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OBSERVATION AND THEORETICAL ARTICLES
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10.I1. 3aunues, H.U. KonbiTnna

Onecckuél Gunmuas HHCTUTYTa OHOJNOTHH 10XKHBIX Moped umenu A.A. KoaneBckoro
HAH Yxpawunsl, yia. [lywkunnckas, 37, r. Onecca, 65125, ¥Ykpauna,
tena.: +38 (048) 725 09 17

e-mail: yu.zaitsev@paco.net, nade.kopytina@yandex.ru

'PUBbl B MOPCKOW CPEJE

Han kpamkuil 0630p onybAUKOBAHHbIX c8edeHull 0 epubax KaAK O KOMNOHEeHmax
buomol mopeli u okearnos. Paccmompeno pacnpocmpanenue 2pubos 8 pasiutHbLx
buoeeoepagpuueckux 3oHax u buomonax muposoeo okeara. [lokasano sauanue enyou-
HblL, memnepamypol, COACHOCMU 800bl, Xapakmepa OOHHbLX OMAONEHUL HA 8U00BOL
cocmas u naomuocme nponazys epubos. Ommeuena poav epubos canpompogos,
napasumos, cumMbuUoOHMmMOo8 1 ONNOPMYHICMO8 8 IKOCUCTEMAX, & MAK#e Mmpoduueckue
c8:a3uU mopckux epubos u becnodnossorounolx. Hazsansl Hekomopuole nepcnekmugHole
HANnpasAeHus U3YyueHus u UCNOAb308AHUL MOPCKUX epub08 O PeuleHus HAYUHbLX
u npukaraduelx 3a0ai.

Karwuesove caosa: 8pu6bl, neaacuano, 6€Hﬂ’la/Lb, HCUBOMNIHBLE.

Kocmononmutuueckuil xapakTep pacipocTpaHeHHs TPUOOB 0COOEHHO SIPKO MPo-
CJeXKHBAETCS Ha NpUMepe MX pacrpefiesieHUs B MOpPSX U okeaHax. I'pubel gensitcs
Ha canpoTpodoB, MapasuToB, CUMOHOHTOB H aCCOLMAHTOB pPacTEeHUH, >KMBOTHBIX U
yesoBeka. OHU 32aHUMAIOT Bce OUOTONBI rajoc(epsl, OT TTOBEPXHOCTH 0 HAUOOJMbBLINX
riyOuH, OT BO3AYLIHOW CyMpaJUTOpaau A0 CEPOBOAOPOIHBIX OTJI0XKEHUN abuccasu, OT
OTIpeCHEHHBIX YJaCTKOB Y MoOepeKuH M0 TUMePraJuHHbIX BOI U30JHPOBAHHBIX MOpPEH H
o3ep. JlocTurast BbICOKOH YUCJAEHHOCTH, IPUOBI UTPAIOT CYLIECTBEHHYIO POJb B Mpollec-
cax (PyHKLMOHMPOBAHHUS MOPCKUX 9KOCUCTEM, NOTpebJsisi U MUHEepanu3ysl opraHuyeckoe
BELIeCTBO, y4acTBYsl B OMONOTMYECKOM OUHILEHMH MOPCKOH Cpefibl, co3AaBasi yCJIOBHUS
JJIST Pa3sBUTHS OHOLIEHO30B MOPCKHX OpraHu3mMoB. Criopbl ¥ TH(BI TPUOOB, a TaKxKe
oboralieHHbIe MULEJHEM LIEJTI0N030ConepKalIre CyOCTPAThl U IETPUT CJIYKAT MHULLIEH
JJIST MHOTHX BHIOB O€CMO3BOHOYHBIX ¥ MOJIOAX PBIO [4].

Hecmotpst Ha 3T0, rpubBI B MOPCKON Cpefie U3yueHbl HeJ0OCTaTOUHO, CIeLHalUuCTOB
B 00J1aCTH MOPCKOH MHKOJIOTHH HAaMHOT'O MeHbllle, yeM TOro TpeOyeT MO3HAHHE 3TOH
HCKJIIOUHNTESBHO WHTEPECHON M BaKHOW TPYMNIBI opraHu3MoB. Hampumep, Ha YepHom
MOpe MHKOJIOTHUECKHE HCCIeJOBAHNS B HACTOSIIIEE BPEMSI TIPOBOASTCS UMb B OIecCKOM
¢unnane Mucturyra 6uosoruu 10:xHeix Mopeit HAH Ykpaussl.

OnyO6/MKOBaHHbIE B OT€UECTBEHHOH U 3apyOeKHOH JUTepaType MaTepHasbl O3BOJIS-
I0T COCTaBUTb OOlllee NpecTaBaeHe 0 rpubax Kak 0 KOMIIOHEHTaX OUOTEI MOpeH U OKeaHOB.

© IO.I1. 3aitues, H.M. KonbiTuna, 2009
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['PMBHY ¥ MOPCbKOMY CEPEJOBHIII

OnpepeJieHre MOHATUS <KMOPCKHE TPUOBI»

[To mpoucxoxkaeHH0 MOpCKHe IpUObLI NeJISAT Ha IBE I'PYMIbI 0OJUraTHble — Mep-
BUYHOBOJHBIE I'PUOBI (MOSIBUJIKCH B BOTHOH Cpelle W OCTAaMCh B HEH) ¥ (paky/JbTaTUB-
Hble — BTOPHYHOBO/HbIE TPUOBI (B X0I€ 3BOJIOLMH MUTPUPOBAJIH B IIPECHBIE BOJABI U HA
Cylly, a 3aTeM BHOBb BePHYJIUCH B BOAHYIO cpeny). M3 MOpcKoil cpesibl BBIIENEHO OKOJIO
1500 BumoB rpuboB u3z otmesoB Oomycota, Chytridiomycota, Zygomycota (Husime
rpu6del), Ascomycota, Basidiomycota u mopcosornueckoit rpynnel Anamorphic Fungi
(BBICLIME MULEIHANBHBIE TPUOLI), cpenn Hux 500 — mpeacTaBUTEU BBICIIUNX 0OJUTaTHO
Mopckux rpuboB. B monorpaguu Xaiina u [lotitunra «Marine Mycology» [17] npuBenen
CIHCOK BBICILIUX 00JIMTaTHO MOPCKUX rprboB (444 Buna): rpudsl u3 otaesa Ascomycota
cocrapasior 81%, ornena Basidiomycota — okosio 2%, MOp(oJIOrHUECcKO# Tpymbl
Anamorphic Fungi — 17%.

OnucaHre HOBBIX 00JIMTaTHO MOPCKHUX BHJIOB MIPOIO/IXKAETCS U B HACTOSIIIEE BPEMSI.
BosblInHCTBO MULIEIHAIbHBIX (DAaKy/IbTaTHBHO MOPCKHX I'PUOOB —3BPUTOIHBLIE Ipe[-
craButensiu ponos Alternaria, Aspergillus, Chaetomium, Cladosporium, Penicillium,
Phoma, Trichoderma, KoTOpble 3aHOCATCS B MOPe BMeCTE C MOYBOH, PaCTUTEbHBIMY,
JKHBOTHBIMH CcyOCTpaTaMH, a TakxkKe BO3AYLIHBIMK moTokamu |1, 10].

B 1999 r. na VII-Mm MeXayHapoiHOM CHMIIO3MYMe 110 MOPCKOH U NPECHOBOJAHOH
MHUKOJIOTUH B ['OHKOHTe Npe/102KeHO B KaueCTBe IVIABHOTO KPUTEPHUs MPU OIlpeeseHUH
MOPCKHX I'PUOOB HUCIOJIb30BaTh UX CIOCOOHOCTb NpopacTaTh U (POPMUPOBATH MULIENUH
B €CTEeCTBEHHBIX MOPCKHX yCJ0BHAX [13].

['pudbI B pa3nnuHbix Guoreorpauueckux 00J1acTaX MUPOBOro OKeaHa

B mupoBoMm oxeaHe rpubbl pacnpocTpaHeHbl BO Bcex Ouoreorpaguuyeckux o6-
gactsax. O6suratHele TpUObI, 0OUTAIOILKHE B TPONHUYECKUX palioHaX, MO OTHOLIEHHIO K
TemrepaType BOJbl, NeJsATCS Ha [Be KaTeropuu: TPOMHYeckhe/cyGTpONHYecKHe BUIbI
1 KocMmomoJsiuTel. Hampumep, u3 88 BHIOB MHKpPOMHLETOB MpubOpexHbIX Box MHwy,
36 BcTpeuyarTCs B yMepeHHo# 30He. Tponuueckue/cy6Tponiueckie rpubl B SKCIePH-
MeHTax in vifro onTHUMaJbHO pa3BUBAlOTCSA NPH TeMmrepatypax 35—40 °C, a nis nomny-
JSIUMH TPUOOB-KOCMOIIOJIUTOB ONTHMAJbHBIN TEMIIEPATYPHBIH PEXKHUM POCTA COBMALAET
C TAKOBBIM B MPHUPOAHBIX MecTax obutanus [27]. Eile HemocTaToOuHO M3yueHbl TPUOLI
apKTHYECKOH U aHTapKTHuecKo# obsactedt, nodepexuil IOxHo#t Amepuxu u HOxHo#
A¢puku. He uck/oueHo, 4yTo pacluupeHue apeaja UCCAeIOBAHUN MO3BOJIUT N0KA3aThb
MIPaBOMEPHOCTD YTBEPKIEHHUS, UTO TPUOBI, OOUTAIOIINE B YMEPEHHBIX LIHPOTAX, SBJS-
10TCA KocMotnoautamu [18].

