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orJadaa0oBl 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 HaujoHanbHUl yHiBepcuTeT iMeni I.I. Meununkoga,
ByJs. JIBopsiHchKa, 2, Oneca, 65082, Ykpaina, e-mail: bgalkin@ukr.net

BAKTEPIAJIbHI CUHTETA3U OKCUAY A30TY

Y cmammi npedcmasieno 0eas0 CYUACHUX HAYKOBUX NnYybAaikauit npo
MONEKYAAPHY CMPYKMYPY, MEXAHIZMU CUHME3Y, MOAeKYAApHY 6ioaoeiro,
eeremuKy i 6ioro2iuni GYHKUil bakmepiarvHux cunmemas oKcuoy azomy.

Kawuosi crosa: bakmepiarvHi cunmemasu oKcudy a3omy, eeHu
NO-cunmemas, pecyssimopra ma cueHarbHa QYHKYIL.

Y ccaBuiB okeun azoty (NO) 6epe yuactb y 6araTbox 6iosOTiUHUX MPO-
necax. BiH perysioe KpoB'siHMH THCK i 3[iHCHIOE 3aXUCT Bif MAaTOT€HHUX Mi-
KpPOOpPTaHi3MiB, BUKOHYE CHUTHaJbHY (PyHKUi0 Ta iH. [3]. CuHTeTas3n oKcumy
azory ccabuiB (mMNOSs) e cTporo pery/sboBaHUMH KOMIIJIEKCAMHU (hePMEHTIB,
IKi KaTani3yloTb 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. OkucHenHsa L-apriHiHy 10 uuTpyJiHy i okcuay a3oTy 3a J0MOMOroOK 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. lankin, 2011
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BAKTEPIAJIbHI CUHTETA3U OKCH Y A30TY

Y 6akTepiaqbHUX reHoMax OyJu 3HaWAeHi MeHH, L0 KOAYITb FOMOJIOTH
CUHTeTa3u okcunay asory [D0], BUBUeHa (epMEHTHa aKTHUBHICTb y Ji3aTax
pi3HHX OakTepiajJbHUX KJiTHH, BUAiNEHI OKpeMi ()epMeHTH, sKi Bianosina-
I0Tb 33 CHHTE3 OKCHAY a30Ty Ta BHBUEHA iX MOJIeKYyJspHa cTpyKrypa [14].
Bussugocs, uo 6akrepianbHi NO-cunterasu (bNOS) BuKOHYIOTH y mpoka-
pioTiB pi3HOMaHiTHI (yHKLUII, AKi BiApi3HAIOTbCS Bil (PYHKLINA LUX PepMeHTIB
y 6araTok/iTUHHUX opraHi3MiB. [IpoBeieHHS PeHTTeHOCTPYKTYPHOIO aHali3y
JesKUX OakTepiaJbHUX (PepPMEHTIB CHHTE3y OKCHAY a30Ty A03BOJIMJIO BU3HA-
UHATH iX CXOXKICTb Ta BiIMIiHHOCTi Bil CHHTE€Ta3 OKCHUIY a30Ty OaraToKJ/iTHH-
HUX opraHiamiB. bakrepianbui NOS BinpisusitoTbest Bin mNOSs koporTiioro
JIOMEHHOI0 CTPYKTypoto. Kpim Toro, us hepmeHTHa cucTeMa 6akTepii € pos-
YHHHOIO, TOMY il JIETKO BHIIJUTH Ta OUYUCTUTH. ¥ HesKux nmpokapiotisB bNOS
€ TepMOCTaliIbHOIO.

bioximina i reHomika GakTepiaJbHUX CHUHTETA3 OKCHUIY a30Ty

JlocimkeHHs1 3 MOLIYKY CHHTeTa3 OKCHAY a3oTy y OakTepidl movasu-
cs Oinblie necsiTW pokiB ToMy. Ha moyaTtky y nesakux OakTepidl, Takux §K
Nocardia species ta Lactobacillus fermentum, 6yao 1nokasaHo, 10 y HUX
YTBOPIOETHCS HITPUT NMpPU J0JaBaHHI y *KUBUJbHE cepenosulle L-aprininy, a
TaKOoXK MNpH Aii iHriGiTOpiB CHHTETa3 OKCHAY a30Ty BinOYBA€TbCS 3HHUKEHHS
piBas okcuny aszoty [13,35]. [IpoTe, Garato GakTepiil 3maTHi CHMHTE3yBaTH
oKcHa a30Ty He Tinbku 3a nonomord NOS. Hanpukaan, ¢pepmeHT HiTpaTpenyk-
Taza Moxke nepetBopuTH HITPUTH Yy NO npu HU3BKIH KOHLEHTpalii HiTpaTiB
[57]. Kpim Toro, B LMK/ ce4oBMHH TIpH AeiMiHi3allii apriHiHy TakoX MoOXKe
YyTBOpPIOBAaTUCS 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-noni6ni 6inku [40]. Byso nokasaHo, 10 HYKJEOTHIHA MOCJiTOBHICTb
y reni, uo konye bNOS, noxpi6Ha 3 Takowo K NiJSHKOI TeHa, SIKUH KOLYE
mNOSs. Binku MawoTb cxoxicTb y N-KiH1IeBill aMiHOKHUCJIOTHIH MOCJIiTOBHOCTI
okcureHaznoro nomeny (NOSox) [29, 56]. NOS-noni6Hi 6ilKH B OCHOBHOMY
3HaleHi y TpaMIO3UTUBHUX OakKTepil, Xxoua BOHM TAKOXK Oy/M BUSABJEHI U
y rpaMHeraTuBHUX OakTepidl i apxeil. ¥ Bcix npokapioTHux NOS cxoxi ami-
HOKHCJIOTHI MOCJ/IiIOBHOCTi, B FTeMOBOMY i aKTUBHOMY ca#Tax. 751 BUBUEHHS
eBOJIIOLI] LKMX OifKiB OyB MpoBeeHUH (hiJloreHeTHUHUH aHa/i3 aMiHOKUCJOTHUX
MOCJ/IiIOBHOCTEH CHHTETA3 OKCUIY a30Ty 3 Pi3HUX OpraHi3miB. PijoreHeTHuHe
IpeBO TMPUIMYCKAe MOXKJ/MUBICTb ropusoHTastbHOro nepenocy rexie NOS. Ha
nifcTaBi OTPUMAHUX Pe3yJ/bTaTiB (PiIOT€HETHUYHOIO aHa/li3y MOXKHA MPOCTe-
JKUTH €BOJIIOLII0 LIMX (PEPMEHTHUX CHCTEM.

Y npoxapioTiB npocrilia OyaoBa CUHTETA3d OKCHIY a30Ty, a caMe Bil-
CYTHId peNyKTa3HUH HOMEH, 3a BUHATKOM apxeH, y SIKUX € pedyKTasHUH
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. l'enu NOS po3TalioByrOTbCS B TaKUX MiISHKAX
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B.M. laakiu, B.O. IBannus, M.b. laakin

XPOMOCOMH, 1110 (DYHKLisl CyCiIHiX reHiB HeBigoMa, xo4a € i BUkJ/AoueHHs. Ha-
NpUKJAM, y AesKUX wWTaMiB Streptomyces reH, sikuii Konye NO-cuHTeTasy,
pO3TalllOBYETHCS B TaK 3BAHOMY, €OCTPiBL MaTOM€HHOCTI» i 6epe y4yacTb y
6iocuHTe3i TakcToMiHiB. Lli (iTOTOKCHHM BUK/IMKAIOTh Maplly KapTOILIi.

CtpykTypa i KaTaJiTHUHi BJACTUBOCTI OaKTepiajJbHUX CUHTETa3 OKCUIY
asorty

CrnekTpaJ/bHi BJIACTHBOCTI, CTPYKTypa Ta KaTagniTuudi 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 (yHKIioo 3a pornomoru duaaBonporeinis (NOSred).
NOSox 3B’a3ye L-apriniH, rem i BiIHOBHMH penOKC-aKTHUBHHH KO(aKTOp
6R-retparigpontepun (H,B) i B Lifi ainanLi 3HAXOAMTHCS KaTaJiTHUHKME LIEHTD
depmenty. NOSred mae caiitu 38’ sisyBanus ais AL, PMH, HAJI®H i nie
SIK P)KepeJsio BiTHOBJ/IOBAJbHUX €KBiBaJIeHTIB [/ 3B’ I3yBaHHS KUCHIO i HOro
aKkTHUBaLii. bisok KanbMoay/liH criosyyae OKCUreHas3Hy i peayKTasHy obsacTi
NOS. Bin Tak camo pery.Jioe nepexin oKUCHeHOI (hOpMH (hpepMeHTY y BiHOB-
JIEHY 32 JOMOMOTOI0 Kafblii-3a71eXHuX MexaHismiB [3]. 3 yuactio mNOS 3
L-aprininy yTBOPIOETbCS CTIHKUE NPOMiIXKHUH MPOLYKT Nw-FinOKCI/I-L-apI‘iHiH
(NOHA). Hapani Bin nepetBoproetbest Ha NO i L-umtpyain (puc. 1) [48]. [1pu
LbOMY aKTHBaLlisl KMCHIO BUMarae BifiHoBHOro kodaxkropy H,B [48]. Bakrepi-
anbHi NOSox o6sacti NO-cuntetasu cxoxi 3 Takumu odaactamud B mNOS,
ane y bNOS Bincytniit NOSred (BinHOBHHUE (parmenT), a B N-KiHLeBi# 06-
JIacTi BiICYTHIH ()parMeHT, IKUH 3a JOMOMOT0I0 BOJIHEBUX 3B’ 13KiB KOOPAUHYE
uuHK. HesBaxkatoun Ha 11e NO-cuHTeTasHi cucteMu y 6akTepiil, Bce K CX0xXi
3 mNOSox. [lo-nepiite, y aumepiB rema HopMaJibHi ClIEKTPaJIbHI BIaCTHBOCTI,
no-Ipyre, reMd 3B’3yI0Tb L-apriHiH i 3 HbOrO yTBOPIOETHCS OKCHJ a30TY,
Mo-TPeTe, BUKOPUCTOBYIOThCS OionTepunu (ectep Hb) a6o terparimpodo-
jgat (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 BigMiHHA CTPyKTypa reMoBOi
kuieHi. Li BinMiHHOCTI MpU3BOASATH A0 3MiH aKTUBHOCTI (hepMeHTYy Ta HOTO
GyHKUi# [25]. 3a BUHATKOM NesKUX BiACyTHIX @parmMeHTiB B N-TepMiHa/bHi#
o6aacti bNOS, Bce x BoHM € cTpykTypHUMH aHamsoramu mNOS (puc. 2).
Lle 6y/q0 miaTBepIXKeHO TPU 3’sicyBaHHiI CTPYKTypu Komrmiekcy bsNOS 3
L-aprininom ta TI'® [36]. NOS Staphylococcus aureus (saNOS) nos’sizani
3 HAJl i S-etun-izorioceuoBuHoto (anajnor L-aprininy) [5] i NOS Geobacillus
stearothermophilus (gsNOS) B kommiekci 3 L-aprininom [49].

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

ani i c [T . | q ’ | .
Eykapiota N r:gg:;‘ﬂ:;““ Zn NOS,:HEVE Ag Cam I— NOS.: FVN|FAD|NAD  |-C
Streptomyces | zn NOS,:H 1
turgidiscabies N HEVEABINY-C

Binpmicts
poKapior

Sorangium | Hesi - .
cellulosum N Teslaomo NOSi: FesSy| FAD - [NAD NOS,:HEVE Ag? ™|

Puc 2. BynoBa cuHTeras okcuay a3ory y pisHux opratizmis [50]

N-{ NOS:HEVEAg?™|-C

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 BUNAAKaX, YTBOPEHHS OKCH-
Ny a30Ty BinOyBaeThbCs TiMbKHM 3a mpucyTHOCTi 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/ISTHKH 103BOJsiE HaKTepialib-
HuM NOS 3B’sizyBatu 6ifblui KifbKocTi mTepuHOBUX KodakTopiB abo TI',
Hixk mMNOSs [2,36]. Ongnak, He SICHO, UM MOXKYTb OakTepii, gKi BUPOOASIOTH
TI'®, cunresysatu H,B. Binbwicte npokapioris, y skux npucytHs NOS,
MicTaATh Heski 3 renis Giocunresy H, B, ane Tinbku Gakrepii pony Bacillus
MalTbh TOMOJIOT (pepMEHTY cenianTepUHpeayKTa3u — KiHLIeBOTO (PepMeHTY Y
Giocunresi H,B. Bakrepianeni NOS cay>kaTh XopoluM iHCTPYMEHTOM /IS
JOCTiPKeHb MeXaHi3MiB KaTaJsisy naHoi rpynu gepmenTiB. s uporo K Mo-
JieJIb TeM-KHCHEBUX KOMIIEKCiB BUKOPUCTOBYIOTh e M-HiTPO3U/IbHI KOMIJIEKCH
bsNOS, ski 3nathi okucHioBaTH L-aprinin [37]. Lli cTpyKTYypH Nal0Th MOXKJIH-
BiCTb IOCJ/IAUTH YTBOPEHHS CyOCTPAT-BiIHOBJIEHUN reM-KUCHEBUH KOMILIEKC,
MPOCTEXKUTHU Xifl peaklii Ta BCTAHOBUTHU NPOAYKTH KaTagizy. Bukopucranus
CMeKTpOoCcKoMNii KoMOiHALIHHOrO po3ciloBaHHS (paMaHOBCBHKOI CIIEKTPOCKOTIT),
SIKa JI03BOJIsI€ OTPUMATH iH(OPMALLIO 11100 3iTKHEHHS (POTOHIB 3 MOJIEKYJ/JIaMH
ab0 ioHamH, B XOMi SKMX BOHM OOMIHIOIOTbCS €Heprieln. 3a 3MiHOI eHepril
(hoTOHA MOXKHA CYAMTH NPO 3MiHY eHeprii MoJeKy./aH, TOOTO Mpo nepexin ii
Ha HOBUH eHepreTHUHUH piBeHb. Lle#l MeTO1 10BOJi 4aCTO BUKOPUCTOBYETHCS
JUIs1 BUBYEHHSI MEXaHi3MiB KaTa/i3y OKCUAOPENyKTa3HUX (PEPMEHTIB, y SKUX
B aKTHBHOMY LIEHTPi 3HaXOAATbCS MeTaJ/u 3i 3MiHHOIO BaJieHTHicTI0. Bin no-
3BOJIMB BUBYMTH CTiliKi reM-KucHeBi KommJsekcu 3 L-aprininom i N-rizpokcu-
L-aprininom Ta 3’sicyBaTu yacTky npomi>kHux opm kucHio B saNOS karanisi
[12]. BcranoBseHo, 110 3BifIbHEHHSI OKCHIY a30Ty 3 TeMOBOI'O aKTHBHOTO
LEeHTPY € 3Ha4yHOo Huk4yuM npu Katanidi bNOS, nix npu katanizsi mNOS [1].
LLi kaTaniTHyHi BiAMiHHOCTi MOKHA MOSICHUTH THM, 1110 B aKTHUBHOMY LIEHTpi
depmernty mNOS posTalioByeTbCs aMiHOKACJIOTHHH 3a/MIIOK BaJTiHy, a y
bNOS B upomy wmicui posramoBanuil izoseimy [36]. HificHo, 3amiHa LuXx
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aMiHOKHCJIOTHUX 3a/MILIKIiB y 6akTepianbHux i TBapuHHUX NOS 3MmiHIOE CTY-
MiHb Aucouiauii reM-giranaHoro kommiaekcy [53]. bakrepianbai NOS moxyTh
OyTH BUKOPUCTAaHI /151 XapaKTEPUCTUKU CTPYKTYPHUX €JIEMEHTIB, SIKi € OJHa-
KOBUMHU 1151 6akTepianbHux i TBapuHHUX NO-cunTeTas. Li enemenTn 6epyTh
yyacTb B yTBOpPeHHi Ta peryntoBanHi gepmentiB NOS. 3a Bincyrnocti HB i
cybcTparty BiaMiueHO 4acTKOBe PO3KPUTTS okcureHasHoro nomeny mNOSox
[30]. Taki cTpyKTypHi CTaHH aKTHBHOTO LEHTPY (DepMEHTY CIpUHHATAUBILII
1o npoteoJisy. [Ipu ubomy rem mMae HUXKYMI OKUCHO-BiIHOBHUH MOTEHLiaJl,
Hi2k pepmenT, 3B’ga3anuil 3 HB i cy6ctparom [30]. Lli cTpykTypHi 3MiHK mo-
LIMPIOIOTHCS He TiJbKM Ha iHLIi 06sacTi (pepMeHTY, aje i Ha HOro akTHMBHHUH
LEHTP, L0 BIJIMBae Ha HOro 3AaTHICTb 3B’si3yBaTHCs 3 cybcTpaToMm. Takum
YHHOM, MeXaHi3MU KaTaJsi3y CHHTeTa3u 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 KaTagJiTHYHOTrO LMKJY CUHTETAa3u OKCUAY a3oTy [14]

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

Cunres oxkcuny aszoty NO-cuHTeTa3aMu TpaMMO3UTHBHUX i rpamMHera-
TUBHUX Oaktepiil aHasnoriunuil cuntesy NO cdepmentom mNOS, 3a BUHAT-
KOM TOTO, L0 y HHX BiACYTHSI pefyKTa3Ha 00/acTb. E(eKTHBHAM TOHOPOM
enektpoHiB mysi bsNOS B. subtilis moxe Buctynatu ¢aaBonokcut (YkuN)
[54]. Onnak, npu BunaneHHi reny yku N-cuHTe3 OKcumy a3oTy y B. subtilis
He npunuHsieTbes. bakrepianbna NOS E. coli B nmpuUpogHUX yMOBax BHKO-
puctoBye cBoi penykrasu [18]. Takum yuHOM, Ha Binminy Bin (epmeHTHOI
CUCTEMH CCaBLiB, fIKi MiCTATb CHeLiaJbHUH pelyKTa3HUU MONLYJib, OaKTepi-
anbHa (pepMeHTHa CHCTeMa, CKOpille 3a Bce, MOXKe MPUHMATH eJeKTPOHHU Bifl
NeKinbKoX pisHux penykras [18]. PosmmudpoBka reHomy nmpeactaBHAKa apxeh
Sorangium (Polyangium) cellulosum [43] nokaszasna, mo ix NOS cucrema
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Mae KOBaJIEHTHO NPUEHAHUI pelyKTa3Hui Moy ib. Ase Ha BinMiny Bix mNOS
BiH po3raiuoBaHuil B N-KiHuesi# obsacti (puc. 2). CuHTeTa3a OKCHUAY a30Ty
Sorangium cellulosum (scNOS) mictutbh B N-KiHueBi#i obsacTi HiISAHKY 3
HEeBiAOMOI (DYHKL€, a MOTiM FeQS2 knacrep, PAJ- i HAJI-38’s3yto0ui no-
MmeH# i, Hapewuti, B C-kKiHueBi# ainsHii po3ramoByeTbesi NOSox. Kpim Toro,
(dnasopokcunosa ainsuka B mNOS saminoetscs B sScNOS knacrepom Fe,S,,
SIKWU 30ATHUN TIEPEHOCUTH OJIMH eJIeKTPOH. 3HAUHUM {HTepeC BUKJIUKAE Te, L0
y mNOS e ninsaka B obmnacti ®MH, sika 3B’si3ana 3 BigHoBaeHHAM NOSox
i perymoerbcs Ca*f-kambmonysinom [16,41]. Tlopanbiie BuBuenHss scNOS
(hepMEeHTHOI CUCTEMH MOXKe TPOJUTH CBITJIO HA MeXaHi3MM B3aeMOJii Mixk
neoma ninsgHkamu (NOSox i NOSred) cunTeTasu okcumy asory.

dyHKUiT OaKTepiaJbHUX CMHTETA3 OKCHAY a30Ty

Okcupa asoTy MoxKe BHUCTYNATH BaXK/JAMBOI CHUTHAJNBHOK MOJIEKYJIOK Y
H6akTepill B He3aseXHOCTi Bin mKepena nmoxomkeHHs [10, 46]. [Toku e He
y BCiX MPOKapioTiB 3HalJeHO CHUHTETa3y OKCUAY a3oTy, ajne y OakrTepi, y
SKHX BOHA €, g (pepMeHTHa CHUCTeMa 3/aTHa BUKOHYBAaTH AyKe BaKJUBi
peryJ/asaTopHi (QyHKLII.

Opsieto 3 ocHoBHux yHKUiH NOS Streptomyces turgidiscabies ue cuntes
TaKCTOMiHiB — (DiTOTOKCHHIB, 1110 BUKJHUKAIOTh 3aXBOPIOBAHHS MapPLi KAPTOILII.
[en uporo cdepmenty OyB 3HalineHul y Streptomyces turgidiscabies B Tak
3BAHOMY «OCTPiBLi MaTOreHHOCTi» [26]. MexaHi3M MaTOreHHOCTi TAKCTOMIHIB
HacamIiepes MoB’s13aHUH 3 MOPYLIEHHSIM CHHTe3Y KJIIiTUHHOI CTiHKH Y KapTOILJIi.
Tak, cTomiH — Le He3BUUaWHUN aunenTtun (noxiaHe uukao-[L-trpuntodany-L-
tdeninananiny|), skuil yrBoproetbes 6e3 yyacti pubocom [20]. Bin npencrasisie
co0010 TPUNTO(EHINOBUH (PparMeHT, HITPOBAHUH MO0 YeTBEPTOMY I0JI0KEHHIO
munentuny [20]. Posrawmysanns reny NOS Ha «ocTpiBLi maToreHHOCTi», AKUH
€ BiAnoBinanbHUM 3a OiOCHHTE3 TaKCTOMiHY i Horo nepeOyBaHHSI B 6e3ro-
cepenHid OJM3bKOCTI Bifl IeHiB, 110 KOAYIOTb HEPUOOCOMHI NENTHACUHTETa3n
(txtA i txtB) mepeKOHJHUBO MOKa3yioTh, 110 BianosinHui GepmeHT (stNOS)
MoxKe OyTH 3a/yuyeHHH 10 HiTPyBaHHS TAKCTOMiHIB (pHcC. 4).

[lopylieHHs1 TeHy 70S 3HAUHO 3MEHIlyBaj0 BUPOOHULTBO TAKCTOMIiHY.
[Ticns nomaBanHss NOS cuHTe3 (iTOTOKCHHIB OYB 4aCTKOBO BiIHOBJEHHH
[26]. OnHak, He HiTpOBaHi TaKCTOMiHH He OYyJH BUSIBJEHI Y KUBUJIbHOMY
cepenoBHILi y HOKAyTHUX 110 reHy nos wraMiB Streptomyces turgidiscabies.
[uribiTopu mNOSs, ki 6ynu nomaHi y >KUBUJbHE CepPENOBHILE I/ POCTY
Streptomyces turgidiscabies miTamy NHKOTO THUIY MPU3BENHU 0 3MEHLIEHHS
CHUHTe3y TaKCTOMiHy 6e3 Oyab-aKoro edekTy Ha picT uux Oaxrepii [26]. Lle
MOSICHIOETHCSl 3MEHLIEHHSIM CHHTEe3y TOKCHHY, TaK §IK iHTiOITOpPHU 3HUXKYIOTb
aktuBHicTb NOS. Kpim Toro, ekcnpecisi reny stNOS, BBenenoro y E. coli,
nokasasa, o HiTpuT yTBoproeTbcsi 3 NOHA i BiH € KiHLEBUM MpPOLYKTOM
peaxkuii NO 3 kucHem. Byso nokasano, 1o npu Bukopuctanti °N-L-aprininy,
HITpPYBaHHS TaKCTOMiHY BinOyBaeTbC§l 3aBASKH TyaHIIMHOBOMY paauKasy
L-aprininy. NOS e enuHOo BimoMuMm (epMeHTOM, SIKHH OKHUCHIOE a30T Tya-
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Puc. 4. Cunre3 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/II04OBUX (DepMEHTIB, AKHU 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 1 iHIUI peakllii, OCKiJIbKU NyKe CKJIAAHO cOOi YSIBUTH, 10 iHAOJbHUN
3aMiCHUK TPUNTO(MaHy MoxkKe Oe3rnocepeHbO B3aeMOIISITH 3 OKCUAOM a30Ty,
Xoua BiJTbHOpamUKaabHi (OPMH OKCHAY a30Ty, Taki, gk HiTpodiym (NOT),
nepoxcunitTpua (ONOO™), nitponiym (NO*?), a6o miokcun asory (NO,), gk
BiIOMO, 31aTHi HiTpyBaTH apoMmaTuuHi paaukanu [27]. Llikaso, wo wramu
Streptomyces nounHaOTh HITPYBaTH TOKCHUH Yy MicLi iH(piKyBaHHS, KOMHU Bil-
6yBaeTbCs PO3BUTOK KopeHiB [24]. ¥ pocaunax NO, gk Bimomo, BUCTYTIae K
CUTHAJ/IbHA MOJIEKYJa, IKa aKTUBY€ UUCJIEHHI IIPOLIECH: TPOIMi3MH, LBiTiHHS,
YTBOPEHHSI KCHJIEMH, PIiCT KOPEHiB, afamnTalliio i cTpec-BiAnoBiap, Toupo [51].
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LlixaBo BingHauuTH, 110 natoreHHa npoaykuiss NO Takox crpusie 3poCcTaHHIO
TKaHHUH | IX KOoJIOHi3aLil.

