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B 0630pe npencraBiieHbl JaHHBIE JUTEPATypPhl IO aHTUMUKPOOHBIM MeTa0oIUTaM, CUHTE3UPYEMbIM MO-
snouHokuciabiMu G6akrepusimu (MKB), KoTopble M3gaBHAa UCTONB3YIOTCS JJIS TIPUTOTOBJIEHUSI MOJIOYHO-
KUCJIBIX TTIPOAYKTOB. OOO0OIIIEHBI CBEAEHUS 110 HU3KOMOJIEKYISIPHBIM aHTUMUKPOOHBIM BEIIECTBAM, SIBJISI -
IOIIMMCSI OCHOBHBIMM MJIM TTOOOYHBIMU MTPOAYKTAMU MOJIOYHOKUCIIOTO OpokeHus. B oTmenbHbIX riiaBax
paccMoTpeHO MHOorooopasue GpyHruuaHbix BeuiectB MKbB 1 6akTepruoliMHOB B CBSI3M € UX MOTEHLIMAb-
HBIM MCTIOJIb30BaHUEM B Ka4eCTBE KOHCEPBAHTOB IMUIIEBbIX MPOAYKTOB. boiee monpoOHO naHa xapakTe-
pUCTHKA U KJaccudUKalus 6aKTepruOIMHOB, UX CUHTE3 M MEXaHU3M JeWCTBUSI PACCMOTPEHBI Ha TIpUMeEpPe
HU3MHa A, oTHocserocst K | kinaccy JaHTUOMOTUKOB, CUHTE3UpyeMoro daktepusiMu Lactococcus lactis
subsp. lactis. Mexanuam neiictBus 6akrepuolinHoB 11 Ki1acca paccMoTpeH Ha mpuMepe JlakTulimHa. B 3a-
KJTIOUEHU U TIPUBEICHBI OCHOBHbIC MEPCIIEKTUBHbBIC HATIPABJIEHUS UCITOJIb30BaHNSI aHTUMUKPOOHBIX MeTa-

o6omutoB MKDB B IpOMBIIIZIEHHOCT M MEIUIITHE.

Monounokucnsie 0akrtepun (MKB) yxe Oonee
cTa JIeT MPUBJIEKAIOT BHUMAaHUE HCClenoBaTele.
HMuTtepec mHOTMX yueHbIX K MKD CBsI3aH ¢ nX BIusI-
HHEM Ha 3J0POBbE UeJIOBEKa U CITIOCOOHOCTHIO K KOH-
CEepBUPOBAHMIO TMILEBbIX MPOAYKTOB. Ha B3aumo-
cBsa3b Mexxny MKDb 1 3mopoBbeM yeioBeka BIiepBbie
ykaszan .. MedHUKOB, IIpeaIoIOXKUB, YTO IIPUI-
HOI OOJIBIIIOTO KOJIMYeCcTBa 3a00JIeBaHUN SIBJISIETCS
OTpUIIATEeIbHOE NEWCTBHE HA TKAHUW YEJI0BEYECKOTO
opraHu3ma pa3HooOOpa3HbIX TOKCUHOB M METabOJ M-
TOB, 00pa3yeMblX MUKPOOpPraHu3Mamu, IOoNajaaio-
IIMMHW B OpraHU3M 4YejioBeKa. B mouckax crioco0oB
OOpPBOKBI C IMPEKIEeBPEMEHHBIM CTapeHUEM OH OOHa-
PYXUJT CBOMCTBO MOJIOYHOKMCIIBIX OaKTepUid MoaaB-
JISITh PAa3BUTHUE BPEIHBIX MUKPOOOB, OOUTAIOIIMX B
XKeJTydOYHO-KMIIIeUHOM TpakTe [l]. Bromy dakrty
JIOJITOe BpeMsl He MpraaBaiu JOKHOTO 3HAYEHUS, U
auib B 90-e Toasl MpoIIJIOTro CTOJIETUS MOcie psiaa
YCTICITHBIX MCCAEA0BaHUI yUeHble BHOBb BEPHYJIUCHh
K unee M.M. MeuyHukoBa O 3HAYUTEIBHOI pPOIU
MKDbB B nognep:kaHu 300pOBhs YeJIOBeKa. DTHU MC-
CJIEIOBAHUS SIBUINCHh CTUMYJIOM K U3YYEHUIO UX aH-
TUMUKPOOHBIX U MTPOOMOTUYECKUX CBOMCTB.

VBenmyeHue CpOKOB XpaHEHUs] MUIIEBBIX IIPO-
JIYKTOB MHTEPECOBAJIO YeJIOBEYECTBO ellle C APEBHUX
BpeMeH. HanboJsee yacTo B KauecTBe KOHCEPBAaHTOB
WUCITOJIb30BAJIM MMOBAPEHHYIO COJIb C J00OABJIEHUEM B
psioe ciaydaeB YKCYCHOM KUCIIOThI. B mocienHee Bpe-
MSI B TTUIIEBOI ITPOMBIIIUIEHHOCTH aKTUBHO UCITOJb-
3YIOTCA XUMMNYECCKNE KOHCEPBAHTHI U aHTl/I6l/IOTI/lKI/l,
oOJamaroye OaKTepULUMIHBIMA U (PYHTULIMIHBIMU
cBoiictBaMH. OQHAKO TaKKMe KOHCEPBAHThI BHI3bIBA-
IOT ONaceHUs1 y MOoTpeOuTeNell BCIEACTBUE UX TOK-

CUYHOCTU U BO3MOXHOCTHM TIOAABJIEHUS €CTeCTBEH-
HOM MUKpOOHOTHI opranu3ma. McmonszoBanne MKb
U UX META0OJIMTOB, 001aAAI0IIUX AHTUMUKPOOHBIMU
CBOICTBaMU, SIBJISIETCSI OMHUM M3 aKTMBHO pa3paba-
ThIBa€MbIX aJIBTEPHATUBHBIX MOAXOA0B K KOHCEPBU-
poBaHMIO ITPOAYKTOB IMuTaHus. Kak nzBectno, MKb
TECHO aCCOLIMUPOBAHbBI C MUILEBBIMU TTPOAYKTAMU U
nmeroT “GRAS” (Generally Recognized As Safe) cra-
TyC, YTO OIpeaesieT X Kak abCoJIIOTHO O6e30IacHbIe
JUUISL 310POBbsI YesloBeKa U XXKMBOTHbBIX. OCHOBHBIMU
aHTUMUKPOOHBIMU BelecTBaMu MKD saBasroTcs
OpraHMyeckue KUCJIOThl, oOpa3yeMble B IIpoliecce
cOpaXrMBaHUSI caxapoB, UYTO MPUBOAUT K OBICTPOMY
3aKUCJIEHUIO Cpelibl OOUTAaHUSI U TIPEeIOTBpAIIEHUIO
Pa3BUTUSL IPYTUX TPy MUKPOOPraHusmoB [2]. 3a
noceIHUE AECITUIETUS TTOSIBUJIOCH MHOTO JaHHBIX
o npoanykunud MKb aHTUMUKpPOOHEBIX BEIIECTB, OT-
HOCSIIIMXCS K pa3HbIM KjaccaM OpraHWYecKUX CO-
eIMHEHW I 1 00JIaIal0IINX CIIOCOOHOCTHIO MOJAABISITh
pa3BUTUE APYTUX MUKpoopraHu3mMoB. HekoTopsie u3
TaKMX METa0OJIMTOB, B YACTHOCTH OAKTEPUOLIMH U
HU3WH, C YCIIEXOM HCITOJIb3YIOT B IIPOMBIIIJIEHHOCTHA
JUTST YBEJTMYEHWST CPOKOB XpaHEHMSI TPOIYKTOB MUTA-
Hust. Ho moTpeGHOCTh MUILEBOI TTPOMBIIIIEHHOCTHA
B HOBBIX aHTUMMWKPOOHBIX BEIIECTBAX ITOCTOSHHO
pacTeT, MO3TOMY BbIJICJICHUE U OTIMCAHUE BEILECTB C
aHTUMUKPOOHBIMU CBOMicTBaMU, oOpasyeMbix MKD,
SIBJISICTCS TIEPCIIEKTUBHBIM U MPAKTUYECKU BasKHBIM
HaITpaBJI€HUEM Pa3BUTUS PYyHIaMEHTATbHBIX UCCIIe-
noBaHuil. CBOMCTBa OTHEJBLHBIX AHTUMUKPOOHBIX
MeTabouToB MKbB, MexaHu3M ux aeicTBus, a Tak-
K€ TMEePCIEKTUBBI MCITOJIb30BaHUSI B KauyeCTBE KOH-
CEpPBAHTOB OYIyT paCCMOTPEHBI B JAHHOM 0030pe.
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CaoiicTBa MOJIOYHOKHCIbIX O0akTepuii. MKDB — 310
IpaMIIOJIOXKUTENIbHBIC, He 00pa3yloliure crop (3a uc-
KJIIoUeHueM mpeactaBuTeneid pona Sporolactobacil-
lus), KaTanazooTpullatesibHble OaKTepUU, JTUILIEHHbIE
LIMTOXPOMOB, a3p0O- U KUCJIOTOTOJIEpaHTHBIE, 0Opa-
3yIOLIME MOJOYHYIO KUCIOTY B KaueCTBe KOHEYHOTO
MmeTabonuTa. B mpupomae MoIo9YHOKMCIIBIE OaKTEpUU
MPUYpOYEHbl K MECTOOOMTaHUSIM, OOraTbiM IMTa-
TeJIbHbIMU BellleCTBAMU: MOJIOKO, MSICO, OBOIIU, He-
KOTOpbIE BUIbl OOMTAIOT Ha PACTEHUSIX, APYTME CO-
CTaBJISIIOT HOPMAJIbHYI0O MUKPOOMOTY NTUILIEBAPUTENb-
HOTO TpaKTa yejloBeKa 1 XKMBOTHBIX [3]. cTopuuecku
OakTepum, oTHOCSIIMECS K pomam Lactococcus, Strep-
tococcus, Pediococcus, Leuconostoc n Lactobacillus,
GhOpMUPYIOT SIAPO 3TOM Ipyrnbl [4].

M cTOYHMKOM BHEPTUU JLJISI MOJIOYHOKUCIIBIX OaK-
Tepuii CITY>KUT MOJIOYHOKUCIIOEe OpoxxeHue. M3BeCcTHbBI
JIBA OCHOBHbIX ITyTH TIpeBpalleHUs caxapoB, UCITOJb-
3yeMbix MKbB: rmukonus (mmyte OMOaeHa—Meiiepro-
da—IlapHaca) u 6-pochormokoHaT-pochoKeToIa3-
HEIN yTh (IyTh BapOypra—Xopekepa) [5].

B pesynsrare rmkosmsa oopasyercs 10 98 % moiou-
Hoit kucnotel: CgH[,O4 - 2CH;CHOHCOOH + E.
bakTepuu, Bxoasiye B 3Ty Ipymily, Ha3bIBalOTCS TO-
ModepMeHTaTUBHBIMU. K TpencTtaBUTENsIM, BbI3bI-
BalOIIUM TOMO(MEPMEHTAaTUBHOE MOJOYHOKUCIIOE
opoxeHue, oTHocsaTcs caenytonme MKbB: Lactococ-
cus lactis subsp. lactis, L. lactis subsp. cremoris, Strep-
tococcus thermophilus, Lactobacillus delbrueckii bv. bul-
garicus, L. acidophilus, L. helveticus, L. casei, L. plan-
tarum.

BakTtepun, ucnonbe3ywoinue 6-dochormoKoHar-
¢dochoKeToIa3HbINI IIyTh, B IIPOLIECCE MOJTOUYHOKKC-
JIOTO OPOKEHUST KpOME MOJIOUHOM KUCJIOTHI 00pasy-
JOTCS ellle M 3HAYUTEJIbHbIE KOJMYECTBA YKCYCHOI
KHMCJIOTHI, STUJIOBOTO CIIMPTa, YIJIEKUCIIOrOo rasa u
MHBIX MOOOYHBIX HEUTPaIbHBIX MPOAYKTOB (IMale-
TUja, alleTOMHA), Ha 4To uaeT a0 50% cOpakuBae-
MBIX TeKCO03. DTOT TUM OpPOXKEHUS HA3BIBAETCS TeTe-
podepMEeHTaTUBHBIM:

C.H,,0, > CH,CHOHCOOH +
+ CH,CH,OH (uiu CH,COOH)+CO, +E.

IIporuecc rerepodepMeHTATUBHOTO MOJIOYHOKMC-
JIOTO OpOZKEeHUS OOJIee CIOXKHBIN IO CPaBHEHUIO C TO-
ModepMeHTaTUBHBIM TUIIOM. [IpencraBuTeIssMu re-
Tepo(PepPMEHTATUBHBIX MOJIOUHOKMUCIBIX OaKTepHii
SIBJISTFOTCSI HEKOTOpPBIE TTAJIOUKOBUIHBIE JIAKTOOALIWII-
nbl (L. brevis, L. fermentum), ionpon Streptobacteri-
um, U3 KOKKOBBIX — Streptococcus acetoinicus, Bce BU-
el poma Leuconostoc [5].

HU3KOMOJIEKYJIAAPHBIE
AHTUMMWKPOBHBIE METABOJIMTBI MKb

IMonpobHoe uccienoBanue MKDbB B TeueHue mo-
CIIEIHUX JECATUIETUI BBISIBUJIO UX CIIOCOOHOCTH 00-
pa30BbIBaTh AHTUMUKPOOHbBIE BEILIECTBA Pa3IMYHOMN

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

CTOAHOBA wu np.

npuponsl [3]. Muorue mrammel MKB o6Gpasyror
KpoMme MOJIOYHOM KMCJOTHI 3HAYUTEJIbHOE KOJIMYe-
CTBO HeCHeUU(PUIECKUX HU3KOMOJIEKYJISIDHBIX CO-
eIMHEHUI, TAK1X, KaK: OpraHu4YeCcKre KMCIOThI, T1e-
POKCHJI, BOJOPOIA, JUALIETUI, PEYTEPUH U Ip., KOTO-
pble W OIPEACSIOT CHEKTP HUX aHTUMUKPOOHOIO
OEeNCTBUS.

Opraanveckune KucaoThl. Kak ykazaHo BBIIIE, OC-
HOBHBIMU KOHEYHBIMU METa0OJIUTaMU, 00pa3yeMbl-
mu MKD B mipotiecce OpoXeHUsI, SIBISIIOTCS MOJIOY -
Hasl ¥ YKCYCHasl KMCJIOTBI. YKCyCHasl KUCJI0Ta o0Jia-
JaeT OoJyiee IIUPOKUM CIIEKTPOM aHTUMHUKPOOHOTO
JIeCTBYS IO CPaBHEHUIO C MOJIOUHON. B TO ke Bpemsi
JIJIST 00EMX KHMCJIOT U3BECTHO CUHEPIUIHOE NCCTBUE:
CMECh YKCYCHOI M MOJIOYHOM KUCIOT 3aAepKMBAET
POCT MaTOTeHHBIX TPaMOTPULIATEILHBIX SHTEPOOaK-
tepuii Salmonella typhimurium [5]. OT™Me4aeTcsi, 4TO
L-makraT obmagaer OOJIbIIEH MHTUOMTOPHOM CITO-
COOHOCTBIO IT0 cpaBHEHMIO ¢ D-u3zomepom [6]. Pasz-
JIMYHBIE MUKPOOPTAaHU3MBI ITO-pa3HOMY pearupyloT
Ha KHUCJIOTHOCTb CpeAbl OOMTAHMS, HalpuUMeEp MHpU
pH Huxe 5.0 MoyiouHas1 KMCJI0Ta UHTUOUPYET POCT
CIIopoo0pa3yonux 0aKkTepuii, HO He BJIMSIET Ha pa3-
BUTHE MUKPOCKONNYECKNX TPUOOB 1 APOKKE.

Ilepokcun Bomopona. B mpucyrcTBumM Kuciopoda
MKDbB Ttakxe crnocoOHsl obpazoseiBaTh H,O, npu
nevicteBun HAJIH-okcraassl v cynepoKCUIIMCMyTa-
3bl. B orcyrcTBUM rema B cpene MKb He oOpasyroT ka-
TaJiazy, 4YTo MPUBOAUT K HAKOIUIEHUIO IEpoKcuaa, 3¢-
(beKT KOTOpOro MOXeT YCWJIMBAThCS B MPUCYTCTBUU
JIAKTOIIEPOKCUIa3bl M THUOLIMAHATa, WMEIOIIUXCS B
npupoIHBIX MecTtoodouTtanusgsx MKDB, manpummep B
MoJioKe [7]. AHTUMUKpOOHOE AeHCTBUE TIEpOKCHIa
CBSI3aHO C CMJIBHBIM OKMCJIMTEILHBIM 3(G@(EKTOM.
BceaencTBue HakoruieHus: 6akTepusiMu Lactococcus n
Lactobacillus mepekuceii HabJIOAAIN TaKXKe UHTMOM-
poBaHuUe pa3BUTHUS 30JI0TUCTOTO cTaUIIOKOKKA Sta-
phylococcus aureus n TpamoTpuLIaTeNIbHBIX Pseudomonas
SPP., BBI3BIBAIOILMX ITOPYY IHUIIEBBIX IIPOLYKTOB [6].

ITuppommaoH-5-KapooOKCHIIbHASA KHUCJIOTA. DTa KUC-
JioTa oOpa3syeTcsl JUlllb HeKoTopbiMu BugamMu MKD,
TakuMu, Kak Lactobacillus casei ssp. casei, L. casei ssp.
pseudoplantarum, n obGjamaeT OAKTEPUIIUTHON aK-
TUBHOCTBIO B OTHOIIeHUun Bacillus subtilis u Entero-
bacter cloacae [6].

Jduanernn. duanetusn — apoMaToOpa3ylolInii
KOMITOHEHT CJIMBOYHOI'O Macjia oOpasyeTcs B IIPO-
1ecce npeBpalleHus LyUTpaTa yepe3 nupyBaT. Mak-
cCUMaJIbHOEe OOpa30BaHWE OUALleTUIAa HaOJIomaeTCs
npu cinabokuciaomM pH. OH akTuBeH, B OCHOBHOM,
IIPOTUB I'PaMOTPHULIATEbHBIX OAKTEpUid, IpUHAILJIE-
XKamux K pomaM Salmonella, Yersinia, Escherichia n
Aeromonas, a TakKxXe TPaMITOJIOKUTEIBHBIX, OTHOCSI-
1muxcs K pony Bacillus [8].

Peyrepun (B-OH-npononoBblii ajbaernm). STo Be-
11IECTBO 00pa3yeTcsi B aHA3POOHBIX YCIIOBUSIX U3 DIIULIE-
puHa Oakrepusimu Lactobacillus reuteri, L. brevis,
L. buchneri, L. collinoides v L. corniformis [9]. Peyrte-
Ne 3
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Taoauna 1. JIukeronumnepasvHbl, CHHTE3UPYyEeMbIe MOJIOYHOKHUCIBIMU GakTepusimu [11]

JnkeTonunepa3nuHbI

IIponyueHT

CrpykTtypHas popMyiaa

Huxio (L-®den-L-T1po)

Lactobacillus plantarum MiLAB 393,
L. coryniformis Si3

Hukio (L-®en-mpanc-4-OH-L-T1po)

L. plantarum MiLLAB 393,
L. coryniformis Si3

Huxno(L-Pen-yuc-4-OH-D-I1po)

Pediococcus pentosaceus MiLAB 170,
L. plantarum MiLLAB 14

PUH MPOSIBISIET AaHTATOHUCTUYECKY aKTUBHOCTb 110
OTHOIICHUIO KO MHOTUM ITaTOTeHHBIM MUKpPOOpPTa-
HMU3MaM, TaKMM, KakK sHTepoOakTepun (Salmonella,
Shigella), 6akrepun ponos Clostridium, Staphylococ-
cus, Listeria, npoxcku pona Candida v mpocTeiAnmmm
pona Trypanosoma. Illupoxuii CrieKTp IeACTBUS 00y-
CJIOBJIEH TEM, UYTO PEYTEPUH CBsI3bIBaeTcs ¢ SH-rpyri-
naMu (pepMEeHTOB, B TOM YHCJIEe U C pUOOHYKIICOTH I~
penykraszoi [7].

OYHIMUMAHBIE BEIHECTBA
MOJIOYHOKWMCIIBIX BAKTEPUI

IMposiBieHne GYHTMIUIHON aKTUBHOCTHU SIBJISIET-
CcsI HeXapaKTepHbIM (PU3NOJIOTMIYECKMM CBOMCTBOM
w1 MKB. MHorue mraMMbl MUKPOMUIIETOB UyB-
CTBUTEJIbHBI K MOJIOYHOM M YKCYCHBIM KHCJIOTaM,
BoeiAesieMbiIM MKB. OgHako B IocieaHee BpeMsi I1o-
SIBUJIOCH PsIA COOOIIEHUI 00 00pa30BaHUM HEKOTO-
peiMu mramMmamMu MKDB cnemudunueckux dyHru-
LIUOHBIX BelecTB. HaubOoublllee KOJIUYECTBO TaKUX
IITaMMOB ObLIO BBIICJICHO C PACTEHUI, XpaHUBIIIX -
Cs B aHaRPOOHBIX ycioBusx [9]. M3BecTHEHI ciienylo-
1€ TUMbl (PYHTULMIHBIX BEIIECTB, OOpa3yeMbIX
MKDbB: gukeronumnepa3svHbl WIW LUUKIAYECKUE IU-
nentuabl (uukino-Im-L-Jleit), uukno-(L-®Den-L-
IIpo) n uwmkio-(L-®en-mpanc-4-OH-L-I1po), rua-
POKCUIIPOMU3BOIHBIE XKMPHBIX KMCJIOT (IT-TUAPOKCHde-
HWLIAKTaT), OCH30iHasl KHUCJIOTa, METWITMIAHTOMH,
MEBAJIOHOJAKTOH, TMeHTouuH TV35b, peyTrepuH.
IlepBBic Tpu THUIIA BELIECTB B JIMTEpAType OXapaKTe-
pu3oBaHbI 0osiee mmoaHo [10].

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

JAuxeTonunepa3unbl. DTU BelIECTBA 10JITOE BpeMs
CUMTAJIM MpPOAyKTaMU Aerpaganuu OeiakoB. Mexa-
HU3M UX 00pa3oBaHUsI 10 CUX MOP MOJTHOCTHIO HE BbI-
SICHEH, OJIHAKO YCTAaHOBJIEHO, YTO CUHTE3 MPOMCXO-
JIUT HepUOOCOMAJbHBIM TyTeM C y4acTUEeM MYJIBTU-
(byHKIIMOHAJIBHOTO (hepMeHTa. JIMKeTonuIepasuHbl
MOTYT TakXke 00pa30BbIBATbCSI U3 MENTUIOB B YCJIO-
BHUSIX IICJIOYHON MJIM KUCJIOU cpeabl. JuKeTornurie-
pa3uHbl, oOpa3yeMble HEKOTOPbIMM IITaMMaMu
MKGB [11] nmpuBenens: B Taba. 1. HemaBHo u3 Lacto-
bacillus plantarum AF1 OBLIO BbIOEJIEHO HOBOE CO-
eauHeHue ¢ GyHTULUIHBIM JeMCTBUEM, UACHTUDM-
UpOBaHHOE Kak 3,6-6uc-(2-MeTuimpornun)-2,5-
NUMEePasuHANOH. DTO SOIUHCTBEHHOE COOOIICHUE O
¢dynrutmaHoil aktmBHocTM MKD, o00ycioBieHHOMI
ukianyeckuM coeauHeHueM (Leu-Leu), koropoe npu-
HAIJISKUT K KJ1accy 2,5-TuKeToIrmmIepa3snHoB [12].

TuapokcunpousBoaHbIe KUPHBIX KHCI0T. HekoTo-
peie MKDB 00pa3yioT 2-TuapOKCHU-TeKCAaHOBYIO U 3-
TUJIPOKCU-TENTaIeKaHOBYIO KUCIOThI, MPpUHA XA~
1IMe K 3ToMy Kjaccy BeliecTs. Llltamm L. plantarum
MilLAB14 oOpa3yeT HECKOJIbKO TMAPOKCHJIMPOBAH-
HBIX XKUPHBIX KUCJIOT C CUJIbHBIM (DyHTULIUIHBIM 3D~
¢exToM: 3-TUAPOKCUIEKAHOBYIO KMCJIOTY, 3-TUIPOK-
CUIOJIEKAHOBYIO KUCJIOTY, 3-TUAPOKCUTETPaIeKaHO-
BYIO M 3-TUAPOKCH-5-IINC-TOIEKAHOBYIO KHCIIOTHI.
MKDB 00pa3yloT TMAPOKCUIIPOU3BOAHBIC KUPHBIX
KMCJIOT U3 UX HEHACBIIIEHHBIX aHajoroB. Bee onu-
CaHHbIE HEHACBIIIEHHBIE XXUPHBIE KUCIOTHI MPOSIB-
JISIIOT aHTUOUOTUYECKYIO aKTUBHOCTb B OTHOLLIEHUU
IIIMPOKOTO Kpyra ApOXK>Keil 1 IIeCHEBbIX TpU0OoB [9].
M3-3a mioxoii pacTBOPUMOCTH B BOAHBIX pacTBOpax
TMAPOKCUIMPOBAHHbBIE XXUPHBIE KUCIOTHI UMEIOT 00-
Ne 3
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Puc. 1. Crpykrypa 3-deHunnakrara [14].

LW MTHTMOUTOPHBIN 3P dekT B nuanazoHe ot 10 mo
100 mr/mot.

3-tdennnnakrar. BemecTBo SBIsSIETCS OMHUM U3
MeTaboIMTOB 0OOMeHa (peHMITaTaHWHA Y MOKET oOpa-
30BbIBaThCs B KjieTkax MKDb 3 n-rugpoxcudeHmi-
nupyBaTa. DTOT KOHEYHBIA METaO0OJIUT IIPOSIBIISICT
aHTUOMOTUYECKYIO0 aKTUBHOCTD B OTHOIIIEHUU I'PaM-
MOJIOXKUTEJbHBIX Y TPAMOTpHUIIATEIbHBIX OaKTEpUId, a
TaK:Ke JeCTBYeT Ha IIUPOKHUU KPYT MUKPOCKOIIYE-
ckux rpu6os [13]. CormacHo JuTepaTypHBIM OaH-
HbIM, L. plantarum obaagaet cnocOOGHOCThIO 00pa30-
BBIBaTb HECKOJILKO CXOAHbBIX BEIIECTB: (heHUILIAKTAT,
4-runpokcru-GpeHWIIAKTAT, a TAaKXKe 3-TUIpOKCcH-Pe-
HUJUTAKTAT, B TO BpeMs Kak L. coryniformis, L. sakei n
Pediococcus pentosaceus o0Gpa3yloT TOJIBKO (heHMI-
nakTat [14]. @eHMIUIaKTaT, KpOMe JTaKTOOAIUILI, 00-
pas3yioT U IIPONUOHOBOKUCIIBIE OakTepuun. Ha puc. 1
MpeacTaBjieHa ero CTpyKTypHas ¢hopmyJa.

B nureparype umeroTcsi eAMHUYHbBIE CBEICHUS O
Me30(pUITBHBIX JTAKTOKOKKaX, o0Jamaommx (QpyHTu-
LIMIHON aKTUBHOCTHIO. B 4yacTHOCTU, M3 MOJIOUHO-
KMCJIbIX MTPOAYKTOB ObLN BblAeJeH 1mTamMm Lactococ-
cus lactis 14, yvarnoupyromuii poct Candida albicans
DMST 5239. AKTUBHOCTb 3TOrO IITaMMa Oblia cTa-
owmnbHoI B inamna3oHe pH 2.0—4.0 u coxpaHsiach na-
Xe TIocie aBToK/IaBupoBaHus [15]. Poii ¢ coaBt. [16]
BBIJICIWJI U3 KYJBTYPBI L. lactis QyHTULIMAHBIA KOM-
MOHEHT MeNTUIHOM Npupoasl. [ToMmrumMo 3TOrO OBHLIO
ONMCAaHO MHIMOMPOBAaHMUE POCTA U IIPOAYKLMS adhia-
TOKCUHA rpubamu Aspergillus flavus npu COBMECTHOM
KyJIFTUBUPOBAHUU MOCEIHUX C JAKTOKOKKaMU. AK-
TUBHBIM KOMIIOHEHTOM B JAaHHOM cJiy4ae ObLI HU3-
KOMOJICKYJISIPHBIN (DOCHOTITMKOIUIINL C MOJIEKYTISIP-
Hoii Maccoii MeHbIe 500 [la, conepKallinii apoMaTh-
JecKoe KOoJbllo [7]. 3a nHruOupoBaHNUE MPOAYKIINU
ataTOKCMHA OTBEYAJIO TEPMOCTAOMIBHOE HU3KO-
MOJIEKYJISIDHOE BEIIECTBO, Tepsiiolllee aKTUBHOCTb
OpU IJIUTEIbHOM XpaHeHuu [17].

Ha xadenpe mukpobruonorun MI'Y 13 mojiouHo-
KHCJIBIX TIPOMYKTOB OBLIM BBIICJICHBI IIITAMMBI JIAK-
TOKOKKOB, KOTOpbIe 00Jadaiy IIUPOKUM CIIEKTPOM
AHTUOMOTHYECKOTO NIEMCTBUS, BKIIOYass M (YHTU-
OuaHOe. DT INTaMMBI WHTMOMPOBAJIM pa3BUTHE
TUleceHel, TpUHaIeXallux K poaam Aspergillus,
Fusarium n npoxxeit pogos Candida, Rhodotorula.
Cpenn HUX OBUIN TIPUPOIHBIC IITaMMBI Lactococcus
lactis subsp. lactis, BbiieeHHBIE U3 CBEXXET0 KOPOBbE-
ro MOJIOKa U KHUCJIOMOJIOYHBIX MPOAYKTOB, a TakKxkKe
MOJy4eHHbIE METOIOM KJICTOYHOI MHKeHepuu [18,
19]. IITamMMBbl JTaKTOKOKKOB, MAECHTU(UIIMPOBAH-
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HBIe KakK Lactococcus lactis subsp. lactis, cuHTE3NpO-
BaJIM BeEIECTBA, OTHOCSIIMECS K ajKujapoMaruye-
CKMM KETOHAaM, KOTOPbIEC 1 OTIPEACISIIN X (PYHTULINI -
HYIO aKTUBHOCTb [20], 4TO yKa3bIBaeT Ha IIePCIIEKTUBY
MPUMEHEHUSI 3TUX JAKTOKOKKOB IS MpeIoTBpallie-
HUSI TIOpYM OBoOlIel U (DPYKTOB U3-32 OOCEMEHEHHO-
CTH MX IJISCHEBBIMH rprbamMu 1 gpoxokamu [21—23].

BAKTEPMOLMHBI MOJIOYHOKHMCIIBIX
BAKTEPUU, KITACCUDUKALIN,
CBOUCTBA

bakTeprolMHBI — 3TO reTeporeHHbIe aHTUOAaKTe-
puabHbIe TIeNTUIbI, PA3HOOOpPa3HbIE MO YPOBHIO aK-
TUBHOCTH, CIIEKTPY U MEXaHU3MY IeCTBUS, MOJIEKY -
JIIpHOM Macce M (PU3UKO-XMMHYECKMM CBOMCTBaM.
M3BecTHO, YTO MHOTHE MUKPOOPTaHU3MBbI CITOCOOHBI
K CcHuHTe3y OakTrepuounHOB. Ho OGaxTeproLHBI
MKDbB npencraBasiioT HauOOJBIINI MHTEPEC C TOUKU
3peHUsT IPUMEHEHUSI UX B Ka4eCTBe HOBBIX KOHCEP-
BaHTOB. MccienoBaHus B 06J1acTU U3y4eHUS OaKTe-
PUOLIMHOB Y MOJIOUHOKHUCJIBIX OaKTEpUil HaYaIUCh B
1930-x romax mpouLIOoro CToJIieTHsI ¢ paboThl MO HU-
3UHY, MPOAYLIEHTOM KOTOPOTO ObUIM JIAKTOKOKKU
L. lactis subsp. lactis [24]. K HacTos1ieMy BpeMeHU
M3Y4EHO U1 MOJHOCThIO OXapaKTEpU30BaHO OOJIbIIIOE
KOJIMYECTBO OAKTEPUOLIMHOB, CUHTE3UPYEMbIX KakK
TPaMITOJIOKUTEIbHBIMU, TaK U TPAMOTPULIATEIbHbBI-
Mu OakTepusiMu. [lpomylupymoline OaKTepUOLIMH
MKDb Bxio4arwT TIpelcTaBUTENECH pa3HBIX POMOB:
Lactococcus, Lactobacillus, Leuconostoc, Pediococcus
u Streptococcus. CHTE3 0AKTEPUOLIMHOB IIITAMMO-
cneuuduyeH. Haubosblliee KomndecTBO 6aKTeprO-
LIMHOOpa3yolIuX OaKTepuid ObLIO BbIAEIEHO U3 MO-
JIOUHBIX U MSICHBIX (DEPMEHTUPOBAHHBIX MPOITYKTOB,
cujioca, HO psia mTamMMoB (Enterococcus durans, Lac-
tobacillus animalis, Leuconostoc sp.) ObUIN BBIACICHBI
W3 MMOYBEHHBIX 00pa3iioB [25]. UMeroTcsT cBeaeHUs,
4qTo WTaMMBI L. lactis subsp. lactis, mpoayuupyooie
HU3UH, ObUIM BBIAEIECHBI U3 XXEHCKOTO MOJIOoKa [26].
bakTeprolHbl OTIMYAIOTCS OT KJIaCCUYECKUX aHTU-
OMOTUKOB TpeMsI OCHOBHBIMM CBOMCTBaMU: CUHTE3
0aKTEpHOLIMHOB MPOMCXOIUT Ha prbocoMax, O6akre-
PUOLIMHBI 00J1aaI0T crieu(UYECKUM CIIEKTPOM JIeii-
CTBUSI, Ka&XKIbI OaKTepUOLIMH UMEET CBOI COOCTBEH-
HBII CITelIMaI3uPOBaHHbBII UIMMYHHBI Oe10K [27].

bakrepuouunsl MKbB no xummnyeckoMy cTpoe-
HUIO pa3aesioTCs Ha HECKOJILKO KJIaCCOB.

Knacc I — 1aHTMOMOTUKHU, TIPEACTaBIISIOIINE CO-
00i1 menTUabl ¢ MOAU(PUIIMPOBAHHBIMI AMUHOKNC-
JIoTaMu (JJaHTUOHUH, [3-MeTWIIaHTUOHMH). K aTOMYy
KJ1accy MpUHAaAIeXaT ABa TUIA JAHTUOMOTUKOB:

1. Tun A — nuHeliHbIe, TMOKWE e TUAbI, POpPMU-
pyloliye nopbl B 6akTepuaaibHON MeMOpaHe, HaTllpu -
Mep HU3UHBI [28];

2. Tun B — XxecTkue, riao0ysipHbIC, HE HECYIIE
3apsii WV 3apsoKeHHbIe OTpULIATEIbHO menTuabl. K
Ne 3
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Taoauma 2. OuU3MKO-XUMHUYECKUE U OMOIOIrMYECKIE CBOMCTBA KOMIIOHEHTOB 0aKTEpUOLMHIOA00HOIO KOMILIEKca, 00-
pa3yeMoro ruOpuaHbIM mTaMmMoM Lactococcus lactis subsp. lactis F-116 [20]

KoMmmnioHneHt
CBoiicTBa

JITC-B JITC-C JTC-H'* | JITC-H* | Husun A
Moui. macca, (M + H)*, m/z, (MALDI-MS) 506.9 — 3161.6 3353 3353%*
Y®-criexTp, Apax, HM, (PACTBOPUTEID) 260 (C,HsOH) |215;274 (C,HsOH) | 215 (H,0)| 215 (H,0) |215 (H,0)
TCX (SiO,), R/B cucteme: 0.75 0.43 0 0 0
MeTaHOJ‘I—sz (96:4)
DnexTpodope3 Ha GyMare** B 3JIEKTPOJIUTE: 0 0 11 9.5 9.5
1) E,,pH=2.4,550B, 24, cMm
2) E,,pH=1.1,250 B, 34, c™m 0 0 4.3 3.3 3.3
buonornyeckmii cnexTp AeiicTBUS bakrepun Cna6oe neiicteue | Ha Ipam+ OGakTepuu, BKIro4ast

U TprOBbI Ha [pam+ GakTepuu| TepMocTolikyto B. coagulans

* @pakunu JIT'C-H monydeHbl METOIOM MpenapaTuBHOTO 3yeKTpodopesa Ha OGymare B anekrponute E; (550 B, 2.5 1). [Tpossisum
peakTuBoMm [laynm n 6noaBTOrpacdueii ¢ UCTIOIBL30BaHUEM TeCT-OpraHU3MOB B. subtilis i B. coagulans.
** PaccTostHre, MPOMIEHHOE BEIIECTBOM OT CTapTOBOM JTMHMU K KaTOMy, B cM: “0 cM” (Ha IMHUM CTapTa) — 3JIEKTPOHEUTpaIbHOE Be-
mecTBo; “3.3—11 cM” ( MUTpaLUs K KaTOAy) — BEIIeCTBO OCHOBHOTO XapaKTepa.

JIAaHTUOMOTUKaM TUNa B mpuHamexar MepcalluanH,
aKTarapavH 1 quHaMuLuH [29, 30].

Kiacc I — mentuasl, He coaepkalnue Moaudpu-
LIMPOBAaHHBIX aMWHOKHUCJIOT, KOTOpPbIE B CBOIO Oue-
pelb MOoAPA3AEIIOTCS HA TP OCHOBHbIE TPYMIIbI:

1. mogkiacc Ila — menTuabpl, MeOIIMe cieudu-
YeCKYl0 KOHCEpBaTUBHYIO N-KOHIIEBYIO MMOCJEA0BaA-
TeapHOCTh Tup-Ilm-AcH-Inu-Ban-Xak-1luc, kak
MpaBujo, TepMOCTabuIbHbIe, conepxaluue oT 37 (y
JnerikoHa A u Mme3eHTepulinHa Y105) no 48 amuHo-
KMCJIOT, HallpuMep y KapHoOakTepuolmHa B2 u sH-
tepourHa SE-K4 [31], oTiuuatoiiecs BBICOKOM aK-
TUBHOCTbIO 110 OTHOIIEHHIO K ITaTOT€HHbIM OaKTepU-
siM pojia Listeria, 4aCTO BCTpeUYalOIIUMCS B ITUILIEBOM
ChIPbE;

2. noakinacc IIb — nunenTuaHble 6aKTEPUOLIMHBI,
UMeloll1e B JIMAEPHOM MEeNnTUae IBONHON TJUIIMHO-
Bblii MOTUB (1akToKOKUMH G, 1wiantapuiiud E/F
naktauuH F, repmodunun 13);

3. moagknacc Ilc — nuknmyeckne 6aKTe pruOINHEI C
KOBaJICHTHO 3aMKHYTBIM C- u N-kKoHuamu [32].

Kuacc III — xpymHbie (¢ MOJEKYISIPHOM MacCoi
oouee 30 xkJ1a) HEJTAHTUOMOTUKOBEIE, TEPMOJIAOMIBHBIC
0eJIKu, TaKKe, KaK reJibBeTUIWH J 1 taktamuH B [33].

Kiacc IV — cinoxHble 0aKTepUOLIMHBI, CollepkKa-
II1e KaK OeJIKOBbIE€, TaK W JIMIUIHbIC WA YTJIEBOI-
HbIe KOMIIOHEHTHI [34]. CBeneHMUS IO 3TOMY KJlaccy
0aKTEpUOILIMHOB MaJIOYMUCIEHBI U PA3HOPEUMBHI.

Opnuna Bung MKbB 1 gaxke mraMM Mo3KeT 0Opa30BbI-
BaTh OaKTEpUOLIMHBLI pa3HbIX KiaccoB. Hampumep,
Lactococcus lactis subsp. lactis siBasieTCsl MPOAYLIEH-
TOM TaKMX JJAHTUOMOTUKOB, KaK: HU3NHHEI A, B, C, L,
Z, Q, F [35], naktuiH 481 1 nunenTUuaAHbIA JaHTH-
6uoTnK JakTHIWH 3147 [36]. M3 GaKTepHOLIMHOB
BTOPOTO KJjacca JJAKTOKOKKH 00pa3yloT JaKTOKOK-
unH 972 [37], naktuuuH QU 5 [38]. HegaBHO OBLI
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oOHapyeH 0aKTEepUOLIMH, UMEIOLINNI LIUKJINYECKYIO
CTPYKTYpY — JIaKTOUMKIUH Q, obpasyembiii Lacto-
coccus sp. QU 12 [39].

Kak mokaszano cpaBHUTEIbHOE M3YYEHME IITaM-
MOB, MpPOBEJICHHOE Ha Kadeape MUKPOOUOJIOTUU
MTI'Y, cuHTe3 0aKTepHUOLIMHOB IITAMMOCIIELIU(PUIECH
[20]. Cpenm n3ydeHHBIX IITAMMOB OBIJIN IIPUPOIHBIC
mtaMMbl 194 n 119x, Knaccuueckuii HU3MHOOpa3yro-
it mramMm MI'Y, monydyeHHBI B pe3yabTaTe agan-
TUBHOM CeJIEKLIMM MO0 HU3UHY, PEKOMOMHAHTHBIN
mrtamMM F-116, moaydeHHBIA METOIOM CJIMSIHUS IIPO-
TOIIJIACTOB ABYX POACTBEHHBIX IITaMMOB 729 1 1605.
ITamMm 729 — IpupOaHEBIL IITAMM, BBIIICJICHHBIN 13
MoJIOKa, ImTaMM 1605 — MyTaHT, MOJIy4EHHBIA B pe-
3yJIbTaTe WHAYLIMPOBAHHOTO MyTareHe3a.

BakrepuonuHbl, cMHTE3UpyeMbIe InTamMaMu 119x
u MI'Y, no ¢pu3nKo-XxMMU4IeCKMM CBOMCTBAM HE OT-
JIMYaJaucCh OT HU3MHA (puc. 1), B TO BpeMsI KaK U3 -
6puaHoro mrtamma F-116 ObL1 BblfeIeH aHTUOMOTH-
YECKUI KOMIUIEKC, MPEACTABIISIOIINIA COOOM CITOX-
HYIO CMeCh OMOJIOTUYECKU aKTUBHBIX KOMITOHEHTOB,
COCTOSIIINX U3 TPEX OTAEIbHBIX (PpaKIINA C pa3HBIMUA
(UBNKO-XUMIUYECKUMU M OMOJOTMYSCKMMU CBOM-
crBamMu (Tabs. 2). OcHOBHOM (ppakivieii aHTUOMOTH-
YeCKOIro KOMIUIEKCa SIBJsIach TEeNTUaAHAs hpakius,
aKTHUBHASI B OTHOIIEHMU TOJILKO I'PAMIIOJIOXUTEIIb-
HBIX OaKTepHii, BKIIIOYAsI CITOPOBYIO KMCJIOTOYCTOM-
YyMBYIO0 OakTepuio B. coagulans, TOMAHUPYIOLIYIO B
KOHCEpBax M IIpecepBax. Dra (ppakius ObLIa MOJIU-
MEenTUAOM, pacHagarolIuMCcsI B KMCIOU cpelie Ha ABe
CYOBEAUHULIBI C MOJIEKYJISIpHBIMUA MaccamMu 3353 u
3376 Ha. [1o XuMn4ecKoif CTPYKTYpe U aHTHONOTH-
JecKoMy ACUMCTBHMIO (ppakiius Om3ka K Hu3uHy. W13
JIpyroil pakiMuy TOJIydeH XpoMaTorpapuiecku 4u-
CTBIl (DYHTULIMAHBIA KOMIIOHEHT C MOJEKYJISIPHOU
Maccoii 506.9 Jla, kotopsiit Ha ocHoBaHuM MK -criek-
Tpa ObUT OTHECEH K IpyIINe aJIKuIapoMaTUYeCKUX Ke-
Ne 3
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14 1Oy

729 1605 194

(—(—0

F-119 Lltamm MI'Y Nis

Puc. 2. TonkocnoiiHasi xpomaTtorpadusi 6aKTepruOLUH-
MOJOOHBIX KOMIUIEKCOB, MPOAYLIMPYEMbIX TMOPUIHBIM
wramMoM Lactococcus lactis subsp. lactis F-119 u ero po-
JIUTESIMU B CPABHEHUM C HU3MHOM, HU3MHOOPa3y oM
wraMMoM MI'Y u npuponHsiM mrammom 194 [20] B cu-
creMe MeTtaHoJ—Bona (96 : 4); 6uoaBTorpacdusi Ha Ia-
ctuHKax “Silufol”, recT-opranusm — B. coagulans.

TOHOB, COAEPXKAIIUX TAKXKE T'MAPOKCUIIbHBIE TPYIIIIhI
(puc. 2, Tabm. 2). TpeTbs dpakiiuss — MUHOPHasI, O1o-
JIoTh4YecKasi akTUBHOCTh ¢¢ Obljla He3HAYUTEIBHOIA.
DusuKo-xuMUYecKue M OUOJIOTMYECKUE CBOMCTBA
BBIJIEJIEHHBIX KOMITOHEHTOB aHTUOMOTUYECKOTO KOM-
riekca, obpasyeMoro mrammom F-116, mipencrasite-
HbI B Ta0JI. 2. AHAJIM3 3TUX JaHHBIX C TIOMOII[BIO KOM-
MBIOTEPHOM 0a3bl JaHHBIX OMOJIOTUYECKU aKTUBHBIX
BenecTB mporpamMmbl BNPD [40] mo3Bonu 3aKkiiio-
YUTh, YTO KOMIIOHEHThI OCHOBHOM NENTUIHOM
dpaxunu (JITC-H u JITC-H') asnsiorcss HU3uHamu,
npudeM JII'C-H ¢ monekynsapHoii maccoit 3353 Jla
a0COIIOTHO MICHTUYHA HU3WHY A, IBa IPYTUX KOM-
MOHEHTA, BKIoUasl GyHTULIMIHBIN, B TUTEpaType He
OIVCAHbI U SIBJISTIOTCS HOBBIMU MPUPOIHBIMU GUOJIO-
TMYECKM aKTUBHBIMHA BeliecTtBaMu [41].

JlanTonoTukn. JIaHTUOMOTUKM (JIAHTMOHUHCO-
JiepKaliue MernTUAbI) — MOJULUKINYECKUE MOJIEKY-
Jibl, oOpasylolliuecsl B pe3yjbraTe MOCTTPaHCSIIIM-
OHHBIX MoAM(UKALINN OeTKOB-IPEaIIeCTBEHHUKOB

Taomna 3. XapakTepHCTHMKa HEKOTOPBIX JIAHTUOMOTH-
KOB, Tipoayipyembix MKDbB [43]

Monexynsip- Yucnio

JlaHTnGnoTHK Has Macca, Da|TioapupoB MponyueHt

Huszun A 3353 5 Lactococcus
lactis

Hwuzun Z 3330 L. lactis

JlakTnyn 481 2901 L. lactis

JlakTomH S 2764 Lactobacillus
sake

KapHorun 4635 2-3 L. pisicola

n149
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M coaepxXaiiie MoaupUIMpOBaHHbIE aMUHOKKMCIIO-
ToI [42]. B ux MoneKynax uMeroTcs CyabMOTUAPUIb-
HBIE KOJbIla, OOpa30BaHHBIE CEPOCOACPKAIIIMU
aMUHOKUCJIoTaMU. JIaHTMOMOTUKM, TIPOAYLUPYEMbIE
MKBbB, paznuyaroTcs mo 4uciay TMO3(UPHBIX CBS3ei
(ot 2 10 5) 1 MOJIEKYJISIpHBIM MaccaM (Tadi. 3) [43].

Husun — HauOoliee M3y4EeHHBIM JTaHTUOUOTHUK.
OH >(pPeKTUBEH ITPOTUB MHOTUX IITAMMOB I'PaMIIO-
JIOXKUTEIbHBIX OaKTepHril, BKIIOYast CTapUIOKOKKHU,
CTPENTOKOKKH, OalIMJLIbI, KIOCTPUANU W B MEHBIIIEH
CTEIIeH! IIPOTUB MHUKoOaktepuit [44]. Huzun mipu
KoHLeHTpauuu 0.3 Mr/MJI CITOCOOEH TOPMO3UTB ITPO-
pactaHue criop OakTepuid, OTHOCSIIUXCS K poaaM
Bacillus v Clostridium, B TOIi Xe CTEIIEeHU, YTO U TEP-
Muyeckast oopadoTka [8]. YcraHoBiIeHO, YTO HU3WH
B3aMMOAECUCTBYET € CYJbMIUAPUIbHBIMU TPyINaMu
BMeMOpaHe CITOPHI, TEM CAMBIM IPETISITCTBY €€ IIPO-
pacTaHuio [45, 46].

JurenTuaHble JaHTUOUMOTUKY HE BhIIEJICHBI B OT-
JIeAbHBIN KJlacc OakTepuolMHOB. M3 HUX HauboJiee
n3ydeHbl InTaHTapuuH W, cuHTe3upyeMbiii Lactoba-
cillus plantarum, v nakTuuiuH 3147, nponyuupyeMbiit
Lactococcus lactis. IByXKOMIIOHEHTHBIN JIAHTHOWO-
TUK JaKTULWUH 3147 obnagaeT OTHOCUTEILHO IIMPO-
KMM crieKTpoM AeiicTBUsl. OH aKTUBEH TPOTUB METU-
MUIMHYCTOMYMBBIX IITAaMMOB Staphylococcus aureus,
YCTOMUMBBIX K BAHKOMMLIMHY IITaMMOB Enterococcus
faecalis, ycTOIMBBIX K IEHULWLIUHY Preumococcus,
a Takxe Propionibacterium acnes, Streptococcus mutans
M TIMILEBBIX TTAaTOreHOoB: Listeria monocytogenes, Sta-
phylococcus aureus n Bacillus cereus [36]. JlJakTniimH
3147 nipu konueHtpauuu 20000 ME /M1 TOJIHOCTBIO
HOMABJISII TIOMYJISLMIO MHATOTEHOB YHCJICHHOCTBIO
6omee 10* xu1. 3a 2 4y [47]. O6a nenTuga JaKTULMHA
3147, xak u 1uiaHTapuiiiHa W o0JamaloT OakTepu-
OUIHOM aKTMBHOCTh, HO HAaMOOJbIIAsl aKTUBHOCTh
HabJomanack Npyu COBMECTHOM JEMCTBUM 3TUX MET-
Tua0B B oTHoweHuu 1 : 1. ITnanrapunmn W conep-
KUT HeMOAU(ULIMPOBAHHbIE OCTATKU aMUHOKHUCIOT
LUCTEWHA W CEpUHA, UTO SIBIISIETCS SAWHCTBEHHBIM
NpUMEPOM Cpedu JJaHTUOMOTUKOB. HekoToprie aB-
TOPbI TIpejiaraloT BbIACJUTb 3TH JIBa 0aKTeprUOLIMHA
B oTAebHOe cemeiicTBo [48]. CIIoCOOHOCTh CUHTE3M -
pOBaTh ABYXKOMITOHEHTHBIC OAKTEPUOLIMHBI, HAIIPU-
Mep caiuBapuliMH P, UMeeTcs1 y MHOTUX TeHETUYECKU
pasmuIHBIX IITaMMOB Lactobacillus salivarius, Bbime-
JICHHBIX M3 KUIIIeUHWKa 4JenoBeka. bakrepun L. sali-
varius BKJIIOYAIOTCSI B COCTaB MPOOMOTUYECKUX
CPEICTB, TaK KaK CaIMBApUIIMH P criocoOCTBYeT CHU-
JKEHUIO KOJIMYeCTBA OaKTepuii cemericTBa Enterobacte-
riaceae, He oKa3biBasg 3(PdeKkTa Ha OOIIYI YMCJIEH-
HOCTB JIaKTOOALIWJUT B KMIIeYHUKeE [49].

Buocunmes u chopmuposarnue 3penvix mosexyn aau-
mubuomuxos. JIaHTUOMOTUKM CHUHTE3UPYIOTCS Ha
pubocoMax B BUJIE MENITUAOB—IIPEAIIECTBEHHUKOB 1
MOABEPraloTCI MHTEHCUBHOM MOCTPaHCISIIIMOHHONK
moaupukanyu [50]. CuHTe3 TaHTUOMOTUKOB MOXHO
pa3fgeuTh Ha HECKOJbKO OCHOBHBIX 3TaroB [51]:
Ne 3
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1) pubocomManbHBIl CUHTE3; 2) AeTuApaTalus ce-
pUHA U TpeOHUHa ¢ obpa3oBaHUEeM 2,3-IeTUAPO-
aaHuHa u (Z)-2,3-geruapoOyTUpuHa COOTBET-
CTBEHHO; 3) CTepeoceNeKTUBHOE TMPUCOEIUHEHNE
LMCTEeMHA K JeTUAPOAJaHUHY U NeTUAPOOYTUPUHY C
oOpa3zoBaHUEM THO3(MUPHEIX KOJIEL JIAHTUOHWHA
(Jlan) u PB-merwurantnonvHa (MetJlaH) cooTBet-
CTBEHHO; 4) 3KCIOPT MOJHOCTHIO MOAMMUIIMPOBAH-
HOro mpeaiecTBeHHUKa ¢ nomoibio ABC-TpaHc-
nopTepa; 5) mpoTeOIMTUYECKOE OTIICIUICHUE TUACP-
Horo TierrTraa [52].

Ha puc. 3 npencraBieHa cxema OMOCUHTE3a HU3M-
Ha [53]. @epmeHT NisA cBa3biBaeT N-KOHeL, KOTO-
pbIii Ha3bIBalOT AUAepHBIM menTuaoM. NisB u NisC
KaTau3upyroT dopMupoBaHue jJakrtama: NisB saBis-
€TCsl AETUApATa30i, NEUCTBYIOLIE HAa CEPUH U TPEO-
H1H, NisC — 1mkiiasa, popMupymolasi Bce THoaup-
Hble Kosiblia [54, 55]. JIaHTMOHWHOBBIE MOCTUKM,
(dopmupyloIire KOJableBble CTPYKTYPHI, CIyXKaT B Ka-
YeCTBE CTAOMJIN3aTOPOB KOH(MOPMALIMU, BaXKHOM JJIsT
OMOOTUYECKON aKTUBHOCTA W YCTOMYMBOCTU JIaH-
TUOMOTHMKOB K MpoTea3aM. YIaJeHUE IUIEPHOIO
NenTuaa U3 mpernenTuaa KaTaausupyercs hepMeH-
ToM NisP u gBisieTcsl mocjieqHe cTagueil mpolec-
cuHra [56]. JIugepHblii nenTua UMeeT KOHCEPBaTUB-
HYIO TTOCJIeHOBaTeIbHOCTh M3 24—30 aMUHOKMCIIOT-
HBIX OCTAaTKOB M HEOOXOIUM [UIST cheuu(puyecKon
JIOCTaBKM MOJIEKYJIbI-TIPEIIIICCTBEHHIKA, a TaKxXe
NpenoTBpaIlleHUsT aKTUBAlLIMM BHYTPU KJIeTKH [42].

B npotiecce co3peBaHust 1akTuiiMHa 481 hepMeHT
LctM katanmm3upyeT o0e peakuuym MoauduKamuu
npenenTuaa; AeruapaTaluio cepruHa U TPEOHUHA U
obpazoBaHUE TpeX TUOIMPUPHBIX LIUKITOB. JInaepHbIit
nierrTug, otmieruigeTrcd N-KOHIIEBBIM noMeHOM LctT
(ABC-tpaHcriopTepa), KOTOPBIi M 3KCKPETUPYET
3penblii IpoayKT. KoHBepcust mpenenTuioB JaHTU-
OMOTMKOB B 3pejble MOJIEKYJIbI TpeOyeT 3HEepPTuu
AT® u Mg+ [57].

ITennl OMocHHTE3a JIAHTMOMOTUKOB OPraHM30Ba-
HbI B KJactepbl. [IToMUMO CTPYKTYpHBIX T€HOB TMEI-
TUAOB HMEIOTCS TOMOJIHUTEIbHBIE Te€HbI, BaXXHBIE
TS TIPOSIBJIEHUSI aKTUBHOCTH 0aKTEpUOLIMHOB. DTHU
reHbl KogupyloT [51]:

1) ¢epMeHTHI, KOTOpPBIE BKIIIOUEHBI B PSII MOIU-
dukanmit: LanC karaau3upyeT IeruapaTaiuio cepm-
Ha U TpeoHMHa, a LanB oTBeTcTBEeHEH 3a GOPMUPO-
BaHME TUO3(UPHBIX CBS3e MEX Iy AeTUapaTUPOBaH-
HBIMU aMHUHOKHMCJIOTaMU U LIUCTEMHOM;

2) GenKu IS BBIICICHYS NpeTenThaa M3 KIIeTKI —
LanT;

3) UMMYHHBIE O€JIK1, BKJIIOUEHHBbIE B caMO3alllu-
Ty — Lanl;

4) cepuHoBylo npoteasy LanP, koropas ymanser
JIMAVPYIONIYIO MOCIEA0BATEILHOCTD ITPU BhIICJICHUU
JTAaHTUOMOTHKA;

5) opyrue peryaupyroiime 0ejaKu.

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA
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CuHTE3 MOJEKYJI JAHTUOMOTHUKOB 00eCcIieunBacT-
Csl CTPYKTYPHBIM TeHOM lan. Bo MHOTUX ciyvasix lanA
SIBJISIETCSI TIEPBBIM T€HOM B OIIEPOHE U KOAUPYET MO-
JIEKyJIy-TipeainecTBeHHUK [42]. IeHbl, OTBETCTBEH-
Hble 3a Momudukauuio (lanB, lanC, lanM, lanD u
lanJ), npoueccunr (lanP u lanT), Tpanctiopt (lanT),
nvmyautet (lanl, lanEFG u lanH) n peryisimmuio
(lanR, lanK, lanQ u lanX), noKann3oBaHbI PSIOM CO
CTPYKTYPHBIM T'€HOM. YUacCTBYIOIINE B CUHTE3€E U pe-
TYJISIIUU 6aKTEpUOLIMHOB KJIACTEPHI MOTYT pacIiojia-
raTbcsl Kak Ha XpOMOCOMeE, TaK 1 Ha TtasmMugax. Kak
MpaBUJIO, TEHBI CEHCOPHBIX U PETYISITOPHBIX OEIKOB
TPaHCKPUOUPYIOTCS COBMECTHO. B JTokycax, cBsi3aH-
HBIX C CUHTE30M JJAHTUOMOTUKOB, KaK MPaBUJIO, TeH
CEHCOPHOTro OeJiKa clieyeT 3a peTyJsITOPHbBIMU TeHa-
mu. Ha puc. 4 npuBeaeHbI TeHHbIE KJIACTEPhl HU3MHA
u naktuiHa 481 [51].

Tpanckpunnus CTPYKTYpHOTO TeHa nisA Herlo-
CPEICTBEHHO PETYJIUPYETCS CEKPETUPYeMOU U TI0JI-
HOCTHIO MOMU(UIIMPOBAHHOM MOJIEKYJIO HM3MHA
MOCPEACTBOM Iepenadyyd CUTHajla JBYXKOMITOHEHT-
HOI peryJisiTopHoOii cucteMoii [58]. B mtaHHOM ciiydae
HU3UH SBJIsIeTCsI (pepOMOHOM C aHTUMUKPOOHBIMU
cBoiictBamMu [59]. MHMLMaLMs ¢ IIpoMoTepa reHa
nisA cBsi3aHa C IPOJYKTaMM T€HOB nisR, Komupylo-
IIIUX OTBETHBIN PEryasiTop U reH nisK — TMCTUIMH-
kuHa3y [60]. KoHlLieHTpalyst Hu3uHa, TpedyeMast 1JIst
WHAYKIUU, MeHee 14 Hr/mu. Ha nmepBom aTare ru-
crungnuH-KnHaza NisK pearmpyer Ha TIpUCYTCTBUE
MOJIEKYJI HU3MHA B cpelie 1 aBTohoCchopuanpyeTcs B
1uTo30Jje. 3ateM (ocdaTHasl Tpynna mepeHOCUTCS
Ha NisR, KoTopsIiil sBAsIETCST OETKOM-aKTUBATOPOM
TPaHCKPUIILIUM B CUHTe3¢ Hu3uHa. Ha TpetbeM 3Tane
MpPEeAIIeCTBEHHUK MOIUMUIIMPYETCSI C ITOMOIIBIO
depmenToB NisB u NisC, nmoce yero TpaHCIOLUPYET-
cst yepe3 MmeMOpany ABC-tpancroprepom NisT. JIn-
JIEpHBIN TTETNITH, OTLIETUIsIETCS ITpoTeas3oi NisP [53].

ITponykius naktunrHa 481 HEKOTOPHIMU IIITaM-
mamu L. lactis perynupyercsi BHEKJIeTOUYHbIM pH.
IlonkucneHnue cpeabl MOJIOYHOM KUCJIOTOI CTUMY-
JIMPYET KCITPECCHIO C 000MX MPOMOTEepOB [42].

Mexarnusm deiicmeus ranmubuomuros. bakrepno-
IIUHBI MOJIOYHOKUCIBIX OaKTEepUil, SIBIASSICH KaTUO-
HaMH, JefCTBYIOT Ha MeMOpaHbl KJIETOK-MUIIIEHEI,
OpUBOASI K OOpa3’oBaHMIO IMOP M PacCeUMBaHUIO
TpaHCMEeMOpPAaHHOIO rpaaueHTa MoHoB [61]. JlanTtu-
OMOTHKM HE HYXTAIOTCS B CIIeM(pUIECKOM OEIKO-
BOM peLIENTOPE, TaK KaK OHU CBSI3BIBAIOTCS B MECTax
CHHTE3a KJIETOYHOU cTeHKM ¢ Jqunuaom Il [yHaeka-
npuHI-nupodochopuia-MurNAc-(neHTanenTua ) -
GIcNAc] — BemiecTBOM, y4JacTBYIOIIEM B CHHTE3e
nentuaorivkada. Jiunua I — BBICOKO AUHAMWYHAasI
MOJIEKYJla, IPUCYTCTBYIONIAs Y BceX OaKTepuii U OCy-
IIECTBIISIONIAas TPAHCIIOPT CYOBEANMHUIL KIIETOYHOM
CTEHKU Yepe3 LUTOILIa3MaTHIeCKyIo MeMOpaHy [62].
OH mnpencraBisieT coboil GaKTOMPEHOJICBSI3aHHbBIN
MpPEaIIECTBEHHUK KJIETOYHOM CTEHKW W COCTOUT M3
MEeTNTUIOTIMKAHOBOM roj0BKHU -N-alleTUJIMypaMOBO-
Ne 3
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I1penmmecTBeHHUK HU3UHA A

@ NisB, NisC

I1penusuH A

NisT, NisP

Husun A

Puc. 3. Cxematnueckoe npejacTaBieHue ouocuHTesa HusnHa [53]. NisB — neruapartasa, neiicTByIoOIIast HA CEpUH U TPEOHUH;
NisC — nuknasa, hopmupymoias TuoddupHbie Koabna; LanT — ¢epMeHT, OCyIIECTBISIONINI KCITIOPT MOJTHOCTHIO MOTUDT-
IIMPOBaHHOTO TpeAecTBeHHNKA; LanP — dhepMeHT, OTBETCTBEHHBII 3a yaajieHUe JIMACPHOTO TTeNTHIA OT IMpenenTuaa.

ro neHtarnentuaa (MurNAc), rmotaMuH N-aleTwia-  JIeKallPeHWJIbHOIO XBOCTa, (DYHKIIMOHUPYIOIIETo Kak
rmoko3oamuHa (GIcNAC), OCHOBHOTO CTPOUTEIBHO-  IIEPEHOCYMK IIENTUAOTINKAHA W3 IUTOIIa3Mbl. JIu-
ro 0;10Ka KJIETOYHOM cTeHKU, 1 mupodochat(PP)-yn- nua II cocrasieH u3 11 mMoJMM30NMPEHOBBIX OCTaT-
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Puc. 4. [enHble K1acTepbl HU3MHA U JaKTULMHA [S1] nisA, IctA — cTpyKTypHbIE TeHbl HU3WHA U JJAKTULIUHA, COOTBETCBEHHO;
nisB, nisC — reHbl, OTBETCTBEHHbIE 32 MOAM(DUKALINIO MOJIEKYT HU3UHA; hisP, nisT — reHbl, OTBETCTBEHHbIE 32 MPOLIECCUHT U
TPaHCTIOPT HU3WHA; hisl, nisEFG — reHbl, OTBETCTBEHHBIE 32 UMMYHUTET K HU3UHY KJIETOK-IIPOIYLIEHTOB; #iSR, nisK — TeHblI,
y4YacTBYIOLIME B PEryJsiiuu oopazoBaHusi. [eHbI JaKTULIMHA C UAEHTUYHBIMU (DYHKIMSIMU 0003HAaYeHbI OAMHAKOBO.