I'pubbI B nesarunaau

Criopbl ¥ 06PBIBKY MHUIIE/ IS TPUOOB 0OHAPYKEHbI OT MOBEPXHOCTHOH TJIEHKH BOJIBI
1o 6osbnx rayouH (4610 M), a B Takom Bonoéme, kak UepHoe Mope rprObl BBISIBJIEHBI
JaxKe U3 cepoBONOpOAHOH 30HBI nejaruanu (ot 250 no 2000 m). B BoxHO# Touie no-
MHHHPYIOT (paKyJbTaTHBHBIE TpUOBI U3 ponoB Aspergillus, Cladosporium, Penicilliium
u npoxxu Candida, Rhodotorulaceae |9, 25, 28]. YcTaHOBJEHO, UTO MJIOTHOCTH MpPO-
naryJ (CTPYKTyp HalolIMX HayaJo HOBOMY OpPTaHM3MYy: CIIOPBI, KOHHIWH, KJIETKH T'H()
rpuboB yOBIBAET MO Mepe yHaJeHHUsl OT CYLIM U yBeJudeHHeM TyOuHH [1].

Cropbl 06/TUTaTHO MOPCKHX I'PHOOB MOJHUMAIOTCS B MOBEPXHOCTHBIH CJIOH BOIBI 1
6yarogapst 0COOEHHOCTSM HX CTPOEHHS U TOJIOKUTEIbHOH TJIaByYeCTH YIepKUBAOTCS
B reHe. B Hell MO’KHO 0OHAPYKUTB CIOPbI OOJBIIOrO YHCa PHOOB U3ydaeMbIX paHOHOB
(mo 70% BumoBoOro cocTasa). Unc/€HHOCTD CIIOP M KJIETOK rud rpuboB B NeHe ObIBaeT Ha
1—4 nopsnka Bbille, 4eM B MOBEPXHOCTHOM CJioe BOAbL. B Mopckoii neHe mpeo6JanaioT

. Mixpobioaoeisn i 6iomexnoroeis Ne 7 /2009 7



HO.I1. 3aiiues, H.I. Konurina

cropsl MOpcKHX BuoB (6osee 70% cayuaes), B nepsylo ouepeab Corollospora maritima
Werdermann, Arenariomyces trifurcatus Hohnk, E.B.G. Jones u Nia vibrissa R. T.
Moore, Meyers, a B rieHe COJIEHBIX JJUMAHOB 3HAUMTENbHYIO 10110 (10 77 %) COCTaBAAIOT
CIOPBI HAa3eMHBIX IPuOOB U3 ponoB Alternaria, Chaetomium, Diplodia, Stemphylium.
Atu obJsuraTHbie U (aKyJbTATHBHBIE MUKPOMHULETHI TAKXKE PA3BUBAIOTCS B OHOTOMAX
MecKa MCeBAONUTOPaNH U BepxHEl cybautopanu [7, 11].

['puObI B JOHHBIX OTJOXKEHUSIX WeJbda

B MOHHBIX OT/NIOXKEHUSIX TPUOPEKHOH 30HBI CEBEPO-3aMafHol yacTu YepHoro Mopsi
U MIPUJIEraIOIINX JTHMAHOB pPasHo# coseHocTH Ha TaybuHax 0—20 M BeisiBJeHO 60 BUIOB
rpu6oB, u3 Hux 34 Buna (56,7%) — obauraTHo MOpckhe. B BHIOBOM cocTaBe rpu60B
npeo6aafanyu npenctaputeau rpynnsl Anamorphic fungi — 32 suna (53,3%). Makcu-
MaJsIbHO€ YKCJI0 BULOB OTMeueHo B ponax Chaetomium (3) u Cirrenalia (3). B MuUKokowm-
TJIeKCax MCEBAOMUTOPAJIH 110 YACTOTE BCTPEYaEMOCTH JOMUHHPYIOT MOPCKHE aCKOMHLIETHI
C. maritima (27,5%), A. trifurcatus (19,2%), cybnuropanu — C. maritima (34,7 %)
¥ BPUTONHBIA anHamophHbIi BUn Stachybotrys chartarum (Ehrend.) Hughes (10,4%)
[8]. B rpynTax YepHoro mMopst B paiioHe Mbica XepcoHec (ry6uHa 10 15 M) BBISBJIEHO
86 Bu0B rpu6oB, U3 rpynnel Anamorphic fungi — 72 (80,9%) suna [1].

B nonnbIx oTn0xKeHHUsIX Weabga ocTpoBa CaxanuH, Kypuabckux octpoBoB (OxoTckoe
mope) u ddnonckoro mMops (rayouna 10—200 m) o6Hapy»keHbl 0Koso 200 BHIOB rpu6oB,
u3 Hux 95% — npencrasutesu rpynnel Anamorphic fungi [11, 12]. B Kannanaxiickom
3anuBe Besoro Mopst ucc/aenoBaHa MUKOOMOTa MApPLUIEBBIX MOUYB, MCEBIOJUTOPAJH U CY-
6muropanu (54—108 M, nposnus Benmkas Canmva). Beinesieno 73 Buga rpu6oB, U3 IPyTIIbI
Anamorphic fungi — 61 (83,6%) Bun [2]. B Besiom, UepHowm (pafion Mbica XepcoHec) u
JlabHEBOCTOYHBIX MOPSIX B MUKOKOMITJIEKCAX JOHHBIX OTJI0XKEHUSAX 00JUTaTHO MOPCKHE
rpubbl COCTABJISAIN 0KOJO 5% OT BHIOBOTO COCTAaBAa. B BHIOBOM COCTaBe B LIEJIOM H B
KOMIIJIeKCax NTOMHUHAHTOB BCeX IVIyOUH ObliM HauboJiee LIMPOKO MpeAcTaBjeHbl IPUObI
u3 ponoB Penicillium, Aspergillus, T.e. BUIbl TEPPUTEHHOTO TPOUCXOXKAEHHUS, OObIYHbBIE
B OKPECTHBIX Ha3eMHBIX MOYBaxX UM KocMomoautThl [1, 2, 11, 12].

B ceBepo-3ananHoi uactu UepHOro MOpsi He BBISIBJIE€HO TOCTOBEPHBIX PA3JIHUH UHC-
JIEHHOCTH TIPOMAryJl U BUAOBOTO COCTaBa TPUOOB B JOHHBIX OTJI0KEHHH M1CEBAONUTOPANN
u BepxHell cybautopanu [8]. B rpyrTax [laabHeBOCTOUHBIX MOpel 3aUKCHPOBAHO yMe-
HbLIEHHE YMCJIEHHOCTH MPOonarys u 6uopasHoodpasusi rpubOB C yBeJHUEHHEM TJyOUHbI
(ot 10 mo 200 m) [12]. B UepHom u JlanbHEBOCTOUHBIX MOPSIX BBISIBJI€HA 3aBUCHMOCTD
BHJIOBOT'O COCTaBa W IJIOTHOCTH IpoOMNarys rpuOOB OT I'PaHy/JOMETPHUUECKOrO COCTaBa
JIOHHBIX OTJIOXKEHHUH, TPH 3TOM MaKCHMaJsbHOE KOJHUECTBO BUIOB U HAUBBICILIAS YHCJIEH-
HOCTB TIPOTIATYJl OTMeUeHbl B MIKUCTHIX TpyHTax [8, 11, 12]. B Besiom Mope He BbIsIBIEHO
KaKOH-JIM00 CBSI3W BHOBOIO COCTABA M YHCJEHHOCTH MpONarys rpuboB ¢ rayOuHOH H
THUIIOM TpyHTa [2].

