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orJdaa0Bl TA TEOPETUYHI CTATTI

OBSERVATION AND THEORETICAL ARTICLES

YK 579.017.7: 577.151.3
b.M. l'aakin, B.O. IBanuus, M.b. laakin

Opecpkuil HaujoHaabHUH yHiBepcuTeT iMeni I.I. Meunnkoga,
ByJs. JIBopsiHchKa, 2, Oneca, 65082, Ykpaiuna, e-mail: bgalkin@ukr.net

BAKTEPIAJIbHI CUHTETA3U OKCUAY A30TY

Y cmammi npedcmasiero 0eas0 CYUACHUX HAYKOBUX NYybAikauit npo
MONEKYAAPHY CMPYKMYPY, MEXAHIZMU CUHME3Y, MOAeKYAApHY 6ioaoeiro,
eeremuKy i 6ioro2iuni GYHKUIl bakmepiarvHux cunmemas oKcudy azomy.

Kawuosi crosa: bakmepiarvHi cunmemasu oKcudy a3omy, ceuu
NO-cunmemas, pecyssimopra ma CueHarbHa QYHKYIL.

Y ccaBuiB okeup azoty (NO) 6epe yuactb y 6araTbox 6iosOTiuHUX MPO-
necax. BiH perysioe KpoB'siHMH THCK i 3[iHCHIOE 3aXUCT Bifl MAaTOT€HHUX Mi-
KpPOOpPTaHi3MiB, BUKOHYE CHUTHaJbHY (PyHKUi0 Ta iH. [3]. CuHTeTas3n okcumy
azory ccabliB (mMNOSs) e cTporo peryjsboBaHUMH KOMIIJIEKCAMHU (hePMEHTIB,
IKi KaTanidyloTb okucHeHHs L-aprininy no uutpyainy i NO (puc. 1).

H)N NH + HN N-OH HN O
NH NH
\'5\ \'5\ H N 7‘5\ + H o
L-Arg NOHA L-HI/IprJ'IlH

L-Arg — aprinin; NOHA- N®- rizpokcHaprinin

Puc. 1. OkucHeHnHsa L-apriHiHy 10 uuTpyJiHy i okcuay a3oTy 3a J0MOMOrOl CHHTETa3H
okcuay asory [48]

Fig. 1. Oxidation of L-arginine to citrulline and nitric oxide by nitric oxide
synthase

© B.M. Tankin, B.O. Ipanuusa, M.B. Tankin, 2011

6 Mixpobioaoeisn i 6iomexnorozis Ne 3/2011




BAKTEPIAJIbHI CUHTETA3U OKCH Y A30TY

Y 6akrepiaqbHUX reHoMax OyJu 3HaWAeHi MeHH, LU0 KOAYITb FOMOJIOTH
CUHTeTa3u okcuny asory [D0], BUBUeHa (epMeHTHa aKTHBHICTb y Ji3aTax
pi3HHX OakTepia/JbHUX KJiTHH, BUAiNEHI OKpeMi ()epMeHTH, sKi Bianosina-
I0Th 33 CHHTE3 OKCHAY a30Ty Ta BHBUEHA iX MOJeKYJspHa cTpyKrypa [14].
Bussugocs, uo 6akrepianbHi NO-cunretasu (bNOS) BuKOHYIOTH y mpoka-
pioTiB pi3HOMaHITHI (yHKLUII, Ki BiAPi3HAIOTbCS Bil (PYHKLINA LUX PepMeHTiB
y 06araTok/iTUHHUX opraHi3MiB. [IpoBeieHHS peHTTeHOCTPYKTYPHOIO aHali3y
JesKUX OakTepiaJbHUX (PepPMEHTIB CHHTE3y OKCHAY a30Ty A03BOJIMJIO BU3HA-
UHATH iX CXOXKICTb Ta BiIMIHHOCTi Bil CHHTE€Ta3 OKCHUIY a30Ty OaraToKJiTHH-
HUX opraHiamiB. bakrepianbui NOS BinpisusitoTbest Bin mNOSs koporTiioro
JIOMEHHOI0 CTPYKTypoto. Kpim Toro, us ¢pepMeHTHa cucTeMa 6akTepii € pos-
YHHHOIO, TOMY il JIEFKO BHIIJUTH Ta OUYUCTUTH. Y HesdKux npokapiorisB bNOS
€ TepMOCTa0bi/IbHOIO.

bioximin i reHomMika GakTepiaJbHUX CHUHTETA3 OKCHUIY a30Ty

JlocaimkeHHs1 3 MOLLIYKY CHHTeTa3 OKCHAY a3oTy y OakTepid modanu-
cs Oinblie necsiTW pokiB ToMy. Ha mowaTtky y nesakux OakTepidl, Takux §K
Nocardia species ta Lactobacillus fermentum, 6yao 1nokasaHo, 110 y HHX
YTBOPIOETHCS HITPUT MPU A0JaBaHHI y *KUBUJbHE cepenosulle L-aprininy, a
TaKOXK MNpH Aii iHribiTOpiB CHHTETa3 OKCHAY a30Ty BilOYBA€TbCSl 3HHKEHHS
piBas okcuny aszoty [13,35]. [IpoTe, Garato GakTepiil 3maTHi CHMHTe3yBaTH
oKcuz a3oTy He Tinbku 3a nonomord NOS. Hanpukaan, ¢pepmeHT HiTpaTpemyk-
Taza Moxke nepetBopuTH HITPUTH y NO npu HU3BKIH KOHLUEHTpalii HiTpaTiB
[57]. Kpim Toro, B LMK/ ceuoBMHH TIpHU AeiMiHi3allii apriHiHy TakoX MOXKe
YyTBOpPIOBAaTHUCS LMTPYJIiH [55], abo 3a momomoru apriHasu, abo OpHiTHHKAp-
6amointpancdepasu [23, 52].

Tum He MeHLUe, y naHui yac HeMae CyMHiBiB, 110 OakTepil i apxei MicTATb
NOS-noni6ui 6inku [40]. Byso mokasaHo, 10 HYKJEOTHIHA MOCJiTOBHICTb
y reni, mo konye bNOS, noni6Ha 3 Takow K NiJSHKOI TeHa, SIKUH KOLYeE
mNOSs. Binku MawoTb cxoxicTb y N-KiH1IeBill aMiHOKUCJIOTHIH MOCJTiIOBHOCTI
okcurenaznoro nomeny (NOSox) [29, 56]. NOS-noni6Hi 6ilKH B OCHOBHOMY
3HaleHi y TpaMNO3UTUBHUX OakKTepil, Xoua BOHM TAKOXK Oy/M BUSABJEHI U
y rpaMHeraTuBHUX OakTepiil i apxeil. ¥ Bcix npokapioTHux NOS cxoxi ami-
HOKHCJIOTHI MOCJ/IiIOBHOCTi, B FTeMOBOMY i aKTUBHOMY ca#Tax. 51 BUBUEHHS
eBoJIOLI{ LKX OifKiB OyB MpoBeeHUH (hiJIoreHeTHUHUE aHa/li3 aMiHOKUCJOTHUX
MOC/IiIOBHOCTEH CHHTETA3 OKCUIY a30Ty 3 Pi3HUX OpraHi3miB. PijoreHeTHuHe
IpeBO TMPUIMYCKAe MOXKJ/MBICTb ropusoHTastbHOro nepenocy rexie NOS. Ha
nifcTaBi OTPUMAHUX Pe3yJ/bTaTiB (PiIOT€HETHUYHOIO aHa/li3y MOXKHA MPOCTe-
JKUTH €BOJIIOLII0 LIMX (PEPMEHTHUX CHCTEM.

Y npoxapioTiB npocrilia OyaoBa CUHTETAa3d OKCHIY a30Ty, a caMe Bil-
CYTHIH peNyKTa3HUH OOMEH, 3a BUHATKOM apxeH, y SIKUX € pedyKTas3HUH
JIOMEH, aJjie BiH po3TalioByeTbcsl B N-KiHLEBiH YaCTHHI (pepMEHTHOI CUCTEMHU
[18]. ¥ 6akrepiii mos0KEHHSI T€HA B XPOMOCOMi MOKe 4acTO NaTH ySIBJIEHHS
npo ¢yHkuii uboro 6inka. Fenu NOS po3TalioByIOTbCS B TaKUX IiISHKAX
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B.M. Tlaakin, B.O. IBannus, M.b. laakin

XPOMOCOMH, 1110 (DYHKLis CyCiHiX reHiB HeBigoMa, xo4a € i BUkJ/aoueHHs. Ha-
NpUKJIAM, y AesKUX wWTtaMiB Streptomyces reH, sikui Konye NO-cuHTeTasy,
pO3TallOBYETLCS B TaK 3BAHOMY, €OCTPiBL MaTOM€HHOCTi» i 6epe y4yacTb y
6iocnHTe3i TakcToMiHiB. Lli (piTOTOKCHHM BUK/IMKAIOTh NMaplly KapTOILIi.

CrpykTypa i KaTaJiTHUHi BJACTUBOCTI OaKTepiajJbHUX CUHTETa3 OKCUIY
asorty

CrnekTpaJ/bHi BJIACTHBOCTI, CTPYKTypa Ta KaTaniTuudi npodini bNOS
6inbiuoro miporo cxoxi 3 mNOS [1, 2, 14]. NO-cuHTeTasa ccaBliiB € rOMOIHU-
mMepoM, sikuil MicTuTh N-kinueBuil ¢pparmenT NOSox i C-kiHLeBUH pparmeHT,
10 BUKOHY€E penyKTa3Hy (yHKioo 3a pornomoru duaasomnporeiniB (NOSred).
NOSox 3B’a3ye L-apriniH, rem i BiIHOBHMH penOKC-aKTHUBHHH KO(aKTOp
6R-retparigpontepun (H,B) i B Lifi aiaanLi 3HAXOAUTHCS KaTaMiTHUHKME LIEHTD
depmenty. NOSred mae caiitu 38’ sisyBanus ajs AL, PMH, HAJI®H i nie
SIK ’)KepeJsio BiTHOBJ/IOBAJbHUX €KBiBa/lIeHTIB [JIs 3B’ I3yBaHHS KUCHIO i HOro
aKkTUBaLii. bisok KanbMoAy/liH criosyyae OKCUreHa3Hy i peayKTasHy obsacTi
NOS. Biu Tak camo pery.Joe nepexin oKUCHeHOI (hOpMH (hpepMeHTY y BiHOB-
JIEHY 32 JOMOMOTOI0 KaJfblii-3a71eXHuX MexaHismiB [3]. 3 yuactio mNOS 3
L-aprininy yTBOPIOETHCS CTIHKUE NPOMiKHUH MPOLYKT Nw-l‘iﬂ,pOKCI/I-L-apI‘iHiH
(NOHA). Hapnani Bin nepetBoproetbest Ha NO i L-umtpyain (puc. 1) [48]. [1pu
LbOMY aKTHBallisl KMCHIO BUMarae BiiHoBHOro kodaxkropy H,B [48]. Bakrepi-
anbHi NOSox o6sacti NO-cunterasu cxoxi 3 Takumu odaactamd B mNOS,
ane y bNOS Bincytniit NOSred (BinHOBHHUE (parmeHT), a B N-KiH1eBi# 06-
JIacTi BiICYTHIH ()parMeHT, IKUH 3a JOMOMOT0I0 BOJIHEBUX 3B’ 13KiB KOOPAHUHYE
uuHK. HesBaxkatoun Ha 11e NO-cuHTeTasHi cucteMu y 6akTepiil, Bce K CX0XKi
3 mNOSox. [lo-nepiite, y aumepiB reMma HopMaJibHi ClIEKTPaJIbHI BIaCTHBOCTI,
no-apyre, reMud 3B’3yI0Tb L-apriHiH i 3 HbOrO yTBOPIOETHCS OKCHJ a30TY,
Mo-TPeTE, BUKOPUCTOBYIOThCS OionTepunu (ectep Hb) ab6o terparimpodo-
qgat (TT'P). Tum He MeHIlle, iCHYIOTb HeBeJMKi BiAMIHHOCTi B CIEKTpasJbHUX
BJIACTUBOCTSIX T€MOBHUX LIeHTPiB. 30kpeMa, y Bacillus subtilis NOS (bsNOS)
i y Bacillus anthracis NOS (baNOS) newo BigMmiHHA CTPyKTypa reMoBOi
kuieHi. Li BinMiHHOCTI MpPU3BOASATH A0 3MiH aKTHBHOCTI (hepMEHTYy Ta HOTO
GyHKuUi# [25]. 3a BUHATKOM NesKUX BiACcyTHIX @parmeHTiB B N-TepMiHa/bHi#
o6aacti bNOS, Bce x BoHM € cTpykTypHUMH aHasoramu mNOS (puc. 2).
Lle 6y/q0 miaTBepaXKeHO TPU 3’sicyBaHHI CTPYKTypu Komrmiekcy bsNOS 3
L-aprininom ta TI'® [36]. NOS Staphylococcus aureus (saNOS) nos’sizani
3 HAJl i S-etun-izorioceuoBunoto (anasnor L-aprininy) [5] i NOS Geobacillus
stearothermophilus (gsNOS) B kommiekci 3 L-aprininom [49].

LlixaBo, mo y NOS Streptomyces moxe mictutucs N-repmiHanbHUN calT
LMHKY, aje B 1iboMy ¢parmenTi onuH 3 nBox Cys, siki npucyTHi B mNOS 3a-
MiHIOIOTbCS HA aMiHOKUCJIO0THUH 3aauiiok His [26]. Takum unHoM, 36eperkeHHs
BCiX OCHOBHHUX KaTa/JiTUYHUX LEHTPiB cepen OakTepianbHux i TBapuHux NOS
Ja€ MOXKJ/MBICTb 3pOOUTH MPUMYLIEHHS, 110 OKCUJ a30Ty YTBOPIOETHCS 3 ap-
riHiHy yepes Nw-rinpoxcu-L-apriHiH (NOHA) [36]. Cunte3 NO 3a monomoru
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BAKTEPIAJIbHI CUHTETA3U OKCH Y A30TY

s | c TRTIVT R . _| . :
Eykapiotn N4 r:;';":f;':”m"“ Zn M.’G,,Hﬂm— Cam NOS.: FIVIN| FAD | NAD
Streptomyces | zn ‘Hﬂm Ag )
turgidiscabies N C

BitemicTe
npokapior

Sorangium N Hesiaomo || NOScFesS,|FAD [NAD c
cellulosum

Puc 2. BynoBa cuHTeTas okcuay a3orty y pisHux opratiamis [50]

Fig 2. Structure of nitric oxide synthase in various organisms [50]

KOHCTUTYTUBHOI (hopmu NO-cuHTeTasu 6yB npoaeMoHCTpoBaHui y Bacillus
subtilis (bsNOS) [1], y Deinococcus radiodurans (drNOS) [2] iy Geobacillus
stearothermophilus (gsNOS) [49]. ¥ Bcix TpbOX BUNagKax, YTBOPEHHS OKCH-
Ny a30Ty BinOyBaeThbCs TiMbKHM 3a npucyTHOCTI abo ectepy H,B, a6o TI'®,
xoua y bsNOS i drNOS Buma cnopinnenicte 10 H,B [1,2,49]. Cxoxe, wmo
BincyTHicTb N-TepMiHaMbHOT LIMHK-3B’I3Y10UOl Ai/ISTHKY 103BOJsiE HaKTepialib-
HuM NOS 3B’sizyBatu 6ifbli KibKocTi mTepuHOBUX KodakTopiB abo TI'®,
Hixk mMNOSs [2,36]. Ongnak, He SICHO, UM MOXKYTb OakTepii, gKi BUPOOASIOTH
TI'®, cunresysatu H,B. Binbwicte npokapiortis, y skux npucytHs NOS,
MicTATh Heski 3 renis Giocunresy H, B, ane Tinbku Gakrepii pony Bacillus
MalTbh TOMOJIOT (pepMEHTY cenianTepuHpeayKTa3u — KiHLIeBOTrO (PepMeHTy Y
6iocunresi H,B. Bakrepianeni NOS ciry>kaTh XopoluM iHCTPYMEHTOM /IS
JOCJII>KeHb MeXaHi3MiB KaTaJnidy aaHoi rpynu gepMeHTiB. s 1poro sk Mo-
JieJIb TeM-KHCHEBUX KOMIEKCiB BUKOPUCTOBYIOTh r'eM-HiTPO3UJ/IbHI KOMIJIEKCH
bsNOS, ski 3nathi okucHioBaTu L-aprinin [37]. Lli cTpyKTYypH Nal0Th MOXKJIH-
BiCTb IOCJ/IAUTH YTBOPEHHS CyOCTPAT-BiIHOBIEHUN reM-KUCHEBUH KOMILIEKC,
MPOCTEXKUTHU Xifl peaklii Ta BCTAHOBUTHU NPOAYKTH KaTanizy. Bukopucranus
CMeKTpocKoMNii KoMOiHALIHHOrO po3ciloBaHHS (paMaHOBCbKOI CIIEKTPOCKOTIT),
SIKa 03BOJIsI€ OTPUMATH iH(POPMALLIO 11100 3iTKHEHHS (POTOHIB 3 MOJIEKYJ/JIaMH
abo ioHamM, B XOMi SKHX BOHM OOMIHIOIOTbCSI €Heprieln. 3a 3MiHOI eHepril
(hoTOHA MOXKHA CYAMTH MPO 3MiHY eHeprii MoJeKy./H, TOOTO Mpo nepexin ii
Ha HOBUI eHepreTHUHUH piBeHb. Lle#l MeTON 10BOJ 4aCTO BUKOPUCTOBYETHCS
JUIS1 BUBUYEHHSI MEXaHi3MiB KaTaJ/i3y OKCUIOPENyKTa3HUX (DEPMEHTIB, y SKUX
B aKTHBHOMY LIEHTPi 3HAXOASATbCS MeTaJ/H 3i 3MiHHOIO BaJieHTHicTI0. Bin no-
3BOJIMB BUBYMTH CTiliKi reM-KHcHeBi KommJjeKkcu 3 L-aprininom i N-rizpokcu-
L-aprininom Ta 3’sicyBaTu yacTkKy npomi>kHux popm kucHio B saNOS karanisi
[12]. BcranoBsieHo, 10 3BifIbHEHHSI OKCHIY a30Ty 3 TeMOBOI'O aKTHBHOTO
LEeHTPY € 3Ha4yHO HuK4YuM npu Katanidi bNOS, nix npu katanisi mNOS [1].
Lli kaTaniTHyHi BiAMiHHOCTi MOKHA MOSICHUTH THM, 1110 B aKTUBHOMY LIEHTPi
depmenty mNOS posTalioByeTbCst aMiHOKACJIOTHHH 3a/IMILIOK BaJTiHy, a y
bNOS B upomy wmicui posramoBanuii izoneims [36]. HificHo, 3amiHa Lux
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aMiHOKHCJIOTHUX 3a/MILIKIiB y 6akTepianbHux i TBapuHHUX NOS 3MmiHIOE CTY-
niHb Aucouiauii reM-giranaHoro kommiaekcy [53]. bakrepianbai NOS moxyTh
OyTH BUKOPHUCTAaHI /151 XapaKTEPUCTUKU CTPYKTYPHUX €JIEMEHTIB, SIKi € 0JHa-
KOBUMHU 1151 6akTepianbHux i TBapuHHUX NO-cunTeTas. Li enemenTn 6epyThb
y4acTb B yTBOpPeHHi Ta perynioBanHi pepmentiB NOS. 3a Bincyrnocti HB i
cybcTparty BiaMiueHO 4acTKOBe PO3KPUTTS okcureHasHoro nomeny mNOSox
[30]. Taki cTpyKTypHi CTaHH aKTUBHOTO LEHTPY (DepMEHTY CHpUHHATAUBILII
no npoteoJisy. [Ipu ubomy rem mMae HUXKYMIA OKHUCHO-BiIHOBHHH MOTEHLiaJI,
Hi2k pepmenT, 3B’a3anuil 3 HB i cy6ctparom [30]. Lli cTpykTypHi 3MiHK mo-
LIMPIOIOTHCS HE TiJbKM Ha iHLIi 06sacTi (bepMeHTY, aje i Ha HOro akTHUBHHUH
LEHTP, L0 BIJIMBae Ha HOTo 34aTHICTb 3B’sidyBaTHCs 3 cybcTpaToMm. Takum
YHHOM, MeXaHi3MH KaTaJsi3y CHHTEeTa3u OKCHUIY a30Ty € TaKuMHu (puc. 3).

H,0
+
NOHA L-arg
Pemyxraza
0"0 ?2_ ?22_ - |0|
w ¥ 2 0, T 3+ &
T i M s
I II I w T
5 5 5 g g v 5
H,B HB HOH&
19 u (
L3+ .
/- —F|e— Herrpymin
NO 8

Puc. 3. MexaHi3m KaTaJiTHYHOTrO LMKJY CUHTETa3u OKCUAY a3oTy [14]

Fig. 3. The mechanism of the catalytic cycle of nitric oxide synthase [14]

Cunre3 okcuny asory NO-cuHTeTasamMu rpaMro3UTHBHUX | rpaMHera-
TUBHUX OakTepiil aHanoriynuil cuutesy NO cdepmentom mNOS, 3a BUHAT-
KOM TOTO, L0 y HHX BiACYTHSI pefyKTa3Ha 00/acTb. E(eKTHBHAM TOHOpPOM
enektpoHiB mysi bsNOS B. subtilis moxe Buctynatu ¢aaBonokcus (YkuN)
[54]. Onnak, npu BunaseHHi reny yku N-cuHTe3 OoKcumy a3oTy y B. subtilis
He npunuHsieTbes. bakrepianbna NOS E. coli B nmpupogHUX yMOBax BHKO-
puctoBye cBoi penykrasu [18]. Takum yuHOM, Ha Binminy Bin (epmeHTHOI
CUCTEMH CCaBLiB, fKi MiCTATb CHeLiaJbHUU pelyKTa3HUU MONLYJib, OaKTepi-
anbHa (pepMeHTHA CHCTeMa, CKOpille 3a Bce, MOXKe NMPUHMAaTH eJeKTPOHHU Bif
NeKinbKoX pisHux penykras [18]. PosmmudpoBka renomy nmpeactaBHuKa apxeh
Sorangium (Polyangium) cellulosum [43] nokazasna, mo ix NOS cucrema
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Mae KOBaJIEHTHO NPUEHAHUI peyKTa3Hui Moy ib. Ase Ha BigMiny Bin mNOS
BiH po3raioBaHuil B N-KiHuesi# obsacti (puc. 2). CuHTeTa3a OKCHUAY a30Ty
Sorangium cellulosum (scNOS) mictuth B N-KiHueBi#i obsnacTi HiISAHKY 3
HEeBiIOMOI (DYHKLI€, a MOTiM FeQS2 knacrep, PAJ- i HAJI-38’s3yto0ui no-
MeH# i, Hapewuti, B C-kiHueBi# ainsHii po3ramoByetbesi NOSox. Kpim Toro,
(pnasopokcunosa ainsuka B mNOS saminoetscs B sScNOS knacrepom Fe,S,,
SKUU 30ATHUN TIEPEHOCUTH OJIMH €JIEKTPOH. 3HAUHUM {HTepeC BUKJIUKAE Te, LI0
y mNOS e ninsaka B obmnacti ®MH, sika 3B’si3ana 3 BigHoBaeHHAM NOSox
i perymoerbcs Ca*f-kambmonysinom [16,41]. Tlopanbiie BuBuenHsi scNOS
(hepMEeHTHOI CHUCTEMH MOXKe TPOJUTH CBITJIO HA MeXaHi3MHM B3aeMOMii Mixk
neoma ninsgHkamu (NOSox i NOSred) cunTeTasu okcumy asory.

dyHKUiT GaKTepiaJbHUX CUHTETA3 OKCHAY a30Ty

Okcupa asoTy MoOxKe BHUCTYNATH BaXK/JAMBOK CHUTHAJNBHOI MOJIEKYJIOK Yy
HakTepill B HezaseXHOCTi Bin mkepena nmoxomkeHHs [10, 46]. [Toku e He
y BCiX MPOKapioTiB 3HalJeHO CUHTETA3y OKCHUAY a3oTy, ajne y OakrTepi, y
SKHX BOHa €, g (pepMeHTHa CUCTeMa 3/1aTHa BUKOHYBaTH AyKe BarK/JHUBI
peryJasaTopHi (QyHKLII.

Ognsieto 3 ocHoBHux yHkUid NOS Streptomyces turgidiscabies ue cuntes
TaKCTOMiHiB — (DiTOTOKCHHIB, 1110 BUKJHUKAIOTh 3aXBOPIOBAHHS MapPIi KAPTOILIII.
[en uporo cdepmenty OyB 3HalineHul y Streptomyces turgidiscabies B Tak
3BAHOMY «OCTPiBLli MAaTOreHHOCTi» [26]. MexaHi3M MaTOreHHOCTi TAKCTOMIHIB
HacamIiepes MoB’s13aHUH 3 MOPYLIEHHSIM CHHTe3Y KJAITUHHOI CTiHKH Y KapTOILJIi.
Tak, cTomiH — Le He3BUUAWHUN aunenTtun (moxiaHe uukiao-[L-rpuntodany-L-
tdheninananiny|), skuit yrBoproetbes 6e3 yyacti pubocom [20]. Bin npencrasisie
co0010 TPUNITO(EHINOBUH (PparMeHT, HITPOBAHUH MO YeTBEPTOMY I0JI0XKEHHIO
nunentuny [20]. Posrawmysanns reny NOS Ha «ocTpiBLi maToreHHOCTi», AKUH
€ BiAnoBinanbHUM 3a OiOCHHTE3 TaKCTOMiHY i Horo nepeOyBaHHSI B 6e3I0-
cepenHid OJU3bKOCTI Bifl reHiB, 110 KOAYIOTb HePUOOCOMHI NENTHUACUHTETa3n
(txtA i txtB) mepeKOHJHBO MOKa3yioTh, 110 BianosinHui (GepmeHT (stNOS)
MoxKe OyTH 3a/yuyeHUH 10 HiTPYBaHHS TAKCTOMiHIB (pHC. 4).

[lopylieHHs1 TeHy 70S 3HAUHO 3MEHIyBaj0 BUPOOHULTBO TAKCTOMiHY.
[Ticns nomaBanHss NOS cuHTe3 (hiTOTOKCHHIB OYB 4YaCTKOBO BiIHOBJIEHHH
[26]. OnHak, He HiTpOBaHi TaKCTOMiHH He OYyJH BUSIBJEHI Y KUBUJIbHOMY
cepeNoBHILi y HOKAyTHUX 110 TeHy nos wraMiB Streptomyces turgidiscabies.
[uribiTopu mNOSs, ki 6ynu nonaHi y KUBUJbHE CEpPENOBHILE I/ POCTY
Streptomyces turgidiscabies miTamy NHKOTO THUIY MPU3BENH 0 3MEHLIEHHS
CHUHTe3y TaKCTOMiHy 06e3 Oyab-aKoro edekTy Ha picT uux Oaxrepii [26]. Lle
MOSICHIOETHCSl 3MEHIIEHHSIM CHHTEe3y TOKCHHY, TaK §IK iHTiOITOpPU 3HUXKYIOTb
aktuBHicTb NOS. Kpim Toro, ekcnpecisi reny stNOS, BBenenoro y E. coli,
nokasasa, o HiTput yTBoproeTbcsi 3 NOHA i BiH € KiHLEBUM MPOLYKTOM
peaxkuii NO 3 kucHem. Byso nokasano, 1o npu Bukopuctanti °N-L-aprininy,
HITPYBaHHS TaKCTOMiHY BinOyBaeTbCsl 3aBASKH T'yaHIIMHOBOMY paauKasly
L-aprininy. NOS e enuHOo BimoMuMm (pepMeHTOM, SIKHH OKHUCHIOE a30T Tya-
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Puc. 4. Cunrte3 takcrominy A 'y Streptomyces turgidiscabies |24

Fig. 4. Synthesis of thaxtomin A in Streptomyces turgidiscabies |24]

HinuHy L-aprininy 3 ytBopeHHsiM NO. Takum 4yuHOM, 3p06J€HO BUCHOBOK,
mo NOS e ogHuM 3 K/I104OBUX (DepMEHTIB, KHU Oepe yuacTb y HiTPyBaHHI
tpuntodanosoro (Trp) ¢pparmenty [26]. BiocunTteTnuni peakuii HiTpyBaHHS
B OCHOBHOMY MNpOTiKalOTh NpH OKHUCHeHHi amiHiB [11]. Ximiuni mexanizmun
NOS-3anexHoro HiTpyBaHHS, UMOBIpHO, Ay»Ke CKJAMHI i MOXKYTb BKJOUATH
B ceOe U iHIUI peakllii, OCKiJIbKU NyKe CKJIAAHO cOOi YSIBUTH, 10 iHAOJbHUN
3aMiCHUK TPUNTO(aHy MoxkKe Oe3rnocepeHbO B3aeMOIISITH 3 OKCUAOM a30Ty,
Xoua BiJTbHOpamUKaabHi (OPMH OKCHAY a30Ty, Taki, gk HiTpodiym (NOT),
nepoxcunitTpua (ONOO™), nitponiym (NO*?), a6o miokcun asory (NO,), gk
BiOMO, 31aTHi HiTpyBaTH apoMmaTuuHi paaukanu [27]. Llikaso, wo wramu
Streptomyces nounHaOTb HITPyBaTH TOKCHH y MicLli iH(iKyBaHHS, KOMU Bil-
6yBaeTbCs PO3BUTOK KopeHiB [24]. ¥ pocaunax NO, gk Binomo, BUCTYTae K
CUTHAJ/IbHA MOJIEKYJa, IKa aKTUBY€ UMCJICHHI IIPOLIECH: TPOMi3MH, LBiTiHHS,
YTBOPEHHSI KCHJIEMH, PICT KOPEHiB, afamnTalliio i cTpec-BiAnoBiap, Touwo [51].
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LlikaBo BingdHauuTH, 110 natoreHHa npoaykuiss NO Takox crpusie 3poCTaHHIO
TKaHHUH 1 IX KOJIOHi3aLil.

[licns nokazy npuuyetHocTi StINOS 10 6i0CHHTETHYHUX peakLill HiTpyBaHHS
OyJI0 MPOBEAEHO NOCHIIKEeHHS MOLIYKY MOAIOHUX OIOCMHTeTHUYHHMX peakLii
NOS y inmux 6axrepif. [loni6Hy BJIACTHUBICTH BHUSBHUJA TiJIbKM CHHTETa3a
okcuny azoty Deinococcus radiodurans (drNOS). Bona 3patHa karasmisy-
BAaTH CUHTE3 HEBEJMKHUX KilbKocTel 4-HiTpo-L-Tpuntodany in vitro, y pasi
BukopucTtanHus uyxkoi NOSred sk BinHoBHuKa [6]. o Toro x, drNOS crinbHO
BUAINSIACS Ta OYMLIAJacsd 3 He3BHUalHOWO Tpunropan-TpancnoptHoro PHK
CHHTETa3010, THM CaMHM 3a6e3reuyroun 3B’ 430K 3 MeTab0J1i3MOM TpUnTodany
[6, 7]. HasiBHiCTD Takoro He3BMYAHHOTO LEHTPY 3B’3yBaHHS TPHUNTO(DAHY Y
TrpRS I o3nauae, mo ananoru TpuntodaHy 3 3aMiCHHKaMH B iHIOJbHOMY
KiJIbLi MOXKYTb po3midHaBaTucs i 3’enHyoTbes 3 TPHK 3a momomororo 1poro
depmenty [8].

Hiticno, TrpRS II npuennye no tpuntodan-crneuudiynoi TPHK Tpunro-
(haH, 4-HiTpo-TpHUNTOPaH ab0 S-TiNPOKCU-TPUNITO(AH 3 MAHKE OTHAKOBOIO CIie-
uudivnictio in vitro, Toni gk TrpRS I npuennye tiabku Tpunrtodan [9]. Tomy,
komriieke drNOS-TrpRS II moxe cunTedyBatu 4-nitpo-tpuntodan-tTPHK.
[Ipu3HayeHHs1 LUBOrOo HE3BUYAHHOTO MPOAYKTY HE3PO3yMiJo i Ha AaHUH yac
HeMae 10Ka3iB Toro, 1o 4-HiTpo-TpuUnTodaH MoxKe BXOIUTH 10 CKaany Oi/KiB.
Moxnuso 4-sitpo-tpuntodan-TPHK Buxkopucrosyetbcst D. radiodurans nis
NPOAYKLII 1le He BiAKPUTHX BTOPUHHUX MeTabOJIiTiB.

[Ipu neneuii rena NOS (Anos) y wramy Deinococcus radiodurans
pi3KO 3HHKeHa 3[aTHICTb N0 BinHOBJeHHS micas Y P-BunpomiHioBaHHs [38].
D. radiodurans Moxe BHXXHBATH B IOCUTb »KOPCTKUX YMOBaX, TAKUX SIK BHU-
CYLIYBaHHS, OKUCHIOBaJIbHE MOLIKO/PKEHHS i pafialliliHi BIJIMBU Y MOPiBHSHHI
3 iHwumu opranizmamu [4]. I1pu neneuii Anos BinOyBaeTbcsi He3HAUHE YTIO-
BiJIbHEHHS1 POCTY y PiAKil KyJbTypi 3a BiACYTHOCTi cTpecy y MOPiBHSIHHI 3
JUKUM THIOM, aje npu Aii Y P-BUNpPOMiHIOBAHHS BiIMiHHOCTI MiXK LITaMaMu
Besuki. [IIBualle 3a Bce poJib OKCHAY a30Ty npu ¥ P-BUNPOMiHIOBAHHI He B
3aXMCTi, a B CHUTHaJi, SKHUH BiIHOBJ/IOE MNpodidepauito KIiTHH. [IpoBeneHus
exkcriepuMeHTiB 3i cneundiunumu MPHK nokasado, uio neski renu aucepen-
LifHO peryJ/olThCsl TeHOM 10S MiC/s ONpOMiHEHHsS. 30KpeMa, aKTHBYEThCS
reH obg, o konye mani ['Td-3B’s13yBasbHi OinKH, sIKi 6€pyTh yyacTb y Bil-
HOBJIEHHI KJiTHH mic/as Y P-onpoMiHeHHs y LUTaMy AMKOrO THIY, Ha BiAMiHY
BiZl WITamy, y sikoro BuiaydyeHo red Anos [38]. OtpumaHni naHi 103BOJSIOTH
NPUITYCTUTH BaXK/JUBY PEryNsiTOPHY POJIb OKCHIY a30TY.

