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A B S T R A C T   

In the present work, an aptasensing method based on integration of RNA on Cu-MOF was developed for detection 
of C-Reactive Protein (CRP). Cu-MOF showed stimulated fluorescence and mimetic peroxidase enzymatic activity 
at the time and can be used as dual-signal transduction. CRP binding RNA was used as a highly selective 
recognition element and immobilized on the Cu-MOF. The immobilized RNA can block the peroxidase activity 
and fluorescence of the signal traducer probe. Adding CRP to the RNA/Cu-MOF will release RNA from the surface 
of Cu-MOF and recover both the stimulated fluorescence and peroxidase activity. A biosensor was built for 
detection of CRP using the two modes of transduction, either colorimetry or fluorometry. A dynamic linear range 
was obtained from 0.1 to 50 ng mL − 1with a limit of detection (LOD) as small as 40 pg mL − 1was calculated in 
fluorescence mode and 240 pg mL − 1 as LOD in colorimetry mode. The LODs are lower than the LOD of 
nephelometric techniques used in clinical practice and is comparable to the normal clinical cutoff value in high- 
sensitivity CRP assays (1 μg/mL). The aptasensor was successfully applied for detection of CRP in Covid-19 
patients with spike recoveries between 84 and 102% and RSD from 0.94% to 2.05%.   

1. Introduction 

C-reactive protein (CRP) is a pentameric protein synthesized by liver, 
whose level rises in response to inflammation [1]. CRP is an acute-phase 
reactant protein that is primarily induced by the IL-6 action on the gene 
responsible for the transcription of CRP during the acute phase of an 
inflammatory/infectious process [2,3]. in the wounded or afflicted area, 
it might produce discomfort, redness, and edema. Inflammation can be 
caused by autoimmune disorders and chronic diseases [4]. The severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)-caused new 
coronavirus disease (COVID-19) outbreak is seeing a significant increase 
in affected individuals worldwide [5,6]. Generally the normal CRP level 
within 0–5 mg/L range [7,8]. CRP levels in patients with COVID19 were 
found to be significantly higher, ranging from 20 to 50 mg/L on average 
[9,10]. 

In clinical diagnosis, it is always paramount to have a reliable, sen
sitive, and specific method for detection of CRP. Enzyme-linked immu
nosorbent assay (ELISA) has always been the ‘‘the best standard way’’ 
for the detection and quantification of CRP. However, various other CRP 
assay formats have also been developed in the last decade [11,12], such 
as immunoturbidimetry [13], piezoresistive cantilever-based 

immunoassay [14], Lateral flow assay [15], chemiluminescent immu
noassay [16], Reflect-metric interference spectroscopy [17], homoge
neous bead-based immunoassay [18], surface Plasmon resonance [19], 
impedimetry [20,21], and microfluidics [22]. Regardless of their ad
vantageous, the aforementioned methods have some drawbacks, such as 
long time detection, expensive and complicated instrument, trained 
personnel, and very delicate for pH and temperature changes. Thus, one 
should look for better alternative especially for an early-stage diagnosis 
that need highly sensitive method. 

Recently, aptamer-based methods have received much attention in 
virtue of its high sensitivity, specificity, stability, versatility, and low- 
cost. [23–26]. 

Aptamers are single-stranded oligonucleotides that fold into specific 
structures and bind to specific targets like proteins [27–29]. Due to high 
specificity, aptamers have utilized in a wide range of biosensors, such for 
detection of ions [30], proteins [31], enzymes [32], hormones [33]. 

Nanozymes, and/or mimetic enzymes, showed as promising artificial 
biocatalysts in bioassays [34]. They are easy-tailored, stable under hard 
conditions, low-cost, and highly catalytic active that are promising 
alternative for natural enzymes [35,36]. Among the nanomaterials that 
have been used recently as nanozymes is Metal Organic Frameworks 
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(MOFs). They are porous crystalline structures generated by organic li
gands that are coordinated with metal atom nodes on a periodic basis. 
MOFs have a well-defined structures, unique catalytic and surface 
properties, tunable design, and presence of active sites that is easily 
accessible [37–40]. 

