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Figure 1. Curves of the UV/Vis spectra (a), (b) excitation/emisson, (c) fluorescence intensity, (d) FTIR of
CQDs particles and (e and f) AFM. The UV/Vis spectrum of the synthesized particles in figure (a) was
matched with the carbon quantum dot spectrum. In Figure (b) the absorption and emission spectrum at
maximum level have symmetry range. Figure (c) shows the maximum emission in the wavelength of 440 nm
with the excitation wavelength of 350 nm. The FTIR (figure d) curve shows the functional groups of the

carbon quantum dots. The figures of (e) and (f) of the atomic force microscopic spectrum (AFM) confirmed
synthesis of the carbon quantum dots.
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Figure 2. Stability of the mission intensity of CQDs for 60 minutes. The CQDs particles with a stable
emission intensity during the excitation at wave 350 nm for 60 minutes.
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Diagram 3. The emission intensity of the [CQD-
polyclonal anti-E. coli antibody] complex in
detection of the various E. coli concentrations.
Increasing the bacteria concentration resulted in
a decreasing trend in the emission intensity and
increasing the mission intensity intervals between
of the test and control sample.

] aosame L5 Sl il Jlas Sl 5 Sk

61}; oslizal 3 [E. coli aws JU,IS L (g3b T +CQDs
el el e S3F ls el s s sdiasdlasl
23 NHS SEDC (slasdtiasdlas 5l sslizul s gl o

Sy Jol g Scmln s O

3L 5T +CQDS | a5 pazes i3 ks = oS
ol ods S5 Figure 3 s [ E. coli ws JUls L

S CQDs ke il b mls ol el
L CQDs i5 ol il ol b e sl i
G CQDs Y+ pl aul53) L a5 4slsl CQDs Vv v vl
ol mer Bl EalS 5 Sl Ol @35l
Saalsl Sl wag SlAis Olsie 4 CQDS Vv ol Ol
s S olasl b bl

70000 r
60000 F
50000 F
40000 F
30000

20000 F
10000 | u
N I . .
. A XK

CQDs amount (pl)

Intensity

Yoee AYeo

Diagram 2. The emission intensity of the various
amount of [CQD-polyclonal anti-E. coli antibody]
complex. Increasing the concentration of CQDs
up to 1000 mL increased the emission intensity
and there was no significant effect on the trend by
using more concentrations.
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Table 1. The confirmation and conjugation of antibody to CQD in [CQD-Antibody] complex using
ELISA. The positive results of the two dilutions of 1/50 and 1/100 from [CQD-antibody] complex in three
replications indicate a reaction of the antibody

(CQD-Antibody) Absorbance at 450 nm Samples Absorbance

dilution 1 2 3 Mean + SD
1/50 0.756 0.766 0.794 0.77240.1969
1/100 0.332 0.337 0.366 0.345+0.1825
Negative control 0.066 0.064 0.061 0.0637+0.0025
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Diagram 4. The emission intensity of the [CQD-polyclonal anti- E. coli antibody] complex prepared
according to two methods 1) using glutaraldehyde 2) without glutaraldehyde. The use of EDC and NHS
linker alone caused higher emission intensity and the higher intervals of emission intensity than the use of

EDC-NHS with guctaraldehyde.
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Abstract

In this study, the possibility of using carbon quantum dots (CQD) to detect and determine the amount of antigen
to finally quantify E. coli and its toxins in food stuffs. Carbon quantum particles were produced using citric acid
and ethylenediamine. The production of the polyclonal anti- Escherichia coli antibody was carried out with
immunization of the rabbits and purification of the IgG antibodies from the hyper immune serum using ion
exchange chromatography. The production of the carbon quantum dot nanoparticles was confirmed using FTIR
and atomic force microscopy with efficiency of 67%. The validation of the carbon quantum dot coupling to anti-
bacterial antibodies was performed using EDC-NHS, the appropriate formation and stability of the complex for a
period of 6 months, was confirmed by ELISA and fluorometry methods. The addition of high concentrations of E.
coli bacteria to the complex reduced the diffusion of fluorescence emission of CQD at a wavelength of 440 nm by
stimulating at a wavelength of 350 nm. Increasing the concentration of E. coli further reduced the intensity of
emission which led to an increase in the difference between the emission of the conjugated and the control samples
with a detection limit equal to 30 CFU/mL bacteria. Based on the results of this study, the conjugation of CQD
with an antibody against a bacterium or a substance can be used to detect and determine the amount of that
bacterium or substance.
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