Ha Binminy Bin ¢dysxuii stNOS ta drNOS cunrerasa okcumy asory
pisaux BuniB Bacillus (bsNOS i baNOS) BuxkopucToByeTbCS /51 3aXUCTY
H6akTepill Big okcupganTHoro crpecy [17, 44]. BniuB Ha KJIITHHU MiJTiMOJISIPHUX
koHueHTpauiid H,O, npusBoaUTE 10 yTBOPEHHS MIPOKCH/IBHUX PAlIUKAIiB, AKi
3'IBJIAIOTbCS 3aBASKU peakuii PeHToHa (puc. 5), MpH LbOMY BinOyBaeThCS
nowkokeHHsa JIHK i sarubeqb KiiTHH.
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H,0, OH  + oH nomkomkennst JTHK
2+ \
Fe Fe3+
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Tiopenoxkcun ~—————| iHrioyBanus NO
TiopenokcuH peaykrasa

Puc. 5. IHri6yBaHHSI OKCUAOM a30Ty (hepMEHTY TiOPEJOKCHH peayKTa3u
y B. subtilis ma B. anthracis [17]

Fig. 5. Inhibition of tioredoxin reductase enzyme in B. subtilis, B. anthracis
by nitric oxide [17]

[Ipore, xosu no B. subtilis nmonepenHbo, 3a 5 CEKYHI 0 BIJIUBY H,0,,
J0[laBa/d OKCUI a30Ty, BUKMBaHHS KJiTHH 36isbliyBasnocst B 10 pasis [17].
Honasanua NO a6o omnouacuo 3 H,O,, ab6o micis H,O, ne Bukmukae mnopi-
6unoro edexty [17]. Kpim Toro, okcua a3oTy MoxKe akTUBYBaTH MEBHi TeHU Y
B. subtilis i E. coli nns 3axucTy Bil OKCUAAHTHOTO i HiITPO3AaTHBHOTO CTpe-
ciB [17]. Lle#t edexT He moB’si3aHUH 3 eKCIPECi€l0 3aXUCHUX TeHIiB, TaK §IK
3aXMCT KJiTHH CTaBCS Bipasy MicJjs 10aBaHHS B CEPeOBUILE OKCHIY a30Ty.
Iram B. subtili s 3 nedeKTHUM TeHOM 710S CTaB UYTJUBILIUM [0 OKHCHIO-
BaJIbHOTO TOLIKOXKEHHS Hacamiepes yepe3 30i/blleHHs] PiBHS BiIHOBJIEHHUX
tioniB [17]. Tomy i BUHUMKJIA TinoTes3a, 1110 OKCHM a30TYy, SIKUH yTBOPIOETHCS
B NO-cuHTeTa3HUX peaklisiX, 3MeHIye OKHUCHI MOLUKOMXKEHHS LIJISXOM iHTi-
O6yBaHHSl (hepMeHTYy TiopedOKCUH penykrtasu. Lle#i eH3uM BinHOBJIOE Tiope-
noKcuH. TiopenokcuH HeoOXiAHUHU /IS BiIHOBJEHHS 3aJi3a, a 3aBASKU HOMY
i yrBoprototbest OH' pamukasu, o ymkomkywots JTHK (puc. 5). Kpim Toro,
OKCHJI a30Ty aKTHBY€ KaTanasdy B. subtilis. Anasoriuni ¢pyHKLii 6yau 3HaleH]
y baNOS [44]. 3nauny poJsib y npouecax BHKUBaHHS B. anthracis Bigirpae ii
NO-cunTerasa. Bimomo, 110 ¢arouutu yTBOPIOIOTh BEJIHKI KiTbKOCTI OKCHLY
a30Ty, a TaKOXK BiJIbHOPAIMKaJbHI (DOPMHU KUCHIO Ta a30TY Y BiNOBiAb HA {0
natoreHiB. Ha mopesi cuctemHoi iH(eKLii MOKa3aHo, 110 CIIOPY MYTAaHTHOTO
NOS-wiramy B. anthracis BTpadawoTb BipyJaeHTHicTb [44]. NOS-3anexuuit
3axucT B. anthracis Bin BinbHUX paauKagiB MakpodariB Takui caMuil fK y
B. subtilis. 3a nonomororo NO akTuByeThcs OakTepiajsbHa KaTasnasa i 0.10-
KyeTbesi peakuisi Pentona. Kpim toro, Binmiueno ingykuito cunresy NO y
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NaTOreHHUX LUTAaMiB Yy BiANOBiAb Ha «AMXaJbHUHA BUOYX» (DArouuTiB, SKUH
€ 3axHUCHUM MexaHidMoM xassiiHa. Takum unHoMm, NO 3axuiae 6akrepio Ha
paHHiX crtamisx iHdekuil. ¥ S. aureus Takox € nopibHa 3axMCHa CHCTeMa,
sKa 3a/exXuThb Bif cuHTe3y okcuny azory NO cunrerasoro [17].

YuacTb CUHTETa3W OKCUY a30Ty B 3aXUCTi OaKTepiil Big aHTUOIOTUKIB

AHTHOIOTHKH, TaKi 9K MOXimHI JlaKTaMiB, aMiHOTJIIKO3H/IiB, XiHOJNOHIB Ta
(peHO3MHIB 4aCTKOBO NPOSIBJSAIOTb CBOI0 TOKCHUHICTb 32 paXyHOK reHepallii
akTUBHUX (hopM KucHI0. OKCHZ a30Ty 3axullae TPaMIO3UTHUBHI OakTepii Bif
okcupantHoro crpecy [17]. Tomy 6y/a0 3po6JeHO MPUMYILIEHHS, 110 OKCHJL
a30Ty MoOxe Opatu ydyacTb y (OpMyBaHHi OaKTepisiMU PE3UCTEHTHOCTI N0
anTtubioTukiB [19]. dns nepeBipku uiei rinotesu 6yau BubpaHi pisHi aHTUMI-
KpoOHi nmpenaparty, Taki K, akpudaasiH, nioliaHid i ueypokcum, ki Oymnu
nonani 1o Anos myTtaHTiB 6akTepiil.

AxkpudaBid BUSIBUBCS HAHOI/bIL CUIBHUM iHTiOiTOpOM pocTy Anos MmyTaH-
TiB cepen aHTUOiIOTHKIB, 110 iHTepKaMoTh Y JIHK. Akpudiasin micTuth nBi
apoMaTH4Hi aMiHOTpyNH, 5IKi HeoOXiaHi g nposiBy TokcuuHocTi. Kpim Toro,
OyJ10 TOKa3aHo, 1110 aKpU(]/I1aBiH 3AaTHUH reHepyBaTH aKTUBHI paiuKaJ/H, fKi
nowkoKy0Th JIHK 6akrepiit [19]. [Ipu ximiunilt B3aemonii akpudapiny Ta
OKCHIy a30Ty OyJI0 BCTAHOBJIEHO, 1110 MTPOAYKTH oKHcHeHHS NO npusBoasTh
J10 HITPYBAHH$ apUJIAMiHOBUX TPYIL.
B pesyJabrati 1poro KaTioHu apuJ-
Nia30Hi{I0 WBUAKO TiIPOJIi3YIOThCSH O
3 BUBIJIbHEHHSIM MOJIEKYJISIPHOTO H,N -
a3oTy i (popMyBaHHSIM MEHI TOK-
CUUYHUX TOXIAHUX AUTIAPOKCHAPLIU-
nuHy (puc. 6). ITpu nonepennbomy
3MilyBaHHi akpudaasiny i NO y
MOXKHBHOMY CepeloBHLLi 10 iHO- O O
KyJsuii 6akrepidl OyJ0 BinMiueHO +N=N Nt N=N T
3HUXKEeHHS iHTiOyBaHHSA POCTY cl
Bacillus subtilis i Staphylococcus S H.O
aureus akpuQIaBiHOM. J ?

Cam NO y BuUKOpHUCTaHi# KOH-
LeHTpauUil He MPUrHiuyBaB picT =
6axktepiii. Takum uunom, NO,

HO N OH

CUHTE30BaHUM 3a y4yacTIO CHHTe-

: cl -
Tasu OKCUIAY a30Ty, MOAU(DiKye CH;
akpudJaBiH i Le NpU3BOAUTH 10
3HHKEHHS HOr0 aKTUBHOCTI i1 0iv0 Puc. 6. Mexanism neperBopenHs

akpudaapiHy 3a nonomoru 6akrepiajbHOT

uc. 6) [19]. AkpuguHoBU# TTOMa-
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by bacterial nitric oxide synthase
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MiKpOOHY Mil0, OCKilbKM MicTHTb MeTH/IboBaHi NH,-rpynu, ski ne snmathi
B3aemonisitu 3 NO™.

[Ipuponnuii TokcuH miouianid (1-rinpokcu-5-mMeTHN-(heHA3KH), TKUH CHH-
Te3yeTbcst Pseudomonas aeruginosa € CTPYKTYPHUM aHAJIOrOM akKpUQaaBiHy
i BIiH BUKOPUCTOBYETHCS [/ KOHKYPEHLIl 3 {HIIMMH [POKapioTaMu 3a €Ko-
qoriyny Hiwy. Tomy wramu Bacillus subtilis, y KUX € HeJeliss B TeHi nos
YyTJAUBILII 00 Aii MiOLiaHiHy HiXK LITaMU AUKOro Tuny. [lonaBaHHSI OKCHULY
azoty no wramiB Bacillus subtilis Anos BinHOB/IOE picT LMX OakTepii y
npuCcyTHOCTI miouiaHiny. IlioliaHin BinpisHAEeTbCS 32 CBOEIO CTPYKTYPOIO Bil
akpu(JJIaBUHY BiICYTHICTIO apU/IaMiHOBUX TPYI, i ToMy BiH He pearye 3 NO™.
Bcranosneno, 1o npu Aii miouiaHiHy y cTauioHapHid (asi pocTy OakTepii
Anos y KJIiTHHAX HAKOMMYYETbCS Y BEJHUKIH KiJbKOCTi CylepoKCHAaHiOH, a
wtamu Bacillus subtilis 3 neneuieto B reHi Asod 11e 4yT/auBilli 10 NioliaHiHYy.
Kpim Toro, akTuBaLisi CHHTE3y OKCHIY a30TY MiJCU/IIOE eKCIIPeCito reHy sodA.
TakuMm 4MHOM, OKCHI @30Ty MiABHUIIY€E KOHLEHTPALIIO CyNepPOKCUAIUCMYTA3H
y Bacillus subtilis, sixa 3axuinae 6akrepito Bin aii miouianiny [19].

Oxcun a3oty eeKTUBHO 3anobirae TakoxK TOKCHYHIH [ii JaKTaMHUX aHTHU-
6ioTukiB Ha Bacillus subtilis. OCHOBHOIO MillleHHIO JJAKTAMHUX aHTHOIOTHKIB
€ npoliec 6ioCUHTEe3y KOMIIOHEHTIB KJiTUHHOI CTiHKH, X04a € i iHIIi MeXaHi3MH
nii. Hanpukaan, amniuuain npurhidye pict E. coli mwiasixoMm iHAYKUil OKCH-
JaTUBHOro ctpecy. Ha KOpUCTb LIbOr0O CBiIUUTh 3HUXKEHHS OaKTepULIUIAHOTO
e(eKTy JaKTaMiB 32 MPUCYTHOCTI XesjaTtopa 3aniza Oinipuauay abo racHuka
peakTHBHUX (QopM KucHIO TioceyoBunHu. Tak sk NO/NO* 3axumaoTs 6auuim
Bil OKCUIATHBHOI'O CTPECY i He pearyoTh 3 JJaKTaMaMH 0e3MocepeiHbo, aBTOPU
3poOuK mpunyileHHs, mo akTuBHicTh B NOS 3a6e3neuye 3axuct 6akrepii
BiJ JlaKTaMiB LLJISXOM Cympecii okcunaTtuBHoro ctpecy [19].

PeryaatopHi ¢pyHKUiT okcuay a3oty y 6akrtepii

Y npokapioTiB OKCHI a30Ty TaKOX Oepe y4acTb y PeryJsTOPHUX Mpolle-
cax. L1 ¢yHKLis peanidyeTbCcs uepe3 MpsIMy B3aEMOiI0 3 MeTaJ0KO(aKTO-
pamu, ab0 ULISXOM S-HiTPO3yBaHHS 3anullKiB 1ucTeiny. ¥ ccaBuiB NO, gk
BiIOMO, peryJ/itoe akTUBHICTb pocdartas, KiHas i TpaHCKPUILIHHUX (PAKTOPiB,
takux gk HIF-1, NF-kB, i PHP-Keapl 3a nonmomoru S-nitposuntoBanus [32,
33]. ¥ OGakrepiii Takoxx Oynu 3HauneHi neski NO-3anexXHi TpaHCKPHUILiHHI
¢axtopu: NorR, akuil akTuBye Tpu pi3HUX (epMmeHTa, 110 6epyThb y4acTb y
metabonaiami NO (NO penykrasa, (iaBopyOpenokcuH, ¢piaBoreMoraobin);
NsrR — cencop NO i/a6o wiTputis, sikuii aktupye 3anexHi six NO saxucHi
MexaHi3MHu KJaiTHHM; NnrR, 110 akTHBye TpaHCKpPHUIILiIO reHiB AeHiTpupika-
uii y mpucytHocti NO [47]. Kpim Toro, 6yau 3HadineHi e KiJabka iHIINX
tpanckpunuidaux perynastopi. Lle SoxR, OxyR, FNR, MetR, i Fur, xoua
OCHOBHa (DYHKLisl KOXKHOTO 3 HMX IOJIArae y pearyBaHHi Ha iHIUI CUTHaJIU
(cymepoKcu, epekuc BOAHIO, KHCeHb, FTOMOLKUCTEIH i 3a71i30, BiamoBigHO) [47].
Jlesiki 6akTepianbHi CeHCOPHI KiHa3u XapakTepHi TibKu aas Mycobacterium
tuberculosis, nanpuknan, DosS/DosT, fki € pefoKC Ta TiMOKCHUHMMH CeH-
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copamu [28] i H-NOX-rictununkinaza, sika € natuyukom 3B sisyBaHHsS NO
[39]. ¥ GakTtepiit 6arato pi3HUX CHCTEM, YYTJAUBUX IO OKCHAY a30Ty, TOMY i
Bi[MOBib Pery/JsiTOPHUX CHCTeM Ha Lied areHT Moxxe OyTH pi3HOMAHITHOIO.
[Tponykuis NO cunTeTasow okcuny asoty y Bacillus subtilis akTuBye TeH
bmp, skuil Konye (aaBoremoryodiH. Bin 6epe yuacTb y neTOKCHKallii OKCH-
ny asotTy. Llell reH TakoxK peryJ/iroe TPaHCKPUMUIHHI (akTOpH, LIO MiCTAThb
Fe?*, Ta 0® — ocHOBHuUIl cTpec-peryasitop 6akTepianbHux KaiTuH [34, 42]. B
CBOIO Yepry OKCHI a3oTy peryntoe 0iaKd, siki KoHTpoJwioTbes Fur, PerR,
OhrR, Spx, ta o® perynonamu [22]. Tpanckpunuiitauii pakrop PerR konTp-
OJIIOE CHUCTEMY aHTMOKCHAAHTHOTO 3aXUCTy y B. subtilis, y ToMy uuCJi reH
katasnasu katA [21]. Biporigno, o NO-3anexxna inaykuist PerR nos’sizana i3
3aXHUCTHUM e(peKTOM CHHTETA3U OKCULY a30Ty Y Bacillis Bii OKUCHIOBAJIBHOTO
crpecy. ¥ D. radiodurans okcun asoTy, SIKUH YTBOPIOETbCS 3a NOMOMOTH
CUHTETAa3! OKCHIY a30TY, € CUTHA/JIbHOI MOJIEKYJIOI0, sIKa PEryJilo€ MeHH, 10
BIAINOBIAAIOTH 3a BiAHOBJIEHHS Ta MpoJliepaLilo K/IITHH Micjas paaialuidHoro
MOLIKOIKeHHS. 3a 1ie BiANOoBiAa0Th AesKi TPaHCKPUMLiHHI (hakTOpH, Taki K
obg [38]. Tloni6Hi anamoru icHyoTb i y ccaBuUiB. ¥ P-onpoMiHeHHS iHAYKY€
crielM(iyHy CUHTETa3y a3oTy, L0 MPUBOAUTH A0 S-HITPO3UIOBAHHS i aKTH-
Balii TpanckpunuiiHoro (akropy HIF-la [31].

Taknum umHOM, GakTepiasbHi CHHTETa3u OKCHAY a30Ty € aHaJOTaMu LUX
(bepMeHTIB y cCaBLiB, X04a iCHYIOTb AesKi BiAMIHHOCTi y OY10Bi LIbOTO €H3UMY.
Y npoxapioTiB CHHTeTa3a OKCHAY a30Ty BUKOHYE 3aXHUCHYy Ta peryJ/siTOpHi
(yHKLIT.
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BAKTEPUAJIbHBIE CUHTETA3bl OKCUIA A30TA

Pedepar

B craTbe npencTaBieH 0630p COBpEMEHHBIX HAayYHbIX MyOJaUKALUE O MO-
JIEKYJISIPHOH CTPYKType, Mexanusmax cuHteza NO, MoJsieKy/IsipHOU OHOJOTHH,
reHeTHKU U OUOJIOrHYecKUX (DYHKUUSIX OaKTepUabHbIX CUHTEeTa3 OKCHA a30Ta.

KnoueBbie cnoBa: GakTepuasbHble CHHTETa3bl OKCHIA a30Ta, T'eHbI
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BACTERIAL NITRIC OXIDE SYNTHASE

Summary

The article provides the overview of modern scientific publications on
the molecular structure, the mechanisms of synthesis of NO, molecular
biology, genetics and biological function of bacterial nitric oxide synthase.

Key words: bacterial nitric oxide synthase, NO-synthase genes,
regulation and signaling function.
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EFFECTS OF DRY ENZYMATIC LYSATE
DEL-IMMUNE V® ON CYTOKINE PRODUCTION
IN THE EXPERIMENTAL MODELS

Prior testing of Del-Immune V@ has indicated effectiveness for immune
system support; however, mechanisms of action and optimal doses have not
been researched yet. It is shown that the drug Del-Immune V©, a dry enzyme
lysate of the strain Lactobacillus rhamnosus V, containing muramyl peptides
and DNA fragments in the range of doses of 5—500 mg/mouse (optimum
50 mg/mouse) is an active inducer of IFN, it affects the production factor of
tumor necrosis (TNF) in systems in vivo and in vitro. Its inducing activity
is comparable with the data obtained while using complex probiotic Bifidim,
but the live cells of bifidobacteria, being a part of the drug more efficiently
stimulated production of TNF in vitro in comparison with Del-ImmuneV@.
The levels of cytokine production under the influence of drugs in the in vivo
correlated with the production of cytokines in the system in vitro. The highest
serum IFN level was reported 24 hours after the drugs administration. The
control group remained unchanged. Maintenance of elevated circulating
IFN was possible only through repeated administration.

Key words: Del-Immune V°, Lactobacillus rhamnosus V, probiotic Bifidim,
interferon, tumor necrosis factor, immune system.

Among a large number of presently known therapeutic products utilizing
lactobacilli, cell wall peptidoglycan is enjoying growing popularity as an
immunomodulator which contains, among the other things, the fragments
of DNA and cell peptidoglycan of the lactic acid bacteria Lactobacillus
rhamnosus V(DV Strain). Del-Immune V® (manufactured by Pure Research
Products, LLC, Boulder, Colorado) was registered by the US Food and
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Drug Administration in 2002 as a food supplement for immediate immune
system support.

The biochemical structure of Del-Immune V® and preliminary
experimental and clinical data indicate that Del-Immune V® may be
highly effective in infectious diseases of viral (flu, hepatitis C), bacterial
(bronchitis), and fungal etiology, allergies of all severity levels, asthma,
chronic fatigue, and fibromyalgia [10, 24]. The mechanism of such a wide
scope of biological activity of the formulation is still unclear. The goal of our
research, therefore, was to study the mechanisms of the immunomodulating
effects of Del-Immune V® and to describe their dose-dependent effects on
production of immunoregulatory cytokines in vivo and in vitro.

Last 5 years and previous investigations have been marked by
increasingly active study of the mechanisms of the immunobiological effects
of probiotics and bacterial medications [8, 9, 12, 25, 26]. As a result, bacterial
medications such as liastenum (blasten), deodan, licopid, prodigiosanum,
salmosanum, sodium nucleinate, MC (molecular composition — yeast DNA
and Tilorone), biostim, BCG, rumurtide, ribomunyl, and lactolin are being
used, in both trials and clinical practice, for different pathologies [10, 17,
23, 24]. The adjuvant effect of BCG and the immunomodulating activity of
formulations containing the derivatives of lactobacilli, such as liastenum
(blasten, Lactobacillus delbrueckii) and deodan (Lactobacillus bulgaricus),
have been associated with peptidoglycans and their structural components,
muramyl dipeptides (MDP). The most active analog of MDP, MurNac-L-
Ala-D-Glu-NH,, has demonstrated the adjuvant and pleiotropic effects and
is capable of inducing a number of cytokines: IL-1, tumor necrosis factor
(TNF-a), IL-2, IL-6, IL-8, IL-12, and interferon gamma (IFN-y) [9, 12].

These cytokines in turn stimulate nonspecific cytotoxicity of normal
and effector lymphocytes and natural killer cells (NK), and coordinate the
body’s immune response, depending on the nature of the aggressive agent
and the T-helper differentiation (Thl or Th2) [2, 9, 12, 26].

These properties of peptidoglycans indicate the basis for creating
immunomodulating formulations for clinical use. Lactobacilli generally
recognized as safe (GRAS) group are good sources of peptidoglycans.
Toll-like receptors TLR4 and TLR2 for MDP and peptidoglycans have
been identified on the surface of lymphocytes and macrophages [25]. The
fragments of probiotic bacterial DNA are interesting because of their
capacity to stimulate production of cytotoxic lymphocytes and NKC, activate
the complement system, heighten cytostatic and cytotoxic activity of
macrophages, and regulate production of immunoregulatory cytokines [25].

Owing to the TTTCGTTT DNA pattern of the strain, Lactobacillus
rhamnosus GG was found to be a factor preconditioning immunobiological
activity of the probiotic producer [8]. Thus, CpG DNA are identified with
the help of TLR9 and TLR10 expressed in the intercellular (endosomes) cell
compartments. CpG DNA identification with TLR9 and TLRI10 results in
activation of neutrophils and cytokine production [6, 15, 25].
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Materials and methods

The study examined the dose-dependent effect of Del-Immune V® on
production of immunoregulatory cytokines in nondescript mice with body
mass of 14—16 g. One hundred forty animals were selected on the basis of the
analogue principle, and were divided into 7 groups of 20. The animals were
fed balanced rodent food and water ad libitum. Group I, II, and III of mice
received 0.5 ml of aqueous solution of Del-Immune V orally in doses of 5, 50,
100 and 500 pg/mouse respectively for 5 days at 24-hour intervals. Group
IV of mice were administered 0.5 ml Bifidim suspension (control probiotic
medication) orally in the dose of 50 pg/mouse on the same schedule. The
Bifidim was a dry mass of antagonistic bifidus bacteria immobilized on
enterosorbent in combination with ascorbic acid (Intervetmed Ltd., Kiev,
Ukraine). Group V of mice were administered 0.15 M NaCl. Group VI and
VII mice were used to study the interferonogenous activity of a single
administration of 50 pg/mouse of Del-Immune V® (Group VI) or Bifidim
(Group VII). Cytokine production by IFN and TNF was examined in intact
and treated mice in 8 hours after initial administration and then every 24
hours for the next 5 days. For this purpose, several mice from each group
were killed by cervical dislocation; blood serum, [13] peritoneal exudate
macrophages (PEM) [13] and spleen [16], from which splenocytes were
harvested [16] from each group of mice for testing.

The optimal dose of Del-Immune V® was also tested via in vitro induction
of immunoregulatory cytokines in splenocytes and PEM (1x107 cell/ml)
of treated and intact mice by culturing cells with the formulation in final
concentrations of 5, 50,100 and 500 pug/ml. Interferonogenous activity of
the tested formulations was assessed in comparison with Bifidim 50 pg/ml
and standard inductors (IFN-a; Newcastle Disease Virus, NDV—10 TCDBO/
cell; IFN-y; phytohemagglutinin, PHA—20 pg/ml; Difco; TNF, LPS E. Coli
0111—4 pg/ml—Sigma USA). The levels of cytokine production (IFN and
TNF) were determined in 6, 24, and 48 hours after incubation of the cell
with the formulations.

Biological activity of TNF was assessed by cytotoxicity in the passaged
culture of murine fibroblasts L-929 [13]. The result was recorded on a
multiscanner (Dynatech, Switzerland) with a wavelength of 540 nm. The
cytotoxicity index was calculated using the formula CI = K-O/Kx100%,
where K and O represent optical density values for the cell in the culture
medium (RPMI 1640 with 10% FCS). The calibration curve based on
standard recombinant TNF formulation Sigma was used for standardization
of the cytotoxicity index [7].

IFN levels in cell cultures and serum were measured using standard
microtitration in the passaged cell culture L-929 against 100 TCD 50
indicator virus (vesicular stomatitis virus, Indiana VSV) with constant CO,
level [13]. The significance of the results was analyzed by Student-Fisher
t-test. Differences of P < 0.05 were considered to be significant [11].
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Results and discussion

Daily oral administration of Del-Immune V® or Bifidim to Groups
I-1II in the course of 5 days in doses of 5, 50, or 500 pg/mouse resulted
in marked increase in IFN levels in blood serum (Figure 1). The optimal
interferonogenous dose was found to be 50 pug/mouse (Group II). After
24 hours of observation, circulating IFN levels in Group II reached
4.5+0.5 log, U/ml. After repeated administrations, levels reached 5.5+0.7 log,
U/ml, in comparison with 2.0+0.7 log, U/ml in the control group (Group V).
Further administration of Del-Immune V® in a dose of 50 pg/mouse on day
3 allowed for maintenance of the 5.5+0.5 log, U/ml level. Administration
of the formulation on days 4 and 5 resulted in nonsignificant decreases in
circulating IFN levels. When Del-Immune V® was administered in doses
of 5 and 500 pg/mouse (Groups II and III), findings were similar, although
maximum interferon levels were not as high.

(=2}
|

IFN titers, log,

N
.

g | - — -

Del-Immune V® 50 mg/mouse 500 mg/mouse Bifidim 50 Control
5 mg/mouse mg/mouse

( mDay1 BDay2 ODay 3 ODay4 mDay5 —‘

Fig. 1. Interferon activity of Del-Immune V and Bifidim in vivo

One-time oral administration of Del-Immune V® or Bifidim to mice in
a dose of 50 pg/ml resulted in increased circulating IFN level 8 hours after
administration. The highest serum IFN level was reported 24 hours after
administration, while levels in control group animals remained unchanged
(Table).

Forty-eight hours after administration of Del-Immune V®, serum IFN
levels in all active groups remained reliably enhanced in comparison with the
control group, but IFN was later eliminated from the body. The maintenance
of circulating IFN levels was possible only through repeated administration.
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Table
Murine Serum IFN Titers after One-Time Administration
of Del-Immune V or Bifidim
Studied Serum IFN titers, log,
formulations;
doses of 50 pg/ml 8h 24 h 48 h

Del-Immune V 4.00 +0,03" 4.40 +0,03" 3.41+0,03"
Bifidim 3.60 +0,01" 4.00 +0,03" 2.70 0,03
Control 2.00 0,02 2.00 =0,03 2.00 =0,03
* p< 0,05

The comparative analysis of interferonogenous activity induced by
formulations made on the basis of living bifidus bacteria cells (Bifidim) or
structural components of Lactobacillus rhamnosus V (Del-Immune V®)
was performed by testing the interferon-synthesis activity of leukocytes.
Splenocytes of the mice receiving experimental formulations were cultured
with NDV and TNF inductors, resulting in 2-fold increase of interferon
response in comparison with intact animal cells (Figure 2), indicating that
the experimental formulations positively affected immune response status.
Interferon status was determined by assessing circulating IFN titers (serum
[FN), [FN-a and [FN-a production by immunocompetent cells as a response
to adequate in vitro stimulation, and spontaneous IFN production.
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Del-Immune V® Del-Immune V® Del-Immune V® Bifidim Control
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Fig. 2. Interferon activity in splenocytes cultured with NDV and PHA inductors
following administration of Del-Immune V or Bifidim
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After administration of certain IFN inductors, capacity for enhanced
production of IFN-a and IFN-y was seen in splenocytes in 24, 48, and 72
hours after administration of the experimental formulations. One of the
contraindications for IFN inductor use is development of hyporeactivity—
inhibition of IFN production after repeated administration of the formulation.
Reiractoriness of animals was determined by assessing INF-a- and -y
levels in response to adequate stimulation. Decreases in IFN-a and IFN-y
production were reported on day 4 after the initial administration and
reached the control levels on day 5. In the Bifidim group, it was possible to
observe restoration of the interferon-producing capacity of immunocytes on
day 5, when activation of the interferon-synthesis capacity of splenocytes
was noted. These findings indicate that administration to mice of optimal
doses of the probiotic formulations Del-Immune V® and Bifidim on the
appropriate schedule stimulates IFN production and increases efficacy of
other interferonogenous inductors.

Preincubation of PEM cultures of experimental and intact animal cells
with Del-Immune V® and Bifidim resulted in cytokine synthesis stimulation,
as measured by IFN titers (Figure 3) and TNF concentrations (Figure 5).
Adding Del-Immune V® or Bifidim in the doses of 5, 50, or 100 pg/ml to
PEM cultures of experimental and intact mice resulted in IFN synthesis
(Figure 3). It should be noted that the interferon activity of supernatants
depended on the concentration of experimental formulations added to PEM.
Thus, when the concentration was 5 ug/ml, IFN production was much lower
than when it was 50 or 100 pg/ml, although it was still almost 6 times
higher than the control level. At the same time, concentrations of 50 and
100 pg/ml resulted in an accumulation of stimulated IFN titers with similar
values, indicating that the optimal dose for Del-Immune V® is more likely
to be close to 50 ug/ml.
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5 | 50 | 100 50 | 100 5 | 50 | 100 5 | 50 | 100 0
Del-Immune V® . Bifidim Del-Immune V® Bifidim Control
mg/ml mg/ml mg/ml mg/ml
Experimental animal Intact animal

| ®mDay1 mDay2 |

Fig. 3. Interferonogenous impact of Del-Immune V and Bifidim on peritoneal
macrophages; comparison of cultures of intact and experimental animal cells
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The highest IFN levels in supernatants were reported on day 1 of cell
culturing with experimental formulations. However, the levels of IFN in
the control group remained lower than in the experimental groups on both
days. Heating serum samples of the animals receiving Del-Immune V® or
Bifidim for 30 minutes at the temperature of 60 °C decreased their capacity
to inhibit reproduction of vesicular stomatitis virus in cell culture L,,,. The
physical and chemical properties of the IFN produced were characteristic
of IFN-a/p- and -y [13].

IFN-y is produced by sensitized T-lymphocytes CD4" and CD8* and
NK cells. IFN-y demonstrates a wide range of immunotropic effects,
provides for Thl differentiation of T-helpers, and stimulates expression on
membranes of HLA-DR antigens; without these functions, identification of
bacterial antigens or further activation of T-lymphocytes (including T-helpers
stimulating maturation of NK-cells as well as some subpopulations of
B-lymphocytes) is impossible [13].

IFN-y also participates in the immune response of macrophage cells,
inducing production of TNF and IL-1[13] and modulating their functions.
Therefore, the level of TNF, a pleiotropic cytokine produced by primed
monocytes and macrophages, lymphocytes, and NKC, was assessed in
murine serum (Figure 4) [14, 21, 22, 27].

Oral administration of Del-Immune V® or Bifidim in doses of 5, 50, or
500 pug/mouse resulted in endogenous TNF production. After administration
of Del-Immune V® or Bifidim in the dose of 50 pg/ml, serum TNF was
0.6 ng/ml (P < 0.05) and 0.8 ng/ml (P < 0.05), respectively, while in the
control group it did not exceed 0.3 ng/ml. Maximum production of this
cytokine was reported 8 hours after administration of these formulations.

control

Bifidim 50 pg/mouse
Del-Immune V® 500 pg/mouse
Del-lmmune V® 50 pg/mouse
Del-Immune V® pg/mouse

96

Observation period, h

@ Del-lmmune V® pg/mouse B Del-lmmune V® 50 pg/mouse O Del-lmmune V® 500 pg/mouse
OBifidim 50 pg/mouse M control

Fig. 4. Murine serum TNF dynamics after administration of Del-lmmune V
and Bifidim
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Del-Immune V® administered in the dose of 5 pg/mouse resulted
in insignificant increase in circulating TNF concentration to 0.4 ng/ml
(P > 0.05), in comparison with 0.3 ng/ml in the control group. It should
be noted that oral administration of Del-Immune V® in the doses of 50 and
500 pg/ml resulted in practically equal circulating TNF indices (0.6 ng/ml
and 0.7 ng/ml, respectively). This TNF production in vivo calls for further
studies since TNF mobilizes leukocytes, terminates inflammatory processes,
and plays an important role in the effector and regulatory networks of
body immune response. Enhanced TNF production leads to activation
of neutrophils, macrophages, and lymphocytes, thus strengthening anti-
infection immunity [14, 27].

TNF-induced cascade of induction signals results in gradual production
of IL-1 and IL-2, activation of T-lymphocytes, and generation of anti-
tumor effector cells—lymphokine-activated killers lysing different tumor
target cells. TNF intensifies the proliferative response in mixed culture
lymphocytes and tumor cells, and demonstrates adjuvant activity for
T- and B-lymphocytes. It should be noted that circulating TNF was quickly
eliminated from the body.

In vitro trials showed that adding Del-Immune V® or Bifidim in
concentrations of 5, 50, or 100 ug/ml to macrophages of experimental
and intact mice resulted in TNF production peaking 8 hours aiter adding
these formulations (Figure 5). TNF production potential of PEM was
dose-dependent. The optimal in vitro concentration of Del-Immune V® and
Bifidim was 50 pg/ml.
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Fig. 5. TNF production 8 hours after adding Del-Immune V, Bifidim, or LPS to
peritoneal macrophages of experimental or intact mice

TNF production by the macrophages of the experimental mice after
administration of a specific LPS inductor, Del-Immune V®, or Bifidim was
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more intensive than by PEM of the intact mice. Both Del-Immune V®
and Bifidim induced a higher immune response in macrophage cells of
experimental mice, resulting in enhanced production of IFN and TNF.
Cell-mediated immune regulation and stimulation of effector function
by macrophages are the indicators of the immunomodulating activity of
the above formulations. The dose-dependent responses of mice to these
immunomodulators should be tested in human subjects to determine
whether similar effects will be found.

Derivatives of microbial origin, including lipopolysaccharides (LPS),
MDP, and CpG DNA, are identified by immunocompetent cells with TLR
receptors [6, 25].

Thus, LPS E. coli stimulates mainly monocytes and macrophages [23].
The receptor for LPS is the antigen CD14, which is protein in the family
and it first interacts with microbial components aheading of TLR activation.

[t can be found on monocytes, macrophages, neutrophils, lymphocytes,
and bowel epithelial cells. Fixation of microbial derivatives with receptors
results in signal change in the given biological system, which stimulates
the synthesis and release of different immunity mediators or cytokines.
It should be noted that gram-positive bacteria, including lactobacilli,
activate the major class II histocompatibility complex, which induces IFN-y
and IL-12 necessary for Thl differentiation of T-helpers. Gram-negative
bacteria and LPS (a major component of the cell wall of gram-negative
bacteria; lipopolysaccharides are endotoxins and important antigens) induce
monocytic production of IL-10, inhibiting cytotoxicity activation of IFN-y
and secretion by T- and NK-cells [5]. Since clinical applications of LPS and
gram-negative bacteria are limited because of high toxicity, finding selective
immunomodulators is one of the main conditions for improving the efficacy
of immunostimulating therapy.

In this study, Del-Immune V® stimulated the functional activity of
monocyte-macrophagal murine cells. However, higher dosages did not
always result in higher efficacy. The success of immune active therapy can
be enhanced not only by new medications but also by their rational use.

The living cells of Bifidim stimulated in vitro TNF production more
intensively than Del-Immune V®. Cytokine production in vitro induced
by Del-Immune V® and Bifidim was compared with cytokine production
in vivo [3]. Induction of pro-inflammatory cytokines IFN and TNF by
Del-Immune V® and Bifidim in vitro suggests that these formulations
stimulated a nonspecific immune response in vivo. On the basis of these
results documenting the potential of oral Del-Immune V® and Bifidim to
stimulate synthesis of IFN-a/p- and -y as well as TNF, it should also be
noted that IFN-y can induce expression of TNF-a receptors on macrophages
[4]. These cytokines synergistically stimulate macrophage cells that, in
turn, intensify killing activity. [FN-gamma increases the expression of
class II MHC proteins on professional antigen presenting cells, and so
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promotes antigen presentation to helper T cells as well. It also enhances
the expression of important signaling receptors — Toll-like receptors,
important for the development of protection against viral infections
and hypersensitivity, as some of the ligands of these receptors regulate
the function of adhesion molecules such as CDI11b and L-selectin [25].
The synergistic activity of cytokine (IFN and TNF) production induced
by Del-Immune V® and Bifidim helps to demonstrate some therapeutic
effects of these formulations. The comparative study of Del-Immune V® and
Bifidim demonstrated that both formulations had a stimulating effect on
cytokine secretion activity of the splenocytes and macrophages necessary for
production of IFN and TNF. Bifidim contains living cells of bifidus bacteria,
while active substances of Del-Immune V® are MP (muramyl peptides)
and nucleoproteids of the probiotic strain Lactobacillus rhamnosus V. Del-
Immune V® demonstrated higher interferonogenous activity in vivo and in
vitro than Bifidim (Figures 1 and 3). However, in vitro, Bifidim stimulated
higher levels of TNF in comparison with Del-Immune V® (Figure 5).

The choice of probiotic formulation (live probiotics cells or structural
derivatives of probiotic cells) depends on a large number of factors, including
potential, mechanism, mode of administration and desired immune response.
The mechanisms of action of this group of formulations are most likely
multifactorial and include a number of signals, cell types, and receptors.
One characteristic of probiotic activity is selective effects on the immune
system of the macro-organism, whereby only those parts of the natural
immune response that require correction are altered [1, 27].

Probiotics demonstrate a variety of influences on immunological
processes, depending on the type and strain of the bacteria. For example,
bacteria L. fermentum and L. plantarum stimulate B-cell proliferation,
while L. acidophilus mainly causes induction of T-cell immune response
[19]. Incubation of different strains of lactobacilli with human peripheral
blood mononuclears showed that L. brevis, L. reuteri, L. lactis, L. casei
and L. plantarum stimulate, to varying degrees, production of IL-1, IL-12,
TNF-a, and IFN-y.® Similar findings show that L. plantarum, L. rhamnosus
and L. paracasei ssp. paracasei, when cultured with peripheral blood
mononuclears, intensify secretion of IL-12 [18].

