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Abstract

Brucellosis is a zoonotic disease endemic in developing countries
and caused by gram-negative bacteria of genus Brucella infecting
both livestock and humans. Brucella melitensis and Brucella abor-
tus are important species representing largest biotypes world-wide.
Therefore, modified detection strategies and advancement in po-
tential analytical tools are required to monitor its rapid prevalence.
In this study, we aim to modify gold-transducer of Surface Plasmon
Resonance biosensor with combination of metal oxide nanomate-
rials and chemical probe to detect recombinant outer membrane
‘rOmp28’ protein antigen of Brucella melitensis 16M in concentra-
tion-dependent surface interactions. We synthesized Zinc (ZnONPs)
and Gold (AuNPs) nanoparticles using standard ‘Hydrothermal and
Turkevich Methods’ and their crystalline structure, chemical prop-
erty and morphology were analysed using UV-Visible Spectropho-
tometry, FT-IR, Powder-XRD, SEM-EDX and TEM-SAED. For immobi-
lizing specific rOmp28 derived IgG-pAbs on modified Au-transducer,
rOmp28 protein was expressed and purified using Ni-NTA gel af-
finity chromatography for producing pAbs in BALB/c mice. Three
modifications of Au-transducer with 4-MBA, ZnONPs/AuNPs and
ZnONPs/AuNPs/4-MBA were subjected for immobilization and SPR
biosensing was performed with rOmp28 Ag at detection range of
0.1pg mL™ to 0.01fg mL™. Limit of detection observed with ZnONPs/
AuNPs/4-MBA combination was 0.1fg mL? by relative increase in
SPR response angle at 0.1pug mL* in the order 83.72 < 98.92 < 179.2¢
for 4-MBA < ZnONPs/AuNPs < ZnONPs/AuNPs/4-MBA respectively.
In conclusion, metal oxide nanomaterials in combination with bio-
sensor are suitable in sensitive and specific interaction of antigen
displaying lowest LODs and enhanced biosensor response for on-
field real-time Brucella detection in both clinical and non-clinical
disease scenario.

Keywords: Brucella; Recombinant Protein rOmp28; Zinc
Nanoparticles; Gold Nanoparticles; Surface Plasmon Resonance;
Biosensors
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rtPCR: Real-Time Polymerase Chain Reaction; ELISA: Enzyme Linked
Immunosorbent Assay; I-ELISA: Indirect-Enzyme Linked Immunosor-
bent Assay; CFU: Colony Forming Units; BSA: Bovine Serum Albu-
min; BSB: Brucella Selective Broth; LB: Luria Bertani Broth; BHI: Brain
Heart Infusion Broth; IPTG: Isopropyl B-D-1-thiogalactopyranoside;
CFA: Complete Freund’s Adjuvant; IFA: Incomplete Freund’s Adju-
vant; HIS: Hyper Immune Sera; PIS: Pre-lmmune Sera; EDC N-(3-
Dimethylaminopropyl)-N’-ethylcarbodiimide Hydrochloride; NHS:
N-Hydroxysuccinimide; 4-MBA 4-Methoxybenzoic Acid; SAMs:
Self-Assembled Monolayers; NPs: Nanoparticles; ZnO: Zinc Oxide;
ZnONPs: Zinc Oxide Nanoparticles; AuNPs Gold Nanoparticles; UV:
Vis Ultra-Violet Visible; FT-IR: Fourier Transform Infra-Red Spectros-
copy; XRD: X-ray Powder Diffraction; SEM-EDX: Scanning Electron
Microscopy with Energy Dispersive X-ray Analysis, TEM-SAED: Trans-
mission Electron Microscopy with Selected Area Diffraction; fcc:
Face Centered Cubic; Ni-NTA: Nickel Nitriloacetic Acid; SDS-PAGE:
Sodium Dodecyl Sulfate - Polyacrylamide Gel Electrophoresis; kDa:
Kilo Daltons; kV: Kilovolts; DI: De-ionized Water; RT: Room Tempera-
ture; pH: Potential of Hydrogen lon; 26 Theta Angle; PBS: Phosphate
Buffered Saline; PBS-T: Phosphate Buffered Saline with Tween-20;
O/N: Overnight; IAEC: Institutional Animal Ethics Committee; IBSC:
Institutional Biosafety Committee; CIF: Central Instrumentation Fa-

cility.

Introduction

Brucella is a causal agent of the disease brucellosis and its
prevention and control in endemic areas is most relevant in
concern to both animal and human health. To eradicate its rapid
re-occurrence and frequent spread, there is an urgent need to
control animal infections and its concurrent passage to humans
[1]. It is a zoonotic infection of medical importance and animals
are the principal seedbeds for disease interplay between ani-
mal to animal and animal to human successive transmissions
[2]. The bacteria belong to genus Brucella and most common
species prevalent in livestock infection are Brucella abortus
and Brucella melitensis [3,4]. Infection in human was reported
by four major species of Brucella basically, Brucella melitensis
(from camels, sheep or goats), Brucella suis (pigs), Brucella
abortus (cattle) and Brucella canis (dogs), in descending order
of pathogenicity [5]. Although, despite of its endemicity in de-
veloping countries, many of the developed nations have strate-
gically control the spread of brucellosis but in past 3 years it has
been reported as a most re-current, re-emerging, intermittent
infection in Japan, China, India, Australia and other European
Countries [6]. Progressive risk of contamination occurs with
close contact to infected animals or through generated aero-
sols, continuous bacterial shedding by underlying tissues, raw
under-cooked meat, food articles of animal origin and sponta-
neously through incomplete processing of milk and its by-prod-
ucts [7]. Disease symptoms of typical flu-like allergy begins with
acute illness and later on progresses with neurological involve-
ment of central and peripheral system in chronic derivatives [8].
The delayed diagnosis and early treatment bias happens due to
in-sufficient knowledge by physicians, disease under-diagnosis,
bacterial mis-identification by related differential diseases and
low index of disease speculation among urban population has
contributed to the widespread of brucellosis with in-sufficient
case-reports [9]. Due to the risk factors associated with human
health and community transmission at large scale, it is ranked
as ‘bio-pathogen of concern’ to be handled carefully in bio safe-
ty levels (BSL-3 laboratories) in order to prevent LAls, laboratory
acquired infections [10]. In global scenario, brucellosis is report-
ed among the top ten zoonosis of concern with highest impact

