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ABSTRACT

This qualification work is devoted to the development of a technological
scheme for the biosynthesis of a biological preparation using a new strain of
atrazine-degrading bacteria Arthrobacter sp. LY-1. Based on an extensive
analysis and comparison of foreign highly effective Arthrobacter strains, the
composition of nutrient media for their cultivation, the activity of the atrazine-
degrading complex, and the results of field studies, the Arthrobacter sp. LY-1
strain was selected, which is characterized by the cheapness of the nutrient
medium for cultivation and the high efficiency of atrazine degradation on a wide
range of soil types.

The technological scheme for the biosynthesis of a biological preparation
includes preparatory work (preparation of a hydrochloric acid solution for
acidifying the medium during sterilization, preparation of a NaOH solution to
control the pH of the medium, sterilization of nutrient medium compositions)
and the main technological process (three stages of growing seed material and
biosynthesis in a fermenter with a volume of 1.25 m* with a filling factor of 0.6).
And the hardware scheme, which includes 25 items and includes auxiliary
equipment for sterilization and preparation of compositions, as well as
preparation of aeration air. The technology of fertilizer production involves the
use of a single-stage cultivation scheme by a deep periodic method.

The choice of detergents and disinfectants is justified. The scheme for
obtaining a biological preparation includes weighing all components,
preparation of a biological preparation, packaging, labeling and packaging.

The qualification work consists of an introduction, nine chapters, 84
sources used, 124 pages, 17 tables, 10 images, 1 hardware scheme (A2) and a
technological scheme (A2).

Keywords: biological preparation, herbicide atrazine, atrazine-degrading
complex, Arthrobacter sp. LY-1, cultivation, nutrient medium,

spectrophotometry, packaging.



PED®EPAT

[{s xBamidikamniina podoTa MpUCBSIUEHA PO3POOIIT TEXHOJIOTIYHOI CXEMHU
OlocuHTe3y OlompemnapaTy 3 BHUKOPHUCTAHHSAM HOBOI'O IIITaMy aTpa3vH
nerpaayrounx Oaktepiit Arthrobacter sp. LY-1. Ha ocHoBI mmpokoro aHamizy Ta
HOPIBHSHHS 3aKOPJOHHHMX BHCOKOehekTuBHUX InTamiB Arthrobacter, ckmamy
MOKUBHUX CEepeIOBHII] TUTSI ix KyJIbTUBYBaHHS, aKTUBHOCTI
aTpa3suHIETPAAYIOUOT0 KOMILIEKCY Ta pe3ybTaTax y MOJbOBUX, AOCITIIKEHHIX
Oyno obpano mram Arthrobacter sp. LY-1, sxuii Bim3HA4a€ThCs ICIICBICTIO
MOKMBHOTO CEPENOBHUINA JJIsl KYJIbTUBYBAaHHS Ta BHCOKOI €(EKTHUBHICTIO
Jerpajanli aTpa3uHy Ha [IUPOKOMY CIIEKTP1 PI3HOBH/IIB I'PYHTIB.

TexHonoriyHa cxema OlOCHHTE3y Olompenapary BKIIOYA€ MIATOTOBYI
po6oTH (MIATOTOBKA PO3YMHY COJISTHOT KUCJIOTH JUIsl MIJIKUCIIEHHS CEpeIoBUIIA
mijg yac crepwmsanii, miaroroBka po3unHy NaOH, nns kontpomo pH
CepeZIOBUINA, , CTEPIIII3alllsl KOMIIO3UIIIN MOKUBHUX CEPEJOBHIL) Ta OCHOBHHIMA
TEXHOJIOTIYHUWA Tpouec (Tpu CTaali BUPOLIYBAHHS IMOCIBHOIO Marepiaiay Ta
OiocunTe3 y hepMmenTepi 06’emom 1.25 m> 3 koedinientom 3amopHeHHs 0,6). Ta
amapaTHy cXeMmy, 110 BKJIO4Yae 25 HaliMEHyBaHb Ta BKJIIOYAE JIOMOMIKHE
oOnaHaHHS JIJIs CTepUIIi3aIlii Ta MArOTOBKM KOMITO3HMIIIH, & TAKOX IMiJITOTOBKY
aepariiiHoro moBiTps. TexHosoriss BHpoOOHUIITBA J00puBa mependadae
BUKOPHCTAHHS OJTHOCTAIIMHOI CXEMHU KyJbTUBYBAHHS TIMOWMHHUM TI€P10AUIHUM
CHIOCOOOM.

OOrpyHTtoBaHo BHOIp MHUIOUMX Ta JAe3iHPikyrounx 3aco0iB. Cxema
olep>KaHHs ~ Olompemnapary  BKJIOYAaE  3BaKyBaHHS  BCiX  KOMIIOHEHTIB,
IpUroTyBaHHS OiompenapaTty, pacyBaHHs, MapKyBaHHS Ta MaKyBaHHSI.

Kgpamidikamiitna poboTa ckiamaeTbcsi 31 BCTYIy, JAEB’STH po3auiiB, 84
BUKOpUCTaHUX Jkepen, 124 cropinku, 17 tabnuis, 10 300paxens, 1 amapatHoi
cxemu (A2) Ta TeXHOJIOTIYHOT cxemu (A2).

Kurouosi CJI0Ba: Olompenapar, repOiu aTpas3uH,
arpasuHjerpaayrounii komiieke, Arthrobacter sp. LY-1, kyiabpTuByBaHHS,

MOKUBHE CEPEJIOBUIIIE, CIEKTPOPOTOMETPis, hacyBaHHS.
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BCTYII

ATpasuH, TONyIApHUN TepOilua Ki1acy S-TpUA3WHIB, IIUPOKO
3aCTOCOBYETHCS /111 KOHTPOJIIO OYp'siHIB Y CIIIbCHKOMY TOCIIOAAPCTBI, 30KpeMa y
BHUPOIIYBaHHI KYKYpPYyZ3H, IIYKpPOBOI TPOCTHHH, COPTrO Ta IHIIUX KYJIBTYP.
OpnHak, yepe3 CBOIO TpPUBAJY CTIHKICTh Yy HABKOJUIIHBOMY CEpPEOBHUII, LEh
XIMIKAaT 4acTO 3alUIIA€ThCS y IPYHTaX Ta BOJHUX pecypcax MPOTATOM POKIB
MICTIsl 3aCTOCYBaHHS. ATpallMH € CEPHO3HOI0 3arpo300 IS JOBKIJUIS, OCKITBKH
BiH HE TUIBKM 3a0pyJIHIOE TPYHT 1 BOJHI PECypcH, ajle W € MOXKJIMBUM
KaHIICPOTCHOM, CHIOKPUHHUM PYHHIBHHKOM Ta TEpPaTOT€HOM, IO BHUKIUKAE
CEepii03H1 3aHEMOKOEHHS 1010 Oro BILUIMBY Ha 370pPOB'A JIFOJAUHM Ta TBapuH |1 -
3].

B VkpaiHi, 30kpeMa B TMIBHIYHMX pErioHaxX, TaKUX SK XEpPCOHCHKA,
MukonaiBcbka Ta Ojecbka 00J1aCTi, aTpa3vH aKTUBHO BUKOPHUCTOBYETHCS Ha
MOJISIX KYKYPYA3H, IO MiJBUIIYE PU3UK HOT0 HAKOMMYEHHS Y IPYHTAX 1 BOJHUX
pecypcax. Yepe3 11 3arpo3d 3pOCTA€ AKTYyaldbHICTh MOIIYKY €(EeKTUBHUX
METO/I1B OUYMIIECHHS 3a0pyIHEHUX AUIIHOK. OJHUM 3 HaMOUIBII MEePCIEKTUBHUX
NIAXO0JIB € OlopeMenialis — BUKOPUCTAHHS MIKPOOPTraHI3MIB JJI OYMILECHHS
3a0pyaHEHUX TepuTOopid. biopeMeniaris € e€KOJIOTiYHO OE3MEeYHUM PIIICHHSIM
JUTST BUJAJTICHHS aTpalMHy, OCKUIBKM MIKpOOpTaHI3MH 37aTHI PO3KJIaJaTH IIeH
repOilu 10 HETOKCUYHUX MPOTYKTIB.

Ha croromnimHiit 1eHb 13 pi3HUX OaKTepiaibHUX POIIB OYJI0 130JIbOBAHO
HU3KY INTaMiB, 37aTHUX pO3KJIamaTh artpanuH. Jleski 3 HHUX MOXYTh
MeTa0oIi3yBaTH aTpaldH J0 MEHII TOKCUYHHUX CIOJIYK, TaKUX SIK Ji€TUIa3iH
abo rigpokciaTpa3uH, TOAl K IHIII 37aTHI PO3MICTUIIOBATH TPUASHMHOBE KIJIBIIC

Ta HaBITh MIHEPAJII3yBAaTH aTPallMH 10 HETOKCUYHUX PEYOBHH.

HYXT BTEK 04.03.25 KP 113

3MmHu. |JImct | Ne moxkym. ITigmuc Jlara

Po3pob. Mapmunenxo A.0. B crym JIiT. Apk. ApKy1ris
Ilepesip. Pesniuenxo FO.M. | | 8 >
Peyers. Kagenpa BTM
H. Koump.

3ameepo. Cmabmnirxos B.I1.




OcoOnmuBHii 1HTEpEC BHKJIMKAIOTh IIITAMH, 3AaTHI BUKOPUCTOBYBATH
aTpaluH SK €IUHE JHKEpeso Byriienio abo a3oTy, M0 poOUTh iX MOTEHIIHHO
eheKTUBHUMHU JJI1 MPaKTUYHOTO 3acTOCyBaHHS Yy Oiopememianii. OjHak
eeKTUBHICTh OloJerpajaanii aTpaluHy 3HAYHOIO MIPOI0 3aJIeKHUTh B YMOB
HaBKOJIMIIIHROTO ~ CEPEJOBHINA, TAaKUX SK HASIBHICTh a30THUX CIIOJYK,
OopraHiyHHUX pedyoBuH, PH Ta Temmneparypa. Bigomo, 1m0 OLIBIIICTE IITAMIB, SIKi
pPO3KIIAAI0Th aTpaldH, YyTJIMBl JO 3O0BHINIHIX JDKEpPENT a30Ty, IO MOXKE
raJbMyBaTH IXHIO €(QEKTHUBHICTh y PEaTbHUX YMOBaxX. TakuM YHHOM, TOIIYK
MIKpOOPTaHi3MiB, SIKi HE MPUTHIYYIOTHCSI 30BHIMIHIMUA a30THUMH CIIOJIyKaMu Ta
OpTaHIYHMMH pPEYOBHHAMH, € BAXKJIWBHM 3aBIaHHSIM I 3a0e3MeUeHHS
edekTUBHOI Olopemeiallii 3a0py/THEHUX TPYHTIB.

3okpema, mramu poay Arthrobacter mpuBepTaroTh 3HAUHY yBary 3aBJIsKH
iXHIM 3MaTHOCTI €(PEKTHMBHO PO3KJIQJATH aTpallMH y PIIKOMY CEpeIOBHIIL.
Panimi mocnmimkeHHs TMOKaszaid, 1o MeBHI mrTamu Arthrobacter MOXyTh
poskiangatu 10 98% arpalMHy B IPYHTI IpU ONTUMalIbHUX yMoBax. OjHaK,
BIUTUB a30THUX CIOJIYK 1 OpPraHiYHUX PEYOBHH Ha 1€ MPOIEC 3aTUIIAETHCS
MaJOBUBYCHUM, IO OOMEXKYE MOMIJIMBOCTI MPAKTUYHOTO 3aCTOCYBAHHS ITUX
mramiB y 6iopememiariii [1-3].

VY naniii KypcoBiii poOOTI CTaBUTHCS 3aBJaHHS BHUBUUTH MOXJIHUBOCTI
BUKOPUCTAHHs BUCOKoehekTuBHOro mramy Arthrobacter mms Oiopememiarii
aTpa3uH-3a0pyJHEHUX TPYHTIB, 3 aKI[EHTOM Ha KyJbTHBYBAHHS I[LOTO IITAMY 3
METOI0 CTBOPEHHS 010,100puBa.

AKTYaJIBHICTh JOCHIDKEHHSI TOJISITa€ B TOMY, IO Hapa3l MOKHU IO HE
icHye KoMmepIiitHux 010700puB ki 6 Manu ¢yHKIIOHAT OloMeniaii aTpa3uHy,
Olomesist aTpa3uHy PO3TISIAETHCS K MOOIYHUN €dEeKT KUTTEMISIIBHOCTI PI3HUX
mrTamiB OakTepii, ane ix eheKTUBHICTh HE OyJia JOKa3aHa, 115 K KypcoBa poOoTa
IPOIMOHYE TEXHOJIOTIUHY CXeMy KyJbHUBYBaHHS Olomacu OakTepiid, TOJIOBHOIO

HUJLTIO IKUX € O10Meiallis aTpa3uHy.



PO3JI1JI 1. XAPAKTEPUCTHUKA HIJIBOBOT O MPOAYKTY
BIOCUHTE3Y
1.1. XiMiyHM# CKJIAJ HIBOBOI0 MPOAYKTY

[linboBUiT mpomaykT, IO CHHTE3yeThes Oaktepissimu  Arthrobacter
AtzA,B,C,D,E,F — ne mnozakmiTuHHI (GEpMEHTH, Kl TPEACTABISAIOTH COOO0I0
BTOPUHHHUI METa0OIT y BUIISAI KOMIUIEKCY CIOJYK IOJIICAXapuaHOi Ta
oinkoBoi mpupoau. Haituacrtime mnepeOyBalOTh y KOMIUIEKCI, OKpPeMO He
BUAUISIOTHCH.

ATtpasunaxioprigponaza (AtzA): nelr pepMeHT KaTami3ye TiIpPOTITHUIHE
PO3IIEIJICHHS XJIOP-S-TPUA3MHOBOTO KUIbIA B aTpaswHi, 10 MPU3BOAUTH 0
yTBOpEHHs Tigpokciarpasuny. Arthrobacter sp. Bosmomie mum depmenToM sk
YaCTHHOIO NUIAXY PO3MAaTy aTpa3uHy.

INapoxkciarpasunerwnamidoriponasa (AtzB): micas  moyaTKoBOTO
rigpomizy AtzB pam mneperBoproe rigpokciatpazuH Ha N-i3omporiiameniz
IIUIIXOM JIe3aMiHyBaHHS.

N-13onponinamemianeaminaza (AtzC): uelr depmeHT Oepe yyacTb y
nezaminyBaHH1 N-13onponuiaMeniay, yTBOPIOIOYH L1aHYpOBY KUCIOTY.

Awminorizponaza 1ianypoBoi kuciotu (AtzD): karamizye riapodi3
I[1aHypOBOi KUCIIOTH 3 YTBOPEHHSAM OlypeTy Ta amiaky.

Biyperaminorinponaza (AtzE): nie Ha Oiyper, mepeTBOpIOOYN HOro Ha
anoganar.

Anodanarrigponasa (AtzF): «karamizye rigponiz anodanaty, 110
MIPU3BOJUTH 10 YTBOPECHHS aMiaKy Ta a-KETOTJIyTapaTy, sSKi MOXKYTh MPOHUKATH

B IICHTPAJIbHI MeTabom4Hi nusxu [4, 7].
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Lli pepmenTH pa3om CKIAAAOTh NUISX po3naay arpasuny B Arthrobacter
Sp.. BaxnuBo BiA3HAUMTH, IO HA MPHUCYTHICTH 1 €KCOpecito 1uX (HEepMEHTIB
MOJKYTh BIUIMBATH Pi3Hi (haKTOPH, BKIIOYAIOUN KOHKpeTHUH mTam Arthrobacter
Sp. 1 YMOBH HaBKOJIMIITHBOTO cepenopuima [4,7] .

1.2. Mexaui3m Oiostoriunoi aii

biogerpamanis  artpasuny  Arthrobacter  sp.  Bkiouae  cepiio
(dbepMEeHTaTUBHUX peaKiliii, Ki MepeTBOPIOIOTH repOily/] Ha MEHIII TOKCHYHI a00
HETOKCHYHI MeTabomitu. JIJisi KOoKHOro (hepMEHTY XapaKTepHa CBOS pEakiiis.
Po3ymiHHS 1MX MeXaHI3MIB € OCHOBOIOJOXHHUM JIJIsl pO3pOOKH €(PEKTUBHUX
CTparterii Olopemenianii A1 BUAAJIECHHS aTpa3uHy Ta MOAIOHHMX 3a0pyIHEHb 13
HaBKOJIUIIIHHOTO cepeaoBuIla [6].

e Atpasunxjoprigponasa  (AtzA): AtzA  xaramizye  TiIpOJIITHYHE
PO3IIEIUICHHS XJI0P-S-TPUAa3uHOBOIO KUIbIS B arpa3uHi. lle mpu3BoauTh
JI0 YTBOPEHHS T1APOKCIaTpa3vHy SsIK OCHOBHOTro MeTtabomity. [imponis
BKJIIOYAE JIOJIaBaHHSA MOJIEKYJIH BOAM IO KIJBI XJIOP-S-TPUA3HHY, IO
IPU3BOJIUTH 0 PO3PUBY 3B’ SI3KY.

e ['impokciaTpa3uHeTIIaMIHOTIApOIIa3a (AtzB): AtzB e Ha
TIApOKCiaTpa3uH, 30KpeMa Ha OIYHMI JaHUor eTtwiaminy. DPepmMeHT
CIpHsi€ J1e3aMIHyBaHHIO TiPOKCiaTpa3uHy, MEPEeTBOPIOOYM oro Ha N-
13omnporinamenia. JlezaminyBaHHS nepefdoadae BUAAICHHS aMIHOTPYIH 3
T1JpOKCIaTpa3uHy.

e N-i3omponinamenianezaminaza (AtzC): AtzC karamizye ae3aMiHyBaHHS
N-i3ompomninameniay, YTBOPIOIOUM I[IaHypOBY KHUCIOTY. [le3amiHyBaHHS
nepeadoavae BugaIeHHs aMiHOTpynu 3 N-i30mponigamMeniy.

e Awmijorigponaza mianypoBoi kuciotu (AtzD): AtzD nie Ha miaHypoBy
KHCIIOTY, KaTami3ytouu ii rigpomi3. Lleit rigpomi3 mnpu3BOAUTH 10
yTBOpeHHs OlypeTy Ta awmiaky. [iapomni3 mnepenbayae moaBaHHS

MOJIEKYJIM BOAM JIJIsl PO3PUBY 3B’A3KIB Y IIaHYPOBiM KHCIIOTI.
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e biyper aminmorigponaza (AtzE): AtzE xartamizye rigpomi3z Oiypery,
MEePEeTBOPIOIOYN Horo B anodanar. [imposi3 MpU3BOIUTH O PO3MaTy
O1ypety Ha ajodaHar, aMiak 1 J0AaTKOB1 MOOIYHI MPOAYKTH.

e Anodanatrigponasa (AtzF): AtzF nie Ha amodanar, karaaizyrouu HOro
rigpomi3. OcTanHs cTafis TiAPOMI3y Jae amiak i1 a-KeToriaytapar. Po3man
aodaHaTy 3aBepllye MUIAX pos3many artpasmHy. Ilim dac 1mmx
(dhepMEeHTaTUBHUX peakIliid JIoJaBaHHS a00 BujajleHHS (YHKI[IOHATBHUX
TPyI, TaKUX SK TiIPOJIi3 1 e3aMiHyBaHHS, BIAIrpae BUPIMIAIBHY POJIb Y

PO3IICIICHHI aTpa3uHy Ha IMPOCTIII, MEHII TOKCUYHI crionyku [4-8].

j"‘a jH3 g

HN H/"J‘\ CHy
Hydroxyatrazine /J\ . o7 dide
S ) NN ydrox) v-isopropylammelide
N| /N Atrzaine chlorohydrolase | //]\ ethylaminohydrolase i’]‘\ Chy isopropylaminohydrolase HOYNI OH
HN/I\N cl _”" N > HN N OH g B, NTSN at=(C > Nﬁ/N
arz atz | =
o
HiC”~ “CHy Hi L™ CHy Ho)\N’J\on OH
Atrazine Hydroxytrazine N-isopropylammelide Cyanuric acid
Cyanuric acid r=D/atzD
amidohydrolase
Allophanate - Biuret
H,N 0
NH,+cO, TR I L Kyl H:NK b
+ :
R arzF o N © atzk o N o
Allophanate Biuret

Puc. 1.1. lllnsax 6iogerpaaarii arpasuny, 1o TIOCTPYE T€HHU, 1110

KaTaJi3yloTh TIPOJITHYHI peakuii [ 8]

1.3. Cdepu 3acTocyBaHHA

JlaHuii MIKpoopraHi3M Ta MPOAYKTH HOro MeTaboJi3My 3HAXOJIATh
MONIUPEHHS Y PI3HUX cdepax JIOACHKOI MIsUIbHOCTI: MEIUIIMHA, BETEpUHAPIS,
XapyoBl TEXHOJIOTIi, aje METOI JaHOi pPOOOTH € BBEICHHS B MOMJIMBOCTI
Bukopuctanus Arthrobacter sp. y cinbcbkoMy rocrnogapetsi [9,10].

[lono roToBHX MPOIYKTIB Ta (PEPMEHTHUX CyMIlIEH maTepiaidy He OyJo
3HAWJICHO, JJaHA TeMa 3HAXOJUTHCS Ha €Tallli BUBYEHHS TEXHOJIOTAMHU 3 yChOTO
CBITY. 3 HaMOUIBIIMX BUPOOHMKIB, SKUX BIAJIOCS 3HAWTHU, MOXKHA BUILIUTU
Ambsio (CIIA), mo mpoaarTh y BIACHOMY IHTEpHET-Mara3uHi (pepMeHTHUI
komrutekc XouapoituHazu AC I, 1o BUKOPUCTOBYEThCA y TI1KOO10TI0TI1, HAYIII,
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0 BUBYAE CTPYKTYpPYy, QYHKIII Ta OI10JOTIF0 BYIJIEBOIIB, SIKI TaKOX
HA3MBaIOThCS TikaHaMmH. Lle ramy3p 61070ri1i, sKa MBUIKO PO3BUBAETHCS, 1 MA€E
BIJIHOIIGHHS 710 OloMenunuHu, OioTexHojiorii Ta  ¢yHIaMEHTAIbHUX

nociimkens [11-13].
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PO3/I1J1 2. OGTPYHTYBAHHS BUGOPY TA
XAPAKTEPUCTHUKA BIOJIOT'TYHOI'O ATEHTA
2.1. O0rpynTyBaHHsI BUOOPY 0i0JIOTiYHOI0 areHTa ISl PO3KJIAJAHHS
aTpa3suHy
[Ipobiiema edexkTHBHOrO O10PO3KIATAaHHS aTpa3uHy € aKTyalbHUM
MUTAaHHSM, TOMY TMPOTSATOM OCTaHHIX 3-X JECATWIITH Oyila pO3rsHyTa Ta
IpoaHali30BaHa BeJMKa KUIBKICTh PI3HHUX IITaMiB MIKPOOpPTraHi3MiB, Kl 37aTHI
e(eKTUBHO PO3KJIA/aTh aTpa3vH JI0 CHHIOPOBOI KHUCIOTH 3 MOJANIbBIIOI HOro
minepanizamiero 10 CO, ta NHs;. ['onoBHMMH Oi0MOTIYHUMHU areHTaMu st
po3kiananHsa asuTpasuny € Pseudomonas YAYAG [1], Sinorhizobium arboris
[12], Agrobacterium radiobacter J14a [13], Gakrepii poxy Bacillus [14], a
TaKOXX YHWCJICHHI MpeacTaBHUKM poay Arthrobacter Ta cmopigHeHoro pomay
Paenarthrobacter, sixi Hapasi € HaiieheKTUBHIIIMMH OiOJOTIYHUMH areHTaMH
JUISL PO3KJIQJaHHS aTpa3uHy Ta OyIb-SKUX I1HIIUX TepOIlUJIIB TPUA3UHOBOTO
psay, Aocsrarouu epexkTuBHOCTI po3kiaaanss Big 10 no 13 mr 3a roa.[15,16,17]
3arajgoM MpOTATOM OCTaHHIX JECATHIITH OYB 3pOOJECHUN UYTTEBUM KPOK
M0 CEeJIEKIll BUCOKOE(PEKTHUBHUX IITAaMIB aTpa3vH-O107erpaayrounx OakTepii.
Tak cepenns edextuBHIcTh Ologerpanamii y 1990-x pokax Oyma 0.5-2 mr

aTpa3uHy B rOJMHY, Hapa3l eheKTUBHICTH 3pocia y 4-5 pasis [15,16].
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AHamizyroun JiTepaTypHl JpKepena MHOK Oyjo IMOMIYEHO, MO0
KyJIbTUBYBaHHSI O10/IECTPYKTOpPIB aTpa3uHy BiIOYyBa€TbCs B MAaKCHMAJIbHO
MIHIMQJIICTUYHUX TMOXUBHUX CEPEJOBUINAX, € HaWyacCTIlIe aTpa3uH BUCTYMAE
K €IUHE JDKEpeJIo a30THOrO IKUBJCHHS. Taki CepeJoBHINA CHUMYJIIOTh
nepeOyBaHHsS OakTepii y TPpyHTI Ta 3a0€CledyloTh CHUHTE3 BChHOT'O KOMILIEKCY
dbepMeHTIB Oiopo3kiagaHHsa arpasuny 3 reHiB trz N, atz B 1 atz C[15]. A Takox
€ Ha/J3BUYAIIHO €KOHOMIYHO BHUTITHUMH, IO pOOUTH KyJIbTHUBYBaHHS OakTepiii
pony Arthrobacter 3 eKOHOMIYHOI TOYKH 30py AOCTYIHHUMHK JUIsl OUIBIIOCTI
BEJIMKUX Ta MAJHUX TOCTIOJApPCTB.

3arajioM MHOIW0O OyJ0 TMpoaHaIi30BaHO psii  OIOJOTIYHUX AarceHTIB,
pe3ynbTaT aHali3y NpejcTaBieHui y tabnuisx 2.1, 2.2 ta 2.3. 3riHO aHami3y
Bcl 4  HallepeKTUBHIIMX MpEACTAaBHUKA  OlOJECTPYKTOPIB  aTpa3uHy
KYJIbTUBYIOTh Ha JYX€ CXOXKUX MOKMBHUX CEPEIOBUINAX, L0 MPEACTABIAIOTH
co00I0 pO3YMH MIHEpPAJIbHUX COJIEH 3 J0AaBaHHSIM HEBEIUKOI KIJIbKOCTI
BYTJIEBOJHOTO KOMITOHEHTA Ta aTpa3uHy B KoHUeHTpauisx Big 0.1 mo 1 rpamy Ha
JITP B AKOCT1 €IMHOTO JKEpelia a3oTy.

3rigHo  Tabmuui 2.1  HaWOLIBII  ePEeKTUBHUMH  O10JECTPYKTOpamMu
atpasuHy BusBuincs mrtamu Arthrobacter sp. LY-1 ta Arthrobacter sp. TCL. 3
ebekTuBHICTEIO po3kiagands 100% koHueHTparii arpasuHy 3a 18 ron
BiAMoBiAHO. [IpoBIBIIM E€KOHOMIYHMUM aHalli3 MHOIO OYyJI0 BHSBIEHO,
cepenosuiie a1 Arthrobacter sp. LY-1 komirye Ha 3.96 TpH 3a JiTp AeuIeBIe
HIK CEepelloBUIIA KOHKYPEHTHMX IITaMmiB, a TaKoX 3rigHo Tabmumi 2.3,
Arthrobacter sp. LY-1 ekoHOMIYHO HAWBUT1IHIIIIM 3 TOYKHU 30PY HIBHIKOCTI.

BpaxoByroun Bci Buime 3ragaHi  (GakTopu MHOW OyB  0OpaHwMii
Oiomoriunmii areHt Arthrobacter sp. LY-1 3Baxaroun MIBUAKHA dac
KyJbTUBYBAaHHS, €KOHOMIYHY BWTIJHICTh CEpEIOBHINAa Ta E(PEKTUBHICTH Yy

PO3KJIaJJaHH1 aTpa3uHYy.
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Tabnuys 2.1

Oc00,1MBOCTI KyJIbTUBYBAHHS 0i0JIOTIYHUX ATEHTIB JJI OTPMMAHHSA 0i01eCTPYKTOPa aTPa3HHY

IMoxxuBHe cepenoBUILe

HIBuakicTs po3nany
aTpasuHy MI/To1

Yac Bincorox
Biosoriunuii Kyab posuaty OcobauBocTi
THBY aTpasuHy B H:xepena
areHT KoMmmoneHnT Konuentpan KYyJbTUBYBAaHHSA
ist F/.]] BaHH 3pa3Ky rpyHry
froa. roxa
1 2 3 5 6 7 8
Arthrobacter sp | K2HPO4 7.01 72 100% 0.0003 30°C, yacrora Zhao Y, Li X, Li Y, Bao H,
C3 KH2BO4 2.84 MEePEMIIITYIOYO0Tr0 Nan J and Xu G (2023) Rapid
MgSO1 H20 0.81 npuctporo 160 biodegradation of atrazine by a
CoClI2 0.18 00/xB, pH 7. novel Paenarthrobacter
NaCl 1.71 KynbpTuByBat 10 ureafaciens ZY and its effects
ATtpasun 0.025 snauenns OD = 0.4 | on soil native microbial
pu 600 HM community dynamic. Front.
Microbiol. 13:1103168. doi:
10.3389/fmich.2022.1103168
Arthrobacter sp. | Kpoxmaib 3 48 100% 0.002 30°C, Li, Y., Liang, D., Sha, J.,
LY-1 ATpazuH 0.1 KyneTHBYyBaHHs npu | Zhang, J., Gao, J., Li, H., Liu,
KNO3 0.1 4acToTi 00epTiB R. (2019). Isolating and
KH:PO4 0.5 HepeMilIyI040ro Identifying the Atrazine-
K:HPO. 3 npuctporo 160 Degrading Strain Arthrobacter
MgSO.-7H.0 0.2 006/x8, pH 7.0 sp. LY-1 and Applying it for
NaCl 0.5 the Bioremediation of
FeSO4:7H.0 1 Atrazine-Contaminated Soil.
ZnSQ04-7H20 5 Polish Journal of
CuS0s4-5H20 0.4 Environmental Studies, 28(3),
MnSO4-H20 1 1267-1275.
EDTA: 2.5 https://doi.org/10.15244/pjoes/
Na:Mo0O4-2H.O | 0.25 86219
Na-B+O--10H.O | 0.2




3axinuenns maoauyi 2.1

Arthrobacter sp.
TC1

I'mroxo3a:
ATtpazun
TpunatpieBuit
IATparT:
Tiamin
biorun:
®domiesa
KHUCJIOTA:
Hiannaamin:
[Mipuaokcun
KH2PO.4
EDTA
MgSO4' 7TH20
ZnSOa:
FeSO.:
MnSOs4-5H20:
CuSOs4-5H20:
Na.B.0O--10H.0O

1.8
0.05

0.1
0.04
0.04
0.2
0.2
9.1
0.05
0.4
0.22
0.1
0.03
0.008
0.004

72

90%

0.0006

pH 6.8,
MEePEeMIITYIOUni
npuctpiit 250

00/xB, Temmieparypa

30°C.

Silva, V. P., Moreira-Santos,
M., Mateus, C., Teixeira, T.,
Ribeiro, R., & Viegas, C. A.
(2015). Evaluation of
Arthrobacter sp. Strain TC1 as
Bioaugmentation Bacterium in
Soils Contaminated with the
Herbicidal Substance
Terbuthylazine. PLOS ONE,
10(12), e0144978.
doi:10.1371/journal.pone.0144
978
10.1371/journal.pone.0144978
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Tabnuys 2.2

POSpﬂX}’HOK BapTOCTi MOKUBHUX CEpeaoBUII NJHA KYJbTUBYBAHHA

mTaMiB 0aKTepii, 10 3JaTHI PO3KJIAJAATH ATPA3UH

[Iponyuent Komnonentu Konnenrparis Llina Bapricts Jlxepeno
MO>KUBHOTO y IIC 1/, KOMITOHEHTa | KOMIIOHEHTa | iHpopmarii
CepeIoBHINA rpH/KT (rpp)Ha la | (1,2, 3)*
CepeIOBHIIL
a
Arthrobacter | K2HPO4 7.01 507 5.07 1
sp C3 KH2BO4 2.84 423 2.1 1
MgSO1xH20 0.81 1
CoCl2 2%3 15 0.15 1
NaCl '
Atpasus 0.025 16 000 0.4
3arasipHa BapTIiCTh 7.72 TPH 3a JITP
Arthrobacter | I'moko3a 3 60 0.18 1 (mpom)
sp. LY-1 (NH3)2S04 2 80 0.12 3
KNO3 0.1 60 0.006 2
KH:PO4 0.5 170 0.08 1
K:HPO4 3 160 0.48 1
MgSQ4x7H-O 0.2 110 0.002 1
NaCl 0.5 15 0.0014 1
FeSO.x7H-0 1 70 0.07 4(appuxan)
ZnS04x7H20 5 127 0.63 1
CuS04x5H:0 0.4 184 0.007 1
MnSQO.xH-0 1 95 0.09 1
EDTA: 2.5 228 0.7 1
Na:M00O4x2H-0O 0.25 184 0.001 2
Na:B.O-x10H.0 0.2 115 0.001
ATpasun 0.1 1.6
3aranbHa BapTicTh 3.96 pH 3a JiTp
Arthrobacter | I'moko3a: 1.6 60 0.096 1 (tpom)
sp. TC1 TpunarpieBwmii 0.4 58 0.0232 3
[UTPAT: 0.2 1888 0.3776 2
Tiamin 0.016 1
BioTun: 0.02 800 1.9 1
®omnicpa kucora: | 1 1900 0.085 1
Hiammmuamin: 0.1 3.8 1
[Tipumoxcun 2.5 850 0.16 4(adpprkan)
KH2PO4 1 1520 1.14 1
EDTA 5 160 0.11 1
MgSO04x7TH20 1 228 0.0508 1
ZnS0a: 0.4 110 0.024 1
FeSOu: 0.2 127 0.0095 2
MnSO4x5H-0: 0.1 120 0.005704
CuS04x5H:0: 0.031 95 0.00092
Na:B4O7x10H20 0.008 184 0.000345
Artpasun 0.003 115
0.05 16 000 0.8

3aranpHa BapTIiCTh 8.6 I'PH 32 JITP




Ipumirka. * — Ilinu HaBeaeHo craHoM Ha TpaBenb 2024 p. 1 - http://prom.ua,, 2 -

ukrhim.com.ua 3 — www.shop-hlr.ua; 4 - https://afrimash.com

Tabnuys 2.3.
YMoBHa BapTicTh 1 I yTH/IiI30BaHOI0 aTPa3uHy HA CyMillli POCTOBHX
cyOcTpariB
BioJstoriunmii IIBuakicrey | TpuBadicts | Konunenrpamis | Bapricts YMoBHA
areHT 0312 KYyJbTUBY- aTpasuuy, 1a BapTICTh
p Ay BaHHSA, I'0/1 MI cepenio- poskJany 1 mr
ana3HHy BHUIIA, aTpasuny,
MI/TOJ rpH/a TPH/MT
1 2 3 S 6
Arthrobacter sp 0.0003 72 25 7.72 0.31
C3
Arthrobacter sp. 0.002 48 100 3.96 0.04
LY-1
Arthrobacter sp. 0.0006 72 50 8.6 0.17
TC1

*byna BupaxyBaHa Ha OCHOBI MiJpo3aia 2.2.

2.2. llepeBipouHHuii pO3PaXyHOK CKJIAAYy MOKHUBHOTO Cepe0BHINA 1JIA
kyJabTHBYBaHHs Arthrobacter sp. LY-1

TpuBamictes kynpTHBYBaHHs Arthrobacter sp. LY-1 ckmamae 12 rog,
KOHLIEHTpaLis 6aKkTepili B KyabTypanbHii pimuni 5*108, konuenrpanis 6iomacu
HEBIJIOMA.

Po3paxynok emicmy 6 cepedosuuyi 0rxcepena 8y2ieueso2o Hcue1eHH;

IHoTpedu ByrJiento Ajisi CHHTe3y OiomMacu:

Sk mKepeno BYIJICHIO I CHHTE3Y 0loMacy BUKOPHCTOBYETHCS TIIFOKO3a
y KoH1eHTparlii 3 r/i1. Sk Bimomo y 6iomaci mictuthes 50 % KapOoHy, oCKUTBKH
3 JNTEpaTypHUX JDKEpea HeBigoMa ToYHa Oiomaca, sika HEoOXiaHa s
CTBOpeHHs 010/100pHBa, TO BApTO PO3paxyBaTH sKa MaKCUMaJlbHA KOHIICHTpAITis
O6iomacu CUHTE30BaHa 13

MOIXC IIO2KHUBHOTI'O

OyTH 3aMpOTIOHOBAHOTO
CepeIOBHIIIA.

Ockinpkd MacoBa yacTKa KapOOHY B TIUIIOKO31 JopiBHIOE 42%, TO 3a
HACTYMHUMHU po3paxyHkamu otpumyemo (3*0,42) 1.26 rpam kapOOHY B JTpi

cepenoBuiia. Ockuibku sk BimoMo 40% mxepena kapOOHY BUXOJIUTh Ha XOJIOCTE

19




okucHenHs (1.26*0.6=0.756), a OGiomaca ckiamaerscs 3 kapOony Ha 50%, TO
MOTEHI[ITHO, ONMUPAIOYUCh TUTBKM Ha JaHl JoKepena KapOOHy MH MOXKEMO
orpumatu (756*2) 1.5 r 6iomacu B JiTpi cepeaOBHIIIA.

Po3paxynok emicmy 6 cepedosunyi 0xcepena a3omHuozo Hcue1eHHA

VY 3anponoHOBaHOMY MOKUBHOMY CEPEIOBHIILIL KEPEIIOM a30Ty BUCTYIIA€
aMoOHil  cipyaHokuciauii  y  koHmeHtpamii 2 r/m (NH3):SO4.  Amoniit
cipuaHokuciuii mictuth 21.21% azoty, 3rigHo mieil iHdopmanii y 2 rpamax
atpasuny mictuthes 0.42 1 aszoty. [Ipunycrumo kiituna Arthrobacter sp. LY-1
ckianaerscs 3 10% a3oTy, To TOAI MAKCUMAIIbHUN TEOPETUUHUHN piBEeHb Ol0MacH
ckianae 4.2 rpaMu.

Po3paxynok emicmy 6 cepedosunyi 0xcepena hocghoprnozo rcugieHHa

B noxuBHomMy cepenouti mxepenom dochopy € K:HPO4 (3 rpamn) ta
KH2POa4 (0.5 rpama). Tenep BapTO BU3HAYUTH BiJICOTKOBUU ckiaa dochopy B
com K>HPOas. Ockinbku Bigomo, mo MacoBa yactka (ochopy B KoHPOs
ctaHOBUTH 22.84%, To 3 rpamu miei com MicTaTh 0.6852 rpama ¢ocdopy.
Honatkoso, 0.5 rpama KH2POs mictsate 0.1142 rpama dochopy. 3araiom, y
cepepoBunii npucytHi 0.7994 rpama ¢ocdopy. Bimomo, 1mo B cepeIHbOMY
OakTepiasibHa KJIITHHA CKIagaetbess 3  (ochopy nHa 3%, ToMy MOKHA
MPUITYCTUTHU, 110 MAKCUMAJIBHUI PiBEHb 010MacH, IKUH MOXKe OyTH TOCATHYTHIA
MpU KyJIbTUBYBaHHI 3a Takoi KOHIeHTpallli pocdopy, cTaHOBUTH 26.65 rpaMa Ha
JITP.

