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Abstract

This paper first time describes Surface Plasmon Resonance (SPR) based immuno-sensing system for detection
of fungal teliospores of Karnal Bunt (KB) disease of wheat incited by Tilletia indica. The results of present study
were compared with the results of lab scale ELISA developed earlier in our lab. The approach involves the use of a
rabbit polyclonal (anti-teliospore) antibody and a SPR sensor for label-free detection of teliospores from the model
organism Tilletia indica. When the interaction between binder (anti-teliospore antibody) and teliosporic antigen(s)
as analyte occurs at the sensor surface, a sensorgram was obtained in real time by plotting the signal against
time. Under optimised assay conditions as few as 5 teliospores were detected by ELISA which justifies the greater
affinity of raised anti-teliospore antibodies for its antigen. The sensitivity of each immunosensor constructed with
the different amounts of antigen solution is determined by sensogram analysis showed detection sensitivity as
low as 625 pg equivalent to 2.5 teliospores over the sensor surface by getting an angle of dip indicating greater
affinity of raised anti-teliospore antibodies. Thus, SPR based affinity sensor showed higher sensitivity due to greater
signal response. The results of cross reactivity studies using different related fungal spores/teliospores showed
almost differential SPR response indicating cross reaction using immunosensing system. The cross-reactivity of
anti-teliospore antibodies with related fungal spores/teliospores can be explained due to its polyclonal nature and
also due to antigenic homology amongst pathogens used in present study.

specific for individual species [3], antibody-based methods are often
conducive to rapid analysis, since limited sample extraction is needed.
The major disadvantages of nucleic acid methods in seed health testing
becomes evident when it is necessary to determine the level of infection
(quantification) in the seed sample. Significant progress has been made
in our lab to develop the rapid formats for immunodiagnosis of KB
teliospores by using high titre polyclonal antibody probes raised against
intact teliospores in New Zealand white rabbits [4,5]. The developed
immunodiagnostic formats viz. Seed Immunoblot Binding Assay
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Introduction

Wheat (Triticum aestivum) is one of the most important food crops
of the world. In India, the wheat is affected by a number of diseases.
Out of which rusts, smuts, powdery mildew, loose smut, leaf blight
and Karnal bunt continue to be the limiting factor in increasing wheat
yield. Amongst these diseases, Karnal bunt is the major disease of
wheat (Triticum aestivum) and caused by the sporadic fungus, Tilletia
indica (Syn Neovosia indica). Karnal Bunt (KB), also called partial
bunt, was first detected at Karnal (Haryana) by Mitra [1], and hence the
name. It also affects durum wheat and triticale which result in reduced
crop yield and poor grain quality. It gives off a fishy odour due to the
presence of trimethylamine secreted by teliospores. It occurs frequently
in the north-western plains and Tarai regions of Himachal Pradesh,
Punjab, Uttar Pradesh and Uttarakhand states of India. Uttarakhand
Tarai- a KB prone area is fulfilling the demand of about 40% of the
total need of wheat seed in India as well as neighboring countries.

(SIBA), indirect immunofluorescent staining tests, dyed latex bead
agglutination assay and immuno-dipstick assay can be successfully
employed for the sensitive detection of seed borne inoculum of the
fungus present either in bunted seeds or as loose teliospores on the
seed surface [5-8].

The Surface Plasmon Resonance (SPR) sensor is used for label-
free detection and real-time monitoring. Their simplicity and
sensitivity make biosensors an effective means of disease diagnosis
and monitoring [9]. In particular, biosensors based on antibodies
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KB is an economically important disease and pathogen is placed as a
quarantine pest. Contamination of wheat grains with Karnal bunted
grains has emerged as a serious non-tariff barrier in the international
trade of wheat. Hence, it has implication in seed certification aspects.
As at present none of the control measures had been proven to be
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satisfactory for the disease management, hence it becomes inevitable to
develop suitable detection system for seed health testing of wheat lots
for strengthening seed certification and plant quarantine measures [2].

