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This  study  is  based  on  the  application  of matrix-assisted  laser  desorption/ionization  time  of  flight  mass
spectrometry  (MALDI-TOF  MS)  as  biosensor  to  detect  the  plant  associated  bacteria  (PAB)  isolates  from
rhizospheric  soil and  root.  The  rapid  bacterial  detection  via  on particle  ionization/enrichment  technique
using  IgG  functionalized  Pt NPs  (IgG-Pt  NPs)  assisted  MALDI-TOF  MS was  successfully  used  to  explore  two
PAB isolates,  namely,  Bacillus  thuringiensis  and  B. subtilis  from  rhizospheric  soil  and  roots  of  carrot  plant.
hizospheric soil
oot
AB
anoparticle
ALDI-TOF MS

When  these  bacteria  are  used  as bioformulations  in agricultural  as  well  as biotechnological  applications,
the plant  growth  promotion  of  economic  crops  was observed  especially  when  the  crops  grow  in  less
fertilize  soil  regions.  This  study  proved  that  even  at low  concentrations,  bacteria  can  also  be  directly
detected  without  morphological,  molecular  and  biochemical  test. The  current  applied  technique  is  simple,
rapid  and  highly  sensitive.  Besides,  it could  be  widely  used  for the  detection  of  beneficially  important

ental
etection PAB  isolates  in  environm

. Introduction

Microorganisms represent the largest reservoir of biodiversity
et to be described, and consequently offer great potential for the
iscovery of new natural products. It is estimated that Earth sus-
ains between 3 and 30 million species of organisms. Of these,
pproximately 1.4 million species have been described by science,
ncluding virtually all the bird and mammal  species. In contrast,
nly close to 200,000 of the possible 1.0–1.5 million species of
ungi have been characterized. This percentage is even lower for
acteria, with estimates that between 1 and 10% of the proba-
le species have been described (Bull et al., 2000; Babalola et al.,
009). Among the about 7100 classified bacterial species, much

ess species is reported to promote plant growth promotions by
ore or less specialized mechanisms (Babalola, 2010). Due to the

bove fact, the interest in biotechnological and agricultural field
ave increased recently, fuelled by public concerns, and need to
nd eco-friendly bacterial strains for plant growth promotion to
ain high crops yield. Plant associated bacteria (PAB) may  ben-

fit plant performance by inducing systemic defense responses
hat confer broad-spectrum resistance to plant pathogens and even
nsect herbivores. Plant growth activity has been reported in strains

∗ Corresponding author. Tel.: +886 7 5252000x3955; fax: +886 7 5253908.
E-mail address: hwu@faculty.nsysu.edu (H.-F. Wu).

956-5663/$ – see front matter ©  2012 Elsevier B.V. All rights reserved.
oi:10.1016/j.bios.2012.02.055
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© 2012 Elsevier B.V. All rights reserved.

belonging to several genera, such as Azotobacter, Azospirillum, Pseu-
domonas, Acetobacter, Burkholderia and Bacillus (Parka et al., 2005;
Babalola et al., 2007; Babalola, 2010; Babalola and Akindolire, 2011)
for enhancing the growth productivity of plants. Some beneficial
microbe-associated molecular patterns (MAMPs) are well recog-
nized in plant system by Wees et al. (2008).  Irrespective of mode
of action, a key feature of PAB is that an effective biological control
strain isolated from one region may  not perform in the same way in
other soil and climatic conditions (Duffy et al., 1997; Johnsson et al.,
1998). Identification of native strains adapted to the environment
and their study may  contribute to the formulation of inoculants to
be used in region crops. Rapid identification is essential for appro-
priate plant growth promotion and timely invention for effective
strains in the environment. Isolates sent to diagnostic laboratories
have long been identified by traditional biochemical tests and then
subtyped by a variety of methods (Ip et al., 2003; Fang and Hedin,
2003; Jury et al., 2006). However, criteria for the identification of
species are still equivocal. Some strains have been misidentified
with closely related species.