BucHoBok: SIk MOXHa MOOAYHUTH 3 PO3PAXYHKY TOJOBHUM OOMEKYIOUUM
(hakTOpOM pPOCTYy Ta PO3BUTKY OIOMACcH € TJIIOKO3a, sika 00OMEXKye MaKCUMyM
cuHTe30BaHOi Oiomacu 10 Bchoro 0.756 mr Ha mitp. IlimHATTS KOHIIGHTpAIli
roko3u 10 10-15 rpam, mMoke MiIBUIIUTH piBEHb CUHTE3y Oiomacu 1o 3-4
rpaM, 10 BIJMOBIAE BXKE MAaKCUMYM 010MacH 1O JKEPeTy a30THOTO KUBJICHHS.
3Bakalouu Ha HU3BKY COOIBAPTICTh CEPEAOBUINA, JIsi BUPOOHNYOI (hepMeHTallii
PEKOMEHJIOBAaHO BUKOPHUCTOBYBATH CEPEJOBUINA 3 OUIBIIMM BMICTOM JDKepena

BYTJICLICBOT'O JKUBJICHHA.
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MakcuMaibHO MOKJIHMBA KUIBKICTH 0ioMacH CHMHTE30BaHOI IHIIMMH
mraMmamMu

Ockinpku K MOKa3zaB aHaii3 mramy Arthrobacter sp. LY-1 romoBHum
oOMeXyrouuM (akTopoM Il CHUHTE3y OloMacH € JKEpeno BYTJICIEBOTO
YKUBJICHHS, TOMY OyJ1IeMO pO3paxoByBaTH JJisl BCIX MITaMiB caMe HoTo.

Po3paxyHOK TEOpEeTUYHOro CHHTE3Yy O10Macu 3a JIKEPEJIOM BYTJIEIEBOTO
KUBJIeHHs mTaM: Paenarthrobacter ureafaciens ZY.

OcCKUIbKH B MOXKMBHOMY CEpPEIOBHUIII JUIsl KYJIbTUBYBAHHS I[LOTO IITAMYy
HE Mae JpKepesia BYIJIELEBOTO >KHMBJICHHS, BUPAXKEHOIO MOHOcCaxapujaaMu ado
MoJTicaxapuaaMu, TO SK JDKEPEIO BYTJICIIEBOTO JKUBIICHHS MHOIO OyB B3SITHI
TPUNTOH Ta JPULKIKOBUH EKCTpakT. SK BIJIOMO TIJIyTaMIHOBAa KHCJIOTa €
HANIOIIMPEHIIIOK aMIHOKUCIIOTOIO Yy O1JIKax, B TPUIITOHI MIyTaMIHOBA KUCJIOTA
3HaXOJUThCs B KoHmeHTparli 18.2 /100 r, To0To i MacoBa 4yacTKa MpUOIU3HO
ctaHoBUTh 18% BiJ 3aragbHOI Macu TPUNTOHY. B moXMBHOMY cepeoBHIII
BUKOPHCTOBYIOEThCS 10 T TIENTOHY Ha JITP CEPEAOBHINA, BUXOISIYN 3 IIHOTO MU
MaeMo 1.8 rpam TiIyTamMiHOBOI KHCJIOTM Ha JITp cepeaoBuina. Buxomsuu 3
dbopmynu riayraminoBoi kuciaotd CSHINO4, Mu oTpuMyemo, 1110 MacoBa 4acTKa
BYIJICILIO CTAaHOBUTH MpuoOau3Ho 41% (MonekynspHa maca 147 r/monb, yacTka
kapOoHy 60 r/mMoJb). YV IpiKIHKOBOMY €KCTPAKTI MacoBa 4yacTKa aMiHOKHCIIOT Ta
nentuiB ctaHoBUTh 60% Big cyxoi Macu. B miTpi cepenoBuiiia 3HaX0IUThCS S
rpaM JPIXKIKOBOTO €KCTpakTy, 60% sKkoro 3aiiMaloTh aMIHOKUCIOTH, II€
BUXOJUTHh 3 rpamMu Ha JITp OUIKIB a00 aMIHOKMCIOT 3 SKUX TJIyTaMIHOBa
kucnora 3aiimae 16%. CyMmyroun KUTbKICTh TITyTaMiHOBOI KUCJIOTH 3 MENTOHY Ta
TPKIHKOBOTO eKCTpakTy (1.8 + 0.48) orpumyemo 2.28 r riayTaMiHOBOI KUCIOTH
Ha JITpP CepeloBUIIIa, MacOBa YacTka kapOoHy B Akux 41% (2.28%0.4) Buxoauthb
0.91 r xapbony nHa mitp 40% SKHUX yXOAUTh HA XOJOCTE OKHUCHEHHS
(0.91*%0.6=0.546 1). fx Bimomo Oiomaca ckiagaeTbcsi 3 Kapbony Ha 50%,
BUXOJUTh, II0 MaKCUMAJIbHUH piBEHb OlOMacHh IO BYTJELEBOMY JIKEpEIy

KuBJIeHHs cTaHOBUTH (0.546*2) 1.1 T Ha miTp.
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Po3paxyHOK TEOpeTHUHOr0o CHHTE3y 0l0Macu 3a JKEpesioM BYTJIEIEBOTO
KUBJIEHHS mTam: Arthrobacter sp. TCL.

Sk mKepeno BYIUICLIO JIs CUHTE3Y 0loMacu BUKOPHCTOBYETHCS TIIHOKO3a
y konmentparii 1.8 r/n. Sk Bimomo y OGiomaci mictuthes 50 % KapOony,
OCKUJIbKH 3 JIITEPATYPHUX JDKEpE HEBIIoMa TOYHA Oilomaca, sika HeoOXigHa s
CTBOpEHHsI 010/100p1Ba, TO BapTO pO3paxyBaTH sika MAKCMMaJbHA KOHILIEHTpAIis
OlomMacu Moke OyTH CHHTE30BaHa 13 3aIPOMOHOBAHOTO  TOXXHUBHOTO
CepeIOBHUIIIA.

OckUIbKM MacoBa dYacTKa KapOOHy B TJIOKO31 mopiBHIOE 42%, TO 3a
HACTYMTHUMHU po3paxyHkamu otpumyemo (1.8*%0.42) 756 mr kapOoHy B JiTpi
cepenouia. Ockinbku K BitomMo 40% mxepena kKapOOHY BUXOAUTH HA XOJIOCTE
okucHeHHsa (756*0.6=0.453), a Giomaca ckiamaeTbes 3 kapOoHy Ha 50%, TO
MOTEHI[IITHO, OMUPAIOYUCh TUIBKM Ha JaHl JpKepela KapOoOHy MH MOXKEMO
orpuMatu (0.453*2) 0.9 r Giomacu B JTpi cepeIOBUIIIA.

2.3. Mopdoaoro-kyabTypanabHi o3nakm Arthrobacter sp.

Arthrobacter sp. (cyuacHa nasa - Paenarthrobacter sp. )— oo6uiratHa
aepoOHa OakTepis, sika BI3yaJIbHO BUIIISAE SIK MATUYKOSIECPHUN KOK. Buan
poay Arthrobacter 3asBuuaii 3ycTpiulOThCS B IPYHTaxX, HAJA3CMHIH MOBEPXHI
POCIIVH 1 BIJIKJIAJICHHAX CTIYHUX BOJI; BOHU HE YTBOPIOIOTH €HIOCIIOPU Ta MAIOTh
BHUCOKY IIPOTEONITHUYHY 1ito [18].

Unenn pomy Arthrobacter nemMOHCTPYIOTH JKUTTEBMH LUK, IO
XapaKTepU3yeTbcs  MOP(MOJOTIYHUMHU  3MIHAMHM  KJIITHH, [EPETBOPEHHIM
najanukosiiepHoi gopmu Ha V-moniOHy Ta KOKOMOAIOHY (opMHM Ta Hazaa Ha
najanakonoaiony gopmy [19, 20].

KiniTuHM He yTBOPIOIOTH €HIOCIOP; BOHU HEPYXJIMBI a0 pyXJIMBI OJHUM
CyONOJIApHUM a00 JeKiabKoMa OIYHMMH [KI'yTHKAMH, KAaTaaa3oMo3MTUBHI. IX
MeTaboJi3M JUXaNbHUN, HIKOJW HE OpOoIuiabHUN (3 IYKpIB YTBOPIOETHCS
HEBEJIMKA KUIbKICTh KHUCJIOTH ab0 30BCIM HE YTBOPIOETHCS), a XapuyBaHHS

HesubOarimue. Bmict G+C y JHK 3Haxomuthecs B giama3oni 59-66 monabs%

22



(riJIKa aKTHHOMIIIETIB), a MENTHIOIIKAH KIITUHHOI CTIHKM MICTHUTh JI3UH SIK

T1aMiHOKHCIIOTY [24].
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Paenarthrobacter aurescens

Puc. 2.1. 3oBHimHii Burisg Paenarthrobacter sp. [21].

Jlana Oaktepis nae Onigo-KOpUuyHEBE 3a0apBieHHS KOJOHIM Ha
JIPIKIPKOBOMY €KCTPaKTHO-TIENTOHHOMY arapi npu iHKyOamii B TempsBi. [lpu
3a0e3neyeHHi OIOTHMHOM PICT BIJIOYBA€ThCS y BIAMOBITHOMY CEpPEIOBHIII
MIHEpaJIbHUX COJIEH 13 CULII0 aMOHII0 ab0 HITPATOM SIK JIKEPEJIOM a30Ty Ta
TJIIOKO3010 SIK JDKEPENIOM BYTJICII0 Ta eHeprii. Moxke pocTH TakoXX Ha arapi
MakKonki [22].

2.4. dizioaoro-oioximiuni o3naxku Arthrobacter sp.

Arthrobacter sp. TC1l e acpoOHUM TPaMITO3UTHBHUM MiKPOOPTaHi3MOM,
CIIOYaTKy BUIUJICHUM 13 IPYyHTY Ha Micii posnuBy B IliBaenniit J[akoTi, 110
MICTUTb repOinu aTpa3uH. 3a I'pamom 3a0apBIItOE€THCS MO3UTUBHO ONTUMAaIbHA
TeMIiepaTypa il poCcTy Ta MIATPUMKH SKUTTEMISIbHOCTI ckimanae 28-30 °C.
Moxe poctu npu konienTpaiii NaCl no 10% [19, 20, 22].

3a TunoM xuBlieHHsT Arthrobacter sp. TC1 € xemoopraHorerepoTpodom,
SK TUTIOBA TPyHTOBa Oaktepid. JJoHOpOM €lIeKTpPOHIB € OpraHiuyHI PEYOBHHH, a
CHEprisl OTPUMYETHCS 32 PAXyHOK OKHMCHEHHs. SIK JKepeso BYTJIEI0 Yy MpoIieci
KyJIbTUBYBaHHSI BUKOPHCTOBYETHCS TIIIOKO03a [23].

I'enom miei GakTepii CKIATAEThCS 3 OJHIET KITBIIEBOT XPOMOCOMHM Ta JIBOX
mwiazMil (pTC1 1 pTC2), siki KOAYIOTh BENMKY KUIbKICTH O1JIKIB, 110 O€pyTh
y4acTh Yy CTPECOBUX PEAKIiSAX 4Yepe3 TOJOMyBaHHS, BHCHXAHHs, 10HI3yHOYe

BUMPOMIHIOBaHHS, KHUCHEBI paJUKaid Ta TOKCHYHI XIMIKaTU. 3JaTHICTH JO
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BIDKMBAHHS OE3MOCEPENHhO TMOB’s3aHA 3 TEHOMHOIO YHIBEPCAIBHICTIO,
0cOOMMBO MIO0 MeTabomi3My a30Ty Ta 3JaTHOCTI POCTH Ha MOJIMEPHUX
miJapax, ki He 4acTo BUKOPUCTOBYIOThCS OaraTbMa I'PyHTOBUMH MiKpoOaMmH.
Jlana GaxTepist Ma€ 3aTHICTh POCTU HA PI3HOMAHITHUX BYTJICIEBUX CIOJyKax 1
KaTaboJII3yBaTH PI3HOMAHITHI KCEHOOIOTHMYHI CHOJYKH, Taki sK riidocar,
METWI-TpeT-OyTunoBuit edip, 2,4-nmuxnopdenokcianerar (2,4-D), HikoTHH, 4-
HITpoEeHOJ, AUMETHICHIAH10, (QuryopeH, (ramat, HITPOTIIIEpHUH 1 pi3HI S-
TPUA3UHOBI CIIONYKH [19, 24].

[MItam TCl ™Moxe MaTh 30aTHICTh PO3KJIANATH OIHH POCIUHHOTO
MOXOJ/PKEHHsI a00 1HIII HOBI aMIHOKHUCJIOTHI CHOJYKH, IO YTBOPIOIOTHCS B
pusocdepi pocnud. I'eran, HasBHI y A. SP. TC1l no3BoisioTh MeTaboII3yBaTH
KUIbKa S-TPUA3MHIB SIK €IMHE JIKEPEIO BYTJIEIIO Ta a30Ty AJis pocty [19, 23].

2.5. Takconomiunmii craryc Arthrobacter sp.

CyuacHa ((pimorenernuna) kinacudikarist st Arthrobacter sp. HaBenena
3rigHo npyroro BujganHsa Kepiaunra bepri 3 cuctematuku 0aktepiit [24]:

[{apcTBo: Bacteria

Tun: Actinobacteria

[Mopsmok: Actinomycetales

[Miamopsimok: Actinomycetales

CimetictBo: Micrococcaceae

Pix: Arthrobacter

Bun: sp.
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PO3/1J 3. TEXHIKO-EKOHOMIYHE OBIPYHTYBAHHSI
3.1. Po3paxyHok norpe0u y Oionpenapari Ajs1 po3KIaJaHHs
aTpa3suHy

ATpa3uH € pOCMOBCIOIKEHUM TepOIIUIHUM MPErnapaToM CEIeKTUBHOT M.

Haifuactime  #oro BHUKOPHUCTOBYKOTh Y  TEXHOJIOTIYHIM  cxemi
BUPOIIYBAaHHS KYKYPY/J3U, OCKUIBKH OJHIEIO 3 OCOOJIMBOCTEN aTpa3uHy € Te, 110
NEPEeBAKHO BC1 COPTU KYKYpyJ3HW IO HbOro cTiiiki. B VYkpaini kykypynza €
OJIHIE€I0 3 OCHOBHUX Ta HAWMOMYJISAPHIIIUX KYJIbTYp AJis BUPOILYBaHHs, yepes ii
BHUCOKY TOJICPAHTHICTb JO pI3HUX OIOTeHHUX Ta abloreHHuX (HaKTopiB
BUpoIlyBaHHs. B YkpaiHi 3riHO JepKCcTaTy, a caMe JOKYMEHTY Ha MOMEHT
2023 poxky 0Oyno Bucisio 4112 Tuc. ra. KyKypy/A3u 3a MOCIBHUMH IUIOIIAMH BOHA
3aiiMae Jpyre Micle, JIMIIE TPOXH HE AOTATYIOYM [0 MOCIBHUM ILIOIIAM 0
NIIEHUIII 03UMOi. AJie TEXHOJIOTisl BHUPOIIYBaHHS KYKypyA3u Iependadae
BUKOPUCTOBYBAHHS IIUPOKOTO CHEKTPY IepOIlM/IiB Ta 1HIIIUX BU/IIB MIECTUIIHIIB,
10 CTAHOBHUTH CWJIbHY Harpy3Ky Ha CynmyTHbO Oloc(epy, BUCOKI KOHLIEHTpalli
aTpa3uHy HaKOIUTIOIOTHCS B TPYHTI, B C/T POCIMHAX HaBITh HACTYITHOTO CE30HY 1
3arajioM aTpasvH MOXKE IOCTYIOBO PO3HOCHUTHUCS TIO0 Xap4OBOMY JAHIIIOTY,
3pEIITOI0 JIOCATAIOUH JIIOAUHY a00 HampsMy, IPU CIOXKWBAHHI KYKYPY/I3H, a00
HEMPsIMO Yepe3 CHOKUBAHHS MPOAYKTIB TBAPUHHOTO MOXOJKEHHS, CyOCcTpaToM
JUIs. IKUX CIyryBaja KykKypyaza abo ii cuioc. Ili Bci ¢akTopu CTBOPIOIOTH
HaraJibHy oTpedy B opranizailii MexaHizmy Oiomesialii aTpa3uny, 60 Hapasi B
VYKkpaiHi He NPaKTUKYIOTHCS >KOJHI METOJU IIJIECIPSIMOBAHOTO BHUJAJICHHS

aTpa3uHy 3 IPyHTIB [25].

HYXT BTEK 04.03.25 KP 113
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3riiHO JepKCTAaTy B CEPEIHROMY B PaMKaX MOBHOTO LUKy BUPOIILYBAHHS
KyKypyA3u arpornpoMHCIOBUMH KoMIUlekcamu Ta (epmepamu 3a 2023 pik
BUKOPUCTOBYEThC 870 T abo My repOimuaiB Ha rekrap ad6o 3 595 083 kr
repOinuaiB Ha 4112.7 Tuc ra. MOCIBHUX IUIOII, 3 SIKHX AaTpa3uH CTAaHOBUTH 71
537 kr 3 cepeaHbOIO HOPMOKO BHeceHHs 960 r Ha rextap (3 1 po3unny) [26]
(xoHIIEeHTpalis atpa3uny 32% B mpemnapari), BUXOASYM 3 IUX JaHUX MOXHA
MPUITYCTUTH:

0.96r -1lra
71537 xr — x
73537/ 0.96 =74517 ra

mo Ha 74517 ra OyB BHUKOPUCTAHUN aTpa3uH, SIK OCHOBHUH abo
cyMixkHUNA TepOinua. ToOTO MOTEHIIMHUN pUHOK YKpaiHu A Olompenapary
SKUW PO3KJIaaae aTpasu e 74517 ra o0poOroBaibHUX 3eMenb [27].

3.2. Po3paxyHOK NOTY:KHOCTi BHPOOHMIITBA Oionpenapary 1Jis
PO3KJIAJaHHS aTPA3HHY

Sk Bigomo Oakrtepii Buay Arthrobacter sp. mMaioTh 37aTHICTh PO3KJIagaTh
aTpasuH Ta BUKOPUCTOBYBAaTHM HOro B CBOEMY METa0O0dI3MI SIK JHKEpPEJIo
BYTJIEIIEBOrO Ta a30THOTO KHUBJICHHS.

B omparpoBaHiii cTarTi BUTpATH KYJIBTYPAIbHOI PIIUHU Ha OOPOOKY
3a0pyJIHEHOTO TPYHTY CKJIAJaloTh S5 MII KyJbTypasibHOi piguHu Ha 200 T
3a0pyIHEHOTO TPYHTY, a CTYIIHb 3a0pyIHEHHS TPYHTY aTpa3uHoM ckianae 100
MT Ha | KT TpyHTYy.

Po3paxyeMo Macy rpyHTy sika MICTUThCS Ha Tuionli 1 rekrap.

Sk mpaBuUIIO AP TPYHTY B IKOMY MICTAThCS repoiruan ckianae 10 M.

OckUIbKM TYCTHMHA TPYHTY KoJuBaeTbca B Mexax Big 1000 kr go 1250
KI/M® IPONOHYI0 0OpaTH 3HAYEHHs TYCTHHM IPYHTY Ha 3HadeHHs 1100 kr/m3

Otxe 100*100*0.1*1100=1100000 kr

Po3paxyeMo motpedy y KyJIbTypasibHIN piAuHI 175 YTUII3allii aTpa3uHy

Ha 1wtonti B 1 rekrap: 25 ma*1100000=27500 000 M a6o 27 500 i
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AJie BUXOISYHM 3 TOTO, IO TAKOTO POJY MpenapaTH HEe KOPUCTYIOTHCS
MOMYJISIPHICTIO B YKpaiHi, a aTpa3uH po3Kjiajaiouu OiompemapaT B3arajii He
NpeCTaBIICHI HA PUHKY YKpaiHU, TO MPOMNOHYETHCS IS TOYaTKy BUKOPHUCTATH
Ha TUTONI B 3 TeKTapH.

275001*3ra=8250011 KyJIbTYpaabHOI PiIUHA

Tabnuys 3.1
VY3aranbHeH1 pe3yabTaTH MiIPaxyHKy MOTPeOH B KyJIbTypalbHii piauHI
[ap 3emii ne [isbHICTH Bara 10 cm Hopma Kinpkicth [ToTpeba B
3HAXOJIUTHCS TPYHTY mapy B 1 Butpat KP | 00po0itoBan | KynbTypasibHi
aTpa3uH reKrapi HUX TeKTap | ¥ piauHi Ha 3
ra
10 cm 1100 xr/m3 1 100 000 xr 5 M1 Ha 3 82500 n
200
3emiti

3.3. Po3paxyHok KiIbKOCTi BUPOOHUYMX HUKJIIB Ta reOMeTPUYHOI0
00’emy (pepMeHTEpa
BpaxoByroun MOTEHUIMHI BTpaTW MiJ Yac MaKyBaHHsS, QacyBaHHSA
KIHIIEBOTO MPOAYKTY Ha piBHI 10%, oTpuMyeMo:
82500*1.1=90750
Po3paxyHOK BUXOIy KyJbTypaJIbHOI piauHU 3a | muki depmeHTauii 1is
MOJAJIBIIOTO PO3PAaXYHKY KIJIBKOCTI CTajidl MiATOTOBKH MOCIBHOTO MaTepiany,
KUIBKICTB TPpYA0/1HIB Oepemo 3a 280 1HIB:
V=V / Typ =90750:280 =324n
KinbkicTh KyabTypanabHOI PIIMHU JJISI CTBOPEHHS 010100puUBa 3a MUK
OyJle CTAaHOBUTH:
Vi = (K1*V,*Typ)/24 = (1,128%0.324*48)/24 = 0.730 m*/uukn
[TinroroBka (hepMeHTEepa BKIIOYAE: MUTTS €31HDIKYIOUMMHU PO3YMHAM Ta
BI3yalibHUi orjsig (2 ron), mepeBipka Ha repMeruyHicTh (lrom), mimirpis
anapary (0,5 rox), crepwmzaris (1 romx), oxonomkerss (1 rox), 3aBaHTaKEHHS

cepenopumia (1 rox), 3aciB (0,5 rog), BUBaHTaXXEHHS KyJIbTypanabHO1 piauHu (1

roju).
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BusnauuBum 06’em KP 3a ogun nuki 1 3Har09M Koe(ilieHT 3alIOBHEHHS

K3, Bu3HauaeMo reoMeTpuuHMil 00’eM pepmenTepa:
V, =V /K,;=0.731/0,6 = 1.21 m>.

3rimHo 3 TabnuIEe, HAWOMMKYUM 332 TEOMETPUYHHM O0’€EMOM €
depmentep Vy = 1.25 M3, YT0uHIOEMO KOE(DILIEHT 3aII0BHEHHS:

K, = 0.731/1.25 = 0,58 — ne nepesuiye ontumanbHoro 3HaueHus (0.5-
0.65).

3.4. Po3paxyHoK KiJIbKOCTI cTajiii mMiAr0TOBKH MOCiBHOI0 MaTepiaay

1. [TouaTkoBuit 00’em KYJbTYypaibHOT piauHU:
Jns BupoOHMUYOTO 1MWKy oOpaHO d¢epmentep ob'emom 1.25 ™3P, skuit
3a0e3neuye oTpuManHs /31 JITPiB KyJIbTYpaIbHOI PIIMHU 32 OJIUH BUPOOHUYHIA
UKJ. BTpatu KynbTypaibHOT piIUHU BHACIIIOK KPAIUIEBHHOCY Yepe3 KOJIEKTOP
BIJIPAI[bOBAHOTO TOBITPST CTaHOBIATH 10%. Takum uyumHOM, 3 ypaxyBaHHAM
BTpaT, 00’€M TMOXHUBHOTO CEPE/IOBUINA Ta IIOCIBHOIO Marepiaay mepe
010CMHTE30M BU3HAYAETHCS 32 (OPMYJIIOIO;

Vpos.1 = Vip*(1+Eg) = 731*1,1 = 804 n

ne:

o Vi, — 00'eM KyIbTypaJibHOI PIAVHHU, IKUH JOPIBHIOE 736 II;
o Ey— BTpartu uepes kpamiesunoc (10%).

Po3paxyHok po0040ro ta reoMeTpu4HoOro 00'emy pepmenrepa

Jlns  BU3HAYCGHHS TE€OMETPUYHOTrO 00'eMy depmeHTepa HEOOXiTHO
BpaxyBaTH KOE(IIIEHT 3aMOBHEHHS, SKUM Il aepOOHMX MPOILECIB 3a3BUYAi
nopiBHtoe 0,6. TakuM unMHOM, TreoMeTpuyHUN 00'eM (depmeHTepa MOXKHA
po3paxyBaTu 3a (popmyIIoro:

V$p=Vp05.1/0.6=0.804/0.6= 1.35 m*

[Tpuitmaemo HalOmK4uuit 3a 00’eMoM cTaHmapTHul pepmentep Ha 1.25
M. YTouHeHH! Koe(ilicHT 3a0BHEHHS IS JaHOTO (PEpMEHTEPA CTAHOBHT:

K3.1=0.804/1.25=0,64

Lleit xoedimienT He mepesuinye cranmaptHi Hopmu, (0,5-0,65), Tomy

reoMeTpuyHuil 00'eM epMeHTEpa 0OpPAHO MPABUIIBHO.
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Po3paxyHOK KUIBKOCTI IOCIBHOTO MaTepiaJy s (pepMeHTEpa

Kinpkicth mociBHOro Marepiany ansi ¢pepmentepa craHoBuTh 10% Bif
00’ €My MOXUBHOTO CEPEIOBHUIIIA:

Vi 1= p06,1><0,1=804><0,1:80.4ﬂ

Takum 4ynrHOM, 00’€M IOXXKHBHOTO cepeloBUIa Y (epMeHTepl Iicis
B1100pY MOCIBHOTO MaTepiaily Oye:

VHC.1:Vp06,1—VHM.1:804_80.4 =723.6 1

Po3paxyHok po004oro 06'eMy mociBHOro anapary

Hns BupoOHunTBa 80.41 MOCIBHOTO Marepially B MOCIBHOMY amapati
HEOOXIJTHO BpaxyBaTH BTpPATU KyJbTypasibHOI pimuHH Ha piBHI 10%. PoOounii
00'eM MOCIBHOTO anapaTy po3paxoBYEThCS 3a POPMYJIOL0:

Vpo52=Vin 1 X(1+E4)=80.4%1,1=89 n

3a xoedimienrta 3anoBHeHHs 0,6 reomMeTpuuHUNA 00'€M MOCIBHOTO amapary
CTaHOBUTH:

V112.2=0.089/0.6=0.148 m°

[TpuitmaeMo HaMOMMOKUMA CTaHAAPTHUM TOCIBHUIN amapaT o0'emom 0.15
M. KoediLieHT 3aII0BHEHHS 171 LLOTO alapara:

K3.2=0.089/0.15=0,59

Lleit moka3HUK BiAMOBigae onTuMaibHOMY Moka3HUKy (0.5-0.65)

KinbKicTh NociBHOr0 MaTtepiaay AJid iHOKyJasaTOpa 00’emom 150 J1.

KinbkicTh TOCIBHOTO MaTepiaily JjIsi MOCIBHOTO arapaTy BU3HAYAETHCS
aHAJIOTIYHO MOTIEPEAHHOMY KPOKY:

VHM.2=Vp06,2XO,1289X0,1=8.9 I

[Ticns BigOopy MOCIBHOTO MaTepialy 00’€M TMOXKHUBHOTO CEpPEOBHINA Y
MOCIBHOMY arapari:

Vnc,zzvp06.2_VnM.2:89JI—8.9.]'[: 80.1 1

Po3paxyHok po6o4oro 06'eMmy nociBHOro anaparty

Jlnst BUpOOHMIITBA 8 J1 MOCIBHOIO Marepialy B IOCIBHOMY arapari
HEOOXITHO BpaxyBaTH BTpPATH KyJIbTypasibHOI pimuau Ha piBHI 10%. PoOoumii

00'eM MOCIBHOTO arapary po3paxoBYeThCs 3a (POpMyIIo0:
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Vp06.2:VHM.1X(1+Eq,)=8.9 1x1,1=9.8 i

3a xoedimienTta 3anoBHeHHA 0,6 TeOMETPUYHHIM 00'€M MOCIBHOTO amapaTy
CTaHOBUTH:

V1a2=9.8/0.6=16.3 i

OG6upaeMo HaHOIMKYMIM CTaHAAPTHUHN amapat a came 00’emom 15 1.

K3.3=9.8/15=0,65

[le#t moka3HUK HE BIAMOBITAE ONTUMAIBHOMY 3HAUEHHIO, aj€ € MEHIINM
3a PEKOMEHJOBAaHHM, BPaxoBYIOUHM, IO MPOAYIEHT € aepoOHHM, II€ HE €
KPUTHUYIHO

KinbKicTh NOCIBHOT0 MaTepiaay AJId iHOKYJaATOpPa 00°eMoMm 15 a1

KinbkicTh MOCIBHOTO MaTepially JiJisi MOCIBHOTO arapary BH3HAYAETHCA
aHAJIOT1YHO MOTIEPEAHHOMY KPOKY:

Vi 2=Vpo6.2%0,1= 9.8%0,1=0.98 1 ~ 1n

[Ticns BigOOpy MOCIBHOro matepialy 00’€M MOKHUBHOTO CEpEJIOBHINA Y
MOCIBHOMY arapari:

Vnc,zzvpoaz_VnM,z:g.8J'I_1 1=8.8 11

BusHaueHHst 00'eMy MOCIBHOTO MaTepiajty AJd IHOKYJISATOpa 00’ €MoM
15n

Opnepsxanns mociBHOro matepianty Viws = 0.9 1 (900 mu) ansa 3aciBy
1HOKYJIATOpAa MOKHA 3A1MCHUTH KyJIbTUBYBaHHAM Arthrobacter sp. Strain LY 1y
KoJ0ax Ha Kavanmii. [ 1bOoro BUKOPUCTOBYIOTH KadallO4HI KOJOM 00’eMoM
Viors = 750 M 3 xoediuienTom 3anoBHeHHs K3k = 0,2. Toal KUIbKICTh KOJIO
CTaHOBUTH:

Nrors = Viwa/ ( Vions™Kax) = 900/(750%0,2) = 6 ko116

Takum 4YWHOM, TICHs TPOBEACHUX PO3PAXYHKIB MOXHA 3pOOUTH
BHUCHOBOK, IO JAJii BUPOOHMYOro O10CHHTE3Y HEOOX1JHO BUKOPHCTOBYBATH
depmentep o6'emoM 1.25 M3, mociBHmii amapat 06’emom 0.16 M3, mociBHuiA
anmapatr 06’emom 0.02 M3 Ta 7 xonb A4 OTPHMMAaHHA HEOOXIAHOrO 00’ €My

KyJIbTYPaJIbHOI PIIUHU Ta TIOCIBHOTO MaTepiany.
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Tabnuys 3.2
O06’eMu cepeIOBUII Ta anapaTiB ISl CTAIIi MiATOTOBKH TIOCIBHOTO

Marepiajy Ta BApOOHMYOro 610CHHTE3Y

Ne Ob'em YTouHeHui Ob'em Ob6'em Koedimient | I'eomerpuynu
cTafii | KyJbTypaJbHOI 00'eM MOCIBHOTO | TMOXHBHOTO | 3alIOBHCHHS, i 00'eM
pinuaA Vip, M* | KYIBTYpalIbHOT | MaTepiany | cepenoBuina | Ksag, yactka | depmeHnTepa
(1) piavHU Vpos., Vi, M3 Ve, M* (J1) Ver, M2 (1)
M? (1) (1)
v 0.731 0.804 0.089 0.723 0.64 1.25
11 80.9 (i) 89 () 9.8(1m) 81.1(xm) 0.55 0.15
II 8.9(m) 9.8 () 0.9(xm) 8.8(m) 0.49 0.015
I 0.9 () - - 0.9 0.2 6 ko0
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PO3A1JI 4. BIOCUHTE3 NPEITAPATY ARTHROBACTER sp.
4.1. lllnsax kaTadoJizmy pocroBoro cyocrpary y Arthrobacter sp.
3rifHO JITEpaTypHUX JKEpes K POCTOBHM CyOCTpaT MpU BUPOIITYBaHHI
Arthrobacter  sp.  Haifuactime  BUKOPUCTOBYETHCS ~ KPOXMallb,  SIKHH
PO3KJIAIa€ThCS 0 TIIOKO3M, a TII0K03a KaTaboIi3yeThCs depe3 TIKOMi3, M0
niaBepKyeTbess  0azor0  ganux KEGG Ta HasgBHicTIO  (epmeHTy  6-
dochodpykrokinazu (K® 2.7.1.11). Ockinmpku A. Sp. Mae psg (hepMeHTIB
aMOJIITHYHOTO KOMIUIEKCY, Takl K 13oaminazy [Kd: 3.2.1.68], anwda-aminaza
[Kd: 3.2.1.1] Ta anpda-rmokosugaza [KD: 3.2.1.20], To mei KOMIUIEKC
dbepMeHTIB  3/1aTeH  TIApoJii3yBaTH  Kpo3Mmaib 110  D-Timoko3um  uepes
MaJbTOJIEKCTPHUH.

VY nporeci riikomi3y y Arthrobacter sp., riroko3a mia Ii€ro TIOKOKiHA3HU-
1 (K® 2.7.1.1) nepeTtBoproeThes y a-D-rmroko030-6-hocdar.

[Tin miero dpykrozo-6ichocdaransaonazu (KO 4.1.2.13) D —dpykTo30-
1,6-bocdat-2 mepeTBOprOEThCS y AioKcHaneToHpocdar, SIKUil 32 TOMOMOTOIO
tpiozodocdatizomepazu (KD 5.3.1.1) B3aeM0o MepeTBOPIOETHCSA 3 rainepasbaeriz-
3-bocar.

['minepansaerin-3-gocdar mneperBoproeThest 'y riinepart-1,3-mudocdar
i Aiero rinepanbaeria-3-pocdaraeriaporenasu (KO 1.2.1.12).

I'minepat-3-ocdar 3a qomomororo ochormneparmyrazu (KD 5.4.2.11)
MEPETBOPIOETHCS Y Tuinepar-2-gocdar.

OcTaHHBOIO peakIliel LUISXY € MepeTBopeHHs (ocdoeHonmipyBary y

nipyBar 3a jonomororo nipysaTtkiazu (KO 2.7.1.40).

HVYXT BTEK 04.03.25 KP I13

3mH. |JIuct | Ne mokym. ITigmuc Jlata

Po3pob. Mapmunenxo A.0. PO3HIH 4. BiocuuTes Tperapary JIT. Apk. Apkyiris
Iepesip. |Pesnivenko FO.M. Arthrobacter sp | | 32 8
Peyers Kapenpa BTM
H. Koump.

3ameepo. Cmabnixoe B.I1.




Eporoeane

dpvETozo-S-docdar
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L
J’ v 3-pochar
Tioxcranetondbocdar L 8
T'min=par-1. 3-boobar-2

2AT# | e

T min=par-3-docdar
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T'min=par-2-dochar

l 11

S0 oEENIII Y E AT

1ATE | 12

ITipyear

Puc. 4.1. Cxema katabo:izmy kpoxmaito Arthrobacter sp..

®epmentn: 1 - 3oaminazy [Kd: 3.2.1.68]; 2 - ambda-aminaza [KD:
3.2.1.1]; 3-ampda-rmoko3umaza [Kd: 3.2.1.20]; 4 — nmokokinaza-2 (Ko
2.7.1.2), 5 — rmoko30-6-bocharizomepaza (K& 53.19), 6 - 6-
dochodpykrokinaza (KO 2.7.1.11), 7 — dpykrozo-6ichocdaranpnonaza (KO
4.1.2.13), 8 — rmuepanpaeria-3-docharaeriaporenaza (Kb 1.2.1.12), 9 —
docdormueparkinaza (KO 2.7.2.3), 10— dochormneparmyraza-3 (KD
5.4.2.11), 11 — enonaza (K® 4.2.1.11), 12 — mipyBarkinaza (K® 2.7.1.40), 13 -
Tpiozodocdarizomepasza (KD 5.3.1.1).
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https://www.kegg.jp/entry/5.3.1.1

4.2. Biorpancdopmauisi Kpoxmas y ek3onporeinu A. sp.
AtzA,B,C,D,EF

HinboBuM mpoaykTomM € komiuiekc depmentiB AtzA,B,C,D,E,F, mo
MPOIYKYIOThCS A. SP. Ta BUAUIAIOTHCS B KYJBTYPAJIbHE CEPEIOBHUIIE Y SKOCTI
BTOPMHHHUX METa0OMITIB Mg Olojerpaaariii repOinuaiB ATpa3uH Ta 1HIIHX
repOIuAIB, 110 B CBOIM XIMIUHIM CTPYKTYpi MalOTh TPUA3HH.

DepMEHTH KOMIUICKCY MPEICTaBISIOTh COOOI0 3BUYANHI TOJIMENTHIH,
0 TICHs CHUHTE3Y BHUIUISIOTBCS B  KYyJbTypaJlbHE CEpeAOBHINE, IS
MIEPETBOPEHHS A3WTPAIMHY B CHHIOPOBY KHCJIOTY, SIKA BHUKOPHCTOBYETHCS SK
JDKEpEIio BYIJICIIEBOIO Ta a30THOT'O JKUBIICHHS [4].

3rigno 6a3u nmanux NCBI okpemi 3 3a3HaueHux ¢GepMEHTIB MOXYTh HE
MaTH ojHi€l abo Oinblie MpoTeiHoreHHUX amiHokucior [29, 30], ame B cymi
KoMILIeKC (epMeHTIB BkiIo4ae Bci 20 MPOTETHOTEHHUX aMIHOKHCIOT, IO
BUSIBJISIE HEOOX1/IHICTh JIETAILHOTO ONMUCY O10CUHTE3Y BCiX CIMEM aMIHOKHUCIIOT.

Ak Oyno BXe omucaHo y po3auni 1, xkatabosi3M pocTOBOro CyoOCTpaTy
B1JIOYBAETHCS 32 CXEMOIO MIIIKOJII3Y JI0 TIPYyBary, MICis YOro YTBOPEHUH MipyBar
HUIIXoM fii anb(a-cyOoauHUIl KOoMIOHEHTa mipyBaTaeriaporedasu El (KO
1.2.4.1) ta purigpominounzuny (K® 2.3.1.12)), nepeTBOprOETHCS HA aleTHII-
KoA, sikuii mocTymnae Ha UK TPUKAPOOHOBUX KHUCIIOT, IKUH € MMOBHOI[IHHUM Y
JTAHOT'O MIKpOOPTraHi3my.

