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A B S T R A C T   

A successful immunosensor is characterized by a proper antibody immobilization and orientation in order to 
enhance the antigen recognition. In this work, a thorough characterization of the antibody functionalized gold 
surface is performed to set up the best conditions to implement in an optical platform for the detection of Brucella 
sp. Two different strategies are evaluated, based on a random immobilization and on an oriented one: a direct 
antibody immobilization on carboxylic mixed polyethylene (PEG) self-assembled monolayer (SAM) or only 
carboxylic PEG SAM interface is compared to an oriented immobilization on a layer of protein G on the same PEG 
SAM interfaces. X-ray Photoelectron Spectroscopy (XPS), Time of Flight Secondary Ion Mass Spectrometry (ToF- 
SIMS) and contact angle (CA) are used to chemically characterize the gold functionalized surface and ToF-SIMS is 
also used to confirm the right antibody orientation. Optical characterization is applied to monitor the func
tionalization steps and fluorescence measurements are used to set up the proper experimental conditions and also 
to detect Brucella bacteria on the surface. Best results are obtained with a 10 ng/μl incubation solution of 
antibody immobilized, in an oriented way, on a mixed PEG SAM interface.   

1. Introduction 

A crucial aspect for the realization of good immunosensors is a 
proper immobilization of the antibody on the sensor surface. There are 
different strategies for this purpose mainly based on non-covalent in
teractions (such as electrostatic interaction or entrapment in organic 
matrices), affinity interactions (using protein A/G or avidin-biotin 
coupling for instance) or covalent interactions (through amino, thiol 
or glycol moieties on antibody molecules) [1–8]. The choice of the 
proper method depends on the sensor surface and there is not a common 
and general rule. The best protocol has to be set up each time, not only 
taking into account the surface constrains but also the antigen and the 
application. General rules can be found in the literature on the best way 
to immobilize the antibody layer, opportunely choosing the way to bind 
it to the sensor surface, tailoring the density and controlling the orien
tation [1,2,4,9], however only few papers report a complete layer 

characterization and optimization, most merely choosing one recipe and 
performing the functional tests. There is also the possibility to geneti
cally engineer antibodies (recombinant antibodies) in order to 
self-assemble on biosensor surfaces achieving a high density and correct 
orientation to enhance antigen recognition and to increase the sensi
tivity, specificity, and stability [10]. The building of a functional inter
face in a well optimized and controlled way is crucial not only to achieve 
the optimal antigen recognition but also to save reagents, time and to 
reduce the costs. 

One efficient way to immobilize a bioreceptor layer on the sensor 
surface is through a PEG-SAM [11]: a coupling of the highest accessi
bility of the bioreceptor for the analyte recognition and a decrease of the 
non specifc adsorption is obtained. The characteristic “brush” confor
mation of the PEG-SAMs is in fact known to decrease the non specifc 
protein adsorption, depending both on the density and the length of the 
PEG chains [12–15] allowing to identify biomarkers also in complex 
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biological matrices [16–18]. Among the possible configurations, mixed 
PEG-SAMs seem to have a better surface control in terms of chemical 
reactivity [11,19]. Here both mixed and mono short PEG SAMs are 
evaluated as intermediate layer on gold for the random or oriented 
immobilization of antibodies. 

Brucellosis is an infectious disease caused by bacteria, that can be 
transferred to humans from animals [20,21]. The most common way to 
become infected is by eating or drinking unpasteurized/raw dairy 
products or breathing a bacteria culture, but apart from human disease, 
brucellosis causes a big economical issue since a certification of posi
tivity implies the slaughtering of all animals in the farm. The recom
mended initial test for Brucella infection identification from the Center 
for Disease Control and Prevention [22] is based on the agglutination 
test to detect the presence of anti-brucella antibodies in serum. A value 
≥ 120 I.U./ml is considered positive to the infection. Other diagnostic 
assays include mainly microbiological isolation of microorganisms, 
bacterial identification, and nucleic acid amplification-based methods. 
Although this is the traditional and the gold standard detection tech
nique, this method is time-consuming, and requires highly skilled 
technical personnel for handling live cultures that require a laboratory 
for handling micro-organisms with high biological risk (Biosafety Level 
3). Therefore, there is the need to develop sensitive and specific bio
sensors for the rapid identification of the bacteria in order to contain the 
infection. 