Most current techniques for the identification of microorgan-
isms are laborious as well as time consuming. Currently, the most
popular techniques for bacterial identification are based on micro-

biological procedures, antibody recognition, and PCR amplification
followed by sequencing, hybridization, pyrosequencing or single-
stranded conformation polymorphism. These methods provide
high sensitivity and specificity, but their efficiency is limited by the

dx.doi.org/10.1016/j.bios.2012.02.055
http://www.sciencedirect.com/science/journal/09565663
http://www.elsevier.com/locate/bios
mailto:hwu@faculty.nsysu.edu
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omplexity of the procedures, including culture, selection, isola-
ion, morphologic and biochemical characterization, which usually
ake 2–3 days or longer (Wei  et al., 2008). However, they are
ompletely dependent on the known genetic sequences of the tar-
et bacteria. Molecular subtyping methods, e.g., pulsed field gel
lectrophoresis (PFGE), provide better discrimination than the tra-
itional phage-typing technique, but PFGE takes several days to
e performed (Jock and Geider, 2004). Matrix-assisted laser des-
rption/ionization time of flight mass spectrometry (MALDI-TOF
S)  allows rapid identification of bacteria grown on solid medium,

y its high efficiency for proteome profiling from isolated colonies
Pershing et al., 2003; Dare, 2006; Seng et al., 2009). The impor-
ance of biosensor as innovative tools has also been well described
y Arora et al. (2011).  The adaptation of this technology to the iden-
ification of PAB isolates grown in biological media would provide
mmediate species identification. The advantages of this technique,
n addition to its rapidity, are the moderate cost and the ease of
mplementation. The challenge in analyzing the whole bacterial
ells lies in the need to improve the sensitivity of the MALDI-MS
echnique for bacterial detection. This brought the idea of nanopar-
icle based affinity probes for enhanced detection of bacteria. Unlike
ulk materials, nanomaterials offer a tremendous potential due to
heir large surface area, high surface activity, and strong adsorption
bility (Cui et al., 2001; Feldheim, 2007; Chen et al., 2008a). Nano-
aterials are the nucleus for the design of the detection devices

nd they are of great aid to improve the detection limit. Chiang
t al. (2010) investigated six nanomaterials (Au NPs, TiO2 NPs, Se
Ps, CdTe QDs, Fe3O4 NPs, and Pt NPs) for their applicability as sur-

aces for MS  of small analytes, peptides, and proteins. Among these
anomaterials, a platinum nanoparticle (Pt NPs) was the most effi-
ient nanomaterials for proteins, with an upper detectable mass
imit of 25 kDa. In addition, platinum nanoparticles are of great
nterest due to their exceptional catalytic activity, which is affected
y the ligands at their external surface. Pt NPs may  display mul-
iple functional groups at the surface, which can be hydrophilic,
ipophilic, and chemically reactive (Nel et al., 2006). Pan et al.
2007) observed that particles of 1–2 nm were highly toxic and that
anoparticles larger than 15 nm were not toxic. Metal NPs with

arge diameter exhibit strong light-scattering in the visible region,
hich could be used directly for light-scattering labels in biochem-

cal assay. However, small NPs, which apparently do not feature
ight-scattering, can also be used to sense chemical interactions
e.g., antigen–antibody, avidin-biotin, DNA hybridization, and elec-
rostatic attraction), since enhanced light-scattering signals would
e produced if these NPs were to aggregate during the interactions.
ecause the enhanced light-scattering signals from the aggregated
pecies are sufficiently sensitive to monitor NP aggregation, in a
imple procedure, biochemical assay based on such light-scattering
ignals has been widely used in the determination of DNA, pro-
eins, and drugs (Ling et al., 2009). Immunoassay is important in
asic research and clinical diagnostics. Sandwich-type immunoas-
ay, using a primary antibody to capture the analyte, and a labeled,
econdary antibody to detect antigen binding, is widely accepted
rocedure. The aggregation of nanomaterials, especially platinum
Pt), induced by the immunoreactions offers a new approach for
mmunoassay, using light-scattering detection to obtain high sen-
itivity (Lina et al., 2010). The study reported a potentially rapid
nd effective immunoassay using antibody-platinum nanoparti-
les (Antibody-Pt NPs) conjugates as a message molecule (Lina
t al., 2010). This excellent method has several advantages: (1) it is
asy to complete the assay, (2) a small amount of reagent is used,
3) it gives a faster reaction and (4) it allows effective and low-

ost detection. Yonezawa et al. (2009) investigated the systematic
onsiderations of the feasibility of using various stabilizer free inor-
anic metal (Cu, Ag, Au, and Pt) NPs for MS  of peptides. Although
ll metal NPs absorbed N2 laser light (337 nm)  energy in MS,  the
lectronics 35 (2012) 235– 242