BiocuHTe3 ricTMaAMHY: TICTUJIMH CHUHTE3YETHCS 3 TIIIOK030-6-docdary,
AKUU Tpoxonasun meHTo3o(dochaTHUl [UISIX MEePEeTBOPIOEThCA Ha  5-
bochopubozungudocdar, skuit pepmentom ATD-dochopubdozuntpanchepasa
[KD: 2.4.2.17 ] neperBoproetbest hochoprdozmn-AMD, skuii UIIXOM MPSIMHUX
HE3BOPOTHIX peakiliii 3 pepmenToM iMminazouriineposdocdarcunrazoro [Kd:
4.3.2.10] mnepetBoproeTtbcst Ha Imimazono-ruinepon-3-gpocdar MmiCas UYOTO
BiIOyBAa€ThCS 3aBIAKU (hepMeHTy TicTuauHomI-hochaTaminoTpanchepasi [KD:
2.6.1.9 | BinOyBaetbesa cunre3 L-T'mctuaunony  gocdary, sSkuil  HUIIXOM
JEKUTBKOX  peakiid 3aBAasku  rictuguuonnerigporenasi [Kd: 1.1.1.23]

MepPeTBOPIOETHCS Ha L-TicTHIUH.
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BiocunTe3 ¢enisiananiny, Tupo3nny ta tpunrodany: biocunrtes Bcix
TPHOX aMIHOKHCJIOT TaKOX IOYHMHAETHCS 3 TMEHT030(0ChaTHOTO NUIIXY e
IIII0K030-6-bochar  mepeTBoproeThcsi Ha  Epurtpozo-4-docdar. Ilepmioro
pEaKIliel0 CUHTE3y LUX aMIHOKHCIOT e KoHjeHcauiss Eputpo3o-4-docdar ta
dbochoenonmipyBary hepMEHTOM 3-ne30kcu-7-hocdorenTyIOHaTCUHTA3a
[Kd: 2.5.1.54 ] 3 yTBOpeHHsAM 3-1e30KcH-apaliHO-TenTyloHaT 7-pocdaty 3
NOJAJbIIOI IUKII3AIE€I0 Ta YTBOPEHHSIM Imukimaty ¢epmetom HAJ+
3QJIEKHOI0 MmuKiMataeriaporenasoro [Kd: 1.1.1.24 ], mi peakiiii € Tak 3BaHUM
«llukiMaTHUM TIUIIXOM», HACTYIMHUM KpPOKOM € YTBOPEHHS XOpHU3MaTy
dbepmenTom xopuzmarcunrazoo [Kd: 4.2.3.5 ]|. Xopusmar € KIIOYOBUM
IHTEepMEAIaTOM JIJIsl CUHTE3Y TpunTodany, peHuiananiny Ta TAPO3UHY, OCKIITEKH
caM€ Ha HbOMY BIIOYBA€ThCS PO3MIAIYKEHHS CHHTE3Y BCIX TpPbOX
amMiHOKHMCIIOT. TpuntodaH CHHTE3yeThCS uepe3 IMepexi XOpuU3Mary B
AHTpaHinaT 3aBiasgku (epmeHty antpanuatcuHTaszl [Kd: 4.1.3.27 ] Ta
NOJANBIIOMY CUHTE3y TpunrTodany TpuntoancunTazoro [Kd: 4.2.1.20 | yepes
101 raiuepodocdar abo inmon. Tuposun Ta Tpuntodan CUHTE3YIOTHCS Yepes
npedeHart, SKui YTBOPIOEThCS 3aBJSKU 3MIHI XOPU3MATy (PEPMEHTOM XOpPU3MAT
MyTazor [Kd: 5.4.99.5 ]. Ilicna doro 3 mpedeHary BiaOyBaeTbcs Ol0CHHTE3
deHinananiny depe3 QeHuImipyBaT (HepMEHTOM acmapTaraMmiHOTpaHchepasoro
[KD: 2.6.1.1 ]. ¥V Bunaaky A. Sp. 0OlocMHTE3 TUPO3UHY BiJOYBa€ThCS HE Ha
npsamy 3 (eHianaHiny, OCKUIbKU (DepMEHT HemeTaaakToJIMOHOOKcureHasa [Kd:
1.14.14.161] BiacCyTHI, TOMY THPO3UH CHUHTE3yeTbCAd 3 TmpedeHary 4-
riipokcudeninmipyBar  ¢epMeHTOM  acmapraraMmiHoTpaHcdepazoro  [K:
2.6.1.1].

Biocunre3 cepuny, rainuHy, TpeoHiHy : biocuHte3s cepuny
BiIOyBa€eThCS NUIAXOM amiHyBaHHS 3-(ocdorminepary uepe3 dochocepun.
Cnouatky 3-pocdormmepar aMIHYETHCS dbepmeHTOM
dbochocepunaminorpanchepaszoro [KD: 2.6.1.52 |, 3 yrBopenHsam dochocepuny
micnst 4oro BijmOyBaethes nedochopumoBanHs (ochocepuny y cepuH

dbepmenTom dochocepundocdarazoro [KD: 3.1.3.3 |. [licias 4oro cepuH B OJHY
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peaxiiito NIEPETBOPIOETHCS Ha TJILIAH 3aBJISIKU bepmeHty
rminuHriapokcumeTunTpancdepasi [Kd: 2.1.2.1 ], micas 4oro riiluH MOXKe
OyTH TIepeTBOPEHUM HA TPEOHIH OJHIEI0 PEAKITI€I0 3aBISIKH (PePMEHTY TPEOHIH-
anpaomnasi [Kd: 4.1.2.48 ].

BiocunTe3 mucreiny Ta Mertioniny: biocuHTe3 1ucTeiHY BiIOyBa€ThCS
yepe3 aluIloBaHHs cepuHy cepuH-O-aneruntpancdepaszoro [Kd: 2.3.1.30 | ta
nomaBaHHAM cynbdaty hepMenToM nucteincuaTaza [Kd: 2.5.1.47 |. Mertionin
B A. Sp. HalBUpOTiJHIIIC BIIOYBAa€ThCSI 3 acmapTaTy uepe3 T'OMOCEPHH
YTBOPEHHS SIKOTO KaTalli3yeThcsi ToMocepunaeriaporenasza [K®: 1.1.1.3 ], micns
YOr0 PEAKINE€I0 aI[MIIOBAaHHS YTBOPIOETHCS — AlETHITOMOCEPUH, YTBOPEHHS
AKOTO KaTamizyerbesi gepmeHToM O-cykuuninrpancdepasza [KD: 2.3.1.46 |,
MICJIsT YOTO aleTHJITOMOCEPUH TMEePEXOIUTh B TOMOIHCTEIH uepe3 depment O-
anetuaromocepu (tion)-maza [Kd: 2.5.1.49 ], micns 4Yoro BiIOyBa€eThCS
MEePETBOPEHHS TOMOILIMCTEIHY B METIOHIH yepes 5-
METUJITETPAr1APONTEPOLITPUTITyTaMaT - TOMOUMCTEIH MeTriITpaHcepasa [KD:
2.1.1.141].

Biocunre3 Jleitumny, i3oseiinuHy Ta Bajginy: Bci 11 amiHokuciotu
CUHTE3YIOThCS 3 TIpYyBaTy, Yepe3 CHIIbHUN (DepMEeHTHUM KOoMIUIeKC. biocuHTes
130J7IEHIIMHY BiJIOYBAa€ThCS Yepe3 MEPETBOPEHHS MIPYyBaTy alleTOJIAKTATCUHTA300
[Kd: 2.2.1.6 ] na (S)-2-aneto-2-TiApoKCHOyTaHOAT SKUH TOTIM MPIMUM
CHUHTE30M TEPETBOPIOETHCA Ha 130JICUIIMH 4yepe3 epMeHT aMmiHoTpaHcepasa
aMIHOKHUCIIOT 3 po3ranykeHuM jaHiorom [Kd: 2.6.1.42 |. Bamin cuHTe3yeThcs
Maif’ke 1IEHTUYHUM IUISIXOM, JIMII 3 TIEH PI3HUIIEIO, IO MEPIIUM MPEKYPCOPOM
BajiHy BuUcTynae He (S)-2-anero-2-rigpokcuOyTaHoaTr, a aIleToJaKiarT,
(bepMEeHTHUN KOMIUIEKC 1IeHTUYHUN. JISHIIMH CUHTE3YETHCS Uyepe3 aleToIakTaT
SK 1 BaJliH, ajie Ha eTari cuHTe3y 2-OKcoizoBaiepiaty 4epe3 JAUT1IPOKCUKHUCITY
nerigparazy [Kd: 4.2.1.9], OxkcoizoBanepiat 3aBasku (epmeHty 2-
13onponiamManarcuntasl [Kd: 2.3.3.13], nepeTBOpIoe€ThCS Ha 130MpOIiIMaar,

SAKUW TIUIIXOM JICKITBKOX TEePEeTBOPEHb MEPEXOAUTh B JICUIIMH 3 (PiHATBHUM
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dbepmenToM amiHOTpaHCcdepa3a aMiHOKUCIIOT 3 po3raidyxeHuM naHiorom [Kd:
2.6.1.421].

Biocunrte3 Ananiny: biocuHrte3 ananiHy BinOyBaeThcs B 1 peakiiro 3
mipyBaty 3aBAsSkd abo (epMmMeHTaM anaHIHCHHTE3yloui TpaHcaminaszl [KO:
2.6.1.2 ], ab6o anmaninaeriaporenasi [Kd: 1.4.1.1 ].

biocuHTe3 acmaprary, acmapriny, apridiny Ta Ji3MHy: Acnaprar
cuHTe3yeThcsl B | peakmito 3 Okcanoarerary 3aBIskd (epMEHTY acmapTar
amiHoTpancdepasi [Kd:2.6.1.1]. 3rimno 6a3u ganux KEGG A. sp. e 3xaTHa
CHUHTE3yBaTH acHapriH >KOJHUM BIJOMHUM METOJIOM, 1 JaHUX IIOJI0 3AaTHOCTI A.
Sp. poctu Ha Oe3acrapriHOBUX CEPEOBUIIAX TEX 3HaMIeHO He Oyno. biocunTes
Apribiny BinmOyBaeThCs 3 acmapTaTy uepe3 apriHiHOCYKIIMHAT 3aBISKH
dbepMeHTy apridiHocykimHarcuHTaza [Kd: 6.3.4.5 ], miciag 4oro BigOyBaeThCs
CUHTE3 apriminy 3 BUJIIJICHHSM dbymapary 4yepes dbepmeHT
apriginocykinuHatmaza [K®: 4.3.2.1 ]. biocuHTe3 mi3uHy MOXKe BigOyBaTHCs
gyepe3 acmapTar, JOBI'MM IIITXOM XIMIYHHUX TEPETBOPEHb, KU MOYNHAETHCS 3
MEePEeTBOPEHHS aclapTaTy Ha achmapraT HamiBajbAerii 4epe3 acmaprar-
ceMianpaeriaerigporenasy [Kd: 1.2.1.11 ], HacTymHUM KpPOKOM € CHHTE3
TETPariIHOAUMIKOIIHATY KOMILIEKCOM (EPMEHTATUBHUX pEaKIlid, ¢iHATbHY
peaxiiiio KaTtaiizye 4-TiApoKkcu-Terpariapoaumnikoninarpeaykrasa [Kd: 1.17.1.8
|, HACTYTHUMHU KpOKaMH € aMiHYBaHHS MIKOJIHATY Ipynoro (pepMEHTATUBHUX
peakuiii, (¢diHamoMm sKoi €  yTBepHHsA  L-mizuny yepe3  depmeHT
niaMmiHomiMenataekapookcunaza [Kd: 4.1.1.20 ].

BiocunTe3 riayramary, riyraminy i mpoJiiHy: ['myramar CMHTE3y€TbCS
yepe3 2-oKcoriyTapar B OAHY peakiiro uepe3 (pepment HAJID+ 3amexny
rnyramatcunTazy  [K®d:  1.4.1.13 ], mnotrim  3aBadaku  (epMEHTy
rinytamincuaTeraza [K®: 6.3.1.2 ] riayramar mepeTBOPIOEThCS HA TIyTaMiH.
[Iponin cUHTE3yEThCS 3 TJyTaMary IMUISXOM JaHIiora (QepMEeHTaTUBHUX
peakuiil. CoyaTky riyraMar nepexoauTh B TiiyTamia ocdar yepes riyramar-
S5-kinaza [K®: 2.7.2.11 ], micas yoro rayramin pocdar mepexoauTs B riayTaMar-

S-HamiBaJIbJIET1]] Yyepe3 IIyTaMmaT-S-HamiBanpaeriaeriaporenaza [Kd: 1.2.1.41
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], micns woro miA Ai€r0 (epMeHTy MippoiiH-S-kapOokcunarpeaykraza [Kd:

1.5.1.2 ] YTBOPIOETHCS MPOJTIH.
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Puc. 4.2. Cxema 0iocHMHTE3y BCIiX MPOTCIHONCHHMX aMiHOKHCIIOT, 1[0 HasABHI B ek3onominentuaax Arthrobacter sp. [31-41].



PO3JI1J1 5. OGTPYHTYBAHHS BUBOPY TEXHOJIOTTYHOI
CXEMHA
5.1. O0rpyHTYBaHHSI YMOB KYJbTHBYBAaHHA i THILYy pepMeHTEpPA
Arthrobacter sp. LY-1 e OGakrepieto pusocdepu 3emili, IO 3yMOBJIIOE
MEeBHI BIIMIHHOCTI y KYJBTUBYBaHHI, IO 3yMOBJIEHO IPUPOAHIM apeasoM
ICHYBaHHS ITUX OaKTepii:
OntumanbHi yMoBH KynbTuBYBaHHs Arthrobacter sp. LY-1 [42]:
OnrumanbHa 30°C
TEeMIEpaTypa pocTy
OnTtumansHuii pH 7.0

Bignomenns go kucHo  OOiraHTHUN aepoo

BpaxoByroun  XapakTepuCTUKH  LITaMy, HEOOXITHO  3acTOCyBaTH
aceNnTUYHE KyJIbTUBYBaHHs, OCKiTbku Arthrobacter sp. LY-1 3pocrae i
pPO3BUBAETHCSI B yMOBaxX, MNOAIOHMX [0 KyJbTHUBYBaHHS IHIIUX OakTepiid
pusocdepu rpyHTy, rpuodiB Ta APiKIKIB. Byb-sKka KOHTaMIHaILIISI MOKE 3HU3UTH
BUX1] 010MacH, 110 BIUIMBAE Ha META0OJIIYHY aKTUBHICTh KIHLIEBOI'O MPOJIYKTY,
TOMY ISl KyJIbTUBYBaHHS 0yJ10 0OpaHO caMe acCeNTUYHUI METO/.

Muoto o00paHuii TIMOMHHUN METOJ] KyJIbTUBYBAaHHS, OCKUIBKH BIH
€KOHOMIYHO Ta BUPOOHMYO BUTIAHMN. [ TMOMHHE KyJIbTUBYBAaHHS € MPOCTIIIMM
y peamizailii, 1 OCKUIbKM KIHIICBUM NPOJIYKTOM € KyJbTypajbHa pianHa a0o
HeHTpudyrar KyJabTypaJlbHOT PIAMHH, LEH METOJ JO03BOJIIE OTPUMYBATH

KIHIIEBUH TPOIYKT 0Jipa3zy y Woro (opmi roToBOro NpoayKTy.

HYXT BTEK 04.03.25 KP 113

3Mmu. |JInct | Ne moxym. ITigmuc Jlara

Po3pob. Mapmunenko A.0. PO3HIH 5. O6l‘pyHTYBaHH$I JIT. Apk. Apkyiris
Ilepesip. o BHOOPY TEXHOJIOTIYHOI CXEMH [ | 20 30
Peyens.

T Kommm, Kadenpa BTM
3ameepo. Cmabmnixos B.I1.




Ocuamenns s KynbtuByBaHHs Arthrobacter sp. LY-1 mpeacraBmuse
co0010 KJIaCHYHUH 1HAYCTpiabHUMN (epMeHTep, SIKUI Ma€ BCl KJIacH4uHi QyHKIIIT
(h13UKO-XIMIYHOTO KOHTPOJIIO CEPEIOBHUIIE Ta SIKUM OW BIJTOBIIAaB HACTYITHUM
BUMOTaM:

EnemenTu a4 peaJtizanii aepanii KyJbTypaJbHOI PiIUHMN.

Ockinsku Arthrobacter sp. LY-1 € oGiranTHuM aepoOOM, TO HASIBHICTh
Oapbotepa Ta TypOiHHOI MimAdKd € OOOB’SI3KOBUMHU I MaKCHUMAaJIbHOI
iHTeHcudikallli TpaHcpepy KUCHIO Yepe3 KyIbTypaJbHY PIIUHY.

Enementu koutposio pH cepenoBumia

Ockinpku Arthrobacter sp. LY-1 ak 3akuciroe cepeloBHINe I dYac
PO3BUTKY KYJIBTYpH, 1 Ipu pH HUXKYE 3a 5 criocTepiraeTbcs 3HaYHE 1HTOYBaHHS
pOCTy Ta aKTHUBHOCTI aTpa3uH-AErpagylounx (QEepMeHTIB, TOMY CTE€pUIIbHE
BHECCHHS PO3YHMHY TUTPAHTIB € HEOOX1AHOIO (DYHKITIEIO hepMeHTepa.

KonTpoab koOHIeHTpauii Hiib0OBOro0 NPOAYKTY

KoHTpoJib KOHLEHTpALlll IIIbOBOTO MPOAYKTY € KIIFOUOBHUM AHATITUYHUM
BIJICTeXKEHHSIM TMpOIleCY KYJIbTUBYBaHHsS, TOMYy Yy (epMmeHntept Mae Oyrtu
NPUCYTHA (PYHKI[ISI CTEPUIIBHOTO BiIOMpaHHs Tpoo.

AHaJITHYHI iHCTpyMeHTH epMeHTepa

®Di3uKO-XIMIYHI ~ TIOKa3HUKH € KIIOYOBMMH B  aHadi3l IPOIecy
KyJIbTUBYBaHHS, TOMY (epMeHTep Mae OyTH OcCHameHud pataukamMu pH,
KOHIICHTpAIlli PO3YMHEHOrO0 KHCHIO, KoHmeHTpamii CQOj;,  gaTymkamu
TeMmrnepaTrypu Ta TEpMO-COPOUYKOIO, siKa O MiATpUMYyBaJa CTallIbHY
TEeMITepaTypy KyJIbTHBYBaHHS.

Ockinpku B TpoLeci KyJIbTUBYBaHHs mnependauvaeTscst BuauieHHsS COo,
TOMY BaXXJIMBUMH KOMIIOHCHTaMH ()epPMEHTEpPA TAKOXK € MaTpyOOK BUKAYyBaHHSI
BYTJIEKUCIIOrO ra3y Ta 6apooTep uisl oAayi CTePUIbLHOTO MOBITPS.

Ockinbku (hepMeHTepH ISl aCENTUYHOTO KyJIbTUBYBaHHS 00’emom 1000
JITPIB BBAXKAIOTHCS BETUKO-TaOAPUTHUMH, 3HAWTH TOTOBY MOJEIb JOCHTb
CKJIQHO, TOMY TIPOTIOHYEThCS 3BEPTATUCA B KOMMAHII SKi 3alMarOThCA

po3pobOKor0 (hepMEeHTEPIB IiJl 3aMOBJICHHS, Hanpukiaa koMmmadis BaoxingBIO,
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IO 3aiiMaeThCs TMPOEKTYBaHHSAM Ta TpoAakeM (epmeHTepiB. 3TiIHO
npeCTaBIeHHOT BeO-cTopinku [43], Benuko-rabapuTHi GpepMeHTepH i€l hipmu
OCHAILYIOTbCA BCIMa HEOOXIIHMMH KOMIIOHEHTaMH, 3rajjaHuMu y I[bOMY
T1APO3/ILTI.
5.2. OOrpyHTYBaHHS CMCTEMH aepauii 11 e()eKTUBHOTO
KyJabTHBYBaHHA Arthrobacter sp.

Arthrobacter sp. € ctporum aepoOom, it ehEeKTUBHOTO KYJIbTHBYBAHHS
AKOTO HeoOXiHa TIOCTIMHA Ioja4ya CTEpUIbLHOTO TMOBITps. Bucoka
JKUTTE3IATHICTh KJIITHUH, KA Ma€ CTaHOBUTH IoHaiMeHme 4.5%10"8 KYO/mna
[44] € xpuTUUHOIO JIJ1s1 3a0€3IMEUEHHSI SIKOCTI KIHIIEBOTO MPOJYKTY. Y 3B’A3KY 3
nuM, OesmepepBHa aepamis MPOTATOM  YChoro  44-TOAMHHOTO — ITUKITY
KyJbTUBYBaHHS € 000B’I3KOBOIO YMOBOIO.

Buxoasuu 3 po3paxyHKiB, TeOMETpUUYHUNA 00’eM (epMeHTepa CKIlaaae
1,25 m3. Tlpu cmiBBiAHOIICHHI BUCOTH 110 aiameTpa 1:3 Bucora depMeHTepa
NOpiBHIOE 3,6 M. 3BakalOuu Ha BUCOTY CTEJl BUPOOHUYOTO MpUMILIEeHHs B 10 M,
noBITps Oyae 3a0upaTHcs 13 30BHINIHBOIO CEPENIOBHINA Yepe3 3abipHY TpyOy
JIOBXKUHOIO 13 M, po3TainioBany Ha 3 M BUIIE HAWBUIIOT TOUKH OY/IiBIi.

st 3a0e3nedeHHs YUCTOTH TOBITPS po3poOsieHa OararocTyrneHeBa
cUCTEMa HOTo MiATOTOBKHU:

1. IlepBunHe 3a0upaHHsi mNOBITpPA. 3alip 30BHIMIHBOTO  MOBITPS
3IMCHIOETHCS Yepe3 MOBITP03adipHY TPYOy AOBKUHOIO 13 M.

2. I'py6e ouumennsi. [ToBiTps crpsMOBYeThCS [0 (iabTpa MOYATKOBOTO
ouniieHHs knacy G1-G5, 3pmarnoro Bupansth g0 90% YacTUHOK
po3Mipom >10 MKM.

3. CrucHenHsi Ta HarpiBanHsi. OuulieHe TOBITPS NOTpAIUIIE 0
KoMIpecopa, ne cTtuckaerbes 10 Tucky 0,35-0,5 MIla. B pesynbrarti
I[LOTO TIPOILIECY TeMIIEpaTypa MOBITPs MmiaABHUITYEThHCs 10 120-250°C.

4. OXo0y10/;KeHHsI Ta BHAaJeHHs BoJioru. CTHCHEHE Tapsde IOBITPs
MPOXOJUTh Yepe3 BOJSHUN TETUIOOOMIHHHUK, JI€ OXOJIOKYEThCSA. Y

KpAIUICBJIOBJIIOBAYl BiIOYBAETHCS KOHACHCAIlIS Ta BUAJICHHS BOJIOTH.
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5. BupiBHOBaHHsi THCKY. [[nsg mnoganbmioi crabimizamii THCKy Ta
OCTaTOYHOTO BHUJIAJICHHS BOJIOTHU MOBITPS CIPSAMOBYETHCA IO PECUBEPA.

6. JdonarkoBa ¢iabTpania. IloBiTps mNpoxoauTh Yepe3 TPUCTYIECHEBY
cuctemy (pinbTpiB (kimacu M5, M6 ta F7), siki epeKTUBHO BUIAISIIOTH 10
98% uactunok po3mipom 3—10 MM Ta 10 90% vacTuHOK po3mipom 0,33
MKM.

7. OiILTPH TOHKOrO ouMineHHs. Ha moBiTpompoBomax, Mo MOCTA4arOTh
NoBITPpA 10 hepMEeHTepa Ta IHOKYJATOPA, BCTAHOBJICHO (PLIBTPH TOHKOTO
ounmienHa knaciB F8-F9. Boum 3arpumyrors 99,999% uwactunok
po3mipoM 0,3—1 Mkm abo OublIe.

Ockibku BCl BHUINE3TaJlaHi  (PUIBTPU BUTOTOBJIEHI 3 BOJIOKHUCTHUX
MaTepialiiB 1 32 CBOEIO CTPYKTYPOIO € TKAHUHHUMM, TIEpe]] BUKOPHUCTAHHSIM BOHU
MPOXOMSTh cTepuimizaiito. Jlis yCyHEHHs CTOPOHHBOI Mikpodiopu GUIBTpH
00poOJISI0THCSI HACHYEHOIO Mapoto 3a Temriepatypu 130°C npotsirom 40 XBUIMH
[45].

5.3. Bu0ip muiinux Ta ne3indikyrounx 3acodiB
5.3.1. O0rpyHTyBaHHsI BUOOPY MUIHHUX Ta Ae3iH(piKyIOUHMX 32c00IB
JJIs1 0i0TEXHOJIOTiYHOT0 BUPOOHUIITBA

Muuini 3acobu — 1€ K OKpeMi XIMIYHI CHOJYKH, TaK 1 KOMILJIEKCHI
CyMIIlll PEYOBUH, SIKI B3AEMHO MIACUIIOIOTH €()EeKTUBHICTh ofHa oaHOi. Jlo ix
CKJIaJy BXOHSTHh MOBEpXHEBO-akTUBHI pedoBuHH ([IAP) Ta xommoneHTH, 110
3HIXKYIOTb ~ MIHOYTBOPEHHsS.  3a3BUYall  JOLUJIBbHINIE  BUKOPHCTOBYBATU
0araTOKOMIMOHEHTHI MHITHI MpenapaTH, OCKUTbKM BOHU 3a0€3Meuy0Th NPT
CHEKTp Ail Ta BUILY €(PEKTUBHICTh OUMWIEHHS. J[JIS MOBHOTO BHAAJICHHS BCIX
THUIIIB 3a0pYyJHEHb 3aCTOCOBYIOTHCA SIK JYXHI, TaK 1 KUCJIOTHI MHITHI 3aco0Wu.
JlyxkHi cxianu eDEeKTUBHO TiIPOJi3YIOTh OUIKH Ta KUPH, CIPUSIOUH iIXHBOMY
BHJIAJICHHIO, TOJ1 K KHCJIOTHI 3aCOOM PO3YHMHSIOTH MiHEpaabHI BIIKIAJCHHS 1

3a0€3MeUyOTh IXHE OUUIIICHHS 3 TIOBEPXOHb 00J1aHaHHS [46].
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Jlo cknamy My»KHUX MUWHUX 3aC001B, SIKi 3aCTOCOBYIOTHCS SIK OKPEMO, TaK
1 B KOMOIHAIIi 3 IHIIMMH XIMIYHUMH KOMIIOHEHTAaMH, HaWdJacTille BXOIUTh
TAPOKCHU HATPitO (KayCTHYHA COJ/Ia) Ta HOro COJIl.

Muitni 3acoO0u BHKOPHUCTOBYIOTBCS y (OpMI BOAHHMX PO3YHUHIB, SKi
MOBUHHI BIJNMOBIAaTH HU3II (DYHKI[IOHAJILHUX BHMOT. 30KpeMa, Takl PO3YHHU
MalOTh XapaKTEepU3yBaTUCA HUZBKUM I[MOBEPXHEBUM HATSATOM, BHCOKOIO
3MOYYBaJbHOIO  3/aTHICTIO,  BUPOKEHWMH  MIHOYTBOPIOBAJIFHUMH  Ta
eMYJIbIYIOYMMHU BJIACTUBOCTSMU. BaXXITMBUMH TakoX € cTabuT3yrouuil edexr,
3MATHICTh JO CONIOOLUTI3ali, BUKIUKAHHS TenTu3anii Ta HaOyxaHHS OLJIKIB.
KpiMm TOro, MuiiHi po34MHHA NOBUHHI 3a0e3MeuyBaTH €(EKTUBHE OUUIIEHHS Ta
JIETKO 3MUBATUCSA 3 TOBEPXOHb 00JIaJHAHHS BOJOIO.

Jezinghixyroui  3acobu: Ha OIOTEXHOJOTIYHUX BHUPOOHHUIITBAX, J€
3MIIACHIOETHCST MacoBa OOpOOKa BEJIMKHUX IUIONI OOJaJHAHHS Ta MPUMIIICHb,
nepeBara HaJaeThCs JOCTYITHUM 3a I[IHOIO Ta BOJHOYAC JOCTaTHHO €(PEKTUBHUM
ne3iHpekmiiHiM 3aco6aM. OCHOBHOIO METOIO TaKOi OOpPOOKH € 3MEHILEHHS
PIBHS CTOPOHHBOI MIKPO(IJIOPH HA TMOBEPXHSIX BUPOOHUYMX MPUMIIIEHD 1
yCTaTKyBaHHA. 3a3Buyail Je3iH¢ekiis 3a0e3neyye 3HMKEHHS MIKPOOHOL
koHTamiHamii Ha 40-60% Big movaTkoBoro piBHA. Ilig dwac BuboOpy
ne31HPEKIIMHOr0 3aco0y Ba)XJIMBO BpPAaXOBYBATH HE JIMIIE HOTro O10LUIHY
AKTUBHICTB 1 CHEKTp JIii, ajie il HOTeHLIMHY TOKCUYHICTD JJIs JIIOJUHU.

CyuacHi paesiHdexIiiiiHi 3acoOU TMOBHHHI BIAMOBIIATH PSIy KIHOUOBUX
BHMOT, Cepe/ TKUX:

1) HasBHICTH IIMPOKOTO CIEKTPA AaHTHMIKPOOHOT aKTUBHOCTI;

2) BUpaXCHHUH OAKTEPUIIMIHUHA e(EeKT;

3) noOpa pO3YHMHHICTH Y BOAHOMY CEpPEIOBHIII;

4) BiACYTHICTh pyHHIBHOTO a00 KOPO3IHHOIO BILIMBY Ha 00pOoOIFOBaHi
MTOBEPXHi;

5) HU3BKUH piBEHb TOKCHYHOCTI Ta MiHIMaJibHa HMOBIPHICTB

BUKJIMKATH ajepriuni peaxitii [46].
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Otxe, ciia miaiOpatu BIAMOBIAHI MHUIOUl Ta Je31H(]IKyr0di 3aco0M IS
OiATPUMAHHS ~ HAJEKHUX yMOB BHUPOOHHUIITBA Ha  010TEXHOJOTIYHOMY
HiANPUEMCTBI 3 OTpUMaHHs Oionpemnapary 3 BHKOPHCTAHHSM HOBOTO IITaMy

aTpa3uH JETPaTyFOunX OaxTepiit Athrobacter sp. LY-1.
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ITin0ip Mmurounx Ta ne3inpikyw4ux 3acodis

Tabnuys 5.1

Ha3sga, Crkaan AKTHUBHiCTH BaacTuBocTi Ta cymicHicTh Cuoci0 Jani npo | Baprict | :xepen
BUPOOHUK 3aCTOCYBAHHA | Jep:KaBHY | b 1 J/Kr 0
peectpaui
10
He3ingikyroui 3acodm 1151 00poOKH NpUMIillleHb TA MIOBEPXOHb
3acib HatpieBa cinb Bononie 3acib qoOpe po3UMHSIETHCS Y BOJI. [ToBepxHi y Bin 445 [47]
ne3iHGeKMINnHNN | TUXJI0pOoI30I1iaHypOBO | aHTUMIKpOOH | BosHi po3unnu 3aco0y npo3opi, | npumimieHHsx, | 21.04.2020
«CaHutiT» i kucmorn — 81, 010 MarOTh JIETKUH 3a1max XJjopy, caHiTapHO- hi ()
JIOITOMIKH1 AKTHUBHICTIO BIIMIHH1 3MOYYyBaJIbH1, MUIHI, TEXHIYHE 21.04.2025
TOB «M ]I My, KOMITOHEHTH, 1110 BITHOCHO B1IOLITIOF0Y1, €MUTBIYIOUI yCTaTKyBaHHS,
VYkpaina 3a0e3MeuyroTh MUITHI rpaMHera- BJIACTHUBOCTI, HE MTOIIKOKYIOTh | JKOPCTKI MeOTi,
BJIACTUBOCTI 3aC00y TUBHUX 1 BUpOOU 31 CKJIa, TOJIMEPHUX MOBEPXHI
Ta MWBUJIKY PO3UYMHHY | TIpaMIIO3u- MaTepialiB, TyMH, MPHUIIAIIB,
Jlit0 TabJIETOK TUBHUX KOPO31MHOCTINKHX METaNiB, HE amaparis
(amumiHOBa KUCTIOTA), OakTepii, ¢bikCcyroTh 3a0pyIHEHHS 3pOIIYIOTH a00
3HMXKYIOTh KOPO31iHY BIpYCIB, OpraHiYHOr0 MOXOKEHHS, 700pe IIPOTUPAIOTh
TIO XJIOPY MaTOreHHUX 3MHBAIOTHCS 3 00pOOIEHUX ra"yip’sm,
(OikapOonar HaTpito | rpubiB poay | MOBEPXOHB, HE 3AIUIIAIOYH TUISIM 3MOUYEHUM Y
Ta KapOOHAT HATPIIO — Candida, Ta HaJIbOTy. PoOOUi po3unHu po3unHi 3ac00y
11). BmicT akTUBHOTO | JI€pPMAaTOMIKO 3ac00y BUJAISIFOTH MEXaHIYHI, Ipu HOPMi
XJIOpY HE 3iB O17TKOBI, )KUPOBI1 3a0pyTHEHHS, BUTpaTH
3aJIMIIKK O10JI0TTYHUX PIIAMH, pobouoro
JTKapChKHUX PO3YHHY
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IIpooosorcenns mabauyi 5.1

mentie 50 %. 3ac00iB i3 30BHIIIHIX TTOBEPXOHb, 3aco0y - 100
MOPOXKHUH Ta KaHAJIIB BUPOOIB MIT/M?
MEJMYHOI0 IpU3HaYeHHs. 3acid | 00poOroBaHOl
CYMICHMH 13 aHIOHHUMH, MOBEPXHI.
aMm(}OTEepHUMHU Ta HEIOHOTCHHUMU
MOBEPXHEBO-aKTUBHUMU
pedoBUHaMU (y T.4. MUAJIAMHU),
COJISIMU JIY’KHUX METaJiB
HEOPraHIYHHUX Ta OPTraHIYHUX
KHCJIOT.
3aci6 [lepexuc BogHIO ¥ 3abesmneuye Jle3indikyrounii piakuii [ToBepxHi y Bin 167,34 [48]
ne31HpIKYyFIrit mexax 20,0-35,0 % 3HUIICHHS HAJI3BUYANHO MIBUIKOIIFOYAIA npuminienusx, | 02.06.2020
«HC-DPE» Ta HaJOILITOBA BIpYCiB, HEIMHHAI 3aci0 Ha OCHOBI caHiTapHO- 10
KHCJIOTA y MEXKax OakTepii, cTabu1130BaHO1 KOMOIHAIIT TEXHIYHE 02.06.2025
Houipne 15,0-30,0 %, rpuliB Ta iX | MEPOKCHIY BOJHIO 1 HAJIONTOBOI | YCTaTKyBaHHS,
[TigmpuemcTBO crabinmizaropu CIOp Npu kuciotu. Pobounii po3unH (Makc. | KOPCTKI MeOJIi,
«I'noban Xim temneparypi | 1%-unii) He mOMIKOAXKY€E MOBEPXHI MOBEPXHI
VYkpainay, 5-20°C. 3 XpPOMOHIKEJIEBOT CTalll, NpUIAIIB,
VYkpaina QTFOMIHII0, OIIMHKOBAHOTO 3a1i3a, amaparis
KHCIIOTOCTIHKHX MOTIMEPHUX 3pOIIYIOTH 200
MaTepiaiiB (ITOJ1ETUIIEH, IIPOTUPAIOTh
MOJIICTUPO, TE(IIOH). ra"yip’sm,
3MOYECHUM Y
pPO34MHI
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IIpooosorcenns mabauyi 5.1

3aco0y npu
HOpPMI BUTpaTH
poboyoro
pO34uuHY 3ac00y
- 100 mu/m?
00po0bIrOBaHOT
MTOBEPXHI.
3acib Jlito4i peyoBUHMU: Bononie 3aci6 nobOpe po3unHseThes y BoAl. | Jle3iHdexirito Bin 800 [49]
nesindekmiiaui | 21,0 - N,N"-6ic(3- aHTUMIKpoOH | BosHi po3unHu 3aco0y mpo3opi, noBepxonb y | 15.07.2020
«ExoHopmMDEZ aMIHOIIPOTILT)- 010 MaroTh BIJIMIHHI MHIHI, MPUMIIIEHHSAX bi (e}
[Ipemiym» noneuunaminy, 14,0 - | aKTUBHICTIO 3MOYYBaJIbHI, EMYJIBIYIOYi MIPOBOJSTh 15.07.2025
TUACTTUIIUMETHIIAMO BiJTHOCHO BJIACTHBOCTI, HE BUKIIUKAIOTh crocob6omM
ToBapucTBo 3 Hil XJIOpULY; rpaMHera- KOpO3ii MeTaliB, HE MPOTUPAHHS
00MeKeHOI0 JOTIOM1XH1 TUBHUX 1 MOIIKO/KYIOTh BUPOOH, 11O ra"yip’sm,
BiJIMTOBIJAJIbHICT PEYOBUHU: BOJA IpaMIlO3U- | BUTOTOBIJICHI 13 KOPO31MHOCTIHKUX 3MOUYEHUM Y
10 «JIE3- IiITOTOBJICHA, TUBHUX 1 HECTIMKHUX JI0 KOpo3ii MeTalliB, | pO34HHi 3ac00y.
EKOM», MOBEPXHEBO-aKTUBHI OakTepii, CKJIa, MOJIIMEPHUX MaTepiaiB, Hopwma ButpaTu
VYkpaina PEYOBHHHU. BIpYCIB, MOJIIETUJIEHY, TIOJIIaMily, PO34MHY 32C00y
MATOTEHHUX | TMOJIICTUPOIY, aKPUIOBOIO CKJIa, | TIPU MPOTUPaHHI
rpuliB, CIIOp | CHIIIKOHY, TYMH, Kay4yKy, JIepeBa, - 100 mn/m2.

(hasiHCy, KaxJIto, MOBEPXOHb
MEMYHUX MPUIIAIIB Ta
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IIpooosorcenns mabauyi 5.1

YCTaTKYBAaHHS 13 MOJIMEPHUM,
nakohapOHUM, TaTbBaHIYHUM
MOKPUTTSIM, 100pE 3MUBAIOTHCS 3
MMOBEPXOHbD, MiIIaHUX 00pOOIIl, HE
3aJIMIIAI0YH IJISIM Ta HAJIbOTY, HE
(hIKCYIOTh OpraHiuHi Ta
HEOpraHiuHi 3a0py/IHEHHS.

