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Abstract

In this paper, we have developed a fluorescentebased on thiazole derivative-functionalized carbo
dots (CDs-AP) for the rapid, simple, and selectegting of commonly used antibiotics tetracyclines
(TCs). Using citric acid (CA) and diethylenetriamifDETA) as precursors, CDs rich in carboxyl
groups were first synthesized, and then thiazolevaléves (AP) were covalently attached to the
surface of CDs through an amidation coupling reactiCDs-AP has high quantum yield (QY),
excellent stability and good solubility. Responsdgace methodology (RSM) and the central composite
design (CCD) were used to evaluate and optimizeofigrating parameters, including temperature,
reaction time, and pH. Under the best operatinglitimms, CD-AP shows a good linear relationship for
tetracycline (TET, an example for TCs), with a rargf 0 — 18uM and a detection limit of 0.7 nM.
After detailed research, the inner filter effedtE) was proposed as the sensing mechanism. Iri@addit
the probe has been successfully used for the detation of TET in milk samples and cell imaging for
MDA-MB-231 cells.
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1. Introduction

TCs is a broad-spectrum antibacterial drug thatresist infections such as Gram-positive and
negative bacteria, rickettsia, mycoplasma, spiretds® and parasites [1-3]. Because of its advastage
of low cost and oral administration, it has beededyj used to treat human and animal infections. The
presence of TCs in the environment may accumulatéo@ds such as meat and milk and cause
antibiotic resistance. Therefore, the large amofiitCs may pose a threat to human and animal health
such as the common tetracycline teeth. Common rdstfay the detection of tetracycline include high
performance liquid chromatography (HPLC), electerofcal analysis and colorimetric method [4-6].
However, these methods have low sensitivity, tesliptocedures, and time-consuming. The selection
of appropriate probes for fluorescence detectios e advantages of a simple, high speed and
sensitivity, so it has received widespread atteniticthe detection of antibiotics [7-9].

Compared with organic fluorescent dyes and tradfiticcemiconductor quantum dots, the low
cytotoxicity, high light stability, selectivity anslensitivity of inorganic nano carbon dots (CDskea
them more suitable for use in various fields [1Q-T%he development of fluorescent probes based on
CDs has attracted widespread attention and hasussghfor the detection of target analytes. Culyent
many analytical techniques have been establishegdban the different quenching mechanisms
between fluorophores and specific targets. The iFEaused by the absorber (that is, the quencher)
absorbing the excitation or emission light of theofophore, and the absorption band of the absorber
should overlap the excitation or emission band ha&f fluorophore. And the quenching degree of
fluorophore in IFE can be achieved by adjusting ¢bacentration of absorbent [15, 16]. Compared
with fluorescence resonance energy transfer (FR&EW) photoinduced electron transfer (PET), in
addition to the overlap between the absorption hainthe absorber (acceptor) and the excitation or
emission spectrum of the fluorophore (donor), IEEegInot need to maintain a small distance between
the quencher and the fluorophore, and no specificalent connection is required between the
fluorophore and the quencher [17, 18].

Here, we use CA as the carbon source and DETAm@t@gen source, and firstly synthesized
carboxyl-rich CDs that can be directly used fotHer surface modification by a one-step hydrothérma
method. The prepared CDs and AP are covalently dmbial form CDs-AP. The successful synthesis of
CDs-AP was confirmed by a series of characteripatitethods. Compared with CDs, the optimal

excitation wavelength of CDs-AP changed from 360tar880 nm, which overlaps with the absorption



spectrum of TCs. Therefore, TCs produced an effecliFE for CDs-AP, and the fluorescence of
CDs-AP was quenched. Because different conditioifisaffect the sensitivity of CDs-AP to TET

detection, the traditional method is cumbersomedes not consider the interaction between multiple
factors. Therefore, by CCD and RSM to optimize dle¢ection conditions such as pH, reaction time
and temperature, the best operating conditionsiébecting TET were obtained. In addition, CDs-AP

has been further proven to be useful for TET deteaif actual milk samples and cell imaging.
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detection of tetracyclines (TCs)

