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Abstract: Monoclonal antibodies with specificity against theancisella tularensis outer
lipopolysaccharide (LPS) membrane were preparedchachcterized using the piezoelectric
immunosensor with immobilized LPS antigen fréintularensis. Signals obtained by the
immunosensor were compared with ELISA and simikrsgtivity was noticed. Signal of
negative controls obtained using the biosensorbeésv 0.5% of the signal obtained for the
selected specific antibody clone 4H3B9D3. Testihgross reactivity based on the sensors
with immobilized LPS fromEscherichia coli andBacillus subtilis confirmed selectivity of
this antibody. Furthermore, the 4H3B9D3 antibody saccessfully isotypized as IgM using
the piezoelectric sensors with secondary antibod{esetics parameters of antibody were
evaluated in the flow-through arrangement. The tictneate constants for the antibody
4H3B9D3 wereks = (2.31 + 0.20)-10I mol's™ (association) anéy = (0.0010 +0.00062)s
(dissociation) indicating very good affinity to th®S antigen.

Keywords: piezoelectric resonator, immunosensdfrancisella tularensis, Kkinetic
characterization.

1. Introduction

Antibodies represent important analytical reaggmtsviding excellent affinity and specificity of
recognition towards complementary antigen partnén®ugh recombinant antibodies are known and
preparation procedures were proposed for diffeagnitgens [1], monoclonal (mAb) and polyclonal
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(pAb) antibodies are still predominantly used inmmmoanalytical methods. Live animals such as
mouse or rabbit are typically used for pAb produttiAlthough the production is not very difficult
and simple purification methods were developedislative regulations for laboratory animal use
create the main obstacle for this type of antibedi@n the other side, each host animal responds
uniquely to a given immunization protocol, requirimalidation of the obtained pAb product and re-
optimization of immunological assays. In compariseith pAb, the mAb-producing hybridoma
technology takes a single antibody-producing B relin mouse and immortalizes it by fusion with
myeloma cell line, creating hybridoma cell lineofr the analytical point of view, the main differenc
between pAb and mAb is the fact that mAb recognaeshe molecule of antigen a single epitope
only.

For detection of pathogenic bacteria, the besbadies are those specific against surface structure
such as lipopolysacharides (LPS). These amphipathictures are typical for gram-negative bacteria,
an important group of human and animal pathogeRS. &re very versatile; the basic structure consists
of three regions [2] — a hydrophobic lipid A, hydhilic core oligosaccharide and an outer
polysaccharide O-antigen playing an important molthe infection process [3] as well as in actiati
of the immunity response [4]. For the target padmogrrancisella tularensis - monoclonal antibodies
against its O-antigen were described [5].

Classical methods for measurement and characienzaf antibodies include immunological
assays such as agglutination tests, enzyme-linkedunosorbent assay (ELISA), western blot,
immunofluorescence and flow cytometry [6]. The dotmunobinding assay was used for
characterization of monoclonal antibodies agaihstlaminin receptor [7], mycobacterial antigen [8]
and serotypization [9]. From the biosensor-basetsisurface plasmon resonance (SPR) is convenient
for observation of immunological interactions [10he main advantage is possibility to work without
any label and interaction is followed in real tipeoviding detailed kinetic characterization. Simila
results are obtained using the resonant mirror (RMhnique; interaction of antibodies with antigen
immobilized on sensor surface was tested [11]. ddimay with LPS immobilized on nitrocellulose-
coated glass slides represents a multiparalleldbsuitable for detection of antibodies [12].

In the present study, the piezoelectric biosensas Mested for detection and preliminary
characterization of mAb produced against the imfialar pathogenic bacteriunrancisella
tularensis. The aim was to develop a simple and rapid metbodélection of the best antibody clone
specific to the surface structures, isotypizatiod &inetic characterization of the selected antyjbod
Performance of the piezoelectric biosensor was eoetpwith the indirect ELISA in the classical
arrangement, which is routinely used for the saorpgse.