3aco0u 1Ji MUTTS 0012 ITHAHHS
Jly>)kxHUH MHHAT Bona, rigpokcun Mae JIns eheKTUBHOTO OUHUIIICHHS Murtts BignoBigu 133,3 [50]
MUIOUYnH 3acio, HaTpito, 5-15% ne31H(piKy0d BUPOOHUYOTO 00JIaJTHAHHS, oOasHaHHA 3a 0 110
KOHLIEHTpAT HeioHoreHHi [TAP, Ui eexT. IHBEHTapIO, pe3epByapiB, CTiH, JIOTIOMOT 00 ITocTanoBu
Prima Supra TJIFOKOHAT HATPIIO, M1JU10T, BEHTUJIAINII, CIP-muiiku KabGinery
OapBHUK. KaHaJI3allMHUX CUCTEM BIJI MiHicTpiB
Primaterra, O1IKOBHX, )KMPOBUX 3a0py/IHEHb, Ykpainu
VYkpaina HarapiB Ta KillTSBH Ha BiJI
MiIPUEMCTBAX Xap4OBOi 15.08.2023
npomucioBocti. [Tpunatauii quist Ne 863,
BUKOPHCTaHHS Ha METAJICBUX, MUIOYi
MJIACTUKOBUX IMOBEPXHSX, @ TAKOXK 3aco0u, sIKi
KepaMiYHii IUINTIII. HE MaroTh
JlyxxHun ["pokcua HaTpito Mae [Ipu3HadeHui 1 OUUILCHHS Murtts ne3indexii 90,4 [51]
MUIOUYNH 3aci0 (NaOH) — 5-15%, ne3indikyrod BUPOOHUYOTO 00JIaTHAHHS, o0JaIHaHHS 3a HHUX
TUISL cuiikatu — 1-5%, uil epexr. €MHOCTEMH, TpyOOIpOBO/IiB Ta JIOTIOMOT OO BJIACTHBOC
IIPOMUCIIOBOTO HEIOHOTEHHI Ta MOBEPXOHb Y Xap4OBiii, CIP-muiiku TEW,
OUMILICHHS aHIOHHI TOBEPXHEBO- MOJIOUHIH, M’sicoriepepoOHii
OXIN LD 103 MIPOMUCIIOBOCTI Ta arpapHOMYy

CEKTOPI.
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IIpooosorcenns mabauyi 5.1

aKTUBHI PEYOBHHU — 3aB/ISIKM aKTUBHUM KOMITOHEHTaM HE
«AbcomoT 1-10%, 3aci0 eeKTUBHO PO3UUHSIE TA MJIATaI0T
LEHTPY, KOMIIJIEKCOYTBOPIOBA BUJIAJISIE )KUPOBI, OJIKOBI Ta b
VYkpaina gi — 1-5%, Bona OprasiuHi 3a0pyJIHEHHS, 1110 000B'A3K0B
JeMiHepajizoBaHa — HaKOMMHUYYIOTHCS i 9ac 111
1o 100% BUPOOHUYMX ITPOIICCIB. nep KaBHIN
Jobpe po3unHSETHCA Y BOJ, peecTpartii
CTBOPIOIOYH aKTHBHY ITiHY, SKa SIK
rIOOKO MTPOHHUKAE B ne3iHdeKI
3a0pyIHEHHS, PO3IICTUIIOE X 1 1H1 3acobu
TIOJICTTITYE 3MUBAHHSI.
3aco0u 1J1 00pOOKH HIKIPH PYK MEePCOHATY
Je3indikyrounit Ha100r:40r AHTHCenTHYH | 3aBISIKU MIBUIKINA €KCHO3UIIT 3a Excrio3umis 3a Bix 22 [52]
3aci0 A pyK | MPOMUIOBOTO CIHUPTY, a, JIOTIOMOTOF0 BTUPAHHSI MIPOTATOM JIOTIOMOT OO 02.06.2020
APESIN HD I r mimenmnaimonito | ¢yHrimuaHa | 30 cekyH, 3abe3mneduye mBHIIKE Ta BTUPAHHS hi ()
xnopuny; <5% Ta edekTuBHE NIe31H(IKYBaHHS PYK. npotsirom 30 | 02.06.2025
TOB «Ilamip- HEI0HHUX OaKTepHUITUIH CEKYH/I, MICIs
Kny6», Ykpaina MTOBEPXHEBO- a aist YOro 3MUTH i1

AKTUBHHUX PEUOBHH,
<5% amdoTepHnX
MTOBEPXHEBO-
AKTUBHUX PEUYOBUH

MIPOTOYHOIO
BOJIOIO.
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3axinuenns maobauyi 5.1

Jle3iHpikyroumnii
rens SOLO
sterile light

TOB
“HAYKOBO-
BMPOBHUMNYE

HIATITPUEMCT

BO
“ATJIAHTIC
XIM”, Vkpaina

Eranon 70% 06.,
BOJIa TUCTHIILOBAHA,
crabimizarop,
KOCMETHUYHI
3BOJIOXKYBaYl IIKIPH,
apoMaTHYHA
KOMITO3HIIiS,
KOCMETHYHUHN
3arymryBad

AHTHCENTHYH
a,
¢yHrinuaHa
Ta
OaKTepHUITUIH
a nis

Mae HerTpanbHUN CKIIa 10
IIKIpU PYK. 3BOJIOKYE MIKIPY Ta
3a0e3mnevye MPOJIOHTOBaHY 110

MPOTATOM 2-3 TOJUH.

PiBHOMIpHE
BTUPAHHS Y

WIKIpy pyK

Bix
19.08.2020
hi(e}
19.08.2025

148

[53]
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5.3.2. O6rpyHTyBanHst BUOOPY e3iH(pIiKy04nX 3aco0iB

3anme)XkHO  BiJ ~aKTHBHOTO  KOMIIOHEHTa, Je3lHQeKIiiHI  3acobu
KJIacu(IKyIOTbCSI Ha Takli OCHOBHI TPYIH: TaJOr€HOBMICHI, CHUPTOBMICHI,
MOBEPXHEBO-aKTUBHI PEYOBUHU, (EHOIBHI CIIOIYKH, OKUCHUKH Ta Mpenapaty Ha
OCHOBI  ajpJerifiB. Y cydacHIM mpakTumi jae3iHdexiii  HalvacTiie
BUKOPUCTOBYIOThCS ~ TNOBEpXHEBO-akTWBHI  peuoBuHu  ([TAP), 30kpema
yeTBepTHHHI amoHieBi cnonyku (YAC) Ta rajoreHBMicHI 3aco0U, TIEPEBAKHO 3
BMICTOM XJIODY.

YAC maroTe HU3bKY TOKCHYHICTh, AOOpi (PI3UKO-XiIMIUHI Ta €KOJIOTIYHI
BJIACTUBOCTI, MPOSIBISAIOTh MUMHY 3/1aTHICTh, XapaKTEPU3YIOThCS CTAOLIBHICTIO
SK y BUIJISA1 KOHLEHTPATY, Tak 1 B poOOYMX PO3YMHAX, & TAKOXK € 3pDYUHUMH y
3acTocyBaHHI. BogHouac A0 iXHIX HENONIKIB HajeXaTb BIJICYTHICTb
CIIOPOIIMHOI ~ aKTUBHOCTI Ta HENOCTAaTHHO BUPAKEHI BIPYTIUUIHI U
TyOEpKYJIOIH/IHI BIACTUBOCTI [54].

I'yanigm XapakTepu3yloThCsi HU3BKOK TOKCHUYHICTIO Ta BIJICYTHICTIO
JEeTKUX BiacTUBOCTEU. [IpoTe BOHM 1EMOHCTPYIOTH OOMEXKEHY BIPYJIILIUAHY Ta
TyOepKy/IOLUIHY AKTUBHICTb. IX 3aTHICTh YTBOPIOBATH 3aXHCHY ILTIBKY Ha
MOBEPXHI OOpOOJIOBAHUX O0’€KTIB MOJOBKYE TPUBAIICTh 3HE3aPaKyBaTbHOL
nii. BogHouac 1ieit eekT € HeIOIUIBHIUM TpU 00poOIll BUCOKOTEXHOIOTIYHOTO
oOJiaTHaHHS, /1€ TUTIBKOYTBOPEHHS € HeOaKaHUM.

XJI0pOBMICHI 3aC00M BUPI3ZHSIOTHCS JOCTYITHICTIO Ta ITUPOKUM CIIEKTPOM
aHTUMIKpOOHOI n1i. OHAK iX BUKOPUCTAHHSA OOMEXY€EThCSI HU3KOIO HEAOJIKIB:
HECHIPUATIMBUMU  (DI3UKO-XIMIYHUMHU  XApAaKTEPUCTUKAMHU,  BUPAKECHOIO
MOAPA3HIOBAJILHOIO JII€I0 HAa CJIM30B1 OOOJIOHKM OYEeH Ta BEPXHIX JMXAJIBHHX
IUIAXIB, @ TAKOXK KOPO31HUM BILJTMBOM Ha 00’ €KTH 3HE3aPAKEHHS.

AnbaerinoBMicHI ne31H(EKITIHHI 3aCO0M BUPI3HSIIOTHCS YHIBEPCAIBHICTIO
MPOTUMIKPOOHOT Jii Ta CTaOUIBHICTIO MiJa dYac 30epiraHds, OJHAK
XapaKTepU3yrThCsl  MIABUILECHOK TOKCHUYHICTIO. KuHCHEBMICHI mpemnapatu
JEMOHCTPYIOTh BUPAKEHY OaKTepUUUAHY, BIPYIIUUAHY, (QYHTIOUAHY Ta

CIIOPOIINIH aKTUBHICTb, IMPOTE MAIOTh HECHPUATIUBI 13UKO-XIMI1YHI
9
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BJIACTHBOCTI, 30KpeMa HeCTIHKICTh mpu 30epiraHHi, MmO OOMEeXye ix
BUKOPHCTAHHSI.

CnupToBMicHI 3acoOu 3a0e3MeuyroTh IMBUJIKUNA aHTUMIKPOOHHMM e]ekT,
ajie d4epe3 BHUCOKY JETKICTh JOIUThHI i1 3HE3apaKCHHS HEBEIHMKHX 32
po3mipamu 00’€KTIB a00 BaXXKOJOCTYIMHUX JIUISHOK OOJIaHAHHS Ta araparypu.
HatomicTs BukopucTaHHs (eHOJIB, KHCIOT Ta JIyriB y CyYacHIH
ne3iH(eKIiiHIf MPaKTUIll TOCTYIIOBO BTPAYa€ aKTyalbHICTD [54].

Jani o miabopy Ae3iHGIKYyIOUYHX 3ac001B MpeICcTaBiIeHO y Taobmuiu S5.1.

5.3.3. Po3paxyHku BUTPAT MUHHHUX Ta JAe3iHpiky0unx 3acoliB aas
0i0TEeXHOJIOriYHOr0 BUPOOHUITBA

Jlns BupoOHMYOTO OGl0CHHTE3y HEOOXiJHO BUKOPHCTOBYBAaTH (hepMEHTEp
00'emom 1,25 M3, mociBrmii anapat 06’emom 0,16 M3, mociBHuit anapar 06’ eMoM
0,02 M3 ta 7 o6 A OTPUMAHHS HEOOXiAHOTO 00’€My KyIbTYpaabHOI piavHK
Ta MOCIBHOTO MaTtepiaiy.

3aranoMm Ui peanizauii BUPOOHMYOTO mpouecy, Oyiau OOrpyHTOBaH1
HACTYIHI anapaTHi PillIeHHS:

J1s oTpUMAaHHS MOCIBHOI'O MaTepialy B IHOKYJIITOPL 15 11

1) Tnokyssitop 15 11 11 BUPOIIYBaHHS MOCIBHOTO MaTepiaily Ta CTepuIIi3aii
Komro3uilii b

2) PeakTop 3MinryBad 3 HWXKHIM 371MBOM 00’eMoM 10 11 s 3MillyBaHHS
coseit komno3uuii b

J1s oTpUMAaHHS OCIBHOI'O MaTepialy B IHOKYJIATOP1 00 emom 150 11

1) Tmokynsitop 150 15 s BUpOIIYBaHHS TIOCIBHOTO Marepialy Ta
crepuizaii kommo3uilii b
2) PeaxTop 3mimryBad 06’emom 100 71 y1st 3MilITyBaHHS COJiel KOMIO3uIIii b

Jltst BupoOHMYO01 dhepmenTartii B hepMmentepi 00’emoMm 1250 11

1) ®depmentep 06’emom 1250 11 aas BUPOILYBaHHS KiHIIEBOTO MPOIYKTY Ta
cTepuiizaiiii kommno3uilii b

2) Peaxtop 3mimyBad 06’emom 1000 11 1u1st 3MiTiTyBaHHS cosield KoMmo3uitii b
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3) PeaxTop 30ipHHK crepmiizaTop 00’emoM 20 11 st cTepritizaii po3unHy

KPOXMAJTIO KOMIO3UITT A

JU1st OpUTOTYBAHHS TUTPYIOUMX AreHTIB HEOOX1THO

1) 36ipauK 3MminryBay 06’emoM 10 i1 1t npurotryBants 6% HCI

2) 30ipHUK 3MillyBau ctepuiizatop 00’emoM 20 11 JUIsl TPUTOTYBaHHS 1

crepumizaiii 6% NaOH.

BupoOnuunii 6i0cuHTE3 MPOBOASATH B TAKMX BUPOOHUYHMX MPUMIIICHHSX -

nex OlocuHTe3y; jaboparopis s JOAATKOBUX IMIATOTOBUMX CTajlik, B SKIH

pO3TaIIOBaHO JTAOOpATOPHUN OOKC, aBTOKJIABH, XOJOIWIHLHUKA, TEPMOCTATH Ta

1HII anapatd JjIs KOHTPOJII BHPOOHMIITBA; MPUMIMICHHS 3 KadajlKamH s

BUPOIIYBAaHHS 1HOKYJISITY B KOJIOAX.

Jlist po3po0OKu TIaHy BUPOOHUYOIrO MPUMIIIEHHS BPAaXOBYIOTh PO3MIPU

dbepMeHTepy, MOCIBHUX alapariB Ta JOIMOMDKHOTO 00yiajiHaHHA. BincTtaHp MK

amapatamu npuiMaeMo He MeHIe 1 MeTpa, TOBXKHUHY BiJ CTiH - 1,5 MeTpa.

oM

9M

v

| ¥

-l
-

IM

bokc

Il

3IM

1,5Mm
1,5Mm
> 1.5M
1M
1M

1.5M

A

15Mm

Puc. 5.1. Cxematnyne 300pakeHHs TJIaHy PUMIIIEHB JJISI BAPOITYBaHHS

OioMacu aTtpasuH gerpanyrounx oaktepii Arthrobacter sp. LY-1 mis

OTpUMaHHS Olompenapary.

L1 - uex BuUpoOHMUOTO O10CHUHTE3Y Ta BUPOIILYBaHHS TOCIBHOTO MaTepiay:

1 — 1HoKynsTOp 15 11 1711 BUpOUTYBaHHS MOCIBHOTO MaTtepiainy Ta CTepui3alii
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komno3utlii b; 2 - peakrop 3minryBad 3 HIKHIM 31MBOM 00’emom 10 1 st

3MimryBaHHs cojielt kommno3uiii b; 3 - iHokymstop 150 1 mns BupouryBaHHS

MOCIBHOTO MaTepiaidy Ta cTepuiizaiii kommosuiii b; 4 - peakTop 3minryBad

o6’emoMm 100 1 s 3MmitryBaHHs cojeit kommnosuiii b; 5 - pepmentep 06’emom

1250 5 st BUpOIyBaHHS KIHIIEBOTO MPOAYKTY Ta CTEpHIIi3allii KoMro3uilii b; 6

- peakTop 3MirnryBad 06’emom 1000 i1 11 3minryBanHs cosieit kommosuiiii b; JI —

nabopatopis; K — mpumiteHHs 3 KagaakamH.

Tabnuys 5.2
I'abapuTtHi po3mipu o0JagHaHH 11 OiocuHTE3y OiomMacu
T T —. I'eomerpuunuii | liamerp, | Bucora
00’em, J1 M , M
[HOKYIIATOP [J1s1 BUPOITYBaHHS
MIOCIBHOTO Matepiainy Ta CTepuiIi3alii 15 0,9 1,7
KoMro3uilii b
PeaKqu 3MIlllyBaY 3 HHKHIM 31HBOM 10 0,25 0.45
JUTSI 3MIIITYBaHHS COJIel KOMIO3uIlii b
[HOKYNIATOD JJ1s1 BUPOIIyBaHHS
MIOCIBHOTO Matepiaiy Ta CTepuiIi3alii 150 0,41 1,2
Komno3utii b
PeaxTop 3MILllyBa' 1A 3MILTYBaHHs 100 05 0.9
cosier kommosuuii b
depmeHTep TSl BUPOITYBaHHS
KIHIIEBOTO MPOYKTY Ta CTepHIII3aIlii 1250 1 1,63
KoMro3uirii b
PeaxTop 3MILlyBaY [l 3MILTYBAHHA 1000 1 14
cosier kommosuuli b
PeaxTop 301pHUK cTepuIi3aTop s
CTEpHIIi3aIlii PO3YMHY KPOXMAITIO 20 0,6 1
KOMMO3uIIii A
301pHUK 3MILITyBay JJIsl IPUTOTYBAHHS
6% HCI 10 0,25 0,45
30ipHUK 3MIITyBa4 CTEPUIIZATOP IS 20 06 1
MpUTOTYBaHHs 1 creprmizaiii 6% NaOH ’
Bceboro 2590

Takum ywHOM, 3aranbHUN 00°eM oOJagHaHHS, MO Oyae TMiJaaBaTUCh

MUTTIO, CTAaHOBUTH 2 590 1.
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Po3paxyHok BuUXOAy KynbTypajibHOI piivHU 3a 1 1ukia depmenTanii 1is
MOJIAJBIIOTO PO3PAXYHKY KUIBKOCTI CTaJi{ MiJATOTOBKMA MOCIBHOTO Marepiairy
CBIJIUYNTH, IO KUTBKICTh TPYAO0AHIB npuitHaTa 280. Toai mpuiiMaemo, 0 MUTTS
nigyiorn Oyne 3miicHioBatuch 280 pasiB, ToOTO momHsa. KoxkHOro Mmicsus
3aIlaHOBaHe reHepaibHe MPUOUPAHHS, 10 SKOTO BXOAUTh MUTTS CTiH, MJJIOTH,
BIKOH TOIIIO, TOMY KpaTHICTh MUTTA Oynie 9 pa3iB Ha 280 1qHIB.

Jlanmi cnin BUpaxyBaTH IUIOBY IUIOILy OOpOOKH Ae31HQIKYIOUHNMH
3aco0amu, Oepyuu J0 yBard IUIOIIl MiJJIOTH BUPOOHUYMX MPUMIIICHB Ta IO
cTiH Ha BucoTry. Ciia 3a3HAYUTH, IO CTIHU MIATaTUMYTh 00pOOIll HA BUCOTY
2,5 m.

IT10ma miguIory 1exy BUpOOHUYOro OiOCHHTE3y CTAHOBHUTE 54 M2 (9%X6 M),
moma ctid — [(9 x 2,5) + (6 x 2,5)] x 2 = (22,5+ 15) x 2 = 75 M?, 3arainbHa
mwioma — 54 + 75 = 129 M2 Y3aranbHEHHs PO3pPaXyHKIB ILIOIL IOBEPXOHb, L0

UISITaTUMYTh 00p0o0I1Ii 1e31H(DIKYIOUMME 3ac00aMu, HaBeIeHO B Ta0uI. 5.3.

Tabnuys 5.3
IL1omi cTiH Ta MiAJI0TY NPUMIIEHDb sl O/IePsKaHHA 0loMacH
3aranb-
ITaoma ITnoma Ha
IMpumimenus miJJI0rH, CTiH,
9 ) I0111a,
M M 9
M
[lex BUpoOHUYOTO §ioanTeBy Ta BUPOULY- 54 75 129
BaHHSI IHOKYJISITY
Mikpo0ionoriuna jabopaTtopis 18 45 63
[TpumimieHHs 3 KayajaKkaMu 18 45 63
3arajbHa mJoma 90 165 255

BpaxoByroun mMoOTEHLIMHI BTpaTW IiJ Yac MaKyBaHHS, (QacyBaHHS
KIHIIEBOTO TMPOAYKTY Ha piBHI 5%, HEOOXIAHUI 00’€M KyJIbTypalbHOI PIIMHH
ckaagae 90750 n. KinbkicTh KyJIbTypaJIbHOI PIIMHU JJIs1 CTBOPEHHS 010100pnBa
3a 1uKka Oyne craHoButu 730 1. 3HawouW 1€, MOKHA pO3paxyBaTd KIJIbKICTb

BUPOOHUYUX TTUKJIIB:

90750/730 = 124 uuknu
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[TinroToBKy OOJagHaHHS HAa BUPOOHUIITBI 3MIMCHIOIOTH TEPEI KOXHUM
BUPOOHUYMM ITUKJIOM, OTXE€ MHUTTA OyAyTh mpoBoauTH 125 pasziB, ToMmy IIO
TMICJI OCTAaHHBOTO IMKJIY HEOOXIJHO TOAATKOBO OYHUCTUTH oOjagHaHHS. Toi
3araJbHUi o0cAT 00JIaJHAHHS JUIS MUTTS CTAaHOBUTD:

2,59x 125 =323,75 m®
JlaH1 1o 1Iomax MUTTS W Ae31H(eKINi 3a BeCh 4ac BUPOOHUIITBA OioMacu

HaBeJIeHO y Tabumi 5.4.

Tabnuys 5.4
Iloui MUTTA 32 Bech 4ac BUPOOHUIITBA
IT
00’ekT (OJ;?;I:; KinbkicTh npouecis 3araabHa mioma (00’em)
MUTTHA MHUTTSH Ta/a00 MUTTS Ta/a00 ne3indexuii
00p00.1I0BaHO . .
Ta/ado 6 06 KT nesingexuii 3a Bechb 00’€KTYy 32 BeCh mepio
nesindrexuii M2 (1Y) ¥ nepiox BUPOGHUITBA BHPOOHUITBA, M> (M°)
06
HATARH 2,59 125 323,75
s
[Tinmora 90 280 25 200
Cri
- 165 9 1485
JIBEpi, BIKHA

Murts ob6nagHanHa Oyjae mpoxoautu 3a jgonomororo CIP-muiiku, mpu
TaKkoMy croco01 MUTTS BUTpaTa poOOUOro po3uuHy ckiagae B cepeanbomy 20%
Bix 3aransHOro obcary obpodmarosanoro amapary. Omxke, mis murrs 323,75 m3
oOJiafHaHHS HEOOX1THO POOOYOro PO3UMHY MHUIOUOTO 3aC00Y:

323,75 x 0,2 = 64,75 M 3aco0y B pik

PoxpaxyHku BUTpaT MHIOYMX Ta Ae31H(IKyIOUMX 3ac00iB 3 ypaxXyBaHHIM
€KOHOMIYHOI JOIIBHOCTI 1X BHMKOPHUCTaHHS TMojaHO B Tadmuii 5.5. byno
BpaxoBaHO, MI0 BUTpaTa poOOYOro po3unHy Ae3iH(IKyouux 3aco0iB IS

00poOKM  MoBepXoHb  cTaHOBMTH 100 Mm  Ha 1 M2  mOBEpxHi.
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BizomocTi o0 00paHuX MUIOYHX TA Ae3iHQIKYIOYHX 1151 BUPOOHUITBA Olonpenapary

Tabnuys 5.5

. . 3arajbHa
3arajibHa KinbkicTb .
, BapTicTh
mwioma (06°em) | po6o4oro . .
Bapricts 1 a/kr | BapricTh MUTTS
Ha3zBa R Konuenrpa | muTTs Ta/a00 | pO34UHY 32 .
N 00’ekT MUTTH . . MHITHOTO 200 1a Ta/abdo
MUAHOTO/ JepxaBHa mis ne3inperuii BeCh A .
. . . Ta/abdo , . Ae3iH}iKkyBaJbH | po6o4oro | aesiHgexuii
Ae3iHdikyBaJb- peecTpaiis . pobo4oro 00’exTYy 32 nepioja
ne3inperuii o . oro 3aco0y, PpO34HHY, 3a
HOT'0 32c00y po3uuny, % | Bechb mepiox | BUPOOHMUT .
rpH TpH BecCh Iepioj
BHPOOHMITBA, Ba,
5 BHPOOHUIITB
M Ja
a, TpH
JlyxHuil niHHUM BignosinHo 1o
MHUIOYHH 3aCi0 [TonoxxeHHs mpo
’ po. OO6nanHaHHS 0,1 323 750 64 750 133,3 0,13 84175
KOHIICHTPAT JIEpIKaBHY PEECTPAITiI0
Prima Supra ! ne3iHpEKIIHHIX
3aco0iB (IToctaHoBa
Kab6inery MiHicTpiB
VYkpaiau Bijg
15.08.2023 Ne 863),
JlyxHUI MUFOUHIA | MHIOY1 3aCO0H, K1 HE
3acio s MaroTh
MIPOMHUCIIOBOTO ne3iH(eKinanx OO0OnanHaHHA 0,5 323 750 64 750 90,4 0,45 29 137,5
ounmenHs OXIN BJIACTHUBOCTEH, HE
LD 1032 M JIATar0Th
000B'SI3KOBI
JepKaBHIN peecTparlii
AK e31H(eKIiHHI
3acobu
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3axinuenns maobauyi 5.5

3acib . [ToBepxHi
nesindexuimmit | DA 21:04.2020 10 - 0,032 26 685* 2 668 445 0,14 373,52
A 21.04.2025 : :
«CaHumiT» (mipJiora, CTIHM)
3acib . [ToBepxHi
B — Bm(§)223)66.22(§)2250 Ao TpHMIITICHD 0,1 26 685* 2 668 167,34 0,16 426,88
«HC-DPE» 4 T (mmgyiora, CTiHM)
3acio [ToBepxHi
ne3iHGexuiiHuii Bin 15.07.2020 no . * o
«ExonopmMDEZ 15.07.2025 npUMilleHb 0,1 26 685 2 668 800 0,8 2134,4
Tpemiya» 5 (mmigyora, CTiHH)

[IpuMiTKa: * - 3HAYEHHS PO3PAXOBAHO HACTYHMHMM umHOM - 25 200+1 485 = 26 685 M?;

oauHuUII0 cTaHOBUTH 800 rpH.
1 - https://primaterra.ua/ua/p1999522489-schelochnoe-pennoe-
moyuschee.html?srsltid=AfmB0Oo0q49WCiobubo87Q8cJ8v4SyZYuR5aGKp2Nu603W97pHdUpAYfq7

2 - https://prom.ua/ua/p2172413035-0xin-103-zasib.html

**

3 - https://dez.ck.ua/sanilit/?srsltid=AfmBOorqY UYzS94wgTBdwnlOg8P8zUFrOg5LT9Ctd0IBdQSs1ZzMZIms
4 - https://klineko.com.ua/product/hc-dpe/?srsltid=AfmBOorKQB_neu261vpc-wn-aMmzWoKqCnRpojks3506a2iNBAKvVi7eF
https://prom.ua/ua/p1751659702-ekonormdez-premium.html

5

- BKa3aHO ONTOBY IiHY, Bix 16 mT. BapTicTh 3a
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https://primaterra.ua/ua/p1999522489-schelochnoe-pennoe-moyuschee.html?srsltid=AfmBOoq49WCiobubo87Q8cJ8v4SyZYuR5aGKp2Nu603W97pHdUpAYfq7
https://primaterra.ua/ua/p1999522489-schelochnoe-pennoe-moyuschee.html?srsltid=AfmBOoq49WCiobubo87Q8cJ8v4SyZYuR5aGKp2Nu603W97pHdUpAYfq7
https://prom.ua/ua/p2172413035-oxin-103-zasib.html
https://dez.ck.ua/sanilit/?srsltid=AfmBOorqYUYzS94wgTBdwnIOg8P8zUFrOq5LT9Ctd0IBdQSs1ZzMZlms
https://klineko.com.ua/product/hc-dpe/?srsltid=AfmBOorKQB_neu261vpc-wn-aMmzWoKqCnRpojks35O6a2iNBAKvi7eF
https://prom.ua/ua/p1751659702-ekonormdez-premium.html

Otxe, 3rimHO Tabmuui 5.5, 3a EKOHOMIYHUM (PaKTOpoM HaNOUIbII
BUT1THUM BapiaHTOM 3ac00Yy JIsl MUTTSI 00JIafHAHHS € JIYKHUN TMIHHAA MAFOYHA
3aci0, koHIeHTpaT «Prima Supray, OcKiIbKK BIH Maibke BTpUYl JCHICBIINM 3a
3aci6 OXIN LD 103. [dnsa ne3indexiii npuMinieHb Ta MOBEPXOHb BapTO 00paTH
3acobu «Caninit» ta «HC-DPE», ockiibku BOHM MarOTh Ha0araTo HUXKYY
BapTICTh, y nopiBHsHHI 3 «EkoHopMDEZ IIpemiym». 3acTocoByBatH 111 3acobu
OyzeMo moYeproBo, 3MIHIOIOYH KOXKHI 2-3 MICSIII.

Bignosigno mo tabaui 5.1, mist oOpoOKu MIKipU PyK NEpcoHaTy OyayTh
BUKOpHCTOBYBaTHCH 3aco0u «APESIN HD» Ta «SOLO sterile light».

5.4. O0OrpyHTYBaHHs c110CO0Y MIATOTOBKH TA CTEPUJIi3auil MOKUBHOTO

cepe10BHIIA

Jns xyneruByBanHs Arthrobacter sp. LY-1 3rimno mxepena [42]

BHKOPHUCTOBYETHCA CCPCAOBUIIC HACTYIIHOT'O CKIIAly:

KommoneHT cepemoBuina /1
Kpoxmaib 3
KNO3 1
KH:PO4 0.5
K:HPOQO4 3
MgSQO4x7H-O 0.2
NaCl 0.5
Po3unn mikpoenemeHTiB 1 Mi/n

FeSO.x7H-0 1
ZnS04x7TH20 5
CuS04x5H.0 0.4
MnSQO4xH:0 1
EDTA: 2.5
Na:Mo0QO4x2H-0O 0.25
Na.B+O7x10H-0 0.2

IIpuroryBanHsi po3uyMHY MiKpOeJeMeHTiB s BCiX cragid
KyJabTHBYBaHHs Arthrobacter sp. LY-1

Jlns  xynetuByBaHHs Arthrobacter sp. LY-1 astopu crarti [42]
BUKOPUCTOBYBAIM PO3YMH MIKPOEJIEMEHTIB HACTYITHOTO CKJIaay:

1 r/n FeS04x7H:0, 5 r/n ZnSOsx7H.0O, 0.4 r/n CuSOsx5H.0, 1 r/n
MnSO.xH:0, 2.5 r/m EDTA, 0.25 r/n NazM004x2H:0, 0.2 r/n Na:B4O7x10H-0
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Po3unn mikposeneMeHTiB 1o1aBaiu B KOHLEHTpamii 1 M po3uuny Ha 1 1
CepeIOBHINA, OCKIIBKM 3arajoM MpPOTSITOM BChOTO IMKJIA BUPOOHHIITBA Oyie
MPUTOTOBAaHO 812 JI MOKUBHOTO CEPENOBUIIA:

0.9+7.9+80.1+723 = 812 11 NOKUBHOTO CEPEAOBHUILIA

Buxoasuu 3 Toro, 1o po3uuH 0yjie Jo/1aBaTucs 3 po3paxyHky 1 mia Ha 1 1
CepellOBHUIIA, HEOOXITHO MPUTOTyBaTU 817 MJI MOXUBHOTO CEpPEAOBHINA, IS
onTUMi3allii BUpOOHMUUX MPOLIECIB MPOMOHYETHCSA TOTYBATU | J1 pO3UHHY, KU
Oyzne crepuiizoBaHui Ta OyjJe OKPEMO JI03yBaTHUCS B ACENTUYHUX yMOBaXxX s
okpemux crtafmiii depmentarii. Pozunn Oyme momaBatucs mo xkommosuilii b ta
CTEpUJII30BATHCS 32 )KOPCTKUX yMOB crepuiizauii npu 131°C npotsrom 40 xs.

Po3paxyHOK HaBa:KOK Ta OOrPYHTYBAHHS CTEPHJIi3alii KOMIO3WLIN
MOKUBHOTO Cepel0BUILA

OCKITBKM ~ 3alpONIOHOBAHE  TIOKMBHE  CEPENIOBUINE  CKIIAJAEThCS
MEPEBAXKHO 13 COJICH 1 €IMHUM TEPMOJAOUTLHIM KOMIIOHEHTOM Yy HOTO CKIIaJl €
KpOXMaJb, TO TIOKUBHE CEPEJIOBUILIEC PO3AUISETHCS Ha 2 KoMmmo3ullii A ta b, ne
KOMIO3UIIIA A CKJIagacThCs TUIBKH 13 TIIOKO3H, a KOMIIO3uIlis b 13 coneid.

Ockinbku B ckiaAl kommnosuilii b mpucytHi kucii ¢pocdopHi coui, a came
KH2PO4 ta K2HPO4, a Takox comi marniro y Buriasgl MgSOa-7H-0, to 3amms
YHEMOXKJIUBIIIOBAHHS PEaKIlii KUCIUX COJICH Ta COJICH MarHiro I KOMIIO3HUIIIS Ha
eTanax CTBOPEHHS IOCIBHOTO MaTepialy B I1HOKYJSATOpax Ta BUPOOHUYOMY
dbepmenTepi Oyne CTEepuiIi30BYyBaTHUCh 3 TMOHIWKEHHIM pPH g0 4-4.5 3a
noromororo 6% poszunny HCI [46].

Komno3uuist A: Kpoxmans, pexum crepumizanii 112°C, 30 xB

Kovmno3uuis b: KN03 KH:PO1 K:HPO, MgSO4><7H20 NaCl ta 1 mu/n
PO3YMHY MIKPOEIEMEHTIB, pexkumM ctepuiizamii 131°C, 40 xB/

5.4.1. Oco0aMBOCTI MIATOTOBKY Ta CTEPUJIi3aLlil MOKUBHOTO
cepe0oBUINA sl OJIeP:KAHHS IHOKYJISTY B K0JIOAX HA Ka4YaJIKax
Ockinbku 1oBoAMTH PH 10 mOYaTKOBOro 3HaYeHHs KyJlbTHBYBaHHA (PH

6.5), y BXKe CTepuIIi30BaHOI KOMMO3HIIiT b B K0J101 € TOCUTH TPOOIEMATHYHUM Ta

M1JBUIIYE PU3UK KOHTaMIHAllli, TPOMOHY€ETHCS ISl €Taly CTBOPEHHS MOCIBHOTO
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MaTepialy B KOJ0ax Ha Kadalkax PpO3AUIMTH MOKUBHE CepeloBuUIlle Ha 3
KOMIIO3HIIIi:
Komno3uuisi A: I'moko3a, pexxum crepuiizaniii 112°C, 30 xB
e Kommnosuuis b: (NH3);SO; KNOsz;, MgSO.x7H.O NaCl Ta po3umu
MiKpoeneMeHTIB pexxuM ctepumizanii 131°C, 40 xB

e Komnosuuisa B: KH:PO1 K:HPO, pexxum crepumizanii 131°C, 40 xB

Kommno3umiss A

Komnosumiss A ckiagaeTbecs 3 KpOXMaIlo 1 Tepes CTEpHIIi3alliero
KpOXMalib HE0OXiJHO po3Baputu npu temmneparypi 70°C mporarom 30 XB,
NOMNEPEIHhO CYCIEHAYBAaBIIM B XOJOJIHIA BOJI, IMICAS YOro BIH Oyne
CTepwuiii3oBaHuil y BUTsal 3% po3uMHy Ha JIUCTUILOBAHIA BOJI B KOJIOI
o0’emom 200 mu 3a M’skux ymoB crtepwmzamii 112°C mpotsrom 30 XB B
aBTOKJIaBI

IMiaroroBka Ta crepuiizanis kommno3uuii b

Kommosunist b cknamaerses 3 pozunny coieit KNO3z, MgSO4x7H.O NaCl
Ta PO3YMHY MIKPOEJIEMEHTIB, IO HE pearylTb MK co000 1 OyayTh
CTEpEJII30BaHl y BUIIIAI PO3YMHY Ha AUCTHIbOBaHIM BoAl 00’emom 800 mi 3a
YKOPCKHUX YMOB cTepuizarii B kojio1 06’emom 2 11 ipu 131°C mpotsirom 40 XB B
aBTOKJIaBI

IMiaroroBka Ta crepuiizaunisa kommno3uuii B

Kommosumiss B cknagaetscss 3 kucimux Qocdopuux coneir KH2PO.
K:HPO,, saki € peakiiiiHO 34aTHUMH 3a HEUTPaIbHOI KHCIIOTHOCTI TIO
BIIHOIIEHHIO A0 1HmMX cosied. Comi OyayTh CTepuii3yBaTHCS Yy BUIJISIAL
pPO3YHMHY Ha IUCTUILOBaHIN Boal 06’emom 100 mut B k05101 06’ emom 200 Mt 3a

HacTynHUX ymMoB ctepudizaiii 131°C npotsirom 40 xB.
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Tabnuys 5.6
KoMno3uuii crepuiizanii KOMIIOHEHTIB /I BUPOLYBAHHS NOCIBHOI 0

Marepiajy B K0J0ax

KommnoneHT Konuenrpanis, BwmicTt B Kommno3uuist 00’em
r/n NMOKUBHOMY KOMITO3MILil, JI
cepenoBuiri 900
MJI, T/J1
Kpoxmans 3 2.7
A 0.1
Bona 100
KNO3 1 0.9
MgSO.x7H-0 0.2 0.18
NaCl 0.5 0.45
P b 0.7
~ Pogumn 1 09
MIKPOEJIEMEHTIB
Bona 700
KH2PO4 0.5 0.45
K2HPO4 3 2.7 B 0.1
Bona 100

5.4.2. IlpuroTryBaHHs MOKMBHOTO Cepea0BHIIA sl O/1ePKAHHS
MOCIBHOI'0 MaTepiajay B iHOKYJIATOPi 00’emom 15 JsiTpis

OCK1UTbKM Ha IIbOMY €Tarl KOMIO3UIIis COJIeH MOke OyTH CTepuiIi30oBaHa B
THOKYJISITOP1, TO BCl COJII MOXHaA 00’eIHATH B 1 KOMIO3UIIiIO Ta JoBecTH 6%
po3unnom HCI no piBas pH 4-4.5.

Komnosuuisi A

Komno3umisi A cklagaeTbes 3 KpPOXMalIl 1 Tepel CTepuizalli€ero
KpoXMalib He0oOXigHO po3Baputu npu Temmeparypi 70°C mporarom 30 XxB,
NOTEPEHbO CYCIIEHIYBABIIM B XOJOJMHIA BOAl, IICAsS 4YOro BIH Oyne
CTEpUJII30BaHMil Ha BOJII B KOJIO1 06’eMoM 500 mut 32 M SIKUX YMOB CTepHIIi3allli
112°C mpotsrom 30 XB B aBTOKJIaBi

Komnosuuisi b

Komnosumiss b cknanaerscs 3 po3umny coneit KNOs, artpasuny-

C8H14C|N5, MgSO4><7H20, NﬂCl, KH2P04, K:HPO, Ta pO34rH
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MiKpoeneMeHTIB. i YHEMOKIIMBIIOBAHHS PeaKIii MIX KUCTUMHU (HOCPOPHUMHU
COJIIMH Ta IHIMUMHU coyisiMu PH xommo3swutiii mae O0ytu moBeaeHuit 1o 4-4.5 6%
pozunHom HCI. Coni OyayTs pO3YMHSTHCS B peakTopl 3MillyBayi, a
CTEpUJII30BaHl B I1HOKYJIATOPl 3a XOPCTKUX YMOB crepwiizamii npu 131°C
npotsarom 40 xs.
Tabnuys 5.7
KoMno3uuii crepuizanii KOMIIOHEHTIB /I BUPOLIYBAHHS MOCIBHOTO

Marepiajay B iHOKYJATOPi 00’emom 15 g

KomnoneHnr Konuentpanis, Bwmict B Kommno3uuis 00’em
r/a MOKUBHOMY KOMITO3HIIil, JI
cepexoBUIIi
8.8, r/n
Kpoxmaib 3 26.4
A 0.3
Bona 280
KNO3 1 8.8
MgSQO.x7H.0 0.2 1.58
NaCl 0.5 1.76 b
‘ Po3unn ' 1 8.8
MIKPOEJIEMEHTIB 85
KH2PO4 05 4.4 '
K2HPO4 3 26.4
Bona 7.8(1)
Konpgencar 0.78
Bcroro 8800 mn

5.4.3. IlpuroryBaHHs MOKMBHOTO CePeIOBHINA /1JIsl CTBOPEHHS
NMOCIBHOI0 MaTepiajay B iHOKyJaAaTOpi 00°emom 150 siTpis
Komno3uuis A
Kommosuiiss A cknagaerbest 3 216 T kpoxmanio pozunHeHux y 1050 m
JTUCTUIIHLOBAHOI BOJM 1 MEpe]] CTEPUIIIZAIIECI0 KPOXMalh HEOOXITHO PO3BAPUTH
npu Temmeparypi 70°C mpotsrom 30 XB, momepeaHbO CYCIECHAYBaBIIU B
XOJIOHINA BOJI MICJIA YOro KOMIO3MINs Oyne CTepuiai3oBaHa B aBTOKJIaBl 3a
HacTynmHUX ymMoB ctepudizaiii 112°C npotsirom 30 xB.

