and NT-proBNP shows great advantages in diagnosis and
prognosis of AMI [8].
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Enzyme linked immunosorbent assay (ELISA) has re-
ceived widespread interests due to its superb specificity,
case of operation and bare eye signal readout [9—11].
Nevertheless, some limitations cannot be ignored in the
practical application. The major drawback for conventional
ELISA is the relatively low detection sensitivity and nar-
row linearity region compared to other technologies, such
as those methods based on fluorescence [12—14] and elec-
trochemistry [15—17]. Due to the detectable optical spec-
trum is generated from enzymes (horseradish peroxidase,
HRP) which are conjugated to antibodies and specifically
convert substrates to colored molecules [18]. The enzymat-
ic amplification detection system is easily affected by the
lab environment (pH, temperature, ionic strength, etc.), the
stability of the tests is not guaranteed at some degree, the
detection performance of the ELISA is largely restricted
by enzymes. Besides, the multiplex detection ability of
the ELISA is often astricted by the single enzyme reaction
limits. Therefore, it is urgent to program and implement a
new signal amplification mechanism to conquer the above
mentioned limitations of conventional ELISA.

To improve the performance of conventional ELISA, ef-
forts have been made to increase the stability and sensitivity,
and to shorten the detection time [19, 20]. For example, many
materials have been adopted as carriers for antibody and/or
enzyme to realize signal amplification owing to the strong
adsorption ability and high surface areas [21]. Some
enzymatic-like materials such as Au@Pb, and MoS, [22,
23], can be a good alternative to HRP that used in convention-
al ELISA. Such improvements greatly improved the stability,
detection limit and range. However, they are not applicable to
the detection of multiple-level biomarkers. Therefore, many
efforts have been devoted to overcoming this shortcoming by
changing the original colorimetric readout to fluorescence [24,
25], electrochemical [26], and Raman spectra [27]. These
methods successfully resolve the challenges in multiplex

detection, but the distinct signal output cannot be directly
adapted to the conventional ELISA system, thus the advan-
tages of ELISA have also not been good adopted. To solve the
above problems, Genxi Li and coworkers have proposed im-
provement of immunoassay for the multiplex detection of bio-
markers [28]. To avoid the effects of susceptible enzymatic
reactions, the allochroic molecules triggered by acidic or basic
solution as the indicators at their study. However, chromatic
dyes bound to the surface of cGO through 7 stacking interac-
tions are unconsolidated, the number of the combinations are
also limited. In addition, it’s hard to ensure the uniformity of
the cGO . Therefore, the multiplex colorimetric detection of
biomarkers based on the existing ELISA systems has to be
further improved.

Nano-vesicles are nanoscale hollow microcapsules that
have been widely explored in nanomedicine because of their
unique size and intrinsic physicochemical properties [29-31].
3D gold nanovesicles (GNVs) assembled with gold nanopar-
ticles (AuNPs) have attracted great interests due to its excel-
lent biocompatibility, super stability, highly homogeneity and
efficient loaded and released ability. It has been extensively
researched in cancer imaging and targeted drug delivery, etc.
[32-34].

In this study, we report a novel enzyme-free signal ampli-
fication technique by integrating 3D GNVs loaded small
allochroic dyes and immunosensor for the simultaneous de-
tection of AMI biomarkers. The schematic of the EFISA is
illustrated in Scheme 1, the principle is essentially the same as
the conventional HRP-based ELISA except for the substitu-
tion of HRP with nanoprobes. Allochroic dyes were effective-
ly loaded in 3D GNVs, and then antibodies were conjugated
on them by EDC and NSH as nanoprobes. Heat-triggered
release of allochroic molecules from captured GNVs act as
indicator for quantitative determination of biomarkers. The
ultrahigh sensitivity of GNVs based nanoprobes can be easily
realized by change the temperature to efficiently
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Scheme 1 Schematic presentation of the principle of enzyme-free immunosorbent assay for protein detection
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load and release of allochroic dyes. Conventional HRP-based
ELISA often takes 20 min or more longer for final enzyme
catalytic and termination reaction is essential to ensure accu-
rate quantification. In comparison, allochroic dyes break the
intrinsic limitations of enzymes. The color change triggered
by acidic or basic solution can provide a simple, rapid, stable
and economical signal output. Otherwise, this EFISA can si-
multaneously quantify different targets and has a visual
readout.