2. Experimental Section
2.1 Monoclonal antibodies preparation

Monoclonal antibodies againstrancisella tularensis LVS were produced using the standard
hybridoma technology as described in the literafb}eising liveF. tularensis LVS cells as the antigen
for immunization. All manipulation with living cedlof this pathogen was carried out in the certified
microbiological facilities holding the required passions. The female mice BALB/c were obtained
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from ANLAB (Prague, Czech Republic), the myelomd iee was Sp2/0-Agl4. Isotypes of selected
antibodies were evaluated by the Mouse monoclam#v@dy isotyping kit from Roche (Indianapolis,
IN, USA). Total protein was determined using thetein kit TPO100 and bovine serum albumin
(BSA) was from Sigma (St. Louis, MO, USA). Concatiitn of mouse antibodies was evaluated by
the solid phase extraction (SPE) using CBind L eolyFluka, Buchs, Switzerland) with immobilized
protein L [13] and consequently protein contenthef purified fraction was determined.

2.2 Lipopolysaccharides preparation

Lipopolysaccharides were prepared consequently ffoancisella tularensis LVS (ATCC 29648),
Escherichia coli (ATCC 9637) andacillus subtilis (ATCC 11774). LPS fractions were released from
whole cells (18 CFU, colony-forming unit) by continuous suspenaiatil ml of buffer consisting of
0.25 M EDTA and 0.5 M Tris-HCI (pH=7.2) in the sesplation tube was placed into an ice bath for
30 min [14,15]. The suspension was centrifuged @010 min) and the pellet was discarded. Thus
obtained crude LPS was dialyzed against 5 | of PFEEBSMM phosphate pH=7.4 with 150 mM NacCl)
overnight, concentrated by membrane filtration atudted in a freezer for further use. LPS prepaned i
this manner contained no detectable amount of jpraiecording to the total protein kit. For detentio
purpose, concentration was adjusted to 0.1 mg/hd é&mount in the dry state) from the pooled
solution.

2.3 Indirect ELISA

A 96-well polystyrene microplate (Gam@eské Budjovice, Czech Rep.) was coated with 10@f
the LPS solution overnight. The plate was washetth WBS, blocked with 15@l gelatin (Merck,
Whitehouse Station, NJ, USA) for one hour, emptaad washed with PBS. 1Q0 antibody sample
per well (in triplicate) was added diluted in tlwake: 1:10, 1:50, 1:100, 1:150, 1:200, 1:250 aRdq,.
alternatively 10Qul PBS was used as blank, and incubated at 37 °®Gamin. After washing with
PBS containing 0.2% Triton X-100, the antibodiescsfic against either IgM or 1gG, both labeled with
peroxidase (Serotec, Oxford, UK) diluted 1:100 wadsgled in the amount of 1Q0 per well and
incubated at 37 °C for 30 min. The microplate wgaim washed with the PBS / Triton X-100 solution.
Finally, a fresh solution of 0.5 mg/mtphenylenediamine (OPD) and 5 mM®} was added in dark
for 1 min and the reaction was stopped with 10®f 2 M H,SQO,. Absorbance at 490 nm was
measured using the ELISA reader MRX (Dynatech Latooies, Chantilly, VA, USA).

2.4 Immobilization of LPSon the sensor surface

The piezoelectric 10 MHz quartz crystals were atgdifrom International Crystal Manufacturing
(ICM, Oklahoma City, OK, USA). The 14 mm quartzatisnvolved 5 mm diameter gold electrodes on
both sides. Each new sensor was cleaned by dippiogicetone at laboratory temperature for 30 min
and then washed by distilled water and dried. Hitassembled monolayer (SAM) was formed using
10 mg/ml aqueous solution of cystamine spread thesielectrode (20 pl) and incubated for 2 hours.
After washing with water and drying, the obtainedMbwas activated in 3% glutaraldehyde aqueous
solution for 2 hours, washed with water and dribiéxt, LPS solution obtained from eithét
tularensis, E. coli or B. subtilis was deposited onto the electrode surface and létdarrefrigerator
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overnight. The remaining non-specific binding sitese eliminated by incubation with 10 mg/ml BSA
for 2 hours.