The integration of nucleic acid aptamers, ssDNA and/or RNA, with 
MOFs results to the production of nanostructured bio-interface syner
gizing the functionalities of both aptamer and MOFs [41–43]. MOF’s 
homogeneous crystalline structure and large specific surface areas allow 
a wide range of ssDNA and/or RNA to adhere to the surface. Further
more, MOFs’ variable pore diameters allow different types of nucleic 
acids with varying specificities to be immobilized on their surface or 
inside the pores [44–46]. Because of the variety of MOFs and aptamers, a 
wide range of MOF-based aptasensors have been developed, each with 
its own set of benefits, such as high sensitivity, selectivity, miniaturi
zation and visual detection potential. Aptasensors based on MOFs have 
been used in a variety of applications, such as clinical diagnostics [47], 
disease treatment [48], POC testing [49,50], and environmental 
contamination surveillance [51]. Recently, MOF-based aptasensors have 
been used to monitor CRP using electrochemical [52], 
photo-electrochemical detection [53]. 

Dual-mode detection is highly important in bioanalysis due to pos
sibility to use both at a time and/or any of them [54,55]. Both color
imetry and fluorimetry have advantages and disadvantages that could 
complement each other’s capabilities in dual-mode detection. Thus, 
sensors with dual-mode detection property are more robust and rugged 
than mono mode detection. 

Based on the discussion above, one can rationally design an aptamer- 
MOF combination to collect many properties in one nanocomposite such 
as high affinity from aptamer, enzymatic properties and fluorescence 
emission from MOFs. Herein, a hydrothermal method was used to 

prepare stimulated fluorescent/peroxidase nanozyme of Cu-based MOF 
(Cu-MOF). CRP specific RNA strains were immobilized on Cu-MOFs to 
block enzymatic activity and fluorescence of the MOF. Later on, turn on 
mode assay was used via addition of CRP to recover both the stimulated 
fluorescence and mimetic enzyme behavior. Scheme 1 shows the dia
gram of the preparation and detection of our proposed biochemical 
sensor. To the best of our knowledge, this is the first report about MOF- 
based aptasensor for CRP detection using optical method. 

2. Experimental section 

2.1. Instruments 

UV–Vis absorption spectra were recorded on a Cary 60 Spectropho
tometer (Agilent technologies, USA). Fluorescence measurements (PL) 
were recorded on Cary Eclipsed Fluorescence Spectrophotometer (Agi
lent Technologies, USA). Field emission scanning electron microscopy 
(FE-SEM) was used for taking the image of the MOF particles (Germany 
ZEISS Gemini SEM) in Chengdu, China. 

2.2. Chemicals 

Amine terminal RNA aptamer was synthesized and purified by Bio
neer Co. Ltd. (Daejeon, south Korea) with sequences (5′-NH2-(CH2)6- 
GCC UGU AAG GUG GUC GGU GUG GCG AGU GUG UUA GGA GAG 
AUU GC-4). Dimethylformamide (DMF), 3, 3′ 5, 5′-Tetramethylbenzi
dine (TMB), and Terephthalic acid (TA), C. Reactive Protein (CRP) were 
all purchased from Merck-Sigma-Aldrich (Baden-Württemberg, Ger
many) and used as received. Cu (NO3)2⋅3H2O and Hydrogen peroxide 
(H2O2) 30% were purchased from Biochem chemopharma Co.Ltd. 
(Biochem, ZA Cosne sur Loire, France). TE buffer (Tris-EDTA, pH 8.0) 

Scheme 1. Schematic diagram of the processes to prepare CRP aptasensor based on RNA on Cu-MOF.  
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was purchase from EMB Corporation (EMB Co., U.S.A). Phosphate buffer 
saline (pH 7) was ordered from (CDH Co. Ltd. Delhi, India). 

