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This study aims to detect f-lactam antibiotics using a conjugated antibody with gold nanoparticles
(GNPs). For this purpose, the gold nanoparticles synthesized from Chinese lettuce leaf extract (as reductant)
were used for the colorimetric detection of p-lactam antibiotics (such as ampicillin, amoxicillin, penicillin G,
oxacillin, and carbenicillin). XRD, FTIR spectroscopy, TEM, and dynamic light scattering were utilized to
detect the crystallinity, to identify functional groups involved in the synthesis of GNPs, and to measure the
size of the GNPs; pH 8 and a concentration of 8.4 ug of antibody at 1 mL GNPs solution were selected as
the best pH and concentration of antibody for the conjugation of antibody with GNPs. The maximum wave-
lengths of the colloidal GNPs, conjugation of antibody with GNPs, and detection of antibiotics (from 1 nM
to 1 mM) with GNPs-PAb were recorded using a micro-volume spectrophotometer system. The results indi-
cated that the localized surface plasmon resonance spectrometer absorption wavelength of GNPs red-shifted
with increasing concentration of f-lactam antibiotics. With increasing concentration of ampicillin, penicillin
G, and carbenicillin, the wavelength of maximum changed, and after saturation of antibiotics concentration,
the curve reaches a plateau. This indicated that the antibody showed similar behavior in the detection of
these antibiotics. But regarding amoxicillin, the saturation concentration is much higher, indicating that the
antibody was more specific for its detection. In contrast, for oxacillin, saturation occurred very soon, which
demonstrated that the antibody had an extremely low detection capability for this antibiotic. Finally, the re-
sults showed that the antibody was sensitive to 1 nM of the five p-lactam antibiotics studied.

Keywords: localized surface plasmon resonance spectrometer, f-lactam antibiotics, polyclonal anti-
body of p-lactam, gold nanoparticles, conjugation.
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Ipeonooicen cerncop onst oOHapYICeHUS [-TAKMAMHBIX AHMUOUOMUKOS, OCHOBAHHBLI HA UCHOIb308AHUU
anmumel, Ce3aHHbIX ¢ Hanowacmuyamu 3onoma (HY-Au). [{ns kxonopumempuyeckozo onpedenenus f-1ax-
MAMHBIX AHMUOUOMUKOS (AMIUYULIUHA, AMOKCUYULIUHA, nenuyuiiuna G, OKCayuinuna u Kapoenuyuiiu-
Ha) 6 Kauecmee soccmanosumes 3adeicmeosanvt H4-Au, cunmesuposannvle u3 SKCmMpakma JUCmves Ku-
matickoeo carama. Memoowl penmeenosckou ougppaxyuu, UK-Dypwve-cnexmpockonuu, npoceeuusaioujelt
INEKMPOHHOU MUKPOCKONUU U OUHAMUYECKO20 PACCESTHUSL C8EMA UCNONb306AHbL OISl OOHAPYICEHUST KPU-
CMALIUYHOCIU, UOCHMUGUKAYUU GYHKYUOHALbHBIX 2pYRn, yuacmeylowux ¢ cunmese HY-Au, u uszmepenust

** Full text is published in JAS V. 88, No. 1 (http://springer.com/journal/10812) and in electronic version of ZhPS
V. 88, No. 1 (http://www.elibrary.ru/title_about.asp?id=7318; sales@elibrary.ru).
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ux pasmepa. B kauecmee naunyywiux 3nauenutl eviopaust pH 8, konyenmpayus anmumen ¢ 1 mn pacmeopa
HY-Au 8.4 mxe. C nomowpio cnekmpo@omomempa 3apecucmpuposanvl cnekmpul Kouiououvix H4-Au, an-
mumen, ceszannvix ¢ H4-Au, u anmubuomuxos (¢ xonyenmpayueii om 1 M oo 1 mM) 6 npucymcmeuu cu-
cmemvl anmumena—HY-Au. Iloxkazano, umo ¢ ygeruyenuem KOHYeHmMpayuu B-1aKkmamusvix aHmMuOUOmMuKo8
nunus noenowenuss H4-Au cosueaemcs 6 kpacuyro obracme. Ilpu yeenuuenuu KoHyeHmpayuy amMnuyuiiuna,
nenuyuniuna G u KapOeHUYULIUHA OIUHA BOJIHbL MAKCUMYMA UBMEHAEMCsl, OOHAKO NO OOCMUNCEHUU HeKO-
MOPOll KOHYEHMpayuyu aHmudUOmuKos (VPosHs HACbIWeHUs,) KPUBAas 8bIX00Um HA NAAMO, 4mo YKa3uleaem
HA IUAHUE AHMUMEN NPU OOHAPYICEHUU IMUX AHMUOUOMUKOS. [[I51 AMOKCUYUITUHA KOHYEHMPAYUs HACHL-
WeHUsl HAMHO20 8blule, Ymo YKA3bléaem Ha 0COOYI0 POib AHmumesl npu e2o 0oHapysicenuu. s oxcayuiiu-
HA HACblWeHue HACmYynaem o4elb Oblcmpo. Dmo 0eMOHCmpupyem, Ymo aumumena ooaadaiom 4pe3ebiuaii-
HO HU3KOU CHOCOOHOCIbIO 0OHApYiceHus 0anHo2o anmubuomuxa. Haruuue anmumen nossonsem ob6Hapy-
JHCUMB NAMb [-TAKMAMHBIX AHMUOUOMUKOS C YYECMEUmMeIbHOCmbI0 00 1 HM.

