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Abstract: This study explores the possibility of simultane@msl specific detection of
Salmonellaserovars by surface plasmon resonance (SPR). [@emeni€ SPR device was
used to develop this rapid assay. The sandwich mo@ssay involves the use of a
polyclonal antiSalmonellaantibody to simultaneous capture multiflaimonellaserovars
present in a sample. This is followed by specifitedtion of the captured serovars using
O-specific antiSalmonellaantibodies. Milk spiked withSalmonellaTyphimurium and
SalmonellaEnteritidis was used as a model system to eskabiis assay. The assay was
further extended to sequentially differentiate kesw the twoSalmonellaserovars on a
single SPR chip in a single channel. The assaypn@ased to work without any additional
dilution or clean-up steps. The sample volume mequent for the assay is only 10 puL. The
lower limits of detection foiSalmonellaTyphimurium andSalmonellaEnteritidis were
2.50x1G cells mL* and 2.50x1®cells mL?, respectively.

Keywords: Salmonellaserovars, lipopolysaccharide (LPS), O-specificanty, sequential
detection, Plasmoriicsurface plasmon resonance (SPR) device.




Sensor007, 7 1428

1. Introduction

Salmonella serotypes are among the most common bacteria neigp® for foodborne
gastroenteritis. In the United States alone, agprately 1.4 million human illnesses are reported
annually due to salmonellossaused bySalmonellaserotypes [1]. The Robert Koch Institute in
Germany reported 10,659 cases of salmonellosisiglthie first four months of 2007 [2]. Recently in
Germany (May, 2007), a batch of contaminated desssulted in a salmonellosis outbreak causing at
least 239 sick and one death [2]. Given the widempbprevalence @dalmonellaand the consequent
threat of salmonellosis, rapid detection of thespree ofSalmonellain water and foods is of great
concern to the food industry [3], the public, ahé tegulatory agencies [4]. According to the World
Health Organisation (WHO), more than 2,500 serdypiSalmonellahave been identified till date.
Out of these serovar§almonella entericaserotype TyphimuriumSalmonellaTyphimurium) and
Salmonella entericaerotype EnteritidisSalmonellaEnteritidis) are the main serovars responsible for
foodborne gastroenteritis [1,5]. Studies on trevidthe serotypes and host-related factors are sapes
for the development of effective prevention plans $almonellosis. The control of these outbreaks
involves the rapid detection of the responsiBémonellaserotype.

Different methods have been developed and are @medhe detection ofSalmonellaspp.
Conventional culture methods for detection Sdlmonellain foods involve blending of the food
product in a non-selective medium to increase theulation of the target organism, followed by
plating onto selective or differential agar platesisolate pure cultures [6], and then examining th
cultures by phenotypic analysis or metabolic markér major drawback is that these methods are
labour-intensive, take 2—3 days for results andaup—10 days for confirmation [7]. Enzyme-linked
immunosorbent assays (ELISA), though faster tharctimventional culturing methods, still take up to
3 h and also require labelling reagents [8]. Alifflouecently more rapid and specific immunological
assays and methods based on nucleic acid probgmfmderase chain reaction (PCR) have been used,
the total time frame is still several hours anduregs trained personnel [9,10]. In recent yearsreth
has been a shift in focus to develop biosensorshi®rapid detection of pathogens. Surface plasmon
resonance (SPR), which belongs to the categoryptital biosensors, has been successfully used for
the rapid detection of different pathogens [11]indsSPR technology, it is possible to detect bigdin
events to antibodies without additional labellingps [12]. The SPR-based assays, besides having the
advantages of being label-free and in real-time atso less time consuming [13].

SPR-based immunoassays for detection of bactadmdingSalmonellacells, have been described
in literature [14-25]. Most of these assays invodiher direct detection of bacteria using polyelon
antibodies or capture and detection of only onglsirbacterial strain using either polyclonal or
monoclonal antibodies. The only literature refeeermvailable, for the individual detection of
Salmonellaserovars, uses monoclonal capture antibodieswelloby signal enhancement using a
polyclonal antibody in different channels of a flelwough SPR system [19]. To our knowledge, there
is no literature available on the simultaneous wapodfSalmonellaserovars and specific identification
of such captured serovars using SPR. Developmesuaf an assay is important for further enhancing
the speed of detection and identificatiorBalmonellaserovars in case of outbreaks of salmonellosis.