2.5 Experimental setup

The piezoelectric system in a flow through arrangethwas used. The Lever Oscillator (ICM) and
counter (Grundig, Fuerth, Germany) worked underathva software LabTools (Fig. 1), sampling time
was 1 s and frequency resolution 0.2 Hz. Samples wansported by the peristaltic pump (PCD 21M,
Kouiil, Kyjov, Czech Rep.) using silicon tubes into tHew through cell with the piezoelectric
biosensor fixed between two silicone rubber o-riffgg. 1B and C), internal volume was 10 pl. The
cell was oriented vertically in order to facilitatelease of occasionally formed bubbles. Flow vede
adjusted to 50 pl/min, this is sufficiently high &woid mass transfer limitations. PBS was used for
dilution of samples and as the carrier buffer. Eaaasuring cycle consisted of the following steps:
min flow of the carrier to stabilize baseline sigria min sample, 2 — 5 min flow of the carrier for
signal stabilization. When isotypization was reqdir2 min flow of the secondary antibody was
applied (either anti IgG or anti IgM, supplied frdderotec, Oxford, UK), followed again with 2 — 5
min of the carrier. Regeneration was realized &ith min flow of 50 mM NaOH. Samples and other
reagents were diluted with PBS, the dilution rédiosamples was from 1:10 up to 1:300. For staasti
purpose, each sample was measured three times.

peristaltic compute
pump waste
\W IRszszc
sample lever e frequency
oscillator counter
flow-through cell with sensor

Fig. 1. (A) Schema of the measuring setup consisting®fltw-through cell with the piezoelectric
quartz crystal; opened (B) and assembled (C) viéWs.sensor is driven by the lever oscillator dred t
output frequency is recorded using a general-perposnter and continuously transferred to the
computer. Flow is realized using the peristaltiopu
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2.6. Kinetic calculations of the antigen-antibody interaction

The binding of the sample containing antibody Igh the piezoelectric biosensor surface with
immobilized lipopolysaccharide (J-LPS) represehts forward reaction - the association phase of the
immunointeraction described by the kinetic rateoemdion constantk, the following reverse
breakdown of the surface-bound immunocomplex (|-lgMD) in buffer corresponds to the
dissociation step characterized by the kinetic degsociation constarht;:

I-LPS + IgM ES’g |-LPS-1gM
d

For kinetic interpretation of the whole proces® fineviously reported approach [16] was adopted.
The change of the resonant frequehayg timet was measured as the resporfgg; represents the
maximal binding capacity of the sensor and theiahifrequency is considered as zero. IgM
concentration in solution was and its molecular weight was considered as 900. kKDaetics
parameterg, andky for dissociation were obtained using eq. 1:

k cf

=i t-expl-(k crk)t]}= 1,0k, 0] @)

Non-linear regression (Origin, Microcal, Northampt®A, USA) employed the simplified form of
eq. 1 containing onlyeq (change of signal at the equilibrium) akghs (the observed kinetic rate
constant) substituting parameters which dependchenconcentratio. The value ofky can also be
obtained independently from the dissociation sté&p e help of eq. 2 wherfig means the achieved
binding signal existing at the beginning of thesdigation:

f=f, exp(-k,t) (2)

From thus obtained kinetic rate constants, it wassiple to calculate the kinetic equilibrium
associatiorkK, and dissociatioiKp constants:

Ka = UKp = Ka/ kg (3)

3. Results and Discussion
3.1. Screening of antibodies

In the present study, the selection and charaetesiz of monoclonal antibodies specific against the
pathogenic microorganisnirrancisella tularensis was realized with the help of a piezoelectric
immunosensor. The screening of hybridoma cell ced#tyotentially producing specific antibodies was
realized using ELISA as a standard procedure aedirtimunosensor as a promising alternative
method. ELISA provided the commonly used valueiteft the immunosensor responded directly to
the binding reaction. In both cases, the lipopalgkaride fraction of the bacterium was utilizedtees
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screening ligand either coated on the microwellfag@ or covalently immobilized at the
immunosensing area. From the total number of hglonal cultures evaluated - 96 (equal to number of
wells on the plate) the four identified positivermés are summarized in Tab. 1.

Tab. 1. Selection of monoclonal antibodies agairstularensis from the best producing hybridomas
identified as positive ones. Comparison of resuitiined by the ELISA procedure (Titer) and
response of the piezoelectric biosensor. The typ@itbody was determined using the commercial

Isotyping Kit.
Antibody Isotype Titer Signal (Hz)
6E5D7E11 lgG2a >10 5
3E5E3G12 lgG2a >10 8
4H3B9D3 IgM >320 264
4H3H6B8 IgM >10 6

Obviously, only one of the clones (designed as 4H3B exhibited reasonably good preliminary
parameters. The antibody 4H3B9D3 titre was defingdhe indirect ELISA as 1:320, and also the
immunosensor indicated very high binding signalhiis case. The other three weakly positive clones
were not further considered, as their parameterg webstantially worse. The selected monoclonal
antibody was isotypized as IgM. For further usepaled fraction was prepared which exhibited total
protein concentration of 6.7 mg/ml and the contdritnmunoglobulin was determined as 0.48 mg/mi
using affinity purification on the CBind-L columfthe other evaluated clones appeared as negative
according to both methods.