2. Experimental
2.1 Materialsand apparatus

CA, o-hydroxyacetophenone, 1-ethyl-(3-dimethylampiropyl) carbodiimide hydrochloride
(EDC), and N-hydroxysuccinimide (NHS) were purcltheom Shanghai Aladdin Biochemical
Technology Co., Ltd. DETA, thiourea, glutathioneSi&), L-cysteine (Cys), homocysteine (Hcy),
tyrosine (Tyr), glucose (Glu) and urea were pureldafsom Tianjin Damao Chemical Reagent Factory.
TET, aureomycin hydrochloride (CTE), oxygen tetidimye (OXY), erythromycin (ERY), cefotaxime
(CEF), ciprofloxacin (CIP), amoxicillin (AMX), anahloramphenicol (CHL) were purchased from
Shanghai Maclean Biochemical Technology Co., LtHe Tnilk was bought from a supermarket in
Tianjin. All experimental drugs and reagents areaaflytical grade, and experimental water is
ultrapure water.

A fluorescence spectrum was made on a Hitachi B4firescence spectrophotometer. The

ultraviolet-visible (UV-vis) absorption spectrum svaneasured on a TU-1901 dual-beam UV-vis



spectrophotometer. Fourier Transform Infrared (RT$pectra were collected on a VECTOR-22 FT-IR
spectrophotometer; X-ray photoelectron spectros¢¥®8) has been studied by an EDAX GENESIS
spectrometer. Transmission electron microscopy (JTBMsls performed on a JEOL-2010F type TEM.
The fluorescence lifetime was recorded on a FLSI0@oluminescence spectrometer.

2.2 Preparation of CDs

CDs are synthesized by a one-pot hydrothermal rdetinoshort, CA (1.73 g, 7 mmol) and DETA
(235 pL, 2.33 mmol) were dissolved in 30 mL of afture water and sonicated for 10 min until
completely dissolved. Then, the solution was tramefl to a 50 mL polytetrafluoroethylene-lined
reactor, and the temperature was raised to 1800f@ th after preheating at 100 °C for 2 h. After
cooling to room temperature, remove large insolyaéicles through a 0.22 um filter. The reaction
mixture was then diluted with ultrapure water, amdeacted small molecule matter (MW = 3500 Da)
was removed by dialysis for 48 h. Finally, the soitvwas evaporated under reduced pressure to obtain
1.02 g yellow solid CDs.

2.3 Synthesisof AP

According to  the previously  reported method  for  thesynthesis  of
2-(2-amino-1,3-thiazol-4-yl)phenol (AP)[19]. As sk in Figure S1, thiourea (3.45 g, 0.045 mol),
iodine (5.7 g, 0.045 mol), and o-hydroxyacetophen(h607 g, 0.03 mol) were dissolved in 40 mL of
methanol was placed in a three-necked flask antetiend stirred at 90 °C for 30 min. After that, 5
mL of a 30% HO, solution was added dropwise to the front mixtairej the mixture was continuously
heated for 4 h at 90 °C. When the reaction was tetep30 mL of hot water was added to the mixture,
and it was stirred at a constant temperature fomB0 and the insoluble sulfur was filtered whileth
The mixed solution was then extracted with ethet e aqueous layers were combined. A certain
amount of ammonia was added to the solution tosadhe pH to 8.0. The resulting insoluble white
precipitate was filtered by suction and dried undecuum. The resultant product was then
recrystallized from an ethanol solution to obtald @.66 g, 28.5 %, Melting Point;: 139-140 °C).

2.4 Preparation of CDs-AP

CDs are conjugated to AP via an EDC/NHS reactides@ve 0.4 g of CDs in 20 mL of absolute
ethanol and adjust the pH to 6.8, then add 0.32 gnhol) of EDC, stir for 30 min at ambient
temperature to activate the carboxyl groups orsthiéace of the CDs, and then add 0.12 g (1 mmol) of
NHS and 0.3 g of AP, protected from light and stirfor 48 h. After that, the solvent in the mixture
was removed using a rotary evaporator, and theirmmtamixed product was dissolved with a
developing agent of Ci€l,: CH;OH = 20: 1, and separated by column chromatograipimally, the

solvent was removed by rotary evaporation and dinedacuum at 60 °C for 6 h to obtain 0.08 g



CDs-AP.Take 0.05 g of product into a 25 mL volumetric Kasd make up to volume with HEPES
buffer (10 mM, pH 7.0) to obtain a 2 mg fhICDs-AP stock solution.