The detection of bacteria using immunosensors is quite widespread 
[2,3,6,23] and some examples can be found on the detection of Brucella 
sp. [21,24–28]. Most of these examples just reported the selected 
method, based on random [21,25–28] or oriented antibody [24], 
without a deep characterization and optimization of the immunosurface. 
Other biosensors are based on lateral flow assay combined with loop 
mediated isothermal amplification [29], or on the hybridization on ionic 
layer-by-layer films coupled to a long-period grating optical fiber [30], 
on phage-functionalized nanostructures for SERS detection [20] or on 
aptamer modified QCM chips [31]; moreover, a pathogen enrichment, 
DNA extraction and hybridization detection through ring resonators 
[32] or DNA hybridization assays with metal nanoparticles and aggre
gation in salt-conditions are used [33]. 

In this work, we design and optimize the interface for the specific 
recognition of the Brucella sp. comparing two different strategies based 
on random or oriented antibody immobilized on a mixed PEG SAM or a 
PEG-COOH SAM interface. The random immobilization is obtained by 
the classical ethyleneimine-carbodiimide coupling chemistry, while the 
oriented immobilization has an intermediate layer of protein G. The gold 
derivatization is confirmed using XPS, CA and optical measurements, 
while ToF-SIMS analysis is mainly used to assess the antibody orienta
tion on the surface. Using fluorescent derivative molecules for antibody 
and protein G, the protocol is set up to obtain the best experimental 
conditions. Finally, a functional evaluation of the immuno-layer ability 
in bacteria recognition is performed, staining the bacteria with a fluo
rescent dye and performing an automatic counting. 

2. Materials and methods 

2.1. Materials and reagents 

Gold substrates are prepared by depositing 10 nm of titanium on a 
silicon substrate (100), followed by 100 nm of gold purchased from 
MicroFabSolution srl (Trento, Italy). M-dPEG®8-Thiol (mPEG) and HS- 
dPEG™ (12)-COOH (PEG-COOH) for the self-assembled monolayer 
(SAM) are purchased from Stratech (United Kingdom) and from Iris 
Biotech GmbH (Marktredwitz, Germany) respectively. 1-ethyl-3-(3- 
dimethylaminopropyl) carbodiimide hydrochloride (EDC, 22980) and 
N-hydroxysulfosuccinimide (Sulfo-NHS, 24510) and Pierce recombinant 
protein G (PtG, 21193) are purchased from Fisher Scientific Italia 
(Milan, Italy), while the fluorescent derivative Alexafluor488- Protein G 
(P11065) is purchased from Thermo Scientific (Rockford, IL, USA). Two 

different antibodies have been used: the monoclonal anti-Brucella 
antibody produced in mouse (Brucella abortus (Bx88)) is purchased 
from Santa Cruz Biotechnology, Inc (Heidelberg, Germany) and mouse 
monoclonal Brucella Abortus Antibody (BrG11) is purchased from Bio- 
techne srl (Milan, Italy). Bovine serum albumin (BSA, A7030), anti- 
mouse polyvalent immunoglobulins (G,A,M)− FITC, antibody pro
duced in goat (F1010) (IgG FITC) and all powders for buffers are pur
chased from Sigma-Aldrich s.r.l. (Milan, Italy). Brucella antigenic 
suspension (BIO-63241), a commercial Brucella solution killed by heat 
and 4‰ formaldehyde treatment commonly used for agglutination tests, 
is purchased from Diagnostic International Distribution spa (Milan, 
Italy). LIVE/DEAD™ BacLight™ Bacterial Viability and Counting Kit 
(L34856) purchased from Thermo Scientific (Rockford, IL, USA) is used 
to detect bacteria on functionalized surfaces. 

2.2. Substrate functionalization 

The gold substrates are first cleaned using an argon plasma for 2 min 
at 6.8 W to remove organic contaminants. A mixture at 0.2 mM total 
concentration of an mPEG and PEG-COOH in MilliQ water at room 
temperature for one hour (spanning different ratios), followed by a 
washing step in ultrapure water, is used to form the self-assembled 
monolayer on gold. The activation of carboxylic groups is achieved 
using a mixture of EDC and sulfo-NHS in 50 mM of MES buffer pH 5.5, 
with an EDC/sNHS ratio of 40/10 mM for 30 min in orbital shaker. At 
this point two different strategies are followed, the RANDOM immobi
lization or the ORIENTED one as reported in Fig. 1. For the RANDOM 
immobilization, after the carboxylic groups’ activation, an antibody 
solution spanning a range between 1 ÷ 80 ng/μl for one hour in 50 mM 
of MES buffer pH 5.5 or PBS (10 mM phosphate buffer, 138 mM NaCl, 
2.7 mM KCl, pH 7.4) is used. For the ORIENTED strategy instead, a 
further incubation in a PtG solution (spanning a range between 2 ÷ 100 
ng/ μl) in PBS buffer for one hour is performed and then the antibody 
solution, as previously described, is done. Finally, a passivation step in a 
solution of 1 % w/v BSA in PBS buffer for 30 min is performed for both 
strategies. 

