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Momusayuss u yenv. L-BanvH (manee — BanuH) — He3aMEHHMas aMHHOKHUCIIOTA,
YUYacTBYIOIAsi HE TOJBKO B CHHTE3€ OEJNKOB, HO TaKXXe B PETYJIATOPHBIX IMpoLeccax
BHYTPU KJIETOK. Bamun wncnome3yercs B pa3iuuHBIX 00JacTsAX IPOU3BOJICTBA,
Hampumep, B (apMaKoJOTHH U KOCMETOJIOTHH, HO HamOoJjiee MIUPOKOe MpUMEHEHHE
HaXOJIUT B Ka4eCTBE KOPMOBOI 10OABKH IS CETbCKOX03IHCTBEHHBIX KUBOTHBIX [1].
OcHoBHBIE 00BEMBI BAIMHA TIOTYYAIOT OMOTEXHOJIOTHYECKAM CIIOCOOOM, C TTOMOIIBIO
MITaMMOB-TIpOAyLeHTOB. [lomynsipHas ocHOBa JUIsl TaKMX INTAMMOB — Oe30macHas H
HeMpUXOT/uBasi mouBeHHas Oaktepusi Corynebacterium glutamicum [2]. B wnameit
CTpaHe COOCTBEHHOE IMPOU3BOJICTBO BaJIMHA NIOKA OTCYTCTBYeT. COBpeMEHHBIE YCIOBUS
JENIAl0T HEOOXOAMMBIM CO3/aHHE TAKOrO0 IPOU3BOJCTBA, BKIIOYAs pa3zpabOTKy
ITaAMMOB-TIPOJIYLICHTOB.

Ms1 ckonctpyupoBanu mrtamm C. glutamicum VG ¢ ypoBHeM MpoayKIWH BajvHa B
nmaboparopHoMm depmentépe He meHee 70 /11, 9TO OIU3KO K PACTBOPHUMOCTH BajlHA B
Boge mpu 30 °C. OnmHako BBIACHUIOCH, YTO NPOAYKTHBHOCTH IIITAMMa IIOCIE
HECKOJIBKMX MacCakel MoxeT omycTuTbes a0 40 r/n u Hwke (mramm VG-X). Hamei
3ajayeil ObIJI0 yCTAaHOBUTH NMPUYHMHY 3TOTO SIBJCHUS, YTOOBI MPEIOTBPATUTh NaJeHHUE
MPOAYKIMH BaJIMHA MTPU UCIIOIB30BAHUH IITAMMa B OHOTEXHOJIOTUIECKOM TIpOIIecce.
Memoowt u aneopummer: Depmenrtanuio mraMMa VG M €ro  MPOM3BOIHBIX
OCYILECTBIISUIN B Ja0OpaTopHBIX (QepMEeHTEPaxX Ha cpeje ¢ TIIIOKO030M U KyKYpPY3HBIM
HKCTPAKTOM, a TAKXK€ B IPOOHPKaX Ha cpelie ¢ IIIIOKO30HM ¥ THAPOJIN3aTOM MIIEHUYHOTO
Oenka. [IpOmyKTUBHOCTh KYJBTYP OIICHMBAJIU 10 coAepkaHuto L-paiuHa B
KyJlbTypaJdbHOMH JKHIKOCTH, H3MepeHHOMy c¢ mnomMombio BOIXX. Omnpenenenue
AKTHBHOCTH KJTFOYEBOTO (hepMeHTa OHOCHHTE3a BajMHa areTonakrarciuaTasbl (AHAS)
ocymectBisin MetogoM ['o ¢ coaBT. [3]. CexkBeHHpOBaHHE TE€HOB MPOU3BOJMIN IO
Conrepy. [yist MmoenupoBaHusi OSIKOBBIX MOJICKYJT puMeHsiin nporpammy AlphaFold2
[4]. Jly1st cBEpXIKCIPECCHHU T'€HOB HUCIIOIB30BAIN aBTOHOMHYIO tutasmuay PNS2 [5].
Pezynomamul: AHaNM3 cepur MTaMMOB, TIONYYEHHBIX M3 OTJEIBHBIX KIOHOB IITaMMa
VG-X, BBISIBUI, YTO 3TH IITAMMBI IMEIOT Pa3HYyIO MPOJAYKTHBHOCTH MO BaIUHY — OT 0
1o 100 % mponykruBHocT mTtamMMa VG. M3mepenune aktuBHOCTH (epmenta AHAS
MoKa3aio, 4yTo oHa Takxke coctapisieT ot 0 10 100 % axtuBHOCTH AHAS y mtamma VG,
npu4éM BapbUpYyeT MPONOPIHOHANBHO YPOBHIO MpoayKiuu. CeKBeHHpPOBAaHHE TeHOB
ilVBN B 3TuX mramMmax MO3BOJHIIO BBISIBUTH PSIJI TOYSYHBIX 3aMEH HYKJICOTH/IOB, CPEIH
KOTOpBIX — 3HaUnMble MyTarmu B reHe 1lVN. Monenuposanue 6enka IIVN (perynsitopras
cyobenunauiia AHAS) mokasano, 4TO 3TH MyTallMd BbI3bIBAIOT HM3MEHEHHE €ro
CTPYKTYpBI, PpEe3yJbTaTOM 4YEro MOXKET CTaTh HapylleHHe (YHKIUOHUPOBAHUS
¢depmenra. Tpanchopmanus mraMma, HECYLIETO OAHY M3 TAKMX MYTAIMH, IUIa3MUA0N
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PNS2 c renom ilVN 6e3 Myraruu MO3BOJHIIA BOCCTAHOBUTH aKTUBHOCTH AHAS wu
npoaykiuio BanuHa. OTCIoa ciaeyeT, 4To NaJeHne MPOAYKTHBHOCTH Y 3TOTO HITaMMa,
JCHWCTBUTEIBHO, ObLIO CBsi3aHO ¢ wHakTHBaImeit AHAS u3-3a mytanuu B rede ilvN.
Buisoowi: Mbl ipennonaraeM, 4ro cHmkenne aktuBHoct AHAS B mramme VG Benér
K TMIepeHaNpaBICHUIO IOTOKAa METa0OIUTOB OT OMOCHHTE3a BaJIMHA Ha APYTHE MPOLECCHI,
MO3TOMY KJIETKH C COOTBETCTBYIOIIMMHU MYTAIMSIMH PAcTyT OBICTpEE U HAKATLTUBAIOTCS
B KynbType. HeoOxomumast Mepa Juis TOro, 94To0bl IPOYKTUBHOCTH miTaMma VG mpu
MPOMBIIIJICHHOM KYJIBTUBUPOBAHUU OCTABAIACh BBICOKOW — KOHTPOJb YpPOBHSA
aktuBHOCTH AHAS B oceBHOM MaTepuale.