2.5 Experimental design

In RSM, CCD is a commonly used experimental desgnmodeling and optimization. This
method can find the best experimental conditiondeuarthe interaction of pH, reaction time and
temperature [20-23]. In this experiment, we hopéird out the optimal conditions for detecting TET
by the probe CDs-AP under the conditions of difféngH, reaction time and temperature by CCD and
RSM. In order to minimize the influence of non-aohtvariables, 16 random experiments were
choosed (Table 4-1). Then according to Fishertsgtal analysis, the results obtained are analyze

analysis of variance. The relation between resp{f$g) and detection variables is as follows:
Fi = +6.32 - 0.22X1 + O.4’X2 - 0.1X3 + 0.032X1X2 +O.14X1X3
0
+0.X% X5 —1.48¢2 —0.12¢2 Q)

Where X, X, and X are pH, reaction time and temperature, respegtivel

2.6 Fluorescence detection of TET in HEPES buffer solution

TET was detected in HEPES buffer (10 mM, pH 7.0jcatm temperature. First, 2 mg fhlof
CDs-AP stock solution and 2x£@nol L™ of TET and other analytes stock solution were areg with
HEPES buffer. Then add 100 uL of the CDs-AP staakiteon and different volumes of TET stock
solution to a 10 mL volumetric flask, and make awolume with HEPES buffer. The test solution was
shaken for 1 minute and then left at room tempeeator 30 min. Finally, the fluorescence response
was recorded using a fluorescence spectrometer. ekb#ation wavelength is 380 nm, and the
excitation and emission slit widths are both 2.5 Sw®lective experiments were performed by adding
200 pL of other analytes and 100 pL of CDs-AP steolution to 10 mL of HEPES buffer. The
detection procedure was the same as above.
2.7TET assay in real milk samples

The sample was processed according to the methagf@mence[24]: 5.0 mL of milk was
accurately measured and placed in a 15 mL cengifiulpe, and then 2.0 mL of a 300 g / L
trichloroacetic acid solution was added thereto simaken sufficiently. After that, centrifuge at 500
rpm for 10 minutes. Take the supernatant and lstaihd for 5min, then filtered through a 0.45 pm
aqueous cellulose acetate filter, and the filtrages collected for later use. The detection procdss
TET in milk samples is: under the optimal conditiptake 100 pL of 2 mg miof CDs-AP mother

liquor into a 10 mL volumetric flask, and then aadtertain concentration of TET solution and the



20-fold diluted milk supernatant (0.5 mL), and malgeto volume with HEPES buffer and shake up.
After resting for 15 min, the relative fluorescence isignof the solution was measureden the
excitation wavelength was 380 nm.
2.8 Fluorescenceimaging in MDA-MB-231 cells

The toxicity of CDs-AP on MDA-MB-231 cells was euvated by MTT assay. The cells were
added to RPMI 1640 medium containing 10 % fetalib®werum and they were incubated at 37 °C
with 5 % CQ for 24 h. Then, add different concentrations ofsS&P (0 — 3 mg mL}) and incubate for
24 h. The cell viability was calculated accordinghis equation: cell viability (%) = absorbancettoé
experimental group/absorbance of the blank cogt@lp x 100 %.

