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CTABLIIBALIA ®PEPMEHTHOI'O IIPEITAPATY
HNPOTOCYBTHIIH I'3X 3 METOIO BUKOPUCTAHHSA
HOT'0 Y NITAXIBHUIITBI

V crarTi NpeACcTaBIeHO pe3yNbTaTH JOCIIDKEHHS ONTHMAIBHIX YMOB [UI acOPOLIiiHOT iMMOOimi3aLii Ha LeoiTi (hepMeHT-
Horo npenapary npotocyotunin I'3X:0,1M docdaruuii 6ydephuit pozuns i3 pH 7,0-7.4, Temneparypa 20-25 °C, eMHiCTh HOCIsS
22,5 Mr/r, TpUBaJIicTh Tporecy 2 ToA. BeraHoBieHO, 1110 32 TAKMX YMOB aKTHBHICTh IMMOOITI30BaHOTO eH3UMY Bianosinana 85,7 %
aKTHBHOCTI HaTHBHOI (opmu. IMMOOLNTI30BaHNIA TIpenapaT BUABUB CTAOUIBHICTD 31 30€PEeKEHHSM BHCOKOI aKTHBHOCTI B yMOBaXx,
KPUTHYHHX JUI1 HaTuBHOTO eH3uMy. [1pn pH-inakTuBamii HaTuBHOT Ta iMMoGiTi3oBaHoi opm nporocyoTmniny I'3X Brparu xatami-
THYHOT aKTHBHOCTI MOZIM(IKOBAHOTO TIperapary OyIIi 3HAYHO MEHIIe, HK HATUBHOTO, IPUYOMY U IMMOOLII30BaHOTO (hepMeHTy
criocTepiraiy 3HauHe po3irpeHHs pH-nipodinro B kuciit 30Hi. [Ipu pH 5,0 HatuBHHI hepmenT 30epir 20 % MoYaTKOBOT AKTUBHO-
cTi 1 HeoOOpOTHO iHAaKTUBYBaBCA B iHTepBaii pH 4,5-4.,8, y Toif ac sk immo6inizoBanmii mpu pH 4,0 36epir 42 % axrusHOCTI. Bu-
3Ha4eHO e()eKTHUBHICTh BUKOPHCTaHHS CTAaOLIi30BaHOrO Mpernapary B AOCHiAaxX Ha Kypdarax-Opoitiepax. IIporeonithdHa akTuB-
HICTh TpaBHHUX ()EPMEHTIB y Pi3HHX BIIUIiIaX MITYHKOBO-KHIIKOBOTO TPAKTy OpOMIIEpiB HOCTiAHOI rpyIH OyJa JOCTOBIPHO BHILE,
HDK y KypyaT KOHTPOJBHOI TPymu. 30KpeMa B XiMycCi IBaHALSTHUIIATIO! KUAIIKA Y KypyaT FPYIIH, B PALiiOH sSIKOT BXOIHUB iMMOOLITI30-
BaHMH Mperapar, 30UIbLICHHS NPOTEOTITUYHOI aKTUBHOCTI 0yJ10 BUIIMM Ha 12,8 % MOpIBHIHO 3 TPYIIOIO, IO OJCp)KyBasa HATHUB-
HHIl eH3UM. 3roJoByBaHHs KypuyaTaMm iMMOOLTi30BaHOro mpoTocyOTrminy ['3X MO3MTHBHO BIUIMBAIO HA MPHUPICT XKUBOI MacH i
CIPHSLIIO 3MEHILICHHIO BUTPAT KOPMY.

Kawuosi ciioBa: eH3uM, iMMOOLITI3allis, HATHBHUI CH3HM, IICOJIIT, aICOPOIis, MPOTEONITHYIHA aKTHBHICTh, pH, Oydep-
HUH pO3YMH.
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IMocTanoBKka mpodemMu, aHATI3 OCTAHHIX AOCTizKeHb i myOJaikauiii. OfHI€I0 3 OCHOBHUX MPO-
0JIeM TBapWHHMIITBA € TIOITYK IUISAXIB IiIBUIICHHS 3aCBOIOBAHHS MOKUBHUX PEYOBUH KOpMY. Bupo0O-
HHUITBO Cy4acHOI KOMOIKOPMOBOI MPOIYKIIi HE 00XOAUThCS 0€3 BUKOPUCTAHHS KOPMOBHUX (EPMEHT-
HUX TIPEnapariB, SKi JTO3BOJSIIOTH OLTBII MOBHO BHKOPHCTOBYBATH KOPMOBHH MOTEHIial CUPOBUHH,
3MEHIITYBATH Yac BIATOMIBII, 3HIKYBATH BapTICTh Ta BUTpATh KopMmis[1, 2, 3].

Ex3oreHHi eH3uMHI 700aBKM B KOMOIKOPMH IITHIl MTPUCKOPIOIOTH MPOIIEC METabOoIIi3My 3a paxy-
HOK TIOTJIMOJIEHHS TiAPONITHYHUX MPOLECIB, CIPHUAIOYM iHTeHCH(iKallii 3aCBOEHHS MOXUBHUX PeUo-
BHH KopMy [4].

