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HOTEHIHUAJI 1 OTBETbBI BUOTEXHOJIOI'MA HA BbI3OBbI
TEXHOC®EPDBI

n.N. rHTeJIb30H1, T.T. Bosoa'?

1(De()epaﬂbﬂoe 2ocyoapcmeenHoe 0r0dcemuoe yupedcoenue Hayku Uucmumym ouogusuxu CO
PAH (®UL] «<KHL] CO PAH»), 2. Kpacnosipck, Akademeopoodok, 50/ 50
2Cu5upc;<m7 gedepanvuviii ynusepcumem, 2. Kpacnospcx, np. Ceoboomwiii, 79

E-mail: jigitelson@gmail.com

KoHmenmus yCcTOWYMBOTO pa3BUTHS, SBJAIOMIAACS OCHOBomojararomei uaeeit XX| Beka,
MpeIoyiaracT BeJCHUE HOBBIX (POPM XO3SUCTBOBaHMSI, KOTOPhIE O0ECHedaT COKpAIICHHUE TEMIIOB
noTpebyieHnss He BO300HOBIISIEMBIX HCKOMAEMbIX BHIOB CBIPS, COXpPAaHUB HX Ui OYAYIIMX
MOKOJIeHUH, Oomnee 3¢ (HEeKTUBHOE HCIONB30BAHUE DHEPIOPECYPCOB, MEPEXOJ] Ha SKOJIOTHYECKH
YUCThIE MaTepHalbl, MOJJIEKAIINE PELUKINHIY, OCBOCHHME INPUHLUIIMAIBHO HOBBIX CPEICTB M
TEXHOJIOTUH JIJIsl YAOBIETBOPEHUS MOTPEOHOCTEH YeoBeKa, BKIIIOUas BOCTIPOM3BOACTBO MHUIIIEBHIX
peCypcoB, OCBOCHHSI HOBBIX CPEACTB IMAarHOCTUKU U TEPAINH, a TAKXKE ISl 3allUThl OKpYKarolen
Cpelibl M PallMOHATBLHOTO TPUPOIOTIOIB30BAHMUS.

B pesynbTaTe akTUBHOW XO3SMCTBEHHOW NESITEIBLHOCTH B HACTOSIIEE BPEMS IOJ Yyrpo30M
HaXoJsITCs OMOTHYECKHEe M a0MOTHYECKHME KOMIIOHEHTHI OKpyKaromieil cpeasl. Ha ¢one pocra
HaceJIeHUs TUTAaHEThI BO Bce Oosiee MUPOKOM MaciiTade BO3pacTaeT MPOU3BOJICTBO U MOTPEOJICHHE
XUMHYECKUX BEHIECTB. B CBSA3M ¢ 3TUM HEYKIOHHO YBEIWYMBACTCS KOJIMUYECTBO MPOOIEM,
CBSI3aHHBIX ~ C  OXpaHOM  OKpyxawuied  cpenbl. B pe3ynbrare  IPOMBIILICHHOM,
CENIbCKOXO3SUCTBEHHOW M OBITOBOW [EATEIHHOCTH YENIOBEKa BO3HHKAIOT Pa3jMYHbIC W3MEHEHUS
COCTOSIHHSI U CBOMCTB OKpYKalOIIel Cpe/ibl, B TOM YHCe KpaliHe HeOmaronpusTHeie. C pa3BUTHEM
Y MHTEHCU(UKANMEH MPOMBIIIICHHOW M CEIbCKOXO3SHCTBEHHON NEATEIBHOCTH B XX BEKE CTAIH
OLIYIIAThCS TPEENIbl €CTECTBEHHOM MPOAYKTUBHOCTH OHOC(hEpbl, — HCTOUIAIOTCS NPUPOTHBIC
pecypchl M HCTOYHUKH SHEPTUH, BCe OoJiee omyniaercs AeUIUT MMUIIU, YUCTONH BOJBI U BO3IyXa,
BO MHOTMX pErMOHaxX 3arpsA3HEHUE OKPYKAIOLIEH Cpeabl AOCTUIVIO KPUTHYECKOro mpenena.
MHTEeHCUBHBIE TEXHOJOTHU BEICHHS CEIIbCKOTO XO3AHCTBAa TPEOYIOT MPUMEHEHUS OTPOMHOTO
KOJMYECTBa Pa3HOOOpa3HbIX XMMUYECKUX BEUIECTB ISl OOpbOBI C BpPEOUTENSIMU, COPHSIKAMU H
BO30yauTensiMu OOJIe3HEW KyIbTUBUPYEeMbIX BHIOB. Ilpu sTom He Gome 10 % mpuMeHSeMBIX H
BHOCHMBIX B OKPYKAIOIIYIO CpeAy NECTULHIOB JOCTUIAET LEJIU; OCHOBHAS Macca TUX BEIIECTB
aKKyMYyIIUpyeTCsi B OMOJIOrMYECKUX OOBEKTaX, 3arpsi3HsICT MOYBHI, BOJOEMBI, BBHI3BIBACT T'HOEIH
MOJIE3HBIX OPraHM3MOB U HapyllaeT paBHOBECHME B MPHUPOAHBIX 3KocucTemax. Pa3paboTka u
OCBOEHHUE HOBBIX DIKOJIOTUYECKU YUCTHIX MATEPUAIOB, 00IaIal0IINX CIOCOOHOCTBIO pa3pyIiaThes B
OKpy:karolei cpene 6e3 00pa3oBaHusl TOKCUYHBIX MPOIYKTOB, TO €CTh BIUCHIBATHCA B TJ100aNIbHbBIE
KPYTOBOPOTHBIE€ ILIMKJIBI, SIBJSIETCS OJHUM M3 BBICOKOPEHTHMHTOBBIX HAMPABIECHUNW KPUTHUYECKUX
texnonoruii XXI Beka. CBsi3aHO 3TO C Te€M, 4YTO OOBEMBI BBITYCKA CHHTETHYECKHX IIJIACTMACC
npeBbiciii 300 MJIH. TOHH B TOJ; MX OCHOBHas 4YacTh CKAaIUIMBAeTCS Ha CBajJKax, TaK Kak
MOBTOPHON TepepaboTKe B pa3BUTHIX CTpaHax mozasepraercs He Oosee 20 %. [loa monurons! u
CBAJIKU TBEPJBIX OBITOBBIX OTXOJOB €XKEroIHO oT4dyx)aaercs 10 10 Thic. ra 3emMenb, B TOM YHCIIe
IUIOJJOPOJIHBIX, HW3bIMAEMbIX M3 CEJIbCKOXO3SHUCTBEHHOro obopora. IlloamaTuneHoBblit Mycop
BBIBOJUT U3 CTPOSl KAHAJIM3AIMOHHBIE U JIPEHAXXHBIE CHUCTEMbI T'OPOJOB, 3arpssHseTr Muposoit
OKE€aH M CHUXKAET KauyeCTBO BOJ.

Takum 00pa3oM, TpagUIIMOHHOE IMOBCEMECTHOE NPUMEHEHUE MPOAYKTOB XUMHUYECKOTO
CHUHTE3a, B TOM YHUCJIE XMMHMYECKUX MNECTUIUIOB M CHHTETUYECKHMX IUIACTUKOB, MOJY4aeMbIX W3
HEBO300OHOBIISIEMBIX TPHUPOJHBIX PECYPCOB, MPUBOAUT K YPE3MEPHOMY POCTY KOJIMYECTBA
HEYTHWIM3UPYEMBIX OTXOJO0B, YTO BCTYHAET B MPOTHUBOPEUYUE C MEPONPHUATHIMH, HAIIPABICHHBIMHU
Ha 3alUTy OKPYKAIOIIEH CPeIbl U CO3AAeT TII00ATbHYI0 SKOJOTHYECKYI0 MpolieMy. 3arps3HeHHe
IUTAHEThl OTXOJaMH, Hapsily C HWHTEHCUBHBIM MOTpeOJICHHEM NPUPOJHBIX PECYpCOB, BENET K
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pa3pyLIeHHI0 MEeXaHU3Ma CaMOpEeryIupoBaHusi Ouocdepbl ¢ HEMpeICKa3yeMbIMH MOCIEACTBUIMH.
Axanemuk H. H. Moucees emie B koHIle 70-X TOAOB MPONLIOro Beka mucai: «[ maBHOM mpobieMoit
JI00ATBPHOM SKOJIOTUU  SIBIIACTCS YCTOMYMBOCTH OWOC(hEphl, HapyIIeHHWE €€ YCTONYHMBOCTH
MPAKTUYECKHU O3HAYAeT JTUKBUIAIIUIO YEIIOBEUECTBA HA IUIAHETE 3EMIISI».

Pa3BuTHe HayKM U TEXHUKU MPHUBOJIUT K Bce Oojiee IIUPOKOMY BHEAPEHUIO B MPAKTUKY
[[EIeBBIX MPOAYKTOB, CHHTE3UPYEMbIX B OMOTEXHOJOTHYECKHX Mporeccax. MHoroodpasue hopm
KUBOM MaTepuM W HOBBIE 3HaHUS B 00JACTH (PU3MKM W XHMHUU JKUBBIX CHCTEM IO3BOJISIOT
KOHCTPYHPOBATh OMOJOTHYECKUE CHCTEMBI PA3JIMYHON CTETEHU CIOKHOCTA U OPraHU3alldd JUIs
CHUHTE3a IIMPOYAMIlero CHeKTpa MaKpOMOJEKYJI MEAUIMHCKOrO, MHIIEBOTO M TEXHHUYECKOIo
HazHaueHus. Pa3paboTka U OCBOEHHE OMOTEXHOJOTHH 3aHMUMAIOT BaXKHOE MECTO B COBPEMEHHOM
mupe. JlocTikeHue mpeBoCXoJICTBA B OMOTEXHOJIOTUH SIBIISIETCS OJHOM MX LIEHTPaJIbHBIX 3a/1a4 B
SKOHOMHYECKOH MOJTUTHUKE BCEX PA3BUTHIX CTPaH.

B pacumpuTenbHOM TOJIKOBaHUHM OMOTEXHOJIOTHS — 3TO BCE TEXHOJIOTMUYECKHUE MPOIIECCHI, B
KOTOPBIX MCTOJB3YIOTCS JKUBBIE OPraHU3MBI WM MX KOMIOHEHTHL. Ho mpu TakoM MOHUMaHUM BCE
CEeJIbCKOE XO3SHCTBO, HAuMHAs C CaMbIX TMEpPBOOBITHBIX €ro (opMm, HYXKHO BKIIOYUTH B
OMOTEXHONOTHIO. B TOYHOM MOHMMAHUU CJIOBA 3TO CIIPABEAIUBO, HO BPSI JIM KOHCTPYKTHBHO, T.K.
HE COJEPKUT B ceOe Hu4yero HoBoro. [IpoTuBomnoNokHast KpalHOCTh — OTPAHUYUTH OMOTEXHOJIOTHIO
TCeHHO-UH)KCHEPHBIMA ~ MaHUTynsiusMu. [lon BrewyaTieHneM HETaBHO €Il  HEMBICIHMBIX
BO3MOXXHOCTEH BO3JEHCTBOBATh Ha T'€HOM, OYKBAJIbHO — «IEMUTh >KUBbIE (OPMBI», BO3HHKIA
TEHJICHIIHMSI OCTABUTDH TIOHATHE OMOTEXHOJOTHS JIsl 0003HAYCHHSI TOJIBKO ITOM, 0€3yCIOBHO, CaMO
MEPCIEKTUBHON M caMOM OBICTPO Pa3BUBAIOIICHCS 00JacTH MPUKIAIHON OnorexHonoruu. Ho mpu
3TOM OCTaeTcs 3a OOpTOM OHMOTEXHOJOTHMH TO, YTO COCTaBWJIO €€ JCHCTBUTEIHHYI) OCHOBY —
OMOTEXHOJIOTHYECKHE, TIIaBHBIM 00pa30M, MPOMBIIUIEHHbIE MUKPOOHOJIOTHYECKUE TPOU3BO/ICTBA.
Ecnu oTkazaTbcst OT 00eMX KpalHHX IMO3UIHHA, TO OMOTEXHOJIOTHI0 MOXXHO ONPEAETIHTh 1O €e
OCHOBHOMY TMpPHU3HAKY — YIPABJICHUIO OHOTEXHOJOTMYEeCKMMH Tporieccamu. CoriacHO 3TOMY
MIPEJICTABICHHUIO, OMOTEXHOJIOTHUS SBJISETCS HAYKOW O CIIOCO0aX IMOJIYYEHHUs IENEBBIX MPOIYKTOB C
MOMOLIbI0 OMOCHHTE3a, YOPABIAEMOTO MapaMmMeTpamMH Cpelbl MWJIA Te€HHO-WHXEHEPHBIMU
MaHUTYJSIUSAMHI, THO0 COUYeTaHUEM ITHX BO3JIeHCTBUI. TakuM 0Opa3oM, OCHOBOI OMOTEXHOIOTHH
ABIIETCS yHpaBisieMblil 6nocunTe3. [lapamerpuueckoe ynpaBlieHHE COCTABIISET €€ KJIaCCUYECKOe
COJIep>KaHue, XOTS U B 3Ty 00JIACTh MOCJIEIHUE ACCATUIICTHS BHECTU MHOTO HOBOTO, B YaCTHOCTH,
TEXHHUKY HEMPEPHIBHOIO KYJIbTUBHUPOBAHUS MUKPOOPTaHU3MOB ¢ 0OpaTHOM CBs3bI0. Baxknehmmmu
3a/ladaMu, CTOSIIIMMHE Tiepe]] OMOTEXHOJIOTUEH CEroJHs, SBISIOTCS: MOBBIINICHUE MPOTYKTUBHOCTH
CEJIbCKOXO3SUCTBEHHBIX ~PACTUTENBHBIX KYJIbTYp U JKUBOTHBIX, CO3JJaHUE HOBBIX IOPOJ
KYJIbTUBHPYEMBIX B CEIBLCKOM XO3SIHCTBE BHUIOB, 3aIllUTa OKPYXKAIOMIEH Cpelbl U YTHIU3ALUS
OTXOJIOB, CO3JJaHME HOBBIX JKOJOIMYECKH YHCTBIX IPOLECCOB MPeoOpa3oBaHMsl HSHEPTUU U
MOJIy4YEHUsI MUHEPAIBLHBIX PECypcoB. PeabHas BO3MOXHOCTh KOHCTPYHPOBAaHHUS T€HOMA — 3TO
JOCTUKEHHE CpPAaBHUTENbHO HenaBHUX JieT. IlepcrekTuBbl 3TOro HampaBieHHs OMOTEXHOIOTHH
HeoOo3puMbl. CodeTaHne TEHETUYECKOTO U TapaMEeTPUUYECKOTO YIpaBiIeHHUS OHOCHHTE30M
CHOCOOCTBYET B3aUMHOMY YCHJIEHHIO BO3MOXKHOCTEH STHUX METOJOJIOTMUECKHUX MOJXOJ0B; HX
COUYETAHHOE MCTOJIb30BAHUE OMPEACTUT JTUI0 OMOTEXHOJIOTHH ONFKANIIero Oy IyIero.

B nacrosiee BpeMs, KOrja UMIIEPATUBHON 3aJja4ell BCEH TEXHOJOTHMYECKOM LIMBUIM3AIUN
CTAaHOBUTCS MEPEXO/ K IKOJIOTHUECKH COBMECTUMBIM, «IPY>KECTBEHHBIM IPUPOJIE» TEXHOJOTHUSM,
pOJIb OMOTEXHOJIOTUH BO3pacTaeT MHOroKpaTHO. Henz0exxHas nmepeopreHTanus IpoOMbIIUIEHHOCTH
Ha 0€30TXOJHBIE MPOM3BOJICTBA JIe/IaeT OMOTEXHOJIOTHIO 00JacThi0 Hanboee ObICTPOro pPa3BUTHUS
Cero/iHs M B OirpkaiieM OyaylieM ¢ IUPOKUM CIEKTPOM MPOU3BOJICTB — OT 3aMEIIAIOIINUX [C€HOB,
TOPMOHOB, TKaHE W OPraHOB B MEIUIIMHE /IO MPOIECCOB OMOMETAILTYPTHUU, TEXHOJIOTHUYECKOM
OMOPHEPTUH, BOCITPOU3BO/ICTBA 1IEJIEBbIX MTPOYKTOB MIPOMBIIIJICHHOW OMOTEXHOIOTHH.
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ENGINEERING AT THE NANOSCALE: NEW OPPORTUNITIES FOR
DEVELOPING EFFECTIVE FUNCTIONAL MATERIALS

Sabu Thomas

International and Inter University Centre for Nanoscience and Nanotechnology, School
of Chemical Sciences, Mahatma Gandhi University, Priyadarshini Hills P. O. Kottayam,
Kerala, India — 686 560

E-mail: sabuchathukulam@yahoo.co.uk

The field of polymer nanocomposites is stimulating both fundamental and applied research
because these nanoscale materials often exhibit physical and chemical properties that are
dramatically different form conventional microcomposites. A large number of nano particles, layers
silicates and polymeric whiskers are being used of the preparation of nano composites. The
polymer/layered nanocomposites can exhibit increased modulus, decreased thermal expansion
coefficient, reduced gas permeability, increased solvent resistance and enhanced ionic conductivity
when compared to the polymer alone.

Micro and nano bio inspired composite materials are the best future materials for the coming
millennium. Cellulose fibers, chitin and starch in different length scales offer outstanding properties
like stiffness, toughness and other mechanical properties. Composites from polymers (rubbers and
plastics) and reinforcing fibers provide best properties of each. They replace conventional materials
in many structural and non-structural applications. Both natural fibers and polymers are light, on
combination they give composites of very high strength to weight ratio. In recent years composites
made from natural (cellulosic) fibers and organic polymers have gained a lot of interest in
construction and automobile industry. Unlike synthetic fibers, natural fibers are abundant,
renewable, cheap and of low density. Composites made from natural fibers are cost effective and
environment friendly. However, lack of interfacial adhesion and poor resistance to moisture
absorption makes the use of natural fibers less attractive for critical applications. However, these
problems can be successfully alleviated by suitable chemical treatments.

The field of polymer latex nanocomposites is stimulating both fundamental and applied
research because these nanoscale materials often exhibit physical and chemical properties that are
dramatically different form conventional microcomposites. A large number of nano particles, layers
silicates, CNT and polymeric nanowhiskers are being used of the preparation of latex stage nano
composites. Since the Toyota research group's pioneering work on nylon6/layered silicate nano
composites, rubber latex nanocomposites containing nanofillers have attracted much attention. The
latex nanocomposites can exhibit increased modulus, decreased thermal expansion coefficient,
reduced gas permeability, increased solvent resistance and enhanced ionic conductivity when
compared to the neat latex alone.

Biodegradable polymer scaffolds are useful materials to integrate the femoral part of the
implant with the bone, and provide a matrix for cellular growth. Synthetic biodegradable polymers
can provide temporary scaffold for cell adhesion and expansion both in vitro and in vivo and guide
tissue regeneration with defined sizes and shapes. The fibrillar structure is important for cell
attachment, proliferation and differentiated function in tissue engineering. The structure allows for
growth and is convenient for transport of nutrients. The synthetic polymers such as
Polycaprolactone (PCL), Poly I-lactic acid (PLLA), and their copolymers have attracted wide
attention for their biodegradation in the human body and are used for tissue engineering. Several
methods have been practiced to create highly porous scaffold including fiber bonding, solvent
casting/ salt leaching, gas foaming, phase separation and electrospinning. Out of which
electrospinning is the simple and cost effective technique for producing nanofibers from polymer
solution. Introduction of organically modified clay in polymers leads to different types of structures
which include intercalated or exfoliated morphology. The nano reinforcement increases the
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mechanical rigidity, mobility, stiffness and biodegradability in biodegradable polymers. Moreover it
also increases the porosity of the polymer nanocomposite. Nanoparticle reinforced scaffolds are yet
to achieve importance. In fact they have wide range of interest in tissue engineering.

In the proposed talk, the different preparation techniques for polymer nanocomposites will
be described. The role of various surfactants in improving the polymer/filler interaction will be
reviewed. The various characterization techniques for nanocomposites will be addressed. In the case
of semi crystalline polymers the role of crystallization on the intercalation and exfoliation will be
discussed. Recent developments in cellulose nanocomposites, chitin nanocomposites and starch
nanocomposites will be addressed. Finally the state of the art on the synthesis, morphology,
structure, properties and applications of dual porous nanocomposite scaffolds will be presented.

NANO-BIOSENSORS FOR BIO-MEDICAL APPLICATIONS

Prof. Kuruvilla Joseph
Department of Chemistry Indian Institute of Space Science and Technology,
Department of Space, Govt. of India, Valiamala, Thiruvanathapuram-695547, India
E-mail: kuruvila@iist.ac.in or kjoseph.iist@gmail.com

Nanotechnology is an emerging technology with enormous potential in information and
communication technology, biology and biotechnology, medicine and medical technology. It is an
umbrella term that is used to describe a variety of techniques to fabricate materials and devices on
the nanoscale. It is a capable and promising forthcoming technology with its applications being
unlimited, in almost every branch of the sciences. Nanotechnology-enabled sensors will
undoubtedly be able to detect, identify, and filter out harmful chemical or biological agents in air
and soil with much higher sensitivity than is possible today. Researchers around the world are
investigating carbon nanotube “scrubbers,” and membranes to separate carbon dioxide from power
plant exhaust. Additionally researchers are exploring particles such as self-assembled monolayers
on mesoporous supports, dendrimers, carbon nanotubes, and metalloporphyrinogens to interpret the
manner in which they remediate various toxic sites with the help of their unique chemical and
physical properties. In the field of medicine, its applications are not less than a magic. The
availability of more durable and better prosthetics and new drug-delivery systems are of great
scientific interest and give hope for cancer treatment and minimum invasive treatments for heart
disease, diabetes and other diseases. One of the most promising societal impacts of nanotechnology
is in the area of nanomedicine. Personalized health care, rational drug design, and targeted drug
delivery are some of the benefits of a nanomedicine based approach to therapy. Delivery of these
molecules to specific areas within the body can be achieved, which will reduce systemic side effects
and allow for more efficient use of the drug. Nanostructured drug carriers allow for the delivery of
not only small-molecule drugs but also the delivery of nucleic acids and proteins [1-3]. Moreover,
new drugs are being approached. The most promising areas of nanomedicine are diagnostics by in
vitro imaging and cancer therapies in ovarian cancer by the use of nanoparticles. New approach is
its use as therapeutics modalities for infertility. Nanotechnology will serve as multifunctional tools
that will not only be used with any number of diagnostic and therapeutic agents, but will change the
very foundations of cancer diagnosis, treatment, and prevention. Nanotechnology is applied to the
field of cancer in the development of nanovectors, which can be loaded with drugs or imaging
agents and then targeted to tumours. Combined technologies can be used for both earlier diagnosis
and better treatment for patients with cancer. Nanotechnology is poised to have an increasing

14



impact on cardiovascular health in coming years [4]. Diagnostically, multiplexed point-of-care
devices will enable rapid genotyping and biomarker measurement to optimize and tailor therapies
for the individual patient. Nanoparticle-based molecular imaging agents will take advantage of
targeted agents to provide increased insight into disease pathways rather than simply providing
structural and functional information. Drug delivery will be impacted by targeting of nanoparticles
encapsulated drugs to the site of action, increasing the effective concentration and decreasing
systemic dosage and side effects. Nanotechnologies and microtechnologies can be merged with
biomaterials to generate scaffolds for tissue engineering that can maintain and regulate cell
behavior. Also, such technologies can be used to regulate in vitro cellular microenvironment to
direct stem cell differentiation. Recent developments in the use of nanotechnologies with stem cells
have been motivated by the continuous introduction of novel nanotechnology multidisclipency
platforms during the last few years.
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OOnacTh cO31MaHMs, WCCICAOBAaHHS M NPUMCHEHHS OWOMATEepHaloB, T.e. MaTEpPHAIOB,
W3NSl M TIperaparbl, Ha OCHOBE KOTOPBIX (DYHKIIMOHUPYIOT B YCJIOBHUSX B3aMMOJCHUCTBHS C
OMONIOTHYECKUMU 00BEKTaMH, B IIOCIIETHIE ASCATHICTUS c(HOPMHUPOBAIACH B BA)KHOE HAIIPABJICHUE,
urparoiiee BO MHOTHX CIIydasX KIIOUEBYIO pPOJb B pEIICHUH 3a1a4 HAyK WM TEXHOJOTHH,
ONTHMHU3UPYIOLINX JKU3HENEATEIBHOCTh YeNIOBEeKa, 00benuHsieMblx monatuem life science sand
technology — ™eauiuHbl, OHOTEXHOJOTHH, KOCMETHYECKOH W MHIIEBOH MPOMBIILICHHOCTH,
CEJILCKOTO X03stiicTBa 1 1p. [1].

BaxHneiliiee MecTo cpenu OHOMATEepHaliOB 3aHMMAIOT IOJUMEPBI, KOTOPBIE HApsAy C
HEOPraHWYeCKUMH YIJIEPOAHBIMU MaTepUalaMd M METaJUIlaMH, IIMPOKO HCIOJIB3YIOTCS JUIs
CO3MIaHMsI  Pa3JMYHBIX OOBEKTOB MEIUKO-OMOJOTHMYECKOrO0 HA3HA4YeHUsT — HMIUIAHTATOB,
OMOJIOTHMYECKH aKTHBHBIX CUCTEM, HCKYCCTBEHHBIX OMOKATaIM3aTOPOB, OMOAHATUTUYECKUX CHCTEM,
OuoerpaupyeMbIX MaTepHaaoB 00IIero HasHadeHus u 1.1. [2]. IIpu 3ToM 0COOEHHO HHTEHCHUBHO
Pa3BHBAIOTCS HANPABIICHUS, CBSI3aHHBIC C MCIIOJIb30BAaHHEM OMOMATEPUANIOB B TAKUX OOJACTIX Kak
CO3JIaHME MATEPHAJIOB C 33JJaHHBIMH CPOKAMH Pa3pYyIICHHS B OUOLOSUYECKUX CUCEMAX (8 Nepayio
ouepedb HA  OCHOBE  CIOJCHLIX  NOAUIPUPOE  CcuHmMemuueckoeo W  OMOCHHTETHYECKOTO
MIPOUCXOXKACHUS), KOMIIOHCHTOB JICKAPCTBEHHBIX CUCTEM, 00JIQIAlONINX BEKTOPHBIMH CBOWCTBAMH,
MaTepUaioB il OMOWH)KEHEPHBIX MPOIECCOB, B YAaCTHOCTH, TKAHEBOH WHXKEHEPHH IS
pereHepaTHBHON MEIHWIIMHBI, a TaK)Ke, TCHHOW WH)XCHEPWUW TIPU HCIOJIB30BAHUU TIEPEMEIICHHS
TeHETHYECKOr0 MaTepuaia MeTOJI0M TPAHC(EKIIHH.
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MOXHO 0XHAATh JAaJIbHEHINIEH WHTCHCH(PUKAIMK padOT B 3TOM HAIMPABJICHUH, pa3pabOTKH
HOBBIX O6’beKTOB, OTJIMYAOMINUXCA BaXHBIMU TIIOJIC3HBIMU XApPAKTCPUCTUKAMU, W YBCIIMYCHUSA
WH(POPMAITMOHHOTO TTOTOKA B 3TOM 00JIacTH.

Jlureparypa

1. Shtilman M.l.Bioactive Systems. In: Encyclopedia of Biomedical Polymers and
Polymeric Biomaterials. — Taylor & Francis. — 2016. — pp. 469-474.

2. Shtilman M.I. Biodegradation. In: Encyclopedia of Biomedical Polymers and Polymeric
Biomaterials. — Taylor & Francis. — 2016. — pp. 804-816.

THE POTENTIAL OF METABOLIC ENGINEERING FOR DEVELOPMENT
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Introduction. The ultimate goal for any biomanufacturing system is to maximize
productivity while minimizing cost. In the scientific literature, many groups have devised methods
of engineering biocatalysts to increase productivity of a value-added compound. However, a
significant percentage of these methods simply involve adding or removing genes in a host
organism, followed up by very little physiological or biochemical work. With the advances in
molecular biology and genetic engineering technologies, there are multiple methods that can be
employed, alone and in concert, to optimize industrial microbial strains. The method of
optimization to be used depends on the molecule being produced and the microbial chassis used to
produce it. In the era of computation, big data and “omics” technologies, the microbial strain
engineer can utilize genomic, transcriptomic, proteomic and metabolomic data to inform the
construction of an optimal biocatalyst. Indeed, a rigorous understanding of the biology and
physiology of an engineered industrial microbe is essential for efficient production strain
engineering.

Thus, it is advantageous to gather biological and biochemical data on the microbial chassis
to be used in production. These data will aid in understanding of the metabolic pathways that are
expressed in the organism and how the products and intermediates are distributed among the
cellular pathways. How these data can be used to improve production depends on the system being
utilized. For example, if the product molecule is naturally produced by the biocatalyst (e.g.,
polyhydroxyalkanoate [PHA] synthesis by Cupriavidus necator), then the goal is to manipulate the
organism and growth/production conditions to improve the overall product titer. Useful
biopolymers have been produced in this fashion [1], and pilot-scale production of biopolymer has
been successfully executed. In this case, the production organism is first manipulated genetically,
with the aim of making the production pathway more efficient. The organism is then cultivated
under controlled conditions to produce the optimal amount of biomass, followed by synthesis of
product compound with the highest possible titer. The challenge is greater if the product molecule
is to be produced by a non-native organism (e.g., PHA production by a heterologous host like
Escherichia coli). The heterologous production pathway must be efficiently integrated into the
metabolism of the host strain. Typically, initial product yield of a heterologous production system is
very low.
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Regardless of whether the production system is native or heterologous in origin,
productivity can be increased by using the various biological and biochemical data to inform
efforts on how to «streamline” the host. Analyzing carbon flux, metabolic control and key
component interactions can provide important insight into engineering host metabolic pathways to
work seamlessly for high-yield production of value-added molecules.

Aim — metabolic engineering concepts will be introduced and applied to the microbial
synthesis of PHA biopolymers. Key interactions and pathway fluxes are analyzed and discussed.

Materials and Methods. Ralstonia eutropha (now known as Cupriavidus necator) strain
H16 and derivatives are examined in this study. Prior data on interactions among PHA granule -
associated proteins and regulatory factors (examples include [2, 3]) are used to produce an
“interactome” map of the R. eutropha PHA granule. Fermentation data [4, 5] were examined for
metabolic flux analysis of PHA production under different cultivation conditions.

Results. A multitude of proteins have been shown to be associated with the PHA granule in
R. eutropha. Examination of the academic literature shows the nature of the interactions of key
factors like PhaC, PhaP1, PhaR, and others. Using these data, a metabolic network interaction map
(an “interactome” map) has been assembled, which demonstrates key interactions in PHA
homeostasis in R. eutropha. Proteins and enzymes like PHA synthase (PhaC), phasin PhaP1,
PHA depolymerase PhaZ1l, regulatory protein PhaR are shown to be keystones in this interaction
map; that is, eliminating one of these factors or altering how it interacts with other key factors
can significantly affect the PHA cycle. Further characterization of lesser-known granule- associated
proteins can help inform the interaction model.

PHA metabolic pathway stoichiometry and fermentation data were used for metabolic flux
analysis in R. eutropha. In order to model carbon flux through the aforementioned pathways
under growth and PHA production conditions, we need a rigorous set of measurements, which
would include rate of utilization of carbon source, rate of secretion of by-products and rate of
synthesis of PHA. Examination of growth on organic acids demonstrates differing carbon flux
patterns through PHA synthesis and central metabolic pathways, depending on whether the
carbon chain of the acid contains an even or an odd number of carbons.

Conclusion. R. eutropha PHA production represents an ideal teaching tool for studying
metabolic engineering in microorganisms. Since PHA synthesis is directly tied into central
metabolism, we can achieve an understanding of how the polymer synthesis fits in with the basic
metabolic processes of the cell. This link to central metabolism is also advantageous if a metabolic
control analysis were to be performed. Recently, we have shown that the stringent response exerts
some level of control on PHA homeostasis [6]. With metabolic control analysis of PHA
biosynthesis conditions, we can observe which enzymes in the pathway are most affected by
changes that trigger the switch from growth to polymer production.
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SEAWATER BASED BIOTECHNOLOGY FOR PHA PRODUCTION

George Guo-Qiang Chen

School of Life Sciences, Tsinghua University, Beijing 100084, China
E-mail: chengg@tsinghua.edu.cn

Industrial biotechnology cannot compete with the petrochemical industries as it suffers from
high consumptions on energy and freshwater, discontinuous processing, low product concentration
and thus high product recovery cost as well as low substrate to product conversion efficiency.
Therefore, to make industrial biotechnology competitive, we need develop fermentation platform
technology which is energy and fresh water saving and run in a continuous way instead of a batch
way. Seawater based fermentation technology has been developed based on Halomonas spp. We
have been able to assemble several multiple genes containing pathways in Halomonas spp. for
production of various biopolymer molecules. The growth patterns of the Halomonas spps. have
been changed to influence the shapes of Halomonas spps. from short rods to long fibers, even
further to large spheres, allowing more PHA accumulation and easy product recovery. The
technology has been pilot tested in industrial setting; it has been proven to be able to reduce PHA
production cost at least 100%. The seawater technology should be able to improve the economic
competitiveness of industrial biotechnology. We expect the technology can play an increasingly
important role in the fermentation industries.

BIOMEDICAL APPLICATIONS OF NANO-SIZED POLYMERIC
MICELLES AND POLYION COMPLEXES

Alexander Kabanov*?

YUniversity of North Carolina at Chapel Hill, 125 Mason Farm Road
Chapel Hill, NC 27599-7362 USA
M.V. Lomonosov Moscow State University, Moscow 117298, Russian Federation,

E-mail: kabanov@email.unc.edu

The lecture will provide a high-level overview of the use of polymeric micelles, polyion
complexes, cell mediated drug carriers and exosomes in the therapy of cancer and
neurodegenerative diseases. The speaker will try to combine the lessons-learned during over a
quarter of century work in the field of nanomedicine and drug delivery along with a vision
statement of some trends and future prospective in this field. Several most recent examples from the
UNC and MSU laboratories will be presented including high capacity polymeric micelles for single
and multiple water-insoluble drugs and computation guided formulation design for cancer therapy.
The nanoscale size polyion complexes formed by ionic block copolymers and polypeptides for the
delivery of these polypeptide will be also discussed. Examples include antioxidant enzymes (e.g.
superoxide dismutase, catalase), stoichiometric and catalytic scavengers of organophosphorus
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toxins (butirylcholine esterase, organophosphate hydrolase) and neurotrophins (brain-derived
neurotrophic factor, glial cell line-derived neurotrophic factor). The applications include treatments
of obesity, stroke, Parkinson’s disease (PD), RETT syndrome, organophosphorus toxins poisoning,
and some other medical conditions that have been demonstrated using animal models. The
application of these complexes in the context of the macrophage carriers for drug delivery to the site
of inflammation will be presented. A concept of the use of genetically modified macrophages as
natural gene delivery vectors will be stated and illustrated using PD therapy as an example. The role
of exosomes in gene and protein delivery and its potential as a true pharmaceutical modality will be
also discussed.

MODULATION OF THE PROCESS OF AGING IN HUMAN ORGANISM.
RECENT ADVANCES ON BIOMARKERS FOR DIAGNOSIS AND
TREATMENT

Aristidis Tsatsakis, Persa Fragkiadaki, Elena Vakonaki, Athanasio Alegakis, Katerina
Karataraki and Demetrios Tsoukalas

Laboratory of Toxicology, School of Medicine, University of Crete, Greece
E-mail: satsaka@uoc.gr

Aging is a multifactorial process. Main factors that interplay in the aging process are free
radicals and oxidation, insulin and insulin growth factors, sirtuins, mTOR, microbiome, lack of
micronutrients and declining proteasome activity. All the above processes have in common that
cellular damage is caused and accumulated. This brings to apoptosis and/or autophagy and cell
replacement or repair. Stem cells in various organs replicate to replace damaged cells. For each
replication the telomeres of the related stem cells become shorter and this is the basic factor that
modulates aging. Telomeres are not only a sign of aging but the expression of it. Telomere length
shortens with age and leads to senescence. Shorter telomeres are associated with increased
incidence of aging related diseases and shorter lifespan. Recently was demonstrated that telomere
re-lengthening can reverse aging phonotype. Diverse lifestyle, environmental and nutritional factors
influence positively and/or negatively telomere length. Telomere length at birth can vary from
5000-15000 pair bases, so the rate of telomere shortening is a more important biomarker than the
absolute telomere length. Average telomere length has been used into epidemiological studies. It's
not a good biomarker for a clinical evaluation because it gives no data on the percentage of short
telomeres. Measurement of all telomeres through Q-FISH is necessary to evaluate single telomere
length and percentage of short telomeres. The percentage and rate of increase of the percentage of
short telomeres predicts longevity in mammals. We have formed a data base measuring leucocyte
telomere length (LTL) of different age groups within a healthy adult population, through Q-FISH,
creating a reference range based on age and percentile distribution of LTL. Repeated measurements
at a distance of 6 months or a year can reveal the rate of change of the short telomeres, and response
of patients to treatments, lifestyle, diet, supplementation and exercise modifications. A natural
product telomerase activator -TA-65, an astragalus extract- has been found to lengthen telomere in
humans. We have measured telomerase activation in cell cultures and found that TA-65 activated
telomerase in relation to cell control group ranging from 143-222%, in diverse measurements.
We've been able to found that diverse natural supplements and combinations of activate telomerase
in human cells. Several trade formulations studied and showed effects on telomerase modulation
(e.g. Meetab’s “My Shape” supplement activated telomerase by 133%, Natural Doctor’s “Complete
D3&K2 Cofactors” activated telomerase by 189%). By experimenting with different combinations
of cyloastragenol (astragalus extract active molecule) we’ve able to reach telomerase activation of
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plus 800% in relation to the control cells. Within our experiments we've been able to discover a
natural molecule -0BAGTL- that also activates telomerase up to 1300% in relation to the control
cells.

KOHIENNOAHBIE JJIOHUPEPA3bBI KAK BUOJIIOMUHECHEHTHBIE
PEITOPTEPBI B BMOJIOT'MYECKUX U MEJUIITUHCKHUX

NCCIEJOBAHUSAX
C. B. MapkoBa
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E-mail: svetlana@ibp.ru

Cekperupyembie mouudepassl MOPCKHX KOIEMOJA NPEACTaBISIOT cO00H OTHOCHTEIHHO
MajeHbkue Oenku  pasmepoM~18.4-24.2 kJla, KaTanu3MpyrONIMe OKHCIEHHE CcyOcTpaTa
[eJIEHTepa3uHa B MPOCTON peakuuu 0e3 KopakTOpoB ¢ HM3iIydyeHHEeM romyboro csera. HambGoree
M3BECTHBIMHU TIPEICTABUTEISIMA KOTEMOMHBIX Jronndepas sBistorcs Jonudepassr Gaussia u
Metridia. DTu Oenku, BBICOKOTOMOJIOTMYHBIE MEXKIY COO0OH, HE HMMEIOT HHKAKOTO CXOJCTBA
MOCJIEIOBATENBHOCTEH C OPYTMMHM H3BECTHBIMU THUIIAMU I€JIEHTApa3uH-3aBUCHUMBIX JIOIH(eEpas,
TaKUMH KaK BHYTpUKIeTo4YHas onudepasa Renilla i cekperupyemsie mouudepasst Oplophorus
u Cypridina [1]. Tlepssie knonupoBaHHbie Jonudepassl w3 Gaussia princeps u Metridia longa
cpa3zy jke OBUIM YCIEUIHO HCIOJb30BaHBl KaK BBICOKOYYBCTBUTENbHBIC OHOIIOMHHECIICHTHBIC
pernopTepsl B OMOJOrMYECKUX M METUIIMHCKUX MCCICIOBAHUSIX, BKIOYAs OMOMMUKUHT IN VIVO,
C TeX mop cdepa UX NPUMEHEHHUS HEYKIIOHHO PacIIupsIeTCs.

[Tpu momorm GyHKIMOHAIBHOTO CKpUHUHTA i Jronudepassl Metridia longa namu ObL1
n3onupoBad 1ensiit psan kIHK renos uzodopm, uetko pazaensioniuiics Ha 4 HeaJIeIbHbIE TPYIIIBI
TeHOB 0 CXOJICTBY MocieaoBatenbHocTeil. [Ipu 3TomM onHa W3 rpynm umeer Oonblie CXOJCTBA C
morudepasoit Gaussia, yem ¢ apyrumu uzopopmamu ronudepassr M.longa [2]. Bee uzodopmsr
coJiepKaT KOPOTKUU OTHICTUISIEMBI CUTHAIBHBIA TENTU ] W3 17 aMUHOKUCIOTHBIX OCTaTKOB (a/K)
i cekperuu, 3pQPeKTUBHO pabOTAIOMM B KJIETKaX HACEKOMBIX M MIICKOMHMTAIOUINX. AHAIN3
MOCJIEZIOBATEIbHOCTEN KOMENOAHBIX Jionudepa3 BbIABIsAET BapuabenbHbIl N-KOHEI pa3MepoM
okoio 1/3 y camoil anuHHON u30POpPMBI M KOHCEpBATHUBHBIM C-KOHEI, NPEeAroloKUTETHEHO
00pa3oBaHHBIA ABYMs HEHJICHTHUYHBIMU mMoBTOpamMu mo ~70a/k. Ha penmennoHHBIX MyTaHTax
MoKa3aHo, 4YTo HMeHHO C-KOHeIl OTBEeYaeT 3a KaTAIUTHYECKYyI0 aKTHBHOCTh. B mpexenmax
KaTaJUTHYeCcKOM yacTh HaxoauTcsi 10 BBICOKOHCEPBATUBHBIX OCTATKOB IUCTEMHA, IpearoJaras
HAIMYME [0 S5 JucynbOUIHBIX CBA3€H, KOTOpBIE, BHJIUMO, U ONPEACISIOT BBICOKYIO
TEPMOCTAOMIIBHOCTD KOTICTIOHBIX Jrondepas.

BuostoMuHeCIIeHTHBIE CBOMCTBA pa3iuuHbiX u3ohopm monudepassl M. longa u G. princeps
ObUIM M3YYEHbl Ha YHUCTBIX PEKOMOMHAHTHBIX O€NIKax ¢ HAaTHUBHOW CTPYKTYpPOW, MOJYYEHHBIX C
MOMOIIBI0 OAKYJIIOBUPYCHOM CHCTEMBI SKCIIPECCHU B KIJIETKaX HaceKOMBIX. PenoprepHsie cBoiicTBa
pasnuuHbiXx u3odopm monudepassr M.longa u ee MyranTHBIX (GopM OBLTH OXapaKTEPHU3OBAHBI B
KJIETKAaX MIICKOMUTAIONMX U 4YenoBeka [3]. HauOombmime pasmuuusi HaleHbl B KHHETHKE H
TEMIIEPATYpPHOM ONTHUMYME OMOJIOMUHECHEHTHON peakiuu, a TaKkKe B CTaOMJIbHOCTH BapUaHTOB.
[Ipenmonaraercs, 4To HATWYHE PA3TUYHBIX H30OPM U MYTAHTOB JrOIU(pEpa3 ¢ Pa3THUYHBIMH
CBOMCTBAMM JaeT BO3MOXKHOCTH BbIOpaTh HamOojee MOAXOIAUIMI pernopTrep [Uisl pelieHus
UCCIIEI0OBATEIbCKUX 33]a4 B 3aBUCUMOCTH OT YCJIOBUHN 3KCIIEPHUMEHTA.
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I'uGpunnsie (XumepHbIe, (BIOKHH) OCNKU — 3TO OCJIKH, MOJyYCHHBIE METOJ0M T€HHOU
WH)KCHEPUU TyTEM CIHUSHHUS B OJHOM paMke cuuThiBaHMs Heckodbkux JIHK, komupyrommx
pa3nuYHbIe OSIKU WM OJUTONENTHABL. Y CJIOBHO 3TH OCJIKH MOKHO Pa3JIeIUTh HA BE TPYIIIHL:

a) I'mOpuael meneBoro Oellka W BCIIOMOTATEIPHOTO TOJIMIICTITH/IA, HAJTUYHE KOTOPOTO
obecrieynBaeT JMO0 HANPABICHHYIO AKCIPECCHIO IENIEBOro Oeika (B LUTOIUIA3My, NEPUILIa3My
KICTKU-XO35IMHAa WM BHEIIHIOK Cpely), 4TO HHOTAa HEoO0XOAWMO il O0O0eCHedeHUs ero
(YHKIMOHATBHONW aKTHUBHOCTH, JHOO BO3MOXKHOCTH BBIJIEJNICHUS IieneBoro Oenka adduHHON
xpomarorpadueit. YacTo BcnoMoraTebHbIE TOJTHITENTH/IB YIAISIOT Ha KOHEYHOHW CTaIMN OYHCTKH;

0) MuorodyHKIIMOHAIbHBIE THOPHIBI, 00IaIAl0NUEe CBOMCTBAMH BXOMSIIUX B €T0 COCTaB
POIUTEIHCKUX OENKOB, KAKI0E U3 KOTOPBIX MPEICTABISET MOTPEOUTEIBCKYIO IIEHHOCTb. [ JTaBHBIM
MPEUMYIIIECTBOM  TaKUX  THOPUAHBIX  OCJNKOB  SBISETCS  BO3MOXKHOCTH  IOJYYCHHUS
MHOTO(YHKITHOHATBHBIX O€JIKOB, MHHYSI XUMHUECKOE KOHBIOTUPOBAaHUE, HEM30EKHO TPUBOIAIICE K
YaCTUYHOU MOTEPE aKTUBHOCTH UCXOTHBIX OETKOB.

PesyabTatnl. B mabopatopun ¢orodmonornn Mb® CO PAH mnpoBoasiTcs MHOTOJETHHE
WCCIICIOBaHMS, HAMPABICHHBIC HA CO3/IaHUE BHICOKOYYBCTBUTEIBHBIX AHAIUTUYECKUX CHCTEM IS
OMOMEIUIIMHBI HA OCHOBE CBETOM3IIYJAIONTUX OeNKOB — morudepas U (HOTOMPOTEHHOB, B KAa4eCTBE
penoptepoB. Ilpu 3ToM pemaroTcsi 3ala4d MOTYYEHHUS PETMOPTEPHBIX OCNKOB B YHCTOM BHUE, a
TakkKe OWoCTeIM(PUUECKUX OHOIMIOMHUHECIICHTHBIX METOK JUISl MOJICKYJISIDHOTO — aHajm3a.
Hcnonb30BaHne TEXHOJIOTUU THOPUAHBIX OEITKOB MO3BOJSET pemaTh 00e 3Tu 3amauu. B tabmuie
MIPEJICTaBICHB HEKOTOPBIE THOPUIAHBIC OMOJTIOMHHECIICHTHBIC OCTIKH, Ha3HAYCHHUE BXOMISIINX B UX
COCTaB JOMEHOB, a TAaK)Ke MOTCHIIUAT U Pe3yIbTaThl IPUMEHEHHS B MUKPOAHAIU3E.
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Ta6mmma — [Ipumepsl OMOIFOMUHECIIEHTHBIX THOPHIHBIX OCITKOB, UX COCTAaB M HA3HAYEHUE

CocraB rubpugHOTo OemKa, Haznauenne rubpuna, u ero Knerka-xo3sun; agpec | Ccpli-
Ha3BaHUC COCTaBHBIX YacTeit HAKOIUICHUS TMOpUIa = Ka
Auntn-BKD-aurureno- Mertka ns umMmyHoaHanu3a BKO; . n
. . . . E.coli Rosetta gami2;
mrordepasa Renilla- momuHis Histag- momm His ¢pparment mis [1]
o UTOILTa3Ma
14D5a-Rm7 Mmeta-apGuaHON ouncTKH rudpuga
Mertka nns ummyHnoananuza ©H
pelB-Autu-®HO-anTHTEM0- CTRa yHo 3 0 . .
. . pelB — mumepHsIii TEMTH T IS E.coli HB2151;
mrouudepasa Renilla- momuHis [2]
G1-RM7 nepeHoca rudpuna B nepu- nepuIriasmMa
TIa3MaTHYECKOE MTPOCTPAHCTBRO;
E.coli BL21
CrpenraBuauH-O0enuH MerTtka mjisg aHanusa .
. CodonPlus (DE3); [3]
Stavi-Obe OMOTHHIINPOBAHHBIX MOJIEKYI N
TEeNbIla BKIFOUEHUH
Mertka quist BoisiBienus 1gG .
! g E.coli BL21-
BenokA S. aureus -O6enux BenokA 3omoTucToro craguiokokka i
CodonPlus (DE3); [4]
proZZ-Obe cBsi3pIBacT FC (hparMeHTsI

TeJIbIIa BKIIIOUECHUI
HMMYHOTJI00yIMHOB Kiiacca G

ITony4yenmne pekOMOMHAHTHOM
mrouudepassl Renilla muelleri7; MBP-
MaJiaT-CBI3bIBAIOIINN O€JIOK,

MomuHis-MBP-(TEV)- g%zgrg:;ng;fﬁ 6:012111(/111{3;1516 Wja B (EI.(;:(;)(I)InEIIIJil(-DES)- []
Jrormmdepasa Renilla muelleri7 P p
RMLuc? LUTOIIIAa3MY. RIPL;

TEV- caifT ruaponmn3za mpoTeasoi IIATOTIa3Ma

BUpYyca TabauHON MO3auKH, IS
yIAJICHUS BCIOMOTaTeIbHOTO
¢parmenra ITomuHis-MBP.

BakrepuanbHast sKcIpeccus 1eeBbIX OSIKOB, 00ecreunBast AemeBoe U ObICTPOe TOTYYEeHUE
LIEJIEBBIX OCJIKOB C OJHON CTOPOHBI, UMEET pAJ OrPaHWYEHUH, KOTrJa pedyb HAET O MOJyYeHHUU
OenKax »JYKapHoT, C Jpyro cTopoHbl. OTCYTCTBHE MEXaHHU3MOB IOCT-TPAHCISIIUOHHON
MOUGUKALNH, XapaKTEPHOU AJIs1 3yKapUOTHUYECKUX KJIETOK MOXET IPUBECTH K MOJIy4YEHHIO OEJIKOB
C HENpaBUWIbHOM IPOCTPAHCTBEHHOM CTPYKTYpOHM U, KAaK CIEACTBUE, 3aHMKEHHOM WIH
OTCYTCTBYIOIIEH OMOCTIENU(PUIECKON aKTUBHOCTHIO. B COBpeMEHHOW OMOTEXHOJIOTHHU pa3padoTaH
PO TOIXOMOB, TO3BOJSIONMX M30€KaTh OSTH MPOOJEMBI: pa3HOOOpa3HbIe OaKTepHalbHBIC
IITAMMBI-X0351€Ba, IUIa3MHUJHBIE BEKTOpa, (pepMeHThl M HocuTenu. Kak BUAHO W3 Marepuaia,
NPEJCTaBICHHOTO B Taliuie 35TO pa3HooOpasue TMO3BOJSIET YCIEHIHO pellaTh MpoOJieMbl
IKCIPECCUH THOPHUIHBIX O€nKOB — Ouocnenuuuecknx OHOJIOMHUHECIIEHTBIX METOK IS
MOJIEKYyJIsipHOro aHanu3a. I'mOpuanbiii 6enokx 14D5a-LRm7, co3nanHbliil /Ui BBISIBIEHHUS BHpYca
KJICIIEBOrO SHIE(aINTa MO3BOJSIET BBIABIATH MUIIEHb C YYBCTBUTEIBHOCTbIO, PAaBHOW TaKOBOH
cepruduuupoanHoro meroga PT-ITLIP (10%-10° BUPYCHBIX YacTHI]), HO IIPpU 3TOM TIOpa3jo
osicTpee u mporie [1]. benok G1-Rm7, momydeHHBIH 111 BBICOKOUYBCTBUTEIBHOTO BBHISIBIICHUS

IUTOKUHA (paKTOpa HEKpo3a OIMyXoJyiel, BeisaBiser 1o 1,6 ar/mia (9,4 10711 M) ®HO [2]. T'ubpun
Stavi-Obe, sBisleTcst yHuBepcanbHON METKOH JJIs1 CHCTEM Ha OCHOBE BBICOKOA()(MHUHHOTO OMOTHH-
CTpENTaBUINHOBOTO B3amMmoeicTBus. [loka3aHo, 4To OH 00JaaeT CyIMEeCTBEHHO 0oliee BBHICOKOM
YYBCTBUTEIHHOCTHIO YeM XUMUYECKAN KOHBIOTAT POTUTEIBLCKUX OCITKOB CTPENITaBUAMHA U 00CITHHA

[3].
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K coxanenuto, Ha CErOAHAIIHMI JEHb HE CYIIECTBYET YHUBEPCAJIbHOM TEXHOJIOTHH,
o0ecrieynBaroNIeii yCIeHbI CHHTE3 JII000ro peKkoMOMHaHTHOTO Oenka. Kakaplii U3 ONMMCcaHHBIX
HaMU THOPUAOB MOJY4YeH C IOMOIIbIO OPUTHHAIBHON CHCTEMBl SKCIPECCHM, IMPU CO3JaHHUU
KOTOPOH palMOHAJIbHBIA BapUaHT, MO3BOJSIOMIMN COXPAaHUTh OHOCHENHU(UYIECKYI0 AKTHBHOCTD
BXOJSIINX B THOPH] TOMEHOB, 00ECIIEYUTh €r0 OBICTPYIO OYMCTKY U BBICOKHH BBIXOJ OBLI BHIOpaH
SMIIUPHUUYECKH.
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CAN LIVING ORGANISMS IN BIOASSAYS BE REPLACED ON
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Fundamental scientific problem that could be solved is the problem of monitoring a variety
of processes that have a direct connection to the pollution of the environment, such as the
environmental safety and quality control of the water, soil and air. The solution of this problem is
important not only for all economic activities, but also it has significant importance in agricultural
production and productivity in crop production. The searching of integral characteristics, which
allow to assess the consequences of human impact on water, soil and air are very important. It
should be noted the lack of developed methodology for integrated monitoring in the world practice
that would help to solve the problem of integrated monitoring of the ecosystems. It was observed
the trends of commonly use individual bioassays, which make wrong empirical results about the
state of the environment and its influence on the individual as the main person of the biosphere.
Another reason for getting wrong results during the bioassay analyzes is use living organisms and
cultures, which can give a large measurement error. The proposed new approach and methodology
of biochemical design of a set of enzymatic bioassays, in this project, are the basis for the all-round
bioassay called «enzymatic functional model of the living organism»; the development of scientific
bases of such biochemical design could help to solve mentioned problems. The development of
principles and mechanisms of a new methodology for biochemical design and a new fast methods
for the bioluminescent analysis, which are intended for inclusion in a comprehensive system of
assessment of the toxicity of different ecological environments is described. The bioluminescent
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methods of analysis are applied to the integrated task of assessing the ecotoxicity. A new
methodology for the development of new bioluminescent methods for evaluating toxicity named by
us biochemical (or biotechnological) design have been shown. The algorithm of biotechnological
design of the bioluminescent methods and reagents for environmental monitoring of the water, soil
and air have been shown. Methodological approaches will be different, because it will be developed
as rapid non-specific methods and as a selective analysis is based on the measurement of markers,
the markers will be the substrates of bioluminescent reactions and the activity of enzymes involved
in luciferase enzymatic chains.
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3a  GHONIOMHHCCICHIMIO KTCHO(GOP OTBEYAIOT  IleCHTEpasHH-3aBHCHMBIe  Ca’'-
perynupyeMbiMi  (DOTOMIPOTEUHBI, KOTOpPhIE MO CBOEH (QYHKIMU CXOXH C (HOTONPOTCHHAMHU
TUIPOMENY3, 3apEKOMEHI0BABIINX ceOsl B KaueCTBe MHANKATOPOB BHYTPUKIIETOUHOTO KalbLUS U
PENOPTEPHBIX MOJIEKYTT B UMMYHOAHAIM3€E, B TOM YUCIIE U B cOCTaBe CIUTHIX O0enkoB [1]. [Ipu sTom
CTENeHb WACHTUYHOCTH AMHUHOKHCIOTHBIX IOCIEI0BaTeNbHOCTEH (OTONPOTEMHOB KTEHOPOp U
ruIpoMeny3 coctaBisier He Oonee ~25% [2]. Ilockonbky OepOBHMH, OTBEHAIOUIMHA 3a
ounomomMunecteniuio Beroe abyssicola, npeacrasisier coboi HOBBINM THI (OTOMPOTEHHOB, UMEET
0oJiee BBICOKYIO YYBCTBHTEIHHOCTh K KaJbIHIO, YeM (POTOMPOTEHHBI THAPOMENY3, U HE Tpedyer
MIPUCYTCTBUSI BOCCTAHABIMBAIOIIUX ar€HTOB ISl aKTUBAIMH, B OTJINYUE OT O0€IMHA U aKBOPHHA, TO
MIPEJICTABISACTCS MEPCIICKTUBHBIM €TI0 HCIOIh30BAHUE B aHAIUTUYECKUX HENsX. [ Toro 4ToOsI
MOJYYUTh KOHBIOTATBl WM  CIUThIe Oenkw, oOmamaromme Kak — OuocmnenuuuecKuMu
XapaKTepUCTHUKAMHU, TaK M CIOCOOHOCTHIO U3ITy4aTh CBET, HEOOXOAMMO TIOABEPTHYTH
Moaudukaruu N- unu C-KoHIEBbIE 00JaCTH BXOISIIMX B UX COCTaB OCJIKOB, YTO MOYKET CKa3aThCs
Ha X CBOMCTBax.

Bce ¢oronpoTtennsl ruapomenys, 3a UCKIIOYEHHEM MHUTPOKOMHHA, cojepkaT Ha C-KoHIIe
OCTaTOK MPOJIMHA, KOTOPBIA UTPAET BAXXHYIO POJIb B CTA0MIM3AINH (JOTOMPOTEMHOBOTO KOMILIEKCA,
o0pa3ysi BOJIOPOAHYIO CBSI3b C OCTaTKOM apruHUHA, HAXOASIIUMCS B MEPBOIl a-criupanu. Y JajneHue
ATOr0 OCTaTKa MPOJMHA B PEKOMOMHAHTHBIX aBKOPHUHE M OOEIMHE BEAET K CHUKCHHMIO BBIXOa
aKTUBHOTO OeJKa, CTAOMIBHOCTA M OMOJIOMUHECIICHTHOW aKTHBHOCTH [3]. Y MHUTpOKOMHHA TOCIIE
ocTaTKa MPOJIMHA HAaXOAWTCS TUPO3UH, POJIb KOTOPOTO, OJHAKO, HE COBCEM IOHSTHA, MOCKOJIBKY
YKOPOYEHHBII MyTaHTHBIN OelloK 0e3 TUpOo3rHa UMeeT 0oJiee BBICOKYIO YIEIbHYI0 aKTUBHOCTD, YEM
kil Bapuant [4]. C-koHIeBo# GepoBHHA OoraT ocTaTKaMi TUPO3HMHA, OJJUH U3 KOTOPHIX, TYr208,
SIBJSICTCSI TEPMUHAIBHBIM, a 1Yr204 mpeamnosioKUTEbHO JIOKAIU30BaH B CyOCTpaT-CBSA3BIBAIOIIEH
MOJIOCTH, TIPEIMOJIOKUTEIHHO, yI4aCTBYeT B CTAOUIN3aIlMU TIEPOKCHUIIEICHTEpa3uHa [5].

PesyabTaTrel. B ganHHOW paboTe ¢ TOMOIIBIO CaMT-HAMPABICHHOTO MyTarcHesa
uccienoBana (GpyHKIHOHAIbHAS posib C-KOHIIEBOTO ocTaTka 1Yr u mepBoil N-KOHIEBOH O-cripanu
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B OMOJIIOMHHECLIEHIMM OepOoBHHA, a Tak)Ke BIUsAHUE yaduHeHUs C-KOHILIEBOTO ydacTKa 3a CYET
MIPUCOCANHCHHUS MOJIMTUCTUTUHOBOMN MOCIIE0BATEIHLHOCTH HA  OMOIIOMUHECIECHIUIO
¢doronporenna. C mnomompto JnurupoBanus [II[P-dparmenTa, coaepkamero KOIUPYIOIIYIO
MOCIIEI0BAaTEIHbHOCT, TeHa OepoBHMHA ¢ BekTOpoM PSAV, coaepKalliM TE€H CTpenTaBUAMHA,
MOJIy4eHa SKCIPECCHOHHAsE KOHCTPYKIIHS, TMO3BOJIAIONIAs Moyydarh B Kietkax E. coli ciuthrit
0enok, obiamaromuil CPOACTBOM K OMOTHHY M OMONIOMHHECIIEHTHBIME CBOWicTBaMu. Ha mpumepe
TBepaoda3zHOro OuocHerMpUUIECKOro aHaiM3a TMOKa3aHa BO3MOXXHOCTh €r0 HCIOJIb30BaHUS B
JETEKIIUU OMOTHHUITUPOBAHHBIX TIPOU3BOIHBIX.

B pesynbTare MpOBEICHHOIO HWCCICIOBaHMS BBIACHCHO, uTo 3ameHa 1yr208 na Phe B
OepoBUHE TPAKTHYECKH HE BIHUSET HA €ro OWONIOMHHECICHIHMIO, TOTJa Kak Jelelus 3TOTO
AMHUHOKHCJIOTHOTO OCTAaTKa MJIK 3aMeHa ero Ha Ala BemeT k pe3akoMy CHIKCHHUIO BBIXO/1a aKTUBHOTO
Oenka ¥ MOYTH TMOJTHON MOTepe OMOTIOMUHECIICHTHON aKTUBHOCTH. JTO MO3BOJISIET TIPEIOIOKUTh
€ro y4JacTue B cTabmim3anuu GoTOmpoTenHA 3a cueT B3auMoieicTBUsI ¢ N-KOHIICBOU O-CITUPAJIBIO,
JeNenrss KOTOPOH TakkKe CYIIECTBEHHO CHI)KAeT CIOCOOHOCTh K (POPMUPOBAHUIO AKTHUBHOTO
(GOTONPOTENHOBOIO KOMILIEKCa M OMOJIOMUHECIICHTHYIO aKTUBHOCTH OepoBHHaA. Y anuHeHue C-
KOHIICBOTO ydJacTka OepoBHHa 3a cueT 6 octaTkoB HiS MPHUBOAUT K TaKOMY K€ CHUKCHHUIO
OMOJIFOMUHECIIEHTHON aKTUBHOCTH, Kak W jaenenus [Yr208, HO He TaKk KPUTHYHO BIUSET Ha
aKTUBAIIMIO arto0erKa, CHIKasl BEIXOJ aKTHBHOTO (DOTOMPOTEHHA TOJIBKO B 2 pasa.

3akiaouenue. [lokazano, uyrto Tyr208 B OepoBMHE YydYacTByeT B CTaOWJIM3aAIUU
(OTOMPOTENHOBOTO KOMIUIEKCA, MPHUYEM, MPEINOIOKUTENBHO, HU €ro OOKOBas THAPOKCHIIbHAS
rpynna, Hu C-KoHIeBasi KapOOKCHIIbHAs TPYIIa HE UTPAIOT KIHOYEBOW POJIM BO B3aUMOJICHCTBUU C
N-KOHIIEBBIM y4YacTKOM MOJEKYynbl. [Ipu 3ToM KoopauHaims (HOTONMPOTEHNHOBOTO KOMILIEKCA
MIPOUCXOUT, CKOPEE BCETO, C Y4acTUEM MEePBOI O-CIUPaH, MOCKOJIbKY €€ yJaleHne 3HaUUTEIbHO
CHIDKAET BBIXOJI aKTUBHOTO Oellka U OMOIFOMHHECIIEHTHYIO aKTUBHOCTh. Y yinHeHue C-KOHIIEBOTO
ydacTKa HEXeNaTelIbHO, MOCKOJIbKY OMOJIFOMHUHECIIEHTHAs aKTUBHOCTh Takoro Oeska Mmodtd Ha 3
MOpsAZIKAa HIDKE, YeM y OepOBHHA JUKOTO TUNA. AKTUBHOCTH CIIMTOTO OelKa, T/ie MPUCOCTUHEHIE
OonocrenMpUIECKON YaCTH MOJIEKYJBl MPOUCXOMUT K N-KOHIIEBOW YacTH OEpOBHHA, COCTABIISICT
Tosibko 1% OT TakoBoOii OepoBHHA AMKOTO THUMA, OJHAKO STOT0 JOCTATOYHO AJIsi OOHApPYKECHHUS
OMOTHHWJIMPOBAHHBIX MOJIEKYJd B KoHIeHTparmuu 1,4 ur/mu. Ilpu 3TOM ciuThiii  Genok
JEMOHCTPHPYET OOIBIIYI0 TEPMOCTAOMIBLHOCTh, YeM OEpOBHMH AWKOTO THIIA, YTO JIEIaeT €ro
MEPCIIEKTUBHBIM IS IPUMEHEHHUS B Onocnennuyeckom aHaause.

Paboma noooeparcana epanmom PODH 17-04-00764-a.
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JIrormudpepasza mopckux komemnon Metridia longa (MLuc) karanu3upyer npocTyro peakiuio
OKHCJICHUsI CyOCTpara IIeJIeHTapa3uHa 0e3 KaKux-Tu00 KO(MaKTOPOB C HCITYCKaHHUEM TOJyOOro
cBeta ¢ A=~480 um [1]. bnarogapsi cBoeil BBICOKOW aKTMBHOCTH M T€PMOCTAOMILHOCTH, TPOCTOTE
pEaKIuu U MIMPOKOMY JIMHEHHOMY [IHAna3oHy JeTeKnuu Oenka orudepasa M.longa ssisercs
NEPCIEKTUBHBIM PEMOPTEPOM Uil OHMOJOTHYECKUX M MEAMLMHCKUX HCCIECIO0BAHUN, OTIMYHO
3apeKOMEHIOBABIIMM CceOs mpu  wHcmoiab3oBanuu N Vitro [2] u in vivo [3]. Opxnaxko,
NPOCTPAaHCTBEHHAs CTPyKTypa mormdepassl M.longa mo cux mop He W3BECTHA, TAKXKE OCTAIOTCS
HESCHBIMM M  CTPYKTYpPHO-(YHKIIMOHAJbHbIE B3aUMOCBSI3U. AHAJIM3 IOCJIEI0BATEIbHOCTH
KJIOHMPOBaHHBIX u30(opM i souudepassl M.longa mo3Bonser waeHTHUIMPOBATH JBa
HEUJCHTUYHBIX MMOBTOPSIOIINXCS TAaHAEMHBIX JOMEHA B CTpYKType Oenka. [loTeHInanbHO KaXK bl
TakoW JIOMEH MOXeT 00JaaTh KaraauThudeckod QyHkmuei. OmpHuM wu3  TpeOOBaHUH,
MPEeNbSABISEMBIX K pENopTepHOMY O€nKy, SBIS€TCS MHUHUMHU3ALMS €ro pasmepa Juid
NPEJOTBPAICHUS HeCTICHU(pHUECKUX B3aUMOJCHCTBUH, a TakXKe /Uil CHUKEHUS HecTelupruecKon
MeTaboIMUecKOll Harpy3ku Ha KJIETKY, €CJIM PENopTep HCIOJIb3YeTCsl B KAaueCTBE NeHETHYECKH-
KOJAMPYEMOTO BHYTPH KJIETKH MM OpraHU3Ma.

3anaveil nqaHHOW pabOTHl OBUIO MOMYyYEHHUE M HCCIEIOBAaHUE AKTUBHOCTU JENICHUOHHBIX
MyTaHTOB Jrouudepassl M.longa ans BbISICHEHHS CTPYKTYPhl W CBOWCTB KaTaUTHYECKOM
MOCJIEI0BATEIBHOCTH, KOTOPAasi MOKET OBITh Jajiee UCIOIb30BaHa B KAUECTBE PEOPTEPHOIL.

Cepust neneruoHHBIX MYTAaHTOB Il caMOil KOpoTkoil m3odopmbl MLUC7 mouundepasst
Metridialonga Obl1a monydeHa MeTOJaMH TE€HETHYECKOW wHmXeHepuu myreM IIL[P-cuHTe3a c
MOCJICAYIOIIUM KIIOHUPOBaHUEM B SKCIIPECCHOHHBIN BekTop PET22b+ nns npsimoii sxcnipeccun B E.
coli. CtpykTypa MOJYYEeHHBIX JICJICIMOHHBIX BapUAHTOB MOATBEPKICHA CEKBCHHPOBAHUEM.
AKTHBHOCTh YKOPOUYEHHBIX MYTaHTHBIX BapuaHTtoB MLUC7 oreHuBaid 1Mo OMOIIOMHHECLEHTHOM
aKTUBHOCTH TpPYOBIX KIJIETOYHBIX JIM3aTOB. YPOBEHb CHHTE3a Oelka B JHM3aTax OLICHUBAIU
BU3YaJbHO MO pe3yJibTaTaM reib-3JeKTpodope3a ¢ MapKepHBIMU OETTKaMU.

[MocnenoBarensHocts  MLUC7, camoii ManeHbkoil soundepassl M3 U3BECTHBIX,
MPUOJM3UTEIHFHO COOTBETCTBYET KOHcepBarmBHOMY C-koHneBomy gnomeHy ~16.5 x/a,
BBISIBIIIEMOMY IIPH CPaBHEHUH CTPYKTYpP KOMENOAHBIX Jouudepas. B nanHoi pabore mokasaHo,
YTO MOCJIEI0BATENbHOE yaneHue 10 14 aMuHOKUCIOTHBIX ocTaTkoB ¢ N-koHia MLUC7 u yeTsipex
AMMHOKHUCIIOTHBIX OcTaTkoB ¢ C-KOHIIa COXpaHAeT OWOJIIOMUHECHEHTHYI0 aKTUBHOCTh
mouurdepasbl, HO MIPUBOIUT K NajeHUI0 akTuBHOCTH MLUCT npu KoMHaTHOM TemmepaType oT 4 10
14 pa3 B 3aBUCHMOCTH OT CTPYKTYPHI HCCIIEZJOBAHHBIX YCEUEHHBIX OenkoB. Takum oOpas3oMm, B
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HacTosmiel paboTe MHUHUMAJIbHAs MOCIEAOBATEIbHOCT C KATAJMTHYECKOH AKTHBHOCTBIO Y
morudepassr Metridialonga nokanuszosana 10 134 aMUHOKHUCIOTHBIX ocTaTka wid ~14.5 k/la.

Hccneoosanue evinonneno npu  ¢unancosou nodoepiicke PODPU u Ilpasumenvcmesa
Kpacnospcrozo kpas 6 pamxax nayunoeo npoexma Nel6-44-242099.
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AHAJIN3 UTHTUBUPYIOIIEIO BO3JIEMCTBHS HA OCHOBE
METAJIJIOB HA AKTUBHOCTD PAJJA ®PEPMEHTOB

s.B. (I)pmmepl, E.H. Ecumbexosa’?

1Cu5upc;<m7 geoepanvusiii ynusepcumem, Poccus, 660041, 2. Kpacuospck, npocnexm
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B cBsi3u ¢ yBenuuenneM macuiTada mpou3BOJICTBA U MCIIOIB30BAaHUS B IPOU3BOJICTBEHHOU U
XO3SICTBEHHOM JIEATEIIbHOCTH YEJIOBEKa OTPOMHOI0 KOJIMYECTBA HOBBIX MATEPHAJIOB OCTPO CTOST
poOJIeMbl, CBSI3aHHBIC C OIEHKOW OE301acCHOCTH WX TMPUMEHEHHS IS 4eloBeKa W Ouocdepsl B
nenoM. K TakuM HOBBIM MarepualiaM OTHOCSTCS, HAmpuMep, HaHOMATEpUANIbI, AKTHUBHO
MIPUMEHSIOIINECS B MEIUITMHE, Map(PrOMEepHO-KOCMETHYECKOW W MUIIEBOW MPOMBINUICHHOCTSX [1].
Tak Kak CKOpOCTh MOSIBJICHHUS HOBBIX MaTEpUATIOB OOTOHSET CKOPOCTHh Pa3pabOOTKU METOJOB IS
OLICHKM MX TOKCHYHOCTH, TO MOKHO KOHCTATUPOBAaTh OTCYTCTBHE aJ€KBATHBIX METOJOB MJIs
HKCIPECCHOM OLIEHKHM MaTepuayioB. [ pemeHus 3Toil mpoOiaeMbl MpoCIeKUBaeTCs TEHACHIUS K
a/lanTaluy yKe CYIIeCTBYIOIIUX, pa3pad0TaHHBIX Ul APYTUX 3a7ad, MeToa0B. [lyig perieHus aTon
npoOiemMbl  MpeasaraeTcs MPOBECTH KOHCTPYMpOBaHME Habopa (epMEHTATUBHBIX TECTOB,
MO3BOJISIIOIINX OIEHUBAaTh 3(PQPEKT BO3IEHCTBUS HOBBIX MaTEpHaiOB Ha KIIOUYEBbIE (PEPMEHTHI
METa0OJIMYECKUX IIeTel M, TaKUM O00pa3oM, BBIBIATH MEXAHHM3M OKa3bIBAEMOT'O HEraTUBHOTO
a¢ddexTa Ha KUBOK OpraHU3M B IICIIOM.

Leas paboThl — NpoOBEJICHHE aHAIN3a HMHTHOMPYIOIIErO BO3JEHCTBHS HAHOYACTHI[ Ha
OCHOBE METAJUIOB Ha aKTHUBHOCTh psAJia KIIOYEBBIX (DEPMEHTOB METaOOIMUYECKUX ITyTeH MKUBBIX
OpPTaHU3MOB.

Marepuanbl u Metroabl. st paGoThl BBIOpaHBI (DEPMEHTHI, OTpaXkalolue 3HAYUMbIC
U3MECHEHUsI B MeTa0OoJM3Me YeJOBeKa M JIPYruX OpraHu3MoB: Oyrupmixoiundcrepaza (BuChE),
ankoronpaeruaporerasa (ADH), tpunicun, NADH:FMN-okcunopenykrasza (R), momudepasa (L).
bbu1  mpoBeneH aHanM3 CTEMEHM BO3JACHCTBHMS HAHOYACTHII Ha OCHOBE METAUIOB Ha
(G YHKIIMOHUPOBAHWE MOHO-, OW- U TpU(EPMEHTHBIX peakiuii. B kauecTBe HaHOMATEPHAIOB ObLIH
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BBIOpPaHbI KOMMEPYECKH JOCTYITHBIE U HanOOJIee paclpoCTpaHCHHbIE HAHOYACTHIBI cepedpa (AQ),
JTVOKCH/Ia TATaHA (TiOz) Y IUOKCHJIA KPEMHHS (SiOZ).

CremneHpb BO3/EHCTBUS HAHOYACTHUI[ Ha aKTUBHOCTh (PEPMEHTOB OIICHUBAJIM MO BETUYMHAM
ICy u ICsp, KOTOpBIE paBHBI KOHIIEHTPALUSIM HAHOYACTHII, BHI3BIBAIOIIUM HU3MEHEHHUE MapaMeTrpa
depmentatuBHoil peakuuu Ha 20 u 50% coorBercTBeHHO. Bo u30exkaHMe HCKa)KEHUS
OMOJIIOMUHECIIGHTHOTO  curHajma d¢dexktoM QuiabTpa ObUIM  HU3y4YeHBI  aOCOPOIIMOHHBIC
XapaKTEPUCTUKHA HAHOYACTHI] M MIPOBEIeHa He0OXoauMasi KOPPEKTUPOBKA PE3yJIbTaTOB [2].

PesyabTaTsl. [Ipu npoBeneHnn HMHTHOUTOPHOTO aHalM3a HAHOYACTUI[ OBLIM TOJTYYEHBI
3aBUCUMOCTH Tuna «n03a-3¢dexr». [lo KOHIEHTPALMOHHBIM 3aBUCHUMOCTSIM OBUIM PAacCUUTAHBI
3Ha4YeHus mapameTpoB uaruouposanus 1Cyp 1 1Cs (Tad. 1).

