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MPOTEKIUA HOAMETHUJIATOM 2 — (IMMETHJIAMHUHO)
ITHJIOBOI'O 9®UPA N — (N- METOKCHUBEH30MJI) - DL -
®EHWIAJTAHUHA U3MEHEHHWM BbI3BAHHOM
AKTUBHOCTH NOBPEXIEHHBIX TPABMOM OJJUHOYHBIX
WHTEPHEHPOHOB CIIMHHOI'O MO3T' A KPBIC

T.C. XAUATPSH', B.O. TOITY3SIH?, N.P. KAPAIIETSIH?,
T.K. KUIIPUSIH'

" Hnemumym gusuonoeuu um. JI. A. Opbenu HAH PA,
Unemumym monxoii opeanuyeckoti xumuu um. A. JI. Mudxcosna HAH PA

O6cyxaaeTcst BOIPOC MPUMEHEHUS HoMeTHIaTa 2—(IMMETHIaAMHIHO) STHIIO-
Boro 3¢upa N—(n—meroxcubensomn)-DL—¢penunananuna y KpbIC ¢ JIEBOCTOPOHHEH
JaTepaabHON reMUCEKIMeil CIMHHOTO Mo3ra. [1oyrydeHHbIe pe3ybTaThl CBUIETEIb-
CTBYIOT O CTOMKOM IIPOTEKTOPHOM 3(deKTe, OKa3blBaeMbIM HOAMETHIATOM 2—
(mumeTraMuHO) 3THI0BOrO ddupa N—(n—merokcubensomn)— DL—pennnanannna
Ha BBI3BAaHHYIO aKTHBHOCTh OAMHOYHBIX HHTEPHEHPOHOB CIIMHHOTO MO3Ta y KPBIC C
JIEBOCTOPOHHEW JlaTepaibHON remucekuuen. Perucrpanust u aHanu3 BbI3BaHHOU
AKTHBHOCTH OJMHOYHBIX WHTEPHEHPOHOB CIMHHOTO MO3Tra MPOBOAMIH IOCPEACT-
BOM CIIEIIMATIBHBIX IIPOTPaMM B pexxuMme on-line.

HUnmepneiponvl — CNUHHOU MO32 — 8bI36AHHASL AKMUBHOCMb — HloOMemunam 2—
(Oumemunamuno) smunoswiii 3¢pup N —( n — memorcubenzoun)—DL— penunananuna
— ceMucexyust

Muunudtwuhpyly b jnpdbphjun 2—(ghdtphjudhtun) kph) N-(o-dtwnnpuh-
ptugnh))-DL-pLuhjmymthuh tptkph wqpbgnipjuip webbnubph nnunintnh
dwhiulnnujut jhuwhwndwb dudwbwl: Unugjus wpnyniuputpp gnyg bu
wnwihu jdkphjun 2—-(nhdkphjwdhun) tph) N(n—dkwnnpuhpkiqnhy)-DL-pkithi-
wubhth bpbkp unnwgnn wetbnbbph dnn npunintinh wowbdht hunbply-
pnutbkph hpwhpyws wjnhynipyut qquih pupbjuynudp: Nnunintnh wnwbdht
hunbpulypnutbph hpwhpJws winhdnipju gpuignidp  junwpjws kp on-
line ntdhunid:

bPlhunbplhlpnbblp — npanin by — hpwhpyws wlnwpynyenta — npudlphumn-2-

(npdlppjudpbn) Lppy-N-(n-dkpnpuppkbqnpy)-DL-$EbGpjujmbhbh Eplp -
Jhuwhunnnid

In these series of investigations the issue of the use of iodmethylate
2 — (dimethylamino) ethyl N — (n — metoxybenzoil) — DL — fenylalanin ester on
rats with the left — side lateral hemisection of spinal cord is discussed. The obtained
results show the strong, protective effect of iodmethylate 2 — (dimethylamino) ethyl
N — (n — metoxybenzoil) — DL — fenylalanin ester on rats spinal cord single
interneurons evoked activity on animals with left — side lateral hemisection.




TTPOTEKLIMS MIOAMETUIIATOM 2 — (AUMETHJIIAMHWHO) 5TUJIOBOI'O 9®HPA N — (N - METOKCUBEH30MJI) - DL — ...

The recording and analysis of the evoked activity of single interneurons of
spinal cord is done by means a special software in on — line mode.

Spinal cord — evoked activity — iodmethylate 2 — (dimethylamino) ethyl
N — (n— metoxybenzoil) — DL — fenylalanin ester — hemisection

N3BecTHO, UTO COCTOSIHHE BOCCTAHOBUTENIBHBIX MPOLIECCOB MPHU MOBPEXK-
JEHHUSIX CIMHHOTO MO3ra y MIJIEKONMMTAIONINX TPU BO3AEHCTBUHM Pa3IMYHBIX
TOPMOHOB H (DEPMEHTOB SBISIETCA OJHUM W3 aKTyaIbHEHIINX BOIPOCOB
COBpEMEHHON OWoJIoTMH M MeauIuHEI [1, 2]. B CBSI3M ¢ OTMEYEHHBIM CTOW-
KOCTh COMATHYECKHX M BETETATHBHBIX HEWPOTCHHBIX HAPYUICHUU SBISETCS
NPUYMHON WHBAJTUAW3AINH OOJBIIMHCTBA OONBHBIX C MOPaKEHUEM CIIMHHOTO
mo3ra (CM) u HapylieHHeM MpOBOJAMMOCTH HEPBHBIX HMITylbcoB [3]. B
KOPPErupOBaHUH MOCTICTHIX HEMAIOBAYKHA POJIb 3(DUPOB XOJIHMHA, B YACTHOCTH
artetmixomHa (AX), 3acITy’KHBAIOIIETO BHUMAHMS C TOYKH 3pPEHHUS OCOOCH-
HOCTEH ero cHHTe3a u Ouonorndeckor akTuBHOCTH [4]. CortacHO pe3ynbraTam
WCCIIEZIOBAaHUH MOCIEAHNUX JIeT [6—8], XOIHMHOBBIMU 3(PHpaMH OCYIIECTBISETCS
pAA BaKHEWIIMX (YHKUMI B OpraHU3Me YesloBeKa M )KUBOTHBIX. BmecTe ¢ Tem
MIPOAOJIKAIOT OTCYTCTBOBATh CBEACHUS OTHOCUTENBHO JIeHCTBHS 3(pUpPOB XOINHU-
Ha Ha uHTepHeipons! (MH) CM npu naTepanbHOI €ro reMHCEKINH.

Hcxonst W3 momcka ONTHMANBHBIX CPENCTB, CTUMYJIHPYIONMX W Oia-
TOTIPUSITCTBYIOIIMX POCTY BOJIOKOH MOBPEXIEHHBIX myTell CM u ¢ ydyérom
BBIIIEOTMEYCHHBIX OCOOEHHOCTEH XOJMHOBBIX 3(HUPOB, HaMH TMpPEANPUHATA
MOMBITKA UCCIIEI0BATh ACHCTBHE OJTHOTO U3 XOJIMHOBBIX 3(HUPOB: HoaMeTHIaTa
2—(IMMeTHUIIaMIHO) 3THII0BOTO 3dupa N-(n—meTokcudenzomn)-DL—denunana-
HuHa ([12®), cuHTe3upoBaHHOTO B MHCTUTYTE TOHKON OPraHMYECKOW XUMHH
uM. A. JI. MEmxossaa HAH PA mox pykoBoactBoM 1. X. H. Tomy3sHa B. O., Ha
onunounsle UH CM kpbic B HOpME U TIPU €0 3KCIIEPUMEHTAIBHBIX ITOBPEK-
nenusax tama remucexknun (I'MC).

Mamepuan u memoouka. DKCUepUMEHTHI MpoBeaeHbI Ha 30 OenbIX Kpbicax
— cammax, maccoit 220-230 r B 3 moxonbITHEIX rpymmax o 10 5k3.: 1. HHTaKTHBIE KH-
BOTHBIE; 2. JKUBOTHBIE C JIEBOCTOpoHHeW narepanbHoii TMC CM Ha ypoBue T8-T9;
3. )KUBOTHBIE C JIeBocTopoHHel natepansHoit [MC CM Ha ypoHe T8-T9, monydasmime
B MecTo noBpexxaeHus CM B teuenue 1 mecsma 2 B mo3e 200 MKI/KT Macchl Tena
MHAMBUAYaIbHO. OnTHMAanbHas no3upoBka J|O® npeanpuHara, UCXOAs U3 TOKCUYHOCTH
JaHHOT'O IIp€riapara, € y'-IéTOM WHTCHCUBHOCTU CIIMHHOMO3TOBOI'O IMMOBPCKACHUS. Dek-
TPOU3NOTIOTHYECKHE HKCIIEPUMEHTHI IIPOBOAMIIM MOCIE KIMHUYECKUX HAOIIONEHUH U
Ja9d TIperapaTa MOJOIMBITHBIM JKHBOTHBEIM. B OTBeT Ha pa3mpakeHHe CeNAIUIIHOTO
HEpBa TMPOM3BOIWIN JKCTPAKICTOYHYIO PETHCTPALNIO0 BBI3BAHHON 3JIEKTPUIECKON
axktuBHOCTH (BA) mannoro MH. OtBenenue aktuBHOCTH uccieayembrx MH npoBoammm
CTEKJITHHBIMUA MUKPORJIEKTPOJIaMU C TUAMETPOM KOHUMKA 1—2 MKM, 3arojiHeHHbIMU 2M
pactBopom NaCl, B JOp30BEHTpalbHOM HAIpaBICHUH B CEPOM BEIIECTBE IEPEIHUX
poroB mosicauuHoro otaena CM B obmactu MH. Perucrpammio BA MH npoBoaunu ¢
MOMOIIBIO CIIEIATIbHO Pa3pa0O0TaHHOW MPOTPaMMBI, 00ECIICUMBAIOIIEH B pEXXAME On—
line cenekuuio craifkoB MOCPEACTBOM aMILUTUTYJHOH AUCKPIMHUHAIINA CIIAHKOB € ITOCTIe-
JIYIOIUM TTIOCTPOCHUEM KYMYJISTHBHON MMITYyJIECHON JAMarpaMMbl JJIs BRIOOpa HE00Xo-
JAUMOTI'0 peKuMa 3almcu OAUHOYHOTO HUH. Ananus IMOJYUYCHHBIX JaHHBIX OCYHICCTBIIAIN
O CIEIHATBHO pa3paboTaHHOMY aJIropuTMy [5].




T.C. XAYATPSH, B.O. TOITY35H, U.P. KAPAIIETSH, T.K. KUIIPUSH

Pesynomamot u o6cysyucoenue. Ha puc. 1 TpuBeAcHBI NPUMEPHI
KyMYJIATUBHBIX (pHc. 1, myHKTBI 1-3, a, 0) B CyMMHpOBaHHBIX (pHC. 1, MyHKTHI
1-3, B) mpecTUMYJBHBIX M MOCTCTUMYJBHBIX auarpamMmm BA ommuHounoro MH
CM (ry6una 1100 MKM) y WHTaKTHBIX XHBOTHBIX (IIYHKT 1, a, 0, B); y )KHUBOT-
HBIX ¢ [MC CM (rnybuna 1100 MM, yHKT 2, a, 0, B); y >kHBOTHEIX ¢ [ MC
CM, nonyuasiux JI2® B Teuenue 1 mec B mecto nmoBpexaeHus CM B qoze 200
MKT/KT HHIUBUAYaIbHO (TiryonHa 1100 MM, yHKT 3, a, 0, B).
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Puc. 1. KymynsatusHble (a) # CyMMHPOBaHHEIE (B) MPe — U MOCTCTUMYJIBHBIE THArPaMMbI
BHEKJICTOYHOI BBI3BAHHOW AaKTUBHOCTH OJWHOYHOTO HWHTepHEeHpoHa (rmyOomna 1100 mxm)
JIOPCaJIbHOTO pora CIIMHHOI'O MO3ra KpbIC B HOpMe (puc. 1, myHKT 1 a, 6, B); OAMHOYHOTO MHTEp-
Helipona (riry6uHa 1100 MKM) TOpCaIbHOTO pora CIIMHHOTO MO3Ta KPBIC IIPH €ro JIEBOCTOPOHHEH
JaTepajabHON reMucekuuu (puc. 1, myHkT 2 a, 6, B) M1 OAMHOYHOTO MHTEepHelpoHa (rirybuna 1100
MKM) JJOpCaJbHOIO pora CIIMHHOTO MO3Ta y KPBIC, TOJYYaBIIUX B TeUeHUE 1 Mec eXEIHEBHO MH-
BEKLUH HoAMeTHIIaTa 2—(IUMETHIaMIHO) 3TUI0BOro 3dupa N—(n—merokcudenzomn)-DL—dennn-
aJlaHMHA B MecTo MmoBpexaeHus (puc. 1, myHkr 3 a, 6, B). Ha “a”: opaunara — 4uciao UMIyIbCOB
IO ¥ TIOCJIEe CTUMYJISIIIAK HepBa, adcuucca — BpeMsl peTUCTPallii HMITYJIbCHOTO MoTokKa.  Ha “0™:
KapTHHA MMITyJICHOTO MOTOKA MOCNE CTHMYJIIIHK HepBa B M30paHHOM HHTepBaie BpemeHH. Ha
“B”: OpAMHATA — IIPOLECHT MMIIYJILCOB (B OMHAX) OT Yucia mpo0, abcuucca — NOCIe0BaTeIbHOCT
6I/IHOB

Kak BugHO u3 pHC., MOCIEACTBHUS CIMHHOMO3IOBOI'O IOBPEKACHUS
IIPOABIIAIOTCA B BUAC YPCKCHUA BBI3BAaHHOM MAavyeyHON aKTUBHOCTH OAMHOYHOI'O
HH 1o cpaBHEHHIO C HOPMOM.




TTPOTEKLIMS MIOAMETUIIATOM 2 — (AUMETHJIIAMHWHO) 5TUJIOBOI'O 9®HPA N — (N - METOKCUBEH30MJI) - DL — ...

Jauueni 3¢ dekT Xopomo BUACH HAa KyMYJSTHBHON IPECTHMYIIBHOM
muarpamMe (puc. 1, myHKT 2, a), TIlé MMEET MECTO YyMEHBIIEHHE YHCIa
UMIIYJIbCOB B Tayke, U Ha MPECTUMYJIbHOM 4acTH cyMMupoBaHHOW (17 wucm.)
muarpamMmel (puc. 1, myHKT 2, B). UTo KacaeTcs mOCTCTHMYJIBbHOTO oTBeta MH,
OUYEBHJIHO TAK)KE YPEKEHHE BBI3BAHHOI'O MMITYJIBCHOTO MOTOKA (puc. 1, MyHKT
2, 0). ITocne BBeaenus 2P y kpeic ¢ 'MC CM npoucxoauT pe3Koe yUarleHue
KaK OPECTUMYJbHOM, Tak M mHocTcTUMynbHOM aktuBHOocTH WMH, compoBox-
JTAIOIIeecs] NCUE3HOBEHNEM TaYeYHOW akTUBHOCTH (puc. 1, myHKT 3, a, 0, B) U
npuOmmKaroIeecs Mo CBOMM TOKazaTelsiM K KapTuHe BA y HWHTaKkTHBIX
JKUBOTHBIX (puc. 1, myHkT 1, a, 0, B).

AHanu3upysi NpOBEACHHBIC HCCIECIOBAHHUS, MOXHO NPHUATH K BBIBOLY O
TOM, YTO B LIEJIOM MMEETCS MOJIOKHUTENbHBIN 3 dekT oT npumeHenus: 19D npu
oprannueckux moBpexaeHuax CM y Kpbic U HaOmioAaeTcs HaJUuue CTOWKHX
pe3ynbTaToB. llpoBeneHHBIE SKCHEPHUMEHTH MO3BOJIAIOT CUUTATh, YTO IOCTE
I'MC CM mna ypoBHe T8-T9 HaOmromaeTcs KapTHHA TOCTEIIEHHOH HOpMa-
TU3alrU HAPYIICHUH OTIOPHO—JIOKOMOTOPHBIX (DYHKIMH, M HATJISIIHEE BCETO 3TO
nposiBisieTcs y Kpbic 3—i rpymmsl (B TeueHne 1820 mHeit). Takum oOpaszom,
HOJIy4YEHHBIC PEe3yJIbTaThl HACTOAIIEIO MCCIENOBAHMS CBUAETEIBCTBYIOT 00 3(-
¢dextuBaoM neiictBun 1O Ha BA oguHouHbix MH CM 1ipu ero opraHn4eckux
MOBpeXAeHUsAX. Pe3ynbpTarel paHee NpoBEeAEHHBIX MCCIETOBAaHUNA IEHCTBUS XO-
JIMHOBBIX MPOU3BOAHBIX [9—12], a Takke HACTOALIME JAHHBIC 110 U3YUYEHUIO eh-
ctBusa [10® ma BA ommHOouHBIX MH moBpexmérroro CM MO3BOJSIOT 3aKITIO-
9UTh 0 poTekTopHOM JeiictBun {9 B ycnosusix 'MC CM.
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Collections of ornamental plants (Antirrhinum majus L., Cercis siliquastrum
L., Chrysanthemum sp., Cornus sanguinea L., Digitalis sp., Gladiolus sp., Hedera
helix L., Rosa sp.) with leaf spot symptoms, and pycnidia signs from Mycological
Collection of the Iranian Research Institute of Plant Protection, and new
collections, collected from north of Iran (Caspian sea area), were studied to
investigate the causal organisms. Studied materials belong to eight host species.
Studies revealed that Septoria antirrhini Desm., S. cercidis Fr., S. chrysanthemella
Sacc., S. cornicola Desm., S. digitalidis Pass., S. gladioli Pass., S. hederae Desm.,
S. rosae Desm. respectively are the causal organisms on studied host plants. All
collections are preserved in the Mycological Collection of the Iranian Research
Institute of Plant Protection. The descriptions of Iranian samples of these species are
given for the first time. One species (S. rosae Desm.) is new for Iranian mycoflora.

Fungi — Septoria — ornamental plants

Nuunidbwuppyuws £ pswynpmipyutt whpnwbpwbbpng b whluhnhwg
uynpuwnynipjul hwnljwuihpubpnyg 8 wkuwl nkinpwnhy pnyu (Antirrhinum
majus L., Cercis siliquastrum L., Chrysanthemum sp., Cornus sanguinea L., Digitalis
sp., Gladiolus sp., Hedera helix L., Rosa sp.) bputth Fnijubph Mwown-wwinipjul
Qhunwhbnwgnuuljui bPhunhuninh Uajupubului Zujwpw-énthg, hisyhu
twl wyny ponyubph unp hwjuwpwdnitbp Ppwih hniuhuhg (Ywuwhg sndh
opowl): Zhknwgnujwd t whiuhnhw) uynpuunynipjut ju-rnigduspn:
NpnpJws £ 8 ubwuninphnqh hwipnighy (Septoria antirrhini Desm., S. cercidis Fr., S.
chrysanthemella Sacc., S. cornicola Desm., S. digitalidis Pass., S. gladioli Pass., S.
hederae Desm., S. rosae Desm.): Unwghti wbiqul npdud kh uljuipugqpnipiniiubp
wgu whuwlutph bpwuh tdniptiph hwdwp: Skuwl-ubkphg Ukyp® S. rosae Desm.,
unp k Pputth hwdwp:

Ulljkp - Septoria — pklinpunnpy pnyjubp

W3ydens! oOpa3mbl BOCBMH BHUJIOB JICKOPAaTHBHBIX pacTeHUH (Antirrhinum
majus L., Cercis siliquastrum L., Chrysanthemum sp., Cornus sanguinea L.,
Digitalis sp., Gladiolus sp., Hedera helix L., Rosa sp.) u3 MHKOIOTHYECKON
Komnexkuun Upanckoro Hayuno-uccnenosarensckoro Mucruryra 3ammte! Pacre-
HUH, a Takke HOBbIe OOpaslbl ITUX pacTeHHH, coOpaHHble Ha ceBepe lpana
(obmacte Kacmiickoro Mopsi) ¢ CHMOTOMaMH MSTHUCTOCTH W MPU3HAKAMHU MTHKHH-
JIUAIIBHOTO CIIOPOHOIIEeHHS. VIcClieJoBaHO CTPOSHHE MMKHUANAIBHOTO CIIOPOHOLIe-
nus. Mnentuduimposano 8 BugoB Bo30yaurenelt cenroprosa (S. antirrhini Desm.,
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S. cercidis Fr., S. chrysanthemella Sacc., S. cornicola Desm., S. digitalidis Pass., S.
gladioli Pass., S. hederae Desm., S. rosae Desm.). BriepBble naHbl onucaHus upaH-
CKUX 00pa3toB 3TuX BuioB. OmuH u3 BUOB (S. rosae Desm.) siBisiercst HoBbM Jyist MipaHa.

TI'pubwr — Septoria — OexopamueHuvle pacmeHnus

The genus Septoria Sacc. belongs to Coelomycetes of Imperfect fungi with
more than 3000 published names of species including many synonyms [1], although
it's true, diversity range is estimated from 1000 [7] to 2000 [11]. It is one of the
largest genera of plant pathogens, causing a range of disease symptoms including
leaf and fruit spots in many agricultural crops, as well as horticultural and native
plants [5]. This genus includes a group of fungi, which reproduce only asexually by
producing hyaline sclerospores in flask shaped pycnidia.

In Iran the species of Septoria are poorly known and not yet intensively
studied. Some species of Sepforia were reported by Ershad, Esfandiari, Khabiri,
Viennot-Bourgin, Scharif, Jorstad, Petrak as mycoflora of ornamental plants from
Iran [2]. Most of these reports were done without any description. The present ar-
ticle describes the species of Sepforia on ornamental plants studied by authors in 2008.

Materials and methods. Ornamental plants "with leaf spot symptoms and
pycnidia signs from Mycological Collection of the Iranian Research Institute of Plant
Protection" were examined. Studies were carried out on the basis of detailed macro- and
microscopic observation of diseased tissues. Macroscopic features described from dried
materials and microscopic features described from dried materials were dehydrated in
moist chamber for 1-2 hours. Studied specimens were mounted, stained with acidified
glycerol blue, potassium hydroxide (KOH) 5%, and erythrosin B-ammonia solution
(0.5 g erythrosin B in 100 ml 10% aqueous NH3) [4]. The investigations were done
under an Olympus CH2 light microscope on normal settings (100-1000x). For each
sample at least thirty pycnidia were measured. Length and width of about 50-100 conidia
were measured for each sample, mean of them and variance were calculated. Numbers of
septas for each conidia were studied. The microscopic observations and a comparison of
their results with corresponding mycological studies [6, 12, 8, 9] led to a direct
identification of the causing agents.

Descriptions were made for each collection by macroscopic and microscopic
features including: symptoms of host explanation, pycnidia specifications including shape,
color, wall and ostiole characterization, morphometric specification, and its position on
host tissues; conidia and its ends shape, conidia length and width size, and septation.

Results. The descriptions of Septoria species by families of host plants, are
brought below in alphabetical order.

Family Araliaceae

Hedera helix L.

Septoria hederae Desm.

Location: Bandar-Gaz (Gorgan), 1948

Leaf spots amphigenous, round or somewhat angular, pale brown, bordered
by a narrow dark line. Pycnidia thick-walled, epiphyllous, 100-200 pm in
diameter. Conidia filiform, 4-5 septate, straight to slightly curved, 24.4(20-35) x
1.8 (1-2) pm.

Notes: Septoria hederae Desm. was originally described as having conidia
30-40 x 1-2 um [9], Jorstad [6] described that with conidia 24-48 % 1-2 pm, and
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Teterevnicova-Babayan [12] described it as having conidia 16-40 x 1-2 pm and
synonym with S. insularies Berk. and S. desmazieri Sacc. Septoria hederae
Desm. was reported from Iran on Hedera helix L. by Esfandiari, 1946; Scharif &
Ershad, 1966 without any descriptions [2]. Examined materials are closer to
these descriptions for Septoria hederae Desm.

Hedera helix L. is native to most of Europe, the west coast of South
America, western Asia, northern Africa and Australia. It is an evergreen
climbing plant, growing to 20-30 m high where suitable surfaces (trees, cliffs,
walls) are available, and also growing as ground cover where there are no
vertical surfaces. It is widely cultivated as an ornamental plant in gardens and
parks, forests and other natural areas. The flowers are produced from late
summer until late autumn, individually small, in 3-5 cm diameter umbels,
greenish-yellow, and very rich in nectar, an important late food source for bees
and other insects; the fruit are small black berries ripening in late winter, and are
an important food for many birds, though poisonous to humans.

Leaf spot of Hedera helix is caused by Septoria hederae Desm.

Family Asteraceae
Chrysanthemum 3.

Septoria chrysanthemella Sacc.

Location: Shahi (Gorgan), 1968

Leaf spots round to irregular, grayish brown to dark brown with black
indistinct margins, sometimes surrounded by a narrow yellow halo, vary in size
from very small to large (2-9 mm), covering the leaf surface (epiphyllous). As
the spots increase in size and become more abundant, the affected leaves turn
yellow, die and persist on the plant. Pycnidia scattered on lesions, amphigenous,
immersed to erumpent, globose to subglobose, 50-85 um in diameter. Ostiole
single, apical, 20-32 pm. Conidia filiform, 4-6 septate, straight to slightly
curved, 54.4(50-60) x 1.8 (1.5-2) pm.

Notes: Nine species of Septoria (S. adanensis Petr., S. chrysanthemella
Sacc., S. minima Halsted., S. obesa Syd., S. cercosporoides Trail., S. social
Pass., S. chrysanthemi Allesch., S. macrosporia Dearn., S. rostrupii Sacc.) were
recognized by Paul & Singh [8] and Priest [9] on Chrysanthemum.
S. chrysanthemella Sacc. reported from Iran on the Chrysanthemum indicum L.
by Viennot-Bourgin et al., 1970 without any descriptions [2]. Conidial
dimensions in examined materials are closer to descriptions for Sepforia
chrysanthemella Sacc. by Teterevnikova-Babayan [12], Jorstad [6] and Priest
[9].

Chrysanthemum is one of the most important ornamental flower crops
grown. It is used as garden and cut flowers. Septoria leaf spot disease of
Chrysanthemum spp. has a wide geographical distribution, including the Asian,
American and European regions, as well as the Iranian regions. The spotting of
the foliage decreases the quality and stability of the cut flowers and tends to
reduce the quantity and quality of the blooms.

Family Cornaceae
Cornus sanguinea L.

Septoria cornicola Desm.

Location: Nowshahr (Mazandaran), 1974

Leaf spots hologenous, scattered to confluent, angular, dark brown with
purplish margins, bordered by leaf veins, mostly 3-5 mm in diam, but reach up
to 15 mm when confluent. Pycnidia scattered, amphigenous, globose, immersed,
50-100 um. Conidia cylindrical, substraight to curved, hyaline, 2-5 less distinct
septate, 50 (40-65) x 2.5 um.
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Notes: Farr [3] examined a vast number of Sepforia materials from Cornus
spp. and provided a key for the identification of Septoria spp. on Cornus plants
[10]. Teterevnikova-Babayan [12] described Septoria cornicola Desm. on
Cornus alba, C. sibirica, C. tatarica, Swida australis as having conidia 50-70 x
2-2.5 um. Septoria cornicola Desm. reported from Iran by Khabiri on Cornus
sanguinea L. in 1958 without any description. Also this species reported from
Iran by Jorstad in 1960 and Scharif & Ershad as Septoria sp. in 1966 on Cornus
australis C.A.Mey. without any descriptions [2]. Examined materials are closer
to descriptions for Septoria cornicola Desm.

Cornus sanguinea L. is a species of dogwood native to most of Europe and
western Asia named Common Dogwood, occurring in Caspian Sea area. It is a
medium to large deciduous shrub, with creamy white flowers. There are many
garden cultivars of this plant. Septoria leaf spot, caused by the fungus Septoria
cornicola, is a late-season disease of dogwood that causes little damage.

Family Fabaceae
Cercis siliquastrum L.

Septoria cercidis Fr.

Location: Behshahr (Gorgan), 1948

Leaf spot of Cercis siliquastrum L. is caused by Septoria cercidis Fr. Spots
are irregular, restricted by leaf vein and become partially angular in shape, light
creamy with distinct reddish brown margins. Pycnidia dark brown submerged to
erumpent, globose, 123 (110-140) pum. Ostiole single 35-45 um. Conidia are
hyaline, 1-3 septate, 17.4 (14-24) x 2 ym.

Notes: Two species of Septoria (S. cercidis Fr., S. siliquastri Pass.) were
recognized by Teterevnicova-Babayan [12] on Cercis sp. S. cercidis Fr. reported
from Iran on the Cercis siliquastrum L. by Viennot-Bourgin et al., 1970 without
any descriptions [2]. Conidial dimensions in examined materials are closer to
descriptions for Septoria cercidis Fr. by Teterevnikova-Babayan [12].

Cercis siliquastrum L. is a small tree native to Western Asia, including Iran,
Iraq, Israel, Jordan, Lebanon and Syria and Southern Europe including Albania,
Bulgaria, France, Greece, Italy, Turkey and Yugoslavia. It is used as garden
plant in most areas as well as in Iran. It has heart-shaped leaves, and in early
spring it is covered with rosy-pink flowers, which appear before the leaves. It
produces hard wood with an attractive grain. The flowers have an agreeably
acidic bite, and are eaten in mixed salad.

Family Iridaceae
Gladiolus 3p.

Septoria gladioli Pass.
Location: Lahijan (Gilan), 1952

Spots hologenous, orbicular to irregular, dark green to brown, bounded by
veins with purple brown margin. Pycnidia amphigenouse, scattered on lesions,
separate, immersed to erumpt, globose, black, 135 (90-150) pum. Conidia
hyaline, filiform, 1-5 septate, straight to slightly curved 35 (30-50) x 3 um.

Notes: Teterevnicova-Babayan [12] described Septoria gladioli Pass. on
Gladiolus sp. as having pycnidia 75-190 um, conidia 20-60 x 2-4 um with 1-5
septate, Paul & Singh [8] described it with pycnidia 90-150 um, conidia 25-60 x
3-3.5 um, 1-4 septate, and Priest [9] described with pycnidia 130-180 pm,
conidia 45-55 x 2.5-3 um, 3-5 septate. Septoria gladioli Pass. reported from Iran
on Gladiolus sp. by Khabiri, 1952 without any descriptions [2]. Examined
materials are closer to descriptions for Septoria gladioli Pass. by Teterevnikova-
Babayan [12], Paul & Singh [8], and Priest [9].
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Gladiolus is a genus of flowering plants native to South Africa. Common
name for these plants is simply gladiolus. These flowers are variously colored,
pink to reddish or light purple with white, contrasting markings, or white to
cream or orange to red. Gladioli have been extensively hybridized and a wide
range of ornamental flower colors are available from the many varieties. Leaf
spot disease of Gladiolus spp. caused by Septoria gladioli Pass.

Family Rosaceae
Rosa p.

Septoria rosae Desm.

Astara (Gilan), 2008

Leaf spots circular, light green or yellow, 0.5-1 mm in width. Later spots
turn to purple or dark brown in the center, and then changed to necrotic with
distinct light brown margins. Spots vary in size 1-5 mm, based on disease
severity. The worm-like creamy-white spore tendrils that emerge from the dark
pycnidia are very typical. The centers of the spots appeared to be white, due to
fluffy masses of conidia that can pile up around the pycnidia. Symptoms lead to
a premature leaf drop in the case of a severe infection. Pycnidia, immersed,
epiphyllous, thin-walled, dark brown to black and separated on necrotic lesions,
165 (150-200) pum, conidia hyaline, straight but mostly slightly curved, 5-6
septate, 47 (35-66) x 2.5 um.

Notes: Four species of Septoria reported on Rosa sp. (S. rosae Desm.
conidia 70-90 x3.5-4 um., S. rosae var. sempervirentis Durieu & Mont. conidia
30-50 x 2.5 um, 3-4 septate., S. rosae Thum. conidia 50-60 x 2.5-3 um, 4-5
septate., S. rosarum West. var. leptosperma Speg. conidia 30-50 X 1 pum) by
Jorstad (1965), Teterevnikova-Babayan (1987), Singh (2003) and Priest (2006).
Examined materials are closer to descriptions for Septoria rosae Desm. This is
the new species for Iranian mycoflora.

Roses are not only popular ornamentals, but some of the wild species also
used as food, cosmetics and even medicine. Rosa leaf spot disease, are caused by
Septoria rosae Desm.

Family Scrophulariaceae
Antirrhinum majus L.

Septoria antirrhini Desm.

Location: Caspian sea area, 1958

Leaf spots hologenous, circular to elongate, small, 2-5 mm diam, pale brown
to creamy with in center, and purpulish-brown in margin. Pycnidia globose, dark
brown to black, amphigenous, scattered, separate, immersed, slightly erumpt, 55
(45-80) um. Ostiole single, apical, 20(15-25) pum. Conidia filiform, hyaline,
straight to slightly curved, with round apex and truncate base, 1-2 septate, 20(12-
32) x 2 (1.5-2.5) pm.

Notes: Septoria antirrhini Desm. was described from Antirrhinum majus L.
with pycnidia 40-70 um and conidia 15-20 x 1.5-2.5 um and 1-2 septate by
Teterevnicova-Babayan [12]. This species reported from Iran on the same host
by Khabiri in 1958 without any descriptions [2]. Examined materials found to be
long as 20 um and width as 2 pm and closer to descriptions for Septoria
antirrhini Desm. by Teterevnicova-Babayan [12], and Priest [9].

Antirrhinum majus L. is a species native to the Mediterranean region. It is a
herbaceous perennial plant and often planted in gardens for its flowers.
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Digitalis sp.

Septoria digitalidis Pass.

Location: Gorgan, 1982

Leaf spots are 3.8 (2-6) mm in diam., circular to irregular, amphigenous,
light creamy, necrotic, with distinct brown to black margins. Pycnidia are dark
brown submerged to erumpent, globose, 62.5(60-70) um in diam. Conidia are
hyaline, straight, 28.2 (25-33) x 1.1 (1-1.5) um.

Notes: Teterevnikova-Babayan [12] described Septoria digitalidis Pass. on
Digitalis ciliate, D. ferruginea, D. nervosa, D. grandiflora, D. purpurea, D.
officinalis, Digitalis sp. as having picnidia 60-150 um and conidia 25-30 X
1.5 pum. Septoria digitalidis Pass. reported from Iran by Esfandiari on Digitalis
sp. in 1948 and by Petrak in 1949, Scharif & Ershad in 1966 on Digitalis
nervosa Steud. without any descriptions [2]. Examined materials are closer to
descriptions for Septoria digitalidis Pass. by Teterevnicova-Babayan [12].

Digitalis is a genus of about 20 species of herbaceous perennials, shrubs
plants often grown as an ornamental plant due to its showy flowers. The genus is
native to Europe, western and central Asia, and northwestern Africa. The
flowers are produced on a tall spike, and vary in color with species, from purple
to pink, white, and yellow.
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NMuunidbwuppyby k22 Tonon dwpgh @niqupph nwwpuswopowith pupdw-
nhp gnuint whwnwewihtt $ntunh hothnpjumput ghtwdhlut 1962-2008 pp.:
Nupqupuidws £, np wtnnwnh Jiphtt gninnwd ipehtt muubwdjulh pupwug-
pnud h huyun kb Bk wbippnuyngkt tnupnunitp (357,8 hw) b sykpujutquus
hwwndué mwupwsputp (411 hw):

Ubnwnpwéwsl wnwpwsdph b yuowph puohijwdnipjub nhtwdhljugh
Jbip-mdmipjudp  pugwhuwynjws £ np hpdtwluwh  whwnwnljuqlnn
nunbuwybu wpdbpuynp  Swnwwnbuwlubph® hwdwpking, YJununt dnn
wbgutuwh wnbuw-juthnjumpniip Ypod E hwdwnwpwsd  punyp, nph
wprynibp E wipnyngbt mpubugpupugh:

Utnnmwunfp JEppi gnunp - wivnmunuyhll pnin - whppnyngll npubugpbupw -
hpdinuluml winnwnlwqung Sununkuwl

W3yuena nquHaMuKa M3MEHEHHS JIECHOTO ()OHAA BepxHero mosica I'yrapckoro
paifona Jlopuiickoro mMap3a 3a 1962-2008 rr. BelsicHEHO, UTO B BEpXHEM MOsICE Je-
COB B TEYEHHE IOCIEIHHUX AECATHIETHH 00pa30BanuCh AHTPONOTEHHBIE PENKO-
nechbs (357,8 ra) u HeBO30OHOBJICHHBIE Jiecoceku (411 ra).

BrraBiieHo, 4To HexenaTebHOE BUAOM3MEHCHUE OCHOBHBIX JIECO00Pa3yOIUX
XO3HCTBEHHO-IIEHHBIX JPEBECHBIX BHIOB (1y0, Oyk) aHTpOIOTeHHas TpaHCTpec-
CHUsl IMECT ITI0OBCEMECTHO PAaCIPOCTPAaHEHHBIN XapaKTep, YTo SABJISETCS Pe3yIbTaToM
aHTPOINOTEHHOI TPaHCTPECCUH.

Bepxnuii nosic neca - 1ecHoti poHO — anmpono2eHHas Mpancepeccis — OCHOBHbLE
Jecoobpasyrouue opesecHvle Nopoosl

The dynamics of the changes in the forest reserves in the top belt of Gugark district
(Lori Marz) is studied for a period 1962-2008. It is elucidated that during the last decades
anthropogenic sparses (357,8 ha) and unrenewable wood-cutting areas are formed.

The analysis of the dynamics of the wood-covered area and purveyance
distribution shows, that unwanted alteration of the main wood- generated economicaly
valuable arborous species (oak, beech) performs everywhere prevalent disposition, as a
result of anthropogenic transgression.