Tak, 3actocyBaHHS (EPMEHTIB Yy paIioHax OpoiyiepiB 301IbIIye cepeaHbOT000BI MPUPOCTH MacH
Ha 4-5 %, AHIEHOCHICTh Kypei-HecyuoK — Ha 5 % mpu 3HWKEHHI BUTpaT KopMiB Bix 5 10 10 %, mia-
BUIIIY€E 30€peKEeHICTh MOJIOAHSKY Ta MOTOJIIB’ 1 JOpOCTuX TBapuH Ha 3—5 % [5]. BBenenus no ckmamy
KoMOikopMy mJis KypuaT-OpoitnepiB pepmentrHoro npenapary «<HATYDOC 5000» cipuse 3011bI1eH-
HIO Macu OpoiiiepiB Ha 4,5% 1 cepenHp01000BUX MPUPOCTIB Ha 6,1 % [1, 6].

[IpoTe eH3uMHI mpenapaty, SKi 3aCTOCOBYIOTHCSl Y TBAPMHHULTBI, BUSBIISIOT HECTAOUIBHICTD Aii
ITiJT BIUTMBOM YaCTKOBOiI a00 MTOBHOI iHAKTHUBAIII] iX 1HT10iTOpaMu, IIpoTea3aMu, KUCIUM CEepPEIOBHIIEM
TpaBHOTO KaHamy [3]. Kpim Toro, depMeHTHI mpenapaTy MIBUAKO BTPAdalOTh aKTUBHICTH TIPH 30epi-
rausi [7, 8].

3011pmKUTH e(EeKTUBHICTE BUKOPUCTAHHS €K30TEHHUX (PEPMEHTHHX IpenapaTiB MOXKIUBO 3a pa-
XYHOK CTBOpPEHHS CTa0imi3oBaHUX (opM OiompernapaTiB i3 BUKOPUCTAHHSAM MPUHITUIIIB 1 METOIB 1H-
xeHepHoi eH3umoutorii [9, 10, 11].

IMMo6inizoBaHi mpenapaTH, Ha BiAMiHY BiJ HATUBHUX, MAlOTh s TepeBar: MpOJOHTOBaHICTh Aii,
CTIHKICTh IO MEHATYypYIOUHX arcHTIB, IMJABHINCHY CTaOUIBHICTh, MOKIIUBICTh BiIIiICHHS (epMeEHTY
BiJI MPOMYKTIB peaKIii IJIs1 HOBTOPHOTO BUKOPHUCTAHHS [8, 12].

OnHuM 13 epeKTHBHUX 1 MPOCTUX CII0c00iB Moaudikalii (pepMEHTHHX NpernapariB € ix agcopOuis (iM-
MOOiTi3allisA) Ha MPUPOIHUX HOCISX 32 PaXyHOK €IEKTPOCTATUYHHX, Tiapo(OoOHHMX, BOAHEBHX 3B’S3KIB.
3akpitureHHs] Ha HOCII CIiprsie 0OMEXESHHIO PYXJIMBOCTI OLTKOBOI MOJIEKYH (hepMEHTY, CYTTEBO TOCIIA0-
JIFO€ B3aEMOZII0 MK OKPEMHUMH MOJIEKyJIaMH (DepMEHTIB 1 TUM caMKM 3ano0irae aBromisy [13, 14].
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T'ooBHUM HEMOIIKOM (hi3HYHOT0 METOLY IMMOOLTI3ALIIT € Te, 110 (PepMEHT MOXKE 3B'I3yBaTHCA 3 HOCI-
€M HEZOCTaTHBO MilHO. JlecopOuito (epMEHTY MOXKYTh BUKIMKATH HE3HA4HI 3MiHH 30BHIIIHIX YMOB: pH,
HOHHA CHJIa pO3YMHY, TeMIepaTypa i mpupoaa pozurHHuKa [11, 15]. Kpim Toro, y Ko>kHOMy KOHKPETHOMY
BHTIAJIKY HEOOXITHO EKCIIEPUMEHTAIBHO IMiAOHUpATH HOCIH 1 yMOBH [Tt iMMOoOiTi3artii [16].

Oco6nrBe 3HaYCHHS MPH iMMOOLTI3aMil HamaeThes HOocisiM. Heopraniuni HOCIT TOBUHHI OyTH Me-
XaHIYHO, XIMIYHO 1 OiOJIOTIYHO CTIMKMMH B PiAKOMY CEpEIOBHILI, HE BHKIUKATH KOH(ipMamidHUX
3MIiH CTPYKTYpPH €H3UMY, MaTH HHU3KY BapTiCTh, JIETKO TPaHYJIIOBATUCH 1 aKTHBI3yBaTuch. Ha BM3HA-
YEHHS ONTHMAJIBHAX PEKHUMIB iIMMOOLTIZaIli1, 0 3a0e3rmeuaTh BUCOKY KaTaJiTUIHY aKTHBHICTH TIpe-
napaTy Ta CTaOUIbHICTb, CIPSIMOBYIOTHCS CyYacHi JOCHIKEHHs Ta po3poOku [17, 18].