['pudbI B OaTHaau u abuccanau

K rny60KoBOAHBIM MPUHSATO OTHOCHTb IPUOBI, PACTYLIHE ¥ Pa3MHOXKAIOLIMECs Ha
rny6unax 6osee 500 m (Kohlm., Kohlm. 1979). MukpomuiieTsl 06HapYKeHbI B BOAHOK
TOJILE, MOHHBIX OTJIOXKEHHSIX, HA CTBOPKAX MOJIIIOCKOB M IIEJIJII0J030COIePXKALINX
cybcTpaTax B ryOOKOBOIHBIX pailoHax AtsianTudyeckoro, Tuxoro n Muauiickoro okea-
HOB, B ApaBuiickoM u YUepHoMm Mopsx Ha rayouHax ot 600 M mo 10500 m (8, 9, 20,
25, 28, 32|. B riiy60KOBOAHBIX TOHHBIX OTJIOXKEHHSIX MPe0d/aNaloT SBPUTOIMHbIE TPUODI
u3 ponos Acremonium, Alternaria, Aspergillus, Cladosporium, Penicillium w np. B
ArnanTtuueckom u Tuxom okeaHax Ha [ApeBecHHe OOHApPYXKeHbl D HOBBIX MJISI HAYKH
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BUJIOB 00JIMraTHO MOPCKHUX rpuboB: Abyssomyces hydrozoicus Kohlm., Allescheriella
bathygena Kohlm., Bathyascus vermisporus Kohlm., Oceanitis scuticella Kohlm. u
Periconia abyssa Kohlm. [20].

I'puGbI ¥ cOoJlEeHOCTb MOPCKOMH BOJbI

Mopckue rpubbl crocoOHbl pa3BUBATbCS MPU LUIMPOKOM [AHanasoHe KoJjebaHUH
COJIEHOCTH BOJIbI U PACTH aXKe Ha Cpelax C AUCTUIMPOBAHHOH BOMOH, MPU 3TOM TaJjo-
TOJIEPAHTHOCTb TPUOOB MOXKET ObITh IIKPOKOTO ¥ Y3KOro auanasoHa (TabJr.).

Tabmmua
BiusiHue cosleHOCTH MOPCKO#H BOJAbI HA POCT HEKOTOPHIX rpubOB
Table
The salinity effect marine water on the growth of selected fungi
I'pubbl ¢ wIMpokon ConeHoCTb BOABI, I'pubsbl ¢ y3koii CoJsleHOCTb BOJibI,
rajgoToJ€pPpaHTHOCTbIO %O rajaoTo/Je€pPpaHTHOCTbIO %O

Asteromyces cruciatus 0— 100 Althornia crouchi E.B.G. 40 — 100
Moreau & R. Moreau (90) Jones & Alderman (80 — 100)
Corollospora maritima 0— 100 . 35 — 100
Werderm. (100) Labyrinthula sp. (60 — 100)
De?ér%phéilfgeifima 0—100 Ostracoblabe implexa 20 — 100
Pugh & Nicot (60 — 70) Bornet & Flahault (70 — 100)
Dendryphiella arenaria 0—100 Thraustochytrium multiru- 20 — 100
Nicot (20) dimentale S. Goldst. (70 — 100)

[Tpumeuanue: B cko6kax yKasaHa cOJEHOCTb, COOTBETCTBYIOIIAS ONTHMAIBHOMY POCTY rpuboB
(o Jones, 2004).
Note: Fugures in brackets indicate the optimum growth (according to Jones, 2004).

B runepconensix Bogoemax ®panuuu (cosenoctb 10 300%o) ¢ ApeBecHHb, MO-
TPYKeHHOH B BOIY, BblaeseHbl 19 TakcoHOB rpudos, cpenu Hux Phoma sp., Pleospora
gaudefroyi Pat., Leptosphaeria sp., Savoryella sp. Bce n30/s1Tbl 0Ka3aJiCh YCTOHUUBBI
K COJIEHOCTH, HO KOHLeHTpauusi Bbie 120%o0 nomaeasna ux passutue [23]. B Bome
MepTBoro mMops ¢ coseHocTbio 340%o 0GHApyKeHbl 58 BUIOB MHUIEIHANBHBIX TPUOOB,
46 (80% ) 13 KOTOPHIX OTHeCeHO K poaaM Aspergullus w Penicillium, a TakxKe BbleJeH
HOBBIH 115 HayKu BuI Gymnascella marismortui Buchalo et al. BosbinHCcTBO MHKpO-
MMLIETOB ONTHMaJbHO Pa3BUBAJMCH HAa Cpeaax, NPUroToBaeHHbIX U3 pacuera 10—30%
KOHLIEHTPALIMK COJIEHOCTH BOJbl MepTBOro MOpsi, OHAKO, HEKOTOPbIE BUIbI POCJIH MPH
cosenoctd 175%o 1 Bbile [13].

[pubwt C. maritima, Halosphaeria appendiculata Linder, Halosphaeriopsis
mediosetigera (Cribb, J. W. Cribb) T. W. Johnson, Nais inornata Kohlm., Savoryella
lignicola E. B. G. Jones, R. A. Eaton, Clavatospora bulbosa (Anastasiou) Nakagiri,
Tubaki BriepBble onucaHHbIE H3 MOPCKHUX MECT OOHTaHHUSI, BIIOCAEACTBUH ObLIN 0OHAPY-
JKeHBbl TAaKxKe B NpecHbIX Bomax [4, 18].

B Bojie ¥ IOHHBIX OT/IOXKEHHSIX YCThEB PEK K PYUbEB OTMEUEHO YBEJHUEHHE UHCIIEH-
HOCTH TIpOmnaryJs U pasHoobpasus rpuOOB 3a CUET MHKPOMHLETOB, XapaKTEPHBIX JIs
MOYB Ha3eMHbIX LeH030B, Cephalosporium-nonoOHble HeCOBEpPLIEHHbIE TPUObBI, BHIbI
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ponos Aspergillus, Dendryphiella, Penicillium TeMHOOKpalle€HHblE THPOMULETHI H
cTepubHBIE MuLeaun [2, 12, 26].

['pudbI HA APYrUX rUAPOOUOHTAX

BosbunHeTBO MOPCKUX rpuOOB — canpoTpodbl U pa3BUBAIOTCS Ha MePTBBIX pac-
TEHUSIX U >KUBOTHBIX. DBTPO(QHUKALMS U 3arpsi3HeHHe MOPCKOH Cpefibl CrIOCOOCTBYIOT
0C/1a0eHHI0 HMMYHUTETA THAPOOHOHTOB W CO3[AIOT YCJOBUS Ui MACCOBOTO Pa3BHUTHS
MaTOreHHbIX U OMMOPTYHUCTUUECKUX BHIOB IPHOOB. DTO — MIKPOKO paclpoCTpaHEHHbIE
canpoTpoHbie rpubbI, MPOAYLMUPYIOLIHE MUKOTOKCHHBI HJIH CTIOCOOHbIE TIPU OMPeIeJIeHHbIX
YCJIOBHSIX MEPEXOMUTD K napasutuamy. Ha Bopopocssix o6HapykeHbl 79 BUIOB BBICIINX
00JIUTaTHO MOPCKUX T'pUOOB, M3 KOTOPBIX MPEACTaBUTENH 12 pomoB — mapasuthl U 6
ponoB — cuMOUOHTHI [17]. B 30-x ronax XX cTo/IeTHs B CEBEPHOM IOJYLIAPHH TTPOU3OLIIO0
3HAUUTE/JbHOE COKPALEHHE MOMYJISILHA MOPCKOH TpaBwl Zostera marina L. B pedyJ/brate
nopakeHust ee HU3IWMM rpuboM Labyrinthula macrocystis Cienk. [1]. B UepHom Mope
Ha 27 BUIAX MaKpOBOJOpoOCael 0OHapy»KeHO 67 TaKCOHOB TpubOB, B SIMOHCKOM MOpe Ha
MPOMBICJIOBOH OYypoii Bogopocau Laminaria japonica Aresch. (L.) Edmon. BeisiBieto 37
BHJIOB MHKPOMHILIETOB, B 060HX MOPSIX MpeobJianaiyu MULIEHAIbHbIE OMMOPTYHHCTHUECKHE
rpubbl u3 ponos Penicillium, Aspergillus, Alternaria, Cladosporium, Dendryphiella,
Stemphylium, Fusarium [1, 5].

B 1963—1969 rr. B TeppuTopHanbHbIX BOmax YKpauHbl, Pymbianu, boarapuu n
Typuuu (YepHoe Mope) Habuonanud TpubKOBBIE 3MU300THHM pauka Penilia avirostris
(Dana), BbizBanubie HusimM rpubom Hyphochytrium peniliae N.J Artemczuk & Zelez.,
HOBbIM 11t Hayku BuIoM [1]. B 1990-x ropax XX Beka u Hauase 2000-x rr. BHeOpeHHe
MULENHATBHOTO OMIOPTYHUCTHUECKOTO Tpuba Aspergillus sydowii (Bainier & Sartory)
Thom & Church B skocucremy Kapu6ckoro mMopst BbI3BAIO KATAaCTPO(PUUECKOE COKPA-
lIeHre MonyJsiiuu Kopanna Gorgonia ventalina Linnaeus [29].