Knrouegvle cnosa: cnekmpomemp 10KAIU308AHHOS0 NOBEPXHOCMHO20 NIAA3SMOHHO20 pe30HaHca, f-1ax-
MmamHvle AHMUOUOMUKY, NOTUKTIOHATIbHbIe AHMUMeNd K B-1aKmamy, HaHOYACmuybl 3010Ma, KOHbI02AYUS.

Introduction. Antibiotics of the B-lactam group are part of a wide variety of antimicrobial agents used
for the treatment of bacterial infections of animals in livestock farming. B-Lactams consist of four groups:
penicillins, cephalosporins, carbapenems, and monobactams. Residual B-Lactams in food can seriously cause
allergic reactions and develop resistant strains in consumers. Also, they can cause serious economic prob-
lems for producers of milk and dairy products. For example, they decrease the acid and flavor of butter and
reduce the curdling of the milk and cause unsuitable ripening of cheese.

Antibiotics are detected using an instrumental technique such as high-performance liquid chromatog-
raphy/mass spectrometry (HPLC/MS) [1] and gas chromatography/mass spectrometry (GC/MS) [2], and
sensors based on the antibody-antigen interaction, such as enzyme-linked immunosorbent assay (ELISA) [3],
fluorescence polarization immunoassay [4], immunosensor assay [5], and UV and localized surface plasmon
resonance (LSPR) [6, 7].

In recent years, gold nanoparticles (GNPs) have been used to detect pharmaceutical samples due to their
excellent properties such as unique optical and electronic properties, biocompatibility, stability, and high ex-
tinction coefficients [7, 8—18]. GNPs can be conjugated with the antibody and used to detect antibiotics
based on the colorimetric method (absorbance intensity change or change the LSPR wavelength) [19]. The
LSPR band is produced in GNPs due to collective oscillations of free electrons. Free electrons have a natural
frequency of oscillation .When this frequency matches the frequency of incident radiation, a major LSPR
band is produced with the absorption of light. There is a direct correlation between sensitivity of antibodies
and change in intensity of absorption and the wavelength of a maximum. If the antibody has high sensitivity,
as the concentration of antibiotics increases, the absorption intensity and the LSPR wavelength change sig-
nificantly. But if the antibody has low sensitivity, the intensity wavelength does not change much. However,
to use this method, the antibody must be properly conjugated with the GNPs. Therefore, several factors such
as the amount of antibody and pH were evaluated for proper conjugation [20]. The purpose of this study is to
use antibody conjugated with the GNPs to detect f-lactam antibiotics by the LSPR technique.

Materials. Sheep polyclonal B-lactam antibody (PAb) was purchased from MyBioSource Co. (Califor-
nia, USA). Chloroauric acid (HAuCls-3H,O) was obtained from Jieding Tech Co. (Shanghai, China). The
ampicillin sodium salt, penicillin G potassium salt, amoxicillin, oxacillin sodium salt monohydrate, and car-
benicillin disodium salt were purchased from Sigma-Aldrich (St. Louis, USA). pH indicator paper and po-
tassium carbonate were obtained from Merck (Darmstadt, Germany). Phosphate-buffered saline (PBS) pow-
der was purchased from Biosera (France). The other chemicals used were of analytical grade. Distilled water
used was purified using an ultra-pure water system from Millipore Co. (Bedford, MA, USA).

