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TPOHVJICHAL... TE L

Yeaxcaemole yumamenu, asmopesl u peu8H36HmbI!

HakoHeu, npuwan aeHbrn ot HOUKOH ans Hawero ganbHeruwero passutus. B 6aunxanwee Bpe-
MA 6yayT BbINONHEHbI BbINAaTbl aBTOPAM M PeLLeH3eHTaM, COCTaBUTENAM M KOPPeKTopam, NepeBos-
YmKam n gm3anmHepam. KoHEYHO, NPUATHO NOMYYMUTb BO3HArpaXkaeHue 3a paboty. OaHaKo ropasao
Ba)KHee NOHMMaTb, YTo opraHnsoBaHHaa HIUKOH cuctema 3apaboTana, YTo NOABAAETCA HALEeXKAa
Ha OCYyLLLeCTBAEHNE NOMOLLM BbIOPaHHbIM }KYPHanam 1 B TEKYLLLEM rogy. 3TO OKpbIAaeT. MoXKeT 6bITb,
JaXKe yaacTca A40CTUYb NAaHuMpyemoro pesynbraTa, Ckonyca.

OpfHaKo A4na 3Toro Mano BbINOAHUTE GopManbHble TpeboBaHMA. HyXHbl «xopolumne» cTaTbu. Mo-
yemy KaBblYKM? [ToTOMy 4TO He 06 OLLeHKe Hay4YHOTro KayecTBa UAET peyb. 34eCb He YATU OT CYOBbEeKTHU-
BM3Ma. [1pOCTO HaM HYKHbI CTaTbW, COOTBETCTBYIOLLLME MOIUTUKE HALLEro KypHasaa no TPem r/1aBHbIM
KpuTepuam. MokKa ke MM COOTBETCTBYET MEHbLLAA J0N5 NH060ro BbinycKa.

YT1o 370 3a KpUTEPUN?

CTaTbM AONXKHbI ONUCbIBAaTb 06bEKT Buonornyeckor akonormn. Cenyac noa skonornen nogpas-
ymeBaeTcA BCce YTo yrogHo. bonble Bcero ctater No 3HBAMPOHMEHTONOIMM, a TakKe GU3nNoNornmu
(6Buoxmmmnm). Mpm sToM NOpPoOn TeMbl cpeabl (3arpsasHeHns) unm opraHnsma (GmMsnonormus) HacToNbKo
npeobiagatoT, YTO NPUXOANTCA NOACKA3bIBaTb aBTOPaAM, KaK NpMAaTb CTaTbe 3KONOMMYECKUN ayx. A
Mbl Obl XOT€NIN BUAETb K4UCTbIEN CTAaTbW MO IKONOTMM 0COOM, NONYAALMM M COODLLECTBA M YMTaTb NPO
¢hu3uono2uo HA00P2aHU3MEHHbIX CUCTEM.

CTaTbW A0NXKHbI ObITb 3KOIOTMYECKMMM MO AYXY, T. €. FOBOPUTb HE MPOCTO O daKTax, a 0 NpoLieccax.
Mbl nepectany NPMHUMATb K paboTe pyKOMMCK CO CMMUCKaMM TaKCOHOB MM BELLECTB. IKOIOTUA UC-
cnenyet MexaHU3Mbl YCTOMUYMBOCTM NPUPOAbI, FOMEOCTa3 S3KOCUCTEM (B LLUMPOKOM CMbIC/IE). B aTOM
KNtoYe A0/IKHbI PaCCMaTPMBATLCA Nt0bble TeKywme n3MeHeHUA U TpeHapl. K coxkaneHuto, ecam npo
TpeHAbl HalWW aBTOPbI eLle NULWYT, TO NPO MEXaHU3Mbl SKONOMMYECKOro roMmeocTasa — O4YeHb pea-
Ko. OZHaKO Mbl MO/IHbI ONTUMM3MA. IKOJIOFAaM NPOCTO HEKYAA AETbCA — MPEXHAA YCTOMYMBOCTb (Ha-
npumep, KIMMmaTa) HapyLlaeTca, NPUAETCA 0TBeYaTb Ha BOMPOC «YTO AeNaTb?»

CTaTbM OO/IKHbI COAEPXKATb BbIBOAbI, AOKAa3aHHbIe CTAaTUCTUYECKN UAN SKCMEePUMEHTaNbHO. K co-
YKaNIeHUIO, 3a4acCTy0 aBTOPbl OFPAHMYMBAIOTCA KOHCTATauMen cepuii pakToB, MHOTAA BbIPAXKEHHbIX
perpeccMoHHbIMM TpeHAaMKU. MOXKHO TONbKO MeyTaTb O BpeMEHaX, KOraa »Ke 3Kos102u byayT cTpouTb
CTPYKTYPHblE ANHAMMYECKME MOLENMN, NAPAMETPbl KOTOPbIX MMEHT CYLLLECTBEHHbIN 3KONOFMYECKNIA
CMbIC/A. YNYCKatOT OHU M BO3MOXKHOCTU pecamMninHra (paHgomusaumm mn bytcTpena), YHUKaNbHOTO
MeXaHW3Ma CTaTUCTUYECKOrO OLEHMBAHMA A1A AaHHbIX N1060ro TMNa, B TOM YNCAE KHEHOPMA/bHbIX».
Korga akonoru nomyT, 4To 4N1A NOCTPOEHUA AeHAPOrPaMMbl CXOACTBA BUAOBbLIX CNMCKOB Heobxoau-
MO a) ybeauTbca B penpe3eHTaTMBHOCTU CPaBHMBAEMbIX ONMUCAHUIA (AOCTUIHYTO NAATO KPUBOM Ha-
CblweHua), 6) BbINOJIHUTL PECAMMIUHT /15 YCTAaHOBNEHWUS YCTOMUYMBOCTU KnacTepusaumm? K cyacTolo,
CTPaHMLbI HALLEero KypHana HecyT NoAobHble NO3UTUBHbIE MPUMEpBI.

KpuTtepum cylecTBytoT, HO NPaKTUKa AMKTYET MPUMEHATb UX KMATKO», UCMO/b30BaTb HE A4/1A oTce-
Ba CTaTbM, a ANA MOMOLLM aBTOPY B NPUAAHUM SKONOTMYECKOro BEKTOPA NPM KOMNOHOBKE MaTepuana
pykonucu. K c4acTbio, HalM BbIMYCKU COAEPHKAT HEMANO NMPUMEPOB «IKONOMMYECKU MPABUIBHBIX»
ny6ankaumnii. OctaeTca, NpaBAa, MeyTa, YTobbl B KypHane ctanm 6onblue Nny6AMKOBaTbCA M3BECTHbIE
aKonoru. MNoKa Haw *KypHan He B CKonyce, OH Mano MM MHTepeceH, HO BonTK B Ckonyc 6e3 cTaten
BbICOKOPENTUHIOBbIX UCCAea0BaTeNEN — CNOXKHO. KaK-To Hago pasopBaTb 3TOT Kpyr. HOMKOH B no-
moub!

YBarkaeMble aBTOPbI, *KAEM BalLn pyKkonucu!

B O6bABNEHMAX MOXKHO NPOYECTb O HALLIMX KOHKYpCax CTaTel 1 peLeH3nii.