Certain structural components of lactobacilli, including peptidoglycans
and DNA fragments, can also influence the secretion activity of human
monocytes in vitro through intensified production of IL-1, IL- 6 and TNF-a;
in vivo they can activate synthesis of E2 prostaglandin and activate the
system of complement and maturation of T-cell precursors [20].

In this study there were shown that the dry enzymatic lysate powder
of a special lactic acid bacteria Lactobacillus rhamnosus (DV Strain) Del-
Immune V® in the dose of 50 pg/mouse could actively induce IFN and
moderately stimulate the production of tumor necrosis factor, showing
significant promise as an immunomodulating preparation. Its natural
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origin, interferonogenous activity, safety, usability, and the possibility
of oral administration allow us to consider Del-Immune V ® as modern
immunomodulating medications.
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BJIMSAHUE CYXOI'O ®EPMEHTATUBHOI'O JIU3ATA
DEL-IMMUNE V® HA NPOAYKUUIO UUTOKUHOB B
EKCITEPUMEHTAJIbHBIX MOJEJIAX

Pedepar

Del-Immune V®, kax npenapaT conpoBOXIeHHs, NPOSBUJ BbICOKYIO
3(pPeKTUBHOCTb A/ MOANEPKKH UMMYHHOH CHCTeMbI, OJHAKO, MeXaHHU3Mbl
NeHCTBUSl U ONTHUMAaJbHbIE [03bI elle He uccaenoBanbl. [lokasaHo, uto mpe-
napat Del-Immune V®, cyxoii hepmenTaTuBHblil 1u3at wramma Lactobacillus
rhamnosus V, conepxxaiuuii mypamus nentuasl U pparmentsl JHK, B nua-
nasone 103 5—500 Mr/Mbllb (onTuMyM 50 MKI/MBIIIb) SIBJSETCS aKTHBHBIM
unaykropom MOH, Bausiet Ha npoaykuuto pakropa Hekposa onyxosau (PHO)
B CHCTeMax in vivo U in vitro. Ero nuHayuupyomas akTHBHOCTb CONIOCTAaBUMa
C TOKasaTeJssMH, MOJYYEeHHbIMH NPHU HCMOJb30BAHHU KOMIIJIEKCHOTO IpO-
6uotuka budunum, ogHako XKuBble KJAeTKH OU(DPUI0OAKTEPUH, UTO BXOAST
B COCTaB Ipernapara, 6ojee MHTEHCUBHO CTUMYJ/HpoBaau npoaykuuio GHO
in vitro cpaBHuTebHO ¢ Del-Immune V®. YpoBHu nmponyKuuy UUTOKHHOB
0[] BJMSIHHEM NpenapaToB B CUCTEME ifl Uiv0 KOPPeJHpPOBa/HU C MPOAYKLHU-
ell UIUTOKUHOB B cucTeMe in vitro. Haubosee Beicokue yposuu MPH nocse
npueMa npernapaToB BbISIBJEHbl HA | CyTKM 3KClepUMEHTa. B KOHTpOJIbHOU
rpynne ypoBHu MPH octaBanuch HenamenHbiMu. O6ecrieyeHne MoBbILIEHHOTO
ypoBHSl uupkynupytoumx MOH 6b110 BO3MOXKHO TOMBKO MOBTOPHBIM BBeJe-
HHMeM IpenapaTos.

Knwouesbie caoBa: Del-Immune V®, Lactobacillus rhamnosus V, npo-
6uoTuK bupunum, naTEphEpOH, (paKTOp HEKPO3a OMyXOJIH, UMMYHHAs CUCTEMA.
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BIJIUB CYXOI'O ®EPMEHTATHUBHOI'O JII3ATY
DEL-IMMUNE V® HA NPOAYKILLIKO LUTOKUHIB
B EKCIIEPUMEHTAJIbHUX MOJEJISIX

Pedepar

Del-Immune V®, sk npenapaT cynpoBo/y, BUSBHB BUCOKY e(DeKTHBHICTb
[JIS TIATPUMKH IMyHHOI CUCTEMH, OIHAK, MEXaHi3MHU Ail Ta ONTUMAaJbHi 103U
ue He focsimkeni. [Tokasano, mo npenapar Del-Immune V®, cyxuii dep-
MeHTaTUBHUH Ji3aT wramy Lactobacillus rhamnosus V, 0 MiCTUTb MypaMiJ
nentuny i pparmentu JHK, B nianasoni 103 5—500 mr/muuy (ontumym 50
MKI/MuLY) € aKTHBHEM iHaykTopoM I®H, BrnMBae Ha mpoaykuioo haxkTopa
Hekposy nyxaunu (OHIT) B cuctemax in vivo Ta in vitro. Woro inaykyioua
AKTUBHICTb OJIM3bKa N0 MOKA3HUKIB, ONEPXKAHUX NPU BUKOPUCTAHHI KOMII-
JiekcHoro mnpob6iotuky bidinum, nporte xuBi KJaAiTHHU OidinodakTepii, 1110
BXOASIThb 10 CKJALy Npenapary, Oilbll iHTEHCUBHO CTUMYJIIOBAJH MPOAYKLIiIO
®HII in vitro nopisusano 3 Del-Immune V®. Pini npoayxuii uutoxinis min
BIIJIUBOM IpenapartiB B CUCTeMi i 0ivo KOpPeJIoBaJU 3 NPOAYKLIE€ LUTOKIHIB
B cucTeMi in vitro. Hait6inbin Bucoki piBui I®H nicas npuilomy npenaparis
BUsiBJeHi Ha | noOy exkcriepuMeHTY. ¥ KOHTpoJbHIU rpyni piBHi I®H 3anu-
L1a/ucsl He3MiHHUMU. 3abe3neyeHHs MiABUIIEHOT0 piBHA LUpKymoounx [OH
OyJI0 MOXKJIUBO TiNIbKK Yepe3 MOBTOPHE BBEIAEHHS Npernaparis.

KnawouoBi caosa: Del-Immune V®, Lactobacillus rhamnosus V, npo-
6iotuk bidinum, iHTEeppepoH, pakTop HEKPO3y MyXJ/JIHHH, IMyHHA CUCTEMA.
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YYTJIMBICTb TPAHCTEHHUX POCJIMH LIMKOPIIO
3 TEHOM iHTEP®EPOHY AJIb®A-2B JIFOJUHU
110 YPA)KEHHSI BIPYCOM TIOTIOHOBOT MO3ATKH

[Iposedeno nopisuanua cmitikocmi 00 8ipYycy MOMOHOBOL MO-
saiku mpauceenHux pociur uyurxopito Cichorium intybus L. 3 cenom
inmepgepory-a2b rt00uHu ma BuUXIOHUX HEMPAHCHOPMOBAHUX POCAUH.
[lokaszano, uio nepernecenusn eena inf-a2b 0o pociun UuKopiro cynposo-
oacyemocs cunme3zom axmopy 3 BUCOKOK iHmMep@epoH-cneyu@iuhoro
aKkmugricmroo npomu 8ipycy geaukyriproeo cmomamumy. OOHak, ye He
npu3sodume 00 36iAbUeHH CMILKOCMI POCAUN UUKOpio 00 8ipycy mio-
M0OH0B0I M0O3aiKku, bilvuie Mmoeo, cunmes inmep@hepory cynposooHyemocs
Ni0BULLEHHAM BIPYCHO20 BPOHCAIO 8 MPAHCSEHHUX POCAUHAX.

Kawuwosi caosa: Cichorium intybus L., mparceenHi pocauHu, eeH
inf-a2b, sipyc mromoHosoi mo3aiku.

CyuacHi 6ioTexHOJIOTIUHI MeTOOM, 30KpeMa, FeHeTHYHa iHXKeHepisi, B
OCTaHHI NeCATU/IITTA aKTUBHO BUKOPUCTOBYIOTHCS I/l CTBOPEHHS POCJ/HH 3
HOBUMHM KOPHUCHHUMH O3HAaKaMM — CTiHKHX OO repOiuuaiB, OakTepiaJbHUX Ta
BipYCHHUX iH(peKLil, TaKUX, 110 He BPaKATbCS KOMaXaMH, 3 MOKPALLEHUMH
CMaKOBHUMH SIKOCTSIMM Ta iH. OJTHUM 3 NPOBiAHUX HANPSIMKIB € CTBOPEHHS TPaH-
CTeHMX POCJIMH, 110 MPOAYKYIOTh (PapMAKOJOTiYHO aKTUBHI OiJIKH, BK/IIOUAIOYH
aHTuTiza, ropmMoHu toulo [3]. Jo pocauH, M0 MOXYTbh OYTH BUKOPHUCTAHI 3
JIIKYBaJIbHOIO Ta NPO(iMaKTUYHOIO METOI, Ha/leXKaTh TaKi, 1110 TPOAYKYIOTh O,
P Ta y-iHTepdeponu JMOAUHU. [HTEphepoHH ABIAIOTL COO0I0 NPUPOAHI OiIKH,
SIKi MalOTb NPOTUBIPYCHY aKTUBHICTb Ta € CUTHAJAMH, L0 aKTUBI3YIOTbh 3a-
XUCT IIPU BIPYCHOMY ypPaKeHHi.

[ToxaszaHo, 110 iHTEep(pepOHU CUHTE3YIOTbCS Y TPAHCTEHHUX POCJAUHAX, 10
reHOMY SIKUX MepEeHeCeHO I'eHHU iHTep(depOHiB JIOAUHH, TPUUOMY iHTepdepoH
POCJIMHHOTO TOXO/XKEHHSI MOXKe MaTH MPOTHUBIPYCHY aKTHUBHICTb [6, 8, 13].
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[Ile y 1982 p. 6yJ0 3’sicoBaHo, 10 iHTEpP(EPOH JMIOAUHU € aKTHUBHUM NPOTH
BipycHuUX iH(eKuil psay pocsuH [11]. [IpoBeneHi y mogaabiiomMy 1ocaiaKeHHsS
MOKa3aJy, 10 y Pi3HUX POCJAMHHUX CUCTEMax JIOACbKUU iHTep(epoH MoxKe
O6yTH aKTUBHUM [14], ogHaK MOXKJ/MBA i BiACYTHICTb 3aXHCHOTrO e(eKTy iH-
TephepoHy y POCJHHAxX MpH iX ypaxeHHi ditoBipycamu [5, 7, 15]. Ockinbku
BKa3aHi JOCJiXKEHHS [IPOBEAEHO Ha Pi3HUX BUIAX POCJUH, CTAHOBUTD iHTEpeC
POSLLUUPUTH iX KOJIO 3 METOI0 BHU3HAYEHHS TOTO, YM € BUAOCHIELU(PIUHUM I10-
3UTUBHUH 200 HEeraTUBHUH NMPOTUBIPYCHUH edekT iHTepdepony. Hamu paniiue
[1, 2] 6ysi0 cTBOpEHO TPaHCIeHHI POCJUHU LIUKOPil0 3 TeHOM iHTepdepoHy-ab
JIOIUHH.

MeToto naHoi po6oTu OyJ0 AOCHIIKEHHS TOTrO, YU CIPUYMHIOE TepeHe-
CEHHH 0 LHMX POCJHUH TeH ifn-a2b CTiKiCTb 0O BipyCy TIOTIOHOBOI MO3aiKH
(BTM) Ta cniBcTaB/ieHHSI CTiHKOCTi a00 UyTJMBOCTi TPAHCTE€HHUX POCJHUH
no BTM 3 HasiBHiCTIO/BiICYTHICTIO MPOTUBIPYCHOI aKTMBHOCTI POCJMHHHMX
€KCTPaKTIB LI0L0 BipyCy BE3UKYJIAPHOIO CTOMATHUTY.

Marepianu Ta MeToaM A0CJiIKEHb

Martepianom nis gocaifKeHb CAYTyBadd OTPUMaHi HaMU paHillle TpaH-
creHHi pocsunu unukopito Cichorium intybus L. copry Ilana pocca [1, 2]. Haa
CTBOPEHHSI LUX POCJIMH BUKOPUCTOBYBa/U MeTon Agrobacterium rhizogenes-
abo A. tumefaciens-onocepenkoBanoi tpancopmauii. bakrepii micTuau
BekTOpHi KoHCTpyKLUii pCB161 Tta pCB124 3 cenektuBHuM reHom nptll Tta
LibOBUM TeHOM inf-a2b (BimnosinHo y A. rhizogenes ta A. tumefaciens).
Koncrpykuii BinpisHsiucs npomoTopamu resa inf-a2b — kopeHecneundivHuM
npoMoTopoM LykpoBoro 6ypsky MIl abo 35S mpomoTopoMm Bipycy Mo3aiku
uBiTHOI kKamycTH. OTpumani micass TpaHchopmalii poCJUHU KyJIbTHUBYBAIU
y CTepUJbHHX YMOBax Ha arapusoBaHoMy cepenouili Mypacire ta Ckyra
[10] npu Temnepatypi 24 °C, 16-roguHHOMY cBiTJIOBOMY Nepioni. PocnnHu
PO3MHOXKYBaJ/IM KUBLIIOBAHHSIM Ha TOMY K CEpelOBHILI Ta MepecaiKyBanu y
IPYHT (B yMOBax TeIIHL).

[IpucytHicTb reniB nptll ta ifn-a2b B TpanchopMOBaHUX POCIHHAX BHU-
3HayaJid 3a JOTOMOIOI0 MOJiMePasHoi JAaHLIOTOBOI peakLlili 3 BUKOPUCTAHHAM
BinnoBinnux mnparimepiB (5-CCTGAATGAACTCCAGGACGAGGCA-3’ ra
5’-GCTCTAGATCCAGAGTCCCGCTCAGAAG-3’, 622 n.u.; 5 -TTGAT-
GCTCCTGGCACAG-3’ ta 5-TTCTGCTCTGACAACCTC-3’, 396 mn.u.) 3a
MeTOIMKOIO, OMKCAHOI0 HaMU paHilue [2]. s noBeaeHHs TpaHCKPUOYBaHHSA
nepeHeceHUX TeHiB MPOBOJAUIIM MOJiMePa3Hy JAHLIOrOBY peakliio, MOeaHaHy
3i 3BopoTHOIO TpaHckpunuieto, 3T-ITJIP [1].

Jlns mpurotyBaHHs OiTKOBHUX €KCTPaKTiB KopeHi abo JUCTKHU POCJIHH
3BaxkyBaau, gofasaau 100 MM Tris/HCI, pH 8,0 (5 MM Na,EDTA, 100 MM
NaCl, 10 MM mepkanroetanody, 2,5% noaisininnippoainony, 1% caxaposu)
i postupanu Ha xosony. Matepian nepeHOCUNN B LEHTPU(YKHI NpoOipKH Ta
uetpudyrysanu 5 xB npu 10000g (+4 °C). HanocanoBy pinuny Binbupasnu,
MePEeHOCHJIN B YUCTY MpobipKy i ueHTpudyrysamu 25 xB npu 16000g (+4 °C).
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AniKBOTY OTpPHMAHOro CynepHaTaHTy BHKOPUCTOBYBA/IH [Jis BU3HAUEHHS
KOHIeHTpauil 6inky 3a metonom bpendopna [4].

[IpoTuBipyCcHY aKTHUBHICTb €KCTPAKTiB TPAHCIE€HHHUX POCJMH BU3HAYaJH
3a CTaHAAapTHOI0 MeToAMKOoW [12] 32 3HMXKeHHSIM LMTOMATH4YHOI Ail Bipycy
BesukyJasipHoro cromatuty (BBC) y kaitunax Hupku 6uka Jainii MDBK, Bu-
COKOYYTJIMBUX [0 aHTUBiIpycHOI il anbda-iHTepdepony moaunu. KaitnHHa
qinis MDBK ta BBC wrawm Inniana 6yau orpumani 3 Knituanoro 6anky siHil
3 TKaHWH JIOAWHU Ta TBapUH [HCTUTYTY eKcriepuMeHTabHOI MaToJIOoril, OHKO-
Jqorii Ta pamio6iosorii im. P.E. KaBeubkoro HAH Ykpainu. Cy6cTpaT3anexHi
kaituad MDBK kynbruByBanu B xkKuBuIbHOMY cepenosuili DMEM (Cirma,
CIIA) 3 10% inakTHBOBaHOi cMpoOBaTKM HOBOHapomkeHoro TeasaTu (CHT)
(Cirma, CIIIA), 40 MKr/wma reHTamiuuuy y 3BoJoXeHili aTmocdepi 3 5%
CO, npu 37 °C. TlepeciBaHHsl K/IiTHH 3AiHCHIOBA/IN 32 JOIIOMOrOI0 DO3UYHUHY
BepceHa. Y sayHku 96-myHkoBoro muanmerty (Canrellab, Ykpaina) BHOCHIH
no 200 mxa cycnensii kaitun MDBK y cepenosumi DMEM 3 5% CHT i3
pospaxyHky 2x10* knitun /nysky. Uepes 24 ToaumHM Ha JYHKM IJaHLIeTa
BHOCHJIM BUXiTHUH PO3YMH 3Pa3KiB i TUTPyBa/H 5- a60 2-KpaTHUMH PO3BeNEH-
HSIMH, BUKOPUCTOBYIOUH 4 pSIU Mapasesed I KOKHOTO 3pa3ka. Uepes 24
roauny 10 JyHok sHocuau 100 LIT/I/50 BBC y cepenosumi DMEM 3 2%
CHT. Pesynbratu peectpyBanu yepes 24 ronunu npu 100% LTI y KoHTD-
oJli BipyCy LLISIXOM 3a0apBJeHHS KJAITHH KPUCTaMiuHUM (piosieToBUM. 32 OHY
omuuuLo aktuBHOCTI I®H npuiimanu possenenns 3paskis, npu skomy 50%
KJITHHHOTO MOHoluapy 6yJo 3axuileHo Bin uutonatuyHoi nii BBC. Cepen-
Hi#t TuTp IOH BusHauanu 3a Punom i MeHueM Ta BUpaka/si B Mi>KHapOAHUX
omuuuuAx (MO/r macu pocnau a6o MO/Mr 3aranbHOr0 PO3UMHHOIO BIIKY).
SIK cTaHnapT BUKOPUCTOBYBAJIM Mi>KHAPOIHHUH CTaHAAPT iHTepdepoHy-aabda,
orpumanuii 3 BO3 (2" WHO International Standard 1999. Interferon alpha
2b Human, rDNA E.Coli derived 95/566, 70000 IU per ampoule).

HocainHi pocaunu iH(ikyBaau BipycOM TIOTIOHOBOi MO3aiKH 3 KOJEKLii
kaenpu BipycoJgorii HHLL «IuctutyT 6iosorii» KuiBcbkoro HauioHa/abHOTO
yHiBepcuTeTy imeHi Tapaca Illesuenka. KoHuenTpauis BipycHoro npenaparty
cranosuia 200 mxr/ma y 0,1M PBS, pH 7,4. BipycoBmicThuii matepian
OyB iHOKYJ/IIOBaHUH B POC/JMHY MeXaH{YHUM BTHPAHHSIM B HUIKHIO JIMCTKOBY
MJIACTUHKY NOCaAiAHUX pocsnH. KoHTpossimu cayryBasu iH(pikoBaHi HeTpaHc-
(hopMOBaHi POCJIMHU Ta POCJHUHH, SKi He iH(iKyBa/Iu BipyCOM.

Jlaa kinbkicHoro BusHavyeHHs Bipycy BTM y pocaunax uukopito sactoco-
ByBaJ/M MeTOA iMyHOo(pepMeHTHOTo aHamidy (IPA) y mogudikauii «cennBiu».
Byno Bukopucrano komepuitiny tect-cuctemy («Loewe», Himeuunna). s
MPUTOTYBAHHS €KCTPaKTiB JUCTKH abo KopeHi postupanu y 0,1M ¢ochaTHo-
my 6ydepi (8 r/a NaCl, 0,2 r/a KH,PO,, 2,8 r/n Na,HPO x12H,0, 0,2 r/n
KCl, pH7,4), uentpudyrysanu (uentpudyra Bekxem, 5 tuc. 06/xs., 20 xB.),
cynepHataHt Binbupanu. OTpruMaHi eKCTPAKTH BUKOPUCTOBYBAJHU K aHTUTEH.
[®A npoBonuau 3a cTaHmapTHOIO MeToauKoi [9]. PesysabTaTi peecTpyBasu
Ha aBTromatuyHomy ELISA-pinepi («Dynex Technologies», Himeuunna) npu
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noBxuHi xBuJi 405 HM. 3a MO3UTHBHUN pe3yJIbTAT NPUHMABCS MOKa3HUK E
110 BJBiui NepeBHULLYBAB [IOKA3HUK HEraTUBHOI'O KOHTPOJIIO.
CraTuCcTUYHUE aHa/li3 eKclepUMeHTaJbHUX JaHUX MPOBOAUIU 3 BHUKO-

pucTaHHAM JilleH30BaHoro nakety npukaanHux nporpam STATISTICA-6,0
(StatSoft).

405’

Pe3yabTaTH Ta 1X 0OroBopeHHs

[lepen BM3HAUEHHSIM YYTJIMBOCTI TPAHCT€HHUX POCJHH LIUKOPilO 3 FeHOM
ifn-a2b no BTM nposonusu: [1JIP ta 3T-ILJIP ananisu; anania ekcTpakriB
TPAHCTE€HHUX POCJHMH Ha HAABHICTb iHTep(epOHONMOAIOHOI aKTHBHOCTI MO
BingHoweHHo 1o BBC. Ilns migTBepakeHHS MepeHeceHHsI TeHiB 10 POCJHMH
uukopiro nposoauu I1JIP. Ananis torameroi JIHK pocauH, oTpuManux micas
TpaHchopmatiii A. rhizogenes 3 Bekropom pCB161, Ta pociuH, OTpUMaHHUX 3
BuKopuctanusim A. tumefaciens (Bekrop pCB124), BUSBUB MPUCYTHICTb SIK
CeJIEKTHBHOTO reHa nptll, Tax i uisboBoro rena ifn-a2b. Ilns pocauH, TpaHe-
¢opmoBanux Bekropamu pCB161 ta pCB124, 6yn0 npoBeneHo BUOipKOBUH
[1JTP-ananis 3BOPOTHUX TPAHCKPUITIB CeJEKTUBHOIO Ta LiJbOBOro reHis. [o-
Ka3aHo, L0 B yCiX YOTUPbOX aHaJi3oBaHuX JiHisgx pCB161-TpancdopmMoBaHux
pocJ/ivH BinOyBasacs TPAaHCKPHUIILS CeJEKTHBHOIO Ta LiMbOBOro reHiB (puc. 1),
a nist Tppox pCB124-tpanchopmoBaHuX JiHIN (3 YOTUPBOX AOCiIKYBAHHX)
criocTepirasocsi siBUIlle «MOBYaHHSI» reHa ifn-a2b.

[—1

500

nH M 8 10 11 12 13 14 15 16

Puc. 1. — IIJIP anani3 3BopoTHux TpaHckpunrtiB rediB nptll (1—8) ra ifn-a2b (9-16),
pCB161: napHi TpekKH — CHHTE3 3BOPOTHUX TPAHCKPHUNTIB y MPUCYTHOCTi peBepTasH,
nenapHi — 3T-IJIP 6e3 peseptasu.

Fig. 1. — PCR analysis of reverse transcripts of genes nptIl (1-8) and ifn-a2b
(9-16), pCBI161: even tracks — the synthesis of reverse transcripts in the presence
of revertase, odd — RT-PCR without revertase.
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Jlnsi BU3HAUeHHSI HASIBHOCTI ab0 BiACYTHOCTi aHTUBIpPYyCHOi aKTHUBHOCTI
B €KCTpaKTaX TPAaHCTeHHHUX POCJMH 3 FeHOM iHTep(epoHy, CTBOPEHUX NpPHU
BUKOPUCTAHHI Pi3HUX BEKTOPiB, OYJIO NPOBENEHO TECTYBAHHSl €KCTPAKTIB Ha
KJNiTHHAX HUpPKH Ouka JqiHii MDBK y npucyTHOCTi LMTONAaTOreHHOro Bipycy
BBC. ExcTpakTu HeTpaHC()OPMOBAHUX POCJHUH (KOHTPOJIb) He BUSIBUJIU iHTEp-
(bepoHONONiOHOI aKTUBHOCTI. EXCTpaKTH 3 psiiy TPaHCT€HHUX POCJMH TaKOXK
He MaJi1 NpOoTUBipycHOi akTUBHOCTI (Tab.1. 1), xoua pesynbratu 3T-I1JIP 6ynn
MO3UTHBHUMU. Y TOH K€ yac, y NeKIJIbKOX JiHid BUSBJEHO AOCHTb BHCOKY
aHTHUBIpYyCHY akTHBHicTb — 10 9327 MO/r macu pocaun. IIpotusipycHa ak-
TUBHICTb KOPEHEBUX eKCTPAKTiB poc/H, TpaHchopmoBanux BekropoM pCB161
3 TeHOM iHTep(epoHy MiA KopeHecHeLUM(piuHUM NPOMOTOPOM, Oysa 3HAYHO
BHUILIOI0, Hi>K aKTHBHICTb JIMCTOBUX €KCTPAKTIiB THX CaMHX pocsuH (tabs. 1).

Tabauugs 1
IpoTuBipycHa akTUBHICTb MO BiJHOIIEHHIO 10 Bipycy BE3UKYJ/SIPHOrO CTOMATUTY
0i/IKOBUX €KCTPAKTiB TPAHCT€HUX POCJIUH LIUKOPIlO

Table 1
Vesicular stomatitis virus antiviral activity of protein extracts of transgenic
chicory plants

AKTHBHiCTb
Jlinis BekTtop 3pa3ok MO/mr
MO/r macu 3arajJbHOro
6iaKy
KOpeHi 2250 358,34
161/6 |pCBI161(MIl:HulNFa-2b)
JIUCTSI 288 262,69
KOpeHi 1620 1203,56
161/13 |pCB161(Mll::HulNFa-2b)
JIUCTS 0 0
KOpeHi 0 0
161/21 |pCB161(MIl::HuINFa-2b)
JIUCTS 0 0
161/14 |pCB161(Mll::HuINFa-2b) KOpeHi 2160 587,72
124/22 | pCB124(35S::HulNFa-2b) JIUCTS 0 0
124/8 |pCB124(35S::HulNFa-2b) JIUCTS 0 0
124/8/6 | pCB124(35S::HulNFa-2b) JIACTS 0 0
124/7 |pCB124(35S::HulNFa-2b) JIUCTS 0 0
124/5 |pCB124(35S::HulNFa-2b) JIUCTS 9327 3291,44
K Kourpous . JIACTSI 0 0
(HeTpaHC(OPMOBAHI POCJIHUHH)
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Jls nocaigKeHHs 4y TJAMBOCTI TPaHCTeHHUX POCJUH 10 ¢itoBipycy BTM
OyJ/1 B34Ti JiHil pocsuH, TpaHC(OPMOBaHi 1BOMa BeKTopaMu 3 reHamu IPH
— pCB161 ta pCB124. $Ik mo3uTUBHUI KOHTPOJIb BUKOPUCTOBYBANHUCS iH(iKO-
BaHi BipycoM HeTpaHC(OPMOBaHi poCAHHHU LUMKOpito. HeratuBHUM KOHTpoJsieM
CJIYTYBaJ/IU POCJUHU IUKOTO THILY, AKI He 3aparka/id BipyCOM.

CuMnToOMH BipyCHOTO yparkeHHsl CrocTepirasu K Ha iH(piKoBaHUX He-
TpaHC(OPMOBAHUX POCJIUHAX (TO3UTUBHUH KOHTPOJb), TaK i HA TPAHCT€HHUX.
Yci indikoBani BTM pocnuHu Mann XxapakTepHi CUMITOMH YypakKeHHS, sKi
3'IBJISIIACS yepe3 3 THKHi Ta Bi3yasbHO NMPOSIBJASINCS XJOPOTHUHUM MOXKOB-
TiHHSIM Ta AedopMalisiMH JUCTKOBUX IJACTHHOK. Bipycom ypaxanucs sk
POCJIMHH, eKCTPaKTH 3 SIKMX MaJii iHTepepoHononibHy akTUBHICTh 11010 BBC
(Hanpuknan, Jainii Ne 161/6, 161/13), Tax i Ti, IKi TaKOi aKTUBHOCTI He MaJH.

JIs1s BU3HAUEHHS y JOCAITHUX POCJMHAX BMICTY BipyCy BinOupaJ/u JUCTKU
Ta KOpPEeHi POC/HH, po3Tupaau y ocarHomy Oydepi Ta roTyBasu BUTSIKKH.
BinnoginHo no pesynbratiB I®A, KoHTposbHI (HeTpaHChHOPMOBaHI) POCIUHN
ypaxkyBanucs BTM. JIBi 3 noc/izKyBaHUX TpaHCIeHHUX JiHi# muKopito (Ne 1,
BekTop pCB161 Ta Ne 5, Bektop pCB124, puc. 2) mictunu kinbkicts BTM,
CMiBCTaBHY 3 TaKOIO y POCJMHAX MO3UTHBHOTO KOHTposto. [Hui qiHii (Ne 2,
3, 4, pCB161 ta Ne 6, pCB124) mictuau 3HauHO Oi/blly KiJbKiCTb Bipycy,
Hi2K KOHTPOJIbHI (puc. 2).

E405

Kopeni

B JIuctku

JIinii pocivH

Puc. 2. ImyHodepmeHTHUI aHagi3 piBHs pendikauii Bipycy BTM B KOHTpoJbHUX Ta
TPAHCT€HHUX POCJIMHAX UMKOPilo 3 reHoMm iHTepdepony-a2b moauuu: 1—6 — TpaHcreHHi
pPOC/IUHM, 7 — KOHTPOJIb MO3UTUBHUI; 8 — KOHTPOJIb HEraTUBHUM.

Fig. 2. ELISA analisis of TMYV level replication in control and transgenic chicory
plants with interferon-a2b gene: 1—6 — transgenic plants, 7 — positive control,
8 — negative control.
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OTxXe, nepeHeceHHs reHa ifn-a2b JIOAMHUA Yy POCAMHY LUKOPiIO HE TiIbKA
He MPU3BOAUJO 10 MiABUILEHHS CTilKocTi pocaun 1o BTM, ane it nna psany
JIiHI# — 10 30i/bllIeHHS CUMITOMIB ypaKeHHS BipyCOM Ta 3HAyHOro 3poc-
TaHHS BipycHoro Bpoxato 3a nauumu [PA. Taki pesyabrati cniBnanawTb 3
JOCJTiPKEHHSIMU iHIIUX aBTOpiB [D, 7, 15], B aKuXx OyJ0 MOKa3aHO MOXKJHU-
BicTb BifcyTHOCTI 3axucHOi aii iHTepdepony. OueBUIHO, IO CHHTE3YBaHHS
iHTepdepoHy-a2b JIOOMHU Y POCJMHAX LUKOPi0, HE3BAXKAIOUM HA HASIBHICTh
inTepdeponononi6noi aktuBHOCTI 1wono BBC, He HamaBaso UMM pocC/aMHAM
nifBULLEeHOI cTifiKocTi no diToBipycy. Ha uell yac HeBimoMmi MexaHi3aMH ak-
THBaLil aHTUBIPYCHOTO CTaHy B HEAKHMX POCJMHAX, HANPHUKJ/IAL, y TIOTIOHI,
iHTepdepoHOM-a2b MIOOWHHU, TKAH BUKOHYE CBOI (DyHKUIi B KJIiTHHAX uepe3
B3aEMO/il0 3 crelu(idyHUM MOBepXHEBUM pellenTopoM. Pazom 3 Tum, OyJo
MOKa3aHo, 1110 eKCTPAKTH HeTPaHC(OPMOBAHUX POCJHUH TIOTIOHY BUSIBJASIOTH
MPOTUBIPYCHY aKTUBHICTB [15]. M0OK/IUBO, KJIITHHHU POCIMH LIUKOPitO HE MAIOTh
peLenTOPHUX TOBEPXHEBUX CTPYKTYP, MOAIOHUX 10 TAKUX Y POCIHHAX TIOTIOHY,
1o 3a6e3neyusv 6 3amycK BiANOBIAHUX MPOTHBIPYCHUX CHUTHAJIbBHUX LLUJSXIB
npu ix B3aemonii 3 reteposoriunuM [PH. He Buki/toueno, 1o B pociauHax
TIOTIOHY, Ha BiAMiHY Bil LMKOPilO, iCHYIOTb BHYTPIlLLIHBbOK/JITHHHI (paKTOpPH,
ki y B3aemonii 3 I®H nronnuu, 1110 cuHTE3yeThCs y LUTOMIA3MI, POSIBJS-
10Tb 3axucHy aHTU-BTM akrtuBHicTb. BincyTHicTs npoTusipycHoi antu-BTM
aKTUBHOCTI Ta 3pocTanHs Bpoxkato BTM npu iH¢ekUii TpaHCreHHOro UKOPilo
MOke OYTH MOB’S13aHO i 3 THUM, 110 POCJMHHU MPOAYKYBa/IU HecreludiuHun
iM MPOAYKT, L0 NepeoOTAKUI0 CHHTETUYHUH anapar i y BiACyTHOCTI NPOTH-
BipyCHOI Hii LMTOKiHYy MPU3BeJO A0 PO3BUTKY Oi/blI MPOAYKTUBHOI BipyCHOI
iHgekUii, Hi2K y KOHTPOJBHUX pOoCaHHAX. Pa3oMm 3 TUM, 1OCHTb HEOTHO3HAUHA
peaxiist pisHUX JiHil TpaHcreHHUX pocauH a0 Aii BTM notpebye nponosxkeHHs
JOCJIiI>KEHb 3 BUKOPUCTAHHSAM OiJIbLLIOT KiJIbKOCTI NOCJiAHUX POCJIUH, a TAKOXK
TEeCTYBAHHSl K JOAATKOBOIO KOHTPOJIIO TPAHCT€HHUX POCJMH LIMKOPil0, 110
MaroTh iHILII TPAHCTEHHU.

B pesynbrari pocaimkeHb Oysao mokasaHo, wo pocauHu Cichorium
intybus L. 3 reHoM ifn-a2b nopuHU CHHTE3YIOTb (PAKTOP, IO TPOSIBJSE
creuu@iuny /s iHTepdepoHy NPOTUBIPYCHY aKTUBHICTb B KaiThHax MDBK
mono BBC, ska cranoBuna 262,69—3291,44 MO/Mr 3aranbHoro 6ijky.
B Toil XXe uac, Wi TpaHCreHHi POCJAMHU HE MaJju CTiHKOCTi 10 (iTOBipyCcy —
BipyCy TIOTIOHOBOI MO3aiKH, IPUYOMY BipyCOM ypaxKa/ucs yci HOC/iAXKYyBaHi
POCJIMHY LIMKOPil0 He3asleXXHO Bifi BUKOPUCTAHOTO AJs TpaHc(opMauil BULY
arpobakrepiit (A. rhizogenes ab6o A. tumefaciens) Ta BeKTOpiB, 1110 BiapisHs-
JIICsl TpoOMOTOpamu rexa intepdepony (Bekrop pCB161, kopenecneuudiunmnit
npomotop MIl a6o BekTop pCB124, 35S nmpomotop). He BusiBneHO mpsimoi
3ajexxHocTi MixK cunTe3oM IPH y pocauHax 1ukopito 3 reHom ifn-a2b monu-
HU Ta cTilikicTio 1o BTM, 6isbliie Toro, nepeHeceHHs reHa ifn-a2b JoauHu
[0 POCJHMH LMKOPi0 MPU3BOAMJIO Y PSAAi BUMAAKIB A0 MiABUILIEHHS BPOXKaI0
(biTOBipYCY B TPAHCIE€HHUX POCJMUHAX.
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YYBCTBUTEJIbHOCTb TPAHCTEHHbBIX PACTEHUU LMKOPUS C
FEHOM UHTEP®EPOHA AJIb®A-2B YEJIOBEKA K 3APAYKEHUIO
BUPYCOM TABAYHOU MO3AUKH

Pedepar

[IpoBeneHo cpaBHeHHE YYBCTBUTEJbHOCTH K BUpPyCy TabayHOH Mo-
3aWKM TpaHCTeHHbIX pacTeHudl uukopus Cichorium intybus L. ¢ reHom
UHTep(depoHa-a2b yesoBeKa U UCXOAHBIX HETPAHC(HOPMUPOBAHHBIX PACTEHUH.
[Tokasano, 4To nepeHeceHue rexna inf-a2b B pacTeHust LUKOPHS COMPOBOXKIA-
eTCcsl CHHTe30M (paKTopa ¢ BBICOKOH HHTepdepoH-crelu(ruiueckKoi akTHBHOC-
ThIO IPOTUB BUpYyCa Be3UKYy/AsipHOro croMatuta. OnHAKO, 93TO He MPUBOAUT K
yBeJMUYEHHUIO YCTOHYMBOCTH PaCTeHUH LMKOPHUS K BUpPYCY TaOauHOH MO3auKH,
6oJiee TOro, CHHTE3 HHTEP(epOHa CONPOBOKAAETCS MOBbILLIEHHEM BUPYCHOTO
ypoxKasi B TPAHCT€HHBIX PaCTeHHUSIX.