Komnosunia b
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Komnosurist b ckimanaerbes 3 pozunny costeii KNO3, MgSO4x7H.0O NaCl
KH:POs K:HPO, Ta po3umny wmikpoenemeHTiB. JIjisi yHEMOKIUBIIOBAHHS
peakiiii Mix KucaumMu GochopHUMHU COSIMHU Ta IHIIUMH coyisiMu PH KoMIo3uIrii
Mae Oyt noeaeHuit 10 4-4.5 6% pozunHom HCI. Coumi OyayTh pO3YHHSTHUCS B
peakTopi 3MillyBadi, a CTEpWJII30BaHI B I1HOKYJSATOPl 3a JKOPCTKHUX YMOB
crepuiizarii npu 131°C npotsirom 40 xB.

Tabnuys 5.8
Kommno3uii crepusizanii KOMIIOHEHTIB MOKUBHOI0 CepeI0BUIIA /IS

CTBOPEHHS MOCIBHOr0 MaTepiaay B iHOKyJaATOpi 06°emom 150 o1

KommnoneHT Konuenrpanis, Bwmict B Komno3uuis 00’em
r/a MOKUBHOMY KOMITO3HIIii, JI
cepexoBUIIi
80,1 a1, r/n
Kpoxmaisb 3 2433
A 1.3
Bona 1050
KNOs 1 801
MgSO.x7H-O 0.2 16,2
NaCl 05 20
KH2PO4 0.5 40
K2HPO4 3 2433 b 78.8
‘ Po3uun . 1 81
MIKPOEJIEMEHTIB
Bona 71.7
Konpgencar 7.1
Bceworo 8l.1n

5.4.4. IlpuroTyBaHHsl MOKMBHOTO CepPeIOBUINA J1JIs BUPOOHUYOL
depmenTanii B pepmentepi 06’emom 1.25 m®
Kommno3umisi A
Kommosumisi A cknamaerbes 3 kpoxmanio 2171 T po3umHeHOro y 7 1
XO0JIOJTHOT BOJIONPOBIJIHOI BOJM B PEAKTOP1 3MIINIYyBaul-CTEPUIII3aTOpi, Tepen
CTEpUJII3AIliEI0 KOMIIO3UIIISI pO3BaproeThes mpu Temmneparypi 70°C npotsirom 3-
30 XB MmicJist 4Oro KOMITO3UIlis Oy/ie CTEpUIi30BaHa 3a M’ SIKMX YMOB CTepHIIi3allii

112°C mpotsrom 30 XB B peakTopi 3MilIyBadi-cTepuiIi3aTopi
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Komno3uuis b

Kommosunist b cknamaerses 3 pozunny coieit KNO3z, MgSO4x7H.O NacCl
KH:POs K:HPO, Ta po3umny wmikpoenemeHTiB. sl yHEMOKJIMBIIOBaHHS
peaxiii Mix KucauMu GocopHUMHU COIIMU Ta IHIIAMHU COIIMHU PH KoMmo3uIIii
Mae Oyt noeaeHuit 10 4-4.5 6% pozunHom HCI. Coumi OyayTh pO3UMHSITHUCS B
peakTopi 3MillyBadi, a CTepWIi3oBaHI B (epMeHTepl 3a  KOPCKHUX YMOB
crepumizamii npu 131°C npotsrom 40 xs.

Tabnuys 5.9
Komno3uii crepuiiizanii KOMIIOHEHTIB MOKMBHOT0 CePeI0BUIIA IS

BUPOGHUYOr0 OiocunTe3y B pepmentepi 06’°emom 1.25 m3

KomnoneHnt Konuenrpanis, BwmicT B Komno3uuis 00’em
r/a MOKUBHOMY KOMITO3HIIii, JI
cepexoBUIIi
723.6 a1, r/an
Kpoxmaib 3 2171
Bona 7 A 10
Konpencar 0.7
KNO3 1 723
CgH14CCINs 0.1 72.4
MgSQO4x7H-0 0.2 144.72
Po3unn
MIKpPOEJIEMEHTIB 1 723 b 713
KH2PO4 0.5 361
K2HPO4 3 2171
Bona 645
Konnencar 64.5
Bcroro 723 1

5.5. IlinroroBka Ta crepuitizamisi JONMOMi’KHUX PO3YMHIB
5.5.1. O0rpyHTyBaHHS Ta NIPUTrOTYBaHHA 6%-r0 po3uuny HCI
6% po3und HCI neoOXimuuii nmst peamizaifii BUPOOHHYOTO ITUKITY JJIS

TOro, MO0 Tepe] CTepuiIizamielo KoMmosuiii b, MiIBUIIUTH KUCIOTHICTH
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cepenoBuma A0 3HaueHHs PH 4. lo mo3BonauTh cTepuiizyBaTh BCi COJi B
OJTHOMY PO34HHi, IO B CBOIO YEPry ONTHMi3ye BUpOOHMYHIA Tiporiec [45].

CrtBoproBat 6% po3zunn HCI ans kopuryBanHss pH HeoOxigHO 3 TOTrO
TEOPETHUYHOTO MpunymeHHa, mo 2 mi 6% po3zuuny HCI [45] 3HMKYIOTH
3HaueHHd PH nwa 1. Ockiibku KoMmo3uilisi Oyne CTBOPIOBATUCA Ha
BOJIONIPOBIHIN BOJII, TOMY ITOYaTKOBE 3HaueHHS PH mpuiimaemo 3a 7.5. ToOTo
U1 foBeAcHHS PH 10 4 ioro HEoOX1JHO 3MEHIIMTH Ha 2.5 3HaueHHI. ToO0TO 5
M 6% po3uuny HCI, Oyne Bukopuctano st 3HmxkeHHs: pH 1 1 komno3uiii b
Ha | 3HaYeHHs.

Ockinbku 6% po3unn HCI Oyne BukopucTaHuil 10 cTepuiizalli, To Horo
MPUTOTYBaHHS MMPOTIOHYETHCS PEai30BYBaTH B 301pHUK 3MillyBayl 1 MOJJaBaTH B
amapaTy MUITXOM TUTPYBAHHS 3 aBTOMAaTUIHOO 3yMMHKO0 Ha pH = 4,

Ak Bxe Oyno 3’scoBaHO JJig KOpeKIli KucaoTHocTi 1 1 kommosuiiii b
MOTPIOHO 5 MII, PO3paxoBYyeEMO 3arajibHUK 00’e€M Kommo3ulii b moxuBHOTO
CepelloBUIIA I CTBOPEHHS TIOCIBHOTO MaTepialy Ta BHPOOHUYOIO
KyJIbTUBYBaHHS:

Kommnosumiss b 1 cTBOpeHHsS MOCIBHOTO Marepiagy B 1HOKYJIATOP1
o6’emom 15 i1: 7.9 1.

Kommosuiiss b nnsi cTBOpeHHsS TOCIBHOTO MaTepialy B 1HOKYJSTOPI
00’emom 150 m1: 80.1 1.

Kommosutiss b 1151 cTBOpeHHSI MOCIBHOTO MaTepialy B BUPOOHUYOMY
dbepmenTepi 06’emom 1250 i: 723.6 1.

(7.9+80.1+723.6)*5 = 4040 M 6% pozuuny HCI

OCKUIbKH B CEpPEJOBUIIN MPUCYTHIN MIUPOKHUI CIEKTP COJIeH SKi MaroTh
Oydepny BrmactuBicTh, 30kpema mnoeaHaHHs KH:PO.s Tta K:HPO, T0
npononyetbest ctBoproBaTu 4500 M 6% pozunny HCIL.

[1lo6 miaroryBaru 4500 min 6% poszumny HCI i3 36% pozuuny HCI i
JUCTHIILOBAHOI BOAM, MOKHA CKOPUCTATHUCS (OPMYJIIO0 pO3BEICHHS:

C1-V1=C2-V2

e (Cl— moyarkoBa koHIeHTparis (36%),
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e V1 — 00’eM KOHIIEHTPOBAHOTO PO3YHHY, SIKUW OTPIOHO B3SITH,
e (2 — kinneBa KoHIeHTparis (6%),
e /2 — xiHneBuit 06’em (4500 m).
ToOro:
V1 = (6*4500)/36 = 750 mu 36% pozunny HCI
Binnimarouu Bif 3araisHOr0 06’eMy 36% pO34HH 1 OTPUMYEMO:
4500 — 750 = 3750 M1 IUCTAILOBAHOI BOIU
Taxum unnoMm, g npuroryBanusa 4500 mn 6% poszunny HCI HeoOxinHO
3750 M nuctunboBanoi Boau 1a 750 mia 36% pozuuny HCI.
Po3unH mpornonyeTrbcsi TOTyBaTH B 30IpHUKY 3MimryBadi o0’emom 10
JITPIB (3 KOPUCHUM 00’ €MOM HE MEHILIE 5 J).
5.5.2. O0rpyHTYBaHHS Ta NiATOTOBKA 3 cTepuJizanicro 6% po3unny
NaOH
6% pO34YuH iIKOTO HATpy HEOOXIAHUH I JoBenaeHHs PH kommo3uiii b
micns crepwmizamii g0 3HadeHHs 7.0, a TakoX OCKUIBKM 3TIHO CKJIaay
MOKUBHOTO CEPEIOBUINA, siIKe MICTUTh II0KO3Yy Ta (NH3)2SO4 1 KNOs [42], ki
MiJ] 9ac CBOrO METaboJi3My IMOCTYMOBO 3aKHCIIOIOTH CEPENOBUINA, BUPOTITHO
KyJbTypaibHa piuHa miJ 9ac depMeHTali mnorpedyBaTUMe MIATUTPOBKU 6%
pozunHoM NaOH, Tox st 3a06e3neHHs BCixX moTped MpOMOHYETHCS MATOTYBATH
5000 M1 6% po3uuHY iIKOTO HATPY.
s mpurotryBanus 5000 min NaOH neo6xinno B3atu (5000%0.06 =300)
300 T cyxoro rpinyameoBanoro NaOH ta possectu B 4700 mn Boam
BOJIOTIPOBIJTHOT, MICJISI 4OTO CTEPUIII3yBaTH 3a )opckux ymoB 131°C mpoTsrom

40 xB B peakTopi 3MyIilyBayi-cTepuiizaTopi 06’emom 10 .

3aranom Ui peanizauii BUPOOHHYOTO MpoIlEecy, Oyiau OOTrpyHTOBaHI
HACTYIHI anapaTHi pilIeHHS:
JJist cCTBOpEHHS MTOCIBHOTO MaTepiairy B IHOKysTopi 15 1.
1) Tnokynsarop 15 7 mas CTBOPEHHS MOCIBHOIO MaTepialay Ta CTepuIi3arii

kommo3utii b
68



2)

1)

2)

1)
2)

3)

1)
2)

PeakTop 3mimryBad 3 HWKHIM 3muBoM 00’emom 10 1 myis 3MinryBaHHS
coneit kommno3uiii b

J171s1 CTBOpEHHS IMOCIBHOTO MaTepialy B IHOKYJIATOp1 00’ emom 150 i
[HokymsiTop 150 11 1y1st CTBOpPEHHS OCIBHOTO MaTtepiayly Ta CTepuii3arii
kommo3utli b

Peaxrop 3MmimryBad 06’emom 100 1 7151 3MiITyBaHHS cojiel koMmmo3uilii b

Jlns BupoOHUYOoi pepmenTalii B hepmerTepi 06’ emom 1250 i

®epmentep 06’emom 1250 1 s CTBOpEHHS KIHIIEBOTO MPOIYKTY Ta
cTepuiizailii komno3uili b

Peakrop 3mimyBau 06’emom 1000 1 jy1st 3MinryBaHHs cosieit koMmo3uilii b
Peakrtop 30ipHuK cTepuizatop o0’emoM 20 J1 IJisi cTepuiizaiii po3unuHy
KPOXMAJTIO KOMIO3UITIS A

J1J1st IpUroTyBaHHS TUTPYIOYMX areHTIB HEOOX1THO

30ipHuK 3miryBad 06’emom 10 11 st crBopenns 6% HCI

IPHUK 3MIIIyBaY CTEpWIN3aTop 00’ eMoM J JIJISI CTBOPEHHS 0
30 0’ 20 6%

NaOH.
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PO311J 6. CHIEHU®IKALIA OBJIAIHAHHA 151

BUPOBHUILITBA BIOIIPEITAPATY ARTHROBACTER SP. LY-1

Tabnuys 6.1

Cneundikanis o01aJHAHHA 1JII BUPOOHMIIBA ATPA3WH-IerPAayI040ro

oionpenapary Ha ocHoBi Arthrobacter sp. LY-1

Ho3uuis HajimenyBaHHs Kinb | Texniuna xapakrepucTuka(BUPOOHUK)
KiCTh
1 2 3 4
I13-1 [ToBiTpo3abipHUK 1 [oBitpo3abipuuk crinoBuii NavyFlex
JUTSI TIOJIa4i TIOBITPS VLB100
JI0 KOMIIpecopa Bupo6uunrso [onbima [55]
oro-2 OinbTp rpydoi 1 Kapmanuit GinbTp ans BeHTHIALIT Ki1acy
OYHUCTKH IS ounctku F5. EdbekTuBHICTD ISl 4aCTOYOK
MONepeHbOL oinbiie 5 mxm 90%. BupoOHuk:
GinbTparii noBiTps CnoBauunHa [56]
K-3 Kommpecop mst 1 BupoOHuk: HiMeyunHa
CTHCKaHHS Ta [IpoayKTUBHICTB: 10 5 M?/XB (3aJICKUTH
3a00py MOBITPs BiJl THCKY).
Tuck HarHiTanHs: cTanaapt — /—10 Gap
[57]
TO-4 Teruioo0O0MiIHHUK 1 MaxkcuMaibHa MpOoIycKHa 3JaTHICTh J10
OXOJIO/IKYyBau, JJIst 1500 mitpis/ 1,5 m*/xB
BHUJIAJICHHS 3aBO1 Tun komnpecopa: TBUHTOBHI/TIOPITHEBHUIA
BOJIOTH 3 TOBITPS PoOounii miarma3oH 30BHIMIHBOT
temriepatypu: 2 — 45 °C;
Po3mipu: 730 x 420 x 770 mm; [58]
P-5 Pecusep nns 1 Pecusep BupoOHuITBa YKpainu, 00’em
cTabimi3arii THCKY 2700 11, Tuck g0 10 Gap [59]
HOBITPS
TH-6 Termtoo00MIHHUK 1 Tumn: BogsHu
HarpiBau Jajs Po3mip npsimokyTHOro kanaiy: 1000x500
cTabimizamii MM
BOJIOTOCTI Ta Kinbkicts psaaiB Tpyook: 3
TEMIIEpaTypH ["aGaputHi po3mipu: mupruHa — 1165 mwm,
MOBITPS Bucora — 540 MM, rmubuna — 200 mm
[60]
HYXT BTEK 04.03.25 KP 113
3mH. |JIuct | Ne mokym. ITigmuc Jlata
Po3pob. Mapmunenxo A.0. PO3I[I.H 6. CHCLII/I(I)iKaI_IiH JIiT. ApkK. Apkyiis
[epesip. Pesnivenio 10.M. o0naHanHs 118 BAPOOHUIIBA [ | 70 _3
];”;”3' Gionpemapary Arthrobacter sp. Kabenpa BTM
. Koump. LY-1
3ameepo. Cmabmnixos B.I1.




IIpooosocenns maban. 6.1

o-7 DiIbTp TOHKOT @DiNbTp TOHKOTO OUHUIICHHS MOBITPs Kitac
ounctku HEPA ounmeHas: EN 779: H14, V BonokHa
niametpom 0,25 BOJIOKOH PI3HOI TOBIIWHH,
OTPUMYBATH MaTepiaau He0OXiTHOT
edextuBHOCTI 99,9995), 610x610x150
[61]
3-8 Baru texnivni Baru naGoparopni enekrponni IHB-24
J3-10 nabopaTopHi s To4HICTh 10 APYrOTO 3HAKY
13-12 3Ba)KyBaHHs MakcumanbHa JoIycTUMa BUMIpIOBAJIbHA
3-17 KOMIIO3HIIA COJIEH Bara 6000 r
J3-22 Ta KPOXMAJIIo
J13-26
33-9 30ipHHK-3MilTyBay E€muicTh Oydepna 06’emom 15 miTpis, 3
IUTSL IPUTOTYBaHHS HIDKHIM 3JIMBOM Ta BIAKHIHOK KPHUIIKOIO
6% pO34YHNHY [62]
COJISTHOT KUCJIOTH
JI-18 Jozarop- JHo3zyBanns Big 10 M1 ta Oinbine [63]
JI-23 JIYMILHUK BOIH,
JI-27 ABTOMATUYHUI
P-11 Peaxrop- O06'em pobouwmii: 20 1
CTepuIiIi3aTop A O06'eM noBHMiL: 23 1
MPUTOTYBAHHS 1 Po6ounii Tuck: Bix 0,9 no 3,0 6ap
ctepuiizaii 6% Jlianma3oH TeMrieparyp mpH CTepuiIizaii:
po3unry NaOH. +2...+130°C
Po6oue cepenoBuiiie y TermnooOMiHHii
copoulli: mapa (pexum HarpiBy Ta
cTepuiizallii), Boja (pexxum
OXOJIO/IKEHHS)
LIMPHUHA X BUCOTA 1085x 600 x1150
[IBuaKicTE 0OEpTAHHS MIIIAJIKH: TJIABHO-
perymnboBana, 0-500 06/xB [64]
33-13 PeakTop-3mimryBau Amnapat Ceon 0.010
Ut komnosutii b €Bpomain
o0’emom 10 1 Pozmipu: 250Mm*350Mm*450MMm
Yacrota 06epTiB Mimmanku 100 [70]
H-14 BignentpoBuit OEM Mini DC Brushless Water
HacocC s MaxkcruMaibHa NPOTYKTUBHICTE: 15 11/XB
nepeKavyBaHHs [66]

xommo3umii b no
iHOKynATopa 10 71
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3akinuenus maon. 6.1

IH-15 [HOKYyISITOP 00’ €MOM Inokymsatop 06’emom 15 1 «Techforce 157
15 mitpiB ["abaputHi po3mipu:
Bucota 500 mm
Hiametp 200 MM
[65]
H-16 Hacoc Hacoc nepucranstianuii Grothen G1016-
MEepUCTATTUYHUN 1, 1500 mn/xB
VTS TIepeKavqyBaHHS
iHOKyIstHTY 3 ITH-15
70
33-19 PeakTop 36ipHUK- Amapar Ceon 0.1 EBpomar
3MilTyBay JJist Po3zmipu: 508*%930%2800 mm
PO3UYMHEHHS COJEH MaxkcumanbHa mBUAKICTE Mimaiaxkua 100
U1 KoMno3uuii b 006/x8 [70]
06’emom 100 it
H-19 BinnentpoBuit OEM Mini DC Brushless Water
HACOC TS MakcumasnbHa TPOAYKTHBHICTB: 15 J1/XB
MepeKavayBaHHs
kommo3umii b B
THOKYJIATOp 00’ €eMOM
150 n
IH-21 [HOKYHATOP 06’ €MOM BiopeakTop precision 06’emom 150 11
150 n Hiamerp 457 mm Bucota 1200 mm [69]
33-24 Peakrtop 36ipHUK Amapar Ceon 1
3MIIITyBaY JIst Posmipu: 1000*1410%3470 [70]
kommo3utii b 1000 n
H-25 Biauentposuii XiMIYHUH BIIIEHTPOBHUI HAcOC 13
Hacoc I MarHiTHoto myptoro CM MAG-P4 PP, 3,4
nepeKavyBaHHs M3/rox (56,6 1/XB); HaTUCK 7 M
KoMmo3utii b
OP-29 depmenTep 06’ eMoM depmentep Umamachinery 1250 11 06’ em.

1250 n

Bucota: 2100 MM

Hiametp: 1070 mm

MakcrMalnpHa MIBUAKICTE Mimanku 144
00/xB [72]
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PO3/1J1 7. ONUC TEXHOJIOI'TYHOI CXEMHU BIOCUHTE3Y
BIOITPEITAPATY ARTHROBACTER SP. LY-1

JAP 1 ITiaroroBKa Ta OYMIIEHHS aepaliiiHOrO MOBITPSI

JP.1.1 3a0ip armoc¢epHOro noBiTps

3a0ip mnoBiTps BinOyBaeThcsi uepe3 moBiTpo3adbipuuk ([13-1), 110
3HAXOJMUTHCS Ha BUCOTI, 110 3HAXOUTHCA Ha BUCOTI 10 MeTpiB.

JAP 1.2 OuuieHHs Big rpyoux qoMimox

Ha musaxy mo xommpecopa y BEHTWIALIMHIA TpyOl BCTaHOBIIOETHCS
biapTp Tpy00i ourctku moBiTps (PI'O-2), 3a171s BUAATIECHHS BEIUKOIUCTICPCHUX
JOMIIIOK po3MIpoM 5 MKM Ta Outbiie 3 epektuBHicTIO E=90%

[P 1.3 KomnpecyBaHHsI IOBITPS

Jliist 3a0e3neyeHHs HeoOX1IHOT aepallii, MOJOJAHHA TIAPABIIYHOTO TUCKY
pi-auHU B (epMEHTEpi, YCYHEHHS IHIIMX OMOPIB, @ TAKOX JUIS 3aJ0BOJICHHS
BUPOOHUYUX TOTpeO, MOBITpsA cTUCKalTh y kommpecopi (K-3). V mpoueci
CTUCHEHHSl Te-MIeparypa NoBITpsS miaBuinyeTbess no 120-200 °C, a Tuck
nocsirae 0,35 MIla.

AP 1.4 Oxos101KeHHS Ta BUIAJCHHA BOJIOTH 3 NMOBITPH

Crucuene mnositps (3 AP 1.3) 0OX0JNOMKYyIOTh Yy TEMIOOOMIHHUKY-
ocymryBaui (T-4) no 25-30 °C, mo0 yCyHyTH HaJUIMIIKOBY BOJIOTY. J[Jis 1IbOTO
BUKOPUCTOBYEThCS pecuBep (P-5), saxuii He nuiie Buaassie 3aiiBy BOJIOTY, ajie i
cTabuIi3y€e MOTIK MOBITPA, 3aM00Irarouu MyJbCallisiM, 0 MOXYTh HETaTHUBHO
BIUIMHYTH Ha €(QEKTUBHICTh HACTYNHUX (UIbTPIB ouuieHHsA. OnTumanbHa

BOJIOTICTh MOBITps Mae ctanoBUTH 60-70%.

HYXT BTEK 04.03.25 KP 113

3mu. |JIuct | No mokym. ITigmuc Jara

Pospob  YMapmunero .0 PO3JIIJT 7. Onnic Texnonoriunoi f—rit AP LApcyie
Ilepesip. Pesnivento 10M cxemu GiocuHTe3y Giompenapary | | IE 8
Peyers. Arthrobacter sp. LY-1 Kadenpa bTM
H. Koump.

Bameepo. Cmabnixoes B.11.




AP 1.5 Crab6inizanisa noka3HUKiB MOBITPA

BpaxoBytoun Te, 1110 MOBITPS IPOTATOM CBOTO IUISAXY JI0 arnapaTiB 0X0JIo-
JOKYETBCSL Ta MOXE IMaJIaTH PiBEHb HMOTr0 BOJIOCTI, TO BaKJIMBO CTa0lIi3yBaTH
MOKa3-HUKW TOBITPS MEpea BUXOJAOM HOro Ha Mojaiblly (ilbTpaiiro, TOMYy
BUKOPHUCTO-BYIOUM TeruiooOMiHHMK-HarpiBau (TH-6), moBiTpss HarpiBaeTbcs
Op1eHTOBHO 110 45-50°C, a BOJIOTICTh BCTAHOBIIOETHCS Ha piBHI 50%

JIP 1.6 Tonka ¢giibTpanisa aepauiiHOro noBiTps

[Ticnst craGimizarii noka3HukiB, moBiTps (Bia JAP.1.5) nomaerbes B BT
ToHKO1 ouncTku kinacy HEPA (®-7), 3 edextuBHicTIO 3aTpumaHHs 10 98%
MIKpPO-OpraHi3MiB.

AP 1.7. OunnieHHs NOBITPSA AJs IHAUBIAyaJIbHUX PiabTpax

[Ticns mpoxopKeHHs MOBITPS yepe3 GuIbTp ToHKOI ouncTku (Big AP 1.6),
MOBITPS MOIAETHCS B 3aralibHy MaricTpalib MMoJavi aepaiiitHoro moBiTps 1 nepea
OpsIMOIO0 TOJa4Yel0 B amapaTtd MOBITPS MPOXOAUTH 1HAMUBIAYyaldbHI (QIUIBTPH
1HOKYJIA-TOpa Ta MOCIBHUX amapariB, sKI € BOyJoBaHMMHU 1 mepeadayeHi
cnenu@ikaIi€e ca-MuUX anapariB, Ta I1HAMBIAYadbHUNU (UIBTP BUPOOHUYOTO
dbepmentepa (D-32), skuit Bunanse 99.997% uvactouyok posmipom 0.2 MKM Ta
Olnb1Ie.

JP 2. IlinroToBKa Ta cTepuiizaiisi TATPYBAJbHHUX AT€HTIB

AP 2.1. ITlpuroryBanus 6%-ro po3unny HCI

CtBOproBaTH PO3YMHU JIJIsi KOpUTryBaHHs pH miiaHyeThCst 3 pO3paxyHKy 5
Ma 6% pozunny HCI Ha miTp BUpOOHUUYOTO CEpPeOBUIIA, IO CTEPUITIZYETHCS B
dbepmenTepi abo0 1HOKYJISATOPI TOMY JJIi BCbOIO BUPOOHUYOrO MPOLECY,
HeoOx1aHo npurotyBatu 2.940 mitpu (5*588). ns npuroryBanns 2.940 mitpis
6%-ro po3unny HCI y 36ipHuk (33-9) 06’emMoM 5 MITPIiB MOAAETHCS MOMEPEIHBO
cTepwuiiizoBaHi 2.45 mTpuU AWCTHIBOBAHOI BOAM BIAMIPSHI MIPHUM HHJIHIPOM
micass 4yoro momaroTh mnomaioTb 490 mn 36% pozumny HCI  Bimmipssi
TIOTIEPETHRO Y CKISTHOMY MipHOMY IivutiHApi ([13-8).

AP 2.2. lIpuroryBanns i crepuiizanisi 6%-ro pozunny NaOH
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Jnsa xopuryBanHa pH mpotarom ¢epMeHTaliiHOro MpPOIECy BapTo
niarorysatu 6-% po3undH NaOH B 06’emi 5 mitpiB. g 1boro HEOOXiTHO B
KoJI0y abo crakan o6’emom 5 1 momatu 300 rpam Oe3pomHoro NaOH
BiBakeHNX Ha TexHIYHMX Barax (/13-10) pos3Bectu cmovatky B 2000 M
JTUCTUJIHOBAHOI BOAM Ta MEPEMINIYBATH 32 JIOMOMOTOK0 MarHiTHOT MIIIAJIKU 10
MOBHOTO PO3UYMHEHHS HABAKKH, TICJIS YOO JOBECTH 00’ €M J10 5 1T 3a MO3HAYKOIO
cTakaHy ab0 KoJOu, MiCJIT 40oro MoJaTH pOo34rH B peaktop crepuiizatop (P-11)
Ta crepuiizyBaTu npu Temreparypi 131°C npotsrom 40 xB.

JIP 3. IlpuroryBaHHs Ta cTepuIi3anis po34MHy MiKpoeJieMeHTiB

Ha TexHIYHMX J1a0OpaTOpHUX Barax 3BaXKyIOTb HACTYNHI KOMIIOHEHTH
FeSO4x7H20: 1 r, ZnSO4x7H20: 5 1, CuSO4x5H20: 0.4 r, MnSO4xH20: 1 T,
EDTA: 2.5 r, Na2M00O4x2H-0: 0.25 1, Na:BsO-x10H20: 0.2 r, Ta 3aHOCATH y
MIpDHUW CTakaH, MICAs 4Yoro HajauBawoTh 0.5 71 JUCTUILOBAHOI BOAM Ta 3a
JIOTIOMOTOI0 MAarHiTHOI MIIIAJIKK TEPEeMIITYIOTh KOMITO3HUIIIO S0 IOBHOTO ii
PO3YMHEHHS, MICIA YOro 3a JOMOMOIOK MIPHOTO IMIIHIAPA JTOBOAATH 00’ €M
po3unHy 10 1 1. Po3unn 30epiratoTh B XOJIOAUIBHUKY MPOTATOM BChOTO LIUKITY
KyJbTUBYBaHHS, Y BUIIAJKy BUIAAIHHSA Ocaly poOJIsSTh pO3YHH 3aHOBO.

JIP 4. IIpuroryBaHHs Ta CTePUJIi3alis MOKMBHUX CePeIOBHIL

AP 4.1 IlpuroryBaHHsl i cTepuwiIidamis NMOKMBHUX CepPeIOBHUIN JIsi
KyJbTHBYBAaHHA Y K0J10aX Ha KayajaKax

/P 4.1.1. IlpuroryBaHH4 i cTepujizamisa KOMIO3UIII A

VY xon0y emuictio 200 mi HanuBaroTh 100 MJI TUTHOI BOAM MICHS 4OTO
HAaBaXKy Kpoxmanio 2.7 T 3BaXyKOTh Ha TEXHIYHUX Tepe3ax Ta 3aHOCATh y
K0J10y, K010y HarpiBatoTh 10 70°C Ta BUTPUMYIOThH 3a TAKOi TEMIIEpaTypu MpH
nepeminryBanHi npotsirom 20 xB. ITicist 4oro niiibHO 3aKpUBaIOTh KOJIOY BaTHO-
MapJIeBUM KOPOKOM, Ta BIAMPAaBIAIOTh, HA CTEPUIII3AINI0 B aBTOKJIAB IIPH
temriepatypi 112°C na 40 xs.

/P 4.1.2. IlpuroryBaHHs i crepuiizanisa koMno3uuii b

VY konOy emuicTiO 1 71 3anUBarOTh BIAMIPSHI MipHUM muiiiHapoM 700 M

BOJY JUCTHJIHLOBAHOI, ITIC/IS YOro 3Ba)KE€H1 Ha TeXHIYHMX Barax HaBaxkku KNOs:
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1 r, MgS04x7H20: 0.18 1, NaCl: 0.45 r, r Ta mo4ep3i MOAAOTH IO KOJIOU
YeKaloyd TMOBHOTO po3unHeHHs. [licas woro momatote 0.9 M po3uuHy
MikpoenemeHnTiB (Bix P 3) 3a gomomororo minetkn ob0’emoM 1 M Ta
NEPEeMIITYIOTh KOMIO3UINIO 3a JOMOMOIOI0 MarHiTHOI MIIIANKHU, MICIA 4YOTO
KOJIOY 3aKpHUBalOTh BaTHO-MapJIEBUM KOPOKOM Ta CTABJISITH HAa CTEPHIIIZAIIIO 32
temneparypu 130°C na 30 xB.

/AP 4.1.3. IlpuroryBanus i crepuiizanisa komnosuuii B

HaBaxxku KH2POa4: 0.45 1, KoHPO4: 2.7 T 3aBakyloTh Ha TEXHIYHHMX
7abopaTOpHUX Barax, 3aHOCATH B KoJOy o0’emom 200 My Ta J07al0Th
JTUCTUIBOBaHY BoAy 00’emMoM 100 mul BIIMIpSHI MIPHUU LTUIIHAPOM 00’€MOM
500 wmn. Ilicnsg goro mepeminnyroThb KOMIO3HIIKD 3a JOMOMOTOK MAarHiTHOI
MIIIAJAKKA JO T[OBHOTO PO3YMHEHHS COJIeM, MICAS YOro KoJ0y UIUIBHO
3aKpUBAIOTh BATHO-MApJICBUM KOPOKOM Ta CTaBJIsATh B aBTOKJIAB Ha
crepuiizaiiito ipu 131°C mpotsarom 40 xB.

/AP 4.2. IlpuroryBaHHs Ta CTEPWJII3alisg KOMIO3MUINA IOKUBHOIO
cepenoBuina 15 j

[P 4.2.1. IlpuroryBaHHs i cTepu/izanis KOMIO3UIIT A

VY xon0y emuictio 500 mi HanuBarOTh 150 MJI IMUTHOI BOAM ITIC/IS YOTO
HABAXKKY KpoxMaiio 26.4 T 3BaXyIOTh Ha TEXHIYHUX TEpe3ax Ta 3aHOCITh Yy
KOJIOYy Ta PpO3UYUHSIOTH 3a JOMOMOIOI0 MArHITHOI MIIIAIKUA, MICJSI YOro
HarpiBaioTh 0 70°C Ta BUTPUMYIOTH 3a Takoi TemrepaTypu npotsrom 20 XB,
MICJIS YOTO 3a JOTMOMOT0I0 MIPHOTO LUJIIHJIPA AOBOJSTH PO3UUH 10 00’ emy 200
M. Ilicns 4oro WmUIBHO 3aKPUBAIOTh KOJOY BaTHO-MapiieBUM KOPKOM, Ta
BIJIMPABIISIOTH HA CTEPUITI3allii0 B aBTOKIAB ipu Temmeparypi 112°C na 40 xa.

/P 4.2.2. IlpuroryBaHHs i crepuiizanisa koMno3uuii b

VY peakrop-3mimyBau emHuictio 10 1 (33-13) momaroTh 3BaXkKeHI Ha
texHIyHNX Barax (/[3-12) naBaxkku, KNOs: 8.8 r, KH2PO4: 4.4 7, K;HPO.4: 26.4
r MgS04x7H20: 1.58 1, NaCl: 1.76 r. Ilicns goro aonarTh 8.8 MJI pO3UHHY
MikpoenemeHTiB (Bix JIP 3) moTiM 3anmuBaroTh BIAMIPSIHI MipHUM CTakaHoM 7.9 1

BOJIM TUCTWIbOBaHOI. [licas yoro riayxy mapy mojaar0Th B COpPOYKY amapary Ta
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HarpiBaroTh po3uuH 70 70°C Ta BKIIOYAIOTH MIMIAJKYy anapara 3 MBUAKICTIO 50
00/XB, TiCIIs IOBHOTO PO3YMHEHHS COJICH 3a JJOMOMOTOIO BiJIICHTPOBOTO HACOCY
(H-14) po3uun nepekauytots B iHOKysTOop (IH-15) [licna woro momarote 6%
po3unHy HCI nnst noBenenns pPH mo 3HaueHHs 4, Opi€HTYIOThCS 1O naTyuky pH
1HOKYJIATOpA Ta CTABIIATh HA cTepuiizaiito 3a Temmneparypu 131°C na 30 xs.

AP 4.3 IlpuroryBaHHsi Ta CTepWJi3alisi KOMIO3UIINA IOKUBHOIO
cepeOBHINA /ISl CTBOPEHHS MOCIBHOI0 MaTepiany B IHOKYJIATOpi 00’eMoM
150 1.

/AP 4.3.1 lIpuroryBanHs i crepuiizanis koMno3uuii A

VY xonOy emuictio 2000 mi moparoTe 243,3 © KpOXMaIO MONEPETHBO
BIJIBAKCHY Ha TEXHIUYHUX JlabopaTopHux Barax. Ilicis 4woro B Koi0y mojaroTh
800 MJ1 TUCTIIIHLOBAHOT BOJIM Ta HArpiBaloTh KO0y Ha BojsiHIN Oani 10 70°C Ta
BUTPUMYIOTh 3a Takoi Temmeparypu 20 xB. Ilicias 4oro A0BOJSATH PO3YMH 32
JIOTIOMOTOI0 MipHOTO HUWIHAPY 10 00’emy 1300 M. Ilicis doro miijabHO
3aKpUBAIOTh KOJIOYy BaTHO-MAapJICBUM KOPKOM, Ta BIJNPABISIIOTh Ha
CTepuJIi3aIlio B aBTOKJIaB npu Temrepatypi 112°C na 40 xs.

/P 4.3.2 IlpuroryBanus i crepuiizauiss komnosuuii b

VY peakrop-3mimryBau eMHicTiO 100 J1 momaroTh 3Ba)K€HI Ha TEXHIUYHUX
Barax (/I3-17) maBaxkku, KNOs: 80.1 r, KH2PO4: 40 1, KoHPO4: 2433 1
MgSO4x7H20: 16,2 r, NaCl: 40 r ta 81 mia po3uuny mikpoenemeHTiB (Big P 3)
IICII YOro IMOJAITh 3a JIONIOMOIOK0 JIUMIIbHKUKA-I03aTopa (JI-18) 63 1 Boawm
MUTHOT Ta TMOAAIOTh TJIYXy THapy B COPOYKY arapaTa HarpiBarO4d PO3YHH 0
70°C npwu BriroueHi mimamiti (100-150 06/xB). I1o 3aBepiieHHIO pO3UYNHECHHS
KOMITOHEHTIB 3a JIOMOMOror0  BimmeHTpoBoro Hacoca (H-20) po3umn
nepekayyoTh B iHOKyJsATop 00’eMoM 150 11 (IH-21). ITicns woro tutpyrots 6%
po3unHoM HCI mns noBemennss pH g0 3HaueHHs 4, MICIS YOTO THOKYJISITOP
3aKpHUBAIOTh T4 BCTAHOBIIOIOTH PeKUM crepumisaiii temneparypa 131°C na 30
XB.

JIP 4.4 IlpuroryBaHHS Ta CTepPUIi3allisi MOKUBHOTO CePeIOBUIIA J1JI

BUPOOHHMYOI0 KYJbTHBYBAHHS
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/P 4.4.1. IlpuroryBaHHs i cTepuirizamisa KOMIo3uIii A

VY peaktop-crepmiizatop emHicTio 20 1 (P-28) momaroTh HaBaxKy
kpoxmaio 2171 r 3BakeHy Ha TEeXHIUHMX JlabopatoHux (/[3-26) Barax Ta 3a
JIOTIOMOTOI0  piTUHHOTO fAo3atopa-miumiabHuka (JI-27) 3amuBarote 7000 mn
nuTHOI Boau. [licns momadi BoJu, MOJAIOTh MIYXY Mapy B COPOUKY arapary Ta
HarpiBaioTb po3uuH a0 70°C mpu npamrorounii mimani (100-150 o06/xB)
BUTPUMYIOUH 110 TemmepaTypy mnpoTsrom 20 XB, MmICIs 4YOro pPEaKTop
NEepPeBOSThH B peKUM cTepuimizalii 3a remneparypu 112°C na 30 xB.