performance of desorption/ionization of a representative peptide
strongly depended on the metal element. Among these metal NPs,
Pt NPs showed the highest performance in MS, owing to their
smaller heat conductivity and higher melting temperature. Sev-
eral functionalization procedures have been proposed for rendering
nanorods suitable for assembly and use as transducers in biosens-
ing and as tracers for in vivo imaging and targeting. Examples of
biosensing strategies using nanorods as label have been proposed.
In some recent work, gold nanorods were used as labels for enhanc-
ing the SPR signal in the detection of Escherichia coli (Eum et al.,
2010). In parallel with studies performed to develop new nano-
materials and systems for sensing purposes, much research effort
has been focused on adapting the nanomaterials for diagnostic and
biotechnological applications.

The excellent catalytic, optical and biological properties of plat-
inum nanomaterials motivated us to apply the application of Pt
NPs in the field of biotechnologically as well as agriculturally
importance microorganisms. Therefore, the present work based on
MALDI-MS analysis by connecting biological receptor molecules
(IgG antibody) to activate platinum nanoparticle in detection of PAB
isolates (Bacillus spp.) to higher dimensions without biochemical
testing. This technique would give real meaning to rapid analysis
using MALDI; since samples are taken as such and after a simple
few-step preparation procedure, are directly used for MALDI-MS
analysis assisted by biofunctionalized Pt NPs. The direct analysis
techniques as reported in earlier papers were also performed to
prove the presence of Bacillus spp. (Ryzhov et al., 2000; Wahl et al.,
2002). The current method involved isolating these bacteria from
soil, roots and growing the bacteria on biological media and then
analyzing the bacterial colonies using MALDI-TOF MS.  In addition to
improve mass peak profiling, the current study reports the biosens-
ing activity of functionalized Pt NPs and combinatorial approach
to selectively detect PAB isolates from the microbes rich regions
using MALDI-TOF MS.  The current method could be applied for
rapid detection of PAB isolates for plant growth promotion and their
application in modern bioscience.

2. Materials and methods

2.1. Standard solutions and reagents

Sodium borohydride, hydrogen hexachloroplatinate hexahy-
drate (H2PtCl6), antibody immunoglobulin G (h-IgG) from human
serum, 3,5-dimethoxy-4-hydroxycinnamic acid (Sinapinic Acid,
SA), trifluoroacetic acid (TFA; HPLC grade) were purchased from
Sigma–Aldrich (St. Louis, MO,  USA). The nutrient agar (NA, pH 7.1)
and Petri-plates were purchased from Biolab-Merck (Frankfurter
Str., Darmstadt, Germany). The standard bacterial samples viz.,
Bacillus thuringiensis ATCC10792 and B. subtilis ATCC11774 were
purchased from Microbiologics Inc., South Africa. Water was  puri-
fied with a Destilador de agua water system (BOE-8707500, Boeco,
Germany) and used for all the experiments.

2.2. Collection and description of soil and root sample

The two  different samples of carrot plant were collected from
Molelwane farm-Mafikeng, one is the rhizoshperic soil and other
is the roots. Its geographical coordinates are latitude 25◦47′S and
longitude 25◦32′E, having 1281 meter altitude. The average annual
precipitation is 464 mm and average temperature range from 16 ◦C
to 34 ◦C. The samples were collected carefully by uprooting the

root system and placing in the labeled sterilized polyethylene bags
for transport and maintained at 4 ◦C. One set of experiment was
conducted on the rhizospheric soil (Fig. S1)  of carrot plant and
another experiment was conducted on the endophytic bacteria
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Fig. 1. Flowchart representation of the process employed to detect PAB isolates from soil and root samples.
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f the root. Pure culture was obtained as described in supporting
aterial (Fig. S2).  The pure cultures were maintained at −80 ◦C with

lycerol (25%) for MALDI-TOF MS  analysis.

.3. Rhizospheric soil and root sample isolates for direct analysis

The developed respective bacterial isolates as described above
ere diluted separately in sterilized water. The desired bacterial

oncentration in suspensions was checked by measuring the plate
ounting methods, which is the standard method to quantify the
acteria. The bacterial count is expressed as cfu/mL. The samples
ere shaken well by hand for 5 min  and spotted on wells of MALDI
late. Each spot was overlaid with 5 �L of matrix solution (3,5-
imethoxy-4-hydroxycinnamic acid 0.05 M in acetonitrile:water
3:1, v/v) containing 0.1% TFA) and kept at room temperature to dry.
he dried MALDI plate containing the isolated sample was  loaded in
ALDI instrument for analysis. Fig. 1 represents the methodology

mployed to detect the PAB isolates from target samples.