Methods. Colloidal GNPs were prepared from an aqueous extract of Chinese lettuce leaves as a reduc-
ing agent. Briefly, 3 mL of Chinese lettuce leaves extract were added to 2 mM solution of AuCls - 3H,O
(pH 6) rapidly under constant stirring (100 rpm). The solution was kept at 70°C for 15 min until its color
changed to a brilliant wine-red. Then the solution was cooled at room temperature and the prepared colloidal
gold was stored at 4°C in the darkness for future use [21].

The average size and charge of the colloidal GNPs were measured by dynamic light scattering (DLS)
using a particle size/zeta potential analyzer (Zetasizer Nano ZS, Malvern Instruments Ltd., UK).

To detect the morphology of the GNPs, transmission electron microscopy (TEM) (Jeol, Tokyo, Japan, at
an accelerating voltage of 80,000 V and a magnification of 3,300,000) was used. GNPs was ultrasonicated
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for 20 min and then coated on the ultraclean carbon copper grid for analysis [16].

FTIR analysis was carried out for the identification of functional groups involved in the synthesis of GNPs
prepared from Chinese lettuce leaves extract. The freeze-dried samples of Chinese lettuce extract and GNPs
were ground separately with KBR (FTIR grade) and analyzed by FTIR Nicolet Avatar 660 (Nicolet, USA)
using transmittance mode at 4 cm ™! resolution. Then the spectra were recorded from 4004000 cm™! [22, 23].

To detect the crystallinity and the lattice properties of the GNPs, X-ray diffraction (XRD) (P Analytical,
Philips PW 1830, The Netherlands) operating at 40 kV and 40 mA was applied. It is necessary to mention
that the colloidal suspension containing GNPs was dried for 24 h by a freeze dryer [24].

To determine the effect of pH on the conjugation of PAb with GNPs, 500 uL of the colloidal gold solu-
tion was put into an Eppendorf tube, and pH of the colloidal gold from 6 to 12 was adjusted by KoCOs3. Next,
10 ug/mL of PAb was added into each tube. Then, the mixtures were gently stirred and allowed to react for
15 min at room temperature. Subsequently, 50 pL of 10% NaCl solution was added to each tube. Finally, the
absorbance of each mixture was determined at 525 nm using a micro-volume spectrophotometer [25].

To determine the effect of PAb concentration on the conjugation of PAb with GNPs, different concen-
trations of PAb (0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, and 5 pg/mL) were added to 500 pL of the colloidal gold
solution with pH 8. Next, the resulting mixtures were gently stirred and allowed to react for 20 min at room
temperature. Finally, 50 pL. of NaCl solution (10%) was added to each of the tubes, and the absorbance
of each mixture was measured at 525 nm [19].

For the evaluation of antibody conjugation with GNPs, the wavelength of a maximum and intensity
of absorption of GNPs and conjugated GNPs with antibodies was measured by LSPR. The best conjugation
occurs when there is little difference between the wavelength of a maximum of GNPs and the wavelength
of a maximum of conjugated antibody-GNPs. The large difference between the wavelength of a maximum
of GNPs and the wavelength of a maximum of conjugated antibody-GNPs is indicative of the accumulation
of nanoparticles [20, 21].

To evaluate the detection accuracy of B-lactam antibiotics based on conjugated PAb with GNPs, differ-
ent concentrations of Bl antibiotics (ampicillin, amoxicillin, penicillin G, oxacillin, and carbenicillin) from
1 nM to 1 mM were utilized. The detection criterion in this method is based on changes in the absorption in-
tensity and the wavelength using a micro-volume spectrophotometer (Nano Mabna Iranian Co., Iran) at the
wavelength range of 400-800 nm [26].

Results and discussion. DLS analysis. From the dynamic light scattering results, the estimated average
particle size distribution of GNPs and average zeta potential value were 50.4 nm and —7.89 mV, respectively
(Figs. 1 and 2). The results of this study were consistent with the results of DLS analysis of the generated
GNPs from leaf extract of Ziziphus zizyphus showed an average hydrodynamic diameter of 51.8 nm [27].
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Fig. 1. Dynamic light scattering of GNPs.
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Fig. 2. Zeta potential of GNPs.

The zeta potential (electrokinetic potential) determines the nature and the extent of the interaction be-
tween particles and liquid medium. It is an important index of the colloidal stability of liquid dispersions.
This parameter may be positive or negative, but values greater than —30 mV or +30 mV led to the good qual-
ity and stability of nanoparticles, which can be stored for a longer period. Given that the zeta potential
of GNPs was negative (—7.89 mV), they were stable at refrigerator temperature for 6 months, and no precipi-
tates and aggregates were observed in the colloid solution. The reason can be attributed to the capping
of protein biomass constituents present in the extract [28].

