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REVIEWS

YK 759.873.088.5:661.185

MIRPOBHI IIOBEPXHEBO-ARTHUBHI PEHOBHUHMU.
I1. JIITIOIIEITTU TN

T.II.ITUPOI'LA.]1. KOHOH,A.1I. CODPIJIKAHHUY
Hamiomanpuuii yHiBepcuTeT XapuoBUX TeXHoJOrii, Kui, Ykpaina

E-mail: tapirog@nuft.edu.ua
Orpumano 16.09.2013

ITomano kixacudikaliio Ta po3TIAHYTO XiMiUHY CTPYKTYPY JiIONENTHAIB, IXHiX MPOAYIEHTIB (Ipes-
craBHUKU pofaiB Bacillus i Pseudomonas). Onucaso poJib JiMOMENTUAIB y Pyci KIiTuH Ta opMyBamHi
0ioILTiBOK, 3B A3yBaHHI MeTAJiB i JecTpyKIlil KCeHOOIOTHKIB, a TAKOK Oif0 IX HA KJIITUHU IIPO- Ta eBKapio-
TiB. HaBemeno eranmu HepuOOCOMAJIbHOTO CHHTE3Y JIIIIOIEIITHAIB i BHUCBIT/IEHO POJIb JBOKOMIIOHEHTHUX
(GacA/GacS, ComA/ComP) Ta KBOpyMHOI CCTEM Yy PETyJAIlii IIbOTO IIPOIIEeCy.

Poskputo moTeHIiag MOJIOUYHOKMCIANX OaKTepiil Ta MOPCHKUX MiKPOOPTaHi3MiB AK HETPASUIiHHUX
TIEePCHEeKTUBHUX IIPOAYIIEHTIB IIOBEPXHEBO-aKTUBHUX PEUOBUH PisHOI XimiuHOl mpupoau (JrimomenTuxis,
dochomimiaiB i sKUPHUX KUCJIOT, TJIIKOJIIMOTIENTH/IiB), TOKA3aHO iXHIO IPOAYKTUBHICTE Ta ITepeBaru mepes
TpaguminHEuMu npoxyuneHTaMu. OnmcaHO BJIACTHMBOCTI IOBEPXHEBO-aKTUBHUX PEYOBUH, CHHTE30BAHUX
MOJIOUYHOKHUCIUMU OaKTepiaMu (3BHUKEHHSA II0OBEPXHEBOT0 HATATY, KPUTUYHA KOHIEHTPAIlid MilleJ0yTBO-
PeHHd, CTifiKicTh y mupoKoMy miana3oHi pH, remmieparypu, 6iosoriuna mis).

IToBepxHeBO-aKTUBHI PEUOBMHYU MPOOIOTUYHUX HEIIATOTeHHUX OaKTePiil MOKYTh OyTH BUKOPUCTAHI AK
edeKTUBHI aHTHUANTIe3WBHI Ta aHTUMIKPOOHI areHTH, a MOPCHKi IPOAYIIEHTH 3HATHI IO CUHTE3Y YHIKaJIb-
HUX MeTaboJIiTiB, 110 He TPOAYKYIOThCA IHITUMHY MiKpoopraHidaMaMu.

Knarmouwosi cnosa: MikpoOHiI MOBepXHEBO-aKTUBHI PEUYOBUHU, JIMOMEITUIN, HETPAAUIIIHI IPOAYIIEHTH.

HocTaTHBO MOCTiAKEHMMU TTOBEPXHEBO-aK-
tTuBHUMEU peuoBuHamvu (ITAP) e minmomemTu-
I, 110 iX BUKOPUCTOBYIOTH B OCHOBHOMY $K
edexTuBHI aHTUMiKpoOHI arentu [1-20]. OK-
piM TOTO, BHIMCHIOETHCS IIOIIYK HOBUX IIPOAY-
menTiB ITAP [21-23], sokpema i cepen TaKUX
HeTPAOUuIifHNX, SAK MOJIOUHOKMCJII OakTepil
[24—29] Ta mopchKi Mikpooprauizmu [30—-37].

VHuikanbui ocobsmBocTi MikpooHumx ITAP
3YMOBJIIOIOTH iX BUKOPUCTAHHA B Pi3HOMAHIT-
HUX TaJy3dX IIPOMHUCJOBOCTI 3amicTh Ximiu-
HO cuHTe30BaHUX aHaJioriB. IIAP mikpoGHOrO
MMOXOKEeHHS HaOyJu 3aCTOCYBaHHS IJIs BUPi-
IIeHHA HUBKY IPAKTUYHUX 3aBJaHb, 1110 TOCTPO
IOCTAaJIU TIepes JIOACTBOM: YCYHEHHS €KOJIOTid-
HUX 1IpobJseM (3a0pyaHEeHHS I'PYHTIB i Bogoim
TOKCUYHUMU KCEHOOIOTMKaMM, IO 3arPOKye
€KOJIOTiuHOI0 KaTacTpodoio), IIOINYK aJIbTep-
HATUBHUX AHTHUMiKDPOOHUX IIpernapariB IpOTH
PE3UCTEeHTHUX MiKPOOPraHi3MiB TOIIIO.

JlimomenTuau cKJaamaoTbCs 3 JIiNigHOI 4Ja-
CTUHU, 3’€THAHOI 3 KOPOTKUM JIiHiiHUM abo
OUKJIYHUM  oJjiromentumoM. IlpoxyienTa-

MU JiTmonenTumaiB € AK O6axTepil (HaiiBimomi-
i — mpeacTaBHUKU poniB Pseudomonas Ta
Bacillus), Tak i rpubu [13].

OcraHHiIMEH pPOKaMU AETAJbHO MOCIiIKY-
IOTH (PiBioJOTiUHY POJIb TOBEPXHEBO-aKTUBHUX
ainmomenTuxnis [13, 30, 38, 39], peryasaiiio ix
b6iocunTesdy [13, 40—42], BegyTh IOIITYKU HOBUX
npoxyueHTiB [43—51]. 3HauHO MeHIIe yBaru
NpUAiJIeHo onTuMisarii mpoiiecis ix 6iocuHTe-
3y [52, 53].

IIpodyyenmu ma kracupirayis 3a XimiiHOW
cmpyxkmypor. OgauMu 3 HaN6iIbIl BUBUEHUX
OPOAYIIEeHTiB JinomenTuniB € mramu Bacillus
subtilis, AKi cuHTe3yOTH cyphaxTun [48, 51,
54—57]. Ilepmri moBimoMIeHHA TPO IIeH Jimo-
MenTus AaTyioTbea Kinmem 60-x pokis XX cT.
[568]. CunresyBatu ITAP 3garHi Takoxk i iHmIi
npeacraBHUKU poxy Bacillus, wampuraan
B. amyloliquifaciens KSU-109 [46].

OxpiMm cypdhaxTuHy HaWBigOMiIIuMu JIiIo-
nentugzaMu € Bigxputi y 60-70-x pp. XX cr.
rpaminmunia S (B. brevis) Ta mnosiMikcuH
(B. polymyxa), a TakoX aHTUGYHTAJIBHI Jio-

9
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nentuny itypuH Ta GerrinuH (B. subtilis) [59].
3HAUYHO Hi3HiIlle moYaJ Iy BUBYATH JIITIOHIEIITUIA
TICEeBIOMOHAM, IIEPIINM 3 AKNX OYB BiCKO3UH
Pseudomonas fluorescens, onucauuit y 1990 p.
[60].

Hwuni 3 moaBoro nmemasi 6iabImoi KijibKOCTL
HOBUX Pi3HOMAHITHUX JIIIONENTUIIB IpeacTaB-
HUKiB poxis Bacillus ra Pseudomonas 31iticHIo-
IOThCS CIIPOOH IX Kaacudikallii 3a CTPyKTypoIO.
Tak, jginmomenTuam pPi3HATHCA 3a TOBMKUHOIO
i CKJIamOM JimiiHOTO BaIUIIKY i TUIIOM, KiJTbKi-
CTIO Ta KOH(piryparmieio aMiHOKHCJIOT, IO BXO-
IATH 10 tioro ckaany [47, 49, 61-64].

JlimomenTuau, CHUHTE30BaHiI IIpeICTaBHI-
Kamu pony Bacillus, momiiaoTh Ha TPU POIU-
HU IMUKJIYHUX CHOJYK: cypdhaKTUH, iTYypuH Ta
(eHTiNNH, AKi BIiIPi3HAIOTHCA 32 TOJOMKEHHAM,
IOBXKMHOIO Ta i30MepaMu JKUPHUX KUCJIOT, M0
BXOAATH 0 iXHBOTO cKJanmy [62]. HeranbHite
BU3HAUEHHA CTPYKTYPHU IIUX CIOJYK 3IiHCHIO-
IOTh 3 BUKOPUCTAHHAM JBOBUMiPHOTO SIEPHOTO
MarHiTHOTO pe3oHaHcy [65—67] Ta HelTpOHHOI
pedrexkTomerpii [68].

Hukmiuni JinonmenTuay nceBIOMOHA IOMIi-
JIEHO HA YOTHWPU T'OJIOBHI I'Ppynu: BiCKO3WH, aM-
¢isuH, TosaasuH, cupuHroMinuu [13].

o BioMux TPHOX POAUWH JIMIONENTUAIB Oa-
nua He yBiimm KypcrakuH Bacillus thurin-
giensis [43, 69], manramua B. subtilis [70],
nosimikcun B. polymyxa [71], 6amimonua A
B. amyloliquefaciens [72] Ta HemozaBHO BULi-
JIEHU# JinomenTun JiixeHipopmiH, cuHTE30Ba-
Huii Bacillus licheniformis MS3 [44].

OxkpiMm ToOro, Oyao imeHTH(}iIKOBAHO HU3KY
HOBUX JIITIONIEONTU/IB, TPOAYKOBAHUX IICEBIIO-
MOHAJaMu, HAIIPUKJIaL, apTpodakTur Pseudo-
monas (pauimte Arthrobacter) sp. MIS38 [73],
nyrtucosbBiu I Ta IT P. putida [9, 74], opdamin
P. uorescens P£-5[75, 76], nceBmomecmin A Ta
B mramy Pseudomonas, i3015b0BaHOTO 3i ITTKi-
pu casamauapu [77], mpuyomMy AedAKi 3 HUX He
HaJIe}KaTh [0 "KOLHOI TPyNY 3 IPeACTaBIEHUX
y kjaacudikarii. Takox BigxpuTo ¥ JgimiiiHi
JimomenTtunu: cupuHropakTuH Pseudomonas
syringae pv. tomato DC3000 [78] Ta menTung
31 — UuiHIAHWNA NTOXiTHUA CUPUHTONENTULY
P.syringae 31R1[79].

Jo cuHTe3y JIinonenTUAiB 31aTHI He TLIBKU
0aIuIn i mceBAOMOHAIN, a i IPeACTaBHUKY iH-
mux poauH. Tak, y 1998 p. 6ys10 ommrcano HOBY
ITAP menTuauoi mpupoam, HasBaHYy CTPEIITO-
daxTUHOM, IPOAYIIEHTOM AKOI € Streptomyces
tendae T 901/8c [80]. o cuHTEe3y BHUCOKOAK-
tuBHuX IIAP minmomenTuaHOol mpupomu 3gaTHi
Thiobacillus thiooxidans (yTBOpPIOIOTH OpHi-
cuuBMicHI gimign), Gluconobacter cerinus IFO
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3267 (mepuiiniu-, opHiCMH- Ta TaypUHBMIiCHIL
nimigwu), Agrobacterium tumefaciens IFO 3058
(sismuaBM™MicHI aginigw) [81-83]. ¥V pobori [84]
OIIICAHO eXIHOKAHAMHIIONIOHI mMuKJiuHi Jgimo-
MenTUAN 3 aHTUPYHTAJIbHUMU BJIACTUBOCTS-
MU, CUHTe30BaHi npencraBHuKamu rpyu Coelo-
mycetes Ta Hyphomycetes. Paenibacillus sp.
ITRAC-30 yTBOpIOE IUKJIIUHY Cyp(paKTHUHIIO-
IiOHY CIIOJNIYKY, epeKTUBHY IIpoTtu Rhizoctonia
solani y koumnenTparii 14 mxr/mi [45].

Emanu 6iocunme3sy. BinbiricTs ginonenTtu-
IiB YTBOPIOETHCS HePUOOCOMATIBHNM CUHTE30M,
IpoTe JesAKi IpeACcTaBHUKY iTYyPpUHOBOI POAUHYI
MOJKYTb CHHTE3yBaTHUCh AK MOJiKeTuau abo
JKUPHI Kucaotu [85, 86].

Y HepubocoMaJILHOMY CUHTE31 6epyTh y4acTh
KiJIbKa B3a€EMOJII0OUUX MOJYJIiB, II10 IIOCTYIIOBO
MPUETHYIOTH aMiHOKHMCJIOTH IO OCHOBHOTO JIaH-
miora [61, 85—89]. Ix moxxna moximuTu Ha Mo-
myJi imimiamii Ta esmouraiii. 3asBuuait MOIYIb
imimiamii micTuTh momeH ameHimoBaHHS (A),
BimmoBimanpHUII 3a aKTUBAIiI0 aMiHOKHCJIOT
3 yTBOpeHHAM aMminoanuia-AM® (puc. 1, A), Ta
riomoBauus (T), 1110 IPUBOAUTE 0 YTBOPEHHS
aminoamuaTtioedipy (pmc. 1, B) [13, 90]. Ilixg
yac OiocuHTe3y JIOIeIITHULIB 3a3BUUYall IIep-
mIni MOAYJb IIe MiCTHUTBh TOMEH KOHIeHcalril
(C), mo raraaisdye N-anuaoBaHHsA IIePIIol ami-
HOKHUCJIOTH 3 NPUETHAHHAM JIIIiJHOI YacTUHU
mosiekyau [91]. Mogyas esonraiiii MicTHUTB
anajoriuui gomenu (A, T ta C), npore nqomeH
rouzgeHcarii (C) karasiszye yrBOpeHHA TEeTITU/ -
HOroO 3B’ A3KY MisK JBOMA AaKTMBOBAHUMMU aMiHO-
Kucaoramu (2AA, puc. 1, C). IIpomec cuaTesy
JinomenTuaiB 3asepiiye tioecrepasa (Te), Bix-
moBigasbHA a00 3a IUKJi3allilo JimomenTumy
[92-94], a6o pemapaitito T-gomeny (pereHepa-
mig dochonanToTeinoBoro KodarxrTopa) [95]
3 YTBOPEHHAM JIiHiiTHOI crtoryku (puc. 1, D).

Y mHepubocoMaIbHOMY CHHTE3i TaKoK Oepe
yuacTb gomen enimepusartii (E), BixmoBigais-
HUU 3a KoH(irypamiro aminorwmcsaor (L- abo
D-dopma) y sinonentumi, mpuyomMy y IpeacTaB-
HUKiB pony Bacillus Taxki momenu Bimowmi [96,
97], a y nceBgoMoHa 1 He BuABJeHi. [Ipumycka-
I0Th, 11O 3a 3MiHY KOHQIiryparii aMiHOKHCJIOT
y mpeacTaBHUKIB poxy Pseudomonas BiAmoBi-
nae abo exsopariemasa [73], abo C-momeH, 1110
BUKOHY€E TOABINIHY (PYHKIIif0 (KOHAEHCAIlid Ta
emimepusairis) [98, 99].

Bigomo, 1110 O4HOUYACHO CUHTE3YEThCA Kilb-
Ka CTPYKTYPHO CXOXKHUX JimomenTtumaiB [78],
AKi MOXKYTH HaJIeKaT! I0 pisHuUX poauH [99].
Take ABUINlEe 3YMOBJIEHO CyOCTPATHOIO HecIe-
nudiuHicTioO A-TOMEHY, 1[0 MOXKe aKTUBYBATHU
pisHi aMiHKMCIOTH, Ta MOABIAHOIO (PYHKIIi€IO
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Puc. 1. IloeramHa cxemMa HepuOOCOMAJIbHOTO cuHTe3y menTuais [90]:
T1iT2 — T-momenu cyciguix aminoanuirioedipis; D Ta A — caiiT moHOpPA I aKIEITOPA;
X — miTporeH abo oKcUreH

C-moMeHy, BHACJIIJOK YOT0 CUHTE3YyIOThCa ITAP
3 HeBHAUHUMHU CTPYKTYPHUMU 3MiHAMY Y IIeII-
TuaHi# vacTuHi [13].

Tax, P. syringae pv. tomato DC3000 cunre-
3y€ IIIiCTh JIITIOMENTUiB, Ha3BaHUX CUPUHTO-
daxkTuramu A—F, 3a cuHTe3 AKX BiIIIOBiTaI0TH
rean SyfR (pspto_2828), syfA (pspto 2829),
syfB (pspto_2830), syfC (pspto_2831) Ta syfD
(pspto_2832) 3 pisHOIO KiIBKiCTIO MOIYJIiB.
Hasasuictes C-gomeHy 3 moaBifiHOIO (QPYHKIIIEIO
B CTPYKTYpi rena syfA (pspto_2829), a Takox
BHCOKOAKTHUBHOTO A-TOMEHY B TPEThOMY MOMY.JIi
rena syfB (pspto 2830) mpuBoauTh, 30KpeMa,
[0 3aMiHUV BaJIiHy Ha JIEUIIVH i CUHTE3y He CU-
puHroaxTuny A, a cupunropaxtuny B[78].

Hoxrmaguime 6iocuuTed cypdarTurHy, Jixe-
Hi3uWHY, (QeHTiluHy, OaIlUJIOMIIIUHY, iTypuUHY,
MiKOCyOTUIiHY, (ysapuruHy (IPOAYIIEHTH —
npencTaBHUKY pony Bacillus), a TaKoX CUPUH-
TOMIIIHY, CUPUHTOIIEIITUHY, apTPodaKTUHY, Bi-
CKOBUHY, MaceToJIi Ty, opdaminy, IIyTUCOIbBIiHY,
CUpPUHTO(GAKTUHY, €HTOJI3WHY (CHUHTE3yIOThCSA
bakTepiavu pony Pseudomonas) onmcaso B [40].

Pezynsayis 6iocunme3y y npedcmasHUKI6
podie Pseudomonas ma Bacillus. Y npexacras-

HUKiIB poxy Pseudomonas (QpyHKIIiIOHye IBO-
KOMIIOHEHTHa peryaamia 6iocuutesy IIAP
GacA/GacS[100-102], npoTe MaJIOBUBUEHUMU
3aJINIIAIOTHCA CUTHAJIbHI MOJIEKYJIH, 110 BILIH-
BaioTh Ha Hel. Tak, 6iocMHTE3 CUPUHTOIEIITH-
HY aKTHUBYETbCS crenudiuHuMu (PeHOIbHUMU
B-raikosumamu [103] (curHasbHI MOJEKYJIU
poCIUH, BpasKeHUX (PiTOMaTOreHHUMU IIPOIY-
nenramu nauux [IAP), ampicury — Butsaxka-
MU 3 HaciHHA IyKpoBoro 0ypaky [104], o mic-
TATH He iTeHTu(iKoBaHI CUrHAJIbHI MOJIEKYJIH.

IIle oxHiero BaKJIMBOIO PETYJIAIIEI0 € KBO-
pyMHa, aBTOIHAYKTOPOM SKOi y IICeBIOMOHA
€ N-ammi-romoceprHIAKTOH (H10TO0 CHHTE3 KO-
nyeTrbcs reHaMu lux]-tumy). 3a HAKOTUUYEHHS
CUTHAJBHUX MOJIEKYJ IO BUCOKOTO PiBHSA BOHU
3B’ asyoTbed 3 LuxR peryasaTopHEuMu mporei-
HaM", 10 COPUSIE€ aKTUBAIll TpaHCKpUMILii re-
HiB-minreneii [105]. Taka KBopyMHA peryisaiisa
dyurmionye y P. uorescens 5064 ra P. putida
PCL1445 — mpopaymeHTiB BiCKO3WHY Ta IIyTH-
coabBiny [106, 107].

Perynaropu tpanckpuniii LuxR-tuny rta-
KOJK BiZirparoTh Ba’KJUBY POJIb ¥ CUHTE3i cH-
PUHTOMIIIMHY, CHPUHTONENITUHY, CAPUHTO(AK-
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TUHY, IYTUCOJbBiHY, BICKO3UHY Ta MaceToJiay
[78, 103, 108—-110]. Kpim Toro, 3a yTBOpeH-
HA IIYTHUCOJBBIHY BiANOBiZalOTh PEryaaTop-
Hi rerau dnakK, dnaJ ta grpE, 110 BIIUBAIOTH
HA CHHTEe3 NIpPOTeiHiB TemiaoBoro mokry [111].
Y P. fuorescens SS101 OGiocuuTe3 MaceToJigy
peryJoeThbes cepuHoBoIo mporeasoio ClpP (e He-
3ajeskHoI0 Big Gac), 110 BIJIMBAE Ha eKCIPeCiio
reriB luxR(mA), ki, y CBOIO uepry, peryJio-
I0Th TPaHCKpuiIiio reuiB massABC, Binmosi-
manbHUX 3a yrBopenusa ITAP. IlikaBum € mpu-
OYIIeHHsd, 110 Ha eKCIPeCciio IIUX I'eHiB TaKoMK
BILIUBAIOTH aMiHOKWCJIOTH TJIyTaMaT Ta IIPO-
JIiH, IO BUCTYHAIOTh AK CUTHAJbHI MOJIEKYJIH,
Ta inTepmeniatu nmukay Kpedeca [112]. Ha puc.
2 maseneno mozesb ClpP-omocepenkoBaHoi pe-
ryasmii 6iocuuTesy maceronaimy P. fuorescens
SS101.

ClpP

1hxn

Kpebea

I GacS

. Cmytamar

Tponia
fuxR-m‘q
O—
massB massC
Ce————— <]
mﬂtnac
S —

Maceromiag A

Puc. 2. CxemaTnuHe 300paskKeHHs PeryJsiii
cunTe3dy macerouiny P. fuorescens SS101.
CBiTIMMU CTPiIKaAMU MO3HAUEHO TiMOTeTUYHM I
BrtuB [112]

BakauBumu Bumamu peryJisirii OiocumuTe-
3y JIIOMEeNnTUAiB IpeAcTaBHUKIB pony Bacillus
€ AK JBOKOMIIOHEHTHA, TaK i kBopymHa [113].
Hampukiaazs, o0CHOBHUMY CKJIQJOBUMH TBOKOM-
TOHEHTHOI peryJdArnii 6iocuHTEedy cyphakTuHy
e: ComA/ComP, pepomon ComX Ta ocparasa
RapC. Ilig gieto ComX memOpaHHA TicTUIWH-
kinaza ComP akrtuBye ComA, aAKwuii, y cBOIO
yepry, y ¢ochopunboBaHiii ¢opmi 3B’ A3YETH-
cA 3 MPOMOTOPHOIO MiJITHKOIO reHa srfA, Bim-
MOBiJaJILHOTO 3a YTBOPEHHA JiNOmenTuay. 3a
medochopunioBanaa ComA BigmoBimae ¢oc-
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daraza RapC, akTHUBHICTDL SIKOI 3aJIe}KUTh Bin
BHYTPIIIHBOKJIITUHHOI KOHIIEHTpaIlii ImeHTa-
nentuny PhrC. Takum unHOM, HU3bKA KOHIICH-
Tpaitig PhrC npusBoauTs 10 HU3bKOI aK TUBHOCTI
RapC, yHacimok 4oro migBUINYyEThCSA eKCIIPecis
srf-reniB, TUMYacoM AK BHCOKA KOHIIEHTPAI[id
PhrC pempecye 0OiocunTes cyppaxTuny. BrHy-
TpiMmHLOKJIITUHHUY piBeHb PhrC Taxko:x same-
SKUTH BiJf KOHIIEHTpAIil iHITMX KOMIIOHEHTIB,
30kpema mepmeasu SpoOK, aka TpaHcmoprye
PhrC uepes memOpany. Ha excmpecito srf-rexis
BILIMBAIOTH 1 TaKi TpaHCKPUNILiNiHI (paKkTOpH, AK
DegU[114], a6o H,0O,-cTpecperyaioBanbHi PerR
[115] (mo3uTuBHI peryaaTopu) Ta JedKi perpe-
copu [113, 116].

Okpim TOr0, €KCIIpecisa rexis, BiAmoBigaab-
HUX 3a CUHTe3 CyphaKTUHY, 3aJIesKUTh Bif ryc-
TUHU KJIITHH, 1110 € XapaKTePHUM AJIA KBOPYM-
Hol peryaanii. OQHNM i3 OCHOBHUX PEryJaIATOPiB
CUHTEe3y MiKOoCcyOTuJiHy (ITPOAYIIEHTH IIITaMU
B. subtilis) € AbrB, pore y abrB -MyTaHTHOTO
mramy ATCC 6633 imgykiiia mMikocyOTMIiHO-
BOT'0 OTIEPOHY TPUBAJIa i AaJIi, 110 CBiAYUTH IIPO
inmri mexanismu peryasiii [113].

Cepen mimomenTuaiB iTypwHOBOI pPOAWHU
HAMOiNBII ZOCiAKEeHOI0 € PeryJdrisa 6iocuH-
regy Gamimonimay D y B. amyloliquefaciens
FZB42 [117]. BcranoBjeHo, 1110 akTUBAIid Oa-
MionmHOBOTO OoIlepoHy (bmy) BinOyBaeThCcA 3a
B3aemopii 3 mporeinamu DegU Ta DegQ [117].
Y cBoio uepry, ekcupecis rema deg® KOHTPO-
awerbesa ComA. Ha mocTTpaHCcKpuUIIiiitHOMY
piBHI Ha cuHTe3 OaMiJoNUHY Aie MeMOpaHHUI
nporein YczE. 3a cuHTes mirinacraTuHy Bigmo-
Bimae onepon ppsABCDE, Ha ekcupeciio aKoTo
BiiuBae DegQ [118].

Bnaus Ha @yHkyil npodyueumis. ITAP
BILIMBAIOTh Ha Taki (pyHKIil BIacHUX IIPOXAY-
IEeHTiB, K PYXJUBicTh (IJIaBaHHA Ta POIHHA,
Ieaznresis 3 IMOBepPXHi), MisKKJIITHHHA B3a€MO-
nisg (yrBopeHHs 0iOMJIiBOK, KBOPYMHA B3a€MO-
Iis, aMeHCaJ[isaM Ta MAaTOTeHHIiCTb), KJIITHUH-
Ha audepeHIriaiis, B3aeMozis i3 cydocTpaTom
(mIpsMa Ta omocepegKOoBaHa), AHTUTOKCUYHA
dyukiia. Maiike Bci mi BacTHBOCTI mpuTa-
MaHHi ¥ Jimonentuxam [13].

Anmaeonicmuuni eracmusocmi. Jlimomer-
TUAN 3 AHTUMIKPOOHOIO AKTUBHICTIO Y IIPU-
POOHMX yMOBaxX HAAAIOTh TIepeBary IixXHim
OpOAYIIEHTAM y KOHKYPEHTHiil 60poTnbi 3 iH-
mUMHU MiKpoopraHismamu. ¥ Jgab0paTOpPHUX
mocJimax in vitro mocaimikyBasiu I aHTUBipycC-
gy mito ITAP. Tak, mie B 1977 p. 6y0 mokasa-
HO e(eKTuUBHICTH cypdaKTUHY IPOTH BipyciB
3 obosoukoo0 [119]. Iemmo misuimie mouaam
BUBYATH aHTHUOAKTEpiaJbHI BJIACTHMBOCTI IIO-
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BEPXHEBO-aKTUBHUX JIIIOMENTULIB, IPUUOMY
eheKTUBHIIIIE BOHU AifJU MPOTH T'PAMIIO3U-
TUBHUX OaxTepiii. KopmenTuH, cupuHromeNn-
THUH, TOJAA3WH BUSBJISAINA AHTUMIKPOOHY mifo
mono Bacillus megaterium [5, 10, 15]; ma-
CeToJIiJ, BiCKO3MH, CHUPUHTONENTUH, CUPWH-
romimua — Mycobacterium tuberculosis,
Mycobacterium avium-intercellulare ta Myco-
bacterium smegmatis [2, 4, 6]; cyphakTun —
B. cereus [8] Ta ¢diromaTroreHHUX 6aKTepiit
Xanthomonas campestris i P. syringae [101];
OyTucoabBinm — P. uorescens ta P. aeruginosa
[9]. JlimomenTumam Oyja mpuUTaMaHHA AHTH-
(yuranpHa axTuBHicTb. Hampukianm, deHri-
muH niaB #Ha Fusarium graminearum [19],
Botrytis cinerea [17] ta Podosphaera fusca
[14]; itrypmr (Y AeAKUX BUMIAAKAX Y CYMi-
mi i3 cypdaxrtunom) — Colletotrichum
demiatium [7], Penicillium roqueforti [3],
Aspergillus avus [120], Rhizoctonia solani
[20], Opkhiostoma flexuosum, Ophiostoma
tetropii, Ophiostoma polonicum, Ophiostoma
ips [18] Ta Paecilomyces lilacinus, Pochonia
chlamydosporia, Clonostachys rosea [11]; cyp-
daxTun — martoreH pucy Magnaporthe grisea
[16] Ta R. solani [12]. ¥ pobori [41] mokasano,
mio mram B. subtilis Bs-M49, axuii maB Tpu
MicceHc-MyTaIllii y reHax comA, a TaKoK IIITaM
MC1 3 HOKayTOBAaHMM TIeHOM cOmA, Oyiau, Ha
BiIMiHY Bif AMKOro miraMmy, He 3ZATHUMHU O
cuHTe3y cypdakTUHY ¥ He MPUTHIUyBaJIW picT
R. solani, Bs-916. Iurerpaiiis comA y xpoMocomy
mramy Bs-M49 (M49C3) cripusiia BiZHOBJIEHHIO
fioro GiosoriuHoi aKTWBHOCTI. I307HOBaHI 3 6a-
ceiiny piukm Amaszouku mramu Bacillus cunTe-
3yBaJIV CyMIIII JIiTtorrenTuAiB (cypdaKkTuH, iTypuH
A, (enrinuH, 6aUIOMIIINH), 1110 TPUTHIUYBAIN
(dironmarorenni rpudbu Fusarium spp., Aspergillus
spp. Ta Bipolaris sorokiniana [39]. ¥ poboti [38]
OIMCAaHO MeXaHidM mil cyphaKTUHY, (DeHTIIUHY
Ta iTypuny B. subtilis QST713 Ha KaiTuHMu rpubiB.
BceranmosiieHo, 1110, Ha BiAMiHY BiJf TUTIOBUX CHHTE-
TuaHuX [TAP (OKTHITIIOKO3U, TOOeIUICYIb(hAaT
HaATPil0 TOI0), MIKpPOOHiI He MPU3BOAWIMN [0 3a-
TaJbHOTO PO3YIIOPAAKYBaHHS ITUTOILIa3MaTUUHOT
MeMOpaHu, a Aifdau JIOKAJbHO Yepes CIIOHTAHHY
cerperartito JimigiB i/a6o cmpuumHIOBAIN HedeK-
TH yHaKyBaHHS i €JIEMEHTIB.

ITAP ninmomenTumoi mMpuUpOLM TaKOMXK OyJIn
e(PeKTUBHUMU IIPOTU AeAKNX BUTIB OOMilleTiB
Pythium ta Phytophthora i mpusBoOgMIN 10 JIi-
sucy 3oocmop [75, 100, 121-126] a6o mpurui-
yyBaJIu MineaianbHui pict [125].

3axucm 8i0 xuxakxis. Bimomo, 1110 3HaAUHMIH
BILJIUB HA JMHAMiKY POCTY, HOIITUPEHHS Ta €BO-
JIOIlif0 OaKTepiaJbHUX YrpyIloBaHb CIPaBJIS-

[0Th HatimpocrTirri [127]. 3 meToio camo3axXucTy
OaKTepii po3BUMHYJNM HUBKY MexXaHi3sMiB, AKi
3arajioM MOKHAa MOJiJIUTU HA ABi Ipymnu: Ti, 110
IiIOTH O Ta Iicjsd IMOrJIMHAHHA 6aKkTepii xumixa-
KoM [128]. [lo mepimux MOKHA BigHEeCTU 3MiHUT
y mopoJorii KaiTuH, IIOBepXHEBi BIaCTUBOCTIL
Ta PYXJUBICTH, IO APYroi — CHUHTE3 TOKCUY-
Hux MerabouitiB [129, 130]. Tak, Serratia
marcescens ta Bacillus sp. mpoayKyBsaau cepa-
BetuH W2 i cypdarkTus, 3a LOIOMOTOI0 AKUX
saxumianucsa Big memaromu Caenorhabditis
elegans [131], a P. uorescens — wMaceToOJif
Ta BiCKO3WH, II[0 CIIPUYMHIOBAJIHN JIi3C amMeOu
Naegleria americana [132].

Pyxnusicms. Bimomo, 1o ITAP BigirpatoTs
BasKJIMBY POJIb Y TAKOMY BUII PyXy, AK POIH-
Hs, BIJIMBAIOUM Ha YTBOPEHHs Au(epeHIliiio-
BaHUX KJITUH OiJbIIIOro posmipy is migBuire-
HUM BMicToM (uraresniny. KiaiTuau myTaHTHUX
IITaMiB, He 3TaTHUX OO0 CUHTE3Y JIIITOMEeNTUIiB,
OyJiu HEePYXJIMBUMU ¥ He (hopMyBaJiu TaK 3BaHi
moToku MapaHTOHi 3a yMOB POCTY Ha HAIIiBPij-
KoMy cepenmoBuiii (puc. 3) [78, 133]. [loxnaBaH-
Ha MikpoOHUX ITAP y cepemoBuIie mpuBOIMIO
o BigHOBJIeHHA ixX pyxy [121, 134-136].

Oxpim Toro, ITAP mane:xanma BupimaiabHa
POJIb ¥ KOJIOHI3aITil MiKpoopranisMaMu POCJIH
[1,137,138].

Ymeopeunsa oionaiexu. CyTTeBoIo € i poJsb
JiDOmenTuAiB y IPUKPIIIeHH] KJITUH I0 IIO-
BepxHi Ta y mporiecax (popMyBaHHA O6i0MIIiBKY.
Tak, npoayieHT apTpodakTuny Pseudomonas
sp. MIS38 ¢opmyBaB 6iomIiBKY HaA HMOJIIIIPOIi-
JIEHOBi#I TIOBePXHi, TMMUAcoM AK Ae(EeKTHU!H
3a apTpoPakTUHOM MyTaHT OyB IPAKTUYHO HE
3maTHUM o 1boro [ 73].

Amnajoriuni pesyabTaTu 0yJI0 BCTAHOBJIEHO
naa mramiB P. fuorescens SBW25 ta P. fuo-
rescens SS101, 3gaTHUX 00 CUHTE3Y BiCKO3UHY
Ta mMaceroJigy [99, 121], a Trakox B. subtilis
Al1/3 — mpogynenta cypdparktuny [140]. Ha
puc. 4 MmOKasaHO BILIMB CcyppakTuHy, (QeH-
rimuey # itypmHy pukoro mmramy Bacillus
amyloliquefaciens FZB42, a TakoX MyTaHTiB
AK3, CH1 ra CH2 Ha (hopmyBaHHS 6iOoIIiBKHA.

IIpunyckatoTs, 1mo IIAP smiHOIOTH Tigpo-
dinbHicTh-TiApOGOOHICTL a00 3apsaa IMOBepXHi
KJIITUHU, COPUAIOUN TUM caMUM (DOPMYBaHHIO
biomaiBku [99]. CypdaKkTuH MOKe CIAyryBaTu
CUTHAJBHOIO MOJIEKYJIOI0 i CIPUYMHIOBATU BU-
TiK KaJilo, AKUH Y CBOIO UePry aKTUBYE TiCTH-
muuakinasy KinC, 1o BiIinBae Ha eKCIIpeciio re-
HiB psA-O i yqxM-sipW-tasA, BigoBigaIbHUX
3a (popMyBaHHA MaTpPUKCy Oiommisku [141].

ITAP Takosxk mpuraMaHHi I aHTHMAATE3WB-
Hi BimactuBocTi. Tak, cypdakTuH 3HUIKYBaB
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EZB42-AKD

“eZB42-CH¥

Puc. 3. Poxp rinonenTtuais y pyxJnBocCTi nmpeacrtaBHUKIB poxiB Pseudomonas ta Bacillus:
a — pukwuii mram P. fuorescens SS101, 1110 cuHTe3ye JTinonenTuay i yTBOproe moTroku MapaHroHi, Ta HepyXJIUBUHA
ainonentuagedinuTHUit mytarTHUH mtam SS101 (kpaiiuiii cipaBa);
b — nmuki mramu Bacillus S499 ta FZB42, aki nponykyioTs cypdaxkTus, irypuH i denrinua, myrantu AK3
(cypd ", derr , ityp ), CH1 (cypd , denr’, iryp ) Ta CH2 (cypd , denr , ityp ") [139]

anresiro Listeria monocytogenes ta Entero-
bacter sakazakii Ha TpomiseHOBi i crajeBin
noBepxHaAxX [142], nimonentun B. subtilis in-
rioyBaB ¢dopmyBaHHA OiommiBku Salmonella
enterica sv. typhimurium [143] i Streptomyces
coelicolor [144], nyTucosbBiH, CUHTE30Ba-
Huit P. putida, — P. aeruginosa PAl4 ra
P. fuorescens WCS365 [9], nceBmodarxTun II
P. fluorescens BD5 — pisuux mramis Escherichia
coli, Enterococcus faecalis, Enterococcus hirae,
Staphylococcus epidermidis, Proteus mirabilis,
Candida albicans[145], a BickosuH i MmaceTosig A
P. fuorescens mopyIiyBaB IIpoIiec YTBOPEHHS Mi-
KpPOKoJIOHi# P. aeruginosa PAO1 [13].

Ponvynamozenesi maindyruyii pesucmenm-
Hocmi pocaur. JlinonmenTuayu MOYKYTh BiITIOBi-
JmaTtu 3a iH(QIKyBaHHA POCJIMH MiKpOOpTraHis-
MaMU-IPOAYIIEHTaMU, a TaKOK CTHUMYJIIOBATHU
ixHi 3axmcHi pyHK1ii. Hanmpukaan, cuaTEs CH-
PUHTOMIIIMHY Ta CHPUHTOIIEIITUHY ITiIBUIIyBaB
BipysnenTHicTs P. syringae pv. syringae [146],
a BiCKO3UH BifmosimaB 3a KoJioHizalliro P. fuo-
rescens 5064 TrammH Opokroxai [147]. IIpore
B pasi 00po0IeHHSA KOPEeHiB TOMATy OUUIIIEHUM
maceroJigom A P. fuorescens TUCTKU POCINHUI
BUABJANY IIiABUIIEHY CTiHKicTh mo iH(eKmiit,
30yaHUKOM AKuX € P. infestans [138]. Auaio-
riuyHO ouwmIeHi eHrinuH Ta cyppakTUH icTOT-
HO IiIBUIITYBaJIU 3aXUCT Bif maTtoreny Botrytis
cinerea y JUCTKax Topoxy I Tomary [148].
3 momaBamHAM Jinomentuny Bacillus sp. y To-
MaTiB OigBUITyBaJiaCh aKTUBHICTH IBOX KJIIO-
YOBUX €H3UMIiB OKcUJIimiHoBoro nuiaxy [148],
110 3YMOBJIIOBAJIO CUHTE3 IIHUPOKOTO CIEeKTpa
BTOPMHHUX MeTaboriTiB [149].

Hia Ha kaimunu nyxaun. [1asg HOBOTO IU-
KJiuboro Jjimomentuny B. subtilis natto T-2
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OyJIO OIMCAHO MPOTUIYXJWHHY AaKTUBHICTH
IPOTU KJIITHH Jeliko3y Jjainii K562. 3ampomo-
HOBaHUU MexaHi3M Ail mojiAarae y HaKOIUUYEH-
Hi Kaituaoo Ca?" Ta iggyrIii amomrosy [150].
IHI1IIe He3aIesKHe JOCIIiIMKeHHA II0KAa3ajIo aHTH-
npoigidepaTuBHy miio cypdhaKTUHY Ha 3J0AKic-
Hi KiaiTuay Kuimeunnka LoVo [151].

368’a3yeanna memanié ma 0ecmpyxuyisa Kce-
Hobiomukie. Hanmpuriani XX — Ha moyaTrky
XXI cr. 3’saBUINCSA TOBiIOMJIEHHS IIPO 3JaTHICTD
ginomentugaux ITAP 3B’ s3yBatu metaau. Tax,
JixeHisWH i cypdaKTHH XeJaTyBaju KaTioHU
Ca?" [152], irypun Ta rpaminuaus S — Na',
Rb* ra K" [153]. 3aBaAKYu 30aTHOCTI YyTBOPIOBA-
T KoMIlekcu 3 mertajgamu I[TAP MoKyTs 6yTH
BUKOpUCTAaHIi 1yia 6iopemeniatii rpyuaTis [154].
Oxkpim Toro, ITAP BifirparoTs BasKJIHUBY POJIbL Y
PO3KJIaJaHHI HEPO3UMHHUX apOMaTUYHUX CIIO-
JYK YHACJIIOK IIepeBeleHHA iX y MOCTYIHIITY
IJIT  MIiKPOOpPTraHi3MiB-IeCTPYKTOPiB Gopmy
[155]. BraskatoTh, 1110 MiKpoopraHismMu 3a pa-
XyHOK cuHTe3y ITAP 3axuinaioTh BJIACHI KJIi-
TUHU BiJi TOKCMYHOTO BILJIUBY MeTataiB [13] abo
eMyJIbI'YIOTh HEJOCTYIIHI cybcTpaTu AJA TOTO,
100 BUKOPUCTATH iX AK JMKepeJsio ByTJIelto abo
asory.

FZEW2CH1 FZB4#CH2

Puc. 4. Pos srinonenTuaiB npeacTaBHUKIB
poxy Bacillus y dopmyBanHi 6iomiriBok [13]

o7 FZBA#EAK)
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ITAP, cunme308aHi MONLOYHOKUCAUMU OAK-
mepiamu

Jlireparypa 1ono cunredy IIAP mogoumo-
KHUCJIUMU OaKTepiAMU € HeuucJeHHOI0. [leprri
poboTtu 3’aBuauca Hampukinimi XX — Ha 1o-
yarky XXI cr. i Oyau mpucBsiueHi 34aTHOCTI
ITAP wmosouHOKMCAMX OaKTepiii 3HUIKYBATHU
ajresiro ImaToOreHHWX MiKpPOOpraHidMiB Ha IIO-
BepxHi ckia [156], cunikony [157], xipypriu-
Hux iMmnianTartiB [158] Ta rosocoBux mporesin
[159, 160]. ¥ 2004—-2006 pp. ymuepiiie onrucaHo
mpobiotuuni mramu Lactococcus lactis 53 Ta
Streptococcus thermophilus A, Axi € mpony-
meuramu ITAP 3 aHTUMiKpOOHUMU BJIaCTUBOC-
Tamu [160-162].

HesBarxkatouu Ha Te, 1o IIAP mpobioTuu-
HUX O0axkTepili € MeHII e(DEKTUBHUMU i CUHTE-
3YIOTHCA B BHAUHO MEHIIHUX KiJTbKOCTAX (yChO-
ro 20-100 wmr/xa), mHik Bigomi pamHOJITigN
P. aeruginosa, codopoaimigu Candida, cyp-
daxkTuH Ta irypun B. subtilis, came BOHU MO-
JKyTh OyTH BUKOPHCTAHI Y MeIUITMHI yepes He-
MmaTOreHHiCcTh IpoAyIeHTiB [26, 29]. OcHOBHUM
darkTOpOM, IO CTPUMYE KOoMepIliagisalriio
i Bukopucrauua [IAP MogouHOKHCIUX OaKTe-
pifi y (papmakoJiorii, € 6pax 3HaHb IIOA0 IXHIX
CTPYKTYPHUX Ta MOJIEKYJIAPHUX XapaKTepUc-
Tuk [29].

B ocramHi poku 3’SABIAIOTHCA MOBiLOMJIEH-
HA IPO BUIIIEHHA Ta imeHTH(diKaIizo HOBUX
nponyuentiB IIAP cepen mpobGioTuunHmx 6ak-
Tepiii. [lociigKeHHA MPUCBAYEHO BUSHAUEHHIO
ximiuzHoro ckJjany cuHTesoBaHux ITAP, ixmix
XapaKTepUCTUK, a TAKOK AaHTUMiKpPOOHHUX Ta
aHTUAATE3UBHUX BJjacTtuBocreii. Tak, y po-
0oti [26] Oyso onucamo mram Lactobacillus
paracasei ssp. paracasei A20, BupineHuii Ha
OiAIPUEMCTBI MOJIOYHOI IPOMMCJIOBOCTi, 31aT-
Hui 1o cuatedy [IAP (ximiunuii ckjag He BeTa-
HOBJIEHO), 1110 3HUIKYBAaJIN IIOBEPXHEBUI HATSAT
mo 41,8 mH/™M, KpuTuuHa KOHIIEHTpPAIlid Mi-
neaoyrBopernua (KKM) cranoBusa 2,5 mMr/m.
Kpim Toro, ITAP mramy A20 Gyau criikumn
B mupoxkomy maianasoni pH (Bix 6 mo 10, omTu-
MyM 7) i He BTpauaju CBOIX BJIACTUBOCTEN Mif
yac HarpiBaaus go 60 °C ymopomos:x 120 rog.
Bcranosieno, 1o Heouwumieni ITAP y kou-
meurparnii 25 mr/ma ma 83,5-100% mpurui-
yyBaju pict E. coli, P. aeruginosa, S. aureus,
S. epidermidis, S. agalactiae Ta S. pyogenes,
a TaKO’K BUABJIAJIYU aHTUAATe3UBHY aKTUBHICTH
OO0 BCiX AOCTiIKyBAaHUX TECT-KYJIBTYP.

Haiteppexrusuime ITAP maxkTobanua 3HH-
sKyBasu apresiro S. aureus (ua 72,0%), S. epi-
dermidis (62,1%) Ta S. agalactiae (60,0%).
Binpmr geranbHO IIi BJIACTHMBOCTI OIIMCAHO B

po6ori [25]. Ilokasamo, 1110 ITOBHE IIPUTHIUEH-
HS POCTy HemaToreHHuUX BumiB Lactobacillus
(L. casei 36, L. casei 72, L. reuteri 104R Ta
L. reuteri ML1), a TaK0X MEIIKaHIIiB POTOBOIL
noposkHUHU S. oralis J22 Ta S. sanguis 12 Big-
oyBaJiocs 3a KoHieHTpallii ITAP L. paracasei
ssp. paracasei A20 25—50 mr/mi. Men1r edek-
TUBHO IIpenaparu Aigau Ha rpudu. Tak, pyH-
rinuguy giro momo C. albicans cmocrepiranau
JIUIIIe 38 MAaKCUMAaJbHO [OCJTiIKyBaHOI KOH-
menrparii (50 mr/ma), a pict Malassezia sp.,
Trichophyton mentagrophytes ta Trichophyton
rubrum npurmiuysascs juire Ha 71,6—-86,1% .
ABTOpU 3a3HAUaAIOTh, IO IIe MOBIIOMJEHHA €
IEePIINM CTOCOBHO CHHTE3Y JaKTOOAKTepiaMu
ITAP 3 TakuM IIIMPOKUM CIIEKTPOM aHTHUOAKTe-
pianbHOI akTmBHOCTI. IIlomo amTManTre3MBHUX
BJIACTHUBOCTEM, TO Halle(hpeKTUBHIiIIIe IperapaTu
misiu Ha mramvu L. reuteri (77,6—78,8% nean-
resoBaHux KJjitTmH), L. casei (56,5-63,8%) Ta
S. sanguis 12 (72,9% ). Mewur edeKTUBHO 3HU-
sKyBasm apgresiro S. mutans HG985 (31,4%)
ta rpubiB (15,3—-38,9% ). Kpim Toro, KiiTunu
L. paracasei ssp. paracasei A20 6yiu 3gaTHi 10
aBToarperariiii, To6To 40 YTBOPEHHs 6araToKJIi-
TUHHUX CKymueHb (51% uepes 2 rox exciosu-
1ii), 1110 € BaKJIMBOIO BJIACTUBICTIO IIPOOioTIIY-
HUX MiKpOOpraHismis.

BaxxkauBuMu € mocimimiKeHHs, TPUCBAYEHI
BUBYEHHIO OHOYACHOTO BILTUBY PH, Temmepary-
P¥ i KOHITEHTpAIlil coJiell Ha TTOBEPXHEBO-aKTUB-
Hi BJIACTMBOCTLI MeTa0OIiTiB, cuHTe30BaHUX L.
pentosus [24]. BcranoBieHo, 110 B giamasoni pH
3-5,5, 3a HUBBKOI KOHIIEHTpAIIil coJiei Ta TeMIe-
paTypu I1i 30BHINTHI YMHHUKHA JisJ1 CUHEPTIYHO,
i ITAP edeKTuBHIiIIE SHUIKYBAIU TOBEPXHEBUHN
HaTar. B iHmIi# pob6oTi moxkasaHo MOMKJIUBICTH
Bukopucrtauus [IAP L. pentosus nis ounieHHA
rpyHaTy Bix okrany (70 r/kr rpyury) [27]. Bera-
HOBJIEHO, 1110 Ha 30-Ty 100y B I'PYHTI AerpaayBajio
76% oKTaHy, TUMYAacOM AK Y KOHTPOJIBHOMY Ba-
piauTi (r'pyuT, He 06pobaenuii IIAP) poskaaaocs
sutre 24% KceHobGioTuKa.

IlepcuexTuBHUM € 3acTocyBanusa IIAP mpo-
0iOTMUYHUX IITaMiB IJIA MOKPUTTA a0i0TUUHUX
MaTepiajiiB, BUKOPUCTOBYBAHUX Y MEAWIIVHI.
Tak, y pobori [28] meromamu indpauepBoHOI
cuexTpockonii(ATR-FTIR), perTreniBcsroido-
TOEJIEKTPOHHOI crieKTpocKorii (XPS), aromHoO-
cuaoBoi MmMikpockomii (AFM), a TakosKk BuMi-
PIOBAaHHAM KyTa 3MOYYBAaHHA BCTAHOBJIEHO
snatHicTtb IIAP L. lactis, L. paracasei, S. ther-
mophilus A ta S. thermophilus B yTBOpioBaTu
CYIIJILHUM Iap Ha IMOBEPXHi MOJiIMMeTUJICHU-
aokcany. MonudikoBanuii marepian O6yao Bu-
3HAHO HETOKCUYHUM Ta HETEMOJJiTUYHUIM.
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Mopcvki mixpoopzanizmu sk npooyyernmu [TAP

MopchKi MiKpooprauisaMm K IIOTEHITiIHHI
MPOAYIIEHTU IPAaKTUYHO BAKJIUBUX MeTabO0JIi-
TiB mouasu iHTEHCUBHO HociaimskyBatu y 80—
90-x pp. XX cT.[162-164]. Toxi :x 3’ AIBIAIOTH-
csA TIepIIi OTJIAAM, IPUCBAUYEHI CUHTE3y HUMU
ITAP[165-167], u10 nommoBHIOIOTECA Ty X X1 CT.
[30, 168—-170]. YHiKanbHICTH MOPCBKUX IIPO-
IVIIEHTIiB IIOJIATA€ B TOMY, IO B XO/i €BOJIIOITi1
BOHU HAOYJIM 3JaTHOCTI [0 CHHTE3y HOBUX Me-
TaboaiTie (aHTHOiOTHUKU, eH3UMU, BiTaMmiHWH,
ITAP, GioemyabraTopu TOIIO), IKi He MPOAY-
KYIOThCA iIHIMUMEU MiKpooprauizmamu [32, 37].
Y nitepaTypi oCTaHHBOTO AECATUJIITTSA OMU-
CaHO IIpeJCTAaBHUKIB PiBHMX TaKCOHOMIUHUX
IpyI — MOPOAYIIEHTIB IHOBEPXHEBO-aKTHUBHUX
TJIiKo-, aMiHO-, (pocorsimigiB, KUPHUX KHUC-
gor, a Ttakok IIAP 3 He imeHTH(iKOBaHOIO
nmoci ximiuHo cTpyKTypoio [31, 33—-37, 168,
171-179]. Tak, y [175] onmcano mram Ha-
drooKkucHIOBAIbHUX OaKTepiii Rhodococcus
erythropolis 3C-9, BunineHu#l 3 IpUMODPCHKUX
rpyHTiB octpoBa Camuub. Ko)xkeHn 3 MOpChKUX
mramiB Bacillus sp. S3, Bacillus pumilus S8,
Bacillus licheniformis D1 Ta Serratia mar-
cescens V1, BumisieHuX i3 ImMoBepxHi 3eJeHUX
mignist Perna viridis i kopanis Symphyllia sp.,
3HalifeHux y npubepexkuux paionax Kosazam
ta Manganam (Tamin Hany, Iugis), cuaTesy-
BaB IIAP 3a momapHOTO CyMiCHOTO KYyJIBTH-
ByBaHHA 3 P. aeruginosa PA, B. pumilus BP,
C. albicans CA ab6o Yarrowia lipolytica YL,
AKI BucTymanam iHAyKTOpaMu cuHTe3y (miid
KOKHOTO ITPOYIleHTa — OAUH-IBA iHAYKTOPH)
[31-35].

SAr BimoMo, HAWaAKTUBHINIMMU ITPOAYIIECH-
TaMMW JIHIOIEINTULIB € IIPeNCTaBHUKU pPOAY
Bacillus. Tak, mtam B. circulans, izoaboBa-
Huil 3 AugamaHcekux i HikobapcbKux ocTpo-
BiB (Immisa), cuHTEe3yBaB NHOBEPXHEBO-aKTHUBHI
ginmonenTtuau [171], anTuMiKpoOHA aKTUBHICTH
AKUX 3aJjIe)Kajia Bif JsKepesia BYTJIEIIO B cepe-
IoBUILl KyabTuByBauusA. IIAP 3 HallepekTUB-
HIIlIOI0 aHTUMiKPOOHOIO Ji€I0 CUHTE3yBaJUCH
y pasi 3aMinu riimeposy, KpoxMaJjmo abo caxa-
posu Ha riioko3y [173]. Kpim Toro, B. circulans
OyB 3maTeH A0 MecTPYyKIi mosiapoMaTUyHUX
BYTIJIEBOAHIB, TaKUX AK auTpareH [172].

¥V pobori[36] omrcaHo iHITWH TPOAYIIEHT JIi-
nonenTuniB — Bacillus velezensis H3, i3oan0-
BaHUI 3 MOPCHKOTO MYJTy XYaHXaNChKOT0 MOPSI
Ta Boxaticbkoi 3aToku ([lansaus, Kurait), i Bcra-
HOBJIEHO B3JATHICTH I[LOr'0 IIITAMY A0 CUHTE3Y
cypPaKTUHOIOAIOHUX CIIONYK, AKi 3BHUKYBAIU
noBepxHeBui HaTar 3 71,8 no 24,8 mH /M. Haii-
BUITY eMyJIbTyBaJdbHy aKTuBHicTh IIAP cmo-
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crepiraau 3a pH 6,0, 2% NaCl, 28 °C. KyabTu-
BYBaHHA IITaMy 3IiHCHIOBAJIU Ha CepPeqOBUIIIL
3 kpoxmaseM (2% ) Ta cyabdparom amoHio (1%)
AK O)KepejaMu BYIJIeIio Ta asory. MeTogom
nugysii B arap BCTaHOBJEHO, IO JIiIOIEITH-
mam mtamy H3 B Koumentparrii 100 Mrr/mi
OIprUTaMaHHa aHTUMiKpoOHA aKTUBHICTH IIOJO0
S. aureus, Mycobacterium, Klebsiella peneu-
moniae, P. aeruginosa ta C. albicans (30uu 3a-
TpuMKH pocTy 10—14 Mmm).

g BuAisieHOTO 3 MOPCHKOTO CepeloBUIIa
nopty Tyrikopun (Iupia) mramy Azotobacter
chroococcum BCTAHOBJIEHO 34ATHICTEL 40O CUHTe-
3y ITAP nimonmenTuaHOl IPUPOLH 34 YMOB POC-
Ty Ha HEOUUIIeHill HadTi, BUKOPUCTAHIN MO-
TOPHIiI osuBi Ta oiii semuszHoro ropixa [177].
IlokasaHno, 10 MaKCHUMAaJbHOI KOHIIEHTPAIlil
IiJIB0BOro IpoAyKTy (mo 2,97 r/i) mJocArHeHOo
Ha 132-ry rog KyJIbTUBYBAHHS 3a TeMIIEPATYPH
38 °C, pH 8,0, 30%o0 coaonocti Ta 2% (MacoBa
yactka) cybcrpary. MacuirabyBaHHS TIPOIECY
Ha (pepmeHTaIiline obsamHaHHA (3-JIiTpoBUi
(epmenTep) mamo 3MOTY HiABUIMUTU CUHTE3
ITAP 1o 4,6 r/n[179].

IIpexncraBuukmu pony Myroides (M. SM1,
M. odoratus JCM7458 ta M. odoramitimus
JCM7460), BugimeHi 3 MOpPCBLKOI BOOU, AK
OPOAYIIEHTU IIOBEPXHEBO-aKTUBHUX (Qocho-
JimigiB Ta KUPHUX KHUCJIOT OIMCAHO B PO-
b6orax [168, 174-178]. 3a ximiuHOIO0 IPUPO-
IOI0 CHMHTE30BaHI MMM MiKpoopraxismamu
ITAP e xoniHOBUMU Ta Me30KCUXOJiHOBUMU
KHCJO0TaMM, 3’ € JHAHUMU 13 riainmuHOM. Y3a-
raadpHpiOUy iHdGopmailiiro npo cuurtes IIAP
MOPCBKMME MiKpoopraHisMaMu HaBeIeHO
B TabamILi.

TaxuMm uymHOM, BeJuruii inrepec go ITAP
JITIOTeNITUTHOI TPUPOY 3yMOBJIEHUI MOMKJIVI-
BiCTIO BUKOPUCTAHHA iX AK ePeKTUBHUX aHTU-
MiKpPOOHUX areHTiB.

Y posraanyTiii JiTepaTypi BeIMKy yBary
OpuaijieHo XiMiuHiN CTPYKTYpPi HMUX JimoIer-
mugaux ITAP Ta ixHiM mpomylieHTaM, eTamam
i perynasaiii 6iocuHTe3dy, a Takok (isiosoriu-
Hit posi. Haii6isbI1 BUBYUEHUMH € JIiTIOTIeIITH -
Iu mmpencTaBHUKiIB pony Bacillus (cypdaxkTuH,
rpamMinuauH S, IoJiMiKCcuH, iTypuH, GeHrinue
Toifo) Ta Pseudomonas (Bicko3uH, am@isuH,
TOJIaa3WH, CUPUHTOMIIIUH Ta iH.). ¥ Hepubo-
COMaJIbHOMY CUHTe31 JrimonmenTupiiB OepyTh
yuacTh (hakTopm iHiriarii Ta esouraiii, a pe-
rynania € gpokomnoneHTHO GacA/GacS (pif
Pseudomonas) i ComA/ComP (pix Bacillus),
a TAKO0YK KBOPYMHOIO.
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Jlire-
Kaac IIAP IIponynenT XimiuHa cTpyKTypa Baacrusocri ITIAP pary-
pa
Hosuii Tun . .
. - Bupasxena anTumikpo0Oua mis,
B. circulans JUIOMENTHALB BiZiIcyTHiCTh reMOoJIi TUYHOL [171]
(CTPYKTYpYy He .
: - aKTUBHOCTIL
imreHTU(DiIKOBAHO)
Timomenem _ nCl4-cy_pc1)aR'mH 3maTHICTh BHUKYBATH TIOBEPX HEeBUIA
B. velezensis H3 Ta anTeizo-C15- HATAT, eMyJIbI'yBaJbHa aKTUBHICTD, [36]
cyphaxkTuH BUpakeHa aHTUMiKpoOHa Iis
Jlinigm Ta mporeinu Emynsrarop motopHoi onnBu, [177
A. chroococcum y CIIiBBiZHOIIIEHHI HeouwuireHoi HadgTHU, AU3eJI0, Tacy, 179]’
31:69 HadTaleHy, aHTpalleHy, KCUJIeHY
Pochomimizm Myroides SM1, XosiHoBi Ta
8 KL Hf M. odoratus JCM7458 IIe30KCUXO0JIIHOB1 3IaTHICTh 0 3HUKEHHA [174]
KI/ICJIOI?I‘I/I Ta M. odoramitimus KHCJIOTH, 3’ eqHaHi TTOBEPXHEBOTO HATATY
JCMT7460 3 TIIIHOM
i . Byraesonu (40%),
JTiKoJIiTIo- C.k . . o . .
. kutscheri minigu (27% ) Ta Emynsratop pisHUX BYTJI€BOLHIB [178]
MEeNTUAN .. o
nporeinu (29% )

Jlimomennruam mpuTaMaHHA aHTUOAKTEpi-
albHa, aHTU(QYHraJbHa, aHTUBiIpycHa, AHTH-
agre3auBHAa aKTUBHICTh, BOHU OepyTh ydYacThb
y pyci kiaituH (pyX PoiHHAM) Ta (hOPMYyBaHHI
6ioILITiBOK, AiIOTh HA KJIITUHU OYXJINH, CIPUYN-
HIOIOUH aIlOIITO3 i MpurHivyoun rpoJidepairio,
3B’A3YIOTh MeTaJd Y HEePO3UMHHI KOMILIEKCH
i O0epyTh y4YacTh y HOECTPYKIIiI apoMaTUUYHUX
CIIOJIYK MiKpOOpTraHidaMaMu.
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MHURPOBHBIE IITOBEPXHOCTHO-ARTHBHBIE
BEIIECTBA. II. JIMIIOIIEIITH 1 bI

T.II.IIupoe, A.]]. Konon, A. I1. Coppuarkanuu

HanunoHanbHBIN YHUBEPCUTET IUITIEBBIX
TexHoJoruii, Kues, YKpauna

E-mail: tapirog@nuft.edu.ua

IIpencraBiensl KiaaccuUKaANUA U XUMUUE-
CKas CTPYKTypa JUIOMENTHUA0B, UX IIPOAYIIEHTOB
(upencraBurtenu ponoB Bacillus u Pseudomonas).
Onurcana poJib JIMIOIENITUAOB B IBUKEHUU KJIETOK
1 (QopMUPOBAHUYU OUOIJIEHOK, CBASLIBAHUU Me-
TAJIJIOB U NECTPYKIMU KCEHOOMOTUKOB, a TaKiKe
UX JIeicTBHe Ha KJIETKU IIPO- U syKapuoT. Pac-
CMOTPEHBI ATalbl HEPUOOCOMAIBHOTO CUHTE3a JIU-
TIOTIENITU/I0OB, OCBEII[eHAa POJIb JBYXKOMIIOHEHTHBIX
(GacA/GacS, ComA/ComP) u KBOpyMHOII cucTeM
B PETyJAIIUU 9TOTO IIPOIlecea.

PackpbIT TOTEHIIMAT MOJIOYHOKHUCJIBIX OaK-
TepUil M MOPCKUX MHUKPOOPraHM3MOB KakK He-
TPAAUIIMOHHBIX MEPCIEeKTUBHBIX ITPOAYIIEHTOB
TMOBEPXHOCTHO-aKTUBHBIX BEIeCTB PAa3JIUYHONR
XUMHAUYECKONU NPUPOABLI (TIHUKOJUIUIOB, JIHIO-
OenTUI0B, (PochOoJUNUIOB U KUPHBIX KHUCJIOT,
TJIMKOJUIIONEINITU/IOB), TOKAa3aHbl UX MPOIYKTUB-
HOCTb W TIPEMMYIIecTBa Iepel, TPaAUIIMOHHBIMU
npoayienTamu. OmucaHbl CBOMCTBA TOBEPXHOCT-
HO-aKTUBHBIX BeIIecTB, CUHTE3UPOBAHHBIX
MOJIOUHOKMCJBIMU  OaKTepusaAMUu  (CHUIKEHUE
TMOBEPXHOCTHOTO HATSIKEHUA, KPUTHUUECKAas KOH-
IeHTpaIlUsd MUIeJJI000pa30BaHUsI, YCTOMUYNBOCTD
B IMUPOKOM Auarasone pH, remneparypsl, 610JI0-
TuyecKoe JelicTBue).

IToBepXHOCTHO-aKTUBHBIE BeIeCcTBa IIPOOMO-
TUYECKUX HEMATOTeHHBLIX OAKTEepuil MOryT OBITH
WCIOJIb30BaHBI KaK 3S(QQeKTuBHbIe aHTHUAJTe-
3WBHBIE 1 AHTUMHUKPOOHBIE areHThl, a MOPCKUEe
MIPOAYIIEHTHI CIIOCOOHBI K CHUHTE3Y YHUKAJIbHBIX
MeTaboOJUTOB, HE MOPOAYIIUPYEMBIX IPYTUMU
MUKPOOPTaHU3MaMU.

Kntwouesvle cnoea: MUKPOOHBIE ITOBEPXHOCTHO-
aKTUBHBIE BEIleCTBA, JUIOMENTUbI, MOJOUYHOKUC-
JIble OaKTepuu, HETPAJUITMOHHBIE ITPOAYIIEHTHI.

MICROBIAL SURFACTANTS.
II. LIPOPEPTIDES

T. P. Pirog, A. D. Konon, A. P. Sofilkanich

National University of Food Technologies, Kyiv,
Ukraine

E-mail: tapirog@nuft.edu.ua

The classification and the chemical structure
of the lipopeptides and their producers (bacteria
of the genera Bacillus and Pseudomonas) are
given. The role of the lipopeptides in cells
motility, biofilm formation, metal binding and
xenobiotics degradation and their action on the
cells of pro- and eukaryotes is summarized. The
stages of the nonribosomal lipopeptides synthesis
and the role of two-component (GacA/GacS,
ComA /ComP) and the quorum system regulation
of this process are shown.

The potential of lactic acid bacteria
and marine microorganisms as alternative
surfactants producers (glycolipids, lipopeptides,
phospholipids and fatty acids, glycolipopeptides)
are discussed. Their productivity and advantages
over traditional producers are given as well.
The properties of surfactants synthesized by
lactic acid bacteria (the reduction of the surface
tension, the critical micelle concentration, the
stability in a wide range of pH, the temperature,
the biological activity) are summarized.

Surfactants of nonpathogenic probiotic bac-
teria could be used as effective antimicrobial
agents and antiadhesive and marine producers
which able to synthesize unique metabolites that
are not produced by other microorganisms.

Key words: microbial surfactants, lipopeptides,
lactic acid bacteria, alternative producers.
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MuKpOBOIOPOCIH CIIOCOOHBI HAKAILINBATD 3HAUUTENbHBIE KOJruecTBa TOKO(GepoaoB (1o 4 Mr/T cyxoi
Maccekl). B oramume OT pacTUTENbHBIX Maces, KOJUYEeCTBO O-TOKodeposa B KOTOPBIX HEBEJIUKO,
MUKPOBOZOPOCIU comeps:Kar a0 97% 3TOoro TOKOXpPOMAaHOJIa, YTO 00eclieuyrnBaeT BHICOKYIO OMOJOTUUECKYIO
aKTHBHOCTHL BUTaMHHA K, M3BJIeKaeMOTo M3 9THUX OPTaHU3MOB. IIpuMBegeHBLI CBENeHUS O COAEPIKAHUU
TOKO(EPOJIOB ¥ dyKapuoTmuecKux MukpoBomopociieit Dunaliella tertiolecta, Nannochloropsis oculata,
Isochrysis galbana,Euglenagracilis, Tetraselmis suecica, Diacronema vlkianum, a Takske y InaHOOAKTEPUN
Spirulina platensis. HakomnaeHnue TOK0(epOJIOB Y MUKPOBOOPOCTEH 3aBUCHUT OT CII0C00a KYJIbTUBUPOBAHUS.
Hawuboabpiiee KoanuecTBO TOKO(MEPOJIOB CUHTE3UPYyeTcA B KJIeTkax Kuglena gracilis ipu reTepoTpodHOM
BbIDaIlfBaHUMN. TaKI/Ie TE€XHOJIOTUYECKHEe IIPDUEeMBbI, KaK I[ByXCTa[[HfIHOG KYyJbTHUBUPDOBaHUE, JUMUTHUPOBaAHNE
MUTATeJbHOMN Cpebl II0 HEKOTOPBIM OMOTEHHBIM dJIEeMEeHTaM, BBeleHIe S9K30TeHHBIX UCTOUHNKOB YIJIepoaa,
HUCIIOJIb3YIOTCS JIA MOBBIMIIEHNA BBIX0/Ia O.-TOKO(epoia Yy MUKPOBOLOpOceii. B 0630pe paccMOTpeHa TaKKe
cTparerusi reHeTUYECKOd MoaupUKaAIUM PACTEHHM, BeAyINas K MIOBBLIIIEHUIO COAEPIKAHUS AKTUBHOI'O

Butramuua E.

Kntrouesvle cnosa: MUKPOBOAOPOCIH, O-TOKOMGEPOJ, ABYXCTaqUIHOE KYJIbTUBUPOBAHNE.

CoemuHeHN IO OOIIM Ha3BaHUEM «BUTA-
MuH E» ABIAI0TCA OMOJOTUUECKHN aKTUBHBIMU
YKMPOPaCTBOPUMBIMU TOKOXPOMAHOJIAMM, CPEIN
KOTODBIX BBIAEJNAIOT [BE TPYHIIIBI — TOKOMEpPO-
JIBI ¥ TOKOTPUEeHOJbl. ToKO(EepOoJIbI UMEIOT Ha-
CBITIIeHHBIE O0OKOBBIE TN, 8 TOKOTPUEHOJIBI —
HEHACBINIeHHbIe, IIPU BTOM KaKAad TIpyIla
BKJIIOUAET II0 UeThIPe NMPUPOAHBIX M30(POPMBI
(o, B, vy u 0). B mpupoze cunres suramuHa E
00ecrieynBalOT TOJBKO (DOTOCUHTE3UPYIOIINE
OpTraHmM3Mbl — pAaCTeHUSA, IYKAPUOTUUECKUE
U IpOKapuoTudyeckue sogopocau [1, 2].

AnrTrokcunanTHas (GpyHKIUA BuTamMmHa E
IIUPOKO WM3BECTHA MU MJOCTATOUYHO WU3YyUeHa.
B opranmame uesoBeka TOKO(EpPOJ ydacTBY-
€T B HEIH3WMATUYECKUX AHTUOKCUTAHTHBIX
peaknusax U obeclieunBaeT 3aIUTy OT aKTHUB-
HBIX (OPM KHCJI0POJa. YUUTHIBAA XUMUYEC-
KYI0 DEaKTUBHOCTH U JEHCTBYIOIME KOHIEH-
Tpanmuu Oo-ToKodeposia, MOKHO YTBEP)KIATh,
YTO OH $ABJSAETCA BAKHEUIIIMM HIPUPOJHBIM
JaUo(UIBHBIM aHTUOKCUAAHTOM in vivo. B
IjasMe KPOBM KOHIIEHTPAIWA O-TOKOo(deposaa
cocraBiser 20,5-26,8 MKMOJIb/JI, B TO BpeMsd
KaK y-ToKo(peposa — Bcero 1,5—3 MKMOJB/J.
Takoe mpeobiamanue o-u30()OPMBI CBA3BIBA-
IOT C aKTUBHOCTHIO O-TOKO(EepPOJITPaHCIOPTHU-
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pymomero mporeuHa (o-TTB), m3bupareabHO
o0Jieryaroniero ee TpaucIopTupoBky [3]. Ycra-
HOBJIEHO, UTO AHTUOKCHUJAHTHASA aKTUBHOCTH
TOKO(MEPOJIOB in viVO 3aBUCUT OT YPOBHA METH-
JUPOBAHUS TOKOXPOMAHOJA W COOTBETCTBYET
pany a-T>B-T>y-T>56-T. Bnaromapsa BBICOKOM
BHYTPUMEMOPAHHOU IOJBUMKHOCTY HAUOOJIb-
IIyI0 aHTUOKCUAAHTHYI0 AaKTHUBHOCTH WMe-
IOT TOKOTPUEHOJBI, OZHAKO UX COJAEp:KaHue
B PACTUTEJILHBIX IPOAYKTAaX, a CJel0BaTEJIbHO,
¥ POJIb B aHTUOKCHUAAHTHOM 3aIIUTe JKUBOTHBIX
OpraHm3MOB, CYIIIECTBEHHO yCTyHaeT TOKoQe-
posawm [3, 4].

Torkodeposbl BCTpauBamOTCA B MeMOpaHBI
KJIETOK M X OPTaHeJLJI, TJle MOT'yT 00ecIeunBaTh
MaKCUMAaJIbHYIO BAIIUTy OT CBOOOJHBIX PAIUKa-
JIOB, OKUCJIAIOIINX HOJIMHEHACHIIIIEeHHbIE JKUP-
HbIEe KUCJIOTHI U APYTe KOMIIOHEHTHI MeMOpaH.
IIpepmosararor, uro Buramut E cHu:kaeT puck
BO3HUKHOBEHUS CEPJIEUYHO-COCYAUCTHIX 3ab0Jie-
BaHUU U 3JIOKAYECTBEHHBIX OITyXO0JIEH, yIACTBYET
B IIPEIOTBPAIeHNN UHAYIIMPOBAHHBIX CBETOM
MaTOJIOTUH KOKHU, I71a3, JereHePaTUBHBIX 3a00-
JeBaHUM, B YaCTHOCTU aTepPoCcKJeposa [5].

Buramua E mcnosb3yoT B MUIEBOH ITPO-
MBIIIIEHHOCTU [JIA BaIlUTHI IIPOAYKTOB OT
OKucJieHusA. B aToM KauecTBe muIlieBbie 100aB-
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ku (E307-E309), comep:kaiiiue TOKO(EPOJIHI,
paspelieHbl B YKpauue u EBpocoiose 1 mpuMe-
HAIOTCA AJS 3aIUTHI JKUPOB OT IMIPOTOPKAHUA
U U3MEHEeHUs I1BeTa. BoJibItas yacTh IPOU3Be-
memHoro BuTaMuHa E moTpebisercsa sKUBOTHBI-
MU, TOTAA KAk HYMKJIbl YeJOBeKa YIOBJIETBO-
pseT TJIaBHBIM 00pasoM BUTAMHUH ITPUPOLHOTO
IIPOUCXOKAEHUA, COCTABJAIONINNI BCETO OKOJIO
YyeTBEepPTH 00IIIero mpous3BoacTsa [6].