Add 2 mg mL! of CDs-AP solution to the medium and incubate WtBA-MB-231 cells at
37 °C for 4 h, then add 18V TET and incubate for 30 min. The cells were walsBdimes with PBS
buffer solution, and fluorescence imaging of thdlscevas obtained by laser scanning confocal
microscope, in which the emission intensity of CABwas recorded under 380 nm excitation.
3. Resultsand discussion

3.1 Characterization of CDsand CDs-AP

In order to prove the successful synthesis of CPs-the morphology and size of CDs and
CDs-AP were characterized by TEM. The TEM, HRTEM grarticle size distribution histograms of
CDs and CDs-AP are shown in Figure 1. In the TEMgas, CDs and CDs-AP are almost uniform,
monodisperse, and nearly spheriddRTEM images show that the lattice spacing of kisth.23nm.
The particle size distribution histograms show that average particle diameters of CDs and CDs-AP
are 3.0 nm and 3.2 nm, respectively. The resultsved that the morphology of CDs did not change

significantly after AP functionalization, while tlsze of CDs increased slightly.
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Figure 1 TEM images of CDs (A), CDs-AP (B), the inset is tgresponding HRTEM; Particle

size distribution histogram of CDs (C), CDs-AP(D)

FTIR, XPS and Zeta potential results further conéid the successful combination of CDs and AP.
The -COOH on the surface of CDs is activated by EID@ NHS and reacts with the amino group on
the AP, so that CDs are covalently connected toAfRgéhrough an amide bond. The FT-IR spectra of
AP, CDs and CDs-AP are displayed in Figure 2 (A)e Btrong bands at 3100 ¢ni650 crt, and 675
cmi' in the AP spectrum are attributed to the charistiempeaks of -NK C=N, and C-S, respectively.
The peaks at 3498 ¢hrand 1705 ci in CDs are due to the stretching vibrations of Gl C=0.
After AP modification, the characteristic absorptisand of C=0 at 1705 ¢hin CDs moved to 1650
cm?, and the C-S characteristic band appeared at Bi7525]. These results indicate that there is an
amidation reaction between CDs and AP. The XPStspacof CDs-AP in Figure 2 (B) shows the
characteristic peak of,sat 163.4 eV, which can also confirm the successyulthesis of CDs-AP.
After dividing the peak of §, it was found that the characteristic absorptieaks of &1, and Sy
corresponded to 163.0 and 164.1 eV, respectivayuré 2 (D), (E), (F) and (G), (H), (I) are
high-resolution XPS spectra of CDs and CDs-AR ®l;s and Qs respectively. In addition, zeta
potential was used to further verify the generatdriCDs-AP. As shown in Figure S2, due to the
presence of many -COOH on the surface, the zetanpat of CDs is -14.51 mV. The amide bond

formed by the modification of AP on the surfaceCiiis changed the Zeta potential of CDs-AP to -6.73
mV.
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Fig 2 (A) FTIR spectra of CDs, AP and CDs-AP; (B) XP&djpa of CDs and CDs-AP; (C}3pectra

of CDs-AP; (D), (E), (F) and (G), (H), (I) are. £N;s and Qs spectra of CDs and CDs-AP, respectively

In order to study the optical properties of CDs a&bs-AP, the fluorescence and UV-vis
absorption spectroscopy were characterized. Thevig\#gbsorption spectra of CDs, AP, and CDs-AP
are observed in Figure 3 (A). CDs has a typicabgii®n band at 350 nm, which is related to the n-
transition of C=OThe absorption peaks of AP are observed at 21323a8cm, attributing to the-n*
transition of C=C and the x* transition of C=N, respectively [26]. After coalt coupling, a common
characteristic peak of CDs and AP was observeldrnJ\-vis absorption of CDs-AP. Among them, the
peak at 210 nm corresponds to the maximum absarpfiéAP at 215 nm, and the peak at 370 nm is
due to the red shift caused by the™transition of CDs at 350 nm, which also indicathat AP was
successfully modified on the surface of CDs .

