N. F. Starodub, N. F. Slishek, I. V. Pylypenko, M. M. Mel’nichenko, L. N. Pylypenko

BEIOCEHCOPH
BIOSENSORS

UDC: 606:57.08:582.28:615.9:636.085+664

CONTROL OF MYCOTOXINS BY IMMUNE BIOSENSOR BASED ON THE
STRUCTURED NANO-POROUS SILICON

I'N. F. Starodub, 'N. F. Slishek, * 1. V. Pylypenko, * M. M. Mel 'nichenko, ° L. N. Pylypenko

"National University of Life and Environmental Sciences, 15 Herojev Oboroni Str., Kyiv, 03041
Ukraine; Tel.: (38044) 527-88-32, e-mail: nikstarodub@yahoo.com

?National Academy of Foods Technology, Ukraine 65039, Odessa, Kanatnaja Str., 112, Tel.:
(380482) 722-80-42, e-mail: l.pylypenko@mail.ru

3Taras Shevchenko Kiev National University, 2 Prospect Glushkova, Kiev, 03127, Ukraine

CONTROL OF MYCOTOXINS BY IMMUNE BIOSENSOR BASED ON THE
STRUCTURED NANO-POROUS SILICON

N. F. Starodub, N. F. Slishek, 1. V. Pylypenko, M. M. Mel 'nichenko, L. N. Pylypenko

Abstract. 1t was developed immune biosensor based on the nano structured silicone (sNPS) for
the control of T2 and patulin mycotoxins in environmental objects. It was used boron doped single-
crystal silicon square wafers with resistivity of 1 Ohm - with area of 100 cm? and thickness of
0.3 x m. The surface was prepared by stain etching in HF: HNO, solution at the room temperature
during 1-20 min. sNPS surface is regularly covered with nano-scale hills up to 20 nm high. The
registration of the specific signal was made on the basis of changes of chemiluminescence (ChL)
or photocurrent of this structure The sensitivity of biosensor is 10 ng/ml. The total time of analysis
including all steps (Ab immobilization and measurements) was about 40 min. This time may be
shortened if Ab will be immobilized preliminary and analysis will be started beginning with the
mycotoxin loading on the sPNS surface.
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KOHTPOJIb MUKOTOKCHUHOB C ITOMOIIIbIO UMMYHHOI'O BHOCEHCOPA HA
OCHOBE HAHOCTPYKTYPUPOBAHOI'O KPEMHUAA

M. @. Cmapooy6, H. ®@. Cnviwuk, . B. [Tununenko, M. M. Menvuuuenxo, JI. H. [lununenxo

Annomayusa. Pa3paboran UIMMYHHBIH OMOCEHCOpP HA OCHOBE CHUIIMKOHOBBIX HAHO-CTPYKTYpH-
poBaHHBIX yacTHI] (SNPS) ans koHTpoas T2 MUKOTOKCHHA U MaTylWHA B 00BEKTAaX OKpYXKarolen
cpenbl. [lmacTHB MOHOKPHCTAUTHIECKOTO KpeMHHMs miomiaaso 100 cM?, tomuHoi 0,3 um u ¢ co-
npotusieareM 1 Om - 6bputH oEpoBaHbl OopoM. [ToToMm moBepXHOCTH 00padaThIBaIacCh PACTBOPOM
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HF: HNO, npu komHaTHO# Temnieparype B Tedenue 1-20 mun. TTosepxnocts SNPS cozepikaia mopst
10 20 uM. Crienudpuyueckuil CUTHaJI PEruCTPUPOBAIIH 10 U3MEHEHHIO YPOBHS XEMUIIOMUHECIICHIIUU
(XJI) u BenmnuuHe (HOTOTOKA B ATOH CTPyKType. UyBCTBUTEIBHOCTH OMOCEHCOpa qocturana 10 Hr/mi.
OO11ee Bpemst aHaIM3a, BKIIIOYAs HEOOXOIMUMBIE 3TaIbl (MMMOOMIN3AIMS aHTUTE U U3MEPEHHUs) CO-
CTaBIsUI0 0KOJIO 40 MUH. DTO BpeMst MOXKET OBITh COKPAIICHO, €CIIM aHTUTeNa OyyT MpeIBapUTeIbHO
MMMOOWIIN30BaHHBI HA IOBEPXHOCTH TPAHCIIOIEpa, U aHan3 OyJieT HAUMHAThCS C MOMEHTA HAaHECEHUS
pacTBopa, KOTOPBI HEOOXOIUMO KOHTPOJIUPOBATh.