Forest high belt - forest fund — anthropogen transgress — basic forest formation species

Ubwnwnubpp Gniqupph nuwpuswopowinid mwpwsdus tu $npp Und-
juu (Entwhwdwlupgh Qudpul, Pugnid b Zujup (Enttwpnpwibph mwuppkp
nnubwunpmpjut jmugbpht:

Ubwnwnubpl wjunbn qpuntgunid tu 25715 hw tnwpwsdp b qninud Bu
AGniqupph whnwpninbunipjutt mtophinipjut nuly: Utnwnuwghtt hwdwlk-
gnipniutbpp hynuuhuwplbjphg uvwhdwiwlhg i tubinh winwpntnbunt-
pjutp, wplbtiphg’ 0%hihgwio wqquyhtt wuwplyht, wpldnmwnphg® Uyhuwalh
wnwpwdwoppowiihy, hull hwpwyhg' Ynwnwjph b Upwqusninth dwpgbppi:
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Gniqupph whnwnttpp nwpwsynd kb énh dwljupnuljhg 1100-2300
(2400) U pupdpnipiniittph Ypw, ptg npmd dhgh 1200 U pupdpnipjub ypu
nbnupupjujws Eu whnwnubph pugudtup 4,8 % (967,4 hw), hull 1201-1700
37,8 % (7555 hw): Utnnwnttph hhdttwluwt quuqdusubpp quiynid Eu winw-
nh Ykphtt gninnd® 1700-hg puipdp’ 57,4 % (11,4 hwgq. hw), npuntin b jEnpn-
twgywd k pwthuwyinh wwpwph onipge 65 %-p (Unwn 130 hwqg. hwy):

Suipwdwppowiuin punpnoynid E okpdwunhdwmiughtt Ubd nwunwinidubpny,
npp dhwbquuuyt ophtwswth £ b wuwjdwbwynpdws £ jwugkph nhppunpni-
prudp b énih dwlwpnuljhg pwpdpmipjudp: Uhtsh 1400 d ghphpjunid E
pupbjuwnt wwp, 1400-1700 U pupkpwnt gnipw, hul 1700-hg pupdp gnipwn
i hdwie

Ubtwnwnwht yiphtt gninht Eyninghwljwb pupy hwdwljupg k, npuntn wi-
wnwnubph phunpnpuquuquinipmnitp, nwpwsqusdnipniup, hyybu twb
wnwbdhtt mbuwlutph JEuwbyninghwljwt swn wrwbdtwhwnlnipmniuttp
widhowlwinpbkt wuwjdwtwynpJws i Eynnghwljut wnwppbp gnpénuubtph
htwn niubgué punpy thnjuhwpwpbpnipniuubpny [4, 6, 7, 8]:

Phnunhl mt dwpnwsht gnpénuubpt, hiyybu twh whnwnwddwt wuy-
dwtitbpp juhun wqpbgnipnit Bu poniinid wju gninnt whnwnubph wpnyniiw-
JEunnipjut b puinphwipuybu, wdpnne wunwnwjhtt hwdwlkgnipjut qupgqug-
dwt pupwgph Ypu: Pusybu tpymd £ dh owpp qpuljut wnpmiptbpnd wt-
ppnungkt  upmudubpp mubkt  Gpup  wwphubph wwwudnipnit, nph
pupwgpnid dwpgi hp withbnwnbu gnpéntibnipjudp tywunk) £ whnwnubph
nhqpunug-dwbp b npuig nnnuahq uvwhdwtbph Ypgwndwin [2, 5, 8]:

Gniqupph wmwnwhtt nnh 56%-p (14381,5 huw) qunuynid L Jiphtt gn-
wnnid, npnbn whnwunwswsdy k 79,3%-n (11412,6 hw):

Ubwnwnpughtt hnntph ny wbnwnwéwsly dwlbpbup 11% (1408,5 hw)
Juquyws t sdhwligdws wmunmwnughtt Upunyputpny, sybkpujutqius hwuwn-
Jwd nmwpwsdpubipny, Jhtuwpwbwlju nt wippnyngbt tnupnunikpny:

Ny wbwnwnwhtt hnnbphg wpwyl] nupusjusd o wpnnwduypbpbt nu
uninhwipputpp (10,8 %):

Zpdtwwt whnwnjuqunn Swpwwbuwlubpp, huswbu b Ephph wy
wlnwnuwjhtt opowbtbpnud, ubkpljuwjuginid B wpbbjjubt hwdwupbkuht (Fagus
orientalis), wjunthtnl fjunonpunty Ywunuht (Quercus macranthera), nyjuuymt
pnjuht (Carpinus betulus) [3, 9]: 2quih dwubwljgnipenil niukt twl Lhundhundh
Ytshu (Betula Litwinowrl), pupdpikinttuyhtt pluihtt (Acer trautvetteri), husuyiku
twl' pbnhtt (Umauas), hwgtuht (Fraxinus), |npkupt (7ila), wpnubuht (Sorbus)
(Ljup 1):

9dkphtt gnuant Swipnunbibpp npubku ophttwswthnipnitl pinipwqpynud Eu
guén wpnnibwybnnipjudp [6, 9, 10]: Ujuybku, dhohti pnuhnbwnughtt nuup
Juqunud £ IV-p, pug npmud I pnithnbnp swnnuntbpp juqudnud Bu 1,1%, 11
pnuh-inkwmhup' 1,6%, III pnuhwnbwnpup’ 28,6%, IV pnuhnbtwnpup’ 51%, V
pnuhwnbk-nphup' 18,8%:

Puipdn wpnunpnyujuinipjut Sweniinubph hhdtwlwt dwup qunignid
E wbwnwnwjhtt  Jkpht gnuimt  uwnnpptt hwndubsnmd® dhish 1950
(Uwpquhnyhnn  wbwnwnybunnipmt pwn. 35, hwndws 9, 1991
Ubnwnphtinipni) b juquws b quuwdnpuybu  undninubphg, npnug
punhwinip dulbpbup (I b II pnuhnb-nwght puu) juqdnd £ 359,4 hw:

Ubwnwnuyhtt $nunh hwuwluyht juqup tipjuyugund b hknbjuw) gun-
tpp. Ephnnwuwpputp’ mwupwsph 15,6 %, thpwhwuwlubkp® 11,2 %, hwunttiw-
gnnutp' 15,9 %, hwunit b giphwuntubp’ 57,3 %: Uju gnuiinid wdkbwwnpdt-
pwynpp hwdwplmuniubpt &b, undninbubpp b pupdpwpnit junununtbpp,
npnig mbkuwljupun Yohep juqunid £ nwpwsph onipg 60 %-n:

Nputu juint winwnwihtt $nunh Jhdwljp dbs swihnd wuydwbwdnpgus
E twb dwppnt winbuwlwb  gnpénitbinipjudp: dhpohtiu wnwyl) ks
dwupnupbpny npulinpyt] £ hwnjuytu 1990-wjwt pyujububpht’ juw-
Jws hwbpwybwnnipniunid whpnn Eukpgbnhl dguudwdh htwn:
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UGwguwép;
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Oruyh; 7%
Unth; 7% ‘
Utigh; 9%‘\
Pntuh; 11%S; :

YwnGh; 26%

Swdwnkbh;
37%

Lhwn 1. 9bphtt gnuint winwewihtt mwpwspubph pupdusnipeiniup
nun whnwnljuqunn Swpwnbuwlubpp

Glukny npuhg, dkp Ynnuhg thnpd E wpdl] junwupl] hwdbdunwut
nuumdbwuhpnipniiibp’ pwgwhwjnbint @nmiqupph  wwpwdwopeowth
wlnwn-ubkph Jtipht vwhdwbh thnthnpuniput b pdundwt ghtudhlub
Jtpoht 50 nnupyu pupwgpnid: Uy ghtwdhljuyh dEpnwsnipjudp thnpdky Eup
Eplwt hwtl) JEpohthu pwtwlulwt nt npuljuljut gnigwithpubpp, npnug
wpynip-ubpp pEipdwé Bu phy 1 wnniuwlnud: dhphtt gnnint wnmwnwyhu
dnunh Jbpnisnipyut dudwbwly Utp Ynndhg hhdtwljuwinid oqunugnpéyty Lu
whnnwnju-nujupdwt wjwubbtph 1962, 1992, b 2008 pp. hwoykwnynipjut
wnmipbpp [1]:

Unmnuuuynid pipdus myjujubphg tjuwnynid £ 1962 p.-hg dhtish 2008 pe.
punhwinip nwpwsph wunhdutwljut wdbjugnid® 1992 p.-ht wyt Juqdl) &
1487 hw, hulj 2008 p.-ht' 1992 p. hudbdwwnipjudp’ 1309,2 hu: 2796 hw
nwppbpnipniip qupdwtwynpdus L wbnwundywulnypubph whnwunwswusly
nwpwsph hnpuugpdudp, Sniqupph winwnnbnbunipjuiip twpjulht unygjun-
qujhtt wbnwnubph dhwgnidny, hsybu twl whnwnubph gnypugqpdut dw-
dwtul wohtwphwnbnbjundujut hwdwlwupgny duljkptuttph £ogpudwdp:

Zknwgnuinipniiubiphg wwpqynud £, np whnwpwswsih nmnynuuhtt hw-
pupkpnipiniup 1962 p. Juqund £ 79%, 1992 p. 84%, 2008 p. 79%: Rtpjws
nfjuitphg tWuwwugnid E bwlb mbuwlupup Yorh dhtish 5% twjuqnud: Zwpgh
wntbny, np undjunquyht wbwnweubph wybih pwb 90% Jwqubk] B wb-
nwnwdwsl] mupwspubpp, ntunh whwnp L wpdwbwgpt), np nkuwlwpup Yorh
5% wjuquul yundwnp winmwnwhtt tynhwdwlupgtph Jpu wippn-wyngku
wqpbkgnipjutt hbnbwupt t, dwubwynpuybu sjutinbwjupgué (wwonhih)
hwwnnmdubtpp, nph hbnbwbupnyg h huyn E quihu dhish 2008 p. puguljuynn
wjtwhuh  gmguihpught  wugikp, hlywhuhp KU sykpulubgiws
hwwnwwnbntpp (411 hw) b wlppnyngkt tnupmntbpp (357,8 hw): Gphk
JEuuwpwiwjult tnupninubph wjugnudp (1992 . gpoipjudp 1962 p. ujun-
dwdp) Juqunud E 603 hw, wyw wyt dhwhquduyt whwnp E ghubk) gbhuyh
witnwnwdwsh hopwungpoud, huly 2008 p. 209 hw wuquut wuppbpnipmniin
ns wy] hty L, pul wbtnwnubph nhgpunugdui n1 pwpwupdwt gniguithy:

Cunhwinip wndwdp, whophtiwl] hwwnnidubphg wnnidwé wmwpwsputph
punhwunip dwybpbup uqunid £ 2198,5 hw, nphg 411 hw' sybpuljubquynn,
wjuhtpl, wybt mwpwspubpp, npnkn pkinig b weju dwwnnuop whniuwh k£
wuuywd Yhkpwljuwiqduwt hwdwp: Ubtwugws 17875 hw wmwpuspubpnid
uuwnynid £ phynipjut jupnly walnud® 0,6-0,8 (0,9)-hg vhish 0,3-0,5:
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Unyniuw]y 1. Utnwnughtt $nlinh thnthnjunmi pyuit nhtwdhljut (1962-2008).
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Uhwdwdwtwl, Jipht gnuinnt whwnwnubpp (h muppipmipinit unnnpht b
Uhohtt gnunhubtph), hwdbdwwnwpwp wykih phs Eu ninidt] wwonphth hwwnnud-
utinhg" ounphhy ndqupudwwngbihmpui: Zwunpy k upk), np wtinh t ntukgk) bwb
wphbunwlwt wniuplutph wbugnud, vwluyl, ek uwb 1962-1992 pp.
Juquly & 756,7 hw, wyw 1992-2008 pp. wykjugk) L 36,1 hw: Zwoyh wnukny
wnlw sybpuljuiqidws nt ny whnwnwihtt hontph qquh mwpwspubpp® wi-
wnwnUpulnipuyhlt nunp (pnipe 2000 hur) qupqugdut juy hEnwtjwp niith:

buswbu hwjnuh Lk whnwpwdwslh pupdp nnlnup whnwnuhtt ww-
pwspuiph wpynmitwybn ogqnnugnpsdwin vhwly gnigmuhop sk, wyt wbwp k
Juquyws 1huh wjuyhuh wbkuwlubpny, npnup jhwpdbpnpbtt hwdwywwnwu-
juwtinid Eu whnwnwddwt yuydwiuubphl, nubt jEbuwkninghujut pupdnp
Juyniunipinil, weph b puljunud hwyjinwiyniph npuyny nt nitukt hudbdwwnw-
pwp pupdp wpiunponuljuiinipinti:

©hy 2 wynruwlnud pipdws nfyuikpp gnyg ko wmwhu, np niqupph
wnwpwéwopowth wunwnuwjhtt Jipht gnuimd ghpwlopnid ki hwgwnpkun,
Jununt, unént, pluljnt bt pnjunt Swnninbkpp: Cun npnud undnt nbujuplukph 90
% (702,9 hw) niukt wphkunwlwb swgnud, nph yuwndwnny b muppbpynid Eu
Unie whnwnljuquny Swnwnbuwljubphg: Nwpqynud E np 1962-1992 pp.
pupwgpnid undnt Upwunyputpp wykjwuglk) tu 466,6 hw b Juqul] Eu 683 hu,
huy 1992-2008 ppe. wyh wykjwughy k pugudkup 19,9 hw b ubpljuynidu juqunud £
onipg 700 hw:

ZEjunwph hwoyny ungdninh dhohtt wuwowptt wunhdwbwpwup winud L.
1962 p." 25 U3, 1992 p." 553 2008 p.' 111 u3: Mwowph wybjugdwb gnigu-
uhotkpp Yupnn tht § wbh pupdp (hul, Gpk wtnwnwdbgdwt gnpépupw-
gnuid (hwnljuybtu 1992 p. hbkwnn) winwnjurwjupndp snibbkbwp phpw-
gnudubpn: Ujuwbu, bpk dhtsh 1992 p. il wpunwppulub gnpdpupught
(mtnunh hhdunid b mgpnunbuuhjujut hwdwywnuwupuwt pbwdp) phwljw-
unpkt hwenpymid Ep jubuwdph hwunnwdubpp, hgh whwnweh wpynibw-
Jbnnipjut pupdpugdut jupinpugnyy wuydwyt b Swynp, 1992 p. hbkwnn
gnpdp vwhdwbwhwlynud £ gnin hnnh twjpwywnpuundudp, ukpluwpnt-
uwjubph muljdwdp nt phs ph owwn, mgpnunbuuthfujub ptwdpny:

d.2. JULTULBUYL, 1.9 UUSUUSUL
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Unniuwl] 2. Utnwnwdwsdl) inupwsph b wwowph puphujudnipjui
phutwdhljub punn gipuljonnn Swnwwnbuwljutph

Qbpuilpnnn 1962 p. 1992p. 2008 p.
swnunnbuwl dwlbpbu, | wwowp, | dwlbpbu, | wwowp, | dwhbpbu, | wwpwnp,
hw u3 hu u3 hw u3
hw&wpkuh 4654,6 784875 5055,9 933170 4290 773860
gy pynud
w) hwinnudubipny - - - - 406 13260
wlgud
Junth 2402,6 209522 2540,8 248450 2954,9 217768
wyn pynud - - 548,8 22440 856,2 2260
w) gudpupnil
p) hwnnudubpny . . ) 802.2 6760
wligud
q) wnwndywlnyp - - 15,3 470 21,5 638
pnjup 328,7 31355 765,6 84270 1293,2 91680
wyg pnud - - 80,7 2400 116,1 7035
w) gudpwipnii
p) hwunnmdubpnyg . } ) 553 8450
whgud
un&h 295,8 18366 789 60710 764,1 88785
wn it 2164 5410 683 37870 7029 78545
w) whnwndowlnyype
Ylish 559,1 24166 791,8 46540 904,3 29260
wyn pynud
w) hwunnudipny ) ) ) ) 169.2 24940
p) winwndowlnyp - - 27,5 430 37,5 640
ptnh 632,9 54755 190,8 18700 162,4 6100
wyn pynud
w) whnwndowlnyp ) ) 3 %0 3 100
phayh 286,9 19758 824,7 83070 846,5 79690
gy pinud
w) hwwnnudukpny - - - - 103,1 4700
wligud
p) winwndowlnyp - - 8,9 110 8,9 120
npkup 10 2100 76,1 13530 99,5 3620
wyn pynud
w) hwwnnudukpny - - - - 96,3 3460
wligud
hwgkuih - - 67,4 7660 26,6 1990
wyn pynud
w) whnumlwlnup - - 19 690 19 850
Qunudwjuh - - - - 71,1 1000
g pinud
w) hwinnidubipny - - - - 68,7 970
wligud
Chnundthp 9170,6 1144897 11102,1 1496100 11412,6 1293753

Tpwtt hwonpynn  wwpuwunhp gopépupwugn (utwdph hwwnnwdubpp),
wjuyku Ynsyws, oLnp whnwnuwhtt mbnbkujupnipmniupo jwhun Swhruwnunp
b, dhwdwdwbwl puduiuiht wpynibugbwn: Ukp Jupshpny Jh Ynnuhg ks
dwkpkulbp niukbwt oo gwsp wwowpp junumd ko Epunnktiuhy, hknmbwpwn®
puguuwlub ntnbuntpjut dwuhb:

Ujwgnid Eu hwdwpbunt b phnne dwlbpbuttpp: Zwdwpkuht 1962-1992
pPR- nupugpnid pujuljuttht Juymt b gpubnpyl), wjuybu Epk 1962 . npni-
pradp tpw dwltpbup Juqub) £ 4654,6 hw, 168 U** 1 hw Uhoht yywownpny, wmuyw
1992 p. ppmpjudp wyl, h hwohy wuwowph Yninwldwb, b juwep Sw-
nninubkpnid wpwetuyhtt nhpptp qpuybiny, wybjugunmd L hp qpunbgpus
dwljkptup tu 401 hw-ny: dkpohthu Jyuynipnit £ 1 hw-h Jpu Ynunuljus
wuwowpp, npp juqunud k 184 U3 Zknmwquynid, 1992 p. htwnin, whophtwlw
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huunmdubph yundwnny hwdwpbunt nmwpwspubpp wjugl) Eu 765 hw, np-
wnbn nwpwsph vh dwup Jbp £ wddly sybpuljutquus hwnwnbtnbph, huly
Uniup dwup Eupwupyyby | wy mbuwlutph Lapdwin: Cunhwinip nupwsph 406
hw, npnup twplhimd tkpyuyugqus tht npuybu pupdp phynipjut sw-
nnuntkp, tEpjuynidu wyn mwupwspubpp hwnnudubph hknbwtpny hhdtwlw-
unwd 0,2-0,3 (phymipjut whwnwnttp ku: Swnp, 50 nupju ppwugpnid hwgw-
phunt wphbunwlwh Swenunubp gplpk sk vintindyty:

hnht hnjwinwlwb uijuyhtt hhpwunnipjut wuwndwnny wpwg Ynpgpky
E hp qpuntgpws wwpwsputnh dbs dwup: Ujuwbu 1962-1992 pp. upw dw-
Ytptup wjugqly £ 613 hw, nphg htnn juyniinipjut dhnnd | uljuugnud: 2008 p.
1992 p. htnn hwdbdwwnws tugqnudp Juqul) k28,4 hu: Ukp Ynnlhg junw-
pws nhunwupynidubpp (JEpehtt 2-3 mwupyu puapwugpnid) hwunwwnnid Eu wdjug
hhqutnnipjut jubuq wntkp b 4ipghtt mwuphubph pinhubph snpugdwi nhw-
php skt wpdwbwgpynid:

dtpht gnuinid wwonhth hwwnnidubkphg wowdbk] swwn winidly ko Y-
untntbpp, npnip juqunud tu 802,2 hw:

Cuwnn dSwquub, dulbpbutiipp Uké dwup qpuntgunid E pupdpwpni uny-
uhtt (71%): Swépwpnitt Junupl, btwpulhth hin hwdbdwnws, wkjugl k1,5
wbqud (856,2 hw): Ldwb wbgwulwih Eptnypp wbppnyngkt wnpwtugpt-
uhwjh wpyniiup k, nph hinbwupny hwndué mwupwspubpp Jepuljubquyty ku
phwohyuyhtt Enubiwlyny:

Qquih mwpwédnipnilt k qpuntgumd twb pnjuht: 4pohtthu mbuwljupun
lohnp 1962 . ujuws wupunhwn wénd b Ujuybku, 1962 p. uwyi niubp 3.5%,
1992 . - 6.9%, 2008 po.- 11,3%:

Qpbpt jnipupuiynip tuph wpwwn ubpd nup, ukpdbph squwudtp b
snstiswgybp, pwpdp Snibwlnipniup, hbon wwpwsybp, ptwohyuyhtt pug-
dugdwt nttwlmpiniup’ dhsh gbphwunttt mwuphpp, tphnwuwpn nwuphpnid
hudbdwwnwpwp wpuq wép hsybu twb ntnbuuwut dhongunnidubph pw-
guljuynipniup, bywuwnnid B pnjunt qpunbgpué nwpwspubph punupdwl-
dwitip:

Upmyntupnid dbwdnpynid B ny Epljupuljjug nt guspupdtp muljupljubp:
Uju nbkuwlnitithg wpwyb] Jurnutquynp nt wmbgutuih mkuwly E hwmnljuybu
Junudwjuht: Gpk dhtsh 1992 p. Jhpohtu pugulumud kp punhwipuybuy,
www 1992-2008 ppe. pujus dudwtwluopowinid qpunbtgunid 71 hw: Fninp
Juypbpnud junudwhiht tkpuyugdus £ hwnwnbnbpnud, npnbn bwhijhinid
qpuntgnt] E Gppopn-snppnpn wbnp dSweninh juqunid: Uju thnpowphund £
Jununit, hwdwpkunit nt wmbnwpwhtt pnruwuinipiut wdh hwdwp wdktw-
pupktyuwun yuydwiubp kb unbpgdnid: Uhwiquiuhg h huyn qup wuydw-
tuwdnpjuws L hudwnwpws hwnnidubpny, npntn wnljuw ko gl junudwjunt
huunnijiun dwntp (wiqud dkl Swn), wyn hwnjwsp wudhpwybu yuwndk k
junuuwhnt swnwpudpbpny: Ldwbwnhy Epbnype tjuuynid | b dwbw-
dnph wbnwnybnnipjut punwlniuh 32 hwwndus 2 (1991 p. Uunwunyhunt-
pni): Cunhwipwgubing Jbkp Ynnudhg juwnwpjws hEnwgnunnipmniuubph
wpyniupubpp, Jupbh £ bqpujugit), np wippnungbi npuwbugptuhugh wp-
ryniupnid wbwnwnh ipht gnunnid UES swthtph £ hwutnud hhdtwwt whnwn-
Juquny Swownbuwlubph whguitjuwih nkuwluhnjunipmnip:

Ujuytu, pupdpwpntl juniununtipnud wyjophtth hwnnidubphg htwnn,
npuntn ubpdwght JEpuljuiiqunidp gpbpt puguluynud £, mwupwsph dts dw-
up Jhpuuiqudly b ptwohquyphtt tnuiwyny, nph wpyniupnid dhwynpdby
guédn wpununpnqujuimpjui Swpnintbp, hull pupdpwpnit jununinubph
dbwgus nwpwspubpp wpugnpl yunygt) ku tphnwuwpn pojuntntibpngy:

21



b wwppbpnipmnit junununtbph, bhwdwpynuntbph ks dwunid,

npuntn wyophth hwwnnidubphg htwnn dtwgl] bt hwnnijiin vipdwnne
dwnkp, phwlub JEpujutqunudp hwdbdwwnwpwup padupup b Ujunkn wnwe
E quihu dbYy wy] puunpp. hwdupninibpnid wpustgdut wpyniupnid wdku
wnwph Juwuynid b hwdwpbint dwwnnuop b Epptnwuwpn  Swnkpp, nph
wpyniupnid  Jbpohttbpu vnwind i pthwbdwb  wnbup, hull wgb
hwwnqusubpmd, npintn hwdwpkiht puinhwipwybu nonipu t dnyk), nwupwuspp
widhowwtu wuwwdl] £ junqudwpne (kppidtt ninkuini) nu pnjunt pwupdp
huinnipjul Swpnuntbkpndy:

DA wD

S©o®No

QUuULNkRE3NRL

Qniqupph  wlnwnpnbnbunipjut winwnjwowupdwb  wwbubkph m
winwpnwpuwghnt tjupwugpnipmnibibph twpbtwwi wwuppkpul, Gplwo,
215 tp, 2008.

Abpamsan A.I'. N3B. (AH Apm CCP), 6momn. u c.-x. Haykw, 9, 9, c. 85-93, 1956.
Abpamsan A.I'. Tpynst boran. ua-ra AH Apm CCP, 12, c. 5-40, 1959.
Bapoanau JK.A. buomnor. xypH. Apmennn, 34, 7, c. 741-745, 1981.

Bapoanan JK.A. JlepeBbsi U KyCTapHUKH APMEHHH B TMPHPOJE U KYJIBTYpE.
Epesan, 2003.

I'ynucawsunu B.3. T'oproe necoBoactso. M.-JI., 1956.

I'ynucawsunu B.3. N3B. Beec. 'eorp. O6m., 90, 2, ¢. 158-163, 1958.
Jonyxanos A.I". IIpo6a. 60t., M-J1., 8, ¢.196-208, 1966.

Maxamaosze JLB. Tp. KI/IpOBaKaHCK JIOC, 1, ¢.107-191, 1941.

0 Maxamaosze JLB., Ypywaose T.®. Cydansnuiickue neca Kapkaza. M., 1972.

Uwnwgiky F 12.06.2009

22



Lwjwunwih Shinnpnibisph Ugguht Uywnbdhw {wjwurnwih YElvwpwliwwid {winbu
HauuoHaabHan Akasemus Hayk ApmeHuu "" i! Buoaoruueckul XypHaa ApMmeHuu

National Academy of Sciences of Armenia Biological Journal of Armenia

@npdwpwpuwilywl b inbuwlwl hnnywdlbn «Ixcnepumenmansvhvie u meopemuuecKue CIampus
eExperimental and Theoretical articlese

Biolog. Journal of Armenia, 3 (61), 2009

CHLORATE SENSITIVITY, TEMPERATURE RESPONSES AND
PATHOGENICITY OF SOME IRANIAN |ISOLATESOF
MACROPHOMINA PHASEOLINA FROM OILSEED PLANTS

S.RAYATPANAHY? S.G. NANAGULYAN? SV.ALAVI?
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of Mazandaran, P. O. Box 48175-556, Sari, Iran. E-mail: rayat s_ag@yahoo.com
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The species Macrophomina phaseolina is the principle pathogen species of
oilseed plants in Northern Iran. The result of infection is charcoal root or collar rot.
Twenty-seven isolates of M. phaseolina were collected from plant tissues of soybe-
an (Glycine max L.), sunflower (Helianthus annuus L.) and sesame (Sesamum
indicum L.) growing in different areas of Northern Iran during 2008. The chlorate
sensitivity of each isolate was determined after subculturing on minimal medium
containing 120 mM potassium chlorate. In general, sesame isolates were chlorate-
resistant, whereas soybean and sunflower isolates were chlorate sensitive. The pa-
thogenicity was tested at the seedling stage on three plant species. None of the iso-
lates were pathogenic on maize and all three were pathogenic on soybean and sun-
flower. The optimum temperature for growth was 35° for all North Iranian isolates.

Pathogenicity - Chlorate phenotype - Temperature responses — Macrophomina
phaseolina - charcoal rot

Macrophomina phaseolina-ti" wshiughtt thindwt hwipmighsp, pnyubiph Jupk-
Unp wuwpngkt E hwnljuwbu hpruhuuwghtt Ppuind  muyunme poyubph
hunfwp: Unjugh (Glycine max L.), wpluudunh (Helianthus annuus L.) b pugniph
(Se-samum indicum L.) hiniujwsdpubtphg puwynpe hqnpuunutpp hwjupyus i
hjntuhuwhtt Pputh wwppbp oppwtitinhg 2008 p.-h pupwgpnid: 8nipwpw-
sinip hgnpuwnp pinpuniughtt qquyniimipyniip npnodus k120 mM Yuhnwh
pinpuwwn wupnitbwlynn dhthduw) vhowjuyph ypw hunlnijjughwyhg htwnn:

Unynpwpwp pugniphg unwugwsd hgnpuubkpp ghiwgynit ku pnpuwn-
ubkph tquundwdp, vhtynkn unjujhg b wphwbwnlhg unwugdus hgnpjunikpp
qquyntl E: Mwpnghiunipjul unnignudp wig k ugyty kptp mkuwlh poy-ubph
Ypw’ mufhubkph thnynud: bPqnjjuintitiphg ny Ukhp wwpngki sk kghuyyinw-gnpkuh
hwdwp b ponpp yupngkt B unjuyh b wplwswnlh hwudwp: 35° -p oyyinhduy £
ponp niunidbwuppyws hgnpuunbph wah hwdwnp:

Nuypnqliniyenitl — pinpunuyghll YEinunpy — pbplwunpduih djundudp
nlkwlghu - Macrophomina phaseolina - wfuuyhll ihinnif

Macrophomina phaseolina — B030yqUTENIb YTONBHON THUIU SIBISICTCS BasKHBIM
[ATOICHOM pAcTeHHi, OCOOCHHO Ha MAaCIMYHOCEMSHHBIX B CeBepHOM Hpawe.
Pactenus-xo3seBa coOpaHbl U3 pa3lUYHBIX oOnacteil ceBepHOoro Mpana B TeueHue
2008 roga. beuto Beieneno 27 uzomsitoB M. phaseolina ¢ Tkaneit con (Gly-cine max
L.), monconueunuka (Helianthus annuus L.) v kymwxyta (Sesamum indicum L.).
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XnoparHasi 4yBCTBUTEIBHOCTh Ka)KIOTO M30JIATa ONpEAEieHa Mocie WHOKYIU-
poBaHUS Ha MHHUMAJIBHOH cpeze, cozxepxkamneid 120 mM xmopara kanus. OObIMHO
M30JI1TBl ¢ KyH)XKyTa YCTOMUMBBI K XJIOpaTaM, TOLJ@ KaK M30JIAThl C COU U IOJ-
COJIHEUHMKA 4YyBCTBHUTENIBHBI K XJlopaTaM. IIpoBepka maToreHHOCTH MpOBEJEHA Ha
CTaJUM CaXKEHIIEB Ha TpeX Buaax pacreHMd. Hu onuH M3 M30JI4TOB HE OKazaics
MATOI€HHBIM JUI KyKypy3bl, HO BCE OKAa3aJIUCh HMATOICHHBIMU Il COU U IOJCOIHEY-
HUKa. J[J11 pocTa BCceX M3y4EeHHBIX H30JITOB ONTHMATIBHOM TeMIepaTypoi siBisieTcs 35°.

Tamozernocmy — X10pamubwiil peHOMmuUn — peaxkyus Ha memnepamypy -
Macrophomina phaseolina — yeonvuas enuno

Macrophomina phaseolina (Tassi) Goid. is pathogen of a wide number of
cultivated and wild species in warm, temperate and tropical regions of the world
[5]- The fungus is a soil born pathogen, infecting about 500 plant species in more
than 100 families throughout the world [7]. M. phaseolina is classified as a
Deuteromycetes which shows two asexual sub-phases: one a mycelial phase and
the other - a pycnidial phase [11]. The charcoal root rot (CRR) is an economi-
cally important disease of many crop Elants in Asia, Africa, North and South
America and some parts of Europe. The fungus is most widely distributed on
soybean, sorghum, bean, cotton, corn. During 1994 the soybean yield loss due to
charcoal rot in Argentina, Brazil, Canada, India, Paraguay and United States was
1.23 million metric tons [12, 13]. Despite having a wide host range, Macro-
phomina is a monotypic genus, although only one species is recognized within
the genus. Great variability in morphology has been observed among isolates
from different hosts [8, 9]. Many researchers have also found great variability in

athogenicity and in morphological characteristic among isolates from the same

ost [2]. The great variability of the fungus reflects its heterokaryotic character.
The studies on nuclei of M. phaseolina affirmed that during hyphal fusion
heterokaryosis could occur after mitotic segregation and recombination. This
may explain the occurrence of cultural types or physiological races reported.
Efforts to divide M. phaseolina into sub-species were unsuccessful mainly due to
the extreme intra-specific variations in morphology and pathogenicity [3]. A
recent study suggested the use of chlorate phenotypes (colony morphologies on
media supplemented with 120 mM potassium chlorate) as a marker for
identifying host-specific isolates of M. phaseolina [1, 10].

The present paper focuses on the assessment of chlorate sensitivity,
temperature responses, and pathogenicity of Iranian isolates of M. phaseolina
causing charcoal rot in soybean, sunflower and sesame.

Materials and methods. Isolation of the fungus. The samples were collected
from the stems and roots of soybean, sunflower and sesame plants infected with of
M. phaseolina infection from Mazandaran Province in Northern Iran during vegetation
season of 2008. Each root or stem was thoroughly washed and dried at room tem-
perature. Infected tissues were sterilized in 0.8% NaOCI for 1 min and washed in sterile
water for 2 min. The tissues were placed on potato dextrose agar (PDA). The Petri dishes
were incubated at 28+1° in the darkness for 4 days. Pure cultures were developed by
single microsclerotium culture and maintained on PDA at 28+1°. Twenty seven isolates
were obtained.

Chlorate sensitivity test. The chlorate phenotype of M. phaseolina isolates was as-
sessed on chlorate containing minimal medium described by Pearson et al. [8]. A 5 mm
culture disc from 5-day old culture growing on PDA was placed in the center of 9 cm
Petri dish containing minimal medium supplemented with 120 mM of potassium
chlorate. One set of cultures was grown on minimal medium without potassium chlorate
as control. The cultures were incubated at 30+1° for 6 days in the dark. Each isolate was
replicated twice. The growth of each isolate was recorded for phenotype of colony.

Pathogenicity study. The pathogenicity of 27 isolates from the different areas was
tested on three plant species: soybean (Glycine max L.) sunflower (Helianthus annuus L.)
and maize (Zea mays L.), at the seedling stage. Seeds of commercial varieties were
sterilized with 2% sodium hypochlorite for 4 min and rinsed twice in sterile tap water.
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Seeds were placed on 6-day old colonies of each Macrophomina isolates, and
were grown on PDA in 9 cm plates at 30° in the dark. Each treatment includes six seeds
that arranged in two plates, it was replicated three times in a completely randomized
block design. Plates were incubated at 28+1° in the dark, and 2 ml of sterile water was
added to each plate to promote seed germination. Pathogenicity was recorded 6 days after
seed inoculation using the severity assessment. The disease index was calculated by
multiplying the number of seeds by the degree of disease severity [6].

Temperature responses. Growth rate (GR) of 27 isolates was recorded at 30°, 35°
and 40°. Culture disks with 5 mm diameter cut from the edge of a 4-day old PDA culture
of each isolates, grown at 28°, were transferred to the center of 9 cm Petri dishes with
10 ml of PDA and incubated in the dark at the three different temperatures. Each
treatment was replicated three times in a completely randomize design [4]. The minor
and major radii of the colonies were measured after 48 hrs.

Results and Discussion. Mycelial growth of M. phaseolina on chlorate
medium was classified into three categories. Table 1 shows the growth response
of M. phaseolina isolated from soybean, sesame and sunflower in Petri dishes on
a defined medium containing 120 mM potassium chlorate. The rating scale used
was to compare with growth on medium lacking chlorate. Three various growth
patterns (feathery spreading growth, restricted growth and dense growth) were
observed when the isolates were grown on the minimal medium containing
120 mM potassium chlorate: feathery and restricted of soybean and sunflower
isolates, feathery and dense growth of sesame isolates (Table 1).

Table 1. Chlorate phenotypes of Macrophomina phaseolina isolates, obtained from

different hosts.
Isolates code Source Collection site Reaction to chlorate Phenotype

Se. 1 Sesame Behshar Resistant Dense

Se. 2 Sesame Galoga Sensitive Feathery
Se. 3 Sesame Neka Resistant Dense

Se. 4 Sesame Sari Sensitive Feathery
Se. 5 Sesame Neka Sensitive Feathery
Se. 6 Sesame Sari Sensitive Feathery
So. 1 Soybean Behshar Sensitive Feathery
So. 2 Soybean Behshar Sensitive Feathery
So.3 Soybean Behshar Sensitive Feathery
So. 4 Soybean Galoga Sensitive Feathery
So. 5 Soybean Galoga Sensitive Feathery
So. 6 Soybean Galoga Sensitive Feathery
So. 7 Soybean Galoga Sensitive Restricted
So. 8 Soybean Ghamemshar Sensitive Feathery
So.9 Soybean Ghamemshar Sensitive Feathery
So. 10 Soybean Ghamemshar Sensitive Feathery
So. 11 Soybean Goybar Sensitive Feathery
So. 12 Soybean Goybar Sensitive Feathery
So. 13 Soybean Goybar Sensitive Feathery
So. 14 Soybean Neka Sensitive Feathery
So. 15 Soybean Neka Sensitive Feathery
So. 16 Soybean Sari Sensitive Feathery
So. 17 Soybean Sari Sensitive Feathery
So. 18 Soybean Sari Sensitive Feathery
So. 19 Soybean Sari Sensitive Feathery
So. 20 Soybean Sari Sensitive Feathery
Su. 1 Sunflower Neka Sensitive Feathery

The restricted and feathery isolates were sensitive to chlorate, whereas
dense isolates were resistant to chlorate. The host had significant effects on
chlorate phenotype of M. phaseolina isolates. Among soybean isolates, feathery
isolates were much more abundant than either restricted or dense isolates
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whereas dense isolates predominated in sesame roots. Sclerotia production on
chlorate medium by the sensitive isolates was very low when compared to
resistant ones. Generally, isolates from sesame grew more rapidly on the medium
containing chlorate than isolates from soybean or sunflower. All isolates had
dense growth when they were grown on the minimal medium without chlorate
and could not be differentiated.

In our investigation all soybean and sunflower isolates were not pathogenic
on maize. Sunflower and soybean isolates were pathogenic on the both of them.
The pathogenicity of isolates on soybean and sunflower shows that
M. phaseolina from soybean and sunflower may be a potential pathogen on other
crops in Northern Iran, especially under water stressed conditions. The patho-
genicity test showed that soybean and sunflower plants are susceptible while
maize plant is resistant to Macrophomina (Table 2).

Table 2. Pathogenicity of 24 isolates M. phaseolina on three plant species

Species Name of Cultivars Average

Glycine max Willyams 28.56 A

Helianthus annuus Shafagh 22.48 B
Zea mays 307 0C

Moreover, repeatedly cultivation of susceptible plants such as soybean,
sunflower and sesame are increased the density of sclerotium in the soil.
Cultivation of resistant species such as maize and other cereals in crop rotation in
northern Iran, enable to reduce soil infection and incidence of diseases. A
temperature of 35° was optimal for all Mazandaranian isolates and no isolates
growth at 40°.
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PA3JIO’KEHUE IIEJTOYHOI'O JIMTTHUHA
AJIKAJTODWIBHBIM IITAMMOM BACILLUS SP. AS

P.B. TAPOHSH

HUnemumym 300n0euu HAH PA
340 “ HUU Buomexnonocuu ”, Epesan

W3 nousenHoro o0pasia, B3sroro u3 Oacceitna o3. Cesan (c. Epanoc), BbI-
JeseH ankano(UIbHBIA, JTMIHUHOIUTUYECKUH OalMIUISpHBIN IITaMM, 0003HAUEH-
HBI Kak Bacillus sp. AS, ciocoOHbIil pacTu Ha cuHTeTHuYeckoii cpene (pH 10,5) ¢
MOJTy4EHHBIM W3 MIIEHUYHOH CONOMBI IIENOYHBIM JUTHUHOM (1,2 1/7m) B KayecTBe
€IMHCTBEHHOIO MCTOYHMKA yIepoja M dHepruu. MccienoBaHo pasioxkeHHE Ile-
JIOYHOTO JIMTHHHA IITaMMOM Bacillus sp. AS npH IByX 3HAYCHHSX COACPIKAHUSL
JIMTHUHA B MUTaTenbHOM cpene - 0,5 u 1,25 r/n. TlokazaHo, 4ro npu coiep:kaHuu
murauHa 0,5 1/ 11 B cpenie pasnaraercs 50 % murauHa, a npu 1,25 /1 — 30 %.

ITwenuynas conoma - TUSHUH — Pa3IodHceHUue — AIKATOQUITLHBLIL WMAMM —
Bacillus sp. A5

Ulwbw §h wqwuquihg (qnuy Gpwinu) ybkpgdus hnnh  tdnighg
whgun]wd Ewundhy, (hquptimpinhy pughughtt guud, npp wduitnjly
Bacillus sp. A5: Tlnundp wdmd £ uhliptnhly vhgwjuypmud (pH 10,5), npp np-
whu wshuwsth b Eukpghuyh dhwly wnpmnip wqupnibwynud £ gnpluh $nnuinhg
wbgwwnyws hhuduuyght 1hqupt (1,2 g/1): Zhwnwgnundus t hhdtuwgh (hquhh (0,5
b 1,25 q/1) puwypuynuip ubtnujhtt dhowduypnwl Bacillus sp. A5 ownwuh
ubkpgonpénipjudp: 8nyg k wipyws, np utiiquyhtt dhowjuypnud hhduwght 1hg-
uhuh 0,5 b 1,25 ¢/ wupnibwlmpjui nhypnd Jipphtthu pujpuydw unpni-
pintup juqunid E huwdwyuinwujupwbwpup 50 b 30 %:

Snpkith Snynur — jpqipll — puypuynid — uyluyndpy suunl—
Bacillus sp. A5

Alkaliphilic, ligninolytic bacillary strain designated as Bacillus sp. AS, was
isolated from the soil sample taken from Lake Sevan basin (Yeranos village ). It is
able to grow in the synthetic medium (pH 10.5) with isolated from wheat straw
alkaline lignin (1.2 g/l), as sole source of carbon and energy.

Degradation of the alkaline lignin by Bacillus sp. A5 strain was investigated
at two values of lignin content in the nutrient medium: 0.5 and 1.25 g/l. It was
shown that 50% of lignin was degraded, at lignin content 0.5 g/l in the medium,
and 30 % of it- at that of 1,25 g/I.