Ha cerompuAImuamnii JeHb 0.-TOKOMEPOJI TOJTy-
YaIoT IIyTeM XUMUYECKOT0 CMHTE3a U DKCTPAK-
MUY U3 PACTUTEJbHBIX Macej. CUHTe3UpPYT
ButaMuH E 13 HepTeIpoayKTOB — M30(hUTOJIA
U TPUMETHUATUAPOXUHOHA. [IIMPOKO MCHOIB3Y-
emasa cuHTeTmueckasa opma all-rac-a-tToxode-
po (dl-a-ToKo(epoJI) COCTOUT 13 CMECH BOCHMH
CTEePeon30MepOB, TIe Ha TPUPOIHBIN CTEpeo-
usomep RRR-o-ToKOo(pepos] IPUXOJAUTCS BCETO
12,5% [7]. Tonbko 3 crepeousomepa us 7 He-
HATypPaJbHBIX MOTYT COOTBETCTBOBATH AKTHUB-
HOocTu RRR-0-TOKO(eposa, ocTalbHbLIe 4 MMEIOT
CHIDKEHHYIO aKTUBHOCTh U He y3HaroTcs o-TTh.
Taxum 06pasoM, IIPUPOHEIH O.-TOKO(MEPOJI 10 (hr1-
3UYECKHM CBOMCTBAM HECKOJBKO OTJMYAETCS OT
CUHTETUYECKOTO0 a-ToKo(depoJa [5, 8].

Buosornueckas akTUBHOCTh 1 MT' IIPUPOI-
HON (opmbl d-0-TOKO(dEeposia COOTBETCTBYET
1,49 wunTrepHamuoHanbHbIM exuHuamM (UE),
B TO BpeMs KakK Ouojormyeckas aKTHUBHOCTH
TAKOT0 K€ KOJIMYECTBA CUHTETHUUYECKOTO BUTA-
muua E cocrasnsger 1 ME. Takum obpasom, Ha-
TypaJIbHBIN o.-TOKOo(depoa B ~1,5 paza akTuBHee
curTeTn4yeckoro [9]. Hecmorpa Ha moMuHMpPO-
BaHMe Ha PIHKE CUHTETUUECKUX TOKO()EPOJIOB,
B IIOCJENHUE NeCATUJIETHUA BO3PACTaeT IIOTpe-
OUTEeJILCKUI CIIPOC Ha HATYPAJIbHBIE AHTUOKCH-
IaHTBI M3-32 BO3MOJYKHOTO BpeZa 3I0POBBIO
IJIUTEeJIbHOTO YIOTPEOJeHNS CUHTeTUUECKUX
BUTAMUHOB.

B marypasbuom ButamMube E, nsonmpoBaH-
HOM U3 PaCTUTEJbHBIX Maces, IpeodJamaeT

Y-ToKOodepos, 6umosornyeckas aKTUBHOCTb KO-
Toporo B 10 pas HuKe, ueM OuosioruyecKas ak-
TUBHOCTH O.-TOKOdeposa. [pyrue KOMIOHEHTHI
BUTaMuHa E M3 pacTUTENbHBIX MacesJ TaKiKe
YCTYMaoT 0,-TOKOMEPOoJsIy IO OMOJIOTHUECKOH
aKTUBHOCTHU: -ToKO(epoa — B 2 pasa, a 0.-TO-
KoTpueHos — B 3,3 paza[10—-15].

Ilmoapl MacaUYHBIX pacTEeHWM, TAKUX KaK
MONCOJIHYX, COsI, pamc, MacAWdYHas MajabMa,
TPEIKUM OpeX, apaxXxmuc, a TaKyKe IIPOPOCTKU
MIITEeHUIBI COMePsKaT OOJbIIIe KOJUUeCTBa TO-
KoxXpoMamHoJioB. B Tabs. 1 mpuBeseHbI JaHHbIE
00 UX COAEP)KAHUU B HEKOTODPBHIX PACTUTEJb-
HBIX MacJiaX.

HawubGosee GoraTel o-TOKO(EpPOIOM IIPOPO-
cTku mIreHunbl. OCHOBHBIMU MCTOUHHUKAMU
MIPUPOJTHOTO KOMMepUYecKoro BuramMmHa E aB-
JISIOTCSA MacJja COuM U mojJcojHeuHumKa [6, 15].
IIpuuem, B palcoBOM M KYKYPY3HOM MacJax
IIOJIsT o.-TOKOo(epoJia He mpessIiiaer 36% , a B coe-
BOM MacJie cocTaBjser juiib 14% . Wa-3a He-
BBICOKOTO COZleps;KaHusA o-TOKodeposa obImas
aKTUBHOCTDL BUuTamMuHa E, mosyuyaemMmoro ns atTux
WCTOYHUKOB, HeBesuKa [9, 16].

CopnepskaHre aKk TUBHOTO BUTaMuHa K B KyJib-
TYPHBIX PACTEHUSIX YIA€TCs IMOBBICUTDH C TIOMO-
IITHI0 METOIOB TeHHOY MH)KeHepUU. Y CIEeIITHBIM
OKAasaJics MOAXO0J[, OCHOBAHHBIN HA PeTyAIllun
9KCIPECCUU CTPYKTYPHBIX TEHOB, KOAMPYIO-
IIUX OCHOBHBIE 9H3MMBbI CHHTE3a TOKOXPOMAaHO-
JIOB. YBeJimueHVe aKTUBHOCTU HaKaIllJIMBaeMO-
ro suraMmHa E B 9TOM ciyuae mocTUraeTcs 3a
cueTr 060 YBeJIUUEHUS CONEPKAHUSA BCEX M30-
GopM TOKOXPOMAHOJIOB, JUOO IIPEBpAIIeHU
uX B o.-ToKo(depos [17, 18].

O06e crpareruu OBLIM YCHEITHO IIPUMe-
HeHBI JJid TpaHchopManmmu pacTeHuil apabu-
IoIcuca, pamca u cou. CemeHa 9TUX pacTeHUH
CcoZlep:KaT B OCHOBHOM Y- U O-TOKO(EPOJIbI 13-3a
CHM)KEHHOII aKTUBHOCTH Y-TOKO(EPOJIMEeTHUI-
tpauchepassl (VITE-4), KoTopas mpeBparaer

Taéauuya 1. Cogep:xanne TokoxpomMaHoaoB (Mr/100 r) B Maciaax KyJIbTYPHBIX PaCTE€HUI

Maciao pacrenus o-T B-T y-T o-T3 | B-T3 | y-T3 5-T3 Hcrouynuku
IIpopocrxu 127-192 | 65 18 2,5 | 8,2 0 0,24 [11, 12]
MIIIeHUI[BI
IToxconuyx 59-61 |1,7-2,4|1,1-1,4|0,27-2 0 0 0 0 [11, 13, 14]
Coa 11-7,5 3-3,4 | 61-74 | 26-36 0 0 0 0 [12, 13, 14, 15]
Pamnc 17-26 0 36- 43 0 0 0 0 [12, 13, 15]
Kyxrypysa 18 1,1 44 0,94 0 0 0,26 [11]

ITpumevanue: T — Torodeposa, T3 — TokoTpueHOI.
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Y- # 0-TOKO(EepPOoabl B - U B-TOKO(MEPOIBI CO-
orBeTcTBeHHO (pucyHOK). Tpanchopmariusa
pacTeHuii apabugoricuca, HaIpaBJeHHas Ha
MOBBINIIEHNE YKCIPECCUU Y-TOKODEPOIMETUII-
Tpaucdepasbl B ceMeHaX, IpUBeJa K IpeBpa-
mreHuio > 95% y-ToKodeposoB B o.-130GhOpMYy,
a HeOOJIBIIIOrO I1yJ1a 3-TOKO0(EePOJIOB — B 3-TOKO-
¢epos, mpu 3TOM OOIIMII YPOBEHb TOKOXPOMA-
HOJIOB OCTaJICA Hem3MeHHBIM. TakuM o0pasom,
aKTUBHOCTH BUTaMHHA E, HaKalJInBaeMoOro
B ceMeHax apabujoricuca, yBeanuuaach B 9 pas
[19]. CBepxsKcmpeccus reHa, KOAUPYIOIIETO
2-MeTmI-6-puTnI0eH30XNHOJ MeTUITPaHche-
pasy (VTE-3) y pacrenuii Arabidopsis, cHU3H-
Jla cofepskaHue o- u -uzodopM TOKODEPOTIOB
C IPOMOPIINOHATLHBIM YBeJINUeHNEeM KOJIYeCT-
Ba y- u o-m3odopMm. KommepuecKu BaiKHBIE
MacJuUYHbIe KYJbTYPbI, TaKKWe KaK parc, cos
U KYKypys3a, CO CHUKEHHBIM COOTHOIIIEHUEM
0./y-u30)0PM ¥ HEBBLICOKUM OOIITUM KOJIMUe-
CTBOM aKTHUBHOTrO BuTaMuHa E MOTyT OBITH MO-
IuUIMPoOBaHbl MOA00OHBIM 00pasom [19].

B pesyabrare remHON TpaHCchOpMAIIUU
cou co BcrpauBaHueMm resoB VITE-4 u VTE-3
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IIyTs 6GMocuHTE3a TOKO(EpPOoIoB:
I'TK — romoreHTHU3MHOBaA KUCJIOTA;
butun-d — durna-gudocdar;
MPBX — 2-meTus-6-puruiabeH30XnHOI;
IM®PBX — 2, 3-mumeTni-5-QuTuI6eH30XMHOJI.
TeHbl, KOAUPYIOI[Ie OCHOBHBIE Y9H3UMbI CHHTE3a TO-
K0o()epoJIOB:
VTE2 — romorenTusuHoBas putuaTpauchepasa;
VTE1 — Tokodepoanukiasa;
VTE3 — M®BX-meTunrpancdepasa;
VTE4 — TorodepoameTuaTpanchepasa
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u3 apabujoricuca COOTHOIIIeHHe M30(OPM TO-
Ko(jepoJoB U3MEeHAETCs, A0JA O-TOKodepoaa
Bo3pactaeT o 96-98%, B-Torodeposa — mo
2-4%, ay- n d-usodopm cHUKaercsa 1o < 0,2%
[16]. OgHOBpEeMeHHAasA CBEPXIKCIIPECCUA TeHOB
VTE-4 u VTE-3 cmocoGcTByeT IpeBpaIeHnio
IpaKTUYeCKU BcexX u30(hopM TOKO(epoIoB
B O-TOKO(DEepoJs, TeM CcaMbIM CYIIeCTBEHHO
yJaydllnas KauyecTBO PACTEHUS KaK IIPOAyIleHTa
ButamMuHua E, X0Ts mpu 5TOM 0011iee KOJTUUECTBO
TOKO()EePOJIOB OCTAeTCA HeusMeHHbIM [17].

VBenuuenne KOHIIEHTPAIIUU BCeX M30(DOPM
TOKO0(epoJI0B B 5 pas BJUCTbIX U B 2 pa3a BceMe-
Hax apabuaoIicuca JOCTUTaJIOCh IYyTeM BCTPau-
BaHUA reHa us Synechocystis sp., KOIUPYIO-
1ero rOMOTeHTU3SUHOBYIO (pUTHMIITPaHC(hepasy
(VTEZ2). Ceepxakcupeccus reia VIE2 B ceme-
Hax apabuIoICHCa M COM YBEeJIWUYUBAET OOLIUI
ypPOBeHb TOKOXpoMaHoJoB B 1,8 u 1,4 pasa co-
oTBeTCTBeHHO. ONHOBPEMEeHHAA 9KCIIPECCUS Te-
0B HPPD (p-ruppokcudeHnanupyBaTIuOKCH-
reHassl) u TyrA (mpedenaTr geruaporeHassbl),
MPOAYKTHI KOTOPBIX YBEJINUUBAIOT KOJIHUUECTBO
IOCTYIIHOTO TPEeAINeCTBeHHUKA TI'OMOTeHTH-
3WHOBOM KUCJIOTHI, MPUBOAUT K IIOBBIIIIEHUIO
ypoBHA TOKO(eposaoB B 1,8 y apabumorcuca
u B 2,6 pasa y cou. HaubosbIliee comepsKaHume
BuTamMuuaa E B ceMeHax Moau(UIIIPOBAHHOTO
apabupgorcuca (2,710 Hr/mMr) mo cpaBHEHUIO
¢ IMKUM THUIIOM Ha0JI0JaJ0Ch y TPAHCTEHHBIX
pacTeHmuii, y KOTOPBIX OBLJIM BCTPOEHBI BCE TPHU
rea: VTE2, HPPD u TyrA. Hakonsenue To-
KOXPOMAHOJIOB B JIUCThAX U CEMeHaX PacTeHUH
IOCTUTAJIOCHh dKCIIpeccrell TOMOTeHTU3UHOBOI
repaHuarepanuaTpamcepass [9].

Takum 06pasom, ¢ TOMOIIbIO TeHHOH UHKe-
HepUU YaCTUYHO peItaeTcs mpobdiemMa HU3KOTO
comep:xaHua BuTamMuua E m aKkTUBHOI ero u30-
(opmsl B pacTenuax. OmHaKO, HECMOTPS HA BCe
ILIIOCHI T'eHeTHYecKOol TpaHcpopMaIiuu, IIPOo-
IBUKEHVEe TPAHCTeHHBIX IIPOAYKTOB Ha PHLIHOK
IO CUX TIOP CTAJKWBAETCA C MOTPEOUTETHCKUM
HeIOBepHueM, B CBS3U C YeM MOUCK ajJbTepHa-
TUBHBIX MCTOYHUKOB IPUPOJHOTO BUTaMuHa E
ocraeTcsi BecbMa aKTyaJabHbIM. ToKo(epoJIs,
KakK WM3BECTHO, CIIOCOOHBI CHUHTE3UPOBATHLCS
Y HAKaIlJIUBATBHCA TOJBKO YV (POTOCUHTE3UPYIO-
X OPraHM3MOB W B OOJIBIIIOM KOJUYECTBE
Y HEKOTOPBIX MHKPOBOIOPOCTIEH, yiKe 3apeKo-
MEHIOBaBIINX ce0A IMOTEeHIINAJbHO 9KOHOMMU-
YeCKM BBITOAHBIMHU MPOAYIIEHTAMHU O-TOKOde-
poaa[20].

MuKpoOBOIOPOCTN — BOIAHBIE OJHOKJIETOU-
HbIe PacCTUTeJbHbIe OPTaHU3MbI, COAEPIKAIIIe
XJIOPO(UIITT ¥ OCYIECTBIAAIONINE OKCUTEHHBINA
¢orocurTes. K 35TO# Tpynme mpumHAMJIEKAT
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Takyke nuaHobaxkTepuu Cyanophyceae [21].
B mocienHee BpeMs 3HAUUTENHHO BO3POC MH-
Tepec K OHMOTEeXHOJIOTUHM MHUKPOBOJOPOCJIEH
KaK HCTOYHMUKY BUTAMUHOB U JPYTUX I[€H-
HBIX OMOJIOTMYECKM AaKTHUBHBIX COeTUHEHWI,
HWCIOJIb3YEeMbIX IJI 00OTallleHusA palruoHa Jro-
el u KUBOTHEIX [22]. KoMMepuecKoe UCIIOIb-
30BaHME MHUKPOBOIOPOCJEH /s M3BJIEUEHUS
crenuPrUUecKUX XUMHUECKUX BeIeCcTB Haua-
aock ¢ Dunaliella salina, KyabTuBUpPyeMON
¢ 1970-x rr. nna nonyuenud f-xkaporusa. Ilu-
pOKOe pacupoCTpPaHEHWE MOJIYUYWJIO KYJIbTHU-
BupoBaHue Haematococcus pluvialis Flotow
u Crypthecodinium cohnii Seligo nisa mosyue-
HUS aCTAaKCAHTHHA U JIMHHOIEIIOUEUHBIX II0-
JIMHEHACBIIIEHHBIX KUPHBIX KUCJOT, COOTBET-
crBeHHO [23]. Y13 6ostee ueMm 25 THIC. MBBECTHBIX
Ha CEerogHAIIHUN JTeHb MHUKPOBOJOPOCIIEi
B KOMMEPYECKUX IeJIAX UCTOJIb3yeTcsa He 0ojiee
15-17 BumoB. OHUM HaKAILIMBAIOT B OOJIBIINX
KOJIMYeCcTBaX Pas3HOOOpasHble OMOJOTHMUYECKH
aKTUBHBIE BEIECTBA U BXOIAT C COCTAB MHOTUX
IUINEeBbIX H00aBOK. Bomopociu m ux sKCTpaK-
THI MCIIOJB3YIOT B KOCMETUKE U B ITPOU3BO/ICTBE
KOPMOB IJIsI KUBOTHBIX. BBIZIeJI€HBI IIITaMMbI
MHUKPOBOJIOPOCJIEl AJIA KOMMEDPUYECKOTO IIOJIY-
YeHUS IOJUHEHACHIIIEHHBIX KUPHBIX KHUCJIOT:
y-nmuHONEeBoU (S. platensis), apaxumgoHOBOM
(Porphyridium cruentum), IOKO3areKcaHO-
Boii (C. cohnii, Schizochytrium sp.), siKO3a-
nenaraenoBoir (N. oculata, Phaeodactylum
tricornutum, Nitzschia sp.), a TaKkKe IUTMeH-
ToB (D. salina, H. pluvialis) n pukoO6uanmIpo-
TenHOB (S. platensis, P. cruentum) [24].
VYcmeriHoe WCIOJIb30BaHME MHKPOBOO-
pocJieil B OMOTEXHOJOTHUY BO MHOTOM 3aBUCHUT
oT BBLIOOpA IPOAYIIEHTA M II0A00PA OITHMATh-
HBIX YCJIOBUII ero KyJabTuBupoBauusa. Ompe-
IeJieHbl BUILI MUKPOBOZOPOCJEli, CIIOCOOHBIX
K akkymyJaanuu TokodeposioB: S. platensis,
D. tertiolecta, Synechocystis sp., N. oculata,
T. suecica, E. gracilis, D. salina, I. galbana,
D. vlkianum, Buner Chlorella, Clamydomonas
u Ochromonas. OraenbHbIEe IIITAMMBI IIPECHO-
BOJIHOII MUKPoOBogopocau E. gracilis 1 MOpcKoii
MukpoBogopocau D. tertiolecta mpooyIupyIoT
0-TOKO(EPOJI B BBICIIINX KOHIIEHTPAIIUAX, YeM
B MPOAYKTAaX, KOTOPbI€ TPAAUIIMOHHO MCIIOJb-
3YIOT B KauecTBe UCTOUHUKA BuTamuua E [19].
IIpoaAyKTUBHOCTD U AUHAMUKY HAKOILICHUS
TOKO()EPOJIOB B KJETKAX 3TUX IITAMMOB Je-
TaJabHO uccienoBanu. OgHaAKO M3-3a PA3TIUUUN
B YCJOBUAX KYJIbTUBUPOBAHUA PE3YyJIbTaThI
IPOTUBOPEUUBLI. B OHOM U TOM Ke IIITaAMMe
B PAa3HBIX YCJIOBUAX KOHIIEHTpAIUA TOKO(he-
POJIOB MOJKET OTJIMYAThCS MHOTOKPATHO, 10

cemu pas. Hampumep, gasa N. oculata ycTaHOB-
JIEHO, UTO KOHIIEHTPAI[Us TOKO(EPOJOB CcyIiie-
CTBEHHO M3MEHseTCs B 3aBHCUMOCTU OT (POTO-
mepuoa, XUMMUYECKOr0 COCTaBa IUTATEJNIbHONI
cpenbl, craguu pocra [25]. Hasa mcmoab3oBa-
HUS B KauecTBe IIPOAYIIEHTOB TOKO(EpPOJOB
MUKPOCKOTIMUYECKNEe BOJOPOCTU JOJIXKHBI OBITh
CIIOCOOHBI K OBICTPOMY POCTY Ha IPOCTBIX U Je-
IIEeBBIX MUTATEJNbHBIX CpPelaxX, UMeTh HUBKYIO
YYBCTBUTEJIBHOCTh K KOHTAMUHAIIUYN IPYTUMUI
MUKPOOpPTaHU3MaMM, HAKAIJIUBATh B KJIETKaX
00JIBIIIOE KOJIMYECTBO BCeX M30(hOPM TOKOPEPO-
JIOB U, TJIaBHBIM 00pasoM, o.-Tokodeposia [19].

BryTpukieTouHoe comep:kaHue O-TOKO(de-
poJia 3aBUCUT OT YCJIOBUH KYyJbTUBUPOBAHUI,
IIOTOMY OCHOBHBIM CIIOCOOOM IIOBBIIIIEHUSA
COZIEPYKAHUSA STOT0 BUTAMUHA ABJISAETCA MOJU-
duramusa coctTaBa KyJbTYPAJbHBIX CpPel, TeM-
epaTypHOTO M CBETOBOTO PEXUMOB. OJKCIIE-
PUMEHTaJIbHO YCTAHOBJIEHO BJIUAHLE BO3pacTra
KYJbTYpPHI, TeMIIepaTyphbl, (oromepuoma, co-
Iep)KaHusA a30Ta, NHTEHCUBHOCTHU OCBEIIeHId,
TUIIA YTJIEPOSHOTO IMUTAHUSA U TPUPOABI dK30-
TeHHBIX OPTaHWYECKWX IHUTATeJbHBIX moba-
BOK. I[IpoBeseHHbIe MCCIEeTOBAHUA IIO3BOJISIIOT
c/ieJiaTh BBIBOJ O CTUMYJAIIUU CUHTE3a TOKO-
¢epoJIoB aKTUBHBIMY (popMaMu KHCJI0POaa, 00-
PasyoIMUMUCA B KJIETKAX B YCJIOBUAX MOBPEIK-
menud [19, 26].

D. tertiolecta nu T. suecica — MOPCKUe Of-
HokJieTOuHBIe 3ejeHble (Chlorophyceae) xry-
TUKOBBIE BOJOPOCJIN C BBICOKUM COJEpPKaHUeM
aununoB. KosmyecTBO o-ToKO(epoJsia B KJET-
Kax npu (POoTorerepoTpoprHOM KYyJbTUBUPOBA-
Huu gocturaer 0,5 Mr/r cyxoro Beca KJETOK
D. tertiolecta n 0,6 mr/T — T. suecica [27].

IIpu @ororereporpopHOM KYJIBTUBUPO-
BaHUY OJHOKJIETOYHBIX B3€JIEHBIX BOJIOPOCJIEN
D. salina u N. oculata comep:xanue o-ToKode-
poJjia B KOHIIE BKCHOHEHIIMAJBLHOU (Pasbl CO-
crasasano 0,37 u 0,5 Mr/r cyxoil Macchl KJe-
TOK, COOTBeTCTBeHHO. IIpu BhIpamuBanuu
9TUX KYJBTYP MUKDPOOPTAHU3MOB B YCJIOBUSIX
neduiiurTa asora cojJep:KaHue o-ToKodepoa
Bo3pacTaJio 1o 3,83 mr/r y D. salina n 0,95 —
y N. oculata. B mosgHelt crarnmoHapHO# (ase
pocTa KOJHMUYECTBO O-TOKO(deposa B KJETKax
N. oculata yBemmuuisocs o 2,33 Mr/r cyxou
macchl. IIpu 9TOM yMeHbBIIIeHUE COAep KaHusd
a30Ta B IUTATEJbHOU cpefie HUKe ONITUMAJbHO-
T'0 YPOBHS YTHETAJ0 POCT MUKPOBOgopocn [28,
29]. Takum 00pa3oM, YCJIOBUS CTUMYJSAIIUU
OrocuHTe3a BUTaMUHA E HeraTWBHO CKa3bIBa-
JOTCS HaA HAKOIJIEHWW OmomMacChl MUKPOBO-
JIOpocJiell, YTO CHUIKAET WX IPOAYKTUBHOCTH
B € IUHUITY BPEeMeHH.
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Comep:xanme TOKOo(EpOJIOB B IlepecueTe Ha
KJETKY y APYTUX IIPeICTaBUTEJEN 3eJIeHbIX
ONHOKJIETOUHBIX Bomopocieii pomoB Chlorella
u Chlamydomonas, a Tak:Ke IMaHOOAKTEPUU
Spirulina HeBBICOKO, II03TOMY, HECMOTPS Ha
MIPOCTOTY BBIPAIITMBAHUSA W OBICTPOE HAKOILIE-
HHUe 0uoMacchl, 3T KYJbTYpPhl HE paccMaTpH-
BAIOTCS KaK MePCIeKTUBHBIE IMPOIYIIEHTHI BU-
ramuua E [30].

W3 ananusa tuTepaTyphl CIeayeT, 4TO Hau-
0oJiee M3YUEHHBIM POJOM MUKPOBOLOPOCIIEii 13
YucJia MOTEeHIIUAJBHBIX IIPOJAYIIEHTOB TOKO(de-
posoB aBaserca Euglena spp. Bayrpukaerou-
Has KOHIeHTpaInusa BuTaMuHAa E B HEKOTOPBIX
mTammax E. gracilis MoXeT BapbHUPOBATH
B IIMPOKUX IIpefiejiax B 3aBUCUMOCTU OT YCJIO-
BU# KYJIbTUBUPOBAHUS U, COTJIACHO HEKOTOPBIM
MaHHBIM, JOCTUTaTh MMoKasaTensd 7,35 Mr/r
KJIETOK C cofiepsKaHmeM o-Toxodeposa 10 95%
[20]. B xoHIle sKCIIOHEHIIMAJIBLHOU (asbl Po-
cra 1upu (OTOAaBTOTPOPHOM KYJIbTUBUPOBA-
HUU KOHIIEHTPAIIMSA O-TOKo(deposia B KIETKax
E. gracilis cocraBiaser B cpenguem 1,56 mr/r cy-
XOM MAacchl KJIETOK, UTO Oojblie ueM y S. pla-
tensis (0,063 mr/r), I. galbana (0,058 mr/r),
D. tertiolecta (0,12 mr/1), T. suecica (0,42 mr/T),
D.vlkianum (0,069 mr/r), N.oculata (0,51 mr/T)
[28, 31, 32]. CorsiacHO JaHHLIM aBTOPOB, CPaB-
HUBIINX 285 IIITaMMOB MHKPOOPTAHU3MOB —
MOTEeHIIUATIbHBIX TPOAYIIEHTOB TOKO(DEPOJIOB,
E. gracilis sBnsercsa HauboJiee IepCIeKTUBHBIM
CBHIPBbEM JJI 6MOTeXHOJOTUYECKOTO ITOJTyUeHU S
Butamuua E [20, 33]. OnTumusanus cuHTE3a
o-ToKo(depoJsa KyabTypoil E. gracilis BKoua-
eT MOAU(PUKAIINIO YCIOBUHA KyJIbTUBUPOBAHNIA,
IBYXCTaAUMHOE BBIpAI[UBAHUE UM IOUCK CyO-
CTPATOB, CIOCOOCTBYIOIIIMX HE TOJBKO POCTY,
HO W HaAKOILJIEHUIO O.-TOKO(deposa TaHHBIM Op-
raausmMom [5].

Muxposogmopocias E. gracilis cmocobHa ac-
CUMUJINPOBATh PA3HOOOPA3HbIe OPTraHUYECKUe
WCTOUYHUKHU yriepoja (TJII0K03a, alleTar, IayTa-
MarT, IUPyBaT, MaJaT, 3TAHOJ U 1IP.), JOCTUTAA
miroTHOCTH KJIeToK 10,8 r cyxoit maccer Ha 1 71
IpHU KyJbTUBUPOBAHUY B Cpefie C MOL00PaHHBIM
KOMOMHWPOBAHHBIM WUX cojaep:kanuem [26].
ITOT OpPraHm3M OAWHAKOBO XOPOIIIO pacTeT
U B aBTOTPO(MHBIX, U B reTepOTPOMHBIX YCJIO-
BUAX, MMeeT IMuUpPoKuii ontumyMm pH m Tem-
mepaTypbl pocTa, He CJHUIIKOM HIPUXOTIUB
K WHTEHCUBHOCTH OCBeIeHUS, aJalTHUPOBAH
K Ie(UIUTy KHCJIopoa.

OgHUM M3 TIPOCTEHUINUX U HeIIeBbIX CIIOCO-
00B yBeJMUYeHUS BBIXOJa BuTaMuHa E M3 MuU-
KpoBogopocau E. gracilis sBasieTcss Bapuausd
YCJIOBUHM KyJAbTUBHPOBaHUsSA. Ilpu Qororere-
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poTpohbHOM KYJHTUBUPOBAHUU JOCTUTAETCS
BBICOKHUH IPUPOCT O1oMacchl KJIeToK E. gracilis
3a eIUWHUILYy BPEeMEHUW NPU MEHBIIIEM COJep-
JKAHUM AHTUOKCHUIAHTHBIX BUTAMHHOB, YeM
B (poroaBTOTpOdHON KyJsabType. ns asddexr-
TUBHOTO IPOAYIIMPOBAHUA 3STUX BUTAMUHOB
PEeKOMEHJOBAHO IIPUMEHATHh JBYXCTaIUNHOE
KyJabTuBuUpoBaHue. Ha mepBoM sTame KyJabTy-
Py BbIpamuBaioT (oToreTepoTpod@HO, a Ha
BTOPOM — IIePeXofAT Ha (HhoToaBTOTPOMHBIN
peKuM KyJbTHUBUpPOBaHUs. Takum oGpasom,
cHavaJjia ITPOMCXOIUT HaKOIJIeHWe OMOMacCh,
a 3aTeM COo3Jal0TCs YCJIOBUA, 0JarONPUATHBIE
I 0mocuHTe3a TOKodeposa. ¥YIauHBIM HPU-
MEepPOM WCIIOJIB30BAHUSA ABYXATAITHOTO KYJIbTH-
BUpOBaHUA ABJIsercsa padora [30]. B yecaoBusax
ATUX 9HKCIEPUMEHTOB KOHIIEHTDPAIUA KJETOK
E. gracilis gocturana 19 r/ux ma 6-e cyT oro-
retepoTpodHOTO (UJIM TreTepoTPOPHOTO) KYJIb-
TUBUPOBAaHUA. ITO B 7 pa3 OoJIbIlle, UeM MaK-
cuMaJIbHOEe HAaKOIlJIeHue OMoMacchl 3a TaKOu
Ke mepumon IIpu (OTOABTOTPOPHOM pPeEKUME
BeIpamuBaHua. Ilocaenyroimuii mepeBon KJie-
TOK B (DOTOABTOTPO(MHBIN PEKUM Ha TPOE CYTOK
JIaJT BOBSMOXKHOCTD YBEJIMUUTD COMEPIKAHUE BU-
ramMuHa E B 2—3 pasa B mepecueTe Ha KJIETKY.
IIpu sToM 3HaumTenbHO, OOJEe ueM B 2 pasa,
BOBpACTaJM TaKyKe KOHIIEHTparuu [-KapoTu-
Ha u ButamuHa C. B KOHTPOJbHOU KYJIbType
E. gracilis, koTopylo B TeueHUe Bcex 9 cyT
SKCIIEPUMEHTA BBhIPAIUBAIU B (DOTOABTOTPO(D-
HOM peXuMe, COo/ep:KaHue BUTAMWHOB B IIe-
pecueTe Ha KJETKY OBLIO TAKUM Ke, KaK U B
OITbITE, OJHAKO HAaKOILJIeHWe 0MoMacchl 3a 3TOT
mepuoy cocrapisiao auinb 10—-15% ot obiero
KOJIMYeCTBa KJIETOK ONBITHOTO BapUaHTa KYJb-
Typsl [30].

IIpumenenne wMeToma  JOBYXCTAAUITHOTO
KYJbTUBUPOBAHUA IIPU BBIPAIIUBAHUU HEKO-
TOPBIX APYTUX BOJOPOCJEH He maj MOJIOMKU-
TeJbHOTO 3(pderTa. Tak, XOoTA MHKPOBOIO-
pocib D. tertiolecta n HakaIMBaIa HECKOJIBKO
0oJIbIlIee KOJIMUYECTBO TOKO(EPOoIOB HA KJIETKY,
OQHAKO Omomacca 1 OOILIUi BEIXOA BuTaMuHa E
CyIlleCTBeHHO He yBesmuuBaauch [30].

IIpumeHeHME IUKJINUYECKOTO (DOTOABTO-
TPOPHO-TETEPOTPOPHOTO pPEKUMA KYJIbTUBU-
pOBaHUS, IPU KOTOPOM KJETKU Ha IIPOTAMKE-
HUU [OHA KYJbTUBUDPYIOTCA (POTOAaBTOTPODHO,
a HOUYBI0 TIeTepoTPOpHO, pellaerT MNpodJIeMy
moTepu 6MoMacchl HOUBIO I HETIPEPHIBHOTO Ha-
KOILJIeH!A OMOMACCHI B YCJIOBUAX ITUKJIOB CBET—
TemMHOTa [34].

CuHTe3 TOKOXPOMAHOJIOB B KJIeTKax E. gra-
cilis MOYKHO CTUMYJUPOBATh IIyTeM BHECEHUS
B MUTATEJBHYIO CPENy 9K30TE€HHBIX WCTOYHU-
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KOB yIJIepojia 1 a30Ta. ITOT OPraHU3M CIIOCO0eH
YTUJIN3UPOBATH PA3HOOOPAa3HbIe OpraHUYeCcK e
BeIIeCTBa, IPUUEM HEKOTOpPbIe M3 HUX CYIIe-
CTBEHHO CTUMYJINPYIOT POCT KJIETOK U YBEJIUUN-
BaloT coaep:kanue BurtamMuHa E. HaxomiaeHnue
01oMacchl IPYU reTepOTPOMOHOM KYJIbTUBUPOBA-
HUU MUKPOBOJOPOCJIEH B COJIEBOI MUTATEIbHOMN
cpejie B IPUCYTCTBUY 3TaHoJa HA 19-e cyT moxo-
nuio xo 39,5 r/ma, uro GoJibilie, ueM pu (GoTo-
aBTOTPOHOM uau Jaxke (hoToreTepoTpodhHOM
KYJBTUBUPOBAHUU, ¥ MOXKET OBITH DKOHOMUYE-
CKH I1eJ1ecO00Pa3HBIM, ITIOCKOJIBKY TeTepoTPod-
HOe BbIpAIlIMBaHNE HE 3aBHUCUT OT MUCTOYHUKOB
ocgerrierusi. Comeprkanre TOKO(EPOJIOB B 3TOM
9KCIIEPUMEHTEe COCTaBJsAJI0 1,2 MI'/T KJIETOK,
YTO HEMHOTO YCTYIIaeT IMOKAa3aTelsaM, II0JIY-
yeHHBIM 1pu (oroaBToTpopHOM (1,56 ™MI/T
KJIETOK) U IBYXCTaAUNHOM (hOTOTEeTEPOTPOPHO-
doroaBTOpohHOM KysIbTUBUPOBaHUM (1,45 M1 /T
KJeTok). CKOpoCcTh HaKOILIeHUA O.-TOKo(deposa
cocrasisana 102,1 mxr-1 luac! [35]. HamHo-
ro OoJsbIlias KOHITEHTpalus o-Tokodeposa (6,1
Mr/T) OBl MOJTyYeHa IPU MCIOJIL30BAHUU MY-
TaHTHOTO 1mramMma E. gracilis ¢ nobaBiaeHurueM B
MMATATEIbHYIO CPely IIPEeIIeCTBEHHNKOB CUH-
Te3a o-Tokodeposia [33]. CymiecTByer mpeamo-
JokeHue, uro amnetusa-KoA, o0pasoBaHHBIN B
mporiecce MeTabo0JIn3Ma 9TaHOJa, MOMKET OBITh
WCIOJb30BAaH KaK IWIPEAIeCTBEHHUK CHUHTEe3a
TOKO(MEPOJIOB. ITAHOJ CHUMKAET BEPOATHOCTH
3apaskeHusa KYJIbTYPhl APYTUMH MHUKPOOpTra-
HUBMaMU U CIIOCOOCTBYET HAKOILJIEHWIO Ilapa-
MUJIOHA, 3amacHoro moaucaxapuga E. gracilis,
KOTODPBIII 00JlajlaeT MMMYHOCTUMYJIUPYIOITNM
IeHiCTBUEM M MOJKET OBITH MCIIOJIL30BAaH B Ka-
YeCcTBe MEePCIEKTUBHOTO ChIPhA IJIs MOJYyUIeHU ST
(dapmnopemnaparos [36, 37].

Emte GoutbImmii MOJIOMKUTENBHBIN 9(MEKT MO-
JKeT OBITh MOCTUTHYT IIPU HCIIOJH30BAHUU KOM-
OMHAIINY SK30T€HHO BHECEHHBIX OPraHUYECKUX

coenmHeHmni. Tak, OMHOBpeMEeHHOEe BHECEHNE 9Ta-
HOJIA U TJIIOKO3BI YsKe uepes 6 cyT mOo3BOJIsAeT I0o-
CTHUUYb HaKOILIeHus Omomaccwl 10 19,69 r/x mnpu
KOHITeHTpaIuu o-Tokodeposaa 1,19 Mr/r KieTok
[38]. IIpu moGaBieHWM sTaHOJA BMECTe C Ma-
JIATOM W TJIyTaMaTOM y’Ke Ha 5-e CyT reTepo-
TpoHOTO  KYJIbTUBUPOBAHUSA  COAeP:KAHUIE
Toxko(deposa gocrturaer 3,7 Mr/r KieTtox [26].
JaHHBIEOCOMEP;KAHN O,-TOKO(EepoIaBKIETKAaX
E. gracilis npn KyJbTUBUPOBAHUU DPA3ZHBIMU
crocobaMu, IIpeJcTaBJeHHBIe B TabJj. 2, IIO-
KasbIBAIOT, UYTO MUKPOBOJIOPOCHb K. gracilis
crioco0HAa HaKaIJIMBATH O-TOKO(EPOJ B BHAUM-
TeJIbHO OOJBINUX KOJUYECTBAX, UeM ceMeHa
moxacosayxa (0,27 mr/r) u cou (0,2 mr/r) [26].
Crnenyer Tak:Ke OTMETUTb, UYTO KJETKU
E. gracilis He UMeIOT ITEJLJIIOJIO3HOU KJIETOUHOM
CTE€HKH, UTO SHAUMUTEJHHO 00JeryaeT sSKCTPaK-
muio TokodeposioB. Bmomacca E. gracilis
cbeo0HA, JIETKO YyCBaWMBAeTCA M AaCCUMUJIM-
pyeTcda B OpraHM3Me UYeJIOBeKa U JKUBOTHBIX.
Knerku momMumo o-TOKodeposia B OOJBIITUX
KOJMYeCTBAX HAKAIJIUBAIOT W APyrue aHTH-
OKCUIAHTEHI, TaKMe KaK -KapoTuH, Buramus C,
TJIyTaTHOH, IOJMHEHACHIIIIeHHBIE YKUPHBIE KUC-
JIOTHI, Bce 20 OCHOBHBIX AMUHOKHUCJIOT U UMMY-
HOCTUMYJINPYIOIIUIN pPasBETBIECHHBIN IIOJIMCA-
xapupn B-raukaf (mapamuiioH) [39]. Buomacca
E. gracilis umeeT BBICOKYIO IUTATEJIbHYIO ITeH-
HOCTh U MOYKET HCIIOJIb30BAaTHCA KaK KOPM IJIA
YKMBOTHBIX U B IHUIIEeBHIX fobaBKax [40].

Takum obpasoM, JaHHLIEC JIUTEPATYPhI TTO3BO-
JIAIOT cIieJIaTh BBIBO, UTO OJiarogapsi IIPOCTOTE U
SKOHOMMWYHOCTH IIPOIIECCa reTepoTPORHOTO KyIb-
TUBUPOBAHUSA MUKpoOBogopociab E. gracilis pac-
CMATPUBAETCSI KaK IEePCIeKTHUBHBINA IIPOAYIIEHT
BuTaMuHa E 1 MoKeT ObITh IIpeasIosKeHa B Kaue-
CTBe BBITOJHOW 3aMeHbI IIPUPOAHLIM KOMMepUe-
CKUM MCTOYHUKAM — PACTUTEJIbHBIM MaCaaM.

Tabnuya 2. Comep:xanue O-ToKo(eposia B KiIeTKax MUKpoBomopocau E. gracilis
IpH Pas3HbBIX CMOCO0axX KyJIbTHBHUPOBAHMUS

Coaep:xanue
da3za pocra KyJIbTypsbl Y caoBuA KyJIbTUBHPOBAHU S o-ToKogepoia JlutepaTrypa
(Mr/r cyxoit Maccshl)
Kowuer skcroHeHIIMAaIbHO ha3bl doToaBTOTPODHOE 1,56
_ doroaBTOTPOPHO-(POTOrEeTEPOTPOPHOE 1.45 [35]
IOByXCTaguitHOE ’
- TeteporpodHoe (aTaH0T) 1,2
IKcHoHeHIIaJIbHAsA (hasa TereporpodHoe (aTaH0T) 1,4
- TeTeporpodHoe (aTaHOI+TIIyTAMAT) 2,45 [26]
_ TereporpodHroE (aTaHOI+ 3.7
riyramMar+maJsiar) i
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MIKPOBOJ0OPOCTI
AR INIPOAYHEHTH TORKO®EPOJIIB
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O. K. 3onromapvosa

Iacturyr 6oraniku im. M. I'. Xosoguoro
HAH VYxkpainu, Kuis
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MikpoBogopocTi 3maTHI HaKOIMUYyBaTH TO-
Ko(eposu y 3HauHHX KigbKocTax (mo 4 wmr/r
cyxoi Baru). Ha BigmiHy Big pocamHHHUX OJiif,
KiJBbKiCcTh O-TOKO(EPOSY B HAKUX HEBeJINKa,
MikpoBomopocTi micTaATe g0 97% IBOTO TOKO-
XpOMAaHOJy, 10 3abesleuye BUCOKY OioJioriumy
aKTUBHIicTS BiTaminy E, Bunyuenoro i3 mux opra-
nismis. HaBeneHo gaHi mon0 BMicTy Toko(depoais
y eBKapioTwmuHuUX MiKpoBomopocteir Dunaliella
tertiolecta, Nannochloropsis oculata, Isochrysis
galbana, Euglena gracilis, Tetraselmis suecica,
Diacronema vlkianum, a TakoK y IjiaHmobaxTepii
Spirulina platensis. HakonuueHHsA TOKO()EPOJIiB
Y MiKDPOBOJOPOCTAX 3aJIE}KUTH Bif] CIIOCO0Y KYJIb-
TuByBaHHa. Hatibinpma KimbKicTe TOKO(epoIiB
cuHTe3yeThcA y KiiTuHax FEuglena gracilis 3a
reTepoTPO(PHOro KyJbTUBYBaHHs. Taki TexHOJIO-
riuHi mpuitoMmu, AK IBOCTailiHe KyJIbTUBYBAaHHS,
JIMITYBaHHS JKUBUJILHOTO CEpeNoOBUIIA 3a Jes-
KUMU 0iOTEHHUMU eJieMeHTaMU, BBEIEHHS eK30-
TeHHUX [I:Kepes BYTIJIEI}0, BUKOPUCTOBYIOTH IJIs
OiIBUIIIEHHA BUXOAY O-TOKO(Meposy y MiKpoBo-
JopocTeii. B oryisai po3riaaHyTO TaK0OXK CTPaTeTiio
TeHeTHUYHOI Moau@ikallii pocjanH, M0 COPUSE ITiI-
BUIIEHHIO BMiCTy akTUBHOTO BiTaminy E.

Knrouwosi crosea: MiKpoBOmOpPOCTi, CL-TOKO(Epo.I,
IBOCTAMiliHE KYJIbTUBYBAHHSI.

MICROALGAE
AS TOCOPHEROL PRODUCERS

V.M. Mokrosnop
E. K. Zolotareva

Institute of Botany of National Academy
of Sciences of Ukraine, Kyiv

E-mail: membrana@ukr.net

Microalgae are able to accumulate consi-
derable amounts of tocopherols (up to 4 mg/g
dry weight). The content of a-tocopherol to
plant oils is low, whereas microalgae contain
up to 97% of the tocochromanols that provides
high bioactivity. The data about the content of
tocopherols in eukaryotic microalgae Dunaliella
tertiolecta, Nannochloropsis oculata, Isochrysis
galbana, Euglena gracilis, Tetraselmis suecica,
Diacronema vlkianum, as well as in the
cyanobacterium Spirulina platensis are given in
the paper. The largest amounts of tocopherols
are synthesized by Euglena gracilis cells at
mixotrophic cultivation. The level of tocopherols
in microalgae depends on cultivation conditions.
Two-stage Dbiotech cultivation techniques,
limiting nutrition in some biogenic elements,
the introduction of exogenous carbon sources
are used to increase the yield of tocopherol
from microalgae. The approaches to the genetic
transformation of plants leading to higher
content of active vitamin E are rewieved as well.

Key words: microalgae, o-tocopherol, two-step
cultivation.
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Proteins A, G and L are native or recombinant proteins of microbial origin that bind to mammalian
immunoglobulins. Preferably recombinant variants of proteins A, G, L are used in biotechnology for
affinity sorbents production. Comparative characteristics of proteins A, G, L. and affinity sorbents on the
basis of them, advantages and disadvantages of these proteins application as ligands in the affinity chro-
matography are done. Analysis of proteins A, G, L properties is presented. Binding specificities and
affinities of these proteins differ between species and antibody subclass. Protein A has high affinity to
human IgG1l, IgG2, IgG4, mouse IgG2a, IgG2b, IgG3, goat and sheep IgG2, dog, cat, guinea pig, rabbit
IgG. Protein G binds strongly to human, mouse, cow, goat, sheep and rabbit IgG. Protein L has ability of
strong binding to immunoglobulin kappa-chains of human, mouse, rat and pig. Expediency of application
of affinity chromatography with usage of sorbents on the basis of immobilized proteins A, G, L are shown
for isolation and purification of antibodies different classes. Previously mentioned method is used as an
alternative to conventional methods of protein purification, such as ion-exchange, hydrophobic interac-
tions, metal affinity chromatography, ethanol precipitation due to simplicity in usage, possibility of one-
step purification process, obtaining of proteins high level purity, multiuse at maintenance of proper sto-
rage and usage conditions. Affinity sorbents on the basis of immobilized proteins A, G, L are used not only
for antibodies purification, but also for extraction of different antibodies fractions from blood serum.

Key words: affinity chromatography, Staphylococcus protein A, peptostreptococcal protein L,

protein G.

Nowadays antibodies are widely used in
the medical biotechnology and fundamental
research, purity level of antibodies has a great
importance fortheir application. Combinations
of separate methods, particularly, ethanol
precipitation and different methods of
chromatography (ion-exchange, hydrophobic
interactions and metal affinity) are used for
obtaining of great amounts of antibodies
with high level of purity [1]. But these
methods are nonspecific, application of them
leads to the particular loss of antibodies
functional activity. High productivity
way for antibodies obtaining is affinity
chromatography with application of sorbents
on the basis of immobilized immunoglobulin
binding proteins, particularly, recombinant
protein A Staphylococcus aureus, protein G
and peptostreptococcal protein L (PpL). This
method is widely used for purified antibodies
fractions obtaining from cultural and ascitic
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liquids,bloodsera;andalsoforimmunosorbtion
of autoantibodies and immune complexes from
blood plasma of ill people [2, 3].
Immobilization of protein ligands, for
example proteins A, G, L, on the chemically
activated matrices can lead to the loss of their
functional activity. That’s why creation of
new affinity sorbents with high activity is
very important and is very perspective area
of research in pharmaceutical biotechnology.
Protein A can be effective for application as
ligand in the affinity chromatography due
to the fact that each of its five domains can
specifically interact with constant domains of
antibodies; and this provides specific binding
with IgG of different animal species and human
[4]. Proteins G and L can be also successfully
used as ligands in the affinity chromatography
because protein G like protein A binds to the
Fc domain of the human IgG, protein L binds
through kappalight chain interactions without
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interfering with an antibody’s antigen-binding
site [5, 6].

In the review main advantages of proteins
A, G, L application as ligands in the affinity
chromatography are determined, those are
concerned with the possibility of one-step
high level purification of antibodies different
classes, or with different antibody fractions
from blood serum extraction. Information,
concerning affinity sorbents on the basis
of immobilized proteins A, G, L and their
application, is analyzed.

Properties
of immunoglobulin-binding proteins

SPA structure and mechanism of interac-
tion with immunoglobulins

Staphylococcus protein A (SPA)is42-kDaa
cell wall-associated protein of Staphylococcus
aureus. SPA consists of five highly homologous
domains E, D, A, B, and C (Fig. 1), all with IgG-
binding activity, and region XM by means of
which protein A is anchored to the cell wall, a
signal sequence (S) processed during secretion
of SPA (Fig. 2)[1, 7].

Each of the five domains in SPA is arranged
in an antiparallel three a-helical bundle of
approximately 58 amino acids and the three
dimensional structure is stabilized through a
hydrophobic core.

SPA possesses two distinct immunoglo-
bulin-binding activities: each domain can
bind the constant region Fc-region of IgG

Fig. 1. Structure of domain B of SPA, homologous
to domains A, C, D, E in ribbon presentation

Immunoglobulin binding

S| E D A B Cc X M

{

Z
Fig. 2. The schematic structure of SPA

and variable fragment Fab-region that is
responsible for antigen recognition. 11 amino
acid residues of helix 1 and helix 2 of SPA
interact with constant region of IgG molecule.
D and E domains of SPA interact mainly with
Fab domains of immunoglobulin and have very
low affinity to its Fc domain, while A, B, C
domains bind strongly to the immunoglobulin
Fc domain [8]. SPA interacts strongly with
human IgG1, IgG2 and IgG4, mouse IgG2a,
IgG2b, IgG3, rabbit IgG, sheep IgG2 (Table 1).

Binding site of immunoglobulins with SPA
for most IgG subclasses is localized on the
region of heavy chain which includes CH2 and
CHS3 domains [1, 9]. This property is widely
used for antibodies purification. SPA can
be used for immunoglobulins fractionation
because it has different affinity degree for
immunoglobulins different subclasses.

SPA stability. SPA has a high conformatio-
nal stability, remarkable resistance to physico-
chemical stress and proteases action. SPA is
stable in a wide pH range (2.0-11.0) and is
able to refold after treatment with denaturing
solutions such as urea and guanidine salts. The
lack of cysteine residues allows SPA cleaning
with reducing agents [10].

Protein G. Structure and mechanism of
interaction with immunoglobulins

Protein G with molecular weight 30 000 Daltons
is a cell-surface protein from Streptococcus:
it contains in its structure multiple copies of
two different small domains (COOH-termi-
nal and NH,-terminal domains) which can
independently bind albumin and IgG. The
COOH-terminal domain is responsible for IgG
binding, whereas NH,-terminal domain of the
protein binds human serum albumin (HSA)
[11, 12]. This property of protein G is used
for extraction of albumin form blood serum.
Protein G binds all the four subclasses of
human IgG [12].

Protein G binds to the Fc fragment of
immunoglobulins [13]. Protein G has three
immunoglobulin-binding domains (C1, C2 and
C3), each of 55 amino acid residues. It has been
reported the X-ray crystallographic structure
of the C2 fragment of protein G and the Fc
domain of human IgG complex. The binding
site of protein G is located on the interface
between the CH2 and CH3 domains of the Fc
domain of IgG (Fig. 3) [5, 12].

Protein G binds stronger than protein A
to polyclonal IgGs from cow, horse, and sheep
[6]. Protein G has a higher affinity for IgG
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Table 1. Binding of different antibodies to SPA

Species Subclasses Binding to SPA Species Subclasses Binding to SPA
IgG1 Strong binding Rat 1gG Nonbinding
IgG2 Strong binding IgM Nonbinding
Human I1gG3 Weak or nonbinding Rabbit IgG Strong binding
IgG4 Strong binding IgsM Nonbinding
IgA Nonbinding IgG1 Nonbinding
IgM Nonbinding Sheep IgG2 Strong binding
IgG1 Weak or nonbinding IgM Nonbinding
1gG2a Strong binding IgG1 Weak or nonbinding
Mouse IgG2b Strong binding Goat IgG2 Weak or nonbinding
IgG3 Strong binding TgM Nonbinding
IgM Nonbinding

Fig. 3. X-ray crystallographic structure
of protein G C2 fragment (blue color) interacting
with human IgG Fc domain (green color)

than SPA, binding constants of SPA and G are
8,02:10% and 3,29-10* respectively. Protein
G binds with greater capacity than SPA to
several IgG subclasses such as human IgG3,
mouse IgG1 and rat IgG2a [6]. Consequently,
protein G can be effective in immunoglobulins
purification when SPA cannot be used. Both
SPA and protein G ligands are useful during
antibodies purification and fractionation by
affinity chromatography for different classes
and subclasses of antibodies isolation [13].

PpL structure and mechanism of inter-
action with immunoglobulins

PpLL is an immunoglobulin-binding
protein that was originally derived from the
bacteria Peptostreptococcus magnus, but now
it is produced as recombinant protein. The
structure of PpL is comprised of two anti-
parallel B-hairpins and one a-helix (Fig. 4).
The two hairpins have similar length [14].
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The 62-residue immunoglobulin-binding
domain of PpL consists of central o-helix
packed on four-stranded p-sheet formed by
N- and C-terminal fB-hairpins. The overall
topology of the protein is quite symmetric: the
B-hairpins have similar lengths [16].

PpL has the unique property to bind to kappa
lightchainwithoutinteractionwithanantibody’s
antigen-binding site. PpL, unlike SPA and
protein G, has the ability to bind a wider range of
immunoglobulin classes and subclasses such as
humanIgG2,IgG4, human and mouseIgM, IgG1,
IgG3, human IgA, human IgD, mouse and rat
IgG2a, IgG2b, rat IgG2c, IgG1. In addition, PpL
binds to single chain variable fragments (scFv)
without interfering to antigen binding site. PpL
binds kappa I, III and IV human light chains, but
not to kappa II in human and kappa I on mouse.
PpL recognizes 50% of human and more than
75% of murine immunoglobulins [6, 17, 18].
PpL binds weakly to rabbit immunoglobulins
and does not bind to bovine, goat or sheep
immunoglobulins[19]. All these properties make
PpL an excellent one in application as ligand in
the affinity chromatography, giving possibility
of recombinant ScFv molecules purification,
human and mouse IgM, IgG1, human IgD, IgA,

Fig. 4. Three-dimensional of PpL structure, of four
B-sheets (I, I1, III, IV) and one a-helix V [15]
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rat IgG1 isolation from blood serum. So, affinity
chromatography with application of sorbents on
the basis of immobilized protein L has advantage
over other ways of antibodies purification.

Application of SPA in the affinity chroma-
tography

There are many papers concerning IgG
classes and subclasses isolation using method
of affinity chromatography with application
of affinity sorbent with immobilized SPA
on the Sepharose. In biotechnology affinity
chromatography with application of sorbents
on the basis of immobilized SPA is one of
the best technique for the purification of
monoclonal antibodies to homogeneity, due
to its simplicity and high degree of antibody
specificity, it is applied for immunosorption
of antibodies from blood for diabetes mellitus,
rheumatoid arthritis and other autoimmune
diseases treatment.

SPA, immobilized on the Sepharose, pro-
vides oriented immobilization of IgG (Fig. 5).

Z

Protein A

asoJoydes
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£

Fig. 5. Schematic drawing of immunoglobulin G,
oriented immobilization by usage of SPA,
covalently attached to Sepharose:
covalent bonds are shown as full lines

Today high performance immunoaffinity
chromatography (HPIAC) is applied. SPA is
usedasacoatingtoeithersolidorcontrolled pore
glass beads by cross linking with carbodiimide
application. This attachment helps to orient
the antigen receptors of the antibody toward
the mobile phase of the column. SPA binds to
Fc domains of immunoglobulins by means of
hydrophobic interaction [1].

Affinity sorbents on the basis of an immobi-
lized SPA
Affinity sorbents on the basis of the
immobilized SPA are available from several
commercial suppliers and vary with respect
to the source of the SPA (natural wild type or
recombinant protein), chemistry of immobili-
zation, and beads’ characteristics of a sorbent.
The two leading manufacturers of affinity

sorbents on the basis of the immobilized SPA
are General Electric (GE) Healthcare and
Millipore.

In affinity sorbent recombinant SPA is
immobilized on the Sepharose. SPA is coupled
via the C — terminal cysteine to the cyanogen
bromide (CNBr) — activated Sepharose matrix
through a single thioether linkage. Thioether
coupling allows the ligand to extend farther
into the mobile phase than would be possible
for a laterally immobilized ligand, and this
improves antibody binding [9]. In addition
effective coupling of SPA molecule to the
sorbent matrix provides absence of sorbent
leaking, obtaining of pure antibodies fractions.

By means of geneticengineering techniques
B domain of SPA was modified, and on its
basis a new ligand was created in the form of a
tetramer of four identical modified B domains.
The absence of D and E domains of SPA in the
given ligand also helps to eliminate variable
region interactions, ligand interacts only with
antibodies Fc domains. As a result antibodies
binding heterogeneity is reduced, i.e. ligand
binds only antibodies with high affinity to
it. A newly developed sorbent, MabSelect
SuRe, withstands strong alkaline conditions
allowing the repeated use of 0.1-0.5 M NaOH
for cleaning and sanitization.

The sorbent with the immobilized SPA on
porous glass (ProSep A), on coated porous poly-
styrene materials (POROS) are also produced
commercially.

Process of affinity chromatography with
application of sorbents with the immobilized
SPA provides 5- to 10-fold increase of the
product concentration [10]. Antibodies purifi-
cation with application of affinity sorbents on
the basis of the immobilized SPA is effective
due to its physicochemical stability and low
operating expenses associated with sorbent
cleaning and re-usage.

Antibodies purification procedure

A typical chromatogram of antibodies
purification procedure by the way of usage
of affinity chromatography with application
of the sorbent on the basis of the immobilized
SPA is shown in Fig. 5.

Loading/Binding. Most of the monoclonal
antibodies currently being used or investigated
for therapeutic applications are human
molecules belonging to IgG classes 1, 2, or
4, all of which bind strongly to SPA. To the
solution appointed for antibodies dilution
before applying to the chromatographic
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column packed by the sorbent with immobilized
SPA, salt may be added for encouragement
of monoclonal antibody binding to the SPA,
and ethylene diamine tetraacetate to reduce
proteolytic degradation, which leads to ligand
loss. Monoclonal antibodies purification process
runs several cycles on the above mentioned
chromatographic column to purify asinglebatch.
This reduces capital costs for such operation.

Washing  procedure. For maximum
removal of nonspecifically bound material,
pH of washing solution must be low in order
to untimely elution of antibodies does not
begin. In such way buffer solutions with
different combinations of salts and deter-
gents, salts and solvents, salts and polymers,
and high concentrations of Tris (hydroxy-
methylaminomethane) buffer can be used.

Elution. Elution pH is typically set at the
highest possible value while maintaining high
product yield. Ureais an effective hydrogen donor/
acceptor that can outcompete hydrogen bonds,
it could possibly be used at low concentrations to
facilitate protein elution and keep product stability.
Elution process on chromatographic columns
packed with the sorbent with the immobilized SPA
is conducted at low temperatures in order to avoid
proteins aggregation.

Regeneration. The ability of the sorbent with
the immobilized SPA to withstand a significant

number of its reuse cycles is an important factor
for high effective antibodies purification process
for therapeutic and laboratory application in
pharmaceutical biotechnology. Regeneration of
the sorbent with the immobilized SPA is typically
carried out with low NaOH concentrations
(typically <100 mM) usage because native or
recombinant SPA is stable in slightly alkaline
conditions [10].

Thus, antibodies purification process
with application of the sorbent on the basis
of the immobilized SPA provides ease and
simplicity of purification process development
and performance, high degree of protein
purity because of several cycles performance.
Consequently, large purification factor value
obtained from this process step helps to simplify
the entire downstream process of antibodies
purification. Such proteins purification process
is also economically beneficial because it doesn’t
need equipment for antibodies additional
purification by other types of chromatography.

Immunoadsorption on affinity sorbents
with immobilized SPA application

SPA is used for autoimmune diseases
treatment in clinical practice. Immuno-
adsorbtion (IA) with application of SPA
sorbents columnsenablestobind antibodies and
immune complexes and causes modification
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Fig. 6. A chromatogram of antibodies purification procedure by affinity chromatography
on the sorbent with immobilized SPA application
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of immune response. IA is effective for
treatment of glomerulosclerosis, idiopatic
thrombocytopenic  purpura, rheumatoid
arthritis, diabetes mellitus, and also used
in kidney transplantation. According to the
clinical studies during treatment the level of
immune complexes decreases [20—22].

Dilated cardiomyopathy is a chronic myo-
cardial disease which results in progressive
ventricular enlargement, myocardial contr-
actile dysfunction. It causes heart failure,
consequently, necessity of heart transplantation
arises. Diabetes mellitus is a metabolic disorder
resulted in severe systemic consequences:
increased levels of IgG, IgG3, significant
cardiovascular morbidity and mortality. IA
improved myocardial inflammation in patients
and decreased antibodies level in blood. IA
was conducted applying columns with SPA,
immobilized on the agarose (Immunosorba,
Fresenius Medical Care, Bad Homburg,
Germany). Consequently, IgG level decreased
from 10.7 g/L to 1.1 g/L (by 89.7% ) and 1gG3
from 0.6 g/Lto0 0.2 g/L (by 66.7% ) [23, 24].

Such dangerous autoimmune disease
as systemic lupus erythematosus causes
autoantibodies production, for example,
anti-double-stranded DNA antibodies, and
circulating immune complexes. Clinical trial
in 20 systemic lupus erythematosus patients
(two groups with 10 patients in each) showed
the efficacy of two different adsorption
columns and an 80% clinical response after
1 month (Immusorba and Ig-Therasorb) [25].

Therefore, IA with SPA is very useful tool
for diseases therapy, which is concerned with
increased levels of antibodies in the blood. TA
enables an efficient isolation of antibodies and
immune complexes from patients’ blood, thus
improves their feeling, and prolongs clinical
benefits.

Protein G application in affinity chromato-
graphy

In the affinity chromatography recombi-
nant form of protein G, molecular weight 22 000
Da, is usually used. In this variant of protein G
albumin- and cell surface binding sites have been
eliminated in order to reduce nonspecific binding
during purification of immunoglobulins. This
advantage gives opportunity of recombinant
protein G application for albumin separation
from crude human immunoglobulin samples.

Immobilized protein G is most commonly
used for the purification of mammalian
monoclonal and polyclonal antibodies that do

not bind strongly to SPA. Optimal binding for
most immunoglobulins to protein G occurs at
pH 5.0, although more neutral Tris-HCI or
phosphate buffers for binding (pH 7.5) have
been used in many studies.

Affinity sorbents with an immobilized
protein G, packed into chromatographic
columns, are available commercially today.
The most popular manufacturers of sorbents
on the basis of the immobilized protein G are
Pierce and General Electric (GE) Healthcare.

Sorbents on the basis of the immobilized
protein G of Pierce manufacturing the recom-
binant form of protein G immobilized to either
6% cross-linked beaded agarose or UltraLink
Biosupport chromatographic matrix are
applied. Both types of sorbents with the
immobilized protein G are leach-resistant
and obtained matrix provides a minimal
nonspecific binding. Both affinity sorbents
can be regenerated and reused multiple times
when stored properly [17]. Such advantages of
sorbents on the basis of theimmobilized protein
G provide obtaining pure immunoglobulin
fractions without contaminant proteins, time
expenses reduction and application of such
inexpensive reagent as NaOH for the sorbent
regeneration and cleaning.

GE Healthcare produces affinity sorbent on
the basis of the recombinant protein G. Protein
G isimmobilized on the sepharose, activated by
the cyanogens bromide (CNBr). Such oriented
immobilization of protein G provides higher
exposure of mobile phase to this ligand, which
gives possibility of obtaining of high yield of
separated IgG (Table 2).

The sorbent on the basis of the immobilized
protein G from manufacturer GE Healthcare
has such advantages: maintaining of the
IgG binding capacity and recovery after
storage in all commonly used aqueous buffers

Table 2. The dynamic IgG capacity of the sorbent
on the basis of the immobilized protein G
on sepharose for various species
(evaluation performed at GE Healthcare)

Species Total IgG capacity (mg/ml)
Human 17
Rat 7
Sheep 18
Rabbit 19
Goat 19
Guinea-pig 17
Cow 23
Mouse 6
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and denaturants such as 6 M guanidine
hydrochlorideand 8 M urea, and chaotropic salts
such as 3 M sodium isothiocyanate; binding of
IgG over a wide pH range. The affinity sorbent
may be sanitized by washing with 70% ethanol.

Some of the most important application
areas for this affinity sorbent are the isolation
and purification or the removal of IgG
from serum, the purification of monoclonal
antibodies. In cases when IgG binds more
strongly to the protein G than to the SPA
(or binds little or doesn’t bind to SPA), the
sorbent on the basis of the immobilized protein
G becomes a valuable tool to increase yield of
immunoglobulins.

Purification of IgG from serum can be
carried out effectively in a single step with
the sorbent on the basis of the immobilized
protein G. IgG from human, cow, horse,
sheep, guinea-pig, dog, rabbit, mouse, and rat
can be successfully purified. Because of its
binding characteristics, the affinity sorbent
on the basis of the immobilized protein G (GE
Healthcare)is a valuable tool for the separation
of antibodies from biological liquids, cell
cultures. In fact, affinity chromatography
with application of this sorbent is suitable for
separations from cell culture fluid, where it is
necessary to purify rapidly large volumes [26].

There are many scientific articles in the
field of pharmaceutical biotechnology that
describe application of affinity chromato-
graphy using affinity sorbents on the basis
of the immobilized protein G for antibodies
purification.

The recombinant human anti-Rhesus D
antibodies of IgGl-subtype, produced by a
Chinese Hamster Ovary cell line, were purified
using affinity sorbent on the basis of the
immobilized protein G. Yield of antibodies was
57% [27].

Recombinant human monoclonal IgG1l
antibodies produced by a transfected Chinese
hamster ovary (CHO) cell line were purified by
application of affinity sorbent “Poros G” on
the basis of the immobilized protein G using
elution buffer of composition 0.1 M acetic acid
and 0.15 M sodium chloride at a pH of 2.5. Yield of
antibodies was 4.64 mg/1 [28—31]. Monoclonal
antibodies IgG1l to progesterone, obtained
from hybridoma cell line, were purified also
using the affinity sorbent on the basis of the
immobilized protein G [32].

Affinity chromatography with application
of sorbents on the basis of the immobilized
protein G for isolation of antibodies can
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be used in medical biotechnology, e. g. for
isolation of autoantibodies to cytokines from
human serum. Autoantibodies to cytokines
can contribute to disease predisposition
or pathogenesis. To describe the role of
anti-cytokine autoantibodies in disease
pathogenesis, it is important to quantitate
accurately the levels of such autoantibodies
in different patient groups. This can be made
using enzyme-linked immunosorbent assay
(ELISA). Isolation of IgG autoantibodies to
tumor necrosis factor (TNF) from human
serum was performed by the method of
affinity chromatography with application of
sorbent with the immobilized protein G on the
Sepharose (GE Healthcare). Antibodies were
eluted applying elution buffer (0.1 M Glycine—
HCI, pH 2.5). Affinity chromatography with
application of sorbents on the basis of the
immobilized protein G enables to isolate of
all four subclasses of immunoglobulin G to
TNF and to conduct further analysis of their
content applying ELISA [33—-36].

Thus method of affinity chromatography
with immobilized protein G has great number
of advantages over other methods of proteins
purification because it enables to purify
antibodies for different purposes (e.g., in
industrial biotechnology purification of
recombinant antibodies from cell cultures,
antibodies purification for application in
medical diagnostics of diseases), high level
of antibodies can be achieved without any
particular losses.

Recently, high-performance magnetic
affinity particles with immobilized genetically
engineered fused protein A/G are applied for
antibody purification. Such manufacturers
as Thermo Scientific Pierce, BioVision etc.
are produced such particles with immobilized
Protein A/G. Protein A/G is a recombinant
fusion protein which combines four Fec-
binding domains from SPA and two domains
from protein G. It can bind antibodies of a
great variety from a wider range of animal
species and a wider range of isotypes than
either protein alone. These magnetic beads
with the immobilized protein A/G have such
advantages: low non-specific binding, sorbent
losses elimination, obtaining of clean separate
immunoglobulin fractions. They allow rapid
antibody fractions obtaining of different
classes and subclasses. Such method is very
valuable for both fundamental research and
laboratory clinical tests [37].
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PpL application in affinity chromatogra-
phy and immunoassays

PpL is very useful for purification of
monoclonal antibodies containing kappa light
chains from culture supernatant because
it doesn’t bind bovine immunoglobulins,
which are present in the media serum
supplement. Also, in contrast to proteins A
and G, PpL is very effective at binding IgM.
Although it binds to the Fab portion of the
immunoglobulin monomer, PpL does not
interfere with the antigen-binding site of the
antibody, in contrast to SPA, which binds both
Fab and Fc domains of immunoglobulin during
purification procedure. Therefore, PpL is used
in immunoprecipitation procedures and as a
ligand in the affinity chromatography [17].

In 2007 Roque et al. described the applica-
tion of an affinity sorbent on the basis of an
immobilised PpL of trademark ImmunoPure
for purification of goat serum and human
serum. The percentages of human IgG and Fab
fragments obtained from this affinity sorbent
with the immobilized PpL were 75% and 70%,
respectively. 0.1M glycine-HCI buffer, pH 2.0,
was used [38].

PpL interacts mainly with region 1 (FR1)
of kappa light chain without interfering with
the antigen-binding site of the antibody.
That’s why, PpL could be used not only for
the purification of human scFvs but also as
a secondary reagent to detect antigen—scFv
complexes in immunoassays. So this is one
of the advantages of PpL that marks it out
proteins A and G [39].

Thus in 2009 Muzard et al. reported
a quick, easy, and efficient method that
involves substituting a consensus sequence
for the N-terminal sequence of the antibody
VL domain that does not react with PpL. As
this sequence mimics the antibody pattern
recognized by PpL, so such substitution allows
the detection and purification of murine label-
free scFvs, obtained from E. coli culture,
and the immunodetection of antigens using
untagged antibody fragments [40].

Proteins scFvs were purified from
periplasmic preparations extracted from
bacterial culture onto an affinity sorbent
with the immobilized PpL on the agarose
(chromatographic column volume — 0.5 ml,
Pierce Biotechnology, USA). During the
purification process scFv molecules were
eluted at pH 3.0. Preparations of purified
scFvs were homogeneous, no contaminants
were detected.

PpL is a potentially valuable tool for the
purification, immobilization, and detection of
unlabeled scFvs even when they are associated
with their antigen [41]. The work of Muzard
et al. shows that DNA sequence introduction
of a PpL-binding site to the ScFv by means of
genetic engineering methods does not alter
antibody expression as a functional molecule
in genetically modified bacteria of Escherichia
coli HB2151. The sequence grafted onto the
scFvs is an ideal affinity tag which allowed
a single-step purification of each antibody
fragment [42].

One else example of PpL application for
antibodies purification is Cossins et. al.
research. Thelastobtained recombinant PpL, at
highyield, and this protein was used to produce
the affinity sorbent with the immobilized
PpL on the sepharose. PpL was shown to be
over 95% pure after sodium dodecyl sulphate
polyacrylamide gel electrophoresis (SDS—
PAGE) analysis. PpL was coupled to a solid
matrix at an efficiency of 94-98% . Typical
yields of pure antibodies (>95% purity) were
in the range of 35—65 mg/L[43, 44].

There is also one example of PpL
application in the affinity chromatography
but in fusion with protein G, particularly their
DNA sequences of single light-chain binding
domain of PpL and single Fc-binding domain
of protein G. This study shows that despite a
small size of the protein (molecular weight is
16.5 kDa) each domain behaves independently
from each other with respect to the binding
characteristics. The PpL domain was able to
bind two equivalents of kappa light chains and
the protein G domain binds to Fc domain of
IgG. LG protein was expressed in E. coli cells
with yield 75 mg/1.

In order to obtain an affinity sorbent
with an immobilized protein LG it was
immobilized onto thiopropyl-activated aga-
rose through its C-terminal Cys residue and
packed in 1 ml chromatographic column.
This chromatographic column was used in
experiments for purification of human Fc
fragments, kappa chains, human Fc fragments
combined with kappa chains, yields were
released approximately 94.1% of bound hu-
man Fc¢ fragments, 87.8% of bound kappa
chains and 96.4% of combined bound human
Fc + kappa chains. This fact confirms that the
immobilized protein LG has the ability to bind
both human Fc fragments and kappa chains
simultaneously so it can be potential stable and
multi-valent affinity ligand [45, 46]. Protein
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LG ligand allows purification and isolation of
immunoglobulins with high affinity to both
protein G and PpL from blood serum, ascite
fluids, and pure fractions obtaining of ScFv
molecules due to their binding by kappa chains
to PpL.

Due to its unique properties PpL has great
advantages as affinity ligand, because protein
L allows isolation of immunoglobulins wide
row, including human and mouse IgM, IgG1,
IgG3, human IgG2, IgG4, IgA, IgD, rat IgG2c,
IgG1l, mouse and rat IgG2a, IgG2b. What’s
more, PpL doesn’t interact with antigen-
binding site of antibodies, it interacts only
with kappa light chains of immunoglobulins.
Proteins A and G have not high affinity to
human IgM, IgA, IgD, ScFv fragments, don’t
bind to mouse IgM, but PpL is successfully
used to isolate and purify these antibodies.

Nowadays proteins A, G, L are used in
the affinity chromatography as ligands and
are applied for purification and isolation of
immunoglobulin different classes.

SPA binds strongly to human IgG1, mouse
IgG3, rabbitIgG, sheep IgG2. Butboth SPA and
PpL interact strongly with human IgG2 and
IgG4, mouse 1gG2a, IgG2b. SPA is effective
ligand for the affinity chromatography due to
its high conformational stability, resistance
to physicochemical stress and proteases ac-
tion, stability in the wide pH range (pH 2,0—-
11,0). In addition, affinity sorbents with the
immobilized SPA are applied in the procedure
of immunosorption for autoimmune and other
diseases therapy.