Furthermore, the antibody 4H3B9D3 was diluted msbale 1:10, 1:50, 1:100, 1:150, 1:200, 1:250,
1:300 and tested by the piezoelectric immunoseasor ELISA to investigate shapes of dilution
curves. The output signal of the piezoelectric semngas expressed as a difference between baseline
frequency and the frequency achieved after sampéetion, the difference of absorbance between
blank and sample wells was used as the ELISA ou&iatilar dilution curves were obtained for both
approaches (Fig. 2). For the ELISA method, the kiwgositively detected dilution was 1:300
(corresponds to 1.6 pg/ml total immunoglobulingjs twas slightly higher for the immunosensor -
1:250 (1.9 pg/ml immunoglobulins).

The correlation between both methods was lineay. Eiinset graph); however, the linearization of
the frequency vs. absorbance dependence provideer aigh value of the intercept. This indicates
that the absorbance values contain a significanigmoof the non-specific interactions. It is more
obvious from the absorbance dilution curve, whebels off for the higher dilutions near 0.1, bug th
zero value is not achieved. On the contrary, respdrom the immunosensor approaches zero signal
change for the lowest concentrations of antibodys Ts a great advantage of the direct measurements
where the background signal is quite low. On tHeephand, the enzyme and other labels make the
ELISA-like approaches more sensitive, but severattion steps usually contribute significantlyhe t
background values.

Regarding the reproducibility of measurements, Iat0 / 1:100 diluted samples, the relative
standard deviations (RSD) were 2.3% / 8.6% and 4.4%% for the ELISA and immunosensor-based
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methods, respectively. The single-channel pieztidedmmunosensor arrangement was found
sufficiently stable under laboratory conditionspugh differential arrangements with a reference
sensing are might provide even better stability mpdoducibility of signals [17].

300
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Fig.2. Dilution curves (scale from 1:10 to 1:300) for thenoclonal antibody 4H3B9D3 obtained
using the indirect ELISA and the piezoelectric immosensor. The ELISA microplates were coated
with F. tularensis LPS, and 10@u of sample was used for testing. The secondatynamise Ab
labeled with peroxidase was the tracer and theorespis presented as absorbance of the enzyme
product corrected for the blank value (blue symb@smilar experiment was carried out using the
piezoelectric sensor covalently modified with LPP&ponse (red symbols) indicates the change of
frequency after the flow of 100 ul sample. The irggaph shows the correlation between the values
from ELISA and immunosensor including parametertheflinear regression. The error bars indicate
estimated standard deviations (n = 3).

A main advantage of the piezoelectric immunosensorthe label-free arrangement with
significantly shorter time of measurement. One ysislcycle for the immunosensor takes at most only
17 min while 90 min is required for ELISA. Theredoithe immunosensor is most useful when only
few samples have to be characterized; otherwisdnittdy parallel format of ELISA remains more
productive. On the other hand, one should alsoidenghe additional kinetic characterization of
antibodies resulting from the immunosensor-baseasorements.

3.2 Sdectivity of the immunosensor and antibody

For evaluation of the sensing selectivity, the algsf mAb 4H3B9D3 diluted 1:10 was compared
with negative controls - commercial antibodies withany specificity againdtrancisella; anti-IgM
and anti-IlgG antibodies were used; in all cases tttal protein was adjusted to 0.67 mg/ml.
Commonly used albumin was included, too (1 mg/nitsan). The binding signals obtained using the
sensor with immobilizedrrancisella LPS proved good selectivity of the immunosensag. (B, left
panel). The signal of mAb 4H3B9D3 (264 + 11 Hz) veaproximately two hundred times higher than
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the negative controls providing 0.7, 1.0 and 1.0fétzanti-IgM, anti-lgG and BSA, respectively. Such
a high difference is quite sufficient for distinghing monoclonal antibodies against the targeganti
from other immunoglobulins.

