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BJIMSHUE YTIJIEBOJOB HA ITPOTEOQJIMTHUYECKYIO
AKTUBHOCTDB IITAMMOB Lactococcus lactis

Hccneoosano enusinue npeduomuxa naKmynossl, J1aKmo3vl U 210KO3bl HA NpPO-
MeONUMUYECKYI0 AKMUGHOCHb 08YX 2eHEeMU4ecKu MOOUDUUUPOBAHHBIX WMAMMO8
Lactococcus lactis pNZ45subC u pNZ48CE. Ycmanoenerno, umo nauevicuidas npo-
MeonUMuYecKkasl akmugHOCb 000UX WMAMMO8 HAOTI00Aemcs 6 NPUCYMCMEUU 2o-
Ko3bl. Brecenue naxmo3svl u aaxkmynosvi, eeposmuo, Onokupyem oOeticmeue HU3UHdA,
unoyyupyroujezo cunmes npomeasvl wmammamu L. lactis pNZ45subC u pNZ48CE, 6
CBA3U C YeM OMMEeYeHO 3HAYUMETbHOe CHUdICeHUe NPOMeOIUMuU4eckol akmugHoCmu.
Tonyuennvie pesynbmamul C6UOEMENbCMBYION O MOM, 4MO UCHONb306AHUE T1AKMO3bl
U IaKMY03bl NPU NPOU3EOOCHEE KUCTIOMOIOUHBIX NPOOYKINOE He OyOem akmueusupo-
6amb NPOMeEOTUMUUECKYIO AKMUBHOCHIb UCCe0YeMbIX UMAMMO8, d Cl1ed08amenbHo,
CnocobCcmeosams 603HUKHOBEHUIO NOPOKOB. YCmano8iena 803MONHCHOCHb UCNONb308d-
nust Onst unoykyuu L. lactis pazeedennozo ¢ 107 pas cynepnamanma, nonyuenno2o u3s
HuzuHnpooyyupyowezo wmamma L. lactis NZ9700.

KuitoueBbie cJ10Ba: npomeoiumuieckasi aKmueHOCHb, MOIOYHOKUCTbLE MUKPOOD-
ecanusmel,; Lactococcus lactis; nusun.

BBenenue

Lactococcus lactis OTHOCUTCS K TPaMITIOIOKHUTEIbHBIM MOJIOYHOKHUCIIBIM OaK-
TEPUSM U IIMPOKO HCIOIB3YETCS B MOJIOYHON IMPOMBIIIJICHHOCTH, B YACTHOCTH
MPU MPOU3BOACTBE KHUCIOMOJOYHBIX MPOAYKTOB, KHCIOCIMBOYHOIO Macia H
ceipoB. Kpome Toro, L. lactis akTHUBHO HCTIONB3YETCS] B pa3IMIHBIX Harpasiie-
Husx Ouorexnonoruu [1—4]. Ha ceromsmHuid JeHb MHOTO pa0OT MOCBSILEHO
HCCIICIOBAHUIO (PH3MOIOTHUECKUX M TEHETHYCCKUX CBOMCTB L. lactis ¥ TIONHO-
CThIO paciudpoBaHa TMOCIEIOBATEILHOCTh TEHOMOB HEKOTOPBIX IITaMMOB
[5-7]. OnHo¥ M3 BaXHEHIINX XapaKTEPUCTUK MOJIOYHOKUCIBIX MHUKPOOPTAHU3-
MOB SIBJISIETCSI MX MPOTEONIUTUYECKasT aKTUBHOCTD. [1oBBIIEHHAs CIIOCOOHOCTD
MHUKPOQIIOPH! 3aKBACOK pasjlararb OCNKH MCIIONB3YeTCS B CHIPOACIHHU, OTHAKO
P IPOU3BOJICTBE KUCIOMOJIOYHBIX IPOAYKTOB 3TO CBOWCTBO MOXKET MIPUBECTH
K BO3HHKHOBEHHIO ITOPOKOB.

