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An automated immunosensor for the rapid and sensitive analysis of penicillin type -lactam antibiotics
has been developed and optimized. An immunogen was prepared by coupling the common structure
of the penicillanic -lactam antibiotics, i.e., 6-aminopenicillanic acid to keyhole limpet hemocyanin.
Polyclonal antibodies raised in rabbits after immunization with this conjugate have been applied for
the development of a competitive fluoroimmunoassay (FIA), using a novel fluorescent penicillin
{[2S,5R,6R]-3,3-dimethyl-7-0x0-6-[(pyren-1lylacetyl)amino]-4-thia-1-azabicyclo[3.2.0]heptane-2-car-
boxilic acid, PAAP} as the tracer and penicillin G as the reference antibiotic. Protein A/G covalently
bound to an azlactone-activated polymeric support was used for the orientated capture of the
antibody—antigen immunocomplexes. Upon desorption from the immunosupport, the emission signal
generated by the PAAP—Ab complexes is related to the antibiotic concentration in the sample. The
50% binding inhibition concentration of penicillin G standard curves was at 30 ng mL~! with a detection
limit (10% binding inhibition) of 2.4 ng mL~! and a dynamic range from 6.0 to 191 ng mL~* (20—80%
binding inhibition) penicillin G. The generic nature of the antiserum was shown by good relative cross-
reactivities with penicillin type g-lactam antibiotics such as amoxicillin (50%), ampicillin (47%), and
penicillin V (145%) and a lower response to the isoxazolyl penicillins such as oxacillin, cloxacillin,
and dicloxacillin. No cross-reactivity was obtained for cephalosporin type p-lactam antibiotics
(cephapirin), cloramphenicol, or fluoroquinolones (enrofloxacin and ciprofloxacin). The total analysis
time was 23 min per determination, and the immunoreactor could be reused for more than 200 cycles
without significant loss of activity. The immunosensor has been successfully applied to the direct
analysis of penicillin G and amoxicillin in spiked influent and effluent sewage treatment plant water
samples with excellent recoveries (mean values for penicillin G and amoxicillin, 99 and 105%,
respectively). Results displayed by comparative analysis of the immunosensor with a chromatographic
procedure for penicillins showed excellent agreement between both methods.

KEYWORDS: p-Lactam antibiotics; penicillins (PENSs); fluorescent immunoassay; environmental analysis,
wastewater analysis

INTRODUCTION discharge of aquaculture products, the excretion in urine and
feces, and the wash off of topical treatments of livestock

use in lakes and streams throughout the world has raised ananimals. Antibiotics concentrations in the aquatic environment,

increasing concern due to the toxicity of these drugs for aquatic SEWage treatment plants (STP), furface, ground, and drinking

organisms and the emergence of resistant bacterial strhins ( Water are in most cases in the ng'irange (4), although none

3). Important routes of entry into the environment are the direct ©f them have been included in the list of priority and hazardous
substances of the water framework directive of the European
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Figure 1. Chemical structure and acronyms of the investigated penicillins (1-8), PAAP (9), and 6-APA acid (10).