Protein G is also successfully used as
ligand in the affinity chromatography due to
presence in its structure multiple copies of two
different small domains (COOH-terminal and
NHo-terminal domains). It can independently
bind albumin and IgG, immunoglobulins Fc
fragments. Protein G binds stronger than SPA
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IIporeinu A, G, L — 1e HaTuBHI Ta peKoMOi-
HaAHTHI IIpoTeiHn O0aKTepiaJbHOTO ITOXOMKEeHHS,
110 3B’sI3YIOThCA 3 iMyHOrJIOOyJIiHaAMHU cCaBIliB.
VY 6GioTexHosorii aasa BUpoOHUIITBA ah)iHHUX COP-
0eHTiB BUKOPUCTOBYIOTH II€PEBAKHO PEKOMOi-
HaHTHI BapianTu nporeinis A, G ta L. HaBeneno
HOPiIBHAJBHY XapaKTEePUCTUKY IMX IIPOTEeIHiB,
adginHNX copOeHTiB HA iXHill OCHOBI, ITepeBaru Ta
HeJOJIIKM 3aCTOCYBaHHS SK JIiraHAiB B a(imuiit
xpomartorpadii. Ilomano amania BIacTUBOCTE
nporeiniB A, G ta L. Cnenmudiunicts 3B’ A3yBaH-
HA U adiHHICTH IIUX HOPOTEIHIiB PO3PiIZHAIOTHCSA
3aJIe’KHO BiJ BUAY TBApWH Ta IIiAKJIACy aHTUTIJ.
IIporein A mae Bucoky adinnicTs g0 IgG1, IgG2,
1gG4 mogunau, 1gG2a, I1gG2b, IgG3 mumri, IgG2
Ko3u Ta BiBIi, IgG cobaku, KoTa, KPOJIUKa, MOP-
cbkoi cBuHKU. [Iporein G minHo 3B’ A3yeThbea 3 IgG
JIOIWHU, MUII, KOPOBHU, KO3M, BiBIIi Ta KPOJIUKA.
IIporein L mae 3maTHiCTH 40 MiIlHOTO 3B’sI3yBaH-
HA 3 JIETKUMMU Kallla-JaHI[JoraMu iMyHOTJI00Y-
JiHIB JIOAWHU, MUIII, IITypa Ta cBuHi. [lokazaHno
JIOIiJbHiCTE 3acTocyBaHHA adiHHOI XpomMaTorpa-
(ii 3 BUKOpUCTaHHAM COPOEHTIB Ha OCHOBi iMMoO-
6inmizoBanmx mpoteiHiB A, G i L gna Bumimenusa
Ta OUMINEHHS AHTHUTLJI PisHuMX KJjaciB. Bumiesa-
3HAUYEHUI METO]] 3aCTOCOBYIOTH AK aJIbTePHATHU-
BY TPaAUI[IAHUM MeTOIaM OUYUIIeHHS NPOTeiHiB,
TaKUM AK i0HOOOMiHHA, TiAPO(MOOHUX B3aEMOIil,
MeTaso-adpiHnHA XpoMaTorpadisa, ocamKeHHA eTa-
HOJIOM, 3aBAAKY ITPOCTOTi, MOYKJIMBOCTI OJTHOCTA-
IiITHOTO IIPOIleCY OUUIIeHHs, OfePKaHHsa IPOoTei-
HiB 3 BUCOKHUM PiBHEM YHCTOTH, 0araTopasoBOTrO
BUKOPUCTAHHA 32 JOTPUMAHHA IPABUJILHUX YMOB
30epirannsa Ta ekcrayararii. Adinai copbeHTU Ha
ocHOBi iMMo6ismizoBanux mporeiuiB A, G ta L 3a-
CTOCOBYIOTH He JINIIIE [IJIA OUNIIeHHA aHTUTLI, aje
¥ IJist BUOiJIeHHA pisHUX iXHIX ()pakIliii i3 cupo-
BaTKHU KPOBI.

Knarwuwoei cnoea: adinmma xpomatorpadis,
cradiIOKOKOBUI IPOTEiH A, MENTOCTPENITOKOKO-
Buii mpotein L, mporeiu G.
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ITporennn: A, G, L — 5T0o HaTUBHBIE I PEKOM-
OMHaHTHBIE MPOTEUHBI OAKTEPUATBLHOTO ITPOUC-
XOMKAEHUA, KOTOPHIE CBA3HIBAIOTCS C UMMYHOTJIO-
OyJIMHAMUM MJIEKOIIUTAIONINX. B 0MOTexXHOJI0rUU
Iia mpousBonacTBa a(d@UHHBIX COPOEHTOB HC-
MMOJB3YIOT MPEMMYIIECTBEHHO PEeKOMOMHAHTHBIE
BapuauThkl mpoTenHoB A, G u L. IIpuBenena cpas-
HUTeJbHAA XapaKTEepUCTUKA JBTUX IIPOTENHOB,
apPUHHBIX COPOEHTOB HA MX OCHOBE, IIPEUMY-
IIeCTBa W HENOCTAaTKU UCIIOJb30BAHUSA B Kaue-
cTBe JuraHaoB B ad@uHHON xpomarorpaduu.
IlpencraBien aHanms CBOMCTB mpoTenHOB A, G
u L. CoeniuuuHOCTb CBsA3bIBAHUS U apPUHHOCTH
JaHHBIX TPOTENMHOB Pa3JINYaIOTCSA B 3aBUCUMOCTU
OT BUJa *KUBOTHBIX U ITOJKJacca anTuTea. [Ipore-
uH A uMeeT BbICOKYIO addunHOCTS K IgG1, IgG2,
1gG4 yenoseka, IgG2a, IgG2b, IgG3 mbrmnu, IgG2
K035l 1 0BIIbI, IgG cobaku, KoTa, KPOJIUKa, MOP-
cKoii cBUHKHU. IIporera G IPOYHO CBA3BIBAETCS
¢ IgG uesoBeka, MBIIIU, KOPOBBI, KO3bI, OBI[BI
u Kposmka. [Iporeun L o61amaer criocoOOHOCTHIO K
IIPOYHOMY CBA3BIBAHUIO C JIETKUMY Kallla-IenaMu
VUMMYHOTJIOOYJIMHOB UeJIOBEKa, MBIIHN, KPBICHI U
cBuHbU. IlokasaHa I1e1eco00pPasHOCTL IIPUMeEHe-
HUS ad@uHHON XpoMaTorpa)mu C MCIIOJIb30Ba-
HIEeM COpPOEHTOB Ha OCHOBE MMMOOMIMB0BAHHBIX
mporenHoB A, G u L 1y BbIfe/IeHNSA U OUNCTKU
AHTUTEJ PA3HBIX KJACCOB. BhINIeyKas3aHHBIN Me-
TOJ WCIIOJB3yeTCA KaK aJbTePHATWBA TPATUIIU-
OHHBIM METOJAaM OYKUCTKU IIPOTEUMHOB, TAKUM KaK
noHooOMeHHasA, ruApo(OOHBIX B3aWMOJIEHUCTBUI,
MeTa/Io-a)(puHHAA XpoMaTorpadgusa, ocarkaeHue
9TAaHOJIOM, 0Jarojaps IIPOCTOTE, BO3MOIKHOCTHU
OQHOCTAAUIHOTO IIPOIleCCa OUMCTKU, IIOJYyUEHU
ITPOTENHOB C BLICOKUM YPOBHEM YUCTOTHI, MHOTO-
KPaATHOTO IIPMMEHEeHUs IIPU COOJIIOJeHuU IIpa-
BUJIBHBIX YCJOBUM XPaHEHUA U DKCILIyaTalluu.
Addunubie copbeHTHI HA OCHOBE UMMOOUIN30BAH-
HBIX IPoTenHOB A, G u L ucmoss3yoT He TOJBKO
UL OUMCTKU aHTUTEJ, HO U IJI BBIJEJIEHUS pas-
JUYHBIX UX (PPaKIINil 13 CBIBOPOTKY KPOBMU.

Kntwouesvle cnosa: ahpdpuunasa xpomarorpadus,

cTa@UIOKOKKOBBINI TPOTENMH A, IMEeNTOCTPENTO-
KOKKOBBIY ITpoTenH L, nporeus G.
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TenapunsB’a3yBanbHUM (haKTOP POCTY, MOAIOHUH [0 emigepMaibHOro poctoBoro axkropa — HB-EGF
(Heparin-Binding Epidermal growth factor-like Growth Factor), Hame:xuTh g0 poguHu emigepMaJIbHUX
pocToBUX (aKTOPiB i CUHTE3yEThCA Yy BUTJIAAI MeMOpaHHO-3adKOpeHOTo momepennuka pro-HB-EGF.
3B’asyBauHsa cexperopHoi @Qopmu @axropa sHB-EGF (soluble HB-EGF) 3 pementopamu EGFR
i HER-4 n1puBOAUTE 10 YTBOPEHHS BiIIIOBiIHUX JiraHIPEIeITOPHUX KOMILJIEKCiB Ta ak TUBAIlil CUTHAJTBHUX
MIISAXiB, AKi BigirpaioTh BasKJIMUBY POJIb Y PEeryJa0BaHHI mpoJstideparrii, nudepenmniamii ra mirpamii xiaiTuH.

MeToio pobotu OyJsio onep:KaHHA PeKOMOIHAHTHUX (QJIYOPECIleHTHUX MOXiJHMX Ha OCHOBI
noBHOpPo3MipHOI dhopmu sHB-EGF ntopuau (mCherry-sHB-EGF) ta Bkopouernoi popmu sHB-EGFA84-106
(mCherry-sHB-EGFA84-106), axka 6 He MicTuia remapuH3B’ A3yBAJIbHOL TiIIAHKH.

ITokasamo 3maTHICTL 000X (IYOPECIIEHTHUX MOXigHUX cuemudiuno 38’ a3yBatuch i3 EGFR-pemenTopom
KJIITHH Ta PelenTopomocepeqKOBAHO iHTEepPHAJII3yBaTHCS BCEPEAUHY KJITHHM, a TAKOMK IIOCHJIIOBATU
npoJridpepariito KiriTuH mutri gigii 3T3. IIpu 1ibomy BiicyTHiCTE TeIapuH3B’ I3yBAJIBHOIL JIIAHKY B CTPYKTYPiL
mCherry-sHB-EGF 84-106 cyTTeBo He BILIMBaJa HA HOro 3JaTHICTHL 3B’s3yBaTHCh i3 PEIEIITOPOM, IIPOTE
BHIIKYBaJja Horo MiTOreHHY aKTHBHICTH Maiike y nBa pasu. OmepskaHi (ayopecuenTHi moxigui sHB-EGF
MOXKYTDH OyTH 3pYYHUM iHCTPYMEHTOM IJIA JOCTiAKeHHSI MOJEeKYJIAPHUX MeXaHisMiB peasisariii 6iosoriumnol
aktuBHOCTI SHB-EGF Ta posi remapmmuss’aA3yBaJbHOI aKTUBHOCTI y mporecax Bsaemonii sHB-EGF
3 PEIenTOPOM i MOMAIBIIIOT0 BHYTPINTHBOKJJIITHHHOTO TPAHCIIOPTYBAHHS JIIraHAPEIIeITOPHOTO KOMILJIEKCY.

Knwuosi cnosa: renapuusp’asdyBanbuuit EGF-moxi6ouuit daxtop poctry (HB-EGF), pememnTop
emizepmMaabHOro (PaKTOpa POCTy.

Tenmapunss’a3yBaJbHUN (PAKTOP POCTY, IO
nomibHMET OO0 emimepMaJjbHOrO (akKTopa poc-
Ty — HB-EGF (Bixg amrua.: Heparin-Binding
Epidermal growth factor-like Growth Factor)
HAJE)XUTh 0 POAVHU eIifepMaJibHUX POCTO-
Bux (paxTopi. HB-EGF mae Bucorky adinHicTh
[IO TeIIapUHY Ta TerapaHCyIb(aTIPOTEOTIiKaHiB
(I'CIIT) [1]. HB-EGF cunrtesyerbcsa y BUIJIA-
Ii MeMOpaHHO-3asIKOPEHOTO IIOIepeIHuKa —
pro-HB-EGF, sxuii mig giero meMOpaHHUX Me-
TaJoIpoTeiHa3 MOKe MePeXOAUTU B POSUUHHY
dopmy paxTopa — sHB-EGF (8ix anri.: soluble
HB-EGF). Penentopamu aina sHB-EGF e romo-
IVMepHW PEIeNTOPiB POAMHU eIlilepMaJbHUX
pocroBux GarTopis mepiroro (HER-1, EGFR,
Human Epidermal Growth Factor Receptor)
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i verBepToro (HER-4) Tumy, a Takoxx ixHi re-
reponumepu 3 HER-2 ta HER-3. 3B’ a3yBanua
sHB-EGF 3 pemnentopomM IpuU3BOAUTH IO YTBO-
PeHHA JiramapelenTopHoro KoMminiekcy sHB-
EGF/EGFR i akTuBaliii curHaJbHUX IILJIAXiB,
AKi BimirpamoTh BUPIIAIBHY POJIb Y PETYJIIO-
BaHHI mpoJridpeparrii, nudepenrmiamii, mirparii
Ta iHribyBaHHI amonTol3y KJITWH, III0 € BKpau
BasKJIMBUM 3a 3JIOAKiCHUX ITepeTBOPeHb [2].
Bigomo, 1110 yTBOpEeHU IIiciis 3B’ A3yBaHHA
sHB-EGF i3 penentopom JriranapernenTopHUI
komiiekc sHB-EGF/EGFR y mnopaabiiomy
3as3Hae€ JisocoMaJIbHOI gerpapairii abo «pecaii-
KJuHTY>» (receptor recycling), To6To moBTOpPHOI
IIOABU PeIleNIToOpa Ha IIOBEPXHIi IIIadMaTU4YHOI
memOpanu [3]. 3 mpyroro G0Ky, JOCJiIKeHHSA
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OoCTaHHIX pOKiB BuABMIM 3xarHicTh EGF,
TGF-o micaa sB’asyBanua 3 EGFR crumyro-
BaTU  TPAHCJIOKAIIiI0  JIiraHIPEIeIITOPHOIO
KOMILJIEKCY B SJpPO, e OCTaHHi!l 3a HAsIBHOCTI
kinagHol aktuBHOCTI EGFR BukKomye QyHKIiI
peryiaaTopa TPaHCKPUIIILil muiaxoM docdopu-
JTIOBAHHS HUBKU SAIEPHUX IIPOTEIHIB, 1110 CIIPUAE
TIOCUJIEHHIO IIPOJIi(DepaTUBHOTO CTATyCY KJIITUHNI
[4]. Ot:xe, micas yTBOPEHHS JiraHAPEIeIITOPHO-
ro xommaekcy sHB-EGF/EGFRT Mmo:xyTh peasi-
3yBaTUCh JeKiJIbKa cIleHapiiB A0T0 BHYTPIIITHBO-
KJITMHHOTO TpaHCHOPTYyBaHHA. Tak, MOMKJIWBa
TOBHA JIi30ocoMaJIbHA Jerpafaliid Jiraumy Ta pe-
menTopa abo YacTKOBa JAerpajallia JIWIIe JIiraH-
Iy 3 HACTYITHUM «PECalKJIIHTOM» PellenTopa Ha
TOBepPXHIO KJIiTnHU. He MeHII 1iKaBUM € JOCJIi-
MOKEeHHSA MOMKJIMBUX IILJISAXiB TPAHCIOPTYBAHHS
BJIACHE JIIraHPEIEIITOPHOTO KOMILIEKCY 10 AApa
kaitnau. Hapagi Hemae (haKTUYHUX BifjoMoCTer
mono 3natHocti sHB-EGF ingykyBaTtu samepHy
tpaucaokaitito EGFR, npote pro-HB-EGF Buss-
JIf€ ANePHY JIOKAJII3aIlifo y KJIITUHAX ITyXJIWH i
TKaHWH, 1[0 aKTUBHO IIPOJIi(hepyioTs [5].

TakuM YWMHOM, CTBOPEHHS MOJEKYJIAPHUX
iIHCTPYMEHTIB € BaKJIUBUM [IJId DOCJiAKEHH:A
gnatHocTi posumHHOI (hopmu HB-EGF sronu-
HU iHgyrkyBaTu smepHy Tpamciaokariio EGFR
Ta BUABJEHHA ILJIAXIB TpaHcrnopTyBanud sHB-
EGF/EGFR miranapernenTopHOro KOMILIEKCY.
Ockinbku cyrreBoro BigminuicTio sHB-EGF Bin
iHIMX POCTOBUX (PAKTOPiB € HOro 3HATHICTH
B3aemoxiaTu i3 mopepxuesumu I'CIIT, 10 moske
BILIMBATU HA MO0 3JaTHICTH iHAYKYyBaTU siep-
Hy TpaHciokaiito EGFR Ta Ha BHYTpPIiIlTHBO-
kiaiTuaHe TpaHcuopryBaHHa SHB-EGF/EGFR
JIiTaHPEIEeITOPHOTO KOMILJIEKCY, AJSA IIPOBe-
IeHHA JOCTiIKeHb MOYKHAa 3aCTOCYBaTH TaKUH
METOAWYHUN ITiAXiZl, AK CTBOPEHHS «BKOpPOUe-
HOi» hopmu sHB-EGF, aka OyJia 6u mosdaBiiexna
3IaTHOCTI B3aeMomiaTu 3 renapuaom ta I'TICT.

Metoio poboTu 0yJiO0 OofepKaHHA (PYHKIIIO-
HaAJbHO aKTUBHUX (PJIYOPECIEHTHUX MOXiTHUX
Ha OCHOBI TOBHOPO3MipHOI pPO3UMHHOI (dop-
mu sHB-EGF noguau Tta «BKopoueHoi» sHB-
EGFAg4 106, K2 0 He MicTmiyia remapumH3B’d-
3yBasbHOI minmauku. Takosk OyJIOo TPOBEIEHO
IOCJIIKeHHA MOYKJIUBOCTI BUKOPUCTAHHA iX
I BUBUYEHHSA MOJIEKYJIAPHUX MeXaHi3MiB pea-
gisgarii GiosioriuHOi aKTHMBHOCTI CEKPETOPHOI
¢opmu HB-EGF nmrogunu, mopiBHAJILHOTO aHa-
aigy ekcmpecii perentopis EGFR i HER-4 ma
TOBEePXHI KJITUH Pi8HUX TUIIB Ta MOXOAKEH-
Hs, a TAKOXX BHYTPIIIHbOKJIITHMHHUX IIJIAXIiB
TPAHCIOPTYBAaHHA JIINraHAPEIEIITOPHOTO KOMII-
nexcy sHB-EGF/EGFR ra yuacri renapunas’si-
3yBaJILHOI HiAHKY Y IIUX IIPOITECaX.

Marepiaau i meTonu

Mamepianu. Y poboTi 0yj0 BUKOPUCTAHO
Taki peakTWBU: KyJIbTypajbHE CepemOBUIIe
RPMI-1640 3 L-rayraminom, (erajbHa CHUpPO-
BaTKa BeJUKOI porartoi xymoOu, IeHiIuJIiH,
cTpentoMinuH, am@orepuna B (aHTHUMIiKO-
THUK), MOHOKJIOHAJbHI aHTHUTiIa npotu EGFR
gogunn, FITC-koH’oropati BTOPUHHI aHTHATI-
jaa po Fe-pparmMesTiB aTuTiyg Muilli, KOH’1orosa-
Hi 3 IepOKCUIa3010 XPOHY, BTOPUHHI aHTUTiIa
no Fe-pparmentis arutia murri (Sigma, CIITA),
npatimepu, imMizasoJs, KUBUJIbHE CepeloBU-
me LB, mumerundopmamin (IMDPA), MgCl,,
Taq-mmosrimepasa, BiTbHA Bil HyKJeas Boja, €H-
mouykJaeasu pectpukiiili BamHI, Xhol, EcoRI,
Pstl, IHK-nirasa T4, nysxkua ¢Qocdarasa, Ha-
0ip mna supinenna HHEK, isompomis-f-D-tio-
rasmaxromipanosun (IPTG), nporeinoBi mapke-
pu MoJekyJaApHOI Macu B miamasoui Big 10 mo
180 xk[a, IHK-mapkepu MOJEKYJIAPHOI Macu
B niamasoni Big 100 xo 10000 1. H. (Fermentas,
JIurea), Ni-NTI-araposa (Qiagen, ®PH), me-
3okcupudbonyraeoruarpudocharu (dNTPs),
miTporeniososa Hibond C-Extra (Amersham,
CIITA), Bextop pET-28a(+) (Novagen, ®PH),
BexTop pmCherry (ClonTech, CIITA), miTpoie-
aionosa Hibond C-Extra (Amersham, CIITA).

Ob6nad0nanus. Y pobOTi 3aCTOCOBYBaIM TaKe
obsmamHaHHA: KoH(pOKampHMI Mikpockon Carl
Zeiss LSM 510 Meta (Carl Zeiss, ®PH), mpo-
roxoBuil muTodayopumerp Coulter Epics XL
(Beckman Coulter, CIITA), mamiumapai madm 11
piBasa 6ioGesmeku (ESCO, Cinramyp), TepMoIiu-
Kiaep AB2720 (Applied Biosystems, CIITA), esex-
tporiopaTop Electroporator 2510 (Eppendorf,
®PH), Tpaucimtominatop Vilber Lourmat TFX-
20.LM ta mpucTpiii 1y qokymenTartii resris Vilber
Lourmat DP-001.FDC (Vilber Lourmat, ®pawu-
IisA), yJIAbTPasByKOBHUU mesinTerpaTop Labsonic
M (Sartorius, ®PH), menrpupyra MLW T23D
(ELMI, ®PH), npucrpiii i BepTUKAJIBLHOTO
enextTpodopesy Mini-Protein II Electrophoretic
Cell (Bio-Rad, CIITA), mpucTpiii AJs TOPU30H-
TajgbHoro enaexTpodopesy (Helicon, Pocis), erex-
tpobsrorep Hoefer TE77 (Amersham, CIITA).

ITmamu-npodyyenmu i KAIMUHHI JiHIL.
Y nocrnimKeHHAX BUKOPUCTAHO OJlep:KaHUM
HaMM pPEeKOMOIHAHTHUIN aHaJoT PO3UYMHHOI
dopmu sHB-EGF srogunu 3i cTBOpeHOT0 pami-
e mramy-nponymenTa E. coli [6]. Buginenusa
sHB-EGF Ta anamiTuuHy eKCcIIpeciio IpoTeiHo-
BUX NPOAYKTIB IIPOBOAUJIMN SK OIucaHo y [6].
Knituuaai ryasrypu emOpioHanbHuUX (Gidpo-
osmactiB muini 3T3 Ta emigmepmoimHOol Kapriu-
HOMMU HixBU JroguHu A431 oTpumanu 3 OAHKY
KJITUHHUX JiHiT [HCTHUTYTYy eKcnmepuMeH-
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TaJabHOI maToJiorii, oHKoJOoTil Ta pamiobiosorii
im. P. €. KaBenibkoro HAH Ykpainu.

Kynvmueyeanna kaimun eexapiomis. Kii-
TUHU KYJbTUBYBaJIU 3a CTAaHJAPTHUX YMOB
y KyJabTypanbHOMy cepemoBuili RPMI-1640
3 nomaBauHAM 5—10% -i cupoBaTKU eMOpioHiB
TenaT 3a 5% woumenTtpaiii CO,.

Cmeopennsa eeHemMUYHUX KOHCMPYKUill
pET-28a(+)-mCherry-sHB-EGF ma pET-
28a(+)-mCherry-sHB-EGFAg, ;05 HQ OCHOS8I
eKCcnpeciilHoz0 6eKmopa ma OMmpuUMAaHHS KJO-
Hig-npodyyenmie 6i0nosidnux @ryopecyernm-
Hux noxi0nux. {75 cTBOpeHHA BHUIIe3a3HaUE-
HUX TEeHEeTUUYHUX KOHCTPYKIIH AK I:Kepesio
HYKJIEOTUAHOI IIOCJiJOBHOCTi, AKa KOIY€E MO-
HOMEPHUI YepBOHUN (DJIYyOPECIIeHTHUN IIpoTe-
iz mCherry, 6y0 o6paHo IIa3MigHUN BEKTOPD
pmCherry. K mxepeno HYKJIEOTUIHOI ITOCJIi-
JIOBHOCTI TOBHOPO3MipHOi (sH B-EGF) Ta BKOpO-
uenol (SHB-EGFAg, ;p6) ®opm sHB-EGF mronu-
HU 00paJin paHillle oflep:KaHy HaMU T€HETUUHY
koHcTpyKIito pUC-19-sHB-EGF [7]. Hampa-
IMIOBAaHHS HYKJIEOTUAHUX IIOCJiZOBHOCTEH, TKi
KoayioTh (ayopecuenTHuii mporein mCherry,
noBHOpo3MipHY (sH B-EGF) ta BKOpoueny (sHB-
EGFAg,_;06) ®opvu sHB-EGF sroguay mpoBogu-
sau 3a ponomororo IIJIP 3 BuKopucTaHHAM cre-
mupivaux nap npaiimepis (Tadbauiis). Onep:rami
B pesyJsbraTi mpoBeneHHs ILJIP mykaeoTmmHi
nocainosHicti SHB-EGF ta sHB-EGFAg, ;6
o0’emHa 3 HYKJIEOTHUIHOIO IIOCJiJOBHICTIO
mCherry uepes3 cait pectpukiii EcoRI pma
SHB-EGF ta Pstl nna sHB-EGFAgy ;p6- Hna
OoJlep:KaHHsA 00’€THAHUX HYKJEOTHUIHUX ITOCJIi-
nosHocreit mCherry-sHB-EGF ra mCherry-sH B-
EGFAgy ;106 IIJIP mpoBommim i3 mpaiimepamu
Sence mCherry tra Antisence sHB-EGF.

Hyxmneorugui mocaigoBuocti  mCherry-
sHB-EGF ta mCherry-sHB-EGFAg, ;06 00°€[-
HYBaJM 3 HYKJEOTHUIHOIO IIOCJiJOBHICTIO eKc-
npeciinoro Bekropa pET-28a(+ ), 00pobasoun
eupouykaeasamu pectpukiii BamHI ta Xhol
3 mojaJsbIiuM JiryBamHam. Ilig uac mpose-
IeHHA BUIlle3asHaueHunx Mmauinyaamninn 3 [[THK
IOTPUMYBAJINCh PEKOMEHIaIlii BUPOOHUKA €H-

3umiB. 3a Tpancopmarii Kiaitua E. coli mrra-
My DHI10B opep:XaHUMH TeHETUYHUMU KOH-
crpyruiamu pET-28a(+ )-mCherry-sHB-EGF
ta pET-28a(+)-mCherry-sHB-EGFAgy 106 3a-
CTOCOBYBAJI METOJ eJIeKTPOIIopaIlii 3 HaCTyII-
HUM BUCiBAaHHAM Ha TBEP/E YKUBUJIHHE CEPEJIO-
Buiiie LB (tpunrony — 10 r/a, ApisKIK0BOTO
exkcrpakty — b5 r/a, NaCl — 10 r/a) 3 15 /a1
arapy, Aake mictuiao 0,005% kamaminuay, I10
cayryBaB cejeKTuBHUM areHtoMm [8]. Komowii
KJITUH TepeBipASN Ha HAABHICTH HYKJIEOTU] -
HuXx mnociaigoBHocteit mCherry-sHB-EGF ta
mCherry-sHB-EGFAg,_ ;06 V CKJIaAi BeKTOpa 3a
nmorromoroio I1JIP 3 BuKopucTanHAM ITapu mpaii-
MepiB, 110 duianKkyoTs ren mCherry na 5'-kin-
ui ta ren SHB-EGF/sHB-EGFAg, ;06 — Ha
3’-kiumi. PesynbpraTom mposesenHs IIJIP Oys
OPOAYKT, AKUI MaB y CBOEMY CKJali HYKJIEO-
TUAHI mocaigoBHOCTi 000x remis. Kosowii, m1o
mictunu BekTOop pET-28a(+) 31 BcraBKamMm
HYKJIEOTUAHUX IocaizoBHocTeit mCherry-sH B-
EGF Tta mCherry-sHB-EGFAg,_;06, HapOILy-
BaJIX Y PiAKOMY JKUBUJIbHOMY cepemoBuilli LB
3 JOJaBaHHAM CEJEeKTHUBHOTO areHTa i 3acTo-
COByBaJIU y NOJAJBIIIOMY [AJs HaIpallOBaHHS
OTPUMAHUX TEHEeTUUYHUX KOHCTPYKILit. [ia
olleps;KaHHA KJOHIB-IIPOAYIIEHTIB ITPOTETHOBUX
MPOAYKTIB PeKOMOIHAHTHUX (PIyOPECIleHTHUX
noxigaux sHB-EGF ta sHB-EGFAg,_;,; TpoBO-
IUJIN eJEeKTPONOPAIlil0 eKCIPECifHOTO IITaMy
E. coli Rosetta DE3 reHeTUYHUMU KOHCTPYK-
miamu pET-28a(+)-mCherry-sHB-EGF Ta
pET-28a(+)-mCherry-sHB-EGFAgy ;06 -
Ananimuuna excnpecis npomeiHosux npo-
dyxmis payopecyenmuux noxionux mCherry-
sHB-EGF Tta mCherry-sHB-EGFAgy ;96 RKai-
TUHU KJOHiB-IpoaymeHTiB E. coli Rosetta DES3
BUCiBaIM y pigKe JKUBUJIbHe cepemoBuiie LB
3 gomaBaHHAM 2% TJIIOKO3U Ta iHKyOyBaju 3a
37 °C B ymoBax iHTeHCHUBHOI aepaillii 10 mocsr-
HeHHS KyJbTypolo onTuvyHoi ryctuuu 0,5-0,7
3a ODggp. da ingyriii excupecii pexombinaHT-
HUX nporeiHiB momaBanu isompoimijy-f-D-tio-
rajdakromipanosun (IPTG) y xoumenrparii
1IMM. IayKITiTo eKcmpecii TpoBOAMIN TIPOTSI-

Onep:xaHHA HYKJIEOTHIHHUX IMOCIiTOBHOCTEMH, IKi KoayIoTh (hiryopeciienTHuil iporeid mCherry,
nosHOpo3MipHy (SHB-EGF) ta Bkopoueny (sHB-EGFAg, 10¢) dopvu sHB-EGF mroqunu
3a gonomoroxo IIJIP 3 Bukopucranasam cnenudgivanx nap npaiimepis

Sence sHB-EGF 5~ GGATCCATGGACTTGCAAGAGGCAGATC —3'
Sence sHB-EGF Agy_106 5~ CTGCAGTTCTCTCGGCACTGGT -3
Antisence sHB-EGF 5— CTCGAGTCAGAGGCTCAGCCCATG -3’

Sence mCherry

5'- GAAGGATCCACCATGGTGAGCAAGGG -3

Antisence mCherry

5'-CCAGACGTCTTTGTACAGCTCGTCCATGCC -3’

IIpumimka: ¥ — miAKPECIEHO CAafiTU MIeTJIEHHA eHA0HYKJIea3 PeCTPUKITi.
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rom 3 rox mpu 30 °C. [Iisa mpoBeaeHHA aHATI-
3y eKcIpecii mpoTeiHiB ToTyBajlyi PO3UUHHY
7 HePO3UMHHY (PPaKIIii 3 IOJAIBIIINM €JIEKTPO-
dopesom y ITAAT. Ilicas HampalroBaussa 2 MJI
KJITHHHOI 6ioMacu ocaaKyBau MeHTPUQPyry-
BauuAM 1pu 10 000 g. Ocajx pecycnenayBaan
y 3abydepernomy pochaTaomy posuuHi (3PP),
KOHIleHTpyIounu #oro B 20 pasiB, i 06pobisan
YIBTPa3BYKOBUM [Ie3iHTerpaTopoM. SaaUINKU
KJITHH BiZOKPEeMJIIOBAIN HeHTPU(PYTyBaAaHHAM
npu 10 000 g. CynepHaTaHT MiCTHB PO3UMHHY
dpaxkiio mporeiniB E. coli, 3okpeMa # Iijabo-
BOTO HIpOTeiHy, a ocajy — Hepos3umHHY. Kiri-
TuHHU ocan mpomuBanau 1% Triton-X100 ra
pecycuenayBanu y 3®P. Aunaiis mporeiHoBux
(paxkiit 3gificHoBaIM 3a JOIIOMOT'OIO €JIEKTPO-
dopesy B 10% JCH-ITAAT 3 BUKOPUCTAaHHAM
Tpuc-HCl 0ydepHoi cucreMu Ta AOJaBaHHAM
TpunuHey [9]. 3acTocoByBasim MapKepu MOJie-
KyJasapHoi Macu B giamasoni Big 10 o 180 k]la.
IIpobu nnsa enexkTpodopesdy roTyBasu 3 Joja-
BaHHAM Oy(depa aia 3paskis (40 mr [ICH, 0,48 T
ceuoBUHU, 50 MKJI-MepKaITOETaHOIY, 1 —2 MKJI
o6pompenos0BOTO CMHBOTO HA 1 M OydhepHOTrO
PO3UUHY), IKi IIOIepeaIHbO IIPOrPiBaIu 3a TEM-
nepatypu 70—75 °C nporsarom 20—30 xB.
BuldinenHns pexomMOiHAHMHUX NPOMeiHis
sHB-EGF, mCherry-sHB-EGF i mCherry-sH B-
EGFAg, ;06 ma ix ouuwenna. HaporieHHa KJIi-
TUHHOI 6ioMacu Ta iHAYKIIiI0 ekcrpecii IpoBo-
OIWJIN 3a ONMMCAHOI0 BUINE METOAMKOM. Ilicas
IbOT'0 KJIITHHHY 6ioMacy ocam KyBaJii IIeHTPU-
dyrysauuam apu 10 000 g, ocanm pecycneHmy-
Bagu B 5 MJ Oy(epHOTro po3UmHy, IO MiCTHUB
0,3 M NaCl, 20 mM Tris-HCI1, 1MM DTT Ta 6 M
ceuoBurU, pH 8,0. OTpuMmany KaiTuHHY 6ioMa-
cy 00po0JAIr YIBTPAa3BYKOBUM Je3iHTerparo-
poM. SaNUINKMU KJIITUH BiTOKPEeMJIIOBATIHN II€H-
Tpudyrysanuaam npu 13 000 o06/XB mpoTArom
25 xB. CynmepHaTaHT HAHOCUJIM Ha IOIEPEIHBO
BpiBHOBaskeHy KoJIOHKY 3 Ni-NTI-araposoro.
s BUKOHAHHA IPOIEAyPU PedOSIUHTY KO-
JIOHKY i3 cOpOOBaHMM IIPOTEIHOM ITPOMUBAJIN
O0y(depHUM PO3UYMHOM TOTO CAMOTO CKJIANLY, aje
3 rpagieaTom ceuoBunu (8, 6, 4, 2 ra 1 M), mo-
matroun 10 MM imigasony. Emrorito mporeiny
nposoauau 400 MM imigasoaom. 3 METOIO CTBO-
PEeHHA YMOB I (POPMYBaHHA AUCYJIb(iTHUX
3B’A3KiB [0 €JI0M0BAHOTO MPOTEiHy AomaBaau
BiTHOBJIEHUN Ta OKUCHEHUH I'JIyTATiOH y KOH-
meuTparii 6 MM i 1,2 MM BigmoBiguo. [l mo-
IaJILIITOTO BUKOPUCTAHHS ITPOTEIH miajisyBau
mpotu 3PP (0,8% NacCl, 0,25% KCl, 0,144%
Na,HPO, Ta 0,024% KH,PO,, pH 7,2). Ana-
iz mporeinoBux dpakiiit y 10% ICH-ITAAT
3iMICHIOBAJIN 34 OIIMCAHOIO BUIIlEe METOANKOIO.

Odepicanua imMyHHOI cuposamiru muuieil
npomu sHB-EGF awdunu. ImyHizaiio murei
aiuii Balb/c mpoBommiau omep:KaHUM paHille
pexombinanTHuM anajgorom sHB-EGF nognan
3 BUKOPHCTAHHAM ITOBHOTO i HEIIOBHOTO aj io-
Bauty ®@peiiaga [10].

Becmepn-oiom-anani3. IlepeHeceEHA TpO-
reiniB i3 ITAAT Ha HiTpoIe/N 003y 3ailiCHIO-
BaJIX 3a J[JOIOMOTOI0 ejexkTpobsorepa. Hir-
POIIeTI0JI03HYy MeMOpaHy IIONepeaHbO BUTPU-
MyBasu y 0y(epHOMY PO3UMHI JJIA IepeHeceH-
HA (25 MM Tris, 0,1% OCH, 20% meTmioBoro
cuupty, 192 MM ruinuHy) IpoTAroM KiJbKOX
xBuauH. [licasa nepeHeceHHA MeMOpPaHy BUTPHU-
myBaiu B 1% -My pO3umMHiI 3HEKUPEHOTO MO-
aoka B 3®P za remneparypu 37 °C yupomoB:k
1 rox. Ilicnisa mpoMmBaHHSA HiITPOIIEIIOJIO3HY
MeMOpaHy BUTPUMYBaJIU 38 THUX CAMUX YMOB
Y PO3UMHI MOJIKJOHAJIBHOI CMPOBATKM MMUIITi
B poaBeneHHi 1:400 y TBiH-hochaTHOMY Oyde-
pi (T®B), o saBaaB coborw 3PP 3 momaBan-
Ham 0,04% Tween 20. fIx BropuHHI aHTHUTiIAa
BUKODHMCTOBYBaJIY MOHOKJIOHAJBHI aHTHUTiIA
npotu Fc-¢gparmeHTiB iMyHOTI00yIiHIB MUIITi
B posBenenHi 1:10 000. IIpoaBieHHs HiTpoIle-
JIIOJIOBHOI MeMOpaHu 3IifiCHIOBAJIU IIPOTATOM
KiJTbKOX XBUJIMH Y PO3UYMHI AJiA 3a0apBiieHHd,
mo mictus 0,07% npiaminobeH3ugUHTETPATIL-
poxyopuny (JAB) ta 0,035% H,0, B 3DP.

Kongoranvna mixkpockonis. Kiituau Bupo-
myBaJyu g0 gocAarsenud 70—-90% KoH(pIOeHT-
HOT'O CTaHy, IIOTiM IlepeciBajiu Ha IIOIEPEIHBO
3HEKUPEeHi TOKPUBHI CKeJIbIA Ta KYJIbTUBYBa-
au 1ie 24 rox. Ilepen 3abapBiieHHAM KJIITHHUI
npomuBaau posurnHoMm RPMI-1640. 3pasku 3a-
b6apsaoBanu y RPMI-1640, nogatouu BigmoBi-
Hi ayopectieraTHi moxigui (mCherry-sHB-EGF
ra mCherry-sHB-EGFAg, 106) V KOHIIeHTpaIrii
10 Mxr/Ma ab0 MOHOKJIOHAJIbHI aHTUATiIA IPO-
™z penentopa EGFR (1:2 000), momepenHbo
imky6oBani 3 FITC-miuenmmMu aHTHUTiIAMUT
Kos3u mporu Fce-gparmeHTiB iMyHOrIo0yIiHiB
mutri (1:1 000), micaa mporo iHKyOyBasau mpu
37 °C mpotsarom 15 xB. Ilepen dikcairiero 3pas-
Ku aBiui mpomuBanu 3®P. Pikcariro 3paskis
mpoBoguau 5% -M mapadopMasabIeriiomM y Ha-
Tpiidocharaomy O6ydepi. ITicasa mporo 3apasku
npomvmuBanu 3PP Ta OUCTHUIBLOBAHOIO BOIOIO.
Ha kosxeH mpemapaT KJIITHH HAHOCUIU 25 MKJI
DABCO-PVA nna momanbIioro 30epesKeHHs
Ta aHawizy. l[o mpoBemeHHA KOH(MOKAILHOI
MiKpOCKOIIii 3pas3ku 30epiraju B TeMpPABi Ipu
4 °C. Koaokraiizarito (pyopeciieHTHUX MiTOK
FITC (senenuii kamaiy) Ta mCherry (uepBoumit
KaHaJI) BUSHAUAJM i3 32CTOCYBaHHAM IIPOTDAM-
Horo 3abesneuenusd Fiji (http://fiji.sc/Fiji).
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MTT-mecm. Knituau 3T3 mHapoIiysaau 1o
KOH(QJIyeHTHOTO cTaHy B 96-TyHKOBUX TIJIaH-
mrerax. Ilepen BHECEHHSAM pPeKOMOiIHaHTHUX
(GayopecHeHTHNX MOXiZHUX KJIITUHU IITPOMMU-
Basiu 3PP Ta 3amiHOBaIN Ha 6e3CHPOBATKOBE
cepemoBUINle i3 HOmaBaHHAM PEKOMOIHAHTHUX
OpOoTeiHiB y KoHIleHTpaIii 1 MKI/MJ Ta KyJb-
TUBYBAaJIU 3a CTAHAAPTHUX YMOB YIIPOIOBIK Bifl-
HOBimHUX mpPOMiKKiB wacy. [aai KyapTypaib-
He cepeIoBUIlle 3aMiHIOBAIN Ha HOBE, H04aBalu
MTT-pearent [3-(4,5-dimethylthiazolyl-2)-
2,5-diphenyltetrazolium bromide] y Bigmosiz-
Hill 10 peKOMeHaIill BUpOOHMKA KOHIIeHTPAIlil
Ta iHKyOyBaJIX IPOTATroM 4 roJ 3a CTaHJAPTHUIX
yMmoB. Ilicaa mporo cepemoBuiiie o0epekHO Bi-
oupanu, momasaau Oydep muasa aismucy (90% -i
numetuiacyabhokeuny — JIMCO, 0,1% mome-
mwicyabdar vHarpito — ICH) ta imryOyBamm
me 5 XB 3a YMOB iHTEHCHUBHOTO CTPYIIyBaHHSI.
OnTuuHe IOTJIMHAHHA PO3YMHY BUMIipIOBAIU 3a
TOBXKUHU XBUJIb 545 (Tect) 1 630 HM (KOHTPOJIb).

Pe3yabsTaTi Ta 00TOBOPEHHA

Cmeopenna eeHemMuUYHUX KOHCMPYKUiil
pET-28a(+)-mCherry-sHB-EGFipET-28a(+)-
mCherry-sHB-EGFAg, 106 Ma 00epiCAHHA KO-
Hig-npodyuenmis 8i0nosidHUX @ayopecuernm-
Hux noxiOHux. 1 CTBOpPEHHA Te€HETUUYHUX
koHCTpyKIilt pET-28a(+ )-mCherry-sHB-EGF
ta pET-28a(+)-mCherry-sHB-EGFAg,_;,s 0ys10
omep:xano IIJIP-mpoaykTu 0o6’eqHaHUX HYKJIe-
otugHUX mnociyigosHocreit mCherry-sHB-EGF
i mCherry-sHB-EGFAg; ;)6 3 BUKOPUCTaHHAM
BifmoBiAHUX Tap mpaiimepis (puc. 1, A). IMicaa
IBOr0 HYKJEOTUAHI mociimosBHocTi mCherry-
sHB-EGF i mCherry-sHB-EGFAg, ;¢ 00’€nHy-
Basiu 3a caiitamu pectpukitii BamHI ta Xhol
i3 mocJrimoBHiCTIO eKcmipecitiHoro BekTopa pET-

BamHI

mCherry

pET-28a EcoRlI

mCherry-sHB-EGFAs4-106

SHB-EGFase-106

Xhol

pET28a

mCherry-sHB-EGF IJ

28a(+). ¥V pesyabrarti 0yJ0 oep:KaHo TeHeTud-
Hi kKoHcTpykIii pET-28a(+)-mCherry-sHB-
EGF rta pET-28a(+)-mCherry-sHB-EGFAg,_ ;06
IJa momanabInol Tpauchopmarii kaitue E. coli
mramy DH10B (puc. 1, B).

Excnpecis, 6udisieHHs ma O4UWeHHs PeKOM-
oinanmnux npomeinie mCherry-sHB-EGF ma
mCherry-sHB-EGFAgy ;06 Ilicma Ttpancdop-
MyBaHHA KJituH E. coli utamy Rosetta (DES3)
TeHeTUYHUMM KOHCTpyKIiamu pET-28a(+ )-
mCherry-sHB-EGF ta pET-28a(+ )-mCherry-
SHB-EGFAg, ;0¢ cepen TpaHchopMaHTiB 0yJs0
BimiObpaHo OKpeMi KJIOHW JAJs MIPOBEAEHHS eKC-
mpecii BiImoBigHUX peKOMOiHAaHTHUX IIPOTEIHiB
Ta TOAAJBIIIOTO BECTEPH-0JIOT-aHAJII3y 3 METOIO
miaATBepAKeHHA HasIBHOCTI B JiisaTi 6axkTepiaib-
HUX KJITHUH JILOBOTO IIPOAYKTY. PesyibTaTiu
TPOBEJIEHHA BECTEPH-OJIOT-aHAII3Yy 3 BUKOPUC-
TAHHAM IIOJiKJIOHAJBbHOI CHUPOBATKU MMUIIIEH,
imynisoBanux sHB-EGF smonmau, migTsBepauim
HAsABHICTh y CKJIaAi OaKTepiaJbHUX KJIiTUH-IIPO-
OYIEHTIB I[JIbOBOTO IIPOTEIHOBOT'O IIPOAYKTY
(puc. 2).

3a panumu Jgireparypu, SHB-EGF mae ano-
MaJbHY eJIeKTPOPOPeTUUHy PYXJIUBiCTH, IO
OB’ sI3aHO 3 HAABHICTIO OararToi Ha JiBWH rema-
PUH3B’ A3yBaJbHOI HiIAHKU y cTPpyKTypi sHB-
EGF, saka 3a meliTpajabHuUX 3HaueHb pH Hece
nosuTuBHUH 3apaz [11]. PekombinanTuuil aHa-
jgor sHB-EGF nroguHmM BHACIiZOK aHOMAaJbHOL
eqekTpodopeTnUHOI pyxauBocTi MaBHa 4,5 klla
«BUIIlY MOJIEKYJIIPDHY Macy», 3a JaHUMU eJIeK-
Tpodopesdy Ta iMyHOOBJIOTUHTY, IIIO0 CTAHOBUJIA
~ 18 klla 3amicTb TeOpeTMYHO PO3PaxoOBaHOI
13,5 x/la. AHOMAIBHY €IeKTPOOPETUUHY PYX-
JIUBICTh TAKOXK MaJu (DJIyOPEeCcIeHTHI mMoXimgHi:
55 xla mpaa mCherry-sHB-EGF samicTh Teo-
peruuHo posdpaxoBanoi 50 xlla Ta 45 xlla mgia
mCherry-sHB-EGFA84,106, samicte 40 x]la.

BamH1

mCherry

= Patl

1000

sHB-EGF 500

Xhol

Puc. 1. A — cxemaTuuHe 300paKeHHA reHeTHYHNX KOHCTPYKIIiii HA OCHOBi 6aKTEepPiifHOTr0 eKCIIpeciiHoro
BekTopa pET-28a(+), uo koxyrots pexomoiHanTHI aayopecuentri moxigui sHB-EGF mrogunn:
mCherry-sHB-EGF ta mCherry-sHB-EGFAg, ¢ B — eaxexrpodoperpama IIJIP-npoaykTiB 06’€xHaHNX
HyKJIeotugHuxX nociaigosHocreii mCherry-sHB-EGF ta mCherry-sHB-EGFAg, 106:

1 — mCherry-sHB-EGFAg, 1065 M — Mapkepu foBKuHU HyKJIeoTURHUX GparmenTiB; 2 — mCherry-sHB-EGF
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Puc. 2. BecrepH-0Ji0T-aHANI3 Ji3aTiB
0aKTepiaJbHUX KJIITHH KJIOHIB-IIPOIAYIEHTIB
PeKoMOiHAHTHTHUX ()JIyOPECIHeHTHUX MOXiTHMX
mCherry-sHB-EGF ta mCherry-sHB-EGFAgy_{¢6
(meTeKIis MoIiKJIOHAJIHLHOK CUPOBATKOIO MHUIII,
imyHizoBanor pexomobinanTHuM sHB-EGF):

1 — maprepu moseryasapuol macu; 2 — mCherry-
sHB-EGFAgy 1965 3 — mCherry-sHB-EGF; 4 —

pexombinanTuuit ananor sHB-EGF monuuu

a5 momaibIIoro BUKOPHUCTAHHA PEKOMOi-
HAHTHI IPOTEIHU BUAIIAIN 3 PO3UMHHOL (hpaKILil
3a poromoroio adiraoro copoenTy Ni-NTI-arapo-
3u. [lucynbdinui 38’ a3ku y ckiaani EGF-moni6Ho-
ro gomery MonekyJ sHB-EGF ta sHB-EGFAg, 14
BITHOBJIIOBAJIN 3 BUKOPHCTAHHAM CYMIiIIi OKMC-
HEHOTr0 i BiJTHOBJIEHOTO TUIyTaTiOHY, AKY JOJaBa-
JIA IO IIpelapaTy IPOTeiHy IIiCJIA MoIIepesHbOro
erany BUALJIEHHs. YMCTOTY OTPUMAHOIO ITpera-
paTy mepeBipAan eIeKTPO(POPETUIHO.

Buxin posumHHMX pPeKOMOIHAHTHUX IIPO-
reiniB mCherry-sHB-EGF Tta mCherry-sHB-
EGFAgy 106 cTanoBuB 2,1 Mr i 3,5 Mr BigmoBinaO
y mepepaxyHKy Ha 1 j1 6aKTepiaIbHOI KYJIBTYPH.

Ilocaidncenns 0ionoziuHOl aKmMueHOCmI
odepxcanux (QaYopecyeHmHUXx NoxXiOHUX pe-
KomoOiHanmHuozo aHanoza SHB-EGF awdunu.
dayopecleHTHI MOXigHI MOKHa 3aCTOCOBYBa-
TU IJIA JOCJiMYKeHHSA 3JaTHOCTI CEeKpeTopHOI
dopmu HB-EGF nroqunau iHAyKyBaTU IpPOIlecHu
AxepHoi TpaHcaokaiiil permentopa EGFR, mpo-
meciB  BHYTPIMIHBOKJIITUHHOTO TPAHCIOPTY-
BaHHS JiraHaperentTopHoro kominiekcy sHB-
EGF/EGFR Tta poxi remapuuss’a3yBajJbHOI
IiISIHKY B MexaHidMax peaJisairii 6iosoriunoi
axktuBHOCcTi SHB-EGF. 3 ornany Ha 1me mepesi-
panu OGiogoriumy axtuBHicTb mMCherry-sHB-
EGF ta mCherry-sHB-EGFAg, 106, 30KpeMa
IXHIO 3JATHICTH cremupiuHo 3B’sI3yBATHCH i3
penentopom EGFR ma nmosepxui xiaitua A431.
Kiaituanm emimepmoizHol KapIiMHOMU JIIOOUHU
A431 excnpecyioTsb perenitop EGFR y Benukiit
KiJTBKOCTI i € KJIaCUYHOI0 MOJEJIIIO JJIS JOCJIi-
IKeHHA Oiosoriunoi maii pocTroBux (axTopis,
10 cayryioTh Jgiraggamu niasg EGFR, Tta mexa-
Hi3MiB iX ydacTi y mpoIiecax KaHIIepOTeHe3y.
Jia minTBepasKeHHS 34aTHOCTI (DIIyOpecIieHT-
Hux noxigaux mCherry-sHB-EGF ta mCherry-

sHB-EGFAg, ¢¢ cuemudiuno BaaemoxiaTm i3
pernentopom EGFR 0yji10 BUKOpPHUCTAHO MOHO-
KJIOHAJIbHI aHTHUTiJIa MUIII ITPOTHU TO3aKJIiTHH-
"oro fomeny EGFR. Ciing sasHaunTu, 1110 3TigHO
3 iHCTPYKIliel0 BUPOOHMKA 3B’ A3yYBaHHS AHTHU-
Tij i3 mosakaiTuaEuM foMmeHoM EGFR He mepe-
MIKOIKA€ TPOSBY HOro 3TaTHOCTI 3B’sS3yBaTu
MO3aKJITUHHI Jiranau. BTopuHHUMHM aHTUTI-
agamu cayrysaau miueHi FITC anturina nporu
Fc-pparmenTiB imyHoOT/I00yMiHiB Mutti. Orike,
€ MOJKJIMBICTB BidyaJridyBaTu JiiraHapernemnTop-
auii kommiexkec mCherry-sHB-EGF/EGFR a6o
mCherry-sHB-EGFAg, 19s/EGFR, akwuiit yTBO-
puBcA IIicas 3B A3yBaHHA (IYOPECIeHTHUX
noxigamx i3 pememnTopoMm. Ilicia momaBawmmusA
IO KYJbTYpPaJbHOTO CepemoBUINla AHTUTIJI Ta
dayopecrenTaux noxigaux SHB-EGF kirituanu
imkyOyBaJsiz nporsarom 15 xB ipu 37 °C 3a 5% -1
rkonneHTpanii CO, B armocdepi 3 MeTOI CTBO-
PEeHHSA CIPUATINBUX YMOB AJS dKUTTET1ATbHOC-
Ti. IIpenapaTu 11 KOH(POKaAJIbHOI MiKPOCKOITil
TOTyBaJI K onmcaHo B po3znini «Marepiamum i
MeTonM» . AHAJi3 TpemaparTiB 1aB 3MOT'y BUSIBHU-
T KoJIOKaJizariio nBox mitTok: 3esnenoi (FITC)
MiTKu perteritopa Ta uepBoHOI (mCherry)—i-
raHfia y BHYTPIIIHBOKJIITUHHUX BEe3UKYJIAP-
HUX CTPYKTypax (MKOBTHH KOJip, YTBOPEHUH
KOJIOKaJIizaIlieio 1BOX MiTOK), IO CBiAYUTH IPO
spatHicTs mCherry-sHB-EGF ta mCherry-sHB-
EGFAg,_ 106 clieriudiuHO 3B’ s13yBaTUCH i3 perer-
Topom EGFR (puc. 3). Ak mokasyioTh KOHQO-
KaJIbHi 3HIMKH, YTBOPEHU JiraHAPEI eI TOPHMI I
KOMILJIEKC MaB 3/IaTHICTb iHTepHAaJIi3yBaTUCh y
kiaitTuay. Takum uymHOM, pe3yabTaTét KOHOO-
KaJIbHOI MiKpOCKOmii BKAa3ylOTh HA HASIBHICTH
6iosIoTiUHOI aKTWBHOCTI OTPUMAHUX PEKOMOi-
HAHTHUX (DIYOPECIIeHTHUX MOXiTHUX, 30KpemMa
IXHIO 3IaTHICTE cmenu()iuHo 3B’ I3yBaTUCh i3 pe-
nentopom EGFR ta ingykyBaTu fioro mogajbIiny
imTepHaJsizaiio B KiaiTuny. Ciaig 3asgaunTu, 110
BilcyTHiCTH TemapuH3B’sA3yBaJbHOTO TOMEHY B
crnani mCherry-sHB-EGFAg,_ ;¢ He BIIuBasa
Ha 3aTHICTH (PJIyOPEeCIeHTHOr0 MOXiTHOTO B3a-
emogaisaTu 3 perteitopom EGFR.

Bigomo, mio sHB-EGF € axTuBHuUM MiTOTe-
HOM Ta X€MOATPAKTAHTOM JAJs 0araTbox TUIIiB
KaiTuH. ToMy HacTymHUM eTarioM PoboTu 0yJIio
IOCTiMKEeHHS 3JATHOCTI OIeKaHUX pPeKoMOi-
HAHTHUX (PJIYOPECIeHTHUX ITOXiTHUX CTHUMYJIIO-
BaTu IpoJtipepartito KiaiTuH. I3 miero meToro HaMmu
0yJI0 IIPOBEECHO MOCIiKEeHHs 3 BUKOPUCTAHHIM
MTT-tecry i xiaitua 3T3. 3a KyJIbTUBYBaHHSA KJIi-
TUH 70 POCTOBOTO CEPEOBUIIA JOABAJIN PEKOM-
OimauTHi QuryopecrenTHi moxigai mCherry-sHB-
EGF ta mCherry-sHB-EGFAg,_10¢ V KOHIIeHTpAIIii
1 mrr/muBignoBiguo. Pesynpratu MTT-TecTy cBin-
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mCherry-sHB-EGF FITC-EGFR

mCIlerry-sHB-EGFw_m FITC-EGFR Hakaagannn Koaoxaaisanin

Puc. 3. KoudoxraapHi 3HIMKY npenapariB KJIiTHH
A431, 3a6apBiaeHux (pIyopecueHTHUMH MOXiTHUMH
sHB-EGF:
mCherry-sHB-EGF ta mCherry-sHB-EGFAgy 196 —
yepBoHuit Kauan; FITC-EGFR — zenenuii xKanar;
HaKJaJaHHA — o00’egHaHe 300pa’KeHHSA IO 3eJie-
HOMY Ta UYEepPBOHOMY KaHaJaX; KOJIOKaIizarmida —
HaKJaJaHHA (PJIYOPECIeHTHUX MIiTOK IO 3eJI€HOMY

Ta YepBOHOMY KaHaJyax (6inuit Koip)

YaTh PO MiTOTE€HHY aKTHUBHICTH (DIyOPECIIEHTHUX
noxigaux (puc. 4). IIpore duryopeciienTHE OXimgHE
mCherry-sHB-EGFAg, 106, iMOBipHO, Mae 3HauHO
MEHIITy MiTOTeHHY aKTUBHICTh, Hizk mCherry-sHB-
EGF. MoxxHa mIpumycTuTH, 0 BiICYTHICTE rema-
pUH3B’ aA3yBaNbHOI minaHKM y ckiaani sHB-EGF
OPU3BOAUTE A0 3HUIKEHHSA HOro MiTOI€HHOTO IIO-
teumiany. Ha migcrasi manux MTT-Tecty morxHA
3pO0UTM BUCHOBOK ITPO MOJKJIMBICTH BUKOPUCTAH-
HA PEeKOMOIHAHTHUX (DJIyOPeCIeHTHUX IIOXiTHMX
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IIOJYYEHUE U XAPARTEPUCTHERA
®JJYOPECHHEHTHBIX ITPOU3BOJHBIX
PEKOMBHMHAHTHOI'O AHAJIOTA
CEKPETOPHOU ®OPMbI HB-EGF
YEJOBERA
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TemapuHCBA3BIBAIOIITUN daxTop pocra,
MONOOHBIM STHUAEPMAJILHOMY POCTOBOMY (haK-
Topy — HB-EGF (Heparin-Binding Epidermal
growth factor-like Growth Factor), orHocuTCs K
CeMeMCTBY ANUAEPMATbHBIX POCTOBBLIX (DAKTOPOB
U CUHTE3UpPyeTcsA B BuUIe MeMOpaHHO-3aAKOPEH-
HOTO TmpexiiecTBeHHUKa pro-HB-EGF. CBasniBa-
HUe cexpetopHoit dopmbl parkTopa — SHB-EGF
(soluble HB-EGF) ¢ penentropamu EGFR u HER-
4 TPUBOAUT K 00pPas3s0oBAHUIO COOTBETCTBYIOIIHX
JUTAHAPEIENITOPHBIX KOMILJIEKCOB U aKTUBAI[UU
CUTHAJbHBIX NyTell, KOTOPhble UIPAIOT BAKHYIO
POJb B peryJupoBaHumM npoaudepanuu, gudde-
PEHIIUAIINY ¥ MUTPAIINU KJIETOK.

ITenvio paboThl OBLIO MMOJYyUEeHUE PEKOMOU-
HAHTHBIX (JIYyOPECIIEHTHBIX NPOM3BONHBIX HAa
OCHOBE IIOJTHOPA3MEPHON CEeKpPeTOPHON (HOpMbI
sHB-EGF uenosexa (mCherry-sHB-EGF) u yxo-
pouenHoit Gopmbl sHB-EGFAg, 196 (mCherry-
sHB-EGFAg, 106), KOTOpPasa He cojep:rasia ObI Te-
HapUHCBA3bIBAOIIEH 001aCTH.

IToxkasana cmocoO0HOCTL 000X (JIyOPEeCIeHT-
HBIX IIPOM3BOIHBIX CIIEIIU(DUUIECKU CBA3BIBATHCS C
EGFR-pelenTopoM KJETOK U PEIleIITOPOIOCPEO-
BaHHO WHTEPHAJIU3UPOBATHLCA BHYTPH KJETKU, a
TaK’Ke YCUJINBATD IPOIU(EePAINIO KJIETOK MBIIIIN
anaun 3T3. Ilpum sTOoM OTCyTCTBUE TeIapuH-
CBSIBBIBAIOIIETO yyacTKa B CTPyKType mCherry-
sHB-EGFAg, 106 CyIIeCTBEHHO He BJIUAJIO HA €T0
CIIOCOOHOCTH CBASBIBATHCA C PEIEIITOPOM, OLHAKO
CHIKAJI0 er0 MUTOTeHHYI0O aKTUBHOCTBL IIOUTU B
nBa pasa. IlomyueHuble (IyOpecIeHTHBIE MIPO-
usBogubie SHB-EGF moryr ObITh yAOOHBIM WH-
CTPYMEHTOM [JIA UCCJAETOBAHUS MOJIEKYJIAPHBIX
MeXaHU3MOB peasn3aiuy OMOJOTUUECKON aKTUB-
Hoctu SHB-EGF u posu remapuHCBA3BIBAIOIIE
aKTUBHOCTU B IIpoleccax B3ammogeiicTsus sHB-
EGF c pemenTopoM, a TakiKe JaJbHEHIIIEro BHY-
TPUKJIETOUHOTO TPAHCIOPTUPOBAHUA JUTaHIpE-
IEeTITOPHOTO KOMILIIEKCa.

Knwouesnvte cnosa: renapuncpasbiBaoniuii EGF-
nonobHBIH (axTop pocra (HB-EGF), pemenrtop
STUIePMAIBLHOTO (PaKTOpa pocTa.

OBTAINING AND CHARACTERIZATION
OF RECOMBINANT FLUORESCENT
DERIVATIVES OF SOLUBLE HUMAN
HB-EGF

N.V. Korotkevich
A.Ju. Labyntsev
D.V. Kolibo
S.V.Komisarenko

Palladin Institute of Biochemistry
of National Academy of Sciences of Ukraine,
Kyiv

E-mail: gnr.nata@gmail.com

Heparin-binding EGF-like growth factor
(HB-EGF) belongs to the epidermal growth
factor receptor family and is synthesized as a
transmembrane precursor proHB-EGF. Binding
of sHB-EGF with receptors EGFR and HER-4
resultsin formation of ligand-receptor complexes
and activation of signaling pathways and thereby
promotes survival, proliferation and migration
of cells.

The aim of the study was to obtain the
recombinant fluorescent derivatives of full-
length soluble sHB-EGF — mCherry-sHB-EGF
and truncated sHB-EGFAg, 1¢¢ (Without heparin-
binding domain) — mCherry-sHB-EGFAg, 1¢¢-
The recombinant fluorescent derivatives may
be used to investigate the sHB-EGF binding
with receptors EGFR and HER-4, intracellular
transportation of ligand-receptor complexes and
the role of sHB-EGF heparin-binding domain in
sHB-EGF biological activity.

It was shown the ability of both fluorescent
derivatives specifically bind to EGFR, to
internalize in receptor-mediated pathway and to
enhance the proliferation of 3T3 cells. Absence
of heparin-binding domain in structure of
mCherry-sHB-EGFAg, 106 significantly did not
effect on its ability to bind with receptor, but
decreased twice its mitogenic activity. Thus,
obtained fluorescent derivatives of sHB-EGF
could be a convenient tool for investigation of
molecular mechanisms of sHB-EGF biological
activity and role of heparin-binding domain in
these processes.

Key words: heparin-binding EGF-like growth

factor (HB-EGF), epidermal growth factor
receptor.
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KOMBHUHHUPOBAHHOE JEVCTBUE
3JEKTPOMATHHUTHOTI'O N3JIYUYEHHS,
THEK-UHTEPKAJISITOPOB, Cg)-®YJIJIEPEHA
1 KO®GEUHA HA KJETKH BYKKAJIBHOTO
SIINTEJINS YEJOBEKA
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B mocnennme pecATMsieTUs 3HAUUTEJSBHO BO3POCJO KOJUUECTBO (PUBUYECKUX U XUMUUYECKUX
OMOJIOTMUECKU aKTUBHBLIX HMOBPEKIAONINX (PpakTopoB. IlyTy HeliTpaliu3anuum MX AENCTBUSA MCCJIETOBAHBI
HemocTaTouHo. B paboTe HCHONB30BAaHBI METONLI BUBYAJbHOM OIEHKU TIPaHYJIAIUNA XpOMaTHHA
U BJIEKTPOOTPUIIATENBHOCTH HANeP KJETOK OYKKaJbHOTO SIUTENUA UYeJOBeKa C I[eJbI0 U3YUeHU:d
KOMOMHUPOBAHHOTO BJINAHUA HUBKOUHTEHCUBHOTO JJIEKTPOMATHUTHOTO HBJIYyUYEHUA MUJJIUMETPOBOTO
nuanaszona m [ITHK-uHTepKamIATOPOB: aHTUOMOTHKA JOKCOPYOUIIMHA, MYyTareHOoB OPOMMCTOTO STUAUSI
u npodJiaBuHa, a Takke Kodenra u Cgo-pyinepena, HemocpeAcTBeHHO He B3auMmojeticTByromux ¢ [JTHE.
IIpu geficTBUM 9JIEKTPOMArHUTHOTO u3JaydeHud ¢ ucciaenyembiMu [IHK-cBaA3bIBarOmmMuca BeliecTBaMU
o0HapysKeH CUHEepPTreTUYecKuil s(P@eKT, BsarJIUaAONUiicd B YMEHBIIEHUU KJIETOYHOIO OTBETa,
00yCJIOBJIEHHOTO JJIEKTPOMArHUTHBLIM W3JIyUYeHUEM U Ipenaparamu. Bo BpemMa 00JyUeHUA KJIETOK
B mpucyrcTBuu Cgo-dynnepeHa mam KodewmHa HAOIOLAJM IPOTEKTOPHBIH 5(P@(eKT 9THX BeIecTB
OTHOCUTEJIBbHO JJIEKTPOMATHUTHOTO M3JydeHUs. [lolyueHHBbIE Pe3yJabTaThl SABJISIOTCA OCHOBAHUEM MJIA

ucnonb3oBanua Cgo-pynrepena u kKodeuHa

QJIEKTPOMAaAriuTHOI'O U3JIyUYeHUA.

kKauectBe JHK-nmporekTOpOoB mnpu melicTBUHU

Kniwouesvte cnosa: [HE-unTepranaropsl, Cgo-hyiaepeH, sieKTPOMariuTHOe N3JIyUeHNe,

OYKKaJbHBIA SIIUTEJINI YeJOBEeKa.

Wzyuenme cOBMEeCTHOTO AEHCTBUSA BJIEKTPO-
MarHuTHOTO u3aydeHus (OMU) MUKPOBOJIHO-
BOTO AWAalia3oHa W OMOJIOTMYECKW aKTUBHBIX
coequnenuii (BAC) Ha KMBOIi OpraHuU3M IIpeJ-
CTaBJIAeT OOJBIION WHTEpPec, O0YCJIOBJIEHHBIN
MEPCIEKTUBOM MCIOJIL30BAHUSA KOMOMHUPO-
BaHHOTO BO3JIEMICTBUSA JIEKAPCTBEHHBIX IIpeIa-
patoB u OMU B Tepanum pasIUUYHBIX 3a00Je-
BaHuii. CyIIecTBYIOT OCHOBAHUA I10JAaraTh, YTO
TMepBUYHONM MUIIIEHBbIO AelicTBus caaboro IMU
MUKPOBOJIHOBOTO JHAIla30HA Ha KJETOYHOM
YPOBHE fABJIAeTCA ANepHBI xpomaTtuH [1, 2].
BsaumogeiicrBue OMU ¢ XxpoMaTUHOM MOXKET
U3MEHATH CTeNeHb 3JeKTPOCTATUUECKUX B3am-
mozeticTBuit [[HK—nporenH u BLI3BIBATH U3Me-
HeHre (PYHKIIMOHAJIBLHOTO COCTOSHUA KJETOK,
IposABJIAOIIeecd B pa3HOO0OPa3HBIX KJIETOUHBIX
a(derTax, perUCTPUPYEMBIX PA3JIMUHBIMU Me-
Togamu [3—6]. YuuTbiBad 3TO, 0c000E BHUMA-
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HUe CJIeAyeT YAeIUTh KOMOMHNPOBAHHOMY B3a-
umMogecTeruio caaboro OMU MUKPOBOJIHOBOTIO
Ivamna3oHa C COeIUHEHUSAMU, MEeXaHU3M Iei-
CTBUA KOTOPHIX OOYCJIOBJIEH HEKOBAJEHTHBIM
KoMmILmekcooOpasopanuem c¢ anepuoun JTHEK.
HawubGosee pacmpoctpaneHHoi rpymnmoin BAC,
IefCTBYIOIIUX II0 9TOMY MeXaHU3MY, SBJISIOT-
ca apomatuueckue JIHK-umTepramarops: [7,
8]. B cBsA3U ¢ a3TUM B paboTe N3yUeHbI TUITUYHBIE
u JHEK-ceaswiBawmueca BAC: mpormBoomry-
X0JIeBBII aHTHOMOTHUK mokcopybournua (DOX)
u apoMmatuueckue mytarensl npodiasuH (PF)
u opomucTslit aTuguii (EB).

Braax OMU B nmoBpesxaenue JHK, uagymm-
poBamHoro DOX, 1 KMHETUKY €e BOCCTAHOBJIE-
HUS ObLT paccMOTpeH B pabore [9]. PesyabraTs:
uccaeoBaHus in vitro Ha B-mumdobaacTous-
HBIX KJIETKAX 4ejIoBeKa moxkasauau, uro OMMU ua
yactore 1,8 I'T't HemmocpeCcTBEHHO He BLI3LIBA-
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J0 moBpe:xkaenua [JTHK, Ho Morjio B HEKOTOPOIt
CTeleHU BJUATH HA MPOIECCHI pelmapaiuu ee
moBpeXkIeHunii, BoidBanubix DOX. OgHako mpu
HWCCJIEJOBAHUY BO3MOYKHOTO B3auMMOIeiCTBUSA
IMU munnumerpoBoro nuana3dona ¢ DOX B pa-
6ote [10] momo6HOTrO 3hdheKTa 00HAPYIKEHO HE
ob110. TakKe He BBISBJIEH CUHEPTIU3M BO B3aM-
MHOM [eHCTBUU MUKPOBOJHOBOTO UBJIYUEHUSA
(2,45 TTu) u apomarumueckoro myrareHa PF
B CepuUM SKCIEPUMEHTOB Ha JIeHKeMHUECKUX
KJeTKax Mbliei [11].

B pa6ore [12] ucciegoBad KOMOMHUPOBAH-
bl addexT EB (1 Mr/Mi) 1 MUKDPOBOJIHOBOTO
UBJIyUYeHUs KPYTOBOH MOJAPU3alUU Ha XpoMa-
TUH KJIETOUYHBIX saep. IIpu obayuernunu 6e3 EB
JIEBOTIOJIAPU30BAHHOE W3JyUeHUe ITPUBOIUIIO
K M3MEeHeHUAM B KOH(MOpMAIIUM XPOMaTUHA
E. coli, B TO BpeMA KaK IIPaBOMOJIAPUB0BAHHOE
U3JyyeHUWe He BBI3BIBAIO0 HUKAKUX BUIUMBIX
usmenenuii. Tak, mpu nHKyOaruu Kjaetok ¢ EB
npaBomnoaapusoBanHoe OMU cranoBuioch 60-
Jee 3pPeKTUBHBIM, YEM JIEBOIOJIAPU30BAHHOE.

CyiecTByoOIIie HEMHOTOUNCJIEHHBIE JaH-
Hble O KOMOWHWPOBAHHOM B3aWMMOAEHCTBUUN
BAC u OSOMU nporuBopeunBbl. HabarogaeMblit
a(d(deKT MoKeT 3aBUCETh KaK OT BbIOOPA 00HEK-
Ta UCCJEOBaHUSA, TAK U OT ITapaMeTPOB 00JIy-
yenus OMU, uTo 3aTpyAHAET BLISIBICHNIE MeXa-
HI3Ma B3aMOJEeNCTBUA.

B pabGore wmcciegoBaHo KOMOMHHPOBAH-
HOe gericTBue ciaboro OMU MuaiuMeTpoBOro
IrarasoHa W IIPernapaToB, CBABBIBAIOIIUXC C
IHK — DOX, EB u PF, Ha KJIeTKu OyKKaJb-
HOTO BIIUTEIUS YeJ0oBeKa. PagMep 3TUX KJIETOK
IIO3BOJIAET HAOJIOJATH CTPYKTYDPHBIE H3MeEHe-
HUSA XpOMAaTHHA B AAPE U COCTOAHIE MeMOpPaHBI
IIPU IIOMOIIY ONTHUYECKOTO MUKPOCKOIIA C MU-
HUMAaJbHBIM BO3AEHCTBUEM HaA UCCIEIYeMYIO
CUCTEMY ¥ XOPOIIIel BOCIPOU3BOAMMOCTBHIO pe-
syabTaToB [6, 13]. B KauecTBe TecT-cuUCTEMBI
U3yUYeHbl COeIMHEHUs, He OKa3bIBAOIIMe Jeii-
crBus HemocpexacTBenno Ha [THK, — Kopeun
(CAF) u Cgy-(pynepeH.

Ma’repnanm " MeTOabI

dnumeauanvivie kKaemrku. KiaeTku OyK-
KaJbHOTO SIUTENUA OBbLIM COOpPaHbl y Tpex
B3POCJIBIX JJOHOPOB TYIIBIM CTEPUIBHBIM IIIIIATE-
JieM W OCasKIaJINCh IeHTPpuGyrupoBanueM Ipu
3000 06/MuH B TeueHnue 2 MUH B pochaTHOM OY-
depe caenyroiiero cocrara: 3,03 MM ¢ocdar-
HBIN Oydep, pH 7,0, ¢ no6aBaenuem 2,89 MM
XJIOPUAA KaJbIluA. 3aTeM HaJ0CAA0K yIAJIIIn
u poBomuau o6beM (ochaTHBIM OydepoM I0
1 mu. ITpoMBIBKY IIpOBOAMIN 3 pasa, II0ocje

Yero CyCHeH3UIO0 KJIETOK pasbaBiasaiau Oydep-
HBIM DPACTBOPOM U PACIIPENesaau 0 IPooUp-
kaM mo 5-10%-1-10° kierox B KaskAyio. B Te-
YyeHHMe BCEero BPeMEeHU 9KCIePUMEHTa yV KJIEeTOK
He HaOJI0JaI0Ch BUAMMbBIX U3MEHEHUHN CTPYK-
TYpBI AApa W KJIETOUYHOM MeMOpaHbI, a TaKiKe
moKasaTejeil 3JeKTPOOTPUIATENLHOCTH KJie-
TOUHBIX fAJeP U COCTOAHUS XpoMaTuHaA. 3a00D
KJIeTOK IIPOBOAUJIMN Yy ABYX JOHOPOB KEHCKO-
ro moja: gqoHopel A — 24 roga u B — 20 ier,
U OJHOTO AOHOPA MYJKCKOTO moJja: goHop C —
21 rox. Bce moHOpPBI OBIIM TPAKTHUYECKU 310-
POBBI, He KypsAIliue.

OuenKka KouYeCcmea 2paAryL 2emepoxpoma-
muna (KI'T ). NcciemoBaHUs mpoIlecca reTepo-
XPOMaATUHUBAIUN TaeT BO3MOYKHOCTb OII€HUTH
usMeHeHnAa (HYHKIIMOHAIBHON aKTHUBHOCTU
kJgerounoro sapa [14]. Omenxky KIT ocyie-
CTBJIAJIU C TIOMOIIBIO METOZAa, IIOAPOOHO OIH-
canHoro B pabore [6]. O6GiydueHHBbIe KJIETKU U
KOHTPOJIBbHBII 00paselr ObLIN OKpaIlineHsb! 2% -M
pactBopoM opcerHa B 45% -ii yKCycHOII Kuc-
Jgore. flnpa KJIeTOK BU3yaJIbHO M3ydasid II0]
mukpockonom MICROmed XS-3330 mpu yBe-
auuenuu 1000. B xaxxaom oopasie KI'T 6bL10
onpeneseno 1 30 cayuaiiHO BEIOPAHHBIX KJIe-
TOK [6].