In this study we report a cuvette-based SPR assayé specific detection @almonellaserovars
using milk as a model food system. Our results slioat it is indeed possible to simultaneously
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capture and distinguish between different serosb&almonellausing SPR either in the multi-channel
or in the single-channel sequential detection mode.

2. Results and Discussion
2.1 Specific detection of Salmonella serovars iffiebu

The work presented here is an attempt to estabhisBPR-based biosensor for rapid, specific and
simultaneous detection of different serovarsSafmonellawhen present singly or as a mixture in one
single sample. Initially, the assay was evaluatedohosphate buffered saline (PBS@almonella
Typhimurium andSalmonellaEnteritidis were each evaluated separately. Infitsestep, addition of
the polyclonal antibody onto the hydrophobic C18RSHip resulted in an average detection signal of
60 £ 1.25 AU. The subsequent washing step with BBIShot result in any change in the detection
signal, indicating a stable binding of the poly@bantibody to the SPR chip surface. Blocking of an
free available gold surface with bovine serum aliouBSA), after the immobilisation of the
polyclonal antibody, did not result in any signéit increase in the SPR detection signal. Thisavas
clear indication of a uniform coverage of the hyarobic C18 gold surface with the polyclonal
antibody. The next step involved the capture ofltheteria using the immobilised polyclonal antibody
followed by detection with O-specific antibodies4Cand O:9 againsalmonellaTyphimurium and
SalmonellaEnteritidis, respectively.

Different concentrations of both ttf&almonellaserovars were evaluated separately using the assay
in PBS.SalmonellaTyphimurium was found to have a lower limit of eéetion (LLD, defined as the
concentration of cells resulting in a detectiomaigwhich is the average value of the detectignai
obtained due to control plus 3 times the standaxdation) of 1.25x10cells mL* (47 + 3.9 AU) when
probed with the O:4 detection antibody. The higlwesicentration oSalmonellaTyphimurium in PBS
evaluated was 2.5x%@ells mL* resulting in a detection signal of 101 + 8.3 Alg(R).

In case ofSalmonellaEnteritidis the LLD of the assay using the O:9d#&bn antibody was much
higher compared to that of tialmonellaTyphimurium In this case the LLD was 2.5%¢€ells mL*
corresponding to a detection signal of 29 + 4.3 Abk signal obtained from the highest concentration
(2.5x10 cells mLY) of SalmonellaEnteritidis was 68 + 5.4 AU (Fig. 2).
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Figure 1. Detection range of SPR-based assay for specifectien ofSalmonellalyphimuriumin
PBS buffer system using O-specific O:4 detectiaibady. Note that the plot is semi-logarithmic with
the cell concentrations increasing exponentiallytenX-axis. The signals represented here are those
obtained after addition of the O:4 detection ardipo
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Figure 2. Detection range of SPR-based assay for specifectien ofSalmonelleEnteritidisin PBS
buffer system using O-specific O:9 detection ardipdNote that the plot is semi-logarithmic with the
cell concentrations increasing exponentially onXkaxis. The signals represented here are those
obtained after addition of the O:9 detection ardipo
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The variability in detection limits between the twerovars can be attributed to the difference in
affinity of the two detection antibodies towards trespective bacteria. Reports of differences in
affinity of different antiSalmonellaantibodies against the O-antigensSafimonellaare available in
literature [26-28]. The possible reason for thigedence in affinity is probably the difference RS
structure of the two bacteria. There is also liteea available showing the existence of
microheterogeneity in the LPS O-chain of 8smonellaserovars Enteritidis and Typhimurium [29].