MopaudikoBaHi nussxoM iMMoOiTi3anii pepMEeHTH 3HAMIIUIN MIMPOKE 3aCTOCYBAHHS B TEPAIlCBTHY-
HUX NOUIAX Y MEIUIINHI, XapuoBil, TEKCTHIBbHIHN, (hapMarieBTUIHIHN, XIMITHIH, IIKipsSHI i IPOMHUCIOBO-
cti Tomo [8, 19, 20].

Tax, y Xxap4oBiii MPOMHCIOBOCTI AJIsl IPOLIECY HEMEPEPBHOTO TiAPOIIi3y KPOXMAII0 BUKOPHCTOBY-
€ThCSI BUCOKOCTAOUIBEHUIA TeTepOTCHHMI Oi0KaTai3aTop Ha OCHOBI aJcopOoBaHOI TIOKoaMia3u. Im-
MOO1TI30BaHa TIIIOKOaMija3a BUSABJISE BHCOKY OiOKaTaliTUYHY aKTHBHICTH depe3 1-1,5 pokiB 30epi-
ragug [21].

Ha ocHOBI TiipomiTHIHIX (EpPMEHTIB PO3pOOJICHO TETEPOTCHHI OioKaTalli3aTOPH MPOJIOHTOBAHOT
Iii 31 3HMKCHOIO TOKCHYHICTIO Ta aJepreHHICTIO, iIMMOO1TI30BaH] Ha MEITI0JI031, JUAITBIET1AIeITI0N031
Ta IHIIMX HOCIAX U1t (papMaleBTUYHOTO MpHU3HAUYeHHS [8].

[lepcneKTHBHUM € OofiepKaHHs iIMMOO1II30BaHUX (PEPMEHTHHX MpENapariB Uil BUKOPUCTAHHS 1X y
MIPaKTHIll KOPMOBHPOOHHUIITBA, TBAPUHHHUIITBA, ITaXiBHANTBA. TaK, CTBOPCHHIA IIJITXOM aICOPOIIHOT
iMMOOiizamii cTalini3oBaHUN (EpMEHT 13 MPOTECONITUYHOI aKTHBHICTIO JUIS TOMIBII ClIBCHKOTOCHO-
JapChbKUX TBAPHH 1 NMTUILI, CIIpHs€e 30€peKeHHIO aKTUBHOCTI €H3UMY TIiJl Yac IPOXOKEHHS Y TPaBHO-
My KaHaJi, a TaKOXK IIPH TpUBajIoMy ioro 30epiranHi [22].

IMMOO61TI30BaHMI HA TIEOJITI €H3UM 3 TIIIOKOAMIJIA3HOI0 aKTHBHICTIO 3aIIPOTIOHOBAHO BHKOPHCTO-
BYBATH y TOAIBII OpoiinepiB. BctanoBieHo, o qaHuil mpenapaT CHpHsE MPOLECy INIIOKOHEOTEHE3Y 3
OJHOYACHUM ITiABULICHHSAM IBUIKOCTI TTIIKOJII3y 1 aKTHUBALi] MPOLECiB OKUCHEHHS y TKaHHHAX [3].

Beenenus 10 kombikopmy i3 nedinprom Pocdopy iMmobinisoBanoro Hoxy 3 kommiekcoM dep-
MEHTHUX IpenapaTiB MPUBENO 10 301IbIIeHHs MacH niepeneniB Ha 7,2 % [23].

Takum YMHOM, KOHCTPYIOBAaHHS CTIMKHX /10 30BHILIHBOTO BIUTUBY €H3UMIB IMPOJIOHTOBaHOI Aii 10-
3BOJIMTH 3HAYHO IIABHUINUTH €(DEKTHBHICTh BUKOPHUCTAHHSA (DEPMEHTHHX IIpErapariB, sIKi 3aCTOCOBY-
I0ThCS Y TBAPUHHULITBI.

MeTo10 nociHigmeHHsI € BU3HAYCHHS ONTHMAIbHUX YMOB AJisi cTabinizamii KOpPMOBOI €H3MMHOI
nob6aBky mpotocyotuitiny 13X, sika 10omaeThes y parion OpoiiepiB, Ta OPIBHUIBHA XapaKTePUCTHKA
BJIACTHBOCTEH BIILHOTO Ta iMMOO1II30BaHOr0 (PepMEHTY B YMOBAX in Vitro Ta in vivo.

Marepiaa i MmeTonuka pociaigaxenHs. [IpoTeoniTnuny akTHBHICTH npoTocyOTHIiHY ['3X BU3HA-
yanu moaudikoBanuM MetogoM AHcoHa 3a 'OCT 20264.2-88 [24]. KinpkicTs Oinka Ha HOCI€BI OITi-
HIOBAJTU 32 3HIKEHHSM HOT0 KOHIIEHTpAIii B peaKiiifHii cymiri, sika BuMiptoanacs 3a Lowry O.H. et
al. [25]. 3naueHHs aKTUBHOCTiI IMMOO1Ti30BaHOTO (PepMEHTY BHUpaKajH y BiZCOTKax BiJ aKTHBHOCTI
BiJIbHOTO eH3uMy. Benmuuny pH OydepHux pozunHiB BuMmipioBanu Ha noteHuiomerpi pH —340.