C HeuzmeHHOoU 20moB8HOCMbIO K cOMpyoOHU4Yecmay,
peoKosnneaus 31eKMpPOHHO20 HYPHAA «[TPUHYUMbI 3KOM02UU»
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CHROOCOCCUM

Huoicecopoockuii cocyoapcmeennwiii ynusepcumem um. H. U. Jlobaues-
ckoeo, 603950 Huoxcnuu Hoseopoo, np. I'acapuna, 23, HHI'Y, kopn. 1,
Kageopa sxonoeuu, ele77785674@yandex.ru

Huoicecopoockuii cocyoapcmeennniii ynusepcumem um. H. U. Jlobayes-
ckoeo, 603950 Huoicnuii Hoseopoo, np. I'aeapuna, 23, HHI'Y, kopn. 1,
Kageopa sxonoeuu, re-ka@mail

Huoicecopoockuii cocyoapcmeennwiii ynusepcumem um. H. U. Jlobaues-
ckoeo, 603950 Huoxcnuui Hoseopoo, np. I'acapuna, 23, HHI'Y, kopn. 1,
Kagedpa sxonoeuu, sabcor@mail.ru

AHHOTauuA: B HacTosillee BPeMs CMOCOOHOCTb Pas/IMYHbLIX LUTAMMOB
Azotobacter BcTynatb B cMMBMO3 C MLIEHULEN MATKOW U BAUATb Ha pas-
BUTME 3TOrO0 BMAA M3y4YeHa HegoCTaToyHo. B cBs3M € aTMm Hamu 6bina
oLeHeHa cnocobHocTb wrtamma Ne 4 A. chroococcum, BblAeNE€HHOro U3
NMOYBbI CE/IbCKOXO3AMCTBEHHbIX yroamnin Huxeropoackoi obnactu (Poccusa),
B/IMATb Ha BCXOMKECTb CEMSAH M COCTOAHME NPOPOCTKOB NiweHuubl (Triticum
aestivum L.) Npy BHECEHUW B NEPBbIN AEHb SKCNEPUMEHTA B NUTATE/IbHbIN
PacTBOP Pas3INYHbIX KOMYecTs Kaetok (ot 109 kn/mn (A) ao A/256). Bece
KOHLLEHTPALMMN KNETOK, KPOME HAaMMEHbLUEN, Bbl3blBaM CHUMXKEHNE BCXO-
»ecTn cemaH. HusKne KoHueHTpauum (A/256-A/64) He Bananm Ha buomac-
CY KOPHSA MPOPOCTKOB, cpeaHmne KoHueHTpaumu (A/32-A/16) ee yBennumnea-
. Mpu BbICOKOM KoHUeHTpauun (A/8) apdeKT ucuesan, a Hanbonee Bbico-
Kue (A/4-A) BHOBb NOBbILLA/IM 3TOT MOKasaTeb. B oTHOWeHMM Buomacchl
nobera ctumynupytowmii 3ddeKT oKasbiBaM TONbKO KOHLEHTpauum A/2
n A/4. CopepskaHune X10poduUNnoB U KAPOTUHOMAOB, a TaKXKe MHTEHCUB-
HOCTb IMNONEPOKCHAALMM NpK aenctemm A. chroococcum He U3MEHSANNCH.
TakMm 06pa3oM, M3YYEHHbIN LWTamMM CrocobeH perynMpoBaTtb NpopacTta-
HMe CEMSAH M POCT KOPHEBOW cucTeMbl 1 nobera T. aestivum.

© MeTpo3aBOACKUIN rOCYAAPCTBEHHbIN YHUBEPCUTET

MopnucaHa K neyatu: 17 nioHa 2019 roaa
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BsegeHue

Baktepun popa Azotobacter oTHocaTca K
cBO6OAHOXKMBYLIMM a30THMKCAaTOPaM MOYBbI
(pn30baKkTepuam) n cnocobHbl, KaKk U KnybeHb-
KoBble baKTepun pacteHui (pusobuu), c no-
MOLLbIO HUTPOreHasHoro Komnsaekca ¢uKcu-
pOBaTb MO/IEKYNIAPHbBIN a30T BO34yxXa, NpeBpa-
as ero B MoH ammoHus (Howard, Rees, 2006;
Wani et al., 2013; ®eokTtucrosa un ap., 2016).
Baktepun popa Azotobacter HacenAwT 3KTO-
pusocoepy (30Ha NOYBbI C HAPYHKHOM CTOPOHDI
KOpHSA) M pu3onaaHy (NOBepPXHOCTb KOPHEBOW
CMCTEMbI) Pas3/INYHbIX BUAOB He60b60BbIX pac-
TEHWI, UCNONb3YA 3KCCyaaTbl KOPHEBOW CUCTE-
Mbl 41A NUTaHMA. B obmeH pacTeHMe nonydyaet
a3oT B BMAE AOCTYMHbIX ANA YCBOEHUA coeaun-
HeHun, yny4dwaetca ¢ocPopHoe NUTaHMe pac-
TEHUI Onarogapsa pPacTBOPEHUD TPyAHOAO-
CTYMHbIX MOYBEHHbIX ¢dochaToB B npouecce
XKU3HEe[eATeNbHOCTU pu3obakTepuit, dutorop-
MOHbI, BblpabaTbiBaemble pu3obakTepuamm,
CTUMYNIMPYIOT POCT pacTeHui, BaKkTepum poaa
Azotobacter nogasnAtoT passuTHe duTona-
TOreHHbIX rpnuboB M baKktepuin (PeokTUCTOBA
n ap., 2016). CnocobHOCTb pasHbIX LWTaM-
MmoB Azotobacter chroococcum Beijer. BAnATbL Ha
npopactaHne cemsiH U pPa3BUTME NMPOPOCTKOB
Pa3NIMYHbIX BUAOB PacTeHM U3y4eHa HeaocTa-
TO4YHO (KnpunyeHko u ap., 2010). XoTa B HacTos-
Lee BPeMs 3TOMYy BOMPOCY YAENseTca 3Hauu-
Te/lbHOe BHMMaHMe B CBA3M C MOUCKOM 3P dek-
TMBHbIX LUTAMMOB 3TOr0 BMAA C LEe/IbH UCNOb-
30BaHMA UX ANA NOBbIWEHUA NPOAYKTUBHOCTM
CENIbCKOXO3AMCTBEHHbIX KynbTyp (KupuyeHko,
Koub, 2011). NmetoTcs cBeaeHUss O TOM, 4TO
HeKkoTopble WwTammbl A. chroococcum cnocob-
Hbl BCTYNaTb B CMMOMOTMYECKME OTHOLUEHMSA C
nweHunuen markon (Triticum aestivum L.) (Ku-
puyeHko, 2016). OaHako nNoaobHble AaHHble
Ana wtammos A. chroococcum noys Hukero-
poackon obnactu sasnawTcA PpparmeHTapHbI-
MW, B TOM YUC/e U ONA BblAENEHHOIO HAaMK U3
MOYBbl CE/IbCKOXO3AMCTBEHHbIX yrogmi Huke-
ropoAcKoro pervoHa wramma Ne 4, M3BecTHO,
yTo HGakTepum poaa Azotobacter obpasytoT ac-
CoLMaLLMM C MEKTUHOIUTUYECKMMMU U LLeNT0N0-
30paspyLarowmmmn baktepuammn poga Bacillus,
noTpebasaa NPOAYKTbI PAa3N0KEHNA NOIMMEPOB
6aumnnamm, cHabxas UX PUKCUPOBAHHbIM
a30TOM, YTO NPUBOAMUT K YCKOPEHWUIO YyCBOE-
HUA NOIMMEPOB U CTUMYAALMWN a30TOMKCaALLUM
(deoktucToBa 1 ap., 2016). B cBA3M € 3TMM NpwU
n3y4yeHmn cnocobHoctn A. chroococcum Heno-
CPeACTBEHHO BO34ENCTBOBATb Ha COCTOAHWE
pacTeHnn bonee 0H6BLEKTUBHbIE AAHHbIE MOXK-
HO NONYYUTb B YC/NIOBMAX SKCMEPMMEHTA MNpwU

KYN1bTUBMPOBAHMUWN PACTEHUA Ha NUTATEIbHOM
pacTBOpe, NMOCKO/IbKY TaKMM 06pa3om MOXKHO
BblY/IEHUTb B3aMMOAENCTBNE B CUCTEME «pac-
TeHue — A. chroococcum» B YUCTOM BUAE, T. €.
6e3 yyactTna gpyrux BUAOB NOYBEHHbIX DakTe-
PUN.

B cBA3KM C 3TMM Hamu BrnepBble Oblna oueHe-
Ha cnocobHocTb wTtamma Ne 4 A. chroococcum,
BblAE€NEHHOr0 M3 MOYBbl CE/IbCKOXO3AMUCTBEH-
HbIX yroami Hwukeropoackon obnactm (Poc-
CuA), BAUATb HA BCXOXECTb CEMAH U COCTOAHME
NPOPOCTKOB nweHuubl (Triticum aestivum L.)
NPV BHECEHMWN B MEPBbIA AEHb 3KCNEPMMEHTA
B NMUTATENbHbIA PACTBOP Pa3/IMYHbIX KOIMYECTB
KNETOK B LUMPOKOM AMana3oHe 3HayeHui (oT
10°kn/mn (A) po A/256).