Ouenky aaexkmpoompuyamenvbHocmu soep
(904, % ) IpOBOAUIN IO METOLY, IPEIJIOMKEH-
Homy B [15]. KiaeTKu OYKKaJIbHOTO SIIUTEINSA
TIoMeIIaI’ B KaMepy AJs MUKPOoaieKTpodopesa
MeXKY ABYMS IIOKPOBHBIMHY cTeKJIaMu. Kamepy
3amosHAIN hochaTHBIM Oy(epoM 1 IoMeIaan
mox MuUKpockon. McciaemoBaHus BBIIIOJIHSIN
pu HanpsKeHHocTu moad 10—-12 B/cwm, anek-
Tpuueckom Toke 0,2—0,4 MA 1 puKCUPOBAHHON
yactore 0,1 I't. Ha mpoTssKeHnn sKCIIepuMeH-
Ta (Ha TUKaxX HANPAKEeHHOCTH) IIPOU3BOIUIN
CHUMKU oOpa3siia. apa B KJIeTKax 0yKKaJIbHO-
r'0 SIIUTENUS B JaHHBIX YCIOBUAX DKCIEPUMEH-
Ta JU00 TPOSABJIANN OTPUIATEIBHBIN 3apan,
Jau00 He CMeNlaJUCh B 3JIEKTPUUYECKOM II0Jie,
T. e. He uMeau 3apsana. Ilokasaremem 0 cay-
JKIJI TIPOIEHT KJIETOUHBIX SIeP, CMEeIaoInX-
csI B CTOPOHY aHO0/a, T. €. HECYIIIUX OTPUILATeb-
HBIN 3apazn. [ia Kammoro oopasiia ITPOBOAUIN
3 usmepenua 0 mo 100 axep B Kazkaom, a
3aTeM PaCCUUTHIBAJIN €T0 CPEeIHIOI0 BeJTUUNHY.

Bewecmsa.PactBop noxkcopyouiuaa(Doxo-
rubicin Teva, Hugepiauael) mpu KOHIEHTPA-
muu 2 mr/mi (3,448:1073 moub/a) modydanu
IIyTeM pacTBOpeHus TouHou HaBecku (10 mr)
BeIecTsa B 5 MJI OydepHOro pacTBopa. 3aTeM
0,058 mu sToro pacreopa pasbasuau 0,942 ma
docharHoro Oy(PepHOro pacTBopa OO KOHIIEH-
rpanuu 2:10* mous /1.
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PacTBop 6pomucToro sTunusa (Sigma, CIITA)
KoHIeHTpanueir 1:10°% Moib/J GBLI IOIyUeH
pactBopenueM 1,97 M HaBeCK! BeIleCcTBa B 5 MJI
docharuoro 6ydepa. Hamee 0,4 MJI MCXOITHOTO
pactBopa pasbasuau 0,6 ma 6ydepa 10 KOHIIEH-
rpanuu 4107 monn /1.

PacrBop mpodsasuna (Sigma, CIITA) xoH-
menTpanueir 1-107% Mmousb/a mosyumianm, pa-
crBopuB 1,05 Mr HaBecKM BeIllecTBa B 5 MJ
docparuaoro o6ydepa. 3arem 0,4 MJI UCXOTHOTO
pactBopa pasbaBisaau 0,6 mu 6ydepa 10 KOH-
menTpanuu 4:1074 MOJIB/JI.

Bomuniii pactBOop HeMOAUPUIIMPOBAHHO-
ro Cgo-ynmepeHa OBLT IIPUTOTOBJIEH COTJIAC-
HO MeTonuKe [16, 17]. HachIlieHHBIA pacTBOD
Cgo-dynnepena (umcrora 99,5%) B Toayosie
CMEIIIMBAJIN C TAKUM K€ KOJUYECTBOM [HC-
TUJIIUPOBAaHHOUN Boabkl. Ha mosmyueHHYIO NBYX-
dasHyio cucTeMy BO3IeHCTBOBAJIN YJIbTPA3BY-
KOM [0 IIOJTHOTO HcIapeHus ToJuayoja. [Hanee
pacTBOp (GUILTPOBAIU i yAaJleHWs Hepa-
crBopeHHOT0 Cg4o-dyiiiepena. Takum obpasom
TOJYUYUJIN CTAOMJIbHBIA KOJIJIOUTHBIA BOMHBIN
pactBop Cgp-yiepeHa IpU KOHIEHTPAIIUU
0,1 mr/m (1,39-10* mons /).

PactBop Kodenna (Sigma, CIITA) koHITeHTpAa-
rueit 1:1072 MouIb/J1 GBI TIOJIYYeH IIyTeM PACTBO-
peuus 9,71 Mr HaBecKu BellecTsa B 5 MJ Oydepa.

Memod onpedenenus morxcuiHocmu BAC.
K 0,5 ma KiaeTouHOH cycmeH3uu 40OOABJISIN
0,5 M pacTBOpa npenapaTos B (pochaTHOM OY-
(depe. B Tabsuiie npeacTaBieHa KOHIIEHTPAIAS
HCIIOJIb3YEeMbIX PACTBOPOB.

KoHueHnTpanus pacTBOpos
OMOJOTNYEeCKH AKTUBHBIX COeTUHEeHHNI

IIpenapar Konuenrpamus,
MOJIb/JI
Hoxcopyounuu (DOX) 51076
Bpomucrerit satuguii (EB) 1-107°
Ipodaasus (PF) 1-107°
Cgo-DyLrepen 6,65-107°
Kogeun (CAF) 4,75:1073

Knerkn OyKKaJbHOTO SIUTENMNS UYeJOoBeKa
nHKyOuposau ¢ pactBopamu BAC B pochaTHOM
oy(depe B reuernnre 10 MIH IIP1 KOMHATHO TeMIIe-
parype. 11 KasKI0ro BelrecTBa ObLIN IPUTOTOB-
JieHbI 2 00pasIia, OAUH 13 KOTOPHIX ITOABEPTAJICS
00ryueHMIO B mIporiecce BosaeiicTBuss BAC.

Hemounur usayuenus. Knerku obayuanu
IOMMU nHa yacToTe 6ecupoBogHOM cBA3u WiMAX
3,7 ITu. Becuposoguasa cetrs WiMAX mpeno-
CTaBJISIET CBSA3b HA OOJBINTNX PACCTOSIHUAX U B
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HacTosIee BpeMs aKTHUBHO pasBuBaercs. [[isa
re"Hepuposauus OMU c¢ yacroroii 3,7 I'T'1r ipu-
MEHSJIA YCTAHOBKY, CXeMa W HPUHITUI JeiiCT-
BUS KOTOPOI IOApo0OHO onrcanbl B padore [18].
O6paserr o6ayuanu B reuenue 10 MuH B IpoOup-
kax Eppendorf (1,5 M) npu 3HaUYeHUN IIJIOTHO-
CTH IOTOKA MOILHOCTH, paBHO# 40 MxBT/cm?.
Panee Ha KyIeTKaxX OYKKaAJIBLHOTO BITUTEIUS OBLIIO
IIOKAa3aHO, YTO IIPU ATOU MOIITHOCTHU M BPEMEHU
SKCITOBUITNY HAOJIIOMAeTCS CTATUCTUUYECKHU 3HA-
ynmoe yBeamuenne KIT oTHOCHUTENIBHO KOH-
TPOJILHOTO HeobJryueHHOTo oopasiia [18].
Cmamucmuyeckas obpabomka OaHHbLX.
PacueTsl cpegHuxX 3HaUeHUN U CTAHIAPTHBIX
oI6OK CpefHero MPOM3BOAMIN B IpPOTpaMMe
Microsoft Office Excel u SigmaPlot. [TocToBep-
HOCTh Pas3MUUUN MeXKAY CPeIHUMU 3HAUEHU-
MU TOJYUEHHBIX ITOKasaTesiel U KOHTPOJIEeM
OIIEHUBAJIY C TIOMOIIbIO t-KpuTepud CThIOfEHTA.

Pe3yasTaThl 1 00CysKIeHHE

Bausnue OMHU munaumempogozo duana-
30HA HA XpOMAMUH U A0pa KJlemoK OYKKQJlb-
HOo20 anumenus 4Yesaoeéerxa. Pamee B paMKax
usyuenusa BauaHusa OMU ¢ pasiuUYHBIMHU Xa-
PaKTEepUCTUKAMU Ha KJEeTKH OYKKaJIbHOTO
SIUTEJNUS YeJIOBeKa ObLI ONyOJMKOBAH DAL
HCCJIeIOBAHUI, Pe3yIbTAThI KOTOPHIX ITO3BOJIU-
JIV BBIABUTH OTBET KJieToK Ha OMU [6, 18—23].
B uwacTHOCTH, O0HADPYKEHO, UTO MUKPOBOJIHO-
BOE M3JIyUeHUe MOJKET BbISbIBATh IIePeXOIbl U3
9yXpOMaTUHA B T€TEPOXPOMATHUH, T. €. IIPUBO-
muTh K yBenunuenuio KI'T B aapax KJIeToOK deJio-
Beka[6, 18, 21-23]. Kpome Toro, ycTaHOBIEHO,
YTO 9TO SABJEHUE CBA3AHO C BUJOM IIOJAPU3A-
IUY BJIEKTPOMArHMTHON BOJHEI [6] u 3aBuCUT
ot motrtHocTH [ 18] 1 Bpemenu skcmosutiuu [ 19].
BrisiBsieHO TakKiKe, UTO [JeiiCTBUE dJIEKTPUUEC-
KOTO TOJIA Ha XPOMATHH BBIPA’KEHO CUJIBLHEE,
yem MmarguTHoro [20]. Ilo pesysabraTam wuc-
cJIeJOBaHUWM BBIABUHYTA TUIIOTE3a O TOM, UTO
U3MEHEeHUA CTPYKTYPhl XpoMaTHHa (IIPoIecc
reTepoXPOMATUHU3AIUN) MOTYT OBITH CBA3aHBI
C BJIEKTPOCTATUYECKUMU WHIYIMPOBAHHBIMU
9MMU BzaumopeiicTBuamu mexay [ITHK u mpo-
TenHamu B anpe. Ciaenyer TakiKe YIIOMAHYTH 00
SJIEKTPOKMHETUYECKUX CBOUCTBAaX KJIETOUHBIX
silep, TeCHO CBSIBAHHBIX C IIPOIleCCAMU PeryJis-
MY aKTUBHOCTH KJeTOoK. Mzamenenue 0 Kiie-
TOK OYKKaJILHOTO SIIUTEJINS YeJOBeKa IO BO3-
neticrBuem OMMU BriaABIeHO B paborax [22—25].
Tax ke OBLIO IPOJEMOHCTPHUPOBAHO, UTO cj1aboe
IOMU MuiImMeTpoBOTO AMana3oHa IPUBOAMIIO
K YBEJIMUEHMIO IIPOHUIIAEMOCTH MeMOpaH KJe-
TOK OYKKaJBHHOTO SIUTEIUS OJA BUTAIBHBIX
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KpacuTesjgeli MHIUTOKAPMHUHA ¥ TPUIIAHOBOTO
cunero [23, 24, 26, 27]. OgHako m3MeHeHUA
MIPOHUIIAEMOCTH KJIETOUHBIX MeMOpaH BbIpa-
JKeHO MeHee MHTeHcuBHO, ueM KI'T, uro moxxer
YKa3bIBaTh Ha 0OJIBIIIYIO UyBCTBUTEIHLHOCTD XPO-
matrHa K OMU B MUJIJINMETPOBOM AUAIIa30He.

B pabore B KauecTBe IIpeaBapuUTeILHOTO
aTara n3ydvyeHusd KOMOMHUPOBAHHOIO AefiCTBUA
OMMU u BAC uccrnemosano Bausuue OMU Ha
yactore 3,7 I'T npu 10-MUHYTHOHN SKCIO3U-
MUY Ha TPAHYJISAIINIO XPOMaTHHA U U3MeHeHUe
A0S kaeToKk OYKKAJIBHOTO SIIUTEJINS YeJIOBEKA.
PesyabraThl peacTaBieHbl Ha puc. 1. VI3 Hux
cJIefyeT, UTO MJIs BCeX JOHOPOB IIPU BO3IEHMCT-
Buu OMMU HabsomaeTcsa 3HAYUTEIbHOE YBEJIH-
yenue KI'T orHOCUTEIFHO KOHTPOJA. IIpu aTom
y moHopa A o0Hapy:keHa HanOOJIbIIIas YYBCTBU-
TeJIbHOCTB K JericTBuio OMU. B To :xe Bpems 1Jis
BCEeX TOHOPOB IIPU JAHHBIX YCJIOBUAX 00TyIeHUA
HabJrrogaI0ch cHmkeHre Beanuruabl DO, ITono-
OHasA KOPPENAIUI MEXIY dJIEKTPOOTPUIIATEIh-
HOCTBIO KJIETOUHOTO SIpa U COCTOTHUEM XpOoMa-
TrHa ObLJIa ycTaHOBJIeHA paHee [ 28] u ykasbIBaeT
Ha eqIUHOOOPA3HBIN XapaKTep IIPOABJIEHUSI Me-
xaHuaMa gerictBusa OMU Ha QyHKIMOHAILHOE
cocTosiHUE AApa. BoIe ObLIO YIOMAHYTO, YTO U
TPaHyJIANNUS TeTEPOXPOMATHHA, U YMEHbIIIeHNE
nokasarena IO cBumeTe bCTBYIOT 00 YMEHB-
IIeHNYW aKTUBHOCTU KJIeToK. CilelyeT OTMeTUTD,
yro mokasareab IO, coriacuHo pesyJbTaTam
TaHHOI pPaboThI, OKA3aJICsa MeHee UYBCTBUTEIb-
HBIM K Bo3neicrsuio OMU, yem KI'T.
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Puc. 1. UsmeHeHNEe KOJIMYECTBA TPAHY T
reTepoXpoMaTHHA U HIIEKTPOOTPHUIIATEILHOCTH SIIEP
B KJIETKaX OYKKAJbHOTO IIUTEIN YeJI0BeKa IO/
BO3€IICTBUEM 3JIeKTPOMATHUTHOTO U3IyIeHM I,
3mech u gajiee npuBeaeHbl 3HaueHus M £ m;
* — P < 0,05 mo cpaBHEHUIO C KOHTPOJIEM

Taxkum o0pasoM, Ha KJIeTKax OYKKaJIbHOTO
SIUTEJUS UeJioBeKa HaOJroJaeTcAd BBIPAKEH-
HBIA 3(h(PEeKT BO3AEUCTBUA HUIKOMHTEHCUBHO-
ro OMU Ha XpoMaTHUH U 3JIEKTPOKUHETUYECKIIE
CBOVICTBA KJIETOUHBIX SAJepP, XOPOIIO COoTJia-
CYIOIIUUCA ¢ pes3yjabTaTaMU IPEeABIAYIIIUX WC-
cJeMOBaHUM, ONMCAHHBIX BBIIIE, U KOCBEHHO
TOATBEPIKIAIOINIUNA TUIIOTE3Y, YTO KJIETOUHBIHN
XpoMaTuH u, B uactHoctu, [JTHK moryT urparts
pOJIb IEPBUYHBIX perenTopoB OMU mMuamimme-
TPOBOTO AUAIIa30Ha.

Bausnue BAC Ha xpomamuHt u20pa Kaemok
OYKKQJbHO020 Inumeaus veso6exa. PesyabraTsl
9KCIEepPUMEHTa II0 BO3MEMCTBUIO aHTHOMOTHKA
DOX u myrarernos EB u PF na xpomatus u 9051
OYKKaJIbHOTO SJIUTEJUSA UeJioBeKa IIPeCTaB-
JeHbl Ha puc. 2. IdpdexT ucciaengyemorx BAC
ABJSAETCA MONOOHBIM IJs BCEX TOHODPOB U Be-
I1ecTB 1 npodABJsercs B yBeaunuenuu KI'T orHo-
cuTeJbHO KOHTpOJdA. Tak ke, Kak u a1 OMU,
HaOJomaeTcs yMeHbIeHnne mokasareas 0,
Koppeaupyoiiee ¢ KI'T, ogHAKO B HEKOTOPBIX
cayuaax usmenenus J0§, coramacHo t-recry, He
ABJSAIOTCS CTAaTUCTUUECKU 3HAUUMBIMU. Kak u
B IIPeAbIAyIeM sKciepuMenTe ¢ IMU, moxkasa-
Teab IO menee uyBcTBUTENEeH, yeM KI'T.

s [JOMOJHUTENIBHOTO MOATBEPIKICHUA
Toro (hakTa, UYTO HCCIeAyeMble IIperapaThl
DOX/EB/PF mpu BBeJeHUU B KJIETOUHYIO CY-
CII€H3UIO IeHCTBYIOT HEIIOCPEICTBEHHO HA YPOB-
He xpomaTtuHa (T. e. uHTepKasupyor B [[HK),
a He KOCBEHHO, B YACTHOCTHU BO3J€HCTBUEM Ha
Ipyrue KJIeTOUYHBbIe KOMIIOHEHTHI, OBLI IIPOBe-
IeH monoOHbIN sKcrmepuMeHT ¢ Cgo-Qyimepe-
HoMm u CAF, KoTopsie He Bo3zeticTByoT Ha [[THK
u in vitro okassrBatoT Ha JJHK summs kocBeEHOE
BIAUSHUE IIyTEM KOMILJIEKCO00pa3oBaHUA C APY-
rumu BAC [29-32]. PesysnbTaTe! 9TOr0 sKcIie-
puMeHTa IIPeICTaBJIeHbI Ha PUC. 3.

Hna raKmgoro moHopa, COrJacHo t-tecty,
He OBLJIO0 BBIABJIEHO CTATUCTUYECKYU 3HAUMMOTO
nsmenenus KI'T npu gobaBienuu B Ouocucre-
my Cgo-bynunepena u CAF. Usmenenua 0,
Habaogaembie y noHopoB B u C, Tak:ke BecbMa
He3HAUYUTEeJbHBI II0 CPABHEHUIO C U3MEHEHUEM
maHHOro mapamerpa mopx gelicrBuem IHK-umm-
TepKaIATOpoB. Takum oO0pasoM, IOJIyUeHHBIE
MaHHble KOCBEHHO yKa3bIBAIOT HA OTCYTCTBUE
BeaumogeiicTBusa Cgo-dbynnepena u CAF ¢ xpo-
MAaTHUHOM U SAPOM KJIETOK OYKKAJhHOI'O BIIU-
TeJNA YeJOoBeKa. ITOT Pe3yJIbTaT COTJIACyeTCs
C pacIpocTpaHEeHHBIM MHEHHEM O HeTOKCUYHO-
ctu unctoro Cgy-dynneperna u CAF mo orHoIe-
HUIO K KJIETOUHBIM opranesiam [33, 34]. ITpu-
HUMas BO BHUMaHUe M3MEHEHUS B CTPYKTYpe
XpoMaTHUHA W 3JEKTPOOTPUIIATETHHOCTU SAIEP
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Puc. 3. IsMeHeHNEe KOJIUYECTBA TPAHY T
TeTepoXpoMaTHHA U 3JTEKTPOOTPUIATEIHHOCTHU
Amep B KIETKaX OYKKAJbHOIO SMMUTENN YeJIOBeKa
nox Bo3aeiicreueM Cqo-(hynnepena u CAF

nox BosneiicteBuem DOX/EB/PF (puc. 2), Mmok-
HO TPEAII0JIOKUTE, uTo uccaenyemble [[THK-mH-
TEePKAJIATOPHI IIPHU BBEIEHUUN B KJIETOUHYIO CY-
CIIeH3UIO IeHICTBYIOT HerocpeacTeenuo Ha [THEK,
upu aToM Cgo-dbyiieper u CAF He oKa3bIBAIOT
Ha [JTHK BuagmMOro mpsaMoro BO3AeMcTBUA.
ITonyuenHnbie pe3yJbTaThbl COOTBETCTBYIOT
ceegenusam o JJTHK-moBpe:xkgatolinem geficTBUn
WCIIOJIb3yeMbIX B gAaHHOU padore [[HK-uuTep-
KaJaAaTopoB. B wacTHOCTHU, M3BeCTHO, uTo DOX
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BBIBBLIBAET XPOMOCOMHBIE abepparuu B JIEHKO-
muTax 4yeyioBeka [35], B coMaTUUYECKUX U Tep-
MUHAJBHBIX KJeTKax Mblmiei [36], a Takke
IIPUBOAUT K AaIlOITO3y IIOCPENCTBOM OKCHUIA-
TuBHOTO moBpekaeHus [37]. Ilox meiicTBuem
EB mabsiomananch KOHIeHCAIlMA XpoMaTHHAa B
aumdonuTax yesoBera [38] u mosoKuTeIbHAS
cynepcunupanusanusa [JTHK B xaerkax E. coli
[12]. PF BbI3BIBaeT MyTaluu IO TUIIY CABUTa
paMKu; B BUpycaxX, bakTepuodarax u 6aKTepu-
AX, a TaKyKe ONpuBOAUT K moBpekaenuio [[HK
B KJIeTKaX MJyeKonuraionux [39].

HetictBie OMU MUJIIXMETPOBOTO Aualia-
30Ha U wHcciaenyeMblx apomatudeckux BAC,
B COOTBETCTBUU C TIOJYYEHHBIMH pe3yJbTa-
TaMHU, MMeeT OJHOHAIIPAaBJIEHHBIN XapakTep,
MIPOSABJIAIOININICA B YBeJINUEHN N UYKCJIA TPAHYI
reTepoOXpoOMaTUHA U YMEHBIIIEHUU BJIEKTPO-
OTPUIIATEIBHOCTH KJIETOUHBLIX S/IeP; 9TO OaeT
OCHOBAHUA TIPEATONOKUTh, UYTO IEPBUUYHON
MUIIIEHbI0 VKAa3aHHBIX BOBIEHCTBUII MOMKET
oviTe [JTHK, uro cormacyerca c [1, 3—5, 7, 8,
12]. ITpu sTom, B oTsinume oT OMU, mexaHu3M
B3ammogelictBuda npenapatos DOX, EB u PF ¢
JOHEK msyuen nocraTouro moaHo [40].

Komobunuposarnoe sarusanue SIMHU u BAC na
XpomMamuH u A0pa KJiemok 0YyKKaIbH020 Inume-
aus yenoseka. Ha puc. 4 mpecTaBiieHbI Pe3yJib-
TaThl KOMOMHMPOBAHHOT'O BJIUSHUS HUBKOUH-
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Puc. 4. IsMeHeHNEe KOJMYECTBA TPaHyJI reTePOXPOMATHHA U 3JI€KTPOOTPUIIATEIFHOCTH S/IeP B KIeTKaX
OYKKAJBHOTO IIUTEIHUS YeJIOBeKa IIPU KOMOMHUPOBAHHOM Bo3aeiicTBMU BAC U 3/1eKTPOMarHuTHOTO U3JIyYeHU .
3aech u Ha puc. b * — P < 0,05 1mo cpaBHEHHIO ¢ 00/IyUYeHHBIM 00pa3Iiom

TeHcuBHOr0 OMU MUIIMMETPOBOro AMalas3oHa
u apomatuueckux BAC, 13 KOTOPBIX CJIEAYeT O/I-
HOTHITHOE )15 BceX NJoHOpoB cHu:keHne KI'T npu
00JIyUeHHNH B ciIydyae Jo0aBJIeHU IIperapara. 3a
UCKJIIOUeHEeM PeaKIIuU KJIEeTOK AoHopa A B pa-
crBope ¢ DOX, 3rauernus KI'T npu coBmecTHOM
BosgerictBun OMU u BAC Tak:ke 3HAUYUTEJILHO
HIKe nokasateseir KI'T mpu BosmelicTBuM IIpe-
mapaToB. B To ke BpeMs M3MeHeHIe II0KasaTe-
as1 90 B cayuae gobasaenusa DOX, EB uiu PF
CTAaTHUCTUYECKY 3HAUMMO JIUIIH AJ1a foHopa C, a
TaksKe IJd foHopa A npu mobasienuu EB.

Kax ormeuasochk BbIllle, meiictBue OMU u
BAC Ha KJeTKu OYKKAaJbLHOTO SIHUTEJIUS Xa-
paKTepusyeTcs u3MeHeHneM XPOMaTUuHA U KJle-
TOUHBIX sxep B 1esoM. OJHAKO IPU COBMECT-
HOM JeHCTBUUM MUJIJINMETPOBOTO UBJIyUYEeHUA U
mpemapaToB Ha0JOJaeTcsd CUHEPreTUdYecKuit
5(Q(deKT, T. e. CHUKeHUe TPaHyJINPOBAHUA XPO-
MaTuHa U yBeauueHnue npoiieraTa 0. Ilomo-
O0HO mcciieqyeMbIM mpermaparam OMU, oueBu-
HO, AeiicTByer HemnocpeacTBernHo Ha JJTHE. ITpnu
sTroMm BAC u OMU mposABASIOT CXOITHBIA (-
(heKkT Ha XpOMATUH U A1PA, CIAEI0OBATEIbHO, Me-
XaHU3MBI UX IeHCTBUS MOTYT OBITh TPOTUBOIIO-
JIOYKHBIMHU, T. €. 060 IMMU zaiuinaer KJIeTKHU
ot JIHK-mmoBpesxaaIero 1eicTBrusa pacCMOTPEH-
HBIX B JaHHoii padore BAC, nuto [ITHK-unTep-

KaJIaTOPbI 9KpaHupyioT aeiicrsue IMU. ITomo-
OHOe ABJIeHNE OBLJIO OMMMCAHO IPYIIIION YUEeHBIX
u3 HCTUTYTA MUKPOOUOJIOTUY 1 BUPYCOJIOTUN
um. 1. K. 3a6omoraoro HAH Vxpaunsi. 13y-
yeHUe OMOJIOTUUECKUX 3(DDEKTOB UIIyUYeHUA
Ipu [IefiCTBUU CTpeccoBoro (haKTopa B BHUe
QYHMUIIUAHBIX aHTUOMOTUKOB HA KJIETKU DPas-
JUYHBIX KYJIbTYP APOKIKEH IT03BOJIMJIO aBTO-
paM BBIABUTH IPOTEKTOPHBIN XapaKkTep BJIM-
AHusA ciaboro OMMU, KOTOPBIN MPOABIAETCA B
TIOBBITIIEHN N YCTOMYNBOCTU MUKPOOPTAHU3MOB
K JefiCTBUIO aHTUOMOTUKOB IPU IPEIBAPUTENb-
HOM oOsyueHuu [41-43]. [logobuas 3anuTHaA
poJb caaboro OMMU pasHBIX AUAIA30HOB YACTOT
y:Ke yIoMUHaJach paHee B psane pabor [44, 45].
Takum o0pasoM, BIlepBbIe Ha Hemposudepu-
pyIOIIUX KJEeTKaX OYKKAJIbHOTO SIIUTEJIUS Ue-
JIOBeKa OOHAPY:KEH IIPOTEeKTOPHBINA a(deKT mpu
B3aMMOIENCTBUN HU3KOMHTeHCuBHOro OMM mmii-
JIMMETPOBOrO nuara3oHa u apomatumdyeckux BAC.
BBISBUTE MOJIEKYJIAPHBIN MEXaHU3M HAOJII0IaeMOo-
ro a(deKTa IoKa He IPeACTABIISIETCA BOSMOMKHBIM.
W3 mpuBemeHHBIX HA PUC. 5 THUCTOTPAMM
caenyer, uTo Cgo-pynneper u CAF oxasbIBa-
0T IPOTEKTOpHOE AeicTBHe, MOJ00HOEe TOMY,
yro Habaogamocs 11 DOX, EB u PF, T. e. ua-
ousrronaercs BoccranoBaeHue KI'T nmpu o6ayue-
HUU KJETOK B IPUCYTCTBUU JAHHBIX BEIlECTB.
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Puc. 5. U3smMeHeHNE KOIMYECTBA IPAHYJI TeTEPOXPOMATHHA U 3JIEKTPOOTPULIATEIFHOCTH S/ieP B KJIeTKaX OyKKaJIbHOTO
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Takum o6pa3oM, B JaHHOII paboTe HaA KJET-
Kax OYKKaJbHOIO SIUTENINA UYeJOBEeKa C WC-
IOJH30BAHUEM BH3YaJIbHOU OIlEHKMW I'DaHYyJIA-
IUU XPOMaTHHA U 3JeKTPOOTPUIIATEJIbHOCTU
Afxep OBLI ITPOAEeMOHCTPUPOBAH CUHEPreThue-
cKU O(MPEKT YACTUYHOTO BOCCTAHOBIEHUS
(GYHKIIMOHAJIBLHON AaKTUBHOCTH KJIETOK IIpU
KOMOWMHUPOBAHHOM BO3/[eliICTBUY HUBKOWHTEH-
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3a ocTaHHE AECATUIITTA 3HAUHO 3pOocyaa Kilb-
KicThb pisuunmx i XiMmiuHmx 6i0/0TiYHO aKTUBHUX
VIIKOAXKYBAJIbHUX (DAKTOPIB.

Hlnaxwm HewTpasisamili ixHbOl il mocaimxe-
HO HEJOCTaTHLO. ¥ POOOTI BUKOPHCTAHO METOIU
BidyasbHOI OIiHKM TPaHYJAIlil XpOoMATUHY Ta
€JIEKTPOHETATUBHOCTI fAnep KJIITHUH OyKaJbHOTO
elriTesiio JIOAWHM 3 METOI0 BHUBUEHHA KOMOiHO-
BAHOTO BIIUBY HU3bKOIHTEHCUBHOTO e€JEKTPO-
MAar"iTHOrO BUIIPOMiHIOBAaHHSA MiJIiMETPOBOTO
niamasony i [THK-iHTepKasATOpiB: aHTHOiOTHKA
ITOKCOPYOIIIMHY, MyTareHiB OPOMHCTOTO ETHUIil0
i mpodnasiny, a Takox kodeiny i Cqo-byiepeny,
AKi 6es3mocepenubo He B3aemomitoTh 3 [JJTHK. 3a mii
€JeKTPOMAaTrHITHOIO BUIPOMiHIOBAHHSA 3 [TOCJi-
mxyBanuMu [THK-3B’A3yBaJlbHUMHU PEeUOBUHAMU
BUSABJIEHO CUHEPTeTUYHUHA e(PeKT, AKUU IOJIATAE
y 3MEeHINeHHI KJITWHHOI BigmoBiai, 3ymMoBJIeHOI
eJIeKTPOMATrHiTHUM BUIIPOMiHIOBAaHHSAM 1 IIpe-
mapaTaMu. 3a OIMMPOMiHEeHHS KJIITHUH y IPUCYTHOCTL
Ceo-bynepery abo Kodeiny criocTepiraay IpoTeKTop-
HUH e@eKT IIUX PEeYOBUH CTOCOBHO €JIeKTpOMAar-
HiTHOrO BunpoMinioBauusA. Omep:kaHi pe3yabraTu
MOJKYTH CJIYI'YBaTH OCHOBOIO IJISI BUKOPUCTAHHSA
Ceo-dbyiiepeny i kodpeiny ak JHK-nmporekTopis 3a
il eJIeKTPOMAarHiTHOTO BUIIPOMiHIOBAHHA.

Knwouwoei cnoea: JJHK-inrepranaropu, Cgy-
dyaepeH, eJeKTPOMATHiIiTHEe BUIPOMIiHIOBAHHI,
OyKaJbHUU eIiTeiil JI0JnHHT.
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COMBINED EFFECT OF ELECTROMAGNETIC
RADIATION, DNA-INTERCALATORS, Cg,-
FULLERENE AND CAFFEINE ON HUMAN

BUCCAL EPITHELIUM CELLS
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Yu. I. Prylutskyy®
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2Taras Shevchenko National University of Kyiv,
Ukraine
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Now the number of physical and chemical
biologically active damage factors dramatically
increased. The ways to neutralize such effects
have not been studied enough. In this work the
techniques of visual assessment of chromatin
granulation and electronegativity of human
buccal epithelium cell nuclei were used in order
to study the combined effects of the exposure to
low-intensity electromagnetic radiation of the
millimeter range electromagnetic radiation and
DNA-binding compounds, such as antibiotic
doxorubicin, mutagens ethidium bromide and
proflavine, as well as caffeine and Cgy-fullerene
which are not directly interact with DNA. When
the action of electromagnetic radiation and DNA-
binding compounds is combined, a synergistic
effect of reducing the cell response was observed in
contrast to the effects caused by electromagnetic
radiation and drugs separately. When cells were
irradiated in the presence of Cgy-fullerene or
caffeine, a protective effect of compounds against
electromagnetic radiation influence was observed.
The obtained results enable to provide perspectives
for Cgo fullerene and caffeine using as DNA-
protectors under electromagnetic radiation.

Key words: DNA-intercalators, Cgy-fullerene,
electromagnetic radiation, human buccal epithelium.
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The aim of work was to elucidate the mechanisms of bioaccumulation of copper leached from minerals
by fungus Aspergillus niger with great bioremedial potential due to its ability to produce chelating meta-
bolites and transform toxic metals and minerals. The special attention was paid to the chemical speciation
of copper bioaccumulated within fungal colony in the process of fungal transformation of copper-con-
taining minerals.

Chemical speciation of copper within different parts of the fungal colony was studied using solid-
state chemistry methods such as synchrotron-based X-ray absorption spectroscopy providing informa-
tion about the oxidation state of the target element, and its coordination environment. The analysis of
the obtained X-ray absorption spectroscopy spectra was carried out using Fourier transforms of Extended
X-ray Absorption Fine Structure regions, which correspond to the oscillating part of the spectrum to the
right of the absorption edge.

Results of this study showed that fungus A. niger was involved in the process of solubilization of
copper-containing minerals resulted in leaching of mobile copper and its further immobilization by fun-
gal biomass with variable coordination of accumulated copper within fungal colony which depended on
the age and physiological/reproductive state of fungal mycelium. X-ray absorption spectroscopy data
demonstrated that copper accumulated within outer zone of fungal colony with immature vegetative
mycelium was coordinated with sulphur—containing ligands, in contrast to copper coordination with
phosphate ligands within mature mycelium with profuse conidia in the central zone of the colony.

The findings of this study not only broaden our understanding of the biogeochemical role of fungi but
can also be used in the development of various fungal-based biometallurgy technologies such as bioreme-
diation, bioaccumulation and bioleaching and in the assessment of their reliability.

The main conclusion is that coordination environment of copper bioaccumulated within fungal biomass
via the process of transformation of copper minerals is heterogeneous varying from sulphydryl to phosphate.

Key words: bioremediation, metal bioaccumulation, fungi, copper, mineral transformation,
chemical speciation, coordination complexes, X-ray absorption spectroscopy.

Toxic impacts of heavy metals in the
environment have led to intensive research on
various methods of toxic metal bioremediation,
and the central thrust of bioremediation
depends on microbiology [1-3].

The ability of such microorganisms as
fungi to survive and flourish in metal-rich
environments, coupled with their capacity
to transform a huge variety of metal species,
makes them ideal candidates for both
bioleaching and bioremedial systems. These
metal-resistant characteristics depend upon
their intra- and extracellular detoxification
strategies, which can be manipulated to ensure
either the solubilisation or sequestration of
a specific element. Intracellular resistance

depends on the immobilization of the metal
to prevent damage to essential -cellular
machinery. This is achieved by the action
of metal-binding proteins, or sequestration
of the metal in the fungal vacuole [2, 4-6].
Extracellular responses meanwhile, depend
upon the action of protons or organic acids that
are excreted into the surrounding medium,
or bound in the extracellular polysaccharide
matrix [4, 7-9].

Determination of metal speciation in such
biological systems has been a challenging
problem because of the amorphous state
or poor crystallinity of metal complexes
within biomass and relatively low metal
concentrations. There were a few studies for
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fungal biomass that mainly clarify the nature
of metal adsorption sites on cell walls [10—
13]. However, synchrotron—based element—
specific X-ray absorption spectroscopy
(XAS) provides a means for studying element
complexation in environmental samples
varying from biological to mineralogical in
nature [11-16]. XAS is an element specific
technique which gives information about the
oxidation state of the target element, and
its coordination environment, including the
number and identity of neighbouring atoms
[17]. It allows studies involving fast data
collection, small samples, low concentrations,
both crystalline and amorphous solids and
even solutions. XAS is also a non-destructive,
non-invasive method that could probe metal
transformations at the mineral-microbe
interface transformations directly studying
samples in their natural, often hydrated,
states which makes it an ideal approach for
investigating metal transformations at the
mineral-microbe interface in biogeochemical
systems [16, 17].

This work was focused on XAS-studies
of the chemical speciation of copper
bioaccumulated within fungal colony in the
process of fungal transformation of copper-
containing minerals.

Materials and methods

The fungal strain Aspergillus niger van
Tieghem (ATCC 201373) from the collection of
microorganisms of the Division of Molecular
Microbiology, College of Life Sciences, Uni-
versity of Dundee, UK was used in this study.

A. niger was exposed to model copper-
containing minerals azurite and malachite in
the Petri-dish microcosms previously designed
for studies of fungal ability for mineral
transformations [18, 19].

Azurite [Cus(CO3),(OH),] and malachite
[Cuy(CO3)(OH),] were crushed and ground
using a mortar and pestle and sieved to ensure
a final grain size of less than 400 pm. The
resulting powder was sterilized by rinsing
with deionised water for at least 8 h with
intermittent agitation on an orbit shaker. The
samples were then immersed in 70% ethanol
for at least 24 h, after which the solution was
decanted and the samples left to dry in a sterile
flow hood. Once dry, they were oven-sterilized
at 80 °C for at least 24 h.

Malt extract agar (MEA, Oxoid, UK) was
prepared with malachite or azurite by adding
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sterilized portions of the relevant mineral
to create a concentration of 10 mM in the
final plates. Dialysis membrane was used to
cover the agar and separate the fungus from
the medium, but allow the colony easy access
to nutrients. Inocula consisted of one 7 mm
diameter core cut from a colony of A. niger
grown overnight on MEA medium. Plates were
sealed with parafilm and incubated at 25 °C for
the duration of the experiments.

Fungal biomass was harvested after 7 days
of growth. Different parts of fungal colony
were cut out with sterile razor blade.

Freshly harvested biomass was enclosed
into cellotape and quenched in liquid nitrogen,
was used for further X-ray absorption
spectrometry.

X-ray absorption spectra at the Cu
K-edges were collected on Station 7.1 at the
CCLRC Daresbury SRS operating at 2 GeV
with an average current of 140 mA, using
a vertically collimating plane mirror and a
sagitally bent focusing Si(111) double crystal
monochromator detuned to 80% transmission
to minimize harmonic contamination. Sample
data were collected with the station operating
in fluorescence mode using a 9-element solid
state Ge diode detector with high count-rate
XPRESS processing electronics; spectra
of model compounds were collected in the
transmission mode. The monochromator was
calibrated using a 5 mm Cu foil. Experiments
were performed using a liquid nitrogen
cooled cryostat. Single scans were collected
for the model compounds, and 3-4 scans
were collected and summed for each sample.
Model compounds used were Cu-acetate, Cu-
gluconate, Cu-malate, Cu-oxalate, Cus(POy,),
and Cu,0.

Extended X-ray Absorption Fine Structure
(EXAFS) regions of the obtained XAS spectra,
which corresponded to the oscillating part of
thespectrumtotherightof theabsorptionedge,
were used in spectra analysis. Background-
subtracted EXAFS spectra were analyzed in
EXCURV98 using full curved wave theory[20,
21]. Phaseshifts were derived in the program
from ab initio calculations using Hedin—
Lundqvist potentials and von Barth ground
states [22]. Fourier transforms of the EXAFS
spectra were used to obtain an approximate
radial distribution function around the central
copper atom (the absorber atom); the peaks
of the Fourier transform can be related to
«shells» of surrounding back scattering atoms
characterized by atom type, number of atoms
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in the shell, the absorber-scatterer distance,
and the Debye-Waller factor, 262 (a measure of
both the thermal motion between the absorber
and scatterer and of the static disorder or range
of absorber-scatterer distances). The data were
fitted for each sample by defining a theoretical
model and comparing the calculated EXAFS
spectrum with the experimental data. Shells
of backscatterers were added around the
copper and by refining an energy correction
Ef (the Fermi energy), the absorber-scatterer
distance, and Debye-Waller factor for each
shell, a least squares residual (the R-factor
[22, 23] was minimized). Where appropriate,
multiple scattering effects were included in
the fits [24].

Results and Discussion

Copper is a trace element essential to
life, yet, at high doses it can be toxic. Copper
makes a significant contribution to global
pollution [25]. The origin of copper pollution
is very diverse. In addition to natural origins,
mainly from rock weathering and atmospheric
deposition, its wide human use in many fields
(transportation, manufacturing, currency,
construction and agriculture as fungicide
and herbicide) generates releases into the
environment.

Both processes of metal mobilization
(e.g., in situ soil washing, extraction and
filtration techniques) and immobilization
(e.g., in situ stabilization techniques) may be
applied to remediate contaminated matrices
[2, 29]. Many fungi can be highly efficient
biogeochemical agents with capability for both
metal mobilization and immobilization [4].

Fungi are able to solubilize minerals and
weather rocks in the course of <«heterotrophic
leaching» as a result of protonation (acidolysis),
chelation (complexolysis) and metal accumulation
by the biomass [7, 30]. Fungal and plant cell walls
can act as a cation exchanger due to their negative
charge originating from functional groups, e.g.
carboxylic, phosphate, amine or sulfhydryl, in
different wall components (hemicelluloses, pectin,
lignin, chitin, etc.) [4, 11, 13]. Mechanisms for
metal immobilization within plant and fungal
biomass also include intracellular uptake with
complexation to ligands such as S-containing
peptides  (metallothioneins,  phytochelatins),
carboxylic acids (citrate, malate, oxalate), and
phenolic acids [4, 6, 8,12, 14, 15, 31].

Aubiquitous fungus Aspergillus nigerisone
of the most efficient transformers of minerals

due, first of all, to its ability to over-excrete
citric, oxalic and other low molecular weight
carboxylic acids [32]. Various strains of A.
niger are used in the industrial preparation of
citric acid (E 330). The ability of this fungus to
produce chelating metabolites, combined with
its resilience to challenging environment and
its uncomplicated and inexpensive nutritional
requirements, makes it ideal candidate for
bioremedial treatment. Both its solubilizing
and metal-immobilization characteristics can
be exploited to improve the condition of solid
waste, contaminated soil and polluted water.
A. nigerhasbeen previously shown to solubilize
various copper—containing minerals [32].

In order to elucidate the mechanisms
of bioaccumulation of copper leached from
mineralsbyA.niger, weused synchrotron-based
element-specific X-rayabsorptionspectroscopy
technique which gives information about the
oxidation state of the target element, and
its coordination environment, including the
number and identity of neighbouring atoms
[17]. XAS allows studies involving fast data
collection, small samples, low concentrations,
both crystalline and amorphous solids and
even solutions.

In the experiments with A. niger, grown on
malt extract agar medium containing azurite
or malachite, coordination of bioaccumulated
copper by sulphur-containing ligands was
found for samples with new vegetative
mycelium taken from the outer zone of the
fungal colony (Table; Fig. 1, A, C). A typical
example of the best fit to the inner coordination
sphere was with 3 sulphurs at 2.26 A which
was significantly improved by the addition of
2 copper scatterers at 2.68 A clearly indicating
the formation of a copper sulphide phase.

In contrast, on both azurite- and malachite-
containing media the samples from the
central part of A. niger colonies with mature
aging mycelium and abundant dark-coloured
conidiophores with conidia demonstrated
phosphate coordination of copper (Table;
Fig. 1, A, D).

Thus, the age and therefore the physio-
logical and reproductive state of fungal
mycelium was found to play a crucial role in
the formation of coordination environment of
metal within the biomass.

The observed variation in coordination
complexes of copper in A. niger demonstrates
that the relative significance of copper
resistance mechanisms may vary with the age
of the colony. We suggest that the sulphydryl
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Cu K-edge EXAFS parameters for copper com-
pounds observed in the biomass
of A. niger colonies grown on MEA containing
10 mM azurite or malachite

2ot/a? | e

Fungal colony grown on azurite medium
Outer 3xS 2.23 0.033

Sample | Scatterers | r/A

zone | 2xCu | 2.60 | 0.040 | 336
4x0 1.95 | 0.022
Inner 2x0 2.53 0.022 34.4

zone 2xP 2.89 0.018
2x Cu 3.70 0.018

Fungal colony grown on malachite medium
3xS 2.26 0.017

Outer | o cu | 2.68 | 0.028 | 373
. 4x0 | 1.94 | 0.032

nner 2x0 2.48 0.022 31.9
zone

2xP 3.00 0.046

Notions. Table shows the values obtained from the
EXAFS analysis of copper in the biomass of A. niger
where r is the copper-scatterer distance in Angstroms
(+0.02 A inner shells, =0.05 A outer shells), 262 is the
Debye—Waller type factor (£15% inner shells, +=30%
outer shells), which is a measure of both the thermal
motion between the absorber and scatterer and of the
static disorder or range of absorber—scatterer distances.
The residual is a least squares residual from fitting the
spectrum of the model to the experimental data.

8950 9000 9050 9100 9150
Energy (eV)
OuterZone of Colony  InnerZone of Colony
@ Copper @ Copper
Sulphur ® Phosphorus
® Oxygen

Fig. 1. Copper coordination in A. niger grown
on MEA with 10 mM malachite:
(A) XAS spectra displayed entirely different charac-
teristics for (B) outer non-sporulating (red arrow)
and inner sporulating (blue arrow) areas of the fun-
gal colony. EXAFS analysis suggested that (C) cop-
per in the outer zone of the colony was present as
copper sulphide, while (D) copper in the inner region
of the colony was coordinated by phosphate ligands
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coordination of copper in the immature outer
mycelia originates from the association of
copper with metallothioneins. These are small
cysteine-rich proteinswhich are often produced
in response to heavy metals introduction and
are thought to play an important role in their
homeostasis and sequestration [33, 34]. The
metallothioneins were first reported in the
equine kidney and named because of their
extremely high content of sulphur — 4.1%
(DW) and cadmium — 2.9% (DW) [35]. These
metal-binding proteins have since been found
throughout the animal, plant and fungal
kingdoms [6]. Metallothioneins have been
shown to be particularly important for copper
homeostasis in yeast [36], while more recently
the presence of copper has been shown to be the
controlling factor in metallothionein synthesis
in Neurospora crassa [34].

There is no current evidence that metallo-
thioneins are found in the extracellular
environment so it seems likely that the majo-
rity of copper chelation in the young parts
of the colony occurs intracellularly. This
suggests that the external components of the
copper resistance pathway may not be fully
developed in immature areas of the fungal
colony. Proteins are not ideal for long-term
sequestration of copper, as they must be
constantly replaced, so efflux or incorporation
of the toxic metals into insoluble forms is
essential. We propose that it is this shift to a
more permanent mode of storage that causes
the copper coordination by phosphate ligands
in the mature parts of the colony. The activity
of acid phosphatases, which have been linked
to heavy metal resistance in fungi, increases
with increased copper concentration and varies
with colony age [37, 38]. These enzymes could
mediate the transferal of the polypeptide-
bound copper to a more stable form such as
polyphosphates.

It has been reported that the different
groups of microorganisms accumulate in-
organic phosphates intracellularly. Confocal
laser scanning microscopy studies revealed
single and aggregated cigar-shaped poly-
phosphategranulespresentinboth vacuolesand
cytoplasm of yeast Saccharomyces cerevisiae
as well as in fungal hyphae and macroconidia
of Fusarium solani [39]. Polyphosphates are
used by ectomycorrhizal fungi to immobilize
metals within their vacuoles [40] which would
provide the long-term metal storage and
protection from the toxic effects.
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Thus, these findings can be summarized
in the diagram illustrating the overall
transformation of copper—containing minerals
by A. niger where the process of mineral
solubilization through heterotrophic leaching
of copper from minerals mediated by fungus
is followed by the process of immobilization of
mobile copper species within fungalbiomassvia
bioaccumulation and copper speciation which
varies depending on the age and reproductive
state of fungal mycelium (Fig. 2).

The results of this study demonstrated
heterogeneity of the toxic metal speciation
within microbial biomass and should be taken
intoaccountin the development of the effective
technologies of fungal-based remediation
techniques.

The author would like to acknowledge the
funding of CCLRC Daresbury Synchrotron
Radiation Source, UK (SRS user grant 40107,
43079) and personally Prof. Geoffrey M. Gadd
for the opportunity to perform this work and
scientific supervision, Dr. Andrew Bowen for
helpful discussions and practical assistance,
and Dr. John Charnock for his valuable help
with EXAFS spectra analysis.
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BAPHABEJIBHOCTb KOOPJUHAITMOHHBIX
COEIMHEHWI METU, AKKYMY JINPOBAHHBIX
BI'PUBHBIX KOJIOHUSX B ITIPUCYTCTBUN

MEJIBCOAEPKAIIINX MUHEPAJIOB
M.A. Pomuna

NHCTUTYT MUKPOOHMOJIOTUY 1 BUPYCOJIOTUN
HAH Yxkpaunsi, Kues

E-mail: M.Fomina@ukr.net

Ilenvio paboTHI OBLIO BBIACHEHHE MeEXaHU3-
MOB OMOAKKYMYJIAIINU MeIU, BBIIEJOUEHHON 13
MuHepasaoB rpubom Aspergillus niger, obJyamaro-
IIIAM BBICOKHUM ITOTEHIIAAJIOM [JIs UCIIOJb30BAHUS
B OuopeMenuanuu 6Jarogapsa CIIOCOOHOCTH BBIe-
JIATH XeJIATUPYIOINE MeTa00JIUTHI U TpaHchopMu-
POBATh TOKCUYHBIE METAJIBI 1 MUHEepasibl. Ocoboe
BHUMaHUE YAEJNAIN XUMUUYECKOMY CBA3BIBAHUIO
Meaun, OM0aKKYyMYJIUPOBAHHO IPUOHOM KOJIOHMEH
B TpoIiecce TpaHCcHOPMAIINU MeIbCOAEPIKAIIUX
MUHEPAJIOB.

XuMuyecKoe CBS3bIBaHUE MeOU B Pa3TIMUYHBIX
YaCTAX IPUOHOM KOJIOHUU U3YUaIU C IPUMEHEHUEM
MeTOI0B TBepHoGha3HOi XUMUM, B YACTHOCTH CHUH-
XPOTPOHHOM PEHTTEH0Aa0COPOITMOHHOM CIIEKTPOCKO-
MUY AJIA ToJydYeHus: nH(GOPMAIUY O BaJEHTHOCTHU
HCCJIEAYyeMOTO 3JIEMEHTa U €Tr0 KOOPAUHAITMOHHOM
OKDY:KeHUU. AHAIN3 MOJTYUYEeHHBIX CIIEKTPOB IIPO-
BOJMJIV C UCITOJIb30BaHMEM TpeobpasoBaumii @ypbe
UL TaHHBIX O0JIACTH CIIEKTPOCKOIUM IIPOTSIMKEH-
HOUM TOHKOU CTPYKTYPHI PEHTTE€HOBCKOI'O IIOTJIOIIIE-
HUs, KOTOpaA COOTBETCTBYET OCHMJLINPYIOIEH ua-
CTHU CIIEKTPA BIIPABO OT KPasi IOTJIOIIEHUA.

PesynbTaThl CBUAETEILCTBYIOT O TOM, UTO I'PUb
A. niger ydJacTBOBaJ B IPOIECCAX PACTBOPEHUS
MeIbCOMEPIKAIIINX MUHEPAJTIOB, IIPUBOAMBIINX K
BBIMEJIAUYNBAHNIO IIOABUKHON MeIU U ee IIoCJIe-
OyIoIell mMMMOOMIN3aIiny IpubHOII Omomaccoit ¢
BapuabeJbHON KoOpAWHAIMell Meau, aKKyMYyJIu-
POBaHHOII TPUOHOI KOJIOHUEI, KOTopas 3aBUceJia
OT BO3pacTa, (U3UOJOTUIECKOTO U PEIIPOTYKTHUB-
HOT'O COCTOSHUS IPUOHOTO MUIEJANSA. ITU JaHHbIE
MIPOIEMOHCTPUPOBAIN, UTO M€Jb, aKKYMYJUPO-
BaHHAs HEe3peJbIM BereTaTWBHBLIM MUIIEJINEeM BO
BHeIITHell 30He IpuOHOM KOJIOHNH, OBbLIAa KOOPIH-
HUPOBAHA CEPOCOEPIKAIIUMHY JIUTAHJAMU, B OTJIU-
yre OT KOOPAUHUPOBAHUA MeAu (pochaTHLIMU JIH-
raHJaMu BHYTPU 3PEJIOTO KOHUAMEOOPa3yIoIero
MUIIEJINSA B IEHTPAIbHOI 30HE KOJIOHUU.

Ilonyuenubie Pe3yIbTaThbl He TOJIBKO PACIITIPSIIOT
HAIITI IIPEeICTaBIEHNA O OMOTeOXTMITUYECKOL POJIU TPU-
00B, HO U MOT'YT MCIIOJIHF30BAaTLCA B Pa3pabOTKaxX Ipub-
HBIX OMOMETAJLTYPIUYECKUX TEXHOJIOTHI, B YACTHOCTH
OropemMenuaI, OMOaKKyMYJISITAN 11 OMOBBITIEIaul-
BaHUU, U OIpeNeIeHnN uX HajeskHoctu. KoopauwHa-
IIMOHHOE OKPY:KEeHNe Menu, OMOoaKKyMYJIMPOBAHHOM
TpUOHOIT 61IOMAaccoii B mporiecce TpaHchHOPMAITUN MU-
HepaJIOB Me[H, SIBJISETCS T'eTePOreHHbIM, N3MEHSSCh
OT CYJIB(PIUAPUIILHOIO 10 (hocdaTHOorO.

Knrouesnvre cnrosa: buopeMennanusa, 0MOaAKKyMY-
JANMUS MEeTaJLI0B, TpaHchopMalius MUHEPAaJoB,
PEHTTeH0a0COPOIMOHHAA CIIEKTPOCKOII N .

BAPIABEJILHICTH KOOPTHHAIIMTHUX
CIIOJIYE MIJI, IO AKYMYJIbOBAHI
B 'PUBHUX KOJIOHISIX 3A ITPUCYTHOCTI
MITbBMICHIX MIHEPAJIIB

M. O. Domina

TactuTyT Mikpo6iosorii i Bipycosorii
HAH Vkpaiuu, Kuis

E-mail: M.Fomina@ukr.net

Meroro poGoTu OyJsio 3’scyBaTH MexXaHi3MU
b6ioakymynamii miai, Buay:KeHoi 3 MiHepasIiB rpu-
6om Aspergillus niger, AKUH Mae BUCOKUI IIOTEH-
IiaJI 118 BUKOPUCTAHHSA ¥ OiopeMepiallii saBaaKu
3IATHOCTiI BUIIJIATH XeJaTyBaJibHiI mMerabositu i
TpaHchOPMyBaTH TOKCUYHI MeTAaJIu Ta MiHepaau.
Oco0siBy yBary nIpupAijieHo XiMiuHOMY 3B’aA3y-
BaHHIO Mifi, 110 OyJia 6ioakyMyJiboBaHA IPUOHOIO
KOJIOHi€O B IIpoI1ieci Tpaucdopmalrii MifbBMicHIX
MiHepaJIiB.

XimiuHe 3B’sI3yBaHHA Mifi B pisHUX Miciiax
rpuOHOI KOJIOHII BUBYAJM i3 3aCTOCYBAHHSIM Me-
TOAiB TBepmodasHoi ximii, 30KpemMa CHHXPOTPOH-
HOI PEeHTTreH0abCOPOIifiHOI CIeKTPOCKOmmil mis
olep:kaHHA iH(MoOpMaIii mpo BaJIEHTHICTH MOCJIi-
I)KYBAHOTO eJjleMeHTa Ta MOoro KOOpAUHAIliliHe
cepemoBuilie. AHaJIi3 OTPUMaHUX CIEKTPiB MIpo-
BOJUJIN, BUKOPUCTOBYOUM Tpauchopmarlrii ®yp’e
IJIA MaHWUX OIAAHKUA CIEKTPOCKOIII TpPOTAMKHOIL
TOHKOI CTPYKTYPHU PEHTIeHiBChKOT'O IOTJIMHAHH,
110 BiIOBiJla€ OCI[MJIIOBAJILHIN YaCTUHI CIIEKTpa
BIIPABO BiJf Kpaio MOTJIMHAHHSI.

PesyabTaTu cBiguaTh Ipo Te, 1110 Tpubd A. niger
OpaB y4yacThb y IIpollecax PO3UYMHEHHSA MigbBMic-
HUX MiHepaJjiB, IO CIPUUYUHIOBAJIO BUJIY:KEHHS
pyxauBoi Mimi ta i momanpinry iMmmo6imisarrizo
rpubHOI0 6ioMacoi 3 BapiabGeJbHOI0 KOOPAWHA-
Iiero Mifi, aKyMyJIbOBaHOIO I'POHOI0 KOJIOHIEIO,
AKa sajeskaja Big BiKy Ta (pisiosioriumoro i pe-
MIPOAYKTUBHOIO CTaHy I'pubHOTO Minesito. Ii fani
IIPOIeMOHCTPYBAJIH, 110 AKyMYJIbOBaHA He3PiJauM
BereTaTUBHUM MilleJlieM y 30BHIiIIHi# 30HI rpuod-
HOI KOJIOHII Migp OyJia KOOpAWMHOBAaHA CipKOBMic-
HUMM JiraHgamu, Ha BigAMiHy Big KoopawmHarrii
Mini dochaTHUMU JiraHZaMU BCepefUHI 3pijsoro
KOHIZI€IPOAYKYBAJIBHOTO MIiIleJIil0 B IIeHTPAaJIb-
Hill 30HI KoJroHii.

OpmepskaHi JaHi He TiIBKK PO3MIUPIOIOTE YAB-
JeHHA Tpo OioreoximiuHy posb rpubiB, ame i
MOXKYTh OYyTH BUKOPUCTAHI ITiJ Yac po3pobaeHHs
rpubHUX OioMeTanypriiHUX TeXHOJIOTil, 30Kpe-
Ma OGioounIneHHsA, 6i0aKyMyaAIii i 6i0BUIYIKeH-
Hs, Ta BU3HAUEHHi iXHboI HafmitiHocti. Koopnau-
HallilfiHe cepefoBUIle Migi, 6icaKyMyJbOBaHOI
rpubHOI0 OioMacoro B mporeci Tpanchopmarrii mi-
HepaJiiB Mifli, € reTepOTeHHUM, 3MiHIOIOUNCH Bif
cyJabrigpuiabHOTO A0 (pochaTHOTO.

Knwuosi cnosa: 6iopemesiaiia, 6ioakymyaaiiia
MeTasiB, TpaHcdhopMallisg MiHepaJsiB, pPeHTTEeHO-
abcopOIriiiHa CIeKTPOCKOITiA.
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IMYJIbCUPUKAIINA PACTBOPOB
CBIBOPOTOYHOI'O AJIBBYMUHA YEJOBEKA
U THAJYPOHOBOM KUCJOTHI
B ITIOJINIUMETUJICUJIOKCAHE IITMC-1000

A. H. Py6an! 'KauHnueckas odpraabMoIOrndecKas 60JIbHUIA

A.HU. Kazaney' «IlenTp MUKpPOXUPYpPruu raasa», Kues, YKpanna

T. B. Kpyncras® MucruryT XMy noBepxHocTH uM. A. A. Uyitko HAH Vkpaunsl, Kues
B. B. Typos?®

E-mail: v_turov@ukr.net
ITonyueno 21.11.2013

C 1enbio co3manmsa OMOJOTUUECKN MHEPTHBIX MaTePUaIOB, IPUTOAHBIX M/ IPUMEHEHUA B IMIUPOKOM
IualasoHe TeMIIepaTyp, a TaKike B aIrpeCCHUBHBIX CpelaX MeTOJaMU ONTUYECKO MUKpockKomuu u SIMP-
KPUOMETPUY UIYUEHO SMYJbIHPOBAHUE BOIHBIX PACTBOPOB CHIBOPOTOYHOTO ajab0yMHHA uesioBeKa u
ruajaypoHOBO# KucaoTbl B noaumpuMetruicuiaokcane IIITMC-1000. IlokazaHo, UTO CBIBOPOTOYHBIN
arL0yYMUH YeJIoBeKa, B OTJINUNE OT THAJTYPOHOBOM KMCIOTHI, MOXKET (DOPMUPOBATH B CUJIMKOHOBOM MaTPHUILE
CTOMKUE AMYJIbCUM, pa3Mep Kamesab B KOTOphIX udmengercsa oT 100 7o 10000 um. IIpucyTcTBre THCIIEPCHOMR
(aswbl (CHIBOPOTOUHBIN aJbOYMUH UYeJOBeKa UJAN TUAJYPOHOBAS KMCJIOTA) CYIIECTBEHHO IIOBBIIIAET
TeMIIepPaTypy TASHUS [IOJUANMETUICUIOKCAHA, UTO, BEPOSTHO, O0OYCIOBJIEHO YIOPSIIOUEHHBIM BINSHUIEM
MUKPO- U HaHOKAIleJh OWOMOJMMEPOB HaA JIOKAJM30BAHHBIE MEKIY HUMU KPUCTAJJIbl ITOJUIU-
MEeTHUJICUJIOKCAHA.

B cnayuae mucneprupoBaHUsS PACcTBOPA I'MaJIyPOHOBOM KHUCJIOTHI B JKUIKOM CHJNKOHE HAOJIONAIOTCHA
TOJIBKO MUKPOKAILJIN BOJHOM (pashl, a HAHOPasMepHBIe KaIlJIu JU00 He 00padyloTcs, 60 IPUCYTCTBYIOT
B KOJIMYECTBE, HEJJOCTATOUYHOM /JIA peructpanuu merogom IMP-kpuomerpun.

VcraHoBiieHa BO3MOYKHOCTD CYII[ECTBEHHOI'O BJIUSHUS dMYJBIHPOBAHHOIO PACTBOPA ChIBOPOTOUYHOTO
ars0yMmuHA YyeJaoBeKa Ha TeMmmnepaTypy pasmopaskuBauud [IIIMC-1000, uto oTpaskaeTcsa Ha €70 ONTUUYECKUX
mapamerpax. 9ToT 3(PdeKT perucTpupyercsa Kak B 00JiacTU HU3KUX TeMIIEpaTyp, TaKk U TeMIepaTyphl,
OJIUBKOIM K TeMIepaType UeJIOBEeYeCKOr'0 Teja, UTO MOYKET BJIUATH HA COCTOAHNE CUJIUKOHA IIPU UCIIOJNb-
30BaHUM €r0 B KaueCcTBe UMILJIaHTa.

Enrouesvie cnoea: TH-IMP-cIeKTPOCKOINSA, CUJINKOH, CBIBOPOTOUHBIH aJIb0YMUH 4eJI0BeKa,
THaJIyPOHOBASA KUCJIOTA, KJIACTEPHI BOIbI.

IlonrumepHble MPOAYKTHI HA OCHOBE ITOJIU-
IUMETUJICUIOKCAHOB IITUPOKO MPUMEHIIOTCA B
MeIUIMHE B KauecTBe TuApod)o0HBIX afcopOeH-
TOB, 00JIaJAOIINX BBICOKUMU aCOPOIIMOHHBI-
MU CBOMCTBAMHU K IIPOTEMHOBBLIM MOJIEKYJIaM.
9T Marepuanabl OWOJIOTUUYECKU HWHEPTHBI H
TMIPUTOIHEI JIA TPUMEeHEeHHU A B IITUPOKOM Juraria-
30HE TeMIIePaTyP, a TaKsKe B aIrPeCCUBHBIX Cpe-
max [1-3]. B mociiegaue roabl TOJUAUMETUI-
CUJIOKCAHBI (CUJIMKOHBI) aKTUBHO MCIIOJIb3YIOT
U B KauecTBe OMOJIOTUUECKN NHEPTHOTO, TUIPO-
($o06HOTO, HETOKCHMYHOTO MaTepuaja AT UM-
IJIaHTAIUU, B TOM YKCJIE U B BUTPEOPETUHAb-
HOWl XWPYPTUM OpU ucHpaBiaeHuu naedeKToB,
CBSI3aHHBIX C OTCJIOCHUEM CeTYATKU U JPYTUMU
cepbe3HBIMU 3abosaeBaHusaMu [4, 5]. B mporec-
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ce 9KCILIyaTalluy TaKue UMILIAHThl KOHTaKTH-
PYIOT ¢ TKAHAMU OpPraHU3Ma U OMOJIOTHYECKU-
MU KUIKOCTSIMHU, COAEPIKAIUMHU KPOME BOIBI
pacTBOPEeHHbIE MOJINCAaXapuabl (THaJypoHOBasd
KMCJIOTa) U IPOTenHbI (aIb0yMUH, KOJIJIareH).
IIpu sTOM BO3MOXKHO B3aMMOIIPOHUKHOBEHUE
BOIHOI M opraHmuYeckoil (as ¢ oOpaszoBaHUEM
OMYJbCUOHHBIX CHCTEM THUIA <«BOJa—MAacCJO»
UJIN «MacJ0—BOJa». OMYJIbI'MPOBAHUIO MOTYT
CIIOCOOCTBOBATH HEIIPOM3BOJILHBLIE [ABUMKEHUS
MBIIIII], B YACTHOCTU MBIIIIl TIJIas3a, YacToTa
COKDAIIleHUH KOTOPBIX B IIEPUOJ KOPOTKOTO
CHA MOXKeT JAOCTUTaTh HeCKoJbKux I'i. Mexa-
HUYeCKWe M OITHUYECKHe CBOMCTBA WMMILIAH-
TOB, COAEPKAIUX MUKPO- ¥ HAHOKAILIU BOJHI,
MOTYT CYII[eCTBEHHO OTJIMYAThCS OT CBOMCTB
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HCXONHOTO IIOJMMEPA, UTO MOMKET IIOBJIEUYD
3a co0oil IocJieomepaIOHHbIE OCJIOXKHEHUs,
a3TO0, B HEKOTOPHIX CIyUYadX, IPUBOJUT K HE00-
XOAMMOCTY IIOBTOPHBIX OIepaIinii.

Eciu pasmep Kamesb aucnepcHOU (asbr
B OMYJIbCUM WU3MepseTcd MUKPOHAMHU, UX
MOKHO PETrHUCTPUPOBATH C IIOMOIIBIO OITHUYE-
CKOIi MHKPOCKOIINU, KOTOPas, B COUETAHUU C
KOMIBIOTEPHOM perucrpamueii OITUYEeCKOTO
CUTHAJa, IIO3BOJIAET TMOJYyYaTh YBeJIUUYECHUE
0oJsibIlle ThHICAYEKpPATHOrO. [y Kameab MeHb-
Iero pasmepa MOKeT OBbITh HCIIOJIb30BaHAa
AMP-xkpuockonusa [6—12], ocHoBamHasa Ha
U3MEeHEeHUU TeMIIepaTypsl (pasoBOro Imepexona
«BOJa—Je» B 3aBUCUMOCTHU OT pasMepa KaleJsb
IucnepcHo# (BogHOI) daswel. B GosbmiumHCTBE
CJIIy4aeB 9TOT METOJ, MCIOJIb3yeTCA AJS OIpe-
JleJIeHU S paclipele/IeHu s 110 padMepaM Imop WJIu
Kameasb ¢ pagumycom 20—1 000 A [6-11], uro
OTBEUAET IOHMKEHUIO TeMIIepaTyphbl 3aMep3a-
HuA Boabl HA 1-30 rpagycoB. OgHaxko Hedamep-
safomjas Boga B crrekTpax 'H SIMP mosker GbITH
3aperucTPUpPOBaHAa U IIpu 60JIee HUBKUX TeMIIe-
parypax [12—14]. YuuTsiBasa, uTo n30bITOUHAA
9Heprusa KJACTePOB BOAbI, comepskaimux 100
u OoJiee MOJIEKYJI, KaK U JJId Kaleab OOJIbIIe-
ro pasmepa, COCpeJoTOUueHa Ha WX BHEITHeH
rpaHuIle, AUANa30H U3MEPEeHUsS PaanuyCcoB IIOP
(unu HaHOKATIIeJIb BOJBI) MOKET OBITh PaCIIIH-
peH BILUIOTHL [0 [AECATHIX [I0JIe HaHOMETpaA.
Wamepenus, BbITIOJTHEHHBIE HA HAHOIIOPUCTHIX
KPEeMHE3eMHBIX U YIJIEPOAHBIX aJcopOeHTax
[12—-14], mokasanau yoOBJIETBOPUTEJIHHOE CO-
TJIacOBaHWE JMJaHHBIX, IIOJYYEHHBIX MeTOona-
MU HU3KOTEeMIIepaTypHO! ajcopOuuy asora u
AMP-kpuomerpuun B suamnasone 0,2—100 am.

Ienpio paboOTHI OBLIO M3YUYEHNE dMYJIBIHAPO-
BaHUS PaCTBOPOB CBHLIBOPOTOYHOIO AaJIbLOyMIHA
yesgoBeka (CAY) u ruanyporoBoii kuciote! (I'K)
B nosmmauMetmicmiaokcane IIITIMC-1000. B kaue-
CTBe METO/IOB MCCJIeIOBAaHUS MCIIOIb30BAIY OIITH-
YyecKyio Mukpockommio u SIMP-Kpumomerpuio;
TIePBBIM METOJ TTO3BOJISIET HANEKHO PEeTUCTPUPO-
BaTh ()OpMUPOBAHIE BMYJIBCUH ¢ pPa3MepaMu Ka-
nesb 0,1-10 MM, a BTopoit — 1-100 HM.

Marepuaybl M1 METOABI

WcxomubIMU  MaTepUaJaMU  CIYMKUJIN
IIIMC-1000 (Kpemuuiinnosumep, ¥YKpawHa)
u Oxane 1000 (Bausch+Lomb, Benuko6pura-
HUA), KOTOPBIE CIIEKTPAJILHO HE DPas3JIUYUMEHI;
Boxubie pacTBopbl CAY (10% -ii pacTBOp IJisd
uHbeKnuit); 1,5% -it Bogusiii pacrsop I'K, mpu-
roToBJEeHHBIA u3 nuopunusupopanuoi 'K (Ku-
Taii) IyTeM PacTBOPEHUs ee TOUYHOII HaBeCKU

B IUCTUJLIMPOBAHHOM BOJe. OMYJbI'MPOBAHIIE
MIPOBOAMJIN B CTEKJISIHHBIX OIOKCaxX 00BEMOM
10 M, Kyga momeInajan HaBEeCKY BOJHOTO pa-
creopa CAY (T'K) u 1 mu IIIMC. ITonyuerHYIO
cMech IIOJBepraJii yJIbTPasByKOBOII 00padboTKe
(5—7 muu, 293 K). Ilepen cneKTpaJbHBIMU U
MUKPOCKOTUYECKUMU U3MEPEHUAMU OMYJIb-
CUU BBIAEP:KUBAIN 2 CYT IPU KOMHATHOH TeM-
neparype. 9Myabcun, cogep:kariue CAY, ocra-
BAJUCh CTAOMIBHBIMHU, €CJN UX KOHIIEHTPAIIUA
(Cpay) He peBbimaina 2% mac, a 'K — npu Cryg
< 2% wmac. IIpu 60JbIINX KOJHUYECTBAX BOJHOMN
dpaxuu HAOJI0JaJI0Ch PACCIOEHYE dMYIbCUI
Ha BOIHYIO U BOAHO-OPTaHUYECKYI0 (aswl. [Ipu
9TOM B HMKHEI YaCTH COCy/la MOABJIAJICS CJIOMH,
oboraieHHbIll BOJOI, Oojiee TsKeJbIH, YeM
KUIKUHA cuankoH. B ciryuae 'K 06beMm BogHOM
dpakmuy ObLI HEOOJIBIINM — MeHbIIIe 00be-
Ma nmobaBigemoro Boguoro pactBopa I'K. ITpu
paccioerun amysabcuit CAY (Cepy > 2% mac)
00beM BOAHOM (Pashbl CYIIIECTBEHHO YBEJINUM-
Bajica U IIPEBOCXOAMJ 00BeM mg00aBJIsIeMOIO
pacTBopa IpoTerHa, UTO CBUIETEIHCTBOBAJIO
o ¢opMHUpoOBaHWMM B HUKHEH dYacTH cocyja
9MYJIbCUY CUJINKOHA B BogHOM pacTBope CAY.

MukpodoTorpadupoBanme sMyJIbCUI TIPO-
BOAUJIN C IIOMOIIbI0 MUKPOCKoma Primi Star
(Carl Zeiss, 'epmanus) npu yseandeunun x 1000
C UCIIO0JIb30BaHUEM UMMEDPCHUN.

Cunextrpel AMP nmoayuanu ma AMP-coek-
TPOMETpe BBLICOKOro paspernenus (Varian
Mercury, CIITA) c paboueit uactoroit 400 MTI't.
Ucnonszopanmu 90°-30HAUPYIOIIUN HMITYJIbC
IIUTeTbHOCTBIO 3 MKc. TeMmeparypa B gJaTum-
Ke peryJaupoBajach TepMmomnpucraBkoi Bruker
VT-1000 c rounocTrio =1 rpag. UHTEeHCUBHOCTH
CUTHAJIOB ONpeNessain, U3Mepsasd oAb Iu-
KOB B IIPEIOJOMKEHUU TayCCOBCKOM (DOPMBI
cuUrHaja U ONTHMU3AIIUN ero HYJeBOW JUHUU
u (asbl ¢ TOUHOCTHIO, KOTOPAsS IJS XOPOIIIO
paspellleHHbIX CUTHAJOB Oblia He HuKe 5% .
[ mpeaoTBpalleHusa IepeoxXJarKIeHuA BOIbI
U CUJINKOHA B MCCJIEIYyEeMBbIX 00beKTaxX KOHIeH-
Tpanuio Hesamepaaromiei Bogsl (C,,) u IIIIMC
(Crimvc) M8MepAIY NIpU HarpeBaHUM 00PasIOB,
IpeBapUTEIbHO OXJaMKAEHHBIX IO TeMIepa-
Typel 200 K. BpeMs ycTaHOBKY TeMIepaTypEl B
KaKJIO! TOYKE COCTABJAIO 5 MUH, IIOCJIE YEeTro
oOpaserr Boifeps:kuBaau 10 MUH IIPU MOCTOSH-
Holl Temueparype. Meroguka AMP-usmepenuit
¥ OIIpeleJIeHIA TePMOANHAMUYECKUX XapaKTe-
PHCTUK U paguyca KJIacTepoB MexK(asHOo! BOAbI
moapo6Ho onmcaHa B [11—14]. 3amep3simas Boga
(tex) u IIIMC (B Buze BaH-Aep-BaabCOBBIX
MOJIEKYJISPHBIX KPUCTAJJIOB) He HAGII0Tat0TCs
B CIIEKTpax 13-3a 3HauuTeJbHOro (Ha 2—4 mo-
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pPAIKA) YMEHbIIIeHNA BpeMeHU MOIIePeuHoi pe-
JIaKCaI[M! TBEPIBIX TeJ II0 CPABHEHUIO C JKU[I-
KocThIo [15].