Jlst iMMo06imizartii BUKOPUCTOBYBaM (hepMEHTHHUH Tpemnapar nmpotocyoTuinin ['3X 3 akTHBHICTIO
70 on/t JIanq>KUHCBKOTO 3aBOY 010- 1 GepMEHTHHX MpenapatiB «JH3UM», B IKOCTI HOCISi BHKOPUCTO-
ByBaJi 11eoiT COKMPHUIIBKOTO POOBHIIA 3aKapmaTChbKOi 00JIACT.

JlocmimKeHHsT TIPOBOAMIIA B €KOJIOT0-010TEXHONIOTIUHIN JTabopaTopii Ta BiBapiymi BHAY. B Hay-
KOBO-TOCITOIaPCHKOMY JOCiII BUBYAIN BIIMB HATUBHOI'O Ta iIMMOO1/1i30BaHOr0 (hepMEHTIB Ha 010Xi-
MiYHI TIOKa3HUKHU Ta MPOIYKTHUBHICTh KypuaT-OpoiinepiB. ['pynu ¢popmyBanucs i3 7oO0BUX Kypyar 3a
MPUHIMIIOM aHajoriB, mo 50 rofiB y koxHil rpymi. [lepiia rpyna (KOHTpoJbHA) OTpUMYBajia OCHOB-
Hui parion (OP), mpyriii rpymi 10 OCHOBHOTO PaIlioHy J0JaBaid HaATHMBHHUE mpotocyOTmiin ['3X 3
MPOTEOJIITUYHOK) aKTUBHICTIO 5,6 OMMHUIL HAa | KT KOpMY, TPETiil TPy JoJaBaJid iMMOOLTI30BaHUH
npotocyotumin 13X 3 5,6 on./ akT. Ha 1 Xr KopMy. YTpUMaHHS Ta TOAIBIIO KypuaT-0oiinepiB 3xiiic-
HIOBAJIH 3T1THO 3 300TEXHIYHUMH HOPMaMH IS CUITECHKOTOCTIONAPCHKOT IITHITI.

OcCHOBHI pe3yJbTaTH AOCHIIKeHHA. Y JTOCTIIaxX in vifro BU3HAYAIH ONTHMAJIbHI YMOBH TSI CTa-
Oimizanii ¢pepmenTHOro mpenapary npotocyOoTunid I'3X mporteomituuHoro crektpy aii. Immobimiza-
1ito npoBoguin (HizndHUM (ancopOUitHIM) METOIOM Ha MPUPOJHOMY aTIOMOCHIIIKATI — meomiTi. Bu-
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OpaHwmii MOTiaHIOHHMM HOCIH 3a0e3medye cTadimi3aIio GepMeHTy, a TAKOK BUKOPUCTOBYETHCS Y TOII-
BIII mTuiy [26, 27].

[ponec diznunoi amcopOLii eH3UMY Ha HOCII 3A1MCHIOETHCS,, B OCHOBHOMY, 338 PaXyHOK €JIEeKTPOC-
TaTHYHOI B3a€MOIIi MiXK MaKpOMOJIEKYJIOI0 OijTKa Ta MMOBEPXHEI0 HOCISA, TOMY B JOCIHINAX in Vitro BH-
3HAYaJ M ONTHMAaJbHI (hi3MKO-XIMIUHI YMOBH (3HadeHHs pH, TemrepaTypu, cKiamy Ta WOHHOI CHIH
PO3uHHYy, Yacy iHKyOaIii, KUTbKiCHOTO CIiBBIJHOIIEHHS HOCisl, PEPMEHTY Ta PO3UHHY) s OEPKaHHS
npenapary 3i 30epiraHasIM BUCOKOT KaTaTiTHIHOI aKTUBHOCTI (Tabi.1).

Tabmuns 1 — dizuko-ximiuni napamerpu immooinizanii nporocydTuainy I'3X

Ne .

i INoxa3Huku OnTumainbHi HapaMeTpu
1. | CepenoBuiie Docdaruuii Oydep 0,1M
2. |pH 7,0-74
3. | Temmneparypa, °C 20-25
4. | Konnentpauis ¢pepmenty, mr/10 M 60
5. | €Emkictb HOciA, Mr/1 T

MaKCHMaJjbHa 29,8
OonTHUMaIbHA 22,5
6. |Yac, xB 120
7. | Cnocib nepeMilyBaHHs
8 AXTHBHICTb (hepMeHTy: 011./T% 835’67

[Iponemypa iMMoOiTizamii HoJsATaNa B epeMinryBanti OypepHoro po3dnHy (GpepMeHTy 3 HOCiEM.
[Ipu gocmimkeHH] BIIMBY HOHHOI CHJIM PO34YMHY Ta 3Ha4eHHs pH Ha mpouec agcopOuii BCTaHOBIICHO,
IO KaTaliTHYHAa aKTUBHICTH OJIEPXKAHOTO Mpenapary nagae B pami Oydepis: ¢ocdaTHuil, TUTpaTHUA,
Oopatuuit, arietatamid. [IpudaoMy 31 301IbIIEHHSAM HOHHOI CHIIM PO3YHMHY, HE3aJISKHO BT HOTO CKIIamy,
(hepMeHTaTHBHA aKTUBHICTH TIperapaTy 3HIKyBatacs. ONTUMaNTBHUM IS IMMOOLTI3aIlli BUSIBUBCS
¢dochatauit Oydpepuuii pozunn 0,1M i3 3nauennsim pH B inrepsani 7,0-7,4. IIpn immo6inizauii y Boai
nporocyotuinia I'3X BrpadaB 80 % moyaTKOBOI aKTUBHOCTI.