Martepuanbi

Ltamm Ne 4 A. chroococcum 6bin BblaeneH
M3 NOYBbI MAXOTHbIX 3emenib Bo3ne c. OpaHKu
Boropoackoro paiioHa Huxkeropoackoi obna-
cTn. A. chroococcum KynbTUBMPOBA/IN HA XKUA-
KOM NuTaTtenbHoM cpeae Iwbu. B skcnepnmeH-
TE€ MCMNO/Mb30BaIM CEMEHA O3MMOW MLEHMULbI
MockoscKasa 39.

MeToabl

Onsa nccneposaHua 6oiam BbibpaHbl 9 KOH-
LeHTpaunin baktepmanbHbIX Knetok ot 10° kn/
Mn (A) 4O 3HAYEHUIN, HA HECKO/IbKO NOPSAAKOB
meHblinx (A/256) (coceaHue KOHUEHTpauuu
pasnMyanncb B 2 pasa), NOCKONAbKY Haubonb-
lWMe uccneaoBaHHble HaMM  KOHUEHTpaumu
KneToK A. chroococcum VCNoNb3yT ANA UHO-
KYNAUMW CEMSH MNIWIEHULbl APYTMMKU WITaMMa-
MK atoro Buaa (KmpuyeHko, 2016). PacteHus
BblpalLMBa/iM B TeyeHMe 8 gHel Ha nNutaTesb-
HOM pacTBope KHoMa c pa3HbIM coAeprKaHU-
€M KNeToK A. chroococcum(onbITHble Fpynnbl)
nnn pacteope KHomna (KOHTposbHaa rpynna).
B yalwKu onbITHbIX rpynn pacteop KHona ¢ go-
6asneHnem A. chroococcum BHOCUAW TONbKO
B MepBbli AeHb 3KcnepumeHTa. [anee Kax-
Abl aeHb pobasnanu pactsop KHona Bo Bce
YalWKKM (KOHTPONbHbIE U ONbITHbIE) 6€3 KNeToK
asotpumKcaTopa. CemeHa nWeHULbI, PacTBoOp
KHona n vYawku lNeTpu He CTepnan3oBann, ona
TOro 4tobbl ONpeaenvTb, OKasbiBaeT N AaH-
HbIA WTAaMM BAMAHWE HA M3y4Yaemble MOKasa-
TENIN MNWWEHNUbl B HECTEPU/IbHbBIX YCNOBUAX, T.
K. Ha NpakTuKe obpaboTKa cemAH CenbCKOXO-
3AWCTBEHHbIX KYy/JbTYp Pa3/IMYHbIMK LUTAMMA-
Mun A. chroococcum npoBOAMTCA Nepes noce-
BOM B MOYBY, YTO UCK/OYAET YCA0BMA CTEPU/Ib-
HOCTM. B KaxkgoW rpynne pacTeHUs BblpalinBa-
nn B 5 vawkax Metpu (50 cemsiH B KaxaoM yalu-
Ke) Ha NoANoXKKe 13 GUNbTPOBaAsIbHOM Bymarm,
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CMOYEeHHOW pacTBopom, nNpu 17 4 cBeToBOM
nepuoae n temnepatype 17-22 °C.

Y cemngHeBHbIX MPOPOCTKOB B NEPBOM /n-
CcTe onpepenann WHTEHCUMBHOCTb NEpPEeKUCHO-
ro okucnenusa nunupos (MOJ1), ypoBeHb xno-
POPUNNOB U KAPOTUHOMAOB, @ TAKXKE Cblpyto
6rMomaccy KopHeBol cuctemol U nobera, BCxo-
ecTb cemsaH. MNpu nsyyeHUn GUOXMMUYECKUX
noKasaTtenen B Kaxkgou rpynne 6bin10 10 6uo-
normnyeckmx nosTopHocTteit (1 6uonormyeckas
NOBTOPHOCTb — 0b6beguHeHHble GparmeHTbI
nepBoro ANCcTa 5—6 pasHbIX pacTeEHUN JAHHOWM
rpynnol; 6pann no 2 6uonoruyeckne noBTop-
HOCTM M3 KaXKA0M YallKuM). Buomaccy KopHeBo#
cuctembl M nobera onpegenann y 30 pacte-
HWI Kaxkaoun rpynnbl (bpanu no 6 pacteHuit us
KarKOooW Yallku; 6 pacteHMn x 5 yawek = 30).
NHTeHcneHoCTb MOJ1 oueHMBaAK NO coaepKa-
HUO TBEK-aKTUBHbIX NPOAYKTOB NUMOMNEPOKCU-
AaunKn, cpean KoTopbix Hanbonee mMaccoBbIM
ABnAeTca masnoHosbln ananbaerng (MAA) (Ka-
MblLWHWKOB, 2002). CoaeprkaHne xnopodpunnos
N KapOTUHOMAOB B INCTE ONpeaenanun cornac-
HO 0OLWEeNPUHATON METOAMKE, A5 IKCTPArnpo-
BaHWA NUrMeHTOB mcnonb3osann 80 % aueToH

M N8

-
|

BcxoxecThb

CooTBeTcTBME pacnpeseneHua B BblbOpKax
M3YYEHHbIX KOIMYECTBEHHbIX MPU3HAKOB HOP-
MaJibHOMY onpeaenanm ¢ NOMOLLbIO KpUTepuma
Wanupo — Yunka (nporpamma Statistica 10).
MocKkonbKy B HEKOTOPbLIX BbiIOOpKax pacnpese-
JIEHNEe OTAIMYaN0Ch OT HopMmanbHoro (p < 0.05),
TO AN1A NPOBEPKU HYNEeBOW rmnoTesbl 6bian mc-
No/Ib30BaHbl HemapamMeTpUYecKkne Kputepum
Kpyckana — Yonnuca n HbiomeHa — Kennca
(nporpamma Buoctatuctnka 4.03). AHanoruu-
HYIO Npoueaypy ANA KAaYeCTBEHHOro NpU3HaKa
(BCxOXKecTb CcemMAH) NPOBOAUAN C MOMOLLbIO
KpuTepus xu-keagpat (Buoctatuctuka 4.03) c
yyeTom nonpaBku boHpeppoHn ana mHoxke-
CTBEHHbIX MAPHbIX CpaBHeHW. Ha rpadpukax
npeacTaBneHbl BbIOOPOYHblE MeauaHbl U KX
OWKNBKM (KoNNYECTBEHHbIE MPU3HAKW), @ TaKKe

[0NU U UX OIMOKM (BCXOXKECTb CEMSIH).

Pe3ynbTatbl

Bce KOHUEHTpaUMM W3YYEHHOro LTaM-
ma A. chroococcum, 3a WCKNOYEHMEM Hau-
MEHbLLEN, NPUBOANNMN K CHUIKEHWNIO BCXOMKECTU
cemsH T. aestivum Ha 14—-30 % no cpaBHEHMUIO C
KoHTposiem (p < 0.05) (puc. 1).
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Puc. 1. BexoxkecTb cemsaH T. aestivum npy BHECEHMM PA3/IMYHbIX KOIMYECTB KNeTok A. chroococcum B
NUTaTebHbIN PAcTBOP B NEPBbLIV AeHb KCNepuMeHTa (8011 £ owmnbKa foAKn): * — CTaTUCTUYECKM 3HAUYMMBble
Pa3ANYMA MO CPABHEHMIO C AaHHbIM MOKasaTesieM B KOHTPO/IbHOM rpynne npu p < 0.05; A — 10°kn/mn

Fig. 1. T. aestivum seed germination when adding different amounts of A. chroococcum cells to nutrient
solution in the first day of the experiment (share * share error): * — indicates statistically significant differ-
ences compared to this endicator in the control group at p < 0.05; A—10°c/ml

MpY 3TOM CTaTUCTUYECKM 3HAYMMbIE PaA3In-
yna mexay adpeKTamm pasHbIX KOHLEHTPALLWUIM
He 6blan BbiABAEHbI (p > 0.05).

