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Abstract

It was used approach, early proposed by us, for the creation of electrochemical sensor with the potentiometric registration of signal at the
detection of such mycotoxins as T2 and aflatoxin B1. The selective sites of this sensor were formed on the glass surface by the chemical way with
the realization of so called template structures when the geometric space of the preliminarly sorbed analyte was limited by trimetylchlorsilane
(3MesSiCl). This approach was used too in case of the formation of selective sites on the gold transducer surface of optical sensor based on the
principle of surface plasmon resonance (SPR). In this case more effective is the preliminary treatment of the transducer by of the polyallylamine
hydrochloride (PAA). For both types of sensors it was demonstrated the sensitivity of analysis and cross reactivity to others mycotoxins including
searelenone and patulin. Taken into attention of these data it was recommend to use of the proposed way for the selective site creation if sensors
are intended for preliminary screening of mycotoxins among of environmental objects. It is very effective since the transducer surface of the
sensor may be renewed by simple way at its treatment with methanol or acetonitrile. At the repeated use more than 10 times the specific signal
changes only within 10%.
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Introduction

technology for the determination of the low molecular weight
substances at their detection by electrochemical methods. This
article is devoted to detailed analysis of the application of this

Today biosensor technology is very wide common since it
gives a new and very effective approaches for the diagnostics,
control of quality of foods, feeds and state of different

environment objects [1,2]. In spite on that this technology technology to use as perspective approach at the creation of

provides us by the devices which are very sensitive, able for the senfor devices for control of some myco'toxins. Wi.th Sensor
express analysis and effective in case of the application in the devices based not only on the electrochemical principle of the
regime of field conditions there have a number disadvantages
and among them the main place belong to the necessity of
the application of biological substances as main sensitive and
selective elements. As a rule, biological materials are non stable,
very expensive and cannot be reused for the number of analysis. Material and Methods
That is why, to overcome this problem there is necessary to
find ways for replacement biological selective sites on the

artificial chemical structures which would be have a needed

selective signal registration and but optical one too, in particular,
with the application of the effect of the SPR. There is necessary
to mention that mycotoxins are very fairly common substances
in environment and very dangers for the living organisms [7,8].

In the investigations it was used a number of such mycotoins
as: T2, patulin, aflatoxin B1 and searelenone from Sigma Aldrich
(USA). The signal was registered by the electrochemical way
according to our previous data [6] and by the device based on
the principle of SPR produced in A.V. Glushkov Institute of the
Cybernetics of the National Academy of Sciences of Ukraine [9].
Surfaces of transducers were formed on the glass plate [6] or

level of the specificity and allowed to fulfill analysis with the
needed level of the sensitivity. In last time there is proposed
a number of approaches and among them there is necessary
to mention that which are connected with the application of
calixarenes [3,4], photopolymerizable membranes [5], so called

the gl ith th limi d ited 1 f chromi
template technology [6] and others. Early we tried to use the last on the gras Wi ¢ prefiminaty cepositec fayers of cromitm

and gold. The plates were placed into so called «template»
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solution (appropriate mycotoxin solved in acetonitrile at the
concentration in 100ug/mL) during at last 6h at the room
temperature. Then plates were dried at 120 °C during 3h and
at last they were transferred into vacuum conditions in the
presence of the frozen 3MeSiCl on 12h at the room temperature.
After this procedure plates were washed by methanol and
water. Such preliminary prepared plates were installed into
the measuring cell in which were introduced the appropriate
mycotoxin at the different concentrations started from 10ng/
mL and up to 1pug/mL. The plates contained gold layer has
hydrophobic properties and this is consistent with the analysis
of mycotoxins, which are also generally hydrophobic. Mycotoxins
were in acetonitrile solution, which allows for the inclusion of
hydrophobic compounds. However, silane compounds, which
are factors of limitation of geometric and structural surface, are
intermediate in this respect. Reducing the level of hydrophilicity
of the surface leads to a limitation of their sorption on it. In the
special experiments the transducers surfaces for the SPR were
preliminary treated by PAA. Immune biosensor analysis of
mycotoxins was carried out as it was described by us early [10].
Specific antibodies to individual mycotoxins were obtained from
Sigma-Aldrich (USA).

Results and Discussion

Efficiency of the selectivity of artificial template sites
at the analysis by the electrochemical way

Table 1: Level of the cross-reactions of individual mycotoxins when
used as selective binding sites of matrix-programmed surface to T2
mycotoxin.