[Ipu BU3HAYEHHI EMKOCTI HOCiSl BCTAHOBJICHO, 110 1 T 11eodiTy aacopoye 29,8 mr 6inka. [Iporte orm-
TUMaJlbHE HaBaHTKEHHS HOCIS, P SKOMY MPOSBISETHCS MaKCUMallbHA TUTOMAa aKTUBHICTH (epMe-
Hty (0,16 on/mMr Oinka), cknama 22,5 mr Oika Ha 1 T meonity i BianmoBigana 85,7 % BiJ aKTHBHOCTI
HaTUBHOTO MpoTocyoTmiiny '3X.

Takum 4MHOM, BU3HAUCHO ONTUMAaJBHI YMOBH Aj1s iMMoOimi3zanii nporocyotmniny I'3X Ha neodi-
1i: 0,1M docdarnuit Oydepunii pozunn i3 pH 7,0-7,4, temneparypa 20-25 °C, emHictb HOcis 22,5
MT/T, TPUBAJIICTH TIPOIIECY 2 TOJ.

JI1st TOpiBHSIILHOI XapaKTEPUCTUKHU BIIACTUBOCTEH BIIHHOTO Ta IMMOOLTI30BaHOTO €H3UMY B JIOC-
JiJax in vitro BUBYAIHM 3JIC)KHICTh KaTATITUYHOI aKTUBHOCTI Bijl BenuunHU pH B miama3oHi 3Ha4eHb
Bix 1,5 mo 8,0. Ilix yac roguHHOT 1HKYOAIIi1 B Oy(pepHUX po3unHaX BCTAHOBICHO, 1m0 pH-onTuMyM s
000x ¢opm npemnaparis 30iraerses (pH 7,2). Ilpu pH-inakTuBalii HaTuBHOT i iIMMOO1TiI30BaHOI GopM
npotocyoTmniny ['3X BTpaTH KaTamiTUYHOI aKTHBHOCTI MOAM(IKOBAHOTO mpemnapary Oyiau 3HayHO
MEHIIE, HiDK HATUBHOTO (DepMEHTY, IPUUOMY Uil iMMOOi1Ti30BaHOrO (PEPMEHTY CIIOCTEpiraau 3HaYHEe
posuupennst pH-tipodinto B kucmiit 30Hi. Skito npu pH 5,0 HatuBHuit hepment 30epir 20 % noyat-
KOBOi aKTHBHOCTI 1 HE0OOPOTHO iHaKTHBYBaBCs B iHTepBaii pH 4,5-4,8, To iMmmo0inizoBanuii mpu pH
4,0 36epir 42 % axTuBHOCTI. Y myxHOMY cepenosuili (pH 8-9) akTuBHicTH iIMMOOiTI30BaHHOTO (hep-
MEHTY, TIOPIBHSAHHO 3 HATMBHOIO (JOPMOIO, CYTTEBO HE 3MiHMIacs (puc. 1).

Busdenns mexanizmy 1ii iMMOO1Ti30BaHUX (PEPMEHTIB BAXKJIMBO SK 3 TCOPETHUYHOI, TaK 1 3 MpaK-
TUYHOI CTOPiH, TOMY NMPOBOJIMBCS HAYKOBO-TOCTIONAPCHKUN TOCHI Ha Opoinepax, pe3ylbTaTu sIKOTo
cBiayaTh Npo eeKTHUBHICTh 3aCTOCYBaHHS IMMOO1Ti30BaHIX MpETaparis.

BuBuany npOTCOTITHYHY AaKTHBHICTH TPaBHUX (EPMEHTIB B PI3HMX BIAAIaX MUTYHKOBO-
KHIIKOBOT'O TpakTy Opoinepis: Bono (pH 4,5-5,8), 3anoszuctuit mumynok (pH 3,6-4,7), nBanagusruna-
na xkumka (pH 5,7-6,2).