2.3. Bacteria suspension characterization and detection 

The bacterial suspension is characterized staining the bacteria with 
the Syto®9 component of the Live/Dead kit, according to manufacturer 
instructions, and using a Thoma cell counter. The fluorescent bacteria 
are quantified under the microscope, following the protocol in
structions. A Leica DMLA fluorescence microscope equipped with a 
mercury lamp and a fluorescence filter L5 (Leica Microsystems, Ger
many) is used. The fluorescence is measured with a cooled CCD camera 
(DFC420C, Leica Microsystems, Germany) and analyzed with the Fiji 
software [34]. After the bacteria incubation on the surfaces for 5 min, a 
washing step in PBS is applied for ten times, in order to simulate the real 
measurement on an SPR platform. The bacteria on the gold surfaces are 
then stained using 5 μM of Syto®9 for 15 min at dark and then the 
fluorescence signal is acquired with a 10X magnification objective using 
the previously described filter and microscope. The quantification is 
obtained converting the picture in a 8-bit image and setting a threshold 
as described in Fig. S1. After the threshold selection, bacteria are 
automatically counted by the software. 

2.4. Surface characterization 

The chemical characterization of the gold functionalized substrate is 
performed via CA, XPS and ToF-SIMS. The static contact angle is 
measured using a home-made system, depositing 2 μl of deionized water 
droplets on the substrate (at least two drops per sample). The images are 
acquired with a CMOS camera and analyzed by Drop-Analysis, a plugin 
of Fiji software [34]. The results are reported as average value and 
standard deviations. 
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XPS analysis is performed using a Kratos Axis UltraDLD instrument 
(Kratos Analytical Ltd, England) equipped with a hemispherical 
analyzer and a monochromatic Al Kα (1486.6 eV) X-ray source, in 
spectroscopy mode. Photoelectrons were detected at 0◦ emission angle 
(sampling depth of about 10 nm [35]) and both survey spectra and O 1 s, 
C 1 s and Au 4 f core lines are acquired. The relative elemental 

percentage is obtained by integrating the area under the core lines, 
applying the Shirley background subtraction, and by correcting for the 
atomic sensitivity factors through a dedicated software [36]. 

ToF-SIMS measurements are obtained on a ToF-SIMS IV instrument 
(ION-TOF GmbH, Germany) equipped with a bismuth liquid metal ion 
gun (LMIG). SIMS spectra of positive ions are obtained by using Bi3+

Fig. 1. Scheme of the gold functionalization. After the surface cleaning (1), a short PEG-SAM interface is built (2) and the carboxylic groups are activated through 
EDC/sNHS chemistry (3). At this point two different strategies are followed: a RANDOM antibody (Ab) immobilization is achieved immediately incubating the 
activated surface with Ab solution (4) and ending with a BSA passivation (5); while an ORIENTED immobilization is obtained first immobilizing a protein G layer (4’) 
and then the antibody solution (5’) and ending with the BSA passivation (6’). 
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primary ions operated at 25 keV with a pulse width of 19.0 ns and a 
repetition rate of 10 kHz in the high-current bunched mode. The anal
ysis area (150 × 150 µm2) is randomly rastered by the primary ions, 
and the primary ion dose is maintained below static SIMS conditions. 
The mass resolution (M/ΔM) at C7H7

+ (m/z = 91) is usually more than 
7000 and the mass calibration is internally performed by using the H+, 
H2
+, CH3

+, C2H5
+, C3H7

+ and C7H7
+ peaks; 3 spectra for each sample are 

collected for statistical reproducibility. 
In order to perform a PCA (Principal Component Analysis) of the 

ToF-SIMS positive secondary ions spectra, a peak list is built by selecting 
190 peaks of each spectra. Each peak is normalized to the summation of 
the selected peaks to eliminate any systematic differences between the 
spectra, and then mean-centered before the PCA process. With the help 
of the PCA, a subset of the peaks is created by neglecting all those peaks 
belonging to the substrate. The remaining peaks (60 peaks) are used to 
perform PCA analyses on the samples PEG_MIX with RANDOM and 
ORIENTED antibody. 