Huskne  KoHueHTpauuum A.chroococcum
(A/256-A/64) He BAMANM HA MacCy KOPHEBOWM
cuctembl (puc. 2a). KoHueHnTpaummn A/16-A/32
yBE/IMYMBANAM AQHHbIN MOKasatenb Ha 34-38

% OTHOCUTENbHO KOHTPO/NIbHOrO ypoBHA. OA-
HaKo JanbHelwee MNOBbIWEHUN KOHLEHTpa-
umm ao A/8 npuBOAMNO K WCYE3HOBEHWIO
addekta. Hambonee BbICOKME KOHLEHTpa-
umum A. chroococcum A/4-A BHOBb yBeNN4YMBaNN
Maccy KopHs npopocTkos T. gestivum (Ha 50—-68
% OTHOCUTE/NIbHO KOHTpOoASA) (cMm. puc. 2a).
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OvHamuKa un3meHeHuAa 6uomaccebl nobe-
ra T. aestivum npn ymeHbLUEHUN KOHLEHTpa-
unmn A. chroococcum 6bina o4eHb CXogHa C U3-
MeHeHMeM [AHHOro MoKas3aTena y KOpHeBOW
CUCTEMDbI, O YeM CBMAETENbCTBYET CU/bHAA MO-
NOXKUTENIbHAA KOPpPenauma mexay 3TMMK Ma-
pameTtpamu (no CnupmeHny: r = 0.86; p < 0.05).
OpgHako ctumynupytowmin apdpeKT 6bin meHee
BblpaXeH, MO3TOMYy €ro yaanocb 3adpuKcmpo-
BaTb TONbKO ANA KOHUeHTpaunii A/2 n A/4. OHu
nNpUBOANAKN K yBenmyeHuto bnomaccol nobera
Ha 21 1 30 % nNo cpaBHEHUIO C KOHTPOJIEM CO-
OTBETCTBEHHO. bonee HN3KME KOHLLEHTPALUM U1
Hanbonee BbICOKAA U3 U3yYEHHbIX KOHLEHTpa-
UM He BAMANKM HA AaHHbIA nokasaTtenb (puc.
26).

MHTEHCMBHOCTb MNEPEKUCHOTO OKUCNEHUA
MNNA0B B INCTE MPOPOCTKOB MLWEHMLbI NpuU
AENCTBUM BCEX M3YYEHHbIX KOHUEHTpauuih A.
chroococcum He oOTAMYanacb OT KOHTPONbHO-
ro ypoBHsa (p > 0.05) (gaHHble HAa PUCYHKaXxX He
npeactasnexol). CoaeprkaHue xn0podunnos
N KAapOTMHOWAOB Yy PaCTEHUM BCEX OMbITHbIX
rpynn COOTBETCTBOBA/IO KOHTPO/JIbHOMY YypOB-
Hi0 (p > 0.05) (gaHHbIE Ha pPUCYHKax He npea-
CTaBNEHbI).

O6bcyxpeHue

PaHee ppyrMmn aBTOpaMM MOKa3aHO, 4TO
b6akTepun popa Azotobacter cnocobHbl cTu-
MY/IMPOBaTb POCT KOPHEBOW cUCTEMbI U Nobe-
ra pacteHui (Peokctmucrosa un gp., 2016). MNo-
NnaratoT, 4To pu3obaKTepuun, B TOM Yncae posa
Azotobacter, oka3biBatoT Takon 3pdeKT nytem
CMHTE3a GUTOrOPMOHOB, CTUMYIUPYIOLLUX POCT
(ayKcMHOB, LUTOKMHUHOB, rMbbepennnHoB) m
yAy4ylweHma a3oTHOro U GpochopHOro NUTaHMUA
pacteHuin (PeokTnctosa n ap., 2016). Boamox-
HO, AAHHbIA MEXaHU3M NEXUT U B OCHOBE 06-
HaPY)KEHHOro HaMW CTUMYAUpYtoLero apoek-
Ta 6aKTepuin B OTHOLIEHWM POCTA MLUEHULLbI.

N3BeCTHO, YTO B CyXOM cemeHMn B HoblLuOM
Koan4yecTse HaxoamnTca GUTOropmoH MHAONUN-
3-yKCYyCHaA KMUC/I0Ta, KOTOPAn B BbICOKOM KOH-
LeHTpauum BMecTe C abcuu3oBOM KUCIOTOM
ceMsiH MHrnbupyet npopactaHue (Hedeabes
n ap., 2013). baktepun poga Azotobacter cno-
COBHbI CMHTE3MPOBATb AayKCUHbI, B TOM YuC/ie
NHA0ANN-3-YKCYCHYO KMCNoTy (PeoKTncToBa m
Ap., 2016). Ckopee BCero, BbIIBAEHHbIN HaMU
MHIMBMpYOWMn  3PdEKT a30TOUKCUPYHOLLLUX
6aKTepui B OTHOLIEHWW NMPOPACTAHUA CEMSAH
nweHunubl obycnoBneH AencTBMemM BblpabaTbi-
BAaeMbIX UMW aYKCUHOB.

CnepyeTt OTMETUTb, YTO N3MeHeHne bBuomac-
Cbl nobera n KOPHEBOM CUCTEMbI, BbIAB/IEHHOE
Hamu y NpopocTKoB T. gestivum npu BHECEHUM

B MUTaTE/IbHbIA PACTBOP Pa3/IMYHbIX KOHLEH-
Tpaumm knetok A. chroococcum, 6b110 HEMOHO-
TOHHbIM, NOCKO/IbKY Hanbonblasa us nccnego-
BAHHbIX KOHLLEHTPaLUMI He BAMAAA Ha buomac-
cy nobera, 3aTeM AaHHbI 3pPeKT noaBaanca y
KOHUeHTpaunn A/2-A/4 n ncyesany 6onee HU3-
KMX KONM4YecTB HaKTepuasbHbIX KNeTok. buo-
Macca KOpPHEBOW CUCTEMbI TaKXKe npeTepnesa-
la HEMOHOTOHHOE M3MEHEHMEe MPU CHUKEHUMU
KOHLEeHTpaunn Knetok A. chroococcum: KoOH-
ueHTpaumm A-A/4 ysennumsanu 6uomaccy, A/8
He Bauana, A/16-A/32 ysenunuusanu, A/64-
A/256 He Banann (cm. puc. 2).

B nocnegHue roapl WKMPOKOE pacnpocTpa-
HEHWe NONYYUAU B3MNAAbI O TOM, YTO y BrocK-
CTeM LUMPOKO MNpeacTaBNeHbl HEMOHOTOHHbIE
OTBETbI NPU AENCTBUM Pa3HbIX GaKTOpoB cpe-
Abl (Calabrese, Blain, 2005). Tak, Hanpumep,
paHee Hamu YCTAHOBNEHO, YTO pPasnYHble
XMMUYECKME 3arpA3HUTENM MOTyT [O0CTaTou-
HO 4acTo NPUBOAUTb K HEMOHOTOHHbIM U3-
MeHeHnaAM mopdosiornyeckux n ¢usmnonoro-
OMOXMMMYECKMX MOKa3aTeNel y pasHbiX BUAOB
pacteHuin (Erofeeva, 2014). MoaobHble gaHHble
nmeroTcA M gns GUTOrOPMOHOB PACTEHWUN, B
TOM YMC/Ee ayKCMHOB. [NOKa3aHo, YTO OHU MOTYT
BbI3blBaTb Pa3HOHANpPaB/eHHbIN 3pPeKT nmbo
He OKas3blBaTb ero, B pe3y/abTaTe Yero 3aBUCU-
MOCTb «/103a — 3pPeKT» ABNAETCA HEMOHOTOH-
Hol (Weyers, Paterson, 2001; Calabrese, Blain,
2005).

