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BUOJIOTMYECKOE JEHCTBUE HAHOYACTHI] METAJIJIOB B COUETAHHUH C
CUHTETUYECKUMMU NENTUIAMU HA KNIMHUYECKHUE IITAMMBbI
MUKPOOPI'AHU3MOB

B.b. BOPOJIYJIUHY, I.B. BABYLLIKUHA?*, E.B. BOPOYJIMHA?,
E.B. BOBLUIEBAL, 0.9. JJIOCEB?, E.I. UEBOTAPEBA

Y @proy Bo «Capamosckuii 20cy0apcmeenHvlii MeOUYUHCKuULl yHugepcumem um. B.H.
Pa3zymosckoeo» Munzopasa Poccuu,

2 HUH mpasmamono2uu, opmoneouu u netipoxupypeuu @bI'OY BO « Capamosckuii
20¢y0apcmeeHublil MeouyuHckuil ynueepcumem um. B.U. Pazymosckozo»
Mumnzopasa Poccuu, Capamos

N3ydyena Ouosornyeckas aKTUBHOCTh CHHTETUYECKHMX TMENTUAOB —  aHAJOrOB
WHJOJUIMIMHA B COYETAHUN C HAHOYACTUI[AMHU MEJH U HUKeNsl B OTHOUIEHUH 40 KIMHUYECKUX
mrrammoB Staphylococcus aureus u Escherichia coli, BeigeneHHBIX OT MAIMEHTOB TPABMATOJIOTO-
OpPTOTENINYECKOrO CTal[MOHapa ¢ THOWHO-BOCHANIMUTEIbHBIMU OcloXKHeHussMu. HaunbGosee
BBIPAKEHHBIM aHTHOAKTepUaIbHBIM 3(dekToM 06aganu WHAOIUIUANH U MYPOUHIOIUH A Ha
HITaMMBbI 30JI0TUCTOTO cTadunokokka. Ha mrammel E. coli Bce nu3ydeHHble MENTH bl HE OKa3alln
CTaTUCTHUYECKH JOCTOBEPHOIO aHTUOaKTepHanabHOro neiicreus. IIpoBeaeHo wuccienoBanue
KOMIUIEKCHOTO BO3JEHCTBUS MHIOJIMLMHA U IYPOUHIOJMHA A B COYETAaHUU C HAHOYACTHULIAMHU
MEAM U HUKeJNd Ha KIMHUYECKHE INTaMMbl  CTaQUIOKOKKA, KOTOpPO€  BBIABUIIO
aHTUOAKTEpHAIbHYI0  aKTUBHOCTh  C  aJJIMTUBHOM  HANpPaBJIEHHOCTbIO,  JOCTOBEPHO
IIPEBBIIIAIOLIYI0 H30JIMPOBAaHHbIN aHTHOAKTEpUAIbHBIA A3PPEKT HAHOYACTUL MEY U HUKEJIS.

Kniouesvie cnosa: nmentuipl, UHIOJIUIMH, HAHOYACTULBI, MeAb, HUKeNb, St. aureus, E.

coli.

C.5-11

THE BIOLOGICAL EFFECT OF METAL NANOPARTICLES IN COMBINATION
WITH SYNTHETIC PEPTIDES ON CLINICAL STRAINS OF MICROORGANISMS

V.B. BORODULIN?, 1.V. BABUSHKINAZ, Ye.V. BORODULINA!,
Ye.V. BOBYLEVA? O.E. LOSEV?, Ye.G. CHEBOTAREVA!

1 V.I. Razumovsky Saratov State Medical University of the Ministry of Health of Russia,

2 Research Institute of Traumatology, Orthopedics and Neurosurgery of V.l. Razumovsky
Saratov State Medical University of the Ministry of Health of Russia, Saratov

Biological activity of synthetic peptides analogues of indolicidin in combination with
copper and nickel nanoparticles was studied for 40 clinical strains of Staphylococcus aureus and
Escherichia coli isolated from traumatologic and orthopedic patients with pyoinflammatory
complications. The most pronounced antibacterial effect was indolicidin and puroindolin A on
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strains of Staphylococcus aureus. All studied peptides did not have statistically significant
antibacterial effects on E. coli strains. The complex effect of indolicin and puroindolin A in
combination with copper and nickel nanoparticles on clinical strains of staphylococcus was
investigated, which revealed antibacterial activity with an additive directionality significantly
higher than the isolated antibacterial effect of copper and nickel nanoparticles.

Keywords: synthetic peptides, indolicidin, nanoparticles, nickel, copper, Staphylococcus
aureus, Escherichia coli.
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OCOBEHHOCTH WHOKYJISIIUA PACTEHUMN PU30OCHEPHBIMU BAKTEPAUSMHU
KAK ®AKTOP NTIOBBILNEHUSA DOPEKTUBHOCTHU
MUKPOKJIOHAJIBHOT'O PASMHOKEHUSA KAPTO®EJIA

I'.JI. BYPBITUHY?, K.IO. KAPTAITIOJIOBA?, H.B. EBCEEBA!, O.B. TKAUEHKO?

1 «
OI'BYH «HUncmumym duoxumuu pu3uonocuu pacmenuti u Mukpoopearnuzmos PAH»,

2
DI'BOY BO «Capamosckuti cocyoapcmeeHHblil acpaphbiil yHueepcumem umenu H. 1.
Basunosa», Capamos

MHUKpOKIOHAILHOE pPa3MHOKEHUE pacTeHUd IN VILr0 OCHOBHOHM croco0 TOJydeHus
03JIOPOBJICHHOTO IMOCAJ0YHOI0 MaTepuala CelIbCKOXO3SHCTBEHHBIX U JEKOPATUBHBIX KYIBTYD.
OmHuM W3 METOJOB  TMOBBIIMICHUS — aJalTAllMOHHOTO IMOTEHIMada MHUKPOPACTCHHH K
HECTEPHJILHBIM YCIOBHSM TOYBBI SIBJIIETCS OaKTEpPHU3AIMs MOCE CTaAWH KYJbTHBHPOBAHHS IN
vitro. B nanHo# pabote Ha nmpuMepe IByX pu3ochepHbix mtammoB Azospirillum brasilense Sp7
u Ochrobactrum cytisi IPA7.2 ¢ pasmuyarommMucs OHOXMMHUYECKHMMH CBOMCTBaMHU ObLIH
HCCIEA0BaHBl POCTCTUMYIUPYIONIHE 3PHEKTh Ha MUKPOKIOHBI KapTodens nMpu OaKTepu3aiuy B
pasuyHble CPOKH KyJIbTHBHPOBAaHHs (N Vitro. BeIABICHO, YTO WMHOKYISANUS MITAMMOM
Azospirillum brasilense Sp7, neciocoOusIM K pocTy Ha cpeae Mypacure — Ckyra, Hanbosee
addexTnBHA HaA CTaAWM YEPEHKOBaHUS MHUKpopacTeHHil. B To ke Bpems Oakrepuzarus
MUKpopacTeHuii kaptodesst mrammom Ochrobactrum cytisi IPA7.2 ontumanbHa B cepeauHe
CTaJMM KYJIbTUBHPOBAHUS IN Vitro.