Onmnoprynuctuueckue rpubsbl (Alternaria alternata (Fr.) Keissl., A. tenuissima
(Kunze) Wiltshire, Aspergillus niger Tiegh., A. flavus Link, A. parasiticus Speare,
A. ochraceus G. Wilh., A. versicolor (Vuill.) Tirab., Chaetomium globosum Kunze,
Cladosporium cladosporioides (Fresen.) G.A. de Vries, Penicillium citrinum Thom,
P. simplicissimum (Oudem.) Thom, Stachybotrys chartarum (Ehrenb.) S. Hughes,
Trichoderma viride Schumach., T. koningii Oudem., u npyrue), HaKanJuBalOIIUECS
BO BHYTPEHHHUX OpraHax MpPOMBICJOBBIX ABYCTBOPUYATHIX MOJIIIOCKOB (Mizuhopecten
yessoensis Jay, Mytilus trossulus Gould, Crenomytilus grayanus Dunker, Mytilus
galloprovincialis Lam., Mytilus edulis L.), BbI3bIBalOT MUKO3bl U MHUKOTOKCHKO3BI Y
YeJIOBEKa, HA3eMHBIX U MOPCKHX JKHBOTHBIX [3, 6].

Haun6osee nosHo uccenoBanbl rpuObI BHI3BIBAIOIIHE MSTKYIO THHJIb TPEBECHHBl —
pasJioxKeHHe MOTPYKEHHBIX B BOLY OJPEBECHEBEBILHUX YAaCTeH PACTEHUH 10 MSITKOTO COC-
TOSTHUS. DKCIIEPUMEHTBI C BBICIIUMH 00/MraTHo Mopckumu (Dendryphiella salina (Suth.)
Pugh et Nicot, Monodictys pelagica (Johnson) Jones, Zalerion maritimum (Linder)
Anastasiou) u ¢akyabraTuBHO Mopckumu rpubamu (Alternaria sp., Cladosporium
herbarum (Pers.), Stachybotrys atra Corda, Ch. globosum, Sordaria fimicola (Roberge
ex Desm.) Ces. & De Not.) nokasanu, 4uTo MakcHMMaJbHOE Pa3ji0XKEHHE NPEBECHHBI B
MOpe MpoucxXomuT npu temneparypax 15—25 °C u pH — 5,0—8,0. Ha nyiaBaroue#t npese-
cuHe (TI1aBHUKe) 0OHAPYKUBAKOT GOJIbIIIEe YHCJIO BUIOB TPHOOB, YeM Ha 3aKperJeHHOH
(cybeTpaThI-PUMAHKU U3 IPEBECUHBI). B OIHUX U TeX XKe palioHax Ha MJIaBHUKE BBISBUJIN
26 u 104 Buna, Ha 6yokax-mpuMankax 9 u 77, cooTBeTcTBeHHO [11].
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Ha cTBoMax W KOpHSIX MaHTPOBBIX PACTEHHH, MOTPYKEHHBIX B MOPCKYIO BOMY,
0OHapy>KeHO HaubOoJIbllee YHCJAO BBICHIMX OOJHUIaTHO MOPCKHMX BHIOB rpubdoB — 450
(13 500), omHAKO 3TH NaHHBIE TPeIBAPHUTENbHbIE, TaK KAK HUCCJIENOBAHHUS TIPOBOAUIU
Bcero Ha 9 Bumax MaHrpoBbix pacteHuil u3 100. ManrpoBele jeca 3aHMMAIOT TePPUTO-
puto 181 Teic. kM2 Ha Geperax 112 crpan. B jsecax baramMckux ocTpoBOB BbisiBJieHO 112
Bun0B rpudos, bpynes — 95, Munuu — 88, Taunanna — 81, Makao — 6 [19, 30]. Ha
JIpeBecHHe MaHTpoBoro pactenust Acanthus ilicifolius Linn. obuapyxunu 120 BumoB
rpuboB, mukpomutet Caryospora mangrovei K.D. Hyde Bbinenen Tonbko Ha Xylocarpus
granatum Koen., a Aigialus mangrovis Borse u Eutypa sp. na Avicennia alba Blume
[18]. MHorHe MaHTPOBBIE MOPCKHE IPUOBI CITOCOOHBI TIOCESITHCS HA IPYTHX cyOCcTpaTax,
M03TOMY BCTPEYAITCS MOBCEMECTHO B Tponukax [21]. Ha npeBecute pasHbix BUIOB 10-
MHUHHDPYIOT 00JIMraTHO MOPCKHe rpubbl u3 otaesa Ascomycota. Ha jicThsix MaHMPOBBIX
JIEPEBbEB U IPYTHX BBICIIMX PACTEHHH, MOTPYKEHHBIX B MOPCKYIO BOAy, MpeoOJagaroT
LIKPOKO pacrpoCcTpaHeHHble canpoTpogHble (haKyIbTaATUBHO MOPCKHE IPUOBI U3 IPYIIIbI
Anamorphic fungi [12].

HccnenoBanus BepTHKAIbHOrO pacripefesneHust TpUOOB B MPUIMBHOH 30HE MaH-
TPOBBIX 3apOCJeH BBISBU/IM UX UETKYIO MPUYPOUEHHOCTD K riayOuHaMm. B BepxHeh 30He
npeobnanaiot Hypoxylon oceanicum Whalley et al., Savoryella lignicola, Nia vibrissa
R. T. Moore, Meyers, Sphaerulina oraemaris Linder, Marinosphaera mangrovei
K. D. Hyde, B uumxue#t — Antennospora quadricornuta (Cribb, & J. W. Cribb)
T. W. Johnson, Marinospora longissima, M. calyptrata (Kohlm.) Cavaliere, Lulworthia
spp., Halosphaeria appendiculata, Amylocarpus encephaloides Currey, Digitatispora
marina Doguet, Remispora maritima Linder, R. pilleata Kohlm., R. stellata Kohlm.,
Cirrenalia tropicalis Kohlm., Clavatospora bulbosa (Anastasiou) Nakagiri, Tubaki,
Cytospora rhizophorae Kohlm. & Kohlm., Periconia prolifica Anastasiou. Makcumasb-
HOe YHCJIO BHIOB M HauboJsiee pacrpoCTpaHeHHble IPUObI CBOHCTBEHHBI LIEHTPAJIbHOH
3oHe. Ha Bcex ropusonrax npucyrctBoBanu Halocyphina villosa Kohlm. & E. Kohlm.,
Halosphaeriopsis mediosetigera (Cribb, & J. W. Cribb) T. W. Johnson, Leptosphaeria
australiensis (Cribb, & J. W. Cribb) G. C. Hughes, Cirrenalia macrocephala (Kohlm)
Meyers, R. T. Moore, Monodictys pelagica (Johnson) E. B. G. Jones u Zalerion
maritimum (Linder) Anastasiou [15, 16, 19, 30].

HpeBecuHa, nopaxkeHHasi TpuOaMi, CTAHOBUTCS HOCTYITHOH /st HEMATOM, MOJLIIO-
CKOB, KJelle# u pakooOpasHbx [22, 24]. Mi3BecTHa 0600qHAS 3aBUCHMOCTH MOPCKHX
rpuboB U 6eCrI03BOHOUHBIX-IPEBOTOULEB: MOJIIOCK Teredo W paBHOHOTHE padok Lim-
noria KOJOHHU3UPYIOT TOJIbKO IPEBECHHY, MPEIBAPUTENbHO MOPaXKEHHYIO rpudaMu;
a MJojoBbie Teja ackomuuera Lulworthia sp. pasBUBAIOTCS TOJBKO HA ApEBECHHE,
nep(opuUpoBaHHOU paukoM L. fripunctata, KOTOpBIH yTpauuBaeT CIOCOOHOCTb K BOC-
MIPOU3BOACTBY, ecyu He nurtaercs rpubamu [14, 22]. B npudpexusix Bogax MHauu Ha
MaHrpoBOM pacteHun Mangifera indica oTMedyeHbl acCOLMALMU IPUOOB CO CBEPJISLIUMH
MoJuTocKaMi. Ha moBepXHOCTH U BHYTPH IpPeBECHHBI 0OHApYKeHO 33 BUIa rpuOOB U 8 BUIIOB
CBepPJISILIMX MOJITIOCKOB U3 ponoB Teredo u Pholas. Cpenu Haubosiee aKTHBHBIX TPUOOB-
JIECTPYKTOPOB JIPEBECHHBI BBIIEJSIOT MpeacTaBuTesell ponos Halosphaeria, Gnomonia,
Nausitara, Martesia, Lulworthia, Sphaeroma w Bunbl Torpedospora radiata Meyers
u Corollospora pulchella Kohlm., 1. Schmidt, Nair. [31]. CBo60AHOXKUBYILIHX HEMATOL
Viscosia macramphida Chitwood, Leptolaimus plectoides Chitwood mpussekaroT
NpeBEeCHHA H JIUCTbs, TAKXKe MopakeHHble rpudamu pona Lulworthia [24].
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[lepcneKTHBBI 1aJbHEHLINX UCCae0BaHUI TPUOOB B MOPCKOH cpene

BoisicHeHWe TOomHYeCKHX, TPOHUECKUX U UHBIX CBSI3ed IrpUOOB U OECIO3BOHOYHBIX-
JIPEBOTOUIIEB MPeNCTaBJsIET HECOMHEHHBIN HAYUHBIH U TPAaKTHUeCKui uHTepec. CrJIaBHON
Jiec, peIOOJIOBELIKHE CHACTH, HePEBSHHBIE CyIA U COOPYXKEHHSI YACTO HACTOJBKO TOBpe-
JKIAKTCS IPEBOTOULIAMU U TPUOAMH, UTO BBI3BIBAIOT CEPbE3HBbIH IKOHOMUUECKHH yI1epo.
B WnHnun v HeKOTOpBIX APYTHUX TPOMUUECKUX CTPaHax AeHCTBYeT pa3padoTaHHasi CUCTeMA
CTPaxOBaHHUs NePeBSHHBIX CYIOB OT TMOBPEXIEeHUH npeBoToUYLAaMU U rpudamu [11].