2.2 Specific detection of Salmonella serovars ik mi
2.2.1 Detection of each serovar in milk using Oesfpeantibody

To test how the assay performs in a complex foottixpamilk spiked with theSalmonellaserovars
was used as a model systefiddition of milk spiked withSalmonellaTyphimurium orSalmonella
Enteritidis onto the sensor chip coated with pageal antibody resulted in an initial significant
increase in the detection signal. This detectignai however, was reduced after the subsequent
washing step with PBS. The initial increase isitatted to bulk refractive index change of the sampl
medium due to the milk matrix. The detection sigdak to capture oSalmonellaTyphimurium
(5x10 cells mLY) using the polyclonal capture antibody was only+485 AU (Fig. 3a). The
corresponding detection signal due to the captBatinonellaEnteritidis (3x18 cells mLY) from
spiked milk using the polyclonal capture antibodysw5 + 5.0 AU (Fig. 4a).

The capturedSalmonella Typhimurium or Salmonella Enteritidis was then probed with the
respective O-specific detection antibodies. Thealfidetection signal obtained for the highest
concentration oSalmonellaTyphimurium(5x1@ cells mL*) probed using the O:4 detection antibody
was 56 + 3.6 AU (Fig. 3a). The LLD &almonellalyphimurium in milk using O:4 detection antibody
was 2.5x18cells mL™ In both cases the signal due to control (uncoirtated milk) was 0 AU
(Figs. 3c and 4c).

In case ofSalmonellaEnteritidis the highest concentration probed usiregO:9 detection antibody
was 3x18 cells mL* resulting in a detection signal of 68 + 5.4 AUgMa). The LLD ofSalmonella
Enteritidis in milk, using O:9 detection antibodyas 2.5x18cells mL™. It is important to note here,
that even though the LLD in case®dImonellaEnteritidis is higher as compared to thaGafmonella
Typhimurium, the LLD of both the serovars are sanih buffer and in milk. This observation is also
valid for the detection oSalmonellausing a polyclonal detection antibody, recentlplmied by us
[14]. Thus, there is no compromise on the overatedtion capability of the assay due to the milk
matrix. The possible reasons for the differencddtection limits between the two serovars are dyrea
discussed above.
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Figure 3. Sensograms showing: (a) Specific detectioBalfnonellalyphimurium (5x16 cells mL?)
in spiked milk using antibody (O:4 detection andigpagainst the O:4 antigen after capture from milk
using the immobilised polyclonal arffialmonellaantibody. (b) Cross-reactivity check using spiked
milk containingSalmonellaTyphimurium (5x16 cells mL) against O:9 detection antibody, which is
specific forSalmonellaEnteritidis. (c) SPR response to probing of unaombhated milk (control)
using theSalmonellaTyphimurium specific O:4 detection antibody.
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Figure 4. Sensograms showing: (a) Specific detectioBalfonellaEnteritidis (3x18 cells mLY) in
spiked milk using antibody (O:9 detection antibodgginst the O:9 antigen after capture from milk
using the immobilised polyclonal arffialmonellaantibody. (b) Cross-reactivity check using spiked
milk containingSalmonellaEnteritidis (3x18 cells mL*) against O:4 detection antibody, which is

specific forSalmonellaTyphimurium. (c) SPR response to probing of unaonhated milk (control)

using theSalmonellaEnteritidis specific O:9 detection antibody.
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Cross-reactivity of the O:4 detection antibodyS@imonellaEnteritidis (Fig. 4b) and O:9 detection
antibody toSalmonellaTyphimurium was also evaluated (Fig. 3b). As expecthe antibodies were
found to be specific for the respective serovatstHermore, no cross-reactivity was observed when

milk spiked withE. coli K12 (1.0x18 cells mL*) was probed using the O-specific antibodies (5jg.
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Figure 5. Sensograms showing: (a) Cross-reactivity cheakguspiked milk containing. coli K12
(1.0x10 cells mLY) against O:4 detection antibody, which is spediicSalmonellaTyphimurium.
(b) Cross-reactivity check using spiked milk coniag E. coli K12 (1.0x18 cells mL*) against O:9

detection antibody, which is specific f8almonellaEnteritidis. Both antibodies show no cross-
reactivity toE. coliK12 (0 AU).
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2.2.2 Individual detection of serovars in a mixtusgng monoclonal O-specific antibodies