Kniouesvie crnosa: xkaprodenb, MUKPOKIIOHATIBHOE Pa3MHOKEHHUE, POCTCTUMYIIUPYIOIIHE

pu3obakTepu, in Vitro.

C. 12-16

PECULIARITIES OF PLANT INOCULATION WITH RHIZOSPHERE BACTERIA AS
A FACTOR INCREASING THE EFFICACY OF POTATO MICROCLONAL
PROPAGATION

G.L. BURYGINY?, K.Y. KARGAPOLOVAZ? N.V. EVSEEVA! 0.V. TKACHENKQO?

! Institute of Biochemistry and Physiology of Plants and Microorganisms RAS,
2 Saratov State Vavilov Agrarian University, Saratov

Plant microclonal propagation in vitro is the main method used to produce healthy planting
material of food and ornamental plants. One way to increase the adaptation potential of
microplants in non-sterile soil is to inoculate the plants with beneficial bacteria after culturing in
vitro. Here we used two rhizosphere strains, Azospirillum brasilense Sp7 and Ochrobactrum
cytisi IPA7.2, when after in their biochemical characteristics, to examine the growth-promoting
effects of bacterial inoculation on potato microclones at different times of culturing in vitro. We
found that inoculation with Azospirillum brasilense Sp7, unable to grow on Murashige and
Skoog’s medium, was most effective at the stage of plant grafting. By contrast, inoculation of
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potato microplants with Ochrobactrum cytisi IPA7.2 was optimal halfway into the culturing in
vitro.
Keywords: potato, microclonal propagation, plant-growth-promoting rhizobacteria, in

vitro
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BBISIBJIEHUE U JTEKOHTAMUWHALIUA MUKOIIVIASMA-UH®EKIIUU B
HNEPEBUBAEMBIX KYJIbTYPAX KJVIETOK YEJIOBEKA

N.®. PAJIAEBA, H.C. KYIIEPYBOBA", A.O. CEMEHIIOBA, K.D. TPH®OHOBA,
M.IL. BOI'PAHLEBA, C.B. YCOBA, E.A. HEHAEBA

OFYVH «l'ocyoapcmeennblil HAYUHbII YeHMpP GUPYCON02UU U buomexnonioeuu « Bexkmopy
Pocnompebnaosopa, p.n. Konvyoso, Hosocubupcroii ooracmu

[IpoBeneHo wmccnegoBaHME HAa OTCYTCTBHE MHUKOIUIA3Ma-KOHTAMHMHALMM II€PEBUBAEMBIX
KYJIbTYp KJIETOK 4ejoBeka. Pa3zpaboTaHa cxema €KOHTAMUHALIMK KIETOK OT MHUKOIUIa3MEHHOU
nHpexkuuu. Hunpodnokcanua B KoHUEHTpauuu 10 MKI/MJI MOJTHOCTBIO MOMAABISET POCT
MUKOIUIa3M, HE OKa3bIBAa€T CYIIECTBEHHOI'O BIUSHHUS Ha KYJIbTypajbHble, MOpP(OIOruueckue
MOKa3aTeau KJIETOK B KYJIbType, HH(QUUUPOBAHME KYJIbTYp KIETOK MHUKOIUIa3MaMH He
BO300HOBIsieTcs. Hamu mpoBeneHO cpaBHEHHE METOJIOB BBISBIECHHS MHUKOILIa3M B IpoLiecce
NEeKOHTAMMHALIMK KYyJIbTYp KJIETOK METOJIOM mosmMepa3Hoil unenHoit peaxiuu (I1LP) nu
JIOMUHECHEHTHOW MHKpockonueil. [lokazaHo, uTo 00a MeTo/1a MO3BOJISIOT BBIABIATH HaJIUuKe
MHKOIUIa3Mbl B OJMHAKOBOM creneHu. OpHako A1 KOHTPOJSA Ipolecca JEKOHTAMUHAIUU
KYJIBTYp KJIETOK IesiecooOpasHee ucmoiib3oBath [1[P-ananus.

Kniouesvie cnosa: KynbTypa KI€TOK, MUKOILIa3Mbl, HUIPOQIIOKCALINH, IEKOHTaAMUHALINS,

METO/1 MOJMMEPAZHON LIEMHOW PEAKIIUH.

C.17-22

DETECTION AND DECONTAMINATION OF MYCOPLASMA INFECTIONS IN
CONTINUOUS CELL CULTURES OF HUMAN

I.F. RADAEVA, N.S. KUTSERUBOVA, A.O. SEMENTSOVA, K.E. TRIFONOVA,
S.V. USOVA, E.A. NECHAEVA, M.P. BOGRYANTSEVA

State Research Centre of Virology and Biotechnology «Vectory of Rospotrebnadzor, Koltsovo,
Novosibirsk Region

A study was conducted on the absence of mycoplasma-contamination of transplantable
human cell cultures. A scheme for decontamination of cells from mycoplasmal infection has
been developed. Ciprofloxacin at a concentration of 10 ug/ml completely inhibits the growth of
mycoplasmas, does not significantly affect the cultural, morphological indices of cells in culture,
the infection of cell cultures with mycoplasmas does not resume. We compared the methods for
detecting mycoplasmas in the process of decontamination of cell cultures by polymerase chain
reaction (PCR) and luminescence microscopy. It is shown that both methods allow to detect the
presence of mycoplasma in the same degree. However, to control the process of decontamination
of cell cultures, it is more appropriate to use PCR analysis.

