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PED®EPAT

Ksamidikamiitna podoTa mpucBsiueHa po3po0IeHHIO TEXHOJOTIUHOI Ta armapaTypHoi
cXxemMu OlOCHMHTE3y JII3MHY 3 BHUKOPUCTAaHHAM Yy sKocTi mpoxayueHta Corynebacterium
glutamicum K-8, xotpuii micas 40 roa cuHTe3ye Mi3uH y KoHueHTpari 221,3 r/n. Jlizun
IJIAHYE€ThCSI BUKOPUCTOBYBATH Y SIKOCTI KOPMOBO1 JOOABKH TIPH BUPOIILyBAaHHI CBUHEH JJIs
MIIBUIIEHHS TPHUPOCTY TBAapWH. TeopeTHYHO-po3paxoBaHa MOTYXKHICTh BUPOOHHUIITBA
ni3uny — 294 515 Kr Ha piK.

TexHoMOTIYHUH TPOIEC OXOILTIOE SIK TOTIOMIXKHI1 orepartii (AroToBKa aepariitHoro
MOBITPSI, TUTPYBAJIBHUX areHTIB, 3alIaCHUX PO3UYHHIB MIKPOEJIIEMEHTIB, MONEpeIHs 00poOKa
OypsIKOBOI MAaTOKH, CTEpUIII3AIlisl MOKUBHUX CEPEIOBHUIN), TaK 1 OCHOBHHUU MPOIIEC, 1110
BKJIIOYA€ II’SITh €TalliB BUPOIIYBaHHS IMOCIBHOTO MaTepiaiay 1 MOJAJIbIINK Ol0CHHTE3 Y
dbepMenTepi 06’emom 63 M3, 3 koedirienToM 3anoBHeHHS 0,5. TexHoIOTISI BUPOOHUIITBA
JMi3uHY 0a3yeTbCs Ha  OAHOCTANIMHOMY TIJIMOMHHOMY NEpIOJUYHOMY  CIOCOO1
KyJbTUBYBaHHs. P03p0o0J€HO KapTy MOCTaAlifHOrO KOHTPOJI JOMOMDKHUX pOOIT Ta
TEXHOJIOTIYHOTO TMPOIIECY 3 HABEJICHHSAM METOJIIB KOHTPOJIO KOHIIEHTpalii OioMacu,
JDKepesia a30THOTO Ta BYTJIEIIEBOTO JKUBJICHHS, @ TAKOX METOANK BU3HAUCHHS KOHIICHTPAIIi1
J3UHY.

Kpamdikamiitna pob6ora BukimaneHa Ha 104 cropinkax, mictuth 16 Tabmuip, 7
PUCYHKIB, CKJIQJa€ThCs 31 BCTYIy, 8 pPO3MUIIB, CMHCKY BHUKOpUCTaHOI jdiTeparypu (53
HaliMeHyBaHb), 6 101aTKiB, TeXHOJIOT1UHO1 (popmaT A1, 1 apkymr) Ta anaparypHoi (popmat
Al, 2 apkyii) cxeMm.

Knwwuosi cnosa: nizun, 6iocunte3, Corynebacterium glutamicum K-8, xopmora

J00aBKa, TEXHOJIOTIYHA CXeMa



ABSTRACT

The diploma is devoted to the development of a technological and hardware scheme
for the biosynthesis of lysine using Corynebacterium glutamicum K-8 as a biological agent,
which synthesizes lysine at a concentration of 221.3 g/l after 40 hours of cultivation. Lysine
Is planned to be used as a feed additive in pig farming to increase animal growth. The
theoretically calculated capacity of lysine production is 294,515 kg per year.

The technological process includes both auxiliary operations (preparation of aeration,
titration agents, stock solutions of trace elements, pre-treatment of beet molasses,
sterilization of nutrient media), and the main process, which includes five stages of seed
cultivation and subsequent biosynthesis in a fermenter with a volume of 63 m?, with a filling
factor of 0.5. The technology for the production of lysine is based on a single-stage periodic
cultivation method. A map of stage-by-stage control of auxiliary works and the
technological process, indicating methods for controlling the concentration of biomass,
sources of nitrogen and carbon nutrition have been developed, as well as methods for
determining the concentration of lysine.

The qualification work is presented on 104 pages, contains 16 tables, 7 figures,
consists of an introduction, 8 chapters, a list of used literature (53 items), 6 appendices,
technological (format Al, 1 sheet) and hardware (format Al, 2 sheets) schemes.

Key words: Lysine, biosynthesis, Corynebacterium glutamicum K-8, feed additive,

technological scheme
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BCTVYII

JIi3uH € OonaHIEI0 3 HAWBAXKIMBIIIMX HE3aMIHHMX aMIHOKHCIOT, HEOOXITHHUX IS
HOpPMAaJIbHOTO (DYHKI[IOHYBAaHHS OpPTraHi3My SIK JIOAWHH, Tak 1 TBapuH. OCKUIBKH J3UH HE
CUHTE3YEThCS €HJIOTC€HHO, BIH Ma€ HAJXOJUTHU 3 palllOHy, 110 OCOOJMBO BaXKIMBO IS
CUIbCHKOTOCTIOAAPCHKUX TBapWH, SKUM TMOTpPIOHE TOBHOIIIHHE XapyyBaHHS IS
MiATPUMaHHS BUCOKOI MPOAYKTUBHOCTI. JII3UH € KIIOYOBOIO aMiHOKHCIIOTOIO, SIKA CIIPHUSIE
CHHTe3y GiIKiB, 3MILIHEHHIO IMYHHOI CHCTEMH, YTBOPEHHIO TOPMOHIB Ta (epMenTiB. Moro
AepimuT y KopMax MNPU3BOAUTH 10 MOPYIIEHh OOMIHY PEYOBHH, 3aTPUMKH POCTY Ta
MOTIPIICHHS MPOAYKTUBHOCTI Y TBAPUHHUIITBI.

AKTYaJIbHICTh pOOOTH TIOJIATAE Y HEOOXITHOCTI 3a0€3MeUeHHS TJI00aIbHOTO TOMUTY
Ha JI3MH Y 3B'A3Ky 31 30UIBIIEHHSIM 1HTEHCHMBHOCTI CUIbCBKOro rocroaapcta. CydacHi
OPOJAY CBUHEM, MITHIII Ta 1HIIUX CLTLCHKOTOCTIOIAPCHKUX TBAPUH MAIOTh BUCOKI BUMOTH JI0
pPIBHS aMIHOKHCIOT Yy palioOHl, 30KpeMa JIi3UHYy, KU € TEepIIOI JIMITYIYO0
aMIHOKHCIIOTOIO y KOpMax, o 0a3yloThCS Ha 3€PHOBUX KyJIbTypax. BuxopucTaHHs
JT3UHOBHUX J00ABOK J1a€ 3MOTy 30UIBIIMTH €PEKTUBHICTH KOHBEPCIi KOPMY, IiIBUIIUTH
OPUPOCTH Barn Ta 3HU3UTH BUTPATH HA TNPOTETHOBI pkepena. JlomaBaHHS 1i€l
aMIHOKHCIIOTH JI0 KOPMIB CHIPHUSE 3HUKECHHIO BUKOPUCTAHHS OUTKOBHUX JIXKEPEJI, 1[0 MAIOTh
BUCOKY BapTiCTh, TAKUX SK COEBUU IIPOT, 1 JO3BOJISIE CKOPOTUTH EKOJOTIYHWI BIUIHB
TBAPUHHMIITBA 32 PaXyHOK 3MEHIIICHHS BUKH/IIB a30Ty.

HoBwu3Ha nosnsirae y BIOCKOHAJICHH] 010TEXHOJIOTTYHUX METOIB O10CHHTE3Y JII3HHY.
CphoromHi MIMPOKO BUKOPUCTOBYIOTHCS MiKpoopraHizmu, Ttaki sik Corynebacterium
glutamicum, siki 3aBaskM TeHETHYHIH MoAudiKaIlil 37aTHI BUPOOISTH JII3UH 13 BHCOKOIO
edextuBHicTIO [1]. 3ams migBuieHHS e()EKTUBHOCTI BUPOOHHUIITBA JTi3UHY 31 3MIIIIAHOTO
yKpy, Oyau po3poOJieHI CHUCTEMU METadoJIi3My BYTJICBOJIB, MO0 MiJABUIIUTH
e(eKTUBHICTh BUKOPHUCTAaHHS I[yKpy. BupoOHHMLTBO 1i3uHYy OyJ0 AOJATKOBO 3011bIIEHO
3aBJsKHU 3aMiH1 (hochoeHOMTIPYBaT-3aJI€KHOI CUCTEMH TOTJIMHAHHS TJIIOKO3H Ta PPYKTO3U

iHo3uToNnepmeasamu Ta ATd-3a51eKHOI0 TIIIOKOKIHA301O.
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CyuacHi miaXoay BKIIOYAIOTh ONTHUMI3AIl0 METa0OJIYHUX HUISX1B, BAKOPHUCTAHHS
BiJTHOBJTIIOBAHMX CHUPOBHHHHX JDKEPEI, TAKUX SK Mejsica a0 KyKypyA3sHHUHM CKCTPakT, a

TaK0X aBTOMAaTHU3all1I0 MPOLIECIB KyJIbTUBYBAaHHS.



PO3J1JI 1. XAPAKTEPUCTHKA JIIBUHY

Jli3uH € ofHI€I0 3 HAMBAKIIUBIIINX aMIHOKHCIIOT, K1 BXOJATh J0 CKJIaay OUIKIB [7].
Bin Bipi3HIETHCS HAABHICTIO (0-aMIHOTPYTIH, SIKa HAJAA€ MOJICKYJI TIO3UTHBHOTO 3apsny y
HEUTpaAJIbHUX pO3YMHaX. Byaydnm He3aMiHHOIO aMIHOKHUCIIOTOIO, JI3MH HE MOXe OyTH
CHUHTE30BaHMIA OaraTOKIITHHHHMH OpTaHI3MaMH, TaKUMH SK JIIOJAWHA YU TBapHWHH, IO
pOOUTH HOTO OTPUMAHHSI 330BHI JKUTTEBO BKIUBUM. [CHYIOTh 1Ba OCHOBHI 010CHHTETHYHI
IUISIXH JTI3UHY: Yepe3 o-aMiHOQAUIIIHOBY KUCJIOTY 1 J1aMIHOMIMEIIHOBY KHUCIIOTY, KOXKEH 3
AKX XapaKTepU3yeThCS TMEBHUMHM (EPMEHTAaTUBHUMHU pEAKUiIMU 1 MPOMIKHUMHU
npoaykramu [2,3].

3 XIMIYHOT TOYKHU 30pYy, Ji3uH Mae Opytro-popmyny CeH1aN,O2 (puc. 1), a #oro
MOJISIpHa Maca ckianae 146 r/moinb. JIi3UH Mae BHUCOKY TemImeparypy IUIaBJICHHS, SKa
nopiBHioe 260 °C, 1 temneparypy kuminas - 368 °C. Bin nobpe po3uunserbes y Boi (14,87
r/100 ma pu 20 °C), mo poObuts HOoro AOCTYIHUM [jisi O10XIMIYHHMX MPOLECIB, MPOTE €
c1ab0 pPO3YMHHUM B €TaHOJI Ta HEPO3YMHHUM B eTwioBoMy edipi. L1 ¢izuko-xiMiuHi

BJIACTUBOCTI BU3HAYAIOTh OO TIOBEIIHKY Y PI3HUX CEpeOBHIIAX 1 mporecax [2].
b
b

A OH
H-5N

O

Puc. 1. byaoBa ni3uny
L-dbopma ni3uHy € 610J0T1YHO aKTUBHOIO 1 BIAITPA€ BAXKIUBY POJb Y METa0013MI
JIOJTMHU Ta TBAPHUH, TO1 ik D-popma € 61070T19HO HEAKTUBHOIO 1 MOXKE OYTH TOKCUYIHOIO.
Jlizun cnpusie abcopOuii Kalpliio, MIATPUMYEe OajllaHC a30Ty B OpraHi3Mi, CHOpHSIE

YTBOPEHHIO KOJIareHy, BITHOBJICHHIO TKaHUH 1 Oepe y4acTh Yy CUHTE31 aJIKaJIOI/iB,
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aHAJIOTTYHUX HIKOTUHY. BiH Tak0X 3HIKY€E piBeHb TPHUIJILICPUIIB Y KpOBi [2].

MeauuHe 3Ha4Y€HHS JI3UHY € HaJ[3BUYAHO BaXKITMBUM Yepe3 HOro YucieHH1 PyHKIIIT
B OpraHi3mi JIOAWHU. BiH CIyXUTh BaXJIHBUM CyOCTpaTOM ISl CHHTE3y OKCHIY a30Ty
(NO), monekymnu, sika Ma€ MHUPOKUM ciekTp Oiomoriynux Aiil. NO Bifirpae KJiro4oBy poJib
y peryJisiii CyAMHHOTO TOHYCY, IO BIUIMBA€E Ha apTeplalbHUM THUCK, a TAKOXK Oepe ydacTh
y mpoliecax IMyHHO! BIJMOBiJI, CIOPHUSIIOYM 3HHUILEHHIO MATOTEHIB 1 MyXJIMHHUX KIITHH.
Kpim toro, NO perymntoe HEHpOTpaHCMICIIO, 110 Ma€ 3HAYEHHS Uil (YHKIIOHYBaHHS
HEpBOBOI cuctemu [2,3].

HenocratHicTh Ji3MHY B OpraHi3Mi MOXX€ MPU3BOJUTH JI0 PI3HUX 3aXBOPIOBAHb,
TaKUX SIK TOJOBHHUU O11b, 3alIaMOPOYEHHS, MIJBUIIEHA YYTJIIMBICTh J0 IIyMY, 3HIKCHHS
aneTuTy, HyJ0Ta, OJIFOBOTA, MOPYIICHHS ()EPMEHTATUBHOI aKTUBHOCTI, aHEMIs, JIEHKeMis,
BHUCHa)KEHHA Ta MPOOJIEeMHU 3 peNnpoayKTUBHOW (yHKI€0. JlepiuT Ti3UHYy TaKOK MOXKE
MPOSIBJIATUCS B TOYEPBOHIHHI O4Y€M, BUMAIIHHI BOJOCCS, JAPaTIBIMBOCTI Ta 3arajabHIN
cimabkocri [2].

AKTYaJIbHICTh JIOCHI/DKEHHSI METOJIIB BUPOOHMIITBA JI3UHY BH3HAYAETHCS MOTO
HEOOXITHICTIO i1 HOPMalbHOrO (YHKLIOHYBAaHHS JIOJICBKOro oprasizmy. Jli3un
BOXJIMBUN HE TUIBKM JJIA JIFOACH, aje W JJId POCIMHHHUX OpraHi3MiB 1 TBapuH. Y
TBAPUHHULTBI JII3UH BUKOPUCTOBYETHCA K KOPMOBa J100aBKa, 10 CHpPHSE 301IIICHHIO

MPOJYKTUBHOCTI TBAPUH 1 MOKPAIICHHIO SKOCTI poaykii [2,3].
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PO3J1J1 2. OBI'PYHTYBAHHS BUBOPY TA XAPAKTEPUCTUKA
BIOJIOI'TYHOTI'O ATEHTA
2.1. O6rpyuryBaHHs BUOOpPY 0i0JIOTIYHOT0 areHTa

Mikpo0Oi0oIoTiuHI METOJIM CHUHTE3y aMIHOKHMCJIOT 3aCHOBaHI Ha TOMY, IO Oarato
MIKpOOPTaHi3MiB MarOTh 3JaTHICTb HAKOMUYYyBAaTH 3HAYHI KUIBKOCTI TaKuUX IMPOIYKTIB.
Mikpoopranizmu, 10 HAKOMUYYIOTh aMiHOKHCIIOTH, IIUPOKO BUKOPUCTOBYIOTHCS, ajie HE
0araro 3 HUX € EKOHOMIYHO BUTIIHUMH MPOJYIEHTAMU. 3a3BHYail iX OTPUMYIOTh HUISIXOM
3aCTOCYBaHHS PI3HUX MYTareHHMX YWHHHKIB. Y OUIBIIIOCTI BUMAAKIB, HEOOXiAHO, 100
IPOYIICHT HAKOMMUYyBaB MEPEBAKHO OJIMH BUJl aMIHOKHUCIIOTH. 32 OJTHOYACHOI HasIBHOCTI
JEKUTBKOX aMiHOKUCIIOT, OCOOJIMBO SIKIIO BOHU MAIOTh CX0XI1 (h13UKO-XIMI4H1 BJIACTUBOCTI,
iX BUJIUJICHHS T4 OUMILICHHS YCKIIATHIOEThCS [4].

Ha cboroiHinH1# 1eHb AJ1s1 POMUCIOBOTO BUPOOHUIITBA L-1113MHY BUKOPUCTOBYIOTh
pi3HI BUAM MiKpooprasizMiB, Taki sik: Corynebacterium glutamicum, Brevibacterium
flavum,  Brevibacterium lactofermentum,  Corynebacteriumlilium, Brevibacterium
divaricatum ta Escherichia coli.

Corynebacterium glutamicum K-8 — 1eit mram BiJOMHUI CBOIM BHCOKHM BUXOJOM
JT3WHY, a/pKe JO03BOJIAE OTPUMATH HaAWOUIbIIy KidbKicTh Ji3unHy (221,3 1/7) cepen
PO3MIIIHYTUX TPOAYLEHTIB micist 48 Toa KyJbTUBYBAaHHS, MPOTE MOTPEOY€E CKIIATHOTO
cepenoBuila 3 (pakTopaMH poCTy, Takux sIK O10TMH Ta TiamiH [1]. B Toil ke wyac Oymo
posrasayto Corynebacterium glutamicum AHP-3 — Takox BigoMuii CBOIM MOTEHIIIAIOM
JUIsT BUpOOHUIITBA Ji3UMHY. BiH Moke OyTH NiAJaHUNA TEeHETHYHId Mojudikamii s
MOJIIMIIIEHHS BUXOY JII3UHY Ta ONTUMI3aIll BUpOOHUYMX TponeciB. [Iponykye mi3un npu
40°C, xiHIEeBHI TUTP SKOTO cKianae 85 1/im yepes 28 rox [5].

Corynebacterium glutamicum XQ-5 — 1e OOuUH NPENCTaBHUK KOpPiHEOAaKTepii,
3MaTHUX 10 NTPOAYKTUBHOTrO cuHTE3y aizuny (189 r/m). Ilpore cepen po3risHyTHX

IPOJYLIEHTIB JaHUI NOoTpedy€e HAUTPUBATIIIOrO KyJIbTUBYBaHHS — 72 rof [6].

HYXT BTEK 05.01.12 KP I3
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Ha nomarok no uporo HasBHuii mrtam Corynebacterium glutamicum JL-6, 110
POJYKYE Ji3UH Yy KiabkocTi 181,5 1/ micias 48 roa KyJIbTUBYBaHHS [7].

[{ux maHUX HEAOCTATHBO JII OCTATOYHOTO BU3HAYEHHS ONTUMAIBHOTO MPOIYIIECHTA,
TOMYy y Ta0i. 2.2. HaBEJACHO aHaJl3 BapTOCTI MOXUBHUX CEPEIOBHUIL, a TAKOX YMOBHY

BapTiCTh | T aMiHOKHCITOTH (Tab. 2.3).
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IopiBHSJIbHA XapaKTEePUCTHKA NMPOAYLUEHTIB JI3UHY

Tabnuys 2.1

. . . CkJ1a1 NOKMBHOTO Cepel0BHUIIA: TpuBaiicTb Konuentpanis
Biosoriynmuia . . ITapamerpu .
AreHT KOMIIOHEHT KOHIEHTpauis, | KYJJbTUBYBAHHA, | aMIHOKHUCJIOTH, Ky b THBYBAHHS Bukopucrana jireparypa
/0 roj I/
I'mrokxo3a 80 KynsTuBYyBaHHS Yy Xu,J. Z.,Ruan, H. Z., Yu, H.
Mensica 40 KOJI0axX Ha Kayajkax B., Liu, L. M., & Zhang, W.
Kykypynzsiauit npu 220 06/xB, 30°C, (2020). Metabolic
EKCTPaKT 30 pH 7,2 engineering of carbohydrate
(NH4)2S04 50 metabolism systems in
Corynebacterium KH2PO4 1,5 Cor_ynebac_terium glu_ta_micum
glutamicum K-8 MgSO4x7H20 1 48 221,3 for improving the eff|C|ency
FeSO4 0,02 of L-lysine production from
MnSO4 0,02 mixed sugar. Microbial Cell
L-meTioHiH 0,5 Factories, 19, 1-15.
Biotnn 0,0024
Tiamin-HCI 0,4
[Tosmicop6aT-80 0,002
I'moko3a 100 KyneTuByBanus y Liu, J., Xu, J. Z., Rao, Z. M.,
CaCl2x2H20 1 KOJIOAX Ha Kayalikax & Zhang, W. G. (2022).
(NH4)2SO4 20 npu 140 06/x8, 40°C, Industrial production of L-
Corynebacterium | MgSO4x7H,0 0,4 pH 7 lysine in Corynebacterium
glutamicum NaCl 0,05 28 85 glutamicum: Progress and
AHP-3 FeSO4x7H20 0,01 prospects. Microbiological
MnSO4x4H20 0,01 Research, 262, 127101.
L-cepun 0,0001
Biotun 0,0005
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3axinuenus maon. 2.1

I'mroko3a 70 KynbruByBanHs y Liu, N., Zhang, T. T., Rao, Z.
Meisca 50 Oiopeakropi Ha S mmpu | M., Zhang, W. G., & Xu, J.
Kykypyn3staunii 220 06/xB, 30°C, pH 7,0 | Z. (2021). Reconstruction of
EKCTPaKT 20 the diaminopimelic acid
Corynebacterium | (NH4)2SO4 50 pathway to promote L-lysine
glutamicum XQ- | KH2SO4 2 72 189 production in
5 MgSO4x7H20 1,5 Corynebacterium
FeSO4 0,03 glutamicum. International
MnSO4 0,02 Journal of Molecular
bioTun 0,6 Sciences, 22(16), 9065
Tiamin-HCI 0,3
I'mroko3a 80 KynsTuBYyBaHHS ¥y Xu,J. Z., Wu, Z. H., Gao, S.
Mernsca 40 Koyibax Ha Kayankax mpu | J., & Zhang, W. (2018).
Kykypynzsiauit 220 06/x8, 30°C, pH 7,0 | Rational modification of
EKCTPAKT 30 tricarboxylic acid cycle for
(NH4)2S04 50 improving L-lysine
Corynebacterium KH2PO4 1,5 production in_
glutamicum JL-6 MgSO4x7H20 1 48 181,5 Coryne_bacterlu_m _
FeSO4 0,02 glutamicum. Microbial cell
MnSO4 0,02 factories, 17, 1-13.
L-merionin 0,5
Biotnn 0,0024
Tiamin-HCI 0,4
[Tosticopbat-80 0,002
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Tabnuys 2.2

BapricTh N0o:KUBHUX cepeqoBUII I KYJIbTHBYBAHHS MPOXYUEHTIB Ji3UHY

BapricTb
Kommnonent Hina dxepeiio
Konuenrpanist KOMIIOHEHTA
IIpoayuent MOKUBHOI0 KOMIIOHEHTA, iHgopmamii
y IIC, r/a (rpa) Ha 1 &1
cepeIoBHIIA TPH/KT (1,2,3)*
cepeI0oBHIIA
1 2 3 4 5 6
I'mroxo3a 80 100 8 1
Meisca 40 160 6,4 2
Kykypynzsaui
YIvPY 30 35 1,05 3
EKCTPaKT
(NH4)2SO04 50 65 3,25 4
KH2SO4 1,5 117 0,1755 5
MgSO4x7H20 1 70 0,07 6
Corynebacterium FeSO4 0,02 48 0,00096 7
glutamicum K-8
MnSO4 0,02 208 0,00416 8
L-MeTioHIH 0,5 107 0,0535 9
I'minua-0erain 0,05 250 0,0125 10
biotun 0,0024 1000 0,0024 11
Tiaminy xnopunu 0,4 3600 1,44 12
[Tonicop6at-80 0,002 320 0,00064 13
Bapricts 1 1 cepenoBuma — 20,45966 rpu
I'moko3a 100 100 10 1
CaCl2x2H20 1 80 0,08 14
(NH4)2SO4 20 65 1,3 4
MgSO4x7H,0 0,4 70 0,028 6
Corynebacterium
glutamicum AHP- NaCl 0,05 44 0,0022 15
3 FeSO4x7H20 0,01 48 0,00048 7
MnSO4x4H,0 0,01 208 0,00208 8
L-cepun 0,0001 2440 0,000244 16
biotun 0,0005 1000 0,0005 11

Bapricts 1 a1 cepenoBuima — 11,413654 rpu
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3akinuennsa maoa. 2.2

I'moko3a 70 100 7 1
Mernsica 50 160 8 2
KysypyaRaHA 20 35 0,7 3
CKCTPaKT
(NH4)2S04 50 65 3,25 4
Corynebacterium KH2S04 2 117 0,234 5
glutamicum XQ-5 [ \MgS0O,4x7H,0 15 70 0,105 6
FeSO4 0,03 48 0,00144 7
MnSQO4 0,02 208 0,00416 8
Biotun 0,6 1000 0,6 11
Tiaminy xsopun 0,3 3600 1,08 12
Bapricth 1 a1 cepenoBuina — 20,975 rpu
I'mroxo3a 80 100 8 1
Mensdca 40 160 6,4 2
KysypymRaHA 30 35 1,05 3
EKCTPaKT
(NH4)2SO4 50 65 3,25 4
KH2S04 1,5 117 0,1755 5
MgSO4x7H20 1 70 0,07 6
Corynebacterium
glutamicum JL-6 FeSO4 0,02 48 0,00096 7
MnSQO4 0,02 208 0,00416 8
L-meTioHiH 0,5 107 0,0535 9
T'minue-0erain 0,05 250 0,0125 10
biotun 0,0024 1000 0,0024 11
Tiaminy xmopunu 0,4 3600 1,44 12
[Momicop6at-80 0,002 320 0,00064 13

Bapricts 1 1 cepenoBuma — 20,45966 rpu

[pumiTka: * - L{iHn Bka3aHO cTaHOM Ha 4epBeHb 2024 p.:

1. https://prom.ua/p1559560315-glyukoza-fasovka-

lkg.html?utm_source=google pmax&utm medium=cpc&utm_content=pmax&utm_campaign=Pmax_cpa 1 50 produkty pitaniya&gad s

ource=1&gclid=EAIalQobChMI17i87YnWhgMV6xiiAx2TKQxpEAQYBCABEgKI7vD BWwE.

2. https://ribanuti.com/melasa-naturalna-3k-baits-1000ml-
003424?gad_source=1&gclid=Cj0KCQiA19e8BhCVARISALpFMgF2BjmW6d3KiN2EpCLhJZWAKP_edKNIEd KrpzAKv_OHLMVoGm

WraAaAuetEALw_ wcB.

3. https://prom.ua/p1310282824-ckstrakt-
kukurudzyanijlitriv.html?token=v2%3 Ai4hrHB2ahtl HOMAmY XPON20NZ3HEguphiJbWwFtSnvvw8cd7JaFmnNDanvVig5c_2ZjNdl1rilyE
8bnZ b8KZ1WeFm2imiC9 g2iOPQMsvRIX-UnW7kyZ2-
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wDNnav2ESz&campaign _1d=2133948&product_id=1310282824&source=prom%3 Asearch%3 Atag%3Aserp&locale=ru&category ids=113
08&primelead=MS4yNzU&from_spa=true.

4. https://prom.ua/ua/p1756705032-sulfat-

amoniyuamonij.html?utm_source=google pmax&utm_medium=cpc&utm_content=pmax&utm_campaign=Pmax cpa 1 50 b2b 26594559
2&gad source=1&gclid=EAlalQobChMInsqxhKPWhgMVAEZBAhOSAgKREAYYBiABEgLxsfD BwE.

5. https://prom.ua/ua/p384762451-monokalijfosfat-kalij-fosfornokislyj.html?&primelead=M C44NQ.

6. https://green-chief.com.ua/ru/sulfat-magniya-1kg/?gad_source=1&gclid=EAlalQobChMI7pzixaTWhgMVRBIiiAx281Aj6 EAQYCCABEg
JfevD_BWwE.

7. https://together.biz.ua/p/1750749?gad_source=1&gclid=EAIalQobChMI0o4G8 aTWhgMVol1SRBR1MogPUEAYYAIABEgItY D BwE.
8. https://flagma.ua/marganec-hloristy-4-h-vodny-03316899.html.

9. https://flagma.ua/uk/metionin-o11450325 html.

10. https://flagma.ua/uk/betain-organichniy-kormoviy-96-vid-1kg-013770724.html.

11. https://flagma.ua/uk/biotyn-kormovyi-vitamin-v7-016392112.html.

12. https://profiprot.com.ua/p1802034946-vitamin-

tiaminprofiprot.html?source=merchant center&gad source=1&gclid=EAIalQobChMIOOCF2ajWh.

13. https://prom.ua/ua/p1091935103-polisorbat.html.

14. https://prom.ua/p1740408918-kaltsij-hloristyj-

1kg.html?token=v2%3 AR5dy3UKx3C0hi6hc7XtcB_xKcKb_xAbcULx7Tt6_fOSIhGLirgejvW3m3IHhRpFIMNvrLgY fnUUpRzir7dANd7
U24jhSFreQfSIcBg_jJtrgk36RMRkZsOD40Y4CKgl&campaign_id=2522686&product_id=1740408918&source=prom%3Ase
arch%3Atag%3Aserp&locale=ru&category_ids=8020313&from_spa=true.

15. https://klebrig.com.ua/ua/p1855737967-sol-

ekstraklebrig.html?source=merchant_center&utm_source=google&utm medium=cpc&utm_campaign=Perf Max-

Turboweb&gad _source=1&gclid=EAIalQobChMIjdzpgqvWhgMV2mWRBR3XdADSEAQYASABEgIVAvD BwE.

16. https://prom.ua/p617652512-serin-ser-100g.html?utm_source=google pmax&utm medium=cpc&utm_content=pmax&utm_campa
ign=Pmax_cpa 1 50 sport i otdykh&gad source=1&gclid=EAlalQobChMIuMDH9avWhgMVnAMGAB11AguYEAQYAIABEgIGdPD
Bw.

Tabnuys 2.3
YmoBHa BapTicTh 1 1 J1i3HMHY
KiabkicTh YMoBHA
Biosoriummii KO.HHeHTpalllﬂ TpuBaiicTb }fTBOpeHOI Bapricts 1 a1 B.apTlCTL
ArenT AMIHOKHUCJIOTH, | KYJbTUBYBAHHS, | aMIHOKHCJIOTH | CEpEaOBHIIA, HUIBOBOI'O
r/a roa 3a roAMHYy, TpH/ NMPOAYKTY,
r/rox rpH/T
1 2 3 4 5 6
Corynebacterium 221,3 40 5,5325 20,45966 0,092
glutamicum K-8
Corynebacterium
glutamicum 85 28 3,0357 11,413654 0,134
AHP-3
Corynebacterium
glutamicum XO- 189 72 2,7 20,975 0,111
5
Corynebacterium 181,5 40 45375 20,45966 0,112
glutamicum JL-6

3 maHuX, HaBeleHUX y Tabnuii 2.2, 3po3ymino mo Corynebacterium glutamicum K-
8 Mae Bumly IiHY 32 1 71 MOXHUBHOrO cepeaoBuina (22,782 TpH) y MOpIBHSHHI 3
Corynebacterium glutamicum AHP-3 (11,41 rpH), oqHaK 1 MPOAYKTUBHICTh y mTamy K-8
outpma, HiX y AHP-3, 1o Toro >k ymoBHa BapTicTh | T Ji3UHY, CHHTE30BAaHOTO 3

BUKOPUCTAaHHSIM JIaHOTO ITamy, € y 1,2 pa3u Huxuoro, nopiBHsiHO 3 Corynebacterium
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glutamicum JL-6 ta y 1,45 pa3iB Hmwxua HiX 3a Corynebacterium glutamicum AHP-3.
3Bakaro4M Ha BUIIE 3rajiaHl apryMEHTH, Y SKOCTI OCHOBHOT'O IIPOJIYIIEHTA JII3UHY Oy1eMO
BukopuctoByBatu Corynebacterium glutamicum K-8.
2.2. Mopdosnoro-kyabTypajibHi Ta Qi3io10ro-0ioXiMmivHi 03HAKH MPOAYLIEHTA
2.2.1. Mop¢o.10r0-KyIbTypPaibHi 03HAKH

Corynebacterium glutamicum € TPaM-TIO3UTUBHOIO, HEMATOTEHHOIO OaKTepieo 3
MaJu4YKONoAI0HUMU KiIiTHHaAMU. Bouu matote po3mipu 1.0-3.0 MM y gosxuny ta 0.5-1.0
MKM B miameTpi. Kmituau yacto (GopMyrOTh KOPOTKI JAHIIOKKH a00 CKYMYEeHHS, 10
HaraayooTs "V"-noaibHi ¢irypu abo kutaiicbky 0ykBy (puc. 3.1). L{s mopdonoriyaa o3naka
€ XapakTepHOW i mnpeiactaBHUKIB poxy Corynebacterium 1 J103BOJISIE  JIETKO

i1eHTHGIKYBATH IIEW BU ITiT MiKpOCKoTioM [8].

Puc. 2.1. MopdoJoriuni (31iBa) Ta KyJabTypaibHi (cnipaBa) o3Haku Corynebacterium
glutamicum K-8

Ha TtBepaux mo’KMBHUX CepelloBUINAX, TAKUX SK arapu3oBaHe cepenonuile M9 abo
LB-arap, xononii C. glutamicum 3pocTaroTh NOBUIbHO. BoHM focsiratoTh po3mipy 1-3 Mm y
niameTpi micns 48 ronun iHKyOanii npu remieparypi 30°C. Kononii MatoTh Kpyriy Gopmy,
[JIAJIKy MOBEPXHIO 1 piBHI Kpai. Kosip koyioHIM Bapitoe Bij O1IOr0 10 KPEeMOBOTO, IO €
TUIIOBUM JJ1s1 AaHoro Bunay [1,8].

JlJ1s OLIIHKM KyJbTYpaJbHUX O3HAaK OyJI0 BUKOPUCTAHO pi3HI cepenosuia. Ha arapi
Yaneka KOJOHIT MawTh JiamMeTp 2-3 MM, KPEMOBUM KOJIp Ta Tiaaky mnoBepxHio. Lle
CEpEeIOBHILIE JI03BOJISIE OLIHUTU 3arajibHi MOP(OJIOTiuHI XapaKTepUCTUKH KojoHii. Ha
MaJibll-arapi KOJIOHIi A0CATatoTh AlameTpy 1-2 MM micis 48 roauH iHKyOallii, BOHU € OLIbII

MIrMEHTOBAaHUMHU TOPIBHSIHO 3 KOJOHISIMM Ha I1HIIUMX CEPEIOBHINAX, IO CBIAYUTH MPO
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PI3HUII0 B META0OJIIYHIM aKTUBHOCTI Ha PI3HUX TMOXHUBHHUX CEPEAOBHINAX. Y PIAKUX
KyJIbTYpaJbHUX CepeoBUIaX, Takux sk M9 abo LB-OynbiloH, KiIiTUHH (QOPMYIOTH
piBHOMIpHY cycnenHsito. OnTumanbHa aepailis 3a0e3ledye MaKCUMaJbHUNH picT 1
POJYKTUBHICTH O10cHHTE3Y Ji3uHy [1,8,9].