on human health and agro-economy. It is gradually emerging
and re-emerging in more than 170 countries across six major
regions of the globe with approximately, 500,000 new human
infections reported annually along with persisted endemic cas-
es worldwide [11]. Clinically, brucellosis is often mis-diagnosed
with other febrile illness viz; Typhoid and Malaria, represent-
ing non-distinct acute or sub-acute infection but with the dis-
ease progression, its chronic illness likely projects more severe
symptoms and focal complications. Therefore, for its proper
diagnosis and early management of acute and chronic fevers
a detailed occupational or travel history of the patient must be
critically entertained [12]. Gold standard established for Brucel-
la detection is using blood cultures but they generally present
variable sensitivity and needs minimum 30 to 40 days for cul-
ture based typing and sub-culturing for further analysis based
upon biochemical, molecular and immunological methods [13].
Other methods for diagnosis and rapid testing employs anti-
body agglutination assays like Serum Agglutination Test (SAT)
but it mostly lacks agglutination at higher antibody titers and
results in false negative interpretation due to high prozone ef-
fects [14,15]. Serological tests like Rose Bengal Agglutination
Test, Direct and Indirect Fluorescent Polarization Antibody
Test, Complement Fixation Test, 2-B Mercaptoethanol, Indirect
Coomb’s Test, Brucellacapt, Dipstick, Micro agglutination and
Dot Blot Assays are often used for its rapid detection [16,17].
But, they are also known to present false positive results due to
non-specific and non-agglutinating ‘blocking antibodies’ in se-
vere chronic infection [18,19]. Enzyme immunoassay like ELISAs
and Lateral Flow assays are more sensitive and often used as
choice-of-tests but they also lack detection at lower antibody
titers and are unable to distinguish between acute and chronic
infections with 1gG and IgM antibodies distinctly [20,21]. In ad-
dition, an enzyme-labelled antibody is needed for both direct
and indirect ELISAs along with long experimental procedures
[22]. On contrary, molecular tests like PCR, rtPCR and other flu-
orescence and probe based quantitative PCRs, Isothermal and
Polymerase Amplifications are sensitively specific but are dif-
ficult to employ commercially in low-resource settings, requires
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efficient subject-expertise for pre-sample preparations along
with critical analysis of methods and often fails to report on-
field pre-clinical acute cases [23]. Therefore, for accurate and
confirmed diagnosis, serological, molecular and microbiological
techniques are used simultaneously ‘in combination” to over-
come the on-specific and atypical detection of Brucella [24].
Since, the existing methods of diagnosis are lengthy, not cost-ef-
fective, presents limited specificity, false positive, cross-reactive
in differential disease cases, non-suitable for on-field testing,
brings variable sensitivity among disease reservoirs etc. Thus,
along with combinatorial detection methods, a new approach
by introducing metal oxides with assay hybridization, in bio-
molecular bio-conjugations using surface modification of bio-
sensors can be deciphered for direct real-time on-field Brucella
biomarker based detection [25,26]. One such novel method is
invaluable for rapid and easy detection whereby, lateral flow
nanobiosensors which are suitable for on-site miniaturized de-
tections are used to detect Brucella employing MCDA, multiple
cross displacement isothermal amplification [27]. And, a newly
designed colorimetric immunoassay using silica nanoparticles
for synthesizing fabricated immunosensors was used in conju-
gation with selective polyclonal antibody (pAb) against Brucella
abortus (LOD of 450 CFU mL?) for on-site rapid detection [28].
Another finding was also reported where label-free impedance
immunosensor having fabricated pAbs of Brucella melitensis on
the surface of gold nanoparticle modified screen-printed car-
bon electrodes was used to specifically detect Brucella whole
cells at LOD of 4X10°CFU mL™ [29]. Therefore, such modified bi-
osensors using nanomaterials are proven efficient tools to iden-
tify and characterize bacterial pathogens offering real-time de-
tection which is comparatively sensitive and specific with lower
limits of pathogen detection. Metal zinc oxide nanoparticles
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Figure 1: Schematic representation of methodology used in
ZnONPs and AuNPs preparation for SPR bio-sensing with
Hydrothermal and Turkevich standard methods of nano-synthesis.

Figure 2: SPR Au-transducer chip used in various surface modifica-

tions for SPR biosensing.
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Figure 3: UV-Visible analysis showing absorption spectra of (a)
AuNPs (b) ZnONPs with corresponding absorption spectrum peaks
atA__ 520nmandA__ 370nm respectively.
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Figure 4: Characterization of ZnONPs and AuNPs with SEM-EDX
is showing (a) ZnONPs with ‘Hexagonal Wurtzite’ nano-beads at
200nm (b) AuNPs with ‘Round-Bead and Spherical’ shape nano-

particles respectively.
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Figure 5: SEM-EDX analysis for (a) ZnONPs with anisotropic growth
patterns showing four iterations having O, Si, Zn and Au elements.
Elements Au and Si corresponds to Au-transducer elemental com-
position having ZnO nanoparticles (b) AuNPS showing pure gold el-
emental iterations with spherical shaped particles having uniform
identical patterns.

o o <
Figure 6: Characterization of ZnONPs and AuNPs with TEM-SAED
showing (a, b and c) area under circle for ZnONPs with clearly vis-
ible ‘Hexagonal Wurtzites’ particles and, (d, e and f) ‘Spherical
Round’ single suspended nano-size structures for AuUNPs.

functionalized with selective antibody of Brucella abortus
for active deposition on metal aluminium sheets has been re-
ported for cyclic voltametric detection of Brucella [30]. And,
integration of such ZnO metal oxide combined with its hybrid
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nanostructures is also reported as efficient in developing po-
tential biomedical sensor devices with unique fabrications to
provide accurate and real-time point-of-scale biosensing for se-
lective and sensitive detection [31,32]. Therefore, in our pres-
ent study, we immobilized highly specific and sensitive IgG-pAbs
derived from recombinant outer membrane marker protein
antigen (rOmp28 Ag) of Brucella melitensis 16M on the modi-
fied surface of SPR Au-transducer having three different com-
binations of selective metal oxide nanomaterials (ZnONPs and
AuNPs) along with 4-MBA Self Assembled Monolayered (SAMs)
probe molecule. During SPR interaction study with modified
biosensor gold chips, Brucella rOmp28 antigen was detected at
0.1 fg mL™ as the lowest limit of detection. And, order of sensi-
tivity for antigen detection with increased SPR response angle
was observed with ZnONPs/AuNPs/4-MBA modification among
the other layered combinations. In conclusion, enhanced modi-
fication of SPR Au-transducer using combination of metal ox-
ide nanomaterials is promising in specific detection of Brucella
melitensis 16M surface protein antigen at lowest detection limit
in femtograms. Hence, the selective biosensor modification can
be used to deploy in on-field Brucella detection for early acute
and sub-acute clinical cases with low-antigen availability. This