[IpoTeomiTHYHA aKTHBHICTh BMICTY BOJIY B TpyHax Kyp4aT, III0 OTPUMYBaJIM HATHBHHUK Ta iMMOOi-
nizoBaHuK mporocyOTriain ['3X, Oynma ogHAKOBO 1 BipOTiAHO BHUIIA, HIX B KOHTpoJbHOI (p < 0,01). ¥V
3aJI03UCTOMY LIUTYHKY CIOCTEpirajiu pi3Ke 3HIKEHHS, 0 PiBHS KOHTPOJIBHOI, MPOTEONITUYHOI aKTHB-
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HOCTI B IpyIi KypuyaT-Oponiepis, 10 OTPUMYBalId HATUBHUN (EPMEHT, Y TOH Yac sK el MOKa3HHUK B
TpyIIi, SKa OTpUMyBaja iMMoOiTi30BaHu# Tipenapar, 0ys BumuM Ha 30 % (p < 0,05). Y ximyci nBaHa-
JATHITAIO0] KUIIKK 3HOBY BiAMidaiu 30UIbLICHHS MPOTEONITUYHOI aKTMBHOCTI y KypYaT IOCIIiTHHX
rpyn (p < 0,05), mpote BoHa Ha 12,8 % BUIIA B TpyIi, B palioH SKOi BXOAWB iIMMOO1JIi30BaHM# Tpena-
pat, y HOpiBHSAHHI 3 TPYIOI0, 0 OTPUMYBaia HATUBHUHA (epMeHT (Taldi. 2).

A%
120 n
100 =
80
60 —@— HAaTUBHUBHUI
eH3UM
40 —l— iMmMmobinizoBaHui
eH3MMm
20
0
6] 2 4 6 8 10 12 pH

Pucynoxk 1. pH-3aj1esHicTh AKTUBHOCTI HATUBHOI'0 Ta iMM0O0iIi30BaHoro nporocyoTuiainy I'3X.

Heo0xinHo Bif3HAYMTH, IO B YMOBAX in Vivo, HA BIIMIHY BiJl aHAJOTIYHUX YMOB in Vitro, CIIOCTE-
pirajgach 4aCTKOBa PeaKTHUBAIlis KaTaIITHYHUX BJIACTHBOCTEH HATHBHOIO IpoTocyOTmniny ['3X micis
Jlii Ha HBOTO CHJILHOKHCIIOTO CEPEIOBUINA 3aJI03UCTOrO MUTYHKA, [0, MOKIIUBO, TTOB’ 13aHO 3 010JI0Ti-
YHUM OTOYCHHSM O1JIKOBOT MOJICKYJIH.

Tabmurs 2 — [IporeosriTHYHA AKTHBHICTH BMIiCTY Pi3HHX BiIiJIiB IUTyHKOBO-KHIIKOBOI0 TPAKTY Kyp4aT-0poiijiepis,
MK-€KB TUPO3HUHY XB/MJI (M+m, n = 5)

Biminy MUTyHKOBO-KUIIKOBOTO TPAKTY
I'pyna - :
Bono 3ano3ucTHH IUTYHOK 12-nana xumka (ximyc)
1(OP) 0,091+0,005 0,197+0,021 0,315+0,016
IT (OP+Hat. depm.) 0,203+0,020%* 0,224+0.017 0,489+0,038*
II(OP+ imm06.dhepm.) 0,185+0,021* 0,293+0,026* 0,552+0,052*

IMpumiTka: * — BIIXWICHHS Bil TOKa3HUKIB KOHTPOJIBHOI TPYIH CTATHCTHYHO AOCTOBipHI mpu p < 0,05.

BinoOpakeHHSM 1HTEHCHBHOCTI IPOIIECIB METa00Ii3MYy, 110 3a0€3MeUyIOTh PICT 1 PO3BUTOK OpOii-
JIEpiB, € TaKWH IHTETPAIIGHAN MTOKA3HUK SK MPOMYKTUBHICTH. 3TOJOBYBaHHS KypuaTaM iMMOO1Ti30Ba-
HOTO TPOTOCYOTIITiHY ['3X MO3UTHBHO BIUIMBAJIO HA MPUPICT KUBOI MACH 1 CIIPUSIIO 3MECHIIICHHIO BU-
TpaT KopMy. Y TOPIBHSHHI 3 KOHTPOJBHOIO TPYIIOI0, 10 KiHIIM JOCIITy KHUBA Maca Kypdar, 1o OTpH-
MyBaJIM HATUBHUH GepMmerT, Oyna sumia Ha 9,0 % (p >0,1), a immobinizoBanuii — Ha 16,0 % (p < 0,05).
Butpatu kopmy Ha | KT IpapocTy B 000X IOCTiAHUX Tpynax Oynu ogHakoBuMH (2,40 Kr) 1 MEHIIUMH,
HK y KOHTpONbHIN Ha 5,8 %.

BucnoBku. 1. IMMoOimizaiiis gpepmeHTHOr0 mpenapary nporocyotunin ['3X 3ailicHioBanacs aji-
COpOLiHUM METOI0M Ha HOCIT — 1eoiTi, B 0,1M dochaTHoMy OydepHOMY po3uuHi i3 3HaYeHHIM pH
7,0-7.4.

2. OnTuManbHe HaBaHTAKEHHS HOCISI CKiano 22,5 mr Oika Ha 1 T 11eosiTy, pH IbOMY KaTajiTH-
YHA aKTUBHICTH iIMMOO1Ti30BaHOTO (hepMeHTY nopiBHIOBaNa 85,7 % Bim HATUBHOTO (hEPMEHTY.