O6manast 3pPeKTUBHBIM W PAa3HOCTOPOHHUM (PepPMEHTHBIM ammapaToM, BBICLINE
MOpCKHEe T'PUOBl SBJSIOTCS MEPBUUHBIMU AECTPYKTOPAMH PACTUTEJbHBIX M »KUBOTHBIX
OCTaTKOB B MOPCKOH Cpelle, OHM PE3UCTEHTHBI K NEHCTBHIO TOKCHYECKHX BEIECTB H
croco6Hbl yCBaWBaThb YIJIEBOAOPOAbI He(TH, cepy, ¢eHos. [losTomy crneuuasuctsl
CUHTAIOT TEePCMEKTUBHBIM HCCJAEN0BAHHME NECTPYKIMH HCKYCCTBEHHBIX MAaTepHasnioB B
MOpe, a TaKKe OUYHUCTKY MPOMBILLJIEHHBIX U OBITOBBIX CTOYHBIX BOJ C HUCIIOJb30BAHUEM
rpubos [10].

Buoxumuueckue uccie10BaHUs BBICIIMX MOPCKUX IPUOOB BbISBUJIN OOJBLIOE KOJHU-
YeCTBO MPOAYLUPYEMBIX UMU OHOJOTHUECKH AKTHBHBIX BELIECTB, NMEPCIEKTHUBHBIX HJIS
npuMeHeHUs: B (PapMakoJOTHM B KadyecTBe aHTUOAKTEPHUANbHBIX, aHTU(YHTAJbHBIX H
HapKoTHYecKux npenapatos. [Ipu aToM oTMeueHo, 4TO 3BPUTOIHbIE IPUOBI, 0OUTalOLIH1e
B MOPCKHUX yCJIOBHSIX, BbIpa0aThIBAIOT BELIECTBA XUMUUECKH OoJiee aKTUBHBIE, UEM Te
JKe BHJIbI, >KMBYIIME B Ha3eMHBbIX 6uoTomnax [11].

Mopckue rpubsl BXOASAT B PalUMOH MHOTHX THAPOOHOHTOB, MOITOMY MOTYT OBITH
HCTOUHUKOM MOJIYYEHHs] UCKYCCTBEHHBIX KOPMOB U OHOT0OABOK IJ1s1 MHOTUX KYJIbTHBH-
pyeMbIx OeClO3BOHOUHBIX U PhIO.

Mo2xHO ¢ yBEepeHHOCTBIO MPUCOENNHUTLCS K MHeHHUIo [11], 4To o Mepe ocBoeHUS
MupoBoro okeaHa UCIMOJMb30BaHUE MOPCKUX rpuboB OyneT npuobpeTaTh Bce HoJibliiee
3HaveHne. KoMmiekcHoe ncceqoBaHHe MOPCKUX TPHOOB yYEHBIMH Pa3HBIX CIIELHA/b-
HOCTeH — MUKOJIOTaMU, MUKPOOHUOJIOTaMH, THAPOOUONOTAMH, IKOJIOTaMU, OUMOXUMHUKAMH,
XUMHUKaMU — 0e3yCJI0BHO, B JaJjibHeHIleM MPUHECET CBOU Pe3yJ/bTaThbl, KaK B 00/1aCTH
TEOPETUUECKHUX UCCAEOBAHUMN, TAK U B pPellleHHH MHOTHX MPUKJIATHBIX 3a/1au.
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I'PUBU Y MOPCbKOMY CEPEJLOBHLLI
Pedepar

Jlano orsisgn onmy6JiKoBaHHX MaTepiatiB nMpo rpudH, sK KOMIOHEHTH GiOTH MOpiB
Ta okeaHiB. Po3r/isiHyTo posmnonin rpubiB y pisHux HioreorpadiuHux 3oHax Ta 6ioTonax
cBiToBOrO OKeaHy. IlokasaHo 3HaueHHSI TeMmmepaTypd Ta COJOHOCTI BOAM, TJIMOMHH,
XapakTepy AOHHHUX BiKJaAeHb JJ51 BUAOBOTO CKJIady Ta LIi/IbHOCTi FPUOHUX MpoNaryJ.
Binmiueno posb rpu6iB canpoditis, napasuTis, CHMOIOHTIB Ta OMOPTYHICTIB Y MOPCHKHX
€KOCHCTeMax, a TakoXX TPo(iuHi 3B’SI3KH MOPCHKHUX I'pubiB Ta 6e3xpebeTHUX TBAapHUH.
[TepeniueHo nesiki MepCreKTHBHI HaNpSMKH NOCJIKEHb MOPCbKUX TpubiB I Teope-
TUYHHX Ta MPAKTUYHUX LiJIeH.
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Yu.P. Zaitsev, N.I. Kopytina

Odesa Branch of Institute of Biology of Southern Seas, NASU,
Pushkinska str., 37, Odesa, 65125, Ukraine; tel.: +38 (048) 725 09 17,
e-mail: yu.zaitsev@paco.net; nade.kopytina@yandex.ru

FUNGI IN THE MARINE ENVIRONMENT

Summary

The review of published data on fungi as the components of biota of the seas and
oceans is presented. The distribution of fungi in different biogeographical regions and
biotopes is considered. The importance of depth, temperature and water salinity, types
of bottom sediments for the species composition and number of fungal propagules
is revealed. The role of saprophytic, parasitic, symbiotic and opportunistic fungi in
marine ecosystems as well as the relations of marine fungi and animals are shown.
Some perspective lines of further investigations of marine fungi for theoretical and
practical purposes are analysed.

Key words:fungi, pelagic and benthic zones, animals.
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MECHANISMS OF CHROMATE DETOXIFICATION
IN YEASTS

The main pathway of Cr(VI) (hexavalent chromium) detoxification in microor-
ganisms involves its reduction to Cr(III). Characteristics of chromate reduction in
yeasts (isolation, purification and characterization of Cr(Ill)-biochelated complexes
from the culture medium) and the non-enzymatic processes responsible for efficient
detoxification of chromate are described. The yeast Saccharomyces cerevisiae was
shown to be able to reduce chromate extra-cellularly by the formation of at least
two types of stable Cr(Ill)-biochelated complexes. Selenite-resistant mutants of
Phaffia rhodozyma were studied with respect to their ability to reduce Cr(VI).
The cells of selenite-resistant mutant sitll which show strong sensitivity toward
Cr(VI), generated an increasing pool of a very toxic radical Cr(V). The role of
some extracellular agents such as sulfate and riboflavin in Cr(VI) detoxification
in the flavin-overproducing yeast Pichia guilliermondii was also investigated. Our
data on modulation of chromate toxicity by riboflavin provide some evidence for
the involvement of riboflavin (or its derivatives) in chromate detoxification. The
identification of the extracellular chromate-reducing compounds and elucidation of
their role in detoxification of chromate will promote the application of the studied
yeast cells for Cr(VI) bioremediation and its transformation to Cr(IlI) bio-complexes
with potential pharmaceutical and nutritional importance.

Keywords: chromate, yeasts, detoxification, Cr(Ill)-biocomplexes, riboflavin.

Chromium in trace amounts is beneficial to humans, animals, plants and mi-
croorganisms; it is an element essential for glucose and fat metabolism, stabiliza-
tion of the tertiary structure of proteins and nucleic acids [3, 15]. However, at high
concentrations it is extremely toxic, mutagenic and carcinogenic, especially in its
oxidized hexavalent form Cr(VI). The adverse health effects and diverse cellular and
molecular reactions make the research on chromium toxicology and metabolism to be
very crucial in terms of both environmental protection and clinical medicine. Parallel
studies have been performed at molecular and cellular levels using yeasts, mammalian
cells and transgenic mice. However the detailed mechanisms of the cell-chromium
interactions are yet to be revealed.