OnTtumansHi ymoBu i pocty C. glutamicum K-8 Bxmouarots Temneparypy 30°C i
piBenb pH 7.0-7.4. Lleit Mikpoopranizm € (paKyJpTaTUBHUM aHaepoOOM, TOMY JJIsi MOTrO
pOCTy HEOOXiJIHa TPHUCYTHICTh KHUCHIO. BiamoBimHi (}i31070r0-610XIMIYHI  YMOBH
3a0e3neuyioTh e(eKTHUBHE BHUKOPUCTAaHHA CYOCTpaTiB, TakKuX SK TJIIOKO3a, IO
NIEPETBOPIOETHCS HA JII3UH Yepe3 010CUHTeTHUHUN uIstX. KpiM Toro, JaHui MiKpoOpraHizM
3IaTHUIl BUKOPUCTOBYBATH 1HII BYIJVIEBOAM, TakKl K caxapo3a Ta JIaKTO3a, SIK JKepela
€Heprii, 110 CBIAYUTH PO MOr0 BUCOKHUI MeTabOIIYHMI noTeHuian [8,9].

Taxkum uyuHom, Corynebacterium glutamicum K-8 neMOHCTpye XapakTepHi
MOpP(hOIOro-KyIbTypalibHI  O3HAKH, SKI JO3BOJSIOTH 1ACHTU(DIKYBAaTH LIEW mTaM 1
BUKOPUCTOBYBATH HOTO MJiI MPOMUCIOBOTO O10CHHTE3y Ji3uHy. Bubip 1poro mramy
OOIPYHTOBaHO HOTO BHCOKOIO MPOIYKTHBHICTIO, CTIHKICTIO 10 YMOB KyJIbTHBYBAaHHS Ta
e()eKTUBHUM BUKOPUCTAHHSM PI13HUX CyOCTpAaTIB, 10 pOOUTH MOT0 171€aTbHUM KaHAUAATOM
JU1s1 O10TEXHOJIOTTYHMX MpoIieciB [8,9].

2.2.2. ®i3i0/10r0-0i0XiMiYHI 03HAKH

Corynebacterium glutamicum K-8 € paxkynpbTaTUBHUM aHAepOoOOM, TOOTO BiH MOXKE
POCTH SIK B yMOBaX HasiBHOCT1 KUCHIO (aepOoOHI YMOBH), TaK 1 B 1OT0 BiICYTHOCTI (aHaepoOHi1
yMoBH). Lleit MikpoopraHizm € reTepoTpodHUM, 1110 O3HAYAE, IO IJI1 OTPUMAHHS €HEeprii 1
BYTJICILIO BiH BUKOPUCTOBYE OpraHiuHi CHoOdyKd. st eheKTUBHOTO pPOCTy 1 MPOMYKINi
J3UHY HEOOXIJHO MIATPUMYBATH MEBHI (i3iojoriydi ymoBu. OntuMaibHa TemmepaTypa
st pocty C. glutamicum K-8 cranoButs 30°C. IlinTpumaHHs TemMnepaTypu 301HCHIOEThCS
3a JOTMOMOrOI0 TEPMOCTATMUHUX CHCTEM, IO 3a0e3MedyloTh CTaOUIbHICTH YMOB
KyJIbTUBYBaHHA. OnTuManbHuil piBeHb pH 17151 pocTy MikpoopraHizmy ctaHOBUTH 7.0-7.4.
JIist miATPUMKHM 1ILOTO PIBHS BUKOPUCTOBYIOTHCA OydepHl po3uMHHM ab0 aBTOMATHYHI
CUCTEMH JI0JJaBaHHS KUCJIOTU uu ayry [10].

Po3unHeHuii KHCEHb MIATPUMYETHCS Ha ONTHUMAIBHOMY pIBHI 3a JOIMOMOIOIO

KOHTPOJIIO aepartlii Ta nepeminryBadHs. [le 3a0e3meuye mocTaTHE MOCTadaHHS KUCHIO JISI
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MeTa0oIIYHUX MpolieciB. Bucoka KOHIIEHTpallis JyKepena ByTJIelio (Hanpukiai, TIII0KO31)
Ta JpKepena a30Ty (HampuKiaj, aMOHII0) € HEOOXITHUMH JIJIi MaKCHMMaJbHOTO POCTY 1
npoAykimii mizuny. KoHIEHTpallis MNOXHUBHUX PEUOBUH PETYJSIPHO MOHITOPHUTHCS 1
HIATPUMYETHCS MIJISIXOM J0IaBaHHs MKUBIIOBAIBHUX po3uuHiB [9,10].

C. glutamicum K-8 akTUBHO acUMIITIOE Pi3HI BYTJIEBOH, TaKI SIK TIIFOK03a, PPYKTO3a,
JaKTO3a, caxapo3a, Ta iHmi. lle cCBITYuTh PO BUCOKWN METaOONIYHUNA TMOTEHIIAN IIHOTO
mraMy. OCHOBHI TPOLIECH BKJIIOYAIOTh TIIIKOJI3, MEHTO30(ochaTHUl HUISX Ta IUKI
tpukapoonoBux kucior (L[TK), ski 3a0e3medyroTh €HEPrir0 Ta TMOMEPETHUKH IS
6iocunresy mi3uny. biocunres nizuny y C. glutamicum K-8 BinOyBaeTbcs eeKTUBHIIIE B
NEePIoIMYHOMY MPOIEC] KYJIbTUBYBAHHS, OCKIIBKM MAaKCUMaJIbHE YTBOPEHHS aMIHOKHUCIIOT
JOCSITA€ThCS Y CTalllOHApHIA (a3l pocTy MIKpoopraHi3miB. TpHUBaJICTh KYJbTHBYBAHHS
CTaHOBUTH OJIM3bKO 48 TOJMH, MPHU ILOMY BHXIJ Ji3uHYy Moxke npocsratd 100 r/m 3a
ontuMmanbHux ymoB [10,11].

2.3. TakcoHOMiYHMH cTATYyC 0i0JIOTIYHOIO areHTa

Takconomiune nonoxxennst Corynebacterium glutamicum K-8 [12]:

JlomeH - Bacteria

Binnin - Actinobacteria

Knac - Actinobacteria

[opsinok - Mycobacteriales

Ponuna - Corynebacteriaceae

Pin - Corynebacterium

Bun - Corynebacterium glutamicum

[tam - Corynebacterium glutamicum K-8
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PO3/I1JI 3. TEXHIKO-EKOHOMIYHE OBIPYHTYBAHHSI
3.1. IloTpeda y aizuni

JlismH € opHi€E 3 HAWBAXUIMBIIKX HE3aMIHHMX AaMIHOKHCJIOT, IO IIIHPOKO
3aCTOCOBYETHCS SIK KOPMOBA JI00aBKa y TBAPMHHUIITBI. BUTKM € BAXKJIIMBUMHU KOMITOHEHTaMU
kopMmy. Bonu cknanatorbes 3 20 mpoTEIHOTEHHUX aMiHOKHUCIIOT, SIKI BUIUISIOTHCS ] Yac
MepeTpaBIICHHs O1IKiB KOpMy. 3 ITUX Oy/IiBEbHUX OJIOKIB TBApWHA CHHTE3YE CBOI THUITOBI
O171KH, TOOTO CBIMCHKA MTHUIIS, CBUHI TOIO, YC1 BOHW MAalOTh BIACHUN BHAOCICIUGBIUHUMA
CHEKTp aMIHOKUCJIOT. bararo amMiHOKMCIOT TBapHHA MOXXE€ CHHTE3yBaTH CaMOCTIMHO. Y
BUIAJIKy I1HIIMX, TaK 3BAaHUX HE3aMIHHUX AaMIHOKHCIIOT, TBapWHA TMOKJIAJA€ThCS Ha
aMIHOKHCIIOTH, $IKI HagXoJsATh 3 DKero. POCIMHHI KOpMHM TakoX MarOTh BIIACHUU
XapaKTEpHUA CHEKTP AaMIHOKHUCIOT, SIKUM BIAPI3HAETHCA Bl TBAPUHHOIO. 3arajoM
BCTAHOBJICHO, IO HE3aMIHHI aMIHOKHMCIIOTH, METIOHIH, JII3UH 1 TPEOHIH MPUCYTHI JIUIIE B
00MEXEHUX KUTBKOCTSX Y CHPUX KOPMOBHX Matepianax [13].

Jli3uH nogaeThes 40 KOPMOBUX PAIIOHIB JJIs IITHII, MOJIOYHUX KOPiB, CBUHEH 1 pudH,
0COOJIMBO KOJU pIBEHb OlKa 3 1HIIMX JPKEpesl, TaKUX SK COEBUHM IIPOT 1 KYKypya3a,
HenocTaTHIM. Sk amiHOKHCIIOTa, sika Oepe yyacTh y CHUHTE31 Olflka, BOHA JioloMarae
ONTHUMI3yBaTl pICT TBapuH ab0 30UIBIIUTA BUPOOHHUIITBO MOJOKA. TaKoX 3MIIHIOE
IMyHITET TBapuH. KpiM TOro, JT13UH y KOpMax 3MEHUIY€ TSKKICTb, TPUBAIICTh JIIKYBaHHS Ta
pELMINBY repriecy y TBapuH [14].

CyuacHi IiaXxoIy 0 TOAiBIII TBAPUH Iepe10avaroTh MOCTIMHE OHOBJICHHS BUMOT JI0
MOKUBHOCT1 PAIliOHIB, 30KpeMa I0JI0 aMIHOKMUCIOTHOTO ckiamy. Jns 3abe3nedeHHs
e(DEeKTUBHOTO 3aCBOEHHS KOPMIB 1 3aJI0BOJICHHS IOTPEO TBApUH CyYacHUX IOpia Yy
HE3aMIHHUX aMIHOKHCIIOTaX BaXJIMBO TOYHO BH3HAYaTH IXHIM BMICT y KOMOIKOpMax,
BPaxoBYIOYH criernudivHi moTpedu B pi3Hi nepiogau pocty [15].

BupornyBanHs CBUHEH € MEPCHEKTUBHOIO Taily33i0 B YKpaiHi 3aBISKH BHUCOKOMY
MOMUTY Ha CBHHHWHY Ta IIBUAKOMY ITMKIYy BHUPOOHUWIITBA. BHKOpHCTAaHHS I3UHY SK

KOPMOBOI JJ00aBKH CIIPHSIE MIABUILEHHIO IPUPOCTY TBapuH [15].
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JIi3uH J0AaeThesl 1O pallioHy TBApHUH Y BIIHOCHO HEBEJIMKUX KIJIBKOCTAX, 3a3BHYAil
cKianaoun 61m3bko 1-2% Bix 1000BOI HOPMH KOPMY, XO4a PEKOMEH/I0BaH1 JO3U MOXKYTh
BIJIPI3HATHUCS 3aJIeKHO BiJ BUpPOOHUKA. KiMBKICTH JI3MHY TaKOK BaplIOETHCS 3 BIKOM
TBApPUHU — MOJIOJIMM CBHUHSM IIiJl YaC 1HTCHCUBHOI BIATO/1BIII HEOOX1HO OunbIne. Tomy
PO3TISTHEMO CEPEHBOI000BE CIHOKMBAaHHS KOpPMY TpHU BIATOJAOBYBaHHI CBUHEH, SIK

nokasano B Tabmmi 3.1 [15].

Tabnuus 3.1
Cepeanbo000Be CIIOKUBAHHS KOPMY CBHHEIO B 32JI€KHOCTI BiJl BIKy
Bix JleHHA HOpMa KOPMY Ha Beboro (r)
no0y

5 MicsIIB 2250r 67 500
6 MicsIIiB 2550r 76 500
7 MICALIB 3200r 96 000
8 MicsIiB 3350 100 500

Bcboro: 340,5 kxr

3.2. Po3paxyHOK NOTY:KHOCTi BUPOOHMI[TBA

Cranom Ha 2024 pik y KuiBcbkiil o0nacTi yrpumyerbes npubauzno 620,4 tucsyi
romiB cBuHel. Ile oauH i3 HAWBHMIIMX MMOKA3HUKIB cepell ycix perioHiB Ykpainu [16].
[IpunyctuBmm, mo 3 AaHOi KUIbKOCTI mpuOau3Ho 90 % BuUpoNIyIOThCS Ha 3a01d, OTKe
3arajbHa KUTbKICTh CBUHEH ISl pO3PaXyHKY CTAaHOBUTHME:

620,4 Tuc. x 0,9 = 588.4 Tuc. roms
To0TO KIIBKICTh KOPMY JJIsl CBUHEH Ha BiJIrOJIOBYBaH1 CTAHOBUTUME:
340,5 kr x 588,4 tuc. ronis = 200 350 200 kr

3a JaHUMU CEePEeTHHOCTATUCTUYHUX PEKOMEHIAI BUPOOHUKIB KOPMOBUX JT00aBOK,
y MepioJl BIITOI0BYBaHHS CBUHEHN 10 paIiony ciij Bkiaroyatu 1,0—1,5% kopmMoBoi 100aBKU
3 mi3uHOM [17] Bif 3arajbHOT MacH CIIOKHBAHOTO KOPMY, OTIKE

200 350 200 kr x 0,015 =3 005 253 kr
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Bpaxyemo, 1110 B KOpMOBHUX J100aBKax BMICT JII3UHY CTAaHOBHUTH MpuOIn3HO 98-99 %
BiJ 3arajbHOro 00’emy [18], ToMy mis gaHOi KiIBKOCTI HEOOXiJIHO BUPOOUTH HACTYIIHY
KUTBKICTB JII3UHY:

3 005 253 xr x 0,98 =2 945 148 xr

Ha cporognimHiii AeHb B YKpaiHi HeMae MaciiTaOHOrO BUPOOHUIITBA JII3HHY,
3/IaTHOTO MOBHICTIO MOKPUTH OTPEOU BHYTPIIIHHOTO PUHKY. JIi31H, SIK BaXJIMBY KOPMOBY
no0aBKy, YkpaiHa 37eOUIBIIOTO IMIOPTY€E 3 IHIIUX KpaiH, 30kpema 3 Kwurar, CIIA,
€Bporneiicbkoro Coro3y, Ma€ BUCOKY BUPOOHUYY MOTY)KHICTh I BUITYCKY aMiIHOKHUCIIOT.
Tomy mpuitmMeMo, 110 YacTKa JI3UHY BITYU3HSHOTO BUPOOHUIITBA cTaHOBUTHUME 10 % Bif
3arajibHOrO OOCSTY PUHKY:

2945 148 xr x 0,10 =294 515 kr
3.3. Po3paxyHoOK KiJIbKOCTI BHUPOOHUYMX IUKJIIB i FeOMeTPUYHOT0 00'eMy
(depmenrTepa

J{nst po3paxyHKy KUIBKOCTI BUPOOHUYHUX IUKIIIB MOTPIOHO 3HATHU KUJIBKICTh POOOUUX

JTHIB Ta TPUBAIICTH BUPOOHUYOTO IUKITY:
Nk =24 X Tpy/ Tug

OTtxe npuiiMemo, 1o Ty, = 110 aHiB.

Tpusanicts BUpoOHMYOro nuKiIty cranoButuMe: Ty = 50 rox (40 rox KyJIbTUBYBaHHS
[1] + 10 rox o6ciyroByBanHs ¢pepmentepa). TooTo,

N =24 x 110/ 50 = 53 uuknm

Po3paxyBaBiiy KiIbKiCTh BUPOOHWYMX LUKIIB, A13HAEMOCS KIJIBKICTh Ol0MacH, sika

BUPOOJISATUMETHCS 32 OJTUH ITUKII:
Gux = G / Ny =294 515 / 53 = 5557 xr/upkin

Po3paxyBaBIm KimbKiCTh MPOAYKTY SKa OTPUMYETHCS 3a OAWH IUKI, BPaxyeMO
KUIBKICTh KYJIBTYPQJIbHOI PIIMHU 3 BpaxXyBaHHSAM BTpaT MPHU BHIAUICHHI, HEOOXITHOI st
OTPUMAaHHS JIaHO1 KIJIbKOCTI MPOAYKTY:

Vip=Ki1 X Gy X Cryp / Py (1 — Egg) = 1,1x5557x0,9 / (221,3 x (1 - 0,1)) = 28 m®
ne: Kj - koedimient 3amacy HectepuiibHUX onepariliii; CPy, - yacTka cyxux pedoBUH B

rOTOBOMY NPOAYKTI; Py, — KOHLIEHTpawis J13uHy; E, - BTpaTa NpoayKTy Npu BUAUIEHI.
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3a 01MH BUPOOHUUMIA LIUKI OTPUMYIOTE 28 M° KyJIbTYPalbHOI PiIMHY, TAK AK i 4ac
dbepMeHTarlii BiIOyBalOThCS BTPATH KYJIbTYPaJIbHOI PIIMHU B Pe3ysbTaTl KParieBUHOCY
(10%), KITBKICTB KYJIBTYpaIbHOI PIIMHU 3 BpaXyBaHHIM JaHUX BTPAT, CTAHOBUTHME:

Vp=Vi!/(1-Ey)=28/(1-0,1)=31m5

ne E¢ - BTpaTa KyabTypanbHOI pIAMHU IPU KPAIJIOBUHOCI.

3 BpaxyBaHHAM KOe(Illi€HTy 3arOBHEHHS, NPUOIU3HUI TEOMETPUYHUN 00’eM
dbepmMeHTepa CTAHOBUTHUME:

VH®:V®/K3:31 /0,5:62M3

[Tpuitmaemo HaOmK4YMil hepMeHTep 3 CTaHIAPTHUM T'€OMETPUYHUM 00’eMoM 63

M, Tofi AificHUI KOe(illieHT 3aIOBHEHHS CTAHOBUTHME:
Ksp =Vip/ Vg =31/63=0,49

Jlane 3HaueHHs KOe(ILIEHTY 3allOBHEHHS, 3HAXOAUTHCS B IOIYCTUMUX MEXKax IS
aepoOHoOro mporecy hepMeHTallli, oTxe, oOpaHuil pepMeHTep 3a10BOJIbHSE HAIlll BUMOTH.
3.4. Po3paxyHok KiIbKOCTI cTajiii MiAroTOBKHU MOCiBHOr0 MaTepiany Ajs 6ilocUHTE3Y

Bupo6uunue kynbruByBanHs Corynebacterium glutamicum K-8 mis orpumanHs
J3UHY TPOBOAUTHCA y (pepmentept 00’emom 63 M 3 koedimieHToMm 3anoBHeHHsS 0,5.
Po6ounii 00’ eM pepmenTepa ckiaae:

Vpos = 63 x 0,5 =31,5 m>.

KinbkicTe mociBHOro wmarepiany crtaHoButb 10 % Bim 00’e€My TOXHBHOTO

cepenosuma. Omxke, s oxepxkanns 31,5 M3 KyIbTypabHOI pilMHU HOTPiOHO:
Vpos1 = 31,5 x 0,1 = 3,15 m® nociBHOrO Marepiay.

Taky KUIBKICTh THOKYJIATY MOKHA OJEp>KaTh TiJ| Yac KyJbTUBYBAHHS OakTepiil y

nociBHOMy amaparti 06’emom 6,3 M3 3 koedinienrom 3anosnenns 0,5.

3 KynbTypambHOI piaMHH)

Jlns 3aciBy mociBHoOro amapary (ogepxaHHs 3,15 M
HEOOX1HO:
Vpos2 = 3,15 % 0,1 = 0,315 m* nociBHoro marepiay.
Taky KUIBKICTh MOCIBHOTO MaTepially MOXHa OJIepKaTH y MPOLECl BUPOIILYBAHHS
GakTepiil y mociBHOMy amapati 06’emom 0,63 M3 3 koedinienrom 3anosrenns 0,5.

0,315 M3 (315 1) KyIbTYpabHOT PiJIMHU MOKHA OJIEPKATH 3 BUKOPUCTAHHAM

Vpos3 =315 x 0,1 = 31,5 1 nmociBHOro mMarepiany.
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[IpuroryBaHHs Takoi KUIBKOCTI 1HOKYJISATY 3IMCHIOIOTH B 1HOKYJISITOpI 00’ €MOM
0,063 M3 (63 1) 3 koedimieaToMm 3anoBHeHHs 0,5.

s onepxxanns 31,5 1 KynbTypaidbHOI pIAMHUA MOTPIOHO MATH:

Vposs = 31,5 X 0,1 = 3,15 1 nociBHOTO MaTepiaity

Taky KUNBKICTh MOCIBHOTO MaTtepiany OJCp>KYIOTh KyJbTUBYBaHHSIM O10JIOT1YHOTO
areHra B 1IHOKYJSATOpi 00’ emMoM 6,3 1.

s otpuManHs 3,15 1 KyJabTypasbHOT piTUHU MOTPIOHO MATH:

Vpos 5 = 0,315 11 mociBHOro Matepiany

Taky KUIBKICTh 1HOKYJSTY MOXHA OJIEpKaTH KyJIbTHUBYBaHHSIM OakTepii B TPhOX
KadamoyHuX Koi6ax 06’emom 500 mu mo 105 MiT MOKUBHOTO CEPETOBUINA B KOXKHIM.

OTtxe, mpolec OAep:KaHHSI MOCIBHOIO Marepiaily AJisl 3a0€3MeUeHHs] BUPOOHUYOTO
GiocuHTe3y nizuHy y (epMenTepi 06’emoM 63 M® 3 koedinieaToM 3anosHeHHs 0,5 Oyne
MIPOXOJIUTH Y T’ SITh €TAITiB.

3.5. biocuHTe3 WiJILOBOI0 NMPOAYKTY
3.5.1. llliasaxu kaTtadoJ1i3My poCTOBOr0 cyocTpary y 0i0JIOriYHOr0 areHra

Jliis BuporyBanHns Oaktepiii Corynebacterium glutamicum K-8 mxepenom eneprii ta
BYIUICIIIO € TIIroKo3a [1]. 3Baxkarouun Ha Te, 1m0 y Kyoto Encyclopedia of Genes and Genomes
[19] cxemy karabomizmy riroko3u y Corynebacterium glutamicum K-8 ve naBeneno, ais
MoOyJOBU LUISIXY METa00II13My TIIFOKO3H OOMpPaEMO HalOUIbII CIIOPIAHEHOTO OPraHi3My —
Corynebacterium glutamicum ATCC-13032.

3rilHO 3 TPUITYIICHHSAM Ta BUKOPHCTAHHSIM SIK OCHOBHM JJII CTBOPCHHS IILIAXY
KaTaboJi3My TIJIIOKO3U TJIKOMi3, abo x mwiax EmOaena-Meiteproda-Ilapnaca, xotpuii
npencraBiennii 'y Kyoto Encyclopedia of Genes and Genomes, HaBOAMMO CXeMy
NIEPETBOPEHHS TIIFOKO3H.

['moko3a 3a ydacti ¢epmenty raokokiHazu (K®.2.7.1.2) mepeTBoproeThcsi Ha
III0K030-6-bocdar, KoTpa B CBOIO dYepry miag i€ TIIH0K030-6-pocdaTizomepasu
(K®.5.3.1.9) neperBoproetbcsi Ha  (PpykTo30-6-pocdhar. 3a  gomomorow  6-
dochodpykrokinazu (K®.2.7.1.11) BinOyBaeTbcs akTUBaIlis MEPETBOPEHHS (HPYKTO30-6-
docdhary y dpykro3o-1,6-mudochar. Dpykrozomudocharanpaonaza (Kd.4.1.2.13)

KaTtali3dye yTBOPEHHS muripokcuaneroHdochary Ta Diinepanpaeria-3-gpocdary 3
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bpykro30-1,6-mudocdary. Jdurinpokcuanerorndocdar mia aiero Tpruosodocdarizomepasu
(K®. 5.3.1.1) nepeTBoproeTbes y riinepanpaeria-3-gocdar, ocTaHHINA Aal IEPEXOAUTh Y
1,3-mudocdormnepar 3a gormomororo (GepMeHTy riinepanbaeria-3-hocdaraerigporenasu
(Kd.1.2.1.12).

Y nomaneimomy 1,3-mudocdorminepar mig giero dhocdormineparkinazu (Kd.2.7.2.3)
MEePETBOPIOEThC Ha 3-(ocdorimimepar, i3 SKOTO B CBOK Yepry YTBOPIOEThCS 2-
docdorminepar mig giero 2,3-nudocdorminepar-3anexkHoi docdormineparmyTtazu (K.
54.2.11). Enonmaza (4.2.1.11) «xatamidye mnepeTrBopeHHs 2-¢ocdoriinepaty Ha
dochoenonmipyBar. Ilpomec 3akiHdyeTbes mnepeTBOpeHHsIM (ocdoeHonmipyBatu y
nipyBaTH 3a ydacrti nipyBaTtkinazu (K®.2.7.1.40).

D-riroko3a

1
a-D-rmoko030-6-hocdar

2
B-D-dpyxro3o-6-dpocdar

3

B-D-(bpyKToso-Zk,G-AH(bOC(I)aT
4 5

[ninepanbaeria-3-pocar «—> lurigpokcuanerondocdar

-
>

6
1,3-mudocdormnepar
7
3-docdormimepar

8
2-(bocormimepar

docdoeHonmipysar
10
[TipyBar

Puc. 3.1. Kara6omizm raroko3u. [1Insx EmOaena-Meeproda-Ilapraca
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®epmentn: 1 — rexcokinaza (K® 2.7.1.2); 2 — rimoko30-6-pocdarizomepasza (KO
5.3.1.9); 3—6-dbochodpykrokinaza (Kd 2.7.1.11); 4 — ppykro3o-audocdaransaonaza (KD
4.1.2.13), 5 — Tpro3odocdaTizomepasa (Ko 5.3.1.1); 6—
rmnepanbaeria-3-gocdaraerigporenaza (KO 1.2.1.12); 7 — docdormneparkinaza (KD
2.7.2.3); 8—2,3-qudocdorminepar-3anexna docdormineparmyraza (KO 5.4.2.11); 9 —
enonaza (K® 4.2.1.11); 10 — mipyBarkinaza (K® 2.7.1.40)

3.5.2. Biorpancdopmanisi pocToBOro cyocTrpary y mijibOBUili MPpoOayKT

biocunres mizuny npu pocti Corynebacterium glutamicum K-8 wna riroko3i
MIOYMHAETHCA 3 IEPETBOPEHHS TIIIOKO3M Ha 0-D-T1r0k030-6-hocdar 3a ydyacTti rimrokokiHa3u
(K®.2.7.1.2), micns yoro yTBOpeHa criostyka Tpanchopmyerbes y B-D-ppykrozo-6-dpocdar
Mg i€ TIF0K030-6-pocdarizomepazun (Kd.5.3.1.9). [lani BimOyBaeThcs TIIOKOII3, B
akomMy  ¢GpykTo30-6-pochar 3a gomomoror 6-pochodpykrokinazu (Kd.2.7.1.11)
MEePETBOPIOETHCS Y PpyKT030-1,6-mudocdar. Ppykrozonudocdaranpronasza (Kd.4.1.2.13)
KaTajizye yTBOPEHHs JuripokcuaineroHdocdaty Ta rhiinepanbaeria-3-gocdary 3
bpykTo30-1,6-mudocdary. Jduriapokcuanerondocdar min giero Tpuozodocdarizomepazu
(K®. 5.3.1.1) mepeTBOproeThes y TIinepaibaeria-3-gocdar, ocTaHHIN gai MepeXoauTh Y
1,3-mudocdorminepar 3a gornomororo GepMeHTy riinepanbaeria-3-hocdaraeriaporenau
(K®.1.2.1.12). V nogansmomy 1,3-mudocdorminepar mig aiero (ocdormineparkinazu
(K®.2.7.2.3) mneperBoproeTbcsi Ha 3-pocdorminepar. Y MikpoopraHizmy (QyHKIIOHYE
riinepanpaeria-3-gocdat nerigporenasa (K®.1.2.1.9), kotpa npuiiMae y4acTsb y IpsiMomMy
MePETBOPCHHI Tinepanpaeria-3-gochary y 3-docdorminepar, i3 SKOro B CBOIO HYEPry
YTBOPIOETHCS 2-pochorminepar b TIEI0 2,3-gudocdorminepar-3a1eKHoi
docdormineparmyrazu (K. 5.4.2.11). Enonaza (4.2.1.11) karamizye mepeTBOopeHHs 2-
docdorminepary Ha dochoenonmnipysar. KiHieBor cTajai€lo NepeTBOPEHHS € YTBOPEHHS
nipyBary 3 ¢pochoenonmnipysary mia giero mipyBatkinazu (K®.2.7.1.40).

YTBOopeHuil mipyBaT Jaji MepeTBOproeThes B aneTwi-KoA min miero dhepMeHTIB
nipyBaraerigporeHazun K1 xommnonenty (K®.1.2.4.1) Tta mipyBataerigporenasu K2
komroHeHTy (Kd.2.3.1.12), ametun-KoA nani 3amydaeTscss A0 IUKIY TpUKaApOOHOBHUX
kucnoT. Ilig miero pepmenty nurparcunTasu (Kd.2.3.3.1) auerun-KoA ta okcanoarierar,

CUHTE30BaHMI 3 MipyBary 3 AomoMorow Qepmenrty mipyBaTkapookcwmiaza (Kd.6.4.1.1),
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NEPETBOPIOIOTLCA B IUTPAT, SIKUA B TOJAJBIIOMY IEPETBOPIOETHCS B 130LUTPAT 3a
nornomororo pepMeHTy akoHiTarriaparasu (Kd.4.2.1.3) uepes nuc-akoHiTar. [3omuTpar i
niero pepmenty i3onutpataerigporenasa (Kd.1.1.1.42) yrBoproe 2-okcoriayTapar, KOTPHMA
B CBOIO Hepry 3 JONOMOror (epMeHTIB 2-okcoriyrapataerigporeHazu K1 xommnoHeHTy
(K®.1.2.4.2), 2-okcrmytapatneriaporerazu K2 xommonenty (K®d.2.3.1.61) ta ambda-
cyoonununi cyknuHin-KoA cunrerasu (K®.6.2.1.5) mnepeTBoproeTbcs B CyKIUHAT.
®epment cykuuHataerigporeHaza (Kd.1.3.5.1) karamizye yTBOpEHHS 3 CYKIMHATY
bymapaTy, KUl Aaii MEPEeTBOPIOETHCS y Manar mia Jiero gymapartrigparasu Il kmacy
(K®.4.2.1.2). Manar mig gieto  depmenty wmanaraerigporeHazu  (Kd.1.1.5.4)
IEPETBOPIOETHCS B OKCAI0ALETAT.

AHAIIEPOTUYHUMHU PEAKUIAMH € KapOOKCWIIOBaHHSA IIPyBaTy 3 YTBOPEHHSIM
okcajoanerary mia giero  mipyBatkapookcwiazun  (Kd.6.4.1.1), mneperBopeHHs
docdoeHonmipyBaTy Ha oOKcajoaneTrar mif i€  (HochoeHOIITIpyBaTKapOOKCUKIHAZU
(K®.4.1.1.49), mneperBOpeHHs mipyBaTy Ha Majar Ml JI€0  OKcaloalerar-
nexkapookcuitoBansHa Manataeriaporesazu (K® 1.1.1.40).

Jlnst yTBOpeHHsI Ji3MHY HEOOXIJHE YTBOPEHHs acmaprary 3 oOKcajoaleTaTy 3a
J1aMIHOMIIMETIIHOBUM IIJISXOM TiJ Ji€to okcanoarerarrpancdepasu (KO 2.6.1.1). Ham
acnaprarkiHaza (K® 2.7.2.4) karanizye nepeTBOpeHHs acnapTary B acnaptuii-4-gocdar,
KWW Jajll 32 IOMOMOTO acrnapratHamiBaigpaerigaeriaporenazu (K® 1.2.1.11) cunresye
BIIMOBIAHUN HAaIIBaIBACTI acmapariHoBoi KUCIOTH. OTpHMaHUNA TPOAYKT YTBOPIOE
(25,4S)-4-rinpokcu-2,3,4,5-TeTpariipounikoiHaT  3a  KaTamizy  4-TiApOKCUTeTpa-
rigpoaumikoninaT-cuatazn  (K® 4.3.3.7), korpa B mnopanpiomy dyepe3 L-2,3,4,5-
TETPAriIpOIUITIIKOJIIHAT TIEPETBOPIOEThCS Ha L-2-amiHo-6-okcomimenar ming mieo 4-
rigpokcurerpariapoaunikoniHarpeaykrazu (K® 1.17.1.8). Cunre3oBanuii y naHii peakiii
OKCoOTIMeNaT 3a TOMOMOroro JiaminoniMenataerigporenasu (K® 1.4.1.16) yrBoproe me30-
2,6-11aMiHOMIMENIIHOBA KHUCJIOTa, fKa Jali JeKapOOKCWIIOETHCA JO JI3UHY I €0

niamidonimenataekapookcmiazu (K 4.1.1.20).
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®epmentn: 1 — rimrokokinaza (K® 2.7.1.2); 2 — rimroko30-6-¢gocdarizomepasa (KO
5.3.1.9); 3—6-dbochodpykrokinaza (Kd 2.7.1.11); 4 — ppykro3o-audocdaransaonaza (KD
4.1.2.13), 5 — Tpro3odocdaTizomepasa (Ko 5.3.1.1); 6—
rmnepanbaeria-3-gocdaraerigporenaza (KO 1.2.1.12); 7 — docdormneparkinaza (KD
2.7.2.3); 8—2,3-mudocdorminepar-3anexna docdormineparmyraza (KO 5.4.2.11); 9 —
enomaza (K® 4.2.1.11); 10— mipyBarkinaza (K@ 2.7.1.40); 11 — K1 xommnoHeHT
nipyBataerigporenasu (K® 1.2.4.1); 12 — K2 xomnoneHT mipyBaTtaeriaporeHazu (Kd
2.3.1.12); 13 — mutparcunTasza (K® 2.3.3.1); 14 — mipyBarkapookcminaza (KD 6.4.1.1); 15—
akonitatrrigparaza (Kd 4.2.1.3); 16 — i3ouurparaeriaporenaza (Ko 1.1.1.42); 17 — Kl
KOMITIOHEHT 2-okcormyTapataeriaporenazu (K® 1.2.4.2); 18 — K2 xkommnoneHt 2-
okcormytapataerigporenazun (K@ 2.3.1.61); 19 — anpda-cybomuanms cyknuaia-KoA
cuntetazu (K® 6.2.1.5); 20 — cykuunatnmerigporenaza (K& 1.3.5.1); 21 -
dymaparrinparasza Il knacy (K® 4.2.1.2); 22 — manatnerigporenaza (K® 1.1.5.4); 23 —
dochoenommipyBarkapookcukinaza (K@  4.1.1.49); 24  —  okcajoareTar-
nekapOoKcuIoBabHa ManaraeriaporeHaza (Kd® 1.1.1.40); 25 — okcanoarnerar-
tpancepaza (K® 2.6.1.1); 26 — acmaprarkinaza (K® 2.7.2.4); 27 — acnaprart-
HamiBaipAeriyaerigporeraza (K® 1.2.1.11); 28 — 4-rigpokcuUTeTpariapoauIiKoIiHaT-
cunrtaza (K® 4.3.3.7); 29 — 4-rigpokcurerpariapoaunikonainar-peaykraza (KO 1.17.1.8);
30 — miaminomimenaraerigporenasa (K® 1.4.1.16); 31 — niaminomimenaTaekapOokcuiiasa

(KD 4.1.1.20).