[licns nokazy npuuetHocTi StINOS 10 6i0CHHTETHYHUX peakLiil HiTpyBaHHS
OyJI0 MPOBEAEHO NOCHiIKEeHHS MOLIYKY MOAIOHUX OIOCMHTeTHUYHHMX peakLii
NOS y inmmux 6axrepifi. [loni6Hy B/JIaCTHUBICTh BHUSBHUJA TiJIbKM CHHTETa3a
okcuny azoty Deinococcus radiodurans (drNOS). Bona 3natHa katanisy-
BAaTH CUHTE3 HEeBEJMKHUX KilbKocTel 4-HiTpo-L-Tpuntodany in vitro, y pasi
BukopucTtanHus uyxkoi NOSred sk BinHoBHuKa [6]. o Toro x, drNOS cminbHO
BUAINSAIACS Ta OYMLIAJacsd 3 He3BHUalHOWO Tpunropan-TpancnoptHoo PHK
CHHTETa3010, THM CaMHUM 3a6e3Meuyroun 3B’ 430K 3 MeTa00J1i3MOM TpUnTodany
[6, 7]. HasiBHiCTD Takoro He3BMYAHHOTO LEHTPY 3B’3yBaHHS TPHUNTO(DAHY Y
TrpRS I o3nauae, mo ananoru TpuntodaHy 3 3aMiCHHKAMH B iHIOJbHOMY
KiJIbLi MOXKYTb po3mnidHaBaTucs i 3’enHyoTbes 3 TPHK 3a momomororo 1poro
depmenty [8].

Hiticno, TrpRS II npuennye no tpuntodan-crneuudiynoi TPHK tpunro-
(haH, 4-HiTpo-TpHUnTOdpaH abo S-TinPOKCU-TPUNITO(PAH 3 MAKKE OTHAKOBOIO CIie-
uudivnictio in vitro, Toui gk TrpRS I npuennye tiapku Tpunrtodan [9]. Tomy,
komriieke drNOS-TrpRS II moxe cuntedyBatu 4-umitpo-tpuntodan-tTPHK.
[Ipu3HayeHHs1 LBOrO HE3BMYAHHOTO MPOAYKTY HE3PO3yMiJo i Ha AaHUH Yac
HeMae J10Ka3iB Toro, 1o 4-HiTpo-TpUnTodaH MoXKe BXOIUTH 10 CKaany Oi/KiB.
Moxnuso 4-sitpo-tpuntodan-TPHK Bukopucrosyetbest D. radiodurans nis
NPOAYKLII 1le He BiAKPUTHX BTOPUHHUX MeTabOJIiTiB.

[Ipu neneuii rena NOS (Anos) y wramy Deinococcus radiodurans
pi3KO 3HMKeHa 3[aTHICTh N0 BinHOBJeHHS micas Y P-BunpomiHioBaHHs [38].
D. radiodurans Moxe BHXXHBATH B IOCUTb »KOPCTKUX YMOBaX, TAKUX SIK BHU-
CYLIYBaHHS, OKHCHIOBaJIbHE MOLIKO/PKEHHS i pafialliliHi BIJIMBU Y MOPiBHAHHI
3 iHwumu opranizmamu [4]. I1pu neneuii Anos BinOyBaeTbcsi He3HAUHE YTIO-
BiJIbHEHHS1 POCTY y PiKil KyJbTypi 3a BiACYTHOCTi cTpecy y MOPiBHSIHHI 3
JUKUM THIOM, aje npu aii Y P-BUNpOMiHIOBAHHS BiIMiHHOCTI MiXK LITaMaMu
Besiuki. [IIBuallle 3a Bce poJib OKCHAY a30Ty npu ¥ P-BUNPOMiHIOBAHHI He B
3aXMCTi, a B CHUTHaJi, SKUH BiIHOBJ/IOE MNpodaidepauiro KIiTHH. [IpoBeneHus
exkcriepuMeHTiB 3i cneundiunumu MPHK nokasasgo, uo neski renu audepen-
LifHO peryJ/ol0ThCsl TeHOM 10S MiCJsl ONpOMiHEeHHS. 30KpeMa, aKTHBYETbCS
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 THUIY, Ha BiAMiHY
BiZl WITamy, y sikoro BuiaydyeHo red Anos [38]. OtpumaHni naHi 103BOJSIOTH
NPUITYCTUTH BaXK/JUBY PEryNsiTOPHY POJIb OKCHLY a30TYy.

Ha Binminy Bin ¢dysxuii stNOS ta drNOS cunrerasa okcumy asory
pisaux BuniB Bacillus (bsNOS i baNOS) BukopucToByeTbCS HJI51 3aXUCTY
H6akTepill Big okcupganTHoro crpecy [17, 44]. BnivB Ha KJIITHHU MiJTiMOJISIPHUX
koHueHTpauiid H,O, npusBoauTEL 10 yTBOPEHHS MAPOKCHIBHUX PAlIUKAJIiB, AKi
3'IBJIAIOThCS 3aBASKU peakuii PeHTOHa (puc. 5), MpH 1bOMY BinOyBaeThCs
nowkokeHHsa JIHK i sarubeqb KiaiTHH.

Mikpo6ioaoeis i 6iomexronozis Mo 3/2011 13




B.M. laakiu, B.O. IBannus, M.b. laakin

H,0, OH  + oH nomkomkennst JTHK
2+ \
Fe Fe3+

\
R\-SH R-S-S-R
Tiopenoxkcun ~———| iHrioyBanus NO
TiopeanokcuH 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, xonu no B. subtilis monepeaHbo, 3a 5 CEKYHI 0 BIJIUBY H,0,,
J0[laBa/d OKCUI a30Ty, BUKMBaAHHS KJiTHH 36isbliyBanocst B 10 pasi [17].
Honasanusa NO a6o omnouacuo 3 H,O,, a6o micas H,O, ne Bukmukae mopi-
6noro edexty [17]. Kpim Toro, okcun a3oTy mMoxKe akTUBYBaTH MEBHi TeHU Y
B. subtilis i E. coli nns 3axucTy Bil OKCUAAHTHOTO i HiITPO3AaTHBHOTO CTpe-
ciB [17]. Lle#t edexT He mMoB’siI3aHUU 3 €KCIPECi€l0 3aXUCHUX TeHIiB, TaK §IK
3aXMCT KJiTHH CTaBCS Bipasy MicJjs 104aBaHHS B CEPEeOBUILE OKCHIY a30Ty.
Iram B. subtili s 3 nedeKTHUM TeHOM 710S CTaB YYTJUBILIUM [0 OKHCHIO-
BaJIbHOTO TOLIKOKEHHS Hacamiepes yepe3 30i/blleHHs PiBHSA BiIHOBJIEHHUX
tioniB [17]. Tomy i BUHUKJA TinoTes3a, 10 OKCHM a30TYy, SIKUH yTBOPIOETHCS
B NO-cuHTeTa3HUX peaklisiX, 3MeHIye OKHUCHI MOLUKOMXKEHHS LJISXOM iHTi-
O6yBaHHSl (hepMeHTy TiopedOKCUH penaykTtasu. Lleli eH3UM BinHOBJIOE Tiope-
NOKCHH. TiopenokcuH HeoOXiAHUHU N/ BiIHOBJEHHS 3aJi3a, a 3aBASKU HOMY
i yrBoprototbest OH' pamukasu, o ymkomkywots JTHK (puc. 5). Kpim Toro,
OKCHJI a30Ty aKTHBY€E KaTanasdy B. subtilis. Anasnoriuni ¢pyHKLii 6yu 3HaleH]
y baNOS [44]. 3nauny poJsb y npouecax BUKUBaHHS B. anthracis Bigirpae ii
NO-cunTerasa. Bimomo, 110 ¢arouutu yTBOPIOIOTh BEJIHKI KiTbKOCTI OKCHLY
a30Ty, a TAKOXK BiJIbHOPAIMKaJbHI (DOPMHU KUCHIO Ta a30TY Y BilNOBiAb HA {0
natoreHiB. Ha mopeJi cuctemHol iH(eKLii MOKa3aHo, 10 CIIOPY MYTAaHTHOIO
NOS-wiramy B. anthracis BTpadawotb BipyJaeHTHicTb [44]. NOS-3anexuuit
3axucT B. anthracis Bin BinbHUX paauKasiB MakpodariB Takui caMuil fK y
B. subtilis. 3a nonmomororo NO akTuByeThcs OakTepiajsbHa KaTasnasa i 6.J10-
KyeTbesi peakuisi Pentona. Kpim toro, Binmiueno ingykuito cunresy NO y
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NaTOreHHUX LUTAaMiB Yy BIiANOBiAb Ha «AMXaJbHUHA BUOYX» (DArouuTiB, SKUH
€ 3axHUCHUM MexaHidmMoM xassiiHa. Takum unHom, NO 3axuiae 6akrepio Ha
paHHiX cramisx iHdekuii. ¥ S. aureus Takox € nopibHa 3axMCHa CUCTeEMa,
sKa 3a/exXuThb Bif cuHTe3y okcuny azory NO cunrerasoro [17].

YuacTb CMHTETa3M OKCUY a30Ty B 3aXUCTi OaKTepiil Bij aHTUOIOTUKIB

AHTHOIOTHKH, TaKi 9K MOXimHI JakTaMiB, aMiHOTJIIKO3H/IiB, XiHOJOHIB Ta
(peHO3MHIB 4aCTKOBO NPOSIBJISAIOTh CBOI0 TOKCHUHICTb 32 PaXyHOK reHepallii
akTUBHUX (hopM KucHI0. OKCHZ a30Ty 3axullae TPaMIO3UTHUBHI OakTepii Bi
okcupanTHoro ctpecy [17]. Tomy 6y/a0 3po6JeHO MPUMYILIEHHS, 110 OKCHJ
a30Ty MoOxe Opatu ydyacTb y (OpMyBaHHi OaKTepisiMU PE3UCTEHTHOCTI N0
anTtubiotukis [19]. dns nepeBipku uiei rinotesu 6yau BubpaHi pisHi aHTUMI-
KpoOHi nmpenaparty, Taki K, akpudaasiH, nioliaHiH i uedypokcum, sKi Oymau
nonani 1o Anos myTtaHTiB 6akTepii.

AxkpudaBid BUSIBUBCS HAHOI/IbIL CUIBHUM {HTiOiTOpOM pocTy Anos MmyTaH-
TiB cepen aHTUOIOTHKIB, 110 iHTepKaMoTh Y JIHK. Akpudiasin micTuth nBi
apoMaTH4Hi aMiHOTpyNH, 5IKi HeoOXiaHi g nposiBy TokcuuHocTi. Kpim Toro,
OyJI0 TOKa3aHo, 1110 aKpU(]/IaBiH 3AaTHUH reHepyBaTH aKTUBHI paiuKaJ/y, fKi
nowkoKyoTh JIHK 6akrepiit [19]. [Ipu ximiunilt B3aemonii akpudaapiny ta
OKCHIy a30Ty OyJi0 BCTAHOBJIEHO, 1110 MTPOAYKTH oKHcHeHHS NO npusBoasTh
JI0 HITPYBAHH$ apUJIAMiHOBUX IPYIL.

B pesyJabrati 1bOro KaTioHu apuJ- 7
Nia30HiI0 LWBHUIOKO TiAPOJI3YIOThCA -
H,N +
2

3 BUBIJIBHEHHSM MOJIEKYJISIPHOIO - N NH,
a3oTy i (popMyBaHHSIM MEHI TOK- cl o ch,

CUYHMX MOXIAHUX AUTiAPOKCHUAPLIH- 2 NO*

nuHy (puc. 6). ITpu nonepenubomy

3MilyBaHHi akpudaasiny i NO y

MOXKHBHOMY CepeloBHLli 10 iHO- O O

KyJslii 6akrepidl OyJ0 BinMiueHO +N=N Nt N=N T

3HUXKEeHHS1 iHTiOyBaHHSA POCTY cl

Bacillus subtilis i Staphylococcus S H.O

aureus akpuQIaBiHOM. J :

Cam NO y BuUKOpHUCTaHi# KOH-

LEeHTpalUil He IMPUrHiuyBaB picT =

H6axtepiii. Takum uunom, NO,
HO Nt OH

CUHTE30BaHUM 3a y4yacTIO CHHTe-

: cl
Tasu OKCUIAY a30Ty, MOAU(DiKye CH;
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MiKpOOHY Mil0, OCKiMbKM MicTHTb MeTH/aIboBaHi NH,-rpynu, ski ne snmathi
B3aemonisitu 3 NO*.

[Ipuponnuii TokcuH miouianid (1-rinpokcu-5-meTHN-(heHA3KH), STKUH CHH-
Te3yeTbcst Pseudomonas aeruginosa € CTpYKTYPHUM aHAJOrOM akKpUQaaBiHy
i BiH BUKOPUCTOBYETHCS [/ KOHKYpPEHLIl 3 {HIIMMH [IpOKapioTaMu 3a €Ko-
qoriyny Hiwy. Tomy wramu Bacillus subtilis, y KuX € neJfeliss B reHi nos
YyTJAUBILI 00 Aii MiOLiaHiHy HiXK LWITaMU AUKOro Tumy. [lonaBaHHSI OKCHULY
azoty no wramiB Bacillus subtilis Anos BigHOB/IOE picT LMX OGakTepii y
npucyTHOCTI niouiaHiny. [liouiaHin BinpisHSAEeTbCS 32 CBOEIO CTPYKTYPOIO Bil
akpu(JIaBUHY BiICYTHICTIO apU/IaMiHOBUX TPYII, i ToMy BiH He pearye 3 NO*.
Bcranosseno, 1o npu Aii miouiaHiHy y cTauioHapHid (asi pocTy Oakrepii
Anos y KJIiTHHAX HAKOMMYYETbCS Y BEJHUKIH KiJbKOCTi CylepoKCHAaHiOH, a
witamu Bacillus subtilis 3 neneuieto B reHi Asod 11e uyTauBilli 10 MiolliaHiHy.
Kpim Toro, akTuBaLisi CHHTE3y OKCHIY a30TY TMiJCU/IIOE eKCIIPeCito reHy sodA.
TakuMm 4MHOM, OKCHI @30Ty MiABHUIY€E KOHLEHTPALIO CyNepOKCUAIUCMYTa3H
y Bacillus subtilis, sixa 3axuinae 6akrepito Bin aii miouianiny [19].

Oxkcun a3oty eeKTUBHO 3anobirae TakoxK TOKCHYHIH Iii JaKTaMHUX aHTHU-
6ioTukiB Ha Bacillus subtilis. OCHOBHOIO MillleHHIO JJAKTAMHUX aHTHOIOTHKIB
€ npoliec 6iOCMHTEe3y KOMIIOHEHTIB KJiTUHHOI CTiHKH, X04a € i iHIIi MeXaHi3MH
nii. Hanpukaan, amniuunain npurhidye pict E. coli mwiasixom iHAYKUil OKCH-
JaTUBHOrO cTpecy. Ha KOpUCTb LIbOro CBiUUTh 3HUXKEHHS OaKTepULIUIAHOTO
e(ekTy JaKTaMiB 32 MPUCYTHOCTI Xesjatopa 3aniza Oinipuauay abo racHuka
peakTHBHUX (GopM KucHIO TioceyoBunH. Tak sk NO/NO* 3axumamoTs 6auuau
BiZl OKCUIATHBHOI'O CTPECY i He pearyroTh 3 JaKTaMaMHi 0e3MocepeiHbo, aBTOPU
3poOuu mpunyileHHs, mo akTuBHicTb B NOS 3a6e3neuye 3axuct 6akTepii
BiJ JlaKTaMiB LLJISXOM cympecii okcunaTtuBHoro ctpecy [19].

PeryaatopHi ¢pyHKUiT okcuay a3oty y 6akrepii

Y npokapioTiB OKCHI a30Ty TaKOXX Oepe y4acTb y PeryJasTOPHHUX Mpolle-
cax. L1 ¢yHKLis peanidyeTbCcs uepe3 MpsIMy B3aEMOiI0 3 MeTaJ0KO(aAKTO-
pamu, ab0 ULISXOM S-HiTPO3yBaHHS 3anullKiB 1ucTeiny. ¥ ccaBuiB NO, gk
BilOMO, peryJ/itoe akTUBHICTb pocdartas, KiHa3 i TpaHCKPUILIHHUX (PAKTOPiB,
takux gk HIF-1, NF-kB, i PHP-Keapl 3a nomomoru S-nitposunoBanus [32,
33]. ¥ Oakrepiii Takoxx Oysnu 3HauneHi nesiki NO-3anexXHi TpaHCKPHUILiHHI
¢daxktopu: NorR, akuil akTuBye Tpu pi3HUX (epMmeHTa, 110 6epyThb y4acTb y
metaboaiami NO (NO penykrasa, (raBopyOpenokcuH, ¢paBoreMoraobin);
NsrR — cencop NO i/a6o witputis, sikuii aktupye 3anexHi six NO 3axucHi
MexaHi3MHu KJaiTuHM; NnrR, 110 akTHBye TpaHCKpPHUIILiIO reHiB AeHiTpupika-
uii y nmpucytHocti NO [47]. Kpim Toro, 6yau 3Ha#ineHi e KiJdbka iHIINX
tpanckpunuidaux perynastopis. Lle SoxR, OxyR, FNR, MetR, i Fur, xoua
OCHOBHa (DYHKLIil KOXKHOTO 3 HMX IOJIATa€ y pearyBaHHi Ha iHIUI CUTHaJIU
(cymepoKkcu, nepekuc BOAHIO, KHCEHb, FTOMOLUCTEIH i 3a71i30, BiamoBinHO) [47].
Jlesiki 6akTepianbHi CeHCOPHI KiHa3u XapakTepHi TiibKu aas Mycobacterium
tuberculosis, nanpuknan, DosS/DosT, fki € pefoKc Ta TiMOKCHUHUMH CeH-
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copamu [28] i H-NOX-rictununkinaza, sika € natuyukom 3B sidyBaHHsS NO
[39]. ¥ GakTtepiit 6arato pi3HUX CHCTEM, YYTJAUBUX [0 OKCHAY a30Ty, TOMY i
BiMOBib Pery/siTOPHUX CHCTEeM Ha Lied areHT Moxxe OyTH pi3HOMAaHITHOIO.
[Tponykuis NO cunTeTasow okcumy asoty y Bacillus subtilis akTuBye TeH
bmp, skuil Konye QaaBoremoryiodiH. Bin 6epe yuacTb y neTOKCHKALlii OKCH-
ny asoty. Llell reH TakoxK peryJ/iroe TPaHCKPUMUIHHI (pakTOpH, 110 MiCTAThb
Fe?*, Ta 0® — ocHOBHuUIl cTpec-peryasitop 6akTepianbHux KaiTuH [34, 42]. B
CBOIO 4epry OKCHI a3oTy perynioe OiaKd, 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 innykuist PerR nos’sizana i3
3aXUCTHUM e(peKTOM CHHTETA3U OKCULY a30Ty Y Bacillis Bil OKUCHIOBAJIBHOTO
crpecy. ¥ D. radiodurans okcupm asoTy, SIKUH YTBOPIOETbCS 3a NOMOMOTH
CUHTETAa3U OKCHIY a30TY, € CUTHA/JbHOI MOJIEKYJIOI0, sIKa PEryJIlo€ MeHH, 110
BIIINOBIJAIOTH 3a BiAHOBJIEHHS Ta MpOoJlihepaLilo KJIITHH Micjas paaialuidHoro
MOLIKOIKeHHS. 3a 1ie BiANOoBiAaoTh AesKi TPaHCKPUMLiHHI (hakTOpH, Taki K
obg [38]. Tloni6Hi anamoru icHyoTb i y ccaBuiB. ¥ P-onpoMiHeHHS iHAYKY€
crielM(iyHy CHHTETa3y a3oTy, L0 MPUBOAUTH A0 S-HITPO3UJIOBAHHS i aKTH-
Balii TpanckpunuiHoro (akropy HIF-la [31].

Taknum umHOM, GakTepiasbHi CHHTETa3u OKCHAY a30Ty € aHaJOTaMH LUX
(bepMeHTIB y cCaBLiB, X04a iCHYIOTb AesKi BiAMIHHOCTi y OY10Bi LIbOTO €H3UMY.
Y npoxapioTiB cHHTeTa3a OKCHAY a30Ty BUKOHYE 3aXHUCHYy Ta PeryJ/siTOpHi
(DyHKILII.
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BAKTEPUAJIbHBIE CUHTETA3bl OKCUIA A30TA

Pedepar

B craTbe npencTaB/ieH 0030p COBpEMEHHbIX HAayYHbIX MyOJaUKALUE O MO-
JIEKYJISIPHOH CTPYKType, Mexanusmax cuHteza NO, MoJsieKy/IsipHOH OHOJOTHH,
reHeTUKU U OUOJIOrHYecKUX (DYHKUUSX OaKTepUabHbIX CUHTETa3 OKCHA a30Ta.
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NO-cunTeTas, peryasaTopHasi U CUrHa/JbHAst (PYHKLHS.
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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 (Th1 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] irom 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-II in the course of 5 days in doses of 5, 50, or 500 ug/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
4.520.5 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.

(=21

IFN titers, log,
2]

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

oDay 1 mDay2 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.

:
T f

IFN titers, log,
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| | |
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Fl5| > 5| > 7S 75| > 5| >
Del-Immune V® Del-Immune V® Del-Immune V® Bifidim Control
5 mg/mouse 50 mg/mouse 500 mg/mouse 50 mg/mouse
| oDay 1 mDay2 ODay 3 ODay4 mDay5

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 ug/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 pg/ml.

45
s 4
¢ 35 I S
£ 3 -
z 25 £
= 2 -
1,5
1
05
0 |
5 | 50 | 100 5 | 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

929°
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-Immune 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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Del-Immune Bifidim LPS Control Del-Immune Bifidim LPS Control
v® v®
Experimental animal Intact animal

| M 5 ug/ml W 50 pg/mi C150 pg/ml |

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

32 Mixpobioaoeisn i 6iomexnorozis Ne 3/2011




EFFECTS OF DRY ENZYMATIC LYSATE DELIMMUNE V® ON CYTOKINE PRODUCTION ...

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
EKCINTEPUMEHTAJIbHbIX MOJEJIAX

Pedepar

Del-Immune V®, kax npenapaT conpoBOXIeHWs, NPOSBUJ BbICOKYIO
3(pPeKTUBHOCTb A/ MOANEPKKH UMMYHHOH CHCTEMBbI, OJHAKO, MeXaHHU3Mbl
NeHCTBUS U ONTHUMAaJbHbIE [103bI elle He uccaenoBanbl. [lokasaHno, uto mpe-
napat Del-Immune V®, cyxoii hepmenTaTuBHblil 1u3at wramma Lactobacillus
rhamnosus V, conepxxawuit mypamus nentuasl U pparmentsl JHK, B nua-
nasone 103 5—500 Mr/Mbllb (onTuMyM 50 MKI/MBIIIbL) SIBJSETCS aKTHBHBIM
unaykropom MOH, Bausier Ha npoaykuuto pakropa Hekposa onyxosau (PHO)
B CHCTeMax in vivo U in vitro. Ero uHayuupyomas akTHBHOCTb CONIOCTAaBUMa
C TOKa3aTeJsIMM, MOJY4YeHHBIMU IPHU HUCIOJb30BAHUM KOMILJIEKCHOTO IPO-
6uotuka budunum, ogHako XKuBble KJIeTKH OU(DPUI0OAKTEPUH, UTO BXOAAT
B COCTaB Ipemnapara, 6ojee UHTEHCUBHO CTUMYyJHpoBatu npoaykuuio GHO
in vitro cpaBHuTebHO ¢ Del-Immune V®. YpoBHu nmponyKuuy UUTOKHHOB
0[] BJMSIHHEM NpenapaToB B CUCTEME ifl Uiv0 KOPPeJHPOBaJHU C MPOAYKLHU-
eil LUTOKUHOB B cucTeMe in vitro. Haubosee Beicokue yposuu MPH nocse
npueMa npernapaToB BbISIBJEHBl HA | CyTKM 3KClepUMeEHTa. B KOHTpoJbHOU
rpynne ypoBHu MPH octaBanuch HenamenHbiMu. O6ecrieyeHne MoBbILLIEHHOTO
ypoBHSl uupkynupyoumx MOH 66110 BO3MOXKHO TOMBKO MOBTOPHBIM BBeJe-
HHeM IpenapaTos.

Knwouesbie caoBa: Del-Immune V®, Lactobacillus rhamnosus V, mnpo-
6uoTUK bupunum, naTEphEpOH, (paKTOP HEKPO3a OMyX0JIH, 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 npenapat Del-Immune V®, cyxuii dep-
MeHTaTUBHUH Ji3aT wramy Lactobacillus rhamnosus V, 10 MiCTUTb MypaMmiJ
nentuny i pparmentu JHK, B nianasoni nos 5—500 mr/muuy (ontumym 50
MKI/MuLY) € aKTHBHUM iHaykTopoM I®H, BMBae Ha mpoaykuioo dhaxkTopa
Hekposy nyxaunu (OHIT) B cuctemax in vivo Ta in vitro. Woro inaykyioua
AKTUBHICTb OJ/IM3bKa N0 MOKA3HHKIB, ONEPXKAHUX NPU BUKOPUCTAHHI KOMII-
JlekcHoro mnpob6iotuky bidinum, nporte xuBi KJaAiTHHU OidinodakTepil, 1110
BXOISIThb A0 CKJALy Npenapary, OiJbll iHTEHCUBHO CTUMYJIIOBAJH MPOAYKLIiIO
®HII in vitro nopisusano 3 Del-Immune V®. Pipni npoayxuii uutoxinis min
BIIJIMBOM IpenapartiB B CUCTeMi i 0ivo KOPeJIBaJy 3 NPOAYKLIE€ LUTOKIHIB
B cucTeMi in vitro. Halt6inbia Bucoki piBai I®H nicas npuilomy npenaparis
BUsiBJeHi Ha | noOy exkcriepuMeHTY. ¥ KOHTPoJbHIH rpyni piBHi [®H 3anu-
1a/ucsl He3MiHHUMU. 3abe3neyeHHs MiABUIIEHOro piBHA LUpPKYyoounx [OH
OyJI0 MOXKJIMBO TiNIbKK Yepe3 MOBTOPHE BBEJEHHS Npernaparis.