B uccnenoBanusx, MpoBEACHHBIX paHee, ObLIO YCTaHOBJICHO, YTO HEKOTOPBIE
YIJICBOABI, B YACTHOCTH MPEOHMOTHK JIAKTYI032, MOTYT OKa3bIBaTh BIHMSHHE Ha
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TaKHUe CBOMCTBA MOJIOYHOKHCIIBIX MUKPOOPTAaHU3MOB, KaK: KHCIOTOOOpa3yromast
CIOCOOHOCTH M BBDKHBaEMOCTb [8, 9]. OnHaKo 3aBUCUMOCTD MTPOTEOIUTHIECKOM
AKTUBHOCTH JIAKTOKOKKOB OT NMPHUCYTCTBHS B CpeJie KyJIbTHBUPOBAHHS YIIICBOJIOB
M3y4YeHa HeJJOCTaTOYHO. B CBs3M ¢ 3TUM 1esbl0 TaHHOK padoThI CTAJI0 UCCIIENO-
BaHUE BIMSHHS JIAKTYJI03bI, JJAKTO3BI ¥ IVTFOKO3BI Ha MPOTCOTUTUICCKYIO aKTHB-
HOCTb JIBYX IITaMMOB L. lactis.

MaTepnam,I U METOAMKH HCCTICT0BAHUS

Paborta BbImonHeHa B paMkax mnporpamMMel Erasmus Mundus Action 2
(01.02.2011-30.06.2012) Ha kadenpe OHMOTEXHOJIOTHH BpoIuTaBcKOro yHHUBEp-
curera (ITompa); KOHCYJIBTAaHTOM BBICTYHAN A-p TE€XH. HayK, npod. Mapuun
JlyxameBuu.

OObeKTaMH UCCIEI0BAHUN SBIISUIUCH JIBA TEHETHYECKH MOAN(DHIIMPOBAHHBIX
mramma L. lactis: pNZ45subC n pNZ48CE, B3sThie U3 KOJUICKIIMH MHKPOOP-
raHu3MoOB YHHBepcuTeTa Bo BporytaBe. O6a mramma copepskar reH subC, mo-
My4YeHHbIH u3 Bacillus licheniformis u OTBeYArOIINN 3a MPOMYKIIUIO MIPOTEAa3kl.
OTnuuuTeNbHOM 0coOeHHOCThIO TamMMa L. [actis pNZ48CE sBnsercst crnoco0-
HOCTB K CHHTE3Y JBYX IpoTea3. [IoCKOIbKy CHHTE3 MPOTeasbl TaHHEIMA MUKPO-
OpraHu3MaMH BO3MOXKEH JIMIIb B pe3y/bTaTe MHAYKIIMH HU3UHOM, TO B paboTe
OBLT UCTIOJIB30BaH TAK)KE HU3UHIIPOAYIUPYIOIIUH mtamm L. lactis NZ9700.

Uccnenosanust nmpoBonmnuck ¢ wucnonbzoBanueM cuctembl NICE (nisin-
controled gene expression) [10]. CuctemMa ocHOBaHa Ha MEXaHH3MaxX PETYISAINN
ornepoHa nisinA B mrammax L. lactis. HU3uH HHAyIUpYeT 1M0CiIe10BaTeNbHOCT
MIPOIIECCOB, KOTOPAsk HAUMHAETCS C MIPUCOCANHEHUS K MEMOPaHOCBI3aHHOMY pe-
nenropy NisK. 3arem ¢ocarnas rpynmna ot aktusupoBanHoro NisK nepexoaur
K BHYTPHKJIETOYHOMY OTBETHOMY peryisiTopy NisR, akTHBHpYsI 3TOT peryisrop.
Hanee NisR ungyupyeT HU3UH-0IEepoH B mpomoTope nisA. ITpomotop nisA KoH-
TPOJIUPYET SKCIPECCHUIO TEHOB, YIACTBYIOIINX B OMOCHHTE3¢ HU3WHA (MIIH HHTE-
PECYIOILEro reHa).