MN3BecTHO, 4To Ntobble cTpeccoBble ¢GaKTo-
Pbl Cpeabl BbI3bIBAOT YBEAMYEHNE NPOAYKLUN
aKTUBHbIX GOPM KMCNOPOAa, YTO NPUBOAMUT K
YCUNIEHUIO NpoLLecca NepPeKUCHOro OKUCAEHUSA
B MembpaHax Knetok (KambiwHukos, 2002).
Ha OCHOBaHMM HalMX AaHHbIX MOMHO cAe-
N1aTb BbIBOA, YTO MUCMO/Ib30BaHHbIE KOHLEHTPa-
unn A. chroococcum He Bbl3biBaIn CTPECCOBOTO

COCTOAHNA Y NPOPOCTKOB NMweHULLbI.

3aknouyeHue
Ha OCHOBe BbllUECKAa3aHHOTIo MOXK-
HO 3aK/H04YNTD, 4yTo VI3y‘-IeHHbIl71 LTamMm

A. chroococcum cnocobeH HenocpeacTBeH-
HO B/IMATb HA BCXOXKECTb CEMAH U COCTOSIHWE
npopoctkoB T. aestivum. OpHako ero cno-
COOHOCTb M3MEHATb M3y4yeHHble MNoKa3aTe-
M T aestivum3aBUCUT OT KOMMYECTBA Kie-
TOK a30TdMKCcaTopa, BHECEHHbIX B MUTATE/b-
HbI PacTBOP, a TaKKe OT BMAA MOKasaTens.
Tak, A. chroococcum BO BCeX M3Y4YEHHbIX KOH-
LEHTpaLMAX He BAUAN Ha BUOXMMUYECKMe Na-
pameTpbl (MHTEHCUMBHOCTb NMEPEKUCHOIO OKMUC-
JIeHUA NMNUAOB U cofepikaHue xaopodunnos
M KapOTMHOWAOB B /INCTE), CHUMKA/ BCXOXKECTb
CEMAH U NPUBOAMUN K YBENMYEHUIO BUOMaCChI
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Puc. 2. Cbipan 6uomacca KopHeBoW cuctembl (a) n nobera (6) T. aestivum Npu BHECEHUU PA3TUYHBIX KOK-
YecTB KNeTokK A. chroococcum B NUTaTeIbHbIN PAcTBOP B NepBbIi AeHb aKkcnepumeHTa (Me = SMe): * — ctatu-
CTMYECKM 3HaYMMble PasInumMa No CPAaBHEHMIO C AaHHbIM MOKa3aTeNem B KOHTPO/IbHOM rpynne npu p < 0.05;

A —109 kn/mn

Fig. 2. Raw biomass of root system (a) and shoot (b) of T. aestivum with adding of different amounts of

A. chroococcum cells to nutrient solution in the first day of the experiment (Me = SMe): * —

indicates

statistically significant differences compared to this indicator in the control group at p < 0.05; A—109 ¢/ml

NPOPOCTKOB. 1PN 3TOM U3MEHEHNE KOHLLEHTpPa-
LMW KNeToK A. chroococcum, BHOCUMbIX B MUTa-
TeNbHbIA PAcTBOP, Bbi3blBAaI0 HEMOHOTOHHbIN
OTBET A/1A Cblpoli Buomacchl nobera U KopHe-
BOW cuctembl T. aestivum. Mo-Buamumomy, 3¢-
$EKTbl B OTHOLUEHUM BCXOXKECTU U BMomacchl
NPenMMyLLEeCTBEHHO CBA3aHbl C BO34eNCTBMEM
AYKCMHOB, CUHTE3UpPyeMbIX a30TPUKCATOPOM,
NMOCKO/IbKY AaHHble PUTOrOPMOHbI CMOCOOHbI

CTUMYNNPOBATb POCT U TOPMO3UTb NPOLECC
npopactaHus. Kpome Toro, M3BecTHO, YToO 3a-
BUCMMOCTb «A03a — 3hdeKT» ANA ayKCUMHOB
MOeT 6bITb HEMOHOTOHHOW. Pe3ynbTaTbl UC-
cnefoBaHMA MOTYT MOCNYKWUTb OCHOBOM ANA
Pa3BUTUA NpeacTaBNeHuM o cneumduke Guo-
TUYECKUX OTHOLIEHUIM MeXKAY U3YyYEeHHbIMU BU-
AaMM, a TaKKe COBEPLUEHCTBOBAaHMA METOAO0B
npegnoceBHon 06paboTkn cemaH T. aestivum.
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Key words: Summary: To date, the ability of various Azotobacter strains to enterinto symbiosis
Azotobacter with the wheat and regulate its development has not been studied enough. In
Triticum aestivum this regard, we assessed the capacity of strain No. 4 of Azotobacter chroococcum
pigment isolated from the soil of agricultural land in Nizhny Novgorod region (Russia)
lipid peroxidation to influence the seed germination and the state of wheat seedlings (Triticum
growth aestivum L.) when various quantities of cells were introduced into the nutrient
seed germination solution (from 109 cells/ml (A) to A/256) in the first day of the experiment.

It was stated that all cell concentrations except for the smallest one caused
reduced seed germination. Low concentrations (A/256-A/64) did not affect the
wet biomass of seedlings root; medium ones A/32-A/16 increased it. At high
concentrations A/8 the effect disappeared, and the highest concentrations A/4-A
again increased this parameter. As for the wet shoot biomass, a stimulating effect
was caused only by the concentrations A/2 and A/4. Chlorophyll and carotenoids
content, as well as the intensity of lipid peroxidation did not change under the
action of A. chroococcum. Thus, the studied strain of A. chroococcum is capable
of regulating the germination of seeds and the growth of the root system and
shoots of T. aestivum.
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AHHOTaumA: [1anbHEBOCTOUHbLIN NPeaCcTaBUTENb ABYCTBOPYATLIX MOAIO-
CKOB NpUMOpPCKUI rpebeltok Mizuhopecten yessoensis cnocobeH HakKa-
NANBATb KaAMUI B MATKMX TKaHAX 6e3 KaKoro-1mbo BMaAMMOro naTonoru-
yecKoro apdekTa faxe B Tex MecTax 0buTaHumA, rae KagMnin He NpeBblLLa-
eT GOHOBbIX 3HAaYeHMN. [laHHAA yHMKabHAs 0cobeHHOCTb 0bycnoBieHa
Ha/IMuMeMm, No KpanHen mepe B NMULLEBAPUTENBHOW XKeese, y B3POC/bIX
(5-7-neTHunx) ocobelt ABYyX BbICOKOMOJIEKYNAPHbIX MT-noaobHbIX 6en1KoB.
B g4aHHOM MccneaoBaHMM PAcCMOTPEHbI BO3PACTHble 0COOEHHOCTMN HaKo-
NAeHUA U pacnpeaeeHna KagMus B NMLLEBAPUTEIbHOM Kelese Npumop-
cKoro rpebeluka M. yessoensis. PaccMoTpeHbl TPU BO3pPACTHble Fpynnbi:
rofoBasnble, ABYX1ETHMUE U TPeXSeTHUEe NpeacTaBuTenn gaHHoro sMaa. B
X0fe 3KcnepmmeHTa no HakonaeHuto kagmusa (300 mkr/mn CdCI2) yaa-
NIOCb HAMTWU PA3HOBO3PACTHble OCOBEHHOCTU B aKKYMYNAUMM TAMXKENOrO
MeTasiNa B TKAHW MuULLeBapuUTeNbHOM xenesbl M. yessoensis. HailaeHo,
YTO B rof0BasibIX OCOHAX 32 AKKYMYNALMIO KaZMUA B NULLEBAPUTENIbHOM
»Kenese otsevaer MT-nogob6HbIN Kagmuii-cesasbiBatowmin 6enok 120 k/a,
TOrAa KakK K cTagmm nonosospenoctu (3 roga) AaHHbI 6enoK npekpalaeT
CMHTE3MPOBATbLCA MU OCHOBHbIM KaAMWM-CBA3bIBAIOWMM BENKOM CTaHO-
BUTCA MT-nogobHbI 6eN10K C MoNeKYAPHOM Maccoi 72 Kla.
© MeTpo3aBOACKMI FOCYAAPCTBEHHDLIN YHUBEPCUTET

