Biosensing: ultrasensitive

detection of organic molecules

The development of biosensing techniques to
overcome the problem of reliable detection of di-
verse bioorganic molecules at ultralow concentra-
tions is an urgent objective of specialists. Discovery
of surface-enhanced Raman scattering (SERS) has
paved a way to detection of essential organic mol-
ecules from solutions at concentrations attributed
to single molecule ones, i.e. below 10™ M. A special
interest of SERS-spectroscopy has been paid to the
detection and study of bioorganic macromolecules,
in particular, to proteins that possess antiseptic
properties, as they are prospective in the dev- elop-
ment of nanomaterials for the prevention and ther-
apy of bacteria/virus-induced diseases. The success-
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ful combination of a highly sensitive Raman mi-
crospectrometer “CARS” at FLNP with SERS-active
substrates developed at BSUIR (Belarus), made it
possible to register SERS spectra of bioorganic mol-
ecules adsorbed on a silvered porous silicon (por-
Si) from 10°-10™ M solutions.

Lactoferrin is a non-heme mammalian iron-
binding glycoprotein, belonging to the transferrin
family. In addition to the iron transport, lactoferrin
modulates immune responses, has antioxidant ac-
tivity and anti-inflammatory properties, and partic-
ipates in the regulation of cell growth and different-
iation. Recently, it was reported that exogenous
lactoferrin can affect the rate of tumor cells growth.
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yJIbTpauyBCTBUTESIbHOE OBHapYy>KeHUe MoJIeKyl

Pa3paboTKa MeTo10B BUOCEHCOPUKN OJIA Ha-
[EeXHOro 06Hapy»KeHUA Pa3INYHbIX O1oopraHnye-
CKMX MOJIEKYS B CBEPXHM3KUX KOHLIEHTPALMAX ABNSA-
eTCA akTyanbHOW 3agayven uccnegosatenein. OTKpbl-
TVe TUFaHTCKOro KOMOWHALMOHHOro paccesHus
(TKP) nponouno nyTb K 06HapyKeHUIO >KU3HEHHO
BaKHbIX OpraHMyYecKux Monekyn m3 pacTBOpPOB B
KOHLIEHTPaUUAX, COOTHOCALMXCA C eAUHUYHbBIMM
MoneKynamu, T.e. Hixe 107> M. Ocobbiit HTepec B
IKP-cnekTpockonuu yaenaeTca O6Hapy»KeHUo U
n3yyeHne OGUOOPraHUYECKMX MAKPOMOSEKYS, B
YyacTHOCTK, 6enkoB, obnagawwWwmx aHTUCENTUYe-
CKVIMIW CBONCTBaMM, MOCKOJbKY OHW NePCNeKTUBHbI
npu pa3paboTke HaHOMaTepuanoB Ana Nnpodunak-
TUKN 1 Tepanun 3abofieBaHWi, BbI3BaHHbIX OaKTe-
puaAMK/BUpPYCamMu. YcnewHoe coyeTaHne BbICOKO-
YyBCTBUTENIbBHOIO PaMaHOBCKOIrO MUKPOCMEKTPO-

meTpa «KAPC» B JIHO ¢ TKP-akTMBHbIMM NOANOX-
Kamu, paspaboTtaHHbimu B BI'YUP (Benapychb), nos-
BOSINIO pernctpupoBaTb NKP-cnekTpbl GrioopraHu-
Yyecknx Mosiekys, aficopbrpoBaHHbIX Ha Nocepeo-
PEHHOM NOPUCTOM KpeMHUM (por-Si) n3 pacTtBopoB
C KoHLeHTpauuamn 10°-10" M.

NakTodeppurH npeacraBnaeT cobom Heremo-
BbI Xese30CBA3bIBAOLWUIA MMNKONPOTENH MIEKO-
NUTaKLWKX, NPUHANEeXaLNA K CEMeCTBY TPaHC-
beppurHOoB. NoMMMO TpaHCNopTa »Kenesa, NakTo-
beppuH MoaynMpyeT IMMYHHble OTBETbI, 06N1afjaeTt
aHTUOKCUIAHTHOW aKTUBHOCTbIO 1 MPOTMBOBOCHMA-
NITENbHbIMW CBOMCTBAMU, @ TaKXe yyacTByeT B pe-
rynaumm pocta n auddepeHUNpPOBKN KNeTok. B
nocnegHee BpemMsa OblIO BbIABEHO, YTO 3K30reH-
Hbll NakToGepprH MOXeT BAUATb Ha CKOPOCTb
pocCTa onyxoneBbiX KNeTok. Takum 06pa3om, MOHU-

[1] Zavatski S., et al., Biosensors 2019, DOI: 10.3390/bios9010034

Monitoring the changes of the amount of this pro-
tein at submolar level in liquids is thus of great in-
terest to research areas related to biomedicine, as
well as to the life sciences in general. The ultrahigh
sensitivity in the registration of the SERS spectra of
lactoferrin at very low concentrations of 10" M was
indeed achieved using the beneficial cooperative
effect from the SERS-active substrates based on a
silvered por-Si and the protection of the analyte
molecules with graphene (Fig.1) [1].