Knwouesbsie caoBa: Cichorium intybus L., TpaHCreHHble pacTeHHUS,
reH inf-a2b, Bupyc TabauyHOd MO3aUKH.
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SENSITIVITY OF TRANSGENIC CHICORY PLANTS WITH
HUMAN INTERFERON ALPHA-2B GENE TO DAMAGE BY
TOBACCO MOSAIC VIRUS

Summary

The sensitivity to tobacco mosaic virus of transgenic chicory Cichorium
intybus L. with interferon-a2b gene was compared with non-transformed
chicory plants. There were proved that transfer of inf-a2b gene in chicory
plants was accompanied by synthesis of the factors with high interferon-
specific activity against vesicular stomatitis virus. However, inf-a2b gene
expression did not lead to increasing of chicory plants resistance to tobacco
mosaic virus infection, moreover, IFN synthesis was accompanied by
increased viral yield in transgenic plants.

Key words: Cichorium intybus L., transgenic plants, inf-a2b gene,
tobacco mosaic virus.
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PROTEOLYTIC ENZYMES OF MYCELIAL FUNGI

The literature and the original experimental data on the synthesis of
proteolytic enzymes by mycelial fungi, properties and application of proteases
were analyzed. The wide distribution of the ability to produce proteases
was demonstrated among fungi of various genera. Fungal proteases are
distinguished by substrate specificity and broad range of optimal values for
substrate hydrolysis, pH- and thermal stability. The multiple application
aspects of fungal proteases and their catalytic characteristics determine the
commercial prospects of fungi as the industrial enzyme producers.

Key words: mycelial fungi-producers, proteolytic enzymes, properties,
hydrolysis, application.

Proteolytic enzymes affiliated to hydrolases catalyze reaction of protein
hydrolysis to peptides or free amino acids. Proteases are involved in the
normal physiological processes of protein and cellular peptide biogenesis
in the living species and in abnormal pathological processes. They can be
applied in diverse industries, medicine, agriculture and are indispensable
as research tools. Proteases originating from plants (papain, bromeline)
and animals (trypsin, chemotrypsin, pepsin, rennin) are well-known and
thoroughly examined [47]. Microorganisms are the most attractive sources
of proteolytic enzymes, hardly limited by scale of production.

Proteolytic enzymes are synthesized by various microbial cultures —
bacteria, yeasts, streptomycetes, fungi [7, 12, 20, 37, 40, 47]. Bacteria
of genera Bacillus, Lactobacillus, Fervidobacterium, Pseudomonas,
Microbacterium, Yersinia are recognized as producers of serine, cysteine
and metal proteases, aminopeptidases [20, 47]. Bacteria of genus Bacillus
are applied for industrial production of neutral and alkaline proteases.
Representatives of genera Candida and Trichophyton synthesize aspartyl
proteases, aminopeptidases, carboxypeptidases, dipeptidylpeptidases,
Streptomyces — serine proteases [7, 37].

Mycelial fungi are the most promising cultures for large-scale
manufacturing of proteolytic enzymes. They synthesize extracellular
proteases belonging to various families and subfamilies, showing activity

© R.V. Mikhailova, 2011
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and stability in wide pH spectrum, displaying enhanced substrate specificity
and polyfunctionality.

The aim of this review is to sum up and analyze the literature and the
original experimental findings on biosynthesis, properties and application
of proteolytic enzymes from mycelial fungi.

Synthesis of proteolytic enzymes by mycelial fungi

The results of studies on the ability of fungi to synthesize proteolytic
enzymes testily to wide distribution of this property among cultures of
various genera belonging to different ecological groups. 2-stage screening
of protease producers conducted at the Lab of enzymes, Institute of
Microbiology, National Academy of Sciences of Belarus demonstrated that
among 97 fungal strains representing genera Aspergillus (39 strains),
Penicillium (56 strains) and Paecilomices (2 strains) 30% of tested cultures
were able to liquefy gelatin, 40% — to yield clarified zones on agar media
with defatted milk and 25% — on media with haemoglobin [53]. Seventeen
fungal strains hydrolyzing at least 2 substrates were selected, and 11
of those synthesized extracellular proteases in submerged culture. The
Indian researchers screened 221 isolate of deep-water fungi and sorted out
105 cultures (48%) distinguished by presence of protease activity [12].
Proteases were found out in fruit bodies of 18 species of basidial fungi,
except Polyporus (Coriolus versicolor (Fr). Karst) and Hydnum (Hericium
epinaceus (Fr.) Quel) [21]. Fungi of the families Boletaceae and Agaricaceae
may be pointed out due to increased enzyme activity. The production of
examined enzymes was revealed in nematode-, entomo-, phytopathogenic
fungi and fungi pathogenic for humans and animals.

Mycelial fungi synthesize alkaline, acid and neutral proteases.
Extracellular alkaline proteases are produced by Aspergillus clavatus
[23, 52], A. fumigatus [60], Penicillium chrysogenum [10], Paecilomyces
lilacinus F-2 [54], Conidiobolus coronatus [44], Arthrobotrys olgospora [57],
Fusarium culmorum [43], Trichoderma harzianum [16], Cephalosporium
sp. KM388 [55], etc.

Synthesis of acid proteases is typical for Aspergillus niger [27],
Sporotrichum pulverulentum [17], Penicillium griseoroseum [24],
Trichoderma reesei [22], Trichoderma harzianum [13], Thermomyces
lanuginosus [32], etc.

Neutral proteases were detected in Aspergillus carneus [5], A. sojae
[50], Tricholoma columbetta (29|, Fusarium culmorum [60], etc.

Fungal proteases are the enzymes referred to diverse families and
subfamilies. Pepsin-like aspartyl proteases were described in T. reesei [22],
T. harzianum [13] and basidial fungi [21]. Trypsin-like protease was also
produced by Cordiceps militaris [25]. Serine proteases were revealed in
T. lanuginosus P ,, [32] and Conodiobolus SP [51], while the enzyme of
Tricholoma columbetta was classified as metal protease [29].
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Fungi pathogenic for humans represented by 400 out of 10 000 described
fungal species produce both endo- and exoproteases [37]. Aminopeptidases,
carboxypeptidases and dipeptidylpeptidases were found in pathogenic fungi
of genus Aspergillus — A. fumigatus, A. [lavus/oryzae, A. niger [37].
A. fumigatus was also characterized by synthesis of aspartyl, serine and
metal protease [28, 38, 48]. Proteolytic enzymes of dermatophytes were
mainly described as keratinases and Microsporum canis was also shown
to generate serine- [35] and metal proteases [9]. Proteases of pathogenic
fungi are one of virulence factors and they play a key role in progress of
certain pathologies.

Mycelial fungi are heterogenous eucaryotic heterotrophs and their
structural-functional peculiarities determine lability of growth and
metabolism depending on the components of nutrient media, the type
and conditions of culture fermentation. The analysis of impact caused
by carbon and nitrogen sources appears especially crucial for studies on
protease biosynthesis by fungal strains. In nutrient media used for culturing
producers of proteolytic enzymes the following substrates are used as C
and N sources: sugars, biopolymers, mineral salts and organic compounds.

Maximal synthesis of Thermomyces lanuginosus P ,, protease was
reached in submerged culture on medium containing 4% casein, 4%
glucose, 4% yeast extract [32]. Conodiobolus SP also produced extracellular
protease during submerged fermentation on nutrient medium comprising
glycerol, casein, peptone, soluble starch [51]. The application of Chapek
medium with 1.0% casein ensured the synthesis of proteases in submerged
culture by thermophilic fungi Paecelomyces variotii and Aspergillus carneus,
isolated from the thermal springs of Bargusin valley [5].

The effect of nutrients, duration and temperature of fermentation
(20—55 °C, 1—10 days), pH 4.0—8.0 on protease formation by A. fumigatus
u Penicillium sp. was studied [42]. Medium composed of (g/1): KH,PO, —
2.0; glucose — 1.0; peptone — 5.0; gelatin — 15.0 was used as basal. The
maximal production of protease was achieved for A. fumigatus grown on
glucose-peptone-gelatin medium for 4 days at pH 5.0, temperature 30 °C
and for Penicillium sp. cultured on the same medium for 5 days at pH
6.0 and temperature 25 °C. Sucrose, ribose, raffinose stimulated protease
generation in fungi.

The optimal composition of nutrient medium was established for
synthesis of protease by Botrytis cinerea (g/l): KH,PO, — 1.0; Mg (SO,)
— 0.3; molasses — 5.0; peptone — 5.0 ; yeast extract — 5.0; Spirulina algae
— 2.0; KCI — 1.0; trace elements; pH 6.5 [1]. Fermentation was carried out
for 9 days at 28 °C and agitation rate 150 rpm.

The comparative analysis of protease production by Aspergillus clavatus
as a function of supplied sources of carbon (sucrose, glucose) and nitrogen
(NH,NO,, NaNO, casein, gelatin) indicated that the peak level of enzyme
synthesis was observed in 6-day submerged culture at 25 °C on media with
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glucose and casein [52]. Starch (5 g/l) and yeast extract (2 g/l) proved
the optimal carbon and nitrogen sources for strain A. clavatus ES1 [23].

The enzyme production is significantly influenced by the fermentation
method. The solid-state technique of culturing fungal strains is irequently
used to obtain proteolytic enzymes. Barley, rice, maize, soya, various food-
processing wastes (fruit-berry pomace, bran, beet and potato pulp) mixed
with the mineral salts and additives serve as appropriate substrates. Solid-
state fermentation of microbial enzyme producers on media with above-
mentioned substrates allows both to synthesize enzymes and to utilize
vegetable wastes.

Screening of 30 Penicillium griseoroseum strains for protease production
resulted in selection of the most active variant P. griseoroseum HHV-21
[24]. To optimize protease biosynthesis conditions effect of the following
substrates on enzyme production there were tested: sunflower calathides,
soya beans, rice hull, wheat bran. Soya cake proved the best carbon source.

During the solid-state culture of Rhizopus oryzae maximum enzyme
yield (341 U/g wheat bran) was achieved at fermentation temperature
32 °C, pH 5.5, relative humidity — 90—95%, inoculation density — 2.105
spores/g wheat bran and 140% contents of solid substrate [56]. The medium
containing wheat bran or wheat bran plus casein (humidity — 60%) was
optimal for protease generation by thermophilic fungus Thermoascus
auranticus [34].

The provided examples illustrate that mycelial fungi produce proteolytic
enzymes in presence of protein substrates which may be evidence of the
inducible type of enzyme synthesis.

In addition to nutrient sources and fermentation type the significant
effect on fungal protease production is displayed by such factors as pH of
the media and growth temperature.

The optimal conditions for protease biosynthesis are created in
fungal culture on the media with initial pH lying in a broad range and at
temperatures 28—30 °C [1, 19]. For instance, optimal growth temperature
for production of alkaline protease in solid-state culture by fungus Rhizopus
oryzae is 32 °C and pH 5.5 [56], whereas for Penicillium griseoroseurn HUV-
21 the optimal parameter is 30 °C [24]. The same temperature value and pH
6.0 are essential for formation of alkaline protease in Aspergillus clavatus
ES 1 [23]. The other representatives of genus Aspergillus — A. fumigatus
TKUO03 and A. fumigatus Fresenius show the highest protease productivity
when they are grown at temperatures 37 °C and 42 °C, respectively [49, 60].

Physical-chemical properties of proteases of mycelial fungi

Proteolytic enzymes synthesized by mycelial fungi differ in physical-
chemical and catalytic properties defining application aspects of protease
preparations.
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The table presents physical-chemical characteristics of proteases from
mycelial fungi of different genera. Acid proteases are the most active at pH
4.0—4.5, neutral proteases and metal proteases — at pH 7.0, while the best
conditions for alkaline protease catalysis are created in pH range 7.0—11.0.

Proteases with similar and distinct properties have also been described
in literature. For instance, A. candidus enzyme is able to hydrolyze casein
at pH 11.0—11.5 and temperature 30 °C, whereas at 47 °C pH optimum is
shifted to 7.0 [47]. Protease of Trichoderma spp. 5011 displays maximum
activity at pH 6.5 and temperature 40 °C, stability in the range of pH values
3.0—10.0 and temperatures 30—80 °C [36]. The unique protease of Fusarium
culmorum retaining activity in a broad temperature range 10—100 °C and
pH zone from 4.5 to 8.5 was reported [60]. Maximal catalytic action was
expressed by the enzyme at 50 °C and pH span 6.0—8.0.

The optimal conditions for serine protease of Penicillium citrinum are
established at 45 °C and pH 6.5 [19]. The enzyme retains stability in pH
range 6.0—9.0 and temperature span — 35—45 °C. It was found that ions
of Co?f, Mg?", Zn*" inhibit activity of the enzyme, while ions of Ca®" and
Nat — stimulate its activity. Protease displays stability in the presence of
oxidants, like H,O, and it is compatible with commercial detergents.

Maximum catalytic activity of Trichoderma lanuginosus P134 crude
protease is expressed at temperature 70 °C and pH 5.0 and 9.0. The enzyme
maintains stability in pH range 4.0—11.0 [32]. Protease retains 100% activity
at 50 °C, and its half-life at 60 °C and 70 °C is 160 and 60 min, respectively.

Two acid proteases of fungus Sporotrichum pulverulentum causing wood
white rot were purified and characterized [17]. It was demonstrated that
molecular weight and isoelectric point of protease I (152-fold purification)
constituted 28 kDa and 4.7, while similar parameters of protease II (127-
fold purification) equaled 26 kDa and 4.2. The peak activity of the enzymes
was recorded at pH 5.0 and 5.2, respectively. Both enzymes were inhibited
by ions of Agt, Hg?" and partially by Cu?*

Alkaline protease of Aspergillus flavus shows maximal catalytic activity
at pH 7.5 and retains stability in pH span 8.0—11.0 [33] whereas protease
of A. tamarii displays activity and stability in pH range 5.0—9.5 [8].

Protease of Aspergillus clavatus was purified by combination of
ultrafiltration, alcohol precipitation and fractionation on DEAE cellulose
and Sephadex-G 200. The enzyme showed maximal activity at 37 °C and
pH 7.8 [41].

Extracellular protease of Scytalidium thermophilium hydrolyzes the
substrate at pH 6.5—8.0 and temperature 37—45 °C [26]. The inhibitory
analysis with p-chloromercurybenzoate, phenylmethyl sulphonyl fluoride,
antipain, EDTA and pepstatin A led us to assume presence of thiol-
containing serine protease.

Serine subtilysine-like protease of Conidiobolus SP was characterized
by molecular weight (MW) 22 kDa, pl 8.2 and optimum pH 9.7 [51], while
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protease of isolate (NIOCC # 20) isolated from the sea water (MW 32 kDa,
pl 6.6—6.9) was active in broad pH spectrum 6.0—10.0, with optimas at
pH 9.0 and temperature 45 °C [12].

Thermostable alkaline protease of Chrysosporium keratinophilum was
partially purified by acetone precipitation followed by gel filtration on
Sephadex G-75 [15]. The optimal conditions for enzyme activity were set
at pH 9.0 and temperature 90 °C and protease did not lose activity at pH
values from 7.0 to 10.0. The enzyme distinguished by MW 69 kDa was
activated by Fe®" and inhibited by 1,10-o0-phenanthroline.

Myrothecium verrucaria produces protease with atypical for
phytopathogenic fungi keratinolytic activity [39]. Crude protease hydrolyzes
keratin substrates at pH 9.0 and temperature 40 °C in the following
sequence: keratin of fowl feather > keratin of ovine wool > keratin of human
hair. Protease activity is sensitive to phenylmethylsulionyliluoride, allowing
to refer it to serine proteases.

Purified keratinase of Aspergillus oryzae is a monomeric enzyme having
MW 60 kDa [18]. The enzyme hydrolyzed various substrates showing
affinity to bovine albumin, casein, keratin, poultry feather keratin, collagen,
duck feather, ovine wool. The distinctions in action of immobilized and free
enzyme were revealed under the optimal conditions: for immobilized enzyme
pH the optimum was lying in the range 7.0—7.4, temperature 60 °C, for
free enzyme the optimas were 8.0 and 50 °C, respectively. Keratinase was
activated by Ca?" and Ba®" ions and inhibited by EDTA.

Extracellular keratinase-protease of Scopulariopsis brevicaulis was
purified by sedimentation with ammonium sulfate, chromatography on
DEAE-cellulose and Sephadex G-100 [2]. Purified enzyme is a monomeric
protein with molecular weight 39 and 36 kDa according to SDS-PAGE
and gel-filtration data, respectively. The best conditions for catalysis were
established at pH 8.0 and 40 °C.

The analysis of literature reports indicates that fungal proteases differ
in substrate specificity, optimal conditions for substrate hydrolysis, pH
and thermal stability. Molecular weight of fungal proteases ranges from
15 to 30 kDa, but more heavy-weight enzymes were described: 33 kDa
(Scedosporium apiospermum protease [30], 41 kDa (Aspergillus oryzae
protease [45], 62 kDa (Aspergillus oryzae protease [18], 68 kDa (Aspergillus
niger Z1 protease [11], 69 kDa (Chrysosporium keratinophilum protease
[15]. The variations in optimal conditions for catalysis of degradation of
proteinaceous substrates determine broad application scope of fungal
proteases.

Applications of fungal proteases

Considering applications of proteolytic enzymes, it should be noted that
they have been introduced in commercial flow sheets for manufacturing
detergents and cleansing agents, they are widely used in food processing
(cheese making, bread baking, beer clarifying, meat tenderizing, producing
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protein hydrolyzates), textile and leather industries, medicine, veterinary
practice, fodder provision.

Nowadays proteases are the indispensable and traditional components
of laundering and cleaning formulas — from domestic washing solutions to
the reagents for polishing lenses and dental prostheses [47]. 25% of global
enzyme output is channelled to fabrication of detergents. The first enzyme-
based product of this type “Burnus’, containing crude pancreatic extract
was launched in 1913, while the first detergent BIO-40 with microbial
(bacterial) protease was produced on a large-scale in 1956. In 1960 Novo
Industry A/S company started its alkalase project (trade name BIOTEX)
and now the market is flooded with various proteolytic preparations. Ideally
detergent protease should be distinguished by a broad substrate specificity,
activity at elevated pH and temperature values, pH and thermal stability,
compatibility with other constituents of cleaning and washing aids. Stringent
reality of world economic crisis urges to refocus the emphasis on proteases
active at low temperatures. The investigations are currently under way
on fungal alkaline proteases for detergents — originating from Spilosoma
obliqua [4], Botrytis cinerea 1], while Conidiobolus coronatus serves as a
source of detergent protease in India [44].

In leather industry fungal proteases are engaged in 2 processes: hair
depilation and skin softening [3, 47].

As to food processing, microbial proteases are the indispensable agents
in cheese making, bread baking, brewing, producing hydrolyzates from
vegetable and animal materials, meat tenderizing. Proteases of Mucor michei
and Endothia parasitica are manufactured on industrial scale for cheese
fermentation [40, 47]. Endo- and exoproteinases of Aspergillus oryzae carry
out limited proteolytic modification of wheat gluten defining properties and
taste of bread [40, 47]. It ensures standardization of baking process and
reduces duration of technological cycle. Proteases are widely used to derive
diverse products from soya which proved to be an excellent nutrient owing
to high protein content. Alkaline and neutral proteases of fungi Aspergillus
oryzae and Aspergillus sojae play a key role in production of soya sauce
[46, 47]. Efficiency of protease application was demonstrated for fish sauce
cooking technology. The procedure of preparing this flavour, extremely
popular in South-Eastern Asia, usually takes from 6 to 12 months. A vital
characteristic of proteolytic enzyme intended to accelerate and upgrade
the process is its resistance to increased salt concentrations (10—20%)
required in soya sauce recipe. The vietnamese researchers have shown that
application of Aspergillus oryzae protease guarantees yield of soya sauce in
just 2—6 days depending on biopreparation level [31]. The increased ratio of
free amino acids was recorded in the end product. The attractive prospects
were outlined for enzyme preparation of P. lilacinus F-2 applied to obtain
low-molecular-weight protein hydrolyzates of milk whey as ingredients of
enteral and parenteral nutrition products and complex food additives [54].
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Correlation of proteolysis degree of major serum proteins: p-lactoglobulin,
a-lactalbumin, bovine serum albumin — with concentration of biopreparation
was established. At 0.2% enzyme concentration about 72% of f-lactoglobulin
and 86% of a-lactalbumin were subjected to proteolysis and bovine serum
albumin was efficiently hydrolyzed. Rise in enzyme concentration to 1%
resulted in complete splitting of a-lactalbumin to peptides with MW less than
14.2 kDa and only 5% of uncleaved p-lactoglobulin remained in hydrolyzate.

Lately special interest has been focused on the synthesis of proteolytic
enzyme preparations due to the problem of utilization of secondary protein
resources. Manufacturing of combined and artificial products based on food
protein is essential to meet the challenge. Protein hydrolyzates find use as
the ingredients of dietetic or therapeutic diets and baby mixes. Hydrolyzate
composition largely depends on feedstock preconditioning and type of
enzyme preparation. Combination of protein supplements of animal origin
with collagen enzymatic hydrolyzate allows to upgrade end products with
peptides, amino acids and reduce expense of animal proteins in recipes of
preserves and sausages. The balanced protein additives and the products
derived from collagen hydrolyzate and vegetable materials have been developed
and marketed [6]. The studies were completed on production of hydrolyzates
from heads and feet of overland birds [3]. The enzyme preparations irom
Penicillium wortmannii BKM-2091 and Streptomyces chromogenes s.
graecus 0832 posessing collagenase and keratinolytic activities were
recommended for enzymatic treatment yielding protein- lipid emulsion.

Medicine is a vital application sphere for proteolytic enzymes. Neutral
protease is essential for therapy of gastrointestinal and cardiovascular
diseases, in surgery for treatment of purulent wounds, burns and congealed
tissues, in antitumor courses. Proteases of Aspergillus oryzae (Luizym
and Nortase commercial preparations) are applied in substitution therapy
as digestive enzymes [47], while proteases from Aspergillus oryzae and
Aspergilus flavus are the antithrombic agents [40].

Proteolytic enzymes are in great demand by the researchers in the area
of physiology, phytopathology and enzymology.

The analysis of presented data evidences prove high theoretical and
practical significance of fungal proteolytic enzymes. The wide variety of
fungal proteases, their broad substrate specificity, resistance to extreme
environmental conditions and multifunctionality point out these enzymes
as important objects for further investigations and stress the priority status
of mycelial fungi for large-scale production of proteolytic enzymes.
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IMMPOTEOJIITUYHI PEPMEHTHU MILEJIIAJIbBHUX T'PUBIB

Pedepar

Hagepneni siTepaTyphi i BJacHi ekcnepuMeHTaJbHI [JaHi 3 yTBOpPEHHS
NPOTEOJiTUUHUX (PEPMEHTIB MilleliaJIbHUMU TPUOaMHU, BJIACTUBOCTEH MPOTEA3
i ix 3actocyBaHHd. [lokasaHa wWHMpoOKa PO3MOBCIOIKEHHICTb 30AaTHOCTI
CHHTEe3yBaTH NpoTeasu cepen rpubiB pisHux ponis. I'pubHi nporeasn
BiIpi3HAIOTHCA CyOCTpPaTHOIO CHeUudiuHiCTIO, MAlTh LIMPOKUU Aiana3zoH
3HaueHb ONTHMAJIbHUX YMOB rinpodsidy cyocrtpary, pH- i TepmocrabinbHOCTI.
MHOXWHH]I acneKTH 3acTOCYBaHHS TPUOHUX MpoTeas Ta iX KaTaJiTHUHI
BJIACTUBOCTI OOYMOBJIIOIOTH MEPCHEKTUBHICTb TPUOIB K NMPOMHUCJIOBUX
NPOAYLEHTIB 3a3HaUeHUX (PePMEHTIB.

KnwouoBi caoBa: MilenianbHi TpUOU-NPOAYLEHTH, MPOTEOJiTHUHI
(hepMeHTH, BJACTUBOCTI, TiApOJi3, 3aCTOCYBaHHS.

P.B. MuxauJaosa

Hucruryt muxkpoduosorun HAH Benapycu, yn. Kynpesuua, 2, Munck, 220141, Benapycb,
test.: +375 (17) 267 62 09, e-mail: enzyme@mbio.bas-net.by

MNPOTEOJIMTUYECKHUE ®EPMEHTbI MULLEJIMAJIbHbLIX TPUBOB

Pedepar

[IpuBeneHbl mUTEpaTypHBIE U COOCTBEHHBIE IKCIIEpUMEHTANbHble JaHHbIE
1Mo 00pa3oBaHUIO NPOTEONUTHYECKUX (PePMEHTOB MULENHAIbHBIMU TpHOaMHu,
CBOWCTBaM MpoTea3 U UX NpuMeHeHu0. [TokazaHa mupokass pacnpocTpaHeH-
HOCTb CIIOCOOHOCTH CHHTE3MPOBATh MPOTeasbl cper rpubOB Pa3NUUHBIX PO-
noB. ['puGHbBIe TpoTeassl OTAMYAIOTCS CyOCTPATHON CeU(PUIHOCTbIO, UMEIOT
LIMPOKUH AManasoH 3HaYeHUH ONTHMAaJbHbBIX YCJ0BUH THApoOaU3a cybcTpara,
pH- 1 TepmocTabunbHocTH. MHOXKeECTBEHHbIE aCleKThl MPUMeHeHUsI TPUOHBIX
npoTeas U MX KaTajJUTHUYECKHe CBOHCTBA 00YCJaBJAMBAIOT MEPCIEKTHBHOCTb
rpubOB KaK MPOMBILLJIEHHBIX TPOAYLEHTOB YKa3aHHbBIX (DEPMEHTOB.

KnwueBbie canoBa: MUILleJMaJIbHBIE FpI/IébI-HpO[[yueHTbI, pOTEOJIN-
THYeCKHEe (pepMeHTbI, CBOfICTBa, T'HaApoan3, MpuMeHeHHe.
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AHTUMIKPOBHA AKTUBHICTb EKCTPAKTIB
KAJIFOCHUX KYJIbTYP TA ACEINITUYHUX POCJIUH
PSORALEA DRUPACEA BUNGE

Hocrioneno anmumikpobHy akmusHicms excmpakmis Kyiomyp Psoralea
drupacea Bunge (ncopaiei KicmsaHKOB80L), OMPUMAHUX 8 YMOBAX in Vitro:
KaAarocis cim’ 10046H020 NOXOONHCEHHA MaA ACeNMUYHUX pOCAUM (Had3emHol
yacmunu ma kopewis). Kaarrocui kysomypu P. drupacea sussasiu caabky
AHMUMIKPOOHY aKmMuHicms abo 6Yyiu HeaKmuBHUMU. AHMUMIKPOOHY pe-
4o8uHy OaKkyuios 8 Hux He sufsiero. [loxkasaro, Wo acenmuuHi poCAUHU
P. drupacea we 8i0pisnsaiucs 8i0 pocauH, 3ibparux y npupodi, 3a micyem
AOKQAAI3QYIT, CNEKMPOM, CmyneHem ma Xapaxmepom Oii aHMUMIKPOOHUX
peuosuH. 3a donomoeoro BEPX-Y®-anarizy 8 excmpaxmax 3 HQO3eMHUX
opeamis ycix 00CAIOHCeHUX POCAUMH, BupOUleHux in vitro, idenmugikosaro
Mmepomepnerosull eronr 6aKkyuior, 8micm 1K0e0 8 birvuiocmi sunadkis 6ys
6Au3bKUM QO (1020 BMiCMY Y POCAUHAX, 3IOPAHUX Y nPUpoOi.

Karwuosi caosa: Psoralea drupacea, 6aKkyuios, aHmumikpoOHa aKmugHicmo,
KAAIOCHI KYAbMYypu, ACenmuuri POCAUHU.

MepoTeprieHoBuil (heHos HaKyuioJs, OTPUMaHUE 3 POCaUH pony Psoralea —
P. corylifolia L. [15] Ta P. drupacea Bunge [2], € ongnieto 3 Ha#OiIbIl aKTHB-
HUX aHTHOAKTepiaJbHUX Ta aHTUTPUOKOBUX CIOJNYK POCIUHHOIO MOXOIKEHHS.
Bin nie Ha pisHi BUOM TpaMmo3uTUBHUX OaKTepilt Ta rpubiB-mepmMaTodiTiB y
KoHLeHTpauisx Big 1 no 10, pimwe no 20 mxr/ma [5, 4, 13]. Kpim Toro, Bu-
siBJIsie TIPOTUBIPYCHi [6] Ta MPOTUNYXJUHHI BJIACTUBOCTI, MPOTU3aNaIbHYy Ta
AHTUOKCUIAHTHY aKTUBHOCTI Toulo [8, 7].

KyabTypu KNiTUH POCJUH, SIK i iHILIi TUNU KYJbTYp i1 0ifr0O BUKOPUCTO-
BYIOTbCS [J/151 MPUKJIAAHUX | yHIAMEHTaNbHUX NOCHAIAKEHDb B PI3HUX ranays3sax
6ioJiorii, a TakKOXK A/151 PO3pOOKH OIOTEXHOJIOTIM OTPUMAaHHSA (hepMeHTiB, Mpo-
NYKTiB BTOPUHHOTO MeTa00J/1i3My Ta iHIIMX OiOJOTiUHO aKTHMBHUX PEUYOBHUH
pOCJIMH i BCTAHOBJIEHHS 3aKOHOMipHOCTeH ix 6iocuHTesy. Tak, 1110 cTocyeThCst
pony Psoralea, BCTaHOBJIEHO 30ATHICTb KAJMIOCHUX Ta {HIIMUX TUIIB KYJbTYPH ifn
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vitro nesiKuX BUIIB POAY NMPOAYKYBATH HU3KY Oi0JIOTIUHO aKTUBHUX PEYOBHH:
i3o(p1aBoHOIAM nala3eiH Ta reHicTeld, (ypoKyMapHHHU ICopaJjeH Ta aHredsi-
uuH (i3orncopasen) touo [11, 12, 10]. MoxnuBocTi cHHTE3y aHTUMiIKPOOHO]
peuoBMHHU OaKyuiosy KyJbTypaMu POCJaUH pony Psoralea, oTpumaHumu in
vitro, Brepiue OyJo0 mocnaimkeHo Hamu [14]| Ha npuknani Buny P. drupacea
(mcopasiesi KiCTSIHKOBA).

Mertoto nanoi po6oTu Oy/10 BUBUEHHSI aHTUMIKPOOHOI aKTUBHOCTI eKCTpa-
KTiB KaJIOCHUX KYJbTYp Ta aceNnTUUHUX pocauH P. drupacea.

Marepiaau i metoau

O6’exTaMu [aHOTO [OCJiIKeHHS OyJd OTPUMaHi in vifro acemTHuHi
pPOCJMHU (KOpeHeBa Ta Han3eMHa YaCTHHM), a TAKOXK KAaJIOCHI KyJbTYpH
P. drupacea ciM’si10/1bHOTO MOXOJKEHHS, KOTPi KyJ/JbTHUBYBAJIMCS HA arapu-
3oBaHoMmy cepenoBulli Mypaurire-Ckyra, B sike qoaaBaju pi3Hi 32 siKiCHUM
Ta KiJIbKiCHUM CKsanoM KombiHaliil itoropmoHiB (aykeunu 2,4-nuxaopheHok-
cuoutoBy Kucaory (2,4-1) ta l-naprunourory kuciaory (HOK), uurokininu
6-6ensunaminonypun (BAIT) ta xinetun (K). Hactuny kamocHoi Giomacw,
KyJ/JbTUBOBAHOI Ha OKPEMUX BapiaHTax cepefoBHullla, 10AAaTKOBO KyJbTUBYBA/N
y piIKOMYy CepeloBHIi B MPHUCYTHOCTI eJicuTopa MeTHaKacMoHaTy (M)K).
Binbi netanbHo yMOBU 06pOOKH KallOCHUX KYJAbTyp (hiTOrOpMOHAMH Ta Me-
TU/XKACMOHATOM OTHCcaHo paniuie [14].

Jlns pocnigKeHHs NMPOTUMIKPOOHOI aKTUBHOCTI Ta KiJIbKICHOTO BMICTY
6aKydiosly BHCYIIeHi Jiogisni3auielo Ka/aloCHi KyJbTypH Ta MOBITPSHO-CYXi
Ha/3eMHi Ta KOpeHeBi YaCTMHHU aCeNTHUHUX POCaMH P. drupacea excrtpary-
BaJ/Id XJ0PO(OPMOM (IesKi KalloCHI KYJbTypU — AHETUIOBUM edipom). s
MOPIBHAJIBHUX AOCJIIKEHb OTPUMYBAJ/IM TAKOXK XJOPO(MOPMHI €KCTPaKTH 3
MOBITPSHO-CYXUX HAJ3€MHUX OpraHiB pocaut P. drupacea, 110 pOC/aH B MPHU-
ponHUX yMOBax (3i6pani B okosuusx M. Amraban y ¢asi moyaTky UBiTiHHS).
[Ticaist ekcTparyBaHHs xJa0po(OpM BiAraHAIN, EKCTPAKTH PO3UUHSIN B €TAHOJI.

InenTugikauito 6axkyuiosy Ta HOro KiJbKicHe BH3HAYeHHS MPOBOLUJIU
METOIOM BHUCOKOe(EKTUBHOI PiiMHHOI XpoMmaTorpadii 3 yabTpadioseToBOO
nerekuieto (BEPX-Y®), BukopucToByous K CTaHAapT HaKyuios, OTpUMaHHUH
3 MPUPOIHOI CUPOBUHU P. drupacea 3a onucaHuM paHile MeTonoMm [3].

AHTUMIKPOOHY aKTHBHICTb €KCTPAKTIB KaJ/tociB Ta pocauH P. drupacea
JOCTIIPKyBall MeTOAOM CepPiHUX pO3BeleHb Ha PiAKUX MOXXHBHUX cepel-
ouuiax [1]. Tecr-mikpoopranismamu Oy/au pedepeHTHI 1ITaMu OakTepill Ta
rpubiB-gepmMaToditiB, Ki NiATPUMYIOTbCS B KOJIEKUil KyJbTYp BiAiny aHTH-
6iotukis IMB HAHY (Staphylococcus aureus ATCC 6538 P, Escherihia coli
ATCC 25922, Trichophyton mentagrophytes var. gypseum K).

Pe3ysabTaTi Ta iX 00roBopeHHs

[Ipu nocniimkeHHi aKTUBHOCTI KaJIOCHUX KyJabTyp P. drupacea sx TecT-
00’ekT OyB BUKOpPUCTaHUH pedepeHTHHH wWwTaMm S. aureus — mpencTaBHUK
OfHiel 3 uUyTAMBUX N0 il Oakyuiosy rpyn Mikpooprasiamis. B Tabauui 1
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HaBeJeHO pe3y/lbTaTH BUNPOOYyBaHb aHTHOAKTepiaabHOI aKTUBHOCTI 46 Bapi-
aHTIB KaJsIoCiB CiM i0JbHOTO MoXomKeHHs1 P. drupacea, Ky bTUBOBaHUX Ha
MOKMBHOMY CepelOBHLI 3 J0JaBaHHAM pi3HUX (32 SIKICHUM Ta KilbKiCHUM
CKJamoM) KoMOiHAUil (piTOrOpMOHIB Ta eJiCUTOpa METUIKACMOHATY.

Maiixke y MOJIOBHHM 3 TECTOBAHHUX BapiaHTiB KaJ/JlOCHUX KyJbTYp
P. drupacea BusiBNeHO HEBUCOKY aHTHOAKTepia/bHy aKTHUBHiCTb. EKcTpakTn
3 HUX Npurdiuysamu pict S. aureus B koHuenTpauiax 100—400 mxr/ma, y
O/MM3bKUX KOHLEHTpauiax Aisau 6akTepuuuaHo. Pemta ekcTpakri OyJa He
AKTUBHOW, TOOTO MiHiMa/bHAa iHTiOyIoua koHueHTpauis (MIK) 6yna 6inbiioio
3a 400 MKr/mJ.