No Compounds Level of Response, %
1 Patulin 15-Oct
2 T2 90-95
3 Aflatoxin B1 15-Oct

It was stated that the detection effect of T2 mycotoxin at the
application of appropriate template sites was approximately
95% of the pre-determined concentration, in accordance with
the calibration curve constructed on the basis of the results of the
immune biosensor analysis using the SPR principle. In the case
of other types of mycotoxins, this level fluctuated within 10%
but not exceeded 15% (Table 1), which indicated a rather high
specificity of the created artificial sites on the basis of matrix-
programmed structures, since, even immunoassay analysis
of these mycotoxins at the using of the polyclonal antibodies
was characterized by the level of cross-reactions approaching
the above (Table 2). In the same way an analysis of the level of
the selectivity of the created artificial sites based on matrix-
programmed structures in determining aflatoxin B1 was carried
out. The evaluation was based on the quantitative characteristics
of the detection of the above-mentioned mycotoxin and a number
of such toxins as zearelenoi, mycotoxin T2 and patulin. It was
established that the effect of detection of aflatoxin B1 was close
to 90% of the preset concentration determined according to the
calibration curve constructed on the basis of immune biosensor
analysis. In the case of other types of mycotoxins, this level

fluctuated within 15%, but did not exceed 20%, which indicated
a significant specificity of created and artificial sites based on
matrix-programmed structures.

Table 2: Level of cross-reactions of individual mycotoxins when as
selective binding sites were used of polyclonal antibodies specific for
T2 mycotoxin.

No Compounds Level of Cross Reactivity %
1 Patulin 100
2 T2 5
3 Aflatoxin B1 10
4 Searelenone 7
5 Phthalate 0

It should be noted that, in the case of the creation of matrix-
programmed structures for aflatoxin B1, their specificity to it
was somewhat smaller than in the case of those created for T2
mycotoxin. Moreover, a similar situation is noted in the case of
immune biosensor analysis of these mycotoxins using polyclonal
antibodies, which was characterized by levels of cross - reactions
close to those indicated above. The obtained data indicate the
promising use of created artificial sites on the basis of matrix-
programmed structures in sensory analytical devices, aimed,
first of all, in case of the express screening observations.

Analysis of efficiency of artificial template sites at the
analysis mycotoxins by SPR

At first, it was found that the sorption level of silane
compounds significantly increases on the surface after its
previous modification by polyelectrolytes, namely, PAA (Table
3). The obtained data indicate that the sorption of T2 mycotoxin
decreases on the surface of the pretreated PAA, as compared to
when it was in the initial state. However, the amount of silane
sorbed on the PAA treated surface increases, indicating its
possible participation in the formation of matrix structures for
T2 mycotoxin.

Table 3: Level of cross-reactions of individual mycotoxins when as

selective binding sites were used of polyclonal antibodies specific for
T2 mycotoxin.

No Compounds Level of Cross Reactivity %
1 Patulin 100
2 T2 5
3 Aflatoxin B1 10
4 Searelenone 7
5 Phthalate 0

On the next stage of research it was estimated the sensitivity
of T2 mycotoxin analysis using appropriate artificial template
structures, as well as the level of their cross-reactivity to aflatoxin
B1. These experiments were carried out with the surfaces of the
gold layer pretreated using PAA. The obtained results testified
that in this manner we are able to register T2 mycotoxin only
at the minimum concentrations above 100ng/mL. The cross
reactivity to aflatoxyn B1 reached only 15-25%. It should be
noted that the obtained results were similar to that mentioned
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above, namely largely coincides with the ones in which aflatoxin
B1 served as the base template structure. Some deviations in
this case were observed only in the degrees of deflection of
the reflex angles. There is necessary a special underline that
the programmed surface structures can be restored for the
reuse by washing them with acetonitrile or methanol. It has
been determined that reuse may be more than 10 times with a
decrease of a specific signal within 10% (Table 4).

Table 4: Changes in the reflection angle of SPR when silane

compounds and T2 mycotoxin are introduced before and after
processing of the gold layer with PAA.

No Relatively Changes of the Reflection Angle of
SPR at the Sorption of:
1 T2 mycotoxin 0.65
2 T2 mycotoxin and silane “0.70
3 PAA, T2 mycotoxin 0.49
4 PAA, T2 mycotoin and silane 0.80
Conclusion

Ways of forming matrix-programmed structures for the
determination of such mycotoxins, such as T2 and aflatoxin
B1, have been worked out. It has been established that the
registration of the formation of a specific complex can be carried
out potentiometrically and optically on the basis of the SPR.
It was found that in the case of the registration of a specific
complex formation by SPR the transducer surface must be pre-
treated with PAA. The elaborate way of forming selective matrix-
programmed surfaces can be recommended for the sensors
aimed at screening mycotoxins among environmental. The
programmed surface structures can be restored for re-use by
washing them with acetonitrile or methanol. When repeated use
more than 10 times the specific signal changes only within 10%.

This work is licensed under Creative
@ @ Commons Attribution 4.0 Licens
DOI: 10.19080/AIBM.2017.06.555688

References

1. Starodub NF (2013) Efficiency of biosensors in environmental
monitoring. book of series in sensors, portable biosensing of food
toxicants and environmental pollutants, CRC press, Taylor & Francis
Croup Boca Raton London, New York, USA, pp. 515-560.