practice and are the major contaminants in ground and surface The instability of thes-lactam ring is also a major drawback
waters. The common structure of natural and synthetic penicil- in the preparation of fluorescent penicillin analogues. These
lins is ap-lactam ring fused to a thiazolidine ring that binds to  fluorescent derivatives have been described in the literature for
transpeptidase and inhibits peptidoglycan synthesis in bacterialthe study of penicillin-binding proteins to monitor the enzymatic
cell walls. activity of p-lactamases or for chromatographic analysis.
Current methods applied for the determination of these However, in most cases, these compounds are difficult to
antibiotics in water and manure samples are mostly based onsynthesize and purify, are expensive, and/or present short Stokes
high-performance liquid chromatography (HPLC) tandem mass shifts (25—27). To our knowledge, up to now, fluorescent
spectrometry (MS) detection (B). These methods, although penicillins have not been used in immunosensing.
robust and well-established, are time consuming and expensive Heterogeneous phase immunosensors in combination with
and require specialized instrumentation. Moreover, in some flow techniques (2829) are useful tools for automation and
cases, the chemicals and toxic solvents required for the analysissombine the sensitivity and selectivity of immunoassays with
may be even more contaminating than the antibiotics themselvesthe accuracy and simplicity of the flow metho@9¢32). Direct
(9). Additionally, chromatographic methods usually require flow-through solid phase fluorescence immunosensors can be
extensive sample preparation and cleanup and should becarried out in different formats8@). In one approach, the analyte
restricted to confirmatory purposes only (10). and a constant amount of labeled derivative compete in solution
Microbial inhibitor tests, enzymatic assays, enzyme immuno- for the antibody binding sites. After competition, the immuno-
assays, and receptor assays are the basis of several commerciagbmplexes are selectively retained on a polymer sorbent
screening tests used for the analysis of these antimicrobials incovalently bound to protein A/G and packed into a reactor, and
food samples (1112), but their application to environmental after the application of a desorbent solution, the fluorescence
samples has been very limitetil( 13—15). The advantages of of labeled immunocomplexes eluted from the sorbent is
immunochemical techniques include their reliability, low cost, measured and related to the analyte concentration in the sample.
speed of analysis, ease of use, portability, selectivity, and The application of the desorbent solution allows the regeneration
sensitivity (L6). Moreover, they usually require little sample of the support generally without affecting its binding charac-
preparation. teristics. This format has advantages in comparison with other
A broad spectrum of commercial polyclonal and monoclonal Sensing ones. Mainly, it is possible to use the same reagents
antibodies against antibiotics has been developed in the pas€mployed in microtiter plate formats avoiding the synthesis of
years, but in the case of penicillins, the production of suitable, special reagents, the desorption of the captured immunocom-
group specific, and sensitive antibodies has appeared to bePlexes is very easy and effective, and the active working life of
difficult (17). One of the major problems is associated to the the immunosupport reaches a reusability of hundred of cycles.
chemical reactivity of thes-lactam ring toward nucleophiles A similar flow injection immunoassay, using amperiometric
that makes it difficult to obtain antisera against the active form detection, was described by Meyer et @4) and Zhi et al.
of the antibiotics. With some exceptions8), the optimized  (35) for the detection of cephalexin, one of the cephalosporanic
immunoassays are either highly specific, present a low sensitiv- BLAS.
ity, or low cross-reactivities (1924). We have chosen to prepare This paper describes the development of a flow-through
an immunogen by coupling 6-aminopenicillanic acid (6-APA), fluoroimmunosensor for the determination of penicillin G in
the structure common to the penicillanic BLAs, to the carrier wastewater samples. The immunosensor is based on the
protein keyhole limpet hemocyanin (KLH). The aim was to competition of the antibiotic with a novel labeled fluorescent
induce a generic antiserum recognizing several members of theanalogue, [35R 6R-3,3-dimethyl-7-oxo-6-[(pyren-1lylacetyl)-
penicillanic BLAs. amino]-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxilic acid, ab-
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Figure 2. Scheme of the automated flow injection set up used for the measurements.

breviated as PAAPHigure 1) (36), for the binding sites of a Polyclonal Antibodies (PAbs) against 6-APA (Lot R543je
polyclonal antibody raised against 6-APA. Several parameters synthesis of the immunogen was done by covalently linking 6-APA to
affecting the immunosensor performance have been optimizedKLH through an activated carbodiimide coupling. Thereto, the carrier
such as the assay pH, the size of the reactor, the concentratiofProtein was preactivated with succinic anhydride in order to introduce
of antibody and tracer, the flow rate, the nature of the more potential coupling sites and reduce the change of creating protein
immunosupport, the tem’perature, and tf,le incubation time for cross-links. The actual conjugation reaction between the protein carboxy