Keywords: cell culture, mycoplasma, ciprofloxacin, decontamination, polymerase chain

reaction.
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OIEHKA 39O®EKTUBHOCTHU BUOIINJIA POCUMA GT ITPOTUB MUKPOBHOI'O
MOPAXKEHUSA APABOTPA®UYECKHNX PYKOIIUCEN

[.B. HAJIEEBA", T'.JI. IATBIIIOBA, I'.1O. SKOBJIEBA
Kaszanckuii (Ilpusonscckuil) ¢hedepanvuviii ynusepcumem, Kazamnw

Apaborpaduieckne pyKONHCH, XpaHIIIUecs B BOCTOYHOM cektope OTnena pykomuceil u
penkux kHur HayuyHoil OubOmuorexku (OPPK HB) wum. H.M. Jlo6aueBckoro Kazanckoro
tdenepanbHoro yuupepcurera (KOVY), B 3HaUMTENHbHON CTEMEHU TOBPEKIAIOTCA 3a CYET
MEXaHUYECKOTO pa3pacTaHus MHULENIHMS MHKPOCKONMYECKMX T'puOOB. B moBpexieHue Takxke
BHOCSIT BKJIaJ] META0OJIUTHl MHUKPOMHIETOB, B OCHOBHOM OpraHMYECKHE KHUCJIOTHL. buouumisl,
MOJABIISAS POCT MUKPOOPraHU3MOB, OKa3bIBAIOT HEOJHO3HAUHOE BIUSHUE HA UX MeTabonusMm. B
HacTosIel paboTe oxapakTepu3oBaHo jeiicteue ouornuaa Pocuma GT, pekoMeH0BaHHOTO IS
0o0paboTku Oymaru, 1Mo OTHOIIEHUIO K BBDKHMBAEMOCTH MHKPOOPraHU3MOB, OOCEMEHSIOIINX
CTpaHUIbl U O0JOXKKY PYKOIIMCH, U U3yYEHO €ro BIUSHUE HA CHHTE3 OPraHUYECKUX KUCIOT U
MUTMEHTOB UACHTU(DUIINPOBAHHBIX JOMUHAHTHBIX TPHOOB-IECTPYKTOPOB.

Knrouesvie cnosa: apaborpadpudeckue pykonucu, ouonun Pocuma GT, opranmdeckue

KHCJIIOTHI.

C. 23-28

ESTIMATION OF THE EFFECTIVENESS OF THE ROCIMA GT BIOCIDE AS
AGAINST MICROBIAL DAMAGE OF THE ARABIC GRAPHIC MANUSCRIPTS

G.V. NADEEVA, G.D. LATIPOVA, G.Yu. YAKOVLEVA
Kazan Federal University

Arabic graphic manuscripts kept in the eastern sector of the Department of Rare Books and
Manuscripts of the Scientific Library of N.I. Lobachevsky Kazan Federal University, are largely
damaged by the mechanical expansion of the mycelium of microscopic fungi. Metabolites of
micromycetes, mainly organic acids, also contribute to damage. Biocides, suppressing the
growth of microorganisms, have an ambiguous effect on their metabolism. In the present work,
the action of the biocide Rosim GT, recommended for the treatment of paper, with respect to the
survival of microorganisms, seeding pages and the cover of the manuscript, is characterized. Its
influence on the synthesis of organic acids and pigments of the identified dominant fungal
destructors has been studied.

Keywords: Arabic graphic manuscripts, biocides Rosima GT, organic acids.
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HNCITOJIb30BAHUE ®EPMEHTATHUBHBIX PBIBHBIX 'MIPOJIM3ATOB KAK
OCHOBBI JIJISI TOJYYEHUA )KUJIKNX OPTAHUYECKHUX YJIOBPEHUM

H.A. TOJIYBbY, B.U. PSBVIIKOY, H.B. KAPABAHIIEBA',
JL.A. PATUEHKO", E.B. PEMECJIO?

1 .
OI'BYH «Hncmumym mopckux ouonocudeckux uccieooganuil um. A.O. Kosanesckoeo PAH»,
2 g -
Cesacmonons, © ®I'BYH «Hayuno-ucciedosamenbCKull UHCMUMYM CelbCKO20 XO3AUCMBA
Kpvimay, Cumghepononw

benkoBble ruApOIN3aThl U3 CHIPbS MOPCKOTO IeHe3a MOJYYEeHbI C TOMOIIbI0 (PePMEHTHBIX
OaKkTepuaNbHbBIX MIPENapaToB MPOTEOJIUTUUECKOTO AecTBUs. 110 ypOBHIO HAKOIUIEHUSI aMUHHOTO
a3zoTa 3((HEeKTUBHOCTh (PEPMEHTATUBHOIO THIPOJIM3a BABOE BbIlIE XUMHUeckoro. [Ipu aBronuse
BHYTPUKJIETOYHBIMM KaTEIICUHAMU YE€pPHOMOPCKOTo Impora HakamnuBaercs 51,3740,53%
aMUHHOTO a30Ta, MpU TUApoJin3e OakTepuanbHbIMU npoteazamMu — 60,52+1,08%. Conepxkanue
o0mero azora B peIOHBIX TUApoiu3arax cocrabiser 12,02+1,60%, opranudeckoro ¢gocdopa —
2,48+0,12, xamust — 1,5540,06, cyxoro BemectBa — 13,36£2,15%. B peiOHBIX THApONHM3aTax B
OCHOBHOM Tpeo0IaatoT anupaTHYecKie aMUHOKHCIOThI, METHOHUH, TITyTaMHUHOBAsI KMUCIIOTa U
(deHUnaNaHMH, a B MHIUHHOM THIPOJHM3aTe — TJIMIWH, JIM3WH, TPEOHWH H CcepuH. llpm
OJIHOKPaTHOM 3aMayMBaHMM CEMsH TIIEHUIBI B PacTBOpe ynoOpeHus c paspeneHuem 1:199
JOCTUTAETCSI MAaKCUMAJIBHBIA CTUMYIUPYIONIU 3G (dEeKT Ha pa3BUTHE MPOPOCTKOB. [IpupocT Ha
10-19% Beiie B cpaBHEHHUH C KOHTpoJsieM. [lojieBble MCHBITAaHUS KUAKOTO OPraHUYEeCKOro
ynoopenus: «dunuiuzat» Ha SPOBOM SUMEHE IOKA3aJid, YTO HauboJiee BBICOKHE PE3YIbTAThbl
TOJTy4YCeHBI NP BHECEHHH ynoOpeHus ¢ HopMmoit pacxona 1,0 u 1,5 n/ra B daze TpyOKoBaHUS H
koJiomeHus. [IpubaBka ypoxalHOCTH Tipu 3ToM cocTaBuia 1,9 u 2,3 m/ra. buomerpuieckuit
aHaJIU3 CHONOBOIO MaTrepuajia M Y4eT yposkas SpOBOTO SIUMEHS IOKazajd TMOJOXKHUTEIbHOE
BIIUSIHUE YyOOOpeHHs Ha NPOAYKTUBHOCTH Kojioca. Bo Bcex BapuaHTax C NpUMEHEHUEM
ynoOpeHuil oTMeYeHa TeHICHIMS K YBEIMYEHHUIO UIMHBI KOJIOCAa U MacChl 3EpeH. Y I0OpeHus
BBICOKMM COJIEp)KaHMEM AaMHHOKHCIOT M3 MOPCKOTO CBIpbSi MOTYT HCIOJIb30BaThCs st
MOJIyUYEHHUsI SKOJOTMYecKH Oe30MacHOW MpOAYKIUMU pPACTEHUEBOACTBA. TakuM 00pazom,
MPUMEHEHHE THUJIPOJIN3aTOB W3 MOPCKOIO CBHIPbS CIOCOOCTBYET MOBBILICHUIO YPOXKANHHOCTU
CEJIbCKOXO3SUCTBEHHBIX KYJIbTYP U MOIYYEHHUIO IKOJIOTUYECKH YUCTOU MPOTYKIIUH.
Knrouesvie cnosa: depmeHTaTHBHBIE THUIAPOIMU3ATHI, AMHHOKUCIOTHL, PbIOA, KHUIKHE
OpraHuyeckue yao0peHus, ypoKaitHOCTb.