Tabmuua 1 — 3nauenus napamerpoB |Cso u 1Cyo (Mr/im), ompeneneHHble NPU OIEHKE BIMSIHUS
00pa3oB HAHOYACTHI] Pa3HbIX pa3MepoB (HM) Ha MOHO(EPMEHTHBIE PEeaKITuU

Hanouactuis Sio, TiO, Ag
10-15 100-120 120-150 50-70 100-190 20
BuChE ICx 28,3+2,0 20,1+1,2 15+1,4 16,2+1,1 10,8+0,7 1,9+0,1
ICso 56,8+3,9 48,3129 44440 30,5+2,1 24+1,4 5,2+0,4
Tpuncuu ICy 25,0+2,1 15,8+0,1 12,6+0,2 4,9+0,3 2,4+0,2 0,7+0,1
ICs 55,7+4,5 45,9428 35,8+2,5 18,6+1,3 11,1+0,9 1,8+0,2
ADH ICx 7,6£0,7 7,1£0,5 5,8+0,4 1,7+0,2 1,4+0,1 0,3+£0,03
ICso 15,5+1,4 14,5+1,0 8,5+0,5 3,404 3,310,2 0,9+0,1
R ICyx 6,8+£0,5 4,5+0,4 3,7+0,2 2,1+0,2 1,2+0,1 0,1+£0,01
ICs 14,9+1,0 12,1+1,0 10,6+0,6 4,7+0,4 2,4+0,2 0,6+0,06

B T1abn. 2 mpencrasnensl 3HadeHus: napameTpoB |Cy u 1Csg, momydeHHble Ipu aHaIn3e
CTENEHW BO3JEHCTBHUsI HaHOYacTHI] Ha OudepmentHyio R+L wu Tpudepmentnyro R+L+ADH
peaKIuH.

Tabmuma 2 — 3navenuss mapameTpoB ICso u 1Cy (Mr/m), ompeneneHHbIE MPU OICHKE BIWSHHS
o0pa3ioB HaHouacTull Ha OudepmenTHyo (R + L) u tpudepmentryro cucremy (R + L + ADH)

HanogacTuupr R+L R+L+ADH
ICZO IC50 IC20 IC50
_ 10-15 m 26,2+2,4 42,1438 21,0¢2,1 -

SIO, 100-120 um 23,9+2,4 35,8£3,6 12,0£1,1 49,1+4,4
120-150 M 15,1+1,2 31,0£2,5 11,2+0,8 31,7+2,2
Tio 50-70 M 13,3+1,2 22,9+2,5 10,20,8 34,3+2,7
2 100-190 nm 6,7+0,7 15,315 5,2+0,5 17,0¢1,7
Ag 20 aM 1,310, 2,240,3 1,70,1 2,520,2

«=» — B UCCIICAYCMOM NHAITa30HC KOHI_IGHTpaI_II/Iﬁ SHAYCHUC IMapaMeTpa HC ONIPCACIICHO

[Ipu ananu3e BO3JEHCTBHS HAHOYACTHIl HA aKTUBHOCTH (JEPMEHTOB OBLIO BBISBICHO, YTO
HanOosiee monBepxkeHbl AeiictBuro HaHodactu, ADH u NAD(P)H:FMN-okcunmopemykrasa.
[Tomy4yeHo, 4YTO W3MEHEHUE AaKTUBHOCTH (PEPMEHTOB 3aBUCHUT OT pPa3MEpPOB HAHOYACTHII.
Haubonbiiee nHrHOMpyroIee BO3ACHCTBIE HA aKTHBHOCTh (DEPMEHTOB OKa3bIBAIOT HAHOYACTHUIIBI
cepebpa.

[Toka3aHo, YTO M3y4YCHHBIC HAHOYACTUIIBI WHTUOMPYIOT aKTUBHOCTh Kak OuepMeHTHOH
cucrembl R+L, tak u tpudepmentnoit R+L+ADH. Haubonbmmii uarubupyromuii s3¢gpdexr Ha
oudepmentnyio R+L u tpudepmentnyro R+L+ADH cucrempl 0ka3pIBalOT BHOBh HAHOYACTHIIBI
cepebpa. Ilapamerpsl 1Csop u 1Cy, momydennsie mis OudepmentHorr R+L u TpudepmentHoU
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R+L+ADH cucrem uMeroT cxoaHble 3Ha4YeHHs. TakuM 00pa3oM, Y/UTMHEHHUE IEMH COMpPSIKEHUS
peaKuii, KaTaau3upyeMbIX OKCHUIAOPEAYKTa3aMU, HE MPHUBOIUT K YBEIMYCHUIO HWHTHOHPYIOIIETO
BO3JICHCTBUS HAHOYACTHII HA ()EPMEHTATUBHBIC CHCTEMBI.

3akawuenue. [lonydennsie B pabore 3Hadenust 1Csp um 1Cy mo3BonmmMIM paHKUPOBATH
aHAJIM3WPYEMble HAHOYACTHUIIBI 110 CTCIICHHM WHTHOMPYIOIIETO0 BO3JCHCTBHS HAa aKTHBHOCTH
dbepmenToB. B wmcciemyemplx Iuana3oHax —KOHIIGHTpAIM  HAHOYACTHI[ HMHTHOUpYIOIIEe
BO3jelicTBHE yMeHbImaeTcst B psaay Ag > TiO, > SiO,, uTo cormacyercst ¢ pe3yabTaTaMHu APYrUX
Ounonormdecknux MeronoB. [IperncraBieHHble B pabore (QepMEHTATHBHBIE TECT-CHCTEMBI UMEIOT
BBICOKMI TIOTCHIMA] JUIS PAa3BUTHS METOJOB aHAJW3a TOKCHYHOCTH PA3JIMYHBIX KIJIACCOB
HAaHOMAaTEPHAJIOB.
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buontoMuHecueHys — sBJICHUE, LIMPOKO MPEICTABICHHOE B IPUPOJIE U IPUCYIIEE MHOTUM
OpraHu3MaM B Pa3JIMYHbIX (PUIOT€HETHYECKUX BETBAX: OT OakTepuii 10 ppi6. OnqHuMH U3 Hanbosee
M3ydEHHBIX OMONIOMHUHECLIEHTHEIX 0IKoB  sBismorcst Ca’ -perymupyembie  (pOTOIPOTECHHEL,
OTBETCTBEHHBIE 33 CBEUECHHE PA/Ia MOPCKUX KHILEUHONOIOCTHBIX Opranu3mMoB. Ca” -peryaupyembie
(hOTOMPOTENHBI MPEICTABISIOT CO00H CTAaOMIIBHBIN (hepMEHT-CyOCTpaTHBIN KOMIIJIEKC, COCTOSIIIUMA
u3 anodoronporenHa (~22 kDa) wu Monekymbl opraHumyeckoro cyocrpara — @ 2-
ruaponepokcuiieneHTepasuta [1]. CBs3biBaHWe MOHOB KaJbIlUsl MHUIMHUPYET KOH(POpPMAIMOHHBIE
M3MEHEHHsT B O€JKe, 3allyCKaloIIUe PEaKIHMI0 OKUCIUTEIBHOrO JIeKapOOKCHWIMPOBAaHUS 2-
I'MJIPONEPOKCHUIIETICHTEPa3HHA, B pe3ybTaTe KOTOPOH 00pa3yeTcs LeaeHTepaMu] B BO30YKIEHHOM
cocrossaun u CO; [2]. Tlepexon meneHTepamuaa U3 BO30YKIECHHOTO COCTOSHHUS B OCHOBHOE
COIIPOBO’KAAETCS U3JIyUEHUEM KBAHTA CBETA.

AKTUBHBIA (oTONpoTeuH 00pa3yercst MpH HMHKyOaruu amnodoTornpoTenHa ¢ cyOcTpaToM
LIEJICHTEPA3UHOM B OTCYTCTBMM HMOHOB KaJIbLUS MU B IPUCYTCTBHM MOJIEKYJSIPHOTO KHCIOpOJa U
BoccTaHaBnuBatomiero areura [3]. Cuutaercs, uyto s 3¢GeKTUBHOTO (OPMHUPOBAHUS AKTUBHOTO
(OTONPOTENHOBOTO KOMILJIEKCAa HEOOXOIMMO BOCCTAHOBUTH BHYTPUMOJIEKYJISIPHbIE TUCYIIb(UIHbIE
CBSI3U PEKOMOMHAHTHOTO ()OTOMPOTENHA, KOTOPBIE MOTYT 3aTPYAHATH CBsi3bIBaHME cyOcTparta [4].
Kpome Toro, MexxmouieKyIsspHble AUCYIb(UAHBIE CBSI3M MOTYT OBITh IPUYMHOM OJIMrOMEpHU3aluu
ano(OoTONPOTENHOB, YTO JOMOJHUTEIBHO YCIOXKHSET MPOLIECC aKTUBALUH [4].
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Ca?*-perymmpyemsie (OTONPOTEHHBI THAPOMELY3, M3YYCHHBIC K HACTOSIIEMY BPEMCHH,
cojiepKat TpH (aKBOPHUH U KJIIUTUH) WIX TATH (00SIMH M MUTPOKOMHUH) OCTaTKOB IIMCTEHHA, TIPUYEM
OJIMH U3 HUX SIBJSIETCSI BHICOKO KOHCEPBAaTUBHBIM. BO3MOXXKHOCTH M30aBUTHCSA OT HEOOXOIUMOCTHU
MCTOJIb30BaHUSI BOCCTAHABIIMBAIOUIMX AareHTOB NPU aKTUBAIMU (POTONMPOTEHHOB MPEICTABISAECTCS
MEePCIIEKTUBHON 3a7auell, OCKOJBKY Ui psa aHATUTUYECKUX MPUIIOKEHUN He0OX0IMMO yJacTHe
rUOpUIHBIX  OENKOB, B KOTOPBIX MapTHEPOM (OTOMPOTEHHA SBJISIETCS IIeNIeBOW  OEJIOK,
YYBCTBUTEJIbHBINA K BOCCTAHABIIMBAIOIIEMY areHTY.

Heas. [lomyuyeHne MyTaHTHBIX (DOTONMPOTEMHOB AaKBOpPHMHA W OOEIMHA C 3aMEHAMHU BCEX
OCTaTKOB IIMCTEMHA HAa CEpPUH M HUCClIeNoBaHHE (U3UKO-XUMHUYECKUX U OMOIIOMHHECIIEHTHBIX
CBOWCTB B CPAaBHEHUHU C COOTBETCTBYIOIIUMHU (POTONPOTEHHAMHU AUKOTO THIIA.

PesyabraThl. MyTanTHble (Gopmbl 00eTMHA W aKBOPHMHA C 3aMEHAMHU BCEX OCTaTKOB
IUCTEMHA Ha CEepUH OBUIM TOJYY4EHBl CepUel IMOCIeOBATENbHBIX PEAKIMA HYKJICOTUI-
HaIpaBJIEHHOTO MyTareHesa. 3aTeM MYTaHTHbIE ano(OTONPOTEUHBI BMECTE C COOTBETCTBYIOIIMMHU
arnoQOTONPOTENHAMH JIMKOTO TUITA OBUIM IKCIIPECCHPOBaHbI B KieTkax E. COli, BbieneHs! U3 Tenen
BKJIIOUEHHUSI U OYMILIEHBI C MOMOIIBI0 MOHOOOMEHHON Xpomatorpaduu. Bee momydennsle 6enku
ObUIN OXapaKTEPU30BaHbI MO PAIY MMAPAMETPOB: PACCUMTAHBI KOHCTAHTHI JUCCOIMALMU KOMIUIEKCA
amooTonpoTeMHa ¢  CyOCTpaToM,  KOHCTaHTa  CKOPOCTH  OOpa3oBaHHS  aKTUBHOTO
(OTONMPOTENHOBOTO KOMILIEKCA, CTETIEHb OJIMTOMEPU3ALUU ano(OTONPOTEHHA U BBIXOJ] aKTUBHOTO
Oenka, yzaenbHas ~ OMOJIOMUHECHEHTHas: AaKTUBHOCTb, CIEKTpajbHblE W  KUHETHYECKHE
XapaKTEePUCTHKH OHOJIOMHHECHEHTHON peakiuu, a Takke KOH(pOpMAalMOHHAs CTaOMIBHOCTD
MOJTYYCHHBIX OCJIKOB.

3amMeHa BceX OCTaTKOB IIUCTEMHA Ha CEPUH MO-Pa3HOMY OTPa3HIach Ha CBOMCTBAX aKBOPHHA
n obenuHa. MyTaHT akBOpHMHA COXPAHWI PSIi XapaKTEPUCTUK aKBOPMHA JIMKOTO THIIA, HAIIPUMED
KUHETHYECKUE MapaMeTphl aKTHBALMU U OWOIIOMHUHECLEHTHON peaKlMH, OJHAKO €ro yJelbHas
OMOIOMUHECIICHTHAs aKTUBHOCTh CHU3MJIACh B JIBa paza. MyTaHT oOenuHa coxpanui Toibko 10%
yIIeIbHON OMONMIOMUHECIICHTHOW aKTUBHOCTU OOETIMHA IUKOTO THIIA, & TAaKXKe MPOJAEMOHCTPUPOBAI
ropaszio XyAllue napamMeTpbl CBA3bIBaHUA anodenka ¢ cyocTpaToM M KMHETHUKY akTuBanuu. Kpome
TOr0, 3aMeHa BCEX OCTATKOB I[MCTEMHAa B OO€IMHA 3HAYUTENBHO 3aMeUInjia KHHETUKY
OMOJIOMUHECIIEHTHON  peakiuu  Oenka, TOJMHOCTBhIO  yJalduB  OBICTPYIO  KOMITOHEHTY.
[Tpou3BeneHHbIE MYTAIlMM CYIIECTBEHHO YBEIMYWIA KOH(POPMALMOHHYIO JAOUIBHOCTH O0OOMX
0eNKOB, CHU3UB 3HAYEHUS TOUYEK Mepexo/a sl peaklMi TeMIEpaTypHOro aHQOIAUHTa.

3akmouyenue. Takum 00pa3oM, U3 JIBYX OXapaKTEPHU30BAHHBIX OCNKOB TOJIHKO aKBOPUH C
3aMEHaMHU BCEX OCTATKOB IIMCTEHHA Ha CEPUH MOXET ObITh UCIOJIB30BaH I CO3/IaHUSI THOPUAHBIX
OelKOB B ciydae, €CiIM IIeJIeBOW O€NOK YyBCTBUTENIEH K HCIIOJIB30BAaHUIO BOCCTAHABIMBAIOLINX
areHToB, MOCKOJbKY JaHHBIH MYyTaHT coxpaHseT okoyio 50% OuOIFOMMHECHEHTHOW aKTUBHOCTHU
aKBOpMHA JTUKOTO TUIA U MOXKET ObITh 3()()eKTUBHO MOJTYUYEH B JOCTATOYHOM KOJINYECTBE.

HUccneoosanue svinonneno npu gunancogoil noodepacke epanma PODOU Nel7-04-00764 u
mem cocyoapcmeennozo 3aoanus Ne(0356-2016-0712 u Ne(0356-2015-0103.
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Hapacraroiee TeXHOT€HHOE BO3JEHCTBHE CO CTOPOHBI TOPOJOB, IMPOMBIIIJIECHHOCTH H
TPAHCIIOPTAa MPUBOAUT K HAKOIUICHUIO 3arpsi3HUTENIEH UM TOKCHMKAHTOB B TOYBE M MPOAYKTAX
MATaHUSI, BBIPAIIEHHBIX HA CaJ0BO-OTOPOJHBIX YydacTkax [1,2]. HMccnemoBanme Oe30macHOCTH
CEJIbCKOXO35IMCTBEHHBIX MTPOIYKTOB MUTAHUS SIBISIETCS BaXKHBIM acleKToM it Poccun, mMOCKOJIbKY
Ui OOJBIION YacTH HAaceNIeHUs CTpaHbl OBOIIHAS MPOIYKIMS SBISETCS 3HAYUTEIHHOW YaCThIO
nuieBoro panuona. CyllecTBeHHass 4YacTh pPACTUTENbHOW MPOAYKLUMH, pealnu3yeMoil Ha
TEPPUTOPUH HAIlleW CTpPaHBl, 3arpsi3HEHA TSHKEIBIMU METAJUIAMU U TIECTULIUJAMU, P U3 KOTOPBIX
sanpemieH B Poccun [3]. KOMIIOHEHTHBIM XMMUYECKUN aHAIU3 BEIIECTB HE IMO3BOJIET B MOJHOM
Mepe TOBOPUTH O KauecTBe MPOAYKTOB muTanus. g obecneueHrs 6€30MacHOCTH HUCIIOJIb30BAHUS
B TUIIY OBOIIHBIX KYJIBTYp, HEOOXOAMMO HMETh HAJEC)KHBIE METOJbI aHajin3a, B CBS3U C HYEM,
CO3/IaHH€ METOJIMK KOMILIEKCHOI OLIEHKM KauecTBa MUIIEBOW MPOIYKIMHU SBJISETCS aKTyalbHOU
3anaueit [2].

Heanb padoTbl — pa3zpaboTka SKCIPECC-METOa OIICHKH KadyeCTBa CEIbCKOXO03SMCTBEHHBIX
MPOYKTOB MTUTAHUS C IIOMOIIBI0 OMOTIOMUHECIIEHTHBIX ()ePMEHTATUBHBIX CHCTEM.

Marepuansl m Meroabl. B ocHOBe mpeyiaraeMoro MeToAa JIEKHUT OOHapyKeHHe
TOKCHYECKUX CBOMCTB aHAIM3UPYEMBIX BEIIECTB MO WX BIUSHUIO Ha (YHKIMOHUPOBAHHE
dbepMeHTOB cBeTsAmUXCS OakTepuit. MeToapl OHOTIOMHHECIICHTHOTO aHaju3a Ha OCHOBE
(epMEHTATUBHBIX PEAKIMI OTIMYAIOTCS BBICOKON UYBCTBUTEIBLHOCTHIO K JCWCTBHUIO Pa3HBIX
KJIACCOB TOTEHUHUAIbHO BPEAHBIX COECIUHEHUN U MOTYT OBITH HCIIOJIB30BAHbI JUISI OLIEHKH
0€30MMacHOCTH MHIIEBON MPOAYKIIMU. B kadecTBe 00bEKTa HCCIENOBAHUS MCIOJIB30BaU 00pa3Ilbl
OBOUIHBIX KYJBTYP.

PesyabTaTel. [IpoBeneHbl MOJAETBHBIE JKCHEPUMEHTHI  OICHKH  HWHTHOMPYIOIIETO
BO3JICHCTBUSl TOKCUKAHTOB Ha TMapaMeTpbl OHOJIOMUHECHEHIMH Ou(pEpPMEHTHON CHCTEMBI
ceersimuxcst  Oakrepuii:  NAD(P)H:FMN-okcunopenykrazat+irouugepaza (P +JI). Crenens
BO3JICHCTBUSI TOKCUKAHTOB HAa aKTUBHOCTH cucTembl P + JI oneHuBany mo BeIMYMHE MapaMeTpoB
ICx u ICsp, mpeacTaBistomuUX CcOOOH KOHIICHTPAIMU TOKCHKAHTOB, BBI3BIBAIOIIME CHUKCHHE
akTuBHOCTH cucteMbl Ha 20 u 50% COOTBETCTBEHHO.

[Tokazano, 4T0 pepMEHTATUBHASI CUCTEMA CBETAIIUXCS OaKTepUil ABISAETCS YyBCTBUTEILHON
K Py METaJUIOB, B TOM YHCII€ CBHUHILY, IIUHKY, MEJIU, PTYTH, aIIOMHUHHUIO U XpOMY Ha YPOBHE U
ke ypoBHs ux [1JIK. Haubonpiiee naruOupyroiiee Bo3aeiicTBUE HA aKTUBHOCTh OM(epMeHTHON
CHUCTeMBbl OKa3blBaeT Melb. Kpome Toro, ObLIO TOKa3aHO, 4YTO TMpelel YYBCTBUTEIHHOCTHU
(epMEHTaTUBHON CHUCTEMBl K JEHCTBHIO TaKMX T[ECTUIUAOB Kak 0- © Y- H30MEpPHI
reKcaxJIopIuKIoreKcana, 4.4-quxnopaueHmmnTuiieH u 4.4-muxnopandeHuITPUXIOPMETUIIMETaH,
COOTBETCTBYET WUJIM HUKE UX MAKCUMATIBHO JOMYCTUMOTO YPOBHSI.

Pazpaborana mabopaTopHas MeTOAMKa MPOOOMOATOTOBKH OOPA3I[OB OBOIIHBIX KYJIBTYD,
COBMECTHMasi C (pepMEHTATUBHOM CHUCTEMOM CBETAMIMXCS OaKTEepHil, W TMpeIoKeHa CcXema
MpOBEJCHUSI OMONTIOMUHECIIEHTHOTO aHanu3a. [loka3aHo, 4YTO ONTHUMalbHbIE IapaMeTphl
poOONOArOTOBKM 00pa3ia COCTaBIISAIOT 5 MUHYT LeHTpudyrupoanus npu ckopocta 10000 g u
temnepatype 25 °C. BplsicHeHa CTENEeHb BIUSAHUS SKCTPAKTOB CEIbCKOXO3SIMCTBEHHBIX MPOYKTOB
MUTAaHUS HA aKTUBHOCTH OMOJIOMUHECIICHTHBIX (JEPMEHTATHUBHBIX CHUCTEM CBETSIIMXCS OaKTEpHiA.
HccnenoBanne 3aBUCMMOCTH OT BPEMEHM M YCJIOBUNM XpaHEHHUs II0Ka3ajlo, YTO SKCTPAKTHI
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00pa3oB, MOArOTOBIEHHBIE Ul aHAJIM3a, MOKHO XPaHUTh IPU KOMHATHOM TeMIepaType OKOJO
yaca 1 B TeueHue cyTok npu 4 °C 6e3 3HAUMTENbHON MOTEpU aKTUBHOCTU. BB MpoBeneH aHau3
BO3JICUCTBUSI Ha (PEPMEHTATUBHYIO OHMOJIOMHUHECIIEHTHYIO CHCTEMY pa3JIMYHBIX O00pa3IoB
OBOUIHBIX KYJBTYp, UCKYCCTBEHHO 3arpsi3HEHHBIX MOJAEIBbHBIMM TOKCMYECKMMH BEILECTBAMU IS
OIpEeJIEJIEHUS UyBCTBUTEIBHOCTU (DePMEHTATUBHON CUCTEMBI K TOKCUKAHTaM B 0Opasiie.

3akmouenue. [IpennoXeHHbI OMOMIOMUHECHEHTHBIN METOJ SBISIETCS MEPCHEKTUBHBIM
U1l OLIEHKU ¥ KOHTPOJIs1 0€30I1aCHOCTH CENIbCKOXO035IICTBEHHBIX TPOJYKTOB MUTAHMUSL.

Paboma ewinonnena npu  guuancosoii  noooepiicke POPDPU u Ilpasumenvcmesa
Kpacnosapcrkoeo «xpas Kpachosapckozo Kpaeoco GoHOa noo0epiHcKu HaAy4Hou U  HAYYHO-
mexnuueckou oesmenvrHocmu (npoexm Ne 16-44-242126).
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SIRTUIN - THE POTENTIAL NUTRITIONAL BIOMARKER
Shubhra Pande

Fermentation Technology and Bioengineering Department, CSIR-Central Food Technological
Research Institute, Mysore, India

E-mail: drshubhrapane@gmail.com

There is a poor relationship between nutrient intake and existing nutritional biomarkers due
to variety of factors affecting their sensitivity and specificity. To explore the impact of nutrients at
molecular level and devising a sensitive biomarker, proteomics is a central technology with sirtuins
as one of the most promising nutritional biomarker. Sirtuins (seven mammalian sirtuins reported so
far), have been reported to perform protein deacetylases and ADP-ribosyltransferases activity. It is
distributed in different cellular compartments thereby controlling several metabolic processes.
Sirtuins are NAD+ dependent which implicates a direct effect of the metabolic state of the cell on
its activity. Calorie restriction upregulates the mammalian sirtuin protein levels in variety of tissues
and organs where it acts upon both histone and nonhistone substrates. Sirtuin senses nutrient
availability and impacts gluconeogenesis, glycolysis and insulin sensitivity. It deacetylates and
inhibits the nuclear receptor that activates fat synthesis and adipogenesis in the body, leading to fat
loss and bringing favorable cellular and health changes. Sirtuins mediates intracellular response that
promotes cell survival, DNA damage repair thereby increasing the cell longitivity. The activation of
sirtuins brings a wide spectrum of other health benefits and its activity levels are indicative of
nutritional status as well as disease progression in cancer, inflammation, obesity, cardiovascular
diseases, and viral infections. There are several foods that activate sirtuin activity and offer
significant health benefits by their consumption.
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COOTHOILIEHMUE «I1OJIB3A-PUCK» KOHCEPBUPOBAHHOMU CAMPBHI
(COLOLABIS SAIRA), COJEPKAIIEN HE3AMEHUMBIE )KUPHBIE
KUCJIOTBI U TSI)KEJIBIE METAJLIIBI

2
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N3yueHo copepxaHue TSKEIBIX METAUIOB M TOJHMHEHACHIIICHHBIX XUPHBIX KHCIOT B
KoHcepBupoBaHHoi caiipe (Cololabis saira), mnpomykTe, HIIUPOKO pPaCHPOCTPAHEHHOM Ha
tepputopun Poccuiickoit @enepaunn. KoncepBupoBaHHas calipa CUMTAETCS LICHHBIM UCTOYHUKOM
ITHXK - siiko3anentaeHoBoi kuciaoThl (20:5n-3, OI1K) u goko3arexkcaeHOBON KUCIOTHI (22:6N-3,
JAT'K). [Ing nonyueHuss peKOMEH0BaHHOU Ui MPOQUIAKTUKU CEpISUHO-COCYIUCTBIX U HEPBHBIX
pacctpoiictB uHAMBHUAYyanbHOU 10361 OIIK+/II'K, coctaBnstomeld 1 r© B CcyTkH, HEOOXOIUMO
yrnoTpeOuTh B numnry 26-76 T KOHCEPBHUPOBAHHOM cailpbl HCCIEIOBAaHHBIX PACIpOCTPAHEHHBIX
OpeHII0B. AHAJIN3 TSHKEIBIX METAJJIOB MOKA3all, YTO COJEP)KaHHE CBUHIIA B OJTHOM TOProBO Mapke
U CcolIepkaHWe KaaMus B OOINBIIEH YacTH WCCIEAOBAHHBIX MPOO TMPEBBIIIACT CTAHAAPTHI
EBpomneiickoii KoMUCCHU Ha TIPOMBICTIOBYIO pbiOy. OMHAKO OIIEHKA COOTHOIICHHS «IOJIb3a-PHCK»
OT TMOTpeONeHus pbIObl, BBIPAKEHHOTO Kak KOI()(UIMEHT OmacHOCTH, TMOKa3ana, 4YTO
KOHCEpBHpPOBaHHAs caiipa siBisieTcs 0€30MacHbIM U [IEHHBIM MPOAYKTOM JIJIsl TUTaHUS YeJIOBEKa.

STABILIZATION STUDIES OF CITRATE-CAPPED GOLD
NANOPARTICLES FOR METAL-ENHANCED BIOLUMINESCENCE

Rajeev Ranjan

Fermentation Technology and Bioengineering Department, CSIR—Central Food Technological
Research Institute, Mysore, India

E-mail: rajeev694@gmail.com

Prerequisites for observing metal-enhanced bioluminescence (MEB) at the nanosurface are
multiple, among which stability of nanomaterial during bio-functionalization is an important
criterion. In this regard, studies were conducted to observe aggregation of gold nanoparticles
(AuNPs) under varying ionic strength of sodium chloride (10-200 mM). Introduction of an ionic
chelator and a lipid mixture to the synthesized AuNPs were studied for their stability under
sonication. The engineered AuNPs is presumed to surround a hydrophobic layer preventing their
aggregation even at 200 mM NaCl. These stabilized AuNPs are expected to extend ample surface
for bio- functionalization for MEB.
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O IPUMEHEHUU MEXAHU3MEHHBIX MATEMATHYECKHUX U
HEWPOCETEBBIX MOJIEJIEH B YIIPABJIEHUU
BUOTEXHOJIOTHYECKNMH TPOLIECCAMU HA ITIPUMEPE
BUOBBIIEJIAYNBAHUS
C.U. Bapues’, A.B. Beabtii’
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TpagunmoHHass OMOTEXHOJOTUS — 3TO Hayka O METOJaX M TEXHOJOTHSX TMPOU3BOACTBA
pPa3IMYHBIX IIEHHBIX BEIIECTB W MPOAYKTOB C HCIIOJB30BAHUEM MPHUPOIHBIX OHOJIOTHYECKHUX
00BEKTOB (MUKPOOPTAaHU3MOB, PACTUTENBHBIX U KMBOTHBIX KJIETOK), YAaCTEH KJIETOK (KJIETOYHBIX
MeMOpaH, puO0OCOM, MUTOXOHJIPUH, XJIOPOIIJIACTOB) U MpoIieccoB. [I0CKOIBKY 3TH OMOIOTHYECKHE
OOBEKTHI OYEHB CIIOXHBI, UX TOBEICHNE 3aBUCUT OT MHOTHX (DaKTOPOB, a OTKIIMK, KaK MPaBUJIO, HE
JIUHEEH, TO W yINpaBJieHHEe OMOTEXHOJIOTHYCCKHMHU IPOIECCAMH TMPEACTABISET CO00H HEMPOCTYIO
3amaqy. YTpaBieHHE HEBO3MOXKHO 0€3 Ka4yeCTBEHHOTO MPOrHO3a PEaKIUU YIPABISIEMONW CUCTEMBI
Ha BHeIIHUE (YMPAaBIISIONINE U BO3MYIIIAIOIINE) BO3ICHCTBHUS.

[Iporuo3 noBeseHUsI CUCTEMBI MOKHO OCYILECTBIIATH C MCIOJIb30BAHUEM JIBYX MOJXO0JIOB: a)
4yepe3 MOCTPOCHHE «MEXaHW3MEHHON» MaTeMaTHYeCKOW MOJIENH, TMOTECHIIMAIBHO CIOCOOHOM
MPeICKa3bIBaTh OTKJIMK JAHHOW OMOTEXHOJOTHUECKON CHCTEMBI HA BO3JICUCTBUS, KOTOPHIC €Ille HE
BCTPEYAINCHh 3a BpeMsl €€ OJKCIUTyaTaluH; 0) C TMOMOIIBI0 PErpecCHOHHONW MOCNH, KOTOopas
BOCIIPOU3BOJUT 3aKOHOMEPHOCTH OMOTEXHOJOTUYECKOrO TMPOIECcCa, BBIICTICHHBIE C IOMOIIBIO
CTATUCTUYECKOTO aHaJIN3a U3 IaHHBIX, COJACPKAIIUXCS B TEXHOJOTUUECKHX KypHaJIaX.

[IpoGnemsbl, cBsI3aHHBIE C YIMPABICHUEM OMOTEXHOJIOTHYECKUMH IMPOIECCAMH PACCMOTPHM
Ha npuMepe OMOJIOTHYECKOTO BhINIeTadynBaHus. JJoCTOMHCTBAMU OHOJIOTMYECKOTO BhIIIECTaYnBaHM
SIBIISTFOTCST 9KOJIOTHYHOCTh, YKOHOMUYHOCTh, PACIIMPEHUE CHIPHEBOW 0a3bl I[BETHBIX METAIIOB 3a
CYET BOBJICUEHHUS B MPOU3BOJICTBO 3HAYUTEILHBIX 00BEMOB paHee HerepepadaThIBaeMOT0 ChIPhSI.

KonudectBo (hakTOpoB, BIMSIOMIMX HA IMPOIECCHl XMMHYECKOTO BBIIICIIAYMBAHUS U Ha
pa3BUTHE MHUKPOOHOTO COOOIIECTBA JOCTATOYHO BEJIHWKO, TMPUYEM 3aBUCUMOCTH CKOPOCTEH
HCCIIETyeMbIX TMPOILIECCOB OT 3TUX (PaKTOpPOB, KaK MPaBWUIO, MMEET HEIMHEHHBI Xapakrep.
[TonbITKM  HM3HAYAIBHOTO  TMOCTPOCHUA  «MEXAHM3MEHHOW»  MaTEMaTHYEeCKOM  MOJIENH
MIPOMBIIIJICHHOTO OMOTEXHOJIIOTUYECKOTO TMpollecca IMOKa3ald, YTO TaKoe Hadaio paboThl CO
CJIO)KHOUM CHUCTEMOH B 1I€JIOM HEpPEaIbHO U METOJIMUECKH HenpaBmiIbHO. CHavalla HYy)KHO yOeTUThCS
B TOM, 4YTO HaOOp W3MEpSEMBIX W YIPABISIOMIUX TapaMeTPOB IMpoIecca TOCTATOUYCH IS
OCYIIIECTBJICHUS MMPOTHO3a IMOBEICHUSI CHCTEMBI, YTO OMMCAHUE CUCTEMBI 3aMKHYTO, TT0 OTHOIIECHHUIO
K ee AuHaMuKe. Eclii ecTh 3aKOHOMEPHOCTH MEXK]ly BXOJaMH U BBIXOJIaMH, TO MOXXHO TOBOPUTH OT
MPUIMHHO-CIIEACTBEHHOMN CBSA3U U BO3MOXXHOCTH MOJICTUPOBAHHMS (TIOJTHOTA MMTAPaMETPOB COCTOSTHHS
cucteMbl). OTCroa ClIelyeT, 4YTO PErpecCCHOHHBbIE M MEXAaHU3MEHHBbIE MOJEIU HE SIBISIOTCS
B3aMMOMCKITIOYAIOIIMMH aJIbTEPHATHBAMH, METOIOJIOTMYECKH JAOTOIHSIIOT APYT APYTa.

B T0 ke BpeMs MpOCTHIMH MONApPHBIMU CPABHEHUSIMU U JABYMEPHBIMU PETrPECCHOHHBIMU
YPaBHCHHUSIMH BBISIBUTH 3aKOHOMEPHOCTH MOBEACHHSI OMOTEXHOJIOTHYECKON CHCTEMBI HEBO3MOXKHO.
Heo6xomuMo oOpamarbcsi K MHOTOMEPHBIM PETPECCHOHHBIM MojensaM. [lpu 3ToM nuHelHbIe
pErpecCUOHHbIE MHOTOMEpPHBIE MOJENIA HE MOAXOAST, IOCKOJIbKY, B THUIHMYHOM CIy4ae,
OMOJIOTUYECKHE CHUCTEMBI CYIIIECTBEHHO HEIMHEHHBI. 3HAYUT, JJIs TEPBUYHOTO BBIICICHUS
3aKOHOMEPHOCTEH  HEOOXOAMM  MaTeMaTW4YeCKUd  ammapar, IMO3BOJSIONUNA  TPOBOAHTH
MHOTOMEPHBI HEJIMHEWHBIM pPErpecCHOHHBIA aHalnu3. AKTHUBHO pPa3BUBAEMOE HAMpaBJICHUE
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00paboTku WHGOPMAIMK T10]] Ha3BaHHEM <«HEHPOHHBIC CETH» KaK pa3 M MPEJOCTABISIET TaKOU
ammapar.

C mnomotpl0 HEWpPOCETEBOro aHalu3a IOKa3aHO, YTO JAJS TEXHOJIOIMYECKHUX IPOIECCOB
IIPOrHO3 IpOoLecca BO3MOXKEH CO CPEHEN OTHOCUTEIBbHOM TOYHOCTHIO B nHTEpBasie oT 10% no 2%
JUTS pa3IUYHBIX TTOKa3arenei (puc. 1, 2).
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3axuaouenue. VccnenoBanus mokasaiav, YTO MOCTPOCHHAs HEHPOCETEBasl PErpecCMOHHas
MOJIENb MO3BOJISIET OCYLIECTBIISITH 12-TM 4acoBOW NMPOTHO3 IOKAa3aTeei Ipolecca ¢ M3BECTHOU
TOYHOCTHI0. OTHOCHUTEIHHO HEBBICOKAS CIOXKHOCTh HEWPOHHOM CETH yKa3bIBaeT Ha BO3MOXKHOCTb
MOCTPOSHHSI JOCTATOYHO MPOCTONH MEXaHM3MEHHOM MOJIeNHy Ipoliecca OMOBBIIIETaYNBaAHMS.

TRACE GAS FLUXES IN PERMAFROST ECOSYSTEMS
S. Evgrafova’, O. Novikov'?, M. Meteleva®, G. Guggenberger'*

1V.N. Sukachev Institute of Forest FIC SB RAS, Krasnoyarsk, Russia
’Siberian Federal University, Krasnoyarsk, Russia
® Institute of Soil Science, Leibniz University of Hannover, Germany

E-mail: evgrafova@ksc.krasn.ru

Permafrost thawing may provoke a positive feedback to climate warming by causing
increased greenhouse gas emissions. For example, a positive feedback of methanogenic
communities to warmer periods in the Late Pleistocene and Holocene was shown for the Lena River
Delta. Microbial degradation of organic matter in permafrost soils is the most important source for
the greenhouse gases (GHG) CO, and CHj.

The vulnerability of the large soil organic carbon pool in permafrost-controlled ecosystems
[4]to increasing temperatures [2] is a key questions in numerous studies conducted in Northern
circumpolar regions, including the basins of the largest Siberian rivers [1].

Since permafrost impedes water drainage, water-saturated soils, ponds and lakes are
widespread in the Arctic. Under water-saturated, anoxic conditions the end products of organic
matter mineralization are carbon dioxide (CO,) and methane (CH,), which has a 34-fold global
warming potential of CO, on a 100 year timescale. Further, mean annual temperatures are currently
rising two times faster in the Arctic than the global average temperature [3]. This change is
extending the growing season significantly and is likely to increase methane emissions from
northern wetlands. It is thus important to develop ways of analyzemethane emissions from tundra
and boreal soils, so that the northern inputs to the global budget can be specifically quantified.

Numerous laboratory studies and field-based experiments have been addressed to climate
change effects, especially those of increasing temperatures on ecosystem structure and function.
Generally, all natural soil heating experiments have been conducted in permafrost soils of tundra
ecosystems or mostly permafrost-free forest environments in Northern America and Northern
Europe.A fundamental research question related to the impact of thawing permafrost on global
change is, how fast the soil organic matter (SOM) in the thawing permafrost can be mineralized to
CO,, CH4 and how much of these produced GHG will be released into the atmosphere. Current
estimates on the degradability of thawing organic matter in permafrost are based on incubation
studies, which are highly artificial and probably overestimate the GHG production under in situ
conditions. In this respect, the organic matter rich Holocene permafrost deposits are of particular
interest, because current research indicates that they contain substantial amounts of labile organic
matter, which will be the source for CO, and CH, after thaw. The basic research question is how
fast the thawed organic matter can be mineralized under in situ conditions to CO; and CH,.

To find out the microbial response and associated carbon release in gaseous forms (CO,,
CH,) from organic matter that has been permanently frozen, we performed an in situ field-based
incubation experiment in a rim of ice-wedge polygon on Samoylov island, Lena Delta, Russia
(72°22’N, 126°28’E).

Materials and Methods. Samoylov is a typical Holocene island in the centre of the
northeast Siberian Lena River Delta.The island is situated in the area of continuous permafrost and
has a polar tundra climateclimate, with mean annual air temperatures of -12.5°C and a mean annual
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rainfall of about 125 mm. Due to the low temperatures, the soils are completely frozen for about 8
months per year and only during the summer months a shallow (<60 cm) surface layer (active layer)
thaws enabling plant growth and microbial activity. The flat landscape of Samoylovis characterized
by a microtopography of low centred ice-wedge polygons surrounded by elevated rims above the
ice wedges. Since permafrost prevents water drainage, the depressed polygon centres are generally
water saturated forming frequently shallow ponds of varying depth.

Field-based incubation experiment with “buried” organic matter has been installed in
August, 2015. The principle includes that formerly frozen soil is moved to the active layer, but still
residing in the subsoil. During July-August, 2016 soil respiration (CO, and CH, fluxes) was
measuredby a closed chamber technique [5]. The “buried” soil had relatively much organic matter
(5.67% organic C and 0.24% total N), which, according to the wide C/N ratio of 23.5, was not much
microbially transformed. This is also corroborated by the §*3C ratio of -25.1 %. and &N ratio of
1.77 %o. Soil temperature was measured daily at noon using Campbell Data Logger that was
permanently installed with 5 sensors in different soil depth, andair temperature was recorded during
gas sampling using a weather station close by. The active layer thickness was measured manually
by a permafrost stick.

Results. According to numbers of data collected during 15 vegetation seasons of
monitoringin Samoylov island, thesummer of 2016 was th ecoldest. Consequently, active layer
thickness was < 50 cm even at the end of August, and soil temperature at 25 cm of depth varied
between 1-2°C.

On Samoylov island monitoring of CH4 soil efflux from rim and center of ice-wedge
polygon have been carried out at permanently installed sites starting in May, 1999. In the summer
2016, CH4 monitoring was continued. The mean value of CH, efflux from rim was 0.16+0.03 mg
CH, m™ h™, which was about 20 % lower than the values registered during the last 15 vegetation
seasons of monitoring. The lower CH, flux rate was possibly due to the lower soil temperature over
the 2016 season, thus reducing also the microbial activity.

In the field-based incubation experiment, the mean season al methane efflux from soils
urface with the trans placed permafrost soil was 0.55+0.07 mgCHsm?h™; whereas the mean
seasonal methane fflux from plots without buried organic material (i.e., disturbance control) was
0.50+0.02 mg CH, m h™:.Hence, differences are minor CO, emission measured by dark chambers
did not differ in magnitude in all plots until beginning of August and then was approximately 1.5
times larger in plots containing organic material. The release of CO, from soil was mainly
responding to soil temperature, as the Pearson's coefficient for correlation between heterotrophic
respiration rate and soil and air temperature was r=0.63, r=0.38, respectively.

Hence, the soil organic matter properties of the buried soil are considered to be indicators
for degree of decomposition. This soil material had a relatively large C:N ratio that probably caused
low CH, release. Another reason could be that microbial assemblages, preadapted to an upper
permafrost soil environment with low organic substrate availability, might not have yet adapted to
the new environmental conditions following permafrost thaw and the availability of more organic-
rich and less decomposed materials.

Conclusion. Differences between the mean seasonal methane efflux from soil surface with
the transplaced permafrost soil, as measured in the vegetation period after experiment set up, and
the mean seasonal methane efflux from plots without buried organic material (i.e., disturbance
control) were minor. Input of “buried” organic material in the rim of ice-wedge polygon showed a
little influence on methane emission during the whole vegetation period. Emission of CO, increased
slightly during the second part of vegetation period. The release of CO, from soil was mainly
responding to soil temperature. With this respect, we conclude that the heterotrophic part of
microbial community needs some period for adaptation to chemical properties of introduced organic
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matter (approximately 3-4 weeks). This suggests that the acceleration of carbon release due to
thawing might not be very pronounced in soils of high latitudes due to the short vegetation period.
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The effectiveness of agricultural technologies in food production is determined by various
factors, including ecological, geographical, and economic ones; it also depends on renewable
biological resources such as crops, domestic animals, and microorganisms. Considerable research
effort in various sciences has focused on increasing the biological production in agriculture. Modern
intensive farming is impossible without pesticides. The global losses of potential yields caused by
pests reach 37%: 13% of them are due to insects, 12% due to weeds, and 12% due to diseases. The
annual losses are assessed at U.S. $2000 billion. However, pesticide build-up in the biosphere, via
accumulation and concentration in food chains of biota in agroecosystems and natural ecosystems,
poses global environmental threat. Thus, only a small part of pesticides in the environment reach
their goal; the remaining pesticides kill useful organisms, accumulate in biological objects, destroy
the balance in natural ecosystems, and contaminate soil, water, and air. The scale of pesticide
application is very large and keeps on growing; at the beginning of the 21% century, the pesticide
market approximated U.S. $30 billion. Pesticide build-up in the biosphere, via accumulation and
concentration in food chains of biota in agroecosystems and natural ecosystems, poses global
environmental threat. Research is aimed at creation of pesticides with less toxic and more selective
action and at decreasing their application rates. Thus, the wide use of products of chemical
synthesis based on nonrenewable resources has led to an excessive and progressive increase in the
amounts of unrecycled wastes, causing environmental concerns and posing a global environmental
problem. A possible solution is the wider use of biotechnological tools and methods, which, on the
one hand, protect useful biota and increase agricultural production and, on the other, decrease toxic
impact on different ecosystems and the entire biosphere.
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It is particularly important to develop pesticide formulations for protecting cereals and
potato — an essential crop used as food and feed and in technical applications. Potato yield losses
may reach between 13 and 30%. Therefore, studies aimed at developing effective formulations and
technologies for controlling potato pests throughout the plant growing season have come to the fore.
For measures aimed at protecting farm crops, including potato, to be effective, the methods and
means used in every region must correspond to the climate, weather, and environmental conditions
there. Thus, they should be thoroughly planned, taking into account all factors. The use of
microorganisms as biopesticides is a relatively new line of biotechnology, but it can boast
considerable achievements. Bacteria, fungi, and viruses have been increasingly used as commercial
biopesticides. The processes involved in production of these pesticides vary greatly, as producing
microorganisms have diverse origins and physiological properties. However, all biopesticides must
meet certain requirements such as selectivity and high efficacy, safety for people and useful plants
and animals, long lifespans, ease of use, good wettability, and good adhesive properties. In addition
to antibiotics, about 50 microbial formulations — bacterial, fungal, and viral ones — are used now to
protect plants and animals from insects and rodents. Integrated biological crop protection can
extend the plant growing season by 2 weeks, increase cucumber and tomato yields to 5 kg/m?,
improve the sanitary conditions in greenhouses, enable production of health food, and lead to a 35%
reduction in the cost of protective measures compared to pesticide use. Experts suggest that
between 2014 and 2020, the world biopesticide market will develop at the fastest rate. Over 90
bacterial species infecting insects have been described by now. They mainly belong to the families
Pseudomonadaceae, Enterobacteriaceae, Lactobacillaceae, Micrococcaceae, and Bacillaceae.
Most of the commercial strains are of the genus Bacillus, and more than 90% formulations are
based on Bacillus thuringiensis (Bt), which has more than 22 serotypes. Promising contact
biopesticides are fungal preparations. Numerous species of entomopathogenic fungi commonly occur
in nature; they affect a wide range of insects through various mechanisms, including contact, which
makes them convenient to use. Fungi produce various bioactive substances, which enhance their
pathogenic effect. Fungal preparations, however, are not used widely now.

The newest trend in research is development and agricultural use of environmentally safe
new-generation pesticides with targeted and controlled release of active ingredients embedded in
biodegradable matrices or covered with biodegradable coatings, which are degraded in soil and
other biological media by soil microflora to form products that are harmless to living and nonliving
nature and which are gradually released into the environment. The use of such formulations can
reduce the amounts of the chemicals added to the soil and enable their sustained and controlled
delivery over a growing season, preventing sharp releases into the environment that occur in the
case of using free chemicals. The crucial part of constructing such preparations is the availability of
appropriate materials with the following properties: degradability, ecological compatibility with the
environment and global biospheric cycles; safety for living and nonliving nature; long-term (weeks
and months) presence in the natural environment and controlled degradation followed by formation
of non-toxic products; chemical compatibility with pesticides and fertilizers; processability by avail
Pioneering studies that provided a scientific basis for using PHAs to develop new-generation
formulations were performed by researchers of the Institute of Biophysics SB RAS. Implementation
of the project “Fundamental basis for constructing and using new-generation agrochemicals” (No.
14-26-00039) resulted in development of the scientific foundation for the new line in ecological and
agricultural biotechnology, including development of technologies for constructing new-generation
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slow-release formulations, construction and investigation of a series of fungicidal and herbicidal
formulations and nitrogen fertilizers embedded in degradable polymer matrix.

The following results were obtained:

- the knowledge of conditions of interactions between chemicals and polyhydroxyalkanoates
(PHAS) in different phase states and, based on this, development of methods of loading of the
chemicals intended for suppressing agents of plant diseases and killing weeds and fertilizers into
variously shaped polymer matrices;

- a series of experimental slow-release formulations produced using different methods;
results of studying their structure and physical/mechanical properties;

- knowledge of the release kinetics of the active ingredients from the polymer matrix
obtained in laboratory soil microecosystems as dependent on the geometry of formulations,
concentrations of the chemicals in them, chemical composition of the soil, and the type of soil
microbial community;

- positive evaluation of the effectiveness of using the slow-release chemical formulations in
laboratory conditions: in soil ecosystems with known properties containing higher plants infected
by plant pathogens and weeds.

In the final stage of the project implementation, we studied the effectiveness of the
formulations developed during the research in laboratory ecosystems with plants, which contained
the following model weeds and crops:

- weeds (a perennial grass species Agrostis stolonifera — creeping bentgrass, Setaria
macrocheata — foxtail millet, Chenopodium album — lamb’s quarters, Melilotus albus — white sweet
clover, Amaranthus retroflexus — red-root amaranth);

- crops (lettuce Latuca sativa, wheat Triticum aestivum);

- soil microecosystems infected by plant pathogens F. moniliforme and F. solani —root rot
agents;

- crop Triticum aestivum infected by Fusarium moniliforme and weeds.

The studies showed that the slow-release herbicide and fungicide formulations developed
during implementation of this project were effective against weeds and plant pathogens and that
their effects were comparable with or stronger than those of free forms of agrochemicals.

Conclusions. Gradual release of nitrogen from the experimental nitrogen fertilizer
formulations significantly reduces nitrogen losses. Positive results of the research project suggest
that the use of natural polyesters, polyhydroxyalkanoates, as degradable polymer matrix for
constructing slow-release formulations of agrochemicals is a useful approach and that the next step
should be field tests of the experimental formulations. This study has produced new data on
degradable PHAs as material for constructing slow-release formulations of agrochemicals. The
scientific basis has been provided for constructing environmentally friendly and targeted controlled-
release formulations of fertilizers and pesticides to protect crops against pests and pathogens. The
development of this line of research will help mitigate the risk of accumulation and uncontrolled
spread of xenobiotics in the environment and replace dead-end synthetic plastics by degradable
materials capable of joining the biospheric cycles.
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Herbicides constitute the largest group of pesticides. They are extensively used to control
thousands of species of weeds, which cause the most serious damage to farm crops. Weeds compete
with crops for light, water, and nutrients. Therefore, the use of herbicides to control weeds is one of
the most important approaches in modern high-performance agriculture. Application of herbicides,
however, inevitably leads to high concentrations of chemical compounds in soils, not only posing
hazard to human health but also causing the development of species resistant to the herbicides,
threatening the stability of agroecosystems, and endangering the long-term soil fertility. The major
challenge in constructing slow-release pesticide formulations is to find proper materials to be used
as a matrix and characterize them. Among materials investigated for this purpose are degradable
polymers of wvarious origins, including polyvinylchloride, alginates, chitin, cellulose,
lignin/polyethylene glycol blends. Polymers of monocarboxylic acids - polylactides,
polyglycolides, and polyhydroxyalkanoates (PHAS) — are also promising materials for constructing
pesticide formulations. PHAs are microbial polyesters that are degraded in biological media by
natural microflora to carbon dioxide and water under aerobic conditions and to water and methane
under anaerobic ones. Production of this class of natural polymers is a rapidly developing branch of
the industry of degradable bioplastics, and they are considered promising candidates for gradual
replacement of synthetic polymers. In a number of recent studies, our team has described
experimental slow-release formulations of herbicides and fungicides embedded in the degradable
matrix of poly-3-hydroxybutyrate and their effects on weeds and plant pathogens — root rot agents —
in laboratory soil microecosystems. Although more research has recently focused on new-
generation slow-release targeted herbicide formulations, published studies mainly describe methods
of embedding herbicides and materials used as matrices. Very few data can be found on the
herbicidal efficacy of new formulations and outcomes of studies conducted with weed-infested
crops.

The purpose of this study was to investigate herbicidal activity of slow-release metribuzin
and tribenuron-methyl formulations in wheat stands infested by weeds.

Materials and Methods. P(3HB)/MET formulations were prepared as films and
microparticles loaded with MET at 25% (of the mass of the polymer matrix). Herbicidal activity of
the experimental formulations was studied in laboratory ecosystems: 500-cm® plastic containers
filled with 500 g field soil were used to grow higher plants. The agrogenically-transformed soil
(collected at the village of Minino, the Krasnoyarsk Territory, Siberia, Russia) was placed into 250-
mm?® plastic containers (200 g soil per container). Soft spring wheat (Triticum aestivum, cv.
Altaiskaya 70) was used as the crop, and white sweet clover Melilotus albus was the weeds. Wheat
plants and weeds were photographed every week to monitor their state and growth. Indicators of the
herbicidal activity of the experimental formulations were the time and the rate of death of the
weeds, which were estimated from the amounts of their aboveground biomass and plant density per
unit area. Indicators of the state of the wheat plants affected by weeds were their estimated
productivity and measured aboveground fresh green biomass.

Results. Herbicidal activity of slow-release metribuzin formulations, with the herbicide
embedded in the degradable polymeric matrix of poly-3-hydroxybutyrate [P(3HB)/MET] shaped as
films and microgranules, was studied in wheat stands infested with the weed — white sweet clover.
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The state of the wheat plants and results of weed suppression during the 50-day experiment are
shown in Figure.

10 days 20 days S0 days

Figure. Photographs of wheat (Triticum
aestivum) stands infested with white sweet
clover (Melilotus albus) and treated with
different P(3HB)/MET formulations: a -
microgranules, b — films, ¢ — positive control
(Sencor Ultra), d — negative control (untreated)

The most noticeable effect was
achieved by  using experimental
P(3HB)/MET formulations: the biomass of
the wheat vegetative organs reached 198.6
and 182.1 g/m? in the treatments with
P(3HB)/MET films and microgranules,
respectively. These values were higher than
in the positive control (free herbicide)
(168.6 g/m?). These results suggest the
effectiveness of using experimental
formulations of metribuzin embedded in
the matrix of degradable poly-3-
hydroxybutyrate.

Table illustrates herbicidal effects
of metribuzin delivered to plants in
different formulations. In 10 days after
sowing, the density of the white sweet
clover plants and their biomass in the
control  (without application of the
herbicide) reached 6537 plants/m? and 9.8
g/m? respectively. Those values were
significantly higher than the corresponding
values in the positive control (5185
plants/m*> and 5.1 g/m?) and treatments
(4352-5556 plants/m? and 4.3-6.1 g/m?),
where the weed development was evidently inhibited. In 20 days after sowing, the effect was more
pronounced; a great number of clover plants died, and their density dropped to 1481 and 1790
plants per m? in the ecosystems with P(3HB)/MET films and microgranules, respectively; in the
positive control, the weed density was somewhat higher (2037 plants/m?). The amount of clover
biomass in the treatment groups had dropped to values that were an order of magnitude lower than
the corresponding value in the negative control. At the end of the experiment, at Day 50, no white
sweet clover plants were observed in any of the herbicide-treated ecosystems. It is important that
the clover plant density and the amount of the weed aboveground biomass were significantly lower
in the ecosystems with the two experimental formulations — P(3HB)/MET films and microgranules
—than in the ecosystem with the commercial formulation. Effective weed control caused an increase
in wheat productivity. At Day 50, in the negative control group, with no herbicide application,
wheat biomass increased to 135.5 g/m?. That was considerably lower than in the herbicide-treated
ecosystems (Table).
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Table — Density and dry biomass weight of wheat (Triticum aestivum) and white sweet clover
(Melilotus albus) plants in laboratory soil ecosystems treated with different formulations of the
herbicide metribuzin

Dry biomass of wheat (g/m?)

Density of wheat (plants/m?)

Type of
formulation 10 days 20 days 50 days 10 days 20 days 50 days
Films 20.6+1.1 90.8+10.0 198.6+11.3 1852 1852 1852
Microgranules 24.5£1.9 107.948.3 182.149.9 1852 1852 1852
Control(-) 23.9+£15 105.346.3 135.546.4 1852 1852 1852
Control (+) 23.1+£1.9 101.4+7.5 168.6+10.3 1852 1852 1852
Dry biomass of clover plants (g/m?) Density of clover plants (plants/m?)
Films 4.3+0.2 1.9+40.1 - 4352451 1481+37 -
Microgranules 6.1+0.4 1.3+0.1 - 5556161 1790+32 -
Control(-) 9.8+0.4 14.7+0.4 90.5+6.4 6537+85 6537+85 6537+85
Control (+) 5.1+0.2 2.1+0.1 - 518577 203767 -

Conclusion. The study showed the effectiveness of using experimental formulations of
metribuzin embedded in the degradable matrix of poly-3-hydroxybutyrate in weed-infested wheat
stands. Results of this study suggest that degradable poly-3-hydroxybutyrate is a promising material
for constructing pre-emergence slow-release herbicide formulations.
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Polyhydroxyalkanoates (PHA) is a family of diverse biopolyesters synthesized by many
natural or engineered bacteria. Like the well established genomics, transcriptomics or proteomics
that contain different arrangements of nucleotides or amino acids in DNA, RNA or protein polymer
chains, PHA that contain different arrangements of various monomers can be called PHAomics.
Unlike the above well-known - omics, the PHAomics contains also homopolymers of one
monomer, random copolymers of two or more than two different monomers, and block copolymers
of at least two homopolymers connected by covalent bond(s). The hydroxyl- group can be located
in 2- to 5-position of the alkanoic acids depending on how long the fatty acids are. The oxygen in
hydroxyl group can also be replaced by sulfur to become a polythioester. In addition, functional
groups such as double bonds, triple bonds or benzene ring can be incorporated into the PHA side-
chain to form functional PHA that can be chemically modified to become different polymers.
Furthermore, PHA having ultrahigh molecular weights or very low molecular weights exhibit
different properties that may have some high values to expect. The diversity of PHA can be
obtained by engineering the in situ fatty acid synthesis and/or fatty acid beta-oxidation cycle. The
PHA synthase specificity also plays a key role in deciding the PHA structures. The supply of
sufficient materials from the PHAomics will promote the discovery of new properties and new
applications of these types of advanced materials.

SUSTAINABLE BIOCOMPOSITES FOR STRUCTURAL APPLICATIONS:
CHALLENGES AND OPPURTUNITIES
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Increased environmental awareness and societal needs serve as a catalyst for developing
new eco-friendly materials like green composites. Today fibre composites are replacing traditional
petroleum based products such as resins in thermoset plastics, which are toxic and non-
biodegradable. Composites with natural fibres have the potential to be attractive alternative to
synthetic fibre composites. In the case of “Green” composites, natural fibres derived from bamboo,
hemp, or flax are being added to biodegradable resins, to reinforce polymer matrix materials and
improve the mechanical properties of resulting composites. In recent years there has been
considerable interest in using natural plant fibres as reinforcements for plastics. The motivation
includes cost, performance enhancement, weight reduction, and environment concerns. The natural
fibre-reinforced polymer composites are growing rapidly due to many advantages over traditional
composites. Fibre-reinforced composites have been used for many applications such as aerospace,
automotive parts from sporting goods, circuit boards, etc. Most commercially produced fibre-
reinforced composites use petroleum based or synthetic fibres and resins that are non-degradable.

Green composite combines plant fibres with natural resins to create natural composite
materials. The advantages of natural fibre over synthetic are low cost, low density, acceptable
specific strength properties, ease of separation, carbon dioxide sequestration, and biodegradability.
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Recent advances in genetic engineering, natural fiber development and composite science offer
significant opportunities for improved value-added materials from renewable resources with
enhanced support of global sustainability. Biodegradable polymers produced from renewable
resources such as plants, animals and microbes through biochemical reactions offer a convenient
and environment-friendly solution to the problem of plastic waste leading to Green computing or
ICT Sustainability.

TWILD-TYPE MICROORGANISMS AS DEGRADERS OF NATURAL
POLYMERS AND TRANSFORMATION OF
POLYHYDROXYALKANOATES (PHAs) IN THE ENVIRONMENT

Christopher Brigham?, Jean Huang? Morgan Zhu?, Tamunonengiyeofori Charles-Ogan®,
Lucy McCully®, Mark Silby?

'Department of Bioengineering, *Department of Biology, University of Massachusetts Dartmouth,
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There has been much interest over the past several decades in fermentatively producing
biological polymers with properties similar to well-known, chemically-synthesized polymers (e.g.,
polyethylene, polypropylene). A key facet of many bio-based polymers is biodegradability. Unlike
chemically-synthesized, petroleum-based plastics, biopolymers can be composted and will persist in
the environment for a much shorter period of time than synthetic polymers. Polyhydroxyalkanoates
(PHAS) are one such type of biopolymer. PHAs have been actively studied by many prominent
research groups as alternatives to traditional plastic raw materials. The biology of production [1]
and degradation [2], as well as key physicochemical properties of PHAs [3] have been the focus of
many investigations, all in an effort to provide a cost-effective production method for a sustainable
polymer.

Many chemically-synthesized polymers, in particular those produced by free radical addition
reactions, possess highly reduced chemical structures, suggesting that environmental degradation of
these polymers is unlikely. Most environmental organisms do not have the capacity to utilize highly
reduced compounds, and those that can use these compounds as carbon sources cannot do so
rapidly. Thus, these highly reduced polymers persist in the environment indefinitely. Bio-based
polymers like PHAs are have less reduced chemical structures and, moreover, are synthesized by
reaction mechanisms that are common in many organisms (i.e., condensation polymerization).
Polymers like PHAs can be broken down in the environment by specific, as well as non-specific,
biochemical processes. It is reasonable to assume that most organisms that are capable of
synthesizing PHAs are also capable of breaking down these polymers. Intracellularly, PHA-
producing microorganisms express dedicated esterase genes that can depolymerize PHA to its
requisite monomer or another similar compound from which the cell can derive carbon and energy.
PHA can clearly be degraded extracellularly, as many studies have shown. There is some evidence
of microorganisms that produce dedicated extracellular PHA depolymerases, but generally PHA
breakdown is performed non-specifically by extracellular lipase or esterase enzymes that are
expressed by a variety of environmental organisms. Many organisms have been isolated from
diverse environments and have been shown to break down PHAs. Developing a greater
understanding of environmental isolates and how these organisms metabolize PHA can help us
better understand the fate of these biopolymers in the environment and, on a larger scale, the global
carbon cycle.
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Aim. Isolation and preliminary characterization of environmental microorganisms that can
grow on PHA as the main carbon and energy source is an ideal educational project in microbial
ecology. The aim of this study is to elucidate the basic physiology of PHA-degrading
microorganisms.

Materials and Methods. Chemicals, including most microbiological growth media
components, were purchased from Sigma-Aldrich (St. Louis, MO, USA). Tryptic soy broth was
purchased from Fisher Scientific (Agawam, MA, USA).

A novel organism, Ralstonia sp. MD27, was isolated from a greenhouse compost pile [4].
The organism was isolated based on its ability to grow on polyhydroxybutyrate (PHB) as the main
carbon and energy source. Ralstonia sp. MD27 was grown at 30°C. Tryptic soy broth (TSB) was
used as rich media. Minimal growth media for examination of various carbon sources was
formulated as described previously [1].

Genomic DNA of Ralstonia sp. MD27 was extracted using Promega Wizard Genomic DNA
Purification Kit. Genomic libraries were then generated using Illumina Nextera XT sequencing
preparation kit and sequenced by an Illumina MiSeq at Tufts University Genomics Core Facility
(Boston, MA, USA) [4]. The genome was annotated using the NCBI PGAP pipeline. Phylogenetic
analysis was performed on a 16S rDNA sequence from MD27 and a representative group of 16S
rDNA sequences from other representative Burkholeriaceae species and strains.

Results. Robust growth of Ralstonia sp. MD27 was observed in minimal media with
glucose and fructose as the main carbon sources. Surprisingly, the amino sugar N-acetyl
glucosamine was not a good carbon or energy source for MD27 as slow growth was observed over
the course of 90-h culture time. More robust growth was observed when crystalline PHB was
provided as the main carbon source. Therefore, Ralstonia sp. MD27 is capable of breaking down
extracellular PHB and using the resulting breakdown products for growth.

The draft genome sequence of Ralstonia sp. MD27 comprises 5,917,320 bp with a G/C
content of 63.6%. Four putative PHA depolymerase (phaZ) genes were identified in the genome,
three intracellular depolymerase genes and one extracellular PHB depolymerase gene. Since the
organism is capable of growth using PHB as the main carbon source, the extracellular phaZ gene
and its putative protein product were examined more closely. The translated PhaZ sequence was
used as a seed for a BLAST search with the Depolymerase Engineering Database (DED,
http://www.ded.uni-stuttgart.de). Using this resource, the extracellular PhaZ product of MD27 is
categorized as a PHA depolymerase with a type | catalytic domain with substrate specificity for
extracellular, denatured short chain length PHA. Experimentally validated PHA depolymerases that
also fall into this category include the PhaZ from Ralstonia pickettii, which has been demonstrated
to bind to and degrade PHB in vitro [5]. We hypothesize that the extracellular PhaZ is expressed by
Ralstonia sp. MD27 and used to enzymatically break down crystalline, extracellular PHB.

Conclusion. By characterizing environmental isolates that degrade PHAs, we can engineer a
“super composter” microbial consortium that can rapidly degrade the polymer and products made
from it, thus minimizing the persistence of PHA in the environment. Ralstonia sp. MD27 could be a
part of this consortium. The next step is to elucidate the pathway of PHB degradation. Examination
of the role of the extracellular PHB depolymerase gene and its protein product could demonstrate
the utility of the organism in degradation of the different types of polymer. These studies are
excellent for the undergraduate student laboratory.
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N.O. Zhila

Siberian Federal University, 79 Svobodnyi Avenue, Krasnoyarsk, 660041, Russia
%Institute of Biophysics SB RAS, Federal Research Center “Krasnoyarsk Science Center SB RAS”,
Akademgorodok, Krasnoyarsk, 660036, Russia

E-mail: volova45@mail.ru

Of the various PHAs, poly(3-hydroxybutyrate/4-hydroxybutyrate) copolymers
[P(3HB/4HB)] deserve special attention. They are elastomeric materials with enhanced elongation
and tensile strength. The first products approved by the FDA for clinical uses were P(3HB/4HB)-
based devices designed by Tepha (U.S.) (http://www.tepha.com/pipeline-drugdelivery.htm).
P(3HB/4HB) copolymers can be synthesized by both wild-type and genetically modified strains
under specialized cultivation conditions, in the culture medium supplemented with such precursors
of 4-hydroxybutyrate (4HB) monomers as y-hydroxybutyric acid, y-butyrolactone, 1,4-butanediol,
etc. These substances, however, inhibit the growth of microorganisms, decreasing cell biomass
production, total copolymer vyields, and the 4HB fraction of the copolymer. Therefore, there are
only relatively limited data available regarding the properties and potential for wide-scale
application of these copolymers. Published studies mainly report results of synthesis and
investigation of P(3HB/4HB) copolymers comprising two components, with different 4HB
fractions. A number of papers addressed the effect of 4HB monomer concentration on the
temperature and molecular-weight characteristics of P(3HB/4HB) copolymers and their mechanical
properties. There are few published data on PHA terpolymers containing 4HB. Several studies
described  poly(3-hydroxybutyrate/3-hydroxyvalerate/4-hydroxybutyrate)  [(P(S3HB/3HV/4HB)]
copolymers with different monomer fractions and their temperature and molecular-weight
properties. Until recently, no data on the properties of PHA quaterpolymers containing 4HB
monomer units have been found in the available literature.

The purpose of this study was to investigate and compare physical, mechanical, and
biological properties of PHA bi-, ter-, and quarter-polymers containing various concentrations of
4HB.

Materials and Methods. Samples of PHAs of different composition were synthesized by
using Cupriavidus eutrophus B10646 wild strain, at the Institute of Biophysics SB RAS. Cells were
batch-cultured under strictly aseptic conditions, following the previously developed technology.
PHAs of different compositions were synthesized using precursor substrates such as valeric acid,
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hexanoic acid and y-butyrolactone. Polymer was extracted from cells with chloroform, and the
extracts were precipitated using hexane. The extracted polymers were re-dissolved and precipitated
again 3-4 times to prepare homogeneous specimens.

Results. Strain Cupriavidus eutrophus B10646 cultivated under specialized conditions of
carbon nutrition synthesized polymers with different proportions of 4HB monomer units:
P(3HB/4HB) bipolymers with 4HB 10.4-75.0 mol.% (3HB constituting the other fraction);
P(3HB/3HV/4HB) terpolymers with 4HB 28.7-55.6 mol.% (with 3HV 10.1 -20.5 and 3HB 27.4-
51.5 mol.%), and poly(3-hydroxybutyrate/3-hydroxyvalerate/4-hydroxybutyrate/3-
hydroxyhexanoate) [(P(3HB/3HV/4HB/3HHX)] quaterpolymers with 4HB 9.3 — 13.3 mol.% (with
3HV 6.4 -20.9, 3HHx 1.4-2.5, and 3HB 63.9-82.9 mol.%) (Table 1). The chemical composition of
monomers in the PHAs was identified using NMR spectrometry.

Table 1 — Chemical composition and physicochemical properties of PHA copolymers with different
proportions of monomers

Speci
r:gh PHA composition, mol.% &ADWa ii\l/lj”é D %;; T,°C | T.°C | Tmen, °C Té’g’r
homopolymer of poly(3-hydroxybutyrate)
| P(3HB) 100 | 920 | 368 | 25| 67 | nd | 107 | 178 | 295
PHA bipolymers 3HB/4HB
11 89,6 10.4 570 | 150 | 3.8 | 53 3.4 66 150 297
22 85.0 15.0 750 | 250 | 3.0 | 50 -2.6 57 158 296
33 70.7 29.3 830 | 220 | 3.8 | 46 n.d. 96 162 298
44 439 56.1 770 | 190 | 4.1 | 40 n.d. 97 162 299
55 25.0 75.0 700 | 150 | 4.7 | 30 n.d. 88 158 295
PHA terpolymers 3HB/3HV/4HB
56 50.8 20.5 28.7 580 | 180 | 3.2 | 35 -5 64 166 278
7 51.5 10.1 38.4 490 | 170 | 29 | 33 -5 61 164 280
8 27.4 17.0 55.6 540 | 160 | 3.4 | 26 n.d. 25 166 296
PHA quaterpolymers 3HB/3HV/4HB/3HHXx
9 639 | 209 | 133 | 1.9 | 790 | 150 | 53 | 45 -0.7 51 169 292
10 747 | 127 | 10.1 | 25 | 580 | 130 | 45 | 44 -3.1 70 165 290
11 829 | 6.4 9.3 14 | 760 | 150 | 5.1 | 39 -4.4 63 161 289

n.d. — non detected

Results of studying the microstructure and physical/mechanical properties of polymer film
are shown in Fig. and Table 2. SEM images of the samples prepared from polymers with different
chemical composition and differing in their physicochemical properties looked dissimilar; the
surfaces of copolymer films, in contrast to the surface of P(3HB)-based ones, were developed (to
different degrees), porous, and uneven. The surface of the P(3HB) films was smoother and denser,
with a few small pores, of diameter of no more than 0.5 um. The surface structure of the films
prepared from bipolymers was noticeably different from the surface structure of P(3HB) film in that
it was rougher and had pores of diameter between 0.5 and 5 um and prominent circular structures.
The surface of the films prepared from terpolymers and quaterpolymers was also rougher, with very
many pores of different diameters (between 0.5 and 6 pum).
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II-9 MexxgyHapogHasa HaydHast KoHdepeHLma
«BUOTEXHOJIOIMMA HOBbIX MATEPUAJIOB — OKPYXAIOLWAA CPEOA — KAHECTBO XU3HU»

Table 2 — Physical/mechanical properties of films prepared from PHAs with different compositions
(numbers according to Table 1)

_ . Young’s . Ra — arithmetic
Specimen Tensile Elongation at average of the Rqg - root mean
modulus, .
no. strength, MPa MPa break, % roughness profile, | squared roughness, nm
nm

P(3HB) 20.9 1764.0 3.2 71.8 80.3
1 14.8 975.7 5.7 92.9 113.1
3 7.8 242.9 30.7 177.6 248.1
5 15.4 424.8 323.4 568.2 681.1
7 5.3 130.5 47.6 126.5 170.7
8 8.8 34.3 365.4 184.5 221.8
9 7.3 127.8 93.7 132.5 172.9

40,0um

Figure — SEM of microstructure of polymer films: A — P(3HB/29.3 mol.%-4HB), B — P(3HB/75.0 mol.%-
4HB), C — P(3HB/10.1 mol.%-3HV/38.4 mol.%-4HB), D — P(3HB/17.0 mol.%-3HV/55.6 mol.%-4HB), E —
P(3HB/20.9 mol.%-3HV/13.3 mol.%-4HB/1.9 mol.%-3HHX), F — P(3HB)

Conclusion. Copolymers containing 4HB were more ductile than homogenous P(3HB):
their values of elongation at break were higher than that of P(3HB). However, their mechanical
strength was lower. All copolymers containing 4HB were highly biocompatible and suitable for
fabricating cell scaffolds for cellular and tissue engineering.
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[IpyHIMIT  TOCTYMHOCTH  CBIPbS  SIBJISIETCS OJAHUM W3  OCHOBOIIOJATapIIMX  IpU
OMOTEXHOJIOTMYECKOM IPOM3BOJACTBE LENEBBIX MPOAYKTOB. DTO IMO3BOJSET PEAM30BaTh 3aMEHY
POCTOBBIX CYOCTpaTOB 0€3 CYIIECTBEHHOIO M3MEHEHHUS! TEXHOJOTMYECKOro Ipolecca U Moiaydarb
MOPOAYKTHl IS pa3nuuHbIX cdep mnpuMmeHeHus. [IpuBIeKaTeNbHOCTh OWOTEXHOJIOTUYECKUX
MIPOLIECCOB CBSI3aHA HE TOJBKO C BOZMOXKHOCTBIO CUHTE3a IIUPOKOTO CIEKTPa LIEHHBIX OMOMOJIEKYII
MUIIEBOr0, TEXHUYECKOTO U MEJUIIMHCKOTO HA3HAYEHMsI, HO M C BO3MOYKHOCTBIO IIPUBJICUEHUS IS
3TOr0 UHIMPOKOrO CHEKTpa HWHAUBUAYAIbHbIX C-COENMHEHUH, a TakkKe OTXOJOB pPa3Iu4YHOrO
IIPOUCXOXKACHHUS.

Pazpymaembie nonuruapoxcuankanoatsl (I1['A) cHHTE3UPYIOT TPUPOIHBIE MPOKAPUOTHI
WIM TEHETHYECKH MOAU(DUIMPOBAHHBIE INTAMMBI C TPHUBICYCHHEM pPa3JIHUYHBIX CyOCTPAaTOB,
VWHJMBHUIYAJIbHBIX COCIUHEHHUN, CPEIN KOTOPBIX caxapa, OpraHU4eCKUe KUCIOThI, COUPTHI U T. 11, a
TaK)K€ OTXOJbl IPOU3BOJCTB caxapa, NaJIbMOBOIO Macja, MsICOMOJIOYHOM, CIIHPTOBOM,
(bapmaleBTUUECKOI MPOMBIIIEHHOCTH, THIPOIN3AThl PACTUTEIBHBIX OTXOA0B U AP.

Pacmmmpenne wmacmtaboB MPOW3BOJCTBA M MPUMEHEHHS IOJUTHAPOKCHAIKAHOATOB B
HACTOSIIIIEE BpEMsI TUMUTHPYIOTCSI X CTOMMOCTBIO. B cBsA3M ¢ Tem, uTo npu npousBoacTse [1I'A 1o
40-45 % 3arpar mpUXOAMUTCS Ha JOJIIO YIJIEPOJHOro CyOCTpaTa, MOUCK JAOCTYIHBIX HCTOYHHMKOB
YIJIepo/ia — aKTyaslbHasl 3aJ1a4a TEXHOJIOTUU IPOU3BOICTBA 3TUX LIEHHBIX ITOJIUMEPOB.