The next step of the assay development was to tdettls theSalmonellaserovars when present
together in a mixture. Initial experiments wereriga out to understand the mode of interactiorhef t
serovars and the antibodies to each other. Milk spélsed with a mixture oBalmonellaTyphimurium
and SalmonellaEnteritidis having the same final concentrationeach bacterium as when tested
singly. In other words, the highest concentratidntte tested samples were 5%1@lls mL* and
3x10 cells mL* of SalmonellaTyphimurium andSalmonellaEnteritidis, respectively. The control
milk samples were prepared by making the necessdmyne corrections with respect to the samples
spiked with bacteria.

The mixture was initially probed with either O:4teetion antibody or O:9 detection antibody (both
diluted 1:2 in PBS) and resulted in an averagecdtietesignal of 45 + 4.2 AU. When the same mixture
of serovars in milk was probed with a mixture oé tindiluted O:4 and O:9 antibodies (1:1 v/v) the
resulting detection signal (98 + 7.8 AU) obtainedswnearly an addition of the individual detection
signals of the respective antibodies (Fig. 6).

120
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B Anti 9 (di 20
100 4 Antibody O:9 (diluted 1:2 in PBS)
B Antibody O:4 + O:9 (1:1 v/v)
80 1
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Figure 6. Detection signals of the SPR assay for the spedétection oSalmonellaserovars in milk
samples spiked with a mixture $&lmonellalyphimurium andsalmonelleEnteritidis, using
O-specific detection antibodies. The signal dueaiatrol (uncontaminated milk) was 0 AU.

These results clearly indicate that the serovangnwpresent in a mixture, do not interfere withrthe
interactions with the respective O-specific detactantibodies. The results support the possibdlfty
developing assays for the simultaneous detecticemivars.

Based on the above results, further experimentg warried out to distinguish between the two
Salmonellaserovars when present together in milk. After siemeous capture of the two serovars
from the spiked milk sample by the polyclonal captantibody, detection was carried out using the
undiluted O-specific antibodies. This step requitbé use of different channels (multi-channel
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detection) for the O:4 and the O:9 detection awlik® respectively. In this case, the results abthi
for probing the mixture of serovars with the until detection antibodies were similar to that for t
detection of each individual serovar in spiked milk

2.2.3 Sequential detection of serovars in a mixture

As it was already established that neither thevegsonor the detection antibodies interfere wit th
SPR detection process when present together inxtumaj further experiments were carried out to
evaluate the possibility of detecting both the sars, using a single SPR channel in a sequential
manner. In the sequential detection mode, the iadddf the milk sample containing the mixture of
both theSalmonellaserovars (5x10cells mL* of SalmonellaTyphimurium and 3xIbcells mL* of
SalmonellaEnteritidis) onto the sensor chip was then probigd either O:4 or O:9 detection antibody,
followed by O:9 or O:4 detection antibody. Theftflgtection signals were comparable to that obthine
in the multi-channel detection mode. The averagkievaf the detection signal foBalmonella
Typhimurium in the mixture when probed with O:4afgton antibody first was 66 + 3.2 AU (Fig. 7a).
The corresponding detection signal f8almonellaEnteritidis in the mixture when O:9 detection
antibody was the first antibody was 60 £ 6.7 AUg(Fib). The detection signal fddalmonella
Typhimuriumwhen detected in the second place (O:4 detectitibaaly) was 40 +7.8 AU (Fig. 7b),
and the corresponding detection signal $aimonellaEnteritidis detected secondly (O:9 detection
antibody) was 28 £ 5.7 AU (Fig. 7a).

The data clearly indicate a reduction in detecsamnal when either of the detection antibodies is
added in the second place. In comparison, the til@tesignal obtained when either of the antibodses
added in the first place is always higher in thgusatial detection mode. This reduction in detectio
signal is explained as follows:

In case of SPR an evanescent field is generatddeaietal/dielectric interface by the surface
plasmon wave. The unique characteristic of the eseent field is, that the field amplitude is greate
at the interface and exponentially decays as atimof distance from the metal/dielectric intedac
[30]. For biomolecular interaction studies usingRSEhe evanescent field intensity is effective amby
to a depth of 100-200 nm [13].