C. 29-36



USE OF FISH ENZYMATIC HYDROLYSATES AS A BASIS FOR LIQUID
ORGANIC FERTILIZERS

N.A. GOLUB!, V.I. RYABUSHKO!, N.V. KARAVANTSEVA?,
L.A. RADCHENKO?, E.V. REMESLO?

1 Kovalevsky Institute of Marine Biological Research of RAS, Sevastopol;
2 Scientific Research Institute of Agriculture of Crimea, Simferopol

Protein hydrolysates from the raw material of marine genesis are obtained using enzymatic
bacterial preparations of proteolytic action. The efficiency of the enzymatic hydrolysis in terms
of accumulation of amine nitrogen is twice as high as that of the chemical one. When performing
autolysis with intracellular cathepsins of the Black Sea sprat, 51,37+0,53% of amine nitrogen is
accumulated, and it increases to 60,52+1,08% when using bacterial protease hydrolysis. The
content of total nitrogen in fish hydrolysates is 12,02+1,60%, organic phosphorus is 2,48+0,12%,
potassium is 1,55+0,06%, and dry matter is 13,36£2,15%. In fish hydrolysates, aliphatic amino
acids, methionine, glutamic acid and phenylalanine predominate, whereas glycine, lysine,
threonine and serine are dominant in mussel hydrolysate. The maximum stimulating effect on
development of seedlings is achieved with a single soak of wheat seeds in a fertilizer solution
with a dilution of 1:199. The growth of these seedlings is 10-19% more intensive compared to
the control. Field tests of the liquid organic fertilizer Fishlysate on spring barley demonstrate that
the highest results are obtained when applying the fertilizer with an expenditure rate of 1.0 and
1.5 I'ha-1 at the booting and heading phases of growth. The harvest increase in this case is
1.9-102 and 2.3-102 kg-ha—1, respectively. Biometric analysis of spring barley reveals a positive
effect of the fertilizer on the productivity of ears. The increase in the ear length and mass of
grains is noted in all variants of the fertilizer use. Fertilizers with a high content of amino acids
from marine raw materials can be used to produce environmentally-friendly and safe crop
production. Thus, the use of hydrolysates from marine raw materials conduces to increase of
crop harvest and green product manufacturing.

Keywords: enzymatic hydrolysates, amino acids, fish, liquid organic fertilizer,

productivity of land.
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OPUI'MHAJIBHBIE CTATBU
VIK 577.152.54:661.746.5

HCCJEIOBAHUE JUHAMHWKU WHBEPTA3ZHOM AKTUBHOCTH ITIPH
BUOTPAHC®OPMALUU I'NIPOJIU3ATOB IIOMOJIA 3EPHA P/KU
MUKPOMMULETOM ASPERGILLUS NIGER

A.A. TIPUHIEBA™?, H.10. IIAPOBA'?, T.B. BbIFOPHOBA®, A.P. IOILIKAYCKAMTE!

1 . .
Bcepoccuiickuii nayuno-ucciedosamenbCKuil uHCmMumym nuwjegolx 00oasox — guauar ®IEHY
«DedepanvHulli HayuUHbLUL YeHmp nuweswvix cucmem um. B.M. I'opbamosa» PAH,