[IpoxykTuBHBIE TeXHOJIOTHYECKHE TMporecchl OuocuHTe3a [I['A, paspaboranHble U
peanu3oBanHble B MHctutyre Oumodusumku CO PAH, opueHTHpOBaHBI Ha MCIOJIB30BAaHUE
Pa3NIUYHBIX POCTOBBIX CYOCTpaTOB, CpeIu KOTOPHIX Ta30Bble CMECH IHOKCHAA yriepoia u
BOJIOPO/Ia; CHHTE3-Ta3, MOJIy9aeMblid KOHBEPCUEH MPUPOJTHOTO Ta3a, razudukanueid Oypoix yrien u
rugponu3Horo JsmramHa [1,2];  caxapa (¢pykTo3a, TIIOKO3a), OpraHUYECKHE KHUCIIOTHI,
XKUPOIO00HBIE CyOCTpaThl, BKIIIOYAs pacTUTENIbHOE Macio [3,4].

CpaBHHMTENBHO HEIABHO B KAauyeCTBE IEPCIEKTUBHOTO OHMOTEXHOJOIMUYECKOro cybcrpara
paccMaTpuBaloT INIMIEPUH, MacIiTaObl MPOU3BOJICTBA KOTOPOTO B HACTOSIIEE BpEMsi BO3PACTAIOT.
CBs3aHO 3TO C POCTOM IPOU3BOJCTBA OMOAM3ENSI KaK aIbTEPHATUBHOIO HE(PTH BO30OHOBISEMOTO
ncrovynuka sHepruu [5]. [Ipu monmydenun 6monuzens nepesTepruduKaIuil >KUpOMOIHBIX CyOCTpaToB
CBIPOW TUIMLIEPUH SIBISIETCS MOOOYHBIM TPOAYKTOM. OUHUIIEHHBIA TIUIEPUH SIBISETCS BaKHBIM
CBIPBEM ISl MUILEBOM, KOCMETHUYECKOH, (papMalieBTUUECKONW MPOMBIIIIIEHHOCTH, HO MPOLIECCHI €ro
MOJTy4YeHHs BeChMa 3aTpaTHBI, TIOATOMY 3aBOJBI HEOOJBIION MPOU3BOIUTEIHHOCTH SKOHOMUYECKU
He ompaBaaHbl. ChIpOH, HEOUMINECHHBIH TJIMIIEPUH, SBISIFOIIUICS IMOOOYHBIM TPOIYKTOM TIPH
BO3pACTAIOIIMX O0BbEMax MpPOU3BOJACTBA OWOIU3ENs, TEPCHEKTUBEH B KAayecTBE HCTOYHMKA
yriepona Juisl psaa TEXHOJOTHUYECKHX IPOIIECCOB C Ienbl0 ToiydeHus: 2,3-Oyranauona; 1,3-
MPOMaHANONIa; SHTAPHON KUCIOTHI U C HEJJABHUX MOp — MOJUTHApPOKcHankanoatoB. K Hacrosimemy
BpEMEHH HccieloBaHbl nporecchl cunte3a [1I'A mpupoaHbIME U peKOMOMHAHTHBIMH IITAMMAaMH B
Pa3INYHBIX KyJbTHBAIIMOHHBIX YCIOBHSX C BbIXOAaMH 10 monumepy ot 20-40 no 60-80 % [5].

Hear padorbl — uccienoBanue mporecca cuHre3a [II'’A Ha riaunepruHe NPUPOTHBIMU
ITAMMaMH BOJAOPOOKUCIISIFOIINX OaKTepHit.

Matepuanbl u MeToabl. B KauecTBe poCTOBOro cydocTpaTa MCIOIb30BAIN TIIHLIEPUH «U».
bakrepun Ralstonia eutropha B-5786 wu Cupriavidus eutrophus B-10646 BeipammBaid B
MEPUOIMYECKOM DPEXKHUME C HCIOJIB30BAaHUEM CTEKISIHHBIX KOO oOsemom oT 0,5 mo 2,0 1 B
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weiikepe unkyGarope «Incubator Shaker Innova® («New Brunswick Scientific», CILIA). s
MacmTaOupoBaHusl mporecca NpuMeHsun ¢epmertep odbemoM 30 1 ¢ KO3 PHUIMEHTOM
samonnenus 0,6 «Bioengineering NLF 22 (I1Iseitapust)

PesyabTaTel. HMccnenyemble mTammbl  Oaktepuid — mpoxyueHtsl III'A, panee
BbIpall[UBa€Mble Ha caxapax, INpH 3aMeHe WX TJIMIEpPUHOM HE cpa3y YTHIM3HPOBAIM HOBBIN
cyocTpar, a mocne nar-¢asbl, JIUTEIbHOCTh KOTOpoWl cocraBisia 1o 20-24 4. BapwsupoBanue
WCXO/IHOW KOHIICHTPAIIMM TIUIEpUHA B cpene oT 5 mo 20 /1 u mepeceBbl KynbTyp B TEYCHHE
HECKOJIbKUX JIECATKOB ITMKJIOB COINpPOBOXKIAIUCH ajanTtanueil OakTepuil K TIIMLEpPUHY U
COKpalIeHHEeM IMTEIbHOCTH JIATEHTHOTO MEpPHOoJa /10 MOJHOro €ro MckKitodeHus. B kombouyHoin
KyJIBType ypo)kau Mo Oromacce KJIETOK COCTaBHIM 10 6-8 T/, 3TO COMOCTAaBUMO C MOKa3aTeNIsIMU
Ha caxapax. KoHnenrpamus nonu-3-rugpokcudyrupaTa B kiieTkax cocrapisiia oT 50-60 go 70 %.
bosiee mpoayktuBHbIM Tpu3HaH mTamMMm Cupriavidus eutrophus B-10646, koropsiii ObLI
MCIIOJIb30BaH I MaclITaOupoBaHus Mpolecca.

Peanu3oBan maccoBslii npormecc 6rnocuHTe3a B 30-TH TUTPOBOM (epMEHTEpe MpH padodem
o0beMe 18 11 u cTapTOBOW KOHIICHTPAIIUK KJIETOK B HHOKYJISATE 2 T/J1 B IBYCTAIUNHOMN KYJIBTYpE TPH
JTUMHUTUPOBAHUH POCTa KIETOK Ae(PHUIMTOM a30Ta Ha NEPBOM 3Tarie B TeueHue 24 4 u B 6€3a30THOM
cpene — Ha BTopoM 3tane. CtapTroBasi KOHIICHTpALHs TIUIepruHa B KyJIbType cocTaBuiia nopsaka 30
I/J1; TeKYIIYI0 KOHIICHTPALIMIO 3TOr0 CyOcTpara B KyJIbType MOoAAepKUBalu Ha ypoBHE 5-10 /1 ipu
nojaye B KyJIbTYpy IJIHMIIEpUHA MEPUCTAIbTHUYECKUM HAcOCOM Jo3aTopoM. (depmeHTaIllMOHHBIH
UK B TeueHue 48 4 obecrnieums ypoxaii ouomaccel 6akrepuii C.eutrophus B-10646 mo 70-75 r/n
P BBIXOJaX rmojaumepa He ke 65-70%.

3akmouenue. [lltamm Bomopomokucnstomux Oakrepuii Cupriavidus eutrophus B-10646
aJIalITHPOBaH K IJIHMIIEPUHY KaK OCHOBHOMY pocToBoMy C-cyOcTpaTy B peXHME CHHTE3a MOJU-3-
rUIpoKcuOyTHpaTa. JIOCTUTHYTBbIE TpH MacIITaOMPOBAHUHU TpolLecca OHOCHHTE3a BBIXOJBI
MoJInMepa U ypoxail Gmomacchl KJIETOK COMOCTaBUMBI C MPOAYKIMOHHBIMU XapaKTEpPUCTUKAMHU
[ITaMMa Ha TIII0KO03€.
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MUKPOBHOJOTMYECKUN CTATYC MAJIOTHOI'O MPOU3BOJICTBA
PA3PYHIAEMbIX BUOIIJIACTUKOB

H.A. TpoeryooBa, A.B. [lemunenko, E.I'. KucesieB

Cubupckuii pedepanvruiil ynusepcumem, np. Ceoboousiii, 79, 660041. Poccus
E-mail: evgeniygek@gmail.com

buoTtexHonornueckue NPOU3BOACTBA B 3aBUCHUMOCTH OT Ha3HAYEHUS I[OJIy4aeMbIX
MPOAYKTOB BBIJBUTAIOT pa3iMuHble TpeOOBaHMA K MpoOiieMe KOHTAMUHAIMM, KakK Ipolecca
dbepMeHTalMK, TaK M TEXHOJOTMH B 1elioM. B xome peanuzanuu OHMOTEXHOJIOTHYECKHX
MIPOU3BOJICTB MPOJYKTOB MEIUIIMHCKOTO M OMOJOTHYECKOro0 Ha3HAa4YeHHUs, HEOOXOOUMO pelaTh
KOMIUIEKC ~TEXHOJIOTMYECKHUX 3aJady, CYIIECTBEHHOE MECTO CpeAM KOTOPBIX 3aHHMAaloT
MUKPOOHUOJIOTHYECKUN KOHTPOJIh M MEPhI, UCKIIOUYAIONINEe KOHTAMUHAIIUIO KYJIbTYPBl U MPOIYKTA.
MuKpoOHOJIOTHYECKUH MOHHTOPHHT M KOMIUIEKC MEpPONPHUATHH 00€CIeUnBaOT Ha kKA
MHUKPOOHOJIOTUYECKHI CTaTyC MPOU3BOJCTBA, a TaKXKe SBIAIOTCA O00s3aTEIbHBIM YCIOBHEM
oOecrieueHrss OOIIETO KOHTPOJISI M YNPaBICHUS OMOTEXHOJOTMYECKHUM IMPOIlecCOM. BakHOCTH
JAHHBIX MEpOIPHUITUH 00YCIIOBIIEHA HEOOXOJMMOCTBIO 00ecreueHs] OTCYTCTBUS KOHTaMUHAIMU
MIPOM3BOJICTBEHHOM KYJIbTYpbl HAa BCEX CTAaUSAX OMOCHHTETHYECKHX IMPOIIECCOB, FapaHTUPYIOLIUX
MI0JIy4YEHHUE 1IEJIEBOTO IPOAYKTA BHICOKOTO KauecTBa

Heanio padoThbl 6110 OOECTICYCHUE U KOHTPOJIb MUKPOOHOJIOTHYECKOTO CTaTyCca OMBITHOTO
MIPOU3BOJICTBA OMOAETPATUPYEMBIX OMOIUIACTUKOB (TIOJMIHAPOKCUAIKAHOATOB) B COOTBETCTBUU C
TpeOOBaHUSAMU MEXTYHAPOJHBIX U POCCUICKUX HOPMATUBHBIX TOKYMEHTOB.

B 3amaun uccnenoanus Bxoawno: 1) IlpoBeneHne MHUKpOOHMOJIOTHUECKOTO KOHTPOJS Ha
CTaIuAX MPOU3BOJCTBA IOJUMEPHOrO0  MaTepuajga OHOMEOUIIMHCKOTO  Ha3HAUeHUS  —
ITOJINTUIPOKCUATIKAHOATOB (IITA): npeadepMeHTalnOHHOM, (epMEeHTaLMOHHOH,
noctdhepmeHTannonHoi. 2) OmnpeneneHue (HakTOPOB WU MCTOYHUKOB MHUKPOOHOW KOHTaMHUHAIWH,
NPUBOAAIIMX K HapyIIEHUIO OWOTeXHoNorndyeckoro mpomecca. 3) Pa3paboTka mporpaMmsl
PEKOMEHIalUi MO MPEeAYNPENKACHUIO U YCTPAaHEHUIO MUKPOOHOM KOHTaMUHAITUH.

PesyabTaThl. IlpoBeneH MHKpPOOMONOTMYECKUH KOHTPOJIb Ha CTAgUsIX IPOU3BOJICTBA
MTOJTUTUIPOKCUATTKAHOATOB (IIT'A): npeadepMeHTaIMOHHOM, (bepMeHTAITMOHHOM,
nocT(hepMEeHTAIIMOHHOI; MMOJlydyeHa OLIEHKa MUKPOOHOIOTUYECKOTO COCTOSHUS MPOU3BOACTBEHHON
30HBI M Tpolecca mojydyeHus mnponaykra. OmnpelneneHbl HUCTOYHUKU M KIIHOYEBBbIE (PAKTOPHI
BO3MOXKHOW  MHUKPOOHOH  KOHTaMHHALlMM, CpPEAM  KOTOPBIX TUTHEHHYECKOE  COCTOSHHE
MPOM3BOJICTBEHHON cpeasl  (BO3ayXa, TOMEIICHHH, TOBEPXHOCTEH ©  TEXHOJIOTHYECKOTO
000pynoBaHUsl), BXOAHBIX MOTOKOB KOMIIOHEHTOB MHUTATENBHBIX CPEJl U WHOKYJSATA, CAHHUTAPHO-
TUTUEHUYECKOTO COCTOSIHMSI M TpaBWJl paboThl mepcoHana. Pa3zpaboTaHbl KOpPpEKTHpYIOIINE
JEeWCTBUS TI0 MPEAYIPERKACHUIO U YCTPAHEHUIO BOZMOKHOM MUKPOOHON KOHTAMHHALIMH, TJIaBHBIMU
U3 KOTOPBIX SBIAIOTCA IITaTHOE (YHKIMOHUpPOBaHHE (UIBTPALMOHHBIX CHCTEM BO3IyXO- H
BOJIOOYHCTKH, DErJIAaMEHTHPOBAaHHBIC TpaBWiIa YOOpKM W Ae3MH(EKIMH MPOU3BOJICTBECHHBIX
MOMEILIEHUH, CAHUTAPHO-TUTHEHNYECKOE COCTOsSIHUE U paboTa nepcoHana. Pa3paborana mporpamMma
MHUKPOOHOJIOTMYECKOTO0 MOHHUTOPUHTA W KOHTPOJIA OIBITHO-IIPOMBIIIICHHOTO TPOU3BOJICTBA
OuoferpaiupyeMbIX —MOJUTHAPOKCHAIIKAHOATOB C  ONpeAeNieHueM OOBEKTOB M METOJIOB
HCCIIEIOBAHMS, IIJIAHOM 0TOOpa Mpo0, a TAK)KE YCTAaHOBICHHEM KPUTHUECKOTO YPOBHS COJECpPIKAHUS
MUKpooprann3moB. Ha ocHoOBe aHann3a MUKPOOMOJIIOTMYECKOTO MOHUTOPUHIA COCTOSIHHMSI BCEX
craguii 6morexHomoruueckoro noiaydenus 1A u pa3paboTaHHOM mporpamMMbl BeJeHHUs Ipoliecca
o0ecrieueHbl MHUKPOOMOJIOTHYECKUI CTaTyC M yCJIOBHS  (YHKIMOHUPOBAHMSI  OIMBITHOTO
MIPOU3BOJICTBA B COOTBETCTBUHU C TPEOOBAHUSIMHU HOPMAaTHUBHBIX TOKYMEHTOB.
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[Tomurunpokcuankanoatsl (I[1['A) mpencTaBisOT TEPCIEKTUBHYIO TPYIIY IOJIUMEPOB,
SIBIISTFOIIAMUCS OMOJIOTUYECKH COBMECTUMBIMU, TEPMOTUIACTUIHBIMU U HE TOKCUYHBIMH, YTO JIeTacT
UX TPUTOJHBIMHM JJIsi Pa3iIMYHbIX O00JIacTell MPUMEHEHUS B TMPOMBIIUIEHHOCTH, MEIUIMHE,
CEeNTbCKOM XO3siicTBe M pyrux cdepax [1]. s MeOUIMHBI U HAYYHBIX HCCIICAOBAHUHI Ba)KHOE
3HauYeHHE HMeeT 4YHucToTa Ouomonumepa. OuucTka MoJKMMeEpa OT MpUMeced U JTUIUAHBIX
3arpsi3HEHUN BJIEUET JOMOJIHUTENIbHBIE 3aTpaThl JJIg Mpoliecca AHKCTPAKIMH, KOTOPbIE MOTYT
coctaBiaTh 10 50 % ot ctoumoctu [1['A, mo3TOMY 3HAUMTENBHYIO pOJib B OOIIEH CTOMMOCTHU
npousBojcTBa [II'A urpaet croco0 BeIeIeHUS TOJIMMEpPa U3 KIETOUHOU Oromaccsl [2].

CHukeHHne cTOMMOCTH Tporiecca skctpakiuuu [I['A sBisieTcss akTyalbHOW 3amayed s
MPAKTUYECKOW TMPUMEHUMOCTH TEXHOJOTHH. Peamuzamuss MHOTO(GAKTOPHOTO OKCIIEPHUMEHTA
MO3BOJIUT OLEHUTH BIIMSHHE PA3JIMYHBIX MAapaMeTPOB Ha BBIXOJHBIE XaPAKTEPUCTUKH MPOAYKTA U
o0ecneunTh MaKCUMAIIbHBI BBIXOJ TMPOAYKIMA C MHHUMAIbHBIMUA 3aTparamu. [loaromy
HEOOXOIMMO  OMNpEAETUTh BXOJHBIE MapaMeTpbl Mpolecca OKCTPAKIMH, IO3BOJSIOLINE
MUHMMHU3UPOBAaTh BpeMs W  TEMIIEpaTypy OKCTPAKIMH, KCIOJIb30BAaHUE OPraHUYECKUX
pacTBopuUTeNiel B CBSA3H C WX BBHICOKOW CTOMMOCTBIO, a TaKXKe 00ecrneynBaronife BEICOKUNA BBIXOI U
YUCTOTY MOJIMMEpPA C COXPAaHEHHEM €ro CTPYKTYphl. BakHbIMH (aKkTOpaMu, OKa3bIBAIOIIMMH
BJIMSIHME Ha BBIXOJ| MOJUMEpPA, SIBISIOTCA TEMIIEparypa U BpeMsi cupToBOM skcTpakuuu [1T'A u3
ouomaccel [3].

Leabp paGorsl — ompeneneHUE ONTUMAIbHBIX (DAaKTOPOB SKCTPAKLUUU ISl YBEITUYCHUS
BBIX0/1a MTOJIUMEDPA.

Marepuanbl W MeToabl. lVcxomHbrii o0pazery mnpeacTaBiIseT co0oil  JTHO(GHIBHO
BBICYIIICHHYI0 Oromaccy Oakrepuii Cupriavidus eutrophus B-10646 ¢ Biaxxunoctsio 3 £ 0,2 %.

B xoxe sxcniepuMeHTa SKCTpaKIMio 6MoMacchl MPOBOAMIM B J1Ba 3Tana. Ha nepBoM stane B
KauecTBE IKCTPAreHTa MCIOIb30Baau 3TaHol [2]. Mcnosib3oBaHue 3TUIOBOTO CIIUPTA MO3BOJISIET C
OJTHOM CTOPOHBI YACTHYHO pa3pyILIUTh CTPYKTYpy KIETOYHOM MeMOpaHbl U YIY4YLIUTh €€
MIPOHUIIAEMOCTh, & C APYrOi CTOPOHBI — YIANHUTh JIMIHUIOMOAO0HBIC COSAMHECHUS ISl MOTYICHUS
MoJinMepa BBICOKOM uwncTOTHl. Ha BTOpOM »3Tame OYHMIIEHHYI0 OHOMAaccy 3KCTparpoBald
JIMXJIOpMETaHOM. BpIOOp maHHOro pacTtBopuTenss OOYCIOBICH €ro BBICOKOH pPacTBOpPSIOIIEH
crocoOHOCThIO o oTHOIeHHIO K [TTA.

DKCIIepUMEHT MPOBOAMIIN C BapHamuel AByX (PakTOpOB IKCTPAKIIUN ITAHOIOM: TEMIIEPATYPHBI
u BpeMeHH. VMccrnenoBanue ObLJIO MOCTaBIEHO B BUE MOJHOTO ABYX(AKTOPHOTO 3KCIIEPUMEHTa C
TpeMsi YpPOBHSIMH Bapwaluu Kaxaoro (akropa. Ha ocHOBe mpeaBapUTENbHBIX PE3YyIbTaToB [2]
AKCIEPUMEHTAIbHBIN TUana30H OTOOpaHHBIX IEPEMEHHBIX Mpollecca MpecTaBieH B Taom. 1.
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Tabmuma 1 — BxomHbIe mapaMeTphl B KX YPOBHH, UCTIOJIb3YeMbIE B (DaKTOPHOM aHAIH3E

N YpoBeHb akTopa
Bxognoii mapametp [Tepemennas 5 1 5
Temmneparypa sxcrpakimu, °C X3 30 45 60
Bpewmst sKkcTpakiu, MUH X 30 60 90

PesyabTaThel. [loydeHHbIe pe3yinbTaThl ABYX()AKTOPHOTO IKCIICPUMEHTA PEICTABICHBI B
TadII. 2.

Ta6mmma 2 — Beixop [1I'A B 3aBUCHUMOCTH OT BapHaIlii BPEMEHHU U TEMIIEPATYPhl SKCTPAKITUN

Homep skcniepumenTa MN3ydaeMbie paKkTOpHI PesynbTaT onbiTa
Temneparypa °C (X) Bpewmst akcTpakiuuy, Breixon IIT'A, % (Y)
MuH (X3)
1 30 30 62 +2
2 30 60 83+3
3 30 90 80+3
4 45 30 752
5 45 60 81+3
6 45 90 78+2
7 60 30 68 +2
8 60 60 75+3
9 60 90 532

Pe3ynbraThl SKCIEpUMEHTa MPOAHATM3HPOBAHBI ¢ MoMoIbio mporpammbl Excel 2010 ¢
HCTOJIb30BAHUEM PETPECCHOHHOTO aHajiu3a JMaHHbIX. [lonydeHo ypaBHEHHE JMHEWHON perpeccuu
BTOpOro nopsiaka (popmyna 1) ams 1aHHOTO ABYX(PaKTOPHOTO SKCIIEPUMEHTA:

Y =79,96—-0,23%x, +2,23%X, (1)

3HavueHusT KOA(D(PUIIMEHTOB pErpeccMu OBLUIM PacCUMTAaHbl 110 JaHHBIM BBIOOPKH.
Heo6xoanmMo y6enuThest, 4TO paccunTaHHble KO3(PUIneHTs OyayT CTaTUCTUYECKU 3HAYUMBI (T.€.
OTJIMYHBI OT HYJS I 3HAYUTEIBHOH YacTH BBIOOPOK W3 paccMaTpUBaeMOW T'eHEpabHOU
COBOKYITHOCTH) M BOWAYT B MOAENb. [ OIEHKH CTaTUCTHUECKOW 3HAYUMOCTH Kod(hduimenra
perpeccuy BBIIBUTACTCSl HyJIeBasi THIOTE3a O PABEHCTBE KOX(PQHUIIMEHTOB perpeccuu Hymwo. P-
3HA4YECHUE — BEPOSTHOCTH BBIIOJIHEHHS HYJIEBOM TUIIOTE3bI IS COOTBETCTBYIOIIET0 KO3 puumeHTa.
Jns mamux ganabix P(-0,23) = 0,3 %; P(2,23) = 0,8 %. B cBsa3u ¢ Tem, uro P-3naucHue menee 5 %,
TO KO3 HUIMEHTHI CTATUCTHYECKH 3HAYUMBI C HAJEKHOCTBIO 95 %, ¥ BKIIIOUAIOTCSI B MOJIEIb.

[To xoaddummenTam ypaBHEHHS BHUIHO, YTO (PAKTOP BPEMEHH (X2) /aeT Oojiee CHIIbHBIN
OTKIUK (yHKIMH, yeM (akrop TemmepaTypsl (Xi), Tak kak 2,23>0,23. Ilpomecc wu3BiIedYEeHUS
OKCTPAKTUBHBIX BEIIECTB sBIsieTCsl MU (y3HOHHBIM TiporieccoM. C MOBBIMICHHEM TEMIIEPATYpPHI,
COTJIACHO KWHETHYECKOW TEOpPHHM, MOBBIACTCS CKOPOCTb JBMDKEHUS YACTHUIl PACTBOPEHHOTO
BEIIECTBA M YMEHBINACTCS BSI3KOCTh PACTBOPUTENSI, YTO CIIOCOOCTBYET YBEIMYECHUIO CKOPOCTH
BHyTpeHHel nuddy3nm.

Beixon monmmmepa w3 OMOMAcCCHI, TIOJTYYCHHBIH B XOJ€ AKCIEPUMEHTa B 3aBHCHMOCTH OT
M3MEHEHHSI TEMIIEPATYPhI IIPH PA3INYHOM BPEMEHH SKCTPAKLUH, IPEICTABICH HA PUCYHKE.
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Pucynok — BiusiHue TeMreparypbl CIMPTOBOM sKkcTpakiiuu Ha Beixoq [1ITA B Teuenue 30, 60 u 90 mun

W3 rpaduxoB BuaHO, uTO MakcuManbHbIi BbeIxoJ II'A u3 Ouomaccel (B HPOILEHTHOM
COOTHOILIEHUH OT COJIEPKAHUS TIOJMMepa B KIeTKe) coctaBull 83 + 3 % npu temneparype 30 °C u
BpEMEHU BO3/eUCTBHs 3TaHoI0M 60 MuH. Hanmensmii Beixon noiauMepa (53 + 2 %) noxyden npu
HanOoJiee JUTUTEIIbHOM BpeMeHU o0paboTku 6uomaccel (90 MHH) B MaKCHMaJIbHOM TEMIIEPATYPHOM
pexume (60 °C). BO3MOXHO, NMPUUYMHONW CHIDKEHUSI BBIXOJA IOJIHMMEpA SIBJISCTCS JICHATYpPAIUs
O€NKOB, YIJIEBOJAOB M JIPYIMX COECIUHEHHUI IMOJ BIMSHUEM BBICOKHX TeMIepaTyp, oOpa3oBaHue
CBOOOJHBIX AKTHUBHBIX PAIHMKaJIOB, B TOM YHCIE MPU OKHUCICHHUU KUCIOPOJIOM, YTO MPUBOIUT K
pa3peIBy Oosee crnalbix cBsi3eld B MoJjiekyne moiumepa [4,5]. Takum oOpa3om, mpu BO3IEHCTBUN
TEMIIepaTypbl SKCTpakiuu cBbiiiie 45 °C BBIXOJ MMOJMMEpPa CHIDKACTCS, aHAIIOTHYHOE HEraTHBHOE
BO3/CHCTBUE OKA3bIBAET U MPOAOKUTEILHOCTh AKCTPAKIIMU B YCIOBHSIX MOBBIIIECHHBIX TEMIEpaTyp.
C yBenuueHHEM BPEMEHHM SKCIO3ULMUH, CTENEHb JAECTPYKLUMH TOJIMMEpa BO3pacTaer, a
KOJINYECTBEHHBIE XAPaKTEPUCTUKH CHUXKalOTca. Tak, NMpu caMoil MHUHHUMAJIbHOM TemmepaType
skerpakiun (30 °C) cpenHeBecoBas MOJEKY/ISIPHAS Macca IoaMMepa cocTaBisieT okoio 708,54 k/la,
a py Bo3elicTerM 0osiee Bhicokux Temmeparyp (60 °C) ona ymensiaercs 1o 501,88 x/la. B a10 xe
BpeMsI ITPU YBEITUUEHUH TEMIIEPATYpbl OTMEYAETCS CHIXKEHUE BBIXO/A IIoJuMepa Ha 36 %.

3akaodenue. [lo pesynbraTaM NPOBEACHHOTO SKCHEPUMEHTAa MOXHO OTMETUTh, UTO
MakcuManbHbIi BeIxo 1 I1I'B u3 6uomaccel cocrasun 83 + 3 % npu temneparype 30 °C u BpeMeHn
skcno3uuu 60 Munyt. IlomyueHHBIE pe3ysibTaThl CBHAETENBCTBYIOT, UYTO IMPOLECC IKCTPAKIIMH
III'b TpebGyer MArkoro pexuma oOpabOTKM OMOMAcChl 3TAaHOJIOM, W B AajbHEWIIEM, pelIeHHe
ONTUMHU3AIMU TIPOIEcca IKCTPAKIUU OyJeT CBEEHO K HAXOXKICHUIO BXOJHBIX TEXHOJOTHYECKHX

[apaMeTpoOB, MO3BOJIAIONIUX OJIY4aTh MOJUMEP C TPeOYEMBIM BBIXOAOM, XapaKTEPUCTUKAMU U C
3aJaHHOU YHMCTOTOM.
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CriocoOHOCTD MOUTUIPOKCHAIIKAHOATOB Pa3pyIIAThCS B OMOJIOTUYECKUX CpEelax SIBISAETCS
OIHUM M3 HauOoliee IEHHbIX HUX CcBOMCTB. [lomuruapokcuankaHoaTel W M3AENUS M3 HHUX
pa3pymaioTcs B OMOJIOTMYECKHX Cpefax ¢ oO0pa3oBaHHEM OE3BPEIHBIX IJISi OKPYXKAroIled cpelibl
MPOJYKTOB: TUOKCHJA YIepo/ia U BOJbI B a3pOOHBIX YCIOBUSX U METaHa U BOJbI — B aHAPOOHBIX.
buonerpanauus III’A  ocymectBusiercss  cneuunanuzupoBanHbiMu  [II'A-perpaaupyromumu
MUKPOOpPTraHu3MaMu, 00IaIaloIMMU BHYTpU- WK BHekieTouHbIME [1I"A-genonumepazamu. Pabot
[0 CPaBHUTEIBHOMY HCCIEIOBaHMIO ocobeHHocTel paspymienus [1I'A pa3nuyHOro XMMHUYECKOTO
cOoCTaBa, B TOM YHCJIE IO OCOOCHHOCTSIM pa3pylIeHHUs OCO00 MEpPCHEKTUBHBIX COMOJIMMEPOB
nonu(3-ruapoxcudyrupat/4-runpoxkcudyrupar) (II(3I'6/4I'b)) wu  nomu(3-ruapoxcudyrupar/3-
THIPOKCUTEKCAHOAT), O0JIafaroluX IMOHM)KEHHON CTEeNeHbl0 KPUCTAIUIMYHOCTH M CBOMCTBaMH
3JIACTOMEPOB, HEMHOT'O, M OITYOJIMKOBAHbI OHU CPABHUTEIBHO HEJABHO.

Heap padoTbl — CPAaBHUTEIBHOE MCCIIEAOBAHUE 3aKOHOMEPHOCTEUW AECTPYKIHUHM YEThIPEX
TUTIOB  TOJMTHJIPOKCHAIIKAHOATOB: romomonuMepa moiu(3-ruapokcudyrupara) (II(3['B)) u
comoauMepoB 3-ruapokcubOyTupara ¢ 3-ruapokcuBaniepatom (3I'B), 3-ruapokcurekcaHoaroM u 4-
THJIPOKCUOYTHPATOM.

Marepuansl M Meroabl. Bce TuIBI MONMUTHAPOKCHANIKAHOATOB CHHTE3HPOBAHBI B
nabopaTtopun xeMoaBToTpodHoro 6uocunreza Mucruryra ouodusuxu CO PAH c ucnonb3oBannem
BOJIOpOIOKHUCIIsONMX Oakrepuii  Cupriavidus eutrophus B10646. B kadecTBe OCHOBHOTO
yIIepoJHOro cyOcTpaTa HCmoyib3oBaInd (ppykro3y. ComoiauMepsl MOJdydaaud A0OaBICHHEM COJEH
BaJIGpUAHOBOM U TEKCAaHOBOM KHUCJIOT WK Y-OyTuposakToHa. CHHTE3MpPOBAaHHBIE COIOIMMEPHI
conepxkammm  10-12  wmon.% 3I'B, 3IT wmm 4I'b. CpaBHUTENbHOE  UCCIEIOBAaHUE
MUKpoOuonoruyeckoro paspyuenusi [1I'A BbIMoIHEHO B J1aOOPaTOPHBIX YCIOBUSX B MOYBEHHBIX
MHUKPOIKOCHCTEMAaxX MpH nocTostHHOM Temmeparype 21°C + 0,1°C u Bnaxsaoctn noussl — 50 %.
Bpewmst skcno3uiinu B mouBe coctaBisuio 35 cyrok. [Tokazarensmu 6uoaerpagamuu [1I'A cimyxunm
yObUTb  Macchl 00pa3loB, W3MEHEHHE MOJEKYISIPHO-MACCOBBIX XapaKTEPUCTUK, CTEICHH
KPUCTATTMYHOCTH; MOP(OJIOTHUS U CBOWCTBA TOBEPXHOCTH.
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Pe3yabTaTsl. Uccnenosanue TUHAMUKU yObLIH MAaccChl o0pa31oB
MOJUTUAPOKCHATIKAHOATOB II0Ka3ajo, YTO Haubojiee ObICTPO pa3pyIIAIONIMMCS MOJUMEPOM ObLI
[1(3I'b/4T'b), xoTophIii MOMHOCTBIO paspymuiacs 3a 35 cyrok. OcrarodyHas macca IpPYrux
comoauMepoB Ha 35 cyTrku oskcnepumeHta cocrabisia  7-10% ot ucxomguoil. Haummenee
paspymarommmcs moaumepom okazaiics [1(31'b) — va 35 cyTku skcnepuMeHTa pa3pymuioch JUITh
okoJ10 60% nonumepa.

[TokazaHo, 4TO ISl BCEX COIMOJMMEPHBIX OOPA3IOB XapaKTEpHO YBEIMYEHHE CTENEeHH
KPUCTANTMYHOCTH KaK IMOKa3aTessl MPEeUMYIIECTBEHHOro pa3pyuieHus amopdHoil ¢aszpl. CTeneHb
KPUCTAJIUTMYHOCTH HauMEHee pa3pyiieHHbIX 00pa3ioB [1(3I'b) yepes 35 cyTok AKCIO3HUIMH B TTOYBE
MPAKTUYECKH HE M3MEHMWIACh. DTO MO3BOJISIET TOBOPUTH O TOM, YTO B MPOLIECCE Pa3pYIICHUS 3TOTO
tuma III'’A o06e ¢a3pr (kpucraumueckas W amopdHas) pa3pylmiaiuch paBHOMepHO. CTeneHb
KpuctaummyHoctu o6pasuoB conoiumepos II(3I'B/3I'B) u II(3T'/3IT) ot ucxoausix 60 u 56%
Bo3pacrana, 10 64 u 60% coOTBETCTBEHHO, TO €CTh B IaHHOM cilydae 0oJjiee aKTUBHO pa3pyliaiach
amopdHas (asza. Eme Oomnee BoipaxkeH 3TOT 3ddekr mns comommmepoB [I(3T'B/4I'B), cremens
KPUCTANTMYHOCTH KOTOPBIX OT ucxoHoi (50%) Bo3pocia 10 63%.

CamMoe BBICOKOE 3HAY€HHE CPEIHEBECOBOM MolekymsipHoil maccel (M;) y II(3TB/3IT'B) —
1120 x1a; y [1I(3I'B) u I1(3I'b/4I'b) 6p11n O65u3kue 3HaUeHus 625 u 597 kJla — HHUKE TPAKTUYECKU B
2 paza otHocutrenbHO [1(3T'b/3I'B); y I1(3I'b/3IT) camoe Huzkoe — 356 k/la. [lonumucnepcHOCTH
HCCIeayeMbIX 00pa3IioB Takke BapbupoBaiia oT 2,43 1o 3,92 B 3aBUCUMOCTH OT cOocTaBa. BennunHa
M; memnenHo paspymiaemoro romomonumepa I[1(3I'B), a Taxke comommmepos II(3I'b/3I'B) u
I[I(3I'B/31'T) mpakTU4YeCKH HE M3MEHSIACh, HECMOTPS HA 3HAYUTEIBHYIO YOBLIb Macchl. OHAKO Y
HamOosee akTUBHO paspymaemoro conoinumepa [1(3I'6/4I'b) yxe uepe3 7 CyTOK OTMEUYEHO PE3KOe
CHIDKCHME 3HAUYEHUN MOJICKYJISIPHOM MacChl M BO3pACTaHUE MOJHMAUCIEPCHOCTU. 3a MEPBYIO
HEJENI0 CPEAHEUUCIIOBas U CPEAHEBECOBAs MOJIEKYJSIpHbIE Macchl cHM3MWiMCh B 4,5 u 1,88 pas
COOTBETCTBEHHO, a MOJIMANCIEPCHOCTh BO3pocia B 2,2 pa3a. K KOHIy SKCIIepUMEHTa 3TH 3HAYCHUS
coctaBwm 33 u 317 x/la.

HccnenoBanue MOBEPXHOCTH TUIEHOK M3 MOJUTUAPOKCUATKAHOATOB MOKA3aJlo, YTO MO Mepe
WX pa3pylIeHHs] Ha TOBEPXHOCTH (OPMUPOBAIHICH YBEIMUUBAIONINECS BO BPEMEHH mepopanuu u
Tpemnnbl. [locnenytomee pacnpocTpaHeHre AePEKTOB BHYTPb OOpas3IOB COMPOBOKAAIOCH
nedparMeHTaIHe; BRIPaKEHHOCTH ATOTO MPOIIeCcCa COOTBETCTBOBANIA AKTUBHOCTH PAa3pYIICHHUS.

3axiaouenue. BrepBeie ucciegoBaHa Jerpaganus 4erbipex TumnoB [II'A  pazauyHoro
XUMHAYECKOTO CTPOCHHMS, KOTOPBIE 110 CKOPOCTHU pa3pylleHus pacnonoxensl B pany: [1(31'b/4I'b) >
[I(3I'/3IT) > I1(3I'b/3I'B) > I1(3I'B).

HAKOIUVIEHUME ITOJUTUAPOKCHUAJTKAHOATOB B KIIETKAX
POJAOKOKKOB B ADPOBHBIX YCJIOBUSAX U ITPU HEJOCTATKE
KUCJIOPOJIA B CPEJIE
E. 10O. Bypnyukaﬂl, 0. I'. MakcumoBa'?

1 . . . .
DI'BOY BO «llepmckuii 20cyoapcmeeHtblil HAaYUOHAIbHbLL UCCTe008AMEeNbCKULL YHUBEPCUMEm,
2. Ilepmo, Poccusa

2
@I'bYH «Hncmumym skono2uu u cenemuxu mukpoopeanusmos» YpO PAH, 2. I[lepmvb, Poccus

E-mail: burlutskajalena@yandex.ru

[Tomurunpokcuankanoatsl (III'A) — monuMepsl THAPOKCHIPOU3BOIHBIX —AJIKAHOBBIX
KHCJIOT, CHHTC3UPYCMBIC MUKPOOPTraHHU3MaMU B KaUCCTBC 3allaCHBIX IMUTATCIBbHBIX BCIICCTB B
YCIIOBUSIX HEAOCTaTKa OCHOBHBIX MHUTATEIbHBIX 3JIEMEHTOB — HUCTOUYHUKOB a30Ta, (hocdopa, cepsl,
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Mar"usi, a TakXKe HEJ0CTaTKa KHUCIOopOoJa, U NpU HM30BITKE NPEIINIECTBEHHHUKOB IOJIUMEPOB —
coenuHeHuit yriuepoaa [1].

CornacHo JaHHBIM, UMEIOIIMMCS B HAYYHOH JIUTEpaType, U3BECTHO, UYTO ISl OOJIBLIIMHCTBA
OXapaKTepU30BAHHBIX K HACTOANIEMY BpeMeHU mnponayineHToB [I['A 3HaunTenbHOE HAKOIUICHHE
MoJIMMEPA MMEET MECTO TpH HecOaTaHCHPOBAaHHOM pocTe — AehUIIUTEe B Cpele OMOTCHHBIX
aneMeHTOB (a3ota u (ocharoB), st HEKOTOPBIX — mpHu aedunure kucimopona [2, 3]. Takum
o0pa3zoM, BOTIPOC O BJIMSHUW YPOBHS COAEp)KaHHs a30Ta U GocdaToB B cpeie KyIbTHUBUPOBAHUS
OakTepwHii SIBJISIETCS JOBOJILHO aKTyalbHBIM, B YaCTHOCTH, JIJIsl M3ydyaeMoro Hamu mramma R. ruber
I15-8.

Henbro HacTossmel padoThl SBUIOCH U3yueHue HakomieHus [II'A B kileTkax poJgOKOKKOB
NPy JBYCTAAMMHOM POCTE, JHUMUTHPOBAaHHOM 1O a30Ty wuiu Qochopy B a’spoOHBIX H
MHUKPOA’POOHBIX YCIOBHSIX.

Marepuaabl u meroabl. Illtamm Rhodococcus ruber TI5-8, BbimencHHBIH W3 MOYBBI
Ilepmckoro kpast [4], KyIbTUBUPOBAJIM MOCIEI0BATENIBHO HA CHHTETUYECKOW MUHEpaJIbHOM cpefe 1
u cpene 2. Cpena 1 cioyxuia Ais HakoIJIeHHUs] Ouomacchl U Obliia cOalaHCHpPOBaHa 1O UCTOYHUKAM
yriaeponaa, azota u ¢ochopa. Cpena 2 cmyxmna ans cunresa [II'A u 6pu1a geduuUTHON MO a30Ty
umu docdopy. McTtounukom yriepoma sBisuics OytupaT HaTpus. MHUKpOa’dpoOHBIE YCIOBUS IS
KYJTbTHUBHPOBAHUS Ha cpefie 2 CO3/1aBalid HACIaWBaHHEM CTEPUIILHOTO BA3eIMHOBOTO Maclia Ha
MMOBEPXHOCTD JKUJKOU cpeapl. KyapTuBHpOBaHUE MPOBOAWIN B KOJIOaX DpieHmeiriepa oobemom 100
Mmia B 50 mi cpenbl 1 B Tedenue 5 aHei, 3ateM nepeHocuau B 10 mi cpensl 2. KynbtuBuposanu B
TEX K€ YCJIIOBUSAX elle S5 IHeH, HeHTPUPYrupoBaiy, BICYIINBAIN OHOMAcCy /10 MOCTOSHHOTO Beca
u ompeaensau obmee conepxkanue [II'A Meromom macc-criekTpoMmeTpuu Ha ammapare 689/573T
MSD (Agilent-Hewlett Packard) mocme weranonm3a o6pasmoB mpu 100°C u 3KCTpakiuu
XJIOpOPOpMOM.

PesyabTaTel. B xoxe skcnepumenTta HauOonbinee HakorieHue [II'A waGmroganm Ha
a’poOHOH cpefie, IMMUTHPOBAHHOM MO UCTOYHHKY 3JIEMEHTOB — a30Ta U (ocdopa. MakcumanbHoe
HaKOIUICHHE TMOJUMeEpa ObLJIO BBISIBICHO B a3pOOHBIX YCIOBHSX ¢ HepocTtaTkoM ¢ocdopa. Kierku
POIIOKOKKOB, B (haze HakoruieHus [1['A uchbIThIBaIONME HETOCTATOK KUCIOPO/Ia, HE HAKAILTUBAIH
3HAYMUTEJILHOTO KOJMYECTBA MojimMepa (Tadmaura).

Tab6muua — [poaykumonHble mokaszarenu mramMma Rhodococcus ruber I15-8

1 2 3 4 5 6 7
Macca III'A
(MKT/MT CyXHX 63 423 140 518 48 0 28
KJIETOK, CpeJTHEE)
Ypoxait 1,24 4,99 4,47 4,0 1,85 4,4 5,18
(Mr/mn, cpenHee)

Ilpumeuanue: 1 — a’pobnas nonnoyennas mumepanrvhas cpeoa, pocm 10 cymok; 2 — aspobuas
NOJIHOYEHHAs MUHepAlbHas cpeoda, pocm 5 cymok, 3 — aspobHas cpedd, 02PAHUYEHHAS NO
ucmouHuxy azoma, pocm 10 cymok, 4 — aspobnas cpeoa, oepanudenHas no ucmoyHuxy gocgopa,
pocm 10 cymok; 5 — Mukpoaspobuas noaHoyeHuHas cpeoa, pocm 10 cymok; 6 — muxpoaspobHas
cpeda, 0cpaHuyeHHas no UCmouHuxy azoma, pocm 10 cymok;, 7 — Muxpoaspobdmas cpeoa,
oepanudenHas no ucmodnuxy gocgopa (10 cymok).

TakuMm 006pa3oM, TOCTYTHOCTh KHCIOPOJa U HEJOCTATOK MUTATEIBHBIX YJIEMEHTOB — a30Ta
dochopa GmaronpusaTHO ckaszbiBaeTcs Ha HakorieHuu [1TA y mrramma R. ruber I15-8. Kpome Toro,
COKpalleHUEe JUINTEIFHOCTH KYJbTHUBUPOBAHNUS 10 IISITH AHEH ake Ha MOJHOLCHHOW MHUHEPATbHON
cpene ¢ OyTHpaTOM HATpuUsl KaKk MCTOYHMKOM YIJIepoAa MPHUBOAMUT K 3()(HEKTHBHOMY HAKOIUICHHUIO
HoJMMepa.
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YCOBEPUHIEHCTBOBAHME PEILEIITYPBI IIMTATEJIBHBIX CPEJ IJIA
YBEJIMYEHUSA POCTA IPOBUOTNYECKUX ITAMMOB
A.H. Cuzennon, A.M. Koporkosa, B.®. Bosioguenko

Openbypeckuii 2ocyoapcmeentulil ynusepcumem, 2. Openbype, np. [lobeowi, 13, xopn. 16, Poccus
E-mail: anastasiaporv@mail.ru

N3BecTHO, YTO Ka3eWH COJAEPKUT BCE HE3aMECHHMMbBIC aMHUHOKHCIIOTHI U SIBJISIETCS Ba)KHBIM
MUIIEBBIM KOMIIOHEHTOM. B paboTe ucCmonp30BadM JaHHBIH OCNOK B KadyecTBE HCTOYHUKA
HEOOXOIMMBIX aMUHOKHCIIOT s pa3Butus mrammoB Escherihia coli M-17, Bacillus subtilis 534,
Enteroccocus faecium, Lactobacillus acidophilus, koTopsie He CHHTE3UPYIOTCS MUKPOOPTaHU3MaMHU
sk30reHHO. Mcrmomp3oBanu kazemH B pacuere 1:10 (10 r xazemna B 100 M crepuiibHOM
JTUCTUJUIMPOBAHHON BOJbI). B KauecTBe HMCTOYHMKA OPraHUYECKOrO YTriaepojJa M SHEPTUH IS
MPOOMOTHUYECKUX IIITAMMOB MPUHATA TIIIOK03a. JJIs ompeiesieHust €€ ONTUMAaIbHON KOHIIEHTPAIH
JUTSI IIITAaMMa UCTIONIB30BAIM B paznuyHoi koHreHTpauuu (10-30 m).

Ha »Toii OCHOBE mNPUrOTOBIICHA M WCCIIEJOBAaHA CHHTETUYECKAas MHUTATeNIbHAs Cpena,
COCTOsIAsl U3 Ka3enHa, pacTBOpa TIIIOKO3bl U KOMIUIeKca coneil. g atoro npeasapurenbHo K 100
MJ CTEpWJIbHOW IUCTHUIMPOBAHHOM BOABl A00aBismu 10 T KazewHa, 3aTEM OCYIIECTBIISIIH
CTePHIIN3AIIUIO YIBTPa3ByKoM H nactepusaiueii mpu 60 °C B TeueHue 30-40 MmunyT (Tadm. 1).

Tabmuma 1 - PemenTtypa CHHTETMYECKOW THTATeNbHOW cpenasl (M3 pacuera Ha 100 M
JTUCTUUTUPOBAHHOMN BOJBI)

KomMnoneHtsl KonuuecTBo BerecTna
Kazeun 10T
I'mroko3a 20 M
KH,PO, 85,94 mr/mn
CaCl, 212,5 mr/n
NaCl 725 mr/mi
MgSQO, 1357,5 mr/ma
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Cpena ucnblTaHa Ha CEPUM IITAaMMOB. J[JIsl ATOTO MITAMMbI HHKYOMPOBAIH B TEPMOCTATE
npu 37 °C, namee MpOM3BOIMIN BBICEB Ha CTEPHJIbHBIN murTaTenbHbI arap (B. subtilis 534, E.
faecium, E. coli M-17) u na cpeny MRS (L. acidophilus). Pe3ynbTatsl npecraBieHs: B Ta0mI. 2.

Tabnuma 2 — OnpeneneHrne HHTEHCUBHOCTH POCTA UCCIICAYEMBIX MEKPOOPTaHM3MOB Ha Pa3InYHBIX
MUTATEIBHBIX Cpeaax

YcnoBus KynTbTHBUPOBAHHS
[Ipobuotnueckue KonTposs pocta Ha Kazeun u pactBop 5% Kazeun u pactBop 5%
ITaMMBI MUTATENbHON cpesie TJIFOKO3BI TJIFOKO3bI+ KOMILJIEKC
coneit
B. Subtilis 534 7P
E. faecium
E. coli M-17
L. acidophilus

YcTaHOBIIEHO, UTO CHHTETHYECKAsl MUTATENbHAS Cpefia, colepkaias kazeuH 10 r, Tiiroko3a
20 M, CaCl; 212,5 mr/m, NaCl 725 mr/min, KH,PO4 85,94 mr/mut, MgSOy4 1357,5 mr/mit u3 pacuera
Ha 100 M BOJBI, TOAJEPIKUBACT POCT MPOOUOTHUECKUX IITAMMOB MHKPOOPTAaHH3MOB.

Paboma  nooodepoicana  ecocyoapcmeenHviM — 3a0aHuemM — HA  NpoGedeHue - HAaYYHO-
ucciredosamensckux pabom (npoexm Ne 342).

MEJIACCA KAK IIEPCIEKTUBHBIA HCTOUYHUK YTJIEPOJA JJ51
CUHTE3A BUOMACCBHI PHAEODACTYLUM TRICORNUTUM

1. Kongapesa

@I'FVH Uucmumym mopckux ouonoeuueckux ucciedosanuil um. A.O. Kosanesckoeo PAH, e.
Cesacmonons, npocnekm Haxumosa, 2, Poccuiickaa @edepayus
E-mail: yana.zhondareva@yandex.ru

PocToBble W MPOAYKIIMOHHBIE XapaKTEPUCTHKH MHKpPOBOJOPOCIEH B 3HAYUTEIHHON Mepe
OIIPEACTSIIOTCS. YCIOBHAMHU YITIEPOJHOTO TMUTAHUSA, B TOM YHCJIE THIIOM HCTOYHHUKA YTJIEpPOAa.
MHorue MUKPOBOJOPOCITH CIIOCOOHBI OCYHIECTBISATH TeTepoTpOdHBIA, (HoTOreTepoTpoHBIA MIN
MHUKCOTPO(HBIH THUIBI NUTAHUS M HCIIOJIb30BaTh PA3IMYHBIC YIIIEPOICOAEPIKALINE COCTUHEHUS.
Takue opraHM3Mbl MOJYYAIOT aJAaNTHBHOE NMPEHMYILECTBO, TaK KaK CIIOCOOHBI K ONTHMAJIbLHOMY
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BBIOOPY crocoba MUTaHMsI B 3aBUCUMOCTH OT YCJIOBUHM cpefbl. M3ydeHue BIMSHHUS OPraHUYEecKUX
BELIECTB HAa POCT MHMKPOBOAOPOCIEN B €CTECTBEHHBIX YCIOBHUSAX OCJIOXHSETCSI HEBO3MOXHOCTBIO
KOHTPOJISI 32 M3MEHEHUSIMHU OKpYXalollel Cpeabl, MOITOMY aHaJIM3UPOBaTh CKOPOCTH HMX pPOCTa
BO3MOYKHO TOJIBKO TIPM UCIIOJNB30BaHUM JIAOOPAaTOPHBIX KYJIBTYp BOAOPOCIEH B KayecTBe
MOJENBHBIX OOBEKTOB.

JleficTBHEe OpPraHMYECKUX BEIIECTB HAa POCT MUKPOBOJAOPOCIECH 3aBUCUT HE TOJIBKO OT HX
KOHIEHTPALIUU B CPEJie, HO U OT XMMHUYECKON MPUPOIbI ITUX coennHeHui. Tak, mpu 100aBlIeHNH B
cpeny riuiepuHa B KoHIeHTpanuu He Oosiee 100 MONIb Kak MCTOYHUKA YIIEpoAa MOBHIIIACTCS
ckopocth pocta Phaeodactylum tricornutum, u yBeau4uBaeTCst IIIOTHOCTD KYJIBTYPhI MPAKTHUYECKU
B 2 pa3a [1, 2], a Hanmu4uKe B cpejie TIIFOKO3bl HECKOJIBKO 3aMEUIAET POCT KyabTyphl P. tricornutum
[2].

Takum o0pa3oMm, OpraHMYecKHe BELIECTBA, NMPUMEHSEMBbIE NMPU MUKCOTPO(GHOM MUTAHUU
MHUKPOBOJIOPOCIIEH, JOKHBI OBITh HE TOJBKO HEJAOPOTMMH M MPOCTBHIMU JJI CTEPUIIU3ALNN, HO U
obecrieynBaTh MPOJYKTUBHBIM POCT M CHHTE3 OMONPOAYKTOB. B MHpe cyliecTByeT MHOXECTBO
KpPYNHBIX TPOU3BOAMUTENECH caxapa U, COOTBETCTBEHHO, IOOOYHOM MPOIYKIMH, Hampumep,
Mernaccsl, conepxkameit 6omee 50 % yrmeBonoB. ITosToMy Mmenacca MMPOKO NMPUMEHSETCS IS
BBIpALIMBaHUS MUKPOOPTaHM3MOB, B TOM YHCJI€ B IPOMBIIIIEHHBIX MPONU3BOICTBAX.

Ieab padoThl — HccieOBaHUE POCTOBBIX XapakTepuctuk Phaeodactylum tricornutum npu
HAaKOMUTEJIIbHOM KYJbTUBUPOBAHUHM B YCJIOBUSX HEMPEPHIBHOIO OCBEIICHMS] C HCIIOIb30BAaHHEM
Menacchl B Ka4yeCTBE OPraHWYecKOro MCTOYHWKA yriieponxa. P. tricornutum — opHokieTodHast
IMaTOMOBAsi MUKPOBOJIOPOCIIb, SIBJISIONIASICS TEPCIIEKTUBHBIM O0BEKTOM aIbroOMOTEXHOJIOTUN KaK
HMCTOYHUK TIOJMHEHACHIIIICHHBIX XUPHBIX KUCIOT M HCIOJB3YETCS KaK MOJENBbHBIA OOBEKT ISt
u3ydeHus: (U3HOIOTMYECKUX peakui BOJOpOCIe Ha MPHUCYTCTBHE B CpeAe AOCTYIHBIX
OPraHUYEeCKUX COCTUHEHUMU.

MarepuaJnbl 1 MeToAbl. VccnenoBanre NpOBOAMIM € aJblrOJIOTUYECKH YUCTON KYJIbTYpOu
Mopckoii MukpoBojgopociau Phaeodactylum tricornutum Bohlin, monydenHol W3 KOJUIEKIMU
HNucturyta w™mopckux Oumonormueckux uccinenoBanuii um. A.O. Kosamesckoro PAH (r.
CeBacTormnons).

P. tricornutum KyJapTHBHpPOBaAM Ha WHUTATCIbHOW cpeae TpeHKEHINy, CcoaepsKaIiei
IIPUPOJHYI0 MOPCKYIO BOAY COJEHOCTBIO 18 %o, KOTOpas mpeaBapuUTElIbHO IAcTEpU30Bajiach B
TeueHrne 3 cyTok. Bomopocib BeIpamuBaiii Ha YHU(DHUIIMPOBAHHOW J1a0OPATOPHOW YCTaHOBKE B
KYyJIBbTHBATOPAX IUIOCKOMAPaUIETLHOTO TUIIA 00BeMOM 1 JI ¢ TONIIMHON CJIOSt KYJIbTYpPHI 2 CM TIpH
HEMpPEepPHIBHOM OCBEIICHUH JIIOMHUHECLIIEHTHBIMU JIaMIIaMU B Te€YeHHE 9 CYTOK 10 CTallOHApHOM
cranuu pocta KyneTypbl [3]. OcBemieHHOCTh, pabodeil moBepxXHOCTH (POTOOMOpPEAKTOPOB
COCTaBIsIa 8 KIIK, CpEIHssl TeMIlepaTypa Ha MpOTshHKeHHMH Bcero skcnepumenTta 20-21°C.
ExeZITHEBHO Ompesessyii BeC ChIpOM M CyXoi OMOMacchl 0ObEMHO-BECOBBIM METOJOM; JIsi 3TOTO
KJIETKU KYJIBTYpbI MUKPOBOJIOPOCIIU OTJIeNISUTN oT KYJIbTYpaJbHOU KUJKOCTU
nentpudyruposanuem npu 3000 06/MuH.

PesyabraTrhl. MUKpOBOIOpPOCHIH KYJIbTUBUPOBAJIM B HAKONUTEIBHOM pEXHUME 0
JOCTIDKEHUS CTallMOHapHOW a3l pocta. Ypoxad KyabTypbl poctur 2,1 r/m (1Mo Becy Cyxoro
BelecTBa) npu npoaykTuBHOCTH 0,48 T/11 cyxoro BemiecTBa B CyTku. OcTaHOBKa JAJIbHEHINIETO
pocTa KyJIbTyphl OOBACHSETCS HACTYIUICHHEM YIJIEPOJHOTO KOMIIEHCAI[HOHHOTO ITYHKTa
dbotocunaTe3a. 3areM Ha 10 u 17-pie CyTKH B KynbTypaiabHYyIO cpeny BHecan menaccy (Copr) (mo 5
r). OTO IPUBEIIO K YBEJIMUEHUIO KOHLEHTPALUU KIETOK B KyJlbType B 2 U 1,5 paza COOTBETCTBEHHO.
Yposkaii 0noMacchl BOJOPOCTH COCTABUII HA 35-€ CYTKH KYJIbTHBHPOBaHUsA 5,1 T/11 (PUCYHOK).
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Pucynok — /lnHamuKa IDIOTHOCTH HAKOMUTEIbHOW Ky bTypbl Phaeodactylum tricornutum

[Tocne nmobGaBieHus B cpely OPraHUYECKOro YIiepoAa OTMEUYEH JUIMTEIbHBIN IMepexoIHbIi
MepuoJ rnepea BO300HOBICHUEM POCTa, MTPOAOHKUTEILHOCTh KOTOPOI'O COCTaBIIsIa OKOJIO 4 CYyTOK
[4]. D10 Bpems pacxoayeTcs Ha CHHTE3 B KJICTKE «OCIKOB-TIEPCHOCUMKOB» M Ha (pOpMHUpOBaHHUE
TPaHCHOPTHBIX CUMIIOPT-CUCTEM ISl TOTJIONIEHUSI KJIETKOW OpraHnyecKkoro yriepoaa [S].

TakuM 00pa3oM, cofiepKaHKEe yriiepoia B KyIbType MUKPOBOJIOPOCIIEH SIBIISIETCS OJHUM U3
BaXHEHIINUX (AKTOPOB, OMPENEISIONINX HAKOIUIEHHE MAaKCUMAalIbHOM IUIOTHOCTH KYJBTYpHI.
PGSYJII:TaTI:I pa6OTI>I MOAYCPKUBAKOT BO3MOKHOCTb HCIIOJIB30BAHUA MCJIACChI B KAa4YCCTBC
MEPCIEKTUBHOIO HMCTOYHHUKA YIiiepoja MPH HAKOMHMTENLHOM KyiabTuBHpoBanuu Phaeodactylum
tricornutum.
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’KUPHOKWCJIOTHBINA COCTAB JIMITUJOB BAKTEPUII CUPRIAVIDUS
EUTROPHUS B-10646, KYJIbTUBUPYEMBIX HA PA3JIMYHBIX
NCTOYHUKAX YIJEPOJA
B.C. Be3onno

Cubupckuii pedepanvruiil ynusepcumem, np. Ceoboousiii 79, Kpacnosapck, 660041, Poccus
E-mail: vbezbido@mail.ru

[Momuruapoxcuankanoatsl (IITA) — »3To nuHEWHbIE TOMUAPUPHI, CHHTE3UPYEMBIC
MPOKAPUOTHUYECKUMH MHUKPOOPraHM3MaMU B CHEHM(PUUECKHX YCIOBUAX HecOaTaHCHUPOBAHHOTO
pocra. COBOKYNHOCTb CBOWCTB, XapakTepHbix st [II'A, nemaer uX NEPCHEKTUBHBIMM IS
IPUMEHEHMsI B pa3iMuHbIX cepax — MequuMHe, (apMaKoJOTHH, MUIIEBOM M KOCMETHUYECKOH
IIPOMBIIIJIEHHOCTH, CEJIBCKOM M KOMMYHAJIbHOM XO3SMCTBE, paJMONIEKTPOHUKE U T.1. JKupHBIE
KHUCJIOTHl OaKTepUd SIBISIOTCS COCTABJISIIOIIMMHU KOMIIOHEHTaMU KJIETOYHBIX MeMOpaH, KOTOpBIE
KOHTaKTUPYIOT U PEarupyroT Ha BCE U3MEHECHMS B OKPYXKAIOIIEH cpenie, MOAIEPKIBAs B3aUMOCBSI3b
MEXIY CTPYKTypo u (QyHKIMEH MeMOpaHbl, COXpaHss ONTUMAJIbHYIO CTENEHb TEKy4ecTH
JUMHUIHBIX KOMIIOHEHTOB. M3MeHeHMss B MeMOpaHHbBIX JIMNMJIAX MOTYT MHIYLUPOBATHCS
OpPraHUYECKUMHU 3arpsI3HUTEISIMH WIM IPUPOIOH pOCTOBOTO cyOcTpara.

Heap padoTsbl — M3ydeHUE BIMAHNAA MCTOYHHMKOB YIJICPOJHOIO NHUTAHUSA HA POCT, CUHTE3
IOJINMEpa U KUPHOKUCIOTHBIM COCTaB BHYTPHUKJIETOYHBIX JIMIHAOB BOJOPOAOKHCISIOMIMX
Oaxrepuit Cupriavidus eutrophus B-10646.

Marepuanbl U MeToabl. bakTepun BhIpaliMBaiu B CTEKISHHBIX Koibax oobemoMm 0.5 i,
3aMOJIHEHHBIX KyJIbTypoll Ha 50% o0beMa C HCIOJIb30BAHMEM TEPMOCTATUPYEMOTO Ieiikepa-
uHkyoaropa «Incubator Shaker Innova® cepum 44 («New Brunswick Scientific», CIIA) npu
temmneparype 30 °C u 200 rpm. Jlns BelpanuBanusi OakTepuil 3a OCHOBY Obla NMPHUHATA cpefa
nerens. CocTaB XKUPHBIX KHUCIOT JMIKJOB B OakTepHAIbHBIX KIETKaX HCCIeNoBajach MHpU
MIOMOIIM peKoMeHJauuu Soltani. BHYTpPUKIETOYHYHO KOHLEHTpAalMIO U COCTaB IOJIMMEpa
OTIpeIeNIIIN XpoMaTorpagueil MeTHIOBBIX 3(pUPOB KHUPHBIX KUCIIOT MOCIE METaHOIM3a 00pa3lia Ha
xpomaro-macc-crekrpomerpe GCD plus (“Hewlett Packard”, USA).

Pe3yabTaThl. Ypoxail OuOMacchl M colep)KaHHE IoJMMepa B KIETKax OaKTepui,
BBIpAIlUBAaEMBIX Ha MCCIEIyeMBbIX CyOcTpaTax, OBUIO CONOCTaBUMBIM U  COCTaBJISLIO
COOTBETCTBEHHO 6.7-7.1 /1 1 75-79% oT Beca cyxoii OnoMacchl (PUCYHOK).

8 1 r 100
8 1 A r 100 B

}

+ 80

F 80

()]

EXnonumep
—+—Gnomacca

|

o))

L 50 F 60

N

'
Bromaccsol

P L 40

Buomacca, r/n
Bromacchl
Buvomacca, rin

[\ )

L op F 20

Morwvmep, % oT Beca cyxoun
Mormmep, % oT Beca cyxou

%
§
|
§
|
-
§
§

0 20 40 60 80 0 20 40 60 80
Bpemsa kynbTUBUPOBaHUE, Y BpeMs KynbTUBMPOBaHUA, Y
PI/IcyHOK - I[I/IHaMI/IKa HAaKOIIJICHUA 6I/IOMaCCI>I " COACPIKAHUC MOJIMMEPA B KOHIIC KYJIbTUBUPOBAHUA Y

Cupriavidus eutrophus B10646 mpu pocte Ha ¢ppykro3e (A) u onennoBoit kucnote (b). crpenkamu nokazaHo
nobasiieHne cydcTpaTa

Anammuz JKUPHOKHUCIOTHOI'0 COCTaBa BHYTPUKIICTOUHBIX JIMITHUAOB IMOKA3aJl, UTO IPU POCTEC
OakTepuii Ha (PYKTO3€ OCHOBHOM HACBINIEHHOW KHUCIOTOW Obuia mambmutuHOBas (16:0). [ons
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mupuctuHoBoil (14:0) u creapunoBoit kucior (18:0) cocraBmsma 1.0-1.2%. OcrtanbHble
HaceimeHHble  kuciotel  (10:0, 12:0, 15:0, 17:0) oTHeceHBI K MHHOPHBIM KOMIIOHEHTaM,
JIOMUHUPYIOIIUMH ~ MOHOCHOBBIMH ~ KHCJIOTaMH  ObTM  majmbMuTONIeMHOBas  (16:1w7) wu
nucBakieHoBas (18:1w7). OcrambHble MOHOEGHOBBIE KHCIOTHI (14:1m5, 15:106, 16:10517:109,
18:109) ABIsIIUCH MUHOPHBIMUA KOMIOHEHTaMH. OTHOCUTENHHOE COJEP)KaHUE ITUKIOMPOITAHOBBIX
KHUCJIOT cocTaBisiio 23%. COOTHOIIEHUE HACBIIIEHHBIX KUCIOT K HEHACHIIIEHHBIM COCTaBIsUIO 2.4.
3amMeHa yYIJIEBOJHOTO CyOCTpara Ha OJIGMHOBYIO KHCIOTY oTpaswiack Ha crnektpe KK
BHYTPHUKJIETOYHBIX JUNUAOB Oakrepuid. [lonst MuHOpHOTO M3oMepa 18:1w9 (onenHoBast Kuciora)
Bozpocna ¢ 0.2 mo 30.6%. Ilpu BeIpamMBaHuu OakTepuili Ha 3THX CyOcTpaTax coJlep)KaHue
[UKJIOMPOTIAHOBBIX KUCIIOT COCTABIISLIO BCETO JIUIIL 8% OT CyMMBI ) KHPHBIX KHCIOT. COOTHOIICHHE
HACBIIIEHHBIX K HEHACHIIIIEHHBIM KUCIOTaM cocTaBisiio 0.9.

BJIMSAAHUE THUIIA YIJIEPOJIHOI'O CYBCTPATA HA MOJIEKYJISIPHYIO
MACCY NOJIUMMEPA, CHUHTE3UPYEMOI'O CUPRIAVIDUS EUTROPHUS
B-10646
M. JI. Kocenoxk

Cubupckuii ghedepanvuuiii ynusepcumem, np. Ceoboonwiii 79, Kpacnospck, Poccus
E-mail: margaritadi@mail.ru

Monekynspaas mMacca [II'’A — 3To oAMH U3 Ba)XKHBIX MOKAa3aTesiei, TaK Kak OHa BIUSET HA
(U3UKO-MEXaHUUYECKUE XapPaKTePUCTUKH IMOJIMMEpPa, OT 4Yero B CBOIO OUYepelb 3aBHCHT
BO3MOXXHOCTh IIepepabOTKH NOJUMEpPa B PA3IUYHbIEC U3IEIHS.

Heabr padoThl: wHccIeNOBaTh BIWSHUE THUIA YIIEPOJHOTO CyOCTpara Ha CHUHTE3 H
MOJICKYJIIPHYIO Maccy moyimMepa, cuatesupyemoro Cupriavidus eutrophus B-10646.

Matepuanbl U MeTObI. bakTepuu BBIpAIUBAIK B CTEKISHHBIX KOJIOAX MPH TEMIEpaType
30°C. usa BeIpanuBaHusi OakTepuii 3a OCHOBY Obuia mpuHsata cpena lllmerens. B kadectse
YIJIEPOOHBIX ~ CYyOCTpaToB  HCHOJB30BalU  (DPYKTO3y, TIJIIOKO3Y U  OJICMHOBYIO  KHCJIOTY.
BHyTpHKIIETOUHYI0O KOHIEHTPALIMIO MOJMMEpPa ONpPEEsain Ha XpoMaTo-Mace-ciekrpomerpe GCD
plus (“Hewlett Packard”, USA). MonekyisipHyto MacCy u MOJICKYJISIPHO-MAaCCOBOE pacIpeeicHue
MoJiuMepa  MCCIelOBajlM C  HCHOJb30BaHMEM  Xpomarorpada g  TeJbIIPOHMUKAIOIEH
xpomarorpadun Agilent Technologies 1260 Infinity (I'epmanus).

Pe3yabTaTnl. Ypokaii OuoMacchl W COACp)KaHHME TOJMMEpa B KJIETKAaX OaKTepHid,
BBIPAIIMBAEMBIX Ha MCCIEAYEeMbIX CcyOcTparax, ObUT COMOCTAaBUMBIM M COCTABIISLI COOTBETCTBEHHO
6.7-7.1 r/n n 75-80% ot Beca cyxoii 6momaccsl (puc. 1).
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Pucynok 1 — /lunamuka HakoruieHHs Onomaccsl u nonmmepa y Cupriavidus eutrophus B-10646 npu
BhIpaniuBanuu Ha GpykTose (A), riaokose (b) u onenHoBoit kuciote (B). CTpenkamu moka3aHo Bpemst
nobaBIeHHsI cyOCcTpara
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[TomrMo 0011eT0 BBIX0/1A, MCCIIEIOBAHBI COCTAB M MOJICKYIIIPHO-MACCOBBIC XapaKTEePUCTUKU
nojgumepa, cuHTesupyemoro 6axrepusimu C. eutrophus B-10646 B xozie pocta KyJabTypsI (puc. 2).
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Pucynox 2 — ITokaszarenu cpeTHEINCIIOBOM, CPETHEBECOBOM MOJICKYJIIPHON MAacChl ¥ TIOJHUANCIICPCHOCTH
rosmmMepa Ha 24 u 72 9 KyapTUBHUpoBaHus Ha PpykTose (A), rimrokose (b) u onenHoBoi kuciote (B)

OOpa3ipl  moauMepa, OTOOpaHHBIE U3 TMpoO KIeTOYHOM Omomaccel Ha 24 daca
KyJbTHBUPOBAHUS, HMMEIM 3HAYCHHUE CPEIHEBECOBOM MoneKyispHoi Mmaccel (M) 840-1130.
YcTaHOBNIEHO, UTO MOJIEKYJspHas Macca MojuMepa, Kak CpeHEUUCIIOBas, TaKk U CpeIHEBECOBas K
KOHITY KYyJbTUBUPOBAHHS CHIKAJIach, a MOJUAMCIIEPCHOCTh, HA000pOT, Bo3pacrama. [lokazaHo
OTCYTCTBHE BJIMSIHUS TUIIA UCTIOJIB3YyEMOT0 CYOCTpaTa Ha TIOKa3aTelid MOJICKYJIsipHON Macchl. Ha 72
9 KyJIbTUBHPOBAHUS HA BCEX CyOCTpaTax CpeIHEBECOBasi M CPEIHEUHCIOBAsT MOJICKYJISIPHBIE MACChI
COCTaBJIsIIN, COOTBeTCTBeHHO, 540-600 n 130-150 x/la.

FATTY ACID COMPOSITION AND POLYHYDROXYALKANOATES
PRODUCTION BY CUPRIAVIDUS EUTROPHUS B-10646 CELLS UNDER
AUTOTROPHIC AND HETEROTROPHIC GROWTH CONDITIONS
N.O. Zhila®?, G.S. Kalacheva!

YInstitute of Biophysics SB RAS, Akademgorodok 50, 660036, Krasnoyarsk, Russian Federation
“Siberian Federal University, 79 Svobodny pr., 660041, Krasnoyarsk, Russian Federation

E-mail: nzhila@mail.ru

For a number of bacteria, metabolism of lipids and fatty acids (FAS) is closely related to the
synthesis of reserve lipid macromolecules, particularly polymers of hydroxy FAs
(polyhydroxyalkanoates, PHA), which are made up of such monomers as intermediate metabolites
of synthesis of FA S-oxidation. PHA synthesis in bacterial cells of this species is closely related to
lipid metabolism, especially if the cells are grown on such substrates as long-chain-length FAs or
vegetable oils. Cupriavidus is among the best studied PHA producers. The data on the composition
of lipids and their FAs in Cupriavidus strains were reported in a few studies. Changes in membrane
lipids were found to be induced by organic impurities in R. eutropha H850 cells and by the type of
the growth substrate in Cupriavidus necator JMP134.

The purpose of this study was to investigate the composition of lipid fatty acids of the
cytoplasmic membrane and cell wall in Cupriavidus eutrophus B-10646 cells grown in batch
culture on various carbon substrates in the phases of cell growth and intracellular PHA
accumulation.

Materials and Methods. The strain used in this study was Cupriavidus eutrophus B-10646,
registered in the Russian National Collection of Industrial Microorganisms Cells were grown in
batch culture on Schlegel’s mineral medium. Under autotrophic conditions, the growth substrate
was the gas mixture of CO,:0,:H,=1:2:7 by volume. In heterotrophic culture, cells were grown on
various substrates: fructose, glucose, oleic acid, sunflower seed oil, and glycerol. Intracellular PHA
content and composition of extracted polymer samples were analyzed with a GC-MS (7890/5975C,
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Agilent Technologies, U.S.). The lipids were extracted from wet biomass according to the Folch
procedure with the chloroform—methanol mixture (2:1 v/v). FAMEs were analyzed on a GC-MS
7890/5975C (Agilent Technologies, U.S.).

Results. The highest cell concentrations (10-11 g/L) and PHA vyields (8.7-9.5 g/L) were
obtained on sugars (fructose and glucose) and oleic acid. Under autotrophic growth conditions
(CO2:H:0,) and with glycerol used as a growth substrate, these parameters were lower: 4.3-4.5 g/L
and 2.2-3.0 g/L, respectively. In cells grown on sugars and in autotrophic culture, during the phase
of active cell growth, the major fatty acids of the lipids of cytoplasmic membrane were palmitic,
palmitoleic, and cis-vaccenic acids. In the stationary phase of cultivation, cyclopropane fatty acids
were also detected. When carbohydrate substrate was replaced by oleic acid or sunflower seed oil,
the proportion of oleic acid in the total fatty acids of the cytoplasmic membrane increased
considerably. In addition to that, the lipid fatty acids of bacterial cells grown on sunflower seed oil
also contained linoleic acid, which is the major acid of sunflower seed oil. The major acids of
strongly bound lipids of cell wall (SBLs) were myristic acid and long-chain-length B-hydroxy acids.

Conclusion. Molecular weight of the polymer during its accumulation in cells was
measured; for the first time, the presence of 2 polymer fractions (high-molecular weight and low-
molecular-weight ones) was recorded in cells with a low polymer content.
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CHARACTERIZATION OF A NOVEL STRAIN OF ACETIC ACID
BACTERIA KOMAGATAEIBACTER XYLINUS
S.V. Prudnikova, I.P. Shidlovsky

Siberian Federal University, 79 Svobodny, Krasnoyarsk, 660041, Russia
E-mail: sprudnikova@sfu-kras.ru

Bacterial cellulose synthesized by acetic acid bacteria is a valuable product of
biotechnology. BC displays many unique physicochemical and mechanical properties, including
higher purity, higher crystallinity and degree of polymerization, higher water absorbing, tensile
strength and stronger biological adaptability [1, 2]. The application area of BC is growing and now
it includes biomedicine, food industry, cosmetology and other applications [3, 4].

Bacterial cellulose can be obtained using an association of microorganisms Medusomyces
gisevii J. Lindau, known as fermented tea (Kombucha), or in a pure culture of bacteria belonging to
the genus Komagataeibacter. Several types of BC producers differing in biochemical properties,
productivity and substrate requirement are described in literature.

The purpose of this work is characterization of properties of a novel bacterial strain
Komagataeibacter xylinus as a promising bacterial cellulose producer.