/P 4.4.2. llpuroryBanns i crepuiizanis komno3uuii b

V¥ peaktop-3mimryBau eMHicTio 1000 11 (33-24) nmoaatoTh HaBaXKKU COJIEH
BiJIBakeH1 Ha TexHIyHuX Barax ([13-22) KNOs: 723 r, KH2POa: 361 r, K;HPOu:
2171 ™ MgS0O4x7H20: 144.72 1, NaCl: 361 1, CgH14CCINs:72.4r ta 723 ™M
po3unHy MikpoeneMeHTiB (Bing JIP 3) momepeaHbo 3BakeHI Ha TEXHIYHUX
7a00paTOPHUX Barax IMicjs 4YOro 3a JOMOMOIOH JIiYMIbHUKA-103aTopa (J1-23)
noAaroTh 645 51 Boau nuTHOI. Ta 3a JOMOMOro0 IIyX01 Iapu NOAAHOI B COPOUYKY
amapara HarpiBaroTh po3uuH cosieit 10 70°C mapaneabHO BKIIOYAIOYU MIIAJIKY
31 mBuaKicTIo 100 006/xB. Ilicis MOBHOrO PO3YMHEHHS COJICH 3a JOIMOMOTOKO
BiJiieHTpoBoro Hacoca (H-25) po3unH nepekauyroTh y BUpOOHUUM epMeEHTED
(®P-29) ne tutpyroth 6% pozunnom HCI nns gosenennss pH mo 3HaueHHs 4,
MICJIS YOTO BCTAHOBJIIOIOTH PEXUM cTepuiizailii temneparypa 131°C na 30 xB.

TII 5. BupoOunumnii 6iocuHTE3

TII S.1. IlinTpMaHHA KOJIEKIIHHOI KyJIbTYPH

Koneknitiny BupooHuuy kynbrypy Arthrobacter sp. LY-1 36epiraiots y
mpoOipIli Ha CKOIICHOMY IMITFHOMY arapu3oBaHomy cepefosuin Jlypis
beprani, npu temmnepatypi 2-4°C. IlepeciBu Ha CBIXKE MOXKUBHE CEpPEIOBUIIIE
npoBoAATH 1-2 pa3u Ha Mmicslb. Bei poOoTH 3 KOJNEKIIIHOI KyJIbTYpOIO MalOTh
MIPOBOJIUTHUCS B YMOBAX aCETITHUKHU.

TII 5.2. Onep:xaHHsi po0040i KyJIbTYPH ISl KYJIbTHBYBAHHSA

Arthrobacter sp. LY-1 nepeciBaeTbcs 31 ckoreHnoro arapy Jlypis beprawni

Ha yamky lletpi 3 cepepoBuiiem Jlypis beprani mMeToOM BHCHAXYHOUOIO
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MITpUXa 3a4js BUAUICHHS OKPEMHX KOJIOHIHM, Miciasi 4YOoro iHKyOyloTh Yy
tepmoctaTi npu 30°C mpotsirom 2-3-x 1i0.

TII 5.3. BupomyBaHHsl iHOKYJSITY HAa arapu30BaHUX TMOKHBHUX
cepe0BHIIIAX

OtpumMmani 130760BaHi KojoHi1 3 yamku Ilerpi (Big TII 5.2) mepeciBaroTh
neTsero B mpoOipku 31 ckomeHuM arapoM Jlypist beprani (1o ojHii KoJIOHIT Ha
npobipky). B mpobipku mepeciBaioTh 130Jb0BaHi KOJIOHII, 110 3HAXOMATHCA Ha
Bijictanl He MeHIIe 1 cM. KynpTuBytoth B TepmocTarti npu t = 30 °C (30-60 ron).

TII 5.4. BupoiuyBaHH# iHOKYJISITY B KOJI0aX-KadajaKax

B acentuuHux ymoBax y Koj0y 00’eMoM 1 J1 3 CTEpUIIbHOIO0 KOMITO3HIIIEI0
A (Bim P 4.1.1) 3nuBaroTh mpocrepuiizoBani kommnosuiio b ta B (Big JIP
4.1.2. ta JIP 4.1.3), mepeMimnytoTh 1 po3nuBaioTh 1o 150 mu y 7 xadamodHux
k0110 00’emoM 750 mut.

VY npobipky 3 pobouoro kynbryporo Arthrobacter sp. LY-1 (Bix TII 5.3)
BHOCATh 5 Mia (i3. Po3uMHy Ta CycneHayloTh KIITHUHH 3 arapy, HIINETKOIO
BIJIOMPAIOTh OJiepkKaHy OaKkTepialibHy cycrieH3ito 7-10 M1 1 BHOCSTh y Ka4allovHi
KOJIOM 3 MOKMBHUM cepenoBuileM. st 3aciBy O/HI€T KOJIOU BUKOPUCTOBYIOTh
OakTepiayibHy CYCIEH3110, oJiepkaHy 3 ojHi€i npoOipku. KynbTUBYIOTH Y
TepMocTaTuuHOMY Merikepi (220 06/xB) ipu t = 30 °C (24-36 Ton).

TII 5.5. BupomyBaHHs iHOKYJAITY B iHOKYJISITOPi 00’eMmoMm 15 o1

o xomnosutii b (Big P 4.2.2), 1110 3HaX0AUTHCS y IPOCTEPUITI30BAHOMY
iHOKysATOopl (IH-15) acentuunotro nepenayero yepes NoCiBHUNA 0a4OK 31MBAIOTh
MpPOCTEpUIII30BaHy KO0y 3 kommosuuiero A (Bigx AP 4.2.1) Ha naruyuky
nepeBipstoTh 3HaueHHs pH, Ta TuTpyrorh pozumHam 6% NaOH ([P 2.2),
noBoasuu pH 1o 3Hauenus 7.0. YUepes 3aciBHMi 6a4ok BHOCATH 0.9 1 TOCIBHOTO
marepiany (Bim TII 5.4.), KynbTuBYIOTH 1O CIOXHBAaHHS BYTJICIIEBOTO
KOMITOHEHTY kuBJeHHS 50%+ 3 4acTOTOI0 00EPTIB MEPEMINTYIOYOTO MPUCTPOIO
220 o0/xB 1 mOCTIiiiHOIO aepaii€ro BIOpoJaoBkK 22 roi. IIpobu Ha uucroTy
KyJIbTYpH, KOHIIEHTpAIlI0O KPOXMaJIl Ta a30THOTO JKWBIEHHS BiAOUPAIOThH

IMPOTATOM KOKHHX 4 T'OOUH
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TII 5.6. BupoimyBaHH# iHOKYJIAATY B iHOKYJATOPi 00’°emom 150 siTpiB

Jo kommo3utii b (Big AP 4.3.2), 110 3HaX0AUTHCS y MPOCTEPUITI30BAHOMY
iHokyssTOpl (IH-21) acentuuHoro nepenayero 4yepe3 MOCIBHUM 0a4OK 37IMBAIOTh
pocTepuTi3oBany koiby 3 kommosumiero A (Bim JIP 4.3.1). Ha matumky
nepeBipsitoTh 3HaueHHs pH, Ta tutpyrote po3unHam 6% NaOH (Bim [P 2.2),
noBonsun pH 1o 3nagenns 7.0 Ilo nmpoctepuiizoBaHUM KOMYHIKaIIsIM 1HOKYJIST
MOIAr0Th TepucTanbTHaHuM HacocoM (H-16) (Big TII 5.5.) B inokymsitop (IH-
20). KynbTUBYIOTH JO CIOXKHBaHHA POCTOBOro cybcrpaty Ha piBHi 50%+ 3
YaCTOTOI0 OO0EpTIB MepeMimyrdoro mnpucTporo 220 00/XB 1 TOCTIHHOIO
aepaiiero BOpoAoBx 22 roxa. IIpodu Ha YUCTOTY KyJIbTYpH, KOHLEHTpALiIO
KPOXMAJIIO Ta a30THOT'O KUBJICHHS BIIOUPAIOTH TPOTATOM KOXXHHUX 4 TOJAUH

TII 6. BupoOHnumii 0iocuHTe3

TII 6.1 Bupo6ounue kynasTuByBanns Arthrobacter sp. LY-1

VY mnomnepenHpo mpoctepuiiizoBaHui 3 kommosuiieo b (Big AP 4.4.2)
depmentep 06’emom 1.25 m® (OP-29) 3 peaxropa crepuiizaTopa Ha 20 miTpis
(P-23) 3nuBatoth npoctepuiiizoBany kommnosuiiito A (Big P 4.4.1.). BmukaroTts
nepeMilyrounidi npucTpii 1 1oBoAsITh 6 %—m po3zunHoMm NaOH (Big AP 2.2.) pH
CepelloBHIIa 3a MOKa3HUKOM Aatuuka pH mo 7.0 , miaTpuMyroud 11l 3HaYEHHS
MPOTATOM BCHOTO MEpioay KylbTUBYBaHHS. Uepe3 crepuibHI KOMYHIKaIlli 3a
JIOTIOMOTOI0 TpyOHU TIepeTHUCKYBaHHs TepekauyroTh 1HOKyJaT (Big TII 5.6.) Ta
KyJIbTUBYIOTh JIO CIIOKMBAHHS BYTJEIEBOro cyocrpaty 95+%, BIANMOBIHO, TIPH
t = 301 °C 3 yacTroTor0 00epTiB MepeMilryro4doro npuctporo 220 06/xB 1
NOCTIiHOIO aepaniero  mpotsiroM 48 roauH. [IpoOu HaA YUCTOTY KYIbTypH,
KOHIICHTPAIII0O KPOXMAaJI0 Ta a30THOTO JKHUBJICHHS BIIOWMPAIOTh MPOTATOM

KOXXHUX 4 roguH
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PO3/I1J1 8. OTPUMAHHS BIOIIPEITAPATY JJIsA
BIOJIOTTYHOI'O OYUIIEHHS IPYHTY

barato ¢epmepiB BUKOPUCTOBYIOTH XIMI4HI J0OpHBa IS ITiABUIIECHHS
BPOXKaHHOCTI CITBCHKOTOCIOIAPCHKUX KYIBTYp. AJle IHTEHCHBHE BUKOPUCTaHHS
XIMIYHUX JIOOpHMB pyHHYE IPYHT 1 3a0pyaHIOE JpKepella BoaAW. BOHO Takox
BOMBa€ JIOIIOBUX YEPB'SKIB 1 KOPHUCHI MIKpoopraHizmMu. ToMy BaXJIMBUM €
30araueHHsl TPYyHTY LUISIXOM BHECEHHs 10 Hboro OiompemapatiB. KopwucHi
MIKpOOPTaHi3MH Yy CKJIaJl Takux OlompenapaTiB poOJSATh IPYHT ITYXKHM,
OaraTuM, pPOJIOYMM 1 3aXHINAIOTh POCIMHM Big XBOpoO. biompemnapatu
30UTBIIYIOTh KUIBKICTh KOPHCHHX MIKPOOPTaHI3MIB y IPYHTI Ta 30UIbIIYIOTH
KUTBKICTh JIOIIOBUX YEPB'AKiB [73].

Pinki OlompenapaTd MICTATh cHelU(pIYHI KOPUCHI MIKPOOPraHi3MH,
3matHi (IKCYyBaTH, PO3UYMHATH a00 MOO1II3yBaTH IMOXKUBHI PEUYOBHUHU POCIHH
3aBJISIKM CBOiM O10JI0T1UHINM aKTUBHOCTI. BukopucTanHs piakux Giompenapari €
OJTHIEIO 3 HAHUTICPCIIEKTUBHIMINX Ta HAHCYYaCHIIINX TeXHOJOTIH [74].

ATpa3uH € poCIOBCIOKEHUM IrepOILUIHUM PEnapaToM CeJIEKTUBHOI Ail.
Sk Bigomo, Oakrtepii Bumy Arthrobacter Sp. maroTh 37aTHICTH PO3KIAATH
aTpa3uH Ta BUKOPUCTOBYBAaTHM HOTrO B CBOEMY METa0OdI3MI SIK JDKEpPesio
BYIUICIICBOIO Ta a30THOTO JkuWBJICHHA. [lomepemHiii KypcOBHH IMPOEKT
MPUCBSIYCHUN PO3POOILIl TEXHOJOTIYHOI cxeMu OlocuHTe3y Oiompenapary 3
BHKOPHCTaHHSIM HOBOTIO IITaMy aTpa3uH jerpaaytounx Oakrtepiii Athrobacter
LY-1. Jlanum OiompenaparoM IJIaHyeTbcsi OOpOOIIOBaTH I'PYHTH, MpPU3HAYEHI
JUTSl IOCAJIKU KYKYpPYA3U Ha TEPUTOPIT YKpaiHu.

dakTtuyHO Olompemapar SBIsSE€ COO0OI KyJIbTypaJbHY PIIUHY MICIS
BuporryBanas mTamy Athrobacter LY-1. B ompanpoBaniii cratTi BUTpaTh
KyJbTYypaJbHOI PIAMHM Ha OOpOOKY 3a0pyIHEHOTO TPYHTY CKIAIarTh S5 MI

KyJIbTypaibHOl pignau Ha 200 1 3a0pyaHeHoro rpyHry [44].

HYXT BTEK 04.03.25 KP 113

3mu. |JIuct | Ne moxym. ITigmuc Jlara

Po3pob. Mapmunenxo A.0. PO321UI g OTpI/IMaHHSI JIiT. Apk. Apky1iiB
ITepesip. Pesniuenxo 10M Gionpenapary uist 6i0JIOri4HOTO | | 81 >
Peyens. OYHILEHHS IPYHTY Kadenpa BTM
H. Koump.

3ameepo. Cmabnixoe B.I1.




Swarnali Duary 31 cmiBaBTOpamu y crtarTi [/4] 3acBiI4Wid IepeBaru
BUKOPHUCTAHHSA PIIKUX OlompemnapariB Ha OCHOBI KYJIbTYPaJbHOI PIIUHH
BUPOIIIEHOTO MikpoOHOro mnpoayueHnta. Cepen LMX TMepeBar BHUIUISIOTH
3MaTHICTh 10 30epiraHHs TpoTaroM 12-24 MicAIiB, 3aBOSKH CHHTE3Y
JOCITIIKYBAaHUMU IITaMaMU CIIELIAIbHUX PEUOBUH, IO CIPUSIOTH MOI0BKEHHIO
TEPMIHY TPHUIATHOCTI, CTIMKICTh JI0 YJbTpadiosieTOBOro BHUIIPOMIHIOBAHHS,
BIJICYTHICTh BTPAaTH BJIACTUBOCTEH MpH 30epiranHi 3a TemmepaTtypu 1o 55° C,
OlMBIIMI TMOTEHIan JyIi OOpoThOM 3 TMAaTOreHHOK MIKPOQIOpOro, IO
3HAaXOJUTHCS B TPYHTI, 3PYYHICTh 3aCTOCYBaHHS, BHCOKa (pepMeHTaTHBHA
aKTUBHICTh, 3JATHICTh JO ajanTaiii 70 MICIIEBUX YMOB HaBKOJHUIIHBOIO
cepenoBuIla. {7 CydacHOTrO CLIbCHKOTO IOCIOAAPCTBA 1€ Ty’KE€ €KOHOMIYHO
BUT1JTHO, €EKTUBHO Ta MMPOCTO y BUKOpUCTaHHI [74].

Opnak ciijg miaidpaTy BiAMOBIAHI JOMOMIXKHI PEUOBHHM JIJIs cTa01I13a1li
CKJIaJy TaKoro Olompernapary Jijisi ONTUMAIBHOTO 30epiraHHs Ta peajizarlii.

VY OlompenapaTtax Ha OCHOBI HOCIiB (TBEpAMX) TEPMIH MPUJIATHOCTI
MIKpOOpPTraHi3MiB CTaHOBUTH Jumie 6 MicsamiB. BoHu He criiiki 70
yibTpadioneToBOro  BUIPOMIHIOBaHHS Ta  Temmeparyp noHaxg 30°C.
KoHnieHTpariiss MikpoopraHi3miB y CKJIaal Takux OiomnpenapariB CTaHOBHTH
mumie 10¢ KYO/mn Ha MomeHT BupoOHuUIITBA. L[ KITBKICTh 3MEHITYETHCS JIEHD Y
neHb. [li HEemoJKM MOXHA BHIPABUTH Ta YCYHYTH IIISXOM BHKOPHUCTAHHS
pigkux OlompenapatiB. TepMmiH NpPUIATHOCTI TaKWUX PIIAKUX OlompenaparinB
BUILMHI, HIX Y TBEpJUX Olompenapartis, 3a paXyHOK BICYTHOCTI 3HAYHOI BTpaTH
JKATTE3MATHOCTI [75].

Tak, nmocmimkenus [75] Oyno mnpoBenEeHO 3 METOK PO3POOKH Ta
BU3HAYECHHS TEPMiHY MPHUAATHOCTI PiAKUX OlonpenapariB e(EeKTUBHUX ILTaMIB
(mpencraBauku  poaiB  Rhizobium, Azotobacter, Azospirillum ta Bacillus
megaterium) 3 periony ['OHKOHI 3 BHKOPHUCTAHHSM PI3HUX KIITHHHUX
IPOTEKTOPIB Ta MOXXHBHUX PEUYOBUH Yy PIAKOMY cepeloBHIll. K KIITHHHI

POTEeKTOpU BUKOpUCTOBYBanucs riirnepun (0,5%), nomisiaummipomigon (I1BII,
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0,5%), momerunenrmikonb (IIEI, 0,5%), rymiapa6ik (I'A, 0,5%) Ta anprinar
Hatpito (AH, 0,1%).

CratTs 3acBimuye, 10 piki OlompemnapaTtH, A0 CKIAIy SKUX J10JaBajiv
[1BIT ta rmiuepud y kinbkocTi mo 0,5% BiamoBigHO, 30€periv MaKCHMAallbHYy
KUIBKICTB KUTTE3AATHUX KJIITUH Y BCIX IITaMaXx.

[TatenT [76] onucye cnocid oaep:kaHHs piakoro oionpenapary. CrodaTky
MPOBOJMIM OTPUMAHHS 1HOKYJISTY Ta BUPOOHWYE KYJIHTHBYBAHHS IITaMYy.
Kynerypaneny piauHy 30epiraiu  mnpu nepemimryBanHi  80-120  00/xB,
niaTpumytoun temmepatypy 30-32°C mpotsrom 24-48 romuH. Tum dacom
roTyBaJii PpPO3YMH 3 KOHCepBaHTaMH — 67,5 kr riiuepuny, 31,5 kr
kapooxcumetumentono3n (KMLI), 110 r poxeBoro 6eHraibcbkoro (6apBHHK),
nonaBanu 3200 xr Bogau. 3HaueHHsa pH nmoBoawnmm no 6,8-7,2 3a 4OMOMOroOrO
COJIIHOI KHUCIOTH Ta TIAPOKCHAY Kajito. 3arajJibHUii 00CST PO3YUHY
KoHcepBaHTIB craHoBUB 3300 kr. Ha ocHOBI 1IbOr0 MOXHa BHUpaxyBaTH, IO
yacTka rmnepuny ckiaagae 2%, KMI — 0,95%, 6apsaunka — 0,003%.

[Ticns uporo crepumnizyBanu mpu 121°C npotsrom 30 XBWINH M1 THCKOM
15 ¢ynTis. Ilicns crepuiizalii 0X0I01KyBalIH IIJISTXOM 0J1a4l XOJIOAHOIO BOAU
B COpPOYKY peaktopa [76].

[ToTiM gomaBanu KynbTypaidbHy PIIUHY Y AaHUN PO3YWH, TEPEMIITyBalu
0 TIOBHOTO PO3YMHEHHS Mpu nepeminryBanHi 60-80 00/xB, MiATPpUMYHOUYH
temrepatypy 30-32°C npotsirom 1 Trxus. [IpoBoaunu po3nus Oionpenapary B
aCeNTUYHMX YMOBAaX, MO0 YHUKHYTH 3a0pyIHEHHsS, B 1 JITPOBI IUIALIKH.
["'epMeTHYHO 3aKyMMOPIOBAIH TIISAIIKA KPHUIIKAMHU Ta BIAMPABIISIN HA PeaTi3alliro
[76].

Takum 4MHOM, Ha OCHOBI PO3MISIHYTO1 1H(QOpMALIii, TOJIaHOT B Cy4acHIN
HAyKOBIN JITEPATypi, MOKHA PO3POOUTH TEXHOJIOTII0 OTPUMaHHS Olompemnapary,
110 MICTUTUME KyJIbTypaibHy pinuny Athrobacter LY-1.

SIKmo KiHUEBMM MPOAYKT 1€ KYyJbTypajbHa pPiAMHA, TO PO30aBIATH ii

BOJOIO, a TakKoX BIOAUIATH OioMacy HEAOUUIbHO, OCKUIBKA came IMpH
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CHUHTE30BaHIM KOHILIEHTpalli KIITHUH MPOAYLIEHTa IOCATaTUMETbCS 3asBICHHI
edekT Oiloaerpaaarlii aTpa3uHy Ta MOKPAIICHHS TPYHTY.

Tomy OyayTh IpoOBeACHI HACTYITHI CTaIii:

1) 3BaxxyBaHHS JOIOMDKHHMX PEYOBHH 3 PO3PAaXyHKY Ha KOHKPETHY
napTito Oionpenapaty: riineput (2%), KML] (0,95%). JonaBanus
OapBHHKA HEJOLUIBHO Ta €KOHOMIYHO HEBUTIHO, TOMY HE OyaeMo
JI0J1aBaTH 1€ KOMITOHEHT JI0 PEIenTypH Olompemnapary.

2) Tlogaya KyabTYpajabHOI PITUHH IO PEAKTOPA;

3) IlocTymoBe BHECEHHS JOMOMDKHHX PEYOBHH 0 pPEaKTOpa MpH
nepeminryBanHi 60-80 00/xB, miaTpumyrouu Temmeparypy 30-32°C;

4) dacysanHs Oionpemnapary y kanictpu 06’emom 1000 11 (eBpokyOn)
3 XapyoBOTI'0 MOJIIETUIIEHY BUCOKOT IIUTBHOCTI [77].

Ha xanicTpu HaHOCSTH TEXHIUHE, 17eHTU(IKAIIITHE Ta MONepeIKyBaIbHe
MapKyBaHHS BIAMOBIIHO JIO BUMOT TEXHIKA O€3MEKH, TPAHCIIOPTYBAaHHS Ta
CLIIbCHKOTOCTIOAAPCHKOTO PETYIIOBAHHS.

3aranpHa cxema BUpOOHMIITBA  OlompemapaTy, [0  MICTUTUME

KyJIbTypalibHy pinuny Athrobacter sp. LY-1, 300paxkena Ha pucyHKy 8.1.
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JEaXRYEAHHA JONMOMEKHHX
PedOEHH

&

EyasTypaTeHa pioHmHa l ITogaua KyIBTYPAIBHOI
Athrobacter LY -1 PiAHHH J0 peakTopa

4

[ mimepHE. IlpuroTyEaHHsa Dionmpenaparty
' NpH nepemimyeanxi 60-30

Eap0OKCHME THIIETHI0E -
od/xB, Temmeparypi 30-32°C

&

Kamictpm of’emone 1 3'  |EEp | Pacysanns Sionpemapary

¢

ETHKeTYEAHHNA, HAHECEHHHA
MAPKYBaHHHA

¢

bionmpenapat Ha peaTisaliin

Puc. 8.1. Cxema BupoOHHUIITBa Oionpenapary Ha OCHOBI KyJbTypaJlbHOT

pinuau Athrobacter sp. LY-1.
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PO3/ILT 9. KOHTPOJIb CTAIN KYJIbTUBYBAHHSI
ARTHROBACTER SP. LY-1
9.1. BuzHayeHHs1 KOHLIEHTpauil HiJIbOBOro NPoAYyKTYy (0iompenmapar
Ha ocHoBi Arthrobacter sp. LY-1) 3a nonomororo cnekTpodoTomeTpii
IMpuHOMn MeToay:
Merton nosisirae y BUMIPIOBaHHI ONTUYHOI TYCTHHHU TPH JIOBXKHUHI XBHII
600 HM, 100 BIACTEXKYBAaTH PO3BUTOK OAKTEPiaTbHOI KYyJIbTYPHU B MOKUBHOMY
cepeloBuIll. 3MiHA ONTUYHOI TYCTUHU BKa3y€ Ha 3MIHY KOHIEHTpaIlii KJIITHH,
AKi pOOJATH CYCIEH3II0 ONTHYHO MIUIBHIMIOK. 3aBAsSKA  TOOYIOBi
KaJIIOpYBaJIbHOI KPUBOI MO’KHA BIJCIIAKOBYBaTH 3MIHY KOHIIEHTpALll KIITHH
IOPOTATOM YChOTO NEpPioAy KyJabTHUBYBaHHS. Lle 03Boss€ 3p0O3yMITH JUHAMIKY
pOCTy Ta PO3BUTKY OakTeplaJbHOI KYyJbTYpH 1 BYAaCHO 3yNUHUTH IPOIIEC
KyJIbTUBYBaHHA. AHalli3 OakaHO MPOBOJAUTH KOXKHI KUJIbKa TOJIMH, ajie He pijie
ofHOro pasy Ha 12 roguH. ['OJIOBHMM HEIOJIIKOM METONYy € HEMOXIJIUBICTb
BHU3HAYECHHS KOJIOHIEyTBOproounx oauHuips (KYO), ane ioro nepeBaramu €
IIBUJIKICTD 1 HU3bKa BapTICTh aHam3y [78, 79].
HeoOxigni maTepiajmu:
e KynwsTypanbsHa piiiHa Ha IEBHOMY €Talll KyJIbTUBYBaHHS
e Yucre, He3acisiHE OKUBHE CEPEIOBUIIIE
e 2 KIOBETH BUCOTOIO 1 CM 3 IJ1acTUKy abo CKJia
e CnexkTpooToMeTp, 3AaTHUI MpaoBaTH MpU A0BKUHI XBUial 600
HM

L4 I[I/ICTI/IHBOBaHa BOoJda AJIs1 OYMIIICHHA KIOBCT
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YMOBH MpOBEECHHS AOCTIIKEHHS:

Bin6epite 3 Mi KyJapTypanbHO! PIAMHM 3 TOXHUBHOTO CEpPEIOBHINA, IE
KyJnbTUBYEThCS Arthrobacter sp. LY-1, i 3 M1 4UCTOrO MOKUBHOI'O CEPEIOBHINA,
K€ BHUKOPUCTOBYBAJOCS Ui KyJlbTUBYBaHHA. Hamamryiite criekrpogoromerp
Ha JOBXHHY XBuIl 600 HM. 3allOBHITH OJJHY KIOBETY KYyJbTYpalbHOIO PIIUHOIO,
a 1HIOIy — YUCTUM IOXKUBHUM cepefoBuiieM. CHo4yaTKy HOMICTITh KIOBETY 3
MOKMBHUM CEPEIOBUILEM y MPWIa] 1 OOHYIITh 3HAYEHHS ONTHYHOI T'yCTHHH.
[ToTiM, HE 3MIHIOIOYM HaJaIITyBaHb, 3aMiHITh KIOBETY Ha Ty, IO MICTUTh
KyJIbTypajdbHy PiAUHY, 1 3aMUIITh MOKa3HHUK. [licis KUIBKOX BUMIpIOBaHb Ha
PI3HMX eTanax KyJbTHUBYBaHHS NOOyAyHTE KaliOpyBaJIbHUM rpadik.

Cnekrpodoromerp 722G [79]

JUisi mpoBEeNEeHHsS LBbOr0 aHali3y MOXXHa BHUKOPHUCTOBYBAaTH Oyab-sKHM
CHEKTPO(OTOMETD, ane MHOIO IPONOHYETHCS BUKOPHUCTOBYBaTH
Cnekrpodoromerp 722G KUl npu3HAUYEHUH U1l KIJIbKICHOTO aHali3y peyOBHH
IUIIXOM BUMIPIOBaHHS NPOIYCKAaHHS CBITJIA, IO 3aJIEKUTh BIJ KOHUEHTpALl.
Bin ocnarmenuii 0JHOMPOMEHEBOIO CUCTEMOIO 3 AUMPAKIIIHHOI PENIiTKOK Ha
1200 wmTpuxiB/MM, 1O 3abe3leyye TOYHICTh BUMIpPIOBaHb. BinoOpakeHHs

pe3yabTariB 3aiicHI0eThes Ha LCD aucmiiei 3 miacBiuyBaHHSIM.

722

Puc 9.1. Komepiiiitae 300pakenns criekrpodoromerpa 722G [79].
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Tabnuys 9.1

Xapakrepuctuka crekrpodoromerpa 722G

XapakrepucTuka

3HaYeHHA

BupoOHuk

BiacHe BUpOOHHUILITBO

Kpaina BupobHuK

Kwuraii

OnrtryHa cucremMa

Onnonpomenesa, 1200 mwtpuxis/mMmm

I[iana30H JOB>XHWH XBHJIb, HM

325 - 1000

[ToxnOKa BCTaHOBJIEHHS XBUIII +2 HM
[MIuprHa cnekTpajIbHOTO
. P P 5 1M
IHTEepBAILY
Jliana3oH BUMiprOBaHb (A) -0,301 - 4,000
["aGapuTtHi po3Mipu, MM 550 x 430 x 200
Maca, xr 11 kr
: CrnekrpodoTomeTp, HaOIp KIOBET,
Komriekrarist ; )
Ka0eJb JKUBJICHHS, IHCTPYKIIis
I"apanTis 6 MICAIB

9.2. BuznaueHnsi THTPY HijiboBOTO MpoaykTy Arthrobacter sp. LY-1

OckuIbKU CHEKTPO(POTOMETPUYHHM aHalll3 JAEMOHCTPYE JIUIIEC JTUHAMIKY
pocty OioMac, 1 MOKE€ BHUKOPHCTOBYBATHUCS JIMIIIE SIK €KCIPEC METOJ aHali3y
JUIsl TOOYZOBM KPUBOi POCTY, TO TaKOK HEOOXIIHHUW aHali3 TUTPY KYJbTYypH
KYO/mi, ockinpku camMe NEBHHM THUTP >KUTTE3NATHUX KIITHH € IILJIbOBHM
MPOJYKTOM O10CHHTE3Y.

Jlnst aHamizy THTPY KYJBTYPH TIPOIMOHYETHCS BUKOPHCTOBYBATH METO]]
CEepIMHUX pO3BEACHb 3 MOJAJBIINM BHCIIOBAaHHSM KIHIIEBUX PO3BEJICHh Ha
yamky [letpi 3 noxuBHUM cepenoBuiiem Jlypis bepraHi.

MeToauka TIpoBeleHHSI aHAJI3y CepiiiHUX Ppo3BelleHb JIA
BU3HAYCHHS THUTPY OaKTepiil

Marepianu:

- CTepuiibHUI 3pa30K OakTepiit

- CTepuiibHI MINETKHA

- CrepusibHUN (P1310JIOTTYHUI PO3YUH

- JKuBuibHI arapoBi cepenoBuiia
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- [llmaTemni qyst BUCIBY
- Tepmocrar
MeTtoauka:
1. [TinroToBKa pO3BEACHB:
- BukopucToBYIOYM CTEpWIbHY MINETKY, Aojaaite 1 mi 3pa3ka B 9 mi
CTEepUJILHOTO PO3YMHHMKA, YTBOPIOOUM po3BeaeHHs 1:10.
- [lepemimatu KpyroBuMu ooepTamMu.
- TloBTOploiiTe 1€i mpolec, CTBOPIOIOYM CEpil0 pO3BEIEHb 10 &
pO3BEICHHS
2. BuciB Ha KUBUIIbHE CEPEIOBUIIIC:
- Bizemite 0,1 M 3 6,7 Ta 8 po3BElICHHS Ta BHCINTE Ha IMOBEPXHIO
arapy.
- Posmoainite 3pa3ok MO MOBEPXHI arapy CTEPHIBHOIO TETIICI0 abo
[ITaTEIEeM.
3. TukyOartis:
- [ukyOyitTe vamku npu BiAnoBiaHIN Temneparypi 30°C npotsirom 24-
48 roauH.
4. TlinpaxyHOK KOJIOHIH:
- Ilicna 1HkyOarii migpaxydTe KUIBKICTh KOJIOHIM Ha 4Yallkax 3
BIJIMOBITHUMHU PO3BEACHHSIMH.
5. Po3paxyHok TUTpY OakTepii:
- Pospaxyiite kuibkicte KYO Ha wMutumnTp 3pa3ka, BpaxOBYIOUHU

po3BeneHHs. KiTbKicTh KOJIOHIH Ha IEBHOMY po3BeeHi Biamnosigae Tutpy [80].
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INCubane M X7 0 Tor 24 hou

Puc 9.2. CxeMaTu4He 300paKeHHS TEXHIKH cepiitHUX po3BeneHsb [80].
9.3. KOHTPOJIb a30THOT0 KM BJICHHS
OCKUIBbKH 3T1IHO CKJIaJy MOKMBHOTO CEPEIOBUINA TOJIOBHUM JKEPEIOM
azory € KNOjz T00TO mKepeno HITPaTHOTO a30Ty, TO MPOMOHYETHCS
BUKOPHCTOBYBATH CIIEKTPOYTOMETPUIHY METOJUKY 3 BUKOPUCTAHHSM PEaKTHUBY
I'pinca, 3a MPOTOKOJIOM 13 3a3HaYeHOTO pKepena [81, 82].
Pearenrn:
o Banamiit (IIT) xnopuxa (VCls).
o Cynsdaninaminy (SULF).
o N-(1-madTun)-etunenmiamin (NEDD).
o Coul HITpaTIB Ta HITPUTIB.
o 1MHCI.
o H3POa (six anerepuatuBa HCI).
Incrpymenru:
o MIKpOTUTpOBAJIbHA MJIAHIIIETKA.

o Cnekrpodoromerp 3 abcopoOiriero Ha 540 HM.
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o @inpTpartliiiHa cucTema JIjsi OYUIIEHHS BOJU.
MeTtoauka:
1. IligroroBka:
o IlpuroryBanns nacuuenoro pozunny VCl: 8 1 M HCL.
o Pozuunenns NEDD (0.1% w/v) y Boai, SULF (2% w/v) y 5% HCI a6o
H5POu.
o OinpTparis s BUAAICHHS YaCTOK.
o IligroroBka cTaHIapTHUX PO3YHMHIB HITPATIB 1 HITPUTIB.

2. [IpoBenenHs aHamizy:

o YBIMKHEHHSI MIKPOTUTPOBAJIbHOI IUIAHIIETKH Ta 3aBAaHTAXEHHS 3pPa3KiB

(100 pt koxkHOTO 3pa3zKa).

o JlomaBanns 100 pn po3unny VCls 10 K0KHOT pOOIpKH.

o IIBuake nmomaBanns 50 wi pearenra SULF 1 50 wn NEDD.
o IukyGaris npu 37°C na 3045 XBUIHH.

« BuwmiproBanns adbcopOuii npu 540 HM.

Pospaxynok pezyromamy

[ToObynoBa kaniOpyBaapHOI KpuBoi B maianazoHax konmeHtparii KNO; Bin
O mo I r 3 marom 0.2 © Ta HAaHECEHHS OTPUMAHOTO PE3YyIbTATy Ha
KalliOpyBaJIbHYy KPUBY.

9.4. Mikpoo6inoriyHuii KOHTPOJIbL BUPOOHUIITBA
9.4.1. KoHTpPOJIb CTEPUJIBHOCTI MOKMBHUX CepPeI0BHIIL

MikpoO10JIOTIUHUNA KOHTPOJb CTEPUJIBHOCTI TMOXXMBHHUX CEPEIOBUIL
MPOBOAUTLCA JIJISI YHUKHEHHS KOHTaMiHAIli TpH MIATOTOBI[l TMOCIBHOTO
MaTepiajy Ta Mij yac KyJIbTHBYBAHHS.

Kiacuynuii MeToj KOHTpOIIO Mependadae BHCIB MPOCTEPHUIII3Z0BAHOTO
MOKMUBHOTO CepeoBHINa Ha 4ariku [leTpi, 3aroBHEHI PiI3HUMU CEICKTUBHUMHU
CEpEIOBUIIIAMU: OJIHE CEPEOBUIINEC MOBUHHO OYTH CEJIIEKTUBHUM JI0 TPHOIB 1
JTPIKIKIB 13 CIA0KO-KUCIIOK PEAKIIEI0, a 1HIIE — CEJIEKTUBHUM 10 OaKTepiil 3

HEUTPATBHOIO PEAKIIIETO.
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[Tepen kynpTEBYBanHsIM Arthrobacter sp. LY-1 HeoOXimHO nepeBipuTH
MOKWBHE CEPEIOBUINE HA BIJACYTHICTh CTOPOHHBOI Mikpoduiopu. s mboro
BUKOPHCTOBYIOTh TPH CEJICKTHBHI CepeqoBHINA: M’sco-menToHHWA arap (s
OaxTepiit) Ta cycnmo-arap (i1 IpHKIKIB 1 TpUOiB), a TAKOXK PiFKE TIOTIIIKOJIATHE
CepeOBHIIIE VISl IEPEBIPKH aHACPOOHUX OaKTepiil, OCKUIBKU KyJIbTUBAIlis Oy/ie
MIPOXOJUTH B aHAEPOOHUX YMOBaX.

MeToauKa KOHTPOJIIO CTEPUJILHOCTI:

1. Ilicms crepwmizaliii, KOJM TeMIleparypa IOKHBHOTO CEpEIOBHUIIA
3HIKYEThCS HIKYe 30°C, cTepriibHO BiOepiTh poOy 06’ emMom 20 M.

2. B acenTtuuHuX yMoOBax BUCIMTE 1 MJ MOXUBHOTO CEpEOBHUINA HA ABI
nigroronieHi yamku [etpi (MITA 1 cycno-arap) i B mpoOIpKy 3 TIOTTIKOJISATHUM
CEpEIOBHIILIEM 32 JOMOMOTOI0 CTEPHIIbHOT MITETKH.

3. InkyOyiite uvamku Ilerpi 3 MIIA 1 mpoOipky 3 TIOTIIKOIATHUM
cepenoBuieM npu Temreparypi 37°C, a wamky Ilerpi 3 cycino-arapoMm mnpu
27°C.

4. TaxyOaist Tpuae 30 roaun. Koxui 10 roguH nepeBipsiiiTe 4amiku Ta
npoOipky. He mnoBHMHHO OyTH >KOAHOrO pPOCTY KOJOHIM Ha yamkax ado
MOMYTHIHHS B MPOOIPIIi 3 TIOTIIKOISATHUM CEPEAOBUILEM (TIOPIBHIONTE 3 HOBOIO
cTepuiIbHOIO Ipobipkoro 3 TC cepemoBuiem).

9.4.2. KOHTPOJIb YHCTOTH KYJIbTYPH

MikpoOioJIOTIUHUNA ~ KOHTPOJb  YHCTOTH  IOCIBHOTO  MaTepiary
IPOBOJUTHCA 3 METOK TEPEBIPKM YHUCTOTH MOCIBHOTO Marepiaiay, TOOTO
HasIBHOCTI Oy/Ib-SIKMX IHINMMX MiKpoopraHi3miB okpim Arthrobacter sp. LY-1 B
KyJIbTypanbHi piguHi. KOHTPOIh MPOBOAUTHCS MUISIXOM MIKPOCKOTIIOBaHHS Ta
BUCIBY Ha yamiku [leTpi 3 MeTo010 JOCIIIKEHHS MOP(OJIOTii KOJOHIH.

Jnia BuciBy Ha vamiku [letpi Oyae BUKOpHCTaHO 2 MOKHBHI CEPEOBUINA,
a came arap Jlypis beprani, sike Oyno BHUKOPHCTAHO ISl KOJCKIIOHYBaHHS
KyJBTYPH, 30KpeMa Juisl epekTuBHOTO Ta mBuakoro pocty Arthrobacter sp. LY-

1, Ta Cycno-arap aJis BUsIBJICHHS TPUOiB Ta APIKIKIB.
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Puc 9.3. Mopdomnoris kit Arthrobacter sp. LY-1 y ciTiioBoMmy

MIKpPOCKOTTI.

Isolate B,' .