Tabauus 1
AHTHOaKTepiajbHa aKTHBHICTb WOAO0 S. aureus eKCTPAKTIB KAJOCHUX KYJbTyp
P. drupacea, KyAbTHUBOBAHUX HA MOMKWBHUX CEPENOBUILAX Pi3HOTO CKJIALY

Table 1
Antimicrobial activity of P. drupacea callus cultures extracts obtained on the
different media against S. aureus

L MIK Ka/aloCHUX eKCTPaKTiB, % AKTUBHUX KaJIOCHHUX
.KOMﬁlHam.ﬂ MKr/MJI eKCTPaKTiB
(iToropmoHnis y
cepeoBuL - MXK + Mx - MXK + MX
HOK, BAIl >400 400 — >400 0 66
HOK, K 100 — >400 - 50 -
2,4-11, K >400 100 0 100
2,4-11, BAT1 100 — >400 100-200 77 100

[Tpumitkn: «2,4-Il« — 2 4-nuxaopdenokcnonrosa kucnora; «<HOK« — 1-marunourosa
kucsora; «BAll« — 6-6ensunamiHonypuH; «K«— KiHeTHH; «- MK« — METHJI?)KACMOHAT MPH
KyJbTHBYBaHHI He BHKOPUCTOBYBABCSI; «+ MK« — IPH Ky/IbTUBYBaHHI BHKOPHCTOBYBABCS
MeTH/KACMOHAT; «-& — He BUBYAJIH.

BusiBieHo nesiKy 3a/eXXHiCTb Mi>K SIKICHUM (DiTOrOPMOHA/bHUM CKJa[10M
CepelloBUIIA Ta AHTUMIKPOOHOI AKTHUBHICTIO €KCTPAaKTiB KaJlloCiB: cepen
KaJIIOCHUX KYJbTYp, BUPOLIEHUX HA CepeloBUILIAX 3 N0JaBaHHAM KOMOiHALiH
¢itroropmoniB 2,4-JI+BAIT Ta HOK+K, 6inblia uactuHa BHUsiBUJIA CIa0Ky
AHTUMIKPOOHY aKTHUBHiCTb. KastocHi Ky/JbTypHu, BHUPOIIEHi Ha CepenoBHUILI
3 nonasanusaM HOK+DBAII ta 2,4-I4+K 6ymu HeaktuBHumu. [Ipu nbomy
pi3HHLSA y KiJbKiCHOMY BMicTi (piTOropmMoHiB He Bimirparaja poJi. [licas o6-
pPOOKM MEeTH/IKAaCMOHATOM MaixKe BCi JOCJ/iIXKYBaHi Ka/JOCHI KyJbTypH Ha-
OyBanu caabkoi aHTucTadisoOKOKOBOI akTUBHOCTI. [IpoTe 1s akTHBHICTB, Ha
Hally AyMKy, He 3yMOBJIeHA HasiBHICTIO OaKydioJay, aaxke, ik BCTAHOBJIEHO
HaMU paHille, »KOAeH 3 NOCJ/iP>KeHUX BapiaHTiB KaJ/IOCiB He MiCTUB IIOMIiTHOI
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KiJIbKOCTi 11boro Mepoteprieny [14]. MokHa npumycTUTH, 1110 aHTUMiKpoOHA
AaKTUBHICTb OyJ/ia 3yMOBJIEHA HASIBHICTIO B €KCTPaKTaX iHIIMX aHTUMiKPOOHHUX
peuoBMH (HampuK/aan, ncopajeHy) — caaboakTUBHUX ab0 CHHTE30BAHUX Y
HEe3HAUHUX KiJbKOCTSIX.

AHTUMIKPOOHI BJIACTUBOCTI aCENTHYHUX POCJUH P. drupacea mocimxe-
HO LI0A0 NpPeACTaBHUKIB YMOBHO-IaTOT€HHUX TPAMIIO3UTUBHUX OakTepil
(S. aureus), rpamHeraTuBHuX Oakrtepiil (E. coli) Ta rpubiB-mepmatodiris
(T. mentagrophytes var. gypseum). JlocaimKyBaau XJ0pohOpMHi eKCTPaAKTH
3 HaJI3¢MHOI YAaCTUHHU Ta KOPEHIB POCJIUH, KYJbTUBOBAHUX in Vitro, y Mopis-
HSIHHI 3 €KCTPaKTOM 3 Ha/l3eMHUX OprauiB pocauH P. drupacea, 3i6paHux y
NPUPOMI, a TaKOXK 3 Mil040I0 PEYOBUHOIO POCJAMHHUX €KCTPAKTIB — MepoTep-
MEHOBUM (PeHOJIOM OaKy4ioJoM.

SIk BuIHO 3 HaBe#eHUX y TabJuli 2 NaHUX, 3@ MiclleM JoKaJi3alii, crek-
TPOM Ta CTyNEeHEM [ii aHTUMiKPOOHUX PEYOBHH POCJUHM IcopaJel pi3HOro mno-
XOJI2KEHHS He BiapisHsaaMucs. EKCTpakTH 3 Hai3eMHUX OpPraHiB K aCeNTUYHHUX,
Tak i 3i0paHuX y NPUPOAI POCJMH, TaK caMo K i Oakydios, NMpUTHiYyBa/Iu
pict S. aureus i T. mentognophytes Ta ne nisiiu Ha E. coli. B ekcTpakrax 3
HaJ3€MHUX OPraHiB yCiX LOCJIIKEHUX POCJUH, BUPOLLEHUX in vitro, 3a AOIO-
moroto BEPX-Y®-ananisy inentugikoBano 6aKyuiosi, BMiCT SIKOr0o B Oi/1bLIOCTI
BUNafKiB ctaHoBUB 1,45—3,82% Bin cyxoi macu pocaunu. IlosiTpsHo-cyxa
npupoaHa cuposuHa P. drupacea mictuna Bin 3,4 10 4,6 % 6akyuiony. To6To,
i 32 UMM [NOKAa3HUKOM POCJIMHU NPUPOIHOTO i OI0TE€XHOJOTIYHOTO OXOIKEHHS
[IPAKTUYHO He BiIPi3HAIUCH.

Bakrepuuyany ado QyHriuuaHy aio eKCTpakTH 3 Ha3eMHHUX OpraHiB poc-
JIMH, KYJbTUBOBAHUX i1 vitro, TaK caMo, IK eKCTPaKTH 3 IPUPOJHOI CUPOBHUHU
P. drupacea i ix niroya peuoBuHa OaKyuioJ, BUSIBJSIU B KOHLEHTpaLifX,
O/MM3bKUX 10 MiHIMa/JbHUX iHMOYIOUHX KOHLEHTpALil.

Tabauus 2
AHTUMiKpPOOHA aKTHBHICTb €KCTPAKTIB 3 KyJbTUBOBAHUX in vitro Ta 3i0paHux y
npuponi pocaun P. drupacea

Table 2
Antimicrobial activity of P. drupacea plants extracts cultivated in in vitro
conditions or collected from nature

MIK ekcTpakriB, MKr/mi

OCJIIPKYBAHUH 3pa30K i
il y p S. aureus E. coli T.mentagrophytes
var. gypseum

3,3 —33,3 >400 6,7 — 33,3 0,035 — 3,82

Konuentpauis
6akyuiony, %

HansemHa yactuHa KyJib-
THBOBAHUX (7l Vilr0 POCIHH
Kopeni KynbTHBOBaHUX

Lo >400 >400 >400 cainu
in vitro pocJauH

Hansewia sactina sio-) 5 o | _4qp 20 3.4-4,67
PaHUX y NPUPOII POCIHH

Bakyudion 2 >400 4-10 100

[Tpumitka: % — BiACOTOK Bim CyXOi MacH pOCJMHHOTO MaTepiaiy.
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ExcTpakTu 3 KOpeHiB A0C/iIKeHUX pocaut P. drupacea (siK BUPOLIEHHUX B
YyMOBax in vitro, Tax i 3i0paHux y NpUPOMi) aHTUMIKPOOHOI 1l He BUABJISIN.
Sk mokazaHo Hamu paHile [14], B KOpeHsAX aCeNTHUYHUX POCJIHH € JIULIe CJiAn
6akyuiony. Lle y3romkyeTbcst 3 JaHUMM PO He3HAUHI KiJIBKOCTI Lli€l peuoBU-
HU B KOPEHSIX POCJHH iHILIOr0 BUAY AaHoro pony — P. corylifolia (ncopanei
qitmnoauctoi) [9]. Kpim Toro, ockinbKu B KyJbTypi «60ponaTux» KOpeHiB
P. drupacea (i30nboBaHi reHeTHYHO TpaHC(HOPMOBaHi KopeHi) 6aKydioay He
BUsIBJEHO B3araJi [14], MoXKHa MpUMyCTUTH, L0 OAKydios HE CHHTE3YEThCS
B KJITHHAX KOpPEHS, a MOTpaIse TyAU B CJAiIOBUX KiJbKOCTSX 3 HaA3€MHOI
YACTUHU POCJIHHMU.

Takum unHOM, NpOBeneHi NOCHiIKEHHS I0Ka3aJ/H, 1110 KaII0CHI KylbTypH
ciM’simoIbHOTO MoXomKeHHs1 P. drupacea — mpoayLeHTa BUCOKOe(EeKTUB-
HOTO AHTHMIKpPOOHOro MepoTepreHy Oakyuiosy — 3HAuHOI aHTHMIKpPOOHOI
AKTUBHOCTI He BUSBJSAIOTH i 0aKyuios y MOMITHHX KiJIbBKOCTSIX He CHHTe3Y-
10Tb. KysnbTypa acentuuynux pocaus P. drupacea, 3aBISIKM BUCOKOMY PiBHIO
HaKOMUUYeHHs1 6aKydioay B HaA3eMHHUX OpraHax, NnepcrekTHBHA K IKepeJso
BHCOKO aKTHBHOI'O aHTHUOIOTHKA i 00’eKT mjs po3poOKU Oi0TeXHOJOTiUHUX
OCHOB HOro oneprKaHHs.
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AHTUMHUKPOBHASI AKTUBHOCTb 9KCTPAKTOB KAJIJIFOCHbIX
KYJIbTYP U ACENTUYECKUX PACTEHUU PSORALEA
DRUPACEA BUNGE

Pedepar

HccnenoBana aHTHMUKPOOHAS aKTUBHOCTb SKCTPAKTOB Ky/nbTyp Psoralea
drupacea Bunge (ricopasied KOCTSIHKOBOH ), TOJyYEHHBIX B YCJOBUSIX i1 Vilro:
KaJJIIOCOB CEMSIIOJIbHOTO TPOUCXO0XKIEHUS U aceNTHYECKUX pacTeHUd (Hai-
3eMHOH yacTu U KopHel). KasmmtocHble KynbTypbl P. drupacea mposiB/siIu
cnabyro aHTUMUKPOOHYI0 aKTUBHOCTD JIUOO Obl/IM HEAKTUBHUMH. AHTHUMUKPOO-
HO€ BellecTBO 0AKy4yHoJ B HUX BbISIBJIeHO He Oblio. [Tokasano, uto acentu-
yeckue pacteHus P. drupacea He OT/MYaNUCh OT pacTeHHUH, COOpPaHHBIX B
NpHUpone, N0 MECTY JOKa/JAU3aUHUH, CIIEKTPY, CTeNIeH! U XapaKTepy NeHCTBUS
aHTUMHUKpOOHBIX BellecTB. C nomouibio BO)KX-YO ananusa B skcTpakTax
Ha[3eMHBIX OPTaHOB BCeX HCCJEJOBAHBbIX PACTEHWH, BBIPALLEHHBIX in Vilro,
UIEHTU(ULHMPOBAH MEPOTEPIIEHOBBIH (DeHOJ OAKy4HoJI, COAepKaHue KOTOPOro
B OOJIBILIMHCTBE CJydaeB NPHUONUKAIOCH K €r0 COAepPKaHUI0 B PaCTeHHSX,
cOOpaHHBIX B NIPUPOJE.

KniwoueBbie cnoBa: Psoralea drupacea, 6akyunoJ, aHTHMUKPOOHaS
AKTUBHOCTb, KaJJIOCHbIE KYJbTYpPbl, aCENTHYECKHE PACTEHHUS.
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ANTIMICROBIAL ACTIVITY OF EXTRACTS OF CALLUS
CULTURES AND ASEPTIC PLANTS OF PSORALEA
DRUPACEA BUNGE

Summary

Antimicrobial activity has been investigated for P. drupacea in vitro
cultures (cotyledon-derived calli; aerial parts and roots of aseptic plants).
Activity of calli was weak or absent. Aseptic P. drupacea plants as it is
shown have no differences from collected ones in nature in antimicrobial
localization, spectrum and degree of influence. By the means of HPLC-UV
in the extracts of aerial parts of the investigated plants the meroterpene
bakuchiol has been identified. The content of the substance in aseptic plants
was similar to the one in the plants collected in nature.

Key words: Psoralea drupacea, bakuchiol, antimicrobial activity,
callus cultures, aseptic plants.

70 Mixpobioaoeisn i 6iomexnorozis Ne 3/2011



YK 632: 630.44

I.I. T'yaseBa', O.B. LlleBuenko?, I'.0. Chiryp?, A.C. Bicos?,
b.H. Miakyc!
'Onecbkuit nepKaBHuil arpapHuil yuiepcuret, Bys. Kanartua, 99, Oneca, 65039, Ykpaina,
e-mail: ogsi@te.net.ua, inna_gulyaeva@list.ru.

?KuiBcbkuit HauioHanbHu# yHiBepcuTeT imeni Tapaca IlleBuenka, By/1. Bomompumupcenoka, 64,
Kuis, 01033, Ykpaina

MOWMHPEHHS BIPYCY KAPJIUKOBOCTI NMIWEHWLLI
HA NIBAHI YKPAIHH

Ha nocisax nwenuyi i aumenio nig0erHoeo peciony YKkpainu susagieno sipyc
Kapauxkosocmi nuwenuyi (BKII). Bipyc idenmugikosaro 3a donomoeoro
imynogepmenmuoeo anarisy (IPA) i norimepasdnoi ranyoeosoi peaxuyii
(I1JIP). IIpoaranrizosano nowuperns 8ipycy, 8u81HeH0 COPMosy ymausicmo
3aaxosux kyavmyp 0o BKII. [lokasano 3aiedncHicms CMynens YpancerHs
POCAUH 8ipYcOM 8i0 cmpOKi8 NOCi8Y Ma KAIMAMUYHUX YMOS.

Karouosi carosa: 8ipyc KapAukos8ocmi nuleHuyi, iMynodepmenmuui anaris,
noAiMepasHa AaHu0208a peaKyis.

Bipycu € onHielo 3 ceplio3HUX NPUYMH 3MEHLIEHHS YPOXKAUHOCTI i IKOCTI
3epHa 6araTbox CiJIbCbKOrOCNOAAPChKUX KYJAbTYP. Bipycu € HeBia eMHOIO yac-
THHOIO OyIb-IKOI €KOCUCTEMH, IPUUOMY Ha Pi3HHX eTanax pPO3BUTKY BipycH
3HAXOMASATbCS B TiCHIH B3aeMopii 3 pisHUMHU ii KOMIOHEHTaMu [3].

Y 3B’MI3Ky 3 BEJIMKOIO HACHUEHICTIO 36DHOBUX y CiBO3MiHax B YkpaiHi, a
caMme yepes3 KOPOTKi May3u IpU BUPOLLYBAaHHI LIKUX KYJAbTYyp Ha OJHOMY IOJIi,
MiABULLYyEeTbCS iH(DEKUIAHUHA TUCK (HaBaHTaKeHHs) 30YIHUKIB BipyCHUX XBO-
po6. BHacsinoK BUKOPUCTAHHS LIBUAKOAIIOYMX a30THUX NOOPUB Yy POCJIHHAX
NiABULLYETHCA BMICT a30TY, BIJIbBHUX aMiHOKHUCJ/IOT i Pi3HUX LYKpiB, 110 NpH-
3BOJUTb [0 YPa*KE€HOCTi 3€pPHOBUX IONEJUUAMH Ta {HIIMMHU LIKiIHUKAMH.
Lle, B cBOIO 4epry, crpusie PO3MNOBCIOMXKEHHIO BipyCiB 3ePHOBUX KYJbTYp B
arpoleHosax [6].

3MmiHu y KJaiMaTi, gKi BinOysaucs 3a ocTaHHI poKH, 30KpeMa, MiIBUIIEHHS
KOHTHUHEHTAJ/bHOCTI K/iMaTy, BUMaratoTb [10€TAalTHOr0 00CTeXKEeHHS MOCiBiB Ha
HasIBHICTb LWIKiAJMBHUX KOMaX, POCJHH, YPaXKe€HUX Pi3HUMU XBOPOOaMH, 3 METOIO
CBO€YACHOI'0 3aCTOCYBAHHSA 3aXOiB 3aXUCTY BiJl LIKOJLOUYMHHUX OPTraHi3MiB Ta
MIPOTHO3yBaHHS BpoKaHHOCTI [3].

BKII nepenaeTbcs NepCUCTEHTHO 32 LONOMOTOI0 YHIKA/JIbHOIO BEKTOpa —
uuKanku Psammotettix alienus, ane He nepenaeTbes UMKaakamu Javesella
pellucid, Laodelphax striatellus, Macrosteles laevis. Bipyc 36epiraetbcs
Nif 4ac JMHbKM Ta He PO3MHOXXYETbCS B OpraHiami Bektopa. B mnpoueci
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PO3MHOKEHHSI LIMKaaKa He nepenae Bipyc cBoiM Hawankam. BKII ne nepe-
HOCUTBCS MeXaHi4HO, KOHTAKTOM MixK POC/JIMHAMH, HACiHHSIM Ta MUJIKOM [3].
Takum uunowm, emninemiosnoris BKII myke TicHo moB’sizaHa 3 reorpadiuHum
MOLUMPEHHSIM HOrO YHIKa/JbHOrO BEKTOpa, SKHMH Halbisbllle pO3MOBCIOAXKE-
HUH y KpaiHax miBoeHHoi Ta cxinHoi €Bponu: B Bourapii, Yexii, CrnoBauuuHi,
®panuii, Yropuwuni, Himeuuynni ta kpainax CHJL. € nani, 110 #ioro BUSBUIN Y
[Beuii. Cin 3a3Ha4YuTH, 110 AAHUX 11100 MOLUMPEHHS BipyCy KapJUKOBOCTI
NiIeHUL B YKpaiHi Hel0CTaTHbO.

Hawowo meToto OyJsio He TiJIbKH BCTAaHOBUTH (haKT HASBHOCTI Bipycy y
3pasKax pOCJIMH, aje ¥ MPOBECTH KiJbKiCHUH aHasi3 AJjs 3'sCyBaHHS MOILHU-
pPEeHHs 1aHOro 3aXBOPIOBAHHS HA MiBAHI YKpaiHHU.

Martepiaau Ta MeTOaH

Bin6ip 3paskiB poc/MH NPOBOAU/M 32 pe3y/bTaTaMM Bi3yaJ/bHOI AiarHOC-
TUKU. MappyTHi 0O6cTexKeHHS M0J1iB 3AiMCHIOBA/IN 3a [IeBHUMH CTaHAAPTHUMU
cxeMaMu (MapLIpyTaMH), i3 3aCTOCYBaHHSM «[iaroHaJbHOr0» MiAXOAy MOAIOHO
JI0 CIIPOLIEHUX CcXeM ApiOHOMaclITaOHOro AeTalbHOr0 MOHITOPHMHTIY IOJiB Ha
10% saranbHoi mJowwi nocisis [7].

Bin6ip 3paskiB 3epHOBHUX 3/J1aKOBHUX KYJbTyp MPOBOAUJIMU 32 BUOIPKOBUM
MeTOIO0M — BiAOHUpaU POC/AUHH i3 BipyCONOAIOHUMHU CUMIITOMAMHU: )KOBTYXOIO
Ta 3HAUHOIO KapJAUKOBICTIO poc/uH. Binbupaan pocanHu 03uMoi Ta sipoi miile-
HMULIi, STUMEHIO, Ta CYNYyTHiX nuKopocaux 3nakiB. Ha IliBani ¥Ykpainu 3pasku
Binbupa/au B OCHOBHHMX 3epHOCilouux perioHax — Opnecbka, XepcoHCbKa Ta
MukosaiBcbka o6s1acTi. 3arasom 6yJ0 BigiopaHo 6su3bKo 125 3paskis.

[Ticas BinGopy mns momagbluoro ananidy metomnom [DPA 3pasku pocsuH
romorenisyBaau y cdochatnomy 6ydepi (0,1 M PBS, pH 7.4) y cniBBigHo-
wenHi 1:10. TTorim uentpudyrysanu na uentpudysi PC-6 (5000 g nporsrom
20 xB.); BinO6upasu HagOCaaOBY PilUHY, SKY BUKOPUCTOBYBAJHU MJIs MOAAJb-
LIUX AOCJiIKEHb.

Hasi niarnoctuku BKIT metonom I®A BUKOpUCTOBYBaM KOMEPLIHHY TeCT-
cuctemy BupobuulrBa LOEWE (Himeuunna). ¥Yci 3pa3ku ananidyBaju y Tpu-
KpaTHi#l MOBTOPHOCTI BiAOBIIHO 10 peKOMeHAallil BUpOOHUKA TECT-CUCTEMH.

Pesynbratu peectpyBasu Ha anajdizatopi [PA — npu moBXKHHI XBUJI
405 uwm. Tlo3uTMBHUMM paxyBasu TOKa3HMK, SKMH BJBidi MepeBHUILYBaB He-
FraTUBHUH KOHTPOJb (CiK 3m0poBoi pocaunu) [1, 2, 6].

Jlns neTexuii Bipycy Kap/JMKOBOCTI MII€HHLl 3aCTOCOBYBAJ/IM MeTOJ, MoJliMe-
pasHoi janworosoi peakuii ([1JIP). BukopucroByBasu yHiBepcasbHi BUaOCHIeH-
¢iuni npaiimepu: WDV-forward 468-487 5’ ATCCCGGGTCCTCCGACTAC-3’
ta WDV-reverse 477-458 5-GACCCGGGATCGTAAGGGGC-3’ [11]. JIucTku
3/1aKOBUX KyJbTYp (MILEHHLi, SUMEHIO Ta AUKOPOCIUX 3JaKiB) Binbupanu 3
POCJIMH, SIKi IPU CePOJIOTivyHiil AiarHocTuui 6ynu nokasaxi ik BKII-no3uTusHi.
Buninenns JIHK npoBomunu 3a pekomennauismu Shepherd et al. [9]. Bunui-
JIEHHS1 TpoBoausK 3a pornomoroio Habopy Extract-n-Amp™ Plant PCR kit
(Sigma, CILIA) 3a pekomennauisivu BupobHuka. HaBaxky smmctkiB (30—50 mr)
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nepeHocunu B npobipky Ennennopd, BKpuBanu ekcTparyBajbHUM Oydepom
B 00’emi 50 MKy Ta HarpiBaau npotsirom 10 xB npu 95 °C. Hanani nonasanu
6ydep nisi posbaBienHs B 06’emi 50 MK, micss yoro 3pa3ok abo 30epiraau
npu -20 °C, abo Binpasy BUKOpHUCTOBYyBanu ans npoenenHs I[1JIP 3a cran-
JApPTHOI0 METOJMKON i3 BUKOPUCTAHHSAM MApU YHiBEPCAJbHUX IpauMepiB.
Pesynbrartu [1JIP cayryBanu ninTBepaKeHHAM AIHCHOTO (akTy iH(piKyBaHHS
pocaun BKII. 3acTocyBaHHsl HaBefeHUX Map npaiMepiB 103BOJSIO aMILIidi-
KyBaTH MOBHOPO3MipHY Komito reHomy Bipycy (2700 ocHoB).

Has npoBenenns [1JIP BukopucroByBamu JIHK B 06’emi 3 Mk, BuaineHoi
OIHMCaHUM BHLLE CII0COOOM 3a AONOMOrolo TecT-Habopy. OKpim Toro, peakuirina
cymit mictuna 20 nkmoJb npaimepis, 200 nkmosb KoxkHoro tHT®, peakuiii-
uuit 6ydep ans [IJIP ta 2,5 on/mn Tag-nonimepasu (Fermentas, JlaTsisi) [9].

Awmnnicikauito npoBoauau y pexumi: 94 °C — 4 xB. (94 °C — 30 cek.,
56 °C — 30 cek., 72 °C — 3 xB. 30 cek.) — 40 uukni, 72 °C — 10 XxBUJIHH.

Pesysnbratu amnaidikalii reHomy Bipycy nepeBipsiid METOIOM IOPU30H-
TaJabHOro enektpodopesy B 1% araposnomy rei [11] 3a gornomorow npu-
nany Bupoonuursa «Xuny-Kanyp» (Jlatsist) Ta Tpancinominatopa (Bio-Rad,
CIIA) 3 BukopucTanHsM cTangapTHux MapkepiB Gene Ruller 100 bp DNA
Ladder plus (Fermentas, Jlatisi) 3 nopanbuum ¢oTorpadyBaHHsSM reJiB B
yAbTpadioneToBOMy CBIT/Ii.

Pe3ysabTaTn Ta iX 00roBopeHHs

3a 2009 pik npoBeneHO 0OCTeXKEHHS arpoLeH03iB Ta Bindip 3paskiB 3.1a-
KOBUX KYJbTYPHHUX Ta AMKOPOCJUX POCJMH: MIIEHUL], SYMEHI0 Ta CyNYTHIX
TpaB’siHMCTUX OYp’'sHiB 115 nopanbluoro BusinenHss BKIT.

O6cTexyBanu POCAMHHU 3 BipyCONMOAiOHUMU CUMIITOMaMH: »KOBTYXOI0 Ta
3HAYHOIO KapJsuKoBicTio. CUMNTOMM Ha pociauHax Oynau tunoumu ans BKIT.

Yci BiniOpaHi 3pasku Ma/jau OCOOJNMBUU iHTepec, OCKIJIbKU B JiTepaTypi
HeMae CTATUCTHYHUX JAaHUX CTOCOBHO IOLIMPEHHSI NaHOTO Bipycy B arpoue-
HO3aX MiBAHSA Y KpaiHH.

Y pesy/abTaTi NpPOBeNeHOro NOC/i[KEHHS (PiTOCAHITApHOTO CTaHy IO-
CiBiB 3epHOBHMX KYJbTYp MOKa3aHO, LI0 B Pi3HUX pailoHax MiBAHSA Y KpaiHu
Jy’Ke MOLIMPEeHUMH € cuMnToMHu, Tunosi aast BKIT — no»xoBTiHHS JTHCTKOBUX
MJIaCTHHOK, 3aTPUMKa POCTY Ta KapJHKOBICTb POCJHMH. 3BHUAHHO BiACOTOK
ypaKeHUX POCJIMH i CTYMiHb iX ypaKeHHs1 Oysu pisHuMHU. Y pesynabrati [GA
Briepiue aiarnoctoBano BKII B Opnecbkiit o6sacTi Ha copTax 03UMO] MILEHUL
Censnka, Knona, 3naxinka Onecbka, Kysnbnuk, Onecbka 267 Ta Ha copTax
osumoro siumeHto Merenuusi, AGopureH, PocaBa, OcHoBa. ¥ XepCOHCBKIH i
Opnecskiit o6mactsix BKIT BusiBsneHo Ha nukux 3nakax (Deschampsia sp.). B
Mukonaiebkift o6macti BKII He 6yB BusiBieHHH.

[IpoBeneHUMH NOC/iI?KEHHSIMU BCTAHOBJIEHO 3HauHe nowupenHs BKII y
3epPHOBUX arpolleHo3ax AesKHUX PaloHiB MiBAHA Y KpaiHH.

PesysnbTaTu npoBeneHOro aHaji3y CTOCOBHO BILJIMBY COPTIB Ta CTPOKY
nociBy Ha nposB BIIK naBeneni B Tabauusx 1 ta 2.
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Tabauwga 1

BusiBnenua BKII Ha o3umomy siumeHi B OpecbKin obaacti 3a ponomoroto 1PA

Table 1

Serological detection (ELISA-test) of WDV in the winter barley
at the Odesa region

CiBaJikoBHH NoOCiB
Coprt
2.10.08 12.10.08
Pocasa _ +
OcHoBa _ +
Tamanb _ _
Mertenuus + _
Abopuren + _

YMOBHi NMO3HAa4YeHHS: — BipyCy HeMae; + HasiBHICTb Bipycy

Tabauuga 2

Pesyabratu BusiBiaeHusi BKIl Ha o3umiii niwenuui B Opecbkiidi o6aacti
3a gonomoroi IPA

Table 2
Serological detection (ELISA-test) of WDV in the winter wheat
at the Odesa region
Crpoku nocisy
Coptu
5.09.08 15.09.08 25.09.08 5.10.08 15.10.08 25.10.08

Opnecpka 267 _ + + _ _ _

Censinka + _ _ _ _ _

Kuona + + _ _ _ _

Suaxigka Opn. + + _ _ _ _

Kysnbank + + + _ _ _
Ananisyroun nani [®A, moxHa 3poOUTH BUCHOBOK mpo Te, mo BKII Ha

03UMOMY STUMEHi POsiBJIeHO Ha Takux copTax sik PocaBa, OcHoBa, Meress,
Abopuren. O3umuil suMiHb OyB MOCISTHUE 3BHYAHHUMHU CiBaJKaMH Ta y Je-
MOHCTPALiHHOMY A0CJii — LLIHPOKOPSIAHUM CIIOCOOOM MOCiBY. ¥ CiBaJKOBOMY
nocii BKIT BusiBneHo Ha coprax Metenuus ta Abopuren 2.10.08 cTpoky
nociBy ta PocaBa i OcnoBa 12.10.08 ctpoky mnociBy. [Ipu mupokopsigHoMy
nocisi 12.10.08 BKII Busineno Ha coptax PocaBa i OcuoBa. Ha copri Ta-
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maHb BKII He BusiB/eHO B3aradi, 1110 HMOBIpHO MOKe CBiIYMTH MPO HOro He-
CIIPUMAHATAMUBICTD 10 NAHOTO BipycCy.

OrpumMaHi pe3y/sbTaTh A03BOJSIOTh 3pOOUTH BUCHOBOK PO BiICYTHICTb
3B’SI3KYy Mi»K CITOCOOOM Ta CTPOKOM MOCIBY 3JJaKOBUX KYJbTYP i iX ypaxKeHiCTio
BKII. Tpe6a BiamiTuTH, 1110 i Y BUpoOHHUKX NOciBax, 30kpeMa y KomintepHis-
cekoMy i BinaiBcekomy paiionax Opnecbkoi o6.1acti, BKIT BusiBneHo Ha coprax
Ocnoga 20.09.08 ctpoky nociBy Ta Pocasa 2.10.08 ctpoky nociBy, Binmnosia-
Ho. OTKe, ocHOBHUM crniocobom H6opotbbu 3 BKII Ha o3umomy siumeHi mae
6yTH Bubip criikux coptTiB. Tum He meHuie, ockinbku BKII e JITHK-BmicHuM
reMiHiBipyCcoM, AKHUH PerIiKyeTbCs B AApi, MOWYK COPTIiB 3J/aKiB, CTIMKUX 110
J@HOTO TaTOTeHy, MOXKe BUSIBUTHCS HepeHTaOeJbHHUM.

TecTyBaHHa 3paskiB 03MMOI MIIEHHUL MOKa3aJjo, 110 Ha BiAMiHY Bin
O3MMOTO SUMEHIO, IKUH OyB YypaKeHHH B ONTUMAJbHUU /51 MOCIBY CTPOK
(10—15.10), na muennui BKII He BusiBIeHO 32 1TOCIBY B ONTUMAaJ/bHUN TEPMiH.
Bin BusBasBes Juie 3a nociBy 3 5.09 mo 25.09. Y 3B’43Ky 3 LIHM, BaXKJIUBUM
€ cTpok mociBy KynbTypu. IIpo ue cBimuath nani tabauii 3, 3 IKOi BUIHO,
mo BKII inentudikoBano nmpu mociei 5. 09 na coprax Cenasinka, Kroma,
3unaxinka Opecbka, Kysanbuuk; 15.09 Ha coprax: Onecwbka 267, Knona, 3na-
xinka Opeceka, Kysanbuuk; 25. 09 Ha coprax: Onecbka 267, KysnbHuk, a 3a
ctpoki nociBy 5.10; 15.10; 25.10 BKIT na >konHoMy i3 BHILIEBKA3aHUX COPTIB
BUSIBJEHO He OyJo. ¥ 3B’SI3Ky 3 LIUM OCHOBHY YyBary HeOOXiJHO MpHUIiIATH
CBOEYACHOMY TOCiBY KyJbTyp (0 abo micas macoBoro jeTy BekTopiB BKII)
Ta MPOBEJIEHHIO arPOTEeXHIUHUX 3aXO0/iB 3 KOHTpoJIto nonyasuii Bekropy BKII.
3okpema, Hamu OyJs0 3’§COBaHO, 110 3HAYHA KiJbKiCTb MOMYJsLiH BeKTOpa
BKII uukanku Psammotettix alienus, BUSBUJIACS HE3NATHOIO TEPEXKUTHU
cyBopy Ta tpuany 3umy 2009 poky, Tomy piBeHb iH(DIKOBAHOCTI MOCIBiB Y
2010 p. BUSBHBCSI 3HAYHO MEHIIMM 33 MOKA3HUKU MUHYJHUX POKIB.
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PACITPOCTPAHEHHUE BUPYCA KAPJIMKOBOCTH MNMIUEHHULLbI
HA IOT'E YKPAUHbI

Pedepar

Ha noceBax mniueHuLB! U SYMeHS I0’KHOTO pervoHa YKpauHbl BbISBJIEH
Bupyc KapankoBocTH nienusl (BKII). Bupyc unentuguumposan npu nomo-
U UMMyHO(pepMeHTHOTO aHamu3a (MPA) u monnmepasHo LeMHOH peakiuu
(TTLUP). Cnenan aHaM3 pacrnpocTpaHeHUs BUPyca, U3ydyeHa COPTOBAasi 4yB-
CTBUTEJ/bHOCTD 3/71aK0BbIX Ky/abTyp K BKII. [Tokasana 3aBucuMocTb cTenenn
MOpa>KeHUsl paCTeHUH BUPYCOM OT CPOKOB [TOCEeBA U KIUMATHUECKHUX YCJIOBHUH.

KunoueBble c/a0Ba: BUPYC KAPJIUKOBOCTH MILEHHULIbI, UMMYHO(pEPMEHTHBIN
aHaJ/u3, NoJuMepasHas LenHas peakLus.
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SPREAD OF WHEAT DWARF VIRUS (WDV) ON THE
SOUTH OF UKRAINE

Summary

There were detected the wheat dwarf virus (WDV) on the wheat and
barley grown at the South part of Ukraine. The virus identification was
conducted by ELISA-test and Polymerase Chain Reaction (PCR). The WDV
distribution and cereals varietal resistance to this virus were analyzed. It
was established that the level of WDV infection depends on the time of
crops sowing and the climatic conditions.

Key words: wheat dwarf virus, ELISA-test, Polymerase Chain
Reaction.
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CKJAJL MILLEJTIAJIBHOI MACH TA KYJIbTYPAJIbHOT
PIIUHU CORDYCEPS SINENSIS (BERK.) SACC.
(ASCOMYCETES)

Y miyeriaroritl maci ma Kysomyparvriti piouni Cordyceps sinensis (Berk.)
Sacc. idenmupikosaro 17 aminoKuciom 3 OOMiHYBAHHAM 3-X HE3AMIHHUX:
ABUKY, Aeduuny, mpeoHriny. Y 3azcarvHoHill @paxyii Ainidie Miy,eriarbHoi
macu C. sinensis anatideno 10 HupHUX KUCAOM, A 8 KYAbMYPALbHIl PiOUHI
— 12. BussaeHo nepesancanns HeHACULeHUX HCUPHUX KUCAOM Y HCUPHOKUC-
aommuomy ckaradi miveriarvnoi macu (77,82% ) ma kyromyparvhoi piouru
(74,34% ) C. sinensis. ¥ miyeriaroniii maci ma Kysvmypareuiii piouni C. si-
nensis 8cmaxosAeno HassHicms simaminis B, B, B, A, C, kapomunoidis
ma 14 ximivnux esemenmis.

Kawuosi crosa: Cordyceps sinensis, miyeriasoha maca, KYAbmyparoHa
piduna, CO,-uipom amaparnma.