2.3. MOF synthesis 

Cu-metal organic framework (Cu-MOF) was prepared as in literature 
with some modifications [56]. In brief, 0.34 g TA and 0.0.49 g Cu 
(NO3)2⋅3H2O were first dissolved in 10 mL DMF. The resulting solution 
was then transferred into a 25 mL Teflon-lined stainless-steel autoclave 
for reaction at 150 ◦C for 3 h. Blue crystal were collected by centrifu
gation and rinsed with adequate ethanol and deionized water alter
nately. To prepare a stock solution of Cu-MOF in water, 10 mg of the 
Cu-MOF dispersed in 100 mL of deionized water (100 μg mL− 1). 

2.4. Analysis procedure 

For the colorimetric assay, 100 μL of 100 ng mL− 1 of Cu-MOF 
solution was mixed with 100 μL RNA (1.0 μM) and then stirred for 2 h 
at 35 ◦C. Then to remove the unbounded RNA, the solution was 
centrifuged. For CRP analysis: different amounts of CRP were added and 
incubate the solution for 15 min. Later, 100 μL of 5 mM TMB with 100 μL 
of 30 mM H2O2 was added in pH 4 buffer then the absorbance recorded. 

For the fluorescence assay, 100 μL of 30 mM H2O2 was added to a 
mixture solutions of 100 μL of 100 ng mL− 1 of the Cu-MOF and 100 μL 
RNA (1.0 μM). The solution was stirred for 2 h and centrifuged to 
remove excesses of unbounded RNA. For CRP analysis: different con
centration CRP was added, followed by incubation for 8 h. The fluo
rescence spectra were measured in room temperature. 

3. Results and discussion 

3.1. Characterization 

FE-SEM was used to image the morphology and size of the Cu-MOF. 
As shown in Fig. 1, Cu-MOF products have relatively polydisperse dec
ahedral crystal forms in then micrometer to sub-micrometer range 
(Fig. 1A). EDS elemental mapping and spectra were performed and 

shown in Fig. 1B–G. It is obvious that the MOF crystals are made of C, O, 
and Cu, assigning for the formation of Cu-MOF. 

3.2. Dual-signal sensing system 

Dual-signal sensing based on colorimetric and fluorescence detection 
for CRP is illustrated Fig. 2. The Cu-MOF has mimetic peroxidase activity 
and can catalyze colorless TMB to blue colored oxTMB (Fig. 2A, black 
line). Adding RNA to Cu-MOF solution will block the MOF surface and 
the mimetic peroxidase activity of the Cu-MOF was diminished (Fig. 2A, 
red line). Adding CRP protein to the colorless or very faint blue Cu- 
MOF/RNA solution, results in folding of RNA to CRP and releasing of 
RNA form the Cu-MOF surface. Hence, peroxidase enzymatic catalytic 
activity of Cu-MOF will be recovered (Fig. 2A, blue line). Such a turn-on 
mode can be exploited for establishing a bioassay for CRP. 

Interestingly, Cu-MOF shows stimulated fluorescence, not intrinsic, 
via addition of H2O2 and a strong blue emission at 410 can be observed 
when excited at 320 nm (Fig. 2B, black line). When RNA strand was 
added, the fluorescence of Cu-MOF was quenched due to immobilization 
of RNA on Cu-MOF surface (Fig. 2B, red line), and the emission was 
restored when CRP was added (Fig. 2B, blue line). Such a dual-mode 
turn on assay, lead us to design colorimetric and fluorometric assay 
for detection of CRP. 

3.3. Optimizations 

Various experimental parameters, such as RNA concentrations and 
stirring time, were examined to achieve the best optimal enzymatic 
activity. Fig. 3A shows the best RNA concentration study which can 
affect the enzymatic activity of Cu-MOF. It is shown that 100 nM of the 
RNA is found as maximum concentration which can stop the whole 
catalytic activities of the 10 ng mL− 1 Cu-MOF (Fig. 3A). Moreover, the 
stirring time effect has been studied in different durations, 0.0, 0.5, 1.0, 
2.0, 5.0, 10.0 and 24.0 h. Fig. 3B shows that 2 h of stirring is the opti
mum time for the RNA to integrate with Cu-MOF and block emission and 
enzymatic civility. After 5–24 h a slight negligible difference was 
observed, hence, 2 h was selected as the best stirring time. 