Figure 7: TEM-SAED patterns for (a) ZnONPs in particle size range
between 100nm to 200nm with SAED patterns showing bright
sharp spots on concentric rings indicating polycrystalline nature
of ZnONPs and, (b) AuNPs as round size nano structures having
particle size range of between 50 to 100nm with SAED patterns of
concentric bright spots corresponding to polycrystalline nature of
Au particles.
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Figure 8: Characterization with FT-IR analysis using wave number
range of 4,000cm™ to 500cm™ indicating (a) absorption at 3,400
to 3,300cm™ for medium N-H stretching vibrations of hydrogen
bonds in amines and of pendant hydroxyl groups, peaks at 3,300
to 2,500cm™ and 1,640 to 1,403cm™ corresponds to O-H stretching
of carboxylic and S-H, C-O stretchings and O-H bending vibration
of thiol groups, C=0 stretching vibrations of amides and pendant
carboxylic groups and frequency peaks at 1,505cm™, 1,382cm?,
1,085cm™?, 1,044cm™ corresponds to stretching vibrations of N-O
for nitro group and C-H bending and C-O stretching of alkanes
and alcohols respectively of AuNPs and, (b) absorption at 3,500
to 3,450cm™ of strong N-H stretching vibrations of primary amines
and medium O-H stretchings, peaks at 1,550 to 1,500cm™ for N-O
stretchings of nitro functional group and peaks at 1,342 to 1,266cm"
11,250 to 1,020cm™*and 1,395 to 1,310cm™ for C-N stretching vi-
bration of amines, aromatic amines along with O-H bending vibra-
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Figure 9: Characterization with powder-XRD analysis indicating (a)
d-spacing planes in fcc cubic system for ZnONPs with diffraction
peaks with 29 values at 31.842, 34.529, 36.332 and 47.632 for cor-
responding reflections of (100), (002), (101) and (102) set of planes
and, (b) for AuNPs peaks were observed with 2 values at 38.169,
44.319, 64.412 and 77.502 for corresponding reflections of (111),
(200), (220) and (311) set of planes respectively.
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Figure 10: Standard graph plot showing antibody titer estimated
using I-ELISA for the developed mice I1gG-pAbs against rOmp28 Ag
of Brucella melitensis 16M. The two fold serial dilutions of HIS re-
sulted in logarithmic regression co-efficient value, R*=0.964 with
observed linearity in standard equation y=1.233In(x)+0.246 in com-
parison with PIS negative control (1:1000 dilution).

tions of carboxylic groups for ZnONPs.

modified approach is simple, reliable, fast and accurate offering
selective sensitivity and specificity for antibody mediated sur-
face antigen based detection of Brucella to distinguish differen-
tial disease pool for clinical diagnosis in low-resource settings.

Materials and Methods

The present study is representing step-by-step preparation
and characterization of metal oxide nanomaterials for modifica-
tion of the SPR Au-transducer chips with various combination
of deposited Zn and Au nanomaterials along with well-known
probe molecule 4-MBA as shown in schematics (Figure 1 and
15). When 4-MBA was coated on the biosensor chip surface,
it resulted in Self Assembled Monolayers (SAMs) having thiol
and carboxylic groups for amide linking with EDC/NHS and anti-
body peptides. Prior to immobilization on modified SPR sensor
surface, we have expressed and purified specific recombinant
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Figure 11: One-dimension SDS-PAGE gel electrophoresis and Im-
munoblot analysis of rOmp28 protein Ag and its corresponding
1gG-pAbs showing (a) expressed and purified 32 kDa molecular size
recombinant rOmp28 protein of Brucella melitensis 16M with Un-
induced (Escherichia coli BL-21 bacterial culture) cell lysate (Lane
1), Column Flow Through (Lane 2), 1mM IPTG induced (BL-21 posi-
tive culture) clone (Lane 3), purified rOmp28 protein elutes 1 to
6 (Lane 4 to 9) in 8M Urea at denaturing conditions, Lane M with
Fermentas #SM0671 protein marker respectively, (b) Immunoblot
analysis with specific immuno-reactivity of rOmp28 derived mice
IgG-pAbs showing positive immunoblot with characteristic rOmp28
protein antigen (Lane 1) and Lane M with Fermentas #SM1811 pro-
tein marker respectively, (c) SDS-PAGE analysis of purified rOmp28
mice IgG-pAbs with affinity column purification showing crude
polyclonal HIS (Lane 1 and 2), column wash (Lane 3), flow through
(Lane 4), purified mice IgG-pAbs with heavy (50 kDa) and light (25
kDa) chain fragments from elutes 1 to 5 (Lane 5 to 9) and Lane M
with Fermentas #SM0671 protein marker respectively.
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Figure 14: Sensogram showing optimization of SPR sensor response
for interaction of test analyte (Brucella rOmp28Ag) with ligand
(rOmp28 1gG-pAbs) at 10 fold serial dilution of Ag on Au-transducer
surface modified with metal oxides nanoparticles ZnONPs/AuNPs
(a) PBS buffer (b) 0.1fg mL?(c) 0.01pg mL*(d) 0.01ng mL(e) 0.1ng

mL?*(f) 0.1ug mL*respectively.
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Figure 12: Immobilization of rOmp28 mice 1gG pAbs on SPR-Au
transducer surface with sensogram showing different steps (Sur-
face Activation with EDC/NHS, Immobilization of ligand 1gG-pAbs,
Capping with Ethanolamine, Baseline Regeneration with HCI) in-
volved in the biosensing process at time scale(s) on x-axis and SPR
response angle (m2) on y-axis respectively. And, embedded win-
dow schematics for surface interaction where m2 changes on ana-
lyte (rOmp28) interaction with ligand (rOmp28 IgG-pAbs) at associ-
ation, complete saturation occupying all ligands, dissociation from
ligand substrate and at the end showing baseline regeneration.
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Figure 13: Sensogram showing optimization of SPR sensor re-
sponse for interaction of test analyte (Brucella rOmp28 Ag) with
ligand (rOmp28 IgG-pAbs) at 10 fold serial dilution of Ag on Au-
transducer surface modified with only ZnONPs (a) PBS buffer (b)
1pg mL?*(c) 0.01ng mL*(d) 0.1ng mL™(e) 1ng mL* respectively.
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Figure 15: Standard graph plots for surface interaction binding
study showing SPR response angle with different Au-transducer
modifications and their schematic flow-diagram presenting (a, b
and c) interaction of rOmp28 IgG-pAbs as ligand detection anti-
body with surface analyte rOmp28 antigen of Brucella melitensis
16M at 10-fold serial diluted concentrations with detection range
of 0.1ug mL* to 0.01fg mL*on 4-MBA, ZnONPs/AuNPs and ZnONPs/
AuNPs/4-MBA modified SPR Au-transducer respectively.