The molecular and immunological methods developed in our lab
are quite useful for both differentiation of fungal species and detection
of KB disease. Although nucleic acid-based detection systems are more
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are able to perform very specific analyses [10]. While highly specific
and sensitive, biosensors based on antigen-antibody interactions
(also called immunosensors) require an appropriate antibody
(specific immunoprobe) in order to determine the correct identity of
contaminating fungus. The shift of the resonance angle can be observed
using the Surface Plasmon Resonance (SPR) technique, when the
intended species is captured by the immobilized antibody on the sensor
surface [11,12]. SPR based immunosensor can be used for detection
of fungal teliospores or its antigens in a fully automated manner with
high sensitivity, more quickly, cheaper, and a large number of samples
can be analyzed.

Therefore, in this paper attempts were made to develop SPR
immunosensor for detection of KB in order to identify the presence of
teliospores in wheat lots for the purpose of seed certification lab and
plant quarantine regulation.

Materials and Methods
Chemicals and reagents

N-(3-dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride
(EDAC) and Sodium Dodecyl Sulphate (SDS) were obtained from Bio
Basic. N-hydroxysuccinimide (NHS) and 11-Mercaptoundecanoic Acid
(11-MUA) were obtained from Aldrich. Bovine Serum Albumin (BSA)
was purchased from Himedia. Ethanol and hydrochloric acid (HCI)
were obtained from S D fine-chem limited, Mumbai. Ethanolamine was
purchased from Lifetech. Sodium hydroxide (NaOH) was purchased
from SRL. Alkaline phosphatase-conjugated goat anti-rabbit gamma
globulin was obtained from Bangalore Genei, Bangalore and p-nitro
phenyl phosphate sodium salt was purchased from Sigma Chemical
Co., St. Louis, MO, USA. All chemicals were of analytical grade and
were used as received. A saline 0.15 ML Phosphate Buffer (PBS) at pH
7.5 was prepared by dissolving 0.2 g KCI, 8.0 g NaCl, 0.24 g KH2PO4
and 1.44 g Na,HPO,.2H,0 in 1000 mL ultra-pure water. All solutions
were prepared with deionized water.

Instruments

The bi-molecular interactions were investigated using a SPR
system (Autolab Springle, Eco Chemie, Netherlands). SPR techniques
involve the excitation of surface plasmons using a light source at planar
surfaces. These techniques have been used extensively to characterize
binding reactions without labeling requirements [13]. This equipment
is based on the Kretschmann configuration, which is also the most
commonly-used configuration in SPR. The planar gold SPR disks
used were supplied with the instrument. The washing solutions were
injected in the optical cell using a peristaltic pump at a flow rate of 1
wl/s. The flow of washing solution was programmed to stop during the
incubation steps. The response of the immunosensor was automatically
monitored using a PC with ESPRIT software version 4.4.

Collection of KB-infected wheat seeds

The KB infected wheat grains were obtained from Punjab
Agriculture University, Ludhiana (Punjab) and Tarai Development
Corporation, Haldi, Pantnagar.

Collection of fungal spores/teliospores

Spores and teliospores of seed borne pathogens (Tilletia foetida,
Tilletia barclayana, Ustilago hordei and Ustilago virens) were collected
from the Department of Plant Pathology, College of Agriculture,
Pantnagar.

Isolation of intact teliospores used as immunogen

The intact teliospores were extracted as described previously [4,5]
from the bunted seeds of wheat and used as a source of immunogen.

Generation and Purification of anti-teliospore antibodies

Albino, New Zealand white rabbits weighing 2 kg procured from
IVRI, Bareilly were used for production of anti-teliospore antibodies.
The animals were maintained in stainless steel cages at a room
temperature of 22 + 2°C and free access to pellet food (Lipton India
Ltd) and water. According to ethical regulations on animal research,
all animals used in the experimental work received human care. The
rabbits were immunized, by administering five injections at 10 days
intervals with aliquots of intact teliosporic suspension (0.4-0.5 ml)
containing 500 pg of teliospores emulsified with an equal volume of
Freund’s complete adjuvant for the first and incomplete adjuvant for
the four subsequent injections. Ten days after the final injection, the
blood was collected through cardiac puncture and the sera were kept at
—20°C [5]. Affinity purification of anti-teliospore antibodies was done
using Protein A as affinity column (PIERCE, USA).