Experimental
Reagents and materials

Gold(III) chloride trihydrate (HAuCly-3H,0, >99.9%), sodi-
um citrate, N,N-Dimethyl formamide (DMF, >99%) and tet-
rahydrofuran (THF, >99%) were all obtained from Sigma-
Aldrich Inc. (https://www.sigmaaldrich.com/china-mainland.
html). The amphiphilic block copolymers (BCPs), PEO,s-b-
PS304-SH and PAA,5-b-PS,50-SH were purchased from Xian
ruixi Biological Technology Inc. (http:/ruixibio.company.
lookchem.cn/). L-ascorbic acid (AA, >99%), methyl red
(MR), phenolphthalein (PP) and bromothymol blue (BB), N-
ethyl-N'-(3-dimethylaminopropyl) carbodiimide (EDC), N-
hydroxysuccinimide (NHS), bovine serum albumin (BSA),
Tween 20 and phosphate-buffered saline (PBS, 10 x, pH 7.
4) were purchased from Sangon Biotech Inc. (https:/www.
sangon.com/). Monoclonal primary antibody (Ab;) and
secondary antibody (Ab,), standard NT-proBNP, CK-MB,
and c¢TnT protein were purchased from Fitzgerald Industries
(https://www.fitzgerald-fii.com/). 96-well microtiter plates
(polystyrene, clear, flatbottom) were obtained from Bio-
Legend Inc. (https://www.biolegend.com/). Deionized (DI)
water (Milli-Q 18.2 MQ-cm, Millipore System Inc. (https:/
www.rephile.com/).) was employed in all runs. All other
chemicals were of reagent grade and used as received.

Instruments

The absorption spectra of the allochroic reagents were mea-
sured by a UV-vis spectrophotometer (UV-2550, Shimadzu,
Japan) in the wavelength range from 300 to 800 nm. The
absorption intensities in the 96-well plates were collected by
a Safire2 microplate reader (Biotek ELx800, USA), and the
synthesized nanocomposites were characterized with spectro-
photometer (Thermo Nanodrop-1000, USA). Transmission
electron microscopy (TEM, Hitachi-7500. Japan) and scan-
ning electron microscope (SEM, SU8010, Hitachi, Japan)
were employed to monitor the structures of the AuNPs and
GNVs. X-Ray photoelectronic spectroscopy (XPS, Thermo
ESCALAB-250, USA) was employed for elemental analysis
to further investigate the successful synthesis of GNVs. The

chemical formation of AuNPs and BNPs modified AuNPs
were characterized by Fourier transform infrared spectrum
(FT-IR, Nicolet iS50, Thermo, USA).

Allochroic agents and 3D gold nanovesicle (GNV)
based enzyme-free immunosorbent assay (EFISA)
for acute myocardial infarction (AMI) biomarkers

Firstly, 96-well plates were coated with Ab; (2 pgrmL ™',
100 pL per well) at 4 °C overnight. After washing the
plates three times with washing buffer (10 mM PBS
pH 7.4, containing 0.5% tween 20, PBST), the plates
were blocked with 200 uL blocking buffer (5% BSA in
PBST) for 2 h at room temperature. The plates were then
washed three times with washing buffer, followed by the
addition of 50 pL targets (standard NT-proBNP, CK-MB
and ¢TnT) in dilution buffer (1% BSA in PBST). After
shaking at 37 °C for 30 min, the plates were washed three
times with washing buffer, and 100 pL nanoprobes
(Ab,@PP@GNVs, Ab,@MR@GNVs or
Ab,@BB@GNVs ~0.05 mg'mL™" in terms of Au ele-
ment) was added. All the detailed steps for all material
synthesis and nanoprobes construction are provided in
electronic supplementary material (ESM). After 30 min
reacted at room temperature, the plates were washed three
times. Then 100 puL DI water was added. After being
sealed with a plastic film, the plate heated to 90 °C with
water bath for 20 min. Next, 50 uL NaOH solution
(pH 12) was added to each well, and the plate was shaken
at 600 rpm for a minute. The absorbance intensities were
recorded by Safire2 microplate reader at 552 nm (PP),
434 nm (MR), 630 nm (BB).