31



PO3/1J1 4. OBITPYHTYBAHHSI BUBOPY TEXHOJIOI'TYHOI CXEMHA
4.1. O0rpyHTYBaHHS cNI0CO0Y KYJbTHBYBAHHS i THILY (pepMeHTEpa

Corynebacterium glutamicum K-8 € dakynpTaTUBHUM aHaepoOOM, TOOTO BiH MOXKE
POCTH SIK B yMOBax HassBHOCTI KHCHIO (aep0OOH1 YMOBH), TaK 1 B HOr'0 BiICYTHOCTI (aHaepoOHi
ymoBu) [1,9]. Lleit mikpoopraHizM € rerepoTpodHUM, TOOTO IS OTPHMAaHHS €Heprii i
BYIJICII0O BIH BHUKOPUCTOBYE OpraHiyHi crnoiykd. OnTUManbHI YMOBU JJs HOTO
KyJIbTUBYBaHHS BKIIIOUatoTh Temneparypy 30°C ta pH 7,2. [Ipu Takux yMOBax iCHy€ pU3MK
KOHTaMiHaIlll CTOPOHHIMH MIKpOOpTraHi3MaMH, TOMY Ba)XJIMBO 3a0€3MEUNUTH CTEPHIIbHICTh
ycporo mporecy. Lle BkiIrouae crepuinizaliiro 00iaJHaHHS Ta KOMYHIKallli, KOMIIOHCHTIB
MOKUBHOTO CEPEIOBUINIA, aePaIIHHOTO MOBITPSA, a TAKOXK yCIX PEUOBHUH, K1 MOTPAIUIIIOTh
y depmentep. Bee dpepmenTaniiine odnagHaHHs (peakTopu, TpyOOIpOBOAM, pe3EPBYapH)
MOBUHHO OyTH CTEPUIII30BaHE JI0 MMOYATKY MPOIIECY KYJIbTUBYBAHHS, 1110 MOKHA 3/IIHCHUTH
HUIIXOM aBTOKJIABYBaHHSI a00 BHUKOPHUCTaHHSA IHIIUX METOAIB cTepuiizamii. Bci
KOMIIOHEHTH TOXKUBHOTO CepeaoBuIlla (BYIJENEBl, a30THI JKepesia, MIKpOEJIEMEHTH,
BiTaMiHH ) TTOBUHHI MPOXOJUTH PETEIbHY CTEPUIII3AIlIO TIepe]l 10AaBaHHsAM Y hepMEeHTED.
3a3BHUuail 11e JOCATaeThCS LUISIXOM aBTOKJIABYBaHHS cepenoBuiia. [1oBiTps, sike moJa€eThCs
y ¢depMeHTep Id aepaliii, MOBHHHO OYTH TakoX cTepuwibHuUM. lle mocsraerncs
BUKOPHUCTAaHHAM (DUIBTPIB 00 1HIIUX CUCTEM AJII OUUILEHHS MOBITPS B1J MIKPOOPTaHI3MIB.
[Tin wac mporlecy KyJbTHBYBaHHS MOXYTh JOAABATHCS TMiIKUBIIOBAbHI PO3YMHU IS
MiATPUMAaHHS KOHIIEHTpAIlil MoKuBHUX peuoBuH [20].

KyneruByBanus Corynebacterium glutamicum K-8 mnpoBoauTbes TriHOMHHUM
Croco0oMm, IO O3Hayae, M0 MPOIEC BIIOYBAETHCS Y PIAKOMY IMOXKHUBHOMY CEPEIOBHIIIL,
3a0e3neuyroun PIBHOMIPHUIN PO3MOALT KUCHIO 1 TOKUBHUX pedoBHMH. He3Baxkarouum Ha
nepeBaru  Oe3mepepBHOIO  KyJIbTHBYBaHHS, OIOCHMHTE3 JI3WHY 3AIHCHIOETBCA Y
NEepIOMYHOMY TPOLEC], OCKIIBKA MaKCHUMaJIbHE YTBOPEHHS aMiHOKHUCIIOT JOCSTAEThCS Y

cranioHapHii ¢asi pocty Mmikpoopraniswmis [1,9,20].
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Jns 3abe3neueHHs €(EKTUBHOTO POCTY MIKPOOPTaHi3MiB 1 MPOIYKIT JI3UHY
HEOOX1IHO TMIATPUMYBATH BHUCOKY KOHIIGHTpAIlll0 JDKEpesia ByTJICHo (HalpUKIIAI,
TIIIOKO3M) Ta JDKepelia a3oTy (Harpukiam, amoHio) [9,20].

[Tpouiec kynpruByBanHs Corynebacterium glutamicum K-8 motpebye peTenbHOTO
MOHITOPHHTY 1 KOHTPOJIIO HACTYTHUX MapaMeTpiB: TeMIlepaTypa MiATPUMYETHCS Ha PiBHI
30°C 3a gomoMorow TepMoCTaTUYHMX cucteMm; pH perymoerscs Ha piBHI 7,2, 3
BUKOPHUCTaHHSM OydepHUX pO3YMHIB a00 aBTOMATUYHHMX CHUCTEM J0JaBaHHS KUCIOTH YU
JYTy; PO3YMHEHHM KHCEHb MiITPUMYETHCS HA ONTHMAIBbHOMY pIBHI 3a JOIIOMOTOIO
KOHTPOJIIO aepauii Ta NEepeMilllyBaHHs; KOHIEHTpALlsl MOKMBHUX PEYOBHH PETYJSIPHO
MOHITOPUTHCA 1 MIATPUMYETHCA MUISXOM JIOAABaHHS IM1KUBIIOBATBHUX PO3YUHIB.
JloTpuMaHHS BCiX NE€pepaxoBaHUX YMOB 1 3aXOJIB J03BOJIsi€ 3a0e3MeunTd €(PEeKTUBHE
KyneTuByBaHHs C. glutamicum K-8 i MakcuManbHU#N BUXi JTI3UHY TPU MiHIMI3aIlil pU3UKY
koHTamiHarii [20].

BignoBigHo 10 padimie 3a3Hauy€HUX YMOB, (epMeHTep IOBUHEH BiANOBIAATH
HACTYITHUM BUMOTaM:

1. Jlns1 3a0e3neuenHs cTanoi TeMneparypu KyJbTUBYBaHHS (PEpMEHTEp OCHAILYEThCS
COPOYKOIO Ta IaTYMKOM TEMIIEPATYPH.

2. [Jns 3a0e3neueHHsd IHTEHCH]IKalli MacoOOOMIHHHUX TPOLECIB Ta Kpamoi
TOMOT€HI3allli KyJbTypaJIbHOI PIAMHU BUKOPUCTOBYETHCA MEPEMILIYIOUMM OPUCTPIA 3
gacToToro ooepranns 250 06/xB.

3. Jnsg xoHTponto piBHA pH KynbTypalibHOI PIAMHU (PEPMEHTEP OCHALLYETHCS
naraukom pH.

Takum pepmerTepom € hepMeHTep 3 MEXaHIYHUM TIEPEMINTyBaHHIM 0apOOTa)KHOTO
Tuiy 06’emom 63 M3, Ha BigMiHy Bix iHIMX ()epMEHTEPIB BiApi3HACTHCA 3aCTOCYBaHHAM
000JIOHKH, SIKa CKJIaJaeThes 3 6-8 spyciB-cexiiid. Kpim Toro, pepmeHTep Mae n101aTKOBUN
BHYTPILIHIH TEMIOOOMIHHUM NPUCTPid 3 IUomer Temioodominy 45 m2. OcoOnmMBiCTIO
dbepMeHTepa € Te, 1O KUIBKICTh OOEpPTIB MIIIAJIKH PETYIIOEThCS O€3CTyNeHeBO 3a
JIOTIOMOTOI0 TUPUCTOPHOTO MEPETBOPIOBaya ab0 3aCTOCYBAHHSAM IOCTIMHOIO CTpyMy JJIs
YKUBJICHHS €JIEKTpoABUTYHA B Mexkax 110-250 06/xB. Amapar Criopsi/KEHUN JBOSPYCHOIO

MIIIAJIKOIO 13 3aKpUTUMHU TypOiHKamu aiamerpoM 600-1000 mm mpu mupusi jgonati 150-
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200 mMm. Takox ¢epmeHTep po3paxOBaHUM Ha HAUIMIIKOBUM poOoumii Tuck 0,25 MIla.
Bucota croBmna piguHu 5-6 M mpu BHCOTI amapata Oiibline 8 m [21].
4.2. O0rpyHTYBaHHSA CTaJil MiATOTOBKHU aepaliiHOro NOBITPS AJIsl O€PKAHHS Ji3HHY

Corynebacterium glutamicum K-8 € ¢pakynpraTuBHEM aHaepoOOM, [0 03HAYAE HOTO
3/IaTHICTh POCTH AK B OE3KMCHEBUX yMOBaX, Tak 1 3a HasBHOCTI okcureHy. OmHak s
3a0e3MeyeHHs] ONTUMAIBHUX YMOB POCTY Ta MaKCHUMAaJbHOI MPOIYKTUBHOCTI HEOOXiIHO
nepea0adnuTH CTaIiio MiArOTOBKH aepailiiinoro mositps [9,20].

[Tepmmm etamoMm € 3a0ip atmMocdepHoro moBiTps. e mporec peamizyeThes depes
3a0ipHy IIAXTy 3 BUKOPUCTaHHSAM TypOokommpecopa. Eram mpoBoauThcss Ha BUCOTI 2-3
METPHU Bl HAMBUILOI TOUYKH CHOPYJIH, IO CTAaHOBUTH MpuOan3HO 16 MeTpiB, Oepyun 110
yBaru BUCOTY MOBepXy (6 M), KUTbKICTh HOBEPXiB (2), Ta Haxui1 Aaxy (0au3bko 1,5 m).

Jpyruii etan — OpOXO/PKEHHS MOBITPs yepe3 (QUIBTPU MONEPEIHBOTO OYMILEHHS.
[TonepenHi GuIbTPH, SIKI 1HOAL HA3UBAIOTH (PUIBTPAMU IpyOOro OUMILEHHS, TPU3HAYEH] IS
YJIOBJIFOBAaHHS BEJIMKUX YaCTOK, TAKUX SIK M. B sKocTi (DUIBTPiB MONEpEAHBOTO OUUILEHHS
MOYKHa BUKOPHCTATH TaKOX T'youaTi GpiisTpu 3 MoaudikoBaHoro minonomiyperany [20].

Tperiii eram — cTUCHEHHS NOBITps. /[lanmi MOBITpS MIIJAETHCS CTUCHEHHIO B
TypOOKOMIIpECOpI, JIe LIl Mpoiiec BiA0yBa€ThCA 3aBASKH BIALICHTPOBIi cui. 11 anaparu €
CKJIQHIIIMMU B OOCIYrOBYBaHHI, aje 3a0e31e4ytoTh BUCOKY NMpoAyKTUBHICTH (Bia 100 no
1000 M3/xB) 1 HEe 3a0pYIHIOIOTH MOBITPs MacjaoM [22].

UeTrBepTHii eram - OXOJOKEHHS CTHUCHEHOTO TOBITPS 3a JIOMOMOTOIO
TEIJI000MIHHOTO arapary.

[’siTuit eTan - miairpiB NOBITPS Y TEMJI00OMIHHUKAX.

[MocTuit eran - BUAAJICHHS 3aiiBOi BOJIOTU BiIOYBA€ETHCA 3a JOMOMOTOIO PECUBEpa.
[IpoTsroM 1BOTO €Tamy TaKOXK MPOXOAHWTH IMPOIEC BUPIBHIOBAHHS THUCKY TOMEPEIHBO
oumieHoro mositps [20].

CboMuii eran - OYMILEHHS TOBITPS Ha TroJIOBHUX (uabTpax. BiamoinHuii eramn
JTO3BOJISIE TOCATTH BUAAJICHHS 70 Osn3bko 98% MoximBUX MikpoopranizMmiB. [Iupokoro
MOIIMPEHHS Y SKOCTI (DUTBTPYIOYOT0 MaTepiay TOJIOBHUX (UTETPIB OI€PKATH BOJOKHUCTI

matepianu. BogokHUCTI GpiabTpu € GpiabTpamu 00'eMHOI Iii, TOMY 1110 BOHH pO3paxoBaHi Ha
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BJIOBJTIIOBAHHS 1 HAarpOMAJ[PKEHHSI YaCTOK HE TIJILKU Ha MOBEPXHI (PUIBTPYIOUOIro MaTepiay,
aye i 1 raubuHi mapy [22].

BoceMmuii eram - o4MCTKa MOBITPS 3a JOMOMOIOI0 1HAUBIAyanbHUX (inbTpiB. Bix
TOJIOBHUX (DUIBTPIB MOBITPS HAIIPABIISETHCS UYepe3 KOJICKTOPH JI0 IHAUBITyaTbHUX (PiIbTPIB
TPEThOTO PIBHS, SIKI BCTAaHOBJIEHI Oe3mocepeqHhO0 Ha KOXKHOMY (epmeHTepi 1 3maTHI
3arpumats 110 99,999% wmikpoopranizmis [20].

4.3. OOrpyHTYBaHHS cNIOCO0Y MIATOTOBKY Ta CTEPUIIi3alii MOKUBHOIO Cepel0BUIIA
ns kyasTuByBanHs Corynebacterium glutamicum K-8

MakcumanbHHM piBeHb CUHTE3Y JI3UHY, SIKUM CTaHOBUTH 221,3 /1, focsraeTbes npu
KyJIbTUBYBaHHI MikpoopraHizmy Corynebacterium glutamicum K-8 Ha mnoxuBHOMY
CepEeIOBMINI 3 TaKUM ckiagoM (1/1) [1]:

v rmoko3a — 80;
mesica — 40;

KYKypya3sHuit ekctpakt — 30;
(N H4)ZSO4 — 50,

KH,SO,4 - 1,5;

MgSO4X7HZO — 1;

FeSO, —0,02;

MnSO, — 0,02;

L-mertionin— 0,5;
rmua-6eraig — 0,05;

oiotnn — 0,0024;

Tiaminy xyopun — 400 mr;

N N N N N N N R U N NN

nosicop6ar-80 — 2 mut.
3rilHO 3 po3paxyHKamH, HaBEACHHMH B migpo3aun 3.4, BUpoOHMUMii OioCHHTE3
3niiCHIOETBCS Yy (epMeHTepl 00'emom 63 M>. [HOKYJNSAT OTpUMYIOTH y M'SITh €TamiB:
CIIOYATKY y TPhOX KauyaJIOUHHUX K0J10ax, MOTIM B IHOKYJIsITOpax o0'emMom 6,3 11, 63 111 630 1.
st BUpoOHWYOTrOo Ol0CHHTE3y TependadyeHo MPHUTOTYBaHHS IiHKUBIIOBAILHOTO
pPO34YMHY TJIIOKO3HM, 3alaCHOTO PO3YMHY BiTaMiHIB (OIOTMH Ta TiaMIHy XJIOpUI) Ta

MmikpoenemeHTiB (FeSOs ta MnSOQO,), Tak sSK KUIBKICHUN CKJIAJ IMX KOMIIOHEHTIB IYyKe
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manuii. Jlani, HaBegeHl B Tabiu. 4.1, cBigyaTh Mpo Te, 110 JJis BUPOIIYBAHHS MOCIBHOTO
Martepially B Koj0ax Ha Kayajkax, a TaKOXk B IHOKYJISATOpax 00’eMoM 6,3 1 63 11 HEOOX1HO
roTyBaTH 3allaCHUN PO3YMH BITaMmiHIiB (3 po3paxyHKy | r koxHOro BitamiHy Ha 100 mu
PO3YHHY), IKM BHOCUTUMEThCS B po3paxyHky 0,1 mu Ha 100 mu1 cepenoBuina.

Tabnuys 4.1

Po3paxyHok BMicTy BiTaMiHIB Ta MiKpoe/JleMeHTIiB y pPi3HUX 00’€MaX MO:KUBHOI'0

cepe0BHINA

O06’em cepenoBuIIa, Bwmict BiTaMiHIB BwmicT mikpoenemeHTiB
1 OloTHH TiaMiHY XJIOPH]T FeSO, MnSO,

0,315 0,75 mr 0,126 mr 6,3 MT 6,3 MT

3,15 7,5 mr 1,26 mr 63 mMr 63 mMr
315 75 Mr 12,6 mr 630 mT 630 mr

315 750 mr 126 mr 6,31 63T

3150 75T 1,26 63r 63r

31500 75T 12,6 T 630 r 630 r

Takox B TOKUBHOMY CEpEOBHILI MPUCYTHS MeJsica, ska MoTpedye MornepeaHbol
niaroroBku. el nporiec Bkiroyae ocBiTIeHHS Ta neHTpudyrysanus. [licis nonepeauboi
MiTOTOBKH MeJsica BUKOPHUCTOBYETHCS [UJIsl MPHUTOTYBAaHHS IOXKMBHOTO CEpPEIOBHIIA.
Crepuitizallis cepeIoBHINA MPOBOIUTUMETHCS Pa30M 13 TEPMOJIa01IbBHUMH KOMIIOHCHTAMH.

OOrpyHTYBaHHS MATOTOBKH Ta CTePUIIi3allil MiI?KMBJIIOBAJIBLHOT0 PO3YHHY
3rigHo nociimkenns XU et. al. [1] s Bupoonunrea L-mizuny 3 Corynebacterium
glutamicum HeoOXiHEe MPUTOTYBAHHS IIKUBIIFOIOYOT0 PO3UHHY, OCKIJIBKH BiH MIATPUMYE
ONTHUMAaJIbHY KOHIIEHTpalilo cyOcTpaTy, 3a0e3rnedye €HepreTMyHui OajaHC 1 CTajiCTh
MeTa0oJIIYHOT aKTUBHOCTI wmtamy. Lle no3Bossie YHUKHYTH NeiluTy LyKpy, 3amnooirtu
1HT10YBaHHIO Yepe3 MOT0 HAIUIUIIOK 1 JOCSITTA MaKCUMAIBHOI MPOTYKTUBHOCTI MPOIIECY Ta
BUXO0Y POAYKTY. Jlo ckiany miKUBIIOBAJILHOTO PO3UMHY BXOIATH (T/11):
— riroko3a — 400;
— mensaca — 100;
—(NH4)2S0,4 — 40.

Pospaxyemo  3arampbHy — KUIbKICTh  TiOKO3W  (X) i MPUTOTYBaHHS

M1JKUBIIIOBAILHOTO  po3urHy. OO0’€M TOXXUBHOTO CEPEIOBHINA JJISI BUPOOHUYOTO

6iocunTe3y cranoBuTh 31500 1. OTxe:
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400 r 1II0K034 MICTUTBCS B 1 J1 cepeioBHINa,
X r riroko3u Mictuthest B 31500 11 cepenoBuina.
X =(31500%400)/1 = 12600000 r = 12600 KT I’IFOKO3H.

Tenep pospaxyemo 3araiabHy KigbKicTh (NH4)2SOs (Y) s npuroryBaHHsS
M1/DKUBIIIOBAIBHOTO  po3unHy. O0’€M TOXKMBHOTO CEpEAOBUINA s BUPOOHHUYOTO
6iocuHTe3y cranoBuTh 31500 1. OTxe:

40 r (NH4)2SO4 micTuthes B 1 11 cepenoBuiiia,
Y 1 (NH,4)2SO4 mictuthes B 31500 11 cepenoBmma.
Y =(31500%40)/1 = 1260000 r = 1260 xr (NH4)2SO,.
3a TaKUM K€ MPUHIMIIOM PO3PaXOBYEMO KUTbKicTh MelsicH (A). OTxke:
100 r memsicu MicTUTBCS B 1 1T cepenoBuia,
A r Memnsicu mictutbes B 31500 11 cepenoBuia.
A =(31500%100)/1 = 3150000 r = 3150 xr mMemsicH.

Bci KOMIOHEHTH 3aBaHTAXYIOTh B OJMH peakTop 00’emoM 60 M® Ta roTyroTh
KOHIIEHTpoBaHui po3uuH noxatouu 14000 i1 nutHOi Boau. Crepuiizaliist Bii0yBaeTbCs MpU
temmnepartypi 112 °C npotsirom 30 xB. [Ticist oxoomKeHHs y 1IeH K€ peakTop NepekayyroTh
6,3 M pO3UMHY MEJSCH Ta IepeMilnyoTh. O6’ €M IiIKMBIIIOBAILHOTO po3unny - 20,3 M3,

Po3paxyeMo KUIBKICTh MOPLIN MIIKUBICHHS 1 00’ €M MIIKUBIOBAIBHOIO PO3UMHY
U1t ofHieT mopuli. TpuBamicTs nporecy 610cuHTe3y Ji3uHy cTaHoBUTH 40 roa. [Ipuiimemo,
110 ITiJKUBIICHHSI BHOCUTBCS Y CEPEOBHINE KOXKHI 4 T0Jl, MPUIOMY OCTaHHS Mopiiisg — 3a 4
roJl 10 KiHIs npouecy 6iocunredy. OTxke, KUIbKICTh MOPLIN MiJKUBIEHHS CTaHOBUTH (40-
4)/4=9. OTxe, 3 KOXKHOIO MOPIIEI MiPKUBJICHHS y cepeoBuiie HeooxiaHo Baectu 20,3/9
= 2,25 M3, a60 2250 1 1iKUBIIOBAIEHOTO PO3UHHY.

4.4, Oco01MBOCTI MiATOTOBKM Ta cTepuJi3auii MOKMBHOIO cepeloBUIIA ISl
OJlep:KaHHA IHOKYJIATY
4.4.1. Oco0JUBOCTI MiATOTOBKHU Ta CTePUJIi3alii MOKUBHOIO cepea0BHINA s
OJIePKAHHS IHOKYJATY B KOJI0aX Ha KaYajKax
JIy1st BUpOIITYBaHHS TTOYaTKOBOTO MOCIBHOTO MaTepially BUKOPUCTOBYETHCS paHIIIe

3a3HaveHEe ITOKUBHE cepeaoBuie. Yepe3 HEBEIMKHI 00’€M TMOKHBHOTO CepeIOBHUIIA
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CTepuJii3allisi MPOBOAMUTHCS B aBTOKJaBl. KOMIOHEHTH TOXHUBHOTO CEpelOBHUILA
MOAUSIIOTHCS HAa OKPEMI KOMITO3HMIIIT 3aJI€’KHO BiJl PEKUMIB CTEPHITI3ALIii.

Komnosuyia A: rmoko3a, Mensca, KyKypyI3sHUN eKCTpakT, L-MeTioHIH Ta TTIuH-
oetain. Ctepuiizallisi B aBTokJaBi npu temmnepatypi 112 °C npotsirom 30 XBUITUH.

Komnosuyis B: KH3SO4, (NH4)2SO4 Ta MgSO4x7H20. Crepumizaliisi B aBTOKJIaBI
npu temneparypi 131 °C npotsrom 40 XBUIHH.

KoMronentu kommosuiiii A, € TepMoiabUIbHUM, TOMY BOHU MOTPEOYIOTh M'SIKOTO
pexumy creprmizaiii. Comi 3 koMmo3uiii b cTepumi3yoTbes Ipu CTaHAAPTHIN ISl COeH
TemriepaTypl. BiOTHH Ta TiamMiHy XJIOpPHJ TOTYIOTHCS Yy BUIJISIJI 3allaCHOTO PO3YHUHY
BiTaMiHIB Ta cTepmii3ytoTh rpu 112 °C mpotsrom 30 xBuiuH B aBTokiaBi. [liHoracHuk Ha
JAHOMY €TaIll BHOCUTH HE JOLLIBHO.

Po3paxyHok HEOOX1HUX KUIBKOCTEH KOMITOHEHTIB /I IPUTOTYBaHHS CEPEOBUINA
JUTSI BUPOIITyBaHHS TTOCIBHOTO MaTepialy B KOJ0ax Ha Kadajakax HaBeAeHUH y Taou. 4.2.

Tabnuys 4.2

Kommno3uuii crepmitizanii KOMIIOHEHTIB I/ BUPOLIYBAaHHA MOCIBHOI0 MaTepiay B
K0JI0AX HA KaYaJIKax

KinbkicTs pis R
KoMnoHeHT no;KMBHOIO Bwmict, | mpuroryBaHHs . 0o o™
KomMmno3unis KOMIO3ulii, V,
cepeoBHUIIA r/J 315 ma .
cepeoBHINA, T
I'moko3a 80 25,5
Meisica 40 12,6
KyKypy3sHU# eKCTpaKkT 30 9,45 A 162
L-merioHin 0,5 0,157
I'ninua-6erain 0,05 0,0157
Bona 127 mn
(NH4)2SO4 50 15,75
KH2S04 15 0,473
MgSO4x7H,0 1 0,315 b 153
Bona 137 Mo
Po3uun BiTaMiHIB 1 M 0,32 mn - 0,32 mn
Po3unH MiKpOeIeMeHTIB 1 Mo 0,32 M - 0,32 mn

4.4.2. Oco0JMBOCTI MiATOTOBKH i cTepuJiizamii MO:KMBHOTO cepea0BUINA J1JIsI
BHPOILYBAHHS IHOKYJIAATY B IHOKYJATOPAaxX B IHOKYJATOPI 00’eMmom 6,3 J1
Jlnst maHoro eramy BUPOIILYBaHHS IHOKYJISTY, TMOKHBHE CEPEIOBUINE MOTPIOHO

[MOIIAJIN HA BIAIIOBIIHI KOMITO3HUIIL:
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Komnosuyia A: rmoko3a, Mensaca, KyKypyI3sHUM €KCTpakT, L-MeTIOHIH Ta IIIUH-
6etain. Ctepuiizallisi B aBTokJaBi npu temmneparypi 112 °C npotsirom 30 XBUITUH.
Komnosuyis Bb: KHSO4, (NH4)2SO4 Ta MgSO4x7H,0. Crepritizamisi KOMITO3HITIi
IPOXOJIUTH Oe3MmocepeIHbO B IHOKYJIsITOpI IpH Temneparypi 131 °C npotsirom 40 XBUIHH.
Komrmonentu kommo3swuilii A, € TepMonIabiIbHUM, TOMY BOHH MOTPEOYIOTh M'SIKOTO
pexumy creprumizaitii. Coii 3 kKoMmo3uilii b cTepmmi3yroThes Ipu CTaHAAPTHIA AJIT COJICH
TeMmrneparypl. BioTMH Ta TiaMiHY XJOpHJ TOTYHOTHCS Y BHIJISI 3allaCHOTO PO3UYHHY
BiTaMiHIB Ta cTepuii3ytoTh mpu 112 °C mpotsrom 30 xBuiauH B aBTOKIaBi. [liHOracHUK
BHOCHMO O€31ocepeIHhO B TIOKMBHE cepeIoBUIIe 0e3 MonepeaHboi cTepuiIizaliii.
Po3paxyHok HEOOX1JHUX KUIBKOCTEH KOMITOHEHTIB /I IPUTOTYBAaHHS CEPEOBUINA
JUTSL BUPOILYBaHHA MOCIBHOTO MaTepialy B 1IHOKYJIATOPi 00’ e€MoM 6,3 1 HaBeIeHU! y TaoJI.
4.3.
Tabnuys 4.3

Kommno3uuii crepuitizanii KOMIIOHEHTIB /il BUPOLIYBAHHA MOCIBHOI0 MaTepiaiy B
IHOKYJIATOPI 00’ eMoM 6,3 J1

KiabkicTh aia R
. 00’em
KoMnoHeHT MoKHBHOTO Bwmict, | mpuroryBanHst .
KomMmno3unis KOMIIO3ulii, V,
cepeaoBHIIA r/a 3150 ma -
cepeoBHINA, T
I'moko3a 80 252
Mensica 40 126
KyKypy3sHU# eKCTpaKkT 30 94,5
L-meTioHIH 0,5 1,57 A 1610
I'ninua-6erain 0,05 0,157
Boga 1261 mn
(NH4)2S04 50 157,5
KH2S04 15 4,73
MgSO4x7Hz0 1 3,15 b 1530
Boga 1365 mn
P(?S'—II/IH BITAMIHIB Ta 1 3.2 M i 3.2 M
MIKpOEIIEMEHTIB
ITinoracHuk 2 M1 6,3 M1 - 6,3 M1

4.4.3. Oco0MBOCTI MIATOTOBKH i cTepuJiizamii Mo:KMBHOTO cepea0BUINA IS
BHPOIIYBAHHS IHOKYJIATY B iHOKYJIATOPAX B IHOKYJIATOPi 00’eMmoM 63 o1
Jis naHoro eramy BHPOIIYBaHHS 1HOKYJSATY, MOXHBHE CEpPEAOBUIIE IMOTPIOHO

[MOIIAJIN HA BIAIIOBIIHI KOMITO3HUIIL:
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Komnosuyia A: rmoko3a, Mensaca, KyKypyI3sHUM €KCTpakT, L-MeTIOHIH Ta IIIUH-
oetain. Ctepuiizallisi IpoxXoauTh y 301pHUKY npu Temrepatypi 112 °C npotsrom 30 xB.

Komnosuyis 5: KH3SO4, (NH4),SOs Ta MgSO4x7H20. Crepuiizaiiisi TpOXOIUTh
6e3rnocepeHbo B iHOKYIsITOpI Iipu Temnepatypi 131 °C npotsirom 40 XBUIHH.

Komrmonentu kommo3swuilii A, € TepMonIabiIbHUM, TOMY BOHH MOTPEOYIOTh M'SIKOTO
pexumy creprumizaitii. Coii 3 kKoMmo3uilii b cTepmmi3yroThes Ipu CTaHAAPTHIA AJIT COJICH
TeMmrneparypl. BioTMH Ta TiaMiHY XJOpHJ TOTYHOTHCS Y BHIJISI 3allaCHOTO PO3UYHHY
BiTaMiHIB Ta cTepuii3ytoTh mpu 112 °C mpotsrom 30 xBuiauH B aBTOKIaBi. [liHOracHUK
BHOCHMO O€31ocepeIHhO B TIOKMBHE cepeIoBUIIe 0e3 MonepeaHboi cTepuiIizaliii.

Po3paxyHok HEOOX1JHUX KUIBKOCTEH KOMITOHEHTIB /I IPUTOTYBAaHHS CEPEOBUINA
JUTSL BUPOIILYBAHHS ITOCIBHOTO MaTepially B IHOKYJISTOPI 00’emMoM 63 11 HaBeAeHHM y TaOJI.
4.4,

Tabnuys 4.4

Kommno3uuii crepuitizanii KOMIIOHEHTIB /il BUPOLIYBAHHA MOCIBHOI0 MaTepiaiy B
iHOKYJISITOPI 00’ €MOM 63 J1

KiapkicTh pus
KommnoneHnT noxkuBHoro | Bmict, | mpuroryBaHHs . 00’em
Kommno3umis
cepeaoBHIIA r/n 31,51 KoMIo3uuii, V,
cepeaoBHINA, T
I'mroxo3a 80 2520
Mensca 40 1260
KyKypy3sHU# eKCTpaKkT 30 945
L-MeTioHiH 0,5 15,7 A 16,1
I'ninua-6erain 0,05 1,57
Bona 14,5 n
Konnencar 1,61 n
(NH4)2S04 50 1575
KH2S04 15 47,3
MgS0O4x7H20 1 315 b 15,3
Bona 13,77 n
Konpaencar 1,53 1
P(?S'—II/IH BlTaMlI.-IlB Ta | M 0.032 1 i 0,032
MIKpOEIIEMEHTIB
[TinoracHUK 2 M1 0,063 1 - 0,063

4.4.4. Oco0JMBOCTI MIATOTOBKH i cTepuJIi3amii MOKMBHOTO cepea0BHINA IS
BUPOILLYBAHHS IHOKYJIATY B IHOKYJIATOPAaX B iHOKYJATOPi 00’eMmom 630 a1
Jlns naHoro eramy BUPOIILYBaHHS IHOKYJSTY, IMOKHUBHE CEPEIOBHUILE MOTPIOHO

IMOAUTHIIM HA BIAMOBIIHI KOMIIO3HUIT:
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Komnosuyia A: rmoko3a, Mensaca, KyKypyI3siHUM €KCTpakT, L-MeTIOHIH Ta IIiIUH-
oetain. Ctepuiizailisi y 30ipauky npu temmneparypi 112 °C npotsirom 30 XBUIUH.

Komnosuyis b: KH3SO4, (NH4)2SO04, MgSO4x7H20. Crepmitizaiiis B aBTOKJIaB1 TIpH
temrepatypi 131 °C npotsirom 40 XBUITUH.

Komrmonentu kommo3swuilii A, € TepMonIabiIbHUM, TOMY BOHH MOTPEOYIOTh M'SIKOTO
pexumy crepuwmzarii. Comi 3 kommo3uiii b crepmmisyioTbess MpH  CTaHAApTHIN
temriepaTypl. [liHoracHUK BHOCMMO O€3MOCEpelHbO B TIOKHMBHE CepeloBUIle 0e3
MOTIePEAHBOIT CTEPUITI3allii.

Po3paxyHok HEOOX1HUX KUIBKOCTEH KOMITOHEHTIB /I IPUTOTYBAHHS CEPEOBUINA
JUTSI BUPOLYBaHHS MTOCIBHOTO Matepiainy B IHOKYJISATOpi 00’ emoM 630 11 HaBeeHUH y Ta0l.
4.5,

Tabnuys 4.5

Kommno3uiii crepuizanii KOMIIOHEHTIB /11 BUPOLIYBAHHS MIOCIBHOI0 MaTepiajy B
IHOKYJIAATOPI 00’eMoMm 630 a1

KinpkicTh aj1s
KoMnoHeHT no;KMBHOIO Bwmict, | nmpuroryBanHsi . 00’em
Komvmmno3unist
cepeoBHUILIA r/a 315 a KOMIIO3uMil, V, J
cepeoBHINA, T
I'mroko3a 80 25200
Meisica 40 12600
KyKypya3sHui €KCTpaKkT 30 9450
L-MeTioHiH 0,5 157 A 161
I'ninue-6erain 0,05 15,7
Bona 145 n

Konpgencar 16,1 n
(NH4)2S04 50 1575
KH2S04 15 47,3
MgS0O4x7H20 1 315 b 153

Bona 137, 7 n

Konpgencar 1537
P93qHH BITAMiH{B T2 1 st 0.32 1 i 0,32
MIKpOCIIEMEHTIB
ITinoracHuK 2 M1 0,63 1 - 0,63

4.4.5. Oco0JMBOCTI MIATOTOBKH i cTepuJIi3amii MOKMBHOTO cepea0BHINA IS
BHPOIIYBAHHSA iHOKYJIATY B iHOKYJISITOPAaX B iHOKY.JIsATOPi 06°eMom 6,3 M3
Jlns naHoro eramy BUPOIILYBaHHS IHOKYJSTY, IMOKHUBHE CEPEIOBHUILE MOTPIOHO

IMOAUTHIIM HA BIAMOBIIHI KOMIIO3HUIT:
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Komnosuyis A: rnrokos3a, Mensica, KyKypyI3siHUM €KCTPakT, L-MeTioHiH, TIiIuH-
OertaiH.