PeueHseHT: N. H. baxmeT

MopnucaHa K neyaTtun: 19 nionAa 2019 roga
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BsegeHue

Mpumopckmn  rpebewok  Mizuhopecten
yessoensis — ABYCTBOPYATbIA MOJIHOCK, Npea-
cTaButenb cemenctsa Pectinidae, obutaetr B
BoAax ANoHcKoro mops. JaHHbIN BUA ABAsSETCA
YHUKa/bHbIM 06bekTOM 6narogapa ero cno-
COBHOCTN HaKaN/MBaTb KaAMWUI B MATKMUX TKa-
HAX AaKe B Tex MmecTax obuTaHus, rae Kagmumn
He npeBblwaeT PoHOBbIX 3HavyeHun (Chelomin,
Belcheva, 1991; Chelomin et al., 1995).

deHoMEH YCTOMUYMBOCTU K KaZMMUIO XOPOLLIO
N3BECTEH B MMUPOBOM nTepaType U obbACHA-
eTca OYHKUMOHMPOBAHMEM B TKaHAX cneuu-
aNbHbIX KaAMWI-CBA3bIBAOLLNX BENKOB MeTa-
notnoHeunHos (MT). MeTannoTMOHEUHbI — 3TO
K/1lacC HU3KOMONEKYNAPHbIX 6enkos (6—7 KAa),
KOTOpble HaWAeHbl Yy MNEeKOMUTAIWMX. ITH
6eNK1, B aMUHOKUC/IOTHOM COCTaBe KOTOPbIX
npucyTtcteyeT 40 30 % uncTenHa, OTHOCATCA K
Knaccmyeckum MT. CuHTE3 aaHHoro Tmna ben-
KOB MHAYLMPYeTCcA Npu NOCTyNnI1eHUn B opra-
HM3M KaK KU3HEHHO Heobxoammbix Cu u Zn,
TaK M B OTBET Ha noctynneHue Cd, Hg n paga
APYrnX TOKCUYHbIX MeTannos. O4HAKo LWKPO-
Koe pacnpocTpaHeHMe MeTaNN10TUOHENHOB He
03HaYaeT, YTo 3TO eANHCTBEHHAs rpynna 6en-
KOB, YYaCTBYIOLLMX B CBA3bIBAHUN U OETOKCU-
Kauumn mMeTansnos, U Npexae Bcero kagmua. Y
HEKOTOPbIX OPraHM3MoB Obln OBHapyKeHbI
pa3nuyHble Cd-cBAsbiBatowme 6enkn ¢ Bapma-
LMAMM B MONEKYNAPHOM Macce, KOAMYEecTBe
LMCTEMHA U aMMHOKUCNOTHOM COCTaBe B Le-
nom. lMNopobHble XapaKTePUCTUKM He NO3BO-
NAKOT OTHECTM 3TU 6enkn K MT Knaccuyeckoro
TMNa, U NO3TOMY OHW MOJYYMAN Ha3BaHWe MT-
nonobHble 6enkn (Ponzano, 2001; Stone, 1986;
Uthe, Chou, 1987).

PaHeeHamunbbinoycTtaHoBneHo (Zhukovskaya
et al., 2012), yTo B NULWEBAPUTENLHOM Kenese
B3poc/bIx ocobel (5—-7 net) npumopckoro rpe-
bewka M. yessoensis 3a cBA3bIBaHWE Kagmua
oTBeyalT aABa MT-noaobHbIx 6enka ¢ mone-
KynAapHoM maccon 72 n 43 kfa. Llenb gaHHom
paboTbl — BbIABUTb OCOBEHHOCTM adanTaumm
rogoBasbiX, ABYX- U TPEXNeTHUX ocobein npu-
MOPCKoro rpebelka M. yessoensis K KagMutio.

MaTtepuanbl

Ocobunpumopckororpebeluka M. yessoensis
6111 0TOO6PaHbI M3 aKBaTOPUKM BYXTbl CeBepHasn
(42 93'N, 131 40' E) 3anuBa MNeTtpa Bennkoro
ANOHCKOro mops, C TEPPUTOPUN MAPUKYNLTYP-
Horo xo3aictea (puc. 1) B utoHe. bbiaun B3ATHI
Tpu rpynnbl rpebeLlwkoB: o4HO-, ABYX- U Tpex-
NeTHMe ocobu. Kaxaana Bo3pacTHas BblOOpKa
coctosana u3 40 ocobeir. MNocne otnoBa mon-
JIIOCKOB TPAHCNOPTUPOBAM B aKBapUyMbl ANs

NPoOBeAEHMA IKCMEPUMEHTA MO HAKOMAEHUIO
Kagamums.

Ocoben M. yessoensis nepepn, sKCnepumeH-
TOM B TedeHuWe 7 gHel nogsepranu npoueccy
afanTaumm B aKBapMymax C asapupyemon npo-
TOYHOM BOAOW W COXPAHEHMEM MNOCTOAHHOW
Temnepatypbl 17 OC. Mocne agantaumun 6biam
OTOOpaHbl KOHTPONbHblE rpebewkn (20 wr.)
KaX[0ro Bo3pacTa, OCTa/ibHbIM B cpeay Aobas-
nann 300 mkr/n CdCI2. UHKy6auuio nposoau-
Nn B TeyeHne 10 AHel C eXxeaHEBHOM CMeHOM
BOAbI.

MeToapbl

Mocne 3KcnepMmeHTa MO MHKybauuu
M. yessoensis c KagMUeM NPOBOAUIN JANlbHEN-
lwre 6MOXMMUYecKMe uccnenoBaHua. Bblae-
neHne MT-nogo6HbIX KagMWUI-CBA3bIBAOLLMX
6enKoB NPOBOAMIN COMNACHO METOAMKE Bblae-
nexHmnsa MT, pa3spaboTaHHOM ANA MOPCKUX bec-
no3BOoHOYHbIX (Roesijadietal., 1989; Thompson,
Sutherland, 1992).

M3  ocobelr npumopckoro  rpebeluka
M. yessoensis Ha Nnbay WM3BAEKanu NuLLEBapU-
TeNIbHYIO Kenesy. 3aTeM ee roMoreHM3npoBa-
nn B 0.02 M Tpuc-HCI 6ydepe pH 8.5 ¢ npucyt-
ctBnem 1 MM PMSF (MHrmbuposaHue npoTeas)
n 10 mM OTT (ans npenoTBpalLeHUa oKucae-
HUA CcynbOrMapUAbHBLIX FPYNn LUCTEMHOBbLIX
OCTATKOB aMMHOKUCAOT 6enKoB). MonyyYeHHbIM
romoreHat ueHTpudyrmposann 50 muH npwm
10000 06./MUH. [loNyYeHHbI cynepHaTaHT
(umTo30nb) 3aTem obpabaTbiBanu (10 muH, 75
0C) ana nonyvyeHma ¢pakuMn TepmocTabunb-
HbIXx 6enkoB. PpaKuuto, coaeprKallyo Tepmo-
CTabunbHble GEeNKKu, TakKe UeHTpUdyrmposa-
an 50 muH npu 10000 06./MUH, NONyYEHHbIN
cynepHaTaHT ocaxganu 50 % auetoHom npu 4
0C B TeyeHue 30 MUH NpK NOCTOAHHOM Nepe-
MeLLMBAHUKM, 3aTeM OCaZOK NnepepacTBoOpAu
N AOBOANAM KOHLEHTpaumto auetoHa o 80 %.
OcaxpaeHne 80 % aueToOHOM NMPOBOAUAM MNPU
-20 OC B TeueHue 12 yacos. Ppakuyuio, coaep-
Xauyro 80 % aueToH, 3aTem LeHTpudyruposa-
A (10 muH npu 10000 06./MUH), NONYyHEHHDbIN
ocagok pecycneHamposanu 8 0.02 M Tpuc-HCI
oydepe pH 8.5 (ppakuusa D).