Materials and Methods. K. xylinus B-12068 was isolated from the fermented tea on
standard Hestrin-Schramm (HS) medium. The strain shows typical generic features. The colonies
on solid HS medium are small, convex, opaque, pale and non-pigmented. Bacterial cells are Gram-
negative, rod shaped, non-motile, and single or pair, 0.4-0.6 x 1.0-1.5 um. The bacteria are strictly
aerobic, positive in catalase and negative in oxidase tests, lack of proteolytic and amylolytic
activity, require growth factors (yeast extract), sensitive to NaCl concentrations above 0.5 %. In the
fatty acid composition palmitic, stearic and cis-vaccenic acids are dominant.
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The identification of the strain showed its close genetic similarity with other species of this
genus, such as K. intermedius, K. europaeus, K. rhaeticus and K. oboediens. For correct
identification, our strain was differentiated from other species based on requirement of acetic acid
for growth, growth on 3 % (v/v) ethanol in the presence 5-8 % acetic acid and growth in the
presence of 30 % (w/v) D-glucose.

Results. The strain K. xylinus B-12068 displays resistance to low values of the initial pH of
the medium. Enrichment of HS-medium with ethanol increased the yield of bacterial cellulose by 2-
4 times as compared to standard medium under static and shaking conditions, respectively. The
strain produced bacterial cellulose nanofibers with an average diameter of about 40 nm in the
glucose-enriched media (Figure).

N ‘

\
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Figure — SEM and light microscopy photos of bacterial cellulose nanofibrils synthesized by K. xylinus B-
12068

Conclusion. The ability of the strain to grow and produce cellulose on media with sucrose
or glycerin has also been detected. In addition, the residue, after alcohol was distilled, was
assimilated by the strain and was useful for bacterial cellulose producing. Thus, the isolated strain
K. xylinus B-12068 is a promising producer for obtaining bacterial cellulose under different growth
conditions.
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PREPARATION AND CHARACTERIZATION OF COMPOSITES OF
BACTERIAL CELLULOSE KOMAGATAEIBACTERXYLINUS B-12068 WITH
SILVER NANOPARTICLES
I.P. Shidlovskiy, A.A. Shumilova
Siberian Federal University, Svobodnuy av., 79, 660041, Krasnoyarsk, Russia

Institute of Biophysics SBRAS, Akademgorodok, 50/50, 660036, Krasnoyarsk, Russia
E-mail: shumilova.ann@mail.ru

Bacterial cellulose (BC) is a biopolymer, synthesized by microorganisms, similar in
chemical structure to plant cellulose, but possessing unique physico-mechanical and chemical
properties. BC is characterized by high biocompatibility, does not show cytotoxicity or allergic
reactions. The BC demonstrates no adhesion towards opened soft tissues, so can it be an ideal
material for the wound dressings and other medical devices, intended for the contact with inner
medium of human body. Gel-films of BC have an ordered structure and represent a three-
dimensional network structure, consisting of evenly distributed ribbon-like microfibrils. Complex
of properties in a combination with cheapness and simplicity of the synthesis make BC is very
popular for the investigations as a material for the restoration of skin, bones, connective tissues of
different structure, blood vessels, even for the basis for drug deposition and delivery,

The purpose of this work is to obtain and to characterize bacterial cellulose composites
with silver nanoparticles.

Results. Bacterial cellulose films were synthesized in culture Komagataei bacterxylinus B-
12068 with the method of surface culturing in static conditions. To remove remnants of bacterial
cells and components of grow medium BC films were treated with 1.0 M NaOH at 70 °C, with
following streamed washing in deionized water. For BC composites with silver nanoparticles a
hydrothermal method was used, without the utilization of any catalysts, using the discs of BC layer
as a reducing and stabilizing agent. Two modes of hydrothermal preparation of the bacterial
cellulose composite with silver nanoparticles [BC/AgNps] were used: a change in the temperature
and AgNOs3 concentration in the reaction solution; this provided a series of samples (Fig. 1-2). It
follows from the presented figure that the change in the temperature of the medium with the AgNO3
concentration of 0.001 M had a different effect on the size of the silver nanoparticles formed. After
incubation of BC films in a solution of silver nitrate at 30 °C, there appeared to be an aggregation of
the silver particles formed and their average size was recorded at 757 nm. When the temperature of
the reaction solution was increased to 60 and 90 °C, the particle size was significantly reduced, to
45 and 13 nm, respectively. The use of AgNO3 solutions of different concentrations (0.0001, 0.001
and 0.01 M) with stabilization of the medium temperature at 90 °C provided the formation of silver
nanoparticles with an average size of 13, 23 and 12 nm, respectively.

The presence of silver in the BC-films was confirmed with the scanning electron microscopy
and X-ray spectra analysis (table 1, fig. 2).It was shown, that the average atomic number of silver
particles in composite samples depended from the temperature in system insignificantly, and was
3.08, 3.32 and 3.87 at 30, 60 and 90 C, respectively. In contrast, increasing of concentration of
AgNO;s in the reaction solution from 0.001 to 0.01 M was accompanied by a increasing of silver
content in the composites from 1.08 to 5.32.
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Figure 1 —An appearance (A) of the reaction medium and sizes characteristics of Ag-nanoparticles in the
system (B) during the synthesis of composites films with different temperatures and AgNO3-concentrations
modes

Antibacterial effect of BC/AgNps composite in direct contact with the cultures observed was
expressed in vary degrees for the different strains. In general, E.coli and K.pneumoniae were less
sensitive, P.Aeruginosa and St.aureus — more sensitive. Also, marked differences were found
towards the samples, obtained at 60 and 90 °C.The observed differences in diameters of growth
suppression zones can be explained with the physiological characteristics of strains, that causes
their different sensitivity with the direct contact with silver ions in BC/AgNps composites.
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Figure 2 — SEM of BC composites films with silver nanoparticles BC/AgNps, during the synthesis with
different temperatures (A) and AgNOs-concentrations modes (B). Bar 200 and 300 um

Table — The influence of conditions of system to the element composition of BC/AgNps

Samples Average atomic number

0 C N Ag

BC film 59.8 40.1 - -

Influence of temperature at 0.001 M:
30°C 52.9 425 1.10 3.08
60 °C 51.05 40.3 0.60 3.32
90°C 52.3 41.7 1.5 3.71
Influence of AgNO; concentration at 90 °C:

0.0001 M 51.03 43.9 1.48 1.08
0.001 M 54.2 41.7 0.59 3.65
0.01M 50.2 40.7 1.20 5.32

Conclusions. The different modes of synthesis of composite bacterial cellulose wound
coverings with silver nanoparticles in tended for wounds, infected with Gram-negative and Gram-
positive bacteria, were investigated. An inclusion of silver nanoparticles into the structure of
bacterial cellulose layer with hydrothermal synthesis at 60 and 90 °C provides the formation of bio-
active surface of BC/AgNps composite hydrogel films, having antibacterial influence to the wound
pathogenic flora, more notice able for E. coli and K.pneumoniae.
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KnioueBass  mpoGnema Uit co3laHUsl  OMOTEXHOJOTHUECKMX  TKaHEWHKEHEPHBIX
SKBHUBAJIIEHTOB KOXXM — IOMCK aJIeKBaTHBIX MaTEepUAJIOB, KOTOPbIE TOJIKHBI 00JagaTh CIEKTPOM
CHEIMANbHBIX  CBOWCTB M  TpPUIABaTh TKAHCUHXXEHEPHBIM  KOHCTPYKIUsAM  (rpadtam)
XapaKTEPUCTUKU, TPHUCYIINE >KUBBIM TKaHAM: 1) CIOCOOHOCTh K CaMOBOCCTAaHOBJICHHUIO; 2)
CIOCOOHOCTH MOJJIEPKUBATH KPOBOCHAOXKEHNUE; 3) CITOCOOHOCTh U3MEHATh CTPOCHUE U CBOMCTBA B
OTBET Ha (PaKTOPBI OKPY’KAIOIIEH cpeibl, BKIII0Uasi MEXaHUUECKYIO Harpy3Ky.

[IpoGnemsl, cTosmME Tepen TKAHEBOW WHXKEHEpHUEW, 3aKIIYal0TCs B TOM, YTOOBI
ONTUMU3UPOBATh BbIIEICHUE, pa3MHOXKEHHE U AUPPEpEeHUUPOBKY KIETOK, CKOHCTPYHPOBATh
KapKachl (MaTpUKCHl, HOCHTENIHN) WM CHCTEMbl JOCTaBKH, CIIOCOOCTBYIOUIME TMOJICPKAHUIO U
KOOpJUHAIIMK POCTa TPEXMEPHBIX TKaHEH BHE OpraHu3Ma. MaTpuKchl (KapKachl) JOKHBI BHICTYIIATh
B KayecTBe INA0JIOHa M UWHAYKTOpa I8 pa3MHOXKEHUS U JIu(p(PEepeHIIUpOBKU KIETOK B
CHelHaM3UPOBaHHbIC KJIETKH, TeHEPUPYIOUIEe HOBYIO TKaHb. TKaHb MOKET OBbITh BbIpalieHa Ha
MaTpUKCaX, KOTOPBIE MOCIIE UMILIAHTALUU B OPTaHU3M XO0351HA ITOCTEIIEHHO, TI0 MEpe POCTa HOBOH
TKaHW, TIOJIHOCTBIO HMCYE3HYT (pe3opOupyroTcs). Bo3MOXHO, TakXke HWMIUIAHTUPOBATh
«OMOKOMIIO3UT», COCTOSALIMM W3 MaTpUKca C YK€ YaCTMYHO CPOPMHPOBAHHOW HOBOH TKAHBIO.
[Tocne mmmutanTanuu BMecTO JedeKTa TKaHEHMH)KEHEpHAas KOHCTPYKIHMS JIOJKHA COXPAHHUTh CBOU
CTPYKTYpy W (YHKUMH B TEUYEHHE IE€PUOJa BPEMEHH, HEOOXOAMMOro Uil BOCCTAHOBJICHUS
HOpMaJbHO (YHKIMOHHUPYIOIIEH TKaHU B MecTe AepeKTa M HMHTEIPHUPOBATHCS C OKPY>KAIOIIMMHU
TKAHSIMH.

Heap paGoTrbl — KOHCTPYMPOBAHHME TUOPHUIHBIX TKAHEHMH)KEHEPHBIX OHOCHUCTEM IS
BOCCTAQHOBJICHMS  TMOBPEXKJICHHM KOXM HAa OCHOBE MAaTepuajoB OHOTEXHOJOTHYECKOTO
MPOUCXOKACHUS (OMOCOBMECTHMBIX M PE30POHMPYEMBIX MOTUIPUPOB MOJUTHIAPOKCHAIKAHOATOB U
OaKTepHaIbHOM IEJUTIONO3HI).

Marepuanbl u MeToabl. [Inenku GakrepuansHoil 1euTo03bl (BL]) momyyanu B KyiabType
YKCYCHOKHCIBIX Oaktepuii Komagataeibacter xylinus B-12068; ucrounukom OHOpa3pyiiacMbIX
comomumepoB II(3I'6/4I'B) cnyxkwuiaa KynbTypa XeMOJIHTOABTOTpOGHBIX OakTepuit Cupriavidus
eutrophus B10646.

Pe3yabTarnl. CkoHcTpyupoBaHa cepus rubpumoB Ha ocHoBe bBIl m ITI(3I'b/4I'B) ¢
WCIOJIb30BAHUEM DA3IMYHBIX METOMOB: | BapuaHT — BBICYyNIEHHYIO IUIeHKY bBI[ u creipyio
(mponutanHyto xyopodopmom) nponutsiBaau B 2% u 5% pactBope I1(3I'b/4I'b); 2 Bapuant —
BBICYLICHHYIO TUIeHKY 3anuBanu 2% pactBopom I1(3['6/4I'B) u BblaepkuBamu B TeueHue 24 d,
3aTeM CYIIWIH B OecrbUIeBOM OOKCe J0 MOJHOTO yAaJeHUS! pacTBOPUTEINs; 3 BapUaHT — HETKAHOE
BOJIOKHO, 00pacTaio IJICHKOI OaKTepHalbHOW IeJUTI0I03bI CHHTE3UpOBaHHOH B KynbType K.Xylinus
B-12068 B cratm4eckux YCIOBHUSX TOBEPXHOCTHBIM CIIOCOOOM; 4 BapuaHT — H3MEIbYCHHYIO
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uemnono3y (pasmep yactui 120 mxm) nob6asnsamu B 3% pactop [1(3I'b/4I'b), nepememnBanu ¢
MOMOIIBIO YJIBTPa3ByKa JI0 MOIYYSHHsI TOMOTEHHOTO PacTBOPa, 3aTeM IOJIyYalld IUICHKA METOIO0M
WCIIapEHUs PACTBOPUTEIIS B CIICYIOIIIEM COOTHOIIEHUU-TIONIMMED: Tieyutrono3a — 2:1; 1:1; 5 BapuanT
— m3MmenpueHHblid nopouok [1(3I'6/4I'b) noGaBmsnu B KyJabTYpaJbHYIO CPey M BBIpAIlUBAIN B
kyneType K.bacterxylinus B-12068 moBepxXxHOCTHBIM CrIOcOOOM; 6 BapuaHT — HETKAHOE BOJIOKHO,
oOpacrayo IJICHKOH OakTepHaIbHOW LEIUTIONO03bl CHHTE3MpoBaHHOW B KynbType K.rxylinus B-
12068 riayounHbIM criocobom (puc. 1).

Pucynok 1 — @orto rudpunos ua ocHose bI{ u [1(31'6/4I'b), nonydeHHsbIx pa3sHbiMu Metogamu: 1 — BI+2%
p-p [1(3T'b/4I'B); 2 — BL{+5% p-p I1(3I'6/4T'B); 3 — BLI+2% p-p [1(3I'b/4I'b), nponuteiBanu 24 4; 4 —
mokpas BL+2% p-p I1(3T'b/4I'B); 5 — I1(3T'b/4I'b)+ kpomika BII (2:1); 6 — II(3I'6/4I'B) + kpomka BIT (1:1)

OOpasipl, MOTyYCHHBIE B pe3yibTaTre J0OaBICHHS HETKAHOTO BOJIOKHA W mopoinka Bl B
KYJIbTYPY YKCYCHOKHCIBIX OakTepHii, a Takxe oOpaslbl mocie mponutku 5% p-oMm comoiumepa
[1(3I'b/4I'B) B BBICYIICEHHOM COCTOSSHUM HE WMENIH YEeTKOW CTPYKTyphl (puc. 2) u oOmamanu
HU3KUMH MEXaHUYECKHUMH XapaKTEPUCTUKH (TaOauIa).
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Pucynok 2 — POM-caumku noBepxnocty rubpugos Ha ocHoBe B u [1(3I'6/4'b), monmy4eHHBIX pa3HBIMH

MeToJIaMH (HyMeparus — aHaJIOTHIHO pHc. 1)

Tabnuua — Ou3nKo-MexXaHNYECKue XapakrepucTuku ruopunoB Ha ocHoBe bL u I1(31'6/41'b)

Hanpsbxenune npu Jedopmarnus mpu

Ha3zBanwue obpasma Monyne FOnra, MIa paspymerun, MITa paspymermy, %
Hcxonnas BL] 2060,4 33,47 1,75
Bll+ueTkanoe 272,33 8,67 3,65
I1(3T'b/4I'B) + kporika
BIT (2:1) 65,08 0,88 3,45
[1(3I'b/4I'B) + kporika
BIT(1:1) 63,41 0,83 3,47
bI+2% p-p II(3T'b/4I'b) 110,99 6,65 6,25
mokpast BLI+2% p-p
TI(3TB/4TB) 146,76 5,63 5,71

Jlyumme BapwaHThl THOPHUIOB MO CHOCOOHOCTH TMOJACPKUBATH MpOoJu(depanuio KIeTOK
(GuOpOOIACTHYECKOTO Psifia MOTYYEHBI NMPU UCIOIB30BAHUM METOJIa WCIApPCHHsI PACTBOPUTENS B
CJICIIYIOIIEM COOTHOIICHUU — TMOJIMMEP: MeJUTroio3a — 2:1. DTH Tumsl THOPHIOB OBUTH HATrPy)KEHBI
JIEKapCTBCHHBIMU TIpernapaTaMy, CTUMYIHPYIOIIUMH PaHO32KUBJICHHUE, U UCCIIEIOBAaHbI B KYJIBTYpPE

¢hubpobaacTos.

Haubonee OmaronpusasTHBIMH I BhIpaniuBaHus (GuOpoOIacToB OKazaluch

o0pa3iiel THOPUIOB, TOTYYCHHBIC H HATPY)KCHHBIE aKTOBETHHOM WJIM COJIKOCcEepHIIoM Ha 5 % (puc.

3).
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Pucynok 3 — KonudecTBo *u3HECIOCOOHBIX (hUOPOOIaCTOB, KYIbTUBUPYEMBIX Ha THOPUAHBIX cKaddomgax
BLI/TI(3I'b/4I'b)/nexapctBennblie cpeactsa: 1 — xontposb (momuctupon); 2 — [I(3T'6/4I'B) + kpomka BIL]
(2:1); 3 - II(3T'b/4I'b) + kpomka BII (1:1); 4 — II(3T'b/4I'B) + kpomka BI (1:1) + aktoBerun (5%); 5 —
[1(3T'6/4I'b) + xpomka BI] (1:1) + akToBerun (1%); 6 — [1(3T'b/4I'b) + kpomka BII (1:1) +conkocepun(5%);
7 —TI(3T'b/4T'B) + kpomka BIT (1:1) + conkocepun (1%) (MTT Tecr)

3akarouenne. CKOHCTPYHPOBaHbI THOPHUIHBIE CHCTEMBI B KaueCTBE OMOPHBIX HOCHUTENEH
Ui KyJbTHUBHPOBAHUS KJIETOK Ha OCHOBE OaKTepHaJbHOM MLEJUIIOJI03BI U PEe30pOHpeyMbIX
comomumepoB  I1(3I'b/4I'b), oOmamarommx cBoiicTBamMu  3nacTtomepoB. [lo  pesymbraram
MCCIIEIOBAaHMsI CBOMCTB MOBEPXHOCTH U (PU3UKO-MEXaHUYECKUX CBOMCTB HanboJiee MPUrOJHBIMH B
kadecTBe ckaddongoB mpu3HaHB 00pa3mbl B COYETaHHHM C JIEKAPCTBEHHBIMHU IIpenapaTami,
OKa3bIBAIOLINE CTUMYJHUpYIOlIee aeicTBHEe Ha (QUOpOOIAacTbl M TEpPCHEKTHBHBIE B KadecTBE
PaHEBBIX MOBS30K /ISl BOCCTAHOBIICHHUS 1€(DEKTOB KOKHBIX TIOKPOBOB.
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Implants are materials that are designed and produced to partially or completely take over
the function of natural tissues. They are produced in different sizes to be used as off-the-shelf
devices. This is quite satisfactory for most of the implants such total hip prosthesis, intraocular
lenses, and sutures. There are, however, cases where the implant has to be modified in the operating
room to more closely fit the defect of the patient. This is especially true with polymeric implants
used in fixing irregular defects. With the development of various computer controlled
electromechanical devices and imaging systems it is now possible to manufacture implants
specifically for an individual patient. The production process has a large number of variations but
all share the same common approach: the building of the product in a layer-on top of-layer bottom
up approach leading to the name additive manufacturing. The most commonly used approach is
FDM, fiber deposition modelling, where a thermoplastic polymer is melted and extruded through a
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micron sized orifice drawing lines according to the computerized information obtained from a scan
of the defect of the patient. Below a PCL based implant and its interaction with bone cells is
presented. Among the many important parameters to be controlled are pore and fiber dimensions,
chemistry, degradation rate, mechanical and thermal properties of the polymer used. The cells in the
figure are apparently interacting extensively with the polymer showing that the 3D-product will
serve the purpose. Examples in this will be presented.
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Figure — Polycaprolactone implant and its interaction with bone cells [1]
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MopnenupoBanue remarodHiedannyeckoro 6apeepa (I'Db) — omHa W3 BakHeHHMX 3ama4
HeiipoOuomoruk W HelpoMeaunuusl. [Ipumenenue wmopaeneii DB in vitro oGecrmeunBaer
BO3MOYKHOCTh M3Y4YCHUS MEXaHHU3MOB MEXKKJICTOUHBIX B3aMMOJICHUCTBUII B TOJOBHOM MO3I¢ B
(GU3NONOTHYECKUX W MATO(U3MOIIOTHYECKAX  YCIIOBHSX,  TOJJICPKAHHUS  CTPYKTYpPHO-
¢byHkIMOHATBHON 1enocTHocTH DB, a Takke uccienoBaHus (apMaKOKHHETUYCCKHX CBOWMCTB
MOTEHIMAJFHBIX HEWPOTPONHBIX JIEKAPCTBEHHBIX MpenapatoB. B Hacrosmiee Bpems mpu
moenupoBanuu ['DB in Vitro ucmonb3yroTcss MOHOKJICTOUHBIC (BKIJIFOYAIOIINE OJUH TUI KIETOK) U
MYJIbTHKJICTOYHBIE MOJENN (COKYJIbTUBUPOBAHHE IBYX W 0OJiee TUIOB KJIETOK — acCTPOIIMTOB,
HEHPOHOB, YHAOTEINOLUTOB, TIEPUIIMUTOB). B 3aBUCHIMOCTH OT TIPOMCXOXICHUS KIIETOK, BXOISIINX
B cocraB Mojeieii ['Db, BbIACAIIOT MOJEIM C HCIOJb30BAHHEM KIETOK HEMO3TOBOTO
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MIPOUCXOXKACHUS, MOJEIU C HCIOJIB30BAHMEM  KIETOK MO3TOBOTO  IPOUCXOXKIACHUS U
KOMOMHHPOBAaHHBIC MOJIETU C UCTIOJIh30BAHUEM KJIETOK MO3TOBOTO M HEMO3T'OBOTO MTPOUCXOXKICHHUS
[2]. Takum oOpa3oM, B apceHaNIe YUEHBIX UMEETCS IOCTATOYHBIN BBIOOP CIIOCOOOB MOJIETUPOBAHUS
I'DB in Vitro B 3aBUCHMOCTH OT IOCTaBIACHHBIX Iieiedl u 3amad. OOecreYnTh BOCIPOM3BEACHHE
yClIOBUHM, Hambosee MNPUOIMKEHHBIX K pealbHbIM YCIOBUSM (YHKIMOHUPOBAHUS KJIETOK B
OpraHm3Me, TIO3BOJISIET MPUMEHEHHEe MHKPO(QIIOUIHBIX TEeXHOJNOTUN. brarogaps Hamu4uio
MOCTOSIHHOTO MHUKPOIIOTOKA KHJIKOCTH, O0ECIEUHBAIOIIET0 M3MEHEHHUs KOHIIEHTpAlWil BEIIECTB,
MOCTYNAIOMINX K KJIETKAM U BBICBOOOXKIAIOIIUXCS W3 HUX, BO3MOXHO CO3JaHHME HOBBIX
AMHaMu4IecKux mojeneii Db in vitro, Hanbosee MOJHO OTPAKAIOMIUX COOBITHS B TOJIOBHOM MO3Te
B ycJoBusx in vivo [1].

Lean pa6orbl. Co3manue moaeneit I'DB in Vitro mis pasauyHbIX OMOMETUITHHCKHX
IIPUIIOKEHUHN.

Marepuaabl U MeToAbl. Marepuanom st co3manus mozencit I'DB in vitro coyxumu
MEPBUYHBIC KYJIBTYPBl KIETOK acCTPOIMTOB, HEHUPOHOB M IepeOpalbHBIX 3SHIOTEIHOILUTOB,
BBIJICJICHHBIC W3 TOJIOBHOTO MO3ra 3MOpPHOHOB KpBIC 10 omucaHHOW paHee metomuke [3]. Tlocne
MOJIYYEHUS! KYJIbTYpP KJIETOK-KOMIIOHEHTOB MOJIEIMPOBAIU CTATUYECKUE M JUHAMUYECKUE MOJIEIU
I'DBb.

Jnist co3aHusl CTaTHYECKON TPEXKOMIOHEHTHO!N Moaesu ['Db in vitro Ha aHo 12-1yHOYHOTO
IJJAaHIIETa 3aCEBAJIM aCTPOLUTHI U HEMPOHBI B COOTHOIIEHHMH 2:1, Mociae 4ero Ha KyJnbTypaldbHbIE
BCTaBKM J00ABISIM  IepeOpanbHble  SHAOTeNUOUMTHL.  Jlamee  kimeTku-koMmmoHeHTsl [Ob
cokynbTUBUpOBaiH B cpene DMEM c 10% FBS, 0,58 mr/mn rnmyramuna, 100 U/mn neHunuiuinHa,
100 mr/ma crpentomuninHa B ycnoBusax COo-unKyOaTOpa.

Jnst cozmanmst nuHamuueckod wmoxaenu Db ucmomp3oBanm cuctemMy Mukponepdy3uu
CellASIC ONIX (Merck Millipore). B kamepy muianmera aiasi MHUKPO(IIIOWIHONH YCTaHOBKU
3aCeBANCh KJIIETKU-KOMMIOHEHTHI [Ob 1 dbopmupoBaHus TpexXMEpHOM MOJEIH, MPU STOM
aCTPOIMTHI U HEHPOHBI OBLITU OTIENEHBI OT LepeOpallbHBIX SHIOTEIHOIUTOB MeMOpaHou. KieTku
KynbTuBHpoBanuch B cpeae DMEM c 10% FBS, 0,58 mr/mn rmyramuna, 100 U/mn neHUIMIIIMHA,
100 Mr/ma cTpenToMHIMHA MPU (PUIUOJIOTHUECKONW CKOPOCTH MOTOKA KYJIbTYPAIbHOM Cpelibl, pu
37°C u 5% CO.,.

s uneHTUUKAMK TUMA KJIETOK B coctaBe ['Ob ¢ moMoIpio HMMYHOIIUTOXUMUYECKOTO
aHaIM3a OMpEAesIN CIASAYIOINE MapKepsl: HelpoHcnenuduaeckyro enonasy (NSE), rauansHbiii
¢bubpuusipuenii  kucneii nporenH (GFAP) u  daktop Bumnebpanmma (vWI). ns oneHku
dbopmupoBanus (YHKIMOHAIBHBIX CBSI3eM Mexay kietkamu ['DOb peructpupoBanu Haaudue
OCHOBHOTO CTPYKTYpHOTO KOMIIOHEHTa IIENIeBbIX KOHTaKTOB, KoHHekcuHa 43 (Cx43) u Oenka
IJIOTHBIX KOHTAKTOB ZO-1. /{7151 OLIEHKH MEXKJIETOYHBIX B3aUMOJICUCTBUIA HMMYHOIIUTOXUMHYECKU
OTIPEACTISUTN JKCIPECCUIO PA3IUYHBIX TOJATHUIIOB MEMOpPaHHBIX TPAHCIOPTEPOB (TPAHCIOPTEPHI
JaKTaTa, TJIIOKO3bI, Tiyramata). IIponuiaemocts ['DB in Vitr0 omeHuBanu 1O yPOBHIO
TPaHCOHAOTEIHATBHOTO 3eKTprueckoro conpotusienus (TEER).

IMoayuennbie pe3yabTathbl. [Ipun GopMupoBaHMHM TPEXKOMIOHEHTHBIX Mozenaci I'DB in
VItrO COOTHOIIIEHHE ACTPOIIMTOB, HEHPOHOB U IEPEOPATHHBIX SHAOTCIUOIUTOB cocTaBmio 2:1:1,
YTO COOTBETCTBYET (M3MOJIOTHUYECKHM HEHpPOH-TIIMAJbHBIM MOKa3aTeNlsiM rojloBHOro mosra. Bee
SHJOTEJIMOIUTHI B COCTABE TPEXKIETOUHBIX MOAeNel skcnpeccupoBanu ZO-1, 94To XapakTepHO JJIst
sugorenuonutoB I'Db. B monensax I'Ob Obuta onpeneneHa momist KIETOK, SKcnpeccupyronmx Cx43
IUIs. HEHPOHOB, aCTPOLMTOB U YHAOTETHOIUTOB. BrisiBienue B mozemnsax ['Ob 6enkoB ZO-1 n Cx43
yKa3blBaeT Ha BO3MOXKHOCTh €€ MHCIIOJNb30BaHUS JUIsl HU3Y4EHHS OCOOCHHOCTEH HeHpoH-
aCTPOIIMAIIbHBIX, aCTPOLIUT-3HO0TEINATIBHBIX B3aUMOICUCTBUN U SHEPTETUUECKOr0 COMPSHKEHUS B
HOpPME U MpH 3a00JIeBaHUSAX TOJIOBHOTO MO3Ta.

Pazpaborannsie monenu I'DOBb mpopeMoHCTpHUpOBanM BO3MOXKHOCTH NMPUMEHEHHS WX JUIs
MOJEIINPOBAaHNS HEWPOBOCHAIECHHS, B YaCTHOCTH, IPU HM3YYEHHH MOJIEKYJISIPHBIX MEXaHHU3MOB

79



noBpexkaeHuss [DOb  mpu  HeWpoumH(EKIUAX,  XapaKTepU3YIOIMMXCS  IMaTOJOTHYECKOM
THIIEPIIPOHUIIAEMOCThIO Oapbepa, a Takke Uil OIeHKH mpoHunaemoctu ['Db mpu pasnndsbIx
BO3JICHCTBUSAX, UMEIOIIUX CBOEH LIEIbI0 JOCTHKEHHE OOpaTUMOro, KOHTPOJIUPYEMOTO OTKPBHITHS
I'Db (c peructpanueil mpoHUIIAeMOCTH Oapbepa sl MOAEIbHBIX KCEHOOMOTUKOB U MOJICKYJISIPHBIX
KOMIUIEKCOB). MBI yCTaHOBHWIIM, YTO JJISl PEHICHUS TaKUX 3a7ad HanOousbleil H”HPOPMATUBHOCTHIO
00JIaIal0T MapaMeTphl, XapaKTepU3YIOIIUE CTPYKTYPHO-(YHKIMOHAIBHYIO LelocTHOCTh Db in
VItro, B YaCTHOCTH, O3KCIpPECCHsi OCIKOB TECHBIX KOHTAKTOB (9HIOTEIMOLUT-IHI0TEIHATHHOS
CONPSDKEHHE), IIEJEBBIX KOHTAKTOB  (ACTPOLMT-AaCTPOTTHAIBHOE  COIpPSDKEHHE),  OeIKOB-
TPAHCIIOPTEPOB (ACTPOLUT-3HIOTETUAIBHON U HEUPOH-AaCTPOTIHAIBHOE COMPSHKEHNUE).

3akarouenne. [lonydeHHble craThueckas W IuHaMu4deckas mozaenu ['DB in vitro moryr
UCIIOJIb30BAaThCA I HW3YYEHMsS] MEXKJIETOYHBIX B3aUMOACHCTBHI B TOJOBHOM MO3re, mIJid
TECTUPOBAHUS MPENapaToB C MOTEHUUAIbHOW HEMPOTPONHON aKTHUBHOCTBIO, AJISI MOJECIUPOBAHMUS
pa3nIuuHBIX (T1aTO)(PU3UOTOTHIECKUX COCTOSSHUM B IIEHTPAIBLHON HEPBHOM CHCTEME.

Paboma (ppacmenm no oyemnxe Heliposocnanerus) 8bINOIHEHA NPU NOOOEPIHCKe SPAHmaA
POOU-KKDITHuHT]] (npoexm Ne 16-44-243073).
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HOBBIE BUOCKA®®OJIIbI C 3ATAHHBIMA CBOMCTBAMHU
JJISA U3YUEHUS HEPEBPAJIBHOI'O AHI'MOI'EHE3A IN VITRO
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I1.B. JlaBpenTneB, A.b. Canmuna, A.B. Mopryn
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Bricokas JIOKaJIbHasA KOHIICHTpalu-d JJaKTarta, HUCTOYHHUKOM KOTOpOro ABJIAKOTCA
MEepPUBACKYJSPHBIE  ACTPOLUTHI,  OOJaJaeT  BBICOKMM  IPOAHTHOTEHHBIM  MOTEHIMAJIOM
SHAOTENNAIBHBIX KJIETOK F0JIOBHOrO Mo3ra [S5]. Jlakrat paccmaTpuBaercs, Kak OJUH U3 KJIIOUEBBIX
pEryJsTOpoB IiepedpaibHOTO aHTHoreHe3a [4]. Pereneparus moBpeXACHHBIX W/WIN yTPAYCHHBIX
TKaHEl OTHOCHUTCS K CJIOXHBIM U BaKHBIM IPOOJeMaM COBPEMEHHOW pereHepaTuBHOM MEIUIHBI.
Krnaccuueckoe 3amenieHue Takux 1e(eKToB ayTOJIOTHYHBIMHU WJIM TOMOJIOTMYHBIMU TKaHSIMHU UMEeT
Pl OTpaHUYECHUN M HEJOCTATKOB, KOTOPbIE HE MOTYT 00ECIEUUTh MOJHOIICHHOE BOCCTAHOBIICHHE
(YHKIIMOHATILHON aKTUBHOCTH OpraHoB W TKaHeld. OCOOEHHO aKTyaJbHOM yKa3aHHas MmpooiiemMa
CTAHOBUTCS IIPU MOBPEKICHUN HEPBHOM TKaHU.

CymiecTByIone CHUCTEMbl OIEHKH U HM3y4eHHUS OCOOEHHOCTeH mpoiudepannn KIEeToK,
AQHTHOTCHE3a, perapaTUBHBIX MPOIECCOB IN VItro cozepikart OHMOMOJUMEpHBINH KapKac (MaTpHrels,
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JKeJlaTuH, KoJlareH, (uOpOHEeKTHH WM MX aHaJOrH) Ha KOTOPOM pacrojaraioTcs dHI0TeIHallbHbIe
kietkn 3. Takoil mOAXOA WMHUTAMM MaTpUKca Oa3albHOW MEMOpPaHBI PEIKO IMO3BOJISIET
BOCITPOM3BECTH MUKPOOKPYKEHHE, KOTOpOoe HeoOxoaumo ijist ipoiiudepanuu u quddepeHInpoBKr
MOJIOJBIX KJIETOK. Mpbl pa3paboTalii ¥ CO3Jald  JKEJTaTUHOBBIA ckapdoian crnocoOHbIN
BBICBOOOXKJaTh JIAKTAaT HEMOCPEACTBEHHO Ha TIOBEPXHOCTH, BOJIM3M HHAOTEIHOLMUTOB, YTO
UMUTHPYET BHICBOOOKICHHUE JIAKTATa MIEPUBACKYIISIPHBIME acTPOIIMTAaMHU IN VIVO.

eab padoThl — yCTAaHOBUTH O0IIME XapAaKTEPUCTHUKH JKEIATUHOBBIX CKa(@oIa0B, KOTOphIE
BBICBOOOXKJIAIOT JIAKTaT M MOTYT SBISATHCS 3HAYUMBIMHU JUJIsI MOAYJIHMPOBAaHUS IepeOpabHOTO
aHruoreHesa 1IN Vitro, a TakKke OCOOCHHOCTH aHTMOTeHe3a Ha WX [OBEPXHOCTH IpU
KYJIbTUBUPOBAHUHU LEPEOPaAIbHOTO SHIOTEIHSI KPBIC.

Matepuanbl U Metoabl. JlJis M3roTOBJIEHUS KENATUHOBBIX CKaPQOIIOB C TpaJIueHTOM
naktara (no 2 MM), ucnonb3oBamu QoromiaeHnky mapku BPII-M (IIO «CnaBuu»): ynansiu
TaJIOTeHU ] cepedpa W CEHCHUOWIM3UPYIOMUA KpPAacUTENb, CYIIWIW W Hape3aiu cKadoabl
auaMeTpoM 16 MM; Hachlaay oHY MonoBUHY ckaddonna B 40% pactBope nakrara. Ckaddonast
MOMEIAIH Ha THO 12-JIyHOUYHOTO IJIaHIIEeTa U OCYIIECTBISUIM KyJIbTUBHUPOBAaHUE KIETOK, KOTOphIE
3aceBalli Ha IPAHHUILY Pas/ena IMOJOBHHOK C IaKTaToOM 1 6e3 nakrara (5x10° Ha ckaddom).

Briienenue U KylbTUBHpPOBaHHE SHIAOTEIMOLUTOB IMPOBOAMINM MO MOIUGUIHNPOBAHHOMY
POTOKOITY IpeyiokeHHoMy Y. Liu ¢ coaBropamu [1].

OneHka  mapaMeTpoB  aHTHMOTEHE3a  MPOBOJMIM  IMyTeM  pEerucTpaluy  4ducia
c(OPMHUPOBAHHBIX METENb, IUIOMIAIN BHYTPU HETENb (MM, JUTHHBI nepumerpa nerens (Mm) [2] B
(UKCUpPOBaHHOM 00JacTH 30HBI «aHTHOreHe3a» pasmepoM 0,5x1 MM ¢ KaXI0il CTOPOHBI
OTHOCHUTEJIBHO IPaHUIIBI MEXAY IMOJOBUHKaMH ckaddorna ¢ maktatom u 6e3 akraTta B TeueHue 30-
390 MUH mOCJE ITOCAIKU KIIETOK.

NIMMYyHOTUCTOXMMUYECKHE HCCICIOBAHUS BBIIIOJHEHBI 10 CTaHJAPTHOW METOJIUKE
OJTHOBPEMEHHOTO WJM TIOCJEI0BAaTEIbHOIO KOMOWHHUPOBAHHOTO OKpalllMBaHWs [penapara;
peructpanmio amnonto3a — c¢ nomouipto meroga TUNEL; peructpanmio skcnpeccun MPHK —
metozioM [I1IP B peasibHOM BpeMeHH.

Craructuueckuil aHanu3 mnpencrtaBieH B Buge M=+SD, rme M—cpennee 3nHauenue, SD-
CTaHJIapTHOE OTKJIOHeHHWE. Mcmonb3oBanu Kputepuu MaHHa—YUTHH, YHIKOKCOHA, XZ, paHroBbIE
koppemsinuu no Cnupmeny. CTaTUCTUYECKH 3HAYMMBIMU cuuTainu pasznuuus npu p<0,05 u menee.
JIOTIOTHUTENBHO ONpeAesid (PpaKkTATbHYIO pa3MEepHOCTh U (GopMmy (hakTopa MmeTenb COCya0B IPHU
aHruoreHnese Ha ckaddonmax.

Pe3yabTaTnl. B 30He xematuHOBOTO cKaddonma, Tie aKTUBHO BBICBOOOKIAETCS JIAKTaT,
gepe3 48 4acoB peructpupyercst Ooiblliee YUCIIO MEeTeNb MO CPaBHEHUIO C 30HOM 0e3 jakTaTta.
Cpennsisi Tiomaap NeTIM M JJIMHA TMEepUMeTpa MeTellb B ATOW 30HE CTATUCTHUYECKH 3HAYMMO
Oonplie. OTU pazIuyuusi UMEIOT BPEMSA-3aBUCHUMBIA XapaKTep: aHTHOr€He3 WHTeHCU(UIMPYETCs
nocine 300-oif MUHYTBI KyJIbTHBHUPOBAHHUS, YTO COOTBETCTBYET ITOCTOSHHOM BPEMEHHM BBIXOJA
JaKkTata B cpeay umHKyOanumu. Ilpm mereximm ocobeHHocTel skcnpeccuu monekyn Cav-1, Ki-67,
Z0O-1 wm BBIPAXEHHOCTH alloONTO3a BBISABJICHBI OTIUYHS, XapaKTEPU3YIONIME OCOOCHHOCTH
1epeOpaIbHOTO aHTHUOTeHe3a B 30HE C Pa3HOM KOHIEHTpauued JakTara. DTH OCOOCHHOCTH
MOATBEPKIAIOTCS pe3ysbTaTaMu aHaiau3a 3kcrpeccruonHoro npoduns MPHK meromom IILP B
peaqbHOM BpeMeHM: B 30HE CKa((}oJI0B, BBIICISAIOMIMX JIAKTAT, 3a()UKCHPOBAHO JIOCTOBEPHO
3Haunmoe yBenmuenune skcnpeccun MPHK HIF-1, CD147, GPR81, VEGFR2. OmnenuBas hopmsr
NeTeNb, C MCIOJIb30BaHUEM IapaMeTpa (pakTanbHOU pazmepHocTd D u reomerpuueckoro Gpopm-
daktopa F, MBI ompegenwiu mapaMeTphl JHMHEHHOTO TpeHAA IS BceX THUMOB ckaddommaos.
VY CcTaHOBIIEHO, UTO MapaMeTphbl GpaKkTaIbHON pasMepHOCTH U (HopM (aKTOPBI HAXOAATCS B CHIIbHOU
KoppensiuoHHou cBs3u R=0,98 nist maktaTHo# 3086 1 R= 0,98 — my1st 6e3makTaTHOM.

3akmouyenue. [lomydeHHble  pe3ynbTaTbl C  HCIOJIB30BAHMEM  OPUTHMHAIBHBIX
6unockadonaoB, BBHIACIAIONIMX JIAKTAT, COOTBETCTBYIOT COBPEMEHHBIM IPEACTABICHUSAM O TOM,
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YTO MPOCTPAHCTBEHHBIE, TOMOJOTHYECKHE W (paKTalIbHBIC CBOWCTBA KAIMULIPHBIX —CeTeil
MO3BOJIAIOT B JOCTATOYHOM MEpe OXapaKTepH30BaTh KIIOYEBbIC MapaMeTphl aHTHOTeHe3a in Vitro.
Ucrnonb3oBanne  ckapdoiagoB, WMUTHPYIONIHX  MHKPOOKpY)KeHHe in  Vitro, pacmmpsiet
BO3MOXHOCTH JIA U3YYCHHUA OCO6CHHOCTeﬁ AHT'MOICHEC3a, a TAKXKC BJIMSAHUA HA HCTO PA3JIMYHBIX
MOJIYJISITOPOB iN Vitro.

MogenupoBaHue aHrHOreHe3a in Vitr0 ¢ KCIONb30BaHHEM LEepeOpaIbHOTO SHIOTEIHS U
KEATHHOBBIX CKa(dOIIOB, BBIICIAIONMX JAaKTaT, 00JagaeT PSIOM IPEHUMYIIECTB, BKJIIOYAs
TOYHBIN KOHTPOJIb AMHAMUKHU POCTA KIJICTOK, USMCHCHUA KOMIIOHCHTOB BHCKJICTOYHOT'O MATPHUKCA U
Cpelbl, BO3MOYKHOCTH HCIIOJIb30BAHHS PA3HOOOPa3HBIX METOJOB Ui TApreTHOW MOMYJISIIUH
AHTHUOT'€HHBIX CBOMCTB OHAOTCINAJIbHBIX KJICTOK.

Paboma evinonnena npu noodepocke epanma Poccutickoeo Hayunozo ¢ponoa (npoexm N 14-
25-00054).
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OHTI/IMI/ISaLII/IH nmponecca 3aKUBJICHUA I[e(beKTOB n BaGOHGBaHI/Iﬁ KOXH C MOMOIIIBKO HOBBIX
TEXHOJIOTHH M MaTepHAJIOB SBISETCA AaKTyalbHOM TmpobieMoit (yHIaMEeHTaTbHONW HAyKH U
KJIMHUYECKOW MpakTUKU. CBs3aHO 3TO C TIOCTOSHHBIM POCTOM KOJMYECTBA IOBPEKICHUM
BCJIE/ICTBUE OXOT'OB, TPAaBM, XUPYPrUYECKHMX BMEIIATEIbCTB, OHKO- W PA3IUYHBIX 3a00JIeBaHUII.
Kpyr xupypruueckux H JIe4eOHBIX CPEICTB, MPUMEHSEMBIX IJIsi 3aKPBITUS U BOCCTAaHOBJICHHUS
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NepeKTOB KOXKHBIX IMOKPOBOB, a TAaK)XE€ MAaTepHalioB M MEIWKAMEHTOB, HCIOJb3YeMbIX IS MX
W3TOTOBJICHUS, HACUUTHIBACT COTHU HAMMEHOBAaHUN. MaTepuanbl sl pAHEBBIX MOKPHITUN JTOJKHBI
o0anaTh CBOMCTBaMH, HEOOXOAUMBIMU JII KOHKPETHOTO THUIIA MOBPEXKICHUS, a TaKXKeE C YUETOM
TeyeHus: W (a3bl paHEBOro mporecca. AKTyadbHOE M OBICTPO pa3BHBAIOLICECS HarpaBlICHUE,
OpUEHTHUPOBAHHOE Ha BOCCTAHOBJICHHE 1€(DEKTOB KOXKHBIX MOKPOBOB — ATO TKaHEBas WHKEHEpHUs
KOXH U CO3/IaHue OMOTEXHOJIIOTUYECKUX JEPMaIbHBIX SKBUBAICHTOB. VcIob30BaHNe OTEHIIMATA
KJIETOYHBIX TEXHOJIOTUI B PEKOHCTPYKTHUBHBIX LIENIAX PEAU3yeTCs C MCIOIb30BAaHMEM HECKOJIBKUX
MOJXOJ0B. B 0THOM M3 BapWaHTOB CYCIIEH3UIO KJIETOK HEOOXOAMMOro (heHOoTHIa, BBIpOCIIUX N
Vitro, BBOJIAT B MOBPEK/ICHHBIC TKAHW OPTAHOB WM B KPOBOTOK. B Apyrom, TexHosorudecku dosee
CJIO’)KHOM, KJICTKH BBIPAIlMBAIOT BHE opranm3Ma Ha maTpukce (scaffold); manee OGmonnxeHepHYyrO
KOHCTPYKLHUIO UM CPOPMHUPOBAHHYIO TKaHb UMILIAHTHUPYIOT PEHUITUEHTHOMY OpPraHU3MY.

Heas padorsl — wucciaenoBaHue 3>PGEKTUBHOCTH NPUMEHEHHS THOPHIHBIX PaHEBBIX
MOKPBITUI HAa OCHOBE OAKTEpUAIbHON IEJITI0I03bI U pe30pOrupyeMbIX OHOMOIUMEPOB JIJIsl TEPAIUU
MOJICTIbHBIX 0KOTOB B IKCIIEPUMEHTE IN VIVO.

Marepuanbl U MeToabl. MojenupoBaHue OXOTOBOTO mopaxkeHuss koxu Il crenmenu
MIPOU3BEICHO HAPKOTU3UPOBAHHBIM KpbicaM Bucrap (BHyTpuMbIieyHo MeauTuH 0,2 M, mpomnodot
0,3 mur). Ilepen omeparueld B MEXKIONATOYHONW OO0JACTH BBIOPHBAIM YY4acTOK pa3sMepoM 3 oM.
Hanecenue oxora npou3BOAMIIN IIPU TOMOLIM CTAJILHOM Me4aTKu AuameTpoM 15 MM, Harperoil 1o
100 °C B kunsuied Boae B Teuenne 10 muH. Bpems skcnosuiuu Ha paHe 8 cekyHa. B
AKCIIEPUMEHTANBHBIX TPYMIaxX KOXKHBIM Je(PEeKT 3akpblBad 3 TUMAMHU pa3pabOTaHHBIX PAHEBBIX
MOKPBITHI: THOpHaAHOEe ToKpeiTHe comnoaumMep/bll; rubGpumanoe mnoxkpeitTue comomumep/bll +
aKTOBETWH; THOpuaAHOEe ToKpbiTHEe cononumep/bll + muddepenumpoannsie u3 MMCK
¢bubpoOaacTel; B KOHTPOJIE HCIOJb30BaHa TMOBs3Ka Bockompan. PaHbl 3akpbIiBaiu CTEPUIBHOU
MapJIeBOi MOBSA3KON, PUKCHPOBAHHOM K IUIACTUKOBOMY KOJIBILY OJIMHOYHBIMH IIBAMH.

PesyabraThl. Kputepusimu omneHkd 3(PGEKTUBHOCTH  PAHO3AKHUBICHUS  CIYXKHWIU:
IUTAHAMETPUS. PaH M TUCTOJIOTUYECKAsh TEXHHKA, CKOPOCTh BOCCTAHOBJIICHHS M TIOJHOLIEHHOCTH
KO)KHOTO TTOKpPOBA, JCTEKTUPOBAHUE MOJICKYJSIpHBIX MapkepoB aHruorene3a (VEGF), Bocnanenus
(TNF-a), xomnarena 1-ro tuma (Col-1) (mokazatenb (GOpMHpPOBaHUS COCTUHUTEIBHON TKaHH),
keparuna 10 (K10) u keparuna 14 (K14) (mokazarenu ¢GopMHUpOBaHUS IIUIIOBATOTO M 3€PHUCTOTO
clioeB snuaepMuca). M3MmepeHus 1oiomaan paH MOKa3ald, YTO B AKCIEPUMEHTATbHBIX TPYIIIax
pereHepauusi mpoucxommia Obictpee. [Ipu uCnonp30BaHMM TUOPUIHOTO PAHEBOTO TOKPBHITUS
«cononumep/BIl + akToBerun». Ha 3-if neHb muomaab paHbl MOJ STHM MOKPHITHEM cOcTaBmia 1
cM? (67% ot ucxonnoi); Ha 7-i1 nenp 33%, Ha 14 nenn 7,3%. Ilpu mCnoib30BaHUU TTOKPBHITHS
«cononmumep/bL] + nuddepentupoBannbie GuOPOOIACTHI» 3AKHUBICHUS ObUIa CONMOCTABUMBIM: Ha
3-ii meHb TUIOMmAAL paHbl coctaBmwia 69,3 %, Ha 7-i1 aens 40%, Ha 14 nenr — 9%. B rpynme c
rUOpUIHBIM MOKPBITHEM 0€3 KJIETOK 3a)KHBJIEHHE NedekTa ObUIO HECKOJIbKO MEHee aKTUBHBIM. B
KOHIIE J3KCIIepuMeHTa Iuiomiaap jAedexra cocrtaBuia mnopsaka 12 %. B koHTponbpHOIN Tpymie
pE3yNbTaT JOCTOBEPHO OTIMYANICS OT IKCIEPUMEHTAIbHBIX TPYII; OCTATOYHAS TUIOIMIATL PaHBI
coctaBmia Ha 14 nenpb 30,6 % OT HaYaIbHOM TIOMIAAN PAHBI.

3akaodenue. Pa3paboTaHHBIE SKCIIEPUMEHTAIbHBIC paHEBbIC TOKPHITHS Ha OCHOBE
pa3pymraeMbIx OMOTOIUMEPOB CITOJUTHAPOKCUATIKAHOATHI/OaKTepruatbHas LIEJUTIOJI03a»
MOJIOKUTETTFHO OIEHEHBl B OJKCIHEPUMEHTE Ha JabOpaTOPHBIX JKUBOTHBIX C MOJEITHHBIM
MOBPEXKICHUEM KOXXHBIX TOKpoBOB (okor IIl-it cremenm). Perenepanus nedexra mpoucxoauia
3HAYUTEIBHO OBICTpEE B TPEX OKCICPUMEHTAIBHBIX TPYIIMAX IO CPABHEHUIO C KOHTPOJIEM
(kommepueckuii ipenapat Bockomnpan).
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CreHTUpOBaHHE ABIAETCA BAXKHOM pPEKOHCTPYKTHBHOM MpOLEAYpOH B KIMHUYECKOU
MIPaKTUKE B YpOJOruu. MaTepuasnbl, UCHOIb3yeMble IJIsi U3TOTOBJICHUS YPOJIOTUYECKUX CTEHTOB,
JOJDKHBL ~ XapaKTepU30BaThbCs BBICOKOW OMOJIOTMYECKOH COBMECTUMOCTBIO M HE BBI3BATh
HETaTUBHBIX pPEAaKLUUH €O CTOPOHBI TKaHed B MecTe HMIUIaHTauu. CTEHThl JOJDKHBI OBITH
MPOYHBIMU U MPHU ITOM 00J1aAaTh TOCTATOYHOM AMacTUYHOCTRIO. [locneHee He Bcerga JOCTURIMO
npu nepepadoTke OMOnoaN3(GUPOB METOIOM IKCTPY3HH U3 PACIIIIABOB, UTO TPeOyeT MOUCKA APYTHX
CIocO0O0B MOJIYYCHHST MaTEPHAIIOB B (popMme TPYyOOK.

Homuruapoxcuankanoatsl (I1I'A) MukpoOHOTO CHHTE3a MPEACTABIAIOT cO00M ceMeircTBO
OMOCOBMECTHMBIX M OHOpa3pyIIaeMbIX MOJUI(DHUPOB PA3THUYHOTO XHUMHYECKOTO CTPOCHHUS C
pa3nuyYHBIMM  0a30BBIMH  CBOHCTBaMH, OT  BBICOKOKPHUCTAUIMYHBIX  TEPMOILJIACTOB  JI0
KOHCTPYKLMOHHBIX 3JIaCTOMEpPOB, 4YTO [elaeT HMX BaXXHBIMH MaTepuajamMu Ui MEIULIHUHBI.
buopaspyiaeMplii MOJMKANPOJAKTOH TaKKe pPacCMaTPUBAETCs B KauecTBE MEPCIEKTUBHOTO
MaTepuasa MeIMLIUHCKOTO Ha3HAaYeHHsI, B TOM YHCIIe JJI U3TOTOBJICHUS PAa3IMYHBIX 3HIOMPOTE30B,
HOCUTENIEH sl KJIETOK, MAaTPUKCOB JUIsl JIENOHHMPOBAHUS JIEKAPCTBEHHBIX U OMOJIOTHYECKU
aKTUBHBIX BELIECTB U JIp.

Heasb paGoTbl — KOHCTPYHPOBAHUE IMOJUMEPHBIX CTEHTOB Ha OCHOBE OMOpa3pylIaeMbIX
o3 (UPOB METOJIOM HCTIAPEHUS U3 PacTBOPA.

Marepuanbl M MeToAbl. JIns M3rOTOBICHHUS CTEHTOB HCIIOJIB30BAIM  OOPAa3IbI
nonuruapokcuankanoatoB (I1IA) pasnuuHOTO cocTaBa: TOMOIOJIUMEDP MOJU-3-TUAPOKCUOYTHpaTa
(TII(3T'b)) u aBa THIA CONOIMMEPOB — MONU-3-THIPOKCHOyTHpaT-3-TuapokcuBanepat (I1(3b/3I'B))
u nonu-3-ruapokcudyrupar-4-runpoxcudyrupar (I1(31'6/4T'b)). bakrepuanpasie [II'A  Obutn
MOJTy4eHbl MHKPOOHBIM OMOCHHTE30M C MCIONIb30BaHueM mTamma Cupriavidus eutrophus B-10646
B Pa3jMYHbIX PEKHUMAaX KyJIbTUBUPOBAHMS, BBIJCICHBI M OYMILEHBI MEPEOCAKICHUEM B CHCTEME
«xnopodopm-rekcan». Ilonu-g-kanponakton (M;=169 k/la, I11=1.86) npuoOperancs y ¢pupmsbl
Sigma-Aldrich. OcranbHble peareHThl MPUOOPETATUCh YPOBHSA YHCTOTHI «4.7.a.» WM BBIIIE Y
Pa3NUYHBIX TPOU3BOIUTENCH.

Jlis KOHCTPYMPOBAHUS YPOJIOTMUECKUX CTEHTOB HCIOJIb30BAJU TEXHOJIOTUIO HMCIApEHUS
pacTBopuTeNs M3 TOJIMMEPHBIX PAacTBOPOB. B KadecTBe MaTpHUIlbl MCIOIb30BAJIH CHUIMKOHOBBIC
TpYOKH, B KOTOpBIE 3aJTUBAIH XJIOPO(OPMHBIE paCTBOPHI MOJIUMEPOB PA3TUYHON KOHIICHTPAIUU U
BBIJICP)KUBAJIM TP KOMHATHOW Temrmeparype B OecmbuieBOM OOKce [0 IOJHOTO HCIapeHHUs
pactBopuTensd. [loaumepHble cTEHTH ObUIM MOTYYEHBI ABYMS MeToJaamu. B mepBoM, cratnyeckom,
BapUaHTE MOJIYI0 CHJIIMKOHOBYIO TPYOKY € 3aKMMOM Ha HIKHEM KOHIIE Ul HpPEdOTBPALICHHUS
BBITEKAHUSl PacTBOpa BEPTUKAJIBHO 3aKPEIUSUIM B LITAaTHBE, 3aMOJIHSIM PAacTBOPOM IOJIUMEpPA U
OCTaBJISJIM B TAKOM COCTOSIHUU JI0 TOJIHOTO HMCHApeHHs! pacTBOpUTENs. B nuHaMudyeckoM pexume
JUIS MICTIApEHUS] PACTBOPUTENS TPYOKH B Iporiecce MX (OPMUPOBAHUS PETYISIPHO TIEPEBOPAYUBAIIH,
ocTaBisAg 00a KOHIIA OTKPBITBIMU, TAaKXKe /IO TOJTHOTO HCIIAPEHUST PACTBOPHUTEIIS.

Pe3yabTaTnel. B mporecce ucnapeHus pacTBopuTens BbISBIeHa crocoOHocTh [IIA k
(OpMHPOBAHHUIO MOJIBIX MOJIMMEPHBIX TPYOOK KakK MPOTOTUIIOB CTEHTOB. [IpH cTaTHYECKOM pexuMe
WCIIApEHUs PACTBOPUTENS HE YAANOCh MOJYyYUTh TPYOKH C PaBHOMEPHOW TOJIIMHOW CTEHOK IO
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Bce jummHe. B BepxHUX Toukax wu3MepeHus (mpumepHo 10 cM) TONIIMHA CTEHOK ObliIa
MUHUMaIbHOH, coctaBuB 0,014-0,015 MM y TpyOok, nmomyueHnbix u3 pactsopos I1(3I'b), u 0,010-
0,014 mm y TpyOok, monydeHHbIX wu3 pacTBopoB conosmmepa [I(3I'B/3I'B). Tak, mnpu
UCTOJIb30BaHUU TpyOok anuHoi 30 cM, HaumHast mpuMepHo ¢ 15 cM OT Bepxa TpyOKH, OTMEUEHO
YTOJILIEHHWE €€ CTEHOK; TOJIIMHA CTEeHOK IOCTENeHHO BO3pacTaia Mo Mepe yJaleHHs OT Bepxa
TpYOKH K HIDKHEH ee 4acTd, OY4EBUIHO, B PE3YJIbTaTe yBEIUYEHUS KOHICHTPALUU MOJIMMEPHOTO
pacTBopa, CTEKaloIero BHyTPU CHIIMKOHOBOM TpyOKH-MaTpHIIbI O CHIION TsbkecTu. B mocnennux
TOYKax M3MepeHus (Ha ypoBHe 25-20 cm) tonmuHa cteHok cocraBuina 0,051 m 0,072 mm npu
ucnonb3oBanuu 2-x u 3%-x pactBopoB II(3I'b), u 0,099 u 0,106 MM mpH HCMIOIH3OBAHUU
ananornyHeix pactBopoB [I(3I'6/3I'B). IlonyueHHbIe 3HaYCHHS TOIIIUHBI CTCHOK TPYOOK HHU3KHE U
HE SBIIAIOTCS MPUEMIIEMBIMHU JUIsI CTEHTUPOBaHMs. JIaHHBIM METOJ HENPUTOIHBIM JJISl MMOJTY4YEeHUS
CTEHTOB C YJIOBJICTBOPUTEIBHBIMU U CTAOMIbHBIMU I€OMETPUIECKUMHU TTOKA3aTEISIMU.

[IpennmpunsTa NONBITKA MOJIY4YeHHs] TPYOOK OOJbLIET0 JAMaMeTpa C TNpPUMEHEHUEM
CHJIMKOHOBBIX TpPyOOK-mabiaoHoB auamerpoM 4 u 6 MM. OpHako B cilydae HCIIOJIb30BAaHUS
pactBopoB [I(3I'b) m TI(3I'b/3I'B) ¢ yBenwueHueM auamMeTpa CHIMKOHOBOW TPYOKH-IITIa0JIOHA
CTEHKH CTEHTOB 3HAYUTEIHHO UCTOHYAIUCH.

Crneayronmm 1aroM CTajo MCCIeOBaHHE METOo/1a MOJIyYeHHs TPYOOK, 3aKII0YaroIIerocs B
nepeBopaurBanuu, U3 pactBopoB comnonumepa II(3I'b/4I'B) c¢ comepkanHueM MOHOMEpPOB 4-
ruapokcudyTtupata 10 u 30 mon.%. Comomumepsl, conaepxkame MoHomepsl 4I'b, umeror
CYIIECTBEHHO CHIKCHHYIO CTENEeHb KPUCTAUIMYHOCTH M PEOJOTMYECKHE XapaKTePUCTHUKH,
oTnuyaromuecs ot pacTBOpoB BbicOKokpucTammmuHbix [I(3I'b) m II(3I'B/3I'B), y xoTophix
3HA4YCHUs AMHAMHYECKOM BSA3KOCTH Ha TIOPSIIKU BBIIIE.

CyI1eCTBEHHO CHM)KEHHBIE 3HAYEHUS! JMHAMUYECKOM BSI3KOCTH PAcCTBOPOB COMOJMMEPOB
[1(3I'b/4I'b) no3BoawiIn B X0A€ OTPAaOOTKH TEXHOJIOTUH TOIYYEHHUS] CTEHTOB HCIOJIB30BaTh Oosee
KOHLIEHTPUPOBaHHbIE pacTBOPHI, OT 2-3 110 10 %. [lomyueHHble cTeHTHl MMenH JuHy oT 10 1o 30
CM C paBHOMEPHOM TOJIIMHON CTEHOK NMPAKTHYECKH 110 BCEH JITMHE TPYOOK.

BappupoBanue konuentpauuu pactBopoB (5, 10%) comomumepo II(3I'b/4I'b) ¢
conepkanueM MoHomepoB 4I'b or 10 no 30 mM01.% B pe3ynbrare nepeBOpavyMBaHUs MO3BOJIUIIO
MOJTYYUTh 00pa3Iibl XOPOIIEro KadyecTBa ¢ 0oJiee MIOTHBIMUA cTeHKamu TojmuHoi oT 0,10 mo 0,25
MM, paBHOMEPHOI1 10 Bceil HE TpyOOK AHATOTUYHBIN MOJIOKUTENBHBINA PE3yNIbTaT MOIy4YeH IpU
HCIIOIb30BaHUH KOMIIO3UTHBIX PacTBOpoB, oOpazoBaHHbIX [1(31'b) n mommkanponakronom (TTKJT).

CdopmupoBanusie cmecoBbie pactBopbl [1(3I'b) m IIKJI ¢ pa3nuyHOM COOTHOIICHUH
KOMITOHEHTOB HCCII€OBAaHbl Ul TOJyYeHHUs O00pa3loB YpPOJOTUYECKUX CTEHTOB. BBUTH B3ATHI
cienyromue cootHomenust [I(3I'B)/TIKJI — 10/90; 25/75 mo wmacce, W3 KOTOpPHIX ObUIN
MIPUTOTOBJIEHBI  pacTBOpbl  KOHHeHTpauued 10%. Jlydmwme pe3ynbTarbl MOJIYy4YEHbl PHU
ucnonb3oBanuu 10%-x pactBopoB ¢ cootHomenuem II(3I'B)/IIKJI kak 25/75. Ilpumenenue
[1(3I'b/4T'b) u TI(3I'B)/IIKJI 3amaHHON KOHIEHTPAIMHU I M3TOTOBJICHUS TPYOOK TEXHOJIOTHEH
JUTHST PACTBOPOB C TOCIEAYIOIMIMM HCIIAPEHUEM pACTBOPUTENS B JAUHAMHUYECKOM pPEKUME
o0ecreunsio moaydeHus Habopa SIKCIIEPUMEHTAIBHBIX 00Pa3Il0B YPOJIOTHIECKUX CTEHTOB.

BaxHbIM mokazaTeneM OMOCOBMECTHMOCTH HMMIUIAHTUPYEMBIX H3JEIUNA CIYXUT (PU3HKO-
XUMHUYECKass PpEaKTUBHOCTh TNoBepxHocTU. [loBepxHocTHas Tomorpadus, IEpPOXOBATOCTD,
CTPYKTYpa, aJre3uBHble CBOWCTBAa — (DAaKTOpHI, OKa3bIBAIOIIME BIUSHHE Ha B3aUMOJICHCTBHE
MOBEPXHOCTU C KJIETKaMH KPOBHM M TKaHEH, a TakkKe KOMIOHEHTaMU OMOJIOTUYECKUX >KUJIKOCTEH.
[Io naHHBIM BJIEKTPOHHOW MHKPOCKONMHM BHYTPEHHEH IOBEPXHOCTH HCCIEAYEMBbIX CTEHTOB
MOKA3aHO, YTO CTEHKU IOJIBIX TOJUMEPHBIX TPYOOK U3HYTPHU UMENH HEOOJbIINE HIEPOXOBATOCTU U
nopsl 10 10 MKM, B OTJIMYME OT TJAJIKUX IMOJUYPETAHOBBIX CTEHTOB. BHYTpEHHSsSI MOBEpXHOCTh
KOMITO3UTHBIX CTEHTOB Ha ocHOBe KoMmmo3uToB [1(31'B)/TIKJI umena pa3Butyio cuctemy BOJIOKOH U
nop pasmepom ot 10 no 100 MxMm.
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3akaiouenue. Pa3zpaboTaHa MeToAWMKa TOMY4YEHHS MOJIMMEPHBIX TPYOOK METOAOM
UCTIApEHMsSI U3 PacTBOPA; MOJIy4YeHa cepusi TPyOOK C pa3MEpHBIMU XapaKTEPUCTUKAMU, TIPUTOAHBIMU
IS TPUMEHEHHS B KadyecTBE YPOJIOTMYECKHX CTEHTOB. B skcmepuMmeHTe Ha IKMBOTHBIX
noaTBepXkIeHa 3PPEKTUBHOCTH pa3zpaboTaHHBIX Ha OCHOBE II['A CTEHTOB M MEPCIEKTUBHOCTH UX
NPUMEHEHHSI IPU XUPYPTUUECKOM JICUCHUH CTPYKTYPHI MTOJNYPETAHOBOTO O CEIrMEHTA.

NCCIEAOBAHUE DOPPEKTUBHOCTHU ITPUMEHEHUA
BUOAETPAJIMPYEMBIX CTEHTOB HA OCHOBE
HOJUT'NIPOKCHAJIKAHOATOB ITPHU IIVTACTUKE
IINJIOYPETEPAJIBHOI'O CUI'MEHTA

M. II. Mburteirames’, A. H. Bosiumnn®®, B. A. Vcenko?, ®. 1. Kancapmﬂl, A. K.
Knpnqemcol, E. . Hlnmaukaﬂ2'3

1Kpacn0}zpc1<uﬂ 20Cy0apCcmeeHHblil MeOUYUHCKUL YyHugepcumem umeHu npogheccopa B.@. Botuino-
Hceneykoeo, kaghedpa yponozuu, anoponoeuu u cexcoroeuu UI10, 660022, 2. Kpacnospck, ya.
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2Cu6upc1<uﬁ Dedepanvhulil Yuusepcumem, 660041 2. Kpacrnospck, np. Ceoboouwiii, 79, P©
3H;Ltcmumym ouogpusuxu CO PAH (@®UL] KHL] CO PAH), 660036 . Kpacnospck, Axademeopodok
50/50. P®
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Poct ManoMHBa3UBHBIX TEXHOJOTHH B PEKOHCTPYKTHUBHOW XUPYPIMHM B IOCJIEIHUE TOJIBI
npuBeI K TOMY, 4YTO COBPEMEHHYIO MEAMLUHY TpPYAHO TMPEACTaBUTh 0€3 JAPEeHUPYIOLINX
BMEUIATENbCTB C MCIOIb30BAaHUEM CTEHTOB. Uncio onepainuii B rpymnme 00JIbHBIX C MATOJOTUSMH B
rernaTo-naHKpeaTo-OnIMapHOi 30HE M BEPXHHX MOYEBBIX MYTSIX HEYKJIOHHO pacteT. Hapymenue
raccaxka ¢ JuiiaTanueil mpoKCUMalbHEee MECTa CYKEHHS B Pa3JIMYHbIE CPOKHU MOCIIE PEKOHCTPYKIIMH
MOYETOYHHKA pa3BuBaercs B 6,5-37 %. KonmuecTBO MH(EKIIMOHHBIX OCIOXHEHUN HANpsMyIO
3aBUCUT OT TakuxX (aKTOpPOB, KaK OOCTPYKIHMS M HapylieHne CPUHKTEpHOH (DYHKIMU B 30HE
COyCThsl M, KakK CJEICTBUE, pa3BUTUs peduiokca Wi Bocxoasdmed wuHdpeknuu. Haumbonee
MIPOTHO3UPYEMBIMU BapHaHTaMH MPOMUIAKTUKU STUX OCIOKHEHHH SBJISIOTCS COBEPLICHCTBOBAHHE
TEXHHUKH BBIIIOJHEHNS aHACTOMO3a U IPEHUPOBAHUE 30HBI COYCThsI YCTAHOBKOW CTEHTA.

Heawb padorsl — uccienoBanue 3HHEeKTUBHOCTU MPUMEHEHHS OMOIerpaAupPyEMbIX CTEHTOB
Ha ocHoBe III'A nns ApeHUpOBaHMS BEPXHHUX MOYEBBIX IIyTEH MOCIHE PEKOHCTPYKTHUBHO-
IJIACTUYECKON ONEpallui.

Marepuanbl u MeTOabl. B ncciaenoBaHuy MCHOIB30BATIM 3KCIIEPUMEHTAIBHBIE 00pa3Iibl
MOJIMMEPHBIX  CTEHTOB Ha OCHOBE: COIOJMMEpa MONH-3-THAPOKCHOyTHpaTa C  MoiH-4-
ruapokcudytuporom I1(3T'b/4I'B) ¢ Brimouenuem 4I'b 30% (MonekymnspHas Macca KOTOPOTO
coctaBiger 800 kDa, momumucnepcHocts 1,76 + 0,04, xpucraumunoctb 50%, cpenHee OTH.
ynauaenue 392,8%); cmeck monu-3-ruapokcudyrupara ¢ mnonukanpoiaktroHoM I1(3T'B)/TIKJI ¢
BkimoueHueM IIKJI 75% (cpennee otH. ynnuHeHue 495,49 %); creHThl U3 MOJIMYypeTaHa
(mpomsBogurens  «Coloplast»).  MopdodyHKIMOHAaTbHBIE  W3MEHEHHSI  CTEHTUPOBAHHOI'O
MOYETOYHUKA M3Y4YeHBI Ha 45 KpoJIMKax-caMilax mopoabl «CoBeTcKas MUHIIMILIa» Maccor 4550 —
5200 r, creHTsl ycTaHaBinuBaiM B nuenoyperepainbHbiii cerMeHT (IIYC). JKuBOTHBIX BBHIBOAWIN U3
SKCIEpUMEHTa IIyTeM IepeJOo3UPOBKM Hapko3za uyepe3 7, 14 u 28 cyr. HaOmoaeHHUS.
MopdonornueckoMy HCCICIOBAHUIO MOABEPTain pparMeHThl ModeTouHuka, [IYC B 30He CTOSHHS
CTEHTa (B KaXJOM cllydae uccekainu ydacTtok pasmepamu 0,5 x 0,5 cm). M3mepsuin Tonmuny
ypOTeNus, MBbIIIEYHOW OO0OJOYKH, MPOBOAMIN OIEHKY BOCHAIUTENbHON HMHQMIbTpALUU
MUENIOYPETEPATBHOTO cerMeHTa. MUKPOCKOIMUYECKOE UCCIIeIoBaHUE U (HOTOPHUKCAIMIO TIPUBOIMIN
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¢ npuMeHeHHeM cBeToBoro wmwukpockorna CarlZeiss Imager.Al («CarlZeiss», T'epmanmus), c
allanTHPOBaHHOM M@ poBoii porokamepoit AxioCamMRe 5.0.

PesyabraTrhl.  Bce  JKMBOTHBIE — yIOBJIETBOPUTENBHO  IEpPEHECIH  OIEepalui,
WHTPAONEPAMOHHBIX  OCIIO)KHEHW HH B OJHOM chydyae He 3adukcupoBano. I[lpu
MOP(}OIOrHuecKOM HCCIET0BAaHUU MONEPEYHBIX CPE30B MOUYETOUHUKA Y )KMBOTHBIX KOHTPOJIBHOM
rpynmsl (MIOJIMYpeTaH) Ha 7-€ CYTKH AKCIEPUMEHTa, OTMEUYaIoCh YTOJIICHHE CTCHOK MOYETOYHUKA
BCJIE/ICTBUE TUNIEPTPOGUU MBIIIEYHOTO €0 U BOCHAIUTEIBHOTO OTeKa MOACIU3UCTOro. TonuHa
CIIM3UCTOTO CIosi cocTaBuia 74,3 + 8,5 MKM, IpH 3TOM ypoTenuil ObLT COXpaHeH He Besne. B
rpynme ¢ [1(3I'b/4I'b) nHa 7-e cyTku 6e3 Tpyaa BU3yaTu3HpPOBAJICS MOJUMEPHBIN CTCHT, UMEIOIIHI
BUJ c1a00 303MHO(PHUILHON MOJIYNIPO3PAYHOM KaiMbl. YpOTenuid COXpaHeH Ha BCEM NMPOTSKEHUU
YCTaHOBJIEHHOT'O CTE€HTA, MBIILICYHBIN CIONH UMET PaBHOMEPHYIO TOJIIHUHY, OTE€K MOJICIU3UCTOrO HE
BBIp@XEH. DNUTENUAIbHBIA IJIaCT MUMEN HEPaBHOMEPHYIO TOJIIMHY, COCTABHUBIIYIO B CPEIHEM
111,7 +£ 17,6 mxm. B rpynme ¢ TI(3I'B)/ITKJI orek moacnu3ucTOro ciiosi ObLT HE3HAYUTEIbHBIN.
Hmeno mMecTo CerMeHTapHOe MCTOHYEHHUE YpOTENHs, TOJIIMHA KOTOPOrO COCTaBWJIa B CPEIHEM
124,5 £ 12,5 MKM.

Ha 14-e cyTku mocne CTEHTHPOBaHUS B MpermapaTax KOHTPOJIBHOW TPYMIBl OTMEYATUCH
OWIaTanus MOYETOYHHMKA, THUMNepTpodus U BOCHAIUTENbHBIA OTEK €ro CTEHKH, a TaKke
TUMEPIUIACTUYECKUE M JIeCKBAMATHBHBIC HM3MEHEHHS ypOTenus. B 3TH ke CpoKH B rpymme ¢
[1(3I'b/4I'b), mpocBeT MOYETOYHHWKA Ha YPOBHE pACIIONIOKEHUS CTEHTa OBUI CKJIAA4aThIH,
MUHUMAJIBHO pacuIMpeH B AucTaibHOM oTaene. B rpynmne uccnenosanus ¢ [I(3I'B)/TIKJI na 14-e
CYTKHM ompenensuics ci1abo BhIpaKEHHBIH OT€K COOCTBEHHOM IUTACTUHKH CIM3UCTOM O0OJOYKU U
nojcnusuctoro ciost. Ha 28-e cyTku skcriepiMeHTa B KOHTPOJIBHOM IpyIINe TONIIUHA CIU3UCTOTO
CJIOSI MOYETOYHHKA cocTaBmia 74,2 = 8,1 MKM, Ha OOJBIITMHCTBE YYaCTKOB YPOTEIIUHA OTCYTCTBOBAI.
I'uneprpodupoBanHas 06on0uka umena ToamuHy 183,2 + 29,1 mMxwm, ¢ siBIeHUAMHU npoiudepanun
COCIMHHUTEIIbHOTKAHHBIX JJIeMeHTOB. B  akcmepumentansHoit rpymme [I(3I'b/4I'b) crenka
MOYETOYHHKA MIPOKCUMAIbHEE CTOSIHHSI CTEHTAa COXpaHsUIa MPOAOIBHYIO CKIaadaTocTh. Clnu3ucras
MOYETOYHHKA COXpaHEeHa, 0e3 MICEBAOMOIUMTO3HBIX paspactaHuii ypoTenus u
JESMUTETN3NPOBAHHBIX YYaCTKOB. YPOTENHA MOYETOYHHUKOB HE YTpaTui OapbepHBIX (YHKIIHH,
MO3TOMY CT€HKa MOYETOYHHMKAa HE cojepXajla BOCHAJIUTENbHBIX HHQUIbTpaToB. B
skcniepuMmenTansHoi rpynme u3 [I(3T'B)/TIKJI cknaggarocth MOYeTOUYHUKA coxpaHeHa. Cim3ucras
000JI104Ka B OCHOBHOM HMe€JIa TNIaJIKie KOHTYPhI C pABHOMEPHOM TOJIIUHOMN MEePeX0JHOr0 SIMUTENUs
112,4 £ 8,5 mxm. OTMeueHa HEKOTOpasi Pa3pbIXJICHHOCTh COOCTBEHHOW IUIACTUHKU CIU3UCTON U
MOJICU3UCTOTO  CIOSl, OJHAKO BOCHAJIMTENbHAs WHQUIbTpAaUUs OTCYTCTBOBaJa, TOJIIHMHA
MBIIIEYHOTO ci0s coctaBuna 163,20 + 20,7 MKM.