Wheat straw — lignin — degradation — alkaliphilic strain - Bacillus sp. A5
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B Hacrosmee Bpems Bce Ooiblliee BHUMaHUE HUCClleoBaTeNel MpUBIIeKa-
I0T IIPOOJIEMBI, CBSI3aHHBIE C IT100aIbHBIM ITOTEIVIEHUEM M OKHJIAeMbIM HCYEp-
MaHWEM HCKOMaeMbIX MCTOYHHKOB 3HeproHocureneil. B cBsA3u ¢ 3TuMm OuoTEX-
HOJIOTHYECKHE TMPOIIECCHl, HAIpaBlIEHHbIC Ha CHIKeHHE BhIOpocoB CO,, OCHO-
BaHHbIE Ha PA3JIOKEHUH BO30OHOBIISAEMBIX JHMTHOLEIUTIONO3HBIX CyOCTpaToB ¢
MOJy4YeHHueM OMOTOIUINBA, MPEJCTABISIOT Oonbinol uHTepec [2,14]. M3BecTHO,
YTO HEOOXOAUMOMN CTaauel B OMOKOHBEPCUHU PACTUTENILHON OMOMACCHI SBIIAETCS
e€ npenodpaboTKa C LENbI0 YAAJICHHS JUTHUHA, KOTOPBIN SIBIISIETCS CEPhE3HBIM
npensTcTBUeM Ui 3QQeKTUBHOrO (epMEHTATHMBHOIO T'MIAPOIU3a LEIUTIONO3BL.
[IpenobpaboTka MOKET OCYLIECTBIISATHCS MEXaHHYECKUMH, XHUMHYCCKUMH H
OnosornuecKuMM MetoaamH [14]. MexaHuueckre U XUMHYCCKHE METOMIBI 00ec-
MIEYUBAIOT YAOBIECTBOPUTEIFHYIO CTETIEHb IEIUTHU(UKAIINN, OJJHAKO JOPOTH H
IPEACTaBIIAIOT OIPEAETICHHYI0 ONACHOCTb AJIS OKpY’Karolei cpensl. B HacTos-
miee BpeMsi BHUMAaHHE WCCIIEOBATelIed MPUBIEKAIOT OHOJIOTHYECKHE METOJBI
JETUTHU(QUKALUU € HCIOJIb30BAaHUEM Pa3IMYHBIX MHUKPOOPIaHU3MOB: I'pHOOB
[17], axtuHOMHuUeTOB [13] m Oaktepuit [6,7,11,16]. IlpemoOpaborka c wc-
N0JIb30BAaHUEM MMKPOOPIaHU3MOB OTJIMYAETCsl BBICOKOH 3((HEeKTUBHOCTHIO,
HU3KOW CTOMMOCTBIO M JKOJIOTHUECKOH Oe3omacHoCThlo. [lepBoHavanbHO WC-
CllefoBaHUA 10 OHoAeIMIHU(UKAIMKU ObUIM HalpaBlieHbl Ha HCIOJIb30BaHHE
rpu6oB. OnHaKo rpudbl HE YCTOWYHMBHI K SKCTPEMAIBHBIM yCIOBHUSM, BBI3BaH-
HBIM JIMMUTHPOBAHHEM KHCIIOPOZA, BHICOKMMHU 3HAYCHUSMHU TEMIIEPATyphl U
pH. bBakrepun oTam4aoTCs YCTOMYMBOCTBIO K OSKCTPEMAJIBHBIM YCIIOBHUSIM
[12,15,18], OMOXMMHUYECKOH MHOTOCTOPOHHOCTBIO U TEXHOJOTHYHOCTBIO B IIPO-
W3BOJICTBEHHBIX yCIOBHUSAX.

Cpenu Haubosee 3HaUYMMBbIX JIMTHOLIEIUIIONO3HBIX CyOCTpaTOB BhIAENAETCS
NIIEHUYHAs COJOMa, €XeroJHOoe MHPOBOE IMPOMU3BOACTBO KOTOPOH COCTaBISAET
cepite 1,4 mupa. 1. [10]. ITmenuunas conoma coproB “Apmsanka — 607, “Jlro-
TecueHc”, “Barapmanar” u “be3ocTos”, MpoU3BOAUMBIX B APMEHUH, IO HAIIUM
JTAHHBIM, COACPIKHUT B CPEeTHEM LELTIoNo03bl — 41,5 %, remunesutonoss! — 28,4%
u yarauHa — 17,6 % .

[lockonbky B JENMUTHU(DHUKANAU COJIOMBI C YCIEXOM  HPUMEHSCTCS
menoyHas npenobpabotka [17], mpencraBnseT uHTEpec OWonmerpafamnus JINT-
HUHA COJIOMBI C HCIOJB30BaHHEM ANKAIO(QUIBHBIX MHUKPOOPTaHH3MOB, YTO
MOXeET TOBBICUTH CTENEHb Jerpagaluy JuraiuHa. OQHako JAerpafanus JUrHUHA
aNKaJo(UILHBIMIH MUKPOOPTaHU3MaMH ITIOKa MaJio ucciemoBana [12,15,18].

Lesp HacTosILEl PaOOTH! — BIJIENIEHHE U3 IOYBEHHBIX 00pa3LOB allKaio-
(WIbHON TUTHUHOJIIMTHYECKON OaKTepHH U UCCIIENOBaHUE OMOPA3IOKECHUS IIe-
JIOYHOT'O JIMTHUHA, BBIIEIEHHOTO W3 IMIIEHUYHOH COJIOMBI.

Mamepuan u memoouxa. 3 nouBeHHOro 06pasia, B3STOro u3 GacceitHa o03.
Cegan (c. Epanoc), HerocpecTBEHHBIM BBICEBOM Ha arapu30BaHHBIE CPEIbl M METOJIOM
HAKOMHTENBHBIX KYJIBTYpP ObUI BBIACICH alIKaIO(QUIBHBIA IITaMM, CIIOCOOHBIH pacTH Ha
cunrerndeckoi cpene (pH 10,5) co menounbiv murauaom (1,25 1/11) B kayecTBe eluH-
CTBEHHOT'O UCTOYHHUKA yriieposa u 3Heprud. [lltamm o6o3HaueH kak Bacillus sp. AS.

KyneruBupoBanue Bacillus sp. AS npoBommm B 250 mur konbax DpieHmeiiepa ¢
50 Mn cpenpl mepeMelmIMBaHHEM Ha JjabopaTopHoi kadanke (200 o6/muH), npu
temmepatype 28-30° u pH 10-11. Cocras muratensroi cpemst (/1) (NH,),S04 - 0,75;
K,HPO, — 1,0; MgSO4x7H,0 — 0,2; NaCl — 2,0; Na,CO; — 2,0; mnenton — 0,05;
npoxokeBoit sketpakT — 0,05; murana — 0,5 1 1,25. TloceBHON MaTepran BRIpaIuBaIN
Ha cpene cocrtasa (r/m): (NHy),SO4 - 0,75; K;HPO4 - 1,0; MgSO4u 7H,0 - 0,2; NaCl
— 2,0, Na,CO; — 2,0; menton — 0,1; mpoxokeBoit skcrpakt — 0,1; rmroko3a — 5,0.
TToceBHoit MaTepuan mobasisiiu Kk nurarenbHoi cpene (IIC) B konmuecTse 5 Mil.
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KoHneHTpaimio 6nomacch! ONpeiessuIl BECOBEIM METOJIOM. KyIbTypaibHyI0 SKHIKOCTb
(K2K) ¢unbrpoBanu moj BakyyMOM uepe3 MHUKPO(QHIBTPAlUOHHYIO MeMOpaHy MapKu
M®®K-4. MemGpany ¢ 6HoMaccoii BHICYIIHMBATH 0 TOCTOSHHOTO Beca mpu 105°.

JIMrHUH 1715 MCHIONB30BaHMS B KA4eCTBE MCTOYHHUKA YIJIEpOoa IOIyJasd IIenoq-
HOM 00pabOTKOW U3METbUYCHHOW MIICHUYHOU COJIOMBI [4].

Copeprxanue muranaa B KK onpenensimu npu mmrae BoHbI 280 HM € IIOMOIIBIO
cnekrpoporomerpa CD-46. [lnst atoro ucnoip3oBaiu ¢unbrpar KXK. Ananus nposo-
JAITH cliey oM o0pa3om. CHavaa coNsTHOM KUCIOTON U3 (QUIIbTpaTa OCa) 1Al JIHT-
HUH JUISL OCBOOOKIECHHS OT (DEHOIOBBIX COSITUHEHHUH, 00pa3yIOMuUXCs IPH Pa3IoKEHHN
nurHUHA [7] W Memamomux aHanusy. [ storo IMi ¢ribTpara MepeHOCHIH B IPO-
oupky, nobasmsuin Imin IN HCI. [lamee mpoOHpKY € pacTBOPOM BBIZICPIKHBAIH B
TedyeHne 10 MUH B KUIISIIEH BOje, B pe3yJbTaTe 4ero JUIHUH BbInaaan B ocagok. Oca-
JIOK JIMTHWHA OTHENSUIM OT pacTBOpa BaKyyM-(QWIBTpPOBaHHEM uepe3 MeMOpaHHBIN
¢weTp Mapku MOOK-4, npomblBaId AUCTUUTUPOBAHHON BOJOH 10 HEWTpalbHON
peakuuu ¢uiabTpara, 3areM pactBopsuid B 10 M ropsiaero pacteopa 1N NaOH. IMocne
pactBopeHus ocanka U GuiabTpanuu GuinsTp npombiBanu 10 mu 0,1N pactBopa NaOH.
ITonyueHHBIH pacTBOp JIMIHHUHA U IPOMBIBHBIE BOJBI HNEPEHOCUIM B MEPHYIO KOJIOY
oobeMoM 50 MJI U TUCTWIIMPOBAHHOW BOJOH OBOAWIIN JI0 METKH. J[Jisl KalInOpOBKU
UCIIONB30BAIM CTaHAAPTHBIH pacTBOp ILNEOYHOTO JIMTHHHA, OOpabOTaHHBIH aHaio-
THYHBIM CIIOCOOOM.

Pesynomameot u oocysncoenue. ltamm Bacillus sp. AS, BBIpaIieHHBIN Ha
arapuszoBaHHbIX cpexax Horikoshi [5] u moandunmposanuoii cpexe Horikoshi ¢
murHuHOM (1,25 /) B KadecTBe EIMHCTBEHHOTO WCTOYHHUKA YTIIEpoJia,
XapaKTepU3yeTCcsl OOMIBHBIM POCTOM C XKEIThIM OyiecTsAIuM IBeToM. Kynprypa
IpeAcTaBiIgeT CcO00Il TpaMIIOIOXKUTENbHBIE, CIOPOOOpa3yoLMe IOIBUKHbIE
nanodku. Bacillus sp. AS pacrer B nHTepBane 3HaueHni pH 7-11 u Temmeparyp
22-42° ¢ ontumanbHbIM poctoM mpu pH 10,5 n 30°. Katanasueiii TecT y mramma
AS MONOXHUTETHHBIN.

JuHamMuKa HakoIUIEHUs OMOMAacChl M Pa3jOKEHUs JMICHUHA IIPU €ro
conepxkanuu B [1C 0,5 r/n npuBenena Ha puc. 1.

600 -

500 ¢

mrin
W
(=]
o

Puc. 1. [Iunamuka pa3ino>keHUs TUTHUHA (2) 1 HAKOTIJICHUS
o6romaccsr (1):
IpexncTaBieHs! cpeJHAE 3HAYEHHS PE3YIbTaTOB TPEX U3MEPEHHH.
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Kak BumHO W3 pHCyHKa, IOCIe MEPBOro JHS Pa3ioKEeHHE JIMTHUHA 3Ha-
YUTENBHO 3aMenassiercs, a yepe3 1,5 aua conepxkanue nurauHa B KOK noxonur
JO YPOBHA, KOTOPBIA 10 KOHIA OINBITAa MPAaKTU4YEeCKH He MeHseTca. K Koy
BTOPOTO JHS KyJbTYpa NEPEXOIUT B CTAIIMOHAPHYIO (a3y, a Mmocje MecToro AHs
- B (hazy ormupanus. CooTHoIeHHe Onomacca/cyOcTpar HOCTHraeT 3HAYCHHUS
0,6. B atux ycioBusix mramm Bacillus sp. AS paszmaraer 50% miemogHOTrO
JIMTHUHA.

ramm Bacillus sp. (ITRC-S8), BbAETCHHBI U3 OTXOA0B OyMasKHOM
(dabpuxu [7], paznaraer 65,58 % kpadt-nmurauna (KJI), npu ero conepxanuu B
IIC 500 mrun™ Bmecre ¢ 1 % rimroko3st u 0,5 % nenToHa, B TeueHne 144 g npu
TeMIEpaType 30°, pH 7,6 u nepememuBanuu 120 06/mMuH. OTHAKO B OTCYTCTBUE
IJIIOKO3bl M IENTOHAa INTaMM He crnocobeH yrtunusupoBath KJI. MoxHo
noJiarath, 4To AoOaBiieHue TroKo3bl U nentoHa B [IC mramma Bacillus sp. AS
MOBBICUT €ro A((EeKTUBHOCTD, OHAKO /sl cpaBHEeHUs co mTammoM ITRC-S8
HeoOxoaumo 3ameHuTh B [IC mtamma AS menounoii nuraud Ha KJI TBepmoro
0TXO0/a IPOU3BOACTBA OyMaru cyiab(aTHbIM MeTOAOM [9].

B pabotax [12,18] coobmaercs o Ouoperpajalyy JIMTHUHA MIICHUIHON
COJIOMBI ~ QJIKAJO(QWIbHBIM, JIMTHUHOJIUTHYECKUM, HEUIEHTU(GHLINPOBAHHBIM
mrammom No 6. TTpu temmeparype 37° u pH 10,5 B Teuenne 10 gueii pasnara-
ercs 49,84 % nuranHa. OgHAKO U3 MPUBEICHHBIX TaHHBIX HESICHO, KaKas 4acTb
JUTHHHA pPasfiaraercss MUKPOOHMOJOTMYECKH W KaKas XHMHYECKH, IOCKOJBKY
niesovHasi o0pa0oTKa MIIEHMYHOHW COJIOMBI OAMH M3 METOJIOB BBIICIICHHUS
JUTHHHA W3 COJIOMBI. MCXOsl M3 M3I0XKEHHOTO, MpoBeleHne padoT mo Owo-
Jerpajaluy JMIHUHA MIIEHUYHOH COJIOMBI IITaMMOM Bacillus sp. A5 mnpen-
CTaBJIsIeT UHTEpEC.

Ha puc.2 npuBeneHs! AuHaAMHUKa HAaKOIJIEHUSI OMOMACCHI IPU COJEeP KaHUH
murauHa B [IC 1,25 1/71, a Takke pacueTHas KpuBas pa3lioKEHHs JIMTHUHA.
Tekylime KOHIICHTpAllMM JIMTHWHA PACCYUTAHBI C YYETOM JIUTEPATypPHBIX
JIAHHBIX, COTJIACHO KOTOPHIM YCPEIHEHHOE COJep)KaHUe yriiepojaa B Omomacce
MHUKpPOOPraHU3MOB U B JIurHuHe coctaniseTr 50 % u 62% cooTBercTBeHHO [1,3].
B nmanHOM cnywae KysibTypa NEpPEeXOJUT B CTallMOHApHYyIO (a3y K KOHILY
Tpetsero qHs. CooTHolIeHHe Ornomacca/cyocTpar gocturaet 3Hauenus 0,4. O1o
cootBeTcTBYeT 30% pasnokeHHOro JIMrHUHA, 4yTo Ha 20 % HIKe, YeM B ciaydae
cojepkanus 1menouHoro jurHuHa B [1C 0,5 1/1 . DTO MOXeT OBITh CBS3aHO ¢
HenonHoueHHocTwio T1C.

OueBuHO, YTO HA CIEAYIOLEM dTarne padoThl HEOOXOAMMO MPOBOIUTH
ontumuzanuio I1C, BeIOOp KOCYOCTpaTOB M ONTHUMAaJbHBIX YCJIOBHUH (hepMeH-
TalHH.

Takum 00pazoM, W3 IOYBEHHOTO O0Opa3la BBINEICH alKaIO(UIIbHBIM,
JUTHHHOIUTHYCCKAN OAIlMIUIAPHBINA [ITaMM, 0003HA4YeHHbIH Hamu  Bacillus sp.
AS. llItamm ciocoben pactu Ha cuaTeTHYecKoi cpene (pH 10,5) co menoyHsm
JUTHUHOM B KauecTBE €IMHCTBEHHOT'O UCTOYHUKA YITIEPOJa U DHEPTUH.

HccnenoBano pasioeHHE ILENIOYHOrO JIMCHHMHA IITaMMoM Bacillus sp.
AS mpu ABYX 3HA4YEHHAX COJEpIKaHMs JIMTHWHA B muTaTenbHoW cpene: 0,5 u
1,25 r/n. Ilokazano, 4to mpu coxepkanuu jurauHa 0,5 1/1 B cpene pasmaraercst
50 % muramHa, a mpu 1,25 /1 — 30 %. CooTHOmeHHEe Gromacca /cyOcTpat
nocruraer 3HadeHus 0,6 u 0,4 cOOTBETCTBEHHO.
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Puc. 2. lunamuka HakoruieHust Guomaccsl (1) M pacueTHas KpuBast
pas3iokeHus: JUTHUHA (2).

ABTOp BBIpa)KaeT MCKPEHHIOK OJIaroAapHOCTh KaHIUIATY OMOJOTHYECKUX
Hayk O. A. [laHOCSIHY 3a LIEHHbIE COBETHI.
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HOBBIE BU/I1bl B TEIbMUHTO®AYHE Pblb APMEHUHN

P.JI. O'AHECSH

Hnemumym 300n0euu HAH PA

W3 npynoBeIX X034HCTB ApapaTcKoil paBHHUHBI M o3epa CeBaH HCCIEeI0BAHO
1870 53K3. KapIOBBIX M JIOCOCEBBIX PBIO. 3aperucTpupoBaHO 4 HOBBIX BHIA B
renbMuHTOGayHe pei0 Apmenun: Eudiplozoon nipponicum Goto, 1891 — Ha xa6-
pax, metanepkapuu Tpemaron Diplostomum rutili Razmashkin, 1969 u D. mergi
Dubois, 1932, napasutupyromne B xpycranukax a3z peio, u  Caryophyllaeus
fimbriceps Annenkova-Chlopina, 1919 — B kumeunuke kapros. [ reJIbMHHTO-
(baynb! 3akaBkasbst E. nipponicum oTMedaeTcsi Blepsbie. JJaloTcs ONHUCaHUE U OpH-
THHAJIBHBIC PUCYHKH 3THX BHIOB.

Tenvmunmogayna pwib — Hosble 8UbL - Kapnosvie xossaicmea - 03. Cesan

Upwpwuywt hwppwduyph (dwufuyhtt mbtnbunipniuitiphg b Uhwbw
16hg htwnwgnundty k dyukph 1870 uunip: Zwywuwnwih Ajukph hbdhupen-
dunttwynud - hwyntwpbpdty £ 4 unp wkuwy. Eudiplozoon nipponicum Goto,
1891-junhljutph Ypw, Diplostomum rutili Razmashkin, 1969 W D. mergi Dubo-is,
1932 wpbdwwnnpubph dbnwgbpyuphwikp, npnup dwljupnidnud Bu dubk-pp
wsphph nuwiyuljnud, wpwewgubny Ynipmipynil, b Caryophyllaeus fimbri-ceps
Annenkova-Chlopina, 1919 — swswuubph wnhubpnud: £ Nipponicum—p tpynud k
wnwohti wiquud  Uunpyndiuuh  hEjdhupnbuniiugnud: Spdws  Bu wyy
nbkuwlubkph tjupugpnipmniup b aupbbpp:

Rakph hkjpdhbpnpuntinu — np wkuwlakp - jdwlughl winkunyenibabp -
Ulmlnu  jhs

1870 fish specimens from pond farms of Ararat Valley and Lake Sevan have
been investigated. 4 species of the helminthes are new for Armenian helmin-
thofauna — Monogenea Eudiplozoon nipponicum Goto, 1891, parasite on gills, me-
tacercariac of Trematodes Diplostomum rutili Razmashkin, 1969 and D. mergi
Dubois, 1932, parasite on the crystalline lens and cause blindness, and Cestoda -
Caryophyllaeus fimbriceps Annenkova-Chlopina, 1919 - in the intestine of carps.
E. nipponicum is first registered in helminthofauna of Transcaucasus. Description
and pictures of these species are given.

Fish helminthofauna — new species — carp farms — Lake Sevan

Pe160BONCTBO SBIISIETCS OMHOW M3 BaXKHEHIIMX OTpaciied KXKUBOTHOBOJI-
CTBa, oOecreunBaroniell HaceleHne [EHHBIMU JUETHIECKUMH OEIKOBBIME TIPO-
nykTamu nutaHusa. OqHUM U3 (aKTOPOB, TOPMO3SIIAX Pa3BUTHE ITOU OTPACIIH,
SBJIAIOTCA HMHBA3HOHHBIC 60JI€3HI/I pI)I6. Bnusnne reIpMHUHTOB Ha nmonyJjaanun
pBIO OOYCIIOBIIEHO MHOTHMU SIBJICHUSIMH: THOENBIO PHIO, HAPYIICHHEM WX BOC-
IIPOU3BOJICTBA, 33JIEP)KKOM POCTa U Pa3BUTHs, CHUKCHUEM YIUTAHHOCTH, YXY[I-
IIEHUEM TOBApPHBIX U BKYCOBBIX KauecTB U T. 1.[5].
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Hwxe npuBoanTCST KpaTKuidi 0030p TeIBMUHTOIIOTUYECKUX HCCIICIOBAHUN
pBIO BOTOEMOB ApMEHUH.

[TepBrie cBenenus o napasurodayne peid 03. CeBan cBs3ansl ¢ 10-i Co-
F03HOM TEeIbMHHTOJIOTHYECKON dKcmeaumueii mnon pykoBoacteom K.M. Ckps-
ouna B 1923 r. B 1933 1. 10.A. /lunaukom Ob11 00paboTaH MaTepualn SKCIeIu-
IIUH, a TAaKXKe MCCIIeIOBaHbl (PMKCHPOBAaHHBIC AK3EMITISPHI CEBAHCKUX CHTOB. MM
ObUTO ycTaHOBNICHO 9 BUAOB renbMuHTOB: Trematoda - Allocreadium isoporum
Looss, 1984; Cestoda - Caryophyllaeus armeniacus Cholod., 1915, Ligula
intestinalis Linne, 1758, Ichthyotaenia neglectus la Rue, 1911, Ichthyotaenia
sp.;  Nematoda - Rhabdochona fortunatowi sp.; Acanthocephala — Neoechi-
norhynchus sp., Echinorhynchus sevani sp., Pomphorhynchus laevis Muller,
1776. JlaHHble 1O TapazuTodayHe aKKIMMaTH3UpOBaHHOTO B 03. CeBaH cura
npuBozsTca B pabotax M.A. IlaBnoBoit B 1957r.: B 03. CeBaH y cura-naioru
oOHapyxeHo 4, a y YyACKOro cura — 5 BHAOB T'eJIbMHHTOB. MeTalepKapuu
tpemaron Diplostomum spathaceum Rud. (1819) u D. clavatum Nordmann
(1832) Obutn OOHApYXEHBI Y 000MX TOJBUIOB HA TMOBEPXHOCTH XPYCTaIUKa U
CTCKJIOBUIHOTO Tela rinasza, a letracotyle intermedia Bughes (1928) - Ha mo-
BepXHOCTH cepAamna. M3 ckpeOHell B KHIIEYHHWKE CHUTOB OOHApYXeHbI Pom-
phorhynchus laevis Muller (1776) u Metechinorhynchus baeri Kostilew (1928).
B 1963r. T.A. IlnatoHoBoi y ¢openu u xpamynu B 03. CeBaH BbLsiBiIeHO 10
BUJIOB EIBMUHTOB, T.€. eule 1 Bua, noMumo ykazaHHbIX FO.A. JIuHHUKOM — He-
matona Contracoecum sgualii Linstow, 1907.

Cotpynaukamu kad. 3oomorun EI'Y mpoBomgunock u3ydeHue mnapa-
3uToayHbl PBIO €CTECTBEHHBIX BOJOEMOB W IMPYIOBBIX XO3SHCTB ApapaTcKoii
paBHUHBL. Meranepkapun tpemaron poja Diplostomum pacupocTpaHEHBI BO
Bcex Bomoemax [2]. Lectonwl Bothriocephalus gowkongensis w Ligula intes-
tinalis 3aperucTPUPOBAHBI Y PHIO KaK B €CTECTBEHHBIX BOJOEMaX, TaK U B TIPY-
JOBBIX xO3siicTBax. OOLIMM TapasuToM IJisi MPYAOBBIX XO3MHCTB M ecTec-
TBEHHBIX BOJOEMOB SIBISICTCS MPEACTaBUTENb Kiacca MOHOreHew Dactylogyrus
extensus [3]. beumn BBISBIEHBI cliefyromiue BUABI MoHOTeHeil: Dactylogyrus
cornu (Linstow, 1878) - y apmsHckoii rycrepsl, D. sphyrna (Linstow, 1878) -y
rycTepsl U MIOTBHI, D. yamansaensis (Osmanov, 1958) - y xapna [4]. U3y-
yanachk napasurodayHa peio 03. CeBaH U HEKOTOPBIX €CTECTBEHHBIX BOJOEMOB H
BOJIOTOKOB ApMEHUH. ABTOpOM oTMedaercs 21 BU TeIbMUHTOB PBIO, 5 U3 HUX
BriepBbIe A Gaynsl Apmenud [ 1]. Hamu BeIssBIeH BUZOBOW COCTAaB FeIbMUHTOB
pBIO KapmoOBBIX XO3SHCTB ApapaTCKOW paBHHHBI, BIEpPBBIE M3ydeHa CE30HHAS
JUHAMHUKA WHBA3UPOBAHHOCTH PHIO TEIIbMUHTAMH, YCTaHOBICHBI OCHOBHEIC
TeIbMUHTO3BI PBIO THX XO3SICTB, BBISBICHBI MYTH LUPKYJISALWU TEIbMHHTOB
peIO B ApapaTcKoM pernoHe, NaHa TelbMHHTOJOTHYECKas OIeHKa KapIOBBIX
XO03sHCTB [6, 7].

Henpto  paboThl  SABISIOCH  BBISBICHHE  MXTHOTEIBMHUHTO(MAYHBI
MPYIOBBIX X035IICTB ApapaTcKoil paBHUHBI U 03. CeBaH.

Mamepuan u memoouxa. ViccienoBanus TNPOBOJWIM B 4-X NPYAOBBIX
KapIoBBIX X034HCTBax Apaparckoro u Apmasupckoro mMap3oB u o03. CeBan. Meronom
MIONHBIX TeIbMUHTONIOTHYEeCKUX BCKpbITHt 1o WM.E. Brixosckoii-IlaBmockoit (1969r.)
obcnenoBaHo 1870 k3. 9-TM BHAOB KapmoBBIX M JIOCOCEBBIX pbIO. M3 X03sHCTB
obcnenoBaHo 1297 sk3. Cyprinus carpio, 132 ax3. Hypophthalmichthys molitrix, 111
9k3. Ctenopharyngodon idella, Rutilus rutilus - 12 3K3.
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U3 03. CeBan obcienoBano 318 3k3. peib: jococeBbix — Coregonus lavaretus
sevanicus -142 x3.; kapnoBeix — Carassius carassius - 85 3k3., Varicorhinus capoeta
sevangi - 73 3k3., Barbus lacerta goktschaicus -18 3x3. I'ellbMUHTBI ObUTH OOHAPY KEHBI
B KHIIEYHHUKE, ITOJIOCTH TeJla, HA )kabpax U B Xpycranukax ria3 pei0. [Tocine u3bsatus u3
OPTaHoOB PHIO MX IPOMBIBAIN B BOZE M (PMKCUPOBAIN B COOTBETCTBYIOIIMX PacTBOpax B
3aBUCUMOCTH OT MX CHCTEMaTHYECKOTo MoJjiokeHHMs. [is ompeneneHuss BUIOBOM NpH-
HaJJISKHOCTH HMX ITOJBEPrajy KaMepajbHOH 00paboTKe 1Mo OOIIECIPHHATHIM METOAUKAM
N.E. Bbrixosckoii-IlaBmosckoi, 1969, 1985, A.A. Iluruna, 1986, C.O. MoBcecsHa,
1981, A.B. I'yceBa, 1983. Monoreneii ¢ukcupoBanu B 4%-om pactBope (hopmaiuHa,
3aTeM 3aKJIIoYad B TIIIMLIEPUH-KEJIAaTHH. VI3BiedeHHWe JIUYMHOK TpeMaTox, OOHapy-
JKEHHBIX B XPYCTaJMKax TIJj1a3, MPOU3BOAMIN MexaHndyecku. VIx Oe3 dukcaunu B criupre
OKpAaIllMBaJIH YKCYCHOKHCIIBIM KaPMUHOM M NPOCBETIISUIA B I'BO3AMYHOM Macie. Onpe-
JIeJIeHne BHJa JMYMHOK JIUILIOCTOM IpoBoamiy 1o Tadu. Illuruna [8]. [dns atoro noa
MHKPOCKOIIOM C OKYJISIP-MHKPOMETPOM H3MEPSUTH JUIMHY ¥ MIMPHUHY JUYUHKH, POTOBOU
n OpronIHOW TpHcocok, oprana bpannmeca u ap. Llecronq m ckpeOHel ¢ukcupoBann B
70°-HOM cIMpTe, OKpaIlWBajiM KBAacLOBHIM KapMHHOM ¢ mnocieayromied muddepen-
IMUPOBKOW B TOJKUCICHHOM CHOUPTE W MPOBOJKOW depe3 CHHPTOBBIA psm (i
00e3BOXKHMBaHUS), 3aTEM MTPOCBETIISUIA B TBO3JMYHOM Maclie, akaHToue(al - B MOJIOYHOM
kucinote. Hemaron 0e3 okpacku (puKcHpoBany B KUAKOCTH bapOaraiio, mpocBeTsn B
MOJIOYHOH KHCIIOTe ¢ raunepuHoM. OmpeselieHne relbMUHTOB NpoBoauin mo "Omnpe-
JIENUTEITIO Tapa3uTOB MPecHOBOAHBIX prIO payrsr CCCP" (1962, 1985, 1987rr.).

Pesynomamst u oocyscoenue. Hamu Obuto oOHapyxkeHo 12 BuAOB
reILBMUHTOB pbIO: Monogenea - Eudiplozoon nipponicum Goto, 1891, Dactylo-
gyrus vastator Nibelin, 1924, Dactylogyrus extensus Muller et Van Cleave,
1932; Trematoda - Diplostomum spathaceum (Rudolphi, 1819), Diplostomum
rutili Razmashkin, 1961, Diplostomum paraspathaceum Shigin, 1965 u Dip-
lostomum mergi Dubois, 1932; Cestoda - Bothriocephalus acheilognathi Yeh,
1955, Ligula intestinalis (Linnaeus, 1758) u Caryophyllaeus fimbriceps Annen-
kova-Chlopina, 1919; Nematoda -Rhabdochona fortunatowi, Acanthocephala -
Metechinorhynchus baeri. 4 Buaa TeIbMUHTOB OTMEYAIOTCSl BIEPBBIE s (a-
yHbl ApMeHuu: 1 BUg MoHoreHel, 2 Buaa Tpematon u 1 Bug necron. Huke npu-
BE/ICHBI IaHHBIE O MECTE OOHAPYKEHUS, JTOKAIU3AINH, PACTIPOCTPAHEHUH T'eIlb-
MUHTOB, UX ONKACAHUE U OPUTUHAIBHEIC PUCYHKH.

1. Eudiplozoon nipponicum Goto, 1891 (puc. 1).

st payHbl 3aKaBKa3bsi OTMEYAETCS BIICPBBIE.

X035IMH U MECTO OOHApy>KEHHS: KapIl, MPYIOBbIe X03s5icTBa ApapaTcKoil
paBHHHBI.

Jloxanu3zanus: :xa0psbl.

Pacnpoctpanenue: Gacceitnsl pp. Amyp, Juenp, O6s, Uepnoro, Kacnuii-
CKOTO MOpeii 1 pb10x03bl JIeHnHTpaackoi o0i., bemapycu, MonmoBsl, YKpanHsl,
Kaszaxcrana u T.1.

Onucanue 6uda.Teno renbMHHTa CpalleHO OBYMs OCOOSMH KpecT-Ha-
KpPECT M 4YETKO MOJpa3ieiseTcd Ha MEPEAHIOI 4YacTh, JIEKAIIYH CIHEpeau OT
MECTa CpallleHus, ¥ 3aIHIOK0, JIEKAIIYI0 K3aa1 OT 3TOro MecTa. /[nnHa Tena pas-
Ha 4,2 mm. [lepennss dacte Tena - 2,4 MM IUTHHBL, 3aqHss - 1,6 MM. 3amHsst
qyacTh AenuTcs Ha 3 ydactka. [lepenHuil KoHEl MMeeT KPYNHO BBIpa)KEHHBIE
cknanky. CpenHuil ydyacTOK o0pa3yeT paclIMpeHHE, MMEIOINee BEHTpPalbHbIE
CKJIaJIKH.
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Puc. 1. Eudiplozoon nipponicum Goto, 1891
O06o03HauyeHus: 1. mpuCOCKH, 2. )Kene3UCThIe 00pa30BaHus, 3. TJIOTKA, 4. KEITOUHBIE
KIIETKH, 5. KHIICYHUK, 6. MaTKa, 7. CCMCHHUKH, 8. IPUKPEITUTEITHHBIC KIIAlaHbl.

3anHull yyacTok cHaOXeH HEOOIbIIMMU MPUKPEHUTEIHHBIMU KiIallaHAMU
U KproubsiMu. [Iprcocku poTOBOM BOPOHKH OKPYTIJIbIe, KpymHbIE. [ TOTKa 3ameT-
HO MEeHbIIIe MPUCcOCcOK. Kuika TpyOKoBHIHAS, HAXOAUTCS B 3aHEH 4acTH Tena,
B 00NacTH pacmipeHHs OHa oOpa3yeT BBIPOCTHL. | 'OHATBI PACIIONOKEHBI B
MepeIHeM yJacTKe 3aaHeit yactu Tena. CEeMEHHHUK U3BUTOMN, JICHTOBUTHBIN.

2. Memayeprxapuu Diplostomum rutili Razmashkin, 1969 (puc. 2).

Xo3sieBa: KapI, TOJICTOJIOOMK, Oenblii aMyp, XpaMyJisi, Kapachb, ycad, CHT,
thopenb.

MecTto 0OHapyXeHHS: TIPYIOBBIC XO3SHCTBA ApapaTcKOW paBHUHBI, 03.
Cepan.

Jloxanu3zanus: T7a3a (XpyCTaIuKH).

Pacnpoctpanenue: 6acc. A3oBckoro, YepHoro u Kacnmiickoro mopeid,
BooeMbl JleHuHrpanckoit oo, [Ipubantuxu, Azepbaiimkana, ['py3un,
Cpenneit A3uu u T.1.

0.05 Mm

Puc. 2. Diplostomum rutili Razmashkin, 1969
O6o03naveHus: 1. naTtepaibHbIe JONACTH, 2. pOTOBas MPUCOCKA, 3. papHHKC, 4. MUILEBO/I,
5. KUIlIeuHbIe BETBH, 6. OprolHas nmpucocka, 7. opraH bpanmgeca.
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Onucanue uoa. Teno oBanbHOM (opmer, 0,38 MM amuHb! 1 0,21 MM TIH-
pusbl. Ilepennuit koHel Tena TpexjonactHOM. JlaTepanbHble JIOMACTH TEPEIHETO
KOHI[a 00pa3yloT CHJIBHO BBICTYTIAIOIINE YXOBHUIHBIE BBIPOCTHI, JOCTHIAIOIINE YPOB-
HS MeAnaHHOW jomnacTt. Pa3smepsl porosoii mpucocku - 0,050 MM x 0,040 mMm.
[Ipedapuukc He BhIpakeH, PapuHKC MPUMBIKAET K POTOBOW MPUCOCKE, €ro pas-
Mepsl - 0,032 x 0,021 mwm. [IumeBox w GapuHKC MOYTH OJUHAKOBOHM JTHHBI.
BeTBu kumievyHmKa, IOCTENIEHHO pacXo/sich, orubaioT ¢ 60koB opran bpanaeca
U CJIETO 3aKaH4YMBAIOTCA B 33JHEM KOHIIE Tena. bpromnHas mpucocka HaxoguTcs
B Hayajie BTOpPOHl MONOBHHBI Tena, ee pasmepsl - 0,044 x 0,050 mm. Opran
Bpanneca mioTHO mpuieraet K OprOIIHOW MPHCOCKe, ero pasmepsl - 0,092 x
0,102 mm. Ero MemuanHas mieiib IMEET KpecToo0pasHyto GopMmy.

3. Memayepxapuu Diplostomum mergi Dubois, 1932 (puc. 3).

Xo3seBa: Kapi, TOJICTOIO0UK, OCIbIi aMmyp, XpaMyJisi, Kapach, ycad.

Mecto obHapyxeHHs: TPYAOBbIE XO3AHCTBa ApapaTcKoi paBHUHBI, 03.
Cean.

Jlokanmu3zanus: Ta3a (XpyCTaanKy).

Pacnipoctpanenue: Bomoemsl JlenuHrpaznckoit o6:1., Kapemuu, ITpuban-
tuky, benapycu, Azepbaiimkana, 6accelinsl AzoBckoro, YepHoro u Kacnuiicko-
0 MOpEH U T.1.

Onucanue 6uoa. Teno yAIMHEHHO-OBAJIBHON (OPMBI, 3aJHSS 4acTh He-
MHOTrO 1mupe nepeaneit. J[nuna tena cocrasmisier 0,410 MM, mupuHa - 0,160 mm.
[epennuii KoHel| Tena TpexonacTHoW. MearaHHYyIO JI0NacTh 00pa3yeT poToBas
npucocka, pazMepsl kotopoi pasHsl 0,045 x 0,040 mM. MimeeTcs KopoTKuid nipe-
thapunkc. Pasmepst ¢apunkca — 0,030 x 0,020 mwm. [lumeson 4yTe Kopode
(hapunakca. Kunreunsie BETBH, pacXosaCh MMOCTETIICHHO, OTHOAI0T ¢ O0KOB OproI-
HYIO NIPUCOCKY W opraH bpaHzeca, clerno 3akaHUYMBAIOTCS B 3alHEM KOHIIE TeJa.
BpromHas nmpucocka kpynHee poToBoi, pazmepsl ee - 0,050 x 0,050 MM, pacmo-
noxeHa B cepexuHe Tena. Opran bpangeca okpyrmblid, c3agu mpuieraer K
OpromHO# mprcocke. Pasmepsr oprana bparmeca - 0,08 x 0,08 mm, MeamanHas
IEJb €r0 UMeeT OOKOBBIE BEIPOCTHI.

[Mocnennue 2 BUa MaTOTE€HHBI, 3aMEUISIOT POCT U Pa3BUTHE PHIO, BBI3HI-
BAIOT Mapa3UTUYECKYI0 KaTapakTy M CIENOTY U MOTYT CTaThb NMPUYMHOM HUX T'H-
oemm [8].

4. Caryophyllaeus fimbriceps Annenkova-Chlopina, 1919 (puc. 4).

Xo341H ¥ MecTo OOHapyXKEHHUsS: Kapl, MPyIOBbIe X03siicTBa ApapaTcKon
PaBHUHBI.

Jlokanuzanusi: KUILICYHUK.

PacnpocTtpanenue: Bogoemsl benapycu, Ykpannsl, Kapenuu, Jlenunrpan-
ckoit 0011., Kazaxcrana, 6acceitnsl pp. Bonru, Kyper, B FOxxHOM Kacnmm.

Onucanue 6uoa. Teno JEHTOYHOTO YepBsS HepacuwiIeHeHHOE, Oeoe, TTHHa
tena - 12,5 mm, mmpuHa - 1,5 MmM. ['010BHO# KOHEIl BeepooOpa3HO paciIupeH, ¢
rryookumu pectoHamu. IlleitHoro cyxenust HeT. KeNTOUHUKM HAYMHAIOTCS Ha
HEKOTOPOM PACCTOSIHUM OT TOJIOBHOTO PACIIMPEHUS, HECKOJBbKO MO3aaU HUX
HAYMHAIOTCS CEMEHHUKH, U Te, M IPYTHe TAHYTCA N0 smaHUKa. CeMEHHUKOB H
JKEITOYHUKOB MHOTO. J{muHa cymku muppyca - 1,6-1,8 mm, a muppyca - 1,0 mm.
Awunuk nBynonactHol, H-oOpasueii. MMeroTcss mocTtoBapuaibHas TpyIna
JKEJNITOYHBIX (POJUTMKYJIOB ¥ MaJICHBKHHA CEMSNpPUEMHHUK. MaTka pacroiio’keHa B
3aJIHCH YETBEPTH TeNa, UMEET BUJ HM3BUTON TpyOku. IleTnm mMaTKW HEMHOTO-
YUCJICHHBIC, HE 3aXOJIT BIepea cyMku muppyca. Pasmepsr s - 0,06-0,07 x
0,03-0,04 mm.