TEM. Figure 3 shows the images of the TEM of synthesized GNPs. The images show that the resulting
nanoparticles are almost spherical with a mean size of almost 25 nm. However, the significant differences in
the size of the nanoparticles by the two techniques of DLS (50.4 nm) (Fig. 1) and TEM can be related to the
adsorption of macromolecules and strongly hydrophilic compounds on the surface of the nanoparticles (in
DLS technique), resulting in high water sweating at the nanoparticles level; this caused the radius of hydro-
dynamics to increase [29].

XRD. Pattern of nanoparticles (Fig. 4) showed that GNPs at 38.79, 44.59, 65.05, and 78.09 have sharp
peaks, which is a factor in the synthesis of GNPs. Structural analysis shows that nanoparticles have a crystal-
line structure with Miller indexes (1 1 1), (2 0 0), (22 0), and (3 1 1) in the cubic network. Similar results
were reported for GNPs in the literature [30, 31]. By comparing the intensity of the peaks, it is clear that the
peak (1 1 1) is more intense than other peaks, as a result of which crystalline nanoparticles are further
formed in this direction. The reported peak values are also similar to the planes and face-centered cubic
structures of GNPs produced by other green synthesis processes [32]. Usually, the broadening of peaks in the
XRD patterns of solids is associated with particle size [33]. The XRD patterns, which match with the data-
base of JCPDS file No. 04-0784, show that all types of synthesized GNPs from Chinese lettuce leave extract
were of pure crystalline nature. Broader peaks signify smaller particle size and show the effects of test condi-
tions (such as pH, temperature, the concentration of AuCls - 3H,0O, etc.) on the nucleation and growth of the
crystal nuclei. The value of B is calculated using the Pert-X software and is equal to 0.0064 rad. By placing
the corresponding parameters about D = 0.9A/Bcos0, the crystal size was determined 23 nm. It is suggested
that the (1 1 1) plane is the predominant orientation, as confirmed by the results of TEM (Fig. 3).

Fig. 3. TEM images of GNPs.
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Fig. 4. X-ray diffraction spectrum of GNPs formed with the extracts of Chinese lettuce leaves.

FTIR spectra of Chinese lettuce leaf extract and the synthesized GNPs are shown in Fig. 5. Both spectra
indicate the main characteristic peaks of Chinese lettuce leaf extract at 664, 671, and 703 cm™! (C-Cl stretch,
alkyl halide), 900 and 954 cm™' (C=C stretch, alkene), 1029 and 1313 cm™' (C-O stretch, ether), 1408 and
1437 cm™' (CH2 stretch, alkane), 1659 cm™! (C=C stretch, alkene), 2076 and 2105cm™' (C=C stretch, al-
kyne), 2913 and 2997 cm™! (C-H sp3 stretch, alkane), and 3430 and 3432 cm™' (O-H stretch, phenols). As
explained in the Zeta potential section, the colloidal solutions of the GNPs were stable for 6 months at re-
frigerator temperature. Results of researches showed that the phytochemical constituents, especially alkane,
alkene, ether, and phenols groups available in the extract, protect against aggregation and thereby retain the
long-term stability of GNPs [34]. The difference in peak intensities of GNPs and extracts is nearly identical
to the results of Gopinath et al. [35].
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3432

3430 oIS

4000 3000 2000 1000 v, cm!

Fig. 5. FTIR spectrum of pure leaf extract of Chinese lettuce and reduced GNPs.

Effect of pH and PAb concentration on the conjugation of PAb with GNPs. The absorbance measure-
ment results of GNPs-PAb conjugates solutions at different pH values at pH, 6, 7, 8, 9, 10, 11, and 12
ODsys = 0.66540.035, 0.701£0.018, 0.754+0.008, 0.752+0.015, 0.753£0.021, 0.755+0.016, and 0.754+0.013,
respectively. The data are expressed as mean + standard deviation (SD) of three independent experiments.
Different letters in columns show significant (p<0.05) differences between means.