I1s1 ompesesieHNs TeOMETPUUECKUX pasMe-
POB HaHOKAIIeJIb BOABLI MCIIOJb30BAJIN ypaBHE-
Hue I'm66ca—TomcoHa, CBsA3BIBAIOIEE PAmUYC
Kamesab (R) co CHM}KEHMEeM TeMIlepaTyphbl 3a-
Mep3aHUs BOAbI B HUX:

26} Tm ®©
AT, =T,(R)-T, .= —0, O
AH 7 PR
rae T,(R) — remMmepaTypa IJIaBJIEHUA JIbIA,

JIOKaJIM30BaHHOIO B mopax paguyca R; T, , —
TeMIlepaTypa TIJIaBJieHus OO0BEMHOTO JIbIA;

p — ILIOTHOCTH TBepAOU Gaswel; o, — 9HEPrusd
B3aUMOJEHCTBUA TBepAoro Teja (MaKpoOMOJIe-
KYJIBI, Jiell) C JKUAKOCThbIo; AH; — obbeMHAaA

SHTAJBINS ILIABJIEHUA. ITO YPaBHEHUE MOKET
OBITh HCIIOJIb30BAHO [IJIs1 BBIUYMCJIEHHUSA pPac-
mpemeseHns HaHOKamea b (KJacTepoB) BOMBI
Mo pasMepaM Ha OCHOBE TeMIIepaTypHOU 3a-
BucumocTu BenuduHbl C,,, MOJTyYEeHHON Me-
rogoMm 'H AMP-CIeKTPOCKOINH ¢ HOCIONHBIM
BBIMOPasKMBaHUEeM BOJLI, KOrjga HpUMeHeHUe
IPYTUX METOOB aHan3a CTPYKTYPHBIX XapakK-
TEPUCTUK HAHOKATIEJb BOABI 3aTPYIHUTEIHHO
[12, 13]. Iya npakKTUYEeCKOro MCI0JIb30BaHUA
ypaBHeHue (1) MOKHO IIPeICTaBUTH B BUIE
AT, = k/R, B KOTOPOM KOHCTaHTa k I IIOJIU-
MEPHBIX CHCTEM, COAEepsKaIllluX BOAYy, OJM3Ka
K 50 K-HM, UTO AJIA IIOPUCTHIX TEJ HOATBEPIK-
IaeTcsl COMOCTaBJIEHMEM paclpeesieHuil, I0-
gyueHHBIX MeTogoM SIMP-kKpumomerpuu m HU3-
KoTeMIlepaTypHoOii amcopbiiuu asora [12, 13].
CiemyeT OoTMETHUTD, UTO TOUHOCTD OITPeIeTeHU S
pagmycoB Kamesb metoaoMm SIMP-kpuomerpuu
3aBHUCUT OT TOYHOCTU OIpPEeIeseHUs TeMIIepa-
TYpBI, KOoTOpasa B GosbiniuacTBe IMP-3Kcepu-
MeHTOB He mpeBbimmaer *1 rpax. Torga Bepx-
HUM TIpefieioM W3MepeHus paamyca Kalesb
asaserca R = 200 um.

ITapannensHO TPOBOAMIN U3MEPEHUS C HC-
MOJIb30BaHUEM OIITUUECKON MUKPOCKOIIUU, UTO
M03BOJISIET ONPEAEINTL PAAUyC Kalejdb B IHC-
TEePCUOHHOUN cpefie, pasMep KOTOPBIX COCTaB-
Jsder oT gojueit HM g0 10 MmxM.

PesyasTaThl u 06CcyKIeHNE

Mwuxrpodororpadpum sMyJSIbCUH BOJHOTO
pacrBopa CAY B CHJIMKOHE IPU PABIUUHBIX
KOHIIEHTPAIIUSAX BOAHOUM (pasbl B JauamnasoHe
1-8% wmac npuBenens Ha puc. 1. Ha dororpa-
GuaAx perucTpuUpyrTCad MUKPOKAIIJIN BOIHOUN
(dasbl, guamMeTp OOJBIITMHCTBA U3 KOTOPBIX HAa-

72

xoauTcs B guanasone 1-3 mxM. C pocToM KOH-
IOEeHTpanmuy SMYJbCHUMN KOJMYECTBO KalleJlb B
30H€ BUAMMOCTH BO3pacCTaeT, IIpuYeM IIpernMy-
1IIeCTBEHHO 3a CUeT POCTa YMCJIa KaleJb ¢ Jua-
mMeTpoM 1-2 MKM. B aMy/IbcuAX, CKIOHHBIX K
paccirauBaHUO (Copy = 4-8% wMac), Habaioga-
eTCda CJJIudHne OTAEJIBHBIX KalleJlb, KOTOpoe€e
IIPUBOLUT K IIOABJIEHUIO YIACTKOB C HEOLHOPO-
HBIMU OIITUYECKMMMU XapaKTEPUCTUKaMMU, 0co0eH-
HO 3aMeTHBIMU IIpH Cpaq = 8% Mmac (puc. 1, 2).

Puc. 1. Mukpodotorpadun smyabscuit CAY
B cuiaunkoHoBoM Mmaciae ITTIMC-1000
IIPHM KOHIIEHTPAIIUY BOTHOM (ha3bI:

a — 1% wmac; 6 — 2% wmac; 8 — 4% wmac; 2 — 8% mac

Crextpsl 'H IMP BozgHOi (asbl oMyJIbCHH
pactBopa CAY B IIJIMC npuseneus! Ha puc. 2.
XuMu4yecKue CABUTHU BOJbI M3MEPATIU OTHOCHU-
TeJbHO curHaja npotouoB ITJIMC, mpuHsaToro
3a 0 M. x. IIpu Cepy = 1% Mac xuMuYecKuit
CIBUT BOJBI COCTABJIAET 5 M. I. U €cJIa00 3aBUCUT
oT TeMmriepaTypsl. C IOHUIKEHUEM TEMIIEPATYPHI
WHTEHCUBHOCTL CUTHAJA BOJBl YMEHbBIIAeTCs
(13-3a ee 3aMep3aHUI) U IEPECTAET PETUCTPU-
poBaThkcsa B cnekTpax nmpu T < 260 K. Bauskue
3HAUEHUA XMMUYECKOr0o CABUra HAOIIONAIOTCA
u nas 0ojiee KOHIEHTPUPOBAHHBIX 3MYJIbCUIH.
C pocTOM KOHIIEHTPAIIUN 9MYJIbCUU NHTEHCUB-
HOCTh CUTHAJIa BOJIBI PACTET.

Kaxk ormeuasiocs Boitie, mpu Coag = 4% Mac
SMYJIbCUA PaccjanmBaeTCs Ha IPENMYIIeCTBEH-
HO BOJHYIO U CUJIUKOHOBYIO (Dashl, IIPpU 3TOM
B CIEKTPaxX HOABJIAIOTCA JBAa CUTHAJIA BOIBI C
HECKOJIBKO DPAa3JINYaiIUMUCA 3HAYEHUAMU
XMMUYECKUX CIBUTOB, KOTOPHIE OTBEUAIOT IBYM
BOBMOYKHBIM OMYJBCUOHHBIM CHUCTEMaM —
«Boja—MacJyo» (OoJiee MHTEHCUBHBIN CUTHAJT)
u «Macao—Bozxa» (puc. 2, Coay = 4% mac). Be-
JUYMHA XUMUYECKOTO CABUTA BOJBI OTBEYAET
CUJIFHOACCOIMUPOBAHHOM BoZe (MOJIEKYJIBI KO-
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Puc. 2. Cuarsie npu pasHou Temneparype cinextpst ‘H SIMP Bogmoi# ¢pakuuu smyascun pacreopa CAYU
B IIIMC-1000: a — 1% wmac; 6 — 2% mac; 8 — 4% mac CAY

TOPO¥ MPUHUMAIOT ydyacTue B (DOPMUPOBAHUU
IBYyX 1 00Jiee BOJIOPOAHBIX CBA3€EH ), OJIM3KO IO
CTPYKTYPE K *KUAK0# Boze [12—14].

HWcciemoBanue 3aMOPOKEHHBIX BOIHBIX pa-
crBopoB CAY c¢ pasHoii KoHIleHTparuei [16,
17] mokasbIBaeT, YTO ero MOJIEKYJIbI CIIOCOOHBI
CBSIBHIBATH 3HAUUTEHLHOE KOJUUECTBO BOIBI, KO-
Topasi JOKaJU3yeTcsa BHYTPH TJIO0YJ B IIyCTOTaX,
chopMUPOBAHHBIX OJIM3KO PAaCIIOJIOKEHHBIMU
(parmeHTaMuU OMOTOIMMEPHBIX Ieneli. Takas
BOJIa ABJISIETCA CUILHOCBA3AHHOM 1 MOYKET He 3a-
Mep3aTh BILIOTE 10 200 K. Tem He MeHee, B paMKax
MIPOBEINEHHBIX SKCIEPUMEHTOB CUJIbHOCBSI3aHHAS
BOJIa HE PErUCTPUPYETCS, UTO OOYCJIOBJIEHO He-
00XOIMMOCTBI0 M3MEPATHh CHUTHAJ BOALI Ha (hOHE
3HAYMUTEJLHO 60Jiee MHTEHCUBHOTO (Ha ABa IIOPS/I-
Ka) cur"asia MmetuabHbIX rpynn ITIIIMC. TTosTomy
MOXKHO CUYMUTATb, UTO PErHCTPUPYEMBIH CHUTHAJ
OTHOCUTCSI IIPEUMYIIIECTBEHHO K MHUKDPOHHBIM U
CYyOMUKPOHHBIM KaiLiaM pactBopa CAY, Haxozs-
mierocs B Buze amyabcun B IIIIMC.

Ha puc. 3, a npuBenena 3aBuUCUMOCTD U3ME-
HeHUSA KOHIEHTpAIluu He3aMep3aloIleil BOIbI
OT TEeMIIepPaTyphl, 6 — pacCUUTAHHBIE HA UX OC-
HOBe, B COOTBETCTBHUU ¢ (popmy.ioii (1), pacipe-
IeJIeHUs 10 PaguycaM HaHOKAIIe b JUCIIePCHO
(aspr. IIOCKOIBKY KOJUUYECTBO SKCIEPUMEH-
TaJbHBIX TOUEK B TeMIIepaTypHOM HHTepBaJie
YMEHbBIIIeHNS WHTEHCHBHOCTH CHUTHAJa BOIbI
OT CBOEro MaKCHUMAaJbHOTO 3HAUEHUS 0 HYJIA
OBLJIO OrPAaHUYEHO, [IJIsS MOJyUYeHus 6ojiee Har-
JAMHBIX paclpeneleHU K WMeRIuMcAd Ha
puc. 3, a ToOYKaM B OUalla3oHe TeMIepaTyp
265 < T < 273 K mobaBisaau HECKOJbKO BUP-
TYaJbHBIX TOUEK, JIeKAIINX Ha CIJIa’KeHHBIX
kpussix C,,(T ) uepes 1-2 rpanyca.

Ha nmonyuennsix pacupegenenusax AC,,(R)
MOTYT OBITH BBIZIeJI€HBI TPU—UYEThIPE MAaKCH-
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Puc. 3. 3aBUCUMOCTH KOHIIEHTPAIUU
He3aMep3alouieil BOIbI OT TeMIIEPATYPHI IIPU
pasHOM comepsKaHuu JUcIepcHOi (a3bl
B 3MYJabcHuaX BogHOTO pacTBopa CAY (a)

M TIOCTPOEHHBIE HA UX OCHOBE pacipeaeeHust
0 pajiuycaM HaHOKAaIeJb BOIbI (0)
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MyMa, OTBEUAWINX MIPEeUMYIIeCTBEeHHOMY
GopMUPOBAaHUIO HAHOKAIEJH OIIPEAEeJEHHOTO
pasmepa. B obiacTu Kameab CyOMUKPOHHOTO
pasmepa (R = 30—-100 HM) MHTEHCUBHOCTb U
dopmMa MakcuMyMa 3aBUCAT OT KOHIIEHTPAIIUN
amyJsbcun. MakcuMaIbHaA Macca Kaleab TaKo-
ro pasmepa QUKCUPyeTCA B 9MYJIbCUU, COAED-
sxamreit 4% wmac CAY. B maumbosee pasbas-
JIEHHOM BOMYJIbCUUM TOBBIIIEHO COAEPIKaHUE
HaHOKameJb ¢ paguycoM R < 7 am. C pocTrom
KOHIIEHTPAIINHU AUCIEPCHOI (asbl g0 2% wmac
Bo3pacTaeT MakcuMyM ¢ R = 9—15 um.

CHATbIe TPpU PA3HOU TeMIEePaType CIIEKTPhI
'H AMP IIIIMC upuBegens! Ha puc. 4. Curza
MEeTUJIbHBLIX T'PYIIN HaOJ0JaeTcs B BUIE OLU-
HOYHOTO CHT'HAJIa HEIPABUJbHOU IayCCOBCKOM
(GopMBI ¢ XUMHUECKUM CABUTOM Oy = 0 M. 1.
Hckakenue GopMbl curHaAJMa 00YCIOBIEHO He-
OJHOPOAHOCTBIO 0Opasia. B ob6aactu 6y =5 M. 1.
TaKyKe PpPerucTpupyercsa CJIa00MHTEeHCUBHBIN
CUTHAJ BOJBI, KOTODPBIN mpu 00jJiee BBICO-
KOIf UyBCTBUTEJIBHOCTH IIpubopa IIOKasaH Ha
puc. 3. Ha puc. 5 mpuBeneHa TeMmepaTypHas
3aBHCHUMOCTb KOHIIEHTDPAIIUY He3aMep3IIell ya-
ctu IIITMC B npoiecce oTTauBaHusl 00pasIioB,
mpegBapuTesbHO oxJaskAeHHbIXx g0 200 K.
Kpusas pasmopaskusanus [Cprgyc(T)] umeer
CIOKHBIN Bua. Ha Hell permcTpupyrTcsa ABe
00J1acTH MOAbEeMAa B TEMIIEPATYPHBIX AHAIas3o-
Hax 230 < T <240 K u 260 < T < 280 K, uro
CBHUJETEJIBLCTBYET O BOBMOKHOCTH COBMECTHOTO
CYIIeCTBOBAHUS TBEPAON U KUIKOI (has cu-
JIMKOHA B IIUPOKOM JqHUAIIa30HE TEeMIIepaTyp.
O6nactu pocra Cppyc PasiesieHbl IJIATO WU
yd4acTKoM 0oJjiee MeAJeHHOTO POCTA MHTEHCUB-
HOCTU CUTHAJIA IIPU IIOBBIIIIEHNY TEMIIEPATYPHI

280K
273
270
287
260
50
40
30

(240 < T < 260 K). B atom gmamazoHe TeMmIie-
paTyp OpaKTHUYeCKM He HaOJIIoJaeTcsa TasdHUe
damepamrero IIJIMC. MoXKHO TpeAIOJOKUTS,
uyro mpu T > 240 K B KuaKoi ¢ase CHUINKO-
Ha (mpumepHo 75% OT 00IIero KoJMuecTBa
IIIMC-1000) mpuCyTCTBYIOT KpUCTAJLINUE-
cxkue ¢opmbl TBepaoro IIJIMC, moaHoe TasgHUe
KOTOPBIX TPOUCXoAUT ToabKO pu 280 K.

Kak ciemyer u3 JaHHBIX PUC. D, IIPOIECC
pasmopakuBanus IIJIMC cymiecTBeHHO 3a-
BHUCUT OT KOJIMUECTBA SMYJbCUOHHOUN (assl,
4TO OCOOEHHO HATJIALHO IIPOABJIAETCA IIPU
Ccay = 4% wmac. B npucyrcTBuu gucnepcHOR
(asbl Temneparypa pasmopaxkuBanusa IIJIMC-
1000 mo:xer Bosdpactrath Ha 20—30 rpamycos.
IIpu sTOM CyYIIIECTBEHHO pPACIIUPAETCA TEM-
nmepatypHasi o6JIaCThb COBMECTHOTO CYIIECTBO-
BaHUA KUIKOU U TBepAou (a3 cuiamkoHa. Pa-
Hee IMOAOOHBIN a(hdeKT HabIogaICcad HaMU IIPHU
U3YUYEHUUW OMYJbIMPOBAHUSA pacTBopa TIua-
JIYPOHOBOM KHUCJOTHI B cuiaukoHe IIJIMC-5700
[18]. ITockoabKy mJaBJeHWE MOJIEKYJISPHBIX
KPUCTAJJIOB COIIPOBOXKAAETCA 9HIOTEpMUYE-
ckuM 3(pPeKToOM, CTadMIN3an A TBEPAON (has3nl
CUJIVMKOHA MOKeT OBbITh CBSA3aHa C HAJIUYUEM
KOMIIEHCUDYIOIIEHl ero pOCT SHTPOIUU KOJ-
JIOUIHOI CUCTEMBL.

B orsnuume ot pactBopa CAY, smyabcudu-
kamusa pactsopa 'K B IIIIMC-1000 npoucxonuT
3HAYUTEJbHO XYysKe. Jlaske B cucrTeMe, COAEp-
skamein 1% wmac pacrBopa I'K, mocie cyTok
OTCTAWBaHUA BU3YaJbHO (DUKCHUDPYETCS HAaJU-
uyne 00beMHOM BogHO# (asnbl. Ha puc. 6 mpen-
craBieHbl MuKpodororpadum IIIMC-1000
mocje qUCIepTrupoBaHuA B HeM pactBopa 'K.
Omysbcua crabuiabHa TorbKo npu Crg = 0,5%

220

210

200

T T

6 5 4 3 2 1 0 -
5, M.A.

8
280 K
273 280K
270 273
265 270
260 265
250 260
240 250
230 240
220 230
210 220
210
o -1 & 5 4 3 2 1 0 -
8, m.4. 5, MmA.

Puc. 4. CuaTele npu pasHoii Temnepatype cnextpsl “H SMP ITITMC-1000,
cofepskalnye pasHoe KOJM4ecTBO aucnepruposanaoro pacreopa CAY: 1% (a); 2% (6); 4% (8)
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200 210 220 230 240 250 260 270 280 290
Temnepatypa, K
Puc. 5. TemneparypHasi 3aBUCHMOCThH
KOHIleHTpaluu Hesamepsureit ¢passr IIIMC-1000,
CHSATAS NP PA3HON KOHIIEHTPAIMU
JMCIePrupoBaHHOTO pacTBopa CAY

Mac. B ocTasbHBIX ciIydyadx MUKPOCKOIIMYE-
CKUe MCCJIeMOBaHMUA MPOBOAUIN Ha OoJiee Jier-
KoM @pakmuu KOJIJIOHUAA, PACIOJIOKEHHON
B BepXHeH YacTu cocyha. YCTaHOBJIEHO, UTO
POCT KOJIMUEeCcTBa MUKPOKAIeJb BOTHOUN (aswl
B IIOJIe 3PEHUA U WX CPeJHUEe pasMepsl caabdo
KOPPEeJIUPYIOT ¢ KOJUUYECTBOM SMYJbTUPOBAH-
HOoro pactBopa I'K. BeposarHo, cmoco6HOCTH
amyabcuit «IIJJMC—pacTBOp OMOMOJIUMEPOB»
CYIIIECTBEHHO 3aBUCHUT OT BA3KOCTU CUJINKOHA,
MMOCKOJIbKY uM3yueHHoe paHee [18] smysbrupo-
Baume pactBopa 'K B GoJsiee BA3KOM CUIUKOHE
(IIOIMC-5700) mpoxomuT 0Oe3 paccaauBaHUA
BILJIOTH 10 KOHIIEHTPAIIUU AMCIIePCHO# (hassl,
paBHoit 4% wMac.

Ha puc. 7 nmpuBemeHbI CHATHIE IPU PA3HOI
TeMIIepaType CIeKTPhl METUJIBHBIX TPYIII
IIIMC-1000 u mocTpoeHHas Ha WX OCHOBE

280+

Puc. 6. Mukpodororpacdun smyascuii I'K

B cutukoHoBoM Macie ITIJIMC-1000 mpu
KOHIIEHTPAIMsIX BOTHOM (ha3sr:

a— 0,5% wmac; 6 — 2% mac; 8 — 4% mac; 2 — 8% mac

3aBUCHUMOCTb KOHIIEHTDPAIIUU He3aMep3IIero
CUJINKOHA OT KOHIIEHTPAIIUY JUCIIEPCHOM (ha3hl
(puc. 8). Bux kpusbix 3aBucuMocTy Crpyc(T)
aHaJIOTMUeH IPeACTAaBJIEHHBIM Ha pUC. 5, Tae
HaOJIOMalOTCS [Ba YydYyacTKa pasMopa’kKuBa-
Hua IIJIMC B TeMIepaTypHBIX HHTepBajIax
230 <T <240 K u 260 < T < 280 K. OueBus-
HO, OTCYTCTBHE KOppeaAnuu (GopMbl KPUBOIL ¢
KOHIIeHTpaI[ell sMyJIbCUU OO0YCJIOBJIEHO TeM,
uyTO B paboueii 06acTu aMIOyJbl, COAepsKaIei
9MYJbCUIO, COXPaHAETCA MTPUOJIUIUTEIHHO
onuHakoBoe coorHoienue IIJIMC u BoxmmHOI
amyabcuu 'K. Ilpu stom ob6bemHas (asa pa-
ctBopa 'K He TposiBIsAeTCA B CIIEKTpax 13-3a ee
MaJjioro oobeMa U JIOKaJInu3alu Ha JHe U3MepPH-
TeJIbHON aMIIyJjbl, BHE 30HBI PETUCTPAIIAN CUT-
"Hajsa SIMP.
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8, m.A. 8, M.4. 8, m.4.
Puc. 7. CHaTHIE IPU PAa3HOH TeMIepaType CIIeKTPhI METHJIBHBIX I'PYIIIL 'H aMP IIAMC-1000,
cojiepskalnye pasHoe KoJnuecTso aucnepruposantoro pacrsopa I'K: 0,5% (a); 2% (6); 8% (8)
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Puc. 8. TemnepatrypHast 3aBUCHMOCThH
KOHI[eHTpauu Hezamep3ureit ¢assr IITITMC-1000,
CHATAA MPU PA3HON KOHI[EHTPALNH
aucneprupoBaHHoro pacrsopa I'K

3amMepamuii CUIUKOH C AUCIEPTHUPOBAH-
HBIMHU B HEM MUKPOKAILJISAMU OMOTOINMEPHBIX
OMYJIbCUH TpEeACTaBISAET co00¥ TUAPOPOOHBIH
MaTepuaJl ¢ Pa3BUTON MOBEPXHOCTHIO, KOTOPBINA
TPAHUYUT C TUAPOPUIBHON TOBEPXHOCTHIO Ka-
TeJIb TUCTIEPCHOM (Pashbl, HAXOAAIIUXCA B TBED-
IOM WU KUAKOM COCTOSAHUH. MOXKHO IIpef-
TMOJIO}KUTh, UTO WMEHHO CBOMCTBA TPAHUIIHI
pasmena a3 CIOCOOHBI BJUATH HA TEMIIEPATY-
Py dasoBoro mepexona IUCIIEPCUOHHOMN Cpelbl.
151 IPOBEPKY 9TOTO IIPEAIIOTIOMKEHUA ObLIa UC-
caemoBana cucrema IIITMC-1000/Si-100, rame
CUJIMKOH 3aTIOJIHAJ 00Jiee TTOJIOBUHBI TTIOPOBOTO
npocTpancTBa cuankaress Si-100, cyMMmapHbIi
06eM TIop KoToporo cocrasaan 1,2 cm®/r [13].
Ha puc. 9 npuseneHsl CHATbIE IPU PA3HON
TeMIlepaType CIeKTPhI CUJIUKOHA B MATPHUILE
SiO, (a), paccunTanHad Ha UX OCHOBE 3aBUCH-
MOCTH M3MEHEHUsS KOJHMUYEeCTBa He3aMep3IIero
IIIMC-1000, oTHECeHHOTO K Macce KpeMHese-
ma (6), u B3AToe u3 [13] pacupenenenue mo pa-

nAamMC-1000/Si-100
M8

=

nuycam nop cuimkaresid Si-100, paccunranuoe
Ha OCHOBe HUB3KOTEMIIepaTypPHOU amcopOoruu
azora (8). 'mapaTupoBaHHOCTHL ITOBEPXHOCTH
KpeMHe3eMa OCYIIeCTBJsAIach IyTeM mobaBJie-
HuA K BeIcymieHHoMYy npu 200 °C KpemHeseMy
1,5% wmac Bombl, KoTOpas MOTJa PaBHOMEPHO
pacipeesaTbCs 110 IIOBEPXHOCTH, CBSA3HIBASACH
C CUJIAHOJBHBIMU TPYIIIaMU, KOHIIEHTPAIlUA
KoTopbIx aada Si-100 cocraBisaer 2,6 OH-rpyn-
ost Ha 1 BM? [19].

W3 gaunnix puc. 9, a, 6 ciaexyer, 4To He-
samepaarriuii IIJIMC-1000 npucyTcTByeT BO
Bcell o0JiacTy M3MeHeHus TemMueparypsl. Ilpm
9TOM MOJKHO BBIJEJUTH JBe TeMIlepaTypHbIe
obsmactu (T < 250 K u T > 250 K, obmactu A u
B, cOOTBETCTBEHHO), B KOTOPBIX CYII[ECTBYIOT
pasHbIe COCTOSHUSA afcOPOUPOBAHHOTO CUINKO-
Ha. Ob6JacTh A XapaKTepu3yeTcsa OTHOCUTEILHO
MeJIEHHBIM POCTOM C TEMIIEPaTypoii HeaaMeps-
mrero ITJTMC-1000. CpaBHUBas MHTEHCUBHOCTH
CUTHAJIOB He3aMep3IIero CUJINKOHa B KpeMHe-
deMmHOIT marpurtie (puc. 9, a) ¥ B KOJUIOUZHBIX
cucreMax (puc. 4 u 7), MOKHO 3aKJIIOUYUTH, UYTO
kosmuyectBo IIJIMC-1000, He samepsaroliero
Ipu HU3KUX TeMnepaTrypax (obsacts A Ha puc.
9, 0), CYIIIECTBEHHO BBIIIE. JTO MOKET OBITH
CBSIB3aHO C aACOPOIMOHHBIMHU B3aUMOAEHCTBU-
avu IIJIMC-1000/SiO,, KoTOpble MOHUIKAIOT
TEeMIIePaTypPy 3aMep3aHUs JKUIKOCTE.

Ecau npeamoioKuThb, YTO IPU MPOHUKHOBE-
HUU CUJIMKOHA B IIOPOBOE ITPOCTPAHCTBO CUJIU-
Karejs MepPBLIMU 3aTIOJHAIOTCA IIOPHI MEHBIIIe-
ro pasmepa (B KOTOPBIX BBIIIE aJCOPOITMOHHBIN
MOTEHI[NAJ), TO TOPOBOe IpocTpaHcTBo Si-100,
3aHATOE CUJINKOHOM, COOTBETCTBYET YACTH pac-
peeieHus 10 PaguycaM II0p, OrPAHUUYEHHOTO
Ha puc. 9, 8 3aITPUXOBAHHOI 00sacThio. Kak
cJeayeT U3 JaHHbBIX pUc. 9, 0, IIOJIHOE ILIaBJIeHNIe
cuJInKOHA Habonaercsa Toabko npu T = 300 K,

76 5 43 210 -1 23 200 220

. 0,154
0,104
0,054
1
P 000
Temnepatypa, K Paguyc nop, HM

Puc. 9. CuarTble Ipu pa3HOii TeMnepaType CIeKTPhI CUINKOHA:
B marpune SiO, (a); 3aBUCHMOCTS U3MeHeHU A KoandectBa He3amep3aurero IITTMC-1000, orHeceHHOTO K Macce
KpemHe3eMa (6); pacupeaeaeHue o paguycam mnop cuaukarens Si-100, paccuuTanHOe HA OCHOBE
HU3KOTeMIepaTypHoii agcopo6iuu azora (6); A u B: o6aactu c T <250 K u T > 250 K, coorBeTcTBeHHO
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YTO 3HAUUTEJHHO BBIIE TEMIIEPATYPhI ILJIaBJIe-
HUA 00beMHOr0 cuanKoHa (06aacts b Ha puc. 9,
0). IIIIMC B miopax cujInKareJs cieqyeT paccMma-
TPUBATh KaK HEKYI0 (QPaKTAIbHYIO CTPYKTYDPY,
XapaKTepUCTUUEeCKNEe pasMepbl KOTOPOI ompe-
[EJISIOTCS TeoMeTpUell IIOPOBOTO MIPOCTPAHCTBA
amcopbenTa. Torma ecTh OCHOBaHME II0JIATATD,
YTO MMEHHO POCT ITOBEPXHOCTU KOHTAKTA CHUJIU-
KOHA C THAPATUPOBAHHOM ITOBEPXHOCTHIO OTBET-
CTBEHEH 3a IIOBBINIIEHWE TEeMIIePaTyphl ero pas-
MOpaKUBaHUA.

Takum o6pasom, AUCIEPTUpPOBAHUE Da-
crBopa CAY B cpege IIIMC-1000 mpu Ccpy
< 2% wmac compoBoskgaeTca (popMHpPOBaHUEM
YCTOMUMBBEIX OMYJbCHUI, B KOTOPBHIX pasMep
KalleJlb BOJHOHM (padbl MOJKET COCTaBJIATH OT
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3 MeTOoH CTBOpPeHHA OioJsioriuHO iHEPTHUX
MarepianiB, OpUAATHUX [IJd B3aCTOCYBAHHA B
IIXPOKOMY [gialla3oHi TeMIlepaTyp, a TaKoXK B
arpecMBHUX CEPEeJOBUINAX METOJAAMHU OITUY-
HOi Mikpockomii Ta AMP-kpiomerpii BuBUeHO
eMyJbI'yBaHHS BOOHUX PO3UUHIB CHPOBATKOBO-
ro aJp0yMiHY JIIOMWHU i riaJ)ypoHOBOI KUCJIOTHU
B moaigumetruacuiaokcani IIJIMC-1000. IToxa-
3aHO0, II0 CUPOBATKOBUU aJbOYMiH JIOAWHU, HA
BimMminy Bif riaaypoHOBOI KHcCJIOTH, MOKe (op-
MyBaTH! B CUJIiKOHOBi# MaTpuIi cTiiki emymabcii,
posmip Kpamesab B axkux saMmiuoeTbesa Big 100 mo
10 000 M. ITpucyTHicTh gUcTEepCcHOI hasu (cupo-
BaTKOBOTO aJbOYMiHYy JIOAWHU UM TiaJypOHOBOIL
KHMCJIOTH) iCTOTHO IIiIBUIIYE TeMIOepaTypy Ta-
HEeHHs NOJIiAMMeTUJICUJIOKCAHy, II[0, MMOBipHO,
3YMOBJIEHO BIIOPAJKOBAHUM BILJIMBOM MiKpO- Ta
HaHOKpaIeab 6iomosriMepiB Ha JJOKaIi3oBaHi MixK
HuMu kpucrtaau [TIJTMC.

¥ pasi gucnepryBaHHA PO3UMHY I'iaJIlypOHOBOI
KHCJIOTH B PiIKOMY CHJIKOHI cIocTepirarmoTbCs
TiIBKY MiKPOKpaILIi BogHOI hasu, a HaHOPO3Mip-
Hi Kparii abo He yTBOPIOIOTHCSA, ab0 MPUCYTHI B
KiJIBKOCTi, HeIOCTaATHIl IJIA peecTpallii MeToIoM
SMP-kpiomerpii.

BcTanoBieHO MOMKJIMBICTD iCTOTHOTO BIJIUBY
eMyJIbTOBAHOTO PO3YMHY CHUPOBATKOBOTO aJab0y-
MiHy JroauHU Ha TeMmneparypy TaneHHs IIIIMC-
1000, 1110 BUABJISIETHCA Ha HOTO ONTUUYHUX IIapa-
MeTpax.

Ileit edbeKT peecTpyeThCA AK YV OIIAHII HU3b-
KHUX TeMIepaTryp, Tak i TeMmeparypu, OJu3bKOL
IO TeMIIepaTypH TiJjia JIIOAUHU, 110 MOKe BILJIMBA-
TU Ha CTAH CUJIIKOHY B pasi BUKOPHUCTAHHS HOTr0
AK iMIITaHTAa.

Knwuosi cnosa: 'H IMP-cneKkTpocKoIris, cui-

KOH, CHPOBATKOBUII aJibOYMiH JIIOZUHU, Tialypo-
HOBa KMCJIOTA, KJIacTePU BOIN.
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THE EMULSIFICATION OF HUMAN
SERUM ALBUMIN AND HYALURONIC
ACID SOLUTIONS
IN POLYDIMETHYLSILOXANE PDMS-1000

A. M. Ruban!
A.I.Kazanets'
T.V.K rupskct,ga2
V.V.Turov

Clinical eye hospital «Eye microsurgery
center», Kyiv, Ukraine
2Chuiko Institute of Surface Chemistry
of National Academy of Sciences of Ukraine, Kyiv

E-mail: v_turov@ukr.net

To create a biologically inert material
suitable for use in a wide range of temperatures
and in corrosive environments, the methods
of optical microscopy and NMR-cryometry
were used for investigation of emulsification
of solutions of human serum albumin and
hyaluronic acid in polymethylsiloxane PDMS-
1000. Unlike hyaluronic acid, human serum
albumin forms persistent emulsions in the
silicon matrix, whose size of the droplets varies
from 100 to 10 000 nm. The presence of dispersed
phase (human serum albumin or hyaluronic acid)
increases significantly melting temperature
of polydimethylsiloxane. It is probably due to
ordering influence of micro- and nanodrops of
biopolymers on PDMS crystals localized between
them.

In case of dispersion of hyaluronic acid
solution in liquid silicone only microdroplets of
the aqueous phase are observed and nanosized
droplets either didn’t form or were in amount not
sufficient to be detected by NMR cryometry.

The possibility of a significant influence of
human serum albumin emulsified solution on
PDMS-1000 defrosting temperature is revealed,
that is impacted on its optical parameters. This
effect is recorded both in the low temperature
region and at temperature close to human body,
which might influence on silicone state when it is
used as implant.

Key words: 1H NMR-spectroscopy, silicone,
human serum albumin, hyaluronic acid, water
clusters.
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BJIMAHUE BUOIIPEITIAPATOB
U3 CYXHUX JEINUTHHOB COU U ITOACOJTHEYHHUKRA
HA JINIINAHBIN COCTAB CBIBOPOTKH KPOBH
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M. Adab? IV «MHCTRTYT DUIeBoii 6uotexHoaornn u renomuku HAH Yipaunsr», Kues
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Cyxoii JIeIUTUH, IPeCTaBIAIINI cO00I cMeCh IMOJIAPHLIX (POochOIUNNI0B, HEHTPAIbHBIX JUINAI0B,
CBOOOHBIX JKUPHBIX KUCJIOT, IIMKOJUAIINI0B, YIJIEBOA0OB 1 HE3HAUNTEIbHOTO KOJIMYEeCTBA BJIAru, ABJISETC
MePCHeKTUBHBIM 00beKTOM IJIA CO3JaHUsA OMOIpernapaToB-renaronporeKTopoB. OQHO U3 MPOABIEHUI €ro
(apMaKoJOTUUYECKON AaKTUBHOCTH — BJUSAHNWE HA COCTAB JIMIHKAOB CBIBOPOTKM, B YaCTHOCTH Ha
TPAHCIIOPTHBIE (OPMBI 3TUX JUTHUIOB.

WccnemoBano BAuAHUE 00€3:KUPEHHBIX CYXUX JIEIIUTUHOB COW U ITOJCOJTHEUHUKA HA CTeIeHb TUIIePJIH-
IOIIPOTEMHEMUH U IPYTUX HAPYIIIeHni Junugaoro ooMeHa. Ilokasamo, 4To 00e3:KUPEeHHbI CyX0li JeIIUTHH
COM IIPOSIBJISAJ THUIIOXOJIECTEPOJIEMUUYECKYI0 AKTHBHOCTH IO OTHOIIEHHWI0O KO BCEM M3YUYEHHBIM (hopMam
XO0JIecTepoJia ChIBOPOTKY KpoBu. O0e3:KUPEHHBIN CYXOH JIIIUTUH MTOJCOJTHEYHNKA OKa3bhIBaJl aHAJOTUYHOE,
HO HECKOJIbKO MeHee BBIpasKeHHOe BoazelicTBue. OmHAKO CHUKEHUE KOHIIEHTPAIUU XOJIeCTepoJia
JIUTIOIPOTENIOB BHICOKOM IIJIOTHOCTH IO MefiCTBMEM JIEIIUTUHA MOACOTHEUHNKA PAa3BUBAJIOCh PAHBIIe, YeM
JIEIIUTHHA COU.

ITokaszamo, uro ofa JieMUTHHA [IPESOTBPAINAJY PA3BUTHE IUCIUIIONPOTEHIEMUN, BBLI3HIBAEMOM
IpUMeHeHueM TeTpaxJopMeTaHa.

Knatouesnvie cnosa: 6H0HpenapaTH JIeQUTHHA COU U IIOACOJTHEUHN KA, JUIINIbI CBIBOPOTKHN KPOBH.

B Hacrosee BpeMa Ha (hapMaleBTUIECKOM
PBIHKE IIPEeACTABJIEHO OOJIBIIIOE KOJIUYECTBO
CUMIITOMATUYECKUX JIeKAaPCTBEHHBIX IIpernapa-
TOB IJIA JIeUeHUs nopaskeHuH neuenu. OmHAKO
IIPOJIOJIZKAIOT OCTABATHCS aKTYaJIbHBIMU IIOUCK,
paspaboTKa 1 BHEJpEeHNE B MEIUITMHCKYIO TPAK-
THUKY HOBBIX JIEKAPCTBEHHBIX CPECTB. B mmepByio
ouepeab 3TO O0YCJIOBJIEHO BBICOKMMU TpebdoBa-
HUSAMU K X 6e30IacCHOCTH, MOCKOJbKY KJIETKHU
TmeyeH”, B KOTOPBIX IIPOUCXOIUT Omoaerpaja-
IUA KCEHOOMOTHKOB, MaKCHUMAaJbHO UYyBCTBU-
TEeJIbHBI K UX TOKCUUECKOMY JefCTBUIO.

CpaBHUTEIbHBIE XapPaKTEPUCTUKU BO3EIi-
CTBUS Ha IIeUeHDb CYXUX 00E3:KUPEHHBIX JIeIN-
TUHOB COUM U TIOJCOJTHEUHUKA B YCJIOBUAX WH-
TOKCUKAIIMM TEeTPAaXJIOPMETAaHOM OBbLIU IIPe[-
CTaBJIEHBI B IpeabIayIeit padore [1].

3aboieBaHUS IIeUYEHU PAa3JUUYHOU BTHUOJIO-
TUU MPOSBJIAIOTCA Ha (poHe HAPYIIIEHUN pery-
JATUYA MeTa00JINUeCKUX PeaKInii, ak TUBAIIUN
(bakTOpPOB BOCHAJIEHUS U IIPOIECCOB NECTPYK-
muu. IlosTomMy Ba’KHBIM CBOWCTBOM COBpE-
MEHHBIX JIEKAPCTBEHHBIX CPENCTB SABJIAETCA
CIIOCOOHOCTH TPOABIATL IMUPOKUH CIEKTP

dapMaKOJOTUUYECKOH AaKTHUBHOCTU, BKJIIOUAST
HOPMAaJIM3AIINI0 MeTaboJIMYeCKUX IIPOIIECCOB,
IEeTOKCUIIIPYIollee, MeMOPaHOCTA0UIN3UPYIO-
1ee, aHTUOKCUIAHTHOE eCTBUE U, KaK CJIe]-
CTBUE, 3aMe/IJIeHe Pa3BUTUA [IUPPO3a TeUeHN.
IIpemapaTtbl ¢ MOJZOGHBIM CIIEKTPOM JdeiiCTBUSA
0COOEHHO IIePCIEKTUBHBI IJIA TPOMUIAKTUKUI
U JIeYeHUSA TOKCHUUECKUX, MeTa0O0JUUYEeCKUX U
BUPYCHBIX T'e€IaTUTOB, IPUBOAAIINX K ITUPPOIY
¥ CIOCOOCTBYIOIIUX IIOABJIEHUIO HOBOOOpPa3oBa-
Hu neuernu. Kpome Toro, paspaboTKka KOMILIEK-
CHBIX CIIOCOOOB BOCCTAHOBJEHUS (GDYHKIUN TIe-
YeHHU, B YACTHOCTU OWoIIpernapaTaMiu, aKTyaJlb-
Ha JJIA TIONCKA CPEACTB, 001aJaloInX BHICOKOMI
9 (PEeKTUBHOCTHIO ¥ HUBKOM TOKCUYHOCTHIO.
WsBecTHO, uTO B myaszMe (CHIBOPOTKE) KPO-
BU IIPUCYTCTBYIOT TPY OCHOBHBIX KJIacca JUMU-
JIOB: X0JIECTEPOJ U eT0 3(UPHI, TPUTIUIIEPUIEI
u Qochoaununsi. Haubosblllee CTUMYJIUPYIO-
IIee 3HAUYeHNE B aTeporeHes3e MMeeT MOBBIIIIe-
HUe YPOBHEIl XOJIecTepoJja U TPUTJIHUIEPUIOB
IpU CHUKEHUU conep:ranusa (Qochoaunngos.
OCHOBHOM TPAHCIOPTHOI (POPMOIL JUIULOB SIB-
JISIOTCSA, KAK U3BECTHO, JIMIIOTIPOTEUIBI, B KO-
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TOPBIX XOJIECTEPOJI, TpUuraunepunbl u Gocdo-
JIUTIUABI CBA3AHEI ¢ aronporenHamu [2, 3—6].

TpaHCTIOPT JTUIHUIOB OCYIIIECTBIIAETCA B CPEZie
pacTBOpUTEJISA, Te OHU 00Pa3yIoT CIOMKHBIE II1a-
poroo0HbIe (IICEBAOMUIIEIIIAPHBIE) CTPYKTYPHI,
BKJIIOUATOIME MOJIEKYJIbI ITPOTEMHOB. ¥ POBEHDb
(GochoaUIINI0B UT'PaAeT CYIIEeCTBEHHYIO POJIb B
mporieccax o0MeHa M TPAHCIOPTA XOJECTEepoJa.
PerynapHoe npuMeHeHMe JIEITUTUHA IIPUBOIUT K
CHUKEHUIO YPOBHS XOJIECTEPOJIa B KDOBU U CTEH-
KaX KPOBEHOCHBIX COCYZOB, & TAKJKe ITOBBIIIAET
CIIOCOOHOCTB YKETYHBIX KUCJIOT BBIBOAUTE 9TO CO-
eIMHEHe 13 KPpoBOTOKa [4, 7, 8].

B ocHoBe Bo3elicTBUSA JeIIUTIHA HA MeTabo-
JIU3M JIUTUJOB JE€KUT IPUPOSHBIN aHTAaTOHU3M
QochaTuguaxoavaa u Apyrux (pocPoannugos
U XoJiecTepoJsia. ¥Y:Ke Ha YpPOBHE ITMTOILIa3Ma-
TUYECKUX MeMOPAaH MPOSABJIAETCS CIIOCOOHOCTH
X0JIeCTEPOJIa MOBBIIIATh UX YKECTKOCTb U yBe-
JUYUBATh TBEPAOCTH, B TO BpeMdA Kak (pocdoiin-
MUABI AEJIAI0T UX 00Jiee TEKYUNMU U JKUIKUMHU,
T. €. YBeJIUUUBAIOT UX (DYHKIMOHAJBHYIO aK-
TUBHOCTH. BesiecTBre MeTaboJMUecKUX IIPO-
IIeCCOB, IPOTEKAMIIUX B MeMOpaHax, B IIEPBYIO
ouepeab TeMaToIUTOB, 00Pa3yIOTCS JIMIIOIIPO-
Teu bl BbIcOKOIi moTHocTu (HDL), mpoaBiisio-
e aHTUATEePOCKJIEPOTUYECKYIO aKTUBHOCTD.

B mocienmme roabl 0coObIi MHTEPEC IIPOSAB-
JseTcs K IIperapaTraM, HNMEOIUM IITUPOKUN
creKTp (hapMaKOJIOTUIECKON aKTUBHOCTHU U I10-
JIy4YeHHBIM U3 IPUPOJHBIX UCTOUHUKOB. Takue
OuompenapaThl OTJINYAIOTCA MHOTOKOMITOHEHT-
HBIM COCTABOM U 3a4YaCTYIO BBICOKUM Ipoduaem
6esomacuocTu [4, 9]. B KauecTBe IEepPCIEKTUB-
HOTO JIeueOHOTO CPe/ICTBa HAUYMHAIOT AKTUBHO
HWCIIOJIb30BATh KaK CyXue, TaK U KUJKUe JIeTU-
TUHBI PACTUTEIHHOTO ITPOUCXOKACHUA.

JIeUTUH COM IIMPOKO IPUMEHAETCA KaK
OMYJBraToOp ¥ AaHTUOKCHUJAHT B THUIIEBOM,
napdoMepHON M XUMUUYECKON OTpacaAX IIPO-
MBIIIIJIEHHOCTH, 8 TaKyKe KaK IelaToOIPOTeKTOD
B (hapmaruu. JlemuTuH MOACONTHEYHUKA pPac-
CMaTPUBAIOT KaK OJUBKUIN aHaJIOT JIEIIUTUHA
cou, OJHAKO ero CBOMCTBa U OMOJIOTHMUECKAs
AKTHUBHOCTH IPAKTUUECKHU He u3yueHsbl. 1esbio
padoThI OBLLIO MCCaeqOBaHNEe BIUIHUS JICITUTH-
HAa TIO/ICOTHEUHNKA U COU Ha KOHIIEHTPAIIHIO OC-
HOBHBIX TPAHCIOPTHBIX ()OPM JUIIUAOB CHIBO-
POTKY KPOBY Y MHTAKTHBIX KPBIC U JKUBOTHBIX,
MHTOKCUIIMPOBAHHBIX TETPAXJOPMETAHOM.

MaTepuaabl 1 METOIbI

B wucciemoBammaXx WMCIONB30BAJIHN: TeTpa-
xXJiopMeraH, 4. g. a., I'OCT 20288-74, mpo-
usBogmctB0 AO «Peaxum» (Poccusa), cyxoit
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00€e3KMPEeHHBINA JIEITUTUH IIOACOJHEeUHUKA MU-
mieBoit (SFL), npousBoacTso ITAO « JOUPEA »
(Yrpauna), JEMUTUH COM CYXOil 00e3KUpeH-
merii nwurmiesoii SOLEC (SL), mpousBoacTBO
SOLAE LLC (CIITIA).

IKCIIepUMEHThI Ha *KUBOTHBIX BBITIOJHAIN
B cooTBeTCTBUN ¢ «O0LMMU MPUHIIUIIAMU SKC-
IePUMEHTOB Ha "KUBOTHBIX » , 0I00peHHBIX [-1V
HamnuoHanbHBIMU KOHIPeccaMU II0 OHO3TH-
ke (Kumes, 2001-2011 rr.) m coryiacoBaHHBIX
¢ ToJIOXKeHUAMHN KEBpomeiicKoil KOHBEHIIUU
0 3all[UTe MMO3BOHOYHBLIX JKUBOTHBIX, HCIIOJb-
3yeMbIX IJif 9KCIEePUMEHTAJIbHBIX U IPYTUX
HayuHbIX 1mejeii, Ctpacoypr, 1985 [10]. IIpo-
TOKOJI OIIBLITOB OBLI coryiacoBaH Komuccueii mo
ouostuxke HUU mMenuKo-O0MOJOTUYECKUX IIPO-
omem I'Y «J[HempoIleTpoBCKas MeAUITMHCKAA
akagemusay» M3 YKpauHbl.

Uccnemopanusa mpoBoguau Ha 170 Oeabix
KpbIcax cammax maccor 190—-240 r, KOTOpPBIX
colep:Kany Ha CTAaHIAPTHOU IUEeTe IIPU ecTe-
CTBEHHOM CBE€TOBOM peKHMe U CBOOOIHOM [0-
cTyme K Boae u nuirme. Meromom cayuaiiHOi
BBIOOPKU KUBOTHBIX Pa3/Ie/ININ HA JBe I'PYIIHbI.

B 1-ii rpynme :XKUBOTHBIE OBLIN pas3aesIeHbl
Ha 3 MOATPYIIIIEI:

1 — MHTaKTHBIE — KOHTPOJIb;

2 — KpBICHI, KOTOPBIM Ha HOPOTAKEHUU
14 cyT BBOAUIN «JIUNUAHYIO» T0OaBKY B 00be-
Me 10% cyTouHOTO palroHa B BUE HOAKOKHO-
T'0 CBUHOTO caJia;

3 — KpBICHI, KOTOPLIM B YCJIOBUAX «JIU-
MUAHOM» MOOABKU BHYTPUIKETYJOUYHO BBOIUIN
nemutuH B Buge 30% -it cycnensun (2,5 r/Kr)
B JIeHb.

JKuBoTHBIM 1-11 11 2-# TOATPYIN CPaBHEHUA
BBOAMJIN BHYTPHUKEIYAOUHO, B 9KBUOOHEMHOM
KOJIUYeCTBe, WBO0TOHMUYECKUN pPaCTBOP XJIO-
puctoro HaTpus. UYepes 1Be HeAeIU KPBIC fe-
KanuTUPOBaJIN MOJ 3OUPHBIM HAPKO30M U IIO-
JIyYasii CBIBOPOTKY KPOBU [JIS MCCJIeTOBAHUIA.
Omnpenensnan KOHIIEHTPAIIUIO O0IIIero X0JecTe-
poJia, TPUIJIUIIEPUIOB, XOJIECTEPOJIA JIUIIOIPO-
TEeUJO0B BBICOKOI IIJIOTHOCTH U XOJIeCTepoJia
JIUTIONIPOTEUIOB HUBKOM IIJIOTHOCTH OOIIEeIPH-
HATBIMU MeToxamu [11-13].

Bo BTOpoOi#i rpynme ucciaemoBasd BO3Oeli-
CTBUE JIEIUTUHOB COM U IIOACOJTHEUHUKA Ha
JIUTIUIBI CBIBOPOTKY KPOBU B YCJIOBUAX ITATOJIO-
I'UU IeYeHU. JKCIIePUMEHTAJNLHBIE KUBOTHBIE
OBLIM pasfeeHbl HA 3 TOATPYIIIIEI:

1 — mHTaKTHBIEe (KOHTPOJb);

2 — KpBICBI, KOTOPBIM BHYTPUIKEIYI0U-
HO BBOJUJU JIEIIUTUH TOACOJHEUHUKA B BUIE
20% -#1 cycnensuu (mosa 2,5 r'/Kr) B OeHb U
TeTpaxJiopMeTaH;
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3 — KDpBICHI, KOTOPBIM BHYTPUKEJYZOUHO
BBOAMIN JiemuTuH cou B Bume 20% -ii cycmeH-
3umn (2,5 r/Kr) B IeHb U TeTPaxJIOpMeTaH.

T'ermaToTOKCUYHOCTH BBHISLIBAJIU IYTEM BHY-
TPUIKETYIOYHOTO BBEIeHU TeTpaxJopMeTaHa,
pa3BeIeHHOTO B [IBa pa3a B PACTUTEJIbHOM MacJjie
(2,5 r/kr) Ha 1-e, 3-u u 7-e cyT HAOJIIOOEHUI.
Wccnenyemble moKasaTesi PETUCTPUPOBAIN B
HayaJie SKcIlepuMeHTa u Ha 3-u, 7-e u 14-e cyT
Y KOHTPOJIBHBIX JKUBOTHBIX U KPBIC, KOTOPHIM
e/KeJHeBHO BHYTPUKeyRouHO BBoAMIN 20% -10
CYCIIEH3UIO JIEIIUTUHA COU WU IIOJCOTHEUHU-
Ka (mo 2,5 r/Kr macchl TeJsia) 3a 2 4 [0 TemmaTo-
ToKcuHa. KOHTPOJIILHOII TpyIine KPbIC eKeTHe-
BHO BHYTPMKEJTYIOUYHO BBOJAUIU M30TOHUUEC-
KHU# pacTBop xJopuctoro Hatpus — 100 r/kr.
Buosornueckuit maTepuaj AJIS UCCIeTOBaHUI
HOJIYUAJIN CIIyCTA 2—3 U II0CJIe IOCJIeJHEero BBe-
IeHUus JeIUTUHOB, TeTPaxJopMeTaHa U U30-
TOHUYECKOTO PACTBOPA HATPHUA XJIOPHUIA.

JJis OlleHKM COCTOSHUS JUIIUIAHOTO U JIUIIO-
MIPOTEUTHOTO (IIPOTEMHOBO-3KUPOBOTO) OOMEHa
IIPY KCIOJIb30BAHUU O0E3’KUPEHHBIX CYXUX Jie-
IIATAHOB COM U TIOMCOJHEUHUKA OIIPeaesssin
KOHITEHTPAIMIO: OOIIEro XOJIECTEPOJIa, TPUTJIN-
IEePUI0B, X0JECTePOoJIa JIUIOMPOTENI0B BHICOKOM
miaotHocTu (HDL) u xoJiecTeposia JIMIOIPOTEN-
noB HusKoi miaoTHocTu (LDL) B chIBOPOTKE Kpo-
BHU, a TaKk:Ke Koa(ppurimenT areporeHHoctu (KA).

IIpu sToM rpaHHIla OOBIUYHBLIX 3HAUYEHUI
Koa(dUITMeHTa aTepOTeHHOCTH AJIS KPBIC yCTa-
HaBJMBaJIach B IIpeaesax 3 equaut [2—3].

PesynbraTel HabsomeHUl ob6pabaTbIBaIU
CTaTUCTUUYECKN C NOpUMeHeHueM t-Kpurepus
CreronenTa [14].

Pe3yasTaThl 1 00CysKIeHHIE

PesynbraThl ncciaeqoBaHUYN ITOKA3aJId, YTO
Ha TPOTSXKEeHUN JABYX HeJeJb SKCIepPUMeHTa
HY B KOHTPOJIBHBIX T'pPyIIaxX, HU IIPU BBene-
Huun 10% -1 «JIunupgHON» NOOABKU WJIMN Jie-
IUTUHOB, a TaK’Ke TeTpaxJiopMeTaHa rubean

"KUBOTHBIX He HA0JI04aoch. Pe3yabTaThl OII-
penenenus BauaHuAa SFL Ha mokasartenu Ju-
MUAHOTO OOMeHa IIpuBeaeHsl B Ta0. 1.

BBegeHnne B pamyoH SKCIEPUMEHTAJIbHBIX
KUBOTHBIX 10-# «JIMOMIHON» TO0ABKU IIPU-
BOAMJIO K M3MEHEHUIO PErucTPUpPyeMbIX IIO-
KasaTejieii. YpPOBeHL OOIIero XoJiecTepojia u
TPUTJIUIEPUIOB JOCTOBEPHO YBEJIUUNBAJICA Ha
110,0% u 113,4%, coorBercTBeHHO. Ompeme-
JIeHWe COOTHOIIIeHNA YPOBHA xoJsecTeposa HDL
u xoJiecteposa LDL mokasajo, 4To IIpu CTATHC-
TUYECKM 3HAUMMOM POCTe 000MX KJIACCOB JIH-
nonporennos (Ha 330,0% u 157,1% coorseT-
CTBEHHO), IIpeodJIafiajio yBeJInUeHNe aHTHaTe-
poreuubsix HDL.

Beegenune kpoicam SFL Ha dome 10% -ii
«JIUTIUTHOM » TOOABKY IIPUBOAMIIO K AHAJIOTUY-
HBIM M3MEHEHUSIM PEerucTpUPyeMbIX IIOKa3aTe-
aeti. OmTHAKO, B OTJINYKE OT KPBIC, ITOJYUABIITIX
o0oraleHHbIH JKUPaMU PaIloH, JOIOJHUTE -
HO CTATHCTHYECKH 3HAUMMO BO3pacTajia KOH-
meHTpanusa obimiero xoJecrepoia (za 60,5%),
xosiectreposia HDL (ua 85,7%) u xoJsecreposia
LDL (ua 101,9%), a comep:Kkanme TPUTIUIEPH-
OB OCTOBEPHO HE OTJINYAJIOCH.

Ha ocHoBammm sTMX JaHHBIX MOYKHO Cle-
JIATh BBIBOJ O TOM, UTO IIPU IIOBBIIIIEHUH COIEP-
JKaHUA B PAI[MOHE MHTAKTHBIX KUBOTHBIX MKU-
POB JIEIIUTUH BBHICTYIAET B KAaUECTBE JOIMOJIHU-
TeJbHOI, O0OOrallleHHON JUIINAaMB, OMOJIOrH-
YeCKH aKTHUBHOII IUIIeBON T0OABKH.

YuursiBasg 0coOyi0 pOJib IIeUeHU B JUIUI-
HOM oOMeHe, OBIJIO OIpeeIeHO CPABHUTEIbHOE
BJINSIHIE JIEIIUTUHOB COY U IIOJCOJHEUHNKA Ha
COCTAaB JIMIINI0B CEIBOPOTKY KPOBU B YCIOBUAX
BBEeJIEHIA TeTPaxJIopMeTaHa.

KoHueuTpanus TpUrINIEePUL0B B CEIBOPOT-
ke KpoBu (CK), aABasgeTca ogHUM M3 OCHOBHBIX
mokKasarejieil JUOUAHOTO oOMeHa. Y BeJInueHre
KOHIIEHTPAIINN TPUIJINIIEPULOB YCTAHOBJIEHO
IIPU HCIIOJb30BAHUN JIEKAPCTBEHHBIX CPEICTB
CTEePOUTHOM IIPUPOABI, STAHOJA IIPU BUPYC-
HBIX T'eHaTHUTaX, aJKOrOJbHOM M OMJIINAPHOM

Tabnuya 1. Binanue JeUTHHA MOACOJTHEYHNKA Ha TOKa3aTeJu JUIUIHOro ooMmeHa (M £ m, n = 6—11)

Hccaenyembie qunuabl (MMOJB/JT)

I'pynmsl sKMBOTHBIX
OO0muit Xx0JIecTepoJI Tpuraunepusl Xonecreponr HDL | Xomnecrepoa LDL
Kourposs 0,40 = 0,03 0,49 + 0,02 0,05 = 0,04 0,21 + 0,06
10% -s1 «IumugHAA» KOOABKA 1,24 =0,14%* 1,07 =0,09% 0,21 = 0,03* 0,54 =0,07*
«Jumapaas > nobaska + 1,99 % 0,16% #* 1,12+0,10% | 0,39 = 0,03% % | 1,09 = 0,11+ #*
JIETUTUH s >

Ilpumevanusa: * — P < 0,05 nmo cpaBHeHUIO ¢ KOHTpoJeM; ** — P < (0,05 mo cpaBHEHUIO ¢ KPBICAMU, KOTODHIE
B TeueHMe 2 HeleJb moaydaan B pamuone 10% -10 « InnuaHyo» 100aBKYy.
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IUPpO3e, BHEIEUEeHOUHOI OOTypamum Kead-
HBIX XO0H0B u Ap. OZHAKO B TepMUHAJIBHOII CTa-
IUH IIOPasKeHNs IIapeHXMbI [IeUeHN YCTAHOB-
JIEHO CHIUKeHIe 9Toro mapamerpa [11].

PesysnbraTer Habmomenuit (tabs. 2) mo-
Kasajau, YTO B YCIOBUAX HMHTOKCUKAIIUU Te-
TpaxJopMeTaHoM Ha 14-e CcyT MHTOKCHUKAIUH
oTMeuasaoch cyiiecTBernHoe (Ha 37,9% ) yMeHb-
IIeHune cojep:kanus Tpuraniepunos B CK.

Beegenne SL B ycia0BUAX MHTOKCUKAIIUN
TeTPaxJOPMETAHOM IPUBOAIIO K BO3PACTAHUIO
KOHIIEHTpAaIUX TPUIrInIepusos Ha 56,0% wu
30,6% na 3-u u 14-e cyT IO CPaBHEHUIO C IPU-
MeHeHIeM OJHOTO TeTpaxJopMeTaHa.

Ha 7-e cyr mocyae BBemeunusa SFL comep:xa-
HUEe TPUTJIUIEPUAOB CTATHUCTHUUYECKN 3HAUU-
Mo BoapacraJio Ha 62,3% u 136,1%, coorBer-
CTBEHHO, IIPU COIIOCTABJIEHUU C BO3AEHCTBHEM
TeTpaxJopMeTaHa, UTO CYIIeCTBEHHO ITPEBBI-
I1aJI0 KaK KOHTPOJbHBIE BEJIMUYMHEI, TaK 1 (-
dexTo SL.

AHanus IoJyYeHHBIX Pe3yJIbTaTOB N3MeHe-
HUHA KOHIIeHTPAIlUY TPUTJINIIEPUL0B II0KAa3bIBa-
€T, UTO UCIOJb3yeMBbIi CII0CO0 MHTOKCUKAIIUHI
eYeH! TeTPaxJopMeTaHOM Ha 14-e CyT IpmBO-
IUT K ee ucroinennio. O0 sTOM CBUIETEJIbCTBY-
eT CYIeCTBEHHOe CHUIKeHHNe KOHIIeHTPAIluU’
TPUTJIULEPUIOB 10 CPABHEHHUIO C KOHTPOJEM.
ITpu sTom SL moBwIIIAT €e YPOBEHD A0 KOHTPO-
as, rorma kak SFL pesko ero ypesnumBaJ, Ha-
YUHAA C 7-X CYT IIOCJIe BBEJIeHNUA.

Comep:xkaHue OOIIero xXoJecTepoJia BO3-
pacraeT pu psje 3a00JeBaHUN 1 UCIOJIH30Ba-
HUU papMmipenapartos [3, 11].

PesyabraTel mcciaemoBaHmuii 00IETO XOJie-
cTepoJia MOKas3aJi, UYTO B YCIOBUSAX IPUMEHe-
HUS TeTpaxJiopMeTaHa ero KOHIeHTpaIusa Ha
3-u, 7-e u 14-e cyr HaOJIOAEHUI LOCTOBEPHO
yBeJIMYMBAJIACh II0 CPABHEHHUIO C KOHTPOJIEM
Ha 14,4%, 31,3% u 37,9% , COOTBETCTBEHHO
(tabua. 3).

Beegenue SL npuBoamMIO BHaUaie K cTabu-
JU3aly JAHHOTO IToKasaTesas Ha HEeCKOJbKO

0oJiee HUBKOM (HO HPEBBIMIAIONIEM KOHTPOJb-
Hble 3HAUYEHUs) YPOBHe, a Ha 14-e cyT — K ero
yMeHbIeHNno Ha 27,7 % I10 CpaBHEHUIO C BBeJe-
HueM TeTpaxJyopmerana. SFL B meubImeii cre-
MeH’ BJIUSJ Ha YPOBEHDb OOIIero X0JIiecTepoJia.

Boamo:kHO, TTOZ00HBIE HEOMHO3HAUYHBIE CIBU-
TU cofep:KaHusA OOIIEero XoJiecTeposa CBI3aHbI C
coueTaHWeM ITPOIIECCOB UCTOIIEHUS €0 IyJia B Op-
ramax (IIpesx e BCero B IeUeHM) U HeIIOCPeICTBEeH-
HBIM 3aMeIleHreM IIPY BBeJIeHNH JIeITUTUHOB.

IIpu marosioruu, B UYaACTHOCTU CepaedU-
HO-COCYAWCTOM CHCTEMBI, 0co0oe 3HaueHNe
UMeeT OompefesieHre B CBIBOPOTKE KPOBU KJiac-
COB JIMIOIIPOTENIOB, PABIUYAIOIIUXCS IO (hU-
BUKO-XUMUUYECKUM CBOMCTBaM.

Koumeurpanusa xoJsecreposa HDL wuan
O-JIUTIOTIPOTENI0OB BO3PACTAET B YCIOBUAX UH-
TOKCUKAIINY, MEePBUUYHOTO OUJIIMAPHOTO ITUP-
posa IeueH’, XPOHUYEeCKOT0 rellaTUuTa, aJKoro-
ausaMma u ap. Co CHUKeHueM ero KOHIeHTPaIuu
CYIIIECTBEHHO BO3pacTaeT PUCK ATEePOCKJIEPOTH-
YeCKUX M3MEHEeHUN U UIIeMHUYeCKON 00JIe3HU’
ceparma [3, 11].

IIpu MHTOKCUKAIIUY TETPAXJIOPMETAHOM Ha
14-e cyT oTMeuasioch pe3Koe Bo3pacTaHme (Ha
218,2 %) koHmeuTpanum xoJiecteposa HDL
(tabu. 4).

ITo cpaBHEHUIO ¢ AefiCTBUEM TeTpaxJiopMe-
TaHa BBeAeHNe SL IPUBOAMIO K JOCTOBEPHOMY
yBenuuenuto Ha 114,3% ypoBHA xoJjecTeposia
HDL ua 7-e cyT u cumkenuio Ha 20,0% — Ha
14-e. AHaJOTMYHBIN, HO HECKOJHBKO MeEHee
BBIpAXKEHHBIA a(pdeKT HabJII0gaICad B YCIOBU-
Ax aByxHenenbHoro BBemenus SFL. Cremosa-
TEJIbHO, JIEIIUTHUHBI IPOABJIAIOT TUIIOXO0JIECTE-
poJieMUYecKoe NefiCTBUEe OTHOCUTENLHO JIUIIO-
IIPOTENIOB BBICOKOU IIJIOTHOCTU HPU BBEAEHUU
TeTpaxJopMeTaHa.

Omnpenenenue ypoBHsA xojectepoJa LDL,
MPOABIAIINNX <«aTEPOTEHHYI0» aKTUBHOCTD,
SIBJISIETCS HEOT'HeMJIEMBIM KOMIIOHEHTOM OITeH-
KM PHUCKA BO3HUKHOBEHUS IIATOJIOTUU CEepaed-
HO-COCYyaMCTOM cucTeMsl [3, 9, 11,14].

Tabauuya 2. 3MeHeHUA KOHIEHTPAIIUHN TPUTIUIEPUIOB (MMOJIb/JI) HA (DOHE el CTBUS JIEIUTUHOB
NPU MHTOKCHKAIIUHU TeTpaxjopmeranom (M £ m, n = 6—10)

Cpoxu HaGIIOIeHTiT
I'pynnel sKHBOTHBIX
3-u cyT 7-e cyT 14-e cyT
Koutposan 0,62 =0,11 0,58 = 0,04 0,58 = 0,04
TerpaxysopmeTan 0,50 = 0,06 0,61 =0,11 0,36 = 0,02*
Terpaxsopmeran+SL 0,78 = 0,05%* 0,57 0,04 0,47 = 0,03% **
Terpaxsopmeras + SFL 0,59 = 0,09 0,99 0,10 * ** o 0,85 = 0,04% ** o

ITpumeyane. 3nech u panee: * — P < 0,05 mo cpaBHeHUIO ¢ KOHTpoJaeM; ** — P < 0,05 mo cpaBHEHUIO C Te-
TpaxJyiopmeranom; ® — P < 0,05 mo cpaBHEHUIO C JIEIIUTUHOM COHU.
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Tabauya 3. Bananue JIGIUTUHOB COM U MOJCOJHEYHNKA HA KOHI[EHTPAIUIO (MMOJIb/JI) 00IIEero X0JiecTepoJia
B CHIBOPOTKE KPOBH IIPY MHTOKCHUKAIUN TeTpaxiopmeranom (M + m, n = 6—10)

Cpoku HAOIOeHUIT
T'pynnsI sKMBOTHBIX
3-u cyT 7-e cyT 14-e cyT
Koutpoin 1,53 = 0,07 1,28 = 0,19 1,21 = 0,09
TerpaxjiopmeTan 1,75 +0,07* 1,68 = 0,06* 1,91 = 0,12%
Terpaxsopmeran + SL 1,86 =0,07* 2,02 +=0,24%* 1,38 = 0,10%*
Terpaxmopmeran + SFL 1,90 = 0,17 1,70 = 0,16 1,73 £0,12% o

Tabauya 4. Biusaaue JeUTHHOB COM U MOACOJHEYHHKA HA KOHI[EHTpaIuio (MMOJIb/J) XojecTeposa HDL
B CBIBOPOTKE KPOBM IIPH MHTOKCUKAIMU TeTpaxjaopmeranom (M = m, n = 6—8)

Cpoxu HAOIOeHUIT
I'pynmsl sKUBOTHBIX
3-u cyT T-e cyT 14-e cyT
Kourpoan 0,65 = 0,05 0,30 = 0,01 0,22 = 0,02
Terpaxiopmeran 0,56 = 0,06 0,35+ 0,08 0,70 = 0,05%*
Terpaxsmopmeran + SL 0,60 = 0,05 0,75 +0,08% ** 0,56 = 0,04% *=*
Terpaxmopmeran + SFL 0,56 = 0,04 0,64 = 0,05% *=* 0,58 = 0,05%*

IIpu BBegeHUWU TeTpaxJopMeTaHa YPOBEHbD
xojectepoJia LDL cTabuibHO yBeINUUBAJICA Ha
3-u, 7-e u 14-e cyr coorsercrBenHo Ha 60,0% ,
45,8% u 43,8% (Taba. 5).

Beemenune SL ma 14-e cyT MHTOKCHUKAIIUN
MPUBOAMJIO K JOCTOBEPHOMY YMEHBIIIEHUIO
TaHHOTO IIOoKasaTessd Ha 42,9% 1o cpaBHEHUIO
¢ IeficTBUEM TeTpaxJiopMeTaHa. AHAJOTMUYHBIM
addexTom odaagaer u SFL.

MHTOKCUKAIIMA TETPAXJIOPMETAaHOM IIPUBO-
Iujia K CTabWJIbHON THUIEPJIUNIONPOTEUAEeMUN
Ha IPOTAKEHUU BCEro sKCIepuMeHTa.

006a u3yuaeMbIX JIEIIUTHUHA BEI3bIBAJIU I'AIIO-
X0JIeCcTepoJeMUUeCKU 9P(PeKT IIpak TUUECKU B
onuHaAKOBOU cremenn. OOHAKO CHUMKEHNE KOH-
meHTpanuu xoJjgecteposia LDL mpu geiicTBum
SFL pasBuBaJioch paubiie, uem SL.

Kosdpdumnumenr areporemnoctu (KA) orpa-
JKaeT COOTHOINIeHWEe AaHTH- U aTepPOTeHHBIX
(hopMm XoECTEPOIA B IUIONPOTEULAX CHIBOPOT-
KU KpoBU. B KOHTPOJIE OH B CpeJHEeM COCTABJISAI
2,5+ 0,43 (Tabu. 6).

B ycaoBusAX MHTOKCUKAIIUU TeTPaxJiopMe-
TAHOM STOT IIOKAas3aTeJb JOCTOBEPHO BO3pacTaJ
Ha 3-uu 7-e cyr Ha 72,9% u 51,1% , cooTBeT-
crBeraHo. Ha 14-e cytr KA, HanpoTus, JOCTOBEP-
HO cHmxajcsa Ha 61,7% , uro, BeposATHO, OBLIO
00yCJIOBJIEHO PE3KUM YBEJIUUEHUEM YPOBHS XO-
aecteposia HDL Ha sToM sTamne HaOIOOeHIH.

Nsmenenue KA B yc/i0BUAX MHTOKCUKAIIUN
TeTPaxXJOPMETaHOM IIOKAa3bIBAaeT IIPeuMYyIIie-
CTBEHHOE BO3pAacTaHWe YPOBHS aTePOTeHHBIX
KJaccoB gumonporennoB (LDL) Ha mepBbIX 9Ta-
nax (3-u u 7-e cyr) sxcuepumenTa. Ha 3aBep-
masoreit craguu (14 cyr), HampoTus, IIPeod-

JIafaJio TOBBIIIEHNE COMEePIKaHUSA O-JUIOIIPO-
Teua0B. Bo3MOKHO, 3TO CBA3aHO C JUIUIAMU,
«BBIMBIBAEMBIMU» TETPAXJIOPMETAHOM U3 KJIe-
TOUYHBIX MeMOpaH OPTaHoOB, BKJIOUAA B IEPBYIO
ouepenb IeUeHb.

ITo cpaBHEHUIO C TETPAXJIOPMETAHOM BBEIE-
Hue SL IpUBOANIIO K CHUKEHUIO JaHHOTO II0Ka-
3aTejid Ha 7-e CyT.

CyIllecTBeHHBIM OTJINYNEM IIPU BBeIEeHUU
SFL aBasica Tot pakT, uTo Ha 14-e cyT 3HaUe-
uue KA 0nL10 cymjectBernuo Boiie (xa 40,5%)
II0 CPABHEHUIO C BeJIMUYMHAMU, YCTAHOBJIEHHBI-
MUu BO BpeMs geticTBud SL.

CriemoBaTebHO, 00a JeIUTHUHA OJIOKHPOBa-
JIY Pa3BUTHE AUCIUIOIPOTEUIEMUU, BbI3bIBaE-
MO BBeleHUEM TeTpaxXxJIOpMeTaHa.

Tarkum 06pasoM, y KpbIC, ITOJyUYaBITNX 000-
raleHHbId JKUpPaMu pPaluoH, MOMOJHUTETHHO
CTATUCTHUYECKY 3HAUMMO BO3pacTaj i KOHIEeH-
Tpanuu obIero xoJsecreposa (€Ea 60,5%), xo-
aecteposia HDL (ma 85,7%) m xoJsecteposia
LDL (ua 101,9%), a comep:kanmne TPUTIUIEPH-
OB He oTJandasioch. C MOBBINIEHUEM COAEPIKa-
HUS KUPOB B paIliOHE MHTAKTHBIX JKHUBOTHBIX
JIIITUTHUH, BBICTYIIasd B KauecTBe OMOJIOTMYEeCKHU
AKTHUBHOM NUIIEeBON M00aBKM, IPOABJAN IIa-
paZoKcaabHOE, THUIIEPX0JeCTePOJIeMUYECKOe
neticrBue. IIpu sTom dochosmnumas: JenurnHa
B KPOBU TPAHCIIOPTHUPOBAJUCH B (OpMe JIUIIO-
MIPOTEUIOB, UTO OOBACHSET MAOTMOJHUTEIbHBIN
IPUPOCT cozepxkanua xojyecteposa HDL u xo-
Jectepoia LDL.