Kawouosi 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 JIKOJUHU
110 YPA)KEHHSI BIPYCOM TIOTIOHOBOT MO3AIKH

[Iposedeno nopisHanna cmitkocmi 00 8ipycy mMrMOHOBOL MO-
saiku mpauceenHux pociur uyurkopito Cichorium intybus L. 3 cenom
inmepgepory-a2b rt00uHu ma BuUXIOHUX HEMPAHCHOPMOBAHUX POCAUH.
[lokaszano, uio nepernecenusn eena inf-a2b 0o pociun UuKopiro cynposo-
dacyemocs cunme3zom axmopy 3 BUCOKOHK [HmMep@epoH-cneyu@iunoro
aKmusHicmo npomu 8ipycy seaukyariproco cmomamumy. OOHaK, ue He
npu3sodume 00 36iAbUeHH CMILKOCMI POCAUN UUKOPitO DO 8ipYycy mio-
M0OH0B0I M0O3aiKu, bilbuie Mmoeo, cunmes inmep@hepory cynposooHyemocs
nio8UUEHHAM BIPYCHOCO BPONIAKD 8 MPAHCEEHHUX POCAUHAX.

Kawuwosi caosa: Cichorium intybus L., mparceenHi pocauHU, eeH
inf-a2b, sipyc mromiorosoi mo3aiku.

CyuacHi 6ioTexHOJIOTIUHI MeTOOM, 30KpeMa, TeHeTHUHa iHXKeHepisi, B
OCTaHHI NeCATU/IITTA aKTUBHO BUKOPHUCTOBYIOTHCS A/l CTBOPEHHS POCJ/MH 3
HOBUMHM KOPHUCHHUMH O3HAaKaMH — CTiHKHX A0 repOiuuaiB, OakTepiaJbHUX Ta
BipYCHHUX iH(peKLil, TaKUX, L0 He BPaKATbCS KOMaXaMH, 3 MOKPALLEHUMH
CMaKOBHUMH SIKOCTSIMM Ta iH. OJTHUM 3 NPOBiAHUX HANPSIMKIB € CTBOPEHHS TPaH-
CTeHMX POCJIMH, 110 NPOAYKYIOTh (PapMaKOJOTiYHO aKTUBHI Oi/IKH, BK/IOUAIOUH
aHTuTiza, ropmonu toulo [3]. Jo pocauH, M0 MOXKYTbh OYTH BUKOPHUCTAHI 3
JIIKYBaJIbHOIO Ta NPO(iMaKTUYHOI METOI, Ha/leXKaTh TaKi, 1110 TPOAYKYIOTh O,
P Ta y-iHTepdeponu JOAUHU. [HTEephepoHH ABASAIOTL COO0I0 NPUPOAHI OiIKH,
SIKi MalOTb NPOTUBIPYCHY aKTUBHICTb Ta € CUTHAJAMH, L0 aKTUBI3YIOTbh 3a-
XUCT IPU BIPYCHOMY ypPakeHHi.

[ToxaszaHo, 110 iHTEep(pepOHU CUHTE3YIOTbCS Y TPAHCTEHHUX POCJAUHAX, 10
reHOMY SIKUX MepPeHeCeHO IeHH iHTep(depOHiB JIOAUHY, TPUUOMY iHTepdepoH
POCJIMHHOTO TOXO/XKEHHSI MOXKe MaTH MPOTUBIPYCHY aKTHUBHICTb [6, 8, 13].
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[Ile y 1982 p. 6y.J0 3’sicoBaHo, 10 iHTEpP(EPOH MIOAUHU € aKTHUBHUM MPOTH
BipycHuUX iH(eKuill psay pocsuH [11]. [IpoBeneHi y mogaabiiomMy 1ocaigKeHHS
MOKa3aJy, 10 y Pi3HUX POCJMHHHX CUCTEMax JIOACbKUU iHTep(epoH MoxKe
O6yTH aKTUBHUM [14], omHaK MOXKJ/MBA i BiACYTHICTb 3aXHCHOTrO e(eKTy iH-
TepdhepoHy y POCJaHHAxX MpH iX ypaxkeHHi ditoBipycamu [5, 7, 15]. Ockinbku
BKa3aHi JOCJiIXKEHHs [IPOBEAEHO Ha Pi3HUX BUIAX POCJUH, CTAHOBUTD iHTEpeC
POSLLUUPUTH iX KOJIO 3 METOI0 BU3HAYEHHS TOTO, YU € BUAOCHIELU(PIUHUM I10-
3UTUBHUH 200 HEeraTUBHUH NPOTUBIpYCHUH edekT iHTepdepony. Hamu paniie
[1, 2] 6ysi0 cTBOpEHO TPaHCIeHHI POCAUHU LIUKOPil0 3 TeHOM iHTepdepoHy-ab
JIOIUHH.

MeToto naHoi po6oTu OyJ0 AOCHIIKEHHS TOTrO, YU CIPUUYMHIOE TepeHe-
CEHHH 0 UMX POCJHUH TeH ifn-a2b CcTilKicTb 00 BipyCy TIOTIOHOBOI MO3aikKu
(BTM) Ta cniBcTaB/ieHHSI CTiHKOCTi a00 UyTJMBOCTi TPAHCTE€HHUX POCJHH
no BTM 3 HasiBHiCTIO/BiICYTHICTIO MPOTUBIPYCHOI aKTMBHOCTI POCJMHHHMX
€KCTPaKTIB LI0L0 BipyCy BE3UKYJIAPHOIO CTOMATHUTY.

Marepianu Ta MmeToaM A0CJiIKEHb

Martepianom nis gocaifKeHb CAYTyBaJd OTPUMaHi HAMU paHillle TpaH-
creHHi pocsunu uukopito Cichorium intybus L. copry Ilana pocca [1, 2]. Haa
CTBOPEHHSI LMX POCJIMH BUKOPUCTOBYBasU MeTon Agrobacterium rhizogenes-
abo A. tumefaciens-onocepenkoBanoi tpancopmauii. bakrepii micTuau
BekTOpHi KoHCTpyKLUii pCB161 Tta pCB124 3 cenektuBHuM reHom nptll Tta
LiIbOBUM TeHOM inf-a2b (BimnosinHo y A. rhizogenes ta A. tumefaciens).
Koncrpykuii BinpisHsiucs npoMoTopamu reHa inf-a2b — kopeHecneundivHuM
npomMoTopoM LyKpoBoro 6ypsiky MIl a6o 35S mpomoTopom Bipycy mosaiku
uBiTHOI KamycTH. OTpumani micass TpaHchopmalii poCJUHU KyJbTHUBYBaIU
y CTepUJbHHX yMOBax Ha arapusoBaHoMy cepenosuili Mypacire ta Ckyra
[10] npu Temnepartypi 24 °C, 16-roguHHOMY cBiTJIOBOMY Nepioni. PocinHu
PO3MHOXKYBaJ/IM XKUBLIOBAHHSIM Ha TOMY K CEpelOBHILI Ta MepecaiKyBann y
IPYHT (B yMOBax TeIlIHL).

[IpucytHictb reniB nptll ta ifn-a2b B TpanchopMOBaHUX POCJIHHAX BHU-
3HayaJid 3a JOTOMOIO0 IMOJIiMePas3Hol JIaHLIOr0BOI peaklil 3 BAKOPUCTAHHAM
BinnoBinnux mnpadimepiB (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 noBeneHHs TpaHCKPUOYBaHHSA
nepeHeceHUX TeHiB MPOBOJAUIIM MOJiMePa3Hy JIAHLIOIOBY peakliio, MOeaHaHy
3i 3BopoTHOIO TpaHckpunuieto, 3T-ITJIP [1].

Jlns mpurotyBaHHs OiTKOBHUX €KCTPaKTiB KopeHi abo JUCTKU POCJIHH
3BaxkyBasu, 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(PYKHI NpoOipKH Ta
uetpudyrysanu 5 xB npu 10000g (+4 °C). HanocanoBy pinuny Binbupasnu,
MEePEHOCHJIN B YUCTY NpobipKy i ueHTpudyrysamu 25 xB npu 16000g (+4 °C).

38 Mikpobiorozis i 6iomexHoroeis Ne 3/2011




YYTJMBICTb TPAHCTEHHUMX POCJIMH LIMKOPIIO 3 TEHOM IHTEP®EPOHY AJIb®A 2B ...

AniKBOTY OTpPUMAHOro CynepHaTaHTy BHKOPUCTOBYBA/IH MJisi BU3HAUEHHS
KOHIeHTpauil 6inky 3a metonom bpendopna [4].

[IpoTuBipyCcHY aKTHUBHICTb €KCTPAKTiB TPAHCIE€HHHUX POCJMH BU3HAYaJH
3a CTaHAAapTHOI0 MeToAMKOoW [12] 32 3HMXKeHHSIM LMTOMATHYHOI Ail Bipycy
BesukyJasipHoro cromatuty (BBC) y kaitunax Hupku 6uka jainii MDBK, Bu-
COKOYYTJIMBUX [0 aHTUBiIpyCHOI il anbda-iHTepdepony moaunu. KaitnHHa
ninis MDBK ta BBC wrawm Inniana 6yau orpumani 3 Knituanoro 6anky siHii
3 TKaHWH JIOAWHU Ta TBapUH [HCTUTYTY eKcriepuMeHTaJ/IbHOI MaToJIOoril, OHKO-
Jqorii Ta pamio6iosorii im. P.E. KaBeubkoro HAH Ykpainu. Cy6cTpaT3anexHi
kaituad MDBK kynbruByBamu B xkKuBuIbHOMY cepenosuili DMEM (Cirma,
CIIA) 3 10% inakTHBOBaHOi cMpoBaTKM HOBOHapomkeHoro TeasaTu (CHT)
(Cirma, CIIIA), 40 Mkr/ma reHTamiuuuy y 3BoJoXeHili atmocdepi 3 5%
CO, npu 37 °C. TlepeciBaHHsl K/IiTHH 3AiHCHIOBAIN 32 JOIIOMOrOI0 DPO3YUHY
BepceHa. Y syHkH 96-myHkoBoro muanmerty (Canrellab, Ykpaina) BHOCHIH
no 200 mxa cycnensii kiitun MDBK y cepenosumii DMEM 3 5% CHT i3
pospaxyHky 2x10* knitun /nysky. Uepes 24 roaumHu Ha JYHKM IJaHLIeTa
BHOCHJIM BUXiTHUH PO3YMH 3Pa3KiB i TUTPyBa/H 5- a60 2-KpaTHUMH PO3BeNIEH-
HSIMH, BUKOPUCTOBYIOUH 4 pSIH Mapasesedl I KOKHOTO 3pa3ka. Uepes 24
roauuy 10 JyHok sHocuau 100 LITJI/50 BBC y cepenosumi DMEM 3 2%
CHT. Pesynbratu peectpysanu yepes 24 rogunu npu 100% LTI y koHTD-
oJli BipyCy LIISIXOM 3a0apBJeHHS KJIITHH KPUCTaMiuHUM (piosieToBUM. 32 OHY
omuuuLo aktuBHOCTI I®H npuiimanu possenenns 3paskis, npu skomy 50 %
KJITHHHOTO MoHoluapy OyJo 3axuileHo Bin uutonatuyHoi nii BBC. Cepen-
Hi#t TuTp IOH BusHauanu 3a Punom i MeHueM Ta BUpakaju B Mi>KHapOAHUX
omuuuuAx (MO/r macu pocnau a6o MO/Mr 3aranbHOr0 PO3UMHHOIO BINKY).
SIk cTaHaapT 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).

Hocainni pocaunu iH$ikyBaau BipycOoM TIOTIOHOBOiI MO3aikd 3 KOJEKLIii
kadenpu Bipycodorii HHLL «IactutyT 6iosorii» KuiBcbkoro HauioHa/abHOrO
yHiBepcuTeTy imeHi Tapaca IlleBuenka. KoHuenTpauis BipycHoro npenaparty
cranosuna 200 mxr/ma y 0,1M PBS, pH 7,4. BipycosmicThuii matepian
OyB iHOKYJ/IIOBaHUH B POC/JMHY MeXaH{YHUM BTHPAHHSIM B HUIKHIO JIHMCTKOBY
MJIACTUHKY NOCHAiAHUX pocnanH. KoHTpossimu cayryBasnu iH(pikoBaHi HeTpaHC-
(hopMOBaHi POCJIMHU Ta POCJMHH, Ki He iH(iKyBa/Iu BipyCOM.

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

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

405’

Pe3yabTaTH Ta 1X 0OroBopeHHs
[lepen BM3HAUEHHSIM YYTJIUBOCTI TPAHCT€HHUX POCJUH LIUKOPilO 3 FeHOM
ifn-a2b no BTM nposopusu: [1JIP ta 3T-IIJIP ananisu; anania ekcTpakriB
TPAHCTE€HHUX POCJHMH Ha HASBHICTb iHTep(epOHONMOAIOHOI aKTHBHOCTI MO
BinHoweHHo 1o BBC. Ilns migTBepaKeHHS TepeHeceHHsI TeHiB 10 POCJHMH
uukopito nposoauau I1JIP. Ananis torameroi JTHK pocsuH, oTpuManux mics
TpaHchopmatiii A. rhizogenes 3 Bekropom pCB161, Ta pociuH, OTpUMaHHUX 3
BuKopuctanusim A. tumefaciens (Bekrop pCB124), BUSBUB MPUCYTHICTb 5K
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 aHai3oBaHuX JiHisix pCB161-TpancdopmMoBaHux
pocJ/iuH BinOyBasacst TPAaHCKPHUIILLS CeJEKTHBHOIO Ta LiNbOBOro reHiB (puc. 1),
a nist Tppox pCB124-tpanchopmoBaHuX JiHIN (3 YOTUPBOX AOCiIKYBaAHHX)
criocTepirasocsi siBUIlle <MOBYaHHSI» reHa ifn-a2b.
—
Vst

s nptll

50(; -~ — —

MM 20 3 g 5 6 .7 8
ifn alfa2b
500 ;
oy -

nH M 9 10 1 12 13 14 15 16

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

Fig. 1. — PCR analysis of reverse transcripts of genes nptII (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 aHTUBIPyCHOI aKTHBHOCTI
B €KCTpaKTaX TPAHCTeHHHUX POCJMH 3 F'eHOM iHTep(epoHy, CTBOPEHUX NpPHU
BUKOPUCTAHHI Pi3HUX BEKTOPiB, OYJIO NPOBENEHO TeCTYBAHHSl €KCTPAKTIB Ha
KJIiTHHAX HUpPKM Ouka JqiHii MDBK y npucyTHOCTi LMTONATOreHHOTo BipycCy
BBC. ExcTpakTu HeTpaHC()OPMOBAHUX POCJHUH (KOHTPOJIb) He BUSIBUJIU iHTEp-
(bepoHONONiOHOI aKTUBHOCTI. EXKCTpaKTH 3 psiiy TPaHCT€HHUX POCJMH TaKOXK
He MaJi1 NpOoTHUBipycHOi akTUBHOCTI (Tab.1. 1), xoua pesynbratu 3T-I1JIP 6ynn
MO3UTHBHUMU. Y TOH K€ 4ac, y NeKIJIbKOX JiHid BHUSABJIEHO NOCHTb BHCOKY
aHTHUBIpYyCHY akTHBHicTb — 10 9327 MO/r macu pocaun. IIpotusipycHa ak-
TUBHICTb KOPEHEBUX eKCTPAKTiB poc/H, TpaHcopmoBaHux BekTopoM pCB161
3 TeHOM iHTep(epoHy MiA KopeHecHeLUU(piuHUM NPOMOTOPOM, Oysa 3HAYHO
BHUILIOI0, Hi>K aKTHBHICTb JIMICTOBUX €KCTPAKTIiB THX caMHX pocsuH (tabs. 1).

Tabauugs 1
IpoTuBipycHa akKTUBHICTb 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 3arajbHOro
6iaKy
KOpeHi 2250 358,34
161/6 |pCBI161(MIl:HulNFa-2b)
JIUCTSI 288 262,69
KopeHi 1620 1203,56
161/13 |pCB161(MIl::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) JIUCTS 0 0
124/7 |pCB124(35S::HulNFa-2b) JIUCTS 0 0
124/5 |pCB124(35S::HulNFa-2b) JIACTS 9327 3291,44
K Kourpous . JIACTSI 0 0
(HeTpaHC(OPMOBAHI POCJIHUHH)
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Jls nocaigzKeHHs 4y TJAMBOCTI TPaHCT€HHUX POCJUH 10 ¢itoBipycy BTM
OyJ/M B34Ti JiHil pocsuH, TpaHC(OPMOBaHi 1BOMa BekTopaMu 3 reHamu IPH
— pCB161 ta pCB124. $Ik mo3uTUBHUI KOHTPOJIb BUKOPUCTOBYBANHUCS iH(iKO-
BaHi BipycoM HeTpaHC(OPMOBaHi pOCAHHU LMKOpito. HeratuBHUM KOHTpoJsieM
CJIYTYBaJ/IU POCJUHU OUKOTO THILY, KI HE 3aparkaJ/id BipyCOM.

CuMnTOMH BipyCHOTO ypakeHHsl CrocTepirasu $IK Ha iH(piKoBaHUX He-
TpaHC(OPMOBAHUX POCJIUHAX (TO3UTUBHUH KOHTPOJb), TaK i HA TPAHCT€HHUX.
Yci indikoBani BTM pocnuHM Mann XxapakTepHi CUMITOMH YyparkKeHHS, sKi
3’'IBJISIINCS yepe3 3 THKHIi Ta Bi3yasbHO NMPOSIBASIUCS XJOPOTHUHUM MT0XKOB-
TiHHSIM Ta AedopMalisiMH JUCTKOBUX IJACTHHOK. Bipycom ypaxanucs §k
POCJIMHH, eKCTPaKTH 3 IKMX MaJii iHTepepoHononibHy akTUBHICTh 11010 BBC
(Hanpuknan, Jinii Ne 161/6, 161/13), Tax i Ti, IKi TaKOi aKTHBHOCTI He MaJH.

JIs1s BUSHAUEHHS y JOCAITHUX POCJMHAX BMICTY BipyCy BinOUpaJ/u JUCTKU
Ta KOpeHi POC/HH, po3Tupaau y ocarHomy Oydepi Ta roTyBasu BUTIKKH.
Binnoginno 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 POCJHMHAX MO3UTHBHOTO KOHTposo. [Hi qiHii (Ne 2,
3, 4, pCB161 ta Ne 6, pCB124) micTuau 3HauHO Oi/bIly KiJbBKiCTb Bipycy,
Hi2K KOHTPOJIbHI (puc. 2).

E405

Kopeni

B JIuctku

JIinii pocvH

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 HEFaTUBHUM.

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 MPU3BOAUMO 10 MiABUIIEHHS CTilKocTi pocaun 1o BTM, ane it nna psny
JIiHI# — 10 30i/bllIeHHS CUMIITOMIB ypaKeHHSl BipyCOM Ta 3HAyHOro 3poc-
TaHHS BipycHoro Bpoxato 3a nauumu [PA. Taki pesyabrati cniBnanawTb 3
JOCJTiPKEHHSIMU iHIIUX aBTOpiB [D, 7, 15], B aKuX Oy/J0 MOKa3aHO MOXKJHU-
BicTb BifcyTHOCTI 3axucHOi aii iHTepdepony. OueBUIHO, IO CHHTE3YBaHHS
iHTepdepoHy-a2b JIOOMHU Y POCJMHAX LUKOPi0, HE3BAXKAIOUM HA HASIBHICTh
inTepdeponononi6noi aktuBHOCTI 1woao BBC, He HamaBaso UMM pocC/MHAM
nifBHLLIEHOI cTifiKocTi no diToBipycy. Ha uell yac HeBimoMmi mMexaHi3MH ak-
THBaLil aHTUBIPYCHOTO CTaHy B HEAKHMX POCJMHAX, HANPHUKJ/IAL, y TIOTIOHI,
iHTepdepoHOM-a2b MIOOWHHU, STKAH BUKOHYE CBOI (DyHKUIi B KJIiTHHAX uepe3
B3aeMO/il0 3 creluu(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 MTOBEPXHEBUX CTPYKTYP, MOAIOHHUX 0 TAKUX Yy POCIHHAX TIOTIOHY,
1o 3a6e3neyusv 6 3amycK BiAMOBIAHUX MPOTHBIPYCHUX CHUTHAJbBHUX LLJSXIB
npu ix B3aemonii 3 reteposioriunuM [PH. He Buk/toueno, 1o B pocauHax
TIOTIOHY, Ha BiAMiHY Bil LIMKOPilO, iCHYIOTb BHYTPIlLIHBbOK/JIITHHHI (paKTOpPH,
ki y B3aemonii 3 I®H nronnuu, 1110 cuHTE3yeThCs y LUTOMIA3MI, POSIBJS-
10Th 3axucHy aHTU-BTM akrtuBHicTb. BincyTHicTs npoTusipycHoi antu-BTM
aKTUBHOCTI Ta 3pocTanHs Bpoxkato BTM npu iH¢ekUii TpaHCreHHOro HUKOPilo
Moke OYyTH MOB’S3aHO i 3 THUM, 1O POCJMHU MPOAYKYBa/IU HecrneludiuHui
iM MPOAYKT, L0 NepeoOTAKUI0 CUHTETUYHUH anapar i y BiACyTHOCTI NPOTH-
BipyCHOI 1ii LMTOKiHYy NMPU3BeJO A0 PO3BUTKY OiblI MPOAYKTUBHOI BipyCHOI
iH(ekUii, Hi2K y KOHTPOJBHUX pOCaHHAX. Pa3oMm 3 TUM, 1OCHTb HEOQHO3HAUHA
peakiist pisHUX JiHil TpaHcreHHUX pocauH a0 Aii BTM notpebye nponosxkeHHs
JOCJIiI>KEHb 3 BUKOPUCTAHHSAM OiJIbLLIOT KiJIbKOCTI TOCJ/iAHUX POCJIUH, a TAKOXK
TEeCTYBaHHSl K JOAATKOBOIO KOHTPOJIIO TPAHCTEHHUX POCJMH LIMKOPitO, LI0
MarTh iHILII TPAHCTEHHU.

B pesynbrari pocaimkeHb Oysao mokasaHo, wo pocauHu Cichorium
intybus L. 3 reHoM ifn-a2b nopuHU CHHTE3YIOTb (PAKTOP, IO TPOSIBJSE
creludiuny nas iHTep(epoHy NPOTUBIPYCHY aKTUBHICTb B KJAiTHHAXx MDBK
mono BBC, ska craHosuna 262,69—3291,44 MO/Mr 3araabHOro G6ijky.
B Toil e uyac, Wi TpaHCreHHi POCJAMHU He MaJju CTiHKOCTi 10 (iTOBipyCcy —
BipyCy TIOTIOHOBOI MO3aiKH, IIPUYOMY BipyCOM yparKa/Jucs yci LOCJHiIKyBaHi
POCJIMHYM LIMKOPil0 He3asleXXHO Bifl BUKOPUCTAHOTO AJs TpaHc(opMmauil BULY
arpobakrepiit (A. rhizogenes ab6o A. tumefaciens) Ta BeKTOpiB, 1110 BiapisHs-
JIUCSl TpOMOTOpamu rexa intepgepony (Bekrop pCB161, kopenecneuudiunmnit
npomotop MIl a6o BekTop pCB124, 35S nmpomotop). He BusiBneHO mpsimoi
3ajexxHocTi MixK cunTe3oM IOH y pocauHax 1ukopito 3 reHom ifn-a2b monu-
HU Ta cTilikicTio 1o BTM, 6isbliie Toro, nepeHeceHHs reHa ifn-a2b JoauHu
[0 POCJHUH LMKOPi0 MPU3BOAMJO Y PAAi BUMAAKIB A0 MiABUILIEHHS BPOXKalo
(biTOBipYCY B TPAHCTE€HHUX POCJIHUHAX.
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YYBCTBUTEJIbHOCTb TPAHCIEHHbIX PACTEHUW LUUMKOPUS C
F’EHOM UHTEP®EPOHA AJIb®A-2B YEJIOBEKA K 3APAYKEHUIO
BUPYCOM TABAYHOU MO3AUKH

Pedepar

[IpoBeneHo cpaBHeHHE YYBCTBUTEJbHOCTH K BUpPyCy TabayHOH Mo-
3aWKM TpaHCTeHHbIX pacTeHudl uukopusi Cichorium intybus L. ¢ reHom
UHTep(depoHa-a2b yesoBeKa U UCXOAHBIX HETPAHC(HOPMUPOBAHHBIX PACTEHUH.
[Tokasano, 4To nepeHeceHue rexa inf-a2b B pacTeHust LUKOPHS COMPOBOXKIA-
eTcsl CUHTe30M (pakTopa ¢ BBICOKOH HHTep(epoH-crieu(prIecKori akTUBHOC-
ThIO IPOTUB BUpYyCa Be3UKYy/IsipHOro croMatuta. OnHAKO, 93TO He MPUBOAUT K
yBeJMUYEHHUIO YCTOHYMBOCTH PACTeHUH LMKOPHUS K BUpPyCy TaOauHOH MO3auKH,
6oJiee TOro, CHHTE3 HHTepP(EepOHa COMPOBOKAAETCS MOBbIILIEHHEM BUPYCHOTO
ypoxKasi B TPAHCT€HHBIX PACTEHHUSIX.

Knwouesboie caoBa: Cichorium intybus L., TpaHCreHHble pacTeHHUS,
reH inf-a2b, Bupyc TabauyHOH 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
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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
ol 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. flavus/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
TKUO003 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 [ (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 ol 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 'PUBIB

Pedepar

Hageneni siTepaTyphi i BJacHi ekcrepHMeHTaJbHI JaHi 3 yTBOPEHHS
NPOTEOJITUUHUX (PEPMEHTIB MilleliaJIbHUMU TPUOaMHU, BJIACTUBOCTEH MPOTEA3
i ix 3acrocyBaHHda. [lokasaHa WHMpOKa PO3MOBCIOIKEHHICTb 30aTHOCTI
CHHTEe3yBaTH NpoTeasu cepen rpubiB pisHux ponis. I'pubHi nporeasu
BiIpi3HAIOTHCA CyOCTpPaTHOIO CHeUudiuHiCTIO, MAlTh LIUPOKUU Aiana3oH
3HaueHb ONTHMAaJIbHUX YMOB rinpodaidy cyocrtpary, pH- i TepmocrabinbHOCTI.
MHOXWHHI acneKTH 3aCTOCYBaHHS IPUOHUX MpoTeas Ta iX KaTaJjiTHuHI
BJIACTUBOCTI OOYMOBJIIOIOTH MEePCHEKTUBHICTh TPUOIB K NMPOMHUCJIOBUX
NPOAYLEHTIB 3a3HaU€HUX (PePMEHTIB.