YuikanabHi BaactuBocTi rpudiB pony Cordyceps, siKi BAKOPUCTOBYIOTb Y
HaponHi#t menuuuni Kutato npotsirom 6inbiu Hizk 1200 pokiB sk yHiBepcaJsib-
HUH 3acib /15 3MiLHEHHS OpraHiaMy Ta NpoQiJaKTHKHU Pi3HUX 3aXBOPIOBAHb,
BUKJMKAIOTh OCTaHHIM 4acoM Bce Oisbluuii iHTepec. BoHu 3ycTpiuaioTbes y
qicax Asii, €sponu ta [liBHiuHOi AMEPHUKH Ta € EHTOMONATOTeHHUMH I'pubda-
MH, 110 MapasuTyoTh Ha ryceHulsix MeTeukiB [10, 14—16]. Ocob.uBa yBara
BYEHHUX BCBHOTO CBITy MPHUAiAEHA NOCHAIIKEHHSAM JiKyBaJbHUX BJIACTUBOCTEH
Cordyceps sinensis (Berk.) Sacc (Kopmuuenc xutadicbkuii, «Tochukaso»,
«DongChongXiaCao») [10, 11, 13—15]. Cnoayku (KopauuencoBa KUCJIO0Ta,
aJIeHO3UH, KOpIULeNiH, noJicaxapuan — D-riokaHnu, ranakTo30aMiHOTIIOKaHN
Ta iH.), 110 BXOASITh 10 CKJAAMY LIbOTO JiKapCbKoro rpuba, nokpaulyioTb CTaH
iMyHHOI CHCTEeMHM JIIOAMHH, MAIOTh NMPOTUIYXJIUHHY, aHTHOKCUIAHTHY, aHTH-
O6akTepia/bHy, TiMOTEH3UBHY, aHTHAPUTMIYHY Jil0, MiABHULIYIOTb aAaNTHBHI
MO2KJIMBOCTi OpPraHi3my, rajbMylOTh IPOLIECH CTaPiHHA Ta TPOMOOYTBOPEHHS,
rapMoHi3yTb 00MinHi npouecu [10, 11, 13—15], a TaK0XK MO3UTHBHO BILJIH-
BalOTh HA HEPBOBY, €HIOKPUHHY, CTATeBYy Ta AuxanabHy cuctemu [10, 14—16].

[IuTaHHS W0A0 MOKJIMBOCTI BUKOPUCTAHH§ MiuesianbHOi MacH,
KyJbTypaJ/JbHOi piinHU Oyab-fIKOro rpuba Ajs XapyoBUX UM JiKyBasbHO-

© T.A. Kpynomsoposa, B.IO. Bapwreitn, H.A. Biceko, T.C. IBanosa, 2011
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npodiJaKTUUHUX LiJeH MOB’sI3aHO 3 KOMIIJIEKCHOIO OLHKOIO iX XapuoBoi Ta
6i0J10T{UHOI LIHHOCTI Ta MOLIYKOM JelleBUX, €KOJOTIYHO YUCTUX cyOCTpaTiB
— BiIXOMiB POCJWHHOTO MOXOMKEHHS Ta XapuoBoi mpomucaoBocTi. OgHaK,
icHye nediuuT pobiT, BUlleo3HaueHoro HanpsAMKy. Kpim toro, Ky/abTypasnbHa
pinnHa JiKapcbKUX rpubiB Ha BMICT NPOTeIHY, aMiHOKHUCJIOT, 2KUPHUX KUCJIOT,
BiTaMiHiB, MakpoO- Ta MiKpOeJ/JeMeHTiB MauKe 30BCiM He AOCJiIKeHa.

Meta Hawoi pob6oTH — mpoaHani3yBaTH SIKICHUH Ta KiNbKICHUH CKJal
MiLlesliaIbHOT MacH Ta KyJbTYypaJsbHOI pinuHu Jikapcbkoro rpubda Cordyceps
sinensis, BupolleHHoro Ha 6opouwni i3 CO,-wpory amapanty Amaranthus
caudatus L — BiaXomi ByTrJIEKMCJIOTHOI eKCTpaKLil.

Martepiaau Ta MeTOaH

O6’ekToM nocaimkeHnHss 6yB wram 3 Kosekuii Ky/JbTyp LIAMHHKOBHUX
rpu6iB (IBK) Incturyry 60taniku imeni M.I. Xomognoro HAH Ykpainu [1]:
Cordyceps sinensis (Berk.) Sacc. 1928.

Cy6cTpatom [Jis TOBEPXHEBOTO KyJabTUBYBaHHS C. sinensis 6yB Binxon
pocsiuHoro noxomxenus — 6opowno i3 CO,-wpoty amapanta Amaranthus
caudatus L. y xinbkocTi 60 r Ha 1 qiTp auctuaboanoi Bogu. Cy6ceTpar cre-
puJsisyBasu B aBToK/aBi y Konbax o6’emom 0,25 o1 30 xB. npu 1 atm. [licas
cTepumisalii cy6cTpaT iHOKyMOBaad romoreHizopanum Miueaiem (10% 3a
o6’emom), 110 OyB BHUPOIIEHUH MOMepenHbOo Ha damikax [letpi 3 riarokoso-
MEeNTOHHUM arapu3oBaHUM cepeloBHUllleM. [HOKY/1bOBaHi cCyOCTpaTH iHKyOyBain
14 ni6 y Tepmoctari npu Temneparypi 20+2 °C.

Biomacy ta kyabrypanbHy pinuny C. sinensis, oneprkaHi pu BUPOILEHH]
npoayuenTa Ha 6opowHi i3 CO,-IpoTy amapaHTy, BUCYLIYBaJ/IK 32 JOIOMOIOK
nioinbHoi cymku Cryodos-50 (Icnanis).

3aranbHui a30T y 6iomaci Ta KyJabTypaJbHill piIuHi BU3HAUAJMH 32 METO-
nom Keenbnans [6]. Cupuii npotein po3paxoByBaJiu epepaxyHKOM KilIbKOCTi
3araJibHOro a30Ty 3 BUKOPUCTaHHAM KoediuieHTy 4,38 [9].

BusHaueHHs1 cuporo kupy nposoausocs 3rigHo 3 metonuko M. Keifitca
[3]. BctaHoBIeHHS XKUPHOKHUCIOTHOTO CrieKTpY BukoHaHo 3rigHo 3 JICTY ISO
5508-2001 [2]. XpomaTorpadiuHuii aHaIi3 }KUPHUX KUCJOT MPOBEIEHO HA ra3o-
Bomy xpomarorpadi Kpucran Jlioke 4000 (Pocis) 3 moaym’ sHo-ioHi3auinHUM
IEeTEKTOPOM, Ha KaminspHiid KomoHui SP-2560 (Supelco). Mexa BusiBIeHHS
xupHux kucaotT — 0,01%.

Busnauenns BmicTy BiTaminy B, rpyHTyeTbcsi Ha OKMCHEHHI TiaMiHy B
TiOXpOMi, eKCTPaKLii OCTAHHBOTO OPraHiYHUM PO3UMHHUKOM Ta BUMipIOBaHHi
iHTeHCUBHOCTI (aryopecuenuii [8].

BcranosieHHs HasiBHOCTI BitaMiny B, aaificHioBanu 3 pu6o(h1aBiH3B’ A3yI04MM
arnobisxKoM 3 Oi/ka Kypsiuux sielib BianosigHo no metoauku B.M. Konenuogoi [4].

BusiBiienns HasiBHOCTI Bitaminy B, saificHroBasu MikpoOGioJOTiYHKM Me-
TomoM [5] 3a momomorow iHAMKATOpHOI KynbTypu Escherichia coli 113-2,
ska Mae uyTauBictb 0,005—5,0 MKr/MJ, 10 103BOJsie BUSBUTH AyKe Masi
KiJIbKOCTi BiTaMiHy (MiKporpamu) y cepeioBHILI.
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BusHaueHHs BiTaMiHy A Ta KapOTHHOINIB BU3HAYA/NH KOJOPUMETPUUHHUM
METOIOM, 3aCHOBAHUM Ha KOJbOPOBHUX PEAKIifiX 3 TPbOXXJIOPUCTOI CYPMOIO
y xjaopodopmi Ta TpUPTOPOUTOBiH KUCJIOTI [8].

BcranoBnenns Bitaminy C 6a3yBajocst Ha peiyKyHOUHMX BJIACTHBOCTSX
ackopOiHOBOI KUCJIOTH [6].

HasiBHicTb XimMiuHUX esieMeHTiB 3AicHIOBaIM Ha Mac-criekTpoMeTpi [CP-
MS ananizatopom Thermo Finnigan Element-2 (Himeuunna) [7].

[ToBTOpHICTBH AOC/iNIB TPUKPATHA, Pe3yJ/IbTATH eKClIepUMEHTIB 00poOIeHO
MeTOoIaMU MaTeMaTHYHOI CTATUCTHKH 3 BUKopucTaHHsiM Microsoit Excel.

Pe3yabTaTu Ta 06roBOpeHHs

BusiBjieHo BHCOKMH BMICT MpoOTeiHy y MileJianabHill Maci, i cob/auBo, y
KyJabTypasbHiil pinuni C. sinensis (puc. 1). Caig 3a3HauuTH, 110 KiJdbKiCThb
OTPUMAHOTr0 MPOTeIHY y MiLleJliaJbHIld Maci aHaJIoTiuHa TaKid, O OTpUMaHa Mpu
BupolyBanHi C. sinensis Ha I'JIIOKO30-TIENITOHOMY cepenoBulll [16] i Ginbia 3a
OTpPHUMaHy MpH KyJbTUBYBaHHI JaHOTO BUIY 'prOa Ha KapTOMJISHO-TJIIOKO3HOMY
cepenoBulli [11, 14]. BmicT nporeiny y nocaimxkeHiil KyJabTypasnbHi# pianHi
C. sinensis y 12 pasiB BULLMH, 32 pe3ynbTaT OTPUMAHUH iHIIUMH BYeHUMH [11].

Bax/MBUM KOMIIOHEHTOM KJiTHHU rpuba € CUpUH Kup, TOOTO cyma pedo-
BHH, 1110 €KCTParylThCs CipYUCTUM UM NTeTPoJSeHHUM eTepoM. Byno BinmiueHo,
110 B NpoLeci KyJbTUBYBAHHA NOCJIIKEHOI0 €HTOMO(iIy Ha CepedoBHLL 3
6opomnom i3 CO,-1poTy amapaHTy y Horo MilesiaabHill Maci Ta Ky/JabTypaJb-
Hill pimuHi MicTHTbCA MeHIIA KilbKicTb (<7 %) cuporo xupy (puc. 1), HixX y
HaBeJleHUX NaHUX iHlIUX aBTopiB [14, 16].

‘ g Cupuin npoTteiH O Cupwuin xup ‘

28,9

24,5

% Ha aGCONMTHO CyXy Pe4OBUHY

MiuenianbHa maca KynbTypanbHa piguHa

Puc. 1. BmicT cuporo nporeiHy Ta cMPOro »Xupy y miuedaianbHiid Maci Ta KyJbTypaJjbHil
pinuui C. sinensis.

Fig. 1. Crude protein and crude fat content in mycelial biomass and culture liquid
of C. sinensis.
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BcranosseHo, 1o miuenianbHa mMaca C. sinensis Mae Taku# ke Habip
aMiHOKHUCJIOT SIK i KyJbTypaJsibHa pinuHa. Bussiaeno 17 aminokucsaot (taba. 1).

Tabnuusa 1
AmiHokucaotHuil ckaaa C. sinensis, % Bij 3aranbHoT KilbKocTi
Table 1
Content of amino acids in C. sinensis, % of total protein
AmiHOKHCJIOTA MiueqianbHa maca KyabTypasabHa piauna

Jlizuu 8,4+0,0 6,3+0,0
TicTuoun 3,0=+0,0 2,3+0,1
Aprinin 5,1=0,1 4.5+0,0
AcnaparinoBa KucsioTa 6,3+0,0 9,1+0,5
Tpeonin 7,2+0,1 7,840,2
CepuH 6,7+0,0 9,1+0,1
[mytamiHoBa KucJoTa 17,5=0,0 16,3+0,2
[Iponin 7,0+0,0 4,0+0,0
Caiuun 6,6+0,0 9,3+0,1
Ananin 8,7+0,0 7,1+0,2
LucTun 1,5+0,0 1,5+0,1
Bauin 3,3+0,0 3,4+0,1
[3onefiuun 3,6=0,0 3,9+0,0
Jlewyn 6,5+0,0 6,5+0,1
Tuposun 3,2+0,0 4.1+0,0
®deninananin 3,9-+0,0 3,6=0,1
Merionin 1,5+0,0 1,2+0,0
Bevoro: 100 100

2., He3aMiHHHX aMiHOKHCJ/IOT 39,1 38,3

2., 3aMiHHUX aMiHOKHCJIOT 60,9 61,7

X/Z, 0,64 0,62
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16 amiHOKHCJIOT ineHTH(IKOBAHO Yy MilleTiasbHill Maci i 15 amiHOKHCIOT y
KyJIbTypaJ/ibHi#l piAMHi IpU KYJbTHBYBaHHI LIbOr0 BUAY rpuba Ha KapTOMJISHO-
rioKo3HoMy cepenouili [11]. B inmux po6otax [12, 14] miuenianbHa maca
C. sinensis mana 17 ta 18 aminokucJsot, Bignosigno. CJim BigsHauUTH, IO
y BCIX [IOCJiIKeHHSX 30epiraeTbcsl TEHAEHLis NOMiHYBaHHS TJyTaMiHOBOI
KHUCJIOTH | KiJIbKiCHe KOJIMBaHHS OKpeMHX aMiHokucoT. Cepesn He3aMiHHUX
aMiHOKHUCJIOT Haluoro mramy C. sinensis HalKpalle rnpeacTaBJIeHi Ji3uH, Tpeo-
HiH, Jefuun (TabJ. 1), 1o cniBnazae 3 pesy/abTaTaMH iHIINAX AOCHIIHUKIB [12,
14]. AMiHOKMCJIOTHHE CKJIa[l TOTO UM iHIIOTO OiJKa BH3HAUa€ HOro LiHHICTb,
Ky JiMiTye HaHOi/NblI piiKicHA 3 He3aMiHHUX aMiHOKHCJAOT. MiHOpHUMH Y
MiLleslia/ibHiA Maci Haloro rpu6a BUSIBIEHO CipKOBMICHI aMiHOKMCJIOTH LIMCTHH
Ta METIOHIH, a y KyJbTYypa/JbHill pinuHi — Julle MeTioHiH. Llg amiHokuca0Ta
Oy/aa TakoXK JiMITyI040I0 y iHIIKX AocaimKeHHsx [11, 14].

Y saranbHill ppaxuii jgininis minenianbHoi macu C. sinensis BusiBjeHo 10
JKUPHUX KHMCJIOT, a B KYJbTypasbHi# pinuni — 12 (taba. 2).

Tabnuus 2
Ckaaj KupHUX KucaoT rpuba C. sinensis, % A0 CyMU XKUPHUX KUCJOT
Table 2
Content of fatty acids in C. sinensis, % of total lipids
Joma | K T | s s | 9

MipictunoBa Cio 0,36 0,44
[lentagexkanoBa Ciso 1,54 0,21
[TasbMiTHHOBA Ciso 16,43 20,33
[TanbmiTosreinoBa C 0,33 0,33
lenranekaHosa Cio 0,46 0,75
I'entageneHoBa C,, 0,41 0,22
CreapuHoBa Ciso 2,98 2,89
OuneinoBa — 24,15 25,12
JlinosneBa — 52,26 48 63
JlinoseHoBa — 1,08 0,26
ApaxinoBa Cyoo — 0,51
Berenosa Cho — 0,31
2. HacHyeHi 2218 25,66
2. HeHacHyeHi 77,82 74,34
X/Z, 3,5 2,89

82 Mikpobiorozis i 6iomexHonroeis Ne 3/2011



CKJIAJ, MILIEJIAJIbHOI MACH TA KYJIbTYPAJIbHOI PiIMHU CORDYCEPS SINENSIS (BERK.) ...

Cepen HeHacHueHMX KUCIOT nepeBaxae jinosesa (C g, ) (Tabu. 2). 3na-
YHMH TakoX BMicT oJsieiHoBoi KucsaoTH (C o\ ), BiICOTOK AKOi OyB Maixe
Ha OJHOMY piBHI y MillesianbHi#i Maci Ta Ky/abTypasibHiil pinguni C. sinensis.
Bucoxuil BMiCT 0/1€1HOBOI Ta JiHOJE€BOI KUCJOT Bil3HAUEHO TAKOXK Yy iHLIIH
po6oti [16]. Henacuuena nanbmiTosieiHOBa KHCJIOTa Halikpalle OyJja mpen-
CTaBJieHa y KyJbTypanbHi#i pinuni C. sinensis. 3a pesy/JbTaTaMd aHasi3y
JKUPHOKHMCJIOTHOIO CKJIaAy MilleJlia/ibHOI Macu Ta KyJbTypPaJbHOI PiIHHU
C. sinensis Ta nanHux Jjitreparypi [14, 16] nepeBakaloTb HeHaCHUEH] KUPHIi
KUCJOTH (TabJ1. 2).

3 nitepatypu [10, 14] Binomo npo HasiBHICTh y MiuesianbHiit maci C. si-
nensis BiTamiHiB rpynu B, E, K. bBinbi akicHuii BiTaMiHHUA Tpodinb BUSBJIEHO
Hamu y Miuenianbhill Maci C. sinensis (taba. 3). Cjain TakoxX BiI3HAUUTH BU-
coku#i BumicT BiTaminy C Ta Buwmil pisenb Bitaminy B, y CO,-mipoti amapanty
Ta KyJAbTypaJbHill pinuni C. sinensis.

Tabnuus 3
Bwmicr siTaminis y Giomaci rpuba C. sinensis ta cy6crpati CO,-ipor amapanty

Table 3
Vitamins content of C. sinensis and substrate based on flour from the waste of
Amarantus caudatus L. after CO,-extraction

C. sinensis
Biramin CO,-wpor ama-
P Miuexiansna Kyabrypanbhua pignna
maca
B, (riamin), ), Mr/T 0,48+0,12 0,27+0,0 0,05=0,0
B, (pu6oduasin), mMr/r He 3HaHIeHO 26,7+0,1 3,6+0,0
B, MKT/T 0,12=0,002 0,9+0,0 0,27+0,0
A, mr/r CJTian 2.7+0,0 0,64=+-0,0
KapoTusoinu, mr/r caimu 29,5+0, 1 2,1+0,0
C, mr/% 46,9+0,4 22,3+0,1 35,2+0,3

SIk B cybeTpari, Tak i y mocaigKeHoMy Jikapcbkomy rpubi C. sinensis
BUsSIBJeHO 14 XimiuHux esemeHTiB (Ta6J. 4), MiuyHo [14] Bin3HauuB ¢axr
inentugikyBanusa 20 enemenTtiB. MiHepasbHi peyoBHHM He MalOTb eHepre-
THYHOI LiHHOCTi, MPOTe BOHU OEpPyThb AKTHUBHY Yy4acTb Yy KUTTEMiSNbHOCTI
JIIOJIMHU, BUKOHYIOUH PeryJsaTOpHYy (PyHKLil0 y OOMiHi pe4oBHH, BXOIAATb 10
CKJany 0araTbox (PepMEHTIB, € OJIHUM 3 OCHOBHHX MaTepiajiB 15 NoOyL0BH
KiCTKOBOI TKAQHUHH.

BuMicT 6iablIOCTI esieMeHTIB elllo BiApi3HAETbCS y 3paskax cyocTpary,
MiLleslia/ibHOT Mack Ta KyabTypadnbHoi pinunu C. sinensis. Y Tol ke yac Kijb-
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kictb Ti, Cr, Mo, Bi Ta P 3HaxonuTbcs Ha oMHOMY piBHi y BCiX HOCTiIKEHUX
3paskax. Haiibinbwy yBary npuBepTamThb eceHliasbHi MikpoesemeHTH Mn,
Co, Cr, Mo, Cu, Zn, gki MalOTb BaXkK/JUBe 3HAUeHHH I/ JIOOAUHU. Amxe
ne@iuuT UuMX eJeMeHTiB MPU3BOAUTh 10 BUHUKHEHHS KJiHIYHUX CUMITOMIB.
[Ipo HewKimIuBicTL AoCHiaKeHux Hamu 3paskiB cyocrpary (CO,-wmpot
aMapaHTy) Ta eHTOMO(iTbHOro rpuda CBiMUUTD BiICYTHICTb HEOE3MEUHUX AJIST
OpraHi3my JIIOJMHU i0HIB KaaMilO Ta PTYTi.

Tabauiga 4

Bmict XimiuHux esqemeHTiB y cy6cTparti, MineaiaabHii maci

Ta KyabTypaabHil piguni C. sinensis, mr/kr

Table 4

Chemical elements content in substrate, mycelium

and culture broth of C. sinensis, mg/kg

Ximiutnii CO,-wpor C. sinensis
€JNEMEHT amapaHTy Miueaiasibna maca KyabTypasabha pignna
Cd He 3HaWmeHo He 3HaWIeHOo He 3HaWmeHOo
Pb He 3HaWmeHOo He 3HaWIeHOo He 3HaWmeHOo
Mn 80 100 300
Co 10 1 3
Cr 2 2 3
Mo 2 <l 2
Cu 20 20 30
Zn 30 200 30
Ti 600 100 200
Vv 2 2 2
Bi 1 1 1
Ce 200 100 100
La 100 50 40
Ba 100 <10 <10
p 10000 10000 10000
Zr 60 50 50

TakuMm umHOM, OTpUMaHi pe3ysabTaTH AOCJIIKEHHS XiMIYHOTO CKJaLy
Milleslia/IbHOT MacH Ta KyJabTypaJsbHOI piluHu Jikapcbkoro rpuda C. sinensis
JAI0Th 3MOTY KOHCTATyBaTH 3HaYHY IX XapuoBy Ta 6ioJoriyny LiHHiCTh. 3 mo-

84

Mikpo6ioaozis i 6iomexronozis Ne 3/2011




CKJIAJ, MILIEJIAJIbHOI MACH TA KYJIbTYPAJIbHOI PiIMHU CORDYCEPS SINENSIS (BERK.) ...

3ULlii 6€3BiAXONHOI I €KOJIOTIYHO YUCTOI NepepoOKHU BTOPUHHUX MaTepiaJbHUX
pecypciB OTpUMaHi AaHi cBiguaThb MpO e(PEeKTHBHICTb BUKOPUCTAHHS LIPOTY
amMapaHTy sk cyOcTpaTy A5 BUPOLLYBaHHS IpHUOiB.

Orxe, HasABHICTb B cKaafi Jikapcbkoro rpuba C. sinensis BUSIBIEHOTO
KOMIJIeKCY OioJIoriyHO aKTUBHUX CroayK (6i/KiB, /iniaiB, BiTaMiHiB, MiKpoese-
MEHTIB) CBiIYUTb PO MOKJIMBICTb BUKOPUCTAHHS HOro MillesliafbHOI Macu Ta
KYJbTYpPaJ/JbHOI PiAMHHU /1T CTBOPEHHS Ha X OCHOBi XapuoBUX ab0 Mi€ THUHUX
N00aBOK, IHTpeieHTiB (DYHKLiOHAJbHUX POAYKTIB.
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CONTENT OF MYCELIAL BIOMASS AND CULTURE
LIQUID OF CORDYCEPS SINENSIS (BERK.) SACC.
(ASCOMYCETES)

Summary

The myceliual biomass and culture liquid of Cordyceps sinensis (Berk.)
Sacc. were investigated. 17 amino acids with majority of 3 essential amino
acids: lysine, leucine, threonine were determinated. Generally lipids frac-
tion of C. sinensis mycelial biomass contains 10 fatty acids and in culture
liquid — 12. It was found out predomination of unsaturated fatty acids in
mycelial biomass (77.82%) and culture liquid (74.34%) of C. sinensis.
Mycelial biomass and culture liquid of C. sinensis had vitamins B, B,, B,,,
A, C, carotenoids and 14 chemical elements.

Key words: Cordyceps sinensis, mycelial biomass, culture liquid,
amaranthseed meal.
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TocynapctBenHoe yuepexkaeHue «MIHCTUTYT MHUILEBOH GHOTEXHONOTHH U MEHOMUKH
HauuonanbHoil akafneMuu HayK Y KpauHbI»,
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e-mail: yemets@list.ru

COCTAB MULLEJIMAJIbBHOU MACCbI U KYJIbTYPAJIbHOH
YKXUIIKOCTU CORDYCEPS SINENSIS (BERK.) SACC.
(ASCOMYCETES)

Pedepar

B MuuenuanbHON Macce U KyJabTypanbHOU xkunkoctu Cordyceps sinensis
(Berk.) Sacc. unentuduurpoBansl 17 aMUHOKUCIOT C TOMUHUPOBAaHUEM 3-X
He3aMeHUMBbIX: JIM3WHa, JeHllrHa, TpeoHnHa. O61as Gpakuus JUNIUI0B MHU-
ueauanbHoil Maccel C. sinensis conepKUT 10 KUPHBIX KUCJOT, a B KyJAbTY-
pasibHOM KUAKOCTH — 12. BrisiB/IeHO npeo6J/1afiaHie HeHaChILEHHbIX XKUPHBIX
KHCJIOT B »KMPHOKHCJOTHOM COCTaBe MHllennanbHoil maccebl (77,82%) u
Ky/AbTypasabHo# xuakocTu (74,34%) C. sinensis. B MulennanbHoil Macce u
KyJ/IbTYPaabHOH XKuAKOCTH C. Sinensis yCcTaHOBJEHO HaJlMiKe BUTAMHHOB B,
B,, B,,, A, C, KapoTHHOUIOB ¥ 14 XUMHYECKHX 3J€MEHTOB.

Knwouesbie cnoBa: Cordyceps sinensis, MuueuanbHasi Macca, KyJb-
TypaJ/bHas KuakocTb, CO,-IIpOT amapaHnTa.
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PICT TA IHTEHCUBHICTb MPOLECIB NEPEKUCHOI'O
OKUCHEHHMA JINIAIB LHTAMY
PLEUROTUS OSTREATUS P-107

Hocaidmcerno dunamiky Hakonuuewns biomacu ma smicmy npoOoyKmis
nepexkucHoeo oxkucHenns ainidie (I10J1), akmusHux 0o miobapbimyposoi
Kucaomu, y miyerii ma Kyaomyparvromy girempami wmamy P-107 eausu
Pleurotus ostreatus, ujo KYaAbmusysaIU HA 2AOKO30-NENMOKHKOMY Ma CMAH-
0apmHoOMYy CUHMEMUUHOMY HUBUAbHUX cepedosuuiax. Becmanosaerno, wo
birvuie Hakonuuenns biomacu ma meruia Konyenmpayis npodykmis [10J1
NPUMAMAHHI KYAbMYpPL, W0 POCAG HQA 2AHOKO30-NEeNMOHHOMY cepedosuiii.
Ha obox cepedosuuiax 8ussaeni n00iOHI 3aKOHOMIPHOCMI OUHAMIKU BMICTLY
npodykmis [1OJI.

Kawuosi caosa: 6azudiomiuemu, nepekucHe OKUCHEHHS Ainidis, HUBULbHI
cepedosuuia.

OcTaHHiM yacoM WBHMIKO 3pOCTa€ iHTepec 10 MPOMUCJIOBOTO T'pH-
6iBHULTBA Ta OiOTEXHOJOTIH OTPUMaHHsS OiOJIOriYHO AKTHUBHHUX PEYOBUH
(BAP) rpubnoro moxomxenHusi. Kcunorpoduuii 6asumiominer riauBa 3BHU-
yaiina Pleurotus ostreatus (Jacg.: Fr.) Kumm. 3aiimae ogHe 3 mposiz-
HUX MiCLb y CBiTi 3a 3arajibHOIO KiJbKiCTIO BUPOOJIeHOI IpUOHOI MPOAYKLUil
[5, 11]. Kyabrypu P. ostreatus 3maTHi pocTH HaA AOCTYNHHX Ta MaJo-
LiHHUX cyOcTpaTax, BUSIBJASKTbH CTiHKICTh 00 WIKIAHUKIB i XBOPOO TOLLO
[3, 5, 11]. BcranoBseHo, o uei rpud Mae BUCOKY 6ioJIOTiUHY LiHHICTB i
JIIKYBaJIbHO-IPO(iIAKTUYHI BJIACTUBOCTI Ta € MPOAYLEHTOM Pi3HOMAaHiTHUX
6i0JIOTIYHO AaKTHUBHUX pevyoBHMH. Barato 3 HUX BUSBJSAITL (hapMaKoJoriy-
HY aKTHBHICTb Ta MalOTb AHTHOKCHIAHTHY, AHTUBIPYCHY, NMPOTUIYXJHHHY,
aHTU(YHraNbHY, PaniONpPOTEKTOPHY i IMyHOMOIEJ/IOBAJIbHY JIKAPCBKY Mit0
[1, 4, 11, 12]. IlopiBHAHO 3 MpOAyKTaMU XiMi4YHOTO CHHTe3y IpenapaTd 3
[VINBU 3BUYAHWHOI € MEHII TOKCUYHUMH i e(peKTHUBHIIIMMHU MPU 3aCTOCYBAHHI
y MeauuHi# npaktuui [1, 9, 12].

HatirosnoBHilow yMoBOIO Ha/leKHOTO POCTYy, (PYHKLiOHYyBaHHS Ta 6io-
CUHTETHYHOI aKTUBHOCTI KMBHUX OPraHi3MiB € CTa/liCTh BHYTPILIHbOTO Cepen-
OBHIa — roMeocTas. Moro ckIazoBoio 4acTHHOI € NWHAMiuHa piBHOBara
Mi>K aKTUBAL€I0 Ta iHriOyBaHHSAM MPOLECIB BiIbHOPAAUKAIBHOTO OKUCHEHHS,
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30kpema, nepekucHoro okucHeHHs ainiaiB (ITOJI). Otxe, I[TOJI € HeobxinHUM
MeTaboJ/iYHUM MPOLECOM, 1110 NiATPUMYETHCS Ha CTabiNbHOMY PiBHI 3aBASKU
JKOPCTKOMY KOHTPOJIIO OaraTopiBHEBOTO aHTHOKCHIAHTHOrO 3axucty [2, 13].
Okpim Toro, rpudu, 30KpemMa KCUJIOTPO(PHI MAKPOMilleTH, MalOTh 3AaTHICTb 10
iniuitoBanus peakuiil [10JI, siki cnpsiMoBaHi Ha BiJibHOpaaUKaJ/ bHe PO3KJ/IaLaH-
H$ JIICHIHY i {HIIKX ()EHOJIOBMICHUX PEYOBHH, L0 Mae CyTTEBe afanTalliiHe
Ta eKoJIoTiuHe 3HaueHHsd [8].

[lopylieHHs1 piBHOBaru y CHUCTeMi OKHCHEHHS-aHTUOKHCHEHHS Ta aKTHBI-
3auis npoueciB [TOJI mae cyTTeBe 3HAUeHHS 32 OaraThoxX CTaHIB i MPOLECIB,
PO3BUTKY i HacJiAKiB [il HA OpraHiaM pi3HOMaHITHUX (PaKTOPiB AOBKiMIA |2,
13, 14].

Taxum unHowm, naui npo Bmict npoaykTiB [1OJI y 6iosorivnomy mMatepiasi
MOXKYTb HafaTH iH(OpMALLI0 PO CTaH KUTTEAIANBHOCTI 06’ eKTa. 9K KinbKicHi
mapkepu iHTeHcuBHOCTI [1OJ] HalfuacTille BUKOPUCTOBYETbCS OOMH 3 HOro
KiHIIeBUX MPONYKTIB — MaJoHOBUH mianmbaerin (MIA).

MeToto po6oTu Oy/10 BUBUEHHSI POCTY Ta iHTEHCHBHOCTI MpOLECiB Mepe-
KHCHOTO OKHMCHeHHs JqininiB wramy Pleurotus ostreatus P-107 (Jacg.: Fr.)
Kumm.

Marepiaau i metoau

O6’exkT mocuimkenns — wram Pleurotus ostreatus P-107, BugiieHui 3
OUKOPOCTYUHX MJ0n0BuX Tij, 3i6panux B HIIIT «Cesari ['opu» Ta nemnonosa-
HUH y KoJleKUil KyabTyp wanuHkoBux rpubis (IBK) Inctutyty 6oTaniku iMeHi
M.T. Xononnoro HAH Ykpainu.

[nTponykoBanuil wrtam P-107, mo Mae nmopiBHSAHO BUCOKi pOCTOBi Ta
6iOCHHTETHYHI XapaKTePUCTHKH, KyJbTHUBYBalu npu Temneparypi 27,5 °C
B kosa6ax Epnenmeriepa emuictio 250 ma Ha rawokoso-nentonHomy (ITIC)
Ta crangaptHoMy cuHTeTHuHoMy (CC) >KUBHUJIBHUX CepeloBHILAX 00’eMoM
50 ms1. YKuBumbHi cepemosuiia Maau Takuil ckaazn (r/ a1): ITIC — raoxosa
— 10,0; nenton — 3,0; KH,PO, — 0,6; K,HPO,— 0,4; MgSO, -7H,0 — 0,5;
CaCl, — 0,05; ZnSO, -7H,0 — 0,001; CC — rmoxkoza — 10; (NH,),SO,
— 2,3; KH,PO, — 0,5; MgSO, -7TH,0 — 0,5; CaCl, — 0,1; FeSO, — 0,02;
MnSO,-4H,0 — 0,02; ZnSO, - 7TH,0 — 0,02 [3]. Inokyntomom OyB Berera-
TUBHUE Mileniit wtamy P-107 posmipom 5x5 mwm, sikuit pic 7—10 ni6 Ha 4° 3a
Basninrom cycno-arapi. Tepmin kynbTuByBanHs — 15 1i6. Matepianamu s
JOCJIiIZKeHb CJYTyBa/u romoreHizoBanuil miueniin (MI') ta Ky/abTypanbHUN
dinerpat (K®). [ns onepkaHHS TOMOreHaTy MilleJlil0 TeMIepaTypy 3paska
noBomusu o 5+1 °C. Miueniil Bigainsiaiv Big KyJbTypaabHOI PiIIUHHU ILIJISIXOM
¢hinbTpyBaHHA uepe3 ¢iabTpyBasbHUE nanip. OTpuUMaHui MiLesi#i 1oaaTKo-
BO NIPOMUBAJIM y NUCTUIbOBAHIN BOAI Ta MiACYLIYBaJu Ha (PiIbTPyBaIbHOMY
nanepi i oxosnomxkysanu 1o 0+1 °C. Ilinrorosnenunii miuesniit roMmoreHisyBann
LIIIXOM po3THpaHHs y ctynui. Ocan Bigaiisau ueHTpU(yryBaHHAM Ha ped-
puxkepaTtopHiil ueHTpudysi npu 5+1 °C, BinueHTpoBomy npuckopensi 2000 g
npotsiroM 15 xBusuH. [locaimKeHHs npoBanuau Ha 6-ty, 9-ty, 12-ty ta 15-1y
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no6y KyabTuByBaHHs wTamy P-107. BoHu BK/IIOUANHW BU3HAUEHHS BMICTY
nponyktiB [1OJI [7], cupoi Ta cyxoi Giomacu Milesil0o BaroBUM MeTOIOM;
pH KysabTypanbHOro inbTpaTty noTeHuUioMeTpUuHUM MeTonoM Ha pH-merpi
150 MU, Bumict 6inka Ha cnekrpodortomerpi CP-26 3a metomom Bapbyp-
ra—Xpuctiana [6]. [HTeHCUBHICTb MpoOLIECiB TEPEKUCHOTO OKUCHEHHS JIMifiB
y MileJii Ta KyJabTypaJbHOMY (pifbTpaTi BU3HAUa/NU 32 BMICTOM IPOAYKTIB
[1OJI, aktuBHux no Tiobapb6iTypoBoi kucaotu (TBK-AIT), 3 BuKOpucTaHHSAM
MozauikoBaHoro MeTony [7]. B ocHOBi MeTomy JieXKHUTh peaklist MiK MaJjo-
HoBUM ninbaerinom (MJA) i tiobap6iTypoBoto kucaororo (TBK), wmo Bene
JI0 yTBOPEeHHS 3a0apBJIEHOr0 TPUMETUHOBOIO KOMILJIEKCY 3 MaKCHMYMOM II0-
TJIMHAHHS TP 535 HM.

Jocniny npoBoauan y TpUKpaTHii nosTopHocTi. OTprUMaHi eKcrepuMeH-
TasbHi NaHi 0OpoOJIANM 3 BUKOPUCTAHHAM Mporpam [Jjs NPOBENEeHHS CTa-
TUCTHYHOI 0OpPOOKM pe3y/ibTaTiB 0i0/NOriYHUX eKcrepruMeHTiB. JlocToBipHOIO
BBa)kaJsiacsl Pi3HHLIS MPHU MOKa3HUKY noctoBipHocTi P>0,95 [10].