Multiplex assay for analysis of plasma samples

Firstly, about 5 mL of human blood (The samples were col-
lected from twenty-two pectoralgia patients and healthy indi-
viduals at university-town hospital of Chongqing medical uni-
versity) was obtained in a sample tube for plasma preparation.
The fresh plasma was separated from the red cells by putting
the samples in an incubator at 37 °C for 30 min, and then, they
were centrifuged at 1000 rpm for 10 min. For the multicolor
detection of three biomarkers, 96-well plates were coated with
Ab; mixture solution (2.5 pgrmL " of NT-proBNP, CK-MB
and cTnT) at 4 °C overnight. and then all the procedures are as
the same with single detection assay, except the step of addi-
tion nanoprobes (100 puL mixture nanoprobes
(Ab,@PP@GNVs, Ab,@MR@GNVs and
Ab,@BB@GNVs ~0.05 mg-mLfl in terms of Au element)
were added for the final chromomeric reaction). The absor-
bance intensities were recorded by Safire2 microplate reader
at 552 nm, 434 nm, and 630 nm respectively.
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Results and discussion
Characterization of nanomaterials

Figure la illustrates the principle of preparing a functionalized
nanoprobe. Firstly, monodisperse AuNPs were synthesized by
sodium-citrate reduction method. Then, two BCPs were mod-
ified on the AuNPs. GNVs or allochroic dyes loaded GNVs
were formed by ultrasonic. The color of the aqueous suspen-
sion (AuNPs and GNVs) presented at Fig. S2. Then, the sur-
faces of the GNVs were activated by coupling agents (EDC
and NHS), Ab, were conjugated to GNVs through the EDC/
NHS-mediated coupling reaction between the “COOH groups
of PAA,3-b-PS;,50-S- on GNVs and the —NH, groups on an-
tibodies. The synthetic nanoprobes are abundant in capacity to
capture antigens in plasma through antibody—antigen reac-
tions. Figure 1b represents the molecular structures of two
different BCPs. The BCPs modified AuNPs are characterized
by fourier transform infrared spectroscopy(FTIR), and AuNPs
are also measured as a comparison. The spectra of AuNPs and
BCPs modified AuNPs are shown in Fig. 1c. The spectrum of
BCPs modified AuNPs show some new characteristic peaks at
359 (CAromatic), 698 (Au-S), 1110 (C-0), 1493 (C=C), 756,
1452, 2923, and 3026 (C-H), compared with the spectrum of

0 Q O PEO-b-PS-SH

o
Q 0 PAA-b-PS-SH

AuNPs BCPs modified AuNPs

AuNPs. The results confirm that the BCPs have been success-
fully linked with AuNPs through Au-S bond. Additionally, UV-
vis absorption spectroscopy is employed to characterize the
nanoprobe (Fig. 1d). Separate AuNPs show a characteristic ad-
sorption peak at around 520 nm (black curve). The size changes
with the particle assembling, the UV-vis absorption curve of
GNVs has an obvious red shifted (red curve) compared with
the AuNPs. Free Ab, (blue curve) have a characteristic peak at
280 nm. After conjugated on the GNVs, the Ab, @GNVs (purple
curve) present two characteristic adsorption peaks at 280 nm and
550 nm. All of the UV-vis demonstrate that the nanoprobe has
been successfully constructed.