36



HOBBIE BH/1bI B TEJIbMUHTO®AYHE Pblb APMEHUU

Puc. 3. Diplostomum mergi Dubois, 1932 Puc. 4. Caryophyllaeus fimbriceps Annenkova-
O0o3HaueHust: cM. puc. 2. Chlopina, 1919

Oo0o3HaueHnns: 1. roJIOBHOH KOHEIl, 2.
JKEJITOYHUKH, 3. CCMCHHUKH, 4. SUYHUK,
5. metnu MaTtky, 6. CyMKa Luppyca

Takum oOpazom, 4 BUIA TEJILMHHTOB PBIO OTMEYAIOTCSI BIIEPBBIC IS
(hayuasr Apmennn: 1 Bux MoHOTeHeH, 2 Buaa Tpemaron u 1 Bux necroa. Ha xa6-
pax KapnoB TpPYIOBBIX XO3SHCTB OOHapy»XeHbl MoHOreHeu FEudiplozoon
nipponicum Goto, 1891. DToT BUA perucTpupyercs BIepBbIe B TeIbMUHTO(ayHE
3akaBka3bi. B Xpycranukax rjia3 BCeX BHIOB PbIO NMPYIOBBIX XO3SHCTB U O3.
CeBan HalimeHsl MeTranepkapuu Tpemaron Diplostomum rutili Razmashkin,
1969 u D. mergi Dubois, 1932. DT BHIBI BBI3BIBAIOT KAaTapakTy U CIEMOTY
pei0 [8]. B kuiedHWKe KapmoB MPYIOBBIX XO3SIMCTB OOHAPYKEHBI IIECTOJBI
Caryophyllaeus fimbriceps Annenkova-Chlopina, 1919.

N =
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ONTUMM3AILIUS YCJIOBUM ®PEPMEHTAIIMA 1 COCTABA

®EPMEHTAIIMOHHOW CPEJBI 1JISI BAOCUHTE3A
L-APTUHUHA IITAMMOM - ITPOJAYIIEHTOM
BREVIBACTERIUM FLAVUM HK-19A

A.O. KOJIOSIH, A.C. OBCEIISIH

340 “HUU Buomexmnonocuu” M3 PA

W3yyeHo BIUsHHE YCIOBUi (hepMEHTAIMH U PA3THYHBIX KOHLCHTPALUH KOM-
MOHEHTOB (hepPMEHTAIMOHHON Cpe/ibl Ha Mpolecc OMocuHTe3a L-aprununa y momy-
YEHHOT'O HaAMH paHee ITamMMa-tipoayuenta Brevibacterium flavum HK-19A. Tloka-
3aHO, YTO BBIXOJ apTMHUHA CYIIECTBEHHO 3aBHUCHT OT BIMSHUS HCCIIECJOBAHHBIX
¢axropoB. B pe3ynprare onTuMu3anum cocraBa (pepMEHTAOHHON CPEabl U YCIIO-
BUI KyJIbTHBUpOBaHUS IuTamMma-niponyuenta Br. flavum HK-19A Beixon L-apru-
HUHA yJIaJIOCh NTOBBICUTH Ha 96 %.

Brevibacterium flavum — L-apeunun — wimamm-npooyyenm — OnmuMu3ayust —
epmenmayusn

NMuunidtwuppdty b bwpyhinud dkp Ynndhg vnwgqus Brevibacterium
flavum HK-19A soniudh phipdttnugduwd wuydwbbph b $Epdbinwugdut dh-
ourjuyph pununphsubph tuppbp Ynugktnpughwbph wqpkgnipmn L-wp-
ghuptp Yhbuwuhbpbqh Jpu: 8nyg k wpydl), np wpghthth Gntupp buybu
Juwhiqué b hbwnwgqnunn gqnpénubph wqnbkgnipmniihg: Br. flavum HK-19A
snwd-wpununppsh wdbkgdwt yuydwitbkph b $Epdbbnwugdut howduypp
owuhdwquguut wpryniipmd hwgnnyty £ 96%-ny pupdpugity L-uipghthh mpp:

Brevibacterium flavum - L-wpghlpl — pinud-wpuunphs — owunplugjuignid —
Dipdkinnugnid

The influence of fermentation conditions and different concentrations of the
fermentation medium components on the process of L-arginine biosynthesis in the
strain-producer Brevibacterium flavum HK-19A obtained by us earlier has been
investigated. It was shown that the arginine yield essentially depends on the
investigated factors. The optimization of the fermentation medium composition and
cultivation conditions of the strain-producer Br. flavum HK-19A resulted in 96%
increase of L-arginine yield.

Brevibacterium flavum — L-arginine — strain-producer — optimization —
fermentation

B Memunune, GapMakoiIoruu, MUAMIEBOH MPOMBIIIIICHHOCTH H CEILCKOM
X034icTBEe (OCOOCHHO B YKMBOTHOBOJACTBE) C KaKIBIM T'OJOM BO3pacTaeT MHOT-
PEOHOCTh B Pa3IMYHBIX OMOJIOTHYECKH AKTUBHBIX COCAMHEHHAX, B TOM YHCIE

AMHUHOKHCJIOTax.
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ApPruHUH BXOJMT B COCTaB MHOTHX TEPaleBTUYCCKUX IPErapaToB M
MPOTHUBOBHPYCHBIX CpeACTB. [IprUMeHseTcs B KapIUOJOTHU M MMMYHOJOTHH,
MIOCKOJIBKY SIBIISIETCSI ICTOYHUKOM 00pa3oBaHus okuch a3ora (NO) — MourHoro
cocyaopacHmpstoniero (hakropa u HepoMeanaTopa, 3aMeUIIeT pocT J00poKa-
YECTBEHHBIX M 3JI0KAYECTBEHHBIX OITyXOJIEH, CIIOCOOCTBYET 3a)KHUBJICHHUIO paH,
peryaupyer BbIpabOTKy TOPMOHOB, TOJIE3€H MU 3a00J€BaHUAX MOYEK, UTPAET
CYIIIECTBEHHYIO POJIb B JISYEHUH HIIM TPEIOTBPAIIEHHUH IUPPO3a NeYeHH U T.1.
APryHUH MIHPOKO NMPUMEHAETCS TaKXKe B CEIbCKOM Xo3siicTBe. Ero nobasnenue
K KOpMaMm, HapsAy C JU3MHOM M METHOHHHOM, CIIOCOOCTBYET OBICTPOMY POCTY
JKUBOTHBIX, TIOBBIIIAET SHIIEHOCKOCTh Kyp. CONM apruHUHA UCTIOIB3YIOTCS IS
COXPaHEHUS MHIIEBBIX MPOITYKTOB.

KpynHomacmtaOHoe mosydeHue L-apruHiuHa OCHOBaHO Ha MUKPOOHOJIO-
THYECKOM croco0e ero mpou3BoiacTBa. CKOHCTPYHPOBAH HECYIUI KITFOUEBEIE
reHsl OMocuHTe3a L-aprmHMHA pEeKOMOWHAHTHBIM IITaMM-TIPOXYIEHT Escheri-
chia coli, xoropsrit 3a 80-90 u pepmentranuu npoayuupyer a0 40 r/n L-apru-
uuHa [1], u Serratia marcescens, cuaTe3upytomuil 10 96 r/n L-aprununa 3a 168 4
dhepmenTaruu [8].

Jlyudrime mTaMMBI-IPOYIEHTHI, TOJYUYCHHBIE ‘“TPaAMIIMOHHBIMHU TCHETH-
KO-CEJICKUMOHHBIMU MeTodaMu U3 Oaktepuit Brevibacterium flavum n Coryne-
bacterium glutamicum, cuaTe3upyIOT 10 36 /1 L-aprununHa 3a 96 4 depmen-
tanuu [7, 12]. IloaToMy 3amada mosrydeHus 00jee aKTUBHBIX MITaMMOB-TIPOIY-
[CHTOB Y KOPUHE(OPMHBIX OaKTepHii, KOTOPBIEC 10 CBOMM TEXHOJIOTHUYECKHM Mapa-
MeTpaM MPEIIOYTUTENFHEE B IPOU3BOJICTBE, MPOJIOINKAET OCTABATHCS aKTyaTbHOM.

Panee MBI coobmmanm o mModydeHHuH mraMMa-tipoayterra Br. flavum HK-
194, cuaTe3upytoniero npu konooyHoi pepmentanuu 13 /1 L-aprununa [4].

B Hacroseit paboTe nmpuBeAeHBI pe3yIbTaThl HCCIEN0BaHUH IO TOA00PY
ONTHMAIFHOTO COCTaBa (PepMEHTAIIMOHHON Cpebl U YCIOBHU KONOOYHOU (hep-
MeHTanuu mramma Br. flavum HK-194, obecrieynBarOIInX 3HAaYUTEIIBHOE TOBbI-
IIeHUE Bhixoja L-aprunuHa.

Mamepuan u memoouxa. B paGore ucrons3osad mramm Br. flavum HK-19A,
ayKCOTPOQHBIN 110 M30JICHIIUHY, YyBCTBUTEIBbHBIN K D-ceprHy M PEe3UCTEHTHBINH K aHa-
Jioram - ruApoKcaMary apruiuia u Tuasonanaununy (ile”, D-ser®, ArgHx', TA"). Onrumu-
3alUI0 COCTaBAa CHUHTETHYECKOW (pepMEeHTAllMOHHOW Cpelbl MPOBOAWIIM IO (aKTopam
pocta (M30J€HINH, THAMUH, OMOTHH) M 10 OCHOBHBIM KOMIOHEHTaM Cpeibl (aMMOHUI
CEpHOKHUCIBIH, Kaauii (OoCHOPHOKHCIIBIM OJHO3aMENICHHBIH, MarH1ii cepHOKUCIBIN). C
9TOH 1eTbi0 B (PepMEHTAIIMOHHOMN Cpezie B OINPEAeIeHHBIX MpeJeiax BapbUpOBaId KOH-
HEHTPAIMN YKa3aHHBIX KOMIIOHEHTOB, a TAK)K€ M3MEHSUTH YCIIOBUS ITPOBEICHNUS (pepMeH-
tanmu - pH cpensl, aspanuio n Temmneparypy. Pe3ynbTaT OIEHHBAIM MO KOJHMYECTBY
CHHTE3MPYEMOTO aprHHIHA B KOHIIE ()epMEHTALIH.

JInst KyIbTHBHPOBAHMS ITAMMOB HCIIOIb30BAIN KHUAKUN M arapu30BaHHbIA MCO-
nentoHHbI 0ynsoH (MIIb, MITA) n MuaMManeHy0 cperny [oBepa ciemyromero coc-
TaBa, %: NH4C1 — 0,5, NH4NO3 - 0,1, Nast4 - 0,2, KzHPO4 — 0,3, KH2PO4 — 0,1,
MgSO,x7H,0 — 0,025; FeSO4x7H,0 — 0,001; MnSO4x5H,0 — 0,001; arap-"Difco”— 1,6;
rimoko3a — 0,8; 6notun — 100 mxr/m; tuamus — 100 Mxr/m; L-uzonetitun — 40 Mxr/mit. J{as
BBIPAIMBAHUs IIOCEBHOIO MaTepuana ucroib3osanu MIIb.

B kauecTtBe MCXOIHOW (EPMEHTAMOHHOW Cpenbl Ul ONpEIeSIeHUs] aprHHUH-
NPOIYLUPYIOMIEH CIIOCOOHOCTH INTaMMa MCIOJIB30BAJIM CPEdy CIEAYIOIEro cocTaBa,
%: caxaposza — 15,0; (NH,),SO, —4,5; KH,PO, — 0,4; MgSO,4x7H,0 — 0,2; FeSO,x7H,0 — 0,001;
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MnSO,x5H,0 — 0,001; CaCO; — 5,0; Tmamus — 300 Mxr/i; 6umorus — 300 mkr/i; L-u3o-
aednuH — 200 MKr/MI1.

depmMeHTaIMIO TPOBOAMIN B Kos10ax DpneHmeiiepa emkoctbio 500 M ¢ 14 M
(hepMeHTaIMOHHOH cpenbl M 1 MJI IOCEBHOTO MaTepralla Ha Kadallke CO CKOPOCTHIO Bpa-
menus 220-240 o6/muH, ipu temneparype 30° B reuenue 72 4.

CKOPOCTh pacTBOPEHHSI KHCIOPOAa OTIPENEISIIH [0 OIMMCAHHON MeTouKe [2].

Copeprkanue apruHHHA B KyibTypanbHoi xunkoctu (KXK) onpemensum 6ymax-
HOW Xxpomarorpadueli B cucreMe OyTaHON — yKCycHas kuciora — Boza (4:1:1) mmm
KOJIOPUMETPHUECKH 110 MoanumpoBanHoMy metory Cakaryqm [10].

Komuectsennoe onpeznenenue caxapa B KK mposoanmu o merony beprpana [3].

ITomy4eHHbIe pe3yabTaThl 00padbaTHIBAIN CTATUCTUIECKH.

Pesynomamot u oocyrcoenue. llomydeHHBIE HaMH paHEE IIITaAMM-
npoxnyueHT Br. flavum HK-19A4 cuate3upoBan B UCXOAHOU cpene o 13 r/n ap-
ruHuHa [4]. O#HAaKO W3BECTHO, YTO ISl BBISIBICHUSI MOTEHUUATBHOM CHUHTE-
3UPYIONIEH CIIOCOOHOCTH TPOIYLEHTOB HEOOXOAMMO TPOBECTH MOJAOOp OITH-
MaJIBHBIX KOHIICHTPAIUH KOMIIOHEHTOB CPE/Ibl U YCIOBUH GepMmeHTanuu [6].

C uenpro BRIOOpa YPOBHS a’paliul UIsl KOJOOYHOH (epMeHTany Ha Ka-
YaJlke MCCIe0BAIM 3aBHCHMOCTh BBIXOJa L-apruHuHa OT 00BheMa 3amoTHEHUS
KOJIO MCXOJTHOHM (pepMeHTalMOHHON cpenoil. Pe3ynbTarhl SKCIIepuMEeHTa TIpUBE-
neHsl B Ta0u. 1.

Kax BumHo n3 Tabin.l, HamOoJbIIee KOMMYECTBO CHHTE3MPYEMOTO aprh-
HUHA Ha0JII0IaeTCsl IPU 00beMe (epMEHTAIIMOHHOM Cpeibl 15 mil.

KonnuecTBo CcHHTE3MpyeMOro mNpoAyKTa 3aBUCHT Takke oT pH dep-
MEHTAIMOHHOHN cpefbl. B mpoliecce HHTEHCMBHOTO OMOCHHTE3a aprHHUHA HA0-
JIOAaeTCsl 3HAYMTENIbHOE TOJKUCIEHHE Cpelbl, YTO OTPHULATENIHHO BIMSIET Ha
BBIXOJ apruHuHa. [ momnepxanus Hy)xHOro ontuMmyMa pH B mporecce dhep-
MEHTAIlUU B Cpefy nobamisieTcss Mel. B Tabn. 2 nmpuBeneHs TaHHBIC, TOKa3bIBa-
FOIIME 3aBUCHMOCTH BBIXOZ[a apTHHUHA OT KOHIIEHTPAINH T00ABIsIeMOT0 Mea.

[TomyuenHble pe3yabTaThl MOKA3bIBAIOT, YTO ONTHMAIbHON KOHIIEHTpa-
nued Mena Ans moanepxaHusi pH cpensl B TedeHwe Bcero mpouecca dep-
MeHTanuu sBisgercs 5 %. llapamnensHo BapsupoBanm pH cpenbl B MHTEpBaie
7,0-8,0 ¢ marom BapbupoBanus (,2. HamOGonpmmii BbIXOJ apruHHHA HAO-
nrozancs npu ucxoanoM pH depmenrtanuonHoit cpenst 7,6.

Ta0nauuna 1. BiusHue ypoBHS a’paluu Ha BeIXOA L-aprunuza
y mramma Br. flavum HK-19A

n=3_§

KommuectBo 3 Beixoj L-aprummsa, CKOpOCTb pacTBOPEHUS
(epMeHTaMOHHOM o kucnopona, r O, (i1 -+ 9)
cpelpl B KO0ax, Mil

10 9,5+0,51 2,2
15 13,0+0,7 1,9
20 11,7+0,63 1,5
25 9,1 +£0,49 1,2
30 6,8 +0,36 1,0
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Ta0auna 2. 3aBUCUMOCTH HaKOIUIEHHUs L-apruHuHA OT KOHLEHTPALMK Mefia B
(hepMeHTAIIMOHHOM cpeze

n=10
Konnenrpanus Borxon PH depm. cpensr pH epu. cpeet
Mmena,% L-aprunna, 10 pepMeHTanuH frocae
? r/n (bepmeHTaIIH
1 5,25+0,28 7,6 5,1
3 10,9 £ 0,58 7,6 6,0
5 13,0£0,7 7,6 7,1
6 12.,5+ 0,67 7,6 7,1

He menee BakHOe 3HaueHHWe JJIsi OMOCHMHTE3a aprHHWHA UMEET TeMIiepa-
TYPHBINA PEXKHUM Ipoliecca GepMeHTAIUU. DKCIIEPUMEHTHI 110 ONPEICICHUIO OIl-
TUMAJIBHBIX TEMIIEPATyPHBIX YCIOBUH MOKA3aJIM, YTO BBIXO]| MPOIYKTa OOJBIIIE,
Korma pepMeHTaIis poBoauTCs pu 31°. MI3MeHeHne TeMItepaTypHOTO PexXu-
Ma KakK B CTOPOHY IOBBINICHHUS, TaK M TOHIKEHUS MPUBOAUT K CHIKEHUIO aK-
TUBHOCTU CHHTE3a apruHUHA, MO3TOMY B JallbHEHIIeM (QepMEHTAlUu IMPOBO-
Junuch npu 31°.

[Mockombky mramm Br. flavum HKI19A sBasercs aykcoTpodoM IO H30-
JeHIMHY, OAHUM U3 BaKHEHIINX KOMIIOHETOB MMUTATENIBHOM cpenbl i pepMeH-
TaIUu sIBIsAeTCs L-N301eUnH, KOTOPHIH 100aBisieTcs B cpemy s o0ecTieyeHus
pocTa npoayLeHTa. Pe3ynpTarel, CBUAECTENBCTBYIOLIME O 3aBUCUMOCTH CHHTE3a ap-
TUHHWHA OT KOHIICHTpaIwu L-u3omneinyHa B cpesie, MpuBeaeHb! B Ta0m.3 1 Ha puc. 1.

Kak BuaHO u3 Tabn. 3 u puc. 1 onTuMmanbHas KOHICHTpanms L-nu3oei-
ruHa coctaBiser 300 Mkr/min. [loHW)XKeHWE WM TOBBIIIEHHE 3TOH KOHIICHTpa-
[IAW TIPUBOJIUT K CIaJy aKTHBHOCTU CHHTE3a apTHHHUHA.

Aprunus r/n
o]
L

0 200 400 600 800 1000

W3osneiityH, Mr/i

Puc. 1. 3aBucumocts HakoruieHus: L-apruauna oT koHueHTpauuu L-u3oneinusa B
(hepMeHTaIMOHHOM cpeie.
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Tab6auua 3. 3aBUCUMOCTb HaKOIUIEHUs L-apruHuHa oT KOHIEHTpauuu  L-u3oneinuHa B
(hepMeHTAIIMOHHOM cpejie

n=3y§
Konnenrpanus Brixon OcTaTouHbIi
L-u3oneiinuna, L-aprununa, caxap,
MKI/MJT r/n %

100 6,8+0,36 6,4
150 9,2+0,49 4,1
200 13,8 £0,74 2,1
250 14,0 £0,75 1,6
300 14,7+ 0,79 0,4
350 14,0 £ 0,75 0,2
400 13,8+ 0,74 0
500 12,8 £ 0,68 0
600 12,4 + 0,66 0
700 9,8 +£0,52 0
800 9,1+0,49 0
900 7,3 +0,39 0
1000 7,3+ 0,39 0

BaxkubIM (hakTOpoM I OMOCHHTE3a aprHHUHA SBISETCS TAK)KE HATHUNE
B (DEPMEHTAI[MOHHOM CpeJie ONTUMAIILHOTO KOJIMUecTBa OnoTrHa. M3BecTHO, 4TO
MIPU HU3KUX KOHIICHTPAIUSAX OMOTHHA TOBBIIIACTCS MPOHHUIIAEMOCTh KIETOYHOM
CTEHKH IO OTHONICHHUIO K BHYTPUKJICTOYHON TITyTAMHUHOBOU KHCIIOTE, YTO IPH-
BOJUT K CHUXCHHUIO YPOBHS CHHTE3a apTHHWHA W3-3a YMCHBIICHUS ITyJa Mpe-
necTBeHHUKa. Kpome Toro, OMOTHH CTUMYJMPYET aKTUBHOCTH (hochodHOI-
nUpyBaTKapOOKcHiIa3bl — ()epMeHTa, WMEIOIET0 BaKHOE 3HAueHHWe sl OHo-
CHHTE3a TIyTAMHUHOBOM KHUCJIOTHI, a CJEeIOBaTeIbHO, U I apruHuHa [9, 11].
[TosTomMy Hanuuue B cpejie OMOTHHA B CPABHUTEIBHO BBICOKOW KOHIICHTPAIUH
SIBIIICTCSI HEOOXOMUMBIM. B CHelManbHBIX KCIICPUMEHTaX OBLIH OIMPEIC/ICHBI
ONTUMAJIbHBIE KOHIIEHTPAIlMK OWOTHHA M THAMHHA, KOTOPBIA TaKKE SBIISCTCS
pocToBbIM (hakTOpoM. Pe3ynmpTaTel TpeacTaBiICHBI HA pUC. 2, HA KOTOPOM BHI-
HO, YTO HauboJice BBICOKUH YPOBEHb HAKOIUICHHUS aprMHHUHA HAOJIOAaeTCs IpH
coJiepkaHuM B pepMeHTalMOHHOM cpene 1o SO0 MK/ BATAMUHOB,

11 4 OUOTHH

AprunuH r/1

94 THAMUH

50 100 250 500 750 1000

Butamunbl, MKr/n

Puc. 2. 3aBUCHMOCTb HaKOIUIEHUs L-apruHUHA OT KOHLEHTPALUY BUTAMUHOB
(TnamuHa 1 6MOTHHA) B (pepMEHTALIMOHHOH cpene.
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C yderoM TOJYy4YeHHBIX pe3yNbTaTOB B JAajbHeWmeil pabore 110
ONTUMH3ALMHN (EPMEHTAMOHHON CcpeAbl ObUla HMCHOJNB30BaHA CHHTETHYECKas
cpenma, comepxamas, %: caxapo3y — 15,0; (NH4),SO4 — 4,5; KH,PO, — 0,4;
MgS0O4x7H,0 — 0,2; FeSO,x7H,0 — 0,001; MnSO4x5H,0 — 0,001; CaCO; — 5,0; a
takke L-m3onerinud — 300 mxr/mut; Tuamud — 500 Mxr/in; Ouotun — 500 MKr/i.
Pe3ynbTaThl 9KCIEPUMEHTOB TI0 MOAOOPY KOHIIEHTPAIMK COJIeH (aMMOHUI cep-
HOKHCIIBIN, KaTui PoCHOPHOKHUCIIBIN OAHO3aMEIICHHBIM, MATHUNA CEPHOKUCIIBIH )
NpUBEACHBI B Ta0I. 4.

Kak mokaspIiBaloT MONTydeHHBIE Pe3yJbTaTbl, HAUOOJBINUN BBIXOM IIPO-
IyKTa o0ecTiednBaeTCsl Py CoziepKaHuu B pepMenTanroHHoi cpene, %o: (NH4)LSO, —
5,5, KH,PO, — 0,3 u MgSO,x7H,0 — 0,1. Beixom apruHMHa B (pepMEHTa-
IIUOHHOM cperie, cofeprKalleil BhIIeyKa3aHHbIe KOHIIEHTPAIMH 3TUX CoJieil, coc-
taBun 17,2 r/i.

W3 nutepatypbl U3BECTHO, YTO JJI CHHTE3a MHOTUX aMHUHOKHCIOT KOPH-
He(OPMHBIMU OaKTEepUSIMH HEMAaJIOBAKHYIO POJb WTPAIOT MOHBI METaJIOB, B
YaCTHOCTH WOHHI IIMHKA [13]. YuuTeIBas 3TOT QakT, B PepMEHTALMOHHYIO CPELY
obu1 no6aBneH ZnSO, B koHmnertpamun 0,01%, 9TO TIpHBENO K MOBHIIMICHUIO
OnocuHTE3a apTUHUHA.

Ta6muna 4. 3aBucumocTs cuHTe3a L-apruHnna oT KOHIEHTpaun coner, % ,n=7

=2 Bl =)
g E g L-aprunun, = 5 % =~ L-aprunun, =BT L-aprunus,
R EEEQ EEN
S £A r/n 3 ESA r/n g—,gdc\ r/n
=T 2o 8 S E%
< gz %85 g &
o= _g- %v S %
3,0 9,2+ 0,49 0,1 12,2 £ 0,65 0,1 15,9 + 0,85
4,0 12,0 £ 0,64 0,2 13,2+ 0,71 0,2 15,5+ 0,83
4,5 15,5+ 0,83 0,3 16,0 + 0,86 0,3 14,2+ 0,76
5,0 15,5+0,83 0,4 15,5+ 0,83 0,4 13,8 + 0,74
55 16,2 + 0,87 0,5 15,1 £ 0.81 0,5 11,2 £ 0,60
6,0 13,8 + 0,74 0,75 11,5+ 0,61 0,75 10,0 = 0,53
— — 1,0 7,5 0,40 1,0 8,9+0,47

Kak m3BecTHO, Hanmm4re B (hepMEHTAIIMOHHOW cpelle HEKOTOPBIX OpTaHH-
YeCKHX KHUCIOT (YKCyCHas, MOJIOUHAsl, JIMMOHHAs) IOJIOKHUTENBGHO BIHMSET Ha
BBIXOJ] KOHeUHOro mpojaykra [5]. [loBeleHre HaKOIUIEHHWsS aprHHUHA HaOJFO-
JIANIoCh MpH A00aBJICHUH B (PepMEHTAIIMOHHYIO CpPey HATPUS YKCYCHOKHCIIOTO,
KOHIICHTPAIIMIO KOTOPOro BapbupoBaiu B npeaenax ot 0,1-0,5%. Haubonbimii
s ekt HaOmonancs npu koHueHTparuu 0,4%. OmHOBpeMEHHOE N00aBIICHUE
ZnSO, — 0,01% u natpus ykcycHokucioro — 0,4% B pepMeHTaMOHHYIO cpery
MIPUBENIO K TIOBBINICHUIO aKTUBHOCTH CHHTE3a apTHHHHA IITaMMOM-TIPOAYICH-
toMm Br. flavum HK-19A mo 22 r/m.

UccnenoBanus, npoBeieHHBIC HAMH paHee Ha IITaMMe-TIPOYIIeHTe apTh-
anHa E. coli LGE28, mokazamm, uro moOaBieHne B (GEepMEHTAIIMOHHYIO CPEIy
PBHIOHO TAaCTHI ¥ APOAIKEBOTO IKCTPAKTA MPUBOIUT K IMOBBIIIEHUIO apTHHUH-
MPOIyIHUpYIOiel crmocoOHoCcTH ATOoro mramMma [1]. Mcxoms u3 sToro, B paspa-
0OTaHHYI0O HaMH CHHTETHYECKYIO (PEpMEHTAIIHOHHYIO Cpeay J00aBISIH PHIO-
HYIO TIACTy U JIPOXOIKEBOM 3KCTPAKT B Pa3iMYHBIX KOHIEHTpauusx. Bce mcmbl-
TyeMbIe KOHIICHTPALUHU MOCICAHUX MPUBOJUIN K MOBBIIICHUIO BBIXOJa KOHEU-
HOTO nponaykTa. OnTUMaIbHOM pepMeHTaunoOHHON cpenoil, obecrnieunBIIel Hau-
Oonpmuii cuHTe3 aprunuHa (25,5 1/7), Ookazamach cpena ¢ J00aBIEHHUEM PBIO-
Hoii macTel — 1,2% (Tadm. 5).
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Takum oOpa3oM, MoSydeHHBIE AKCIEPUMEHTAIBHBIE TaHHBIE TO3BOJIIIN
noJo0paTh COCTaB (PEPMEHTAIIMOHHOW CpENbl, a TAaKXKE YCIOBHS IPOBEICHHS
(depMeHTaMK, 0OECNEUYNBAIOIIUE TOBHINICHHE BBIXOJA APTHHHWHA Y IITaMMa-
npoayueHra Br. flavum HK-19A Ha 96 % 1o cpaBHEHHMIO C MCXOJHBIM CHH-
TE30M.

Ta0auna 5. 3aBucUMOCTh BbIXoJa L-apruHrnHa 0T KOHIEHTPALUH APOAOGKEBOI0 3KCTPAKTa U
pBIOHOI macThl, n = §

JpoxokeBoit Beixox PriOHas nacra, Beixog
9KCTPaKT, % L-aprununa, /1 % L-aprunmuna, r/n
0 17,2+0,92 0 17,2 £0,92
0,2 18,4 +0,99 0,7 23,1 1,24
0,4 20,2 +1,08 1,2 25,5+1,37
0,6 19,8 + 1,06 1,5 23,4+ 1,26

[Ipemnaraemas Hamu (epMeHTallMOHHAs cpeaa sl OHOCHHTE3a
L-apruanna nmeer cremyronuii coctas, %: caxaposa — 15,0; (NH,),SO4 — 5.5;
KH,PO, — 0,3; peidnas macta — 1,2; MgSO, - 7H,0 — 0,1; FeSO4x7H,0 — 0,001;
MnSO4x5H,0 — 0,001; CaCO; - 5,0; a takxke L-m3omernma — 300 mMKr/mir;
tuamuH — 500 mkr/m; 6morun — 500 mxr/m; pH cpempt — 7,6. Ipomomxku-
TENILHOCTH (hepMeHTauu — 72 4, Temmepatypa — 31°, cKOpocTh pacTBOpEHHS
kuciopoaa 1,9 r O, (i - u).
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I'PUBLI, BBI3BIBAIOIIIUE I'HUJIb HEKOTOPBIX
BU0OB KAKTYCOB

T.0. MAMUKOHSH, I'.C. T'YKACSH

HUnemumym 6omanuxu HAH PA

ITokasaHo, 4TO IPH HCIOJIb30BAHUH MIOCATOYHOTO MaTepHala ¢ 3apaKEHHBIX
MAaTepPUHCKHX PACTCHUH KAaKTyCOB MPOMCXOIUT INepenadya HHGEKIMH HOBOMY MO-
TOMCTBY. PekOMEeHIyeTcsl IPOBOJUTh CHCTEMAaTHYECKHE MUKOJOTHYECKHE HCCIIe-
JIOBaHUS [0CAJIOYHOTO MaTepuaa, a Takke IpoPIIaKTHIECKUEe MEPOIPHATHS IIPO-
TUB IpHOHON MHEKIIUH.

KopHeea}z CHUJIb — KAKM)Cbl — NOMOMCMB0

8nyg L wpdb, np Jupuljduws julunwuubph dugp pnyubphg nbw-
wniph Yhpwndwb nhypmd qupulp thnpowbgynid | unp ukplunh: vnphnipy
unpynid juunwpl] ntjuiyniph vhunbdwnhl dhnnghwljui ntuntduwuhpnt-
pinutibip, hsybu b twwwyuhywnuljut thgngunnidubp utijuyghts qupuljh pad:

Updunnuyhll thunwpnn - julpunniubbp — ukpniin

It was shown that by using the planting material from infected motherly
plants of cactuses transfer of infection to new posterity takes place. It is
recommended to carry out systematic micological investigation of planting material
and also profilactical arrangement against fungal infection.

Infected motherly plants — cactuses — posterity

B ApMmeHHH KyJNbTHBHPOBAaHHE KAaKTYCOB B YCIOBHSAX 3aKPBITOrO TPYHTa
UMeeT LIMPOKOEe pacmpocTpaHeHue. [Ipum 3TOM HepenKko CO34AI0TCSl OITH-
MaJlbHbIE YCIOBHUS, OCIAOJSIFONINE PACTCHUS W aKTUBH3HUPYIOIIHE NEATSIHHOCTD
MHUKPOOPTaHU3MOB. BBICOKast BIaXKHOCTh BO3/1yXa, NIEpEyBIaXXHEHUE cyOcTparTa,
nepenagspl TeMIIEpaTyphl, II0Xask TPOBETPUBAEMOCTh TEILTUII, HEJOCTATOK COJI-
HEYHOTO OCBEIIEHUSI — BCE 3TO MOXKET MPUBECTH K BO3ZHUKHOBEHHIO Pa3IMYHBIX
rpuOHBIX 3200JI€BaHNI KAKTYCOB — KOPHEBOMW THHJIH, YBSIIAHUIO, TISITHUCTOCTHU H JIp.

Bonpmryro omacHOCTh IUIi KakTyCOB TpeCTaBisieT Tpud Phytophthora
cactorum (Leb. et Conh.) Schroet, BrI3bIBarommii rHIIL KOPHEBOM TeHkH [1, 4, 5].

B xozme co3manms KOJUIEKIIMU KakTycoB B opamxepee EpeBaHckoro 6o-
TAaHUYECKOTO Caja MPOBOJMINCH CIIeUUalbHBIE WCCIEIOBaHUS MO TOpa-
)KAEMOCTH UX MHUKpoMUIleTaMu [2]. YCTaHOBIEHO, YTO KOPHEBYIO THWJIb H YCBI-
XaHWE KaKTYCOB BBI3BIBAIM TPUObI U3 ponoB Fusarium, Verticillium, Rhi-
zoctonia. OTHOBPEMEHHO M3 KOPHEBBIX LIEEK PACTEHHH BBIOCISUIUCH TPUOBI U3
ponos Alternaria, Ulocladium.
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C nenpio obOecrnieueHus YCIEITHOTO BEreTaTUBHOTO U CEMEHHOTO Pa3MHO-
JKEHHsI KaKTyCOB B JaJbHEWIIEM MpPOJOJDKAIUCH PabOTHI MO BBIIBICHUIO U Tie-
penade THHIM KOPHEBOW IMIEWKH MaTEPHHCKOTO PACTEHUS JeTKaM, TUIOAaM, ce-
MEHaM.

Mamepuan u memoouka. OGbEKTOM HCCICHOBAHUI CIYKHIJIA 00pasibl MO-
paKEeHHBIX THIIIBIO KaKTycoB Echinofossulocactus pookerii Backba (3arHmBmas xop-
HeBas meika), Tephrocactus articulatum var. ovatus (Pfeiff.)) Backba (merkm c 3a-
rHuBIIero Kakryca) u Opuntia leucotricha DC (3arHUBIIKE YICHUCTHIC CTEOJH, TUIOIBI,
ceMeHa).

Jlist BBIIETEHUST MHUKPOMHLETOB M3 OoibHOro pacrenust E. pookerii ¢ Ha-
PYKHBIMH TpU3HAKAMH TOPAYKSHUS TIPOMBIBAJIM MX BOAOIPOBOIHOM, 3aTEM CTEPUIIHHOM
BOJIOH, 0OCyIIMBany (QrIbTPOBAIBFHON OyMaroil, mMpoTHpaIM CIHPTOM U OOKUTaIH Ha
cnupToBke. CKanbIeneM BBIPEe3ai OJUHAKOBBIEC IO pa3Mepy AWCKU JUAMETPOM 5 MM.
[oToBHMIM JUCKHU CIIEAYIONIMX 00pa3loB: | — U3 MOrpaHUYHOM 30HBI IOPaKEHHOH YacTH,
IT — na paccrostauu 0,5 cm ot 30HBI opaxenwus, I1I, IV, V — cooTBeTcTBeHHO Ha pac-
crostaum 1,5, 5,5 u 10 cMm. OnbiTHEIE 00pa3nbl moMeniany B Jamku [lerpu Ha muTa-
TENBHYI0 cpeny Yameka W BO BIAXHYIO KaMepy Ha (pHIBTPOBaIbHYIO OyMmary mpu TeM-
nepatype 26°. DKCIepHUMEHTHI IPOBOIMIIHN B IIATHKPATHON TIOBTOPHOCTH.

Muxkonorudeckuii ananus Tephrocactus articulatum var. ovatus u €ro JETOK, a
Takke credus, wionoB u ceMmsH O. leucotricha MpPOBOAWMIM METOIOM HAKOIUICHHS
KyJIBTYpHI [3].

B nanbHeimeM NMpoBOAMIM PEryJISIPHOE MHUKPOCKOIMPOBAHUE Pa3BHBAIOLINXCS
TpuOOB.

Pezynomamor u o6cyyicoenue. ViccnenoBanueMm 3aroTOBJICHHBIX W3 3a-
THUBILETO KakTyca AUCKOB E. pookerii Obulo uneHTHGUINPOBAHO 4 BUIA MU-
KpomuneToB (Tadm. 1).

Ta6uuna 1. ['puls1, BeigeneHHBIE U3 00pa3loB E. pookerii Ha pa3HBIX
PACCTOSIHUSAX OT O4ara MOpaXKeHUs

O0pa3ubl JUCKOB Boiaenennbie BHbI Tpud0B
Fusarium oxysporum var. orthoceras
Alternaria alternata

Ulocadium consortiale

U. oudemansii

F. oxysporum var. orthoceras

Ha paccrostanu 0,5 cM ot ouara nopakenust (II) A. alternata

U. consortiale

F.oxysporum var. orthoceras

A. alternata

U. consortiale

CTEPUIIbHBIN MULIETHH

Ha paccrosauu 5,5 cm ot ouara nopaxenus (IV) U. consortiale

Ha paccrosinuu 10 cM ot ouara
nopaxenus (V) -

Ouar nopaxenus (I)

Ha paccrosaun 1,5 cm ot ouara nopaxenns (I1I)

JlanHbie Tabn. 1 MOKa3bIBAIOT, YTO B HEMOCPEICTBEHHOW OJIM30CTH
oT ouara mopaxenus B oopasmax I, I, III obHapyxuBaercs cmeranHas
undexmus F. oxysporum (Schlecht.) Snyd. et Hans. var. orthoceras
(Appl. et Wr.) Bilai + A4. alternata (Fr.) Keissler + U. consortiale (Thum.)
Simmons + U. oudemanssii Simmons. [Ipu aTom cpenu rpuboB Hanboee
yacTo BcTpewancs F. oxysporum var. orthoceras, KOTOPBIA B JaHHOM
ciy4ae ObLJT OCHOBHBIM BO30YIUTEIEM THUJIH.
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Ha mopaxxenHoM TpuboM amcke oOpa3oBajics PO30BaTO-OJI€THBIN
munenuid. B MeHpImMx KoiaumdecTBax OOHApY>KUBAIMCh BUIBI U3 POJOB
Alternaria n Ulocadium. Tlpn ynaneHun oT o4yara MOpa)K€HUs B TKaHSIX
obpasma IV (na paccrosauu 5,5) F. oxysporum var. orthoceras ne oOHa-
PYKUBAJICS, OJIHAKO YJIOKJIAAMO3HAsT MHQEKIUsS COXPaHAJIACh MO-TIPEXK-
HEMY.

[Ipu ypaneHHOCTHM OT oyara mopaxeHus Ha paccrosHuu 10 cm
rpuOHast HHPEKIH Ha TUCKaX He 0OHApYKUBAJIACh.

B mporecce skcniepumeHTa HamMu oOpe3aliachk U yAajsiach mopa-
JKEHHasi YaCTh pacTeHMs, a 3J0pOBas BEpXyIlIKa U30JupoBaiach, oOpada-
ThIBAJIACh MOPOILIKOM MOJIOTOM Cepbl U BHICAXKUBAJIACh JJIs1 YKOPEHEHUSI.

Co BpemeHeM B NIEPBbIM U BTOPOM T'0/Ibl HA PACTEHUSX, TTOJTYYEHHBIX
OT YKOPEHEHHBIX BEpXYIIEK, HAUMHAIN MPOSBISATHCS CUMIITOMBI 3apake-
HUSI KOPHEBOW THUJIBIO.

Wnentuduxamus rpuOoB MO3BOJWIA BBIACTUTH F. oxysporum var.
orthoceras, 4T0O yKa3blBaeT Ha €r0 arpecCUBHOE Y4YacTHE B MOPAKEHUHU
KOPHEBOM THUJIBIO U3Y4aeMOIo KakTyca.

MosHO mosarath, 4TO B IaHHOM CiIy4ae BO30yIuTesb O0JIe3HH MO-
najiaeT yepes3 MPOBOISIINE COCYJIbl B «30OPOBYIO» YaCTh PAacTEHUs, T.e.
uMeeT MecTo mporecc auddy3Horo 3apaxeHus TkaHu. BHadane nHpek-
I[USl HOCUT CKPBITHIA XapakTep, U Ha MEPBbIM B3I pacTeHHE KaXeTcs
310poBBIM. [locTeneHHO MPOMCXOAUT HAKOIJIEHHE WH(pEKIHUU, 00JIe3Hb
YETKO MPOSBIISAETCS, MPUBOJASI PACTEHHE K 3arHUBAHUIO, @ B HEKOTOPBIX
CIy4asx Jdake K ru0enu.