2 HUY UTMO Basosas Mmazucmepckasn kageopa « Texnonoeuii npou3zso0cmea NUUeblx
Mukpounepeouenmosy, Cankm-Ilemepoype

[Itammbr mukpomuriera Aspergillus niger JI-4 u B-3 — npoaylieHTbl TUMOHHOM KUCJIOTBI —
MOTYT CHHTE3UPOBATh THAPOIUTHYCCKHIE (DEPMEHTHI IIPU TIIYOMHHOM CIT0CO0€ KYJIbTHBHPOBAHHUS
Ha THIpOJU3aTax mNoMoja 3epHa pku. Llenblo maHHOW pPabOTHI SBISETCS HCCICIOBAHUE
JMHAMHMKHA WHBEPTA3HOW aKTUBHOCTH MPH KyJabTHBUpoBaHuu mrammoB Aspergillus niger JI-4 u
B-3 nHa ruaponmsarax momona 3epHa pku. OOBEKTOM HWCCICIOBAHUS CIYKUIH IITaMMBbI
mukpomuiiera Aspergillus niger JI-4 u B-3 — npoayiieHThl IUMOHHOW KHCIOTHI. DepMeHTaIHIO
MPOBOIMIIM TIEPHOJANIECKIUM CIIOCOOOM MO TEXHOJOTMH KOHIICHTPUPOBAHHBIX Cpeil. B kadecTse
YIJIEBOJHOTO CyOCTpara MCCIIeOBaHbl THAPOIM3aThl TIOMOJIA 3€PHA P)KM, MCTOYHUKA a30Ta —
HUTpAT  amMMoOHus.  MHTpauemttonspHas  WMHBEpTa3Has  akTUBHOCTH Ha 120 4
OMOTEXHOJOIMYECKOTO Mpolecca B pe3yabTaTe epMEHTAIIMN THAPOIM3aTOB MIOMOJIA 3€PHA PIKH
mrrammom Aspergillus niger JI-4 BapeupoBana ot 1,70+0,10 ex/mMr mwuieanaIbHONR Macchl 10
2,19+0,15 en/mr munenuaibHOW MAacChl. ODKCTpPAINCIUIIONSApHAs HWHBEpPTa3Has aKTHBHOCTH B
pesynbTaTe 120-yacoBoil (epMeHTanuM THAPOJM3ATOB IOMOJIAa 3€pHA PXKM HAXOJWIACh B
npeaenax ot 0,92+0,06 ex/cm3 HatuBHOTO pacTtBopa 10 1,05+0,08 ex/cM3 HATUBHOTO pacTBOpa.
ITpu kyneruBupoBanuu mramma Aspergillus niger B-3 mokasarenu cocraBumm — ot 2,53+0,18
no 2,67£0,21 en/mr u ot 0,59+0,04 no 0,66+0,05 en/cm3 coorBercTBeHHO. IllTamMMBl rpuda
Aspergillus niger JI-4 u B-3 npu KyIbTHBHPOBAHMHM Ha THAPOJIU3ATaX IOMOJIA 3€pHA PIXKH
00JIaIal0T  CIMIOCOOHOCTBIO  CHHTE3UPOBAaTh (EPMEHTBI € HMHBEPTa3HOH AKTHBHOCTBIO.
[TonyueHHbIC TaHHBIC MOTYT ObITh MPUMEHEHBI B JTbHEHIINX UCCICIOBAHUAX VI pa3pabOTKH
TEXHOJIOTUU TIOJYYCHUSI JIMMOHHOW KHCJIOTHI M HHBEPTa3bl B OJHOM OHMOTEXHOJOTHYECKOM
mporiecce.

Kniouesvie cnosa: poxb, THAPOJIN3AT, TUMOHHAS KUCIO0Ta, npoayueHt, Aspergillus niger,
WHBEPTA3HAs AKTUBHOCTb.

C.37-41
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RESEARCH OF THE DYNAMICS INVERTASE ACTIVITY DURING
BIOTRANSFORMATION HYDROLYSATES OF GRINDING GRAIN OF RYE BY
MICROMYCETE ASPERGILLUS NIGER

A.A. PRINTSEVA'? N.Yu. SHAROVA!? T.V. VYBORNOVA! A.R. YUSHKAUSKAITE!

! All-Russian Research Institute for Food Additives — Branch of V.M. Gorbatov Federal
Research Center for Food Systems of RAS,
2 Chair of Food Microingredients Processing ITMO University, St. Petersburg

The strains of micromycete Aspergillus niger L-4 and B-3 — the producers of citric acid can
synthesize hydrolytic enzymes with a deep cultivation method on hydrolysates of grinding grain
of rye. The aim of this work is a research of the dynamics invertase activity during cultivation of
the strains Aspergillus niger L-4 and B-3 on hydrolysates of grinding grain of rye. The object of
the research were the strains of micromycete Aspergillus niger L-4 and B-3 — the producers of
citric acid. The fermentation was carried out periodic way according to the technology of
concentrated environments. As a carbohydrate substrate are investigated hydrolysates of grinding
grain of rye, the nitrogen source is ammonium nitrate. Intracellular invertase activity at 120 h of
biotechnological process by fermentation of the hydrolysates of grinding grain of rye by the
strain of Aspergillus niger L-4 ranged from (1,70+0,10) u/mg mycelial weight to (2,19+0,15)
u/mg mycelial weight. Extracellular invertase activity as a result of 120-hour fermentation of the
hydrolysates of grinding grain of rye was in the range from (0,92 = 0,06) u/cm3 of the solution to
native (1,05+0,08) u/cm3 of a native solution. When cultured a strain of Aspergillus niger B-3
indicators made — from (2,53+0,18) to (2,67+0,21) u/mg and from (0,59+0,04) to (0,66+0,05)
u/cm3, respectively. The strains of the fungus Aspergillus niger L-4 and B-3 when cultured on
hydrolysates of grinding grain of rye have the ability to synthesize enzymes with invertase
activity. The obtained data can be applied in further researches for the development of
technology for producing of citric acid and invertase in one biotechnological process.

Keywords: rye, hydrolysate, citric acid, producer, Aspergillus niger, invertase activity.
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OPUI'MHAJIBHBIE CTATBU

YK 579.24; 579.25

UHTEHCU®UKAIIUSA MPOAYKINNA CEKPETUPYEMOM PUBOHYKJIEA3BI BSN
BACILLUS SUBTILIS B YCJIOBHUSAX COJIEBOI'O CTPECCA

M.A. XAPUTOHOBA", A.W. KOJIITAKOB, ®.I'. KYIIPUSIHOBA-AIIIMHA
Kaszanckuii (Ilpusonscckuil) ¢hedepanvuviii ynusepcumem, Kazamnw

B pasnuuHBIX JMMUTHPYIOIIMX YCIOBUSAX mpeactaBurend poxaa Bacillus akrueHO
CEKPEeTUPYIOT B OKpyxkaromlyio cpexy pubonykieassl (PHKaszper). Ilomumo cTpeccos,
OTPaHUYMBAIOIIUX JOCTYIIHOCTh IUTATEJIbHBIX BEIIECTB, COJEBOW CTPECC MOXKET aKTHU-
BU3MpOBaTh  mpoaykuuto  cekperupyembix PHKa3.  VYcraHoBimeHo, 4TO  MOBBIIEHHE
KOHIICHTPAIIMH COJICH MPUBOIUT K Bo3pacTanuto ypoBHs Ouocunreza PHKaser Bsn B. subtilis. C
MOMOIIBI0 IITaMMa, HECYLero MyTaluuuh B TreHe Oenka-perymsropa DegU, mokaszaHo, uTo
cucrema TpaHcaykuuu curtana DegS-DegU npuHumaer yuyactue B peryisiliiy SKCIIPECCUU reHa
u unTeHcuuxanuu npoaykuuu PHKa3er Bsn B ycnoBusix cosneBoro crpecca.

Kniouesvie cnosa: pubonykmneasza, Bacillus subtilis, perymsmust OuocunTe3a, coseBoit
cTpecc.