TEM is used to characterize the structure of the materials.
Figure 2a, b show the TEM images of the produced AuNPs and
GNVs. The nanoparticles are well-dispersed and highly uni-
form. The average size of the AuNPs is about 25 nm, and
GNVs is about 200 nm. We also characterize the superficial
and structure information of GNVs by SEM. Figure 2d shows
SEM images and indicates that the GNVs have been obtained
with a high purity and good uniformity. Besides, the AuNPs
can be obviously seen on the surface of GNVs at high power of
SEM image (Fig. 2e), which demonstrates the GNVs is self-
assembled by AuNPs with the help of BCPs. After modified
with Ab, (Fig. 2f) by coupling agents (EDC and NSH), the

Transmitance (%)

EDC, NSH
(===
Ab2
d 1.0
——AuNPs
0.8 ——GNVs
——Ab2
30.6 —— Ab2@GNVs
&
£0.4-
o
0.2
< 4]
0.0

(b) PAA23-b-PS250-SH

Fig. 1 a Schematic illustration of the Ab, @ GNV nanoprobe fabrication.
b The chemical structure of two amphiphilic block copolymers (BCPs). ¢
FTIR spectra of AuNPs (gray curve) and BCP-modified AuNPs (black
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Fig.2 a TEM image of AuNPs, b TEM image of gold nanovesicles (GNVs). ¢ XPS spectra of GNVs. Low (d) and high (e) magnification SEM image of

GNVs. f SEM image of Ab,@GNVs

SEM image shows that the surface of the vesicles are
become atomized and an increasing surface roughness
compared with the GNVs. The results prove that the
Ab, molecules are successfully modified on the GNVs.
We stored the GNVs at 4 °C for three months, and the
SEM image (Fig. S3) of the vesicles is also well-
dispersed and unwounded, which demonstrates the syn-
thetic GNVs have excellent stability to improve the per-
formance of biosensors. To further verify the successful
synthesis of GNVs, XPS is used to characterize the
elemental composition of GNVs. As shown in Fig. 2c,
the characteristic XPS peaks of Audf7, Au4f5, Ols,
S2p, N1 s and Cls are observed. Elemental analysis
results fully prove the successful synthesis of GNVs.

Heat-triggered release of allochroic molecules

Three allochroic reagents, phenolphthalein (PP), methyl red
(MR) and bromothymol blue (BB) were selected as the indi-
cators for the quantitative analysis of targets. At the step of
GNVs formation, the formed thin film (BCP-modified
AuNPs) rehydrated in an aqueous suspension containing
allochroic reagents. The allochroic reagents were encapsulat-
ed in GNVs by ultrasonic-mediated self-assembling. The
structural representation of PP@GNVs, MR@GNVs and
BB@GNVs are shown in Fig. S4A, S4B and S4C, and the
colors and reversible chemical structure of three allochroic
reagents are occurred under acidic and alkaline conditions.

The color vary with the change of pH are shown in Fig. S5,
we can easily see the allochroic reagents present different
colors at different pH conditions. Moreover, there is a good
linear relationship between the UV-vis spectrum and the con-
centration of allochroic molecules (Fig. S6), which provides a
simple, rapid, stable and economical signal output, and meet
the growing biodetection requirements. Additionally, those
allochroic indicators also have a good stability. Alkaline solu-
tion (NaOH, in this study) was added in allochroic aqueous
suspension for coloration, and then stored for 24 h (Fig. S7) at
4 °C, the UV-vis absorbance has no significant variation. In
contrast, chromogenic reaction that enzyme (such as HRP)
catalyzed requires immediate detection. Therefore, the stabil-
ity of the nanoprobes is more applicable to the clinical diag-
nosis and application.

The mechanism of nanoprobes

Due to the thermal instability of the Au — S bond at a temper-
ature above 70 °C, the GNVs would break up, especially at
90 °C. To validate the heat-triggered release of allochroic re-
agents from the GNVs, the PP@GNVs, MR@GNVs and
BB@GNVs (~0.5 mg'mL™" in terms of Au element) were
incubated at 90 °C for a while, and then ultrasound for a
minute. The released allochroic molecules have been con-
stantly monitored every 5 min. The heat-triggered release of
allochroic molecules are confirmed by UV-vis absorption
spectroscopy analysis. As shown in Fig. 3a, after heated at
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Fig. 3 a Heat-triggered release of
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allochroic dyes with the tempera-
ture. b The vary of the UV-vis
absorbance spectrum (GNVs,
PP@GNVs, PP, MR@GNVs,
MR, BB@GNVs and BB) before
and after heated at 90 °C for