UccnenoBanust Bo3OyauTeneld KOpHEBOW rHumu Tephrocactus
articulatus var. ovatus, a Takke €ro IeTOK MOKa3aJlk, 4TO Bo36yz[I/ITeneM
0oJIe3HM SABJISETCS CMelIanHast nHGeKus rpudoB A. alternata + U. atrum
Preuss + U. consortiale + F. oxyporum (Schlecht) Snyd. et Hans +
Phytophthora cactorum (Leb. et Cohn) Schroet. (Ta6:. 2).

Ta6muma 2. 'puOsI, BEISIBICHHBIE M3 PAa3HBIX OPTaHOB KaKTyca
Tephrocactus articulatus var. ovatus

Bujel rputos MaTrepHHCKOe pacTeHHe JeTkn
Alternaria alternata + +
Ulocadium atrum +
Ulocadium consortiale +

Fusarium oxysporum

++|+ ]+

Phytophthora cactorum

W3 BbIABIEHHBIX TPUOOB yalie Bcero Bbesuics Bua A. alternata,
KOTOPbI B JaHHOM CIlIyyae OKAa3aJCsi NEPBUYHBIM MAaTOT€HOM, BBI3bI-
BAIOLIMM T'HWJIb KOPHEBOM IIEUKHU KaKTyca.

ConyTtcTBytomuMu eMy Buaamu okazanucek U. atrum u U. Consor-
tiale. Ot BUIBl 0Opa30BBHIBANIM HA MOPAXEHHOM OpraHe OapXaTUCTHIH
MUIEINI 0T Ceporo J0 TEMHO-OJMBKOBOIO IBeTa. B MeHbIIMX KOJU-
yecTBax BeTpevancs F. oxysporum. Indexkuus P. cactorum nposBIsiIach
B €IMHUYHBIX CITydasX.

Habmtonenus mokasaiu, 4To HECMOTPSI Ha TO YTO MHOTHE JIOUEPHUE
JNETKM HE HMENH BHEIIHMX CHMIITOMOB IOPaXEHUS, OHHM COJepKallu
CMEIIaHHYI0 IPUOHYI0 HHPEKIHIO, YTO MOATBEPKIATIOCHh BO BpEMsI UJIEH-
TUPUKAIIHA U3 HUX TPHOOB.
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OTO yKa3bIBaeT Ha TO, YTO MH(EKLUS NepeaaeTcss 0T MAaTEPUHCKOTO
pacTeHust ero moToMcTBY. [Ipu 3TOM, MO-BUAMMOMY, 3apakeHUE IPOHC-
XOIUT B MPOILECCe TPAHCIOPTa METa0OJUTOB U3 OOJIBHBIX MaTEPUHCKHUX
pacTeHuil B popMupyrolIrecs MOJOAbIE JETKH, B pe3yJbTaTe uero B HUX
OPOMCXOJAT NMATOJIOTMYECKUE U3MEHEHHUS.

Takum 0Opa3oM, MOXKHO KOHCTaTHPOBATh, YTO 3apakeHHOE KOpHe-
BOM THWJIbIO MAaTEPUHCKOE PAacTeHUE KaKTyca MpecTaBiseT co0oil ucro-
YHHMK UH(EKLUH JUIs TOTOMCTBA IIPU BEr€TaTUBHOM Pa3MHOXKEHHUU.

ITpu BeIIENeHUN TpUOHON MH(EKUMU W3 3arHUBIIEH OIYHLIUH, €€
IUIO/IOB M CEMSIH TOJTyUeHbI CIIEAYIOIINEe pe3ynbTaThl (Tadi. 3).

Ta6uuna 3. ['puOsl, BEIIBICHHBIC U3 pa3HBIX OPTaHOB KakTyca Opuntia leucotricha

Buawpl rpuéos Marepunckoe Inoabt Cemena
pacteHue
Phytophthora cactorum + + +
Alternaria alternata + + -
Ulocadium consortiale + - -
Cladosporium cladosporioides - + +
CrepuiibHbIA MUILIETUN + + +

MarepuHCKOe pacTeHHEe HAaYMHAJIO 3aTHUBATh C KOPHEBOM LICHKH,
Ha OCHOBaHUM cTeOIIsi 00pa30BBIBAJICS OEI0BAaTO-CEPOBATHIA KOHHIUAIIb-
HBII HaneT rpuba P. cactorum, KOTOPBIN SIBUICS MEPBUYHBIM MMaTOT€HOM
KOPHEBOM THUJIN KaKTyca.

B wMeHblielt cTemeHH mapasuTHUECKOe OeMCTBHE OKas3bIBAIH
conyTcTByomue ¢putodTope rpudsl u3 ponos Alternaria, Ulocadium, xo-
TOpble 00pPa30BHIBATIM OJMBKOBO-UYEPHBIN OApXaTHUCTHIM HAJET HAa KOpHe-
BOH IIIeiiKe pacTeHus. TakuMm o0pa3oM, cMemaHHas WH(EKIsS KOPHEBOM
rawm Opuntia leucotricha iposBIsiIachk ciieayromum odpaszom: P. Cac-
torum + A. alternata + U. consortiale + cTepUIbHBIA MULIETTUH.

Cnenyet otmeTutb, 4to C. cladosporioides ObUT BBIJICICH JHIIb U3
3arHUBIIUX TUIOJOB M CEMsIH KakTyca U He ObLI 3a)MKCHpPOBaH Ha KOp-
HEBOM IIEMKE MaTEPUHCKOIO PACTEHUS.

Yacto Habmonanach BepXyIlleyHas THWIb, 3arHUBajia BEpXYILIKa
YJICHUCTOrO cTebnsa. ['HuiIb pacnpocTpaHsiach B 00JacTh MPUKPETIICHUS
1072, BCJIECACTBUE YErO MPOUCXOAMIIO €ro 3arHUBaHUe. B manbHelem
MSIKOTh IUIOZIOB pazjarajgach M HMH(EKIUs Nepexoauia Ha CeMeHa.
beicTpoMy TedeHHIO pacHpOCTpaHEHUS THUJIM CIIOCOOCTBOBAJIM Hapy-
HICHUS YCJIIOBUH COJEpKaHUS KaKTyCOB — MepeyBIaKHEHUE TOYBBI.

B xone skcniepuMeHTa B HEKOTOPBIX CIydasix IJIOJbI yAAJSUIUCh OT
NOpPaXEHHOTO THWIbIO MAaTEpUHCKOTO pacTeHUs elle 10 TOro, Kak
HAauMHAJOCh MX 3arHuBaHue. BusyanbHO BHauajie OHHM HE HMEIHU
IPU3HAKOB MOPAXKEHUS U OCTaBJSUIMCH C LENbI0 J03peBaHus cemsH. Ha
NEPBbIM B3IVIA[ OHU KAa3aluCh 340POBBIMU. MUKPOCKONUYECKUN Ke
aHamu3 TKaHeW IUIONOB IOKa3al Haiuyue B HeMm murenus rpuba. Co
BpEMEHEM IUIOJI HAa4yMHAJI YepHETh, IOKPBIBAICS OeloBaTO-CEPhIM
TUIOTHBIM XJIOMBEBUAHBIM MUIIENIUEM P. cactorum U B UTOTE 3aTHUBAI.

CeMeHa M3 Takux IUIOJIOB TaKXe HECIM B cebe MUIenuii rpuda,
TUIOXO BCXOAMIIU, BCXOMbI OBLIN LIYTLIBIMU, HEIOPA3BUTHIMHU, B TO BpEMsI
KaKk CeMEeHa C IUIOJ0B 3J0POBOIO0 MATEPUHCKOTO PpACTEHHsS JIETKO
BCXOJIWJIH, AaBaJld HOpMaJbHbIE, 3JI0POBbIE POPOCTKH.
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Takum oOpa3oM, npu (UTONATOIOTMYECKOM HCCIEIOBAaHUU TPEX
BUJIOB KaKTyCOB, IOPaK€HHBIX THUJIBIO KOPHEBOM IIeHKH, Oblaa BBISAB-
JieHa cMelIaHHas MHPEKIMs, KOTOPYIO MPECTaBIsuId § BUIOB IpUOOB U3
5 ponos.

MOXHO KOHCTaTUpOBaTh, YTO OCHOBHBIM BO30YIMTEISIM KOPHEBOMH
THUJIM U3YYEHHBIX KakTycoB F. oxysporum var. orthoceras, A. alternata,
P. cactorum comytctBytoT rpudsl U. atrum, U. consortiale, U. Oude-
mansii, F.oxysporum, C. cladosporioides. B 3aBHCUMOCTH OT BHUAOBOi
NPUHAAJICKHOCTH KAaKTYyCOB IPU CMELIAHHOM MH(EKUUU KaueCTBEHHBIH
COCTaB OCHOBHBIX U CONYTCTBYIOIIUX BUAOB MeHsIcs. Ilpu 3Tom Becbma
Ba)XHOE 3HAUEHHE MMENM YCIIOBHSI UX COAEP)KaHUsS, KOTOpbIe BIMSUIN Ha
aKTUBHOCTb TOTO WJIM MHOTO TpHoa.

HccnenoBanust mokasanu, 4to y E. pookerii Ha HEKOTOpPOM pac-
crosHuM (1o 10cM) OT ovara MOpakeHUS CO BPEMEHEM HMEET MECTO
3apajkeHUE 3/I0pOBBIX TKAaHEH PpacTEeHUs, YTO, BO3MOXHO, MPOUCXOAUT
TG Gy3HBIM Ty TEM.

HaGmonaemspiii HaMmu coBMeCTHBIN pocT A. alternata u U. Consor-
tiale yka3pIBaeT Ha TO, 4TO, BUAUMO, OMOXMMHUYECKasl Cpesia, CO3/1aHHas
STUMH TpudaMH, CTUMYIUPYET pocT (py3apuo3Hoi uimu (HuToPTOPOBOM
uH}peku. BeposTHO, pU COBMECTHOM pa3BUTUHM TPHOOB Ha OJHOM U
TOM JK€ CyOCTpaTe y4acTKH TKaHU KaKTyca, OCJIabJIeHHbIE B pe3yJIbTare
MOpaXeHUsI OJTHUM M3 BHJIOB IpuOOB (10 HamuM HaOmoaeHusMm A. Alter-
nata n rpudsl u3 pona Ulocladium), aBnsioTcst Haubonee JOCTYIHBIMU
JUIS Pa3BUTHUS TaKUX BUIOB IpUOOB Kak F. oxysporum wnu P. cactorum.

PestoMupysi BBIIIEH3NIOKEHHOE, MOYXHO 3aKJIIOYUTh, YTO MpPHU TO-
pa’K€HUM THUJIbIO MAaTEPUHCKOTO PACTEHMs KaKTyCOB, HE3aBUCUMO OT MX
HOPa)KEHHOI'0 OpraHa, MH(QEKUUs MePEXOJUT K MOTOMCTBY (IE€TKaM, IJI0-
JlaM, CEMEHaM), 4TO HY>KHO yYUTBIBAaTh B MIPAKTHUKE MPHU Pa3BEICHUH YKa-
3aHHBIX BHJIOB KaKTYCOB.

BMmecte ¢ TeM, HEOOXOAMMO CHUCTEMATHUYECKU MPOBOJIUTH MHUKOJIO-
TMYECKUIl KOHTPOJIb BU3YAJIBHO 3/I0POBBIX BEPXYILEK KAKTYCOB, a TaKKe
IpopHUIAKTHIECKHE MEPOIIPUATHUS IPOTUB I'PUOHOM MHPEKIUH.
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HOJYYEHUE MEJJAHUHCHUHTE3UPYIOIIUX MYTAHTOB Y
NHCEKTHIMUAHBIX ITAMMOB PA3ZHBIX CEPOBAPOB
BACILLUS THURINGIENSIS

C.B. ABETUCSIH', A.C.OBCEIISIH', A.X. YAXAJISIH', C.K. KEJELISIH',
JLA. YNJ-AKOIISIH', M. A. CAPKUCSIH?, A.C. CATUSIH'

340 “HHUH Buomexnonoeuu” M3 PA
Hayunoiii yenmp semnedenus u sauumel pacmenusi. HAH PA

Y wmrammoB Bacillus thuringiensis pa3HBIX CEpOBapOB, OTIMYAOIIAXCS
CIEKTPOM HHCEKTUIMIAHOTO ACHCTBHS, METOAOM XMMHYECKOIO MyTareHes3a IOy-
YeHa KOJUICKLUS MYTaHTOB, CHHTE3UPYIOLINX BOAOPACTBOPUMBIN MenaHuH. OTo0-
PaHbl MyTaHTBI, XapaKTEPU3YIOIIMECS BHICOKAUM YPOBHEM CHHTE3a MejaHuHa. I1o-
Ka3aHO MOBBIIICHUE WHCEKTUIUAHON aKTHBHOCTH y MEIAHUHCHHTE3UPYIOLINX MYy-
TAHTOB, YTO SIBJISICTCSI CIIEICTBHEM (DOTOMPOTEKTOPHOrO CBOWCTBA MUTMEHTa, 3a-
LIMIIAIOIErO CHOPhI U KPUCTAUIBl MHCEKTHIUIHBIX TAMMOB OT pa3pylIaioiero
neiictus Y @-00ryueHNs 1 HHCOISIIHH.

Bacillus thuringiensis — mymanm — MeAaHuH — UHCEKMUYUOHAST AKMUBHOCTb

Bacillus thuringiensis-h dppunwuuut wqpbgnipjutt mmuppkp uybln-
nny ubpnupubphtt yunlwing snwditphg phihpwljut dninwqkubqh Enw-
twlny vnwgyl] t opwnis dkjmuht uhtplqnn dninwbntbph hwjupwsdni:
Cunpyl] L pwpdp winhdnipjudp dbjuht uhbpbqnn snwdubp: 8nyg b
wupyl), dbputht uhtpbqnn dninwbnbbph  dhpwnmwuywt  wlnpynipjut
wybih pupdp k puyp Juuws b owhqikinh pnunnyupnguihy, wjuhupb
NbU-funwquypdwt b wplh Swnwquypbph pwypuyhs wqplgnipeniipg
dhpwunwuyuwb  onwdubph  uwwnpubpp b poipbnubpp wuwownwywbkne
hwwnynipjut htwn:

Bacillus thuringiensis — uniunwinn — Ukjulipli — dhounmuuugul wipnpnipini i

A collection of water-soluble melanin-synthesizing mutants of
B. thuringiensis strains that belong to various serovars and have different
insecticide action spectra have been obtained by chemical mutagenesis. Mutants
that showed high level of melanin synthesis have been selected. The insecticide
activity of melanin-synthesizing mutants was shown to be increased as a result of
photoprotective property of the pigment protecting spores and crystals of
insecticidal strains from destructive action of UV-radiation and insolation.

Bacillus thuringiensis — mutant — melanin — insecticide activity

MHOTOYHCIIEHHBIE HCCIICOBAaHUSI TOCIECTHUX JIET, HampaBlICHHBIE Ha
W3yYeHHE CBOWCTB W CTPYKTYPHl MEIAHWHOB, IOATBEPXKIAIOT UX BaXKHOE
MPAKTHYECKOE 3HAYEHHE B MEAWIIMHE, KOCMETOJOTHH M CEIbCKOM XO3SICTBE
[4,14,17,19]. OnHako 00bEKTaMK MCCIICAOBAHMIA IPEUMYIIECTBEHHO SBJISIOTCS
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CHUHTETUYECKHE BOJIOPACTBOPHMBIE MEIaHWHBI, ITOCKOJBKY BEINICJICHAE Meja-
HUHA U3 MIPUPOIHBIX OOBEKTOB CJIIOKHO M CBS3aHO C OOJIBIIIMMU 3aTPaTaMHu.

K TomMy ke, 3T METaHWHBI HE PACTBOPSIOTCS B BOJE, YTO 3aTPYAHSAET MX
IIMPOKOE MPAKTHYECKOE MpuMeHeHue. B cBsi3u ¢ sTuM, paspabotka 3¢ dek-
TUBHOTO croco0a IMOy4eHus] MPUPOJTHOTO BOAOPACTBOPUMOTO MEIaHWHA TPO-
JIOJDKAET OCTaBaThCA aKTyallbHOM 3a1auei.

Panee HaMM METOJOM XWMHYECKOTO MyTareHe3a OBLI MOJIydYeH MYTaHT
B.thuringiensis K1(BTGK1), cuHTe3UpYIONIHIA TEMHO-KOPHYHEBBIA BOJOPACTBO-
PUMBIA TIMTMEHT, KOTOPBIH JIETKO BBINEISCTCS U3 KyJIbTYpPaIbHOW KUIAKOCTH
(KK) no paspaborannoit 8 HUM Ouorexnonoruu meroauke [1]. Pedymprars
M3yYeHUST (PU3UKO-XIMHUYECKUX XapPaKTEPUCTHK — WH(PAKPACHBIX U IJIEKTPOH-
HO-TITAPaMarHUTHBIX PE30HAHCHBIX CIEKTPOB M CHENH(PHIECKUX KadeCTBEHHBIX
peakuuid CBUIETENBCTBOBAIA O MEJIAHMHOBOM mpupone nurmenrta [2,12], a
U3yYCHUE OMOJOTHYSCKOM aKTUBHOCTH TOKA3aJI0, YTO OAKTEPHAILHBIA MEJIaHHH
yxe B manmbix go3ax (0,03 — 0,06%) siisieTcs OMOCTHMYJISTOPOM MHOTHX
OBOIIE-0aX4YEBBIX KYIBTYP, 3HAYUTEIHHO MOBBIMIACT UX YPOKANHOCTh U MOXKET
OBITH YCIEIIHO UCIIOJIF30BaH B KaduecTBe Onoymoopenus [3,13,20].

MenanuacuaTesupyomuii Mmytant BTGK1 Opln moirydeH Ha OCHOBE
mramma B. thuringiensis subsp. galleriae 69-6 (BTG69-6), KOTOPBIA sBIsETCA
WHAYCTPUAIBHBIM IITAMMOM U HCIIOJIb3YETCS Ui TPOM3BOJCTBA OaKTepH-
NBHBIX MHCEKTUIMIOB. COBMEIEHHE B OJIHOM IITAMME JIBYX IIOJIC3HBIX
CBOMCTB — MHCEKTHUIIUJHOTO M MEJIaHWHCHHTE3UPYIOIIEro MO3BOJIMWIO HAM pe-
IUTHh 3a7ady CTaO0MIM3aIliy Tpermapara Ha ocHoBe mramma BTG69-6, moc-
KOJIBKY W3BECTHO, YTO CIOPHI W KPUCTALIBI B. thuringiensis BBICOKOTYB-
CTBUTENBHBI K YIBTPAQHOIETOBOMY OOJYYSHHIO W COJHEYHBIM JIy4aM H B II0-
JIEBBIX YCIIOBHAX OBICTPO TEPSIOT HMHCEKTHLUAHYIO akTHBHOCTH [15, 23], a
MEJIaHUHBI, TIPOAYIIUPYEMbIE MHKPOOPTaHU3MaMHU, SIBJISTFOTCS TIPUPOTHBIMU (O-
TOIPOTEKTOPAMHY U 3aIUINAIOT KICTOYHBIE KOMIIOHEHTHI, B TOM YHCIIC CIIOPBI U
KpUCTaJIbI, OT Y D-NOBPEXKIACHUN U OTPUIIATEIBHOTO AEHCTBUS COTHEYHBIX JTy-
geit [16, 18, 21, 22]. B pe3ynprare ymauHSAETCS BpeMs ACUCTBUS M Cle-
JIoBaTeIbHO Omonorndeckast 3((eKTUBHOCTh MPENapaToB Ha OCHOBE MHCEKTH-
IUIHBIX [ITAMMOB.

Hcxonst u3 3TOTO, IENBI0 HACTOSIIEH pa0OThl SBWIOCH MOJyYEHHE U
U3y4YeHUE MEIIAHMHCUHTE3UPYIONIUX MyTaHTOB Y MITaMMOB B. thuringiensis apy-
TUX CEPOBAPOB, OTIUYAIOIINXCS CIIEKTPOM SHTOMOIMIHOTO aewcTBus [6]. Cmo-
COOHOCTh TaKHX INTAMMOB K OJHOBPEMEHHOMY CHHTE3y IBYX OHOJOTHYECKH
AKTUBHBIX BEIIECTB - MEJAaHWHA W MHCEKTHUIUIHBIX TOKCHHOB B OJTHOM IIPOM3-
BOJICTBEHHOM IIPOIECCEe, HECOMHEHHO, OOCCIICYUT BBICOKHI ypOBeHb 3(dek-
TUBHOCTHU UX UCIOJIb30BAHMS.

Mamepuan u memoouxka. B paGote MCHOIB30BaHA KOJUICKIIUSA MY3€HHBIX
kynetyp HUW Buorexnonormwm, BKiIrouaromas 73 mramMma B. thuringiensis (22 cepo-
Bapa), KOTOPbIE OBUTH MOJTy4eHb! U3 bHoIornueckoro HHCTUTyTa CHOMPCKOTO OTIEIICHUS
AH CCCP, bepackoro XuMH4eCKOro 3aBojia 1 Bcecoro3HOro MHCTUTYTA 3aIlUThI pacTe-
HUM, a Take mraMmmel B7G69-6 u BTGKI ans CpaBHUTENBHOI'O M3YYEHHUS MEIaHUH-
CHHTE3MPYIOIIEH U HHCEKTUIIMIHON aKTHBHOCTH HOBBIX MyTaHTOB.

Jlis KyJIbTUBHPOBAHMS INTAMMOB HCIIOJIB30BAINM MSICONENTOHHBINA OylIbOH U
MSICOIIENTOHHBIN arap.

KX ¢ uenbio onpeneneHuss BUPYJIEHTHOCTH HCCIEAyeMbIX LITaAMMOB IOJTy4Yain
(depmenTanueli B cpene crneayromero cocrara, %: bBK — 3,0; myka mmenudnas — 1,2;
otpyou mmenunynbie — 0,3; NaCl — 0,2; CaCl, — 0,05. ®depMeHTanUO MPOBOIWIN TIPU
temnepatype 30° B Teuenue 48 u Ha KayasKe CO CKOPOCTHIO BpaieHus 220 06/MuH.
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IToceBHBIM MaTepHanoM CIyXWIN KyIbTypbl, BBIPAILIECHHBIE HA CPEAe: MSCHas
Boaa — 100 mut; menton — 10 1; mpoxokeBoit skctpakt — 1 r; NaCl — 5 r; arap-arap — 20
T, BOJia BOJIONIPOBOAHAs — 10 1 1.

Jlist oneHKn criopo-KpuctaimioodpasoBanus nonydeHnsle KK nsywamn mukpo-
CKOIIMPOBAaHUEM B CBETOBOM (ha3oBo-KOHTpacTHOM Mmukpockore (BOJIAM JIOMO).
IToacuer THTpa cIOp OCYILIECTBISUIN B CUETHOM Kamepe ['opsiesa.

bronornyeckyto (MHCEKTUIMIHYIO, SHTOMOLUAHYO) aKTUBHOCTb HCCIELYEMbIX
IITAMMOB [0 OTHOIIGHHIO K TyceHHLaMm 3narory3ku (Euproctis chrysorrhoea L.) n
HenapHoro menkonpsna (Ocneria dispar) pa3HbIX BO3pacTOB ONPEACISUIA 1O GopMyIie
Ao60Gara [10], a Taxke no 3HaueHusM JIKsy Ha TyToBOM mIenkompsine (Bombyx mori)
(TII) u 3marory3ke [7,11]. T'yceHuubl 3matory3ku ObUIH coOpaHBI B cene TTymKyp
obmactu AparanotH PA. ['yceHuIrsr TyToBOrO menkonpsga ObUTH BhIpAIIeHbl U3 TPEHEI,
MOJy4eHHOW U3 ['Py3MHCKOrO CelbCKOXO03SHCTBEHHOr0 WMHCTUTYTa (Kadeapa IIenko-
BOJICTBA).

JlaGoparopHble MCIBITaHUS JUIsl ONPEAEIEHIsT NHCEKTHIUAHOCTH ITAMMOB ITPO-
BOJMIM BCKapmimBaHueM ryceHul TIII TyTOBBIMH, a TyceHHMIl 3JIaTOTy3KH JyOOBBIMHU
JMCThsIMU, 00pabOTaHHBIMU KyJIBTYPAJIBHON XHIKOCTBIO, TOJMYUYEHHOH (epMeHTannen
UCcleqyeMbIX MmTaMMOB. IIpyM TMONEBBIX HCHBITAHUSX TyOOBBIE [€pEBbsl BBICOTON
2,5-3,0 M (mensHOYHBIA OIBIT) oOpabaThBamy PabOYMMH CYCHEH3MSAMU HCXOMHBIX U
MYTAaHTHBIX HITaMMOB. IInoTHOCTH 3JIaATOT'Y3KW HaxoAuJaCb B Hpe€acjax 3KOHO-
MHYECKOTO Iopora BpeAoHOCHOCTH BpeauTels [9]. OO0paboTKy MPOBOIMIN PaHIEBBIM
ompeickuBateneM Mapku AO-2. Pacxom pabodell cycrneH3WM Ha KakIoe JEpeBO
coctaBsn 3-4 n. lns onpenenenus 3(GEKTUBHOCTH ONPBICKUBAHMS MPOBOJIMIN yUET
Bpenutenei gepes 3, 7, 10, 12 cyt. YunTeIBamy XUBBIE TYCEHUIIB HAa |2-TH TIOTOHHBIX
METPAX B Pa3HBIX MECTAX KPOHBI.

MyTareHu3anuio KyJlabTyp MPOBOAMIM |-METHI-3—HHUTPO—1—HUTPO30TyaHu-
quHoM (HI') ¢upmbr Serva mo usBectHoit Mertoauke [8]. OOpaboTKy MyTareHOM B
KOHEUHOM KoHHeHTpamuu 1000 mxr/vu mposoammu mpu 30° B Teuenne 60 MuH B
tdocharaom O6ydepe (0,66 MM Na,HPO, + 6,43 MM KH,POy,, pH 6,0).

Jis ompenencHus MENaHWHCHHTE3UPYIOIIEH aKTUBHOCTU NPOBOAMIMN (epMEH-
Tanyoo B Koj0ax Opnenmeriepa emkocTbio 500 ma ¢ 50-70 mn pa3paboTaHHOW HaMH
CpeAbl ClIeyIOUIero cocTaBa, %: miieHn4YHble oTpyou — 1,5; ruaposausat pelOHONH MyKH
—4; NaCl - 0,2 u CaCl, — 0,05, Ha xKa4anke co CKOPOCThIO BpamieHus 220 00/MuH, Ipu
temneparype 37° B Teuenne 72 u. B kauecTBe HOCEBHOTO MaTepHana s (pepMeHTaIHH
HCTIONIB30BANIN CYCIIEH3UH KJIETOK KYJBTYD, HOJyYCHHBIE METOJOM CMBIBA CO CKOIICH-
HOT'O MSICONIEITOHHOTO arapa Iocie BhIPAlUBaHK [ITAMMOB B TeUeHHE 48 4.

VYpoBeHb NUIMEHTOOOPA30BaHMS OLIEHWBAIN MO WHTEHCHBHOCTH OKpAIIWBaHUSA
POCTOBOI Cpeflbl CIEKTPAIBHBIM METOJOM (IyiMHa BOJHBI 315 HM). B kadectBe KOH-
TPOJISt HCIOJIB30BaJIM BOHBIH pacTBop (pH 9,0) cunTeTnyeckoro Menanuna (Sigma).

CrarucTiyeckyro 00paboTKy HOyUeHHBIX JaHHBIX poBoawin 1o bepcereliny [5].

Pezynomamot u oocyncoenue. C uenbio orbopa HamOojee Iepcrek-
TUBHBIX IS TIOJIYYEHHUS HOBBIX BBICOKOAKTHUBHBIX MEIAHWHOTEHHBIX U OJHO-
BPEMEHHO WHCEKTHUIIMIHBIX TPOMYIICHTOB OBLTH HCCIENOBaHBI 73 IITaMMa
B. thuringiensis (22 cepoBapa) ¢ pa3HbIM CIIEKTPOM WHCEKTUIIUTHOTO JICHCTBU.
I[To mnpuzHaky HaubombIIel 3PPEKTUBHOCTH CIOPOKPUCTAILIOO0pA30BAHHS
Obut oTOOpaHbl 17 MITaMMOB pa3HBIX cepoBapoB B. thuringiensis co cre-
IOyIOUIeH XapaKTePUCTHKOM: KOoJIM4decTBO cBOOOMHBIX cmop — 80-90%; komu-
YeCTBO KPHUCTAJUIOB pa3HBIX pa3MepoB — Oomee 100%; Hecmopymmpyromme
BEreTaTUBHBIC KJIETKH W CHOPYJIHpyromue KieTku ¢ kpucramiamu—10-20 %.
Pa3zButne KynbTyp — TUIUYHOE 101 B. thuringiensis.

52



TIOJIYYEHUE MEJIAHUHCUHTE3SUPYIOIIMX MYTAHTOB Y UHCEKTULU/IHBIX IITAMMOB PA3HBIX CEPOBAPOB BACILLUS...

I[JIH OMpEACIICHUA I/IHCGKTI/IHI/II[HOﬁ AKTHBHOCTHU OT06paHHI)IX mIrTaMMOB B
na00paTOPHBIX YCIIOBUSX KYJBTYPAIbHYIO JKUIKOCTh WCIBITHIBAIM Ha Tyce-
HUIIaX 371aTOTY3KH Pa3HbIX BO3pacToB. OOIIas YUCIEHHOCTh BPEIUTENEH B KaxK-
oM BapuaHTe coctaBisiia 30 ocobeit, mo 10 B Kakmoit 3 Tpex MOBTOPHOCTEH.
VYder KoIM4ecTBa )KUBBIX U MOTUOLIMX TYCEHHUI] IPOBOIIN Ha 5-¢ U 8- CYTKH
nocne o0paboTku. buonoruueckyro 3¢(heKTHBHOCTE OMPEICIISIIN 10 MPOIICHTY
MOTHOIMX 0COOEH. Pe3ynbTaThl ONMBITOB MPEACTABICHBI B TA0I. 1.

Tabauua 1. buonorndeckas 3 peKTUBHOCT UCCIEIOBAHHBIX IITAMMOB B. thuringiensis

Tubens zycenuy 3namozysku no ¢ozpacmam, %
(c moIpaBKoi Ha KOHTPOJIb)

CepoBap [Tamm IBospact | IlBospact | III Bo3pact
10 JHSIM

5 8 5 8 5 8

thuringiensis 98 77 100 90 90 83 83
kurstaki Z-52 100 100 85 95 92 96
HD -1 100 100 73 90 84 88

sotto 49-3 77 100 66 66 54 62
1131 93 100 60 90 56 64

galleriae 69-6 90 93 78 80 64 68
K 94 94 90 92 77 88

darmstadiensis 805 89 100 30 50 25 46

844-3 92 100 50 50 35 35
1075 82 90 24 28 22 22

) 86 93 90 95 64 68

17M 100 100 88 88 63 71

He 44P 100 100 78 80 66 72
MICHTH(HUIH- D 85 90 16 80 36 84
POBaHBI™ 2la 100 100 80 88 84 95
80 76 76 70 78 83 87

34t 83 86 80 85 73 76

* - cepoBap HE OIpe/IeiIeH

Ha ocHoBaHMM pe3ynpTaToB, MPUBEACHHBIX B TaON.l, I ManpHEHIIHX
HCCIIeNOBaHNN OBITH OTOOpAHKI IITaMMEI B. thuringiensis Z -52, HD- 1 (kurstaki)
u 2la (ne uoenmuguyuposan,).

DHTOMOITUIHAS AKTHBHOCTH ATHX IITAMMOB JOMIOIHUTEIHHO ObLIIa MpoBe-
pena merogom KepbOepa [7] — onpeseneHneM JeTalTbHON KOHIICHTPAITUH, BBI3BI-
Bafommeid TmbOens 50% ocobert (JIKsp). HMcmeiteBammcs KK mrammoB 0e3
pa3BeicHUs U MX YeThIpe MOCcJe0BaTeNIbHbIC IECATUKPaTHBIE pa3BeaeHus. s
CpPaBHEHHS B OKCIIEPHMEHTaX HWCIIONB30BANM TakKe NPOAYIEHT MeJaHHHA
BTGK]1 u ero ucxonuslit mramm B. thuringiensis 69-6 (1a6n1.2). OKCIEpUMEHTHI
nposogun Ha rycenunax TII Tpersero Bo3pacrta u 3natorysku III-IV Bospa-
CTOB B Tpex MOBTOpHOCTAX (30 ocobelt mis KaxIoro pasBedeHHs). YUeT Mo-
TUOMINX TYCEHWII MPOBOAWIM B COOTBETCTBHHM C JAWHAMHKON pa3BUTHS BUAA
HAaCEKOMOTO: TyTOBOTO MIEIKOMpsAaa — uepe3 1, 2 u 3 cyT; 3maTory3ku — uepes 3,
6 u 8 cyT. [1o momy4eHHbIM JaHHBIM OblTa paccuntana JIKsy (Tabi.2).

Ha ocHOBaHMYM CpaBHUTENHLHOTO aHANM3a MPUBEICHHBIX B Ta0J. 2 NaHHBIX,
MOJITBEPKAAIOIINX BBHICOKYIO OHMOJIOTHUECKYIO0 aKTUBHOCTh MYTaHTOB B. thurin-
giensis Z-52, HD-1 n 21a npotus rycenun T1L u 3maTory3ku, 3TH mraMMbl ObLTH
0TOOpaHbI IS TOTYYSHHUS HA MX OCHOBE MUTMEHTOO0Pa3YIOIINX MYTaHTOB.
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Taoauua 2. VHcekTUIMIHAS aKTHBHOCTH IITAMMOB MIPOTHUB I'yCEHUI] TYTOBOI'O
1ICJIKOIIpAa U 3JIaTOI'y3KH

Wucexrnuuanas aktuBHOCTh. JIKsy cop/mi
m;aMl.V[ Turtp, I'ycenu1pl TyTOBOTO IIEIKOIPSAAA I'ycenusl 3maTorysku
B U ur | vmpa. ciop/mi 111 Bo3pacra I11I-1V Bo3pacToB
~giensis Vyer 1o  JgHAM
1 2 3 3 6 8
69-6 4,0 6,810’ 1,410" | 4310° | 3,610 | 1,8:10" | 6,3°10°
K, 5,6 1,310 2,1°107 | 3,9°10° | 3,6:10" | 1,3:10" | 4,5°10°
Z-52 5,1 1,010 2,0.107 | 3,2°10° | 1,4-10" | 5710° | 2,6°10°
HD-1 5,5 8,7 107 24107 | 32°10° | 62°10" | 1,7:10" | 3,0°10°
2la 5,1 5,910 8,710° | 2,810° | 23107 | 4,0'10° | 2,6:10°

Bcero 6puto mosyueno 253 HI-uHIynupoBaHHBIX MUTMEHTOOOPa3yIOLIHX
MyTaHTa.

[TomydeHnHbIe MyTaHTHI OBLUTH IPOBEPEHBI HA METTAHHHCHHTE3UPYIOMIYIO aK-
TUBHOCTH. 71l 3TOro ObUIa MpoBeneHa KOJIMYECTBEHHAs OLIEHKA COACPIKaHUS
menmannHa B KK, momydeHHo# QepmeHTaleil MCTIBITYEMBIX INITAMMOB OIIH-
CaHHBIM BBITIE crocoOoM. Pe3ynbraThl OombBITOB IpuBeAeHB B Tadm. 3. Ilo pe-
3yJbTaTaM MPOBEPKHU OBLIM OTOOpPaHBI MyTaHTHI IITAMMOB B. thuringiensis Z-52
u 21a. MyrtanTbl Obutu 0003HaueHsl: 23, Z11, Z27, a8, al6.

Ta6muna 3. MenaHHHCHHTE3UPYIOIAs aKTHBHOCTh IMTMEHTHBIX MyTaHTOB B. thuringiensis

B ”E;[ ;Ti?zgihznsis Ne myTanTa MenanuH, /1
ad 5,7+0,16
21 al6 58+0,14
5 5.9+0,22
7-52 11 6,0+0,16
27 5,8+0,13
K1 KOHTPOJIb 6,0+£0,16

Jns ompeneneHrss BUPYJIEHTHOCTH OTOOPAaHHBIX METaHHHCHHTE3UPYIO-
HIMX MYTaHTOB OBUTH MPOBEIEHBI WCIBITAHUS B TOJIEBBIX ycioBusix. C 3Toi
[EIhI0 U3 OaKTepHUaTbHON OMOMACCHI KaXKIOTO IMITaMMa Pa3BEIACHUEM BOJOMPO-
BOJIHOW BOJIOW Obla ToiydeHa pabodasi CyclieH3Us] C OPHEHTHPOBOYHBIM THT-
pom 4,0-5,0-10® criop/mn. VcHbITaHMS NPOBOMMIM HA TYCEHMIAX 3IATOTY3KH
II-IIT Bo3pactoB u Ha HenapHoM wenkonpsnae I-I1II BozpacTos. BupyieHTHOCTB
OILIEHHWBAJIM TI0 MPOLEHTY THOeTN HaceKOMBIX. Pe3ynbTaTel ONMBITOB B MOJIEBBIX
YCIIOBUSIX MTPUBEACHBI B Ta0II. 4.

Kax BugHO M3 pe3ynbTaToB Taby. 4, BUPYJIEHTHOCTh MEJTAaHMHOTEHHBIX
MYTaHTOB B. thuringiensis 10 OTHOIIEHHWIO K 3JIaTOTy3KE€ B CPAaBHEHHH C HC-
XOMHBIM IITAMMOM HE TOJBKO HE YMEHBIIWIAach, HO W 3aMETHO BO3poOCIa.
[loBBIIIIEHNE MHCEKTUIMIHOM aKTHBHOCTH HAOIOAAM0Ch U B CITydae UCTIHITAHHS
OaKkTepuaNbHBIX CYCIIEH3MI Ha TyceHuIax HemapHoro menkonpsga I - III Bo3-
pacToB. B TO ke BpeMsi MUKPOCKOTIMYECKHI aHaIN3 KOJUYECTBA CIIOp U (POPMBI
KPUCTAJUIOB Y HCXOIHBIX IITAMMOB W IMUTMEHTOOOPA3yIOIIUX MYTaHTOB HE
BBISIBIJI CYIIIECTBEHHBIX Pa3TUIUM.
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Ta6anua 4. CpaBHUTEIbHAS BUPYJICHTHOCTh HCXOIHBIX IITAMMOB B. thuringiensis u ux
MEJIAHUHOTEHHBIX MYTaHTOB T10 OTHOLIEHHIO K T'yCEHUIaM 3JIaTOTy3KH

Tutp I'uGens BpenuTens

Hlramm B. thuringiensis paboueit 1o JHAM y4era,%
CYCIICH3HH, (c monpaBKo¥# Ha KOHTPOJIb)
crop/mia 3 7 10 12
HWCXOIHBIN 4.4 108 30,2 48,4 | 67,3 | 68,2
galleriae 69-6 KI pig* 4210 | 32,1 | 53,1 | 744 | 76,0
HWCXOJIHBIN 4.8 108 34,7 55,4 | 70,6 | 73,1

kurstaki Z-52 <

Z11 pig* 5,0-10 36,4 | 58,2 | 78,5 | 81,0
He uenmndmmpopan | NCXOMHbI 44-10° 324 | 502 | 65,6 | 70,6
2la a8 pig"™ 4,6:10° 343 | 51,7 | 67,7 | 72,1

KynbTypsl Bcex MYTaHTOB COAEpKaJM XapaKTepHBbIE Ul HCXOTHBIX
IITAMMOB KOPOTKOBAaTbl€ IAJOYKH B IIENIOYKAaX M3 JBYX-TpeX KJIETOK, CO-
nepxxammx 90-95% o opMIICHHBIX CIIOp W KPyHHbBIE KPUCTAIIIBI HEOTpeAeIeH-
HOW (hOPMBIL.