Counting of spores/teliospores in suspension

Spores/teliospores of various seed pathogens were suspended in the
PBS ata concentration of 1 mg/ml after washing twice. Hemocytometer
was used for counting the number of spores/teliospores in their
respective suspension after making several dilutions. The counting
was done after charging both the chambers of the hemocytometer
after placing the cover slips and observing under Nikon wide field
photomicroscope at 10X/magnification. The spores/teliospores were
calculated according to the following expression:

Spores or teliospores/ml = Average count per squarexdilution
factorx10*.

Solubilization of spores/teliospore

The spores/teliospores were solubilized by chemical extraction
method. Teliospore was mechanically lysed by grinding in liquid
nitrogen (Li N,) in pestle and mortar. Extraction buffer (0.5% SDS) was
added to further lyse spores and solubilize the protein. Once the spores
have been lysed, the crude lysate centrifuged to remove the particulate
debris, thereby leaving the protein of interest in supernatant solution.
PMSF (Phenyl Methyl Sulfonyl Fluoride) at concentration of 2 mM
was added in supernatant solution and stored at -20°C.

Development of indirect ELISA

The indirect ELISA was developed on 96-well microtitre ELISA
with minor modifications as described initially by Engvall and
Perlmann [14] and modified in our lab. Microtitre plates were coated
with varying concentration of teliospores ranging from 5 to 10,000
in coating buffer, i.e.100 ul/well. The plates were then incubated for
1 h at room temperature (approximately 22°C), on a shaker for 1 h
at 37°C and were kept overnight at 4-8°C. The plates were washed
with PBS. The wells were incubated with 2% BSA for 30 min for
non-specific blocking, rinsed three times in PBS+0.25% BSA. First
antibody (100 pl) was incubated for 2 h at room temperature and then
the plate was washed with PBS+0.25% BSA followed by incubation
with 1:1000 diluted alkaline phosphatase conjugated goat anti-rabbit
gamma globulin for 2 h at room temperature. It was again washed with
PBS+0.25% BSA three times. Alkaline phosphatase activity was assayed
with p-nitro phenyl phosphate sodium salt. The reaction was stopped
with 1.5 M NaOH solution and the color intensity was measured in
ELISA plate reader at 405 nm.
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Preparation of the Self-Assembled Monolayer (SAM)

The cleaning of the bare gold surface is critically important for
self-assembled monolayer formation and should be accomplished
systematically. The gold disk was incubated in a 11 MUA solution (1
mM 11-Mercaptoundecanoic acid in ethanol) for overnight. The disk
was washed three times with ethanol to remove excess thiol groups and
three additional times with ultrapure water to remove the alcohol. The
thiol covered sensor-disk was then used immediately or stored for later
use. This sensor-disk was assembled on the hemi-cylinder by placing a
small drop of immersion oil on the outer edge of the hemi-cylinder and
gently sliding the sensor disk gold layer facing up from the start to the
end of the hemi-cylinder. This step was carefully carried out to avoid
introducing an air bubble between the gold sensor disk and the hemi-
cylinder. The hemi-cylinder with the gold sensor disk was then inserted
in the SPR machine. The cuvette was then placed in the cuvette holder
to hold the hemi-cylinder together with the gold sensor disk.

Immobilization of anti-teliospore antibody on the
Mercaptoundecanoic Acid (MUA) modified gold sensor chip