QuHancuposanue. VccnenoBanne 4acTUYHO MOAIEpXKaHO MUHUCTEPCTBOM HAyKH U
Beiciero oOpaszoBanuss P® (rpant Ne 075-15-2019-1659) um TocymapcTBeHHBIM
3agannemM HULL «KypuaToBckuil HHCTUTYTY.
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Motivation and Aim: L-valine (hereinafter referred to as valine) is an essential amino
acid involved not only in protein synthesis but also in regulatory processes within cells.
Valine is used in various fields of production, for example, in pharmacology and
cosmetology, but it is most widely used as a feed additive for farm animals [1].

The main amounts of valine are obtained biotechnologically, using strains-producers. A
popular basis for such strains is the safe and unpretentious soil bacterium
Corynebacterium glutamicum [2]. In Russia, domestic production of valine still doesn’t
exist. The current situation dictates the necessity to create such production, including the
development of strains-producers.

We designed a strain of C. glutamicum VG with a level of valine production in the
laboratory fermenter of at least 70 g/L, which is close to the solubility of valine in water
at 30 °C. However, it was found that the productivity of the strain can drop to 40 g/L or
lower after several passages (VG-X strain). Our goal was to determine the cause of this
phenomenon in order to prevent a drop in valine production when the strain is used in a
biotechnological process.

Methods and Algorithms: Fermentation of VG strain and its derivatives was carried out
in laboratory fermenters on a medium with glucose and a corn extract, and in test tubes
on a medium with glucose and wheat protein hydrolysate. The productivity of the
cultures was assessed by the L-valine content in the culture fluid measured by HPLC.
The activity of the key enzyme of valine biosynthesis, acetolactate synthase (AHAS),
was determined by the method of Guo et al. [3]. Gene sequencing was performed by
Sanger sequencing. AlphaFold2 program [4] was used for modeling protein molecules.
The autonomous plasmid pNS2 was used for gene overexpression [5].
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Results: The analysis of a series of strains derived from individual clones of VG-X strain
revealed that these strains have different valine productivity, ranging from 0 to 100 % of
the productivity of VG strain. Measurement of AHAS enzyme activity showed that it
also ranged from 0 to 100 % of AHAS activity in VG strain, with variation proportional
to the level of production. Sequencing of the ilvBN genes in these strains revealed a
number of point nucleotide substitutions, including significant mutations in the ilvN
gene. Modeling of the IIlvN protein (regulatory subunit of AHAS) showed that these
mutations cause changes in its structure, which may result in impaired functioning of the
enzyme. Transformation of a strain carrying one of these mutations with plasmid pNS2
with the ilvN gene without the mutation allowed to restore AHAS activity and valine
production. It follows that the drop in productivity in this strain was indeed due to the
inactivation of AHAS due to the mutation in the ilvN gene.

Conclusion: We assume that a decrease in AHAS activity in VG strain leads to a
redirection of metabolite flux from valine biosynthesis to other processes, so cells with
the corresponding mutations grow faster and accumulate in culture. A necessary measure
to ensure that the productivity of VG strain in industrial cultivation remains high is to
control the level of AHAS activity in the inoculum.

Funding: This research was partially funded by the state task of the National Research
Center “Kurchatov Institute” and by the Ministry of Science and Higher Education of
the Russian Federation Ne 075-15-2019-1659.
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