3akiouenue. lcnonp3oBaHue OWONErpaIupyeMbIX CTEHTOB Ha ocHoBe III'A s
JPEHUPOBAHUST BEPXHUX MOYEBBIX IMYTEH IMO3BOJSIET COXPAHUTh MEPHUCTAIBTHKY, WHTAKTHOCTH
BOAMTENS PUTMA M MPOBOASIIUX IMyTeH MPOKCUMAIBHOTO OTpe3Ka MOUYETOUHHUKA, MPEAYIpeKaacT
BO3HUKHOBEHHE BOCTIAJIMTEIILHBIX U3MEHEHUH B 00J1aCTH OTIepaIiu.

CULTURE OF MONOCYTES AS AN IN VITRO EVALUATION SYSTEM
FORBIONANOMATERIALS DESIGNATED
N.G. Menzianova®, E.I. Shishatskaya'?

'Siberian Federal University, Svobodnuy av., 79, 660041, Krasnoyarsk, Russia
?Institute of Biophysics SBRAS, Akademgorodok, 50/50, 660036, Krasnoyarsk, Russia

E-mail: shishatskaya@inbox.ru

Cytotoxicity, non-receptor signaling as well as the formation of the of protein corona
underlie the ambiguity of nanoparticles effects and reduce their effectiveness as therapeutic agents
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and bioimplants [1]. Therefore, the establishment of effective evaluation systems for assessing of
bionanomaterials biological activity in vitro is mandatory. Suitable assays allow selection of the
most “safe” version of nano-sized particles and materials with nano-sized surface relief as well as
facilitate their use for functional engineering in medicine. Short-term culture of monocytes, isolated
from peripheral blood of healthy donors or patients, as a system for bionanomaterials screening is
one of the biologically “reasonable” options. This approach is further supported by the fact that the
clearance of PHA and biodegradation of nanocomposite implants in vivo depend largely on the
functional activity of the monocyte-macrophage system. This approach is also applicable to the
estimation of nano-material in the conditions of pathology. Analysis of integral parameters is
sufficient to address the specific interim goals and select the most promising groups of
bionanomaterials for further functionalization and application in medicine for the treatment of
different nosologies.

The purpose of this work - is to investigate the feasibility of using monocyte short-term
culture for in vitro evaluation of different bionanomaterials effects, utilizing changes in metabolic
activity and cell morphology as end points.

Materials and methods. Bionanomaterials - particles, fibers and film substrates — were
prepared from the group of polyhydroxyalkanoates (PHAS) biopolymers, synthesized in culture
Ralstonia eutropha B5786 in specific cultivation conditions. Monocytes were isolated from
peripheral blood of healthy donors in the density gradient of urografin/Ficoll by utilizing the
Recalde method [2]. The potential cytotoxicity of PHA was valuated by measuring the cellular
reduction of MTT.

Results. We studied the feasibility of using a short-term culture of monocytes, isolated from
peripheral donor blood, to assess the biological activity of different types of bionanomaterials:
biodegradable polimeric particles, fiber and film substrates of micro- and nano-dimensions, which
are either currently in use and/or potentially applicable in medicine. The cellular reduction of (4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) is a well-established tool for
assessing the viability/metabolic activity of cells. The scanning electron microscopy assay can
detect fine changes in cell morphology. In the present study bionanomaterials have been shown to
affect; in a size, chemical composition and morphological characteristics-dependent manner, the
ability of monocytes to reduce MTT as well as their morphology.

Conclusion. In conclusion, the ability of monocytes to reduce MTT upon exposure to
bionanomaterials of particular or fibrous morphology, under short term culture, is dependent on
PHA-chemical composition, size and morphological characteristics. The effects were dependent on
fiber orientation and concentration of particles in suspensions as well as on the existence of a
protein corona. Short-term culture of monocytes is a potentially suitable model system for the
evaluation of nanomaterials' biological effects. Further, research is needed in order to develop and
validate these tests for the purpose of efficient PHA assessment in the conditions of pathology, e.g.
atherosclerosis. It was established, that suggested approach will be applicable in the estimation of
nano-structured biomaterials for the treatment of systemic diseases as the atherosclerotic lesion of
coronary vessels.
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CYTOSTATIC DRUGS IN SIZE-CONTROLLED P(3HB) MICROCARRIERS
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Low selectivity of action and high systemic toxicity of antitumor drugs represent the main
problem of oncopharmacology and biopharmacology. Currently, active search capabilities are being
used to reduce the toxicity of cytostatic drugs and increase their solubilization and selectivity of
action. One of such methods is the development of new types of cytostatic drugs in the form of
nano / microcarriers from biodegradable and biocompatible polymers.

Among the wide variety of polymers used for the preparation of nano/microcarriers,
polyhydroxylalkanoates (PHA) are polyesters of hydroxycarboxylic acids, synthesized by
microorganisms. This class of polyester attracts attention due to the presence of unique properties —
biodegradation and biocompatibility. PHA are thermoplastic. These polymers do not affect on pH
of tissues and have a long period of degradation in vivo compared with popular polylactides.
Therefore, PHA are promising class of polymers for the development of effective drug delivery
systems. In the present work, we used low molecular weight poly-3-hydroxybutyrate (P3HB), as a
polymer matrix. The registered mark of the polymer products is Bioplastotan™.

The purpose of the work was to obtain and study of drugs loaded nano/microcarriers from
poly-3-hydroxybutyrate (P3HB) and block copolymer with polyethylene glycol.

Materials and Methods. Paclitaxel-LENS (Russia), Doxorubicin-LENS (Russia), 5-
fluorourocyl (Sigma-Aldrich, USA) were selected as a cytostatic drugs. These drugs are the most
effective and often used in medical practice for the treatment of neoplastic diseases, such as breast
cancer, lung cancer, ovarian cancer, prostate cancer, etc.

Nano- / microcarriers were obtained using different methods. Nano- / microspheres were
obtained by the emulsion method. Microcapsules — were prepared by the spray-drying process on
Mini-spray dryer B-290 («Laboratory equipment BUCHI», Switzerland). Micellar structures with
polyethylene glycol were obtained by reaction of etherification and further dialysis and modified
emulsion methods.

Results. It has been established that the chemical composition of drugs, as well as the
presence of an oil component in the commercial dosage form of Paclitaxel contributed to the
formation of a large and heterogeneous pores on the surface of microcapsules prepared by the
spray-drying process. The surface of microspheres was smooth. The microcapsules had an average
diameter of 3.5 um and a zeta potential of the order of -44 mV. The average diameter of
microspheres was 1.3 um and zeta potential — -29 mV. The microcapsules loaded with hydrophilic
5-fluorouracil had a regular spherical shape with the accumulation of drug on the surface. While
nano- and microspheres containing Paclitaxel and 5-fluorourocyl did not have distinct differences in
surface characteristics (Fig.). The average diameter and zeta potential of nanospheres with
doxorubicin were 430 nm and -16 mV, respectively.

The obtained results allow to conclude that the chemical structure of drug affects the
properties of carriers. Microcapsules obtained by spray-dring process had heterogeneous pores on
the surface when the hydrophobic drug was encapsulated. Micro- and nanospheres prepared by
emulsion method did not have such an effect. It should be noted that { potential of micro- and
nanospheres ranged from -16 to -29 mV. However, { potential of microcapsules was much lower,
from -40 to -46 mV. The difference in { potentials is probably due to the adsorption surfactants on
surface of microparticles, which used in the emulsion method and absent in the spray-drying
process.
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Block copolymers were synthesized on basis of P(3HB) with PEG for obtaining micellar
forms. PEGs were selected with different molecular weight and chemical composition. The
formation of block copolymers was proved by NMR spectroscopy. In addition, the content of PEGs
varied from 40 to 80%, depending on conditions of synthesis. The molecular weight distributions of
block copolymers were an average of 6 kDa.

Figure — SEM images of the microcarriers prepared from PHA loaded cytostatic drugs: a — microcapsules
with Paclitaxel; b — nanospheres with Paclitaxel; ¢ — microcapsules with 5-fluorourocyl; d — micelles with
Doxorubicin

In order to obtain micellar targeting forms block copolymer with the -NH, group was
chemical bonded with folic acid by carbodiimide method. Folic acid (FA) has a high binding ability
with a folate receptors, which are expressed in primary and metastatic tumors (cancer of lung,
kidney, endometrium, ovary, intestine and brain, etc.) [Masood F., 2016]. The fact of bonding block
copolymer with folic acid was proved by NMR spectroscopy. Doxorubicin was deposited into
micellar forms of directional action by dialysis and modified emulsion methods. The possibility of
incorporating hydrophobic doxorubicin into the core of micelles is proved.

Based on the results of a morphological evaluation of the death of Hela tumor cells, it has
been shown that the use of the obtained deposited forms of cytostatics causes morphological
changes associated with apoptosis (chromatin condensation, core fragmentation, margination of
nucleus). Thus, the obtained nano / microcarriers can serve as a basis for the creation of new
antitumor drugs of prolonged action, intended for various modes of administration.

Conclusion. The different microcarriers made from degradable 3-hydroxybutyric acid and
block copolymer with polyethylene glycol were prepared using the emulsion method, spray-drying
process and reaction of etherification. The experiments showed that by varying methods of
preparations, one can prepare microcarriers with different properties, which would be suitable for
drug loading. The effectiveness of the cytostatic drug loaded in microcarriers was proved in the
culture of tumor cells — HeLa. Results of the study provided a basis for experiments on animals.
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M.B. EueneBal'z, A, Ila x0MeHK01’2, H.A. H0n03a3, C.P.A. Ma Kl’4, EB.T eTmeonl'Z,
P p P
E.T. Barpsmcmml'2

1H060cu6upc1<uﬁ uncmumym opeanudecxkou xumuu um. H.H. Bopooicyosa npocn. Jlaspenmovesa 9,
Hosocubupck, Poccus
2Hoeocu6upc1<uﬁ T'ocyoapcmeennvuii ynusepcumem, [lupoecosa 2, Hosocubupck, Poccus
Uncmumym yumonoeuu u cenemuxu CO PAH, Konmioea
437<c-Mapce/zb Ynueepcumem, 2. Mapcenv, @panyus

E-mail: edeleva@nioch.nsc.ru

K dncny akTyalbHBIX 33/1a4 COBPEMEHHOW HAYKH OTHOCATCS CO3/1aHUE HOBBIX MEAUIIUMHCKHUX
IpernapaToB M TOBbIMIeHHE 3()()EKTUBHOCTH CyHIeCTBYIOMMX. B dYacTHOCTH, Bce OOJBIIYIO
aKTyaJlbHOCTh ~MPHOOpETaeT IMOMCK METOAOB Tepamuu 3a00JeBaHHMl, pPE3UCTEHTHBIX K
aHTUOMOTHKAM, TEparusi aHTHOIACTOMHBIX OIYXOJIEH, MPOSBIAIOMINX YCTOWYMBOCTh K CPEACTBAM
XUMHOTEPAIHH.

OnHUM M3 METO/IOB yNyd4llIeHUs OeicTByomero 3¢@dexra JeKapCTBEHHOTO Mpernapara U
YMEHbBIIIEHUS MOOOYHBIX SBJICHUH SBISETCS €ro ajgpecHas J0CTaBKa K MOPaXKEHHOMY OpraHy WiIH
Tkanu. Co3jaHne KOMOMHUPOBAHHBIX MPENApaToB, COUETAIOMINX B ce0e aApecHyI0 TOCTaBKY, Ipo-
JIEKapCTBO U CPEACTBO AUArHOCTHKHU. HampapneHune co3nanus Takux 0ObEKTOB MOJIYYUIIO Ha3BaHUE
«TepaHocTuka» — Tepanuss M JMAarHOCTMKa B OAHOM areHTe. OIHUM M3 KJIacCOB areHTOB
TEPAHOCTUKU SIBJISIOTCS MOJIEKYJIbl QJIKOKCHAMHHOB — AJJYKTOB CTAaOMJIBHBIX HHUTPOKCHIIBHBIX
panukaioB ¢ alkuiamu. [Ipu HarpeBaHMM MPOMCXOIUT TOMOJIM3 AITKOKCHAMHHOB C 00pa3oBaHHE
HUTPOKCHUJIA, KOTOPBIM CIY>KUT KOHTpacTHbIM areHtoM st OIIP tomorpadum, m yraepon-
LEHTPUPOBAHHOTO paJMKalia, KOTOPBIA aTakyeT Ou3niexaliie OMOMOJIEKYINBI, MOBpPEXIas HX
CTPYKTYpY, CO3JaeT, TaKUM OOpa3oM, OKHCIUTENbHBIN CTpecC, I'YOMTENbHbII ISl Mapa3uToB U
PaKOBBIX KJIETOK.

B pa0ore mpeacraBieHbl pe3yabTaThbl U3YYEHHUS aKTHBALMMA FOMOJIHM3a AJIKOKCUAMUHOB
[IPU POTOHUPOBAHUHU (PYHKIIMOHAIBHBIX TPYII B HUTPOKCHIIBHOM M alKHJIbHOW YacTH. V3BecTHO,
yro pH cpenpl numocoM pakoBBIX KIETOK, CABUHYT B KHUCIyl0 oOnactb. Takum oOpaszom,
POTOHUPOBAHHE (PYHKIIMOHAIBHBIX TPYII AJTKOKCMAaMHUHOB OyJET CIIOCOOCTBOBAaTH T'OMOJIM3Y U
pabote areHTa TepaHocTuku. [lokazaHo, 4To MPOTOHUPOBAHUE PYHKIIMOHAIBHBIX TPYI AJIKHIIbHOM
4acTH JIKOKCHAMHMHA NPUBOJIUT K CHWKEHUIO HEPTMM aKTHUBALIMU T'OMOJIM3a, U COOTBETCTBEHHO
MOHMKEHUIO TeMIlepaTypbl ToMoym3a. Takoit ke sddexkr HaOmOmaMM npu 00pa3oBaHUHU
KOMIUIEKCHBIX COEIMHEHUI HOHOB METAJIJIOB U aJIKOKCUAMHUHOB.

Takke M3BECTHO NPUMEHEHUE AJIKOKCMAMUHOB B KadyeCTBE WHHUIMATOPOB PaTUKAIBHON
KoHTponupyemoit nonumepusauuu (PKII). Jns ucrnonb30BaHUs aJKOKCHAMUHA B KAadyeCTBE IPO-
JIeKapCTBa MOKHO CO3/1aTh MOJIMMEpHbIN KoHTelHep MeTtofgoMm PKII, koTophiit OyAeT BBITOTHATH
poOJb areHTa aJpecHOM aocTaBkd. lccriemoBaHa MoONMMEpU3anus CTHpoja M OyTHIIaKpuiata,
BIIUSIHUE KOMILJIEKCOOOpPa30BaHUS U NMPOTOHUPOBAHUS HA 3TOT IMPOLECC, a TAK)XKE MPUTOTOBJICHHE
OJIOK-COTIONIMMEPOB € TONMATHIEHTIMKoJIeM. [locneanue MoryT oOpa3oBbIBaTh MHIEIBI B
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pacTBOpe ® OBITh areHTaMu aJpecHOW JgocTaBkH. Iloka3aHO, dYTO TNPOTOHHUPOBAHUE W
KOMILIEKCOOOpa3oBaHue — 3TO METO bl oBbIIeHus 3 dexruBroctn PKIIL.

Paboma evinonnena npu punarcosoii noooepoicke epanma PH® Ne 17-73- 10101
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MUKPOYACTHUII IJISA AEIIOHUPOBAHUSA JIEKAPCTBEHHBIX
ITPEITIAPATOB
K. B. Abanuna

Cubupckuii ¢pedepanvroiii ynusepcumem, Kpacnospck, Ceob600nwiti npocnexm 79, Poccus
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BaxkHbIM acmekToM IS CO3[aHusl JIEKAPCTBEHHBIX HOCUTEINEH SBISIETCS BHIOOp MaTepuarna,
UCIIONIb3YEMOTO0 B KadyecTBe MaTpukca. Takod marepualn IOJDKEH 00JafaTh pSIOM MEIHKO-
OMOJOTMYECKUX U (PU3UKO-MEXAaHMYECKMX CBOWCTB, HAPUMEP, TAKUX KaK OMOCOBMECTUMOCTD U
ouonerpananus [1]. [lomuadupsl GakTepHaTbHOTO MPOUCXOXKICHUS — MOJUTHIPOKCHATKAHOATHI
(IIT’A), oGnamaroT BBICOKOH OMOCOBMECTUMOCTBIO, TOCTENEHHO pa3pyIIalOTCs B OpPraHU3ME H,
Omaromapst 3TOMY, TOSIBISIETCSI BO3MOXKHOCTh HCHOJB30BaTh HMX B KAdyeCTBE HOCUTENICH
JeKkapcTBeHHBIX mnpemnapatoB (JIB), a Tak ke kKoHTposmpoBaTh Beixoa JIB B okpykaromyio cpemy
[2]. Ha ceronmusimHuii J€Hb CYIIECTBYET MHOXKECTBO PAa3JIUYHBIX METOJOB JUISL TOJyYCHHS
JICKaPCTBEHHBIX HOCHUTENEH, KOTOPBIE MO3BOJISIOT MOJYy4YUTh MaTpukc st JIB, oTBevaromumii Bcem
HEO0OXOIMMBIM MEXaHHUYECKUM U (PU3UKO-XHMHUYECKUM CBOMCTBaM [3].

Heab pabdoTbl — KOHCTPYHMPOBAHUE TOJMMEPHBIX MHUKPOYACTHII HA OCHOBE MOJH(3-
ruapokcudyrupara) (I[1(3'6)) B KOMMO3MIMM C CHHTETHYECKUMH IOJUMEPAaMH, HarpyXCHHBIX
JIEKapCTBEHHBIMU IIPENapaTaMy C MCIOJIb30BAHUEM PA3IMYHBIX METOJIOB, a TaK K€ UCCIIEJOBaHHE
CBOMCTB MOJIYYCHHBIX MUKPOYACTHII.

Martepunansl u Meroabl. J[1S KOHCTPYMPOBAHHS MHUKPOYACTHI]  HUCHOJIb30BAIH
O6rocoBMeCTUMBIH M Onopasznaraemslii nonumep nonu(3-ruapokcudyrupar) (II(3I'6) — nmonmusdup
QJIKAHOBBIX KHCJIOT MHUKPOOHMOJIOTHYECKOro MPOMCXOXKIEHHS, a TaK )K€ KOMIIO3UTHBIE MaTepUabl
Ha ocHoBe I[I(3I'B) c¢ pmoGaBineHueM mnomu(MONIOUYHO-TIAMKONMMBOK) Kuciaotel (IJITA) wu
o TIieHrKoust (IT910). s nernmoHupoBaHUS B MOJTMMEPHBICE MUKPOYACTHUIHI OBUTH BHIOPAHBI
mpemapaTsl, pa3IHYaloNIiecs] 0 XUMUYECKOMY CTPOCHHIO W OTHOCSIIMECS K Pa3IHYHBIM
(hapMaKkoOJIOTUYECKUM TPYIIIIaM: MPOTHUBOOMYXOJIEBBIA Tpemapar — S-GTopyparui, aHTHOMOTHK
IIMPOKOTO CIIEKTpa ACHCTBUS — HEPTPUAKCOH; TPOTUBOTYOCPKYIIE3HBIN penapat — pudaMIuIMH.

B nmanHo#t pabore s MONY4YEeHHUS MOJUMEPHBIX MHUKPOUYACTHI] HCIOJIB30BATH METO]
UCMIAPEHUS PACTBOPUTENS U3 TPEXKOMIOHEHTHOW OMYIbCUM W METOJA PACIBUIUTEIHHOTO
BBICYIIMBAaHUS, C HCIOJb30BaHMeM ycranoBku Mini Spray Dryer B-290 (BUCNI Laboratory
Equepment, Isefinapust). Pazmepsl, pasmepHoe paclpenencHue, a Tak e IMOBEPXHOCTHBIA 3apsij
MHUKPOYACTHUI[ (I3€Ta-MOTEHI[MAI) M3MEPSUIM C HCIOJBb30BaHUEM aHanuM3aTtopa dacTuil Zetasizer
Nano ZS (Malvern, BenukoOpuranusi).

PesyabTaThl. B xonme paboThl Oblia MONydeHAa cepus MOJUMEPHBIX MHUKPOUYACTHI[ C
WCIOJIb30BAHUEM  BBINICTICPEUYUCICHHBIX METOJIOB, HAa OCHOBE KOMIIO3UTHBIX MAaTepUaIOB
[I3T'B)/TUITA u II(3I'B)/II2I" ¢ pa3HbIM MPOIEHTHHIM COOTHOIICHMEM KOMIIOHEHTOB, & UMEHHO
25:75, 50:50, 75:25. M3yuyeHsl 1 npoaHaIM3UPOBAHbI CBOMCTBA MOJYYEHHBIX MUKPOUYACTHIL: pa3Mep
(ot 1030 = 29,3 1o 6966 + 358,2 HM), pazMepHOE pacnpeneieHrne u a3era-norennuan (ot -13,1 +
0,4 mo -53,0 =+ 1,1 MBT), a Tak ke yCTaHOBJIEHO BIHUSHHUE METOJa MOJY4YEHUS U COCTaBa
KOMITO3UTHOTO MaTepuana Ha BBIXOJ MHKpPOYACTHI, HX CTPYKTYpy, pasMmep. Ha ocHoBe
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MOJIYUEHHBIX JIaHHBIX OBUTM OTOOpaHbI 00pa3lbl, C ONTUMAJIbHBIMU XapaKTEPUCTUKAMH, IS
nanpHeiiero usydenus. OrpaboTaHa TeXHUKA NEMOHHPOBAHUS JICKAPCTBEHHBIX IPENapaToB B
MIOJIMMEPHBIE  MHUKpOYAacTHLbl. [3ydeHO BIMSHHME XHMMHYECKOrO COCTaBa Ipenapara Ha
3¢ (HEeKTHBHOCTH JICTIOHUPOBAHUS B MOJIMMEPHBbIE MUKpodacThllbl. [loydeHa cepuss MUKPOYACTHIL
Ha ocaoe II(3I'b), IIGBTBYIUITA wu II3I'B)/IIDI, HarpyxeHHble pHUGAMIUIIUHOM,
e TPHAKCOHOM U 5-PTOpYyparuioM, Tak K€ U3y4yeHbl CBONCTBA MOTYYCHHBIX HOCUTEICH: pa3Mep
(ot 889,8 £ 23,2 no 4680 + 478,9 am), pazMepHOe pacnpeneseHue 1 a3era-nmoreHuuan (ot -9,56 +
0,2 no -49,6 + 1,63 MBT).

3akmiouenue. Takum oOpasom, B xoae pabotsl Ha ocHoBe II(3I'B) B kommosuimu ¢
cunrernueckumu noaumepamu [UJII'A u [I90" monayuyeHbl MUKpOYACTHIIBI XOPOIIETO KadecTBa,
pasiuyaronuecs Mo cBoWcTBaM (pa3Mep M A3eTa-MOTEHIUaNl) U MPUTOAHbIE Ui JEMOHUPOBAHUS
Pa3IUYHBIX [T0 XUMUYECKOU PHUPO/Ie U (apMaKOJIOTHIECKOMY CIIEKTPY IE€HUCTBUS MPEmapaToB.
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Marepuainsl Ha OCHOBE MPHUPOIHBIX MOIM3(GupoB noauruapokcuankanoatos (I1I'A) umeror
IIMPOKHE TEpPCIEeKTUBBl MNPUMEHEHHs B KauecTBe Ouope3opbupyeMoro marepuanga Ajs
PEKOHCTPYKTHBHBIX M ACTETHUECKUX TEXHOJOTMHA MATKUX TKaHeW Onarojgaps MIMPOKOMY CHEKTPY
CBOWMCTB, BIHSIONIMX HA CPOKH OHOPE30pONHMHM W3IEIUN Pa3IUYHOW TEeOMETPHH, BKIIIOYAs
MuKpovactuils! [1]. /g coBepiieHCTBOBaHUSI CBOWCTB OMOCOBMECTMMOCTH MaTepHalla aKkTyalbHa
MoOJUGUKAIM TOBEPXHOCTU MOJIUMEPHBIX MUKPOUYACTULl PA3JIMYHBIMUA COEANHEHUSIMHU, K IPUMEPY
— MOJIEKyJIaMu OeJKa.

Leanb wuccienoBaHusi — IOJyYCHHE M HM3y4eHHE CBOMCTB MaTepHalia, NOTEHIMAIbHO
IIPUTOHOTO JIJIsl PEKOHCTPYKTUBHBIX M ICTETUUECKUX MHBEKIIMOHHBIX TEXHOJOTUN MSATKMX TKaHeH
Ha OCHOBE OMOpa3pyIIaeMbIX MOJIUTUAPOKCUAIKAHOATOB.

Marepuaibl H MeToABI. B paboTe ObUIM UCTIONIB30BaHBI B KAYECTBE TOIMMEPOB — 1ou (3-
ruapokcuoyTupar (1200 x/la) u conomumep 3-runpokcuOyrtupara ¢ 3-ruapokcuBaieparom (1500
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k/la) ¢ comepxanuem 3I'B 11% wu TI(3I'B) 89%. B kauectBe BemiecTBa, MOTUPHIUPYIOLIETO
MOBEPXHOCTh TOJUMEPHBIX MHKPOYACTHUIl, HCIIONB30BAIM O€TOK — OBIYMIA CHIBOPOTOYHBIH
ans0ymun (BCA) — Albumin, Bovine (BSA), npousBoauTens — AMresco.

Muxkpouactunsl u3 [II'A ObTM TOJTYYEeHBI 3MYJBCHOHHBIM MeTOAOM. Jlnisi yBemU4eHUs
kommuectBa COOH-rpynm B coctaBe mnonuMepHbix uenedt I[II'A  ucnonp3oBamum  MeTon
KapOOKCHIMPOBaHUsS MHUKpodacTull. C MOMOIIbI0 KapOOJMUMHIHOTO METOJAa OCYIIECTBISIACH
moaudukaius 6enkom moBepxHoctd mukpouactuir u3 I1(3I'B) u I1(3I'B/I'B). KonnyecrBennoe
orpezeneHue OeKa B YaCTHUIAX OCYIIECTBIISUIA MPHU MOMOIIU OMypeToBOro MeTona. ONTHYECKYIO
IJIOTHOCTh pactBopa omnpenensiim npu 540 HM. AHanu3 CBOMCTB MHUKpPOYACTHIl, TO €CThb
OTIpeIeTICHUE MX AJIEKTPOKUHETHUECKOTO MOTEHIMANa Uiu (-MOTEeHIIMANa U pa3Mepa MPOBOIIIN C
noMoIneio cucrembl Zetasizer Nano ZS (Malvern, BenukoOputanus) W ¢ HOpUMEHECHHEM
CKaHUPYIOIIEH 3JIEKTPOHHON MUKpockonuu Ha mukpockore TM-3000 (Hitachi, SImonwust). Beixon
MHUKpPOUYACTHUI] PACCUMTHIBAIM B MPOILEHTaX OT MAacChl HMCIOJIb30BAaHHOTO MJI MX IOJY4YEeHHUS
oJIMMepa:

Dy,
V= R +100%
P

rae:

V — BBIXOJ] MUKPOYACTHII;

Dm — Macca noiay4eHHbIX MUKPOYACTHUII, MT;

Dy — Macca 1CcIoIb30BaHHOTO OIUMEPA, MT.

KoBanentnoe mnpucoenunenue Oenka k I[II'A moarBepkmamu ¢ momompbio MK-Oypre
cnekrpockonuun Ha UK-®ypwe cnektpomerpe Nicolet 6700, nmpousBoautens — Thermo Scientific
(USA). lnst omeHku cTaOWIbHOCTH menTuaHoi cBs3u Mexay COOH-rpynmoit moJmMepHBIX
mukpouactury u3 [I(3T'b) u II(3I'b/3I'B) u NH,-rpynmoit BCA Obul TpoBeleH SKCIEPUMEHT
JUTMTEIIBHOCTBIO B 4 1mHs nipu 5 Bupax Bosaeicteus: pH 7,4; pH 5,0; t=37°C; t=4°C; Mmexanudeckoe
MepeMenInBanue Ha MarHuTHOM Memaike mpu 150 06/muH. B cocTaB MCXOAHBIX 00pa3lloB BXOIUIH
CJIeYIONNe KOMIOHEHTHI: S5 00pa3noB coaepkanu mo 25 mr mukpoyactuil u3 [1(3T'6)/bCA + 2 mn
COb; crnenyromue 5 obpasnoB coaepxkanu mo 23 mr mukpodactur u3z I1(3I'6/3T'B)/BCA + 2 mn
C®b. Jlns omeHku CTaOWIBHOCTH TMEeNTHAHOW cBsi3u 0,5 M1 cymepHaTaHTa Kaxaoro obOpasia
oTOMpanuch B 4-X BPEMEHHBIX MOBTOPHOCTSX: Yepe3 2 yaca Iociie BO3ACHCTBUS; Yepe3 5 4acos;
gepe3 | nenn; uepe3 4 nHsa. KonnyecTBeHHOE ompeneieHre Oelika B MOJYyYEHHOM CyNEepHATAHTE
Ob10 TIpoBeAeHO Tpu momomm Meroda Jloypu. CraTucTudeckyro oOpaOOTKy pe3ysbTaToB
NPOBOAMJIM C WCIOJB30BAaHMEM MAKETOB MpHKIamHbIX mnporpamm Statistica for Windows 8.0
(StatSoft Inc., CIIIA, 2008) u Microsoft Excel, 2007 (Microsoft, CIIIA).

PesyabTarsl. [lonydyensl Mmukpouactuisl u3 2 %-ro pactsopa II(3I'B) u 2%-ro pactBopa
[1(3T'b/3T'B). U3mepeHune mMacchl MOJYYCHHBIX MUKPOYACTHI] MPOBOAMIA B 4 MOBTOPHOCTSIX JIJIS
I1(3I'b) u qusa [1(3I'6/3I'B). Ucnonb3ys nosydeHHbIE JaHHBIE, ObUT BHICUUTAH BBIXOJ MUKPOUYACTHIL
u3 II(3I'b) u II(3I'b/3I'B), xotopsiit cocraBun 75,5+9,9% u 72,149,2% oT ucxogHoW Macchel
nonuMmepa. [locine meroma kapOokcmmupoBanus Beixon Mukpouactun] u3 [1(3I'b) u I1(3I'b/3I'B)
coctaBmi 92,3+5,8% u 79,3+£5,6% OT UCXOOHO B3ATOM Macchl MUKpoudacTHll. Jlanee moBepXHOCTb
TOTOBBIX MHKpodacTull Obuia momuduiupoBana BCA ¢ ucnonb3oBaHHEM KapOOIUUMHUIHOTO
Meroaa. Mi3aMepeHne Macchl MOTy4eHHBIX MUKPOYacTHIl TpoBouian B 4 moBTopHOCTAX 11s [1(31'B)
u s [I(3I'6/3T'B). Hcnonb3ys mMONMy4eHHbIE NaHHBIC, OBLI BBICUMTAH BBIXOJ MHUKPOUYACTHII
MoauduumpoBanusix BCA u3 I1(31'b) u I1(3I'b/3I'B), koTopsiii coctaBmt 944+1,9% u 98,5+0,5% ot
HCXOJHO B3ATOH Macchl KapOOKCHJIMPOBAHHBIX MHUKPOYACTHII. bblla ompeseneHa KOHIEHTPALHS
BCA, cBszannoro c¢ III'A g momudukanum mMOBEpXHOCTH B MHUKpodacTuiax. [lmst pacdera
KOHIIEHTPAIIUH, CBA3aHHOTO ¢ MUKpodacTuiiamMu bCA ucnonb3oBanu Gopmymy:

Kia = Kuex — K¢
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Taxkum 06pa3om, KoHIIEHTpanus cBsizaHHOro ¢ Mukpodacturiamu u3 I[1(31'6) u I1(3T'6/3I'B)
BCA paBna 60+2,0 u 69+2,0 mr mnu 30+1,0 % u 34,5+1,0 % cooTBETCTBEHHO.

Cpennee 3HaueHHe pa3mepa noiydeHHbIXx Mukpodactuil ais [I(3'B) cocraBuno 64,7+1,04
mkm; [I(3T'B/3I'B) - 73,7#2,2 wkwm; kapOokcunmupoBanueie [1(3TB) — 58,9+1.4 wmxwm;
kapookcunmupoBanneie [I(3I'b/3I'B) - 61,8+1,4 wmxm; II3I'B)/BCA - 79,8+1,5 wMkwm;
I[I(3I'B/3IB)/BCA — 65,8+1,9 mxm. IlomydeHHble TaHHBIE CBHIETEIBCTBYET 00 3((eKTUBHOM
MpUCOEANHEHNH OenlKka K TMOJIMMEpPHBIM MuKpouyactunaMm. CpenHee 3HaueHue (-TIOTEHIMAana
nonydeHHbIX MuKpouactui s [1(3I'B) cocrasuno -27,0+4,4 mB; I1(3I'b/3I'B) — -28,7+2,0 MB;
kapookcunupoBanusie [1(3I'b) — -31,8+6,6 MB; xapbokcmmmpoBannbie [1(3'6/3I'B) — -42,3+12,6
MB; TI(3T'B)/BCA — -21,1£1,4 mB; II(3I'b/3I'B)/BCA — -26,6+1,7 MB. Vcxons U3 mOTy4eHHBIX
pe3yNbTaTOB, MOXKHO CKa3aTh, YTO 3HaYeHUs (-TIOTEHIMaa HampsIMYIO CBSI3aHbI ¢ MoauduUKaIe
MOBEPXHOCTHU MOJIUMEPHBIX MUKPOYACTHII.

B xonme wuccinenoBanusi cBoicTB monydeHHBIX Mukpouactunr w3 II(3I'B)/BCA wu
I[I(3I'B/3I'B)/BCA onenena crabunbHOCTh nentuaHoil cBssu BCA ¢ COOH-rpynmamu Ha
MOBEPXHOCTH JaHHBIX MHUKpodacTull. [lo pe3ympTaTaM KOJIWYECTBEHHOI'O OIpejAesieHus Oenka
metonoMm Jloypu, konnenrpauus BCA B cymepnarante cocraBuia 0,0000165 mr/mu. Ilpu stom
nucxoanoe konmuectBo O6enka y mukpouactuil u3 I[1(31'6)/BCA u II(3I'b/3I'B)/bCA coctaBuio 7,96
mr/mMa u 7,95 mr/min. Takum obpa3om, Genok ObuT OOHApY)KEH B CIEIOBBIX KOJHMYECTBAX BO BCEX
OTMBITHBIX OOpa3lax, YTO CBUJETEIBCTBYET O BBICOKON CTaOMIBHOCTU MENTUAHON CBSA3H Y
MOJTyYEHHBIX MUKpOYAcTUIl. 7l OIIEHKH CTa0MJIBHOCTH MENTHUIHOM CBSA3M ObUTM OIICHEHBI TaKHe
napaMmeTpsl Kak: pazmep Mukpouactul] u (-morenuuan. [lokazano, 4yto HauOosbllee BIUSHUE HA
CTa0MIBHOCTh OEJNKOBOM CBS3M OKAa3bIBAIOT TMOBBIIICHHE TEMIEpPaTypbl W MEXaHMYECKOe
BO3JICHCTBUE.

3akmouyenue. B Xxozxe BbImosHEeHUs paOOTHI MOJyYEHBI MHKPOYACTHIIBI M3 PacTBOPOB
I[1(3T'b) u II(3I'b/3I'B), kotopeie mocie KapOOKCHIMPOBAHUS M MOJU(PUKAIMHA TTOBEPXHOCTH
6enxom (BCA) xapakTepu3ylOTCs XOPOLIMMH IMOKa3aTeNssMH (BBIXOJ MHKpPOYACTHII, pazmep, (-
MOTEHIINaJ, KOJTMYECTBEHHOE Co/iepKaHHue Oelika) U BBICOKON CTa0MIbHOCTHIO MENTHAHOMN CBSI3U.

Jlureparypa
1. llIumankas, E.W. Buogerpanauus I1T'A in vivo / E.W. [umankas // Journal of Siberian
Federal University. — 2016. - T. 1, Ne 9. — C. 21-32.

OYHKIHNOHAJIBHBIE XAPAKTEPUCTUKHN MUKPOCO®EPUYECKHUX
HOCHUTEJEN BUOJIOTTYECKH AKTUBHBIX BEIIIECTB (BAB) JJISI
PEKOHCTPYKTUBHBIX TEXHOJIOIT'MHA MATKUX TKAHEH

A.B. Bnagumuposa, A.M. lllepmneBa

Cubupckuii ghedepanvuuiii ynusepcumem, Poccus, 660041, Kpacnospck, np. Ceoboonwiii, 79
E-mail: Aleksa-vladimirova@yandex.ru

OfHUM U3 MPHOPUTETOB B Pa3BUTHH COBPEMEHHON MEIUIMHBI U (apMaKOJIOTUH SBISETCS
CO3/IaHUE HOBBIX BBHICOKOI((EKTUBHBIX JICKAPCTBEHHBIX CUCTEM [1]. AnpecHble CUCTEMBI JOCTaBKU
npemnaparon O6J'Ia,Z[aIOT MHOT'OYHUCJICHHBIMU MPCUMYIICCTBAMU 110 CPABHCHUIO C OGBI‘IHBIMI/I
nexkapcTBeHHbIMU  (hopmamu. CBsizbiBaHHE (DAapMaAKOJIOTMYECKH aKTHMBHOTO KOMIIOHEHTa C
6HOHOJ’IHM€pHOﬁ ManHHeﬁ U IIOCTCIICHHOC BBIBECACHUEC U3 HEC ITO3BOJIACT OGGCHG‘-II/ITB JJIUTEIIBHOC
noajepkaHue TpedyeMoil KOHIIEHTPAllMi aKTUBHOTO JIEKAPCTBEHHOTO CPEJCTBA B OpraHU3MeE WU
JIOKAaJIbHO B KOHKPETHOM opraHe. Takoil MexaHu3M yCcTpaHseT He0OXOAUMOCTb B JIOIOJIHUTEIHHOM
MMOBTOPHOM BBEJICHHWH IIpemnapara, MOBbIMaeT ero 3Gp(HEeKTUBHOCTh, CHI)KAaEeT MOOOYHBIE ((HEKTHI
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JIEKapCTB, TMPEACTABIsAET BO3MOXKHOCTU Ui JIOKAIW30BAHHOTO HANPABIEHHOTO JEWCTBUA
JIEKApCTBEHHOT'O CPE/ICTBA, CTOMMOCTD JIeueHUs CHUkaeTcs [2]. KimoueBbIM MOMEHTOM B CO3[JaHUU
MUKpPOHOCUTEJIEH JIEKapCTBEHHBIX IpErnapaTroB SBISETCS HAOOp ONTUMAJIBHBIX  (DU3HKO-
XUMHYECKHUX M MOBEPXHOCTHBIX XapaKTEPUCTUK HOCHUTENS, TAKUX KakK pa3smep, popma, MOPUCTOCTh
Y TIOBEpXHOCTHBIN 3apsj, a Takxke 3()PEeKTUBHOCTh MHKAIICYINPOBAHHUS.

Heabr padoTsl — co3gaHue MHUKpPOC(HEpPUUECKHX HOCUTENEH OMOJIOTHYECKH aKTHBHBIX
BemectB (BAB) B BuIe MUKpOYACTHI] HAa OCHOBE MOJMTHIAPOKCHAIKAHOATOB M H3yYEHUE HUX
XapaKTePUCTHK.

Marepuansl M Mmeroabl. lcnonp3oBaHbl JBa TUNA [OJUMEPOB H3 CEMEICTBA
nonuruapokcuankanoatos (I1I'A): B kagecTBe monumepoB — nonu(3-ruapokcudyrupar) (1200 k/1a)
u comommmep 3-tuapokcuOytupara ¢ 3-rugapokcuBaieparom (1500 k/la) ¢ comepkaHuem
monomepoB [I(3I')/3I'B=89/11 w™on.%. B kauecTBe JEKapCTBEHHBIX NpeNapaToB Jyis
MHKAICYJIMPOBaHUS B TOJMMEPHBIE MUKPOUACTHUIBl HCIOJIB30BAJIN AHTUCENTUKU Ui MECTHOTO
NPUMEHEHHUST — OpWJUTMAHTOBBIA 3€JEHBIA, MUpPaMHUCTHH, (yparmiauH. Muxpouactuust u3 [II'A
ObUTM TIONy4eHbl C TIOMOIIbIO SMYJIBCHOHHOTO MeToAa. VHKamncyiaupoBaHuE BBIOPAHHBIX
JIEKapCTBEHHBIX IMPEmapaToB OBLJIO OCYIIECTBIECHO C HCIIOJB30BAHHEM METOJa HWCHapCHHUS
pacTBOpUTENE M3 TPEXKOMIIOHEHTHOM SMyJbCcUU. bbul TpoBeleH aHalu3 XapaKTepUCTHUK
MOJIYYEHHBIX MHKPOYACTHII. DJIEKTPOKMHETHYECKH MOTEHIAN (J13eTa-MOTeHIInaN) ObUT H3MEpeH
Ha aHanmu3aTope yactuil Zetasizer Nano ZS («Malvern», BenaukoOpurtanwus). Bennuuny BKIIOYeHUS
JIEKapCTBEHHBIX MPEMapaToB B MOJMMEPHYIO MATPUILy ONPESISUIA CIEKTPO(HOTOMETPHPOBAHUEM
MO0 €ro UCXOAHOM M OCTaTOYHOM KOHLEHTPAIMU B AMYJIbCUU MIPU U3IYYCHUU HA JJIMHE BOJHBI 625
HM (OpwumaHTOBBIA  3eneHblid), 260 ©HM (MupamuctuH), 365 ©HM (pypauunuH), Ha
cnekrpopotomerpe Cary 60 UV-Vis (Agilent Technologies, CIIA). Bsixom MukpodacTuil
PacCUUTHIBAIM B IPOIEHTaX OT MACCHI MCIIOJI30BAHHOTO JIJIsl MX MOJyYeHUs TIOJTUMEpa:

Dm | .
Vv = o 100%;

rae:

V — BBIXOJ] MUKPOYACTHII,

Dm — Macca noay4eHHbIX MUKPOYacTHII, MT;
Dy — Macca HCIOoIb30BaHHOTO MOIUMEPA, MT.

DddextuBHOCTs MHKaNCynmupoBanus (EE) npemapara B monumepHoii MaTpuiie

paccuuThIBaNIU IO opMyIIe:
. Wtotal — Wfree

- 1009
Wtotal %

rae:

Wiotal — UCXO/IHASI Macca IIpernapara, Mr;

Wiree — Macca mpenapara, He BKJIFOYCHHAs B TIOJMMEPHYIO MATPHILY, MT.

Cratuctudeckylo 00paOOTKy pe3yabTaTOB MPOBOAWIM C HCIOJB30BAHUEM I1aKETOB
npuKIaaHbIX mporpamm Statistica for Windows 8.0 (StatSoft Inc., CILA, 2008) u Microsoft Excel,
2007 (Microsoft, CIIIA).

Pe3yabTaTsl. B x01€ paboThl moixydeHnsl MukpouyacTuisl u3 2%-ro pactBopa I1(31'b) u 2%-
ro pactBopa [1(3I'b/3I'B), u uccrnenoBansl ux GyHKIIMOHATLHBIE XapaKTEPUCTUKH.

W3mepenue macchl OJIy4eHHBIX MUKpOYAcTULl TpoBoAwIn B 4 noBTopHOCTAX A I1(3I'b) u
st TI(3I'6/3I'B). Mcnonb3ysi mojydeHHbIE JaHHBIC, ObUI BBICYMTAH BBIXOJ MHUKPOYACTHIl W3
[1(3I'b) u [1(3T'b/3I'B), koTopsrii coctaBmi 92,0% u 94,5% OT UCXOAHON MacChl OJTUMEDA.

Cpennee 3HaveHHe paszmepa monydeHHbIX Mukpouactunl 1 [1(3I'B) cocraBmiio 63,56 +
1,67 mxwm; [1(3T'B) + OpunranToBslii 3enenslit — 61,25 + 0,66 mxwm; I1(3I'B) + Mupamuctun — 5,64
+ 0,17; TI(3T'b) + ®dypauunun — 94,81 + 2,40; I1(3I'6/3I'B) — 70,80 + 1,73 mkwm; I1(3I'6/3T'B) +
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OpunmanTOBBIN 3enenbiii — 58,86 £ 1,34 mxwm; [1(3T'6/31'B) + Mupamuctun — 37,14 £+ 3,59 Mxwm;
[1(3I'b/3I'B) + ®yparmunun — 45,73 + 0,08 Mxm.

Cpennee 3HaueHue (-moTeHIMana MmoyiydeHHbIX Mukpodactur s I1(3I'b) cocraBmno — -
19,2 + 0,95 mB; I1(3I'b) + O6pmmuanToBbIi 3enensiit — -27,3 + 1,90 mB; I1(3I'b) + Mupamuctus — -
0,8 £ 0,40 mB; II(3T'b) + ®ypaummua — -0,8 + 0,40 mB; II(3T'6/3I'B) — -27,5 = 0,95 mB;
[1(3I'b/31'B) + OpuranToBIi 3enenslil — -27,5 £ 0,95 mB; I1(3T'6/3I'B) + Mupamucrtus — -27,5 +
0,95 mB; I1(3T'B/3T'B) + ®yparunun — -27,5 + 0,95 mMB.

[TonydeHHble naHHBIE CBUAETEIHCTBYIOT 00 OTHOCHTENHHOW CTAOMIBLHOCTH YaCTHUI[ 00OUX
COCTaBOB 0€3 BKIIIOUEHUS MPENaparoB, a TAKKE YaCTHII, HarPY>KEHHbIX OpUJUIMaHTOBBIM 3€JIEHBIM U
OypamunuaoM. YacTumpl ¢ MHUpPaMUCTHHOM IO TOJYYCHHBIM 3HAYEHHUSM OTHOCATCS K OYEHb
MaJICHBKUM I10 pa3MepaM M HeCTaOMIbHBIM. B03MOXHO, 3TOT 3¢ eKT 00yCIIOBIIEH 0COOCHHOCTSIMHU
CMEIIIMBAHUS MIperapaTa ¢ MaTepHaIOM-MaTPHKCOM.

3akiir04eHue. DMYJIbCHOHHBIM METOJOM IOJYyYE€HBl MHUKpPOYACTHLBI U3 2%-TO pacTBopa
I1(3I'B) u 2%-ro pactBopa I1(3I'b/3I'B), HarpyXxeHHbIEC JEKapCTBEHHBIMH IpernapaTaMu, KOTOpPbIE
001aal0T XOpOoImUMHU (QYHKIIMOHATBHBIMH XapaKTepUCTUKAaMU, BKIIIOUasi BBIXOJ YacTHII, pa3Mep, C-
MOTEHIINA.

Jluteparypa
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IOOPEKTUBHOCTD I[EﬁCTBHH AHTUBAKTEPUAJIBHBIX
INPEIMAPATOB, IEIIOHUPOBAHHBIX B I1(3I'b) MUKPOUYACTHIIbI
A.M. I_I_IepmHeBal, A.B. MypyeBa2
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E-mail: sheranna@inbox.ru

KoHcTpyrpoBaHue J0ITOBPEMEHHBIX CHUCTEM JOCTaBKH JIEKAPCTBEHHBIX IIPENapaToB
OTHOCHUTCSl K YMCITY BaKHEHIIMX HAmpaBJICHUN COBPEMEHHOW OMOTEXHOJIOTHUH M (hapMaKOIOTHH.
Pa3paboTka TakMX CHCTEM C pEryjlHpyeMbIM BBICBOOOXKIEHUEM TEpPareBTUYECKUX areHTOB
MO3BOJISIET OBICTPO JAOCTUTATh JedeOHoro 3¢ddekTa W MOANEPKUBATH YPOBEHb Tpedyemoii
TEparneBTUYECKON KOHILIEHTpPAllUd B TE€YEHHE JIMTEIbHOIO BPEMEHH, a MUX HUCIOJIb30BAaHUE AT
BO3MOYKHOCTh YMEHBIIUTH KYPCOBYIO 703y, YCTPAHUTh HETaTUBHOE BO3JCHCTBUE U MEPEIO3UPOBKY
JIEKapCTBEHHBIX BEIIECTB, YMEHBUIUTH YACTOTY MPOSIBICHUN MOOOUHBIX 3((HEKTOB.

Lesasb padoTsl — pa3paboTKa JOITOBPEMEHHBIX JICKAPCTBEHHBIX ()OPM aHTHOAKTEpHATBHBIX
MpenapaToB Ha OCHOBE MOJIM-3-THUIPOKCUOYTHpaTa, U UCCaea0BaHue X d(PHEKTUBHOCTH JIEHCTBH
B OTHOIICHHH OakTepuii in Vitro.

Matepuanbl u MeToabl. OOBEKTOM HCCIEIOBAaHUS CIIY>KUJI BBICOKOOUYHUIIIEHHBIN 00pasel
roMononumepa 3-ruapokcumacisHoi kuciaotsl (II(31'F)). B xauecTBe nexapcTBEHHBIX TIPEMapaToB
onl1u BeIOpanb! Joxkcunmkaun (PYIT «bopucoBckuii 3aBo1 METUIIMHCKUX TIpenapaToB», bemapycs)
u Ledrpuakcon (3AO «Jlekko», Poccus) m3-3a MUPOKOro aHTUOAKTEPUAIBLHOTO CIIEKTpa HX
JIEUCTBUSL.
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Muxkpouactuisl Ha ocHoBe [1(3T'b), Harpyxennsie antubuorukamu 1, 5 u 10% ot macchl
nojguMepa, OBUTM TOMYYEHbI AMYJIbCUOHHBIM METOJOM. AHTHOAKTEPHAJIbHYIO aKTUBHOCTH
ckoHctpyupoBanHbix  [I(3['b)  mukpowacTury omnpenensuii ¢ HWCIOJIB30BAaHUEM  JHCKO-
muddy3rmonHoro meroma Ha KosoHWsx kietok Escherichia coli, Pseudomonas species wu
Staphylococcus aureus. B kadecTBe KOHTPOJII HCIOJB30BAIM KOMMEPUYECKHE  JIUCKU
aHTHOAKTepUANIBHBIX MPENapaToB JOKCHUIMKINHA W uedrpuakcoHa (¢ coxpepkanuem 30 MKr
npemnapara, «BioRad», ®panmus), a Takke KOMMEPYECKHE MPernaparsbl B 103€, COOTBETCTBYIOIIEH
COZIEP’KAHUIO B MUKPOYACTHIIAX.

s  ompeneneHuss 4yBCTBUTENBHOCTH  MHUKPOOPraHU3MOB K  aHTHOAKTepUAIbHBIM
mpernaparamM HCHOJIb30BaJId HMHOKYJIAT, COOTBETCTBYIOUIMM Mo twioTHoctu 0,5 mo cTaHmapry
McFarland u coxepskaruii mopsiika 1,5%108 KOE/mu. WNHOKYISIIUIO TIPOBOJIUIN CTEPUITLHBIMHU
BaTHBIMHM TaMIIOHAMH PAaBHOMEPHBIMHU IITPUXOBBIMU JABMKeHHsIMH. CrycTst 15 MUHYT TIocepeinHe
yamku [letpu npoaensiBanu ayHkH nuametpoM 0,5 MM U packanbIiBaidu B HUX SKCIIEPUMEHTAIIbHBIE
obpasiel (o 20 Mr Ha JYHKY) B (PH3UMOIIOTUYECKOM pacTBOpe B o0beme, He mpeBbimaromeM 100
MKJI. AMNIMJIMKAIUIO0 JUCKOB NPOBOAMIN 0e3 (OpMUPOBAHUS JIYHOK C TOMOIIBIO CTEPUIBLHOTO
nuHuera. Ilo okonwanuro wamku Iletpu ocrtaBmsiin B Tepmoctare npu 37°C. Choycrs cyTKu
U3MEPSUIN TUaMeTp 30H 3aJePKKU POCTa KYJIbTYPHI.

Pe3yabTaThl. bbl10 MpoBeneHO 1BE cepuUM SKCIIEPUMEHTOB: B MEpBOM ObuIa MCClie0BaHA
aHTHOaKTepuanbHas AaKTUBHOCTh MHKPOUYACTHI], HarpyXKeHHbIX 1HedTpuakcoHoM. Haubonee
BBIPQXEHHBIA aHTHOAKTepHaTbHBINA 2PQeKT pa3paboTaHHBIX (HOpM OBLI XapaKTepeH B OTHOLICHUU
E.coli. Tak, mas komMmMmepueckoro Auck (KOHIEHTpanus npernapara 30 MKr) 30HA 3aJepXKKH POCTa
E.coli cocraBuna 37 mm, st Pseudomonas spp. — 20 mm u jyist S.aureus — 26 M.

HecmoTpss Ha TO, 49TO KyabType Kietok E.Coli cBoiicTBeHHa BbhIpabOTKa f-TaKTamasbl
paCIIMPEHHOTO CIIEKTpa NEHCTBUS, KOTOpas MHAKTHUBUPYET [-TaKTaMHbIE aHTUOMOTUKH, BKIFOYAS
e TpuakcoH, B OTHOIICHWHM JAHHOW KYyJIbTYphl ObUla 3adukcupoBaHa 3(hQeKTHBHAS 3a7aepikKa
pocTa KyJIbTyphl B 3aBUCUMOCTH OT UCHOJB3yeMOM KOHLEHTpanuu. Tak, ¢ yBeIMueHHEeM Harpy3Ku
uedrpuakcona ot 1 10 10% B Mukpovactunax ObUT XapaKTepeH pOCT 30H UHTUOUPOBAHUS KOJIOHHM
ot 32,5 no 41,5 MM, COOTBETCTBEHHO.

[Ipu wuccnenoBaHuM JEKApCTBEHHOW A()PEKTUBHOCTH HMHKAICYJIUPOBAHHON  (HOPMBI
e TpuakcoHa B KyJbTypax KieTok Pseudomonas sSpp. u S. aureus Takke OblUia BBISBICHA
TEHJCHIMS K YBEJIMYEHHUIO 30H 33JCpPKKUM pOCTa MPH YBEIMYEHUU KOHIIEHTpAIMM IMperapaTa
cojiepkaierocs B MUKpodacTuiax. CTOUT OTMETUTh, YTO JACHCTBHE e TpUakcoHa HANpaBIeHO Ha
MHTUOMPOBAHME CHUHTE3a KJIETOYHON CTEHKH, a MMEHHO Ha pa3pylIeHHE IONEpPEeYyHOM CIIUBKH
nenTuaorMkanoB. OJIHaKO, HECMOTPSI Ha TO, YTO T'PAMIIOJIOKHUTEIbHbBIE KYJIbTYphl UMEIOT Ooee
IJIOTHBIA ~ TIETITUIOTJIMKAHOBBIA  CJIOM, B OTHONIICHWHM S.AUreus ObUT  OTMEYEH JTYYIIHi
aHTHOaKTepuaNbHBI dQdekT 1o cpaBHeHHIO ¢ Pseudomonas spp., 4To ckopee BCEro CBS3aHO C
YyBCTBUTEIHHOCTBHIO KJIIETOK K JJAHHOMY Ipernapary.

B kauyectBe KOHTpons Takxke Obita mpoBepeHa aktuBHOCTh II(3I'B) mmukpouacTwi,
HEHArpy>KeHHBIX  IpernaparoM, H  (PU3MOJIOTUYECKOTO  pacTBOpa,  HCIOIB3YEMOIro  JJis
CYCHEHIMpPOBaHUs MHUKpodacTull. B 000MX cinyyasx WHTHOMpPOBAaHUS POCTa aHAIU3IUPYEMBIX
KYyJIbTYp HE HAOJIIOAAJIOCH.

Takum o00pa3oM, NpOBEIAEHHBIE HCCIEIOBAaHHMS B TIEPBOM CEPUU OMBITOB MOATBEPIMIN
JEKapCTBEHHYIO  A(()EKTUBHOCTH W NIPOJOHTUPOBAHHOE  JEHCTBHE  pa3pabOTaHHBIX
MHKAICYIUPOBAHHBIX (POPM IEePTpUAKCOHA.

Bo Bropoii cepuum onbeITOB ObUla HcclelOBaHAa aHTHOAKTepHalbHAs AKTHUBHOCTH
MHUKpPOYACTHUI], HAarpy>K€HHbIX JOKCHLIMKINHOM B OTHomeHuu KyibTyp E.coli um S.aureus.
AKTHBHOCTh HMHKAICYJUPOBaHHOW (OPMBI JOKCHIIMKIMHA B OTHOIIeHHH Pseudomonas spp. He
paccMarpuBanach, TaK Kak JaHHas KyJIbTypa SBJISETCA YCTOMYMBOM K BO3JCHCTBHUIO JAHHOTO
aHTHOUOTHKA.
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30Ha 3aJepKKU pocTa B KOHTPOJBHOM Ipynne ¢ KOMMEPUYECKHUM IUCKOM Ui S.aureus
cocraBmia 28 mm, g E.coli — 20 mm. B omimume or umedrTpuakcoHa MeXaHU3M JICUCTBHSA
JOKCULIMKJIMHA HalpaBlIeH Ha MOJaBJIeHUE CHHTe3a Oenka Oakrepuil. B nanHOM cityuae Hanbosee
s deKTUBHOE [EHCTBUE HMHKANCYIUPOBAHHON (HOPMBI JOKCUIMKIMHA OBUIO XapaKTEepHO IS
IPAMIIOJIOKUTEIBHBIX ~ KJIEeTOK S.aureus. CTOMUT OTMETUTh, YTO HHTUOUpYyOmHA 3hdexT
MHKAICYJIMPOBAHHOTO JOKCUIIMKIIMHA 10 OTHOILICHHIO K TPaMOTpHLATEIbHON KynbType E.Coli mmen
cy1abblil XapakTep BO BceX BBIOPAHHBIX KOHIEHTpauusax. Tak, 30Ha 3a/lepKKU pocTa He MpeBbICHIIA
15,5 MM, 4TO HUXKE JOMYCTUMOIO JAHanazoHa uyyBcTBUTENbHOCTH (18-24 mm) cormacno MYK
42.1890-04 [1]. Ilpu sTom cBOOOmHAs dhopMa JAHHOTO Tperapara B aHAJOTHYHOW KOHIIEHTpaIUH
3¢ HEKTUBHO HHTUOUPOBaAIA POCT KYJIbTYPHL.

3akmrouenue. [loka3aHo, 4TO ¢ yBeJMYEHHEM KOJIMYECTBA Ipenapara B MHUKPOYACTHIAX
pasmep 30H HHTMOUPOBaHUs OaKTepUAIbHBIX KYJIBTYp BO3pacTall. DTO CBUACTENBCTBYET O TOM, UTO
CKOHCTPYMPOBAHHBIE JICKAPCTBEHHbIE (OPMBI MO3BOJSAIOT AHTUOAKTEPHAIBHOMY Ipenapary
spdextuBHO muddyHAUpOBaTE B cpeay. Kpome Toro, ycraHoBieHO, 4TO CBOOOAHas ¢opma
aHTHOAKTEpUANIbHBIX IPENapaToB BO BCEX aHAIM3MPYEMBIX Ipymnmnax 3¢deKTuBHee noaaBisia pocT
OaKkTepHii 0 CPAaBHEHUIO C WHKAICYIMPOBAHHOW (POPMOIA, UTO MOJATBEPHKAACT MPOJIOHTMPOBAHHOE
neiictBue pazpaboTaHHBIX (GopM. B menoM, kpoMe HHKaNCyJIMpPOBaHHOIO JOKCHLUKIMHA B
otHomreHnn E.coli., MoXHO cpenate BBIBOA, 4YTO pa3padOTaHHBIC JIEKAPCTBEHHBIE (HOPMBI
anTuOmoTnkoB Ha ocHoBe II(3I'b) oOmamaror Xopomiel aHTHOAKTEPHAIBHOW AaKTUBHOCTHIO B
OTHOIICHUN aHATTU3UPYEMBIX KYIBTYP.

Jluteparypa
MVYK  4.2.1890-04. OmnpeneneHre  4YyBCTBUTEIBHOCTM  MHUKPOOPTaHM3MOB K
aHTHOAKTepUAIIbHBIM TpernaparaM: MeTtoauueckue ykazaHus. — M.: @exepaldbHbId LEHTP

roccansnuaHaazopa Munsapasa Poccun, 2004. — 91 c.

CPABHUTEJIBHASA OLHEHKA CIIOCOBOB INOJIYYUEHUA
MHUKPOYACTHUII U3 HU3KO- U BBICOKOMOJIEKYJIAPHBIX
®PAKIUN MTOJIUTUAPOKCHAIIKAHOATOB

AN. Kanyukas
Cubupckuii ghedepanvruiii ynusepcumem, Poccus, 660041, Kpacrospck, np. Ceob6o0Huvlil, 79

CoBpeMECHHBIN YpOBEHb pa3BUTHS MEAWIMHCKOW HAYKH pacmojiaraetT K MIHPOKOMY
BHEJPEHUIO BBICOKOMOJIEKYJISPHBIX COCIUHEHHM, BKIIIOYas MOJUA(UPBI, CUHTE3UPYEMbIE KUBBIMU
cucremamu. HanOonee MEpPCHEKTUBHBIMU TOJMMEpPAMH B TOCJIEIHEE IECATHIIETHE, BMECTE C
MOJINJIAKTUAAMHU U TTOJIUTIIMKOIUAAMHU, CUUTAIOTCS nonauruapokcuankanoatsl (IIIA) — monuadupsr
AJIKAHOBBIX KUCJIOT MUKPOOHOTO IIPOUCX 0K IeHUS [ 1].

[Tomurunpokcuankanoatel, I[I['A, SBISIIOTCA NMEPCHEKTHBHBIMH  OMOpa3pyliaeMbIMU
MaTepuagaMH s Pa3IMYHBIX MPUMEHCHUNW B OWOMEIUIIMHE, TaK KaK OHH HE TOKCHYHBI H
OMoJIOTMYECKH COBMECTUMBI [2]. JImst pas3HbIX I1eieil TpeOyroTcsl MaTepuaibl ¢ ONPEACIICHHBIMU
TEXHOJIOTUYECKHUMH  XapaKTePUCTHKAMH, KOTOPBIC OINPEACNSIOTCS KadeCTBEHHBIM COCTaBOM
MOHOMEPOB U MOJIEKYJISIPHOM Maccoil. Bo3MoXHOCTh MOAU(DUIIMPOBATE CTPYKTYPY U PETYINPOBATH
MoneKkyisipayto  maccy [I[CA  mpupomHOTO TPOUCXOXKACHUS OTKpPBIBaeT Ooyiee IMIUPOKHE
BO3MOXXHOCTH JUISl TIOJIyY€HHUS MHUKPO- M HAHOpPa3MEpHBIX YACTHI-HOCHTENEeH Ui uese
COBpeMeHHOM (papmMakosoruu, s JEMOHUPOBAHUS U JOCTAaBKH MIPETIapaToB.

Hean pa6oThl — 0TpabOTKA CITIOCOOOB MOTYyYEHNE MUKPO- M HAHOYACTHUIT U3 00Pa3II0B MOJIH-
3-TUAPOKUCOyTHpaTa pa3IMIHON MOJICKYJIIPHON MacCCHI.
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Marepuanbl U MeToabl. VcciaenoBany BeICOKOOUHIIEHHBIE 00pa3iel [1I'A: romononnmep
3-runpokcumacisiHon kucinotsl [[1(3T'B)] ¢ ucxomHoii cpeHEBECOBOI MOJICKYIsIpHOI Macco (M)
1500 x/la, cuHTe3upoBaHHBIN B nabopatopun «bHOTEXHOJOTMM HOBBIX MatepuanioB» COY. B
Ka4yecTBE JCTONMMEPU3YIOIINX areHTOB UCnoib30Banbl Ooporuapua Hatpus (NaBH4) u runpoxcun
natpus (NaOH). Jlemonumepusaruio mpu momory NaBH, ocyiiecTisin B pacTBope mojuMepa B
xsopodopme B TeueHue 3 u 48 yacoB u ¢ nmomolursio 00padotku monmumepa NaOH mnpu BpemeHu
Bo3aercTBUSA OT 15 10 60 MuHyT. [ CHM>KEHHE MOJIEKYJISIPHOW MacChl MOJMMEpa MPUMEHSIIN
METOJ TepMUYECKOl Aerpaganuu (HarpeB o6pasuoB a0 190 °C). MukpouacTuiibl noiydeHs! u3 1%-
ro pactBopa [1(3I'b) ¢ npumeHeHnEM METO1a OAHOITAITHOTO SMYJIBTUPOBAHUS.

MonekyspHyI0 MacCcy M MOJIEKYJISIPHO-MAaCCOBOE pacHpeieNiCHHE MoJuMepa HCcCiel0Balu
C UCIOJIb30BaHUEM XpomaTtorpada sl TenbnpoHukaromnieit xpomarorpadpun Agilent Technologies
1260 Infinity (CLHA) ortHOcuTensHO monucTupoioBbix crangaproB (Fluka, Illseiinapus,
I'epmanmns). Haxogumu cpegneBecoByto (Mg) u cpemnednciioByto (My) MOJIEKYISIpHYIO Maccy, a
taxke nonuauctepcHocts (111 = My/My).

Pesyabtarnel.  Ilokazano, uro apemonumepusanuio [1(3I'6) moxHO
MCTOJIb30BaHNEM (PU3HUECKUX U XUMHUUECKUX areHToB (Taldnuia).

O6paboTka mosmmMepa OOPOTUAPHUIOM HATPUSI TIPUBEJIA K CHHYKEHUIO MOJICKYJIIPHON MacChl
nonumepa Ha 99,5 % oT UCXOAHOI Macchl B TEUCHHE MEPBBIX TpeX yacoB oOpadoTku. Hambonbiiee
nagenue moiekyspHoi maccel [1(3I'b) 3apeructpupoBano B oOpasiax, oopadoranasix NaBH, B
teueHue 3 u 48 4, a Takke B oOpasle, MOABEepruieMcs TepMUYeckoi oOpaboTke B TeueHue 30
MuHyT (10 99,3%).

MPOBOJIUTE  C

Tabnuma — MoekyasspHO-MaccoBO€ pachpesielieHne 00pasloB MOJMMepa IMOCie TEePMHYECKOH
o0pabotku (obpazen 1, 2 u 3), u mocne odpabotku NaBH, (obpasen 4 u 5), u3mMeHeHHEe CBOWCTB
MUKPOYACTHI] U3 ITUX 00pa3IOB — 13€Ta-MOTCHIIUAT

MonekynsapHas Macca, [a Cpennuit Hzerta-
I1(3I'b) Bpewms HuameTtp ITOTEHIINAIT,
M, M, IT1 YaCTHI], HM MB
00paboTku
Ucxonueiit - 1479500 615810 2,40 | 923,9+14,71 -16,2+0,49
oOpasery
1 10 mun 26523 2371 1,10 667,8+1,51 -18,3+1,04
2 20 muH 11411 2097 5,42 693,8+14,04 -16,3+0,6
3 30 muH 9845 1977 4,99 | 597,6+38,51 -15,7+0,4
4 349 7987 2207 3,62 754,9+24,82 -21,5+0,85
) 48 4 6499 2009 3,05 624,8+9,91 -21,3+0,3

O6pabotka momumepa NaOH mipu paznuyHom BpemeHu Bo3zaeicTBus (0T 15 mo 60 MuHyT)
II0Ka3ajia CHUKEHUE MOJIEKYJISIPHON Macchl Ha 82 % OT MCXOJIHOM. DTO CBUIETENBCTBYET O MEHEE
3¢ PeKTUBHOM cTOCO0€E AeTpajaiuu, 0 CPAaBHEHUIO C METOJ0OM OOpaTHOM peaKIuu U TEPMUUYECKOM
00paboTKOi monumepa.

B xonme manHOW pabOTHI METOAOM TEPMHUYECKOW JAerpajarii, OOpaTHOW pEaKIuu u ¢
MIOMOIIbI0 0OPAaOOTKU MOJIMMEpPa LIEIOYBI0 MOIyuYeHbl 00pa3lbl HU3KOMOJIEKYIISIPHOTO TTOJIUMEpPa
CO 3HAYECHHEM MOJIEKYJsIpHOU Macchl oT 6 499 no 280 000 /la.
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Ha ocHoBe mnomy4yeHHbIX 00pa3lioB HU3KOMOJIEKYJSIPHOTO TIOJMMEpa C MPUMEHEHHEM
METOAa HCIAPEHUs] PACTBOPUTENS IOJYyYeHbBl MHUKPOYACTHUIIBI. BB HMCIONb30BaHBl 00pa3Ibl
HU3KOMOJIEKYJISIPHBIX moJuMepoB mociie oopabotkun NaBH, B Teuenue 3 u 48 4 ¢ MoyIeKyasspHOM
maccoit 6 499 u 7 987 Jla coorBeTcTBeHHO. Takxke ObLIM NCIOIB30BAHbBI 00pa3Ibl, TOABEPIaBIINECS
TEPMHUYECKOMY BO3JECHCTBUIO C MOJIEKYJISIPHOM Maccol B nuana3zone ot 9 845 no 26 523 Jla.

B rtabmume moka3aHo, YTO CpEeAHUN JMAMETP MHUKpPOYACTUI[ U3 BCEeX OOpa3loB
HHU3KOMOJIEKYJISIPHOTO TTOJIMMEpPa HAXOAUTCA B OJTHOM pa3MEepHOM Juana3zone ot 597,6+38,51 um g0
754,9 24,82, yTo cBA3aHO ¢ ONM3KUMH 3HAUYEHUSMH MOJEKYJISPHOW Macchl 00pasnoB. BaxHo
OTMETUTh, YTO TPHU HCIOIH30BAHUM BBICOKOMOJEKYISIPHOTO IMOJUMEpa, pa3Mep MHUKPOYACTHUIL
JIOCTOBEPHO BhIIIE, X AuaMmeTp coctaBuia 923,9 £14,71 um.

3ak/o4yeHue. YCTaHOBJIEHO, YTO MOXXHO 3HAYUTENIBHO CHIDKATh MOJIEKYJISIPHYIO Maccy
[II'A ¢ npuMeHeHneM pa3INYHbIX (PU3UIECKUX U XUMUYECKUX areHTOB U MOJIy4aTh MUKPOYACTHUIIBI
paznuuHoro nuamerpa. C mpuMeHEeHUEM METO/a OJJHO3TAIHOTO SMYJIbIUPOBAHUS ObUIH MOTyYEHBI
MHUKPOYACTHUIIBI XOpoIero kadecTBa u3 oopasnos [1(3'b) co cHIKEHHOI MONEKYIIpHONH MACCOM.
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THE INTERACTION OF CELLS WITH BIOMATERIAL SURFACES

Vasif Hasirci*?

'Middle East Technical University (METU), Department of Biological Sciences and
’BIOMATEN, METU CoE in Biomaterials and Tissue Engineering, Ankara, Turkey

E-mail: vhasirci@metu.edu.tr

Biomaterials field started mainly with pure materials such as ceramics, metals and polymers.
The biocompatibility of these devices was important and tests to ensure their compatibility were
developed. Eventually, the investigation of surface properties and the interaction of surfaces with
the tissues began. With the introduction of tissue engineering concept this notion became more
important. Since tissue engineering takes on the task of preparation of tissue substitutes the tissue-
material interaction became a very important issue. The confocal micrograph below shows an
engineered blood vessel using photolithography to create the main theme of the vasculature on a
surface regionally covered by cell attractive polymers over a cell repellent polymeric surface
followed by seeding of endothelial cells. The making of this quite satisfactory vasculature was a
result contribution from a number different fields including cell biology, materials science and
polymer chemistry along with cell culture techniques, histochemical and various microscopic
techniques. In this presentation examples from a number of different studies for constructing a
variety of tissue mimics will be provided.

101


http://chem21.info/info/711388
http://chem21.info/info/99832

Figure — Confocal laser scanning
microscopy image of HUVEC cells on
ColMA modified MeHA hydrogel on
Day 10. (Stained for the actin filaments
and the nuclei) [1]
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BJIMAHUE CTPYKTYPbI IIOBEPXHOCTHU CYBCTPATA
HA INOBEJAEHUE ME3EHXNMAJIBHBIX CTBOJIOBBIX KJIETOK
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MynbTUTIOTEHTHBIE ~ ME3CHXHMMAIbHBIE  CTBOJIOBBIE  KJIETKH —  3TO  YaCTHYHO
mudpepeHIIMpOBaHHbIE CTBOJIOBBIE KJIETKH, CIHOCOOHOCTh K JIu(@PEpEeHIMPOBKE KOTOPHIX
OrpaHHYeHa MpeAesiaMu OJHOTrO 3apojbimieBoro nuctka. MMCK BnepBble ObUIM BBIIETICHBI U3
KOCTHOTO MO3ra, U B HACTOAIIEE BpeMsi OOHApy>K€Hbl BO MHOTMX TKaHsAX opraHu3ma. Ceiuac
HamOosnee Oe3omacHbIM s manueHta uctouHukoM MMCK cuuraeTcss kupoBasi TKaHb, T
koHneHntpauuss MMCK nocturaer 2% 10%/r JKUpOBOM TKaHu [1].

MMCK sBnsitoTcst IpeANIECTBEHHUKAMU psiia TKaHEH, Jarie Bcero qudGepeHnpoBKa uaeT
[0 OCTEOTeHHOMY, XOHIPOT€HHOMY U aJUIIOT€HHOMY THITY, OJHAKO HECKOJbKO TPYII YYEHBIX
npoBenu audPepeHIupoBKY 0 HEHPOTEHHOMY, SHAOTEIHATEHOMY U SMUTEIHATLHOMY THUIIAM [2].

H3BectHO, uyTO Ha AUQPGEPEHUUPOBKY CTBOJIOBBIX KIETOK BIHAET COBOKYIHOCTD
OKPYXaIIHUX WX (HaKTOPOB: HATMYHE OIMPEICICHHBIX MUTATEIBHBIX BEUIECTB, POCTOBBIX (JaKTOPOB
¥ IMTOKHHOB, CyGCTpar, HamMume Kuciopoxa, pH, naienue, koHmenrtpaums Ca’’, a Takke
B3aMMOJICHCTBHE C JPYTUMHU CTBOJOBBIMU U Ju(depeHnnpoBaHHbIMU KieTkamu [3]. OxHuMm u3
(bakTopoB, perynupyromux AauhdepeHInpoBKyY, SBISETCS CTPYKTypa M COCTaB cyOcTpara, K
KOTOPOMY KJIETKH TIPUKPETUISIOTCSI.
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Hean padorsl — onenka auddepenmmpoBkn MMCK xupoBoil TKaHH 1O JAEPMaTbHOMY U
OCTEOTC€HHOMY THUIy Ha pas3IUYHBIX BHJAaX MAaTPUKCOB U3 TOJMTHAPOKCHAIKAHOATOB U
OaKTepUaTbHOM IEJITIOIO3BI.