C. 42-46

INTENSIFICATION OF THE PRODUCTION OF SECRETABLE RIBONUCLEASE
BSN FROM BACILLUS SUBTILIS UNDER SALT STRESS CONDITION

M.A. KHARITONOVA, A.l. KOLPAKOV, F.G. KUPRIYANOVA-ASHINA
Kazan Federal University, Kazan

Under various limiting conditions, representatives of the genus Bacillus actively secrete
ribonucleases (RNases) into the environment. In addition to the stresses that limit the availability
of nutrients, salt stress can activate the production of secreted RNase. It was found that an
increase in the salt concentration leads to an increase in the level of biosynthesis of RNase Bsn
of B. subtilis. Using a strain bearing mutations in the gene of the DegU regulator protein, it has
been shown that the signal transduction system DegS-DegU participates in the regulation of gene
expression and intensifies the production of RNase Bsn under conditions of salt stress.

Keywords: ribonuclease, Bacillus subtilis, regulation of biosynthesis, salt stress.
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OPUI'MHAJIBHBIE CTATBU
VIK 579.22; 579.832; 577.11

CHUXEHUE I TYTATAOHOM TOKCHYECKOI'O JIEVCTBHUA 2,4,6-
TPUHUTPOTOJYOJIA B OTHOIIEHUH BACILLUS SUBTILIS SK1

[.10. SIKOBJIEBA", H.B. KAJIAUEBA, O.H. WJIbUHCKAS
Kaszanckuii (Ilpusonscckuil) ¢hedepanvuviii ynusepcumem, Kazamnw

Tokcuueckoe neiicteue 2,4,6-rpunurpotonyosia (THT) B otHomenuu Bacillus subtilis
SK1 cknmaneiBaercsi, 0 MEHbBIIEH Mepe, U3 BYX KOMIIOHEHTOB — TOKCHYHOCTH KCEHOOMOTHKA U
(WTM) TPOYKTOB €ro TpaHC(OpMAaILMK, a TaKKe OKHUCIUTEIBHOTO CTPecca, YTO MpPOSBISIETCS B
MIEPBYIO OYEpe/b B MOAABICHHH POCTa KYIbTYphl. BHECEHHE TIIyTaTHOHA B KOHIIEHTPAIHHSAX JI0
200 Mr/a He MPHBENO K CYIICCTBEHHBIM W3MEHEHHsM B auHamuke pocrta B. subtilis SK1 wa
cunrernyeckoi cpene 0e3 THT. Breicokme xonuentpamuu rtiyratuona (200-270 wmr/m)
MPUBOJIUIIN K YCKOpEHHIO mepexona kiaerok B. subtilis SK1 B da3y ormupanus. B npucyrcreuu
KCEHOOMOTHKA TIIYyTaTHOH cTuMy/upoBan poct B. subtilis SK1. YmMmeHblIeHHE TOKCHYECKOTO
spdpexkra THT oOycrnoBiaeHo HeHTpanuzauuell TIyTaTUOHOM aKTHBHBIX (GOpPM KHCIOpoja
(ADK), obpasyromuxcss Ha HayallbHBIX d3Tamax TpaHChOpPMAIlMU, a TaKXKE €ro BO3MOKHBIM
WCTIOJIb30BAHMEM KJIETKOM B KadyecTBE BOCCTAHOBHTENs. [JyTaTHOH CTHMYJIHpOBAI MPOIECC
tpanchopmaruu THT (100 mr/m); mpu yBeTWYEHUH KOHIIEHTPAIMM KCEHOOMOTHKA TaHHOTO
spdekra He HaOmoganu. B coctaBe mpoaykroB Tpanchopmanumu THT oOHapyskeHbl Kak
npoaykTel HUTpoBocctaHoBienus (ITHB), Tak u autputhl, npuuem moss [THB B mpucyrcrBum
TIIyTaTHOHA BO3pacTaja. YMEHBIICHHE JOJIM HHUTPUTOB CpPEAM NPOAYKTOB TpaHC(HOpMAIUU
CBUJICTEIILCTBYET O TOM, YTO TJIYTaTHOH HE YYacTBYET B OTINEIUICHUH HHUTPOTPYIIBI OT
moJiekyasl THT.
Kniouesvie  cnosa:  2,4,6-rpunutpotonyos, Ttpanchopmarms, Bacillus  subtilis,
TOKCHYHOCTB, aKTUBHBIC ()OPMBI KUCIIOPO/Ia, TITyTaTHOH.

C. 47-53

GLUTATHIONE REDUCTION IN THE TOXIC EFFECT OF 2,4,6-
TRINITROTOLUENE ON BACILLUS SUBTILIS SK1

G.Yu. YAKOVLEVA, N.V. KALACHEVA, O.N. ILINSKAYA
Kazan (Volga-Region) Federal University, Kazan

The toxic effect of 2,4,6-tinitrotoluene (TNT) on Bacillus subtilis SK1 is composed of at
least two components — toxicity of xenobiotic and/or of its transformation products, as well as
oxidative stress primarily shown in the suppression of culture growth. The addition of
glutathione in concentrations up to 200 mg/l did not lead to significant changes in B. subtilis SK1
growth dynamics in a synthetic medium without TNT. High concentrations of glutathione (200
270 mg/l) led to acceleration of B. subtilis SK1 cells’ transition to extinction phase. In the
presence of xenobiotic, glutathione stimulated growth of B. subtilis SK1. The reduction of
TNT’s toxic effect is conditioned by glutathione-mediated neutralization of reactive oxygen
species (ROS), which are formed at the initial stages of transformation, as well as its possible use
as a reducing agent by the cell. Glutathione stimulated the process of TNT’s transformation (100
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mg/l); with increase of xenobiotic concentration, this effect was not observed. In the composition
of transformation products of TNT, both products of nitro group reduction and nitrites were
detected, moreover, the proportion of products of nitro group reduction in the presence of
glutathione increased. The decrease of nitrites’ proportion among transformation products
indicates that glutathione does not participate in nitro group elimination from TNT molecule.