Komnosuyis 5: KH2SOy4, (NH4).S04, MgSO,4x7H,0.

Jlnst crepuitizanii ycix kommnoHeHTiB o6upaemo YBC-5 3 mpoayKkTuBHICTIO 5 M%/roz
(uac crepumizanii cranosutume 0,85 rox). Temnepatypa crepumizaiii — 130 °C. Po3uun
yCIX KOMIIOHEHTIB TMO>KMBHOTO CEPENOBHUIIA TOTYETHCA B OJHOMY PEaKTOPi-3MiIIyBayi.
[TlinoracHUK BHOCHMMO Oe€3MOCepeHhO B TIOKHMBHE CepeloBHINE 03 MmonepeaHbol
CTepHIIi3aIlii.

Po3paxyHok HEOOX1HUX KUIBKOCTEH KOMITOHEHTIB /I IPUTOTYBAHHS CEPEOBUINA
JUI BUPOLIYBaHHS IIOCIBHOTO MaTtepiay B iHOKYJISTOpi 06’ eMoM 6,3 M° HaBeeHuil y TalI.
4.6.

Tabnuys 4.6

Kommno3uiii crepuizanii KOMIIOHEHTIB /11 BUPOLIYBAHHS MIOCIBHOI0 MaTepiajy B
inokyssTOpi 06’cMom 6,3 m°

KinpkicTh aj1s
KoMnoHeHT no;KMBHOIO Bwmict, | nmpuroryBanHsi . 00’em
Komvmmno3unist
cepeaoBHUIIA r/a 3150 n KoMIo3uuii, V, ja
cepeoBHINA, KT
I'mroko3a 80 252
Memnsica 40 126
KyKypya3sHui €KCTpaKkT 30 94,5
L-meTioHIH 0,5 1,57
I'ninue-6erain 0,05 0,157
(NH4);S04 50 15,75 A 31405
KH2S04 15 0,473
MgS0O4x7H20 1 0,315
Boga 2830 n
Konnencar 314 n
P(?S'—II/IH BlTaMII.-IlB Ta | M 30 i 3.2
MIKpOEIIEMEHTIB
ITinoracHuK 2 M1 6,31 - 6,3

4.5. Oco0MBOCTI MiATOTOBKY Ta CTEPUJIi3allil MOKMBHOIO cepeloBHINA IJIsI
BHPOOHMYOro OiocuuTe3y Jisuny y pepmentepi 06’°emom 63 m°

Ina wiei craxmii Heobximmo 31,5 m3

MOXKUBHOTO cepenoBuia. Takuii 00’ eM
MOKMBHOTO  CEPEOBHILA EKOHOMIYHO JIOIUIbHINIE CTepUiIi3yBaTH B  YCTaHOBII

Oe3nepepBHOi crepuimizalii. [{e 103B0IMTh 3MEHIIUTA BUTPATH BOJIM, TAPU Ta CKOPOTUTHU
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yac 00poOkM MoxkuBHOTrO cepenosuma. O6upaemo YBC-35 3 npoaykrusHicTio 35 M3/rox
(koHCTpyKTHBHO aHanoriuny YbC-20) (uwac crepwmzanii craHoButume 0,85 ron).
Temmnepatypa crepunizamnii — 130 °C. Po34ynH ycix KOMIIOHEHTIB MOKUBHOTO CEPEIOBHUIIA
TOTYETBCS B OJHOMY peakTopi-3minryBadi. CrHoyaTky y IIbOMY peakTopi-3MilIyBadi
3aBapIOIOTHCS KPOXMaJIb Ta COEBE OOPOITHO, MICII YOTO B HHOTO K TMOJAIOTHCS BCI 1HIII
KOMITOHEHTH.
Po3paxyHOK HEOOXiMHUX KIIbKOCTEH KOMITOHEHTIB I IPUTOTYBaHHS CEPEIOBUIIA
JUIS BUPOIIYBaHHS MOCIBHOroO Marepiany y ¢pepmentepi 06’ emom 63 M> HaBeeHHH y Tl
4.7,
Tabnuus 4.7

Kommno3uuii crepuiizanii KOMIIOHEHTIB /151 BUPOLLYBAHHS MIOCIBHOT0 MaTepiajay y
¢epmentepi 06’cMom 63 m°

KinbkicTs s R
. 00’em
KoMIIOHEHT MOKHBHOTO Bwmict, | mpuroryBaHHs .
3 KoMno3unis KOMIO3HIii, V,
cepe1oBHIIA r/J 31,5m iyt
cepeIoBHINA, KT
I'mrokxo3a 80 2520
Memnsca 40 1260
KyKypya3ssHui €KCTpaKkT 30 945
L-meTioHIH 0,5 15,7
I'ninua-6erain 0,05 1,57
(NH4)2504 50 1575 A 11,12
KH2S04 15 473
MgSO4x7H.0 1 3,15
Boga 10026 n
Konnencar 1114 n

PgquH BlTaMleIlB Ta 1 300 i 0,032
MIKpOEJIEMEHTIB
[TipKUBITFOBATEHAN PO3YUH - 20300 n - 20,3
ITinoracHuk 2 MII 63 1 - 0,063

4.6. O0rpyHTYBaHHS BUOOPY po3uMHiB AJs peryasauii pH Ta ninoracuuka

ITix yac kyneruByBanus Corynebacterium glutamicum K-8 mina yTBOproeTbest uepes
aepariro KyJbTypaabHOI PIIMHHU 31 IBUIKICTIO 1,52 1/XB Ta HassBHOCTI MeJsicH. JloiaTkoBe
MHOYTBOPEHHS MIJACHIIOETHCS YePe3 HASIBHICTD Y CEPEIOBUII O1IKIB, TENTUAIB Ta THIINX
OpraHiYHUX PEYOBWH, SIKI MalOTh TOBEPXHEBO-aKTHBHI BiacTuBOCTI. LI cmomyku
cTab1113yI0Th OyJIbOAIIKY MOBITPS, CTBOPIOIOYHU CTIMKY MiHY. [liHa MOXke CTBOpUTH KiJIbKa

npo0JsieM, TakuX SK 3MEHIIEHHS poOouoro o0'eMy cepeioBHIIA, MOPYLICHHS e€(EeKTUBHOI
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1oja4l KMCHIO Ta HEPIBHOMIPHUHN PO3MOILT KUBUIBHUX PEYOBUH Yy pepmenTi. Lle 3Hmxkye
POAYKTHBHICTh MiKPOOPTaHi3MiB 1 MOXe MPU3BECTH JI0 BTPAT CEPEIOBUINA Yepe3 BUKUIH
ninu [20].

B sxocTi miHoracHuka obupaemo mosicop06ar-80, OCKUIBKHA BiH € €()EKTUBHUM Y
3HWKCHHI IMHOYTBOPEHHsI Tix 4ac ¢epMeHTy, He mupurHiuye pict Corynebacterium
glutamicum i He BIUIMBae Ha mporec cuHTE3y Ji3uHy. [lomicopbar-80 3abe3meuye
CTablIBHICTh Y (epMEHTAIITHOMY CepEe/IOBHUINI, J00pe PO3UYMHSAETHCS Yy BOJAI Ta JIETKO
IHTETPY€ETHCS B CHCTEMY, MIHIMI3yIOUd PU3UK YTBOPEHHS Trapsyoi MiHW 0€3 IIKOAM IS
IPOYKTUBHOCTI OaKTepit.

3rigHo crarti [1] g mintpumanas pH Ha piBHi 7,0 Wi KyJbTHBYBaHHS

Corynebacterium glutamicum, B sikocTi TuTpyBasibHOTO arenTa BukopuctoBytoth NH,OH.
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PO3/1J 5. CHELHU®IKALISI OBJIATHAHHS

Tabnuus 5.1

Cneundikanis o0/1aJHAHHA TIISIHKHA T0NOMIiKHUX POOIT Ta BUPOOHUYOr0 0i0OCHHTE3y

JI3UHY

IMo3uuin

HaiimenyBaHHs

Kinbki
CTh

TexHiYHA XapaKTePUCTHKA (BUPOOHMK)

I13-1

IToBiTpO306IpHUK

€mHicTh: 1-2 M3, pobounit Tuck: 0,5-2 6ap
(BupoOHuK: Atlas Copco) [23]

https://www.atlascopco.com/uk-
ua/compressors/products/air-compressor

dro-2

O4YMCTKHU

®dinbTp rpyoOi

[IponyktusHicTe: 70 1000 M*/ron, cTymiHb
¢inpTpamii: Big 100 MM (BUpOOHUK:
Donaldson) [24]
https://www.buyfilteronline.com/brands/donaldson/?g
ad_source=1&gclid=Cj0KCQjwgrO4BhC2ARISAKQ

7zUIV2etU2MyEJacKiwRhizG3UAMGyYfTppWOYB
laxizo3gWxKVMo5K5gaA025EALwW wcB

K-3

TypOokommpecop

[IponyktusHicts: 100-2000 M*/rox, THUCK:
0,5-1,5 6ap, motyxHicTth: 15-30 kBT

(BupoOHuK: Ingersoll Rand) [25]
https://www.ingersollrand.com/en/air-
compressor/turbo-air-compressors

TO-4

Temmoo0MIHHUK-
0XO0JI0JIKyBay

[IponykruHicTs: A0 500 1/ron,
TEMIIEpATypa 0XOJ0KEeHH: 10 +5°C,
TUIL: JTACTUHYACTHH (BUpOoOHUK: Alfa

Laval) [26]

https://en.bjhuaaixin.com/Recommended/2.html?gad
source=1&gclid=Cj0KCQjwgrO4BhC2ARISAKQ7zU
mo-34uNeMPtv8wNIKUXPZ2YWG-
ha30QrTl  zg0lzsbZgrc50vr3ZsaAlZIEALW wcB

Pecusep

O6’em: 0,5-2 M3, Tuck: 0,5-2 6ap
(BupoOHuK: Festo) [27]
https.//www.festo.com/ua/uk/a/192159/

TH-6
TH-48

TemooOMIHHUK-
HarpiBau

[IponykruHicTs: A0 500 11/rox,
TemMIiepaTypa HarpiBy: 10 +90°C, Tumn:
iacTuHyacTuii (BupoOHUK: Guntner) [28]

https://en.ahlsell.se/en/products/cooling/heat-
exchanger/evaporators/spare-parts-guntner/7443031
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https://www.buyfilteronline.com/brands/donaldson/?gad_source=1&gclid=Cj0KCQjwgrO4BhC2ARIsAKQ7zUlV2etU2MyEJacKiwRhizG3UAMGyfTppWOYBlaxizo3gWxKVMo5K5gaAo25EALw_wcB
https://www.buyfilteronline.com/brands/donaldson/?gad_source=1&gclid=Cj0KCQjwgrO4BhC2ARIsAKQ7zUlV2etU2MyEJacKiwRhizG3UAMGyfTppWOYBlaxizo3gWxKVMo5K5gaAo25EALw_wcB
https://www.buyfilteronline.com/brands/donaldson/?gad_source=1&gclid=Cj0KCQjwgrO4BhC2ARIsAKQ7zUlV2etU2MyEJacKiwRhizG3UAMGyfTppWOYBlaxizo3gWxKVMo5K5gaAo25EALw_wcB
https://www.ingersollrand.com/en/air-compressor/turbo-air-compressors
https://www.ingersollrand.com/en/air-compressor/turbo-air-compressors
https://en.bjhuaaixin.com/Recommended/2.html?gad_source=1&gclid=Cj0KCQjwgrO4BhC2ARIsAKQ7zUmo-34uNeMPtv8wNlKUxPZ2YWG-ha3QrTl__zg0lzsbZqrc50vr3ZsaAlZiEALw_wcB
https://en.bjhuaaixin.com/Recommended/2.html?gad_source=1&gclid=Cj0KCQjwgrO4BhC2ARIsAKQ7zUmo-34uNeMPtv8wNlKUxPZ2YWG-ha3QrTl__zg0lzsbZqrc50vr3ZsaAlZiEALw_wcB
https://en.bjhuaaixin.com/Recommended/2.html?gad_source=1&gclid=Cj0KCQjwgrO4BhC2ARIsAKQ7zUmo-34uNeMPtv8wNlKUxPZ2YWG-ha3QrTl__zg0lzsbZqrc50vr3ZsaAlZiEALw_wcB
https://en.bjhuaaixin.com/Recommended/2.html?gad_source=1&gclid=Cj0KCQjwgrO4BhC2ARIsAKQ7zUmo-34uNeMPtv8wNlKUxPZ2YWG-ha3QrTl__zg0lzsbZqrc50vr3ZsaAlZiEALw_wcB
https://www.festo.com/ua/uk/a/192159/
https://en.ahlsell.se/en/products/cooling/heat-exchanger/evaporators/spare-parts-guntner/7443031
https://en.ahlsell.se/en/products/cooling/heat-exchanger/evaporators/spare-parts-guntner/7443031

IIpooosoicenns maban. 5.1

D1IBTP TOHKOTO

Cryninb dinbrparnii: 5-10 MkM,
MPOAYKTUBHICTE: 710 500 mM*/rox

dTO-7 1
OYHIIICHHS (BupobuuK: Donaldson) [29]
https://art-agro.com.ua/filtri-donaldson
Cryninb dinbrpanii: 0,1-1 MxMm,
DibTP HA/TOHKOTO MPOAYKTUBHICTE: 10 3400 M*/ron
®HO-8 OUMIIEHHS 1 (BupoOHuK: IHTepXOMION) [30].
https://interholod.com.ua/ua/p716654683-filtry-
tonkoj-ochistki.html
[10-17 Cryninp dinbrpanii: 0,1-1 MxM,
%g:gg DiTbTp HA/TOHKOTO . IPOIYKTUBHICTB: 10 3400 M*/rox
OUMIIEHHS (BupoOHuK: InTepxonox) [30]
[D-46 https://interholod.com.ua/ua/p716654683-filtry-
1d-59 tonkoj-ochistki.html
Mopens: SF50
_ 06’em: 100 11, maTepian: Hep)kaBitoda
301pHUK JIJIs1 P
3b-9 3§ep1r?HH;1 1 (Bupo6uuk: Grainfather) [31]
aMl1a4vHOl BOJH https://kamrad.ua/ua/tskt-fermenter-grainfather-
sf507?srsltid=AfmBOop4H4LzErA_VdXHhW2ylgsFO
50Ag025H8T3S8iMzMcjwCuleBuu
H-10
H-12
H-14
H-16 Mopens: Vitals aqua PRO CP 10100Y
H-22 [IponyktusHicTs: 100 51/roa, podoua
H-24 _ _ yacToTa o0epranHs - 2850 00/xB,
H-27 BinnenTpopuit 14 CHOKHUBYA MOTYkHICTh — 1000 BT
H-29 Hacoc (BupoOHuk: «®ysH Heto [nmpka ITamn Ko
H-32 JITI») [32]
H-34 https://vitals-aqua.ua/poverhnostnyye-
H-38 nasosy/tsentrobezhnyye-seriya-cp/pro-cp-10100y
H-41
H-47
H-49
Mopnens: SF50
PeaxTop-3MilryBay 06’em: 30 M3, matepian: HepKaBiroua
P11 JUISL IPUTOTYBAaHHSA 1 CTaJIb

T JUKABIIFOBAIIEHOTO
PO3YHHY

(Bupobuuk: Grainfather) [31]
https://kamrad.ua/ua/tskt-fermenter-grainfather-
sf507srsltid=AfmBOop4H4LzErA_VdXHhW2ylgsF0
50Ag025H8T3S8iMzMcjwCuleBuu
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https://art-agro.com.ua/filtri-donaldson
https://interholod.com.ua/ua/p716654683-filtry-tonkoj-ochistki.html
https://interholod.com.ua/ua/p716654683-filtry-tonkoj-ochistki.html
https://interholod.com.ua/ua/p716654683-filtry-tonkoj-ochistki.html
https://interholod.com.ua/ua/p716654683-filtry-tonkoj-ochistki.html
https://kamrad.ua/ua/tskt-fermenter-grainfather-sf50?srsltid=AfmBOop4H4LzErA_VdXHhW2ylgsF050AgO25H8T3S8iMzMcjwCu1eBuu
https://kamrad.ua/ua/tskt-fermenter-grainfather-sf50?srsltid=AfmBOop4H4LzErA_VdXHhW2ylgsF050AgO25H8T3S8iMzMcjwCu1eBuu
https://kamrad.ua/ua/tskt-fermenter-grainfather-sf50?srsltid=AfmBOop4H4LzErA_VdXHhW2ylgsF050AgO25H8T3S8iMzMcjwCu1eBuu
https://vitals-aqua.ua/poverhnostnyye-nasosy/tsentrobezhnyye-seriya-cp/pro-cp-10100y
https://vitals-aqua.ua/poverhnostnyye-nasosy/tsentrobezhnyye-seriya-cp/pro-cp-10100y
https://kamrad.ua/ua/tskt-fermenter-grainfather-sf50?srsltid=AfmBOop4H4LzErA_VdXHhW2ylgsF050AgO25H8T3S8iMzMcjwCu1eBuu
https://kamrad.ua/ua/tskt-fermenter-grainfather-sf50?srsltid=AfmBOop4H4LzErA_VdXHhW2ylgsF050AgO25H8T3S8iMzMcjwCu1eBuu
https://kamrad.ua/ua/tskt-fermenter-grainfather-sf50?srsltid=AfmBOop4H4LzErA_VdXHhW2ylgsF050AgO25H8T3S8iMzMcjwCu1eBuu

IIpooosoicenns maban. 5.1

PeakTop-3minryBau
JUISL CTepHUITi3alii

Mogpens: SF50
06’em: 30 M3, matepian: Hepkapiroua
CTab

P-13 ; . :
M1PKUBIIIOBAJIBHOTO (BI/IpO6HI/IK Gralnfather) [31]
O3UNH https://kamrad.ua/ua/tskt-fermenter-grainfather-
P y sf50?srsltid=AfmBOop4H4LzErA_VdXHhW?2ylgsFO
50Ag025H8T3S8iMzMcjwCuleBuu
. Monens: SF50
36ipuuK s 06’em: 50 11, MaTepian: HepKaBiloya cTalb
3G-15 | 3@MacHOro posiuty (BupoOnuk: Grainfather) [31]
BITaM1H1B Ta https://kamrad.ua/ua/tskt-fermenter-grainfather-
MIKpPOEJIEMEHTIB sf50?srsltid=AfmBOop4H4LzErA_VdXHhW2ylgsFO
50Ag025H8T3S8iMzMcjwCuleBuu
O06’em: 6,3 11, MmaTepiall: TEPMOCTIIKe
OopocuikaTHE CKIIO
1-18 IHOKYIISITOP (BupoOHuK: Minifors, Infors) [33]
https://unilab.kiev.ua/catalog/fermentery-i-
bioreaktory/fermenterylnfors/
J1-19 Jlo3aTop HamiBaBTOMAaTHYHUN (PipMH
J1-22 “ABC Tech” mogeni BIICB-2 (Ykpaina),
11-27 THII — 3 BIOpaI[iiHUM KUBUIILHUKOM; MEXK1
J1-30 06’ €MHO-BATOBMiIi 3BKYBaHHS: HAUMEHIIIA MEKa JO3YBaHHS
J1-35 103aTOp — 50 r/mi1, HaKO1IBIIIA MEXKA JI03YBAHHS —
T1-44 15 kr/mit; 06’ eM Oynkepa — 420 i;
J1-48 noxubka no3yBanus — 0,35% [34]
57 https://storage.ua.prom.st/1655371_pasport._ustanovk
A a_fasovo ya modeli_vdsvl vdsv2.pdf
PeakTop-3MilyBay O6’em: 35 11, MmaTepiall: TEPMOCTIIKE CKIIO
P-20 JUIS IPUTOTYBAHHS (BupobHuK: TOB «Turtan Texnikcy) [35]
i A https://hms-ua.com/ua/p1445439783-steklyannyj-
KOMIO3uIi reaktor-rubashkoj.html
PeakTop-3MinryBau 06’em: 30 11, MmaTepiasl: TEPMOCTIMKE CKIIO
P-23 JUT PUTOTYBAHHS (BupoOHuK: TOB «Tutan Texnikey) [35]
S B https://hms-ua.com/ua/p1445439783-steklyannyj-
KOMITO3HLII reaktor-rubashkoj.html
Mogens: SF50
O06’em: 63 11, MmaTepiasl: HepKaBiOYa CTAJh
1-26 [HOKYJISITOP (Bupo6nuk: Grainfather) [31]

https://kamrad.ua/ua/tskt-fermenter-grainfather-
sf50?srsltid=AfmBOop4H4LzErA VdXHhW2ylgsF0
50Ag025H8T3S8iMzMcjwCuleBuu
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https://kamrad.ua/ua/tskt-fermenter-grainfather-sf50?srsltid=AfmBOop4H4LzErA_VdXHhW2ylgsF050AgO25H8T3S8iMzMcjwCu1eBuu
https://kamrad.ua/ua/tskt-fermenter-grainfather-sf50?srsltid=AfmBOop4H4LzErA_VdXHhW2ylgsF050AgO25H8T3S8iMzMcjwCu1eBuu
https://kamrad.ua/ua/tskt-fermenter-grainfather-sf50?srsltid=AfmBOop4H4LzErA_VdXHhW2ylgsF050AgO25H8T3S8iMzMcjwCu1eBuu
https://kamrad.ua/ua/tskt-fermenter-grainfather-sf50?srsltid=AfmBOop4H4LzErA_VdXHhW2ylgsF050AgO25H8T3S8iMzMcjwCu1eBuu
https://kamrad.ua/ua/tskt-fermenter-grainfather-sf50?srsltid=AfmBOop4H4LzErA_VdXHhW2ylgsF050AgO25H8T3S8iMzMcjwCu1eBuu
https://kamrad.ua/ua/tskt-fermenter-grainfather-sf50?srsltid=AfmBOop4H4LzErA_VdXHhW2ylgsF050AgO25H8T3S8iMzMcjwCu1eBuu
https://unilab.kiev.ua/catalog/fermentery-i-bioreaktory/fermenteryInfors/
https://unilab.kiev.ua/catalog/fermentery-i-bioreaktory/fermenteryInfors/
https://storage.ua.prom.st/1655371_pasport._ustanovka_fasovo__ya_modeli_vdsv1_vdsv2.pdf
https://storage.ua.prom.st/1655371_pasport._ustanovka_fasovo__ya_modeli_vdsv1_vdsv2.pdf
https://hms-ua.com/ua/p1445439783-steklyannyj-reaktor-rubashkoj.html
https://hms-ua.com/ua/p1445439783-steklyannyj-reaktor-rubashkoj.html
https://hms-ua.com/ua/p1445439783-steklyannyj-reaktor-rubashkoj.html
https://hms-ua.com/ua/p1445439783-steklyannyj-reaktor-rubashkoj.html
https://kamrad.ua/ua/tskt-fermenter-grainfather-sf50?srsltid=AfmBOop4H4LzErA_VdXHhW2ylgsF050AgO25H8T3S8iMzMcjwCu1eBuu
https://kamrad.ua/ua/tskt-fermenter-grainfather-sf50?srsltid=AfmBOop4H4LzErA_VdXHhW2ylgsF050AgO25H8T3S8iMzMcjwCu1eBuu
https://kamrad.ua/ua/tskt-fermenter-grainfather-sf50?srsltid=AfmBOop4H4LzErA_VdXHhW2ylgsF050AgO25H8T3S8iMzMcjwCu1eBuu

IIpooosoicenns maban. 5.1

P-28

Peaktop-3minryBau
JUTSI IPUTOTYBAHHS
KOMIO3UINi A

Mogpens: SF50
06’em: 350 1, maTepian: HEepKaBitoUya
CTab

(BupooOnuk: Grainfather) [31]
https://kamrad.ua/ua/tskt-fermenter-grainfather-
sf507srsltid=AfmBOop4H4LzErA VdXHhW2ylgsF0

50Ag025H8T3S8iMzMcjwCuleBuu

P-31

Peakrop-3minryBau
JUISL IPUTOTYBaHHS
xkomno3uii b

Mopnenb: SF50
06’em: 300 11, MmaTepia: HepkaBirO4a
CTallb

(BupoOnuk: Grainfather) [31]
https://kamrad.ua/ua/tskt-fermenter-grainfather-
sf50?srsltid=AfmBOop4H4LzErA VdXHhW2ylgsF0

50Ag025H8T3S8iMzMcjwCuleBuu

[-34

[HOKYHATOD

Moxens: ®P-500
06’em: 630 11, maTepial: HEpKaBitOUYa
CTajlb
(Bupoonuk: ITpomsir) [36]
https://promvit.com.ua/reaktor-dlya-proizvodstva-
sredstv-zashhity-rastenij-500-1/

P3-36

PeakTop-3minryBay

O6’em: 6,2 M3, MaTepian: HepkKaBioua
CTaJb
(Bupobuuk: Ctpoitropreepsic) [37]
https://prom.ua/ua/p15745045-emkosti-
nerzhaveyuschej-stali.html

P-38

Peaktop YBC

06’em: 6,2 M3, MaTepian: HepikKaBirOua
CTaJlb
(Bupoouuk: Ctporitopreepsic) [37]
https://prom.ua/ua/p15745045-emkosti-
nerzhaveyuschej-stali.html

KIIIH-40

Kononka
MIBUIKICHOTO
HarpiBy

Po6ounii Trck 0,6 MlIIa, sBmimenns — 100
71,. Marepian kopmycy — Ct X18HOIT.

B-41

Burpumysau

O6’em: 6,2 M3, MaTepian: HepkKaBiroua
CTaJlb, MAKCUMaJIbHUN poOounii Tuck — 10
Oap

(Bupo6uuk: Maxdapra) [38]

https://tbpool.com.ua/p/plastinchatyj-teploobmennik-
s-boltami-x-pwt-1333-va-600kvt-

TO-42

Temmoo0MIHHUK-
OXO0JIOJKYBaY

OcyiyBay peprKepaTOPHOTO THITY
Mogpens: ATS DGO 780
[IpoxayxrusHicTs: 780 M%/Tox
(Bupobnuk: «ATS») [39]

https://tusk.ua/product/osushitel-refrizheratornogo-
tipa-ats-dgo-780/

48


https://kamrad.ua/ua/tskt-fermenter-grainfather-sf50?srsltid=AfmBOop4H4LzErA_VdXHhW2ylgsF050AgO25H8T3S8iMzMcjwCu1eBuu
https://kamrad.ua/ua/tskt-fermenter-grainfather-sf50?srsltid=AfmBOop4H4LzErA_VdXHhW2ylgsF050AgO25H8T3S8iMzMcjwCu1eBuu
https://kamrad.ua/ua/tskt-fermenter-grainfather-sf50?srsltid=AfmBOop4H4LzErA_VdXHhW2ylgsF050AgO25H8T3S8iMzMcjwCu1eBuu
https://kamrad.ua/ua/tskt-fermenter-grainfather-sf50?srsltid=AfmBOop4H4LzErA_VdXHhW2ylgsF050AgO25H8T3S8iMzMcjwCu1eBuu
https://kamrad.ua/ua/tskt-fermenter-grainfather-sf50?srsltid=AfmBOop4H4LzErA_VdXHhW2ylgsF050AgO25H8T3S8iMzMcjwCu1eBuu
https://kamrad.ua/ua/tskt-fermenter-grainfather-sf50?srsltid=AfmBOop4H4LzErA_VdXHhW2ylgsF050AgO25H8T3S8iMzMcjwCu1eBuu
https://promvit.com.ua/reaktor-dlya-proizvodstva-sredstv-zashhity-rastenij-500-l/
https://promvit.com.ua/reaktor-dlya-proizvodstva-sredstv-zashhity-rastenij-500-l/
https://prom.ua/ua/p15745045-emkosti-nerzhaveyuschej-stali.html
https://prom.ua/ua/p15745045-emkosti-nerzhaveyuschej-stali.html
https://prom.ua/ua/p15745045-emkosti-nerzhaveyuschej-stali.html
https://prom.ua/ua/p15745045-emkosti-nerzhaveyuschej-stali.html
https://tbpool.com.ua/p/plastinchatyj-teploobmennik-s-boltami-x-pwt-1333-va-600kvt-
https://tbpool.com.ua/p/plastinchatyj-teploobmennik-s-boltami-x-pwt-1333-va-600kvt-
https://tusk.ua/product/osushitel-refrizheratornogo-tipa-ats-dgo-780/
https://tusk.ua/product/osushitel-refrizheratornogo-tipa-ats-dgo-780/

IIpooosoicenns maban. 5.1

36ipuuk ¢pipmu WENZHOU L&B FLUID

30ipHUK 115t EQUIPMENT CO.,LTD (Kutaii) 06’eMoM
M-45 IIPUTOTYBaHHA Ta 12 11; o61aiHaHU# €IEKTPOTEHOM,
crepuin3amil Marepian — HepxaBitoua cranp AISI-
MiHOTaCHUKA 304,ASTM [40]
https://www.blsvalve.com/
Moaens: ®P-500
06’em: 6300 11, maTepian: HepxKaBiOya
1-47 [HoKYIIATOD CTajip
(Bupo6nuk: ITpomsir) [36]
https://promvit.com.ua/reaktor-dlya-proizvodstva-
sredstv-zashhity-rastenij-500-1/
Moxens: ®P-500
06’em: 60 M3, maTepian: HepkaBiroua
P-49 PeakTop-3MirryBaq CTajip
(Bupoonuk: ITpomsir) [36]
https://promvit.com.ua/reaktor-dlya-proizvodstva-
sredstv-zashhity-rastenij-500-1/
[IponyktuBHicTh: 70 1000 M3*/Tro, CTyMiHB
dinpTparii: Big 100 MM (BUpOOHUK:
-51 ®inbTp A5 Donaldson) [41]

) 3aTPUMKH YaCTOK https://www.buyfilteronline.com/brands/donaldson/?g
ad_source=1&gclid=CjO0KCQjwgrO4BhC2ARISAKQ
7zUIV2etU2MyEJacKiwRhizGSUAMGyYfTppWOYB

laxizo3gWxKVMo5K5gaA025EALW wcB
K Ka . )
0JIOH Po6ounii tick 0,6 MIla, smimenus — 100
KIIIH-53 IIBUKICHOTO .
. 1,. Marepian koprycy — Ct X18HIT.
HarpiBy
06’em: 60 M3, matepian: HepkaBiroua
CTallb, MAaKCUMaTbHMI poOounii Trck — 10
T-54 Butpumysau Gap
(BupoOnuk: Maxdapra) [38]
https://tbpool.com.ua/p/plastinchatyj-teploobmennik-
s-boltami-x-pwt-1333-va-600kvt-
OcymryBau pegprkepaTOpHOTO THITY
. Moguens: ATS DGO 780
T-55 TennooOMiHHUK- [MpoxykruBHicTE: 780 M3/rox
OXOJIO/KyBaY (BupoOnuk: «ATS») [42]
https://tusk.ua/product/osushitel-refrizheratornogo-
tipa-ats-dgo-780/
36ipauk pipmu WENZHOU L&B FLUID
301pHUK 115 EQUIPMENT CO.,LTD (Kurait) 06’emom
M-58 MIPUTOTYBAaHHS Ta 100 51; o6iagHAHU €TEKTPOTCHOM,
CTepHII3aLil Matepian — Hepxasitoua ctanb AISI-
MIHOTaCHUKA 304,ASTM [40]

https://www.blsvalve.com/
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https://www.blsvalve.com/
https://promvit.com.ua/reaktor-dlya-proizvodstva-sredstv-zashhity-rastenij-500-l/
https://promvit.com.ua/reaktor-dlya-proizvodstva-sredstv-zashhity-rastenij-500-l/
https://promvit.com.ua/reaktor-dlya-proizvodstva-sredstv-zashhity-rastenij-500-l/
https://promvit.com.ua/reaktor-dlya-proizvodstva-sredstv-zashhity-rastenij-500-l/
https://www.buyfilteronline.com/brands/donaldson/?gad_source=1&gclid=Cj0KCQjwgrO4BhC2ARIsAKQ7zUlV2etU2MyEJacKiwRhizG3UAMGyfTppWOYBlaxizo3gWxKVMo5K5gaAo25EALw_wcB
https://www.buyfilteronline.com/brands/donaldson/?gad_source=1&gclid=Cj0KCQjwgrO4BhC2ARIsAKQ7zUlV2etU2MyEJacKiwRhizG3UAMGyfTppWOYBlaxizo3gWxKVMo5K5gaAo25EALw_wcB
https://www.buyfilteronline.com/brands/donaldson/?gad_source=1&gclid=Cj0KCQjwgrO4BhC2ARIsAKQ7zUlV2etU2MyEJacKiwRhizG3UAMGyfTppWOYBlaxizo3gWxKVMo5K5gaAo25EALw_wcB
https://www.buyfilteronline.com/brands/donaldson/?gad_source=1&gclid=Cj0KCQjwgrO4BhC2ARIsAKQ7zUlV2etU2MyEJacKiwRhizG3UAMGyfTppWOYBlaxizo3gWxKVMo5K5gaAo25EALw_wcB
https://tbpool.com.ua/p/plastinchatyj-teploobmennik-s-boltami-x-pwt-1333-va-600kvt-
https://tbpool.com.ua/p/plastinchatyj-teploobmennik-s-boltami-x-pwt-1333-va-600kvt-
https://tusk.ua/product/osushitel-refrizheratornogo-tipa-ats-dgo-780/
https://tusk.ua/product/osushitel-refrizheratornogo-tipa-ats-dgo-780/
https://www.blsvalve.com/

3akinuennsa maon. 5.1

®-60

depmenTep

Monens: DIN-BE
O6’em: 63 Mm%, Matepian: HepkaBiroua
ctanb. OcHaieHuit 6apooTepom,
COpPOYKOI0, TaTYNKAMH KUCIOTHOCTI,
KHCHIO Ta TEMIEPATyPH,
poOOB1I01PHUKOM, MAHOMETPOM,

TypOiHHOIO Mimanko: 320 00/xB.
(BupoOnuk: Pfaudler) [43]

https://www.gmmpfaudler.com/uploads/files/pfaudler-

din-be-reactors-1.pdf
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https://www.gmmpfaudler.com/uploads/files/pfaudler-din-be-reactors-1.pdf
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PO3/I1J1 6. ONAC TEXHOJIOI'TYHOI CXEMUA

Cxema BupoOHUIITBA Ji3uHYy mtamoMm Corynebacterium glutamicum K-8 Bxirodae
pSA KPOKIB, IIO OXOIUIIOIOTh MIATOTOBKY aepariifHOro mMoBITPs, MPUTOTYBaHHS Ta
CTEpWJII3AI[il0 TUTPYBAJbHUX AareHTiB, MPUTOTYBaHHS MiPKUBIIOBAJIBHOTO PO3UYUHY
TJII0OKO3H, 3al1aCHOTO PO3YMHY BITaMiHIB Ta MIKPOEJIEMEHTIB Ta OCBITICHHS Memsich. Kpim
TOTO, TEXHOJIOTIYHUU MPOIEC BKIIFOYAE MIATOTOBKY IMOCIBHOTO Marepiany Ta OioCHHTE3
IIIJTLOBOTO MPOAYKTY. JleTaabHy cXeMy OTpMMAaHHS JI3MHY MOXKHA IT00Q4YUTH B rpadidHii
YacTHUHI POOOTH.