Marepuanbl M MeToabl. VIcronp30BaHbl MOJYIPOHHUIIAEMBIE MEMOpaHbI, IMOIy4YECHHBIC
JIEKTPOCTATUYECKUM (OpMOBaHMEM H3 comonuMepHbIXx nonuMepoB (III'A) u kommno3utHble
matpukcel u3 I1I'A u 6akrepuanbHoit nemtono3sl. MMCK nomyueHsl U3 BHCLEPATIbHON KUPOBOU
TKaHU KpbIC TUHUK Bucrap dhepmentatuBHbIM MeTo10oM. KiteTkn kynbTuBHpOBaiu B cpeae [IMEM
c nobaBieHHEM pacTBopa aHTHOMOTHKOB U 10% 5>MOpHOHANBHON Tensubel CHIBOPOTKH B 5%
atmocdepe CO; npu 37 °C. Ina nuddepeHunpoBKH KIETOK J00aBIISIIA CMECh COOTBETCTBYIOIINX
¢dakTopoB muddepeHnpoBku. g 3aceBa MaTPUKCOB HCIONB30BAIN KJIETKH 3-4 Taccaxew.
KynbTuBupoBaHue KJI€TOK Ha MaTPUKCAX NMPOBOAMIM B Te€UCHHE 2-3 HeJeNb, MOCHIE Yero KJIETKHU C
MaTPUKCOB CHUMAJIH TPUIICUHOM U 3KcTparupoBan MPHK ¢denonsabiM MeTogom. Meronom PCR-
RT B pexxuMe pealbHOTO BPEMEHH OMPEACIIsIIN TPAHCKPHIIIUIO TeHOB KoJilarena | tuma (oauH w3
MapKepHbIX OenkoB (GuOpobmacToB nepMmel), kepaTHHOB 10 u 14 (COOTBETCTBYIOT KJIETKaM
0a3agpbHOTO CJIOS W IIMIOBATOrO  CJOsA  JnuaepMuca), a Takke BMP-2  (xocTHbIi
Mop(OoreHeTHYeCKUii OEJIOK, PeryIupyeT pOopMHUPOBaHUE OCTEOOIACTOB).

PesyabTarsl. I[loka3aHo, yTo Bce HCClIEOBAaHHBIE MATPUKCHI MOAJCPKHUBAIU aArE3UI0 U
pPOCT KJIETOK, ofHaKo noOaBieHue (akTopoB Aud(epeHInpPOBKH CHUXKATIO KUIHECIIOCOOHOCTD
KJIETOK Ha Marpukcax. bomee ycnemHo auddepeHIUpoBKa NpoTeKaga B JEpMaJIbHOM U
octeoreHHOM HampasineHun. IIpu kyneruBupoBannun MMCK B cpene JIMEM c nobGaBnenuem
CBIBOPOTKM KJIETKM Ha BCEX MAaTpUKCaX AKTUBHO CHUHTE3UPOBAIN MEXKKJIETOYHOE BELIECTBO C
BBICOKUM co/iepskaHueM KosutareHa. Ocreorennas auddepeHunpoBKa Takke OblUia MOATBEPXKICHA B
peaknuu PCR-RT u npu okpammBaHuy aHTUTEIAMU K OCTCOIOHTHHY, MMPUYEM HanOOJee aKTHUBHO
Ha Oonee penbedHoil mnoBepxHocTu. JuddepeHurpoBka B SNUAECPMATIHLHOM HAINPaBICHUU
npoTekana HauMmeHee 3P HEeKTUBHO.
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Jlnst KOHCTPYHMPOBaHUSI TKaHEHMH)KEHEPHBIX CHCTEM (TrpadToOB) HCIIONB30BaHBl HETKAHBIC
MeMOpaHbl, CPOPMHUPOBAHHBIE HEOPUEHTHPOBAHHBIMU BOJIOKHAMH M3 PAacTBOPOB COIOJIMMEpA
[1(3I'b/4I'b) 2-6 Bec.%, MeTOAOM BJIEKTPOCTATHYECKOro (OPMOBAaHUS TPU  BEJIUYHHE
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II-9 MexxgyHapogHasa HaydHast KoHdepeHLma
«BUOTEXHOJIOIMMA HOBbIX MATEPUAJIOB — OKPYXAIOLWAA CPEOA — KAHECTBO XU3HU»

AJIEKTPUYECKOTO Tojis B auamnazoHe 25 kB. Hcmonws3oBanme Bpamaromerocs Oapabana (1000
00/MUH) o00ecreumino TOTyYeHHEe OpPUEHTHUPOBAHHBIX YB, CBOWCTBA KOTOPBIX OTJIMYHBI OT
HEOPHECHTUPOBAHHBIX. MeMOpaHbl U3 OPUEHTUPOBAHHBIX HMMENN 0OoJiee BBICOKUMH 3HAYCHHSIMHU
MEXaHUYECKOM MPOYHOCTH, MOKa3aTeIsIMU KOTOPOW chnyxkuin moayias OHra u aGcomoTHas
paspbIBHas Harpyska, 3HAa4eHUS KOTOPHIX HA TMOPAJOK MPEBOCXOAWIH  TaKOBBIE y
HEOPUEHTUPOBAHHBIX MeMOpaH (puc. 1).

MMCK >xupoBO#i TKaHH KPBICHI, MPEKYIbTUBUPOBAHNE KOTOPBIX HA CHCIHAIU3UPOBAHHOM
cpene DMEM ¢ noGaBnenuem 10 % 5>MOpHOHaNbHOW Tesiubeil CHIBOPOTKM W pacTBOpa
aHTUOMOTHKOB obecrieunsio nuddepeHnrpoBky B GuoOpoomacTel. KneTkn akTUBHO CHHTE3UPOBAIH
KoJutareH 1-ro Tuma, 4ro moaTBepxkieHo MeronoM I[II[P B pexume «pealbHOro BpEeMEHU» B
KOMOWHAIMH C METOJIOM OOpaTHOM TPaHCKPHUIIIIMU B 00JIACTH KOJIMYECTBEHHOW OIIEHKU DKCIPECCUU
I'eHOB K (pakTopam koyareHa 1-ro tuma (Col-1) (puc. 2).

OBaAHHBIC

o
Pucynok 1 — POM CHUMKM HETKaHBIX
MeMOpaH, chOpMUPOBAHHBIX U3
HEOPUEHTUPOBAHHbBIX U
OpUEHTUPOBAHHBIX YJIBTPATOHKUX

B BOJIOKOH MeToAoM DCD U3 pacTBOPOB

[1(3I'b/4I'B) pa3nu4HO# KOHIEHTPAIUH: a,
0 — 2%-ubIii pacTBOp; B, T — 8%-HbIi
pacTBop

TM3000_2170 2016-11-09 X0k 100um  TM3000 2179 2016-11-09 N x1.0k  100um
obtained by KSC 5B of RAS obtained by KSC SB of RAS
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L 8 i KOJIMYECTBEHHOTO OTIpeIeTICHUS
- sxcnpeccur kK IHK komnarena | tuna
E 6 (pe3ynbTaThl HOpPMAITH30BaHbI
5 otHocutensHO housekeeping gene — -
5 4 - akTHHA): 1 — KOHTPOJB (KIETKH Ha
%’ MOJICTUPOJIE), 2 — OPHEHTHPOBAaHHAS
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= Heopuentuposannas [1(3I'6/4I'B)
0 - MeMmOpaHa
1 3 7 14 cyTtkn

Yucrota KylnbTypbl NOATBEpkIeHa BbimonHeHHOW [I[P Ha sHIoTenuanbHBIE MapKepbl
CD31 u CD34; nons xnerok, Hecymux CD31 u CD34, ne npessimana 2 %. B cepun maccaxeit
nmoydeHa KynbTrypa ¢udpobiactoB, kotopoi 3aceBanm memoOpanbl u3 [1(31'b/4I'B) (comeprkanue
MoHOMepoB 41I'b coctaBuno 10 mo01.%). OkpalmmBaHuE KyJbTUBUPYEMBIX KIETOK C ITOMOIIBIO
AQHTUTEJ K BUMEHTHUHY (MapKep CHHTETUYECKOW aKTUBHOCTH (prOPOOIIACTOB) MOKA3AJI0, YTO KIETKH
Ha 000OMX THUHax MeMOpaH CHUHTE3MpOBAJIM BUMEHTHUH — CTPYKTYPHBIH OEJIOK Me30[epMalbHbIX
KJIETOK COCIUHUTEILHOM TKaHW, B T.4. (uOpobimacToB. DKcmpeccus Oenka TEIUIOBOTO IIOKa
(HSP47) u mnpoawn-4-ruapoxkcuiassl (GepMEHT, yd4acTBYIOIIMI B CHHTE3€ KOJUIareHa) TakKkKe
MOJTBEPJNIIN Y KJIETOK eHoTun pudpobractos (puc. 3).
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Pucynok 3 — Dkcnpeccus B kynbrype MMCK 6enkoB TerutoBoro moka HSP47 u mponmn-4-rufpokcunassl,
KyJbTHBHpYeMbIX Ha MeMmOpaHax u3 [1(3I'6/4I'B) ¢ pasHoii opuenranueli BosokoH: 1 — xkoHTposs HSP47
(mepBuuHble QuOpodaacTel), 2 — 3kcmnpeccuss HSP47 B MMCK Ha OpHMEHTMPOBaHHBIX BOJOKHAX, 3 —
akcrpeccus HSP47 8 MMCK Ha HEOpHEHTHPOBaHHBIX BOJIOKHAX, 4 — DKCIIPECCUS MPOIHI-4-THAPOKCHIa3hI
B MMCK Ha OpHEHTHPOBAaHHBIX BOJIOKHAX, 5 — OJKcmpeccus mnpoiaui-4-ruapokcmnazsl B MMCK Ha
HEOPHEHTHPOBAHHBIX BOJIOKHAX
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OxkpamuBanre 1o Ban-I'm30HY mMoka3ano MpOAYKIHIO OEIKOB COSAUHUTEIHHOW TKaHU
(xomnareH); GopMUPOBaHHE KOTOPOTO 3a(hUKCHPOBAHO HAa BCEX 00pasiax, HO HanboJee aKTUBHO Ha
MeMOpaHaX W3 HEOPUEHTUPOBAHHBIX  BOJOKOH. Pe3ynbTaThl HMMMYHOLUTOXMMHUYECKOTO
OKpAaIlIMBaHUsl aHTHTENIAMH K KOJJIareHy 1-ro THWma MOATBEpAWIN 0OJee WHTEHCUBHBIM CHHTE3
KOJUIareHa B KJIETKaX, pacTYIIMX Ha HETKaHbIX MeMmOpaHaxX U3 COMOJMMepa IO CpPaBHEHH C
KOHTPOJIEM.

3akiaoueHue. CKOHCTpyHpoBaHHBIE rpadThl, TMpeACTaBIAIOMUEe CcO00H HETKaHbIS
memOpanbl w3 II(3I'b/4I'b), mnomydennpie ™eromom DCOD, Hecymue mnpoaudepupyromIre
(buOpoOIACThI, AKTUBHO CHHTE3UPYIOT OCJIKH COCTUHUTEIHLHOW TKAaHHW M TPUTOIHBI ISl TKAaHEBOU
WHXCHEPUH.
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[Momurunpokcuankanoatel (IIA) — OuoperpagupyeMbie U OHMOCOBMECTHMBIC JIMHCHHBIC
oI (PUPB MUKPOOHOIOTUYECKOTO MTPOUCXOXKICHHUS, SABIISIOTCS IEPCIEKTUBHBIM MaTEepHaIoM Jis
W3TOTOBJICHUS W3JEINM, NPUTOTHBIX [UIsl TNPUMEHEHHUS B pa3IU4HbIX cdepax. BaxubpiM
TexHosornueckuM cBoicTBoM [I['A  sBisieTcss BO3MOXKHOCTH TEepepabOTKU  OOLIETIPUHSTHIMU
MeToJaMu  (MCHapeHUueM pPACTBOPUTENS, TEXHUKOW MHUKPOMHKAICYJIMPOBAHUS, XOJIOJHOTO
MIPECCOBAaHUS TOPOIIKOB, IPECCOBAHUEM U OKCTPY3UEH pacIulaBOB) M3 pa3IMYHBIX (Ha30BBIX
COCTOSIHMM (pacTBOPOB, AMYJIbCHI, MOPOIIKOB, paciiaBoB). Pa3sHooOpasnbie m3aenus u3 [IIA
(nneHKu, MeMOpaHbl, MUKPOTPaHyJIbl U MUKPOYACTHUIIbI), IPEHA3HAYCHHBIC TSI ACTIOHUPOBAHUS U
JIOCTaBKM OMOJIOTUYECKH AKTHUBHBIX COCIUHEHHIH W JIEKapCTBEHHBIX CPEJCTB, MPENapaToB IS
3alIUTHI KyJbTYPHBIX PACTCHUN OT COPHSKOB, BpEAHUTEICH 1 BO30ynuTeneil 0oae3Hel KyabTypHbIX
pacTeHmii, MOryT OBITb TOJY4YeHBl M3 PACTBOPOB JTUX ModuMepoB. [l monydeHus
CTELUATM3UPOBAHHBIX TMOJUMEPHBIX H3ACIUN M3 PacTBOPOB HEOOXOAMMBI 3HAHHS OCHOBHBIX
PEOJIOTUYECKMX CBOMCTB TakMX TMOJUMEpPHBIX cHucTeM. Haubornee 3HAYUMBIM MapaMeTpoM
pPacTBOPOB CIIY)KUT TUHAMHUYECKasl BA3KOCTb, KOTOPBIM onpenenser (pu3nuecKue XapakTepUCTHKH
mpouecca paszzaeneHus (a3 B pacTBOpax IOJMMEPOB pPa3HBIX THUIOB, a 3TO, B CBOIO OYEpelb,
OTIpeJieNIIeT BBIOOP peareHTOB AJISi PaCTBOPEHUS MOJMMEPOB PA3IMYHOIO XUMHUECKOTO CTPOCHUS.
CeneHusi O BS3KOCTH TOJMMEPHBIX PAacTBOPOB B LIEJIOM HEOOXOAUMBI s (OPMHUPOBAHUS
(GyHIaMEHTAIBHBIX  MPEJCTaBICHUA O  B3aUMOJEHCTBMM  IOJMMEPOB C  Pa3IUYHBIMU
pactBoputensimu. OtHocutensHO III'A, mHpOpMaIs o peoJoruu PacTBOPOB IMOJUMEPOB ITOTO
CEMENCTBA BECbMa OrpaHUYCHa.

Henb wuccaenoBaHusi — HM3y4ECHHE 3aBUCHUMOCTH JUHAMHUYECKOW BS3KOCTH PacTBOPOB
MOJINTUIPOKCUAIIKAHOATOB PA3JIMUYHOTO XMMHUYECKOIO CTPOEHHUS, MOJYyYEHHBIX C HCIIOIb30BaHUEM
Pa3IMYHBIX PACTBOPUTEIICH.

Marepuanbl 1 MeToabl. B pabote ncnonbs3oBanu o6pasusl [1I'A pazanyHOro XMMHUYECKOTO
CTPOGHHUSI M CBOWCTB, CHHTE3MpPOBAaHHbIE B JabOpaTOpUu XeMOaBTOTpo(HOro OHWOCHHTE3a
WNucturyra Ouopmsuku CO PAH: romommmep 3-ruppokcubyruparta [II(3T'B)], comommumeps
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I1(3I'b) ¢ 3-ruapxocusnaeparom (3I'B); 3-ruapokcurexcanoatom (3IT), 4-rumpokcuOyrupaTom
(I'b). IlomumepHBIE pacTBOPBHI OOPA3LOB MOJIMTHAPOKCHATKAHOATOB PA3TUYHOTO XHUMHYECKOTO
cocraa ¢ koHueHrpamusmu (C, %) or 1 Bec. % mo 10 Bec. % ObUIM HM3TOTOBIEHBI C
UCIOJIb30BaHUEM xJopodopma u guxiopMmeTaHa. J[MHaMudeckas BSI3KOCTh ObLIa M3MEpeHa IpH
m3mMeHeHun temneparypel oT 5 °C mo 60 °C ans xmopodopma, u ot 5 °C mo 40 °C s
IUXJIOpPMETaHa, ¢ IIaroM U3MeHeHus Temmneparypsl 5 °C.

IHonyyeHHble pe3yabTAaThl MpeACTaBiIeHbl Ha pucyHke. /s Bcex pactBopoB [I'A B
xJopoopMe BBHISBICHO YBEIWYCHHE 3HAYCHUN JUHAMHYECKON BS3KOCTH C TIOBBIIICHHEM
KOHILEHTpalluu TmojluMepa B pactBope. [Ipm 5ToM camble BBICOKME 3HAUEHUSI IOKa3aTels
saukcupoBanbl pu Temmeparype 5 Cy 2%-x i 5%-x pacteopos II(3I'B) Ha yposre 200 i 2200
cll coorBercTBeHHO. CHUKEHHE BSA3KOCTU XapaKTepHO AJis Oosiee TEKYYHX PacTBOPOB COMOIUMEPA
[1(3I'b/3I'B). Tak, npu cogepxanuu MmonomepoB 3I'B 10,5 mon.%, 3apeructpupoBaHo Oolee deMm
MATUKPATHOE CHU)KEHHE UCCIEyeMOro TIapaMerpa II0 CpPaBHEHUIO C AaHAJIOTUYHBIMU IO
koHeHTpanun pactBopamu [I(3I'B). Huskme mnokazatenu BSI3KOCTH 3aQUKCHPOBAHBI IS
cononmumepa [1(3I'6/4I'b), na ypoue 3 u 30 clIl mpu 5 “C, COOTBETCTBEHHO, y 2%-x u 5%-x
pacTBOpOB.

AWXNOPMETAH XNOPOGOPM AUXNOPMETAH X/N0POQOPM

N(3rE)
N(3rB-co-9 mon.%-3rT)

A7
T |
'~... i )
e

. sy s

5' 00

t,°C

150
20% 36w 450

T
L
LT 7 S oy,

......

N(3rG-co-9,9 mon.%-3rB)
N(3rB-co-13,4 mon.%-4r6)

PucyHok — 3aBUCUMOCTh TUHAMUYECKOHN BA3KOCTH MOJUMEPHBIX PACTBOPOB IOJUTHIPOKCHAIIKAHOATOB
Pa3IMIHOr0 XHMHUYECKOTO B IMXJIOPMETaHe U XJIOpodopMe cocTaBa OT TeMIepaTypbl U KOHIICHTPAITUH
pacTtBopa

AHanoruuHble M3MEpeHus NpoBeAeHbl i pactBopoB I[II'A B auxsiopMerane. OTOT
pacTBOpPUTENb MPEANOYTUTENBHOE, T. K. OTHOCUTCS B 4-My KJIAcCy OIIACHOCTH M pa3pelleH B
MEAUIIMHE B OTIMYHME OT XJIOpodopMa, OTHECEHHOro KO 2-My Kiaccy omacHocTH. IlomyueHHbIe
3HAUEHUs TUHAMUYECKOM BSI3KOCTH JJISl 3TOIO PACTBOPUTENS 3HAUUTEIBHO HUXKE 110 CPABHEHUIO C
BA3KOCTHIO AQHAJIOTUYHBIX TOJUMEPHBIX pPACTBOPOB, MPHUTOTOBJIEHHBIX C HCIOJb30BAHHEM
xsopodopma. MakcuManabHblEe 3HAUEHUS AMHAMHYECKOM BSI3KOCTH TakkKe 3a(UKCUPOBAHBI IS
pactBopos romononumepa [1(3T'b). Tak, y 2-x u 5%-Xx pacTBOpoB IpH caMOil HU3KOW TeMIiepaType
(5 °C) 3nauenus cocraBwid, coorBercTBeHHO, 50 u 450 cIl. Ilpu comepkaHue B COMOIMMEPE
I1(3I'b/3I'B) monomepos 3I'B no 10 mo01.%, Tak ke, Kak U B ciy4yae IPUMEHEHHS B KauecTBe
pactBopuTelns XJIopodopma, COMPOBOKIAIOCH Oojiee YeM MATUKPATHBIM CHIDKEHHEM IOKa3aTels
10 cpaBHEHHUIO ¢ aHajmoruuHbiMu pactBopamu [1(31°B), coorBercTBenHo, 10 u 95 Il npu 5 ‘C,u 10
u 70 cIl mpu xomHaTHO# Temmepatype. Bsizkocts pactBopoB II(3I'b/4I'b) ¢ maccoBoii monei
MoHoMepoB 4I'b 10 mon.% Obl1a HauMeHbIell U coctaBuia MuHUMaIbHO 0,8 1 42 cll mpu 5 C;
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HECKOJILKO BBIIIE MPU KOMHATHOW Temriepatype (cooTBercTBeHHO, 0,5 u 45 cll), 1 MuUHUMaIbHO
npi 40 'C 0,5 i 4,2 cII.

3axiaouenue. VccnenoBana peosiorusi pactBopoB [I['A  pa3auyHOro XMUMHYECKOTO
CTpOEHUs B XJIOpopopMe U AUXJIOPMETaHE M YCTAaHOBJICHBI 3aBUCHMOCTH JTUHAMUYECKON BSI3KOCTU
oT xumuyeckoro cocraBa [I['A, NMIOTHOCTH NOJMMEPHBIX PACTBOPOB W TEMIIEPATypbl CPEIBI.
PactBopsl III'A 1o yObIBaHHMIO BETMYMHBI JUHAMUYECKOH BS3KOCTH MOXKHO PpACIONOXUTH B
cnenyromem mopsiake: I1(3I'b) — II(3I'b-3I'B) — II(3I'B-3IT) — II(3I'b-4I'b). JIlunamuyeckas
Bs3KocTh pactBopoB III'A B xjopodopme B 3-3,5 pasa Bellle, YeM Yy PacTBOPOB HAa OCHOBE
nuxiaopmetana. [lomydeHHbIe pe3ysbTaThl MO3BOJISIIOT MOJy4aTh pacTBOphl III'A ¢ paznuuHbIMU
PEOJIOTUYECKUMH  XapaKTEPUCTUKAMM, YTO BaXHO JUISl TOJIYYEHMsS] TMOJUMEPHBIX H3JEIUN
PacTBOPHBIMU TEXHOJIOTHSIMU.

CBOHMCTBA HETKAHBIX MEJU3JIEJIUA U3 PE3OPBUPYEMBIX
INOJIUMEPOB MOHOKAPBOHOBBIX KUCJIOT IIPU PA3JINYHBIX
CIHOCOBAX SJIEKTPOCTATHYECKOI'O ®OPMOBAHUA

AT. CyROBaTbIﬁl, A.b. l“onqapms2

Y@eoepanvroe 2ocyoapemesentoe Grodxcemnoe yupescoenue nayku Uncmumym 6uodusuxu CO
PAH (DUI] «<KHIL] CO PAH»), e. Kpacnospck, Axademeopoook, 50, cmp. 50
2 b - g
Cubupckutl ¢hedepanvruiii ynusepcumem, 2. Kpacnospck, np. Ceoboouwiii, 79
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Onekrpocratudeckoe GopmoBanue (JCD) ABIASETCS COBPEMEHHBIM CIIOCOOOM IMONTYYCHUS
HETKaHbIX W3JeNHi, cOpMUPOBAHHBIX YIHTPATOHKUMHU BOJIOKHAMHU. K €ro JoCTOMHCTBAM MOXHO
OTHECTH OTHOCHUTEIBHYIO MPOCTOTY, HU3KYID CTOMMOCTBH, BBICOKYIO CKOPOCTh TPOHM3BOJCTBA,
IIUPOKUN BBIOOP HCMOJIB3YEMBIX MAaTepUaJoB M YyHUBepcadbHOCTh. Metonm OCD mo3BoIsIET
KOHTPOJHMPOBATh JUAMETP IMOJY4aeMbIX BOJIOKOH W MHUKPOCTPYKTYPY HETKAHBIX W3JCITIHH,
M3rOTaBIIMBAEMBIX Ha UX OCHOBE. BO3MOXXHOCTH 00BEAMHEHUS PA3IUMYHBIX MTOJMMEPOB B MpoIiecce
(dhopMOBaHUS TO3BOJISET CO3/aBaTh HETKAHBIE MATEPUANBI C IIMPOKUM JHAMA30HOM CBOWCTB IS
pa3nuuHbIX npuMeHeHui. Emie oauH moaxon A ylydllleHUs KauyecTBa HETKaHBIX W3JeHi
3aKJIFOYAETCs B MCIOIb30BAHUE PA3NIMYHBIX CIIOCOOOB COOCTBEHHO MPOIlecca MEKTPOCTATUHIECKOTO
dbopmoBanusi. CampIMU yHUBEpPCATbHBIM criocoooM OCD sBisieTcss (HOpMHUPOBAHHE HETKAHBIX
W3JIEJINA C WCIONB30BAaHHUEM OJHOTO TOJAIOMIET0 Kamwuisipa H, COOTBETCTBEHHO, OJHOTO
MOJINMEPHOT'0 PACcTBOPA, KOTOPBIH MOXET BKJIIOYaTh B ceOs 1Ba W Oosee Tuma nonumepos. [lpu
TOM KOMIIOHEHTHI TMOJMMEPHOTO PacTBOpa PaBHOMEPHO pACIpPEAENCHbl B CTPYKTYpPE BOJOKOH
HeTKaHOTOo wu3aenus. Bropoll cmoco® OCHOBaH Ha HMCHOJB30BAHWU JBYX U 0Oojee MOJaroluX
KaMWUBIPOB Ha OAMH COOMPAIONINI KOJUICKTOP, YTO IMO3BOJISIET W3TOTAaBIMBATH MEMOpaHBI C
BOJIOKHAMHU U3 Pa3HBIX MOJIMMEPOB, paclpeieIeHHbIX B MPOCTPAHCTBEHHOMN CTPYKTYpe MEMOpaHBI.
O6a cnocoba Mo3BOISAIOT MOIU(UIIMPOBATH CBOMCTBA HETKAHOTO MaTepuaia, K KOTOPHIM MOXHO
OTHECTU (U3UKO-MEXaHUYECKUE XapaKTEPUCTUKH, CTPYKTYPY U CBOMCTBA TTIOBEPXHOCTH.

Heab padoThl — MONyUYECHNUE W CPABHUTEIHLHOE M3YUYCHUE HETKAHBIX M3ICIUM, MMOTYICHHBIX
U3 TMOJIMMEPOB MOHOKApOOHOBBIX KHCIOT MPHU Pa3iIMYHBIX CHOC00aX 3JIEKTPOCTATHUYECKOrO
¢dbopmoBaHusl.

O0bekThl M MeToabl. lcmonb3oBanmu pacTtBopbl mosu-3-ruapokcudyruparta (I1(3I'B)),
nomunaktuaa (IUUTA), momurnukomuna (II1) u comomumepa monu(nmaktun-rnukomuna) (IJIT) c
paBHBIM cojiepkanreM kommnoHeHToB. [1(31'B) cunTesnpoBan B maboparopuu XeMOaBTOTPOGHOTO
ouocunte3a Mucruryra omodmuku CO PAH (Poccus); I[IJIA u III' pupmer Sigma Aldrich Co.
I'epmanus, momu(maktua-riaukoana) ¢upmber Across Organics (CIIA). DC® ocymiecTBasuid ¢
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MOMOIIBI0 aBToMaTu3upoBanHoi ycranoBku Nanon 01A (MECC Inc., Simonus). Cxemsl mporecca
DC® ¢ UCMOIb30BAHUEM OJTHOTO M JABYX MOJAIOIIMX KAMUJUIAPOB (IS IBYX Pa3HBIX MOJIUMEPHBIX
PacTBOPOB, OJIHOBPEMEHHO) MPECTaBIICHBI Ha pHC. 1.

Pucynok 1 — Cxema mpouecca 3IEKTPOCTaTHUECKOro ()OPMOBAaHHMSI C HCIOIB30BAHUEM: d — OTHOTO
MOJAIOIIETO KaNmuigpa; 6 — JBYX MONAIONMX KamWwLISpoB (M3 JBYX Pa3HBIX MOJUMEPHBIX PaCTBOPOB,
OJIHOBPEMEHHO) Ha OJIMH COOMparoIHi KOJICKTOP (1 — HCTOYHMK BBICOKOI'O HAMPSDKCHHS, 2 — HIIPULICBON
Hacoc; 3 — COOMPAIOIIHI KOJICKTOP)

PesyabTarhl. {1 BCeX THUIOB MOJUMEPOB OBUIM MOJYYEHBI YJIBTPATOHKHE BOJOKHA C
PaBHOMEPHOM, MIIaJKON CTPYKTYPOi OBEPXHOCTH 0e3 BUIUMBIX 1e(eKTOB B BUE OycC (puc. 2).

|

N DsO N D62 x1.0k 100um

Pucynok 2 — POM u300pakeHus: HETKaHBIX U3ZETIHI U pacipe/ielieHue JuaMeTpa BOJIOKOH, 00pa30BaHHBIX
U3 TOJH-3-TUIPOKCUOYTHPATA, TIOJIWIIAKTHIA, TOJIUIIIMKOINAA H CONOINMEPA oMU (JaKTUA-TIINKOIHIA)
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II-9 MexxgyHapogHasa HaydHast KoHdepeHLma
«BUOTEXHOJIOIMMA HOBbIX MATEPUAJIOB — OKPYXAIOLWAA CPEOA — KAHECTBO XU3HU»

AHanu3 pe3yapTaToB M3MEPEHUN JUaMeTpa BOJOKOH Ui Pa3IMYHbIX TUIIOB IOJIMMEPOB
II0Ka3ajl SIBHYIO 3aBUCHMOCTB 3TOTO IapaMmeTpa OT THUIIAa MOJUMEpPA MPU OJMHAKOBBIX MapaMmeTpax
nporiecca 3IEKTPOCTaTu4ecKoro popmoBanust. Camble BBICOKUE 3HAUSHHSI JUAMETPa BOJIOKOH ObLIN
nony4ensl i [1(3I'B), roe MakcumanbHOE 3HaYeHHE COCTABILIO 6,0 MKM, a CpeAHUN AUaMETp —
4,5 mxM. Camble HU3KHE BEIWYMHBI JHAMETpa BOJOKOH ObUTM 3aUKCHUPOBAHBI Yy 0Opa3IoB
HETKaHBIX U3JENUI U3 YUCTOrO MOJUIIIMKONINA, Y KOTOPHIX MAaKCHUMAJBHBIM JHaMeTp BOJOKOH HE
MPEBBIIIAT 6 MKM, a CpeTHEE 3HAUEHUE COCTABIISIIO 3 MKM.

PesynbraTsl nccienoBanus BausiHue cnocoda ICP Ha MOp(dosIOTHIO M CBOWCTBA HETKAHBIX
U3JeNUI MOKa3aHbl Ha pUC. 3, Ha KOTOPOM BHUJHO, YTO IPU MCIOJB30BAaHUM JBYX MOAAIOIIUX
KalWUIIpOB  NpH  (OPMUPOBAHMHM  HETKAHOTO  M3JEIHS MPOUCXOTUT  MPOCTPAHCTBEHHOE
pacrpeieIeHue 10 CJI0M BOJOKOH, UMEIOLINM PA3JINYHYI0 XUMHUUECKYIO CTPYKTYpY.

II3rBu ILTTA

I‘IG - NL D44 x1.0k 100um

T3TE n 1T Pucynok 3 — POM uzo0paxenus

5  HETKaHbIX M3/CIIHI 1
pacrpeneneHie AuameTpa
BOJIOKOH W3 MMOJIU-3-
THJIPOKCUOyTHpATA, IOJIMIaKTHIA,
MOJTUTITMKOJIUA U COTIONIUMEpa
TTOJTH(JIAKTU-TITUKOJIHIA),
MOJYYEHHBIX C UCIIOIL30BAHUEM: d
— OJIHOTO TOJIAFOIIETO KAMWILISIPa,;
0 — IBYX MOJAIOIUX KAMTHILIIPOB

2015-03-16 NL D49 x1.0k 100um v
Ha OJIMH COOMPAIOIIHNH KOJUIEKTOP

IBI'Bn ILIT

Wk
2015-04-15 N D81 x1.0k 100um

a 6

O6pa3upl, chopmupoBannbie u3 I1(3I'6) u IIJIA, B omHOM cioe coaepaiu BOJIOKHA
pasnuuHbIX auameTpoB (1,5 MM u 4,5 mxm). Hetkanbie uznenusi, chopmupoBannsie u3 I1(3I'b) u
III', mmenn 4YéTKOE NPOCTPAHCTBEHHOE pA3rpaHUYEHUE M0 JUAMETPY BOJIOKOH, IO Ppa3HbIM
IIOJINMEPHBIM CJIOSM. BenuumHbl cpenHero auaMmerpa BOJOKOH cocTaBisuid 1,0 MKkM u 5,5 MKM.
O6pazer; ¢ cocrtaom II(3I'6) m IIJII' uMen MOXOXKYIO CIOHMCTYIO CTPYKTYpy MEMOpaHbI, Kak
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HeTkaHoe m3aenue, nomydennoe u3 [I(3I'b) u III". Cpennune nuameTpsl BOJOKOH cocTaBisiu 1,0
MKM H 4,5 MKM.

3akaoyenue. MeToOM AJIEKTPOCTATUYECKOTO (OPMOBAHMSI C HMCIOJIH30BAHHUEM OIHOTO
MOMAIONIEr0 Kamwuisipa M JBYX MOJAOIIMX KAMWIIIPOB HAa OJIWH COOHMPAIONIU KOJUIEKTOP
MOJIy4EHbl HETKaHbIE U3/IENIUS U3 PACTBOPOB MOJIUMEPOB MOJU-3-THAPOKCHOyTHpaTa, OJUIAKTHAA
U TOJMIIIMKONUAA ¥ COIMOJMMepa NONU(JIAKTUI-TIMKONINIA), WX CMeCed M HCCIEeIOBaHbl MX
xapakTepucTuku. IlokazaHo, YTO MpPH HCHOJB30BAHUHM JBYX MOJAIONIMX KaMWUIIPOB MPH
(hOpPMUPOBAHUH HETKAHOTO H3JETHUS MPOUCXOJUT MPOCTPAHCTBEHHOE paCHpeelieHue MO CIIOSM
BOJIOKOH, HMEIONIMM pa3IMYHYI0 XUMHYECKYI0 CTpyKTypy. Mg Qu3nKo-MexaHH4YecKux
XapaKTePUCTUK HETKaHBIX M3ACTUN OOHapykeHa mpsiMasl 3aBUCUMOCTh AJIACTUYHOCTH HETKAHOTO
U3JeNusl OT COCTaBa IMOJMMEpPHOTO pacTBOpa M OOpaTHas Al MEXaHWYECKOW MPOYHOCTU OT
croco0a AMEeKTPOCTATUYECKOTO POPMOBAHHSI.

MOBEPXHOCTHASI U CTPYKTYPHASI MOJUO®UKALUS
HNOJIUT U APOKCUAJIKAHOATOB JUISI YIYUIIEHUS ®U3NYECKUX
CBOWCTB U BUOCOBMECTUMOCTH U3JIEJIUN

A.H. BOHH[{I/IHl, AT. CyKOBaTblﬁl, B.A. Becconmsaz, JI.M. I[BOﬁHHHaZ, JI.B. Canero’

! HUncmumym ouogpuzuxu ©UIL] KHI] CO PAH, Kpacnosapck, 660036, Axademeopoooxk, 50/50
2Cubupcruii pedepanvipiii ynusepcumem, Kpacnospek, 660041, np. Cé0600muiii, 79

E-mail: araneus@mail.ru

Cpenu mnpeuMymiecTB OHMOCHHTETHYECKUX W XUMHUYECKH CHHTE3UPYEMBIX IMOIUI(PUPOB
MOHOTHJIPOKCHMOHOKAPOOHOBBIX ~ KHCIOT  (monmruapokcuankanoatoB, II['A), —  Bblicokas
OMOCOBMECTUMOCTh, OMOPa3pPyIIAEMOCTh, TEPMOIUIACTHYHBIE CBOMCTBA, XOPOIIME BO3MO>XHOCTbH
yrpaBieHus: (QU3NKO-MEXaHUUYECKHUMH XapaKTepUCTUKAMHM 3a CYET BapbUPOBAHMSI XUMHUYECKOTO
coctaBa. B 1o xe Bpems i [I['A xapakTepHbl CpPaBHHUTENBHO BBICOKAs TUAPO(HOOHOCTH
MOBEPXHOCTH, KECTKOCTh W XPYINKOCTh Haubojee IOCTYMHBIX MpeICcTaBUTENed 3TOro Kiacca
MOJIUMEPOB, OTHOCUTEIBHO HU3Kasl MPOHHUIIAEMOCTH ISl AKHUJIKOCTEH U ra30B, YTO OTPAHUYMBACT MX
npuMeHeHnue. J{ns ynmydmeHus pu3nko-MexaHndeckux u ononorndeckux cBorcts [1I'A BO3MOKHBI
TakMe TMOJXOMAbI, Kak IOJy4eHHEe HUX CMeceil ¢ JApyruMH OHOINOJUMEpaMH, W3MEHEHHUE
MHUKPOCTPYKTYpPhl TTOBEPXHOCTH BBEJCHHEM IOpPOOOpa3oBaTeneii, o0paboTKa XWMHUYECKHUMHU
peareHTamu, a Tak)Ke XUMHUUYECKass MOIU(DUKAIIIS TOTUMEPHBIX IETICH.

Marepuanbl u Metroabl. [lomu-3-runpoxcubyrupar (I1(3I'b)) m comomumep momau-3-
ruaApokcudyTupar-3-ruapokcuBaniepar (8 wmon.% 3-runpokcuBanepara) (II(3T'b/3I'B)) Obumn
MOJIyYeHBI MHKPOOHBIM OMOCHHTE30M C HMCITOJb30BaHueM mramma Cupriavidus eutrophus B-10646
B Pa3fMYHBIX PEKUMAaxX KyJIbTUBHPOBAHHS, BBIJCICHBI M OYHIICHBI MEPEOCAKICHHEM B CHCTEME
«xjopodopm-rekcan». [lomm-g-xkanpomakton (Mp=169 x]la, [1/I=1.86) mpuoOpetayncs y Gupmsl
Sigma-Aldrich. OcranbHble peareHTbl MPHOOPETATUCh YPOBHS YHCTOTHI «4Y.71.a.» WU BBIIIE Y
Pa3IMYHBIX TPOU3BOIUTEINECH.

[IneHkn mnodydanu METOJOM HCIApeHHs M3 PacTBOPOB, pasznuBas 2%-HbIE PacCTBOPHI
nonmumepoB  (II(3T'b) u II(3I'b/3I'B), IIKJI, cmecum II(3I'B)/TIKJI u II(3I'b/3I'B)/IIKJI) B
xsopodopme B yamku Ilerpu mo 20 mut. [{nsg noiaydeHus: mOpUCTBIX TUIEHOK PacTBOPHI MOJIMMEPOB
(T1(3r'b), TIKJI, cmecy II(3T'B)/IIKJI mpu COOTHOIIEHHH KOMITOHEHTOB 1:3) ¢ u3BeCTHOM
KOHIIeHTpauueil kamdopsl pasnuBaid B dvamku Iletppy mo 20 mi. Yjanenue kamgopsl
OCYILIECTBIISUIH MTOCJIEIOBATENBHOM YEThIPEXKPATHOW OTMBIBKOW M30IPOMMIOBBIM CIIUPTOM.

Jns  MoauduKauuy TOBEPXHOCTU IIJIGHKH TOABEPrajvch OJHOKPaTHOM 00paboTke
pacTBopamMu xumuueckux pearcHToB (okuciureneii (H20,), Boccranourencit (NaBH4, LiAIHY),
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THAPOIUTHYECKUX areHTOB (BOMHO-CIUPTOBBIA pacTtBop NaOH ¢ pasnudHON KOHIIEHTpAruein
stanona, HNOs3;, H,SO,), amunoB), 1100 mocienoBarenbHoi 00paboTke pactBopamu LiAlIH,,
OpOMHUPYIOIIMX areHTOB (4-OpoMOyTHPUITXIIOPUI, OPOMHAS BOJIa) U TPETHUYHBIMUA aMUHAMH.

Jns  uccnenoBaHMs 3aKOHOMEpPHOCTEH BbICOKOTemriepaTrypHou nerpagauuu  I1(3TB)
WCIIONB30BaJIM  €ro  pacTBOpPhl B  BBICOKOKUMAMUX MNOJSIpHBIX  (N,N-mumerundopmamun) u
HEMOJSIPHBIX ~ pacTBopuTensix  (6pomodopm, 1,1,2,2-rerpabpomstan, 1,2,3-Tpuxsoprponas,
JTMOKCaH), B TOM YHCJIE C BHECCHHEM JOTIOJHUTEIBHBIX peareHToB (OM(pyHKIMOHATLHBIE aMUHBI,
3aMeIIEHHBIE KapOOHOBBIE KHUCIOTHI). Jls moimydeHHs cMeceil Tuma <«BBICOKOMOJEKYIISIPHBIN
noJiuMep — (PYHKIMOHATU3UPOBAHHBIM OJIMTOMEP» HMCIOJIb30BaHA TEXHUKA CMEIIECHUS PAacCTBOPOB
BbicOKOMouleKyisipHoro  II(3I'b) u  Hu3koMmousekymsipHoro amuHupoBanHoro II(3I'b) ¢
nocieayomuM (GopMUPOBAHUEM TJIEHOK METOJOM MCIapeHHs pacTBOpUTeNs. buocoBMecTumMocTh
wieHok Ha ocHoBe I[I'A uccnemoBanu meromom MTT-tecra ¢ mcmonb3oBaHueM (UOPOOIACTOB
mbimuy tuann NIH 3T3.

Pe3yabTaTsl. CMenienue nonu-3-ruapokcudyrupara (II(31'b)), a Taxke ero cononumepa ¢
3-rupoKcuBaIepaToM, ¢ nosm-g-kamnposaktonoM (ITKJI) mo3Bonmino momyduTs MaTepuan ¢ 0osee
BBICOKOW DJIACTUYHOCTHIO, YeM Yy JIFOOOTO W3 HHIUBUIYaTbHBIX KOMIIOHEHTOB (HaWOOIBIIIHE
3HAYEHUs YMJIMHEHUS Ha pa3pblB ObUIM MOJy4YEHBI JJIA IUICHOK, coiepxammux 5-25% IITA), npu
COXPAaHEHUU COIMOCTABUMBIX WM 0OJiee BBICOKMX 3HAYCHHMSIX MEXaHHYECKOW TPOYHOCTH U
OMOCOBMECTHMOCTH, OIICHUBAEMOM B T€CTax C UCMOJIb30BaHueM (pudpodaacToB Mbimu auaud NIH
3T3. Brenenue B nonmumepHsbie ieHkd Ha ocHoBe [1(31'B), ITKJI u ux cmecu (IIpu COOTHOIICHUN
KoMIoHeHTOB  1:3) kamdopsl B KadecTBe TMOpooOpa3oBaTens, € €€ MOCIEAYIOIINM
BHIIIIETIAYMBAHUEM, OOSCIICUHIIO TTOJIy4eHUE OMOCOBMECTUMBIX MOJMMEPHBIX IUICHOK C Pa3IMYHBIM
YpOBHEM TOPUCTOCTH M MApONpPOHUIIAEMOCTH, TPU YMEPEHHOM CHIKEHUU TPOYHOCTH
OTHOCHUTEIIHO HETIOPUCTHIX TUICHOK.

O6padotka meHok u3 [1(31'Bb) xumuyeckuMu peareHTamMu Mo3BOJIMIIA MTOTYIUTh 00pa3Iibl ¢
BBHICOKMMH  3HAQUEHHUSMU TUAPOGWIBHOCTH (TaK, TOJSpHAs COCTaBISIONIas  CBOOOTHOM
MOBEPXHOCTHOM SHEPruM yBedIuumwiach ¢ 2 go 12-19 MH/M?, B 3aBHCHMOCTH OT YCJIOBUU
o0paboTkm). Ouenka ckopoctu nponudepannu GudpodiracroB B MTT-recte mokazana yBennueHue
OMOCOBMECTHMOCTH y 00pa3ioB, obpaboranubix NaOH, LiAlIH; u sTrineHanamMuHOM, a Takke
MOJIBEPTHYTHIX TMOCJIEIOBATEIBLHON 00pabOTKE ¢ y9acTUEM TPUATHIIAMUHA M TPUITAHOIAMUHA.

HccnenoBanne 3akOHOMEpHOCTEH pacmieruieHus BbicokomosiekynspHoro [I(3['b), B
3aBHUCHMOCTH OT TEMIIEpPAaTyphl, PACTBOPUTEINSA, HAIWYHUS PEareHTOB IO3BOJHIIO IOJYYUTh
OJINTOMEPHI C PA3IMYHON MOJIEKYJISIPHOW Maccoi (OT ThICSY 70 JECATKOB ThICSY Jla), B TOM ymcIe
coJiepKammx OpoM M aMHUHOTPYIIBI HA TEPMHUHAIBHBIX KOHIAX MOJIMMepHOW menu. CMmenieHue
aMUHUPOBAaHHBIX  OJMTOMEPOB  (CpeaHeBecoBas  MOJEKyisipHas wMacca 4-6  klla) ¢
BBICOKOMOJICKYJISIpHBIM ~ MHTakTHBIM [1(3['b) mo3Bonmuino monyuuTs o0Opa3iel, 00JamaroIIne
MOBBIIIEHHOW OHWOCOBMECTUMOCTBIO TMPH COXPAHEHUU TPUEMIIEMBIX (PU3UKO-MEXaHUYECKUX
CBOWCTB.

3akaovenue. [lomydyeHHble  pe3yabTaThl  CBUIETENBCTBYIOT O  IPUMEHHUMOCTH
pa3paboOTaHHBIX METOAOB MJIs YIYUIICHUS (PUINYSCKUX XaPAKTEPUCTHK M OMOCOBMECTUMOCTH
MaTepUajoB Ha OCHOBE MOJUI(UPOB THUIPOKCHKAPOOHOBBIX KHCIOT JJSl UX HCIOJIb30BAaHUS B
Ka4yeCTBE HOCUTEIIEH JJIsI TKAHEBOM MHKEHEPHH.
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MEJUKO-BUOJIOI'MYECKUE ITPUJIOKEHUA JETOHAIIMOHHBIX
HAHOAJIMA30B

bonpaps B.C.

Unemumym 6uoghusuxu CO PAH (®HUL] KHI] CO PAH), 660036, Poccus, Kpacrospck,
Akaodemeopoooxk, 50, cmp. 50

E-mail: bondvs@mail.ru

Pa3Butre cOBpeMEHHON HAHOTEXHOJIOTMH HAIIPABIEHO HA CO3[IaHUE HAYYHO-METOIUYECKOU
0a3bl U1 IpPUMEHEHHUs HAaHOMATEpHUaJoB Pa3HOM (PM3MKO-XUMHUECKOW MPUPOABI B pa3paboTke U
CO3JIaHMH HOBBIX 3((EKTUBHBIX CPEICTB PELICHHS IIMPOKOTO CIIEKTpa 3a7ay B 00JacTu OMOJIOTHH,
MEIULUHBI, (apMaKOJIOTHH, YIKOJIOTHH, TOKCUKOJIOTUH, U T.J. [[porHO3UpYeTCs, 4YTO UCIIOIb30BaHHE
HaHOMaTEepHaJIOB B JAHHBIX 00JacTAX OyAeT cocoOCTBOBATh UX BBIXOLY HAa HOBBIM KaueCTBEHHBIN
YPOBEHb M YBEIMUYHUT 3PPEKTUBHOCTh MCIONIB3YEMBIX B 3THX cepax meronoB. Ilpeamonararorcs
3HAYUTENbHbIE JOCTHKEHHs B pa3paboTke M co3laHuM: 3P(PEKTUBHBIX TEXHOJOIMH cemapalnuu U
BBIJICJIEHUS] OMOMOJIEKY) B IMarHOCTUYECKUX M HAYYHBIX LIEJIAX; BHICOKOUYBCTBHTEIBHBIX CUCTEM
MHIVKAIUU U TUArHOCTHKH; CPEICTB HEWTpaIM3allMM TOKCUKAaHTOB; MapKEpHBIX MaTE€pHalIOB IS
BU3yaJIM3allul OMOOOBEKTOB; CPEACTB YIPABICHHUS PETCHEPATOPHBIMU IMPOLIECCAMM; CHCTEM
M30MpaTeNbHON WM YIPABIeMOH TOCTaBKU JIEKApCTB K 04aram MaTOJIOTHH.

HccnenoBatenu, u3yvaromme BO3MOXXHOCTH U BapUaHThl OMOMEIUIIMHCKOTO MPUMEHEHHUS
HaHOMAaTepHaJIOB, MPOSIBIIAIOT HeOCIa0eBaIOIIMIA UHTEPEC K UCIOIb30BAHUIO B ATHUX LEJAX PA3HBIX
HAHOYACTHUI] YIJEeposa, B YaCTHOCTH, K HaHOAIMa3aM JE€TOHAI[MOHHOI'O CHHTE3a — OIHOMY U3
HauOoJiee MEepPCNEeKTUBHBIX MaTepuanoB 3TOW rpymnmnbl. OU3NKO-XMMHUYECKHE CBOMCTBA alMa3HbIX
HAHOYACTHUI] (XMMHUYECKH MOJIMMOpP(dHAas, aKTHUBHAs MOBEPXHOCTb, BO3MOYKHOCTH €€ XUMHUYECKOH
MOJU(UKAIINH, MaJlasi TOKCHYHOCTh M BBICOKasi OMOCOBMECTUMOCTH) TIO3BOJIAIOT pacCMaTpUBaTh UX
KaK HaHOMaTepuasl OMOTEXHOJIOTMYECKOT0 U OMOMEINIIMHCKOTO Ha3HAYCHUSI.

B noknazne 06001maoTcs pe3yabTaThl MHOTOJIETHUX HccieqoBanuil cotpynaukos Mb® CO
PAH (Kpacnosipck, Poccust), n3ydaromux GU3NKO-XMMUYECKHE CBOMCTBA HAHOAIMA30B B3PBHIBHOTO
CHHTE€3a U MX INPUMEHMMOCTb B Pa3pabOTKe M CO3JAHUU HOBBIX TEXHOJOIMH M METOA0B OMOJIOrO-
MEIULUHCKOro Ha3HayeHus. [IpuBoadrcs qaHHble IPUOPUTETHOTIO XapaKkTepa, KOTOpble pa3BUBAIOT
IPEJCTAaBICHNS O (PYHKIIMOHAIBHBIX BO3MOXHOCTSIX HaHOAIMa30B. OHUM U3 Hanbosee 3HaYMMBbIX
pe3yabTaTOB OTMEYAETCsl MOIy4eHHEe MOIUGPUIIMPOBAHHBIX HAHOAIMAa30B C BBICOKOH KOJIOMAHOM
CTaOMJIBHOCTBIO B PA3HBIX JAUCHEPCUOHHBIX Cpelax, YTO OTKPHUIO BO3MOXHOCTH Pa3HOIUIAHOBBIX
MCCIIEIOBAaHUM MPUMEHUMOCTH 3THUX HAHOYACTHUI] B OMOMEAMLIMHCKUX MpuioxkeHusx. [IpuBogsarcs
MPUMEPHI UCTIOIb30BAHUSI MOIU(PUIIMPOBAHHBIX HAHOAIMA30B B 3KCIIPECC-TEXHOJIOTHIX Cenaparuu
U BblIeJICHUs OE€JNKOB; KOHCTPYUPOBAaHMM CHCTEM WHAMKAIWU, OMOXMMUYECKOH TUArHOCTUKU U
aJIpeCHOM JOCTaBKM OMOAKTHBHBIX CYOCTaHIIMIA; pa3paboTKe TEXHOJOTHMH 3KCTPaKOpPHOpaIbHOIO
reMojinanu3a M IuasmMagepesa; CO3JaHUM CPEACTB CBA3BIBAHUS M HEHUTpPAIM3aLUU TOKCHUYECKUX
COCTUHEHU.
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OHNEHKA ITPUMEHUMOCTHA MNOJIUT TIPOKCHAJIKAHOATOB KAK
HOCUTEJEN A AMMOBWJIN3AIIA PEPMEHTOB
E. . Hocoxnﬂal, H.O. POH)KI/IHZ, A.B. Baponl’z, B.C. Bormapb2

1Cu5upc;<m7 geoepanvusiii ynusepcumem, Kpacnospck, Poccus
2 Unemumym 6uogusuxu CO PAH, ®UI] KHI] CO PAH, Kpacnospcxk, Poccus

E-mail: katerina.p.93@mail.ru

OnHO U3 aKTyallbHBIX HaINpaBlIEHUH COBPEMEHHOW OMOTEXHOJOTHH CBS3aHO C CO3JAHHEM
HOBBIX A (EKTUBHBIX CHCTEM WHIUKALUMU W JUATHOCTUKHU JJIi OMOMETUIMHCKON aHamuTuku. K
HamOoJee TMepPCIeKTUBHBIM aHAIUTUYECKUM CPEACTBAM OTHOCSITCS CHCTEMBI, KOHCTPYHpYEMbIe
MOCPEACTBOM UMMOOMIN3alMK (PEPMEHTOB Ha pa3HbIX TUMax HocuTenel. [IpenmymiecTBamMu Takux
CUCTEM SIBIIIFOTCSI BBICOKAsh W30MPATEIHHOCTh W UYBCTBUTEIBHOCTh TPU JCTEKIIMH AHATUTOB,
OTHOCHTEJbHAsl IPOCTOTA U OBICTPOTA MPOBEACHUS aHATU3A.

[Ipu co3naHuy aHAIUTUYECKUX CUCTEM OMOMEAMIIMHCKOTO HAa3HAUYEHHUS YacTO HCIOIb3YIOT
nepokcuaszsl. Hampumep, 3T pepMeHTHI MUPOKO MPUMEHSIOT B KIMHUYECKUX J1a00paToOpusix Juis
orpeneneHUusT B OWOJIOTMYECKUX JKUIKOCTSIX (DU3MOJOTHYECKH BaXXHBIX BEIIECTB (TJIIOKO3a,
XOJIECTePUH, TPUTITUIIEPUIBI) [ 1] 1 TMarHoCTHKY psija 3a0oaeBanui [2].

B kauecTBe mMOMNOXKKHM (HOCUTENS) M WMMOOWIM3AMK (EPMEHTOB HHTEPEC MOTYT
npeAcTaBsaTh nomuruapokcrankanoarsl (IIIA) — monudduphl KUPHBIX KUCIOT OaKTEpUATBLHOTO
npoucxoxzaenus [3]. [II'A o6nagaroT psaoM LHEHHBIX CBOMCTB JUIsl IPOM3BOJCTBA PA3HBIX M3/ETHN
OnoMenMIMHCKOTO HazHaueHus [3]. OgHako XMMHUUYECKass MHEPTHOCTh M TUAPO(OOHBIE CBOKCTBA
[II'A MoryT cyXarh CHEKTP MX OMOMEIUIIMHCKUX MPHIOKEHUW W, B YAaCTHOCTH, OTPAaHUYMUBATH
BO3MO>XHOCTH TPUMEHEHHSI KaK HOCHUTENEeW MpHU CO3AAHUM CHUCTEM WHIUKAIUU U JUArHOCTUKH C
UCIOJIb30BaHUEM (PEPMEHTOB.

Heanb paboTbl — oOlleHKAa TpUMEHUMOCTH wu3nenuit w3 [IIA  mos uMMoOMIM3anuu
(bepMeHTOB.

Marepuanbl U MeToAbl. B 3KcnepuMeHTax HCIIONIB30BaHbI MEPOKCHIa3a XpeHa (Sigma,
CIIA) u nBa Tuna w3aenuil (IJIACTHHBI U CTepXHU) W3 monu-3-ruapokcudyrupara [I(3T'B),
nonydeHHbIX B UB® CO PAH (Kpacnosipck). MmmobOmmm3aiuio (hepMeHTa OCYIIECTBIISUIH €ro
azcopOuMell WIM KOBAJIECHTHON MNPHUIIMBKONM Ha NOMIOXKKY. IIpM KOBaJeHTHOM MNpHIIUBKE
MMOBEPXHOCTh TOJIMMEpPA TpPEIBapUTEIbHO 00padaThiBaay OCH30XWHOHOM. MeTroanka oOpaboTKH
HOCHTENSI OEH30XMHOHOM M TOCIEAYIONIEH KOBAJIEHTHOW MPUIITMBKYA (EPMEHTOB H3JI0KEHA HAMH
panee [4]. AKTHBHOCTh HMMMOOWJIM30BAaHHOTO (EpMEHTA OIICHWBAIW C IIOMOINBIO PEAKIUU
okucnurenbHoro azocoderanus (H,O; — 4-amuHOaHTUTIUPHUH — (eHOI) TT0 00pa30BaHUIO IIBETHOTO
npoaykra [S]. Peakuyio mpoBOAWIN B PEAKIIMOHHOW CMECH, COAEpKallel MepoKcu Bogopoaa, 4-
AMMHOQHTUIIUPUH U (EHOJT M HMHULMUPOBAIM, HHKYOMpPYd B OO0bEME pEaKIMOHHOH cMecu
MOJJIOKKY ¢ UMMOOUIN30BaHHBIM epmenToM. KonndecTBo 0O6pazoBaBiierocs NpoayKkTa peakiiuu
OTIPECTISIN  CHEeKTpalbHbIM aHanmu3oM (cnektpodoromerp UV-1800, Shimadzu, Anonwus)
MHKYOAllMOHHOM Cpefbl MOcCie NPOBEACHHM peakiuu aszocouyeTaHus. OLEHKY MNpPOBOIUIM IO
BEJIMYMHE ONTHYECKOW IUIOTHOCTU cpeabl mpu umHe BoilHbl 506 HM. [Ipm MHOTOKpaTHOM
UCIOJIb30BAaHUN KOMIUIEKCOB MOJIOKKa-(DePMEHT KaXKIbIH pa3 IMOCie MPOBENCHUS pPEeaklUd HUX
MIPOMBIBIN JICMOHM30BAHHOW BOJOW JUISl YAAJIEHUS OCTATKOB KOMIIOHEHTOB PEaKIMH M I[BETHOTO
MPOJYyKTA.

Pe3yabTaThl. YCTaHOBJICHO, YTO B 00OHX CITyYasiX IMOCJIe UMMOOUIN3AlMU TIEPOKCHIA3bI Ha
n3ydaemble THOBI nojioxkek u3 I1(3I'b) depMeHT mposBIsAT KaTaTUTHYECKYI0 AKTHBHOCTh H
obecrnieunBan 00pa3oBaHUE I[BETHOTO MPOAYKTA B peakuuu azocouetanus. OMHaKo ObUIO TOKa3aHo,
4yT0 00JBIIEH A3(HDPEKTUBHOCTHIO 00J1aIal0T KOMILJIEKCHI, TTOTYdYEeHHBIC TTPH KOBAJICHTHON MPUIITUBKE
(dbepMeHTa Ha IUIACTUHYATHIC MOUIOKKHN monuMepa. Kak crnemyer u3 monydeHHbIX nanHbix (Puc. 1),
dbepMeHT, UMMOOMIM30BaHHBIA Ha MOJJIOKKAX, IMPOSIBISAET KATaJIUTHUYECKYI0 AaKTUBHOCTh MpU
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MHOTOKpPaTHOM HCHOJb30BaHUU. HabmiomaemMoe CHUKEHHE BBIXOJA LIBETHOTO MPOAYKTa B XOJE
MHOTOKpaTHOTO Hcmnosb3oBanus komruiekca [1(31'b)-nepokcnaasa, BEpoITHO, MOKET OBITH CBSI3aHO
C YaCTUYHOH aecopOIueit ¢epMeHTa ¢ TMOBEPXHOCTH TMOJIOKKHU (B CIydae €ro ajcopOIuu) WIH
MOCTENICHHOM MHaKTUBalMen ¢epMeHTa (B cilydyae €ro KOBAJICHTHOW NPHUIIMBKH) MPOAYKTOM
peaxkiuu, KOTOPbI MOXKET aJlcOpOMpOBaTHCS HAa HOCUTENE U MHTHOUpoBaTh (epMeHT. BrlsicHeHue
npuyrH HabmogaeMoro ¢ ¢exra Tpedyer AaabHEUIIero n3yueHusl.
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Homep nsmepenms PucyHok 2 — BBIX0J1 IPOYKTa peaKiiu

A30COYETAHUS PH MHOTOKPATHOM HCIIOJIb30BaHUU
komruiekca [1(31'b)-mepokcuaasza mocie
KOBQJICHTHOM MPUIIUBKH (epMeHTa Ha
00paboTaHHYIO TIEPOKCUIOM BOJOPO/A MOAI0KKY
noxuMepa

Pucynok 1 — Beixon npoaykTa peakliiy a30C04eTaHus
IIPY MHOTOKPAaTHOM HCIIOJIb30BaHUH KOMIIJIEKCOB
[1(31'b)-niepokcuaasa, MOMyUYESHHBIX C TIOMOIIBLIO
a7copOLMH ¥ KOBaJICHTHOW MPHUILUBKY (pepMEHTa Ha
MTOBEPXHOCTH MOJIMMEpa

B nonoaHUTENBHBIX UCCIEIOBAHUIX OBLIO MOKa3aHO, YTO 00paboTKa MOIOKEK MOJIMMepa
030HOM M TIEPOKCUIOM BOJIOPOJIa HE MPUBOAUT K YBEIMYECHUIO KOJIMYECTBA UMMOOMIM30BAaHHOTO
dbepmenTa. B monb3y 3TOro CBUAETENBCTBYIOT JaHHBIE (PHC. 2) CYIIECTBEHHO MEHBIIETO BBIXOJ1a
[[BETHOTO TMPOJYKTA PEaKIMH a30COYeTaHHs IPU MHOTOKPATHOM HCIOJIb30BAaHUM KOMIUIEKCA
[1(3I'b)-mepokcuaasa, MoMy4eHHOTO MOCIe KOBAJICHTHOW MPUITUBKU (hepMeHTa Ha 00pabOTaHHYIO
MEPOKCHUIOM BOIOPO/Ia TIOJIOKKY.

3akiro4eHue. Y CTaHOBIIEHA BOZMOKHOCTh MMMOOUIIN3AIIMU NTEPOKCH/Ia3bl HA pa3HbIE TUIIBI
nomioxkek u3 II(3I'b)c momourpio aacopOIMM M KOBAJIEHTHOM MpUIIMBKU. B 06oux cmydasx
MMMOOUITN30BaHHBIA (DEPMEHT MPOSIBISIET aKTUBHOCTh M KaTaJIM3HPYeT 00pa3oBaHUE I[BETHOTO
MPOJYKTa B PEAKIIUU OKUCIUTEIHHOrO a3ocoueranus. [lokazaHo, uro Gomibiiel 3(h(GeKTHBHOCTHIO
00a1al0T KOMIUIEKCHI, MOJy4YeHHbIE MPU KOBAJCHTHON MpPUIIUBKE (epMEHTa Ha IJIACTHHYAThIE
noutokku u3 [1(3I'b)-monumepa. OnTumuzanus ycaoBuid uMmmoounuzanuu pepmenta (hepMeHTOB)
Ha [I'A-Hocutensx ansa yBenuueHUs 3(p(HEKTUBHOCTH U CTAOMJIBHOCTH TMOTYYaeMbIX KOMILIEKCOB
SIBJISICTCS] IPEAMETOM JATbHEUIINX UCCIICIOBAHUM.
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OnHMM U3 aKTyalbHBIX HaIpaBJIEHUH COBPEMEHHOW HAHOTEXHOJOTHH SIBISETCS CO3/1aHUE
Ha OCHOBE HAHOOOBEKTOB Pa3HOU (U3UKO-XUMUYECKOW MPHUPOJBI HOBBIX MaTEPHUAIOB U METO/OB
OouoMeauIMHCKOro HazHadyeHwus. [Ipennonaraercs, 4To co3gaBaeMble HAHOOOBEKTHI MEIULIUHCKOTO
MPUMEHEHHsI OyyT BBOJUTHCS B OpraHU3M IMAIMEHTa B KA4ECTBE: CAMOCTOSATEIBHBIX JICYCOHBIX
WIM JUAarHOCTUYECKUX CPEACTB, MpPErnaparoB s HEUTpalu3alud TOKCHYECKUX COEIUHEHMIA,
HOCHUTEJICH IS 1IeNIeBOW WM YIPABIISIEMOM TOCTaBKH JIEKapCTBEHHBIX cyOcTaHuui. OueBUAHO, YTO
MIOCJI€ BBITIOJIHEHHS CBOCH (DYHKIIMM HaHOOOBEKTHI JOKHBI JIMOO MOBEPraThCsi OUOAECTPYKIIMH B
YCIIOBUSX OMOJIOTUYECKOW Cpeibl OPTaHU3Ma, JIMOO AIMMMHUHAPOBATHCS U3 OPTaHMU3Ma, €CIIM OHU HE
no/iBepraioTcsi ouogerpananuu. B cBsi3u ¢ 3TUM, BO3HUKAET HEOOXOIUMOCTh M3YUYEHHsI BOIIPOCOB
pacmpeseneHuss HeOnoIerpagupyeMbIX HAHOOOBEKTOB B OpTaHM3ME, MX HAKOIUJICHHUS B OpraHax H
TKaHSX W CBS3aHHBIX C OTUM OWojorndeckux d(OQPEeKToB, BO3ZMOKHOCTEH IMOCIEIyIONIEH
anmuMHUHANWU. M3ydeHre 3aKOHOMEPHOCTEH MEKOPTaHHOTO PACIIPE/IICHNs BBEICHHBIX B OPTaHU3M
HAaHOOOBEKTOB UMEET TaKkKe BaKHOE MPOTHOCTUYECKOE 3HAUYCHUE JJIsl PEIBAPUTENbHOM OLEHKH UX
3¢ (HEeKTHBHOCTH B CITydae JIOKATU30BAHHBIX MATOJIOTHIA.

Crnenyer cka3zarb, UTO MCCIEA0BATENH, pa3padbaThIBaOIE HOBbIE HAHOMATEPUAIIBI MEINKO-
OMOJIOTMYECKOTO HA3HAYCHHUsI, MPOSBIIAIOT OOJBIION WHTEPEC K HMCIOIB30BAHUIO B ATHX IENSIX
HaHoYacTHI[ yriepoaa (¢yiepeHsl, HaHOTpYOkH, rpadeH) [1-3]. OmHuM M3 TEPCHEKTUBHBIX
MaTEpUajIOB JTaHHOM TPYIIIbI SIBISIIOTCS HaHOAjIMa3bl JE€TOHALIMOHHOrO cuHTe3a [4, 5]. dusuko-
XMMHYECKHE CBOMCTBA ATHUX HAHOYACTHUIl (XMMHMYECKU aKTHBHas MOBEPXHOCTh, BO3MOXKHOCTH €€
XUMHYECKOH MOIudUKaluy, Majaas TOKCUYHOCTh, M T.I.) CBHUICTEILCTBYIOT B IMOJNB3y UX
MIPUMEHUMOCTH B OMOTEXHOJIOTHYECKUX U Onomeauimuckux mnensax. B Ub® CO PAH pa3pabortana
TEXHOJIOTHUS TOJYYCHUS U3 HAaHOAJIMa30B B3PHIBHOTO CHHTE3a MOIU(PHUIIUPOBAHHBIX HAHOAIMA30B
(MHA) [6, 7]. MHA o006s1amiatoT BBICOKOH KOJUTOMIHOW CTAaOMIBHOCTBIO B Pa3HBIX JAUCTICPCUOHHBIX
cpenax (Bojaa, OpraHMYECKHe PaCTBOPUTEINN, Maclia), 4TO OTKPBLIO BO3MOXHOCTU UX MPUMEHEHUS B
OMoMemMIMHCKUX ucciaenoBanusax [8, 9]. Hanoammaser (B Tom umcie MHA) wumeror
napaMarsuTHele HeHTps! [10, 11], 4To co3maeT NpeAnochUIKM NPUMEHEHHSI METO/IA JIEKTPOHHOTO
napamarHuTHoro pezoHanca (JI1P) nns nerekuuu STUX HAHOYACTUI] B OMOJIOTUYECKUX TKaHSIX.

Hens padorbl — wusyuenue meronom OIIP pacnpenenenns MHA B opranusme
AKCIIEPUMEHTAJIBHBIX )KUBOTHBIX I1OCJIE BHYTPUBEHHOI'O BBEICHUSI.

Matepuanbl u MeToabl. B pabote ucnonszoBansl MHA co cpegHHM pa3MepoM KIIaCTEpOB
B BOAHBIX cycreH3usx d50 = 70.6 um. ['mapo3ons MHA BBoauau B XBocTOBYIO BeHY Mbimiam ICR
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(camirer BecoM 26-28 1) B 103¢ 40 Mr HaHOYACTHUI/KT Macchl. Yepe3 2.5 yaca MbIied YCHITUUIHA
5GUPHBIM HApPKO30M W Opanu KpOBb U3 MOAKIIOYMYHON aprepuu. [locie 3TOro >KMBOTHBIX
YMEPILIBISUIA U Opaiu s UCCIEJOBAHUN IE€YEeHb, MOYKH, JIETKUE, CEepAlle, TOJOBHOM MO3r U
MBIIIIBI Oesipa. J{Jsl MCKITI0UeHUsT KOHTAMMHAIIMN OMOMaTepHaIoB YaCTHUIIAMU METAJJIOB, KOTOpPHIE
MOTYT BHOCHUTBH JOIMOJIHUTEIbHBbIE CHUTHaiIbl B OIIP-ciekTp 00pa3ioB, Bce MaHMITYISILIMHM C
OpraHaMM NPOBOJAMIM C IIOMOIIbIO IUIACTUKOBBIX M KEPaMHUYECKMX HHCTPYMEHTOB. Oprasbl
TOMOT€HU3UPOBAJIM, TOMOTE€HAaThl U KPOBb 3aMOPAKMBAJIM B JKUJKOM a30T€ M HCCIEAOBAIU C
nomomipio JIIP  ®ypre-ciektpomerpa Elexsys ES580 (Bruker, I'epmanus). Copepxanmue
HaHOYACTHI[ B 00pa3lax OIEHHWBAJIN MO MHTCHCUBHOCTH XapaktepHoro JIIP curnana (g = 2,003,
AH = 10 I'c), koTopslit mporopimonaneH KonuenTpaun MHA B 6nomarepuane [12].

Pe3yabTaThl. YCTaHOBIICHO, UYTO uepe3 2.5 daca Mmocjie BHYTPUBEHHONW MHBEKIIMH OOJIbIIee
koinnuectBo MHA peructpupyercs meromom OIIP B jerkux M I€4eHU J>KUBOTHBIX. PacuerTsl,
MIPOBEACHHBIE U3 BEJIIMYUH XapakTepHbIX OIIP curnaios, Moka3pIBarOT, YTO B JIETKUX M NEYEHU
Mblled 4yepe3 2.5 uaca akkymyaupyercs a0 24% u 18% HaHOuacTHl, COOTBETCTBEHHO, OT
cymMmMapHoU 1036l BBeZieHHbIX MHA. B TO ke Bpems, B cepAle U MOYKaX BBISBISETCS 3HAYUTEIIHHO
Mmenbiee (Ha 1-1.5 mopsaka) komuyectBo HaHowactul. Hammume MHA B oOpasmax KpoBw,
CEJIE3eHKH, TOJIOBHOTO MO3ra M MbIIII Oeapa B Mpelenax YyBCTBUTEIBHOCTHU HCIIOJIb30BAHHOTO
METOAa He BBbISBIEHO. B monbk3y 3HauntenbHo Oonbiiel 3ddexkTuBHOCTH HakoruieHuss MHA B
JIETOYHOM TKaHM MBILIEH, IO CPABHEHMIO C TKAHSIMU APYIMX U3y4a€MbIX OPraHOB CBUAETENBCTBYIOT
pacueTsl coAepKaHUsl HAaHOUYACTHIl Ha €IMHUIly Macchl opraHa. M3 HUX cienyeT, 4To B JIETOYHOU
TkaHu MHA akkymynupyroTcst TOYTH Ha TOPsI0K 3P deKkTuBHEE, YeM B TKAaHU TICYCHH.

[TosnydyeHHble pe3yabTaThl OTKPBIBAIOT IEPCHEKTHUBBI HCIONB30BaHUA Meroxa OIIP B
W3Y4YCHUU JUHAMHKHA MEXKOPraHHOTO pacnpeneneHus W smumuHaimun  MHA  mocne  ux
BHYTPUBEHHOTI'O BBEJICHUS B OPraHU3M KUBOTHBIX.

Hccnedosanus evinonnensvt npu punancosoii nodoepicke PO®U (epanm Ne 16-04-00999).
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AKTyalbHOE HaIpaBlieHUE TapreTHOW MEAMIMHBI, pa3pabdoTKa M peanusaliss METOIOB
JIOCTaBKH TEPANEBTUYECKUX areHTOB B 3aJaHHOE MECTO B OpraHU3Me: OpraH, TKaHb, WM JaXKe K
KOHKpeTHOMY Oenky wuinu Bupycy. s 3TOro HUCHOJB3YIOTCS antaMmepbl (rped. aptus —
nogxoasumii) — kommakTtHeie nenoyku JJHK wim PHK (30-100 ocHoBanumii) ¢ omnpenenéHHOU
MOCJIEIOBATEIbHOCTHIO HYKJICOTHUIOB. AIMNTaMepbl OTCEUBAIOTCS M3 OTPOMHON OHOIMOTEKH
OJINTOHYKJIEOTUIOB (10-10" mocnemoBarenpHOCTEH) Tak, YTOGBI B OTOOpaHHOW TpymIe u3
HECKOJIbKUX JIECATKOB PAa3JIMYHBIX MOJIEKYJ OCTaBajUCh TE€, 4YTO HMEIOT CaMyl0 BBICOKYIO
CHEIM(PUIHOCTh — CTETICHb y3HABaHUS KOHKPETHOTO OeNKa WM JIPYrod IIeNIeBOM MOJIEKYNbI, U
ad(UHHOCTD — CHITY CBSI3bIBaHUA ¢ OMOMOEKyI0M. JIJis MOHMMaHUS MPOIECCOB B3aUMOJCHCTBUS
HYKJICMHOBBIX ~KHUCJIOT ¥ OEJIKOB HEOOXOIWMO 3HATh WX TPETHYHYID CTPYKTYpy —
MIPOCTPAHCTBEHHYIO KOH(GOPMAIUMIO MOJIEKYNbI, KOTOPYIO CJIOKHO BOCCTAHOBUTH M3 TEPBUYHOM
MOCNIEIOBATEIbHOCTH, WJIM  BBIYMACICHHOW  BTOPUYHOW  CTPYKTYphl. UTOOBI  BBISICHHUTH
MIPOCTPAHCTBEHHYIO CTPYKTYpPy OHOMOJIEKYJ, HCIOJIb3YIOTCA pPa3uyHble (U3MUECKUE METO[BI,
caMblif pacrnpocTpaHEHHBIH — peHTreHoCTpyKTypHbId aHanmu3 (PCA). Ho y manHoro merona
MMEIOTCS HEJAOCTaTKU: HEOOXOUMO BBIPAIIMBATh KPUCTAILI, YTO YK€ MOXKET UCKA3UTh CTPYKTYPY
MOJICKYJIBI; JJISl KPUCTAJUIM3allMM HEOOXOAMMO OOJNBIIOE KOJIWYECTBO BEUIECTBA, a CHHTE3
Onomonekyn, TeM Oojee OEIKOB — JOBOJBHO JOporas Npoleaypa; anTaMepbl HE TMOIIAI0TCS
KPUCTAJUTM3AIUK 110 OTICIBHOCTH, a TOJBKO B KOMIUIEKce ¢ OenkoM. JInsi pemieHus mpoOiiemMbl
WCIIOIB30BaH METOJI MAaJIOYIJIOBOTO PEHTTeHOBCKOTo paccesaus (MYPP), koropsiii mo3BossieT
nojry4yatb “H(pOpMAIHIo 0 (GopMe FIEKTPOHHONH 000JIOYKU BCEl MOJEKYJIBI IPSIMO B PACTBOPE CO
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CPaBHUTEIHHO HEOOJBITUMHU KOHIIEHTpausaMu. MeTtoa onpoboBad Ha Mosekynax JJHK-antamepos
K OenKy TpoMOUHY.