- T Pz-X mAB
210 | 4H3BOD3 210
F. tularensis LPS
260 260 |
Nf Af
(H2) i (Hz2) i NS
250.< / 250= B. subtilis LPS
i 15 | T
25|
2.0 - Abl BSA 10 :
15 i - Ab2 E. coli I___PS
10k T 5 1 BSA
0.5 [ 1 ! dﬁ \\ N
0.0 I / g 0

Fig. 3. Specificity of the piezoelectric sensor with immiided LPS fromF. tularensis (left, blue bars).
The specific sample (1Q4) was the monoclonal antibody 4H3B9D3 diluted 1(fiGal protein

concentration 0.67 mg/ml). As negatives contratsnmercials antibodies anti-IgM (Ab1l) and anti-IgG
(Ab2) (both adjusted to the total protein 0.67 mijiwere used as well as BSA at 1 mg/ml. At right

(red bars), specificity of the monoclonal antib@dy3B9D3 (100 ul sample, protein concentration 0.67
mg/ml) was tested using piezoelectric immunosensdhsimmobilized LPS obtained from either

tularensis, E. coli or B. subtilis, and also immobilized albumin (BSA) was used. &trer bars indicate

estimated standard deviations (n = 3).

Selectivity of the antibody 4H3B9D3 was tested dfetent immobilized antigens, three types of
LPS and albumin (Fig. 3, right panel). The antibakhibited lowest binding on the surface with
immobilized albumin. The other two sensors with iaimtized LPS fromE. coli and B. subtilis
provided signals of 5.7 and 9.3 Hz, respectivedy,substantially less than the sensor with LP& ffo
tularensis. These results demonstrate excellent recognittectsvities of the immunosensor and quite
low cross-reactivity of the developed aRtiancisella antibody.

3.3 Isotypization

One of the most important antibody characterisscghe known isotype. Here, the piezoelectric
immunosensor was able to determine not only thigemispecific antibody, but also the isotype of the
surface-bound antibody can be easily tested duhegsubsequent injection of secondary antibodies
specific against murine either IgM or IgG. Such exmpent is demonstrated in Fig. 4. Antibody
4H3B9D3 diluted 100 times provided sufficiently higesponse (71 + 5.0 Hz) on the LPS-modified
surface; thus formed LPS-antibody complex was atbio interact with the subsequently added anti -
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mouse IgM secondary antibody (0.1 mg/ml) which edushange of frequency of 29.0 £ 2.7 Hz. In a
similar experiment, anti — mouse IgG provided aligdge signal of 0.9 £ 0.6 Hz. These results digar
confirm the isotype of mAb 4H3B9D3 as IgM. Resuwitsrespond also with the Isotyping Kit (Tab. 1).

Ab

(tested) _ buffer
buffer anti-lgG l

|

f

anti-lgM

50 Hz

5 min

Fig. 4. Isotyping of the mAb 4H3B9D3 using the piezoelecsensor modified with LPS froiff.
tularensis. At first, the tested antibody was allowed to bardthe surface and after washing with
buffer, either anti-IgG (blue curve) or anti-lgMe¢r curve) secondary antibody was injected.

In the immunosensor-based systems, isotypizatiaghiride carried out simultaneously with the
screening of antibodies, when positive responsétiained in the initial screening step.

3.4. Kinetic calculations

Another important properties of antibody (as wslloh any affinity biomolecule) include its kinetic
parameters; the equilibrium kinetic constaits(or alternativelyKp, which is its reciprocal value) are
accessible from the end-point or (near) equilibAobased methods as ELISA. However, the more
informative kinetic rate constankg andky (their values are independent) can be very coewtlyi
obtained using the direct biosensor-based methattsving the affinity interaction continuously and
in real time [16].

To study the kinetics of binding of the antibody389D3 with LPS, the LPS-modified sensor was
used and allowed to interact with several differéiitions of antibody; an example of such signal
traces is provided in Fig. 5. Each trace consikte@association phase - decrease of frequendggiur
formation of the LPS-IgM immunocomplex in the sagsiarea; next, dissociation of thus formed
immunocomplex is followed in buffer. During the stigiation phase, the immunocomplex appeared to
be very stable and practically no dissociation wlaserved; the signal remained stable in buffers Thi



Sensors 2007, 7 350

behavior did not allow using eq. 3 for determinatiof ky and only the association phase was
evaluated.