.4. Platinum nanoparticle synthesis and characterization

The indigenous platinum nanoparticles (Pt NPs) were synthe-
ized according to a slightly modified protocol reported in literature
Chen and Kimura, 2001). Five mL  aqueous solution of NaBH4
0.02 mM)  was added drop-wise into the mixture (10 mL)  of aque-
us solution of H2PtCl6 (0.02 mM)  under vigorous stirring. The
olution turned immediately from yellow to light brown, then grad-
ally to deep brown resulting in the formation of Pt NPs. The
tNPs were characterized using HR-TEM (Philips CM 200) at an
ccelerating voltage of 200 kV to confirm the particle size. The
V–vis spectrum was acquired from the UV–vis spectrophotome-

er (Hitachi, Tokyo, Japan) with scan wavelength of 250–450 nm to
haracterize the Pt NPs (Fig. S3).  The average size of the Pt NPs was
0 nm as expressed in Fig. S4.  The indigenous prepared Pt NPs were
sed with antibody IgG for enhancing the protein profiling in the
oil and root samples.

.5. Procedure for biofunctionalization of Pt NPs and its
ttachment to bacteria

The Pt NPs were concentrated by using centrifugation
15,000 rpm for 25 min), while the supernatant was  discarded. The
ielded Pt NPs were again resuspended into distilled water (0.5 mL)
nd vortexed for proper mixing. The above aqueous suspension
f Pt NPs (0.5 mL)  was mixed with aqueous suspension of human
erum immunoglobulin G, h-IgG (30 �g/mL, 0.5 mL) and incubated
t room temperature for 30 min  to obtain antibody functional-
zed nanoparticles. Functionalization of Pt NPs involves the use of
ifunctional ligands in which a moiety is used for anchorage to the
article while the other is directed to the outer-surface for spe-
ific interaction with biomolecules. The above incubated antibody
gG-Pt NPs suspension (1.0 mL)  was added with 0.5 mL  pure bacte-
ial cell suspension (4 × 105 cfu/mL) of selected isolates separately
or interaction/attachment with cell membrane. The mixtures sus-
ension were incubated at −20 ◦C for 10 min, and then at room
emperature for 25 min. The bacterial cell surface attachment of
ntibody functionalized Pt NPs was confirmed by transmission
lectron microscopy (TEM) imaging.

.6. Sample preparation for TEM imaging
The conjugated cells solution was concentrated by centrifu-
ation (15,000 rpm for 10 min), and obtained concentrated dense
onjugated bacterial cells. This conjugated suspension was washed
ith deionized water under gentle vortex for 5 min. The conjugated
lectronics 35 (2012) 235– 242

cell suspension was  again centrifuged, while supernatant was dis-
carded. The obtained sample was again mixed with deionized water
and gently vortexed to get homogeneous suspension. This suspen-
sion was used to determine the TEM images. The 0.5 �L of above
suspension was  deposited on the copper grid with the help of a
micropipette, and kept overnight in vacuum oven. The dried copper
grid containing the target samples was subjected for TEM analysis.

2.7. MALDI-TOF MS instrument and target sample analysis

All protein mass spectra were analyzed using a Microflex
MALDI time-of-flight mass spectrometer (Bruker Daltonics, Bre-
men, Germany). The MALDI-TOF MS  source was  equipped with a
nitrogen laser (337 nm)  for irradiation of analyte and the accel-
erating voltage was  obtained at +20 kV. Each experiment was
performed under similar conditions in the linear mode with laser
energy of 63.2 �J and 150 laser shots. The instrument was  calibrated
by using a mixture of Protein Standards I and Peptide Standards II
(Bruker Daltonics). One �L of the target suspension was deposited
on MALDI target well, overlaid with 0.5 �L of SA matrix solution
and air-dried before MALDI-MS analysis. Shown (Fig. 1) is the pro-
cess employed to detect the PAB isolates from target samples. The
spectra were collected by using the Reflex Control, and processed
with the Bruker Flex Analysis software.