Hear padorbl — wuccienoBanue TpeTuyHoM cTpykTypbl JIHK-antamepa 15TBA «
TpoMOuHy. Heobxomumo mpoBecTd 3KcrepuMeHT MeTtogoM MYPP ¢ anramepom, moiay4uTthb
KOH(OpMAallMOHHBIE TapaMeTphl: pa3Mep MOJIEKYJbl, PaJUyC HHEPLHH, BBIYUCIUTH (DYHKIIHIO
pacripesielieHus! 0 PacCTOSIHUAM MEXKAY PacCeMBAIOLIMMHU IIEHTpaMH MoJeKyibl. [1o momydeHHbIM
JaHHBIM HEOOXOJIUMO TMOJYYUTh MOJENb MPOCTPAHCTBEHHOW CTPYKTYPbI MOJIEKYJbI, CPAaBHUTDH C
nmauabiMu PCA.

Marepuaablt u Mmeroabl. JIHK-amramep 15TBA (5’-GGTTGGTGTGGTTGG-3’)
MPEJCTaBISAET COOOM KOPOTKUM 15-3BeHHBIN OJIMTOHYKICOTHA, KOTOPBIA ObLJT CHHTE3UPOBAH €IIE B
1992 rony [1]. Kopotkas nenouka JIHK cBopaumBaercs B Tak HazbiBaeMyto G-KBaJpYIUIEKCHYIO
CTPYKTYpY, OOpa30BaHHYI0 M3 JBYX TYaHMHOBBIX TETpaj, KOTOpbIE HAXOAATCA B TOYTH
napajuleNbHBIX IUIOCKOCTAX, (pukcupyeMmbix HoHOM K+. VIMEHHO TpeTHuHas CTpyKTypa anmTamepa
obecrieynBaeT €ro CHenu(uuHOCTh K OelIKy TpoMOWMHY. AmnTaMmep CHHTE3MPOBAaH B KOMIAHHUU
“CunTOon” (T. MOCKBa), MOATOTOBICH 00BEM 00pa3iia okojo 20 MKJI C KOHIICHTpAIMEeH amTamepa
7,2 mr/mn B pactBope Oydepa 10 MM Tris-HCI ¢ SMM KCIl. PactBop momemiéH B KBapIieBbId
KamuJuIAp TOJIIMMHONW | MM M IJTMHOM OKOJIO 5 CM., 3aIOJIHsIS HE BeCh 00bEM Kammiuisapa, a TOJIbKO
Ty 4acTh, CKBO3b KOTOPYIO OYAET IPOXOAUTh PEHTTEHOBCKUN MTYYOK.

OxcnepumeHT MYPP niposenén na cranuuu JIMKCHU B HULL “KypuaTtoBCKkuili HHCTUTYT .
CUHXpOTPOHHOE H3IY4YEHHE C MOMOIIBI0 MOHOXPOMATopa OTCEKAETCS A0 OJHOW JJIMHBI BOJHBI
A=0,162 um, 3aTem kommumartopamu (opmupyercs y3kuid mydok (0,3x0,2 MM) peHTTeHOBCKOTO
u3nydyeHus. Ha mepBoM stame ObUta mpoBeleHa KaauOpoBKa KOJUIMMATOpPOB M Jerekropa Pilatus
IM ¢ nmomorisio paccessHust Ha opomrke AgBh. Jlanee Obu1 mpoBengH SKCEPUMEHT HA KaIMILISAPE
c pactBopoMm 0e3 oOpasma. Ilocie sToro kxamwuisip ¢ oOpa3noM ObUI HMOMEIMIEH TOJ Iy4OK
CUHXPOTPOHHOTO PEHTTEHOBCKOTO MOHOXPOMATUYECKOTO HU3TYy4YEHHS U MPOBEAEH HKCIEPUMEHT
MVYPP na camom oOpa3siie B pacTBOpe. DKCIO3UIUMH Ha 000UX M3MepeHusx amuiuch mo 300 cek. ¢
TOKOM Tydka okosio 138 MA. Jlamee u3 curHama ot oOpasna B Oydepe ObUI BBIUTEH CHUTHAT OT
Oydepa u TakuM 00pa3oM MOITYYSH CUTHAI OT 00pasia OTIeIbHO.

PesyabTaTrhl. B xonme skcmepuMeHTa Oblla TMOMY4YeHAa 3aBUCHUMOCTh HMHTEHCHUBHOCTH
paccesHHOro Ha o0paslie PEHTTEHOBCKOTO W3IYYEHHs OT yIJla PACCEesiHHs, BBIPAKCHHOTO B
oOpaTHBIX HaHOMETpax. AHanmu3 M 00pabOTKAa TOJYYCHHBIX PE3yJbTaTOB OBLIM IMPOBEJCHHI B
nporpaMMmHoM nakete ATSAS aist paboThI C TaHHBIMH MAJIOYTJIOBOTO PACCESTHHUSL.

I'papux MYPP mnpencraBnen na puc. 1, A. Ilo kxpuBOW paccessHUs ONpeAeIeHO, YTO
KOHIIGHTpalLlUsl anramepa MojJo0paHa IMOYTH ONTUMAIBHO, JIMIIb CJIETKa 3aMETHO IPOSBICHHE
MEXYaCTUYHOW WHTepdepeHIMn B BUie “‘ropba” Ha rpaduke B pailoHe S=1 HM-1, mosTomy
HAYaJIbHYIO YacTh rpaduka MPUIUIOCh OTOPOCHTh. AHanu3 ['MHBE MPH 3TOM MOKa3al JOBOJIHHO
JUHEWHBIA XapakTep KpuBOW Ha Manbix yriax 3aBucumoctd log(l) or s2 (puc. 1, B). Dro
CBHJIETEJILCTBYET O XOpOIIeM KadecTBe oOpasia. Takxke BbIUMCIEH paguyc uHepiuu Rg=1,04 Hm
[2] xaK TaHreHC yryia HaKJIOHA JIMHEITHOM anmpOKCUMAaIIUH.

Ouenena xoHpopmaius antamepa ¢ nomoinsio rpapuka Kparku (puc. 1, C) [3]. dopma
rpaduka B BHJIE€ KOJOKOJA, CHAAAI0IIEro A0 Ha4adbHBIX 3HAaYCHHH Ha OONBIIMX YIiaX, MO3BOJISIET
cKa3aTb, 4TO Mojekyra 15TBA wuMmeeT KOMIAKTHYIO CBEPHYTYIO CTPYKTYpY, OJHM3KyI0 K
chepuveckoil.

119



lI-a MexxgyHapoaHasa HaydHas KoHdbepeHLms
«BNOTEXHONOIMA HOBbIX MATEPUNAJIOB — OKPY>XXAKOWAA CPEOA — KAHECTBO XU3HU»

150 by
| C
i
}!
1o |
3 |
: |
ray ‘
-(50— ’ II
\.‘J
1004 | L
B gl
E | ||{
. T T T T T T T T
o 15 5 i 20 2.5 1 2 13 4
s°, nm S, nim

Pucynok 1 — I'paduku MYPP (A), T'unbe (B) u Kpatku (C) s JJHK-anramepa 15TBA

HNanee B mporpamme GNOM [4] ¢ momompro HempsiMoro mpeoOpazoBanusi Dypbe
BbIUKCIIeHa (YHKIUS pachpelelieHus] M0 pacCcTOSHUSAM p(r) MEXAY pacCeUBAaIOLIUMHU LIEHTPaMH
BHYTPH MOJIEKYJIBL. Takum 00pa3oM, OCyIIECTBIEH MEPexol OT 0OpPaTHOIO MPOCTPAHCTBA B IPSMOE.
I'paduk nmpencrasnen Ha puc. 2, A. HauGombiee 3HaueHne QYHKIIMH JaJI0 MAaKCUMAIBHBIN pa3Mep
Mmonekyasl Dmax=3 uM. Ha ocnoBe ¢ynkuuu p(r) B mporpamme DAMMIF [5] npousseneHo
MOJICIIUPOBAHNE TPEXMEPHON CTPYKTyphl MojeKynbl antamepa 15TBA myrém mombopa Takoit
MOJIETH, JJIsl KOTOPOW KOMIbIOTEpHAs CUMYJIAIuUs skcnepuMenTa MYPP nact kpuByro paccesinus,
MUHHMAaJIBHO OTIMYAIOIIYIOCS OT SKCIepuMeHTanbHOM. [lonyuenHas Moiensb npeacraBieHa Ha Puc.

2,B.
* A
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T

0 =T = 1 & 1 &= I = & = |
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Pucynok 2 — pyHKIus pacnpeneneHus no pacctossHusaM p(r) (A) ans antamepa 15STBA u tpéxmepHas
MOJIeNTb, oNyyeHHas B mporpamme DAMMIF (B)
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Mopenb paccunTaHa U3 HadaabHOU cephl, AuamMeTp KOTopor paBeH Dmax, dopma moaenu
JeHCTBUTENHHO OJHM3Ka K CIUTFOCHYTOM cepe, uTo mokaszan u ananus Kpatku.

3akmouenue. B xonme skcnepumenta MVYPP Obun mosyueHsl rpadukd  paccesHUs
PEHTICHOBCKOTO M3JIYYCHHS Ha JIHK-anramepe 15TBA B OydepHOM pacTBOpE,
BBIUUCIICHBl OCHOBHBIE KOH()OpMAIIMOHHBIE TapaMeTphl, IIOCTPOeHa TpEXMepHas MOJeNb 0o0uIen
JIEKTPOHHON 000JI04KM MoJIeKyabsl. Pasmepsl u ¢opma MOAETH XOpPOIIO COIJACyITCS CO
CTpyKTypamu, nonydyeHHbIMH U3 PCA, Momenu KOTOpBIX ObUIM B3ATHI B OOIEAOCTYHMHOH Oaze
ouomonekyn Protein Data Bank.
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PA3JIEJI 3.

IKOJOI'MYECKAA BUOTEXHOJOI'UA
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HOBBIE METO/JbI 1 OOPYJIOBAHMUE JIJIA BUOTECTUPOBAHMUSA
TOKCHYHOCTHU BOJI 1 YCTAHOBJIEHUA KJIACCA OITACHOCTH
OTXOAO0B: PABPABOTKA, CEPTU®PUKALIUSA, BHEJAPEHUE

10.C. I'puropses, T.JI. llamkosa, E.C. CTpaBuHcKeHe

Cubupckuii ¢hedepanvroviii ynusepcumem, Kpacnospck 660041, npocn. Ceoboomwiii, 19, Poccus
E-mail: gr2897@gmail.com

B Hacrosimmee Bpems Ui OMOTECTHPOBAaHUS NPHUPOAHBIX M CTOYHBIX BOJ pa3zpaboTaH
JIOCTaTOYHO IIKMPOKH Habop MeToauK. BmecTe ¢ TeM, OONBIIMHCTBO U3 UCHOIB3YeMbIX B Poccun u
3a pyOeKOM METOJMK OMOTECTUPOBAHMS HE 0OECIIEYEHbl KOMILJIEKCOM ammaparypsl Ui CO3AaHuUs
CTaHJAPTHBIX YCJIOBUH pabOTBl C TecT-OpraHM3MaMu M aBTOMAaTH3allMd CcaMoro Ipoiiecca
u3Mepenus. be3 Takoro o0opymoBaHHS TPYAHO JOOWUTBHCS XOpOLIEH BOCIPOU3BOAMMOCTHU
Pe3yIbTaTOB TOKCUKOJIOTHYECKOTO aHAIIN3A.

B cBsi3u ¢ atum B COY pazpaboTaHbl HOBbIE METOABI M ammaparypa Jjisi OMoTeCTHPOBaHUS
TOKCHYHOCTH PA3IMYHBIX BOJ U OTXO/IOB.

[TpuMeHeHrEe BBICOKOMPOIYKTHBHOrO mTamMMa Bomopociau xiopesia (Chlorella vulgaris
Beijer) mo3Bosmiio CymIeCTBEHHO COKPAaTHTh MPOJODKHTEIBHOCTh aHanu3a. [y HapamuBaHUs
TECT-KYJbTYpPbl BOJIOPOCIH B KOHTPOJIUPYEMBIX YCIOBHSX CO3/1aHbl KOMIAKTHBIE KYJIbTHBATOPHI
[1]. Toxcuueckuit 3pdext Ha BOJOPOCIb ONPEAEISIETCs 0 pa3HULE TPUPOCTA YUCIEHHOCTH KIIETOK
B TECTHUPYEMBIX TTpo0ax BOBI IO CPaBHEHHUIO C KOHTPOJIbHOW BooK. Ha 3Tol ocHOBe pa3paboTaHa
METOJIMKAa OMOTECTUPOBAHUS C ITUTEILHOCTHIO aHATN3a TOKCUYHOCTH BOJ M OTX0/10B 22 vaca [2].

B kauecTBe paukoBOro tecT-odonbekTa ObutM B3sATHI maduuu (Daphnia magna Straus). Jlns
palboThl ¢ HUMM CO3/1aHbl KJIMMAaTOCTaThl, KOTOPBIE MOAJEPKUBAIOT HEOOXOAUMYIO TEMIIEpaTypy H
CBETOBOM pEXKMM TMpU BbIpAIIMBAaHUU KyIbTyp paukoB. Cam mpoiecc OHOTECTUPOBAHUS
BBITOJIHSACTCS] B YCTPOMCTBAX 3KCIIOHUPOBAHUS PAuyKOB, 00ECICUNBAIONINX aKTHBHBIN ra3000MeH ¢
BHemHeH cpenoit [3]. JnurenpHOCTh OMOTECTHPOBAHUS MO Pa3pabOTaHHOW METOJUKE COCTABIISICT
48 gacos [4].

B mensx skcmpeccHOro BBIABIECHUS TOKCUYHOCTH BOJI OBLI MCHOJIb30BaH pa3paOOTaHHBIM
HAMH METOJ| PETUCTpPAllMM OTHOCHUTEIIHOTO TIOKa3aTelsl WHTEHCUBHOCTH  3aMeUICHHOU
¢bayopecnieninu (OI13®D) Bogopocnu xmopemia [5]. JlaHHBIN TTOKa3aTelb MOXKET OBITh U3MEPEH B
TEYEHHE HECKOJIBKMX CeKyHJI, Bblaensss o 100 rpapgamuil coctosHus TecT-opranusMa. [
peaMzalu MeToJa ObLI U3TOTOBJIEH (IyOpUMETpP, KOTOPBI B aBTOMATUYECKOM DPEKUME MOXKET
aHAJM3UPOBATh HA TOKCHYHOCTH 10 24 00pasuoB. C yuyeToM npoOOMOAroTOBKH BpEMs aHAJIN3a 1O
pa3paboTaHHON METOAMKH OMOTECTUPOBAHUS TOKCUYHOCTH BOJ M OTXOJIOB HE MpeBbImaeT 1,5 yaca
[6].

Ha paspaborku nomydeno 5 mateHToB Poccuu. Co3maHHBIE METOIUKH OMOTECTHPOBAHUS
BOJ aTTECTOBaHbI JUIsl LI€JE€Hl TOCYAapCTBEHHOIO 3KOJOIMYECKOro KoHTposii B P® [2, 4, 6].
Pa3paboranbl U yTBepKAeHBbI TEXHHUYECKHE YCJIOBHS Ha TPH MOJEIM KIMMATOCTAaTOB JUIs
comepkanusi tect-opranu3moB (TY 4211-008-26218570-2009), yetbipe MoaenHu KyJIbTHBAaTOPOB
st ux BeipammBanus (TY 3615-006-26218570-2009), dayopumerp Poton 10 (TY 4437-007-
26218570-2009). Ilpubop mis peructpauuu onTuueckoi miotHoctu cycnensuit (UIIC-03, TY
4437-003-26218570-2006) yTBepkIIeH Kak CpPeACTBO M3MepeHHs B DefepaqbHOM areHTCTBE IO
TEXHUYECKOMY PEryIMpOBaHUU U MeTposioruu moa Ne 64104-16 u jonymieH kK npumMeHeHuto B PO.

C 1enpro MPOBEACHUSI MAPKETHHTOBBIX pabOT M oOecreueHrst BHEAPECHHS CBOUX Pa3pabOoTOK
Cubupckuii ¢enepanbublii ynusepcuter B 2006 romy 3akiIoumi JIMIEH3MOHHBIA JOTOBOpP C
koMmmMmepueckor kommanuei 3A0 «Crenkomruiektpecypc 2001» (r. Mocksa). B HacTosiiiee Bpems
Takoi gorosop 3akiaroueH ¢ OO0 «Espononurect» (r. MockBa).
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[Tpon3BOACTBO MPOAYKIMHM M €€ cepTU(UKALMS OPraHW30BaHbl HAa MajoOM MPEANpPUITUU
OO0 «Omukpon» (r. Kpacnospck). OOydenue mnonp3oBareneil pa3paboTok mnpoBoaut COY,
PEryJIsIpHO OPraHM3ysl IIKOJbl MO OWOTECTUPOBAHUIO M OCYIIECTBISAS HAy4YHO-METOIMUYECKOE
KOHCYJIbTUPOBaHHe crennainctoB. O0yuenue npouuto 6oxee 150 cnenuanncros.

B corpyanuuecTBe ¢ mapTHepaMu MpUOOPHI U METOJUKHU B HACTOSILEE BPEMs BHEIPEHBI B
6onee 400 maboparopusix Pocrexnamzopa, Pocnpuponnanzopa, PocriorpeOnanzopa, a Takke BO
MHOTMX JpPYTUX S3KOJIOTMYEeCKHX Ciyx0ax M opranmsauusx Poccun. Kpome Toro, paspaborku
ucnons3ytorcs B COY, a Take B 25 poccuiickux yHuepcurerax (MI'Y, CIIOI'Y, KI'V, TIT'Y u
Ap.) Ul TOATOTOBKM CHELMAIMCTOB 3KOJIOIMYECKOrO MNpOoQWIs M BBINOJIHEHUS Hay4HBIX
HCCIIE0OBAHUM.

Jlutreparypa

1. I'puroprer 10.C., AnapeeB A.A. YCTpPOWCTBO JUIsl BBIPAIIMBAHUS MHUKPOBOIOPOCIECH:
[Tat. PO Ne 2165973. Ony6:. 27.04.2001. Bromn. u300p. Ne 12.

2. I'puropreB FO.C. MeTonuka u3MepeHUN ONTUYECKOW TUIOTHOCTH KYJIBTYPHl BOJOPOCTH
xmoperia (Chlorella vulgaris Beijer) ans ompeneieHuss TOKCHYHOCTH THTHEBBIX, MPECHBIX
MIPUPOJHBIX U CTOYHBIX BOJI, BOJHBIX BBITSKEK U3 TPYHTOB, IIOYB, OCAJKOB CTOYHBIX BOJI, OTXOJOB
npousBojacTBa u norpeduenus [THA @ T 14.1:2:3:4.10-04 / T 16.1:2:2.3:3.7-04 Mocksa 2004, 36
crp. (u3manue 2014).

3. I'puropreB 1O.C., IllamkoBa T.JI. Coco® OMOTECTUPOBAaHUS TOKCUYHOCTH BOJIBI HA
HU3IIHUX pakooOpasHbIX )KUBOTHBIX: [1aT. PO Ne 2377560. Omy6:1. 27.12.2009. bron. u306p. Ne 36.

4. I'puropeeB 10.C., llamkosa T.JI. Meronuka u3mepenuii konmuectsa Daphnia magna
Straus muig ornpeneneHus: OCTPOM TOKCMYHOCTH MUTHEBBIX, MPECHBIX MPUPOIHBIX U CTOYHBIX BOJ,
BOJHBIX BBITSDKEK W3 TPYHTOB, TIOYB, OCAAKOB CTOYHBIX BOJ, OTXOJOB IPOHW3BOACTBA H
notpebaenus merogom npsmoro cuera [THJ @ T 14.1:2:3:4.12-06 / T 16.1:2:2.3:3.9-06 Mockaa,
2006, 42 ctp. (u3nanue 2014)

5. I'puropreB 10.C., AunpeeB A.A., KpaBuyk U.C., I'ekk I1.1. Cioco6 6uorectupoBaHus
TOKCHYHOCTH BOJ M BOJHBIX pacTBopoB. [laTent Ha m3obperenne Ne 2482474. Omy6:n. 20.05.2013.
bron. u306p. Ne 14.

6. I'puropreB 10.C., CrpaBunckene E.C. Meronuka u3MepeHUl OTHOCHTEIHHOTO
mokasaTessi 3aMeUIeHHON (uIyopecleHInn KyabTypbl Bomopocau xiopeira (Chlorella vulgaris
Beijer) mis onpeneneHns TOKCHYHOCTH MUTHEBBIX, MPECHBIX MPUPOIHBIX M CTOYHBIX BOJ, BOJHBIX
BBITSDKEK U3 TPYHTOB, ITOYB, OCAJIKOB CTOYHBIX BOJI, OTXOJ0B NMPON3BoicTBa U oTpedaeHus [TH/] O
T 14.1:2:4.16-09 / T 16.1:2.3:3.14-09 Mocksa, 2009, 36 ctp. (u3ganue 2014 r.)

ABTOHOMHBIN M DKOJIOTHYECKHU KOM®OPTHBIHN THUII ’KNJIbS
JJIs1 OCBOEHUSA APKTUKHU
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[IpombIlTIeHHOE ¥ BOGHHOE OCBOCHUE APKTHUKM HEBO3MOXKHO 0e3 oOecredeHus: yClIoBUi
KHU3HH, MO3BOJIIOIIMX [UIUTEIBHOE BpeMs IMOJJEPKHUBATH CaMOYYBCTBHE, PabOTOCIIOCOOHOCTh U
00eroTOBHOCTh PAOOTHUKOB M JIMYHOTO COCTaBa Ha XopomeM ypoBHe. DakTopamu,
OCJOXHSIOIMMHU TPOKUBAaHUE JIOAEH B aApPKTHYECKUX MPUPOJHBIX YCIOBMSX, SBISIOTCA:
JUTUTENIbHBIE MOPO3bl, TpeOyromue OOJbIINX 3amacoB TOIUIMBA Ui 00OTpeBa M 3arps3HSIOLINE
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BBIXJIOTIAMH OKPYXKAIOLIYI0 Cpely, a TakXe BBIHYXKJIaollue Xuteineil ApKTHKU OOJbIIYyI0 YacTb
BPEMEHHU MPOBOJUTH B MOMEIIEHUAX (I0Ma UM Ha MIPOU3BOJICTBE) MPU HU3KOM KauecTBE BO3/yXa;
HU3Kasi CpeIHEroioBasi aKTUBHOCTb OMOTHI, MPEMSATCTBYIOLIAS IMOJHOMY pa3liOKEHUIO OTXOJ0B
KHU3HEJCATCIILHOCTH, 4YTO (OPMUPYET AaHTHCAHUTAPHYIO OOCTAHOBKY B HEMOCPEICTBEHHOM
OJIM30CTH OT MECT KOMITAKTHOTO MPOXHUBAHUS JIOJeH; AeQUIMUT CBeXEH BUTaAMHHCOZEpKalen
TTUTITH.

[TockonbKy apKTUYECKHE MPUPOJHBIE YCIOBHSI Majo MPUCIIOCOOJIEHBI K KU3HU 4YeJOBEKa,
0cOOEHHO 3MMOM, TO BO3HMKAET 3a/laya CXOJHAas C 3agaueil 0OecredeHus: >KU3HEACATEIbHOCTU
yesoBeKka BHe Onocdepsl (B yCIOBUAX KOCMOCA) TPH MUHUMM3AIIUN BO3JICUCTBHUS Ha OKPYKAIOIIYIO
cpeny. IlpuHsaTre 3TO# TOUKH 3pEHUS BIEYET 3a COOOW, C OJHOW CTOPOHBI, THIATEIHHBIA aHATU3
MMEIOIIUXCS TPAJAULIMOHHBIX MOJX0A0B K 00ECIIeueHUI0 MTPOKUBaHUs Jtojiel B ycnoBusix Kpaitnero
CeBepa, a C JAPYrol CTOPOHBI, OLUEHKY BO3MOKHOCTEH MCIIOJb30BaHUA HUIAEH M TEXHOJOTHUIA,
pa3BUBaEMbIX B 00JaCTH KOCMHUYECKUX cucTeM xku3HeooecnieueHus (CXKO).

Pazpemenne mpoTuBOpedrs Mexay oOecreueHneM KOMQOPTHBIX YCIOBUU >KU3HH U
MUHUMAJIbHBIM BO3JCHCTBHEM Ha JKOCHCTEMY MOXET OBITb OCYIIECTBIEHO Ha OCHOBE
ONTUMAIBHOTO COYETaHUs! 3aMKHYTOCTHM INOTOKOB BEIIECTB; AaBTOHOMHBIX HCTOYHUKOB SHEPTUU;
ONTUMAJIbHOW KOMIIOHOBKHM JKWJIMII ¥ MHOTOCTYIIEHYaTOrO0 WCIIOJIb30BAHUSI SHEPruu 4epes
OHMOJIOTMYeCKre KOMIIOHEHTHI HHTEPhEPA.

CrnieunanbHasi KOMIIOHOBKA KHJIBIX apKTHYECKHUX JOMOB IO3BOJHUT Ha MOPAJOK COKPATHUTh
3aTpaThl Ha 3UMHee oToruieHue. [Ipu 3ToM mojnmepikaHue KauecTBa BO3AyXa (pEBUTAIM3AINS) B
YCIIOBHUSIX TOHHMKEHHOTO BO3yXOOOMEHAa C BHEIIHEH Cpenoil olecrednBaeTcs OBITOBBIMU
OpamXepesMH. OTH OpaHKepeH TNPEACTaBISIOT COOOW  TEXHOJOIMYEeCKHE  YCTpPOICTBa,
BBITIOJHSIOLINE COBMEUICHHbIE (YHKIMM — OTOIUICHHE J>XWJIOIO IOMEIIEHUS, €r0 OCBEIICHHE,
YBJIQKHEHUE 3MMHETO [MEPECYIIEHHOIO0 BO3/lyXa, BBHIPAIIMBAHME HCIONB3YEMBIX B MUY,
JIEKOpPaTUBHBIX WM IIeNEOHBIX pacTeHHil. biok mepepaOoTKu OBITOBBIX W (PHU3MOIOTHYCCKUX
OTXOJI0B U YaCTMYHOE 3aMbIKaHHE IIOTOKOB BEIIECTB B CUCTEME MO3BOJISAT NOHU3UTH Pa3pyILIAOLIEe
BO3JICHCTBUE HA OKPYXKAIOUIYIO CPENy MOYTH JI0 HYJIS.

TakuM myreM cHHUMaeTcs mnpobiemMa oOecTledeHuss SKOHOMHH DJIEKTPOIHEPTHUU TPH
OJTHOBPEMEHHOM TMOJJIEP’)KAaHUU BBICOKOTO KauyecTBa BO3AYIIHOM Cpedbl B TMOMEHICHHUSX MpU
MUHUMAaJIbHOM Pa3pyILIAIOIEM BO3AEHCTBUM HAa OKPYKAIOIILYIO CPENY.

[Tockonbky Apkrrueckas CXKO (ACXKO) mommkHa MOaACpKUBATh KU3Hb JIFOACH C BBICOKON
CTENEHbIO HAJIC)KHOCTH, TO OPUEHTAIUSI HA IPUBO3HbIE UCTOYHUKHU SHEPrUU (IU3EIbHOE TOIUIMBO,
yroyib) JeflaeT CHCTeMY BechbMa YA3BUMOM M 3aBHCSIIEH OT BHEUIHMX (DaKTOPOB: IMOTOIHBIX
YCIIOBHIA, SKOHOMUYECKON CHUTYyalluH, OJIOKaabl TPAHCIOPTHHIX myTeil. EcTecTBEeHHBIM pelieHueM
SBIIETCS MCIOJB30BaHUE MPUPOJIHBIX HCTOYHHKOB 3HEpPruu. B TO BpeMs, Kak HCIOIb30BaHHE
COJIHEUHOU sHepruu B ycioBusix CeBepa MOXXET HOCUTh TOJIBKO BCIIOMOTaTeNIbHBIA XapakTep B
JIETHEE BpeMs, HHEPrusi BeTpa JAOCTyMHA Kpyriblii rofa. OLEHKH [OKAa3bIBAIOT, YTO 3aIlachl
JOCTYITHON BETPOBOM HEPTHH B 25 pa3 MOKPHIBAIOT HBIHEIITHEE YHEPTOMOTPEOTICHHE YEIIOBEYECTBRA.
OpHako ee MpsAMOE HCIIOJIb30BAHUE MPAKTUYECKH HEBO3MOXKHO BCIIEACTBHE €€ OTrPOMHOMN
CKB)XHOCTU — BPEMEHHOM HEOJHOPOJHOCTH. Tak Ja)ke mpH YCPEIHEHUH MO WHTEpBaly B 32 nHS,
UMEIOTCS Tepenaabl MOIHOCTH oT 21 mpomeHta a0 216 mOpoueHTOB — B JAECATH pas.
CrnenoBarenbHO, cyuiecTByeT mpobiema aBToHOMHOro obOecmeuenuss ACXKO snexkTposHeprueit
MOCTOSIHHOM TapaHTHPOBAaHHOW MOIIHOCTHU MPH NPUHLHUIUATBHON HECTAOMIBHOCTH €€ MPUPOTHOTO
HMCTOYHHKA.

DTy npobiieMy MOXKHO PElIMTh C MOMOIIBIO YHEPTETUYECKOT0 KOMILIEKCA, COCTOSIIETO U3
BETPOBOTO TEHEpaTopa, TeIIoBOro ocobo mponroBeunoro Hakomutens (TOAH) »Heprum wu
BBICOKOHAJI)KHOM TEIJIOBOM MAaIllMHBI 3aMKHYTOTO IUKiIa (ABuraresnb CTUPIMHTA), CONPSKEHHOTO
C DJJeKTpudeckuM reHeparopoM. llpenmaraemas konctpykuus TOJH, ocHoBaHHas Ha
MaKpOKOMIIO3UTHOM YIPaBJIE€HUU TEIJIOBHIMU IOTOKaMH MO3BOJISIET OJHOBPEMEHHO PEIIUTh U
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po0GsieMy IOCTOSTHCTBA TEMIIEPATyphl Ha BBIXOJIE€ TEIJIOBOTO aKKyMYJISITOpa MO0 MEpE €ro pa3psiKu
¥ TIpo0JIeMy YMEHBIICHUS TEIUIOMOTEPh C IOMOIIBI0 AKTUBHON TETIOBOM 3aI[UTHIL.

BaxxHo oTMeTuTh, YTO 00OPYJOBaHME M TEXHOJOIMH, pa3pabOTaHHBIE JJII KOCMUYECKHX
CXO, Moryr OBITh HCHONB30BAaHBI MJIs CO3JAHHS JKOJIOTUYECKOTO Kb Uisi ApKTHKU. B
Nucturyre Omodpmsuku CO PAH (®UIL KHI[ CO PAH) Ha OCHOBaHMM MHOTOJIETHUX
MCCIICIOBAaHUM TpOBEZeHa KOHIenTyanbHas pa3padotka ACXKO, chemaHbl pacdeTsl PeKUMOB
TEIJI000OMEHAa U OCBEUICHMSI, TMPOBEACH MpEeABAPUTENbHBIA MON00p pACTEHUH, PACCMOTPEHBI
BO3MOJKHBIE ONTHUMAaJbHBIE TUIAHUPOBKH HKOJAOMOB [IJIsl MOJSAPHBIX paiioHoB. IlpennoxxeHbl
ONTUMAaJIbHbIE KOMIOHOBKH SKOJOTHYHBIX KOTTEKE 1 MHOTOKBAPTUPHBIX TOMOB.

INPUHIIAUII PABOTbBI MHOFO(I)YHKHI/IOHAJII)HOﬁ YCTAHOBKMN,
HPEI[HA3HAqEHHOfI JJIs1 IMKBUJIAILIAA PA3JINBOB
HE®TEITPOAYKTOB
. A. HeuaeB

Hayuonanvnuiii uccnedosamenvckuti Tomckuii nonumexuudeckuil ynugepcumem, Mncmumym
npupoorvix pecypcos, 2. Tomck, np. Jlenuna, 30, Poccus

E-mail: nechaevdmitryrf@gmail.com

Bormpocsl skonormyeckoir 0€30macHOCTH B HEDTSAHOW MPOMBINUICHHOCTH SIBJISIFOTCS B
HacTosIIIee BpeMsi OJHON U3 KIIFOUEBbIX pobiem. [l perienus 3Toi npobiemsl pa3pabaTeiBatoTCs
U BHEIPSAIOTCS pa3UYHbIE METOAbl U YCTPOWCTBA JUIsi 00E3BPEKHUBAHMS aBApUHHBIX PA3IMBOB
HEe(PTH C IEeNbI0 MPEayNpPEKACHNUS HEraTUBHBIX TOCIEACTBHIA BO3IEHCTBUA HE(TENPOAYKTOB Ha
OKPYKAIOIIYIO CPELy.

Heab u pe3yabTaThl HCCIEIOBAHUS — pa3paboTka (QYHKIIMOHAIBLHON MOJENH, KOTOpPas
MO3BOJIUT TPOEKTUPOBATH MHOTO(PYHKIIMOHAIbHBIE YCTPOICTBa, oOecredyuBaronife OBICTPBIA U
KaueCTBEHHBIN MpoIlecc JTUKBUAANUU aBapuiiHoro pasnusa HepTu (JIAPH) [2]. Jdnst gocTmxkenus
1[eT1 OBLTU BBIMOJHEHBI CIEAYIONINE BUIbI paboT:

® IMPOBEJACH aHaJIW3 pPbIHKA YCTPOMCTB, HCHOJB3YyEMbIX NPH JIMKBUJALUU Pa3IUBOB
He(TENPOIYKTOB B PA3IMYHBIX YCIOBUSIX;

e OcCylIecTBIIeHa KiIaccu(PUKaIus JAHHBIX YCTPOICTB MO YPOBHIO arperaTupoBaHus, T.€. 0
BO3MOYXHOCTH JIMKBUIALIMHU PAa3JIMBa OJJHOW TEXHOJIOTHYECKON MAILIMHOM;

e BbIJIEJICHBl OCHOBHbIE (DYHKIMH, HEOOXOTUMBIE [JIsl TOJHOTO BBIMOJHEHUS IMpoliecca
JIAPH.

Ha ocHOBaHMY MOJTy4E€HHBIX PE3YIbTATOB MPEJIOKEH U 0XapaKTePU30BaH MPUHITUT PAOOTHI
MHOTO()YHKITMOHAJIPHOTO YCTPOWCTBA, COYETAIOIIETO MEXaHMYECKHH M XUMHUYECKHHA CITOCOOBI
JMKBUAINN aBAPUIHOTO pa3inBa HEPTH HEMOCPEICTBEHHO B aKBATOPHUSIX PEK (PUCYHOK).

JlaHHass KOHCTPYKIIUSI TO3BOJISIET YCTAHOBKE OBITh MOOWJIBLHOHM, YHHBEpPCAIBHOM W Ooiee
NPOCTOM B JKCIUTyaTalMu Oe3 CHWKEHUS >(PQPEKTHUBHOCTH IO CPAaBHEHUIO C CYLIECTBYIOIIMMU
aHasioraMu. lcronb3oBaHue KOBIIAa B Ka4eCTBE OCHOBBI KOHCTPYKLHU TO3BOJISET NMPOU3BOIUTH
JIAPH yxe c nepBoro ypoBHs pearupoBanus no ®@enepansuomy miany JIPH [3]. Takum o6pazom,
JaHHasl YCTAHOBKA IMO3BOJISIET 3HAUUTEIHHO YMEHBUIMTHh BPEMs JIMKBUAALWU Pa3MBa, COXPAHSS
IIPU 3TOM KaueCTBO IpoIlecca YAAJCHHS 3arpsA3HsIONIEro HehTenpoIyKTa.
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¥YcTtaHoBKa YcTaHOBKa YCTPOWCTBA Ha PerynmpoBKaycTpoicTsa no
obopynosaHua U KOBLU 3KCKABATOPa,/Cyn0B0re [==»| OTHOWEHWID K NOBEPXHOCTH
HpaKa TPYHTa WK BOAbI
ero nepemeuweHue
MexaHuueckui cbop MocTynnenue cobpaHHoi MocTynaenue cobpaHHoR
paznnea NpK NOMoLM HEdTH B MOJY/b OTHAUKM - HEdTH BEMKOCTD A1A
MexXaHMueCKHi 2abopHoro ycTpokcTea HOBW XpaHeHuA
c6op pasnuea N N
MocTynAeH e HedTH B
Heqﬂ-e"po‘“"“-a Ynanexue ckpebramu Hedn HarHeTATE/IbHYH MarucTpas
¢ 3afiopHoro ycTpokcTea NP NOMOLLMA NOTPYHHOMO
Hacoca
OesakTHBaUMAa MU
] W cBio
c6op paanuea npu Moctynnexne copbexta B PacnblneHne copbenTa npu OTpaﬁ;T);al-i:Z:ii:T;‘E‘ZHTg ngm
NOMOLLLMA HarHETATEBHYIO MAIHCTPa/b (= TIOMOULM CNEUMBABHBX =¥, o1 afiopkoro yerpoiicraa
cop6upyoiero M3 HaMepsl XPaHeHHA pacnpefenuTebHbIX HACAA0H {cm. eMexamueckwii chopn)
BelllecTBa

Pucynok — Cxema paboThl yHUBEpCAILHOI'O MHOTOQYHKIIOHaNBHOTO yeTpoiicTBa JIAPH

Jlureparypa

1. Jlynenko A.H., Karun B.Jl. IlepenBwknas ycTaHoBKa Ui OYHMCTKH pabodnx
MOBEPXHOCTEH OT Pa3IMBOB HEPTECOIECpP)KAIIMX KUAKOCTEH M cOOpa CHITYYHMX MEIKOKYCKOBBIX
marepuanos: Ilar. 104197 Poccuiickas ®enepanms: MIIK EOIP 1/08 (2006.01). Xabaposck,
JABI'YIIC. Ne 2010144258/21; 3asBxn. 28.10.2010; omy6s. 10.05.2011, brom. Nel3. 3 c.

2. Heuwaes JI.A., UYyxapesa H.B. IlpumeHenue (QyHKIIMOHAIBHOW MOJAEIH TPH
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MPOMBIIIJICHHOH 0e30macHoCTH coBpeMeHHoro mupa», 2017 r.; C. 196-198.

3. PJI 153-39.4-114-01 TlpaBuia TUKBUAIMN aBapuid W MOBPEKICHUA HAa MaruCTPaIbHBIX
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http://www.gosthelp.ru/text/RD15339411401Pravilalikvi.html, cBo6oanbIii. — 3ara. ¢ TUT. 3KpaHa
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NAEHTUOUKAILINA HE®@TEITPOJAYKTOB IIPU ITOITAJIAHUUA B
BOJ/IHBIE OB BEKTbI OKPY)KAIOH.IEPI CPEJIbI
AM. Kamkesuu, C.1. Meteauuna, B.H. JIoces

HUUI] «Kpucmann» Cubupckoeo gpedepanvroco ynusepcumema, 660041, Kpacrospck, np.
Cs0600nbiii, 79

E-mail: a-n-n07@mail.ru

B mnocnennee BpeMmsi Oousbllioe BHUMaHUE YIEISETCS KOHTPOIIO COCTOSHUSL OOBEKTOB
OKpY>KaloIIel cpelibl, YTO CBSI3aHO ¢ MHOTO(AKTOPHBIM BO3JCHCTBUEM Ha HUX KaK €CTECTBEHHOTO,
TaKk M aHTPOIIOT€HHOI'0 XapakTepa. YTEUKH IOproue-CMa30uHBbIX MAaTEpUajoB NPHU JKCIUTyaTallUH
MPOMBIIIJICHHBIX OOBEKTOB U TPAHCIOPTAa MPUBOAAT K 3arpsi3HEHUIO OKPYXKAIoUlel Cpensl,
Hanboee ysI3BUMOM 4acThIO, KOTOPOU SIBISIFOTCS BOJIHBIE YKOCUCTEMBI, SBIISIOMINECS UCTOYHHUKOM
MUTHEBOM BOJIBI U CPEIO OOUTAHNUS KUBBIX OPTaHU3MOB.

XapakTep BO3JCHCTBUS Ha >KMBBIE OpraHuW3Mbl INpU TONAJaHUM TOPHYE-CMAa304YHBIX
MaTepuasgoB U HePTENPOAYKTOB B OOBEKTHI OKpPY)KAIOIIEeH MPUPOTHON Cpebl CBSI3aH C COCTaBOM
yIJI€BOJOPOAHOM cMecH. M3BecTHO, UTO psAl yIrIeBOAOPOAOB AKTUBHO IMOIVIOIIAETCS HEKOTOPBIMU
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MUKpPOOpPTaHW3MaMH M pPACTEHUSMH, B pe3yJbTaTe€ 4Yero HUX HeratuBHbIA 3S((EKT 3aMeTHO
cHKaercsa. [loaToMy BaKHBIM 3JIEMEHTOM TP KOHTPOJIE COCTOSIHUS, B YaCTHOCTH, BOJHBIX
00BEKTOB, HEOOXOIMMO HCIOJB30BATh METOJbI, MO3BOJSIOLINE PaA3JENbHO HAECHTU(UIUPOBATH
yraeBoAopoAbl. JIIOMUHECHEHTHBI METOJ 3aHUMaeT o0co00e MeCTO JUIsi OOHapyXeHHS H
UICHTU(PUKAIUN CIIOKHBIX OPraHUYECKHX MOJIEKYN, B TOM YHcCIe HEPTEHPOAYKTOB, 00JIaal0LIUX
JIFOMUHECLIEHLIUEM.

Hear pabdoTbl — wucciaenoBaHUE BO3MOKHOCTH HJAEGHTU(GUKALUKA He(TEnpoayKTOB
JIOMHHECLEHTHBIM METOJIOM B IPUPOIHBIX BOJAX.

Marepuanbl u Meroabl. OOBEKTOM WCCIENOBaHUS sBIsIach Boda p. Enucei,
3arpsi3HEHHas] MPOMBIIUICHHBIME MaciaMu: TypOuHHbIM MacioM (T-30), tpancdopmaropusim (T-
750), nanycrpuansabiM (M-30). Macna skcTparupoBalid U3 BOJIbI TEKCAHOM U PETUCTPUPOBAIIN MX
CIIEKTPaJIBHOIIOMHHECIICHTHBIC XapaKTepUCTHKH Ha crnekrpoduryopumerpe Cary Eclipse ¢upmsbr
Varian (ABcTpausi).

Pesyabtarhl. [lpun o0mydenun Y@D-CBETOM 53KCTpaKThl Maced JIIOMUHECHHUPYIOT CHHE-
(hH0NETOBBIM CBETOM. MaKCUMyMBI CIIEKTPOB BO30YXACHHS JIOMUHECHECHIMH (puc. 1) it Bcex
Tpex oOpasioB Macen pacrnonoxenbl nmpu 480 HM. CrekTpbl BO30YXACHHUS JIFOMUHECLECHIIUH
MPEACTABIISIIOT 000 mupokue mojaockl B oomactu 400-500 HM co c1abo BeIpaKEHHON CTPYKTYpOit
st o6pasuoB macen T-30 u M-30. Paznuuust B criekTpax Bo30yXI€HUS JIIOMUHECIICHIIUN B 00J1aCTH
300-350 BM w Hamumume cnabo pas3pemieHHONW CTPYKTYpPhl B CHEKTpax JIIOMHUHECICHIIMH
MCTOJIBb30BAHO I UACHTU(HUKAIIMYA Macel B IPUPOIHBIX BOJAX.

lum

T-750
2 5
T-30
_/_1,_/\ 4
n-30
300 350 400 450 500 550 600
A, HM

Pucynok 1 — Crektpsl Bo30yxaenus momunecteniun (1-3) u momunectennnu (4-6) macen U-30 (1,4), T-
30 (2,5), T-750 (3,6)

bonee geTkas HHGHTH(bHKaHHH OpTraHUYCCKUX COG,Z[I/IHGHI/Iﬁ AJOCTUracTcCsa JIOMHUHECIICHTHBIM
METOZIOM, TIOJYYMBIIEMY Ha3BaHHE «MeTOoA orneuaTkoB manbiieB»  (fingerprints), npu
HCIOJIb30OBAHUU TPEXMCPHBIX CIICKTPOB JIIOMHUHCCUHCHIHNU, XAPAKTCPHBIX I WHAWBUAYAJBbHBIX
coeMHeHNH,. [IpOeKIINK TPEXMEPHBIX CIIEKTPOB JIIOMUHECIICHIIMN TIPUBE/ICHBI Ha PHUC. 2.
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Pucynok 2 — IIpoekuun TpeXMepHBIX CIIeKTpOB JoMuHecHenuun Macen M-30 (a), T-30 (6), T-750 (B).

PaBJ’II/I‘II/Ie B TpeXMepHBIX CHGKTan JJIOMUHCCLCHIINU ITO3BOJIACT 60.]'[66 TOYHO HpOBeCTI/I
UJEHTU(DUKAITIIO Macell.

3akarouenue. [TokazaHo, 4TO TIOMUHECIICHTHBIN METOJ] B BAPUAHTE PETUCTPAIIUU CIIEKTPOB
BO30Y)KJCHHUS JIIOMHUHECIICHIIMM W JIIOMHHECIICHIIMM B BapUaHTE PETHCTPAIlMH TPEXMEPHBIX
CIIEKTPOB JIIOMUHECIICHIIMU MOKET OBITh MCIOJB30BaH JUISl UACHTU(PHUKAIMKA HE(PTEIPOTYKTOB, KaK
3arpsI3HUTEINICH TPUPOJTHBIX BOJI.

JETOHAIIMOHHBIE HAHOAJIMA3BI — HOBBIV MHCTPYMEHT JJI51
ONPEJAEJIEHUS ®EHOJIA B BOJHOM CPEJIE
H.O. Pon:xun, A.Il. Ily3sips, B.C. bonnapn

Hnemumym 6uogpuzuxu CO PAH, @edepanvhbiii uccredosamenvcekuti yenmp «Kpacnosapckuii
nayunwiti yeump CO PAH», Axademeopoodok, 660036 Kpacnospck, Poccus

E-mail: roniol@mail.ru

OpHOl M3 aKTyalnbHBIX 3a7ad COBPEMEHHOW aHAIUTUKH SIBIISIETCS pa3padOTKa MPOCTBIX U
3¢ (EeKTUBHBIX CPEICTB MOHUTOPUHIA KAadecTBAa BOJBI U OBICTPOTO BBISIBICHUS HEXKETATENbHBIX U
TOKCHYHBIX COeIMHEHHI B CTOYHBIX BOJIaX U OKpy»xatouieii cpene. K Haubonee pacnpocTpaHeHHBIM
BO BCEM MHPE IKOJIOTMYECKUM TOKCUKaHTaM, MOCTYIAIOIIUM B BOJOEMBI CO CTOKAMHU MPEANPHUATHIH,
OTHOCATCS (PEHOJBI M UX MPOU3BOAHBIE. [/ cO3MaHusl HOBBIX CPEACTB JETEKIMU (DeHOIa B BOAHBIX
cpelax MHTEpeC MOTYT MPeNCTaBIsATh MoAUUIMpoBaHHbIe HaHoanMa3bl (MHA) neToHanmoHHoro
cuHTtesa [1,2]. MHA copepxat Ha cBO€i MOBEPXHOCTH Pa3INYHbIE XUMUYECKN aKTUBHBIE TPYIIIBI U
MUKPOTIPUMECH METAJJIOB U MPOSIBISIIOT KATaTUTUYECKYI0 aKTUBHOCTh B PEAKIIMN OKUCIUTEIHHOTO
azocouetanus (peHon — 4-aMUHOAQHTHIUPHH — IEPEKHCh BOJOPOJA), KOTOpas COMPOBOXKIAETCS
00pa3oBaHHEM OKpAIIEHHOTO MPoAyKTa [3, 4].

Heab padoTsl — wHcciaeqoBaHWE NPUYUH KaTanutudeckoro sddexra yactuiy MHA B
pEeaKuy OKHUCIUTEIHHOTO A30COUYETAHWS M OICHKAa MPUMEHUMOCTH [aHHBIX HAHOYACTHIl JIS
MHOTOKPaTHOT'O TECTUPOBaHUs (eHOJIa B BOJHOM cperie.

Matepuajbl U MeToAbl. B skcniepumenTtax ucnonb3oBamu odpasusl MHA co cpepnum
pasmepoM kinactepoB (dsp) B rumposonsax 50 u 270 HM, MONTydEHHBIC U3 B3PBIBHBIX HAaHOAIMAa30B
poccuiickoro npousBojicTBa (OOO Pean-JI3epxkunck, Poccusi) pazpaboTaHHBIM paHee CIOCOOOM
[5]. Pactipenenenue pa3mMepoB KiiacTepoB mM3ydaembix oOpaznoB MHA B ruapo30msx OneHuBalIn C
nomortpio Zetasizer Nano ZS (Malvern Instruments Ltd., Anrmnus).

[Ipumensiempie peareHThl: 4-amuHOaHTUTIUPUH (4-AAIl) xBamudukanum «uma» (Peaxum,
Poccus), ¢enon (Flucka, T'epmanusi), 3%-Hblii pacTBOp mepekucu Bogopona (OAO
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®dapmarneBtuyeckas padbpuka Cankt-IlerepOypra, Poccust), conp xjaopuaa HaTpust U COJM IBYX- U
TPEXBAIECHTHBIX METAJUIOB POCCUHCKOTO MTPOU3BO/ICTBA KBUTU(DUKALIUH «XU» U «UIa».

[Ipy mnpoBeneHUM peaklUUd OKHUCIUTEIHHOIO a30COYETaHMsSI KOHEYHas KOHILIEHTPAlUs
MHTPEIMEHTOB B 00beMe peaknoHHOM cMmecu coctasisiia: 0.03% nepekucu Bogopona; 0.10 mr/mi
4-AAIT; 0.56 mr/mn denona. Peaknuio WHUIMUPOBAIHM 100aBKOW pPAacTBOPOB HOHOB METAILJIOB
(KOHIIEHTpaIHs B IpooOe 5x10™ mr/mi) i ruaposonst MHA (xonuenTtpanus B ipode 0.5 mr/mn).
KonnuecTtBo o0pa3oBaBiierocss B XoJ€ peakIMHM LBETHOTO MPOAYKTa OMPEIENSIN C IOMOILBIO
CIIEKTPAILHOTO aHalu3a 00pa3oB nocie ynaneHus u3 Hux yactul MHA. CrekTpaibHyI0 OLIEHKY
npoBoauin Ha crnekrpodoromerpe UV-1800 (Shimadzu, SmoHus) mo BeIMYWHE ONTHYECKOM
IUIOTHOCTH 00pAa3I0B MpH JIHHE BOJIHBI 506 HM.

Copnepkanue TMpuMeced HWOHOB MeETAIOB B oOpasmax MHA ¢ pasHeIMEH pa3Mepamu
KJIaCTEPOB OIICHMBAJIM C TIOMOIIBIO 3JEMEHTHOIO aHAlIKW3a HAHOYACTHUIl Ha 3JIEKTPOHHOM
mukpockorie TM-1000 (Hitachi, SAnonwus).

Pe3yabTaThl. YcCTaHOBIEHO, 4YTO Katanuthueckuii sdpdexr MHA B peakuumn
OKHCIUTEIBHOTO a30codyeTanus (GpeHosn — 4-aMUHOAHTUITMPUH — TIEPEKHUCHh BOJOPO/IA) PeaTU3yeTCs
Omarosapst MUKpPOIIPUMECSIM HOHOB eJie3a U Meu (puc. 1) Ha MOBEPXHOCTH HAHOYACTHII.

0,16
3 0.4
. 0,12 .
g T 034
5 5
= 0,08 E 02 .
2 3
=) a
O 0,04 o 0,1 1
1
0,00 » : * 0.0 ; : ‘ . .
0 10 20 30 0 2 4 6 8 10
Bpems, MUHYTbI KoHueHTpauns peHona, MKr/mn
Pucynok 1- 3aBucumMocTb 00pa3oBaHUs MPOIYKTA Pucynok 2 — 3aBucuMOCTb 00pa30BaHUs IPOAYKTa
peaknu OKUCIUTEIHHOTO a3ocoueTanus (penom — peaxiun, karanumsupyemoit MHA, ot KoHIeHTpanun
4-AAII — mepexrch BOIOPOIa) OT BpEMEHH! (henona (uukyOanms o0pasios 10 munyt npu 40°C).

MHKyOanuu o0pasios: 1 — 0e3 karanuzartopa; 2 u 3 —
pu 100aBKe MOHOB MENIU U JKeesa,
COOTBETCTBEHHO.

BrisiBIeHO, 4TO B JaHHOW peakiuu Katanutuudeckas 3¢dexktuBHOocTh MHA ¢ pasHbIMU
pa3MepaMH KJIACTEPOB ONPEIENSIETCd KOJIMYECTBOM IOBEPXHOCTHBIX INPUMECEH 3TUX HOHOB.
[lokazaHo, 4YTO Tpu BBHIOPAHHBIX YCIOBUAX OKCIIEPUMEHTa MOBBIIIEHHE TEeMIIepaTyphl
karaauzupyemoi MHA peaknum aszocodyeTaHus NPUBOAMT K 3HauuTeNbHOMY (1m0 4,5 pa3)
YBEIMYCHUIO BBIXOJa IIBETHOTO MpoaykTa. MccnenoBan karanmutudeckuii 23¢pdpexktr MHA B peakiuun
a30COYETaHUS MOCIE TOTIOTHUTEIHLHON aIcOpOIMU Ha TIOBEPXHOCTH HAHOYACTHII MOHOB KeJe3a U
Meau. Pe3ynbTaThl 9KCIIEPUMEHTOB CBUIETENBCTBYIOT, UTO KaTayuTrueckas 3¢ dexkruBHocTh MHA
IpU TECTHPOBAHUM (DEHOJIa MOXKET OBbITh yBenwdeHa B 1,7 m 2 pasza 3a cUeT IOMOTHUTEIHHOU
azicopOLMK Ha TMOBEPXHOCTH HAHOYACTHUI] MOHOB MEIU HIIM Kelle3a, COOTBETCTBeHHO. [lokaszaHo,
yro npumeHenne MHA nans tectupoBanus ¢eHONa B BOAHOM cpele oOecneunBaeT JTMHEHHBIN
BBIXO/I IIBETHOTO MPOAYKTA PEAKIIUHA a30COUCTaHUs B MHTEpBasie KOHIeHTpamuii anamuta 0,05 — 10
MKr/MI (puc. 2).
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B MoOmenpHBIX OKCIEPUMEHTAaX NPOACMOHCTPUPOBAHA BO3MOXKHOCTH MHOTOKPaTHOIO
ucnonb3oBanuss MHA nns TectupoBanust ¢enonma B BomgHoW cpexpe. IlokazaHo, uTo mpu
MIOCJIEIOBATENbHOM UYETBIPEXKPAaTHOM MNpuMeHeHun dactuy MHA nns ompenenenust ¢geHona B
BOJHBIX OOpa3lax C OJMHAKOBOW KOHIIGHTpalMed aHaauTa HaOMIoAaeTcss NpaKTUYEeCKU
OJIMHAKOBBIM BBIXOJ LBETHOIO MpPOAYKTAa. Pe3ynbTaTel NPOBENECHHBIX MCCIENOBAHUNA HMEIOT
MPAaKTUYECKOE 3HAYCHHE M OTKPBIBAIOT MEpPCHEeKTHBBI pa3paborku Ha ocHoBe MHA HOBBIX
MHAWKATOPHBIX CPEJCTB MHOIOPa30BOr0 MACWUCTBUS [UId BBIABICHHUA (eHoNa M (EHOIbHBIX
COCIMHEHUH B BOAHBIX CpElax.

Uccnedosanue  evinonrneno npu  Qurancosou  noooepicke  Poccutickoeo  ¢onoa
@ynoamenmanvuvix uccredosanuti, Ilpasumenvcmea Kpacnospckoeo kpas, Kpachnospckoeo
Kpaesozo ¢honoa noooepiHcKU HayuHOU U HAYYHO-MEXHUUEeCKOU 0esimelbHOCMU 8 PAMKAX HAYYHO2O0

npoexma Ne 16-43-243027.
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BUNOJIOMHUHECHEHTHAS TECT-CUCTEMA J1JI151 BBISIBJIEHU S
TEXHOI'EHHOI'O 3ATPA3SHEHMUS ITIOYBbI
JI.B. CrenanosBa, JI.M. Baiiruna, B.C. MatBuenko, H.B. Pumankas, A.A. IlInex
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DKOJIOTUYECKOE COCTOSIHHE TOYBBI SBISICTCS YHHUBEPCAIbHBIM HHAWKATOPOM COCTOSHUS
ouocdepsl, MO3TOMY MMOYBEHHBII MOHUTOPHHI 3a4acTyl0 HCIOJb3YIOT AJIA OLEHKU 3arpsi3HEHUus
MpUPOAHON cperbl. KpaitHe HeraTHBHOE BIUSHUE HA MMOYBY OKA3BIBAIOT TEXHOTCHHBIE BO3CHCTBHUS,
KOTOpBIE SIBISIOTCSI UICTOYHMKAMH XHMUYECKOTO 3arps3HEHMs], HAlPUMEp TSKEJIbIMH MeTallIaMH
[3]. CymecTByromuye METOAbl XMMHYECKOTO M OHWOJOTHYCCKOIO TECTUPOBAHHMS OrPAHUYCHBI B
BO3MOXXHOCTSIX. B Hacrosiiee Bpemsi O 3KCHPECCHOM OIEHKM 3arps3HEHUs CII0XKHOTO IO
OMOJIOTHYECKOMY COCTaBY 00bEKTa, Kak 1ousa, B Jlaboparopun OMOITIOMUHECIICHTHBIX TEXHOJIOTHIA
C®DY paspabaTeiBacTcsi METOAMKA (PEPMEHTATUBHOTO OMOJIFOMHUHECIIEHTHOTO OHWOTECTHUPOBAHMS,
aHAJIOTHYHO pPa3pabdOTaHHOM JUI HKOJIOTMYECKOTO MOHHMTOPMHIA BOJIHBIX JKocHucTeM [4,5].
KonctpynpoBanue OakTepuaibHON (DEPMEHTATHBHOW TECT-CUCTEMBI IMOCTPOCHO Ha KOHIICTIIIMH
monudepazHoro OMOTECTHPOBAHMS W OCHOBAaHO HAa HW3YYCHHHM BO3JCHCTBHUS OHOIOTHYECKOTO
cocTaBa MOYBHI B HATUBHOM COCTOSIHUU U B YCIIOBHUSIX €€ TOKCHKOJIOTUYECKOTO 3arps3HEHUs Ha
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Mapkepbl — cyOcTpaTbl OMOIIOMMHECLEHTHBIX pPEeakluil U aKTUBHOCTU KIIOYEBbIE (DEpPMEHTOB B
CONPSDKEHHBIX ¢ Jronudepa3oil B GpepMEeHTATHUBHBIX Lienoykax. OCHOBOM sl KOHCTPYMPOBAHUS
OMOJIFOMUHECIIEHTHOTO METOJ1a aHAIM3a SBIAETCS OM(epMEHTHAsI CHCTeMa CBETSIIMXCS OaKTePHIA:
NADH:FMN-okcunopenykraza+monudepasa. Ilpu  OHOTIOMHHECHEHTHOM  TECTUPOBAHHUH
MIPOUCXOUT CHU)KEHUE MHTEHCUBHOCTU CBEYEHHUS, 0OYCIIOBICHHOE yTHETEHHEM (epMEHTaTUBHOM
peakumu 3arpssuurersiMu [4, 5]. Takum o0pa3oM, 3Kcmpecc-OMOTECT  MOJICKYJISIPHO-
(epMEeHTaTUBHON MPHUPOABI MOXKET OBbITh NpUEMJIEMbIM IS WH(OOPMATUBHOTO U HAJIEKHOIO
KOHTPOJIS 3arPSI3HEHUS TTOYBHI.

Leab nccnenoBanus — onpeaeneHue BO3MOKHOCTH UCIIOJIb30BAHUS OMOTIOMUHECIIEHTHOTO
(bepMeHTaTUBHOTO OMOTECTA /ISl BHISIBJICHUSI TEXHOTCHHOTO 3arpsi3HEHHUS TIOUBHI.

Marepuanbl U metoabl. KpacHosipckum Pedepentneim Ilentpom Poccenbpxo3namzopa
(KPLI) 6putn mpenocTaBiieHbl mpoObl mouB (N=134) my1si TeCTUPOBaHUS, B3SThIE B OKPECTHOCTSIX T.
KpacHosipcka B iepro/ 16l HEOIarompHsATHON SKOJIOTHIECKON 00CTaHOBKH (PEXKHM «U4EepPHOTO Heba).
[TouBsl ObLTM B3ATHI B pa3pe3ax IayomHoil 10 20 cM W IpoaHATU3UPOBAHBl HA COJCpPKAHUE
METAIJIOB W TyMmyca, ompeaeneHsl pH u rpaHyIoMeTpuUYecKHil cocTaB B COOTBETCTBUHU C
TpeOOBaHUSAMU HOPMATHBHBIX JOKyMeHTOB [1]. BoaHyH BBITSDKKY TIOYBBI TOTOBHJIH B
COOTBETCTBUM C HOPMATHBHBIMH JOKYMeHTaMu [2] mpu pa30aBieHMH 5-M KpaTHBIM 00BEMOM
JTUCTHJUTHPOBAHHON BOJBI.

buonioMuHeCIEeHTHOE TECTUPOBAaHHWE MPOOBI IMOYB MPOBOJMIM C HCIOJIB30BAHUEM
OaktepuanpHoli  OudepmentHoit  cuctemsl ~ NADH:FMN-okcunopenykrazat+monudepasa,
Bxogsamux B KomiuiekT peakTHBoB KPAB (Mucrtutyr Omodmsmku CO PAH, KpacHospck).
CBedeHHEe peakIMOHHOM CMECH perucTpupoBaiu Ha JomuHoMmerpe Promega GloMax (CILA). B
KauecTBe IOKa3arensi OOIIero 3arps3HeHHs HUCHoib30Baiu ocratouyHoe cBeueHue (T, %),
BBIUUCIIIEMOE KaK OTHOLICHHE MAaKCUMAJIbHBIX MHTEHCUBHOCTEW CBEUCHMS B MPUCYTCTBUU BOJHOU
BBITSDKKM TIOYBBl U JUCTUIUIMPOBAHHON Boabl (KoHTpoib). IIpu T>80% wuccrnenyembie mpoObI
cuMTalIM He 3arpsi3HeHHbIMU, 50%<T<80% — 3arpsasHeHHbIMU, T<50% — CHUIIBHO 3arps3HEHHBIMU.

CratucTuyeckyo 00pabOTKy JaHHBIX MPOBOJMIM B MAaKeTe MPHUKIAJHBIX mporpamm Excel
(Microsoft, CHIA). KoppensiunoHHYIO CBsI3b OLleHMBaIM Mo Kputeputo CrmpmeHa. 3HadeHUs
CUMTAJIM IOCTOBEPHBIMHU IIPHU YPOBHE 3HAUMMOCTH He Huxke 95% (p<0,05).

Pe3yabTaThl XMMHUYECKOTO aHAJIHM3a MOKa3aJid, YTO MOYBBI OTHOCATCS K CJIA0OIIETOYHBIM
(7,5-8,5 pH) ¢ comepkanrem ¢pakuuii Meiakoi meutn Menee 50% ot obmieit macchl. CoepKaHHIO
METaJUIOB B Ipobax ObLI0 mpeBbIieHo 1o cpaBHeHuto ¢ I1JIK. buomoMuHecieHTHOE TeCTUpOBaHHE
BBISIBUJIO 3arpsi3HEHHE MpoO TOYB, 3arpsS3HEHHBIX MBIIIBIKOM, CHJIBHOE 3arpsi3HEHHE IOKa3aiu
poOBbl, cosiepKalue CBUHEN U (PTop, Kak MOKa3aHo B TabJHIIE.

Tabnuma — [Tokazarean XUMHYECKOTO aHaIH3a ¥ OMOTFOMHHECIIEHTHOTO TECTUPOBaHUS 1mouB (MS)

DJIeMEHT - Conepxanne | Copmepka-HuE Kucnorso- CymMma gactur | OcTtaTouHOe
3arpsi3HUTEND | 3arpsA3HUTEINS, rymyca, % OCHOBHOE Mmenee 0,01 cM, | cBeuenue, %
MI/KT cocrosaue (pH,0) %

Cauner 113,6+100,1° 7,4+1,6 7,8+0,5 28,1+3,9 31,0+14,1
dTop” 180,6+69,2" 6,3+2,8 7,8+0,4 37,2+6,6 46,5+15,0
MBIITBAK 5,2+2.4° 4,8+2,6 8,3+0,4 40,445,1 50,1+17,5

ITpumeuanue: 1 n=19; 2 - n=59; 3- n=56; ® — Banosoe, "- BOJIOPACTBOPUMOC.

AHalM3 KOPPEISIMOHHBIX CBS3€H MEXKIYy BO3PACTaHHMEM OCTAaTOYHOI'O CBCUCHHUS U
MOKAa3aTeIIMH XUMHUYECKOT0 aHaju3a IOoKa3al, 4To Ui Npo0 IModYB, cojaepkamux (GTop, Ha
pe3yiabTaThl aHAJIM3a BIMSIOT YMCHBIICHHE COACp)KaHHUS B oOpasliax BOJOPACTBOPUMON (OPMBI
¢dropa (r=0,66), a Taxke yBelIWYeHUE COAEPXKaHUS I'yMYyCOBbIX BemecTB (r=-0,92), pH (r=-0,77) u
rpaHmioMerpuyeckoro cocrasa (r=-0,70). B oOpasmax 1ouB, COAEPKAIIMX MBIIIbIK, Ha
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pe3yNbTaThl aHAIKM3a BIUSIOT YBEIMUEHHE BAJIOBOTO COJEpKaHUsS Mblibsika (I=-0,42), TyMycOBBIX
BeriectB (r=-0,94) u rpanuwnomerpuueckoro cocrtaBa (r=-0,92), ymenpmenune pH (r=0,83). B
oOpa3nax TMO4YB, COJEpXKAIIMX CBUHEL, Ha pe3yibTaTbl aHaIM3a BIMSIET YBEIMUEHUE
BOJIOPACTBOPUMOTO cojiepkanus cBuHIa (r=-0,4) u rpanuioMmerpudeckoro cocrara (r=-0,4). Ilpu
3TOM BOJOpacTBOpuMMasi popmMa CBHHIIA B BOJHBIX BBITSKKax mouB cocTamisiia 0,1% ot BayoBoii
(bopMmBL.

3akiaouenue. [lokazaHa BO3MOXXHOCTh HCIIOJB30BaHMUS OM(PEPMEHTHOM CHCTEMBI
NADH:FMN-okcunopeaykraza+ionudepasa B KaueCTBE JUATHOCTUYECKOTO HMHTETPAIBHOTO
MOKa3aTessl TEXHOINeHHOTO 3arps3HeHHs MOouBbl. HezaBUCUMO OT MPUpPOABI 3JIEMEHTa-3arPsI3HUTEIS
BEJIMYMHA OCTAaTOYHOI'O CBEYEHMS, 3aBUCALIAS OT KOHILICHTPALUUU 3arps3HUTENS U COJCPKAHMS
I'YMYCOBOI'O BELIECTBA, U3MEHSIETCS CXOXKE JIJISl BCEX IIOUB.

Hccneoosanue svinonneno npu gunarcosoii noodepicke PH® (npoexm Nel6-14-10115).
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B Hacrosiee BpeMsi HIMPOKO HCIOJIb3YETCS CHEKTP AHATUTUYECKUX CHUCTEM Ha OCHOBE
XOJIMHACTEpa3 JUIsl SKCIPECCHONW OIEHKH TOKCUYHOCTH AKOCHCTEM PA3IU4HOM C0kKHOCTH. CBsI3aHO
9TO B IMNEPBYIO 04YCPCAb C HUX BBICOKOM YYBCTBUTCIIbBHOCTBIO M CCJICKTHBHOCTBIO OIPCACIICHUA
MHrHOUTOpOB. TeM He MeHee, MPAKTUUYECKOE HCIOJIb30BaHUE JIOOBIX (PEPMEHTATHUBHBIX METO/OB
KOHTPOJISI 00BEKTOB OKPYKAIOIICH Cpebl Ha CETOHSITHUN JEHb OCTACTCSI BEChMa OTPAaHHUYCHHBIM.
W cBsi3aHO 3TO HE CTOJBKO C OTCYTCTBUEM HOPMATHBHOW 0a3bl MX MPUMEHEHHs, CKOJIBKO C
Hp06H€MaMI/I CTaGI/I.HBHOCTI/I AHAJIUTUYECKOTO CUTHajla U HHU3KOU CEJIEKTUBHOCTU ONpCACIICHUA
WHTUOMTOPOB B MHOTOKOMIIOHEHTHBIX cpeaax [1]. Bomee Toro, ¢gepMeHTH HEYCTONYHMBHI TIPHU
Pa3IMYHbIX BO3/EHCTBUSAX: TOBBIIIEHHBIX TEMIIEPATYpPax, SKCTpeMaibHbIX 3HaueHusX pH u T.1. [2].
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Jlng  Gonee  IIMPOKOTO  HKCIOJIB30BAHMUSA  XOJNMHACTEpa3 B METOJAX  AKOJOTHYECKOTrO
OMOTECTUPOBAHMS, OLIEHKH KayecTBa BOJbI, BO3yXa U MMOYBbI HEOOXOAUMO MOJIYYECHUE PEarcHTOB,
COYETAIOIIUX CTAOMIBHOCTh MPU XPAHEHUH U HMCIIOJIb30BAHUM C YYBCTBUTEIBHOCTHIO K JEHCTBUIO
MHTHOHMpYIoMX BemmecTB Ha yposHe T1JIK.

Ilean padorbl — crabunmsanus Oyrupuiaxonuuadcrepassl (BUChE) mytem eé coBMecTHOM
UMMOOHIH3aIUK ¢ 5’ 5-auTHoOuC (2-HUTPOOCH30MHOM KHCIOTOI) B Teii HAa OCHOBE MPUPOIHBIX
MOJINMEPOB.

Marepuanbl U Meroabl. MMmoOwmmsanuio BUChE B kpaxmajibHbBIN Tellb MPOBOIMIN
ClIeqyIomKUM 00pa3oM: CYCHEH3MI0 KpaxMmala MeJJIEHHO HarpeBaj, NOoBOAs A0 kureHus. [lpu
MPOBEICHUU UMMOOMIIM3AIMH B JKEIaTUHOBBIM Telb: CYCIIEH3MIO JKETaTHHA MEUIEHHO HarpeBalu
no 80°C, 3atem oxnaxmanu 10 Temmeparypbl 25°C, mociaenoBarenbsHo BHOCHIM (GepMeHT u 5’°5-
aUTHOOHC (2-HUTPOOCH30HYIO KHCIOTY). [lomydeHHy0 cMech TIaTenbHO nepeMemuBany. [Janee,
[P TIOMOIIM aBTOMATHYECKOW CTaHIMU mpobomoaroToBku epMotion 5075 dupmer «Eppendorf»
(I'epmanus) no3upoBanu Mo 25 MKJI Tejsl, COAEPXKAIIEro KOMIIOHEHTBhI CHCTEM, Ha JIaBCAHOBYIO
IVIEHKY M BhIcymmBanu npu temmeparype 8°C B Teuyenne 24 uacoB. AxrtuBHocth BuChE
OIIpeAEIISIN 10 MeToly DiuiMaHa [3]. Perucrpanuio onTu4eckoil IOTHOCTH pacTBOpa MPOBOAMIIN
npu mivHe BOJHBI 412 HM. [lo M3MEHEHHIO ONTUYECKON IJIOTHOCTH BO BPEMEHM BBIYUCISIN
CKOPOCTh TUApodm3a cyocTtpata S-OyrupuntuoxonuHa iomuctoro (S-BuChl) pactBopumoi u
nMmoOum3oBanHo BuChE, mo momydeHHBIM pe3yiabTaTaMm Jefladd BbIBOJA OO0 aKTHBHOCTH
MMMOOMIIN30BaHHbBIX peareHToB. OnpeneneHrne ONTHYECKON MIOTHOCTH 00pa3lioB MIPOBOIMIOCH HA
cnekrpoporomerpe UVIKON 943 A (Contron Instruments, Wramus). B xome paboTel Obuin
MOJIYYCHBI PEareHThl ¢ pa3inyHbIM cojepxanneM BUChE u uHaukaTopa Ha THOJOBYIO TpyIy —
5’5-mutroOuC (2-HUTPOOCH30MHOM KHCIIOTHI) (PEaKTHB DINIMaHa) B KpaXMaJIbHBIX U JKEJIATHHOBBIX
HocuTelsIX. PeareHt npencrapisieT coO0i BBICYIIEHHBIA TUCK JHaMETpoM 6-7 MM, cyxoi Bec 1,5 +
0,2 mr.

Pe3yabTaTsl m ux obcy:xkaenue: Ha puc. 1 Bumno, yto mpu BkiatoueHun BuChE kak B
KpaxMaJbHbI, TaK U B JKEJTATUHOBBIA TeJb aKTHMBHOCTH (pepMeHTa coxpaHsieTca. BHeceHue B
cocTaB peareHtra 5’5-muTHoOUC (2-HUTPOOEH30MHON KHCJIOTHI) HE MPUBOIAUT K CYIIECTBEHHOU
MoTepe aKTUBHOCTH PEareHTOB Ha BCEM HCCIIEAYEMOM JHara3oHe KOHIeHTpauui. Takum oOpazom,
KaK KpaxMaJbHBIA, TaK M KEJIATHHOBBIM I'ellb MOTYT HCIOJIb30BaThCS B Ka4eCTBE HOCHUTENS IS
MOJTyYeHHUs UMMOOMIIM30BaHHbIX peareHToB Ha ocHoBe BuChE.
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Pucynok 1 — 3aBucumocth ckopocTr Trapoiausa S-BuCh-1 or komuuectsa BuChE. 1 — pacrBopumast BuChE,
2 — BUChE, ummoOuIn3oBaHHass B KpaxMallbHbii reib, 3 — BuChE, uMMoOMIn3oBaHHAass COBMECTHO C
peakTuBOM OIIMaHa B KpaxManbHbIi renb, 4 — BuChE, nMMoOunn3oBaHHAsE COBMECTHO C pPEaKTUBOM
DiIMaHa B JKeJIaTHHOBBIN T'ellb
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Jlanee uccnenoBanu CTaOWIBHOCTh MPH XPaHEHHHM PEAreHTOB, MPEJCTAaBISIIOMIMX CO0O0M
BuChE, nMM0oOMIH30BaHHYIO COBMECTHO C PEAKTHBOM JJUIMaHA B KPaxMaJbHBIA M )KEIaTUHOBBIN
renu. [loka3aHo, 4YTO peareHTbl OTJIMYAIOTCS JAJUTEIBHBIM CPOKOM XpaHeHHs 0e3 moTepu
akTUBHOCTH. Tak, akTUBHOCTH peareHToB, cogepxamux 0,11 U BuChE u 0,2 MM unaunkatopa, He
u3MeHsiercss npu xpaHeHuun B TeueHue 300 cyrtok (puc. 2). Kpome Toro, mokaszaHo, YTO
MMMOOHMIIN30BaHHbIe ()EPMEHTHBIE PEAreHThl COXPAHSIIOT AKTUBHOCTh HE TOJNBKO B OydepHOM
pacTBope, HO M TUCTHILTUPOBaHHO Boje. [Ipu ncnonas3oBanuu BMecTo Oydepa TuCTHILITUPOBAHHOM
BOJbl AKTUBHOCTb PEAreHTOB, IMOJIYYEHHBIX HA OCHOBE KpPaxXMaJbHOTO U KEJIATMHOBOIO TejeH,
CHIJKAETCsl B 2 U 3 pa3a COOTBETCTBEHHO. TeM He MeHee, ISl JAIbHEHIIEro UCIOIb30BaHUs 3THX
peareHToB B OMOTECTHPOBAHUH (PAKT COXPAaHEHUSI aKTUBHOCTH B IUCTUJLTUPOBAHHOM BOJIE SBISCTCS
BECbMa Ba)XKHBIM, O3HAYAIONIMM, YTO JaHHBIE PEAareHThl MOKHO HCIIOJIb30BAaTh JIA MPOBEACHHUS
aHanM3a Mpo0 KIACCHYECKHM CIIOCOOOM TECTUPOBAHMS, T.€. HPOBEPss YPOBEHb OE3011aCHOTO
pasBeCHUS TTPOOHI.
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Pucynok 2 — 3aBucumMocTh ckopoctu ruaponnsa S-BuCh-1 ot Bpemenu xpaneHnss HMMOOUIM30BaHHOTO
pearenra, conepxarero 0,11 U Oytupunxonuascrepassl u 0,2 MM peakTuBa DjuIMaHa; ¢ — Kpaxmal, 6 —
KEJaTHH

Jis  uccnenoBaHUsT — UYBCTBUTEIBHOCTH  MONYYEHHBIX  PEAreHTOB K  JICWCTBUIO
dbochopoprannueckux coeauHeHnid (POC) B kadecTBE MOJIETBHBIX BEIIECTB ObUIM BBIOpPAHBI
raudocaT ¥ MaJlaTHOH, pa3IHyaroIInecs Mo Mexanu3my Bosneiicteuro Ha BUChE. [[yis moBbieHus
qyBCTBUTEIHHOCTH ompeneneauss @OC Obuta BBeJeHA MpoIEenypa MPeaBaApUTEILHON MHKYOAIMH
peareHTa B HCCIEIYEMOM PAcTBOPE HHTHOUPYIOIIETO BEIIECTBA B TEUCHHE 5 MUHYT. Y CTAHOBJICHO,
YTO peareHThl Ha OCHOBE >KEJJaTUHOBOIO Teisi He YYyBCTBUTENbHBI K JIEUCTBUIO MOJEIBbHBIX
uHruoupyromux Bemects. M3 puc. 3 Buano, yro BUChE, mMMoOnIm3oBaHHas B KEIaTHHOBOM
HOCHUTEJIe, TEPSET UYYBCTBUTEJIBHOCTh K JEHUCTBUIO MajlaTMOHa KoOHIeHTpauuu 0,5 MM, uyTo
cymectBeHHO (B 10 pa3) mpesbimaer [T/IK.