KOB, B KotopoM nmpodocdar MurNAc-1mieHTanen-
tun cBsa3aH ¢ GIcN (rmoramuH N-aneTuIrioKo30-
aMWH), CHUHTE3MpyeTCcsI BHYTpPU  KJIETKM  Ha
LUTOIIa3MaTUICCOKOM MeMOpaHe 4depe3 unum I,
KOTOPBI MpeICcTaBisieET coboii Komiuieke Y/1D-
MurNAc-nentanentua-GIcNAc ¢ yHaeKanpuHOI-
docharom. BrocimenctBum munum 11 mpoxogur K
BHEIIIHEI CTOpOHE MEMOpaHBI, a ABa aMUHOCaxapa
MPUKPETUISTIOTCS K KIETOYHOH cTeHkKe. [Ipotecc Mo-
XeT IIOBTOPSITCS, yHAeKamnpuHoJImpodocdaT Mo-
XKeT TPaHCIIOPTUPOBAThLCS Ha3ad K BHEIITHEM CTOPOHE
MeMOpaHbl yepe3 3Tarn AudochoprInpoBaHNs YH-
JnexkarnpuHoanupodocdaTa U LUK MOXET HayaThCs
CHOBA.

Hawubostee moitHO MexaHU3M AeICTBUS JaHTUOMO-
TUKOB M3y4eH [jIg Hu3MHa. MMeeTcs nBa pakropa,
UTPAIOIINX BaxKHYIO POJIb IIPY B3aMMOIEIICTBUN HU-
3MHA C MEMOpaHO YyBCTBUTEIBLHBIX KJIETOK. 3TO
HaJIWu4YMe OTPUIATEIbHO 3apsKEHHBIX JUINHWIOB B
MeMOpaHe M MeMOpaHHBIN TmoTeHIWan [63, 64], a
TaKKe TOJIIMHA KJIeTOYHON CTEHKU U JOCTYIIHOCTh
mununa 11 [65].

Ha xyeTKy-MullieHb HU3WH OKAa3bIBAE€T JIBOHOE
neicrue. Ilpu cBsa3biBaHuu ¢ aunuaoM Il oH 6J10-
KMpYyeT CUHTE3 KJIETOYHOI CTEHKM, a B HEKOTOPHIX
clIydastx MOXeT ucroJjib3oBath aunui 11 mis 3akpern-
JICHUSI B MeMOpaHe ¥ MTHULIMMPOBaHMsI 00pa30BaHUsI
nop. Ilpu BBICOKOII KOHIEHTpAallMM HU3WHA ITOPBI
MoryT ¢opMuUpoBaThcst B oTcyrcTBue aunuaa II. B
3TOM CJlydae MaKCUMalbHasi aKTUBHOCTh HU3WHA Ha-
omonanack mpu 50—60%-HOM comep:KkaHUM OTpHIIa-
TEJILHO 3apsKEHHBIX JIMITUI0B B MeMOpaHe [66].

Ha puc. 5 mpencrasieHa npearoiaracMasi MoJiejib
neiicTBys HM3MHA. Ha HavyanbHOM 3Tarie HU3UH CBSI-
3pIBaeTcs ¢ nupodocdarom ymrmaa Il [66—68]. 3a-
TeM C-KOHel MOJICKYJIbl TIEPEHOCUTCS 4epe3 MeM-
OpaHy 1 OKa3bIBAeTCSI HA €e BHYTpeHHeli ctopoHe. Ha
9TOM 23Talle Hauboyiee BaKHBIM SIBISETCS TOIBIMIK-
HOCTh Mexay kiactepamu A, B, C u D, E B monekyne
Hu3nHa. B3aumopeiictBue ¢ munuaom II cradbunusu-
pyeT TpaHCMEMOPAHHYIO OPUEHTAIINIO TIENTUIA, B pe-
3yJbTaTe 4yero GopMHUpPYIOTCS CTaOMIIbHBIE TTOPHI T1a-
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MeTpoM 2 HM [69]. B o6pa3zoBaHM OMHOM TTOPHI y4acT-
BYIOT 8 MOJIEKYJI HU3WHA U 4 MoJieKybl aunuga 11
[69, 70].

PasHasg 9yBCTBUTENBHOCTh OakTepuii K HU3WHY
SIBJISIETCSI  CJICACTBUEM PA3JIMYHONM KOHIIEHTpALUU
ymnuna I1 B mem6pane. M3BectHO, uto v E. coli co-
JIepXKaHWe 3TOM MOJIEKYJIbl CYLIECTBEHHO HIDKe (2 X
x 10° MoJIeKyJ1 Ha KJIETKY), B TO BpeMs Kak y Micro-
coccus flavus — 1 x 10°. B nemoMm, 6aKTepUOLIMHBL
1 xitacca ucrnons3yrot aurun 11 B KauecTBe CBSI3YyI0-
1Iero 3BeHa ISl crneuu¢pUYecKoro MeMOpaHHOTro
npukperieHus [71].

JIaHTHUOMOTUKM CO CXOXel CTpyKTypoit A u B xo-
Jielr uMmeroT aunupa Il-3aBucuMbiii MexaHU3M Jeit-
crBus [62]. B yacTHOCTH, MepcallUaVH 1 aKTarapauH
(manTuOuoTUKKU TUIa B) Takke (OpMUPYIOT KOM-
miekc ¢ aunuaoM II, HO cBsI3bIBaHME OJOKUPYET
TOJIbKO BKJItoueHue Junuiaa I B mentuaorivka,
YTO MIPUBOJIUT K MEIJICHHOMY JIU3UCY KJIETKU [72].
IIpennonaraiot, 4To MepcauUIUH OJOKUPYET CUH-
Te3 MEeNTUIOoTINKaHa Ha YPOBHE TPaHCIJIMKO3UJIU-
pOBaHUs, HO B 3TOM cJlyyae Mopbl B MeMOpaHe He
oOpa3sylotcs [42].

MuKpOoOpraHu3Mbl—IPOAYLIEHTHI 0aKTEPUOLIMHOB
MMEIOT CUCTEMY 3allMThI OT CBOUX COOCTBEHHBIX MTPO-
JIYKTOB C TIOMOIIbIO 3KCIIPECCUM T€HOB MMMYHHBIX
0enkoB. UyBCTBUTEIBHOCTb MPOIYLIEHTa BapbUPYET
W 3aBUCUT OT YPOBHS TIPOMYKIIMM OaKTepHUOILIMHA
[73]. UMMyHHBIE GEJIKM IMPOSIBIISIOT 3HAYUTEIBHYIO
BapuaOeTbHOCTD: YV TIPAKTUYECKN OJIMHAKOBBIX OaK-
TEPUOLIMHOB MOTYT OBITh AOCOJIIOTHO pa3Hble UM-
MyHHBIe 0eaku. s Hu3uHa u3BecteH Nisl — 6etok
C JIAIIONPOTEUHOBOIN CUTHAJIBHOU MOCIEI0BATENIb-
HOCTBIO, KOIUPYEeMbIii TeHOM nisl B oIrepoHe Ouo-
cuHTe3a Hu3nHa. benok Nisl mpukperuisieTcst K
BHEIIHEN TMOBEPXHOCTU MeMOpaHbl KJIETKU-IPOIY-
LIEHTa, TJIe CBSI3bIBAET HU3WH, YMEHbIIIAsI €T0 JJOKaIb-
HYIO KOHLIeHTpaluio [42].

CaoiicTBa u OuocunTe3 6akTepuonuHoB II Kiacca.
Ko BTOpOMY KJ1accy 6akTEepMOIIMHOB OTHOCSITCSI He-
MoauGULIMPOBaHHbIE MENTUIbI, KOTOPbIE TTOApa3ie-
JisitoTest Ha Tpu noakiacca. K moaknaccy Ila otHo-
Ne 3

ToM 48 2012



268

CTOAHOBA wu np.

O6pa3oBaHUe MOPbI
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Kunacrepsr Hu3nHa

Puc. 5. Mopaenb nmunun [1-3aBucumMoro o6pazoBaHust TOp HU3WHOM [66].
G — rmotamuH N-aueTuiriaoko3oaMut; M — N-aueTuamMypaMoBbIii IEeHTanenTu .

CATCS TIeIMOLMHIIONO0HBIE OakTepuolnHbl, B 1Ib
MOAKJIACC BXOIAT AUMNENTUAHBIC OAKTEePUOLMHBI, a
noakiacc Ilc BkiouaeT B ce0st 0aKTepUOLMHBI, UME-
IolIMe LIUKIINYECKOoe cTpoeHue. B Tabi. 4 mpuBeneHbI
ocHOBHBIe OakTepuonnHbI 11a n [1b moakitaccoB u nx
HPOAYLUEHTHI. DTU O0AKTEPUOLIMHEI Pa3JINYaioTCsl 110
MOJIEKYJISIpHBIM Maccam [74—99].

MHorue 13 3TUX MEeNTUA0B CTAOMJIbHBI IPU HU3-
KX 3HaYeHUSIX pH 1 MHTMONpPyIOT pOCT rpaMITOJIOXKM -
TeJIbHBIX OaKTepHUii, BBHI3BIBAIOIIMX MOPYY ITMUIIEBBIX
MIpPONYKTOB, TaKuX, Kak: Bacillus cereus, Clostridium
perfringens, Staphylococcus aureus, Listeria monocyto-
genes. Tak, Hanpumep, JakTULMH Q, oOpa3zyeMblii
mTamMMoM L. lactis subp. lactis QU 5, 110 criekTpy aH-
TUMUKPOOHOTO IeHACTBUS IT000€H HU3MHY A, HO OT-
JIMYaeTCsl CTAOMIBHOCTBIO B LIIEJIOYHBIX YCIOBHSIX [38]
U 6oJblieil 3HEeKTUBHOCTbIO B OTHOIIIEHUM MHOTHUX
TPaMIIOJIOXKUTEIbHBIX OakKTepHii, B TO BpeMs Kak
JIAKTOKOKIIUHBI A, Q 1 TaKTOKOKIIMH 972 UHTUOUPY-
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JOT POCT TOJBKO HEKOTOPBIX IITAMMOB JIJAKTOKOKKOB
[100].

Bce 6akrepuonmusbl Ila monkiracca sBastioTcs Ka-
TUOHHBIMU TIENITUIAMU, COCTOSIIIMMHU U3 IBYX CTPYK-
TYPHBIX €IMHUIL; BBICOKO KOHCEPBAaTUBHOTO N-KOHIIa
C XapakKTepHOM TTocaeaoBaTeTbHOCTRIO Tup-Imm-Act-
Iln-Ban u MmeHee KoHcepBaTUBHOTO C-KOHIIEBOTO J10-
meHa [101]. N-KoHel oOpa3yeT Tpu aHTUNAPAJLIIC]Ib-
HBIX [3-CJIOsI, TONNEPXMUBAEMBIX JUCYTHOUIHBIMU
mocTtukamu, C-KoHell GopMUPYeT OHY WU IBE aM-
budunbHbIX o-crimpanu. [ToJIoXUTETbHO 3apsiKeH-
Hble aMMHOKKCJIOThI, HEOOXOAMMBbIE J1JIS1 B3AUMOIEH -
CTBUS ¢ MeMOpaHOI, y 0aKTEepMOILIMHOB BTOPOTO
KJjlacca JIOKaJIM30BaHbl, TJIaBHBIM 00pa3oM, Ha TUI-
podmnbHOM N-koHile. C-KoHel OakTepuoIuHAa
y4acTBYeT B OIPENCJICHUU €ro CIeUPUUHOCTH U
BHEJIpEHUU B MeMOpaHy, a THIpo@WIbHbIE -CKITam-
K1 N-KOHIIa TPUKPETUISIOTCS K MOBEPXHOCTU MEM-
Opansl [31].

Ne 3

TOM 48 2012



AHTUMUKPOBHBIE METABOJIUTBI MOJIOYHOKMHCJIbIX BAKTEPUM

Taoauna 4. Bakrepuouuns 11 xi1acca v MX IPOAYLIEHTBI

269

Baxrepuouunsl [1a monknacca
baxkrepronun [MTponyuent MonexkynsipHast macca, Da Ccbliika
CakauuH A Lactobacillus sakei 1.b 706 4300 [74]
Cakaru 674 L. sake 1L.b764 4437 [75]
Jlaktnua Q Lactococcus lactis QU 5 5926 [38]
JlakToKOKIIMH A L. lactis subsp. cremoris LMG 2130 5778 [76]
JlakToKOK1LIMH 972 L. lactis subsp. lactis IPLA 972 7500 [77]
Jlaktokokuua DR L. lactis subsp. lactis ADRIA 851.030 3400 [78]
KapHobakTtepuoumH A | Carnobacterium piscicola LV17A 5052 [79]
Kapno6axrtepuoiuH B2 | C. piscicola LV17 4969 [80]
KypBanua A Lactobacillus curvatus LTH1174 4309 [81]
JuBepuuH V41 Carnobacterium divergens 4509 [82]
JuBepruiiua M35 C. divergens M35 4518 [83]
JlaktokokumH MMFII | L. lactis MMFII 4144 [84]
JleiikoLia A Leuconostoc gelidum UAL 187 3930 [85]
Me3zentepuiivd Y105 L. mesenteroidesY105 3446 [86]
INnantapuimH 423 Lactobacillus plantarum 423 3500 [87]
Ienuouun PA-1 Pediococcus acidilactici PAC 1.0 4629 [88]
Iemmonun AcH P. acidilactici AcH 4628 [89]
Cakauvx G Lactobacillus sake 2512 3834 [90]
Bbakrepuonuns 11b monkimacca
JlakTokokuuH G L. lactis LMGT2081 4346; 4110 [91]
JlakTokokimH MN L. lactis 9B4 4325; 4377 [51]
JlakTokokuMH Q L. lactis QU 4 4260; 4018 [92]
IMnantapuiva E/F Lactobacillus plantarum C11 2687; 2758 [93]
[TnantapuuuH J/K L. plantarum C11 2921; 3508 [94]
Ilmantapuiiua NC8 L. plantarum NC8 3587; 4000 [95]
Jlakrauun F Lactobacillus johnsonii VP111088 2500; — [96]
JlakTonuH 705 Lactobacillus casei CRL 705 3357; — [97]
Tepmodmmmn 13 Streptococcus thermophilus Sfil3 5776; 3910 [98]
Jletixorua H Leuconostoc MF215B —* [99]

* MOJICKyJIﬂpHaH MaccCa HE OoIpeacjicHa n3-3a HEIOCTOAHCTBA aMMHOKMCJIOTHOI'O COCTaBa IenTuiaa.

CTpyKTypHBIE TeHBI MHOTMX 0aKTepUOLIMHOB, HE
colepxKalnx JJAHTUOHWHA, PACIIONIOXEeHBI Ha TUIa3-
MHIaxX, 3a CKIoueHneM guBepunHa V41[102], caka-
nuHa P 1 kapHooakrepnonmHa B2 [103]. B HekoTo-
pBIX ClIy4yasix OAHa MJja3Muaa MOXKET HECTU Te€HbI
CUHTE3a HECKOJLKMX 0aKTepUOLMHOB KaK, Halpu-
Mep, m1asMuga p9B4-6, konupyromast JaKTOKOKIH-
HbI A, B M M COOTBETCTBYIOILLIIC UMMYHHBIE OCJIKH.
B mIpoTHBOIIOIOXXHOCTh 3TOMY, pa3HbIC OTIEIbHEIC
IUIa3MUJIbI, HAXOISIIIMECS B pa3HbIX IITAMMAaX, MOTYT
KOIMpOBaTh OOMH OakTepmouuH. Hampumep, misa
JIAKTOKOKIIMHA A MMEIOTCSI TPU Pa3IndHbIC TIa3MU-
oel 'y aByx moaBuaoB L. lactis subsp. lactis. TeHBI
OOBIYHO OPTaHM30BaHbI B OJIMH WJIM HECKOJIBKO OIle-
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poHoB. B nmenuonmae PA-1, mmantapunuHe 423 Bce
4 reHa, HEOOXOIMMBIE IJISI OMOCUHTE3a, JIOKAIN30Ba-
HbI B OJHOM onepoHe. B apyrux ciydasix TeHbl pac-
IpeaesieHbl 0 HECKOJIBKMM OIepOHaM, IAe OINH
ONEPOH HECET CTPYKTYPHbBIE T€HBI ¥ T€HBl UMMYHHO-
CTH, BTOPOI — Ire€Hbl CEKPELIUU, TPETUN — PETYJISALIUU
ouocuHTe3a [31].

bakrepuouunsl Ila monknacca CUHTE3UPYIOTCS B
BUJIE TIPEIIIECTBEHHMKOB C CUTHAJILHOM MOCJIe0Ba-
TEIbHOCTHIO. MOIEKYIbI IIPEIIENITUAOB UASHTUIHEL Y
cakalHa A U KypBallMHa A, JIJAHTUOMOTHKA JIAKTU-
nuHa 481 u nakrokokurHa DR, cakauuHa 674 u caka-
muHa P. [Tpenronararot, 94To IperenTyu HarpaBisieT
TTOJIUTICTITU, B S€C-3aBUCHUMBII ITyTh 9KCKpELU, KO-
Ne 3

ToM 48 2012



270

TOPBIN BKJTIOYAET TAK3KE CTAOMIM3ALIMIO IIPEITeNTHAA B
Mpoliecce TPAHCIISILIMK, COXpaHEHUE MOJIEKYJIbI B He-
aKTUBHOM COCTOSSHUM WM YYacTHE B TpPaHCJIOKAlLIUU
[51]. Bakrepmonmnsl 1 u 11 kmacca cekpeTHpYIOTCS ¢
nomMoipbio ABC-tpaHcnioprepa [34].

CpaBHUTEJIBHO HEJAaBHO OBLIM HIEHTUDULUPO-
BaHBI JUITENITUAHBIe OakTepuonuHbl 11b moakiacca.
CBoliCTBa T€HETUIECKN M OMOXMMUIECKI OXapaKTe-
PU30BaHHBIX 0aKTepUOLIMHOB 3TOro IIoAKJIacca
IpeacTaBIcHEI B Ta0II. 4.

bakrepuouunsl 11b ronkiacca UMeIOT MHOTO 00-
mmx 9ept ¢ 6akrepuonmaamu Ila mogkiracca. B wact-
HOCTU, OHU TOXE SIBJISIFOTCSI KAaTUOHAMU U HMEIOT
ruapodoOHyI0 U aMpUuGUIbHYIO0 00JIaCTh B MOJIE-
kyne. Kak rmpaBuiio, o0a renTuma 1eiicTBYIOT CUHEep-
ruaHo. OnHaKo OTAeIbHbIC TeNTUAbI JakTaHa F u
miantapuuuHa E/F u J/K Moryt nposiBasiTb aHTU-
MUKPOOHYI0O aKTMBHOCThb, HO B TOpa3n0 MEHBIICH
crenenu [104]. 3BecTHO, uTO B nMakTonmHe 705 3a
aHTUOAKTEepUaJIbHYI0 AaKTUBHOCTb OTBEYaeT OIUH
MHENTHU I, B TO BpeMsI KaK BTOPOI IIEIITUI, MOJICKYJISIP-
Hasl Macca KOTOpOTO He OIlpeaesieHa u3-3a HeIOCTO-
SIHCTBA €r0 aMUHOKWCJIOTHOTO COCTaBa, y4acTBYeT B
pacno3HaBaHMU pelleriTopa Ha MeMOpaHe KJICTKM-
muineHu [105]. IeHBI, OTBETCTBEHHBIE 32 CUHTE3 OT-
JIeJIbHBIX MEeNTUAOB JBYXHENTUAHBIX OaKTEPUOLIM-
HOB, pacIIoJIaraloTcs IpyT 3a APYTOM B OJJHOM OIIePO-
He, U K KaxXXIoMy OaKTepUOLMHY MMEETCSI TOJIbKO
OIWH TeH UMMYHHOTO 0eJiKa, UTO TOBOPUT O TOM, UTO
o0a mentuaa (GYHKUMOHUPYIOT KaK €IWMHBIN KOM-
mwiekce [103]. KpoMe TOro, ycTaHOBJIEHO, YTO MEXIY
KOMITJIEMEHTApHBIMU TENTUAAMU JIAKTOKOKIIMHA G,
ruiantapuiiHoB E/F u J/K nipu atake Ha KjeTKy mpo-
HCXOIST TIpsIMbIe (py3MdIecKe B3auMonaeiicTeus [106].

7151 perysiiuu mpoayKIIMu 6aKTepUOIIMHOB BTO-
poro Kjacca MUCIOJIb3yeTCsl CUCTeMa KBOPYMCEHCUH-
ra. OHa COCTOUT U3 TpPeX KOMIIOHEHTOB U COOTBET-
CTBEHHO BBIpaXkaeTcs B TPEXKOMITOHEHTHOM peryJsi-
TOpHOI cucTteMe: (pepoOMOHa TENTUIHON MPUPOIHI,
TpaHcMeOpaHHOro Oejika — TMCTUAMHKWUHA3BI (pe-
Henropa (pepoMoHa) U OTBETHOTO O€jIKa IIMTO30JIA.
ITokazaHo, 4yTo cuHTe3 TepModuanHa 13 dakTepusi-
mu Streptococcus thermophilus LMD-9 u nantapu-
LUHOB, o0pa3yeMbIx mtamMmamu L. plantarum Cl11,
E/F uJ/K, 3aBucut oT (pa3bl pocTa M KOHLIEHTpaIU1
WHAyLupyoero gakropa, gpepomona [107].

Mexanusm neiictBus GakrepuonuHoB II kiacca.
[MpenmonaraemMoit MOJIEKYIOM -peIIeNTOPOM TSI GaK-
TeprorHOB Ila Togkacca gBIsIETCS TIEPEHOCUYMK

manno3b1 E 11" [108]. Besok E 11M*" mipuHamiexut
K ¢ochorpaHcdepasHoii cucreme (PTC) u xonupy-
ercst mpt oriepoHoM. PTC oTBeuyaeT 3a TPAHCIIOPT U
dochopunupoBaHue caxapa BHYTPU KJIETKU KakK y
rpaMIIONIOKUTENbHBIX, TaK M I'paMOTPULIATEIbHBIX
oakrepuii. ®TC-nepMeaza MaHHO3HOI'O CeMeicTBa
cocrouT u3 yerbipex gomeHos IIA, 1IB, 1IC, u 1ID.
Hnromnasmatnyeckue nomeHsI I1A n I11B ygactByiot
B (pocopunupoBannu, a Memopanubie [IC u 11D —
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CTOAHOBA wu np.

B TpaHcnopre. Cyobenuuaunsl I1C u 11D, Haxongmme-
csl B MeMOpaHe, SIBJISIIOTCS] MUILICHSIMU JJIsSI OaKTepro-
1LIMHOB BTOporo Kiacca [31]. N-koHell 6akTepruolLHa
OTBEYAEeT 3a CBSI3bIBAHME C MEMOPAHOI KJIETOK-MUILIe-
Heil MOCPEACTBOM BJISKTPOCTATUYECKUX B3aMMOICTi-
CTBUIi, TOrJa Kak TpuITodhaHCOoAepXKallliil y4acTOK
C-KOHIIa — 32 MPOHUKHOBEHME OAKTEPHUOIIMHA B MEM-
oOpany [109]. I1sg 1akTOKOKIIMHA A, TIPOAYLIIPYEMOTO
L. lactis subsp. lactis, nokazaHO, YTO MPUCYTCTBHUE
MeMOpaHHbIX KoMrioHeHTOB IIC u 11D mocratoyno
JUIST TIpOSIBIeHUS 9yBcTBUTEIbHOCTH [107]. TIpenmno-
JlaraemMasi MoJieJib AEUCTBUSI JIAKTOKOKIIMHA A U Me-
XaHM3M 3aIlI1THl OT HEero MoKa3aH Ha puc. 6.

CoriacHO 3TOM cxeMe OaKTepUOLIMH B3auMoeii-
ctByeT ¢ I11C u IID kommonenTamu MaH-®OTC Kak ¢
peleTITOpOM KIJIETOYHOHN TTOBEpXHOCTH (pHUC. 6, A;
nonoxenue 1 u 2). Ilocne cBs3pIBaHUS 0AKTEpUOLIMH
YCWIMBAET IPOHMUIIAEMOCTh MeMOpaHhI (cocTosiHuE 3),
YTO Y TIPUBOJIMT K r'nbeu KieTku. BeposiTHo, ropa B
MeMOpaHe oOpa3yeTcs 3a CUET OJIUTOMEPU3ALIUN MO-
JIEKyn OaKTepHOIIMHA JMOO 3a CYeT pa3pylieHUs
maHHO030-DTC KoMmIuiekca.

B "MMyHHBIX KJIeTKaX, He TIPOIYITUPYIOIINX OaK-
TePHOIINH, MMMYHHBIN O€JIOK He CBI3aH C MAHHO30-
DTC (puc. 6, b; monoxenue 1'). B xierkax, npoay-
LUPYIOIINUX GaKTEPUOLWH, UMMYHHbBIE OSIKU TTPOY-
HO cBsi3aHbI ¢ perentopHbiMu 6enkamu (ITC u 11D)
JUIST 3aIIMTHI uX oT ruoenu [107]. DTa Momess BO3-
MOXHa TaK>Ke JJIs1 JAaKTOKOKIIMHA B 1 HEKOTOpBbIX Te-
TUOIIMHITOTOOHBIX 6aKTEPUOIIMHOB.

MexaHn3M IeCcTBUS TaKTOKOKIIHA Q OTIIMyaeT-
cs ot nelictBus 6akTepuonrHoB Ila monknacca. s
MPOSIBJICHUSI €TO ACUCTBUSI HE HYKHO IPUCYTCTBUE
MOJIEKYJIBI pelienTOpa Ha IIa3MaTUIecKoit MmeMOpa-
He. [Ipenmonaraercst, 4To JJAKTOKOKIIMH Q 37eKTpo-
CTaTUYECKU CBS3BIBACTCS C OTPULIATEILHO 3apsSKeH-
HOI MeMOpaHot 0aKTepUaIIbHOM KJIETKHU, IIOCJIE YeTO
BCTpauBaeTCs B Hee, 00pa3sys mmopsl [110].

JunentuaHbelie 6akTepuounHbl IIb knacca ycunm-
BalOT IIPOHUIIAEMOCTh KJIETOYHOM MeMOpaHbI OJIs
MOHOB 3a CUeT 00pa30BaHUS MOP, B KOTOPHIE BKIIIO-
yarorcst oba nentuma [111, 112]. ITpuyeM Kaxknbii
0aKTepUOLIMH 00Pa3yloT MOPbI, TPOHUIIAEMbIE TOJIb-
KO IJIsI OIIpeaeIeHHOTO THIIa MOHOB. Tak, JIJAKTOKOK-
uH G ycWIMBaeT IMPOHUIIAEMOCTh JJISI MHOTUX MO-
HOBJICHTHBIX KATUOHOB U XOJIMHA 32 UCKIIOUEHUEM
H*, a mnantapuuunsl E/F u J/K nenarot memOpaHy
MPOHMLIAEMOM I BCeX MOHOBaJICHTHBIX KATUOHOB,
Bkirouast 1 HY [113].

B cBsa3u ¢ tem, uyro 6akTrepuouHbel MKb, oTHO-
csammecs kKo I kimaccy, 06y1agaroT BEICOKOM aHTHOMO-
TUYECKOW aKTUBHOCTHIO B OTHOIIEHWU IaTOT€HOB
Listeria innocua n L. monocytogenes, pa3BUBAIOIIUXCS
B IIPOAYKTaX MUTAaHUS U ITUILIEBOM ChIPbhE B IPOLIECCE
JUIUTEJIbHOTO XpaHEHUSI, OHU TI€PCHEKTUBHBI JJIsI
NpUMEHEHUSI B KadecTBe OMOKOHcepBaHTOB [114].
Cpenu Takux 6aKTepuOILIMHOB U3BECTHBI KypBalliH A
[81], muBepiuH V41 [82], naktokumH MMFII [84],
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Puc. 6. Moaenb 1eiicTBUs Ha KJIETKY-MULIEHb U UMMYHHOCTb ISl TaKTOKOKIIMHA A [83]. A — 6aKkTepMOLMH B3aUMOJEHCTBYET
C peLIENITOPHBIMU OeJIKaMU KJIeTOYHOM noBepxHOCTH (A-D) — komnoHeHTamu MaH-DTC (nonoxenue 1 u 2). [Mocne cBs3bI-
BaHUSI OAKTEPUOLIMH YCWINBAET IIPOHUIIAEMOCTh MeMOpaHkbI (3), 4YTO M MPUBOAUT K KJIeTOUuHOM rubenn. [Topa ob6pasyercst 3a
CYeT OJIMTOMEPU3AIIUU MOJIEKYJT GaKTepuoIIMHa IGO0 3a cueT paspyireHust MaHH-DTC komruiekca.

b — B MMMYHHBIX KJIeTKaX, He IPOAYLMPYIOLINX OaKTEPUOLIMH, MMMYHHBII 0e/10K He cBs13aH ¢ MaHHO30-DTC (rmonoxkenue 1'); B
KJIeTKax, MPOAYLMPYIOMINX OaKTEPUOIIMH, UMMYHHBIE OSJIKM TIPOYHO CBSI3aHBI C PeleNTOPHBIM OeikaMu (A-D) mist 3amuTsl

OT rubenu.

Ennnauier Man-@OTC mokasaHbl B cTeXHoOMeTpudeckoM cooTHomeHuu 2 @ 1 : 2 msa AB:C:D. CW — kiietouHas crenka; CM —

nUTOoIIa3sMaTudyecKast M6M6pal—ia.

nerikouuH A [85], mnaHnTapuuuH 423 [87], NeAUOLHEI
PA-1u AcH [114, 115, 116], cakauusl P u G [75, 90].

skeksk

B Hacrosiliiee BpeMsi pe3KO BO3POC MHTEPEC UC-
cnepoBaresiei K MKDB, xoTtopele m3-3a cBoeil 6e3-
OTMAaCHOCTH, BLICOKOI (hepMEeHTaTUBHOM U aHTUMUK-
pOOHOI aKTUBHOCTU SIBISIIOTCS OOBEKTOM (yHma-
MEHTaJIbHBIX HCCIENOBaHUN IO CO3JAHUIO HOBBIX
aKTUBHBIX MMPOOMOTUKOB U Pa3sHOOOpPa3HbIX aHTU-
MUKPOOHBIX TIpernapaToB ¢ KOHCEPBUPYIOLIUM 3(-
dexToMm.

MKDb saBastoTCs npoaylieHTaMu LIKMPOKOro Kpyra
aHTUMMKPOOHBIX METabOJIMTOB, OTHOCSIIUXCS K
pa3HbBIM KJjlaccaM XMMHWYecKUX BellecTB. Haubonee
XOpPOIIIO M3y4yeHa rpynna 0aKTepUOIIMHOB, TaK KakK
0aKTepUOLIMHBI BCJIEICTBUE UX HETOKCUYHOCTH Hau-
0oJiee MepcreKTUBHbI B KauyeCTBE KaHAWMIATOB IS
pPa3BUTHUS HOBOTO TOKOJIEHUSI aHTUOMOTUYECKUX
IpenapaToB C IMPOOMOTUYECKMMU CBOMCTBaMu [27,
117, 118]. B cBsa3u ¢ TeM, uto MKb nmeror “GRAS”
cTaTyc, X 0aKTepUOLMHBI BOCTPEOOBAaHbBI TPOMBIIII-
JIEHHOCTBIO KaK 0e30TacHble U CIlelu(pUIHbIE OO~
KoHcepBaHThl [119, 120]. MHorue 6akTepUOLIUHbI
3TOM T'PYMIIBI OaKTEPUI YCIEITHO 3apeKOMEHI0BAIN
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ce0s1 B KauecTBe OMOKOHCEPBAHTOB JJIsI MSICHBIX TIPO-
JIYKTOB, PBbIObI, KUCIOMOJIOYHBIX TMPOIYKTOB, OBO-
meit u ppykroB [121, 122]. OCHOBHBIE HallpaBACHUS
ooJiee 3PPEeKTUBHOIO MCITOIb30BaHUS 0AKTEPUOIIN -
HOB C LIEJIbI0 YBEJIUYCHUSI CPOKOB TOAHOCTHU MUIIIE-
BBIX MPOIYKTOB 3aKJIOYAIOTCSI B UCMIOJIb30BAHUU UX
cMeceil, BKIIIOYEHUSI OaKTEpUOLIMHOB B YITaKOBOY-
Hble MaTepuaibl, COYETAHUE UX C APYTMUMU KOHCEP-
BaHTaMU. DPPEKTUBHOCTh OAKTEPUOIIMHOB OTIPee-
JISIeTCSI aKTUBHOCTBIO UX TMPOAYLEHTOB. [1jis1 3TOro
MPOBOJSIT CKPUHUHT TIPUPOAHBIX BbBICOKOIPOIYK-
TUBHBIX IITAMMOB W3 Pa3JIMYHBIX CyOCTpaTOB, WC-
MOJIB3YIOT pa3IuuHble FTEHETUUECKHE METO/IbI, BKITIO-
yasi METO/Ibl KJTIETOUHOU nHxkeHepuu [ 18, 20, 123—127].

C npyroi CTOpoHBI, BO3MOXXHO IMPpUMEHEHNE 0aK-
TEepPUOLIMHOB B MEAULIMHE B KaU4eCTBE aJbTepHATHB-
HBIX aHTUOMOTHKOB [128, 129].

Mexmy pa3HbBIMM KilaccaMr OaKTEpHOLIMHOB
UMEIOTCH CYIIIECTBEHHBIE OTINYUA B CTPOEHUU MOJIE-
KYJIBl, a, CJAeIOBAaTEIbHO, M B X CTAOMIILHOCTH, Me-
XaHU3ME U CIHEeKTpe aHTUMUKPOOHOro neiicteus. B
YaCTHOCTU, JIJAHTUOMOTUKU XapaKTePU3YIOTCS CIOXK-
HBIM TIPOLIECCOM ITOCTTPAHCIALIMOHHBIX ITpEBpaIle-
HU1, KOTOPBIE MPUBOIAT K DOPMHUPOBAHUIO JIAHTHO-
HUHOBBIX MOCTUKOB B MOJIEKYJIC, YTO U OOYCIOBIU-
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BaeT CTAOMJIBHOCTD TIENTHUIA BO BHEIIHEH cpene U
0oJiee MMPOKUM CIIEKTP NEeUCTBUSI.

Oco0y0 HaydyHYI0O W MPaKTUIECKYIO II€HHOCTh
npencTaBassioT cuHredupyeMble MKbB coennnenus,
KOTOpbIe 001aal0T (GYHTULIMAHBIM IeiicTBEeM. DTa
pa3sHOpOIHAS TPYMIIA BEIIeCTB HAa MTAaHHBI MOMEHT
n3ydyeHa HegocTaTouyHo. IlITaMMBI JTaKTOKOKKOB,
uneHTuuurupoBaHHble Kak L. lactis subsp. lacits,
CUHTE3WPOBAIN BEIeCTBa, OTHOCSIINECS K aTKMIT-
apoMaTUYeCKUM KEeTOHaM, KOTOPbIE W ONPEnesIsioT
UX (pyHTMIUAHYIO aKTUBHOCTb. MHOTME aBTOPHI OT-
MEJaloT BO3MOXHOCTb WCIIOJIb30BaHUS IITaMMOB
MKDB misg ipoaeHns CpOKOB XpaHeHUsI (PPYKTOB U
OBOIIIei, HauboJee MOABEPXKEHHBIX IMOpYe MUKPO-
cKomuyeckuMu rpudamu [12, 13, 23]. YuuTsiBasi, 4To
MMOTPEOHOCTDh TIMIIEBOM TPOMBIIIJIEHHOCTH, MEIN-
LIMHBI U CEJIbCKOTO XO3SIMCTBA B (PYHTUILIUAHBIX MIpe-
rnaparax pacTeT ¢ KaXJIbIM TOI0M, a UCIIOJIb3yeMbIe B
Hacrosliee BpeMsl (GyHTMIUIbI (XMMUYecKue Tperia-
paThl) 00J1a1aI0T TOKCUYHOCTBIO IS UeJIOBeKa 1 KU -
BOTHBIX, HAaKarIMBAlOTCs B IOYBE U BOJIE, TIOMCK HO-
BBIX (DYHTUIIMIHBIX BEIIECTB CPedr HEITaTOTEHHBIX
¢dopM MUKPOOPTAaHM3MOB SIBJISIETCS aKTyaJTbHOM
pOOJIEeMOIA.
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Antibacterial Metabolites of Lactic Acid Bacteria: Their Diversity
and Properties
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Abstract—The review is devoted to literature data on antimicrobial metabolites produced by lactic acid bac-
teria (LAB), which have long been used for the preparation of cultured dairy products. This paper summarizes
data on low-molecular-weight antimicrobial substances, which are primary products or by-products of lactic
fermentation. Individual sections are devoted to a variety of antifungal agents and bacteriocins produced by
LAB; their potential use as food preservatives has been discussed. The characteristics and classification of
bacteriocins are presented in a greater detail; their synthesis and mechanism of action are described using the
example of nisin A, which belongs to class I lantibiotics synthesized by the bacterium Lactococcus lactis subsp.
lactis. The mechanism of action of class Il bacteriocins has been demonstrated with lacticin. Prospective
directions for using LAB antimicrobial metabolites in industry and medicine are discussed in the Conclusion.
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This article reviews the most recent results of studies on the mechanism of induced systemic resistance (ISR)
elicited in plants by non-pathogenic bacteria of the genus Pseudomonas. Several examples of Pseudomonas
strains eliciting resistance against fungal phytopathogens in different species of crop plants are presented. Lit-
erature data dealing with bacterial elicitors and the effect of their interaction with plant receptors are quoted.
Special focus is focused on the controversial issue of the correlation between the synthesis of pathogenesis-

related proteins (PRs) and ISR.

Brief characterization of plant resistance types.
Over a long period of time environmental pressure on
plants induced the development of mechanisms en-
abling plants to combat the organisms negatively af-
fecting them. One of these is resistance. Although
plants do not have an immune system characteristic
for mammals, this term applies to plants as well. In this
case, resistance is defined as “the insusceptibility of a
plant to infection”. Two types of resistance can be dis-
tinguished: constitutive (passive), and induced (ac-
quired, active). Constitutive resistance is created by
anatomical and physiological barriers. In turn, the
state of enhanced plant defense, appearing as a conse-
quence of the activity of a biotic or abiotic factor, is
termed induced resistance. Usually enhanced resis-
tance is not limited to the site at which a particular
agent acts. A signal induced at one site spreads system-
ically to other organs, as a result of which the whole
plant is prepared for an attack by a pathogen [1, 2].
Two kinds of induced resistance with systemic range
can be distinguished: systemic acquired resistance
(SAR) and induced systemic resistance (ISR). SAR is
induced by pathogens eliciting necrotic changes in the
plant tissues. Their presence within tissues results in
increased synthesis of salicylic acid (SA), which in
turn activates the expression of pathogenesis-related
(PR) genes. The products of the expression of these
genes participate in the destruction of the plant patho-
gen [3, 4]. On the other hand, ISR is mediated by non-
pathogenic bacteria and fungi that stimulate plant
growth. These are known as the plant growth-promot-
ing rhizobacteria (PGPR) and fungi (PGPF). They
inhabit the root system, in which resistance is induced.
The signaling pathway initiated in the underground
plant organs, embraces the above ground parts as well.
Jasmonic acid (JA) and ethylene (ET) play an impor-
tant role in this pathway [5, 6]. These plant hormones
participate in the activation of genes, whose transcrip-

tion and translation lead to the formation of com-
pounds that have negative effect on pathogens and
plant pests. Activation occurs only after the plant or-
ganism is attacked by the phytopathogen [7, 8]. Genes
respond more rapidly in the presence of JA and ET
and their expression is both enhanced and faster. Re-
sistance thus seems to have economic advantages for
the overall plant defense response [9]. PGPR strains,
after effective colonization and induction of resis-
tance, maintain a plant in a state of elevated readiness
to the occurrence of a pest in the general sense. Thus,
there is no constitutive production of compounds by
the plant which limits energy losses at the metabolic
level [10]. The expression of induced systemic resis-
tance (ISR) has been observed for different plant spe-
cies, not only in dicotyledons (string bean, Arabidop-
sis, carrot, tobacco, radish and tomato), but also in
monocotyledons (corn, rice) [11]. It appears that the
mechanism of this plant resistance is effective in com-
bating bacteria, fungi, viruses [12], nematodes [13]
and insects [14].

ISR inducers. The participation of Pseudomonas
bacteria, as well as of other bacteria classified to the
PGPR in the induction of systemic resistance, is relat-
ed to the production by these non-pathogenic bacteria
of so-called elicitors (inducers, determinants), acti-
vating the defense responses of plant cells. In the case
of an immune response to pathogens these com-
pounds have been termed pathogen-associated molec-
ular patterns (PAMPs). Frequently in multicellular
organisms recognition of PAMPs by pathogenesis-re-
lated proteins (PRs) also enhances a SAR response
[16]. A considerable diversity of the elicitors involved
in ISR has been observed. They include the building
blocks of bacterial cells as well as extracellular com-
pounds synthesized by the microbes [17]. In the case
of Pseudomonas they are: siderophores, flagellin, li-
popolysaccharides (LPS) [18], an N-alkylated ben-
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zoamine derivative [19], SA, 2,3-butanediol, [20] and
antibiotics, including 2,4-diacetylphloroglucinol and
pyocyanin [21, 22]. Two important aspects of ISR in-
duction should be pointed out — the time needed for
this type of resistance to develop and the number of
bacterial cells required for its initiation. ISR can be
elicited only when the number of bacterial cells reach-
es a minimal value equal to 10° CFU/g (colony form-
ing unit/g) of plant root and time of root colonization
by the bacteria is not shorter than a few days [23].

Interaction between inducers and plant receptors.
The mechanism of ISR induction is still unclear. It is
thought that the induction of resistance in plants by
rhizobacteria is analogous to the mechanism of resis-
tance elicited by pathogens in eukaryotic cells. In both
cases receptors are recognized by elicitors [24]. The
induction of ISR is not a random process. A certain
specificity in recognition and binding of PGPR elici-
tors to the corresponding root receptor of a given plant
species is observed [25]. It appears that some bacterial
strains, such as P. fluorescens WCS417r, demonstrate a
high effectiveness of the binding in different plant spe-
cies, whereas others, e.g. P. fluorescens WCS358, are
characterized by narrow specificity. The former strain
induces resistance via LPS in such plants as Arabidop-
sis [26] carnation [27], radish [28]. In turn, flagellin
and LPS of P. fluorescens WCS358 are effective induc-
ers of resistance in Arabidopsis but not in the pea and
tomato [18]. Initially it was thought that a flagellin
conservative motif of all PGPR could be recognized by
the most plants. However, studies using two different
Pseudomonas strains contradict this theory. P. fluores-
cens WCS358 and WCS374 strains both have a flagel-
lum but only the former induces ISR in Arabidopsis
thaliana [26]. As yet, the nature of the receptor bind-
ing a given elicitor is not known. It has been assumed
that flagellin may be identified by the receptor LRR-
NBS (leucine-rich repeat-nucleotide binding site). In
Arabidopsis LRR-NBS binds to the most conserved
domain of flagellin, triggering a mitogen-activated
protein (MAP) kinase pathway. Ultimately, several
phosphorylations lead to the formation of a protein
belonging to the WRKY family that is a group of pro-
teins being transcription factors for genes encoding
proteins involved in defense mechanisms of the plant
cell [29].

ISR signaling pathway elicited by P. fluorescens
WCS417r. The binding between a root receptor and
the PGPR determinant results in activation of ISR sig-
naling pathway. 4. thaliana, ecotype Columbia (Col) is
a model plant for which this process is studied in de-
tail. This particular species is distinguished by the best
studied genetic profile of the interactions between a
microorganism and a plant [30]. To induce resistance,
Arabidopsis roots were colonized by P. fluorescens
WCS417r. A characteristic trait of the strain is its effec-
tiveness in inhibiting the growth of pathogens of not
only the model plant [6, 31].
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Local response — ET and MYB72-dependent signal-
ing pathway. ET is one of the first elements of a signal-
ing pathway initiated by P. fluorescens WCS417r in the
Arabidopsis root. This compound was found to be in-
dispensable for the occurrence of resistance in the
above ground plant organs [32]. Besides ET, gene
MYB72 also played an important role in the early sig-
naling steps of ISR [33]. It appears that P. fluorescens
WCS417 elicits the activation of the transcription of
MYB72 (as well as of 96 other genes) in the root.
MYB72 belongs to the R2R3-MYB family of genes in
the Arabidopsis genome and encodes the transcription
factor TF MYB 72. The expression of these genes re-
sults in the formation of proteins R2ZR3-MYB, whose
presumable function is related to tolerance to stress,
regulation of cell death and resistance to pathogens
[34]. It has been reported that the presence of gene
MYB72 is required in the initial stages of ISR induc-
tion. This was confirmed in studies using plant mu-
tants carrying the recessive form of the gene, in which
bacteria did not elicit ISR [8]. It was also observed that
overexpression of gene MYB72 did not translate to in-
creased level of resistance to such pathogens as P. sy-
ringae pv tomato, Hyaloperonospora parasitica, Alter-
naria brassicicola and Botrytis cinerea. This allows
concluding that initiation of MYB72 requires the par-
ticipation of an additional factor for initiating ISR. In
view of the fact that under in vifro conditions an inter-
action between MYB72 and ethylene-insensitive3-like
3 protein (EIL3) has been observed, the latter has been
suggested to be the putative factor. EIL3 is a transcrip-
tion factor of the EIN3 family. Close homologs of
EIN3 are transcription factors EIL1 and EIL2 partic-
ipating in regulation of the ethylene-dependent sig-
naling pathway [35].

Systemic signaling response. The signaling pathway
locally initiated by P. fluorescens strain WCS417r in
the root spreads to the above ground plant organs. The
major molecules involved in the expression of ISR in
the stem and leaves are jasmonic acid (JA) and ET
[36]. This is indicated by the results of studies using
mutated plants with defects in genes participating in
the cellular response to the above compounds. Muta-
tions were introduced into such genes as Efrl, encod-
ing ET receptor (a dominant mutation in this gene led
to decreased susceptibility of tissues to the hormone)
[35], and Jarl coding an enzyme involved in regulat-
ing JA activity in the signaling pathway [37]. Expres-
sion of ISR was not observed in any of the obtained
mutants [36]. Of importance in the discussed phe-
nomenon was that ISR did not cause increased syn-
thesis of JA and ET, but only increased susceptibility of
the plant to these hormones [38]. Studies have re-
vealed that important components of the SAR path-
way: SA and protein non-expressor of pathogenesis-
related genes 1 (NPR1), are also implicated in the re-
sistance induced by rhizobacteria. NPR 1 is consid-
ered a key regulatory protein in cross—talk between
SAR and ISR [39]. It has been reported that even
Ne 3
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though the ISR signaling pathway in Arabidopsis is in-
dependent of SA, NPR1 is one of its indispensable el-
ements [36]. JA, ET and NPR1 form a specific signal-
ing cascade in which the action of JA is followed by ET.
In turn, these hormones interact with the final ele-
ment of the pathway, protein NPR1. The occurrence
of a signaling pathway involving ET and JA is observed
only in plants carrying the dominant form of gene
ISR1, located on chromosome III. It was shown that
the product of the transcription and translation of this
gene is a component of the ET-dependent signaling
pathway [40]. Ecotypes of Arabidopsis carrying a re-
cessive mutation in the ISR/ gene locus (RLD and
Wassilewskija) are susceptible to attack by the patho-
gen P. syringae pv. tomato, as opposed to ecotype Co-
lumbia (ISR1/ISRI). This is related to the fact that in-
terruption of the signaling pathway at any point results
in enhanced susceptibility of plants to the deleterious
action of phytopathogens [40].

Other signaling pathways. Even though, similarly to
P. fluorescens WCS417r, four other PGPR strains have
been described to induce resistance in A. thaliana via
the chemical messengers JA and ET [41], the course of
the signaling pathway presented above is not a univer-
sal ISR scheme. JA and NPRI1 are indispensable com-
ponents of the signaling pathway initiated in the same
plant by P. fluorescens CHAO in response to attack by
Perenospora parasitica [21]. Another exception is the
role of SA in the induction of ISR. This situation is ob-
served in the tobacco plant, in which the mediation of
the rhizobacterium P. aeruginosa TNSK2 induces re-
sistance to infection by the tobacco mosaic virus [42].
The above examples serve as proof of interactions be-
tween plant signal transduction pathways, which al-
lows adjusting the defence strategy of plants to the
changed environmental conditions. A close cross-talk
between the jasmonate and salicylate plant defense
pathways is known to have a strong influence on the
molecular and enzymatic profile of the plant and on
some plant parasites [43].

Effects of ISR in plants. The final and also the most
important elements of resistance induced in plants
PGPR involve the synthesis of compounds protecting
the plants cells from being harmed by a pathogen
and/or destroying the cells of the pathogen destruc-
tion. The synthesis of these compounds in plant tissues
is a result of activated transcription of the genes en-
coding them. However, as studies have shown, the pro-
cess is not the immediate result of colonization of Ar-
abidopsis roots by P. fluorescens WCS417r. The same
phenomenon also occurs following challenge inocula-
tion by the plant pathogen — 81 genes in the leaves
show an augmented expression pattern, very likely as a
result of the activity of signaling pathway molecules
[9]. Following pathogen attack, JA-dependent genes
characterized by over-expression of the motif 5’CA-
CATG 3’ in the promotor region of gene are activated
in ISR-expressing plant cells. This sequence is a bind-
ing site for the transcription factor MYC2 which plays
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a crucial role in regulating the transcription of these
genes. MYC?2 is probably involved in activating the
transcription of genes, but only in response to an at-
tack by a plant pathogen whose destruction is depen-
dent on jasmonic acid-regulated genes. Otherwise, no
up-regulation of MYC2 expression is observed [14]. It
has been postulated that its activity is inhibited by the
jasmonate-zim-domain (JAZ) suppressor protein. In
situations other than described, the repressor is shunt-
ed into a pathway leading to its degradation in the pro-
teasome [44]. The final outcomes of ISR are structural
and biochemical changes in plant cells. Their aim is to
impede penetration into the tissues and inhibit patho-
gen growth, and thus prevent the development of the
disease caused by a specific plant pathogen [45].

Structural and biochemical modifications. Structural
modifications occurring in the cell wall, being the re-
sponse of a plant to attack by pathogen, consist in the
physical and mechanical strengthening of the wall
through the deposition of various compounds, making
it impossible for pathogens to penetrate the plant tis-
sues. These substances stiffen the cell wall, thus creat-
ing an impenetrable barrier. This involves the deposi-
tion of callose and infiltration of phenolic compounds
at the site of infection by the plant pathogen [46]. Cer-
tain rhizobacteria, as a consequence of ISR induction,
cause lignification of the cell wall, as observed in the
case of bean [47].

Besides structural alterations in the cell wall, ISR
also results in enhanced synthesis of various secondary
metabolites participating in defense mechanisms (Ta-
ble). These include the phytoalexins which are a
chemically diverse group of low-molecular-weight
compounds including sesquiterpenoids synthesized by
the Solanaceae, and isoflavonoids in individual repre-
sentatives of the Papilionaceae. The role that phytoal-
exins play in resistance is related to their toxic action
against pathogens. Their presence inhibits the forma-
tion and germination of fungal spores and growth of hy-
phae, and restricts the growth of bacteria and viruses. In
plant tissues, in which ISR was expressed, increased ac-
tivity of phenylalanine ammonia-lyase (PAL), partici-
pating in resistance responses, was found [48]. The en-
zyme is also involved in splitting off an ammonia mole-
cule from (S)-phenylalanine, leading to the formation
of E-cinnamonic acid which, in turn, is a lignin pre-
cursor. PAL thus plays an important role in the forma-
tion of a mechanical barrier. This enzyme is also in-
volved in the synthesis of the phytoalexins mentioned
above [49].

An important role in combating pathogens is car-
ried out by pathogen-related proteins (PR). Some of
them, thanks to their hydrolytic activity, participate in
the degradation of the cell wall of fungi: proteins of the
family PR-2 — (B-1,3-glucanase), PR-3, PR-4, PR-8§,
PR-11 (endochitinases) and PR-7 (endoproteinase).
Others, such as protease inhibitors (PR-6), are capa-
ble of deactivating toxic polypeptides secreted by par-
Ne 3
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Compounds participating in the destruction of plant pathogen cells in ISR
PGPR Pathogen Plant Protective compound* | References
Pseudomonas aeruginosa | Botrytis cinerea Grape Phytoalexins [48]
7NSK?2
Pseudomonas fluorescens
CHAO
Pseudomonas fluorescens | Fusarium oxysporum f.sp. Banana (Musa sp.) PO, PAL, chitinase, [3- [56]
cubense, 1,3-glucanase, phenolic
compounds
Alternaria palandui, Onion (A/lium cepa var | PO, PPO, chitinase, [3- [57]
aggregatum), 1,3-glucanase
Pyricularia grisea, Finger millet (Eleusine | Chitinase, 3-1,3-gluca- [23]
coracana), nase, PO, PPO
Pythium apha-nidermatum | Tomato (Lycopersicon | PAL, PO, PPO, phenolic [11]
esculentum), Paprika | compounds
(Capsicum annuum)
Pseudomonas fluorescens | Erysiphe pisi Pea (Pisum sativum) Phenolic compounds [59]
Pseudomonas aeruginosa
Bacillus pumilus IN937a | Sclerotium rolfii, Tomato (Lycopersicon | SOD, PO [58]
and IN937b Ralstonia solanacearum, esculentum), Paprika
Colletotrichum gleosporioides

* PAL — phenylalanine ammonia lyase, PO — peroxidase, PPO — polyphenol oxidase, SOD — superoxide dismutase.

asites within the tissues [50]. The action of peroxidases
(PR-9), in turn, results in increased production of lig-
nin and its deposition in the cell wall, with subsequent
formation of a mechanical barrier [51]. The correla-
tion between the synthesis of PR proteins and ISR is
controversial. In the case of Arabidopsis, P. fluorescens
WCS417r cells did not induce the synthesis of these
proteins similarly as in the case of radish [52, 53]. The
results of these studies allow concluding that resis-
tance in the case of P. fluorescens WCS417r is not re-
lated to the production of pathogen-related proteins.
This conclusion is, however, contradicted by the re-
sults of numerous experiments with other strains of
bacteria (Table). An example is P. fluorescens CHAO,
whose presence induced the synthesis of proteins of
the PR-1a, PR-1b and PR-1c families in tobacco [54].
P. fluorescens 63—28, in turn, caused increased 3-1,3-
glucanase and chitinase activity in the pea [46]. Mari-
utto et al. [55], on the other hand, found an increased
transcript level of lipoxygenase, an enzyme involved in
the synthesis of jasmonic acid, in tomato plants inoc-
ulated with P. putida BTP1. In these studies no stimu-
lation of PAL activity was observed.
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The phenomenon of induced systemic resistance
(ISR) described above rouses the high hopes of many
researchers representing different fields of science.

The mechanism of this resistance is still, however,
insufficiently elucidated. There are many unknowns
about this resistance, beginning with its induction,
through the course of the signaling pathway, to a fung-
istatic-type substance. Answers to these questions may
enable the practical application of the mechanism of
this resistance in biological plant protection.
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W3ydeHa 3¢ppeKTUBHOCTh MHTMOMTOPOB (AHTUOKCUIAHTHASI aKTUBHOCTh) OKCUIIPOM3BOTHBIX KyMapuHa —
3CKYJIETUHA, JUKyMapoJia U ¢ppakceTUHa B [ICeBAONEPOKCHIa3HOI cucteme MeTreManbbymmuH—H,O,—TeT-
pamMetunoeH3unuH rpu 20°C B 3a0ydepeHHOM husnoaornyeckoM pactsope, pH 7.4, conepxaiem 6% nu-
metwidhopMamuna u 0.25% numetniicyibhokcnaa. DbGheKTUBHOCTh MHTMOMTOPOB KOJMYECTBEHHO OXa-
paxkTepru30BaHa KOHCTAHTAMU UHTMOMpoBaHud K;, MKM 1 BEIMYMHON MHTMOMPOBaHUS B IPOLIEHTax. Be-
qrauHbl K; paBHBI 9.5; 15 u 26 MKM nmist acKyneTuHa, TUKymapoisia U ¢hpakceTHa COOTBETCTBEHHO.
DCcKyneTuH 1 ¢ppakCceTUH MHTUOUPYIOT IICeBIoIepokcuaasHoe okucieHne TMbB 1mo 6ecKoHKypeHTHOMY
TUITY, a AUKYMapoJl — Mo cMellaHHOMY. MHruoupylolasi akTUBHOCTb 3CKyJieTuHa npu okuciaeHun TMbB B
TIepPOKCUIAa3HOU cucTeMe Xapakrepusyetcs ipu pH 6.4 BeuumHou K|, paBHoii 1.15 MkM, a ”HTrnO6MpoBa-
HUE HOCUT KOHKYPEHTHBII XapakTep. DCKYJIETUH — caMblii 9(p(peKTUBHBIIT aHTUOKCUIAHT PACTUTEIBHOTO
MPOUCXOXIECHUSI M3 BCeX paHee MCCIeTOBAHHBIX B OMOXMMUUYECKUX MOJETbHBIX CUCTEMaX.

Peaxkuiyu cBOGOAHOPAANKAIBHOTO OKUCIEHUS SIB-
JISIOTCS BaXKHOW COCTaBHOM YacThbl0O HOPMAaJILHOTO
KJIETOYHOTO MeTab0IM3Ma 1 TIOCTOSTHHO MPOTEKAIOT
B OpraHu3Me 4ejioBeKa U XXMBOTHBIX. B Groxumuue-
CKHX IIpoIieccax 00pa3yroTcsT M UTPAIOT BasKHYIO POJIb

Kucaopoacoaepxanie pagukaisl O, HO® (RO*),

HO; (ROj) u nepokcua Bomopona H,O, [1-3]. B
(GUBNOJOTMYECKUX YCTOBUSIX KIETKU U TKAHU UMEIOT
BITOJTHE aJIcKBAaTHYIO BHYTPHU- M BHEKJIETOYHYIO 3a-
IIUTY, TPOTUBOCTOSIIIYIO TTOBBIIIIEHHOMY TeHEPpHPO-
BaHUIO U pa3pyllalolieMy AeHCTBUIO aKTUBHBIX pa-
IUKAJIOB. YXyIIIeHWE 3KOJIOTUYECKON 0OCTaHOBKMU,
XUMM3AIMS Pa3IMIHBIX OTpacieil IMPOMBIIUIEHHO-
CTU, CEJILCKOTO XO3SIMCTBA 1 ObITa, MPOJIOHTMPOBAH-
HBbIE CTPECCOBBIE CUTYAIINH, 3JIOYITOTPEOICHIE aTKO-
TOJIeM M KYpeHWEeM TIPUBOIST K TOMY, YTO B OpTaHN3ME
YesioBeKa MOoJ BIMSIHUEM 3TUX (haKTOPOB M paaroak-
THBHBIX 3aTPSI3HEHUI B HECpaBHEHHO OOJTbIIIEM KOJIM -
YeCcTBe, YeM B HOPMAaJbHBIX YCIOBHSIX, 00pa3yloTCs
aKTUBHbIC paAvKaJIbl U IPpyTUe peaKIIMOHHOCIIOCO0-
Hble BeEllleCTBa, CYILISCTBEHHO Hapyllalollue HOp-
MaJIbHBII X0 0OMEHHBIX ITpolieccoB [3—5].

ITo >TuM TIpUYMHAM aKTyalbHBIMU IIpOOJIeMaMU
COBpPEMEHHOM OMOXMMUU U OMOTEXHOJIOTUU OCTAIOT-
csl caedylolIe HalpaBIeHUs: OlIeHKA U U3MepEeHUe
KOHILIEHTPAlLIUU AKTUBHBIX PAIUKAIOB I CKOPOCTU UX

Cokpamennsi. BCA — Obluuii CHIBOPOTOYHBIN aNbOYMUH,
JAMCO — numetuincyinbdokeua, IMP — numetridhopMaMu,
3PP — 3a0ydepeHHbI dusrogornyeckuii pactsop, pH 7.4,
OAA — 006111as1 aHTUOKCHIaHTHAsT aKTUBHOCTh, ITX — mepokcu-
nma3za KopHeir xpeHa, TMB — 3,3%,5,5'-teTpaMeTMJIOCH3UINH,
DJIA — o-dbenmnenauamur, @B — docdar-uTparHbIii Oy-
dep, InH — uHrubuTOpBHI CBOGOAHOPATUKATIBLHBIX TIPOLIECCOB, f—
CTeXuoMeTpuyeckuit KoadduuueHT uHrubuposaHus, K; —
KoHcTaHTa uHrubuposanus, MetHa — meTreMaTb0yMUHBI.

WHUILIMUPOBAHMS in Vivo 1 B aieKBATHBIX MOAETbHbIX
cUCTeMax in vitro; KoJIMYeCTBEHHAsl XapaKTepUCTUKa
AHTUOKCUJIAHTHOI'O cTaTyca OpraHu3Ma 4ejioBeKa 1
JKMBOTHBIX, B YACTHOCTHU OOIIel aHTUOKCUIAHTHOM
aktuBHOCTH (OAA) OHMONIOTMYECKMX KUIKOCTEH
(rurasmMa M ChIBOPOTKa KpOBM, MOYa, CJIIOHA U JIp.);
CUHTE3 HOBBIX BBICOKOI(D(HEKTUBHBIX UHTMOUTOPOB
CBOOOMIHOPAAUKAJIbHBIX IIPOLIECCOB, BKJIHOYAIOLINX
He TOJIbKO (DYHKIIMOHAJIbHbIE TPYMITbl, OTBETCTBEH-
HbI€ 32 aHTUPAAUKAIBbHYIO aKTUBHOCTb, HO U TPYTIITHI
C HampaBJICHHBIM clieuu¢pUIecKUM JeiCcTBMEeM Ha
MeMOpaHbl, Me3odas3Hbie TIepexoabl B HUX, Ha Kile-
TOYHBIE PELETITOPbI, YCTAHOBJIEHUE CBSI3U CTPYKTY-
pbl CUHTETUYECKUX Y MTPUPOIHBIX aHTUOKCUIAHTOB
(MHTUOUTOPHI) C UX aKTUBHOCTHIO B IIMUPOKOM HH-
TepBajie KoHUeHTpauuii ot 107'® 1o 10~> M, ygacto
OIpeNesIoIINX MEXaHU3M IeHCTBUSI UHTMOUTOPOB.
PeliieHuem mepeducieHHbIX 3a1a4 Mbl C KOJIJIEraMu
3aHUMaeMcs 6osee 20 JieT.

IIpssmoe n3MmepeHne KOHLEHTPALMM CBOOOIHBIX
paauKaJioB in vitro (M 0COOEHHO in vivo), Kak paBu-
JI0o, cuibHO 3arpynHeHo. [lo aToit mpuynHe 10 cux
MOp IVIaBHBIM MHCTPYMEHTOM U3Y4ECHUS MHULIUHPO-
BaHUSI CBOOOJTHOPAAUKAIbHBIX XUAKOG(a3HBIX MPO-
IECCOB OCTaeTCsI METO MHTMOUTOPOB, OCHOBBI KO-
TOPOro co3maHbl akageMukoM H.M. DmanyaneM u
ero yueHnkamu eie B 50—60-x rogax XX Beka [6, 7].
Heo6x01mMMOCTh KOJIMYECTBEHHOM XapaKTepUCTUKU
VMHULIMUPOBAHUS PaaUKalOB B PEaIbHBIX YCIIOBUSIX
¥ TIOTPEOHOCTH B OBICTPOM OTOOpE TMOTEHINAITBHBIX
WHTMOUTOPOB (AaHTUOKCUIAHTBHI) B CPaBHUTEJIBLHO
npocThix ycioBusix (20—36°C, BomHBIE PacTBOPHI)
00YCJIOBMJIM MTHTEHCUBHOE U3YYeHE MHOTOYHUCIICH-
HBIX TMap reMcoaepxamuii ouokaranuszarop — H,O,
(ROOH), rne ROOH — opraHuyeckue ruapoIiepoK-
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CHUIBI, a B KAYeCTBEe OMOKATAIM3aTOPOB MCII0Ib30Ba-
HbI TIEPOKCHUAA3a XpeHa U TaK Ha3bIBaeMbIe TICEBIOTIC-
pokcuaasbl — reMUH, METMUOTJIOOWH, METTreMOIJIO-
oun u MmerremanbOoymmubsl (MetHa) [2, 8§—10]. B
KavyeCcTBe aKIENTOPOB PaAuKaIbHbIX YACTUL] UCITOJIb-
30BaHbl U3BECTHbIC cyOCTpaThl nepokcunaz — ABTC
(2,2"-azuHo-gu-(3-3TNI-2,3-AUTUAPOOEH3THUA30-
JMH-6-cyiabdoHoBag kuciota)), ®JA u TMB, nipu
OKMCJIEHUU KOTOPBIX 00pa3yIoTcs IeTajlbHO U3yUeH-
HBIE IIPOAYKTHI, YTO OOECIIeYMBAET HAIEXHBII U
OBICTPBII CIIEKTPOPOTOMETPUISCKUIT MOHHUTOPUHT
CBOOOIHOpaAUKaIbHOTO Mpoliecca. B kauecTBe MH-
TMOUTOPOB MEPOKCUIA3ZHOTO U TICEBIONEPOKCHIA3-
Horo okuciaenuss AbBTC, ®IJA u TMb namu nsyue-
Hbl CUHTETUYECKUE COSAMHEHUsI U3 psida 3aMelleH-
HBIX (PEHOJOB M MNHUPOKATEXMHOB, IIPOM3BOIHBIX
3aMeNIeHHBIX 0-aMMHO(MEHOJIOB, MHOTOATOMHBIX (he-
HOJIOB, TTOJIM(hEHOJ0B M aHTMOKCUIAHTOB HOBOTO MO~
KOJICHUSI — MOJIUINCYJIB(DUIOB 3aMEIIeHHBIX (peHO-
708 [8, 9].