© D.V. Fedorovych, M.V. Gonchar, H.P. Ksheminska, T.M. Prokopiv, H.I. Nechay, P. Kaszycki,
H. Koloczek, A.A. Sibirny, 2009
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Yeasts which proved to be effective in accumulation of chromium ions and were
able to bioconvert them into stable, much less toxic and bioavailable forms, might be
applied in the management of chromium-containing wastes, as well as in efforts to
produce chromium-enriched biomass, containing biostabilized and nontoxic Cr species
for balanced nutrition of mammals and humans [5]. The dual role of chromium in the
cell metabolism implies the presence of effective mechanisms for controlling its entry
into the cells, accumulation and detoxification. Yeast tolerance to Cr(VI) as well as
chromium accumulation inside yeast cells were shown to be dependent on treatment
time, metal concentration, biomass density and phase of growth [8, 9, 15].

The main pathway of Cr(VI) detoxification in microorganisms, and particularly in
bacteria, involves its reduction to Cr(Ill) [5, 15]. In yeast, the role of chromate reduc-
tion to mitigate the toxicity of Cr(VI) is still open for discussion. It was suggested
that the principal reason of the yeast resistance to chromium was a low ability to its
absorption [4, 15]. However, for the chromate-resistant strains of Candida maltosa
a NAD-dependent chromate reducing activity was observed [14]. Recently we have
found that some reducing substances, secreted extracellularly by yeast played a
significant role in Cr(VI)-detoxification [10, 11]. As a product of chromate reduction,
trivalent Cr(Ill) formed complexes with some specific components of culture liquid
which were not adsorbed by the cells. Besides, chromate-resistant mutants of this
yeast that exhibited the increased chromate-reducing ability have been selected [2].
At the same time, the rate of chromate reduction did not correlate with chromium
accumulation in the cells.

In this article, we present data on chromate reduction in several yeast species
including isolation, purification and characterization of Cr(Ill)-biochelated complexes
from the culture liquid. We also describe non-enzymatic processes responsible for
efficient detoxification of chromate.

Materials and methods

In this work we have used the following yeast strains: 1) Pichia guilliermondii
ATCC 201911 (L2) (MAT-hisX-17) (MAT is a mating type locus, his — a locus defining
histidine biosynthesis); 2) an industrial strain “Effect” of the yeast Saccharomyces
cerevisiae; 3) Phaffia rhodozyma NRRL Y-10921 as well as its selenite-resistant
mutants selected by our team.

The yeast cells were cultivated at 30 °C (for P. rhodozyma — at 22 °C) in Er-
lenmeyer flasks on a circular shaker (200 rpm) in Burkholder’s medium with the
addition of 0.1% yeast extract (a semi-rich medium) or 0.2% yeast extract +0.2%
peptone (a rich medium). Cr(VI) was added to the medium as potassium chromate.
Liquid media were inoculated with the cells from the early stationary growth phase
in concentration of 5 mg d.w.cells/l. Yeast biomass was determined turbidimetrically
at 600 nm (OD,,,) using gravimetrical calibration. The determination of total chro-
mium content in the cells was performed using either atomic absorption spectrometer
AAS-3 (Carl Zeiss, Germany). Cells for analyses were prepared using acid-hydrogen
peroxide mineralization as described earlier [7]. The assay of residual Cr(VI) concen-
tration in media was carried out using diphenylcarbazide method [12]. The content
of the trivalent chromium was determined by the reaction with Chromazurol S [7].
The presented quantitative data are average values resulting from 2—3 independent
experiments. All analytical measurements were performed in 3 duplicates.
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Results and discussion

The cells of baker’s yeast were shown to be capable of reducing chromate extra-
cellularly and to form at least two types of stable Cr(Ill)-biochelated complexes. Such
Cr(IlT)-complexes, isolated from a cultural liquid of S. cerevisiae industrial strain "Ef-
fect” grown for 3 days in the presence of I mM chromate, were characterized with
respect to their molecular weight. Cr(Ill)—containing compounds were concentrated
by freezing-thawing processes and supplied on a column with a molecular sieve
Toyopearl HW-40 (80 x 1.4 cm) calibrated by a set of low molecular markers. Two
Cr(Ill)-complexes were isolated differed in molecular weights (M = 44040 and M
= 380==30 Da). For preparative isolation of Cr(Ill)-biochelates we used ion-exchange
chromatography for fractionation of the concentrated extra-cellular liquid from
chromate-supplemented culture of S. cerevisiae. It was shown that Cr(IlI)-biochelates
could be separated into at least two components on anion-exchanging resin Dowex
1x10 (14 x 2 cm). Both Cr(Ill)-complexes have a total negative charge. Absorption
peaks were observed for Cr(Ill)-complex I at 572—574 nm and for Cr(Ill)-complex
II — at 579—581 nm (Fig. 1).
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Fig.1. Absorbance spectra of Cr(Ill)-biocomplexes isolated from a cultural liquid
of S. cerevisiae

The selenite-resistant mutants of carotene-synthesizing yeast P. rhodozyma, iso-
lated by us previously [13] have been studied regarding their ability to reduce Cr(VI)
and to produce astaxantin. The obtained results suggest that although the pathways
of detoxification of chromate and selenite by P. rhodozyma were different, one com-
mon reductive type involved in transformation of these compounds was observed.
The EPR spectrometry was employed to follow the reduction of chromate applied to
cell cultures. It was shown for the case of the selenite-resistant mutant si¢7/ which
simultaneously revealed sensitivity to chromate, that this phenotype was accompanied
with the increasing pool of the very toxic intermediate, free radical Cr(V) (g=1.98)
generated in extra-cellular medium of the culture (Fig. 2). In contrast to the wild-type
strain characterized by a relatively constant Cr(V) pool as observed in medium during
incubation with chromate, the chromate-sensitive mutant sit// (Fig. 2B) generated
gradually increasing pool of Cr(V) species.
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Fig. 2. EPR-spectra of Cr(V) (g=1.98) in cultural liquid of P. rhodozyma
incubated with 1 mM chromate (10 min, 1 and 2 hours)
A — parental (“wild type”) strain as a control; B — mutant sif11. The EPR measurements
were performed on the X-band spectrometer RADIOPAN using liquid nitrogen cooling
system.

The role of some extracellular agents such as sulfate, iron (II), riboflavin, cysteine
in Cr(VI) detoxification in flavin-overproducing yeast P. guilliermondii was inves-
tigated. The presence of sulfate, a typical media constituent, had a strong negative
effect on Cr-bioaccumulation. Under conditions of sulfate deprivation, the cellular
chromium content was approximately 20 times higher as compared to the cells grown
in sulfur-sufficient media. The flavinogenic yeast P. guilliermondii responded to
Cr(VI) by stimulation of riboflavin (RF) biosynthesis [6]. We hypothesized that the
extensive flavinogenesis was a response to Cr(VI) treatment and that it served as a
mechanism leading to higher yeast survival under chromate-induced stress. Neverthe-
less the sensitivity of the studied yeast strains to Cr(VI) did not correlate with the
level of Ilavinogenic activity (data not shown). However when Cr(VI) was added to
the cultures that actively synthesized RF the growth inhibition was suppressed. In
order to determine the possible role of exogenous RF in diminishing the inhibitory
effect of Cr(Ill) and Cr(VI) on the culture cell growth, P. guilliermondii flavinogenic
strains UKD-66 and UKD 1453, unable to oversynthesize of RF in the media supple-
mented with chromate, were used. The yeast growth in the presence of 200 wg/ml
RF was investigated and the cellular content of Cr and flavins was monitored. The

incubation of biomass (2 ODBOO/ml) with chromium and RF was performed during
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18 h. In all the cases, the sensitivity of the cells to chromium depended strongly
upon presence of exogenous RF. The treatment of the cells with Cr(VI) (0.6 mM) in
medium supplemented with RF resulted in an increase of biomass and flavin content
(Table), although the addition of RF did not cause any significant changes of cellular
Cr content.

[t was shown earlier [1] that RF could decrease the nephrotoxic effect of chromate
in young and adult rats. Our data on RF protection of P. guilliermondii cells against
chromium toxicity, for the first time it was provided the evidence on RF involvement
in chromium detoxification.

Table
Effect of exogenous RF (200 pug/ml) on the growth, chromium and flavin content
in P. guilliermondii cells of the strains UKD-66 and 1453 during incubation with
chromate (0.6 mM)

Biomass, Flavins in the cells, Chromium content in the cells,
Strains mg/ml umol/g d.w. mg/g d.w.
-RF +RF -RF +RF -RF +RF
UKD-66 2.16 3.91 43.5 168.3 1.8 1.3
UKD-1453 1.03 3.12 44 .2 212.1 1.24 0.8

I[dentification of the extracellular chromate-reducing compounds and elucidation
of their role in detoxification of chromate will promote the application of yeast for
chromate bioremediation and its transformation to Cr(IIl) bio-complexes with potential
pharmaceutical and nutritional importance.

This work was supported by the Polish Research Committee grant for the project
N N304 326136.