KOHTPOJIb MIKOTOKCHHIB 3A 1O0IIOMOI'OIO IMYHHOT'O BIOCEHCOPA HA
OCHOBI HAHOCTPYKTYPOBAHOI'O KPEMHIIO

M. @. Cmapooyo, H. @. Cnuwux, I. B. [Tununenxo, M. M. Menvnuuenxo, JI. H. Ilununenxo

Anomauyia. Po3po0ieHo iMyHHHI 610CEHCOp Ha OCHOBI CHIIIKOHOBHX HAaHO-CTPYKTYPOBAaHUX
gacTok (SNPS) i kouTponto T2 MIKOTOKCHHY Ta naTyiiHy B 00'€KTaX HaBKOJIUIIHBOTO CEPEIOBHILA.
[T1acTMHY MOHOKPHCTAIIYHOTO KpeMHito 1uromiero 100 cm? 1 TopmuHo0 0,3 um Ta 3 omopom 1 Om
cMm Oynu ponosani 60opom. Ilorim moBepxHs 06pob6isiaacy posdunoM HF: HNO, npu kiMHaTHIHA
temneparypi npotrsirom 1-20 xB. (SNPS). [ToBepxus mictuna nopu po3mipoM a0 20 uM. Crerudiaauii
CUTHAJl pEECTPYBaAJIM Ha OCHOBI 3MiHU xeMimoMmiHecueHmii (XJI) ta poTocTpymy. UyTnusicTs
6iocencopy nocsirana 10 Hr/mi. 3aranpHuil yac aHami3y, BKIOYa0Yr HeoOXiaHi eTanu (iMMoOiizamii
aHTUTLI 1 BUMiptoBaHHs) OyB Oin3bko 40 xB. Lleit vac Moke OyTH CKOPOUYEHO, SKILO AHTUTLIA OYIyTh
nmonepeHb0 IMMOO1TI30BaHl Ha TTOBEPXHI TpaHCAIOLEepa, Ta aHai3 Oy/e MOYMHATHCH 3 HAHECCHHS

PO3YMHY, KU TOTPIOHO KOHTPOJIIOBATH.

Knrouoei cnosa: xpeMHi€BI HAHOCTPYKTYPOBaHI MOBEPXHI, IMyHHUI 610ceHcop, T-2 MIKOTOKCHH,

HaTy.TIiH, BHU3HA4YCHHA

Introduction

Mycotoxins presented by T2, aflatoxins,
searelenone, patulin and others cause a grate in-
terest since they are widespread and characterized
by high level toxicity. Unfortunately the analyti-
cal methodologies for analysis of mycotoxins as
well as other low molecular weight toxins include
such instrumental analysis as high-performance
liquid or gas chromatography with mass spectros-
copy or liquid chromatography with mass spec-
troscopy. Due to the extremely high complication
and cost of analysis fulfilled by these methods,
the development of innovative approaches, such
as immune analysis and particular chemo- and
biosensors, is very urgent [1]. Early [2] we de-
veloped number of types of optical immune bio-
sensors based on the surface plasmon resonance
and total reflection ellipsometry as well as some
electrochemical ones. To fulfill all practice de-
mands in respect of high sensitivity of analysis
as well as simplicity, cheapness and rapidity of its
fulfillment we propose to use of structured na-

no-porous silicon (sNPS) as transducers for the
immune biosensors with the registration of the
specific signal on the basis of changes of chemi-
luminescence (ChL) or photocurrent of this struc-
ture. The information concerned investigations
of some physical-chemical abilities of sNPS,
worked out algorithm of analysis, obtained results
and possible mechanism of specific signal forma-
tion is main goal of this article. As model of low
molecular weight toxins we used T-2 mycotoxin
and patulin. The analysis was fulfilled by “direct”
way when specific antibodies (Ab) were immobi-
lized on the sNPS surface and then they reacted
with appropriate mycotoxin in model solution.