JIP 1. Iliozomoeka aepauiiinozo nosimps:

P 1.1. 3a6ip ammocgheproeo nosimps

[TpoBOIUTHCS 32 JOMTOMOTOI0 BEPTHKAILHOI TpyOH 3 moBiTpo3adipuukom (I13-1) Ha
HanBuiii Touni (H = 16 m).

P 1.2. Ouuwenns 6io epyoux 0omiulox

[lpoBomuThCSI HAa TKaHUHHOMY (QinTbTpi 3 rpyOomM oummieHHsM (DPI'O-2) 3
edextuBHIcTIO E = 90%, 1110 3aTpuMy€ YaCTUHKH po3MipoM Oubiie 50 MKM.

/[P 1.3. Komnpecis nogimps

[ToBitps ctrckaethest y kommpecopi (K-3) mo tucky 1,0 MIla Ta HarpiBaeThcs 10
120-200°C.

J[P 1.4. Oxonooocenns ma suoaietus 60102u

[Ticnst cTUCHEHHS TIOBITPS OXOJIOKYIOTH 70 25 °C 3a J0MOMOTOI0 TEIJI000MIHHUKA-
oxosomkyBaua (TO-4). Jlani oxosomkeHe TOBITPs mogaeThes A0 pecuBepa (P-5), me fioro
BOJIOTICTh cTabimi3yeThbest Ha piBHI 60%.

JIP 1.5. HazpisanHs nogimps

[ToBiTps HarpiBarTh y TeriooOMiHHUKY-HarpiBaui (TH-6) mo temnepatypu 70-80
°C. Ilicnst IbOTO BOHO HAMPABJISIETHCS HA CTAJIIF0 TOHKOTO OYHIIICHHS.

[P 1.6. Ouuwenns nogimps  20106HOM) Qinbmpi

[ToBiTps nmpoxoauth Yepe3 rosioBuui GinbTp (PTO-7) 3 E = 95%.
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JIP 1.7. Haomonka ouucmxa 6eHMUIAYiiH020 NO8Impsi

JIsi HaJTOHKOTO OYHIIEHHS TMOBITPS BUKOPUCTOBYIOThCA (inbTpu Ty HEPA
(®PHO-8), B sKMX OCHOBHUM (QUIBTPYIOUMM €JIEMEHTOM € CKJIOBOJIOKHO, CKJIaJIeHE Y
ropoBaHy CTPYKTYpY ULl MaKCUMI3aIli 1ol ¢piIbTpartii.

P 1.8. Ouuwenns nogimps 6 inousioyanvhomy Gitempi

[lepen mociBHUMH amapaTaMd Ta (EpPMEHTEPOM BCTAHOBIIOIOTh 1HAMBIAYalTbHI
bumetpu (1O-17, 10-25, ID-33, [D-46, [D-59), cTyniHb OUMINEHHS SKUX CTaHOBUTH E =
99,99998%.

JIP 2. IIpucomysannusa ma cmepunizayisa niHO2ACHUKA

P 2.1 [lpucomysanns ma cmepunizayis NiHO2ACHUKA Ol KYAbMUBYBAHHS 8
IHOKYssmopi 06 'emom 6,3 11

3a 10moMOror0 MIpHOTO HIJIIHJIpA BIAMIPSIOTH 6,3 MJT IIHOTACHHUKA Ta MIEPETUBAIOTh
y K010y Ha 25 mi. [lepes 3acTocyBaHHSIM MIHOTACHUKA MOT0 HEOOX1THO TPOCTEPUITI3yBaTH
B aBTOKIaBl npu Temmeparypi 131 °C, tucky 0,2 MIla tpusanictio 40 xB. [liHOTacHUK
nogaeThes Ha cramii (TIT 7.5).

I[P 2.2. [lpucomyeanHs ma cmepunizayisi NiHO2ACHUKA Ol KVIbMUBYBAHHS 8
iHOKyAMOopi 06 ’emom 63 11

3a JOMOMOT00 MIPHOTO LMJIIHAPA BIAMIPSAIOTH 63 MJI MIHOTAaCHUKA Ta MEPEIuBaOTh
y kom0oy nHa 100 wmu. TIlepex 3acTocyBaHHSIM TIIHOTaCHHMKa HMOTO HEOOX1JTHO
mpocTepuiti3yBaTu B aBTokIaBl ipu temrepatypi 131 °C, tucky 0,2 MIla tpusanictio 40
xB. [TiHoracHuk nogaetbes Ha ctanii (TI1 7.6).

J[P 2.3. [Ipucomyeanns ma cmepunizayisi niHO2acHUKa 015 KYIbMUBYBAHHS 8
iHoKyAmopi 06 ’emom 630 1

3a I0moMOT O MIPHOTO HIUTIHAPA BIAMIPA0TH 630 MJT TIHOTaCHUKA Ta MEePETUBaOTh
y xondy Ha 1000 wmn. Ilepexs 3actocyBaHHSIM TIIHOTaCHMKa #Oro HeOOX1AHO
npocTepuli3yBaTu B aBTokjIaBl mpu temrepatypi 131 °C, tucky 0,2 Mlla tpusanictio 40
xB. [linoracuuk nmomaetrbes Ha crafii (TI1 7.7).

P 2.4. Ilpucomyeannss ma cmepunizayis NiHO2aCHUKA OJisl KYIAbMUBYEAHHS 6

iHokysmopi 06 ‘emom 6300 1
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Yepes 06’emuo-Barosuii mpo3atop ([A-44) nogarots 6,3 11 mMiHOraCHUKA y MIpHHUK 3
enekrporeHoM (M-45) 06’emom 12 1. ITiHOracHHUK CTEPHIII3YIOTH IIJIIXOM HAarpiBaHHS
cepenoBuia a0 Temneparypu 131°C mpotsarom 40 xB. OX0I0KEHHS TPOCTEPUITIZ0BAHOTO
MIHOTACHUKA 3A1MCHIOIOTH NUISIXOM T0JIa4l BOJM TEXHIYHOT XOJIOJHOI Y COPOUKY amnapary.
[IpocTepumnizoBanuii 1 0XOJIOIKEHUI MIHOTACHUK MOJIAETHCSI CAMOILTUBOM JI0 1HOKYJISITOpa
(I-47).

P 2.5. Ilpucomysannsi ma cmepunizayis NiHO2ACHUKA OJi KYJIbIMUBYBAHHA Y
pepmenmepi 06 emom 63 m®

Yepes 06’emHo-BaroBuii no3arop (JA-57) nmomarote 63 11 miHOracHUWKAa y MIpPHHK 3
enekrporeHoM (M-58) 00’emom 100 1. [TiHOraCHMK CTEpWIII3YIOTH NUIIXOM HarpiBaHHS
cepenonuina ao temmneparypu 131°C npotarom 40 xB. OX0JI0KEHHS TPOCTEPUITIZ0BAHOTO
MHOTACHUKA 31MCHIOIOTH NUISIXOM T0J1a4l BOJIM TEXHIYHOT XOJIOJHOI Y COPOUKY amapary.
[IpocTepunizoBaHuil 1 0XOJO0MKEHUN MTHOTACHUK MOJAETHCA CAMOILIMBOM JI0 BUPOOHUYOTO
depmentepa (P-60).

JIP 3. Ilpucomyeannsa mumpyeaibHuUx a2eHmie

P 3.1. 36epicanns amiaunoi 600u

NHsOH sik TuTpyrounii areHT He BUMAarae CTepuiiizallii Ta JOCTyMHUN y TOTOBIM 10
BUKOPHCTaHHs (Gopmi. AMiadHy BOAy 30epiraroTh y repmetrnunomy pesepByapi (3B-9) 3
HEP>KaBiI0YO1 CTall, K 1 BC1 KOMYyHIKallii 10 GepMeHTEPA Ta IHOKYISATOPA.

JIP 4. IIpucomyeanns nioxicueii068aibHO20 POIUUHY

I[P 4.1. Ilpucomysanus nioxicueno8aibHo20 po3iuHy

Ha texnonmoriunux Barax 3Baxytotb 12600 kr riroko3u, 3150 kr memnsicu ta 1260 kr
(NH,4),SO, 3aBanTaxyoTs y peakrop-3mimysad (P-11) 06’emom 30 M3, 3a momomororo
NIYMIBHUKA JONUBAIOTL 17 M3 MUTHOT BOAM Ta BMMKAIOTh MEpeMilyOumii npucTpiid. Jis
KpaIoro pO3YMHEHHS Y COPOYKY peaKkTopa MOoIal0Th rapsdy Mnapy i HarpiBatoTh pO3YUH 0
40 °C npu nepeminryBanHi 320 06/xB.

I[P 4.2. Cmepunizayist niosicusio8aibHO20 PO3IUUHY

[IpuroroBanuii miKUBMIOBaNbHMN po3umH (Bim JP 4.1) o6’emom 17 M3

nepeKadyroTh 3a gonomoroo Hacoca (H-12) y peaxrop (P-13) 06’ emom 30 M3 cTepuitizyoTs
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npu 112°C ynpoaosxk 30 xB. PO34rH BUKOPHUCTOBYIOTh Ha CTaii BAPOOHUYOTO O10CUHTE3Y
(mo TIT 6.1)
JIP 5. IIpucomysanns 3anacnozo po3uuny 6imaminie ma MikpoeaemeHmie
Po3unH BiTaMmiHIB Ta MIKpOEJIEMEHTIB TOTY€ETbCS 3 po3paxyHKy 1 mi Ha 1 1
MOKMBHOTO CEPEIOBUIIA, TOMY PO3paxyeMO HEOOXITHHHM 00’€M 3amacHOro pO3YHHY IS

KO’KHOTO €Tany KyJbTUBYBaHHs (Ta0u. 6.1).

Tabnuus 6.1
00’eM 3amacHOro po34MHY BiTaMiHiB Ta MiKpOeJieMeHTIB
00’eM MOKMBHOIO CepeOBHINA, JI 00’em 3a11aCHOT0 PO3YHHY, J
3,15 0,0032
31,5 0,032
315 0,32
3150 3,2
31500 32

OTxe 3araJibHUi 00’ €M PO3YMHY BITaMiHIB Ta MIKpOEJIEMEHTIB CTaHOBUTUME 35,5 1.

I[P 5.1. Ilpucomysanus ma cmepunizayisi po3uuHy Gimaminie

Ha TexHosoriyHux Barax 3BaxkyroTh 83 T 0ioTuHy, 14 r TiaMiHy XJopuay Ta
MOMIIIAOTh Y K0JIOY 06’ emom 100 mit. 3a 101mOMOTor0 MIpHOTO IMITIHAPA TOJIUBAIOTh SO M
MUATHOI BOJIU Ta MEPEMINIYIOTh JO MOBHOTO PO3YMHEHHS KOMMOHEHTIB. CTepuii3yroTh
po3uuH BiTaMiHiB npu 112°C npotarom 30 XBHUIMH B aBTOKJIABI.

J[P 5.2. Ilpucomysanus ma cmepunizayisi po3uuHy MiKpoeiemeHmiea

Ha Texnonoriunux Barax 3BaxyroTh 133 r FeSO4, 133 r MnSO4 Ta momimaroTts y
k0710y 00’ emom 100 mJ1. 32 TOMOMOT0I0 MIPHOTO HUJIHAPA 0JIUBatOTh SO MJ MTUTHOI BOJU
Ta TEPEeMINyIOTh 0 TIOBHOTO PO3YMHEHHS KOMITOHEHTIB. CTepuii3yloTh pPO3YHH
MmikpoenemeHTIB mpu 131°C npoTtsirom 40 XBUIIMH B aBTOKJIABI.

[P 5.3. 3miwysanns po3uuny 6imaminie ma MikpoeiemeHmis

VY 36ipnauK (3B-15) 06’emom 50 11 nepenuBath S0 M1 po3unny BitaminiB (Big JIP 5.1)
ta 50 M po3unHy MikpoeneMmeHTiB (Big [P 5.2) Ta monmuBaroTh 32 TOMOMOTOFO JIIYUIILHUKA
35,4 1 IUTHOT BOJY Ta MEPEMIIIYIOTh 32 JOIMOMOIOI0 MiIIATIKH.

JIP 6. Iliozomoeka ma cmepunizayisi ROHCUSHUX CEPEeOosULY

I[P 6.1. Iliocomoexa i cmepunizayis NOMCUBHO20 cepedosUa O BUPOULYBAHHS

[HOKYIAMY 8 KON0Aax Ha Ka4anikax
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Jlns BUpOITyBaHHS 1HOKYJIATY ISl 11i€i ctanaii HeoOximHo mpuroryBatu 0,315 71
noxxuBHoro cepenosuia (I1C).

I[P 6.1.1. Ilpueomysanns ma cmepunizayis komno3uyii A

Ha texHiuHMx Barax 3BaxywoTb 12,6 T rmwoko3w, 12,6 r wmemsicu, 945 1
KyKypya3sHoro ekcrpakty, 0,157 r L-metioniny ta 0,0157 r rminun-6etainy. HaBaxku
MOMIIIAIOTh Yy K0JIOY 06 eMom 500 MJ1, 32 JOMOMOT0I0 MIpHOTO LIMJIIHAPA A0AAI0Th 127 mi
BOJIONIPOBIHOI BOJU Ta MEPEMIIIYIOTh. 3aKpPUBAIOTh KOJIOY BaTHO-MapiieBUM KOPKOM.
[IpuroTtoBanuii po3unH CTEPUII3YIOTh B aBTOKJIaB1 pu Temieparypi 112°C, ynponosx 30
XB.

I[P 6.1.2. Ilpueomysanns ma cmepunizayis Komno3uyii b

Ha TexHiuyHux Barax 3BaxyioTh 15,75 r (NH4)2SO4, 0,473 v KH,SO4 T2 0,315 T
MgSO4x7H,0. HaBaxku nomimaiots y koji0y 06 emom 500 M1, 3a 10IOMOTOI0 MIPHOTO
MUATiHApPa 104af0Th 137 MJI BOJOMPOBIIHOT BOAM Ta MEPEMINITYIOTh. 3aKPHBAIOTH KOJOY
BAaTHO-MapJIEBUM KOPKOM 1 CTEpUJII3YIOTh B aBTOKJIaB1 Ipu Temmneparypi 131 °C, ynpoaos:x
40 xB.

I[P 6.2. Ilpuecomysanus i cmepunizayis nONCUBHO20 cepedosuyd 0 GUPOUYBAHHS
IHOKYIAMY 8 nocigHomy anapami 0o'emom 6,3 1

JIst ogepaHHs NOCIBHOTO MaTepiajiy B NOCIBHOMY anapari 00'eMoM 6,3 11, oTpiOHO
MPUTOTYBaTH 3,15 JI MOKMUBHOTO CEPENOBUIIIA.

P 6.2.1. Ilpueomysanns ma cmepunizayis komno3uyii A

Ha TexHiuyHuX Barax 3BaxyroTh 252 T rioko3u, 126 T Mensacu, 94,5 T KyKypyI3stHOTO
ekcrpakry, 1,57 r L-metioniny ta 0,157 r rninua-0etainy. HaBakku moMiiarTh y Koaoy
00’emoMm 3 11, 3a JOTIOMOTOI0 MIPHOTO IUJIHAPA 10Aa0Th 1261 M1 BOgonpoBiqHOT BOAM T
NEePEeMIlTyIOTh. 3aKpPHBAIOTh KOJIOY BaTHO-MapJieBUM KOpKoM. [IpuroToBanuii po3uuH
CTepUIII3yIOTh B aBTOKJaBI mpu t - 112°C 30 xB.

/[P 6.2.2. Ilpueomyesanns ma cmepunizayis komnosuyii b

Ha texmiuamx Barax 3BaxyrTh 157,5 r (NH4)2SO4, 4,73 v KH,SO4 12 3,15 1
MgSO4x7H,0. HaBakku momimiaroTh y KoiOy o6’emoM 3 71, 3a JOMOMOTOK MIPHOTO

nuIiHapa a1oaaTh 1365 M1 BOAONPOBIIHOI BOAM Ta MEPEMINITYIOTh. 3aKPUBaIOTh KOJIOY
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BaTHO-MapJIeBUM KOPKOM 1 CTEpHIII3yIOTh B aBTOKJIaB1 Ipu Temmepatypi 131 °C, ynpoaoxk
40 xB.

P 6.3. I[lpucomysanns i cmepunizayis NONCUBHO20 cepedosuwa Ons GUPOULY8aAHHS
[HOKYIMY 8 nocieHoM)y anapami 06'emom 63 1

Jl51s oneprkaHHS MOCIBHOTO MaTepiay B MOCIBHOMY amapaTti 00'eMoM 63 11, moTpiOHO
pUrorysaTty 31,5 JI MOKUBHOIO CEPENOBUIIA.

/[P 6.3.1. Ilpueomyesanns ma cmepunizayis komnozuyii A

Yepes 06’ emuo-BaroBuii go3arop ([A-19) y peakrop-3mimysau (P-20) 06’ emom 35 it
noaatoth 2520 r rimoko3u, 1260 r Memsacu, 945 T Kykypya3siHOTO ekcTtpakty, 15,7 r L-
MeTioHiHY Ta 1,57 r riinuu-6erainy. [ToTiM 3a 101OMOTO0 JTYMIIBHUKA TOJIUBAOTh 14,5 1
BOJIONPOBIJTHOT BOAM Ta BMHUKAIOTh NEpeMillyrounid npuctpiil. IlpurotoBanuili po3uuH
CTEpWIIZYIOTh O6e3mocepeIHbo y 30ipHUKY mipH Temneparypi 112°C, ynpogosx 30 xB.

[P 6.3.2. [Ipueomysanns ma cmepunizayis komnozuyii b

Yepes 00’ emuo-BaroBuii go3arop ([A-22) y peakrop-3mimysau (P-23) 06’ emom 30 11
nofaroTh 1575 r (NH4)2SO04, 47,3 T KH2SO04 Ta 31,5 1 MgSO4x7H,0. IToTiMm 3a 10110MOT010
JYWIbHUKA JIONMBAIOTh 13,7 1 BOAOMPOBIAHOI BOAM Ta BMHKAIOTh MEPEMINTYHOUHMA
npuctpiii. [lpuroroBanuii po3YMH CTEPHIIZYIOTH O€3MOCEPENHbO Y 30IPHUKY TMPHU
temrepatypi 131 °C, ynpoaox 40 XB.

P 6.4. Ilpucomysanus i cmepunizayis NONCUBHO20 cepedosuyd Ol 8UPOULYBAHHS
IHOKYIAMY 8 nocigHomy anapami 06'emom 630 1

Jlnst onep>kaHHS MOCIBHOTO MaTepiainy B MOCIBHOMY anapati 00'eMoM 630 11, moTpiOHO
npurotyBatu 315 J1 MOKUBHOTO cEpeaOBUIIA.

I[P 6.4.1. Ilpueomysanus ma cmepunizayis komno3uyii A

Yepes 06’ emHo-Barosuii no3atop ([-27) y peakrop-3mimrysau (P-28) 06’ emom 350 1
noxaroTek 25200 r rimroko3u, 12600 r mensacn, 9450 r KyKypya3stHOro ekcrpakry, 157 r L-
MeTIOHIHY, 15,7 T rninuH-0erainy. IloTiM 3a AOMOMOTOIO JNIYWIBHHUKA AOJUBAIOTH 145 1
BOJOIPOBIJHOT BOAM Ta BMHUKAIOTh NepeMmilryrounii npuctpiil. I[lpurotoBanuii po3unH

CTEpWII3YIOTh O6e3mocepeHbo y 30ipHuKy mpu temmeparypi 112°C, ynpogosx 30 xB.
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/[P 6.4.2. Ilpueomyesanns ma cmepunizayis komnosuyii b

Yepes 00’ emuo-Barosuii go3atop (J1-30) y peakrop-3mimysau (P-31) 06’ emom 300 11
noatoTh 1575 1 (NH4)2S04, 47,3 T KH2SO4, 31,5 1 MgSO4x7H,0. ITotiM 3a 10mIOMOT010
JYWIbHUKA JIOJHUBAIOTh 13,7 11 BOAOMPOBIAHOI BOAM Ta BMHKAIOTh MEPEMINTYIOUHMA
npuctpiii. IlpuroroBaHuil po3YMH CTEPHII3YIOTh O€3MOCepeHhO Y 30IPHUKY MpH
temneparypi 131 °C, ynponosx 40 xB.

P 6.5. Ilpueomysanus i cmepunizayis nOMCUBHO20 cepedosuya 0 GUPOUWYBAHHS
iHOKyAmYy 6 nocigHomy anapami 06'emom 6300 1

st ojepkaHHA TOCIBHOTO MaTepially B TMOCIBHOMY amapati o0'emom 6300 1,
noTpiOHO npurotrysatu 3150 11 MOXKUBHOTO CepeIOBUIIIA.

I[P 6.5.1. Ilpueomysanusn komno3suyii A

Yepes 06’ emHo-Barosuii go3atop (A-35) y peakrop-3mimrysay (P-36) 06’ emom 6200
J TOAAIOTH 252 KT TIIIOK03H, 126 Kr menscu, 94,5 Kr KyKypyA3siHOTO €KCTpakTy, 1,57 kr L-
MeTioHiHy, 0,157 xr rmmue-0eTainy, 0,007 xr, 15,75 xr (NHg)2SO04, 0,473 kr KH,SO,,
0,315 xr MgSO4x7H,0. TIlotiMm 3a AOMOMOro0 JHYWJIBHHUKA JOJHBAaOTH 2830 1
BOJOIPOBIIHOI BOJIM Ta BMUKAIOTh MEPEMILTYIOUHNI NPUCTPIH.

J[P 6.5.2. Cmepunizayis komnozuyiti 8 Y6C

Onepxxanwmii po3uund (Bin [P 6.5.1) nepekauytots BianenTpoBuM Hacocom (H-37) y
peaktop YBC-5 (P-38), me nmpoxomuTime cTepuitizailisi TOCTPOIO Maporo 3a TeMIIEpaTypH
131 °C mpoTsirom 5-7 XBUJIMH.

/P 6.6. Ilpucomyeanus i cmepunizayis no#CUBHO20 cepedosuya 0 BUPOOHUY020
biocunmesy y pepmenmepi 06'emom 63 m®

Jlns onepaHHs IOCIBHOro marepiany y (epmentepi o6'emom 63 M3, morpiGHO
npurotysatu 31,5 M° MOKHBHOTO CepeIOBHIIIA.

I[P 6.6.1. Ilpueomysanus komno3suyii A

Yepes 06’ emHo-Barosuii no3arop ([-48) y peakrop-3mimysau (P-49) 06’ emom 20 M3
nonaroTh 2520 kr rimoko3u, 1260 kr mesnsacu, 945 Kr KyKypya3siHOro eKCTpakTy, 15,7 kr L-
MmeTioHiny, 1,57 kr rminuH-Oerainy, 157,5 xr (NH4)2SOs, 4,73 xr KH,SO,4, 3,15 xr
MgSO,x7H20. IlotiM 3a gomomororo JiuWjibHHKA A0auBatoTh 10026 1 BOAOMPOBIAHOL

BOJIM T4 BMUKAIOTh MEPEMIIIYIOUUI PUCTPIH.
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/[P 6.6.2. Cmepunizayia komnozuyiti 8 Y6C

Onepsxanuii po3unH (Big [P 6.6.1) nepekauyrots BianeHTpoBrM HacocoM (H-50) ms
MOJIaJIbINIOT CTepUITI3allil TOCTPOIO Maporo 3a Temneparypu 131 °C mpoTtsarom 5-7 XBUIUH.

TII 1. Iliozomoexa nocienozo mamepiay

TII 7.1. [TiompumanHs KOAEKYIUHOL Ky1bmypu

Kynerypy Corynebacterium glutamicum K-8 30epiratoTb B XOJOIWJIBHHKY IPH
temrneparypi + 4 °C Ha ckomeHoMy arapi. KynbTypy HE0oOXiHO niepeciBaT yepes KOXKHi 2
Micslll, 00 YHUKHYTH MEPECUXaHHs MOKXUBHOTO CEPEIOBHUIIIA.

TII 7.2. Oodeporcanms poboouoi Kyrvmypu

KonexkuiifHy KyJbTypy METOJ0OM BHUCHaKYBAJILHOTO IITPUXA MEPECIBAIOTH HA YAIIIKY
[Tetpi 3 MITA 1715 onepaHHs 130JIbOBAHUX KOJIOHIM. KyIbTUBYIOTH B TEpMOCTATI IpH t =
30+1 °C (20 ronm).

TII 1.3. BupowysaHnus Kyibmypu Ha a2apu308anux cepeoosuuyax

OtpumMani 13osboBani koJioHli (Big TII 7.2) mepeciBaioTh meTiier0 B MpoOipKu 13
oyneitonom LBG (LB 3 nogaBannsm 5 r/n ratokosn). [lltam iHkyOyBanu 3 nogaBaHHsM S0
MKI/MI1 KaHaminuHy. KyabTuBy10Th B TepMoctarti npu Ttemmepatypi 30 °C ynpomosxk 20
TOI.

TII 7.4. BupowysaHnus Kyibmypu 8 Koioax Ha Kauaikax

[TpocrepunizoBany kommnosuiito A (Bix P 6.1.1) 06’emom 162 Mt Ta KOMIO3HIIIO
b (Bix JIP 6.1.2) 06’emom 153 M nepeHOCITH y K010y 00’eMoM 750 M1, OTIM J107at0Th
0,32 mu1 po3unHy BiTamiHIB Ta MikpoesneMeHTiB (Big AP 5.3) 1 nepemimrytots. BmicT konbu
po3nuBaroTh 1o 105 mur y Tpu konou 3 koedirienToM 3anmoBHeHHs 0,2. J1o KOKHOT KOJIOU
J0JAI0Th 5 MIT (h1310JI0TTYHOTO PO3YUHY 13 poO0UOI0 KyIbTypoto. [licas nepeminryBanHs Ta
3MHUBaHHS KyJIbTYPH, OJICpXKaHy CYCIIEH310 BHOCSTH y KOJOHW 3 TMOKUBHUM CEPEIOBHUIICM.
BupornyBanas Mikpooprani3MiB BiOyBaeThcsa Ha Kadankax (250 o6/xB) mpu 30£1 °C
npotarom 20 rogu. [icas 3aBepiieHHs KyJbTypH IPOBOISATH MiKpOO10JIOTYHUI KOHTPOJIb
B KOKHI# KOJI01.

TII 7.5. BupowysanHs nocieHoeo mamepiany 6 iHOKyisamopi 0o'emom 6,3 1

VY inokymstopi (I-18) o6'emom 6,3 1 nogarots 1610 Mt kommo3uitii A (Bix AP 6.2.1),

1530 mn xommnosuuii b (Big AP 6.2.2), 3,2 mu po3unHy BiTaMiHIB Ta MIKPOEJIEMEHTIB (Bif
58



JP 5.3) 1 6,3 mn miHoracuuka (Big JP 2.1). Ilicas BkIOYEHHS MNEpeMilTyBajbHOIO
npuctporo (250 06/xB) Ta mojaui CTepusIbHOrO MOBITPs uepe3 OapOorep (Bix AP 1.7),
BHOCSThH TIOCIBHMM MaTepiall 3 IMONepeaHboi craiii depe3 3aciBHy koidy (3 TII 7.4).
KyneruByBanns npoBoaars npu 30 °C mpotsrom 40 roauH.

TII 7.6. Bupowyysanms nocisHoeo mamepiany 6 iHOKyasamopi 0o'emom 63 11

VY inokymsatopi (I-26) o6'emom 63 i1 nogaroth 16,1 11 kommo3wurii A (Bix AP 6.3.1),
15,3 1 xommo3utii b (Big JIP 6.3.2), 32 mi po3unHy BiTaMmiHIB Ta MiKpoesieMeHTiB (Bix JIP
5.3) 1 63 mu minoracuuka (Big AP 2.2). [icas BKIIOUYEHHS MEepeMilTyBalbHOTO MPUCTPOIO
(250 06/xB) Ta momayi CTEpWIBHOTO MOBITPs yepe3 OapOotep (Bim AP 1.7), BHOCSTH
MOCIBHUIM MaTepial 3 MONepeIHboi cTaAll uepes 3aciBHy kosoy (3 TII 7.5). KynbTuByBaHHS
rpoBoAATh pu 30 °C npotsarom 40 roauH.

TII 7.7. Bupowysanus nocieno2o mamepiany 8 iHoKyasimopi 06'emom 630 1

VY inokynsaropi (I-34) o6'emom 630 1 nomarots 161 11 kommoswmmii A (Bix JIP 6.4.1),
153 1 komno3wumii b (Big [P 6.4.2), 320 mu po3uuHy BiTamiHiB Ta MikpoenemeHTiB (Bix P
5.3) ta 630 M1 miHoracHuka (Bix [P 2.3). [Ticis BKIIFOYCHHS MEPEMIlly BAIbHOT'O IIPUCTPOIO
(250 006/xB) Ta momaui cTepwsbHOrO MOBITPs yepe3 Oapborep (Bixm AP 1.7), BHOCATH
MOCIBHUI Matepial 3 MONepeaHbol cTamii depe3 TpyOy mneperuckanns (3 TII 7.6).
KyneruByBanns npoBozars npu 30 °C mpotsrom 40 roauH.

TTI 7.8. Bupowgysanus nocienoz2o mamepiany 6 inokyaamopi o6'emom 6,3 m®

V inokymsaropi (I-47) o6'emom 6,3 ™3

nonaioTh 3144 n mpoctepuinizoBaHOl
xkommnosutii A (Bix P 6.5.2), 3200 mu po3uuny BiTamiHiB Ta MikpoenemeHTiB (Bix P 5.3)
ta 6300 M minoracHuka (Bix JIP 2.4). Ilicis BKIFOUEHHS MEpEeMIITyBaIbHOTO MPHUCTPOIO
(250 06/xB) Ta momayi CTEpWIBHOTO TMOBITPs 4epe3 Oapbotep (Bim P 1.7), BHOCSTH
MOCIBHUI Matepial 3 MomnepeaHbol cTamii depe3 TpyOy mneperuckanns (3 TIT 7.7).
KynpTuByBanss npoBoasts npu 30 °C npotarom 40 rogus.

TII 8. Bupoonuuuii 6iocunme3s

TTI 8.1. Bupobnuue Kynomugyeanns y gpepmenmepi 06'emom 63 m®

V ¢epmentepi (®-60) ob6'emom 63 M momaersca 11,12 M3 mpocrepumitizoBanoi
kommosuilii A (Bix P 6.6.2), sika mepekauyeTbcsa y GepMeHTep 3a JAOMOMOIrol Tpyou

MEePEeTUCKYBaHHA. TakoXX B MOXXHBHE CEPEJOBHILE BHOCITh 32 JI PO3UYMHY BITaMiHIB Ta
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mikpoenemenTiB (Big JIP 5.3) Ta 63 i1 minoracuuka (Big JAP 2.5). ITicis 1iboro, KOJau po34ynuHU
3MiIIaH1, 32y CKA€ThCS MepeMIITyBaIbHUN TPUCTPid Ha MBUAKOCTI 250 00/XB, 1 CTepUIIbHE
MOBITPSL TIOAA€ThCsl 4depe3 Oapborep 3rimuo 3 JIP 1.7. TlocmimoBHO, dYepe3 TpyoOy
nepetuckanus (Big TII 7.8), nogaeTbest mOCiBHUM MaTepian 3 MONEpPeaHbOT CTaIli.
KynbpTuBYBaHHSA MIKpOOpraHi3MiB 311HCHIOETHCS MpH Temnepatypi 30 °C npotarom
40 rogun. Koxni 4 roguH mopuisMd BHOCSTBbCS 2250 11 CTEpUIIBHOTO PO3YHMHY IS
mipkuBiaeHns (Big [P 3.2), e poouthces 3a nonomororo Hacocy (H-16). ITpotsarom mporecy
KyJIbTHUBYBAaHHS, KOXHI 2-4 ToAMH OepyTh MPOOM KyJIbTYpalbHOI PITUHHU ISl aHATI3y
KOHIICHTpAIlili OlomMacH, JpKepesl BYTJCHI0 Ta a30Ty, a TaKoX I MIKpOOiOJOTIYHOTO

koHTpoto. KiHIleBa KOHIIeHTpallis Ji3MHy NOBUHHA aocsarta 221,3 1/1.
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PO311J1 7. KOHTPOJIb BUPOBHULITBA
7.1. Mikpo6ioJioriynuii KOHTPOJIb

MikpoO10I0TIYHUN KOHTPOJb YHUCTOTH KYJIbTYPH 3a3BUYail BUKOHYIOTH JBOMa
croco0aMu: METOJOM BHCH@XKYBAJILHOTO MITpuxa abo MikpockomitoBaHHsM. Ilim wac
METOJly BHUCHA)XYBaJbHOTO INTPHXa B3Ipelb KyJbTypaldbHOI PIAUHH PO3MIIIYIOTh Ha
IJIACTUHI 3 arapoBUM CEPEJOBHINEM, PIBHOMIPHO PO3MOAUISIOYH WOTO IIITXOM
postymoByBaHHs. [licis 1HKyOarii BU3HAYalOTh KUIBKICTh MIKPOOPTaHi3MiB 3a KiJIbKICTIO
KOJIOHIH, SIKi 3'SBJISIOTHCS Ha Tu1acThHi [44].

J171st MeTOy MIKPOCKOITYBaHHS 3pa30K KyJIbTYpaibHOI PIAMHN HAHOCUTHCS Y BUTIISII
Kparuli Ha MpeIMEeTHE CKJIO, pPO3IUIACTYEThCS, MOKPUBAETHCA TOKPUBHUM CKJIOM 1
JOOCIIJKY€ETbCS TM1J MIKpOCKONOM. Takuid miaxXiJ Aa€ 3MOTrYy OI[IHUTH MIKPOCKOMIYHY
MOP(]OJIOTIIO Ta YUCETBHICTh MIKPOOPTaHi3MiB y 3pa3Ky. Y BUPOOHUYMX YMOBAX 1€ METOT
4acTo OOMpParOTh Yepe3 Moro MBUAKICTh, OCKUIBKY BiH HE MOTpeOye J0IaTKOBOIO Yacy Ha
1HKyOa1ito, SIK y BUNIAJKy BUKOPUCTAHHS BUCHAKYBAJILHOTO IITPUXA, IO € HEJOJIIKOM JIJIs
OIEPaTUBHOTO KOHTPOJIIO [44].