. . . . group and the amino group of tifelactam was then performed using
the immunological reaction and the concentration of the enzyme,the water soluble carbodiimide reagent EDC. To preactivate the carrier

substrates. The immunosensor has been applied to the analysigyotein, 5 g ofN-hydroxy succinimide (43 mmol) and 4.35 g of succinic
of _pen|C|II|n G and amoxicillin in wastewater samples_ and  anhydride (1 equiv) were dissolved in 30 mL of dichloromethane. A
validated by a chromatography method optimized previously 7.2 mL amount of triethylamine (1.2 equiv) was added, and the reaction

(37). mixture was stirred fo3 h atroom temperature. It was diluted with 50
mL of ethyl acetate and transferred to a separator funnel. The organic
EXPERIMENTAL PROCEDURES phase was washed twice with 25 mL of ice-cold 1 N HCI, dried over

) . . sodium sulfate, and concentrated under vacuum. A 1 g amount of an
Reagents and Materials. Penicillin G potassium salt (PENG) ¢ \yhite solid was obtained that was used without further purification.
(95.7%), amoxicillin anhydrous (AMOX) (87%), ampicillin trihydrate 5 200 mL amount of a 10 mg/mL stock solution of KLH in PBS (pH
sodium salt (AMPI) (86.6%), penicillin V' potassium salt (PENV) 7y a5 transferred to an eppendorf vial, and 800 mL of PBS was added
(93.7%), oxacillin sodium salt monohydrate (OXA) (92.8%), cloxacillin ] give a final volume of 1 mL. NHS-succinate was dissolved in
sodium salt monohydrate (CLOX) (91.8%), dicloxacillin sodium salt dimethyl formamide prior to the conjugation to give a 10 mg/mL
monohydrate (DICLOX) (92.2%), nafcillin sodium salt monohydrate solution, and 60 mL was added to the protein solution. The reaction
(NAFCI) (87.9%), chloramphenicol sodium salt (CLOR), cephapirin mixture was vortexed and left at room temperature for 45 min. Another
sodium salt (CEPH), and 6-APA (96%) standards were purchased from 60 mL of the same NHS-succinate stock was added, and the reaction
Sigma (St. Louis, Mo). Enrofloxacin (ENRO) (99.7%) and ciproﬂoxa_cin mixture was vortexed and left for another 45 min at ro’0m temperature.
(CIPRO) were from Bayer AG (Leverkusen, Germany). Stock SOlUtions ¢ sq1tion was transferred to a Biomax concentrator (Millipore, cutoff

for penicillins were prepared in ultrapure water (0.8 ¢)Land st_ored 30000) and concentrated by centrifugation (30 min, 30@0C). A 1

at 4 °C no Iong_er than 2 weeks. PENG standard_ solutlons fpr mL amount da 5 mM MESbuffer (pH 5) was added, and the solution
Immunoassay cal_|brat|_on purposes were prepared daily upon dilution was centrifuged once more. This was repeated twice to afford complete
of the stock solutions in phosphate buffer (20 mmot,LpH 8.0). buffer exchange. The protein solution was taken up in 1 mL of MES

Acetonitrile (ACN) and methanol (MeOH) (HPLC grade) were b . . . . . )
: ) . ; - uffer for the conjugation reaction. The aminoglycoside was dissolved
provided by SDS (Peypin, France), and trifluoroacetic acid (TFA) in the same buffgergto give a 10 mg/mL stockg golution and 200 mL

(HPLC grade, 99%) was from Fluka (Buchs, Switzerland). Water was A ! - -

I TR L ' was added to the protein solution. EDC was dissolved in the same buffer
purlfle_d with a Milli-Q system_ (Millipore, Bedford, MA). .A” other to give a 10 mg/mL stock solution (freshly!), and 200 mL was added
chemicals used were of analytical reagent grade. All solutions prepared . . - ; ; -