ANVKBOTY pecycneHaMpOBaHHOIO OCafKa
(ppakums D), copeprkalwero TepmocTabunb-
Hble, YCTOMYMBbIE K aLLeTOHY 6esKku, HaHoCUAn
Ha KOMOHKY Superosa 12 B cucteme FPLC npwu
NOCTOAHHOM ZaB/IEHUWN U C NOCTOAHHBIM TOKOM
0.02 M Tpuc-HCI 6ydepa pH 8.5. Pernctpaumio
BbIxoga ¢pakumin nposoaunm npu A 280 nm
(Shimadzu UV-1800).

dntonpoBaHHble ¢ppakummn nocne FPLC, co-
Aeprawme MT-nogobHble 6enkun, ana maex-
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N

42.0°

3anus lNeTpa Benukoro

130.0° 130.4° 130.8° 131.2°

131.6°

E

132.0° 132.4° 132.8° 133.20

Puc. 1. KapTa mecTa oTbopa pa3HOBO3pacTHbIX ocobei npumopcKoro rpebelka M. yessoensis (byxTa
CesepHas 3anuBa MeTtpa Bennkoro AnoHckoro mops, 42 93'N, 131 40'E)

Fig. 1. The map of sampling stations located in the Sea of Japan (Severnaya Bay of the Peter the Great
Bay 42 93'N, 131 40'E)

TMOMKALMM MONEKYNAPHOro Beca pasgenanu
metogom SDS-anektpodopesa B 9 % nonma-
KpunamugHom rene no metogy J1amau (Laemli,
1970). OkpawwuBaHue o06pasLOB NpPOBOAM-
nm kpacutenem Coomassie blue. B kauvectse
MapKepoB  CTaHAAPTHOrO  MOJIEKY/IAPHOIO
Beca mMcnosb3oBanan cmecb 6enkos (PageRuler
Prestained Protein Ladder), Fermentas
(#SM0671 Lot: 00019482).

CopepaHune metannos (Cd, Zn, Cu) B TKa-
HW NULLEBAPUTENLHOM Kenesbl U coaepiKaHue
KaZMMA Ha KaXKAoMm 3Tane ¢ppakuMoHMpOoBaHUA
N B XpomaTorpadpuyeckmx ppakumsax nsmeps-
M aTOMHO-abcopbLMOoHHbIM cnekTpodoTome-
TPOM C N1AMEHHOM aTOMMU3aLUUEN U KOPPEKLU-
el pentepuesoro ¢oHa (Lnmaasy AA-6800).

CopepaHne benka Ha Kaxgom ctaaum cyb-
KNeTOYHOro GppakLMOHMPOBAHUS U B XPOMATO-
rpaduyeckmx Gpakumax onpeaenanm MeTogom
Noypwu (Lowry et al., 1951).

OUEHKY MHTerpasbHOM aHTUPALMUKAbHOM
aKTUBHOCTM 6enKkoBbix ¢pakuMin NpPoBOAUAU
Ha OCHoBe cnocobHocTM ¢paKuui NoaaBAATb

peakuunto okncneHna ABTS nepoKCUnbHbIMK U
a/NIKOKCUNbHBbIMM  paguKanamu, obpasyowm-
MUCA NPU Tepmuyeckom pasnoxeHun ABAP
(2, 2'-a306uc (2-ammnHoONponaH) ruapoxnopuna)
(Bartosz et al., 1998). CoctaB peaKuMOHHOWM
cmecn: 0.1 M pocdatHbin bydep pH 7.0, 50 mM
ABTS, 200 mM ABAP. U3mepeHuna nposogmnu
npu gavHe BonHbl 414 Hm. BennuumHy aktueHo-
CTU PAcCYUTbIBaAM C MOMOLLbIO Kannbposou-
Horo rpaduka, NOCTPOEHHOro no «TponoKcy»
(BoaopacTBOpMMBII aHanor BuTamumHa E).
CTaTUCTUYECKN 3HaYMMble PasInymna mexay
KOHTPOJIEM U 3KCMepumeHTom bblan onpese-
NleHbl C UCNONb30BAaHMEM OAHOKOMMOHEHTHO-
ro aHanmsa ANOVA. Bce BbiBOAbI cAeNaHbl Ha
OCHOBAHMK He meHee 5 % ypPOBHA 3HAYMMOCTH

Pe3ynbTatbl

B  ocobax npumopckoro  rpebeluka
M. yessoensis pa3Horo so3pacrta (ogHo-, ABYX-
N TPEXNETHUX) B TKaHW NULLLEBAPUTENbHOM Ke-
ne3bl UCcneaoBanu coaepraHue TakMx meTan-
nos, Kak Cd, Zn n Cu (Tabn. 1).
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Tabnuua 1. KoHueHTpaumsa Cd, Zn u Cu MKr/r cyx. Beca B N1LLEBAPUTEIbHOMN Kefie3e 0AHO-, ABYX- U1
TpexneTHux ocobent M. yessoensis
Table 1. Concentrations of Cd, Zn and Cu in the digestive gland of 1-, 2- and 3-year-old scal-
lops M. yessoensis

1 2 3
Bospact
Cd Zn Cu Cd Zn Cu Cd Zn Cu
155 + 132 + 107 + 118 +
+ + + + +
Kontponb 65%2.1 57 13+5.2 56+2.8 6.5 11+0.5 5 35 47 12+0.5
733 + 165 + 17 + 283 + 13 + 321+
+ + +
OnbiT 36 6.4 8.5 135 PS5 a5 gg5  H3E5 1708

MuweBapuTeNbHana Kenesa uccnesyemblx
BO3pacTHbIX rpynn ocoben M. yessoensis co-
AEPKUT BCE TPU UCCeaQyeMblX MeTanna: Kaja-
MW, UMHK M meab. CoaeprkaHue UMHKa B NuLe-
BApPUTENbHOWM Kenese Tpex ncciesyemblx rpynn
KOHTPO/IbHbIX *KMBOTHbIX Bbille, YeM Kagmus.
Mean — HaummeHblwee Konmyectso. COOTHO-
weHne Cd:Zn:Cu B NULLEBAPUTENBHON Kenese
KOHTPO/bHbIX 1+ 0cobein M. yessoensis cocTa-
Bnno 5:12:1, y 2+ ocoben —5:12:1, y 3+ ocoben
—9:10:1. Takum 06pa3om, B KOHTPONbHOM rpyn-
ne ogHO- U ABYXNETHUX rpebelwkos Habnoaa-
Nacb OAMHAKOBAA CNOCOBHOCTb K HAKONAEHUIO
Cd, Zn u Cu.

OAHAKO KOHUEHTpAuuM aKKyMyIMpoBaH-
HOTO KaaMMuA, UMHKA U Megu Y KOHTPObHbIX
rpebeLlwKoB AOCTOBEPHO BbllE Y OAHONETHUX
ocobelt N0 cpaBHEHUIO C ABYXNETKaMU. Y Tpex-
NIETHUX KOHTPOJ/IbHbIX OCOOEei KOHLEeHTpauus
aKKYMY/IMPOBaHHOIO KaAMMA BblLLE B 1BA Pa3a,
OAHAKO LMHK aKKyMy/IMpyeTCcsa B MEeHbLUEN CcTe-
NeHN NO CPABHEHUIO C OAHO- U ABYX1ETKaMM.
Konnuyectso megm octaetca Ha TOM e ypoB-
He.

Mocne wuHKybauum ocobelr NPUMOPCKOro
rpebeuwka kagmuem (300 mkr/n CdCl,) cooTHo-

weHue Cd:Zn:Cu B NULLEBAPUTENIbHON Xenese
Tpex uccnegyembix BO3PACTHbIX rpynn mMsme-
HUNOCb. Y oQHONETHUX ocobel CoOTHOLWEHME
Cd:Zn:Cu coctasuno 43:10:1, y ABYXNE€THUX —
22:7:1, y TpexnetHux — 19:6,5:1. Takum obpa-
30M, HanbosblLee CPOACTBO K KaaMuto Habto-
[aeTca y oAHONETHUX ocobeirr MPMMOPCKOro
rpebellKka B YCNOBUAX BbICOKOrO COAEPrKaHMA
KagMWs B OKpyKatollen cpeae, T. K. UMEHHO B
AaHHOM rpynne HabnogaeTcs caman BbiCOKas
CTeneHb aKKyMynsiLMM TOKCMYHOro MmeTasnna.
C yBenmyeHnem Bo3pacta NpomncxoauT YMeHb-
LUEeHMe CTeNneHM HaKoNeHUs AaHHOIo MeTanna
B NULLLEEBAPUTENbHOM Xenese B ABa pasa, ¢ 733
A0 321 mKr/r cyx. Beca.