Fig. 1. (A) FESEM of Cu-MOF; (B), EDX –summation mapping spectra, (C - G) and EDX mapping distribution of Cu-MOF at 5 μm scale bar.  
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3.4. Selectivity study 

The common ions, biomolecules, and proteins present in the serum 
matrix with CRP were examined. Possible interreference such as 
glucose, glutathione, ascorbic acid, iron, creatinine, albumin, and cal
cium, were chosen for this study in order to investigate the tests of 
selectivity of our biosensor. All of possible interferences were 100 times 
more concentrated than CRP in the selective trials. Absorbance and 
fluorescence intensity were substantially higher than the other in
terferences, as seen in Fig. 3C and D. These findings showed that the Cu- 
MOF/RNA sensor has a high selectivity for CRP detection in the human 
serum matrix, making it a promising biosensor for real serum fluid 
samples. 

3.5. Quantitative determination of CRP 

For the colorimetric assay, adding different concentrations 0.0, 0.5, 

1.0, 2.0, 3.0, 5.0, 10, 20, 50 ng mL− 1 of the standard CRP to the 
biochemical reaction system Cu-MOF/RNA. Increasing the intensity of 
blue color due to oxidation of TMB to oxTMB was observed and the 
recovery will be almost near to the Cu-MOF signal (Fig. 4A). A linear 
relationship plot obtained between the absorbance versus the different 
concentration of CRP with very low limit of detection LOD as 240 pg 
mL− 1 and limit of quantification (LOQ) as 750 pg mL− 1 (Fig. 4B). The 
LOD, and LOQ has been determined according to S/N = 3 and S/N = 10 
criteria respectively (S was estimated to SD (n = 10) obtained from the 
current intensity of the lowest concentration of CRP in the calibration 
0.5 ng mL− 1) For the fluorescence assay, same as in the colorimetric 
assay, different amount of CRP concentrations were added 0.0, 0.5, 1.0, 
2.0, 3.0, 5.0, 10, 30, 50 ng mL− 1 to the integrated Cu-MOF/RNA probe 
and different fluorescence intensities recovery observed and recorded as 
shown in Fig. 4C. A linear relationship plot of CRP proteins concentra
tion dependent verses fluorescence has been estimated with LOD 40 pg 
mL− 1 and LOQ 130 pg mL− 1 were measured (Fig. 4D). 

Fig. 2. (A) Colorimetric response, Reaction conditions: 10 ng mL− 1 MOF, 0.5 mM TMB, 3 mM H2O2, 100 nM RNA. (B) Fluorescence response, Reaction con
ditions: 10 ng mL− 1 MOF, 3 mM H2O2, 100 nM RNA. 

Fig. 3. Optimization studies using 0.1 μg mL− 1 MOF: (A) RNA concentration (B) Stirring time study. (C and D) Cu-MOF/RNA probe selectivity study toward CRP 
target where, Cu-MOF (10 ng mL− 1), RNA (100 nM), CRP (7.0 ng mL− 1), and the concentrations of others interferences are all 700 ng mL− 1. (C) Colorimetric assay 
(D) Fluorescence assay. 
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Thus, dual-mode, colorimetry and fluorimetry, offer different line
arity and LODs, which is highly useful for multi-use analysis. In other 
words, for more sensitive level of CRP, one can use fluorescence-based 
while for higher level, colorimetry is a good option. 

4. Applications 

Our proposed biosensor was applied for patients with COVID-19 
disease. Shahid-Hemn Hospital (Slemani City, Kurdistan Region, Iraq) 
provided the serum samples. The proposal of the research was approved 
by the Ethics Committee of the hospital. The samples were collected 
from the emergency and the intensive care units of the hospital. Patient 
serums were spiked with standard CRP concentration. The serum sam
ples have been diluted 10 times (0.1 mL of the serum were completed to 
1 mL by double deionized water), and were measured for three repli
cates (n = 3). Table 1 shows that the spike recoveries of CRP ranged for 
colorimetric-based assay from 84% to 102%, and for the Fluorescence- 
based assay are ranged between 88% and 94.2%. Spike recovery 
showed that our proposed method is accurate and can be applied to the 
real samples of COVID-19 patients. Table 2 shows some published re
ports for detection of CRP using various methods and techniques. It is 
obvious that our method is comparable and relatively close to them. The 
intra-assay precision reached the RSD of 2% (n = 3) for the same day and 
the inter-assay precession reached 5% (n = 3) for our aptasensor con
ducted different days. 