Salmonellaebelong to the family Enterobacteriaceae and gpecdily 1-5 um in diameter [31].
Hence, the size of the bacteria places the bulth@fbound cells outside the SPR evanescent field,
much beyond the effective penetration depth of 200-hm [13]. This reason for high detection limits
for bacterial detection using SPR have been doctedem literature [21]. Consequently, in the
sequential detection mode further addition stegsie a particular point would result in a lowerioig
the detection signal, due to the presence of amlgutside the effective evanescent field. This
explains the reduction in signal obtained for theand detection antibody in the sequential detectio
mode.



Sensor007, 7 1437

450 n
Washing Washing
400 A
Milk spiked with Washing
350 4 S. Typhimurium and
~~ S. Enteritidis
2304 0 r
© ] Polyclonal ik kbt
ccn 250 antibody BSA
)
co04 1 | |-
8 Detection
8 150 - , . R antibody 09
8 r I Detection
100 A Washing Washing antibody O:4
50 1
(a)
0 T T T T T T T
0 2000 4000 6000 8000 10000 12000 14000
Time (s)
450 Washing ashing
400 A
Milk spiked with Washing
350 1 S. Typhimurium and
=) S. Enteritidis
<304 0 AN~~~ =
< 34 AU I
s | - | e R
c 250 4 Polyclonal
2 antibody BSA
< 200 A l -
2 I_ Detection
§ 150 oy M . antibody O:4
3}
a] 100 r I Detection
Washing Washing antibody O:9
50 4
(b)
O T T T T T T T
0 2000 4000 6000 8000 10000 12000 14000
Time (s)

Figure 7. SPR sensograms showing sequential detecti@alofonellaserovars spiked in milk:

(a) Salmonellaryphimurium (O:4 detection antibody) followed BgalmonellaEnteritidis (O:9

detection antibody). (almonellaEnteritidis (O:9 detection antibody) followed Balmonella
Typhimurium (O:4 detection antibody).

Studies were further carried out to elucidate amdieustand the phenomenon of sequential detection
using SPR with respect to the detection of gramatieg bacteria. In order to focus only on the
bacterial component responsible for the SPR sign#ie assay, purified LPS of both tBalmonella
serovars were further tested using the SPR assidly.wds spiked with equal concentrations of both
the LPSs (40 pg mteach). The spiked sample was then probed in thees¢ial detection mode; O:4
followed by O:9 and also O:9 followed by O:4. Intlbh@ases, controls were run using uncontaminated
milk with the relevant dilution corrections. Thetaa&learly show that the 0:9/0:4 detection mode was
able to differentiate between both the LPSs (F&. 8he SPR detection signals were 47 + 2.1 AU for
0:9 as the first and 63 £ 6.1 AU for O:4 as theosdadetection antibody. In case of the 0:4/0:9 mode
of detection the signals obtained were 112 £8.9afd 8 +1 AU, respectively (Fig. 8b).
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Figure 8. SPR sensograms showing sequential detection oktmiof LPSs fronSalmonella
serovars spiked in milk: (&almonellalTyphimurium LPS (O:4 detection antibody) followey
SalmonellaEnteritidis LPS (O:9 detection antibody). @glmonellaEnteritidis LPS (O:9 detection
antibody) followed bysalmonellalTyphimurium LPS (O:4 detection antibody).

It is evident from the data that between both tRS&, the LPS frorsalmonellaEnteritidis has a
lower detection signal in comparison to thatSafimonellaTyphimurium LPS, even though both are
present at the same concentration. This findingegmell with the observations already made here
using whole bacterial cells of both the serovarss Ithus clear that the signal due Salmonella
EnteritidisLPS would be lost if detected in the second plddbesequential detection mode.