Antibody

Buffer | Ab dilution: 300x
— 250x 200x
100 Hz l —— 150x—— 100X
— 50x
2 min

Fig. 5. The influence of the mAb 4H3B9D3 dilution (indiedtinside the figure) on the binding
response obtained with the piezoelectric sensoiifraddvith the LPS fronF. tularensis. The sample
volume was 100 pl.

The association part of the interaction traces fittesd to the simplified form of eq. 1 and thus
obtained values of the parametkgs; andfeq were plotted against the corresponding conceatradf
IgM (Fig. 6). The molar concentration of IgM in tls¢ock antibody solution was estimated as the
fraction of immunoglobulins binding to the CBindcblumn and measuring the protein content in the
eluate. Considering the relative molecular massigh equal to 900 kDa, the stock antibody
concentration was [IgM] = 530 nmol/l. The dependen€k,,s on [IgM] was linear as expected from
the substitution in eq. 1 (see also the linear ggianside Fig. 6A), and the linear regressionved
the association rate constant as the slkpe,(2.31 + 0.20)-10I mol*s®. The intercept corresponds to
the dissociation rate constat= (1.7 + 2.9)-10 s*; the standard deviation was very high indicating
rather poor precision of this parameter. This wae t the fact that the intercept was quite snvalty(
slow dissociation) and therefore the obtained vakemed to be questionable.

Alternatively, one should consider the meaninde@fised as substitution in eq. 1; the dependence
of feq 0N [IgM] should be hyperbolic as typical for sati@d binding to the limited amount of LPS sites
on the sensing surface (see also the equatioreifsgd 6B). Non-linear regression provided valukes o
the parameters, the binding capacity of the LPS#iealdsurface for IgM wa$nax = (312 £ 59) Hz and
especially the dissociation equilibrium constépt= (4.4 + 2.3)-18 mol I'*. With the help of equation
3 and using the previously determined value lgf the rate dissociation constant was
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kg = (0.0010 +0.00062)s In this case, the standard deviation was sigifiy lower than for the
previous value oky based on thkysplot in Fig. 6A.

K, experimental

—fit k, =k, +k[IgM]
fffff 95% confidence limits
k,=(1.7+2.9)10"s"

k, = (2.31£0.20)-10° | mol™s™

0.010

obs
s
0.005

0.000 f

° feq experimental
— fit: feq =f__llgM]/(K +[IgM])

f  =(312+59) Hz
K, =(4.4£2.3)-10° mol I

0 L 1 L 1

0 20 ngmp (nmoy  °

Fig. 6. Evaluation of the kinetic parameters for the mAB389D3. The binding traces (similar as
shown in Fig. 5) were approximated by the eq. 2tarcparametetig,s (top, blue) andd; (bottom,
olive) obtained using the non-linear regressionpdotied vs. the corresponding molar concentrabion
the antibody. The dependencekgfs was linearized (top, red line), the dependendg,efas fitted to a
hyperbolic equation (bottom, magenta curve).

4. Conclusions

A novel method for direct detection of monoclonatildodies was developed using the piezoelectric
immunosensor as a convenient tool for screenimgypsng and kinetic characterization. This method
was demonstrated on the selection of monoclon@b@aties againsk. tularensis, the sensing surface
contained the covalently attached lipopolysacclearifom Francisella as the specific
immunorecognition element. The measuring set-up fleasthrough and the successfully regenerated
immunosensor was used repeatedly, thus fulfilliagi® requirements for future automation of the
whole screening process.

In particular, the monoclonal antibody 4H3B9D3 wsadected as the best from the carried out
hybridoma screening process. This antibody wastsgleoy both ELISA and the immunosensor as the
best binder with the target LPS antigen. Furtheendhe immunosensor was able to carry out
screening and isotypization within 25 min usingyodl00 pl of the (diluted) antibody sample;
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preliminary kinetic information about the antibodyas available, too. A detailed Kkinetic
characterization of the antibody provided both @atd equilibrium constants for its binding with the
LPS antigen. The chosen piezoelectric sensor séetfns a competitive affordable alternative to the
surface plasmon resonance (SPR) based biosensocemiparison with the traditional microplate-
based screening procedures, the immunosensorscatriehe screening in real time and the acquired
binding curve provides more focused informationwtibe individual antibody clones.
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