3. Results and discussion

3.1. Target isolates and direct MALDI-TOF analysis

The two isolates were grown predominantly on Petri-plates
containing nutrient agar. The isolates were obtained from soil
and roots of carrot plant. The standard isolates viz., B. thuringien-
sis ATCC10792 and B. subtilis ATCC11774 were also grown on
nutrient agar, which show similar pattern of colonies as a soil
and root samples. Although similar color colonies were obtained
from soil and root isolates, slightly more colonies observed from
standard samples compared to those from soil and root isolates.
This is understandable because compared to soil and root iso-
lates which are new strains; the standard samples are processed
from nutrient media by suppler company as better conditions for
bacterial colonization. Supporting Figs. S7 and 8(a–c) show the
protein mass spectra produced from direct analysis of bacteria
which are obtained from the rhizospheric soil, roots and stan-
dard samples. As can be observed from these spectra, it is evident
that the bacterial concentrations was  below the MALDI-MS detec-
tion limit and so very less peaks were observed (panel a–c of
Figs. S7 and 8). The total bacteria in these samples were enumer-
ated by the plate counting method. The bacterial count in the target
sample was 4 × 105 cfu/mL. Since, the lowest detectable concentra-
tion of MALDI-TOF MS  for bacteria analysis is more than 107 cfu/mL
(Gantt et al., 1999), it is reasonable that direct analysis did not yield
good bacterial signals.

3.2. Characterization of biofunctionalized Pt NPs

Functional groups on the surface of NPs allow conjugation
with ionic ligands. The surfaces of platinum nanoparticles pos-
sess anions, which bound strongly through ionic interactions (Chen
and Kimura, 2001). The value of pI of IgG is close to 7.0, and
therefore, in a solution at pH 6.0, IgG should bear a net positive
charge. Thus, when the IgG suspension was  mixed with the plat-
inum nanoparticle suspension, IgG gets attached onto the surfaces

of platinum nanoparticles through ionic interactions. We  used UV-
vis absorption spectroscopy to confirm whether the biomolecule
(IgG) units had become interacted to the platinum nanoparticle
surfaces. The results clearly indicated that absorption intensity of
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Fig. 2. TEM images obtained after incubation of B. thuringiensis with IgG-Pt NPs. (a)
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Fig. 3. TEM images obtained after incubation of B. subtilis with IgG-Pt NPs. (a)

gG-biofunctionalized Pt NPs interacted with surface of bacterial cells showing the
ttachment around the group of cells and (b) IgG-biofunctionalized Pt NPs interacted
ith outer surface of bacterium showing the high resolution image of cell.

ntibody IgG functionalized platinum nanoparticle was obviously
ower than that of the platinum nanoparticles suspension (Fig. S3).
his result proved that biomolecule had interacted/attached suc-
essfully to the surface of Pt NPs. The present functionalization
echnique has also advantage to lead stabilization and prevents
ncontrolled growth as well as aggregation of the nanoparticles.
ith the molecule bound to the nanoparticle, the charge resides

n the outside of particle giving way to coulombic repulsion and
hus dispersion of the nanoparticles. Coulombic repulsion is also
seful as it can protect ligands on the NPs from exchanging with
iomolecules as reported by Chompoosor et al. (2008).

.3. TEM analysis for recognition of IgG-Pt NPs attachment on
acterial surface

Distinct surface attachments were observed to found in case
f target isolates tested in present study for enhancing the pro-
ein profiling. This is clearly shown in the TEM images which are
epresented as Figs. 2 and 3. Fig. 2 showing the biofunctionalized
anoparticle attachment on the cell surface of B. thuringiensis. The
roup of cells were clearly indicated attachment in Fig. 2a, while
ig. 2b representing the magnified image of cell attached with func-
ionalized biomolecules. The other bacterium, B. subtilis was also
ested to confirm surface attachment with above used functional-
zed nanoparticle. A similar trend was also observed in this case
Fig. 3). From the results shown in Figs. 2 and 3, it is apparent
hat a surface based with functionalized NPs is effective in cap-
uring bacterial cells either specifically or non-specifically. Specific
apture is a necessary condition for detection of a target organism

y an antibody previously placed on the surface. Non-specific cap-
ure is useful if detection or quantification of bacteria regardless of
ype is the goal. Huang et al. (2003) reported that the gram positive
acteria exhibit strong adsorption on the surface with hydrophobic
IgG-biofunctionalized Pt NPs interacted with surface of bacterial cells showing the
attachment around the group of cells and (b) IgG-biofunctionalized Pt NPs interacted
with outer surface of bacterium showing the high resolution image of cell.