TakuMm 00pa3oM, XOTS CHHTE3 MEJaHMHA HCCIICAOBAHHBIMU INTaMMaMH
B. thuringiensis He BIMSeT Ha XapakTep U YPOBEHb CIOPO- M KPHUCTAIIIO-
0o0pa3oBaHUs, BHPYJICHTHOCTb WX 3aMETHO IIOBBINIAETCS. OTH Ppe3yJbTaThl
KOPPEIUPYIOT ¢ MMEIOIIMMUCS B JUTEPAType AAHHBIMHU: IUTMEHT 3allUIIAcT
CIIOPBI U KPUCTAIIIBI OT Pa3pyIIUTEIILHOTO BO3AEUCTBUS COMTHEYHBIX JIyueil, TeM
CcaMbIM YJUIMHAS BpeMs NMPOSABIEHUS MX MHCEKTHLUIAHON akTHBHOCTH [16, 18,
21, 22].

OueBUIHBIM NPEUMYILECTBOM IIOJYYEHHBIX HAMH BBICOKOAKTHUBHBIX Me-
JAHUHCHUHTE3UPYIOIINX WHCEKTHIMIHBIX IITAMMOB SIBIISIETCS TaK)Ke TO, YTO Ha
UX OCHOBE MOXKET OBITh OpPraHM30BaHO PEHTAOEIbHOE OE30TXOAHOE IPOU-
3BoACTBO. bruomacca, nonyueHHas B pe3yibraTe (hepMEHTALUH 3THX INTaMMOB,
MOXET OBITb OCHOBOH JKOJIOTHYECKH YHCTOTO WHCEKTUIMIHOTO Iperapara Jis
OOpBOBI C pasHBIMH BpEIUTEISIMU CEIBCKOTO XO3SHCTBA, a KyJIbTypajlbHas
KHUIKOCTh — HMCTOYHUKOM JUIA BBIACNEHUS OWMOJIOTMYECKH aKTUBHOTO OakTe-
pUaTbHOTO MelaHWHA. Vcnonb30BaHHWE ONMCAaHHBIX W TOAOOHBIX INTAMMOB
MOXET CIIOCOOCTBOBATH PELICHMIO IIEJIOr0 psiia Ba)KHBIX AJSI CEJILCKOTO XO-
3sTCTBA 3a/1a4, TAKMX KaK 3aMEHA XMMHUYECKUX CPEICTB OOpPHOBI C BpeAUTEIIMH
CEJIbCKOI'0 XO03S5ICTBA 3KOJIOTMYECKH UYUCTHIMU OHONpenaparaMu ¢ MIHPOKHM
CTHIEKTPOM JEUCTBHS, TMOBBIIICHHE OHOJIOTHUECKONW 3(PPEKTHBHOCTH WHCEKTH-
UIHBIX [IPerapaToB, pa3paboTka HOBOrO OMOCTHMYJISITOPa PACTCHUI Ha OCHOBE
MEJIaHWHA U T.JI.
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HUccnenoBano B3ammoneiictie Opomucroro stuaus (b3) m Hoechst 33258
(H33258) ¢ JIHK mpu pa3nu4HbIX HOHHBIX CHJIaX PAcTBOPA IO BIUSHHUEM HETEl-
JIOBBIX KOT'€PEHTHBIX JIEKTPOMAarHUTHEIX BosH MM nuanasona (MM OMB). O6-
Hapy>KeHO, YTO MapaMeTphl IUIaBICHUS OOMYYCHHBIX 00pas3loB KOMILUIEKCOB BO-
JHK u H33258-/IHK mperepneBatoT 3HaunTEIbHBIE U3MEHEHHS 10 CPAaBHEHHUIO C
HEOOYUYCHHBIMH.

HHK — B3 - Hoechst 33258 - MM DMB - memnepamypa niagneHus - Wiupuna
UHMePsaNa NiaeIeHs

zknwgnungly E YuE-h htw kphnhnwdh ppnuhy (ER) b Hoechst 33258
(H33258) 1hquinubph thnhiwqnkgnipmibip |nidnyph wwppkp hntwlwh
mdtph yuydwbitbipnud dpjhutinpuyghtt mhpnyph fEjunpudwuquhuwlut whp-
ubiph wqnbgnipjut tbppn: Zuynbwpkpyt) k&, np ER-YUE U H33258-1UL0
Ynuybputiiph fwnwquypqus wdnipubph hwpdwt wwpwdbnpbpp sdw-
nuquypyusd tdniputiph hudbdwwn qquihnpkt thothnjudby b

QL0 - EF - Hoechst 33258 - UU EUU - huyuwl okpdwumnpdwls - huyuul
upguiljuyph juyhni ot i

The study of ethidium bromide (EtBr) and Hoechst 33258 (H33258) binding
to DNA at different ionic strengths of solution under the influence of non-thermal
coherent electromagnetic waves of MM range (MM EMW) is carried out. It is
revealed that the melting parameters of the irradiated samples of DNA-EtBr as well
as DNA-H33258 undergo significant changes as compared to unirradiated samples.

DNA — EtBr - Hoechst 33258 — MM EMW — melting temperature — melting interval

B Hacrosmmee BpeMsi MHTEHCHUBHO HM3y4YacTCs BO3ACHCTBHE HETEIUIOBBIX
9NEKTPOMAarHUTHBIX BOJIH MWUIUMETpoBoro auanazoHa (MM OMB) nHa
Oouonornueckne oOBeKTHl. OIHMUM M3 Hamboyiee BaKHBIX BBIBOJOB TaKUX
UCCJIeIOBAHUIl SABIIAETCS TO, YTO B 3TOH 00JACTH YACTOT PE30HAHCHBIE CIIEKTPHI
BOJIbI U TKAHEW OpraHu3Ma uesloBeKa HJCHTUYHBL. Takoe mogobue pe3oHaHCHBIX
Kpaiine Bbicokux dactor (KBY) opraHoB dyemoBeka M BOIBI yKa3bIBaeT Ha
eIMHYI0 (U3UUYECKYI0 TPUPOY B3anmMozecTeuss MM OMB ¢ MonexkymspHO#

BOJIHOH CTPYKTYPOH B 3THX 00BEKTax [S].
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[Ipu 3TOM moOKa3zaHO, YTO MPHU MAaJbIX MOPOTOBBIX YPOBHSX MOIIHOCTH
MAJAI0NIUX AIEKTPOMAarHUTHBIX BOJIH CYIIECTBYIOT Y3KHE IOJIOCHI YacTOT pe3o-
HAHCHOT'O B3aMMOJEUCTBUS, CBA3aHHBIE C BHYTPEHHUMH €CTECTBEHHBIMHU BOJIHO-
BBIMHU MpOIlECCaMH B JAHHBIX Ccpelax. JTO yKa3blBa€T HA TO, YTO BEIUYHHA
PE30HAHCHBIX IUKOB ONpeeNseTcs OByMs (aKTopaMH — CTPYKTYpHBIM IIO-
PAOKOM MOJEKYJISIPHON BOAHOU Cpelbl 1 YPOBHEM MHTEHCHUBHOCTH OCLIAJUISILIMI
BOJIHBIX MOJIEKYJI, I YPOBHEM WX BO30YKIEHHS, KOTOPHIH 3aBHUCHT OT TEeM-
nepatypsl. BHe 3THX 9acTOT M ypoBHEH MOIIHOCTEN TIyOMHHBIE 00JIaCTH BOJ-
HBIX U OMOJIOrMYECKUX cpel HeAOCTYNHbI 1yt BoaH KBY.

[TockonbKy CTpYyKTYypHBIE W (PYHKIMOHAJIbHBIE OCOOCHHOCTH OWOJIOTH-
YECKUX MaKpOMOJIEKYJ CBA3aHBl CO Cpeloi, B KOTOpOHM OHM HaxoznsTtcs, MM
OMB B BOAHBIX cpelax MOTYT BIUATH M Ha MOJEKYJSAPHBIE TPOIECCH C
y4acTHeM OHOJIOIMYECKHX MakpoMoJieKysl. B gacTHOCTH, CTemeHb THApaTalliu
JAHK wumeeT cyuniecTBEHHOE 3HAUY€HHME IPU B3aWMOJIEUCTBUU C JIMTAHIIaMH,
MOCKOJIBKY OIHHUM U3 (aKTOpOB, CTAOMIU3UPYIOIIUX KOMIUICKCHI, SBIISETCS
ruipooOHEI TIepeHOC MOIIEKYJN JIMTaHga U3 CBOOOJHOTO COCTOSHHSI B CBS-
3anHOe [1, 6, 8]. M3MmeHenme cTpykTypsl ruapaTHoit obomouku JIHK, BbI3-
BaHHOe MM DOMB, MOXET UTpaTh 3HAYUTEIBHYIO POJIh B MPOIECCE KOMITIIEKCO-
00pa3zoBaHus KJIacCHUECKOro HHTepKaiaTopa 6pomuctoro stunus (b3) u B ciy-
yae BHEIIHE cBs3bIBatonerocs coeaunenus Hoechst 33258 (H33258) ¢ JIHK.

Lenpro maHHOW pabOTHI ABUIOCH HMccienoBanue BiavsiaHus MM DMB Ha
TepMoauHaMuueckue napamerpel komiuiekcoB JIHK ¢ BD u H33258 mpu
Pa3HBIX HOHHBIX CHJIAX.

Mamepuan u memoouka. B pabore ObUIM HCIONB30BAHBI CIEAYIOIINE
npemnapatsl: JJTHK tumyca Tenenka ¢upmer “Sigma” (CHIA), H33258 ¢upmsr “Sigma”
(CIIA), 6pomuctsrit stuanit — B3, “Serva” (I'epmanmst), HCl, NaOH (oc.u.), D/TA
(aTHneHAMaMHUHTETpaaneTaT). Bce mpemapaThl MCTIOIB30BaHBI 0€3 JOMOJHUTEIBHON
OouuCTKH. KOHIICHTpallMu HCIOIBb30BaHHBIX IPEHapaToB ObBUIM OMpECICHB adbcopo-
IIMOHHBIM METOJIOM C HCIIOJIb30BaHNEM clleaAyronmx kodddunuentos skctunkiun: JJHK
THMyCa TENeHKA - £3=6600 M™cM™, BD - £44=5850 M”cm™, Hoechst 33258 -
£345=42000 Mem™. Uccnenoanus mpoBOMWIK Tipu WOHHBIX cmiaax p =0,002; 0,01;
0,02; 0.05u 0,1 M Na".

[TmaBnerne JIHK m ee KOMIUIEKCOB ¢ JHTaHIaMH OCYIIECTBISJIOCH HA CIIEK-
tpodortomerpe PYE UNICAM-SP8-100 (Anrnus). PacTBopbl npenaparoB nomeriany B
lcM KBapreBble KIOBETHI C I'e€pMETHUECKH 3aKPBITHIMH TE(IOHOBBIMH KPBIILIKAMH W
NOMeIIalii B TEPMOCTaTUpyeMble sdeliku crnekrpodoromerpa. Harpes ocymecTsisum ¢
MOMOIIIBI0 TeMmepaTypHoro KoHtposnepa SPX 876 Series 2 (AHMHs) ¢ MOCTOSHHOW
ckopocteio 0,25 rpan./mMuH. JlaHHBIE TOTJIOMICHUS OOPa3OB BHIBOAWIM HA IIPOTpaM-
MuUpyeMblit Mukpokanbkyssitop Hewlett Packard 97S 1/0 (CILA). M3MepeHust kaxaoro
o0pasia MPOBOJMIIM IIATHKPATHO, ITOCJIE YEro JaHHBIE YCPEAHSIIN. DKCIepUMEHTalIbHAS
ommubOka He mpeBbimana 10-15 %. KpuBble mniaBiieHHst KOMIUIEKCOB TIOJIy4alld, Kak
onucano B [10].

OO6myyeHre TPOBOIIIN B CIICIHAIBHOM CTEKISTHHOM cocyze. TomimuHa 00my-
garomerocss cimos pactBopa =1 wmMm. Qg oOdXydeHUS TPUMEHSIN HCTOYHHUK
CBEpPXYaCTOTHBIX cHTHAIOB [4-142. CraOWIBHOCTH 4YaCTOTHI CHUTHAja TeHepaTopa
cocrapnsieT £ 0.05 %, a OTKJIOHEHHE YacTOTHI BBIXOJHOTO CUTHAJa B PEXHUME HEMpe-
PBIBHOM reHepaluu He npebiiraeT 6 MI't. O0yueHre 00pa3oB MPOBOIIIIN IPU KOM-
HaTHOHN TeMmeparype, INIOTHOCTh II0TOKa MOITHOCTH B MECTe HaXOXKIECHUs 00pasia mpu
gactore 64,5 I'T' cocraBisa ~ 50 MKBT/cm?.

Hns BesBrenns BuustHus MM OMB Ha kommurekcooOpazoanme JIHK ¢
JIMTaH/IaMH BOJHO-COJIEBBIE PACTBOPHI C Pa3HBIMH MOHHBIMHU CHJIaMH B TeueHHe 90 MuH
obutn oOnyduensr MM DOMB ¢ wuactoroir 64,5 I'Tu, mocie 4ero MPUrOTaBIMBAIA
komIutekchl. JIHK-nurann KOMIUIEKCHI B COOTBETCTBYIOIIMX pacTBOpax Takke ObUIN
o6irygyerst MM OMB c Toii jke 4acToTOH, IOCIIe Yero MPOBOIUIIH ILIABICHHE.
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Bo Bcex ombITax OZHOBPEMEHHO C OOIYy4YEHHBIMH OOpa3LiaMy OBLIM IOTy4YEHBI
KpHBBIE IUIaBJICHHsI HEOOJIy4yeHHBIX 00pa3uoB. 3HayeHust temuneparypsl (Ty,), IHUPHUHBI
unTepBasa miasieHus (AT) IHK u ee koMIulekcoB ¢ NMraHgaMu, MPUTOTOBJICHHBIX B
3apaHee OOJyYEHHBIX BOJHO-COJIEBBIX PAacTBOpax, B Ipeeiiax OIIMOKH AKCIIEpUMEHTa
COBIAJIAJIM C AHAJIOTMYHBIMU TapaMeTpaMH OOpa3IoB, MOJIYYEHHBIX MpU OOIydeHHH
BOJHO-COJIEBBIX pacTBOpoB KoMiuiekcoB JIHK ¢ nurangamu.

Pezynomamot  u  06cyncoenue. VI3BecTHO, UYTO B 00pa3oBaHUU
KOMIUIEKCOB pPa3iIMYHBIX HU3KOMOJIEKYJSIpHBIX BemecTB ¢ JJHK Baxuyro posb
UTPaloT CBs3aHHbIEe ¢ PpyHKIMOHAIbHBIMU Ipynniamu JJHK u nuranna Monexkyisl
BoAHI [6,8]. IloaTOMYy M3MEHEHHSI COCTOSIHHSI BOJBI MOTYT MTPAaTh BAKHYIO POJIH
npu B3anMozevicteun JHK ¢ pasnmuuneiMu coenuHeHMsIMH. I3BECTHO, 4TO
o0y4yeHne BOIBI U BOIAHO-COJIEBBIX pacTBopoB MM DOMB pe3oHaHCHBIMHU s
Hee 4acTOTaMU MPUBOJUT K U3MEHEHUIO €€ CTPYKTypUpOBaHHOCTH [2,5], cieno-
BaTEJIbHO MOXXHO TI0JNaraTb, 4TO 3TH BOJHBI MOTYT BIUATH Ha TEPMO-
ctabunsHOCTh KomiekcoB JJHK ¢ nmurannamu. [l monTBep K AeHUS 3TUX Mpen-
TTOJIOKCHHU HaMU TTOJIYYeHBI KPHUBBIC TUIABIICHUS KoMmrutekcoB bD m H33258 ¢
JHK npu pa3HbIX HOHHBIX CHJIaX PacTBOPA U IPHU OJHOM IKCIEPUMEHTAIBHO
BBIOpaHHOM HanOoJiee ONTUMAILHOM cooTHOIIeHUH Jurann/JJHK=0,04.

W3 xpuBBIX TuIaBieHus: HeoOmyueHHBIX U oOmydeHHbXx JJHK u ee xom-
IUIEKCOB C JIMFaHAaMHU ONpeAenceHsl Temneparypa Ty, W IIMpHHA HHTEpBasa
rraBneHuss AT, ¢ TOMOIIBI0 KOTOPBIX TOdy4deHbl 3HaueHust 0Ty, u OAT mpu
pasnuaHBIX HOHHBIX cmiax W (0T,=Tn-To, Toe T, — Temmeparypa IiaBiICHHUS
kommuiekcoB JHK-nmurana, Ty — ananormunsii mnapamerp uucrod JIHK;
OAT=AT-AT,, rne AT u ATy, — mmpuHa WHTEpBaJa IUIABJICHUS KOMILJICKCOB H
gyrucroit IHK coorBercTBeHHO). Ha puc. 1 mpusenens! 3aBucumoctu 0Ty, () u
OAT (6) xommrekcoB JIHK ¢ H33258 ot noHHO# cuitbl pacTBopa - . Kak BugHO
U3 MPUBEICHHOTO PUCYHKA, XOA KPUBOU 3aBUCHUMOCTH 0T, OT | 0OIy4eHHBIX
KOMITIIEKCOB (Kp. 2) HE OTIIMYAETCS OT X0/1a KPUBOW aHAJOTHIHOW 3aBUCUMOCTH,
MOJYYEeHHOH I HeOOJMYUYeHHBIX TpernaparoB (Kp. 1): OHM MOHOTOHHO yMEHb-
AKTCS J0 L = 4102 M Na" u JlajibHelillIee YBeJIMUeHHEe KOHLUEHTPAlUKU COJIU
He BiHsAET Ha 3Ha4eHus 0T,,. OOIydeHue BOIHO-COJNEBBIX PACTBOPOB NPUBOIUT
K Bo3pactanuto T,, [JHK u ee kommnekcoB ¢ H33258 mo cpaBHeHUIO C
BEJIMYMHAMH aHAJIOTUYHOTO MapaMeTpa HeoOTydeHHBIX 00pa3ioB (Tadim. 1), uto
SIBJISICTCS CIICACTBHUEM CTAOMITM3aIMK 00pa3IoB IO BO3ACHCTBHEM OOIyUICHUS.

Ta6muna 1. 3nauenns T, u AT o6mayuennsix 1 HeoOuryuenusix JTHK u ee kommiekcos
¢ H33258 npu pa3nuuHbIX HOHHBIX CHJIAX pacTBOpa.

[T JTHK JIHK-EtBr
HeobOnyuennsie | OOny4eHHBIC Heobny4yeHHbIE OO0ny4YeHHbIE
T AT T AT T AT T AT
0.002 51.5 13.2 | 58,5 15.7 57.5 233 62.5 26
0.01 63 13.5 | 66.8 14 68.5 12.5 70 15

0.02 69 145 | 70.9 14.8 70 14.8 71.6 16.2
0.05 76.8 149 | 78.2 13.7 78.1 12.6 78.6 12.8
0.1 82.5 13 82.9 13 84 10 85.5 10

OTOT akT MOXKET OBITH O0YCIIOBJICH TEM, YTO OOJIYICHHE BOIHO-COJIC-
BBIX pacTBOPOB B oTcyTcTBUE U npucytctBuu JHK-nurana xkoMIuiekcoB mpax-
THUYECKH OJMHAKOBO BIUSET HA CTPYKTYpY Boabl. Bospactanue Ty, 00:1y4eHHBIX
00pas1oB, 0 BCEH BEPOSITHOCTH, O0YCIIOBICHO YBEIUUYECHUEM CTPYKTYPHUPOBAH-
HOCTH BOJIBI B JJOKanbHOM okpysxenuu JJHK u ee kommiexcos ¢ H33258.
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OTO NPUBOAMT K YBEJIMYEHHUIO pa3MEpOB THAPATHON OOOJIOUKH Makpo-
MOJIEKYJIbI, YTO B CBOIO OY€peab MPUBOAUT K BO3PACTAHHUIO CTAOMIM3HPYIOLIETO
BrmstHus H33258 Ha nByxuenoueunyto (am) crpykrypy AHK. Ha s1o yka3eiBaer
U TOT aKT, 4To OAT CTaHOBUTCS OTPULATENBHBIM TOJBKO IPU MOHHBIX CHIIAX
0,05 u 0,1 M Na’ B ciyuae 06mydeHHBIX 0Opa3IOB, B TO BpeMs Kak Ui He-
o0ydeHHBIX 00pa3noB 3HaueHus OAT oTpuIaTeNbHBI B MHTEPBaJle M3MCHEHHS
0,01<p<0,1 M Na'. Panee Hamu 6b110 TOKa3aHo, uTo SAT Kommuekcos JTHK ¢
H33258 umeet orpunaTtenbHble 3HaueHUs B uHTepBajie uaMenenus 0,01<u<0,02
M Na' [11]. B atux ycnousx H33258 mpennouturenshee cpsspiBaercsa ¢ AT
NOoCIe0BaTeNbHOCTAMU B MasioM sxenobke JJHK, momomHuTensHO cTaOHIn3u-
pytot AT-6orartsle yuacTku, BcaeacTre yero AT komriekcoB ymenbnaercs [11].

9 6Tm

2 1 2
0 T T L T T T
By ~ ) i, M Na"*

4

Puc.1. 3aBucumoctu 8T, (a) u SAT (6) komrurekcoB THK ¢ H33258 ot .
Kp. 1 cooTBeTCTBYIOT HEOOIYHIEHHBIM, Kp. 2 — 00ydeHHBIM 00pa3am.
Konmentparmu JIHK-5.105 M. H33258-2.10" r= (1/25) pH=6.9.

C ApyToii CTOpOHBI, GBIIO TIOKA3aHO, 4To TpH 1 < 0,002 M Na” cnietmduasocTs
H33258 x AT mocnenoBaTeIbHOCTSM HE TIPOSBIIETCS M BO3MOXKHBIM CITOCOOOM
CBA3BIBAHMSI CTAQHOBHUTCS WHTEPKALILMSA: B XOJ€ IUIABJIEHWS JIMTaHM Iepepacrpe-
JIETIAETCS C PACIUIABICHHBIX YYaCTKOB Ha IBYXCIUpasbHble, yBemuunBas AT [7]

AHaJOTHYHBIC WCCIICIOBAHUS MPOBEACHBI W MPH B3aUMOACHCTBHH bD ¢
JHK. Ha puc. 2 npuBenens! 3aBucuMoct 8Ty, (a) u SAT (6) xomrmiekcoB JJTHK
¢ BD ot |, a cooTBeTCTBYIOIIME AKCIIEpUMEHTANbHBIC 3HaueHus Ty, 1 AT npen-
CTaBJIeHbI B Ta01I. 2.
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CpaBHEHHE TPUBCICHHBIX TAHHBIX B TaOn. 1 W 2 TOKa3bIBaeT, 4TO B
cirygae kommuiekcoB JTHK ¢ H33258 npu obmyuyennu 8T, Bo3pactaer, a B
cinyuae B3 - 8Ty, ymenbiaercs. DTOT (akT, BEpOATHEE BCEro, 00YCIOBICH TEM,
yto B ciaydae H33258 omamm u3 crabuimsupyromux An-ctpykrypy AHK
(hakTOpPOB SBIAIOTCS BOJOPOIHBIC CBSI3U, OOpa30BaHHBIE MEXKAY HYKICOTHI-
HBIMH OCHOBaHHMSAMH W MoJieKyJamu jnurannga [9]. IIpu obOmydeHHH CTETEeHb
ruaparupoBanHoctu JIHK yBenuumBaercs u MOJIEKyJbI BOABI KOHKYPHUPYIOT C
MOJICKYJIaMH JIUTaH/1a TIPH 00pa30BaHUK BOJOPOIHBIX CBSI3EH C HYKICOTHIHBIMU
napamu, BcieactBue dero H33258 mpenmoutuTenbHee CBA3BIBAETCS HHTEP-
KaJISAIMOHHBIM crioco0oM. B ciydae xe cBsszpiBanuss bD ¢ JIHK yBenuuenue
CTETICHH THAPATHPOBAHHOCTH MAaKpOMOJIEKYJBl MPH OOJYYEHUH NPHUBOAHUT K
YMEHBIIEHUIO SHTPOIIMU KOMITJIEKCOB, ITOCKOJIBKY OCHOBHBIM CIIOCOOOM CBSI3bI-
Banus yuranjaa ¢ JJHK sBigercs untepkanauus. BeaeacTBrue 3Toro nepexos u3
CIIUPAIIBHOTO B KIIYOKOOOpa3HOE COCTOSHHUE OOMYyUYEeHHBIX KOMILIEKCOB CTaHO-
BUTCSI OoJiee MPEANOYTUTEIBHBIM C TEPMOJUHAMHYECKON TOYKM 3pEHUs, U3-3a
yero u 0T,, ymeHbmaercs (puc. 1, a). Benmuunna SAT mpu oOiryueHHH KOM-
riekcoB JIHK ¢ BD npaktuuecku He Mensercs (kp. 2, puc. 2, 6), B TO BpeMs Kak
B cinydae yuctod /JIHK 3TOT nmapamerp pe3ko yMeHbIIAETCs B MHTEpBAJIC W3-
menenns 0,002 < u < 0,04 M Na' (xp. 1, puc.2, 6) u npereprieaeT HeGObBIIOE
HU3MCHEHHE TIPU ATbHEHIIeM YBETHICHIN HOHHON CHITBI pacTBopa (1 > 0,04 M
Na"). Panee 65110 mokazaHo, uto SAT HeoOmyueHHBIX Kommiekcos JJHK ¢ B2
yMEHbIIAeTCs MPH YBEJIWYSHUH HOHHOM cuitbl pacTBopa [9, 10].
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Puc. 2. 3aBucumoctu 8Ty, (a) u SAT (6) kommekcoB JJHK ¢ BD or p.
Kp.1 coorBercTBYeT HEOOITyUEHHBIM, Kp. 2 — 00Iy4eHHBIM 00pa3mam.
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JTOT (akT OOYCIOBIEH TEM, YTO NPU HHU3KHUX HMOHHBIX CHIIaX CIUPANb
JHK OGonee packpyueHa U pacCTOSIHUE MEXKIY IUIOCKOCTSIMH TIap OCHOBaHUM
0o0JIbIIIe, YeM TPU BBICOKUX MOHHBIX cHilax [3,4].

Bcenencreue sToro nuraHn cTaOWIM3HpPYeT AL-CTPYKTYPY, BKIMHUBASCh
MeXIy mapamu ocHoBaHui nByxcrmpansHoit JIHK. Ilpm oOmydeHun B yka-
3aHHOM MHTEpBAaJIc M3MEHEHUS HMOHHOM CHJIBI pacTBOpa CTENEHb TUAPATU-
poBanHoctu Mousiekyinsl JJHK yBenuuuBaercs, 4To M NPUBOAUT K HE3aBUCH-
MOCTH MHTEpBaJIa IUIABJICHHSI KOMITIEKCOB OT U3MEHEHHsI HOHHOM CHJIBI pPacTBOpA.

Ta6auna 2. 3nauenus Ty, u AT obnydeHHbIX 1 HeoOmydeHHBIX JJHK
U ee KOMIUIEKCOB ¢ BD npu pa3ianyHbIX HOHHBIX CHJIaX pacTBOpA.

L JTHK JIHK-EtBr
HeoOnyueHHble OGityyeHHbIe HeoOnyueHHble OGityyeHHbIe
Th AT Tm AT T AT T AT
0.002 | 52.1 13.2 58,5 13.1 55.3 25.1 61.2 24.6
0.01 63.9 13.5 66.8 13.3 65.2 24.8 67.6 243
0.02 69.8 14.5 70.9 14.3 72.2 18.5 73.0 18.0
0.05 77.1 14.9 78.2 14.6 79.1 12.9 79.3 12.3
0.1 81.9 13 82.9 12.6 82.6 12.2 83.7 11.6

O06001Ias BHITIIECKA3aHHOE, MOYKHO 3aKIFOYUTh, YTO OOIydYEHHE BOIHO-
cosieBbIX pacTtBopoB koMmiuiekcoB JIHK ¢ nurangamu mpuBOIUT K CYIIECTBEH-
HBIM HU3MCHCHHAM CTPYKTYPBI BOABI, YTO B CBOIO OYCPCIAb NPHUBOIUT K 3HAYU-
TENBHBIM W3MEHEHUSIM TEepMOJAMHAMUYECKHX xapaktepuctuk JIHK-murang kom-
TJICKCOB.
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The article focuses on description of general environmental risk of invasion of
new habitants, possible non-target effects of Genetically modified plants and
potential introgression of transgenes into crop wild relatives’ populations and
approaches for assessment of those risks suitable for Armenia.

Genetically modified organisms — risk assessment - crop wild relatives

Innjuwéncd Gywpwaopywé b0 qtGEnpynptl yepwihnfujwdé pnyubiph nw-
pwdiwa, ng Guuwwnwywihb opqubhgqiltph ypw Gpwdg wanbgnipjwb L dwlw-
pnyubiph Jwph ginwyhglbiph wnwniywghwlbiph dbe wnpwlugbklGltph Gp-
UnLsdwl hhiGwywb tynpnghwywh rhuytipp L 3wjwunnwbnd npwbg qbGwhwin-
Gw0 hwdwp Yhpwrbh dninbgnidGtpp:

QLbtuinplnnbl JGpwhnfugwds opnquilhqilbbn — nhulih @lGuwhwnnid —
pwhwpniyubph Juyph gbnuwlhglbn

B craTthe mperncraBieHbl OCHOBHBIE KOJOTMUECKHE PHCKU PaCIpOCTPaHEHUS
TeHETHYECKM MOIU(UIMPOBAHHEIX PACTEHHH, X BIMSHHE Ha HeLeNeBbIe Opra-
HU3MBI, HHTPOTPECCHU TPAHCT€HOB B MOMYJSIIUU JUKHAX COPOJIHYEH KyJIbTYPHBIX
pacTeHuii 1 IPUMEHUMBIE B YCIOBHUAX APMEHHMH MOAXOABI AT UX OLIEHKH.

Tenemuuecku mMooupuyuposantvle opeanuzmvbl — OYeHKa pucka —OuKue
COpOOUYU KYIbMYPHLIX PACMEHUT

The national and worldwide importance of biosafety in Armenia is
conditioned by a number of factors, particularly, due to the diversity of
altitudes, climatic zones and landscapes found in Armenia, the country hosts a
surprlsmgly high diversity of plants and animals, including many endemic, relict
and rare species. Armenia is considered one of the most important centers for
agrobiodiversity in the world, and represents a relatively large area supporting
wild relatives of crops and agricultural varieties. For example, the “Erebuni
Reserve”, located not far from Yerevan City, is the only reserve of wild cereals
in the world and is a unique habitat of wild wheat such as Triticum araraticum,
T.boeoticum, T.urartu, Secale vavilovii, Hordeum spontaneum and others.
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Agricultural species are of particular importance. Armenia is especial-
ly rich in apricot, grape, peaches, apples, plums, pears, pomegranates, quin-
ces, figs, walnuts and other fruits. Agroecological conditions also permit the
cultivation of many varieties of vegetables, including tomato, pepper, eg-
gplant, cabbage, potato, cucumber, carrot, pumpkin, bean, garden radish,
parsley, basil, coriander, mint, fennel, estragon, cress, cauliflower, lettuce,
water melon, melon and peas. Winter wheat and spring barley are the domi-
nant cereals. Maize is mainly grown for feed, in mountainous area culti-
vation of rye and oats is limited. Alfalfa, sainfoin, clover, amaranth, feed
beet and vetch are grown as feed crops, while of industrial crops, only a
small amount of tobacco is cultivated.

Agriculture is an important factor in many nations’ economies beca-
use of the jobs and incomes it provides and because it is often an important
source of hard currency. In Armenia the system of agricultural food pro-
ducts, which, being one of the most important sectors of the economy, has a
crucial role in the improvement of the Armenia’s overall social and econo-
mic situation and ensuring its food products’ safety, also became part of
these processes. During the recent years, the agricultural food products sys-
tem has provided about 35% of the country’s gross domestic product,
including approximately 25% accounting for agriculture (Haykazyan and
Pretty, 2000).

The safe use of biotechnology should be ensured, especially in
developing countries where the genetically modified organisms (GMOs) and
their products are used sometimes without choice. Now in Armenia we face
similar problems. The biosafety-related activities in Armenia started in 1993
when the National Assembly ratified the Convention on Biological
Diversity.

Review of the current situation shows that for effective implement-
tation of biosafety in Armenia there is need to put in place national biosafety
regulations and guidelines in accordance with Cartagena protocol. Those re-
gulations and guidelines should emphasize and regulate the safe transfer of
GMOs and their products from the country of origin to Armenia, safe hand-
ling and use of GMOs and products of the import; safe movement of GMOs
through transit. The scientific risk analysis plays an important role for ef-
fecttive implementation of described activities.

Current status of GMOs production in the world. GMOs are the or-
ganisms that have been altered by using modern biotechnology in a way to
either increase or decrease a certain characteristics. It can add a desired or
undesired effect to an organism. The first GM plants were commercialized
13 years ago in 1996 in the USA. As a result of the consistent and
substantial economic, environmental and welfare benefits offered by biotech
crops, millions of small and resource-poor farmers around the world con-
tinued to plant more hectares of biotech crops in 2008, the thirteenth year of
commercialization (James, 2008). Apparently in 2008, the total global area
of biotech crops continued to grow strongly reaching 125 million hectares,
up from 114.3 million hectares in 2007.

The biotech soybean continued to be the principal biotech crop in
2008, occupying 65.8 million hectares or 53% of global biotech area,
followed by biotech maize (37.3 million hectares or 30%), biotech cotton
(15.5 million hectares or 12%) and biotech canola (5.9 million hectares or
5% of the global biotech crop area).

Nowadays great diversity of traits and genetically engineered
organisms (plants, animals and micro-organisms) are under development.
Most promising in terms of expected profits are pharmaceutical traits
(enzymes, vaccines, etc.), industrial products especially Agro-fuels but also
other products (e.g. starch from amylopectin producing potatoes, etc.).
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GLOBAL AREA OF BIOTECH CROPS
Million Hectares (1996-2008)
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equivalent to a “real” increase of 15% or 22 million “trait hectares”

Source: Clive James, 2008.
Fig.1. The global trend from the first year of production in 1996 up to 2008.

These are very important developments given that biotech crops can
contribute to some of the major challenges facing global society, including: food
security, high price of food, sustainability, alleviation of poverty and hunger, and
help mitigate some of the challenges associated with climate change. However,
deliberate or inadvertent releases of GMOs into the environment could have
negative ecological effects under certain circum-stances.

Potential environmental effects of introduction of GM plants in Armenia.
In spite the fact that Armenia characterised by sufficient scientific and industrial
capacity in the field of biotechnology, the biotechnological research that is car-
ried out in the country in the field of agriculture mainly relates to the selection of
cultivated plants and their accelerated reproduction, but not in the field of
development of genetically modified plants. So, from this point of view Arme-
nia can be classified as only GM crops importing country. For Armenia the main
risks can be characterised as environmental and socio-economic in gene-ral.
Taking into account that the small territory of Armenia is characterised with rich
wild and crop plant biodiversity including endemics, relict plants, crop wild
relatives (Triticum, Aegilops, Hordeum, Secale etc.) of economic importance,
the assessment of the risk of potential environmental effects of GMOs is of
particular significance.

The potential environmental risks of GM crops for Armenia are presented
in Fig. 2. All these risks are interlinked directly or indirectly.

Risk assessment has a long tradition in regulating human activities with
the aim to minimize or avoid risk to human health and the environment.
Examples can be found in the production of medical products, chemistry or
nuclear power.

Risk assessment methodology for GMOs has evolved over the last several
years. At a conceptual level, the methodology has been adapted from the existing
paradigm for environmental risk assessment, which was developed for chemicals
and other types of environmental stressors. According to the European
regulations, the safety of GMOs has to be assessed prior to releases into the
environment and placing on the market. The approach is described in more detail
in Directive #2001/18/EC on the deliberate release of GMOs into the
environment, which was adopted in April 2001 and repealed Directive
#90/220/EEC in October 2002.
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Fig. 2. Potential environmental risks of deliberate release of GMOs in Armenia

Common understanding regarding the conceptual basis for risk assessment
is a challenge. There is considerable variation among risk assessment frame-
works for GMOs regarding the steps or components of risk assessment. In gene-
ral, the entire process of risk assessment, combined with risk management and
risk communication is referred to risk analysis (Fig. 3).

PUBLIC POLICY
_ o MAKERS
Navigation in per: I 1al space | Navi i in decision space
SCIENTISTS

Risk Assessment
Navigation in physical space

Fig. 3. Risk analysis consists of three interconnected components- risk
assessment, risk management and risk communication

Environmental risk assessment is defined by Directive #2001/18/EC as the
evaluation of risks to human health and the environment, whether direct or in-
direct, immediate or delayed, which may pose experimental deliberate release or
deliberate release by placing GMOs on the market.

The risk assessment is the science and process of estimating risk. It’s
implemented my scientists. The objective of environmental risk assessment,
according to the European legislation, is to identify and evaluate potential ad-
verse effects of a GMOs and to elucidate if there is a need for risk management
and suitable measures to be taken. Risk management is the process of conside-
ring alternative courses of action, and selecting the most appropriate option after
integrating the results of risk assessment with engineering, social, economic, and
political concerns in order to make a decision. Risk communication is the
interactive exchange of information and opinions throughout the risk analysis
among risk assessors, risk managers, consumers, feed and food businesses,
academic community and other interested parties.

Risk assessment traditionally consisting of four steps: hazard identifycati-
on, exposure assessment, effects characterization, and risk characterization (Fig. 4).

Hazard identification is very important process scoping and framing the
following risk assessment process. It focuses on identification of stressor and
development of an analysis strategy, including risk hypotheses.

Exposure is an important topic and an important term used a lot in risk as-
sessment. It means contact or co-occurrence between the transgenic, transgene
product and GMO as a stressor, typically it is considered as a primary stressor
and an ecological entity, receptor of that. The risk can be quantified by
combining hazard (H) and exposure (E) (Poppy, 2004).
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The effects characterization is the characterization of the potential con-
sequences of exposure, if it occurs. The fourth step is the most important step
when risk assessor combine knowledge and if it is possible to combine exposure
that is given and adverse effects that can happen, than it is possible to talk about
the risk, and only than risk assessor can start thinking about risk characterization.
The risk can be presented as a characteristic of a situation or action wherein two
or more outcomes are possible, the particular outcome that will occur is un-
known and at least one of the possibilities is undesired (Covello and Merkhofer,
1993).

1. Hazard identification
Problem Formulation

V

2. Exposure, 3. Effects
Characterization haracterizatiol

4. Risk Characterization

Risk Management
Strategies

Risk Assessment

Monitoring
and Evaluation

Risk
Management

Fig. 4. Key steps of risk assessment of potential environmental effects of GMOs and
interconnection between risk assessment and risk management

The principal approach to assess the safety of GMOs is largely accepted.
First of all risk assessment should be science-based and carried out to ensure a
very high scientific standard. For every GMO the risk assessment is done on a
case by case basis and in a stepwise manner. This means that for example each
GM plant is tested first in the laboratory then on a small scale in a field trial,
followed by a large-scale field trial before authorization for placing on the
market can be requested. The following step can only be carried out if the
preceding step has shown that the GMO does not pose any risk to the
environment.

Approaches for environmental risk assessment suitable for Armenia.
Armenia is in the process of initiation of the biosafety-related activities and has
not high labour facilities, therefore the risk assessment should be developed
appropriately, sound to medium costs requirements.

For assessment of the possible risks of invasion of new habitants and risks
of weediness on agricultural lands the ability of GM plant to reproduce under the
climatic and environmental conditions in the release area have to be assessed
(Fig. 5). It is known that if the GM plant is able to reproduce in the release area,
than there is a risk for invasion and its establishment in natural habitats (Kjer et
al, 1990; Traxler, 2001).

For risk assessment firstly the information on evolutionary history, morpho-
logy, life history traits, and vegetative reproduction is needed. In this case, the
assessment should be based on available information. If the literary data and/or
results of analysis show that the GM plant has the potential to sexually repro-
duce or propagate vegetatively, and establish in natural habitats in the region of
the release, than the fitness of the plant needs to be tested (Kjer et al, 1990).
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Fig.5. Key steps of risk assessment of possible invasion of new habitants by GMOs

During testing different environmental conditions of the area of release
should be tested, including conditions which may have been removed by inserted
trait, in order to identify the type of environmental conditions giving “no fitness
advantages” to conditions eventually resulting in “improved fitness”. The growth
stage of GM plant most susceptible to the stressor needs to be found. If fitness of
GM plants is improved at a level occurring in any recipient environment then the
plant needs to be tested in full-life-cycle experiments under relevant field
conditions.

The selection of field localities relevant for the experiments is primarily
dependent on the plant species and on the inserted trait. In Armenia it is difficult
to carry out full-life-cycle experiments of GM plants, tests of critical stages need
to be supplemented by modelling of seed dispersal, habitat invasion and
reproductive success using representative data and estimation on life-cycle
parameters. The results obtained should be discussed and managed, the con-
clusion on assessment should be developed and possible adverse effects for
small regional level formulated.