Experimental

We used boron doped single-crystal silicon
square wafers with resistivity of 1 Ohmxcm, with
area of 100 cm? and thickness of 0.3 xm. The
surface of the wafers was not polished. sNPS lay-
ers were prepared by stain etching in HF: HNO,
solution at the room temperature, natural day-
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time illumination and time duration from 1 to 20
min. Thickness of sNPS layer changed from 3 up
to 60 nm, was supervised by parameters of tech-
nological process at chemical modification of a
surface of single-crystal silicon and defined with
the help of Auger electronic spectroscopy at the
LAS-2000. The structure of sNPS surface was
studied using scanning tunnel microscope (STM)
and scanning electron microscope. Analysis of
the obtained images of the surface shows that the
sNPS surface is regularly covered with nano-
scale hills up to 20 nm high (Fig. 1).

The characteristics of thickness of NPS pores
and concentration O, C and SiO_ from time stain
etching are given in Fig. 2.

Scheme of the optical device based on the nano
structured porous silicon (sNPS) for the photo re-
sistance registration of the signal at the formation
the specific immune comples is given in Fig. 3.

Fig. 1. STM image of the sNPS surface. The scanned
area is 1*1pm (thickness of a layer 20 nm)
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Fig. 2. Dependence of concentration O, C and SiO,_
from time of stain etching
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Fig. 3. Scheme of the photoresistor structure based on
the sNPS and intended for the analysis of the interac-
tions between biological structures. 1 — the crystalline
silicon, 2 — the sNPS, 3 — the electrical contacts (Al
with the thickness of ~3 um), 4 — the applied voltage,
5 — the biological object, 6 — the thickness of the sSNPS
of 10-40 nm

At the beginning of the measurement the spe-
cific Ab in the volume of 1ul was placed on the
photoresistor surface between the contacts. Then
this solution was evaporated at the room temper-
ature or at the air stream. The direct voltage (5
V) from the stabilized power supply was applied
to the ohmic contacts and the current was mea-
sured by the digital voltmeter of B7-35 type at
the absence of lighting (dark regime) as well as
the photocurrent (the difference between the light
and dark currents) was registered at the lighten-
ing of the sensitive surface by the white spectrum
light (source A, illumination of 7000 lux). At the
drawing of Ag layer on the sensitive plate and af-
ter its drying the measurements of the dark and
light current were repeated. These measurements
were made after the immune complex formation
(interaction of Ag with specific Ab in the serum
blood) too. The control of the reaching of the sen-
sor initial state was done according to the reduc-
tion of the dark current value after washing of the
sensitive surface by the buffer solution. The time
of the single analysis was 5-10 min only.

Design of the prototype for the registration of
the specific immune complex by the photolumi-
nescence PhL of the sNPS includes the source of
the ultraviolet (UV) radiation with the wavelength
of 350 nm, two photodiodes (2 and 3) based on
the mono crystalline silicon and placed at the an-
gle of 20-25° relatively to the plate with the layer
of the sNPS and the photo diode intended for the
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determination of the incident UV (Fig. 4). At the
adsorption of the biological molecules the level
of the PhL of the sSNPS and the output of the volt-
age of the consecutive connected photo registers
are decreasing. Application of two photo registers
of the PhL increases the sensitivity. To take into
attention the possible changing of the incident
UV the additional photodiode is used. Photodi-
odes of the n-p-p*-structures work in the photo
generative regime. Such construction is related to
the systems of the differential type.