20 min. Concentrations of GNVs,
MR, PP and BB were kept the
same for suspensions of GNVs
and PP@GNVs, MR@GNVs and
BB@GNVs

w
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90 °C, the absorbance is gradually increased, indicating the
successful release of allochroic molecules from GNVs. After
20 min of continuous heat-triggering, the release efficiency
reaches 95%. Therefore, we chose 20 min as the hydrothermal
reaction time in the following experiment. Besides, we design
a series of experiments to illustrate the color signal amplifica-
tion mechanism. As shown in Fig. 3b, we take equal amount
of PP@QGNVs, MR@GNVs and BB@GNVs (~0.05 mg:
mL™! in terms of Au element) before and after heated at
90 °C for 20 min, and then the color-reaction are triggered
by NaOH. Equal concentrations of GNVs, PP, MR and BB
are dealt with the same procedures as comparison. The absor-
bance of PP@GNVs, MR@GNVs and BB@QGNVs are sig-
nificantly different before and after heated. However, there is
no difference at GNVs, MR, PP and BB. All the results indi-
cate that most of the allochroic molecules have been released
from GNVs, and their properties are not affected at high tem-
perature. Furthermore, not only GNVs as the nanocarriers
greatly reduce background signal of the method, but also have
no disturbance for the performance of detection.
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Analytical performance and selectivity
of the enzyme-free immunosorbent assay (EFISA)

In the following experiments, we employ the nanoprobes as
the signal amplification for the detection of AMI biomarkers,
according to the principle shows in Scheme 1. As described in
the introduction, the multiplexed detection of biomarkers is
important for the diagnosis and prognosis of AMI. In this
work, NT-proBNP, CK-MB, and cTnT are chosen as the key
biomarkers of AMI. The detection is performed in commonly
used 96-well plates, and the procedures for this assay are sim-
ilar to conventional ELISA except for the final step of enzy-
matic reaction. Figure 4a, b, ¢ display the absorbance variation
for various concentrations of NT-proBNP, CK-MB, and cTnT,
respectively. Here, the concentration ranges of NT-proBNP,
CK-MB, and ¢TnT are 0.1 ng'mL™'~200 pug'-mL™', 1 ng:
mL ™ '~2000 ng'mL™" and 0.1 pgrmL™'~5000 pg:mL", re-
spectively. The absorbance concomitantly increased with the
targets concentration. Sigmoid curve regression between the
absorbance and logarithms of concentrations are obtained.

C
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Fig. 4 a Representative photographs taken from the EFISA for the
detection of NT-proBNP standards (from 0.1 ng'mL™" to 200 ug-mL™),
and corresponding calibration plot. Inset shows the linear range region of
the calibration curve. b Representative photographs taken from the
EFISA for the detection of CK-MB standards (from 1 ng-mL™' to
2 ug'mL™), and corresponding calibration plot. Inset shows the linear

@ Springer

CK-MB (ng-mL-")

1 i1 51.6_§1 Ei *
* 81.24}.

i © 3 L]
m (q‘ 10 100 1000
8 0.8 1 cTnT (pg-mL-) ii
c
Fo.4/ .
o [
200]ss s #

T TTTIT T T < T T T T T
100 1000 0 1 10 100 1000 10000

cTnT (pg-mL")

range region of the calibration curve. ¢ Representative photographs taken
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5 ng'mL "), and corresponding calibration plot. Inset shows the linear
range region of the calibration curve. Error bars represented standard
deviations of the measurements (7 = 3)
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Fig. 5 a Schematic presentation of the principle that detects plasma
samples with EFISA. b Representative photographs of single and
multicolor detection of the collected plasma samples in PS plates. For