JIJ1sT KOIM4IeCTBEHHOM XapaKTepUCTUKHI ITPOLIECCOB
COIPSIKEHHOI'O OKMCJICHUSI apOMaTUYECKUX aMHUHOB
(®JA u TMB) 1 MHOTOUMCIEHHBIX COSAMHEHU (he-
HOJIBHOII TIpMPOABI MCIIOJB30BaHbI 3(P(heKTUBHBIE
BEJIMUYMHBI KOHCTAHT UHTUOMpoBaHus K;, MKM, nipo-
JIOJDKUTEIBHOCTD TTEPUOI0B MHAYKIIMM B HAKOTIJIEHUH
nponykroB okuciaeHust ®JIA mm TMB, At, eciu oHu
00OHapyKMBAIOTCS, M KO3 PUIIMETHl THIMOMPOBAHUST
/f, O3HAUYAMOIINX YKUCJIO PaAUKATIbHBIX YACTULI, TUOHY-
IIMX Ha OAHOM MoJieKyJie (peHOIbHOIO MHIMOUTOpa.
MHorokpatHo MokKa3aHo, YTO BEJIMUYUHBI K; aneKkBart-
HO OoTpaxaioT 3(PpPeKTUBHOCTh MHTUOUTOPOB, MEHSI -
JOTCSI B IIIMPOKUX Mpeaeaax OT HECKOJBKUX 10 COTEH
MKM U CUJILHO 3aBUCST OT TUIIa CyOCTpara u IIprUpo-
el mHTOUTOpa [8—10].

JU1s MpakTUKW OYeHb BaXkHa HE TOJIbKO aKTHUB-
HOCTb MHTUMOUPYIOILIEro JEUCTBUS aHTUOKCUIAHTA,
HO U ApYrue XapaKTepUCTUKM, B YACTHOCTHU €T0 TOK-
CUYecKHe CBOMCTBA. B 3T0i CBSI3M 0COOBI MHTEPEC
MprUoOpeTaloT aHTUOKCUIAHTBI TPUPOJHOTO MPOKC-
XOXIEHUSI — TOKOMEPOJbl U UX MHOTOYUCIICHHBIE
aHanoru [11], ¢pa1aBoHOMABI PACTUTEIIBHOTO IIPOKC-
XOXIIEHUS — KBEpPILETUH, MOPUH, CUJTMONH, KaMII(pe-
poJI, KaTeXWH U1 ap. [8], Mpon3BOAHbIC JUTHUHA I'Basi-
LIMJIOBOTO U CUpUHTUIOBOTO psina [10].

ITo HamreMy MHEHMIO, B KauyeCTBE MOTEHIUATb-
HbIX HETOKCUYHBIX aHTUOKCUIAHTOB PaCTUTEIBLHOTO
MPOUCXOXAEHUS OOJIBIIIONW WHTEPEC MPEACTaBISIOT
OKCHUIIPOM3BOAHBIE KyMapyWHa — 3CKYJIETUH, (pak-
CeTMH U AMKYyMapoJl, aHTUOKCUJAHTHbIE CBOIICTBa
KOTOPBIX 0 CUX IMOpP HE oXapaKkTepu3oBaHbl. B pac-
TUTEJILHOM MMpPE IIUPOKO pacpOCTPaHEHBI ICKYJIe-
TUH U yMOeIM(hepoH, KOTOpbIEe KaK U caM KyMapuH
OMpPEeNesIIoT 3a1ax 1[BETOB JOHHUKA U TO3TOMY MPU-
MEHSIIOTCSI B Map(IOMEPHBIX KOMIO3ULIUSIX MIPU 13-
TOTOBJIEHWU IYXOB U OJ€KOJIOHOB. JInKyMapoJ faBHO
U3BECTEH U UCIIO0JIb3YeTCsI B MEIUIIMHE KaK aHTUKOA-
TYJISTHT TIPY Tepanuu 3a00JieBaHUM, COMPOBOXKIAI0-
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mmxcs oopasoBanreM TpoMOoB. CTpyKTypHBIE (pop-
MYJIbl KyMapMHa 1 €1ro TpEX OKCUITPOMU3BOIHbBIX ITPE -
CTaBJICHBI B TA0JIMIIE.

Llenxs paboOTHI — MCITOIB30BaHNE TICEBIOIICPOKCH -
JasHoil cucrtembl MerreManboymmH—H,0,—TMb
JUUTST KOJIMYECTBEHHOI XapaKTEPUCTUKU U CPaBHEHMS
AHTUOKCUJIAHTHOI aKTMBHOCTH KyMapHrHa U €ro OK-
CUIIPOMU3BOJIHBIX, a TaKXKe€ COIOCTaBJICHUE COIIPSI-
KEHHOTO OKHUCJIeHUs 3cKyjieTHa 1 TMDbB B riceBno-
MEepOKCUAA3HOM M IIEPOKCHUIOA3HON CHUCTeMax ISt
000CHOBaHHOTrO BBIOOpa HamboJiee 3(PHEKTUBHOTIO
aHTHOKCHUJIAaHTa KYMapUHOBOIO psia.

METOANKA

O0bekThI HccaenoBanua. B pabore ncnosb3oBain
KymMapuH, 6,7-I1-OKCH-KyMapuH (3CKyJeTuH), 7,8-
IH-OKCH-6-MeTOKCHU-KyMapuH (dpakcernn) u (3,3'-
METWJICH-0MC)4-0KCU-KyMapuH (aUKyMapoa) dup-
Mbl “Sigma-Aldrich”, CIIIA 06e3 A0MOIHUTEIbHOMN
OUNCTKHU.

Pearentnl. Vcrionbp3oBanu Immepokcuaasy KOpHe
xpeHa (K® 1.11.1.7), uzosnzum C ¢ ONTUYECKUM I10-
KazaTtejeM 4uctorhl RZ = 3.25 mnpousBoiacTBa
“Bioenzyme Laboratories”, Blaecnavon, Gwent (Be-
Jukoopuranus). Konuenrpauuio ITX omnpenesnsau
CcreKTpoOTOMETPUUECKU, HCIIONB3YS KO3(h UL~
€HT MOJISIPHOTO ITOIJIOIIEHMUSI B MAKCUMYME IT0JIOCHI
Cope (403 am), paBabiii 102000 M~ cm~! [12]. ITpu-
MEHSIIU TeMUH GupMbl “Serva” (IepmaHust), pacTBop
kotoporo rotoBwid B IMCO u omnpeneisiii KOH-
LEHTPALINIO CIIEKTPOPOTOMETPUUECKHN C MCITOJIL30-
BaHMEM KO3(h(UIIMEHTa MOJISIPHOTO IIOTJIOIIECHUS
174000 M~ cm~! ipu 405 um [13]. KonueHTpauuio
BCA ¢bupmsr “Sigma” (CIITA) 6e3 1onoJHUTEIbHON
OYWCTKU OINPEAesiii ¢ UCIOIb30BaHUEM K03(h -
urenTa € (280 um) 35000 M~ cm! [14]. MeTreMans-
OyMHH IIOJyYaJIi 110 METOOUKE, OIIMCAaHHOM paHee
[15], ¢ cooTHOMIEeHMEM KOMIIOHEeHTOB 10 MKM remu-
Ha/5 MKkM BCA.

B kauectBe cyOcTpaTa-BOCCTAHOBUTENSI MpUME-
Hsmu TMB (“Serva”, [epmaHust), a B KauecTBe Cy0-
cTpaTa OKUCJIUTENISI — pa30aBIeHHbBIU ITEPOKCUT BOAO-
pona, omnpenensiss KoHueHrpauuio H,O, ¢ ucnonb3o-
BaHueM € (230 Hm) 72.4 M~cm~! [16]. Opranuueckue
copactBoputenu JIMCO u IM® niepen ynorpebiie-
HueM neperoHsutu. s npurotosnenust 3P, pH 7.4
u ®Lb, pH 6.4 ucroap30Baan COMM U JTUMOHHYIO
KUCOTy npou3BoacTsa “Peaxum™ (Poccus).

Oxkucnenue TMB B cucreme MetHa—H,O0,.
OkucneHue 6e3 MHTMOUTOPOB U B MX MPUCYTCTBUU
npoBoawin Tipu 20°C B TepMOCTaTUPYEMbBIX KIOBETaX
doromeTpa KDK-3 (Poccus) B cpene 3®P, pH 7.4,
conepxameM 6% IMD u 0.25% JIMCO, uro obec-
MeYnBaJIO TIOJIHYI0O TOMOT€HHOCTh PEaKIMOHHOM
cMmecu. Peakiivio HauMHaIM 100aBIeHUEM pacTBOpa
H,0, u cneaunu 3a obpazoBaHUEM MPOAYKTA OKUC-
Jienust TMbB 110 norJionieHnIo cBeTa B €ro MaKCUMY-
Ne 3
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[TOTAITOBUY u np.

HNuruduposanue okuciaenust TMb (0.09—0.25 mM) B cucreme MetHa—H,0, oKcunpoun3BoaHBIMU COEAUHEHUSIMU KY-
MmapuHa, 20°C, 3®P, pH 7.4, 6% AM®, 0.25% AMCO, remun-bCA (10 MmxM, 5 MmxM), 0.5 MM H,0,

MurubuposaHue, Tun
InH CrpykTypHas ¢popmyna [InH],,xc» MKM % K;, MM MHIMOUPOBAHMS*
X
Kymapun 300 0 — —
(0) (0]
HO
T o 6 33 9.5 6K
o 3+ 12% 1.15% K+
HO o 0
CH;0 N
dpakceTun 24 23 26 0K
HO o 0
OH
OH OH
Jukymapos 12 37 15 cM
0O 00 ©

* Cucrema [1X—H,0,: 20°C, 15 MM LI®B, pH 6.4, 6% IM®, 2 MM H,0,, 0.3 uM I1X, 0.02—0.4 MM TMB.
** Tun MTHrMOMPOBAHUSI: K — KOHKYPEHTHBIM, OK — 0ECKOHKYPEHTHBII, CM — CMEIIaHHBI.

Me Agss. [1pu pacuere cCKOpOCTU peakluu UCIIOIb30-
Baau € (655 HM) IIPOAYKTa OKWUCJIEHUSI, PaBHBIA
39000 M~ cm~! [12]. Ipu HaIMYUU TIEPUOIOB UH-
OYKIIUY B HaKOIUICHMHU IpoayKra okuciaeHuss TMb
COBMECTHO C MHTMOUTOpPaMH JIJISI pacyeTa CKOpOCTeEM
peaKiMy MCIIOJIb30BaJl CTPOTO JIMHEHBIE YY4aCTKU
KUHETUIECKUX KPUBBIX POCTA Ags5 TTOCTIE OKOHYAHUS
Jar-repvona.

Okucnenue TMB B cucreme ITX—H,0,. Oxkucie-
HHUEe 0€3 MHTMOUTOPOB U B MPUCYTCTBUU BCKYJIeTUHA
npoBoawan mpu 20°C B TepMocTaTUpyeMOil siueiike
criektpodoroMmeTpa “Spekol-2117 (“Carl Zeiss”,
Iepmanus) B cpene LB, pH 6.4, conepxariero 6%
AM®, 0.3 uM 11X, 2 MM H,0,, 0.02—0.4 MM TMb
¥ pa3Hble KOHIIEHTPAIIUM 3CKyIeTHHA. Peakimio Ha-
yuHaiu gobasienueM H,O, u ciaeaunu 3a HeM, Kak
OITMCAHO BBIIIIE.

HNuruduposanne okuciaenuss TMB B nceBaonepok-
CHMJIA3HOI ¥ MEPOKCHUIA3HOI cucTemax. L1 onpeene-
HUS TUTIA UHTUOUPOBAaHUSI CTPOWIIN KPUBbIE 3aBUCH -
MOCTHU V|, OT HaYaJIbHOU KOHIIEHTpAlluU cyOcTparTa B
JIBOUHBIX 0OpaTHBIX KoopauHaTax (Meton JlatitHyu-
Bepa—bepka [17]). DdpeKTUBHOCTF MHTMOUTOPOB
XapaKTepUu30BaJIM KOHCTAaHTAaMU MHTMOUpoBaHUs K;
B MKM [8—10]. Ins1 onipeneneHust K; NpUMEHSLIN Me-

-1
ToA [AUKCOHA, CTPOsI KpMBBIE 3aBUCUMOCTU V| OT
[InH],, nin meton Kopuuii—boynena [18], cTpos
KpuBble 3aBucumMoctu [S],/V;, oT pactyiieii KOHIIEeH-
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tpaiuu [InH],, tae [S], — HauasibHast KOHLIEHTpaLUs
cyoctpata TMB. /115 onipeneneHnst CTeEXUOMETpUYe-
CKOro Ko3¢duiimeHTa THruOMpoBaHUs f MCIIOJIb30-
BaJIM TEOPUIO METOAA MHTMOMTOPOB CBOOOIHOPAIM-
KaJbHBIX peakmuii H.M. DManysnst u cotp. [6] u
ypaBHeHusd (1) u (2):

At =fx [InH]/V;, (1)
Vor Vi=fx Vi), (2)

rae At — NpoaoKUTEIbHOCTh MepHUoia MHAYKIIMU B
HaKOIUJIEHUM NPpOoAYKTOB okucieHust TMb, V; — cko-
pOCTb MHULIMMPOBAHUS PATUKAIOB, MPUOIUKEHHO
paBHas1 CKOpocTH okucjaeHuss TMb B oTCyTCTBHUE UH-
ruburopa. DpPeKTUBHBIE KOHCTAaHTHl MTHTMOUPOBa-
Hud K; onpenesieHbl rpadpuyecKrMM METOAOM C OLIMO-
KO, He TIpeBbIiatoneit 7%.

PE3VIJIBTATHI 1 UX OBCYXIEHUWE

CoBmectHoe okuciaeHue TMb (0.09—0.25 MM) B
OPUCYTCTBUM pPa3HBIX KOHIEHTpAallMii KyMapuHa
Br1oTh A0 0.3 MM B cucreme MetHa—H,O, B cTaH-
napTHbIX yesoBusx (20°C, 0.5 MM H,0,, 3OP, pH 7.4)
MoKasajo, YTO KyMapuH He OOHApYKUJI MUHTMOUPYIO-
mero BIMSHMS Ha npeBpaiineHus TMbB: aT1o oObsic-
HSIETCS OTCYTCTBUEM B €ro MoJieKyjie (heHOJIbHBIX
HO-rpymm.

Ha puc. 1a moka3aHbl KWHETUYECKNE KPUBBIE Ha-
KOIUIEHUsT TpoaykTa okuciaeHuss TMb B TepMuHax
Ne 3
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Puc. 1. Conpscxkennoe okucienne TMbB u ackynernHa B
cucreme MetHa—H,0,. Kunetnueckue kpusble (a) po-
CTa ONTUYECKON TUIOTHOCTHU (Ags5) MPOLYKTa OKUCIEHUS
TMB (0.25 mM) [ — 6e3 uHrMOUTOpPa M B €r0 MPUCYT-
crBun (MKM): 2—1,3—-2,4—-3,5—4,6—5,7—6.
3aBUCUMOCTDb TPOMOJIKUTEIIBHOCTU TIepUoia WHIYKIIUN
(6) B HaKoTUIeHUHU npoayKra okuciaeHuss TMbB (At, ¢) ot
KOHIIEHTpaluu 3cKyjieTuHa (MKM) B cucteme MetHa—
H,0,: 3®P, pH 7.4, 6% AM®, 0.25% AMCO, 0.5 MM
H202.

OINTUYECKON TIIOTHOCTH Ags5 0€3 nHrnouropa (/) u B
MOPUCYTCTBUM 3cKyleTuHa (2— 7). Kak Bumum, KuHe-
TUKA POCTa Agss XapaKTepU3yeTcsl NepuoJoM UHIYK-
mu. [Ipomo/KUTEIbHOCTh Tlepruoa MHAYKUUU AT
JIMHEWHO 3aBUCUT OT BO3pacTalollleii KOHIIEHTpaluu
acKyneTrHa (puc. 10) B IIOJTHOM COOTBETCTBUM C T€O-
pueil MeToI0B MHI'MOUPOBaHUSI CBOOOTHOPaAKATb-
HBIX ITPOLIECCOB B XXUIKOM (ha3e TpHU UX CTallMOHAp-
HoM pexuMe [6]. C nucnonb3oBaHreM ypaBHeHMI (1)
¥ (2) 1 ¢ yYETOM TOrO, YTO CKOPOCTb MHUIIUMPOBA-
Hus V=2V, Tak Kak Ha 00pa30BaHUE CIIEKTPAIBHO pe-
TUCTPUPYEMOTO TIPOAYKTA PeaKIMU PacXOmyeTcsl IBa
KatnoH-pagukaina TMbB**, mo naHHbIM puc. 20 BbIYUC-
JieH Koa(dUuLMeHT f, paBHbIil 10 1 MKM 3cKyneTrHa
1.3, a mpu KOHLEHTpALMSAX MHIMOUTOpa 2—6 MKM —
2.2. I1pu MajbIx KOHLIEHTpALIMSIX MTHTMOMTOpA Ha HEM
TMOHET OAHA paguKaiabHas YacTHIIA, a TIPU OOJIBIINX
B CpeAHEM — JBa KaTMoH-pagukana TMbB ™.
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Puc. 2. Uurubuposanue okucienust TMbB ackyneTuHom
B cucteme MetHa—H,0,.

3aBUCUMOCTb OOpaTHOM Ha4yaJIbHOM CKOPOCTH OKHCJIe-
Hus1 TMbB oT ero o6paTHOM KOHIIEHTpAlNU, MM™! (a),
KOHLIeHTpauuu (MKM) ackyieTtvHa (0), BeJIUYMHBI
[TMB]/V, ot xoHueHTpauun (MKM) acKyneTuHa (B) B
cucreme MetHa—H,0,: 3®P, pH 7.4, 6% IM®, 0.25%
HMCO, 0.5 MM H202.

(a) 1-0, 2— 3, 3— 6 MKM ackyneruna; (6) 1 — 0.1, 2 —
0.15,3—-0.25MM TMB; (B) 1—0.1,2—-0.15,3—-0.25MM
TMB.

3aBrcUMOCTH B KoopamHaTtax JlaitnynBepa—bep-
Ka (puc. 2a) moaTBepauIn 0eCKOHKYPEHTHBIN Xapak-
Tep WHTMOMpPOBaHUS TPU MCEeBAOINEPOKCUIAZHOM
okucneHnu napsl TMb-ackynetun. 3 3aBucumo-
creil B koopauHatax JlukcoHna (puc. 20) U Koopau-
Hatax KopHuii—boyneHa (puc. 2B) onpeaeieHbl Be-
JIMYWHbBI KOHCTaHTbl MHTMOUpOBaHus K;, paBHble 9 1
10 MKM COOTBETCTBEHHO, T.€. CpPelHssl BeIUYMHa
K;=9.5+0.5 MxM. OT0 03HayaeT, 4TO 3CKYJIETHH SIB-
JIsieTCsl BBICOKOA(P(hEKTUBHBIM UHTMOUTOPOM OKUC-

sneHuss TMDb B riceBIoIepokcuaa3Hou CUCTEME.
Ne 3
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Puc. 3. 3aBUCUMOCTb OOpaTHOM HayajJbHOM CKOPOCTHU
okucienuss TMbB ot koHueHTpaunu 3ckyyetnHa (MKM)
B cucteme MetHa—H,0,: ®Lb, pH 6.4, 6% IMO,
0.3uM I1X, 2mMM H,0,; 1—-0.1,2—-0.2, 3— 0.4 MM TMb.

IIpencraBiseT MHTEpeC CpaBHEHUE WHTUOUPYIO-
IIEro NEeMCTBUS 3CKYJIETUHA HA OKUCIIEHUE OJTHOTO U
Toro ke cyocrpara TMDb B mceBoomepoKCHAA3HON
(MetHa—H,0,) u nepokcuaaznoii (ITX—H,0,) cu-
CTeMe, KOTOPBhIE OTIMYAIOTCS MPUPOAON OKUCIISIO-
11X areHToB — pagukajisl HO® B mepBoM ciydae u
aKkTUBHpOBaHHBIe KoMIUIeKCHI I u 11 mepokcumasnr —
BO BTOPOM, a TaKKe CTPYKTYypO# rmapodOOHBIX aK-
TUBHBIX LEeHTPOB [8, 19]. M3yuyeHHMe COBMECTHOIO
okucieHus1 mapbl TMb-ackynetun B cucteme I1X
(0.3 uM) — H,0, (2 MM) nposeaeHo npu 20°C B cpe-
ne ®LB, pH 6.4, conepxasureit 6% JIM®: BeIGOp
pH cBs3aH ¢ pe3kuM mageHueM akThuBHocTu I1X ¢
yBenuueHueM pH, a MakcuManbHasE aKTMBHOCTH B
okuciaeHn TMb oowsraHO Habaromaercs pu pH 5.5
[8, 12, 19]. Hamu moka3aHo, 4TO MpH TEepOKCUIA3-
HOM OKMWCJICHUU Tapbl 3cKyjJeTuH-TMDb B ykazaH-
HBIX BBIIIE YCJIOBUSIX OTCYTCTBYIOT IEPUOABI MHIYK-
LMY B HAKOIUIEHUU IpoaykTa okuciaeHuss TMDb, a xa-
pakTep 3aBUCHUMOCTM CKOPOCTH OKWCJICHHUS OT
KoH1eHTpaunu TMB B mTBOMHBIX 0OpaTHBIX KOOPIU-
HaTaX JOKa3bIBaeT KOHKYPEHTHBIM THUI MHTMOMpOBa-
Hus. Ha puc. 3 npencraBiieHbl KpUBbIE 3aBUCUMOCTH
MEePOKCHUIA3HOTO oKrcieHus mapel TMb-ackyneTuH B
KoopauHartax JIMKCoHa, KOTOphIE ITOATBEPXKIal0T KOH-
KYPEHTHBIN TUI MHruorpoBanus. I1o maHHBIM puc. 3
paccyrMTaHa KOHCTaHTa UHIMOUpoBaHus K;, paBHas
1.0 MmxM. Benuuuna K;, HaliileHHass U3 3aBUCUMO-
creit Jlaithynsepa—bepka, paBHa 1.3 MKM, T.e. cpen-
HsIS1 BEJIMYMHA B MEPOKCUAA3HOM OKUCICHUU Taphbl
TMb-sckynetuH cocrasiseT K= 1.15 MxM. Takum
00pa3oM, MHTUOUPYIoIIasi aKTUBHOCTb 3CKYJIeTUHA B
okucneHuu TMDB B mnepokcmpasHoO cucTeMe B
8.7 pasa BBIllIe, YeM B IICEBAONEPOKCUIA3HON. DTa
paszHuiia yseanaurcs npu pH 7.4, Tak Kak paHee Ha-
MU TI0Ka3aHO, YTO BEJIMYMHBI K; CUJIBHO CHUXKAIOTCS
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Puc. 4. Uurubuposanue okuciaeuuss TMb ¢pakceTuHom
B cucreme MetHa—H,0,. 3aBcMMOCTb IPOAOJIKUTENb-
HOCTHU TNepuoaa UHAYKIMU, AT, ¢ (a) B HAKOTUJIEHUU MPO-
nykra okucieHus TMB (0.25 MM) oT KOHLIEHTpaLuu
dpakcetuna (MkM) B cucteme MetHa—H,0,, 3aBucu-
MOCTb 0OpaTHOW HayaJIbHOU cKopocTu okucieHust TMb
OT ero obpaTHoOI KoHIleHTpaluu (0) B cucteme MetHa—
H,0,: 3®P, pH 7.4, 6% AM®, 0.25% AMCO, 0.5 MM
H,0,; 1—-0,2—12, 3 — 24 MxM dpakceTnHa.

¢ poctoMm pH 1nipu nepokcuaa3zHOM OKUCJIEHUN Hapbl
TMb-kBepuerun [20].

AnroputMm wusydyeHusi napbl TMb-uHru6utop B
cuctreme MetHa—H,0,, ucnonb3oBaHHbINI paHee,
npuMeHeH st napel TMbB-@ppakceTuH, rpu okucie-
HUM KOTOpOW OOHapyXkeHbl MepUOAbl MHAYKIIMU Ha
KMHETUYECKMX KPUBBIX HAKOIUIEHUSI MPOIYKTa OKKC-
nenuss TMbB. Ha puc. 4a mokazaHa 3aBUCUMOCTD IIPO-
JOJDKUTETBHOCTU Tepuoaa WMHAYKIIMU OT KOHIEH-
Tpauuu (ppakceTrHa: 1Mo JaHHbIM 3TOW 3aBUCUMOCTHU
BBIYMCIIEHBI KO3(MPUILIMEHTHL f, paBHBIE 1.3 10 8 MKM
u 1.7 ot 8 1o 24 MxM uHrHOUTOpPA, T.€. HA OMHOU MO-
JieKyne pakceTruHa rmOHeT 1—2 KaTuoH-paaukaia
TMbB"*.

Ha puc. 40 B mBOMHBIX OOpaTHBIX KOOpOWHATAX
MpeACTaBIeHbI KpUBBIE 3aBUCUMOCTH CKOPOCTH OKMC-
snenust TMbB ot ero HagaIbHOI KOHIIEHTpAIIMU, TOKA-
3bIBalOIIMe OECKOHKYPEHTHBIN TUIT MHTUOMPOBAHUSI.
ITo naHHBIM 3aBUCHMMOCTEN B KoopauHaTax JIuKcoHa
Ne 3
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(He IpuBOAATCS) oIpeaeieHa KOHCTaHTa MHIMOUPO-
BaHUs K;= 26 MKM.

IIpu coBmecTHOM okuciaeHun napel TMb-nuky-
mapon B cucteme MetHa—H,O, B cTraHmapTHBIX
YCIOBUSIX KMHETUYECKNE KPUBbIE HAKOIUICHUS IIPO-
nykra okucieHuss TMbB He oOHapyxXxwim Tiepmona
nHaykuuu. Ha puc. 5a moka3zaHbl 3aBUCMMOCTH Ha-
YaabHOU cKopocTUu okucjieHuss TMb oT ero Hayajib-
HOM KOHIEHTpAallMM B IBOMHBIX OOPaTHBIX KOOPIU-
HaTax, JOKa3bIBaIOIIME CMEIIaHHBIN TUIT UHTUOUPO-
BaHus. [lo maHHBIM puc. 56 B KoopanHaTax JIMKCcoHa
ornpeneieHa BeJUYMHA K, MPU OKHUCJIEHWUM Tapbl
TMb-mukymapod, paBHasg 15 MKM, T.e. TMKyMapoJT —
3(GEeKTUBHBIN UHTUOUTOP OKMcIeHUs TMDb B riceB-
JIOTIEPOKCUIA3HOMI CUCTEME.

B tabsulie comnmocTapieHbl KOJIUYECTBEHHbIE TaH-
Hbl€ OKMCJIEHUSI KyMapyHa U €ro Tpex OKCUIIPOMU3-
BOJIHBIX COBMECTHO C OJTHMM M TE€M Xe CyOCcTpaToM
TMDB B cTporo cTaHAApTHBIX YCITOBUSX. Y3 TaGIUIIBI
clieflyeT, YTO TUIT UHTUOUPOBaHUSI 3aBUCUT OT MPHU-
poIbl OMoKaraaus3aTopa U CTPYKTYphl MHTUOUTOpA.
OJMH U TOT K€ UHTMOUTOP 3CKYJETUH XapaKTepusy-
eTcsi OECKOHKYPEHTHBIM XapaKTepoM WHIMOUpoBa-
Hus okuciaeHus TMb B cucreme MetHa—H,0, u
KOHKYPEHTHBIM TUIIOM WHTMOMPOBAaHMUS B CHUCTEME
IMTX—H,0,. becCKOHKYpeHTHbI! TUIT UHTMOMPOBAHUS
O3HayaeT B3aUMOJIEUCTBUE WHIMOUTOpPA TOJBKO C
depMeHT-cyocTpaTHBEIM KoMmIuiekKcoM MetHa—TMBb,
B TO BpeMsl KaK KOHKYPEHTHbII TUI UHTMOUPOBAHUS
B MEPOKCUIA3HON CHUCTEME O3HauyaeT B3auMOIEH-
ctBue TMb u scKyneTrHa 3a CBSI3bIBAHUE C aKTHUB-
HbIM LieHTpoM [1X M KOHKYpeHIIMIO 3a aKTMBHBIC
dopmel [1X — coemmaenus I u 1. [1pu okuciaeHuy na-
pel TMB-kyMapoJ1 B mceBIonepoKCHUIa3HOM CUCTEME
CMEIIIaHHbIA TUIT THTUOMPOBAHUSI O3HAYaeT YacTUY-
HyI0 KoHKypeHnuio TMb n nukymapoiia 3a CBSI3bIBa-
Hue ¢ MetHa 1 aktuBHBIe pagnkaibl HO® — riaBHbIe
okucisone areHTsl B cucreme MetHa—H, 0, [8].

I1pu oxkucnenuun map TMb-ackynetun u TMb-
¢dpakceTHH B MCEBAONEPOKCUAAZHON CUCTEME YeT-
KO MPOSIBJISIIOTCS TIEPUOAbl MHAYKIIMU B HaKOIJIE-
HUMU IIpoaykKTa okuciaeHus TMb—kaTuoH-pagukaina
TMB " *, uto cBsI3aHO ¢ HehepMEHTATUBHOI OOMEH-
HOM peakumeit (3), mpoTeKarolleil ceBa HallpaBo:

TMB** + PhOH == TMB + PhO". A3)

DTO 03HayYaeT, YyTo aklenTupylomue paagukaisl HO-
TPYIIIBI 3CKYJIETUHA U (PpaKCETUHA B YCIIOBUSIX 9KCIIC-
PUMEHTA JOCTATOYHO PEaKIIMOHHOCIIOCOOHBI, YTOOBI
BOCCTaHABIMBaTh KaTHOH-panukan TMb "+ mo ucxon-
HOTO COCTOSTHMSI, B TO BpeMs KaK B TeX Xe YCIOBMSIX
HO-rpynmel gukymMapoJia HEeCIIOCOOHBI K peaKLUuU
(3), 4TO TOATBEPKIAETCS OTCYTCTBUEM IIEPUOIOB
WHOYKIWAA IIpU OKMCcaeHru rmapbl TM b-nukymapon B
cucreme MetHa—H,0,. CHuxXeHue peakluMOHHOM
cnocobHoct HO-rpymmn aukymapoJsia MOXeT ObITh
CBSI3aHO C HEapOMaTUIECKOM IIPUPOION TeTepOLK-
JINYECKOTO (pparMeHTa IUuKyMapoJia.
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Puc. 5. Uurubuposanue okucienus TMb nukymaponom
B cucteMe MetHa—H,0,. 3aBucumoctb o6paTtHoil Ha-
YaJlbHOM cKopocTu okuciaeHuss TMb ot ero obGparHoit
KOHILIeHTpauuu, MM~ (a) 1 oT KOHUeHTpauuu (MKM)
nukymaposna (6) B cuctreme MetHa—H,0,: 3®P, pH 7.4,
6% IM®, 0.25% AMCO, 0.5 MM H,0,; 1 —0,2—0.15,
3—0.25MM TMB.

OTCcyTCTBUE TIeprona WHAYKIMU B 0Opa30BaHUU
npoaykra okuciaenuss TMb B cucreme [TX—H,0,—ac-
KYJIETUH 00BsICHSIeTCS 3HaueHueM pH 6.4, mpu KoTo-
poM okwuciasiack mapa TMb-ackyineTnH: B 3THX
YCJIOBUSIX aKLIENTOPhI paaruKaioB HO-rpynmbl acKy-
JIeTUHA MPOTOHUPOBAHBI, UTO CUJIBHO CHUXKAeT WX
PEaKIIMOHHYIO CITOCOOHOCTh B OOMEHHOM TpoIlecce
(3) [20].

M3 Tabaulibl cieayeT, YTO B COOTBETCTBUM C BEJIU-
YUHAMM KOHCTAHThl MHTUOMPOBaHUsI K; OKCUTIPOU3-
BOJIHBIE KyMaprHa MOTYT OBbITb PACIIOJIOXEHbBI B PSII
no yObIBalOIIEd WHIMOUPYIOLIEl aKTUBHOCTU B
okuciienun TMBbB: ackyneTnH > nukymapon > dpak-
ceTwH (BenmuuuHbl K; — 9.5; 15 1 26 MKM cooTBeT-
CTBeHHO). OTMETUM, UTO aKTUBHOCTb ICKYJIETUHA B
cucteme [1X—H,0, ewe Bolie (K;= 1.15 MkM). CHu-
JKeHWe MHrUOMpYlollleli aKTUBHOCTU y AMKymaposa
MOXET OBITh CBS3aHO C “BHeapOMaTUYEeCKUM ™ PacIio-
JnoxeHneMm ooenx HO-rpyr, a y ppakceTnHa — ¢ Me-
TUJIMPOBAHUEM omHoM 13 akTuBHBIX HO-rpymm. Hau-
Ne 3
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0OoJ1ee ONTUMAaTLHOM TSI B3aMMOACUCTBUS C paTuKalb-
HBIMM YacCTULIAMU OKa3ajach CTPYKTYpa ACKYJIETHUHA C
6,7-11-OKCU-TPYIIIIaMU B CPABHEHUY C (PPAKCETHHOM C
7,8-mn-okcu-rpynnamu, 1.e. 8-HO-rpyrma, BeposiT-
HO, MaJIOAKTMBHA B peaklLMsIX C pagukKajiaMu B Oe-
JIOK-COJepXKalluX OMOXUMUNYECKUX CUCTEMaX.

B cucreme I1X—H,0, npu pH 6.4 cpenu MHoro-
YHUCIEHHBIX M3YYeHHBIX HaMU (heHOIbHBIX MHTOW-
TOpOB [8, 9] acKyeTUH 0OHAPYKUII PEKOPIHYIO UH-
rudupyolilyto aktTuBHOCTH (K; = 1.15 MxM) u nipeBoc-
XOIUT (DJIABOHOU I PACTUTEIBHOTO TTPOMCXOXKISHUS,
caMble aKTUBHBIE U3 KOTOPBIX B MIEPOKCUAA3HOMN CU-
creme ipu pH 6.3 KBeplieTMH 1 MOPUH XapaKTepHU3y-
I0TC BeanunHamu K;, pasHeiMu 11.5 u 22.5 MmxM
[20]. TakuM 0Opa3oM, ITOUCK U XapaKTepUCTUKa (-
(eKTUBHBIX aHTUOKCUAAHTOB PACTUTEIBLHOIO IIPO-
WCXOXIECHUST SIBJISIIOTCS HEOOXOAUMBIMU U JTOJDKHBI
OBITb TPOIOJIKEHBI.

JlanHasg paboTra BBINIOJIHEHA TIpU (PUHAHCOBOM
noaaepxke MexXayHapoaHOro HayYHO-TeXHUYECKO-
ro neHtpa (MHTLI) no npoekty B-1746.
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Antioxidant Activity of Hydroxy Derivatives of Coumarin
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Abstract—The inhibition efficiency (antioxidant activity) of hydroxy derivatives of coumarin, such as escu-
letin, dicumarol, and fraxetin, was studied in the methemalbumin—H,0,—tetramethylbenzidine (TMB)
pseudoperoxidase system at 20°C in a buffered physiological solution (pH 7.4) containing 6% DMF and
0.25% DMSO. The inhibitor’s efficiency was quantitatively characterized by the inhibition constants
(K;, uM) and the inhibition degree (%). The K;values for esculetin, dicumarol, and fraxetin were 9.5, 15, and
26 uM, respectively. Esculetin and fraxetin inhibited pseudoperoxidase oxidation of TMB in a noncompeti-
tive manner; dicumarol, in a mixed manner. The inhibiting activity of esculetin in peroxidase-catalyzed TMB
oxidation at pH 6.4 is characterized by a K;value equal to 1.15 pM, and the inhibition process is competitive.
Esculetin was found to be the most effective antioxidant of plant origin among all derivatives previously stud-

ied in model biochemical systems.
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E. coli PROPIONYL-CoA SYNTHETASE IS REGULATED
in vitro BY AN INTRAMOLECULAR DISULFIDE BOND
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The E. coli propionyl-CoA synthetase (PCS) was cloned, expressed, purified, and analyzed. Kinetic analyses
suggested that the enzyme preferred propionate as substrate but would also use acetate. The purified, stored
protein had relatively low activity but was activated up to about 10-fold by incubation with dithiothreitol
(DTT). The enzyme activation by DTT was reversed by diamide. This suggests that the protein contains a reg-
ulatory disulfide bond and that the reduction to two sulfhydryl groups activates PCS while the oxidation to a
disulfide leads to its inactivation. This idea was tested by sequential mutagenesis of the 9 Cys in the protein to
Ala. It was revealed that the C128A and C315A mutants had wildtype enzyme activity but were no longer ac-
tivated by DTT or inhibited by diamide. The data obtained indicate that two Cys residues could be involved
in redox-regulated system through formation of an intramolecular disulfide bridge in PCS.

Propionate can serve as a carbon and energy source
in a range of microbes. Propionate oxidation occurs in
two steps. First it is activated to propionyl-CoA by the
enzyme propionyl-coenzyme A synthetase (PCS,
EC 6.2.1.17). Next, the propionyl-CoA is converted
to pyruvate by the 2-methylcitric acid cycle [1]. In this
variant of the tricarboxylic acid cycle, propionyl-CoA
is condensed with oxaloacetate to form 2-methylci-
trate. After conversion to 2-methylisocitrate this com-
pound is cleaved to form succinate (which regenerates
the oxaloacetate) and pyruvate.

Propionyl-CoA synthetase (PCS) is a member of
the adenylate-forming enzyme superfamily all of
which catalyze a two step reaction involving an en-
zyme-bound acyl-adenylate intermediate. In the case
of PCS, the two half reactions are:

PCS + propionate + ATP — PCS - propionyl-AMP + PPi

PCS - propionyl-AMP + CoASH — PCS + AMP +
+ propionyl-CoA

PCS activity in Salmonella typhimurium is regulat-
ed by a sophisticated mechanism discovered by the Es-
calante-Semerena laboratory [1—3] based on their
earlier work with acetyl-CoA synthetase [4]. PCS is
inactivated by propionylation of a Lys residue in active
site [5] in a reaction where propionyl-CoA is the pro-
pionyl donor. This feedback loop allows high propio-
nyl-CoA levels to down regulate the mechanism for its
synthesis. It was found that the enzyme was reactivated
by the Salmonella sirtuin CobB, which catalyzed the
transfer of the propionyl group to NAD* to form O-
propionyl ADP-ribose thereby liberating the essential
Lys residue [3, 6].

3 TMPUKIAJHAA BUOXUMUA U MUKPOBUOJIOTUA

During the course of our recent studies on modu-
lating acyl-CoA levels in E. coli in order to increase its
capacity for producing modified fatty acid synthesis
intermediates as a biological source of industrial
chemicals we realized that there is a second potential
regulatory system for E. coli PCS that involved a re-
versible oxidation and reduction of a disulfide bond
within the enzyme. The purpose of this study was to
confirm and characterize this potential redox regula-
tion through biochemical studies on the isolated en-
zyme and to use site-directed mutagenesis to identify
the specific amino acid residues involved. We showed
that oxidation of the isolated enzyme results in its in-
activation while reduction causes the enzyme to be ac-
tivated. This mechanism is independent of the propi-
onylation mechanism described above and may be in-
volved in further control of enzyme activity.

MATERIALS AND METHODS

Bacterial strains, culture media and growth condi-
tions. All chemicals were purchased from Sigma
Chemical Co. (USA) unless otherwise stated. E. coli
DH5a strain was obtained from New England Biolabs
(USA); TOP10 strain and Arctic Express (DE3) were
purchased from Invitrogen (USA) and from Strat-
agene (USA), respectively. E. coli strains were cultured
at 37°C unless otherwise indicated in Luria-Bertani
(LB) broth. Antibiotics ampicillin (100 pg/ml), gen-
tamicin (20 pg/ml) or kanamycin (50 pg/ml) were
used in rich medium.

DNA manipulations. Restriction endonucleases,
DNA polymerase, and T4 DNA ligase were from In-
vitrogen Corporation (USA). DNA was sequenced us-
ing 3730xl DNA analyzer (Applied Biosystems,
Ne 3
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USA). Oligonucleotide primers were synthesized by
Integrated DNA Technologies (USA). Unless other-
wise stated, DNA manipulations were performed es-
sentially as described by Maniatis et al. [7].

Gene cloning and plasmid constructions. The E. coli
(k-12) genomic DNA was isolated using the
GenElute™ Bacterial Genomic DNA Kit (Sigma,
USA). The coding sequence of the PCS enzyme was
amplified by PCR with the E. coli genomic DNA as a
template. The following two oligonucleotide primers
were used: (i) a sense primer, 5'-AAGCTTAT-
GTCTTTTAGCGAATTTTA-3' containing a HindI11
recognition site (underlined) and 20 nucleotides of
PCS starting with the ATG start codon; and (ii) an an-
tisense primer, 5'-CTCGAGCTCTTCCATCGC-
CTGGCGGA-3' containing a Xhol recognition site
(underlined) and 20 nucleotides that are complemen-
tary to the 3'-end sequence of PCS without the TAG
stop codon. The amplified DNA was subcloned into
pGEM T-Easy vector and sequenced. The DNA was
digested with HindIII and Xhol and then inserted into
the respective sites of pET-24b to make pET24b-PCS.

Site-directed mutagenesis. Site-directed mutations
were made by recombinant PCR [8]. Plasmid
pET24b-PCS was used as mutagenesis template. The
PCR amplifications were carried out with Platinum™
Taqg DNA Polymerase High Fidelity (Invitrogen,
USA). The 50 pl PCR reaction used 50 ng of tem-
plates, I mM primer pair, 200 mM dNTPs, and 2U of
DNA polymerase. The extension reaction was initiat-
ed by pre-heating the reaction mixture to 94°C for
3 min; 30 cycles of 94°C for 1 min, 52°C for 1 min and
72°C for 1.5 min; followed by incubation at 72°C for
10 min. The mutagenesis was made by two rounds of
PCR. The first round used the sense primer for PCS
gene with the antisense primer containing the site-di-
rected mutation, and the antisense primer for the PCS
gene with the sense primer containing the site-direct-
ed mutation in two independent PCR reactions. The
two PCR products from the first round reactions were
purified by the WizardSV Gel and PCR Clean-up Sys-
tem (Promega, USA) after agarose gel electrophoresis.
For the second round PCR reaction 1 pl from each of
the two PCR products was mixed with 8 pul of dH,O
and 1 ul of the mixture provided the template. Sense
and antisense primers for PCS were used as primers for
the second round PCR. The PCR products were puri-
fied as before and cloned into pGEM T-Easy vector
and transformed into TOP10 competent E. coli cells
(Invitrogen, USA). A total of 10 colonies for each mu-
tagenesis were selected and their plasmids were isolat-
ed and sequenced. The plasmids with desired muta-
tion were digested with HindIIl and Xhol and then in-
serted into the respective sites of pET-24b for
expression as a His-tagged fusion protein.

Overexpression of PCS in E. coli and its purifica-
tion. For high level protein expression, plasmid
pET24b-PCS and the 9 PCS Cys to Ala mutants were
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electroporated into ArcticExpress (DE3) E. coli com-
petent cells (Stratagene, USA). The transformed cells
were grown in 10 ml LB medium containing 50 pug/ml
kanamycin and 20 pg/ml gentamicin and shaken at
24°C. After overnight cultivation, the cultures were in-
oculated into 500 ml of the same medium, and shaken
at 24°C for 24 h. The cultures were induced by IPTG
(final concentration is 0.1 mM) and shaken at 10°C
for 24 to 48 h.

The cells were harvested by centrifugation, washed
twice in 500 mM potassium phosphate buffer (pH 8.0),
and then disrupted by sonication on ice using 6 X 10 s
bursts at high intensity with 10 s cooling periods be-
tween bursts to prepare a cell-free extract. After cen-
trifugation (3000 x g for 15 min at 4°C) the superna-
tant was applied to a 2 ml Probond™ Nickel-Chelat-
ing Resin (Invitrogen, USA) column. All purification
procedures were performed at 0 to 4°C according to
the Probond™ instruction manual. The enzyme was
eluted from the column with 8 ml of native elution
buffer (50 mM NaH,PO,, 500 mM NacCl, 250 mM
imidazole, pH 8.0) and stored at 4°C. The homogene-
ity of the purified protein was confirmed by SDS-
PAGE.

PCS assay. PCS activity was assayed by measuring
the amount of [*C] propionyl-CoA produced from la-
beled '“C-propionate [9, 10]. The assay mix contained
25 mM Tris-HCI, 50 mM KCI, 0.25 mM CoASH,
2.5mM [1-'*C] K-propionate (4 x 10® cpm/umole),
2.5mM ATP, 5 mM MgCl, (pH 8.0) in a total volume
of 0.1 ml. The amount of enzyme used ranged from 2.6
to 4.1 pg per assay for the purified enzyme and from 90
to 131 pg per assay for the crude bacterial extract. After
30 min of reaction at 26°C, a 75 pul aliquot of the reac-
tion mix was transferred to a 2.5 cm DE-81 filter disk
(Whatman, USA) which was promptly quenched in
2% acetic acid with 100 mM Na propionate. The filter
disks were subjected to three 5-min washes in the same
solution of acetic acid and Na propionate, rinsed
briefly in acetone, and air dried. The amount of filter-
bound radiolabeled propionyl-CoA was determined
by liquid scintillation counting. Assays were per-
formed in duplicate or triplicate. One unit of activity
was defined as 1 pmol of propionyl-CoA produced per
minute.

RESULTS

Characterization of recombinant purified PCS.
PCS recombinant His-tag fusion protein was affinity
purified and characterized by SDS-PAGE analysis.
Two bands were observed following Coomassie Blue
staining. One band had the expected molecular mass
of approximately 70 kDa while the second band, ten-
tatively identified as a PCS degradation product, had a
lower molecular weight (Fig. 1). Average overall yield
of recombinant protein was estimated at about 2 mg of
Ne 3
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MW ] 2 3 4

Fig. 1. Expression of E. coli PCS analyzed by SDS-PAGE.
MW — molecular weight markers; / — crude extract from
E. coli transformed with pET24b; 2 — crude extract from
E. coli transformed with pET24b-PCS; 3 — crude
pET24b-PCS sample purified with a nickel column and
run without DTT in SDS loading buffer; 4 — crude
pET24b-PCS sample purified with a nickel column and
run with DTT in the SDS-PAGE loading buffer. The arrow
indicates the expected position of PCS.

fusion protein purified per liter of induced F. coli cell
culture.

The ability of the expressed PCS to use propionate
and acetate as substrates was analyzed. When using
propionate as substrate for the enzyme, the V,,, is
0.43 U/mg, and the K, is 0.052 mM; when using ace-
tate as substrate, the V,,,, is 0.17 U/mg, and the K|, is
2.13 mM. Attempts were made to use isobutyrat as
substrate, but no activity was detected. Clearly propi-
onate is the preferred substrate for the enzyme with lit-
tle activity toward acetate expected at physiological
substrate concentrations.

The effect of redox reagents on the PCS activity.
PCS activity was greatly increased by preincubating
the enzyme with the reducing agent dithiothreitol
(DTT). Maximal enzymatic activity was observed at a
DTT concentration of 10 mM (Fig. 2). In the absence
of added DTT, the PCS activity was only 10% to 20%
of maximum.

The results of DTT and diamide treatments of the
E. coli PCS enzyme are shown in Fig. 3. Samples of
enzyme were preincubated with 10 mM DTT or
10 mM diamide (sometime followed by DTT) for
30 min before the enzyme activity was assayed. The
enzyme was activated by DTT and inhibited by dia-
mide in a reversible manner. In our previous work, we
found that the Arabidopsis acetyl-CoA synthetase also
shows the same property, and it was assumed to con-
tain a redox-sensitive thiol group [10]. The similar re-
sults with the E. coli PCS suggest that it contains a re-
dox active thiol group and that the enzyme is active
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Fig. 2. The effect of different DTT concentrations on the
activity of E. coli PCS. The purified enzyme was incubated
with the indicated DTT concentration for 30 min before
the enzyme assay.

when the thiols are reduced to two Cys and inactive
when they are oxidized to a cystine residue.

Characterization of the role of Cys residues in PCS.
There are 9 Cys in the E. coli PCS. To directly test the
role of each cysteine in the redox regulation, a series of
site specific Cys to Ala mutations were constructed,
and the mutant proteins were expressed in E. coli. PCS
activity was measured in crude extracts of bacterial
cells with or without added DTT (Table 1). The wild
type and most of the mutant enzymes were activated
from 4 to 10-fold by DTT treatment. Activation was
always less in crude extracts than in purified proteins
suggesting that the Cys residues became more oxidized
during the purification process. The two exceptions
were C315A and C128A. For these two mutants DTT

PCS,
0.5r

U/mg protein

—t—

04r

0.3r

02r

0.1r

N

1 2 3 4

Fig. 3. The effect of DTT and diamide on E. coli PCS ac-
tivity. / — PCS preincubated without DTT for 30 min; 2 —
PCS preincubated with 10 mM DTT for 30 min; 3 — PCS
preincubated with 10 mM diamide for 30 min; 4 — enzyme
preincubated with 10 mM diamide for 30 min and then
with 10 mM DTT.
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Role of Cys in E. coli PCS activity and DTT activation of
the enzyme. PCS proteins with the indicated Cys to Ala
mutants were expressed in E. coli. The cells were disrupted
and the enzyme activities measured with or without incuba-
tion in DTT

e L R e
WT 0.36 £ 0.01 5.0
C47A 0.45 £0.03 4.0
C54A 0.50 £0.03 9.4
C236A 0.48 +£0.02 10.3
C279A 0.24 +0.01 4.5
C431A 0.41 £0.01 4.2
C450A 0.44 +£0.03 7.8
C602A 0.22 +0.01 10.2
C315A 0.83 £0.03 1.5
C128A 0.51 £0.07 1.5

activation was only about 1.5 fold. In other words,
these two mutant enzymes were functionally fully ac-
tivated without the DTT treatment. Also neither mu-
tant enzyme was inhibited by more than 50% by dia-
mide treatment (data not presented). These results
suggest that the disulfide bond(s) that was reduced by
DTT treatment and formed by diamide treatment in-
volved Cys 128 and Cys 315.

It is interesting that none of 9 Cys to Ala mutants
had activity in the presence of DTT that was less than
60% of the activity of the wildtype enzyme. These data
include the Cys 128 and Cys 315 mutants. This sug-
gests that none of these Cys residues is essential for the
catalytic function of PCS and that the redox control of

PCS, U/mg protein
3.0 ¢

25

——t

2.0
1.5

1.0

0.5 &3

| ]

1 2 3 4

Fig. 4. The activation of the wildtype E. coli PCS by DTT

and CobB/NAD™. The enzyme was incubated in the con-
ditions indicated for 30 min before activity was assayed.
1 —control; 2— +10 mM DTT, 3 — 40.40 pg of CobB and

1 mM NAD™; 4 — +0.40 ug of CobB, 1 mM NAD' and
10 mM DTT.
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the enzyme’s activity is not directly caused by regulat-
ing the catalytic core of the active site.

Based on the results presented above, the most rea-
sonable explanations for the redox control shown are
either an intramolecular disulfide bond formed be-
tween C128 and C315 of one protein molecule or
bonds involving these two residues on different PCS
molecules. These could include intermolecular
C128—C315, C128—C128, or C315—C315 bonds (in
the latter two cases reduction of both bonds would be
necessary for full activation). This question was ap-
proached by examining how the oxidized and reduced
forms of the proteins migrated in SDS-PAGE. As can
be seen in Fig. 1, there is no apparent difference in the
migration of the protein following DTT treatment.
This indicates that the disulfide bonds were not be-
tween two PCS molecules and that C128 and C315 are
joined by an intramolecular disulfide bond.

Earlier work has demonstrated that the Salmonella
PCS is regulated by the reversible propionylation of a
Lys residue at the active site of the enzyme [5]. The en-
zyme CobB catalyzes the removal of the propionate
from the active site Lys and the subsequence reactiva-
tion of PCS. While this process is mechanistically dif-
ferent from the redox process described here we con-
firmed that these types of regulation of enzyme activity
were independent mechanisms (Fig. 4). With the puri-
fied wildtype PCS preparation from E. coli used in this
experiment both DTT treatment and incubation with
recombinant CobB protein and NAD™* each indepen-
dently increase the in vitro rate of PCS by approxi-
mately 5-fold. When DTT and CobB/NAD* were
added at the same time, PCS activity increased over
25-fold. Clearly, the two mechanisms of regulation of
the PCS activity function independently.

DISCUSSION

PCS is the first committed step in propionate me-
tabolism and has been shown to be regulated by a feed-
back inhibition that involves the reversible propionyla-
tion of an essential Lys residue [5]. In this report we
have identified a potential redox-dependent regula-
tion of this same enzyme. The reversible formation of
an intramolecular disulfide bond between C128 and
C315 appears to have the potential to control the
FE. coli PCS activity in vitro. The formation of the
bond, either naturally or following treatment with di-
amide inhibited the enzyme while reduction with
DTT stimulated activity. Mutagenizing either of these
Cys residues to Ala resulted in an enzyme that is fully
activated irrespective of the redox treatment of the
protein.

The E. coli PCS appears to undergo redox regula-
tion in vitro via an intramolecular sulfhydryl-disulfide
mechanism. Does this mechanism contribute to regu-
lating propionate metabolism in vivo? Generally it is
assumed that structural disulfides in the cytosol of
Ne 3
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E. coli are fully reduced and that disulfide oxidation
does not occur until the proteins are exported to the
periplasm. This process is not the general result of the
redox level in the cytosol but is specifically catalyzed
by the thioredoxins and glutaredoxin of the thioredox-
in and glutathione/glutaredoxin pathways [11]. Not all
cytosolic proteins in E. coli, however, are reduced with
the best known example the OxyR transcription factor
containing a disulfide group that can either be oxi-
dized or reduced under physiological conditions [12].
Additional work will be needed in the future to deter-
mine of this redox regulation is physiologically signif-
icant and if so how it interacts with the propionylation
system.
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POJIb DK3O0ITOJIMMEPHOI'O KOMIINIEKCA B ®OPMUNPOBAHUN
BUOIUVIEHKHN HA ITOBEPXHOCTHA CTAJIX KOPPO3MOHHO-
AT'PECCUBHBIMU BAKTEPUAMMUN
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HccnenoBaH cocTaB 3K30MOJUMMEPHBIX KoMiuieKcoB (DIIK), cuHTe3upyeMblx MOHOKYJIbTypamMu De-
sulfovibrio sp. 10, Bacillus subtilis 36, Pseudomonas aeruginosa 27 i MUKpOOHBIMU aCCOIMAITASIMA, TIPUHU-
MalIIMMM Y4acTUe B KOPPO3UU METATIMUECKUX MOBEPXHOCTEe. MeTOIOM ra3oXXuaKOCTHOM XpoMaTorpa-
dun (I'’XKX) rmpoBeieH aHAIN3 MOHOCAXapUIHOTO COCTaBa YIJIEBOAHBIX KOMIIOHEHTOB U KMPHOKMCIIOTHO-
ro cocrapa aunuaHoi yactu DI1K. YcTaHOBIEHO, YTO B YCIOBUSIX OMOIJIEHKM OAKTEpPUM CUHTE3UPOBAIU
TMOJIMMEDPHI, B KOTOPBIX ITpeobJianalia rItoKo3a, a Py pocTe B CYCIIEH3MM OTMEUYEHO BBICOKOE CoJepKaHue
pamHo3bl. B cocraBe DITK B. subtilis 36, P. aeruginosa 27 BbISIBIEHBI TEKCYPOHOBBIE KHMCIOThI M TEKCO3aMU~
Hbl. OOHapyXeHbl KAYeCTBEHHbBIE OTJIMYMS XKUPHOKHUCJIIOTHOTO COCTaBa 3K30IOJIMMEPOB B OUOTIJIEHKE U B
OakTepMaabHOU cycnieH3uu. [lokazaHo, 4To Ipu Iepexo/ie K OMOonaeHOYHOM (hopMe pocTa, CTeleHb HeHa-
CBIIIIEHHOCTU XKUPHBIX KUCJIOT B 3K30IMOJIMMepPaxX acCOLMAaTUBHBIX KyJbTyp Bo3pocia. [TomyuyeHHbIe pe-
3yJIBTaTbl MOTYT OBITh MCIIOJIb30BaHbI JIS1 pa3padOTKU METOA0B OOPHObI ¢ MUKPOOHOIT KOppo3ueit MeTa-

JINMYECCKUX HOBerHOCTCIL/'I.

HccnenoBaHust MOCAEAHUX ACCATUISTUI MOKa3a-
JIM, 9YTO B HPUPOMHBIX 3KOCHUCTEMAX OOJIBIIMHCTBO
0akTepuii CylIEeCTBYIOT B BU/IE CEU(PUIECKU Opra-
HU30BaHHBLIX OUOIUIEHOK, NMPUKPEIUIEHHBIX K CyO-
crpatam [1—3]. buonieHKM IIpencTaBiIsSIOT COOOM
BBICOKOOPTraHM30BaHHOE, CTPYKTYpPUPOBAHHOE CO-
0O0IIIECTBO, CO3MaBaeMoOe OaKTEpUSIMU OIHOTO WU
HECKOJBbKIX BUAOB [3, 4]. MukpoObHOe coo0I1IeCTBO
(YHKIIMOHUPYET B OMOIUIEHKE KaK CKOOPAMHUPO-
BaHHbBII KOHCOPLIMYM, MOTPYXXEHHBI B 3K30TOJIU-
MEPHBIII MATPUKC CUHTE3MPOBAHHBIX UM BHEKJIETOU -
HBIX KOMITOHEHTOB: IO CaXapyuAbl, JTAIINAbI, OCIKM,
HYKJIEMHOBBIE KUCJIOTHI M Apyrue BellecTBa [4—6].
DK30II0JIMMEphl OAKTEpUii UIPAIOT BaXKHYIO POJIb HE
TOJIBKO B (hOpPMUPOBAHMHU CTPYKTYPhl OMOIUICHKM, HO
1 BO B3aMMOJICMCTBUU OUOTUIEHKU C TOBEPXHOCTHIO,
Ha KOTopoli oHa pa3BuBaeTcsi. Obpa3oBaHue OMOILICH-
KM BCETIa COIPOBOXKIAETCS MomMpuKaleil IIoBepX-
HOCTH ¥ UBMEHEHUSIMU CBOMCTB OAKTEpUii B COOOIIIE-
cTBE [2, 6].

PazBuTre n GyHKIIMOHMPOBaHNE MUKPOOHBIX CO-
OOI1IeCTB B OMOIJIEHKE HE BCeraa yYuThIBaeTCS TOJIK-
HBIM 00pa30M IIpU OLIEHKE MX POJIM B OKPYXKaIOIICH
cpelie, 0COOEHHO B MECTaX, MOABEPraeMbIX aHTPOIIO-
TeHHOMY BO3eiCTBUIO. TAKUMU, B YACTHOCTH, SIBJISI-
FOTCSI 30HBI TTPOKJIAKU MOA3EMHbBIX KOMMYHUKAIIUHA:
TeIJioMarucTpaieit, HeTe- U ra30IPOBOAOB.

PaHee HaMu ObLIO MOKa3aHO, YTO B TPYHTE, KOTO-
pblii HEMOCPEACTBEHHO COIPUKACAETCS C TIOBEPXHO-
CTBbIO TPYyOOIIPOBOIOB, (POPMUPYETCS CYJIb(MUIOTEH-
HOE MUKPOOHOE COOOIIIECTBO, CITOCOOCTBYIOIIIEE BO3-

HUKHOBEHMIO 04aroB 0mokoppo3uu [7]. OCHOBHYIO
POJIb B MUKPOOHOM KOPPO3UHU CTAIIN UTPAIOT CyJTbdar-
peayLupylolye 6akTepuun, KOTopble MPUHUMAIOT He-
MOCPEICTBEHHOE yyacThue B OMO3JIEKTPOXUMUYECKOM
npolecce, IIPOTeKAIOIIeM Ha TTOBEPXHOCTU MeTalia, B
ouoreHke [7—9]. HaMu ycTaHOBJIEHO, YTO Hapsiy C
cylb(aTpenyKTopaMu, JOMUHAHTHBIMU IIPEICTABUTE -
JISIMH TaKOTO CYJIb(UIOTEHHOTO COOOIIEeCTBA SIBIISIIOT-
cs1 6akTepum ponoB Bacillus n Pseudomonas [10].

OJIHaKO, HECMOTpPSI Ha MHOTIOYMCJIEHHbIE paOOTHI,
MOCBSIIEHHBIE KCCIIENOBAaHUSIM OMOIUIEHOK, B Ha-
CTOsIIIIee BpeMsI B IUTEpaType Majlo CBelIeHMit 0 (hop-
MUPOBAaHUM OHOIIEHKM Ha CTaJli KOPPO3UOHHO-
arpecCUBHLIM MUKPOOHBIM COOOIIECTBOM M PO
9K30IIOJIMMEPHOTO KOMIUIEKCA B KOPPO3MOHHOM
Tpoliecce.

Lleab paboThl — U3yyeHUE cocTaBa IK30TOJIUMEP-
HOT'0 KOMILIEKCa, CUHTE3UPOBAHHOTO MOHO- 1 aCCO-
LUATUBHBIMU KYJIBTYpaMU, BbIIEJCHHBIMU U3 €CTe-
CTBEHHOTO CYJIb(GUAOTeHHOr0 COOOIIeCTBa, U OIpe-
JIeJICHWE POJIA ero JOMUHAHTHBIX TIpeIcTaBUTENIC B
dopMUpoOBaHNM OMOTIJIEHKN HAa MOBEPXHOCTH CTAJIH.

METOAMKA

O0bekThI HccenoBanusa. B paboTe ncnonab30BaHbI
6aktepuu Desulfovibrio sp. 10, Bacillus subtilis 36 n
Pseudomonas aeruginosa 27, BblaelieHHble HAMU U3
OuorIeHKU, chopMUpoBaHHOUW Ha ctanu-3 [10], a
TaKKe WMCCKYCTBEHHO CO3MaHHas W3 BBIIIeyKa3aH-
HbIX MOHOKYJIBTYp accolmanus. JIjist co3maHus acco-
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LIMallMd HWCIIOJIb30BalU BbIpallleHHbIE Ha >KUIKOM
cpene IToctreitta “B” [11] kynbTypsl 6akTepuit Des-
ulfovibrio sp. 10, B. subtilis 36 v P. aeruginosa 27 B 3Kc-
NOoHeHIaabHOI (aze pocra. CycrieH3umn 0akTepuii
cMelnrBaiau B cooTHoeHuu 1 : 1 : 1. IMapamienbHo
Ha cpene Iloctreiita “B” BbIpallluBajid €CTECTBEH-
HYIO0 CyJIb(UIOTEHHYIO acCcollhalluI0 OaKTepuid, Bbl-
JIeJICHHYI0O HaMHW paHee M3 TPyHTa, OTOOpaHHOroO Ha
MOBEPXHOCTU TPYObI AEUCTBYIOIIETO ra30MpoBoOaa B
Kapnarax.

W3ydyeHne pa3BuTus 6aKTepuil B 0aKTepUaTbHON
CYCIIEH3UM U OUOTIJIEHKEe, 00pa30BaHHOW Ha CTallb-
HBIX IUIACTUHAX, TPOBOJUIIN B YCIOBUSIX JJabopaTtop-
Horo omnbiTa. MccienoBaHusi MpOBOAMIN BO (hjlaKo-
Hax ooremMoM 500 MJI, 3armOJTHEHHBIX NMUTATEIHHOMN
cpenoii IloctreiiTa “B”, MHOKYJIMPOBAaHHON B 3aBH-
CUMOCTH OT BapraHTa OIbITa OMHOMN WJIN HECKOJIbKHU-
MU KyJbTypaMu OaKTepuii B SKCTTOHEHIIMAIbHOM ha-
3¢ pocra. KojJM4ecTBO MOCEBHOro MaTepuasga co-
craBisiiio 10% oT oGbema cpelnbl, Ha4aJlbHBIA TUTP
MOHOKYJIBLTYpP — 107 KJ1./MJ1. Bo dhytakoHBI ITorpysKanm
MOJBEIIEHHbIE Ha JIeCKe 00pa31ibl CTaIr-3 pa3MepOM
4.8 x 1.5 x 0.5 cM, mIpeIBapuUTEIbHO B3BEILICHHBIC,
POCTepUIN30BaHHbIe U 00paGoTaHHble 6 H. H,SO,
TSI CHSITUST OKCUJTHBIX TJICHOK U aKTUBU3aLlUU 3JIeK-
TpOXUMHUYEeCKMX IIpoiieccoB [12]. 3areMm draakoHbI
repMeTUUYECKH 3aKPbIBAJIU PE3UHOBBIMY MTPOOKaMU 1
nHKyouposanu npu 28°C B TeueHue 90 cyt. Kaxaprii
OMBIT CTaBUJIU B 3 ToBTOpHOCTsIX. [Tokazaresem pas-
BUTHUS OakTepuii OBLJIO HaKOIUIeHHE OrmomMacchl (10
oOenky) u cepoBogopona. CoaepkaHue KJICTOUHOIO
Oenka omnpenensyii mo Mmeroxy Jloypu. ims aToro
KJIETKU OMOTIJIEHKU U CYCTIEH3UU pa3pylllayiv yJIbTpa-
3BYKOM 2 MUH TPUKIbI C UHTEPBAJIOM | MUH Ha pU-
oope Y3JIH-2T (CCCP). leHtpudyrupoBaiu mais
ocaxkneHMsI KIeTouHbIX cTreHoK Impu 7000 g 30 muH,
CJIMBAJIM HAJOCATOYHYIO XUAKOCTh M U3MEPSUIM B
Hel cogepxxaHue oenka. HakormieHue cepoBogopoaa
B cpele omnpenessuii MEeTOIOM HOIOMETPUUYECKOIo
TuTpoBaHus [13].