We are thankful to Yurii Usatenko for technical assistance in EPR
measurements.
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MEXAHU3Mbl JETOKCUKALIUY XPOMATA ¥ JPOXOKEN

Pedepar

OcHoBHbIM nyTeM netokcukalwu Cr(VI) y MUKpOOPraHU3MOB SIBJISIETCS €70 BOCCTa-
HoBJsierre K Cr(IIl). IlpuBenens! nannele 0 penyKUuu XxpoMarta (BblIeJeHHE, OUUCTKA H
xapaktepuctuka Cr(Ill)-6rnoxesaTupyOINX KOMIJIEKCOB U3 KYJIbTYPATbHON XKUIKOCTH),
a TakKe ONHUCaHbl He(pepMEeHTAaTHBHBIE MTPOLIECCH], oOecnednBaolye 3Q(HEKTUBHYIO 1e-
TOKCHKaUuIo xpomarta. [lpox:ku Saccharomyces cerevisiae criocoGHBI K BHEKJIETOYHOMY
BOCCTAHOBJIEHHIO XpoMaTa ¢ oOpa3zoBaHueM, 110 KpakliHel Mepe, NBYX THIIOB CTaOUJIbHbIX
Cr(Ill)-6uoxenatupyroumx Kommniaekcos. MccienoBana crmocoOHOCTb K BOCCTAHOBJIEHHUIO
Cr(VI) ceneHUTpE3UCTEHTHBIX MyTaHTOB Apox:keil Phaffia rhodozyma. [lokasano, 4To
KJIETKH CeJeHUTPE3UCTEHTHOro MyTaHTa sifll, obnanaroline MOBbILIEHHOH YYBCTBUTE-
abHOCThIO K Cr(VI), mpu uHKy6auuu ¢ xpomMatoM 00pasyioT CTaOWJbHBIE MyJ OYeHb
tTokcuuHoro panukana Cr(V). MccenenoBana posib HEKOTOPBIX BHEKJETOUYHBIX areHTOB,
B YacTHOCTH cyJsbdaTta u pudodnaBuna, B metokcukauuu Cr(VI) y npoxekeid Pichia
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guilliermondii, cIoCOOHBIX K CBepXCHHTe3y pubodaBuHa. [IpuBeneHHbIe NaHHBIE O
BJIMSIHUU pUOO(IaBHHA Ha H3MeHEeHHe TOKCHUYHOCTH XpoMaTa CBUAETebCTBYIOT 00 yya-
cTum pubodaaBruHa (WM ero MPOU3BOAHBIX) B IeTOKCHKALIUK Xpomata. Mnentudukauus
BHEKJIETOUHBIX XPOMATPEAYLUPYIOIINX BEIIECTB U BBIICHEHHE UX POJIH B L€ TOKCHKALIUH
XpOMaTa CBUIETENbCTBYIOT O BO3MOXKHOCTH HCIIOJb30BAHUS OPOXKIKEBUX KIETOK IJIs1
6uopeMenualMK Xpomara, a Takxke npespatenun ero B Cr(Ill)-6uokommiekcsl, uMerolive
(bapmalleBTHUECKOE U KOPMOBOE 3HaYeHHe.

KnwueBb e cJao B a xpoMar, 1poxxu, nerokcukauusi, Cr(III)-6noxomn-
JIEKCbl, puOO(IaBUH.
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MEXAHI3MU JETOKCUKALLIT XPOMATY ¥ JPDKIDKIB

Pedepar

OcHoBuuM mtsixom aetoxcukauii Cr(VI) y mikpoopranismiB e {oro BinHOBJIEHHS
no Cr(Ill). IlpencraBieno naHi 3 penykuii xpomaty (BHIiJEHHsS, OUYMIIEHHS i Xapak-
tepuctuka Cr(IIl)-6ioxenaTyrounx KOMIJIEKCIB 3 KyJbTypasJbHOI PilHHM) Ta OMHCAHO
HeepMeHTAaTUBHI npollecH, 1o 3a0e3neyyioTb ePeKTUBHY HETOKCHKALi XpoMmary.
Hpixmxki Saccharomyces cerevisiae 3naTHi 10 MO3aKJiTHHHOTO BiIHOBJIEHHS XpOMaTy
3 YTBOpPEHHSIM II0HalMeHIle ABOX THMIB cTadinbHux Cr(lll)-6ioxenaTyounx KOMIIEKCIB.
BuBueHO 31aTHICTD CeJIEHIT-PE3UCTEHTHUX MyTaHTIiB npixKmxkiB Phaffia rhodozyma no
BinHoBseHHs1 Cr(VI). [TokasaHo, 1110 KJIiTHHY CceJIeHITPE3UCTEHTHOrO MyTaHTa sitll, ki
BOJIONIFOTH MigBuieHO0 uyTauBicTio no Cr(VI), mpu inkybauii 3 XpoMaToM yTBOPIOIOTH
ctabinbHUE My nyxe TokcuuHoro pamukany Cr(V). HociimnkeHo poJb NeSTKUX TTO3aKJIi-
THHHHX areHTiB, 30Kpema cy/abdaty i pubodaasiny, y netokcuxauii Cr(VI) y npi>kmxis
Pichia guilliermondii, 3naThux 10 HancuHTe3y pubodaasiny. HaBeneni nani npo BM/uB
pubodaaBiHy Ha 3MiHY TOKCHYHOCTi XpoMaTy CBiguaThb Mpo y4yacTb pubodaasiny (ado
HOro MOXifAHUX) Y DeTOKCHUKALii XxpoMaty. [neHTudikauis no3akmIiTHHHAX XPOMATBiIHOB-
JIIOBAJBHUX CIIONYK Ta 3’SCYBaHHS X poJi B MEeTOKCHKALI{ XpoMaTy CBiI4aTh PO MOXK-
JIUBICTb BUKOPUCTAHHS KJ/ITHH APLKIKIB A/151 OiopeMenialii XxpomaTty Ta IepeTBOPeHH]
tioro B Cr(IIl)-6iokommIexcH, 110 MalOTh (hapMaleBTHUHE Ta KOPMOBE 3HAUEHHSI.

KnwuoBi cunoB a:xpomar, npixkmxi, nerokcukauis, Cr(Ill)-6iokommiekcy,
pudod.iaBiH.
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POLAR LIPIDS OF RUANIA ALBIDIFLAVA,
A NOVEL MEMBER OF THE SUBORDER
MICROCOCCINEAE

Ruania albidiflava represents a novel species and new genus within the suborder
Micrococcineae in Actinobacteria classis. The aim of the studies was to establish
a polar lipid profile of Ruania and to compare it with other representatives of
actinobacteria. Additionally, isolation, purification and chemical characteristics
of major lipid compounds were elaborated. Major lipids were isolated using
column adsorption chromatography and purified by TLC and high performance
liquid chromatography. The polar lipids of Ruania were phosphatidylglycerol,
diphosphatidylglycerol and two unknown lipids containing sugar and phosphorus.
GLC-MS and methylation analysis of sugar part of major glycolipids revealed the
presence of glycerol, inositol; and terminal residues of mannose and galactosamine.
Fatty acids were mainly iso and anteiso C15:0 branched. Comparative TLC showed
its glycolipid profile of Ruania different from previously reported for Rothia,
Arthrobacter, Micrococcus and Propionibacterium, but was similar to Oerskovia
which belongs to Micrococcineae suborder.

Keywords: bacterial lipids, glycolipids, Ruania, chemical markers.

Actinobacteria class was introduced by Stackebrandt and coworkers in 1997 and
contains phylogenetically related microorganisms on the basis of 16 S rRNA and
rDNA sequence similarity, previously known as actinomycetes [10].

During the past several years numerous novel taxa in the class Actinobacteria
were cultured and described. One of them is Ruania albidiflava, which represents
a novel species and new genus within the suborder Micrococcineae [3]. Besides that
new families in this suborder are created, Ruania up to now represents a separate
genus [4] and the nearest phylogenetic neighbour was determined as Georgenia
muralis [3].

The strain was isolated from farmland soil from Shandong province in China [3].
Characteristic feature of this genus is new murein type, L-Lys—Gly—L-Glu—L-Glu
(Ada) in the peptidoglycan of a cell wall.

Valuable markers in chemotaxonomy are polar lipids i.e. phospho- and
glycolipids. Phospholipids are broad and important markers in actinomycete
taxonomy [5]. The early observations showed that polar lipid profile was useful in
the differentiation of actinomycetes and allied taxa giving the reference glycolipid

© Mariola Pasciak, Ewelina Kaspréw, Ying Huang, Andrzej Gamian, 2009
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patterns. Studies of our group revealed some specific glycolipids markers f. ex. in
Propionibacterium [9], Rothia (8], Saccharopolyspora [2] and many other genera [6].

The aim of the study was to establish a polar lipid profile of Ruania and to compare
it with other representatives of actinobacteria. Additionally, isolation, purification and
chemical characteristics of major lipid compounds were performed.