- to a solution containing both protein and aminoglycoside. The reaction
for HPLC were passed through a 0.461 nylon filter before use. .
mixture was vortexed and kept at room temperature for 2 h. It was
Immunoreagents. Pyrene-Labeled BLA Analogue (PAAP)he ) . -
transferred to a Biomax concentrator and concentrated by centrifugation

fluorescent antlgen' was prepared from 6-APA and the supcmlmldyl (30 min, 300@, 4°C). A 1 mL amount of PBS (pH 7) was added, and
ester of pyreneacetic acid in acetone/water/Nakl@@er the mixture : . ) .
the solution was centrifuged once more. This was repeated twice to

was stirred overnight, the acetone was removed under reduced Pressurec. o - omplete buffer exchange. The protein solution was diluted with
and the agueous mixture was subjected to repeated extraction with P ge. P

diethyl ether in order to remove the unreacted succinimidyl ester. Then, Zr?dst;[g(?s“t/:r?n'lergt?ér:sl_ iﬂgﬁgg&nﬁ: W::tii zfgrﬁsngfg Jg;mu;ne%nﬁﬂgﬂ ¢
the aqueous phase was brought to pH 2.5 with 10% phosphoric acidf h i Jt' : 9

and extracted several times with diethyl ether. The combined extracts urther .purl cation. o - )

were dried over anhydrous magnesium sulfate. After the drying agent  The immunosorbent Ultralink immobilized protein A Plus (PA) and
was removed, the organic solvent was removed by rotavaporation to Ultralink immobilized protein A/G Plus (PAG) were purchased from
yield the target compound. The purity and structure of the labeled Pierce (Madrid, Spain). Prosep-A Media (CPGA) was from Millipore.
substrate were confirmed by elemental analysis, Fourier transform These supports were able to specifically and reversibly bind all 19G
infrared analysis!H NMR and3C NMR spectroscopy, as well as by subclasses of rabbit immunoglobulins through their Fc domains.
mass spectrometry with electrospray ionization, are reported elsewhere Measuring System. The automated flow injection manifold is
(36). depicted inFigure 2 (28, 29). An eight-way distribution valve (Kloehn,
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Las Vegas, NV) equipped with a 2.5 mL syringe pump was connected

to another eight-way distribution valve. The whole system was
controlled with the Winpump software provided by Kloehn. The output

Benito-Pefa et al.

Sample Analysis and Validation.Water samples were collected
in washed 2.5 L amber glass bottles at the influent and effluent streams
of a STP in Madrid (Spain). The conductivity values (influent STP,

of the pump was connected to a homemade poly(methyl methacrylate) 849 uS cnt?; effluent STP, 56%S cnT?) and the pH of the samples

reactor (10 mmx 4 mm, lengthx diameter), thermostatized at 20,
and packed with Ultralink immobilized protein A/G Plus for the capture
of the tracer and analyteantibody immunocomplexes. The output flow

(influent STP, 7.0; effluent STP, 7.7) were measured before storage at
—20°C. The samples were filtered through a 045 filter (Whatman,
Maidstone, United Kingdom) to remove suspended matter as a unique