To identify possible non-target effects of GM plants the species groups
which are likely to be exposed to new plant compounds or altered performance
of the transgenic plant should be found (Figure 6). To such groups of organisms
the other plant species, pollinators, detrivores, herbivores and predators can be
concerned. On Figure 6 the model for risk assessment of GM plants on non-
target organisms is presented. This model is called functional model and was
developed by the group of scientists from Brazil, Vietnam and East Africa
within the project which was financially supported by the Swiss Agency for
Development and Cooperation (Nelson K., Banker C., 2007), and which is used
in our Laboratory at the Yerevan State University with small modifications.

In dependence of the GM plant species and ecological conditions of the area
of release, species, exposure conditions, and end-point have to be chosen. As
direct effects of GM plants on non-target organisms, the toxic effects on other
plants, herbivores, pollinators, detrivores and microorganisms have to be as-
sessed. The exposure analyses have to be carried out. As indirect effects, the
food-chain effects should be assessed in terms removal of food for higher trophic
levels. The methodology and types test systems depend on mode of action and expres-
sion of the trait and on the distribution and species specificity of toxic compounds.
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Fig. 6. Key steps of functional model for Fig. 7. Key steps of assessment of potential
assessment of possible non-target effects of gene flow of GMOs
GMOs

The test has to be performed for different functional groups of organisms,
but also if there are problems with labour and costs, as for Armenia, it should be
possible to choose key functional groups of organisms. If any non-target effect
of GM plants on specific groups of organisms is identified than the non-target
effects in the field have to be measured. For evaluation of non-target effects
comparative tests of the population development for those taxa, which have
proved sensitive, should be made. The sampling should be adjusted to the spe-
cies of interest and supplementary also other species of the same functional gro-
up. Then the results should be discussed and managed by risk management wor-
king group.

For detection of potential introgression of transgenes into wild
populations, (i.e. gene flow) the assessment of hybridisation potential with any
naturally occurring plant is needed. This can be done by a literature study or, if
no data exist, by simple hybridisation experiments with plants from closely
related taxa (Figure 7). The measurements of hybridisation rates, assumed selec-
tive advantage of inserted gene, and fitness measurements of parent plants,
hybrid plants, and plants from the first and second back-cross generations have
to be carried out. Prior to these activities, the assessment of gene flaw presence
of receptive stigmas of sexually compatible cultivars, traditional cultivars, land
races, wild and weedy relatives within the viable pollen transmission range have
to be evaluated. The flowering phenology, viable pollen movement distance
determined by pollination mechanism and viability of the pollen, pollination
mechanism, means of pollination in wild and weedy related species and other
parameters have to be assessed.
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If hybrids are formed and hybrid plant that has the inserted gene has a
fitness advantage over an otherwise similar plant without the inserted gene, than
further investigations are needed.

This discussion should include considerations on invasiveness into the
new ecosystems and possible effects on other organisms. In order to predict
whether the inserted gene will be introgressed into the naturally occurring plants,
it is necessary to describe and assess the direction of the selective forces
operating on the inserted gene in the natural plant population.

Additionally, it is necessary to take into account whether the transgene
can be introgressed into another organism by horizontal gene transfer and the
effect of such an introgression. There may be unwanted consequences of ho-
rizontal gene transfer to another organism. Such consequences may be assessed
verbally if no data are available.

Finally it is very important to compare conventional cropping system and
GM cropping systems in some general points: differences (for example herbicide
application), ecological effects (wildlife effects, effects on non-target orga-
nisms). These could be done by application literary data and public participatory
methods. All the results obtained have to reported and discussed, for further
development and decision making.
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“AHOMAJIBHASI” KHHETUKA I'MPOJIM3A
JIUXOJUHOBOI'O Y®UPA ITPOBKOBOI KUCJIOTHI O/
JEACTBHUEM JIOIAIWHOM CBIBOPOTOYHOM
BYTUPUJIIXOJUHICTEPA3BI

M.P. MHAIIAKAHSH
340 “HUU Buomexnonoecuu” M3 PA

HccnenoBan (epMEHTATHBHBIM THAPOJIN3 AUXOIUHOBOrO 3(Hpa HpoOKOBOM
kucnotsl (JJXD¢) nox neiicTBreM OyTHPHIIXOIMHICTEPA3bl CBIBOPOTKH KPOBHU JIO-
magu (bX9,). Ycranosneno, uto B cucreme bX3, + J1XD¢ Ha nepBoii craanuy ruj-
poinmza HakorieHne npookoBoi kuciotTsl ([Kg), B ormune ot BXD, (chiBopoTKH
KpoBu 4esnoBeka) + JIXDg (AnxomrHOBBINH 3(Up ceOalMHOBONW KHCIOTHI), HPOUC-
XOJUT UCKIIIOYUTEIIBHO BCIIEACTBHE HApYILIEHUs OTHOLIeHUH Mexy 11X 3¢ 1 MOHO-
XOJIMHOBBIM 3(GHpoM 1poOkoBoii kuciaotel (MX3g). [Tokazano, 4To BONPEKH CHIIb-
HOW pasHHIe peakIHMOHHBIX criocobHocTer [IXD¢ u MXD¢ (mpubnusurensao B 450
pa3) B Teyenue nepsoil craguu ~ 40% XD npeBpamaercs B JKq. [Ipeanoxen
BO3MOJXXHBII MEXaHN3M, OOBSCHSIONINI JaHHBIN THIT HAPYILICHNS! KOHKYPEHTHOCTH.

Bymupunxonunscmepasa — ouxonunoswlii 3¢hup npobKo6oii KUciomol — KUHEMUKa
2UOPONU3A — HAPYUIEHUE KOHKYDEHMHOCHU

NMuunidtwuppyt) b ugwtwppyh ghlunhtwghtt tuptph (HMuks) $hip-
ukinughti hhypothqp dhne wpjut 2hdnihh  priphphiunihituptpugh
(RIVEs) wqptignipjudp: Zwunwnjws b, np HMuks + Rluks hwdwljupgnud
hhnpnihgh wnpwght thnynud jugumtuppeyh Yninwlnudp, h wuppkpnipnil
ks (ubpwghtwpplyh nhlunihtughtt bupkp) + FEe (dwppnt wpub
oh&ni-h  pmiphppjlunihibuptpuq) hwdwlupgh, wbknh b ndbkinud
pugunwuybu Huks-h b igutiwppyh Untnfunihttwghtt buptph (UTuks) dholt
hwpw-phpnipjutt pwpjundwt hbnbwbpny: 8nyg L wipjws, np shuyws
Muks-h b Uluks-h ntwlghnuntbwlnipjutt Ukd wnmwppbpnipjuup (gpbpk
450 wtquu), nkwlghuyh wpwehtt thnynid Huks-h Unwn 40%-p ykp k
wéynid  jugwbw-ppyh: Unweowplws bt htwpwynp dbpuwbhqd, npp
pugunpmd £ dpgulj-gnipjub puwpundwt wyju nhwp:

Foippppyfunphilupbpug - guiuppydh phfunjhbughl Fuplp - hhnpnjhqgh
GhbEwnplw - Upgugnippui pnupunnid

The enzymatic hydrolysis of suberic acid dicholine ester (DChE¢) by horse
blood serum butyrylcholinesterase (BChE,) has been studied. It was found out that
in contrast to BChE,,;,, (human serum butyrylcholinesterase) + DChEg (sebacic
acid dicholine ester) system, the accumulation of suberic acid (DAg) in the BChE,
+ DChE;, system during the first stage of hydrolysis occurs exclusively as a result
of the disturbance of the ratio between DChEg and suberic acid monocholine ester
(MChEg). It was shown that despite of the strong difference of reactivities of
DChE¢ and MChE¢ (approximately 450 times) approximately 40% of DChEg is
converted into DAg during the first stage. A possible mechanism explaining this
type of the disturbance of competitiveness was proposed.

Butyrylcholinesterase — suberic acid dicholine ester — kinetics of hydrolysis
disturbance of competitiveness
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U3BectHO, 4TO GONIe3Hb AIblreliMepa TECHO CBs3aHA C COOTHOLICHHEM
AKTHBHOCTU XOJHMHALETHITpaHC(epaspl, aleTUXOIMHICTEpasbl M OyTHPHI-
XOJIMHACTEPa3bl B MPECHHANTHYCCKUX TaHIIHAX Mo3ra. OIUH U3 MyTel JIeUeHHs
9TOil OONE3HM OCHOBAaH HAa MPUMEHEHUHM AHTHXOJIUHICTEPa3HBIX IPEraparos,
HUMEIOIIMX PA3IMYHOE CPOJICTBO K arermixonuuicrepaze (AXD, HO 3.1.1.7) u
oyrupunxonunacrepaze (XD, HO 3.1.1.8) — maxpun, pusacmuemun, earan-
mamun, oonenezun [10, 13, 16]. B cBs3u ¢ 3TUM HAOIIOAETCS HOBBIM BCILIECK
0co0oro BHUMaHUS K XonuHACTepazaM (X3) u, B yactHocTH, K BXD. Hayunsie
WCCTIeIOBAHUSl TOCIEJHHUX JIET HAIpaBlIeHbl KaK K IOHCKY HOBBIX BBICOKO-
creuu(UUHBIX OOpAaTHMBIX WHTHOWTOPOB XOJNHMHAICTEPA3HOTO KaTaliu3a, TaKk U
W3yYSHHIO aKTHBHBIX IIEHTPOB U MEXaHU3MOB KaTaJUTUYECKOTO JICUCTBHS YIIO-
MSHYTHIX (hepMeHTOB [12, 19].

JnxonmHOBEIE 3uph! anudaTHIecKux AUKapOOHOBEIX kucioT ([1X3),

\. Q a ./
— - ° 2H 1_
/N—\_ O>; (CH,y)n 4<O_/— N\ a N

KOTOpBIC SBJISIFOTCS (PU3UOJIOTUIESCKH aKTHBHBIMH BEIISCTBAMU (M3 HUX TUXOJH-
HOBBII 3(QUp SHTAPHOI KUCIOTHI [| IUTHIMH IIUPOKO MPHUMEHSETCS B XHPYP-
THYECKOM TMpaKTHKE B KAYeCTBE aHECTE3UPYIoIero mpemapara [5, 6, 9, 15]),
OJTHOBPEMEHHO SBIIIOTCS MPEKPACHBIMH OOBEKTaMHU JJIsI MCCIIEAOBAHUS KaTa-
JUTHYECKUX CBOUCTB BXD, xoppensuil Tumna cTpykTypa — OMONIOTHYECKas aK-
TUBHOCTS [ 14].

Jo nyoOnukanuii nocnexanux jer [7, 11] cuuranock, 4To HE3aBUCUMO OT
JUIMHBI TIOJIMMETUIIEHOBOI LIeNM B KUCIOTHOM (hparMeHTe MoJieKyJbl JIXD peak-
1T XOJMHICTEPa3HOIo THApOJM3a 3TUX CyOCTpaToB MPOTEKAaeT ABYXCTa-
JUHHBIM MEXaHU3MOM, 0€3 HapyLIeHUs YMCTO KOHKYPEHTHBIX oTHouIeHui. IIpu
9TOM B TEUEHHE IMEPBOM CTaJHMU THIAPOJH3a MO JeicTBUEM (epMeHTa paciile-
IUIIETCA  TOJIBKO OJHA M3 d(UPHBIX CBS3EH, B pe3yJsibTaTe Yero oOpasyroTcs
MOHOXOJIHHOBBIN dpup (MXDJ) u xonuH. Bropas cragus peakuuu - THIPOJIN3
MXD (oH HaYMHAETCS TOJIBKO TOCIIE MPAKTHIECKU MONHOro ucuepnanus XD B
PEaKIMOHHOW cpefie), B pe3yibTaTe KOTOporo obpasyercs AMKapOOHOBas KHC-
nora (JIK) u xomuH [2, 3, 14, 17].

Opnako B HeZlaBHUX Hammx pabotax [7, 8, 11] Obuto mokaszaHo, 4To dep-
MEHTaTUBHBIA Tuaponu3 XD BeIcHIMX AUKApOOHOBBIX KHUCIIOT, HAa4dMHAs C
npoOkoBo# kucioThl (n [ 6), mox aeiicrBueM BXD CHIBOPOTKM KpOBH YeJIOBEKa
(bX9,) mpoTekaeT ¢ CyIeCTBEHHBIMU OTKJIOHEHHUSAMU OT BBILIEONHCAHHOI'O Me-
xaHu3Ma. Hakorutenue nukapOOHOBON KHCIOTHI HAOMIOAaeTCS HE TONBKO MOCTe
nosHOTO ncyepnanust J{X3, HO TakKe MPOTEKaeT mapayrieasHo ruaponusy X0
B TeUEHHeE MepBoii ctaauu [8]. B 310l ke paboTe moKka3aHO, YTO MPH THAPOIN3E
AXD cebamunoBoit kucnotel (JIXDs) “mpexneBpemenHoe” obOpazoBanue JIK
NPOMCXOAUT TO JIBYM MeXaHH3MaM IMapajuieNbHO: MO0 MEXaHU3MY KOHKYpH-
pyooumx cyocTpaToB (MexaHuU3M - A) U paHee HEHU3BECTHOMY MEXaHU3MY
(mexaHusM - B), KOoTOpbIi mpenmnosnaraeT HapylleHHe KOHKYPEHTHOCTH MEXIY
Monekynamu cyoctpatoB XD u MXD. CyTh HapylleHUS KOHKYPEHTHOCTH
3aKJII0YaeTCsd B TOM, YTO HEKOTOpas I0Jsl MOJEKYJ MOHOXOJIMHOBOro 3¢upa
cebanmHoBON KuCIOTH (MX3Jg), 0Opasyromascsi B aKkTUBHOM LIEHTpe epMeHTa
(B pesynbrare ruaponuza J1X0Dg), rumpoau3yercs, He “ycreBas’ MOKHHYTH €ro.

B HacTosimieit paboTe mokazaHo, 4yTO NMpU (HEPMEHTATHBHOM THAPOIIH3E
AXD mpobkosoii kuciothl ([IX3J¢) mox nedictBueM bXD CHIBOPOTKH KpPOBH
nomragu (BXOm) “mpexneBpeMenHoe” 00pa3oBaHHE MPOOKOBOH KUCIOTHI MPO-
TEKaeT MPH IOJHOM OTCYTCTBHMHM MeXaHM3Ma A, U HaxoruieHue JIK Ha mepBoii
cTaguu ruaponusa XD nporekaeT UCKIIOYUTENHO 10 MeXaHu3My b, T.e. ToJb-
KO BCIIE/ICTBHE HAPYIICHUS] KOHKYPEHTHBIX OTHOMmEHUH Mexay JIXDs u (MXDg).

72



“AHOMAJIBHAS" KHHETUKA THAPOJIU3A IMXOJIMHOBOI'O 5®HPA TTPOBKOBOU KUCJIOTBI IO AENCTBHUEM...

Mamepuan u memoouxa. Cxopocts pepmeHTaTHBHOrO THAPONH3a X6 O1-
peIessiiii METOIOM MPSMOTO TOTEHIIMOMETPHYECKOTO TUTPOBAHUS 00PA3YIOMIUXCS MPU
THAPOJIH3e KHCIOTHBIX NPOAYKTOB B PEAKIMOHHOM cpene, copepxameii 41107 M
¢docparnoro Oydepa Ha npubope pH-stat mapku “Radiometer Analytical TitraLab854”.
Ompeznenenust NPOBOAMWIU B TepMOCTaTUpyeMol sueiike mpubopa mpu 25+0.1° n pH
7.0+0.05. HaganmpHast koHIEHTpammsi cyOcTpaTa B pEakIMOHHOHW Cpeie COoCTaBisuia
20010* + 20010° M. B xauectBe TuTpamta mcmonb3oBan 0.1 M pactBop NaOH.
TIpenapar BXD, ¢ yaensHol aktiBHOCTHIO 100 E/Mr npousBojcTea PO. JTux0nuHOBIMH
3¢up NPOOKOBOW KUCIOTHI CHHTE3UPOBAH COTJIACHO ONMMCAHHOW MeTouKe [2, 5, 6, 14].

Hanuuue B peakMOHHOM cpexe AMKapOOHOBOW KHCIOTHI Ha Pa3HBIX 3Tarax
pEaKIMy ONpeesuid Ka9eCTBEHHO METOJJOM TOHKOCIOWHO# XpoMarorpaduu ¢ UCIOb-
30BaHHEM IOJBIKHOM (a3el OEH30I1 - METHIIOBBII CIIHPT - YKCYCHasi KHCIIOTa, C COOTHO-
eHneM 00beMoB 45:8:4 COOTBETCTBEHHO U IPOSIBUTENS — OPOMKPE30JI0rOro ITypITypHOTO.

Pezynomamot u obcyyncoenue. Knnernka moJiHoro pepMeHTATUBHOTO
rugapoan3a JIXJq. Ha puc.l mokazaHa 3aBUCHMOCTH HAKOIUICHUS “KHCIIOTHOTO
npoaykra” (paccuMTaHHasi MCXOJI U3 pacxoja KoimdectBa TuTpanta — NaOH)
B TEYEHUE pEaKIMU XOJUHICTepasHoro ruaponusa JX3De mpu ero HadanbHOM
KOHLIEHTpanuu, paBHou 3.00J 10 M. 3aech monx “KUCIOTHBIM MPOAYKTOM™
noapasyMmeBaroTcs kak MXDg, Tak u IKg, KUCIOTHBIE TPyIIBI KOTOPBIX IIPU
JIAaHHBIX 3HA4YEHUAX pH TUTPYIOTCS OAMHAKOBO M CJIEJOBATEIHHO HEPA3IUIUMBI.
CornacHo IOJY4YeHHOH KpPHBOH, Ha KOTOPOH MMeeTCs BBIPRXKEHHBIN H3JIOM,
peaknusi MpOoTeKaeT B JIBE CTAaJIUM, YTO B OOIIUX 4YepTax COIMJIACYeTCs C
HaOII0aeMoil KapTHUHOHM, XapakTepHOW UId CYKUMHWIOUXOJIMHA M JIPYTUX
wieHoB psza [18]. CHavana HaKOIIEHUE KUCIOTHOIO MPOJAYKTa B PEAKIIMOHHOM
cpeie MPOUCXOAUT MOHOTOHHO, ITPAKTHUYECKH € IIOCTOSHHOM CKOpOCThIO. JInHe-
H{HO€ HapacTaHWE KOHLEHTpPAlMH NPOAYKTa HaOJIOAAeTCs A0 HAKOIJIEHUS €ro
OTpe/IeIEHHOT0 KOJTHYeCTBA, PABHOTO puOIH3uTensHo 4.20110™* M, npu noctu-
JKEHHUH KOTOPOTO KHHETHKA PEaKIMH MEHSETCA, YTO BBIPAKACTCS B PE3KOM
CHIDKEHHH CKOpPOCTH PEAaKUUH TUAPOIM3a M OTKIOHEHHWH 3aBUCHMOCTH OT
JMHEHHOCTH. YUYUThIBasg HU3KYIO CKOPOCTh peakiuu ruaponausa MX 3, ams npo-
BEJICHUS SKCIIEPUMEHTA B IIPHUEMIIEMOM BPEMEHHOM MHTEPBAJIE B PEAKIIMOHHYIO
cucTeMy [100aBIICHO IOMOJHHUTENbHOE KOJIMYECTBO (epMeHTa (B IBaALATh pas
MPEBBIIIAIONIEe HaYaIbHOE KOJIMYECTBO, YTO, OE3yCIOBHO, YYTEHO B pacderax
KWHETHYECKUX MapaMeTPOB U MOCTPOCHUH TEOPETUUECKON KPUBOI).

Janee, xak mokazaHo Ha puc. 1, Kp. a, CKOPOCTh peaKkIii MOHOTOHHO
yOBbIBaeT M MO JOCTHKECHUHU KHCIOTHOTO MPOAYKTa, PABHOTO OKUAaEMOMY TeO-
peTudeckoMy KomuecTBY (ABa 3kBHBajeHTa Ha 1 M JIXDg), CKOPOCTh peakuu
IpUOIIKAeTCA K HYJIIO.

Taxum obOpa3oM, oOmias KapTHMHA KMHETHMYECKOI'O IIOBEJEHUS THAPONIN3a
X3¢ cOOTBETCTBYET paHee ONMHCAHHOMY (epMEHTaTHBHOMY THAponm3y JIX0O.
OpHaKo KOHIEHTpALUs KUCIOTHOIO IMPOAYKTa B KOHLE HepBOW cramuu dep-
MEHTATUBHOTO THPOJIN3a, T.€. 10 MOMEHTAa OTKJIIOHEHHS 3aBUCHUMOCTH OT IIPaKTH-
YeCKH JIMHEHHOM, 3HAYNTENILHO OOJNbIIE 0KumaeMoro 3[] 10*Mu paBna ~ 4.2[] 10*
M.

PesynpTrarel XpoMaTorpaduyeckoro aHaau3a peakuuOHHOW CMECH THIpO-
m3a JIXDe mokazany HalMuhe BO3PACTAIOUICTO KOJIMYECTBA ITUKApOOHOBOM
KHCJIOTBl IPAaKTHYECKH B TEUEHHE BCEH PEaKLIUU.
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Puc 1. 3aBHCHMOCTb HAaKOILUICHHS KUCIOTHOTO IPOAYKTA B PeaKIUK (epMEHTaTHBHOTO
ruaponusa cyocrpara, npu [[AX¢lo =3 [ 10 M, mox meiicteiem BX? ot BpEMEHU
(a- axcniepuMeHTaibHas 1 0- pacuerHasi). [IyHKTHpHBIMU JIMHUAMU [ U 2 yKa3aHO
0’KMaeMO€ KOJIMYECTBO KMCJIOTHOTO MIPOJYKTa B KOHIIE II€PBOIl U BTOPOM CTaguil peakuuu, a
ITYHKTUPHOW JIMHUEH 3— HaOII01aeMoe B SKCIIEPUMEHTE KOJIMYECTBO KUCIOTHOTO MPO/IYKTa B
KOHIIE TIepBOi cTaguu (OCTalbHBIE YCIOBHUS DKCIIEPUMEHTA B TEKCTE).

Omnpenesienue KoHCTaHTHI uHruOupoBanusa (K;) xoamnna. 3nauenue K;
JUIS XOJIMHA OTPENEISUIA UCXOAS U3 TPEIIMONOKEHUS O KOHKYPEHTHOM THIIE
WHTUOMPOBaHUs peakinuu rujpoin3a MX3Js U COOTBETCTBEHHO HMCIIOJIB30BAIU
M3BECTHOE ypaBHEHHE (2)

— Vman
1+ Koo (1 . [xonnﬂ]J

[MX3] Ki
rae Viuxp) — HaOmomaemas HadadbHAs CKOPOCTh peakuuu rugponnza MXD3g B
HOPUCYTCTBUU XOIHHA, VmaxMx3) — MAKCUMAIbHAS CKOPOCTh PEAKIUH THAPOIN3A
MX03¢, Kmmx3) — KoHCcTaHTa Muxasmuca, K- KOHCTaHTa MHTHOMPOBAHHUS XO-
JIMHA, [XOJIMH ]| — KOHIIEHTPALUS XOJIMHA B PEaKIIMOHHON CMECH.

Hauanpabie cxopoctu peakiuu runponnsza MXDg ompenensny mo gaH-
HBIM BTOpOH craamu QepmeHTaTuBHOTO THapoim3a XD B axcnepmmentax
HayasibHast KoHUeHTpaius MX3¢ cocrasmsiia 2.0 10%,3.30010" 1 2.00110° M,
a nonyuennble 3Hauenus K; papusi (0.7010.1)1107, (1.500.5)110° u (1.200.5)L10
3 M cootBercTBeHHO. [ AanbHEHIIIX pacyeToB UCIOJIB30BAHO CPEAHEE 3HAYE-
HUE TOJYYeHHBIX JIaHHBIX, cocTaisttomiee (1.1010.4) [ 107 M.

Pacuer TeopeTHdyecKMX KPHUBBIX ABYXCTAIHIHOIO (pepMEHTATHBHOIO
ruapoausa JAXJq. g nocrpoeHus pacueTHbIX KUHETUUECKUX 3aBHCUMOCTEH
peakuuu dpepMeHTaTHBHOTO THApoin3a J{XD¢ HaMH HCIIONB30BaHbl KaK JaHHEIE,
MIPUBEJICHHBIE BBIIIE, TAK U paHee OMyOJIMKOBAHHBIE PE3yJIbTaThl UCCIEAOBAHUI
WHANBHUIyaNbHBIX coequHeHni [{X9¢ 1 MXDq [1]. Huxe npuBeneHs! 3HaUCHUS
Ky 1 Vyee 1t IXD¢ 1 MXDg 1 K; X0nwHA, MPUMEHEHHBIE IJISI PACUETOB:
3HaueHne K ixse) PaBHO (0.89u04)L10’6 M; K (Mx6) PaBHO (O.9u0.1)L10'3
M; COOTHOIIEHHUE V max(nix26) Vmax(Mxn6) PABHO 4.5; 3HaueHue K; XOJNUHA PaBHO
(1.110.4)110° M.

Pacyersl cymmapHOil ckopocTH (DEPMEHTATUBHOW pPEaKIMU THIPOJIH3a
KOHKYPHPYIOIIUX CyOCTpaToB MpOBOIWIN 1O ypaBHeHHIO (3) [4]:

V=V +V 3)

(MXD)  (JIX2)

Vouxoy =

rie V — CKOpPOCTh CyMMapHOW peakIu ISl cMecHu, coaepxkameilt MXDg n
AX3s, Vimxo) B V(ixs) ckopoctu npespaienuit MX3¢ u IXOs B peakliMOHHOM
cMecH cyOcTpaToB, BeIpakaemble ypaBHeHuIMH (4) u (5):
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\Y
V(MX?) — max(MX3) . o
+ Km(MX?\ 1+ [D.Xa] A1+ [XOJ‘IHH]
[MX3] Kmu.l)m K,
\Y .
Vo = max(JX9) (5)

P K (1, IMXO]) (| [xomnu] )’
[AX0] | Ky K

n(MX9) i

Kunxo) 1 Kingixs) — KoHcTanTel Muxasmica MX0Og n IXO¢ cooTBeTCTBEHHO, K|
- KOHCTaHTa MHTMOMPOBAHUS XONMHHA, VmaxMx2) H Vmax(rxs) — MAaKCHMAalbHBIC
CKopocTH peakuuii ruaponnsa, [I], [MX3] u [[IX3] — KoHIEHTpaluu XOJIHHA,
MX3¢ n IX3¢ coorBeTcTBeHHO. IIpn 3TOM, Kak CBHIETENHCTBYIOT MPUBEICH-
HBbIE ypaBHEHUS, CHENIaHO MPEINoNoKeHHe 00 OTCYTCTBUM HapyLIEHUI KOHKY-
peHTHHOCTH MexXTy X3¢, MXD¢ U XOTHMHOM.

Jns momydeHus JOCTYHHOM NMPOBEPKU 3aBUCHUMOCTH KOHLEHTPALUH IIPO-
nykTa [P] oT BpemeHnu t mpUMEHEH YHCIIEHHBIH MeToA. PacueTsl mpoBeneHsl ¢
MIOMOIIBIO KOMITBIOTEpHOH mporpamMmMsl Microsoft Office Excel 2003. {ns moy-
geHust KkpuBoi [P] = f(t) B34THI mpoMEXyTKH BpeMeHH At = const, a UX YHCIIO
cocrasisier He MeHee 80 Todek.

Hanosxenue TeopeTnueckol U HKCIEPUMEHTAIbHOM KPUBBIX HAKOIUICHHS
KHCJIOTHOTO IPOAYKTa B 3aBUCHUMOCTH OT BPEMEHH MJs MOJHOro (10 IBYM
CIIO)KHOD(HUPHBIM CBA3sIM) (epMeHTaTHBHOrO Tuaponu3a /1XDs mokazaHo Ha
puc. 1. Kak BUHO U3 MPUBENEHHOTO PHC., HAYAJIBHBIA YYaCTOK TEOPETUYECKON
KPUBOM TECHO JIOKMTCS Ha SKCIEPUMEHTAIbHYIO KpuBYI0. OJHAaKO TeOpeTH-
4eCKas KPHUBAs M3IAMBIBACTCSA 3HAYMTETBHO PAHBIIE IKCIEPUMEHTATBHOM. Kak
M CIIE/IOBATIO OKUIATH, U3IIOM HA TEOPETHUIECKON KPUBOH COOTBETCTBYET TOUKE
[P] = 3.00] 10* M (ucxonnast koHueHTpauus JXDg), 9TO SBISIETCS CIEACTBHEM
OOJBIION pa3HUIBI B PEaKIUMOHHBIX crocoOHocTIX X3¢ m MXD4 (coot-
HOIIEHUE V pmax(ixn6) Km(ix6) B 450 paza 0Oosblie, 4eM COOTBETCTBYIOIIAs BEIH-
yrHa s MXDg). B 3TO# Touke, coryiacHO mpoBeAeHHBIM pacueTam, J[XDq B
pPEaKIMOHHOW cpelie AOJKEH OBITh IMOJHOCTBIO HMCUEpIaH, a KOHIECHTPAIUs
MX3¢ MakcuManabHa U COOTBETCTBYET MCXOAHOM KoHIeHTparuu X 3¢. 13 Toro
JK€ pUC. BUAHO, YTO TEOPETHYECKas KpUBas, ONMMCHIBAIOIIAs BTOPYIO CTaJHIO,
BITOJIHE TIPUEMJIEMO BOCIIPOM3BOAHT SKCIEPHUMEHTAIBHYIO 3aBHCHMOCTh. JTH
pe3yNbTaThl MOATBEPIKAAIOT, YTO HCIOIH30BAHHBIE HAMHU JUIS PAcueTOB KHHE-
THUYECKHE IapaMeTpbl JOCTaTOYHO XOPOIIO ONHUCHIBAIOT T€UEHHUE PEAKLIUU B TE€X
y4acTKax, Ine coOJIoNaloTcd YHCTO KOHKYPEHTHbBIE OTHOIIEHUS MEXIy pea-
TUPYIOLIMMH BELECTBAMH.

W3 mnpuBeneHHbIX NAHHBIX OYEBHUAHO TaKXkKe, YTO HapyIIeHHE KOHKY-
PEHTHOCTH HaOJrofaeTcs Ha nepBoi craguu peakiuu. Hamu OblLTa paccuuTaHa
KpHUBas 1P] f(t) nns mepBoit cranuu popmanbHO momyckas, 4to [AXD¢lo =
4.20010 M, YTO COOTBETCTBYET KOHLIEHTpAlUU MPOAyKTa HA HKCHEPH-
MEHTAJIbHOW KpUBOW B Touke H3iaoMa. COriacHO IOJIyYeHHBIM pe3yJibTaTaMm,
TEOPETUYECcKasi 3aBUCUMOCTb BIIOJIHE YJOBJIETBOPUTEIBHO OIMCHIBAET 3KCIIe-
PUMEHT. DTOT pe3yJbTaT yKa3blBaeT Ha TO, YTO HapyllleHHe KOHKYPEHTHOCTH He
OKa3bIBaeT CYIIECTBEHHOIO BIHMSHUSA HAa KUHETUKY PEaKkUHUU M OTpakaercs Ha
KOJIMYECTBE 00pa3yIOLIMXCsl KUCIOTHBIX MPOAYKTOB. PaccMoTpeHue marepu-
aIbHOTO OajlaHca pearupyrollux BELIeCTB U MX KadeCTBEHHOTO COCTaBa MOKa-
3bIBAET, YTO JOIMOJHUTENFHBIA NPUPOCT KUCIOTHOTO IPOAYKTa Ha MEpPBOM
cranuu o0yciosieH oopazoBanueM J[Ks.

s oOBsICHEHHST COBOKYMHOCTH IIOJNYYE€HHBIX NAHHBIX HAMH CJEJIaHO
MIPeaIoIoXKeHHe, 9To KoMmruieke Muxasnmca [EuZlX94] mocie runposimsa oqHon
3 d¢upHBIX cBsa3edl mepexoautr B Komruieke [EuMXDguxonuH]|, KOTOpHIH
YaCTUYHO paclafiaeTcs Ui obpasys cBoOOIHbIN GpepMeHT, MXD¢ U XOIHH, UIIH
cBoOonnslit pepment, [IKq n xonnH. VIMeHHO BTOpO#i Iy Th pacmajga v MPUBOJUT
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K HapyHICHUIO KOHKYPEHTHBIX oTHOHIEHNH Mexay AXD¢ m MXDs. B nannom
Cly4ae, UCXOAs W3 KOHUEHTPAMM B TOYKE H3JIOMa 3KCIEPUMEHTAIBHON KpH-

BOH,

MOXKHO CJ€NaTh IPEANONOXKEHUue, 4To npubiausurensHo 0.4 yacTb

[EuIXDguxonuH]| KOMIJIEKCOB MPUBOIUT K 0OpazoBanuio K.

Takum 00pa3oM, MPEUIOKEHHYI0 HAaMU YIPOIIEHHYIO CXeMy MepBOi

cranuu pepMeHTaTUBHOTO ruAponu3a JIXD¢ MOXKHO MPEeNCTaBUTh CIEAYIONUM
oOpa3om (cxema 1), Te B3auMoOIIpeBpalleHUe KOMILIEKCOB Muxasuca BKIIO-
YeHO B OOJbLINe KBaJApaTHBIE CKOOKH.

E+AOY === | [E-AOY] === [E* T10OY«57¢ei]

__» E+ 1OY+0teei

E + AE + 6Téei

Cxema 1. BeposiTHast cxema MexaHU3Ma TepBoii craaun GepmertatuBHOro ruapoiusa JIXDg

3a 00C

10.
11.

12.

13.
14.
15.
16.
17.

18.
19.

nopx neicreuem bX3, (E — dpepmenr).

ABTOp BBIpaxaeT O6marogapHocTh npod. Anebsuy [.I1. u Ilanosay A.O.
yKJICHUE U [ICHHBIC COBETHI P PadOTE HAJ CTATHEH.
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BINDING OF CATIONIC PORPHYRINS
TO BLOOD PROTEINS

A.G. GYULKHANDANYAN
Yerevan State University, Department of Biophysics

It is shown, that various porphyrins bind in different ways to the proteins
depending on a structure of lateral functional groups. It is found, that the porphyrin
binding ability of bovine serum albumin (BSA) is considerably (1,5 times) greater
than that of hu-man serum albumin (HSA). Also it turned out that the porphyrin
binding ability of hemoglobin is 2 times greater than the ability of HSA.

Blood proteins — cationic porphyrins — binding constants

TlokazaHo, 9TO B 3aBUCHMOCTH OT CTPOCHUSI OOKOBBIX ()yHKIMOHATBHBIX TPYTIIT
pasHble TOP(UPHHBI TTO-Pa3HOMY CBsI3bIBatOTCA ¢ Genkamu. OnpeneneHo, uTo mop-
(UpUH-CBA3BIBAIOIIAS CIIOCOOHOCTH Y OBIUBET0 ChIBOPOTOUYHOTO anbdoymuHa (BCA)
3HauuTeNBHO BhINE (B 1,5 pa3a), uem y uenoBedeckoro CA (YCA). Oxazamnochk
TakXe, YTO MOPPHUPHH CBA3BIBAIONIAS CIIOCOOHOCTH T€MOTJIOONHA B 2 pasa BHIIIE,
yem y UCA.

benku Kposu — KamuoHHble }’lOpd)Mpqul — KOHCmMAHmMbl CBA3bl6AHUA

8nyg k wipqus, np Ynpudbwghtt pnibljghnbiwy judpbiph Yurnigdudphg
Juwhqué qubuqui wnpdppptubpp wmwppkp dind L juuynd uyhwnw-
Ynigutiph htwn: Zuynbwpbpyty £ np gnih oh&ntjughtt wypnidhth dnn juydw
ntwlnipniip qquihnpkt wdbth pupdp b (1,5 wiqud) dwpgnt ohgniljuyh
wypnwlhthg: Mwpqyt) t twl, np htungnphtth hkwn wnpbhphh juuydw
nthwlmpmitip dnin 2 wbhquu pupdp t dwpnnt oh&niljuyghtt wypmudhth
huwdbdwwn:

Upulr uyhunulnighbp — junnpnbughl ynpppphabbp— juwidwl hwunuannibbbp

Photosensitizers (PS), in particular porphyrins, are widely used in
photodynamic therapy of tumours (PDT) [3, 6]. The photosensitizer, which
selectively accumulate in a tumor, at PDT is injected into the patient and after
excitation by light promotes generation of reactive oxygen species, which
damage the components of cells and tissues, that finally adducts to the
destruction of cells by necrosis and/or apoptosis [6, 10]. The high selectivity has
been reached especially for cationic porphyrins which have been successfully
used for destruction of tumors in vivo [9]. The proteins of blood can serve as
carriers of medicines, which facilitate a selective delivery of porphyrins to areas
of tumors. The affinity of serum albumin (SA), hemoglobin, lipoproteins of high
and low density for porphyrins indicates the important role of these proteins as
endogenous carriers of photosensitizers administered for PDT [5, 8, 11]. In
connection with the above-stated, the investigation of binding and transfer of
cationic porphyrins to proteins is of a great importance for PDT of tumors.
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Materials and methods. BSA, BSA fatty acids free (BSA FAF), HSA fatty
acids free (HSA FAF), human hemoglobin (HH) and cytochrome C were purchased from
Sigma-Aldrich Chemical Co. (USA). Water-soluble cationic porphyrins and metallo-
porphyrins have been synthesized at the Yerevan State Medical University according to
the methods described in work [2]. All other reagents were of analytical grade.

The absorbance spectra were recorded on a Shimadzu UV-VISIBLE Recording
Spectrophotometer UV-2100 (Japan) in 0,5 centlmeter quartz cell. In analyzed cell the
concentration of por;)hyrlns was constant (5.10° M), and the concentration of proteins
was changed (5.107 - 2,5. 10" M) with their addition via Hamilton Co. Microliter
Syringe (USA). The research of porphyrin-protein binding was carried out by defining
the binding constant K via analyzing the reduction of absorption of a Soret band due to
addition of a solution of protein to the solution of porphyrin. It is described by the
following modified relation of Kapp et al. [7]:

Ao/Ag-A = 1fK[Cproi] + 1/ )

where A, and A are the porphyrin solution absorbances in the absence and presence of
the protein, respectively. In the plot of a adsorption isotherm A/A,-A (ordinate)
vs 1/[Cprot] (abscissa), 1/f is obtained from the intercept on the A,/A,-A axis, corres-
ponding to 1 / [Cprot] =0

At definition of the values Ao and A of the absorption intensity we used the
spectra processing software, namely "Spectra Manager for Spectra Analysis, Version
1.53.00, JASCO Corporation, 2000 ". This software corrects the value of absorption
intensity A in view of spectra asymmetry and deviation from a base (zero) line. The
value of K was defined according to relation of Kapp (1). The results of experiments
have been processed statistically by using the criterion of Student.

Results and Discussion. Investigations of interactions of a proteins with
ligands at simulative conditions, starting from simple two-componential
systems, such as monomers of porphyrins and proteins are of of special
importance for definition of porphyrin-protein binding constants. However even
such seemingly simple systems can be transformed during experiment into the
multicomponential systems by dimerization and polymerizations (aggregation)
of proteins (especially at their higher concentrations), thus corrupting the results
of constants and quantity of places of ligand binding to protein. In
spectrophotometric analysis one of the basic criteria for presence of two-
componential system in a solution is the formation of isosbestic points (the
general point of spectral curves crossing) [1]. To obtain correct values of binding
constants of protein-ligand pair, the titration of a porphyrin solution with
increasing concentration of proteins, by tracing the formation of isosbestic points
for spectral curves was investigated.

From Fig. 1A one can see, that results of the titration process of a
porphyrin solution can be divided on two parts: the first group of the spectral
curves of solutions, obtained via titration of porphyrin by solution of BSA up to
a ratio protein : porphyrin = 2,5:1 and, the second group of spectral curves
having significant shift of absorption peak of a Soret band (on 6-8 nanometers)
and obtained via titration of porphyrm by solution of BSA up to a ratio protein :
porphyrin = 40:1 ([Cpro] = 2.107 M). From Fig. 1A it follows, that in the
first group of spectr’lj curves the isosbestic point is observed (the top five
curves) whereas spectral curves of the second group do not pass through the
isosbestic point. Hence, for the correct definition of a binding constant (K) it is
necessary to titrate up to that concentration of a protein at which curves of
spectra still pass through the isosbestic point.