137



B TO xe BpeMs peareHThl Ha OCHOBE KPAaXMaJbHOI'O I'ejisl CHUKAIOT CBOIO aKTUBHOCTH Ha
74 % B npucyrcteuu 0,05 MxkM manatuona, yro coorBercTBYyeT ypoBHIO ITJIK. Konunenrpanus
MajaTHOHA, TMPU KOTOPOW HAOJI0IAaeTCs CHIDKEHHE CKOPOCTH (DEpMEHTATHBHOTO THUIpOJM3a S-
BuCh-I na 50 % (tak ma3piBacmas Beauunna ECsg) cocraBiser 0,5 MxM. CienoBaTelbHO, ¢ TOYKH
3peHusi MPAKTHUYECKOTO MCIOIb30BaHUS pa3padaThIBa€MBIX pPEAreHTOB B HAKOAHAIUTUYECKOM
KOHTpOJIE HaJ coaepkaHueMm (ochopopraHMuecKux COeIUHEHMH B oOpa3lax cpea, Kpaxmal
gBIAeTCs Haubosnee moaxomAmMM — HocuTeneM. llpenen  oOHapykeHuss MalaTHOHA B
TUCTWUTUPOBAaHHOM Bone coctraBwin 5 HM. Jlns rimdocara 4yBCTBUTENBHOCTh peareHTa He
noctatodyHa Juis onpenaenenus ero Ha ypoBHe [1JIK. IIpenen oOHapy)eHUs TaHHOTO COCTMHECHUS B
Boze cocraBun 80 MKM. Takol pe3ynbTaT MOXKET OOBSICHATHCA PA3IMUUSIMH B MeXaHH3Max
neicTBus BbIOpaHHBIX (ochopopraHMuecKux BemiecTB. J[eWCTBUTENbHO, MajaTHOH COJAEPIKUT
dochop, CBA3aHHBIA C aTKOKCWJIBHBIMU TpPYyNIaMH, 4YTO BJIE€YeT OOpa3oBaHHE MPOYHOU
KOBAJIGHTHON CBsi3u «pochopuin-cepur» B aktuBHOM 1entpe BUChE wu, kak cmenctsue, eé
HeoOpaTuMoe MHTuOMpoBaHue. B oTiinune oT mManaTuoHa, riaudocar coaep:kuT ¢ochop B cocTaBe
octatka (HochOpHON KUCIOTHI, HE CIIOCOOHOTO K MPOHUKHOBEHHUIO B aKTUBHBIHN IIEHTP (pepMeHTa.
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PucyHok 3 — 3aBHCHMOCTB CKOPOCTH (pepMeHTaTHBHOTO THApoau3a S-BUCh-I ot truma Hocurens B
npucyrctBun manatuona B 1 gucke: BuChE — 0.11 U, peaktus Dmumana— 0,2 MM

3akJ/iloueHue. Y CTaHOBJICHO, YTO BKJIIOUEHHUE 5’ 5-TUTHOOKC (2-HUTPOOCH30MHON KUCIIOTHI)
HE MPUBOJAUT K CHIDKEHHIO aKTUBHOCTH MMMoOuan3oBanHoi BUChE. MmmooOunusarus BuChE B
KpaxMaJbHBI M KEJTATHHOBBIA T€IM COBMECTHO C 5°5-TUTHOOHC (2-HUTPOOCH30MHOM KHCIOTOM)
MO3BOJISIET TONYYUTh (DEPMEHTHBIC pEareHThl, OTIUYAIOIINECS BBICOKOH aKTUBHOCTBIO H
CTaOMIBHOCTHIO TIpH XpaHeHuU B TeueHue 300 cyrok. MMMoOMIM30BaHHBIC PEareHThl MPOSIBIISIOT
aKTUBHOCTh HE TOJIBKO B Oy(depHOM pacTBOpe, HO W B TUCTHIUIMPOBAHHON Boxe. IlomydeHHBIN
peareHT 001a1aeT BHICOKOH YyBCTBUTEIBHOCTHIO K JeiicTBrI0 DPOC.

B nmanpneiimem pa3paboTaHHBIM (EPMEHTHBI peareHT MOXKET MCIOJIb30BaThCs IS
OTpe/ieNICHUs yIbTPaMaliblX KOJMYECTB TOKCHYECKUX BEIIECTB B 00pa3lax cpea U JJsi KOHTPOJIS 3a
COOJTFOZICHHEM YCTAHOBJICHHBIX HOpM Ha cojepxkanne @OC B mpoayknuu OOBEKTOB MUIIEBOM
MPOMBIIIJICHHOCTH.
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N3YUEHUE HEKOTOPBIX ®U3NOJOI'MYECKUX OCOBEHHOCTEN
BUOIIVIEHOK HUTPMJITUAPOJU3YIOHINX BAKTEPUM -
HNEPCHHEKTUBHbBIX OBBEKTOB OUUCTKHU CTOYHbIX BO/1
A.C. 3opuna, 10.I'. MakcumoBa

Hncmumym sxonoeuu u eenemuku mukpoopzanuzmos ¥YpO PAH, [lepmo, Poccus
E-mail: cjcyf_92@mail.ru

[TpakTHuecku Bce M3BECTHBIE BUABI OakTepuil 00Jadal0T CIIOCOOHOCTBIO MPUKPEIUIATHCSA K
Pa3IUYHBIM MOBEPXHOCTSM U 00pa30BbIBaTh OMOIUIEHKHU [1]. XOTs OMOIUIEHKHM HEKOTOPBHIX BHIOB
MHUKPOOPIaHU3MOB MOT'YT ObITh BPEIHBIMHU, APYrHe OHOIIIICHKH JA0T OOJbIINE IPEUMYIIecTBa IpU
uX wucrnonb3oBaHuu. Haubonbliee npumMeHeHHE OUOIJICHKM HAILIM B OYMCTKE MPOMBINIICHHBIX
CTOYHBIX BOJ Ha OYHCTHBIX COOPY>KEHHSX, CPEH KOTOPHIX Haubosee pacrpoCTpaHeHbl a3POTEHKH,
METAaHTCHKH, OKCUTEHKH, OWoTeHKH W OmoduabTper [2]. OgHako Bce 0oliee yKECTOUYAIOIIUECS
TpeOOBaHUS K OYHMCTKE IPOU3BOJCTBEHHBIX CTOKOB TpeOYIOT pa3pabOTKU HOBBIX, OoJjee
3¢ (}eKTUBHBIX pelleHui B 00JacTH OYUCTKU. B CBsS3u ¢ ueM sBisieTCsl aKTyaJlbHbIM H3Yy4YeHHE
(U3MOIOTHYECKUX OCOOCHHOCTE MOHO- M CMEIIAHHBIX OMOIJICHOK JIJIsl IPUMEHEHUS UX B OYHCTKE
CTOYHBIX BOJI HA OCHOBE OMO(DHIIBTPYIOIIIMX CHCTEM.

Heas uccaenoBaHus — H3ydeHHE OMOIUIEHKOOOpPA30BaHMS, MACCHBHOCTU MOJMMEPHOTO
Matpukca u coaepxanust AT® B kiieTkax MOHO- U OMHAPHBIX OMOIUIEHOK HUTPUITUAPOIN3YIOLIUX
OaKkTepuil.

O0beKT HccaeI0BaAHUSI — TEPCIICKTUBHBIC I OWOKaTaln3a M OMOJOTUYECKONW OYHCTKH
mrammbl - Rhodococcus ruber gt 1 wu Alcafligenes faecalis 2, oGnamaromue BBICOKOM
HUTPUITHIPATa3HOW U aMH/1a3HON aKTUBHOCTHIO COOTBETCTBEHHO.

B 1yHKM TOJIMCTHUPONBHOTO IJIOCKOAOHHOTO  96-TyHOUHOro IUIAHIIETa BHOCHIIU
CUHTETHYECKYI0 MMHEPAIbHYIO Cpely U HMHOKYJIMPOBAJIU CYCHEH3UeW HUTPUITYTHIU3UPYIOIINX
6akrepuii. [Tocne 1-7 cyrok unky6anuu B Tepmocrate rnpu 30 °C 1uIaHKTOHHBIE KJIETKH YAAJSUIN U3
JYHOK JeKaHTaiuen, orMbiBain OuoruieHky 200 Mk kanmid-pocdarrHoro Oydepa u onpeaensiiv
OMOTIIEHKOOOpa30BaHUE 10 METOAY OKpPAaCKHU KPUCTAJUIMYECKHM (PHOJIETOBBIM, MAacCHBHOCTB
MOJIMMEPHOTO0 ~ MaTpuKca  METOAOM  OKpacku  (UIyOpecHeHTHBIM  KpacuTenem  KonA-
TeTPaMETUIIPOIAMUHOM, JSHEPreTUYECKUH CTaTyC KIETOK OHOIUICHOK OHOJIOMHUHECHEHTHBIM
METOJIOM.

Pe3yabTaThl mccienoBaHMil 1okasanu, uro wMarpukc Oworuienku Al. faecalis 2
HaKarjauBaics K 4 CyTKaM U Jjajiee ero KOJMYEeCTBO CHMXKAJIOCh B TEUEHUE BCEX OCTaBIIMXCS CYTOK.
Marpukc CMeIIaHHOW OWMOIUIEHKH JOCTUTal MAaKCHUMalbHOM MacCHMBHOCTM K 1 cyTkam u
MOCTETIEHHO YMEHbINAJICS B TEYEHHUE 5 CYTOK; Ha 6 CYTKH 3TOT MOKa3aTellb BHOBb YBEIMUUBAJICS C
MOCTIeTYIOIIUM CHUKCHUEM.

buomnenkoobpasosanue Al. faecalis 2 u OHOMIEHOK CMEIIaHHOW KyJIbTYPHI IMOKa3aHO Ha
puc. 1. MakcumanbHoe 6uorienkooopasoBanue Al. faecalis 2 u cmenranHO#M KynbTypbl HaOIIOAATH
Ha 2 CyTKH, IIOCJE€ Yero ONTHYECKas IUIOTHOCTh NOCTENEHHO CHIkamack. Ha 6 cyTku
OMOTIIEHKOOOpa30BaHNE CMEIIAHHOM KYJIbTYphl CHOBA BO3pAcTaio M K 7 CyTKaM MMeENO 3HaueHHE,
pasnoe 0,56.
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Pucynok 1 — buomienkoobpa3oBanue kietok Al. faecalis 2 u cmemaHHOM KyIbTypbI

Oneprernueckuid craryc Oomoruienku Al. faecalis 2 n OuomieHKH CMEIMIaHHOW KYJIBTYpBHI
nmokasaH Ha puc. 2. HaumbGombmee xommuectBo AT B kimetkax Ouorenku Al. faecalis 2 u
OMOTIIIEHKH Ha OCHOBE CMELIAHHOM KYJIbTYphl Habmoganoch Ha 2 cytku. Jlanee konuuectBo ATD B
ounorutenke Al. faecalis 2 cumkanocs B TedeHne BceX 7 CyTOK, TOT/Ia Kak B OMOIUIEHKE CMEIIaHHOM
KYJbTYpPbI CHIXKAJIOCh B TeUCHHE 4 CYTOK, a Ha 5 CYTKH CHOBa BO3pacTallo.
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Pucynok 2 — Dueprerudeckuii cratyc kierok Al. faecalis 2 u cMemanHo# KynbTypsbI

3akmouyenue. KoMruiekcHas olieHKa JMHAMHUKK POCTa MoKasaia, urto Kyiubrypa Al. faecalis
2 xopomo o0pa3yer OHWOIUIEHKH, OCOOEHHO Ha HadaJdbHBIX JTalax MPUKPEIUICHUS |
dbopMupOBaHHs, 3a CYET BBICOKOH aJre3WBHON CIIOCOOHOCTH M BBICOKOTO IPOU3BOJICTBA
MOJMMEPHOT0 MaTpuKca, TOorja Kak KyimbTypa R. ruber gt 1 BeicTymaeT B KadecTBe
MUKpPOOpPTaHW3Ma-CyTHUKA. JIJIs TpUMEHEHHsI NaHHBIX I[TAMMOB B IMPOMBINLIICHHOW OYHCTKE
CTOYHBIX BOJ HAMJIYYIITUM 00pa30M MOAXOIUT OMOKATAIM3aTOp Ha OCHOBE OMOIUICHKH CMEIIaHHOW
KYJIBTYPBI THX MUKPOOPTaHU3MOB.
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MUKPOBUOJIOTMYECKU AHAJIN3 MTOYB, 3ATPSI3HEHHBIX
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3arpsi3HeHue TPUPOTHOM cpeabl HE(PThIO M CONYTCTBYIOUIMMH 3arpsS3HUTEISIMU  —
OCTpeHIas »KOJOTHMYecKass mpolieMa BO MHOTMX peruoHax Poccuu, B TOM dHciae U B
Kpacnosipckom  kpae.  HeratuBHoe  Bo3meiicTBue  HedTemoOBIYM  OOYCIOBICHO  Kak
HETOCPEJICTBEHHOM Jlerpajaieil MOYBEHHOro IOKpPOBAa Ha y4yacTKax pas3iuBa HEPTH, TaKk U
BO3JICHICTBUEM €€ KOMIIOHEHTOB Ha COIpeAeibHble CpeAbl, BCJIEACTBUE YEro MPOIYKTHI
Tpanchopmanu HepTH 0OHAPYKUBAIOTCS B Pa3IMYHBIX 00bekTax Ouochepsl. OMHUM U3 pelIeHHH
poOJIeMbl YTHIH3aUNA HEDTIHBIX 3arps3HEHUN SIBIISETCS MPUMEHEHHE OMOJIOTHYECKUX O0OBEKTOB,
CIOCOOHBIX HCIIOJIb30BaTh B KayecTBe cyOcTpara yrieBogopoabl. OnHum w3  Haumbosee
3O PEKTUBHBIX W IKOJOTHYECKH OE€30IMacHBIX METOJOB OYHCTKH OKpYXalomeh Cpeapl OT
YIJIEBOAOPOAOB sIBIIsIeTCSl OnopeMeauanusi. B mouBe yriieBomoponbl pas3liaralorcsi B pe3ysbTaTe
NeSITeIbHOCTH YTJIEBOJOPOIOKUCISIONINX MHKPOOPTaHU3MOB 0 YIJIEKHCIOTO Tra3a W BOJBI WIH
TpaHC(HOPMUPYIOTCSA B COCUHEHUS, TOCTYIHBIC U1l YTHIM3ALUU IPYTUM MUKpoopranusmMam [1,2].

W3BecTHO, uYTO OaKTepUu WrparOT pELIAIOU[yI0 pOJib B CaMOOYHIIEHWHU IIOYBBI OT
3arps3HEHUS YIIIEBOJOPOJaMU HE(PTH, OJHAKO BBICOKME KOHIEHTpAlMU HE(PTENPOIYKTOB MOTYT
MHTUOUPOBATh POCT MHUKPO(IOPHl U MOAABIATH IMPOLECCH CAMOOYMILIEHUS, MO3TOMY LEJbIO
JTaHHOM pPaboThl ObUIO HCchenoBaHHE MHUKpPOQIOpsl 00pasnoB mouB ¢ tepputopun A3C T.
Kpacnosipcka.

Heas u 3agaum uccaeI0BaHUsA: 1) OIEHUTH KOJIMYECTBO IKOJIOTO-TPOPHUUECKUX TPYII
OakTepuil 1 MUKPOMHIIETOB B MIOYBE HA Pa3HOM PACCTOSHUU OT UCTOYHHUKA 3arpsi3HEHUs (CIMBHOTO
KoloAana); 2)  HCCIeNOoBaTh  TAaKCOHOMHUYECKOE  pa3HOOOpa3ue  MUKPOOPTaHM3MOB B
He(Te3arpsi3HEHHBIX MOYBaX.

Marepuanbl U MeToAbl. B paboTe MCMONb30Bad OOIEHPUHATHIE METOJBI MOYBEHHOMN
MukpoOuonorud. OOIIyI0 YHCIEHHOCTh MHUKPOOPTaHHW3MOB ONpPENENSI Ha arapu30BaHHbBIX
MUTATeNbHbIE Cpelax: aMMOHH(HUKATOpbl — Ha MCONENTOHHOM arape, NpoTOTpodsl — Ha
KpaxMajo-aMMHA4YHOM arape, a’3poOHbIe a30T(HHUKCATOPHI — Ha cpeae MO, MUKPOMHUIIETH — Ha
cpene Calypo. MW3ydenue (HEHOTUNMMUYECKHX MPU3HAKOB YHCTHIX KYJIBTYp TMOYBEHHBIX
MUKpPOOPTaHW3MOB MTPOBOAMIIN CTAHIAPTHBIMU MUKPOOUOJIOTHYECKUMHI METOAMHU.

Pe3yabTaTsl. VccnenoBanus mokaszai, YTO YUCICHHOCTh BCEX MCCIEIOBAHHBIX HKOJIOTO-
Tpoduyeckux rpymnn Oakrepuid B oOpasnax mouB A3C, 3arps3HEHHBIX HEe(DTEPOAYKTaMH, BOJIH3U
ciuBHoro komonma (1 wm) Oswia cHmwkeHa B 4,5-150 pa3 B CpaBHEHHMH C KOHTPOJIBHBIM
He3arpsi3HEHHBIM y4acTKoM NouBbl. Hanbosnbiiee HeraTUBHOE BIMSIHUE YIJI€BOJOPO/IbI OKa3aiu Ha
pocT MuKpomHuLeToB. Takke ObUIO MOKa3aHO, YTO € yJaJleHHeM OT MCTOYHMKA 3arps3HeHus (5 M)
OTMEUEHO CTHUMYJHUpYIOIIee neicTBUEe HeTEenmpoayKToB Ha pocT OakTtepuit. W3 3arps3HeHHOM
HeTEenpoayKTaMu MOuYBbI ObUIO BbAETIeHO 20 mTamMmoB Oakrepuid. JloMUHUpYOIIHME BHIBI
OakTepuil mpuHaATISKATH K ciaenyrommMm pomam: Pseudomonas (20 %), Bacillus (15 %) u
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Arthrobacter (13 %). IIpeacraBurenu JaHHBIX POAOB 001aJAI0T MOTEHIIHATILHOW CIIOCOOHOCTRIO K
OKHUCJIICHUIO YTJIGBOI[OPOI[OB, TaKuUM 06pa30M, BBIJICJICHHBIC IIITAMMBI MOKHO peKOMeHI[OBaTB JJIsL
onopemenuanuu moyB A3C, 3arpsi3HEHHBIX HEPTEPOTYKTAMH.
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K uumcny npeanpustuii, KOTOpble HAaHOCAT MAaKCHUMAaJbHBIM YpOH OKpY’Karolled cpere,
OTHOCSITCSI MEJEIUIaBUIIbHbIE KOMOMHATHI, Cpeld KOTOPBIX pacmnojoxkeHHbI Ha HOxxHom VYpaie
komOuHaT «Kapabammmespy. JKkonoruyeckas CUTyalusi B peruoHe, BOHUKIIAs B pe3ysbTare Oonee
gyem 100-meTHel JneATEILHOCTH KOMOWHATA, OCTAeTCs KpalHE CJIOKHOW: Ha OKpYKaroIIeH
TeppuTopHH momansio 30 kM? cOpPMHPOBATACH TPHUPOIHO-TEXHOTEHHAS. 30HA, B KOTOPOIL
conepxkanue psga metamwioB (Cu, Zn, Pb, Cu u Ni) © As MHOTOKpaTHO NPEBBIIIAET KIAPKH
autocdepsl. JnurenbHas sKcITyaTalnus KOMOMHATA MPHUBENa K JAerpaJallii eCTECTBEHHBIX MOYB U
(bOpMHPOBAHUIO TEXHOTEHHO-HAPYIIEHHBIX XEMO3EMOBC BHICOKMM YPOBHEM 3arpsi3HEHUSI.

Heabr padoTsl - m3yueHue ¢opm coenuHeHnit Cu B xemMo3emax, MPHIETAIOIINX K
MeJerIaBuIbHoOMYy komonHaTy «Kapabammennpy.

Marepuanbl 1 MeToAbL. B X0/1e N3yueHHsI COBPEeMEHHON re07KOIOTHIECKON 00CTaHOBKH B
okpecTHocTsiXx T. Kapabam B 2012 r. Obuto 3ajokeHO 4 TUIONMIAAKA MOHHTOPHUHTA B 30HE
TexHOTeHHoro Oemnennga. OOmMM Ui BBIOPAHHBIX YYaCTKOB MOHUTOpPHHIA SIBISIETCS TO, UTO
BEPXHHME OPraHOTCHHbIE TOPU3OHTHI I[IOYB, BKJIOYAs TMOJCTHIIKY, MOJHOCTHIO YHHUYTOKEHBI.
MatepuHckast mopoja HAaYMHAETCS HEMTOCPEACTBEHHO C TIOBEPXHOCTH.

OT6op MOYBEHHBIX O0pa3loOB I (PU3UKO-XHUMUUYECKHX AHAIU30B W HX MOCJIECAYIONIYIO
KaMepaJbHyl0 00pabOTKy BBIMOJHSAIN MO METOJHMKE IMOYBEHHOr0 MHCTUTYyTa uM. [lokyuaesa [1].
CoctaB coenuHeHuit CU B TEXHOr€HHO-HAPYLIEHHBIX IOYBaX ONpPENEsUId  METOAOM
MOCJICIOBATEIBHOTO (PPAKIIMOHUPOBAHHUS, TPEIIOKEHHBIM TeSSier ¢ coaBropamu. [2].

PesyabraThl. XeM03eMbl  XapaKTEpU3YIOTCS  CIACAYIOUMMH  (U3UKO-XUMHYECKUMHU
cpoiictBamu: Cop— 0,4-0,6%; pH -3,9-4,4; dus. rnuna — 24,6-2,5%; ua — 0,0-0,01%; CaCOz - 0,8-
1,3%; MgCOs - 0,2-0,4%. BanoBoe conepxxanue Cu B moBepxHocTHOM cioe (0-5 cM) BapbupoBaio
ot 214,2 no 1066,9 mr/kr (knapk Cu o A.I1. Bunorpanoy (1967) — 47 mr/kr).

Pesynprathl ¢paknronHoro cocraBa CU B XxemMo3emax MoKazayid Mpeodiaianie 0OMEHHON
¢bpakuuu, Ha a0MI0 KOTOpoi mpuxomutcs oT 39% 1o 44% ot obmero coaepkaHusi MeTalia.
Bricokas nogsuxHocTh CU CcBsi3aHa HE TOJNBKO C OYEHb BBHICOKHM COJEpKAHHEM €€ B MOUBE, HO C
kucion (PpH 4.4) (miomanka T4) u cunbHokuciaon (PH 3.9) (mmomanka T1) peakiueir cpensl,
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KOTOpasi CIOCOOCTBYET YBEIMYEHHUIO MOOWJIBHOCTH MeTaljia B moyBax. Dpakiius, CBs3aHHAs C
KapOOHaTaMu, SIBJISIETCS CaMOW HU3KOW M HE MpeBbImaeT 2% B UCCIETyeMbIX XeMO3eMaX, TaK Kak
MIPUCYTCTBUE KapOOHATOB obecrnieunBaeTcs HE MPUPOIHBIM, a ayTUTCHHBIM
MuHepanoodpazoBanueM. Jlons Cu, cBs3aHHas ¢ OpraHUYeCKUM BellecTBOM, Bappupyet oT 21 (T4)
10 34% (T1). OpranopunsHocTh CU B yCIOBHSIX HU3KOTO COJIEP’KaHUsI OPraHMYEeCKOTro BEIECTBA B
MOYBE YETKO MPOSBISETCA NMPU BaJOBOM COJEpXKAHUU MeTayia okono 350 mr/kr. YBenuuyenue
conepxkanusi CuU B mouse (6onee 1000 mr/kr) cmocoOCTBYyeT (HOPMHUPOBAHHUIO PACTBOPUMBIX
KOMILIEKCOB C OPraHMYECKUM BEIIECTBOM, YTO HPUBOAUT K OOJbIIEMY YBEIWYCHHUIO OOMEHHOU
dbpakuu MeTaia 1o CpaBHEHHUIO C BO3pacTaHueM (paKIMU METalljia, CBA3aHHONW C OPraHUYeCKUM
BemiectBoM. Jlona Cu, cBa3annas ¢ Fe-Mn (ruapo)okcugamu, BO3pacTaeT ¢ YBEIUYCHUEM YPOBHS
3arpsi3HEHUS U cocTaBisieT 4-17% oT obmiero coxepxaHus B movBax. Meab, uaeHTUUIIUPYyEMas B
OCTaTOYHOM (ppakLny, 3aHUMAET YETBEPTOE MECTO IMOCIe OOMEHHOM, U CBA3aHHON C OPraHUYECKUM
BemecTBoM U Fe-Mn (ruapo)okcunamu ppakituii.

3akiaro4yeHue. YCTaHOBJIEHO, YTO B MCCIEAOBAHHBIX TEXHOTE€HHO-HApYLIEHHBIX IIOYBaX,
npwieratomux k Kapabamickomy mezaennaBuibHOMY KOMOHMHaTy, coxaepkanue CU mpeBblIIaeT
KiIapk Jutocdepsl B jaecsaTku pa3. Haxormenume CU mpowcxoguT B HauOojee IMOJBUKHBIX
oOMeHHBIX (hopMax, KOTOpPOE BO3PACTAET C IOBBIIMIEHHEM TEXHOT'€HHOM HArpy3ku Ha IOYBY.
3akperuieHue MeTajyla MPOUCXOIUT TPEUMYIIECTBEHHO 3a c4YeT (PUKCAlluu OpPraHuYeCKUM
BEIIECTBOM.

Pabora BbeImonHeHa npu mojaep)kke MuHuctepcTBa 00pa3oBaHUs M Hayku Poccuiickoit
Oenepanun Ne 5.948.2017/TT4 u Poccmiickoro gonna pyHmaMmeHTanbHbIX UccienoBanuii Ne 16-34-
00573.
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®OPMbI HAXOKJIEHHMSA ZN B CU B ITIOYBAX PAMOHA TPUPOJHOI' O
OTCTOMHUKA XUMHUYECKOT O 3ABOJIA JIOJIUHBI PEKHA
CEBEPCKHWH JOHEI

JA.I'. Hesugomckas, T.B. baysp, T.M. Munkuna, K.P. Ypasruasauesa, M.B. bypaueBckasi

FOoicnviii pedepanvrviii ynusepcumem, 344090, 2. Pocmos-na-/{ony, npocn. Cmauxu, 194/1,
Poccusa

E-mail: dnevidomskaya@mail.ru

Tl'opon Kamenck-lllaxtunckuii PoctoBckoit obmactu (Poccus) siBisieTcss mpuMepoM, Koraa
MHOTOJIETHSII aHTPOIIOTEHHAs! EATENbHOCTh HETATUBHO CKAa3bIBACTCSA HA MPUIIETAIOIINX HAa36MHBIX
U BOAHBIX 3KOocHcTeMax. CTpPOUTENHCTBO KPYIMHOI'O IMPOMBIIUIEHHOTO IIEHTPA ¢ XUMHYECKHMH
3aBOJaMHM M IIPOU3BOJACTBAMHU B ropozae B 50-X romax mpouuIioro BeKa NPUBEIO K TOMY, 4TO B
nonune p. Ceepckuii JloHen ObUIM pa3MEIICHBI MPYAbI-OTCTOMHUKHM W IIIaMOHakonutenu. [ls
ATHUX LIeJIel UCTO0JIb30BAJIM €CTECTBEHHBIE 03epa B norimMe p. CeBepckuid Jonerr.

Heas paGorbl — u3yuyeHHEe aKKymymsauud U TpaHcpopmaumu Zn u Cu B
BBICOKO3arpsI3HEHHBIX TEXHOT€HHO-TPaHC(POPMUPOBAHHBIX IT0YBAX, OCOOCHHOCTEN UX B3aUMOCBS3U
C KOMIIOHEHTAMM OpPraHO-MHMHEPAJIBHOM MATpPULBI II0YB palioHa MPUPOJHOIO OTCTOMHUKA O3epa
ATamMaHCKOrO.

143



Martepuanbl U MeToabl. J[J11 W3ydeHHs CBOMCTB M OCOOCHHOCTEH conepkaHus U (popm
coequHeHuii MmeramioB B 2016 romy OBUTM BBIMOJHEHB! JIMTOXMMHUYECKHE OMPOOOBAHHUS
TEpPUTOPHUH, MPUJIECTAIOIICH K 03epy ATaMaHCKOE, pacnoyiokeHHOMY B niorime p.CeBepckuii Jlonerr.
beumn 3amoskeHbl MIIOMAAKH MOHUTOpUHTa. OOpasibl TeXHOTCHHO-TPaHC(HOPMHUPOBAHHBIX II0YB,
COTJIaCHO KJacCHU(UKAIMKU W JUarHOCTHKW 1Mo4B Poccum [2], oTHOcsATCs Kk Xemo3emaM. beuin
oTpeieNieHbl OCHOBHBIE (PM3UKO-XUMHUYECKHE CBOMCTBA MOUYB. OIEHKY MOYBEHHO-TEOXUMHYECKOTO
COCTOSIHMSI MIPOBOAMIIM IO BEJIMYMHE BaJIOBOTO COAEPX AHUS XMMHUYECKHUX 3JEMEHTOB B IOYBax.
Banosoe comepxanue Cr, Ni, Mn, Zn, Cu, Pb B nouBax onpezaensiiu peHTreH-()IF00PECIeHTHBIM
MeroaoMm Ha crektpockane MAKC-GV. CocraB coemunennit Zn u CU B TMoOYBax OMpEIEIsIN
METOJIOM TIOCJIEIOBATEILHOTO (PPaKIIHOHUPOBAHHMS, IPEUIOKEHHBIM T €esSierc coasropamu [7].

PesyabraThl. XeMo03eMbl  XapaKTEpU3YIOTCS  CIACAYIOUMMH  (U3UKO-XUMHYECKUMHU
cpoiictBamu: Copr — 4,3-8,1%; pH —7,8-7,9; ¢us. rnmuna — 18,3-64,1%; un — 0,2-25,0%; CaCO3 -
3,8-7,8%; MgCO3 - 0,5-0,8%. BanoBoe conmepxkanue MeTaZIOB B MOBEpXHOCTHOM ciioe (0-5 cm)
BapeupoBaino: Cr — 142,0-154,1 mr/kr (xnapk Cr mo A.I1. Bunorpagosy [1] — 83 mr/kr), Ni — 52,1-
152,4 mr/kr (xaapk Ni — 58 mr/kr), Mn — 217,1-1167,4 mr/kr (xmapk Mn— 1000 mr/kr), Zn —
3672,5-66075 (kmapk Zn — 83 mr/kr), Cu — 49,5-576,8 mr/kr (knapk Cu — 47 mr/kr), Pb — 223,4-
1591,2 mr/kr (kiaapk Pb — 16 mr/kr), Cd — 0,09-10,6 (xmapx Cd — 0,13 mr/kr). MuHepamoruaeckui
COCTaB XEMO3E€MOB TMPEACTABICH CIEAYIOMUMU KOMIOHEeHTaMu (B %): wuiabMeHUT — 12,
ruapookucisl Fe — 20, muput, mapkasut — 8,0; cynsdarsr — 60,0.

[Tokaszano, 4to HaubombIIast A0S Zn 3aKperuisieTcs B ocTaTroyHor ¢pakuuu, 10 49 % ot
obmero conxepxanus (tabmuia). I[locKoMbKy TJIMHHCTBIE MHHEpPaNbl OO0JaJal0T BBICOKOM
COpOIIMOHHOW CITOCOOHOCTBIO 1O OTHOWICHUIO K Zn [5], Hapsgy c ocrarouHod ¢pakumei,
oTMeuaetcs 3akperuieHre Zn ¢paxiueit ruapokcuaoB Fe u Mn (ot 22 no 31%). Beicokas crenenn
CpoAcTBa Zn K PEAKIMOHHBIM IICHTPAaM KEJIE3UCTHIX MHHEPAJIOB C POCTOM TEXHOTCHHOTO
3arpsi3HEHUsT OTMEYallach BO MHOTHX pabotax [3, 4, 6]. YcraHOBIeHO, 4TO Ha OO (ppakiuw,
CBSI3aHHOW C OPraHUYECKHUM BEIECTBOM, MPUXOAUTCS oT 6 10 13% (Tabmuia). HesnauurenbHas
POJIb OPraHUYECKOro BeUIeCTBa MOYBBI B (UKcaluu ZN cBi3aHa C €ro HauOOJIBIIUM CPOACTBOM K
KEJIe3UCTHIM MHUHEPAJIaM.

Tabmuma — ®pakuroHHBIN cocTaB coenuHeHUil ZN 1 CU B TEXHOTEHHBIX MMOYBaxX paiioHa o3epa
ATtamanckoro npom3onsl T. Kamenck-1llaxtunckuit PoctoBckas 001acTh, B MI/KT

Opakuu
Casi3aHHBIE
CBsi3aHHBIE C
Ne mnomanxu c Casi3aHHBIE C OOiee
OOwmennble | CBsi3aHHBIE C (rump)
MOHHUTOPHHTA OpraHuyec- | CHJIMKaTaMu | COAEp:KaHHUe
KapOoHaTamMu | okcumamu Fe
u Mn KHM (ocTartok)
BEIIECTBOM
Zn
Hesarpasuen- | g g 18 11.0 3.2 273 44.143.9
Has 1I04Ba
113 6867.2+£786.0 | 3456.8+6.9 |15039.4+1053.4 | 8540.2+1890.1|32172.0+£3110.7 | 66075.4+7095.0
J14 8254.3£900.9 | 4578.9+399.0 |15421.6+1570.3 | 7580.9+1325.6 | 28196.4+3948.5 | 62032.1+5903.0
Cu
Hesarpss- 0.1 0.2 21 6.8 8.2 17.4
HEHHAasl TI04Ba
3 33.1+0.2 17.1+18.5 37.8+4.7 219.0+28.4 269.8 576.8+40.5
J4 17.5+0.3 10.3+3.4 21.1+£1.5 95.2+9.8 171.5 315.6+19.0
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Opaknuonupoanre CU B TEXHOT€HHBIX MOYBAX BBISIBUIO BBICOKYIO CTENEHb 3aKpEIICHUS
MeTaJljla C OpPraHMYeCKUM BemecTBOM. HecMoTpst Ha BbICOKOEe cpoacTBo CU ¢ OpraHMYeCKHM
BELIECTBOM, COJEpKaHHe MeTallyla B OCTaTOYHOM ¢pakuuu ObUI0 AOMUHUpYHOmMM. Tak, mpu
BBICOKOM BajoBOM cojiepskannu CU B TIOYBE TUIOIMIAIOK MOHUTOPUHTA JIOJISI OCTATOYHON (paKiuu
MeTalljla yBeNMYUBaeTcs Ha (pOHE JOITOBPEMEHHOTO MEPMaHEHTHOTO 3arpsi3HEeHUs. AHAJIOTHUYHBIE
3aKOHOMEPHOCTH YBEIHUCHUS JOJIH HanOoJiee KOHCEPBATHBHOW OCTATOYHOH (PpaKiMy METAJIOB C
pOCTOM TEXHOT€HHOTO 3arpsA3HEHHUs TMOYB OTMEYeHbl B wuccienoanuax [3, 4]. Ilpouecc
AKKYMYJSUKU  TIOCTYHNAKOIINX HW3BHC COG,Z[I/IHGHI/II\/'I MCTAJUIOB KPUCTANIMYCCKUMH PCUHICTKAaMHU
TJIMHUCTBIX MUHEPAJIOB MEIJICHHBIN, HO M3-3a JUIUTEIBLHOTO MEepUo/ia 3arpsi3HEHUS] OH CTaHOBUTCA
JOMUHUPYIOLIUM.

3akiaouenue. B pe3ynbraTe NPOBEICHHBIX HCCICIOBAHWI YCTAHOBIECHO, YTO BO BCEX
HCCICAYCMBIX ITIOYBAX Ha6m0;[aeTc;1 MOJIN3JICMCHTHOC 3arpA3HCHUC, TMIPCBLINICHUA KIJIApPKOB
autochepsl Mo Zn B coTHu pa3, mo Cd u Pb B mecatku pas; mis Cu, Ni, Cr u Mn ormedeHo
NPEBbIIICHNE B HECKOJIBKO pa3. BeuiBieHsl ¢opmbel HaxoxiaeHus Zn u CU B HccienyeMbIX
MOuBeHHbIX oOpasuax. lllemounas peakmust cpeabl B UCCIEAYEMbIX I0YBaX HUBEIHPYET
MNOABUXXHOCTL MCTAJUIOB W OTPAHUYMBACT OKOJIOTMYCCKHUEC PUCKUA  JIA 61/IO.HOI‘I/I‘I€CKOI‘O
norjomeHusi.  OCHOBHBIMM  CcTa0WiIM3aTOpamMH  TMOABUKHOCTHM ~ METAJUIOB  BBICTYMAIOT
(MIIOCHIINKATHIL.

Paboma evinonnena npu noodepaicke PH® No 16-14-10217.
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BIO-ASSAY GUIDED FRACTIONATION OF ANTIMICROBIAL
METABOLITE DDQ FROM ENDOSYMBIONT PSEUDOMONAS VERONII
AS 41G INHABITING ANNONA SQUAMOSA L.

Syed Baker?, Nagendra Prasad®

'Herbal Drug Technological Laboratory, Department of Microbiology, Manasagangotri,
University of Mysore, India
?Department of Biotechnology, Sri Jayachamarajendra College of Engineering, JSS Science and
Technology University, Technical Institutional Campus, Mysore 570006, India

E-mail: syedbaker3@gmail.com

The present study reports bioassay guided fractionation of antimicrobial metabolite 2,3-
Dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) secreted from novel endosymbiont Pseudomonas
veronii AS 41G inhabiting Annona squamosa L. The endosymbiont was subjected to large scale
fermentation to produce antimicrobial metabolite. The supernatant was subjected to solvent
extraction using ethyl acetate as solvent to obtain organic phase which was reduced under vacuum
at 40° C to obtained crude metabolites. The crude metabolites was purified using fractionation
techniques such as Thin Layer Chromatography (TLC) which displayed active metabolite with
intense band at R; 0.5. Further column chromatography revealed elution of active metabolites
between 12.5 to 16 % ethyl acetate and High-performance liquid chromatography (HPLC) depicted
active fraction eluting between retention time (tr) 6-8 minutes. The purified metabolite bearing
activity was characterized using spectroscopic techniques viz., Liquid chromatography mass
spectrometry (LCMS) to reveal its molecular mass m/z=227.19 (M+H) in positive mode. Further
presence of functional group was depicted with Nuclear magnetic resonance (NMR) and Fourier
transform infrared spectroscopy (FTIR). The results ascertained with the characterization
techniques was surveyed and matched in chemical library to reveal close affinity of antimicrobial
metabolite to benzoquinone derivative as DDQ with molecular formula CgCI;N,O,. The
characterized DDQ displayed activity against panel of human and phytopathogens via disc diffusion
and minimal inhibitory concentration assays which resulted in significant activity against all the test
pathogens. Among the test pathogens, significant antibacterial activity was observed against
Staphylococcus aureus and Staphylococcus epidermidis compared to standard gentamicin.
Moderate zone of inhibition was observed against Bacillus subtilis, Escherichia coli, Klebsiella
pneumoniae, Proteus mirabilis, Pseudomonas aeruginosa, Salmonella typhi and Shigella flexneri.
Antifungal activity of DDQ displayed significant activity against test species of Aspergillus and
Fusarium at 10 mg/ml concentration with significant antifungal activity conferring against
Fusarium lateritium followed by moderate activity against Fusarium oxysporum, Fusarium
proliferatum, Fusarium solani and least activity against rest of the test pathogens such as
Aspergillus flavus, Aspergillus fumigatus, Aspergillus ochraceus and Fusarium verticillioides which
was compared and interpreted with standard bavistin. The bioautography assay revealed the
bioactive fraction at R; 0.5 with activity. To best of our knowledge the present finding is the first
report on DDQ from any endophytes.
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OCOBEHHOCTH PEAKIIMA ®OTOCUHTETHYECKOI'O ATIITAPATA ¥
C; U1 C, PACTEHUU HA PA3JIMUHBIN CIIEKTPAJIBHBINA COCTAB
CBETOBOM SHEPI'MU Y CBETOJIUOJIHBIX OBJIYYATEJIEN

H.A. I'aeBckuii, A.®. Banuynuna, A.U. FOnycoBa

Cubupckuii ¢hedepanvroiii ynusepcumem, np. Ceob00mwiii, 79, 2. Kpacnospck, 660041, Poccus
E-mail: nikgna@gmail.com

Cerodu3mnonorus pacTeHUH — OJHO M3 HANPABICHUH COBPEMEHHON OMOTEXHOJIOTUH
pacTeHuii — CTaBUT CBOEH 1eNbi0 pa3paboOTKy CBETOBBIX PEKHUMOB BBIPAILMBAHUS PACTEHUH, MPU
KOTOPBIX YBEIUYCHHE MPOIYKIIMH IEJIEBBIX MPOAYKTOB (OHMONIOTHYECKH AaKTUBHBIX BEIIECTB)
COYETAeTCAd C PKOHOMHBIM PACXOJOBAHMEM CBETOBOM SHEPruu. TeOpeTHYECKO OCHOBOM 3TOrO
HampaBlIeHUsI CTaIH paboOThl y4ueHbIX 20 BEKa, yCTaHOBUBIINX OCHOBHBIE PEAKIMH PACTCHHH Ha
JCHCTBHS CBETA PA3IMYHOTO CHEKTPAIBHOTO COCTaBa, B KOTOPHIX PEIENTOPHI CBETOBBIX CHTHAJIOB
00pa3yIoT CI0XKHYIO IMOJUXPOMATHYECKYIO cucTeMy doToperyisuuu [ 1].

CHIDKEHUE »HIpro3arpaT MpU BBIPAIIMBAHUM PACTCHHHA MPOMCXOAUT IMPH BHEJAPECHUU B
CBETOKYNBTYpY cBeTomsnmydaromux auoaoB (CHU]I) ¢ BeICOKOW m0jeil »HEprumM cBeTa B 00JIaCTH
dotocunTeTHUecku akTHBHOU paamanuu (400-700 HM). JlomomHUTENBHAS YKOHOMHS MOXKET OBITh
MoJIyueHa MpPH YCJIOBHM, YTO B KBAaHTOBOM CIEKTpE MpeoOiafaroT KpacHble JIydd, KOTOpHIE
nornomaer xjuopopmi. OAHAKO yBeIWYEHHE AOJNM KPAaCHOTO CBETAa CHIIKAET JONI0 CUHETO,
3€JIEHOT0 U JAJIbHEr0 KPaCHOTO CBETA, UTO MOXKET CTaTh MPUYMHON HapylieHui poTomopdorenesa.

Heas padorsl — uccrnepoBanue ¢orocunteTndeckoro ammapata C; u Cs4 pacreHwid,
BhIpaIieHHbIX Tpu ocBemeHnn CUJ[ «6emoro» u «kpacunoro» ceera (15 Bt, OO0 «CuobUTL», r.
KpacHosipck, pUCyHOK).

Marepuanbl 1 MeToabl. CBETOBOI MOTOK (MKMOJIb (1)0T0H013><M'2><c'1) B oOsactu ®AP nHa
YPOBHE JINCTHEB COCTABIISLI ISl KKPACHOTO» UCTOYHUKA 233, muist 6€JI0ro UCTOYHUKA — 222.

Cs pacrenus: oBec (Avena sativa); mmenwmma (Triticum aestivum); sumens (Hordeum
vulgare); kabauok (Cucurbita pépo), moacomueunuk (Helidnthus annuus), orypem (Cucumis
sativus) tomar (Solanum lycopérsicum). C,; pacrenus: Kykypys3a (Zea mays); mpoco (Panicum
miliaceum); cynanckas tpasa (Sorghumxdrummondii); mupunia (Amaranthus retroflexus).

0.7
0.6
0.5
0.4

0.3

Pucynok — Pacrnipeienienue cBeToBOro noToka,
ucnyckaemoro «oenbiM» (CUJI-B) u «kpacHbIM»
(CNA-K), B Buammoii 1 MK-ob6macTsx cekrpa

| — ||

CHI-b CHI-K

[ 1400 - 490 s (4490 - 590 mm =590 - 630 mor

MH630 - 710 mye [ 710 - 900 uv W 900 mns

Pacrenust BpIpammBaniy B HW30JUPOBAHHBIX OT JHEBHOro cBera Ookcax (30 ,HM3).
OnHooNBbHBIE pAacTeHUs ObUIM BBIPAILLCHBI Ha KEPaM3UTE C J00aBICHHEM MUTATEIBHOTO PacTBOpa
no Xormaaay B pasBeneHuu 1:10; aBynonbsHbie — B TIouBe ¢ 70% yBnaxkHeHuem. B teuenue 2-3
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Henenb (0 TIOSBJICHWS BTOPOTO HACTOSIIETO JIMCTA) MOAepKuBamu doTomepuon — 9 u.
Conepkanue XJOpopWUIOB 8, D W KapOTHMHOMIOB ONPEACISUIA CIEKTPO(GOTOMETPUICCKUM
METOJ0OM, aKTHBHOCTh (JOTOCHHTE3a — HAa OCHOBE peructpanuu (ayopecieHnuu xjiopodrmuia Ha
npubope IMAGING-PAM M-Series (WALZ, I'epmanusi) B pexHMe PETUCTPAIlMH CBETOBOU
kpuBoii (rapid light curve).

Pe3yabTaTsl uccaeA0BaHUA (POTOCHHTETUYECKUX MUTMEHTOB U (OTOCHHTETUYECKOM
aKTUBHOCTH BTOPBIX Hactosmux JUCTheB y C3 m Cy4 pacTeHWil, BBIpAllCHHBIX Ha «0einomM» u
«KpacHOM» CBETa, MMOKa3aHbl B Tab1. 1 1 Tab1. 2, COOTBETCTBEHHO.

Tabmuma 1 — ®OTOCHHTETHYECKUE MUTMEHTHI BTOPBIX HacTosmux JuctbeB Cs m C,4 pacTeHUi,
BBIPALICHHBIX MU 00mydeHun «oensiM» (WL) u «kpacHbiM» (RL) cBeToM

§ B Chl a, mg/dm? Ch.a/Ch.b Ch(a+hb)/Car
2 WL RL WL RL WL RL

Helianthus annuus 1.15+0.23 | 1.0840.10 3.0£0.2 2.3+£0.01 3.4+0.0 3.4+0.1
o 2 Solanum lycopérsicum 1.90+0.05 | 0.71+0.10 2.6+0.1 1.8+0.0 3.8+0.8 3.2+0.0

(8]
©35 Cucumis sativus 1.59+0.10 | 0.21+0.05 3.1+0.1 2.0£0.1 3.5£0.2 3.3+0.2
Cucurbita pépo 1.40+£0.10 | 0.08+0.03 2.7£0.0 0.7£0.2 3.6£0.0 1.0+0.1

[%2]

§ Avena sativa 1.31+0.14 | 1.36%0.25 2.5£0.1 2.7+0.1 3.840.1 3.5+0.1
é Triticum aestivum 1.48+0.16 | 1.46+0.21 2.7£0.1 2.6£0.1 3.9+0.0 3.6+0.0
3 Hordeum vulgare 1.53+0.20 | 1.36+0.11 2.5+0.1 2.7+0.1 3.8+0.0 3.5+0.0
flj § o | Amaranthus retroflexus | 1.49+0.00 | 0.61+0.04 2.8+0.2 2.1+0.1 3.4+0.2 2.7+0.2
2 Panicum miliaceum 1.18+0.24 | 0.75+0.02 3.7£0.2 3.2£0.0 3.6£0.0 3.7+0.1

O
S % Zea mays 1.22+0.09 | 1.2040.03 3.540.1 3.540.1 3.7+£0.0 3.510.0
S Sorghum x drummondii | 2.73+£0.15 | 2.12+0.11 3.4+0.0 3.240.1 4.3+0.1 3.9+0.1

Tabmuma 2 — @OTOCMHTETUYECKHE MTOKAa3aTeIn Yy BTOPHIX HacTtosamux JuctbeB C3 u C4 pacTeHuid,
BBIpAIlEHHBIX MpH 00aydeHun «oensiM» (WL) n «xpacHsim» (RL) cBeToM

Q
2 Bt Y (1) max Y(NPQ) ETRmax
v WL RL WL RL WL RL
Helianthus dnnuus | 0.56+0.02 | 0.48+0.05 | 0.6£0.01 | 0.47+0.02 | 24.1+6.1 | 1,0£0.4
o;,g Soldnum lycopérsicum | 0.74+0.01 | 0.16+0.11 | 0.59+0.06 | 0.22+0.05 | 19.7+5.3 0
(&)
O3 Cucumis sativus | 0.75+0.01 | 0.01+0,00 | 0.640.12 | 0.25+0.03 | 33.3:8.9 0
Cuclrbitapépo | 0752001 | 022+ | 0.58+0.05 | 0.41+0.08 | 18.7+1.6 0
2 Avena sativa 0.64£0.09 | 0.7£0.2 | 0.51+0.06 | 0.48+0.07 | 16.9+30 | 2.7+16
O
8% Triticum aestivum 0.74+0.01 | 0.66+0.06 | 0.54+0.15 | 0.36+0.16 | 20.3+0.4 | 2.3£0.5
€ | Hordeumvulgare | 0.74+0.04 | 0.67+0.08 | 0.49+0.03 | 0.39+0.04 | 19.1+1.8 | 59427
[%2]
38 Amaranthus 0.76+0.01 | 0.53+0.05 | 0.61+0.04 | 0.74+0.05 | 29.1+15 | 4.2+03
5 retroflexus
g |_Panicum miliaceum | 0.68+0.01 | 0.68+0.01 | 0.600.01 | 0.54+0.01 | 36+0.4 | 3502
& S Zea mays 0.70£0.01 | 0.68+0.01 | 0.56£0.01 | 0.55:0.01 | 20.3+2.5 | 17.420.9
©5 Sorghum x
E drummondii 0.76£0.01 | 0.67£0.02 | 0.49+0.01 | 0.40£0.08 | 2.3+0.1 | 1.1%05
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Bce uccnenoBannbie BuAbl C3 u C4 pacTeHUd B TOW WM MHOW CTENEHW PEArupoBaId HA
M3MEHEHUE CIEKTPAIbHOTO COCTaBa cBeTa. Pa3MepHble MOKa3aTeNln JTUCTHEB Y OJHOAONbHBIX C3 U
C,4 pacteHuil He 3aBHCENM OT KadyecTBEHHOro cocraBa cBeta. Buabsl C3 m C, ABYAOJBHBIX Ha
«KpacHOM» CBETY OTCTaBaJid B POCTE U B 3aBUCUMOCTH OT BUA PACTCHHS] UMEIU OTKIOHEHHS OT
HOPMBI: TIOACOJHEYHUK (HOPMUPOBAIT JUIMHHBIA THIOKOTHJIHP U KOPOTKOE MEXIOY3JIHE MEXKIY
CEeMSIONSIMU U TICPBBIMU JIUCThSIMHU, TEPBbIC HACTOSIIUE JUCThS Y TOMara M Kabadka ObLIH
MeTKUMH. JIePUIIUT 3ENIeHBIX W JKENTHIX MUTMEHTOB HAOMIOJAIM y BCEX H3YYCHHBIX BHUOB
nBynoabHbIX C3 pacteHnid. OCOOEHHO CHIBHO 3TO MPOSBUIIOCH y Kabauka U orypiia, 00pa3oBaBLINX
ATHOJIMPOBAHHBIE JHUCThS. PDOTOCHHTETHYECKAas AKTHMBHOCTh BCEX pPACTCHHWH, BBIPAIICHHBIX Ha
KpacHOM» CBETYy, 3aMETHO YCTylaja pacTeHHsIM, BBIpalieHHbIM Ha OenoM cBeTy. CKopocTh
(hOTOCHHTETHYECKOTO TPAHCIIOPTA AJICKTPOHOB B YCJOBHUSX CBETOBOTO HACHIINICHUS OKa3alach
HanOoJee OOBCKTUBHBIM IMOKA3aTelieM IS BBISABICHUS WHINBUAYAIBHBIX PEAKIHUA PACTCHHH HA
KadyeCTBESHHEIA COCTaB CBETA.

3akmoyenne. Ha ocHOBe cCpaBHEHHS BIHSHHS «KpacHOrO» W «0Oeloro» cBeTa Ha
MOP(OJIOTHYECKUE, POCTOBBIE TIOKA3aTeNH U Ha (DOTOCHHTETHYECKYIO aKTHBHOCTD Y psiJia pacTCHHUI
¢ C3 u Cy-tunioMm MeTaboNMM3Ma, BBIIBIIIM PsiZl 0COO0 YyBCTBUTENBHBIX PACTEHUH K «KPacCHOMY»
ceery. 1o Bo3pacraromieil pa3HuIle MEXy PACTCHUSMH, BHIPAIIEHHBIMU Ha «OEIIOM» U KKPAaCHOM»
MCCIICIOBAaHHBIC BUJBI PACHpPEIEeNMINCh B cienyromeM nopsake: Cs OZHOAONBHBIE (IIpOoco —
KyKypy3a — copro) => C3 OAHOIOJIbHBIC (SuMeHb — TIIeHua — oBec) U Cy4 IBYAOIBHBIC
(amapanT) => C3 ABYAOJIbHBIE (IOJCOIHYX — TOMAT — KabavyoK).

Jlutreparypa
['onoBankast 1.d. Mopdorenes pacrenuit u ero peryminus. Yacte 1: dortoperymsius
Mopdorenesa pacteHuit: yueb. mocobme. — Tomck: Wzmarembckuit  Jlom  Tomckoro

roCyJ1IapCTBEHHOT0 YHUBepcuteTta, 2016. — 172 c.

BJIMSTHUE IICUXPOTOJIEPAHTHBIX BAKTEPUH IIITAMMA YO3K2
U BJP5SM HA MUKPO®JIOPY IIPUKOPHEBOM 30HBI ZEA MAYS
T.U. I'onoBanosa, FO.C. Mopo3oBa

Cubupckuil ¢pedepanvruiil ynugepcumem, Uncmumym gyHoamenmanvHotl buoroeuu u
ouomexnonoeuu, np. Ceoboousiii 79, 2. Kpacnospck, 660041

E-mail: tigolovanova@mail.ru

Bo3gelictBue MUKPOOPraHU3MOB MOKET CKa3bIBaThCSl KakK OTPULATENIBHO, TaK W
MOJIOKUTEIBHO HAa POCTOBBIE MPOLECCHl PACTEHUN U HAa UX BOCHPUHUMYHMBOCTH K PA3IMYHOMY POIY
oonesnsaMm.  IlookuTenbHOE ~ JOEWCTBHME  OCHOBAHO  HAa  AHTArOHUCTHYEKOM  CBOMCTBE
MUKpPOOpPTraHn3MoB. OHU CIIOCOOHBI 00pa30BBIBATH CBSI3U C KOPHSAMH PAaCTEHUH U OKa3bIBaTh HE
TONBKO 3amUTHBIA AP(EKT, HO MU CTUMYJIUPOBATH POCT M pa3BuTHe pacTeHus. K Ttakum
MUKPOOPTaHU3MaM OTHOCSTCSI TICUXPOTOJICPAHTHBIE OAKTEpUU, BBIJCICHHBIC U3 KAPCTOBBIX TEIIEP
Kpacnosipcka. [IpenapaTsl, momydeHHbIE HA UX OCHOBE, 0€30MacHBI IS YeJIOBEKa M JKMBOTHBIX.
OT0 ABIAETCA WX OTIMYUTEIHLHOM OCOOCHHOCTBIO OT JPYTHUX CIIOCOOOB 3aIllMTHl PACTCHHIA.
N3ydenue B3auMOAEHCTBUS MUKPOOPTAaHU3MOB-aHTarOHUCTOB MTaTON€HOB M PACTEHHI B HACTOAILIEE
BpEMSI IPEICTABIISICT OOJNBIION HAYYHBI HHTEPEC U OCOOCHHO aKTYaJIbHO B CBSI3M C BO3MOXHOCTBIO
ATbTEPHATHBHOW 3aMEHBI TIECTUIUOB Ha BEIIECTBA OMOIOTUUECKON TPUPOHI [ 1].

Heasb uccaenoBanuii — M3yuyeHHE BIUSHHS IMCUXPOTOJEPAHTHBIX MEIIEPHBIX OaKTEPHid,
BBIJICJICHHBIX M3 KapCTOBBIX mnemep KpacHospcka, Ha MUKpOGhI0py TPUKOPHEBOM 30HBI PACTCHHIA U
Mopdo-(U3NOIIOTHIECKUE TTOKA3aTENN pacTeHU Zea mays.
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Marepuanbl u MeToabl. MccnenoBanu pacteHus Kykypy3bl TuOpua «KyOaHCKuil caxapHbBIT
210» (mpousBoautens ceMsiH (upma «EBpoceMeHa»); MCHUXPOTOJEpAaHTHbIE OAKTEPUM IITAMMOB
BJIP5SM u YO3K2, BbigeneHHble W3 KapcToBbix nemep KpacHosipcka. B kadecTBe KOHTPOJIA
UCTOJB30BAJIM PACTEHHSA, CEMEHa KOTOPbIX HE 00paboTaHbl MHUKPOOpPraHM3MaMH; OINbITa —
pacTeHusi, ceMeHa KOTOPbIX MOABEPIIINCH 00paObOTKE MCUXPOTOIEPAHTHBIMU OAKTEPUSIMH LITaMMa
YO3K2 wiu BJAPS5wMm.

Jlnst  BBIpalMBaHWS PACTCHUN WCIOJB30BAIM TIOYBEHHBIM CYOCTpaT, BKJIIOYAIOIINN:
BEPXOBOM M HU30BOU TOp(Q, mecok u aonomMutoBylo MyKy (pH 5.5-6.5; N — 30%; P — 30%; K -
40%). BoIpamuBaHue NPOBOAWIM TPU €CTECTBEHHOM OCBEIEHUH, MHTEHCUBHOCTH OCBEIICHUS
coctaBisia 14 xmokc. Braxuocts — 74-77 %, temneparypa xonebanace B mpeaenax 26-30 °C.
Pactenuss mnonuBasiu  BOJOMPOBOJHOM OTCTOCHHOM BOAOW, MOAACPKHUBAsS OTHOCUTEIBHYIO
BJIQKHOCTh MIOUYBHI HA ypoBHE 60%.

B Xxonme »skcrepuMeHTa ONpPENENsId HSHEPrui0 IMPOpPacTaHUs, BCXOXKECTh CEMSH B
coorBercTBUM ¢ ['OCT 12038-84 [2], mimHy Ha/J3eMHOM M KOPHEBOM CHUCTEM, CHIPYIO M CYXYIO
Ouomaccy Ham3eMHOW M KopHeBoM cucreM. ConepkaHHE 3€JIeHBIX MHUTMEHTOB OIPEICIsUINA
CIEKTPO(POTOMETPUUECKUM METOI0M 10 MOJIAPHBIM KO3 (HUITMEHTaM 3KCTUHITHH.

OmnpeneneHne ONTHYECKOM IMJIOTHOCTH SKCTPaKTa OCYIIECTBISUIM Ha CIEKTpodoTOMETpe
(SPECOL), o6manaroriieM 10CTaTOYHON pa3peliaroiiell CrioCOOHOCTHIO.

KoHIeHTpanuo NurMeHToB pacCUUThIBAIIN 10 hopmynam [3]:

Ca=(13,7x(D665-D720)-(5,7x(D649-D720))

Cp=(25,8%(D649-D720)-(7,6x(D665-D720)),

rae koHmnentpauuu C, — xoHueHTpanus xinopodpmuia a (Mxr/miu), Cp — KOHIEHTpauus
xmopoduiuta b (Mkr/min), D — onTryeckast I0THOCTH pacTBOPA IPU 3aaHHOM UTHHE BOJIHBI.

Jns ananmza pusocepHoit MHUKPO(DIOPHl HMCHONB30BAJIM CMBIBBI ¢ KOpHei. Pacuer
MPOBOAMIIN TIO cienyrolei Gopmye:

N;xk
M xV

rae Ni — cymma kosonwmii B yamike [letpu; k — pazBenenne; M — BIaXHOCTh BO37yXa B OTH.
en.; V — 00beM Kallld B MIL.

Jlnsg  cratucTUYecKoil 00pabOTKH OSKCIEPUMEHTANBHBIX pPE3yJIbTaTOB HCIOJb30BaIU
Clelaan3upoBaHHbIii maker mnporpamMel  Microsoft Excel 2007. Ouenky mocroBepHOCTH
pas3nuuuii CpeAHUX MPOBOAMIN Ha ocHOBe Kputepusi CThIOJEHTA, NMPU yYPOBHE BEPOSTHOCTH HE
MmeHee 95 %. JlocToBepHOCTDH AeicTBUS (akTOpa MPOBOJIMWIN C UCIOIB30BAHUEM JTHMCIIEPCHOHHOTO
aHanu3za. B Tabmumax W pUCYHKax TMPUBEACHBI CpeaHuEe apudmeThyecKkue 3HAYeHUs C
JBYXCTOPOHHHUM JOBEPUTEIHHBIM MHTEPBAIOM U3 3-5 HE3aBUCHUMBIX 3KCIIEPUMEHTOB, KaXKIbIH U3
KOTOPBIX IPOBEJICH B 3 OMOJIOrHYECKUX TOBTOPHOCTSIX.

PesyabTaTbl. OOHapyxeH ctumynupytomuid d¢¢ext mrammoB YO3K2 u B/IPSM yxe Ha
paHHUX OJTamax pa3BuTus pacteHus Zea mays. Ilokazano, uro mrammbl YO3K2 u BJ/IP5Sm
OKa3bIBAIM IOJIOKUTEIFHOE BIMSIHUE HAa SHEPTHIO MpopacTaHus ceMsH. [lonoxurenbHblid 3¢ ekt
UCCIIETyeMbIX IITaMMOB ObLJT OOHapyeH M Ha pa3BUTUHU KOJEONTWIeH Zea mays, rae CTerneHb
BausHuA mramMmma YO3K2 mpeBsimana creneHb BiausHug mramMma BJIPSmM mo cpaBHeHuio c
KOHTpPOJIbHBIM BapuanToM. [lo pedynbraram Mopdopu3noiIoruieckoro aHajanu3a yCTaHOBJIEHO, YTO
ncuxpotosiepanTHeie Oaktepun (YO3K2, BJ/IP5M) oka3biBanM BIHSHHE Ha POCTOBBIEC MPOIIECCHI
pactenuii Zea mays. Ha Bcex cpokax Bereranuu HaOMIOJaIM HaWOOJbIIEe IOJOKHUTEIBHOE
BausiHue mramma YO3K2 Ha Bce uccnenyemble Mophopu3MOIOTHUECKHE U OHMOXMMHUYECKHE
MOKa3aTeNIM PACTCHUI KyKYypY3bl: INIMHY HAA3€MHON M KOPHEBOM CUCTEM, HA HAKOIJICHHE CHIPOU U
Cyxoil OmoMacchl, Ha HaKOIJICHUE 3E€JICHBIX MHUTMEHTOB, MPUYEM HAUOONBUIMHA CTHUMYIUPYIOIIUN
addext mramma YO3K2 nposBiisisicss Ha 00Jiee MO3THUX CTaAMSIX PA3BUTHS PACTCHHIA.

KOE =
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bakrepuzanuus cemsaH pacreHui mrtammamu BJIPSM n YO3K2 mpuBena K CTaTUCTHYECKH
3HauuMbiM  (P<0.001) w3MeHeHUsIM B CTPYKType pHU30CHEpPHOro MHUKpPOOHOTO KomIuiekca. Ha
TPETbU CYTKHM BEreTallud B KOHTPOJIBHOM BapUaHTE Ha JIOJIIO0 reTepoTPOQHBIX MUKPOOPIaHU3MOB
npuxouinock 14%, aszorpukcatopoB — 25%, aMMOHUGUIUPYIOMUX MHKpoOopranu3smMos — 90%, a
OJMUroTpo(HBIX MHKpoopraHusmMoB — 1%. Ilox BiIMAHHMEM TNCHXPOTOJEPAHTOB H3MEHSIICA
KOJIMYECTBEHHBI COCTaB MUKPOOPraHW3MOB B IIPUKOPHEBOM 30HE pacteHui. [lox nelictBuem
BJIP5SM mnpoucxomuino yBeIMYEHHE TETEPOTPOMHBIX MHUKPOOPTaHU3MOB a30TPUKCATOPOB |
OJUroTpo(hoB, HO PE3KO CHIKAIOCH coaepxaHue aMMoHU(pUKaTopoB. DddekT neiictBus YO3K2
ObUI aHAJIOTWYHBIM, OJJHAKO, CTENEHb €ro MpPOsBJICHUs Obla 3HAYUTENIBHO BbIIIE, YEM Y HITaMMa
BJIP5SM. Ha necarble CyTku BereTaldd pPACTEHMM  KOJWYECTBEHHBIM COCTaB  TIpyIN
MHUKPOOPIaHU3MOB B CTPYKTyp€ MHUKPOOHOTO KOMIUIEKCA IPUKOPHEBOM 30HBI KYKypy3bl
cymectBeHHO u3MeHwmics. Ilon npeiictBuem mramma BJIPSM comepikanue rerepoTpoHBIX U
aMMOHM(HUIMPYIONIMX MHUKPOOPTaHU3MOB HE HW3MEHSUIOCh, HO DPE3KO CHUXKAIOCh KOJIMYECTBO
a30TOPUKCUPYIOIUX M OJUTOTPO(HBIX MHUKPOOPTaHM3MOB; MOJ BiusHMEM mTamMMa YO3K2,
MPOUCXOJMIIO PE3KOE CHW)KEHHE TeTepOTPO(HBIX, aMMOHU(PHUUMPYIOUIMX U  OJUTOTPOQPHBIX
MHUKPOOPIaHU3MOB, HO YBEJIWYHBAJIOCH COJCpXKaHHE a30TO(PUKCATOPOB. DTO OYEHb BAXKHO IS
pacTeHusi, TaK Kak OHU HE yCBaMBaIOT aTMOC(EpHBIN a30T, a CHAOKEHHE a30TOM MPOUCXOIMT 3a
cueT paboThl aMMOHH(DHULIUPYIOIIUX MUKPOOPTaHH3MOB.

3akioueHue. [loka3aHO TMOJOXKUTETBRHOE BIUSHUE TICUXPOTOJEPAHTHBIX OaKTepuid
mraMMoB BJIPSM m YO3K2 Ha poct M pa3BUTHE pacTeHUN M HAa CTPYKTYpY ITOYBEHHBIX
OakTepuaTbHBIX KoMILIekcoB. Hanbonpimmii 3 dext Ha pacteHust Zea mays okazan mramm Y O3K2.
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Cubupckuii ghedepanvuuiii ynusepcumem, npocnekm Ceoboonuiti 79, Kpacunospck, Poccus
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E-mail: trifonov_sergei@inbox.ru
COBepH_IeHI/Ie JJINTEIIBHBIX HCCICAO0BATCIIBCKUX KOCMHWYECKUX MHCCHH C YeJOBEKOM Ha
00pTy HEBO3MOXHO 0€3 JKM3HEHHO HEOOXOJWMBIX PECypCOB, TaKUX Kak: BO3AYX, BOJA M IHUIIA.

OueBuAHO, YTO TPAHCIIOPTUPOBKA JAHHBIX MPOAYKTOB IPU TAKHX MOJETaxX He LierecoodpasHa, nu3-
3a e€ Oonpmoii croumoctu. [losTomy Oosiee palnMOHATBLHO CHHTE3HPOBATH BCE HEOOXOAMMBIE
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pecypchl HEMOCPEICTBEHHO Ha OOPTYy KOCMHUYECKOro Kopadis. CHHTE3 KUCI0pOJa, paCTUTENbHOM
NUIIA ¥ BOJABl BO3MOXEH IPH HAJIMYUM OHOJOTO-TEXHHUYECKOW CHUCTEMBI XKHU3HEOOECTIeUEeHUs
(BTCXO), B x0oTOpO# JaHHBIC BEIIECTBA BOCHPOU3BOASITCS B KPYrOBOPOTHOM MacCOOOMEHHOM
mporecce M3 OPraHWYEeCKHX OTXOA0B. LIeHTpanbHBIM CpemnooOpa3ylonMM 3BEHOM MU 3TOM
SIBJISIFOTCS BBICIIME pacTeHud. [1].

Onnoit u3 rnaBHOM mpoOinem co3manusi BTCXO sBnsercs mepepaboTka OpPraHUYECKUX
OTXOJIOB JKU3HEAEATENbHOCTH 4enoBeka. Jlig pemeHuss paHHod mnpoGnembl B MHctuTyTe
buopusuku CO PAH OGan paspaboran merox «Mmokporo» cxkuranus [2]. IlpuHumnmansHON
CTPOEHHUE PeaKTOpa «MOKPOI0» CKHUIaHHs IPEJICTABICH Ha PUCYHKE.

Pucynox — Ctpoenue peakTopa KMOKpPOTO»
cxuranus: 1 — CIMBHOM KJamaH; 2 — 3JEeKTpoAbl; 3 —
KPBIIIIKA JIJIS 3a]THBa MePEKUCH U BOJopoa ; 4 —
3MEEBUK IS OXJIAKCHHUS Ta30B; 5 — MeMOpaHa JJis
cOMBaHMSI MTEHBL; 6 — EMKOCTS JIJIsl cOpoca JINITHEH
MICHBI; 7 — BEHTWIIb; § — IJIATUHOBBIN KaTaau3aTop
IUJISL OKUCIICHHSI BOJIOPOAA U JIETYIUX
YTJIEBOOPOJIOB; &, b — cocybl, pe0XpaHsIoIIye
OT CMEILMBAaHUS PaCTBOP U3 PEAKTOpa U KUCIOTY U3
cocyza coopa aMMHaka; C — cocy it PuKcaluu
aMmuaka ¢ 6%-Hol a30THOM KUCJIOTOH

I:ii].&‘1

B  pesynbTare = «MOKpOro»  CXKHraHUs  0OOpa3zyercs  IMOJHOCTBIO  CTEpPUIIbHBIM,
MUHEpPAJIN30BaHHBI pPacTBOpP, B COCTaBE KOTOPOIO COXPAHSIOTCS BCE MAaKpOdJIEMEHTHI C
HEKOTOpOM MoTepel a30Ta B BUAE aMMHUAKa, U HA KOTOPOM BO3MOXKHO MOCIIEAYIOLIEE BhIpAIllUBaAHHE
pactenuit. [3]

Hcnonp3oBaHue pacTBOpa B TEUCHHWE HECKOJBKHX JHEWH MOCIe MUHEpalu3aluu ObIBaeT
IPOOJEMATUYHBIM HU3-32 €r0 TOKCUYHOCTH, YTO MPOSIBIISIETCS B CHUKEHUH POLYKTUBHOCTH MEPBIX
IBYX-TpEX TIOKOJIEHUI KoHBeWepa mmieHUIbl. I[loaToMy 1enpi0o JaHHOM paboOThl sBISETCS
pa3paboTKa METOAUKH €€ CHUKECHHUS.

Marepunansl u Meroabl. /lid npoBeAeHUs] SKCIEPUMEHTOB 10 CHM)KEHHMIO TOKCHUYHOCTH
UPPUTALMOHHOTO pacTBOpa OblI BBIOPaH METOJ aBTOKJIABUPOBAHMS: IMTATENIBHBIA pacTBOP
HarpeBajy NpH JaBIEHUU 2,5 aTM. U TeMIIeparype 205°C B Teuenne gaca. Takum o0pa3om, ObLIO0
BbIOpPAaHO J1Ba BapHaHTa: aBTOKJIABUPOBAHHBIN M HEABTOKJIABUPOBAaHHBIN pacTBOp. Ha momydeHHbIX
pacTBopax, IOJBEPIIIMXCS KOPPEKTHUPOBKE MHHEPAIbHOIO COCTaBa, BBIPAIMBAIN IIIECHUILY
METOAOM THUJIPONOHUKU HAa HEHTpasbHOM cyOcTpaTe — Kepam3ure. Takke OBUIM NPOBEIECHBI
npeaBapuTelIbHbIe dKcrepuMenThl 1Mo BbipammuBanuio Chlorella vulgaris B wamkax merpu Ha
aBTOKJIaBUPOBAHHBIX M HEaBTOKJIABHUPOBAHHBIX MHUHEPATU30BAHHBIX PACTBOPAx, HE MOBEPIIIUXCS
KOPPEKIMY MUHEPAIBHOIO COCTaBA.

ITosyyeHHble pe3yJabTaTbl. OKCIEPUMEHTHl C IIIEHUIEW B HACTOALIEE BpeMs
IPOAOIKAIOTCS, OJHAKO, IPEIBAapPUTENbHBIE OMNBITHl IO BBIPAIIMBAHUIO MHUKPOBOAOPOCIECH Ha
IIOJIyYYEHHOM pPacTBOPE CBHUJETENBCTBYIOT O CHHKEHMM TOKCHMUHOCTH. Cyxas macca BOJIOpOCIEN
BBIPAILIEHHBIX HA aBTOKJIABUPOBAHHOM pacTBOpe HpuMepHo Ha 40 % Bbllle, YEM B BapuaHTE C
HEaBTOKJIABUPOBAaHHBIM PaCTBOPOM.

3akirouenne. lcxons W3 IpeaBapUTENbHBIX  HKCHEPUMEHTOB 10  BBbIPAIMBAHUIO
MHUKPOBOJIOPOCIICH, MOXXHO CZENaTh BBIBOJ, YTO AaBTOKJIABHPOBAHUE CIOCOOCTBYET CHUIKEHUIO
TOKCUYHOCTH MUHEPAIU3UPOBAHHBIX OTXOA0B YEI0BEKA.
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