was driven to a flow-through cell (model 176.050, Hellma, Germany) pretreatment. The samples were fortified with PENG and AMOX at
placed in the fluorometer sample holder. Fluorescence intensity three concentration levels, 10, 25, and/&L 1, and analyzed using
measurements { = 342 nm;lem = 376 Nm) were carried out in a  the proposed procedure. Nonfortified samples were also checked to
LS-50B (Perkin-Elmer, Sussex, United Kingdom), and the instrumental exclude the presence of naturally contaminating antibiotics.
parameters and data processing were controlled with the original  For validation purposes, the samples were also analyzed by HPLC
software (FL WinLab version 4.00.02). All of the solutions were with diode array detection (DAD). For sample preconcentration, SPE
thermostatized at 20C using a water bath, Polyscience 9015 (lllinois).  cartridges (Oasis MAX from Waters, Barcelona, Spain) were precon-
Assay Protocol.The measuring protocol was based on the principles ditioned as described elsewhe@7). Chromatographic analysis was
of a competitive direct fluoroimmunoassay. The unlabeled analyte carried out with a HP-1100 series high performance liquid chromato-
(Ag: PENG) competed with a labeled derivate (Ag*: PAAP) for a graph from Agilent Technologies (Palo Alto, CA) equipped with a
limited number of receptor binding sites (Ab: anti-6APA IgG). All  quaternary pump, autosampler, automatic injector, and DAD detector.
solutions were prepared in phosphate buffer (PB) 20 mma) pH The analytical column was a LUNA € (2) (150 mmx 4.6 mm, 5
8.0, except the desorbent solution. In a first step, the sample (0.7 mL) xum) HPLC column protected by a RP18 guard column (4.0 mi3.0
was mixed in the syringe with a constant amount (0.2 mL) of labeled mm, 5 um), both from Phenomenex (Torrance, CA). A gradient
antigen (PAAP) and antibody (0.2 mL). After 200 s, the solution (1 program was used for the mobile phase, combining solvent A (Milli-Q
mL) was injected into the immunoreactor at a flow rate of 0.25 mL water 0.01% TFA) and solvent B (ACN with 0.01% TFA) as follows:
min~? to allow the binding and retention of the immunocomplexes onto 0% B (3 min), 6-37% B (5 min), 37% B (11 min), 3767% B (5
the immunosorbent. The reactor was washed four times with 1 mL of min), 67% solvent B (5 min). Analyses were performed at a flow rate
PB to remove all unbound complexes. The analytical signal was of 1.5 mL mirr?%, and the column temperature was kept a®@5The
generated upon dissociation of the antibo@®AAP complexes retained injection volume was 20@L, and the UV detector wavelength was
on the immunosupport after competition using 2.5 mL of 0.1 mdl L set at 220 nm. For the recovery studies, matrix-matched calibration
glycine/HCI, pH 2.0, at a 0.5 mL mirt flow rate. Preceding a new  standards were prepared for each wastewater sample by diluting one-
measurement, the reactor was washed with PB (3mL of phosphate fold the adequate amounts of the BLAs stock solutions with the
buffer, 0.5 mL mint). A complete cycle for the whole automated assay corresponding SPE extracts. All of the analyses were carried out in
procedure required approximately 23 min including regeneration. The triplicate.
immunosorbent (PAG) showed a great stability, and the system could
be used for more than 200 measurements. Occasionally, the immu'RESULTS AND DISCUSSION
noreactor had to be back-flushed with washing buffer to maintain a
constant flow rate. The reactor was stored &C4when not in use. Nature of the Support, Size of the Reactor, and Reus-

_ Experimental signals were normalized using the following expres- ability. The retention of immunocomplex in the reactor is highly
sion: dependent on the nature of the immunosorbent and will have a
large impact on the performance of the assay. Three different
supports have been tested for the development of the immun-
osensor: protein A covalently bound to controlled pore glass
presence of the increasing analyte concentratiBnss the background (CF.)GA) (Prosep A).’ protein A covalently b ourld toan azlaptone-
fluorescence obtained in the presence of an excess of PEN®,asd actlvated polymeric mat_erlal (PA) (Ultralink Immobilized
the signal in absence of antibiotic. The normalized response was plottedProtein A Plus), and protein A/G covalently bound to the same
as a function of the analyte concentration (in logarithmic scale), and Polymeric material (PAG) (Ultralink Immobilized Protein A/G
the experimental data were fitted to a four-parameter logistic equation Plus). The sorbents were packed into a reactor (10 xniéh

normalized response (B — B,)/(B, — B,,)

where B is the signal (intensity of fluorescence) measured in the

(sigmoidal): mm, inner lengthx inner i.d.), and the long-term response of
the supports to a negative contrd@o( PAAP 25 nmol L)
normalized signat Amax~ Amin A, was measured ysj_ng a constant Ab concentration (1:550). A
14 ([analyteﬁb " higher reproducibility and signal response were obtained when
ICs PAG was used as the immunosorbent (PAG, RSD%; PA

and CPGA, RSD= 22%;n = 15), so this material was selected
for the development of the immunosensor.