outer membrane surface protein antigen (rOmp28 Ag) of Bru-
cella melitensis 16M and characterized with one-dimensional
SDS-PAGE for determining purified 32 kDa protein for animal
immunization. Specific 1gG-pAbs against rOmp28 protein anti-
gen of Brucella melitensis 16M was prepared and single batch
derived 1gG-pAbs were purified (Figure 11). The rOmp28 I1gG-
pAbs were used as ligand for immobilization on modified sur-
face of SPR Au-transducer to study interactive Ag to Ab (test
analyte to ligand) binding affinity for Brucella detection at vari-
ous SPR response angles with ten-fold serially diluted rOmp28
protein Ag. Detection range of 0.1ug mL* to 0.01fg mL* was
used in biosensing and observed limit of lowest antigen de-
tection at 0.1fg mL* with each SPR cycle using three different
modified surfaces of Au-transducer (Figure 15). The recorded
SPR response angle change at each concentration-dependent
interactive binding with each modified Au-transducer surface
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[on time scale above SPR angle (m2=20) against each concentra-
tion] was plotted using standard graph plots respectively. This
study aimed to represent modifications in SPR Au-transducer
for the development of potential biosensor using combination
of metal oxide nanomaterials having strong covalent binding to
detect specific antigen derived antibody of Brucella. The study
reported preliminary work on modification of SPR Au-transduc-
er with metal oxide nanomaterials in combination using SAMs
for enhanced detection of Brucella antigen upto femtograms
level in early cases of low disease burden.

Chemical Reagents

Zinc Nitrate Hexahydrate [Zn(NO,),.6H,0 Qualikems], Hexa-
methylenetetramine (Hexamine C.H N, Sigma-Aldrich), Triso-
dium Citrate Dihydrate (Hi-media), Chloroauric Acid Trihydrate
(HAuCI,.3H,0) Sigma-Aldrich, Citric Acid Monohydrate (Sigma),
Methanol (Sigma-Aldrich), Ethanol (Sigma-Aldrich), N-(3-
Dimethylaminopropyl)-N’-ethylcarbodiimide Hydrochloride
(EDC Sigma), N-Hydroxysuccinimide (NHS Sigma), Milli-Q Wa-
ter (Milli-Q Direct 8, Millipore), 4-Methoxybenzoic Acid (4-MBA
Sigma-Aldrich), Ethanolamine (Fluka Sigma), Hydrochloric Acid
(0.01M HClI Fluka Sigma), Sodium Azide (Sigma-Aldrich), Brucella
Selective Broth (BSB) Hi-media, Brain Heart Infusion Broth (BHI)
and Luria Bertani Broth (LB) Hi-media, Protein-A Antibody Purifi-
cation Kit (Montage-Millipore USA), Polyclonal rabbit anti-mice
immunoglobulins/HRP conjugates (Dako Denmark). Isopropyl
B-D-1-thiogalactopyranoside (IPTG Sigma), Urea (Sigma), Buffer
Phosphate Saline (PBS, 10mM L?), Formaldehyde (Merck), Glyc-
erol (Sigma), Complete and Incomplete Freund’s Adjuvant (CFA,
IFA Sigma), Phenylmethanesulfonyl Fluoride (PMSF-Sigma),
Acrylamide and N,N’-Methylenebisacrylamide Sigma-Aldrich,
Ammonium persulfate (Sigma-Aldrich), Sodium dodecyl sulfate
ACS reagent (Sigma), Trizma base (Sigma), B-Mercaptoethanol
(Merck Millipore), Bromophenol Blue (Merck), Glycine (Sigma-
Aldrich), Glacial Acetic Acid (Qualigens Thermo Fisher Scientif-
ic), Coomasie Brilliant Blue R 250 (Hi-media).

Preparation of Zinc and Gold Nanomaterials (ZnONPs and
AuNPs)

For ZnO nanomaterial synthesis, conventional ‘Hydrother-
mal Method’ as a chemical synthesis technique was used as ex-
plained by Chang et al with slight modifications [33]. To prepare
zinc nanomaterial, 0.38 gm of Zinc Nitrate Hexahydrate was dis-
solved in 25mL of deionized water (DI) water and mixed prop-
erly to obtain a homogenous solution. Also, in another 25mL of
DI water, 0.17gm of Hexamine solution was prepared by gentle
mixing. These two solutions are further mixed together in a
sterile glass beaker and a glass slide of standard size was placed
inside the set-up beaker. Very carefully, quartz glass substrates
(SPR Au-transducer chips as shown in (Figure 2) for growing ZnO
seed layers were placed over the glass slides and this whole set-
up was placed in another double-sized beaker with boiling wa-
ter over the magnetic hot plate for continuous heating (Figure

1). The temperature of the inner beaker with 1:1 solution of
zinc precursor and hexamine was maintained always between
85 to 90°C throughout the experiment for obtaining appropri-
ate ZnO seed growth. The time duration for required growth
of zinc seeds was optimized for about 4 to 5 hours with con-
trolled temperature in dust-free sterile environment. Once, the
seeds were fully grown over the substrates, they were placed
on sterile petri-dishes and washed twice to thrice with DI water
to remove extra material settled (if any). After drying at room
temperature, substrates were annealed to enhance the crystal-

linity at 150°C for 60 minutes inside the thermal annealing oven
(REMI Dry Heat Oven) and further used in the experiments. The
dry powder obtained from these glass slides was used separate-
ly for nanomaterial characteristic analysis. For AuNPs prepara-
tion, standard ‘Turkevich Method’ using Gold Tetrachloride Tri-
hydrate (HAuCl,.3H,0) precursor with slight modifications was
performed [34,35]. For NPs synthesis, autoclaved (121°C for 20
minutes at 15 lbs pressure using Sanyo Labo Autoclave MLS-
3780) sterile glasswares after complete hot-drying (at 50 to 602C
using Labcon FSIM Incubator) were used. To prepare AuNPs,
twenty mL of 1.0 mM Chloroauric Acid Trihydrate solution was
freshly prepared and heated to boil (10 to 15 minutes) in sterile
50 mL glass beaker on magnetic hot plate (Spinot Magnetic Stir-
rer, Tarsons) with continuous stirring. In this boiling solution, 2
mL of 1 % freshly prepared Trisodium Citrate Dihydrate solution
was added slowly with continuous vigorous stirring (Figure 1).
During the gold reduction process, colour of solution changes
from pale yellow to colourless and finally a violet to deep red
violet colour was inferred. After continuous boiling for 15 to 20
minutes, solution was cooled at Room Temperature (RT) and
its pH was measured. The citrate synthesis using HAuCl,.3H,0
resulted in capped ‘Gold-Sol Colloid” with process modification
in citrate buffer where a homogeneous mixture of 75% to 80%
citrate and 25% to 30% citric acid was preferably used for reduc-
tion. The prepared AuNPs were further precipitated by centrifu-
gation at high speed (30 minutes at 15,000 rpm) and vacuum
dried (Jouan RC 10.22, Thermo Fisher Scientific) for 6 to 7 hours
for their characteristic physico-chemical analysis.