Ha nepBoM 3Tarie ncciieioBaHuiA MPOBOUIIACH AKTHBAIIUS IITaMMOB L. lactis
myTeM HHKyOupoBanus pu Temmneparype 30°C B reuenue 20 u B cpene M17 [11],
cozmepxkamiei 0,5% TIIOKO3Bl M 5 MI/MJ aHTHOWOTHKA XJopaM@pennkona. Poct
KYJIBTYP ONPECIsIIN 10 N3MEHEHHUIO ONITHYECKON TUIOTHOCTH NPH JIMHE BOJIHBI
600 M (Thermo Electron Corporation Evolution 600 UV-Visible Spectrophotom-
eter, CILLIA).

Ha criemyromem starre 171t mpUTOTOBIEHHSI ONBITHBIX 00PasIioB B Cpey, Pe-
Ha3HAYEeHHYIO JUIS KyJIBTUBHPOBaHUS L. lactis, 100aBisi 00e3KUPEHHOE MOJIO-
ko B koimdectBe 10% oT oObeMa 0Opas3ma M YIJIeBOABI: TIIIOKO3Y, JIAKTO3Yy WM
JIAKTYJI03y B KOHIeHTpauu 1, 3 n 5%. Jlanee B cpelry BHOCHIIM aKTHBHPOBAHHYIO
KYJIbTYPY C KOHLUEHTpALHEH KIETOK, COOTBETCTBYIOIIEH ONTUYECKON INIOTHOCTH
0,1. Maykoust mraMMoB L. lactis TpOBOJMIIACH IIPU 9TOM K€ 3HA4€HHH OITHYe-
CKO INTOTHOCTH ITyTeM T00aBJICHNS HU3UHA HIIH CYTIepHATaHTa, TIOTyYCeHHOTO U3
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mrramma L. lactis NZ9700, passenennoro B 10* pas. KynsruBupoBanue MUKpPO-
Opranu3MoB mpoxoauio B reueHue 20 4 mpu 30°C.

[ocne mHKYyOMPOBaHS IPOBOIMIIH ONPEIEICHIE MPOTCOTUTHICCKON aKTHB-
HOCTH OIBITHBIX 00pa3noB. [y ompeaenaeHus: NpOTCONUTUYECKOH aKTHBHOCTH
HCTIONB30BAJICS METOJT C IPUMEHEHNEM B KadecTBe cyocTpara 0,5% pacTBop Ka3eu-
Ha, npurorosienHoro B 50 MM Tris-HCI Oydepe, pH pactBopa moaepxuBanu Ha
yposHe 10. MeTox 0CHOBaH Ha ONPEIEIICHUN CKOPOCTH (DepMEHTATHBHOM pPeaKIuu
TUApoNu3a cyocTpara moj IeHCTBUEM UCCIEAYEMbIX IPOTEOIUTHYECKUX (DepMEH-
TOB, COACPIKAIINXCS B MaTepHale, B3ATOM Ha aHaim3. CKOpOCTh PeaKIiy OIpesie-
JISUTH TIO KOJIMYECTBY 00Pa30BaBIINXCS aMUHOKHCIIOT — THPO3UHA U TPUNTO(AHA.

i m3MepeHus TPOTEOTUTHIECKOM akTHBHOCTH K 500 MK cyOcTparta J0-
6aBmsn 100 MKJI CynepHaTaHTa, MOJYYEHHOTO B pe3yabTare IEHTpH(yrupoBa-
HUS OIBITHBIX 00pa3noB B TeueHue 10 MuH mpu Temieparype 4°C U CKOpOCTH
13 000 06./mMuH (5415R centrifuge, Eppendorf, I'epmanust). [IpuroroBnenusie 06-
pasusl naKyoupoBaim npu 50°C (tepmoctar Bio TDB-100, BioSan, Jlareus) B
teueHue 30 MuH. OCTaHOBKY peaKlnuy OCYIIECTBISUIN MyTeM godasneHus 500 MK
10%-Horo pacTBOpa TPUXJIOPYKCYCHOM KUCIIOTHL. Jlanee MpoBOJMIN IIOBTOPHOE
LHeHTpU(yrupoBaHue oOpasloB U U3MEPEHUE ONTUYECKOH MIOTHOCTH CyNepHa-
TaHTa MpH JUTMHE BOJHEI 275 HM. Bee uccregoBanus nmpoBeieHb B 4—5-KpaTHON
noBTopHOCTH. IlomyueHHbIe pe3ynsTaThl ObLIM 00PaOOTaHBI C MOMOIIBIO IIPO-
rpamMelr MS Excel u ipezicTaBineHs Ha pHCYHKaxX B BUE CpeaHeapUPMETHISCKIX
3HAUEHUI C yKa3aHHWEM CTaHJApTHBIX OTKJIOHEHMH H3MepseMBbIX IOKa3aTesei.
[ Bcex u3MepeHuil BeJMuMHa CTaHJapTHOIO OTKIIOHEHHUs He npeBbiiaa 5%.