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

P.B. MuxauJaosa

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

MNPOTEOJIMTUYECKHUE ®EPMEHTbI MULLEJIMAJIbHbLIX TPUBOB

Pedepar

[IpuBeneHbl mUTEpaTypHBIE U COOCTBEHHBIE IKCIIEepUMEHTANbHble JaHHbIE
1Mo 00pa3oBaHUIO NPOTEONUTHUECKUX (PePMEHTOB MULENHAIbHBIMU TpHOaMHu,
CBOMCTBaM MpoTeas3 U UX NpuMeHeHu0. [TokazaHa mupokass pacnpocTpaHeH-
HOCTb CIIOCOOHOCTH CHHTE3MPOBATh MPOTeasbl cpelu rpubOB Pa3InUHBIX PO-
noB. ['puGHbBIE TpoTeassl OTAMYAIOTCS CyOCTPaTHON CeM(PUIHOCTbIO, UMEIOT
LIMPOKUH 1MarnasoH 3HaYeHUH ONTHMAaJbHbBIX YCJ0BUH THApOaU3a cybcTpara,
pH- 1 TepmocTabunbHocTH. MHOXKeECTBEHHbIE aCMeKThbl MPUMeHeHHU s TPUOHBIX
npoTeas U MX KaTajJUTHYECKHe CBOHCTBA 00YCJaBJAMBAIOT MEPCIEKTHBHOCTb
rpubOB KaK MPOMBIILJIEHHBIX TPOAYLEHTOB YKa3aHHbBIX (DEPMEHTOB.

KnwueBble cinoBa: MUlLleJHaJIbHBbIE I‘pI/I6bI-HpO[[yueHTbI, IIpOTEOJIN-
THYeCKHEe (pepMeHTbI, CBOfICTBa, r'HapoJans, mMpuMeHeHHe.
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AHTUMIKPOBHA AKTUBHICTb EKCTPAKTIB
KAJIFOCHHUX KYJIbTYP TA ACEINITUYHUX POCJIUH
PSORALEA DRUPACEA BUNGE

Hocriomeno anmumikpobHy aKkmusHicms excmpakmis Kyiomyp Psoralea
drupacea Bunge (ncopaiei KicmsaHKOB80L), OMPUMAHUX 8 YMOBAX in Vitro:
KaAatocis cim’ 10046H020 NOXOONHCEHHA MaA ACeNMUYHUX POCAUM (Had3emHOl
yacmunu ma kopewis). Kaarrocui kysomypu P. drupacea sussasiu caabky
AHMUMIKPOOHY aKmuHicms abo 6Yyiu HeaKmuBHUMU. AHMUMIKPOOHY pe-
4o8uHy OaKkyuios 8 Hux He sufsiero. llokasano, W0 acenmuuri poCAUHU
P. drupacea ne 8i0pisnsaiucs 8i0 pocauH, 3ibpanux y npupodi, 3a micyem
A0KQAAI3QYIT, CNEKMPOM, CmyneHem ma Xapaxmepom Oii aHMUMIKPOOHUX
peuosuH. 3a donomoeoro BEPX-Y®-anarizy 8 excmpaxmax 3 HQO3eMHUX
opeamis ycix 00CAiONCeHUX POCAUH, BupOuleHux in vitro, idenmugikosaro
Mmepomepnerosull eronr 6aKkyuior, 8micm 1K0e0 8 birvuiocmi sunadkis 6ys
6au3bKuUM QO (1020 BMiCMY Y POCAUHAX, 3IOPAHUX Y nPUpOOi.

Karwuosi caosa: Psoralea drupacea, 6aKkyuios, aHmumikpoOHa aKmugHicmo,
KAAIOCHI KYAbMYypu, ACenmuuHri 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 CIIOJNYK POCIUHHOIO MOXOIKEHHS.
Bin nie Ha pisHi BUOM TpaMno3uTUBHUX OaKTepill 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, MPOTU3aMNaIbHY Ta
AHTUOKCUIAHTHY aKTUBHOCTi Toulo [8, 7].

KyabTypu KniTUH POCJUH, SIK i {HILIi TUNU KyJbTYp i1 0ifr0O BUKOPUCTO-
BYIOTbCS [J/151 MPUKJIAAHUX | PyHIAMEHTANbHUX NOCHAIAKEHDb B PI3HUX ranay3sax
6ioJiorii, a TakKOXK A1 PO3pOOKH OIOTEXHOJIOTIM OTPUMAaHHSA (hepMeHTiB, Mpo-
NYKTiB BTOPUHHOrO MeTa00J/i3My Ta iHIIMX OiOJOTiUHO aKTHMBHUX PEUYOBHH
pOCJIMH i BCTAHOBJIEHHS 3aKOHOMipHOCTeH ix 6iocuHTesy. Tak, 1110 cTocyeThCs
pony Psoralea, BCTaHOBJIEHO 30ATHICTb KAJMIOCHUX Ta {HIIMUX TUIIB KYJbTYPH ifl
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vitro nesiKUX BUIIB POAY NMPOAYKYBATH HU3KY Oi0JIOTIUHO aKTUBHUX PEYOBHH:
i3o(p1aBoHOIAM nala3eiH Ta reHicTeld, (ypoKyMapHHHU ICopaJjeH Ta aHredsi-
uuH (i3orncopasen) touro [11, 12, 10]. MoxnuBocTi cHHTE3y aHTUMiIKPOOHO]
peuoBUHHU OaKyuiosy KyJbTypaMu POCJaUH pony Psoralea, oTpumMaHuMHu in
vitro, Briepiue OyJao mocnaimkeHo Hamu [14]| Ha npuknani Buny P. drupacea
(mcopasiesi KiCTSIHKOBA).

MerToto nanoi po6oTu OyJ/10 BUBUEHHSI aHTUMIKPOOHOI aKTUBHOCTI eKCTpa-
KTiB KaJIOCHUX KYJbTYp Ta acenTUUHUX pocauH P. drupacea.

Marepiasau i metoau

O6’exTaMu [aHOTO NOCJiIKeHHS OyJd OTpPUMaHi in vifro acemTHuHi
pPOCJMHU (KOpeHeBa Ta Han3eMHAa YaCTHHM), a TAKOXK KAaJIOCHI KyJbTYpH
P. drupacea ciM’sii0/IbHOTO MOXOJKEHHS, KOTPi KyJ/JbTHBYBAJIMCS HA arapu-
3oBaHoMmy cepenoBuili Mypaiire-Ckyra, B sike qogaBajy pi3Hi 32 siKiCHUM
Ta KiJIbKiCHUM cKanoM KombiHaliil itoropmoHiB (aykcunu 2,4-nuxjaopheHok-
cuoutoBy Kucaory (2,4-1) tra l-madprunourory kuciaory (HOK), uurokininu
6-6ensunaminonypun (BAIT) ta xinetun (K). Hactuny KamocHoi Giomacw,
KyJ/JbTUBOBAHOI Ha OKPEMUX BapiaHTax cepefoBullla, 10AAaTKOBO KyJbTUBYBA/N
y pilKOMYy CepeloBHIi B MPHUCYTHOCTI esJicuTopa MeTHMIKacMoHaTy (M)OK).
Binbiu netanbHo yMOBU 06pOOKH KallOCHUX KyJAbTyp (hiTOrOpMOHAMH Ta Me-
TU/XKACMOHATOM OTHMCcaHo panilie [14].

Jlns pocnimKeHHs MPOTUMIKPOOHOI aKTUBHOCTI Ta KiJIbKICHOIO BMICTY
6aKydiosly BHCYIIeHi Jio(isni3auielo Ka/aloCHi KyJbTypH Ta MOBITPSAHO-CYXi
Ha/3eMHi Ta KOpeHeBi YaCTMHHU aCeNTHUHUX POCaUH P. drupacea excrtpary-
BaJ/d XJ0PO(hOPMOM (IesKi KalloCHI KYJbTypHU — AHETUIOBUM edipom). s
MOPIBHAJIBHUX AOCJHIIXKEHb OTPUMYBA/IM TAKOXK XJOPO(MOPMHI €KCTPaKTH 3
MOBITPSHO-CYXMX HAJ3€MHUX OpraHiB pocaut P. drupacea, 1110 pOC]H B TPHU-
ponHKX yMOBax (3i0pani B okosuusx M. Amraban y ¢asi moyaTky UBiTiHHS).
[Ticaist ekcTparyBaHHs xJ0po(OpM BiAraHAIN, EKCTPAKTH PO3UUHSIN B €TAHOJI.

[nentugikauito 6akyuiosy Ta HOro KiJbKicHe BU3HAY€HHS MPOBOAUJIU
METOIOM BUCOKOe(EKTHUBHOI piiMHHOI XpoMaTorpadii 3 yabTpadioseToBOO
nerekuieto (BEPX-Y®), BukopucToByous K cTaHAapT HaKyuioJ, OTpUMaHHUH
3 MPUPOIHOI CUPOBUHU P. drupacea 3a onucaHuM paHile MeTonoMm [3].

AHTUMIKPOOHY aKTHBHICTb €KCTPAKTIiB Ka/iociB Ta pocauH P. drupacea
JOCTIPKyBall METOAOM CepiHUX pO3BeleHb Ha PiAKUX MOXXHBHUX Cepel-
ouuiax [1]. Tecr-mikpoopranismamu 6y 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 0OroBOpeHHs

[Ipu nocainzkeHHi aKTUBHOCTI KaJlOCHUX KyJbTyp P. drupacea sik Tect-
00’ekT OyB BUKOpPUCTaHUH pedepeHTHHH wWwTaMm S. aureus — NpencTaBHUK
OfHiel 3 UyTAMBUX N0 Ail Oakyuiosy rpyn Mikpooprasismis. B Tabauui 1
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HaBeJeHO pe3y/abTaTH BUNPOOYyBaHb aHTHOAKTepiaabHOI aKTUBHOCTI 46 Bapi-
aHTIB KaJsIoCiB CiM i0JbHOTO MoXomKeHHsl P. drupacea, KyJIbTUBOBaHUX Ha
MOKMBHOMY CepeOBHLIL 3 J0JaBaHHAM pi3HUX (32 SIKICHUM Ta KilbKiCHUM
CKJanoM) KoMOiHAUil (iTOropMOHIB Ta eicCUTOpa METHUJIKACMOHATY.

Maiixke y MOJIOBHHM 3 TECTOBAHHUX BapiaHTiB KaJ/JlOCHUX KyJbTYp
P. drupacea BusiBNeHO HEBUCOKY aHTHOaKTepiaibHy aKTHUBHICTb. EKcTpakTn
3 HUX NpurHiuysamu pict S. aureus B koHuentpauiax 100—400 mxr/ma, y
O/MM3bKUX KOHLEHTpauiax Aisau 6akrepuuuaHo. Pemta ekcTpakri OyJa He
AKTUBHOW, TOOTO MiHiMa/bHa iHTiOyIoua koHueHTpauis (MIK) 6yna 6inbiioio
3a 400 MKr/mJ.

Tabnuus 1
AHTHOaKTepiajibHa aKTHBHICTb WOAO0 S. aureus eKCTPAKTIB KAJOCHUX KYJbTyp
P. drupacea, KyAbTUBOBAHUX HA MOMKWBHUX CEPENOBUILAX Pi3HOTO CKJALY

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

Lo MIK Ka/loCHUX eKCTPaKTiB, % AKTHBHUX KaJIOCHHUX
.KOMﬁlHam.ﬂ MKr/MJI eKCTPaKTiB
(iToropmoHniB y
cepeoBHUILi - MXK + MxK - MK + MxK
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

[Mpumitkn: «2,4-Il« — 2,4-nuxnopdenokcnonrosa kucnora; <HOK« — 1-madrunourosa
kucsora; «BAll« — 6-6eHsunaminonypuH; «K«— KiHeTHH; «- MK« — METH/I?)KACMOHAT MpPH
KyJbTHBYBaHHI He BHKOPUCTOBYBABCSI; «+ MK« — IPH Ky/IbTUBYBaHHI BHKOPHCTOBYBABCS
MeTH/2KACMOHAT; «-& — He BUBYAJIH.

BusiBieHo nesiKy 3a/eXXHiCTb MiK SIKICHUM (DiTOrOPMOHA/bHUM CKJa[0M
CepelloBUIIA Ta AHTUMIKPOOHOI AKTHUBHICTIO €KCTPAaKTiB KaJloCiB: cepen
KaJIIOCHUX KYJbTYP, BUPOLIEHUX HA CepeloBUILAX 3 N0JaBaHHAM KOMOiHaALiN
¢itroropmoniB 2,4-JI+BAIT Ta HOK+K, 6inblia uactuHa BHUsiBUJIA CIA0KYy
AHTUMIKPOOHY aKTHUBHiCTb. KastocHi Ky/abTypHu, BHUPOIIEHi HA cepenoBHULLI
3 monasanusaM HOK+DBAII ta 2,4-I+K 6ymu HeaktuBHumu. [Ipu npomy
pi3HHLSA y KiJbKiCHOMY BMicTi (piTOropmMoHiB He Bimirparaja poJi. [licas o06-
pPOOKM MEeTH/IKAaCMOHATOM MaixKe BCi JOCJ/iIXKYBaHi Ka/OCHI KyJbTypH Ha-
OyBanu caabkoi aHTucTadisoKOKOBOI akTUBHOCTI. [IpoTe 1s akTHBHICTB, Ha
Hally AyMKy, He 3yMOBJIEHA HasiBHICTIO OaKydioJay, agxke, ik BCTAHOBJIEHO
HaMH paHille, »KOIeH 3 NOCJ/iPKeHUX BapiaHTiB KaJ/IOCiB He MiCTUB IOMITHOI
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KiJIbKOCTi 11boro Mepoteprieny [14]. MokHa npumycTUTH, 1110 aHTUMiKpoOHA
AKTUBHICTb OyJ/la 3yMOBJIEHA HASIBHICTIO B €KCTPaKTaX iHIIMX aHTUMiKPOOHHUX
pPeuoBMH (HampuK/ad, NcopajeHy) — caaboakTUBHUX ab0 CHHTE30BAHUX Y
HEe3HAUHUX KiJbKOCTSIX.

AHTUMIKPOOHI BJIACTUBOCTI acEeNTHYHUX POCJaUH P. drupacea moctimxe-
HO LI0J0 NPeACTaBHUKIB YMOBHO-TAaTOT€HHUX TPAMIIO3UTUBHUX OakTepil
(S. aureus), rpamHeraTuBHuX Oakrtepiil (E. coli) Ta rpubiB-mepmatoditis
(T. mentagrophytes var. gypseum). JlocaimKyBaau XJa0pohOpMHi €eKCTPaKTH
3 Ha[I3¢MHOI YaCTUHU Ta KOPEHIB POCJIUH, KYJbTUBOBAHUX in Vitro, y MoOpis-
HSIHHI 3 €KCTPaKTOM 3 Ha/J3eMHUX OprauiB pocauH P. drupacea, 3i6paHux y
NPUPOLI, a TaKOXK 3 Mil040I0 PEYOBUHOIO POCJAMHHUX €KCTPAKTIB — MepoTep-
MEHOBUM (PeHOJIOM OaKy4ioJoM.

SIk BUIHO 3 HaBe#eHUX y TabJuli 2 NaHUX, 3@ MiclleM JOoKaJi3alii, crek-
TPOM Ta CTyNEHEM [il aHTUMIKPOOHUX PEYOBHUH POCJUHM IIcopaJel pi3HOro mno-
XOJI2KEHHS$ He BiApisHsaaMcs. EKCTpakTH 3 Hai3eMHUX OPraHiB K aCeNTUYHHUX,
Tak i 3i0paHuX y NMPUPOAI 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 LOCJAIIKEHUX POCJUH, BUPOLLEHUX in vitro, 3a AOIO-
moroto BEPX-Y®-ananisy inentugikoBano 6aKyuios, BMiCT SIKOro B Oi/1bLLIOCTI
BUNajKiB ctaHoBUB 1,45—3,82% Bin cyxoi macu pocaunu. IlosiTpsHo-cyxa
npupoana cuposuHa P. drupacea mictuna Bin 3,4 10 4,6 % 6akyuiony. To6To,
i 32 UMM [NOKA3HUKOM POCJIMHU NPUPOIHOTO i Oi0TE€XHOJIOTIYHOTO MOXOIKEHHS
[IPAKTUYHO HE BiIPI3HAIUCH.

Bakrepuunany ado QyHriuuaHy Aio eKCTPakTH 3 HaJ3eMHHUX OpraHiB poc-
JIMH, KYJbTUBOBAHUX i1 vitro, TaK caMo, IK eKCTPaKTH 3 IPUPOJHOI CUPOBHUHU
P. drupacea i ix niroya peuoBuHa OaKyuioJ, BUSIBJS/IU B KOHLEHTpaLIifX,
O/MM3bKUX 10 MiHIMa/JbHUX iHMOYIOUHX KOHLEHTpPALil.

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

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

MIK ekcTpakriB, MKr/mJ

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

Konueuntpauis
6akyuioay, %

HansemHa yacTrhHa KyJib-
THBOBAHUX i7l Vilr0 POCIHUH
Kopeni KynbTuBOBaHUX

Lo >400 >400 >400 cainu
in vitro pocJauH

Hansewia sactina sio-1 15 o | _4qp 20 3.4-4,67
PaHUX y NPUPOII POCIHH

Bakyudion 2 >400 4-10 100

[TpumiTka: % — BiZCOTOK Bif CyXoi MacH poCJAMHHOTO MaTepiay.
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ExcTpakTu 3 KOpeHiB 10C/iIKeHUX pocaut P. drupacea (siK BUPOLIEHHUX B
yMOBax in vitro, Tak i 3i0paHuX y NPUPOLi) aHTUMIKPOOHOI 1il He BUABJISIN.
Sk mokazaHno Hamu paHilue [14], B KOpeHsAX aCeNTHUYHUX POCJIHH € JIHULIe CJAiAn
6akyuiony. Lle y3aromkyeTbcst 3 JaHUMM PO He3HAUHI KiJIBKOCTI Lli€l pe4oBU-
HU B KOPEHSIX POCJHH iHILIOro BUAY AaHoro pony — P. corylifolia (ncopanei
qitmnoauctoi) [9]. Kpim Toro, ockinbKu B KyJbTypi «60ponaTux» KOpEHiB
P. drupacea (i3onboBaHi reHeTHUYHO TpaHC(HOPMOBaHi KopeHi) 6aKkydioay He
BUsIBJEHO B3araJi [14], MoXKHA MPUMTYCTUTH, L0 OAKy4iosN HE CHHTE3YEThCS
B KJITUHAX KOpPEHS, a MOTpaIse TyAU B CJAiIOBUX KiJbKOCTSX 3 HaA3€MHOI
YACTUHU POCJIHHMU.

Takum unHOM, NpOBeneHi N0CHiIKEeHHS I0Ka3aJ/H, 1110 KaII0CHI KylbTypH
ciM’simoIbHOTO MoXomKeHHs1 P. drupacea — mpopyLeHTa BUCOKOe(EeKTUB-
HOTO AHTHMIKpPOOHOro MepoTepreHy 0akyuiosy — 3HAuHOI aHTHMIKpOOHOI
AKTUBHOCTI He BUSABJSAIOTH i 0aKyuios y MOMITHHX KiJIbBKOCTSIX He CHHTe3Y-
10Tb. Kynbrypa acentuuynux pocaun P. drupacea, 3aBASIKM BUCOKOMY PiBHIO
HaKOMUUYeHHs1 6aKydio/ay B HaA3eMHHUX OpraHax, lnepcrekTHBHA K KepeJso
BHCOKO aKTHBHOI'O aHTHUOIOTHKA i 00’eKT mjs po3poOKU Oi0TeXHOJOTiUHUX
OCHOB HOro ozepxKaHHs.
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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 (ncopasied KOCTSIHKOBOH ), TOJyYEHHBIX B YCJOBUSIX i1 Vilro:
KaJlJIIOCOB CeMSIIOJIbHOTO TPOUCXO0XKIEHHUS] U aceNTHUYECKUX pacTeHUd (Hau-
3eMHOH yacTu U KopHel). KasmmocHble KynbTypbl P. drupacea mposiB/siiu
c1aby10 aHTUMUKPOOHYIO aKTHBHOCTb JINOO ObIIH HEAKTUBHUMH. AHTUMUKPOO-
HO€e BellecTBO 0AKy4yHoJ B HUX BbIsIBJIeHO He Oblio. [Tokasano, uto acentu-
yeckue pacteHus P. drupacea He OT/HMYaJUCh OT pacTeHHUH, COOpPaHHBIX B
npupone, Mo MeCTy JOKa/JAU3alUHH, CIEKTPY, CTelleHH U XapakTepy AeHCTBUS
aHTUMHUKpOOHBIX BellecTB. C nomotipio BO)KX-YO ananusa B skcTpakTax
Ha[l3eMHBIX OPTaHOB BCeX HCCJEJOBAHBbIX PACTEHWH, BBIPALLEHHBIX in Vilro,
UIEHTU(ULMPOBAH MEPOTEPIIEHOBBIH (DeHOJ OAKy4HOJI, COAepKaHue KOTOPOro
B OOJIBILIMHCTBE CJydaeB NPUOMMKAIOCH K €r0 COAepKaHUI0 B PaCTeHHSX,
coOpaHHBIX B NPHUPOLE.

KniwoueBrie caoBa: Psoralea drupacea, 6akyunoJ, aHTHMUKPOOHAS
AKTUBHOCTb, KaJJIOCHbIE KYJbTYpPbl, aCENTHYECKHUE 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.
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MOWMHPEHHS BIPYCY KAPJIMKOBOCTI NMIWEHWLLI
HA NIBAHI YKPAIHH

Ha nocisax nwenuyi i aumenio nig0erHoeo peciony ¥YKkpainu susagieno sipyc
Kapauxkosocmi nuwenuyi (BKII). Bipyc idenmugikosarno 3a donomoeoro
inynogepmenmuoeo anarisy (IPA) i norimepasdnoi ranyoeosoi peaxuyii
(I1JIP). IIpoaranrizosano nowuperns 8ipycy, 8u8HeH0 COPMOosy LymAausicmo
3aaxosux kyavmyp 0o BKII. [lokasano 3aiencHicmo CMynens YpanerHs
POCAUH 8ipYcOM 8i0 cmMpPOKi8 NOCi8Y Ma KAIMAMUYHUX YMOS.

Karouosi carosa: 8ipyc KapAukos8ocmi nuleHuyi, iMynopepmenmuui anaris,
noAIMepasHa AaHYu0208a PeaKyis.

Bipycu € onHielo 3 ceplio3HUX NPUYMH 3MEHLIEHHS YPOXKAUHOCTI i KOCTI
3epHa 6araTbox CiJIbCbKOrOCNOAAPChKUX KYJbTYP. Bipycu € HeBia eMHOIO yac-
THHOIO OyIb-IKOI €KOCHCTEMHU, IPUUOMY Ha Pi3HUX eTanax pPO3BUTKY BipycH
3HAXOMAATbCS B TiCHI B3aeMopii 3 pisHUMHU ii KOMIIOHEHTaMH [3].

Y 3B’MI3Ky 3 BEJIMKOIO HACHUEHICTIO 36DHOBUX y CiBO3MiHax B YkpaiHi, a
caMme yepes3 KOPOTKi May3u IpU BUPOLLYBAaHHI LIKUX KYJAbTYyp Ha OJHOMY IOJi,
NiIBULLYEeTbCS iH(DEKLUIAHUH TUCK (HaBaHTaKeHHs) 30YIHUKIB BipyCHUX XBO-
po06. BHacsinoK BUKOPUCTAHHS LUIBUAKOAIIOYMX a30THUX NOOPUB Yy POCJIHHAX
NiABULLYETHCA BMICT a30TY, BIJIbHUX aMiHOKHUCJIOT i Pi3HUX LyKpiB, 110 NpH-
3BOJUTb [0 YPaKE€HOCTi 3€pPHOBUX IONEJULUAMH Ta {HIIMMU LIKiIHUKAMH.
Lle, B cBOIO 4epry, cCrpusie PO3NOBCIOMXKEHHIO BipyCiB 3ePHOBUX KYJbTyp B
arpoieHosax [6].

3MmiHK y KJaiMaTi, gKi BinOysaucs 3a oCTaHHI poKH, 30KpeMa, MilBUIIEHHS
KOHTHUHEHTAJbHOCTI K/iMaTy, BUMaraloTb [10€TAlTHOr0 0OCTeXKEeHHS MOCiBiB Ha
HasIBHICTb LIKIIJMBUX KOMaX, POCJIMH, YPaXKe€HUX Pi3HUMH XBOP0OaMH, 3 METOIO
CBO€YACHOI'0 3aCTOCYBAHHSA 3aXOiB 3aXUCTY BiJl LIKOJLOUMHHUX OPTraHi3MiB Ta
MIPOTHO3yBaHHS BpoKaHHOCTI [3].

BKII nepenaeTbcs NepCUCTEHTHO 32 LONOMOTOI0 YHIKa/IbHOIO BEKTOpa —
uuKanku Psammotettix alienus, ane He nepenaeTbes UMKagkamu Javesella
pellucid, Laodelphax striatellus, Macrosteles laevis. Bipyc 36epiraetbcs
Nif 4ac JMHbKM Ta He PO3MHOXXYETbCSl B OpraHiami Bektopa. B mnpoueci
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PO3MHOKEHHSI LIMKaaKa He nepenae Bipyc cBoiM Hawankam. BKII ne nepe-
HOCUTBbCS MeXaHi4HO, KOHTAKTOM MixK POC/JIMHAMH, HACiHHSIM Ta MUJIKOM [3].
Takum uunowm, emninemiosnoris BKII myke TicHo moB’sizaHa 3 reorpadiuHum
MOLUMPEHHSIM HOr0 YHIKa/JbHOrO BEKTOpa, SKHMH Halbisbllle pO3MOBCIOAXKE-
HUH y KpaiHax miBoeHHoi Ta cxinHoi €Bponu: B Bourapii, Yexii, CinoBauuuHi,
®panuii, Yropuwuni, Himeyuyuni ta kpainax CHJL. € nani, 110 #oro BUABUIN Y
[Bewuii. Cin 3a3HaYuTH, 110 AAHUX 11100 MOLUIMPEHHS BipyCy KapJUKOBOCTI
NIIeHULi B YKpaiHi Hel0CTaTHbO.