2.5. Optical characterization 

The surface plasmon resonance (SPR) phenomenon can be used to 
monitor the functionalization processes. More specifically, the bare 
surface and the surface covered by the receptor layer exhibit different 
resonance wavelengths when the same bulk solution (typically water or 
buffer) is present. When the self-assembled bioreceptor is present on the 
gold surface, the resonance shifts to the right because the refractive 
index in contact with the plasmonic surface increases. So, the SPR 
spectra can be applied to monitor, step by step, the functionalization 
process. 

In this work, a miniSPR instrument is used (model Spectra 340 
manufactured by Moresense Srl, Milano, in collaboration with Univer
sity of Campania “L. Vanvitelli”). The experimental setup is based on a 
spectrometer VIS range 500–730 nm and a white light source 
400–780 nm, assembled as reported in Fig. S2. The optical platform is 
based on SPR plastic optical fiber (POF) chips (model RA1008 manu
factured by Moresense Srl, Milano, Italy) built with additive 
manufacturing technology. The SPR spectra are obtained by a custom 
Software (named Capture Spectrum Data ver.2.4.8, developed by Mor
esense Srl, in collaboration with the University of Campania “L. 
Vanvitelli”). 

3. Results and discussion 

The gold surface is functionalized following the scheme summarized 
in Fig. 1. After the surface cleaning, a SAM of short PEGs is formed, 
mixed or only carboxylic PEG; after the carboxylic groups activation 
through the EDC/sulphoNHS chemistry, the antibody is immobilized 
directly (RANDOM) or on an orienting protein G layer (ORIENTED) and 
the surface is finally passivated with BSA solution. 

3.1. SAM characterization 

SAM formation on the gold surface is assessed by XPS, contact angle 
measurements and ToF-SIMS analysis. Table 1 reports the value of 
contact angles measured on the sample while an increasing amount of 
PEG-COOH is used (last column of Table 1 on the right) and it is clearly 
evident that increasing the amount of the hydrophilic PEG, a lower value 
of the contact angle is recorded, as expected. Similar values have been 
found on silica surfaces using short chains [37] or using PEG-silane 
molecules [38] and also on gold surfaces [39–41]. In an inversely pro
portional way, an increase in the oxygen and carbon content is recorded 
by XPS analysis together with a decrease in the substrate signal (gold). 
Survey spectra and all significant core levels are reported in the sup
plementary file (Fig. S3 and Fig. S4). Sulphur is detected in a concen
tration between 1 % and 2 % maximum on the samples with PEG 
molecules. A more detailed analysis of the carbon core lines, shows three 

peaks attributable to C-C, C-H groups (C1) at approximately 284.6 eV, 
C-C-O group fingerprint of the PEG molecule (C2) at 286.45 eV [42] and 
carboxylic group COOH at approximately 289.2 eV (C3) (Fig. S5), in 
good agreement with the literature [43,44]. Apart from the increase in 
the PEG fingerprint (C2), an expected increase in the carboxylic group is 
obtained increasing the PEG-COOH amount in the MIX, even if a small 
amount is detected also on mPEG SAM only (0.9 %, sample 2 in Table 1). 
This contribute is clearly not attributable to COOH groups but to other 
oxidized chemical species, since a TOF-SIMS analysis performed on 
sample mPEG or PEG-MIX (sample 2 and sample 5 of Table 1) confirmed 
the absence of carboxylic group on the first sample (see Fig. S6). 

3.2. Interface optimization 

A fluorescent protein (PtG-AF488) is used to optimize the SAM 
interface. First, it is used to find the optimal incubation time for the SAM 
formation, using only mPEG as non-fouling surface. As reported in 
Fig. S7, one hour is enough to cover the gold surface in an efficient way, 
since no orientation is necessary in this configuration. Longer incubation 
times are usually used on SAM of alkanethiol on gold to allow a proper 
packaging and orientation of the chains; in our system, PEG molecules 
assume a random orientation since the interaction with water molecules 
promotes a “brush” conformation [12–15]. Then, a different ratio be
tween the two PEG molecules on EDC/sNHS activated interface is 
spanned to find the best proportion and achieve the maximum protein 
immobilization. A mixed PEG SAM in fact is reported to be better in 
terms of density and accessibility of the functional groups [3]. The ob
tained results (Fig. S8) suggest that an mPEG_PEG-COOH ratio of 
0.25_0.75 (PEG_MIX) is enough to reach the maximum protein 
immobilization. 