Pe3ysbTarsl Hccie0BaHus U 00Cy:KIeHe

CuHTte3 mpoTeassl yKa3aHHBIMH IITaMMaMH L. lactis BOSMOYKEH JIHIIB ITOT
JCVCTBHEM HH3HMHA, OJHAKO HU3UH SIBJISICTCS TOBOJBHO TOPOTOCTOSIIMM BEIlle-
CTBOM. B CBsI3M ¢ 9THM Ha TIEPBOM 3Tare HCCIICIOBAHUN IPEICTABISIIO HHTEPEC
MIPOBEICHUE CPABHEHUS TPOTCOTUTUICCKON aKTHBHOCTH L. lactis, MHIYIIPOBaH-
HBIX HU3WMHOM JI0O0 CyIepHaTaHTOM, TOJTYYCHHBIM U3 mTamMma L. lactis NZ9700.
B uccnenoBanusx, MpOBEICHHBIX HAMH paHEE, OTMEUCHO, YTO HAUBBICIIUE I10-
KazaTeJH MPOTCOTUTUICCKON aKTHBHOCTH HAONIONAIOTCS TIPH KYJIBTHBHPOBAHIH
mtaMMoB L. lactis B cpenie, conepxkaieit 10% obe3xupeHHoro Moioka. B cBs3u
C 9TUM KYJIbTUBUPOBAHKE M WHIYKIIUIO TaMMOB L. lactis pNZ45subC u L. lactis
pNZA48CE nposoaunu B cpene M-17, conepaxarueit 0,5% rtoko3sl u 10% 00e3-
KUPCHHOTO MOJIOKA. Pe3ynbTaTel M3MEpeHUs] MPOTEOIUTHUECKOH aKTHBHOCTH
mramma L. lactis pNZ45subC, UHAYIUPOBAaHHOTO HU3MHOM M CYIEpHATaHTOM,
TIPE/ICTaBIIECHBI HA PHC. | 1 2 COOTBETCTBEHHO.

[Mony4ennsie pe3ynsraThl (prc. 1) MOKa3bIBAIOT, YTO HAHMOOJBIIIAs IPOTEOIH-
THYECKasl aKTHBHOCTh ObllIa OTMeUYeHa B oOpasmax, cojepxamux 0,5-10 Hr/mi
HU3UHA, B 00pa3iiax, He COCPIKAIMX HIU3HH, YPOBEHb IIPOTCOIUTHICCKON aKTHB-
HOCTH OBLT O1H30K K 0.
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Ha puc. 2 BuaHO, YTO HAMBBICIINN YPOBEHb MPOTEOIUTHIECKON aKTUBHOCTH
OTMEYEH B 00pa3iax, HHIyIHPOBAHHBIX CYIIEPHATAHTOM, Pa3BeicHHBIM B 10* pas.
AHaIOTHYHBIC Pe3yIBTaThl OBLIH TOTyYeHBI IPH UCTIONB30BaHUH IiTamMMa L. lac-
tis pPNZ48CE.