The fluorescence spectra of CDs as shown in FigufB). When the excitation wavelength is
changed, the emission peaks of CDs show excitétid@pendent fluorescence characteristics. When
the excitation wavelength is 360 nm, CDs have thengest fluorescence emission at 442 nm. As
displayed in Figure 3 (B), the fluorescence emissipectra of CDs-AP at an excitation wavelength
from 330 nm to 430 nm. CDs-AP has the fluoresceste@racteristic that excitation determines the
emission. When the excitation wavelength is 380 thm,optimal fluorescence emission wavelength is

488 nm. Taking quinine sulfate as the referencefltlorescence QYs of CDs and CDs-AP were 51.2 %



and 44.7 %, respectively. Figure 3 (D) shows theesponding emission wavelengths of CDs and
CDs-AP when the excitation wavelength is from 340 t® 400 nm. The inset in Figure 3 (D) is a
fluorescent image of CDs and CDs-AP dispersed iRBEE buffer under sunlight and ultraviolet light.

CDs showed strong blue emission, and CD-AP showesldreen fluorescence.

A —ar B —310nm
—Cbs ~—320nm

——CDs-AP 800 /\\ —330nm

——340nm

\ —— 350nm

360nm
——370nm
——380nm

Absorbance (a.u.)
Intensity (a.u.)

= 390nm
~——400nm

200 3% 55 A s P 350 400 450 500 550 600 650
Wavelength (nm) Wavelength (nm)
y 330nm 04 —=—CDs
10001 € 340nm 1D —o—CDs-AP
/ 350nm E ol
3 z
= 480
e H] .
z £ - (
g &
g z
= £ 4601
= Z
2
g 4504
= .___.——.—.—r”/‘
440

400 450 500 550 600 650 340 350 360 370 380 3% 400

Excitation Wavelength
Wavelength (nm) xcitation Wavelength (nm)

Fig. 3 (A) UV spectra of CDs, AP and CDs-AP; (B) Fluoresce emission spectra of CDs; (C)
Fluorescence emission spectra of CDs-AP; (D) Limartcof CDs and CDs-AP emission wavelengths
at different excitation wavelengths. Inset: fluaesce photography of CDs (left) and CDs-AP (right)

under UV lamp

3.2 Optimization of detecting conditions
The optimal conditions of CDs-AP for TET detectiware evaluated by CCD and RSM [133-134].

In this method, analysis of variance can find twt factors that have a significant impact on thealc
analysis and their interactions. The P value in&&2 is less than 0.05 and the F value is greélager
0.05, indicating a remarkable model correlationdaetn the detection variables and J~/R addition,
the Conformance between the correlation coefficRnt 0.9755 and the adjusted R 0.9676 can
explain the huge correlation between the experiatatata and the empirical model, which also shows
that the model can effectively predict the response

The relation between the predicted and real vatlidhe model can be seen from Figure 4 (A).
The real data are linearly distributed, which iadés that the model established in the experimasit h

enough consistency and stability with the actuahd&he normal probability plot of the residuals is



shown in Figure 4 (B). The residuals in the figfak approximately on a straight line, which indies
that the errors of this experiment are normallytrifisted. The relationship between the irregular
residuals and the number of trials (Figure 4C) shiwat the experimental model can correctly present
the actual data. Therefore, the model is feasie&signing the detection conditions of the preces
Figure 5 shows the response to the fluoresceneasity of CDs-AP under the influence of one
factor remaining constant and the other two factémmong them, 1, 0.5, 0, -0.5, and -1 in turn
represent the pH: 3, 5, 7, 9 and 11, the time,i§, @0, 15 and 20, and the temperature is 5, 3532
and 45 ° C. The abscissa represents temperatureapti time, and the ordinate represents the
difference between the fluorescence intensity o6@P and the fluorescence intensity after adding
TET under the corresponding conditions. Figure bdAd (B) depict the effect of temperature on the
response value. It can be analyzed from the fithaethe quenching degree of CDs-AP increases first
and then decreases withe increase of temperature, and25s the best detection temperature. The
response surface affected by reaction time is shawsigures 5 (B) and (C). When the reaction time
was 10 min, the fluorescence response was the $@stp min is the optimal detection time. This
shows that CDs-AP can respond quickly to TET. THece of TET on the quenching degree of
CDs-AP in the pH range of 3 — 11 as shown in Figlir¢A) and (C). The optimal response pH is about
7.0. Therefore, when the temperature is 25 °Ctithe is 10 min, and the pH is 7, the best detection

conditions for the following experiments.
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3.3 Fluorescence detection of CDs- APto TET