Further, Raman-imaging of the single TNB mol-
ecule was demonstrated with the SERS-active silver
dendrites kept in the attomolar DTNB solution,
which is a vital compound for chemical and bio-
medical analysis. 3D dendritic substrates exhibit an
extremely developed morphology that possesses
much more hot spots compared to the 2D NPs. A

great number of the hot spots is extremely impor-
tant for a practical implementation of the SERS-ac-
tive substrates because this will provide the SERS-
activity even in case of relatively low laser power in-
cluding portable instrumentation. In contrast to
generally accepted belief about adsorption of only
uniform monomolecular TNB layer on surface of sil-
ver nanostructures, it was shown the coating con-
stituted of TNB layer and DTNB nanoclusters on the
dendrites’ surface at 10°-10"> M concentrations [2].
DTNB concentrations below 10-14 M resulted in ad-
sorption of TNB molecules in separated spots on the
surface of silver nanostructures. Fig.2 shows SERS
maps of analyte molecules at concentrations of
10™-10"M.

Fig. 2. SERS maps of the (a) DTNB/TNB and (b-d) TNB adsorbed on the silver dendrites from DTNB solutions of (a) 10 M,

(b) 10™ M, (c) 10™ M and (d) 10™ M concentrations.
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Puc. 2. TKP-kapTbl: (@) DTNB/TNB u (b—d) TNB agcopbrpoBaHHbIx Ha aeHapuTax cepebpa 13 pactsopos DTNB
¢ koHUeHTpauuamm (a) 10™ M, (b) 10™ M, (c) 10" M and (d) 107 M.

TOPUHI M3MEHEHUI KONM4YecTBa 3Toro 6enka Ha
CyOMONAPHOM YPOBHE B XXMUAKOCTAX NpefcTaBnsaeT
60nbLON UHTepec Ana obnacTenn nccnenoBaHui,
CBA3aHHbIX C BIOMEeANLMHON, a TaKXe ANA HayK O
X13HM B Lenom. CBepxBblCOKasa YyBCTBUTENIbHOCTb
pernctpauum KP-cnekTpoB naktodeppuHa npu
OYeHb HU3KNX KOHLeHTpauusax 107 M 6bina goctur-
HyTa 3a cYeT coBMecTHOro apdekTa ot [KP-akTnB-
HbIX NMOAJIOXKEK Ha OCHOBE NnocepebpeHHOro nopu-
CTOro KPeMHUA 1 3alnTbl MOJSIEKYNT aHanu3mpye-
Moro BelecTBa rpadeHom (puc.1) [1].

Kpome Toro, 6bina NpoaeMOHCTPUPOBaHa pa-
MaHOBCKas BM3yanu3auna eqUHUYHON MONeKY bl
TUOHUTPOBeH30MHON KucnoTbl (TNB) ¢ nomouibio
[KP-akTMBHbIX NOANOMXEK Ha OCHOBE [eHOPWTOB Ce-
pebpa, cogeprKalMxca B aTTOMOJISIPHOM pacTBope
DTNB, KoTopasa ABNAETCA XU3HEHHO Ba)KHbIM CO-
eaViHeHNeM A1 XMMNYeCKOro 1 6MoMeanLMHCKOro
aHanum3a. TpexmepHble AeHAPWTHble Cy6CTpaTbl Ae-

MOHCTPUPYIOT Ype3BblYaliHO pa3BuTyio Mopdono-
1o, B KOTOPOW ropa3fo 60sblue «ropAaYnX TOUEK
No CPaBHEHMWIO C ABYMEPHbIMM HaHOYacTULamu.
Bonblioe KONMYECTBO «ropAYNX TOUYEK» UYPEe3Bbl-
YalrHO Ba)KHO ANA NPaKTUYECKOro NnpumMeHeHus
IKP-akTUBHbIX NOANIOXKEK MOCKONbKY 3TO obecne-
unT N'KP-akTMBHOCTb flaXke B CJlyyae OTHOCUTENIbHO
HW3KOW MOLLHOCTY Nla3epa, BKITloYasa NopTaTMBHble
npubopsbl. B otnnure ot 0bLEenpUHATOro NnoHMMa-
HUA npouecca agcopoLumn ToNbKo OAHOPOAHOMO
MoHoMmoneKkynAapHoro cnoa TNB Ha noBepxHoOCTH
cepebpAHbIX HAHOCTPYKTYP, MOKa3aHO MOKpbITNE
coctosAwee n3 cnoa TNB v HaHoknactepos DTNB Ha
NMOBEPXHOCTU AeHAPUTOB Npu KoHUeHTpaumax DTNB
10°-10" M [2]. KoHueHTpauum DTNB Huke 10" M
npviBOAWAN K agcop6bummn Monekysn TNB B oTaeneHHbIx
MATHAX Ha NOBEPXHOCTU CepebPAHbIX HAHOCTPYK-
Typ. Ha puc.2 npegctaneHbl [KP-kapTbl monekyn
aHanuTa Npu KoHLeHTpauuax 10 - 10" M.

[2] Bandarenka H., Arzumanyan G, et al., ChemNanoMat, 2020, DOI: 10.1002/cnma.202000521