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

Martepiaau Ta MeTOaH

Bin6ip 3paskiB poc/iMH NPOBOAU/IM 32 pe3y/bTaTaMM Bi3yaJ/bHOI AiarHOC-
TUKU. MapiupyTHi 00cTexXKeHHS 10J1iB 3[iHCHIOBA/IH 3a [IeBHUMH CTaHAAPTHUMU
cxeMaMH (MapLIpyTaMH), i3 3aCTOCYBaHHSM «[iarOHaJbHOr0» MiAXOy MOAIOHO
JI0 CIIPOLIEHUX cXeM ApiOHOMaclITaOHOro AeTalbHOrO MOHITOPHUHTIY I0JiB Ha
10% saranbHoi mowi nocisis [7].

Bin6ip 3pa3kiB 3epHOBHUX 3/J1aKOBHUX KYJIbTyp NMPOBOAWUJMU 32 BUOIPKOBUM
MeTOIO0M — BiAOHUpa/U POC/IUHH i3 BipyCONOAIOHUMHU CUMIITOMAMHU: )KOBTYXOIO
Ta 3HAUHOIO KapJUKOBICTIO poc/uH. Binbupaaun pocanHu 03UMo1 Ta sipoi miile-
HMULIi, STUMEHIO, Ta CYNYyTHiX nuKopocaux 3nakiB. Ha IliBani ¥Ykpainu 3pasku
Binbupa/au B OCHOBHHMX 3epHOCilouux perioHax — Opnecbka, XepcoHCbKa Ta
MukosaiBcbka o6sacTi. 3arasom 6yJ0 BigiOpaHo 6/u3bKo 125 3paskis.

[Ticas BinGopy mnst momaJgbluoro ananidy metomom [DPA 3pasku pocsuH
romorenizyBaau y cdocharaomy 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 AOCJiIKEeHb.

Jasi niarnoctuku BKIT metonom I®A BuKOpUCTOBYBaMM KOMEPLIHHY TeCT-
cuctemy BupobuulrBa LOEWE (Himeuunna). ¥Yci 3pa3ku ananisdyBajnu y Tpu-
KpaTHi#l MOBTOPHOCTI BiAIOBIIHO 10 peKOMeHAalil BUpOOHHKA TECT-CUCTEMH.

Pesynbratu peectpyBasu Ha anagizatopi [PA — npu moBXKuHI XBUJI
405 M. Tlo3uTMBHMM paxyBasd TOKa3HMK, SIKMH BJBidi MepeBHILYBaB He-
FaTUBHUH KOHTPOJb (CiK 3m0poBoi pocaunu) [1, 2, 6].

Jlns neTexuii Bipycy Kap/JMKOBOCTI MII€HHL 3aCTOCOBYBAJ/IM MeTOJ MoJliMe-
pasHoi sanworosoi peakuii ([1JIP). BukopucroByBau yHiBepcasbHi BUaOCTELH-
¢iuni npaiimepu: WDV-forward 468-487 5’ ATCCCGGGTCCTCCGACTAC-3’
ta WDV-reverse 477-458 5-GACCCGGGATCGTAAGGGGC-3’ [11]. JIucTku
3/1aKOBUX KyJbTYp (MILEHHLi, SUYMEHIO Ta AUKOPOCIUX 3JIaKiB) Binbupasnu 3
POCJIMH, SIKi IPU CEPOJIOTiyHiil AiarHocTuui 6ynu nokasaxi ik BKII-no3uTusHi.
Buninenns JIHK npoBomunu 3a pekomennauismu Shepherd et al. [9]. Bunui-
JIEHHS1 TpoBoauaK 3a pornomoroio Habopy Extract-n-Amp™ Plant PCR kit
(Sigma, CILIA) 3a pekomennauisivu BupobHuka. HaBaxky smmctkiB (30—50 mr)
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nepeHocusnu B npoOipky Ennennopd, BKpuBasu ekcTparyBaibHUM Oydepom
B 00’emi 50 Mks Ta HarpiBaau npotsirom 10 xB npu 95 °C. Hapnani nonasanu
6ydep nisi posbapienHs B 060’emi 50 MK, micss yoro 3pa3ok abo 30epiraau
npu -20 °C, abo Binpasy BUKOpUcTOBYyBanu ajs npoenenHs [1JIP 3a cran-
JApTHOI0 METOJMKOK i3 BUKOPUCTAHHSM MApU YyHIBEPCAJbHUX IpauMepiB.
Pesynbrartu [1JIP cayryBanu ninTBepaKeHHAM AIHCHOTO (aKTy iH(piKyBaHHS
pocaun BKII. 3acTocyBaHHsl HaBefeHUX Map npaiMepiB 103BOJISIO aMILIidi-
KyBaTH MOBHOPO3MipHY Komito reHomy Bipycy (2700 ocHoB).

Jans npoBenenns [1JIP BukopucroByBamu JIHK B 06’emi 3 Mk, BuaineHoi
OIHMCaHUM BHLLE CI10COOOM 3a AONOMOrolo TecT-Habopy. OKpim Toro, peakuirina
cymiwr mictuna 20 nkmousb npadiMepis, 200 nkmosb KoxxHoro nHT®, peakuii-
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 reqi [11] 3a gornomorow npu-
nany Bupoonuursa «Xuny-Kanyp» (Jlarsist) Ta Tpancinominatopa (Bio-Rad,
CIIA) 3 BukopucTaHHsIM cTangapTHux MapkepiB Gene Ruller 100 bp DNA
Ladder plus (Fermentas, Jlatisi) 3 nopanbuum ¢oTorpadyBaHHsAM reJiB B
yAbTpadioneToBOMy CBIT/Ii.

Pe3ysabTaTi Ta iX 0OroBOpeHHs

3a 2009 pik npoBeneHo 0OCTeXKEHHS arpoleHo03iB Ta Bindip 3paskiB 3.1a-
KOBUX KYJbTYPHHUX Ta OUKOPOCJUX POCJMH: MIIEHUL], SYMEHI0 Ta CyMNYTHIX
TpaB’siHMCTUX OYp’ sHiB 115 nopanbluoro BusinenHs BKIT.

O6cTexyBanu POCAMHHU 3 BipyCONMOAIOHUMH CUMIITOMaMH: »KOBTYXOI0 Ta
3HAYHOIO KapJsuKoBicTio. CUMITOMM Ha pocauHax Oynau tunoumu ans BKIT.

Yci BiniOpaHi 3pasku Ma/au 0COOJNUBUU iHTepec, OCKIJIbKH B JiTepaTypi
HeMae CTATUCTHYHUX JAHUX CTOCOBHO IMOLIMPEHHSI IaHOTo Bipycy B arpoue-
HO3aX MiBAHSA Y KpaiHH.

Y pesy/abTaTi NpOBeNeHOro NOC/iMXKEHHS (PiTOCAHITapHOTO CTaHy IO-
CiBiB 3€pHOBUX KyJbTYp IOKA3aHO, L0 B Pi3HUX paloHaxX MiBAHS YKpaiHU
Jy’Ke MOLIMPEeHUMH € cuMnToMHu, TUnoBi aast BKIT — noxoBTiHHS JTHCTKOBUX
MJIaCTHHOK, 3aTPUMKa POCTY Ta KapJHKOBICTb POCJHMH. 3BHUAHHO BiACOTOK
ypaKeHUX POCJIMH i CTYMiHb iX ypakeHHs1 Oysu pisHuMHU. Y pesysbrati [GA
Briepie aiarnoctoBano BKII B Opnecbkiit o6sacti Ha copTax 03UMO] MILEHUL
Censinka, Knona, 3naxinka Onecbka, Kysnbnuk, Onecbka 267 Ta Ha copTax
osumoro siumeHto Metenuisi, AGopureH, PocaBa, OcHoBa. ¥ XepCOHCBKIH i
Opnecskiit o6mactsix BKIT BusineHo Ha nukux 3nakax (Deschampsia sp.). B
Mukonaiebkilt o6macti BKII He 6yB BusiBieHHH.

[IpoBeneHUMH NOC/iI>KEHHSIMU BCTAHOBJIEHO 3HauHe nowupenHs BKII y
3€pPHOBHX arpolleHo3ax NesKUX 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

CiBaJikoBHi NoCiB
Copr
2.10.08 12.10.08
Pocasa _ +
OcnoBa _ +
Tamanb _ _
Mertenuus + _
Abopuren + _

YMOBHi NMO3HAa4YeHHS: — BipyCcy HeMae; + HasgBHICTb Bipycy

Tabauuga 2

Pesyabratu BusiBiaeHusi BKIl Ha o3umiii niwenuui B Opecbkiid 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

Opnecbka 267 _ + + _ _ _

Censinka + _ _ _ _ _

Kuona + + _ _ _ _

Suaxigka Opn. + + _ _ _ _

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

03UMOMY STUMEeHi POsIBJIeHO Ha Takux copTax sik PocaBa, OcHoBa, Meres,
Abopuren. O3umuil suMiHb OyB MOCISTHUH 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 mociBy. [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 B3araJi, 1110 KMOBIpHO MOKe CBiIYMTH MPO HOro He-
CIIPUMAHATAMUBICTD 10 NAHOTO BipycCy.

OrpumaHi pe3y/sbTaTu A03BOJSIOTh 3pOOUTH BUCHOBOK IPO 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 ctpoxky nociBy Ta Pocasa 2.10.08 ctpoky nociBy, Binmosia-
Ho. OTKe, ocHOBHUM crniocobom H6opotbbu 3 BKII Ha o3umomy siumeni mae
6yTHu Bubip criikux coptTiB. Tum He meHuie, ockinbku BKIT ¢ JITHK-BmicHuM
reMiHiBipyCcoM, AKHUH PerIiKyeTbCs B A1pi, MOLWYK COPTIiB 3/aKiB, CTIMKUX 110
J@HOTO TaTOreHy, MOXKe BUSIBUTHUCS HepeHTaOeJbHHUM.

TecTyBaHHa 3paskiB 03WMOI MIIEHHUL MOKa3aJjo, 110 Ha BiAMiHY Bin
O3MMOTO SUMEHIO, IKHH OyB YypaKeHHH B ONTUMAJbHUU /51 MOCIBY CTPOK
(10—15.10), na muennui BKII He BusiBieHO 32 1TOCIBY B ONTUMAaJ/bHUN TEPMiH.
Bin BusBasiBes Juiie 3a nmociBy 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 npu mociei 5. 09 na coprax Cesasinka, Knoma,
3unaxinka Onecbka, Kysanbuuk; 15.09 Ha coprax: Oneceka 267, Knona, 3na-
xinka Opecbka, Kysanbuuk; 25. 09 Ha coprax: Onecbka 267, KysnbHuk, a 3a
ctpoki nociBy 5.10; 15.10; 25.10 BKIT na >konHoMmy i3 BHILIEBKA3aHUX COPTIB
BUSIBJEHO He OyJo. ¥ 3B’SI3Ky 3 LIUM OCHOBHY yBary HeoOXiJHO MpUIiIATH
CBOEYACHOMY TOCiBY KyJbTyp (0 abo micas macoBoro jety BekTopis BKII)
Ta MPOBEJIEHHIO arpOTEeXHIUHUX 3aXO0/iB 3 KOHTpoJIto nonyasiii Bekropy BKII.
3okpema, Hamu OyJs0 3'§COBaHO, L0 3HAYHA KiJbKiCTb MOMYJSLiH BeKTOpa
BKII uukanku Psammotettix alienus, BUSBUJIACS HE3NATHOIO TEPEXUTHU
cyBopy ta tpuany 3umy 2009 poky, Tomy piBeHb iH()IKOBAHOCTI MOCIBiB Y
2010 p. BUSBHBCSI 3HAYHO MEHIIMM 33 MOKA3HUKU MUHYJHUX POKIB.

JIITEPATYPA

1. Aumumena 1. Metoanl /mon pen. Kerru JI. — M.:Mup. —1991(a). —
C. 68—92.

2. Aumumeaa 2. Meroas /non pea. Kertu JI. — M.:Mup. — 1991(b). —
C. 152—165.

3. Boiiko A.JI. Bnusinvie (pakTOpoB BHEILHEH cpefibl Ha BUPYCHI, HHMHUIIU-
pyroume pactenus //Cenbckoxossiicteennas 6uomnorusi. — 1989. — Ne 5. —
C. 120—125.

4. Boiiko A.JI. Dxosorus BUpycoB pactenuit / K.: Bumua mkosa. — 1990. —
167 c.

5. Fnymosa P.B. Ceposorusi ¥ MMMYHOXMMHS BUPYCOB pacTeHui / M.:
Hayka. — 1993. — 301 c.

6. 3auwuma pacTeHWH B YCTOHUHUBBIX CHCTEMAaX 3eMJIENOJb30BaHUS (B
4-x kuurax) / ITox obulefl pefakuueil JOKTOpa C.-X. HayK, npodeccopa, HHO-
ctpannoro wiena PACXH JI. llnaapa. — Munck. — 2004., Kuura 4. — 345 c.

Mikpo6ioaoeis i 6iomexronozis Mo 3/2011 75




U.U. I'yaseBa, A.B. lleBuenko, I'.A. Cuuryp, A.C. Bucos, b.H. Muskyc

7. 9Koa02u3upo8aHHas 3allMTa PAaCTEHWH B OBOILEBOJICTBE, CaIOBOI-
cTBe W BUHOrpamapctse (B nByX Knurax) / Ilox obuieli pepaxuueii 10KTopa
C.-X. HayK, npodeccopa, uHoctpanuoro usena PACXH 1. lInaapa. —CaHKT-
[Terep6ypr. — 2005., Kuura 1. — 336 c.

8. Sambrook J., Fritsch E.F., Maniatis Molecular Cloning. A Laboratory
Manual. 2nd ed. Cold Spring Harbor Laboratory, Cold Spring Harbor, New
York. 1989. 689 p.

9. Shepherd D., Martin D., Lefeuvre P., Monjane A.,. Owor B.,
Rybicki E., Varsani A. A protocol for the rapid isolation of full geminivirus
genomes from dried plant tissue // Journal of Virological Methods. — 2008,
— Vol. 149, Issue 1. — P. 97—102.

10. Tobias 1., Kiss B., Bakardjieva N., Palkovics L. The Nucleotide
Sequence of Barley Strain of Wheat Dwarf Virus Isolated in Bulgaria //
Cereal Research Communications. — 2009. —V.37(2). — P. 237—242.

11. Virus Taxonomy: The Eighth Report of the International Commit-
tee on Taxonomy of Viruses. (C.M. Fauquet, M.A. Mayo, J. Maniloff, U.
Desselberger, and L.A. Ball (eds).Academic Press, 2005. 1162 p.

U.N. T'yasesa', A.B. llleBuenko?, I'.A. Cuuryp?, A.C. bucos?, b.H. Muakyc'

'Onecckuit ToCcynapCcTBEHHBI arpapHbiil yuuBepcurert, yia. Kanartuas, 99, Oneca, 65039,
Ykpauna, e-mail: ogsi@te.net.ua, inna_gulyaeva@list.ru.
?KueBCcKuil HallMOHAIbHBIN YHHUBepcuTeT uMeHH Tapaca llleBuenko, yi. Bragumupckas, 64,
’K T i B 64

Kues, 01033, Ykpauna

PACITPOCTPAHEHUE BUPYCA KAPJIMKOBOCTH INMIUEHHWULLbI
HA IOT'E YKPAUHbI

Pedepar

Ha noceBax mniueHuLpl U SYMeHS I0’KHOTO perrvoHa YKpauHbl BbISIBJIEH
Bupyc KapiankoBocTH nieHuusl (BKII). Bupyc unentuguumpoBan npu nomo-
iy UMMyHOo(pepMeHTHOTO aHamu3a (MPA) u monnmepasHo LeMHOH peakiuu
(TTLUP). Cnenan aHaM3 pacrnpocTpaHeHUs BUPyca, U3ydyeHa COPTOBAasi 4yB-
CTBUTEJ/bHOCTDb 3/71aK0BbIX Ky/abTyp K BKII. Tokasana 3aBucuMocTb cTenenn
MOpa>KeHUs] 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 miveriarvritl maci ma Kysomypasvriti piouni Cordyceps sinensis (Berk.)
Sacc. idenmupikosarno 17 amiHoKuciom 3 OOMiHYBAHHAM 3-X HE3AMIHHUX:
ALBUHY, Neduuny, mpeoriny. Y 3acanrvHoritl @pakyii Ainidie miyeriarvHoi
macu C. sinensis anatioeno 10 HupHUX KUCAOM, @ 8 KYAbMYPALbHIl PiOUHI
— 12. Bussaeno nepesascants HeHACULeHUX HCUPHUX KUCAOM Y HCUPHOKUC-
rommomy ckaradi miveriarvnoi macu (77,82% ) ma kyromyparvhoi piouru
(74,34% ) C. sinensis. ¥ miyeriaroniii maci ma Kysvmypareuiii piouni C. si-
nensis 8cMaxosAeHo HassHicms simaminis B, B, B, A, C, kapomunoidis
ma 14 ximivnux esemenmis.

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

YuikanabHi BaactuBocTi rpubiB pony Cordyceps, siKi BAKOPUCTOBYIOTb Y
HapoaHi# Menuuuni Kutato npotsirom 6inbiu Hizk 1200 pokiB sIK yHiBepcaJsib-
HUH 3acib [0/ 3MiLHEHHS OpPraHiaMy Ta NpoQiJaKTHKHU Pi3HUX 3aXBOPIOBAHb,
BUKJMKAIOTh OCTAHHIM 4acoM Bce Oisbluuii iHTepec. BoHu 3ycTpiuaioTbes y
qicax Asii, €eponu ta [liBHiuHOi AMEpPHUKH Ta € eHTOMONATOTeHHUMH I'prubda-
MH, 110 MapasuTyoTh Ha ryceHulsix MeTeukis [10, 14—16]. Ocob.auBa yBara
BYEHHUX BCBOTO CBITy MPHUAiAEHA NOCHIIKEHHSAM JiKyBaJbHUX BJIACTUBOCTEH
Cordyceps sinensis (Berk.) Sacc (Kopmuuernc xutadicbkuii, «Tochukaso»,
«DongChongXiaCao») [10, 11, 13—15]. Cnoayku (KopauLencoBa KUCJIOTA,
aJleHO3MH, KOpIULeNiH, noJicaxapuan — D-riokaHnu, ranakTo30aMiHOTIIOKaHN
Ta iH.), 110 BXOASITh 10 CKJAMY LIbOTO JiKapCbKoro rpuba, nokpaulyioTb CTaH
iMyHHOI CHCTEMHM JIIOAMHH, MAIOTh NMPOTUIYXJIUHHY, aHTHOKCUIAHTHY, aHTH-
6akTepiajbHy, TiIOTEH3UBHY, aHTHAPUTMIYHY Jil0, MiABHULLYIOTb aNaNTHUBHI
MO2KJIMBOCTi OpPraHi3mMy, rajbMylOThb IPOLIECH CTaPiHHA Ta TPOMOOYTBOPEHHS,
rapMoHi3yTb 06MinHi npouecu [10, 11, 13—15], a TaK0XK MO3UTUBHO BILJIH-
BalOTb HA HEPBOBY, €HIOKPUHHY, CTATeBY Ta AuxanabHy cuctemu [10, 14—16].

[luTaHHS WO0A0 MOKJIMBOCTI BUKOPUCTaHHS MiuesiajnbHOi Macu,
KyJbTypaJ/jbHOi piinHU Oyab-fKOro rpuba Ajs XapuyoBHUX YU JiKyBasbHO-
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npodiJaKTUUHUX LiJeH MOB’sI3aHO 3 KOMILJIEKCHOIO OLHKOIO iX XapuoBoi Ta
6i0J10T{UHOI LIHHOCTI Ta MOLLIYKOM [elleBUX, €KOJIOTIYHO YUCTUX cyOCTpaTiB
— BiIXOMiB POCJWUHHOTO MOXOMKEHHS Ta XapuoBoi mpomucaoBocTi. OgHAaK,
icHye nediuuT pobiT, BUllleo3HaueHOoro HanpsAMKy. Kpim Toro, Ky/abTypasnbHa
pinnHa JiKapcbKUX rpubiB Ha BMICT NPOTeIHY, aMiHOKHUCJ/IOT, 2KUPHUX KUCJIOT,
BiTaMiHiB, MakpoO- Ta MiKpOeJ/JeMeHTIiB MauKe 30BCIiM He AOCJiIKeHa.

Meta Hawoi pob6oTH — mpoaHani3yBaTH SIKICHUH Ta KiNbKICHUH CKJan
MiLlesliaibHOT MacH Ta KyJbTYypaJsbHOI piauHu Jikapcbkoro rpubda Cordyceps
sinensis, BupolieHHoro Ha 6opouwni i3 CO,-wpoty amapanty Amaranthus
caudatus L — BinXomi BYTJIEKMCJIOTHOI €KCTpaKLil.

Martepiaau Ta MeTOaH

O6’ektoM nocaimkeHnHst 6yB wram 3 Kosekuii KyJbTyp LIAMHHKOBHUX
rpu6iB (IBK) Incturyry 60taniku imeni M.I. Xomognoro HAH Ykpainu [1]:
Cordyceps sinensis (Berk.) Sacc. 1928.

Cy6cTpatom [Jis TOBEPXHEBOTO KyJabTUBYBaHHS C. sinensis 6yB Biixon
pocsuHoro noxomxkenHs — 6opowno i3 CO,-wpoty amapanta Amaranthus
caudatus L. y xinbkocTi 60 r Ha 1 qiTp nuctuaboBanoi Bogu. Cy6ceTpar cre-
puJsisyBasu B aBToK/aBi y Konbax o6’emom 0,25 s 30 xB. npu 1 atm. [licas
cTepuaisalii cy6cTpaT iHOKyMOBaad romoreHizopanum Miueaiem (10% 3a
06’emoMm), 110 OyB BHUPOIIEHUH MOMepenHbO Ha damikax [letpi 3 riarokoso-
MEeNTOHHUM arapu3oBaHUM cepeloBHUllleM. [HOKY/1bOBaHi cCyOCcTpaTu 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 33 JOIOMOIOK
giodinbHoi cymku Cryodos-50 (Icnanis).

3aranbHui a30T y 6iomaci Ta Ky/abTypaJbHill piIvHi BU3HAUAJMH 32 METO-
nom Keenbnans [6]. Cupuii npotein po3paxoByBaJiu MepepaxyHKOM KilIbKOCTi
3araJibHOro a30Ty 3 BUKOPUCTaHHAM KoediuieHTy 4,38 [9].

BusHaueHHs1 cuporo xupy nposoausocs 3rigHo 3 metonukow M. Keifitca
[3]. BctaHoBIeHHS XKUPHOKUCAOTHOTO CrieKTpy BukoHaHo 3rigHo 3 JICTY ISO
5508-2001 [2]. XpomaTorpadiunuii aHaIi3 }KUPHUX KUCJIOT MPOBEIEHO HA ra3o-
Bomy xpomarorpadi Kpucran Jlioke 4000 (Pocis) 3 moaym’ sHo-ioHi3auinHUM
NIEeTEKTOPOM, Ha KaminspHiid KomoHui SP-2560 (Supelco). Mexa BusiBIeHHS
xupHux kucaotT — 0,01%.

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

Bcranos/ieHHs HasBHOCTI BitaMiny B, saificHioBanu 3 pu6o(hIaBiH3B’ A3yI04MM
arnobisKoM 3 Oi/ka Kypsiuux sielib BianosigHo no metoauku B.M. Konenuogoi [4].

BusiBnienns HasiBHOCTI Bitaminy B, saificHroBasu MiKpoOioJOTiYHMM Me-
TomoM [5] 3a momomorow iHAUKATOpHOI KynbTypu Escherichia coli 113-2,
ska Mae uyTauBictb 0,005—5,0 MKr/mi, 0 103BOJsie BUSBUTH Ay»Ke Masi
KiJIbKOCTi BiTaMiHy (MiKporpamu) y cepemoBHILI.
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BusHauenHs BiTaMiHy A Ta KapOTHHOINIB BU3HAYA/IH KOJOPUMETPUUHHUM
METOIOM, 3aCHOBAaHUM Ha KOJbOPOBHUX PEAKIifiX 3 TPbOXXJIOPUCTOI CYPMOIO
y xjaopodopmi Ta TpUPTOPOUTOBiH KUCJIOTI [8].

BcranoBnenns Bitaminy C 6a3yBajocs Ha peiyKyHOUHMX BJIACTHBOCTSX
ackopOiHOBOI KUCJIOTH [6].

HasiBHicTb XiMiuHUX esieMeHTiB 3ailcHIOBaIM Ha Mac-criekTpomeTpi [CP-
MS ananizatopom Thermo Finnigan Element-2 (Himeuuuna) [7].

[ToBTOpHICTB AOC/iNIB TPUKPATHA, Pe3yJ/IbTaTH eKCIIepUMEHTIB 00p0oOJ/IeHO
MeTOdaMU MaTeMaTHYHOI CTATUCTHKH 3 BUKopucTaHHsiM Microsoit Excel.