In the optimum operating conditions, the fluoreseeresponse of CDs-AP to TET was detected.
The fluorescence intensity ratio (gY#s used to reflect the fluorescence change befodeafter adding
TET, where k is the fluorescence intensity of pure CDs-AP sotytand F is the fluorescence
intensity of CDs-AP solution after adding TET. Asosvn in Figure 6 (A), with the increase of TET
concentration, the fluorescence intensity of CDs-uiler 380 nm excitation gradually decreases.
There is a good linear relationship betweeny@Rd TET concentration in the range of 0 — 18 uM
(inset in Figure 6A). The linear regression equatie F/k, = -0.0349[TET] +0.9638, and the
correlation coefficient Ris 0.993. According todk, the detection limit of TET for CDs-AP is 0.7 nM
Compared with other reported fluorescence sensorsdétecting TET, CDs-ARlisplays better
sensitivity, wider linear range and lower limitadtection for TET(Table 1).

In order to study the selectivity of CDs-AP for TEWe further examined the fluorescence
response of dierent kinds of antibiotics (including TET, CTE, OX&RY, CEF, CIP, AMX and CHL)
and some coexisting potentially interfering subsésn(including N§ K*, C&*, Zr**, Fé*, Mg**, GSH,
Cys, HCy, Tyr, Glu, urea) to CDs-AP. As shown imgite 6 (B), the introduction of TET, CTE and
OXY (all belong to TCs) caused a significant deseeim the fluorescence intensity of CDs-AP, and the
fluorescence intensity of CDs-AP did not changeerafadding other substances of the same

concentration. These results indicate that CDs-a#ehgood specific fluorescent response to TCs.



1000

800

600

400+

Intensity (a.u.)

400 450 500 550 600 650 0.0
Wavelength (nm) BEEEEE S8 .ty E gl

Fig 6 (A) The fluorescence spectra of CDs-AP in the preseof different concentration of TET. Inset:
the linear relationship of FfFand TET concentration (0 — 18); (B) The fluorescence response of

CDs-AP in the presence of TET and other analytes.cbncentration of all analytes wasd.

Table 1. Comparison of the reported fluorescence prob#s @Ds-AP for TET detection

Probes Detection range Detection References
(uM) limit (nM)
HMIP@CDs 0.0225 — 0.45 6.96 [27]
g-CoN,-CdS 0.01-0.25 5.3 [28]
GQDs-Ed* 0-20 8.2 [29]
NIR-CDs 0.01-0.2 0.5 [30]
CDs 10 - 400 6000 [31]
Eu-MOF 0.05-160 17 [32]
MIPs@rCDs/bCDs@Si9 0-0.05 1.19 [33]
CDs-AP 0-18 0.7 This work

3.4 Detection mechanism of CDs- APto TET

IFE usually occurs between the quencher and tterdhhore because the quencher absorbs the
excitation or emission light of the fluorophorethre detection system. Effective IFE requires that t
absorption band of the quencher overlaps with tkatagion or emission band of the fluorophore
[34].Therefore, choosing the right quencher andrfiphore is very important in IFE. As shown in Fig.

7 (A), TET has a broad absorption peak around 20400 nm. However, the optimal excitation
spectrum of the modified CDs-AP in the range of 300425 nm can overlap with the absorption
spectrum of TET in a large area. Therefore, TETstdald the excitation light of CDs-AP, resulting i

the fluorescence quenching of CDs-AP.



In order to prove that the fluorescence quenchihgCBs-AP by TET is through IFE, the
time-resolved fluorescence spectra of CDs-AP and-8P and TET system are shown in Figure 7 (B).
In the absence of TET (black curve), the fluoresedifetime of CDs-AP is about 11.96 ng € 1.117).