2 FENERS 3 //51
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Fig. 4. PhL biosensor, where: 1 - the source of the ul-
traviolet (UV) radiation with the wavelength of 350
nm, 2 and 3 - two s based on the mono crystalline
silicon; 4 - photo diode; 5 — photodiode intended for
the determination of the incident UV

Photoelectric processes in the layers of the
sNPS which belong to the semiconductors mate-
rials accomplished in the result of the photo gen-
eration of the electron-holes pairs and following
their dividing and recombination. The processes
of adsorption on the sNPS surface may arouse
new photoelectric effects. Nanocrystallites of the
silicon with the dimensions from one to dozen
nm are as the silicon regions which are not dis-
solved and surrounded by the production of the
electrochemical and the chemical reactions. At
the dimensions less then 15-20 nm it is aroused
the quant-dimensioned effects which lead to the
quantization of the energetic spectra of the charge
curriers, widening of the prohibited zone up to
1.7-3.4 eV and to decreasing of the dielectric per-
meability. The lux-ampere characteristics of the
obtained samples have two plots: the linear and
the sub linear which achieves the saturation at the
illumination more then 10000 lux. The samples
with the nanolayer thickness of 15-18 nm have
the maximal photosensitivity.

There is necessary to mention that the changing
of the etching content and the solution concentra-
tions brings to changing of the dynamics of NPS
layer grow, the porosity level, the correlation of
the dimensions of the crystallites and the holes, the
chemical content and the profile of the dispersion
of main admixtures.

As arule, at the development of the immune bi-
osensors based on the surface plasmon resonance
and total internal reflection ellipsometry to achieve
high density of the immobilization of the immune
components on the transducer surfaces we pre-
liminary treated them by one of some chemical
substances among of which the most used are: a)
dextran sulphate; b) dodecanthiol; c¢) polyelectro-
lytes: polyalylamine hydrochloride (PPA) or/and
polystyrene sulphat (PSS) [1, 2]. After that the
transducer surface was treated by some substances
to achieve oriented immobilization of specific
antibodies in advance, among such substances the
most applied are: a) protein A from Staphylococ-
cus aureus; b) protein G from Staphylococcus; ¢)
lectins. Unfortunately at the development immune
biosensors based on the sPNS we realized “direct”
way of analysis only. It is connected with some
problem of the immobilization of components on
the SNPS surface and their influence on the formed
signal. We plan in future to study these effects in
detail.

The detailed results of mycotoxins analysis are
presented in Fig. 5-7. It was shown that the sensi-
tivity of such biosensors allows determining T-2
mycotoxin and patulin at the concentration of 10
ng/ml during several minutes.
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Fig. 5. Changes of the photocurrent of the photoresis-
tor after loading of buffer, specific antibodies (Ab,)
and formation of Ab,T-2 mycotoxin complex
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Fig. 6. Dependence of sNPS photocurrent on the sur-
face state: 1 — bare; 2 — with antibody and 3 — with the
specific antibody and patulin
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Fig. 7. Dependence of immune sensor signal (intensity
of sNPS PhL) on the concentration of T2-mycotoxin
in the solution to be analysed

The total duration of the fulfillment of all pro-
cesses including Ab immobilization and steps of
measurements was about 40 min. This time may
be shortened if Ab will be immobilized prelimi-
nary and analysis will be started beginning with
the mycotoxin loading on the sPNS surface. The
obtained calibration curves with the model solu-
tion of T-2 mycotoxin and patulin open perspec-
tive for the practical application of the proposed
immune biosensor in case of the determination of
others micotoxins and also others types of toxic
substances with the use of their specific Ab.

According to our opinion the red PhL may be
connected with the tunnel mechanism of the re-
combination of the charge bearers at the excita-
tion of them in the nanocrystallites of oxide or
interface. We do not exclude the hydrogen role
too for the generation of the PhL extinguishing.
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These conclusions are as result of the coincidence
of the possible reasons for the PhL decreasing in
case of the immune complex formation on the
sNPS surface. To them belong: a) the changes of
the absorbance in the solution at the formation of
the specific immune complex on the sNPS sur-
face, b) the effect of the immune components or
their interaction on the recombinant process of
the photocurrent charge in the SNPS. As it is very
known the light absorption in the wavelength of
the excitation (A = 350 am) and in the wide field
of the sNPS PhL is absent in the Ab and Ag solu-
tions as well as in their complexes.

Of course there is necessary to understand
what kind are influences of the primary immune
components (in this case of the specific antibod-
ies) on the process of the recombination in the
sPNS. It will be our next task.
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