Boinenenne sk3onosmmeprnoro kommiekca (DIIK).
Ui BbIAETEHUS 9K30MOJUMEPOB, MPOIYLIUPYEMbBIX
KJIeTKaMM OMOTUIEHKH, 00pa3libl CTalr-3 U3BJIeKaIn
U3 KYJIBTypajbHOI cpenbl u Iorpyxamu B 100 mu
0.1 M docdarHoro oydepa (pH 7.0). Buornenky
CHMMaJI1 ¢ 006pa31oB yibTpa3BykoM Iipu 22 klir (30 ¢),
00pabOTKy IMPOBOAMIIM ABAXIbI ¢ MHTepBaioM 30 ¢
Ha nipubope Y3/IH-2T (CCCP). IlonydyeHHyIO CycC-
neH3uto HeHTpudyruposaiv npu 15000 gu 20°C B Te-
yeHue 40 MUH 17151 oTIeNeHus Kietok. HamocagouHyto
KUAKOCTb TUAIU3UPOBATIN B AUCTUIMPOBAHHOM BOJIE
3 cyt [14]. TTonydeHHBIE TUATMU3aThl YITApUBAJIU HA PO-
TopHoM wuctaputesie (“Heidolph”, Iepmanusi) no
50 M1 U151 KOHLIEHTPUPOBAHUS pacTBOpa SK30I0IMMe-
POB, 3aTeM JIMOGWIN3UPOBAJIU. B ocaxkieHHBIX TOCIIe
LHEHTPUDYTHPOBAHUS KJIETKaX ONPeaSISIIN KOJIrude-
cTBO Oesika, Kak onucaHo Bbile. [locie ynaneHus
OMorIeHKN oOpa3libl cTaid oOpadaThiBajlu pacTBO-
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POM JJIS1 CHSAATUS TIPOJAYKTOB KOPPO3UHU CJIEAYIOIIETO
cocTaBa: cepHas KucyoTa 84 1, JMMOHHOKUCIIBINA aM-
MoHUI aBy3amenieHHHEIN 100 1, TmomoueBuHa 10 T,
Boma muctuianupoBaHHasT 880 M. CpoK 3KCITO3UIINHT
10—40 muH, 3aTeM 0Opa3libl MPOMbIBAIU AUCTULIN-
pOBaHHOI BOAOI, BBICYIIMBAIU (PUIBTPOBATIBHOM
Oymaroii u B3BelMBayiu. O KOPpO3MOHHOM arpeccuB-
HOCTH GaKTEPUIii CyIUIIN TTO YMEHBILIEHUIO MacChI CTa-
JIV TIO CPaBHEHUIO C UCXOHOW Ha eAWHUILY TUIOLLIAAN
MOBEPXHOCTHU IUIACTUHBI B €IMHUILY BpeMeHH [12].

DK30MOJUMEPHBIN KOMIIJIEKC, MTPOLYLIPYESMbIiA
KJIETKaMM B CYCIIEH3UH, BbIACISIIA U3 CyliepHaTaHTa
nocie neHtpudyrupopanug npu 15000 g u 20°C,
40 MUH, KaK OITMCAHO BBIIIIE.

Monocaxapunnblii coctas DIIK. Omnpenenenue
MPOBOJMJIM METOIOM ra30XXMIKOCTHOU XpoMaTorpa-
dumn. g ananmsa oopasiibl mpeaBapuTeTbHO 00pada-
ThIBaJIM, corjacHo mpouenype [15]. K 2 Mr tnodpunu-
3upoBaHHOTO mpenapaTa nooapms 0.4 M 2 H. HCL
TTonyaennyio cmech DIIK 3amamBanm B aMmITyiy, 3a-
TeM IIPOBOIWJM TUAPOJU3 B TedyeHUe 4—5 4 mpu
100°C. TunponauzaT ymapuBaJMu OCyXa U TPYKIbI
MPOMBIBAJIU IUCTUIMPOBAHHON BOAON HA POTOPHOM
ucnapurene npu 45—50°C. IIpoby pecycrieHaAupoBa-
Ju B 1 MJI JUCTUIJIMPOBAHHOW BOABI U J00aBIsLIU
oopruapua HaTpusi. OOpaslibl OCTaBJISIIU B TEMHOM
MecTe Ha 12 4, 3aTeM NpoObl HEUTPATIU30BaJIU C T10-
moibio Katnonuta KY-2 B H-dpopme. Katnonur
yaaisiiu (UIBTPOBaHUEM Ha CTEKJISTHHOM (DUIIBTpe
Ne 4 ¢ pazmepom nop 5—15 MkM, punsTpar yrnaprsa-
JIM IocyXa, TPUXKIIbl MPOMbBIBAJIA METAHOJIOM, yTIapU-
BaJd Ha POTOPHOM WCIapuTesie NMPU KOMHATHOM
Temmneparype u nooasisuiu 0.5 My nupuauHa u 0.5 M
YKCYCHOTO aHTHApuaa, BeiaepxkuBaiu npu 100°C
15 muH. ITTonydeHHYI0 CMeCh yMmapuBajlu IOCyXa B
HECKOJIbKO 3TaroB, 100aBJIsIsi METAHO U TUCTUILIN-
poBaHHYyII0 Bomy. OOpa3iibl peCcyCIeHINpPOBaJIu B 2—
3 M1 xmopodopma u HeHTpudyruponanu npu 5000 g
20 muH. CyniepHaTaHT yIap1Baiu J0CyXa.

AHalIN3 TONYYESHHBIX IPOU3BOAHBIX HEUTpab-
HBIX MOHOCAxXapuIOB B BMJE UX ITIOJIHBIX alleTaTOB
MOJIMOJIOB MPOBOJAMJIM Ha Tra30BOM Xpomarorpade
6890N ¢ Macc-CIeKTpOMETPUIECKUM IETEKTOPOM
5973 inert (“Agilent Technologies”, CIIIA). Kononka
KamwuisipHasgs DB-225ms (J&W Scientific) 30 m X
% 0.25 MM X 0.25 Mmkm. XpomaTorparuuecKoe pasie-
JICHWE TIPOBOAWIIM B U30TEPMUYCCKOM PEKUME MPU
220°C, ra3-HOCHUTEIb — TeJIMii, CKOPOCTh IIOTOKA 4Ye-
pe3 KonoHKyY — 1.0 mii/MuH. TemIiepatypa ncnapurtest
250°C, BBOA mpoOkbI ¢ pasgesieHueM moroka 1 : 100,
temrieparypa ' X-MC wuHtepdeiica 280°C. derek-
LU0 TTPOBOAVIJIA B PeXXMMe CKAHMPOBAHUS B THalla-
3o0He 100—600 m/z.

OHpCﬂ,CHCHI/IC KUCJIbIX U Hel‘/JITpaIle]:JX MOHOcCa-
XapuJIOB TIPOBOAWJMU B BUIE UX alleTUJIMPOBAHHBIX
METWJITJIUKO3UA0B, KOTOpblEe aHAJIM3UPOBAIN Ha KO-
Jonke HP-5MS mno cruenyloineit TemmnepaTypHoOit
Ne 3
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ITYPUIL u ngp.

Ta6muma 1. MeTtaGonndecKkast 1 KOppO3MOHHAsi aKTUBHOCTh MOHOKYJIBTYP OaKTEepHil M COOOIIECTB

Kystypa Gaxrepuii Bentox B kneTkax, MKr/mi HakoruieHue CkopocTb Kopposui,
GUOIUICHKA CYCIICH3USI CepoBOAOPONA, MT/1 M=
Accouuanus ecTeCTBeHHast 1720 159 332+ 5.1 0.239 = 0.01
Accolualus UCKyCCTBEHHAas 1800 100 286 £4.8 0.178 £ 0.003
Desulfovibrio sp. 10 1880 200 291 +4.4 0.307 £0.01
P. aeruginosa 27 75 690 48 £2.3 0.086 + 0.0035
B. subtilis 36 48 485 23+0.6 0.072 £ 0.0022

nporpamme: 150°C — 5 muH, ot 150 go 250°C — 1o
3°C3a 1 muH, 250°C — 10 muH [16].

Onpenenenne KUPHOKUCIOTHOTO COCTABA JIMIUA-
Hoi yactn DIIK. K modpunsHo BeicymeHHOMY DITK
(5—10 mr) noGasisiun 1.5 MJI CMecu XJIOPUCTOTO Me-
THUJeHa W MeTaHona (2 : 1), mocjie MHTEHCUBHOIO
BCTPSIXMBAaHMSI OCTaBISUIM Ha 12 4. [lanee goGasisiiin
2 MJI BOabI, BeTpsixuBasi 10 MUH, OCTaBJIsSIJIN 1O pac-
clioeHus (a3 m oToupanu HkHIO (aszy (0.5 mi),
KOTOPYIO MEPEHOCWIM B aMIIyJly €MKOCTBbIO 5 MI,
yIlapuBajJd A0OCyXa Ha POTOPHOM HCHapuTesie MpU
40°C, BbicymIMBaJu 2 4 B BaKYyMHOM 3KCHKaTOpe
Hag KOH, nooasnstmu 1 ma 4 M HCI B metaHOITIE, aM-
MyJ1y 3alauBajid, ocTaBisuin Ha 4 4 ipu 80°C, nepe-
HOCHJIM B KOJIOOUKY U yITapUBaJiu J0CyXa, BTOPOU pa3
¢ 2 M MetaHona. K mojiydaeHHOMY CyXOMYy OCTaTKy
no6aBisuM 1 MJI HAacBIMIEHHOTO pacTBOpa XJIOpuaa
HaTpusl B BOJE U JBaXKAbI, XOPOIIO TepeMellnBasl,
aKcTparupoBanu 2 mi xiaopodopma. HikHioro dasy
oTOMpanu 1 ynapuBaiu mocyxa. Jdobapmsuiu 1.5 mu
rekcaHa, obpasell MepeHOCUIN B eMKOCTh [IJIsl aHa-
nuza. [KX-MC-aHanu3 npoBoAWIA Ha KanWuIsIp-
Hoit komornke HP-5 MS ¢ 5% dbenmimeTicmiokca-
Ha, pa3MepoM 30 M X 0.25 MM X 0.25 MM, Tipu 150—
210°C (4°C/MuH), ra3-HOCUTEb — Ienil, CKOPOCTb
moroka — 1 mur/MuH, xpoMmarorpad 6890N ¢ macc-
CIIEKTPOMETPUYECKUM AeTeKTopoM 5973 inert (“Agi-
lent Technologies”, CILIA) [17].

PE3VJIBTATBI 1 UX OBCYXKIEHHUE

B ecrecTBeHHBIX YCIOBUSIX HauboJjiee KOPpo3u-
OHHOAarpecCUBHEIE CyJb(MaTpeayluupyplIne 6akre-
puu, Kak MpaBUJIO, pa3BUBAIOTCSI B MUKPOOHOM CO-
o0lllecTBe, KaXAblii 4JieH KOTOPOTO MOXKET UIrpaTh
onpeaeeHHYI poyib B (POPMUPOBAHUU OMOILIEHKU
[7—9]. Ucxons u3 atoro ¢pakra, HalllM MCCJIeT0Ba-
HUSI ObUTM COCPEIOTOUYEHBI HAa U3YyYeHUN (pOPMUPO-
BaHUSI OMOIUIEHKU KaK CYIb(MUIOTeHHBIM COOOIIIe-
CTBOM, TaK U MOHOKYJbrypamu Desulfovibrio sp. 10,
B. subtilis 36 u P. aeruginosa 27, TOCTOSTHHBIMU KOM-
MOHEHTaMU COOOIIeCTBA.

BusyanbHble HaOMIOIEHUS TTOKa3ajlu, YTO IIOCTe
SKCTMO3UIIMU B MATATEILHOU Cpejie ¢ OaKTepusiMy Ha
TMOBEPXHOCTM O0OO0pas3lloB CTajii 00pa3oBbIBAJIACH
ouoruieHka. O pa3BUTUM OaKTepuid CyAWJIM IO Ha-
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KOIUJICHUIO OMoMacChl KaK B cpefie, TaK U B OMOIUIEH-
Ke (Tabu. 1). YcTtaHOBIEHO, YTO CYIb(DUIOTEHHBIE ac-
colauuvu 1 MOHOKYJbTYpa Desulfovibrio sp. 10 3Ha-
YUTEJBHO JIydllle pa3BUBAJIMCh B OuoruieHke. [lo
OKOHYAHUM SKCIO3ULIMU OMpeAcacHe KIECTOYHOTO
OesKa IToKa3ajo, 4YTo B OMOIUJIEHKE ero ObLIO Ha IMo-
PSOOK OOJIBIIE, IO CPABHEHMIO C CYCIIeH3uel. 3Ha-
YUTEJIbHOE HAaKOIUIeHHe OuomMacchl B OUOILICHKE,
BO3MOXKHO, CBSI3aHO CO CITOCOOHOCTBIO CyJibdaTpe-
OYIUPYIOIINX OaKTePUiA K TIO3UTUBHOMY XEMOTaKCH -
cy Kk xene3y [7]. Kpome Toro, mpucyrcTBue Ha IIO-
BEPXHOCTU cybOcTpara KaTuoHoB Fe’* sHaunrenbHO
yBeJIMUMBAeT KOJUYECTBO AaAre3MpOBaHHBIX aHad-
poOHBbIX GakTepuii Desulfovibrio sp. [3]. UMeHHO Xe-
MoTtakcuc K Fe3* u aare3us Ha moBepxXHOCTU MeTala
CMOCOOCTBYIOT KOHLIEHTPALIMU 3TUX OAKTEpUl B CTie-
HU(UIECKON S5KOHMUIIIE, Te BCIEICTBUE DIIEKTPOXU-
MUUYECKHUX IIPOLIECCOB IIPOUCXOIUT HAKOIUICHUE
MOHOB METAJJIOB U (OopMUpYeTCsI KOPPO3MOHHO-
arpecCMBHOE MUKPOOHOE coobIIecTBO. [eTepoTpod-
HBbIE CIIYTHUKU CylabdaTperyKTopoB B. subtilis 36 u
P. aeruginosa 27 cvuHTe3upoBaIN 3HAYUTEIbHO MEHb-
e 6ejika B OMOIUIEHKE, HO TIPU 3TOM CYIIECTBEHHO
BO3POCTaJI0 HAKOIUIEHUE UX OMOMACCHI B CYCITCH3UM.

CBUAETEbCTBOM PAa3BUTUS DAKTEPUIA, a TAKKE UX
KOPPO3MOHHOM arpeCcCUBHOCTH OBLIO MPOIYIINPOBa-
HUe cepoBogopoaa. ITpn KyJIbTUBUPOBAHUHN CYJILMH-
JOTeHHbIX accouuauuii u Desulfovibrio sp. 10 Konu-
YeCTBO CEpOBOAOPOIA cocTaBisiiao 286—332 wmr/m.
HaxkormeHre cepoBogopoa KOppeJIrupoBaio ¢ KOp-
PO3MOHHBIM pa3pyllIeHUEM CTaJbHBIX 00pa3I0oB, KO-
TOpoe B MOHOKYNETYpe Desulfovibrio sp. 10 mocturano
0.307 r M> 4!, DTO HOKA3BIBAET, YTO CEPOBOLOPOLL,
00pa30BaHHBIN TP BOCCTAHOBIIEHUN CEPHI CyIbdha-
TOB 13 cpeanl ( ST —> S~2), MoXeT NIPUHUMATh HETTO-
CPEACTBEHHOE yJacThe B KOPPO3MOHHOM IIpoliecce.
BzauMoneiicTBrue cepoBomopoda C MOHAMM Kejae3a
MPUBOIUT K 00pa30BaHMIO CYIb(pHUIa XKejle3a, KOTO-
PBIH CITY>KUT TOTIOJTHUTEIBHBIM KaTOIOM, YCUITBAIO-
LIUM 2JIEKTpOXUMUUYECKUe Tpouecch [9, 18]. B kyib-
TypallbHOU cpene ¢ P. aeruginosa 27 n B. subtilis 36
BBISIBJICHO HE3HAUYMTEILHOE KOJIMIECTBO CEPOBOIO-
pola M Hu3Kas KOPpPO3MOHHasi aKTUBHOCTb. CKoO-
POCTb KOPPO3UU B IPUCYTCTBUU 3TUX OaKTEpUii ObLiIa
B 2—4.3 pa3a HIKe, YeM IIpU yIaCTUU CyabpaTpeayK-
TOPOB.

Ne 3

TOM 48 2012



POJIb BK3O0ITOJIMUMEPHOI'O KOMITJIEKCA B ®OPMUWPOBAHWNW BUOIIVIEHKU

Koppo3noHHast arpecCMBHOCTh MUKPOOHOTO CO-
o0I11IecTBa OMpPENeasieTCsl CIOCOOHOCThIO C(HOPMU-
pOBaHHOW MM OMOIUIEHKM KaTaJu3WpoBaTh BJIeK-
TPOXUMUYECKHME TTPOLIECCHl HA TTOBEPXHOCTU MeTal-
Jla, KOTOpbI€ BBI3bIBAIOT €ro paspyuieHue [19, 20].
BaxxHbiM (pakTOpOM KOpPpO3UM B 30HE B3aUMOJEH-
CTBUSI OUOILJIEHKU C METAJUIOM SIBJISIETCS 3K30MOJIM-
MEPHBI MaTPUKC, B KOTOPBI ITOrPy>KeHbI 0aKTepUH 1
CUHTE3MpYyeMbleé UMW BHEKJIETOYHbIC TMOJIUMEPHI, TaK
Ha3bIBa€MBbIi1 3K30IToJIMMepHBIN KoMIuieKe (DI1K) [8,
20]. OmHako poas koMrmoHeHTOB DITK B 00111eit Kap-
TUHE OMOKOPPO3MU B HACTOsIIIEEe BpeMsl YETKO He
onpeneneHa. M3BecTHO, YTO JTOMUHUPYIOIIIUM KOM-
MOHEHTOM 3K30IOJUMEPHOr0 KOMILIEKCa SIBJSIOTCS
9K30MMO0IMCaxXapuabl, UTPaloIIMe KIIOYEBYIO POJIb B
aare3um U (opMUPOBAHUM CTPYKTYpbl OMOTUIEHKU
[2, 6]. ITpu B3auMoaeiicTBUM GAKTEPUIA C KOPPO3U-
PYeMBIM METaJIJIOM MPOAYyLMPYEeMbIe 9K30II0Mcaxa-
puabl, Ojarogaps CBOWM TOJMAaHUOHHBLIM CBOM-
CTBaM, CIIOCOOCTBYIOT 3aKpEIUICHWIO B OMOIIICHKE
nponyktoB Koppo3uu [20]. C npyroii CTOpOHBI, €CTb
JIaHHbIE, YTO 3K30I0JIMcaXapuibl HEKOTOPhIX OaKTe-
puit cmocoOHbI 00Pa30BbIBATh HA TTOBEPXHOCTU Me-
TaJlJIa TUIOTHYIO TICHKY, KOTOPasi MOXKET CYIIECTBEH-
HO yrHeTaTh KOPpPO3UMOHHLIH mpoliecc [21]. Lleneco-
00pa3HO TIPOBECTU CpPaBHUTEJbHOE MHCCIeTOBaHUE
CHUHTe3a YIJIeBOAHBIX KOMITOHeHTOB DIIK MoHO- u
accolIMaTUBHBIMU KYJbTypaMu OakKTepuil mpu pas-
HbIX MOJIEJISIX POCTa: B OMOILIEHKE U CpeJie.

Hamu ycTaHOBJIEHO, UTO COCTaB YIJIEBOAHBIX KOM-
noHeHToB DIIK pazmmyancsg B 3aBUCMOCTH OT BHAA
MPOAYLIMPYIOIIMX €ro 6akTepuit 1 MOJIEJIN POCTa.

XapakTepHbIM 151 9K30ITOJIMMEPHOro KOMILIeKca
KaK OMOIIJIEHKH!, TaK U CYCIICH3WH KJIETOK ObLIO HAJIV -
Jrie B MOHOCAXapMIHOM COCTaBe HENTpaJIbHBIX yIJIe-
BOJIOB — IJIIOKO3bI, rajakTo3bl, MAHHO3bI, PAMHO3bI,
¢byKo3bI 1 KcuJ103bl. B 6uoriieHke, chopMrupoBaHHOMN
€CTEeCTBEHHOM CYIb(hUIOTeHHOI accoalneii 1 MO-
HOKynbTypaMu P. aeruginosa 27, B. subtilis 36, kpoMe
BBILIIEYKA3aHHBIX YIJIEBOAOB, OOHApY>KEHbI prubdo3a 1
apabuHo3a. [locaenHne CMHTE3MPOBAINCH TAKXKE CYyC-
MeH3MOHHBIMU KiteTKamu Desulfovibrio sp. 10 (Ta6u1. 2).

B MoHOcaxapuIHOM cOCTaBe 3K30IOJIMMEPOB
OMOIJICHKM JTOMWUHMpPOBAJa TJII0KO3a, KOJIWYECTBO
KOTOpOU mocturaiio 25.2—36.4%. CTpyKTypa MaTpuK-
ca OMOITIEHKY CTaOMIM3UPYETCSI B OCHOBHOM 3a CUET
roJcaxapyuaoB, MOHOMEpAMHU KOTOPBIX Yallle BCEero
ABJISIOTCS TEKCO3bI, B YACTHOCTHU ITIOKO03a [6, 21].

B cocTtaBe aK30M011MMEpHOro KOMILIEKca B cpelie
TakxKe Mpeobagana III0K03a, ee colepXXaHue KoJe-
6amock ot 17.5 mo 31.4%. B cpene oTMeueHo GoJiee
BBICOKOE 10 CPaBHEHMUIO ¢ OUOTIJIEHKOM colepXaHue
pPaMHO3BI, KOTOpasi MOXET HaXOOUTLCS B COCTaBe
OIIK B BuIe ocTaTKOB paMHO3BI B ITOdMcCaxapuie,
IJIMKOIPOTEeMHE, TIMKoaumnuae. bobie Bcero pam-
HO3BI (10 24%), XapaKTepHOTO KOMITOHEHTA TJIMKO-
JIMTIVIOB, MPOAYLMPOBATIU KYJETYPHI TeTepoTpodOoB
P. aeruginosa 27, B. subtilis 36 nipu cTaluOHAPHOM BBI-
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panmBaHUM. DTN OAKTEPUU SIBJISTIOTCS ITPOIYLICHTAMH
PaMHOJIUIIMAOB, KOTOpPbIE B CTPYKType OMOIUIEHKH
MOTYT UTPaTh 3HAYUTEIIBHYIO pPOJib B ee (POpPMUPOBA-
Hnn [22]. Takoe TIpeartoioxkeHne IoATBEP>KIaeTCS MC-
CJICIOBaHUSIMU CUHTE3a PAMHOJMUITUIOB B OMOTIICHKE
P. aeruginosa. Aropamu [23] ObLJIO TOKa3aHO, 4TO
MNPOOYLIMPOBAHUE PAMHOJIUNUIOB P. aeruginosa He-
00XOaUMO JJI TIPEeNOTBpAIlleHUs] TUIOTHOTO TpHU-
KpeIJIeHUS Y CJIUITaHUsI GaKTepUuii BHyTpU OMOIIICH-
KU, 4TO CITOCOOCTBYET (POPMUPOBAHUIO KAHAIOB, TI0
KOTOpPBIM B OMOILUIEHKE LUPKYJIUPYIOT KUCIOPOI U
MPOAYKTHI META00JIU3Ma.

ComracHo wucciegoBaHusaMm [6, 20], cTpykTypa
OGUOIIJIEHKU B 3HAYNTEILHOM CTEIEHU 3aBUCUT OT CO-
JIep>KaHWUsI B COCTaBe MOIMCaXapua0B MOHOCAXapU/I -
HBIX 3BeHbEB, 001a1aI0IINX 3apsSIAOM, a UMEHHO YpO-
HOBBIX KMCJIOT (TaJlaKTypOHOBasI, INIIOKYpPOHOBasi), a
TakKe aMMHOCaxapoB (TalaKTO3aMWH M TJII0OKO3a-
MuH). [ToaToMy MBI 00paTWJIM BHUMaHUE Ha CONEp-
JKaHUE B 9K30IMOJIMMEPHOM KOMILJIEKCEe UMEHHO 3TUX
MoHOMepoB. Hauborblliee pasHOoOOpasre YPOHOBBIX
KMCJIOT U aMMHOCAXapoB BHISIBIEHO B COCTaBE 9K30-
MOJIMMEPOB TeTePOTPOMHBIX CIIYTHUKOB CYIbdaTpe-
IyKTOpOB: P. aeruginosa 27, B. subtilis 36. B omoreH-
ke P. aeruginosa o6HapyxeHo B 4.6 u 1.6 pa3 Gosblie
YPOHOBBIX KUCJIOT ¥ aMUHOCAXapoB (COOTBETCTBEH-
HO), 4eM B cycIieH3nu Oakrtepuii. [anakTtozaMuH U
IIOKO3aMUH OOHAPYKEeHBI TAKXKE B 9K30IOJIUMEpaX,
CUHTE3UPYEMbIX acCOLMATUBHBIMU KyabTypamu. B
coctaBe 3K3onoaumepoB Desulfovibrio sp. 10 ooHapy-
JKEH TOJIBKO TajlakTo3aMuH. [1pu cpaBHEeHM MOHOCA-
xapugHoro cocraBa DI1K moHokyneryp Desulfovibrio
sp. 10, P. aeruginosa 27 u B. subtilis 36 oueBUIHO, YTO
MMEHHO TeTepPOTPOMHBIE aCCOLUAHTHI CyabdaTpeny-
LUpYIOIIMX 6aKTEpUIl MPOAYLIMPOBAIM MOJIMCAXAPU-
Ibl, B COCTaBE€ KOTOPBIX BBISBJIEH HaMOOJBIINI
CHEKTp HEWTPATbHBIX YITIEBOAOB, a TAKXKE YPOHOBBIX
KUCJIOT U TJII0KO3aMUHOB, KOTOpbI€, KaK M3BECTHO,
B3aUMOJENCTBYSI C OPYITMMM KOMIIOHEHTAMM 3K30-
MHOJIUMEPOB C MIOMOIIBIO KAPOOKCUIBHBIX U AMUHO-
TPYII, CIIOCOOCTBYIOT (DOPMHUPOBAHUIO OMOTIJICHKH
M YKpeTJIeHUIo ee CTPYKTypHl [2, 14]. Kpome Toro,
CUHTE3UpPYyeMble OaKTEPUSIMU TTOJIMCAXAPUABLI CITO-
COOHBI CBSI3bIBaTh MOHBI METAJIJIOB U CYJIbDUIBI B
MaTpUKCe, aKTUBU3UPYS KOPPO3MOHHBIN IMPOLECC
[20].

B mocneaHue roapl MosIBUJIMCh CBEICHUSI O 3HA-
YUTETBHOU poir B GOPMUPOBAHUU U (HYHKIIUOHU -
pOBaHUM OGUOTIJIEHKU MUHOPHBIX KOMIIOHEHTOB 5K-
30IMOJIMMEPHOTO KOMILJIEKCa, a UMEHHO JIMTTUIOB U
XKUPHBIX KucioT [24—27]. WccnemoBanusi DIIK
Acidithiobacillus ferrooxidans nmokazaau, 4TO 3HA4YU-
TEJILHYIO €r0 4acTh COCTaBJISUINA XKUPHbIE KUCIOTHI,
KOTOphbIE, TI0 MHEHUIO aBTOPOB [24], mpUHUMAIOT
yJacTHe B aAre3ny KJIETOK K CYIbGUIHBIM MUHEpPA-
JaM. IIpu GuocrHTE3e IK30MOIUMEPHOTIO KOMILIEK-
ca XXUPHbIE KUCIOTHI CITOCOOHBI KOBAJIEHTHO CBSI3bI-
BaTbCSI C TUAPOPUIBHBIMU MOJEKYJIaMU, 00pasys
TTOBEPXHOCTHO-aKTUBHBIC COEAUHEHMS: TITUKOJIUTIU -
Ne 3
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Taoauna 3. )KUpHOKUCIOTHEIN cocTaB aunuaHoi yacty DITK 6uorieHKu
KvpHas kucnora* qH;&%IZ;EZZOB étiggflfeiﬁf; M?;;ggﬁzﬁﬁiﬂ Des:é/" OI) ébrio P. aeruginosa 27| B. subtilis 36
HonekaHoBast Ciao 1.76 1.55 1.35 1.77 1.99
B-runpoxcu C12:0-3-0H 1.75 1.33 1.64 3.98 0
JI0IeKaHOBasI
TerpanekanoBast | Cy4. 7.09 6.93 7.14 6.37 7.83
[Tentranekanosast |Cis, 4.02 4.28 4.37 3.83 4.47
AnTuMzoneHtage- | AHtunso Cis, 1.74 1.81 2.41 1.81 0
KaHOBast
lexcanekanoBass | Cyg. 37.48 35.65 39.06 36.76 47.34
Iekcanenenosass | Cyg. 10.17 12.35 12.19 11.71 7.44
[entagexkanosass | Cy7 1.29 1.45 1.18 1.48 0
OxTagexaHoBast Ciso 14.11 13.51 12.69 13.88 19.3
OkTazelieHoBast Cis 15.44 16.8 15.53 15.53 11.63
OkranneHoBast Cign 3.09 3.35 2.45 2.88 0
Joko3aHoBast Cr 2.06 0.99 0 0 0
CTeneHb HEHACBILIEHHOCTU 0.32 0.36 0.33 0.33 0.19

* — % OT 0011l CYMMBI KUPHBIX KMCJIOT.

JIbI (pPaMHOJIMITUIBI) U TunornenTuabl. C omHON CTOpo-
HbI, X CUHTE3 TTO3BOJISIET OAKTEPUSIM aAre3UupoBaThCs
Ha TuapoOOHEIX cyOcTpartax [25], ¢ apyroit — 3T co-
€MHEHMSI OTBETCTBEHHBI 32 BaXKHbIE 3Tarbl POPMUPO-
BaHUST CHeUUPUIECKON CTPYKTYpbl OWOIUICHKHU, a
WMEHHO B MaTpUKce OMOIUJIEHKN KaHaJloB, MO KOTO-
PbIM TIPOUCXOJUT aKTHMBHBIA MEPEHOC KUCIOopoaa,
BOJIbl, PACTBOPEHHBIX MUTATEAbHBIX BEILIECTB, MHI M-
OUTOPOB U APYTUX COeNUHEeHMIt [22, 26].

YynuteiBas BBIIIIECKA3aHHOE, MBI BBIACIWIIN JIN-
nuaHylo cocrasisomnyo DIIK moHo- m accomnua-
TUBHBIX KYJBTYD M OIPENeMIN €€ XKUPHOKUCIOT-
HBI COCTaB.

B cocraBe nUNUOHBIX KOMITOHEHTOB, BBIACICH-
HBIX M3 3K30IMOJMMEPOB OUOIJIEHKU M CYCIIEH3UU
bGakTepuii, oOHApY>KE€HBI HACHIIIEHHbIE W HEHACHI-
IIeHHBIC XUPHBIE KUCITOTHI. B OnonieHke mmpeodia-
JlaJIu HaChIILIEHHBIE TeKcaaeKaHoBasi U OKTaJeKaHO-
Basi KUCJIOTHI (Ta01. 3). KonmmyecTBo rekcageKaHOBOM
kucynoThl B DI1K cynbsdumoreHHbIX acconnanuii, De-
sulfovibrio sp. 10 u P. aeruginosa 27 O6bLI0 B TIpeaenax
35.65—39.06%, oxrtamekaHoBoui — 12.69—14.11%. B
OMoIUIeHKe, obpa3oBaHHOU B. subtilis 36, konude-
CTBO YITOMSIHYTBIX KMCJIOT OBbLIO BBIILIE M COCTABJISLIO
cootBeTcTBeHHO 47.34 1 19.3%. CnenyeT OTMETHTD,
YTO B XXUPHOKHUCJIOTHOM COCTaBe JUMUIHON YacTU
SK30IT0JIUMEPOB ONOIUIEHKH B. subtilis 36 OTCyTCTBO-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

Balid [-TUAPOKCUAONEKAHOBAs KUCIOTa, aHTUU30-
MeHTaJeKaHoBasl, rernrajleKaHoBasi KUCIOThI, KOTO-
pble ObLIM OOHAPYKEHBI B OMOIUIEHKE CYyIb(MUI0TeH-
HbIX accoumanuit, Desulfovibrio sp. 10 u P. aeruginosa
27. B buoruieHKe BbISIBJICHBI TaKXKe HeHACHIILIEHHbIE
rekcanmeueHoBast (10.17—12.35%), okTageneHoOBast
(11.63—16.8%) u okTamveHOBass KUCIOThl (2.45—
3.35%).

OO6HapyXeHBI Ka4eCTBEHHBIC OTJINYUS JKUWPHOKMC-
JIOTHOTO cocTaBa JunuaHoi yactu DI1K 6uoruieHKu
u cycneH3un o6akrepuii. Tak, B DI1K, cuHTe3upoBaH-
HOM OaKTepUsIMU B CYCIIEH3UM, HE BBISIBJICHBI IIPU-
CYTCTBYIOIIIME€ B OUOIIJICHKE J0JAeKaHOBasl, THAPOOK-
cugoAeKaHoBasl, TelTaieKaHoBas W IOKa3aHOBas
kucioTthl. B To ke Bpemsa DITK, cuHTe3npyeMslit cyc-
NMNEH3MOHHbBIMU KJICTKaMM, COoACpzKaJl HMUC- U TPpaHC-
OKTaJICLICHOBBIE KMCJIOTHI, OTCYTCTBYIoIIMe B DITK
ouoruieHKH (Tadi. 4).

B nmuninaHoit cocrasnsioniei DI1K kak ouoruieH-
KM, TaK M CYCIICH3WH UACHTU(PUIINPOBAHLI U IPYyTHC
KUPHBIE KMUCJIOThI, HO MX KOJIMYECTBO ObUIO He3HAYM -
TenbHbIM. [Ipy 3TOM B JUNMIHON YacTU 3K30MOIM-
MEPHOTO KOMIIIEKCa OMOIIIEHK! BBISIBIICHBI 12 XXUp-
HBIX KMCJIOT, a B cycrieauu — 9. CienyeT momyepk-
HyThb, YTO B OHOIUIEHKE ObLIO BBIIIE COAEPKAHUE
HEHACHIIIEHHBIX XXUPHBIX KUCJIOT. 3HAaUEeHHNE CTeIIe-
HU HEHACBILLICHHOCTH TIPH TIepexo/ie OT CYCIIeH3MOH-
Ne 3
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ITYPUIL u ngp.

Taoauna 4. JKupHOKUCIIOTHBIN cocTaB tunuaHoi yactu DI1K cycnieH3nu Gakrepuii

Hapras | Mncao oo | Accownauu | Accourawnn | Do |, soginoa 27| 5. ubis 3
TerpanekanoBasts | Cy4. 20.8 0 2.39 1.37 5.27
Iunpokcurerpane- | Ci4.30n 2.88 3.32 1.53 1.77 0
KaHOBas
INenragekanoBast | Cis. 0.5 0 0 0 1.59
AHnTumnzoneHrage- | AHTUN30 Cis. 1.03 0 0.9 1.45 4.67
KaHOBast
[excanekaHoBast | Cig, 27.25 33.82 27.25 31.49 40.93
[excanenenosast | Cig, 0.67 0 2.84 1.62 0
OkranekaHoBast | Cig.g 42.06 34.7 30.03 30.45 27.7
OxraneuenoBasd | Cyg.ypyc 15.9 20.7 22.67 19.03 17.55
OxranenenoBast | Cig.jmpanc 7.6 7.46 12.38 12.81 2.29
CreneHb HEHACBILIEHHOCTU 0.24 0.28 0.38 0.33 0.20

*— % OT 00111ei1 CyMMBI KUPHBIX KUCJIOT.

HOM K OMOIUIEHOYHOI (hopMe pocTa oTiM4Yanoch. B
MUKPOOHBIX acCOLMAIIUSIX CTENeHb HEHACHIIIEHHO-
CTU XUPHBIX KUcToT B DITK GMorieHOK CyIecTBeH-
HO BBIIIIE, YeM B CYCIICH3UM. MI3BeCTHO, YTO HEHACHI-
IIICHHBIE >KMPHBIE KHUCIOThI UMEIOT OOJIBIIYIO peak-
ILIMOHHYIO CITTOCOOHOCTBh M MOTYT B3aMOJIEiICTBOBATh C
OellKaMHu, IIoJMcaxapuaaMyd U Op. IIOJIMMEpaMMU.
CBs3bIBaHUE JIMIIUAOB, B YACTHOCTHU XXKMPHBIX KHUC-
JIOT, MOXET CITOCOOCTBOBATh (POPMUPOBAHUIO KaHa-
JIOB OMOIUIEHKU M YCUJIEHUIO €€ CTa0MJIbHOCTH [22].
Kpome Toro, o0cyKmaeTcs pojab HEKOTOPBIX KU PHBIX
KUCJIOT B “quorum sensing” peryssiiiuyi OMOILICHOK.
B yvactHOCTH, LIMC-2-AclIeHOBasE MOHOHEHACHIIIICH-
Has XUpHasi KACJI0Ta OKa3ajach CUTHAJIbHOI MOJIe-
KyJIOol, CITOCOOHOM K MHIYKIIMU pacranga MUKPOKO-
JIoHui 6uoruieHKU. Cpear BHEKJIETOYHBIX KMPHbBIX
KMCJIOT OaKTepUil BO3MOXKHO HAaJIMINE 1 APYTUX CUT-
HaJIbHBIX MOJIeKy [27].

Takum obpazom, MpoayLUPYEMbIe KOPPO3UOHHO-
arpecCUBHBIMU OaKTEPUSIMU 3K30MOJIUMEPHI MOTYT
CITOCOOCTBOBaTh aAre3MOHHBIM, (OPMOOOpa3yIO-
LM ¥ KOMMYHMKATUBHBIM IpPOLECCaM, COICICTBY-
OImUM  (QYHKIMOHMPOBAHUIO H (HOPMHUPOBAHUIO
CTPYKTYpPHI OMOIICHKH.

Hawmwu wucciienoBaHusi posiM  3K30MOJIMMEPHOIO
KoMILIeKca B hopMUpOBAaHUN OUOTUIEHKU Ha CTaJIu —
HavyaJbHBIN 3Tall MOJAEIUPOBAHUS MUKPOOHOU KOp-
PO3UM B €CTECTBEHHbIX ycJIoBUsIX. [ToHMMaHue DyH-
JTaMEHTAJIbHbIX W JKOJOTUYECKUX MEXAaHU3MOB
(GYHKIIMOHUPOBaHUS OMOIUIEHOK MO3BOJUT pa3pa-
0oTaTh HOBYIO CTpaTeTMIO YIIpaBJeHUS MO 3allUTe U

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

OOpBOBI C HUMM, YTO OYIET CIIOCOOCTBOBAThH CO3/a-
HMIO HOBBIX METOJIOB ITPOTUBOKOPPO3UOHHOI 3all-
Thl METAJIJIOB OT OMOKOPPO3UOHHBIX IMTOBPEXKACHUIA.
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Bacteria on Steel Surfaces

L. M. Purish, L. G. Asaulenko, J. R. Abdulina, V. N. Vasil’ev, and G. A. Iutinskaya

Zabolotnii Institute of Microbiology and Virology, National
Academy of Sciences of Ukraine, Kiev, Ukraine
e-mail: purish@serv.imv.kiev.ua
Received June 15, 2011

Abstract—The composition of exopolymer complexes (EPCs), synthesized by the monocultures Des-
ulfovibrio sp. 10, Bacillus subtilis 36, and Pseudomonas aeruginosa 27 and by microbial associations involved
in the corrosion of metal surfaces has been studied. An analysis of the monosaccharide composition of car-
bohydrate components, as well as the fatty acid composition of the lipid part of EPCs, was carried out by gas—
liquid chromatography (GLC). It was found that bacteria in biofilms synthesized polymers; this process was
dominated by glucose, while the growth of bacteria in a suspension was marked by a high rhamnose content.
Hexouronic acids and hexosamine have been revealed as a part of B. subtilis 36 and P. aeruginosa 27 EPCs.
Qualitative differences were revealed in the fatty acid composition of exopolymers in biofilms and in a bacte-
rial suspension. It was shown that the transition to a biofilm form of growth led to an increase in the unsatur-
ation degree of fatty acids in the exopolymers of associative cultures. The results can be used to develop meth-

ods to control microbial corrosion of metal surfaces.
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VYcTaHoOBJIEHA CITOCOOHOCTh 7 IITAMMOB OaKTEPHIA y4acTBOBATh B KOPPO3UOHHOM IMOBPEKIAECHUN AJTIOMMU -
HUsI, €TO CIUIABOB, a TakKe NMHKA. Hanbosiee akTMBHBIMU 110 OTHOIIEHWIO K M3y4aeMBIM METAJIJIaM ObLITA
6aktepuu Proteus vulgaris 1212 u Pseudomonas aeruginosa 969. IlokazaHa pojib CyNepOKCUIHOTO aHNUOH-
panvkaia B MHULIMMPOBAHNY KOPPO3UOHHOTO pa3pyIlIeHUs aTIOMUHIS U [IMHKA, a TAKXKE 9K30MeTa00I M-
TOB OaKTEPUII — OPraHUYECKUX KHUCJIOT B Pa3BUTUM 3TOTO Mpoliecca.

MHOFI/IC METAJIJIbI U ITPOMBIIIJICHHBIC U3ACJINA Ha
X OCHOBE ITPU KOHTAKTe C MUKPOOPTraHU3MaMM MO/ -
BEpraloTcsl 3HAUUTEJIbHBIM KOPPO3UOHHBIM IMOBpE-
xaeHusMm [1—2]. B paborax [3—5], Ha ocHOBe pe3yiib-
TaTOB WCCJIENOBAHUSI KOPPO3UU AJIOMUHUS U €ro
CIJIABOB MO/ BO3ACUCTBUEM I'prUOOB, HAMU OBLIIO Clie-
JIAHO TIPETIOJIOKEHME, YTO MpoIecc 0OYCIOBIEH BO3-
JICCTBMEM Ha MOBEPXHOCTb MeTajlJla CYIIepOKCUIHO-

ro aHuoH-paavkana Q) , 06pa3yIoIerocs Mpu XKU3He-
JIeSITeJIbHOCTA MUKPOOpraHn3MoB. Bblia rpeaioxkeHa
cxeMa MHULIMUPOBAHMS KOPPO3UM U €€ TaTbHEHIIEro
pa3BUTHUSI, KOTOPAsI XOPOIIO COIJIACyeTcsl ¢ JTaHHBI-
MU, ITOJYYECHHBIMU ITPU NCITOJIB30BaHNU 60ﬂee -
POKOTO psiia METAJLIOB [6].

CyllecTBEeHHBIH yilIepO METaJIOKOHCTPYKIIMSIM B
€CTEeCTBEHHOI cpefie — MoYBe, BIaXXHOI aTMocdepe,
BOJE, HAHOCST Takke 0akTeprn. MexaHn3M BO3ACH-
CTBUSI Ha MeTaJlI HEKOTOPBIX BUIOB OaKTepuii, Ta-
KMX, KaK Xejae300aKTepun, Cylabdarpeyupyromnue,
HUTPUPULIMPYIOIINE, TUOHOBBIC, JTOCTATOUYHO IIIM-
poko u3ydeH [7]. B To ke BpeMsI Koppo3us O BO3-
JeHCcTBUEM OaKTepuit-opraHoTpodOB, CIIOCOOHBIX
HMCIIOJIB30BaTh B KaUeCTBE IMTATEIbHOMI Cpellbl Opra-
HUYECKUE 3arpsI3HEHMSI Ha IOBEPXHOCTU METAJLIOB
(TexHUYeCKMe Macjia, CMa3K/i OpraHMYeCKOM PpUpPOo-
IIbI, MAacCJIOXWPOBBIE MIPOAYKTHI), SIBIISICTCS IO CHUX
op MaJjio ucciaegoBaHHOM. OcTaeTcss OTKPBITHIM BO-
IIPOC O HAaYaJIbHOM CTaguy MHUIIMUPOBAHMSI, BBI3bI-
BaOILIel KacKal XMMWYECKUX IIpeBpallleHUil Ha I10-
BEPXHOCTH MeTaJjljla, CONPOBOKIAIOIINIACS TTTyOOKM -
MU KOPPO3UMOHHBIMU MOBPEKICHUSIMMU.

Llenb paboThl — UCCIEAOBaAHUE CITOCOOHOCTU GaK-
Tepuii-opraHoTpodoB K obpazoBanuio O)°, KaK Ofi-

HOTO 13 (paKTOPOB MHULIMMPOBAHMSI KOPPO3UU METaJI-
JIOB, a TakKe BBISIBJICHWE U3MEHEHUI MOBEPXHOCTU B
JUHAMUKE U OIpe/eSieHue poju K30MeTab0JIUTOB B
pPa3BUTUM KOPPO3UOHHOTO Ipoliecca.

METOJIUKA

B kadecTBe TeCT-OpraHM3MOB UCITOIB30BAIH ClIE-
Iyone KyasTypbel oakrepnuii: Echerichia coli 321-5,
Proteus vulgaris 1212, Pseudomonas aeruginosa 969,
Staphylococcus aureus 956, Staphylococcus epidermidis
1061, Streptococcus salivarius, Bacillus megaterium, Ko-
Topble ObLUIM TIpenocTaBieHbl Bcepoccuiickoil Koui-
Jekieit MukpoopranusmMoB Mb®M PAH (r. [Tyiu-
HO, MOCKOBCKOI1 00J1.).

B kxauecTtBe 00BEKTOB MCCJIEOBAHUSI ObLIM BbI-
Opanbl aroMuHUN Mapku AJ10, criotaBeI Ha €T0 OCHO-
Be 1116 (Al — 90.8%; Cu — 4.3%; Mg — 1.5%; Mn —
0.6%), 116T (A1—91.7%; Cu — 3.99%; Mg — 1.39%;
Mn — 0.5%), B65 (Al — 97.2%; Cu — 4.2%; Mg —
0.25%; Mn — 0.4%), a takxe LuHK (Zn —99.99%; Pb,
Cd, Fe, Sn, Cu, Al — 0.01%), KoTOpbIE€ LIMPOKO UC-
MOJIB3YIOTCS B KQ4eCTBE KOHCTPYKIIMOHHBIX MAaTEPH -
aJIoB.

O0pa31bl METAJJIOB IIpeaBapUTEIILHO IITM(POBaA-
JINCh A0 MOJYyYeHUSs IJIaAKON TMOBEPXHOCTU U TIOJIU-
poBajuch 10 3epKajabHoro o6jecka. [lociie aToro oHu
MPOMBIBAJINCH BOJOM, MOBEPXHOCTh 00E3XXMpUBA-
JIaCh TeTpaxJI0opMeTaHOM, 3aTEM 3TUJIOBBIM CIIUPTOM,
BTOPUYHO MPOMbBIBAJIMCh BOJOW M BBICYIIMBAUCh.
Crepunuszanusi o0pa3oB J0 U ITOC]Ie SKCHO3UIIAN
MpoBoIUIach (hJJaMOMPOBAHUEM.
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BakrepuanbHble  KyJIBTYpPHl  BBIpAIIMBAIM  Ha
MIIA B vamikax IleTpu B TepMocTaTe Ipy TEMIIepa-
type 37 + 2°C u BmaxkxHOCTH Bo3myxa 90%. BomHyto
CyCTIEH3WeH CYTOYHBIX KYJIBTYp OaKTepuii, BBIpa-
IIEHHBIX B ITpOOMpPKax Ha CKOILIEHHOM arape, BbiCe-
BaJIM Ha IUIOTHYIO MUTaTeJbHYIO cpeny. [Tocie yero
Ha TIOBEPXHOCTh IMTATEILHON Cpembl ITOMEIann
MOJITOTOBJIEHHBIE MeTaJIMYecKue oOpaslibl (Cpe-
Hss Macca — 0.5 T) 1 MTHKyOMpOBaId B TepMOCTaTe
npu Temiiepatype 37 £ 2°C u BIaXXHOCTU BO3IyXa
90% B Teuenre 3—90 cyT B 3aBUCMMOCTH OT LIEJIU DKC-
nepuMeHTa. KOHTPOJIbHBIN 3KCIIEPUMEHT MPOBOANIN
B aHAJIOTUYHBIX YCJIOBMSIX Ha TUIOTHOM MUTATETHHOM
cpene, He 3acCesTHHOM KyJIBTypaMy OaKTEepHIA.

ITo okoHYaHUM MHKYOMpPOBaHMUSI ITOBEPXHOCTH
00pa3lioB UCCeN0Balu BU3YaIbHO ISl BBISICHEHUS
M3MEHEHUSI COCTOSIHMSI MOBepxHOCTH. OIEHKY Co-
CTOSIHUSI TIOBEPXHOCTU ITPOM3BOAUIN IO pa3pado-
TaHHOI OalbHOI 1IKaje: A — oOpa3oBaHUE XXKHUIKOIO
aKccynara; b — JokanbHOE ITOTYCKHEHME TOBEPXHO-
ctu; B — o0pa3oBaHue MOJyIIpO3payHOro CJIos JIETKO
yaajsieMbIX TIPOAYKTOB Koppo3uu; I' — Kopposus ¢
o0pa3zoBaHMEM MPOIYKTOB aMOP(HOIr0, phIXJIOro Xa-
pakTepa (B T.4. TMAPOKCUAOB); JI — KOppo3usI 110 BCei
MOBEPXHOCTU C 0Opa3oBaHUEM MPOAYKTOB KOPPO-
31H, TOKpBIBatonmx 6osee 50% moBepXHOCTH 06pa3-
ma [3—6].

C 00pa3noB, NOABEPIIIUXCS JIUTSIIBHON 3KCITO-
3unmu (okojo 90 cyT) moxa Bo3aeiicTBUEM OaKTepuun
Pseudomonas aeruginosa 969, cocTosiHrIE TTOBEPXHO-
CTU KOTOPBIX COOTBETCTBOBaIO OayutamM A—JI, mexa-
HUYECKHUM CIIOCOOOM COOMpaii MPOAYKTHI KOPPO-
31U, TIOCJIE YETO ONpPEeeIsICS XUMUISCKUI COCTaB
coOpaHHOI MacChl. DKCIIEPUMEHT ITPOBOJIMJICS B
LIECTUKPATHOM IMTOBTOPHOCTHU, B KaX10H 13 KOTOPBIX
oOpabaTsIBaiach MOBEpXHOCTh 10 00pa3LoB.

ITonyyennast macca 3arpyzkajiach B anmapat Cokc-
JIeTa IS HeNPEPbIBHOM 3KCTPaKIIMU ITOCJIeI0OBATE b~
HO JUBTWIOBLIM 3(pUPOM, STUIALIETATOM, allETOHOM,
alleTOHUTPUJIOM, IUOKCAHOM. IlojlydeHHBIE 3KC-
TPaKIIMOHHBIE PACTBOPHI (PUIBTPOBAIUCH, BHICYIIU -
BaMch Han 6e3BoAgHbIM Na,SO, OpraHuueckue
KHCJIOTHI, COAEpKaIlecss B OCTaTKe MOCJe ITOJTHOIO
yIaJeHUs] TU3TUIOBOTro 3(upa 1 3TUaleTaTa, repe-
BOIWJINCH B METWIOBBIE U TPUMETUJICWINIIBbHBIE
3(UpHI O CTAHIAPTHBIM METOIWKAM U aHAITU3UPO-
Basmmch MetonamMu KX n TCX ¢ ucnonab3oBaHUEM
BELLECTB-CBUIECTEICH.

PacTBOpEI B alleTOHE, allETOHUTPUJIE M TUOKCaHE
KOHLIEHTPUPOBAIMU ITyTEM YACTUYHOIO YIAJICHUS
pacTtBOpUTENIsT M aHanu3upoBaau Meromamu TCX c
WCITOJIb30BaHUEM BelIECTB-CBUIETEIei Ha coaepKa-
HUE CBOOOAHBIX aMUHOKHUCIOT M CBOOOIHBIX Opra-
HUYECKUX KMUCIIOT COOTBETCTBEHHO.

TazoxxuakocTHast xpoMaTtorpadusi OCyIECTBIISI-
nack Ha xpoMmaTorpade Kpucrami-4000 (Poccust, Me-
Ta-XpoM) C TUTa3MEHHO-MOHM3AIIMOHHBIM IETeKTO-
poMm, uTMHa KOJTIOHKM 30 M; COPOEHT — METUJICUIIUKO-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA
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HOBBIM 3J1aCTOMEpP C TOMIIMHOM TieHKW (.21 MKM;
Temneparypa KojjoHku 100—200°C, B 3aBUCUMOCTHU OT
HaHECEHHOro obpa3slia; TeMmIliepaTypa MCIIapuTeIs —
270°C, nerexktopa — 180°C; pacxom raza—HOCHUTENIS
azora — 60 cM3/MuH; pacxon Bosayxa 300 cm?/MuUH.
O06BeM NPOOBI COCTaBJISII OT 1 10 5 MKII.

AHann3 METOJOM TOHKOCJIOMHON XpoMaTorpa-
(buu mpoBoauics Ha rutactuHax Silufol UV 254 dup-
mbl “Kavalier” (YexociioBakusi) mo CTaHIapTHBIM
MmeTogukam [8].

Hanuuue B 3kccynaTe MOHOB Kajiusl, HATPUSI M aM-
MOHUS OMpPEAeISIN METOIaAMU MHUKPOXUMUYECKOTO
ananwmsa [9].

Bo3moxkHocTh TeHepaiu O,  OakTepusiMu |
TPAHCIIOPT €r0 B OKPYXKAIOIIYI0 Cpedy HCCienoBa-
JIMChb HAMU MpPU KYJIBTUBUPOBAHUM MUKPOOPraHU3-
MOB Ha IUIOTHON TMTaTebHOM cpeme. bakrepmu
MpeIBAPUTEILHO BbIPAIIIMBAIMCh B  OINTUMAJIBbHBIX
yestoBusix ( 37 = 2°C, BaaxxHocTh 90%) B TeueHue 24 4.
I1pu TIpoBemeHNH OMBITOB CYCITCH3WIO GaKTepHil K1-
meyHow rpymnsl (9.3 x 10 k1. /MIT) TOJTy4Yaau CMBIBOM
¢ ToBepxHOCTH TBepmoi cpennl 0.05 M dochaTHEIM
oydpepom, pH 7.4. K 2 M mojydeHHOH CyCIIEH3UU
6akTepuii nobasssuin 0.5 M 0.01 M HUTpOCHUHETO TeT-
pazonus (HCT), B napanieIbHOM OITBITE K ITOJIyIeH-
HOI cycneH3uu OaKTepuil cHayajda J00aBJISIIOCH
0.15 ma cynepokcuaaucmytasbl (COJ, 15 en. akTus-
HoCcTH), a 3ateM HCT.

PE3VIIBTATHI 1 UX OBCYXIEHUWE

3a IMHAMUKON M3MEHEHMSI COCTOSIHMS IOBEpX-
HOCTM METaJIJIOB II0J, BO3ASHCTBUEM OaKTepUil Ha-
011017 BU3YyaTbHO, (DUKCUPYS XapaKTepHbIE U3Me-
HEHMs Yepe3 oIIpeAcIeHHbIE IIPOMEXYTKIA BDEMEHU C
HayaJjia 9Kcro3uuu (taoma. 1-2).

Kak BumHo u3 Tabdiu. 1, yepe3 5—10 cyT mocie 3a-
pakeHusl Ha IIOBEPXHOCTU aJTIOMUHMS U €TO CIIJIAaBOB
MHOSIBJISIIOTCSI JIOKAJIbHbIE YYaCTKM C MATOBBIMU U
TEMHBIMHU TISITHAMU, a TIOBEPXHOCTh B 1IeJIOM YTpauM-
BaeT UCXOMHBIN Ojeck. CieayeT OTMETUTh, YTO OCO-
GEHHOCTBIO KOPPO3MOHHOTO M3MEHEHMST ATIOMUHUS 1
€ro CIUIaBOB ITpM Bo3aeuicTBuM 6akrepuii £. coli 321-5,
P. vulgaris 1212, S. aureus 956, S. epidermidis 1061,
S. salivarius, B. megaterium, B oTiu4ue OT rpruOOB,
SIBJISIETCS OTCYTCTBME OOpa30OBaHUs XapaKTEPHOIO
9KCCyJaTa Ha OTAEIbHBIX Y4aCTKAX IMTOBEPXHOCTH.

OpHako npu Bo3aercTBUU OakTtepuu P. aeruginosa
969 Ha craBbl amomuHug 16 u 16T mono6Hoe
TMPOSIBIICHUE KOPPO3MM UMEJIO MECTO Yepe3 3—5 cyT —
Ha Toplax OOJIbIIMHCTBA 00pa3loB GOPMUPOBAJICS
akceynat ¢ pH = 10—11, Hapsay ¢ moJiynipo3padyHbIM
CJIOEM JIETKO yIaJIsieMbIX POAYKTOB Koppo3uu. [1pu
KOPPO3MM LIMHKA Ha HayaJbHBIX CTagUsIX Ipolecca
obpazoBaHue Xuakoro akceynara ¢ pH = 11 (puc. 1)
MPOMCXOAWIO MPU BO3AEUCTBUU BCEX MCCIIEIYeMbIX
OakTepuii, XOTS U B pa3HOM CTETICHMU.

Ne 3
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BEJIOB u np.

Ta6muma 1. MI3MeHeHUs MOBEPXHOCTH CTUTABOB aJIIOMUHMS B TIpOLIecce KOPPO3UM MO TeMCTBUEM OaKTepuil*

Bpewmst aKkcrmo3unuu, cyt

Bakrepuu CmnaB B65 Crutas A10

3 5 20 30 40 60 3 5,10 15 20 30 40 60
B. megaterium A b b B r r A b b b B B r
FE. coli 321-5 A b b b b B A b b b b b B
P. vulgaris1212 A b r pil| pil| pil A b B r pil| pil| pil
P. aeruginosa 969 A b r Jil| pif pi| A b B r pil| pil| pi|
S. aureus 956 A b b B r r A b b b B r r
S. salivarius A b b b b b A b b b b b B

Crutas /116 Crutas 16T

3 5 10 20 30 40 60 3 5 10 20 30 60
B. megaterium A b b b b B B A b B r I1, I
FE. coli 321-5 A b b B r r r A b b b b b
P. vulgaris 1212 A b b B r r Pl A b b B r I
P. aeruginosa 969 A B r r pif pi| pi | A B r r pi| pi |
S. aureus 956 A b b B r r pif A b B r r pil|
S. salivarius A b B B r Tr r A B r r pii I

*A — obpa3oBaHUe XUIKOT0 dKceyaaTa; b — jiokaibHOe MOTYyCKHEHKE MTOBEpXHOCTU; B — 0OpazoBaHue MOJYIIPO3pavyHOro cJiost JIErKo
yIajasieMbIX MPOAYKTOB Koppo3uu; I' — Koppo3us ¢ oGpa3zoBaHueM aMOP(MHBIX, PBIXJIBIX POAYKTOB, B TOM YKCJie TUAPOKCUIOB; [ —
KOPPO3WusI 110 BCEli €ro MOoBEpPXHOCTU ¢ 00pa3oBaHMEM MPOAYKTOB, MOKPbIBaoIuX 6osiee 50% MOBEepXHOCTHU.

Tabauma 2. XapakTepucThKa U3BMEHEHU TTOBEPXHOCTU IMPU OMOKOPPO3UHM IIMHKA MO/ BO3AEUCTBUEM OaKTepuii™®

Bpewmst skcnio3uiiuu, cyT
baktepuu

10 20—-30 35 40 50-57 64—70 90
E. coli 321-5 A A A A, b b,B b,B B
P. vulgaris 1212 A A A,b A, b b, B B, T r
P. aeruginosa 969 A A, b A A, b b, B B, T r
S. aureus 956 A A A, b A b, B B B
S. epidermidis 1061 A A A, b A, b B, B r I

* O003HaYECHUS CM. B TaoOI. 1.

Kak BumHO 13 Ta0J1. 1—2, 110 OTHOIISHMIO K UCCJIE-
JIOBaHHBIM MeTajulaM OaKTepUU MPOSIBJISLIA pa3idy-
HYI0O KOPPO3MOHHYIO aKTUBHOCTh. HanbGoliee akTuB-
HBIMHM 10 OTHOIIIEHMIO K ATIOMUHMIO, €r0 CIUIaBaM U
LIUHKY oKa3auch P. vulgaris 1212, P. aeruginosa 969,
XOTSI TI0 CTENEHU BO3JAEHCTBUS HA 3T ABa THUIIA Me-
TaJJIOB OHM CYIIECTBEHHBIM 00pa3oM pa3audyaliich
(puc. 2, 3). Tak, Ha TIOBEPXHOCTHU CILIABOB aJTlOMU-
HUS 104 Bo3aewicTBueM P. vulgaris 1212 yxe depes
5 cyT HaOJIIOOAMOCh 00pa30BaHME MOJYIIPO3PadYHBIX
MIPOAYKTOB KOPPO3UHU, JIETKO yIAJISIEMbIX C TOBEpPX-

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

HOCTH 00pa3noB (puc. 2a), a yepes3 40 cyT Koppo3us
pacIipocTpaHsIach Ha BCIO TOBEPXHOCTH (puc. 20).

HavanbHble 3Tanbl 6GakTepuaaibHOW KOPPO3UU B
psifie ciyyaeB ObLIM aHAJIOTUYHbBI BbI3bIBAEMOM IpU-
0aMu, XOT$ ee XxapaKTepHbIe IMTPU3HAKW, OTMEYEHHbIE
B paboTtax [3—6], GbUTH BEIpaXkeHBI MeHEe SIPKO.

HaGmiomaemass aHanorust JaeT OCHOBaHME CUHU-
TaTh, YTO TIpoOLecC OaKTeprUaIbHON KOPPO3UU TaKXKe
VWHULUHUPYETCS B3aUMOJEHCTBUEM CYNEPOKCUIHOTO
aHMOH-pagvKalia, BBIASISIEMOro KiIeTKaMu OaKTe-
puii, ¢ ToBepXHOCThIO MeTasia. [Ipoucxoasiiue mpu
Ne 3
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Puc. 1. i3mMeHeHMe TOBEPXHOCTHU LIMHKA TTOJT Bo3AeiicTBUeM OakTepuit P. vulgaris 1212 (a) u P. aeruginosa 969 (6) Ha 3 cyT aKc-

TTIO3ULINU.

B A M
e

Puc. 2. IluHaMrka KOpPpO3HOHHBIX pa3pylileHuit 06pa3ioB crutaBa B65 npu Bo3neiictBruu 6aktepuu P. vulgaris 1212:a — 5 cyT;

0 — 40 cyT BKCITO3ULIMN.

5TOM (bU3UKO-XUMHYECKME MU3MEHEHUsI COCTOSIHMSI
MMOBEPXHOCTH, TTO-BUANMOMY, aHAJOTUYHEI TEM, KO-
TOpEIE ONMCaHBI B paborax [3—6].

Jtst monTBepsKAeHWST TaKoil MHTepIpeTaluy Ha-
MU U3yJaach CIIOCOOHOCTh OGaKTepUii TeHepHPOBAThH
CYNEPOKCUIHBIN aHMOH-paInKall.

B Hacrosiiee BpeMsi OOHUM U3 OOIIEIPUHSATHIX

MeTonoB [10] dukcaivu BHekneTouHoro O, SIBIIsIET-
ca ero peakuust ¢ HCT. Peaknusa nmpoxogutr myTeM
ITOCJIEIOBATEIbBHOTO YETHIPEXDJIEKTPOHHOTO BOCCTA-
HosjieHun HCT (xinopun 2,2'-nu-(4-HUTpodeHn)-
5,5 mudennn-3,3" (3',3'-mumeroxkcu-4,4'-nudeHmn-
JICH)-AUTETPa30Jiusl) ¢ oOpa3oBaHMEM CHayajla MO-
HO-, a 3aTeM audopmMaszaHa, OKpallleHHbIX B TJy0o-
KM cuHe-duosieToBbIN LBeT [11, 12].