properties when compared to gram negative bacteria. The current
study is also showing the attachment on the surface of gram pos-
itive bacteria viz., B. thuringiensis and B. subtilis captured by IgG
functionalized Pt NPs which could be used to detect the different
type of isolates. The experiments were carried out at least three
times in order to check the reproducibility of cells surface attach-
ment of biofunctionalized Pt NPs. The TEM images in supporting
information as Fig. S6(a and b) clearly showing the reproducibility
of current approach. While, TEM images in supporting informa-
tion as Fig. S5 indicated that the cells of Bacillus spp. treated with
unmodified Pt NPs were not shown any attachment on surface
of bacteria. In this study, obtained results indicated that current
biofunctionalized technique could capture successfully the target
bacterial cells from unknown biological samples.

3.4. IgG functionalized Pt NPs assisted MALDI-TOF MS  for
selective bio-sensing of PAB isolates

In order to obtain significant bacterial protein profiling, func-
tionalized Pt NPs were used to enhance the bacterial detection
from direct MALDI-MS analysis. Figs. 4 and 5 give the compar-
ative mass spectra where addition of NPs resulted in significant
enhancement of bacterial peaks. Fig. 4a shows the mass spectra
of B. thuringiensis obtained from direct analysis of the soil sam-
ples after incubation with IgG-Pt NPs. Addition of functionalized
Pt NPs in addition to the SA matrix resulted in significant enhance-
ment of the bacterial peaks in the soil (Fig. 4a) and endophytic/roots
(Fig. 4b) samples. Fig. 4c belongs to the mass spectra obtained from
the standard B. thuringiensis ATCC10792 purchased from Microbi-

ologics Inc., Davies Diagnostics (Pty) Ltd., South Africa. As we  can
clearly observe, many protein peaks from the soil samples and a
couple of peaks from the roots samples could be matched with
the standard B. thuringiensis peaks. This confirms the presence of
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Fig. 4. MALDI-TOF MS spectra showing antibody IgG biofunctionalized Pt NPs assisted protein analysis. (a) Rhizosheric soil, (b) endophytic samples compared with the (c)
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tandard  B. thuringiensis. The biofunctionalize Pt NPs resulted in selective enrichme
he  rhizosheric soil and endophytic samples. The marker protein mass peaks match

. thuringiensis in these samples and the efficacy of IgG function-
lized Pt NPs to selectively enrich the bacterial peaks in soil and
oot samples. The following marker mass peaks such as m/z 3923,
019, 5581, 6675, 7185, 9747 and 11,384 is successfully produced

n this study using IgG functionalized Pt NPs biosensing technique
oward PAB isolates (Table 1). The protein peaks observed in the
pectra within m/z differences ±10 were considered reproducible.
he similar trends were also observed in case of B. subtilis when

sing the same functionalized NPs as biosensor (Fig. 5). Fig. 5a
nd b showing the proteins mass peaks of B. subtilis,  which was
btained from soil and root samples viz. rhizospheric soil and roots

ig. 5. MALDI-TOF MS spectra showing antibody IgG biofunctionalized Pt NPs assisted 

c)  standard B. subtilis. The biofunctionalize Pt NPs resulted in selective enrichment of b
hizosheric soil and endophytic samples. The marker protein mass peaks matching the st
acterial protein peaks and lead to identification of B. thuringiensis protein peaks in
e standard sample are represented with symbol �.

respectively. While Fig. 5c shows the MALDI spectra generated
from the standard sample of B. subtilis ATCC11774 obtained from
same source as described above. The marker protein ions m/z  3889,
5086, 6289, 7724, 7962, 9165 and 9889 were produced in B. subtilis
sample (Table 1). These protein peaks are also reported previ-
ously by various researchers as biomarker peaks. Thus, the current
results proved that our biosensing approach provides a new path
in microbiology to detect different types of PAB isolates from var-

ious regions of the world. In fact, it is possible that soil and root
samples obtained from soil and roots would contain some other
proteins, but IgG functionalized Pt NPs were able to selectively

protein analysis. (a) Rhizosheric soil, (b) endophytic samples compared with the
acterial protein peaks and lead to identification of B. subtilis protein peaks in the
andard sample are represented with symbol �.
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Table 1
The marker protein peaks of PAB isolates was  demonstrated from soil and root
sample using IgG functionalized Pt NPs assisted MALDI-TOF MS.