ITpumenenue SL B yCI0BUSAX MHTOKCUKAI[UY
TeTpaxJIOpMeTaHOM NPUBOAMUIO K BO3pacTa-
HUIO KOHIIEHTPAIUY TPUTINIePuI0B Ha 56,0%

83



BIOTECHNOLOGIA ACTA, V.7, No 2, 2014

Tabauya 5. Bnuaaue JeIUTHHOB COM U IOJCOTHEUYHNKA Ha KOHIIEHTpAIuio (MM0JIb/ 1) Xoaecreposia LDL
B CHIBOPOTKE KPOBHM NP MHTOKCHKAIUU TeTpaxyopmeranom (M * m, n = 6—10)

Cpoxu HaOIIOTEeHUIT
I'pynmel sKMBOTHBIX
3-u cyT 7-e cyT 14-e cyT
KouTposan 0,60 = 0,07 0,72 = 0,08 0,73 =0,07
Terpaxsopmerasn 0,96 = 0,08* 1,5 +0,02*% 1,05 =0,09*
Terpaxsopmeran + SL 0,92 = 0,04%* 1,00 = 0,16 * *=* 0,60 = 0,04*
Terpaxsopmeran + SFL 1,07 = 0,12% 0,61 = 0,11% *=* 0,77 +0,12% e

Tab6auya 6. Biuaane JeUTUHOB COU M MOICOJTHEYHUKA HA BeJIUUYNHY KO3(PUIIMEeHTa aTepOreHHOCTH
NpH UHTOKCUKAIUN TeTpaxjopmeranom (M £ m, n = 6—8)

Cpoxu HaOII0eHUIT
I'pynnel skMBOTHBIX
3-u cyT 7-e cyT 14-e cyT
KouTpoas 1,40 = 0,10 2,21 +0,13 4,54 = 0,21
TerpaxysopmeTan 2,42 +0,47* 3,34 = 0,53* 1,74 = 0,63%*
Terpaxmopmeran+ SL 2,19 =0,24%* 1,66 = 0,08 * *%* 1,48 = 0,02%*
Terpaxsopmeran+ SFL 2,36 =0,18% 1,65 = 0,08% *=* 2,08 £0,19% o

u 30,6% , cooTBeTCTBeHHO, Ha 3-U u 14-e cyT
110 CPaBHEHMUIO C AefCTBUEM TeTpaxJiopMeTaHa,
a BBegenure SFL mpuBoamIO K POCTY comep:Ka-
HUA Tpuriaunepusos Ha 62,3% u 136,1%, co-
OTBETCTBEHHO, UTO CYIIeCTBEHHO ITPEBBIIIAJIO
KOHIIEHTPAI[UIO TPUTJINIIEPUI0OB KaK B KOHTPO-
Jie, TaK 1 Ipu BBegeHuu SL.

Beegenue SL npuBoamIo B HaUaJIbLHOU CTa-
IUU 9KCIIEPUMEeHTa K CTa0uam3anuu KOHIeH-
Tpanmum OOINero xoJiecTepojia Ha HEeCKOJbKO
6ojiee HU3KOM (HO IIPEBBIMIAIOIEM KOHTPOJIb-
HbIe 3BHAUEeHUA) YPOBHE, a Ha 14-e cyT — K ero
ymeHbInieHuio Ha 27,7% (P < 0,05) mo cpaBHe-
HUIO C KOHIeHTpalmeil 00Ilero xoJecrepoJia
IpU BBEIEHUU TeTpaxJJopMeTaHa.
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Cyxuil JIeIIUTUH, IO € CYMIIIIITI0 TOJAPHUX
docooriningis, HeHTpaIbHUX JimigiB, BiJIbHUX
SKUPHUX KHCJOT, IVIiKOJIIImiAiB, ByrJIeBoAiB i He-
3HAYHOI KIiJIBKOCTI BOJIOTM, € IEePCIEeKTUBHUM
00’eKTOM [AJs1 CTBOPeHHs OiompemapariB-remna-
TonpoTrekTopiB. OgHMUM i3 BuABiB #oro papmMakro-
JIOTiYHOI aKTHWBHOCTi € BIJIMNB Ha CKJAaM Jimimis
CUPOBATKH, 30KPeMa Ha TPAHCIIOPTHI (hopMu Mux
Jimigis.

HocaimxeHo BIIUB CyXUX JIEIUTUHIB coi Ta
COHAITHUKY Ha CTYHiHB rinepJjainonporeinemii Ta
iHImUX mopyIleHb JimigHoro oominy. ITokasano,
10 3HEKUPEHUN CyXUU JIEITUTUH COl BUABJIAB T'i-
TIOXO0JIECTEPOJIEMIUHY aKTHUBHICTH CTOCOBHO BCiX
BUBYEHUX (OPM XOJIECTEPOJIy CHUPOBATKU. 3He-
SKUPEHUN CyXUH JIEIIUTUH COHAITHUKY MaB aHa-
JIOTiUHMH, ajie Jelro MeHInui Buaus. OJHaK 3HU-
JKeHHSA KOHI[eHTpaIlil XoJecTepoJry JinonpoTeinis
BUCOKOI IIiJIBHOCTI ITi /I Ai€f0 JIEMUTUHY COHAIITHH-
KY PO3BUBAJIOCA PaHillle, Hi3K JEIIUTUHY COi.

ITorkasano, 110 00MABA JIEMMUTUHU 3aI00iraan
PO3BUTKOBI auciinmomporeizemii, cupuymHeHOI
3aCTOCYBAaHHAM TETPaxJIOPMETAHYy.

Knawuosi crosa: cyxuit jenuTuH, 6iompenaparu
JEIUTUHY COl Ta COHAIITHUKY, JIMiTM CUPOBATKU
KPOBI.

INFLUENCE OF BIOPREPARATIONS
FROM DRY SOYBEAN AND SUNFLOWER
LECITHINS ON SERUM LIPIDS
COMPOSITION

H.V.Dziak', S. M. Shulga?, M. Adab®,
A. L. Drozdov®, I. 8. Glukh?

IState organization «Dniproperovska Medical
Acedemy» of Ministry of Health of Ukraine,
Dnipropetrovsk
2State organization «Institute of Food
Biotechnology and Genomics» of National
Academy of Sciences of Ukraine, Kyiv
3Research Institute of Biomedical Problems of State
organization «Dnipropetrovsk Medical Academy»
of Ministry of Health of Ukraine, Dnipropetrovsk

E-mail: shulga5@i.ua

Dry lecithin, which is a mixture of polar
phospholipids, neutral lipids, free fatty
acids, glycolipids, carbohydrates, and small
amounts of moisture, is a promising object for
biologic-hepatoprotectors creation. One of its
pharmacological activity displays is its influence
on serum lipids, in particular transport forms
of these lipids. The influence of dry soy lecithin
and sunflower on hyperlipoproteinemia ratio and
other lipid disorders is studied.

It is shown that low-fat dry soybean lecithin
showed hypocholesterolemic activity against all
studied forms of serum cholesterol. Nonfat dry
sunflower lecithin had similar but somewhat less
prominent effect.

However reduced concentration of high
density lipoprotein cholesterol under sunflower
lecithin developed right before soya lecithin.
Both lecithin prevented the development of
dyslipidemia induced carbon tetrachloride.

Key words: soybean and sunflower lecithin
biopreparations, serum lipids.
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BJACTHUBOCTI CECKBITEPIIEHOBUX JTAKTOHIB
RYJBTUBOBAHUX in vitro
Saussurea discolor (Willd.) DC. TA S. porcii Degen

M. M. Mapuenkro
A. €. lllenugicm
JI. M. Yeban

YepuiBelbKuii HaItioHaabHUY yHiBepcuTeT iMeHi FOpia @egbroBuua,
YepHiBii, YKpaina

E-mail: larisa.cheban@mail.ru
Orpumano 24.03.2013

3a momomoroio MeTofiB Y®- ta IU-ciekTpocKkomii B pocaunHiii cuposuHi Saussurea discolor (Willd.)
DC. (cocropes pisHokoJsripHa) Ta S. porcii Degen (coctopesa Ilopiiiyca), pigkicEux BumiB poxy Saussurea
DC., BcTaHOBJIEHO IIPUCYTHICTH CECKBITEPIEHOBUX JAKTOHIB. AHaJIOTiUuHI pesy/bTaTH OIep:KaHOo i mJisd
pociuH, KyJAbTUBOBAHUX in vitro. BmicT y HMX CeCKBiTepIeHOBMX JAKTOHIB OJM3BLKUI OO0 BMIiCTy
B iHTAKTHUX pocauHax i Bumuii guaa S. discolor.

Po3pobierno ymMoBU BUJIYUEHHS (5-TeHHOIO €KCTPAKIi€I0 XJIOPOPopMOM), OUMUINEeHHsS (amcopOIrifinol
xpomaTorpadiero Ha KOJOHII) Ta @paKIioHyBaHHA (TOHKOIIApOBOIO XpoMaTorpadieio) CMOJKH
CEeCKBiTepIIeHOBUX JIAKTOHIB. 3a JOIIOMOT0I0 TOHKOIIAPOBOi xpoMaTorpadii BusaBIeHO AKicHI BimmMinHOCTI
iXHBOTO CIIEKTpa OJIs eKCILIaHTiB POCJIUH, BHUPOINEHUX in vitro, Ta AUKopocaux pociauH S. discolor
i S. porcii. PociuaHut MmaTepias 060X TOCHiIKyBaHUX BUIIB BiIpi3HAETHCA TAKOMK 32 BMiCTOM OCHOBHUX
KOMIIOHEHTIiB CIIEKTPa CEeCKBITEPIIEHOBUX JAKTOHIB. BUsABJIeHO M0OT0 3aJIe;KHICTh BiJl yMOB BUPOIIYBaHHA.
KommoonenTtu 3 Rf 0,36 ta 0,95 micTaTbesa B yciit mocaifyKyBaHill cupoBUHI B MaKCUMAaJIbHIN KiTbKOCTI.

I3 BacTrocyBamHAM MeTomy Au@ysii B arap y CeCKBiTEepIEeHOBUX JAKTOHIB BUABJICHO AHTUMiKPOOHY
aKTUBHICTB. SIK TecT-cucTeMy BUKOpuUCTOBYBanau Bacillus subtilis. AHTUMIKPOOHY aKTUBHICTH BCTAHOBJIEHO
IIJISI CYMU CECKBiTEPIIEHOBUX JAKTOHIB. BoHa 3HauHOIO Mipoio 3ymMoBJeHa aiero kommouenTiB 3 Rf 0,36 Ta 0,95.

OpepsxaHi pesyJibTaTH cBiuaTh PO 3naTHICTE S. discolor Ta S. porcii cuHTe3yBaTH in Vitro ceCKBiTep-
TIeHOBi JJAKTOHM, a TAKOMK IIPO MOXKJINBICTh BUKOPUCTAHHSA POCIUHHOI CUPOBUHU KYJIBTUBOBAHUX POCIUH
AK ix moxepers. IS CeCKBITEePIIeHOBUX JAKTOHIB MOCHIMKYBaHUX BHUAIB JOBeNeHO AHTHUMiKPOOHY
AKTUBHICTD.

Knrwouwosi cnosa: Saussurea discolor (Willd.) DC., S. porcii Degen, ceckBiTepmeHOBi JaKTOHU,

TOHKOIIIapoBa XxpomMaTorpadis, aHTUMiKpoOHa aKTUBHICTD.

Pin Saussurea y diopi BykoBuncbkux Kap-
maT IpeCcTaBJIeHUN ABOMA BumamMu — S. porcii
Degen i S. discolor (Willd.) DC. [1]. O6unBa
BUAU 3aHeceHO N0 UepBOHOI KHHUIU ¥YKpaiHu:
IepIIni — 3i cTaTycoM «piaKicHU» , IPyTruit —
«3HuKauuii» [2]. Bioximiunuii ckaaxm Ta dap-
MaKOJIOTiUHY Mif0 0i0JIOTiYHO aKTUBHUX CIIOJIYK
X POCJUH BUBYEHO HEJOCTATHBLO. SaTyUeHHS
0i0TEeXHOJIOTIUHNX METOMiB 3 METOIO OJleP KaHHsI
POCJIMHHOTO MaTepiasly He TLIbKU CIPUATUME
POBIINPEHHIO aJIbTePHATUBHOL CHPOBUHHEOI 6231
S. discolor i S. porcii, a 1 HagacThb YHiIKAJIbHY
MOJKJIUBiCTh 30€perTu iX IPUPOAHi IOy JIAIil.

Iasi pOCJIMHHOI CUPOBUHU IIPEACTABHUKIB
poxny Saussurea BCTAHOBJIEHO HPOTUNYXJINH-
Hy [3], aHTUMiKPOOHY Ta MPOTUTPUOKOBY [4, 5]
miro. Taky akTHBHICTE OB’ SI3YIOTH 3i 34ATHICTIO
CHUHTE3yBaTH ¥ HAKOIMYYyBATH CECKBiTEepIIEHO-
Bi jaxkToHM [6, 7]. BoHU ABIAIOTE COO0IO0 KUCHE-
BMiCHI TOXimHI cecKBiTepIieHOiniB, pi3HOMAHIT-
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TA AKUX Yy MeKax OJHOTO TUIY BU3HAUAETHCA
CTyIleHEM HACUUYEHOCTi Kijellb, po3TanryBaHHAM
TMOABiHUX 3B’ A3KiB Ta HASABHICTIO PiBHUX QYHK-
mioHanbHUX Tpyn [8, 9]. Taka pisHOsKicHiCTH
YCKJIAOHIOE IPOIeC BUALJIEHHA Ta imeHTudikaii
CECKBLIIaKTOHIB, TOMY OJIeP:KaHHS X CIIOJYK Y
YHUCTOMY BUTJIAMNI TTOTPeOye po3pOOJIeHHS HOBUX
Ta OUTUMi3allil BjKe iCHyIOUMX METO/iB eKCTpaK-
mii, ounIteHHa Ta imeHTHdiKaIrii.

Y 3B’A3KYy i3 3a3HAUEHUM METOI0 POOOTHU
0yJI0 BUBHAUUTHU BMiCT CECKBIiTEPIIEHOBUX JIAK-
TOHIiB JUKOPOCJUX Ta KYJBTUBOBAHUX in vitro
S. discolor i S. porcii 3a po3pobIeHUX HAMU
ONITUMAJIbHUX YMOB EKCTPAaKI[ii, OYMWIIeHH:A
i posmisieHHs, a TAKOMK JOCHiAUTH iXHIO 6i0JI0-
riuyHy aKTUBHICTbD.

Marepiaau i meToau

HocuimkeHHA TPOBOAUIN HA JIUCTKAX IU-
Kopocaux (mo 25 eKcIlepuMeHTaJbHUX 3pPas-
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KiB) Ta KyJabTuUBOBaHUX in vitro S. discolor
i S. porcii (ue menmie 50 eKcnepuMeHTAIBHUX
3pasKiB JIMCTKiIB €KCIJIAHTIB, IO iX BUPOIIY-
OTBh Y KYJIBTYPi OiJIbIIIe TBOX POKiB).

Marepian S. discolor 3i6pano: UepHiBels-
Ka obJsacTth, IlyTuabchbKuii p-#H, YMBUMHCHKI
ropu, xpeder Yopuuii [lin, r. Bemuruit Ka-
Minb, 1 400 m H. p. M. Marepiax S. porcii 3i6pa-
HOo: monyadAnia Ne 1 — Isano-®PpankiBcbKa 00-
JacTh, BepxXoBUHCHKUH P-H, YUBUMHCHKI ropu,
r. 'uereca, 1 545 M H. p. M.; monyJamia Ne 2 —
IBano-®panKiBchbKa 00JiacTh, BepXOBUHCHKUN
p-H, YwmBumHCBHKi ropu, mois. I'amcrysara,
1475 M H. p. M.

Ymosu kyarvmueyseanusa. [na BBeLeHHA B
KYJBTYPY in vitro BUKOPUCTOBYBAaJIMN HACiHHA,
3i0paHe B MiCI[sIX 3pOCTaHHS MPUPOAHUX IIOITY-
aamiii. Hacimua smesapaskysaau 96% -m eta-
HoJIoM 3 gomaBaHHAM Tween-80 Ta posumHOM
mpomMucaoBoro mpemnapary «bimuzaay (TYY6-
05743160.001-93), micas woro ioro Tpuui
MIPOMUBAIN CTEPUJIBHOI AUCTUJIHLOBAHOIO BO-
noto. llai HaCiHHA MEpPEeHOCUJIN Ha KUBUJIbHE
cepeJIoBHUIlle, OCHOBOIO JJIA IPUTOTYBAaHHA AKO-
ro ciayrysajyo cepemoBuire Mypacire—Ckyra,
momoBHeHe mucteinoMm [10]. Excmiantu omep-
JKyBasu mpaAMuM Mopdoreunesom. IIpopocTru,
110 (hopMyBaTUCS BIPOOBIK MIEPIIIOTO TACaAKY,
OyJI0 IIepecaiKeHo Ha cepeSOBUIIe A iHAYKITil
YTBOPEHHS KOHTJIOMEpAaTy HaroHiB, JOIIOBHEHE
0,1 mr/a IOK (iHZOJIiJIOITOBOIO KMCJIOTOI —
ingosinamerarom)Ta l mr/n BAII(6-6en3amino-
nypuuom) [10].

Excmpakuyisa ceckgimepnenosux JiaxKmo-
Hig. [l ofeps;KauHsA CeCKBiTepIIeHOBUX JIaK-
TOHIB BUCYIIIEHY 0 HOBITPAHO-CYyXOTO CTaHY
i moApiOHEeHY CUPOBUHY BUUYEPIHO eKCTpary-
BaJu XJIOPO(OPMOM YIPOAOBIK D mib 3a Tem-
nepatypu 21+2 °C ma mimauamni. Po3unaHuK
BiiraHAJM TiJ BaAaKyyMOM OO0 OJep:KaHHSA 3a-
AUMKY (CMOJKM), AKWH IIOTIM OUMIITYBaJU
MeToAoM aacopOIiiinol xpomarorpadii Ha Ko-
JgoHuIi [11].

Adcopbuyiitna xpomamozpagis Ha cugika-
zeni. Komouku posmipom 1,0 : 15,0 samosHIO-
Basiz Silicagel L 40/100 3arajbHOOPUHHATAM
cuoco6oMm [12, 13], sapiBHOBaKyBaJI OEH30JIOM
ITo TIOBHOI cTabimizarii craproBoi miHii.

CMOJIKY, PO3UMHEHY B 3 MJ XJopodopmy,
HAHOCUJIY Ha KOJIOHKY ¥ eJII0I0BaJIN CYMIIITIITO:
nerpoJieiiHuii edip:erumamerar (9:1). Ilpucyrt-
HiCTh JIAKTOHHOTO KiJbIlA Yy (ppaKiiigax 00’ eMoM
5 MJ mepeBipaam 3a 34ATHICTIO HOTJIMHATH
cBiTio 3a moBkuHMN XBuiai 214 um ma CP-46.
Bigmosigui ¢ppakrifii o6’eguyBaau i BumapoBa-
Jau [o Kinmesoro 06’emy 1 v [13].

CnexmpanvHuil ananiz. [9-creKTpOCKOIIito
OUHUIIEHOI CMOJIKY ITPOBOAUJIN Y TOHKIil TJIiB-
i 3 BUKOPUCTAHHAM OpPOMHOI IJIACTUHKU Ha
SPECORD — 75IR y ginauni 1 600—-1 800 cm L.
CymapHU# BMICT CECKBiTEPIIEHOBUX JIAKTO-
HiB BU3HAYaJIU CIEKTPOPOTOMETPUUHO 3 N-IU-
MeTuIaMiHOOeH3abAeriom [14].

Tonkxowaposa xpomamozpagis (TIIX).
SricHuii aHai3 cHmeKTpa CecKBiTepIeHOBUX
JIAKTOHIB 3MiMICHIOBAJIM METOAOM XPOMATOIpa-
¢ii B ToHKOMY I11api cCOpOEHTY Ha MJIACTUHKAX
Silufol — UV — 254 (Yexia) B cuctemi po3umH-
HUKiB meTpoJseiinuit edip : erunamerar (9 : 1)
[14] BucxigamM criocob6oM BifIIOBiHO 10 BUMOT
Hep:xaBuoi (apmarornei [15]. InenTudikairizo
OKpeMUX KOMIIOHEHTIiB IIPOBOAUJIN, BUTPUMY-
oYU XpoMaTorpadiuHi miIacTUHKY 5 XB 3a TEeM-
neparypu 120 °C micas 06pobienus 1% -m pos-
ypHOM BaHininy y 20% -1t H,SO, [11].

VYci peakTuBu OyJju BiTUMBHAHOTO BUPOO-
HuIirTea («Makpoxim»).

Budinenns indugidyanibHux ceckeimepneno-
6UX JIAKMOHI6 TTPOBOJUIN 34 OIIOMOTOI IIpe-
napatuszoi TIIX. 3oHu, 1110 BigmoBigaam inmu-
BiyaJIbHUM CIIOJYKaM, 3ilIKpsa0yBaiu i3 Hocis
Ta eKcTparyBaau Bigmosigaum 0ydepom [11].

HocniOnceHHs aHMUMIKPOOHOT AKMUBHOC-
mi cecKBiTepneHOBUX JAaKTOHIB 3iMCHIOBAJN,
3acTOCOByIOuM MeTon nudyaii B arap. ¥ dairku
IleTpi, posrTamioBaHi Ha CTPOro ropMU30HTAb-
Hill ToBepxHi, 3aauBanu mo 20 MJ M’ sACOIel-
TouHoro arapy (MIIA). Ilicia sacTuranHs B
CepeloBUIIi 3a JOIMOMOTOI0 CTEPUJIBHOTO ITU-
Jinapa popMmyBaau JyHKU giamerpom 4,0 M.
IloBepxHI0 arapy piBHOMipHO 3aciBaju cTaH-
IapTU30BAaHOIO CYCIEHBI€I0 TeCT-KYJbTYypPU
Basilus subtilis y koumentpanii 1:10" KYO /M.
Y nyaxku BHOcuau 1o 20 MKJ XJIOPOPOPMHUX
CMOJIOK YX iHAWBiZyaJ bHUX (PaKIifi CEeCKBi-
TEePIIEHOBUX JIAKTOHIB, IIOIEePEeIHBO BUCYIIIE-
HUX Ta IEPEePO3UMHEHUX y CYMIIlli AUMEeTUJI-
cyJb(oKcus : eraHos y ciissigHomensi 1 : 1.
AnajoriuHMN PO3UYMH BUKOPUCTOBYBAJIU HAK
KOHTPOJb. Ilicasa iHKy6alii B TepmocTaTi mpo-
TATOM TPHOX Ai0 BU3HAUAJIM AiaMeTp 30H 3a-
TPUMKM POCTY MiKPOOPraHi3MiB HABKOJO JIy-
HOK [15].

Cmamucmuyna o6pobka danux. Yci no-
CIiI)KeHHs MPOBOAUIN B 6-KpaTHil IIOBTOPIO-
BaHocTi. Ha pucyHkax momaHo THIOBI xpoMma-
Torpamu. CraTucTuuHy OOpPOOKY pes3yJbTaTiB
BUKOHYBaJM 3a JOIOMOIOI0 IIPOTPaMHOI0 3a-
b6esneuenusa Microsoft Exel. Bigminmocti pe-
3yJbTaTiB, IIJ0 OOTOBOPIOIOTHECA B POOOTi, € Bi-
porigHuMu 3a piBHA 3Hauymocti P < 0,05 3a
Kpurepiem CThioeHTa.
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Pe3yasTaTu Ta 00TOBOPEHHA

3 MeTOI0 BCTAHOBJEHHS HaABHOCTI 6ioJo-
TiYHO aKTUBHUX PEYOBUH Y POCJINHHINA CUPOBU-
Hi mepeayciM IpoBOAMIN 11 CIEKTPAJILHUN aHa-
ais. Ima Tounol imeHTU(diKaIii ceckBiTepneHo-
BUX JIAKTOHIB HAUWOiJBIN NMPUIATHUM € METO
IY-cmexTpockorii, ocKinbKY B iH(G)pauepBOHil
OiJIAHIII PO3TAIlOBAHO OiJBIINICTh KOJUBAJL-
HUX i 00epTaJIbHUX CIEKTPiB MoseKyI [8].

BukopucranHsa mporo MeTony IJsS aHAJIiIZy
CMOJIOK i3 JINCTKiB TUKOPOCINX Ta KYJIbTUBOBA-
HUX in vitro S. discolor Ta S. porcii nayno 3smory
BUABUTHU B [U-CIIEKTPi cMyTru OTJIMHAHHSA, 1110
€ XapaKTePHUMH [IJIsI CeCKBiTEPIIEHOBUX JIAK-
touiB (1 710-1 760, 1 760-1 790 cm 1) [16].

3IaTHICTh POCIUHHOTO OPTaHi3MYy 0 CUHTe-
3y BTOPUHHUX MeTa0oJIiTiB 3a YMOB in vitro, He
BJIACTUBUX MOMY IIiJ] Yac 3pOCTAaHHS Y IPUPO/I-
HUX yMOBax, a00 [0 3MiHU KiJIbKiCHOTO CIiBBi-
HOIIIEHHSA TPUCYTHIiX CIIOJYK IOTpebye gomar-
KOBOTO aHAJi3y POCJIMHHOI CUPDOBUHU 3a PiBHUX
YMOB KyJbTHBYBaHHs. Hamu Oyj0 IpoBemeHO
HOPiBHAJMBLHUUN aHAaJi3 BMICTYy CecKBiTepIlieHO-
BUX JIAKTOHIB POCJMHHOI CUPOBUHU, 3i0pamoi B
TIPUPOAHUX MICIIAX 3POCTaHHSA Ta BUPOIIEHO] in
vitro. 17151 eKCILIaHTiB 000X MOCIiIKyBaHUX BU-
JIiB TOPiBHSHO 3 BUPOIIYBAHUMHU B IIPUPOIHUX
yMoBax OyJIO BCTAHOBJIEHO OiJbINHII IX BMiCT
(puc. 1). MakcuMaIbHy KiJIbKiCTh ceCKBiTepIe-
HOBUX JIAKTOHIB CUHTE3yBaJIU POCAUHU S. porcii
mepimol momyaAllii. BogHouac mjia eKCILTaHTiB
S. discolor, TIOpPiBHAHO 3 IIPUPOSHUM MaTepia-
JIOM, BCTAHOBJIEHO 3JATHICTH HAKOIWUYBATH ITi
croayku B 1,3 pasa 6iybiie.

Pocouunuuit marepian S. porcii gpyroi mo-
nyadmnii, AK OPUPOSHUM, TaK i KyJIbTHUBOBa-
HUi in vitro, XapaKTepuayeThca MaiiiKe yaBiui
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Puc. 1. CymapHuii BMiCT ceCKBiTepIIeHOBHX
JIAKTOHIB y poCIuHHiN cupoBuHi S. discolor Ta
IBOX MOMyJALii S. porcii (Mxm, n = 6, P <0,05):

1 — npupopuuit marepian; 2 — eKCIJIaHTH.

* P <0,05 S. porcii BigarOCHO S. discolor;

*% P <0,05 S. porcii (II) BigaocHo S. porcii (I);

# P <0,05 eKkcIiaHTiB BiTHOCHO TUKOPOCIUX POCIUH
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HUJKYUM DPiBHEM CECKBiTEPIIEHOBWX JIAKTOHIB
HOPiBHAHO 3 piBHeM mepioi nonyasamnii, i s 1,6
pasa — mopiBHAHO 3 eKcmIanTamu S. discolor.

Omxe, y mpolieci KyJbTUBYBaHHS in vitro
S. discolor ta S. porcii 36epirarmoTb 31aTHICTD 10
CUHTE3y CECKBiTepIeHOBUX JIAKTOHIB, IIPUYO-
My IX BMiCT B ycixX BUIIaAKax BUIIIUHA 3a BMiCT
IUKOPOCJINX POCJIUH.

s OifbIn meTaJbHOT'O BUBUEHHS CECKBi-
TEePHeHOBUX JIAKTOHIB IITMPOKO 3aCTOCOBYIOTH
xpoMarorpadiio y ToHKoMYy IIapi copoerTy. Bi-
IOMO, IITO BiJi TUITY PO3UMHHUKA IJIA €KCTPaKITil
3aJI€KUTDH He TiJIbKY ITOBHOTA BUJIYUYEHHS JOCJIi-
IKYBaAHUX CIOJIYK, aJjie ¥ ixuii ckiaazn [8]. Hamu
OyJIO IOCTi:KeHOo PisHi MeToau eKCTpakKIlii, 110
BiIpi3HANNCA AK 32 €KCTPAryBaJIbHOIO PEUOBU-
HOIO, TaK i 3a TeMIiepaTypHuM pekumom. CMoJI-
KM HajaJi aHajisyBasu 3a gomomoroio TIIX.

Ha ocHOBiI mpoBemeHUX OOCJIiIKeHL OYyJIO
BCTAHOBJIEHO, IO IJA iHAWBiZyaJbHUX CIIO-
JYK CeCKBiTepIeHOBUX JIAaKTOHIB S. discolor Tta
S. porcii HaTONTUMAJIBHIIIION € 5-TeHHAa XJI0PO0-
¢dopMHaA eKCTPaKIiA 3a KiMHATHOI TemMmepary-
p¥ 3 TOJAJIBIIIUM PO3AiJI€HHAM 3a JOIIOMOTOI0
TIIX 3 BUKOpPHUCTAHHAM AK pPyxXomoi (asu cy-
Minri meTpoJsieiiHu# eip : eTuaanerar, Ta igeH-
Tudikaia posunHOM BaHIJIiHY B cipuaHiit Kuc-
gori [11].

Hociimkyoun CHeKTp CeCKBiTepIeHOBUX
JakToHiB S. discolor i S. porcii, My BCTaHOBU-
JIY BiAMiHHICTB Y KOMOOHEHTHOMY CKJIaAi eKC-
IJIAHTiB Ta JUCTKIiB IMKOpOCAnX pocauH. Tak,
y IpUPOIHOMY 3pasKy S. discolor BusBieHO 9
CIOJIYK, TOZi AK B eKciyanTax — 10 (puc. 2).
CHlIbHUMU IJIS HUX € 7 KOMIIOHEHTIB, 2 3 AKUX
(Rf 0,26; Rf 0,95) xapakTepusyOTbCA MaKCH-
MaJbHUM BMicToM y cupoBuHi. Cmonyku, Rf
AKX Jexuth y mexax 0,6—-0,9, mamoTe Mmi-
HimMaabHU#A BMicT. Ciig 3ayBasKuTH, IO caMe
OinbIIiCTh 13 HMX BTPAYAIOTHCA I Yac BOJ-
HO-XJIOPO(OPMHOI eKCTPaKITii.
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Puc. 2. ToukomapoBa xpomartorpadisa eKcriaHTiB
pociauH in vitro (a) Ta INCTKIB TMKOPOCIUX POCIUH
(6) S. discolor i S. porcii:

I — nepma nonynaunida; II — apyra nomyJdAmnisa;
1-10 — KOMIIOHEHTU CIIEKTPa CECKBiTEPIIEHOBUX
JIaKTOHIB
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Busapneni mik 3paskamMum BigMiHHOCTI cTO-
CYIOThCA KOMIIOHEHTIB, Koe(iIlieHTu pyxJam-
BOCTi AKUX JexkaTb y mexkax 0,51-0,65 (Tab-
JIATIS).

IIig wac gocaimyxkenHA cMoJKU S. porcii Ha
xXpomMaTrorpamMax ifeHTu@ixoBano 9 KOMIIOHEH-
TiB, 1110 HaOyBAIOThH CIEIU(PIUHOTO AJIA CEeCKBi-
TepIeHOBUX JIAKTOHIB 3abapBieHHA (puc. 2).
3a IOPiBHAJLHOTO aHAJi3y POCJIMHHOI CHUPO-
BuHU S. porcii 6yJio BildHAUeHO 3MiHY CKJIaIy
CEeCKBiTepIeHOBUX JAKTOHIB 3aJIeKHO BiJl yMOB
BUPOIIlyBaHHs. BapiaGeJbHOIO /s [TaHOIO
BUAY € OiJIAHKA, AKa BKJIOYAE CIIOIYKHU 3 KO-
edpimienramu pyxamsocti y mexxax 0,48-0,65
(rabaurs). Conoayku 3 Rf 0,26 ta 0,95, axk i B
TKaHuHax S. discolor, IPUCYTHI B POCIUHHIN
cupoBUHIi S. porcii y MAaKCUMaJIbHIN KiJIBKOCTI.

Or:xe, B pocauHHiN cupoBuHi S. discolor Ta
S. porcii CHHTEe3yIOThCA CECKBiTePIIEHOBI JIAKTO-
HU, a IXHI#A AKiCHUN CKJIaJ 3aJIeKUTh Bil yMOB
KyJabTuByBaHHsA. COiTbHUMU I 000X BUIIB €
KOMIIOHEeHTH 3 Koepimienrom pyxausocti 0,14;
0,26; 0,36; 0,90 Tta 0,95.

HocaimkeHHs aHTUMiIKPOOHOI aKTWBHOC-
Ti ofep:KaHUX CMOJIOK 3a JOIOMOI'0I0 METONY
nudysii B arap 0yJj0 IpoBeZieHO 3 BUKOPUCTAH-
HAM Bacillus subtilis, OCKinbKU OJIsd aHAJIZY
OPOTUMIKPOOHOI aKTHBHOCTI IIpeNCTaBHUKIiB
pony Saussurea K TeCT-KyJIbTYyPU HaTYaCTiIIIE

KoeginienTu pyxaMBocTi KOMIIOHEHTIiB
CEeCKBiTEepIIEHOBUX JIAKTOHIB €KCIIJIAHTIB
S. discoloriS. porcii

Martepian
S. discolor S. porcii
Ne HHRq- Exe- Exc-
I/ |\ Tykopocni| Exc- POCTL | rapry |TTAHTH
POCJIHMHHU | ILJIAHTHU POCIIMHI (mmomy- (nony ]
(momry- . A
asamisa I) nania I) 1I)
1 0,14 0,14 0,14 0,14 0,14
2 0,26 0,26 0,26 0,26 0,26
3 0,36 0,36 0,36 0,36 0,36
4 0,43 0,43 - - 0,43
5 - - 0,48 0,48 -
6 - 0,51 - - -
7 0,53 - - 0,53 -
8 - 0,55 - - -
9 - 0,60 0,60 0,60 | 0,60
10 0,65 - 0,65 - 0,65
11 0,75 0,75 0,75 0,75 -
12 - - - - 0,81
13 - - - - 0,87
14 0,90 0,90 0,90 0,90 -
15 0,95 0,95 0,95 0,95 0,95

BUKODPUCTOBYIOTH B. subtilis, Saccharomyces
cerevisiae, Staphilococcus aureus ta Pseudo-
monas aeruginosa [17—19].

Ilepenycim HaMu 6yJ10 BUBUEHO HU3BKi KOH-
meHTparlii cyxoi cmoaku (2,5, 5 ra 10 mr/mi).
B ymoBax excmosuriii 3a aii 2,5 Mmr/mi cmocre-
piranau mossBy HeBEJIMKOI « 00JIAMIBKIM» TIOCUJIE-
HOT'O POCTY 110 Kparo JIYHKU. [locTOBipHOI pidHM-
i MiK pe3yJabTaTaMu AJIsI CMOJIOK i3 MaTepiaay
S. porcii pi3HUX MOMYAAIi# BUABIECHO He 0YJIO,
TOMY AaHi HaBeleHO AJid ofnHiel 3 HuX (puc. 3).

31 30iabIIeHHA KOHIIEHTPAIil CMOJKH B [0-
CIiIyKyBaHOMY PO3UMHI ImpemnapaT HaOyBaB aH-
TUMIKPOOHUX BjactuBocTelr (puc. 4). OKpim
TOT'0, MOCTYIOBe 30iJbIIeHHS KOHIIEHTpPAIlil
IOCJiKYBAHOTO PO3YNHY YMOIKJIMBIIIOE BUAB-
JIEHHS BIiIMiHHOCTE! IJIA mOmyJaAIiil S. porcii.

Haui Mmu mpoaHaIisyBajau aHTUMiKPOOHY aK-
TUBHICTL iHIWBIAyaJbHUX CIIOJYK, IIPEICTaBJIe-
HUX Ha XpOMAaTOTrpaMi y MAaKCUMAaJIbHIH KiJIBKOCTI
(Rf 0,36 Ta Rf 0,95), siki 6ys10 ofiep:KaHo Ipera-
patuBuoro TIIX. Ak BuaHO 3 prc. 5, 00ugBa KOM-
TIOHEHTU BUSABJIAIOTH CXOMKUUN e(DeKT HA KYyJIbTY-
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Puc. 3. AHTUTUMIKPOOHA AKTUBHICTH XJIOPOGOPMHUX
c¢MoJIOK i3 S. discolor Ta S. porcii y Maux KoH-
enrpaniax (2,5/5,0/10 mr/mi) BigHocHo B. subtilis.

* — P < 0,05 BiZHOCHO KOHTPOJIIO;

KOHTPOJIb: KyJAbTUBYBaHHA Bacillus subtilus sa
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Rf 0,95

Rf 0,36

\"'\._
Puc. 5. AHTUTUMIKPOOHA AKTUBHICTH
iHIUBiTyaIbHUX CeCKBiTEPIIEHOBUX
nakToHiB S. discolor i3 Rf 0.95 (22,68+1,46 mm)
ta Rf 0.36 (19,25+1,26 mm)

py B. subtilis. [liameTp 30H 3aTPUMKH POCTY 34 il
000X iHAMBiAyaJIbHUX CECKBiJIAKTOHIB CTAHOBIB
6s3bK0 19—23 MM, 10 a€ 3MOTY IIOCTYJIIOBATH
HAsABHICTh aHTUMiKPOOHOI aKTUBHOCTI.
ITinrcymoByoum, MOKHaA 3POOUTY BUCHOBOK,
mo S. discolor Ta S. porcii MicTATH cecKBiTepIre-
HOBi JIAKTOHU 3 aHTUMiKPOOHOIO aKTHBHIiCTIO.
Came TOMY HOCJiAKyBaHi BUAU MOXKYTh OyTH
BHUKOPUCTAHI JK JKepesia CIOJIYK 3 010JI0riYHOI0
aKTUBHICTIO 32 YMOB PO3POOJIEHHST e(DEKTUBHUX
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CBOMICTBA CECKBUTEPIIEHOBBIX
JIAKTOHOB KYJBbTUBUPYEMBIX in vitro
Saussurea discolor (Willd.) DC.

N S. porcii Degen

M. M. Mapuenko
A.E. Illerugpocm
JI. H. Yeban

YepHOBUIKUIT HAITMOHAJIbHBIA YHUBEPCUTET
umenu IOpusa @engprKoBuUa,
YepHOBIIBI, ¥ KpauHa

E-mail: larisa.cheban@mail.ru

C momortbio MeTonoB Y P- u NK-crieKTpocKo-
MUY B PACTUTENBLHOM ChIpbe Saussurea discolor
(Willd.) DC. (cocciopest pasHoiBeTHasi) u S. porcii
Degen (cocciopes Ilopiinyca), peqKux BUIOB pojaa
Saussurea DC., ycraHOBJIEHO NIPHUCYTCTBUE Ce-
CKBUTEPIIEHOBLIX JIAKTOHOB. AHAJOTUYHBIE pe-
3yJIBTATHI MOJYUEHBI U OJIS PacTeHUll, KyJIbTUBU-
pyembIx in vitro. Cogepsxanue B HUX CECKBUTEPIIe-
HOBBIX JIAKTOHOB 0JIM3KO K COJEPIKAHMUIO B MHTAKT-
HBIX pacTeHuAX U 0oJiee BbICOKOe I S. discolor.

Paspaboraubl ycaoBusd usBjieueHus (5-mHEB-
HOI SKCTpakiiueidl XJ0podopMOM), OUHIIEHHSI
(amcopOImoHHON XpoMmaTorpadueit Ha KOJOHKE)
U ppaKIUOHUPOBAHUA (TOHKOCJIONHONM XpPOMAaTo-
rpadueii) CMOJKY CECKBUTEPIEHOBBIX JIAKTOHOB.
C moMOIIbI0 TOHKOCJIOMHOM XpomaTtorpauu o06-
Hapy:KeHbl KauyeCTBEHHbIE DPAa3JUUYUA UX CIEK-
Tpa AJA 9KCILJIAHTOB PACTeHUH, BhIPAIIEHHBIX i
vitro, u gukopactymux S. discolor u S. porcii.
PacrurenbHbIlI MaTepHas 0O00MX WCCJIEAYEeMBIX
BUOB OTJIMYAETCS TAKIKE COAeP:KaHueM OCHOB-
HBIX KOMIIOHEHTOB CIIEKTPa CEeCKBUTEPIEHOBBIX
JIaKTOHOB. BBIsAIBJIEHA €ro 3aBUCUMOCTH OT YcC-
JoBuii BeIpamuBanus. Kommonentsl ¢ Rf 0,36
u 0,95 B mcciegyeMoM ChIPbE COePIKaTCA B MaK-
CUMAaJIbHOM KOJIMYECTBe.

C npumeHeHneM Meroga nudysuu B arap y ce-
CKBUTEPIIEHOBBIX JIAKTOHOB OOHAPYsKeHA aHTUMU-
KpoOHasA aKTUBHOCTh. KaK TecT-cuCTeMY MCIIOJIb-
3oBasin Bacillus subtilis. AHTUMUKpPOOHAST aKTHUB-
HOCTB YCTAHOBJIEHA JJIsI CYMMbI CECKBUTEPIIEHOBBIX
nakToHoB. OHa B 3HAUUTEJIbHOI CTEIIeHU 00YyCJIOB-
JeHa geiicrsueM KoMmiroHeHTos ¢ Rf 0,36 1 0,95.

IlonyuenHble pes3yJabTaThl CBUIAETEILCTBYIOT
o ciocobuocTu S. discolor (Willd.) DC. u S. porcii
CUHTE3UPOBATD in Vitro CeCKBUTEPIIEHOBbIE JaK-
TOHBI, & TaK:Ke O BO3BMOIKHOCTU WMCIIOJIb30BAHUA
PacTUTENBLHOTO CBIPHSA KYJBTUBUPYEMBIX pa-
CTeHUH KaK WX MCTOUYHUKOB. A ceckBuTepIIe-
HOBBIX JIAKTOHOB MCCJIEIyeMbIX BHUIOB JOKasaHa
AHTUMUKPOOHAS aKTUBHOCTb.

Kntwouesvie cnosa: Saussurea discolor (Willd.)
DC., S. porcii Degen, ceCKBUTEpPIEHOBBIE JIAKTO-
HBI, TOHKOCJOMHas xpomarorpadusi, aHTUMU-
KpoOHasg aKTUBHOCTbD.

PROPERTIES OF THE SESQUITERPENE
LACTONES OF in vitro CULTIVATED
Saussurea discolor (Willd.) DC.
AND S. porcii Degen

M.M. Marchenko
A. E. Shelifist
L.M.Cheban

Phedkovitch Chernivtsy National University,
Chernivtsy, Ukraine

E-mail: larisa.cheban@mail.ru

Using the UV- and IR-spectroscopy methods
in the plantstuff of Saussurea discolor (Willd.)
DC. and S. porcii Degen, that are infrequent spe-
cies of the genus of Saussurea DC., the existence
of the sesquiterpene lactones in them was deter-
mined. Similar results for the plants cultivated
in vitro were received. The contents of the ses-
quiterpene lactones are approximate to the same
ones in the intact plants. It was found as well that
the plants of S. discolor have their higher total
content.

We elaborated the separation criterions
(under 5-days extraction of chloroform), puri-
fication (using the adsorption chromatography
column) and fractionation (applying thin layer
chromatography) for the amounts of the sesqui-
terpene lactones. By thin layer chromatography
there were detected the qualitative differences of
their spectrum for the explants of plants, grown
in vitro and for the S. discolor and S. porcii wild
plants. The plant material of both investigated
species differs besides by the quantitative con-
tent of the main components of the sesquiterpene
lactones. All the investigated materials showed
maximum amounts of Rf 0,36 and 0,95 compo-
nents.

By diffusion in agar method the existence of
the antimicrobial activity of the sesquiterpene
lactones was detected. The test-system was Bacil-
lus subtilis. This property was conditioned main-
ly by the action of the components of Rf 0,36 and
0,95.

The results give evidence for the ability of
S. discolor and S. porcii to synthesize the sesqui-
terpene lactones. The cultivated in vitro plants
could be as their sources. So the sesquiterpene
lactones of S. discolor and S. porcii have the anti-
microbial activity.

Key words: Saussurea discolor (Willd.) DC.,
S. porcii Degen, sesquiterpene lactones, thin
layer chromatography, antimicrobial activity.
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The study was aimed to investigate some untoward effects that could be associated with the use of
P. nitida as hypoglycemic agent using some biochemical and histological evidences.

The antioxidant property of the plant was determined by using 1, 1-diphenyl-2-picrylhydrazyl radical
scavenging activity. Biochemical studies in plasma using determining the testes such as blood glucose,
alanine and aspartate aminotransferases, gamma glutamyl transferase activities, electrolytes (sodium,
potassium and bicarbonate, lipid peroxidation levels, haematological parameters (red blood cell and
whole blood cell, platelets, and lymphocyte counts), blood glucose level, lipid profile, and also liver and
kidney function tests were performed. Histopathological examinations of the liver, kidney and pancreas
were done following the standard Heamatoxylin and Eosin staining method.

Methanol extract of the seeds has the highest antioxidant level (36.73%), indicating higher free
radical scavenging activity; followed by aqueous extract (19.36% ) and coconut water extract (4.09%).
There was significant reduction (P < 0.05) in blood glucose of all the treated rats at the end of the exper-
iment (ranging from 55.59% to 41.66% ). Significant increase (P < 0.05) in body weights of the treated
rats were also observed at the end of the treatment (ranging from 9.26% to 38.89%). There was a sig-
nificant (P < 0.05) increase in the hematological parameters in all the extract treated groups. There was
also significant decrease (P < 0.05) in the lipid profiles of the treated groups. Plasma studied enzymes
activities decreased in all treated groups. Ionoregulatory disturbances observed included hyperkalemia
and hypernatremia in all the treated groups but were reduced significantly (P < 0.05) at the end of the
treatment. Urea and bicarbonate concentrations and also of lipid peroxidation level decreased signifi-
cantly in all the groups. The histopathological studies revealed that the extracts were unable to amelio-
rate some observable pathologic conditions associated with induced diabetic tissues. Although, diabetes
mellitus have been reported to be associated with varied histological changes in different organs, in this
study, histological examinations of the pancreas of the treated and untreated groups showed varying
degree of degenerations but the extent of severity in the lesions were more pronounced in the extract
treated groups. In this relation the obtained results of this study which revealed the hypoglycemic and
antioxidant potentials of Picralima nitida seed extracts for the treatment of diabetes mellitus should be
taken with caution in administering the P. nitida seed extract as an hypoglycemic agent.

Key words: Picralima nitida, diabetes mellitus, biochemical, histological evidences.

Mellitus (IDDM) or juvenile onset diabetes is
caused by an autoimmune destruction of the

Diabetes is becoming one of the prevalent
disease conditions worldwide. Diabetes melli-

tus, often simply referred to as diabetes, is a
group of metabolic disease in which a person
has high blood sugar, either because the body
does not produce enough insulin, or as a result
of insensitivity of target cells to the insulin
that is produced [1]. Clinically, there are three
main types of diabetes: Type 1 diabetes melli-
tus, also known as Insulin Dependent Diabetes
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insulin secreting p-cells of the pancreas [2]. It
usually develops during childhood, adolescence
or during early adulthood [3], since the insulin
producing B cells are partially or completely
loss, the patient requires daily injection of in-
sulin [4]. It is also characterized by a condition
in which the pancreas does not produce insulin
at all, which could be as a result of damage on
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the pancreatic cells. Type 2 is often referred to
as Insulin Independent Diabetic which is char-
acterized by a condition in which the pancreas
does not produce enough insulin or the insulin
produced is not working properly. Gestational
diabetes is when pregnant women who have
never had diabetes before have high blood glu-
cose level during pregnancy, in some cases it
may precede development of diabetes type 2
[2]. Long term diabetes mellitus is commonly ac-
companied by other cardiovascular risk factors
such as dyslipidemia, hypertension, prothrom-
bic factors and microvascular problems involv-
ing eyes, kidney and peripheral nerves [5].

Treatment of diabetes is very important
because it is a life threatening ailment and
presently there is no known cure [6]. Manage-
ment of diabetes often concentrates on keeping
blood sugar levels close to normal (euglycemia)
as possible without presenting undue danger
to the patient. Dietary management, regular
exercise, and use of appropriate medications
are some other management regime. Long
term diabetes mellitus is commonly accompa-
nied by other cardiovascular risk factors such
as dyslipidemia, hypertension, prothrombic
factors, ketoacidosis, and non-ketotic hyper-
sosmolar coma and microvascular problems
involving eyes, kidney and peripheral nerves
failure, poor wound healing, gangrene on the
feet which may lead to amputation and erectile
dysfunction or impotence [5, 7].

Picralima nitida is a member of the fami-
ly Apocynaceae and order gentianales and is
widely distributed in the tropical rainforests
of Africa, as homesteads or bushes [8, 9]. It
can measure up to 20-35 m high when fully
grown, having white flower in terminal inflo-
rescence and very large paired fruits (pods).
Its leaves are opposite, simple, and entire.
The fruit (pod) has many seeds which are usu-
ally embedded in the pulpy material known as
pulp. The pericarp of the fruit which contains
latex is known as the rind [10]. P. nitida seed
is known as Akuamma seed in Ghana, Osi-igwe
seed in Igboland (Eastern Nigeria), Eso Abere
in Yorubaland (Western Nigeria) [11].

Picralima nitida (Abere) has been used as
antimalarial, antifungal, analgesic and an-
tidiabetic agent. Traditionally, the seeds are
crushed or grinded into powdery form and tak-
en orally, for the treatment of malaria, diar-
rhoea, diabetic, as a painkiller and stimulant.
The antimicrobial, antipyretic and antifungal
activities of this plant have been reported [12—
14]. Pronounced inhibitory activities against

asexual erythrocytic forms of Plasmodium
falciparum was reported to be highest in the
root, stem, bark, and fruit rind extracts while
the leaf and seed extracts yielded much lower
activity or were completely inactive [15]. The
antimalarial activity of the plant has been at-
tributed to its alkaloid components [16—18].
The trypanocidal and antileshmanial activi-
ties of the plant have been reported [19, 20].
The plant also possesses opium analgesic [21,
22]and anticholinesterase properties [23]. The
seeds of Picralima nitida extract have also
been reported to possess hypoglycaemic, with
the coconut water extract of the seed having
higher hypoglycaemic effect than the aqueous
extract [24, 25].

This study was designed to evaluate some
possible untoward effects the P. nitida seed
extracts could have while using it as an hypo-
glycemic or antidiabetic agent using both bio-
chemical and histological tests.

Materials and methods

Materials

Fresh seeds of Picralima nitida were pur-
chased from Itoku market in Abeokuta, Ogun
State, Nigeria and were authenticated by Dr.
Aworinde (Plant taxonomist) of the Depart-
ment of Biological Sciences, Federal Universi-
ty of Agriculture Abeokuta. Technology of the
seeds obtaining is contain washing and rinsing
with distilled water, mopping with clean tis-
sue paper, cutting into pieces and allowed to
air dried after which they were grinded into
powdery form.

Animals

42 adult Wistar rats purchased from the
College of Veterinary Medicine, University
of Agriculture Abeokuta were used for this
study. The rats were allowed to acclimatize for
seven days in cages at room temperature. They
were given free access to commercial feed and
water ad libitum.

A Technology of Extract Preparation

Twenty-five grams (25 g) each of the dried
powdery form of the Picralima nitida seed was
soaked into 500 ml of distilled water, coconut
water and methanol separately. The mixture
was shaken vigorously and stirred at regular
interval for 48 hrs to allow for equilibration
of the mixture. The mixture was then filtered
using sterile muslin bag, and the filtrate ob-
tained was concentrated to constant residual
weight which was used to calculate percentage
yield. The extract obtained was kept inside air
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tight container and stored at 4 °C prior to use.

The percentage yield for methanolic, dis-
tilled water and coconut water extracts were
74.6% , 25.04% and 35.8% respectively.

Determination of antiradical activity of Pi-
cralima nitida

The antiradical activity of the plant was
determined by using 1, 1-diphenyl-2-picryl-
hydrazyl (DPPH) radical scavenging activity
as described by Ayoub et al., [26]. The DPPH
radical scavenging activity was calculated us-
ing the formula:

DPPH radical scavenging activity (%) =
[(Ag — A1/Ap) x 100].

Where A, is the absorbance of the control,
A, is the absorbance of extract or standard
sample.

Induction of Diabetes Mellitus

Diabetes mellitus was induced in the rats
following the method described in [26]. The
rats were given a single intraperitoneal injec-
tion of 150 mg/kg of freshly prepared alloxan
monohydrate dissolved in normal saline after
an overnight fasting. Rats that survived after
the seventh day with blood glucose concentra-
tions more than 150 mg/100ml were consid-
ered diabetic.

Animal grouping and administration of extract

The rats were divided into seven groups of
six rats per group and treated as follows:

Group 1: served as control; non-induced
rats and were given free access to normal
feed and water ad libitum. Group 2: untreated
diabetes-induced rats. Group 3: non-induced
rats, received coconut water only. Group 4:
diabetes-induced rats, received coconut water
extract (100 mg/kg body weight). Group 5: dia-
betes-induced rats, received distilled water ex-
tract (100 mg/kg body weight). Group 6: dia-
betes-induced rats, received methanol extract
(100 mg/kg body weight). Group7: diabetes in-
duced rats, received 10 mg/kg body weight of
glibenclamide (standard drug).

Blood Glucose Determination

A drop of blood was collected by cutting the
tip of the tail of conscious rat and placed on the
strip of ACCU-CHEK glucometer for the de-
termination of blood glucose.

Periodic Weighing

Body weights of each rats in all the groups
was measured every three days throughout the
period of the treatment.

Blood collection and dissection

At the end of the experiment, the rats were
anesthesized under light diethyl ether, blood
samples was collected from each rat by cardi-
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ac puncture into heparinised tubes. The tubes
were rocked gently to allow proper mixing of
the blood. Thereafter, the rats were dissected
and the liver and kidneys of each rat excised,
mopped, weighed and stored in 10% formalin
for histopathological studies.

Preparation of Plasma

Test tubes containing whole blood samples
collected were centrifuged at 4000 rpm for five
minutes, the supernatant (plasma) was decant-
ed into another tube and labeled accordingly.

Biochemical Analysis

PlasmaAspartate Aminotransferase (AST )
and Plasma Alanine Aminotransferase (ALT )
assays: AST and ALT was measured spectro-
photometrically by the method of Reitman and
Frankel [27] as described in Randox kit manual.

Plasma Urea

Urea in the plasma was determined using
Urease-Berthelot method as described in Ran-
dox kit manual [28].

Plasma Cholesterol

Plasma cholesterol was determined after
enzymatic hydrolysis and oxidation according
to the method described by Trinder [29] as de-
scribed in Randox diagnostic kit manual.

Plasma Triglycerides

Plasma triglycerides are determined after
enzymatic hydrolysis with lipases according to
the method described in Randox kit manual.

Estimation of vLDL-Cholesterol

The concentration of Very Low Density Li-
poprotein (vLDL) cholesterol was calculated by
modification of the Friedewald formular [30].
vLDL-Cholesterol was calculated as Triglycer-
ol concentration obtained divided by five.

Plasma Gamma-glutamyltransferase (GGT)

Plasma GGT was measured spectrophoto-

metrically by the method described by Szasz
[81] as described in Randox Diagnostic kit
manual.

Lipid peroxidation

The extent of lipid peroxidation was esti-
mated in terms of thiobarbituric acid reactive
species (TBARS) by measuring the amount of
malondialdehyde (MDA) formed according to
the method described by Drapper et al. [32],
with slight modifications.

Determination of plasma sodium and po-
tassium

Plasma sodium and potassium concentra-
tion were determined using the flame photom-
etry method.

Determination of Bicarbonate concentration

The plasma bicarbonate concentration was
determined by titration.
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Packed Cell Volume (PCV ) Estimation

PCV was determined by the microhaemato-
crit method [33] as described by Omotainse and
Anosa [34].

Haemoglobin (Hb ) Concentration

The haemoglobin concentration was deter-
mined colorimetrically using Cypress diagnos-
tic kit.

Red Blood Cell (RBC ) and Whole Blood Cell
(WBC) count

The RBC and total WBC counts were car-
ried out by the use of the Neubauer haemocy-
tometer according to the method of Schalm et
al. [33] as described by [34].

Histopathological examinations

Histopathological examinations of the
liver, kidney and pancreas was done following
the standard Heamatoxylin and Eosin (H&E)
staining method as described by Krause [35].

Statistical Analysis

Results obtained were expressed as mean
+ S.D. The levels of homogeneity among the
groups were tested using one-way Analysis
of Variance (ANOVA) and Duncan Multiple
Range Test (DMRT). Analysis was done using
statistical package for Social Science (SPSS)
version 16.0. Difference at P < 0.05 were con-
sidered statistically significant.

Results and discussion

The antiradical activity of the different ex-
tracts of Picralima nitida seeds

The antiradical activity of all the studied
extract of P. nitida seed are summarized in
Table 1. The methanolic extraction of the seed
has the lowest absorbance among the three
when compared with the standard, indicating
higher free radical scavenging activity.

Table 1. The antiradical activity of the different
extracts of Picralima nitida seeds

EXTRACT ABSORBANCE % INHIBITION
AQUEOUS
EXTRACT 0.444 19.36
METHANOLIC

EXTRACT 0.348 36.73
COCONUT

WATER 0.528 4.09
EXTRACT

STANDARD
(VIT C) 0.0015 100

Body weight of Animals

Table 2 shows the summary of the effect
of the plant seed extracts on body weights of
the animals. After the intraperitoneal injec-
tion of 150 mg/kg alloxan monohydrate, mean
body weight of all the alloxan-induced groups
were significantly reduced (P < 0.05). During
treatment, all diabetic-induced but treated
rats showed increase (P < 0.05) in body weight
when compared with their weights after induc-
tion prior treatment. The result showed higher
weight gain in the rats treated with methano-
lic and coconut water extract of P. nitida seeds
when compared to other treated groups. There
was consistent increase in weight of the nor-
mal control groups while the diabetes induced
but not treated group showed a consistent de-
crease in weight throughout the experiment.

The summary of the blood glucose levels of
the rats is presented in Table 3. Before induc-
tion of diabetes the mean blood glucose level
of the rats ranged from 81.67 to 91.33 mg/dl.
There was increase in the mean blood glucose
of all the induced groups, having values be-
tween 223.33 and 265.33 mg/dl which con-
firmed them diabetic. All the groups treated
with the extracts had decreased mean glucose
values respectively. Glibenclamide treated
rats also showed decrease in mean blood glu-
cose from 245.00 to 110.67 mg/dl at the end
of the experiment. However, the diabetic un-
treated rats maintained high plasma glucose.

Effects of treatment on the haematologi-
cal parameters are presented in Table 4. The
Packed Cell Volume (PCV) and Hb contents of
the alloxan-induced but untreated group and
the induced but distilled water extract treated
group were significantly lower (P < 0.05) than
the control. Only the induced but methanol ex-
tract treated group had no significant differ-
ence in the RBC content when compared with
the control. The WBC and lymphocyte con-
tents of all the alloxan induced groups were
significantly lower (P < 0.05) than that of the
control, with the alloxan-induced untreated
group having the lowest value. Comparison
the lymphocyte contents of the induced groups
with the non-induced group, only the alloxan-
induced and the glibenclamide-treated groups
had a significant increase (P < 0.05). Alloxan
induced-methanolic extract-treated group had
the least lymphocyte level.

Table 5 depicts the effect of treatments
on some lipid profile parameters. The re-
sult showed that alloxan caused significant
(P < 0.05) increase in the lipid profile (total
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Table 2. Effect of treatments of Picralima nitida seeds extract on body weight (g) of rats

TREAT-

GRP s DAY 1 DAY 7 DAY 10 DAY 13 DAY 16 DAY 19
1 Control 80=11.182 99+13.4228  107=10.37P 117+10.37P 122 +7.58b¢ 132+10.37bc
2 Aggf;‘“ 129 +4.18P | 118+4.48P | 115+4.08P | 111 =7.50P | 109+9.022 |108=11.682P
3 CWonly 80+11.182 103=13.02b 115+11.180 128+13.51P¢ 143+11.51¢d 151 +15.58¢
4 | A+CW |120+20.92P| 104+11.948b | 104220.432P | 111 +22.75P | 123+16.47P¢ | 184 +13.77¢
5 A+DS 105+20.92P 92+16.058 90+13.692  88+9.758  97+10.412 98 +17.562
6 | A+MET | 12426.880 | 115+10.61P | 123+18.37P | 142=5.77¢ | 147+10.419 | 150+10.00¢
7 A+GLIB 126+29.88P 109+20.433D 123+16.05P 127+23.63P¢ 132+27.54Pcd 142427 54C

Notes: hereinafter — values are mean = SD. Values within the same row with different superscripts are signifi-
cantly different at P < 0.05, (n = 6); CW only: Coconut water only; A + CW: Alloxan + Coconut water extract of
P. nitida seed; A + DS: Alloxan + Distilled water extract of P. nitida seed; A + MET: Alloxan + Methanol extract
of P. nitida seed; A + GLIB: Alloxan + Glibenclamide.

Table 3. Effect of treatments of Picralima nitida seeds on the plasma glucose level (mg/dL) of rats

GR Tﬁggg DAY 1 DAY 7 DAY 10 DAY 13 DAY 16 DAY 19
1 Control 90.60+5.182 84.80+3.962  85.20+5.262  81.6+6.272  84.6+4.228  81.4+5.948b
2 Aggf;n 91.33+6.512 | 265.33+41.59° | 292+66.73¢ | 250.67+35.02C| 249.67+40° | 247.67+46.2d
3 CWonly 83.60+5.592 82.80+5.072 83+4.472 79.68.682 91.8+1.32 75+9.032
4 | A+CW |86.75+10.992 | 234.25+32.09 | 227.75+31.17P| 204+9.35P | 194.75+8.664 | 144.5+45.2¢
5 A+DS 81.67=7.578 223.33+29.19P 287+62.64C 223.33+34.5PC  174+3.46°d  128.67+21¢
6 | A+MET | 88.67+3.062 | 249.33+39.53b [ 214.67+11.72P | 196.33+29.02P | 150.67+5.130¢ | 122.67+6.11bC
7 A+GLIB 79.33+14.012 245.00+33.45° 203.33+39.070 193+29.51P  134.67+22.37° 110.6+4.583bc

Table 4. Effect of treatments of Picralima nitida on some hematological parameters of rats
TREAT- RBC WBC PLAT

GRP bn PCV (%) Hb(/d)  ( 105mm®) (<10°mm®) (x10°mm?)  LYMP (%)
1  Control 45.08+3.03°d 15.05+0.89°  7.66+0.481 10.10+0.699 638.20+7.86¢ 64.00+2.5520
2 Al(}ﬁi‘;‘“ 31.53+1.672 | 10.34+0.432 | 5.43+0.312 | 5.13+0.212 | 217.00+6.252 | 77.67=3.514
3 CWonly 41.40+2.69P¢ 13.99+0.78P¢ 7.30+0.20¢d  9.04+0.27d 637.40+7.89¢  65.202.280
4 | A+CW | 41.08+0.72P¢ | 13.69+0.59PC | 6.88+0.21PC | 7.68+0.33¢ | 244.67=8.60C | 62.75+2.87aP
5 A+DS  38.40+6.270 12.74+2.08®  6.43+0.470  6.47+0.40C 294.67+8.33¢ 63.00+3.612b
6 | A+MET | 46.70+1.459 | 15.24+0.52¢ | 7.80+0.269 | 8.33+0.45C | 419.33+6.034 | 60.00:3.462
7 A+GLIB 42.73+2.18P¢ 14.20+0.63P¢  7.03+0.47°¢ 5.80+0.362P 228.00+11.142 71.33+1.53¢
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Table 5. Effect of treatments on some lipid profile parameters of rats

GRP TREATMENT Total CHOL (mg/dl) TRIG (mg/dl) vLDL (mg/dl)
1 Control 87.20+3.692 62.40+3.492P 12.48+0.692P
| 2 Alloxan only 120.47+2.99€ 96.70+2.214d 19.34+0.444
3 CW only 87.72+3.052 64.80+2.892P 12.88+0.52ab
|4 A+CW 97.88+1.42P 67.03+7.55hC 13.41=1.51b¢
5 A+DS 110.67+3.164 74.40+4.79¢ 14.88+0.96¢
| 6 A + MET 103.63%4.30° 67.23+5.39P¢ 13.45%1.08b°
7 A+GLIB 98.03+2.85P 58.50+5.992 11.70+1.192

cholesterol, triglyceride and vLDL) of the
treated and untreated groups when compared
with the control. However, treatments with
the P nitida seed extracts showed significant
(P < 0.05) reduction of the lipid profile levels.
The cholesterol, triglycerol, and very Low Den-
sity Lipoprotein values of the alloxan-induced
glibenclamide treated group were significant-
ly lowered (P < 0.005) when compared with
the control. The alloxan-induced but distilled
water treated group showed a significant in-
crease in the lipid profile when compared with
all other groups.

The influence of treatments on some liver
functiontest parametersispresentedin Table6.
The alloxan- induced but untreated group
showed a significant increase in the activities
of all marker enzymes namely; GGT, AST, and
ALT, when compared with the control. None of
the treatments was able to bring the activities
of these enzymes to the level of the control.

Electrolytes and urea plasma levels of
the different groups of rats were presented
in Table 7. There was no significant differ-
ent (P > 0.05) between distilled water extract
treated group and glibenclamide treated group
as well as between the control and group ad-
ministered coconut water only. All the renal
function parameters (urea, sodium, potassium

and bicarbonate) of the glibenclamide group
reduced significantly (P < 0.05) when com-
pared with the control group.

Table 8 shows the summary of values of MDA
concentration in the plasma of different groups.
The MDA content of the extract treated groups
decreased (P < 0.05) when compared to the con-
trol. However, the group administered alloxan
only had a significant increase (P < 0.05) in the
MDA content when compared to the control.

HISTOLOGICAL STUDIES

The liver

Histopathological examination of the liver
of the rats in groups 1 and 3 showed normal ap-
pearance/architecture of the hepatocytes, bile
ducts and blood vessels (Fig. 1).

Examination of the liver of untreated al-
loxan induced diabetic group showed lesions
which include mononuclear cell infiltration
of the portal triads particularly around the
bile duct (Fig. 2), necrosis of the hepatocyte,
diffuse disorganisation of the hepatocyte
cords and diffuse distribution of mononuclear
cells in the sinusoids. Photomicrograph of the
treated groups also showed varying degree of
lesions (Fiig. 2—7). The degree of lesions in the
treated groups are however milder compared
to the untreated group.

Table 6. Effect of treatments on activities of some markers enzymes of hepatotoxicity in rats

GRP TREATMENT GGT (U/L) AST (U/1) ALT(U/1)
1 Control 23.82 = 2.102 22.65 = 2.902 37.02+2.202
| 2 | Alloxanonly 67.10 = 3.30° 79.01 = 0.72f 54.38+4.454
3 CW only 25.00 = 1.492 35.93 = 1.82b 37.76+1.192
4 A+CW 34.38 = 2.11bc 45.16 =+ 4.83C 38.78+1.752P
5 A+DS 38.90 = 1.92d 55.17 = 4.814 40.63+1.312b
6 A+ MET 35.40 = 3.48¢d 37.80 = 0.70P 42.00+1.76PC
7 A+GLIB 30.97 = 3.29b 60.69 = 1.54¢ 45.67+3.79¢
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Table 7. Effect of treatments of Picralima nitida seeds on renal function parameters in rats

1 Control 19.58+1.862 73.00+7.422 3.56+0.612 12.00+1.232
2 | Alloxanonly | 54.43+4.15° | 131.67=3.50¢ | 9.53+0.31d 22.33:+1.164
3 CW only 19.64=2.292 86.40+1.67° 7.02=0.33bC 16.00=1.00P
4 | A+tcw | 44.05+1.82d | o94.75+12.37Pc | 7.1320.61bC 16.50+2.08P°
5 A+DS 35.43+2.45¢ 98.679.29¢ 7.83+0.72¢ 18.33+1.16
6 | A+MET | 26.97+1.06® | 104.33+3.22¢ |  8.07+0.59¢ 18.00-1.00P°
7 A+GLIB 34.93+1.59° 85.00+2.00P 6.10+2.23P 13.67+0.582

Table 8. Effect of treatments of Picralima nitida
seeds on lipid peroxidation level in rats

GRP  TREATMENT MDA (umol/L)
1 Control 0.48+0.332
2 | Alloxanonly |  3.20+0.76¢
3 CW only 0.49%0.362
4 | A+CW | 1.24+0.38P
5 A+DS 1.25+0.27P
6 | A+mMeET | 1.27+0.21P
7 A+ GLIB 1.19+1.91b

Fig. 3. Photomicrograph of the liver section show-
ing bile duct hyperplasia (D) in the hepatocytes:
of the induced groups treated with 100mg/kg
of coconut water and distilled water extraction
of P. nitida. x400 H&E

Fig. 1. Photomicrograph of the liver section
showing normal appearance of the perivascular
spaces of the hepatocytes (P) and blood vessel (V)
in the liver:
of the normal control groups (1 and 3). x200 H&E

Fig. 2. Photomicrograph of the liver section
showing infiltration of perivascular space (V)
of the hepatocytes:
in the untreated diabetes induced group.
x200 H&E
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Fig. 4. Photomicrograph of the liver section show-

ing perivascular cellular infiltration (PI) and dis-

organized hepatic cords in the hepatocytes (DH):

of the diabetic group treated with glibenclamide.
x400 H&E

Fig. 5. Photomicrograph of the liver section show-
ing severe periportal cellular infiltration (P) and
disorganized hepatic cords of the hepatocytes:
in the diabetic group treated with coconut water
and methanolic extraction of P. nitida seeds.
x200 H&E
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Fig. 6. Photomicrograph of the liver section show-
ing severe necrosis of hepatocytes (N):
in the group treated with methanolic extraction
of P. nitida seeds. x200 H&E

Fig. 7. Photomicrograph of the liver section
showing necrosis of the hepatocytes (VH).
*x200 H&E

The Kidney

Photomicrograph of the kidney of the con-
trol rats revealed normal appearance of the
glomeruli, tubules and blood vessels (Fig. 8).

Histopathological examination of the un-
treated group showed necrosis of the Bow-
man’s capsule, enlarged perivascular space
(oedema) of the kidney and tubular necrosis
of the kidney. The group treated with coconut
water extraction showed diffuse massive tu-
bular epithelial cell degeneration, glomerular
necrosis, congestion of the vessels and degen-
eration of the renal tubules. Similar lesions or
more severe than these were seen in the other
treated groups.

¥

Fig. 8. Photomicrograph of a section of the kidney
of control group:
showing the normal appearance of the glomerulus
(G), tubules (T'), and blood vessels of the kidney.
x200 H&E

showing necrotic glomerulus (NG) of the diabetic

groups treated with coconut water, distilled water

and methanolic extraction of the seeds of P. nitida.
x400 H&E

Fig. 10. Photomicrograph of a section of kidney
showing congested blood vessels (B):
in the groups treated with coconut water, distilled
water, methanolic extraction of P. nitida seeds,
also in glibenclamide treated group. x200 H&E

The Pancreas

The lesions observed in the different
groups in the pancreas were as summarized in
the Table 9 and Figures 11-18. These lesions
include necrosis of the exocrine and fat cells,
enlargement of the islet of Langerhans, hyper-
plastic ducts, proliferation of the blood vessels
and blockage of the tubules by necrotic and
inflammatory cells. Other lesions include the
thickening of the tubular wall, perivascular
necrosis and fibrosis as well as vascular degen-
eration of the cells of the islets.

Diabetes is a common and very prevalent
disease affecting the people in both developed
and developing countries [36]. According to
the World Health organization’s report in
2006, at least 171 million people worldwide
suffer from diabetes [37]. The incidence of
diabetes mellitus is increasing rapidly and it
is estimated that by the year 2030, this num-
ber will double [37]. The primary goal of treat-
ment of diabetes is to bring the elevated blood
sugars down to a normal range in order to al-
leviate or prevent complications.

The use of herbal products for medicinal
benefits has played an important role in near-
ly every culture on earth and for many years,
not only because they are relatively cheap and
readily available, but also due to ease with
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Table 9. Summary of the severity of lesions in the pancreas in the various treatment groups

GROUPS
LESIONS

1 2 3 4 5 6 7
Necrosis of exocrine and fat cells - ++ - + + + +
Enlarged islet of langerhans - ++ - +H+ | A+ |+ +
Hyperplastic ducts and ductular proliferation - - - 44+ | -+ ++ +
Blockage of ductular lumen by inflammatory cells - ++ - + ++ ++ ++
Thickening of the walls of the tubules and vessels - - - ++ +++ ++ +
Peri-vascular necrosis and fibrosis - - - ++ +4+ ++ 4
Vascular degeneration of the cells of the islets and _ _ _ + + et +

fat cells

Notes: — not present; + mild; ++ moderate; +++ severe.

Fig. 11. Photomicrograph of the pancreas section:
showing of normal appearance of the langerhans

isletsf (IL) in the pancreas of normal control Fig. 14. Photomicrograph of a section of the pancreas:
groups. X400 H&E showing severe hyperplasia (SH) of the ductular
wall. x400 H&E

Fig. 12. Photomicrograph of a section
of the pancreas:
showing degeneration of the langerhans islets
(DI) and thickened duct (T'D). x100 H&E
PANCREAS: hyperplastic ductular wall

Fig. 15. Photomicrograph of a section of the pancreas:
showing mild vacuolation (MV) of islet cells.
x200 H&E

i

Fig. 13. Photomicrograph of a section of the pancreas: Fig. 16. Photomicrograph of a section of the pancreas:

showing mild hyperplasia (M H) of the ductular showing periductal cellular infiltration (PI).
wall. x100 H&E x200H&E
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Fig. 17. Photomicrograph of a section of the pancreas:
showing necrotic islet (NI). x400H&E

Fig. 18. Photomicrograph of a section of the pancreas:
showing thickened pancreatic duct. x200 H&E

which they can be administered. One of such
disease condition in which herbal products is
being advocated for it management is diabetes
mellitus [38].

Changes in body weight are usually consid-
ered in all physiological conditions. The dia-
betic control group showed a remarkable de-
crease in body weight at the end of the study.
On the other hand, increase in body weight was
observed in all the seed extract treated groups
and also in the control groups.

Increased oxidative reactions level shows
the production of free radicals and reactive
oxygen species which are formed under nor-
mal physiological conditions but may become
deleterious when they are not quenched by the
antioxidant molecule(s) within the systems
[39]. The antiradical activity of the different
extracts of Picralima nitida seeds showed that
the methanolic extract of the seed have the
highest percentage inhibition 36.73%, thus
having higher free radical scavenging activ-
ity, this is followed by the aqueous extract
19.36%, while the coconut water have the
least percentage inhibition of 4.09%.