3. ImmoOGinizoBanuii pepMeHT BUSBUB CTAOUTBHICTH 31 30€PEIKEHHSAM JJOCTATHHOI KaTaTiTHYHOL aK-
TUBHOCTI B yMOBaX, KpUTHYHUX JUISI HATUBHOTO (DEPMEHTY.

4. Immo0inizoBanuil mpoTocyOoTHiIiH ['3X CcripusiB HiABUIECHHIO IPOTCOTITHYHOI aKTHBHOCTI TpaB-
HUX (PEPMEHTIB IILITYHKOBO-KHIIIKOBOTO TPAKTY Opoiisiepis.

5. Bukopucranss ctabimizoBaHoro mnpotocyoTwininy ['3X € mepcrnekTUBHMM AJIsl TiABHIICHHS
MPOTYKTUBHOCTI CLITHCHKOTOCIIOIAPCHKOT TITHITL.

[TepcrieKTHBHMM HAMPSMKOM IOJANIBIINX JOCITIIKEHb € CTBOPSHHS IMMOOLTI30BaHUX TOJIihepme-
HTHUX KOMIIO3HIIiH.
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Crabmmm3anus (pepMeHTHOr0 npenaparta nporocyoTuanH I'3X 3 mesbio HCNOJIb30BAHNS €r0 B NTHIEBOACTBE

CenesnboBa O. O., Iexmictpenko C. L., Hoaimyx B. M., IToaimyk C. A.

B craTbe mpezncTaBieHsl pe3yabTaThl UCCIEAO0BAHMS ONTUMANBHBIX YCIOBHH I aJCOPOIMOHHON MMMOOHIM3AINN Ha
neoste (epMeHTHOTO npemnapara nporocyoTmmun I'3X: 0,1M docdarnsii 6ydepusrit pactsop ¢ pH 7,0-7.4, Temnepatypa
20-25 °C, emkocth HOcuTens 22,5 MI/T, NpOJODKUTEIBHOCTh Mpollecca 2 yaca. Y CTaHOBJIEHO, YTO IPH TaKUX YCIOBHUSIX
aKTHBHOCTh HMMOOHIM3UPOBAHHOTO YH3UMa COOTBETCTBOBaNA 85,7 % aKTMBHOCTH HAaTUBHOW (opmbl. UMMOOHIN3UpOBaH-
HbIA (hepMEHT HPOSIBUII CTAOMIBHOCTh C COXPAHEHUEM BBICOKOHM aKTMBHOCTH B YCJIOBHSX, KDUTHUECKHUX U HATHBHOTO 3H-
3uMa. Ilpu pH-uHakTHBaLMM HATHBHON U UMMOOMIM3UPOBAHHOM (opM nporocydTuanHa ['3X moTepu KaTaaUTHUECKOW ak-
THUBHOCTH MOJM(HULUPOBAHHOTO NpenapaTa ObUIM 3HAYUTEBHO MEHBIIE, YeM y HATHBHOTO, IPHYEM AJI1 MMMOOHMIN30BaHHO-
ro ¢epMeHTa HaOIIOJaIH 3HAUUTENbHOE pacmupenue pH-npous B xucnoi 3oue. [Ipn pH 5,0 HatuBHEIL depMeHT coxpa-
Hui 20 % nepBoHAYAIBHONM aKTUBHOCTH M HEOOpAaTHMO MHAKTHUBHpoBaics B uHTepBane pH 4,5-4,8, B To BpeMst kak ©UMMO-
ommsuposannsil npu pH 4,0 coxpanun 42 % axrtuBHocTH. OrnpeneneHa 3 QeKTHBHOCTH UCIIOIB30BaHMS CTAOMIN3UPOBAH-
HOTO IIperapaTa B OIBITaXHa IBIIIATax-0poinepax. [IpoTeonuTudeckas akTHBHOCTb IHIIEBAPUTEIBHEIX ()EPMEHTOB B pa3-
HBIX OTJeNax KeIyA0UHO-KUILIEYHOTO TpaKTa OpOiIepoB OMBITHON IPYIIBI ObLIA JOCTOBEPHO BBIIIE, YEM Y LIBIIUIST KOHTPO-
JIBHOU TpymNIel. B uacTHOCTH, B XMMYyce JBEHAAATHIIEPCTHOMN KHIIKH y LBIIUIAT TPYIIIbI, B PAIOH KOTOPOH BXOIMI HMMO-
OMIIM3HPOBAHHBIN Mpenapar, yBeJIUMdeHUe NPOTEONUTHYECKO akTUBHOCTH ObLIO BhIlIe HA 12,8 % 10 CpaBHEHHUIO C TPYIMIIONH,
noJtyyaBlIeii HaTuBHbIN pepmenT. CkapMIMBaHUE LBILIATAM HMMOOMIM3UPOBAHHOTO MpoTOCyOTHINHA ['3X 1MOJI0KHTEIBHO
BJIMSUIO HA TIPHPOCT JKUBOH MACCHI ¥ CIIOCOOCTBOBAJIO YMEHBIIEHHUIO 3aTpaT KOpMa.