To evaluate the optimum amount of sorbent for the assay,
several reactor sizes were tested. The response and the
reproducibility of the immunosensors to a blank sample (PAAP
25 nmol L) and to 100 ng mt® PENG were better when

whereAnaxis the asymptotic maximum (maximum emission in absence
of analyte),b represents the curve slope at the inflection poing I€

the concentration of analyte at the inflection point (concentration giving
50% inhibition of Anay, and Ami, is the asymptotic minimum.

The detection limit (LOD) was calculated as the analyte concentration
for which the tracer binding to the antibody was inhibited by 10%, . . . .
and the dynamic range (DR) of the method was evaluated as the amalyteufSlng a 125.7uL (10 mm inner Iengthx 4 mm inner inner
concentrations that produced a normalized signal in the8206 range. diameter) volume reactor packed with PAGaple 1). The use

Selectivity Studies.Cross-reactivity studies were carried out by Of larger reactors did not increase the sensitivity of the assay
measuring the competitive curves for other chemically related and while requiring larger volumes of immunosorbent with the
nonrelated antibiotics under the optimized conditions. Cross-reactivity corresponding increment of hydrodynamic drawbacks as well
(CR) was calculated as the percentage between thedlie for PENG as in the assay price. The reactor could be reused for more than
and the IGo for the interfering compound according to the following 200 assay cycles without detectable activity losses (Figure 3).
equation: To evaluate the sample volume and flow rate on sensor
performance, the response of the device to a blank samg)le (B
and to a standard solution of PENG (100 ng THLwas
measured using a constant Ab concentration (1:550). Bthe

IC5, (PENG)
- 100
ICg, (cross-reacting compounc>13

%CR=
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Table 1. Effect of the Reactor Size on the Response Obtained with 60 3
the Immunosensor to a Blank Sample (Bp) and to 100 ng mL~! PENG -
Standard Solution (n = 3)2 50 - TEI
length internal M2 2
(mm) diameter (mm) By (s) BBy () 5 407 S
< -
2 2 7.6 (5.0) e o
4 4 11.9 (2.3) 0.66 (0.03) = 304 18
4 6 14.0 (1.9) 0.54 (0.01) . o
10 4 33.0(L.0) 0.35(0.02) 20 s
15 4 30.1(1.0) 0.40 (0.02) 2
-0
a(s), Standard deviation (n = 3). 10 1 <
‘T_I 0 T T T T T T -1
E Ll 4] 20 40 60 80 100 120
=] i
g 08 mmmmmmmmmmmm oo XI2OM PB concentration, mmol L
[=]
Y 044 2 - a
2 ZZ!ZZ:ZZ%:lﬁI!:ZZZZZZZZZIZZZZZZZZZZZ = @
w024 60 1.0
=l X =3x58D.
Eo 0.0 -
@ 50 - o
B0 4 g’
. 40 1 [—4
3 S
I ® Los O
T = 30 - z
d 40 4 e e = I E
2 -
i ® o4 o
)
20 10 <
r 02
0 T T T T T T T T
0 0 20 40 60 80 100 120 140 160
0123 456 7 8 9 10111213 14 15 16 17 18 19 20 21 NaCl, mmol L
measurement days 0.0 05 10 15 20 25 3.0
18 39 63 83 98 116 131 168 188 204 KCI, mmol L™
number cycles (b)
Figure 3. Long-term response obtained with the immunosensor to (M) s 6
PAAP (25 nmol L) (Bp) and to a (@) 100 ng mL~! PENG solution '
standard (Ab, 1:550) (n = 3). b 14

40

signal decreased with increasing sample volumes and faster flow
rates. However, sensitivity to PENG increased with higher
sample volumes. Thus, the assay was optimized for a suitable
assay speed and an acceptable signal by injecting 1 mL of
sample/PAAP/Ab mixture at a flow rate of 0.25 mL min o ] - 06