Pe3yabTaTu Ta 06roBOpeHHs

BusiBjieHo BHCOKMH BMICT MpoOTeiHy y MileJianabHill Maci, i cobauBo, y
KyJabTypanbHi#l pinuni C. sinensis (puc. 1). Cnin 3a3HauuTH, IO KiJbKiCTb
OTPUMAHOTr0 MPOTeIHy y MiLleJliaJbHIld Maci aHaJ/IoTiuHa TaKid, O OTpUMaHa Mpu
BupolryBaHHi C. sinensis Ha TJII0OKO30-TIeNITOHOMY cepenoBHili [16] i 6inbiua 3a
OTpPHUMaHy MpH KyJbTUBYBaHHI JaHOr0 BUIY rprOa Ha KapTOMJISHO-TJIOKO3HOMY
cepenoBulli [11, 14]. Bmict nporeiny y nocnimkeHi# Ky/JabTypanbHi# piauHi
C. sinensis y 12 pasiB BULLIMH, 32 pe3ynbTaT OTPUMAHUH iHIIUMH BYeHUMH [11].

Bax/MBUM KOMIIOHEHTOM KJiTHHU rpuba € CUpUH »Kup, TOOTO cyma pedo-
BHH, 1110 €KCTParylThCs CipYUCTUM UM NTeTPoJeHHUM eTepoM. byno BinmiueHo,
110 B NpOoLECi KyJbTUBYBAHHA NOCJIIKEHOI0 €HTOMO(DiIy Ha CepeaoBHIL 3
6opownom i3 CO,-lIpoTy amapaHTy y #oro MilesiaabHill Maci Ta KyJabTypaJb-
Hill pigMHi MicTUTbCA MeHWa KiabKicTb (<7 %) cuporo xupy (puc. 1), Hix y
HaBeJleHUX NaHUX iHLIUX aBTopiB [14, 16].

‘ @ Cupuin npoTteiH O Cupwuin xup ‘

28,9

% Ha aGCoOMNMTHO CyXy Pe4OBUHY
o
Il

MiuenianbHa maca KynbTypanbHa piguHa

Puc. 1. BumicT cuporo nporeiHy Ta cMpOro »Xupy y miuedaianbHiil Maci Ta KyJabTypaJjbHil
pinuni C. sinensis.

Fig. 1. Crude protein and crude fat content in mycelial biomass and culture liquid
of C. sinensis.
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Bcranosneno, 1o miuenianbHa maca C. sinensis Mae Takui ke Habip
aMiHOKHCJIOT SIK i KyJbTypaJsibHa pinuHa. Bussiaeno 17 aminokucsaot (taba. 1).

Tabnuusa 1
AmiHokucaotHuil ckaan C. sinensis, % Bij 3aranbHol KilbKocTi
Table 1
Content of amino acids in C. sinensis, % of total protein
AmiHOKHCJIOTA MiueaianbHa maca KyabTypasabHa piauna

Jlizuu 8,4+0,0 6,3+0,0
TicTunun 3,0=+0,0 2,3+0,1
Aprinin 5,1=0,1 4.5+0,0
AcnaparinoBa KucsoTa 6,3+0,0 9,1+0,5
Tpeonin 7,2+0,1 7,840,2
Cepun 6,7+0,0 9,1+0,1
[ytamiHoBa KucJora 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
Jlewun 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 aMiHOKHCJIOT 39,1 38,3

2., 3aMiHHUX aMiHOKHCJ/IOT 60,9 61,7

X/Z, 0,64 0,62
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16 amMiHOKHCJIOT ineHTH(IKOBAHO Yy MillesTiasbHill Maci i 15 amiHOKHCIOT y
KyJIbTypaJ/ibHi#l piAMHI NpU KYJbTHUBYBaHHI LIbOr0 BUAY rprba Ha KapTOMJISIHO-
rioKo3HoMy cepenouili [11]. B inmux po6otax [12, 14] miuenianbHa maca
C. sinensis mana 17 ta 18 aminokucJgot, Bignosigno. CJim BigsHauUTH, IO
y BCIX [IOCJiIKeHHSX 30epiraeTbcsl TEHAEHLis NOMiHYBaHHS IJyTaMiHOBOI
KHUCJIOTH | KiJIbKiCHe KOJIMBaHHS OKpeMHX aMiHokucjoT. Cepen He3aMiHHUX
aMiHOKHUCJIOT Haiuoro mramy C. sinensis HalKpalle rnpeacTaBJ/IeHi Ji3uH, TPeo-
HiH, JefiuuH (TabJ. 1), 1o cniBnazae 3 pesy/abTaTaMH iHIINAX AOCIIHUKIB [12,
14]. AMiHOKMCJIOTHHE CKJIa[ TOTO UM iHIIOTO OiJKa BH3HAUa€ HOro LiHHICTb,
Ky JiMiTye HaHOi/NblI piiKicHA 3 He3aMiHHUX aMiHOKHMCJAOT. MiHOpHUMH Y
Milleslia/ibHiA Maci Haloro rpu6a BUSIBJIEHO CipKOBMICHI aMiHOKHUCJIOTH LIMCTHH
Ta METIOHIH, a y KyJbTYypa/JbHill pinuHi — Julle MeTioHiH. Llg amiHokuca0Ta
Oy/aa TakoXK JiMITyI04ol0 y iHIIKX AocaimKeHHsax [11, 14].

Y saranbHill ppaxkuii jgininis minenaianbaoi Mmacu C. sinensis BusiBjerno 10
JKUPHUX KHMCJIOT, a B KYJbTypasbHi# pinuni — 12 (taba. 2).

Tabnuus 2
Ckaaja KupHUX Kucaot rpuba C. sinensis, % 00 CyMH JKUPHUX KUCJOT
Table 2
Content of fatty acids in C. sinensis, % of total lipids
Joma | KT | s s | 9o

MipictunoBa Cio 0,36 0,44
IlenTanexkanoBa Ciso 1,54 0,21
[TasbMiTHHOBA Ciso 16,43 20,33
[TanbmiTosreinoBa C 0,33 0,33
[enranekanosa Ciro 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 Cypoo — 0,51
Berenosa Coo — 0,31
2. HacHyeHi 2218 25,66
2. HeHacuyeHi 77,82 74,34
X/Z, 3,5 2,89
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Cepen HeHacHUeHMX KUCIOT nepeBaxae jinosesa (C g, ) (Tabu. 2). 3na-
YHMH TakoX BMicT oJsieiHoBOi KucaoTH (C o\ ), BiICOTOK AKOi OyB Maiixe
Ha OJHOMY piBHi y Millesia/bHi#i Maci Ta KyJabTypasnbHiil pinguni C. sinensis.
Bucoxuil BMiCT 0/1€1HOBOI Ta JiHOJE€BOI KMCJOT Bil3HAUEHO TAKOX Yy iHLIIH
po6oti [16]. Henacuuena nanbmiTosieiHOBa KHCJIOTa Halikpaile OyJja mpen-
CTaBJieHa y KyJbTypanbHi#i pinuni C. sinensis. 3a pesy/JbTaTaMu aHafi3y
JKUPHOKHMCJIOTHOTO CKJIaAy MilleJlia/ibHOI Macu Ta KyJbTypPaJbHOI PiIMHU
C. sinensis Ta nanuux Jjitepatyp [14, 16] nepeBakaloTb HeHaCHUEH] KUPHIi
KUCJOTH (TabJ1. 2).

3 nitepatypu [10, 14] Binomo npo HasiBHiCTh y MiuesianbHi# maci C. si-
nensis BitTamiHiB rpynu B, E, K. bBinbi akicHuii BitTaMiHHUN Tpodinb BUSABJIEHO
Hamu y MiuenianbHill maci C. sinensis (taba. 3). Cjain TakoxX BiI3HAUUTH BU-
coku#i BumicT BiTaminy C Ta Buwmil pisenb Bitaminy B, y CO,-wipori amapanty
Ta KyJbTypaJbHill pinuni C. sinensis.

Tabnuus 3
Bwmicr siTaminis y Giomaci rpuba C. sinensis ta cyo6crpati 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
Bitamin CO,-wpor ama-
P Miuexianona 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
KapoTusnoinu, 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
BUsiBJeHO 14 Ximiunux esemeHTiB (Ta6.a. 4), MiuyHo [14] Bin3HauuB ¢axr
inentugikysanusa 20 enemenTtiB. MiHepasbHi peyOBMHM He MalOTb eHepre-
THYHOI LIiHHOCTi, MPOTe BOHU O€pPyThb AKTHUBHY Yy4acTb Yy KUTTEMiSNbHOCTI
JIIOJIMHYU, BUKOHYIOUH PeryJaToOpHYy (yHKLilO y 0OMiHi pe4oBHH, BXOIATb 10
CKJany 0araTbox (bepMEHTIB, € OJIHUM 3 OCHOBHUX MaTepiaJiB 15 NoOynoBH
KiCTKOBOI TKAQHUHH.

BuMicT 6iabLIOCTI esieMeHTIB [elllo BiApi3HSETbCS y 3paskax cyocTpary,
MiLleslia/ibHOT Mack Ta KyJabTypadnbHoi pinunu C. sinensis. ¥ Tol ke yac Kijb-
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kictb Ti, Cr, Mo, Bi Ta P 3HaxonuTbcs Ha oqHOMY piBHi y BCiX HOCTiIXKEHUX
3paskax. Haiibinby yBary npuBepTamThb eceHliasbHi MikpoesemeHTH Mn,
Co, Cr, Mo, Cu, Zn, gaki MalOTb BakK/JUBe 3HAUeHHS I/ JIOOAUHH. Amxe
nediuuT UMX eJeMeHTiB MPU3BOAUTh 10 BUHUKHEHHS KJiHIYHUX CUMITOMIB.
[Ipo HewKimIuBicTh AOCHiIKeHUX Hamu 3paskiB cyocrpary (CO,-wmpot
aMapaHTy) Ta eHTOMO(iIbHOro rpuda CBiMUUTD BiICYTHICTb HEOE3MEUHUX AJIsT
OpraHi3Mmy JIIOJMHU i0HIB KaaMilO Ta PTYTi.

Tabauia 4

Bmict XimiuHux esqemeHTiB y cy6cTparti, MiueaiaabHii maci

Ta KyJAbTypaabHil 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 Miueaiasibia maca KyabTypasbha pignna
Cd He 3HaWmeHo He 3HaWIeHOo He 3HaWmeHo
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

Takum umHOM, OTpUMaHi pe3ysabTaTH AOCHIIKEHHS XiMIYHOTO CKJaLy
MilLleslia/IbHOI MacH Ta KyJbTypaJsbHOI piluHuU JiKapcbkoro rpuda C. sinensis
JAI0Th 3MOTY KOHCTATyBaTH 3HAYHY IX XapuoBy Ta 6ioJoriyny wHiHHiCTh. 3 mo-
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3ULlii 6€3BiIXOMHOI I €KOJIOTIYHO YUCTOI NepepoOKHU BTOPUHHUX MaTepiaJbHUX
pecypciB OTpHUMaHi AaHi cBiguaThb MpoO e(PeKTHBHICTb BUKOPUCTAHHS LIPOTY
amMapaHTy sk cyOcTpaTy [/151 BUPOLLYyBaHHS IpHUOiB.

Ortxe, HasABHICTb B cKaafi Jikapcbkoro rpuba C. sinensis BUSIBIEHOTO
KOMIJIeKCY OioJIoriyHO aKTUBHHUX CroJayK (6i/KiB, /inifiB, BiTaMiHiB, MiKpoedse-
MEHTIB) CBiIYUTb PO MOKJIMBICTb BUKOPUCTAHHS HOro MillesliafbHOI Macu Ta
KYJbTYpPaJJbHOI PiAMHHU [IJIsT CTBOPEHHS Ha X OCHOBi XapuoBUX ab0 i€ THUHUX
N00aBOK, IHTpeieHTiB (PYHKLiOHAJbHUX 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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T.A. Kpynoaeposa, B.KO. bapwreiin, H.A. bucbko, T.C. UBaHOBa

TocynapctBenHoe yuepexaeHue «MIHCTUTYT MHUIIEBOH OGHOTEXHONOTHHM U MeHOMHKH
HauvonanbHoil akaneMuu HayK Y KpauHbI»,
ya. Ocunoscekoro, 2a, Kues, 04123, Ykpauna, teq.: +38 (044) 462 72 59,
e-mail: yemets@list.ru

COCTAB MULLEJIMAJIbBHOU MACCHI U KYJIbTYPAJIbHOH
YKUIIKOCTU CORDYCEPS SINENSIS (BERK.) SACC.
(ASCOMYCETES)

Pedepar

B MuuenuanbHON Macce U KyJabTypanbHOU xkunkoctu Cordyceps sinensis
(Berk.) Sacc. unentuduurpoBansl 17 aMUHOKUC/IOT C TOMUHUPOBaHUEM 3-X
He3aMeHUMBbIX: JIM3WHa, JeHlluHa, TpeoHnHa. O61as Gpakuus JUNIUI0B MHU-
ueauanbHoil Maccel C. sinensis conepKuUT 10 KUPHBIX KUCJOT, a B KyJAbTY-
pasibHOM KUAKOCTH — 12. BrisiBIeHO npeo6J/1anaHie HeHaChILEHHbIX XKHPHBIX
KHCJIOT B »KMPHOKHCJIOTHOM COCTaBe MullennanbHoil Maccebl (77,82%) u
KyJbTypasabHo# xuakocTu (74,34%) C. sinensis. B MulenuanbHoil Macce u
KyJ/IbTYpaabHOH XKuAKOCTH C. Sinensis yCcTaHOBJEHO HaJlMiKe BUTAMUHOB B,
B,, B,,, A, C, KapoTHHOUIOB U 14 XUMHYECKHX 3JE€MEHTOB.

Knwouesbie cnoBa: Cordyceps sinensis, MuLeranbHasi Macca, KyJb-
TypaJ/bHas KuakocTb, CO,-IIpoT amapaHnTa.
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PICT TA IHTEHCUBHICTDb IMPOLECIB NEPEKUCHOI'O
OKUCHEHHA JINIAIB LHTAMY
PLEUROTUS OSTREATUS P-107

Hocriomceno Ounamiky HakonuuenHs Giomacu ma micmy npooyKmis
nepexkucHoeo oxkucHenns ainidie (I10J1), akmusHux 0o miobapbimyposoi
Kucaomu, y miverii ma Kyabmyparvromy girempami wmamy P-107 eausu
Pleurotus ostreatus, ujo KYaAbmusysaIU HA 2AOKO30-NENMOKHKOMY Ma CMAH-
0apmHoOMY CUHMEeMUUHOMY HUBUAbHUX cepedosuuiax. Becmanosaerno, wo
birvuie Hakonuuenns biomacu ma menuia Konyenmpayis npodykmis [10J1
NPUMAMAHHI KYAbMYpPL, W0 POCAG HA 2AHOKO30-NEeNMOHHOMY cepedosuiii.
Ha obox cepedosuuiax 8ussaeni NOOIOHI 3aKOHOMIPHOCME OUHAMIKU BMICTLY
npodykmis T1OJI.

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

OcTaHHiM yacoM WBHMIKO 3pOCTa€ iHTepec 10 MPOMUCJIOBOTO TpH-
6iBHULTBA Ta OiOTEXHOJOTIH OTPUMaHHS OiOJIOriYHO AKTHUBHHUX PEYOBUH
(BAP) rpu6bnoro mnoxomxenHusi. Kcunorpoduuii 6asumiominer riauBa 3BHU-
yaiina Pleurotus ostreatus (Jacg.: Fr.) Kumm. 3aiimae ogHe 3 mposiz-
HUX MiCLb y CBiTi 3a 3arajbHOIO KiJbKiCTIO BUPOOJIeHOI IpUOHOI MPOAYKLUil
[5, 11]. Kyabrypu P. ostreatus 3maTHi poCcTH HaA AOCTYNHHX Ta MaJo-
LiHHUX cyOcTpaTax, BUSIBJASKTbH CTiHKICTh 00 WIKIAHUKIB i XBOPOO TOILLO
[3, 5, 11]. BcranoBseHo, mo e rpud Mae BUCOKY 6ioJIOTiUHY LiHHICTB i
JIIKYBaJIbHO-NIPO(iJIAKTUYHI BJIACTUBOCTI Ta € MPOAYLEHTOM Pi3HOMAaHiTHUX
6i0JIOTIYHO AaKTHUBHUX pevyoBHH. Barato 3 HUX BUSB/ASAITL (hapMaKoJoriy-
HY aKTHBHICTb Ta MalOTb AHTHOKCHIAAHTHY, AHTUBIPYCHY, NMPOTUIYXJHHHY,
aHTU(YHraNbHY, PafiONPOTEKTOPHY i IMyHOMOIEJ/IOBAJIbHY JIKAPCBhKY Hit0
[1, 4, 11, 12]. IlopiBHAHO 3 MpOAYKTaMH XiMiYHOTO CHHTe3y MpenapaTd 3
[VINBU 3BUYAHWHOI € MEHII TOKCUYHUMHM i e(peKTHUBHIIIMMHU MPU 3aCTOCYBAHHI
y MeauuHi# npaktuui [1, 9, 12].

HatirosnoBHiliow yMoBOIO Ha/leKHOTO POCTYy, (YHKLiOHYyBaHHS Ta 6io-
CUHTETHYHOI aKTUBHOCTI »KMBHUX OPraHi3MiB € CTaJ/liCTh BHYTPILIHbOTO Cepen-
OBMIIa — roMeocTas. Moro ck/IafoBol0 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 6araTopiBHEBOTO aHTHOKCHIAHTHOTO 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 {HIIKMX (PEHOJIOBMICHUX PEYOBHH, L0 Mae CyTTEBe afamnTalliiHe
Ta eKoJIoTiuHe 3HaueHHsd [8].

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

Taxum unHowm, naui npo Bmict npoaykTiB [T1OJI y 6iosoriunomy mMatepiasi
MOXKYTb HaaTH iH(OpPMALLI0 PO CTaH KUTTEAIANBHOCTI 06’ €KTa. 9K KiNbKicHi
mapkepu iHTeHcuBHOCTI [1OJ] Haliuacrille BUKOPUCTOBYETbCS OOMH 3 HOro
KiHIIeBUX MPONYKTIB — Ma/JoHOBUH mianmbaerin (MIA).

MeToto po6oTu Oy/10 BUBUEHHSI POCTY Ta iHTEHCUBHOCTI MpOLECiB Mepe-
KUCHOTO OKMCHeHHs JininiB wrtamy Pleurotus ostreatus P-107 (Jacg.: Fr.)
Kumm.

Marepiaau i metoau

O6’exkT mocuaimkenns — wram Pleurotus ostreatus P-107, BugiieHui 3
OUKOPOCTYYHX MJ0on0Bux Tij, 3i6panux B HIIIT «Cesari ['opu» Ta nernonosa-
HUH Y KoJleKUil KyabTyp wanuHkoBux rpubis (IBK) Inctutyty 6oTaniku iMeHi
M.T. Xononnoro HAH Ykpainu.

[nTponykoBanuil wram P-107, mo Mae nmopiBHSHO BUCOKi pOCTOBi Ta
6iOCHHTETHYHI XapaKTePUCTHKH, KyJbTHUBYBalu npu temneparypi 27,5 °C
B kosa6ax Epsnenmeriepa emuictio 250 ma Ha rawokoso-nentonHomy (ITIC)
Ta crangaptHoMy cuHTeTHuHoMY (CC) >KMBUJIBHUX CepeloBHILaX 00’eMOM
50 ma. )KuBuabHi cepenobuina mManau takuil ckaan (r/ a): TTIC — riokosa
— 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 kKynbTuByBanHs — 15 1i6. Matepianamu nss
JOCJIiI?KeHb CJYTyBa/M romMoreHizoBaHuil miueniit (MI') ta Ky/abTypasnbHU#
dinbrpat (K®). [Ins onepkaHHS TOMOreHaTy MilleJlil0 TeMIepaTypy 3paska
noBomusu o b=+1 °C. Miueniil Bigainsiaiv Big KyJbTypaabHOI PiIHHHU ILIISTXOM
¢hinbTpyBaHHA uepe3 (iabTpyBasbHUE nanip. OTpuUMaHui Miuesi#i 1oaaTKo-
BO NIPOMMBAJIM Y AMCTUIBOBAHIA BOAI Ta MiACYyLIyBa/Iu Ha (PibTPYyBaIbHOMY
nanepi i oxonomxkysanu 1o 0+1 °C. Ilinrorosnenunii miueniii roMmoreHisyBann
IISIXOM po3TupanHs y crynui. Ocan Binminsaau ueHTpudyryBaHHSIM Ha ped-
pukepaTtopHiil 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/IIOUAJHW BU3HAUEHHS BMICTY
nponyktiB [1OJI [7], cupoi Ta cyxoi Giomacu Milesil0o BaroBUM MeTOIOM;
pH KysabTypanbHOro inbTpaTy noTeHUioMeTpUUHUM MeTonoM Ha pH-metrpi
150 MU, Bumict 6inka Ha cnekrpodortomerpi CP-26 3a metomom Bapbyp-
ra—Xpuctiana [6]. [HTeHCUBHICTb MpoLECiB TEPEKUCHOTO OKUCHEHHS JIiMifiB
y MileJii Ta KyJbTypaabHOMY (pifbTpaTi BU3HAUaNU 32 BMICTOM NPOAYKTIB
[10JI, aktuBHux no Tiobapb6iTypoBoi kucaotu (TBK-AIT), 3 BuKOpucTaHHSM
mMozauikoBaHoro Metony [7]. B ocHOBi MeTomy JieXKHUTh peakuist MiK MaJjo-
HoBUM ninbaerinom (MJA) i tiobap6iTyposoto kucaororo (TBK), wmo Bene
JI0 yTBOPEeHHS 3a0apBJIEHOr0 TPUMETUHOBOIO KOMILJIEKCY 3 MaKCHMYMOM IIO-
TJIMHAHHS TP 535 HM.

Jocniny npoBoauan y TpuKpaTHii nosTopHocTi. OTprUMaHi eKcrepumMeH-
TaslbHi NaHi 0OpoOJIANIM 3 BUKOPUCTAHHAM Mporpam MAJjs NPOBENEeHHS CTa-
TUCTHYHOI 0OpPOOKM pe3y/ibTaTiB Oi0/NOriYHUX eKcrepuMeHTiB. JJocToBipHOIO
BBa)kaJsiacsl Pi3HHLIS MPHU MOKa3HUKY noctoBipHocTi P>0,95 [10].

Pe3ysabTaTi Ta X 0OroBOpeHHs

OpnHuM i3 TOKA3HUKIB MPUAATHOCTI XKUBUJIBHOTO CEPEIOBHILA 10 KYJJIbTH-
BYBaHH# LUTaMiB 6a3UiOMilleTiB € HaKoNUueHHs 6iomacu miledito. [IpoBeneni
JOCJI?KeHHs ToKasaau (puc. 1), mo mix yac Ky/abTuByBaHHS witamy P-107
Ha [TIC cnocrepiranocsi cTpiMke Hakonu4eHHS OioMacH MPOTSTOM YChbOrO
nepiony KyJbTUBYBaHHS, siKe T0CATJIO Ha 15-Ty 106y MaKCHMaJ/IbHUX 3HaueHb
142,48 r/n, wo ckaanae 3,28 r/n y nepepaxyHKy Ha cyxy Giomacy.

il

6 9 12 15
Yac KynbpTHBYBaHHSA, 100a

EAN

B rrc
[ cc

(98]
|

[\

Cyxa Giomaca, r/1

Puc. 1. Hakonunuenns 6iomacu wramom P-107 na I'MC ra CC

Fig. 1. Accumulation of biomass by strain P-107 on GPM and SM
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Crnoctepiranu i KynbTypaabHO-MOP(OJIOTiyHi BiIMiHHOCTI MiLeJIil0 Ha 3a-
cTocoBaHux cepenosuinax: miuenit Ha CC, y nopiBusingi 3 [TIC, 6yB meHL
LLIJIbHUH Ta MepeBaKHO 3aHypeHUH y KyJabTypaJsbHy piauHy. ['anbmyBaHHS
pocty wramy Ha CC, BiporiaHo, MosICHIOETbCS 3HHUXKEHHSIM KOHLIEHTpaLil
HeoOXiIHUX 1J/1 POCTY KOMIIOHEHTIB CepeIOBHILA, B TOMY YHUCJi i CHOJYK
Hitporeny, HakonuueHHsIM NPOAYKTIB 0OMiHY Ta, IK HaCJiI0K, 0OMe>KeHICTIO
MO’KMBHUX PEUOBHUH B KJITHHAX LITAMY.

CrocoBHo 3MmiHu pH K® wmokHa 3a3HauuTH, 1110 BOAHEBHUH MOKA3HUK
000X >KUBWJIbHUX CEPEeOBUIL POTArOM TEPMiHY KyJbTUBYBAHHS MOCTYIOBO
samxkyBaBcs. Ha I'TIC, Buxinne pH sakoro nopisaroBaso 6,49 on., BonHeBHi
MOKa3HUK 3HU3uBCS no 5,05 onm. Ha 15-Ty moby Ky bTHBYBAHHS, TPUUOMY
6isbll iHTEHCHBHO Lie BinOyBasocs Ha 12—15-1y no6y kynbruByBanHs. Ha CC
6ysi0 BimmiueHe mocTymnoBe 3HMKeHHs pH 3 mouyaTkoBoro piBHs 4,45 on. 1o
3,25 on. Ha 15-Ty no6y pocry. Lle, fiMmoBipHO, MOB’s13aHO 3 GIOCHHTETHUHUMHU
BaacTuBocTAMHU wtamy P-107 — cuHTe3om MeTaboJiTiB KUCJ/I0I MPUPOAH Ta
3MIHOIO CKJIay CepeloBHUIIA.