There have been reports on the increase
in blood glucose during diabetes in rats and
humans [40—44]. The blood glucose lowering
effect of P. nitida extract after induction by
alloxan is in agreement with the reports of Sa-

lihu et al. [24] and Inya-Agha et al. [45]. This
could be attributed to the presence of some ac-
tive ingredient(s) that enhances its ability to
increase the permeability of cell plasma mem-
brane to glucose. There has been an increase in
the prevalence of atherosclerosis and hyperlip-
idaemia among diabetics worldwide [46]. This
is said to occur as a result of the altered lipid
profile in the serum of diabetic patients [47,
48], which is as a result of increase in plasma
triglycerides and total cholesterol levels. Hy-
percholesterolemia has been reported to oc-
cur in alloxan-diabetic rats [49, 50]. The most
common lipid abnormalities in diabetes are hy-
pertriglyceridemia and hypercholesterolemia
[61]. This was observed in the lipid profile of
the diabetic control group. In our study there
was a significant decrease in the lipid profiles
of all the three groups treated with extracts
of Picralima nitida seeds. However, the group
treated with coconut water seed extract showed
a significant decrease in total cholesterol level
when compared with the control, followed by
the methanolic extract treated group. There
was also a significant decrease in the total
triglyceride and vLDL of all the seed extract
treated groups. However, glibenclamide been
a standard drug for diabetes showed a most
pronounced decrease in the lipid profile levels.
The observed hypolipidemic effect may be at-
tributed to decreased blood glucose levels and
decreased cholesterogenesis as well as fatty
acid synthesis. This similar to the report of
Bopanna et al. [562].

Anaemia is a medical condition caused by
an abnormally low number of RBC, PCV and
the Hb content. The anaemia occurring in di-
abetes is due to the increased non-enzymatic
glycosylation of RBC membrane protein which
correlates with hyperglycemia [1]. This study
showed a marked reduction in the PCV and Hb
content in the diabetes induced but untreated
group. The treated groups showed improve-
ment in the PCV and Hb content. This indi-
cates that the seed extract of Picralima nitida
might probably contain some phytochemicals
that were able to increase or boast the level of
packed cell volume and Hb concentration.

Aspartate- (AST) and alanine transaminase
(ALT) are found predominantly in the liver,
and are biochemical markers for liver injury
in patients [3]. Elevated activity of both en-
zymes above normal is an indication of possible
liver damage. Although, the diabetes induced
groups all had high activities of AST and ALT
when compared with the control, there was
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significant reduction in the activities of these
enzymes in all the extract treated groups. Only
the untreated group had very high levels, thus
indicating liver impairment.

Plasma GGT is a measure of the hepatobili-
ary system. Elevated plasma GGT activity has
been reported to be found in diseases of the liv-
er, biliary system and pancreas [53]. There was
a significant reduction in the plasma GGT of
the treated groups. This indicates an improve-
ment in the hepatobilary system.

High lipid peroxidation level is a sign of
oxidative damages. Oxygen free radicals spe-
cies have been implicated in the pathogenesis
of diabetes mellitus [54]. This was seen in all
the diabetes — induced groups, but the extract
treated groups showed significant decrease in
the extent of lipid peroxidation. This could
probably be due to the presence of the alkaloids
and glycosides present in the seed extracts.
However, the untreated group had a very high
level lipid peroxidation.

Picralima nitida seeds have been reported
to be rich in alkaloids and glycosides [8, 24].
Glycosides present in the seeds have been re-
ported to be responsible for the blood glucose
reduction through pancreatic and extra pan-
creatic effect. These pancreatic and extra pan-
creatic effects on the blood glucose could be
through prevention of hepatic glucose over
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OTEAKI HECIIPUATJIUBI E@EKTU,
IIOB’A3AHI 3 BUKOPUCTAHHAM
BIOITIPEITAPATY 3 EKCTPAKTY
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AK AHTUATABETUYHOI'O ATEHTA

0. A. Axinaoiie!, €. A. Banozyn?,
T.A. K. Omomansel, 0. 0. Adeneiie®

lBi,Z[I[iJI Oioximii, @enepanbHUil YHiBEPCUTET
cisbebKOTO rocmogapeTa, A6eokyra, Hirepisa
2Bi/1/:['1.71 BeTepuHAPHOI maToJjorii, PegepaibHUIL
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3a momoMoror 0OioxiMiuHmx i ricrosoriuHmx
MeTOJiB BUBYEHO JeAKi HecupuATIuBi edeKTH,
AKI MOMKYTb OyTH IIOB’sI3aHi 3 BUKOPUCTAHHIM
Oiompemnapaty 3 Hacimusa P. nitida Ak rimori-
KeMiuHoro 3acody. AHNTUpagUKaIbHY aKTUBHICTh
GiompemapaTy BU3HAYAJIMN 34 JOIIOMOTOIO CTa0iIb-
HOTO pagukaaa 1,1-nudenin-2-mikpuarigpasmiy.
Bioximiuni gocmigkeHHA BKJIIOUAJIN BU3HAYCHHS
aKTHUBHOCTiI aJlaHiH- i acmapraTamMiHo-, ramMMa-
rayTamiiaTpaHcepasu, KOHIIEHTPAIlii TJII0K0o3u
KpoBi, ejexkTpoJiTiB (HaTpiit, Kamiit i GikapOo-
HaT), PiBHA IIEPOKCHUIHOTO OKHCHEHHS JIIITigiB.
Busnauanu Tako:x mapaMeTpu KpPOBi (KiJIbKicTb
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IDDEKTHI, CBA3AHHDBIE
C UCIIOJBb30BAHHUEM BUOIIPEITAPATA
N3 O9KCTPAKTA CEMAH Picralima nitida
B KAYECTBE AHTUIUABETHUYECKOI'O
ATEHTA
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DenepalibHBINT YHUBEPCUTET CEJIHCKOTO
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C moMOIIbI0 OMOXUMUYECKUX W THCTOJIOTHYE-
CKUX METOJOB M3yYeHbl HEKOTOpPbIe HebJIarompu-
ATHBIE 3(()eKThbI, KOTOPbIE MOTYT OBITH CBA3aHBI C
HMCIIOJIb30BaHMeM OuonperiapaTa us ceMsaH P. nitida
B KaUeCTBe TUIIOTVINKEMIUECKOTO CPeICTBA.

AHTHUpagUKaJIbLHYI0 aKTUBHOCTH OMOIpenapa-
Ta OIPEeNeJIAN C IIOMOIILIO CTAOMIBHOTO PaIUKa-
aa 1,1-gudennn-2-nuKkpuaruapasuia. bBuoxumm-
YyecKue WCCJEJOBAHUA BKJIIOUAJMW OIIpelesieHue
AKTMBHOCTU aJIaHWH- W aclapTaTaMHHO-, TI'aM-
MarJyramuiarpanchepasbl, KOHIEHTPAIIUU TJII0-
KOBBI KPOBU, BJJIEKTPOJUTOB (HATpUil, Kaauil u
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cyMapHUX KJITWH KpOBi, epuTponutiB i jgimpo-
mUTiB), (PYHKIIN IeYiHKM 1 HHUPOK, a TaKOXK
ainigaui npodins. INicTomarosoriuni gocaimxeH-
HS IeYiHKM, HUPOK i IMiAIIIYHKOBOI 3a7103U OYJI0
BUKOHAHO 3a [IOIOMOTOI0 CTAaHZAPTHOTO METOIY
(hapbyBaHHA reMaTOKCUJIiH-e03MHOM.

3a BBefeHHA IMypamM Bicrap MakcuMaJbHY
AHTUOKCUJIAHTHY aKTUBHICTb NMOPiBHAHO 3 KOH-
TPOJILHUMHU PO3UMHAMU (BOAHUIN i BOAHO-KOKO-
COBUII €KCTPAKTH) MaB METAHOJBLHUIN EKCTPaKT
Hacimua (36,73%), 110 BKasye Ha MOro BHUCO-
KHUil cTymiHb HeliTpaJsisaril BiTbHUX paguKaliB,
mami — Bomumi (19,36%) i BOOHO-KOKOCOBHUI
exkcrpaxktu (4,09%). ¥V Bcix o0pobJsieHHX Iypis
HAMIPUKIiHII eKCIIePUMEHTY CIIOCTepirajau 3HadHe
sumkeHHs (P <0,05) KoHIIeHTpAIlii ITIOK03U KPO-
Bi (B miamasoHi Bix 55,59% 1041,66% ) TaicToTHe
s6impmrenaa (P < 0,05) macu Tina (B Mekax Bif
9,26% m038,89% ). s BCix rpym, AKi oTpuMyBa-
JIU eKCTPAaKT HaciHHs, XapakKTepHUM O0yJio 30ib-
IIeHHSA TreMaToJOTivHuX mokasHukis (P < 0,05),
a Takoxx moctoBipue (P < 0,05) sum»keHHs mapa-
MeTpiB JimigHmx npodisiB i aKTUBHOCTI eH3UMiB
mwrasMu. ¥ BCixX rpynax, AKi OTpuMyBaJld eKCTD-
aKT, CIIOCTepiraju ioHOPeryJATOPHI HOPYIIIeHH,
30KpeMa rimepkaJie- i rimepHarpiemiro, ogHakK
BoHU Oyau sHauHo meHinumu (P < 0,05) mampu-
KiHi o6po6Ku. ¥ BCixX HOCHaigHUX rpyax OyJiu ic-
TOTHO HMIKYi KOHIIEHTpAIlisl ceuoBUHM i 6ikapo6o-
HATy Ta PiBeHb IEPOKCUIHOTO OKMCHEHHSA JIIITi TiB.
TicromaTosioriuni mociim:KeHHSa IIOKa3aju, IO
eKCTPaKTH He KOPUT'YBaTH JeAKi cIocTepeKyBaHi
HaTOJIOTiUHI CTAHU TKAHWH, iHIYKOBaHi 1iabeToM.
Xoua, 3TigHO 3 JaHUMU JIiTepaTypu, IYKPOBUIt
IiabeT CynpoOBOAKYETHCS PiBHUMU TiCTOJIOTiUHU-
MU 3MiHAMM B Pi3HUX OopraHax, ofepsKaHi B Iiit
po6oTi pesyabTaTu MOPGOJIOTIYHOTO BUBUEHHS
TKaHUHU IiAIMJIYHKOBOI 3aJI031 B Ipynax TBapuH,
AKi oTpuMyBaJsiu i He oTpuMyBasu Oiompemapar,
CBiuaTh PO HASIBHICTB YITKOAMKEHb Pi3HOTO CTY-
IeHsd, ONHAK IX TAMKKICTH B ocepeqKax ypasKeHHs
Oysa 6iTbINI BUpasKeHa 3a BBeJeHHA OiompemnaparTy
eKCTPaKTy HaciHHA. Y 3B’A3KYy 3 IIUM OfeprKaHi
IaHi, IKi gaawm 3MOr'y BUSHAUYUTHU TimoOTJIiKeMid-
HY 1 aHTHMOKCHUAAHTHY aKTUBHiCTH Giompemapaty
3 eKCTpaKTiB HaciuuA Picralima nitida ax auTu-
niaGeTUYHOTO 3ac00y, JalOTh IiACTAaBU CTBEPIIKY -
BaTH, 1110 BUKOPUCTOBYBATH HOTO IJIA JiKyBaHHA
IIHOT'0 3aXBOPIOBAHHSA CJIiZT 3 00epeKHICTIO.

Knwouoei cnosea: myKpoBuii miabeT, eKCTPaKT
"HaciuHa  Picralima  nitida, 6ioximiumi,
ricroJsioriuHi mocaimyKeHHs.

6uKapboHaT), YPOBHS TEPOKCUIHOTO OKMCICHUA
aununos. Ompenessiiz TakKe IIapaMeTpPhl KPOBU
(umMcii0 CyMMAapHBIX KJIETOK KPOBU, SPUTPOILH-
TOB U JUMQOIUTOB), GYHKIUI ITIeUeHN! U TIOUeK,
a TakiKe JUMUAHBLIN ITpoduiab. ['mcTomaTosiori-
YyecKHe MCCJAeNOBAaHUS MeUeHU, ITOUeK U TOMIKe-
JIYIOUHOM 3Kejie3bl ObLIN BBITIOJHEHBI C TIOMOIITHIO
CTAHIAPTHOI'O METOIa OKPAIINBAHUSA MeMaTOKCH-
JINH-303UHOM.

IIpu BBemenuu KpbicaM Bucrap MakcuMaJb-
HOl aHTHMOKCUAAHTHON aKTHWBHOCTHIO IIO CpaBHe-
HUIO C KOHTPOJbHBIMU pacTBOpaMu (BOSHBIN U
BOJHO-KOKOCOBBIH 9KCTPAKTHI) 001141 METaHOIb-
HBIH 9KCTPaKT ceMsH (36,73% ), uTo ykaspIBaeT Ha
ero BHICOKYIO CTelleHb HeTpaIn3aIiu CBOOOHBIX
pamuKaaoB; 3aTeM ciaemoBaa Boaubid (19,36%)
1 BOJHO-KOKOCOBBIHM sKceTpakThl (4,09%). ¥V Bcex
00paboTaHHBIX KPBIC B KOHIE dKCIIEpUMEHTa Ha-
Omiomanu 3HauWTeabHOe cHmKeHue (P < 0,05)
KOHIIEHTPAI[NY IJIIOK03bI KPOBU (B IMAIA30HE OT
55,59% mo 41,66%) u cylmecTBeHHOe yBeaude-
uue (P < 0,05) macce! Tena (B mpemesnax oT 9,26%
o 38,89%). Ilna Bcex TPYIIl, HOJTYYaBIIUX SKC-
TPaAKT CEeMSH, XapaKTepPHBLIM OBIIO yBeJIUYEHIe
remMaToJioTmuecKux mokasareneit (P < 0,05), a
Tak:ke mocroBepHoe (P < 0,05) cHm:KeHUe mapa-
METPOB JINOUAHBIX MIPO(uIeli U aKTUBHOCTH SH-
3UMOB ILTa3Mbl. Bo Bcex Ipymmnax, IOJydYaBIIUX
9KCTPaKT, HAOJIOZAIN WOHOPETyJATOPHbIE Ha-
pyIlleHnsA, B YACTHOCTH THUIIepKaJirie- U TUiIepHa-
TPUEMUIO, HO OHU OBLIM 3HAUUTEJIHLHO MeHee BhI-
paskensl (P < 0,05) B xKoHIle 06padboTku. Takike BO
BCeX OIIBITHBIX IPYIIIax ObLia CYIIeCTBEHHO HUKe
KOHITEHTPAIUd MOYEeBUHBI 1 OMKapboHaTa, a TaK-
JKe YPOBEeHb MEPOKCUIHOTO0 OKUCJIECHUSA JIUIULOB.
T'ucronmaTonormueckue wuccaeqOBaHUA IIOKa3aJu,
YTO 9KCTPAKTHI He KOPPUTUPOBAIN HEKOTOPHIE Ha-
OJIl0olaeMble IaTOJIOTMUYECKMEe COCTOSAHHUSA TKAHelH,
UHAYIMPOBaHHBIE frabeTom. XOTs, COTJIaCHO JAH-
HBIM JIUTEPATYPhI, CAXapHBIH JruabeT COMPOBOK IA-
eTcsA Pa3JINUHBIMU TMCTOJOTUUECKUMU N3MEeHeH!-
AMHU B Pa3JIMYHBIX OpraHax, MOJYYeHHbIe B 9TOH
paboTe pe3yabTaTbl MOPGOJIOTUUECKOTO U3YUEHU A
TKaHU [IO3KeTyOUHON JKeJIe3bl B IPYIIIax sKUBOT-
HBIX, OJYYaBIINUX W He ITOJYYaBIINX OMOIIpera-
paT, CBUIETEJIbCTBYIOT O HAJIUUYNU MOBPEIKIASHUN
PasIMYHOM CTeleH, OJHAKO CTeIIeHDb UX TIKeCTU
B ouarax mopaskeHus Obliaa 60jiee BhIpajKeHa IIPU
BBelleHUU OwuomperapaTa M3 9SKCTPAKTa CEeMsH.
B cBsisu ¢ 9TMM IIOJIyYeHHBIE OaHHBIE, KOTOPHIE
IIO3BOJIUJIA OIPENEIUTh THUIOTJINKEMUUYECKYI0 H
AHTUOKCHUJAHTHYIO aKTUBHOCTh OMoOIIpenapara us
9KCTpaKTOB ceMsAH Picralima nitida B KauecTBe
aHTUANA0ETUUYECKOTO CPEeACTBa, AAIOT OCHOBAHUE
YTBEPKAATh, UTO MCIIOJH30BATh €ro AJIA JeUeHU
9TOro0 3a00JIEBAHUS CIEIYET C OCTOPOIKHOCTHIO.

Kntouesvle cnoea: caxapHbIii quabeT, SKCTPAKT

cemaH Picralima nitida, OMoOXUMHUECKHE WU
THUCTOJIOTHUYECKNE NCCAeLOBAHNA.
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BIIJINB ITIOJI®EHOJIBHOI'O KOMIIJIEKCY
3 BUHOTPATHOI'O BUHA HA ARTUBHICTD
AHTUORCUOJAHTHUX EH3UMIB ¥ IIIYPIB A HUSbRUX
A03 PEHTTEHIBCHBROI'O BUITPOMIHIOBAHHS

V. B. aywox?

M. B. Cabadawral lJIsBiBCHLKMIT HAiOHANBHUI YHiBepcuTeT iMeHi IBana @panka,
JI. O. ayox! Vkpaina

A.P.Tnamyw?

€.A.Cracmuva® ’HamionaapHUil iHCTUTYT BUHOTpaLy Ta BuHA « Marapad»,

A. M. Bomog? sInra, Ypaina

B.T.T'epicurxosa®

H.O. Cubipna®

E-mail: starankoulyana@gmail.com
Orpumasno 24.12.2013

ITokasaHo, IO CIOKUBAHHA IypaM¥ 3 TUTHOI BOMOI0 IIPUPOJHOTO TOJi(heHOJBHOTO KOMILIEKCY
3 BUHOT'PAJHOTO BUHA B N000Bi# mo3i 12,5+1,1 mr mosridheHoniB/Kr Mmacu BupomoB:k 10 1i6 mo pagiarifimoro
BILIMBY MPU3BOIUTH IO ITiABUINIEHHA aKTUBHOCTI CYIePOKCUAAUCMYTA3U Ta IJIyTaTiOHPeAYKTas! B JidaTax
nepudepryHOi KpoBi Ha 24-Ty Ta 48-My ToJ ITicjA 3araJibHOTO PEHTTeHiBChKOT0o onpoMiHeHHs B 1031 30 cI'p.
AKTuBHiCTH KaTayasu, riyraTionnmepokcunasu Ta BmicT TBK-mo3uTUBHUX MPOAYKTIB YIPOAOBIK 72 TOx
micyaa ompoMiHeHnHA 30epiraeTbcs Ha PiBHI KOHTpoJo. BigsHaueHo 3HMKEHHS aKTHUBHOCTI CYIIEPOKCU/I-
aucMyTasu Ha 24-Ty i Katanasu Ha 24-1y i 48-my rog micaa aii ioHi3yiouoro ompoMiHeHHA Ta 3pOCTaHHSA
BmicTy npoaykTiB IIOJI y Bei mocaimskyBaui Tepminu. ¥V JgidaTax aOpTU BCTAHOBJIEHO 3HUIKEHHSI aKTUBHOCTI
CYIIEePOKCUAANCMYTA3U Ta IJIyTaTiIOHIIEPOKCHUIa3U Ha 48-My roJ ITic/isg pajgianiiiHOro BILIUBY U IiABUIeHU
Bmict TBK-mo3uTUBHMX MOPOAYKTIB mporTdaroM 3 mi6. 3a ompoMiHeHHsS i BBeIeHHs MHOJIi()eHOJHLHOTO
KOMILJIEKCY 3 BUHOT'PAJHOT'O BUHA B JIidaTaX aOPTU He BUABJIEHO 3MiH aKTUBHOCTI CYIIePOKCUIINCMYTAa3H Ta
KaTaJjasu, TOAi AK aKTHUBHICTH IIyTaTiOHpEeAYKTas3! Ta TJIYTATiOHIIEPOKcHaa3u OyJja IIiABUIIEHOIO uepes
72 ron micas pagiamifinoro BauBy. CIOKUBaHHS TTOJIi()eHOIiB BUHOTPAAHOTO BUHA JOCTOBIPHO 3HUIKYBAJIO
BmicT TBK-1o3uTUBHUX TPOAYKTIB y JidaTaxXx aopTU ONPOMiHEHUX IMYyPiB IMOPiBHAHO 3 TBAapUHAMMU, AKi
0yJI0 OIIpOMiHEeHO 0e3 CIIOKUBAHHSA MOJIi(DeHOIiB.

Knwuosi cnosa: ioHizdyioue BUMNPOMiHIOBAaHHA HU3BKOI MOTYsKHOCTi, aHTUOKCHUAAHTHI €H3UMMH,
OPUPOSHUHN IMOJIi(heHONbHNI KOMIIJIEKC i3 BUHOTPAJHOTO BIHA.

OcobausicTio Giosoriumoi mii ioHisyrouoro abo0 iHaxkTuBaIlil0 €H3WMiB, IIOJIiMepU3aIliio
BUIIPOMiHIOBAHHA € 30ym:KeHHsA Ta ioHisaiig ByraeBoxiB. Haii0inbIll HeraTHBHUM IIPOILE-

aTOMiB i MOJIEKYJ 3 HACTYIIHUM YTBOPEHHIM
BUCOKOAKTUBHUX PAAUKAaJiB, 3LaTHUX YIITKO-
IKyBaTH KJIITHHHI cTpyKTypu [1]. B opraumismi
3pocTae HaBaHTAKEeHHS Ha 3aXUCHI MexaHi3-
MU, 110 3amo0iraioTb 6e3KOHTPOJIBHOMY JIABU-
HOIIOAIOHOMY B3POCTaHHIO BMIiCTYy NIPOAYKTiB
OKHCHEHHSA, y TOMY YHCJi ¥ Ha aKTHUBHICTDL
aHTHUOKCcUAAHTHUX eH3uMiB [2]. loHizyoue Bu-
NPOMiHIOBaHHA B HU3BKUX /03aX iHAYKYE Te-
Hepalliio akTuBHUX Popm okcureny (APO) ra
IPOAYKTIB IIEPOKCUIHOTO OKHCHEHHSA JimimiB
(ITOJT) [3]. ADPO ymkomKyIOTh pisHi O6iomoriu-
Hi MoJeKyJin: cupuunHioTh, pospuBu [[HK,
YTBOPEHHSA 3IINBOK IOJIMIENTUAHUX JIAHITIOTiB
y mporeinax, okucuenua SH-rpymn, akTuBaitiio
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COM JIJISI KJIITUH BBAsKaIOTh iHIIlilOBaHHA HUMU
JIAHIIOTiB BIIBHOPAIUKAJILHOTO IePOKCUIHOTO
OKMCHeHH Jimigis [3].

Mexanismu saxucty Kiaituau Bix ADPO ta II0JI
peasisyioThCs Uepe3 PiCT aKTUBHOCTI aHTUOKCHU-
ITaHTHUX €H3UMIB, AKi 3HEITKOKYIOTh CYIIePOK-
CUIaHiOH, TIEPOKCH, BOJHIO, JIIOTIEPOKCUIM, Ta
3a PaXyHOK HEEH3MMATHUYHUX CIIOJIYK, IT[0 MAalOTh
AHTHUOKCUIAHTHI BJIACTUBOCTI I TeTOKCUKYIOTH pe-
AKTUBHI IIOXiTHI MOJIEKYJIAPHOIO OKCUTEHY.

Jo aHTHMOKCHUAAHTHUX EH3UMIB HaJIe:KaTb
cynepokcuaaucmyrasa (COJIl), xaramasa, Iiy-
rationnepokcugasa (I'IIO) ra immi mepokcu-
masu, QYHKIIOHYBaHHA AKUX IOB’si3aHe MixK
co0010, OCKIJBKM KiHIEBi HPOAYKTH OIHUX
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peaxkiiiii € cyoctparamMu ajs inmux. o HeeH-
3UMaTUYHUX AaHTUOKCHUAAHTIB HajJeKaThb BiTa-
minu A, C, E, P, K, BigmoBseHuii riayrartioH,
ecTporenu Torro [4, 5].

AmnaJris gitepaTypu 00 BIIJINBY HEBUCO-
KX Ta MaJHuX 03 i0Hi3yHUOoro BUIIPOMiHIO-
BaHHA HA aKTUBHICTh aHTUOKCUJLAHTHUX €H3U-
MiB CBiJUUTH ITPO PiBHOCTIPAMOBAHUM XapaKTep
3MiH y pPi3HUX TKaHMHAX Ta KJIITHHaX XKUBUX
oprauismiB. Ilokasano, mo maJi mo3m pajmia-
mii migBumytoTs aktuBHicTs COJl. Tak, omHO-
pasoBe ompominenHs B gosax 0,25 ta 0,5 I'p
CIPUYMHIOBAJO 3POCTAHHSA AKTUBHOCTI €H3U-
My B PiBHMX TKaHWHAX YIIPOJOBYK TPUBAJIOTO
TepMiny mociaimxenuda [6]. IligsBuienoo Oyia
AKTUBHICTH B €PUTPOIUTAX IIEPCOHAJY pPalio-
Joriuamx KabiHeTis [7], TuMUacoM AK 3a gaHU-
MU iHIINX aBTOPIiB y epUTPOIHUTAX JIOAei, AKi
OpaIoBaJ B yMOBaxX MiABUINEHOI pamialiii Ta
B reMoJIizaTax KpoBi ITypiB, AKUX YTPUMYBaJIN
BIIPOJIOBK MiCSAIlA B YMOBaX ITiIBUIIEHOTO pa-
miamiftHOTO (hOHY, BUSBJIEHO 3HUIKEHHSI aKTUB-
HOCTi 11boTO eH3uMYy [8, 9]. 3pocTanHa eKcIpe-
cii rera COJl y cesesinIii muIreit cnocrepiraam
aunie Ha 23-Ti0 700y mmicasa mil HusbKOI mo3u
(0,5Tp)[10].

IcHyioTh cymepeusuBi maHI I mIOAO 3MiH
aKTUBHOCTI KaTaJyia3u 3a pafialiiiHOro BILJIUBY
B MIMPOKOMY miamasoHi 1o3. OpHopasosBe ompo-
MiHeHHs cobak 103010 0,5 I'p 3yMOBII0BAJIO 3HU-
JKeHHSI aKTUBHOCTI €H3MMY B KPOBi BIPOIOBIK
10-12 ni6 micisa onpoMiHEHHS 3 IIOCTYIIOBUM
3POCTAaHHAM aKTUBHOCTI [0 PiBHA KOHTPOJIO
[11]. 3a ymMOB OogHOPA30BOTO BHYTPIIIHHOOYE-
peBuuHOrO BBeseHHA 211 (117 kBk / TBapuHYy)
BimbyBasacs XBuUJEmOAiOHa 3MiHa aKTHUBHOCTI
KaTaJjia3y KPOBi 3 akTuBAaIli€ro Ha 1-1ry 100y Ta
nomasbire ii 3HUKeHHA [12]. AKTUBAIiA eKc-
mpecii reHa KataJjiadm i 3pOCTaHHA aKTUBHOC-
Ti eH3UMYy B ceJIe3iHIli 3a OIIPOMiHEHHS B 031
0,5 I'p BusBieHo Ha 23-TI0 OOy micasa pamia-
niinoro BmuBy [10], Toai aK B iHIIUX TKAHU-
Hax 3a()ikcoBaHO 30iJbIIIeHHS AaKTUBHOCTI BiKe
yepes Aekiabka rox [13].

BceranoBneno sumikenua aktuBHocTi I'TIO B
paHHIi# nepioz micsig oTpoOMiHEHHSA 3 HACTYITHUM
HigBUINEHHAM 0 PiBHS KOHTPOJIIO abo I BHUILe
[14, 15]. 3a XxpoHIUHOIO OIPOMiHEHHS MaJOIO0
03010 BUSIBJIEHO 3POCTAHHSA AaKTUBHOCTI €H3UMY
B epurpornurax [7 ], TMuacoM AK aKTHUBHICTHb
T'P sam:KyBajsiaca 3 MePIIUX XBUJIWH MiCJIS OII-
poMiHeHHA i 3ajuImanacsa HU3bKOIO BIPOJOBIK
IecATKiB 110 6e3 TenmeHIii 1o BigHOBIEeHHA [15].

3acTocyBaHHA aHTUOKCUIAHTIB SK IIPOTHU-
TpoOMeHeBUX 3ac00iB OOT'PYHTOBAHO i miATBEp-
IKeHO eKclepuMeHTaabHO. OCKiIbKY IIPOAYK-

tu I10JI € Tokcuuuumu [16], iMm BogHOUAC TTPU-
TaMaHHUH i pagionpoTeKTOpHU e(eKT.

IIpogykTu BuUHOpPOOCTBA BUKJINKAIOTH iH-
Tepec K IIOTEHIlilfiHe AKepeso 0ioJIOTiuHO aK-
TUBHUX KOMIIOHEHTIB 3 AHTHUOKCHUIAHTHUMU
BJIACTHUBOCTAMM, 30KpeMa II0JIihpeHOoJiB Ta Mi-
HepaJaiB [17].

Pocaunni heHONMBHI CIIONTYKY 3 PiBHUM pPO3-
TAITyBAHHAM Ti[POKCUJIBHUX TPYI y OEH30JIb-
HOMY KinbIi — QaBoHOigqm (pyTHH, KBeEpIle-
TUH, KaTeXiHW, aHTOIliaHU), (PeHOJbHI KUCJIO-
Tu (rayioBa, ejiaroBa, OKCUIIMTHAMOBA), ITOXimHi
mipokaTexiny, Iiporajgoay, TiIpoxXiHOHYy —
MalOTh HUBbKY TOKCHUUYHICTH, mTOOpe PO3UMHHI
y Boai (OKpiM pyTHHY i KBepIleTUHY), XapaKTe-
pUBYIOThCS BUCOKOIO OGiomoctymHicTio. I1i cmo-
JYKU BUABJSAIOTH 3JaTHICTH IIE€PEXOILTIOBATHU
MEePOKCUIHI Ta aJIKOKCUJIbHI paguKaan, epek-
TUBHO 3HEIIKOIKYIOTh INAPOKCUJIbHUA i cyIIe-
POKcCHUIaHiOH-paINKaIN, CHHIJIETHIU OKCUTEH,
yuM OJIOKYIOTH iHititioBaHi HUMH peakiii ITOJI
[18, 19].

ITokasaHo, 1110 BUHOTPAJ, BUHO Ta IIpela-
paTu 3 BUHOTPAHOTO HACIHHSA iHTiIOYIOTH OKMC-
HEeHH:A JIIOIIPOoTeiHiB HU3bKOI I'yCTUHM, 3aI0-
birairoum arperarii TpoMOOIIUTIB i BHMIKYIOUU
PUBUK BUHUKHEHHSA KOPOHAPHUX XBOPOO cep-
IsI Ta CepIleBO-CyAUHHUX 3axXBopioBaHb [20].
IIpomianignum BUHOTPAAY 3B’ A3YIOTHCA 3 IPO-
JiHOM KoJiareHy i eJJaCTUHY B CTiHKaXxX apTepiii,
301JIBITyIOUN iXHIO TPOTHUII0 THCKOBI KPOBIi,
BiTHOBJIIOIOTh B €HIOTEJIil HOPMAaJbHUUN CHH-
Te3 NO Ta mocuJIroIoTh pesjakcalio cyaus [21].
3naTHicTh MOJIi(PeHOJBHUX CIOJYK IIiABUIIY-
BaTHU cTabiJIbHICTh MeMOpaH €H/I0TeJIiI0 CYqUH €
ONHIUM i3 ITPOBiTHUX MeXaHi3MiB, IIT0 3yMOBJIIO-
IOTh IXHi aHTHATEPOreHHi Ta aHTUOKCUIAHTHI
BJacTUBOCTi [22].

3 ypaXyBaHHAM aHTHUOKCHUIAHTHUX Ta iMy-
HOCTUMYJIIOBAJIbHUX BJIACTUBOCTEH ITPUPOHO-
T'0 MoIi(heHOTBHOTO KOMILJIEKCY BuHOTpany [23]
Imeil HEeTOKCUYHUN KOMILJIEKC PEeUYOBUH € IIep-
CIIEKTMBHUM $K 3acib mpodimakTuKy i paHHBOI
Tepamii pamioiHAYKOBAaHMX VIIKOIKEHb TKa-
HUH opraHismy. IlepeBaror npenaparis Ta 6io-
JIOTIUHO aKTUBHUX NO0ABOK, BUTOTOBJIEHUX i3
OPUPOSHUX AaHTUOKCUIAHTIB, € MOMKJIUBICTD X
IepoPaILHOTO 3aCTOCYBAHHA.

OguHuM i3 UYyTJAMBUX TECTiB AJIA BUSIBJIEH-
Hs 3MiH, AKi BeyTh 10 BUHUKHEHHA KOMIIEH-
CaTOPHUX peakIlili opraHiamMy, € IOCJIiIsKeH-
Hs aKTUBHOCTI aHTUOKCHUJAHTHUX €H3WMIiB Ta
BMICTy TPOAYKTIB NEPOKCUIHOTO OKWCHEHHSA
Jimigie. AKTyanbHOO € ()apMaKoJoriuHa Ko-
PeKIlia mux 3MiH 3a il HU3BKUX 03 i0Hi3yIO-
YOro BUIPOMiHIOBAHHA.
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Meroio poboTu 0yJI0 JOCTIAUTH BILJIUB IIPU-
poAHOTO MOJIi()eHOTBHOTO KOMILIEKCY 3 BUHO-
IPaJHOTO BMHA HA aKTUBHICTh aHTUOKCUIAHT-
HUX eH3uMiB i BmicT npoaykTis ITIOJI y mepude-
puuHil KpoBi Ta aopTi HIypiB 3a Ail Maiux 03
PEHTTEeHiBCHhKOT'O OIIPOMiHEHHS.

Marepianu i meTomu

Hocaigu 6yJio mpoBeneHo Ha 56 6iux 6esmo-
ponumux Iypax-camkax macoio 180-220 r Bix-
noBigHO Mo KouBeHIIil Pagum €Bpomnu momo 3a-
XUCTY XpebeTHUX TBapUH, SKUX BUKOPUCTO-
BYIOTH y HAYKOBUX OOCJHiMKeHHAX. TBapumHuU
BIIPOJOBIK EKCIIEPUMEHTY IepebyBaiu y cTa-
IMioHapPHUX yYMOBAaX BiBapiio, Maju BiIbHUH NT0-
CTYII O IIUTHOI BOAM i OyJau IMoAiJieHi HA YOTH-
pu rpynu: mepiia — KOHTPoJabHI TBapuHU (K);
Ipyra — TBapuHH, axkuM 3a 10 ai6 mo mouar-
Ky Ta BIIPOAOBK 3 Oi0 eKCIepUMEeHTY IaBaju
3 IIATHOIO BOJOI0 KOHIIEHTPAT II0JIi(DeHOJIHLHOTO
KOMILJIEKCY BMHOTPAJHOTO BWHA 3 PO3PAXYH-
Ky mo6oBoi mosu 12,5+1,1 mr mosideHomiB/Kr
macwu tisa (K+II); Tpersa — TBapuHuT, AKUX Digna-
BaJIM OTHOPA30BOMY OIpPOMiHeHHI0 103010 30cI'p
(mkipHO-(poKycHa Bimcrans 95 cm, Hampyra
130 kB, cuna crpymy 10 MA, pinsrpu Cu 0,5 Mmm
ta Al 1,0 MM, moTykHicTb 103 — 8,3 MI'p-c )
(0); ueTBepTa — TBapWUHU, AKUM YBOAUJIHU 3
TMUTHOIO BOMOI0 KOHIIEHTPAT AHAJOTIYHO IPY-
ri#i rpymi Ta miggaBanu pamiamiiHOMY BILIUBY
(O+I1). To3y ompoMiHEHHA KOHTPOJIIOBAJIN KJIi-
HiuauM posumetrpom tuny 27012 (Otto Shon,
Himeuyuwnna).

Konnenrpar mosiheHOIBHOTO KOMIIIEKCY
OJleP;KyBaJi yIIaplOBaHHAM UYEePBOHOTO CYXO-
ro BuHa mapku Kabepue-CoBiHbIIOH (HazaHOTO
HarmionanpHuM iHCTUTYTOM BHUHOTpPAILy i BUHA
«Marapau», Kpum) Ha poTOpHOMY BUIapIO-
Baui Laborota-4001 3 TakuMu mapamMeTpamu:
t = 40 °C, Tuck 0,8-0,9 KI‘C/CMZ, 60 06/xB).
MacoBa woumeHTpalia (EHOJIbHUX CIOJYK
Yy KOHIIeHTpaTi craHoBusa 59180 mr/J1, macoBa
KOHIleHTpAaIida moaimepiB — 40161 mr/ma, mpo-
mianiguuiB — 7370 Mr/Ja, pedyoBUH, IKi peary-
IOTH 3 BaHiniHoM, — 4122 mr/sn, 6apBHUKIB —
2021 mr/m.

s mocaifyKeHHA BUKOPUCTOBYBaJU KPOB
i3 XBOCTOBOI BeHU HIYPiB Ta CylIepHATAHT I'OMO-
TeHaTy aopTH, OJleP:KaHU ITicJIsg roMOoTeHi3aril
B rimororniuromy 50 MM Na-K-(pochaTaHOMY OY-
depi (5 mr trarunm /100 Mmrg Oydepa) MeHTPU-
dyryBanuaM yrnpoaoB:x 15 xB 3a 20 Tuc. g.

AxTtusnicts Cu, Zn-cynepoKCcuaIucMyTa3n
(COMO) (1.15.1.1) BusHavau 3a MeTogoM HeBa-
piTain. [24], karanasu (1.11.1.6) — Koposiok
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Ta iH. [25], rayrariornmeporcuzasu (I'TIO)
(1.11.1.9) — Moiu [26], rayraTioHpemyKTa-
su (I'P) (1.6.4.2) — Goldberg, Spooner [27].
Bwumict TBK-nmosutuBaux npoayktis (TBK-IIIT)
BHU3HAYaJU 3rigHo 3 [28], KOHIleHTpaIlifo TPOo-
TeiHy — 3a 3araJbHONIPUUHATUM MeTomoM [29].

PesysnbraTu gociimkeHb 00poOIAIH CTa-
TUCTUYHO 3 BUKOPUCTAHHAM Imporpamu Origin
Pro. BigmimnicTh mociimiKyBaHWX IIOKa3HU-
KiB BBasKaJiu CTATUCTHUYHO JOCTOBipHOIO 3a
P <0,05.

Pe3yabraTu Ta 00TOBOPEHHSA

Coo:xuBaHHsS 3 IIMNTHOIO BOJOIO II0Ji(e-
HOJILHOTO KOMILJIEKCY 3 BHHOI'DAAHOIO BHHA
(12,5+1,1 mr/Kr macu) migAAOCHiTHUMU TBAPU-
HaMU He CUPUYWHIOBAJO BipOTiAHWX 3MiH aK-
THUBHOCTI AaHTUOKCUAAHTHUX €H3NMiB Ta BMiCTy
nponykTiB ITIOJI y mepudepuuHiit KpoBi, omHAK
BUABJEHO iCTOTHI BigMinHOCTI B aumHaMini mo-
CIiI)KyBaHMX MOKA3HUKIB y TBapuH, sIKi 3a-
3HaBaJHU pagiamiiiHoro BILIUBY 06e3 Ta Ha (oHi
CIOKMBAHHA KOHIIEHTPATY.

Hami gani cBiguaTs Ipo 3HUIKEHHS aKTUB-
wocti COJl y mepudepuuniii KpoBi Ha 55% Ha
24-Ty ron micJas OIIpPOMiHeHHs, IIT0, IMOBipHO,
3yMOBJIEHO HAIJIUIIKOBUM YTBOPEHHSIM IIe-
POKCHUAY TiIpOreHy Ta TiIPONePOKCUMIIB IKUP-
HuX Kucjaort [30].

BogHouac miciisi ompoMiHeHHSI Ta BBeeH-
HS T0JIi(heHOJTBHOTO KOMJIEKCY 3 BHHOTDPAIHO-
TO BUHA Bil3HAUEHO 3POCTAHHS aKTHUBHOCTI Ha
77% NOPiBHSAHO 3 KOHTPOJIEM, II[0 Mailxke y 4
pasu IIepeBUIIYE Iell TOKa3HUK B OIPOMiHEHUX
TBapuH Ta HA 49% O6iJbIlle MOPiBHAHO 3 MOKAa3-
HUKAMU TPYOUW TBAPWUH, AKUM YBOJIWJIU KOH-
meuTpar (Tada. 1).

Take 3pocTaHHS aKTUBHOCTI €H3UMY € Ha-
caigkoM 30iJbIIeHHA KiJbKoCTi cybGeTpaTy 3a
pagiamifinoro BmauBy. Ha 48-Mmy roa ekcmepu-
MEHTY BTPYIIi ONPOMiHEHUX TBAPUH aKTUBHICTH
€H3UMYy 3pocTajia [0 KOHTPOJbHUX 3HAUEHD,
a B IPyIIi TBAPUH, AKi CIOMKMBAJIM TOJIi(DEHOIBHITI
KOMILIEKC, 3a/IAIIAIACA IIiABUIIIEHO0 Ha 65% .

SAxito Ha 3-TI0 KOOy B rpyIlli onIpoMiHEHHA
piBerb akTuBHOCTI COJl 3pocTaB y 2 pasu mo-
PiBHSHO 3 KOHTPOJIEM, TO Y TBAPUH, AKi CIIOMKH-
BaJIM TOJi(heHOSIM 32 OIPOMiHEHHS, BUSABIECHO
HOpMAJIi3allilo JOCJiKyBaHOTO IIOKAa3HUKA,
10 CBiAUUTH NPO BUPAKEHY AHTUOKCUTAHTHY
Iifo moJriheHOTBbHOTO KOMILIEKCY 3 BUHOT'PAIHO-
0 BUHA BJKe HA PaHHIX CTaAiAX eKCIEePUMEHTY.

MeHI BupasKkeHi 3MiHM cIiocTepiraju Irifg
yac JOCJiIKeHHs aKTUBHOCTI KaraJjasu. Bera-
HOBJIEHO B3HWKEHHA AaKTWUBHOCTI €H3UMYy Ha
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Tabnruys 1. AKTUBHICTS aHTHOKCUZAHTHUX eH3UMIB i BMicT TBK-1mo3uTHBHUX NIPOAYKTIB y Ji3aTax KpoBi
3a YMOB PE€HTTreHiBChbKOT0 onpoMiHeHHd B 1031 30 cI'p Ta Ha ¢oHi BBeIeHH M0Ti(heHOJIBHOT0 KOMILIEKCY

3 BUHOTpaaHoro BuHa (M*m, n = 6—10)

IloxasHuku con, Karanasa, T'TIO, aMoaB/XB TP, TBK,
U/mMr npoTeiny | MKMOJIB/XB MT MT IIPOTEIHY HMOJIb/XB MT HMOJIb/MJI
YmoBu MpOTeiny IpoTeiny
eKCIepHMEeHTY
K 4,54+0,60 137,75+2,10 345,09+2,76 3,44+0,31 200,44+14,40
K+II 5,04+0,84 133,51+10,82 | 345,46=1,99 3,74+0,42 222.25+18,44
24 Tog 2,04+0,35" 121,73+4,32° | 406,71+9,45" 4,03=0,54 266,81+10,77"
0 48 ron 5,81+0,43 117,08+2,83" | 414,10+10,37° | 5,66+0,38" 286,32+14,11"
72 ron 9,12+0,19° | 126,49+10,34 | 468,42+14,48" | 6,77=0,61" 301,63+23,27"
24ron | 8,05+0,87°#5 | 140,38=13,68 | 366,05+6,52% | 7,31+0,35"%5 | 167,55+14,83%
O+I1 48 rog 7,49+0,79"5 | 143,26=11,76" | 352,69+6,11% | 6,82+0,27%5 | 228,50+12,14%
72 rox 5,03+0,72% 120,65+3,77 | 319,88=27,29% | 5,77+0,44"S | 213,33+14,58%

ITpumimka. Tym i dani: - IOCTOBipHO mMopiBHAHO 3 KoHTpoJeM (P < 0,05);
— JTIOCTOBipHO MOPiBHAHO 3 TOKa3HMKaMu onpoMineHux TBapuH (P < 0,05);
— JIOCTOBipHO IOPiBHAHO 3 TOKA3HMKAMU I'PYIIU TBAPUH, IKi OTpUMYyBaJu moiide-
HOJBHUII KOMILJIEKC 3 BuHOrpaauoro suHa (P < 0,05).

12 i 15%, Bigmosiguo, Ha 24-Ty Ta 48-My rof
OicJA PeHTreHiBChbKOrO OIIPOMiHEeHHS, TOMi AK
micaa pamiamiiiHOro BILIMBY Ha (POHI BBeOeHHA
HoJIi(peHOJIiB BUHA aKTUBHICTH KaTajlasu IeIo
ImepeBUIIlyBaJia PiBeHb KOHTPOJIO i Ha 48-my
ol TOCTOBiPHO 3pocTaJjia MOPiBHAHO 3 IOKAa3-
HUKaMU I'PYIU OMTPOMiHEeHUX TBapuH (Tabu. 1),
o KopeJsme 3i spocranuaM akTtuBHOCTI COJ
y mi#t rpyni. Bizomo, 1o HagMipHa OPOOYKIisa
CYIIePOKCHUAAHIOH-PAIUKAJY 3aTHA IIPUTHITY-
BaTHU aKTuUBHiCTH Karasasu [30], mjo, oueBu-
HO, ¥ 3YMOBUIJIO 3HUIKEHHS aKTHUBHOCTI I[HOTO
eH3UMY 3a il i0Hi3yHuoro BUIIPOMiHIOBAHHS,
ockinbku akTuBHicTs COJl Ha 1-111y 100y micas
OoIpoMiHeHHs OyJja BABiUi HMIKYOIO Bim KOH-
TPOJILHUX 3HAUYEHbB.

BcTanoBseHO cTifiKe 3pocTaHHA aKTHUBHOC-
Ti TTIO y mepupepuyHiii KpoBi TBapwH, II0
3a3HaABAJIN OMPOMiHEHHSA B yci mocTpamiarmiii-
Hi TepMminm mociaimykenHsa (tabua. 1). Ha 72-ry
ronx ekcuepuMmeHTy aktuBHicTH I'TIO mocsarama
HAMOiNIbIIIOr0 3HAUYEHHS, MNEePeBUINYIOUN pi-
BeHb KOHTPOJI0 Ha 36% , TOAi AK 3a YMOB OI-
pomiHeHHA Ha (POHI BBeIeHHA MOJIi(DEHOIHLHOTO
KOHIIEHTPATy aKTUBHICTb €H3UMY 3aJIAINAJIaCh
y MesKaxX KOHTPOJIO BIIPOJIOBXK YCiX TepMiHiB
excraepumenTy. Iligsuinenas aktusHocti I'TIO
3YMOBJIEHO, OUEBUIHO, 3PDOCTAHHAM BMICTY IIe-
POKCUAY TiApOreHy — MPOAYKTY CYIEePOKCUI-
IUCMYTas3HOI peakIrii, 1o AKOro, SIK Bigomo,

CIIOPiAHEHICTh eH3UMY € BUIIOI0, HijK y KaTa-
aasu [31]. OckinbKYM 3a pagialiifHOTO BILJIUBY
BCTaHOBJIeHO mmifgBumieHHs akTuBHocTti I'TIO,
3aKOHOMIpPHUM € i 3pocTaHHsa akKTuBHOCTI I'P
MOPiBHAHO 3 KOHTpoJeM Ha 65% Ta 97%, Bix-
MOBigHO, Ha 2-Ty Ta 3-Ti0 OO0y eKCIePUMEHTY
(taba. 1). Bigomo, 1o ii pyHKITi€io € migTpu-
MaHHs IIOCTIMHOTO PiBHSA BiJHOBJIEHOTO TJIyTa-
TiOHY K KO(paKTOpa eH3MMaTUYHOI aKTUBHOC-
Ti. Binpmr BupaskeHe 3pOoCTaHHA aKTHUBHOCTI
I'P y rpyni TBapuu 3a ompomMiHeHHA Ha (oHi
BBeIeHHA IT0JIi(DeHOJIbHOTO KOMILJIEKCY, IIOPiB-
HSHO 3 KOHTPOJBHUMHU Ta MOKA3HUKAMU I'PYIU
TBapWH, SIKUM YBOIAWJIU ITOJIi(heHOJI BUHOTPAT-
HOT'O BMHA, IIOSCHIOETHCSI, MIMOBIPpHO, 3HUIKEH-
HSM BMiCTy BiJHOBJIEHOTO IrJIyTaTiony. Bigzomo,
110 IIPOAYKTU OKMCHEHHA MOJIipeHOIiB 3a HAL-
Mipuoi mpoxykirii ADPO smarui B3aemMomiaTu
3 Tiosamu [32]. 3a mocuIeHOr0 OKMCHEHHA Ka-
TexiHiB, KBepIeTHuHY Ta iHMuUX (JIaBOHOIIIB
y IpucyTHOCTi KiIiTuHHUX nepokcugas i H,0,
BUSBJICHO KOH IOTAIlil0 OKMCHEHUX MPOIYKTiB
i3 ryTaTioHOM 3 YTBOPEHHAM MOHO- abo Iu-
TUIYTATiOHIJI-MOXiMHMX Ta 3HUIKEHHA BMICTY
BimHOBJEHOTO roryTaTtiony [33, 34].

Ha doni samxenna akrusaocti CO/] Ta ra-
Tajasu Ha 24-Ty i 48-My Tof HOCJiy 3a BILIUBY
ONPOMiHEHHS BCTAHOBJIEHO CTiliKe 3pOCTaHHSA
Bmicty TBK-IIII y Bci mocaimskyBani TepMiHnI
B mepu(epuuHiil KpOBi IIypiB, IO CBIiAYUTH
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OpPO HE3TATHICTh AHTUOKCUIAHTHUX EH3UMiB
IO 3HEITKOAKeHHA HaaMipHOI KiirbkocTi ADPO.
B:xuBanua sa mii ioHisyouoro ompomiHeHHS
ToJIi(heHOJTHHOTO KOMILIEKCY 3 BHHOTPAIHOTO
BUHA 3a100irajao HaKommueHHo npoayKTiB ITOJI
SAK 3aBIAKU €K30T€HHUM aHTUOKCHUIaHTaAM, TaK
i BHaCIiOOK HiABHUINIEHHS aKTUBHOCTI aHTH-
OKCUJAHTHUX €H3MMiB.

30iapmrenasa piBua APO Bimirpae meBHY
poJib ¥ BUHUKHEHHI IATOJOTiYHUX 3MiH cep-
meBo-cyauHHOI cuctemu. Hacaigkom mocwmiie-
HOro yrBopeHHss APO e magmipHe yTBOpEHHSA
OKWCHEHUX JIiIOMPOTeifiB HU3BKOI IiJIbHOCTI
(JITIHIIT). Tigpomepoxcunu JIITHII e mxepe-
JIOM TiZPOKCUIHUX PaguKaJiB, IO BigiKpuBa-
IOTh IOPH Y BHYTPIiIIHiTE MeMOpaHi MiToXOHIpiH
Ta YIIKOAMKYIOTH €HJIOTEJiNl CYyIMHHUX CTiHOK
[35]. Ba ix BmAMBY BiZ0yBa€eThCs aKTHBAIiA
TPOMOOIIUTIB, JIEMKOIIUTIB, IIEPETBOPEHHSA MO-
HOIIUTIB y Makpodaru, mopymryeTbcs QyHKILiA
MeMOpaH KJIiTWH, 30KpeMa IIPoBiaAHOI cucTeMu
cepiia [36].

PesynbraTtu gocaimikeHb 3 BU3HAUEHHS aK-
THUBHOCTI aHTUOKCUJAHTHUX €H3UMIiB Ta BMiCTy
npoxaykTis IIOJI B aopTi m1ypiB mogamo B Taba. 2.

Ha Bigminy Big mepugepuuHoi Kposi, B aop-
Ti TPYNM ITYyPiB, IO CIOKUBAJM IOJTi(DEHOIH-
HUN KOMILJIEKC, BUABJIEHO 3POCTAHHS AKTUB-
"Hocti I'P nmopiBHSAHO 3 KOHTpOJeM. Bigomo, m1o
mocUJIeHa aKyMYJIAIiA B €HA0TeJIil CyIuH IT0JIi-
(eHOJIbHUX CHIOJIYK 3JaTHA MHiJBUIIYBATHU aK-
TUBHICTh AHTHOKCUJAHTHUX €H3UMIiB IILJISIXOM
akTuBaIlii ekcrupecii Bigmosiguux reuis [37].

3a pPeHTreHiBCLKOTO ONPOMiHEHHSA IIOKasa-
HO sumKeHHA akTuBHOCTi COJL mo 70% Bin piB-
HA KOHTPOJIIO Ha 48-My I'oJl eKCIIePUMEHTY, TOI1
AK Tig yac orrpoMiHeHHs Ha (POHI CIIOMKUBAHHSA
n0JIi(heHOJIBLHOTO KOMILJIEKCY aKTHUBHICTHL €H-
3UMY 3aJIUIIAJIACh ¥ MEXKaX HOPMU BIPOJOBIK
TphoX 1i6. 3minu akTusHocTi I'TIO B aopTi mic-
ad miil pagiamiiiHOTo YMHHMKA MaJd XBUJIEIIO-
IiOHWI XapaKTep: CIOCTepiraJjocs 3pOCTaHHS
akTuBHOCTI eHsumy Ha 27% i 35% ma 24-Ty Ta
72-ry rop, BimmosigHo, i sHMkenHs Ha 20% Ha
48-my roj, 110 BKa3ye Ha YaCOBY 3MiHY CITiBBifI-
HOIIIEHHS MPOOKCUAAHTHUX Ta aHTUOKCUJAHT-
HUX (pakToOpiB i mi0 KOMIIEHCATOPHHX MeXa-
Higmis. Ilicsia onpomiHeHHS 32 YMOB BBEJIEHHSA
moJIiheHOJIIB BMHOTPAAHOTO BWHA 3POCTAHHSA
akTusHOCTi I'TIO Ha 32% BigsHaueHo Jwuile Ha
3-Ti0 100y MOPiBHAHO 3 KOHTPOJIEM, II[0, MOK-
JINBO, 3YMOBJIEHO 30iJIBIIIEHHAM BMIiCTy Tigpo-
mepoKcumiB JgimigiB, ockinbku BMmict TBEK-IIII
y 1IeHl TepMiH IepeBUIIY€E PiBeHb KOHTPOJIIO.

3pocranusa aktuBHOCcTi I'P B aopTi Ha 31%
micJig OIPOMiHEHHSA BUSABJIEHO JHIIE HA 72-Ty
roJ OOCJIiAy, TOAI AK 3a ONPOMiHEHHS Ta BBe-
IeHHA TOoJi(DEHOJIHLHOTO KOHIIEHTPATY aKTWB-
HiCTHh €eH3MMYy HepeBUIyBaJia KOHTPOJBbHI IIO-
kasauky Ha 34% i 39%, Bigmosiguo, Ha 24-Ty
Ta 72-ry rojl eKCIIePUMEeHTY.

IligBurmenuii piBeHb BMICTy IIPOAYKTiB
IIOJI BusiBieHO AK Imicjas pagiaifiifiHoro BILJIH-
BY, TaK i 3a BIJIUBY OIIPOMiHEHHS Ta BBeIEH-
HS TOJi(heHOJBHOTO KOMILJIEKCY, OTHAK B OC-
TaHHBOMY pasi BMicT ixX OyB 3HAUHO HUKYHUKN

Tabauys 2. AKTUBHICT AaHTHOKCHTAHTHUX eH3uMiB Ta BMicT TBK-103UTHBHUX MPOXYKTIB
y JridaTax aopTH 3a YMOB PEHTTeHiBChKOro onmpoMiHeHHA B 103i 30 cI'p Ta BBeieHHS M0JIi(heHO0IBHOTO
KOMILIEKCY 3 BUHOrpagHoro Buna (M=m, n = 6—10)

IToxazauku cona, Karaaasa, T'TIO, amoab/xB TP, TBK,
YmoBu U /mr niporeiny MRMOJIL/"XB Mr MT IIPOTETHy HMOJIL/).(.B mr HMOJb/T TKAHUHU
eKCIIePUMEHTY HIPOTeIny IIPOTEIny
K 30,48=3,52 10,05+0,97 44,68+3,66 8,47%0,34 265,64=43,97
K+I1 31,54=1,89 12,37+1,19 43,41+4,34 10,02+0,50" 282,02+26,84
24 rog | 81,97+2,57 10,67=0,62 56,53+3,56 " 8,07+1,04 404,67+26,86"
0] 48 rox | 21,01+2,47" | 10,14=0,83 37,96=1,59" 7,66=+0,38 371,40+21,93"
72rox | 35,10+3,10 12,41=+1,30 60,15=3,07" | 11,11=0,71" | 353,84=13,85"
24rox | 35,10+2,28 12,48+1,55 48,78+6,17 | 11,32+0,95"% | 323,36+16,86
O+II 48 rox | 27,45+0,96% | 12,17=1,77 39,02=5,00 8,82+0,98 289,23+19,62"
72rox | 31,58=1,89 11,59+1,77 | 58,82+4,98™ | 11,77+1,34" | 301,54+2,69"%
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TOPiBHAHO 3 BiAMOBIZHMMY MOKA3HUKAMU OII-
pPOMiHEHUX TBapUH.

BcTaHoBI€HO, IO €PUTPOIIUTU JIOAMHU
3IaTHI IIBUAKO 3B’sI3yBaTH Ha CBOIl ITOBEPX-
Hi BeJWKY KiJIbKicTh pidHOMaHITHMX moJide-
HOJIbHUX cIoayK. Ile crpusde mocujaeHHIO 3a-
raJbHOI aHTUOKCUIAHTHOI €EMHOCTI KpPOBi, AKa
dopMyeTbCA CYMOI BHYTPIIIHBOKJIITHHHUX
AHTUOKCHUAAHTIB, moJi(peHOJiB, 3B’A3aHUX i3
MeMOpaHaMu KJIITUH KPOBi Ta aHTUOKCUAAHTIB
miasmu [38].

IIpoBeneni mocaim:xeHHsS BUABUJIU BigMiH-
HOCTi B aKTHMBHOCTI QHTHOKCHUIAHTHUX €H3U-
MiB mepudepryHOi KPOBi Ta a0PTU 3a BILJIUBY
HU3BKUX 03 i0HiI3yIOUOTO BUIIPOMiHIOBAHHI.
BigcyrricTs smin y Bmicti TBK-mosutuBHUX
TPONYKTIiB Y KPOBi 3a pajiamifHOTO BIIJINBY Ha
¢oHi BBemeHHs IOJIi(peHOJIB 3 BUHOT'PAILHOTO
BUHA CBifumTh IIpo 30alaHCOBaHY aKTUBHICTDL
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ITokaszano, uTo moOTpebJeHEe KpbICAMU
C INUTHEBOII BOJOU IIPUPOSHOTO HOJIU(PEHOJIHLHOTO
KOMILJIeKCa W3 BUHOTPATHOTO BUHA B CYTOYHOM
mose 2,5+1,1Mr mondeHosI0B/KI Macchbl B Teue-
Hue 10 cyT 10 paguannoHHOTO BO3NeCTBUS TIPHU-
BOIUT K TOBBIMIEHUI0 aKTUBHOCTHU CYIEPOKCUJ-
AVCMYTas3bl U TJIYTATUOHPEAYKTA3HI B IU3aTaX IIe-
pudepuueckoit KpoBu Ha 24-i1 u 48-i1 U mocJe 006-
II1ero peHTreHoBCcKoro ooayuenus B gose 30 cI'p.
AKTUBHOCTh KaTajgasbl, IJIYTATHOHIIEPOKCHUIA3EI
u cogep:xkanme TBK-mo3UTHMBHBIX IIPOAYKTOB
B TeueHMe 72 U mOCJie OOJyUYeHUsS COXpaHAeT-
cA Ha ypoBHe KOHTpoJA. OTMeUeHO CHUKeHUEe
AKTUBHOCTU CYIIEPOKCHUIAUCMYTasbl Ha 24-f1 u
KaTtajasbl Ha 24-11 u 48-11 U mocJie OeiCTBUS MO-
HUBUPYIOIIEero obJyUYeHnsa U BO3pacTaHUe comep-
JKaHUSA TPOAYKTOB IIEPOKCUIHOTO OKMCICHUSI
JUMUA0B BO BCe UCCIeayeMble cCpoku. B ausarax
A0PTHI YCTAHOBJIEHO CHUKEeHHE aKTUBHOCTU Cy-
MEePOKCUAAUCMYTA3bl U TJIYTATUOHIIEPOKCUIAZBI
Ha 48-1i U mocJie pagualioOHHOTO BO3AeHCTBUS
U TOBBINIeHHOE cofep:kaHre TBK-mo3uTuBHBIX
IPOAYKTOB B TeueHue 72 4. Ilpu obiyueHum u
BBelleHUU TOJU(EHOJbHOTO KOMILJIeKCa W3 BU-
HOTPAJTHOTO BUHA B JIMU3aTaX aopPThI He BBIABJIEHO
U3MEeHEHU! aKTUBHOCTU CYHEePOKCUAIUCMYTAa3bI
U KaTajlasbkl, B TO BpeMdA KaK aKTHUBHOCTD IJIyTa-
THOHPEAYKTAa3bl UM TJIYTATUOHIIEPOKCUIA3bI TIO-
BBITIIAJIACH Uepes 72 U mocjie paguannoHHOT0 BO3-
IelicTBuA. YmorpebieHne mnOAN(PEHOTIOB BUHO-
TPaJHOTO BUHA JOCTOBEPHO CHUXKAJIO COlePIKaHIe
TBK-m03UTUBHBIX IIPOAYKTOB B JM3aTaX aOPTHI
00JIy4eHHBIX KPBIC 10 CPABHEHUIO C JKMBOTHBIMU,
KOTOpBIEe IIOJABepraanch o0ayueHnio 6e3 ymoTpe-
O6eHUA TONIN(EHOJIOB.

Knrwouesvle cnoea: nMOHU3UPYIOIIee UIIyUeHUE
HUBKOHM MOIIHOCTY, aHTHUOKCUAAHTHBIE DH3WMHI,
TBHK-mio3uTuBHBIE IPOAYKTHI, IIPUPOJHBIN IIOJIU-
(beHONBHBIN KOMILJIEKC U3 BUHOT'PDAJHOT'O BUHA.

EFFECT OF POLYPHENOLIC COMPLEX
FROM WINE ON RATS ANTIOXIDANT
ENZYMES ACTIVITY AT X-RAY IRRADIA-
TION LOW DOSES

U.V. Datsyuk', M. V. Sabadashka®,
L.A. Datsyukl, A. R. Gnatush®,
E.A. Slast’ya®, A. N. Zotov?,

V. G. Gerhzykova?, N. A. Sybirna’

1van Franko National University of Lviv,
Ukraine
2National Institute for Vine and Wine
«Magarach», Ukraine

E-mail:starankoulyana@gmail.com

It is shown that the consumption of natural
polyphenolic complex from grape wine in
drinking water in the daily dose 2.5 = 1.1 mg
polyphenols/kg body mass of rats during the 10
daybeforeexposuretoradiationleadstoincreased
of superoxide dismutase and gluthathione
reductase activities in peripheral blood on 24 and
48 hours after full body X-ray irradiation (30
cGy). The of catalase, gluthathione peroxidase
activities and the of the reactive thiobarbituric
acid substances content in total lysates of
peripheral blood within 72 hours after exposure
are comparable to those in control rats. Marked
decreased of catalase and superoxide dismutase
activities at 24, 48 and 24 hours, respectively,
was observed after exposure toionizing radiation
and increased content of lipid peroxidation
products in all above mentioned time points.
The decreased of superoxide dismutase and
gluthathione peroxidase activities in lysates of
rats aorta at 48 hour and increased content of the
reactive thiobarbituric acid substances during
72 hours after radiation exposure were observed.
The consumption of polyphenolic complex from
wine did not change the superoxide dismutase and
catalase activities in lysates of aorta rats treated
with ionizing radiation, whereas gluthathione
reductase and gluthathione peroxidase activities
was increased during 72 hours after radiation
influence. The content of TBA reactive
substances was significantly decreased in lysates
of aorta rats that were exposed to radiation and
polyphenols of grape wine, compared with those
of animals that were exposed to radiation alone.

Key words: low intensity X-ray, antioxidant
enzymes, TBK-positive products, mnatural
polyphenol complex from grape wine.
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Y mporeci omep:xkaHHsa oJil W Oiogmsessa 3 HaciHHS pilmaKy yTBOPIOIOTHLCS BTOPHUHHI HPOAYKTH
nepepoOKU, AKi Ha Iell yac paIioHaJbHO He BUKOPUCTOBYIOThCA. Po0O0Ty mpucBsSUYeHO IIpobjgeMam
MOJKJIMBOTO 3aCTOCYBAaHHA iX y XapyoBiil IPOMUCIOBOCTI.

ITig yac BUTOTOBJIEHHS XapPUOBOTO MIPOAYKTY JJIA CIEIiaJbHOTO JiETUYHOTO CIIOKUBAHHS 0YJI0 3aCTOCO-
BaHO eyieKTpodisnuHmMii (00pobKa rigpoeneKTpoiMmyabcoM) i (isuuni (cyminasa, nogpidHEeHHA, 06pOOKa
mapoM) MeToau OOPOOJeHHS CUPOBUHU. 3aBAAKU BIIPOBAAMKEHHIO TeXHOJOTiI mepepobsieHHA pimaxoBoi
MaKyXH1 OJeP:KYIOTh CUPOBUHY, AKAa € IPHUIATHOIO I/ BUKOPUCTAHHS B XapuoBiil mpomucJoBocti. Ha
OCHOBi IIi€l CUPOBUHHU pPO3POOJIEHO «XAapPUOBUHU IIPOAYKT MAJA CHEIiaJbHOTO Mi€TUYHOTO XapuyBaHHS
“PimaxkoBuii”». 1o #ioro ckJyIaay BXOAUTH pilakoBa MaKyXa i3 HAaCiHHSA 3 HUBbKUM BMiCTOM IIFOKO3WHOJIATIB
Ta €epyKOBOI KWHCJOTHU, II0 Oysa o0pobJsieHA TiApOeseKTpOoiMIyJabcoM, MigmaHa CYIIiHHIO
B CyXO0:KapoBiii madi abo0 KOHBEeKTHUBHII cyIapili, moApPiOHEeHHIO Ta 3He33apasKeHHIO0 3 BUKOPUCTAHHAM
po3pobIeHOl MaaHOoI TeXHOJIOTI] M1 306epeKeHHs 610J0TiYHO AKTUBHUX PEUYOBUH.

BupoOHUIITBO IILOTO IPOAYKTY CHPUATHME BUPIIIIeHHIO IIP0o0IeMH palioHaabHOl yTurisaiii pimakoBoi
MaKyXH i pO3UINPEeHHA AaCOPTUMEHTY XaPUOBUX IIPOAYKTIiB AJIA CIEI[iaJbHOTO JiIETUUYHOTO CIOKUBAHHS.

Knatouwosi cnosa: TeXHOJIOTiA TepepodaeHHs PilTakoBOl MaKyXu.

PimakoBa oJis € mepcnekKTHBHUM I:Kepe-
JIOM OJlep:KaHHA €KOJIOTiYHO YMCTOrO PiJKOTO
najuBa — Oioguaesisi, M0 IIBUAKO PO3KJIaa-
eTbcsa B IpyHTi [1]. IIpu 1boMy BUKOpPUCTaHHSA
pimaxy s BUTOTOBJIEHHS Oiogusesisa iy 3B’ A3-
Ky 3 I[UM MOTO 3HAYHE IOIWPEHHA y CBiTi I B
VYxpaiui saroctpuso mpobseMy yTuiisaiii BTo-
PUHHUX OPOAYKTIiB mepepobsieHHs pinmaky [2].
Ile cTocyeThea i BUTOTOBJIEHHS PillakoBoi 0Jril,
AKa OoCTaHHIM yacoM HabyBae memaJi OijbIrol
HOITYyJIAPHOCTL y CBiTi AK eJIeMEeHT MacoBOTO
¥ JieTHYHOro XapuyBaHHA 3aBAAKMI 0COOJIBOC-
TAM KUPHO-KUCJIOTHOTO cKJiany [3], o He mae
IIXPOKOTO 3aCTOCYBAaHHSA, ajie € MEePCIeKTUB-
HUM IJg YKpainu. Y IOJAJBIIIOMY Iie 3aroc-
TpIOBaTHUMe MPO0JIeMy yTHIi3alii BiAXomis.

ITicna mepepobieHHA pimaky Ha OJil0 YU
0iomaJiMBO YTBOPIOETHCA TAKUII BTOPUHHUKI
OPOAYKT, AK MaKyxa, 00CATU AKOI 3pOCTAIOTh.
B Vkpaini i cBiTi pimakoBa maxkyxa 31e0iabIII0-
ro abo BTpPavYaeThCcA AK POCIMHHA CHUPOBUHA,
a00 BUKOPUCTOBYETHCA MJIsI TOMiBJIL Xymoou [4,
5]. HesBakarouu Ha 3HAYHUU BMICT y MakKyci
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pinaky IiHHMX XapuyoBUX i 06i0JIOTiYHO aKTUB-
HUX PEUYOBUH, BUKOPUCTAHHA 11 y XapuyyBaHHI
JIOOUHA 00MerKye HasIBHICTh Yy CKJAIi TJIIOKO-
3uHOJaTiB [6], AKi HAZAIOTH IPOAYKTAM TipPKO-
o CMakKy.

OpuuM i3 maAxiB yTmiaisaiii Ta KopucHO-
o 3aCTOCYBaHHS PiMMaKOBOI MaKyXM € MOMKJIN-
BiCTH BUTOTOBJIEHHSA 3 Hel XapuOBUX IPOAYKTIB
IJIS CIeliaJIbHOTO [Mi€TUYHOTO CIOMKHBAHHS
i sbaraueHHs HUMU XapUYOBUX IPOAYKTiB i3 3a-
JTaHWUMU BJIaCTUBOCTAMMU.

BurkopucraHHA MiTbHUX — He i30JIbOBAHUX
Y¥ eKCTParoBaHUX 3a OOIIOMOroio (hi3sMKO-Xi-
MIiYHMX MEeTOAiB BTOPWHHUX IIPOJAYKTIiB Iiepe-
pobOJseHHs pimaky — paxiiie 0yJio HEMOMKJIN-
BUM Uepe3 HeIIPUNHATHUN IJId JIOIUHA TipKUit
cmak. OOpoOJIeHHA pimaKoBOi MaKyXu Tigpo-
€JIeKTPOiMIyJIbCOM JA€ 3MOTY 3MiHUTH ii opra-
HOJICIITUYHI IIOKA3HUKY 1 3pOOUTH IIPUAATHOIO
I BUKOPUCTAHHSA Y BUTOTOBJIEHHI Xap4YOBUX
OPOAYKTIB IJIA CIENiaJIbHOTO Mi€TUYHOTO CIIO-
JKUBaHHA YU i3 3alaHUMU BjaacTuUBocTaAMU [7].
¥V 2007 p. Hamu 6yJ10 BCTAHOBJICHO MOXKJINBiCTh
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BUKOPHCTAHHA PilTakoBoi MaKyxu, 00po0Jie-
HOI TipoesIeKTPOiMITyJIbCOM, IJSA ONEepP:KaHHSA
Xap4YoOBUX MPOAYKTIB. ¥ pe3yJbTaTi CTBOPEHO
OPOAYKT IIiJi poO0OUOI0 Ha3BOIO «XapuoBa J0-
O6aBka "Pimax”» [8]. 3romom oMy IpPHCBOEHO
Ha3BY «XapuyoBUM IPOAYKT IJA CIIEIliaJIbHOTO
IieTHYHOTO XapuyBaHHsa = Pimakosuii” » (XIIP)
1 olep:raHO MOSUTUBHUYA BUCHOBOK [lep:xaBHOI
caHiTapHO-emieMioJioTiuHOl eKCIIepTusu
Ne05.03.02-066/1504 ma mpoexT TV pospob.ie-
HOTO IIPOAYKTY.

Y MomenpHUX MOCIIPKEHHAX HA TBapUHAX
MMOKa3aHo 0i0JI0TiYHY aKTUBHICTH I[bOT'O IPOAYK-
Ty, AKUH CTUMYJIIOE iIMyHHY CUCTEMY i CITpPaBJISAE
paziompoTeKTopHy Aifo [9].

OpgHak mompu HAOYTTSA JOCTATHIX OpraHo-
JeIITUYHUX BJIACTUBOCTEN i HABITH 1X MOJIII-
IIeHHs IOoA0 3amaxy i cMmaky, XIIP ze Oys
OPUTATHUM [IJA CAMOCTIHHOTO CIIOKUBAHHS
i BBeIeHHS B XapYOBi IPOAYKTH y 3B’ A3KY 3 BU-
SABJIEHUMMY HAMU BUIIAJKOBUMU 3a0DpyIHEHHS-
MU JOBKiJIJISA TATOTeHHUMY ¥ YMOBHO ITAaTOTEH-
HUMU MiKpoopraHiaMaMu CUPOBUHU Y IIpoOIleci
TexXHOJOTiuHMX omepariii. Ile 3ymoBmiIo HEOO-
XiZHiCTB ITOMAIBIIIO] POOOTH Y HAIIPAMI BJJOCKO-
HaseHHA XIIP moxo fimoBipHOI MikpobGiosoTiy-
HOI 0e3IeKu.

Marepiaau i meToau

Marepianamu gociimsxkeHHA Oyiu mobiuxHi
MPOAYKTH Iepepol/ieHHs pimaxky, 30KpeMa pi-
maKoBa MaKyXa, OJlep:KaHa IIicJId XOJIOJHOTO
BimsrmMmy oJ1ii 3 Hacinua pinmary copry «Omimta»
cesiekIii IncTuTyTy onifinux KyJabTyp M. OnaBa
Yecwkoi PeciyOuriku. O0paHuii cOpT pimaky He
MiCTHUTh TeHeTHUYHO MOAM(piKOBAHUX OPraHis-
MiB i Mae MiHiMaJIbHUHA BMiCT I'TIOKO3MHOJIATIB
Ta epyKOBOI KUCJIOTHU.

ITixg yac BuroroBiaenusa XIIP O0ysio BuKopu-
CTAHO eJieKTpo(ismuHuii (00poOKa rigpoesex-
TpoiMmysibcoM) i (ismuni (cymrinHa, moapid-
HeHHs, oO0poOKa mapoMm) MeTonu OOPOOJIEeHHS
CHUPOBUHMA.

Pe3yapraTu Ta 00TOBOPEHHSA

Hocuimkenna sgiticHoBaan Ha Kadenapi To-
BapO3HABCTBA Ta EKCIEPTU3U IIPOJOBOJIBUMX
ToBapiB JJoHEbKOT0 HAIliOHAJIHLHOTO YHiBEPCU-
TeTy eKoHOMiKY i Toprisai im. M. Tyrau-Bapa-
HOBCBKOTO.