Immunosensor Optimization and Analytical Character-
ization. To evaluate the effect of the buffer composition on the 101
response, the assay was performed using phosphate buffer (PB), 02
TRIS, or Gly/NaOH (pH 8.0) as carrier solutions. The first one 0
provided the best results in terms of reproducibility and
sensitivity. Variations of the buffer concentration in the-20 0
100 mM range FEigure 4a) showed no effect on thg, value pH
and the relative response of the device to 100 ng hRRENG. ©
When the assay was carried out in nonbuffered solutions, the
response of the device dramatically decreased both in theFigure 4. Effect of (a) buffer concentration (PB), (b) ionic strength, and
absence and in the presence of the antibiotic. In addition to (¢) pH on the immunoassay performace in the absence (I, a.u.) and the
decreased conformational stability of proteins (including anti- Presence (B/Bo) of 100 ng mL~* PENG; [PAAP] = 25 nmol L™* (n = 3).
bodies) in low salt media, some authors have suggested that The effect of the ionic strength and the pH of the media are
the lack of salts in the media could also prevent the formation depicted inFigure 4b,c. BothBy and B/B, for 100 ng mLt
of salt bridges between the antigen and the antibody that PENG remained almost constant at different concentrations of
contribute positively to the noncovalent interactions between NaCl (0—140 mmol 1) and KCI (0-2.8 mmol L), sug-
the antigen and the antibod$g). Finally, the concentration of  gesting that the response of the immunosensor can be stable in
the buffer was set at 20 mM. the presence of different kind of matrices. With respect to the

le, a0,
o
[+
B/Bg, PENG 100 ng mL""

A

F 00

N
IS
o
[=9
5
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Table 2. Optimized Operating Conditions for the Analysis of PENG
Using the Automated Immunosensor ol s
€|~
parameter optimized value o|¢
incubation time Ab + Ag/Ag* (s) 200 21iis(ell.
antibody dilution factor 1:550 - _E' -
fluorescent tracer concn (nmol L™1) 25 104 i l o _E'
carrier phosphate buffer, pH 8.0, 5 ele|- ~~
20 mmol L1 S 8 g |||l N
carrier rate (mL min~?) 0.25 i i “12(|E|lE
jonic strength NaCI/KCI (mmol L™1) 0/0 64 i g3 2
regenerating solvent Gly/HCI, pH 2.0, 0.1 mol L~* = |8 §
regeneration rate (mL min—1) 05 4 l = 8
reactor size (length x i.d., mm2) 10 x 4 (volume, 125.7 uL) l
immunosuport Ultralink Immobilized 5] l .
Protein AG Plus b N W W LMLNM Nod N W MC‘.
T(°C) 15-20
total analysis time 23 0 0 sc‘m 10IID 15tlm aIIm 25|:a)
(min/determination) Time. s
’
@
Table 3. Cross-Reactivity of Some BLAs and Other Related 12
Compounds in the PENG Immunosensor :
50% inhibition cross-reactivity 10 E
compound (ICs0) (ng mL™%) (RC) (%)
PENG 30 100 [
6-APA 174 17 5 987
AMOX 58 50 (7]
AMPI 62 47 S
PENV 20 145 8 067
OXA 241 12 []
CLOX 741 39 g 04
DICLOX 1988 15 2
NAFCI 13408 <0.002
CEFAP NC? NC 02 -
CLAV NC NC
ENRO NC NC
CIPRO NC NC 0.0 t——vr’
CLOR NC NC 0.0 0.1 1.0 10 100 1000 10000 100000
2NC, no competition. PENG concentration, ng mL""!