1rop

CybKneToyHoe pasgeneHme KagMmusa B NuLLe-
BapMTE/NIbHOW Xefnese rogoBasibix ocober npu-
MOpCKoro rpebewka M. yessoensisnokasano,
yTto 60/blUAA ero YacTb COAEPKMTCA B LMUTO-
NNasmaTu4yeckom GppaKkummn KNeTKkU, Kak y KOH-
TPONbHbIX, TaK U 3KCNEPUMEHTA/IbHbIX XKMBOT-
Hbix. Ha ponto ¢pakumm, copepxkawen MT-
nogobHble 6enkn, npuxoantca 25 % umtonnas-
MaTMYECKOro Kaamms B KOHTpone n bonee 33 %
B 9KCMEpPUMEHTE.

Tabnumua 2. CybkneTouHoe pacnpeaeneHme KagMmmus (MKr/mr 6eska) B N1LLEeBapUTeNbHOM Kelese 04HO-
NeTHMX ocobel npumopckoro rpebeluka M. yessoensis B KOHTPObHbIX U SKCNepUMeEHTaNbHbIX (300 mKr
Cd/n) ycnosusax
Table 2. Cd content in subcellular fractions of the digestive gland of 1-year-old scallops M. yessoensis in
control and experimental conditions (300 pg Cd/l)

HasBaHue npobbi KoHTponb JKCNepumeHT
lfomoreHat 2.8+0.1 100 % 70+£3.5 100 %
LuTtozonb 1.9+0.09 68 % 435+2 62 %

80 % ocagok 0.48 £0.02 25 % 14.5+0.7 33%
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B pe3ynbtate pasgenerHuna ¢pakuymm D meto- C nomowbto SDS-anektTpodopesa obHapyke-
[OM resib-xpomaTtorpaduu 6b1a1 NoayveHbl ABa  HO TPU NATHA, COOTBETCTBYOWMX obnactm 120
KagMUI-coaeprKallimx nnKa, cootsetcteyowmx  KAa, 72 k4a v 43 ka (puc. 2).
6enKkam C BbICOKMM MONEKYNAPHBIM BECOM.

1 2 3
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KOHTPOJIb SKCIIePHMEHT

Puc. 2. Xpomatorpadpuueckuii npodunb (FPLC, Superosa 12, A 280 HM) pecycneHAMPOBAHHOMO aLeTOHHOTO
OCaZlKa NULLLEBAPUTENIbHOW ¥Kesesbl 04HONETHMX ocobelt MpumopcKoro rpebelka M. yessoensis (KOHTPO/b U
skcnepumeHT — CdCl, 300 mkr/n) n SDS-anexkTpodopes (9 %) antonposaHHbIx NMKOB (1 1 2) KOHTPONA, OKpa-
wmeaHme Coomassie blue
Fig. 2. Chromatographic profile (FPLC, Superosa 12, A 280 nm) of the resuspended acetone residue (fraction
D) of the digestive gland of 1-years-old scallops M. yessoensis (control and experiment — CdCl, 300 pg/l) and
SDS-electrophoresis (9 %) of the eluted peaks (1 and 2). Coomassie blue stained
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HaliaeHo, yto Bce TpU MAEHTUPULMPOBAH-
HbiX 6e/Ka CBA3bIBAKOT TOKCUYHbIM KaagMUIM Kak

Cd, mer/™r
benka

8

6.6

Ly

| ]

0,026

T

F

120x/]a

k/la

B KOHTPO/JIbHOW, TaK U 3KCNepUMEHTaNIbHOM
rpynnax uccnegyembix MOTIOCKOB (puc. 3).

5 Ny
i,w

09

43 x/la

Puc. 3. Pacnpeaenenune kagmua (MKr/mr 6eska) cpeam MT-nogo6HbIX 6e1K0B NULLLEBAPUTENBHOW XKesle3bl
ofHoONeTHUX ocobelt NpMmopcKoro rpebetka M. yessoensis KOHTPObHOM (1) U aKcnepuMeHTanbHOM (2)
rpynn — CdCl, 300 mkr/n

Fig. 3. The distribution of cadmium (ug/mg of protein) among the MT-like proteins of the digestive gland of
one-year-old scallops M. yessoensis in control (1) and experimental (2) groups (CdCl, 300 pg/I)

Mony4yeHo, YTO B €CTECTBEHHbIX YCNOBUAX Y
rogoBasibix ocoben M. yessoensis KagMuin cBAa-
3bIBAETCA MMaBHbIM 06pasom ¢ 6enkom 43 k/a.
OpHako y ocoben, noaseprHyTbix 0b6paboTKe
KagMMem, NPOUCXOAWUT nepepacnpeseneHue
Kagamusa c 6enka 43 k[a Ha 6enok 120 ka. NH-
TepecHo, YTo H6efIoK C MONEKYNAPHbIM BECOM
72 k[a He MeHAN CBOEro CPOACTBA K KaaMMUIO
BHE 3aBUCMMOCTM OT YC/IOBUI SKCMEPUMEHTA.

N3yyeHne aHTMOKCUAAHTHLIX CBOMCTB MoO-
Ka3aso 3HaAYMTeNIbHOE Pas/inyMe B 3HAYEeHMUAX

Kak Mexay Kaamuin-ceasbiBaloWMMmn 6enkamm
B KOHTPO/IbHbIX MOJIJIIOCKAX, TaK U B 3KCNepu-
MeHTasIbHOW rpynne rpebelwkos. Pe3ynbraThbl
nokasanu (puc. 4), 4To B €CTeCTBEHHOM cpeae
obuTaHMAa KagMUIi-cBA3bIBalOWME Oenku cea-
3bIBAOT aKKYMY/ZIMPOBAHHbIA KagMUn U UMEIOT
cneaytowme 3HauyeHua AO: gna 6enka 120 kla
— 86 mMonb Tponokca/mr 6enka, ans 6enka 72
kOa — 114 mMonb TponoKkca/mr 6enka u ana
6enka 43 kla — 59 mMonb Tponokca/mr 6en-
Ka.
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Puc. 4. AO aktusHoCTb (MMonb Tponokca/mr 6enka) cpeam MT-nogo6HbIX 6€/1K0B NULLLEeBaPUTENbHOM Ke-
Nle3bl 04HONETHUX 0cobel NnpumopcKoro rpebetuka M. yessoensis KOHTPONbHOM (A) U 3KCNepUMEHTaNbHON
rpynn (CdCI2 300 mkr/n) (B) (1 - Cd, 2 - AO akT1BHOCTb)

Fig. 4. AO activity (mM Trolox/mg protein) of MT-like proteins of the digestive gland of one-year-old scallops
M. yessoensis in control (A) and experimental (B) groups (1 - Cd, 2 - AO activity)

B akcnepumeHTanbHbIX YCNOBUAX NPU HAKO-
NAeHUN KagMmua B 6enKax 3HaYeHUA aHTUOKCK-
AaHTHOM (AO) aKTMBHOCTM A5 3TUX e 6enkos
nameHmanco (cm. puc. 4): gna 6enka 120 kfa
aKTMBHOCTb ynana Ao 50 mMonb Tponokca/mr
6enka, ana 6enka 72 ka ysenmuumnacb go 124
MMonb Tponokca/mr 6enka, ana 6enka 43 kfa
yBenmumnnacb Ao 72 mMonb Tponokca/mr 6en-
Ka.

Pe3ynbTaTbl NOKa3anin, 4YTo C yBeAUYEHUEM
CBA3aHHOro KagmuAa B H6enke AO aKTMBHOCTb
6enka cHuxaeTca, U1 HA06opPOT, C YyMEHbLUEHU-
€M CBfI3aHHOro Ka