Immobilization of antibody on the SPR sensor chip comprises
of eight steps. Prior to the immobilization of antibody on the
Mercaptoundecanoic Acid (MUA) modified gold sensor chip was
stabilized using PBS (Phosphate Buffer Saline). The resonance angle at
this point was recorded as the baseline. In the first step, stabilization
of baseline was carried out for 120 s in order to get a stable baseline
signal. In the second step, activation of carboxyl groups on the SAM
layer was performed for 600 s by injecting a 50 pl solution of freshly
prepared 1:1 mixture of EDC (400 mM) and NHS (100 mM) in distilled
water over the chip surface in order to get more amine reactive NHS
esters. In the third step, washing was conducted with PBS and the SPR
angle shift nearly returned to the original baseline [15]. Subsequently,
in the fourth step 50 pl teliosporic antibody dilution of 1:250, 1:500,
1:1000 and 1:2000 was injected and allowed to react for 1800 s to get an
effective immobilization of anti-teliosporic antibody over the activated
MUA modified surface for each immunosensor response. Due to use
of polyclonal purified antibody, the serum can contain several protein
species. Consequently, to remove the unbound antibody from the
modified sensor surface, in fifth step washing was performed. The
specificity and sensitivity of such immunosensor towards the target
antigen were further verified for its analytical performance. In the sixth
step, to prevent non-specific binding of protein during SPR sensing
and also to block the unreacted NHS ester groups on the sensor chip,
1 M ethanolamine (pH=8.5) was injected and allowed to react for
600 s on the chip surface in order to deactivate unreacted NHS ester
and also to overcome non-specific adsorption of protein on the chip
surface during the sensing process. In the seventh step, washing was
performed for 30 s. After the antigen-antibody interactions 10 mM
HCI was injected in the eighth step, to achieve regeneration of the
sensor surface. A solution of 10 mM PBS (pH 7.5) was used throughout
the experiment as the running buffer.

Interaction of teliosporic wall antigen with the teliosporic
antibody immobilized on sensor chip

For affinity measurements of teliosporic antigen with immobilized
anti-teliosporic antibody, varying concentration of teliosporic
wall antigen dissolved in PBS was injected and then association
was performed for 500 s and dissociation was performed for 400 s.
Subsequently, by adding 0.01 M HCI for 120 s antigen was recovered

in order to bring the signal to baseline level so as to start a new
measurement cycle. The above procedure was adopted with solutions
containing 80 to 0.039 ng/pl concentration of teliosporic wall antigen.

Results and Discussion
Effect of pH on SPR sensing

The effect of pH on SPR angle due to interaction of teliosporic
antigen with anti-teliosporic antibody immobilized on gold chip was
performed (Figure 1). The experiments were conducted with a 2.5 ng/
ul antigen with the universal buffer mixture (PBS) in the pH range from
5.0 to 9.0. It was observed from figure 1 that the SPR angle increased
with increase in pH upto 7.5 and then decreased at higher pH. It is
probably due to the pH dependent structural changes and electrostatic
interactions of antigen and antibody that occurred on the sensor chip
[16]. The results showed that interaction of teliosporic antigen-anti-
teliosporic antibody is more effective at pH 7.5 and thereby resulted in
more angle change, hence pH 7.5 was chosen for further studies.

Method versatility and reproducibility

The activity and specificity of the surface was verified by
simultaneously injecting teliosporic antigen over a blank surface and
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Figure 1: Effect of pH on the interaction of teliosporic antigen with
immobilized antibody on the Mercaptoundecanoic acid (MUA) modified gold
chip. pH range: 5.0-9.0, and teliosporic antigen concentration: 2.5 ng/pl.
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sensor surface by running several repeats of polyclonal antibody (after
approximately 15 repeats the chip surface stabilized and following 40

injections, 7.7% decrease in surface activity was observed).
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Figure 3b: Determination of optimum antibody dilution by indirect ELISA
using Intact anti-teliospore antibody.

the functionalized surface (modified with antibody). No significant
binding was observed on the blank surface compared to the surface
functionalized with anti-teliospore antibodies. Method reproducibility
was examined by running several repeats of polyclonal antibody and a
single injection of 20 mM HCI was sufficient for surface regeneration.
Following immobilization, sensor chip surfaces often need some initial
cycles of regeneration to stabilize the surface before reproducible
results can be obtained. This will increase the final cost of assays,
but are necessary. After approximately 15 repeats the chip surface
stabilized and following 40 injections, 7.7% decrease in surface activity
was observed (Figure 2).

Determination of sensitivity range of ELISA by Optimization
of antigen and antibody concentration

Indirect ELISA was performed to establish optimal antigen
concentration. For antigen preparation, teliospore suspension (1.0 mg
of teliospores/ml of distilled water) was counted by haemocytometer
and teliospore concentration was adjusted to: 2x10° teliospores per
ml. The wells of microtitre plate were coated with increasing number
of teliospores ranging 5-10,000 as antigen in triplicate. For studying
antigen concentration kinetics, primary and secondary antibodies were
diluted at 1:500 and 1:1000 respectively. As evident from (Figure 3a),
the OD 405 showed a linear increase upto 1000 teliospores after which
the curve levelled off. In ELISA, highest value in linear relationship
from the semi-log graph was recorded at 1000 teliospores and taken as
optimum antigen concentration in indirect ELISA.