HCT — peareHT BICOKOUYBCTBUTEIbHBII, HO HE-
M30MpaTeNIbHBIN, ITOCKOJBKY CIIOCOOEH BOCCTaHAaB-
JIMBAThCS IPYTMMU OTHOCUTEIBHO CIa0bIMM BOCCTa-
HOBUTEJIBHBIMU cucTeMamu [13, 14], mostomMy mist
CTPOroro 3aKJIIOYEHUS O BO3MOXHOCTU I€Hepaluu

O, 6MOJIOrMYEeCKUMM OOBEKTAMU U €r0 TPaHCIopTa

4 TIPUKIAOHAA BUOXMMUA U MUKPOBUOJIOTUA

BO BHEKJIETOUHYIO Cpely aHaJIu3bl ¢ IPUMEHEHUEM
HCT npoBopsarcst ¢ wucrojib3oBaHUEM (epMeHTa
COJ [11, 15, 16].

CKopocTb (pepMEeHTaTUBHON peaklUMd HaMHOTO
BBINIE, YeM cKopocTh peakiu O, ¢ HCT. Tak, no

JaHHBIM pabot [12, 14], ckopocTth peakumu O;° ¢
HCT paBna 5.9 x 10* M~! ¢!, B To BpeMsI KaK KOH-
CTaHTa CKOpPOCTU (DEePMEHTATUBHOIO PAa3JIOXEHUS

O, umeet 3Hayenue 1.9 X 10° M~! ¢! [10]. Bbuio
YCTaHOBJIEHO, YTO II0CJIe MHKYOalIM1 OaKTepUil B Te-
yeHnue 15 muH B npucyrctBuu HCT HabGmroganoch
MOsIBJIEHWE CUHENW OKpaCKU pa3HO MHTEHCUBHOCTHU.
Hawnboiee rimydbokoe okpallrBaHue (pUKCUPOBAIOCH
B onbITax ¢ 6akrepusimu P. vulgaris 1212 n P. aerugi-
nosa 969, a HaMeHbIIlee — ¢ 6akTepueit S. epidermi-
dis 1061. B KOHTpOJIbHBIX BapHaHTaX OITBITA, COAEP-
xamwmx COJI, BogHast cycieH3usT 0aKTepuii K 3TOMY
MOMEHTY BpPEMEHM OCTaBajach MPaKTUIECKU He-
okpalieHHo#. [Tpu 6ojee 1IUTEIHPHOM BbIIEPXKUBa-
HUU KOHTPOJIBHBIX 00Pa31li0B OHU TaKXKe MprodpeTa-
JIM CUHIOIO OKpacky. OueBUIHO, YTO TOCJIe Ae3aKTH -
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Puc. 3. BHewHuii BU o0paslia HMHKA, HAXOASIIIETOCs
MoJ BO3AeCTBUEM Hanbosiee aKTUBHOTO OMOIECTPYKTO-
pa — 6akrepuu P. vulgaris 1212, 90 cyT 9KCMO3ULIUU.

Bauuu COJl OGakTepuu MNPOAOKAIM BBIACISATH B

okpyarolyio cpeny O,°, KOTOPbIi U UKCUPOBAJICS
peakumeii c HCT.

[NonydeHHBIE TaHHBIE TTOKA3BIBAIOT, YTO HEKOTO-
pasi YacTh BHYTPUKJIETOUHOTO CYTIEPOKCUIHOTO aHU -
OH-paJuKajla MOXET IepeXOoAuTh B OKPYXKarIIyIO
cpeny Y IIpUHUMATh yJacTHe B XUMUYECKHUX peaKIli-
sIX, B TOM YHCJIE U B peaKkIUsIx Ha IMTOBEPXHOCTU Me-
Taya. HabGmogaeMyto ipu 3TOM KOPPETSIIUIO MEXITY

KoJimdecTBOM O, MepeXoasIMM BO BHEIIHIOO Cpe-
Iy, © THTEHCUBHOCTbBIO KOPPO3UM METAJNIOB MOXKHO

paccMaTpuBaTh, Kak CBUAETENLCTBO ydactus O, B
XUMUYECKHUX MPOLIECCaX HA UX ITOBEPXHOCTH.

W3BecTHO, 9TO KJIETOYHASI CTeHKA OaKTepuii oOpa-
30BaHa ochoaunmmuaMmu U IIIAKOIIpOTeMHAMM (Tpa-
MOTpULIATE/IbHbIE 0aKTepUM) WU TIMKOITPOTEMHAMMU,
MOKPBITBIMU cJIoeM  (pochOpUITUPOBAHHBIX MHOTO-
aTOMHBIX CIIMPTOB (rpamMmojoxuTenbHbie) [17]. Oba
TUIIA COSAUHEHUI KJIETOYHOMI CTEHKU, HAXOASIIIUEeCs
B HEMOCPEACTBEHHOM KOHTAKTe C OKpYXKaloIle cpe-
JIOM, SIBSTIOTCSI CUJIbHOMOMISIpHBIMU. [ToaTOMY MOXK-
HO MPEATOJIOXUTD, YTO OAKTEPUM JIETKO TOJIKHBI aj1-
copOUpOBaTLCI Ha MOJSIPHBIX afcOpOEHTaX, BKIIIO-
yasi MMOBEPXHOCTb META/UIOB, KaK 3TO MOKAa3aHO B
pab6orax [18].

C y4eToM 3THX JTaHHBIX TUTEPaTyphl MOKHO TTPEI-
MMOJIOXHUTh, YTO UMEHHO Ha y4yacTKaX ¢ HEOJTHOPO.-
HOI TTOBEPXHOCThIO HAUMHAETCS BO3/IeiCTBUE OaKTe-
pHit ¢ TTIOCTEAYIOIIUMI XUMIYECKIUMH TIPEBpAIIeHN -

ssmu ¢ yuactueM O, OUCaHHBIMU B paboTtax [3—6].

I[Mo-BuagumMomMy, TUHAMHWKA KOPPO3UU METAJLJIOB
TECHO CBsI3aHA C XXU3HEACATEIbHOCTBbIO OaKTEepUIid.
IMockonbKy 1St BhIpallliBaHUS MCITOJb3YeTCsl cpesia
C TIOJIUTIETITUIAMHU, TO B SKIIOHEHIIMAJIBHOM (hase po-
cra (6onee 18 4) ciemyeT OXUIATb BbIIEJICHUS B
OKpYXaloIllyl0 Cpely amMMuaka, KaKk MpoayKTa Je3-
aMMHUPOBaHUSI aMUHOKMCIIOT. B akccymare, oopazy-
JOIIEMCST Ha TTOBEPXHOCTU METAJJIOB, TTOABEPTIINXCS

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA
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KOpPO3UH, ITOCAE 3 CYT 9KCITO3ULIM, METOIAMU MUK-
pPOXMMUYECKOTo aHanu3a [9] HaMu, NeHCTBUTEIBHO,
ObLTM OOHApPYXKEeHBI MOHBI aMMOHMSI, a TAKXKE KaJlus U
HaTpusl, TTOCJIeIHME, TO-BUANMOMY, TU(DPYHIANPYIOT
B DKCCyAaT U3 NMUTaTebHOM cpeapl. Hannure noHoB
KaJIusl M1 HaTpUsI B 9KCCyare paHee HaOoaaIu U pu
rpubHOI Koppo3uu [3—6]. Takum 06pa3oM, B KUIKOM
akceyaare ¢ pH > 7.0, obpasyroiiemMcst Ha Ha4aJlbHbBIX
cTagusix OakTepuaJlbHOW KOPPO3UH, MPUCYTCTBYIOT
TUAPOKCUIBI KaJlUsl M HATpUsl, a TakKxKe aMMOHUs. Pa-
Hee o0pa3oBaHue XUIKOTO 3KCCynaTta ¢ OCHOBHBIMU
CBOMCTBaMM, cojepxalllero MOHbl aMMOHUSI, ObLIO
OMMCaHO TaKXe 1 B paborax [3—6].

OOpa3zoBaHWE OCHOBHOTO 3KccydaTa Mpu OakTe-
pHATBLHON KOPPO3UU XOPOIIIO OOBSICHSIETCS CXEMOIA,
MpeIIOKEeHHOM paHee UIST KOPPO3WU TOI BO3IEH-
CTBUEM TPUOOB, M SIBJISIETCS CIEACTBHEM yJacTUS B
KOPPO3WHU METAJIJIOB CYIIEPOKCUIHOTO aHWOH-paIr-
Kana [3—6].

I1pu mmTenbHON SKCIO3UILIMKI BCISACTBUE aBTO-
JIM3a KJIETOK BBICBOOOXKIAIOTCS KIETOUYHbIE METa00-
JuThl. B KauecTBe IMaBHBIX Cpely HUX HaMu ObLIN
UASHTU(MDUIIMPOBAHBI OPraHUYECKME KMCJIOTHI pas-
JIMYHBIX KJaccoB. HakomieHre opraHM4ecKux Kuc-
0T pukcupyercs yxke Ha 7—10 cyT ¢ Hayaja 3KCIIO-
3ULHA U UX cofepXaHne gocturano 50% B mpomyK-
Tax, COOMpPAEMbIX C TTOBEPXHOCTU AJIIOMUHUS MOCJIE
TpexMecsyHol skcrmo3uliu. Metonom ['2KX ObLimn
UACHTUGULMPOBAHBI CEAYIOLINE KUCIOTHI (B BUE
METWJIOBBIX 3(DUPOB): KanpujioBasi, KalipuHOBas, Jia-
YpHUHOBasi, MUPUCTUHOBAsI, NaJIbMUTUHOBASI, JTMHO-
JieBasi, OJIeMHOBasi, CTeapuHOBAasl, apaxuHOBasl, JIUT-
HOLIepUHOBas1. B Buae TpUMeTWICUIUIOBBIX 3(DUPOB
OBLTM MASHTU(GUIMPOBAHBI: IMPOBUHOTpagHasl, JI-
MOHHas1, (pymapoBasi, STHTapHasi; B BUIE CBOOOIHBIX
KHCJIOT: IJIIOKOHOBAsI, MaJIOHOBAsI, YKCYCHasI, IIPOIIH -
OHOBasI, TJIyTapoBas, OL-KETOLIyTapoBasi. AHAJIOTWY-
HBIE€ KMCJIOTHI HaliIeHBI CPEaN MPOAYKTOB KOPPO3UU
HKA.

OpraHu4eckue KHUCJIOTBI B COCTOSSHUM B3aWMO-
IeNCTBOBATh C YMCTOM ITOBEPXHOCTHIO MeTaJlJIa ¢ 00-
pa3oBaHMEM COJICH, KOTOPBIE BO BIaXXHOU aTMoc(de-
pe OpoBEeAeHMsI IKCIIEPUMEHTa THAPOJIU3YIOTCS 10
CBOOOJIHBIX KUCJIOT U TUAPOKCUIOB METAJLJIOB, Iepe-
XOJISIIIME CO BpEMEHEM B OKCUIHbIE coequHeHus. Ha
3aBeplIaloIeM 3Tarne 3KCIO3UIUNA POJIb OpraHu4e-
CKMX KHCJIOT B KOPPO3UOHHOM pa3pylIeHUU MeTall-
J1a, TI0-BUJIMMOMY, SIBJISICTCSI KJTIOUEBOIA.

Takum 06pazoM, HaMU YCTAaHOBJIEHO, YTO HEKOTO-
pble ITAMMbI OPraHOTPOMHBIX OAKTEPUIA CITOCOOHBI
BBI3BIBATh 3HAYUTEIbHBIE KOPPO3UOHHbBIE pa3pyliie-
HUS LIMHKA, aTIOMUHUS W CIJIAaBOB HAa €T0 OCHOBE.
ITokazaHa cmoCOOHOCTh OaKTEepUii BLIIEJISATh B OKPY-
KAIIYIO CPey CyNepOKCUIHBIA aHUOH-PaauKal u

ClieTaHo MpearnoioxeHue o6 yyactuu O, B MHULIMK-
pPOBaHUM KOPPO3UU OAKTEPUSIMU.
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Role of Superoxide Anion Radicals
in the Bacterial Corrosion of Metals
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Abstract— It was found that seven strains of bacteria can cause corrosion damage to aluminum, its alloys, and
zinc. With respect to the studied metals, the most active bacteria were Proteus vulgaris 1212 and Pseudomonas
aeruginosa 969. Superoxide anion radicals were demonstrated to play a role in the initiation of corrosive dam-
age to aluminum and zinc, while bacterial exometabolites participate in the later stages of this process.
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N3yueHa 6uosiornyeckasi akTUBHOCTbD JIETYUMX META0OJIMTOB MTPOPACTAIOIIMX CEMSIH KarlycThl (Brassica ole-
acia), mopkoBu (Daukus carota), canata (Lactuca sativa), KyKypy3bl (Zea mays L..) B orTHomeHuu Listeria
monocytogenes U Yersinia pseudotuberculosis, sSIBAsSIOIIUXCS 151 TocheqHuX hakTopamu nepenauu. [Tokasa-
HO, 4YTO JIETyYre MeTa0OoJUTHI ITPOPACTAIOIINX CEMSH MOTYT OBITh JJTSI 3TUX OaKTEPHii €eMMHCTBEHHBIM UC-
TOYHUKOM yrjepojaa u 3Hepruu. OCHOBHBIM BEIIECTBOM, BJIMSIFOIIUM Ha MX POCT M pa3MHOXEHUE, SIBJISI-

€TCA METAHOJI.

B nocnegHue necatuiieTus Bce OoJblliee BHUMA-
HUE MpUBJIEKaeT K cebe TpyIina MmaTore HHbIX MUKPO-
OpraHu3MOB, >XKM3HEHHas IporpaMMa KOTOPBIX CO-
CTOUT B HENPEPBIBHOM MEPEXOJe U3 OKpYKarolleit
cpelbl, TJie OHU BEAYT CAaipO(UTHBIN 00pa3 XKU3HU, B
OpraHM3MbI YEJIOBEKA U TEIIJNIOKPOBHBIX 2KMWBOTHbIX, B
KOTOPBIX OHM TMPOSIB/ISIOT Napa3sUTUYECKHE CBOM-
CTBa, BBI3bIBast MH(MEKIIMOHHBIN TIpOIecC, U peBep-
CHUM K carpopUTU3MYy IIPU BO3BpaTe B OKPYXKAIOIIYIO
cpeny. Bo3aMoxXHOCTH canpo(UTHOTO CYyIIeCTBOBa-
HUS psia TTATOTeHHBIX MUKPOOPTAHU3MOB B OKpYsKa-
IOlIeii cpede, COBEPIIEHHO OTpUIlaeMasi B HelaBHEM
MPOIIJIOM, HAXOAUT BCe OOJIblliee Tpu3HaHue [1—6].

HayuyHo-TexHMYeCcKHit Mporpecc M CBSI3aHHAS C
HUM ypOaHM3alMsT HApYIIMIA 3KOJOTMYECKOE paB-
HOBECHE U OTKPBbUIM ITyTU JJjIsSI TPOHUKHOBEHMUS T1a-
TOTEHHBIX MUKPOOPTAaHM3MOB M3 BHEIITHEH Cpelnbl B
OKpYXKeHHe YeIoBeKa. SIpKuM IMpuMepoM B 3TOM OT-
HOILICHWUU SIBJISIIOTCS Yersinia pseudotuberculosis — Bo3-
OyIuTeIb IICEBOOTYOEPKYIIe3a (M TaTbHEBOCTOTHOM
cKapJaTUHONOAO0OHOI Iuxopanku) u Listeria monocy-
tfogenes — BO30yIUTeNb IucTepurosa [7—13].

AHan3 MHOTOUYMCJIEHHBIX BCITBIIIEK 3THUX 3a00-
JIEBaHMIA TTOKA3aJl, YTO Yallle Bcero pakropaMu nepe-
JTauur 0aKTEePUil YeJIOBEKY SIBJISTIOTCSI OBOLIM U KOPHE-
oAkl (611042, MIPUTOTOBJIEHHbBIC U3 HUX) U, IIPEXIIE
BCEro CBeXXMe KaIycTa M MOPKOBbB JIJIsI UEPCUHUIA, Ky~
Kypy3a U cajaT JIJisl JUCTEPUIi, B KOTOPBIX 3TU OaKTe-
pUM aKTUBHO Pa3MHOXKAIOTCS M HaKaIUIMBalOTCS B
3HAUYUTENIbHBIX KOJMYECTBAX, IMOAACPKUBAsI BBICO-
KYIO CTeleHb BUpYJIeHTHOCTH [14—18].

BHyTpM cioXHBIX acconuanuit, (opMUpyeMbIX
MUKPOOPTaHU3MaMU C PACTECHUSIMUA B €CTECTBEHHBIX
U UCKYCCTBEHHBIX CUCTEMAaXx, CKJIaIbIBAIOTCS pa3iny-
HbIe B3auMooTHo1eHus [ 19—20]. B 1ro60oM coobiiie-

CTBE 3TU B3aMMOOTHOIIEHMUSI CJIOXHBI U MHOIoo0-
pa3Hbl. BplmenseMpie pacTeHUSIMUA OMOJIOTMYECKH
aKTMBHBIE BEIleCTBA MOTYT UTpaTh POJIb peryjsTopa
YMCJICHHOCTH 0AaKTEepHii B COOOINECTBE “pacTeHre—
MUKpoopraHu3M”. Cpean HUX OCOOBIN MHTEPEC BBI-
3bIBAIOT JIETyuue MeTabOJUThI, TaK KaK M3BECTHO,
YTO JIeTy4re OpraHUYeCKUe BbIIEJIeHUs IpopacTaro-
X CceMsTH OJraromgapsi BBICOKOM ITPOHMKAIOIICH
CMOCOOHOCTU U JIOCTYITHOCTH [IJIsI YCBOSHUSI, MOTYT
OBbITb UICTOYHUKOM YTJIepOJa U SHEPTUU JJIsI MUKPO-
opraHu3MoB. B HacTosiliee BpeMsi JOKa3aHo, UTo Psifl
OakTepuii U TPUOOB MOTYT ITOTPEOATh JETYy4rUe Me-
TaOOJUTHI MPOPACTAIOIIUX CEMSIH B KaueCTBE €IUH-
CTBEHHOTO UCTOYHMKA yriiepona [21—28].

M3BecTHO, UTO pacTeHUs SIBJSIOTCS BEIyLIUM
KOMITOHEHTOM Ouochepbl U ONPEAesioT TIaBHYIO
dopMy XKN3HU Ha 3emJie, TO3TOMY PacKpBITHE 3aKO0-
HOMEPHOCTEU B3aMMOAEUCTBUSI pacTeHU U OakTe-
puii BaxKHO [IJIS1 TIOHUMaHMes pacpoCcTpaHeHus Ta-
TOTEHHBIX MUKPOOOB BHE TEIJIOKPOBHOIO OpraHu3Ma,
a TakxKe I 000OCHOBaHMSI MEXaHU3MOB aaarTaluu
9YKApUOTUUYECKUX OPraHU3MOB K U3MEHEHUIO YCJIO-
BUI CyIIIECTBOBaHUSI, OCOOEHHO IIPU NEMCTBUM IKC-
TpeMaJIbHbIX (DAKTOPOB.

Llenb paboThl — U3yYyeHUE UCTIOIBb30BAHUS OAKTE-
pusMu BUnoB Listeria monocytogenes wn Yersinia
pseudotuberculosis neTydux MeTabOJMTOB MpopacTa-
IOIIMX CEMSTH PAaCTEeHUN.

METOAMKA

Kyasrypsl. B kKadecTBe OOBEKTOB HCCJIETOBAHUS
VICTIOJIb30BaIM CJICAYIOIIME IITaMMBbl OakTepuil u3
mysess HUM OBM CO PAMH: rpammosioXXuTeabHbIe
Listeria monocytogenes (tutamm 2L, 1/2a) n rpaMoT-
puuatenbHble Yersinia pseudotuberculosis (11TamMMm
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Puc. 1. Cxema yCTaHOBKU ISl U3YYEHUsI UCIIOJIb30BaHUSI MATOTeHHBIMU OAKTEPUSIMU JIETYUYHUX METAaOOJIMTOB MTPOPACTAIOILINX
ceMstH: I — kon6a ¢ KOH, 2 — BaTHBIe (OUIIBTPEI, 3 — COCY/ C TOYBOI ¥ MPOpACTAIOIINMM ceMeHaMM, 4 — KOJ16a C XKMAKOU cpe-
JIO, MTHOKYJIMPOBAaHHOI MTaTOTeHHBIMU OaKTePUSIMHU, 5 — MEPUCTABTHUYECKUIT HACOC.

512, 3515). B ombiTe Takke MCIIOJb30BaJIA IPOPO-
IIIEHHBIe CeMeHa pacTeHUI, SBIsoIImecs (pakTopa-
MU TIepenauyu I MepCUHUM, — KamycTta (Brassica
oleacia L.), mopkoBb (Daukus carota 1..) n mucrepuii —
canar (Lactuca sativa L.), kykypy3a (Zea mays L.) [2, 7].

B xagecTBe MCTOYHHMKA JIETYINX METaOOIUTOB HC-
MOJIb30BaI CMECh U3 CEMSIH pacTeHUit (caart, KyKy-
py3a, KammycTa, MOPKOBb). Kpome Toro, KyIbTUBHPO-
BaJIM OTHEJIPHO MEPCUHUI Ha MeTabOIMTax KaITyCThl
WJIM MOPKOBH, a JIMCTEPU — Ha MeTaboIUTaX KyKy-
pYy3bl W caJiaTa.

Cpema. KynsTuBMpoBaHME MHUKPOOPTraHU3MOB
MPOBOIMIIM Ha KMIKOU MUHEpaJbHOU cpeae 0e3 mc-
TOYHWKA yriiepomaa, comepxarieit (%): NH,NO; —
0.3, KH,PO, — 0.1, MgSO, - 7H,0 — 0.05, KC1 —
0.025, pH 6.8—7.0.

Jleryune meTaGoauThl. VizydeHne BIMSHUS JIETY-
YUX META0OJUTOB MPOPACTAIOLIMX CEMSTH HA pa3MHO-
XKeHue 6akTepuii IPOBOAMIIU C TIOMOIbIO CIIelIab-
HO CKOHCTPYMPOBaHHOM ycTaHOBKM 110 cxeMe LlleHk
n Croukoro [5] B Hameih Mmomudukauuu (puc. 1).
OO6paboTaHHbIE ceEMeHa ToMelllaii B COCYNl CO CTe-
pUIbHONI MOYBOM (3), KOTOPBIN IUIOTHO 3aKpbIBaIU
JUJIST TOTO, YTOOBI B HETO HEe TMOCTYIaJl BO3AyX U3BHE.
Yepes cocyn npu MoMolu Hacoca (5) mpoKauyuBaJIu
CTepuIbHBIN 1 ounilleHHbI oT CO, Bo3ayx. CTeneHb
yaaJleHUs yIJIEKUCIOro ra3a U3 Bo3ayxa IpoBepsiach
Mpea MOCTaHOBKOM 9KCIEPUMEHTA C TIOMOIIIbIO TOP-
TaTUBHOTO TrazoaHamm3aropa Jlykar-B (“/lenbra”,
Poccust). Crepuiuszalnivio Bo3ayxa OCYILIECTBIISUIU
BaTHbIMU uibTpamu (2), a ouucTKy Bozayxa ot CO,
MpOBOAWIN B JoBYLIKe (/) 3anmonHeHHOU 30%-HbIM
pactBopoM KOH. Bo3nyx, mpoxoagmninii yepe3 CoCyrl,
C TIOYBOI M ceMEeHaMM, YBJIeKas JeTydrue MeTaboIu-
ThI ¥ OCTYTIAJI B KOJIOY C >KMIKON MUHEPaTbHOM cpe-
ol (4), THOKYJIMPOBAaHHON KyJIBTYPOU MCCIEIyeMO-
ro MUKpoopraHusma. B cocyn ¢ mouyBoii rmomeniaim
20—40 ceMsiH, B 3aBUCUMOCTH OT Bua pacTeHus. Cu-
CTeMy BBIIEPKMBaJIM MPU KOMHATHOU TemIiepaType
20—22°C.

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

HNuoxkynsauuio 100 M MUHepaJbHOI Cpeabl OCy-
mectBisin 0.1 MJT 1-cyTOYHOM KyJIbTYpBI OaKTepuii,
BBIpAIllecHHBIX Ha arapmM3oBaHHOW cpede, coaepxka-
meit 102 kononueo6pasyromux equnui (KOE). Ye-
pe3 ompeneeHHbIe IPOMEXYTKHA BpeMEHU OTOMpaIu
MPOOHI TS TTOACYeTa KOJIMIECTBA KOJTOHMIA. 17151 3TO-
ro 1o 0.1 MJI MTHOKYJIMPOBAHHOM KMUIKOCTU C YIETOM
HEOOXOAMMBIX pa3BeAcHUI BBICEBAJIM Ha TUIOTHBIC
cpennl. ISt MHOWKALIMA WEPCUHUIA MCIOIb30BaIN
cpeny CepoBa, TSI TUCTEPHIT — Ka3eMHOBO-IPOXIKE-
BOI arap c¢ nmoko30ii. KoanyecTBo moacyuTaHHBIX
KOJIOHHMI BBIpaXkadyd B OOIICTIPUHSITHIX EIWHUIIAX
Ig KOE/ 0.1 mi1. B xauecTBe KOHTPOJISI UCITOIB30BaIN
COCy/JI C TIOYBOM Oe3 CeMSIH.

Crepumszamusi. BHyTpeHHUE TTOBEPXHOCTU CTEK-
JISHHBIX YacTeil yCTaHOBKM TILATeIbHO 0OpabaThiBa-
J1 70% -HbIM pacTBOPOM 3TUJIOBOTO CITUPTA, OCTANIb-
HbIC JeTajli — aBTOKJIaBUpoBaHueM. CemeHa obpa-
0aTbIBaJIMd pacCTBOPOM MapraHIIOBOKMCIIOTO KaJlus U
MPOMBIBAJIU CTEPUJIbHOU AUCTUIIJIMPOBAHHOW BO-
noit. ITouBy 00pabaThIBaJIM TEKYUYUM TTapOM TPUXKIbI
o 30 muH. ITocne 06padbOTKU IIPOBOANIN KOHTPOJIb
BCEX YacTeil ycTaHOBKHW, CEMSIH 1 IMOYBbI HA HAJIMYUE
IMOCTOPOHHE! MUKPOQIIOPHI C UCIIOJIb30BAaHUEM ITH-
TaTeJIbHOTO arapa.

I'2KX. OmpeneneHne JeTyYUX BBIACICHHUN IIPO-
pacTalonX CeMsSH OCYIIECTBJISIIA METOJIOM TIa3o-
KUIKOCTHOU xpoMmatorpaduu. s xpomatorpapu-
YecKOro aHajau3a ceMeHa MpopalluBajid B MJIOTHO
3aKpBITBIX cocynax. Yepes 24, 48, u 72 4 BO3ayX U3
COCY/IOB OTOMpau Yepe3 pe3nHOBbIE KOJMAayKU Mpu
noMoIiy 1 M1 nmpuiia ¥ BBOAWJIU €ro B 103aTOP XPO-
marorpada.

I2KX netydynx mMeTabOoJMTOB MPOpPACTAIOIINX Ce-
MSTH TIPOBOAWJIM Ha ra30BoM xpoMartorpade Shimad-
zu-16A (“Shimadzu”, AnoHusT) ra3-HOCUTENIb — Te-
JINiA, HETTOABUXKHAS (paza — MOJUITUIESHITIUKOJIb, KO-
JIOHKa cTtekisgHHas, nuamerp 0.32 cm, mmmHa 10 M,
TeMIleparypa KooHku — 35°C, ucraputenst — 100°C,
JeTekTopa (IJIAMEHHO-MOHM3alMOoHHbIN) — 100°C,
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Puc. 2. PaamHoxenue Y. pseudotuberculosis wit. 512 (a) u L. monocytogenes wut. 10CN (6) Ha JIeTy4uX BbIIEJICHUSIX MpopacTalro-
LIKUX ceMsiH. / — cMech ceMsiH, 2 — KOHTPOJIb, 3 — MOPKOBb, 4 — KaIlycTa, 5 — cajaT, 6 — KyKypys3a.

JaBJieHWEe BOJOpoAa U BO3AyXa Ha JETEKTOpe —
0.5 kr/cM. Pacuet u 06paboTKy XpoMaTOrpaMm Ipo-
BOMIIM Ha CIIEHUAIM3UPOBAaHHOM KoMmIbioTepe Shi-
madzu-cR-4A (“Shimadzu”, SInonus). Onpenene-
HUE Ka4yeCTBEHHOTO COCTaBa JIETYYMX OPraHMYECKUX
BEIIECTB IIPOU3BOIMIN ITyTEM CPaBHEHUS IOJTydeH-
HBIX XpOMaTorpapuIeCcKrX IMMKOB ¢ MUKAMM YMCTHIX
JIETY4YMX OPTaHUYECKMX BEIIECTB (3TAJIOHBI).

IToBTOPHOCTBH ONBITOB — TpeXKpaTHasi, pe3yJibTra-
Thl 00pabaTHIBAJIMCh CTATUCTUYECKU B KOMITbIOTEP-
HOI TIporpaMme 3J1eKTpOHHbIX Tabaull Excel 7 ¢ uc-
noyib3oBaHueM Kputepusi CTblOJIeHTA.

PE3VIJIBTATBI 1 UX OBCYXIEHWNE

W3yyanu BAUsSTHUE JIETYYUX METAOOJIMTOB CMECHU
CeMsIH pacTeHu# (cayaT, KyKypy3a, MOPKOBb, Kally-
cTa) Ha pasMHOXeHue L. monocytogenes u Y. pseudot-
uberculosis ¢ TOMOIIBIO CIIELIMAIBHO CKOHCTPYUPO-
BaHHOI yCTaHOBKU. B pesynbraTe aKchepuMeHTa
ObLI0 TIOKa3aHO, YTO JIeTyurue MeTabOIUThl mpopac-
TAIOIIMX CEeMSIH CTUMYJIUPOBAIU Pa3MHOXEHUE HC-
cienyembix 6baktepuit B 10—100 pa3 1o cpaBHEHUIO €
KOHTposieM (puc. 2). AHaIM3 MOJy4EeHHBIX TaHHBIX
MO3BOJIWJI CAEIATh 3aKJI0UEHUE, YTO UHTEHCUBHOCTD
Pa3MHOXEHUS JIMCTePU U UEePCUHUN Ha JIETYy4ux
MeTaboIMTaX CMEeCU pacTeHWil 3aBucesia OT BuUIA
oakrepuii. Tak, KonuuecTBo OakTepuit Y. pseudotu-
berculosis B MUHEpaIbHOM Cpe/ie YBEJIUUMIIOCH B 2 pa-
3a Ha 7 CyT pocCTa, M0 CpaBHEHMUIO ¢ JIucTepusMu. I1o-
JIydeHHbI€ pe3yJbTaThl MOATBEPXKAAIOTCS AAHHBIMU
JINTEpATyphl, TAe UMEETCsI yKa3aHUe Ha TO, YTO He BCce
OakTepuU COCOOHBI YCBaMBaTh JIETy4rde METa0O0JIM-
THI IIpopacTariux cemsH [19]. Cnenyer oTMeTUTH
TakXXe, YTO UEPCUHUM Pa3MHOXAJIUCh Ha JIETY4UX
MeTaboIMTaX Ha MPOTSKEHUU BCEro Cpoka HabJoie-
HUs (8 cyT), a y IUCTepuii HA 6 CYyT MHTEHCUBHOCTD
pPa3MHOXEHUST 3HAYUTEJIbHO CHU3MJIACH (pucC. 2).

M3BecTHO, UTO MCIIOJb30BaHKE JETYUYUX OpraHu-
YEeCKUX COECIMHEHM, 3aBUCUT OT BUAA OaKTepuid u
npopalirBaeMbiX ceMsiH [24]. B ¢cBsi3u ¢ 3TUM Hamu
ObLJT M3y4YeH POCT JUCTEPUI U UEPCUHMI Ha MeTabo-
JIUTaX pacTeHUId B 3aBUCMMOCTU OT BUJA Tpopalin-

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

BaeMbIX ceMsH. JIsT aToro mcciaenyeMble OaKTepum
KYJIBTUBUPOBAJIM Ha JIETY4YMX MeTa0OJMTaxX Ipopac-
TAIOLIVX CEMSTH OTIEIbHBIX BUIOB PACTEHUIA, SIBJISIIO-
IIUXCST IJIs1 HUX (paKTopamMu nepegadn: JIUCTePpUn —
Ha KyKypy3e U cajlaTe, a UepCUHUI — Ha MeTaboI1-
TaX MOPKOBHU U KAITyCThI.

OO0OHapy:XeHO, 4TO HMCIOJbh30BaHUE JIETyIUX CO-
eIMHEHUI pacTeHUId OaKTepusiIMU 3aBUCEJIO KaK OT
CBOMCTB caMUX OaKTepUii, TaK U OT BUIA PACTCHUIA.
Ilpu comnocTtaBieHUU JOaHHBIX, TOJYYEHHBIX MpU
KYJIBTUBUPOBAHUU MUKPOOPraHU3MOB Ha JIETy4YUX
BEIllECTBaX CMECU CEMSIH U OTIEJIbHO B3SIThIX pacTe-
HUSIX, HaOIonaIM U3bupateabHbIi pOCT OaKTepuid
Ha MeTaboJIMTaX MPOpaCTAIOIIMX CEMSIH B 3aBUCUMO-
CTU OT BUIa pacteHuil (puc. 2). Tak, uepcuHuUu
MpaKkTUYeCKX OAMHAKOBO Pa3MHOXaIMCh KaK Ha Jie-
TYy4rX MeTaboMTaX MOPKOBU, TaK U Ha JIETyUYUX Me-
TaboNMTaX KaIyCThl, JOCTUTAss MaKCUMaJIbHOU KOH-
nentpamuu 400 100 KOE/0.1 M1, mpu 3apaxaromiei
no3e 130 KOE/0.1 mJj, 4To HeCKOJbKO HUXKe (Ha
239900 KOE/0.1 mu1), yeM B ONbITE C UCIOJb30Ba-
HUEM CMecu CeMsIH Bcex pacTteHuil. Jluctepuu
MPEeANOYTUTENBHO Pa3MHOXAJIUCH Ha JIETYYUX Me-
TaboaUTaX KYKYpPY3bl, IOCTUTAS TIPU 3TOM 3HAYEHU I
260200 KOE/0.1 wmn npu 3apaxalolleili go3e
130 KOE/0.1 mn, uyto Ha 25759800 KOE/0.1 ma BbI-
111€, M0 CPAaBHEHUWIO C POCTOM Ha JIETYy4YUX MeTaboIm-
Tax cMecu pacteHuii. [Ipu 3TOM peructpupoBaiu
yBeJIMUEHVE YUCIEHHOCTH JIMCTEPUI U MEPCUHUT Ha
MPOTSDKEHUU BCEro cpoka HabmomaeHus (8 cyr). B
OITbITE C OAHOBPEMEHHBIM HCITOJb30BaHUEM CEMSTH
BCEX pacTeHUI yBeJMYeHHEe YMCIEHHOCTU JIUCTEPUi
He ObUIO OTMEYEHO, a B KOHTPOJIE UHTEHCUBHOCTD
pa3MHOXEHUST 3TUX OaKTepUid magaaa 10 HyJIs.

ITo maHHBIM HEKOTOpPBIX aBTOPOB [19, 24], kaue-
CTBEHHBIN COCTaB JIETYYUX BbIACJIECHUA MOXET I10JI0-
KUTENBHO JIMOO OTPMLIATENILHO BJIIUSATH Ha IPOLIECC
noTpedJIeHUsI 3TUX COeNWHEHUN OakTepusiMu. Psin
ucciaengosateiieii [20, 26] oTMeYaeT, YTO OCHOBHBIMU
KOMITOHEHTaMU, CIYKALIMMU UCTOYHUKAMU YIJIEPO-
Jla I SHEPTUU B BBIACICHUSIX IPOPACTAIOIINX CEMSTH,
SIBJISIIOTCSI 3TAHOJ U alleTajabaerud. pyrue aBTOpBI
YKa3bIBAIOT Ha TO, YTO JIETyYMe MeTA0OJIMThI ITpopac-
Ne 3
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(r)
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(8)
2.40

2.22

Puc. 3. XpoMaTorpaMmbl JI€Ty4rX METaAOOJUTOB MPOPACTAIOIIMX CEMSIH (MMOKa3aHbl HanboJiee MH(POPMATUBHBIC yYaCTKH), a —
areTaabaerua (KOHTPOJIb), 0 — MeTaHOJ (KOHTPOJIb), B — 3TAHOJI (KOHTPOJIb), T — MOPKOBb, I — KyKypy3a, € — KallycTa, X —
cainat. Llupsl Ha MaKCMMyMax yKa3bIBalOT BpeMsI BbIXOIa TMKA Ha XpoOMaTorpaMMe TaHHOTO COeAMHEHUSI Il OTIpeIeICHUS

MakCuMyMa €ro IOrJOolICHUA.

TalOIIMX CEMSTH COAepKaT MEeTaHOJI, MPOMNaHoJI, My-
paBbUHBIA W TPOMUOHOBLIA ajlbAeruabl, alE€TOH,
stiieH [21, 25].

JU1s BBIICHEHWSI 3aBUCUMOCTU MEXAY POCTOM
YUCJAEHHOCTU OaKTepuil U KaueCTBEHHbIM COCTaBOM
JIETYy4UX META0OJIUTOB MPOPACTAIOIINAX CEMSIH OBLT
MPOBENECH razoxpomarorpacuyecKuii aHaiu3 JeTy-
yux BellecTB. M3 maHHBIX Xpomatorpaduyeckoro
aHaJIM3a TMPOPACTAOIIUX CEMSIH KYKYpPy3bl, MOPKO-
BU, cajlaTa, KallyCThl, MPEeACTaBJIEHHBbIX Ha pucC. 3,
BUJIHO, YTO WX JIETYYHE BEIIECTBA CONECPXKAIU B O-
CTaTOYHO BBICOKMX KOHIICHTPALUSIX AlleTaJIbICTU,
MeTaHoJ, 3TaHoJ. [Ipu 3ToM HauboJbllee Koarude-
CTBO METAHOJIa BBIIEISUIOCh MPOPOCTKAMU KYKYpY-
3bl, TOPA310 MEHBILE €r0 COAECPKAIY JIETyYUE BblIE-
JIEHUS TIPOPOCTKOB MOPKOBU, KamycThl U cajiata. [To-
CKOJBKY B MPUCYTCTBUM ITPOPACTAONINX CEMSH
KYKYypy3bl HaOI01aJIoch 0ojieeé MHTEHCUBHOE pa3-
MHOXeHue L. monocytogenes, yeM B OITbITax ¢ cajia-
TOM U CMECBIO CEMSH, YCTAHOBJIEHO, YTO OJHUM U3
OCHOBHBIX BEIIECTB, BIUAIOIIUX Ha PA3MHOXEHUE
JIUCTEPUIA, SBJISIJICSI METAHOJ.

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

ITo manHBIM Xpomatorpaduyeckux HcclieqoBa-
HU, JeTyuyue BbIAEIEHUS KaIlyCThl U MOPKOBU CO-
JIep>XXaJli MeTaHoJa MeHbllle, 4YeM aleTalbleruia
(puc. 3). KpoMe TOro, oHM BBIAEISIIM MEHbIIIEE KO-
JIMYECTBO METaHOoJ1a, YeM KyKypy3a. bbliio rokasaHo,
4TO MpU KyJIbTUBUPOBaHUU Y. pseudotuberculosis oT-
JIeJIbHO Ha JIETy4YUX MeTaboJIMTax MpopacTaolInX ce-
MSTH MOPKOBHM M KamycCTbl OaKTepUU pa3MHOXKAaIUCh
XyKe, YeM Ha JIETYYrMX MeTaboJIMTax CMECU CEMSIH, B
COCTaB KOTOpPBIX Bxoauja Kykypy3a. [lonydyeHHbIe
JlaHHbIE TTO3BOJISIIOT MTPEAIOJIOXKUTh, YTO B YCIOBUSIX
JIMMUTUPOBAHUSI MCTOYHUKA YIJIepola, WEePCUHUU
TaK K€, KaK WU JIMCTEPUU, UCTIONB3YIOT JJIsi TUTAHUS
MeTaHoJ1. B paHee onmyOIMKOBaHHBIX HAMM CCJIEI0BA-
HUSIX OBLJIO TOKAa3aHO, YTO METAHOJ CTUMYJIUPYET pa3-
MHOXEHUE MEPCUHUU W JIMCTEpUU B (PU3HOIOTHYE-
CKOM pacTBope U ¢ocpaTrHo-cosieBoMm O0ydepe [29, 30].

Takum o6pa3oM, YyCTaHOBJIEH OOWH U3 MEXaHW3-
MOB aJanTaluy JUCTEPUN U UEPCUHUU K YCIOBUSM
OKpyXKarollel cpeabl: JIETydre MeTabOoJIUTHI Ipopac-
TAKOLIUX CEMSAH MOTYT IBJIATHCH IJI HUX EMUHCTBEH-
HBIM MCTOYHMKOM yriiepona u 3Hepruu. IlokazaHo,
YTO OCHOBHBIM JIETYYUM BEIIECTBOM, BJIUAIOIIUM Ha
Ne 3
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POCT U pa3MHOXKEHHE U3y4aeMbIX OaKTepUIA, SIBJISICT-
Csl METaHOJI.

10.

11.

12.

13.

CITNCOK JIMTEPATYPbBI

. Comosg I'Il., /lumeun B.IO. CanipoduTH3M M mapasu-

TU3M MATOTEHHBIX OAKTepUil: IKOJIOTUIECKHE acTeK-
Tl. HoBocubupck: Hayka, 1988. 208 c.

. Jlumeun B.IO., Comos I'JI., [lywmkapesa B.HU. // Dniu-

JIeMUOJIOTUS U BakLMHomnpodwiaktuka. 2010. Ne 1.
C. 10-16.

. Tapmakoeckuii U.C., Manees B.B., Epmonaesa C.A.

JIuctepun: poib B MHGEKIIMOHHON MaTOJIOTUN YeJIO-
BeKa U jJabopaTopHasi muarHoctuka. M.: MenuiHa
s Beex, 2002. 200 c.

. Jlumeun B.I10., lunybype A.JI., I[lywkapesa B.K., Poma-

Hosa IO.M., boeé b.B. DninaeMuOJIOrnM4ecKue acIiekK-
Tbl 9Kkonoruun 6axkrepuii / Pen. C.B. Tlpo3opoBckuii.
M.: N3n-Bo Papryc-ITpunT, 1998. 256 c.

. Iepwyn B.U. // Dxonorus Bo30yauTeneii calipOHO30B.

M.: Hayka, 1988. C. 80—85.

. Jlumeun B.1O. // XypH. MUKpPOOUOJ., SMUAEMUOI.,

numMyHou. 1999. No 5. C. 26—33.

. Tumuyenxo H.D., byreaxoe B.II., byrax E.B., Schey-

kasa E.I., 2Kypaenes 0. H. // KypH. MUKpOOHOIJL., DTIH -
nemuon., ummyHod. 2000. Ne 1. C. 6—10.

. Tuppanen JI.C., Illunenxo M.II. // ABuakocMuyeckasi u

skoormueckast menutiHa. 2008. T 42. Ne 6/1. C. 36—39.

. Mapkosa F0.A., Pomanenko A.C., Heymnosa E.K.,

Canses P.K. // Doxn. PAH. 2002. T. 386. Ne 2. C. 277—
279.

Maprosa FO.A., Pomanenxo A.C., Jyxanuna A.B. //
Mukpo6uosnorusi. 2005. T. 74. Ne 4. C. 1—4.

Comoe [I'Il., Byzonesa JI.C. ApanTaiysi TaTOT€HHBIX
OakTeprii K aOMOTHMYECKMM (haKTopaM OKpYKarolIein
cpenbl. Bnanusoctok: [MpuMnonurpacdhkomouHar, 2004.
168 c.

Alfano J.R., CollmerA. // Plant Cell. 1996. V. 8. P. 1683—
1698.

Ausubel F.M. // Nat. Immunol. 2005. V. 6. Ne 10.
P. 973—979.

14.

15.

17.
18.
19.
20.

21.

22.
23.
24.

25.
26.
21.
22.
29.
30.

CUJOPEHKO, BY30JIEBA

Poockosa JI.I1. JanbHEeBOCTOUHAS CKAPJIaTUHOMIOA00-
Hasl Tuxopajaka (TceBIoTyOepKyJje3 yejioBeka). Bia-
nuBocTokK: HanbHayka, 1974. C. 35—38.

Iodosa I'.B., Ilywkapesa B.K., Karawnukosa E.A., bo-
pucosa E.IO., Epmonaesa C.A., Jlumeun B.1O. // N3Be-
ctust TUMUPSI3EBCKOM CEJIbCKOXO3SIHCTBEHHOM aKae-
mun. 2009. Ne 4. C. 80—89.

. Jenucos K.A., Ycenxo A 1., Carocaps JI.U., Banxauen B.B.,

bBeceduna E.U., Banxarnen B.J., Meavuux B.A. // Bect-
HUK rurueHsl u snunemuosioruu. 2000. T. 4. No 2.
C.219-223.

Falkao D.P., Correa E.F., Falkao G.P. // Adv. Exp.
Med. Biol. 2003. V. 529. P. 341—343.

Jacfecon A.O., Taylor C.B. // Plant Cell. 1996. V. 8.
P. 1651—1668.

Morello J.E. // Appl. Environ. Microbiol. 2004. V. 70.
Ne 5. P. 3103—31009.

Mounier J., Goerges S., Gelsomino R., Vancanneyt M.,
Vandemeulebroecke K., Hoste B., Brennan N.M., Scher-
er S., Swings J., Fitzgerald G.F., Cogan T.M. //J. Appl.
Microbiol. 2006. V. 101. P. 668—681.

bypmucmposa A.JI. AHTUOUOTUKU U aHTUOMOTUKOPE-
3UCTEHTHOCTb. IIpoGaeMbl M myTH pelieHus. Yemus-
ounck: Uzn-so “YenssonHckuit Jom meuyatun”, 2004.
179 c.

Tirranen L.S. // Adv. Space Res. 2006. V. 38. P. 1227—
1232.

Tirranen L.S., Gitelson I.I. // Adv. Space Research.
2006. V. 38. P. 1227—1232.

Tirranen L.S., Borodina E.V., Ushakova S.A., Ryga-
lov V. Ye., Gitelson I.1. // Acta Astronautica. 2001. V. 49.
Ne 2. P. 105—108.

Tirranen L.S. // Acta Astronautica. 2001. V. 49. Ne 1.
P. 47-52.

Anopees JI.H., Taruesa M.H. // bronn. TBC. 1995.
Beim. 171. C. 161-167.

Bnacos A.A., Ilasnrosa U.B. // CenbCKOXO3SIMCTBEHHAS
ouomorust. 2009. Ne 4. C. 8§9-92.

Ermolaeva S., Belyi Y., Tartakovskii I. // FEMS Micro-
biol. Lett. 1999. V. 174. Ne 1. P. 137—141.

bysoaesa JI.C., Comos I'JI. // Buoxumus. 1999. T. 64.
X10. C. 1357—1361.

Cudopenxo M.JI., By3oaeea JI.C. // MukpoOuosorusi.
2008. T. 77. Ne 2. C. 273-277.

Effect of Volatile Metabolites from Germinating Seeds
on the Reproduction of the Bacteria Listeria monocytogenes
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Abstract—The biological activity of volatile metabolites of germinating seeds of cabbage (Brassica oleacia),
carrot (Daukus carota), salad (Lactuca sativa), and corn (Zea mays L.) against Listeria monocytogenes and
Yersinia pseudotuberculosis was studied. It was shown that volatile metabolites are transfer factors and can be
the sole carbon and energy source for these bacteria. Methanol is the main substance affecting their growth

and reproduction.
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CHUHTE3 AYKCUHA BBICIIIUM I'PUBOM Lentinus edodes (Berk.) Sing
B ITIPUCYTCTBUUN HU3KNX KOHIIEHTPALIN1 COEAUHEHUI
I'PYIIIIbI NHIOJIA

© 2012r. O. M. IIusunena, E. A. Jlomununa, O. E. Makapos, B. E. Hukutuna

Hucmumym ouoxumuu u gpusuonoeuu pacmenuil u mukpoopearusmos PAH, Capamos, 410049
e-mail: tsivileva@ibppm.sgu.ru
[Moctymwa B pegakumio 21.03.2011 &

HccnenoBaHo obpazoBaHMe ayKCMHA B TJIYyOMHHOM KyJIbType KcuyiotpodHoro dasuauomulieta Lentinus
edodes (Berk.) Sing [ Lentinula edodes (Berk.) Pegler| (1munrtake). BoisiBiieHbI OMOI0rMY€CKM aKTUBHbBIE Be-
11IeCTBa MHIOJIbHOU MPUPOBI, “3hGHEKT MaJIBIX 103" KOTOPBIX 3aKTI0OYAETCS HE TOJIbKO B CTUMYTMPOBAHUM
pocTa MULIETHS (MHIOMMII-3-YKCyCcHast KUCIoTa, 2 x 1077—2 x 10~* 1/11), Ho ¥ B MHAYLIMPOBAHUHU TPUIITO-
¢daH-HE3aBUCUMOTO ITyTH OMOCUHTE3a ayKCHMHA. YKa3aHHBIN ITyTh peaqn3yeTcsl B MPUCYTCTBUU 3K30T€HHO-
ro nHpona (1 x 1073—1 x 10~* r/n), a TakKe pY WHIYLIIPOBaHIN OGUOCHHTE3a HHIOMWI-3-YKCYCHOI KIIC-
J0THI ee Mukpono6askamu (1 x 107°—1 x 108 /i), u conpoBoxnaeTcst 06pa3oBaHUEM AHTPAHUIOBOI KHC-
gotel (mo 1.5 mr/a). BeisgBieHa WHAYKIMS TEHEPAaTMBHOW CTaIMM Pa3BUTUS IIMUTAKEe WHIOJIbHBIM
MPOM3BOIHBIM. YCTAaHOBJICHO, YTO CPeA U3YYCHHBIX COSTMHEHU TOTBKO MHIOIAIleTaAMUT B KOHIICHTpA-
M opsiaka x 10~ r/71 B KyJIbTYpaibHO# KMAKOCTH L. edodes OKa3bIBaeT SIPKO BHIPAXKEHHOE CTUMYIIHPY-
o11ee BIUsSTHUE Ha (OpMUPOBaHME KOPUUHEBOW MULIEIMATIbHOM TUIEHKH IITMUTAaKe.

CBoiicTBa coeAMHEHUI (PUTOrOPMOHAIBHOM TIPU-
POIIbI, XapaKTePU3YIOIIMECs BEICOKOI CTEIICHbIO U3Y-
YEeHHOCTH Y BBICIIIMX PACTEHUI U MTHTEHCUBHO UCCIIe-
JlyeMble y MOYBEHHBIX aCCOLIMaTUBHBIX MUKpOOPTa-
HU3MOB, JIMIIIb B HECUCTEMAaTUYECKOM IIOPSIAKE U Ha
SIBHO HEAOCTAaTOYHOM YPOBHE OIIMCAHBI y MaKpoOa3u-
JIUAJTBHBIX TPUOOB. AYKCUHBI SIBJISIFOTCS HauOosee
N3y4YeHHOH TPyIIToi (PMTOrOPMOHAJIBHBIX BElIeCTB. B
KadecTBe 00BbEKTa MCCICIOBaHMI, HAPSIAY C APYTUMU
MUKOJIOTUYECKUMU OOBEKTaMU  MPOMBIIIJIEHHOTO
KyJIBTUBUPOBAHUSI, OCOOBIA MHTEpEeC MpeACTaBIsIeT
BBICIIIMI TPUO-KCHMIIOTPOd, COUYETAIONINIT BBICOKYIO
MPaKTUIECKYI0 3HAUMMOCTh U SIBHO HEIOCTaTOYHO
n3ydyeHHbIE (PU3NOJIOTO-OMOXMMHNYECKIE OCOOEHHO-
ctu, Oasmmmomulier Lentinus edodes (Berk.) Sing
[Lentinula edodes (Berk.) Pegler] (mmmmrake). Jlocta-
TOYHO JTaBHO BBIABUTAIOTCS MPEAIIOJOXEHUS O TOM,
4TO (PUTOTOPMOHBI, B TOM YMCJIE TIPEACTABUTEIIN TPYII-
bl ayKCUHOB, TIPUHUMAIOT yJacTHe B Mpolieccax pocTa
¥ uuToauddepeHINPOBKH HE TOILKO Y paCTeHUI, HO 1
y Tpr6oB. OgHAKO 3TOT BOIIPOC IO CHUX IIOpP OCTaeTCs
MPaKTUYECKN HEUCCISAOBAHHBIM.

Oco0bIif MHTEpEC BRI3LIBAIOT 3(PHEeKTHI 1 MEXaHMN3-
Mbl JEWCTBUSI OMOJOTMYECKU aKTUMBHBIX BEIECTB B
“MaJibIx 103ax”. B MajbIx U CBEpXMaJbIX KOHIIEHTpa-
uusax (1072—10713 Mosb/1) MPOSBISIOT CBOK aKTUB-
HOCTb MHOTHE MPUPOIHBIE XEMOMEIUATOPbl — TOKCU-
Hbl M MPOTUBOSIIUS, BEIECTBA, IMpeayIpexaalole
00 ormacHoCTU, (PepOMOHbI, KPUOIPOTEKTOPHI, IpyTHe
coeMHEHMs, B TOM unciie puroropMonsl [1]. OnucaH

napagoKCalbHBII XapakTep NEHCTBUS HU3KUX KOH-
LIEHTPALMII TOKCMYHBIX BEIIECTB M JIEKAPCTBEHHBIX
MpPEeIapaToB, KOTOPHIN 3aKJIIOYAETCS, B YACTHOCTU, B
OMMOTAIBHON WM TIOJUMOIAIBHON 3aBUCUMOCTH
“moza—addekr”. Ormevaercst [2], 4TO MOCIEACTBUS
OT BO3IEWCTBUS MaJlbIX 103 KCEHOOMOTHMKOB MOTYT
OBITb HE MEHEe CEPhE3HBIMU, YEM ITOCIIEACTBHUS OT BhI-
COKMX Pa30BbIX J03: MO/ UX BIMSTHUEM MOTYT MEHSITh-
cs CYIIECTBYIOIINE CBSI3W, aBaTh COOM HEKOTOpHIE
CHUCTEMBI aIanTaliu, MOCKOJIbKY OPraHU3M CITOCOOEH
MPUCHOCA0IMBAThLCS JIUIIB K 3ddeKTaM, JIeXKalluM B
OOBIYHOM JMAIIa30He JeMCTBHS.

M3BecTHO 1Ba OCHOBHBIX ITyTU OMOCUHTe3a (PUTO-
ropMoHa MHAOMWI-3-yKcycHo KuciaoTel (MYK) —
TpunitodaH-3aBucuMbIii (Tpm-3aBUCHMBIIT), TTPU KO-
TopoM npenmectseHHMKOM YK ciry>xut aMmmHOKMC-
Jiota TpuntodaH, u TpurnrodaH-He3aBucuMblii (Tpr-
He3aBucumblii), korma MYK oGpasyercs u3 mHmodna,
AHTPAHWIOBOM KMCJIOTHI, WHIOIWI-3-IIuLepodoc-
dara [3]. Tpr-3aBucumebrii cuaTe3 MYK Mukpoopra-
HU3MaMU MOXET IIPOXOIUTH IO OJHOMY M3 4 ITyTeil:
yepe3 MHAOIMUI-3-IMMPOBUHOTPAaHYIO KUCIOTY 1 UH-
JIOJIMII-3-YKCYCHBIH anbaerua (HauboJjiee pacpocTpa-
HEHHBII IMyTh); Yyepe3 TpUNTaMUH U WHIOJWI-3-YK-
CYCHBII1 albAeTU; Yepe3 MHAOIMII-3-aleTaMu I JInoo
yepe3 UHIOINI-3-yYKCYCHBIN HUTpUJI. I10 HEKOTOphIM
JIAaHHBIM, MTHIOJIMIALIETAIbAOKCUM MOXET TaKKe KOH-
BeptupoBarhbesl B MYK uepe3 mHmonmialeTaabaeril
[4, 5]. MHoTMe (puTONATOreHHbIE TPUOBI U GaKTEpUU
00J1a1al0T HECKOJIBKUMM ITyTsIMU OmocuHTe3a MYK.
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Ilytm 6mocmuTeza YK y mMakpobOa3uamoMHIIETOB
paccMaTpUBAJINCh, B Iy4IIIeM caydae, TOJIbKO Ha YPOB-
HE ITOJIOKMTEILHOI0/OTpULIATEILHOIO BIIMSHUS 10-
0aBOK TpunTo(daHa K cpe/ie BhIpallliBaHUSI.

Lens paboThl — HCCIeTOBaHUE COCTaBa TPYIIIbI
WHJIOJBHBIX METAa0OJMTOB, COIIPOBOXKAAIOIINX IIPO-
nykuuio UYK GasummomuueroMm Lentinus edodes,
YCTaHOBJICHUE, SIBISICTCS JIM 3TOT IIyTh OMOCHHTE3a
NYK Tpr-3aBUCUMBIM, TUO0 MPOUCXOIUT ITePEKITIO-
yeHue Ha TpIi-He3aBUCUMBINM IIyTh IPU BhIpalllvBa-
HUM KCUJI0Tpoda B MPUCYTCTBUY 9K30T€HHBIX CUHTE-
TUYECKMX aHAJIOTOB COSAMHEHNN — TIPeIIIeCTBEHHI-
koB MYK.

METOAUKA

B pabore ncnonbs3oBanu KyasTypy Lentinus edodes,
mramMM F-249, mogydeHHBIN U3 KOJUICKIIMU BBICIINX
Oa3MINaAIBHBIX TPU00B KadeIphl MUKOJOTUN U aJIbIO-
JIOTUM MOCKOBCKOTO FOCYIapCTBEHHOTO YHUBEPCUTE-
ta uM. M.B. JlJoMmoHocoBa. Kynsrypy rpuba moaaep-
>KMBaIX Ha cycio-arape mpu 4°C.

B kaudecTBe MHOKYyNSITA MCIOJB30BIN 14-CyTOd-
HYIO Kynsrypy L. edodes, BeIpallleHHYIO Ha arapmso-
BaHHOM ITMBHOM cycJie (4° mo bamunry). Temmepary-
pa BeIpammBaHus — 26°C. M3 oIy4eHHOTO MUIIETHST
B CTEPUJIbHBIX YCJIOBUSIX C TIOMOIIBIO META/UIMYECKOTO
NpOOOIHMKA TUAMETPOM 5 MM MOIyYaau 0JI0KU, KOTO-
PBIMU MHOKYJIMPOBATM XKUIKHME ITUTATEILHBIC CPEIbI U3
pacuera 2 6;10ka Ha 20 MJI Cpelbl.

[1yOmrHHY10 KybTYpy TprOa BbIpallliBaId Ha KU/ -
KO CMHTETUYECKON TJIIOKO30-acIliaparuHOBOIM Cpene
(rmoxko3a — 9, L-acnaparun — 1.5 /1), HA TUBHOM
cycie (1.2° mo bamnunry). JIist onpenesieHUsT CyXoi
Ouromacchl MULIETUU (DUIBTPOBAIN Yepe3 TpeaBapu-
TeJIbHO B3BEILIEHHbIE Ha aHAJIMTUYECKUX BecaxX (PUIb-
TPBI ¥ BBICYIIIMBAIU 0 MOCTOSTHHON MacCHhlI.

Jisi yucciaenoBaHMsl BIMSHUSL COSOUHEHMIA WH-
JIOJIBHOM IIPUPOOHI UX TO00ABJISUIM B BUIIE pACTBOPOB B
cmecu ataHon — H,O (1 : 1, mo o6beMy) K MoJaBepryy-
TOM aBTOKJIABUPOBAHUIO TIIOKO30-aclaparuHOBOM
cpelie HEeIoCpeICTBEHHO TIepell IIOCEBOM B CTEPUIIb-
HBIX ycaoBusiX. KoHIIeHTpaliny MHIOJBHBIX COEIMHE -
Huit B nutateabHou cpene 0.1; 1; 10 u 100 mr/i. Heit-
ctBrue YK Ha pocT KynbTypbl u3yyaiu B UHTEpBaJIe
103—10"" r/m.

WHpgonbHBIE COENUHEHUST ONPENSIsUIA B KYJIBTY-
paJIbHOM XKMIKOCTU METOAOM BbICOKOI(MMEKTUBHOM
KUAKocTHOM xpomaTtorpacduu (BD2KX) ¢ ucnosb3o-
BaHMEM B KadyeCTBE CTaHAAPTOB YMCTHIX KOMMEpYe-
ckux nipeniapatoB MYK, Tpn, tpunrramuna (TAm), uH-
mommnauetamunga (MAAM), MHIOIMIIIMPOBUHOIPALI-
vHoii kxwucnotrel (MIIBK), wHponmianeraabaeruma
(MAAnbR), vHAONA, VHAOMWI-3-alleTOHUTPWIIA, aH-
TPaHWJIOBOI KMCJIOTHI U 5-TUIPOKCU-UHIOIMII-3-yK-

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

HWBWUJIEBA u np.

cycHoil kuciotel (S-ruapokcu-NUYK). st uoeHTH-
KAy 1 KOJIMYECTBEHHOTO OIIpeIeJIeHNS NHIOIIb-
HBIX COEIVHEHUIT IIPOObI KYJIBTYPaJIbHOM KMIKOCTU
OTOMpaIu B CTEPUJIBHBIX YCJIIOBUSIX B IIpoliecce pocTa
KYJBTYPBI, (PUJIBTPOBAIN, UCIIOJb3Ys (UIBTPhI Prp-
Mol “Millipore” (Upnanaus) tumna 0.22 mxm GVPP
(ToproBoit Mapku “Durapore® membrane filters”), u
aHanu3upoBanu. PacmpenenuTenbHylo 0OpaleHO-
dazoByro BOXKX nmpoBoauian Ha HOCUTENIE C XUMUYE-
CKU CBSI3aHHbIMU TUIPOPoOHBIMU ocTtatKamu Cg
(5 mxm). Kosonka (150 x 4.6 mm) “Luna 5u C18(2)”
(“Phenomenex”, CIIIA), cHaOxeHHas MIPEIKOJIOH-
Koii (tura Security Guard) Toii ke MapKu. DJIFOEHT —
cMech MeTaHoI—Boma (36 : 64 6o 50 : 50, 06./00.).
Wcnonb3oBanu getekrop YD-momionieHust, padora-
oM B nMana3oHe JuH BoJiH 250—300 uMm. O0beM
npoon1 20 Mxi1, maBieHue 12 MI1a.

Hcnons3oBaHo MaccoBoe (m/V) BhipakeHre KOH-
HLEHTPALIMM WHIOJIBHBIX COCTMHEHUMN B XUIKUX Cpe-
nmax. BeIOpaHHBI cmoco0 BEIpaXkeHWsT KOHLIEHTPAIINN
WCIIOJIb3YETCSl B aOCOTIOTHOM OOJIBIIIMHCTBE OITyOI1-
KOBaHHBIX CTaTeil, UMEIOLIMX OTHOIICHME K IIpel-
CTaBJICHHOI B HAcCTOsIIIE paboTe TeMaTUKE, 1 ITO3TO-
My TIIO3BOJISIET NPOBOAUTH CpaBHEHUSI B Hamboliee
yIOOHOI IJIs1 BOCHIpUATHS (DopMe.

PE3YJIBTATbBI 1 X OBCYXIEHUWE

ITpomMexxyTounbie mpoaykTel OmocuHTe3a MYK y
L. edodes. Haiium npeariojioKeHUsIM O CYILECTBOBa-
Huu Tpn-3aBucumoro cuaTe3a YK rpudom cnoco6-
CTBOBAJIY CJIeIyIOIINE HAOTIOASHUSI.

1. OGHapykeHO SIBJIeHNE OMOCHHTE3a BHEKJIETOY-
Horo Tpn n3ydyeHHBIM 1TaMMoM L. edodes. Ha cunTe-
TUYECKOI Cpelie, U3HAYAIbHO HE colepxkalleil 3Toit
aMUHOKUCJIOTHI, KOHIIEHTpauuu Tpr U3MEHSTUCH B
npeaenax ot 14 Ha 7 cyt mo 24 mr/a Ha 21 cyt. Ilpu
ATOM CHMXXEHWE KOHIICHTpAIIMM HaOIIonaJIoch Ha 7 1
14 cyr. JInsg Bcex M3yYeHHBIX BO3PAcTOB KYJIBTYPBI
BHeceHMe B cpeny no6aBok Tpr (10 u 100 mr/n) npu-
BEJIO K 3HAYUTEJIbHOMY TOBBIIICHUIO COAEPXKAHUS
ATOTO BEIIECTBA B KYJIBTYPaJbHOMN XXUIKOCTH IO CpaB-
HEHUIO C WCXOAHBIM. MaKCUMaJlbHOe KOJIMYECTBO
Tpm, cocraBuBmee okoio 330 Mr/j, oTMEYeHO Ha
14 cyT Ha cpene ¢ modaBkoit 100 Mr/71 3TOI aMMHOKIC-
JIOTHI.