Characterization of Synthesized Nanomaterials (ZnONPs
and AuNPs)

The synthesized Zn and Au nanomaterials for Ag-Ab based
surface interaction study were characterized for their physico-
chemical properties by using UV-Visible Spectroscopy (Shimad-
zu UV-2450), SEM-EDX (HR FESEM with EDX, ULTRA Plus Model)
and TEM (JEOL 1230) analysis SAED for size, shape and chemical
structure analysis, FT-IR (Perkin Elmer, Model Spectrum Two)
for elemental composition with functional group analysis and,
Powder-XRD (RIGAKU, Mini Flex 600, 5% Generation with Cu-Ka
1 radiation) for analysis of chemical nature and stoichiometric
surface morphology.

Bacterial Culture Growth Conditions and Standard Strains
Used for the Study

In this comparative study with sensor based surface-mediat-
ed antigen and antibody interactions, Brucella melitensis 16M
(NCTC 10094) gram-negative alphaproteobacteria as standard
strain of genus Brucella obtained from National Collection of
Type Cultures (NCTC), Public Health England (PHE, UK) along
with its Escherichia Coli (BL-21) derived recombinant rOmp28
positive clone established in our laboratory were used [36].
Both the cultures were preserved and routinely maintained in
30% glycerol with their ambient storage at -802C. For obtain-
ing fresh bacterial culture, they were grown in supplemented
BSB and LB growth media’s at 372C incubation inside the gy-
rating shaker incubator (Labcon 5081U shaking incubator, USA)
maintained at a continuous constant shaking speed of 180 rpm
respectively. The recombinant BL-21 positive clone culture was
grown with 50pug mL?* kanamycin sulphate antibiotic supple-
ment selection. These cultures were handled and maintained in
the High Containment Facility of our laboratory (HCF at DRDE-
DRDO, Gwalior, India) by following all standard operating proce-
dures and necessary methods.
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Brucella Specific Recombinant rOmp28 Protein Expression
and Purification

The recombinant outer membrane rOmp28 protein used
in this study was expressed and purified from its Escherichia
coli BL-21 positive clone obtained by bacterial molecular clon-
ing already established in our laboratory [36,37]. The positive
clone was derived from Escherichia coli BL-21 expression host
which was transformed earlier with pET-28a (+) plasmid and li-
gated with selective Omp28 (753bp) gene fragment of Brucella
melitensis 16M. For expression and purification of rOmp28
protein for SPR biosensor study, its PCR confirmed clone with
amplified gene was grown and induced with 1 mM IPTG for 5
hours at 372C incubation at rotation speed of 180 rpm inside
the gyrating shaker incubator. The induced grown culture was
further lysed under denaturing conditions in Urea and purified
with His-tag binding Ni-NTA gel filtration (Ni-NTA Gel Super-
flow, Qiagen) affinity column chromatography using different
pH-gradient buffers [Lysis (pH-8.0), Wash (pH-6.3) and Elution
(pH-4.3) Buffers) as mention by Thavaselvam D et al. Purified
rOmp28 protein was dialysed and de-salted with Urea buffer
from higher to lower molar concentration changes (6M, 4M
and 2M Urea) followed by 1XPBS (pH 7.2) standard saline buffer
change and obtained protein was estimated for characteristic
analysis with Folin-Lowry and SDS-PAGE gel electrophoresis re-
spectively [38,39].

Recombinant rOmp28 Derived IgG-pAbs Production for Af-
finity Purification

Two groups of female BALB/c mice with six mice in each
group were immunized with PBS suspended purified rOmp28
protein Ag for production of specific IgG-pAbs. Five mice were
subjected for scheduled immunization and sixth as experiment
control for pre-immune sera (PIS, Negative Sera) collection. For
immunization doses, 50 pg of purified rOmp28 Ag was admin-
istered at an interval of 1 week over a period of 2 months with
total six booster doses (Day 0) - pooled PIS sera was collect-
ed, (Day 7) - rOmp28 protein antigen priming with Complete
Freund’s Adjuvant (CFA) and (Day 14 to 49) - subsequent boost-
er doses with Incomplete Freund’s Adjuvant (IFA) [40]. The titer
of antibody was estimated with standardized I-ELISA against im-
mobilized rOmp28 antigen on ELISA modules. For purification
of 1gG-pAbs, whole blood collected from immunized animals
was pooled and incubated at 372C for complete 1 hour and cen-
trifuged at 5,000 rpm for 10 minutes at 4 2C to obtain the poly-
clonal antibody rich Hyper Immune Sera (HIS) supernatant. The
supernatant was then subjected for affinity column purification
with Montage protein-A (Montage-Millipore, USA) antibody pu-
rification kit following the manual instructions. The estimated
IgG antibody was stored at -202C using sodium azide for active
preservation until further use. Single batch polyclonals were pu-
rified from two experimental groups in order to avoid antibody
batch-to-batch variations. Purified IgG polyclonals were charac-
terized using SDS-PAGE and Immunoblot analysis for determin-
ing immuno-reactive sensitivity and purity of the purified test
protein. Further, for the estimation of HIS antibody titers, 20 pug
mL* of rOmp28 protein as coating antigen in 0.05M carbonate-
bicarbonate buffer (pH 9.6) was immobilized on ELISA immuno-
modules (Thermo-Nunc F8 Loose Maxisorp Modules). The mod-
ules were immobilized with Ag for overnight incubation (O/N at
4°C). Washed with PBS/PBS-T thrice and blocked with 2 % BSA
(O/N at 4°C). The ELISA and SDS-PAGE with characteristic West-
ern blot was performed as per the protocol mentioned by Hans
R et al 2020 [41]. Six mg mL* of purified IgG-pAbs was obtained

using standard Folin Lowry’s protein estimation and was stored
at -202C till further use for SPR biosensing.

SPR Biosensor Study for Brucella Detection with Immobi-
lized rOmp28-IgG pAbs

For SPR biosensor based biodetection of Brucella melitensis
16M, purified rOmp28 mice IgG pAbs (ligand as detection anti-
body) were immobilized on the surface of modified Au-trans-
ducer as explained by Hans R et al 2020 in order to study the
relative trend in Ag-Ab biomolecular surface interactions.