5. Conclusions 

A novel aptamer-functionalized Cu-MOF-based optical biosensor for 
CRP detection was developed. CRP binding RNA was immobilized on 
stimulated fluorescent and peroxidase Cu-MOF. Dual-mode optical 
detection, colorimetry and fluorometry, was successfully fabricated and 

used for detection of CRP with high selectivity in serum of COVID-19 
patients. The biosensor provided 40 pg mL− 1 as LOD in fluorescence- 
based mode and 240 pg mL− 1 LOD in colorimetric mode. Our probe is 
highly stable, selective, sensitive, and low-cost precursors which make 
the probe highly useful for mass-production CRP detection assay. Due to 
many figures of merits in our proposed method we can apply it in clinical 
settings, either in a solution or can be deposited on paper in future work. 

Fig. 4. (A) UV–Vis absorption spectra obtained from MOF/RNA-based colorimetric oxidation of TMB in the presence of CRP at various concentrations. (B) Plot of the 
absorbance at 652 nm versus the concentration of CRP, error bars represent the standard deviation of three independent measurements. (C) Fluorescence spectra of 
MOF/RNA probe incubation with different concentrations of CRP (D) plot of Fluorescence with excitation 320 nm and emission at 350 nm, versus different con
centrations of CRP. 

Table 1 
Illustrate the various colorimetric and fluorescence recovery intensities obtained 
for CRP.  

Sample Unspiked (ng. 
mL− 1) 

Added (ng. 
mL− 1) 

Found (ng. 
mL− 1) 

Recovery % RSD 
% 

Colorimetric assay 
1 5.61 ± 0.02 5 9.80 ± 0.01 84.0 ±

1.52 
1.01 

19.80 ± 0.03 10 30.01 ±
0.04 

102.0 ±
1.03 

2.01 

2 6.42 ± 0.04 5 11.32 ±
0.10 

98.0 ±
2.07 

1.65 

21.4 ± 0.13 10 31.45 ±
0.05 

100.5 ±
1.95 

0.94 

Fluorometric assay 
1 4.20 ± 0.02 5 8.49 ± 0.05 93.00 ±

2.16 
1.82 

8.60 ± 0.02 10 21.00 ±
0.11 

88.00 ±
1.38 

2.05 

2 5.56 ± 0.02 5 10.98 ±
0.14 

94.2 ±
2.46 

1.63 

20.98 ± 0.01 10 30.01 ±
0.01 

90.24 ±
2.63 

2.03  
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Table 2 
Comparison for CRP detection using various methods with our Cu-MOF-RNA 
aptasensor.  

Biosensor probes Type of 
aptamer 

Methods of detection LOD Ref. 

NH2–Ni-MOF ssDNA Electrochemical 0.029 pg 
mL− 1 

[52] 

ZnO/MPC- 
Immunosensor 

RNA Electrochemical 5.0 pg 
mL− 1 

[34] 

Mn3(PO4)2/aptamer 
nanosheet 

ssDNA Electrochemical 0.37 pg 
mL− 1 

[57] 

2D porphyrinic 
covalent organic 
frameworks 

ssDNA Photoelectrochemical 0.1 ng 
mL− 1 

[53] 

Aptamer-antibody 
sandwich assay 

ssDNA Fluorescence 2.78 nM [58] 

Aptamer/AuNPs ssDNA Fluorescence 380 pM [59] 
Sandwich aptamer ssDNA Electrochemical 26 pM [60] 
Sandwich aptamer/ 

immunoassay 
ssDNA Electrochemical 5.4 * 

10− 2 mg 
L− 1 

[61] 

Cu-MOF RNA Fluorescence 40 pg 
mL− 1 

This 
work 

Cu-MOF RNA Colorimetric 240 pg 
mL− 1 

This 
work  
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