2. Starodub NF (2013) Biosensors for the control of biochemical
parameters in the diagnostics of diseases. Item, pp. 743-775.

3. Kalchenko OI, Solovyov AV, Cherenok SA, Starodub NE Kalchenko
VI (2003) Complexation of Calix[4] are nephosphonous acids with
2,4-dichlorophenoxyacetic acid and atrazine in water. Inclusion
Phenomena and Microcyclic Chem 46(1-2): 19-25.

4. Starodub NF, Voitsitskiy VM, Prokofiev VP (2017) Calixarene based
artificial selective sites for the specific binding some mycotoxins.
International ] Adv Res in Chem Sci 4(3): 24-28.

5. Starodub NF, Rebriev AV (2007) Liquid photopolymerizable
compositionsasimmobilized matrix of biosensors. Bioelectrochemistry
71(1): 29-32.

6. Staroub NF, Piletsky SA, Lavryk NV, El'skaya AV (1993) Template
sensors for low weight organic molecules based on SiO, surfaces.
Sensors and Actuators 14(1-3): 708-710.

7. Weidenborner M (2017) Mycotoxins in plants and plant products:
cereals and cereal products (Hardback), Springer Intern Publ AG,
Switzerland, p. 822.

8. Anfossi L, Giovannoli C, Baggiani C (2016) Mycotoxin detection.
Current Opinion in Biotech 37: 120-126.

9. Ogorodnichuk Yu O, Lebedeva TS, Shpylovyy P, Starodub NF (2013)
Optical immune biosensor «Plasmonotest» for the determination of
Salmonella typhimurium. SMEST 10(1): 106-113.

10.Starodub NF, Shpirka NF (2016) Efficiency of non-label optical
biosensors for the express control of toxic agents in food. In book:
biosensors for security and bioterrorism applications. In: Nikolelis DP,
Nikoleli GP (Eds.), Springer Co, Germany, pp. 385-418.

Your next submission with Juniper Publishers
will reach you the below assets

Quality Editorial service

o Swift Peer Review

¢ Reprints availability

¢ E-prints Service

» Manuscript Podcast for convenient understanding

Global attainment for your research
e Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, Audio)

¢ Unceasing customer service

Track the below URL for one-step submission

https://juniperpublishers.com/online-submission.php

How to cite this article: Starodub NF, Voitsitskiy VM, Lebedeva TS, Shpylovyy P.Formation of the Surface Programmed Chemical Sites and Their
Selectivity to Some Mycotoxins. Adv Biotech & Micro. 2017; 6(4): 555691. DOI: 10.19080/AIBM.2017.06.555691.


http://dx.doi.org/10.19080/AIBM.2017.06.555691

http://dx.doi.org/10.19080/AIBM.2017.06.555688
http://www.crcnetbase.com/doi/abs/10.1201/b15589-29
http://www.crcnetbase.com/doi/abs/10.1201/b15589-29
https://link.springer.com/article/10.1023/A:1025626925863
https://link.springer.com/article/10.1023/A:1025626925863
https://link.springer.com/article/10.1023/A:1025626925863
https://link.springer.com/article/10.1023/A:1025626925863
https://www.arcjournals.org/pdfs/ijarcs/v4-i3/2.pdf
https://www.arcjournals.org/pdfs/ijarcs/v4-i3/2.pdf
https://www.arcjournals.org/pdfs/ijarcs/v4-i3/2.pdf
https://www.ncbi.nlm.nih.gov/pubmed/17383943
https://www.ncbi.nlm.nih.gov/pubmed/17383943
https://www.ncbi.nlm.nih.gov/pubmed/17383943
http://www.sciencedirect.com/science/article/pii/0925400593851532
http://www.sciencedirect.com/science/article/pii/0925400593851532
http://www.sciencedirect.com/science/article/pii/0925400593851532
http://www.springer.com/in/book/9783319467139
http://www.springer.com/in/book/9783319467139
http://www.springer.com/in/book/9783319467139
http://www.sciencedirect.com/science/article/pii/S0958166915001548
http://www.sciencedirect.com/science/article/pii/S0958166915001548
https://archive.org/stream/ABB008/ABB008_djvu.txt
https://archive.org/stream/ABB008/ABB008_djvu.txt
https://archive.org/stream/ABB008/ABB008_djvu.txt
https://link.springer.com/chapter/10.1007/978-3-319-28926-7_18
https://link.springer.com/chapter/10.1007/978-3-319-28926-7_18
https://link.springer.com/chapter/10.1007/978-3-319-28926-7_18
https://link.springer.com/chapter/10.1007/978-3-319-28926-7_18
https://juniperpublishers.com/online-submission.php
https://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.19080/AIBM.2017.06.555688

	Title
	Abstract 
	Keywords
	Introduction
	Material and Methods
	Results and Discussion
	Conclusion
	References
	Table 1
	Table 2
	Table 3
	Table 4