Modification of SPR Gold-Chip/Au-transducer with 4-MBA

Experimental methodology for biosensing and surface modi-
fication of SPR Au-transducer with 0.01 M methanolic solution
of 4-MBA was performed as explained by Sikarwar B et al 2017
[42]. Au-transducer chips were completely washed with metha-
nol and 4-MBA methanolic solution was spin coated over the
surface of Au-chips followed by complete drying at a rotational
speed of 2500rpm for 20 minutes. For SPR bio-sensing, three
step automated process with association (500s), dissociation
(400s), and transducer surface regeneration (120s) followed
by automated injection of analyte (75 uL by volume) was per-
formed (Figure 12). A double channel SPR system having 384
microplate wells were used for sample acquisition in each cycle
of biosensing process and the test samples (analyte and ligand)
were mixed at flow rate speed of 16.7uL s?. Sterile-filtered
phosphate buffer saline (pH 7.2) was used as washing buffer
(running buffer) in each SPR cycle for maintaining the structural
stability of tested proteins. For obtaining interaction curve val-
ues of SPR binding, Brucella melitensis rOmp28 IgG-pAbs were
immobilized on the various modified surfaces of SPR-trans-
ducer and allowed to interact with rOmp28 protein antigen
of Brucella melitensis 16M at different ten-fold serial dilution
concentrations (0.1ug mL™* to 0.01fg mL?) respectively. The con-
centration based SPR binding curve values of association were
plotted using standard graph plots to analyse the effect of dif-
ferent surface modifications of biosensor for Brucella detection.

Modification of SPR Au-transducer with ZnONPs and AuNPs

For SPR transducer modification with synthesized ZnO nano-
material along with AuNPs, the SPR Au-chips were properly
cleaned with fresh methanol and dried over the spin coater at
a rotation speed of 100 rpm for 5 minutes. Seventy Five uL of
Zinc Nitrate solution was gently dispersed at the centre of chip
rotating at continuous speed of 100rpm. For complete drying,
chips were initially rotated at 300rpm for 5 minutes followed
by 2500rpm for another 10 to 15 minutes in a closed sterile
environment and subjected to hydrothermal synthesis of nano-
materials on quartz chips. In order to further modify ZnONPs
coated SPR chip surface with AuNPs, coated chips were used
for the photo-catalytic UV deposition of gold. In this process,
0.1 mM fresh aqueous solution of Gold Tetrachloride Trihydrate
(HAuCI,.3H,0) was prepared in DI water for AuNPs synthesis as
mentioned above and ZnONPs modified SPR chips were com-
pletely immersed in sterile glass petri-plates containing the
prepared gold nanoparticles sol-colloid. The set-up was kept in
continuous UV light for about 20 minutes and slowly rinsed with
sterile DI water for further drying by thermal annealing at 502C
temperature. These prepared Au-transducers with ZnONPs and
AuNPs based surface modification were later used in SPR-bio-
sensing experiments.

Modification of Au-transducer with ZnONPs, AuNPs and
4-MBA
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In another type of SPR transducer surface modification, first
of all seeded ZnO SPR transducer chips (see ZnO nanomaterial
preparation) were coated with AuNPs sol-colloid prepared us-
ing Turkevich method through photo-catalytic UV deposition
method (as above). Over the surface of these AuNPs deposited
chips, again 75pL of freshly prepared 0.01M methanolic solu-
tion of 4-MBA was spin-coated and dried as above mentioned.
As a result, a three-layered modified SPR Au-transducer surface
with ZnONPs/AuNPs/4-MBA was obtained respectively.

Immobilization of Brucella melitensis 16M rOmp28 IgG-
pAbs on Transducer Surface

For SPR surface-binding experiments, affinity purified
rOmp28 mice IgG-pAbs were immobilized on the surface of
various modified Au-transducers (as explained by Hans R et al)
to analyse the surface-mediated Ag-Ab biomolecular interac-
tions and relative trends in concentration-dependent analyte
to ligand binding affinity. During the experiment, SPR chip was
washed at every 120 s interval for 600 s with continuous 50uL of
running buffer to obtain a constant SPR baseline from dual SPR
channels prior to 1gG-pAbs immobilization. Seventy five uL of
EDC and NHS solution was injected for activation of the coated
surface and 75uL of ethanolamine was also added for block-
ing the non-specific binding sites and non-reacted NHS ester
groups (Figure 12). After each SPR interaction cycle, transducer
surface was regenerated by passing HCl solution in dual chan-
nels (experiment and reference channels). With each cycle, SPR
binding interaction values according to varying concentration of
the analyte was recorded and standard graphs were plotted for
analysis of these modified surface-mediated interactions.

Results and Discussion
Preparation of ZnO Nanomaterial and AuNPs

Hydrothermal preparation of ZnO nanomaterials at a con-
stant high temperature of 90°C with latent annealing at tem-
perature 1509C resulted in pure crystalline hexagonal wurtzite
nanostructure in between 100nm to 200nm particle size (Figure
4). Its polycrystalline nature was also determined by the appear-
ance of regular concentric bright rings in TEM-SAED patterns
with d-spacing value almost identical with XRD patterns (Figure
4,5, 6 and 7). The nature of ZnO seed growth was found typi-
cally anisotropic as a favoured growth in high ionic strength of
DI water and hexamine. However, gold nanoparticles prepared
from Turkevich Method were observed as spherical in shape
with crystalline structure. On reduction of metallic gold from
Au**to Au® at 0.1mM of precursor concentration, they appeared
as stable mono-dispersed round-sphere like colloid particles of
diameter analysed with TEM in between 50 to 100 nm as shown
in (Figure 4 and 6).

UV-Visible Analysis of Nanomaterials

Characterization of nanomaterials with UV-Vis analysis re-
corded absorbance of the samples displaying absorption spec-
trapeakat _ value of 370nm and 520nm for ZnONPs and AuNPs
respectively as near to reported value (Figure 3). The sharp
rise and increase in the optical absorption spectra determine
gradual growth of particle size in single phase with fewer eccen-
tricities for Au nanomaterial and hexagonal wurtzite anisotropic
crystalline growth for ZnO nanomaterial respectively.

Characterization Using SEM-EDX and TEM-SAED Micros-
copy

On analysing the samples for SEM-EDX, hexagonal blob

shaped nanostructures of ZnO were observed with anisotropic
growth patterns of EDX spectrum showing pure atomic percent-
age of its elemental composition on Au-transducer surface (See
Figure 4a, 5a and supplementary data). ZnO surface stoichiom-
etry elemental composition was attributed at 1:2 atomic ratios
on SEM analysis. SEM with Au nanomaterial displayed spherical
shaped Au nanoparticles with uniform and identical particle size
having pure gold EDX spectrum (100 % atomic element compo-
sition) (see Figure 4b, 5b and supplementary data). No suspend-
ed particle aggregation was observed further with TEM analysis
of the nanomaterials (as shown in Figure 6). For characteriza-
tion with TEM, copper mesh grid with a test sample drop having
mixture of sample and isopropanol were analysed at 120kV. For
Zn0 nanomaterial, nano-metallic particle size in range of 100 to
200nm diameter was observed with TEM and SAED patterns of
bright sharp spots on concentric rings indicating polycrystalline
nature with symmetrical orientation of ZnO (Figure 6a, b, c and
7a). For Au nanomaterials, TEM analysis revealed round sphere
like particles in range of 50 to 100 nm with SAED patterns of
concentric bright spots corresponding to polycrystalline nature
of particles (Figure 6d, e, f and 7b).