Keywords: 2,4,6-trinitrotoluene, transformation, Bacillus subtilis, toxicity, active forms
of oxygen, glutathione.
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OPUI'MHAJIBHBIE CTATBU

VK 616.988.23.6:543.865

W3MEHEHUE COCTOSTHUS MUHEPAJIBHOI'O OBMEHA KOCTHOM TKAHHA
HPEITAPATOM COSA®DJIAH ITPU DKCIIEPUMEHTAJIBHOM OCTEOIIOPO3E

10.B. BEPECHEBA", ®.A. UBPATMIMOB, H.JI. BRIITIOBA

HUnemumym 6uoopeanuuecxou xumuu um. akao. A.C. Caovikosa AH PY3, Tawkenm,
Pecnybnuxa ¥Y36exucman

B MWucturyre Omoopranmueckodt xumuu AH PVY3 momyuena cranmapTu3upoBaHHAs
KOMOMHAIIMS TOJUIENTHIOB U3 COEBOM MYKU C MOJIEKYJIsipHOU mMaccoit 12,5-79,0 x/la, 6oraToit
n3oduiaBoHaMu (CojepKaHUE Naii3enHa Ha TpaMM Oeika cocTaBisieT B cpexneM 1,0-1,3 wr,
reaucrenHa — 2,0-2,45 wr). I[lpenapar na3Ban Cosidman. Ha monenu skcrepuMeHTaIbHOTO
OCTE0IOpO3a BBISIBJICHbI M3MEHEHUS KOHIEHTpAluu Kaiblus, gochopa, MarHus B KPOBH U
KOCTHOM TKaHM y caMOK OesbIX OecropoJHBIX KpbIC IpH BBeAeHMM npenaparta CosduaH B
cpaBHeHuH c¢ mnpenapatamu Knmumakcan u AxtuBHbIA Kanbuuit A.A.G. Ilpemapat Cosidnan
MoKa3zajl BBICOKYIO 3((EeKTUBHOCTh TNPEJOTBpAILEHHUS OCTEONOpOo3a, COMOCTABUMYIO C
MIPUMEHSEMbIM B MeAMIIMHCKON nipakTuke BAJloM — AkTuBHBIN Kanbuuit A.A.G.

Knrouesvie cnosa: 6enkoBblii KOMILIEKC, (PUTOICTPOrEHBI, H30(IIaBOHBI, OCTEOTIOPO3.

C. 54-59

CHANGE IN THE STATE OF BONE MINERAL TISSUE METABOLISM BY
SOYAFLAN IN EXPERIMENTAL OSTEOPOROSIS

Yu.V. BERESNEVA, F.A. IBRAGIMOV, N.L. VYPOVA

Institute of Bioorganic Chemistry, Academy of Sciences of Uzbekistan, Tashkent, Republic of
Uzbekistan

A standardized combination of polypeptides from soy flour with a molecular weight of
12,5-79,0 kDa rich in isoflavones (daidzein content per gram of protein is in average 1,0-1,3
mg, genistein — 2,0-2,45 mg) was received in the Institute of Bioorganic Chemistry, Academy of
Sciences of Uzbekistan. The drug is called Soyaflan. On the model of experimental osteoporosis,
changes in the concentration of calcium, phosphorus, magnesium in the blood and bone tissue in
female white outbred rats were revealed with the administration of Soyaflan in comparison with
Climaxan and Active calcium A.A.G. preparations. The Soyaflan drug has shown high
effectiveness of preventing osteoporosis, comparable to the dietary supplement used in medical
practice — Active calcium AAG.

Keywords: protein complex, phytoestrogens, isoflavones, osteoporosis.
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OB30PhbI

YK 577.112

JEKTHUHBI: OB30P CBOMCTB U MIEPCHEKTHUB UCIIOJIb30BAHWSA B
BUOTEXHOJIOI'MA

A.B. KOBEJIEB, A.C. CUPOTKHH*
Kazanckuii nayuonanbHblii uccie008amenbCKuli mexHon02Uu4ecKull yHusepcumen

Hens nanHoro 0630pa — 0000111€HNEe COBPEMEHHBIX CBEICHHUM O JIGKTMHAX U HAIIPaBJICHUSIX
WX IPUMEHEHHsI B OMOTEXHOJIOTHH. B HEM pUBOIATCS COBpEMEHHBIE IaHHBIE O KilacCu(UKaIuu
JIEKTHHOB, UX (DYHKIIMOHAIBHOW POJIH, TpUMepax MX HCIOJIh30BAHUS B OMOTEXHOJIOTHYECKHUX
MIPOU3BOJICTBAX, B TOM YHCIIE Ul CO3JaHHS IPOTHUBOOIYXOJIEBHIX MPEMapaToB B OHOXUMUU U
MeaunuHe. Crenan BBIBOJI, YTO TIMKOCBS3BIBAIOIINE CBOMCTBA M pa3zHOOOpa3re MOJICKYIISIPHBIX
CTPYKTYp, XapaKTEPHBIX MJIsl JICKTHHOB, OOECIEYMBAIOT MX OWOJIOTHYECKYIO aKTUBHOCTH M
OTIPENIENSIOT WX BO3MOYKHOCTH IS TPUMEHEHHS B OMOTEXHOJIOTUH.
Kniouesvie croea: NeKTHHBI, TeMarTIIOTHHAPYIOIIAsS aKTUBHOCTb, (DYHKIIMOHAIBHAS POJIb
B OpraHu3Me, OMOTEXHOJIOTHS.

C. 60-67

LECTINS: A REVIEW OF PROPERTIES AND PROSPECTS FOR USE IN
BIOTECHNOLOGY

A.V. KOBELEV, A.S. SIROTKIN
Kazan National Research Technological University

The purpose of this review is to summarize current information about lectins and their
applications in biotechnology. It provides modern data on the classification of lectins, their
functional role, examples of their use in biotechnology production, including the creation of
antitumor drugs in biochemistry and medicine. It is concluded that the glyco-binding properties
and the diversity of molecular structures characteristic for lectins ensure their biological activity
and determine their potential for use in biotechnology.

Keywords: lectins, hemagglutinating activity, functional role in the organism,
biotechnology.
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OB30PhbI
VK 604.4:575.112

INPUMEHEHMUWE ITPOI'PAMMHBIX ITPOAYKTOB AJI1 BTOPUYHOI'O
METABOJIOMHOT'O AHAJIM3A

A.C. JOBPOHOI'OBA", M.IO. YEPEJTHUYEHKO

Poccuiickuii cocyoapcmeennuiil acpapuuiil ynusepcumem — MCXA umenu K.A. Tumupszesa,
Mocxkea