On the two selected SAMs (PEG_MIX and PEG-COOH SAM) the PtG 
concentration is changed to optimize the orienting layer. A range be
tween 2 ÷ 100 ng/μl of PtG is spanned, finding in 50 ng/μl the best 
concentration (Fig. S9), because, even if higher protein concentration 
result in higher fluorescence signal, an aspecific adsorption is also 
observed, especially on PEG-COOH SAM (Fig. S10). Finally, once the 
SAM interface and the orienting layer have been optimized, we focused 
on the antibody immobilization, spanning different concentrations and 
testing two different buffers (MES and PBS): MES buffer is selected 
because suggested by the manufacturer for the optimal binding on PtG, 
while PBS is selected because it is the most used buffer for the antibody 
immobilization. Both RANDOM and ORIENTED immobilization reached 
the highest antibody immobilization using MES buffer (Fig. 2) on 

Table 1 
Chemical characterization determined by XPS and CA on the different samples 
reported in the first column. XPS data are acquired at 0◦ take-off angle and 
standard error does not exceed the 1–2 % of the reported value.   

Sample 
description 

Au 
(%) 

O 
(%) 

C 
(%) 

Carbon 
components 

Contact 
angle [◦]  

1 Au  60.7  11.0  28.2 C1 = 16.2 
C2 = 8.3 
C3 = 3.3 

71.9 ± 0.8  

2 mPEG  39.6  20.8  39.6 C1 = 1.3 
C2 = 37.4 
C3 = 0.9 

54.7 ± 0.9  

3 mPEG_PEG- 
COOH 
(0.75:0.25)  

36.9  21.6  41.5 C1 = 1.1 
C2 = 39.5 
C3 = 1.0 

44.3 ± 1.9  

4 mPEG_PEG- 
COOH (0.5:0.5)  

35.4  22.3  42.2 C1 = 1.1 
C2 = 39.7 
C3 = 1.4 

34.1 ± 1.2  

5 mPEG_PEG- 
COOH 
(0.25:0.75)  

34.8  22.9  42.3 C1 = 1.0 
C2 = 39.7 
C3 = 1.6 

30.7 ± 0.1  

6 PEG-COOH  30.0  24.3  45.7 C1 = 1.2 
C2 = 42.8 
C3 = 1.8 

23.1 ± 0.8  
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PEG_MIX or PEG-COOH SAM. The use of MES buffer also in the 
RANDOM immobilization suggests a better orientation also in this case, 
while a lower pH with respect to the isoelectric point is used [2]. 

For the ORIENTED strategy a concentration of 40 ng/μl seems to be 
enough to reach a total coverage of the surface on PEG_MIX SAM 
interface, while a higher concentration is required for PEG-COOH SAM 
(Fig. 2B); for the RANDOM strategy a higher concentration is required to 
saturate the surface in both SAM interfaces (Fig. 2 A). 

3.3. Interface characterization 

The optimized RANDOM or ORIENTED interface is optically char
acterized using a miniSPR instrument. Each step of the functionalization 
process is monitored, recording the spectral shift in the resonance peak.  
Fig. 3 shows the different behavior between the two interfaces, based on 
PEG_MIX (A) or on PEG-COOH interface (B): the mixed PEGs SAM 
(Fig. 3A) is able to better mask the gold surface since BSA incubation 
does not cause any additional shift, as in the case of PEG-COOH SAM 
(Fig. 3B). The presence of methoxyPEG in the mixed PEG helps in the 
biofouling of the surface [12–15]. These results confirmed the behavior 
observed in fluorescence measurements, where a higher aspecific 
binding is observed on PEG-COOH SAM (Fig. S10). 

The binding of the antibody on the orienting protein G layer is also 
confirmed by monitoring the variation in the resonance peak position 
(Fig. 4). The increase in the antibody concentration caused a higher 
immobilization on the sensor surface and consequently a larger shift is 
recorded. The Langmuir fit showed saturation at about 40 ng/μl with a 
correlation coefficient of 0.99, in good agreement with the fluorescence 
measurements (Fig. 2B). 