140

_ _
5 3 8 g S

TIporeoauTnyeckast akTHBHOCTb, €/1/MJ

'3
(=}
I

A

0,0 0,1 0,5 1,0 5,0 10,0 20,0

Konnentpanus HusuHa, HI/MI

S
I

Puc. 1. 3aBUCHMOCTB IPOTEOIUTHYECKON aKTUBHOCTH L. lactis
pNZ45subC oT KOHIIEHTpaLUK HU3HUHA

140

120 A

100

Hpo‘monmuqecx(aﬂ AKTUBHOCTbD, e,u/ MJI
& o 3
=) S S
I I I

[553
=)
I

o
I

0 107 10° 10* 2:10* 5-10* 10°

PasBenenne cy niep HataHTa
Puc. 2. 3aBuCMMOCTb IPOTEONIUTUYECKON aKTUBHOCTH

L. lactis pPNZ45subC oT KOHIIEHTpALMHU CylIepHaTaHTa

[TockonbKy ypoBeHb MPOTEOIUTUUECKON aKTUBHOCTH B 00pasliax, HHIYIIUPO-
BaHHBIX HU3WHOM M CyNEpHATAHTOM, pa3Be/ieHHbIM B 10* pa3, HaxomuTcs mpak-
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THYECKH Ha OIMHAKOBOM YPOBHE, TO B JAIBHCHIINX HCCIICNOBAHMAX MHIYKIIHS
MIPOBOJIMIIACH CyNEPHATAHTOM, HOJy4eHHbIM n3 mramma NZ9700, uto sBisercs
9KOHOMHUYECKHU 00JIee BBITOIHBIM.

Ha crnenyromiem srane ObUIM NMPOBEAEHBI HCCIIE0BAHHS MO BIUSHHUIO pa3-
JIMYHBIX YIJICBOJOB HAa YPOBEHb IPOTCOIUTHYCCKOM aKTUBHOCTH JABYX IITaM-
MOB L. lactis pNZ45subC u pNZ48CE. KynbTuBUpOoBaHHUE U UHAYKIHUS LITaM-
MOB TIpoBOIMIAachk B cpeie M-17, conepxaieid 10% 00e3KUPEHHOTO MOJIOKA.
Pesynbrartel M3MepeHUst MPOTEOJIMTHYECKOH aKTHBHOCTH IPE/ICTaBIICHBI Ha
puc. 3, 4.
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Kax Buano u3 puc. 3, 4, HauBBICIINI YPOBEHb MPOTEOTUTHIECKON aKTHBHO-
ctu wtamMmoB L. lactis pPNZ45subC n pNZ48CE ormeueH B o0pasuax, conepixa-
IUX TTI0K03y. [IpucyTCTBHE XKe B Cpejie JTaKTO3HI U JTaKTYIIO3b], BEPOSTHO, OITOKH-
pyeT neiicTBHE HU3UHA, BCIICACTBHE YETO MPOTEONUTHYCCKAS aKTHBHOCTD 000X
mTaMMoB Onm3ka K 0.

3akirouenne

Takum 00pa3zoM, IPOBEACHHBIC MCCICAOBAHUS MO3BOIMIN yCTAaHOBUTH BO3-
MOXKHOCTh 3aMEHbl HH3WMHA, HEOOXOIMUMOTO Uil MHAYKIMU ITaMMOB L. lactis
pNZ45subC u pNZ48CE, Ha cynepHaraHT, TOJIYYCHHBIA W3 HU3HHIIPOMYIHPY-
romero mramma L. lactis NZ9700. Ilpu 3ToM HCIONB30BaHUE Pa3BEICHHOTO B
10* pa3 cynepHaranTta 00eCcriedrBaeT TOT K€ YPOBEHb MPOTEOIUTUYECKON aKTHUB-
HocTH, 4yTo ¥ 0,5—10 Mr/mMi1 HHU3UHA.