2. BersiBneHo, yro riryomHHas1 Kyiaerypa L. edodes
F-249, pacryiiias Ha T110K030-aclapariHOBOM cpene,
cmocoOHa K 0O0pa3oBaHUWIO SKCTPALEUTIONISIPHON
MYK. B KOHTPOJIbHOM OITbITE HAMOOJIbIIIAsT KOHIIEH-
Tpalus 3TOro ayKcruHa (0KoJj10 7.5 Mr/1) Habioaanach
Ha 21cyt. I1pn 3K30reHHOM BBEIIEHMH B MUTATEILHYIO
cpeny Tpn comepxanne MYK moBbICWIIOCH, a MaKCHU-
myMa (9.4 mr/n) nocturiio Ha 14 cyT Ha cpefie ¢ 100aB-
Kkoit 100 Mr/71 aMUHOKUCIIOTHI, T.€. TP HauOOJIbIIICH
KoHueHTpauuu Tp.

Ne 3
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Brnusaue nHooaa Ha 06pa3oBaHNe BHEKJICTOYHBIX MHIOJIBHBIX COeTUHEeHU TpruooM L. edodes F-249

VYcioBust ombita KoHeuHast KOHIIEHTPAIIUS B KyJIBTYPabHOM XXKUAKOCTH, MT/JT

MHﬂgﬂfﬁ i Bp”f:; PO~ TAM VAAM MNYK WTBK Ton
KonTtponas (cpena 3 3.7 3.3 3.7 H.0.* 19.5+

Ge3 urizora) 7 3.8 3.2 H.0. H.0. 13.8

10 4.2 3.1 H.O. H.O. 18.6

14 3.4 2.3 3.7 0.9 16.9

21 39 3.7 7.4 7.7 239

0.1 3 3.1 3.4 4.0 1.0 17.5

7 1.3 H.O. H.O. 0.3 9.5

10 1.9 H.O. H.O. 0.7 10.8

14 2.5 2.6 6.9 5.3 16.1

21 3.3 34 9.0 11.6 20.5

1 3 2.5 2.7 5.5 H.O. 14.8

7 1.3 H.O. H.O. 0.4 8.3

10 1.5 H.O. H.O. 0.9 9.8

14 2.3 2.3 5.6 2.8 16.2

21 2.9 2.7 7.4 5.9 16.7

10 3 2.9 3.0 3.4 0.5 17.1

7 1.9 H.O. H.0. 0.3 9.9

10 1.8 H.O. H.O. 0.9 7.9

14 2.4 2.2 6.2 4.7 15.6

21 3.7 2.7 8.1 7.7 17.2

100 3 3.1 3.5 H.O. 0.2 13.9

7 1.2 H.O. H.O. 0.4 13.9

10 1.2 H.O. H.O. 0.4 10.1

14 2.4 2.2 6.1 4.2 15.5

21 3.3 2.2 2.2 16.7 19.1

* H.0. — HE OIIpEACTIACTCA.

TakuM 00pa3oM, Ha CTAPTOBBIX MMO3UILIUSIX BBISIBIIC-
HUS criocoba oOpa3oBaHUsT (GUTOTOPMOHA KYJIBTYpOit
rpuda HaJIMLIO OblJ1a OMOCUHTETUYECKAsT CITIOCOOHOCTD
rpuba B orHomeHnn MYK u ee mpennrectBeHHUKA
Tpm.

OcHoBHBIC M3BeCTHBIE NyTH OmocuHTe3a MYK
cBg3anbl ¢ Tpm. I[1yTe, He 3aBUCUMBII OT TpunTodaHa
(Tpr-HEe3aBUCUMELIT), BCTpEYaeTCs y paCTeHMIA, a cpe-
I bakTepuii OOHAPYKEH y a30CTTMPUILT U IIMaHOOAK-
Tepuii. K HacrosieMy BpeMeHU MpeBalupyeT MHe-
HMe, YyTo BKJIad TpIi-He3aBUCHMMOro IyTH B OMOCUHTE3

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

MNYK He3HauuTeneH, caM MEXaHU3M 3TOrO MyTU OMO-
CMHTE3a ayKCMHOB He m3y4deH. M Bce-Takm MHEHUS
HCccliemoBaTeiel pa3ae/Inch. Tak, XOTS IIpeiie-
CTBYIOILIME PabOTHI JOKA3BIBAIOT CYILIIECTBOBAHUE WH-
JoJalleTAMUIHOTO NyTH Y Azospirillum brasilense (6],
MIPUBOAAT OMOXMMUYECKIE W TeHETUISCKIE 000CHO-
BaHUS MCIIOJIB30BAaHUS a30COUPUIIAMU TaKKe ITyTU
yepe3 MTIBK [7, 8], 1 B TO ke BpeMs IealoT IIPeaIio-
JioxkeHust 0 ToM, uto 90% YK 'y Azospirillum dGuocuH-
TE3UPYETCS 110 TPUITTO(haH-HE3aBUCUMOMY IyTH [6].
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Panee mosyyeHHble HaMu AaHHbIE [9] mokaszanm,
YTO B KYJIETYPaIbHOM XUIKOCTU L. edodes F-249 npu-
CYTCTBYIOT IIPOMEXYTOYHBIC COCTMHEHUS TPEX ITyTei
Tpn-3aBucumMoro ouocuHteza MYK — uyepes TAwm,
MNAAM u UTIBK (Tabnuia). DT1o corjiacyercs ¢ u3-
BECTHBIMU JaHHBIMU, COIVIACHO KOTOPBIM CITOCO0-
HOCTh cuHTe3upoBath MYK cpasy mo HecKOIbKMM
Pa3HBIM peaKlLMsIM OOHapYKeHa Y pa3IMIHBIX MUKPO-
OpPraHU3MOB, B TOM YMCJIe HEKOTOPbIX rpuboB. MHTe-
pecHo, uto MAABA, ABISIOUIUIACS MHTEPMEINATOM
cunte3a MYK kak n3 UT1BK, Tak 1 n3 TAM, BBISIBJICH
TONbKO Ha cpenax ¢ mobdaskoii MITBK, rme MAABI
HaKaIUIMBAJICS B OOJIBIIMX KOJIUYECTBAX, OAHAKO YPO-
BeHb MYK B TO Xe Bpemst ObUT oueHb HU3KUM. [1yTh
yepe3 UIIBK He peanusyercst 1o koHua. Hu B omHOM
M3 U3Y4EeHHBIX 00pa3lioB He ObLI OOHapyXeH WHIIO-
JInJ-3-alleTOHUTPUII, ellle OJHO IIPOMEKYTOUHOE CO-
ennHeHue cunTte3a MUYK u3 Tpm. Dto cornacyercs ¢
JaHHBIMU JINTEPaATyphbl, COIJIACHO KOTOPBIM Yy IpU0OOB
ciiydaeB cuHTe3a MYK depes 310 coenmHeHune 10 cux
TI0p He ObLIO BHISIBJICHO [5].

IIpeanocbiiku Tpn-He3aBMCMMOTO NYTH CHHTE3a
NYK y mmurake. Haimy npeanoaoxeHust 0 BO3MOX-
HOCTH CYIIIECTBOBaHUS Y M3ydaeMOil TpMOHOM KYJIBTY-
poI iyt 6nocuHTte3a MYK, otmanoro ot Tprr-3aBu-
CHMMOTO, OCHOBBIBAJIMCh M3HAYAJILHO Ha CJICTYIOIIEM.
[MTpunsito cuurars [10, 11], yTo GaKTepUaabHbII CUH-
Te3 UYK — 310 nyTh AeTOKCUUKALIUM TpUIITOdaHa.
Kak yka3bsIBaloT HEKOTOPHBIC aBTOPHI [12], y OakTepui,
Hanpumep A. brasilense, HeT MHOTO IyTU ACTpamgally
TOKCUYHOTO Jj1s1 HuX Tp11, Kpome TpaHpOpMal ero
B UYK. TToatomy st 6akTepraIbHBIX TTPOIYIIEHTOB
nMeHHO Tpr — Haubonee 3(pHeKTUBHBIN U “Lieeco-
obpasHbIii” npenmectseHHUK MYK [13].

J1J1s1 u3ydaeMoro HaMu BBICIIETo rpuda, B OTIUYue
OT azocnupuii, Tpn TOKCUYHBIM HE SBJSIETCS IO
KpaifHeil Mepe BIUIOTh JO OTHOCUTEJIBHO BBICOKUX
KOHIIEHTpalMii, KOTOpble TpUOHast KyJbTypa co3laet
Mpu TJIyOMHHOM KyJbTUBUpOBaHUU (10 330 MKT/MII,
CM. BBILIIE).

Tpr-He3aBUCUMBIN MyTh CBsI3aH ¢ cuHTe30M MYK
M3 MHIOJIa, aHTPAHWIOBOM KWCIOTbI, WHAOJWI-3-
rmauepodocdara. OTHUM U3 CIOKHBIX MOMEHTOB Ha
OyTU J0Ka3aTeIbCTBAa IpII-HE3aBUCUMOCTU OMOCHH-
te3a MYK saBisieTcst To, YTO MHOOJI — BEIIECTBO, KOTO-
poe MOXeT CIYXUTh KakK mpeaiiecTBeHHUKoM MYK
npu Tpr-He3aBUCUMOM OMOCHHTE3€, TaK U IIpealle-
CTBEHHUMKOM TpuIntodana. Tpr, cMHTEe3MpOBaHHBIN
U3 WHOOJA, 3aTEM TaKXKe MOXET CIIYXKUTh IIpeIIie-
crBeHHUKOM st UYK [14].

B pesynbrate nzyuenns omocuaTe3a MYK 6akrepm-
SIMI MHOTHE aBTOPHI IIPUXOMIST K BEIBOAAM, TIO3BOJISIIO-
MM UM CYIWTb O MPEANOYTUTEIHLHBIX BEIIECTBAX —
npemectBeHHUKax MYK Ha mytu ee OWocuHTe3a.
ApryMeHTHI TAaKOBBI:

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

HWBWUJIEBA u np.

(1) 6axkrepun He moryT npomszBoauth MYK Tpr-
HE3aBHUCHMBIM ITyTeM IIPY KyJIBTUBUPOBAHUM C MHIO-
JIOM KaK TIPeIIIeCTBEHHUKOM 3TOT0 (PUTOrOpMOHA,
notoMy 4to cuHTte3 MYK He ctumynupoBaics npu
BBIpalllUBaHMM OaKTepuii Ha cpenax ¢ uHuoygoM [13].
OTO0 Mpearnosaraet, YTo UHAOI HE SBISIETCS TPEaro-
4TUTEIbHBIM MpeairecTBeHHnKoM MYK B cpaBHeHUM
¢ Tpm;

(2) ncnonb3oBaHWE MUKPOOPTaHM3MAMM aHTpa-
HMJIOBOUM KHMCJIOTBI WJIM MHOoja st cuHTeda UYK
“OecTpunToaHOBBIM” TTyTEM MaJlOBEPOSITHO, II0-
CKOJBKY TIpHCYTCTBHE TPpIT B KYJIBTYpPaIbHOMN KMIKO-
CTH IIPOAEMOHCTPHPOBAHO BO BCEX IKCIIEPUMEHTAX.

Ha ocHOBaHUM MOJTydeHHBIX B HACTOSIIEH paboTe
9KCIIEPUMEHTAbHBIX JAaHHBIX MOXKHO TMpPEeICTaBUTh
apryMEeHThI 32 U MIPOTUB COCYIIIECTBOBAHUSI IBYX aJlb-
TepHAaTUBHBIX myTeii 6uocuHTe3a UYK y L. edodes,
Tpr-3aBucumoro 1 Tpr-He3aBUCUMOTO.

Cpennl ¢ mobOaBlieHMEM WHIOJA XapaKTepHU30Ba-
JIMCh JOCTaTOYHO BBICOKMMHM 3HadyeHusmu HMYK
(mo 9 mr/n) Ha 14—21 cyT KyJIETUBMPOBAHMUSI, TIpUYEM
KoymyecTBa obpazosasiieiicss MYK He 3aBucenm ot
VICXOIHOM KOHILIEHTpaluu nHaona. MckimoueHue co-
craBuia cpena co 100 mr/m unao:na, rae Ha 21 cyT ypo-
BeHb MY K causmics, npuuem KonueHTpanust MTTBK
B 9TOI Xe TOYKE pe3KO yBenuuwiach. JlJaHHBIE TIpe-
CTaBJIeHbI B Tabiuile. TakuMm o6pa3zoM, UHIOTI CTUMY-
JupoBai cuHTe3 UYK.

B Hammx skcrnepruMeHTax Ha CHHTETUYECKOM cpe-
Jle, M3HAYaJIbHO He coiaepXKallleli 3TOro BellecTBa,
KOHIEHTpallMM BHEKJIETOYHOIO Tpm Kojebdaiuch B
npenenax oT 13.8 mr/mHa 7 cyt no 23.9 mr/n Ha 21 cyT.
To ecTb (popMaIbHO HEe OTMeUeHHI citydau, Koraa YK
CUHTE3UpYeTCsl KYJBTYPOil B OTCYTCTBUE TpUNTO(daHa,
n Tpr-3aBucnMeIii ITyTh OnocuHTte3a MYK nmeer me-
CTO y U3y4aeMoil TprOHOM KyJBTYphl. TeM He MeHee
MOXHO IPEAIIOJIOXKUTh, YTO IIPOUCXOIUT NEPEKITIOYe-
Hue Ha Tprn-He3aBUCUMBIN MyTh WM MOJAKIIOUEHUE
3TOro ajbTepHAaTUBHOIO IyTU (UTO BEpOsITHEE), pea-
JIN3yEMOTO B IPUCYTCTBUM 9K30T€HHOIO MHA0a B MH-
TepBasie KoHLeHTpauuit 1 x 1073—1 x 10~* r/x (Ta6-
JIM1A).

Heob6xonmMo oroBopuThCsl B OTHOLIIEHUU T00aBOK
WHOO0JAa, YTO W B 3TOM ciiydae (DOHOBBIN ypOBeHb TpIT
€CTh, HO, BO-TIEPBBIX, OH MPAKTUIECKN HEM3MEHEH B
CpaBHEHUM C KOHTPOJbHBLIM onbiToM, a UYK cuHTe-
supyercs B 1.5—1.9 pa3 6onble (puc. 1a). U 310 He-
CMOTpsI Ha CHUXXKEHWE OMoMacchl Tpuba Ioj BO3ei-
CTBHMEM MH0JIa, KOTOPBIA SIBHO HE OKa3bIBajl MOJO-
KUTEJIPHOTO BIWSIHUSI Ha POCTOBBIE ITOKAa3aTesIn
L. edodes. OH BBI3BIBaJI 3aMETHOE CHIDKEHIE OroMac-
CBHI TTO0 CpaBHEHUIO ¢ KOHTpoJieM (10 34% Ha cpene ¢
100 mMr/n uHaOMA) U CUJIBHO 3aMeJISUT POCT KYJIBTYphI
(puc. 2).
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Puc. 1. Cunres (mr/n) BHekneTouHout MYK (a) u S-runpoxcn-UYK (6) rmyounHo# Kynbsrypoit Lentinus edodes F-249 Ha cpe-
Jax ¢ no6aBJIeHMEM MHIOJIbHBIX COEAMHEHUI TTPU Pa3TMYHON MPOIOJKUTEILHOCTY KYJIBTUBUPOBaHUS (CyT):

I1—-3;11—7; 111 —10; IV — 14; V — 21; K - xoutponb; TAm (I — 0.1; 2—1; 3 — 10; 4 — 100 mr/n); UAAM (5—0.1; 6 —1; 7—
10; & — 100 mr/m); UTIBK (9—0.1; 10— 1; 11 —10; 12 — 100 mr/n); wamon (13 —0.1; 14— 1; 15— 10; 16 — 100 mr/m).

Bo-BTOphIX, KOHIIeHTpawmsl Tpm B cpeae coBep-
1IeHHO UHAM((hEepeHTHA B OTHOLLIEHUW BO3paCTaHMS
ypoBHs 3k3oreHHoro mHmomna B 1000 pa3 (ot 0.1 mo
100 Mr/11), 2 MOTOMY WHOOJ IIPEANOIOXKUTEILHO HE
SIBJISIETCS B JAHHOM CJIydyae CKOJIbKO-HUOYIb 3HAUM-
MBIM TIPEAIIECTBEHHUKOM TpI ¢ JajibHEUIIUM Mpe-
BpaiueHueM mnocieaHero B MYK. IoBbllieHHBI ypo-
BeHb WHAOJIa B KYJIBTYpaJIbHOW Cpejie yCUJIMBal OMO-
cunte3 MYK, a He tpunrodana. Ilostomy MBI
TOBOPHUM O TIOAKJIIOYeHUHN TpIi-He3aBUCUMOTO MyTH.

He TonbKo B ciiydyae ¢ 9K30reHHbIM UHI0JI0M UMe-
JOTCSI TIPU3HAKU 3TOTO MyTH, HO Takxke Mpy MHAYLIM-
poBaHuM ouocuHTe3a MYK ee sK30re HHbIMU MUKPO-
no6askamu (1 x 1075—1 x 1078 r/n). Hanpumep, ripu
ncxonHoi koHueHTpauuu 1 x 1077 r/n MYK Ha 10 cyr
BbIpalllMBaHUS yPOBEHb (DUTOTOPMOHA COCTABUII OKOJIO

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

4 x 10~* /11, T.e. Bospoc B 4000 pa3 (puc. 3a). [Tossie-
HUE aHTPAaHWIOBOI KUCIOTHI (mo 1.5 Mr/i) Kak Ipu-
3Haka TpI-He3aBMCUMOTIO IyTU OTMEYEHO HAMM TOIb-
KO B 9TUX 3KCIIEPUMEHTAJILHBIX YCIOBUsIX (puc. 36). B
TO 3ke BpeMs caM TpIl B KyJIbTypaJIbHOM XXUIKOCTU He
OBII OOHApPYKEH HU ITPU OITHOM M3 8 MCCIeIOBaHHBIX
KoHIeHTpauuii modasku MYK.

Kpome aHTpaHWIOBOM KMCJIOTBHI, B IIPUCYTCTBUU
Hu3kux KoHueHtpaumii MYK (1 x 104—1 x 1078 r/x)
cunte3upyercst MTIBK, onHako nmosiBnenust MAAb —
npoaykra KouBepcun MITBK Ha mytn Tpmn-3aBucu-
moro cuHTe3a MYK — He Habmomamock. Ota cuTyaimst
¢ UAANLI MeHseTcd co caBuroM 3k3oreHHon YK B
o6Jy1acTb GoJsiee BBICOKMX KoHLeHTpaumii (1 x 1074—
1 x 107! r/n), xorma Ha 10 cyT pocra, HarIpUMeEp, Ha-
KarumBayioch ot 3.6 1o 8.7 mr/1 UAAba (puc. 4a).
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Puc. 2. Hakorutenue 6uomacchbl Mmutienust (r/) riryouH-
Hoit KynbTypoii Lentinus edodes F-249 pazHoro Bo3pacTa
(cyT) Ha cpenax ¢ qobasieHueM namona (mr/m). 1 —0; 2—
0.1; 3—1;4—10; 5—100.

CrnenoBaTeIbHO, OOBIYHO BbIIBUTAeMBbI€ B JIUTEPA-
Type IPUIMHBI OTCYTCTBUS TpI-He3aBUCUMOCTH OMO-
cunte3a MYK y Gakrepuii He UMEIOT MeCTa B OTHOIIIE-
Huu L. edodes. I1onydeHHBIe pe3yIbTaThl IIpearnoara-
0T, YTO AaHTpaHWIOBas KWCJIOTAa WU WHOOJ
JocTaToyHO 3 deKTuBHbIe MNpenmecTBeHHUK MYK
Mo cpaBHEHUIO ¢ Tpr. A TakKe ITO3BOJISIIOT BBISIBUTH
9 dEKT HU3KUX KOHLIEHTPALUi 9K30T€HHbIX MHIO0Jb-
HBIX COEIMHEHUI B U3y4aeMOU TPUOHOM KYJIBTypE.

Dddexr Mmanbix 103 UYK B DIyOMHHOI KyabType
mmuTake. brnonornyeckas aktusHocTh MYK B HU3K1MX
KOHILICHTpaLIMSIX He M3y4eHa, OKOHYATEJIbHO He OIIpe-
JieJIEH MOJICKYJISIDHBIN MeXaHU3M (DUTOTOPMOHAJIBHO-
ro aevictBuss MYK, HeT oObsicHeHUsT NBYX(a3HOCTU
BO3ACUCTBUS TeTepoaykcHa. OOHO M3 TIPOSIBIICHUIA
yKa3zaHHOI nByX(da3HOCTH OOHapy:KeHO B paboTe
C.M. Porauenoii [1]. [Ipu MomemmpoBaHUM IeHACTBUS
MYK Ha nmonyJIsiLuio UCITOJIb30Balach KyJIETypa 3eJie-
HBIX ITPOTOKOKKOBBIX BOOpoceit Scenedesmus quad-
ricauda (Turp.) Breb. (Bogopociu 3Toro pojaa npojay-
oupyioT MYK n HakamaImBaioT ee B KyJbTypaJbHOMN
cpene). B kadecTBe 1mokasaTesist BO3ACHCTBUS XUMMU-
YEeCKOTO BEIIeCTBa Ha IMOIYJISLIAIO MCIIOJIb30BaloCh
u3MeHeHUe ee ynucjieHHocTu. Okazanock, ytTo YK B
koHUeHTparuax 10~7—10"!"" monb/n cmepxXuBaeT
POCT YMCJICHHOCTH IIOIYJISIHAM, B KOHICHTpaLlUU
5.7 x 1077 MONB/JI CTUMYJIMPYET POCT, AaHAJIOTMYHOE
JelicTBre HAOIIOmaeTCs IJIsI BBICIIIMX PACTEHUI. YcTa-
HOBJICH HEMOHOTOHHBINM 0303aBUCHMBII XapaKTep
BozaerictBust YK Ha MHTeHCUBHOCTDL OTOCUHTE3a U
nbIXxaHusl TuaApoobuoHToB. IToka3zaHo, YTO B KOHILIEH-

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA
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tpauuu 5.7 x 107" mons/n UYK ctumynupyet poTo-
CUHTE3 U MHIUMOUPYET AbIXaHUE, B KOHLIEHTpALMAX
5.7 x 10771 5.7 x 10~ Mos1b/71 IEACTBYET IIPOTUBOIIO-
JIOXKHBIM 00pa3oM.

Kpome Toro, B padote [1] moiaydyeHbl JaHHBIE IO
agcopbouuu MYK Ha rpanulie pasgesna ¢a3 Boga—B03-
JIyX B 3aBUCUMOCTH OT KOHILIeHTpalmu. OHU yKa3bIBa-
foT Ha TO, 9To Teopetmueckn MYK moimkHa BhITEC-
HSTBCSI M3 IOBEPXHOCTHBIX CJIOEB BOABI, HO XapaKTep
9KCIIEPUMEHTAJIbHO MOJYYEHHON 3aBUCUMOCTU MO3-
BOJISIET 3aKJIFOUUTh, YTO B OTACIbHBIX KOHILIEHTPALIU-
OHHBIX MHTEPBajlaX UMEIOTCSI 00J1aCTH JOCTOBEPHOTO
HakKoIUIeHUs BellecTBa. IlpryeM OHM XOPOIIIO COB-
nagaioT ¢ 00JacTIMU HanboJjlee MHTEHCUBHOIO CBe-
topaccesHus. T.e. YK B KOHIIEHTpanusix mopsiaka
10~° u 10~ Moub/11 JIydille pacTBOPSETCS B BOAE I1O-
BEPXHOCTHBIX CJIOEB, YIIOPSIIOYMBAET €€ CTPYKTYPY,
YTO MOXET CIocoOCTBOBaTh Oojiee adekTUBHOMY
B3aMMOACUCTBUIO C MEMOpPaHOI UK pelienTopoM. Ta-
KM 00pa3oM, ycTaHoBJIeHa criocooHocTh MYK B
OIpeNeIeHHbIX KOHIIEHTPALMSIX HaKaIlJIMBaTbCs Ha
rpaHulie pasaeiia (a3 U BbI3bIBaTh (ha30BbIi A-Tepe-
XOJI B CTPYKTYPE CETKI BOTOPOIHBIX CBSI3EH BOMIBI, YTO
MOXET O0YCIOBJIMBATh 3P (heKT MaJIbIX 403 U pa3HOHA-
MPaBJI€HHOCTh OMOJIOTUYECKOIO AESUCTBUSI BEILIECTRA.

B Hacrosiiieit padote 1pu UCIIOJb30BaHUM B Kaue-
CTBE OMOJIOTMYECKOTO OOBEKTA MCCIICTOBAHMS KYIETY-
pbl rprba HIMUTaKe TPEACTABIISIO UHTEPEC BbIsSIBIIE-
Hue “3¢deKTa MaIbiX 103 OMOJIOTMIECKN aKTUBHBIX
BELIECTB UHAOJbHOU MPUPO/IbI.

ITon BnustHWeM 3k3oreHHoit MYK Habmomanu
CTUMY/JIMPOBAaHUE pOCTa IJTyOMHHOIO MULEIUS B
OIpeeIeHHOM KOHIIEHTPAallMOHHOM MHTEpBaje ayK-
cruHa. MOXHO OTMETUTh, YTO HAaOOp KPHMBBIX POCTa
rpuba (3aBUCMMOCTH HAKOIUICHUSI CyXOM OMOMAacChl
OT TIPOJOJDKUTEILHOCTA BBIpAllIMBaHUSI, pHUC. 5S)
MPaKTUYECK BO BCEM MHTEPBaJie 3HAYEHMIA IO OCHU
abclyce AeUTCS Ha 2 TPYNITbl KPUBBIX C TTIOTpaHMY-
HOI KpUBOI, COOTBETCTBYIOLIEeH KOHIIeHTpauuu MYK
10~ r/n1. Bbllue mocieaHei — 06JacTh aKTUBUPOBAH-
Horo aykcuHoM pocra, 1078—1073 r/im1 UYK. Huxe —
0071aCTh C 3aBUCUMOCTSIMU IIPOTUBOIIOJIOXHOTO CBOM-
CTBa, rie ypoBeHb no6aBok MYK cocrasmsr 10—
10~ r/n. TIpy NPOOJIKUTENLHOCTY BbIPALIMBAHUA
3—7u 12—28 cyT (T.e. Ipu BCceX U3yYEeHHBIX BO3pacTax
KYJIBTYpBI, KpoMe nHTepBajia 8—11 cyT) onTuMaabHOK
KoHueHTpauueii MYK okazanace Ben1nuuHa mopsiaka
1077 /.

ITpu uccnegoBaHWM BAUSIHUSL JOOABOK 3K30T€H-
Hoii UYK Ha ee comepkaHue B KyJIBTyPaJIbHOM XU/ -
Koctu L. edodes konuenTpaums aykcuaa 104 r/in oka-
3aJ1ach IEPEJIOMHOM B TOM CMBICIIE, UTO ypoBeHh MYK
B cpelie CTall Bhillle ucxogHoro (puc. 3a). KonneHnrpa-
uus go6asku MYK 1077 r/n (0.57 x 10~ Mmosb/n) oka-
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Puc. 3. Bausinue no6aBok sk3oreHHoit YK (mr/in) Ha conepxanue (Mr/in) MYK (a) u aHTpaHUJIOBOI KMCIOTHI (0) B KYJIBTY-
pabHOM XKUIKOCTH TITYOUHHOM KynbTYphI Lentinus edodes F-249 pasHoro Bo3pacrta (cyt): [ — 3; 11 — 7; [II — 10; IV—14; V—21.

3ay1ach TIpUMedaTeTbHa TeM, YTO MHIYIMpoBaia BO3-
pactanue ypoBHs ¢utoropmona B 4100 pas.

ITpu no6asnennu MYK Hadmonamock BecbMma 3Ha-
YUTENIbHOE CTUMYJIMpoBaHUe OmocuHTe3a MAAIbL —
no 9.7 mr/n Ha 21 cyT BbIpalllMBaHUs IIMUTaKe
(puc. 4a). OgHaKO TaK MPOUCXOAMJIO JUIIb OO J0-
cTikeHus BearmanHbl 1074 r/1 UYK, Huxe KOTOpoii
a(pdeKT OTCyTCTBOBAI.

Wnpomn-3-mupoBrHOTpagHast KWCJIOTa HaKarliv-
Bajlach B cpene yepe3 21 CyT KyJbTUBUMPOBaHUSI Tpubda
Opy JIIOOBIX KOHIIEHTpalMsiX aykcuHa (puc.40), HO
JIMIIb HYoKe BemmurHbl 10~ r/71 sk3orenHoit YK yaa-
nock ooHapyxuTh MTTBK yxe Ha 14 cyt, mpuyem B 3Ha-
yuMbIX KonmdectBax (0.56 mr/i).

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

CHHTe3 BHEKJIETOYHOU aHTPaHWJIOBOW KHUCIOTHI
MIyOUHHOM KyabTypoil L.edodes F-249 pa3zHoro Bo3-
pacTta Ha cpenax ¢ nobapinenueM MYK He Habmoman-
s BIUIOTh 710 YPOBHA 3K30r€HHOro aykcuHa 10~ r/n
(puc. 30), HIKEe KOTOPOTO KOHILIEHTpalysl aHTpaHM-
Jata coctaBwia rmoutu 0.4 mr/n yxe Ha 10 cyT Kysib-
TUBUPOBaHUS. MaKCUMyM MPOAYKLIMU aHTpaHuIaTa
(1.5 Mr/n) npuxoaWJICS Ha BApUAHT OITbITa C UHAYLI -
pytoieii konuentpauueii MYK mopsiaka 1077 r/n
(0.57 x 10~° Mmomb/mn).

B nepeunciieHHBIX pa3HOHANpaBIeHHBIX 3G PeK-
Tax 3k3oreHHo YK monyumio JomoTHUTEIBHYIO
WUTIOCTPALIMIO BHIIICONMCAHHOE MEMCTBUE MajbIX
1103 putoropmMoHa. JleiicTBUTENbHO, TaK Xe, KaK 1 B
Ne 3
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Puc. 4. BausHue no6aBok 3k3oreHHoir MYK (Mr/n) Ha conepxanue (mr/n) MAAnba (a) u UTIBK (6) B KyabTypajbHOM KU~

KOCTHU TIyOMHHOU KyNbTyphl Lentinus edodes F-249 paznoro Bo3pacra (cyt): [ — 3; 11— 7; III — 10; IV —

pabore [1], cBoero poma TOYKO cMeHBI “3HakKa”
ouonoruueckoro aeiictBusa MYK crana KoHLeHTpa-
us 5.7 x 1077 monw/n (1.0 x 10~* r/m). Kpome Toro,
npu ucrnoiab3oBaHuM MYK B KOHLIEHTpaLlMK HOPSIJI-
ka 10~ monb/n (1.75 x 1077 r/1), crmoco6CcTBYIONIEIH,
10 JaHHBIM BBIIIIeyKa3aHHOI paboThI, 6ojee adpdek-
TUBHOMY B3aMMOIEHCTBUIO ayKCMHA ¢ MeMOpaHOM
WJIN pelieNTOPOM, Mbl HaOII01aJIu aOCOMIOTHBIE MaK-
CUMYMBI B COOTBETCTBYIOIICH CEpUU SKCIIEPUMEHTOB
(o6pazoBanue MYK u anTpanmuiara).

Binsnue YK u ee npeaimecTBeHHNKOB HA MMTMEH-
Tanuio L1younnoro muneus L. edodes F-249. 3naue-
HUE pacTUTEJIbHBIX TOPMOHOB JJI1 MOp(dooOpazoBa-
HUSI BBICIITUX TPUOOB-KCUJIOTPODOB MPAKTUIECKU HE
HCCJIeTOBAHO.

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

14: V= 21.

HexkoTtoprsle mokazarenbcTBa y4acTust (pUTOropMo-
Ha MYK B mpoueccax MmopdoreHerndyeckoit audde-
peHuManuy rpuooB poaa Lentinus, moaydeHHEIE B X0-
JIe TIPOCTBIX 9KCIIEPUMEHTOB, CYIIIECTBYIOT JOCTATOY-
HO JAaBHO, XOTS 1 OITMCaHbI B eIMHUYHBIX padoTax [15,
16]. D! aBTOPHI IPEAIIONATAIOT, YTO (PUTOTOPMOHAM
MPUHAIJIEKUT BaXKHOE MeCTO B auddepeHIrnanmnmu
TPUOHOI KyJIBTYpPhI U UTO TIpoliecc MoporeHesa Tec-
HO CB$I3aH C IMHAMUKOM YPOBHSI SHAOT€HHBIX PETYJIsI-
TOPOB POCTa, B TOM uncie aykcuHa MYK.

HUccnenosBanme ponn (GpUTOTOPMOHAIIBHBIX Be-
mecTB B MeTabomu3Me L. edodes mproOpeTaeT 0ocoOyio
aKTyaJIbHOCTb Ha CTaJluy, TIPEAIIECTBYIOIIEH TII0A0-
HOIIIEHUIO 1 XapaKTepUu3ylolleiics y muuTake GopMu-
pOBaHUEM CIELIMAIU3UPOBAHHOIO BET€TaTUBHOIO 00-
Ne 3
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Puc. 5. Hakoruienue 6uomaccel mutienust (/1) riryOuH-
Hoit KynbTypoii Lentinus edodes F-249 pazHoro Bo3pacta
(cyT) Ha cpenax ¢ nobdasieHueM UYK (r/x):
1—0;2—108%3-107;4—107% 5- 1075, 6 — 1074
7-1073;,8—-10"%9—1071.

pa3oBaHUsI — KOPUYHEBOW MUILIEIMATbHON TUICHKU
(KMII), mockoabKy OMOXMMHYECKHE YCJIOBUSI BO3-
HUKHOBEHUSI 3TON MOP(OreHeTUYeCKON CTPYKTYphI
IO CUIX TIOP OCTAIOTCSI MAJION3yYEeHHBIMU.

ITpu usyuyenuun Bozaericteuss MYK u ee mpeniie-
crBeHHUKOB — Tpr, TAMm, MAAM, UTIBK 1 namona —
Ha pocT morpyxeHHoro muienus L. edodes F-249 B
OOJIBLLIMHCTBE CTy4aeB He HabJ1l01a10Ch UBMEHEHU B
MoOpONOTMM  KYJBTYpEl. VICKITIOUYeHne cocTaBmIa
cpena ¢ 0.1 mr/mn MAAM. Ha maHHoi1 cpefe oTMedeHo
COKpallleHUe BPEeMEHU MOSIBJIEHUSI KOPUUYHEBOW MM-
HeauaabHO mieHKU. T1ieHka mosiBuiach Ha cpefie ¢
9TOI 100aBKOH yxKe Ha 17 cyT, Torma Kak B KOHTPOJIb-
HOM BapHraHTe, IIpU APYrux KoHLeHTpauusx MAAM u
Ha cpelax C OCTaIbHbIMU UHAOJbHBIMU COEIMHEHMSI-
MU, ee¢ 00pa30BaHMs HEe HAOIIOAAIOCh.

I[Ipu wuccrenoBaHMM MHTEHCUBHOCTHM POCTOBBIX
npoueccoB L. edodes B npucyrctBun MAAM oxkasa-
JIOCh, YTO UMeHHO ypoBeHb 0.1 mr/a1 MAAM B ucxof-
HOI MUTaTEIbHOM Cpeie COOTBETCTBOBAI HAUOOJIbIIIE-
MY TTOJIOXUTeIbHOMY 3(h(hEKTy B OTHOILLIEHUU HAKOT-
JICHUSI MULEIValIbHOM OuoMmaccel (puc. 6). Ilpm
YKa3aHHOI OITHUMAJILHONM KOHLeHTpauuu MAAM, B
CBOIO OYepeab, UMEHHO Ha 17 CyT IprUpoCT GMOMacChl
Obl1 MAKCUMAaILHBIM (24%).
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Puc. 6. Hakoruienue 6uomaccol Mutienust (T/J1) rryOuH-
Hoi1 KynbTypoii Lentinus edodes F-249 pazHoro Bo3pacTa
(cyT) Ha cpenax ¢ mobasineHueM MAAM (Mr/i).

1—0;2—-0.1;3—1;4—10; 5—100.

B uccnenoBaHHBIX HaMU 00pa3lax KyJabTypaJlbHOM
xunkoctu S-ruapokcn-MYK — oxkucnenHas gpopma
NYK — npucyrcTBoBaia B KOHTpOJIE, Ha cpeaax ¢ TAM
n MAAM 11pu Bcex Bo3pacTax MULIEINSI, KOHIIEHTpa-
LIMU ee TIpU 3TOM KoJjiebanauch B Mpeaenax ot 0.78 mo
2.63 mr/n (puc. 16). UckirodeHre cocTaBriia cpefia ¢
0.1 mr/n MAAM, toe Ha 14—21 cyT ypOBeHb 5-TUAPOK-
cn-NYK pes3ko yBenmamiics Ha nopsnok. Kak Onuio
CKa3aHO BHIIIE, 3TOT BapMaHT OITbITA OTIMYAJICS OT
OCTaJIbHBIX PaHHUM IIOSIBJICHEM KOPUYHEBOM MUIIE-
JmanbHO 1teHKu. Ha 14 cyt HaGmomamack 3aMeTHast
MMUTMEHTaLMsI MULIEIUsI, a K 17 cyT IIJIEeHKa IOJIHO-
CTBhIO OoOpasoBajack. MOXKXHO TIPEaIIOJIOXNUTh, YTO S5-
runpokcu- MYK BosirekaeTcs B rmporecc (popMrupoBa-
Husg KMII.

HakoruieHre 3HauUUTeIbHOW OMoMacchl MULIETUS
MPUHAMLICKUT K YUCTy (haKTopoB, HEOOXOIUMBbIX JUIsT
nepexona K MOpMOreHeTUYEeCKOW CTaauu, Mpealie-
cTBytoleit mmonoHomreHuo (KMIT y muurake), HO
HE SBJSIETCS JOCTAaTOYHBIM YCJIOBMEM Pa3BUTHUS
KMII. B dopmMupoBaHre NUTMEHTALIMM MUIICIHS
JIOJIKHBI OBITh BOBJIEUEHbI TAKXKE OKMCIEHHbBIE TTPOU3-
BOJIHbIE MHJIOJIA, yYacTHE KOTOPBIX B MpPeBpalleHUSIX
5,6-IUTHIPOKCUUHIOI—UHAOI-5,6-XHHOH-MeJIaHO-
XpOM—MeJIaHVH, B Cy4yae KaTajiu3a IpuOHbIMU TUPO-
31MHa3aMu MPUBOISIIMX K 00pa30BaHUIO MEJTAHUHOBBIX
MUTMEHTOB I'pUOOB, U3BECTHO JOCTATOYHO OaBHO [17].

Takmm 00pa3zoM, Ipy TIIYOMHHOM KYJIBTUBAPOBA-
HUU KCWToTpodHOro 6aszuanomuiieTa L. edodes BHISIB-
JIeHa TpyTia MeTaboJIMTOB UHIOJILHOU TTPUPOIbI, CO-
CTaB U KOJIMYECTBEHHOE COOTHOIIIEHNE KOTOPBIX MO3-
BOJISIET  CYAUTb O  COCYIIECTBOBAHUM  JIBYX
Ne 3
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asTepHaTUBHBIX ITyTeit 0mocunTe3a MYK y L. edodes:
Tpn-3aBucuMOro (B OCHOBHOM 4Yepe3 TPUIITAMUH) U
Tpr-He3aBUCHMMOTO, peaJIn3yeMOro He TOJIbKO B MPU-
CYTCTBUM 3K30T€HHOTO WHA0Ja B UHTEPBaJIe KOHIIEH-
tpammii 1 x 10~3—1 x 10~* r/n, HO ¥ Py MHIYLMPOBA-
Hum OmocuHTe3a YK ee 3K30reHHBIMM MUKPOIO-
0aBKkaMu. BbIsIBIIeHO ydyacTue MHIOIWI-3-alieTaMuaa
1 S-ruapokcu-MYK B MopdhoreHeTu4eckKux Iporec-
cax KyaeTyphl L. edodes. YctaHOBIeHA B3aMMOCBSI3b
ypoBHsI MAAM n 5-runpokcn-MYK ¢ dopmupoBanm-
€M KOPUYHEBOI MULIECINAIbHON IUIEHKH B TIIyOMHHOMN
KyJIBTYpE, ¢ MpolleccaMy pocTa U pa3BUTHSI TPUOHOTO
MULIEIUS MPU TTYOMHHOM KYJIETUBUPOBAHUU.

Pabora BbimosiHeHa npu noagepxke PODU-
BP®DU, rpant 10-04-90021-ben_a.
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Auxin Synthesis by the Higher Fungus Lentinus edodes (Berk.) Sing
in the Presence of Low Concentrations of Indole Compounds

O. M. Tsivileva, E. A. Loshchinina, O. E. Makarov, and V. E. Nikitina

Institute of Biochemistry and Physiology of Plants and Microorganisms, Russian Academy of Sciences, Saratov, 410049 Russia

e-mail: tsivileva@ibppm.sgu.ru

Received March 21, 2011

Abstract—The auxin formation in a submerged culture of the xylotrophic basidiomycete Lentinus edodes
(Berk.) Sing (Lentinula edodes (Berk.) Pegler) (shiitake) is studied. Biologically active substances of an indole
nature are identified, “the effect of small doses” of which lies in not only the stimulation of growth of the
mycelium (indole-3-acetic acid, 2 x 10~7—2 x 10~* g/1), but also in the induction of tryptophan-independent
paths of auxin biosynthesis. The above-mentioned path is realized in the presence of exogenous indole
(1 x 1073=1 x 10~* g/1), as well as while inducing the biosynthesis of indole-3-acetic acid by its microaddi-
tives (1 x 107—1 x 10~%g/1), and is accompanied by the formation of anthranilic acid (up to 1.5 mg/1). Induc-
tion of the generative development stage of shiitake by indole derivatives is revealed. It was found that among
the studied compounds only indoleacetamide at a concentration of an order of x10~* g/l in the culture fluid
of L. edodes had a pronounced stimulatory effect on the formation of shiitake’s brown mycelial film.
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INDUCTION, PURIFICATION AND MOLECULAR CHARACTERIZATION
OF SULFHYDRYL OXIDASE FROM AN EGYPTIAN ISOLATES
OF Aspergillus niger
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The conditions for the sulfhydryl oxidase (SOX) production and activity from an Egyptian isolate of Aspergil-
lus niger were optimized. Purification and determination of the kinetic properties (K, and V,,,,) of the puri-
fied enzyme have been done. The possibility for the SOX induction using L-Cys (as a natural substrate) was
studied to determine whether SOX could be produced as an inducible enzyme in addition to being a consti-
tutive one (i.e. whether induction leads to increase SOX production and activity or not). The optimum tem-
perature and pH for its activity were found to be 60°C and 5.5, respectively. The activity of the induced intra-
cellular SOX, was measured according to Ellman’s method using the standard GSH oxidation where it reached
94% while that of non-induced one reached only 27.6%. This wide difference in activity between the induced
and non-induced SOX indicates the successful L-Cys-induction of the SOX production (i.e. SOX from A. niger
AUMC 4947 is an inducible enzyme). Molecular characterization of the pure SOX revealed that it is consti-
tuted of two 50—55 KDa subunits. K,, and V,,,, were found to be 6.0 mM and 100 puM/min/mg respectively.

Sulfhydryl oxidase (SOX, EC 1.8.3.2) has an im-
portant and essential vital role in the generation of dis-
ulphide (S—S) bonds in proteins by the oxidation of
the free thiol (—SH) groups of Cys residues in their
polypeptide chains [1-3]:

2R-SH + 0, — R—S—S—R + H,0,

These disulphide bonds (or bridges) maintaining
the tertiary and quaternary structures of proteins
which are essential for any protein to perform its spe-
cific function (i.e. structure-function relationship).
SOX is known to be present in several mammalian sys-
tems including bovine milk and kidney and human
skin [1], white avian eggs [4], rat immune, reproduc-
tive, respiratory, and digestive systems along with the
retina and skin and various secretory endocrine glands
(e.g. hypothalamus, pituitary, pineal, and adrenal) and
the pancreatic islets of Langerhans [5]. Aspergillus so-
Jae, Aspergillus niger, Aspergillus oryzae, Bacillus subti-
lis, and Penicillium lilacinum were found to produce
SOX activity at levels high enough for its potential re-
covery but its biochemical role in microorganisms is
not known [1]. Microbial sources of SOX enzymes
have the advantage, over mammalian sources, of being
available in large quantities and economic prices. SOX
from microbial sources appear to be a constitutive en-
zyme, so, it does require induction. SOX is of interest
in applications where oxidation of free sulthydryls to
disulphide linkages is sought, particularly instead of
the non-specific oxidants such as hydrogen peroxide,
peracids, borates, bromates, etc. having unwanted side

reactions. While enzyme-catalyzed reactions provide
the selectivity desired, thereby avoiding side reactions
[1]. One of the industrial applications of SOX is the re-
moval of a burnt flavor from ultra-high temperature
(UHT)-sterilized milk. This burnt flavor is evolved as
a result of the increased level of SH-groups produced
due to the breakage of cysteine disulphide bonds of
this product. Treatment of the UHT-sterilized milk
with SOX will oxidize these free thiol groups and lead
to the restoration of the normal flavor of milk [1]. Bi-
osensing approach for glutathione detection using the
glutathione reductase and SOX bienzymatic system
was made by [6].

The aim of this investigation was to study the effect
of some cultural conditions on the production and ac-
tivity of SOX yielded by an Egyptian soil isolate of
A. niger, in addition to its molecular characterization.

MATERIALS AND METHODS

Four isolates of black Aspergillus (Section Nigri)
were isolated from soil and air in Egypt and assayed for
the production of SOX. A. niger AUMC 4947 was iso-
lated from soil was selected for this study as a high pro-
ducer of this enzyme and deposited in Assiut Univer-
sity Mycological Centre (Egypt).

Culture media. Czapek s medium of the following
composition (g/l): sucrose — 20.0; NaNO; — 2.0;
KH,PO, — 1.0; MgSO, — 0.5, with or without yeast
extract, was used for the growth of fungus. The com-
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position of the medium was changed according to the
requirements of the experiment.

Effect of nitrogen and sulphur sources on the pro-
duction of SOX. Two sources were used, yeast extract,
1.0 g/1 or urea 1.0 g/1, to replace NaNO; in liquid me-
dium. Two sources were employed using liquid Cza-
pek’s medium + yeast extract, MgSO, (0, 0.5, 1 and
1.5 g/1) and L-Cys-HCI (0, 0.1, 0.2, and 0.3 mM) in
the absence of MgSO,. The intracellular and extracel-
lular SOX were extracted and enzyme activities were
determined.

Fungal inoculum. The test organism was inoculated
into liquid Czapek’s medium with yeast extract and al-
lowed to grow for 5 days at 28°C, then the culture was
shaken vigorously to have a homogenous spore sus-
pension. 0.5 ml of the suspension was dispensed into
each of triplicate 250 ml flask containing 100 ml of lig-
uid Czapek’s medium with yeast extract and incubated
in the dark at 28°C and 150 rpm.

Crude SOX extraction. The crude SOX was extract-
ed from A. niger AUMC 4947 as intracellularly and ex-
tracellularly. The mycelia were harvested by filtration
using Whatman filter paper No. 1, lyophilized and then
ground in a mortar for 3 min using liquid nitrogen.
The total proteins were extracted using extraction (E)
buffer, 50 mM sodium acetate buffer pH 5.5. Cell de-
bris was removed by centrifugation at 12,000 g for
10 min at 4°C. Protein of the supernatant was gradual-
ly precipitated by incubation with chilled 2x acetone
at 4°C overnight, followed by the same centrifugation.
The supernatant was decanted and acetone was re-
moved from the precipitated protein using desiccator
under vacuum at room temperature. The protein was
dissolved in 1.0 ml of E buffer and the enzyme activity
was determined using Ellman’s method [7].The en-
zyme sample was incubated with 2.0 mM L-GSH at
pH 5.5 and 25°C. At different time intervals, 100 ul of
reaction mixture was added to 900 pl of 1.0 mM 5,5'-
dithiobis(2-nitrobenzoic acid), DTNB, mixed well
and incubated at 37°C for 5 min. OD,,, was measured
against blank using Genway 6305 spectrophotometer
(USA). The blank was prepared by adding 100 pl of E
buffer to 900 pl ImM DTNB. The remaining [-SH]
was calculated from:

SH concentration in the sample M =
= (total volume/sample volume) x OD,;,/13600.

In another experiment, the A. niger spore suspen-
sion was first cultured in liquid Czapek’s media with
0.1% yeast extract and 0.05% MgSO, for 3 days in the
dark at 28°C and 150 rpm. Then, mycelia were collect-
ed by filtration, washed three times with sterile dis-
tilled water, and transferred into different concentra-
tions of pure L-Cys (1.0 or 5 mM Cys in 50 mM E
buffer). The control (non-induced) sample was pre-
pared by transferring mycelia into E buffer without L-
Cys. The induced and control mycelia were incubated
for further 3 days in the same conditions, and the de-
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crease of L-Cys concentrations in the extracellular
media was monitored using Ellman’s method [7] indi-
cating a successful induction of the SOX production.

Enzyme assay was carried out by incubating 65 ul
of SOX with 260 pul of 2.0 mM GSH in E buffer pH 5.5
and at different temperatures (4, 15, 25, 37, 50, 60, 70,
or 80°C). After 15, 30, and 60 min, 100 ul of reaction
mixture was added to 900 pl of 1.0 mM DTNB, mixed
well, and incubated at 37°C for 5 min. Then OD,;, was
measured and the concentrations of oxidized SH-
groups and the SOX activities were determined. Assay
was carried out at 60°C and different pH values.

Purification of SOX. Sephadex G-100 in E buffer
was used for packing the column (50 x 2 cm). The
crude protein sample, dissolved in the same buffer, was
applied to the column, and 1.5 ml-fractions (54) were
collected. To determine the protein concentration
OD,4, was measured and an assay of SOX was carried
out in every fraction. Fractions that gave the positive
SOX assay were collected and concentrated using in-
cubation with chilled 2x acetone at 4°C overnight.
Then centrifugation was carried out at 12,000 g for
10 min, the supernatant was decanted and acetone was
removed from the partially purified precipitated pro-
tein. Then it was dissolved in E buffer (pH 5.5) and ap-
plied to 5 ml Q Sepharose column (GE Healthcare,
UK) using peristaltic pump (HBI, multistaltic pump,
USA), with a flow rate of 1.0 ml/min. 20 mM Tris HCI
buffer (pH 7.0) was used as a mobile phase with in-
creasing gradient of NaCl from 100 mM to 1M. The
purified precipitated protein was then dissolved in E
buffer and analyzed by SDS-PAGE.

10% SDS-PAGE was performed using the method
of [8], where unstained protein molecular weight
markers (Fermentas Life Sciences, Germany). The
current was adjusted to 22 mA. Protein bands were vi-
sualized by the double staining of the gel using Coo-
massie Brilliant Blue R 250 and ProteoSilver Plus Sil-
ver Stain kit (Sigma, USA).

The pure SOX dissolved in E buffer (pH 5.5), was
incubated with increasing concentrations of substrate
(2.0—5.0 mM GSH in the same buffer) at 25°C and
the different activities of SOX were determined as de-
scribed above. Lineweaver-Burk plot was constructed
and the Michaelis-Menten constant (K,,) and maxi-
mum velocity (V,,,,,) of substrate oxidation were calcu-
lated.

RESULTS AND DISCUSSION

Effect of nitrogen and sulfur sources on the produc-
tion of SOX. A. niger AUMC 4947 showed weak
growth on liquid Czapek’s medium containing sodium
nitrate as inorganic nitrogen source after two weeks of
the dark incubation at 28°C, and thus, there was no
enzyme production. On the other hand, when 0.1%
yeast extract was used as organic nitrogen source in the
growth medium the fungus showed a good mycelial
Ne 3
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Fig. 1. Comparison between the intracellular and extracellular SOX production in the presence of yeast extract (a) and urea (b)
as a nitrogen source in growth medium of 4. niger AUMC 4947. [ — intracellular SOX; 2 — extracellular SOX.
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Fig. 2. Intracellular SOX production at different MgSO, (a) and L-cysteine (b) concentrations in growth medium of A. niger

AUMC 4947.

growth and SOX was expressed both intracellularly
and extracellularly. These results are in agreement with
data of Oy [9] who reported that 4. niger generates suf-
ficient quantities of SOX both intracellularly and ex-
tracellularly. The intracellular purified SOX, however,
was found to have higher activity than the extracellular
one as shown in Fig. la. On the contrary, when urea
was used as a nitrogen source, the activity of the extra-
cellular enzyme was much higher than that of the in-
tracellular SOX as shown in Fig.1b. This study demon-
strates the importance of organic nitrogen sources
(yeast extract and urea) for both the mycelial growth of
A. niger AUMC 4947 and the SOX enzyme produc-
tion, in comparison with the inorganic nitrogen source
(sodium nitrate) supported weak mycelial growth.
These results are in agreement with other authors [9—
11] who reported that for A. niger growth, the best ni-
trogen sources were found to be yeast extract, casein
and other sources of the protein nitrogen, compara-
tively to the mineral nitrogen. Also it was reported
[11—13] that organic nitrogen sources were better sup-
plements for the fungus than inorganic nitrogen
sources.

It was noticed that in the absence of MgSO, the
mycelial growth of A. niger AUMC 4947 was markedly

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

weak and there was no enzyme production and the
SOX activity. The enzyme activity increased with the
increasing of MgSO, concentration until it reached
0.1% (Fig. 2a). On the other hand, the results obtained
revealed a very weak mycelial growth, and the SOX ac-
tivity in the presence of L-Cys (Fig. 2b). These results
proved the importance of oxidized sulphate (MgSO,)
for both mycelial growth and the SOX production and
inability of the fungus to use L-Cys as a sulfur source
instead of sulfate. Some microorganisms other than
A. niger also preferred oxidized sulfur sources over re-
duced ones. For example, Rothwell [14] investigated
the nutritional requirements of Penicillium variabilie
and found that its isolate utilized inorganic sulfur
(MgSQO,). Thus, it could be concluded that A. niger
AUMC 4947 prefers the oxidized inorganic sulfur
compounds much better than the reduced organic sul-
fur compounds for both mycelial growth and the SOX
production.

Induction of SOX enzyme using L-Cys-HCI. After
mycelial growth for 3 days on Czapek's medium in the
presence of yeast extract and MgSO,, the mycelial
mate was transferred to pure L-Cys taken in different
concentrations (Fig. 3) for 1 h. In these conditions the
fungus A. niger AUMC 4947 produced an excessive
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Fig. 3. The intracellular SOX induction after incubation of
3-days mycelial mat of 4. niger AUMC 4947 in the pres-
ence of pure L-cysteine.

amount of both intracellular and extracellular SOX
(i.e. L-Cys-induced SOX) compared to the control
grown in the absence of L-Cys. The [SH] yiqizea%, T€-
flecting the activity of the induced intracellular SOX,
was measured according to Ellman’s method [7] using
the standard GSH oxidation where it reached 94%
while that of non-induced one reached only 27.6%.
This wide difference in activity between the induced
and non-induced SOX indicates the successful L-Cys-
induction of the SOX production (i.e. SOX A. niger
AUMC 4947 is an inducible enzyme). Starnes et al. [1]
reported that the microbial SOX was constitutive and
did not need induction. So, it could be concluded that
L-Cys, being a natural substrate of SOX enzyme, when
added to the media of A. niger AUMC would induce
the fungus to produce an increasing amount of both
intracellular and extracellular SOX. Thus, this is the

MOUBASHER et al.

first report of an excessive induction of this enzyme by
L-Cys after mycelial growth for three days on Cza-
pek’s media in the presence of yeast extract and
MgSO,.

The results presented in Fig. 4a showed that the en-
zyme activity was performed at a wide range of tem-
peratures (15—70°C) and the optimal temperature was
found to be 60°C (using GSH as a substrate). Oy [9]
reported that the optimum temperature for the A4. niger
SOX is in the range of about 30 to about 45°C in the
acetate buffer. Also, the optimum temperature for the
Aspergillus sojae SOX is about 42°C [1] and for SOX
from chicken white eggs is 25°C [4]. From that, it
could be concluded that the temperature optima of
SOX activity differ with the different sources of SOX
enzyme and also with the geographical distribution.

As shown in Fig. 4b, the 4. niger AUMC 4947 SOX
exhibited activity over a range of pH values (4.5—7.5),
i.e. from acidic range to slightly alkaline, where the
optimum pH was found to be pH 5.5. This result is in
agreement with the fact that the optimum pH for the
A. niger SOX is slightly acidic of about pH 5.0—5.6
when the substrate is GSH dissolved in sodium acetate
buffer [9, 15, 16] Also, the optimum pH for the A. so-
jae SOX is about 6.5 [1]. On the other hand, SOX can
exhibit its optimum activity at a neutral or slightly al-
kaline pH as in the case of a Penicillium species having
an optimum pH of the enzyme about pH 7.0—7.8 us-
ing GSH as a substrate [17], rat seminal vesicle having
its optimum pH of about 7.0 [18] and chicken white
eggs having an optimum pH its of about pH 7.0—8.0
[4]. Thus, it can be concluded that the optimum pH
for the SOX activity is quite different among different
organisms, genera and species.

Purification of SOX. Purification of the A. niger
AUMC 4947 SOX was performed in two steps by gel-
filtration (Sephadex G-100) and anion-exchange
chromatography (Q-Sepharose) where the purified

[—SH]oxidized> WM (a) [—SH]oxidized>» MM (b)
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1600 |+ 1400 |-
1400 - 1 1200 2
1200 F 1000 | 3
1000 | 2 800
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800 3 400
600 200 -
400 0r
200 ! . : . ! ! ! ! ! ! : )
0 20 40 60 80 100 3 4 5 6 7 8 9 10
Temperature, °C pH

Fig. 4. Effect of temperature (a) and pH (b) on the SOX activity of 4. niger AUMC 4947 after different periods of incubation:

1 —15min, 2 — 30 min, 3 — 75 min (for a) and 60 min (for b).
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Fig. 5. Lineweaver-Burk plot for the purified SOX of
A. niger AUMC 4947.
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Fig. 6. SDS-PAGE of the purified SOX from A. niger
AUMC 4947 (lane ), and protein markers ( lane 2)
stained by Coomassie Brilliant Blue R-250.

SOX enzyme was eluted between 100-300 mM NaCl.
Lineweaver-Burk plot was constructed, (Fig. 5) and
the Michaelis-Menten constant (K,, = 6.7 mM) and
maximum velocity (V,,,, = 100 pmol/min/mg) of sub-
strate oxidation were calculated for the purified SOX
of A. niger AUMC 4947. This enzyme was found to be
a dimer enzyme, with two 50—55 kDa subunits visual-
ized as two bands by the double staining of the gel after
SDS-PAGE using Coomassie Brilliant Blue R 250
(Fig. 6). Oy [9] recorded that the A. niger SOX had a

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA
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molecular weight of about 106 kDa and it was consti-
tuted by two subunits with a molecular weight of about
50 to 55 kDa as determined by SDS-PAGE. Vignaud
et al. [16] reported that molecular weight of the
A. niger SOX was 110 kDa. These data are in agree-
ment with our results.
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An a-L-rhamnosidase secreting fungal strain has been isolated and identified as Aspergillus clavato-nanicus
MTCC-9611. The enzyme was purified to homogeneity from the culture filtrate of the fungus using concen-
tration by ultrafiltration membrane and ion-exchange chromatography on CM-cellulose. The native PAGE
analysis confirmed the homogeneity of the purified enzyme. The SDS-PAGE analysis of the purified enzyme
revealed a single protein band corresponding to the molecular weight 82 kDa. The a-L-rhamnosidase activity
of Aspergillus clavato-nanicus MTCC-9611 had optimum at pH 10.0 and 50°C. The K, values of the enzyme
were 0.65 mM and 0.95 mM using p-nitrophenyl a.- L-rhamnopyranoside and naringin as a substrates respec-
tively. The enzyme transforms naringin to prunin at pH 10.0 and further hydrolysis of prunin to naringenin
does not occur under these reaction conditions that makes a.-L-rhamnosidase activity of Aspergillus clavato-
nanicus MTCC-9611 promising enzyme to get prunin for pharmaceutical purposes.

a-L-rhamnosidase (EC 3.2.1.40) [1] cleaves termi-
nal o-L-rhamnose specifically (Fig. 1) from large
number of natural products [2]. The enzyme occurs
widely in nature and has been found in animal tissues
[3—4], plants [5—6], fungi [7—12] and bacteria [13—
15]. It is a biotechnologically important enzyme due
to its various applications, like debittering of citrus
fruit juices [16—19], enhancement of wine aromas
[20], preparation of many drugs and drug precursors
by derhamnosylating the terminal L-rhamnose con-
taining substrates [21—23].

a-L-rhamnosidases with different properties are
suitable for various biotechnological applications. For
example, a-L-rhamnosidases which have pH optima
in the range 3.0—4.0 are more suitable for debittering
of citrus fruit juices because they also have pH in the
range 3.0—4.0. a-L-Rhamnosidases having pH opti-
ma in the alkaline range will be more suitable for the
enzymatic conversion of naringin to prunin because
[-glucosidase activity which is responsible for further
hydrolysis of prunin to naringenin will not be active in
alkaline pH range even if it is present in the prepara-
tion of a-L-rhamnosidase. The most of the o-L-
rhamnosidases reported so far have pH optima either
in the acidic [3, 11, 24, 25] or in neutral [4, 13, 26] pH
ranges. No o-L-rhamnosidase with pH optimum
greater than pH 8.0 has been reported so far.

The aim of the study is to purify an a.-L-rhamnosi-
dase from Aspergillus clavato-nanicus MTCC 9611
having pH optimum 10.0. The enzymatic properties
like K,,, pH and temperature optima of the purified
enzyme have been determined and its use in the enzy-
matic conversion of naringin to prunin has been dem-
onstrated.

MATERIALS AND METHODS

Chemicals. p-nitrophenyl-o- L-rhamnopyranoside,
naringin, L-rhamnose, rutin, DEAE cellulose and
CM cellulose were purchased from Sigma (USA). All
the chemicals used in the PAGE including the protein
molecular weight markers were procured from Banga-
lore Genei Pvt. Limited (India). All other chemicals
were either from Merck Ltd Mumbai (India) or from
S. D. Fine Chem. Ltd Mumbai (India) and were used
without further purification.

Isolation of fungal strain and production of the en-
zyme. The fungal strain was isolated in our laboratory
from decaying rice on the soil by streaking method on
Petri plate using potato dextrose agar medium [27].
The fungal strain was identified as A. clavato-nanicus
at MTCC Centre, Institute of Microbial Technology in
Chandigarh (India) and was deposited there with iden-
tification number MTCC-9611. The fungal strain was
maintained on slants of potato dextrose agar medium.

The secretion of a-L-rhamnosidase by the A. clav-
ato-nanicus MTCC 9611 cells was studied in the liquid
culture medium having composition (g/1): CaCl, —
1.0, MgSO, 7H,0 — 3.0, KH,PO, 20.0,
N(CH,COONa); — 1.5, MnSO,— 1.0, ZnSO,- 7TH,0 —
0.1, CuSO,- 5H,0-0.1, FeSO, - 7TH,0O — 0.1, sucrose —
40.0, ammonium tartarate — 8.0 and H;BO; — 10.0 mg/1.
One ml of the spore suspension (spore density 8 x
x 10¢spores/ml) from the agar slant was inoculated
aseptically into the liquid culture medium (20 ml) kept
in 100 ml culture flask which also contained from 0.5
to 1.5% of naringin or rutin as inducer. The experi-
ments were performed in triplicates. The culture flasks
were incubated in a Biological Oxygen Demand incu-
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Fig. 1. The a-L-rhamnosidase reaction.

bator at 25°C under stationary conditions. Aliquots of
one ml were withdrawn at the regular intervals of 24 h,
filtered through Millex syringe filters (0.22 um) and
analyzed for the presence of o.- L-rhamnosidase activ-
ity as described below.

Assay of a-L-rhamnosidase activity. The activity of
a-L-rhamnosidase was assayed using naringin as the
substrate following the Davis method [28]. The reac-
tion solution consisted of 2.5 ml of 0.86 mM naringin
dissolved in 0.2 M Na-acetate-acetic acid buffer
(pH 4.5) maintained at 60°C. 0.25 ml of the enzyme
extract was added to the mixture, then 0.1 ml aliquot
was withdrawn immediately and added to 2.5 ml of
90% diethylene glycol followed by the addition of
0.1 ml 4 N NaOH. 0.1 ml aliquots were withdrawn at
the intervals of 5 min and treated in the same manner
as mentioned above. The samples were maintained at
the ambient temperature at least for 10 min and OD
were measured spectrophotometrically. The absor-
bance values were converted into the concentrations of
naringin values by using a calibration curve for narin-
gin. The rate of naringin hydrolysis was calculated
from the plot of the concentration of naringin versus
time. One unit of enzyme activity (IU) was defined as
the amount of enzyme required to hydrolyze 1 pmol of
naringin per min of under the above assay conditions.

During the purification of a.-L-rhamnosidase and
the determination of K,,, pH, and temperature optima
of the purified enzyme, the activity of o.-L-rhamnosi-
dase was assayed using p-nitrophenyl-o-L-rhamnopyr-
anoside as the substrate and monitoring the formation
of p-nitrophenol spectrophotometrically at 400 nm by
the method reported Romero et al. [29]. The molar ex-
tinction coefficient value 21.44 mM~' cm~! was used
for the calculation of enzyme unit. UV-Visible spec-
trophotometer Hitachi (Japan) model U-2000 which
was fitted with electronic temperature control unit was
used for spectroscopic measurements. The steady state
velocity measurements were reproducible within 5%
errors.