Marker protein peaks (m/z value) PAB isolates

B. thuringiensis B. subtilis

3923
√

3989 –
√

5019
√

–
5086 –

√
5581

√
–

6289 –
√

6675
√

–
7185

√
–

7724 –
√

7962 –
√

9165 –
√

9747
√

–
9889 –

√

√
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11,384
√

–

denotes the presence of diagnostic marker peaks of PAB isolates.

nhance the bacterial proteins. The role of functionalized Pt NPs as
ffinity probes for MALDI-MS studies of PAB isolates from soil and
oot samples is never reported and that is the uniqueness of this
tudy. However, detection limit of bacterial cells varies with type
f instrument, target biological samples and properties of nanoma-
erials. The variation in detection limit has been observed in earlier
esearch (Ho et al., 2004; Gao et al., 2006; Chen et al., 2008b).

The experiment was also extended to verify whether the marker
eaks obtained were indeed from conjugated bacteria sample was
ade by functionalized NPs and analyzing those using MALDI-TOF
S.  To make sure that the peaks in the direct sample analy-

is without biosensing technique are not belonging to significant
arkers as obtained from treated bacterial samples with IgG-Pt
Ps. Fig. S7(a–c) reconfirms that only few protein peaks of B.

huringiensis were produced, while Fig. S8(a–c) also showed simi-
ar trend and produced few protein peaks of B. subtilis.  Considering
he results from this experiment, we have confirmed that IgG func-
ionalized Pt NPs can be used successfully to explore biosensing
roperties between IgG-Pt NPs and the cell surface of target bac-
erial isolates to leading the enrichment of protein mass peaks
etermined by MALDI-TOF MS.  The interactions of biomolecules
ith specific high affinity exist prevailingly in nature. If one of

he biomolecular entities conjugates with the nanoparticles, the
esulting biofunctional nanoparticles can specifically bind to the
ther different biomolecular entity. Then, the most direct conse-
uence is that the interaction force can control the position of the
iological entity. Based on this mechanism, several applications
sing biofunctional nanoparticles, such as bacterial detection, pro-
ein purification, and toxin decorporation have been determined
n clinical and environmental research. Advances in nanotechnol-
gy and biological sciences are having a significant impact on
he field of diagnostics, where a number of nanoparticle-based
pproaches have been implemented for detection of bacterial iso-
ates. Nanoparticles (NPs) provide a high surface to volume ratio

hich can increase the binding/capture efficiency of bacteria. A
ombination of enriching technique and MALDI-TOF MS  has been
emonstrated as an efficient strategy for accurate identification of
arget bacteria (Jiang et al., 2007; Gao et al., 2009; Riddin et al.,
010). Therefore, it is no doubt that the role of IgG functionalized
t NPs in this study is straightforward and has lead to the enhance-
ent of the bacterial protein signals. The B. thuringiensis and B.

ubtilis are reported to be present in both target sources of carrot

lant analyzed in this current study viz., rhizospheric soil and roots.
hey can also be found in the rhizospheric soil and roots of other
lants in different regions as effective PAB strains, which would be
sed in the biotechnological as well agricultural applications.
lectronics 35 (2012) 235– 242 241

4. Conclusions

We  have reported that the two  PAB isolates namely, B.
thuringiensis and B. subtilis from soil and root samples can be
directly detected by MALDI-TOF MS  using biosensor application.
The current method focuses on the proteomic characteristics to
detect the presence of specific PAB isolates. Not only does this
method increase the rapidity of analysis, but they are also able
to achieve a high degree of sensitivity and specificity without the
need for complex cultivation and additional confirmation steps. The
obtained results indicated that the present experimental approach
could be applied to explore new path for rapid detection of PAB.
This technique is easy and rapid to determine bacterial isolates
without morphological, molecular and biochemical application. For
biotechnological and agricultural applications, the effective and
beneficially important PAB isolates in the environment are highly
considered. Therefore, it is necessary to further study and to explore
the current technique for developing the successful PAB isolates as
byproduct in biotechnological and agricultural field.
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