For this purpose, seven series of solutions were made at different pH (6, 7, 8, 9, 10, 11, and 12) at room
temperature, and the absorbance of solutions was measured by a spectrophotometer at 525 nm. The results
indicated that by increasing pH, the ODsys rose. The highest amount of ODsys was observed at pH 8.
No significant difference in ODsys was observed between pH 8 and pH higher than 8. Therefore, a pH of 8
was selected as the best pH for the conjugation of antibody with GNPs. The pH of the medium should be just
above the isoelectric point of the antibody for suitable conjugation [13]. In a pH of less than antibody
isoelectric pH, there is a negative charge for the protein, and conjugation does not completely occur due to
the negative charge of the nanoparticles and the repulsion between the nanoparticles and the antibodies.
Nevertheless, at pHs higher than isoelectric pH, GNPs form a stable hydrophobic solution because of
electrostatic interaction and van der Waals force that is negatively charged, called colloidal gold [32, 36].
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Thus, the positively charged antibodies and negatively charged colloidal gold solution conjugate firmly.

In the next stage, the effect of different concentrations of PAb (0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, and 5) in
the conjugation of PAb with GNPs was studied. Table 1 displays ODs2s of GNPs conjugated at different
concentrations of GNPs in pH 8. The results indicated that with increasing PAb concentration, ODs»s de-
creased. The least amount of ODsys was observed in 3.5 pg of PAb. No significant difference in ODs;s5 was
observed between 3.5 ug PAb/500 pL and higher than 3.5 ug PAb/500 pL (Table 1). Therefore, 3.5 ug
PAb/500 pL was selected as the best concentrations of PAb for the conjugation of antibody with GNPs. The
results of previous studies indicated that the optimal amount for a practical application can be adjusted to
120% of the PADb concentration minimum [25]. Therefore, a concentration of 4.2 ug of antibody at 500 puL
GNPs solution (i.e., 8.4 pg antibodies for 1 mL GNPs) is the best concentration for conjugation between the
GNPs and the antibody.

TABLE 1. Effect of PAb Concentration on Conjugation of PAb with GNPs

PADb concentration, ODsjs

pg

0 0.749+0.014%

0.5 0.724+0.003°
1 0.718+0.006"
1.5 0.709+0.007°<
2 0.705+0.016°%

2.5 0.701+0.005¢%
3 0.7+0.009%

3.5 0.69+0.001%
4 0.691+0.003%

45 0.692+0.013%
5 0.689+0.016°

N o t e. The data are expressed as mean £SD of three independent
experiments. Different letters (a, b, ¢, d, and e) in columns show
significant (p < 0.05) differences between means.

Evaluation of antibody conjugation with GNPs by LSPR. When the best pH and antibody concentration
for conjugation with GNPs were obtained, conjugation of PAb with GNPs was investigated. As described
before, the best conjugation occurs when there is a little difference between the maximum wavelength of
GNPs and that of conjugated antibody-GNPs. A large difference between the wavelengths is indicative of
the accumulation of nanoparticles [30]. Therefore, as can be seen from Fig. 6, it can be concluded that the
conjugation is well completed due to the small difference between the wavelength of a maximum of the an-
tibody (525 nm) and the wavelength of a maximum of conjugated antibody-GNPs (538 nm).

Au
Au-Antibody

LSPR Absorption, a. u.

400 500

600 700 800 A,nm

Fig. 6. The spectra of colloid gold (red line) and antibody-colloid gold conjugate (green line).
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Evaluation of the PAb-GNP sensor for the detection of f-lactam antibiotics. PAb-GNPs were used for
the detection of five B-lactam antibiotics (ampicillin, penicillin G, amoxicillin, carbenicillin, and oxacillin).
If the antibody had high sensitivity, as the concentration of antibiotics increases, the intensity of absorption
and the maximum wavelength exhibit more changes. However, if the antibody has low sensitivity, the inten-
sity and wavelength do not change much. Figure 7 shows the LSPR absorption spectra of the GNPs-PAD so-
lutions containing different concentrations of B-lactam antibiotics (ampicillin, penicillin G, amoxicillin, car-
benicillin, and oxacillin). The results indicated that when concentrations of 0.01 uM of ampicillin, 0.1 pM of
penicillin G, 1 uM of amoxicillin, 0.1 uM of carbenicillin, and 0.01 nM of oxacillin were used, the wave-
length of a maximum (Arspr) changed from 527 to 537, 531 to 539, 531 to 545, 532 to 540, and from 535 to
540 nm, respectively. This shows that the antibiotics in these concentrations cause a redshift in wavelength
due to the dipole coupling among the plasmons of the neighboring aggregated GNPs. As a result, the intensi-
ty of absorption decreases, and the peak shifts toward higher wavelengths. Also, these results showed that
antibiotic binding to an antibody increases the absorption of the wavelength of a maximum, which shows
that the antibody is sensitive to 1 nM of B-lactam antibiotics (ampicillin, penicillin G, amoxicillin, carbeni-
cillin, and oxacillin). Because of the minimal amount of antibiotics added (1 nM), the intensity of absorption
and the wavelength of a maximum changed. Meanwhile, the results indicated that wavelength of a maximum
(MALspr) increased with increasing concentration of B-lactam antibiotics from 1 nM to 1 uM (ampicillin),
1 nM to 0.1 uM (penicillin G), 1 nM to 1 uM (amoxicillin), 1 nM to 0.1 uM (carbenicillin), and 1 nM to
0.01 nM (oxacillin). With excessive increase in antibiotics concentration (1pM to 0.1 mM ampicillin,
0.1 uM to 0.1 mM penicillin G, 1 uM to 1 mM amoxicillin, 0.1 uM to 0.1 mM carbenicillin, and 0.01 nM to
1 mM oxacillin), the wavelength of a maximum does not change, which demonstrates the saturation state in
the detection of antibiotics (Fig. 8). The reason is that in high concentrations of the target molecule in the
environment, the amount of accumulation will increase. In extremely high concentrations, it will become a
vast aggregation. In other words, to increase the concentration of the antibiotic molecule in the environment,