Pe3ysabTaTu Ta X 0OroBOpeHHs

OpnHuM i3 TOKA3HUKIB MPUAATHOCTI XKUBUJIBHOTO CEPEIOBHILA 10 KYJJIbTH-
BYBaHH# LITaMiB 6a3uAiOMilleTiB € HaKonuueHHs 6iomacu miledito. [IpoBeneni
JOCJI?KeHHs ToKasaau (puc. 1), mo mix yac Ky/abTuByBaHHS witamy P-107
Ha [TIC cnocrepiranocsi cTpiMke HakonW4eHHs OioMacHu MPOTSTOM YChbOro
nepiony KyJbTHBYBaHHS, iKe IOCATJIO Ha 15-Ty 106y MakcUMaJJbHUX 3HAUEHb
142,48 r/n, wo ckaanae 3,28 r/n y nepepaxyHKy Ha cyxy Giomacy.
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Puc. 1. Hakonunuenns 6iomacu wramom P-107 na I'MC 1a CC

Fig. 1. Accumulation of biomass by strain P-107 on GPM and SM
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Crnoctepiranu i KynbTypaabHO-MOP(OJIOTiyHi BiIMiHHOCTI MiLleJIil0 Ha 3a-
cTocoBaHux cepenosuinax: miuenit Ha CC, y nopiBusinai 3 [TIC, 6yB MeHL
LLIJIbHUH Ta MepeBaKHO 3aHypeHUH y KyJabTypasbHy piauHy. ['anbmyBaHHS
pocty wramy Ha CC, BiporigHo, MosICHIOETbCS 3HMXKEHHSIM KOHLIEHTpaLil
HeOOXiIHUX 1/ POCTY KOMIIOHEHTIB CepedOBHILA, B TOMY YHMC/i i CHOJYK
Hitporeny, HakonuueHHsIM NPOAYKTIB 0OMiHYy Ta, IK HacJig0K, 0OMe>KeHICTIO
MO’KMBHUX PEUOBHUH B KJITHHAX LITaMY.

CrocoBHo 3MmiHu pH K® wmorkHa 3a3HauuTH, 1110 BOAHEBHUH MOKA3HUK
000X >KMBUJIbBHUX CE€PEeOBHIL IPOTArOM TEPMiHY KyJbTUBYBAHHS MOCTYIOBO
samxkyBaBcs. Ha I'TIC, Buxinne pH saxoro nopisaroBaso 6,49 on., BonHeBHH
MOKa3HUK 3HU3uBCS n0 5,05 om. Ha 15-Ty moby Ky bTHBYBAHHS, TPUUYOMY
6isbll iHTEHCHBHO Lie BinOyBasocs Ha 12—15-1y no6y kynbruByBanHs. Ha CC
6ysi0 BimmiueHe mocTyrnoBe 3HMKeHHs pH 3 mouyaTtkoBoro piBHs 4,45 on. 1o
3,25 on. Ha 15-Ty no6y pocry. Lle, #iMmoBipHO, MOB’s13aHO 3 GIOCHHTETHUHUMHU
BaacTuBocTAMHU wtamy P-107 — cuHTe3oM MeTaboJiTiB KUCJ/I0I MPUPOH Ta
3MIHOIO CKJIay CepeloBHUIIA.

AHnaniz nuHamike BmicTy OifKa y KyJbTypaJsbHiil piiuHi MOKa3as, 110
(p<0,05) mpu kysabruByBanHi wramy P-107 na ['TIC BmicT 6inka 3 mouaTKo-
Boro piBHs 1,43 MTI/MJ He3HadyHO 3MeHIuuBcs 10 1,11 mr/ma Ha 12-Ty no6y
3 MOAA/IbLIKM TiABHIIEHHAM 10 piBHsA 1,49 mr/mi Ha 15-Ty no6y. Lle, fimo-
BipHO, MOSICHIOETBCS THM, 110 HA M0YaTKy Ky/JIbTUBYBAaHHS MPOLECH CUHTE3Y
exk3o(epMeHTiB Ta po3kaany 6inkoBux peuoBuH y K@ BpiBHOBakeHi. Takox
Tpeb6a BpaxyBaTH, LI0 HU3bKUH piBeHb HAKOMWUeHHS OiOMacu Ha MOYATKY
KyJbTHBYBaHHSl 0OyMOBJIIO€ He3HAuHUH CHHTe3 UuXx (pepmeHTiB. [Tomanbiie
KyJ/JbTUBYBaHHS BeJle 10 3MillleHHS1 piBHOBAru Ha KOPUCTb po3kJaany 6inka. Ha
15-ty noby, iimMoBipHO, HA (DOHI BUHUKHEHHS He(ilUTy MOKUBHUX PEYOBHH,
BinOyBaEeTbCS MOCUNEHHS CUHTE3y €K30()epMEeHTIB, L0 MPU3BOAUTD 10 MilBH-
11eHHs BMicTy 6inka y K HanpukiHLi KyJ1bTUBYBaHHS. ¥ CK/lafli CUHTETUYHOTO
’KMBHUJIBHOTO cepenoBuLIa 0iKoBI crosnyKy BiacyTHi. [1in yac KynbTHUBYBaHHS
mramy P-107 na CC, koHueHTpauis 6iJIKy 3 HYJbOBOro PiBHS Ha MOYATKY
KYJbTUBYBAHHS MOCTYNOBO 36inburyBanacs 10 0,07 mr/ma Ha 12-Ty 106y, 110
CTAaHOBUJIO MAKCUMYM, i HE3HAUHO 3HM2KYBaJacs HaNpHUKiHLi (epMeHTaLii 10
0,05 mr/ma. Lla nuHamika nos’si3aHa, MOXKJIUBO, i3 CUHTE30M M03aK/Ii THHHUX
(hepMeHTIB, 1110 3a6e3Meuy0Tb NPOLECH KHUBJEHHS.

AHnani3 naHux iHTEHCHBHOCTI MpolieciB MepeKUCHOTO OKUCHEHHS JIiMiliB Y
mineJii gocainzkyBasoro wramy P-107 (puc. 2) no3BoJisie 3a3HAUUTH, 1110 BMICT
npoayktis I1OJI BUsiIBUBCS 3HAUHO BULIMM y THX 3paskax, L0 3pOCTald Ha
CHHTETHYHOMY KUBUJIBHOMY Ce€pPEeOBHILI, OMHAK MOXKHA BIAMITUTH MOAIOHICTh
y AMHaMili BMiCTy MaJIOHOBOTO Jiasbleriny B MileJil Ha 060X cepeloBHILAX.
Pisenb [1OJI Ha moyaTok pocTy Ky/JAbTYypH He BU3HAYAJH, OCKIJIbKH KiJlbKiCTh
{HOKYJ/IIOMY € HeOCTATHbOI AJs1 NPOBEAEHHS AOCIINy.
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Puc. 2. Bmict TBK-AIl y miueait wramy P-107 nig uac kyabtusyBanus Ha I'TIC ta CC

Fig. 2. Content of TBARS in strain P-107 mycelium during cultivation
on GPM and SM

Bwmict TBK-AIT y miuenii nocaimkysanoro wramy P. ostreatus P-107, mo
pic Ha I'TIC, maB nBa MakcuMyMmu Ha 6-Ty Ta 12-Ty 106y Ky/JbTUBYBaHHS —
11,5 ta 12,5 umoaib/T, Binnosigso. Minimanbuuit BMict TBK-AIT sadikcosano
Ha 15-1y 106y — 7,5 HMOJB/T.

[Ipu kyaptuByBanHi wtamy P-107 na CC, gk i na ['TIC, HalGinbmui
BumicT TBK-AIT y miuedii cioctepiraBest Ha 6-ty i 12-ty noby pocty. Ha 6-ty
no6y BiH cTaHOBUB 23,4 HMOJIb/T, a Ha 12-ty — 22,0 HMOoJ1b/T. HaiiHuxKui
nokasHuku inteHcuBHocTi [1OJI 6yau Binmiueni Ha 9-ty Ta 15-Ty noby (12,9
ta 14,2 HMosb/T, BiamosinHo). OTxe, Ha 060X KUBHJIBHHUX cepeaoBHILAX
Oysu BinmideHi nBa MakcuMymu piBHs BMmicTy npoaykTiB [1OJI y miuenii — Ha
6-Ty Ta 12-ty no6y depmentauii. Buxonsuu 3 puc. 2, 9-ra ta 15-ta noba 3a
BmictoM TBK-AIT He matoTh noctoBipHux posdikHocTed aiss CC. Tex came
crioctepiraetbest i y Bunanky ans ['TIC nnst 3Hauens 6-1oi, 9-1oi i 12-Toi nodu.
Lle nosicHioeThest TUM, 10 Ha BiaMiHy Big ['TIC, CC mictuts coai dhepymy (II)
i mapraunuo (II). ITo mipi ix HanxomKeHHS OO KJAITUH Tpubda 36iMbLIYETHCS
LWIBUAKICTb YTBOPEHHS TiAPOKCUJBHUX PAaAMKaJiB Ta iHIIMX aKTUBHUX (DOPM
OKCHUTeHy, ToOTO iHTeHCcHUBHicTb mpoueciB [TOJI.

JlepeBopyliHiBHI MiLlesianbHi rpuOH, 1110 BUKJAUKAIOTh Oily THUJIb I€PEeBU-
HM, € OCHOBHHUMM JeCTPYKTOPaMH JirHiHy B npupodi. s pyiiHyBaHHS LIbOTO
noJsiiMepy, JIrHOTpo(u yTBOPIOKOTH AEKiNbKa THUIIB BiJbHUX paauKaliB, 3a-
BISIKM YOMY 3alyCKAaeThCS JIAHLIOT CIIOHTAHHUX JAerpafauidHuxX peakuii [8].

Bwmict nponykriB I1OJI y K® (puc. 3) Ginblie siKk y ABa pa3u HUXKUHUH,
HiK y Mitedii. $IK BUgHO 3 rpadiky, MakcUMaJbHi 3HAUEHHSI BMiCTYy MPOIYK-
tiB [IOJI B K® Ha 060x cepenoBuillax HaOyBalOTh HA MOYATKYy KyJbTHUBALlii
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Puc. 3. Bumict TBK-AIl y KyabtypanbHomy ¢inbTpati wramy P-107 nig yac
KyabTuByBaHHs Ha I'TIC Ta CC

Fig. 3. Content of TBARS in strain P-107 culture broth during cultivation
on GPM and SM

(4,9 umosb/ ma1 B ITIC Ta 5,5 umoss/ma y CC). Ha 15-ty 106y depmenTaii
ui moxasHukH ckaanu 3,8 umosab/ma (ITIC) Ta 3,7 umonb/ma (CC). Oue-
BunHa nonibHicth muHamiku BMicTy TBK-AIl y K& nocnimxyBanoro mramy
NpU KyJbTHBYBaHHI Ha 000X CepeloBHIIAX, sIKa MOJArae y BiKOBOMY 30iry
MakcuMyMiB akTuBHOCTI npoueciB [1OJI nocainxenoi kynbTypu P. ostreatus.
HesBarkatoun Ha Te, 1110 BUKOPUCTAHI KUBUJbHI CEpeOBUIIA HEe MiCTATb JIir-
HiHy, Y #ocJini noBeneHa 3aaTHicTb witamy P-107 mo iniuiloBaHHS peakuiit
[TOJI y 30BHilLIHBOMY CepeaOBHIL.

Takum ynHoM, mpu BupollyBaHHi wTamy P-107 Ha ri0K030-MenTOHHOMY
CepelloBHILI crocTepiraeTbcsl Oifbllle, HiXK Ha CHHTETUUYHOMY CepeloBHIL,
HaKoMuueHHs1 6ioMacu Ta 3HAYHO HMKUYWU piBeHb BMicTy npoayktis [1OJI y
minenii i K. Makcumanbia aktuBHicTh npoueciB [1OJI y miuenii Ha o6ox
JKUBUJIBHUX cepeloBHLIax 3adikcoBaHa Ha 6-Ty Ta 12-ty noby, a y KyJbTy-
panbHi#l pinuHi — Ha 6-Ty H0Oy pocTy. [IpoTsiroM Ky/abTUBYBaHHSI Ha 060X
cepeloBHILIAX BilOyBA€ThbCS MOCTYNOBE 30i/bLIEHHS KUCJIOTHOCTI CepeaoBH-
ma. [unamika koHueHtpauii 6inka y K@ mae inguBimyanbHi ocoOauBOCTI
npu depmentauii Ha ['TIC i CC uepes BigMiHHOCTi B iX MOYAaTKOBOMY CKJafi.
Ortxe, cK/an XKUBUJIBHOTO CEpelOBHILA BIJIMBAE He JIMIIE€ HA HAKONHUYEHHS
6iomMacH, a ¥ Ha TAKUU BaK/JAUBUU iHTErpajbHUU MOKA3HUK CTaHy (PYHKLiO-
HyBauHs wtamy P-107 P. ostreatus, sk iHTeHcuBHicTb npouecis [1OJI, uio
MOXKe BUKOHYBATH POJIb TPUTepy B MeXaHi3Max CTpecy Ta aganTalil.
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POCT U MHTEHCUBHOCTb NMPOLECCOB NEPEKUCHOI'O
OKUCJIEHHUA JIUITUAOB LITAMMA
PLEUROTUS OSTREATUS P-107

Pedepar

WccnenoBana nuHaMyKa HAKOTJIEHHs] OHOMACCHI M COZIEPKaHHS TTPOIYKTOB
nepekucHoro okucaenus aununos (I10JI), akTuBHBIX K THOOAPOUTYPOBOH KHC-
JIOTE, B MULIEJIUH U KyJbTypaJbHOM (PUIbTpATE LITaMMa BelleHKH Pleurotus
ostreatus P-107, KoTopblil KyJIbTUBUPOBAIHN HA TJIIOKO30-TIENITOHHON U CTaH-
NApTHOH CHHTETHYECKOU MUTATEJNbHBIX Cpenax. ¥ CTAHOBJEHO, YTO OoJiblliee
HaKoIJieHne 6uoMacchl U MeHblass KoHueHTpauus nponyktos [1OJI mpucy-
a KyJbType, pacTylleid Ha TJIOKo30-menToHHOU cpene. Ha obeux cpemax
oO6HapyKeHbI T0J0OHbIE 3AKOHOMEPHOCTH ANHAMHUKH COMEP2KAHHUS TPOLYKTOB
[10JI.

KnioueBble cnoBa: 633I/IHHOMI/IL[6TI:I, I[IEePEeKHCHOE OKHCJ/JIEHHE JUTIHI0B,
NnuTaTeJgbHbIE CPEebI.

0.V. Chaika, 0O.V. Fedotov

Donetsk National University,
24, University Str., Donetsk, 83000, Ukraine,
tel.: 438 (062) 304 61 84, e-mail: bio.grafi@yandex.ua

GROWTH AND INTENSITY OF LIPID PEROXIDATION
PROCESSES OF PLEUROTUS OSTREATUS P-107 STRAIN

Summary

The dynamics of biomass accumulation intensity and maintenance of
lipid peroxidation products — the thiobarbituric acid reactive substances
(TBARS), in the mycelium and culture filtrate (CF) of strain Oyster mush-
room Pleurotus ostreatus P-107, cultivated on glucose-peptone (GPM) and
standard synthetic (SM) nutrient media were studied. It was established
that higher accumulation of biomass and lower concentration of LPO
products are inherent for strain growing on glucose-peptone medium. The
conformity of the dynamics of LPO products maintenance changes during
cultivation on both media was revealed.

Key words: basidiomycetes, lipid peroxidation, nutrient media.
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TocynapctBenHoe yupexkaenue «MHCTUTYT MHUILEBOH OHOTEXHONOTHU U MEHOMHKH
HAH Yxkpaunbi», ya. Ocunosckoro, 2a, Kues, 04123,Ykpauna,
tes.: +38(044) 462 72 59, e-mail: ihtbar@rambler.ru

[MEPBBIE LHATH BUPYCOJIOTUU B NAMATHUKAX
PUJIATEJIMK U HYMHU3MATUKH

Cmambs nocssuiera nepavim wa2am 8upycoro2ul — OMKpuLmuto 8036ydume-
aeli: mosauuHol 6oreanu mabaka, auypa, Heamot Auxopadku, beuleHcmaa,
HAMYPALbHOL OChnbl, noiuomuesuma, capkomol Payca. Pacckas npourrtro-
CMPUPOBAH NPOU3BEOCHUAMU PUAAMENUU U HYMUSMAMUKL PAZHOLX CIPAH:
CCCP, ®PI', Hudeprardos, CIIA, Pymoinuu, [lopmyearuu, I'sureiickoi
Pecnybauru, ¥kpaurnor u OOH.

Karouesole crosa: ucmopus supycoaoeuu, purameiucmuieckas npooyKyus,
namamnasn meoano.

B crarbe [l]|, pacckasaBlieli 0 HEKOTOPBIX COOBITHUSIX U3 UCTOPUM MHU-
KPOOHUOJIOTHH ¥ TMPOUJJIIOCTPUPOBAHHON TMPOU3BEAEHUSIMU MeNaJbepPHOTO
UCKYCCTBa, OblI U KOPOTKHMH paccka3 O BbIAAIOLIEMCS PYCCKOM (DU3HOJIOTe
pactenuil u mukpoouosore Imutpun Mocudosuue MiBanoBckom, KOTOpBIH B
1892 r. BrepBble OTKPBLLI CyllleCTBOBaHHE BUPYyca (KaK HOBOrO TuIa Bo30y-
auTessi 6ose3Hel), Ha3blBaeMOro UM TO «(PUAbTPYIOLIMMHUCS» OaKTEPUSIMHU,
TO MUKPOOPraHW3MaMHu.

K cronetuto co nus poxnenus .M. MBanosckoro B 1964 r. moura
CCCP BrinycTH/Ia MapKy (IOCTOMHCTBO — 4 KOII., 1IBET — CEPO-KOPUYHEBAS,
cune-cepasi, xynoxxuuk — C. Cokoso). Ha mapke (puc. 1) msobpa-
’KeH TOopTpeT yuyeHoro u ero (axcumuie. CjeBa, BepTHKA/JbHO HAIIHUCh:
«[TEPBOOTKPBIBATEJIb BUPYCOB». B neBoM HMKHEM yTi1y — KoJsiba ¢
6akTepua bHbIM (puabTpoM. PuabTp OoJbllle HAlOMUHAET BOPOHKY broxnepa
C BNAsiHHOH TMJIACTUHKOH M3 MEJKOTOPUCTOTO CTEeKJa, XOTS MOJKEH OBbIThb
uzobpaxen puaptp lllambepnana. B nmpaBoMm HUKHEM yrJay — TOMAbl XKHU3HH
MBanosckoro: «1864—1920».

Tot xe meTon hunbTpalyu, KoTopeiM MIBaHOBCKUH OTKPBLI BO3OYIUTENb MO-
3anyHOU Hosie3HH Tabaka, UCT0/Ib30BaNIN HeMeLIKHe OaKTepPHOJIOTH U BUPYCOJIOTH:
OJIMH M3 OCHOBOIIOJIO’KHMKOB MEIMLIMHCKOU MUKpoOHosorud, ®punpux Aprycr
Woraun Jledpdnep (nem. Friedrich August Johannes Loeffler, 18562—1915) u
[Tayme ®powr (wem. Paul Frosch, 1860—1928), korna ycranoBuau B 1898 r.
GuabTpyeMocTb Bo30ymuTess sitypa (Aphtae epizooticae), ctpatiHoi 6oses-
HU XKUBOTHBIX. Bo30ynuTesp filypa OTHOCUTCS K ceMelcTBy Picornaviridae u
siBJIsieTcsl ofHUM K3 Haubosee Menkux PHK-conep:kaiumx Bupycos.

© B.IO. Bapureiin, 2011
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Puc. 1. I.1. UBanoBckuii. [loutoBas mapka (CCCP)
Fig. 1. D.I. Ivanovsky. Postage stamp (USSR)

@punpux Jleddaep oTKpbLI TakKe, COBMECTHO C COAaBTOPAMHU, BO3OYIU-
teqeit: nudprepun (Corynebacterium diphtheriae), nomanunoro cana (Pseu-
domonas mallei), mbiunnoro tuda (Salmonella typhimurium) u t.0. [2].

[TopTpet ydyeHoro ykpaiiaeT HeMelLKY0 MapkKy (puc. 2) TOCTOUHCTBOM B
85 uentoB, BeinymieHHyo B 2010 r. B o3HameHoBanue 100-netuss MucturyTa
uM. ©punpuxa Jlepdaepa (vem. Friedrich-Loeffler-Institut), HaunoHaIbHOTO
HCC/IeI0BATEIbCKOTO BeTepuHapHoro LeHTpa ['epmanuu, ochoBanHoro Jledd-
JIEPOM U TIOJYUMBILKM ero uMs B 1952 r. YIOMSIHYTbIH MOPTPET PaCIOJNOXKeH
B JIEBOH CTOpPOHE MapKH, CIIpaBa — MUKPOCKOI Ha (hoHe n306parkeHus BUpyca,
B LIEHTpPe — MOeJib BUpyca (B paspese).

B 1898 r. onwitel .M. MIBaHOBCKOrO BOCIpOU3Be HUAEPJAAHACKUH MH-
KpoOuoJior u O0TaHUK, YJEeH-KOPPECTOHAEHT U MOYeTHbIH uneH Poccuiickoi
akanemuu HayK Maptun Busnnem Betiepunk (nunepn. Martinus Willem Be-
ijerinck, 1851—1931). On Ha3Bas MUKPOOPTaHU3MbI, OTKPbIThIE FIBaHOBCKUM
«(uabTpyommmucs BupycamMmu». Co BpeMeHeM NaHHYI T'PyNIy MHKpoopra-
HHM3MOB CTaJ/Ii HAa3blBaTb BUPYCAMH.

3acayru DBeliepuHKa, KOTOPOro HEKOTOpbIE CUHUTAIOT OCHOBATEJEM BHU-
pPYCOJIOTHH, TMepel MUKPOOHMOJOTHUECKOH HAayKOH TPyOHO NepeoleHuTb. OH
cTaJl, CPear MPOoYero, NeEPBOOTKPbIBATEIEM CUMOMOTHYECKHX a30T(PUKCATOPOB
(1888), cBoGonHOKUBYIIMX a3poOHBIX azoTdukcatopos (1901), cyabdatpe-
nyuupytoux 6axkrepuit, Hapsny ¢ C.H. Bunorpanckum [1], cran ogHum u3
OCHOBATeJIed TMOYBEHHOH U IKOJOTHUECKOH MUKpoOUosoruu [2].
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DEUTSCHLAND 85 ..

. e :‘\'t.i'lx} .‘ 0 . e -
1700 JAHRE FRIEDRICH-LOEFFLER-INSTITUT

Puc. 2. ®puapux Jleddaep. loutopas mapka (PPI)
Fig. 2. Friedrich Loeffler. Postage stamp (Germany)

Hupnepnannckass KoposeBckas akanemusi Hayk (Hungeps. Koninklijke
Nederlandse Akademie van Wetenschappen, KNAW) yupenuna B 1965 r.
npemuto uMeHd Maptuna Bunnema BeliepuHka mo BHpycoJOruH, KoTopas
BpyuaeTcs KaxKible [Ba rofia 3a BbIIAIOLIHECS NOCTHUXKEeHHUS B 3TOH 00-
nactu 3Hanu# [3]. [lomumo neHexxkHoro BosHarpaxaenus B 35000 eBpo
HarpakJIeHHbIH MoJyyaeT 30J0TyI0 Melajb, B LIEHTpPe aBepca KOTOPOH pac-
MI0JIOXKEH peJsibe(pHbIH, MOTPYAHBIHA, NPO(MUIBHBIN, TOBEPHYTHIH BIPaBO MOp-
TpeT beliepunka (puc. 3). ITo Kxpato MmenanbHOro 1oJisi, Mo KPyry HaalUCh Ha
naateian: «MARTINUS WILLEM BEIJERINCK EGREGIUS VIROLOGDK
CONDITOR» (MAPTUH BUWJIJIEM BEWMEPWUHK BJIMCTATEJIbHbIU
OCHOBOIIOJIO)KHHUK BUPYCOJIOTHHN).

Y TOHUEHHBIH paCTUTE/bHBIA OPHAMEHT 110 KPalo Me/1aJIbHOTO T10J151 peBepca
(puc. 4) octaBJsieT LeHTPAJbHYIO YACTh €ro J/151 TOCBSIIEeHUS] HarpaK 1eHHOMY .

YBJeKaTesnbHble CTPaHULIbI UCTOPUU OOPbOBI C XKENTOH JUXOPanKOH [4]
MOKHO ObLIO Obl MPOUJIIOCTPUPOBATH MIOXKHUHOH MPEKPaACHBIX MaMSATHBIX
menased. BupycHasa npupoaa »keaTod JIMXOpanKH, epBOro 0OHapy»KEHHOr0
BUpYCHOro 3ab0JieBaHUs yesoBeKa, Oblja foKa3aHa ¥YosatepoMm Punom (aHr.
Walter Reed, 1851—1902) u >xeiimcom Kspoanom (aura. James Carroll,
1854—1907) B 1901—1902 rr., mocjie TOro, Kak MpPU MOJKOXKHOM BBeIEeHHH
TpeM 100pOBOJIbLAM NTPO(PUIBTPOBAHHON CHIBOPOTKH GOJBbHBIX Y ABYX M3 HUX
BO3HHUKJIO 3a0oJsieBaHue. 3aboJieBaHNe BBI3bIBAETCS BUPYCOM M3 ceMelicTBa
Flaviviridae.

Awmepukanckasi menanb (44 mm, 6ponsa, Medallic Art Co. N.Y., CIIIA,
1971), nocesiiennas Yoarepy Puny, cosnana A. Belskie (B cepun Menase
B UeCTb BBIIAIOLIUXCS AesiTesell MeJULMHbl BCEX BEKOB M HAPOMOB).
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Puc. 3. Maptun Buasiem Beiepunk. Puc. 4. Maptun Buasnem bBeitepunk.
Mepaasb, aBepc (Hupepaanabi) Mepaasb, pesepc (Hupepaanabi)

Fig. 3. Martinus Willem Beijerinck. Fig. 4. Martinus Willem Beijerinck.
Medal, obverse (Netherlands) Medal, reverse (Netherlands)

BeicokopenbedHbIl, MONyNOrpyaHbId, TPOMUIbHBINA, MTOBEPHYTHIH Ha
BIIPAaBO MOPTPET Bpaya Ha (poHe KaHa/ja, pacTyllMX Ha Oepery najbM, 3a-
HUMaeT IeHTpa/bHYyI0 4acTh aBepca Menanu (puc. 5). Cmpasa ot mopTpeTa
— pesnbedHOe H300pakeHHe MOCKUTA Aedes aegypti, epeHOCUNKA KENTOH
JINXOPAZKH, Ha (pOHe BUPYCHON YacCTHlbl. Bblllle — ropu3oHTaNbHAS HAAMUCH B
JIBe CTPOKH, FOfibl KU3HU Yoarepa Puna: «1851 / 1902». ITo Kpato MeaanbHOro
TMOJIs1, TI0 KPYTY, HAAIKUCh HA aHTIHHACKOM si3bike, cBepxy: « WALTER REED»,
cunzy: «CONQUEST OF YELLOW FEVER» (ITOBEJA HAJ YKEJITOU
JINXOPAJIKOW).

PeBepc menanu (puc. 6) 3aHuMaeT BbICOKOpPesbedHas KOMIO3ULHUS: OBOE
MoJ1yoOHaKeHHBIX 3eMJIEKOIOB, IPOAUPAsiCh CKBO3b PKYHIVIM, KOMAIOT KaHaJl.
Han n3obpazkenuem, 1o Kparo MeaabHOro MoJis, o KPyry CBepXy M cripaBa Hal-
IHCh Ha aHrIHiCKOM sA3bike: «<PANAMA CANAL» (TTAHAMCKUM KAHAJ).

Puc. 5. ¥. Pua. Mepaab, asepc (CIUA) Puc. 6. Y. Pun. Menaas, pesepc (CLUA)
Fig. 5. W. Reed. Medal, Fig. 6. W. Reed. Medal,
obverse (USA) reverse (USA)
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Bopbby c HemienctBom Jlyu Ilactep [1] Hauan ere
JI0 OTKPBITUSI BO30YAUTENST ITOTO BUPYCHOTO 3a60J/eBaHuUS.

PyMmbiHCKUE Bpau, OUOJIOT U OAMH U3 NepBbIX MUKpoOuooros Bukrop ba-
6ewr (pyMm. Victor Babes, 1854—1926) u uTanbsgHCKHH TATONOT K MUKPOOHOJIOT
Anenbun Herpu (utan. Adelchi Negri, 1876—1912) o6napyxuu (1898—1903)
B HelpOHax TOJIOBHOTO MO3ra 3apakéHHbIX OeleHCTBOM BHYTPHKJETOYHbIE
BKJIIOUeHHUs (Tesblia babemwa—Herpu) [5]. BupycHyto npupony OGerieHcTBa
nokazasn B 1903 r. ¢ppanuysckuii Bpau [Tonb Pemnenxe (bp. Paul Remlinger,
1871—1964).

Babeiu BHec BecoMblil BKJIaM B U3yueHUe OelleHCTBA, Jenpbl, IUPTepuH,
TybepKyJ/ae3a U Apyrux UHPeKUUoHHbIX 3aboseBanuil. OH onucan B 1888 r.
Babesia — pon npoTo3oa oTpsifia MUPOIJIA3MHU Kjaacca ClIOPOBUKOB, BO30OY-
qutenss Texacckod JIMXOpanKU KPYMHOTO poraToro cKoTa.

[Toptper Bukropa babGewa, penbedHbili, roloBHONH, MPO(PUIBHBIH,
MOBEPHYTBIN BJIEBO, TIOMECTHJ CKyJabNTOp 1. Jalea B IeHTp aBepca pyMbIHCKOMH
Mmenanu (68 mm, 6ponsa, 1962), BeimyiieHHON K oTKpbITHIO [[I® MexnyHnapon-
HOTro KOHrpecca no nHpeKUMoHHOH naTtosoruu (puc. 7). ITo kpato menanbHoO-
ro moJisi, o KPyTy, cJaeBa, cBepxy # crnpasa Haanuch: «PROFESORUL DR
VICTOR BABES» (ITPO®ECCOP [I-P BUKTOP BABEILI), causy — romst
JKU3HH yueHoro: «1854—1926».

Puc. 7. B. ba6ew. Mepaub, Puc. 8. B. ba6ew. Mepgaub,
aBepc (Pymbinug) peBepc (PymbiHus)

Fig. 7. V. Babes. Medal, Fig. 8. V. Babes. Medal,
obverse (Romania) reverse (Romania)

JIaKOHWYHBIM W TPaOULHMOHHBIM CHeJaJ] CKYJbIITOP PeBepCc Menanu
(puc. 8). B uentpe — mMenuuuHckas smbaema (yaia co aMeéil), moa KOTOpon
— CKpellleHHble JIaBPOBblE BeTKH. Huke — roprnsoHTasnbHast HAOMUCh B IBE
crpoxu: «BUCURESTI / 1968» (BYXAPECT / 1962). ITo xpato Mmeja/bHo-
ro noJisi, no kpyry Hammuch: «AL II[EEA CONGRES INTERNATIONAL DE
PATOLOGIE INFECTIOASB» (11" MEXJIYHAPOJHbBIM KOHI'PECC
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[10 UHOEKLIMOHHOM TTATOJIOTHMH). Bee mannucu Ha Meaid — Ha
PYMBIHCKOM SI3bIKE.

Teicsiun U ThICSUM Jtonel MOru6./1 Ha MPOTSKEHUH CTOJIETHH OT HATypasib-
Hoi ocnbl (nat. Variola, Variola vera) niu, Kak eé ellé Ha3blBaJlu paHee,
4YEPHOU OCIMbl — BBICOKOKOHTArM03HOH BUPYCHOH MH(PEKLHUH.

Hecwmortps Ha To, uTo anrauiickuit Bpau dasapna [lxennep (aura. Edward
Jenner, 1749—1823) paspabotasn BakLMHY IPOTUB OCIbI (BOOOIlE — MEPBYIO
BakUMHY) U 14 mast 1796 r. BnepBble BBeJ1 BOCbMUJIETHEMY MabuuKy J>Kefim-
cy duncy HeomnacHbI# BUPYC KOPOBbEH OCIbI, BO3OYAUTENb 3TOIO CTPALIHO-
ro 3abosieBaHus Obl1 OTKPBIT TOJBKO B 1906 r. HeMelUKUM GaKTepHOJOrOM
Oupuke [lamenom (Hem. Enrique Paschen, 1860—1936). [Tawen — aBTop
MHOTOYMCJIEHHBIX PabOT M0 HATypaJbHOH OCle W OCMEeHHOH BaKLUMHALMH.

WckopeHeHHI0 HATypasbHOH OCIIbI, B OCYLLECTBJEHHE KOTOPOH BHECJIH
cBOM BKsan u DHpuke [lamen, u, ocobenno, dnpapn [keHHep, MOCBSIIEHBI
nse mapku (puc. 9, 10), Boinyiennsie 31.03.1978 r. noutoBo# agMuHHUCTpA-
uuert Opranuzauun O6benunHénHbix Haumit nas opuca OOH B )Kenese
(B wBelinapckux ¢ppankax — 0,8 u 1,1).

ERADICATION MONDIALE DE LA VARIOLE ERADICATION MONDIALE DE LA VARIOLE

Puc. 9. UckopeHeHne HaTypadbHOH Puc. 10. UckopeHeHue HaTypaJsibHOM
ocnbl, [loutoBas mapka (OOH) ocnbl. [loutroBas mapka (OOH)
Fig. 9. Eradication of Smallpox. Fig. 10. Eradication of Smallpox.
Postage stamp (UN) Postage stamp (UN)

Ha mapkax Ha xenatom (puc. 9) u 3enerom (puc. 10) doHe nzobpakeHbl
Kak Obl nBa mosymapusi. CieBa — H300paKeHHe BOCTOYHOTO MOJIYILIAPHS:
Adpuka, yactb EBponbl u yacTb A3uu, KOHTHHEHTBI, HanboJee CTPaIaBILIHe
oT cMmepTesbHOU Gosie3Hu. CripaBa, BMECTO KOHTHHEHTOB, BO30yIUTeNb Ha-
TypaJibHOU OCIIB.

1908—1909 rr. o3HameHOBaNNCh BbIIEJEHHEM BHpPYCa TOJMOMUETUTA —
JETCKOTO CITMHHOMO3TOBOTO MapaJjinia, OCTPOr0 BHICOKOKOHTArHO3HOTO HH(EK-
MOHHOTO 3abosieBaHusi. MeTonoM 3apakeHusi 06e3bsiH PACTEPTHIM MO3TOM
YyMepLIEero OT MOJHOMHeUTa peOeHKa 3TO YHajoCh CAeJNaTh aBCTPUHLIAM:
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BBIIAIOLIEMYCSl Bpauy, XUMUKY, UMMYHoJIOTy W MH(pekunonucty Kapay Jlan-
nuiteiinepy (Hem. Karl Landsteiner, 1868—1943) u Bpauy Dpsuny [lonnepy
(nem. Erwin Popper, 1879—1955).

[TouroBass mpopykuus ABctpuu, Pymbinuu, OviBiedt [JIP, 6ankHOTa
ABctpuu HomuHasoM 1000 aBcTpUiiCKHMX NIMILTMHTOB (BBeAeHa B obpatienue 20
okTs10ps 1997), MHO>KeCTBO NaMATHBIX MefaJsel nocsseHsl Kapay Jlanamred-
Hepy. CBSI3aHO 3TO He C BbILLEYTTOMSHYTBIM OTKPBITHEM, a C OTKPBITHEM IPYTII
KpOBHU 4yeJioBeKa, 3a Kotopoe JlanmmraiiHep Obln ynoctoeH HobGesneBckoi
npeMuu no usuosoruu u Menuuuse (1930).

HMmenHo 3TOMY cOOBITHIO TTOCBSILEHA Meaab (80 MM, 6poH3a, MoHeTHBIH
nsop Ilopryranuu, nocnenusis Tpetb XX BeKa) KOTOPYIO CO3Ja/ U3BECTHBIH
nopTyranbckuil ckysabnrop Cabral Antunes.

LleHTpa/nbHYIO YacTb MelaJbHOrO MoJs aBepcea (puc. 11) menanu 3annmaet
pesbedHbIH, MOrPyAHBIN, MOYTH aHdac nmoprtpet yueHoro. CjeBa U CBepxy,
no Kpawo MepnasbHoro mnoss, no kpyry Haanuck: «<KARL LANDSTEINER»
(KAPJI JIAHAIITAMHEP). CripaBa oT mopTpeTa, rOPH30HTANbHO, B B
CTPOKH — FOJIbl POXKIEHUS ¥ CMEPTH yueHoro: «1868/1943».