The antibody orientation is confirmed by ToF-SIMS analysis. The 

PEG_MIX interface with 40 ng/μl of RANDOM or ORIENTED antibody 
solution is analyzed to confirm a different orientation of the antibody 
molecule. Several examples can be found in literature on the application 
of this technique to identify different aminoacids [45–48]. The two 
samples resulted well distinguishable as assessed by a Principal 
Component Analysis (PCA), a multivariate statistical analysis technique, 
performed on the set of spectra acquired in different areas of the samples 

Fig. 2. Incubation of different amount of IgG-AF488 on RANDOM (A) or ORIENTED (B) strategies on PEG_MIX SAM (circles) or PEG-COOH SAM (triangles up) in 
PBS buffer (white symbols) or MES buffer (dark symbols). Data are reported as mean value of five images and error bars represent the standard deviation. Curves 
represent the Langmuir fit. 

Fig. 3. Resonance shift (Δλ) as a function of the functionalization steps in RANDOM or ORIENTED configuration on platforms with mixed PEG SAM (A) or totally 
based on PEG-COOH (B). Data are reported as mean values on three independent platforms and the error bars represent the standard deviation. 

Fig. 4. Resonance shift (Δλ) as function of the antibody concentration. Data are 
reported as mean values on two independent platforms and error bars represent 
the standard deviation. Langmuir fit is also reported. 
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(Fig. 5A): the two datasets resulted separated by more than 95 % of the 
total variance and along the first principal component, by about 87 %, 
meaning that the two samples are clearly different. The main amino 
acids masses are identified in the spectra according to literature [47,48] 
and can be mainly assigned to the fragment crystallizable (Fc) region or 
to the antigen binding fragment (Fab) indicative of the possible orien
tation on the surface: side-on (one Fc and one Fab attached to the sur
face), tail-on (Fc attached to the surface), head-on (both Fabs attached to 
the surface) or at-on (all three fragments attached to the surface) [1]. 

Fig. 5B reports the fragment distribution on S3 (negative part) and S4 
(positive part). The fragments mainly attributable to Fab portion are 
highlighted in green, suggesting that they are present on the S4 sample 
(the ORIENTED antibody configuration). 

3.4. Bacterial recognition 

Once the antibody interface is optimized and assessed by chemical- 
physical techniques, a functional test is applied to definitely find the 
best conditions for the gold surface functionalization. To this purpose, a 
bacteria solution of (5.3 ± 1.3) x 106 bacteria/ml (as quantify staining 
bacteria with a fluorescent dye and using a Thoma cell counting, as 
reported in paragraph 2.3) is applied on the different surfaces for 5 min 
followed by an extensive washing and staining with fluorescent dye. The 
two SAM interfaces are analyzed (PEG_MIX and PEG-COOH) with the 
RANDOM or ORIENTED antibody as a function of the antibody 
concentration. 

Fig. 6 reports the bacteria quantification on the different surfaces. On 
the PEG_MIX interface it is clearly evident that only in the ORIENTED 
configuration (Fig. 6B) it is possible to observe a real effect of the 
antibody that is dependent on the antibody concentration, while in the 
RANDOM orientation (Fig. 6A) no significative results are obtained with 
respect to the aspecific adsorption (gray bar). Previously obtained re
sults with fluorescence and optical analysis suggested that a complete 
antibody coverage of the surface is achieved using a concentration of 
40 ng/μl (Fig. 2B and Fig. 4), however a too dense layer is obtained and 
this can interfere with the recognition of the bacteria [49]. Instead, for 
the PEG-COOH SAM interface a similar trend is obtained even if the 
antibody effect seems to be reduced, probably due to a more disordered 

layer that is unable to guarantee a proper antibody conformation 
(Fig. 6C and 6D). Two different antibodies are tested without any sig
nificant difference (Fig. S11). 

4. Conclusions 

The correct and efficient immobilization of antibody on the surface is 
a crucial aspect to build sensitive and specific immunosensors. In this 
respect, depending on the surface, the proper functionalization method 
has to be selected according to the final application and performing all 
the necessary steps to optimize the antibody concentration and orien
tation. For gold surfaces, a mixed short PEG SAM interface revealed to be 
the best choice, since the functional groups are properly tuned, and a 
better accessibility is achieved. Moreover, the mixed PEG SAM 
contributed to reduce the aspecific adsorption. On this layer, an oriented 
antibody immobilization through a protein G layer resulted in the best 
bacteria recognition, once selected the optimal antibody concentration, 
because a too dense layer interferes with the detection. XPS, ToF-SIMS, 
CA, optical and fluorescence measurements allowed to set up the 
optimal conditions for the gold functionalization to be transferred on an 
SPR optical platform. 
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