The linear range of detection was found to be 0.1 ngrmL "
~100 pgrmL ™" (NT-proBNP), 1~500 ng'mL ' (CK-MB) and
10~2000 pg'mL™" (cTnT). The limits of detection (LOD =
3SD / k, LOD: detection limit, SD: the standard deviation of
blank sample, k: the slope of the fitting curve) are calculated to
be 70 pgrmL~" (NT-proBNP), 910 pg'mL~" (CK-MB) and
7.8 pgmL™" (¢TnT). Compared with conventional HRP-
based immunoassays for those biomarkers (Fig. S8), the sen-
sitivity and linearity of our assay are greatly improved.
Otherwise, Reproducibility of the EFISA is further tested.
Three parallel tests are used to detect different concentration
of targets (Fig. S9), From the results can be conclude that the
EFISA provided satisfactory reproducibility.

single biomarker detection, only one kind of relevant antibody is
encapsulated in the plate. For multiplex detection, three kinds of
relevant antibody are encapsulated in the plate

Multiplex detection of clinical samples

To further verify the ability of multiplex detection which is
hard to realize with conventional ELISA, we coated three
kinds of antibodies at 96-well plates, and three nanoprobes
(PP@ADb,@GNVs, MR@Ab,@GNVs and
BB@Ab,@GNVs) for the simultaneous detection of NT-
proBNP, CK-MB, and cTnT. We try to detect them in real
serum samples (Fig. 5a). The results shows in Fig. 5b,it can
be obviously seen the difference from the final colors of the
liquids between the patients and healthy people. Notably, mul-
ticolor readout can be realized in a single run compared with
the cumbersome one-by-one analysis of samples, and have a
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Fig. 6 Quantification of NT-proBNP (a), CK-MB (b) and cTnT (c) in the
plasma of pectoralgia patients (disease group), and healthy individuals
(healthy group) using EFISA, respectively. IFA and The positive signals
are set to be on or above the healthy threshold (the horizontal dash line)

according to the clinical standard (NT-proBNP>121 pg ‘mL "', CK-MB >
4.9 ng -mL™", ¢TnT>30 pg -mL™"). *##P <0.001, ns: no significant dif-
ference between the two groups
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consistent results with the single analysis. In generally, the
multiplex detection provides a naked-eye signal readout and
more convenient method for the diagnosis and prognosis of
AMI compared with the single biomarker detection. Plainly,
we can easily see from the plate, not all the three biomarkers
are increased at the same time in the diseased group.
Therefore, omission ratio can be greatly decreased by the si-
multaneous detection method.

Methodological evaluation

Currently, immunofluorescence assay (IFA) is the most com-
monly used method for the biomarkers of AMI in clinical lab-
oratory because of its high sensitivity and accuracy. To validate
the EFISA for clinical applications, we measure the NT-
proBNP, CK-MB and cTnT in human plasma samples, and
the results are compared with IFA. As shown in Fig. 6a, b, c,
the detailed data have been shown in the supporting information
(Table S1, S2 and S3). There is no significant differences are
observed between the two methods, which indicate our assay
can accurately quantify the biomarkers of AMI in real samples.

Conclusions

We have combined GNVs and allochroic agents with immuno-
sorbent assays for the simultaneous detection of AMI bio-
markers. Firstly, allochroic agents break the intrinsic limitations
of enzymes, the color change triggered by alkaline solution can
provide a rapid, stable and economical signal output. Secondly,
allochroic agents are effectively loaded in 3D GNVs, and their
release is regulated by the temperature, the signal-to-noise ratio
of detection is greatly increased. Moreover, our method can
also realize bare eyes signal readout and multiplex detection
with the three nanoprobes. Additionally, to assess the clinical
applicability of the method, the simultaneous detection assay is
compatible with IFA in plasma. As the universality of
immunoreactions, we believe that this immunosensor reported
here can also work as a versatile platform for the detection of
variety low abundant biomarkers in clinical assay. In order to
achieve good repeatability and better application performance
of the EFISA, we have to overcome the influence of differences
among nano-vesicles batches. Otherwise, nanomaterials related
assays have great potential to improve the performance of the
biosensors. In further studies, We wish that nanomaterials will
meet challenges, and become a valuable tools for various dis-
eases diagnosis.
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