(b)
pH, almost no changes were observed on the immunoassayFigure 5. (a) Dose—response curve obtained with the immunosensor as
features between pH 6.0 and 8.5 and 8.0 was chosen as the function of the PENG concentration, in buffered standard solutions, using
optimum pH to keep an acceptable signal and maximum the R543 antiserum (dilution of 1:550) and the labeled antigen PAAP (25
sensitivity. nmol L™1) for 7 h of continuous work. (b) Calibration curve obtained for
It has been reportedd®, 40) that the contact time between PENG using the optimized immunosensor. The experimental points have
the reagents may have a direct effect on the sensitivity of been fited to eq 1 (n = 5).

competitive immunoassays. We observed that the sensitivity of ;64 competition curves obtained for PENG standards in
the sensor increased by preincubating the antibody, the analytepposphate buffer at concentrations ranging from 0 to 260
and the tracer in the syringe during 200 s, although longer | -1 4re depicted irFigure 5b. The IG value corresponds to
incubation times did not improve the assay performance. In an 3 ng mL-L PENG, and the limit of detection was 2.4 ng mL
alternative approach, the antibody was retained in the reactorthe immunosensor showed a dynamic range (normalized signal
in a first step and afterward the antibiotic—tracer mixture was j, the 20-80% range) from 6.0 to 191 ng mk PENG. The
pumped through the immunosupport at a constant flow rate | op for the analysis of PENG with the generic antiserum on
(0.125 mL mir?). Although the G value calculated in this e jmmunosensor is only a bit higher than some specific
case (24 ng mt!) was similar to that obtained using the  jmmunosensor applications developed for the cephalosporanic
preincubation step (20 ng mt), the measuring times were s |actam cephalexin (3234, 35) or for some aminoglycoside
higher and the first approach was selected for the assays.  angibiotics 80, 31). However, it compares favorably with other
The amount of antibody (Ab) and tracer (Ag*) applied in  applications {7,23) or is even lower41,42) than other enzyme
the assay should be kept low enough to achieve a goodimmunoassays (EIAs) described in the literature, whereas the
sensitivity but high enough to provide an acceptable signal. The dynamic range of the fluoroimmunosensor is even wider, and
best results were obtained using 25 nmol bf Ag* (PAAP) the analysis time is much shorter.
and Ab dilutions of 1:550. This combination allowed a good The intraday relative standard deviation (RSD) was below
sensitivity as well as a wide dynamic rang@ble 2summarizes 6% in the calibration range. Interday reproducibility was
the optimized conditions for the analysis of PENG using the evaluated by measuring the calibration standards along different
Immunosensor. days (n= 5). The IGy values ranged from 20 to 30 ng mL
Figure 5a shows a typical doseresponse curve measured (RSD 17%,n = 5). Typical RSD values, reported in the
with the immunosensor over long measuring times. The normal- literature for immunoassay43g, 44), were between 10 and 25%.
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Table 4. Recovery Results for the Immunosensor and HPLC Waste Water Samples Analysis, Spiked at 10, 50, and 75 ng mL~* PENG and AMOX
(n =3

STP spiked immunoassay SPE/HPLC-DAD
wastewater level found recovery found recovery
sample antibiotic (ng mL™Y) (ng mL™Y) (%) (ng mL™Y) (%)

influent PENG 10 9+2 90 <LOQ
50 52+13 104 207 40
75 73+7 97 35+8 47

AMOX 10 12+3 120 <LOQ

50 51+4 102 <LOQ

75 74+9 99 <LOQ

effluent PENG 10 10+1 100 <LOQ
50 52+4 104 51+3 102
75 74+7 99 70+ 10 93

AMOX 10 1145 110 <LOQ
50 50+19 100 48+10 96
75 73+28 97 74 %13 99

295% confidence interval + ty, % Sp—1/n% ND, nondetected.

Cross-Reactivity. Cross-reactivity was calculated as the (influent, 849uS cnm?; effluent conductivity, 56uS cntl).
percentage between thesiOralue for PENG and the Ig for On the other hand, the fluoroimmunoassay provides excellent
the interfering compound, and the results are showhahle results regardless of sample complexity and without the need
3. The polyclonal antibodies showed a remarkable group for further sample cleanup and preconcentration steps.
specificity, and the relative cross-reactivity was most pronounced
for other penicillins, such as amoxicillin (50%) and ampicillin
(47%) meeting MRLs as set by the European Union. It appeared
to be possible to raise an antiserum (R543) against the common (1) Stan, H. J.; Heberer, T. H.; Linkerhagner, M. Occurrence of
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