Powder-XRD and FT-IR Chemical Analysis

For characteristic chemical structure and composition, XRD
analysis was performed for both ZnO and Au nanomaterials
(see Figure 9 and supplementary data). The diffraction stud-
ies for ZnO nanomaterial displayed characteristic diffraction
peaks with 28 values at 31.849, 34.529, 36.332 and 47.632 for
corresponding reflections of (100), (002), (101) and (102) set
of planes in a face centered cubic (fcc) lattice of cubic crystal
system. And, indexed as hexagonal wurtzite phase of ZnO along
with an extra peak of 38.12 for gold transducer surface where
the ZnO seed growth was monitored for direct XRD analysis (as
shown in Figure 9a). And, characteristic diffraction peaks for
AuNPs were observed with 29 values at 38.169, 44.312, 64.412
and 77.502 for corresponding reflections of (111), (200), (220)
and (311) set of planes in a Face Centered Cubic (fcc) lattice
of crystal system (as shown in Figure 9b). Along with chemical
nature and structure prediction, the frequency based vibra-
tional and absorption appearance for corresponding functional
groups was also analysed using FT-IR (wave number range of
4,000 cm™ to 500 cm?) analysis (Figure 8). For ZnO, absorption
at 3,500 to 3,450 cm™ corresponds to N-H stretching vibrations
of primary amines along with medium O-H stretching of inter-
molecular bonding, sharp strong broad peaks at 1,550 to 1,500
cm™ ascribed to N-O stretchings of nitro functional group, an-
other strong absorption peak at 1,342 to 1,266 cm™and 1,250
to 1,020 cm*originated from C-N stretching vibration of amines
and aromatic amines. The medium strength peaks appeared at
1,395 to 1,310 cm™® was assigned to O-H bending vibrations of
pendant carboxylic groups and strong peaks observed at 995 to
985 cm™ originated from monosubstituted C=C alkenes bend-
ing by frequency as shown in FT-IR spectrum ‘b’ of Figure 8 and
supplementary data. Similarly, for AuNPs, absorption at 3,400
to 3,300cm™ corresponds to medium N-H stretching vibrations
of hydrogen bonds in amines along with strong peaks of pen-
dant hydroxyl groups. The sharp and broad peaks at 3,300 to
2,500cm indicated O-H stretching of carboxylic and weak S-H
stretchings of thiol groups. Another absorption peaks observed
at 1,640 to 1,403 cmrelates to strong C=0 stretching vibrations
of amides, C=C stretching of monosubstituted alkenes along
with pendant carboxylic groups. The strong C-H stretching vi-
brations appeared at peak 2,983cm™ of —CH, group corresponds
to reduction of gold and a shift of absorption peaks at 2,600 to
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2,550cm?, 1,643cm™ and 1,275 to 1,250 attributed to weak S-H
stretching, strong C=C vibrations and medium C-O stretching’s
with O-H bending vibration of thiol, mono-substituted alkenes
and alky aryl functional groups respectively (see FT-IR spectrum
‘a’ of Figure 8). Other absorption peaks at frequency 1,505cm-
1 1,382cm™, 1,085cm™ and 1,044cm™ corresponds to relative
stretching vibrations of N-O for nitro group, C-H bending and
C-O stretching of alkanes and alcohols respectively.

One-Dimensional SDS-PAGE Gel Electrophoresis

For gel electrophoresis analysis, SDS-PAGE with 12% gel com-
position with 5uL of lysed sample was run on BIO-RAD Mini-
PROTEAN Tetra Cell unit and a 32 kDa purified rOmp28 protein
antigen of Brucella was analysed for further use in production
of mice 1gG-pAbs for SPR bio sensing study (Figure 11a). Total
3 to 6mg mL? (batch-to-batch) of protein was estimated and
50ug mL? of dialysed rOmp28 protein Ag was administered in
two experimental animal groups for the production of specific
rOmp28 IgG-pAbs. Similarly, after purification, IgG-pAbs were
analysed with I-ELISA for antibody titer estimation as mention
by Hans et al and was estimated >64,000 dilutions compared
to PIS control (Figure 10). On analysis with SDS-PAGE, 5uL lysed
sample resulted in two fragments corresponding to heavy (50
kDa) and light (25 kDa) chain of pAbs (Figure 11c).

Western Blot Characterization for Specificity of rOmp28
1gG-pAbs

Purified rOmp28 protein Ag analysed with SDS-PAGE was
subjected for immunoblot analysis and transferred to nitrocel-
lulose membrane for determining characteristic immuno-reac-
tivity with polyclonals. IgG-pAbs at 1:100 dilution suspended
in 1X PBS buffer resulted in strong positive blot of 32 kDa pro-
tein showing specific immuno-reactivity and affinity towards
rOmp28 recombinant protein (Figure 11a and b). Immunoblot
results attributed to its potential application for further immo-
bilization on SPR Au-transducer surface as ligand and specific
detection antibody to capture Brucella surface Ags.

Immobilization of rOmp28 IgG-pAbs on SPR-Au Transducer
Surface

The active immobilization of detection antibody rOmp28
1gG-pAbs on the surface of modified Au-transducer depends on
the pH of buffer in which the antibody was concentrated on the
surface. Here for SPR bio-sensing, sterile 1X PBS (10mM L* at pH
7.2) was used for antibody pre-concentrations which was kept
below the protein isoelectric point like for pAbs Pl at 9, such
that suitable pH gradient can be established between sensor
surface and ligand for accurate immobilization on the modified
SPR biosensor (Figure 12). The pH on activation of SPR channel
with EDC/NHS results in pH higher than 3.5 on the surface and
EDC requires uncharged amine groups for interaction. There-
fore, neutral pH of ligand facilitates noise free signals on surface
immobilization as explained by Hans et al 2020. The SPR senso-
gram included a complete nine major steps for ligand immobili-
zation on transducer surface as shown in Figure 12 respectively.
The immobilized mice IgG-pAbs on interaction with character-
istic analyte rOmp28 Ag of Brucella melitensis 16M reflected
change in SPR angle response as shown in SPR sensogram with
ZnONPs (see Figure 13 and supplementary data) alone and with
ZnONPs/AuNPs layered combination during process optimiza-
tion and was collectively plotted with standard graphs as shown
in Figure 13, 14 and 15. Therefore, during surface interaction
study as observed with relative change in SPR response angles

(m?) detection antibody was found sensitive in bio-sensing dif-
ferent 10 fold serial concentrations of rOmp28 Ag (0.1ug mL*
to 0.1fg mL?) for all three modified Au-transducer surfaces viz;
4-MBA, ZnO/AuNPs and ZnO/AuNPs/4-MBA respectively.