The interaction of 8 porphyrins and metalloporphyrins with 4 different
blood proteins, and also with cytochrome C has been investigated according to
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Fig.1. Absorption spectra of porphyrins solutions (5.10° M in 0,01 M phosphate buffer pH 7,2) at

their titration by proteins solutions. A — titration of Zn-TOE4PyP by BSA solution; B — titration of

Zn-TBut4PyP by HH solution; C - titration of Zn-TBut4PyP by BSA FAF solution; D — the same
like in C with magnification of isosbestic point spectral region.

this criterion. In Fig. 1B and 1C the absorption spectra of some porphyrins at
their titration rather low concentration of various proteins (a ratio of protein :
porphyrin = 0,5:1; 0,75:1; 1:1; 1,75:1; 2,5:1) are presented. The observed spec-
tra on the presence of isosbestic points for all porphyrins and proteins were
investigated.

For determination of a binding constants K according to relation of Kapp
(1) the adsorption isotherms in coordinates A,/A,-A vs 1/[C,o] have been
plotted (Fig. 2).

Aoi AoA

Fig.2. Absorp‘tli_ n isotherm of metalloporphyrin Zn-TOE4PyP to BSA
=

u] T T T T T 1
u] 1 4 5 -]

UG plec 100 W)
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The results of definition of binding constants (K) for 8 porphyrins and
metalloporphyrins with 5 various proteins are presented in the table, where we
also present the values K, =) K/8 for each protein, which reflects the ave-
rage connecting ability of the given protein to cationic porphyrins.

From the table follows, that the porphyrin binding ability of BSA and fatty
acids free BSA are practically identical and are considerably higher (1,5 times)
than that of HSA. Also it turned out that the binding ability of hemoglobin in 2
times higher, than the ability of HSA. High affinity to cationic porphyrins was
displayed by cytochrome C (2-3 times higher than BSA). Because of a positive
charge and lipophilic properties the cationic porphyrins can be localized with
high probability in mitochondrion owing to a negative charge of an internal part
of mitochondrion membranes; such arrangement of porphyrins can testify that
mitochondrion are the primary place of cells destruction at PDT [10].

Table. The binding constants (K) of porphyrins and metalloporphyrins with various proteins

Porphyrins and BSA BSA HSA Human Cytochrome C
metallo- Fatty Acids Fatty Acids Hemoglobin
porphyrins Free Free
(K)10° M (K)10°M (K)10°M (K)10°M (X)10°M
1. TOE4PyP 4,10+0,29 2,60 +0,19 1,55+0,11 3,36 +£0,23 8,18 0,49
2. Zn-TOE4PyP 2,60+ 0,16 2,65+0,15 3,00 £ 0,21 4,82 +0,31 7,47+ 0,39
3. TBut4PyP 3,13+0,20 4,71 +£0,29 3,10+0,21 2,99 +0,19 7,84 +0,43
4. Zn-TBut4PyP 3,80+ 0,22 4,10£0,25 0,40 + 0,02 2,07+0,12 1,58 £ 0,09
5. TAII4PyP 0,70 + 0,04 1,07 + 0,06 1,60 + 0,09 2,02 +0,11 3,56 +0,21
6. Zn-TAll4PyP 1,42 +0,08 1,52 +0,08 1,50 + 0,08 1,75+0,1 0,60 + 0,03
7. TMetAll4PyP 1,98 £ 0,11 0,37 +0,02 0,78 + 0,04 1,89 +£0,11 5,52+0,33
8. Zn-TMetAll4PyP 0,76+0,04 1,80 + 0,11 0,19 +0,01 5,29+0,29 2,87+0,16
Kaver 10° M 2,31 2,26 1,52 3,02 4,70

From the table it follows, that the porphyrin binding ability of BSA and
fatty acids free BSA are practically identical and are considerably higher
(1,5 times) than that of HSA. Also it turned out that the binding ability of
hemoglobin is 2 times higher, than the ability of HSA. High affinity to cationic
porphyrins was displayed by cytochrome C (2-3 times higher than BSA).
Because of a positive charge and lipophilic properties the cationic porphyrins
can be localized with high probability in mitochondrion owing to a negative
charge of an internal part of mitochondrion membranes; such arrangement of
porphyrins can testify that mitochondrion are the primary place of cells
destruction at PDT [10].

The knowledge of binding constants of cationic porphyrins with the
various proteins can promote the study of mechanisms of photosensitizers
transport at PDT of tumors and facilitate the synthesis of porphyrins which will
be more efficient in therapy of tumours.

The author is thankful to R.K. Ghazaryan (Yerevan State Medical
University) for kindly provision of porphyrins and metalloporphyrins for the
experiments and also for discussion of the results.
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ZULRUSPL UGLPNLULSLECE SNOUPh 41U OreuUuLuuuL
NULULSULBAREED UM UNUUL SLSEUUEREUNLNSPUYUL
Ur8NpuudesneEe3Nput UURNRYD SULLGINRUT

U.z. QULUS3UVL, E.U. 2ZUSIUMES3UL, U.U. ZUrNkE3NHL3UL,
U.Q. #UUN3UL

Zuywumulh wlbnwul wepupuyhl huduyuwpub

Tupwnuyhtt ntumdbwuhpnipiniitbpny wwpqyky B np ghdknh thnohng
wnunujws  hnpbpnud  ptwljutt  hwbpuyhtt  dbjhnpuwtnubph (ghnjhn b
nughwuyhlt minid - 70 w/hw) $nuth ypu gndwnph (40 w/hw) b YEiuwhnwdniup
(5 w/hw) Jhpwpnudp byuwunt) £ udpniljh phppuinynipjut pupdpugduin
(22,0-67,4%) L wuniqutph dUkp Swup dbwnwnubtpp (Cu, Zn, Mn, Ni)
wunniuymput wjuqbkgdwin 13,7-25,8%-n: ®@npdh ponp nwppbpuljubpnud
udpniljh yuninubpnud thinpuntiph Ynunwynudp Enk £ URU-h uvwhdwtbpnud:

Fhwlwl JEjhnpuinnbkp - gnilwnp - Ehuwhnidniu - phppunnynijeni i —
owip Uknwunhkp - Ghunpuwnibp

Y CTaHOBJIEHO, YTO B 3arpA3HEHHBIX [IEMEHTHOHN MbUIbIO NTOYBaX MPHUMEHEHHE
HaBo3a (40 T/ra) u 6uorymyca (5 1/ra) Ha (poHE MIPUPOJHBIX MEITHOPAHTOB (IICOIHT K
anuToBbIA Ty - 70 T/ra) cmocoOCTBOBAIO 3HAYUTEIIFHOMY MOBBILICHIIO YPOXKAHHOCTH
baknaxana (22,0-67,4 %) u CHIKCHHUIO cofiepkaHus TsDKeNbix MetauioB (Cu, Zn,
Mn u Ni - 13,7- 25,8 %) B mogax. HakormieHue HUTpaToOB B Iuioax GakiiakaHa BO
BCeX BapuaHTax omnbiTa 0bu10 B mpeaenax [TIK.

TIpupoonvie menuopanmol - HABO3 - GUOSYMYC - YPOACAUHOCTD -
msicenble Memainsl - HUMpamol

In has been revealed that application of dung (40 t/ha) and biohumus (5 t/ha)
contributed to significant rise in yield of egg-plants (22,0-67,4 %) and fall of
concentration of heavy metals (Cu, Zn, Mn and Ni - 13,7-25,8 %) in the fruits on the soils
polluted with cement powder on the background of natural ameliorants (ceolites and
dacite tufa — 70 t/ha). Nitrate accumulation in egg-plant fruits in all the variants of the
experiment was within the limits of permitted concentrations.

Natural ameliorants - dung - biohumus - yield - heavy metals - nitrate

Zujuunwih Zutpuybnnipju nwpuwspmd jut wykh put 50 hw-
qup hbEjunuwup nkjpbwshtt wnununjws hnnkp, npnup quitynid B htnkbupy
qupqugus gniquunbnbuujui gnnhubpnid, mip dowljynud ki wpdbpunp
gnquunbnbuuljui Upujupnijubp: Ununnnjws hnnbpnid winpuhly nipbph,
wyy pynwd Swup dbnwnubph wuwpnibwlnipniip qqujhnpkt gipuqugnud £
uwhdwbuwght poyjunpbh jpnnipiniup (URT):
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Puwjut dbjhnpwtnttph, hwnljuwybu ghnjhnubph Yhpwnnipmiup
gnuunbnbunipjut dbe niuh jupbnpugnyb tywbwlnipnii: Fuuljut ghn-
hnttkpp hwighuwind o Eynnghwwybu wbduwbg  hwipugh
hnmudpwnbtuwlutp, npnup odndws L pupép wnunppghntt hwnlnipniuubpnyg
b Ebujul wqpbkgni-pinit G gopénid pwjupniyjutiph wéh, qupgqugdwl, pipph
pwtwlh b npwlh Jpuw (1, 7, 10, 11, 12]:

Uh pwipp ntuntdbwuhpnipniutbpny wupqyby k np Upwpunh gidtunh
gnpdwiputh opowlju hnnbpnid swup Uknwnubph §ninwlnudp puguuwpwn £
wqnnud Upwljupnyubph wdh, qupgugdut b unnugdws dpbpputph npuljh ypu
[1,4,5]:
Quwyws 2Z2-h wkjutwsht wnuinundws hnntph wwpwsdwt wnwwppbp
gnunpubpnd dwip dbwnwnubph b wy ninpuhl ympbph wupnitwlnipjut b
dwpynt hwdwp gputg Jquubquynpnipjut wunhduh yupqupuwbdwt ni-
nnipjudp Jipohtt dudwbtmjuopowunid juwnwpyby i puquuphy ntuntdw-
uhpnipiniuubp (2, 4], vwluytt wnunundws hnnkph Jepulnyunpjugdui, dup-
nnt wnnnonipjul hwdwp Eyninghwybu wijunwig pniuwpniswljut dpkpp-
ukph vnugdwt nkjuuninghwbp sk dowlyty:

Ui b JEpnn: OnpAwupupuljut wyliwnwbpitpp nupyt) Eh 2006-2008 pp.
Upwpwwuh dwpqh Upwpunh ghdbinh gnpswpwith opowlju mwpwsph nbjutiwshu
wnunnunyus (ghuktnp thnont ubkpgnpémipjutt 1-ht gnnh) gnpp Jhuwwbwwywwnwhl,
poy] hnudntuwghtt (0-25 ud hnnupbpunid hnidniuh pwbwlp sh ghpuquugnid 1%),
nidbn Juppnbwinughtt (Quuyyws CO2p Yuqunud £ 15,95-17,03 %) hnnbpnud, npnkn
onuyhtt pwpuwdpnid pH-p hhdwyht & (8,0-8,2):

Qwpuwghtt thnpdkpp gpytp oo jnp nwppkpuljutpny, tplp Gphungmpyudp
(w/hw). 1. Unwbg Uk hnpunubph (uinnighy), 2. 8knjhwn 70, 3. 8tnjhw 70 + gnuwrp 40, 4.
8tnihwn 70 + Ykuuwhniuniu 5, 5. dwghinught wmd 70, 6. Fwghwnwghtt mnd 70 +
gnuunp 40, 7. tughiwghtt vined 70 + Yhtuwhnidniu 5:

Onpdwdwpghnh dwljtptup oty £ 50 d? (10,2 x 4,8 U): Ywpnuyhtt thnpdkpnid og-
wnwgnpdjws hwipuyhtt Ukjhnpuwtnubpp b opquibwu ywpwpunwiynipbpp npdl) Eu
qupbwip® honh hhdbwlwt douldwt dudwbul:
dhgbnnwughuyh pupwugpnid Juunwpgl] b udpniih wéh nt qupqugdwu dhuninghw-
Juib phnwupynudutp b jEhuwdbnnphly swhnwdubp:

Nputu thopdwiynie oquuugnnpsyty k udpniyh obplwith mnuljwuo unpup, npp
wybjh pwl 20 wuph pppwbugus L Zuywuwnwith wuppkp hnquljjhdwywljut gnup-
ubpnud, wyn pynud b Upwpwnjut hwppwduypnd:

Onpdwpwpuwlwt  wpiwwnwupubph  wmwphubphtt  uwdpnijh uwshinuip Yu-
wnwpyb] E dughup wewehtt mwubiopjulnid: dhqhnwghwyh phpwgpnid Juwnwpyl) bu 3
punhwi-thjupkgnud, 2 pniljihg b 500 U3 tnpuwyny 17 opnid:

Ptpph hwoqunnudp juwnwpdty k punn hwuntbwgdwt thnybph, snpu whgud:
®npdtph wpyniupubpp upwpldl o Jhdwujugpujut dpuldwt’ pun nhuwbtpuhnt
Jtpnisnipjutt Ubpnnh, thnpdh upowh (Sx,%) b wdbbwijuqugny bwwb wwp-
phpnipjul (UES, g) npnonudny [6]

Upynibpikp b palwplnid: twpnught thnpdbiph wpngniupubpp gnyg ku
wnyk], np hwtpughtt dkjhnputnutpp b nputg dnuh Jpu opquiwmlu wu-
pupuwnipbpp npnowlh wqpbgnipnit Eu niukgly ut[pmlﬂl wdh, qup-
qulgthuh phpp}l pwtwlh U npuwljuljwi gnigmthoubph Ypu:

dhunthny kpny juunwpuws nhunwpynidubpp gnyg hh wnyk), np ghinjhwup
b nughunwhtt mnidp b pputg $nuh Jpuw gndwnpt nmt jEuuwhnudniu
uwshjugniihg htinnn pnyubiph uljqpuwut thoybph' Ynhnbwludwui b swnl-
dwt, pniyjubiph wéh b yhghinnwnhy dwubph qupqugdwi ypu buljut mgqnbkgni-
pintl skt niubgl): Uwluyt ungup sh Jupkh wub] hbnwgu thonygbph wogdw
nlnqmpjut b hwnjuybu wunigukph Abwynpdwi ot hwuntbugdwt
thntph YEpwpbpyuy:

Gpl wnwg Ukjhnputwnubph (unnighs) b ginjhnh nt nughwmnughtt iinidh
nwuppbpulubpnud vwshjugnidhg dhtsh JEpghtt yyuinigubph hwjwpp poyubkpp
wligh) Eu 139-141 opkiph pupwgpnid, wyw dkjhnpuwtnttph $nuh Jpu gndwnp
b JEuuwhnidniu vinwgus nuppbpuljubpnid® 148-151 opbipnid:
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Juunupjws nunidtwuhpnipnibibnh JEipnsmpjudp yupqyl) k np
opquitmljut wpwpunwiynipbiph wqpbgnipjuin ] udpnijh Jhghnwughwt
dqaqyty Lk, puyg hpwlwinud wyy mwppkpuljubpnud  poyubpt wdl] B wdkh
thwppwd, niukgh] o Unig jwbwy gnylt, wyunmnubpt wydkh wpnne nt
hjnipwhthG, pwi  dhuytt  hwbpuyhtt  dhhnpwbniubp  unwugus
wnwuppkpulutphup, npt i hbnnwquynid wpnwhwyngby k ppph puwbwyny:

Zuupuyhtt Ukjhnputnbpp muppbp wqpbgnipni o niubkglk] udpniyh
phipph pwlalih b npwh Ypu

Bpynt mupu dhoht wfjuutpny, ek ghnjhnh wqpbgnipjui nwy
udpnijh pipph pwbwlp unnighsh hudbdwnmpjudp tduqb] k 23,3 g/hw jud

,8 %-ny, wyuw nughwnuht ninibh wqnbgnipyudp ny dhuyt sh wjuqby), wyy
unnighsh hudbkdwwnnipjudp hwybjjuy pbppp Juqul) k84,9 g/hw jud 35,8 %
(unyniuwly 1):

Unyniuwyy 1. Zwupuyhtt dbhnpuntbph $nth Jpu opqutwjut wuwpwpunwiynipbph
ogunnugnpddwl wqnkgnieiniup udpniyh plipph Yypw (g/hu)

Niunidiwuhpniejui
Ptpph hutynudp
®npah nuppkpuljikpp wnwphlikpp 21}‘;1“11{1111“1
2007 p. | 2008p. | TEE | ghw %

1. | Uunmghs 247,0 227,0 237,0 - -
2. | 8knghwn 70 w/hw 2269 200,6 2137 | -233 9,8
3. | Stmthw 70 w/hu + gmifunp 312,8 2827 | 2977 | 607 | 256

40 w/hw

8knthin 70 w/hw +  Yhkuwhnt
4| S wb 304,1 2742 289,1 52,1 22,0
5. | Tughwnwjht vintd 70 w/hw 341,8 302,0 321,9 84,9 35,8
6. | Twghwuhti i 70whus |y g 3770 | 3969 | 1599 | 675

gnuunp 40 w/hw

Twughnughtt ined 70 w/hw +
7 | Yhtmwhnuogg 5w/ 408,0 360,0 3840 | 1470 | 620

Sx, % 0,4 0,7
UESoss, g 4,6 5,7
Unniuw wjukphg ulpqn ny bkpbnwd E np hwbpwght
L[h]_bnpmhmhh w o qu1 wljul ywpw mmh]nqzhp]} ]:ulllmh
ulqr}hgnLIa]nLh pnrl

an ptnp m%huugl[ Jpur: Quwjw
np gk n wnh wp E nuI ppg juqby kE, uwljuyi uljllthm]
Jpw gn u1 pl nu Lli‘h uwhnudniup wykjugpky Eu udanll]{nl npp b nh
huldhdulmnqa wd h hwybnid hulLlIl wwnwupwbwpwp juquby
k8409/hu111u11[ §93 754 w Juu 35,3%

Qnuwnp nu hhuulhnL niLup 1’}1119 mm]hh Lnan[)h htwn dhwuht
llll.gl]ll pwnpd ulpr}]nth ki wywhnyt): Cun npnud nughunw bh wnnidh

w lﬂl;huulhmdmu Jhpuntjhu phppb hulL]'lJ]_l’lLL[]'_l tnjhwnh wnwp-
phpuﬂl hunfbuuwnne ]unI wqunud E 94,9 32,8 %, huly
qnlhqu Yhpwnbihu' hw uld 33,3 %:

Utp Qupdhpny ghn]_]g-mh i I}ulghmul u an?Phh u1q Egnipjut tdwb
wnwppbpnipnt Eh puguunpynmd £ tpwbing, hp]} Ehr}uuﬂz‘u]}
wupnitwlnud tu 0,12-0,23 % uﬁmLp 11 2,2-2,7 % E
hwtnip jujhnud: Fugh w ghné]wmr{lhp]} nth:l'iJuanLI[1 Uhowuypnid 3
tuyht nbwljghw umulgulg{ﬂ;]_nL wwnlnipnil, tyuwuwnnid kbt hnnph h
hul Jjumpjut pupdpugdwip, npp wijuulws ]}zulguluulpul Ew
1‘}1111’1&]1]_, bh bu tw lg{hhnul Uk El.l nnuhg niunt huluhp ]{1111 %];

“tulmul hhb ulhu 1 wju pk ulan udpniljh
qulpqulg wi b phpp
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Twghinuwhtt winidh  hwdbdwwnwpup gpujut wqpbgnipmiup
udpnijh wé&h, qupqugdwt b pEkppuwnynipjut Jpw, puguwwnpynid k
tpwuny, np wju hwipwnbuwlnd pughwinip jujhnidh wupnibw-
Ynipjniup hwutnwd £ 10-12 %-h: Uju dhwdwdwbwl niuktwny pupdp
dwlnunljEunipnit, Juinud b ywhmd £ hnpnud tnwsé wydbknpny juntw-
Ynipynitp b tpwiunid nisduws hwupwjhtt ubinuunwppbpp, Yhghinw-
ghwjh pupwugpnid wunhdwbwpwnp dwnwljupupnid pnyubphl, npb
byuwuwnnud E pippunynipjut pupdpugdwin (7, 8, 9]:

Udpnijh wuniqubpnmd npnoyl) B twl thunpuwwntubkph wwupnt-
bwlnipniip: Uy tyyuwwnwlny pnnp Eptp Yplunnnipniutph jnipw-
pwisjnip mwppkpwlhg puwnpydl) Eu 5-wljwt wuningutp, npnoyt) thwn-
puntbph wwpnibwynipniup b hwoddbtp dhohtt wfjuutpp: bPuswybu
gnyg Lt mwihu wpmniuwly 2-h wndjuubkpp, thnpunubph pwbwlne-
pntup udpnih wunpubpnd JEY Yg hnd quiquénid bnbkp k
poyuwnpbh jpnnipyut vwhdwbtbpnid® 118,7-142,5 dq: Fwg qpnii-
nibpnd  wdkgpus  udpnilh wwunigubpnd  thwnpwwnibph  wwpne-
bwlnipjut  vwhdwbuwhtt  poyjunpbih  nnipniip juqund  E
150 dq/lyg [3]: Quuwyws opquiuwlubt wwpwpunwiyniptnh tbkpgnpént-
pjudp udpniih ywuninubpnid npny swthny (12,1-24,3 Uq/ljq) wmykjughy £
uhwnpuwntbph wwpnibwlnipniup, puyg b wyjtybu wy pnnp nwppk-
pulutpnid gunuynud E ponyjunpbjh tnpdwbph vwhdwbubpnid:

Unyniuwly 2. Zwpuyhtt dbjhnputintibph $ntth Jpw opquimljuta
wuwpwpwigniphph oqgunugnpsdwt wqpkgnipniup udpnilh yuninubpnud
thnpuwnbbph Ynunuldwt ypu (Ugq/ljq hnid quqyusnid)

Miuntdiwuhpnipjut
®npdh nmwuppkpulikpp wwphtikpp 2 u:Iuliplllli? kph
2007 p. | 2008 p. ghhn

Uwnighy 127,0 109,4 118,2
8tinjhwn 70 w/hw 124,4 109,5 133,9
8tnjhwn 70 w/hw + gnuwnp 40 w/hw 141,3 143,8 142,5
8tnjhw 70 w/hw + YEtuwhnidniu 5 w/hw 136,8 139,0 137,9
Twghwnuyhtt intd 70 w/hw 125,2 112,3 118,7
Trughwnuyghtt tinid 70 w/hw +
anifump 40 w/hus 140,8 130,4 135,6
“rughwnughtt iind 70 n/hw +

137,7 122, 130,2
Ykuuwhnidniu 5 w/hw 3 8 30

Lupnpunnp hbnnwgnuinipiniutbpny ntunidbwuhpyt) £ udpnih
wuniubpmd dwup dbwnwnubph nunwldwt htnbuuhympmup b
wupqyk) k np thopdh ponp nuppipuljubpnid tjuql) E swbp dbwnwug-
utipnh, hwnjuwktu Cu-h, Zn-h b Mn-h wupnibwlnipjniup, hwnjuybu
puwut Uk hnpwbwnubph hkwn opquwljut wwpwpwnwiyniptp Jhpun-
Jws nwppbkpuljubpnid: Cunn npnud Gpljnt mwpduw dhohtt nnfjuitkipny
uwnnighs mupphipulh hwdbkdwnnipjudp Cu-h pwbwlp tjwqly £ 2,5-3,0
Ug/lq ud 20,2-24,2 %-ny, Zn-p* 1,9-2,6 Uq/lq Jud 13,7-19,5 %-ny, Mn-
n' 1,2-1,5 dg/yq Yud 13,7-17,1 %-ny: Npny swithny tdwqly k b Ni-h wuw-
potbwlnipniup (0,5-0,8 dUq/lg Yud 16,2-25,8 %), hul] Pb-h wwpni-
twlnipiniup kujut thnthnhnipenit sh Ypk (wpnruwy 3):

85



U.Z. QULUSSUL, E.U. 2U8rUMES3UY, U.U. 2ULrNkE3NRLEUL, U.L. @UUNSUL

Unyniuwly 3. Zwupuyhtt dbjhnpuntibiph $ntth Jpu opquitmljut wwpwpunwiynipbph
ogunugnpsiwt wgqptignipmniup udpnijh wuniqubpnid swup Uknwnubph jninuldwi
Jpw (Uq/lq snp tynipnid)

2 muphttph dhghtip
Dnpd Epwljuk
npdh inwpptpulitp Cu |Zn| Fe | Mn] Pb | Ni | Mo
1. |Uwnnighy 12,4 | 139 | 36,6 | 88 2,2 3,1 <0,2
2. [8tnihn 70 w/hw 11,4 | 131351 | 78 | 21 | 28 | <02
5. |Stmthwn 70 w/hu + alunel oo | o337 | 73 | 20 | 26 | <02
40 \n/hw

8tnhwn 70 w/hw +  Jkhuwhni-

\fntu 5 w/hw 9,6 11,2 | 335 | 7,3 2,0 2,4 <0,2

5. | Twghwnwghtt unid 70 w/hw 10,4 | 12,3 | 35,6 8,0 2,1 27 <0,2
6. | Tughwuwhl nnip 70 w/hu + 98 |11,7]351 | 76 | 20 | 25 | <02
gnuunp 40 w/hw
7. | fughwiuyhtt nned 70 w/hw +
Ukbuwhnwiniu 5 whw 9,4 11,3 | 34,1 7,4 2,0 2,3 <0,2

Ujuyhuny Upwpwwnh nwpwdwopowh ghdktnh gnpswputh
ghidktimh thnont wqplgnipjutt wnweohti gnuint hhdtwhtt nEkwljghw
niubkgnn hnnbtpnud, Jhuwju ghnthn jhpwnbihu, wju npnpwlh swthny
pugwuwlu E wqpl] udpnijh wdh, qupqugdwt nt pippunynipjut
Jpu: Bphynt nwupdu dhohtt nfjujutpny dhwyt ginjhnn uvnnwugws nwp-
pipwynud udpnilh phppp Wjwqb) t 9,8 %-ny, npp puguunpynmd k
tpwuny, np ghnithwp nith hnnh hhdbtwjunipmiup  pupdpugitine
hwwnlmpmnit, pwgh wny tpwind P L K ubbnuwuwppbpp jud
puguuynid Eu Jud susht pwbwlnipjudp Gu:

Twghwnwhtt mnidp, unyuhul] wpwtg opqubwjut Wwpwpunw-
ynmipbph, Jhuiquuwju npuljut £ wqnpk) udpnijh wsh, qupgqugdub b
pippuwnynipjutt pupdpugdwui Yypu: Uwnnighs nmwppbpulh hwdbdw-
nmpjudp pipph hwybnudp Juqut] k35,8 %: dbpohtiu wujdwbw-
Ynpqws k wyn dbjhnputinnnid jujhnidh pupdp gupnibwlnipjudp (10-
12 %), htyybu bwl pupdp Swnnjunipju otinphhy hnnuyjht, onuyht,
opwjht nt uttinujht nkdhdubph pupbjwynudny:

Zmpwjhtt Ukjhnpuntubph $nth Jpw opqutwljutt ywpwpwnw-
ynipbph (gnuunp, jEiuwhnidniu) Jhpunnidp gpujut L wqnt] udpnt-
Uh phippuunynipjut pupdpugdut ypu: Uyn mmwuppbpulutpnud pipph
hwybnup fuquty £52,1-159,9 g/hw wd 22,0-67,5 %:

Swoén phpphnipinit nitkgnn b wgqnuiny pny] wwywhnddws
hnntpnud gndwnph 40 w/hw b jEuuwhnidniuh 5 w/hw swthwpwbwl-
ubkph Yphpwpnidp bwljuunpkt sh pwpdpwugpbk] thunpwwntbph wwpnt-
twlnipniup udpnijh wunmnubpnud: @npdh pnnp nuppkpuljubpnid
thunpunttph qupniiwlnmpmniup qunidk) B uwhdwbwghtt pnyjuwnpkh
hnnipjut  (UR) opowtwlubpnid: Unwydbl] Juwbquiynp  dwtp
dUbknwnutpny (Cu, Zn, Mn, Ni) wnunujwé hnnbpnid Yhpundws
hwupwjhtt Ubjhnpwuwntubpp b nputg $nuh ypw opquimjutt yuwpwp-
nwiympbpp udpniih wunmnubpmd 13,7-25,8 %-ny uuqbgpbk] Bu
wnudh, ghuljh, thyth b dwbquuh ubkppwihwignudp, twwuwnbng
Eyninghwwytu dwpnip b dwppnt wpnpenipjut hwdwp wbdunwbg
ubtinuuptpph vnwugdwn:
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O CUHYCOUIAJIBHBIX KIIETKAX IIEYEHMU IITHULL

K.A. JUKUBAHSIH', H. B. AJTIAMSIH®

i .
EpeSaHCKMM 20CyHUsepcumem,

2 . . . .

FIOM]?MMCKMM eocy()apcmeeHHbm neoazo2u4eckuil uncmumym

B crarbe omnmcheBaroTCS HEKOTOPLIC Cy6MI/IKpOCKOHI/I‘-IeCKI/Ie 0COOEHHOCTH
SHAOTCIIMOLMUTOB U 3BE€3AYATHIX PETUKYJIOLMUTOB B IIEYEHU JOMAIIHUX KYP. B uucne
CHHYCOUJAAIBHBIX KJIIETOK BbISIBJIEHBI U OIMCAHbI TAKXKE JIMITIOLUTHI.

Ieuens - dnoomenuoyum - Kyngeposckas Kiemka - Iunoyum

Znppusnud  tjupwgpynid Eo wbwghtt hwygbph pgupnh tugnpbjught
pohottinh b wuninudl nknhynynghnitph dp pwh Eipudwipughnwlught
wnwbdtwhwnlnipnitubpp: Uhtintunhnught pohotibph pynid puguhwynyty

b ujupwgpyk) ki twl thynghwntbpp:
Lywpy - Eipnpljuyhl pohe - Yniypliph pofo - jhuynghun

Some submicroscopic features of endotheliocytes and Kupffer cells in the liver
of house hens are described. Lipocytes are also revealed and described among
sinusoidal cells in the liver of hens in the article.

Liver — endotheliocytes - Kupffer cell -lipocyte

[lewyens, camas KpymHas TUIEBapUTETIabHAS XKelle3a, Y BCEX MO3BOHOY-
HBIX )KHBOTHBIX SBJSIETCS EHTPaIbHON JabopaTopueil opraHu3Ma 1 BBITIOTHSIET
HENBIA Psill BAXHEHIINX (YHKIUHA, HANpaBICHHBIX HAa COXPaHEHHWE TOMEOcTa3a
I[EJIOTO OpraHu3Ma, BKIII0Yas aHTHTEHHOE MOCTOSHCTBO ero cTpykTyp [1]. CBoun
MHOT00Opa3Hbie ()YHKIIUH TeYEeHBb BBHITIOJIHSAET Onarofaps CIOKHEHIINM B3aHMO-
JEHCTBHUSM MEXy MTAPSHXUMATO3HBIMH U CTPOMAJILHBIMU KJICTKAMH.,

[Momynsiiuy CTpOMAaNTbHBIX KJICTOK MEYSHU YCIOBHO OObEAMHEHBI IO/ Ha3-
BaHHUEM ‘“‘CUHYCOUJANbHBIC KJICTKU . Y MJICKONUTAIOUIMX UX KOJUYECTBO PABHO
MIPUMEPHO TPETH BCETO KIIETOYHIIOTO cocTaBa medeHu [2]. OO0CcTosTensHOE OH-
CaHWE KJICTOYHOM KOMITO3UIIMU MIEYCHOYHOTO0 CHHYCOU/A IO3BOJIUIIO B MCYCHH
MJICKOITUTAOIUX AU(PEPEHIIMPOBATh YETHIPE BUAA KIETOK - YHIOTCIUOIHUTHI,
3BE3MUaThIC PETUKYIO-dHAOTETHONUTH (Kinetku (ou Kymdepa), skmpoHakar-
JIUBAIOIINE (JIUMIOLUTHI) U 0c00ast Pa3HOBUIHOCTh CHHYCOUIHBIX KJICTOK, HAIo-
MUHAIOIIUX €CTeCTBeHHbIe KieTku-kuwiepbl (HK- knerkw) apyrux mnokamu-
3ammid. B nuTepaType HaKommMIOCh OOJNBINOE KOJIMYECTBO MAHHBIX O POJH
Ha3BaHHBIX KJIETOK, 00ECTICYHBAIOIINX YIACTHE TIEYEHH B UMMYHHBIX PEaKIIHIX
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OpraHM3Ma M PEryJSIUI0 YHCICHHOCTH W poiudepaTMBHON aKTHBHOCTH
renatonuTos [3-7].

B namy 3amady BXOIWIIO METOJOM 3IIEKTPOHHOMUKPOCKOIMYIECKOTO HC-
CJICIOBAHUS OINUCATh CUHYCOMJIANBHBIC KJICTKH MEYCHU OIHOTO M3 IMPEICTABH-
TeJel Kiacca MTHIl — TOMAITHEH KyPHIIBL.

Mamepuan u memoouxa. PaGora Obuia BBIIONHEHA HA 4-X HETYIIKaX 5-6-Me-
csiaHOTO Bo3pacrta. OOpa3ipl neyeHn (PUKCHPOBAIM B TEUCHHE ABYX 4acoB B 2,5 %-HOM
pactBope riyrapanbaeruaa Ha 0,1 M kakogunarHom O0ydepe pH 7,4, u nanee B TeueHue
yaca B 1%-HOM pacTBOpe YETHIPEXOKHCH OCMHUS Ha TOM ke Oydepe. OOe3BokKMBaHUE
MIPO-N3BOJMIIN B CIIMPTaX BO3PACTAIONIEH KOHLECHTPAIMN U 3aJIMBAJIN B CMECh apasIbAuTa
u ornoHa 812, ¢ WCIOJNIB30BaHMEM OKCHUIIPOIWIICHA Uil YJIy4YIIEHHS U YCKOPEHHs
mpouecca TNPONUTKH. YJIbTPATOHKUE Cpe3bl TONMMUHONM 50 HM TOTOBWIM Ha
ynerpamukporome LKB 8800A u mocne koHTpacTupoBaHus o PeiHonpacy n3ydanu u
tdororpadupoBanm B 3meKkTpoHHOM MuKpockorme Tecma Bs 413A m Bs 500 mpu
yBenuuenun 5250, 10000 u 17000 x.

Pesynomamut u obcysycoenue. IlpoBelieHHbIE HAMU MCCIIEIOBaHUS I103-
BOJIITM B YMCIIE CHHYCOUAAJBHBIX KJIETOK B NICUCHH JIOMAIIHUX Kyp BBISIBUTH H
OIMCcaTh, IOMUMO SHIOTEIHUOLUTOB, MAKpO(hark 1 >KUPOHAKATIIMBAIOIIHE KIIETKH.

Cunycounansaele Makpodaru (kinetkn Kymdepa) B medeHH AOMAaLIHHX
Kyp, TAKXK€ KaK Yy MIICKOITUTAIOIINX, UMEIOT 3Be314aTyio Gopmy (puc. 1).

Puc.1. DHporenuansHas (cripaBa) U KyngepoBcKas (cieBa) KICTKH (a)
1 sunonut (0) B eYeHu noMamrHei Kypunbsl. YB 10000 x.

OHu pacnonaratoTcsi MeXay renaToluTaMy U SHAOTETHAIbHBIMU KIIeTKa-
MH, CHApYyXH OXBaThblBasg mocienHue. YepBeoOpasHble Tena, BIIEPBHIE ONUCAH-
HBIE B [I€YEHH MJIEKOINIUTAIOMINX B paboTe [8], MO3BONSIOT OTJIMYUTD 3Be34aThie
PETHUKYJIOUUTHL OT APYTUX KIEeTOYHBIX (hopM. OHU pa3BUBAIOTCS Kak TpyOuaThie
VMHBAarMHALUK IUIa3MaTHYeCKO MeMOpaHbI, KOTOpPHIE 3aTe€M MNPEBPALIalOTCs B
IIEPEeKPYUYCHHBIE B LUTOIUIA3ME TEJIA CO CIOXKHBIMH OTBETBICHHUSAMH. YCThEM
OHHU BBIXOAST B MEKKJIETOUYHOE MPOCTPaHCTBO. B Makpodarax meyenn momari-
HHUX Kyp 4epBeoOpas3Hble CTPYKTYphl MAJIOYUCICHHBI M Hepa3BeTBieHbl. Kym-
(epoBckHe KIETKH OTJIMYAIOTCS XOPOLIO PAa3BUTOM 3€pHUCTON 3IHIOIIIA3-
MaTU4YECKOH ceThio, cocTosAlled U3 IUIOCKUX LMCTEpH, C IUIOTHO paclo-
JIO’KEHHBIMH pUOOCOMaMHM Ha MOBEPXHOCTH. MUTOXOHIpUH B KieTkax Kymndepa
OTHOCHUTEIILHO MEJIKHE, HO KPUCTHI B HUX PACIOJI0KEHBI JOBOJIBHO IIOTHO.
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OHIOTENUOIMTHI B CTEHKaX CHHYCOHJIOB TIEUeHH JOMAIIHUX KYp CO CBOEH
SIIpOCOACPIKAILlel YacThi0 BHAIOTCA B TNpocBeT cuHycomna (pucl.a). B mx
[IUTOIUIa3Me OOBIYHO UMEIOTCS 2-3 MWHOLUTO3HBIE BaKyOJH. Spo sHAOTENNO-
IIUTOB OOJBIIOE, CBETIIOE, arperarsl reTepoXpoMaTHHA HEOOJbINNE, pPacIo-
JIO’KEHBI TJIABHBIM 00pa3oM Mo sJIepHOIl MeMOpaHoil, B cpe3 momnagaeT 00bIYHO
OITHO SIAPBILIKO. SnepHas MeMOpaHa SHIOTENUOLUTOB UMEET MHOXKECTBO 3a4ac-
TyI0 TIyOOKHMX HWHBarvHaInwii. B TepukapuoHe M NHUTOIUIa3MaTHYECKHUX OT-
POCTKax SHIOTEIMOIMTOB HMEIOTCS PaCIIMPEHHBIE IUCTEPHBI IIEPOXOBATOM
9HJIOMJIA3MATUECKOH CETH, MOKPBITHIE CIUIOMIHBIM CJIOEM pPHUOOCOM, HaOIo-
JAIOTCSI M JIPYTHE KJIETOYHBIC OPTaHOWABI: MUTOXOHIPHWH, TIaaKas JHIOIUIA3-
MaTH4YEeCKasi CeTh, JIN30COMBI, SJIEMEHTHI ITUTOCKETIeTa.

JlunonuTel B TIEYEHU Kyp UMEIOT oTpoctyaryio (opmy (puc.1.6). Onu
JIOKaJTU3YIOTCS TIOJT SHAOTENNANBHBIM OapbepoM B mpocTpaHcTBe Jucce. Smpa
OBaJIbHbIC WJIM NHPaMUAAIBHON (OPMBI, PEIKO — OKpYIJble. YIbTPacTpyK-
TYpPHBIM TPU3HAKOM JIUIOIUTOB CITy’KaT KaK MHOTOYUCIIEHHBIE KAIlUTH JIUITH/IOB,
TaK ¥ XOPOIIO Pa3BUTHIA KOMIUIEKC ["ONbIKH, YTO CBHIECTEIBCTBYET 00 aKTHB-
HBIX MpoLeccax CHHTE3a JIMIHUIOB B 3THUX KJIETKaxX. B muToruiazMe JIMIIONUTOB
UMEIOTCSI MHOTOYHWCIICHHBIE CBOOOJHBIE PHOOCOMBI. JIMMONHUTHI OTIUYAIOTCS
HEOONBITNM KOJIHYECTBOM MHUTOXOHIpwH. OHM MeNKue, ¢ HeOOJBIIUM KOJH-
YecTBOM KpHCT. JlumuaHble BKIIOYEHHS] HE OTpaHHuYeHBbl MeMOpaHOW. Mexmay
KaluIIMU JIUMHOB B IMTOIJIa3M€ JIMTIOUUTOB OBIBAlOT Pa3OpOCaHbl TPaHyJIbI
TJINKOT€HA.

Takum 006pa3oM, SHIOTEIUOUUTHI, MAKpO(aru U JUIOIMTEI B TIEYCHU KYp
[0 CBOUM YJIBTPaMHUKPOCKONMYECKHMM OCOOEHHOCTSAM HMMEIOT CXOJCTBO C
OIHOMMEHHBIMH KJIETKaMH B T€YeHH MIIeKonmuTarmux. OJHako Marepuan u
METOJl, KOTOPBIMH MBI paclioyiiarajii, He TO3BOJMIN OTBETUThH Ha BOIPOC O
HAJTMYUH TOMYJISIUHA HATypaJIbHBIX KIIEPOB CPEIH HEMapeHXMMATO3HBIX Kile-
TOK B TIEYSHH OMAITHHUX KYP.
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