In the presence of 20 pM TET (red curve), the #soence lifetime of CDs-AP is 11.48 pé ¥ 1.097).
The fluctuation of the two is less than 1 ns, texsluding the mechanism of dynamic quenching and
FRET. The almost unchanged fluorescence lifetinwicates that there is no interaction between
CDs-AP and TET in the excited state, but is caumesimply absorbing the excitation light of CDs-AP

[35]. Therefore, we can confirm that the mechanfienCDs-AP to detect TET is IFE.
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Fig 7 (A) The maximum excitation spectrum of CDs-AP and\is absorption spectrum of TET. (B)

The fluorescence decay curves of CDs-AP beforeafted adding TET (148M)

3.5 Detection of TET in real milk samples

Since no TET was detected directly in the milk sEwhich indicates that TET was qualified in
the milk examined. Next, we performed fluorescedetection by adding different amounts of TET to
milk samples. Table 2 shows the results of the exm@mt. The recoveries were in range of 98.5 to
104.0% with RSD ranging from 2.2% to 4.1%. Thisadseptable for the quantitative analysis of TET
in actual milk samples. Standard addition expertsef TET in milk samples show that CDs-AP has

the potential to detect TET in actual samples.

Table 2. Analytical results of TET in spiked milk samplessbd on CDs-AP

Samples Measured Added Found Recovery RSD*




(M) L) (M) (%) (%, n=3)

1 ND* 2.00 1.97 98.5 2.2
2 ND* 4.00 4.16 104 0 4.1

3 ND* 6.00 6.09 101.5 2.4
4 ND* 8.00 7.98 99.8 3.2

ND*: not detect.

3.6 MDA-MB-231 cellsimaging of CDs-AP
We used the MTT assay to study the toxicity of GiBs-on MDA-MB-231 cells. As shown in

Figure S3, when the concentration of CDs-AP reaghesy mL’, the cell activity is still greater than
80 %, which indicates that CDs-AP has low toxidityMDA-MB-231 cells. Due to the low toxicity
and good biocompatibility of CDs-AP, we further doted MDA-MB-231 cell imaging experiments.
Figure 8C shows that after adding CDs-AP, MDA-MBE22Ils emit obvious blue-green fluorescence.
After the addition of TET, the blue-green fluoresce is almost quenched (Figure 8D). This indicates

that CDs-AP can enter the cell and exert its ahititrespond to TET.

Fig 8 (A) Bright field confocal images of MDA-MB-231 dslincubated with 2 mg mt.CDs-AP; (B)
Bright field confocal images of MDA-MB-231 cellsdnbated with 2 mg mt CDs-AP and 1§:M
TET ; (C) Black field confocal images of MDA-MB-23klls incubated with 2 mg miLCDs-AP; (D)

Black field confocal images of MDA-MB-231 cells imsated with 2 mg mt CDs-AP and 1§M



TET

4. Conclusion

In this study, we first used CA and DETA as rawenats to prepare CDs rich in carboxyl groups
on the surface by a simple solvothermal method. -BPswas then obtained by EDC-activated
amidation coupling reaction. Their successful sgath was characterized by TEM, XPS, etc., and the
fluorescence and UV spectra of CDs and CDs-AP wardied. Compared with the original CDs, the
excitation wavelength of CDs-AP can fully overlapetabsorption spectrum of TCs, so that TCs
guenches the fluorescence of CDs-AP through IFE. ddntral composite design (CCD) evaluates and
optimizes the operating parameters during the ktgpe process. Under the optimal operating
conditions, this highly stable fluorescent nanogrdGDs-AP) is used as a specific detection of TET.
The detection limit is 0.7 nM in the linear randeT&T concentrations from 0 — 18 uM. In addition,
because the probe has high selectivity for TCslawdoxicity to MDA-MB-231 cells, it can be used
for the detection of TET in actual milk samples asch fluorescent imaging agent.
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Highlights

1. Functionalized carbon dots of thiazole derivatives (CDs-AP) was used as the nanoprobe for the
detection of tetracyclines (TCs) based on IFE.

2. Response Surface Methodology (RSM) based on the central composite design (CCD) was used to
evaluate and optimize the operating parameters of tetracycline (TET, an example for TCs)
detection.

3. CDs-AP was successfully applied for the detection of TET in milk samples and cell imaging for

MDA-MB-231 célls.
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