AHnaniz nuHamiku BMmicTy OifKa y KyJbTypaJsibHiil piiuHI MOKa3as, IO
(p<0,05) mpu kynbruByBauHi wramy P-107 na ['TIC BmicT 6inka 3 mouaTKo-
Boro piBHs 1,43 MTI/MJ He3HayHO 3MeHiuBes 10 1,11 mr/ma Ha 12-Ty 106y
3 MOAA/IbLIKM TiABHIIEHHAM 10 piBHA 1,49 mr/mi Ha 15-Ty no6y. Lle, fimo-
BipHO, MOSICHIOETBCS THM, 110 HA M0OYaTKy Ky/JbTUBYBAaHHS MPOLECH CUHTE3Y
exk3o(epMeHTiB Ta po3kaany 0inkoBux peuoBuH y K® BpiBHOBakeHi. Takox
Tpeb6a BpaxyBaTH, LI0 HU3bKUH piBeHb HAKOMUYeHHS OiOMacu Ha MOYATKY
KyJIbTHBYBaHHSl 0OyMOBJIIO€ He3HAuHUH CHHTe3 UuX (pepmeHTiB. [Tomanbiie
KyJ/JbTUBYBaHHS BeJle 10 3MillleHHS] piBHOBAru Ha KOPUCTh po3kJaany 6inka. Ha
15-ty noby, iimMoBipHO, HA (DOHI BUHUKHEHHS He(ilUTy MOKUBHUX PEYOBHUH,
BinOyBa€eTbCS MOCUNEHHS CUHTE3y €K30()epPMEeHTIB, L0 MPU3BOAUTD 10 MilBH-
11eHHs BMicTy 6inka y K HanpukiHLi KyJbTUBYBaHHS. ¥ CK/IaMi CHHTETUYHOTO
’KMBHUJIBHOTO cepefoBULIa OiKoBI crosnyKy BiacyTHi. [1in yac KynbTHUBYBaHHS
mramy P-107 na CC, koHueHTpalis 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/mu. Lla nuHamika nos’si3aHa, MOXKJIMBO, i3 CUHTE30M T03aK/i THHHUX
(hepMeHTIB, 1110 3a6e3Meuy0Tb NPOLECH XKHUBJEHHS.

AHnani3 naHux iHTEHCHBHOCTI MpolieciB MepeKUCHOTO OKUCHEHHS JIiMiliB Y
mineJii gocainzkyBasoro wramy P-107 (puc. 2) 103BoJisie 3a3HAUUTH, 1110 BMICT
npoayktis I1OJI BUsiBUBCS 3HAUHO BULIMM y THX 3paskax, L0 3pOCTald Ha
CHHTETUYHOMY KUBUJIBHOMY Ce€pPEeOBHUIL, OHAK MOXKHA BIAMITUTH MOAIOHICTD
y AMHaMili BMiCTy MaJIOHOBOTO Jiasbleriny B MileJil Ha 060X cepeloBHILAX.
Pisenb [1OJI Ha moyaTok pocTy Ky/JAbTYypH He BU3HAYAJH, OCKIJIbKU KiJlbKiCTh
{HOKYJ/IIOMY € HeOCTATHbOK AJs1 NPOBENEHHS AOCIINy.
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Puc. 2. Bmict TBK-AIl y miueait wramy P-107 nia uac kyabtuByBanus 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 na I'TIC, maB nBa MakcuMyMmu Ha 6-Ty Ta 12-Ty 106y Ky/JbTHUBYBaHHS —
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 I['TIC, HaliGinbmui
BumicT TBK-AIT y miuedii cioctepiraBest Ha 6-ty i 12-ty noby pocty. Ha 6-ty
no0y BiH cTaHOBUB 23,4 HMOJIb/T, a Ha 12-ty — 22,0 HMOJ1b/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 BinMmideHi 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 anss CC. Tex came
crioctepiraetbest i y Bunanky ans ['TIC gnst 3Hauens 6-1oi, 9-1oi i 12-Toi nodu.
Lle nosicHioeTbest TUM, 10 Ha BiaMiny Big I'TIC, CC mictuts coai depymy (II)
i mapraunuo (II). ITo mipi ix HagxomKeHHS OO KAITUH Tpubda 36iNbLIYETbCS
LWIBUAKICTb YTBOPEHHS TiAPOKCUJBHUX PAaAMKaJiB Ta iHIIMX aKTUBHUX (DOPM
OKCHUTeHy, ToOTO iHTeHCcUBHicTh mpoueciB [TOJI.

JlepeBopyliHiBHI MiLlesianbHi rpuOH, 1110 BUKJUKAIOTh Oily THUJIb I€PEBU-
HM, € OCHOBHHUMHM J€CTPYKTOPAMHU JirHiHy B npupodi. s pyliHyBaHHS LIbOTO
noJsiiMepy, JIrHOTpo(u yTBOPIOKTh A€KiNbKa THUIIB BiJbHUX paauKaliB, 3a-
BISIKM YOMY 3alyCKAaEeThCS JIAHLIOT CIIOHTAHHUX JAerpafalidHuX peakuii [8].

Bwmict nponykriB I1OJI y K® (puc. 3) Ginblie sik y ABa pa3u HUXKUHUH,
HiK y Mitedii. $IK BUgHO 3 rpadiky, MakcUMaJjbHi 3HAUEHHSI BMiCTYy MPOIYK-
tiB [IOJI B K® Ha 000x cepenoBuillax HaOyBalTh HA MOYATKy KyJbTUBALii
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Puc. 3. Bumict TBK-AIl y KyabtypanbHomy ¢inbTpati wramy P-107 nig yac
KyabTuByBaHHs Ha '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 umosi/ma y CC). Ha 15-ty 106y depmenTaii
ui moxasHuku ckjaanu 3,8 umosab/ma (I'TIC) Ta 3,7 umomab/ma (CC). Oue-
BuiHa nonibuicth muHamiku BMicTy TBK-AIl y K& nocnimxyBanoro mramy
NpU KyJbTUBYBaHHI Ha 000X CepeloBHIIAX, SIKA MOJArae y BiKOBOMY 30iry
MakcuMyMiB akTuBHOCTI npoueciB [1OJI nocainkenoi kynbTypu P. ostreatus.
HesBarkatoun Ha Te, 1110 BUKOPUCTAHI KUBUJbHI CEPeIOBULIA HE MiCTATb JIir-
HiHy, Y mocJini noBeneHa 3aaTHicTb witamy P-107 no iniuiloBaHHSI peakuiit
[TOJI y 30BHilLIHBOMY CepeaOBHUILLI.

Takum ynHoM, mpu BupollyBaHHi wTamy P-107 Ha ri0K030-MenTOHHOMY
CepeloBHILI criocTepiraeTbcs 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 cepefoBHLIAx 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 BiNOyBAETbCSA MOCTYNOBE 30i/bLIEHHS KUCJIOTHOCTI CepeaoBH-
ma. Junamika koHueHtpauii 6inka y K@ mae inpuBimyanbHi ocoOauBOCTI
npu depmenTauii Ha ['TIC i CC uepes BigMiHHOCTi B iX MOYAaTKOBOMY CKJafi.
Ortxe, cKyan XKUBUJIbHOTO CEpelOBHILA BIJIMBAE He JIMIIE€ HA HAKONUYEHHS
6iomMacH, a ¥ Ha TAKUU BaK/JAUBHU iHTErpajbHUU MOKA3HUK CTaHy (PYHKLIiO-
HyBauHs wtamy P-107 P. ostreatus, sk intencuBHicTb npouecis [1OJI, uio
MOXKe BUKOHYBATH POJIb TPUTrepy B MeXaHi3Max CTpecy Ta ajganTalil.
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PICT TA IHTEHCHBHICTD ITPOLIECIB I[TEPEKVMICHOI'O OKMCHEHHS JITIAIB IITAMY ...

A.B. Yainka, O.B. Penoros

JloHeUKHH HallMOHAbHBIH YHHUBEPCUTET,
ya. YuuBepcuterckas, 24, Houneuk, 83000, YkpauHa,
tes.: +38 (062) 304 61 84, e-mail: bio.grafi@yandex.ua

POCT U UHTEHCUBHOCTDb INMPOLECCOB NNEPEKUCHOI'O
OKUCJIEHHUA JIUTTIU OB LLITAMMA
PLEUROTUS OSTREATUS P-107

Pedepar

HccnenoBana nuHaMyKa HaKOTJIEHHs] OHOMACCHl M COZIEPKaHHS TTPOIYKTOB
nepekucHoro okucaenus aunuaos (I10JI), akTuBHBIX K THOOAPOUTYPOBOH KHC-
JIOTE, B MULIEJIUH U KyJbTypaJbHOM (PUJIbTpATe LITaMMa BelleHKH Pleurotus
ostreatus P-107, KoTopbl#l KyJIbTUBUPOBAIMN HA TJIIOKO30-TIEMITOHHOH U CTaH-
NApTHOH CHHTETHYECKOU MUTATeJNbHBIX Cpenax. ¥ CTAHOBJEHO, YTO OoJiblliee
HaKoIJieHHe 6uoMacchl U MeHblast KoHueHTpauus nponykros [TOJI mpucy-
a KyJbType, pacTylleil Ha TJIOKO30-menToHHOU cpeme. Ha obeux cpemax
o6HapyKeHbI T0J0OHbIE 3aKOHOMEPHOCTH INHAMHUKH COMEP2KAHHUS TPOLYKTOB
[1OJI.

KnmoueBble cnoBa: 633HHHOMHL[eTbI, I[MEePEKHCHOE OKHCJIEHHE JUTIUI0B,
NnUuTaTeJbHbIE CPEAbI.

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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YIK: 578: 656.835.91: 737.23
B.1O. bapuwreiin

TocynapctBenHoe yupexkaeHue «MIHCTUTYT MHUILEBOH OHOTEXHONOTHH U MEHOMHKH
HAH Yxkpaunbr», ya. Ocunosckoro, 2a, Kues, 04123,Ykpauna,
tes.: +38(044) 462 72 59, e-mail: ihtbar@rambler.ru

[NEPBBIE LHATH BUPYCOJIOT'UU B NAMATHUKAX
PUJIATEJIMK U HYMHU3MATUKH

Cmamos nocssueHa nepsovlm uaeam 8upycoroeul — OmrpovLmuro 8036youme-
aeli: mosauuHol 6oreanu mabaka, auypa, Heamot Auxopadku, beuleHcmaa,
HAmMypasvHoi ocnol, noiuomuesuma, capkomol Payca. Pacckasd npounrto-
CMpPUpoBar NPou3BedeHuUsIMY QUAAMEIUU U HYMUBMAMUKUL PA3HOLX CIPAH:
CCCP, ®PI', Hudeparardos, CIIA, Pymoinuu, [lopmyearuu, I'sureiickoi
Pecnybauru, ¥kpaurnor u OOH.

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

B crarbe [1], pacckasaBiieli 0 HEKOTOPBIX COOBITHUSIX U3 UCTOPUHM MHU-
KPOOHUOJIOTHH ¥ TMPOUJJIIOCTPUPOBAHHON TMPOU3BEAEHUSIMU MeNaJbepPHOTO
UCKYCCTBa, OblI U KOPOTKHMH paccka3 O BbIAAIOLIEMCS PYCCKOM (hU3HOJIOTe
pactenuil u mukpoouosore Imutpun Mocudosuue MiBanoBckoM, KOTOpBIH B
1892 r. BrepBble OTKPLLI CyllleCTBOBaHHE BUPYyca (KaK HOBOrO THIa Bo30Yy-
auTesisi 6ose3Hel), Ha3blBAEMOro UM TO «(PUJAbTPYIOLIMMHUCS» OaKTEPUSIMHU,
TO MUKPOOPraHW3MaMHu.

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

Tot e meTon hunbTpalmu, KoTopeiM MIBaHOBCKUH OTKPBLI BO3OYIUTENb MO-
3anyHOU HGosie3HH Tabaka, UCT0/b30BaNN HEMeLIKHe OaKTepHOJIOTH U BUPYCOJIOTH:
OJIMH M3 OCHOBOIIOJIO?KHUKOB MEIMLIMHCKOH MUKpoOHosorud, Opunpux Aprycr
Woraun Jledpdnep (nem. Friedrich August Johannes Loeffler, 1852—1915) u
[Tayme ®powr (wem. Paul Frosch, 1860—1928), korna ycranoBuau B 1898 r.
buabTpyeMocTb Bo30ymuTess sitnypa (Aphtae epizooticae), ctpaiiHoil 6oses-
HU XKUBOTHBIX. Bo30ynuTesp filypa OTHOCUTCS K ceMelcTBy Picornaviridae u
siBJIsieTcsl ofHUM K3 Haubosee Menkux PHK-conep:katumx Bupycos.

© B.IO. Bapureiin, 2011
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Puc. 1. 1.1. UBanosckuii. [loutoBas mapka (CCCP)
Fig. 1. D.I. Ivanovsky. Postage stamp (USSR)

@punpux Jleddaep oTKpbLI TakKe, COBMECTHO C COAaBTOPAMHU, BO3OYIH-
teseit: 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 1entoB, 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 TIOJTYYUBILKM ero uMs B 1952 r. YIOMSIHYTBIH# MOPTPET PACIOJNOXKEH
B JIEBOH CTOpPOHE MapKH, ClIpaBa — MUKPOCKOI Ha (hoHe n306parkeHus BUpyCa,
B LIEHTpPe — MOJeJib BUpyca (B paspese).

B 1898 r. onwitel JI.V. FIBaHOBCKOrO BOCIPOU3BET HUAEPJAAHACKHH MH-
KpoOuoJior u O0TaHUK, YJeH-KOPPECTOHIAEHT 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/Id HAa3blBaTb BUPYCAMH.

3acayru DBeliepuHKa, KOTOPOro HEKOTOpbIE CUHUTAIOT OCHOBATEJEM BHU-
PYCOJIOTHH, TMepel MUKPOOHOJOTHUEeCKOH HAayKOH TPynHO mepeoueHUTb. OH
CTaJl, CPeau MPOUYEero, MeEPBOOTKPbIBATEIEM CUMOMOTHYECKHX a30T(PUKCATOPOB
(1888), cBoGonHOKHUBYIIMX a3poOHBIX azoTdukcatopos (1901), cyabdatpe-
nyuupytoux 6axkrepuit, Hapsny ¢ C.H. Bunorpanckuwm [1], cran ogHum u3
OCHOBATeJIel TMOYBEHHOH U IKOJOTHUECKOH MUKpoOUoJIOTHHu [2].
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DEUTSCHLAND 85 ..

- e :-*f.i'l:x} - -
1700 JAHRE FRIEDRICH-LOEFFLER-INSTITUT

Puc. 2. ®puapux Jledpdaep. Moutopas 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 uMeHu Maptuna Busnema BefiepuHka mo BHpycoJiOrud, KoTopas
BpyuaeTCcs KaxKible [Ba rofa 3a BbIIAIOLIHECS NOCTHUXKEeHHUS B 3TOH 00-
nactu 3Hanu# [3]. [lomumo neHexxkHoro BosHarpaxaenus B 35000 eBpo
HarpakJIeHHbIH MoJyuaeT 30J10TyI0 Melajb, B LEHTpPe aBepca KOTOPOH pac-
M0JIOXKEH peJsibe(pHbIH, MOTPYAHbIHA, NPO(MUIbHBIN, TOBEPHYTHIM BIPaBO MOp-
TpeT beliepunka (puc. 3). Ilo xpato MmenanbHOro 1oJisi, Mo KPyry HaaMUCh Ha
aateian: «MARTINUS WILLEM BEIJERINCK EGREGIUS VIROLOGDK
CONDITOR» (MAPTHUH BUWJIJIEM BEWMEPWUHK BJIMCTATEJIbHbIU
OCHOBOIIOJIO)KHHUK BHUPYCOJIOTHHN).

Y TOHUEHHBIH paCTUTE/bHBIA OPHAMEHT 110 KPalo Me/1aJIbHOTO T10J151 peBepca
(puc. 4) ocTaB/sieT LeHTPANbHYIO YaCThb €r0 AJ1sl MOCBSILEHNS HAarPaXKAeHHOMY.

YBJeKaTesbHble CTPaHULIBI UCTOPUU OOPbOBI C KENTOH JUXOPaIKOH [4]
MOKHO ObLIO Obl MPOUJIIOCTPUPOBATH MIOXKUHOH MPEKPaCHBIX MaMSATHBIX
menasned. BupycHasa nprupona »keaTod JIMXOpanKH, epBOro 0OHapy»KEHHOr0
BHUPYCHOro 3a60JieBaHUS yesoBeKa, Oblia 10Ka3aHa ¥YosatepoMm Punom (aHr.
Walter Reed, 1851—1902) u >xeiimcom Kapoanom (aura. James Carroll,
1854—1907) B 1901—1902 rr., mocsie TOro, Kak MpU MOJKOXKHOM BBeIEeHHH
TpeM 100pOoBOJIbLAM NTPO(PUIBTPOBAHHON CHIBOPOTKH GOJBbHBIX Y ABYX M3 HUX
BO3HUKJIO 3a0oJsieBaHue. 3a0oJieBaHNe BBbI3bIBAETCS BUPYCOM M3 ceMelicTBa
Flaviviridae.

Awmepukanckasi menanb (44 mm, 6ponsa, Medallic Art Co. N.Y., CIIIA,
1971), nocesiiennas Yoarepy Puny, cosnana A. Belskie (B cepun mMenase
B UeCTb BBIAIOLIUXCS AesiTesell MeJULMHbI BCEX BEKOB M HAPOMOB).
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Puc. 3. Maptun Buasiem Beitepunk. Puc. 4. Maptun Buasiem bBeiepunk.
Mepaasb, aBepc (Hupepaanabi) Mepaasb, pesepc (Hupepaanab)

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

BeicokopenbedHbIl, MONyNorpyaHbld, TPO(UIbHBIA, TOBEPHYTHIH Ha
BIIPAaBO MOPTPET Bpaya Ha (poHe KaHa/ja, pacTyllMX Ha Oepery najbM, 3a-
HUMaeT IeHTpa/bHYyI0 4acTb aBepca Menanu (puc. 5). CmpaBa ot mopTpeTa
— penbedHOEe H300pakeHHe MOCKUTA Aedes aegypti, epeHOCUNKA XKENTOH
JIUXOPAZKH, Ha (pOHe BUPYCHON YacTHlbl. Bblllle — ropu3oHTaNbHAS HAAMUCH B
JIBe CTPOKH, FOfibl KU3HU Yosarepa Puna: «1851 / 1902». ITo Kpaio MeaanbHOro
TMOJIst, TI0 KPYTY, HAAIKUCh HA aHTIHHACKOM si3bike, cBepxy: « WALTER REED»,
cunsy: «CONQUEST OF YELLOW FEVER» (ITOBEJA HAJ )KEJITOU
JINXOPAJIKOW).

PeBepc menanu (puc. 6) 3aHuMaeT BbICOKOpPesbedHas KOMIO3ULHUS: OBOE
NoJIyoOHaKeHHBIX 3€MJIEKOIOB, IPOAUPAsiCh CKBO3b PKYHIVIM, KOMAIT KaHaJl.
Han n3obparkenuem, o Kparo MeaabHOro MoJis, o KPyry CBepxXy M cripaBa Hal-
THCh Ha aHrIHiCKOM sA3bike: «<PANAMA CANAL» (TTAHAMCKUM KAHAJ).

AINA

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 6emienctBom Jlyu Ilactep [1] Hauan ere
JI0 OTKPBITUSI BO30YAUTENST ITOTO BUPYCHOTO 3a60JeBaHuUS.

PyMmbiHCKUE Bpau, OUOJIOT U OAMH U3 MepBbIX MUKpoOuosoros Bukrop ba-
6ewr (pyMm. Victor Babes, 1854—1926) 1 uTanbgHCKHH TATONOT © MUKPOOHOJIOT
Anenbun Herpu (utan. Adelchi Negri, 1876—1912) o6Hapyxunu (1898—1903)
B HelpOHax TOJIOBHOTO MO3ra 3apakEéHHbIX OeleHCTBOM BHYTPHKJETOYHbIE
BKJIIOUeHUs (Tesblia babema—Herpu) [5]. BupycHyto npupony OGerieHcTBa
nokazasn B 1903 r. ¢ppanuysckuii Bpau [Tonb Pemnenxe (dbp. Paul Remlinger,
1871—-1964).

Babeiu BHec BecoMblll BKJIaM B U3yueHUe OellleHCTBA, Jenpbl, IUPTepuH,
TybepKyJ/ae3a U Apyrux UHPeKUUoHHbIX 3aboseBanuit. OH onucan B 1888 r.
Babesia — pon npoTo3oa oTpsia MUPOIJIA3MHUI Kjaacca ClIOPOBHKOB, BO30Y-
nutenss Texacckod JIMXOpanKU KPYIMHOTO poraToro cKoTa.

[Toptper Bukropa babGewa, penbedHbili, rol0BHON, MPO(UIBHBIH,
MIOBEPHYTBIN BJIEBO, TOMECTHJ CKyJabNTOp 1. Jalea B IeHTp aBepca pyMbIHCKOH
menanu (68 mm, 6ponsa, 1962), BeimyiieHHoN K oTKpbITHIO [[I® MexnyHnapon-
HOTrO KOHrpecca no nHpeKUMoHHOH naTtosoruu (puc. 7). ITo kpato menasnbHoO-
ro moJisi, o KPyTy, cJeBa, 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. Mepaub,
aBepc (Pymbinug) pesepc (PymbiHus)

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

JIaKOHWYHBIM W TPaOULHOHHBIM CHeJaJ] CKYJbIITOP peBepC Menanu
(puc. 8). B uentpe — mMenuuuHckas smMbaema (yama co aMeéil), moa KOTOpon
— CKpellleHHble JIaBPOBblE BeTKH. Huke — roprnsoHTanbHast HAOMUCh B IBE
crpoxu: «BUCURESTI / 1968» (BYXAPECT / 1962). ITo xpato mena/bHo-
ro noJisi, no kpyry Hammuch: «AL II[EEA CONGRES INTERNATIONAL DE
PATOLOGIE INFECTIOASBE» (Il ME)XJIYHAPOJHbBIM KOHI'PECC
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[10 UHOEKUMOHHOM TMATOJIOTHMH). Bee mannucu Ha Mejald — Ha
PYMBIHCKOM SI3bIKE.

Teicsiun U ThICSUM Jtonel MOru6./1 Ha MPOTSKEHUH CTOJIETHH OT HATypasib-
Ho#i ocnel (nat. Variola, Variola vera) niu, kak eé ellé Ha3blBaJu paHee,
4EpPHOU OCIMbl — BBICOKOKOHTArM03HOH BUPYCHOH MH(PEKLHH.

HecmoTtps Ha To, uTo anrauiickuil Bpau dasapna [lxennep (aura. Edward
Jenner, 1749—1823) paspabotas BakLMHY IPOTUB OCIBI (BOOOIIlE — MEPBYIO
BakuMHY) U 14 mast 1796 r. BnepBble BBeJl BOCbMUJIETHEMY MabuuKy J>Kefim-
cy duncy HeonacHbI# BUPYC KOPOBbEH OCIbI, BO3OYAUTENb 3TOIO CTPALIHO-
ro 3abosieBaHus Obl1 OTKPBIT TOJBKO B 1906 r. HeMelUKUM GaKTepHOJOrOM
Oupuke [lamenom (Hem. Enrique Paschen, 1860—1936). [Tamen — aBTop
MHOTOYMCJIEHHBIX PabOT M0 HATypaJ/JbHOH OCle W OCMEeHHOH BaKLUUHALMH.

WckopeHeHHI0 HATypasbHOH OCIbl, B OCYLLECTBJEHHE KOTOPOH BHECJIH
cBol BKsan u DHpuke [lamen, u, ocobenno, dnpapn [keHHep, MOCBSIIEHBI
nse mapku (puc. 9, 10), Boinyiiennsle 31.03.1978 r. noutoBo# agMuHHUCTpA-
uuert Opranuzauun O6benunénHbix 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 HaTypabHOU 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 xeatom (puc. 9) u 3enerom (puc. 10) doHe nzobpakeHbl
Kak Obl nBa mosymapusi. CieBa — H300paKeHHe BOCTOYHOTO MOJIYIIAPHS:
Adpuka, yacte EBponbl 1 yacTh A3un, KOHTHHEHTBI, HanboJee CTPaIaBILIHe
OT cMmepTesibHOH Gosie3Hu. CripaBa, BMECTO KOHTHHEHTOB, BO30yIUTENb Ha-
TYypaJibHOU OCIIBL.

1908—1909 rr. o3HameHOBaNUCh BbIIEJEHHEM BHPYCa TOJMOMUETUTA —
JETCKOTO CITMHHOMO3TOBOTO MapaJjinia, OCTPOrO BLICOKOKOHTArHO3HOTO HH(EK-
MOHHOTO 3abosieBaHusi. MeTonoM 3apakeHusi 06e3bsiH PACTEPTBIM MO3TOM
YMepLIero OT MOJHOMHEUTa pedeHKa 3TO yHajoCh CAeNaTh aBCTPUHLIAM:
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BBIIAIOLIEMYCSl Bpauy, XUMUKY, UMMYHoJIOTY W MH(pekunonucty Kapay Jlan-
nuiteiinepy (Hem. Karl Landsteiner, 1868—1943) u Bpauy Dpsuny [lonmnepy
(nem. Erwin Popper, 1879—1955).

[TouroBass mpopykuus ABctpuu, Pymbinuu, OwiBiedt [JIP, 6ankHOTa
ABctpuu HomuHasoM 1000 aBCTpUCKHMX NIMILTMHTOB (BBeAeHa B oOpaticuue 20
okTs10ps 1997), MHO>KeCTBO NaMATHBIX MenaJsel nocssieHsl Kapay Jlanamred-
Hepy. CBSI3aHO 3TO He C BbILLEYTTOMSAHYTBIM OTKPBITHEM, a C OTKPBITHEM IPYTII
KpOBHU 4yeJioBeKa, 3a Kotopoe JlanmwmraiiHep Obln ynoctoeH Hobesneckoi
npeMuu no usuosorud u Menuuuse (1930).

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

LleHTpa/nbHYIO YacTb MelaJbHOTrO M0Js aBepcea (puc. 11) menanu 3annmaet
pesibeHbIH, MOrPyAHBIH, MOUTH aHpac nmopTpeT 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, o KPyry Hal-
muck: «PRUMIO NOBEL DA MEDICINA» (HOBEJIEBCKAS [TPEMUS 10
MEJIMLIMHE). Huxke, ropusoHTasbHO — rof npucyxaeHns npemuu: «1930».
B HM:KHeH yacTH MenasbHOTO IOJISI peBepca — HAAMUCh Ha MOPTYranbCKOM
si3bike B TpH cTpoku: «PELA DESCOBERTA DOS GRUPOS SANGUINEOS
DA ESPUCIE HUMANA» (3A OTKPBITUE I'PYTIIT KPOBU UEJIOBEKA).
B ueHTpasbHOM yacTH peBepca, Ha MIACTHHE, TIPUITOJHATON HAll TOBEPXHOCTHIO
peBepca, TabJauLa, WIMIOCTPUPYIOLIAs OTKpbITHe JlanamTaliHepa.