Hence, using the sequential detection mode, itways an advantage to have a prior knowledge
about the range of detection signals of both tletdoe on SPR when detected singly. As there iy ear
signal saturation and a consequent decrease setitand signal in the sequential detection modes, it
appropriate that the serovar having the lower dietecsignal is detected in the first place. These
observations are in agreement with the only aviglahiblished data, for the sequential detectioa of
mixture of anti-BSA antibodies and horseradish pel® using SPR [32].

Based on this study, using whole cells and purili€&tBs of the respective serovars, it can be
concluded that sequential detection of serovarsguSPR can be easily achieved. However, as in case
of all assays, a few optimisation steps in termdatérmining the order of detection of the serovwars
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the sequential detection mode need to be carried Tdus would involve initial screening of the
individual serovars using SPR in the multi-chamrmelde to determine their SPR detection signals and
detection limits. Using this data, single-chanregjugential detection can then be designed. The a@erov
with the lower detection signal in the individuatection mode is detected first, followed by thieeot
serovar of interest. Such an assay would furthenease the capability of SPR assays to quicklyescre
a number of serovars and bacterial strains, redugime and costs of the assay.

Though, the above work has been able to establisiSRR assay for specific detection of
Salmonellaserovars and also a scheme for sequential detexttithe bacteria, there is further scope of
improving the assay in terms of detection limitslodk at other recent publications in the area of
bacterial biosensing clearly brings out this poiffte detection limit for an array-based biosensor i
reported to be 5x2@&ells mL* for the detection oEscherichia coliO157:H7 [33]. The detection limit
for Salmonelladetection with a direct-binding optical gratingupter (OGC) immunosensor is reported
to be 1.3x10CFU mL* [34]. Assays developed using leaky waveguide sedsvices (LWD) have
reported detection limits of 1x3ax10* spores mL> for detection of bacteria using bacterial spores
[35]. Attempts to improve detection limits of SPRsled assays for bacterial detection have been
successful, e.g. use of protein G as a spacer mlelen the gold surface to orient the immobilised
capture antibodies. This particular assay, usingepr G, was able to deteSalmonellalyphimurium
down to 1x16cells mL* in buffer [20]. The use of gold nanoparticles nmaprove the sensitivity of
SPR assays is also possible [36]. Our future watktlus focus on further improving the detection
limits of the present assay.

In conclusion, the possibility of using SPR to détand differentiatéSalmonellaserovars when
present together in a given sample has been deratatstusing milk spiked with a mixture of
Salmonella serovars Typhimurium and Enteritidis. The limit§ detection of the assay are
2.5x10 cells mL* for Salmonella Typhimurium and 2.5xfxells mL* in case of Salmonella
Enteritidis. The assay involves simultaneous captifrthe Salmonellaserovars using a polyclonal
anti-Salmonellaantibody. This is followed by specific detectio the captured serovars using
O-specific antibodies against each serovar.

The study also explored the possibility of a setjakrletection protocol for the detection of
Salmonellaserovars using a single SPR channel. Using theesgigl detection mode, it was possible
to differentiate betweeSalmonellaTyphimurium andSalmonellaEnteritidis when present together as
a mixture in milk. The sequential assay was prot@dvork for both whole cells and purified
lipopolysaccharide (LPS). A general rule for sediamletection of two bacterial mixtures using SPR
has also been established. It was shown that i@ chshe sequential detection mode the bacteria
having a lower SPR response to the detection aiitshould be detected first. This is because
sequential detection results in a decrease in lsafrthe second detection antibody used for detacti
of the second serovar. In the multi-channel detacthode the time required for analysis of each
serovar is only 1 h, with the added advantage einigareal-time data of the binding events. The
single-channel sequential detection mode wouldes®e the capability to detect more number of
samples on a single chip in the same time. The karaguirement for each analysis is only 10 pL.

The results of this work can provide useful leamtsfiirther development of SPR-based biosensors
as well as other biosensors for multiple and spedétection ofSalmonellaand other bacteria.
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Besides finding use as a high throughput microlgiclal safety tool in the food industry, the assag ¢
also be used as a rapid detection tool for ideatifbn ofSalmonellaserovars involved in outbreaks of
salmonellosis. Thus, the assay has the potentta tovaluable tool in control of salmonellosis.