LSPR Absorption, a. u. —-—

400 500 600 700 800 400 500 600 700 800 400 500 600 700 800 A,nm
LSPR Absorption, a. u.

1 mH

—_— 1M — —0imM
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Fig. 7. LSPR absorption spectra changes of a GNPs solution upon the addition of B-lactam antibiotics
in the concentration range of 1 nM to 1 mM (a —ampicillin, b — penicillin G, ¢ — amoxicillin,
d — carbenicillin, and e — oxacillin).
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Fig. 8. LSPR shift absorption spectra changes of a GNPs solution upon the addition
of B-lactam antibiotics (ampicillin, penicillin G, amoxicillin, carbenicillin, and oxacillin)
in the concentration range of 1 nM to 1 mM.

the amount of antibody bound to the target molecule will be greater. Consequently, the active site of anti-
body is filled and there is no empty capacity to detect antibiotic. In this state, the graph becomes saturated
and horizontal (Fig. 8). Change of wavelength peak for ampicillin, penicillin G, and carbenicillin is similar
(Fig. 8). This indicates that the antibody has a similar behavior in the detection of these antibiotics. The
wavelength of a maximum in the amoxicillin curve was compared to other 3-lactam antibiotics at higher sat-
urated concentrations. Therefore, it can be concluded that this antibody is more specific for the detection of
amoxicillin and has higher detectability. (Fig. 8). As seen in Fig. 8, oxacillin was saturated very soon and
had a horizontal mode, which indicates that the antibody has a very low detection capability for oxacillin. To
explain, the structure of the active site of the antibody is more similar to the structure of amoxicillin and, on
the other hand, the structure of the active site is less similar to the structure of oxacillin. Wang et al. [37]
showed that the wavelength of a maximum migrates significantly with increase in the concentration of kan-
amycin in the range of 10 nM to 1 pM.

Conclusions. Gold nanoparticles (GNPs)-based colorimetric sensors have attracted great attention due
to the excellent properties for the detection of residual drugs in food. In this study, GNPs conjugated with
antibody were used for the colorimetric detection of B-lactam antibiotics (such as ampicillin, amoxicillin,
penicillin G, oxacillin and carbenicillin). Structural analysis by XRD showed that nanoparticles have a crys-
talline structure with Miller indexes (1 1 1), (2 0 0), (2 2 0), and (3 1 1) in the cubic network. FTIR spectros-
copy analysis revealed that the high stability of GNPs could be attributed to the extract used as a reducing
agent in the production of GNPs. A pH of 8 and a concentration of 8.4 pg of antibody at 1 mL GNPs solu-
tion were selected as the best pH and concentration of antibody for conjugation. The LSPR wavelength of
GNPs increased with higher concentration of pB-lactam antibiotics. With rising concentration of ampicillin,
penicillin G, and carbenicillin, the wavelength of a maximum changed, and after saturation of antibiotics
concentration, the curve reached a plateau. However, regarding amoxicillin, the saturation concentration is
much higher, indicating that the antibody is more specific for the detection of amoxicillin. In contrast, the
system has a very low detection capability for this oxacillin. Also, the results showed that the antibody is
sensitive to 1 nM of the five B-lactam antibiotics studied.
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