For determination of optimum dilution for antibodies, 1000

teliospores of antigen were coated in each well and various dilutions
of anti-teliospore sera 1:100, 1:250, 1:500, 1:1000, 1:2500, 1:5000,
1:10,000 and 1:20,000 were used. Using Karnal bunt teliospores and
these dilutions, ELISA was observed and optimum dilution chosen as
1:250. The OD405 showed a linear decrease on increasing dilutions. A
midpoint from the antibody dilution curve was selected and 1:250 was
taken as optimum dilution of anti-teliospore antibody for further study
(Figure 3b).

Controlling immobilization level for development of
immunosensor

Itisappropriate to reduce the amount of protein that is immobilized
on the surface in order to avoid issues like mass transport limitations
and avidity effects [17,18]. The influence of antibody concentration
on immobilization level was examined. Different dilutions (v/v) of
polyclonal serum containing the anti-teliosporic antibody (1:250, 1:500,
1:1000, and 1:2000) in 10 mM sodium acetate at pH 4.5 were tested
(Figure 4a). By choosing the appropriate antibody dilution, the surface
capacity could be carefully engineered. The result displayed in (Figure
3a) showed that the immobilization is indeed sensitive upto 1:2000
antibody dilution. The sensitivity of each immunosensor constructed
with different dilutions of antibody was verified by injecting teliosporic
antigen of 0.39-80 ng/ul.

Analysis of mass loading by anti-teliosporic immobilization
on modified gold sensor chip

SPR based biosensors have been widely used for the monitoring
of various affinity bindings [19-24]. At lower concentrations (or
larger dilutions), the sensitivity is reduced due to the low number of
biomolecules adsorbed to the surface. For higher concentrations (or
lower dilutions), the immobilized amount causes a slight decrease in
the response (probably because of aggregate formation due to antibody-
antibody interaction at high antibody concentrations), thereby
reducing the sensitivity. In this context, an antibody of 1:500 dilution
was selected for the subsequent experiments due to its good sensogram
results. Using the SPR biosensor, the amounts of mass loading by
anti-teliosporic antibody could be estimated. The mass loading was
calculated from the baseline changes before and after sample injection.