3. Experimental Section
3.1 Chemicals

Polyclonal rabbit antBalmonellaspp. antibody (IgG) was obtained from Capricorodects,
Portland, USA. O-specific (O:4 and O:9) antibodagginstSalmonellaTyphimuriumand Salmonella
Enteritidis were obtained from SIFIN (Berlin, Gemya The killed SalmonellaTyphimurium and
SalmonellaEnteritidis cells used in this assay were obtaiinech the Rheinische Friedrich-Wilhelms-
Universitdt (Bonn, Germany) and the Justus-Liebigversitat (Gie3en, Germany).
Lipopolysaccharide (LPS) frorS8almonellaTyphimurium andSalmonellaEnteritidis, prepared by the
phenol extraction method, was obtained from Sigrdriéh (Germany). Theéescherichia coliK12
cells used in the cross-reactivity tests were cettun our laboratory. Luria—Bertani (LB) agar dri8l
broth, both used for culturing, and thimerosal uasdn agent to kill the bacteria were all purctiase
from Merck (Darmstadt, Germany). Bovine serum allur(BSA) was purchased from Merck
(Darmstadt, Germany). Bronid®l, used as a preservative in buffers, was obtaineah Sigma-
Aldrich (Germany). Phosphate buffered saline (PB$5 M, pH 7.3, containing 0.12% Bronidty
used in all experiments was prepared in our laboyatVater used was obtained from a PURE(AB
Plus unit (USF Elga, Germany). Other chemicals wanehased from standard commercial sources
and were of analytical grade. Milk used in thespeexnents was obtained from the local supermarket
(Ultra-high-temperature-treated, homogenized, 1f&%oor in case of fresh milk from a local farm.

3.2 Preparation of Salmonella antigen

The bacteriaSalmonella entericasubsp.entericaserovar Typhimurium an&almonella enterica
subsp.entericaserovar Enteritidis were grown in sterile liquid IlBedium by incubation for 24 h at
37 °C. Subsequently, in order to kill the bactetinerosal (1%, w/w) was added to the medium and
incubated at ambient temperature for 1.5 days.cbments were vortexed at regular intervals during
this time. After this period, to check the effeetiess of the thimerosal treatment, 100 pL of the LB
medium, containing bacterial cells, was added @téoile LB agar medium. In case of a successful
thimerosal treatment, there should be no visiblewtin of bacteria on the LB agar after 48 h of
incubation at 28 °C. The liquid medium, containitige killed bacteria, was then centrifuged at
4,000 rpm for 10 min at ambient temperature usir@Ka0 centrifuge (Sigma, Osterode, Germany).
The cells were obtained as pellets at the bottortheftube. After pouring off the supernatant, the
pellets were washed three times with PBS. In eask this was done by suspending the pellets in PBS
followed by renewed centrifugation. After the thadd final wash, the pellets were suspended in PBS
to the initial volume and stored at 4 °C until het use.
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3.3 Surface coating

The gold surface of each prism was modified totereahydrophobic surface, henceforth referred to
as C18. This method of modification of the goldface of the SPR prism has been recently reported
by our working group [14]. Briefly, the gold prismagere first cleaned in acetone for 10 min, followed
by incubation in a mixture of 0.1 M potassium hydde and 30% hydrogen peroxide for 20 min. The
gold prisms were then rinsed with water, followeaditcubation in a solution of C18 alkylsilane for
6 h at room temperature. The C18 gold prisms waedly dried under vacuum and stored until further
use.

3.4 Surface plasmon resonance device

The assay described here was developed on the ¢HaSnSPR device (Plasmonic Biosensoren
AG, Wallenfels, Germany). The device works on thellaknown Kretschmann-Raether attenuated
total reflection (ATR) configuration [37]. Each SRRip is made up of a glass prism coated uniformly
with gold to a thickness of 50 nm, on the reflegtsurface. The device is characterised by a cuvette
system. The surface of the gold-coated SPR prismdahe bottom of the cuvette, providing 8 parallel
channels (Fig. 9a).