O6pobsIeHHSA PiTaKoOBOI MAaKyXU TiapoeseK-
TPOiMITyJILCOM IPOBOAMIN B [HCTUTYTi iMITyJIBC-
HuX nporeciB i rexnosoriit HAHY (MukoJsiais),
y Bigmimi iMIyJIbCHHUX METOIIiB OUUIIEHHS

BUJIMBKIB, PYHHYBaHHA HEMETAJEBUX MaTepia-
JiB Ta 00pOOJIeHHS HANPY:KEeHUX MeTAJOKOH-
CTPYKITiHA.

Cyurinaa pimaxoBoi MaKyxum W 0OpoOKY
mwronamu Juniperus communis TPOBOJWIN Ha
Kadenpi mikpob6iosorii, BipycoJiorii Ta imy-
HoJiorii JlOHEIBPKOrO HAIiOHAJBLHOTO MeInY-
HOro yHiBepcurery im. M. I'oppKoro, Kadeapi
TOBapPO3HABCTBA 1 E€KCIEPTU3U ITPOJOBOJIBUUX
ToBapiB J{OHEIIPKOTO HAI[iOHAJTBHOTO YHiBEp-
cuTeTy eKoHoMikm i TopriBai im. M. TyraH-
BapanoBchKOTO Ta y Bigmisi HecrarioHapHO-
0 TEIIOMAaCOIIEPEHOCY B IIPOIlecax CYIIiHHSA
Iacturyry Texuiunmoi Tennodisuku HAHY
(Kuis).

Ha pucyHKy HaBemeHO cxeMy OJep:KaHHSA
«XapuoBOro MPOAYKTY MIJA CHEIiaJbHOTO Iie-
TUYHOI'O XapuyBaHHA “PimakoBuit”».

Ha mepmromy eramni TeXHOJOTiUHOTO IIPOILE-
cy omepsxanasa XIIP BigOyBaeTbcsa mpuiiMaHHA
MaKyXH! 3 HaCiHHA pimaky Iicjd XO0JIOZHOTO
BiPKMY 3 HBOT'O OJIii.

OG6pobseHHsT MaKyXM TigpoeseKTpoiM-
ITyJIbCOM B3IIiMCHIOETHCS B MICTKOCTI 3 BOJOIO
PO3PAIOM BHCOKOTO cTpyMy mpotsarom 5—10 c,
mpu IIbOMY HAIIpyra reHepaTopa CTAHOBUTH
20-25 kB, emuicTs KoHAeHcaTOpa — 1 MK®D,

[NpuiiMaHHA MaKyXH 3 HACIHHA pilaKy, ofepiKaHoi micis
XONIOJHOTO BiLKAMY 3 HBOTO OJii

¥

O6pobnenns pinakoBoi MaKyXH FiApOENeKTPOIMITYIECOM
U=20-25kB, C=1mk®, Wy=0,84 kI, t=5-10 ¢

L 2

Cy1uiHHs 0aepsaHol cycneHsii B cyxoxkaposii wadi
(t= 150 °C) aBo y kousexTHBHiii cywapui (t = 60 °C) no
KIHIEBOro 3aMIKy BOJIOTH 3-9%

¥

[NoppibHenns y maposomy Oapabanunomy mmmaai MIITH-1
(d <0,25 mm)

Y

O6pobdnenus XIIP napaMH ONOAIB Juniperus communis
(t=150...240 xB)

y

PoadacysaHHs, nakyBaHHA Ta MapkyBaHHs XITP |I

2

3GepiraHnd i peanizanis ||

CxeMa moCJIiTOBHOCTI TEXHOJIOTIYHUX ITPOIECiB
i yac ogeps:kaHHsa « XapuoBOro MpPoayKTy
IJIF CIeI[iaJIbHOI0 JiETHYHOIO CIOKNBAHHSI

“PinaxkoBuii” »
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a eHepria po3paxy B immyawsci — 0,84 rI[xk.
Y pesysabTaTi yTBOPIOETHCA BOMHA CYCIEH3id
pimaKoBOi MaKyXH" y CIIiBBiHOIIIEHHI YaCTUHU
mMakyxu 10 Boau 1:5. Ilicas mporo eramy pima-
KOBa MaKyXa 11030aBJIAE€THCA IiPKOr0 CMaKYy.

Haui y cyxo:kaposiit magi a6o, K aabTep-
HaTWBa, ¥ KOHBEKTUBHIN CcyIIapIi IpPOBOAATH
CylIiHHA cychmeH3ii pimakoBol Makyxu A0 3a-
JuImKy Bosoru 3—9% Bix 3arajabHOI Macu mpo-
nykTy. CymriHHS y cyxosKapoBiii magdi Big0y-
BaeThCA 3a TemMneparypu Temnonocia 50 °C, a B
aJbTePHATUBHIN KOHBEKTUBHIiN cymapiii — 3a
Temnepatypu temironocisa 60 °C i maxkyxu 50 °C.

Ilicna cymnrinaa pimakoBa MaKyxa y BUTJIAIL
HEBEJIMKUX IIJIACTiBI[iB Ma€ TBePAY KOHCUCTEH-
mifo i AJad HagaHHS IIOPOINKOIIOAIOHOTO CTaHY
ii migmaroTh MOAPiIOHEHHIO 4O AUCIIEPCHOCTI He
oinpiie 0,25 MM y 1mapoBomy 6GapabGaHHOMY
mumnai MIITH-1.

Hnsa momepemsKyBaJbHOTO 3HE3apakKyBaH-
Ha XIIP Bixg mMikpoOHOTO 3a0pyIHEHHS, MOK-
JMBOTO Ha eTalli moApibHeHHs, HAMU OYJIO IO-
TATKOBO BBEJIEHO 0 CXEMU OJEePKaHHd KiHIle-
BOTO TIPOAYKTY HOTro OOpOOKY mapaMu ILJIOiB
Juniperus communis 3a OpUTiHAJIBHUM METO-
mom [10]. IIpu oMy IIOPOIIIOK OOPOOIIOIOTH
mapaMu ILIOAIB i3 pospaxyuKy 75—85 r ma 1 m3
KaMepHu Ui OPUMiIeHHA A1 o0poOKu, 3a Bia-
craHi 6iygbIr HidK 25—35 cM Big AyKepesa HATpi-
BaHHA II0AiB ypogoBx 150—-240 xs.
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Hani XTIP y Buraaai mopomky (acyroThb
Yy CHOXKHUBUY Tapy, 110 ii BUTOTOBJIEHO 3 MOJIiBi-
Hinzxjgopuzny, mo 0,10; 0,50; 1,0; 2,0 i 3,0 xr.
Cro:xuBUa Tapa TePMETUYHO 3aKYIOPIOETHCS Ta-
KMM YMHOM: 3HIMHUMHU KPHUIIIKaMu 0e3 3aKyIIo-
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KaMU Y1 TePMETUUHO IITapOM TEPMO3BapIOBATIBHOT
(hosrbru (TepMO3BaPIOBATIBLHII KOMOIHOBAHMIT Ma-
Tepias, AKU i1 3aMiHioe) 6e3 3HIMHIX KPUIIIOK.

ITorim «XapuoBuil IPOAYKT /IS CIEIialb-
HOTO Mi€TUYHOTO XapuyBaHHA “PimaxkoBuii”»
MaKyIOTh i MiAKaI0Th MAPKYBaHHIO, MiCJIA YOTO
BiIIpaBJsAOTE Ha 30epiranHs i peasisaiiiro.

TakuMm YMHOM, BUKOPUCTAHHA « XapYOBOTO
MPOAYKTY Jisl CIeIliaJbHOTO Mi€TUUYHOTO Xap-
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HOTO CIIO}KVBAHHSA, TaK i po3po0JieHHA (PyHK-
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HaceJeHHdA, IO MEIIIKAaE B yMOBaX HECIPUIT-
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HUCIIOJb30BAHHUE BTOPUYHBIX
IMPOAYRKTOB IIEPEPABOTEKH PAIICA
B IINIIEBOY ITPOMBINIJIEHHOCTH

E.A. Pakwa-Cawocapesa’
B.A. Epyav*
A.A. CJHOCClpéBz

1I[OHeIIRI/II71 HaIlMOHAJbHBIN YHUBEPCUTET
9KOHOMUKY U TOPTOBJIU
um. M. Tyrau-BapanoBckoro, YkpauHa
2I[0He1_ucm‘/’1 HaAIlMOHAJLHBIN MeJUITNHCKUI
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IIpu monyuyeHUU W3 CeMAH palca Macjaa U
6uonusens o00pa3yiTCA BTOPUYHBIE ITPOAYKTHI
mepepabOTKY, KOTOPHIE B HACTOAIEe BpeMA pa-
IIMOHAJBHO HE WCI0Jb3yIOTCA. Pabora mocBd-
IeHa mIpobjeMaM BO3MOMKHOTO IPUMEHEHUS UX
B IUINEBON MPOMBINLIeHHOCTU. [Ipum M3roTOB-
JIEHUW IHUIEeBOT0 IPOAYKTa IJIA CIEeIUaJIbHOTO
IUEeTUUYECKOT0 ITOTPebIeHN ObIIN UCIIOJIb30BAHBI
aeKTpodusudecKkuii (06paboTKa TUAPOIIEKTPO-
UMITyJIbcoM) U (usmuecKuil (CyIika, mamMeabue-
HUe, 00paboTKa IapoM) MeTOIbI 00PA0OTKY CHIPhHA.
Baaromaps BHEIPEHUIO TEXHOJOTUY ITIePepaboTKU
PaImCcoBOro *KMbIXa IMOJYUYAlOT ChIphe, IPUTOLHOE
IJIs1 UCIIOJB30BAHUSA B HMUIEBOM MPOMBIILIEHHO-
ctu. Ha ocHOBe 9TOro ChIphs aBTOpaMu paspado-
TaH «IIumeBoil IPOAYKT [JIsI CIEI[MAJIbHOTO J1e-
TUYEeCcKOoTo norpediaenus “Pimakosuii”». B ero co-
CTaB BXOAUT PAIICOBBII JKMbIX U3 CEMAH C HUBKUM
coZep:KaHueM TJIIOKO3MHOJIATOB U 9PYKOBOM KucC-
JIOTHI, 00PabOTaHHBIN T'UAPOITIEKTPOUMIYJIHCOM,
IPOUIeAINUI CYIIKY B CYX0XKapoBoM IIKady ujiu
B KOHBEKTUBHOM CYITUJIKe, U3MeJbueHue u 06es-
3apaKMBaHUe C NUCI0JIb30BaHNEM pa3paboTaHHO
MaAANe TeXHOJOTUH AJISA COXPaHeHUA OMOJIOTH-
YeCKM aKTUBHBLIX BelrlecTB. IIpou3BOACTBO 9TOTrO
IpPOAyKTa OyZeT CIocoOCTBOBATH PEIIEHUIO IIPO-
6JieMbl paIMOHAJIBHON YTUJIM3AIUU PAIICOBOTO
JKMBIXa U PACIIMPEHNI0 ACCOPTUMEHTA IIUIIEBBIX
MIPOAYKTOB JJI CIEIMAJIbHOTO JUeTUYECKOro II0-
TpebaeHuA.

Knrouesvie cnoea: TexXHOJOTHUSA Hepepa60TKH
ParIcoBoOoro XXMbIXa.

USING OF SECONDARY PRODUCTS
OF RAPESEED PROCESSING
IN THE FOOD INDUSTRY

E.A. Raksha-Slusareva®
V.A. Krul!
A. A. Slusarev?®

ITugan-Baranovsky Donetsk National
University of Economics and Trade, Ukraine
2Gorky Donetsk National Medical University,

Ukraine

E-mail: rakshaslusareva@gmail.com

When oil and biodiesel are extracted from
rapeseed, secondary derived products are
formed, which are not used effectively at the
moment. The article deals with the problems
of possible their use in food industry. During
food product preparation for special dietary
consumption we used electrophysical (processing
by hydroelectropulse) and physical (drying,
grinding, steam treatment) processing of raw
materials. Through the developed technology
for rapeseed cake processing, we received raw
materials suitable for use in food industry. On
the basis of these raw materials, the «Nutrition
product for special dietary consumption “Ripa-
kovyi”» was developed. It is a part of rapeseed
meal obtained from the seeds with low content
of glucosinolates and erucic acid processed by
hydroelectropulse dried in the cabinet oven or
in the convective dryer, crushed and disinfected
based on a developed soft technology for
biologically active substances conservation.
The production of this product solves the
problem of rational utilization of rapeseed meal
and diversification of foods for special dietary
consumption.

Key words: rapeseed meal processing.
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HAITIOHAJIbHUI YHIBEPCUTET XAPYOBHUX TEXHOJIOI'TH —
IIIOHEP I JIAEP IHKEHEPHOI
BIOTEXHOJIOTTYHOI OCBITH B YKPATHI

T.II.IIupoe
O. I. Ckpouvka
B. O. Kpacinvko

HarmionanbHUE yHiBEpCUTET XapuoBUX TexXHOJIOTiH, KuiB, Ykpaina

E-mail: tapirog@nuft.edu.ua

OxuuM i3 BM3HAHUX JigepiB y ¢dopmMyBaH-
Hi HaI[lOHAJIbHOlI iH)KEeHEePHO-TeXHIiUHOI eJiTu
Ykpainu € HamionanbsaUi yHiBEpCUTET Xapyo-
Bux texHoJorii (HYXT), Akuii y 11bomMy porri
mae Harony BiacBaTkyBatu 130-piunuii 1oBi-
neii. Mloro cTaHOBJIEHHA TiCHO IOB’sA3aHe 3 ic-
TOPi€I0 PO3BUTKY XapuoBOi IIPOMMCJIOBOCTI Ha-
mroi Kpainu i 6epe mouaTok 3 1884 poKy, Koau
TiJIBKU ITOYAJU 3aKJaJaTUCA 3acaly iHKeHep-
HO-TexHiuHOi ocBiTu. Came Tomi mpu CMminaH-
cbKOMYy padiHagHOMYy 3aBOAi OYyJI0O CTBOPEHO
MepInii iHKEeHEePHO-TeXHIUHNN HaBYAJbLHUNA
3aKJIa] — TeXHiuHi kjgacu. Bouu i1 cramu Oa-
3010 IJisI 3acHyBaHHA B KueBi iHCTUTYTY IYKPO-
BO1 ITPOMMCJIOBOCTi, AKUH 3TOJOM I€PETBOPUB-
cs Ha MOTYKHUN BUIIUKN HaBYAJBHUN 3aKJal
3 OCBiTHIMU, HAYKOBUMH Ta KYJbTYPHUMU TPA-
puitiamu, akuMm suHi e HYXT.

He 6yne nepebinbiiieHHAM cKa3aTH, 1110 X X1
CTONiTTS — 11e Joba GiorexHosorii. BioTexHo-
JIoriuHi mpolecu, 10 BAAJO MOEAHYIOTh ¥ c00i
HOTeHIliaJ KUBUX KJIITHH TAa OCTAaHHI TexXHiu-
Hi TOCATHEHHS JIIOJCTBA, 3HAUHO POIIIUPUIN
chepy IPOMUCIOBOTO BHUPOOHUIITBA. PepMeH-
TaTUBHUN KaTajid 3aMiHUB c000I0 JedAKi peak-
il B CMHTE31 Opra’HiuHuX CIOJNIYK, 3aBAIKM Ha-
YKOBO OOI'PYHTOBAHUM 0i0TEXHOJIOTiAM 3HAUHO
iHTeHCU(piKyBaIoCsd BUPOOHUIITBO IIPOAYKTIiB
XapuyBaHHA Ta JiKapchbKuX 3aco0iB. Yucaenni
TEeXHOJIOTII 3aXMCTy HOBKIJIJIA, IO IPYHTYIOTh-
cd Ha BUKOPHUCTAaHHI MiKpooprauismiB i poc-
JINH, BUTOTOBJIEHH OiomerpamsadebHUX IJIACT-
Mac Ta biocyMmicHIX MaTepiasiiB € KJIACUUHUMU
IPUKJIATAMU eK00i0TeX HOJIOTi 1.

Bumia mikosia moBMHHA BUIIEPEIsKaTH dac.
Y nanexomy Bike 1971 poui, HYXT, axkuii Tomi
e MaB Ha3By KuiBcbKUil iHCTUTYT XapuoBoOi
IPOMUCJIOBOCTI, 3A1CHUB IIePHINI BUITYCK CIIe-
miaaicriB-6ioTexHosoriB (Ha TOM Yac BOHHU Ha-
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3UBAJIACS TEXHOJIOTaMU MiKpoOiosIoriuHMX Ta
Bitaminanx BupobHUIITB). Tob6TO, came HYXT
OyB mepirtuM i ympomos:k mouan 20 pokiB 3au-
IaBcA €IVHUM BUIIUM HAaBUAJIBLHUM 3aKJIAL0M
B YKpaiHi, axuii roryBaB (paxiBIiB Ay 6ioTex-
HoJIoTiuHOI rasysi (Mikpobiosoriuuoi mpomuc-
aoBocti). Komuckoro 6ioTexHooriunoi ocBiTu B
Yxpaini crana kadeapa 6iorexHosOrii i MiKpO-
6iosrorii (BTM) mioro By3y.

Bixe manmpurinmi 70-x pokis XX cT., 3BasKa-
oYM Ha JeJaJii 3pocTalouunil MONUT, KiJIbKiCTh
BUITYCKHUKiB-010T€XHOJIOTiB 30iJIbIIIIaCh
yaBiui. Huui minensoBanuii 00CAr mMiATOTOBKU
OakaJiaBpiB 3a HanmpsaMoM «BioTexHoJoriss» cs-
rae 120 oci6 Tinbku geuHol (hopMU HaBUAHHA, V
TOMY umncJi 60 mMicipb — Aep:KOI0IKEeTHNX, 10
€ HAWBUIINM IIOKA3HUKOM B YKpaini. ®Pax 6io-
TexXHoJora 0e3 BiipuBY BiJl BUPOOHUIITBA OIla-
HOBYIOTH CTYIEHTH 3a049HOI (h)opMI1 HaBUAHHS.

IIparayum mo mocTiHOTO yIOCKOHAJIEHHS
dopm™ i MeToniB HaBUaHHSA, IJIMO0OKOI iHTErpa-
il HAaBYAJILHOTO MIPOIlEeCY 3 HAYKOBUMU JOCHAT-
HEHHAMH i ycIrixaMmu y IpakTUYHIN peaJisarrii
pisHUX BUAIB 010TEXHOJIOTIUYHOI AiAJIBHOCTI AK
B YKpaiHi, Tak i 3a ii mexamu, miaATOTOBKY (ha-
xiBiiB-6ioTexHosoriB y HYXT amificHiooTs 3a
IBOPiBHEBOIO cucTeMOI0. ITiciisa voTupupiuHOTO
KypCcy HaBUYaHHA CTYJEeHTHU 300yBalOTh KBa-
Jigikariro 6axkasaspa, a 3aKiHUMBINU I’ ATHH
Kypc — cmerriasicra abo maricrpa.

Tinbku B HamionamsbHOMYy yHiBepcuTeTi
XapuoBUX TEXHOJOTiM BUNIYCKHUK OaKajgaBpa-
Ty 3a OCBiTHBO-IIpodecifiHuM HanpaMmoMm «Bio-
TeXHOJIOTisI» Ma€e MOMKJIWBICTHL 00MpaTH MiK
TUM, Y1 OJePKaATU HOMY IIOIVINOJIEHY iHKeHep-
HY TiZITOTOBKY B MeXKaX OAHiel 3i creriaabHOC-
Tell ocBiTHbO-KBaidikariinoro pisusa (OKP)
«cmeriamict»: «IIpomucioBa 0OioTexHOJIOTisI»
yn «@PapmarneBTuuHa 0i0OTeXHOJIOTiA», abo K
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OIIaHOBYBATU HAYKOBi OCHOBH 0i0TEXHOJIOTIUHIX
IPOIIeCiB y MesKax ofHiel 3 TPhOX cHeliaJbHOoCTe
OKP «marictp»: «IIpomuciioBa 6ioTexHOJIOTiAY,
«@PapMmareBTuuHa O6ioTexHOIOTIA» 1 « EKOosOTiU-
Ha OioTexHoJsiorisi Ta Gioemepreruxa». Hapasi
HVYXT e equauM B YKpaiHi BUIIUM HAaBUAJILHIM
3aKJa/I0M, AKUH 3M1MCHIOE TiATOTOBKY (DaxiBIliB
3a crerriasnizariero «Bbiobesmeka xapuoBUX MIPO-
IyKTiB» (y Mexkax cuertiaabHocTi «IIpomuciio-
Ba 6iOTEXHOJIOTifA») i TOTYE BUCOKOKJIACHUX Mi-
KPo0ioJIoriB AJ1d XapuoBOi IPOMUCIOBOCTI.

VnockonasieHHI0 0ioTexXHOJIOTIiUHOI IIifro-
TOBKM KOHKYPEHTOCIIPOMOYKHUX (DaXiBITiB B YK-
paiHi cupuse ¥ Te, 10 BUOYCKHUKU KOJIEIKiB
Ta TEXHIKYMiB, IKi HABUAJINCS 32 CIOPiAHEHNIMU
CIIeIiaJbHOCTSAMU, IPOJOBIKYIOTE 3400yBaTH 6io-
TexHOJOTiuHY OocBiTy Ha Kadeapi BTM HYXT sa
CKOpPOUEHHM TepMiHOM HaBuaHHA. Kpim Toro,
Kadeapa Hazae 3MOTy ofiep:KaTu 0i0TeXHOJIOTiU-
HY OCBITY AK APYTY BUIIY, OCKiJIBKI YacTO OyBae
Tak, 1110 OTPUMAaHOI IIePITIoi BUIIIO1 OCBITY 3aMaJIo
IJIS1 YCIIIITHOI AiATBHOCTI.

OpzHaK HeZOCTATHBO MaTu Oa’KaHHA, Tpe-
0a maTu MOKJIWBicTb. HalToJOBHIIIOO 3amo-
PYKOIO AKICHOI OCBiTH € piBeHb BUKJAJAHHIA
HaBuaJdbHUX aucnuiiaid. IligzroroBky 6ioTex-
HOJIOTiB Ha Kadeapi 6iorexmosorii i Mikpobi-
oaorii HYXT BemyTh mocBimueHi BuKJIazaui,
yui HAYKOBI Ta OCBITSHCHKI MTOCATHEHHS OILi-
HeHO Ha HanBuiiomy piBui. Cepen BukJIaja-
i xadenpu: 6 TOKTOpPiB Hayk, mpogdecopis,
18 xangumaTiB HAyK, JOLEHTIB, y TOMY YHCJIi
naypearu [lep:kaBHOI mpeMii B raysysi HayKu i
rexHiku (7. 6. . T. II. ITupor, x. 6. €. O. B. Kap-
noB), jJaypeatu Ilpemii Ilpesugenra Yrpainu
Iiasa mojogux BueHux (k. . H. JO. M. Ilenuyxk,
K. 6. 7. C. O. CrapoBoiiToBa) Ta jaypeaTtu IIpe-
mii BepxoBruoi Pamm VYKpainu nHaiiTaysaHoBU-
TIIIUM MOJIOOWM YUYEHUM B Trayy3i pyHmameH-
TaJbHUX i MPUKJIATHUX AOCJiIKeHb Ta HAYKO-
BO-TeXHIUHUX PO3PO0OOK (K. 6. H. O. I. CKpoIh-
Ka, K. 0. H. I. B. JIuu).

ITory:xHa MaTepiasmbHO-TeXHiUHA 0asa Kade-
apu 6iorexHoJorii i mikpo6iomorii HYXT, saxka
TOIIOBHIOETLCS I OHOBJIIOETHCA BITPOI0B:K 40 po-
KiB icHyBaHHA Kadenpu, 1ae 3MOTY B IOBHOMY
00csA3i BiATBOpPIOBATH HA JIaOOPATOPHUX 3aHAT-
TAX yCi eTanmyu MiKpOoOioJOTiUHOTO JOCIiIMKeHHSA
i3 BaJIyuyeHHSIM CyYacHUX METOMiB iHamKaIrii ta
imerTudikamii MmikpoopraHiamiB pisHUX TaKCo-
HOMIUHHUX I'PyI, MOAEJTIOBATH BCi OCHOBHI eTanu
0i0TEeXHOJIOTIUHOTO IIPOIleCy, BUBUATU METOIU
KOHTPOJIIO i KepyBaHHA SKICTIO BUITYCKY Xap4o-
BoOI Ta (hbapMaIeBTUYHOI ITPOAYKITii.

VY posnopamxkenHi kaeapu € ABi MiKpo6io-
JIOTiuHi ¥ ogHA TexHoJOoriuHa jadbopaTopii, axi

OCHAIIIEHO BCiMa HeoOXimHMMM NpHIagaMu Ta
o0JlaTHaHHAM, II10 Ja€ 3MOT'y Ha BUCOKOMY PiB-
Hi IPOBOAUTHU 3aHATTS 3 AUCIUILIIH «3arajb-
Ha OiorexHoJorisg», «Biojsorig wriaituH», «3a-
rajgbHa MiKpob6ioJoris i Bipycosoris», «OcHOBU
imymoJorii», «I'emetura», «MikpobGiomoriumi
ocaoBu HACCP», «MoaekyisapHa 0ioTexHOJIO-
risg», «Texwmosorisa mpobioTukiB», «TexHoMOTiA
0inKiB TepameBTUYHOI Ail» Ta iH.

Iy:Ke BasKJINBO, IO HAIli BUIYCKHUKHU OT-
PUMYIOTH Bifipa3y Tpu OCBiTM B OAHili: 6ioJjio-
riuny, ximiuny Ta imkenepny. I'sitnboke onany-
BaHHA XiMiUHMX AUCIMILIIH, TaKUX PO3IiJIiB
biosioriunoi Hayku, Ak «DBiosoriga wKiaiTuH»,
«OcHOBU iMmyHoOJIOTI», «3aragpbHa MiKpo06ioo-
risi», «3arajbHa BipycoJioris», «['eHeTuKa»,
«MousekynsspHa 0iOTEeXHOJIOTisA», Omep:KaHHSA
cIlelliaJIbHUX iH}XKeHepHUX 3HAHb i BMiHb ¥ Me-
’KaxX BUBYEHHSA TAKWX IIPEIMETIB, AK «3arajb-
Ha OioTexHoJOTiA», «OCHOBH IIPOEKTYBAHHSA
0ioTexXHOJIOTIYHUX BUPOOHUIITB», «IIpomecu
i amapatu 0iOTeXHOJOTiUHMX BUPOOHUIITB>,
«HopmaTusHe 3abesneuennd raaysi», «Ob6aan-
HaHHA 010TeXHOJOTiUYHIX BUPOOHUIITB», «Tex-
HoJIoril MiKpOOHOI0 CHHTE3y JiKapChbKMUX 3a-
cobiB», «IIpomuciioBa TeXHOJOTiA JIiIKAPChKUX
3aco0iB», «Texnosorii 6inKiB TepameBTHUUYHOI
Iii», poOUTHL IMiATOTOBKY iH)KEHEPHUX KaIpiB
y HYXT rpyuToBHOIO Ta Bcebiunoio. HabyrTsa
HaIIMMU CTYAeHTaMU 3HaHb i BMiHb 31 CTBOPEH-
HS HOPMATHUBHO-TEXHIYHOI Ta iH)KEeHEePHO-KOH-
CTPYKTOPCHKOI HTOKyMeHTaIlii, B3HaNOMCTBO
3 OCHOBaMM! pO3POOJIEHHSA Ta BIPOBAIKEHHSA
y mpomucJioBicts crangapris GMP, GLP, GHP,
HACCP pobuth ix Ha#biJbII KOHKYPEHTO-
3MaTHUMHU B YMOBaX CydYacCHOTO PWHKY IIparfi.
Haii BunycKHUKYM, MaloUn YHiBePCUTETChbKUN
piBeHB MiATOTOBKM 3 0i0JOTiUHMX Ta XiMiuwHUX
OIUCIUILIIH, € BHCOKOIIpo(eciiHUMU iHKe-
HepaMu, 3JaTHUMU CTBOPIOBATU PeTJIaMeHTU
bioTexHOJMOTiUHUX i (papMaIeBTUUYHUX BUPOO-
HUIITB, PO3POOJATH Ta BIPOBAMKYyBaTHU iHIIL
Cy4YacHi HOpMaTUBHO-TeXHIUHI JOKYMEHTH.

Iia BUKJIagauiB — KepiBHUKIB BUITYCKHU-
MU poOOTaMU CTY/IEHTiB PiBeHb KBaJi(ikarii i
KOMIIETEHIIil € BaroMoio CKJIaJ0BOIO IIPABUJIb-
HOI opramisalrii Ta KepiBHUIITBA BUKOHAHHAM
1H}XEHEePHO-KOHCTPYKTOPCHKUX i HAyKOBO-IIO-
cIigHMX PoOiT, piBHEM AKUX 3aBKIMW IMHIIIA-
JUCcs HaIlli BUITyCKHUKK. Bukjaagaui Kadenpu
BTM mparryTh iTu B HOT'Y 3 4acOM i HOCTifiHO
OiIBUMIYVIOTH CBOIO KBaJjipikalliio, BiaBimyrio-
Yy ceMiHapu Ta KOH(pepeHIIil, IpuCBIYEHi Cy-
YaCHUM JOCATHEHHAM y rajysi 6ioTexHoJorii,
ITPOMUCJIOBOTO MiKpobiosoriumoro Tta dapma-
IEeBTUYHOTO BUPOOHUIITBA, BUIKIMKAIOUU Ha
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mepenoBi mMigIpHUeMCTBA Ta B HAYKOBO-I0OCJiIHI
yCTaHOBU TaJIya3i.

HaiiBaskauBimmowo yMOBOIO YCIIIIITHOTO PO3-
BUTKY BiTumsuaHoi OioTexHosorii € migBu-
IMeHHA AKOCTi iH:KeHepHOI OioTexHOJIOTiuHOI
ocBiTH, (popMyBaHHA HOBOI reHeparlrii 6ioTex-
HOJIOTiB, IO BHCYBa€ OCOOJMBI BUMOTH [0
OPaKTUYHOI ITiATOTOBKU MaiOyTHIX (haxXiBIliB.
Kadpeapoio BTM HVYXT wmamarom:xeHo TicHY
CITiBOpAII0 3 MNPOBIAHUMHU IIiAIPUEMCTBaAMU
MiKkpobiosoriunoi, xapuoBoi Ta apMaieBTuY-
HOI mpomucaoBocTi YKpainu. TpagumiiiHumMu
fasaMM TPaKTUKW HAIUX CTYAEHTIB € Taki
TIPOMUCJOBI TriranTu, K (hapMareBTUYHA KOp-
noparisa «Aprepiym», PD «[lapuund», «Pap-
MakK», «BopmiariBeskuit XP3», Kopropaiig
«Ob6omoub» TOINO. PiBeHB iHKeHepHOI Imifro-
TOBKM Ta KOMIIETEHTHICTh BUTYCKHUKIB Kade-
IPpU BHCOKO OIliHeHi 0ararbMa IPOMMCJIOBUMU
OigIpueMcTBaAMU, HAYKOBO-IOCHITHUMEU yCTa-
HOBaMU Ii IepKaBHUMHU CTPYKTypaMu, /e BOHU
IPAaIoITh.

IIpo HeoOximmicTh imTerparii HaBuaIbHOL
I HayKOBO-HOCIiAHOI misiAbHOCTI MaiibyTHBLO-
ro cmeriaigicra 3 OioTexHojorii Gesmocepen-
HBO CBimuaTh peaJtii choromenus. IIpodeciii-
Ha [OigJabHiICTH OioTexXHOJIOTa Hea3miliCHeHHa
Ha BHCOKOMY PiBHI 0€3 HayKOBOIO HiAXOAYy M0
OyIb-AKOTO Ipoliecy. ¥ B3B’SABKY i3 IuM OJid
HigBUINIEHHS SKOCTi IiATOTOBKM I OBOJIOMIiH-
Hs HaOOPOM KOMIIETEHIIili AysKe BaKJIUBUM €
3aJIlyUYeHHs CTYJeHTa iHKeHepPHO-TeXHiuHOTro
BY3Y B JOCJITHUIIbKUI ITPOIIEC ¥ PAMKAaX Ipe/I-
METHOI IIiITOTOBKM ¥ BUBYEHHS HaBUAJILHUX
OUCIIUILIIH, 10 0e3YMOBHO CIIPUIE TBOPUOMY
CaMOPO3BUTKOBI I caMoaKTyaJisalrii ocobucTo-
CTi cTyAeHTa B IpodeciiiHitl AiAIbHOCTI.

3 MeTOoX BCeOIUHOro CHpPUSHHS HAYKOBIil,
BUHAXITHUIILKIN Ta iHIIiN TBOPUil AiAIbHOCTI
CTYIEHTiB Ta MariCTpaHTiB HAIIPAMY HiATOTOB-
Ku «bBiorexHosoria» ma rkadpenpi BTM HYXT
CTBOPEHUI 1 BiKe [OeKiibKa POKiB yCIiImmHO
dyHKIioHYe HayKoBuii rypToK « BIOTECH ».

Y posmopAmKeHHI MOJOIUX HAYKOBIIIB —
IBi HayKOBO-HOCJiAHI JabopaTopii, obaagHami
BCiM HeOOXimHUM HOJIsS IIPOBEJeHHS HAYKOBUX
IOCJIiI)KeHb.

Mousioni mocaimfHUKM aKTHUBHO OOJYYaIOTh-
cA OO0 BUPIMIEHHS TAaKWX aKTyaJbHUX NUTAHDb
ChOTOJIEeHHHA, K CTBOPEHHA e(eKTUBHUX 0io-
mpernapariB AJA OUUINEHHA I'PYHTIB Ta BOTHUX
IoKepes Bim HadgTOoBUX 3a0pyAHEeHb, Higdip Ta
BUNPOOYBaHHA e(QeKTUBHUX HAe3iH(iKyBab-
HUX 3aco0iB IJiA XapuyoBUX BUPOOHUIITB, I0-
CIiIKeHHsa MiKpo0OioJoTriuHuX IMOKAa3HUKIB HO-
BOCTBOPEHUX MNPOAYKTIB XapuyBaHHA, HOIITYK
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eheKTUBHUX NOPOAYIEHTIB 0i0JIOTiUHO-aKTUB-
HUX PEYOBUH, 30KpeMa eH3uWMiB, Toio. Pe-
3yJIbTAaTH POOOTH I'YPTKiBI[iB BUCOKO OITiHEHO i1
BiI3HAUEHO IIPEeMisgMU Ta HaAropoJaMu Ha Hay-
KOBUX KOHKYPCaX, MiKHapPOAHUX KOH(pEPeHIIi-
AX 1 cummosiymax (PUCYHOKR).

TinbKm 3a ocTaHHI POKMU CTYAEHTH, Mari-
CTPAHTH Ta acCHipaHTU Kadeapu yAOCTOEHI HI3-
KM HaNUOPECTMIKHIIMNUX IIpeMifi Ta IUIIJIOMiB
y raJyysi 6ioTexmHoJorii: AUILIOMiB JlaypeaTiB
KOHKYpPCY Ha Kpallly HayKOoBYy Po0OOTYy Ha TeMy
«3pobumo YKpainy eneprooiagaoo» (2011 p.),
I'pamoru Ilpesmmii HamiomanpHOI axamemii
HayK YKpaiuu 3a cepiio podit «BioTexHosoriu-
HUU c1oci6 mepepoOKM BiXOAiB BUPOOHUIITBA
Oiomuaenss y MikpoOHi mMoBepXHEeBO-aKTUBHI pe-
YOBMHU A Oiopememiarii goBkimuia» (2012 p.),
numiomiB I-1III cryneniB 3a mepemoru y Bce-
YKpaiHCbKUX KOHKYpPCAaX CTYAEHTChKUX Hay-
KOBUX POOIT 3 IPUPOIHUYNX, TEXHIUHUX i T'y-
MaHiTapHuX Hayk (2007-2013 pp.), AumiIomiB
I-III crynenis 3a nepemoru y II Typi Beceykpa-
IHCBKOI CTYAE@HTCHhKOI osriMIriagu 3 6ioTexHOoJI0-
rii (2008-2013 pp.).

IIpo BuCOKMI pPiBeHbP HAYKOBUX [IOCJi-
IKeHb, IO IX IPOBOLATH Ha Kadeapi Oiorex-
HoJtorii i mixpo6iosorii, cBiTUUTEL BeJIMKa 3a-
IMiKaBJEHICTh IPOBIIHWX HAYKOBO-IOCTiTHUX
ycTaHOB y cmiBpoOiTHuITBi. Kpammux cry-
IeHTiB-0i0TeXHOJIOTiB, MOYMHAIOUN 3 TPETHOI'O
KypCy, 0X0ue 3aJIy4aroTh 0 HayKOBO-IOCJIiTHOI
poboTH Taki HAYKOBiI «THUTaHM» YKpaiHu, AK:
ImcturyT Mmixkpobiosorii i Bipycosiorii HAHY,
ImcturyT 6ioximii HAHY, IHCcTUTYT MOJIEKYJIAp-
HOI 6iostorii Ta remetuxu HAHY, ImcturyT 60Ta-
"Hiku HAHY, IHCTUTYT IIPOOBOJILUMX PECYPCiB
HAAHY, Iucturyt emimemiosorii Ta ingeriiii-
Hux xBopod HAMHY, IauctutyT (hapmaroJiorii ta
Tokcukosiorii HAMHY, ITacturytr reponTosorii
HAMHY, IacturyT KoJsoiguoi ximii Ta ximii Bogu
HAHY ra in. PisHOIIaHOBiCTH HAYKOBOI TEMAaTH-
KJ BUKOHYBAHUX CTYJIEHTAMH JIOCJIiIKeHb CBil-
YUTH IIPO BUCOKUH PiBEeHB 1X MiATOTOBKU.

HayxoBa po6oTa, 3amoyaTKoOBaHa y CTY-
IeHTChKi poku, mae moOpi maoxm. BaraTo xTo
3 BUIIYCKHUKIiB Kadeapu 6ioTexHOJIOTIT i MiKpO-
6iosorii HYXT cranu BusatHUMU (axiBIamMu
B PiBHUX rajly3sX CydyacHOI HayKu U 3pooumam
yemimay Kap’epy B incturyrax HAH Ykpaiuu,
MPOBIAHUX ITPOMUCJIOBUX IIiIIPUEMCTBAX Ta
npodiJibHUX opraHizamiax. 3a POKU CBOTO ic-
HyBaHHA Kadeapa miarorysaja moHan 60 xaH-
oupaTis Ta 6 JOKTOPiB HayK. BigMiTHOIO prcoio
BUIIYCKHUKIB Kadeapu € Te, 110 Iie BUCOKO ePy-
IoBaHi, pyHIaMeHTaJIbHO MiAITOTOBJIEHI, MOTH-
BOBaHi 10 mpodeciiinoi mismbHOCTI (haxiBIi.
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OcranHi Haropoxu cTygeHTiB Kadexpu
o0ioTexHoorii i mikpo6iomorii HYXT

Kadenpa o6Giorexmosorii i wmikpo6iosorii
HYXT e aigepomy chepi HiiTOTOBKYU IIiAPYUHN-
KiB y ramysi Oiorexnosorii. Tak, TinbKu 3a
ocTaHHI poxku OyJ0 BHUIAHO TaKi HigApyYHH-
KM Ta HaBYaJbHi mocioHuKu 3 rpudom MOH
Vxpainu: «Mikpobiosoria xapuyoBuxX BH-
po6uuiTe» (T. II. Ilupor, JI. P. PemerHsax,
B. M. IToBoasuncbkuii, H. M. I'peripuak, 2007 p.),
«3araipHa GiorexHosorisg» (T. IT. ITupor, O. A. Ir-
HaroBa,2009p.), « MikpobiosorigaxapuoBUX BUPOO-
HutTB. JlabopaTopuuii nmpaktuxkym» (H. M. I'pe-
ripuak, 2009 p.), «KiiTuHHA Ta reHHA iHyKeHEPid»
(O. B. Kapmos, C. B. [lemumos, C. C. Kup’auesko,
2010 p.), «MeToau MoOJIEKYJIAPHOI 6iOTEXHOJIOT].
Jlaboparopuuii mpaktukym» (O. I. MapTuaeHKoO,
2010p.), «3aransaa mikpo6iosoris» (T. IT. ITupor,
2010 p.), «Texmos0rii MiKPOOHOI0 CHHTE3Y JiKap-
cbKux 3aco0iB» (JI. M. Bymenko, FO. M. ITeruyxk,
T. II. IIupor, 2010 p.), «TexHOJOTiA TPOOIOTUKIB»
(C. O. CraposotiToBa, O. I. Ckporbka, FO. M. Ilen-
uyk, T. I1. ITupor, 2012 p.). Ogep:xanu rpud MOH
Ta MOJaHi 0 IPYKY HaBUaJbHI mocioHmMKM: «Bio-
Joria xiaitun» (B. O. Kpacizbko, I. M. Boorriu-

Ha, 1. B. JIuu, C. B. Irnarerko) Ta «IMmMo6itisoBani
depmenTu i KiriTuHM B 6ioTexHosorii» (H. M. I'pe-
ripuak, M. M. AuToHiok, JI. M. By1iieHko).

IlocTitiHuit anasis HOBiITHIX TeHAeHITiH QyH-
JTaMeHTaJIbHOI 0i0TeXHOJIOTiYHOI HAYKH Ta CBOE-
yacHe KOperyBaHHSA OCBiTHiIX cTaHmapriB i Ha-
BUYAJILHUX ITPOTPAM 3 YPaXyBaHHAM BIMOT Yacy €
HEeBiJ’€MHUM eJIeMeHTOM CYy4YacHOI CUCTeMH IIif-
TOTOBKU 0i0TE€XHOJIOTIB 1151 po0oTH y c(hepax Ha-
yKu i Bupob6HUITBa. CaMe TOMy CHiBpOOITHUKMI
kKadeapu BTM HYXT 6epyTh aKTUBHY y4acThb Y
CTBOPEHHI HOPMATUBHUX TOKYMEHTIB, CTaHIap-
TiB BUIIOI OCBiTH, PO3POOJISIIOUN CYyUYaCHI 3acaau
0ioTexHOJIOTiuHOI OCBiTH B YKpaiHi. YIIPOLOBIK
OCTaHHiX POKiB Kadenapa mpeacraBiieHa y CKJia-
Ii Komicii 3 6ioTexumosorii HaykoBo-meTogmuHOI
panu MinmicrepcrBa ocBiTy i Haykm YKpainm (To-
aoBa — mpod. T. II. Ilupor, unenu Komicii —
mor. H. M. 'peripuaxk, mor. FO. M. Ilenuyk).

Ilepen YpaiHoro HUHI CTOATH TJIOOANBHIL
3aBIAaHHs, IIOB A3aHi 3 iHTEHCHUBHOIO iHTerpa-
Ii€l0 KpaiHu y CBiTOBUY eKOHOMIUHMUI IPOCTip,
(popMyBaHHAM CIIPUATIUBOTO iHBECTUIIINHOTO
KJIiMaTy, IiABUIMEHHAM KOHKYPEHTOCIIPOMOIK -
HOCTi BiTUM3HSHOI IIpoMmcJIOBOCTi. PeaJrizo-
BYBAaTH IIi 3aBJaHHS MAIOTh KOHKDETHi JIoau,
nepexnyciMm (axiBii 3 gumaomMamMu iHIKeHepPiB.
I mam roBinap, HamioHanpbHU yHiBEpcuUTET
XapUYOBUX TEXHOJIOTil, CbOTOTHI mocsATrae Ham-
IUHAMIUHININX Pe3yJIbTaTiB, TOTYIOUN JOCTOI-
HY 3MiHYy iH/KeHepHUX KaJpiB HAIIOI KpaiHwu.
IIpomy cnpuse aKTUBHA OCBiTAHCHKA Ta HAY-
KOBa OisJbHICTH, CKJIALOBUMU AKHX € TicHA i
IUIiTHA cHiBOpaIlsd 3 IIPOMUCIOBUMU IIiIIIPH-
eMcTBaMM Ta HayKoBuMu ycrtamoBamu HAH
Vipainu. KosrexkTus xkadenpu Oiorexnosorii i
MiKkpob6iosorii HaijiomaibHoro yHiBepcurery
XapyoBUX TEXHOJOTIA He 3yNUHSAETHCSA HA IO-
CATHYTOMY, a BIIEBHEHO HAPOIIY€ CBili IOTEH-
Imiajg Ta poOUTH yce MOYKJIUBE JJIS IIiITOTOBKU
MOJIOIVX TAJIAHOBUTUX iH}KEHEPiB i HayKOBI[iB
y raayasi 6ioTexHoorii.
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PEIEHS3IS HA MOHOT'PA®IIO
«BHOJIOTHYECKAS ®UKCAIINSI A3OTA»

kosekTuBy aBTopiB: Koms C. ., Moprys B. B., Ilaruka B. II., Janmenxo B. K.,
Kpyrosa O. [I., Kupuuenko O. B., MeapraukoBa H. M., Muxaakis JI. M.,
Mauiuenko C. M., Mamenko II. M., Kipisii#t II. A., Beperoseuxko C. K.,
Tuxonosuu I. A., IIposopos M. O., ITerpuuenko B. ®., Hagkepuauuna O. B.

BHOJIOTHYECKAS
OHKCAIIS /

OB FITH

Monorpadiss «Buosnormueckas ¢ukcanus asoTa» y UYOTUPHOX TOMaX € pe3yJIbTaTOM CIiBIIpa-
i KOJIEKTUBY AaBTOPiB, SIKi MpaIOTh y Traxys3i cumOioTmuHOI ¥ acomiaTwBHOI aszoTdikcariii yrmpo-
IOB:K OaraThoxX AecATUIiTb. OmHi 3 HUX CTOAAU OiJii BUTOKIiB PO3BUTKY I[HOT0 HAIIPAMY AOCJTiIKEHD
y konutraboMy CPCP i B HesaserkHil YKpaiHi, Apyri — aKTUBHO IPaIiooTh i ckoronaHi. Ile creriamicTu
B rasysi Mmikpob6iosorii, ¢pisiosorii pocan, 6iodisuku, 6ioximii, reHeTuKu, arpoximii, 6ioTexHosIOri1, KO-
Jorii. ¥ moHorpadii HaBefieHO K icTopuuHi (haKTH, IT1I0 CTOCYIOTHCA POSBUTKY IIHOro HanpaAMYy B XIX—-XX
CT., TaK i y3araJbHEHO HOBiTHi JOCATHEHHS B JOCJiAKEHHI ITUTAHb 010JOTiYHOTO IIePETBOPEHHSI MOJIEKY-
JISIPHOTO a30Ty (piTobaxTepiasbENMY cuMbiosamu i acomiamisamuy y neprromy 10-mirri XXI cr.

ABOT € OTHUM i3 OCHOBHUX OiOT€HHUX €JIeMEeHTIB ILJIaHeTu 3eMJIsA, T'OJIOBHUM KOMIOHEHTOM KHUBOI
marepii. Biosoriuma mpoayKTuBHiCTH Oiocdepr CyTTEBO 3aJIesKUTh BiJg AiKepes 3B’ A3aHOr0 as3oTy,
SAKUI IOCTavaloTh MiKpoopraHismu, M0 3JaTHI acuMijoBaTu aTrMochepHUA a3oT; opraHiuHi (perrr-
KU JKUBOI MaTepii) Ta miHepanbHi moopuBa. OcTaHHE 3 HUX — BUCOKOEHEPTOBUTPATHE i €KOJOTiUHO
HeOe3leuHe, X04Ya JOCTATHLO e(DeKTUBHE JJIA NOCATHEHHA IIBUIKUX PE3YJbTATIB B OeP:KaHHI BHUCO-
KHUX BPOJKaiB CiIbCHKOTOCIONAPChKUX KYJIbTYD, OOHAK YKpall HeTaTUBHE AK aHTPOIIOTEeHHU (DaKkTOpD
3a0pyAHEHHA HAaBKOJUIIHLOTO CEPENOBUINA i MPOAYKTIB CIIOKMBAHHA JIOAEH, a TAKOK AK MyTareH
i KaHIIepOoreH y BUTJIALL HiTPO3OCIONIYK.

AxTryansHicTh BUuxony MmoHorpagii «Buosornueckas puKcaiusa a3oTa» OB’ s3aHa 3 BUPIIIeHHIM
HaraJbHUX MUTAaHb CHOTOAEeHHSA — BiTHOBJIEHHA U 30epe)KeHHs POAIOYOCTi 'PYHTIB, KA BTPAYaEThCA
BHACJiIOK HAaAMipHOTO BUKOPUCTAHHA XiMiuHMX 3ac00iB 3aXMCTy i KUBJIEHHA POCIUH, a TAKOK OT-
PUMaHHS €KOJIOTIYHO YMCTOI IPOAYKILii, 1110 € 0e3eYHOIO0 AJId 3M0PoB’ a tofei. Ile symMmoBiioe moTpedy
B PO3po0JIeHHI HOBUX 0i0OTEXHOJOTIYHUX IiIXOIIiB y Cy4aCcHOMY arpOBUPOOHUIITBI, IPUKJIAJOM YOTO
MOJKYTb OyTH MiKpOOHi 6ioTexHoJ0ril, siKi 3acTOCOBYIOTH Y pocinHHUITBI. Ha choromui nemasi 6inbIine
IOCJHITHUKIB pisHUX rajyysei 0iosorii 3aayduaoThesa J0 PO3B’sA3aHHA 3aBAaHb 0i0JIOTiUYHOTO IIEePeTBO-
PEeHHSA MOJIEKYJISIPHOT'O as30Ty, IO 3QiMCHIOETHCSA Aia30TPOPHUMHU MiKpoopraismammy y cumOiosax
# acoriamniax 3 pocjmHaAMU B IPUPOJHUX €KOCHCTeMax i arpodiToreHos3ax, CTBOPEHUX JIOAUHOIO.
KomnekcHe 3acTocyBaHHSA HOBUX METOMiB MOJIEKYJIAPHOI OioJorii, OioTexHOJIOTII Ta reHEeTMUHOI
iHKeHepil mopAJ i3 KJIaCMYHUMU MeToZaMu MiKpobioJorii, ¢gisiosorii pocaus, arpoximii garmoTs 3Mo-
ry BupinryBatu (yHIaMeHTaJIbHI TUTaHHS, 1110 CTOCYIOTHCA BUSABJICHHA 3aKOHOMipHOCTEI Ta 0CO0IM-
BocTel (hopmMyBaHHSA i PyHKIIOHYBaHHA (piToGaKTepialbHUX cHCTeM PisHOI e()eKTHBHOCTI, a TAKOMK
PO3KPUBAIOTH IPAKTUYHI IIIJIAXY KOPEKIlil CMMOIOTUYHUX B3a€EMOBIJHOCHUH i3 METOIO CTBOPEHHS BUCO-
KoeeKTUBHUX CUMOi03iB, CIPAMOBAHUX HA IIiIBUIIIEeHHA iCHYIOUOTO HA ChOT'OHI piBHA Oiogoriuaoro
IepPeTBOPEHH a30Ty aTrMoc(epy Ha OpraHiuHi a30TOBMiCHI CIIOJYKH.
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Ilepmiuit Tom — «B000BO-pH300MAIBHBIN CUMON03» — CKJIALAETHCA i3 IIIeCTH PO3IiaiB i MicTUTH
iH(opMalrito Ipo icTopito BimkpuTTa ABUINA a3oTdikcallii; Kpyroobir asory B mpupozi Ta iioro ¢op-
MU, II0 € OOCTYIHUMMU IJIS POCJMH; mpoliec Oiosoriumoi asordikcarii Ta :XKuBi opraHismu, Ski
3maTHi #oro spificHioBaTu. JleTasbHO ommcamHo Oiojoriuxi ocobimBocTi OyabOOUYKOBUX OaKTepiit
K OCHOBHUWX MOCTAYaJLHUKIB 3B’A3aHOTO a30Ty (B cuM0iodi 3 pisHMMU BugaMu 0000BUX POCIWH
BOHU 3J]aTHI HAaKOIMYyBaTHU B OopHOMY mmIapi rpyaTty Big 40 mo 500 kr asory Ha 1 ra): cucremarumka
6aKkTepiii, MOPGOJIOTO-KYJbTypaJdbHi Ta CUMOIOTHMYHI BJacTUBOCTI (cIenu@idyHiCThL OO POCIUHU-
xasdAiHa, KOHKYPEHTOCIPOMOIKHICTD, Bipy/JIeHTHICTh, a30T(hiKcyBalbHA aKTUBHICTB), 1[0 BU3HAUAIOTD
e(peKTuBHiCTh cuMbioTnuHUX cucTeM. [loaHO XapaKTepUCTUKY eH3UMiB, AKi 0epyTh y4acTs y IIpolieci
TepPeTBOPEHHA I HiATPUMaHHA 610reoXiMiuHOTO MUKJIY a30Ty — HiTpPOreHas3u i HiTpaTpeayKTasu, pPos-
TJIAHYTO 0COOJMBOCTI CMHTE3Y HiTpoTeHasm it mpoiiecy Gikcairii azoTy 0y 15004K0oBUMY 6aKTePiAMU B
yMoBax ex planta. HaBeeHo OCHOBHI eTany pO3BUTKY KOPeHeBUX 0yIb00UOK y 0000BUX POCIUH. 3HAU-
HY yBary OpUAiJIeHO MOJIEKYJIAPHUM (PakTOpaMm, IO BiATIOBiaOTH 3a BCTAHOBJEHHA CUMOIOTUUHUX
B3a€MO3B’A3KiB Ha eTali JOKOHTAKTHOI B3aeMO/Iii cuM0OioHTiB (xeMoTaKcuc 6aKTepi ;0 peYOBUH KOpe-
HEeBUX eK30MeTaboJIiTiB, BIJINB eKCYIaTiB IPOPOCJIOTO HACiHHSA i KOpeHiB Ha (isiosoriuni mapamerpu
pocTy, PO3BUTKY I GYHKIIIOHyBaHHA OaKkTepiii) i paHHixX eTamax cum06iosy ((p1aBOHOIAIB, JEKTUHIB,
mojiicaxapuiB, TOpMOHIB ToI110). OXapaKkTepr30BaHO MOJIEKYJIAPHI KOMIIOHEHTHU a30T(iKCyBaJIbHUX
baxTepiii (eKk3omosicaxapuau, Jimomosicaxapuam, TJIIOKAaHU) i POBKPUTO IXHIO POJb Yy (hopMyBaHHI
i (yuKIionyBanHi ¢iTobakTepiasbHux cuM6io3iB. [[ocuTh IiKaBUMU € PE3yJbTATH HOCJiIKeHb
disiosoriuHOrO CTAHy POCJIUH, IO HepedyBaTh y cuM0io3i 3 6aKTepiaMu, 30KpeMa OKMCHO-BiTHOBHIX
€H3UMiB — TIePOKCUIa3H i KaTaadm, AKi 3aiAHI B eHIOTeHHi peryadailii akTuBHUX ()OPM KHCHIO AK
BiAIIOBiIL POCJMHU HA Oil0 30BHIITHIX YMHHUKIB, 30KpeMa OaKTepusartiio Hacinua. OcobuBy yBary
TMIPUAIJIEHO POJi TeHOTUIIIB MaKpo- i MiKpocuMOiOHTIB I yac yTBOpeHHA 6000BO-pP1U306iaIbHUX CHU-
cTeM, IUTAHHAM ceJeKIlii BucOKoe(eKTUBHUX IMITaMiB 0yJIbOOUKOBUX OaKTepiii, 110 iX BUKOPUCTOBY-
IOTh B arpo6ioTexHoJoTii aK MiKpoOHi mfo6puBa Mg iHOKYIAIil HaciHHA 6000BUX KYJIbTYP i BIJIUBY
OKPeMH’X eKOJIOTiUHNX (paKTOPiB HA PO3BUTOK i MPOAYKTUBHICTE cuM0Oio3iB.

Hpyruii Tom — «Bo6oBO-pu300UATBHBIA CUMOUO3» — CKJIAHAEThCA i3 ceMU PO3ALIiB i MicTUTH
iH(popMaAaIIio IITOI0 POCANMHHUX JIEKTHUHIB Ta IXHBOI POJIi y IpoItecax (popMyBaHHSA I PYyHKI[IOHYBaHHSA
6060BO-pu306iaIbHUX cucTeM. HaBegeHO B3arajJbHy XapaKTEePUCTUKY i CTPYKTypHO-Giomoriui
0co0amBOCTI (PiTONEKTUHIB, CyYacHiI YsBJIEHHsS NP0 MOMKJIMWBI (PYHKIII JeKTHHIB y POCIMHHUX
opraHismMax, 3aCTOCYBaHHA IMX IPOTEiHiB y GioTexHOoJsOTii Ta KiaiHiuHiil miarHoctuii. PosraauayTo
poJb pisHUX KJjaciB iToropMoHiB Ta 0cobGsmBOCTi (popMyBaHHA i PYHKI[IOHYBAaHHA CUMOiOTUUYHUX
a30T(PiKCyBaJIbHUX CUCTEM IIiJ] BILIMBOM PETYJATOPIB POCTY POCJMH TOPMOHOIIOAIOHOI Ail, IIT0 TAKOMK
MOJKe OyTH BUKOPUCTAHO IJISA PO3P00JIeHHA 610TeXHOJJOTIUHUX IIPUNOMIB y pocauuHuNTBi. OKpemuit
PO3IiJ IPUCBAYEHO ITPOTEOMHOMY aHaJidy — iHCTPYMEHTAaJIbHOMY METONY, IKUI 1a€ 3MOT'Y BUABUTHU
# oxapaxkTepu3yBaTU IIPOTEIHM, IO €KCIPECYIOTHCA B KOPEHAX POCJUH y BiATIOBibF HA iHOKYJIAIiTO
MiKpooprauismMamu. Po3KpuTo 3HaUeHHS MIKPOOHMX YyrpyloBaHb I'PYHTY B mIpolieci ()opMyBaHHS
6000BO-pu3obianrbHOT0 cuM0io3y. BucBiTiieHO pyHIaMeHTANIbHE IUTAHHA B3a€MO3B’ A3KY ABOX IIJIaHe-
TapHO-TJIO0ATBHUX IIPOIeciB — (PoTOCHMHTE3Y I a30T(iKcallii AK OCHOBHIUX CKJIATOBUX MPOAYKIIiTHOTO
mporecy 6000Bux pocamH. IlpuaisieHO TaKoK yBary NUTaHHAM e(EeKTHUBHOCTI (PYHKIIIOHyBaHHSA
CcUMOIOTHYHUX CUCTEM 3aJI€KHO BijJl TeHOTHUIIB MaKPO- i MiKpOCUMOiOHTIB, IXHBOI KOMILJIEMEHTaPHOCTI
Ta YMOB BUpOLIyBaHHA pociauH. Omnucano npemnapatu OysiabO0UKOBUX OaKTepili AK IIepPCHEKTUBHI
0i0TeXHOJIOTIUHI areHTH, a TAKOYK PO3TJIAHYTO e()eKTUBHICTD X 3aCTOCYBaHHA B arPOBUPOOHUIITBI.

Y tperbomy ToMi — «I'eHeTHKa asoTduKcaum, reHeTUUeCKAas NHKEHePUs IIITaMMOB» , — KUK
CKJIQIAEThCA i3 UYOTHUPHOX PO3MijJiB, y3arajbHEHO HOBITHI JOCATHEHHA B MOCJTiMKEHHI TeHEeTHUKU
asoTrdikcarii. HaBegeHO XxapaKTEepPUCTUKY T'eHETUYHUX METOJiB, IKi 3aCTOCOBYIOTh IJIS OJEePyKaHHSA
HOBUX IIITaMiB a30TQiKCyBaJIbHUX MiKpoopramiamiB, — TpaHcdopmallii, TpaHCAYKIIii, KOH foraiiii,
3JIUTTA chepoIiacTiB, TPAHCIIO30HOBOTO MyTareHe3y, a TaKOMK BUKJANEHO eKCIIepUMeHTaJbHi pe-
3yJAbTaTU 3 OTPUMAHHSA INTaMiB OyJIh00YKOBUX OaKTEepil IreHHO-iHKEHEePHUMU METOAAaMH’, 30Kpe-
Ma MeTOJOM KOH’Iorallii Ta TPaHCIIO30HOBOI'O MyTareHe3dy, i MOCHiIKeHHsS IXHBOI e(peKTUBHOCTI
y cuM0iosi 3 6060BUMHU pocauHaAMHU. PO3KPUTO OCOOJHMBOCTI TeHOMY PH300iii, ogep:KaHUX METOIOM
TPAHCIIOB0HOBOTO MyTareHe3dy. I[OKJIAaZHO POBTJIAHYTO MOJIEKYJAPHO-TEHETUYHI OCHOBW B3a€MOil
a30T(diKcyBaJbHIX MiKPOOPraHisMiB 3 pocJnHaAMU, 30KpeMa 0000Bo-pusodianbuuii cumMm6ios, cumMmbiosu
pocauH i3 miaHobaxkTepiaMu, MiKopusHi cuM06io3u, AKi € OJHUM 3 OCHOBHHUX I)KepeJs iMMoOirizarril
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BaXXKOJOCTYIHUX [AJs POCIUH cIOoJyK (ochopy. OxapaKkTepr3oBaHO TI'€eHOTHUIIHI BHECKH DPOCIUH
i MmikpooprauismiB y epekTUBHICTH CUM0i03iB, a TAK0K €K0JIOr0-TeHeTUYHI MiAX0A1 10 KOHCTPYIOBAH-
HS POCJIMHHO-MiKPOOHUX CUCTEM.

Y uerBepTOMYy TOMI — «AcconuaTuBHasg asoTPUKCAIUA», — AKUN MICTUTD IIiCTh PO3AiIiB, y3a-
raJjbHEHO pPe3yJbTaTH OOCJiIKeHb acolliaTuBHOI asor@ikcarii. IIpoamanizoBamo mHUTaHHSA IIOIO
cuenudiku QopMyBaHHA I (PYHKI[iOHyBaHHSA cuM0io3iB He0000BUX POCIUH i azoTdiKcyBaabHUX
MiKpoopraHisMiB, IMIOJaHO XapaKTePUCTUKY 0i0JOTiYHIX 0COOJIMBOCTEH IITUPOKOT0 KOJIa AiadoTpodis.
HeTambHO OMMCAHO YTBOPEHHSA CIOHTAHHUX OyJIhOOUOK y He6000BMX POCJIHWH, 30KpeMa cuM06ios
KBIiTKOBUX POCJMH 3 akTHHOMineramu pony Frankia Ta mamopori poxy Azolla i3 miaHobakTepiamu
Anabaena azolla. Po3riissHyTo IepCIeKTUBY CTBOPEHHS IIITYUYHNX CUM0i03iB (mapaHomy IAIisa) Ha poc-
JVHAaX MIOBKOBUIII Ta MOPKBU, a TAKOXK OKPECJEHO MPAKTUYHI MIJIAXYU TiABUINIEHHA aKTUBHOCTI a30T-
(dikcarrii y mux cucremax, IM0 BiIKPUBAE MOKJINBICTh 3aCTOCYBaHHS PE3YyJIbLTATIB JaHUX AOCJIiIKEHD
Yy po3po0JieHHI 610TeXHOJJIOTIYHUX CIIOCO0iB BUPOINYBAHHSA IIEBHUX CiIbCHKOTOCIOAAPChKUX KYIBTYP.
Ilomamo peadysbTaTu AOCJiAKeHb T'eHeTHYHOI JeTepMiHaIil acoliaTuBHOI asoTdikcarii, mo cBiguaTh
PO HEOOXiAHICTH OMHOYACHOTO IOJIINIIEHHS TeHOTHUIIB MaKpo- i MiKpocuMOiOHTIB i3 HacTymHUM
ix 00’eIHAHHAM B ONTHMAJBHUX KOMOiHAIiAX I/ CTBOPEHHSA e()eKTUBHUX aACOIiaTUBHUX a30T(iK-
cyBaapHUX cucteM. OcobsmuBy yBary npunijeHo pusochepuum 6akrepiam Plant Growth Promoting
Rhizobacteria, aKi BUABJIAIOT, KOMILIEKCHY MO3UTHUBHY Iil0 Ha pocauHu i r'pyHT. IIpoanasmizoBano
HOBIiTHi jaHi 3 JocaimKeHHS a3oTiKcyBaabHUX, (hochopmobiTidyounx 6aKTepiil, MiKpoopraHismis,
AKi TPOAYKYIOTH 610JI0TiYHO aKTUBHI 1 aHTUOIOTUYHI CTIONYyKY, 3iiCHIOIOTEH OiopeMefiallito TPyHTIB.
BucsiTieHo mpakKTHUHi aclIeKTH 3aCTOCYBAaHHS 3a3HaAUEHNX 0aKTepill y arpobioTexHOoJIOri A1 iHOKY-
JIAIiI HaciHHS ClIbCBKOrOCIOAaPChKUX KYJILTYP. BecebiuHo po3kpuTo posib 6iosoriunoi asoTdikcalrii B
CyYacHOMY arpoBUPOOHUIITBI, 0XapaKkTepru30BaHO MiKpobiosoriuHi npenapaTi, CTBOPEHi YKpaiHChK -
MU HAYKOBIISIMH, & TAKOXK JeAKi 6i0TeXHOJJIOTiuHI npuiioMu BUPOOHUIITBA TUX IpenapaTiB. Ilokasamo
BILIUB iHTPOAYKOBAHUX a30T(hiKCyBaJIbHUX MiKpPOOpPTaHidMiB Ha pudocepHy MiKpo(JIopy POCIHH.
OkpeMuii pO3MiJ NPUCBAUYEHO METOAAM MOCTiIKEHHA I'DYHTOBUX MiKpPOOpPTraHisMiB: OOJIiKY YmMCeJIhb-
HOCTi ria3oTpodiB y KopeHeBill 30HI pOCANH, CKPUHIHTY aKTUBHUX IIITaMiB i3 I'pyHTY i pusochepHOl
30HH, OI[iHIIi IePCIEeKTUBHOCTI IIOAAJIbIIIOrO 3aCTOCYBAHHS 0aKTepPiil AK OCHOBU a00 KOMIIOHEHTiB Mi-
KpOOHUX iHOKYJIIOMiB. [leTaabHO POSTIIAHYTO i30TOMHUM i aneTuaeHoBUH (6a30BUM Y TOCTiMKEHHAX
3 asoT(ikcarliii) MmeToau BusHaUeHHSA HiTPOreHa3HOI aKTUBHOCTI B I'PYHTI, Ha KOPEHAX POCJUH, Y CHUC-
TeMi «POCJIMHA — MiKPOOPraHisaMu» in situ, a TAKOXK Ha IPUKJIALL a30T(hiKCcyBaJIbHUX OaKTepiil pomay
Azospirillum — imyHOXiMiuHI MeToV, BUKOPUCTOBYBaHI /s ileHTH(diKAaIii 1ia30TpohHUX MiKpPOOD-
raHisamisB.

YorupuromMHe BumaHua «bBuojgormueckas (uKcamus asoTra» € aKTyaJbHUM, JOIIJIBHUM
i cBoeuacHuM. Mounorpadis Oyme KOPUCHOIO IOJA CIeliasicTiB y raaysi @isiosorii pocaux,
cisbchbKOTOCIOMAPChKOI MiKpo6Giosorii, pocamHHMUIITBA, arpobioTexHoorii, arpoximii, exoJsorii, re-
HEeTUKHU, a TaKOK IJd BUKJAJauiB, acIipaHTiB, CTYAEHTIB BUIIUX 1 cepelHiX HaBUAJbHUX 3aKJaliB
npodiJIbHUX HAIPAMIB.

3asidysay kagedpu mikpobionozii ma cyiacHoi 6iomexHoL02il

Bidxpumozo mixnapodHo20 yHieepcumemy po3sumry A00UHU «YKpaiHa»,
0oxmop 6ion02iuHUX HAYK, npogecop

A.D. Anmunuyk
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bioximikiB, MoseKyIApHUX OioJoris, 6iodisukis, Qisiosorie, reHeTuKIB,
(daxisriis y ramysi 6iorexHosorii, 6ioopramiumoi ximii, mikpobioJsorii, imyHoJIorii,
KJIiTuHHOI O6ioJorii, eHIOKPUHOJIOTI1, eK0JIOorii, TabopaTOPHOI JiarHOCTUKYU — BCiX,
XTO I[iKABUTHCA 0i0XiMiUHMMU OCHOBAMY i MeXaHi3MaMU JKUTTE i AJTBHOCTI OPraHisMiB.

IH®OPMAIIIMHE ITOBIJIOMJEHHSA

Hamionanpua axkamemisa mayk Yipainm (HAHY), Vkpaincbke 6ioximiune toBapuctBo (YBT),
Imcruryr 6ioximii im. O. B. ITamnagina HAHY, KuiBcbKuil HamionaabHuil yuiBepcuretr imeni Tapa-
ca IlleBueHKa moBigomMiIsa0Th, 110 06—10 skoBTHA 2014 p. B M. Kueni na 6a3i Kuiscbkoro HaiioHaIb-
HOro yHiBepcuretry imeni Tapaca IlleBuenka 3a migTpumku Jlep;KaBHOrO areHTCTBA 3 MUTaHb HAYKH,
imHOBaIi#l Ta imdgopmarusaiii Ykpainu, MiHicTepcTBa 0X0OpoHU 3140poB’sa YKpainu, HaiionanbHOI
akazemii meguuuHmMx Hayk YKpainm ta Pexpeparlii eBpomneiicbkux Oioximiunmx ToBapuctB (FEBS)
BinOynmerbcsa ueproBuii X1 Ykpaincbkuii 6ioxiMiuHmMii KOHrpec.

XI Ykpaiucbkuii 0ioxiMiuHMii KOHrpec — Iie BU3HAYHA MO/is He TiAbKU AJd 6ioxXiMiKiB i MosIeKy-
JIpHUX 0iosoris, aje ¥ muad (paxiBIiB CyMiKHEX chmemiajbHOCTeH, I/ THUX, XTO BUKOPUCTOBYE 0io-
xXiMiuHi MeTOAM Ta MOJEJi Y CBOIll HAYKOBill poOOTi i XTO IiKABUTHCA HAWHOBIIIIUMY JOCATHEHHAMU
cBiTOBOI OioXiMiuHOI HAYKU, IIT0 Hapasi mepe:KuBac HeOYBaJIUH IIporpec, AKUN MOKHA IOPiBHATH Xiba
110 3 PO3BUTKOM iH(popMaIiiiaux TexHoaoriii. OKpim Toro, 1ie — migBeeHHs IIiACYMKIB i BimsHaUueHHS
IOCATHEeHb BITUM3HAHUX HAYKOBIIIB Y IIiff rajysi 3a oCTaHHI YOTUPU POKU, a TAKOYK BU3HAUEHHS IIep-
CIIEKTUB il pOBBUTKY B Y KpaiHi.

TemaTuKa KOHTPeCy BKJIHOUATHMe QyHIaMeHTaJbHI MUTAHHA cydacHOi O6ioximii Ta mMosekymap-
HOI OioJorii, 6ioTexHoJorii, iMmyHoximii, MmeguuHOl Ta XapuoBoi 6ioximii, 6ioximil cimbechbKOTOCIOLAD-
CBLKUX TBApPWH i POCINH, €KOJIOTIUYHNX acIeKTiB 0ioximii, BUKJamaHHs cydacHoi 6ioximii Ta icTopii ii
PO3BUTKY TOIIIO.

OcHoOBHI cekIil po60TH KOHTpecy:

1 — CrpykTypa, BIacTuBocTi Ta GyHKIIIT 610/I0TIUHNX MAaKPOMOJIEKYJI i HaAMOJEeKYAIPHIX KOMILIEeKCiB.

2 — Perynsaiisa meTaboIiuHUX IIPOIECiB Ta KIITHHHUX PYHKITIiH.

3 — Mepuuna 6ioximis.

4 — BiorexHoJioris. Biobesmeka i 6io3axucr.

5 — Bioximisa ciIbChKOTOCIIONAaPChKUX TBAPUH i POCJNH Ta XapuoBa 0ioximis.

6 — Bukmamamud 6ioximii Ta CyMisKHMX OUCIIUILIIH 1 MIIJISXW BOIOCKOHAJIEHHS (DaX0OBOI IIiATOTOBKU
MoJiogux yueHux. [cTopis 6ioximMmiuHoil HayKu.

Basxausi maTu:

30 TpaBHa 2014 p. — ocTaHHi# TepMiH peecTpamii A4 yJacTi y KOHTPeci 3 MiJIbroBUM peecTpalli iHuM
BHECKOM (po3Mipu peecTpamifHmX BHECKIB HaBeJeHO HA CAUTiI KOHI'PECY) Ta OCTAHHiHM CTPOK MOJZaHHA
pedepariB yCcHUX i cTeHIOBUX TOTOBiel misa myoaikaiii y certiansaomy Bunycky Ukrainian Biochemical
Journal (Vkpaincoruil Oioximivnuil scypran ). Hua myomikarii JocTaTHBO peecTpariii oJHOTO 3 aBTOPiB,
aJie 11 ydacTi y poOoTi KOHI'Decy KOXKeH YIACHUK Mae 0yTH 3apeeCTPOBAHUI OKPEMO.

! PeecTpania yuacHUKIB IPOBOAUTHUMETHCS IO IOYATKY KOHI'pPecy, aje micasa 30 TpaBHSA BiKe He 3a
iJIbIOBUM, a 38 IOBHUM TapudoM.
— 06 :xoBTHA (moHeAimoK) 2014 p. — meHb 3ais3ay yuacHUKIB i BigkpurTsa XI YkpaincbKoro 6ioximiu-
HOT'O KOHT'PeCY, AKe BKJIIUYATIMe YPOUUCTY IePEeMOHI0, IIJIeHapHi JeKI[il, KOHIIepT Ta IPUiioMm;
— 07 :xxoBTHA — 3acimaHHa Y KpaiHChKOro 0i0XiMiuHOTO TOBApPUCTBA IIi T Yac poOOTH KOHTPECY;
— 10 :xoBTHsa 2014 p. — ocTaHHiN AeHL POOOTU KOHTPECY 1 TOTO BaKPUTTS.

Heranpuimmy imgopmariito Mo:KHA 3HalTH Ha Beb-caiiTi KoHrpecy: http://www.bioinfo.org.
ua, AKUN Tako:k posMmimieHo i ma caiiri IHcTuTyTry 6ioximii im. O. B. ITammagina HAH VYxkpaiuu:
http://www.biochemistry.org.ua.

3ampouryeMo IMPOKi KoJa 6ioxiMiuHOoI cCIiTbHOTH Y KpaiHu, yCiX, XTO IiKABUTHCA «XiMi€I0 JKHUT-
TSI», 10 y4acTi B pooori XI Ykpaiacekoro 6ioxiMmiunoro kourpecy!
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