A typical sensorgram for the stepwise immobilization of anti-
teliosporic antibody (1:500) over the modified gold SPR sensor chip is
shown in figure 4b. Activation of carboxyl groups on the SAM allows
the formation of highly reactive O-acylisourea intermediates [15] to
promote the formation of amide bonds between the carboxylic acid
groups of modified sensor chip and the amino groups of teliosporic
antibody, during this process a large SPR angle shift of 459.2 m° is
observed. An increase in the SPR angle by 247.2 m° is observed due
to the immobilization of antibody. To remove the unbound antibody
from the modified sensor surface washing was performed and during
this process the SPR angle was decreased by 40.1 m°. Non-specific
binding of protein was prevented during SPR sensing and also to block
the unreacted NHS ester groups on the sensor chip. 1 M ethanolamine
was injected on the sensor chip, during this process an increase in SPR
angle by 2051.8 m® was observed. Washing was performed as discussed
in the experimental part and a decrease by 1715.2 m® in SPR angle
was observed as a result of the removal of unbound ethanolamine.
Regeneration was carried out for 120 s and a decrease by 1711.6 m®
in SPR angle is observed. The SPR response can be converted to a
mass loading according to the relationship: 120 m°=1 ng/mm?* [25].
According to this relation, an amount of 5.582 ng/mm? of antibody
was adsorbed on the sensor surface.
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Figure 4a: Sensogram after immobilization of four dilutions of intact anti-teliosporic antibody a)1:2000; b)1:1000; C)1:500; d) 1:250.
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Figure 4b: Sensogram showing different steps involved in the immobilization of anti-teliosporic antibody (1:500): 1) Baseline, 2)
EDC-NHS activation, 3) washing, 4) Ab coupling (Immobilization of Ligand) 5) washing, 6) Deactivation, 7) washing, 8) Regeneration.
No. of Spores | Ag conc. (ng/ul) Signal Response (m°)
1:250 (Ab) 1:500 (Ab) 1:1000 (Ab) 1:2000 (Ab)
Control Sample Control Sample Control Sample Control Sample
320 80 12.8 £ 0.34 197.4 £0.28 6.1+0.43 297.1+0.33 12.3+0.28 | 292.3+0.18 10.2+0.28 | 272.1+0.38
160 40 8.4+0.31 158.4 + 0.33 9.5+0.34 259.5+0.24 11.2+0.31 251.2+0.31 9.1+0.25 211.2+0.54
80 20 9.1+0.21 104.2£0.12 6.4 +£0.31 147.5+£0.31 12.2+0.21 162.2 £0.23 11.6£0.34 | 180.6 +0.34
40 10 6.0 £0.22 96.5 +0.22 10.4 +0.54 107.4 £ 0.51 10.9+0.31 118.9 £ 0.37 10.5+0.45 70.4 +£0.26
20 5 6.6 £0.19 56.6 £ 0.15 11.1 £ 0.46 71.1+0.26 11.6 £0.31 77.6 £0.29 8.5+0.64 53.1+0.51
10 25 53+0.45 33.6 £ 0.31 12.1+0.14 51.1+0.34 9.8+0.23 40.8 £ 0.34 12.3+0.35 35.4 +£0.34
5 1.25 8.1+0.29 28.1+0.19 10.6 £+ 0.33 33.6 £0.21 6.4 +£0.32 27.4 £0.37 8.8+0.33 21.2+0.39
25 .625 11.1 £ 0.55 23.1+0.51 8.8+0.28 18.8+0.16 8.7+0.16 30.7£0.29 6.6 +0.26 18.5+0.62
1.25 312 12.9+0.23 14.9+0.23 12.3+0.27 13.3+0.17 7.9+0.33 17.7 £ 0.51 9.3+0.51 20.1+£0.35
.625 156 12.7+0.38 12.7+0.16 10.1+0.15 11.1+£0.14 10.8+0.24 10.8 £ 0.46 12.6+0.35 16.9+0.53
312 .078 12.8+0.17 10.8+0.17 11.8 £ 0.49 10.8 £+ 0.44 8.2+0.22 4.2+0.36 10.9+0.28 10.9+0.28
156 .039 6.9 £0.43 11.9 £0.40 12.6 £ 0.45 7.3+0.42 6.9 +0.51 3.8+0.27 10.5 + 021 7.3+018

Table 1: Signal response for the interaction of different concentrations of teliosporic antigen with 4 different dilutions of control and immobilized anti-teliosporic antibody.
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Interaction of teliosporic wall antigen with the anti-
teliosporic antibody immobilized on sensor chip

The interaction of antigen at a concentration of 80, 40, 20, 10, 5.0,
2.5,1.25,0.625,0.312,0.156,.078 and .039 ng/pl over the each dilution of
immobilized antibody was examined (Table 1). The sensogram for the
interaction of different concentration of teliosporic antigen (0.39-80
ng/ul) over the teliosporic antibody immobilized sensor chip is given in
figure 4c. The responses increased in proportion to the concentration
of teliosporic antigen due to the change of the refractive index near the
SPR sensor chip. As shown in table 1, there is practically no decrease
in the signal below the concentration of 2.5 ng/ul, 0.625 ng/ul, 1.25
ng/ul and 1.25 ng/pl over the immobilized antibody dilution of 1:250,
1:500, 1:1000, and 1:2000 respectively. A full sensogram of interaction
of 20 ng/ul teliosporic antigen is given in figure 4d which includes,
1) baseline; 2) association; 3) dissociation and 4) regeneration. After
regeneration step the signal was returning to baseline. The sensitivity
of SPR assay was found to be 625 pg of teliosporic wall antigen which

is equivalent to the numbers of 2.5 intact teliospores by using 1:500
anti-teliosporic antibody dilutions. Further using SPR, the analysis is
faster and there is the possibility of signal observation in real-time and
label-free mode.