[lin yac mochigkeHHS MIKPOOIOJOTIYHOTO aHali3y KyJIbTypallbHY PIAMHY TaKOX
po3ciBatoTh Ha uamiil [letpi 3 m’sco-nentonnuM arapom (MITA) mist GaktepianbHOTO
npoliecy, e 1HKyOyroTh npoTsiroM 24—48 roaun nipu 37+£2°C. [{ns BUABICHHS APIKIKIB 1
rpu0iB noTpiObHO cycno-arap (CA), ae iHkyOauis TpuBae 7 ai6 npu temneparypi 30+£2°C.
Ile mo3BoIsIE 3aCTOCYBATH MOXKIINBE 3a0pyAHEHHS Ta OI[IHUTH 3araJibHY SIKICTh CEPEIOBHINA
[44].

JI71st MIKpPOCKOTIIYHOTO aHaJIi3y BUOMPAIOTh METOJI IIpenapary «po3aaBieHa Kparis.
3pa3ok TroTyIOTh HACTYHMHMM YHMHOM: Ha 3HEKHUPEHE MNPEIMETHE CKJIO HapaXxOBYETHCS
HEBEJIMKA KUIbKICTh MOKPUBHOI KyJIbTYPaIbHOI PIAMHU, BUKPUBAIOTH CKJIOM 1 IOCHIIKYIOTh
i1 MIKPOCKOTIOM, BUKOPHUCTOBYIOUH 00'eKTHB 3 KpaTHicTio 40Xx. Kimituau Corynebacterium
glutamicum K-8 maroTh BUTJIS] TOHKHX MAJIAYOK, SIKI MOXKYTh OyTH MpsiMHUMH a00 37IeTKa

BUTHYTHMH, 13 3aTOCTPEHUMH 4H OyiiaBonoAionumu kiuisivu [8] (puc. 7.1).
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Ixai po3mipu 3miHOW0ThCa Big 0,3-0,8 g0 1,5-8,0 MKM, 1 BOHH Yacto

PO3TaIIOBYIOThCS MOOAMHII a00 mapamu y V-1oiOHiN KoH}iryparii [8].

Puc. 7.1. Knitunu Corynebacterium glutamicum K-8 mix mikpockorom (10 000x)

Yepes 72 ron pocTy Ha KpOB'SSHOMY arapi Ll MIKpOOpraHi3Mu (pOopMyrOTh OMYKJI,
HAIIBIPO30pi KOJIOHIT 3 MATOBOIO MOBEpXHEHO [8].

JI1st mepeBipKU CTEPUIIBLHOCTI MOKUBHOTO CEpEeIOBUIIA BIAOUPAIOTh CTEPUITI30BaHy
poOy o0'eMom 50 mi1, 3 akoi BuciBatoTh 0,1 M Ha vamiku Iletpi. [[ns BusBneHHs rpuois 1
IPLKIDKIB MOTPIOHO cyclio-arap, a ajig Oaktepii — M'sicomenToHHui arap. Yamku 3
MOCIBaMH YIIaKOBYIOTh y Manip 1 po3MIILIYIOTh y TEPMOCTATI: IJisl OaKTepianbHO1 1HKYOaIli
npu temneparypi 32 °C mpotsirom 24 roaud, a Juis TpuOiB 1 ApiKIKIB — mpu 25 °C
npotsirom 72 rtomuH. Ilicis 3aBepiieHHs 1HKyOAaIii mMepeBIpsStOTh 3POCTAHHS POCTY
MIKpOOPIaHi3MiB Ha IOKUBHUX cepenoBuinax [44].

7.2. BuzdHa4yeHHsI KOHLIEHTPALIl JKepesia a30Ty Ta BYIJIeHI0
7.2.1. Bu3HaueHHS BMiCTy BYIJIELI0

3pazku mo 1-2 mn BigOupanu koxHi 2-4 rox. Ilorim 1 Mi 1mux 3paskiB
BUKOPUCTOBYBAJIM JJIsi BHM3HAUEHHS KOHLIEHTpAalii TJIOKO3HM, (PPYKTO3H, caxapo3u Ta
TpErajio3u, a 1HII1 — JUIsi BUMIPIOBAHHS POCTY KJIITUH 1 BUpoOHULITBa L-i3uny. Busnauenns

TJIIOKO3M, (PPYKTO3W Ta TpPErajio3d B CyNEpHATAaHTI KyJIbTUBYBaHHS, PO3BEICHOMY Y
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criBBigHomeHHi 1:10, mnpoBoguiaM 3a JOMOMOTOK BUCOKOE(DEKTUBHOI  PIAMHHOI
xpomarorpadii (HPLC, Agilent Technologies, ITano-Ansto, Kanidopnis, CIIIA) 3 Sugar-
Pak 1 6,5 x 300 mm xononti npu 70 °C 13 BUKOPUCTAHHSM 130KPATUYHOTO €IIOIOBAHHS
Haguuctoro H,O mnpu mBuakocti motoky 0,6 MII/XB, 1 Mojaibliie JIETEKTyBaHHS 3a
JIOTIOMOTOF0 BH3HAYCHHS TOKa3HWKIB 3ajoMieHHS [45]. s KigbKiCHOTO BH3HAYEHHS
caxaposu TemIiepaTypy KOJIOHKH 3HU3WIN 70 15°C, a KOHIIEHTPAIIIIO eNIOCHTY M1ABUILMIH
1o 10 MM H,SOq4 [46].
7.2.2. BuzdHaueHHsI BMiCTy a30Ty

KinbkicHe BU3HAYEHHS] aMIHOKHUCIIOT 1 TPOMIXKHHUX MPOJIYKTIB METIOHIHY ITPOBOJIAIIN
3a gomomororo BEPX (Agilent 1100; Agilent, Waldbronn, Himeyunna) 3 3axucHum
KapTpukeM i kosnoHkoo Synergi 4 m (MAX-RP 80 A, 150 * 4,6 mm) (Phenomenex,
AschaVenburg, Himeuunna). Ilepen id'exiiero anamitu OyJau JepUBaTU30BaHI 3
BUKOpUCTaHHAM odTanbaianbiaeriay (OPA) i mepkanroeranony (2-MCE) sik BITHOBHUKA.
JlonatkoBO CynbQriapwibHI Tpynu OJOKYyBalid HMOAOLTOBOIO KHCJIOTOK. Po3auieHHs
IPOBOIMIIH 31 BUAKICTIO | Mi/xB, BuKopuctoBytouu 40 MM NaH,PO, (emtoent A, pH 7.8,
Bikopurosanuii NaOH) sik mosisipay ¢azy ta cymim meranosi/Boja (100/1) sk HenonsipHy
dazy (emtoent B). 3actocoByBanu HacTynHuii rpagieHT: [louarok 0% B, 39 x8 39% B, 70
xB 64% B, 3,5 xB 100% B, 2 xB 0% B 17151 BpiBHOBaxkeHHs1. JlepuBaTu3aliito npu KiIMHaTHIN
TEeMIIepaTypl aBTOMaTU3yBaJIH, SIK onucano Hiwkue. Crnouarky 0,5 1 0,5% 2-MCE B 6iruni
(0,5 M, pH 8,5) 3mimryBanu 3 0,5 1 kinituHHOTO eKcTpakTty. [lotim qonasamu 1,5 1 50 mr/min
MonoouroBoi kucsotu B 6iuH1 (0,5 M, pH 8,5), a noTim nogasanu 2,5 11 611iuHOBOTr0 OyBEpy
(0,5 M, pH 8,5). JlepuBaru3zariito npoBoawim uigxom goaasanHs 0,5 i1 10 mr/mn OPA
peareHty, po3uuHeHoro B 1/45/54 06./06./06. 2-MCE/MeOH/6iuny (0,5 M, pH 8.5).
Hapemti cymim pozb6aBiasau 32 1 HpO. Mix KOXHMM 13 3a3HAQUEHMX BHWIIEC €TarliB
nineTyBaHHs OyB yac ouikyBaHHS - 1 xB. [I0TiM y KOJIOHKY BBOJMIM 3arajibHuii 00’ em 37,5
n. BusBnenns mpoBoawin jaetektropom  Xuorescence (340 HM  30y/DKEHHS,
BurnipominioBaHHs 450 um; Agilent, Waldbronn, Himeuunna). /11 KiJIbKiCHOTO BU3HAYEHHS

- IK BHYTPIIIHINA CTaHIapT BUKOPUCTOBYBAIM aMiHOMACISIHY KUCIOTY [47].
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7.3. BuzHaueHHsI KOHLIEHTpAaWii 6iomacu Ta Ji3uHy
7.3.1. BusHaueHHs1 KOHIIeHTPAalii 6ioMacu
KonnienTpartito 6ioMacu BUMIpIOBAIIY 3a JOMTOMOT OO0 criekTpodoromeTpa mpu 600 HM
micIs  BIAMOBITHOTO pO3BEACHHA. BIAMOBIIHO 10 MONEPEAHBOTO OMHUCY KOEQIIieHT
kopemsarii Mk Macoro cyxoi kmituHH (DCW) 1 ODgy OyB Bu3Hauenwit sk 0,318 (1
ODs00=0,318 r DCW) [1].
7.3.2. Bu3HaYeHHs KOHIIeHTPAalil Ji3uHy
Konnentpamito  L-mi3uHy BH3HAuainu 3a  JIOMOMOTOI0  IMMOOLII30BaHOTO
depmentHoro Oiocencopa SBA-40E (Shandong, Kwuraif). Konuenrtpamito L-mizuny
BusHavanu sk Jisud-HCl y nyOmikatax [1]. bioceHcopu M0IIBHO BUKOPUCTOBYBATH IS
JNOCIIKEHHS! KOHUEHTpallll JI3WHY B KyJbTYpaJbHIA pIOWMHI 3aBASKA iX BHUCOKIN
cnenu@iuHOCT], MIBUAKOCTI aHajidy, TOYHOCTI Ta 4YyTJIMBOCTI. BOHU J03BOJSIOTH
MPOBOJIUTA MOHITOPHHI Yy pe€ajJbHOMY 4Yacl 3 MIHIMAJIbHOIO MTPOOOMIATOTOBKOIO, €
€KOHOMIYHO BUT1JTHUMHU Ta CTIHKUMU JI0 BIUTMBY 3a0pyIHEHb Y CKJIAIHUX cepeaoBuiiax. [e

3a0e3neuye eheKTUBHUN KOHTPOJIb O10TEXHOJIOTTYHUX MPOIIECIB.
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Kapra nocragiiHOro KOHTPOJII0

Tabnuus 7.1

Homep KOHTPOJILHOT

O0’€KT KOHTPOJIIO TA MOKA3HUK,

3aco0u Ta MmeToau

Ilepionu4HicTh NepeBipku Ta

HopmartusH i

TOYKHM TAa HA3BA CTAXIl 110 BU3HAYACTLCH KOHTPOJII0 Bi0Opy nMpood 3HAYEHHS MOKA3HUKA
Jp 11
3abip ammocgeprozo nosimpo3a0ipHuK BUCOTA ) ..
P 3 ep P! PH: - M1 9ac KyIiBJIi Ta BCTAHOBJICHHS H=16Mm
nosimpsi MOBITPO3a0ipHUKA
Kt
Ap 1.2 noeimps nicas NPOXOOHCEHHS
Ouucmra 6i0 epyoux P P 3TiHO 3 MAacopTOM (PUTBTpa | MICIIs MPOXOKEHHS Yepe3 PUIBTP E=90%
) Ginompa epy6oi ouucmku
OOMIUOK
JP 1.3 CMuUcCHeHe nosimpsi nicis . P=10
) . IICJIS MPOXO/KEHHS Yyepe3
Kowmnpecitosanns nogimps | npoxoosicenmss Komnpecopa TUCK, MaHOMETP, TEPMOMETP MIla
KOMIIPECop _ o
Kr TeMIieparypa t=120-200°C
JIP 14
Ox0n0021CceHHa nogimps ma )
BUOAJICHHS g 0X011000KCEHE NOIMPA TeMNEPATypa, TEPMOMET), IICHXPOMET MICJIA OXOJIOKEHHS t=25-30°C
BOJIOTICTH P P P P W = 60-70%
8o102U
Kt
P15 ) ) o_ 0
Haepisanns nogimps Hasprme nosumps TeMIepatypa, TEPMOMET]P, IICUXPOMET TTICJISI HarpiBaHHS =45 50°C
BOJIOTICTh P P P P P W =50%
Kt
P 1.6 ) .
. nOBIMPsL NiCJisk NPOXOOIHCEHHS
Ouuwenns nogimpsi 6 i ) ) ) . . 0
2071061020 (hinbmpa CTYITHb 3TiTHO 3 MAacopToOM (hUThTpa | Micis MPOXOHKEHHS Yepe3 GirbTp E=95%

207108HOMY Qinbmpi
Kt

OYHMIIICHHA
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IIpoooesocenns maoa. 7.1
JAp2.1
[IpuroryBanns ta T=131°C
Y JaTYNK TeMIIEpaTypu TeMIIepaTypa, TUCK, 4ac
CTEpHJII3allis MHOTaCHUKA [TeMIIepaTypa, 4ac CTepUJIi3alii, THCK, PatypH, patypa, Tt N P=0,75Mna,
U1 iHOKyTTOpA 06”€MOM CTepHIbHICTH TOAVHHUK, MAaHOMETD, Oe3mnepepBHO, MIKPOOI10IOTIHHUI =30 x5
MIKpOO10JI0T1YHUI KOHTPOJIb| KOHTPOJIb — MICIIs CTepHIIi3aLii .
6,31 CTEPWIbHICTh
KT, Kx, Km
JAp2.2
Hpurotysanns ra JaTYNK TeMIIepaTypu TeMIepaTypa, TUCK, 4ac T=131°C
cTepuIIi3allis MiHOTaCHUKA [TeMIIepaTypa, 4ac CTepHIIi3allii, TUCK, PatypH, patypa, e S P=0,75Mna,
[0 {HOKYJIATOpa 06’ €eMOM CTCPHIIbHICTD TOJIMHHUK, MaHOMETD, 0e3nepepBHO, MIKPOO10JIOTTYHUMA =30 xB
MIKpOO10JIOT1UHUI KOHTPOJb| KOHTPOJIb — MICIIs CTepHIIi3aLii .
63 n CTEPWIbHICTh
KT, Kx, Km
P23
Hpurotysanns ra JATYUK TEMIIEPaTypu TEMIIepaTypa, TUCK, 9ac T=131°C
cTepuIIi3allis MiHOTaCHUKA [TeMIIepaTypa, 4ac CTepHIIi3allii, TUCK, PaTypH, patypa, o, Hac = P=0,75Mna,
[0 HOKYIATOpa 06’ €eMOM CTepHIbHICTH TOJMHHUK, MAaHOMETD, Oe3mepepBHO, MIKPOO10IOTTYHHIA =30 x5
MIKpOO10JIOTTYHUNA KOHTPOJIb|  KOHTPOJIb — IMICJIS CTEPHIII3aLlii .
630 n CTEpUIIBHICTD
KT, Kx, Km
J1p2.4
Hpurotysanns ta JATYUK TEMIIEPaTypu TEMITepaTypa, TUCK, 9ac T=131°C
cTepuJIizallis MHOTaCHUKA [TeMIlepaTypa, 4ac CTepuIIi3allii, TUCK, patypH, patypa, THeK, Hac = P=0,75Mmna,
JU17 {HOKYIATOpa 06’ €eMOM CTepHIbHICTH TOJMHHUK, MAaHOMETD, Oe3mepepBHO, MIKPOO10IOTTYHHIA (=30 x5
MIKpOO10JIOT1YHUNA KOHTPOJIb|  KOHTPOJIb — IMICJIS CTEPHIII3aIlii .
6300 n CTEPUIIBHICTD
KT, Kx, Km
P 2.5
Hpurotysanss Ta JTATYUK TEMIIEpaTypr TeMITepaTypa, TUCK, 9ac T=131°C
CTepuJIizallis MHOTaCHUKA [TeMIlepaTypa, yac CTepuIi3allii, TUCK, patypi, patypa, THeK, Hac = P =0,75Mmna,
U1 BHPOGHHHEOrO CreDIILHICTE TOJMHHUK, MAaHOMETD, Oe3mepepBHO, MIKPOO10IOTTYHHIA (=30 x5
P , 3 P MIKpOO10JI0TTYHUI KOHTPOJb| KOHTPOJIb — MICIIs CTepHIIi3aLii .
bepmentepa 06’emMom 63 M CTEPHIILHICTD

Kt, Kx, Km
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IIpoooesocenns maoa. 7.1

Temreparypa po34rMHCHHS
Ta WBUAKICTH

JIp 4.1 nepeMinryBaHHS
Ilpucomysanns TeMneparypa, 4actora JIATYUK TEMIIEpATypH, M ATPUMYIOTHCS t (po3uunenns) = 40 °C
RIOAHCUBTIIOBATLHO2O POZUUHY oOepTaHHs MiIIAJIKHA TOJTUHHUK ABTOMAaTUYHO, TEMIIEpaTypa, n = 320 06/xB
Kt gac — Oe31epepBHO,
MIKpOOi0JIOT1YHUN KOHTPOJIb
— TicJIsl cTepurti3anii
1P 4.2 TeMIIepaTypa, THCK, 4ac — T=111°C
o TeMIeparypa, 4ac JaTYNK TeMIepaTypH, _
Cmepunizayis AR Oe3nepepBHO, P=0,5Mma,
. cTepuIizalii, TUCK, TOJMHHUK, MAaHOMETD, . . SRR
RIOHCUBTIOBATILHO20 PO3UUHY : . . o MIKpOO10JIOT1YHUI KOHTPOJIb t=30xB
CTEPHIIBHICTD MiKpOO10JI0TiYHUI KOHTPOJIb . o )
KT, Kx, Km — MICIIA CTEpUII3amii CTEPUJIIBbHICTh
P 5.1 . _
Tuck — 6e3repepBHO i Yac P=0,5Mia,
Ilpucomysanus ma I o
L THCK, TEMIIEPATYPA, MaHOMETP, cTepuii3anii, t=112°C
cmepunizayis po3duHy . . . o . . . _
simantinie CTEPHIIBHICTD MIKpOO10JIOT1UHUI KOHTPOJb | MIKPOOIOJIOTIUHUI KOHTPOIh t=30xB
— TICTIs cTepuITi3altii CTEPUJIBHICTD
Kt, Kx, Km P 1 p
JIP 5.2 . _
Tuck — 6e3nepepBHO i1 Yyac P =0,75 Mna,
Ilpucomysanus ma S o
L TUCK, TEMIIEPATYPA, MaHOMETD, cTepui3anli, t=131°C
cmepunizayis po3dumy . . . o . . N
. . CTEpUIIBHICTD MIKpOO10JI0TTUHUI KOHTPOJIb | MIKPOOIOJIOTTUHUI KOHTPOJIb t=40 xB
MIRpoereMerimie micis cTepuimi3anii CTEPUILHICTD
KT, Kx, Km p P
Temneparypa, gac —
1P 6.1.1,6.2.1 ) patypa, !
Komno3uyis A Oe3mepepBHO i1 yac _ o
Ipuecomyeanus ma TEPMOMETP, TOAUHHUK, . t=112°C
L TEMITepaTypa, yac, . . S0 cTepuIizarii, .
cmepunizayis komnosuyii A . MiKpOO10TIOTTYHHI KOHTPOJIb . . N t = 30 XB CTEpUIIBHICTD
Kr. Ky CTePUJIbHICTD MIKpOOI10JIOTYHUI KOHTPOIIh
' — TICTIs CTepuITi3altii
Temmneparypa, yac —
1P 6.1.2,6.2.2 . parypa, !
Komnosuyisi b Oe3mepepBHO ITi T 9ac _ o
IIpucomyeanus ma TEPMOMETP, TOAUHHUK, N t=131°C
TeMmIreparypa, uac, cTepuizallii,

cmepunizayis Komnosuyii b
K, Km

CTEpWIIbHICTh

MIKpOO10JIOTTYHUIA KOHTPOJIb

MIKpPOO10JIOTTYHUIN KOHTPOJIb
— TicJst cTepumizanii

t =40 XB CTEpUIIbHICTD
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IIpoooesocenns maoa. 7.1

1P 6.3.1,6.4.1,6.5.1
Tlpueomyesanns ma
cmepunizayis Komnosuyii A
K, Km

Komnosuyis A
TEMIIepaTypa po3uYnHEHHS,
4acToTa 00CpTaHHS
MIIITAJIKH, 9ac 1 TeMIeparypa
CTepHIIi3allii, TUCK,
CTePHIIBHICTD

MaHOMET, TaTYUK
TeMIEpaTypH, TAXOMETD,
TOAMHHUK, MIKpOO10JIOTTYHUI
KOHTPOJIb

Temneparypa po3urHEHHSI
Ta IBUIKICTh
nepeMiITyBaHHs
HMiATPUMYIOTHCS
aBTOMATUYHO, TEMIIEpaTypa,
qac — Oe3mepepBHo MiJl 4ac
cTepuIIi3artii,
MiKpOOi0JIOT1YHIIA KOHTPOJIb
— MiCJIs CTepuJTizamii

t (pozunnenns) = 40 °C
n =50 06/xB
t =112 °C

t= 30 XB CTEpHILHICTb

pH — nepen crepuiizatieto,

H=72
P 6.3.2,64.2,65.2 . TeMIeparypa, 4ac — P '
HH Komnozuyisi b natyuk pH, natumk patypa, P =0,15 MIla
PUSOTYGAHHA Md H, remneparypa, TUCK, 4ac TEeMIIEpaTypH, TOAUHHUK Oe31epepBHO mix Hac t=131°C
cmepunizayis komnozuyii b P patypa, > . "PATYPH, T ’ cTepui3antii
CTEpUIIbHICTD MIKpOO10JIOTTYHUNA KOHTPOJIb . . A t=40 xs
K, KM, Kx MiKpOOIOJIOTTYHUI KOHTPOITh :
. o CTEPHIIBHICTD
— micJis cTepuitizaiii
TI 6.1 KOJIeKYiuHa Kyaiemypa Temneparypa —
TTiompunianis konexuiinor Corynebacterium Oe3nepepBHO MPHU © = 4 °C MiKkDOGi .
p Y glutamicum B-6  JIaT4MK TeMIeparypu, 36epiranti MiKpoOi0JIOT1yHa
Kyibmypu MIKpOO10JIOTTYHUI KOHTPOJIb . . . . YHACTOTA
Kr. Ky TeMIeparypa, MIKpOO10JIOT1YHUIA KOHTPOJIb
’ MIKpOO10JI0TiUHa YUCTOTA — KOXKHI 2 micstt
poboua Kyremypa T
: eMIIepaTypa BU3HAYAETHCS
TII7.2 Corynebacterium HIepatyb _ o
. : JAaTYHK TEMIIEPaTypH, i1 Yac BUPOLTYBaHHS B t =29-31°C
Odeporcan Ha po6ouoi glutamicum B-6 na uawxax . _
. TOJIMHHUK, TEPMOCTATI, t=20ron
Kyibmypu Ilempi . . . N . . . . . . .
MIKpOO10JI0T1YHUI KOHTPOJIb | MIKPOOIOJIOTTYHUI KOHTPOJIb | MIKpOOIOJIIOTIYHA YUCTOTa
Kr, Km TemIeparypa, yac, S —
MIKpOO10JI0TiUHa YUCTOTA pory
T 7.3 poboua Kynemypa Temneparypa BU3HaYa€ThCA
' Corynebacterium JIaTYHK TEMITEPATYPH, i 9ac BUPOIIYBAHHSA B t = 30°C
Bupowyean nsa kynemypu na . patyp POILYR
glutamicum B-6 y npo6iprax TOJVHHUK, TEPMOCTATI, t=20ron

az2apuz06anHux cepedosulya
xKt, Km

TeMIlepaTypa, Jac,
MiKpo0i0JIOT1UYHa YUCTOTA

MIKpOO10JI0T1YHUI KOHTPOJIb

MIKpPOO10JIOTTYHUIN KOHTPOJIb
— MiCIIsl BUPOLTYBaHHS

MIKpOO10JIOTIYHa YHCTOTA

68



3axinuenusa maon. 7.1

Temmeparypa, yactora

. . t°=30°C
TI17.4 nocieHull mamepiaa ATYHK TEMITEPATY PH obepTaHHs KO0 t=20 rox
Bupowysanns kynemypu 6 TeMIepaTypa, 4ac PatypH, HIATPUMYEThCS -
] ’ TOIMHHUK, TaXOMETP n=250xs*
KO0ax HA KA4anKax MIBUJKICTh TIEPEMIIITyBaHHS, . . T ’ aBTOMAaTHYHO, . . !
. . . MIKpPOO10JIOT1YHUI KOHTPOJIb | . . L MiKpoO10JI0TiyHa
Kr, Km MIKpoO010JI0T1YHa YUCTOTA MIKpOO10JI0TTYHUHA KOHTPOJIb qHeTOTa
— MiCTs KYJIbTUBYBAaHHS
pH — nepen noyatkom
o . nporiecy, TeMIeparypa,
nocienuii mamepian pH .
TII7.5,7.6,7.7 TeMIeDaT ap qacp ’ ATHHK TEMITEPaTyDH 4acToTa 00EPTIB MIIIAJIKU Ta pH=7,2
Bupowyyeanns nocienozo Mriepatypa, Hac, patypi, BUTpaTa aepauiiHOro t =30°C
. . HIBUJKICTB, IEPEMillyBaHHS, natuuk pH, roqMHHUK, . .
Mamepiany 8 iHOKYIAmMopax BHTDATA ACPAITHOrO TAXOMETD. DOTAME HOBITPS MIATPUMYIOTHCS t=20
06’emom 0,063, 0,63 2%, P p X P, p P> aBTOMAaTHUYHO, BU3HAYEHHS roaV = 1 n/(;1*xB)
6318 HOBITPs1, KOHLIEHTpaLlis (OTOENEKTPOKOIOPUMETD, KOHUEHTpaL] GioMacH Ta n=250 xg
’ OiomacH, MIKpOOiOJIOTIYHA | MIKpOOIOJIOTIYHUN KOHTPOIIb ) >HTpal . ) X s
K, Km qmeTOTa MIKpOO10JI0T1YHUI KOHTPOJIb MiKpoOi0JIOTiYHa YHCTOTA
— KOXH1 8roz 1 micis
KYJIbTHBYBaHHS
KYIbMypanbHa piouna Temneparypa, pH, H=72
TeMIleparypa, 4ac, aTaHK Temmeparypi. pH HIBUJIKICTh IIEPEMIIITYBAHHS 1:,[) —30° é
TII 8.1 IIBUJIKICTh TIEPEMIIITyBaHHS, OJMHHIK faxgﬁe; PHL Ta BUTpaTa aepariitHoro t= 60 ro
Bupobnuue xynemueysanms y BUTpaTa aepaLiiHoro or ;[MCT x’ OMETO 1;’(1) TIOBITPSI MIATPUMYIOTHCS V=13 (M3£X B)
epmermepi 06’ emom 63 > | nosiTps, pH, KOHIEHTpaLLis p P, Xp rpae, aBTOMAaTHYHO, BU3HAYEHHS _ 1
(hOTOENEKTPOKOIOPUMETD, n =220 xB

K, Km

6iomMacH, KOHIIEHTpaLis
J3UHY, MIKpOoO10JIOTiyHa
YHCTOTA

MIKpPOO10JI0TTYHUI KOHTPOJIb

KOHIIEHTpallii 6iomacH,
Ji3UHY, MIKpOO10JIOTYHUI
KOHTPOJIb — KOXHI § rojy

C (nizuny) =221,3 r/n
MiKpoO10JI0TiYHa YUCTOTA
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PO3I1J1 8. OXOPOHA JOBKIJIJIA
8.1. AHaJti3 TeXHOJIOTiYHOI cXeMHU BUPOOHMITBA HAa Micls eMicii pigkux, TBepaux Ta
ra3onoxioHux BiAXoaiB

[Tporec Giocuutesy mizuny Corynebacterium glutamicum K-8 cympoBomkyeThcs
YTBOPECHHSIM PIAKHAX BIIXOJMIB, A0 SIKAX BITHOCSATHCS 3AJMINKU KyJIbTYypadbHOI PIAMHH Ta
MUHHO-Je31H(}IKYIOUNX pO34MHIB. PeUoBHHH, MO0 MICTATHCS Yy BIANOBIAHUX pIAMHAX,
MOXYTb OyTH 3arpO3JMBUMHM JJIi HABKOJIMIIIHBOTO CEPEAOBHINA, YV 3B’SI3KY 3 UMM MOCTA€E
moTpeda y BCTAHOBJIEHHI CHCTEM, IO JO3BOJATH 3a0€3MEUYUTH 3HEMIKOHKCHHS TaKHX
PEYOBHH.

Ha teputopii 610T€XHOJIOTTYHUX BUPOOHUIITB YTBOPIOIOTHCS TPY BUJIU CTIYHUX BOJ:
BUPOOHMY1, TOOYTOBI i aTMOC(EPHI.

Cepenni 3a 3MiHY BUTPAaTU BUPOOHUYUX CTIYHHX BOJ| CTAHOBIIATD:

Qe = ¢ - N =10000 - 5557 = 55570 m*/pik = 152,246 m*/n06y

ne (e — HOpPMA BIABEJICHHS BOJAM B JI Ha OJMHHUIIIO MPOAYKIli, IO MiANPUEMCTBO
BUpoOsie (opientoBHO npuiiMaemo 10000 n/kr); N — KIABKICTh OJAMHMILL MPOAYKIIii, IO
BUPOOJISETBCS 3a 3MiHY (5557 kr).

Cepenni 3a 3MiHY BUTpaTH TOOYTOBUX CTIYHUX BOJI CTAHOBJISTH:

Qn=0n-N=25-15= 375 n/3miny

1e Jn — HOpMa BiJIBEJICHHs MOOYTOBUX CTIYHMX BOJ B JI/3M Ha OAHOTO pOOITHHKA
(mpuiiMaeMo It XOJIOAHOTO 1exy 25 11/3M 1to); N — KUIbKICTh IPAIiBHUKIB Y 3MiHI.

3a 100y B cepeIHbOMY MAaTUMEMO HACTYIHY BUTPATy MOOYTOBUX CTIYHHMX BOJ:

Qn=Qn - Ny, =375 -3 =1225 n/noby
ne Ny, — KITbKICTB 3MiH Ha 100y (3).
3a 100y B cepeAHbOMY MAaTUMEMO HACTYMHY BUTPATy aTMOC(EPHUX CTIYHHUX BOJ:
Qa = Qn/5 =375/5 = 75 a/nody
TakuM YWUHOM, PO3PaxXyeEMO 3arajbHy BHUTPATy YTBOPIOBAHMX Ha TIiANPHUEMCTBI

CTIYHUX BOJ:

HYXT BTEK 05.01.12 KP I3

3mH. | Apk. Ne dokym. Mionuc |dama

Po3pob. Habizys B.O. Jlim. APK. AKpywis
Kotcynem. PO3/]I/18. OXOPOHA [JOBKI/1/14 | | 29 4
KepieHuk Jluy I.B. 70
H. KoHmp. Kagpedopa 6TM

3as.Kag. CmabHikos B.11.




Q = Qe + Qn + Q= 152246 + 1225 + 75 = 153,546 m*/n00y

biocunTtes mizun Corynebacterium glutamicum K-8 cynpoBomKy€eTbCsl yTBOPSHHSIM
TaKUX Ta30MOAIOHMX BIAXOMIB, SIK aepailiifHe TMOBITPsSI MICIA MPOLECYy KyJIbTUBYBAaHHS
OPOJYIIEHTa, KOTPE Ma€ aepo30Jib KIITUH MIKPOOPTaHi3My, a TaKOXX MNPOAYKTH HOTO
KUTTEMSUTBHOCTI.

TpuBamnicTs npoiecy OTpUMaHHS IHOKYJISTY Ta BUPOOHUYOTO O10CHHTE3Y CKJIaIa€ 1Mo
40 ron. Jlna aepartii cepeoBUINa BUKOPHUCTOBYIOTh CTEPHJIBHE IMOBITPS 31 MIBUAKICTIO
aepauii — 1,2 n moBiTps Ha | 7 KyJbTypalnbHOI PIIMHU 3a OJUHUINO Yacy (xB). Y
BUPOOHUYOMY MPUMIIICHH] PO3MINIYIOThH 5 O6i0peakTopiB 06’ emamu 6,3 i1, 63 11, 630 1, 6,3
M 1a 63 M>. Po3paxyeMo 00’ eM MOBITps A1 MOCiBHKX anaparis. OCKiIbKY HaM BiZIOMO, 110
aepariist npoBoAuThCs 1,2 11 Ha 1 J1 KyJapTypaiabHOI PIIMHU, TO 3 LILOTO OTPUMAEMO’

Jlist iHOKyJATOpa Ha 6,3 JMTpHU:

1,2 x 3,1 =3,72 n/xB.

A OCKIbKH KyJbTUBYBaHHS MPOBOAUTHCSA BIPpoaoBx 40 roauH, TO:

3,72 x (40x60) = 8928 n = 8,928 m°.

Jns iHOKyJsATOpa HA 63 JTPH:

1,2 x 31 = 37,2 n/xs.

A OCKiNbKY KyJIbTUBYBaHHS MPOBOANUTHCS BIPpooBx 40 roauH, TO:

37,2 x (40x60) = 89280 n = 89,28 m°.

Jlnst iHOKynaTOpa Ha 630 miTpu:

1,2 x 31 = 372 n/xB.

A OCKUTBKH KYJIbTUBYBaHHS IPOBOJAUTHCS BIIPo10BxkK 40 ronuH, TO:

372 x (40x60) = 892800 x = 892,8 m>.

Jlns iHOKysTOpa Ha 6,3 M°:

1,2 x 31 = 3720 n/xs.

A OCKUIBKH KYJIbTUBYBaHHS IPOBOAUTHCS BIIPo10BK 40 ronuH, To:

3720 x (40x60) = 8928000 1 = 8928 m°.

Pospaxyemo 06’em noBitps a1 Gpepmentepa: 1,2 x 31 = 37,2 M%/xs.

A OCKUIBbKH KYJIbTUBYBaHHS IPOBOAUTHCS BIIpo10BK 40 ronuH, To:

37,2 x (40x60) = 89280 m>.
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TakuM YHWHOM, 3arajbHa KUIBKICTH BIJINMPAllbOBAHOTO AaEPAIifHOTO TMOBITPS
CTaHOBUTHUME:

8,928 + 89,28 + 892,8+ 8928 + 89280 = 99199 m°>.