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

Purification of o-L-rhamnosidase. For the purifi-
cation of a-L-rhamnosidase, the fungus was grown in
15 sterilized 100 ml culture flasks containing 20 ml of
liquid culture medium supplied with 1.0% rutin. The
maximum activity of a-L-rhamnosidase was revealed
on the third day of the growth. The fungal cultures
were pooled and the mycelia were removed by filtering
the culture medium through 4 layers of cheese cloth.
The culture filtrate was centrifuged at 10,000 rpm for
20 min at 4°C and supernatant (250 ml) was concen-
trated to 15 ml using Amicon concentration cell mod-
el 8200 and ultrafiltration membrane PM 10 with mo-
lecular weight cut off value of 10 kDa (Millipore,
USA). Then it was concentrated by putting in the dial-
ysis tube and covering with sucrose and dialyzed
against 0.01 M citric acid-phosphate buffer, pH 4.0,
for 24 h. The appropriate condition for the binding of
a-L-rhamnosidase on CM cellulose was determined
experimentally by the reported method [30]. Three ml
of the dialyzed enzyme solution was loaded on CM-
cellulose column of size 2.5 x 15 cm equilibrated with
0.01 M citric acid-phosphate buffer, pH 4.0. The col-
umn was washed with the same buffer and o.-L-rham-
nosidase activity was eluted using the linear 0—1.0 M
NaCl gradient in the same buffer (50 ml of the buffer +
+ 50 ml buffer containing 1.0 M NaCl). 5 ml fractions
were collected and analyzed for the o-L-rhamnosi-
dase activity and for protein concentration (Lowry’s
method). The o.- L-rhamnosidase active fractions were
combined and concentrated using sucrose. The puri-
fied concentrated enzyme sample 2.8 ml was stored at
—20°C until use.

SDS-PAGE and native PAGE analysis of the puri-
fied enzyme. The homogeneity of the enzyme prepara-
tion was checked by SDS-PAGE analysis using the
method reported by Weber and Osborn. The resolving
gel was 10% acrylamide in 0.375 M Tris-HCI buffer
(pH 8.8) and stacking gel was 5% acrylamide in
0.063 M Tris-HCI buffer (pH 6.8). The electrophore-
sis buffer was 0.025 M Tris-glycine buffer (pH 8.5).
The gel was run at constant current of 20 mA. The mo-
Ne 3
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Purification steps of a.-L-rhamnosidase from Aspergillus clavato-nanicus MTCC-9611

Steps Total | Activity, | Protein, Specific Total Total protein, | Purification, | Recovered,
P volume, ml| IU/ml | mg/ml |activity, [U/mg| activity, [U mg fold %
Culture filtrate 250 0.03 0.08 0.37 7.50 20.0 100
Concentration by ultra- 15 0.35 0.31 1.13 5.25 4.65 3 70
filtration and dialysis
Eluted from CM-cellu- 24.5 0.06 0.01 6.00 1.47 0.25 16 20
lose column

lecular weight markers used were phosphorylase-97.4,
bovine serum albumin-66.0, ovalbumin-43.0, carbon-
ic anhydrase-29.0 and soyabean trypsin inhibitor
20.1 kDa.

The native polyacrylamide gel electrophoresis was
done using the reagent kit supplied by Bangalore Ge-
nei Pvt. Limited (India). The resolving gel was 8%
acrylamide in 0.39 M Tris-HCl buffer (pH 8.8) and the
stacking gel was 5% acrylamide in 0.068 M Tris-HCI
buffer (pH 6.8). The molecular weight markers used
was catalase (240.0 kDa). In both PAGE the proteins
were visualized by silver staining.

Determination of the enzymatic characteristics.
The K, value of the purified o.-L-rhamnosidase for the
substrate p-nitrophenyl-o-L-rhamnopyranoside was
determined by measuring the steady state velocity of
the enzyme catalyzed reaction at different concentra-
tions of p-nitrophenyl-a-L-rhamnopyranoside (from
0.1 to 5.0 mM) using the method reported Romero
et al. [29]. The K, value was determined by linear re-
gression analysis of the data points (average of tripli-
cate measurements) of the double reciprocal plots.
The value of K, of the purified enzyme for the natural
substrate naringin was also determined in the similar
way except that the steady state velocity of naringin
hydrolysis was determined by Davis method [28].

The pH and temperature optimum of the purified
enzyme was determined by using p-nitrophenyl-a-L-
rhamnopyranoside as the substrate and measuring the
steady state velocity of the enzyme catalyzed reaction
in solutions of varying pH from 2 to 13 and tempera-
ture from 20 to 70°C. The buffers used were 0.1 M cit-
ric acid-NaH,PO, (Mcllvaine buffer, pH 3—7), Clarks
and Lubs solution buffer (pH 8—10) and 0.1 M Na-
phosphate buffer (pH 11—13).

Studies on the enzymatic hydrolysis of naringin to
prunin. One ml of 1.0 mM naringin in Na-phosphate
buffer (pH 10.0) was treated with 200 pl of the crude
o-L-rhamnosidase containing 3.2 x 10~21U/ml. The
reaction was allowed to occur at 30°C for 1 h. The re-
action solution was extracted thrice with 1.0 ml of eth-
yl acetate. The extract was analyzed using HPLC with
4.6 x 250 mm column, model M-600E with Spher-
isob, Cig, SU (Waters, India Private Ltd). The solvent
used was methanol—water 50 : 50 by volume at the flow
rate of 2 ml/min. The peaks were detected at 254 nm.

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

RESULTS AND DISCUSSION

The purification procedure of the a-L-rhamnosi-
dase of A. clavato-nanicus MTCC-9611 is summarized
in Table and the elution profile of the enzyme from the
CM-cellulose column is shown in Fig. 2. The activity
peak of the enzyme coincides with the major protein
peak indicating that the eluted enzyme is relatively
pure. The results of SDS-PAGE analysis are shown in
Fig. 3a. The presence of single protein band in lane 2
in which purified enzyme has been loaded indicates
that the enzyme is homogenous. The molecular weight
calculated from the SDS-PAGE data was 82 kDa. The
results of native PAGE analysis of the purified enzyme
are shown in Fig. 3b in which catalase has been loaded
in lane 1 and the purified enzyme has been loaded in
lane 2. In the native PAGE, the purified o.-L-rham-
nosidase gives single protein band which supports the
results of SDS-PAGE.

The K,, values determined for the purified enzyme
at 50°C in 0.1 mM sodium phosphate buffer pH 10.0
using p-nirophenyl-a-L-rhamnopyranoside and nar-
ingin as the substrate from double reciprocal plots (da-
ta not shown) were 0.65 mM and 0.95 mM respective-
ly. The K, values using the same substrate for p-nitro-
phenil-a-L-rhamnopyranoside purified from Fagopyrum
esculeutum [31], Bacteroides JY-6 [13], Pseudomonas
paucimobilis FP 2001 [32], Fusobacterium K-60 [14],
Penicillium decumbens [29] and Aspergillus aculeatus
RhaA and RhaB [11] have been reported to be 0.33,
0.29,1.180.057, 1.52 and 0.3 and 2.8 mM respectively.
Similarly, the reported K,, values using naringin as the
substrate for o.- L-rhamnosidases from Bacteroides JY-
6 [13], Pseudomonas paucimobilis FP 2001 [32], Fuso-
bacterium K-60 [14] and Penicillium decumbens [29]
were 0.89, 0.17, 0.021 and 7.0 mM respectively. Thus,
the purified a-L-rhamnosidase from A. clavato-nani-
cus MTCC-9611 had intermediate affinities for both
p-nitrophenyl-a-L-rhamnopyranoside and naringin
as compared to the reported o.-L-rhamnosidases.

The results of the dependence of activity of the pu-
rified enzyme from A. clavato-nanicus MTCC-9611
on the variation of the pH of the reaction mixture are
shown in Fig. 4a. The enzyme was active in a broad pH
range 4—12 but the maximum activity was at pH 10.0.
The most of the a-L-rhamnosidases reported so far
have pH optima either in the acidic [3, 11, 24, 25] or
Ne 3
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Fig. 5. HPLC of the ethyl acetate extract of the hydrolysis of naringin by a-L-rhamnosidase from A. clavato-nanicus MTCC-9611.
a — control — the ethyl acetate extract of | mM naringin in 0.1 M Na-phosphate buffer (pH 10.0); b — the ethyl acetate extract of

the enzyme (3 x 103 IU) treated naringin after 30 min at 30°C; ¢ — the ethyl acetate extract of the enzyme (3 x 10°3 1U) treated nar-

ingin after 1 h at 30°C.

neutral [4, 13, 26] pH ranges. Only a.-L-rhamnosidas-
es of Clostridium stercorarium [15], Sphingomonas
paucimobilis [33], Pseudomonas paucimobilis FP2001
[32] and bacterium PRI-1686 [34] have their pH opti-
ma values of 7.5, 8.0, 7.9 and 7.8 respectively. Thus,
the purified enzyme from A. clavato-nanicus MTCC-
9611 is the only a-L-rhamnosidase having pH opti-
mum at 10.0. This makes it more suitable for the enzy-
matic conversion of naringin to prunin, a pharmaceu-
tically important rare compound, because at this pH,
B-glucosidase activity even if present in the o-L-
rhamnosidase preparation will not be able to further
hydrolyze prunin to naringenin.

We detected also the pH stability of the purified en-
zyme in the pH range (2—12) and found that the en-
zyme was the most stable at pH 4.0.

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

The variation of the activity of the purified enzyme
with temperature of the reaction solution is shown in
the Fig. 4b. The temperature optimum of the enzyme
was 50°C. The temperature optima of the o.-L-rham-
nosidases reported in the literature [7, 9, 10, 34, 35]
were in the range 40—80°C.

One of the applications of o.-L-rhamnosidase is in
the conversion of naringin which is 4',5,7-trihydroxy-
flavanone 7-rhamnoglucoside to prunin which is
4',5,7-trihydroxyflavanone 7-glucoside. If B-glucosi-
dase activity is present in the a.-L-rhamnosidase prep-
aration, the glucose unit of prunin is further cleaved
giving naringenin which is 4',5,7-trihydroxyfla-
vanone. To make the a-L-rhamnosidase preparation
suitable for the conversion of naringin to prunin, it
must not contain -glucosidase activity or it must be
active in alkaline pH range where [-glucosidase
Ne 3
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should have no activity. Keeping these points in view,
crude preparation of o.- L-rhamnosidase from A. clav-
ato-nanicus MTCC-9611 was tested at pH 10.0 for the
conversion of naringin to prunin. The results of HPLC
analysis of the ethyl acetate extract of the enzymatic
hydrolysis products are shown in Fig. 5b, c. The peak
at retention time 3.99 min is due to naringin and the
peak with retention time 2.99 min is due to prunin.
Pure samples of naringin and naringenin gave peaks at
retention time 4.0 and 7.4 min respectively under
identical conditions. In Fig. 5, there is no peak corre-
sponding to retention time 7.4 min indicating that
there is no naringenin present in the enzymatic hy-
drolysis products of naringin showing that prunin is
not hydrolyzed to naringenin by crude enzyme prepa-
ration. In the ethyl acetate extract 76% of the enzy-
matic reaction products was prunin indicating that the
purified a-L-rhamnosidase from A. clavato-nanicus
MTCC-9611 can be used for the conversion of narin-
gin to prunin and prunin is not hydrolyzed to naringe-
nin under these conditions.
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Buocunre3 pymuxunazomnHoB F u G (®X), PC-2 1 nurmeHToB rpubdoM P. thymicola BKM FW-869 Ha-
MPSIMYIO0 3aBUCUT OT KOJIMUECTBA YIJIEPOJHOro cyocTpara (MaHHUT) B cpene. [1pu Bcex u3yuyeHHbIX KOHLIEH -
TpaluMsaX MaHHUTA MTpeodiianaja MPOAYKIIMS TUTMEHTOB. YCIIOBUEM MPeNMYIIeCTBeHHOTo 6MocuHTe3a DX
rpuboMm P. thymicola siBnsieTcsi TMMUTUPOBAaHUE UCTOYHUKOM yriepoaa (MaHHUTOM) U npucytcTBue NaCl
B cpene KynbruBupoBaHus rpuba. NaCl oka3biBaeT peryisiTOpHOe BIMSIHME Ha 00pa3oBaHUE BTOPUYHBIX
MeTaboIUTOB, yBeanunBast ouocuHTe3d ®X 1 cHUXKast o6pazoBaHue MUTMEHTOB. MaKCcUMaJibHbIE MOKa3a-
Tenu 6rocrHTe3a PX 1 MoAaBICHUE MTPOLYKIIMY ITUTMEHTOB JOCTUTHYTHI IIPY KOHIIEHTPAIllMM MaHHHUTA B

cpene 20 r/nu 2.5% NaCl.

MutienuanbHble TPUOBI SIBISIOTCS TIPOAYILIEHTAMU
0MOAKTUBHBIX BTOPUYHBIX META0OJUTOB, OTHOCSIILIUX-
¢S KaK K MMKOTOKCHMHAM, TaK M K MeTabomTaM, o0J1a-
JAIOIINX BaXKHBIMM TEpaIrieBTUYECKMMM CBOMCTBAMM,
KOTOpbIe HAIILTM TTpUMeHeHue B MeauiinHe. K Hum ot-
HOCSITCSI XMTHA30JIMHOBBIEC AJIKAJIOMIBI, BCTPEYAOIIN -
ecs 'y rpu0oB ponoB Aspergillus, Penicillium, Acremoni-
um, Neosartorya. J1J1s1 XWHA30JIMHOBBIX COETMHEHU B
3aBUCUMOCTHU OT 3aMECTUTEJIeH TToKa3aH pa3HooOpas-
HBI Ouoyiorndeckuii 3¢¢eKT: OO0NeyTOSIONINIA,
MIPOTUBOBOCHAJIUTEIbHBINM, aHTUMUKPOOHBIN, OpPOH-
XOJIMTUYECKUI, CENaTUBHBIN, MPOTUBOOITYXOJIEBBIN 1
ap. [1]. IIpencraBuTeassMy XMHA30JIMHOBBIX aJIKAJIOM-
JIOB SIBJISIIOTCS (PyMUXUMHA30JMHEI A-G, oOpa3yronme-
Csl U3 aHTPAHWJIOBOY KUCJIOThI, TpUNTOMaHA 1 alaHU-
Ha. VX mpomyLupyioT HEKOTOpbIE IIITaAMMbI T'pUOOB
Aspergillus fumigatus n Penicillium thymicola (2, 3].
dymuxuHazouHbl F u G 00iagaloT MpoOTUBOPAKO-
BOIi aKTMBHOCTBIO Ha KJIETKM JuMdQoneiiko3a P 388
(EDs,13.5 Mkr/mi 1 13.8 MKT/MJ1 COOTBETCTBEHHO) [2].

Panee y mrramma P. thymicola BKM FW-869, Bbi-
JIeJICHHOro M3 oOpa3lna Kpuolsra Bo3pactoM 100—
120 ThIC. JIET, OBIIM MAEHTUGULIMPOBAHBI PyMUXMHA-
30muHBl F 1 G (®X) 1 MeTabOIUT MOMUKETUIHOM
npupoasl PC-2 (6-(1-ruapoKCUNEeHTHT)-4-MeTOK-
cunupaHoH) [4].

Lenb paboThl — M3yYEeHUE BIMSIHUS Pa3IUIHbBIX
¢dakTopoB Ha OmocuHTe3 pymuxuHazoauHoB F u G
rpubom P. thymicola BKM FW-869 u BbIsBiIcHME
YCJIOBHI1, ONTUMAaJIbHBIX JJISI TIPOAYLIUPOBAHUS 3TUX
METabOJIMTOB.

METOAUKA

Ucnonb3oBanu mtamm P. thymicola BKM FW-869
n3 Bcepoccuiickoii KOUIGKIIMM MUKPOOPraHU3MOB

NB®M PAH (BKM). [pu6 BhIpalinBagim TIIyOWUH-
HBIM cIT0cO00M B 150 MJI MUHEpaIbHOI Cpeabl B KO-
6ax oobemom 750 ma mpu 24 + 1°C Ha Kavaike
(220 06/MuH). IToCTOSHHBIMA KOMIIOHEHTAaMU CPE/I
ObLTU (T/71): stHTapHas kucnota — 5.4, MgSO, - 7TH,0 —
0.3, KH,PO, — 1.0, pH noBoaunu 1o 5.4 KOHUEHTPU-
poBaHHbIM pactBopoM NH,OH. BiusHue KoHueH-
TpallMd MaHHUTA Ha MPOAYKIIMIO BTOPUYHBIX METa-
OOJIMTOB M3y4asu MPU KOHIIEHTpaluu cyoctpara 10,
20, 30, 40 unu 50 r/n. IToBepXHOCTHOE KYJIBTUBUPO-
BaHMe rpuba M BIMSIHHE MOHOB LMHKA (4.4 mr/n
ZnS0O, - 7H,0) nposonwiu Ha cpene ¢ S0 r/1 MaHHU-
Tta. Bouanue 0.5, 1.0, 1.5, 2.5, 4.0 u 5.0% NaCl Ha
POCT Y1 OGMOCUHTE3 BTOPUYHBIX METAOOIUTOB U3YYa
npu KoHUeHTpanuu mManHuTta 20 r/n. JpoxckeBoit
akcTpakT (“Difco”, CILA) (0.1 r/n), KCI (0.5 r/n),
MOBBIIIIEHHOE  KOJUYECTBO SHTAPHOW  KHUCJOThI
(10.8 r/n1) 1 MOHOB aMMOHUSI BHOCWUJIM B Cpely C
20 r/n manauTa 1 2.5% NaCl. BiusHue IIOKO3bI,
MaHHUTa, KCUJI03bl, apabUHO3bI, caxapo3bl, TJIULIe-
puHa 1 3TaHoJja (8 r yriaeponaa Ha 1 1 cpelibl) Ha POCT
U MPOAYKIIMIO BTOPUUHBIX METAOOJIMTOB M3yYyalud B
cpene (r/n): (NH,),SO, 3.0, KH,PO, — 1.0,
K,HPO, — 0.1, MgSO, - 7TH,O — 0.7. DtaH0oN BHOCUIA
JIPOOHO exkecyTouHO (3 06. %). 3aceB cpe OCyILeCTBIISI-
JIM BOIHOM cycrieH3ueit konnamii (1—2 x 107 criop/mi)
14-cyTouHOU KyJBTYpHI, BBIpAIllEeHHOW Ha CKOIIEH-
HOM cycio-arape. Poct miramMmma olieHUMBaIu Mo cy-
XOM Macce MULIEJINS.

MeTaboauThl M3BJIeKaAU U3 (uibTpaTta KyJabTy-
PaTbHOM XXUAKOCTHU 3KCTpaKLyeil XIopodopMoM, a
W3 MULIEJIUSI — DKCTpaKILMeit MeTaHOIOM. MeTaHOJIb-
HYIO BBITSDKKY pa30aBiisuivu IMcTWiMpoBaHHoi H,O
B cooTHoeHuM 1 : 10 1 akcTparupoBanu xaopodop-
MoM. XJTOpo(POPMHBIE SKCTPAKTHI BHICYIIIWBAJIN HaJl
Na,SO, (0e3BonHbIi) U ynapuBajiu B BaKyyme. AHa-
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Taoamma 1. CoaepkaHre BHYTPUKICTOYHbBIX U BHEKIETOUHBIX DX (Mr/I1) pu MIyOMHHOM U IIOBEPXHOCTHOM KYJIETUBH -
poBaHuu P. thymicola Ha MuHepanbHOI1 cpeae ¢ 50 r/1 MaHHUTA

Ky 15THBHPO- Bospacr BroMac- BHyTpukieTouHbIE BHeknetouHbie CyMMapHbIe
BaHue MHUUENHs, CYT|  ca, I/ MT/71 gg, MI/T CyT M/ q,, MT/T CyT MT/J g, MI/T CyT
IryGuHHOE 6 1.2 1.3 0.2 11 1.5 12.3 1.7
10 1.8 6.5 0.7 40 4.0 46.5 4.7
13 3.9 13 0.6 97 4.9 110 5.5
IToBepxHOCT- 10 1.6 8.3 0.5 33 2.1 41.3 2.6
HOC 17 4.8 18 0.3 50 0.5 68.0 0.8

JIN3 DKCTPAKTOB OCYILECTBJSIIA METOIOM TOHKO-
CJIOMHOI XpoMaTorpaduu Ha IIaCTUHKAaX CUJIMKare-
as (Silica gel 60 F,s,, “Merck”, Iepmanus) B cuCTe-
Max: xjaopodopm—meraHoa—25%-ueiit  NH,OH
(koH11.) (90:10:0.1) (I) m (80 : 20 : 0.2) (II). Beme-
CTBa OOHApYXMBaJIU 10 ITOTJIONIeHUIO B YD-cBeTe U
MOCJIe ONPBICKMBAHUS IUIACTUH PeakKTUBAMM DpiInxa
IUIT OOHaApY:XEHUs WHIoJIcoaepxKalmmx u JpareH-
nopda s uaeHTUGUKALMK a30TCoaepKalX MeTa-
00JITOB.

KoHIteHTpa1inio MeTaboIuTOB ONPEACISIIIN CITeK-
Tpoporomerpuuecku (Specord UV VIS, “Carl-Zeiss
Jena”, Tepmanus): xentbiii nurMmeHT (II-1) mpu
460 um B cmecu (1 : 1) dunbTpata KyJabTypaabHOM
XKUIKOCTU U KapooHaTHoro Oydepa (pH 10.3), xen-
To-Kopn4yHeBbiX NUrMeHTOB (I1-2) mpm 365 HM B
dbunbpTpaTe KyabsTypalibHOM Xunkoctu. KoHlieHTpa-
uio X u PC-2 onpenensuin nocie Ux BbIAEICHUS
U3 XJI0pOo(POPMHOro ocajaka C MOMOIIbIO TIpernapa-
tuBHOU TCX, B MeTaHo1e nipu 285 1 280 HM COOTBET-
CTBeHHO. PacueT IMpon3BOIMIIN, MCTIOIB3YS COOTBET-
CTBYIOLIIME KaTUOPOBOYHBIE KPUBHIC.

TOHWYHOCTh WJIM OCMOJISIIBHOCTD cpen (m,) pac-
CcUuThIBaJIU 10 hopmynam m, =—128loga,,; a,,= N/(n +
+ N); Toe a,,— aKTUBHOCTB BOAbI, N — MOJIM BOIHI B
pacTBOpe, # — MOJM PAaCTBOPEHHBIX BEIIECTB; IS
BJIEKTPOJIMTOB — BMECTO # TIOJACTABJISUIN VA, TIE V —
41CJI0 MOHOB Ha MoOJIeKyny [5].

PE3VJIBTATBI 1 UX OBCYXJIEHWNE

M3BecTHO, UTO HAKOIJICHUE BTOPUUYHBIX METab0-
JINTOB B Cpelie KyJBTUBUPOBAHUS CBSI3aHO C TIPOIIEC-
caMi WX JKCKpEeIMU M3 KIETOK M OIpeaesieTcs
MpexXae Bcero (pU3MKO-XMMUYECKUMU CBOMCTBAMU
COCIWHEHU, MECTOM X OMOCUHTE3a U CITOCOOOM UX
BBIJIEJICHUSI M3 KJIETOK OPraHM3MOM-TIPOAYIIEHTOM.
Panee ®X Boiaensiiv u3 mutienus Aspergillus fumiga-
tus 1 P. thymicola, BBIpallleHHBIX MOBEPXHOCTHBIM
CIIOCOOOM Ha KOMIUIEKCHBIX cpenax [2, 3, 6]. Hamu
OBLIO MpoOBedcHO u3ydeHUe pacrnpeaeacHus OX
MEXIYy MULIEJTUEM U KYJIBTYPabHOM KMIKOCTBIO MTPU
DIYOMHHOM M TIOBEPXHOCTHOM KYJIETUBMPOBAHWH
mramMmma FW-869 Ha MuHepaibHOU cpede (MaHHUT

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

50 r/m). Y rpuba, He3aBUCUMO OT CIT0c00a KyJIbTUBU -
poBaHuUsl, ocHOoBHasl 4yacTb PX OT ux o0I1Iero Koju-
YyecTBa HAXOAWJIACh B KYJIBTYPaJIbHON SKUIKOCTU
(tabiy. 1). Tak, npu IIyOMHHOM KYJBTUBHPOBAHUU
colepKkaHue BHYTpUKIeTOYHbIX PX cocTtaBuiio 12—
14%, a ipy MOBEPXHOCTHOM KYJETUBUPOBAHUU —
25—-35% ot cymmbl ®X. IIpuyeM mpu TJIyOMHHOM
KyJIBTUBUPOBAaHUM YAEIbHbBIE CKOPOCTU OMOCHUHTE3a
(g5) m oxckpennu (q,) OX 6putn BhIIe Ha 30 1 57%
COOTBETCTBEHHO IO CPAaBHEHUIO C MOBEPXHOCTHBIM
poctoMm. CpaBHEHHME BTUX PE3YyJIbTATOB C JTaHHBIMU
JuTtepatyphbl [3] mokaszano MpakTUYeCKH aHaJIoruy-
HBIe 3HAYECHMUS IJISI BHYTPUKIICTOYHOTO COACPKAHUS
®X — 13 1 9 Mr/a1 COOTBETCTBEHHO. TakKM 06pa3oM,
Halllu pe3yJbTaTbl OAHO3HAYHO CBUIETEILCTBOBAJIU,
4Tto HamboJjiee 3((HEKTUBHBIM SIBJISIETCSI TIyOMHHOE
KyJIBTUBUPOBAaHUE C MOCJIEAYIOIIUM BbIICICHUEM
®DX u3 punbrpaTa KyJasTypaibHOMN XXUIKOCTHU.

bri10 00HapyXeHO, YTO B Mpoliecce pocTa rpuda
P. thymicola B pa3muuHBIX cpelax MPOUCXOAWIO OKpa-
IIBaHKE KyJIBTypaJbHOM KUIKOCTH CHavYaia B SIPKO-
XKEJITbI, 3aTeéM B HACBILIEHHBIN XEITO-KOPUYHEBbINA
1BET. AHaAJIU3 9KCTPaKTOB MeToaoM TCX nokazai npu-
cyTcTBMeE oHOro Xentoro nurmeHTa (R:0.7 (1)) u aByx
JKeNITO-KOPUIHEBBIX MUTMEHTOB (R;0.62 1 0.66 (1)).
Bce aTu BelllecTBa He AaBaIu TTOJIOXKUTEIBHOM peak-
MU ¢ peakTuBoM JlpareHgopda, 4TO CBUACTEIb-
CTBOBAJIO 00 OTCYTCTBUM a30Ta B CTPYKTYPE COCIIHE-
Huit. YO-cnektp Xenroro nurmeHta (I1-1) mmen
Ayaxe B 00TACTSIX 224, 302, 461 HM, a CTIEKTPBI XKEITO-
KopuuHeBbIX nuUrMeHTOB (I1-2) ObUIM MIEHTUYHBI
npu 208, 274, 368, 446 M. biauskue 3HayeHUS XPO-
MaTtorpauyecKoil TMOABMXKHOCTU XKEITO-KOPUYHE-
BBIX TUTMEHTOB W OOMHAKOBBI XpoMO(dop, yKa3bIBa-
€T Ha TO, YTO JaHHBIC COSAMHEHUS] MMEIOT CXOTHYIO
CTPYKTYypy. AJIsI TEeHUIWIIOB M3BECTEH OWOCUHTE3
MUTMEHTOB pa3HOOOPa3HON CTPYKTYPbl, CUHTE3UPY-
FOIIMXCST U3 alleTI- 1 MamoHmI-KoA 110 1monmke-
TUAHOMY ITyTH [7].

WM3BecTHO, 4YTO OMOCUHTE3Y WHAOJCOAEPXKAILIUX
METa0OJIMTOB PA3IMYHOU CTPYKTYpPhl CLIOCOOCTBYIOT
Cpenbl, comepkallWe aBa WCTOYHUKA Yrjiepoaa —
kucnoty uukia Kpebca u MemieHHO YTUIM3UpYe-
MBIl YTJIEBOJ, HAIPUMEDP STHTAPHYIO KUCJIOTY U MaH-
Ne 3
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r/m; T1-2 x 100 Mr/n
7 —

DX, PC-2, mr/n
150

6_

100

0

3 5 7 9 11 13 cyr

Puc. 1. JlunamMmuka pocta 1 OMOCUHTE3a BTOPUIHBIX Me-
TabOJIMTOB MPU KyJBTUBUpPOBaHUU P. thymicola B cpene ¢
50 r/n MaHHUTA:

1—6uomacca, r/m; 2 — ®X, mr/n; 3— PC-2, mr/n; 4—11-2,
MT/1.

HUT [8]. BbpUIO M3yYeHO BIUSHUE Pa3IMIHBIX KOHIICH-
TpaluMii MaHHWUTA TIPU TTOCTOSSIHHOW KOHLEHTpaLuu
JIPYTYMX KOMITOHEHTOB Cpeibl HA POCT 1 OMOCUHTE3 Me-
TabomuToB P. thymicola. Cnemyer OTMETUTD, 9YTO MaH-
HUT PaCCMaTPUBAJICS HE TOJIbKO KaK yIJIepOIHbII Cy0-
CTpaT, HO U KaK OCMOIPOTEKTOp, TaK KaK TOHUY-
HOCTh cpen m3MeHsitach ot 0.28 mo 0.50 ocmoeii.
Poct rpuba xapaktepusoBajicsl 1MayKCHUei, 4TO CBU-
JIeTeJILCTBOBAJIO O TIOCJIeIOBAaTE/bHOM YTUJIM3ALUU
YIJIEPOAHBIX cyOcTpaToB (puc. 1). BiusHue KoHIIeH-
TpallM MaHHUTA Ha MaKCUMaJIbHbIE TT0Ka3aTeIu Po-
cTa u OmocuHTe3a MetaboauToB P. thymicola tipen-
cTaBJieHBI B Tabyu. 2. MoxXHO BUAETh, UYTO OMomacca
Bo3pacTaja 10 KoHleHTpaluu 30 1/1 MaHHUTA B Cpe-
Jle, a 3aTeM ocTaBajlach MOCTOSIHHON. Makcumab-

KEJIND®OHOBA u np.

HBIC 3HAYCHMS yACIHbHOM CKOPOCTH pocTa rpmda Ha
CyKlMHaTe (l;) YBEJIMYMBAIUCH N0 KOHLEHTPALUU
40 /1 MaHHMUTA, a Jajee He MEHSUIMCh, YTO CBUIIE-
TEJbCTBOBAJIO O BIUSIHUM TOHUYHOCTU CPEIbl Ha ;.
OnrumalibHasi TOHUYHOCTh CPEIbI IJIsT pOCTa Ha CYyK-
nrHate Oba BhImie 0.45 ocMosneit. MakcuManbHas
yIeflbHasi CKOPOCTh pocTa Ha MaHHUTE (Ll,) BO3pac-
Taja 10 KoHueHTpamuu 30 /1 MaHHUTA B cpele.
JlanpHeiee yBeJMUyeHNEe MaHHUTAa HE BIWUSIIO Ha
coaepKaHue 6MoOMacChl, HO IPUBOINIIO K CHIDKECHUIO
W, B 1.5 pa3a no cpaBHEHUIO C MAKCUMaJIbHBIM 3HaYe-
HMEM. DTU OaHHBIE CBUIETEIBCTBYIOT O TOM, 4YTO
MaHHUT 10 KoHUeHTpauuu 30 r/1 aBisieTcss TUMUTU -
PYIOILLIMM POCT CyOCTpaTOM, a AajibHelllee yBeaude-
HHE ero KOHIICHTpaluu B cpelie IIPUBOIUT K Iepe-
KJIIOYEHUIO HA JPYTrOi JUMUTUPYIOLIUA KOMITOHEHT
cpenbl. st moaTBEp>KASHMS 3TOTO B Cpedy, CoIepKa-
uryro 50 /1 MaHHUTA, BHOCUJIU UOHBI IMHKA. OOHa-
pykeHo yBenmueHue B 1.6 paza 6Gruomacchl (X) U L, Mo
CpaBHEHMIO C KOHTPOJIEM, YTO CBUIETEIbCTBOBAJIO O
HaJIngue TUMUATAPOBAHMS IO IINHKY.

B cocraB metabonoma P. thymicola BeIpallieHHOTO
Ha 3Tux cpenax Bxoamwin X, PC-2 u xxenTo-Kopud-
HeBble murmeHThl (I1-2). JmHamMmka OMOCHHTE3a
KaXJIoro u3 MeTabojIMTOB MMeia CBOM OCOOEHHOCTH
(puc. 1). buocuntes ®X mpoxoaui napauieabHO Po-
CTYy U MMeJ LUKJInYeckuii xapakrep. [TageHue KoH-
LEHTpaLMU aJIKATIOUIOB U CHIKEHUE YAEIbHOMN CKO-
POCTU MX HAKOIUIEHUSI B KYJBTYPAJIbHON >KUIKOCTU
HaOJTIOIaJTOCh BO BTOPYIO Jlar-¢asy (5—6 cyT) U B Haya-
Jie cTtaioHapHoi (¢asbl pocta (11 cyt). Makcumanb-
Hasl KOHIIEGHTpalYs ajKaJOWAOB B KYJIBTypaIbHOM
>KMIKOCTU HabJto1aach B HaYajle BTOPOM cTaliuoHap-
Hoit ¢a3sl pocta. [Tomuketnn PC-2 obHapy:XKuBacs B
KYyJIBTYpaJIbHOM KMIKOCTH OMHOBpeMeHHO ¢ PX, u
€ro cofiep>KaHWe MaJlo U3MEHSJIOCH B ITPOLIECCE POCTa
rpuba. I1-2 HaumHam cMHTE3upoOBaThcsd B a3y ak-
TUBHOIO pocTa rpuba Ha MaHHUTE € 7 CYT, CKOPOCTh

Tadauna 2. BiusiHue KOHLICHTpalMY MAHHUTA HA MAaKCMMaJIbHbIE TT0KA3aTe/IM pOoCcTa 1 OMOCUHTE3a MeTaboauToB P. thy-

micola
ManHnur, r/n
INokazarens

10 20 30 40 50
ToHUYHOCTH CpPeAbl, OCMOJIb 0.28 0.33 0.39 0.45 0.50
buomacca, r/n 2.8 3.9 6.3 6.3 6.3
wy, a! 0.003 0.005 0.008 0.018 0.018
Ly, u! 0.009 0.013 0.014 0.009 0.008
DX, mr/n 18 26 35 46 116
Yox/x» MI/T 6.4 6.6 5.6 7.3 18.4
PC-2, mr/r 1.8 7.9 5.9 7.3 12.0
Ypcoo o MT/T 0.6 2.0 1.0 1.2 1.9
I1-2, M1/ 48 528 595 662 692
Y2 MT/T 17.1 135.4 94.4 105.1 109.8
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Puc. 2. Bnussaue koHueHtpauuu MmanauTa (/1) (a) u NaCl (%) (6) Ha conepxaHue MeTabonuToB rpuba P. thymicola (% ot

CYMMbI METabOJIUTOB):
I — ®X; Il — I1-2; Il — PC-2.

ero OMOCHHTE3a Bo3pacTaa 1 B CTallMOHapHYIO a3y
JOCTUTaJa MaKCUMaJIbHBIX 3HadeHU. Takum obGpa-
30M, AuWHaMHMKa OuocuHTe3a I1-2 mpoxomuna II0
KJIacCUYeCcKoil manoda3zHoi MOAeIN, U3BECTHOM IS
pa3IMYHBIX BTOPUYHBIX META0OIMUTOB 1, B TOM YHCJIE
JJISI MATMEHTOB [9].

KoHIiieHTpalius MaHHUTA B cpeJie oKa3biBajia Biav-
sSIHME Ha TIPOOYKIIUIO BCeX METa0oJUTOB (Tabi. 2).
MakcuMaabHbIe 3HaYeHUST MToKa3aTeseil ux OMOCUH-
Te3a noaydeHsl pu 50 r/n manHuta. CogepXaHue B
KynbeTypanbHoil xuakoctu ®X, PC-2 u I1-2 6nuto
BhIlIE B 6.4, 6.7 1 14.4 paza COOTBETCTBEHHO IT10 CPaB-
HeHuto ¢ 10 r/n MmanHuTa. [1pu Bcex n3ydeHHbIX KOH-
LeHTpauusx ManHuTa Tpeodmanan I1-2 (71—-84% or
CcyMMbl MeTaboiauToB). KOHIEHTpalus MaHHUTa
OKas3blBajia BJWSIHUE Ha COOTHOIIIEHUE METabOJUTOB
B aKcTpakTe (puc. 2a). Tak, ®X u I[1-2 ipu 50 r/n maH-
Huta coctaBuin 14 v 84%, a mpu 10 r/n manauTa — 27
u 71% cootBeTcTBeHHO. [1penMyIieCTBEeHHBIN GHO-
CUHTE3 MUTMEHTA CBUAETEIbCTBOBAI 00 U30BITKE yT-
JIEpOJHOrO cybCcTpara B cpeie KyJIbTUBUPOBAHUS TPU-
06a P. thymicola. 13BecTHO, 4YTO 0Opa30BaHUIO THUT-
MEHTOB  CIIOCOOCTBYET  HM30BITOK  YIJIEPOAHOIO
cybcrpara, NpyMcyTCTBUE B IUTATEJIbHON Cpelie MIOHOB
Kenesa, MeaM, LMHKA 1 apyrue dakropsl [10]. Cue-
JlyeT OTMETUTb, YTO MPU BHECEHUM MOHOB LIMHKa B
cpeny ¢ 50 /1 MaHHUTA, KOHIIEHTPALMS TIMTMEHTOB
1 ux BbIxon Ha I r 6uomaccsl (Y ) ObLIM BbILIE B
3.5 u 2.3 pa3a COOTBETCTBEHHO, YeM B KOHTpOJIE.
DTOT MUKPO3JIEMEHT OKa3blBajl HEraTUBHOE BIIUSI-
Hue Ha OnocuHTe3 DX — KOHLEHTpauus U Yoy
CcHMXanuch B 1.5 1 2.4 pa3za COOTBETCTBEHHO I10 CpaB-
HEHUIO C KOHTPOJIEM.

Takum o6pa3oM, yCTaHOBJIEHO, 4TO y P. thymicola
KOHILIEHTpallusl BTOPOIro yYIJEpOJHOTO cybcTpaTa
(MaHHWT) OKa3bIBalia peTYJIITOPHOE BIIUSTHUE KaK Ha
KOJINYECTBO CUHTE3UPYEMBIX METaOOJIUTOB, TaK 1 Ha
MX COOTHOILIEHHE.

bbbl U3ydyeHbl pOCT M OUOCUHTE3 BTOPUYHBIX ME-
TaOOJIUTOB TPUOOM MPU Pa3TUYHBIX KOHIIEHTPALASIX

6 IIPUKIIAAHAA BUOXMUMHUA U MUKPOBUOJIOTUA

NaCl B cpene, He comepKalleil N30BITKa YIIISPOIHO-
ro cyocrpara (20 r/n maHHuTta). M3 pesyabraToB
TabJ1. 3 BUAHO, YTO TIPU YBEJIMYEHU U KOHLIEHTPALUU
NaCl nporcxoauniao CHUKeHUe 6ruoMacchl, ¥ mpu 5%
NaCl ona coctaBuna 70% ot kKontpous. NaCl no 4%
He MOBIMSLT Ha L, HO mpu 5% NaCl Habmonanoch
CHUXEHUE |L,. 3aBUCUMOCTb YAEJIBbHOI CKOPOCTU PO-
cTa Ha MaHHUTE (l,) OT KoHUeHTpauuu NaCl umena
BUJI KYTTOJIO00pa3HOM KPUBOI ¢ MAKCMMAaJIbHBIM 3Ha-
yeHueM 1pu 2.5% NaCl. Takum obpa3om, Mpu IIy-
OMHHOM KYJIBTUBUPOBAHUM KyJIbTypa IpOsIBJIsia
CBOICTBa YyMEPEHHOM raJ0TOJIEPAaHTHOCTH.

Konuentpauus NaCl B cpene oka3sbiBaja BUsI-
HHe Ha OMOCHUHTE3 BCeX MeTaboauToB (Tabi. 3). bui-
JIO OOHApPYKEeHO, UTO TPHU YBEJIMICHUU KOHIICHTpa-
1 NaCl mpoucxoausio CHUKEHUE MPOAYKIIMU Me-
TaboIUTOB NoaukKeTuaHou mpuponsl (I1-2, PC-2), a
py KOHLeHTpaluu cBhiie 2.5% I1-2 He cuHTe3Upo-
BaJjicsi BooOIie. 3aBUCUMOCTh obpazoBaHusi PX ot
koHueHTpauun NaCl uMmeso KyrmonooopasHyio hop-
My ¢ MmakcumyMmoM Tipu 2.5% NaCl. IIpunyeM B aTUX
yclioBusix coaepxkaHue ®X B KyJIbTypalbHOM KUIKO-
CTH OOCTUIJIO 3HAYeHWI, HaGIIogaeMBIX Ha cpele C
50 r/n manaura (111 r/m). Konuenrpauus NaCl oka-
3bIBajia PEryISITOPHOE BIAUSIHUE KaK Ha KOJUYECTBO
CHHTE3WPOBaHHBIX METaOOJIMTOB, TaK U Ha UX COOT-
HoIlleHWE B 3KcTpakTe (puc. 20). Ilpu ucnoabs3oBa-
Hur NaCl B KOHLEHTpaluu cBbille 2.5% Ha H0JI0
DX mpuxommiock 97—99, a B koHTpoire 28%.

Panee nmpoayuentsl X BbIpalllMBajd Ha KOM-
TUIEKCHBIX CpeJiax, CoAepXKalllMX BbICOKME KOHIIEH-
Tpaly APOXKKEBOTO DKCTPAKTA, MEMNTOHA, CaXapo3bl
WY TJIFOKO3HI [2, 6]. HaMu OBUIO M3y4eHO BIIMSIHUE
apoxkeBoro akcTpakTa, KCl v moBbIIIIeHHOTO KOJIU -
YecTBa STHTAPHOM KUCJIOTHI M a30Ta Ha POCT W OMO-
CUHTE3 MeTaboIuToOB P. thymicola Ha MuHepaJIbHOMI
cpene, coaepxaiueit 20 r/n manuuTa 1 2.5% NaCl.
BHeceHue 3TuX KOMITOHEHTOB MPUBOAUIIO K YBEJIU-
gyeHuio omomaccel B 1.4, 1.5 mim 2.2 pa3a COOTBET-
CTBEHHO T10 CPaBHEHMIO ¢ KOHTpoJieM. HakoruieHue
Ne 3
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Taoamua 3. Bausinue konueHntpauuu NaCl Ha MaKcMMallbHbIE ITOKa3aTeIM POCTAa 1 OMOCUHTE3a BTOPUYHBIX META00 M~

TOB P. thymicola

NaCl, %
[NTokazaTenb

0 0.5 1.5 2.5 4.0 5.0
TOHUYHOCTB Cpeibl, OCMOJIb 0.33 0.66 0. 84 1.18 1.75 2.15
Buomacca, r/n 3.8 3.5 3.1 3.0 2.9 2.7
wy, u! 0.005 0.004 0.004 0.004 0.004 0.001
Ly, ! 0.014 0.014 0.017 0.020 0.013 0.012
DX, mr/n 57 84 90 111 84 79
Yox /o MT/T 15.0 24.0 29.0 37.0 29.0 29.3
PC-2, mr/n 4.4 3.8 3.5 3.0 2.3 0.6
Ypc.a/x> MI/T 1.1 1.1 1.1 1.0 0.8 0.2
I1-2, mr/n 141 101 48 0 0 0
Yo MI/T 37.1 28.9 15.5 — — —

®X B cpene ¢ KCl Bo3pociio Ha 24% 1o cpaBHEHUIO C
KOHTPOJIBHOH cpenoit, mpu 3ToM Bbixom @X ot 61o-
macchl (Ygx ) ObLT HUXKE KOHTpOJIA Ha 26%. Ha cpe-
JIax C APOXKKEBBIM 3KCTPAKTOM U MOBBIIIEHHBIM IO
CPaBHEHUIO C KOHTPOJBHOM Cpemoil KOJUYECTBOM
STHTAPHOW KMCJIOTHI M a3oTa Imponykius PX Obura
Hyxe KoHTtpoast B 1.8 m 12.0 pa3s, a Yoy, B 2.5 1
26.9 pa3 cootBeTcTBeHHO. KpoMe Toro, Ha cpene C
TTOBBIIIIEHHBIM KOJWYECTBOM STHTAPHOM KWUCIOTHI U
aszora Habmomanca o6uocunred I1-2 (54 mr/n), He-
cMoTps Ha Hayimame B cpene 2.5% NaCl.

boiio ycranoBneHo, uro P. thymicola criocobeH
HUCIO0JIb30BaTh B KAYECTBE €AMHCTBEHHOTO UCTOYHU-
Ka yrjiepoja U 3HEpPruu TJII0KO3Y, MAaHHUT, KCUJIO3Y,
apabuHO3Y, caxapo3y, IJIMLIEPUH U 3TaHOJ. Y KyJIBTYy-
pbI 3HaUEHUS BbIXOAa OMOMAacChl OT UCITOJIb30BaAHHO-
ro yriaepona (Y,) COOTBETCTBOBaIU JaHHbBIM, U3BECT-
HBIM 111 3TUX cyoctpaToB [5]. CocTtaB MeTabOIUTOB
MpY POCTE Ha YIVIEBOJAX U TJIULIEpUHE ObLI UAEHTU-
yeH u coctosi u3 ®X, PC-2 n XKeaTroro nurMeHra
(IT-1). Ilpu wucmojb30BaHUM KYJIBTYpPOIl 3TaHOJa
ouocuHTe3a I1-1 He Mponcxoanao, 9YTo, BO3MOKHO,
CBSI3aHO KaK C OCOOEHHOCTBIO MeTabojM3Ma 3TOro
cybcTpara, Tak U ¢ OTCYTCTBUEM €ro U30bITKA B Cpelie
U3-3a IPOOHOTI0 BHECEHUS B MpPOliecce KYJIbTUBUPO-
BaHUs rpuba. B aTux akcnepuMeHTax B 3aBUCUMOCTH
OT UCTOYHHUKA yTJepoaa KoaudectBo PX cocraBuiio
5—15 Mr/71, a METa0OIUTOB NOJUKETUAHOMN IIPUPOIHI
(IT-1, PC-2) — 55—148 mMr/a. BuocuHTe3 ankaaouaoB
NPOXOAWJI MapaieJIbHO pocTy Ipuda. Takum obpa-
30M, ITOKa3aHo, 4To y P. thymicola dpepmeHTH OHO-
cuHTe3a OX KOHCTUTYTUBHBI, U TJIIOKO3a HE SIBJISICT-
Cs1 KaTaboIMYECKUM PETPpeccopoM UX OMOCHHTE3A.
s 6onee apdexkTuBHOro 6mocuHTe3a GX TpebyeT-
Csl MPUCYTCTBUE BTOPOTO YIJIEPOAHOTO cyOcTpara —
SIHTApHOI KUCJIOTHI.

M3BecTHO, YTO TeHOM MUIIETNATBHBIX TPUOOB CO-
JIEP>KUT KJIacTepbl TEHOB, OTBETCTBEHHBIX 32 00pa30-

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

BaHWE BTOPUYHBIX MeTabOIUTOB. B OMOCUHTE3 BTO-
PUYHBIX META0OIUTOB BOBJIEUEHBI MYJIBTU(DYHKIINO-
HajibHble (epMeHTHbI: nonuketuacuHtaza (ITIKC),
HepubocomanbHas nientuacuHTeraza (HPIIC) u ru-
opunHas [TKC-HPIIC. HenaBHo y A. fumigatus ObLn
OXapaKTePU30BaH KJ1acTep FeHOB, KOHTPOJUPYIOIIUX
onmocuHTe3 (pyMUXMHA30INMHOB A-G, cocToSmuii n3
8 renos [11]. TpexMonmynpHast aHTpaHUIAT3aBUCHUMAsT
HPIIC (Af12080) ocyiiecTiisieT OMOCUHTE3 (PyMUXH-
Ha301HOB F u G, ocTajgbHble TOMEHBI aKTUBUPYIOT
JlaJibHeIIIee TIpeBpallieH1e 3TUX MeTa00IUuTOB. MOXK-
HO MPEAIoJ0XUTb, UTO B TeHOMe 1uTaMma P. thymicola
BKM FW-869 comepxkurcst Tomeko HPIIC, oTset-
crBeHHas 3a buocuHTe3 MX. I[IpucyrcrBue MeTadbo-
JIMTOB TMOJIMKETUAHON TIPUPOALI Y JAHHOTO IITaMMa
ykasbiBaeT Ha Hanuuue I1KC B reHoMe rpuba.

Takum o6pazom, kynbsrypa P. thymicola BKM FW-
869 mposBIsAIa OCMOTOJIEPAHTHOCTH B MCCIIEIOBAH-
HOM JIMana3oHe KoHleHTpauuy MmanauTa (10—50 r/i).
Ilo pesynbsraTam n3ydeHus BIUSHUS KOHIIEHTPAIIN
NacCl (0.5—5.0%) Ha pocT mITaMM MOXKHO OTHECTH K
YMEpPEeHHBIM TajmoduiaM. YCTaHOBJIEHA IIpsiMas 3a-
BHUCUMOCTb MEXKy KOHIIEHTpallueii MaHHUTA B Cpeie
1 OMOCHMHTE30M MNUIMeHTOB. WX TpeumyllecTBeH-
HBII OMOCUHTE3 KyJabrypoit (73—95%) cBsi3aH ¢ U3-
OBITKOM yTJIepoJHOro cyocTpaTa B cpene. [TokaszaHo,
yto KoHIeHTpanus NaCl Beiiie 2.5% oKa3bIBaeT He-
raTUBHOE BJIMSIHUE HAa OMOCUHTE3 MUTMEHTOB. YCTa-
HOBJICHA MpsMasl 3aBUCHUMOCTh MEXIy KOHIICHTpa-
mueir NaCl B cpene n 6mocuHTe3oM PX. Makcu-
MaJIbHbIE ITOKa3aTeJM OMOCHUHTE3a alKaJlOMIOB U
nofaBieHWe IIPOAYKIIUM IIMTMEHTOB HOOCTUTHYTBI
npu KoHIeHTpauu B cpeae 20 r/a1 MmaHHuTa U 2.5%
NaCl.

Pabora BoimosiHeHa nipu noaaepxkke PLIIT “Uc-
cJieoBaHUSI U pa3pabOTKM MO MPUOPUTETHBIM Ha-
MpaBJICHUSIM pPa3BUTUSL HAyYHO-TEXHOJOTMYECKOIO
Ne 3
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kommekca Poccun Ha 2007—2013 rogpr” (KOHTpakT
16.518.11.7035).
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Abstract— Biosynthesis of fumiquinazolines F and G (FQs), PC-2, and pigments by the fungus P. thymicola
VKM FW-869 is directly dependent on the content of carbon substrate (mannitol) in the medium. Pigment
production prevailed at all of the tested mannitol concentrations. The necessary conditions for predominant
FQ biosynthesis by the fungus P. thymicola are carbon source (mannitol) limitation and presence of NaCl in
the cultivation medium. NaCl has a regulatory effect on the formation of secondary metabolites by enhancing
FQ biosynthesis and reducing pigment formation. The maximum values of FQ biosynthesis and inhibition of
pigment production are obtained at a mannitol concentration of 20 g/l and 2.5% NaCl in the medium.
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XUTUH-TJIIOKAHOBBI KOMIIJIEKC B KJIETOYHBIX CTEHKAX
JIMIMANUHMUMKA Peltigera aphthosa

© 2012r. H. P. Meiiuuk, /I. B. Bopoonén

Mockoeckuii eocydapcmeennulit ynugepcumem um. M. B. Jlomonocosa, Mockea, 119991;
e-mail: meychik@mail.ru

IMoctynuna B pemakumio 5.07.2011 &

HccnenoBaiv KIETOUHBIE CTEHKHW U XUTUH-TIIOKAHOBBIE KOMILJIEKChI, M30JIMPOBaHHBIC U3 Pa3HOBO3pacT-
HBIX YacTeil Tajuioma nuinaitnuka Peltigera aphthosa. C Bo3pacToM yBeIMYMBaIaCh MaccoBasi 1OJIsI KJIETOY -
HOM CTE€HKU U XUTUH-TJIIOKAHOBBIX KOMILJIEKCOB, HO YMEHbIIAJIOCH COJIEP>XKAHUE a30Ta B OTUX CTPYKTypax.
Hawubonbieit MaccoBot nosei XUTUH-TTIOKAHOBOTO KOMILIEKCA OT CYXOW MacChl TaJlJIoMa XapaKTepu30-
Bajlach Oa3ajibHasl 30Ha TaJllloMa, aliMKaJbHasi — HauOOJIbIIIE MacCOBOM J10Jiei XMTUHA B KoMILIeKce. [1o-
KazaHo, uto y P. aphthosa crenieHb AealleTUJIMPOBAHUSI XUTUHA B KOMIUIEKCE B 3aBUCUMOCTH OT BO3pacTa
coctaBisuia 33 u 54% B anmMKaabHOW U 0a3aJIbHOM 30HAX COOTBETCTBEHHO. IIpemiokeHHass MeTOIMKa
GYHKIIMOHAJIBHOTO aHAJTN3a XUTUH-TJIFOKAHOBBIX KOMILIEKCOB Ha MIPUCYTCTBUE B HUX CBOOOIHBIX aMUHO-
TPYIII MOXET ObITh TPUMEHEHA MPU UCCIIEIOBAHUU JPYTUX JTUXEHU3UPOBAHHBIX TPUOOB.

XWUTUH-TJIIOKAHOBBIE KOMIUIEKCHI — OCHOBHBIC
CTPYKTYpHBIE TIOJIMcaxXxapulbl KJIETOYHBIX CTEHOK
rpruOOB — TIPUBJIEKAIOT BHUMaHNE YICHBIX U TEXHO-
JIOTOB KaK 3KOJIOTMYECKU Oe30TacHbIe MPUPOIHBIE
MoJUMepbl, ToJydyaeMble U3 BO30OHOBJISIEMBIX UC-
TOYHUKOB. VX BhICOKasi OMojiornueckasi akTUBHOCTb
U OTCYTCTBHE TOKCUYHOCTH TPEITapaToB HA UX OCHO-
BE ONpPEIEISIOT TePCIEKTUBBI UX UCITOJb30BaHUS B
MeIUIMHEe, OMOTEeXHOJIOTUSIX, KOCMETUYECKOM, MU-
LIEBOM, TEKCTWJIBHOM M IPYTUX OTPACIIsSIX MPOMBILLI-
neHHocTH [1]. OcobeHHO MPOKO XUTUH-TJIIOKAHO-
BbIE KOMILJIEKCHI UCIIOIB3YIOTCSI B JIeUEOHO-TIPOdhU-
JIAKTUYECKUX 1IeJIsIX KaK TIMIeBble T00aBKU, T.K.
00J1a7a10T BHICOKOM aJICOPOIIMOHHOM CITOCOOHOCTBIO
10 OTHOLIEHUIO K MOHAM TSIXKEIbIX METAJLIOB [2—4]| 1
SIBJISTIOTCS 3(P(PEeKTUBHBIMU SHTEpOCcOpOeHTaMH [5].

TpubkI, Kak ChIpbE IS TTOTYYESHUS] XUTUH-TII0Ka-
HOBBIX KOMILJIEKCOB, HMEIOT MPEUMYIIECTBO IIO
CPaBHEHUIO C APYTMMU OpraHU3MaMMU, TIPOIYLIUPYIO-
IIMMU XUTUHCOAEPXKAIIUe COeTMHEHNUS, TJIaBHbIC U3
KOTOPBIX — UX BbICOKAsi CKOPOCTh POCTa U HU3KOE CO-
JIepKaHue B HUX MUHEpaJIbHbIX BellecTB [6]. M3BecT-
HO, YTO XUTUH-TJIOKAHOBBI KOMILIEKC I'PUOOB CO-
CTOUT U3 XUTHUHA, TJIIOKAHOB U COAEPKUT CJIeTOBbIC
KoJImuecTBa Oenka [7], IIpuM 3TOM CTPYKTypa KOM-
IUIEKCA CYILIECTBEHHO 3aBUCUT OT COCTaBa CpPEAbI,
TeMmrepaTtypsl U Apyrux dakropos [1, 7—10].

XUTUH SBJISIETCSI HEOMTHOPOMHBIM ITOJIMCaXapu-
JIOM, T.K. B €Tr0 CTPYKType MMEIOTCS 3BEHbSI CO CBO-
OOOHBIMM aMHMHOIPYHOIIaMU B cocTaBe D-Tiroko3sa-
muHa [1, 11—15]. B kJteTouHOIf cTeHKE TPUOOB XUTUH
CBsi3aH C mokaHaMu -1,3- u B-1,6-TIMKO3UIHBIMU
cBs13siMH [ 16, 17], a ¢ GeTkaMu — TIENTUIHOM CBSI3BIO,
00pa30BaHHON AealeTUINPOBAHHBIMUA aMUHOIPYII-
MmaMy ¥ TMaMUHOMOHOKApOOHOBBIMU aMUHOKUCIIO-

TaMHM HeapomaTuudeckoro ctpoenus [1, 18]. Vcra-
HOBJIEHO, YTO B XWUTUH-TJIIOKAHOBBIX KOMIIJIEKCAX
KOBAaJIEHTHO CBSI3aHHBIE MENTUIHbIE HNEMOYKU BbI-
MOJIHSIOT CBSI3YIONULYIO POJIb MEXAY LICHIMU XUTUHA
1 TIokaHa [19].

ConepxaHue XUTUHA B XUTUH-TJIOKAHOBOM KOM-
TUIeKCe 3aBUCUT OT BuAa rpuba 1 Bo3pacTa Tajjioma.
Ilokazano, yro y Armillariella mellea (xnacc Basidio-
mycetes) colepXXaHue XUTHHA B KOMIJIEKCE COCTaB-
a0 70%, ay Morchella esculenta (xnacc Ascomycet-
es) — 50% [20]. ¥ muuenunansHoro rputda Coprinus
Sterquilinus conep>XXaHue XUTUHA B XUTUH-TJIIOKAHO-
BOM KoMIUIekce Obuto 1.54 u 5.85% B amekce u BO
BTOPUYHOI KJIETOYHOM CTEHKE COOTBETCTBEHHO [21].

B Ttannomax cuMOMOTUYECKUX OPIraHU3MOB — JIU-
IIaifTHUKOB, C(POPMUPOBAHHBIX ThaMU Tprba, KIIeT-
KaMM MHMKPOBOIOpOCIe U (WIn) IMaHOOaKTepuii,
KJIETOUHBbIE CTEHKU TPUOHOTO KOMITOHEHTa COCTaB-
JISTIOT OCHOBHYIO 110110 (90—98%) KITeTOYHBIX CTEHOK
TaymmoMa [22, 23]. B 3T0i1 CBSI3M mociaeaHNE MOTYT
paccMaTpuBaThCsl, KakK ajlbTepHATUBHbIE UICTOYHUKU
JUTSI TIOJTy4eHUsI XUTUH-TJIOKAHOBBIX KOMILJIEKCOB. B
KJIETOYHBIX CTeHKax TpUOOB XWUTHH-TJIIOKAaHOBBIN
KOMILJIEKC YYacTBYeT B (OPMUPOBAaHUU JTUILIAWHUKO-
BOTo CUMOMO3a, a TAKXKe UTPaeT BaXKHYIO POJIb B PO-
meccax IMOCTYIUICHHWST M HaKOIUIEHUS] MUHEPaTbHBIX
BellleCcTB U3 aTMochepHbiXx ocaakoB [9]. Ero cocras
(COOTHOIIIEHUE KOMITOHEHTOB) CBMAETEIbCTBYET O
BaXXHEMIITNX CTPYKTYPHBIX M3MEHEHHUSIX B COCTaBe
KJIETOYHBIX CTEHOK C BO3PACTOM TaJlJIoMa.

Takum o6pa3oM, y JUIIAWHUKOB XUTUH-TJIIOKA-
HOBBIM KOMILIEKC SIBJISIETCSI BaXKHBIM CTPYKTYPHBIM
KOMITOHEHTOM KJIETOYHOM CTEHKU, KOTOpasi BbIMOJ-
HsIeT pa3HOOOpa3HbIe (hM3noIornIeckre GyHKIINN B
KJIeTKaX 3TUX CUMOMOTMYECKUX OpPraHu3MoB [23—
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26]. OnHako JO HACTOSIIEro BpeMEHM JaHHBIX O
6I/IOXI/IMI/I‘{CCKOM COCTAaBEC XUTUH-TJIIOKAHOBbBIX KOM-
IUICEKCOB B KJICTOYHOI CTEHKE JIMIIAHUKOB, M3MeE-
HEHMHU ero COACpKaHMS B 0007109Ke 1 3aBUCUMOCTU
OMOXMMUYECKUX TI0Ka3aTejJeil oT Bo3pacTa TajjioMa
MOJTy4eHO He ObLIO.

Lleab paboThI — BBIJEEHNE U aHAJIU3 COCTaBa XU-
TUH-TTIOKAHOBBIX KOMITJIEKCOB M3 YacTel TajuiomMa
P. aphthosa pa3zHoro Bo3pacra.

METOJUKA

O0bekT, uccaenopanusa. B padore ncnosb3oBain
TPEXKOMITOHEHTHBII JIMCTOBATHIN JTUINAHUK Peltig-
era aphthosa (L.) Willd, KoTOopBlii pacIpocTpaHeH I10
BCEMY MUDPY B apKTUUECKUX, CEBEPHBIX U YMEPEHHBIX
30HaX M, B YaCTHOCTH, B JiecaX U Ha JIyrax Mo Bcei
Poccuu. Coop marepuajia MpoBOAUIU B OKPECTHO-
crax  beinomopckoil  OMosIOrMYECKOW — CTaHUMU
M. H.A. TIlepuoBa buosornyeckoro ¢daxkyasreTa
MTIY um. M.B. JlomoHOCOBa, pacroyiokeHHOU B Py-
rozepckoii ryoe Kanpamakiickoro 3anuBa benoro
mopsi. Beidbop 3Toro Buma oOyCaOBICH TEM, UTO OIS
nuinaiiHuka P. aphthosa xapaKTepHbl MOBEPXHOCT-
Hble lieanoauu — CleluuaJInu3upoBaHHbIE CTPYKTY-
PbI, B KOTOPHIX JIOKAJM30BaHbI IIMaHOOaKTepruu (111-
aHOOWMOHT), — KOTOpPbIe BO3MOXHO OTAEIUTH OT T0-
BEPXHOCTU TajIOMa, 4YTO TIO3BOJISUIO TOJy4yaThb M3
TPEXKOMIIOHEHTHOW CUCTEMBI JIBYXKOMITOHEHTHYIO
cucteMy. TauioMbl JUIIAMTHUKA TpeaBapUTEIBLHO
OYMIIIAJIM OT YaCTUYEK TTOUYBbI, OTAEJISUTU Ledanonuu
(IMaHOOMOHT) OT MOBEPXHOCTU TaJJIOMa U IOCJIeI-
HUI pa3nessiid Ha TpY 30HBI: alvMKajabHylo (1 cM oT
Kpas JI0NacTu), MeIuaJibHyIo (2—4 ¢M 10 KOHIIA JIO-
MacTy, UCKII0Yasl alMKaJIbHYIO 30HY) U 0a3ajbHYyIO
(ocHOBHAasI Macca CJIOCBUILA).

BoinenieHne XUTHH-IIIOKAHOBOTO KOMILIEKCA. XU-
TUH-TJIOKAHOBBII KOMILJIEKC BBIAESUIN, KaK Onuca-
Ho [27]. HaBecKy Bo3aymIHO cyxoro Tajioma (5 T) ro-
MOTEHU3UPOBAJIU B CTYNKeE, TIOMEIIATN B KPYTJIOIOH-
HyI0 KOJ0y, 1o6asiau 200 M AUCTUILIMPOBAHHOM
BOJIbl M HarpeBajiyd Ha KUTIsiiel BoJasiHOM 6aHe B 1 4.
3areM 0caloK MHOTOKPAaTHO MPOMbBIBAIU TUCTUILIU -
poBaHHOI BOAON Ha (UIBTPE U BBbIIEPXUBAIU B
0.1%-v0M pactBope Na-JAAC B Teyenme 1.5 9 mpu
HarpeBaHuu (40°C) B xonbe. PeaklimoHHYIO cMeCh
oxJIaxIaJiu, (GUIBTPOBaIM, a OCAJA0K MPOMBIBAIN 110
HeliTpasibHoro pH, nepeHocuin B KOHUUECKYIO KOJI-
0y ¢ 1%-ubiM pactBopoM NaOH u mepemervBanmu
1pu KoMHaTHo# Temnepatype. Yepe3 30 MuH KoJi0y ¢
peaklIMOHHON CMEeCbhl0 HarpeBajiud W BblAEPXUBAIU
Ha KUTISAIIEH BOISTHOM OaHe B TeUeHME 2 9, TOCTOSTH-
Ho nepeMelnBasi pactBop. [ToayyeHHBI 0cagoK Mmo-
MellaJii Ha (UIBTP, MPOMBIBAJIM BOION OO Heli-
TpasibHOTO pH, nepeHocun B KpyIrJIOAOHHYIO KOJIOY
u 3anuBaiu 2%-noit HCl. CMech HarpeBajiv Ha Ku-
nsiieit BoassHou 6aHe 1.5 4, mocJje 4ero ocagok Ipo-
MBIBJIM BOJOM a0 HelTpaiibHoro pH, nobasisin K
HeMy 3%-ubiii pactBop NaOH 1 cHoBa HarpeBajin Ha
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KUTIsIIei BoasHol 0aHe 2.5 4. KoHeuHBIN IIpOayKT
MPOMBIBJIM BOJIOI N0 HelTpanbHoro pH, a 3atem
CIIMPTOM M BOTHO-CITMPTOBBIMM PacTBOpPaMU IIOHU-
XKarolencs KonneHTpauuu (96, 70, 50, 35%).