Cross-reactivity studies

In order to determine the specificity of SPR based immunodetection
system solubilised antigens of spores/teliospores of different fungal
species were used. Solubilized antigens over the anti-teliosporic
antibody (1:500 dilution) of immobilized on sensor chip as described
above. The ability of anti-teliosporic antibody to discriminate
between related bunt and smut fungi was investigated using SPR. The
interaction of antibody with bunt species (Tilletia foetida and Tilletia
barclayana) and smut species (Ustilago hordei and Ustilago virens)
were tested, Ustilago hordei showed weak reactivity while Tilletia
barclayana showed the high reactivity (Figure 5). The interaction of
anti-teliospore antibody with other fungal species is due to binding
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Figure 6: Surface regeneration for determination of long term stability of
sensor surface after several repeats of target antigen (after approximately
19 regenerations the chip surface stabilized and following 60 injections, a
decrease in surface activity of 12.3% was observed).

affinity with common antigen displayed on fungal spores/teliospores.
The sensitivity of this test was found to be 80-0.625 ng of solubilized
teliosporic wall antigen equivalent to 320-2.5 numbers of intact
teliospores of T. indica. The sensitivity of this immunosensing system
with other fungal spores/teliospores is less while comparing with
teliospores of Karnal bunt. As shown in figure 5, the signal response
decreased in response to decreasing teliosporic protein concentrations,
thereby demonstrating that anti-teliosporic antibody is capable of
specifically detecting KB. The results in this study clearly demonstrate
that the biosensor approach is superior in terms of analysis time,
automation, and sensitivity. Interaction time was approximately 21
min, which includes baseline, association (measurement of binding
response), dissociation and regeneration.

The immunosensor was able to discriminate between bunt and
spores from related smut fungi species and therefore exhibits a
comparable selectivity to the reported immunological based method.
Furthermore, as the present sensor is label-free and no sample extraction
or data processing is needed, it is more suitable for future fast on-site
analyses. The generic biosensor setup described in this paper could
feasibly be used for detection of any fungal spore, the only requirement
being the availability of a suitable antibody specifically recognizing only
corresponding target antigens. Various specific antibodies, including
polyclonals, monoclonals and single-chain Fv antibody fragments
(scFv), have been developed against multiple important fungal and
fungal-like spore species [26-28]. By immobilising a suitable capture
molecule on the sensor chip, such as an anti-isotype antibody, anti-

Fab antibody or protein A/G affinity purified antibody, all available
as pathogen specific antibodies can potentially be used for label-free
detection using the approach described in this paper.

Surface regeneration

To examine the regeneration of the surface, rabbit polyclonal
antibody was immobilized on sensor surface. Regeneration over
the immobilized antibodies was examined by running 60 repeats of
teliosporic antigen and the surface was effectively regenerated using
250 pl of 10 mM HCI at a flow rate of 10 ul/min. After approximately
19 regenerations the chip surface stabilized and following 60 injections,
a decrease in surface activity of 12.3% was observed (Figure 6).

Conclusion

This paper describes an optimization of SPR based immuno-
sensing system for KB diagnosis using anti-teliosporic antibody (1:500
dilution) immobilized on a SAM. A label free real time SPR detection
methodology for fungal teliospore detection was developed using
a sensor chip. The pH of universal buffer for the antigen-antibody
interaction was determined for detection of KB in order to avoid crop
damage. This device showed that is possible to achieve the detection
of Karnal Bunt to avoid crop damage. The sensitivity is 625 pg which
is equivalent to as small as 2.5 teliospores. Under optimized assay
conditions as few as 5 teliospores were detected by ELISA. Furthermore,
the assay could discriminate KB pathogen from other related bunt
(T. foetida and T. barclayana) and smut species (Ustilago hordei and
Ustilago virens) based on signal response. Due to the simplicity of the
sensor set up presented here, even non-plant pathologists will be able
to detect KB with high confidence. This biosensor represents the first
demonstration of SPR technology for KB detection in order to identify
the teliospores of contaminating fungus in wheat lots, which could be
used by the seed certification lab and plant quarantine department.
The performance of the method reported in the study was adequate to
perform a rapid, easy and reliable analysis. The great advantage in using
SPR as a transducer system is the ability to carry out an immunoassay
without needing a tracer, thereby reducing the response time and
making it possible to monitor immune-complex formation.
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