KnroueBble cioBa: >H3UM, UMMOOMIN3AINS, HATUBHEIH SH3UM, LEOJIUT, aJCOpPOLHs, IPOTEONUTHIECKast aKTHBHOCTD,
pH, OydepHnsIii pacTBop.

Stabilization of enzyme prepareition protosubtilin G3X for use it on poultry farming

Selezniova O., Tsekhmistrenko S., Polishchuk V., Polishchuk S.

Enzyme preparations witchused in animal breeding are unstable. Instability is due to a partial or complete inactivation of
the enzymes in the gastrointestinal tract under the influence of a strongly acidic environment, inhibitors and proteases.
Increasing the effectiveness of the use of exogenous enzyme preparations is possible by the creation of stabilized forms of
biopreparations. To do this, use the principles and methods of engineering enzymology. The aim of the research is to deter-
mine the optimal conditions for the immobilization of the enzyme preparation of protosubtilin G3X (proteolytic spectrum of
the action) by the adsorption method. Conduct a comparative evaluation of the properties of native and immobilized biocata-
lysts on the conditions in vitro and in vivo.

Proteolytic activity was determined by Anson's method. The amount of protein on the carrier was evaluated by reducing
its concentration in the reaction mixture, measured with Lowry O.H. et al .. The activity of the immobilized enzyme was
expressed as a percentage of the activity of the native enzyme. The pH solutions were measured on the potentiometer pH-
340. For immobilization weused enzyme preparation of protosubtilin G3X with an activity of 70 units / g, as a carrier we
used zeolite.

The immobilization procedure consisted of mixing the buffer solution of the enzyme with the carrier. During research
and study of the influence of the ionic strength of the solution and pH on the adsorption process it was established that the
catalytic activity of the obtained preparation falls in the buffers: phosphate, citrate, borate, acetate. Moreover, with an
increase in the ionic strength of the solution, regardless of its composition, the enzyme activity of preparation was reduced.
Optimal for immobilization was a 0.1 M phosphate buffer solution with pH in the range of 7.0-7.4. Protosubtilin G3X lost 80
% of the initial activity during immobilization in water.

When determining the capacity of a carrier, it is found that 1 g of zeolite adsorbs 29.8 mg of protein. The maximum
specific activity of the enzyme (0.16 U / mg protein) is appeared at the optimum load of the carrier 22.5 mg protein per 1 g
zeolite and corresponded to 85.7 % of the activity of the native protosubtilin G3X. Consequently, the optimal conditions for
the immobilization of protosubtilin G3X on zeolite are: 0.1 M phosphate buffer solution with pH 7.0-7.4, temperature 20-25
°C, carrier capacity 22.5 mg / g, duration of the process 2 years.

In experiments in vitro studied the dependence of the catalytic activity of the pH value in the range of 1.5 to 8.0. After 1
hour of incubation in the buffer solutions, it was found that the optimal value of pH for both forms of preparations coincides
(pH 7.2). With pH-inactivation of native and immobilized forms of protosubtilin G3X, the loss of catalytic activity of the
modified preparation was significantly less than the native. Moreover, a significant expansion of the pH profile in the acidic
zone was observed for the immobilized enzyme. If the native enzyme retained 20 % of the original activity at pH 5.0 and
irreversibly inactivated at pH 4.5-4.8; the immobilized enzyme retained 42 % of the activity at pH 4.0.
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We studied the proteolytic activity of digestive enzymes in different parts of the gastrointestinal tract of broilers: goitre
(pH 4.5-5.8), glandular stomach (pH 3.6—4.7), duodenum (pH 5.7-6.2). The proteolytic activity of the contents of goiter in
the groups of chickens witch received native and immobilized protosubtilin G3X, was the same or higher, than in the control
groups (p <0.01). The value of the proteolytic activity of the contents of the glandular stomach in the group of broiler
chickens witch received the native enzyme sharply decreased almost to the level of the value in the control group. same value
in the group witch received the immobilized enzyme was higher by 30 % (p <0.05). There was also an increase of the
proteolytic activity in the chyme of the duodenum in the experimental groups of chicks (p <0.05); however, the catalytic
activity in the group witch received the immobilized enzyme, was higher by 12.8 %.

It should be noted that in conditions in vivo, in contrast to similar conditions in vitro, was observed partial reactivation
of the catalytic properties of the native protosubtilin G3X after exposure to the strongly acid medium of the glandular stom-
ach, which is obviously related to the biological environment of the protein molecule.

To show the intensity of metabolic processes witch provide growth and development of broiler, we use the integral indi-
cator as productivity. Feeding of immobilized protosubtilin G3X to chickens positively influenced the weight gain and helped
to reduce feed costs. At the end of the experiment, the weight of the chicks receiving the native enzyme was higher by 9.0 %
(p> 0.1) and immobilized by 16.0 % (p <0.05) compared to the control group. The feed costs for 1 kg of gain in both
experimental groups were the same (2.40 kg) and less than in the control group by 5.8 %.

Keywords: enzyme, immobilization, native enzyme, zeolite, adsorption, proteolytic activity, pH, buffer solution.
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