Boinenenne KiaeTouHoii crenku. B ormicannyio pa-
Hee IUISI KOpHEW BBICIINX PacTeHUUW METOIUKY [28,
29] BHec/IM HEKOTOpble U3MEHEeHUs. BhicyllieHHbIN
marepuai (~4 r) noMelain B CTeKISTHHYIO MTOHOO00-
MEHHYIO KOJIOHKY (~200 Mu1), IpOMBIBAJIM MTOCIEIO-
BaTesbHO 1%-HbIM pactBopoM NaOH (~0.5 n), au-
criwmpoBanHoit H,O (~2 1), 1%-HBIM pacTBOpOM
HCI (~0.5 1), nanee IMCTUUIMPOBAHHOW BOMOM 10
orcyrcTBUsI MOoHOB Cl™ B IIpOMBIBHBIX Bojax. Ompe-
JeJIeHUe XJIOPUI-MOHA IPOBOIMIM TUTPOMETPUYE-
CKMM METOAOM C a30THOKMCIoM pTyThio [30]. Ha Ko-
HEYHOM CTaIny MpeTapaTbl 06padaTeIBaI CITUPTOM
W aleTOHOM JUISl YHJICHWS JIMIIAafHUKOBBIX Be-
1LIECTB, a 3aTeM BbICcylIMBaU B TepMmocTaTe ¢ CaCl,
JIO TIOCTOSTHHOM Macchl Tpu 55—60°C. OueHKy cTe-
TMIEHW OYMCTKU M30JIMPOBAHHBIX KJIETOUYHBIX CTEHOK
OT BHYTPUKJIETOUHBIX CTPYKTYP MPOBOIWIN OTIUCAH-
HBIM paHee cnocoooM [29, 31], ucronn3ysa giayopec-
HEeHTHYI0O MUKPOCKONUIo0 (MHKpockon Axioplan 2
imaging MOT, “Carl Zeiss”, Iepmanus). B BbiaesieH-
HBIX KJIETOYHBIX CTEHKAaX OTCYTCTBOBAJIM BHYTPUKJIC-
TOYHBIE CTPYKTYPHI, a B IIperaparax IMoJHOCTBIO CO-
XpaHsUTaCh apXUTEKTypa KJIETOK TaJuioMa.

Conepxanve amubHorpymn. KonmyecTtBo aMMHO-
I'PYIII B HOJIUMEPHOM MaTPUKCE KJIECTOYHBIX CTEHOK
onpeaeisyIi METOIOM HEBOTHOTO TUTPOBAHUS B VK-
cycHo#t kmciore [32]. HaBecKy cyxoro pacrepToro
npernapaTa KJI€TOUYHBIX CTEHOK (20 MT) 3aJiuBajiv 7 M
10 MM pacTBOpa XJIOPHOI KUCJIOTHL B JSASHOMU YK-
cycHoii kuciaorte. [To ucreuennu 2 cyt oopas3mbl OTae-
JISLIA OT pacTBopa. o 1 mocjie KOHTaKTa ¢ KJIETOY-
HBIMM CTeHKaMU pacTBop TutpoBanu 10 MM pacTBo-
poM OmdTanaTa Kanus B JIEASTHON YKCYCHOI KMCIIOTE
B IPUCYTCTBUY MHAUKATOPA KPUCTA/UIMYECKOTO DU~
oneroBoro. ComepXaHWe CBOOOAHBIX aAMMHOIPYIIIT

(Nyu,) onpenesnsiiu o dhopmyie [32]:

( Vncx - VKOH)KVOGLLI

Va8 ’ M

NNH2 =

rae Vi, 1 Vi — KomuecTBo oudranara Kaaus, 1o-
mieAlree Ha TUTPOBAHME MCXOOHOIO M KOHEYHOIO
(ImocJjie KOHTaKTa ¢ IIpenapaTtaMu) pactBopa, Mii; K —
HOpMaJibHOCTb OudTanara kanusi, MM; V, — Konuye-
CTBO pacTBOpa, B3STOrO [UIs1 TATPOBAHUS, MIT; Vg, —
001t 00beM pacTBOpa, KOTOPBIM 3aJIMBajId HAaBEC-
Ky obpa3sia, MJI; g — HaBecKa oopasia, T.

OmnpeneneHne 3JeMEHTOB. DJICMCHTHBIA aHaIU3
TaJlIoMa JIMIIAHUKA Y BbIACJICHHBIX U3 HETro Kie-
TOUHBIX CTEHOK W XUTHUH-IJIIOKAHOBBIX KOMILIEKCOB
onpenelisii Ha moayaBromatndeckom CHNS ana-
smzarope (“Perkin Elmer” IBetinapust).
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Taoauma 1. Maccosast mosst kiaetouHoit creHku (KC, %) u
XUTUH-TJIIOKaHOBBIX KoMIuteKcoB (XT'K, %) B pa3nu4HbIX
30HaX TaJuloMa JIMmaiHuka P. aphthosa*

30Ha TaJuIOMa KC, % XTI'K, %
ATKaJpHas 44 £ 1 4.3+0.1
MennanbHast 49+ 11 6.8+0.6
bazanbHas 55+£2 15.1+£1.7

* PacueThl NPOBEACHbBI HA €AMHUILY CYXOil MacChl TaUIOMa.

Taoauma 2. OO1iee comepxaHue azoTa (%) B pa3HbIX 4a-
crax Tauoma P. aphthosa (T) n U301MpPOBaHHBIX U3 HETO
nperapatax KjieTodHbix cTeHoK (KC) u XuTuH-T110KaHO-
BbIX KoMmIuiekcoB (XI'K)*

30Ha TajuIoMa T KC XI'K

AnmkaibHas 3.31£0.3 343+£0.3 54%0.1
MennanbHast 3.03+0.4 3.29+0.1 49+04
bazanpHas 2.81%£0.3 2.92+0.2 3.5+0.2

* anBeﬂeHbI CpC€AHUE 3HAYCHUSA 5 l'[OBTOpHOCTef?[ n UX CTaH-
JapTHBIC OTKJIIOHCHU .

Craructuyeckasa ooOpadorka. VMcnonb3oBanmu pe-
nmaktop Excel 7.0. ITpuBeaeHbl cpeaHUe 3HAYSHUS U3
3—5 MOBTOPHOCTEN U MX CTAaHAAPTHBIC OTKIIOHCHMS.

PE3VYIJIBTATbBI 1 UX OBCYXIEHUE

JIumaitHuk P. aphthosa uMeeT TOJICTYIO KJIETOY-
HYIO CTE€HKY, TaK Kak ee JoJs1 OT CyXOi MaccChl Tajlio-
Ma cocTaBiisieT oT 44 1o 55% mpu Tepexoie oT anu-

%
100

80

60

40

I II I

Conepxanue (%) xutuHa (I) 1 miokaHa (2) B XUTHH-
TIIOKAHOBBIX KOMILIEKCaX, BbIICJEHHBIX U3 Pa3HBIX 30H
tasmoma (I—I11) numraitnuka P. aphthosa. 1 — anukanib-
Has, Il — meauanbHast, 111 — GazanbHasl.
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MENYUK, BOPOBbEB

KaJbHOM 30HBI K 0a3anbHOM (Tada. 1). C Bo3pacToM
YBEJIMUMBAJIACh U JIOJSI XUTWUH-IIIOKAHOBOTO KOM-
IJIeKCa B KJIETOYHBLIX CTEHKAaX: B 0a3aJibHOM 30HE
3HaYeHME ATOrO0 Moka3aTesis Oosiee yeM B 2 1 3 pasa
BbILIE 10 CPABHEHUIO C MEAMATbHON M aluKaJlbHOM
30HOI1 coOoTBeTCTBeHHO (Tabi. 1). Bo3pacranue co-
JIep>KaHUsl XUTUH-TIIOKAHOBOIO KOMITJIEKCa OT allu-
KaJIbHOW K 0a3anbHOI 30He y P. aphthosa MOXeT ObITb
CBsI3aHO C (PYHKIIMOHUPOBaHMEeM HedaIoaNeB, yIacT-
BYIOIIIMX B @30THOM OOMeEHE JIMIIaiHUKOB [22, 33].

B KJIeTOUHbIX CTEHKax M XWUTUH-TJIOKaHOBBIX
KOMIIJIeKcax JUIIaifHMKa colepXaHre a30Ta 3aBUCUT
OT Bo3pacTta Tajuioma (TabJ. 2). OgHako B 6a3aibHOM
U aliMKaJIbHOM 30HaX KJIETOUHbIX CTEHOK pa3jinyue B
STOM ITOKa3aTeJjie He npeBbiiiaeT 5—15%, Torna Kak B
9THUX XK€ 30HaX XUTUH-TJIFOKAHOBBIX KOMITLJIEKCOB J10-
cturaet 65%. PazHoe comepkaHue a30Ta B KOMILICK-
cax pa3HOBO3PACTHbBIX YACTEN TalJIoMa yKa3bIBaeT Ha
pa3IMYHOE COOTHOIIICHUE B HUX XUTUHA U TJIIOKAHOB.
Pacuetnhl mokasbIBaloT, UTO HaWOOJIbIIEH MaccoBOM
JIoJIel XUTUHA XapaKTepu3yeTcsl XUTUH-TJIOKaHO-
BbIIl KOMIUIEKC alTMKaJIbHOUW 30HBI, TJ€ 3TOT IMOKa3a-
tenb gocturan 70% (pucyHok). B GazaibpHOI 30HE
coJiep>KaHUEe XWTUHA ObLIO TOYTU BABOE MEHBIIIE,
YeM B MOJIOABIX YacTsx TajutoMa. TakuM oOpaszoM, y
P. aphthosa ¢ BO3pacTOM B XUTUH-TJIIOKAHOBOM KOM-
TUIeKCe KJIETOYHOW CTEHKM MaccoBas IOJisi XUTHUHA
yMEHbIIIaJach, a TJIOKAaHOB yBeanuuBanachk. Cieayer
OTMETHUTb, UYTO Y P. aphthosa BO Bcex 4acTsIX TalioMa
colepkaHWe XUTUHE B KOMIUIeKce 6osee yeM B 10 pa3
BBIIIIE, UeM Y MULIeTUanbHOTO Tpuda Coprinus sterqui-
linus [21] 1 nTpuGIN3UTETHEHO COOTBETCTBYET TAKOBO-
My y Armillariella mellea (xnacc Basidiomycetes) u 'y
Morchella esculenta (xnacc Ascomycetes) [20].

IIpeobnaganre XUTUHA B COCTaBe XUTUH-TJIIOKA-
HOBOI'O KOMIUJIEKCca allMKaJIbHOU 30HBI P. aphthosa,
BO3MOXHO, CBSI3aHO C IIpolieccaMu pocta U (hopMu-
pOBaHMs CTPYKTYPHI TajlJloMa, BEAYIIYyIO Pojib B KO-
TOPBIX MIpaeT XECTKOCTh IIEPBUYHBIX KJIETOUHBIX
CTEHOK, HATIPSIMYIO 3aBUCSIIIASI OT COAEPXKaHUS B HUX
xutrHa [1]. Bosplee comep:kaHue TIOKaHa B XM-
THUH-TJIIOKAHOBOM KOMIUIEKCE 0a3ajibHOM 30HBI, e
npeodyagaoT IMPOLEeCChl CTPYKTYPHOU Aerpamalinuu
TaJloMa, MOXET CBUAETEILCTBOBATh O PA3PhIXJICHUU
BTOPUYHON KJIETOYHOUW CTEHKU MU 00 ocjabjieHUU ee
CTPYKTYpPHBIX (YHKIM. MOXHO NpearnooXUThb,
YTO YMEHBIICHUE TOJM XUTUHA U YBEJIUYECHUE TOJIU
III0KaHa B XUTUH-TJIIOKAHOBOM KOMITJIEKCE ITPUBO-
INT K GOpMUPOBaHUIO B 0a3aIbHOI 30HE DoJiee Mac-
CUBHOM KJI€TOYHOMU CTCHKM.

BaxHoit xapakTepUCTUKON XMTHUH-TITIOKAaHOBOTO
KOMITJIEKCa SIBJISIETCSI KOJTMYECTBO JiealleTUINPOBaH-
HBIX aMUHOrpyII. PaHee oj1s1 ux ompenencHUs] UC-
nonb3oBamm MK-cnexkrpockormio [34], pe3yasrarsl
KOTOPOI B 3HAYUTEIbHOM MEpe 3aBUCST OT MOJATOTOB-
KM TipoObl. HamMu pa3paboTaHa meTtoauka (hyHKIIMO-
HaJIBHOIO aHAIM3a XMTUH-TJIIOKAHOBBIX KOMILIEKCOB
Ha TIPUCYTCTBME B HUX CBOOOIHBIX aMHUHOTPYIII, OC-
Ne 3
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Taomma 3. ConepkaHue CBOOOIHBIX aMUHOTPYIIIT (NNHZ),
obuero aszora (N) u moiasd CBOOOIHBIX aMMHOTPYIII

NH, *
N x 100 | B XuTHUHE, XUTO3aHE U aTLOYMUHE™

N
O6paszel] Ny, N %HZ x 100
XUTUH 1295 + 84 5057 £ 50 27
XUTo3aH 680 £ 33 650 £ 25 104
AL0yMHUH 1330 = 100 11500 11

* NNHZ u N BbIpaxkeHbl B MUKPOMOJISIX a30Ta Ha | I cyXoil Macchbl

H
obpa3siia, 2 % 100, %. N — paccUMTaHO 10 JAHHBLIM 3JIEMEHT-
. N(%)
HOTO aHaJIn3a B COOTBETCTBUU ¢ popmyroit N = 4 INpuge-

JCHBI CPEIHNEC 3HAYCHUA TPEX HE3aBUCUMDbIX OIIBITOB U UX CTaH-
JapTHBLIC OTKJIIOHCHUS.

HOBaHHAasI HAa METO/Ie HEBOIHOIO TUTPOBAHMS, TIPUH-
LIMTT KOTOPOTO JJIS1 HU3KOMOJIEKYJISIPHBIX COeIUHEHU I
onucaH B pabote [35].

OTpaboTKy METOJMKM C LIEJIbIO €€ MPUMEHEHUS K
MOJIyYEHHBIM BBICOKOMOJIEKYJISIPHBIM TIperiapaTaM
npoBomn Ha obpasiax xutuHa (“ICN”, CIIIA) u
xuto3aHa (“ICN”) ¢ U3BECTHBIM COAep>KaHUEM a30Ta
1 CBOOOOHBIX aMUHOrpynm (TadJ. 3), a TakKe anboy-
MuHa. KOHTpoIbHBIE U3MepPEHUsT KOJUYECTBA aMU-
HOTPYMI B 00pa3liax MmokKa3ajii, YTo U30paHHbIN Me-

TOJ aHajiu3a MOXET OBbITb MPUMEHEH K CIIMTHIM
cTpykKTypam. s XxuTo3aHa OaHHBbIE, IMOJYy4EHHBIC
METOJIOM HEBOJHOT'O TUTPOBAHMSI, 1 Pe3YJIBTaThI dJIc-
MEHTHOTO aHa/In3a ITOJIHOCTBIO COTJIACYIOTCS MEKIY
co6oi1 (Tabi. 3). DTOT BBIBOJ TaKXKEe MOATBEPXKIAIOT
NaHHbIEC aHAJIN3a XUTUHA U aTlbOyMUHA. YCTaHOBJE-
HO, YTO HOJISI CBOOOIHBIX AMUHOTPYIIIT B TIEPBOM CO-
craBisieT 27, a Bo BTopoM — 11% (ta6i. 3). Pesynbra-
Thl aHAJIM3a XUTUHA Ha ColIepKaHue HealeTUIINPO-
BaHHBLIX AMUWHOIPYIII IOJHOCTBIO COOTBETCTBYIOT
JaHHBIM JPYTrUX ucciaenoBarenein [9], a pe3yabraThbl
aHaju3a alb0yMUHa — MPEeACTaBICHUSIM O CoAepXKa-
HUM CBOOOIHBIX aMUHOTPYII B 6e1kax (~10%), Ko-
TOpbIe MPUHAIJIEKAT 3apsSKEHHBIM OCTAaTKAM apTH-
HUHa U Ju3urHa [36, 37].

Pe3ynbraThl HEBOOHOTO TUTPOBAHUS TIpeIapaToB
KJIETOYHBIX CTEHOK CBUIETEILCTBYIOT O TOM, YTO OHU
coaep:xar ot 0.36 10 0.66 MM amuHorpymnmn Ha 1 r cy-
XOM MacCChI KJIETOYHBIX CTEHOK B 3aBUCUMOCTH OT 30-
HBI TajuioMa, T.e. oT 14 1o 31% ot o6lero Kojaude-
CTBa a30Ta B OKCTPAKJIETOYHOM KOMIApPTMEHTE

Nyu
(—— x 100, Taby. 4) COOTBETCTBEHHO. DTHU Pe3yiib-

KC

TaThl ITOKA3bIBAIOT, YTO B MOJMMEPHOM CTPYKTYpe
KJIETOYHOU cTeHKu P. aphthosa, TOoMUMO CTPYKTYp-
HBIX 0€JIKOB, MPUCYTCTBYIOT U IPYyTUe a30TCOAEpKA-
L[1e MOJMMEPHI, UMEIOIIUE CBOOOIHBIE AMUHOTPYII-
nbl. I3BeCTHO, UTO comepKaHue TTOCIeIHUX B OeTKax
PacTUTENBLHBIX OPraHM3MOB COCTaBJISIET He OGoJiee
10% [36, 37]. B cooTBeTCTBUE C TAHHBIMU JIUTEPATY-
PBI O COCTaBe KJIIETOUHOM CTEHKM JUIIANHUKOB U Ha
OCHOBaHUH TOJYYEHHBIX PE3yJBTATOB MOXHO IT10J1a-

Taoamma 4. ComepkaHue CBOOOIHBIX aMUHOTIPYIIIT (NNHZ), obmero asora (N) u mojisi CBOOOTHBIX aMUHOTPYIIIT

N
NH
(Tz X 100) B rip€riaparax KJI€TOYHBIX CTCHOK 1 XUTUH-TJTIOKAHOBBIX KOMIIJICKCOB, BBIICJICHHBIX M3 Pa3HbIX 30H TaJl-

noma P. aphthosa*

Knerounas creHka XUTUH-TITIIOKAHOBBIN KOMILIEKC
30Ha TaJuToMa N N NNHZ N N NNHZ
NH, ? x 100 NH, T x 100
ATKaJbHas 355+ 76 2450 14 1266 £+ 41 3857 33
MenuanpHasg 406 + 58 2350 17 1307 = 10 3500 37
bazansHas 655+ 92 2086 31 1354 + 31 2500 54

* Nyp. ¥ N BbIpaxeHbl B MUKPOMOJISIX a30Ta Ha 1 T cyxoil Macchl 00pasiia,
2

H,

x 100, %. N — paccuMTaHO IO JaHHBIM DJIEMEHT-

HOro aHajimsa B COOTBETCTBUMU C (I)OpMyJTOI?'I N = ——-—-—-—-—) an/IBe)IeHBI CpECAHUE 3HAYCHUA TPEX HE3AaBUCUMBIX OIIBITOB U UX CTaHAApPT-

HBIC OTKJIOHCHMUS.

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

N(%
1.4

TOM 48

Ne 3 2012



344

rathb, 4to y P. aphthosa otnudHbie OT O€JIKOB OJINME-
PbI O00JIOYKH SIBJISIIOTCS XUTUH-TJIIOKAHOBBIMM KOM -
IJIEKCaMU.

B usonuposBaHHbIXx M3 Taymioma P. aphthosa xu-
TUH-TJIOKAHOBBIX KOMILIEKCax cofiep>KaHue CBOOO/I -
HBIX aMUHOTPYIII HE3HAYUTEJIbHO YBEJIMUUBAJIOCH OT
anMKaJIbLHON K 0azaibHOI 30HE oT 1.26 o 1.35 MM
Ha 1 T cyxoii Macchl XUTUH-TJIIOKAHOBOTO KOMILIEKCa
COOTBETCTBEHHO, HO CTeIleHb JealleTUIMPOBaHUS
9TUX KOMIUIEKCOB Pe3KOo paznuyanach (Tadi. 4). B
XUTUH-TJIIOKAHOBOM KOMILIEKCE alMKaJIbHON 30HBI
CTeIeHb JealleTIIMpoBaHus coctasisia 33%, Torna
KaK KOMILIeKC 0a3aibHOI 30HbI COAEpKayl MPUOJIU-
3UTEJIbHO PaBHOE KOJMYECTBO CBOOOMHBIX U alleTH-
JIMPOBAaHHbBIX AMUHOTPYTITI.

IIpenronarasi, YTO U30JIUPOBAHHBIC XUTUH-TJIIO-
KaHOBBIE KOMILIEKCHI COCTOSAT TOJBKO W3 XWTHUHA,
XUTO3aHa M IJIIOKAHAa, UCIIOJb3ysd OaHHbIe Taba. 4,
paccyuMTaHO COACpXaHUe YIriiepola M BOIOPOIA B
Hux. CoIocTaBlIeHNEe pacyeTHBIX JAHHBIX (HaHHBIE
HE IPUBEICHBI) C pe3yJibTaTaMy 3JEMEHTHOIO aHa-
JIM3a MoKa3ajlo, YTO MoKa3aTeJIM COBITaIaloT B IIpe/ie-
nmax 3—8% OTHOCHUTEIbHOM TTorpelrHocTH. OIeHKa
JaeT OCHOBaHUE MPENIoJararth, 4TO B MOJYyYCHHBIX
rpernaparax OTCYTCTBYET BHYTPUKJIETOYHOE COIEP-
KMMOE€ M HECTPYKTYPHBIE KOMITOHEHTBI KJIETOYHBIX
CTEHOK.

TakuM 0OpazoM, HaMM OBLT BIIIEJICH XUTUH-TJII0-
KAHOBBIM KOMIUIEKC M3 KJIETOYHBIX CTEHOK JMILAM-
Huka P. aphthosa. TTokazaHo, 4TO C BO3pPacTOM AOJIS
XUTHUH-TIIOKAHOBOTO KOMITJIEKCA B KJIETOYHBIX CTEH-
Kax YBEJIMUYMBAJIACh, TIPA 3TOM MaCCOBasI JIOJISI XUTH-
Ha OoJibllle B allMKaJbHOM 30HE, 4YeM B Oa3aJbHOM.
XUTUH-TIIOKAaHOBBIE KOMIUIEKCHI M3 Pa3HBIX YacTei
TaJjioMa OTJIMYAINCh U TI0 YMCITY JIealleTHINPOBaH-
HBbIX aMUHOTPYIII. B 6a3anbHOI 30HE NX KOJTUYECTBO
OBLIIO ITOYTH B Ba pa3a OoJIblIe, YeM B alIUKaJIbHOM.
PaccMoTpeHHBIe MeTOOBI BRIACIICHNUS W aHAI3a XU-
TUH-TJIIOKAHOBBIX KOMIIJIEKCOB MOTYT OBITh MCITOJIb-
30BaHbl TIPU U3YYEHUUN APYTUX JIMXEHU3UPOBAHHBIX
rpUOOB ST YCTAHOBJICHMS BO3MOXHOCTH MX UCITOJIb-
30BaHUS B KQUECTBE MCXOJHOTIO ChIPhS JJISI MOJIyde-
HUSI XUTUHCOAECPKAIINX KOMIIIEKCOB.

Pabota BeImosiHeHa Tpy (PMHAHCOBOI ITOIICPXKKE
Poccuiickoro dhoHma ¢pyHmaMeHTaJIbHBIX CCIEI0Ba-
Huit (rpaHThl Noe 04-04-49379-a 1 Ne 08-04-01398-a)
u DenepanbHOl 1ieJieBOK MporpaMMbl “HayuyHbie 1
HayYHO-TNeJarormyeckue Kaapbl WHHOBALIMOHHOM
Poccun” 1o HampapieHuio “KieTodHble TEXHOJIO-
run” (TocynapctBeHHbIN KOHTpakT Nel1-403).
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Chitin—Glucan Complex in Cell Walls
of the Peltigera aphthosa Lichen

N. R. Meichik and D. V. Vorob’ev
Moscow State University, Moscow, 119991 Russia
e-mail: meychik@mail.ru
Received July 5, 2011

Abstract—Cell walls and chitin—glucan complexes isolated from uneven-aged components of the thallus of
the Peltigera aphthosa lichen were studied. The mass fraction of the cell wall and chitin—glucan complexes
increased with age, but the content of nitrogen in these structures decreased with age. The basal area of the
thallus was characterized by the largest mass fraction of the chitin—glucan complex from the dry mass of the
thallus; the apical area, by the largest mass fraction of chitin in the complex. It was demonstrated that in
P. aphthosa, the degree of deacetylation of chitin in the complex (depending on the age) was 33 and 54% in
the apical and basal areas, respectively. The suggested method of functional analysis of chitin—glucan com-
plexes for the presence of free amino groups in them can be used for studying other lichenified fungi.
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OODOEKTUBHOCTDb PEPMEHTATUBHOTO I'MJIPOJIN3A
ITOJINCAXAPUIOB VYJIBTPAAUCIIEPCHbBIX YACTULL
JIMTHOLEJJIIOJIO3HOT'O CbIPbA B 3ABUCMMOCTHU OT X PASMEPA

© 2012 r. B. B. Illyrora*, A. U. IOcunopny**, E. FO. ITapmmua**, JI. O. 3axapkun®*, B. B. Pepun*
* Mopooeckuit eocydapcmeennniii ynusepcumem um. H.I1. Ozapeesa,
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** Mockoeckuil eocyoapcmeentuiil yrueepcumem um. M. B. Jlomonocosa,
Mockea, 119899, e-mail: sanyavor@gmail.com
IMoctynuna B penakuuio 1.07.2011 .

HccnenoBanu apheKTMBHOCTh (hepMEHTATUBHOTO TMAPOIM3a MOJMCaXapUa0B APEBECUHbBI, U3MEJIbYEH-
HoIi 10 oOpa3oBaHus yabrpanucnepcHbix yactull (YAY). YcTaHOBIEHO, YTO CoepKaHUE PEAyLIUPYIOIINX
caxapoB (PC) B U3MeJIb4€HHOM CBIPbE U BBIXOJ MX MPU (hepMEHTATUBHOM TUAPOJIM3E TTOJIUCaXapUa0B 3a-
BUCHUT OT pasMmepa Y/IU. Metonamu yiazepHoil uHTephEepEeHIIMOHHONH MUKPOCKOIMU U IUHAMUYECKOTO
paccessHUS BBISIBJIEHO, UTO YBEJIMUEHUE BpeMeHU U3MelbueHMsI cyocTpaToB oT 20 10 40 MUH IPUBOIUIO K
HOSIBJICHUIO B cpee yacTull oT 2 1o 200 HMm. B pepMeHTaTMBHBIX ruapoim3arax Y/1Y Habmrogamoch HAKOII-
JIeHUE B OCHOBHOM [JIIOKO3bI U rajakTo3bl. U HTEHCMBHOCTb U3MeJIbU€HUST (CKOPOCTh BpallleHUS] MEJIbHU-
1IbI) ¥ BpeMsI CYIIIECTBEHHO BJIMSUIM Ha MOJHOTY (PEpMEHTATUBHOTO TUIPOJIN3A IPEBECUHBI.

B HacTosiiee BpeMsi B CBSI3U C COKpallleHUeM 3a-
acoOB MCKOMNAeMOTO TOILUIMBA CTABUTCS BOIIPOC O I10-
JIy4eHMU aJbTepPHATUBHBIX BUIOB rOPHOYETo U3 BO3-
OOHOBJIsIEeMBIX pecypcoB [1, 2]. Haubonee nepcriek-
TUBHO UISI IIPOM3BOACTBA OMO3TAaHOJIA JIEIIeBOE
IpeBecHOe LeJITIoIo30coaepKailiee ceipbe [3, 4]. On-
Hako TIoJiMcaxapuabl JIpeBeCUHBbI 0e3 MpeaBapuTesib-
HOI1 00pabOTKM HE ITOJIHOCTBIO TUIPOIN3YIOTCS bep-
MeHTaMu. B HacTos1iee BpeMsI B IPOMBIIILIEHHOCTU
B OCHOBHOM TipuMeHsieTcs1 TexHojioruss SPORL
(Sulfite Pretreatment for Overcoming the Recalcitrance
of Lignocellulose), 3akimoyaroiasicss B CyJIb(PUTHON
npenodbpadoTke cyocrpara [5]. Kpome sToro cyiie-
CTBYET psifi IEPCIIEKTUBHBLIX TEXHOJIOTHIA, KOTOPbIE
OKa HE MCIOJIb3YIOTCSI B IPOMBIIIUIEHHOCTH.

VisTpansMenbueHIEe — Ipouecc 00paboTKN MaTe-
pUaja Ha LIapOBBIX MEIbHUILIAX U Je3UHTErpaTopax,
KOHEYHBIM ITPOAYKTOM KOTOPOTO SIBJISIIOTCS YaCTULIbI
cyoctpaTta ¢ pasMepamu 10~°—10~2 M. B mpouecce
YABTpan3MeIbUeHUSI IPOUCXOOUT pa3pyllIeHUe JINT-
HOLIEJUTIOJIO3HOTO KOMILIEKCA APEBECUHBI, SIBJISIO-
LIETOCS TJABHBIM TIPENSTCTBUEM ST (PEPMEHTOB.
PaspylieHne HaaMOJEKYISIPHOM CTPYKTYphl IpeBe-
CUHBI IPUBOAUT K YBEJIUUEHUIO CTENIEHU TUAPOIN3a
noaucaxapugoB. OLeHUTh pa3Mephbl YaCTUIL, 00pa3y-
IOLIUXCS TIPU YABTpau3MeIbuyeHU !, B IIUPOKOM Jra-
na3oHe (0T HECKOJIBKMX HAHOMETPOB 10 HECKOJIBKUX
MUKPOH) MOXHO TTpY IMTOMOIIM METOIOB AUHAMUYE-
CKOTO CBETOpAacCesIHUS U Jla3epHON MHTepGhepeHIIN-
OHHOIT MUKpocKoruu [6—10].

Lenb paGOTHI — YCTAHOBJIEHUE KOPPEJISIIIUUA MEX-
Iy CTEeTeHBbI0O M3MeTbueHUs M 3(PEHEKTUBHOCTHIO
¢bepMeHTaTUBHOTO TUAPOJIN3a MOJIUCAXAPUIOB Ipe-

BECHHBI, OIIPCACIICHMUE pa3MEpa IMOoJIydaromnxcs 1mpnu
YIABTPpANU3MECIIbUYCHNMN YaCTUILI, a TAKXKE BIUAHNA YJIb-
Tpan3MeEJIbYCHUA Ha TUAPOJIN3 APEBECHUHEI.

METOAMKA

OObeKTaMU UCCIIEJOBAaHUS OBUIM OCHHOBBIE
OMNWIKHU, NOJy4EHHbBIE C TIOMOIIBIO JUCKOBOM IIUPKY-
JIIPHOI MWL, U YABTPaIUCIIEPCHEBIC IPEBECHBIC Ya-
crunsl (VIY).

HM3MenbueHrEe ONMUIOK TPOBOAUIN C ITOMOIIBIO
IJIaHeTapHOM 1IapoBoii MejbHULBI RetschPM-100
(“Retsch”, Iepmanust). Mcronb3oBanu aBe CKOPO-
CTU BpalleHus1 padbouero opraHa MeJdbHULBI 400 n
600 06/mMuH. [1poIOKUTETBHOCTD N3METbYCHHUST CO-
crasisia 20, 25, 30, 35 u 40 muH. st onpeneneHus
pa3MepoB Y/IU ux moMemaiam B JUCTUUIMPOBAHHYIO
Bomy (5%) Ha 24 4 j1s1 OTACIEHUST KPYITHBIX YaCTHII.

O1ieHKa pa3MepoB YacTull OblIa BbITIOJHEHA C UC-
TOJIb30BaHMEM J1a3epHO MHTEphEePEHIIMOHHON MUK-
pockornuu (JIMM) u MeTo10M IMHAMUYECKOIO CBETO-
paccessHus (IAC). JIMM no3BoJisieT KOTM4eCTBEHHO C
BBICOKOUM TOYHOCTBIO M3MEPSTb ONTUYECKYIO pas-
HocTh xoma (OPX), MpomopLMOHANbHYIO BBICOTE
00beKTa U mokaszaTeso npeaomieHus [9]. Ucciaeno-
BaHM$ NPOBOJUIMCH C UCTTOJIb30BAHUEM aBTOMATU3U -
POBAHHOTO MHTEePPEPEHIIMOHHOTO MMKPOIpPOduIo-
metpa MHUA-1, pazpabotanHoro Bo Bcepoccuiickom
Hay4YHO-H1CCJIeI0BATEIbCKOM UHCTUTYTE ONTUKO-(U-
3udeckux uccienoBanuii (Mocksa, Poccust) ¢ niu-
HOI BOJIHHBI JTazepa 650 HM. [TorpenrHocTs M3Mepe-
HUS B TNIOCKOCTU cocTaBJsia okosio 0.5 MKM, a 1o
BBICOTE MOTpeITHOCTh u3MepeHust OPX = 5 Hm.

346



SODOEKTUBHOCTDb ®EPMEHTATUBHOTIO T'MAPOJIN3A TTOJIMCAXAPUIOB

0 2.5 5.0 7.5

10.0

347

Z, HM
100
50

12.5 15.0 17.5  20.0

X, MKM

Puc. 1. Uzo6paxenue YUY B cyniepHarante. BpeMst ynbrpansmenbuenust 20 MUH, CKOpocTh BpalieHust 600 06/MuH. Makcu-
MaJIbHOE 3HaY€HUE BBICOTHI YaCTUIIBI COOTBETCTBYET €€ TUaMETPY.

Bennunna OPX (®) cBsizaHa ¢ BBICOTOM (Z) clieay-
IOIIMM COOTHOIIIEHUEM:
D = (n—nyz, (1)
rne n u n, — roxkasaTejan MpeJoMIeHUs YaCcTULIbl 1
pactBopa (wis Boabl ny = 1.333) COOTBETCTBEHHO.
Wcnonb3yst BBICOKYIO TOYHOCTH u3MmepeHuss OPX,
MOXHO OLIEHUTb AuaMeTp yacTtull o opmyJie 1. Ec-
JIM TPEAIONOXUTb, YTO YaCTULIbl SIBJISIIOTCS OJTHO-
POIHBIMU C(PepUIYEeCKUMU, TO MaKCUMalbHas TOJ-
muHa (MakcuMmaiabHoe 3HaueHre OPX) cooTBeTCTBY-
et muametrpy vactuil [11]. st pacdyeTa TOJIIUHBI
YacTUll MX MOKa3aresib MPeIOMIEHUS NMPUHUMAJICS
paBHBIM MOKa3aTello TpeIOMJIEHUS] LEeJUTI0N03bI
(1.468) [12]. TakuMm o6pazom, Meton JIMM mo3BoIs-
€T OLIECHMBATh pa3Mephl YaCTUIL BLICOTOI MeHee 5 HM
(TOYHOCTH WM3MEpeHUsI MpUoopa), 4TO IJIsI YACTHIL
LEeJUTI010361 cocTaBisieT 37 HM (cM. popmyiy 1). Tu-
MUYHOE U300pakeHue YacTull B CyliepHaTaHTe, Mo-
JIydeHHOE TIPU TTOMOIIM JIa3epHOU MHTepPepeHIIM -
OHHOI MUKPOCKOTIMU, TPeJCTaBIEHO Ha puUc. 1.

B omnbiTe 2 MKJI cyliepHaTaHTa, B3SITOIO U3 Cpell-
HeW 4yacTu MpOOMPKHU, TOMEIIIM Ha 3epKaJibHYIO
MOBEPXHOCTh IIPEIMETHOTO CTeKJIa, HAKPBIBAIU IO~
KPOBHbBIM CTEKJIOM MW ITOME€IIaJIM B MUKPOCKOII. B
KaXJI0i Tpo0e olieHUBajIoch He MeHee 80 OOBEKTOB.
s 06paboTKM M300pakeHUil UCITONIh30BaIaCh OCHO-
BaHHas Ha 6a3e Imagel,0ecruiaTHast aj1s1 HEKOMMeEpUe-
ckoro ucrojib3oBanus mporpamma FUT (http.//fiji.sc/).

IIpn Mcnonb30BaHMM IMHAMUYECKOTO CBETOpAC-
CesIHMS IJIsl OLICHKU pa3MepoB YacTull 1.5 Mi1 cyrep-
HaTaHTa, pa30aBJIEHHOIO B 5 pa3, 3a/IMBajid B KIOBETY
¥ ToMenianu B rmpubop Zetasizer Nano (“Malvern”,
England).

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

KonuuecTBo JIeTKOTMAPOIM3YEMEIX CaxXxapoB B
ONMJIKaxX onpenensnu 1mo Metony [13], peayumpyro-
mux caxapoB (PC) — mo peakuuu ¢ NMMKPUHOBOI
KMCJIOTOM, LIEJUTION03kI — 110 MeToay [13].

Hna ruaponusa YU ucnonb3oBanu depMeHT-
Hblli mpenapat “JlamuHekc BG” (“Genencor Inter-
national BVBA”, benbrust; akTMBHOCTD SHIIOLIEIIITIO-
na3pl — 4700 E/M, akKTUBHOCTh KCWJIaHA3bl —
1500 E/mn, akTuBHOCTB B-mmrokaHazsl — 3100 E/mi).
B xauecTBe cyGeTpara ISt onpee/ieHUsI aKTUHBHOCTHU
SHIOLIEJLTIONA3EI UCITONIb30BaNIN 1%-HYyI0 HATPUEBYIO
coJib kKapbokcumetruneanoao3bl  (Na-KMII) B
0.05 M auerataom oydepe, pH 4.5 ¢ 0.1 M NaCl. K
1 M1 cyocTpata moGaBisii 1 MJT KyJabTypajlbHOM
KUIKOCTH, MHKyourpoBaiau 30 MuH npu 50°C u onpe-
nenstii PC o peakiiny ¢ MUKPUHOBOM KUCIOTOM. 3a
eAUHUILY aKTUBHOCTA NPUHUMAIN KOJIUIECTBO (hep-
MEHTa, TIpu AeiicTBrUM Kotoporo Ha Na-KMII o6pa-
30BBIBajics 1 MT 11I0K03bI 3a 1 14 mipu 50°C.

O0paboTKy (hepMEHTHBIM MpernapaTroM “JlaMHUHEKC
BG” (“Genencor International BVBA”, Beibrus) mpo-
BOOWIU B KoJI0ax eMkocThio 100 Mt ¢ 30 mut atierar-
Horo oydepa (pH 5.0) u 3% Y14. B kon6b1 no6aBis-
1 (hepMEHTHBIN MpenapaT B 00beMe, COOTBETCTBYIO-
meMm 200 ex. /T cyocrpara (mo Na- KMI)u nomemann
Ha 24 4 B meiikep-TepmocTat npu 50°C. ITpo6sl a1
aHajM3a OoTOMpaid MO 5 MJ, LEHTPU(PYTUpOBAIU
10 MuH, 06pasLbl CyllepHATAHTA MOCJE MOATOTOBKU
npo6 aHanu3upoBasm mMetogoM BOXKX. Mertommka
MOATOTOBKY MPOO 3aK/I0vYaiach B yIaJICHUU PacTBO-
pUMBIX GEJIKOB MPU HarpeBaHUM OoOpaslia, OCBETIIe-
HUM pactBopa 10%-HBIM alleTaToM CBUHIIA W (DMITb-
TpalMU TTOJIyYeHHOTO OcaiKa Ha (UIbTpe ¢ ITopaMu
0.45 mxM 1 ueHTpudyrupoBaduu npu 10000 g no uc-
Ye3HOBEHMUs OITajleClieHIUM. PexXxuM aHalmn3a Ha
xpomatorpadpe Shimadzu LC-20A (“Shimadzu”,
Ne 3
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Puc. 2. PacnipeneneHuue pasmepoB YIU (nnamerp), rojydeHHOE C IMTOMOIIbIO IMHAMUYECKOTO CBETOPACCESIHUS, TIPU pa3HOM
JUTUTETbHOCTY (MWH) ¥ CKOPOCTH BpailieHus1 (00/MWH) TIPU yJIbTpanu3MeIbuyeHUN:

a — 20 muH, 400 06/MuH; 6 — 20 MuH, 600 06/MuH; B — 40 MuH, 400 06/MuH; T — 40 MuH, 600 06/MUH.

SmoHust) ¢ OMHAPHBIM I'Pag e HTHLIM HACOCOM BbICO-
koro masieHust LC-20AB ¢ onuHapHO IIpeIKOI0H-
Koit Supelguard Pb: monBrikHas daza — 1eMOHU3UPO-
BaHHas1 Boza 1 Mj1/MuH, KojioHKa Supelcogel Pb 300 x 7.8
(Supelco, CIIIA), TepmocTtatnpoBanue 80°C [14].

PE3VYJIBTATbBI 1 UX OBCYXIEHUE

MexaHunuyecKkyto oO6pabOTKy ApeBECHMHBI OCUHBI
MpOBOAMJIM TIpU cKopocTu BpaiteHuss 400 wu
600 06/MuH B TeueHue 20—40 MUH.

Pasmep YU usMepsuim METOOOM TMHAMUYECKOTO
CBETOpacCesTHUsI, KOTOPBIN MO3BOJISIET OLIEHUBATh Ha-
JINYMeE YaCTUIL B paCTBOPE B IIMPOKOM JUara3oHe — OT
HECKOJIbKIX HAHOMETPOB 10 MUKPOMETPOB (puc. 2).
YcTaHoBIIEHO, YTO B pacTBOpax IpucyrcTyoT YU
pa3nuyHbIX pa3mepoB oT 2 1o 1100 uMm. ITokaszaHo,
YTO MPU YBEJIMUEHUU BPEMEHU U3MEJIbUCHUS B Cpelie
HOSIBIISTIOTCS OoJiee Menkue JacTulbl (puc. 2). U3-
MeJIbUeHUE B T€UYCHUE OIWHAKOBBIX IPOMEXKYTKOB
BpPEMEHU, HO C OOJIbllIeli CKOPOCTbIO MPUBOIUIO K
YMEHBIIIEHUTO MOJIMANUCIIEPCHOCTH YaCTHII.

Taoauma 1. Msmepennbie Metonom JIMM cpenHue pazMe-
pbI IMaMeTpa 4acTHIL

oo | CPenee, | M e
20 muH 400 06/MuH | 206.1 £23.0 | 75.6 451.5
20 muH 600 06/MuH | 311.9 £53.2 | 75.6 781.3
40 mut 400 06/mMuH | 103.6 £ 16.0 | 41.7 239.0
40 MuH 600 06/MuH | 91.4+ 124 | 40.4 275.7

* PaaMep HanboJiee 9acTo BCTpCYAIOIIMXCA B paCTBOPE YaCTHUII.

MMPUKIIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

MeTon TUHAMWYECKOIO CBETOPACCESTHUS I103BO-
JIAJI IOAYYNTh MH(GOPMAIIMIO O IIPUCYTCTBUU B pac-
TBOpPE YACTWI] pa3jIMUYHOTO pazMmepa. Jasg olleHKH
pacripeaeaeHus YacTUll Mo pa3MepaM HMCIOJIb30BaI-
ca meron JIMM. Ilpu usmepenun YUY metomom
JIMM 65110 00HApYyXEHO, YTO B CyIIEpHATAHTE HAX0-
JISITCS yacTULbl oT ~30 HM 1o 6osiee 1 MKM, IpU 3TOM
MOKa3aHO, YTO HAaMOOJIbIIIee YMCIIO YACTHUI] B CyIICpHa-
TaHTE COCTABJISUIM YacTUIIBI pa3MepoM MeHee 100 HM
(puc. 3). Ha rucrorpammax (puc. 3) oHM moKa3aHbl
KaK caMblIil BLICOKUIA ITMK paclpeaesieHIs 110 pa3Me-
paM 1 COOTBETCTBYIOT Mofe (HanboJiee 9acTo BCTpe-
yaeMOMY 3HAYSHUIO pa3zMepa).

YCcTaHOB/IEHO, YTO yBEJIWYEHUE BpEeMEHU obpa-
OOTKU MPUBOAMIIO K YMEHbBIICHUIO pa3Mepa Hanbo-
Jiee 4acTo BCTpeYyaeMbIX YaCTULL IPUMEPHO B 2 pasa.
CpenHue, HanboJiee 4acTo BCTpeyaeMble (Moaa) 3Ha-
YeHMUsI, a TAKXKE CTaHJapTHbIE OTKJIOHEHMS AuaMeTpa
YacTUll OpU Pa3IMUHbIX pPeXUMax H3MeTbUYECHUSs
npuBeaeHbI B Ta0s. 1.YemM Oosbliie cpeaHee OTInJaeT-
Csl OT MOJIbl, TeM 0oJiee HEOIHOPOIHbBIE 10 pa3Mepam
YacTUlIbl HAXOASATCS B cyTliepHaTaHTe. TakM ob6pa3oM,
CyIs IO YBEJIMYECHUIO CTAHAAPTHOI'O OTKIIOHECHU S, Xa-
paKTepu3yIolIeTo pa3dpoc pa3MepoB N3MEPEHHBIX Ya-
CTUIl, MOXHO TPEIIOJOXUTh, YTO YBEIUUYEHUE CKO-
pPOCTHU BpallleHUsI MEJIbHULIbI IPUBOJIUT K HEKOTOPOMY
YBEJIMYEHUIO TUCTIEPCHOCTHU CUCTEMBI (CM. TaoII. 1).

Takum o6pazom, ¢ HOMOIIBIO IBYX METOIOB ObLIO
MOKa3aHO, YTO C YBEJIMYEHUEM CKOPOCTHU U JUTUTE]Ib-
HOCTH yJIBTpan3MeIbu4eHUs IIPOUCXOINIIO YMEHBIIIE-
HUE CpeaHero pasMepa 4yacTull (MOSIBJCHUE YaCTUII
0ojiee MEJIKOro paszMepa), Ipu BTOM YBEJIMUYECHUE
CKOPOCTH IIPUBOIMIO K HEKOTOPOMY YBEIUYCHUIO
JUCIIEPCHOCTH YaCTHUL] B CyMIepHATAHTE.

JJ1st BBISIBJIEHUST JOCTYITHOCTH KOMITOHEeHTOB Y14
11 (pepMEHTOB MPOBOAWIM (PepMEHTATUBHBIN THJI-
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Puc. 3. Pacnpenenenue YU no pasMepam B Mpobax, U3MEPEHHBIX METOAOM JIa3epHOM MHTephEePEeHIIMOHHON MUKPOCKOITUN
TP pa3HOU JUIMTEIILHOCTU (MUH) ¥ CKOPOCTH BpallleHus (00/MUH) TIpU yIbTpau3MeIbueHUN:

a — 20 muH, 400 06/MuH; 6 — 20 muH, 600 06/MuH; B — 40 muH, 400 06/MuH; r — 40 MuH, 600 06/MUH.

MB
22.5

20.0
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25 MUH

Puc. 4. Xpomatorpamma pepmeHTaTuBHOrOo ruaponusara YU, uamensueHubix npu 600 06/MuH B TeueHue 40 MUH.
1 — rajakroconepxkaluuii nucaxapui, 2 — riiloKo3a, 3— rajakrosa, 4 — KCuio3a, 5 — apabuHo3a.

poav3 mojiMcaxapuiaoB IIpernapaTtoM “JlamMuHeKkc”.
IMoce ocaxapuBaHus B TeueHUE 24 4 ompencssin
KOHIIEHTpAINIo peayuupytomniux caxapos (PC) meTo-
noM BO2XKX.

B xone uccienoBaHus 6610 moka3zaHo (puc. 4, Su
Tab. 2), 4TO TJIyOrHa (hepMEeHTAaTUBHOTO T'MAPOIM3a
VY14 3aBUCHUT KaK OT CKOPOCTH BpallleHUSI MEJIbHU-
OBI, TAK ¥ OT BpeMeHU ITpenoopadoTku. ITocne rum-
ponuza Y/IU B cpene HakKaIIMBaJIUCh, B OCHOBHOM,
III0KO3a ¥ TajlakTo3a (TabJ. 2). [1pu ucnonb3oBaHUU
YO4, nonydeHHbIXx mpu 600 06/MMH B TedyeHUE
40 MuH, oOHapy>XeHbl MaKCHUMaJIbHbIE KOJIUYECTBA
TJTFOKO3bI ¥ TATaKTO3bI — 9.58 1 6.43 MT/MJI COOTBET-
ctBeHHO (puc. 5). IIpu aToM pexume B cpene ObLIU
OOHapyXXeHbl TAKXKE rajaakTo30COoAepXKallluil aucaxa-

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA

pua, apabrHO3a 1 KCUJI03a U PSII APYTUX MOHO- U M-
caxapumoB (MeHee 1 Mr/miI), cyMMapHast KOHLIEHTpa-
1S peayLMpPYIOIIMX caxapoB cocTaBuiia 18.75 mr/miu
(Tabm. 2).

ITpu MeHbllleld CKOPOCTU BpallleHWsI METbHULIbI
(400 06/MuUH) comepskaHUe TIIFOKO3bI B Cpefie 3aBUCEIIO
OT BpeMeHH I1peaodpadoTku (puc. 5): mpu 20 MUH OHO
coctaBisino1.92 mr/mi u ipu 40 MuH — 3.73 Mr/mi, ra-
snakto3bl 1.47 u 1.90 Mr/MJ1 COOTBETCTBEHHO. AHAJIO-
TMYHasi JMHaMHKa HaKOIJIEHUsI MOHOCaxapua0B 00-
HapyxeHa nipu noiaydennn YU mpu 600 06/MUH:
KOHILICHTpALYsI TJIIOKO3bI cocTaBmiia 6.11 mr/mi, ra-
JakTo3bl — 4.05 Mr/mia ipu 20-MUHYTHOM U3MeJTbye-
HUM 1 9.58 n 6.43 mr/™M71 iprt 40 MUHYTHOM COOTBET-
CTBEHHO (Tab. 2).

Ne 3

ToM 48 2012



350

MKB
12500

10000 i ]

7500

5000 |

2500 -

LIIYTOBA u np.

AN

50 7.5 10.0

12.5

15.0 17.5 20.0 22.5muH

Puc. 5. CpaBHeHue xpomaTorpamm (pepmMeHTaTUBHBIX THApoau3aToB YU, usmenbueHHbix npu 400 06/mMuH B TeueHue 20 [1]

u 40 [11] MuH.

1 — ranakTocomepxXalIuii nucaxapun, 2 — TI0Ko3a, 3 — rajjakrosa, 4 — KCuiao3a, 5 — apabuHo3a.

Konuenrpanus PC mocie ¢pepMeHTaTUBHOI 00-
pabotku Y4, nonyuenusix npu 600 06/MuH, Oblia
3HAYUTEJBLHO BHIIIE, IO CpaBHeHUIO ¢ YUY, momy-
yeHHbIMU nipu 400 06/MuH. MTak, THTEHCUBHOCTH
BpallleHUSI MEJIbHULIBI U JJIUTEJIbHOCTh U3METbYSHUS
CYLLECTBEHHO BJIUSUIM Ha ITOCIEAyIONiA (pepMeHTa-
TUBHBIN TUAPOJIU3 IPEBECUHBI.

Bonbmast koHueHTpauus PC cBuaerenbcTBOBaa
0 OoJiblIIel MOJTHOTE U MHTEHCUBHOCTU TUIPOJIN3A, a
TakKe U 00 YBEJIMYEHUU JOCTYMHOCTU 1IEJUTIONO03bI
IUTs TMaposas. JIMTHOLIe UTIONI03HbI KOMILIEKC mpe-
MSATCTBYET NMPOHUKHOBEHUIO (DEPMEHTOB U 3aTpyll-
HSIET TUAPOJIN3 LEJUTION03bl U APYTUX TMOJIMCAXapu-
noB [15]. OnHako TIpu yJIBTpanu3MeTbuUeHUN TTPONC-
XOOWUT PE3KOe YBEIWYEHUE TJIOIIAAN TOBEPXHOCTU
YacTHULl APEBECUHbI U B pe3yJibTaTe 3TOrO MOBbIIIIE-
HUE CTEeTIeHU TUAPOJIn3a.

briio uccnenosaHo coaepxkaHue PC B MCXOIHBIX
onmnkax 1 Y14 (ta6xa. 3). Kak u3BectHo, B HeoOpa-
0OTaHHOI ApeBeCUHE peayLUpPYIONIUE caxapa MpU-
CYTCTBYIOT B OU€Hb MaJIbIX KOHILIeHTpauusax. Comep-
xanrne PC B YU okazasoch 3HAYUTEIILHO BBIIIIE,
yeM B TIpyOOM3METbYEHHBIX OMUJIKAaX, UYTO CBUJE-
TEJIBCTBYET O pa3pyILICHUH IO CaXapUIHBIX LTI C
o0pa3oBaHUEM HU3KOMOJIEKYISIPHBIX CaXapoB.

B xaxioit niesonase nmeeTcs iBa JoMeHa: copo-
LIMOHHBIN, WU LEJTI0J030CBI3bIBAIOIIMMI, U KaTa-
JUTUYECKUI JTOMEH, OCYIUECTBISIOLIMI PpeaKlnio
ruapoau3a. CHavaia oOpa3yeTcsi KOMILUIEKC Leso-
JIO30CBSI3bIBAIOIIETO JOMEHA U MOJIEKYJIbI 11€JUTIOJIO-
3blI, 3aTEM BCTYIAET B IeICTBUE KaTaTUTUIECKUM 10~
MeH, IIpu 3ToM epMEHT Kak Obl “IiepeTeKaeT”’ dyepe3
psil HEMPOYHBIX KOMIJIEKCOB, B KOHIIE YeTO 00pasy-
eTCsl KOHEeUHBI mponyKT peakunu [16]. CoBepiieH-
HO OUEBUJIHO, YTO phIXJiasi HAAMOJIEKYJISIpHAasl CTPYK-
Typa OyneT ropasmo Jerdye moaaaBaThCs TUIPOJIU3Y,
YyeM IJIOTHOYMAKOBAaHHbI M JIMTHOLIEJUTIOJIO3HbBIM KOM-
iekc. bonee Toro, yMeHbIlIEeHHE pa3Mepa TUAPOJIU3Y-
€MbIX YaCTHI] TaKXKe YBEJIUYUT CKOPOCTb (hepMeHTa-
TUBHOI peaklMM M3-3a TOSIBJICHUsI 00jiee KOPOTKUX
YY4aCTKOB MOJIEKYJT LIEJITIOJIO3bI. DTO MOXHO OLIECHUTh
M0 U3MEHEHUIO CTeNIeH KOHBEPCUU TOJIMCcCaXapUuIoB.
CreneHb KOHBEPCUM MOJMCAXapUAOB JIPEBECUHBI,
k;, — oTHo1IeHUEe Macchl oOpazoBasiuxcs PC k cymme
Macchl LEJUTIONIO3bl 1 JIETKOTUAPOJIN3YeMbIX TToJMca-
XapuA0B, MOXXHO ONPENEUTh U3 YPABHEHUS:

kk = mP—CVC (2)

b
ml-l + mJ‘[Fl‘I

rae my,, — KommdectBo PC B 1 M ruaposwusara,
mr/mi; V, — o0beM rugponusaTa, MII; m, — Macca

Tabmuma 2. 3aBUCUMOCTb KOHIICHTPALIMY PEAYLMPYIOIINX caXapoB, MT/MJT B (hepMEHTHBIX Thapoaun3arax Y14 ot Bpe-

MCHHU YJIbTPaU3MECJIbUYCHUA

CKOpoCTb BpallleHUsI MEJIbHULIBI, 00/MUH
Bpews 400 600
U3MeJIbYCHUS,
MUH CYMMapHBIi CYMMAapHBIit
[JTI0KO03a rajakrosa JII0KO3a rajakrosa
BBIXOJI CaxapoB BBIXOJI CaXxapoB
20 1.92 £ 0.04 1.47 £ 0.01 3.92 £0.15 6.11+0.16 4.05+£0.21 11.53 £0.21
40 3.73 £0.07 1.90 £ 0.05 6.21 £0.13 9.58 £ 0.28 6.43+0.24 18.75 +0.39
MPUKITAAHAA BUOXUMUA U MUKPOBUOJIOTUA  Tom 48 Ne 3 2012
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LTEJIUTIOJIO3bl B HABECKE NPEBECUHEBI, MI'; m ., — Macca
JICTKOTUAPOJIN3YEMBIX ITOJMCaxXxapnaoB B HaBECKE
APE€BCCUHDLI, MT.

MBI yCTaHOBWIIH, YTO COMIEPKAHME TIEIITIOIO3EI B
VYIAY ocunbl cocTaBiisiio 37.5%, a 1erkKoTUapOIn3y-
eMBIX ImoJimcaxapuaoB — 34%. CterieHb KOHBEPCUHU B
ciIyyae u3MenbueHus1 oOpasmoB npu 40 MHMH u
600 06/MuH coctaBwia 87.5%, 4YTO TPaAKTUYECKU
PaBHO BBIXOAY caxapoB MpPU KUCJIOTHOM THUIAPOJIN3E
[3]. IIpu depmeHTHOIT 00pabOTKE O0Opa3LIOB, IOy~
yeHHbIX ripu 20 MmuH 1 600 06/MuH, Beixon PC cocra-
BUJI TOJILKO 53.8% o00l11ero yncia mnojaucaxapuiaon
TMPEBECUHEL.

W3 puc. 3 BUIHO, YTO YBEJIMUEHUE JJIUTEIbHOCTH
U3MEJIbUYeHMS, KaK U €r0 MHTEHCUBHOCTHU MPUBOIST
K YBEIWYEHUIO MOJIM Oojiee Meakux dyactull B YIY.
Pa3Mep gacTuii, B CBOIO o4epeab, KOPPEIUpyeT ¢ dP-
(beKTUBHOCTBIO TUIPOJIN3A IPEBECUHBI: YeM MEHbIIIES
pa3zmep Y4, tem addekruBHee ruaponans. Mero-
JIOM IMHAMHWYECKOTO CBETOPACCESHUS HAMM T10Ka3a-
HO, YTO NpU pexuMmMax usmesibueHuss 40 MUH U
600 06/MUH OOHAPYKMBAIOTCSI YACTUIBI pPa3MepoM
2—11 BHM, KOTOpBIE OOECIIeUYNBAJIM MaKCHUMAaJbHBIN
Beixoa PC 1o cpaBHEHMIO CO BCEMM UMEIOIIUMUCS
npodamu. OgHako B oOpasiiax, MoJy4eHHbIX PU 00-
pabotke nipu 400 06/MuH B TeueHue 40 MUH OBLIO 3a-
GbUKCUPOBaHO HEOOJIBIIOE KOJIUYSCTBO YACTULL AUA-
MeTpoM 2—7 HM, HO 3TO He IPUBEJIO K YBESIMICHUIO
Beixoma PC mipu ¢epMeHTaTUBHOM THUIPOJIM3E.

YcraHosieHo, yTo coaepxanue PC B n3MenbueH-
HOM IpeBEeCUHE U BBIXOJI caxapoB IpU (pepMEeHTATUB-
HOM TUIPOJIN3€e MOIMcaxapuaoB 3aBrceNl OT pa3Mepa
VI4. MaxkcuMaiabHble 3HAYE€HUSI BBISIBIEHBI MPU
pa3zmepe Y4 10—20, 100—110 u 800 M. YBeanue-
HUE BpeMeHU 00pabOTKM CyOCTpaTOB ITPU U3MEJTbUe-
HuM ot 20 10 40 MUH IIPUBOANIIO K ITOSIBJICHUIO B Cpe-
e gactull oT 2 10 200 HM.

IIpennonaraercs, 4To B 3aBUCUMOCTH OT JIJIU-
TEeJIbHOCTU U CKOPOCTU U3MeJIbYEHUsI OITUJIOK HAHO-
pa3MepHEBIE YaCTUIIEI B BOOHOM cpelie MOTYT arperu-
poBaTh, 4To MeHseT Bbixog PC mpu mociemyiomeM
depMEeHTAaTUBHOM THAPOJM3E. DTO IT0OKa3bIBaeTCS
TeM, 4To oOpasell, B KOTOpoM 3a(MKCHUPOBaHBI ca-
MbIe MeJIKHE YaCTULIbI, He Jajl MAaKCUMAaJTbHOTO 00pa-
30BaHUsI caxapoB P TUIPOJIU3E.

B depmeHnTatuBHBIX ruaponu3satax YU Hadm0-
TaJIOCh HAKOIUIEHWE B OCHOBHOM TJTIOKO3BI 1 rajak-
To3bl. KpoMme TOro, meTeKTMpOoBaIvCh B CJICIOBBIX
KOJIMYECTBAX JaKTO3a, apabruHO3a U KCUJI03a, a Tak-
XKe psifl APYTUX MOHO- U AMCAaXapuA0B B KOHLIEHTpa-
USIX MeHee 1 Mr/MII.

IMokazaHo, YTO KaK MHTEHCUBHOCTb, TaK U BpeMs
U3MeTbYeHUsT (CKOPOCTb BpallleHUsI MEIbHUIIbI) Cy-
1LIECTBEHHO BJIMSIOT Ha MOCJEAYIONIN (pepMEeHTATHB-
HBII TUAPOJIN3 ApeBecUHb MaKcuMaibHasi KOHIIEH-
tpaiusi PC obHapykeHa nocie epMeHTaTUBHOM 00-
pabotku Y4 mpu 600 06/MuH B TeueHue 40 MUH:
MaKCUMAaJIbHBIN BBIXOJ CaxapoB cOCTaBWI 19 Mr/mi

MMPUKIAAHAA BUOXUMUA U MUKPOBHNOJIOTUA
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Taoauna 3. KoiunuecTBOo penyLuMpyIoIIMX caxapoB B HC-
XOJTHOM ChIpbE

IIponomkurensb- | CKOpOCTb Bpallie- KoHmeHTpammst
HOCTb YJIBTPan3- | HUS MEBHULIBL, b\ o /r cyberpara
MEJIbYCHUST, MUH 00/MUH K
IpybousmMenbueH- — 1.50 +0.08
HbIE OITUIKHU
20 400 1.68 = 0.08
600 2.75+£0.12
40 400 2.27 £0.11
600 4.70 £0.19

TUApPOIN3aTa, a CTeIIeHb KOHBEPCUM MOINCaXapuaoB
JIpeBecUHbI nocturana 87.5%.

Takum o6pa3oM, yabTpau3MeIbueHUe MOXHO UC-
TOJIB30BaTh UIST TIOBBIICHWS CTEIIEHW THAPOJINA3a
TOJINICAaXapyIIOB IPEeBECUHBI, a B JaJbHEHIIIeM Ipa-
BUJIbHAs KOMOWHALIMSI HECKOJIBKUX METOIOB Mpea00-
pabOTKM IPeBECHHEI TIPUBEIET K PA3BUTHIO TEXHOJIO-
TUW TIEPCIIEKTUBHOTO TOTUIMBAa — OMO3TaHOJIA, ITyTeM
cOpaxkrBaHUsI TIOJYYEHHOTO TUAPOIM3aTa IPOKKAMU.

ABTOpPBI BEIpaXXaioT 6J1arogapHOCTh COTPYIHUKAM
MTIY um. JlomoHOcoBa, ripodeccopy Makcumony [B.
1 wi.-kopp. PAH Iynununy E.A. 3a BO3MOXXHOCTb
MpPOBEICHUS U O0CYKIeHNE PEe3yIbTaTOB PaOOTHI.
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Effect of Particle Size on the Enzymatic Hydrolysis
of Polysaccharides from Ultrafine Lignocellulose Particles

V. V. Shutova?, A. 1. Yusipovich?, E. Yu. Parshina?, D. O. Zakharkin®, and V. V. Revin*
% Ogarev State University, Mordovia, Saransk, 430005 Russia
e-mail: vshutova@yandex.ru
b Moscow State University, Moscow, 119899 Russia
e-mail: sanyavor@gmail.com
Received July 1, 2011

Abstract—The efficiency of the enzymatic hydrolysis of wood polysaccharides ground into ultrafine particles
(UFPs) has been investigated. The content of reducing sugars (RS’s) in powdered raw materials and the yield
of sugars during enzymatic hydrolysis have been shown to depend on the particle size. Laser interference
microscopy and dynamic light scattering studies have shown that increasing the grinding time from 20 to
40 min resulted in the formation of particles ranging from 2 to 200 nm in size. Enzymatic hydrolyzates of
UFPs mostly contained glucose and galactose. The grinding intensity (mill rotation rate) and time had a sig-
nificant effect on the extent of the enzymatic hydrolysis of wood.
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