(@)

(b)

Figure 9. (a) Photographs showing (left) the cuvette chambgh, 8 channels, placed on top of the
gold prism (right) the prism with the cuvette chanimounted on the prism holder. (b) Schematic
representation of the setup of the PlasnfdSER device.
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The samples and reagents are loaded into a micegtate, from where the autosampler loads them
automatically into the channels of the cuvette. Blatosampler is controlled by a computer. The
advantage of this cuvette-based system, in congratd fluidic systems, is that the sample materials
can be examined without danger of blockage. Fumbeg, a sample volume of only 1Q is required
for analysis. The Plasmofficuses defocussing optics. The source of incidefit lis a laser diode
(786 nm). It emits an elliptical beam of light, whiis then converted, using the cylindrical lenstem
of the device, into a divergent beam. Using thedefsing optics, it is possible to cover all pdssib
angles of incidence required for the real-time aeieation of the SPR angle, on the gold surface Th
reflected light is detected with the help of a ¢geacoupled device (CCD) camera. The temperature is
controlled by means of Peltier elements. The sefuihe SPR device is shown schematically above
(Fig. 9b).

3.5 Measurement conditions

All detection signals obtained for the assays a3SPR device are with reference to the refractive
index of PBS on the chip surface. All experimenravcarried out at a constant temperature of
22.00 °C.

3.6 Assay setup

In the first step of the assay, polyclonal antibd@p0 ug mrY) against Salmonellaspp. is
immobilised on the SPR chip. The immobilised palyal antibodies are then used to capture all
Salmonellaserovars that may be present in a given sampter #fe step involving immobilisation of
the polyclonal antibody and before capture of b@teany unbound polyclonal antibodies were
washed away with PBS. Any available free gold sigfaas then blocked using BSA (100 pgthin
order to prevent any non-specific binding of thetbdaa. The captured bacteria were then further
probed with monoclonal antibodies specific for eaehovar of interest. The binding of the bacterial
cells to the immobilised capture antibody was rdedrin real-time on a SPR sensogram, in terms of
arbitrary units (AU). Using the Plasmofii§PR device it was possible to explore two differandes
of specific detection after the first “polyclonapiure” step. Each serovar was probed with O-specif
detection antibodies, either in different chanrgislti-channel detection) of the device (Fig. 1@a)a
sequential detection mode was explored using omlg ohannel (single-channel detection), for
detection of both the captured serovars (Fig. 10b).
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Figure 10. Schematic representation of the two SPR-modeth&detection cBalmonellaserovars
(. = S.Typhimurium,. =S.Enteritidis) using the Plasmonic SPR device
(J:I = C18-modified gold surface, = polyclonal capture antibody, = O:4-specific detection
antibody againsk. Typhimurium, = O:9-specific detection antibody agaiSsEnteritidis).
Steps involved in (a) the multi-channel SPR debectif Salmonellaserovars present in a sample,
(b) the sequential single-channel detectionSalmonellaserovars present in a sample.

(b)

First, the assay was carried out in a buffer systethe multi-channel detection mode, followed by
validation in milk. The bacteriaSalmonellaTyphimurium andSalmonellaEnteritidis, were first
captured, using the immobilised polyclonal antihobhdividual serovars were probed in buffer and
also in spiked milk using the respective O-speaintibodies. This was followed by detection of the
serovars in samples having a mixture of both sesov@ross-reactivity of the O-specific detection
antibodies against each of the two serovars wastedsed in the multi-channel detection mode.

The effect of addition of a mixture of both theet#ion antibodies to a mixture of both the serovars
was also compared with that of individual detectimineach serovar in the mixture using each
O-specific antibody. After validation of the muttivannel detection mode a sequential detection mode
was then further explored using the sa@amonellaspiked milk samples. In the sequential detection
mode, theéSalmonellaserovars captured on the SPR chip from a mixturailk were probed with O:4
detection antibody followed by O:9 detection andipor vice versa.
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