Surface Interaction Binding Study with Various SPR Au-
transducer Modifications

For SPR biosensing, immobilized rOmp28 IgG-pAbs was al-
lowed to interact in concentration-dependent manner with
10-fold serial diluted concentrations of rOmp28 antigen (0.1ug
mL* to 0.1fg mL?) of Brucella melitensis 16M. The active and
specific interaction between analyte and ligand resulted in low-
est Limit Of Detection (LOD) at 0.1fg mL* with ZnONPs/AuNPs
and ZnONPs/AuNPs/4-MBA (Figure 15b and c). On comparing
SPR surface response with applied three different modifications
on Au-transducer, it was analysed that on Ag-Ab interactions
during SPR biosensing with initial concentration of 0.1ug mL?
of rOmp28 Ag followed by its 10 fold serial detection, sensitivity
towards antigen detection was obtained in the order; 4MBA (at
83.72) < ZnONPs/AuNPs (at 98.92) < ZnONPs/AuNPs/4-MBA with
SPR response angle at 179.22 respectively (Figure 15). And, LOD
for the interactive study was analysed as 4-MBA at 0.01pg mL*
lesser than the Au-transducer surface modified with ZnONPs/
AuNPs and ZnONPs/AuNPs/4-MBA at 0.1fg mL* respectively (as
shown in Figure 15a, b and c). For determining relative increase
in SPR response angle change during Ag-Ab interactions in as-
sociation cycle, 4-MBA and ZnONPs/AuNPs modified surface
resulted in less response as compared to the ZnONPs/AuNPs/4-
MBA modified transducer surface. On comparison, ZnONPs/
AuNPs/4-MBA modification was found efficient in Brucella an-
tigen detection with increased sensitivity relative to total SPR
response angle change in concentration-dependent biomolecu-
lar interaction. Therefore, evaluated potential combination of
ZnONPs/AuNPs/4-MBA for biosensor surface modification can
be considered as, highly sensitive, fast, label free specific bio-
sensor and a real-time platform for on-field antibody-based de-
tection of Brucella.

Conclusion

Brucella is occupied by multiple disease presentations and
often mis-diagnosed with other differential disease pathogens.
Its febrile illness is not much fatal but imposes serious disease
burdens on achieving successive chronicity within the diverse
groups of population world-wide. Suggestions and implica-
tions in established diagnostic methods for specific detection is
challenging but when used in combination with gold standards
present existing disease pathogenicity and new potential hot-
spots. The serological tests which are used in most of the pre-
liminary detection are based on the detection of circulating an-
tibodies developed against surface antigens of Brucella. In our
present study, we have explored the potential efficacy of such
polyclonal antibodies in targeting sensitive and specific detec-
tion of Brucella. We have evaluated in our study that a 28 kDa
outer membrane protein of Brucella is a suitable alternate to Li-
popolysaccharide LPS-based surface Ag detection as they offer
more specificity and are localized having no relative homology
with other related bacterial species. Therefore, we cloned, ex-
pressed and purified 28 kDa (Omp28) surface protein of Brucel-
la melitensis 16M in Escherichia coli (BL-21) expression host and
obtained a recombinant rOmp28 (32 kDa) outer membrane pro-
tein antigen of Brucella. It was well characterized using indirect
ELISA in our laboratory and further reported for its detection
potential in clinical diagnosis. In this study, we have used this
recombinant antigen to develop specific IgG-pAbs sensitive for
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detection of Brucella melitensis 16M. These antibodies raised
in BALB/c mice were affinity purified and immobilized on the
surface of SPR Au-transducer with enhanced modifications us-
ing Zn and Au nanomaterials. Since, the antibodies are consid-
ered as multivariate and possess efficient capture affinity with
multiple surface orientations towards the localized epitopes of
antigens. This potential ability of covalent affinity for antigen
is explored whereby, we have modified SPR Au-transducer sur-
face to increase the number of active sites for amine coupling
with the ligand antibodies. Moreover, these numbers of active
binding sites also increases with layered NPs to establish more
antibody covalent bindings during sensor activation using EDC/
NHS. This activation brings more and more thiol and carboxylic
acid rich entities to increase SPR response angle during effective
and specific Ag to Ab interactions. Further, the functionalized
NPs with EDC/NHS activation and selective antibody loadings
improve biosensing due to their remarkable optical properties
and increased amide linkages. When concentration-dependent
detection was analysed it was observed that the SPR response
angle gradually increase with net SPR effect with modified sur-
faces using combination of nanomaterials. Therefore, our find-
ings conclude that biosensor modification with metal oxides
nano-hybrids (ZnONPs/AuNPs/4-MBA) or nanoconstructs in as-
sociation with chemical probes can facilitate increased ratio of
antigen to antibody (rOmp28 Ag to 1gG-pAbs) for affinity bind-
ing in surface based interaction studies. In this leading-edge-
strategy of layering ZnONPs and AuNPs, hexagonal close pack-
ing of ZnONPs Wurtzites is having Zn*" ions in tetrahedral holes
occupying spherical AuUNPs and distributes an array of its lattice
sites for amino acid coupling in conjunction with EDC/NHS acti-
vation for enhanced peptide coupling with carboxylic-terminat-
ed colloidal AuNPs. Moreover, such overlapping and layering of
NPs on biosensors can be used to detect minimum number of
Brucella antigens available in chronic disease cases where the
infection persist intracellularly inhabiting host immune mac-
rophages. The increased density of selective antibodies on the
surface of NPs mimics biological bacterial cell with multiple an-
tigenic sites and thus responds in maximum capture of specific
Brucella surface antigens. The neutral pH of buffer where Ag to
Ab covalent binding occur maintains controlled orientation to
increase the net surface coverage with stable structure of inter-
active protein moieties. Modification of biosensor surface with
NPs and SAMs like chemical probes itself contributes towards
the maximum adsorption of such interactive species. Thus,
modification of biosensors with combinations of NPs enhances
potential antibody avidity and affinity towards the interactive
antigens. SPR biosensor are potable and can be deployed in
field studies with reduced detection time in about few minutes
and when modified or fabricated with nanostructures having
specific immobilized antibodies provide accurate, fast and re-
producible results with invariable specificity and sensitivity for
early disease diagnostics.
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