J

Puc. 9.4. Mopdounoris xonowniit Arthrobacter sp. LY-1 na arapi Jlypis
bepraHi.

Xapakrepucrtuka koJsoniii Arthrobacter sp. LY-1 na arapi Jlypis
Beprani [83]:

®dopma kogoniii: Komonii Arthrobacter 3a3suuaii MawoTh OKpyriy
dbopmy. Bonr MoxxyTh OyTH HEBETUKUMHU 1 MAIOTh PI3HY TEKCTYPY, YaCTO MAIOTh
HeperyJsapHUi a00 XBUJIACTHIN Kpak.

Kouaip: Kononii MoxyTb MaTH Oinmid, >KOBTYBaTUW abo0 cCipuil Kouip.

Jeski BUIM MOXKYTh YTBOPIOBATH MITMEHTOBAH1 KOJIOHII.
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Texcrypa: Koumonii Arthrobacter wmoxyrs Oytu Tnaagkumu — abo
3epHUCTUMH. TEKCTypa MOXKe BapiroBaTUCS BiJ M SKOi 0 TBEPJOi.

IloBepxnsi: IloBepxHs KOJIOHIM MoOXe OYTHM PpIiBHOIO abo 3Jerka
3MOpIeHO0. [leski KOJIOHIi MOXKYTh MaTH HIOPCTKICTb.

Pict: KoJsonii 3a3Buyail MaroTh PICT, IO PO3MIMPIOETHCA MOCTYIOBO, 1
MOXYTh OYTH IOCUTh BEJIMKUMH TP TPUBATIH 1HKyOAITii.

Mopdoaoriuni xapakrepuctuku kiaitun Arthrobacter:

@opma xknimun: Knituau Arthrobacter 3a3sudaii MaroTh MaJIHYKOIOIIOHY
abo mwrHIpu4YHY (Gopmy. BoHm MOXyTh OyTH OAHO- a00 JBOCTOPOHHIMH,
4acTO MAIOTh XapaKTepHUW BUIJISAA "KOPOTKUX" a00 "kBajpaTHUX" MaInvoK.

Pozmip: Knituan Arthrobacter marotes posmip Big 0,5 mo 1,0 Mkm B
mpuny 1 Big 1,0 mo 2,0 Mkm B JoBxuHY. Po3Mip Moxe BapitOBaTucs B
3aJIEKHOCTI Bl YMOB KYJIbTUBYBaHHS.

Posmawysanns knimun: KMTHHA MOXYTh OyTH pO3TallloBaH1 MOOAMHOKO
a00 yTBOpIOBAaTH IMapu, KOPOTKI JAHIIOKKKA a00 MIKpokoJyioHii. Bonu He
YTBOPIOIOTH JIOBT1 JAHIIIOTH 200 KJIACTEPH1 CTPYKTYpH.

I'pam-nosumuenicms. Arthrobacter € rpam-mo3uTHBHUMHU OaKTEPisIMH.
[Tpu rpam-hapOyBaHH1 KIITHHU 3aTUIIAIOTHCS (D10JETOBUMU (TpaM-TIO3UTHBHI).

Cnopu: Arthrobacter 3a3sudaii He yTBOPIOE CIIOPH.

9.5. KoHTpOJIb BYIJI€I€BOT0 KUBJICHHS

B 3a3HaueHOMYy MOXXMBHOMY CEpEAOBUIII OCHOBHUM Ta €IUHUM
JDKEpEIOM  BYTJICII0 BUCTYMAa€ KpOXMalb, SK BIIOMO KpOXMallb €
MOJTiCaXapuaoM, SIKAW CKIIQAA€ThCs 3 MOHOMEPIB TIIIOKO3H, TIEPE/I CIIOKUBAHHSIM
KpOXMAJII0 KJITUHOK, MOro HEOOXIMHO TipOJIi3yBaTH TIAPOTITHYHUMH
CK30KIITUHHUMHU (epMeHTamMu — aminazamud. ToMy Uil aHamizy AMHAMIKH
CIIO’)KUBAHHS ~ BYIJICIICBOTO  JKUBJICHHS TPOIMOHYETHCS  BHUKOPUCTOBYBATHU
CHEKTPOPOTOMETPUYHHIN aHaIII3 KOHIIEHTpAIlll KPOXMAJII0, 3a JOMOMOTO0 WO/ -
KATIMHOAUCTOr0 pPEeakTUBYy, IO Ja€ 3ab0apBieHy B TEMHO(]DIOJETOBUH KOJIp

CTOJYKY, sIKa MOTJIMHAE CBITJIO Ha A0BXKUHI XBUJ1 600 HM [84].
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9.5.1. MeToauka BU3HAYEHHS KOHIEHTPAaLil KPOXMAJII0
[Ipouenypa
[ToGynoBa kamiOpyBabHOTO Tpadika
1. Ilpurotyiite ctangapTH1 po3unHU Kpoxmamo (Hampukiana, 0, 10, 20, 40,
60, 80, 100 MKr/™mi).
2. Jlo xoxHoro cranaapty (1,0 M) nonaiite 5,0 mi peaktuBy I-KI.
3. AxypatHo nepeMmimaiite 1 3anumre Ha 10 XB mpu KIMHATHINM TeMIepaTypi.
4. BumipsiiTe onTH4Hy TrycTHHY mnpu 600 HM (BUKOPHUCTOBYMTE
JTUCTUIILOBAHY BOAY SIK KOHTPOJIb).
5. TloOynyitte rpadik 3aJIe)KHOCTI ONTHYHOI TYCTMHHM B1JI KOHIIEHTpaLii
KpPOXMaJIo.
B. BumiproBanss 3pa3kiB
Bi3pMmiTh 1,0 MJI KyJbTYaJIbHOI PIAMHH Y YUCTY IPOOIPKY.
Honaiite 5,0 ma peaktuBy I:-KI, nepemimaiite.

InkyOyiite 10 XB mpy KIMHATHIM TeMIIepaTypl.

-l

Buwmipsiite ontuyny ryctuny npu 590 HM.
3a 70mOMOrorw KaiaiOpyBajdbHOTO rpadika BU3HAUTE KOHIIEHTPALIIO

KPOXMAJIO y 3pa3Ky.
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Tabnuys 9.2

Kapra Touok KOHTPOJITI0 TEXHOJIOTIYHOTO TIpoIiecy O10CHHTE3y TOOpUB Ha

ocHoBi 0iomacu Arthrobacter sp. LY-1

Homep 00°cxkm 3acoou ma | Ilepioouunicm | Hopmamueni
KOHmp0]le0i KOHmMpOoJio mMemoou b 3HAYEHHA
moukKu ma ma nOKA3HUK, | KOHmMmpoJiro nepeeipku ma NOKA3HUKAa
Ha3zeéa cmadii | wio 8i000py npoo
GUSHAUACMbCA
1 2 3 4 5
Km IoBiTpo3abipuu | BiszyanbHuit 1 pa3z Ha ceson | [ToBiTpo3aGipuu
11 K, aHai3 Ta BUPOOHMIITBA k (I13-1)
Ilepesipka HasBHicTs Opyny MHUTTA Y Hemae
noeimpo3a0ipHuK abo 3acopiB BUIAIKY 3a0pyIHEeHb Ta
a HE3a/I0BUIBHOT 30H
0 CTaHy HETIPOXO/KCHHS
MOBITPS
Km ®iabTp rpyooi Bizyanbnuit 1 pa3 Ha ce30H @inpTp TpYyOOI
1.2 OYHCTKH aHaiis, BUPOOHUIITBA ounctku (OI'O-
Dinomp [TpomyckHa IIPOJyBAHHS 2), piBHOMIpHO
2pybopozo 3JIaTHICTb, SKICTh MOBITPS Ta poITycKae
OUUUYeHHS ¢binpTpamii fioro aHaii3 Ha nositps, E=90%
(OI0-2) KUIBKICHUH Ta JUTSL 9aCTOK
SIKICHUH aHaJi3 PO3MipOM TIOHAT
JaCTOYOK, 20 MKM
aHai3
nepenany
THUCKOM
Km 1.3 IloBiTpst Manomertp 1 pa3 Ha ce30H P=0,35-0,5
Komnpecop (K-3) Tuck, TEPMOMETP BUPOOHUIITBA MIIa
TEMIEpaTypa t = 220-250°C
Km 1.4 IoBiTps Manomertp 1 pa3 Ha ce30H BuKICTD
Temnno0OMiHHUK Tuck, TEPMOMET] BUPOOHUIITBA OXOJIOJPKEHHS
0X0N10024CY8aY TeMIIeparypa Ta
(T-4) NPOYKTUBHICTh
3r1AHO
cerudikaiin
Km 1.5 IoBiTps ManowmeTtp 1 pa3 Ha ce30H P =1 MIla,
Pecusep (PC-5) Tuck MunbHUM BUPOOHUIITBA MOBHA
pO34uH repMETHYHICTh

96




IIpooosocenns madbauyi 9.2

Km 1.6 HogiTpsn Manomertp 1 pa3 Ha ce3oH P=1.6 MIla
Tennoobminnux Tuck TEPMOMET] BUPOOHMIITBA [IBuAKiCTH
naepisay (T-6) TeMIiepaTypa HarpiBaHHs
3r1QHO
nacropry
anapara
Km 1.7 IoBiTps Manomertp 1 pa3 Ha 3 nuKIn E=99.95%
Tonosua Tuck AmHari3 Ha dbepmenTartii YaCTOYOK
cucmema EdextuBHicTh KUTBKICTB ounpme 0.2
Ginompysanms Bizyanbauit 4acTO4OK MKM, TIeperna
(D-7-8) aHai3 TUCKY 3T1THO
acropTy
¢inbTpiB
Km, Km 1.8 oBiTpsa Manowmetp 1 pa3 Ha uMKn E=99.99%
Inousioyanvhi Tuck Amnaris Ha bepmenraii 4acTOYOK Ta
Ginompu EdexTuBHICTD KUTBKICTB MIKpOOpraHi3zmi
Bizyanbnuit MiKpOOpraHi3MiB B Oibire 0.2
aHais, MKM, TIeperna
MiKpOOi0JIOTYHI TUCKY 3T1HO
i KOHTPOJIb HacropTy
¢inpTpiB
Km, Km, Kx 6%-po3unH pH meTp Ta nitp | MikpobionoriyHu BiJICYTHICTh
JP. 2.1 HCI JTUCTUIHLOBAHOT 1 KOHTPOJIb MiKpOOiOTH.
Ilpuecomyeanns Tuck, BOJIM JUIS MIPOBOJIUTHCS Po3unun HCI
6%-pozuuny TEMIIEPaTypa, MIEPEBIPKH nepe]] MoYaTkoM nivicHo 6%
HCI yac, KOHIICHTpAIIii 3MiIIyBaHHS
KOHLEHTpaLlis, pozuuny HCI (mepeBipka
BIJICYTHICTb MIKpOOIOJIOTIUHHU | CTEPUIIBHOT BOM)
MIKpOO10TH 71 Ta MICI
KOHTPOJIb MPUTOTYBaHHS
po3uuny. pH
BU3HAYAETHCS
st
3MIIITyBaHHS
Km, Km, Kx 6%0-po3uun Manowmerp, Temneparypa P=0,15MllIa,
JP. 2.2 NaOH. TEPMOMETD, BHU3HAYAETHCS t=131°C,
llpucomysanns Tuck, TOJIMHHUK, Oe3repepBHO i1 T =40 xB,
i Temreparypa, | MIKpoOIlOJIOTIYHHM | Yac cTepuJizallii, BIJICYTHICTb
cmepunizayis yac, 71 MIKpOO10JIOT1YHI MIKpOO10TH
6%-posuuny KOHIICHTpALlis, KOHTPOJIb i
2i0pokcudy BIJICYTHICTh KOHTPOJIb IMICIIS
Hampio MiKp00ioTH cTepuizantii
Km Po3unn Mipna kon6a 1 1 | KonTposas 06’emy [Ipotsirom
AP 3 MikpoesieMeHTiB | XOJIOAUIBHUK BU3HAYA€ETHCS BCBOT'O TEPMIHY
IIpucomysanns 06’em MIPHHUM TIOCYJIOM, 30epiranus
PO3YUHY CeitnoBuit Ma€ 3HaXOJUTHUCS | 3HAXOJIUTHCS B
MIKpoenemenmi peXUM TEeMpsIB1 Ta B
8 TeMIeparypa XOJOAUIBHUKY
3a TeMIepaTypu
He Buie 4°C
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IIpooosocenns madbauyi 9.2

Km, Ku KoMno3uuis A Manowmerp, Temneparypa Ta t=70°C, 1
41.1,4.2.1, Tuck, TEPMOMETD, THUCK =20xe
43.1 TeMIeparypa, TOJIMHHUK, BU3HAYAETHCS P=
Ilpuecomysanus Jac, MIKpOOI0IOTIYHUH | Oe3MepepBHO Mija 0,05MI]a,
ma MiKpoOioJoriuHui KOHTPOJIb Yac cTepuizaiii, t=112°C,
cmepunizayis KOHTPOJIb MIKpOO10JIOTTYHHIA T =30 X8,
Komnosuyii A KOHTPOJIb MiCTIs BiJICYTHICTh
cTeprti3altii MIKpOOIOTH
Km, Km Komno3nuis b Manowmerp, Temmeparypa Ta P=
JIP. 4.1.2, Tuck, TEPMOMETD, THCK 0,15MI]a,
4.2.2, TEMIEpPATypa, TOJIMHHUK, BHU3HAYAETHCS t=131°C,
4.3.2 4ac, CTEPUIIbHICTDh | MIKpOO10JIOTIUHUN | Oe3mepepBHO i T =40 xB,
Ilpueomyeanns KOHTPOJIb gac crepuiizamii, | BiJCyTHICTh
ma MIKpOOIOJIOTTYHHH | MIKpoOioTH
cmepunizayis KOHTPOJIb MiCTIs
Komnosuyii b cTeputi3antii
Km, Km Komno3uuin B Manowmerp, Temnepatypa Ta P=
JIP. 4.1.3 Tuck, TEPMOMETD, THCK 0,15MlI]a,
Ilpuecomyseanns TeMIiepaTypa, FOJUHHUK, BU3HAYAETHCS t=131°C,
ma Yac, CTEPIIBHICTD | MIKpOOioJIOTiuHui | Oe3nepepBHO i T =40 xB,
cmepunizayis KOHTPOJIb yac crepuiizaiii, | BiICYTHICTb
Komnosuyii 3 MIKpOOIOJOTIUHUI | MIKpOOiOTH
KOHTPOJIb ITiCIIS
cTepui3anii
Km, Ku Koaekniiina Tepmomerp, Mikpo0ionoriunuit | t=2-4 °C,
TII 5.1 KyJbTypa TOJVHHUK, KOHTPOJIIb T =1.5-2 mic,
ITiompumanns | Arthrobacter LY-1 | MikpoOioJIOTiYHUIA | TPOBOIATH KOXKHI | BiJCYTHICTB
KONeKYIUHOI Mopdonoriuna KOHTPOJIb 1.5-2 micami CTOPOHHBOI
KyIbmypu OJTHOP1/IHICTb, ®apOyBaHHS 10 MiKpoOioTH
BIJICYTHICTb rpamy
CTOPOHHBOI1
MIKpOOIOTH.

98



IIpooosowcenns mabauyi 9.2

Km, Km Koaexuiiina Tepmomerp, Mikpo0bionoriaauit t=30°C,
TII. 5.2 KYJbTYypa TOJUHHUK Kontpons YMA t="72rox,
Ooeporcannsi | Arthrobacter LY- | mikpoGionorigaunit arapy BIZICYTHICTb
pobouoi 1 KOHTpPOJb MPOBOJASATH MEPET CTOPOHHBOI
KyIbmypu Temneparypa, BHCIBOM MiKpOOiOTH.
TPUBAJIICTh
BUPOIIYBaHs,
MiKpoOiooriyHa
YHCTOTA
KYJIbTYpH
Km, Km Koaexuiiina Tepmomerp, Temneparypa t=30 °C,
TI1I. 5.3 KyabTypa: TOJUHHUK, HocTifiHa yac Jac T =48-72 rog,
Bupowysanns | Arthrobacter LY- | mikpoOGionoriuauii KyJbTUBYBaHHS BIZICYTHICTb
IHOKYIAMY HA 1 KOHTPOJIb 3aJIe)KUTh BiJl IOSIBU | CTOPOHHBOI
a2apu3o6aHux Temneparypa, KOJIOHIN MIKpOOiOTH
NOJACUBHUX TPUBAJIICTh MIKpOOi10JIOTTYHHIA
cepedosuuax BUPOIIYBaHS, Kontpons
MiKpoOioorigyHa MIPOBOJIUTHCS TTEPE]T
YHCTOTA 3aciBOM
KYJIbTYpH
Km, Km, Kx IociBumii Tepmometp Temmneparypa i t=30 °C,
TI1. 5.4 Marepiaa: TEXHIYHHH, MIBUIKICTD = 18 rop,
Bupowyeanns Temneparypa, TOJIMHHUK, obepTaHHs pH=16,5
KYIbMypu 8 TPUBAJIICTh TEeXHIYHUI KOHTPOJIIOIOTHCA 1 n =220
KO6ax Ha BHUPOLIYBaHHS, TaxoOMeTp, HiATPAMYIOTHCS 00/XB,
Kawanixkax gacToTa 00epTiB pH metp ABTOMATUYHO BiJICYTHICTh
KaydaJIkH, MIKpoOioJoriyHui | piBeHb pH, onTH4Ha | CTOPOHHBOT
MiKkpoOioJoriuHa OEK TyCTHHA Ta MiKpOoOioTH
YUCTOTA MIKPOCKOMIIOBaHHS
KYJIbTypH KOXH1 12 rogun
Konnentpartis
6iomacu
Km, Km, Kx IociBHnii Tepmometp Temmepatypa 1 t=30 °C,
TI1. 5.5 Marepiau: TEXHIYHHH, MIBUIKICTD =18 ronx,
Bupowysanns Temneparypa, T'OJINHHUK, o0epTaHHs a TaKOX pH=6,5
Ilocisnozo TPUBAIICTh aHaJizaTop aepartis n =220
mamepiany BUPOIIYBAHHS, IIBUIKOCTI KOHTPOJTIOIOTHCS 1 00/xB,
iHoKynamopi | 4actoTa o0epTiB | mimanku, pH merp HiATPUMYIOTHCS
06’emom 15 1 MIIIAIKH, (matuuku aBTOMAaTHUYHO BECh BIJICYTHICTh
MiKpoOioJoriuHa BOY/JI0BaHI B 4ac KyJIbTUBYBAaHHS, | CTOPOHHBOI
YUCTOTA 1HOKYJISITOP) piBens pH MIKpOO10TH
KYJIbTYpH, pH metp MiKpPOCKOTIFOBaHHS.
Konnenrpartis MIKPOCKOIT Amnani3 Byrneuesuii
6iomacH, piBeHb ®DEK, aepomerp KOHIIEHTpaLii KOMIIOHEHTHU
aeparii BYTJICIIEBOTO Ta cepeoBuIIa
a30THOTO KUBJICHHS | TOTJMHYTI Ha
— KOkHi 12 roauH 40-50+%
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Km, Ku, Kx IHociBumii Tepmometp Temmneparypa i t=30°C,
TI1. 5.6 Marepiau: TEXHIYHHH, MIBUIKICTH t=18rop,
Bupowyyeanns Temneparypa, T'OJIMHHUK, o0epTaHHs a TaKOXK pH=6,5
Tlocisnozo TPUBAJIICTh aHajizatop aeparris n=220
mamepiany 6 BHUPOIIYBaHHS, IIBUIKOCTI KOHTPOJIOIOTHCS 1 00/xB,
iHoKyAmopi | 4actota o0epTiB | mimanku, pH metp MiATPUMYIOTHCS
06’emom 150 1 MIIIIAJIKH, (maTuuku aBTOMAaTUYHO BEChH BiJICYTHICTh
MiKpoOiooriyHa BOy/1I0BaHi B Yyac KyJIbTUBYBaHHS, | CTOPOHHBOI
YUCTOTA 1HOKYIIATOP) piBens pH MiKpoOioTH
KYJIbTYpH, pH metp MIKPOCKOITIFOBaHHS.
Konuenrparis MiKpPOCKOII Amnani3 koHnenrtpauii | Byrieuesuit
Oiomacwu, piBeHb ®EK, aepomerp BYTJICIIEBOTO Ta KOMITOHCHTH
aepariii a30THOTO XUBJICHHS | CEpeloBHILA
— K0XxHl1 12 roauH MOTJIMHYTI Ha
40-50+%
Km, Kx, Km Kyabrypanbna l'oguHHUK, Temnepartypa, t=30 °C,
TII. 6.1 Piguna: TEPMOMETP MIBUIKICTH t=24ropn,
Bupobnuii Temneparypa, TEeXHIYHUH, obepTaHHs n =220
biocunmes y TPUBAJIICTh TeXHIYHUHT MIIIAJIKH, PIBEHb 00/xB,
¢epmenmepi | KyJIbTUBYBaHHS, TaxoOMeTp, pH, piBeHb miHu pH=16,5,
00’emom 1,25 | wactora obeptiB | maruuk pH, naTamk KOHTPOJIIOIOTHCA 1 BiJICYTHICTh
M MIIIIaJIKH, PIBEHb MiHOYTBOPEHHS HIATPUMYIOTHCS CTOPOHHBOI
pH, (BOymoBaHi B aBTOMAaTHYHO BECh MIKpOOIOTH
piBEHB bepmenTep) qac Byrneuesuit
MiHOYTBOPEHHS, MIKpPOCKOM Ta KYJIbTUBYBaHHS; KOMIIOHEHTHU
MikpoOionoriuna | @DEK. aepomerp | AHani3 KOHIEHTpAIll | cepeAoBUILA
YHCTOTA BYTJIEIIEBOTO Ta MOTJIMHYTI Ha
KYJIBTYpH, a30THOTO YKUBJICHHS 90+%
Konuenrpartis MIKpPOCKOIFOBaHHS
o6iomacu — KoH1 12 rogun
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Abstract

Afrazine is 3 widely used herbicide, and becanse of its potential to seriously pollute soil and water
resgurces, has atracted widespread attention In this study, the bacterial storain IV-1 was isolated
and identified as the species drthrobacrer At present, themre are mamy different strazine-degrading
bacteria that have been screensd ow, incloding 4rtfrobacter sp, Preudomonar sp., and Shewanella
sp. However, previows reports only studied their degradation effects and soil remedistion capabilities
under optionmm conditions and there were few studies performed which took ime accoumt a wider
array of environmental droumstances. This study imvestigated the degradation effects of I¥-1, as well
as its capacity for soil remedistion, under varions condifions. The strain had broad optiomm ranges
of ternpersture and pH and the additionsl carbon and nitrogen sources did not decrease the arazine
degradation rate. In addition, the scil remediation tests indicated that the siraim LY-1 might be a good

candidate for bioremediation of atrazine-polhated soil.

Kevwords: atazine, drihrobacrer sp_, arazine-derrading genes, biodegradaton, hioremedistion

Introduction

The s-triazine chemical barbicide atrazine (2-chloro-
4-ethylaming-&-isopropylamune-1, 3, S-triadne) is
widely uzed to control anoual grass and broadleaf weeds
m the agnculture of sugarcane (Saccharum gfficinarum),
sorghum (Sorghum spp)), maize (Zsa mays), and other
crops [1]. Because of it long half-hife and igh mobality
m soil, atrazine and its dernvatrves have been detected
m soils, and surface and groundwater [2]. Moreover, it

*z-mail: linrongmedimesn edu co

also imferferes with the endocrine systems of bumans
and amimazls and 1ts use affects ecosystems and human
health [3]. In recent vears, lioremediation methods have
become an 1deal solunon to the problem of afrazine
contaminztion because of thew low cost, effectivensss,
and lack of secondary pollution [4].

Currently, a2 mmber of bactena with different
atramne  degradation  efficiencies and  growth
characteristics have been isolated. These strans
mclode Shewanslla sp. YWY, _drtlvobacisr sp.
TCl, Pseudomenas sp. ADP, Ciricoccus sp. TT3,
Rhodococcus sp. BCH2, and Bacillus subrli: HB-6
[3-9]. Of all presently known strans, the degradztion
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pathways of Pseudomonas sp. ADP and Arthrobacter
sp. TCl are studied most clearly. Stramm ADP contains
the degradation genes aizd, arcB, a=C, acD, azE,
and ai=F, which can complstely degrade atrazine [10].
Stain TCl confains the degradation genes m=N, ar=B.
and arzC, which can transform atrazine info non-toxic
cyamuic zcid. The atrazine-deprading genes fr=N, atzd,
trzD), and arzD) have the same funchion respectrvely [11].
In this study, a high-efficiency atrazine degrader,
bacterial straim V-], was wsolated from 2 comfeld
where atrazine had been used for a long time The
idenfification of the strain ifs degradation genes. the
influence of environmental factors, and sol remediation
albity were studied Eovirommental factors hawve a
sigmficant effect on atrazmne degradaton [12]. These
factors inchude afrazine concentration, temperature, pH.,
carbon, and nitrogen sources. The objective of this stady
was to provide a highly efficient strain resource for the
bioremediation of atrazine-contaminated sol.

Materials and Methods
So1l Samples and Feagents

Experimental =zoul was sampled from the surface
layer of the cornfield where atrazine was used for a
long time {0-10 em). The area 15 located northwest of
Helongjiang Provinee, China. Soal samples were treated
i a 2.0 mm sieve and stored at 47C.

Atrazime of 99% punty was uwsed to charactenze
the attamne-degrading bacterta, which were purchased
from Shanghai KEATAMNG Technology Ltd The 99%
pure cyvamwoie actd was purchased from WEIFANG
EATRUI Chenucal Co., Ltd. All other chemucals in the
expenment were analytical or HPLC -zrade reagents.

The ligmd ennchment medum consisted
of mineral salts medmm (M3M), 3 g1’ glucose, and
100 mgl' atrazine as the carbon and mifrogen sources,
respectively. The MSM contamed 0.5 gl of EH PO,
10 gl of EHPO, 02 gl of Mg30,7TH,O, 05 gl”
of MaCl, and 1 mll" of trace element concentrate
solution. Trace element concenfrate soluton had the
following composition: Fe50,7TH O, 1 gt; ZnS0 -TH O,
5 gl; Cu30,5HO, 04 g1 I'-'InEG -HO, 1 g1, EDTA
25 gl “'T&}'Ioﬂ -2H.0, 025 g, and”*hzﬂdﬂllﬂ}l 0,
0.2 2. The solid medmm was added to 13 2 of agar.
All of the above cultures were regulated to pH 7.0 and
stenilized at 121°C for 30 mum.

Emnchment and Isolation

The frve-gram soil specimens were transforred
to 250 ml fasks containing 100 ml of MSM, to which
3 gl' glucose and 10 mgl' atrazme were added.
These specimens were culiuwred on a 160 roun shaker
for 7 days and the temperature was kept at 30°C. And
then ennchment cultwre was poculated mto the new
medium according to the mmoculation amount of 3%,

The concentrabon of atrazine mm the new medmm

was 200 mg 1! and this process was repeated until the
concentration of atrazme reached 300 mgI'. Eventually,
the medium was diluted and placed onto the agar plates
that contained 100 mg1l” of atrazine I'¥-1 was used for
further studies because it demonstrated a luzh capactty

Identifyiing Atrazine Degrading Strain LY-1

The 1dentification of stram LY-]l was accomplizhed
by chserving the results of hiochemueal reactions
and 165 DMNA sequencing. The total DNA of the
sttam was used as a template for amphification. 27F
F-AGAGTTTGATCCTGGCTCAG-3)  and  1492R
(S TACGGCTACCTTGTTACGACTT-3") were used as
forward and reverse primers, respectrvely [13]. The PCR
condrhions were as follows: 94°C for 5 pun followed
v 30 eycles of 34°C for 1 mun, 34°C for | mun and
T2°C for 2 mun_ with a final extension of 10 mun at 72°C.
The products of PCE. were drmided on a 1.2% agarose
gel electrophoresis. The resuling DA fragments
kit {Axvpen), and then cloned mnfo the pMDI19-T vector
(TaKaFa, Chinz) The vector was transformed info
Ercherichia coli stran DH50 Genetic sequencing was
completed by Tihn Comate Bioscience Co., Litd., and the
results were compared nsing the Blast program m the
NCBI GenBank miclectide database. MEGA version 6.0
was used to construct the phylogenetic tree.

PCR. Detection of Atrazine-Degrading Genes

Cwrrenthy known atramne-degradme penes included
arzd, azB, arzC, azD, azE, aeF, vzl and =N [14].
The =ize, sequences, and anneal temperature of these
primers were shown mn Table 1. The total chromosomal
DMA of stram LY-] was used as a template to amphfy
these genes. The condihons of PCE were as follows:
at S4°C prebeated 5 mun 30 cyeles of denaturation at
94°C for | oum, annealed at 38, 64, 34, 60, 52, 55, 56,
and 53°C for 1 oun to atzd, ai=E, at=C, ai=D), atzE, atz=F
genes and frzl¥, izl genes, respectmvely, extension at
T2°C for 90 s, and final extension at 72°C for 10 pun
The research team performed sequencing and sequence
analysiz accordmg to the above method.

Growth and Biedegradation Capacity of Strain
LY-1 and Influential Factors

In order to determine the growth curve of the strain,
etther atrazine or cyamurie actd (100 mgl") was added
to the 100 ml M5M mediom as the mirogen source,
and ghicose (3 z1") was added as the carbon source.
The strain LY-] used for inoculation was moubated at
30°C for 12 b and centrifuged at 7000 roun’, and it was
suspended with stenle water to 0.1 at 600 nm (0D, ).
One pullibter of treated bacteria was moculated info
the medmm and thess treatments were incubated m
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Table 1. PCE. primess, expected prodoct sizes, and snnealing temperanmes in the smplification of atrazine-degrading penes.

Gene Primer (Fene size (kb) Sequence (5'—37) Annealing (°C)
arzd-1 CCATGTGAACCAGATCCT

arzd 530 58
arzd-2 TEAAGOGTCCACATTACC
arzB-1 TCACCGHFAFGATETCGLHAGT

arzB 510 2]
azB-2 CTCTCOCCOGCATGEOATOGGG
azC-1 GCTCACATGCAGGETACTCOCA

a=C 610 54
azC-2 GTACCATATCACCGTTTGICA
azl-1 GEAGACATCATATGTATCACATCGACGTITIC

izl 1050 1]
az-2 CCAATAAGCTTAGCOGUGGGCAATGACTGCA
arzE-1 TACGCFHGTAAAGAATCTGTT

atzE Qa0 52
atzE-2 GEAGACCEECTGAGTGAGA
arzF-1 CEATCOGGAA A A ACTAACCTC

arzF o0 55
arzF-2 COATCOGDOCCATCTTCOGAAC
r=D-1 CCTCGOGTICAAGGTCTACT

=l 750 53
freti bl TOGAAGOGATAACTGCATTG

v rei-1 1350 ATGATCCTEATCCGOGEACTGA 56

irz!

treh2 CTACAAGTTCTTGHGAATGAGTE

a 160 roun” shaker with a culture temperature of 30°C.
Samples were taken every 4 h unhl 43 b worth of
samples were measured. The growth of the strain was
determined by measuring s absorbance at 600 om
using a spectrophotometer {UU-2910; HITACHI, Japan).
The effects of atrazine concentration, temperature, pH.
carbon, and nifrogen sources on the growth of the stram
were also measured All expenment: were repeated
three times to ensure accuracy.

When the effect of ahazine concentratton on the
growth of the strain was determined, the concentration
was admsted te 50, 100, 200, 500 and 1000 msl,
respectrvely. The temperature was admsted to 5, 10, 15,
20, 25, 30, 35, and 40°C and the pH was adpusted to 3,
4 56,7, 8,9 10 and 11, respectively. The concentration
of atrazme in these eultures was 100 mgl'. The effects
of the carbon and nrrogen souwrces on the growth of
stram were studied by refermng to previouws methods
[15]. The methods for determiming the effects of carbon
sources on the growth of straun I'Y-] were as follows: 1)
MSM (100 ml} + 100 mgl* ENO, +100 mgl' atrazine;
7y MSM (100 ml) + 100 mgl' EMNO, + 3 gl ghcose;
3 MSM (100 ml) + 100 mgl! ENO, + 3 g sucrose;
4 MSM (100 mly + 100 mgl’ ENO, + 3 g1 starch;
and 5) MSM (100 ml} + 100 mg1' ENO,. The last one
15 a control group whech did not add a carbon source.
The methods for determmuning the effects of additional

i sources on the growth of strain IY-] were as
followrs: 1) MSM (100ml} + 3 21" starch + 100 mgl!
atrazine + 100 mel' cvanuric acid; ) MSM (100ml)
+ 3 gl starch + 100 mgl' atrazine + 100 mgl" urea;

3 MSM (100ml} + 3 gl starch + 100 mg Y atrazine
+ 100 mg 1! NH,CL 4) MSM (100ml) + 3 gl starch +
100 mgl' atramne + 100 mgl* ENO; and 5) MSM
(100ml) +3 g1 starch+ 100 mg I atrazmne. The last one iz
a conitmol group, which did pot add an addibonal
nitrogen source. These freatment groups were incubated
i a 180 roun! shaker for 48 b, and the culiue
temperature was mantained at 30°C. The growth of the
strain was determmned by measuring it absorbance at
600 nm wsmg a spectrophotometer (7-2910; HITACHI,
Japan).

The degradation capactty of afrazine was monitored
uang high-performance liqmd chromatography (HPLC)
analyzis [16]. The concentrations of atrazme, as well
as its temperature and pH, were the same as those
mentoned zbove, and the concentration of atrazine was
100 mgl'. The methods for determiming the effects
of carbon sources on the hodegradation capacity
of strain I'Y-1 were as follows: 1) MSM (100 ml) +
100 mgl' atrazme + 3 gl ghicoses ) MSM (100
ml) + 100 mgl! atrazme + 3 gl sucrese; 3) MSM
(100 ml) + 100 mgH atramne+ 3 gl starch; and 4) MSM
(100 ml) + 100 mgl! atazmne The methods for
determinimg the effects of mitrogen sources on the
bicdegradation capactty of strain LY-]1 were as follows:
I} MSM (100 ml) + 3 g1 starch + 100 mgl" atazine
+ 100 mg 1" urea; 7 MSM (100 ml) + 3 gl* starch +
100 mgl' atrazine + 100 mel® NHCL, 3 MSM
(100 ml) + 3 gl starch + 100 mgl' atrazine +
100 mgl' ENO,; and 4 MM (10 ml =+
3 gl starch + 100 mgl' atamne In the two
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expeniments, contrel groups were set wiuch did
o add carbon and addmomal mitropen sources.
The atrazine concenfration and cyamuric acd producton
were quantified by HPLC (Waters 600; Waters).
The detection conditions for atrazme were as follows:
the mobile phase was methanol water = 80:20 (),
the flow rate was | mloun” and the UV detector was
set to 216 nm For the detection of cyamuric acid [17],
the flow rate was (08 mlown! (30 mM EHPO, /
methanal = 955, v+, and the UV detector was £t
to 213 nm The injection wolumes of all samples were

20 ul
Bioremediation of Atrazme-Contammnated Soil

The soul was collected from the expenmentzl farm
of Mortheast Agnenltural Unmversity, where atrazine had
never been used (0-20 cm). So1l samples were treated in
a 2.0 mm steve and stenlized at 121°C for 50 man. Then,
the so1l was baked in an oven (B0°C) and stored at 4°C
unt] nsed

The atrazme was dissolved in methanel {10* mg1").
The soil was placed in a fume hood for 48 b untl the
methanol evaporated. The final concentration of atrazme
in the soil was 100 mekg'. 200 g of contaminated sodl
was added to each pot. The strain I'Y-] was resuspended
with stenle water to a density of about 1<10°and 1=10%
colony formung unts (CFUmb (admsted usnz a
standard curve relating absorbance at 600 nm with plate
count on BMSAL) [18] Expenmental treatments were
used as follows: 1) contamumated soil 200 g) + strain
LY-1(5 ml, 1=10¢ CFUml"); 2) contanunated sal (200 g)
+ strain L¥-1(5 ml, 1=10® CFU-ml"); and 3} contanmimated
satl (200 g) + stenle water (5 ml). Each treatment was
performed m triplicate. Dunng the test penod, the soil-
water content of each treatment was maintained at 20%.

9

All treatments were placed at 25°C room femperature.
On the Tth and 14th days, 10 g of soal samples were
weighed from each group to detect the concentration of
residual atrazme.

Thuty omlbliters of methanol was added to each
weighed soil sample, which was agitated for 2 b
The zamples were placed for 24 b and then zhaken
for another hour The freztments were cenmfuged at
3000 roun! for 10 mun and the supernatant was passed
through a 0.22 pm filter for the detection of HFLC.
The detection conditions were the same as those
mentioned above.

Eesults and Discussion
Isolation and Identfication of Stram I¥-1

The stramn LY-] was solated from the experimental
soil, which was a Gram-posive bactermum. The mesuli=
of HPLC showed that the strain could degrade 99.5%
of the afrazme (100 mgl") within 48 h The 185
DMA amplification products were sequenced and the
sequence was submutted to GenBank (under accession
Mo, EXO905053). The sequence had a hizsh simalarrty
with marmy Arthrobacter sp. strains (Fig. 1). According
to s physological and mochemwcal charactenstes,
together with the sequential amalymis, the strain LY¥-1
was idemttfied as drthrobacter species. Arthrobacter
species strains were often found m many contaminated
areas, and many drthrobactsr species were 1solated
from agricultural soal and were capable of degrading
atrazine [19]. These results showed that drthrobacter sp.
LY-]1 nught hold great potential for the bioremedizton
of atrazine-contaminated soal

Arthrobacter sp. DE2 (JQ4I 50500

WL Arthrebacter sp. TCT (CPOMATS

8l 4
Fl

rthrobacter sp. MOOI 2083 (KF892303)
Arthrobacter sp. DSMIG11E (X§IS05)

Arthrobacter sp. MNST (FM2133960

i d

-.EI;
B L Arthrabacter sp. QT (GUIESESY)

Arthrobacter sp. P2 (INO228888)

Arthrobacter sp. bBE (JF772504)
Arthrobacter sp. OF11 (AJTR5T63)

Arthrobacter sp. S21 702 (KF956676)
Achromebacter sp, CQH (EUISTTRE
Arthrabacter sp. TABT (GU459213)

Arthrobacter sp. LY-I (EX003053)

Arthrobacrer sp, ESI-69 (KF878641)

Fig. 1. Phylogenetic analysis of the 165 rDMA sequences of drehimodacrer sp. I¥-1; nombers on the branch points represent bootstrap
walues from the neighborhood-joining mmalysis of 1 000 resampled data sets; the bar indicates 0.1% substinmion per mceotde position
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Fig. 2. Agarose gel electrophoresis (1.2%4) of PCE. products of atrazine-degrading menes of srain [¥-1; lanes 1 to § indicate the PCE
amplification products for arzd, mzB, @z, oz, aizl), aizE, aizF, and rzD.

PCE. Detection of Atrazme-Degrading Genes

n Strain T'¥-1

The atrammne-deprading related genes were amphifed
by using the total DNA of the stram LIY-1 as template.
The products of 1370 bp =N, 500 bp ar=B and &00 bp
aizC genes were obtained, as shown in Fig. 2, winle the
products of other genes were not obtained, mcluding
atzC, atzD), ai=E, aizF, and trzD. The condibons of PCE.
were adiusted repeatedly, but other attamne-degrading
genes were not amplified suceessfully. The results of
sequence determination and comparison demonstrated
that the muclectide sequences of mzN, a=B, and a=C
from Arthrobacter sp. I¥-1 showed 98%, 99%, and
100%% sequence similanty with those of Arthrobactar sp.
TCl (Genbank accession pumber CPO00475). These all
mdicated that strain LY-] contained #rzN, aizB, and a=C
Zenes.