B BepxHeii yactu pesepca (puc. 12), no kparo MenaabHOro MoJs, 1o KPyry Hall-
muck: «PRUMIO NOBEL DA MEDICINA» (HOBEJIEBCKAS [TPEMUSY 10
MEJIMLIMHE). Huxke, ropusoHTasbHO — rof npucykaeHus npemuu: «1930».
B HMKHeH yacTH MenasbHOTO IMOJIST peBepca — HAAMNUCh Ha MOPTYrajbCKOM
si3bike B TpHU cTpoku: «PELA DESCOBERTA DOS GRUPOS SANGUINEOS
DA ESPUCIE HUMANA» (3A OTKPBITUE I'PYTIIT KPOBU UEJIOBEKA).
B ueHTpasbHOM yacTH peBepca, Ha MIACTHHE, TPUITOJHATON HAl TOBEPXHOCTHIO
peBepca, TabJauLa, WIMIOCTPUPYIOLIAs OTKpbITHe JlanamTaliHepa.

Puc. 11. Kapa Jlanawreinnep. Puc. 12. Kapa Jlanawreinep.
Mepaab, aBepc (IMopryranus) Mepnaab, pesepc (IMopryranus)
Fig. 11. Karl Landsteiner. Fig. 12. Karl Landsteiner.
Medal, obverse (Portugal) Medal, reverse (Portugal)
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B mae 2005 r. 58-1 ceccust BceMupHo#t opraHu3anyu 31paBoOXpaHeHUs B
JKeHneBe npuHsna pewenue 14 niona (nenb poxxaenus Kapaa Jlanwreitnepa),
€XKEroJIHO TPOBOUTL BceMUpHBIH 1eHb TOHOPA KPOBH.

55 JieT mpuuioch xkaath HobemeBCcKo# npeMuu no GU3U0JOTHH U MEMIU-
uuHe (1966) «3a OTKPbITHE OHKOTE€HHBIX BUPYCOB» aMepPUKAHCKOMY MAaTOJIOTy
@paucucy [leiitony Paycy ( aura. Francis Peyton Rous, 1879—1970). Payc
eute B 1911 r. nokasasn BUpPyCHYIO MPUPOLY paka — capkombl Payca.

B 2008 r. nmoutoBoe BemomcTBO I'BuHelicko# Pecnybuauku (¢pp. Ripub-
lique de Guiniie) — rocynapctBa B 3ananHoi AQpuke, BbIyCTHJIO TTOUTOBBIH
6J10K, mocBsilleHHbIH HobeneBckuM naypeatam no (pU3UOJOTUH U MeIULMHE
pasHbIx JeT. Biok coctout u3 6 mapok (puc. 13). Ha BepxHe# npaBoit mapke
uzobpaxen ®psuncuc [lediTon Payc B Mmosioabie u 3pesbie rogsl. Kpome Hero,
Ha MapKax M300paKeHbl: UTalbsIHCKUH Bpau W ydyenblil (HobeneBckasi mpe-
mus (HIT) 1906 r.) Kamuano Tonbmku (utan. Camillo Golgi, 1843—1926),
amepukanckuit 6uosor (HIT 1933 r.) Tomac Xaut Moprau (auri. Thomas
Hunt Morgan, 1866—1945), mBeiinapcko-amepukanckui 6uoxumuk (HIT
1992 r.) Oamonn Puiep (aura. Edmond H. Fischer, pon. 1920), wBenckuii
dapmakosor (HIT 2000 r.) Apsun Kapsccon (wBen. Arvid Carlsson, pon.
1923), amepukanckuil Mmosekyaspublii renetuk (HIT 2006 r.) dunpio 3axapu
@aiiep (aura. Andrew Z. Fire, pon. 1959). Elile ueTbipe BbIIAIOUIMXCS YYEHBIX
n300paxkeHbl Ha OJI0Ke BOKPYT Mapok: amepukaHckuil uurtoreHetuk (HIT
1983 r.) bap6apa Mak-Knunrtok (aura. Barbara McClintock, 1902—1992),
wotnanackuit 6akrepuosor (HIT 1945 r.) Anekcannp ®nemunr (aura. Sir
Alexander Fleming, 1881—1955), amepukanckuil pusnk, 6H0OU3UK U PU3n-
ogsior (HIT 1961 r.) Ibépnb don bBekewwn (Benr. Bikisy Gyyrgy; nem. Georg
von Biikiisy, 1899—1972), 6putanckuil MoJieKyJ/spHBIH O6HOJOT, Bpay U He-
fipo6uodgior (HIT 1962 r.) ®pancuc Kpuk (aura. Francis Crick, 1916—2004).

LS - din

Puc. 13. ®paucuc Meiron Payc. Jlaypeatsl HoGeneBckoit npemuun no (hpu3nosoruu u
meauunHe. Iourosbiii 6J0k (I'BUHelickas Pecny6aunka)

Fig. 13. Francis Peyton Rous. Nobel laureates in the field of physiology and
medicine. Miniature sheet (Republic of Guinea)
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Haw pacckas Obln Obl He MoOJHBIM 0O€3 yNOMHHaHHUS 00 ellle OLHOM
yuenoM. B 2009 r. Ykprnoura Bbimyctuaa (k 150-7meTHio co nHS poxie-
HUSI) XYLOXKECTBEHHbIH MapKUpoBaHHBIH KOHBepT (XMK), mocBsilieHHBIN
BblIawoLIeMycsl ypoxkeHly Opecchbl, Bpady, MUKPOOUOJIOTY ¥ SMHIEMHUOJIOTY,
nouétHomy uneny AH CCCP (1940), akanemuky AMH CCCP (1945), Jlaype-
aty l'ocynapcreennoit npemun CCCP (1943) Hukonato ®énoposuuy ['amanee
(1859—1949). Ha xoHBepTe BOCHpPOHM3BeNEH MOPTPET YUEHOTO B MOJIOIbIE
roael. MapKu MpoILTAMIIOBAHBI CHEMANbHBIM LITEMIIEJ]EM, B LIEHTPE KOTO-
poro — MukKpockorn (puc. 14).

Anpeca eianpasHMka, HOEKC

Anpeca ofepxyeada, iHoeKc

Mukona Famania
1859~ 1949

Puc. 14. Hukoaaii ®€énoposuu Namanes. XMK (¥Ykpauna)
Fig. 14. Nikolay Fyodorovich Gamaleia. FDC (Ukraine)

3acayru ['amanen nepen HayKo#l HACTOJNBKO BEJIUKH, YTO Mbl MOXKEM YTIO-
MSIHYTb TOJIbKO psif u3 HUuX. CoBmecTHO ¢ .M. Meunukoseim 1 91.10. Bapna-
xoM, nipu coneictBuu JIyu [lactepa, H.®. 'amanesi yuacTBoBaJ B CO3[aHUH B
Opnecce B 1886 r. mepBoii B Poccuu (1 BTOpo#t B Mupe) OAKTEPUOJOTHUECKOH
CTaHLMU U BrepBble B Poccuu ocylecTBU/ BaKLUMHALMIO JIOeH NPOTUB Oe-
IIeHCTBA. 32 NepBble 3 rofa AesATeJbHOCTH CTAHIMHU ObIIN ClleJJaHbl TIPUBUBKA
npubausuteabHo 1500 yesoBek, 4YTO B UeThIpe pa3a CHU3UJIO CMEPTHOCTD OT
6ewencta. C 1899 no 1908 r. 'amanes Obl1 AMPEKTOPOM OCHOBAHHOTO UM
Bakrepunosoruueckoro uncturyra B Onecce. C 1912 mo 1928 r. on pykoBoau.
[Terep6yprckum (IleTporpanckum) ocONpPUBHBATENbHBIM HHCTUTYTOM HMe-
o JLxennepa. C 1930 mo 1938 r. H.®. 'amasness — Hay4HbIH PYyKOBOAUTE/b
LleHTpa/bHOrO MHCTUTYTA 3MUAEMHOJOTMM U MUKpoOuosoruu B Mockse (B
HacTosilee BpeMsl HOCUT ero ums). JlesaTesbHOCTb yueHoro Oblja MnocBsiilieHa
6opbbe ¢ uymort B Onecce, xonepoil Ha tore Poccun, npodunaktiuke TH(OB,
XOJIepPbI, YyMbI, OCIbl U APYTUX HH(DEKUHOHHBIX 3260/1eBaHHUH.

104 Mikpobiorozis i 6iomexHonroeis Ne 3/2011




[TEPBDBIE IHAI'M BUPYCOJIOIMH B ITAMATHHNKAX OUJIATEJIMM M HYMHU3MATHKH

BosBpalasce K TeMe Hallled CTaTbH, YIOMSIHEM O OOJbBLIOM TeopeTHyec-
KOM U npakTuueckom 3HaueHuu pabot H.®. 'amanen no usyuenuio QpuabTpy-
IOLLUXCS BUPYCOB. DTO U OOHapy»KeHHe TOro, 4TO YymMa KPYMHOTrO poraToro
CKOTa BBI3bIBAETCS UMH, 10KA3aTEAbCTBO TOrO, YTO BO3OYyAHUTENEM HH(EKLIU-
OHHOW aHeMuH Jiollafned sBjasercss Bupyc u T.0. Emwé B 1898 rony 'amanes
BIepBble HAOJIONA siBeHHe Ju3nuca 6aKTepuil (CUuOUpPesi3BEHHOHU MaouKH).

C o6pasom Hukonas ®enoposuua ['amanen cBssansl Tpu Menaau (CCCP).
JIBe 13 HUX MOCBSLLEHB HHCTUTYTY, B KOTOPOM OH paboTaJl B ocjaeIHNe TO/Ibl
JKU3HU M KOTOPBIH HOCHT ero UMs. TpeTbs — BbIMyIleHa B uecTb 125-meTus
CO IHSA poxKaeHus ydeHoro (6ponsa, 60 MM, JleHHHrpancKu# MOHETHBIH ABOP,

1987) [6].

Puc. 15. H.®. N'amaaea. MenaJb, Puc. 16. H.®. N'amaaea. MenaJb,
aepc (CCCP) pesepc (CCCP)

Fig. 15. N.F. Gamaleia. Fig. 16. N.F. Gamaleia.
Medal, obverse (USSR) Medal, reverse (USSR)

OpuruHa/bHBIH MOPTPET yueHOro (KakuM OH OBLI B TOCJeIHHE TOIbI
’KU3HH) BBIMOJNIHEH CKy/abnTopoM MapuanHo# PoMaHOBCKOH B HECKOJIBKO
CTUJIM30BAHHON MaHepe, ¢ OOOCTPEHHBIMH JIMHHSMH, KOTOpble MOAYEpPKH-
BalOT OCTPOTY yMa, JeJOBUTOCTb, OECKOMIPOMHMCCHOCTb HCCJIEL0BaTes.
[TonynorpynHelil, npouabHBIN, TOBEPHYTHIH Ha # BJIEBO MOPTPET YYEHOro
B OYKax U TioOeTellKe, KOTOPYIO OH HOCHJI MHOTO JIeT, 3aHUMaeT MOYTH BCe
MenajbHOe moJe aBepca (puc. 15). CieBa, Mo Kpaw MelasbHOTO MOJSs, M0
kpyry Hagnuck: «H.®. TAMAJIEST».

B uenTpe peBepca (puc. 16) Ha oHe pyKonucel — n3obOpaxKeHre MUKPOC-
KOIa, KOTOPBbIM y4YeHBIH MOJIb30BAJICS /151 CBOUX UCCJ/IEJOBAHUH U OTKPBITHH.
CrieBa cBepxy, FOPH30HTAJNBHO B IBE CTPOKH — FOJIbI €I'0 POXKAEHUS U CMEPTH:
«1859—/—1949».

K coxanenuto, ¢opmMaT XKypHaJbHOH CTAaTbU MO3BOJUJ HAM JHUIIb
YIOMSIHYTb O TEPBBIX lIAarax BUPYCOJOTHM — OTKPBITHH psila BUPYCOB, O
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BBIJAIOLUXCS YUEHbIX — aBTOpPaxX 3TUX OTKPbITUH. [TouToBBIE Mapku, 6J10KH,
XMK, namsTHble Menasu MO3BOJIUIN HAM MPOUJJIIOCTPUPOBATD 3TOT PACCKa3.
Takoe ncnosb3oBaHue MaMSATHUKOB MaTepHAIbHON KyJbTypbl MOXKET MOCJY-
JKUTb CBOEOOPA3HbIM MOCOOUEM B W3yUEHHWH UCTOPUHU HAYKH.
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NEPILUI KPOKU BIPYCOJIOTIT B MAM'SITKAX ®IJIATEJII
I HYMI3MATUKH

Pedepar

CrarTsa npucBsiueHa nepiiuM KpokaM BipycoJIoTii — BiTKPUTTIO 30y AHUKIB:
MO3ai4HOI XBOPOOU TIOTIOHY, SILLypa, )KOBTOI JINXOMaHKH, CKa3y, HaTypaJbHOi
BicnH, noJiioMiesity, capkoMu Payca. PosnoBige npointocTpoBaHo TBopamu
¢inarenii i Hymismatuku pizuux kpain: CPCP, Himeuunnu, CIIA, Hinepnannis,
Pywmynii, [Toptyradii, I'Bineficbkoi Pecny6uiku, ¥kpainu ta OOH.

KnrwouoBi camopa: icTopis BipycoJorii, ¢inatesicTuuHa NpOAyKLif,
nam’siTHa MeJaJib.
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[TEPBBIE IIATY BUPYCOJIOTHMH B ITAMSITHUKAX OUJIATEJINN 1 HYMU3MATHUKU

V.Yu. Barshteyn

Institute of Food Biotechnology and Genomics, NASU, 2a, Osipovskogo str., Kyiv, 04123,
Ukraine, tel.: +38 (044) 462 72 59,
e-mail: ihtbar@rambler.ru

FIRST STEPS OF VIROLOGY IN MONUMENTS OF
PHILATELY AND NUMISMATICS

Summary

The article is devoted to the reflection of the first steps of virology —
discovery of causative agents of: tobacco mosaic disease, foot-and-mouth
disease, yellow fever, rabies, natural pox, poliomyelitis, Rous sarcoma. The
story is illustrated with works of philately and numismatics of different
countries: USSR, Germany, Netherlands, USA, Romania, Portugal, Republic
of Guinea, Ukraine and UN.

Key words: history of virology, philately objects, art medal.
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Haykosu#i xxypnan «MikpobioJoris i 6ioTexHoJioris» 3anpowye Bac 1o
criiBrpaui 3 MUTAHb BUCBIT/JIEHHS Pe3y/bTaTiB HAYKOBUX JOC/iI2KEHb Y rajysi
MikpoOioJorii i 6i0TexHOJI0ri].

[lporpamMHi wWifi BUJAHHS: BUCBIT/JEHHS pe3yJbTaTiB HAYKOBUX JOCJi-
JKeHb y raaysi Mikpobiosorii Ta 6ioTexHosorii, 06’eKTaMu SIKUX € MPOKapioTHi
(6axTepii, apxebakTepii) Ta eykapioTHi (MiKpockomiuHi rpudu, MiKpOCKOMiyHi
BOJIOPOCTi, HAUMPOCTIillli) MiKpOOpPraHi3aMH, BipycCH.

TemaTnuna cnpsiMoBaHicTb: MiKpoGioJsoris, BipycoJiorisi, iMyHoJOTis,
MoJIeKyJIspHa Oi0TeXHOJOTrisl, CTBOPEHHSI Ta CeJeKLisl HOBUX LUTaMiB MiKpO-
oprasiamiB, MikpoOHi penapaTH, aHTUMIKPOOHi 3aco6u, HioceHCopH, AiarHoc-
TUKYMH, MiKpOOHi TeXHOJIOTii B Ci/IbCbKOMY FOCIIOAAPCTBI, MiKpPOOHI TeXHOJIOTi]
y XapyoBid MNPOMUCJIOBOCTI; 3aXUCT TA O3A0POBJEHHS HABKOJIHILHBOIO Cepel-
OBHIIlA; OTPUMAaHHS €HEProHOCIIB Ta HOBUX MaTepiaJ/iB TOLIO.

MoBa (mMoBM) BUAaHHS: yKpaiHCbKa, pocilficbKa, aHTJIiHCbKa.

Py6puku xypHaay: «Ornsnosi Ta TeopeTHuHi ctarTi», «EkcnepuMeHTaNb-
Hi npaui», «Jluckycii», «KopoTki noeinomneHHs», «XpoHika HAyKOBOTO XKHUT-
Ts1», «CTopiHKH icTopii», «OBinel i matn», «PeueHnsii», «KHuKKOBa MOMULIST>.

Jlo ctaTTi momaeTbcsi peKOMeHAalisl yCTaHOB, OpraHi3allifl, y IKUX BHU-
KOHyBaJsiacsl poOoTa, 3a MiANHCOM KepiBHHKA Ta MUCbMOBA 3rofia KepPiBHUKIB
yCTaHOB, OpraHisauii, ae NpauolTh CIiBABTOPH.

Bumoru 10 opopmiaeHHs cratei, siki NoaalThCs 10 peaakLii XKypHaJy:

CrarTs Mae BiIMoBinaTH TeMAaTHYHOMY CIIPSIMYBAHHIO »KypHAJY i, BiMoBi-
Ho 1o n. 3 [Tocranosn BAK Yxpainu Big 15.01.2003 p. Ne 7-05/1, Bk/10uaTH
Taki CTPYKTYPHI eJeMeHTH: IOCTaHOBKA NPOoOJIeMHU y 3araJbHOMY BUIJIALI Ta
il 3B'130K i3 BaK/JIMBUMM HAYKOBUMH UM MPAKTUUHUMHU 3aBJAHHSMH, aHaJi3
OCTaHHIX AOCJHiAXKeHb i MyOJikalil, B SKHX 3al04aTKOBAHO BUPilLIEHHS AAHOI
npoOJsieMHt 1 Ha sKi ONUPaeTbCs aBTOP; BUOKPEMJICHHS paHillle He BUPILLIEHUX
YAaCTUH 3arajbHOI NMPOOJEeMH, KOTPUM NPUCBSAYYETHCS CTATTS; (POPMYJ/IIOBAH-
HSl Lisedt cTaTTi (MOCTaHOBKA 3aBMAHHS); BUKJAA OCHOBHOIO MaTepiany H0-
CJI’KeHHs] 3 MOBHUM OOIPYHTYBAHHSIM HAayKOBHMX pe3yJ/bTaTiB; BUCHOBKHU 3
JIAHOTO NOCJIi?KeHHS | NepCNeKTUBY MOJAJbIIMX MOLIYKIB Y 1aHOMY HalpsMi.

Jo npyky npuiimaroTbcs cTatTi (2 npumipHUKH) obcsrom He Gisbiie 10
CTOPiHOK (3 ypaxyBaHHSIM PUCYHKiB, TaOJHlb i MiANUCIB 10 HUX, aHOTALLi,
pedepaty, CIUCKY JiTepaTypH), orasian — 1o 15 crop., peuensii — no 3 crop.,
KOPOTKi MOBiIOMJIEHHS — 10 2 CTOp.

Jlo pykonucy nonaeTbcsl eeKTPOHHUH BapiaHT cTaTTi Ha auckeTi abo
nuckoBi (Word, wpugt Times New Roman, kersb 14, iHTepBana aBromMaTny-
HUH, He Oinblue 30 psAKiB HA CTOpPiHLI, MOJS O 2 CM).
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[pu HanucaHHi cTaTTi HEOOXiHO JOTPUMYBATUCS TAKOTO MJAHY:

- inpexc YK y niBoMy BepXHbOMY KYTKY MepLIOr0 apKylla;

- Mpi3BUILA Ta iHilliaau aBTOpa (aBTOPiB) MOBOIO OPHUriHAJY, Micle po-
60TH KOXKHOTO aBTOpPA; [IOBHA MOLUTOBA a/ipeca yCTAHOBHU (32 Mi>KHapOJHUMHU
cTaHmaptamu); teaedoH, eJqeKTpoHHa anapeca (e-mail). [1pi3Buiia aBTopiB Ta
Ha3BU YCTAHOB, J€ BOHU IPaLIO0Th, MO3HAYAIOTh OJHUM i THM CaMHUM LH}-
POBHUM iHIEKCOM (Bropi);

- Ha3Ba CTaTTi BEJUKUMHU JiTepaMy,

- aHOTaUif i3 3a3HAUEHHSIM HOBU3HHU pe3yJibTaTiB pocaimkeHus (1o 200
cJliB);

- KJIOUOBi cJioBa (He Oisblle M'ITH);

TekcT cTaTTi Mae BKJOUATH TaKi CKJAAAOBI: BCTYIT; MaTepianu i MmeTonu;
pe3yJsbTaTu Ta X 0OrOBOpPEHHS; BUCHOBKH; JiTepaTypa.

JI0 KOXKHOro MpUMipHUKa CTATTi NONAETbCS aHOTALS MOBOK OpUTiHATY
Ta pedepaTu yKpaiHCHbKOK / pociiicbKolo (B 3a/1€XKHOCTi BiZl MOBH OPHTiHAJTY
CTaTTi), Ta aHIVIIHCBKOIO MOBaMHU (KOXKeH pedepaT Ha OKpPeMOMY apKylli).
[Iepen caoBoM «pedepaT» HeOOXiIHO HAMUCATH MPi3BHILA Ta iHiLiaJHd aBTO-
piB, Ha3BU YCTaAHOB, aApecH, IOBHY Ha3By CTATTi BiANoBiAHOIO MoBoMW. [lic/1s
TeKCTy pedepaTy 3 ab3aly po3Milllyl0TbCs KJIOUOBi CJI0BA.

Y KiHUi TeKCTy CTaTTi yKasaTd Npi3BHlla, iMeHa Ta Mo OaTbKOBi ycix
aBTOPIB, MOWITOBY anpecy, TenaedoH, dake, e-mail (115 KopecToHIEHLIT).

CrarTsi Mae 6yTH mianucaHa aBTOpoM (yciMa aBTOpaMH) 3 3a3HAUEHHSIM
JlaTH Ha OCTAHHIU CTOPiHLI.

ABTOpH HeCyTb MOBHY BiANOBifa/MbHICTh 32 O€310raHHe MOBHE O(pOPMJIEH-
HSl TEKCTY, 0COOJIMBO 32 MPaBUJIbHY HAYKOBY TepMiHoJorito (ii c/in 3BipsaTH
32 (h)aXOBUMHU TE€PMiHOJIOTIUHUMHU CJIOBHUKAMH ).

JlaTuHcebKi HioJoriuHi Ha3BU BUIB, POAiB MOAAIOTHCS KYPCHBOM JIATHHHU-
LIeIO.

SIKI110 4acTO TOBTOPIOBAHI y TEKCTi CJAOBOCIOJIYYeHHS aBTOP BBaXKae 3a
noTpiOHe CKOPOTUTH, TO abpeBiaTypH 3a MepLIOro BXKUBaHHS 00YMOBJIIOIOTH
y nykax. Hanpuknan: nonimMepasna nanuiorona peakuis (ITJIP).

[locunanus Ha niTepaTypy NOAAITHCS Y TEKCTi CTATTIi, LUppaMu y KBa-
JIpPaTHUX NY?KKaX, 3TiIHO 3 MOPSAKOBUM HOMEDPOM Y CIIUCKY JiTepaTypH.

Tabnuui maoTb OyTH KOMIAKTHUMH, MaTH MOPSAKOBHE HOMep; rpadu,
KOJIOHKHM MaloTb OyTH TOYHO BU3HAYeHHMMH JIOTiUHO i rpadiuno. Marepian Ta-
6auUb (K i PUCYHKIB) Mae OyTH 3p03yMijuM i He MyOJIOBATH TEKCT CTATTI.
[ludpoBuil MaTepian TabJULb CJIiI ONPALIOBATH CTAaTUCTUYHO.

PuUCyHKM BHKOHYIOTBCSl y BUTIJISIAI UiTKUX KpecJeHb (3a IOMOMOTOI0
KoM 1oTepHoro rpadgiunoro penaktropa y ¢opmari TIF, JPG). Oci koopauHat
Ha rpadikax MarTb OyTH Mo3HaUeHi. PUCYHKH PO3MilLyIOTbCS Y TEKCTi CTATTI
Ta 1y6./1010ThCs OKpeMuM (aitiom Ha CD.

[linnucu, a TakoXK MOSICHEHHS, NPUMITKHM 10 PUCYHKIB NOJAI0TbCS MOBOIO
OpHUriHa/Jy Ta aHIJIIHCBKOIO.

Posnin «Pesysnbratn Ta ix oOroBopeHHs» Mae OyTH HaNHUCaHUH Ko-
POTKO: HEOOXiAHO UiTKO BHKJACTH BUSBJEHI €(PeKTH, MOKa3aTH MPUUYUHHO-
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pe3yJbTaTHBHI 3B’SI3KH MiK HUMH, OPiBHATH OTPUMaHy iH(opMallilo 3 JaHUMH
JiTepaTypH, AaTH BiANOBiIb HA MUTAHHS, [TOCTABJIEH] Y BCTYIII.

Crimcoxk JiTepaTypH CKIanaeThbes 32 aa(aBiTHO-XPOHOJIOT{YHUM TTOPSIIKOM
(crouaTKy KUPHUJIMLS, MOTIM JATHHULS) | PO3MillLyeThCS B KiHLi CTATTi. K10
NeplIri aBTOp y AEKIJIbKOX MpausX OAWH 1 TOH CaMUH, TO Mpaui po3Millly-
I0TbCS y XpOHOJIOTiuHOMY NopsinKy. CHHMCOK MOoCHIaHb Tpeba MpoHyMepyBa-
TH, @ Y TEKCTi MOCHUJIATUCS Ha BiAMOBIAHUU HOMep mKepeJsa JiTepaTypu (y
KBaJPAaTHUX yXKKaX).

Y nocuiaHHi HaBOASATHL Mpi3BHILIA yCiX aBTOpiB. B ekcrnepumeHTanbHUX
npausx mMae 6yTH He Oisblie 15 mocusanb JgiTepaTypHUX mxkepes. [lateHTHi
JNOKYMEHTH PO3MILLYIOTbCH Y KiHLi CIHUCKY [OCHJIaHb.
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Mup, 1983. — T. 1. =536 ¢c.; T. 2. —470 c.; — T. 3. — 263 c.

llrecens I'. Obumasi mukpo6uosorusi. — M.: Mup, 1987. — 566 c.

Bergey's Manual of Systematic Bacteriology. — 9th ed. — Baltimore;
London, 1986. — Vol. 2. — 1599 p.

Rogers H., Perkins H., Ward I. Microbial cell walls and membranes.
— London; New York: Feid. Press, 1980. — 364 p.

Ha »xypHaJabHi crarti

[lodeopckuii B.C. CucTemaTnyecKoe IMoJI0KeHHE, SKOJOrHYeCKHe aceKThl
U (HU3U0JOTO-OUOXUMHUUECKHEe OCOOEHHOCTH MUKPOOPTaHU3MOB, HMEMIIHUX
npoMblLIeHHoe 3Hauenue // Mikpo6ioJ. xypH. — 1998. — 60, Ne 5. — C. 27 - 42.

Andperok E.H., Kosarosa H.A., Poxanckas A.M. Mukpobuosoruueckas
KOPPO3Hs CTPOUTEbHBIX MaTepuasios // BuonoBpesKeHUs B CTPOUTENBLCTBE.
— M.: Crpo#tuznar, 1984. — C. 209 - 221.

I'ro6a Jl.1., [lodopsarn H.I. BioTexHosorisi ounllleHHs 3a0pyAHEHOI TIPHU-
poxnoi Bonu // Bicuuk OHY. — 2001. — 1. 6, B. 4. — C. 65 - 67.

Eaton R.W., Ribbons D.V. Utilization of phtalate esters by micrococci
// Arch. Microbiol. — 1982. — 132, Ne 2. — P. 185 - 188.

Ha te3u nonosigei
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Mauyearox b.J1. Po3pobka OioTexHoJsorii omep»KaHHs JaHAoMiLMHY E
// Mixnapoaua Hayk. kKoHd. «Mikpo6ui 6ioTexnosorii» (Oneca, BepeceHs,
2006 p.): Tes. porn. — O.: «Actponpunt», 2006. — C. 17.

Ha nenoHoBaHi HayKoBi po6oTH

Jlonamuna H.B., Tepenmves A.H., Hamaauu JI.A., fineyros I1.Y. Ontu-
MHU3alUuA [IUTaTeJJIbHOU cpenbl AJisd KYJbTUBHPOBAHHUA BAKLMHHOIO LUTaMMa
YyMHOTO MHKpOéa C MPUMEHEHUEM METOAA MATEMATHUYECKOI'O MJaHUPOBAHUSNA
skcrepuMenta / Penkos. «Mukpo6uoa. xypH.» — K., 1991. — 7 c. — Jlen.
B BUHWTH 03.01.92, Ne 1-B92.

Ha cranpaprtu

T'OCT 20264.4-89. Tlpenapatsl (hepMeHTHble. MeTonbl omnpenesneHus
aMuioIMTHYeCKOd akTuBHOCTH. — M.: M3n-Bo cranpgapros, 1989. — 17 c.

Ha aBtropedepatu auceprauin

Onuujenko O.M. TakcoHoMist i anTubGioTHuHa akTUBHiCTL Alteromonas-
nonioHux O6aktepiit HopHoro mopst: ABToped. muc. ... Kaum. 6ios. Hayk. K.,
2003. — 21 c.

JlaToro HanXOMKEeHHSI CTATTi BBAXKAIOTh 1eHb, KOJU 10 PeNKOoJerii Hamil-
LI0B OCTATOYHHUU BapiaHT TEKCTYy CTATTi MiCJs PELEeH3yBaHHS.

[licas onep»KaHHSl KOPEKTYypH CTATTi aBTOP MOBUHEH BUIIPABUTH JHLLIE
MOMMJIKH (4iTKO, CHMHBOIO a0 YOPHOIO PYYKOIO HelpaBUJIbHE 3aKPECAUTH, a
Mopsii 3 LIMM Ha MOJi HalucaTH NMPaBUJIbHUN BapiaHT) i TepMiHOBO Bimicjaatu
CTaTTIO Ha azpecy peakoJerii abo MOBiAOMUTH MPO CBOI MPABKHU M0 TeedoHy
a00 eJIeKTPOHHOIO MOLLTOIO.

Y pasi 3aTpUMKHM pefakllisi, NT0Iep:KYuHuch rpadika, 3anuiiae 3a co-
6010 MpaBo 31aTH KOPEKTYPY A0 APYKapHi (y BUPOOHHULTBO) 6€3 aBTOPChKHUX
NIPaBOK.

[linnuc aBTOpa y KiHLi CTAaTTi 03HAYae, LU0 aBTOP Mepelae NMpasa Ha BHU-
NaHHS CBOEI cTATTi penakuii. ABTOp rapaHTye, L0 CTATTs OPUTiHA/NbHA, Hi
CTaTT$l, Hi PUCYHKU 10 Hel He Oy/M onyOJIiKOBaHi B iHIIMX BUAAHHSX.

Binxuneni cTaTTi He OBePTAIOTHCS.

Pepakuisi mpuiiMae [0 IpyKy Ha CTOpPiHKax i 0OKJaaMHKAX KypHasay
NJIATHI peKJIaMHi OTOJIOLIEeHHS Oi0TeXHOJIOTIYHOr0 Ta MEeOUYHOr0 HampsIMiB;
BUPOOHUKIB J1abopaTOpHOro 0OJanHAHHS, AiarHOCTUKYMiB, PEaKTHUBIB /s
HayKOBUX AOCJiIKeHb TOLIO.
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INFORMATION FOR THE AUTHORS

Scientific journal « Microbiology and biotechnology»
invites you to spotlight

Aims. Journal «Microbiology and biotechnology» publishes primary
research papers on microbiology and biotechnology of prokaryotic
(bacteria, archaea) and eucaryotic (fungi, microscopic algae, protozoa)
microorganisms, viruses.

Topics: microbiology, virology, molecular biotechnology, development
and selection of new microbial strains, microbial preparations, antimicrobial
preparations, biosensors, diagnosticums, microbial technologies in
agriculture, microbial technologies in food production, environment
protection and enhancement, development of energy vectors and new raw
materials, etc.

Languages: Ukrainian, Russian, English.

Types of publications: «Observation and theoretical articles», «Ex-
perimental works», «Reviews», «Original Research Papers», «Discussions»,
«Short communications», «Conferences, congresses, trend schools», «Scien-
tific life chronicles», «Pages of History», «Anniversaries», «Book rewievs»,
«Bookshelf».

The manuscript should be accompanied by a letter from an institution
expert commission that should state that the paper is suitable for publication
in MSM, and comprise a recommendation of the institution where the
research was carried out, signed by the chief and a signed agreement of
institution leader.

Article appearance:

The manuscript should satisfy journal topics and according to Resolution
of Higher Attestation Commission of Ukraine (15.01.2003, Ne 7-05/1,
p. 3) must contain the following elements: problem definition with the
reference to main scientific and practical tasks; analysis of recent studies
and publications that form a basis for problem decision; highlighting of
main unsolved tasks; article task; narrative of main results with their full
substantiation; conclusions and main challenges in given area of focus.

The following articles are accepted:

e original research papers — at most 10 pages (with pictures, tables,
and captions, resume, bibliography)

e reviews — at most 15 pages

e book reviews — at most 3 pages
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e short communications — at most 2 pages.

The manuscript should be given in 2 carbon copies with an electronic
variant on CD (Word, font Times New Roman, 14, line spacing automatic,
at most 30 lines per page, page margins — 2 cm on all sides).

Contents of manuscript

e UDC index on the first page top left;

e author(s) full name(s) in source language, name(s) of institution(s),
institution postal address (in international format), contact phone number,
e-mail address. Authors names and institutions they represent should be
clearly stated by using superscript numbers;

o article title uppercase;

e article abstract (should not exeed 200 words);

e key words pertaining to the subject matter (5 maximum).

The manuscript should be divided into the following sections:
introduction, materials and methods, resuts and discussion, concluding
remarks, and references.

Abstracts in source language, Ukrainian/Russian (depending on article
language) and English (each one on single page) should be attached to
every copy of an article. Author(s) name(s), institution(s) and article
title should be followed by word «Abstract», abstract itself and key words
(new paragraph).

Next to article text contact details should be set: names of all the authors,
institution names, postal address, phone/fax number, e-mail.

The manuscript should be signed by the author (all the authors) and
dated on the last page.

Manuscripts must be grammatically and linguistically correct.

Biological taxonomic names must be given in Latin, italics.

Repeated word-combinations can be abbreviated. An abbreviation is set
in brackets when first introduced, e. g. polimerase chain reaction (PCR).

Bibliography references should be numeral and are given in the text in
square brackets according to their order in the bibliography list.

Tables should be compact, and numbered with Arabic numerals; all
columns and rows should be arranged in logical and grafical order. All
material presented in the tables (figures) should be clear and should not
duplicate an article text. Results should be processed statistically.

All pictures should be presented in TIFF or JRG format, axes named.
Figures shoud be placed in article body with electronic copies on CD in
separate file.

Section «Results and Discussion» should clearly state revealed effects,
cause-effect relations, compare obtained data with literature data and give
the answers on questions specified in the introduction.

References should be numbered sequentially in alphabetical-chronological
order (Cyrillic first, then Latin) at the end of the manuscript. If the first
author in several references is the same, all these references are arranged
in chronological order. Reference list should be numbered. The numbers
should be set in square brackets in the text, i. e. [2, 15].
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References should contain all the authors’ names. Original research
papers should contain at most 15 references. Patent documents should be
mentioned at the end of the list.

Books

Bergeys Manual of Systematic Bacteriology. — 9" ed. — Baltimore;
London, 1986. — Vol. 2. — 1599 p.

Rogers H., Perkins H., Ward I. Microbial cell walls and membranes. —
London; New York: Feld. Press, 1980. — 364 p.

Journals

Eaton R.W., Ribbons D.V. Utilization of phtalate esters by micrococci
// Arch. Microbiol. — 1982. — 132, Ne 2. — P. 185 — 188.

The date of article acceptance is that one when the final variant comes
to the publisher after a prepublication review.

After obtaining the proof sheet the author should correct mistakes
(clearly cancel incorrect variant with blue or black ink and put the correct
variant on border) and send the revised variant to the editor (by post,
e-mail or phone).

In case of delays, editors keeping to the schedule have a right to publish
the revised variant without author’s proofreading.

Author’s signature vouches that author grants a copyright to the
publisher. Author vouches that the work has not been published elsewhere,
either completely, or in part and has not been submitted to another journal.

Not accepted manuscripts will not be returned.

The publisher accepts paid-for advertisement on biotechnology,
medicine, laboratory equipment, research diagnosticums, tests, reagents
for publication on the cover or journal pages.
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