ESPECIE HUMANA /;*

Puc. 11. Kapa Jlanawreinnep. Puc. 12. Kapa Jlanawreinep.
Mepaab, aBepc (IMopryranus) Mepaab, pesepc (ITopryranus)
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#l opraHu3anyu 31paBoOXpaHeHUs B
JKeHneBe npuHsna pewenue 14 niona (nenb poxxaenus Kapaa Jlanwreitnepa),
€XKEro/IHO TIPOBOJIUTL BceMUpHBIH 1eHb TOHOPA KPOBH.

55 JieT mpuuioch xkaaTh HobemeBcKo# npeMuu no GU3U0JOTHH U MEeMIU-
uuHe (1966) «3a OTKPbITHE OHKOTE€HHBIX BUPYCOB» aMepPUKAHCKOMY MaTOJIOTy
@paucucy [leiitony Paycy ( aura. Francis Peyton Rous, 1879—1970). Payc
eute B 1911 r. nokasas BUpPyCHYI0 NMpUpPOAy paka — capkombl Payca.

B 2008 r. nmoutoBoe BemomcTBO I'BuHelicko# Pecnybuuku (dp. Rilpub-
lique de Guiniie) — rocynapctBa B 3ananHoi AQpuke, BbITyCTHJIO TTOUTOBbIH
6J10K, mocBsillleHHbIH HobeneBckuM naypeatam no (pU3UOJOTUH U MeIULMHE
pasHbix JeT. Biok coctout u3 6 mapok (puc. 13). Ha BepxHe# npaBoit mapke
uzobpaxen ®psucuc [lefiTon Payc B Mmosioabie u 3pesbie rogsl. Kpome Hero,
Ha MapKax M300paKeHbl: UTANbsIHCKUU Bpau W ydyenblil (HobeneBckasi mpe-
mus (HIT) 1906 r.) Kamuano Tonbaxku (utan. Camillo Golgi, 1843—1926),
amepukanckuit 6uosor (HIT 1933 r.) Tomac Xaut Moprau (aurn. Thomas
Hunt Morgan, 1866—1945), wmBeiinapcko-amepukanckuii 6uoxumuk (HIT
1992 r.) damonn Puiep (aura. Edmond H. Fischer, pon. 1920), mBenckuii
tdapmakosor (HIT 2000 r.) Apsun Kapsccon (wBen. Arvid Carlsson, pon.
1923), amepukanckuit MmosekyaspHblil renetuk (HIT 2006 r.) dunpio 3axapu
Daiiep (aura. Andrew Z. Fire, pon. 1959). Ellle ueTbipe BbIIAIOUIMXCS YYEHBIX
u300paxkeHbl Ha OJI0Ke BOKPYT Mapok: amepukaHckKuil uurtoreHetuk (HIT
1983 r.) bap6apa Mak-Knunrtok (aura. Barbara McClintock, 1902—1992),
wotnanackui 6akrepuosor (HIT 1945 r.) Anekcannp ®nemunr (aura. Sir
Alexander Fleming, 1881—1955), amepukanckuil pusmnk, 6H0HU3UK U PU3n-
osor (HIT 1961 r.) Obépnb don bekewwn (Benr. Bikisy Gyyrgy; nem. Georg
von Biikiisy, 1899—1972), 6putanckuil MoJeKyJ/aspHBIA OHOJOT, Bpay U He-
fipo6uodgor (HIT 1962 r.) ®pauncuc Kpuk (aura. Francis Crick, 1916—2004).

Puc. 13. ®paucuc Meinron Payc. Jlaypearsl HoGeneBckoit npemuu 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 0Oe3 ynoMHHaHHS 00 ellle OLHOM
yuenoM. B 2009 r. Ykprnoura Beimyctusaa (k 150-71eTHio co nHS poxie-
HUSI) XYLOXKECTBEHHbIH MapKupoBaHHBIH KoHBepT (XMK), mocBsilieHHBIN
BblIawoLIeMycsi ypoxkeHiy Opecchl, 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
roabl. MapKu MpoLLTAMIIOBAHBI CHEHMANbHBIM LITEMIIEJ]EM, B LEHTPE KOTO-
poro — MuKpockorn (puc. 14).

Appeca BiAnNpaeHwKa, iHaeKC

Anpeca ofepXyEada, iHAeKe

Mukoaa lamaaia
1859-1949
o t—

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

3acayru ['amanen nepen HayKo#l HACTOJNBKO BEJIUKH, YTO MBI MOXKEM YTIO-
MSIHYTb TOJIbKO psif u3 HuX. CoBmecTHO ¢ .M. MeunukoBeim 1 91.10. Bapna-
xoM, nipu coneictBuu JIyu [lactepa, H.®. 'amasnesi yuacTBoBaJ B CO3[aHUH B
Opecce B 1886 r. mepBoii B Poccuu (1 BTOpo#t B MUpe) OAKTEPUONOTHUECKOH
CTaHLUM U BIepBble B Poccuu ocylecTBU/I BaKUMHALMIO JIOAeH NPOTUB Oe-
IIeHCTBAa. 32 NepBble 3 rofa AesATeJbHOCTH CTAHIMU ObIIN ClleJJaHbl IPUBUBKA
npubausuteapbHo 1500 yesoBek, 4YTO B UeThIpe pa3a CHU3UJIO CMEPTHOCTD OT
6ewencta. C 1899 no 1908 r. 'amanes Obl1 AMPEKTOPOM OCHOBAHHOTO UM
Bakrepunosoruueckoro unctutyrta B Onecce. C 1912 mo 1928 r. on pykoBoau.
[Terep6yprckum (IleTporpanckum) oconpUBHBATENbHBIM HHCTUTYTOM HMe-
o JLxennepa. C 1930 mo 1938 r. H.®. 'amasness — Hay4HbIH PyKOBOAUTE/b
[leHTpa/bHOrO MHCTUTYTA 3MUAEMHOJOTHMH U MUKpoOHuosoruu B Mockse (B
HacTosillee BpeMsl HOCUT ero ums). JlesaTesbHOCTb yueHOro Oblaa rnocBsilieHa
6opbbe ¢ uymort B Opnecce, xonepoii Ha tore Poccun, npodunaktiuke TH(OB,
XOJIepPbI, YYMbI, OCIbl U APYTUX UH(DEKUHOHHBIX 3200/1eBaHHUH.
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BosBpaiasce K TeMe Hallled CTaTbH, YIOMSIHEM O OOJBLIOM TeopeTHyec-
KOM U npakTuueckom 3HaueHuu pabot H.®. 'amasnen no usyuenuio QpuabTpy-
IOLLUXCS BUPYCOB. DTO U OOHapy:KeHHe TOro, 4TO YymMa KPYIMHOTrO poraToro
CKOTa BBI3bIBAETCS UMH, 10KA3aTEJAbCTBO TOrO, YTO BO3OyAHUTENeM HH(EKLIU-
OHHOW aHeMuH Jiollaned sBJisercs Bupyc u T.0. Emwé B 1898 rony 'amanes
BrepBble HAOJIONA siBeHHe Ju3nuca 6aKTepuil (CuOUpesi3BEHHOU MaouKH).

C o6pasom Hukonas ®enoposuua ['amanen cBssansl Tpu Menaau (CCCP).
JIBe 13 HUX MOCBSLLEHBI HHCTUTYTY, B KOTOPOM OH paboTaJsl B ocaeIHNe TO/1bl
JKU3HU M KOTOPBIE HOCHT ero UMs. TpeTbs — BBbIMYyIIeHA B UecTb 125-meTusi
CO IHSA poxKaeHus yuyeHoro (6poHsa, 60 MM, JleHUHrpancKu# MOHETHBIN ABOP,

1987) [6].

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

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

OpurvHa/bHBIH MOPTPET yueHOro (KakuM OH OBLI B TOCJeJHHE TOIbI
’KU3HH) BBINOJNIHEH CKyabnTopoM MapuanHo# PoMaHOBCKOH B HeCKOJIBKO
CTU/IN30BAHHON MaHepe, ¢ OOOCTPEHHBIMH JIMHHSMH, KOTOpble MOAYEpPKH-
BalOT OCTPOTY yMa, JeJOBUTOCTb, OECKOMIPOMHMCCHOCTb HCCJIEA0BATES.
[TonynorpynHelil, npouabHBIN, TOBEPHYTHIH Ha # BJIEBO MOPTPET YYEHOro
B OYKax U TioOeTellKe, KOTOPYIO OH HOCHJI MHOTO JIeT, 3aHUMaeT MOYTH BCe
MenasbHOe moJe aBepca (puc. 15). CieBa, Mo Kpaw MefasbHOTO MOJSs, M0
kpyry Hamgnuck: «H.®. TAMAJIES».

B uenTpe peBepca (puc. 16) Ha ¢oHe pyKonuceil — n3oOpaxKeHne MUKPOC-
KOIa, KOTOPbIM y4YeHbIH MOJIb30BAJICS /51 CBOMX UCCJIEJOBAHUH U OTKPBITHH.
CreBa cBepxy, FOPH30HTAJNBHO B IBE CTPOKH — FOJIbI €I'0 POXKAEHUS U CMEPTH:
«1859—/—1949».

K coxanenuto, dopmMaT KypHaJbHOH CTAaTbU MO3BOJUJ HAM JHUIIb
YIOMSIHYTb O TEPBBIX lIAarax BHUPYCOJOTHM — OTKPBITHH psila BUPYCOB, O
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BBIJAIOLUXCS yUEHbIX — aBTOpPaxX 3TUX OTKPbITUH. [TouToBBIE Mapku, 6J0KH,
XMK, namsTHble Mena/u MO3BOJIUIN HAM MPOUJIIOCTPUPOBATD 3TOT PACcCKa3.
Takoe ncnosb3oBaHue MaMSITHUKOB MaTepHAIbHOU KYJbTypPbl MOXKET TOCJY-
JKUTb CBOEOOPa3HbIM MOCOOUEM B W3yUEHUH UCTOPUHU HAYKH.
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NEPIUI KPOKU BIPYCOJIOTIT B MAM'SITKAX ®IJIATEJII
I HYMI3MATUKH

Pedepar

CrarTsa npucBsiueHa nepiuM KpokaM BipycoJIoTii — BiIKPUTTIO 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, Hinepnaunnis,
Pywmynii, [Topryranii, I'Bineficbkoi Pecny6siku, ¥kpainu ta OOH.

KnrwouoBi csmopa: icTopis BipycoJorii, ¢inatesicTHuHa NPOAYyKLif,
nam siTHa MeJaJlb.
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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 «Mikpobiosoris i 6ioTexHoJioriss» 3anpowye Bac no
criiBrpaui 3 MUTAHb BUCBIT/JIEHHS Pe3y/bTaTiB HAYKOBUX JOC/iIKEHb Y rajysi
MikpoOioJorii i 6i0TexHOJIori].

[lporpamMHi wifi BUJAHHSI: BUCBIT/JIEHHS pe3yJbTaTiB HAYKOBHX JOCJi-
JKeHb y rajaysi Mikpobiosiorii Ta 6ioTexHosor i, 06’eKTaMu IKUX € MPOKapioTHi
(6axTepii, apxedaxTepii) Ta eykapioTHi (MiKpockomiuHi rpudu, MiKpOCKOMiYHi
BOJOPOCTi, HAUMPOCTIillli) MiKpOOpraHi3amMH, BipycH.

TemaTtnuna cnpsiMoBaHicTb: MikKpoGioJsoris, BipycoJiorisi, iMyHoJOTis,
MoJieKyJIgpHa Oi0TeXHOJOTrisl, CTBOPEHHSI Ta CeJeKLisl HOBUX LITAMiB MiKpO-
oprasiamiB, MikpoOHi penapaTH, aHTUMIKPOOHi 3aco6u, HioceHCOpH, AiarHoc-
TUKYMH, MiKpOOHi TeXHOJIOTii B Ci/IbCbKOMY FOCIIOAAPCTBI, MiKpPOOHI TeXHOJIOTi]
y XapyoBid MPOMUCJOBOCTI; 3aXUCT TA O30POBJEHHS HABKOJHILHBOIO Cepel-
OBHIIla; OTPUMAaHHS €HEProHOCIIB Ta HOBUX MaTepiaJ/iB TOLIO.

MoBa (mMoBM) BHUAAHHS: yKpaiHCbKa, pocificbKa, aHTJIiHCbKa.

Py6puku xypHaay: «Ornsnosi Ta TeopeTHuHi ctarTi», «EKcnepuMeHTaNb-
Hi npaui», «Jluckycii», «KopoTki noeinomneHHs», «XpoHika HAyKOBOTO XKHUT-
Ts1», «CTopiHKH icTopii», «OBinel i matn», «Peuensii», «KHukK0oBa MonuLsT>.

Jlo ctaTTi momaeTbcsi pekOoMeHAalisl yCTaHOB, OpraHi3alliil, y SIKHX BHU-
KOHyBaJsiacsl poOoTa, 3a MiANHCOM KepiBHHKA Ta MUCbMOBA 3rofla KepPiBHUKIB
yCTaHOB, OpraHisalii, ae NpaLolTh CliBABTOPH.

Bumoru 10 opopmiaeHHs cratei, siki NoaalThCs A0 peaaKkLii XKypHaJy:

CrarTs Mae BiIMOBinaTH TEMAaTHYHOMY CIIPSIMYBAHHIO »KypHAJY i, BiMoBi-
Ho 110 n. 3 [Tocranosun BAK Yxpaiuu Big 15.01.2003 p. Ne 7-05/1, Bk/10uaTH
Taki CTPYKTYPHI eJeMeHTH: IOCTaHOBKA NPOoOJIeMHU y 3araJbHOMY BUIJIALL Ta
il 3B’5130K i3 BaKJIMBUMM HAYKOBUMH UM MPAKTHMUHUMHU 3aBJAHHSMH, aHaJi3
OCTaHHIX AOCJiAXKeHb i MyOJikalii, B SKHX 3al04aTKOBAHO BUPilLIEHHS AAHOI
npoOJsieMH i Ha sKi ONUPaeTbCs aBTOP; BUOKPEMJICHHS paHillle He BUPILLIEHUX
YAaCTUH 3arajbHOI NPOOJEMH, KOTPUM NPUCBSAYYETHCS CTATTS; (POPMYJ/IIOBAH-
HSl Lisedl cTaTTi (MOCTAaHOBKA 3aBMAHHS); BUKJAA OCHOBHOIO MaTepiaay H0-
CJI’KeHHS] 3 MOBHUM OOIPYHTYBAaHHSIM HAayKOBHMX pPe3yJ/bTaTiB; BUCHOBKH 3
JIAHOTO OCJIi?KeHHS | NepCNeKTUBY MOJAJNbLUUX MOLIYKIB Y JaHOMY HalpsMi.

Jlo npyky npuiimaroTbcs cTatTi (2 npumipHUKH) obcsirom He Gisbiie 10
CTOPiHOK (3 ypaxyBaHHSIM PUCYHKiB, TaOJHlb i MiANUCIB 10 HUX, aHOTALLi,
pedepaty, CIHUCKY JiTepaTypH), orasarn — 1o 15 crop., peuensii — mo 3 crop.,
KOPOTKi MOBiIOMJIEHHS — 10 2 CTOp.

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

- inpexkc YK y niBoMy BepXHbOMY KYTKY MepLIOTO apKylla;

- Mpi3BUILA Ta iHillianu aBTOpa (aBTOPiB) MOBOIO OPHriHAJMy, Micle po-
60TH KOXKHOTO aBTOpPA; [IOBHA MOLUTOBA a/ipeca yCTAHOBHU (32 Mi>KHapOJHUMH
cTaHmaptamu); TeaedoH, eJqeKTpoHHa anapeca (e-mail). [1pi3Buia aBTopiB Ta
Ha3BU YCTAHOB, [ BOHU IPaLIO0Th, I03HAYAIOTh OJHUM i THM CaMHUM LHU{}-
POBHUM iHIEKCOM (Bropi);

- Ha3Ba CTaTTi BEJHUKUMHU JiTepaMy,

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

- KJIOUOBi cJioBa (He Oisblle M'ITH);

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

JI0 KOXKHOro MpUMipHUKa CTATTi NONA€TbCS aHOTALi MOBOK OpHUTiHATY
Ta pedepaTu yKpaiHCbKOW / pociiicbKolo (B 3a/1€XKHOCTi BiZl MOBH OpPHTiHAJTY
CTaTTi), Ta aHIVIIHCBKOIO MOBaMHU (KOXKeH pedepaT Ha OKpPeMOMY apKylli).
[lepen caoBoM «pedepaT» HeoOXiIHO HAMUCATH MPi3BUILA Ta iHiLiaJd aBTO-
piB, Ha3BU YCTaAHOB, aApecH, IOBHY Ha3By CTATTi BiANOBiAHOIO MoBoW. [lic/1s
TeKCTy pedepaTy 3 ab3aly po3Milllyl0TbCs KJOUOBi CJI0BA.

Y KiHUi TeKCTy CTaTTi yKasaTd Npi3BHlla, iMeHa Ta Mo 0aTbKOBi ycix
aBTOPIB, MOIITOBY anpecy, TejedoH, dake, e-mail (115 KopecoHIeHLIT).

CrarTsl Mae 6yTH mignucaHa aBTOpoM (yciMa aBTOpaMHU) 3 3a3HAUEHHSIM
JlaTH Ha OCTAHHIU CTOPiHLI.

ABTOpH HeCyTb MOBHY BilNOBifa/MbHICTb 32 O€310raHHe MOBHE O(OPMJIEH-
HSl TEKCTY, 0COOJIMBO 32 NPaBUJIbHY HAYKOBY TepMiHoJorito (ii cain 3BipsiTH
32 (h)aXOBUMHU TE€PMiHOJIOTIUHUMHU CJIOBHUKAMH).

JlaTuHcebKi HioJoriuHi Ha3BU BUIB, POAiB MOAAIOTHCS KYPCHBOM JIATHHU-
LeI0.

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 CTATTi, LUppaMu y KBa-
JIpPaTHUX NYKKaX, 3TiIHO 3 MOPSAKOBUM HOMEDPOM Y CIIMUCKY JiTepaTypH.

Tabnuui mawoTb 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 MyOJ/IOBATH TEKCT CTATTI.
[ludpoBuil MaTepian TabJULb CJiI ONPALIOBATH CTAaTUCTUYHO.

PuCyHKM BHKOHYIOTBCSl y BUTIJISIAI UiTKUX KpecJeHb (3a IOMOMOTOI0
KoM toTepHoro rpadgiunoro penakropa y ¢opmari TIF, JPG). Oci koopauHat
Ha rpadikax MarTb OYTH M03HaUeHi. PUCYHKH PO3MilLyIOTbCS Y TEKCTi CTATTI
Ta 1y6./1010ThCs OKpeMuM (aitom Ha CD.

[linnucu, a TakoXK MOSICHEHHS, NPUMITKH 10 PUCYHKIB [TOJAI0ThCS MOBOIO
OpHUriHa/y Ta aHIIIHCBKOIO.

Posnin «Pesysnbratn Ta ix oOroBopeHHs» Mae OyTH HaNHUCaHUH KO-
POTKO: HEOOXiAHO UiTKO BHKJACTH BUSIBJEHI €(PeKTH, MOKa3aTH MPUUYUHHO-
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pe3yJbTaTHUBHI 3B’SI3KH Mi’K HUMH, OPiBHATH OTPUMaHy iH(opMallilo 3 JaHUMH
JiTepaTypH, AaTH BiANOBiAb HA MUTAHHS, MTOCTABJIEH] Y BCTYIII.

Crmcoxk JiTepaTypH CKIanaeThes 32 an(aBiTHO-XPOHOJIOTYHUM TTOPSIIKOM
(criouaTKy KUPHUJIMLS, MOTIM JJATHHULS) i PO3MIlLLyEThCS B KiHLi CTATTi. K110
NeplIri aBTOP y AEKIJIbKOX MpausX OAWH 1 TOH CaMUH, TO Mpaui po3Millly-
I0TbCS y XpOHOJIOTiuHOMY NopsinKy. CHMCOK MOoCUIaHb Tpeba MpoHyMepyBa-
TH, @ Y TEKCTi MOCHUJATUCS HAa BiAMOBIIHUU HOMep mKepeJsa JiTepaTypu (y
KBaIpAaTHUX yXKKaX).

Y nocuiaHHi HaBOASATHL Mpi3BHILIA ycix aBTOpiB. B ekcrnepumeHTanbHUX
npausx mMae 6yTH He Oisblie 15 mocusanb JgiTepaTypHUx mxkepes. [lateHTHi
JNOKYMEHTH PO3MILLYIOTbCH Y KiHLi CIUCKY [OCHJIaHb.

3PA3KH MMOCUJIAHD JIITEPATYPHU

Ha kHuru

Bexipuux K.M. Mikpob6ioJsorisa 3 ocHoBaMu Bipycosorii. — K.: JIn6inb,
2001. — 312 c.

I[Tamuka B.I1., TuxonoBuu [.A. MikpoopraHiamu i ajqbTepHaTHBHE 3€M-
nepo6etBo. — K.: ¥Ypoxait, 1993. — 176 c.

Hpomviwrernnas mukpoduonorus / Iox pen. H.C. Eroposa. — M.: Beicri.
k., 1989. — 688 c.

Memodu: obeii 6aktepuooruu: B 3 1. / ITon pen. ®. lepxapara. — M.:
Mup, 1983. — T. 1. =536 ¢c.; T. 2. —470 c.; — T. 3. — 263 c.

Hlrecens 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

[Todeopckuii B.C. CucTemaTnyecKoe IMoJI0KeHHE, SKOJOrHYeCKHe acIeKThl
U (HU3U0JIOTO-OUOXUMHUUECKHEe OCOOEHHOCTH MUKPOOPTaHU3MOB, HMEMIIHUX
npoMbllIeHHoe 3Hauenre // Mikpo6ioJ. xypH. — 1998. — 60, Ne 5. — C. 27 - 42.

Andperok E.H., Kosarosa H.A., Poxanckas A.M. Mukpobuosoruueckas
KOPPO3Hs CTPOUTEbHBIX MaTepuasios // BUonoBpesKieHUs B CTPOUTENBLCTBE.
— M.: Crpoituznar, 1984. — C. 209 - 221.

I'ro6a JI.1., [lodopsarn H.I. BioTexHosorisi ounlleHHs 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 nonosinei
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Mauyearox b.J1. Po3pobka OioTexHosorii omep»KaHHs JaHAoMiuuMHy E
// Mixnapoaua Hayk. KoHd. «Mikpo6ui 6ioTexnonorii» (Oneca, BepeceHs,
2006 p.): Tes. porn. — O.: «Actponpunt», 2006. — C. 17.

Ha nenoHoBaHi HayKoBi po6oTH

Jlonamuna H.B., Tepenmees A.H., Hamaauu JI.A., fineyros I1.Y. Ontu-
MHU3alUuA [IUTaTeJJIbHOU cpeabl OJisd KYJbTUBHPOBAHHUA BAKLMHHOIO LUTaMMa
YyMHOTO MI/IKp06a C MPUMEHEHUEM METOAA MATEMATHUYECKOT'O MJaHUPOBAHUSA
skcnepuMenta / 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 ompenesneHus
amunoIuTHYecKod akTuBHOCTH. — M.: M3n-Bo cranpgapros, 1989. — 17 c.

Ha aBTropedepatu auceprauin

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

JlaToro HanXOMKEeHHSI CTATTi BBAXKAIOTh 1€Hb, KOJU 10 PeNKOoJerii Hamil-
LI0OB OCTATOYHHUU BapiaHT TEKCTYy CTATTi MiCJs PeLEeH3yBaHHS.

[licas onep»KaHHS KOPEKTYypH CTATTi aBTOP MOBUHEH BUIIPABUTH JHLIE
MOMMJIKH (4iTKO, CHMHBOIO a0 YOPHOIO PYYKOIO HelpaBUJIbHE 3aKPECJaUTH, a
Mopsifi 3 MM Ha MOJi HalMcaTH NMPaBUIbHUN BapiaHT) i TepMiHOBO BimicjaTu
CTaTTIO Ha azpecy peakoJierii abo MOBiAOMUTH PO CBOI MPABKHU M0 TeaedoHy
a0b0 eJIeKTPOHHOIO MOLLTOIO.

Y pasi 3aTpUMKH pefakllisi, 1OIep:KYUHuCh rpadika, 3anuiiae 3a co-
6010 MpaBo 31aTH KOPEKTYPY A0 APYKapHi (y BUPOOHULTBO) 6€3 aBTOPChKHUX
NIPaBOK.

[linnuc aBTOpa y KiHLi CTAaTTi 03HAYae, IO aBTOP Mepelae Nnpasa Ha BHU-
NaHHS CcBOEI cTaTTi penakuii. ABTOp rapaHTye, L0 CTATTs OPUTiHa/NbHA, Hi
CTaTT$l, Hi PUCYHKU 10 Hel He Oy/M onyOJIiKOBaHi B iHIUMX BUAAHHSX.

Binxuneni cTaTTi He NOBEPTAIOTHCS.

Pepakuisi mpuiiMae [0 OpyKy Ha CTOpPiHKax i 0OKJaIMHKaX »KypHasay
NJIATHI peKJIaMHi OTOJIOLIEeHHS Oi0TeXHOJIOTIYHOr0 Ta MEeOUYHOrO HampsIMiB;
BUPOOHUKIB J1abopaTOpHOro 0OJanHAHHS, AiarHOCTUKYMiB, PEaKTHUBIB /s
HayKOBUX AOCJiJKeHb TOLIO.
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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.
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«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
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Article appearance:
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of Higher Attestation Commission of Ukraine (15.01.2003, Ne 7-05/1,
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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) [ull 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 prooireading.

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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