HauBpicmas mporeonuTHUecKkass aKTHBHOCTh HAOMIOmaeTcs MPH  Kylb-
TUBUpOBaHUU mMTaMMOB L. lactis pNZ45subC n pNZ48CE B cpene M-17 ¢
nobasnenneM 10% obesxupernnoro moioka u 0,5-1% rmioko3sl. [lockombpKy
MPOTEOIUTUYECKAsI AKTUBHOCTh 00pa3LoB ¢ gobasaeHneM rmoko3sl 0,5 u 1%
HAXOTUTCS MPAKTHUECKH Ha OMHAKOBOM yPOBHE, TO IKOHOMHUYECKH 00JIee BbI-
TOJIHBIM SIBJISICTCSI BHECEHHE MeHbIel KoHLeHTpanuu yriaesoxa — 0,5%. Hdo-
OaBieHUE B CpeIy IS KYITGTHUBHPOBAHUS JIAKTO3BI U JIAKTYJIO3BI CIIOCOOCTBYET
3HAUYUTEIHLHOMY CHM)KEHHIO POTEOJUTHYECKOW aKTMBHOCTH O0OOMX IITaAMMOB
L. lactis n, 1o BCcel BUAMMOCTH, MHTHOUPYET JneicTBre HU3WHA. [loydeHHbIe
pe3yNbTaThl MO3BOJISIOT ClIeNIaTh BBIBOJ O TOM, YTO BHECEHHUE JIAKTO3BI U JIaK-
TYJO3HEI He OyleT aKTHBH3UPOBATH MPOTCOMUTHUECKYIO0 aKTHBHOCTH MOJIOYHO-
KHCJIBIX JIAKTOKOKKOB M, KaK CIJI€/ICTBHE, BOSHUKHOBEHHE TIOPOKOB KHCIOMO-
JIOYHBIX MTPOAYKTOB.
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INFLUENCE OF CARBOHYDRATES ON PROTEOLYTIC
ACTIVITY OF Lactococcus lactis STRAINS

Lactococcus lactis is a Gram-positive lactic acid bacterium that is commonly
used in traditional food industry such as cheese, fermented milk products and butter
production. In addition, it is extensively used in modern biotechnological applications.
Recently,many studies have been done on physiology and genetics of this bacterium,
therefore a wide variety of genetic tools have been developed. Nowadays several
genomes of L. lactis strains are completely sequenced. One of important properties
of lactic acid bacterium is their proteolytic activity. The strains with a high level of
proteolytic activity are used in cheese production, but their usage in fermented milk
products production can lead to flaw initiation. Several carbohydrates, for example,
prebiotic lactulose can influence starter microflora properties. In this research work the
influence of lactulose, lactose and glucose on proteolytic activity of 2 strains L. lactis
PNZ455ubC and NZ48CE was studied.

First, the gene expression was induced by the addition of nisin to the final
concentration of 0.1 ng/ml, 0.5 ng/ml, 1 ng/ml, 2 ng/ml, 5 ng/ml, 10 ng/ml and 20 ng/ml.
The induced and noninduced cells were harvested after 20 h, and the proteolitic activity
assay was performed. The highest proteolitic activity was observed after induction of
1 ng/ml and 5 ng/ml, in noninduced strains proteolytic activity was close to zero. To
verify the optimal condition for the protein overexpression, a range of the nisin and the
NZ9700 supernatant concentration was tested. All inducted cultures showed higher
enzymatic activity than the non-inducted culture. The highest activity around 120 U/mL
was obtained when 10 000-20 000 diluted supernatant from L. lactis NZ9700 was used.
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These results are comparable with the results received for 1-5 ng/mL nisin induction. In
further experiments the supernatant of the NZ9700 strain was used.

The highest proteolytic activity for both strains was observed during the growth on
M17 medium supplemented with 10% milk and 0.5—1.0% of glucose. Growth of bacteria
only in M17 did not lead to high enzymatic activity of the culture under induction, what
might suggest that the secreted protease is not stable under these conditions. Lactose
and lactulose presence probably block nisin action and the level of proteolytic activity
was close to zero. It means that adding lactose and lactulose to fermented milk products
will not lead to activation of L. lactis pNZ45subC and NZ48CE proteolytic activity and
will not cause flaw initiation.

Key words: proteolytic activity, lactic acid microorganisms, Lactococcus lactis;
nisin.
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