8.2. [lepcnekTHBM BIPOBAKEHHSI CUCTEMH €K0JI0Ti3allii BHUpOOHUIITBA
8.2.1. CucTema 3HEIIKOAKEeHHsI Ta yTuiaizamii piakux Biaxoais

Po3paxoBany KUIBKICTh PIAKHUX BIJXOJIB MOXKHA 3HEIIKOJUTH 3a JOIOMOTOIO
cucteMu 3B0poTHOTO ocMocy RO-7000 Small (Akea ®opcaiiT, Ykpaina) npoayKTHBHICTIO
168000 n/mo0y. IIpuHIUTT OYUCTKU CTIYHHUX BOJ 3 BUKOPUCTAHHSIM CHUCTEMH 3BOPOTHOTO
OCMOCY MOJISITae y Mojiavi piuHM 1111 TUCKOM Ha CTIeIialIbHy MEMOpaHy, B pe3yJIbTaTi 40ro
3a0py/IHIOBaYl 3aTPUMYIOTHCS, a YMCTa Bojaa mpoxoauth nami [48]. o mepeBar maHoro
METOJly MOXHA BIJHECTH T€, IO BiH POOUTH MOXXJIMBUM BHUBEICHHS 3 PIAMH Ta
3HEIIKOKEHHSI HU3bKOMOJIEKYJIIPHUX PEUOBHUH, JI0 TOTO % OTPUMaHy B pe3yJIbTaTi JaHOTO
OYHIIEHHS BOJY MOKHA BHKOPHCTOBYBATTH Jajll y MPOIECI BUTOTOBIICHHS TOTOBOTO JIO
BUKOPUCTaHHA TpoAykTy [49]. ABToMarMka yCTaHOBKH JO3BOJISIE 3a0€3MCUUTH
CJICKTPUYHUIA 3aXHCT HACOCY BIJl CYXOTO XOAy, MEMOpPaH BiJI BUCOKOTO THCKY, a TaKOX
YMOXJIMBIIIOE BUKOHAHHS TIAPABIIYHOI MPOMUBKM MeMOpaH. Cucrema ocHalieHa

nepeadinerpom Big Blue 20 3 giameTpoM mop 5 MKM Ta KOHTPOJIEPOM.

Puc. 8.1. Cucrema 3BopoTHOro ocmocy RO-7000 Small
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VY cucreM 3BOPOTHOTO OCMOCY TaKOX HAsBHUM CYTTE€BHI HENOMIK: IX BUKOPUCTAHHS
0e3rmocepelHbO JUIi OYKMCTKHA BIAMPAIbOBAHOI PIAMHM € EKOHOMIYHO HEIOIJIBHUM,
3BaYKAIOYM Ha IIBHUJKE 3a0mBaHHsA (QinbTpiB Ta cuctem [49]. BpaxoByrounm HasBHICTH y
KOMIUICKTAIlli CUCTEMHU Mepea(iIbTpy 3 MPOMYCKHOIO 3AaTHICTIO 5 MKM [48], mominsHUM
oyne Bcranoutu ¢untbTp MPF momem MPF1002AG2P10NBPO1 (MP Filtri, Irtamis),
niametp nop sikoro ckinanae 10 mxm [50]. [lanunit Kpok 103BOJINTH 3MEHIITUTH HABAHTAKEHHS
Ha nepeAPUIBTP, O 3pOOUTHh MOKIIMBUM 30UTBIIUTH MEPI0 HOro eKcruryaTali. 3 TIE X
METOI0  HEOOXiIHO  yCTaHOBUTH  TIApPaBIIYHMNA  3IUBHUA  QuIbTp  Mojedni
MPF1003AG3P25NBP0O1 (MP Filtri, Itamist), xoTpuii 3maTeH 3aTPUMyBaTH YACTKH
niaMeTpoM Oubiie 25 MKM. Y SIKOCTI MaTepialy (QuUIbTpOEIEeMEHTY y JaHUX MPUCTPOSX
BUKOPUCTOBYETHCS MIKPOKAapTOH 3 TiporuTkoto [50].

HertanbHa iHGOpMaIllisi 3 NPUBOAY TEXHIYHUX XapaKTEPUCTUK OOJIaHAHHSA [JIs
3HEIIIKODKEHHS PIAKUX BiIXOIB BUPOOHHIITBA HaBeeHA B Tabmui 8.1.

Tabnuys 8.1

TexHiYHI XapaKTEePpUCTUKH 00J1aTHAHHS JJI 3HEIIKOIKEHHS PiIKNX BIAX0diB

Haszsa o0s1aiHaHH
IHoxka3zHuk ®iabTp ®iab1p 315)1:)212::;0
MPF1002AG2P10NB | MPF1002AG2P25N
P01 BPO1 ocmocy RO-
7000 Small
BrpoGHuK MP Filtri, Ttais MP Filtri, Tramis | <32 POPCAHT,
Ykpaina
MakcumanbHa
POAYKTUBHICTD, 158400 172800 168000
1/100y
Po6ounii Tuck, 6ap 35-4,0 35-4,0 1,5-10,0
MaxkcumanbHui
TUCK Y 8 8 10
BOJIOTIPOBO/Ii, Oap
["abaputu, Mmm
(L/B/(T)) 104/246 174/539 3700/1700/800

8.2.2 CucTeMH 3HEIIKOIKeHHS ra3onoaioHux Biaxoais
Jns 3HENIKOJKEHHSI Ta30MOAI0OHMX TPOIYKTIB IKUTTEIISUIBHOCTI POIIOHYEMO
BCTAHOBMTH BoJIOT1 ckpyOepu moaem Spray Venturi Scrubbers sig ACMAN [51].
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Puc 8.2. Ckpy0ep moaei Spray Venturi Scrubbers [51].

CkpyOepu MaHOTO THIY BHUKOPHCTOBYIOTHCS Yy XIMIUHIM Ta (apManeBTHUUHIMN
MIPOMUCIIOBOCTI B IIMPOKOMY Jliara3oH1 3aCToCyBaHb. Taki ckpybepu 30uparoTh rpy0i abo
npiOHI YaCTUHKM, BKIIIOYAIOYHM YACTKU PO3MIPOM MeHIe | MIKpoHa Ta YaCTUHKH, 5Kl €
JUNKUMH a00 MarTh BUCOKHUU BMICT BOJIOTH. E(QEKTUBHICTH OUMIIEHHS MOBITPS MPH
BUKOPHUCTaHHI MOJIOHUX amapaTiB CTaHOBUTH 10 98,5%. Jljisi BUKOPUCTAHHS y HAIIOMY
BUITAJIKY JOIUTBHO Oyne BukopuctoByBatu Mojaenb FCT-40 3 npoxgykTuBHicTio 3786-4527
M3/ro. [TotyxHicTh Hacoca cknamae 0,75 kBT, ocHaimieHuil pe3epByapoM IJis BOJU
06’emom 700 11, miametp Tija amapary — 950 mm [51].

8.2.3. CucTreMH 3HENIKOMKEHHS Ta yTHIi3alii TBepaAuX BiaxoaiB

[Tporec GiocuuTesy mizuny Corynebacterium glutamicum K-8 cympoBomxyeThcs
YTBOPEHHSM TaKHX TBEPIUX BIIXOIB, K 3JIMIIKK 010MacH Ta MaKyBaJlbHI MaTepianu Tapu
MHUIHO-/1e31H(PIKYyI0UHNX 3aC001B Ta KOMIIOHEHTIB MTOKUBHOT'O CEPEIOBHIIIA.

Yrumizamiro  0iloMacu  MNPOMOHYEThCS  3AIACHIOBATH  HUISXOM  yOOMHOTO
aBTOKJIABYBAaHHS y BIANOBITHUX YCTAHOBKAX.

YTumizaiio Tapu IMJIaCTMACOBUX BIJIXOMAIB BiJ MUMHO-IE31H(DIKYIOUUX 3acC00IB Ta
KOMITOHEHTIB MOXHUBHOTO CEPEIOBUIIA TIPOMOHYETHCS 3IMCHIOBATH IIJISTXOM COPTYBAaHHS
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Ta MOJAJIBIIOI Mepeadl Ha BIAMOBIIHI MIAMPUEMCTBA, IO CHEIiaIi3yIOThCS Ha TiepepoOiri

Takoi CHpPOBHUHHU. YTAKOBKM Ta KpPHUILIKH COPTYIOTh BIJANOBIJHO JO BHJIB IUIACTHKY,

HaBeJeHUX y Tabnuii 8.3.

Buau nmiiacTuky 1Jisi COpTyBaHHS

Tabnuys 8.2

Bua muiactuky

ITET (PETE) —
noJiieTuiIeHTepedTanar

J:xepedio

MapkyBaHusa

[1BT (HDPE) — nosnietuiieH
BHCOKOT'O THCKY

[MBX (PVC) — noiBiHIIXJIOPHT

[THT (LDPE) — nomnierunex
HU3bKOT'O THCKY

[IIT (PP) — noninmponuiexH

I1C (PS) — momictupoi

[HIIE (OTHER) — monikap6oHar
Ta 1HIII IUIaCTMAaCH

[52]
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[To 3aKiHYEHHIO COPTYBaHHS TUIACTUK HEOOXITHO PETEIILHO MOMHUTH Ta MPOCYIIUTH
nepes rnepeaadeto Ha MmiAnpueMCTBO 3 nepepodku. B Ykpaini nepepoOkoro Ta yTusi3aliero
TaKHX BUJIB IUIACTUKY 3aiiMaeThbes «Perion-2001» [53].

Takos y miporieci BUpOOHHUIITBA MOYKE YTBOPIOBATUCS HEBEITUKUIN BiJICOTOK CKIISTHUX
BIIXOMIB y pe3yibTaTl TMOIIKOKECHHS CKISHOTO JaboparopHoro mocymay. CkinoOin
MPOIMOHYEThCST 30MpaTH J0 OKpPeMOi Tapu Ta Jail BIANPaBIATH Ha YTUII3AIUIO [0
BIJIMOBIAHOTO MiANpUEMCTBA. TakoX MOXKE€ yTBOPIOBATHCS TIE€BHA KUIBKICTh BIIXOJIB 3
KapTOHY TPHU BUKOPUCTAHHI KOPOOOK 3 IOTO MaTepiaay y sIKOCTI TPYIOBOi YITAKOBKH JIJIsI
MUHHO-/Ie31H(DIKYIOUNX 3ac00iB UM KOMITOHEHTIB IOKHUBHOrO cepenoBuia. CKIsSHI Ta
KapTOHHI BIIXOJAM MOKHA TaKOX BIAMPABIATH Ha mianpueMctBo «Perion-2001», mro

3aiiMa€eThCs TIEPepOOKOI0 TakuX Matepiams [53].
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https://prom.ua/ua/p2382778059-sistema-obratnogo-osmosa.html?utm_source=google_product&utm_medium=cpc&utm_content=pla&utm_campaign=KT_cpc_1_5297199152&gad_source=4&gclid=CjwKCAiAqfe8BhBwEiwAsne6gThOA3Ro7C3cugAoBNPlc1FQJcW5UWSQTCxBKwMNbQ9Xbqc_zwlPRhoCxuoQAvD_BwE
https://prom.ua/ua/p2382778059-sistema-obratnogo-osmosa.html?utm_source=google_product&utm_medium=cpc&utm_content=pla&utm_campaign=KT_cpc_1_5297199152&gad_source=4&gclid=CjwKCAiAqfe8BhBwEiwAsne6gThOA3Ro7C3cugAoBNPlc1FQJcW5UWSQTCxBKwMNbQ9Xbqc_zwlPRhoCxuoQAvD_BwE
https://prom.ua/ua/p2382778059-sistema-obratnogo-osmosa.html?utm_source=google_product&utm_medium=cpc&utm_content=pla&utm_campaign=KT_cpc_1_5297199152&gad_source=4&gclid=CjwKCAiAqfe8BhBwEiwAsne6gThOA3Ro7C3cugAoBNPlc1FQJcW5UWSQTCxBKwMNbQ9Xbqc_zwlPRhoCxuoQAvD_BwE
https://prom.ua/ua/p2382778059-sistema-obratnogo-osmosa.html?utm_source=google_product&utm_medium=cpc&utm_content=pla&utm_campaign=KT_cpc_1_5297199152&gad_source=4&gclid=CjwKCAiAqfe8BhBwEiwAsne6gThOA3Ro7C3cugAoBNPlc1FQJcW5UWSQTCxBKwMNbQ9Xbqc_zwlPRhoCxuoQAvD_BwE
https://prom.ua/ua/p2382778059-sistema-obratnogo-osmosa.html?utm_source=google_product&utm_medium=cpc&utm_content=pla&utm_campaign=KT_cpc_1_5297199152&gad_source=4&gclid=CjwKCAiAqfe8BhBwEiwAsne6gThOA3Ro7C3cugAoBNPlc1FQJcW5UWSQTCxBKwMNbQ9Xbqc_zwlPRhoCxuoQAvD_BwE
https://hydraulic.ua/filtr-zlivniy-zvorotnoi-linii-mp-filtri-mpf1811-mikrokarton-z-propitkou-10-mkm-280-l-khv/
https://hydraulic.ua/filtr-zlivniy-zvorotnoi-linii-mp-filtri-mpf1811-mikrokarton-z-propitkou-10-mkm-280-l-khv/
https://www.acman-dustcollector.com/pid18439175/Venturi-Scrubber-Spray-Venturi-Scrubbers-Manufacturers-Venturi-Wet-Scrubber-Air-Pollution-Control.htm
https://www.acman-dustcollector.com/pid18439175/Venturi-Scrubber-Spray-Venturi-Scrubbers-Manufacturers-Venturi-Wet-Scrubber-Air-Pollution-Control.htm
http://solvetpv.lviv.ua/poznachky-na-plastyku-shho-potribno-znaty-koly-vy-kupuyete-vodu-v-plastykovij-plyashtsi/
http://solvetpv.lviv.ua/poznachky-na-plastyku-shho-potribno-znaty-koly-vy-kupuyete-vodu-v-plastykovij-plyashtsi/

53. 3aroTiBenbHO-BUpPOOHMYE  mpuBaTtHe  mignpuemMctBo  «Perion-2001»

[Enextponnmii pecypc]. Pexxum moctymy: http://region-2001.com.ua/services/pererobka-

vtorsirovini/pererobka-smittya-ta-vidkhodiv/pererobka-plastika.
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Abstract

A new and innovative process for the biotechnological production of L-lysine is presented, exemplified here by the
fermentative production of the feed additive Biolys®60. The novel feature of this product is that the entire manu-
facturing concept, i.e. the production strain, the raw materials, all process stages and the product specifications have
been systematically tailored for optimal environmental compatibility and for minimum resource depletion and waste.
The process completely dispenses with the need to discharge residual and waste material and reduces the handling of
hazardous materials to a minimum. Since only a few process stages are involved, the method is economical to use and
investment outlay is reduced. The process, which also leads to a higher grade product, is thus highly attractive in both
ecological and economical terms. By boosting the nutrient value of the plant-based feedstuffs, the product itself makes
an cost-effective contribution towards a more sustainable form of animal feeding and by reducing nitrogen emission
levels promotes a more environmentally compatible form of animal husbandry. © 2001 Published by Elsevier Science
Ltd. All rights reserved.

Keywords: Corynebacrerium glutamicim; Amino acid; Essential amino acid; v-lysine; Fermentation; Feed additive

1. Introduction L1, The areas of application

The vision that lay behind the biotechnological pro-
cess presented here was that of developing a process for
the production of an animal feed additive — in this case,
the amino acid r-lysine, which would meet the following
criteria:

Based on the concepts of integrated environmental
protection and sustainable development, the product
should be manufactured from renewable raw materials
in a simple and therefore cost-effective process without
generating waste or residual material. The product
should provide customers both economic and ecological
benefits.

* Corresponding author.
E-mail address: manfred kircher@degussa-huels.de (M.
Kircher).

Before discussing the process in detail, the usage of
L-lysine, which has an annual world market of some
400,000 t will be briefly presented.

Proteins are essential components in feedstuffs. They
are composed of the 20 proteinogenic amino acids which
are released when the feed proteins are digested. From
these building blocks, the animal synthesizes its typical
proteins, i.e. poultry, pigs, fish, etc., all have their own
species-specific amino acid spectrum. Many amino acids
can be synthesized by the animal itself. In the case of
others, the so-called essential amino acids the animal
relies upon the amino acids being supplied by the food.
The vegetable feedstuffs also have their own character-
istic amino acid spectrum, which differs from that of the
animal. It is generally found that the essential amino
acids, methionine, lysine and threonine are only present
in limiting quantities in the crude feed materials. Fig. 1

0045-6535/01/5 - see front matter © 2001 Published by Elsevier Science Ltd. All rights reserved.
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YKpalHCbKUM | CBITOBMIA PUHOK CBMHUHMW: TeHAEeHLil Ta NPOorHo3u

Ana ranysi cemHapcrBa 2023 pik craB pokoM BHNpobGyBaHb i BoOgHOYAC

BigHoBneHHA. Yepe3 rnobanbHi BOEHHI Ta €KOHOMIYHI BHKJIMKM ranays3b
3asHasna 3Ha4yHuX TpyadHouwis. [lpote, Bcynepedy nepeliKogaM, CBHHapCTBO
AEeMOHCTPYBano BMHATKOBY CTIHKICTb i 34aTHICTh 40 BigHOB/eHHA — BeCb MHUHYJINI piK
moctynoBo 30inbLiyBanocs MorosiB’As TBapMH, WO CBig4YM/10 [pPO MNOMBaB/AE€HHS Yy
ranysi.

Ha 1 ciuHa 2024 poky noronie’s cBMHel ctaHoBuTb 5,0 MAH ronie, wo Ha 1,1% 6inbwe, HiX B
aHanoriyHuiA nepioa MWHYNOro poky. 3okpeMa, Ha nianpuveMcTBax picT noronis’s cknae 4,8% Ta
cTaHoBWTb 3,14 MnH ronie (65,8% Bia yceoro noronie’s). HaToMicTb B rocnoAapcTBax HaceneHHA
CNOCTepiraeTbCA 3HWMXKEHHA Noronies’a 3a pik Ha 5,2% Ta cTaHOBWTb 1,70 MnH ronie. Haibinbwa
JMcenbHICTb noronis’s cnocrepiraeTbca B: Kuiscbkiil (620,4 Tvc. ronie), JlbeiecebKin (427,1 Tuc.
ronie), XmeneHuubkii (377,6 TMc. ronie), TepHoninecekid oBnacrtax (375,8 Tuc. ronie). CymapHo
ui obnacti MawTb 36% CEWHeN Big 3aranbHOro Noronis's.

MpoTe, Haibinbwwnii Npupict noronie’a y 2023 poui AeMoHCcTpyTe obnacTi: JoHeubka +42,8%
(196,1 TKc. ronie), XXutomupcbka +25,5% (138,1 Tuc. ronie), MonTaBcbka + 10,4% (271,2 TuUc.
ronis), Xapkiecbka +9% (65,2 Tuc. ronis).

- " . - P . - —_
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XapaKTepucTHKK IHdopMaLis Ana 3amMoBnNeHHA

Ni3nH - HezamiHHa aMiHoKWcnoTa, Aka Bepe y4acTb B 06MiHI HyKNEIHOBWMX KMCNOT, MeTabonisMi ByrneBoOHWX CMomnyK, NOKpaLlye
a30THWIA BanaHc B OpraHiamMi, CeKpeLLito TPaBHUX (pepMEHTIB | TpaHCNOPT KanbLUilo B KNiTWHW. JNisnHom BanaHcyloT pauioHy CBUHEN i
NTWLI 338 BMICTOM Y HEOMY Ni3HHY.

L-NiavH moHorigpoxnopua (98-99%) cnpwsie iHTEHCMBHOMY 3aCBOEHHIO KOPMIB | aKTMBHOMY poCTY TBapWH. B ocHOBHOMY BiH
HeobXigHWIA TBapKHaM 3 OAHOKAMEPHWUM LLUMYHKOM - MTKUL | CBUHAM.

BukopKucTaHHA NisuHy Ao3BonAe 36inbWWMTK NpypicT TBapWH i nTuui Ha 10 - 30%, nigevLLMT HaOoi Monoka Ha 12%, - 36ineLWnTK
HecyuicTk Kypel Ha 10%. Y Bcix pauioHax, fKi 3BM4aliHO 3aCTOCOBYIOTLCH B CBMHAPCTEI, Ni3WH 33 BEXNMBICTIO BUNEpeIKae iHLUi
aMiHOKMCNOTH.

OedpiumT nisnHy y Kypen 6aTbKiBCcbKOro ctaga nigBuLlye CMepTHICTE eMOpIoHIB Ha 5 - 9%. Y BpornepHUX KypHar npw aediuuTi
nianHy cnabo hopmyoTbCca M'A3W, LLO 3HWKYE AKICTb M'Aca.

TeapuHam i nTuLi BiH HeoOXiagHWA Anga perynauii oGmiHy asoTy, ByrneBoiB, a TAKoXK ANA CUHTE3Y HYKNeoTUAiB, XpOMONpoTeiais,
CNPUAE IHTEHCMBHOMY POCTY MOTMOIHAKY, IHTEHCWBHOMY BUKOPWUGCTAHHIO KOPMIB, YTBOPEHHI MENaHIHOBOTO NIrMEHTY B ONEPEHHI NTWLL;
BMNMBae Ha hopMyBaHHA EpUTPOLMTIB i BiOKNaAeHHs B KiCTKax KanbLjto, 6epe y4acTb B OKMCHO-BIOHOBHWX pPEaKLUiAX, aKTUBI3ye
nepeamiHyBaHHA i Ae3aMiHyBaHHA aMiHOKWCIIOT, CNPWUAE 3aCBOEHHIO chocdiopy i KanbLito. Y BCix palioHax, AKi BUKOPUCTOBYHOTLCA Mifl
Yac Bigrodieni CBUHeN, Ni3WH 32 BAXKIMBICTIO BUNEPEMKAE iHLLI aMIHOKWCIIOTH.

OCHOBHI CMPOBWHHI KOMMOHEHTKH ANA BUPODHWLTBA Ni3uHy: Mensaca, KyKypya3aHWi eKcTpaKT, conaHa KWcnaTa, amiaqdHa Boaa,
BiTaMiHW, BUGIBKW, COHSLUHMKOBWIA LLPOT, pubHe GopoluHo, M'Aco-KicTkoee GopoluHo Ta pinak.

KopucTb:

- bepe y4acTe B 0BMiHI HYKNEIHOBWX KUCNOT

- Moninwye a3oTHWIA 6anaHc B opraHismi TBapuHKU
- MoKpallye cekpellito TpaBHKUX hepMeHTIB

- [MNoKpaLLye TpaHCMopT KanbLjlo B KNiTUHW
Lo3syBaHHA:

BHocuTLCS B KOMBIKOPMM | B KOPMOCYMILLI 3rigHO 3 HOPMaMK BUKOPUCTaHHSA NMi3NHY, BPaXOBYHOHM MOro (hakTUH4HWIA BMICT B KOpMaX.
Mpw UbOMY PekomeHOoBaHWIA BMICT Ni3NHY B KOPMi NMOBWHEH cknagaru (kr/ 1):

Bponnepu - 1,0-2,5;
Hecyu4ku - 0,5-1,0;

[HOWYKK, Kypinkw - 1,56-2.5;
MopocaATta go 25kr - 1,5-2,5;
CewuHi Ha eigrogieni - 1,0-1,5;
CeuHOMaTKK - 0,5-1,0

dacyBaHHA: 25 Kr
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Metabolic engineering of carbohydrate o

metabolism systems in Corynebacterium
glutamicum for improving the efficiency
of L-lysine production from mixed sugar

Jian-Zhong Xu'"®, Hao-Zhe Ruan', Hai-Bo Yu', Li-Ming Liu® and Weiguo Zhang'

Abstract

The efficiency of industrial fermentation process mainly depends on carbon yield, final titer and productivity. To
improve the efficiency of c-lysine production from mixed sugar, we engineered carbohydrate metabolism systems

to enhance the effective use of sugar in this study. A functional metabolic pathway of sucrose and fructose was
engineered through introduction of fructokinase fram Clostridium acetobutylicum. -lysine production was further
increased through replacement of phosphoenolpyruvate-dependent glucose and fructose uptake system (FTS™C and
PTS™) by inositol permeases (lolT1 and 1olT2) and ATP-dependent glucokinase (ATP-GIK). However, the shortage of
intracellular ATP has a significantly negative impact on sugar consumption rate, cell growth and L-lysine production.
To overcome this defect, the recombinant strain was modified to co-express bifunctional ADP-dependent glucoki-
nase (ADP-GIK/PFK) and NADH dehydrogenase (WDH-2) as well as to inactivate SigmaH factor (SigH), thus reducing
the consumption of ATP and increasing ATP regeneration. Combination of these genetic modifications resulted in an
engineered C glutamicum strain K-8 capable of producing 221.3 £ 176 g/L w-lysine with productivity of 5.53 a/L/h and
carbon yield of 0.71 g/g glucese in fed-batch fermentation. As far as we know, this is the best efficiency of -lysine pro-
duction from mixed sugar. This is also the first report for improving the efficiency of L-lysine production by systematic
madification of carbohydrate metabaolism systems.

Keywords: L-lysine, Corynebacterium glutamicum, Carbohydrate metabolism systerns, Fructokinase, ATP availability

Background

L-lysine, an essential amino acids for animals and
humans, is widely used as feed additive, composition of
pharmaceuticals, and feedstock for cosmetics and poly-
mer materials [1]. With the expansion and deep-going
of L-lysine’s applications, the demands for vL-lysine are
growing rapidly in global marketplace [2]. In industry,
L-lysine is mainly produced by microbial fermentation [3,

*Corespondence: xujianzhong@jizngnanedu.cn
The Key Laboratory of Industrial Biotechnology, Ministry of Education,
School of Biotechinology, Jiangnan University, 18008 Lihu Road,
Wuxi 214122, China
Fudll list of author information is available at the end of the article

KombiHauia umx reHeTudHux Moandikalii
npv3eena 40 CTBOPEHHA IHXeHepHOoro
wramy C. glutamicum K-8, spatHoro
upobnatu 221,3+17,6 r/n |-nizuny 3
npoayKTuBHIcTH 5,53 r/n/roa i Buxoaom
eyrneuro 0,71 r/r rarokoz2um npwm
nopuiiHoOMY depmeHTaul

4|. Therefore, the excellent vL-lysine producers and inex-
pensive fermentation feedstock are absolutely vital for
fermentation to reduce the production costs.
Corynebacterim glutamicum and its subspecies are
widely used as workhorse for producing v-lysine in indus-
try |4, 5], because they possess the wide carbon resource
utilization spectrum, including carbohydrate feedstock
(e.g., glucose, fructose, sucrose and pentose) and non-
carbohydrate feedstock (e.g., n-alkane, ethanol and
organic acids) [6, 7]. In industry, the L-lysine production
by C. glutamicum is primarily using glucose, fructose,
sucrose or molasses as carbon sources, especially glu-
cose [8]. Carbohydrate uptake and phosphorylation are
mainly executed by phosphoenolpyruvate- carbohydrate
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phosphotransterase system (PTS) consisting of 1 mem-
brane-bound carbohydrate-specific EIIABC component
(EIl} and 2 cytoplasmic components (ie., enzyme | (EI)
and histidine protein (HPr)) [9]. Previous researches have
pointed out that the productivity of target products goes
hand in hand with carbohydrate uptake capacity [10-12].
Although carbohydrate uptake capacity is increased with
increasing the expression levels of the key genes in PTS,
it will lead to overflow metabolism [10, 13]. In addition,
PTS uses phosphoenolpyruvate (PEP) as phosphoryl
group donor, resulting in the low intracellular PEP and
the increase of flux through PEP carboxykinase [14].
It is a problem for realizing the efficient production of
L-lysine that how to balance carbohydrate uptake capac-
ity and carbohydrate consumption rate.

Aside from engineering PTS to increase the uptake
rate of carbohydrates, a number of studies indicated the
important role of PTS-independent carbohydrate uptake
systems (i.e., non-PTS) for cell growth and production of
target products (including v-lysine) by addition of myo-
inositol to increase genes iolT] and iolT2 expression
level [15], by deletion or rational modification of tran-
scriptional regulator [olR to derepress the expression of
iol-genes [16-18], or by co-overexpression of the myo-
inositol permease (i.e., lolT1 and 1olT2; encoded by genes
ielT1 and iolT2, respectively) and glucokinases (e.g., GIK
and PpgK; encoded by genes glk and ppgK, respectively)
[19-22]. In C. glutamicion, the coupling system of wmiyo-
inositol permeases and glucokinases (designed as IGS,
similarly hereinafter) has been proved to participate in
carbohydrate uptake and phosphorylation [16, 17, 21—
23], which belongs to non-PTS [23]. The IGS uses ATP or
PolyP,, as phosphoryl group donor rather than PEP in C.
glutamicum, thus increasing PEP availability [24]. In IGS,
the carbohydrates are firstly transported into intracellu-
lar by mryo-inositol permeases, and are then phosphoryl-
ated by glucokinases. However, lolT1 and [olT2 show a
lower affinity for glucose as compared with EIl [19].
Moreover, the expression of iolT1 is repressed by lolR
[18]. Lara et al. has proved that overflow metabolism can
be circumvented with replacement of PTS by the cou-
pling system of galactose permease and glucokinases in
Escherichia coli [13]. This gives us a positive reference to
construct L-lysine high-producing strain to improve the
efficiency of L-lysine production.

Molasses, the major by-product of sugar industry, is
a frequently-used and economical carbon source for
producing many valuable fine chemicals by microbial
fermentation, including ethanol [25], vitamin B, [26],
docosahexaenoic acid [27). This is because that molas-
ses contains abundant nourishments and biological
active substances, such as sugars, amino acids, inorganic
salts, nicotinic acid, folic acid, thiamine, etc. [7, 27, 28].

Therefore, reuse of molasses is important for sugar indus-
try to improve economic returns. At present, molasses is
one of the main feedstock for amino acids production
(e.g., L-lysine |10, 29], L-glutamate [30], poly-y-glutamic
acid [31]), because its main component is sucrose [7].
Sucrose can be easily hydrolyzed to glucose and fruc-
tose [7]. Although molasses is wildly used for amino acid
fermentation in industry, most published work focus on
investigating the consumption rate of carbohydrates at
single glucose, fructose, or sucrose as carbon source [32-
34|. How to improve the utilization efficiency of molasses
is an important problem to be solved in our present-day
amino acids industry.

Corynebacterium  glatamicum K-1 (Le,, C glutami-
cum JL-6 Apck:ppe Aodxzpye AP1gltA/P,_, gdh) is a
L-lysine high-yielding strain with L-lysine production of
181.5=7.65 g/L atter cultivating 48 h in fed-batch culture
[3]. However, the productivity of C. glutamicum K-1 is
lower as compared with the previous results (3.78 g/L/h
v.s. 4.00 g/L/h) [10]. The aim of this study was to make
use of mixved sugar for L-lysine production by C. glutami-
cumt K-1, in which the mixture of glucose and beet molas-
ses was designed as mixed sugar. Furthermore, in order
to improve the efficiency of L-lysine production from
mixed sugar, we focused on the genetic modification of
genes involved in carbohydrate metabolism systems to
increase the v-lysine productivity of C. glutamicum K-1.
The results verified that carbohydrate metabolism system
is a good target for improving amino acid production.

Results and discussion

Hetero-expression of Scri increases L-lysine production

in C. glutamicum K-1 from mixed sugar

According to our previous results [7], total sugar con-
centration in beet molasses, supplied by COFCO Bio-
chemical (Anhui) Co., Ltd., (Anhui, China), was about
50%, and especially sucrose was the most important
components (more than 47%). Sucrose was assimi-
lated and phosphorylated by sucrose-PTS (PTS™) in
C. glutamicum to yield sucrose-6-phosphate, and then
sucrose-6-phosphate was hydrolyzed to glucose-6-phos-
phate and fructose by sucrose-6-phosphate hydrolase
[35]. However, there is no fructokinase (ScrK) in C. glu-
tamicum |36], resulting in that the intracellular fructose
should be firstly excreted into extracellular and then re-
assimilated via fructose-PTS (PTS™). Previous results
indicated that hetero-expression of ScrK is beneficial to
increase the production of NADPH-dependent products
with sucrose or mixed sugar as carbon source [7, 37-39].
Therefore, hetero-expression of ScrK from C. acetobu-
tylicm at pfkB gene loci was set as a potential strategy
for enhancing vL-lysine production on mixed sugar in this
study. As a result, the resulted strain C. glutsmicum K-2
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showed no fructose efflux, whereas the extracellular fruc-
tose in original strain C. glutamicum K-1 was increased
at the initial stage of fermentation on CgXII""M-medium
(Fig. 1la). There was no obvious difference in DOCW
between C. glutamicum K-1 and C. glutamicum K-2, but
the maximal specific growth rate (p_ . ) of C. glutami-
cwm K-2 (p - =0.23/h) was higher than that of C. glu-
tamicum K-1 (p_ .. =0.20/h) (Fig. 1b). The similar results
were also obtained in the previous reports [7, 39]. How-
ever, these results are contrast to the results reported by
Zhang et al. [38], in which DCYY of recombinant strain
with hetero-expression of ScrK was 15.5% lower than
that of control strain. A possible reason is that more car-
bon source was used to synthesize target product. Con-
sistent with the effect on cell growth, hetero-expression
of ScrK obviously increased the v-lysine production on
Cg}(lI]pM-mEdium (Fig. 1c). In addition, the sugar con-
sumption rate of strain K-2 increased to 7.74£045
(mmaol C)/(g DCW)/h, which was 76.7% higher than
that of strain K-1 (438047 (mmol C)/(g DCW)/h)
(Table 1). The point is that hetero-expression of ScrK is
ineffective in cell growth and vL-lysine production with
glucose as sole carbon source (Table 1), possibly because
of the absence of fructose in culture [7].

In addition, fed-batch fermentation was carried out
in a 1-L jar fermenter containing 0.25 L fermentation
media to test the production performance of strain
K-2. Compared with strain K-1, hetero-expression
of ScrK had a trend to increase L-lysine production
(Fig. 2a). The v-lysine production of strain K-2 reached
to 187.3x£11.7 g/L, which was 9.0% higher than that
of strain K-1 (171L.8+5.6 g/L). However, it cannot be
ignored that strain K-2 accumulated large amount of
by-products, especially lactate, L-alanine and L-valine
(Fig. 2b). The main reason for this is that carbohydrate
uptake by PTS will produce pyruvate (Fig. 3), thus lead-
ing to overflow metabolism [13]. Therefore, the next plan
is to modify the carbohydrate uptake system in strain K-2
to reduce the amount of by-products.

Deletion of ptsG and ptsF genes cause a decrease

in carbohydrates consumption in C. glutamicum

The ptsG and pisF genes encode membrane-bound
glucose-specific EIIABC (Ell;,) and fructose-specific
ENABC (EIL; ). respectively [39]. Ell, and EIl  facili-
tate glucose and fructose movement across membrane,
respectively (Fig. 3). Theoretically, deletion of ptsG and
pisF genes reduces the intake of sugar via PTS and thus
compels strain to assimilate sugar via non-PTS. In order
to verify this inference, ptsG and pitsF genes were deleted
in strain K-2. However, the target strain C. glutamicum
K-2 AptsG AptsF (ie, C. glutamicum K-3) showed bad
cell growth and L-lysine production as compared with

strain K-2 on CgXII"¥-medium with glucose or fructose
as sole carbon source (Table 1). This is because PTS is
the major carbohydrates uptake system in C. glutamicum
[23]. In addition, although C. glutamicuen possess IGS for
assimilating glucose and fructose, the key components
(i.e.,, myo-inositol permease and glucokinases) show
the low expression level and the low affinity for glucose
and fructose [18, 19, 21]. Interestingly, deletion of ptsG
and ptsF genes is ineffective in cell growth and L-lysine
production with sucrose or molasses as carbon source
(Table 1), because glucose and fructose in culture is neg-
ligible. However, it should be noted that the production
performance of strain K-3 (including DCW, L-lysine pro-
duction and sugar consumption rate) was dramatically
disturbed by deletion of ptsG and pitsF genes in fed-batch
fermentation (Additional file 1: Fig. 51). C. glutamicum
exhibits a strong preference for glucose as carbon source
[8]. And fermentation medium and feed solution mainly
contain glucose (see “Methods” section) [10]. These may
be the reasons for the bad production performance of
strain K-3 in fed-batch fermentation. In consideration
of the physiology of strain K-3 and the functional role
of IG5, the expression levels of myo-inositol permease
and glucokinases in strain K-3 should be increased to
enhance the participation of IG5 in carbohydrates uptake
in L-lysine producer.