A pumber of reported . drthrobacier species
only confmimed &rzN, afzB, and a=C penes, such as

ﬂ_:i =i == Cvameis acill
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Arthrobacter sp. DATL, Arihwebacter sp. AEYNI0
and Arthrobacter sp. TCL [20-22]. These Arthrebacter
species could only degrade atrazine to cyvanune acid and
It was supposed that the strain 1Y-] could also degrade
atrazine to non-toxic cyvaopunc acd.

Growth and Degradation Characteristics
of Stramn [Y-1

The growth charactenisties of stram LY-l wem
measured n the medmm m which the sole nrfrogen
sources were atrazine or cvamune acid (Fig 3a). When
usng atrazine as the sole nitrogen source, OD
increased markedly and reached s value at
44 h, while within 12 b after inoculation the strain grew
slowly, indicating that the strain has a certain period of
adaptation. When cyamuic acid was used as the sole
nitrogen source, the sitain hardly grew. This illustrated
that stramn I'¥-]1 could not utilize cyamine acid as the
sole mtrogen source to grow:

h.:' =#=hlraday —S=Cvanuric sod
1040
&
= m
B
i
I
W
i
= m
i
1]
1] 4 & i 6 W 4 W 3@ 3 40 @ 48
Limsihy

Fig. 3. a) Growth owrve of sirain I'¥-1 in MSM mediom contsining either strazme or cyammc acid (100 mgz-17) as the sole nitvogen source
and b)) Atrazine degradstion curve containing atmzine (100 me-1") as the sole nitrogen source; the concentration of cyamuric acid was

detected by HPLC in M5M medivm.
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We zlso measured the degradation characteristics of degrade 99.3% of the atrazmnpe (100 mel”) withm
strain IY-] mn the medmm 1n which the sole mitrogen 48 b Wih the decrease of atrazmme concentration
source was atramne (Fig. 3b)). The strain IY-1 could the concentration of cyvanuric acid increased gradually.

a) CIlegradaton mie of anzinsts) == 00600 h' Degradation rmte of srazmel®s)  —a— 0800
= 1 . T P L
£ o ) . # @
! -i-—'“f't"“'m.,_ E 8o
E o g Fi]
L E o
] 2 50 3
B o« B an y =
£ .E 30
j»
4 e g w0 .
Ew 10| =
L 2 B [
L] 10 E Ei 0K 5 w15 ;s ] W40
Coscentratian of strasisc{mg 1) Tempermiare] T)
c.} L Degradeion rie of atrazine(*s)  —e— OCHHE d‘] IO ThY  WRORSO0 48k
- o I : 050 0.0
£ a0 - 1) .45 450 )
2 o (1400 0400 L
E 7o 1% 350
LT 3 0300
E . "
E = 250 2 g n
E 4 ~ ]
Z 10 15 1130
% 20 3106 100
8 o 1150 L]
2 ] [ 0000 o — -
x4 s B 7 8 & 1w 1 Wocubos  Amazine Gilugose LI Smrch
E} pH n Carbom siirie
= 1 DOEHNTh)  WODE 1Sk
g% L, S8 .
F a0 450 . -
i L4
5 - 035}
k| » (L3}
E H & 025
£ 40 =z
M L L%
= [IN1LH
e
B LoD
2 w Long 1 L A .
i — Ty bl o] Cvarionne azid Lipza WH4C1 EMN
o carbon Gloess L Starch TR
Carbos ssire Additionsl nittogen soecis

Degradatianrate of stracinea)

Linza BEHAC] o n k]

Addigipnal miiragen sarees

Fig. 4 After 4§-h incubation: 5) Efects of amazine concenration on growih and degradation capadty of smain IY-1, b) effects of
temperstare on the zrowth and the degradation capacity of strain [Y-1, c) effects of pH on the growth and the degradation capacity of
sirain LY, d) effects of different carbon sources on the zrowth of strmin IY-1, €) effecs of different carbon sources on the degradation
capacity of stmaim IY-1, f) effects of different additions] nittogen sowrces on the growth of strain IY-1, and g) effects of different
additonal nitogen sources on the depradaton capacity of sirain LY-1.

117



Isolating and Identifiing the Atrazine-Degrading...

1273

At 4448 b, atramne was almost completely dezraded
and the conrentration of cvapurc acd was also stable.
All of these certified that Arthrobactsr sp. LY-1 could
coovert afrazine to cyamunie acwd The speculative
pattway of atrazine degradation by Arthrobacrer sp.
LY-1 was the same as the reported pathway [23].

Effects of Environmental Factors on Growth
and Biodegradation

Atramine concentration, temperzture, pH, carbon
and nifrogen sources influence aframine degradafion
but few reported studies have umveshzated the effects
of these condihons on atrarine degradation. Most
the previous studies referred to the degradatom of
atrazine at lower concentrations. Arthrobactsr sp. C3
could almost completely deprade atrazme (25 mel’)
after being cultured for 30 b and drthrobactsr species
DNS10 could degrade 99.6% of 100 mgl' of atazine
within 36 h [24-23]. Fiz. 4 indicated that when the
atrazine concentration was below 200 mgl', the
degradation rate of atrazme in the medmm was more
than 90%s within 48 h When atrazine concentration was
500 me 1, the degradation rate was 50%. This showed
that the stran demonstrated a poatve degradaton
effect, although the atramine concentration was hugher
When the atrarine concenfration was 100 mgl,
the growth and desradation ahibiies of straim LY-1
were optimal. When the atramine concentration was
1000 mgl', the growth and degradation ahilifies of
stram LY-1 were less effectrve. Afrazine has a towe
effect on nucroorgamisms, apd if the concentration
of atrazmme m the culure 15 too hagh, then its toxcrty
will inhibit the metabolic actiities of micToorgam=ms,
resulting m a sigmficant reduction n growth and
degradation actvity.

The cwrrently known optimmm temperzture range for
degradation of atrazine by Arthrebacter species HB-5 15
20-40°C [26]. The effects of different temperatures on
growth and atrazine degradation by Arthrobacter species
LY-] were shown in Fiz 4b), which mdicated that the
optmum temperature range was 20-33°C. Growth and
degradation ahlities were both mhibited when the
temperature was higher than 35°C or lower than 20°C.
Fiz. 4b also demonstrated that strain IY-1 exhabated
a particular depradation abibity at low temperatures,
and the degradation rate of atrazine was about 30%
at 15°C. Therefore, strain IY-1 was also smtable for
oremediation of atrazme at lower ternperatures.

The optimmm pH range for atrazine degradation by
Prsudomonas sp. Z3Y-1 was 6.0-80 and Arthrobacrer
species HB-3 was 6.0-9.0 [27]. The effects of different
pH values on the growth of Arthrobacter species LY-1
and 1ts ztrazmne degradation abubity were shown m
Fiz. 4c). The optiommm pH range was 6.0-10.0 and the
degradation and growth abilihes of the strain under
alkaling condiions were better than thoss n acidie
condrfions. The stram still could have degradation rates
of 621% and 38.9% at pH 50 and 110, respectively.

These results indicated that straun LY-1 had wide ranges
of temperature and pH, and 1t demonstrated better
emvironmental adapiability and scavenming ability in
coptaminzted sml Cherall, the stan had supenor

Catbon sources were a2 necessary precondition for
the growth of strain LY-1. Fiz 4d) indicated that starch
was the mwst switable carbon sowvce for s growth
When glucose, sucrose, and starch were used as carbon
sources, the remwoval rates of attamne were more
than 95%:; however, when no carbon source was added,
the concentration of atrammne changed m=mzmficantly
(Fig. 4e). Moreover, when atrazime was used a5 the sole
carbon scurce, the strain hardly grew. All these Aindings
point to the fact that atramne could not be used as the
sole carbon source of straim LY-1.

Fig. 4f) demonstrated the effects of addihonal
nifrogen sources on the growth of stramn I5-1 The
addihon of uwea, ammonium salt, and nitrate prometed
the growth of the stram LY-1, with nitrate resulting in
the highest strain growth, while cyamme acid did not
cause higher zrowth. These results imphed that strain
LY-] could not use cyvamuric acid as a nitrogen source to
comvert atrazine to cvaounc acwd, but it was unable to
degrade cyamric acid Some previous studies showed
that additional nrtrogen sources had a negatve 1mpact on
atrazine degradation [28-30]. While additional nifrogen
sources did mot affect the degradation of atramne by
stran L¥-1 (Fig. 4g), the degradation rates all exceeded
98%. This illustrated that strmin LY-1 had a great
potential for hioremediation of attazine-contapunated
soil, and even contapmnated soul contamming rich nifrogen

SIONLTES.

Bioremediation Effect of Atrazine-Contaminated
Sodl by Strain I'Y-1

The degradation rate of atrazine in the soil by strain
LY-1 was shown mn Fiz. 5. After incubation at 25°C for

OMo moculahon @5 EH

10

g prasiatiom rad o off atragios| =)

T}

Fig. 5. The degradation rate of atmazine in the soil by strain L1
after imcubation at 25°C for 7 d and 14 d- A) straim I%~1 was
resuspendad with sterile water to a density of sbout 1= 10° colomy
forming units (CFU)ml' and B) strain [Y-1 was resuspended
with stenle water to a density of about 1+10° CFU-ml.
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T d T95% and 974% of atramne were removed by
1<10F CFUrml” and 1«10 CFUml! of L¥-1, respectively.
After incubation at 25°C for 14 4 the degradation rates
of atrazine by 1:10f CFUml' and 1<10F CFU-ml® of
LY-] were 94.1% and 983%, respectively. However,
after incubation at 25°C for 7 d and 14 d, 87
and 12% of atramne were removed i the negative
control. In comparison, after 20 days, atrazme
degradation rates by Arthrobactsr sp. DNSI0 were
67.7%, and the imifial concentration of atrazine in the
soil was 20 mgkg'. The study showed that atrazine-
degrading bactena Adrthrobactsr sp. LY-1 had a better
remediation capability for atrazine-confaminated soi
compared with most other reported atrazine-degrading
stramns. This strain could achieve a better degradaton
effact 1n a relatrvely short time and might be a new
candidate for the remediation of atrazme-contaminated
sml

Conclusions

A highly efficient atrazmne-degrading bactenal
stramn, Arthrobacter sp. LY-l, was 1solated from
azriculfural scil. The strain harbored #:zN, a=B, and
arzC genes, which could trapsform atrarine to cyamrie
acid. The strain was capable of using atrazine as
the sole mfrogen source to grow, while atrazme
could mot be used as a carbon source for growth
The degradation rates of afrazine under different
emvironmenta] factors were determined and when
atramine concentration was 100 mgl', the growth
and degradaton abiity of stram LY-]l were the best.
The ophmmm femperature range of this stram was
20-35°C, and the optimum pH range was 6.0-10.0. Starch
was the most smtable carbon source for 1= growth and
atrarine depradation Additonzl mitrogen sources did
not affect the degradation of atrazine. Strain L¥-1 could
degrade 99.5% of atazne (100 mgl") in the medum
within 48 h, and in the sml atrazne (100 megke’)
was almest completely degraded by the stram after
14 davs. These results demonstrated that strain
LY-]1 held proousing potential for heoremediation of
atrazine-contamnated soil
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Abstract

[EN] The present invention provides Liquid Bio-fertilizer Formulation comprising microorganisms particularly Plant Growth Promoting
Rhizobacteria [PGPR] and médium of a mixture of Peptone, Beef extract, Yeast extract, K2HP04, MgS04, CaC12, Tryptophan, Defoamer,
Distilled water, and pH ranging between 6.8 - 7.5.5aid potent Liquid Bio-fertilizer Farmulation are useful as direct farming fertilizer and as
replacement of chemical fertilizer, which are not only useful in handling and enviranment friendly but also provides long term benefits
to the soil and environment.The process technigue according to present invention also provide large scale production of such potent
Liquid Bio-fertilizer Formulation comprising microorganisms particularly Plant Growth Promoting Rhizobacteria [PGPR] comprising the
steps-Step-1: Isolation procedure for PGPR bacteriaStep-2: Characterization of isolates dilutionStep-3: Growth under different
temperature conditions according to the present inventionStep-4: Incubation and RecoveryStep-5: Direct Commercial Aseptic
Packaging.Such process resulting a naturally stabilized composition provides long term stability to the composition.
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[EN]

POTENT LIQUID BID-FERTILIZER FORMULATIONThe following specification particularly describes the invention and the methodology to be
performed.INTRODUCTIONThe present application relates to the Potent Liguid Bio-fertilizer Formulation directly useful in farming resulting in improved crop
production and long term eoil reclamations. More specifically, the present invention relates to Potent Bio-fertilizers formulation containing micro organisms
and their carrier and stabilizers.Biofertilizers [fertilization compositions comprising microbes] heve been identified as an alternative to chemical fertilization
to increase soil fertility and crop production using susteinable farming.. The use of nitrogen-fixing bacteria provides plants with nitrogen compounds needed
for growth and thers is increesing evidence that other bacteria provide plant hormones to enhance growth. Bio-fertilizers are exclusively basad on living
microorganisms. Unlike chemical fertilizers; though they themselves are not the direct source of nutrients but assist the plants in securing the nutrients and
micranutrients awailable in its soil and surrounding environment. Most commonly utilized microorganisms as bio-fertilizers may be Nitrogen fixing type soil
bacteria |e.g. Rhizobium, Azotobacter], Nitrogen-fixing cyanobacteria [Anabeena). Phosphate solubilizing bacteria [Pseudomonas putida) and Arbuscular
mycorrhizal fungi. Similarly, phyto-hormaone [swin] producing bactaria and cellulolytic microorganisms mey also ba pard of Bio-fertilizer formulation. When
utilized to the field, the activities like Nitrogen fixation, Phosphate solubilization and Production of phytohormones of the plants/crop are benefited resulting
in improved growth and productivity Therafore, viability of these ussful micro-organisms during. production, farmulation, storage, transportation J distribution
and field application is directly related to plant growth promoting potentizal of a bio-fertilizer formulation. The farmers have often questioned the efficiency
and efficacy of Bio-fertilizer including but not limited to constraints of storage and longer duration between production and field application. This limits their
use due to compatibility, stability and microorganism survival issues under different/extreme soil conditions. Henee, improved shelf life could be the key
contributor for further popularization of Bio-fertilizer applied role. A few commercial bio-fertilizer formulations are also available and different strategies have
been applied to ensure mAximum viability of the microorganisms used in these formulations, which strategies includes [i] optimization of Bio-fertilizer
formulation, [ii] Application of thermo-tolerantdrought-tolerantigenetically modified strains and, [ii] application of liquid Bio-fertilizer. For convenience of
epplication, a carrier material is used as a vehicle for the microorganisms to be used as bicfertilizer. Such materials may have a significant role in
maintaining the viability [shelf-life] of the microorganisms prior to its relA@ase into the field as well as they also provide a suitable microenvironment for
rapid growth of the organisms upon their relA@ase. A camier may ba a material, such as peat, wermiculite, lignite powder, clay, tale, rice bran, seed, rock
phosphate pellet, chancosl, eoil, paddy strew compost, wheat bran or 8 mixture of such materials. In common practice, for better shelf-life of biofertilizer
formulation, & carrier or & mixture of such carrier materials are selected based on the viability/stability of the microorganisms mieed with them_Similarly, pre-
sterilization of the carrier material and ite enrichment with nutrient is the other strategy to improve the shelf-life by allowing the microorganism to maintain
grow in 8 non-competitive microenvironment [Yardin MR, Kennedy IR, Thies JE [2000]. Development of high guality carrier materials for. field delivery of key
microorganisms used &s bio-fertilisere and bio-pesticides. [Rediation Physics and Chemistry 57: 565-568.]_Liguid biofertilizer formulation may be considered
85 one potential strategy for improving the ehelf-life of biofertilizer. Unlike solid carmier based biofertilizers, liguid formuletions allow the manufacturer to
include sufficient emouwnt of nutrients, cell protectant, end inducers responsible for cell’sporefoyst formation to ensure prolonged shelf-life. The ehelf-life of
commaon solid carrier based biofertilizers is around six months; however, it could be as high as two.years for a liguid formulation [Mahdi 55, Hassan G,
Samoan SA, Rather HA, Dar SA, et al. [2010). Biofartilizers in Organic Agriculture. Journal of Phytology 2: 42-54 and THAU Agritech Portal, Biofertilizers
Technology. Tamil Nadu Agricultural University, Coimbatore]. Further, solid carrier based biofertilizers are less thermo-tolerant whereas; liquid formulations
can tolA@®rate the temparature as high as 55 A°C [Yadaw AK. Biofertilizers an input less exploited, Mational Centre of Organic Farming, Ghaziabad]. Henes,
improved shelf-life may be achieved by the application of a liguid biofertilizer formulation, if 8 suitable carrier and shelf life enhancing agentor a
combination is identified. In their endeavor to get such solution, it is also observed that process cost of liquid bio-fartilizer increases to significantly higher
than a solid formulation. Thus, successful commercialization of less expensive liquid biofertilizer is a big challenge, need of the time and shelf-life of such
praducAs is still a concern. Consequently, effarts are also underway to conceive efficient biofertilizers compatible with & wide range of soils and plants by
maolecular and genetic engineering. For instance, biofertilizers have been produced, firstly, besed on nitrogen-fixing rhizobial bacteria found “naturally” in the
root nodules of legumes. Howewer, these bacteria are not able to provide non-leguminous plants with the nitrogen that they fix from the atmosphere. In this

root nodules of legumes. Howewer, these bacteria are not able to provide non-leguminous plants with the nitrogen that they fix from the stmosphere. In this
case, molecular engineering is of particular interest, since it allows the development of effective delivery systems. so that non-leguminous plants can also
be grown with symbiotic rhizobial root nodules without the need for edded nitrogen fertilizers.Anand Agricuttural University [AAL] has also developed a liguid
formulation of Bio-fertilizers which are claimed safe and eco-friendly alternative to chemical fertilizers. These liquid Bio-fertiAizers are suspensions having
useful microorganisms, which fix atmospheric nitrogen and solubilise insoluble phosphates and make it avaeilable for the plants. They are sold to farmers
under the brand Axame "Anubhav liquid Bio-fertilizers” by the University. Anubhav LEF [liquid Bio-fertilizers] is based on native cultures of bacteria viz..
Azotobacter chroococcum, Azospinillum lipoferum and Bacillus coagulans.Amy in US Patent 8,028,583, provides & bio-fertilizer composition comprising &
bacteria consortium of Azospirillum brasilense in combination with &t least one other bacteria that provides a function selected from the group consisting of:
[2] bacteria that fix nitrogen; [b] bacteria that lyees other bacteria in the soil and [c] bacteria that produce siderophores. These claimed Bio-fertilizer
compasitions are particularly useful in Turf gresses which are selected from the group consisting of annual bluegrass, annual ryegrass, bahiagrass,
bermudagrass, buffalograss, carpetgrass, centipede grass, creeping bentgrass, colonial bentgrass, fine fescue,” hybrid bermudagrass, Kentucky bluegrass.
kikuyugrase, orchardgrass, perennial ryegrass. quackgraes, rough bluegrass, seashore paspalum, 5t. Augustine grass, tall fescue and zoysiagress. Inthese
claimed compositions, the M-compound utilized was selected from the growp consisting of wresa, ammaonium sulfate, emmonium nitrate, ammanium
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phosphate, calcium nitrate, potassium nitrete, sodium nitrate; and 8 P-compound was selectad from the group consisting of ammaonium phosphate,
superphasphats, Ca*HAPO#, tricalcium phosphate. phiosphste satts of sadium or potassium, inclA%ding orthophaosphate salts; and & K-compouwnd wes
zelected from the group consisting of KE1, potassium sulfate, potassiem nitrate, orthophospheate salts of potassium and phosphate salts of
patassismGidelkelet al in USE, 415,271 provides another bio-ferilizer composition, comprising psychrophilic bactedal strains isolated from rhizosphere of
Deschampsia antAjrctica, wherein the compaosition contains bacterial strains selacted from the group consisting of Psewdomanas antAjrctica DeBact TI-8,
Pseudomonas trivialis DaBact 2H and Arthrabacter ssp. DaBact MIl-8. These unigue compositions prepared before wse by combining & bacterial suspensiA®
and a polysaccharide solution, wherain sald bacterial suspensiA’n consists pf Peeudomanas antAjrctica DaBact TI-9, Psesdomonas trivialis DaBact2H and
Arthrobacter ssp. DeBact MIl-8 strains each at concentrijtion of 10 CFU and 1% [wv] of sun protacting progwct, end seid polysaccharide solution being 1%
Iwitv] salution of guar gum, gellan gum, pactin, cerboxymethyl celluloss, agar, egar or xanthan gum. This biofertilizer compasition Is wseful in low
ternperatures conditions Nautiysl et al in US 495 382 discloss a bio-fertilizer compesition comprising blologleally pur® culture of bacteris that suppresses
dizeases causad by pathogens in chickpea crops and & culture of bacteria comprising & strain of Pseudomaonas fleorescens. The patent discloses & simple
live-zand or soil assay method for lerge scele screening of the rhizosphere-competent bacteria effective in suppressing plant pathogens. Screening for
chickpea rhizasphere competitive bacteria having biologicel control properties were conducted at three different stages: (1) development of a screaning
method for large scals initial selection of bacterial izolates from chickpea rhizosphere, [2) testing of blocantrol activity wnder in witro conditions, and 3]
goreaning of antiblotic resistant mutants for rhizosphers competence in non sterile field soil, which assay was used to disclose ane Pssudomonas
fluoreecens NBRI 1303 [ATCC 55839) which e effective In suppressing plant pathogens. including Fusanum oxysporem £ sp. ciceri, Rhizoctonia bataticola and
Phithium ep. In chickpesas, and the purified bactearial strain can be wsed as active agent for bdocantrol compasitions and can alsa be used for enhancemA®nt
of chickpea plant growth and yield, as well as for the production of antibiotics directed towards phytopathogenic fungal diseases Cenadian patent Mo,

1,172 586 discloses the use of particular strains of naturally-occurring Peeudomanas in bio-fertilizer compasition to benefit plant growth in root crops by
reducing the population of other indigenous root-zone microbiata that adversaly influence plant growth. Porubcanet al in USE,B78178 discloses fertilizer
compositions for plant production comprised of decontaminated manure and Bacillus spares. prefarably a humic acid derived from Lignite and. optionalby,
one or more M-containing compownds, P-containing compownds, K-containing compounds, and combinations of twa or more of these compounds. Prefarred
compositions are those wherein the ingredients are blendad into an admixture resulting in a granwlar product. Other preferred compositions are those
blended Inta an. admibxture resulting ih a powdered product. Preferably, the Ingrediants are farmed into hard Aned prills or pellets. Mehtaet al inUS
622,806 describes & blochemical fertilizar. A broad list of microarganisma, listed by genera, s prowided, including Becillus. The need far microbial nutfients
= mentioned as part of the microonganism ingredient, not the bulk arganic ingredient Witsan et &l in WS 6.312,492 discloses iImproved fertilizer effect of
paultry manure by adding sulfuric acid followed by drying. Wilzon teaches specifically the co-addition of cellulose containing materiats_Branly et al in US
6.232 770 focuses an uging Bacillus bacteria to enhance the effectivenass of chemical herbicides and lists every imaginable Bacilles ever discoverad and
claims they will all bemefit this purpose US patent 6025167 describes bactenial complaxas comprising at least one non-pathogenic Bacillus and at lesst one
mon-pethogenic Lactobacillus which essentially allow the conversiA® aof inarganic nitrogen Inta organic nitragen in the form of bacterial proteins, which
allow the conversiA'n of excrement into nitrogenous compounds [stable nitrogenous compounds and/for compost] and, partAculary for waste heving &
sutficient C/M ratio [in relation ta the level of solids content], into nan-polluting compaunds rich in fulwic acid and hwmic acid, by digestif*n and corversifin
of excrements. while at the same time removing the associated pathogenic germs in particular Clostridium, Bacteroldes, Colibecilll, Listeria, Salmonellas
and Staphylococcl.in view of plethora of literature disclosing diverse Bio-fertilizer compasition, there are still the hurdles in acceptance of the Biofertilizers
Iy farmers due to one or the other reasons including but not limited to cost. stability. time of benefit to the crop and soll. offending product nature [in terms.
of odowr, calour ete.] etc. Henee, the main object of the present invention is to provide an improved and Potent Liguid Bio-fertilizer Formulation, which mey be
directly useful in farming regulting in improved crop production and long term soil reclamations, cost effective. which obvistes the drewback &= detailed
abave. Another objact of the presant invention |s to develop Improved process for purA® culture mAddium for regenarstion of desirable microorganisms ina
particular mA©dium according to present inventionYet another chject of the present invention |s to develop a Potent Liguid Blo-fertilizer Farmulation heving
user friendly color resulting in stability and acceptable odour for farming and easy to handle Still yet anather object of the present invention is to develop a
protocol for preparing consistent guality of Liguid Bio-fertilzer Formulation compriging microorganisms particularly Plant Growth Promoting Rhizobacteria
|PGPR]. SUMMARY OF INVENTIONDIfferent sspects of the present application are summarnized herein below individusally. In one espect of the present
application, the prasant iInvention provides Liguid Bio-fertilizer Farmulation comprising microarganisms particularly Plant Growth Promoting Rhizobacteria
|PGPR]In & further specific aspect of the present application, the present application provides steps to be followed for the preparation of said potent Liguid
Bio-fertilizer Farmulation comprising Flant Growth Promating Rhizobacteria |PGPR], which process technigue eccording to present invention elso retains
purity of cultwred microarganiam. This protocol comprisa the steps of-Step-1: lsolation procedurs for PGPR bacteria Step-2: Charactarization of isalates
dilutionStep-3: Growth under different tamperature conditions acconding to the present invention Step-4: Incubation and Recovery Step-5: Direct Cammercial
Ageptic Packaging In a further specific aspect of the present application, the prasent application provides an inoculation mASdium comprising-o Peptone -
2.4 kgo Beaf extract - 600 go Yesst extract - G00 go K2ZHPO4 -600go MgS04 -600g o CaCl12 -40go Tryptophan - 400 go Defoamer - 50 mio Distilled water - 400
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2.4 ko Beef extract - 00 go Yeast extract - GO0 go K2HEO4 -500go Mg504 -800g o Cati2 -40go Tryptophan - 400 go Defoamer - 50 mio Dissilied water - 400
literso pH - 6.8 - 7.2 [adjust with HCL and Me0OH]and final preservatives compositionaf-o Ghycerol - 675 kgo CME -31.5kgo RoseBengal -HOGBRIEF DESCRIPTION
OF THE DRAWINGS Fig. 1is an procass protocol according to present inventionFig. 2 s a demonstration of stability and comparative study with and without
rose Bengal coloring egent DETAILED DESCRIPTION OF THE INVENTION As set forth herein, aspects of the present irvention relates to potent Liguid Bio-
fartilizer Farmulation comprising microorganisms particularly Plant Growth Promoting Rhizobacteria [PGPRE). Flant Growth Promoting Rhizobaseteria [PGPR) are
& group of bacterla that enhences plant growth and yield vie various plant growth promoting substences. The plant growth promoting rhizobectera [PGPR],
ere characterized by the foliowing Inherent distinctiveness's: [ they must be proficient to colonize the root surface [il] they must swrvive, multipty and
compete with other microbiota, et leest for the time needed to exprass their plant growth promotiondiprotection sctivities, and (il they must promate plant
growth. About 2-5% of rhizobacteria, when reintroduced by plant inoculation in & soil containing competitive microflora, exert a beneficial effect on plant
growth and are termad as plant grawth promoting rhizobecteria. PGPR's are also classified based on their functional activities &s [i] biofertilizers fincreasing
the avallability of rutrients ta plant), §i] phytostimutators [plant growth promotion, ganerally through phytaharmones], (i) rhizoremedistors [degrading
organic pollutants) and [iv] Blopesticides [cantrolling dizesses, mainly by the production of entiblotics and antifungal metabalites]. Furthermare, in most
studied cases. & single PGER will often reveal m&*Itiple mA'des of action including blalogical control. Furtharmore, have recentty shown that the PGPR
essociations range in the degree of bacterial proximity to the root and intimacy of essociation. In generel, these can be separated into extracallular [ePGPR],
existing in the rhizosphere, on the rhizoplane, or in the spaces between cells of the root cortesx, and intracalluler IPGPR]. which exist inside root cells,
generglly in specialized nodular strectures. Some examples of & PGPR are Like, Agrobacterium, Arthrobacter, Azotobectear, Azospirllum, Bacillus,
Burkholderia, Caulobacter, Chromobacterum, Erwinda, Flavobacterium, Micrococcous, Peeudomonas, Sermratia ete.. Similarly, some examples of the PGPR ane
Mlorhizobium, Azorhizobium, Bradyrhizobéem, Mesorhizobium and Rhizoblum of the family Rhizobiacese. Most of rhizobacteria belonging to this group are
Gram-negative rods with & lower propartion being Gram-positive rods. coccl or pleomarphic. Moreover, numerous actinomycetes are alsa one of the major
components of rhizosphera microbial cormmunities displaying marvelows plant growth beneficial traits. Among tham, Micromonospora sp., Streptomycas
=pp., Streptosporangium sp., and Thermobifida sp., which have shown 8n enormous potential 88 blocontrol agents against different root fungal pathogens,
&re warthy of mention.PGPR mediated plant growth promation occurs by the alteration of the whole microbiel community in rhizosphere niche through the
pfoduction of werious substances. Generslly, PGPR promate plant growth directly by either facilitating .resource scquisition [nitrogen, phosphorus and
essential minerals] ar modulating plant hormaone levA©ie, or indirectly by decresaing the inhibitory effects of various pathagens an plant grawth and
development in the forms of blocontrol agents.in an embodiment sccording to the present application, it provides a protocol for providing lange scale
production of such potent Liguid Bio-fartilizer Formulation comprising microorganisms particularly Plant Growth Promoting Rhizobacteria (PGPR) comprising

the following steps-Step-1: lsolation proceduwre for PGPR becteriaStep-2: Characterization of isolates dilwtionStap-3: Growth under diffarent temperature
caonditions according to the present inventionStep-4: Incubation and RecoveryStep-5: Direct Commercial Aseptic PackagingStep-1: Isolation procedure for
PGPR bacteriazSoll samples were callected from the rhizosphere of plants in differant Ajreas of in India. The rhizosphers was dugout with intact root system.
The samples were placed in plAjstic bags and stored at 4A°C In refrigerator. Ten grams of rhizosphere sall were taken into a 250 mL of condcal flask, and 80
mL of sterile distilled water was edded to it The fiask was shaken far 10 min on a rotary shaker. One millilizer of suspensii®n was sdded to 10 mL viel and
shaken for 2 min. Serial dilution technigue was parformed upto 10 CFUL Step-2: Charactarization of Isolates dilutionAn sliquot (0.1 mL) of this suspensif®n was
spread an the plates af Luria-Bertany [LB) agar mASdium. Plates were incubated for 3 days st 28 A°C to observe the colondes of bacteria. Bacterial colonles
wera streaked to pther LB sgar plates and the plates wers incubsted at 2BA*C for 3 days. Typlcal bacterial colonies were observed over the streak. Well
isolated single colony was picked up and restreaked to fresh LB agar phate and Incubated similarty. The tachnigue was perpatuated thrice and culturas were
made single colony type. Morphological characteristics of the colony of each isolate were examined on LB egar plates. All the (solates were streaked on LB
agar plates_After 3 days of incubation, different characteristics of colonies such as shape. size, elevation, surfece, margin, color, odor, pigmentetion, etc
were racordad. A loopful of bactenial culture from each isolates was diluted into a test tube containing 1 miL sterile distilled water and was wortexed. A loopful
was then taken on a glass slide and emeared. The slide was air dried and fixed by heating on a Bunsan fAame. The slide was fiooded with crystal vialst
golution for 3 min. The slide was washed gantly in flow of tap water and air dried. The slide was cbserved under microscope and the shape was recorded. A
drop of sterile distilled water was pleced in the center of glass slide. A loopful of growth from yowng culture was taken, mixed with water, and placed in the
center of slide. The suspensiA’™n was spread out on slida using the tip of iInoculation nesdle ta make & thin suspensf®n. The emear was dried in &ir and fixed
through mild heating by passing the Lower side of the slide 3 to 4 times over the fAame. The smear was then fiooded with crystal violet solution for 1 min and
washed gently in flow of tap waterThen the slide was fiooded with iodine solution, immediately drained off, and fiooded egain with lodine solution. After
incubation &t room temperature for 1 min, iodine solution was drained out followed by washing with 85% ethanol. After that, it was washad with water within
15 to 30 seconds end blot dried carefully. The emesr wes Incubated with safranin solution for 1 min. The elide wes washed gently in flow of tap water and dried
in air. The slide was observed under microscope and data were recorded. Matility of bacteria was obsenved by hanging drop methad. A loopful of 2 day oAd
tacterial culture was suspended in 1 mL of nigrosin solution. A. drop of suspenslA’n was taken on a cover slip. The cover slip was hanged on a hollow slide
with vasaline. The slide was then observed under microscope to test the matility of bactera.5tap-3: Growth under different temperature conditionsThe
culture of 10 Isolates were streaked on LB sgar plates and Incubated at 90, 20, 28, 37 and 45A°C. The change in growth and colar was cheerved and recorded
after 3 days of incubation. 1AA productionPlant hormanes can be natural or synthetic. There ane several phytohormone groups and the best known is the
auxin group. Diverse gail microonganizms including becteria, fungl and slgse are also capable of producing physiologically active quantities of ausin [AA]
The culture of 10 isolates wes Incubated in the peptonA€ brath enriched with tryptophan broth to check for the production of Andole acetic acid, & precursor
of auxin which s &n impartant plant harmone. The quantitative estimetion of LAY (s performed by using Salkowskl method by using the reagent, 1mi of FeC13
Prosphate solubdization, 0.5 mM in 35% HC104. Mixtures were incubated &t room temperature for 25 min and obsensed for pink colour production and resd
colarimetrically. Phoaphones (8 only second to nitrogen in mineral nutrients which s most commanly limiting in the growth of plants. Marny soil
microsrganisms are able to solubilize unavailable forms of bound B The plates were prepared with Pikovskya's mABdium [comprisa of yeast extract,
dextrose, calcium phosphate, smmonium sulphate, potassium chioride. magnesfum sulphate, manganese sulphate and ferrous sulphate]. The cultwne of ten
Isolates were streaked on the plates and incubated in an incubator et 28A°C for 7 deys. The plates were then examined and data were recorded. Visual
detection and semi quantitative estimation of phosphate solubdlizing ability of microorganisms is possible by pAate screening methods that show clear zone
sround the micrabial colonies in media containing insoluble mineral phosphates [ricalcium phosphate ar hydroxyapatite] as splAS P sowrce. Siderophore
productionSiderophore production was tested gualitatively using chrome azurol 5 mASdium |CAS-meadium|Antagonism assay against phytopathogenic
fungiThe culture af 10 isalates were streaked on the surface af CAS agar mAEdiem and incubated at room temperature for 1 to 3 deys. Siderophore
production was indicated by orange halos arownd the colonies after the incubation and this test was done intwo replications.All the 10 isolates wera assayed
far antifungal activities against Fusarium oxysparum, Rhizoctonia salani and Sclerotium rolfsli by using Potato Dextrose Agar [FOA| mABdiem. The isolates
were streaked an PDA mA®dium 3 cm in distance oppasite ta pathogenic fungl Inoculated at the center of the mASdiem. The barrer between Isolates and
fungi indiceted antagaonist interaction between them. Antagonist activity was investigated for 4 to 7 deys after incubation at room temperature. Step-4:
Incubation and Recovery Effective and Attractive PGPR Liguid Biofertilzer Farmulation for both Soil & FolierApplicationsFermentation: = After getting
mdximum turbidity in seed flasks, transfer the culture in to sterilized 5 litre . bottles, aseptically in laminar air flow.> Resdywithall the 3 types of cultures for
3 fermentars> Prepare the 400 Litres of mASdiem in the fermentars [3 no's| and kept for sterilization at 1218%C for 30 minutes at 15 Ibs pressura.> After
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3 fermanters: Prepare the 400 litres of mASdium in the fermenters |3 no's] and keps for sterilzation at 1208°C for 30 minutes at 15 |bs pressure.> After
sterilization, get it cooled by passing the water in fo the fermenters jacket_» Then inocA®late the 5 litres of inoculum Into the 400 litres of mAS dium
aszeptically into the 500 litres capacity fermentero Peptane - 2.4 kgo Beef extract - 600 go Yesast extrect - 00 go KIHPO4 -600go MgS04 -600go CaC12 -40go
Tryptophan - 400 go Defoamer - 50 mio Distilled water - 400 literso pH - 6.8 - 7.2 [adjust with HCL and Na0H])> Keep the B0-120 rpm in the fermenter by
malntAindrg 30 -32A°C for 24- 48 howrs. > After checking the count and pH, the culture I8 ready ta transfer in to the large fermenter.> Meanwhile prepare the
mAEdism with preservatives for 4.4 KLin 3.2 liters of water in 5 KL fermentero Glyceral - B75 kga CHGC -31.5kgo Rose Bengal - 190 go Distilled water - 3200
literso pH -B.8 -7.2 |adjust with HCL and KOH] = Then kept for sterilization at 121 C for 30 minutes &t 15 Ib's pressune. > After sterilization, get it cooled by
passing the cold weter in to the fermenter jacket.> Then pass the 400 Litres of culture into the Large fermenter azeptically with positive pressure ome by one
from &ll the three fermenters.> Keep the &0 - B0 rpm in the S000 litres fermanter by maintaining 30-32A°C for 1 week. ftotal output from 5 k is 4.4 KL|Step-5:
Direct Commercial Azeptic Packaging Bottling:a. Then directly fill the 1litre bottles with microblal culture eseptically insterilized room for asoiding the
cantamination.b. Keep the bottles claan and seal the bottles with capsc. Keep 2-3 reference battles from evary batchPrecursor role in the mASdemat is ane
of the member of aming acid grouplt is the key ingredient for the manufacturing of the plant growth hormaonesGrawth promoting nature of the mASdium will
incregse 10 times by using this precursar withaut effecting the bacterial growth parametersPresarvative role in the mASdium: The proposed presenvatives
cancentrations and selective preservatives from the broed range gave the stabdityThese pressrsatives obviously increasing the self-life of the
microorganisms without effecting the pH levA®isThey are giving the viscows nature to the culture with uniform distribution of bacterial cells all over the
mhEdium Rose Bangal role in the mAGdiemiz will give effective rich color ta the cutture for increasing the acceptabdlity of the farmer without effecting the
microbiel growth and count. PGPR compatibility stwdy with Ross BengalData indicates its significant rale in the stability of compasition and microbial culture.
FCI [Fertilizer Carporation of India] prescribied 10 A7 CFU were found to be well retained up to its shelf Ufe of & year. Inventors of presant inwention also
noticed surprisingly that other coloring agents like food grade green dye, bromathymaol blue dye, Methyl red under same duration af atability term resulted in
obtaining the prescribed range for PGPR culture. This provided a better for the potent Liguid biofertilizer compaosition acconding to the present
imeention.Certain epecific sspects and embodiments of the presant application as explained in mare detall with reference to the eforementioned examples,
which are provided by way of lllestration only &nd should not be construed as limiting the scope of the irvention in any mannar.
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