3a mocneaHee JecsATHiIeTHE MeTabojoMuKa c(hOpMHUpOBaaCh B BOCTPEOOBAHHYIO
CaMOCTOSITEJIbHYIO HAayKy HapsAay ¢ T€HOMUKOW M TpaHCKpUNTOMHUKOW. Pacter moTpeOHOCTH B
MeTa0OJIOMHBIX JaHHBIX B PA3JIMYHBIX OONACTAX HAYKH W TMPAKTHKH, BKIIOYAs MEIUIUHY U
(bapMareBTHKy. BBISBISISI U KOJMYECTBEHHO OMpEAessisi MeTabOJUThI, Y4eHbIe MOTYT TOCTHYb
CHCTEMHOTO TIOHUMaHHS META0OJIMYECKUX IMPOIIECCOB B OpPraHU3Me. JTH HCCIEIOBAHUS JTAIOT
00O 00BEM JaHHBIX, KOTOPBIE HM3-32 OIPOMHOTO KOJMYECTBA M3MEPSEMBIX TEPEMEHHBIX
9acTO HMHTEPIPETHPYIOTCS HEJOCTATOYHO TMOJHO. 3a HCTEeKIIHWEe TOIbl ObUT pa3paboTaH psin
BBIUMCIIATENBHBIX ~WHCTPYMEHTOB, KOTOpBIE TIO3BOJISIIOT TIyO)KE€ HM3y4aTh pPe3yJbTaThl
MeTa0OJIOMHOTO aHau3a. YCTaHOBIIEHUE OMOJIOTUYECKOTO CMBICTA ITUX JAHHBIX 3aTPYAHEHO,
MTOCKOJIBKY MTOHUMAaHHUE CBSI3€H MEXIY JeCATKAMU H3MEHEHHBIX METa0OJIMTOB YacTO 3aBHCHUT OT
podeccHoHAIbHOTO ONbITa HMccieAoBarenel u ux npeanoioxeHuil. Haunnas ¢ 2000 rona,
HAKOTUICHHBIE 3HAHWS aKKyMYJIHPOBAJINCh B CTPYKTYPUPOBAHHBIE OHTOJIOTUH (OTIHCAHHE
CUCTEMbl TOHATUH, OTHOUICHUM M MEXaHU3MOB YIpaBJICHHs B paMKax HMpeaMeTHOW oliactu),
MOMOTAIOIINe aHaJIU3UPOBAaTh M MOBTOPHO HCIOJIB30BaTh JaHHBIE U3 PAa3HBIX HCTOYHUKOB.
Bropuunbiii MmeTaboau3M MpeACTaBiIeH B Pa3IUYHBIX OHTOJOTHUSX: MOAYyIsaxX (cyo6asax) KEGG
PATHWAY u KEGG MODULES 6a3s1 manubix KEGG, 6a3ax MetaCyc u BioCyc na -Cyc-
mnatdopme, ChEBI u ap. Kak mpaBuio, B 3Tux 0a3ax OMUCHIBAIOTCS BO3MOXKHBIE ITYTH CUHTE3a
TOTO WJIM WHOTO BEUIeCTBa M YyKa3bIBaeTCs, Ui KAaKHMX OPraHU3MOB 3TH IYTH XapaKTEpPHBHI.
Bropuunelii MeTaOOJOMHBIN aHAIW3 — HHTEpHpEeTalys pPe3y/lbTaToB, MOJYYEHHBIX B XOJ€
KOJIMYECTBEHHOTO MJIM KaYeCTBEHHOI'O aHallu3a METa0O0JUTOB, C TOMOIILI0 OMOXUMUYECKUX 0a3
JAHHBIX U MPOTPAMMHBIX MPOAYKTOB, paboTaromMXx ¢ ATUMH 0Oa3zamu JnaHHBIX. [IpumeHeHue
MPOrpaMMHBIX MPOAYKTOB MO3BOJIAET HCCIEAOBATENI0 M30€KaTh CTAaTUCTUYECKOH 00paboTKu
JAHHBIX U CAMOCTOSITEJILHOTO aHajlu3a MeTa0oJIMYecKuX 0a3 NaHHBIX, MPUBOAUT B TEKCTOBOM
Wi TaONMYHOM BHJE BO3MOXKHBIE BapUaHTBHl MPEJICTABICHHOCTH METa0OJUTOB JHOO
Merabonnueckue KapTbl. Takum oOpa3oM, BTOPUYHBIA METaOOJOMHBINH aHAIU3 CYIECTBEHHO
yIpOINAETCs, OJJHAKO Ha CETOMHSALIHUI JeHb PEKOMEHJIyeTCs aHAIM3UPOBaTh MH(GOPMAIUIO C
MTOMOIIBI0 HECKOJIBKUX MTPOTPAMMHBIX MPOIYKTOB, UTOOBI M30€KATh HCKAKEHUH.
Knrouesvie crosa: MeraboaoMuKa, BTOPUUHBIM METa00JIM3M, OHTOJIOTHUH, 0a3bl NaHHBIX,
CUCTeMHasi OMOJIOTHS, BTOPUYHBIN METa0O0IOMHBIN aHAU3.

C. 68-73
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APPLICATION OF SOFTWARE PRODUCTS FOR SECONDARY
METABOLOMIC ANALYSIS

A.S. DOBRONOGOVA, M.Yu. CHEREDNICHENKO
Russian State Agrarian University — Moscow Timiryazev Agricultural Academy

Over the past decade, metabolomics has formed into a demanded independent science
along with genomics and transcriptomics. There is a growing need for metabolic data in various
fields of science and practice, including medicine and pharmaceutics. By identifying and
quantifying metabolites, scientists can achieve a systematic understanding of metabolic
processes in an organism. These studies provide a large amount of data, which, because of the
huge number of measured variables, are often not fully interpreted. In recent years, a number of
computational tools have been developed that allow a deeper study of the results of metabolic
analysis. Establishing the biological meaning of these data is difficult, because understanding the
connections between dozens of altered metabolites often depends on the professional experience
of the researchers and their assumptions. Since 2000, the amassed knowledge has been
accumulated in structured ontologies (descripting system of notions, relations and control
mechanisms in the context of data domain) helping to analyze and to use iteratively the data
from diverse sources. Secondary metabolism in different ontologies is presented: KEGG
PATHWAY and KEGG MODULES modules (sub-databases) in KEGG, MetaCyc and BioCyc
databases on the Cyc platform, ChEBI, etc. As a rule, these databases describe possible ways of
substance synthesizing and it is indicated for which organisms these paths are characteristic.
Secondary metabolic analysis is an interpretation of the results obtained from quantitative and
qualitative metabolite analysis, using biochemical databases and software products working with
these databases. The use of software products allows the researcher to avoid statistical
processing of data and independent analysis of metabolic databases, quotes in the textual or
tabular form possible variants of the metabolite representation or metabolic maps. Thus,
secondary metabolic analysis is greatly simplified, but to date it is recommended to analyze the
information using several software products to avoid distortion.

Keywords: metabolomics, secondary metabolism, ontologies, databases, systems biology,

secondary metabolomic analysis.
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