Over-/hetero-expression of lolT1, 1olT2, ATP-GIK

and ADP-GIK accelerates carbohydrates consumption

in PTS%<- and PTSF-deficient strains

As mentioned above, C. glutamicum possess 1G5 for
carbohydrate uptake, but miye-inositol permease and
glucokinases show the low expression level and the low
affinity for glucose and fructose [18, 19, 21]. To overcome
these defects and to push carbohydrate into cell via IGS,
the dominant strategy is to increase the expression level
of myo-inositol permease and glucokinases. myo-inositol
permease (e.g., lolT1 or lolT2) and glucokinases (e.g.,
PpgK or ATP-GIK) have been demonstrated to redirect
carbohydrate uptake by IGS in C. glutamicum [19=22].
However, the expression of IlolT-coding gene iolT1
is repressed by IolR [18], and deletion of lolR-coding
gene iolR causes certain negative effects on strain [17].
Therefore, the special promoter of iolT1 (ie, P with
two point mutations at position -113 (A — G) and -112
(C— G) replaced the nature promoter of ialT] accord-
ing to the reports by Brusseler et al. [17], and the nature
promaoter of lolT2-coding gene iolT2 was replaced by
P, promoter, and then the second copy of iolT2 gene
with P, promoter was introduced in strain K-3 genome,
resulting in the final engineered strain . glutamicum
K-4. In response to these modifications, the cell growth,
L-lysine production and sugar consumption rate of strain
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K-4 were increased by~ 1.9 times, 19.8 times and ~2.3
times as compared with strain K-3 on CgXII'"-medium
with glucose as sole carbon source, respectively (Table 1).
The similar positive results were also found in fructose
(increased by-~3.6 times, 17.1 times and-~57 times,
respectively), whereas the increase of cell growth and
sugar consumption rate was not obvious on sucrose and
molasses (Table 1). These results indicated that [olT1
and lolT2 participate in the uptake of glucose and fruc-
tose, which were consistent with previous reports [21,
22]. Interestingly, this was also linked to an increase
in the activity of PEP carboxylase (PPC) and pyruvate
kinase (PYK) (Table 2). PPC catalyzes the biosynthesis
of oxaloacetate from PEF, and PYK catalyzes the biosyn-
thesis of pyruvate from PEP (Fig. 3) [1]. IGS turned away
from PEP to phosphorylate carbohydrate, resulting in
that a large amount of intracellular PEP can be used as
substrate for PPC and PYK [14]. However, although the
productivity of strain K-4 was improved as compared
with strain K-3, it was lower than that of strain K-2 with
glucose as sole carbon source (Table 1). Lindner et al.
indicated that glucokinase must be required in PTS-inde-
pendent glucose uptake system to phosphorylate glucose
[24]. However, glucokinase from C. glutamicum shows

the low affinity for glucose with K| values of 1.0 mmol/L
[40]. In addition, many studies have demonstrated that it
is necessary to co-overexpression of glucokinase to get
the most out of IGS [20, 22|, indicating that the expres-
sion level of glucokinase-coding gene was low in C
glutamicum.

Glucokinase catalyzes the phosphorylation of glucose
to glucose-6-phosphate using ATP, ADP or inorganic
polyphosphates (PolyP) as phosphoryl donor [19, 41].
C. glutamicun has two types of glucokinases, ie., GIK,,
(ATP-dependent enzyme; ATP-GIK, encoded by glk.,)
and polyphosphate-glucose phosphotransferases (PolyP/
ATP-dependent enzyme; PpgK, encoded by ppgK) [19],
but PpgK plays a chief part in phosphorylation of glucose
[40]. However, PpgK shows a low affinity for glucose with
K, values of 1.0 mmol/L [40]. In order to increase the
glucose consumption of strain K-4, the native GIK, was
replaced by GIK from Bacillus subtilis 168 (ie., GlKg,)
with a high affinity for glucose (K, =0.24 mmol/L) [42].
In addition, the strong tuf promoter was located at the
front of GlKg, -coding gene gk, . The resulting strain K-5
exhibited significantly increased glucose consumption
rate, cell growth and v-lysine production as compared
with strain K-4 (Table 1). The final production of L-lysine
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by strain K-5 was 25.3 +£2.2 g/L (0,63 g/g glucose), which
is 143.3% and 4.1% higher than that of strain K-4 and
K-2, respectively. This advantage was also found in the
fed-batch fermentation (Fig. 4). In the fed-batch fermen-
tation, the L-lysine production of strain K-5 reached to
209.0+£21.6 g/L, which was 11.6% higher than that of
strain K-2 (Fig. 4¢). Although most of the test by-prod-
ucts in strain K-5 were reduced, the accumulation of
acetate and ethanol was significantly increased as com-
pared with strain K-2 (Fig. 4d). In addition, the intracel-
lular NADH and ATP levels were decreased in strain
K-5 (Table 3). ScrK and GIKg, catalyze the phosphoryla-
tion of fructose and glucose to fructose-6-phosphate and
glucose-6-phosphate using ATP as phosphoryl donor,
respectively [39, 42]. Introduction of ScrK and GIKg, in
strain K-5 could increase ATP consumption rate, thus
perturbing the intracellular ATP balance. NADH can
be oxidized to generate ATP [43], thereby meeting the
demand of cell for ATP. It should be noted that the bio-
synthesis of acetate and ethanol involved in ATP and
NADH regeneration (Fig. 3). This might be the reason
why acetate and ethanol were significantly increased in
strain K-5. Consistent with the previous results [44], the
shortage of ATP has significantly impact on cell growth
{Table 1 and Fig. 4a). To overcome this defect, the avail-
ability of ATP should be increased by reducing the con-
sumption of ATP or/and by increasing ATP regeneration.

Lately, ADP-dependent glucokinase (ie, ADP-GIK)
was discovered in Archaea and Mammalian, which
used ADP as phosphoryl donor for the phosphoryla-
tion of glucose [45, 46]. In Methanococcus maripaludis,
a bifunctional enzyme (ie, ADP-GIK/PFK) with ability

to phosphorylate glucose and fructose-6-phosphate has
been reported [47]. In order to reducing the consump-
tion of ATP, we introduced ADP-GIK/PFK from M.
maripaludis into strain K-5. The resulting strain K-6
showed good properties in glucose consumption rate, cell
growth, L-lysine production and by-products accumula-
tion either in shake-flasks or in fed-batch fermentation as
compared with strain K-5 (Table 1 and Fig. 4). Moreover,
the intracellular NADH and ATP levels in strain K-6 were
slightly higher than that of strain K-5 (Table 3), and this
may be why strain K-6 showed the better cell growth and
the lower accumulation of by-products than that of strain
K-5 (Fig. 4a, d). ADP-GIK/PFK catalyzed the phospho-
rylation of glucose with ADP as phosphoryl donor rather
than ATP [47], thus avoiding over-utilizing ATP in car-
bohydrate uptake. Interestingly, the activity of PYK was
increased by 25% as compared with strain K-5 (Table 2).
This may be because PYK is activated by AMP [48], while
AMP will be synthesized from ADP in the ADP-GIK/
PFK-catalyzed reactions (Fig. 3). Compared with strain
K-2, however, strain K-6 exhibited the decreased intra-
cellular NADH and ATP levels (Table 3), thereby ham-
pering the cell growth and increasing the accumulation
of acetate and ethanol (Fig. 4). The formation of acetate
and ethanol involved in NADH and ATP regeneration
(Fig. 3}, thus making as much ATP for cell as possible.

Overexpression of the NDH-2 benefits the further

increase in carbohydrates consumption in PTSS%.

and PTS"™-deficient strains

Compared with strain K-1, the vL-lysine production was
drastically increased in fed-batch fermentation (from
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171.8+56 g/l to 215.2+103 g/L), whereas the cell
growth was markedly disturbed in strain K-6 because
of the insufficient of ATP (Figs. 2a, 4a, ¢ and Table 3).
These results indicated that ATP may be a limiting fac-
tor for further increasing the production efhciency of
L-lysine in strain K-6. ATP can be synthesized either by
substrate level phosphorylation (SLP) or by electron
transport phosphorylation (ETP) [44]. ETPE also known
as oxidative phosphorylation, involved in the transfer
of electrons from NADH to oxygen and the phospho-
rylation of AMP/ADP to synthesize ATP (Fig. 3) [49].
NADH dehydrogenase from C. glutamicum (i.e, NDH-2,
encoded by ndh gene) is a quinone-dependent dehydro-
genase, which links with the inner layer of the cytoplas-
mic membrane [49]. To enhance ATP synthesis by ETE,
the promoter of ndh was substitute by the strong fuf pro-
moter in this study. Consistent with the previous results
[50], NADH/WNAD™ ratio in the resulting strain C. glu-
tamicum K-7 was significantly decreased as compared

with strain K-6 (from 0.20+£0.02 to 0.11 +=0.03; Table 3).
As expected, the glucose consumption rate in shake-
flasks increased from 8.73+048 (mmol C)/{g DCW)/h
in strain K-6 to 10.62+0.55 (mmol C)/{g DCW)/h in
strain K-7 (Table 1). In addition, the other substrates
(i.e., fructose, sucrose and molasses) consumption rate
was also increased during overexpression of NDH-2 in
strain K-6 (Table 1). The research has shown clearly that
high level of NADH/NAD™ ratio inhibits the activity of
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
and pyruvate dehydrogenase (PDHC), which are the rate-
limiting enzymes in glycolysis [51]. Therefore, the effect
of overexpression of NDH-2 on increasing substrate
consumption rate was likely due to the increased activ-
ity of GAPDH and PDHC in C. glutamicum. Consistent
with the previous results [52], however, the intracellular
ATP levels in strain K-7 were slightly higher than that of
strain K-6 (Table 3), and the vL-lysine production was not
obviously increased in strain K-7 (Table 1 and Fig. 5c).
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Table 3 Comparison of intracellular nucleotides concentrations in original strain and the genetically defined C.

glutamicum strains (pmol/{g DCW))

Strains NADH MAD* MADH/MNAD* NADPH NADPH NADPH/NADP* ATP

K1 1691022 76E+083 0224003 1. 71002 147015 1.16+0.10 4981042
K-2 167023 7.59 066 022001 1.74+021 1424019 1234+013 487053
K-3 0.28 002 202024 014002 .25 £ 0.04 0.30+007 0824009 098103
K-4 103015 5424078 0194003 0.99+017 094 £0.12 105014 268009
K5 151018 7572081 020001 1570101 1.38+015 114013 2924035
K6 1.54 022 7691083 020002 148008 131+£0.16 1.13+0.10 308032
K7 0.93 +£023 B5E067 011003 141002 1.25£013 113021 3432045
K-8 0.98 022 B91 2079 01120 L1604 1.05£010 1.10+0.08 4691047

Exponentially growing cells cultured in Caxii™ with 40 g/L glucose as sole carbon source in shake flasks were used for analysis
Al data are meaning values of three determinations of three independent experiments with £ 50

In contrast, strain K-7 accumulated a large amount of
by-products, especially pyruvate, acetate, L-alanine and
L-valine (Fig. 5d). This is presumably due to impairment
of the intracellular NADH/NAD™ balance for rL-lysine
production and hence resulting in increasing the by-
products biosynthetic pathway to regenerate NADH and
ATE In addition, overflow metabolism could be another
reason for by-products accumulation [13]. As can be
seen from Table 3, a large amount of pyruvate accumu-
lated in the cell instead of entering into L-lysine biosyn-
thetic pathway.

Deletion of the sigH gene decreases the accumulation

of by-products in C. glutamicum strain

Base on the chemiosmotic theory of energy coupling,
the synthesis of ATP from ETP involved in energy
release by transfer of electrons from NADH to oxygen
and energy transfer by phosphorylation of AMP/ADP
[53]. F,F,-ATPase catalyzed the formation of ATP (ie.,
the phosphorylation of AMP/ADP) by proton motive
force (pmf) [44]. Although F.F,-ATPase was not essen-
tial for growth of C. glutamicim on glucose, inactivation
of F,F,-ATPase decreased the specific glucose uptake
rate and mBNA levels of genes involved in amino acid
biosynthesis [44]. Therefore, it is a useful strategy for
increasing L-lysine production by genetically modifying
FF,-ATPase. We tried to increase the expression level of
FoF-ATPase by overexpression of F,F-ATPase-coding
gene, but it was not successful as there were eight subu-
nits of F,F,-ATPase (encoded by atpBEFHAGDC) [44]
(data not shown). As described by Barriuso-Iglesias et al.
[54], F5F,-ATPase-coding gene was expressed at pH
9.0 because it is regulated by SigmaH factor (i.e., SigH).
However, the optical pH of C. glutamicion in L-lysine fer-
mentation process is neutral pH (i.e, pH=27.0). In order
to increase the expression level of F,F,-ATPase-coding
gene at neutral pH, we deleted SigH-coding gene sighf

to construct a SigH-deficient strain C. glutamicum K-8,
Consistent with previous results [54], the expression level
of atpB was increased (increased by about 4.3 times),
whereas the expression level of sigH was disappeared
in strain K-8 as compared with strain K-7 at pH=7
(Additional file 1: Fig. 52). Conversely, the expression
level of atpB in strain K-8 was lower than that of strain
K-7 at pH=9 (Additional file 1: Fig. 52). These results
showed that deletion of SigH increased the activity of
FF,-ATPase at neutral pH (Table 2). We also observed
that the increased vL-lysine production rate was induced
by elevating ATP supply from ETP (Table 1 and Table 3).
In other words, the more ATP is available in the cyto-
sol, the more carbon flux will be entered into L-lysine
biosynthetic pathway (Fig. 5). Previous researches have
pointed out that interdiction of ATP regeneration from
ETP decreased the specific glucose uptake rate in C.
glutamicum [44, 55|. Our study again confirmed these
viewpoints that strain K-8 showed the best substrate con-
sumption rate among the test strains (Table 1). The titer
of L-lysine reached 221.3+17.6 g/L at a productivity of
5.53 g/L/h and a carbon yield of 0.71 g/g glucose at 40 h
(Fig. 5c). Those are the highest value for L-lysine produc-
tion in fed-batch fermentation (Table 4), demonstrating
that this engineered C. glutamicum strain is a competi-
tive platform strain for L-lysine production.

Conclusions

For the first time, metabolic engineering of carbohy-
drate metabolism systems was identified as a critical
factor for efficiently producing L-lysine from mixed
sugar in C. glutamicum. The carbohydrate uptake sys-
tem of strain was reconstructed and the intracellular
ATP was complemented by enhancing ETP. We showed
that hetero-expression of ScrK and introduction of opti-
mized non-PT5 were effective for increasing substrate
consumption rate and L-lysine production from mixed
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sugar. Furthermore, substitution of the promoter of ndh
by strong fuf promaoter and deletion of the transcriptional
regulator SigH further increased the L-lysine production
and the highest substrate consumption rate, and these
provided an efficient strategy for improving the efficiency
of vL-lysine production. The target strain K-8 produced
221.3+17.6 g/L at a productivity of 5.53 g/L/h and a car-
bon yield of (.71 g/g glucose in fed-batch fermentation.
To the best of our knowledge, those are the highest value
for L-lysine production by fed-batch fermentation in the
references.

However, this yield of v-lysine in strain K-8 is still
lower than the theoretical level (ie. 0.81 g/g glucose).
Thus, there is still plenty of room to enhance the yield of
L-lysine. The most important by-product of strain K8 was
pyruvate-family amino acids. Although adequate ATP
could be used for pyruvic carboxylase (PYC) as cofac-
tor, the activity of PYC was inhibited by L-aspartate [56].
Further improvement may be achieved by increasing the
activity of PYC, for example, by overexpression of PYC-
coding gene pyc or by site-specific mutagenesis of pyc to

relieve feedback inhibition. Another potential strategy is
to reduce the flux into biosynthetic pathway of pyruvate-
family amino acids. In addition, intracellular NADPH
plays an important role in L-lysine production [1]. There-
fore, how to effectively improve availability of intracel-
lular NADPH is an important problem to be solved in
further improving L-lysine production strains.

Methods

Strains, growth medium and culture conditions

Strains used in this study are listed in Table 5. Luria—
Bertani (LB) broth and LBG broth (LB supplemented
with 5 g/L glucose) were used for Escherichia coli and
C. glutamicum, respectively |57]. Epo medium, used for
preparing electroporation-competent C.  glutamicum
cells, and LBHIS (LB, Brain Heart Infusion, and sorbitol)
medium, used for obtaining recombinant strains, were
prepared according to the description reported by van
der Rest et al. [58]. C. glutamicum and E. coli were grown
at 30 *C and 37 °C, respectively. Appropriately, strains
were incubated with 50 pg/mL of kanamycin (Km), and

LLtamu, BMKOpUCTaHI B AaHOMY
LOCAiAXKeHHI, HaBedeHi B Tabauui 5.
bynsiioH flypia — beptani (LB) Ta
Bynbiion LBG (LB 3 noaasaHHam 5 r/n
TAHKO3W) BUKOPUCTOBYBANUCA ANA
Escherichia coli Ta C. glutamicum
BianoeiaHo [57]. Cepenoenwte EPO, ake
BMKOPWCTOBYBANOCA ANA NPUrOTyBaHHA
kniTuH C. glutamicum, KOMNETEHTHWX B
enekTponopadil, i cepegoeunwte LBHIS
(LB, Brain Heart Infusion, and sorbitol),
BMKOPWCTOBYBaHE ANA OTPUMAaHHA
pekomMBiHaHTHMX WwTamie, Byau
NpWroToBAEHI BIANOBIAHO A0 onuMCy,
HagaHoro van der Rest et al. [58]. C.
glutamicum Ta E. coli empoutysanu npu
30 °C 1a 37 °C signogiaHo. BignosiaHo,
wramu iHkybyeanu 3 50 mkr/mn

KaHamiumHy (Km), i
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Table 4 Overview on the production of L-lysine by metabolic engineered C. glutamicum

Strains Culturing methods Final titers (g/L) Productivity (g/L/h)  Yield (9/g glucose] References

K-8 Batch 76 058 069 This wark
Fed-batch 2213 553 o7 This wark

AMO3 Batch T 046 03s [&0]

AL-93 Fed-batch 201.6 504 065 [a1]

65, geh Fed-batch 1815 378 065 3]

2L Batch 132 033 031 [&62]

Ly5-12 Fed-batch 120 40 055 [1d]

MHZ20-22B4 et Batch 216 03 02z [&3]

* Achieved in shake-flask fermentation
" Estimated from reference

25 pg/mL of Km was used to obtain recombinant strains
of C. glutamicum.

Batch cultivation in shake flasks was carried out as
described previously by Xu et al. [57]. The improved
CgXll-medium (CgXIl medium supplied with 0.25 g/L
t-methionine and 0.6 mg/L biotin; CgXII'F) with-
out carbon source was used as minimal medium for
L-lysine production. The main culture was performed
in triplicate using 500-mL Erlenmeyer flasks with
50 mL of Cg){lllp-medium containing 40 g/L of glucose
or 40 g/L of beet molasses, which were designed as
CgX11"G-medium or CgXII"M-medium, respectively.

The fed-batch fermentations were carried out
in a 1-L jar fermenter (BLBIO-1GC-4, Bailun Bi-
Technology Co. Ltd., Shanghai, China) contain-
ing 0.25 L of medium with an inoculum size of 10%
(v/v). Inoculum was obtained from a seed culture at
AOD, =045—-0.50 (at a dilution of 25-fold). The
seed medium was prepared according to the descrip-
tion reported by Xu et al. [3]. The fermentation
medium contained (per liter): 80 g glucose, 40 g beet
molasses, 30 g corn steep ligquor, 50 g (NH,),50,,
1.5 g KH,50,, 1.0 g MgS50,-7H,0, 0.02 g FeSO,, 0.02 g
MnS0,, 0.5 g L-methionine, 0.05 g glycine betaine,
2.4 mg biotin (add in 4 portions), 400 pg thiamine-HCI
and 2 mL antifoam. The aeration rate, pH, dissolved
oxygen levels, and temperature were set as described
by Becker et al. [10]. Feed solution contained (per liter)
400 g glucose, 100 g beet molasses, 40 g (NH,),50,,
which prepared according to the description reported
by Becker et al. [10] and was used to maintain glucose
concentration at 5~10 g/L by adjusting the feeding
rate according to the glucose concentration observed
every 4 h. Both these media were adjusted to pH 7.0
with ammonium hydroxide.

25 mkr/mn Km 6yno eukopwcrado ans

Construction of C. glutamicum recombinant strains

The plasmids and oligonucleotides used in this study
are listed in Table 5 and Additional file 1: Table 51,
respectively. The gene deletions and gene replace-
ments were executed in C. glutamicum chromosome
according to the published method [57]. The cas-
settes of ATP-GIK (from B. subtilis), ADP-GIK (from
M. maripaludis) and fructokinase (Scrk; from C. ace-
tobutylicum) with P, . promoter, rrnBT1T2 terminator
and EcoRl endonuclease was optimized for expression
in C. glutamicum and then synthetized by GENEWIZ
(Suzhou), Inc. (Suzhou, China). The plasmid construc-
tion and transformation were performed according to
the previous descriptions [57]. The recombinant plas-
mids were transferred into C. glutamicum competent
cell by electroporation, and the recombinant strains
were screened on according to the published method
[58]. The DNA manipulations and build process of the
recombinant strain are stated in Additional file 1.

Quantification of intracellular NAD™/NADH, NADP*/
MADPH and ATP

The €. glutamicum strains were cultivated in
CgXIl'-medium containing 40 g/l of glucose, and the
logarithmic growth phase cells were used for analy-
sis. The intracellular concentration of NADT/NADH,
NADPT/NADPH and ATP were measured using NAD™/
NADH Quantification Colorimetric Kit, NADP™/
NADPH Quantification Colorimetric Kit and ATP Col-
orimetric/Fluorometric Assay Kit (BioVision, Inc., Mil-
pitas, CA) according to the manufacturer’s instructions,
respectively.

Analytical methods

A sample was taken from shake flasks or fermenter every
2 or 4 h. A half of sample was used to measure biomass
using a spectrophotometer at 600 nm after an appropri-
ate dilution. According to the previous description [57],

MopuiitHe 6poAiHHA 3 NIAXUBNEHHAM NPOBOAUNK B 1-N1 6GAHOYHOMY

OTPUMaAHHA peKoMOiHaHTHMX wTamis C.
glutamicum. MakeTHe KyNLTUBYBAHHA B
KonGax Ans CTPyLWyBaHHA MPOBOANIOCH,
AK onucaHo padiwe Xu et al. [57].
MokpaweHe cepenoeute CgXll
(cepenoene CgXll mictute 0,25 r/a n
meTioHiny Ta 0,6 mr/n Biotuny; CgXIIIP)
Bez axepena eyrneuio
BMKOPWCTOBYBABCA AK MiHIMaNnsHe

cepeaoeulle A7 BUpobHUUTEA |-niznHy.

OCHOBHY Ky/bTypYy MPOBOAWIW B TPOX
MPUMIPHMKaX 2 BUKOPUCTaHHAM Konb
Epnenmeriepa ob'emom 500 ma 2 50 mn
CgXIlIP-cepeaormwa, wo mictuno 40 r/n
raokozu, abo 40 r/n Bypakoeol Menscy,
Aki bynu pospobneni ak CgXIlIPG-
medium abo CgXIlIPM-medium
BiANOBIAHO.

thepmeHTepi (BLBIO-1GC-4, Bailun Bi Technology Co. Ltd., LaHxai,
KuTtai), wo mictue 0,25 n cepefosBuLla 3 po3MipoM iHokynsaTa 10%
(06./06.). v). IHOKYNAT OTPUMYBaNH 3 NOCIBHOT KyNbTypu Npu AOD562
= 0,45 - 0,50 (y 25-kpaTHOMy po3BefeHHi). MociBHe cepefoBuLle
roTyBanu 3rigHO 3 ONMCOM, NpefcTaBneHnm Xu et al. [3]. Cepegouule
6pofiHHA MicTuno (Ha niTp): 80 r rntoko3m, 40 r 6ypakoBai naTtoky, 30
I KYKypyA3aHoro posuuHy, 50 r (NH4)2S04, 1,5 KH2504, 1,01
MgS04-7H20, 0,02 r FeS04, 0,02 r MnS04, 0,5 g I-meTioHiH, 0,051
rniuvHGeTaiHy, 2,4 Mr 6ioTuHy (noaatu B 4 nopuii), 400 MK TiamiHy-
HCI i 2 mn niHoracHuka. LUBuAKIcTb aepadlii, pH, piBHi po3unHeHoro
KUCHI0 Ta TEMNepaTypy BCTaHOBNIOBanNu, sk onucaHo Becker et al.
[10]. KopmoBuit poaumH MicTUB (Ha niTp) 400 r rntokosw, 100 1
6ypakosoi Menack, 40 r (NH4)2S04, skuii 6yB NPUroTOBNEHWIA 3rigHO
3 onucoMm, HafaHum Becker et al. [10] i BukopucToByBaBCa Ans
NiATPMMKW KOHLEHTpaLii rMoKo3mM Ha piBHI 5 ~ 10 r/n wnsxom
perynioBaHHs WBUAKOCTI rofyBaHHA BiAMOBIAHO A0 KOHLeHTpauil
FMOKO3M, WO cnocTepiranaca KoxHi 4 roguHu. 06uasa Ui
cepefoBMLLA A0BOAATb A0 pH 7,0 3a AO0NOMOroK TiAPOKCKay aMoHilo
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MNobyaoea pekombiHaHTHKUX wTamis C.
glutamicum Mnazmiam Ta
ONIrOHYKNE0TUAN, BUKOPUCTaHI B LibOMY
AOCAiAXeHHI, HaBeaeHi B Tabnuui 5 Ta
aopatkosomy daiini 1: Tabauua S1
eianosigHo. leneuii Ta 3amiHK reHie
npoeoAnaM & xpomacomi C. glutamicum
3a ony6nikoeaHoto MeToaMKor [57].
Kacetn ATP-GIK (gia B. subtilis), ADP-GIK
(Bin M. maripaludis) Ta dpykToKiHazK
(Scrk; Bin C. acetobutylicum) 2
npomoTopom Ptuf, TepmiHatopom
rrBT1T2 Ta eHaoHykneazoo EcoRl Byam
ONTMMi30BaHi AnA ekcnpecii Ha C.
glutamicum, a NoTiM CMHTE30BaHI
komnaniero GENEWIZ (Cyuxoy), Inc.
(Cyusxoy, Kutaid). NMobyaosy Ta
NepeTBoPeHHA NAasMiAn BUKOHYBaNu
3riAHO 2 NonepegHiMu onucamu [57].
PekombiHaHTHI Niazmign nepeHocunnca
B KoMneTeHTHy kaitkHy C. glutamicum
2a AONOMOTOH) enekTponopaLil, a
pekoMBIHaHTHI WTaMu NPOBOAMAM
CKPWHIHT BianoeiaHo Ao onybaikoeaHoro
metoay [58]. Maninynauii 2 AHK ta
npouec nobyaoeu pekombiHaHTHOrO
wtamy ekazaHi y loaatkoeomy daiini 1.

Ananitnuni metoam: Mpoby einbupanm 3
kokTenie abo depmenTepa koxHi 2 abo 4
roa. MNonoewHa 2pazka byna BUKOpUCTaHa
AR BMMipHOBaHHA Biomack 3a 4oNoMorow
cnekTpodoTomeTpa Ha 600 HM nicnA
BiANOBIAHOrO po3BeAeHHA. 3a NonepesHim
onMcom

Table 5 Strains used in this study

Contents Relevant characteristic(s) References
C. glutarmicum strains
K1 C glutamicum JL=6 Apck-poc Aodepee AP1gtAP - gadh, L-lysine-praducing strain - [3]
derived from strain £ glutamicum ATCC 13032
K-2 Derivative of strain K-1 with hetero-expression of scri from C. acetobunylicum This work
K-3 Derivative of strain K-2 with deletion of ptsG and ptsF This work
K4 Drerivative of strain K-3 with two point mutations in the promater of iolTT, relative to - This work
the start codon at position-112 (A — Q) and <112 (C— Q) respectively, and with
replacement of natural promater of gene ilT2 by rwf promater as well as two
copies of ialT2 gene
K5 Derivative of strain K-4 with replacement of natural gene glk_, by the optimized This work
gene glky, from B subtilis '
K6 Derivative of strain K-5 with introduction of the optimized gene gk, from M. This work
rmaripaiudis
K-7 Drerivative of strain K-6 with replacement of natural promoter of gene ndh by f This wark
promater
K-8 Derivative of strain K-7 with deletion of the gene sigH This work
Plasmids
pK1Emobsack Intagration vector [59]
pk18mobsack/ Apfkf-seriSE Intagration vector for introduction of the cassette of sork gene at pfkB gere loci This work
pK1EmobsacB/Aptsn Integration vector for deletion of ptsG gene This work
pK1EmobsacB/AptsF Integration vector for deletion of pesf gene This work
pK]Bmabsachﬂprﬂ-:g.'ka“m Integration vector for introduction of the cassette of gk, | gene at pisf gene loci This wark
pK]Bmabsachﬂgl'ktg':gl'kE Integration vector for replacement of the native gl’Jqu gene by the cassette of glk,,  This work
gene
pK1EBmobsacB/F . iclTT Intagration vector for introducing two point mutations in the promoter region This wark
of ialTT, relative to the start codon at position=113 (& —= G} and <112 {C —= G,
respectively
pK1EmobsacB-P, iclT2 Intagration vector for replacement of the nature promater of iofT2 gene by the fwf This work
promoter
pK1Emobsack-2 x ioll 2 Integration vector for introducing a second copy of the ialT2? gene with tuf pro- This work
moter
pK18mobsacB-P ¢ ndh Intagration vector for replacement of the nature promater of ndh gene by the fwf This work
promoter
pK1Emobsacl/ AsigH Integration vector for deletion of sigH gers This work
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the correlation factor between dry cell weight (DCYW)
and ODgy, was determined as 0.318 (1 ODg,,=0.318 g
DCW). The other half of sample was diluted 100-fold,
and then used to determine glucose and vL-lysine con-
centration using an SBA-40E immaobilized enzyme bio-
sensor (Shandong, China). L-lysine concentration was
determined as lysine-HCI in duplicates. In addition, the
samples were also used to determine the concentration of
sucrose, fructose and by-products (including amino acids
and organic acids) by high performance liquid chroma-
tography (HPLC) according to the description of Xu et al.
[57]. The enzyme activity assay is stated in Additional
file 1.

Supplementary information

Supplementary information accompanies this paper at httpey/dol.
org/10.1 186551 2934-020-1294-7

koedillieHT Kopenauil MiX Macor Cyxux
knitua (DCW) 1a QD600 bye
BU3HadeHWid Ak 0,318 (1 OD600=0,318r
DCW). IHWwy nonoBuHy 3pazka
po3eoawnnur B 100 pazie, a noTim
BMKOPWCTOBYBAAW ANA BM3HAUEHHA
KOHUEHTPALLIT rIoKo3m Ta |-niamHy 2a
AONOMOrow iMmMobinizoeaHoro
depmenTHoro bioceHcopa SBA-40E
(WaneayH, Kntait). KoHueHTpauiro L-
Niz3WHY BU3Ha4Yanu Ak nizvH- HCl y apox
npumipHKkax. Kpim Toro, 2pasku Takox
BYNM BUKOPUCTaHI ANA BU3HAYEHHA
KOHUeHTpaLil caxapo3n, GpykTozn Ta
nobiuHWX NpoayKTie (BKAKOYAKOYM
aMIHOKWMCAOTK Ta OpraHiyHi kMcnoTK)
METOA0M BMCOKOEDEeKTMEHOT piaMHHON
xpomatorpadii (BEPX) eignoeizno oo
onwucy Xu et al. [57]. AHaniz akTMBHOCTI
dhepMeHTIB 3a3HauYeHnid ¥ A0AATKORI
cratTi 1.

Additional file 1. Oligonuclectides used in this study, mutation informa-
tion of the genes pési, prsf and pisH and strategy used for construction of
recombinant plasmids.
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1G5: The coupling system of myo-inositol permeases and glucokinases; CgXii©-
mediurm: The impraved CoXl-medium;: CoXIFh-medium: CgXi®-medism
with 40 gL of beet molasses
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Jlonarok 3

Determination of glucose, fructose, sucrose, and trehalose
concentration

Samples of 200 pl were taken from Erlenmeyer flasks every 4 h. Then, 100 ul of those
samples was used to determine the glucose, fructose, sucrose, and trehalose
concentration, and the other for measuring the cell growth and L-lysine production.
The determinations of glucose, fructose, and trehalose in 1:10-diluted cultivation
supernatant were carried out by high-performance liquid chromatography (HPLC,
Agilent Technologies, Palo Alto, CA, USA) with a Sugar-Pak 1 6.5 x 300-mm column
at 70 °C using isocratic elution with ultrapure H,O at a flow rate of 0.6 ml/min, and
subsequent detection via determination of refraction indexes. The determination of
sucrose was carried out by HPLC as described previously [4].

Substrate and product analysis.

Quantification of glucose, fructose, and organic acids in 1:10-diluted cultivation supernatant was
carried out by high-pressure liquid chromatography (Kontron Instruments, Neufahrn, Germany)
involving separation on an Aminex HPX-87H column (300 by 7.8; Bio-Rad, Hercules, Calif.) at 55°C,
with 7 mM H,S0, as the mobile phase and a flow rate of 1 ml min™}, and subsequent detection via
determination of refraction indexes (sugars) or UV absorption at 210 nm (organic acids). For
quantification of sucrose, the column temperature was reduced to 15°C and the eluent
concentration was increased to 10 mM H,S0,. Glycerol and dihydroxyacetone were quantified
enzymatically (Boehringer-Mannheim, Darmstadt, Germany). Quantification of amino acids
followed the method of Kromer et al. (12). Cell concentration was determined by a photometer at

660 nm or by gravimetric analysis as described previously (11).
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Kbc Citrate cycle (TCA cycle) - Corynebacterium glutamicum ATCC 13032 (Kyowa Hakko)
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Kbc Lysine biosynthesis - Corynebacterium glutamicum ATCC 13032 (Kyowa Hakko)
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ch Pyruvate metabolism - Corynebacterium glutamicum ATCC 13032 (Kyowa Hakko)
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