Materials and methods

Ruania albidiflava PCM 2644™ (PCM — Polish Collection of Microorganisms) was
originally obtained from Chinese partners. Strains used in comparative experiments:
Micrococcus luteus PCM 5257, Rothia dentocariosa PCM 2249", Propionibacterium
propionicum PCM 2431" and Oerskovia xantineolytica PCM 2385".

Ruania was grown on Rich medium [3] on a rotary shaker under aerobic
conditions at 37 °C for 48 h. Micrococcus luteus, Rothia dentocariosa and Oerskovia
xantineolytica were cultivated on medium 79 [6] but Propionibacterium propionicum
according to [9].

After cultivation biomass was centrifuged (6000rpm, 20 min) and washed twice
with phosphate buffer (PBS).

The wet biomass was extracted twice with chloroform-methanol (2:1 v/v) [7].
The obtained lipid samples were analyzed by thin layer chromatography using
specific spray reagents: vanillin, orcinol, ninhydrin and Dittmer & Lester reagent for
phosphorus [7].

Major lipids were isolated using column adsorption chromatography and purified
by TLC and high performance liquid chromatography [9].

Fatty acid, neutral sugar and methylation analyses were performed by GLC-MS [9].

MALDI-TOF mass spectra were performed in the positive ion mode with DHB
matrix on Kratos Kompact-SEQ instrument.

Results and discussion
After 48 h incubation of R. albidiflava cells in submerged culture the biomass
was obtained with yield 11.8 g from 11 of medium. Morphology of colonies and Gram
staining smears are presented in Fig. 1.

Fig. 1. Ruania albidiflava
A — Gram stain of cells from Rich medium (48h submerged culture, magnification 1000x;
B — colonies on nutrient agar (72h, 28 °C)
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Chloroform-methanol extract of bacterial biomass of R. albidiflava was
obtained with yield of 0.32%. The polar lipids of Ruania were phospatidylglycerol,
diphosphatidylglycerol and two unknown lipids labelled G1 and G2. TLC analysis of
these compounds showed that they were reactive with vanillin, orcinol reagent and
Dittmer and Lester reagent, so these lipids contained sugar and phosphorus (Fig. 2).
No reaction with ninhydrin was reported (Fig. 2).

e 4
Fig. 2. TLC chromatogram of lipid extract from
pc ==l A N Ruania albidiflava
v . ¥ G Abbreviation: G1, G2 — major lipid compounds, DPG —

diphosphatidylglycerol, PG — phosphatidylglycerol.
Solvent system: chloroform — methanol — water (65:25:4
v/v/v), detection: 1 — ninhydrin regent, 2 — Dittmer and
Lester reagent, 3 — orcinol reagent, 4 — vanillin reagent.

F— G2

Comparative TLC showed that glycolipid profile of Ruania differed from previously
reported in Rothia, Arthrobacter, Micrococcus and Propionibacterium, but was similar
to Oerskovia xantineolytica which belongs to Micrococcineae suborder (Fig. 3).

* | .
® - & -
. - il
Fig. 3. TLC chromatogram of glycolipids - w S_l_
. . v W
from Actinobacteria
1 — Micrococcus luteus, 2 — Arthrobacter
globiformis, 3 — Rothia dentocariosa,
4 — Qerskovia xantineolytica, 5 — Ruania
albidiflava, 6 — Propionibacterium propionicum. .
Solvent system like on Fig. 2, detection: orcinol a } ' L J &
reagent. 1 2 3 4 5 6

Glycolipids G1 and G2 were separated and purified by different chromatographic
methods. The crude lipid extract of R. albidiflava was separated on a column of silica
gel eluted with solvents: chloroform, acetone and methanol (Fig. 4).
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The methanol fractions were partially

“! .. ... purified by preparative TLC. Pure glycolipids
2R were obtained by HPLC.
LR

i 4.2 Fig. 4. TLC of Ruania albidiflava lipid
fractions from column chromatography
eluted subsequently with chloroform, acetone
and methanol
1-3 — chloroform fractions, 4-6 — acetone
fractions, 7-10 — methanol fractions, 11-crude
lipid extract. Solvent system as on Fig. 2,

23 4 5 6 7 89 10N detection: vanillin reagent.

GLC-MS analysis of sugar part of major glycolipids revealed the presence of
glycerol, inositol, mannose and galactosamine in both compounds (Fig. 5). Methylation
analysis showed that mannose and galactosamine were in terminal positions.

Abundance Man

RO o wokk s
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S Ino

=
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LNl ]

= | |
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Fig. 5 GLC/MS chromatogram of the sugars present in glycolipid G1 of
R. albidiflava
Peak 1 — (Rt=7.27 min) xylose represents internal standard, 2 — (Rt=9.85 min) inositol,
3 — (Rt=9.97 min) mannose, 4 — (Rt=12.01) galactosamine.

Fatty acids compositions of both glycolipids were similar and were mainly iso
and anteiso branched pentadecanoic acids (Tab.). Similar results were obtained for
whole cell fatty acids analysis in Ruania albidiflava [3].
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Table

Fatty acids composition of major lipid compounds of R. albidiflava

Fatty acids Rete"t[i;‘}nt]ime Rt GL 1 (%) GL 2 (%)

nC,, 5.40 144 13.9

is0 C,., 6.29 26.6 20.4
anteiso C 6.40 30.8 43.1
nC,, 6.76 3.1 fr
iso/anteiso C, 7.62 6.3 4.0

nCy,, 8.10 15.0 18.6
nC,, 9.02 3.8 tr

MALDI-TOF analysis of intact glycolipids revealed that molecular mass of G2
was lower than G1. On MALDI spectra four major peaks were seen, differed by
14 mass units, that was connected with heterogeneity of fatty acids (Fig. 6). The
difference in molecular mass between G2 and G1 indicates probably loss of one fatty
acid residue.

0 Mewihege e 0

Fig. 6 MALDI-TOF mass spectra of glycolipid G1 and G2 of Ruania albidiflava
Kratos Kompact-SEQ instrument, linear positive mode, DHB matrix.

Lipid compounds of R. albidiflava appeared to be related to phosphatidylinositol
mannosides (PIM). PIM are abundant in some actinobacteria f. ex. in Mycobacterium
and are involved in the interactions of mycobacteria with host cells [11, 1].

Ruania albidiflava represents characteristic lipid profile consisted of two unknown
lipid compounds, both belonging to glycerophospholipids.
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MOJISIPHBIE JIMIIUAbl RUANIA ALBIDIFLAVA —
HOBOI'O NPEACTABUTEJIA MOANOPAAKA MICROCOCCINEAE

Pedepar

Ruania albidiflava npencrasisier cob6o#t HOBBIE BUI U pof moanopsinka Micro-
coccineae B knacce Actinobacteria. Llenbro uccnenoBannil Obl10 U3ydeHHe MpoduUs
MOJISIPHBIX JIUMUAOB Ruania ¥ CpaBHeHHE ero ¢ NpoUAsSMU APYTUX NpeacTaBUTeNel
akTMHOOaKTepuh. JlonosHUTEeNbHO OBbLIO NMPOBENEHO BbIAENEHHe, OUUCTKA U H3yueHHe
XUMHUYECKHX XapaKTePUCTHK OCHOBHBIX JUIHIHBIX COeIUHEHUH. BrineseHrne oCHOBHBIX
JIUTIU/IOB OCYLIECTBJISIIM METOIOM KOJIOHKOBO-afCOPOLIMOHHON XpomaTtorpaduu, a o4u-
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1la/d MeTOAAaMH TOHKOCJIOMHOM XpomaTorpauu U BbICOKO3((PEKTUBHOH KHUAKOCTHOH
xpomarorpaduu. Iloasipusle aunuasl Ruania 6blIM NpeAcTaBaeHbl GochaTUAUITINLE-
poJioM, Au(oCchaTHIUATIHIIEPOJOM U IBYMS] HEH3BECTHBIMU JUMHUAAMH, COAEPKALIMIMH
caxap u Qochop. [a30Bo->KMAKOCTHAS XpoMaTorpapusi—macc-CneKTpohoTOMETPHS H
METHJISILHOHHBIM aHa/ln3 caxapoB OOJBIINHCTBA TJIMKOJIHUIIHIOB BLISIBUIN HAJHUHE TJIH-
LepoJia, HHO3UTOMA U TePMUHANbHBIX OCTATKOB MaHHO3BI U rasakTo3amuHa. JKupHble
KHCJIOTBI OBIK MpPEeACTaBJEHbl B OCHOBHOM pa3BeTBJIEHHBIMH M30- W aHTHH30- C15:0.
CpaBHHTe/IbHASI TOHKOCJIOHHAS! XpoMaTorpadus nokasaJga, 4To NMIMKOJUIHAHBIA TPO(UIb
Ruania oTnuyasncst oT paHee U3yueHHBIX npoduneit Rothia, Arthrobacter, Micrococcus
u Propionibacterium, Ho Obl1 cX0X ¢ TakoBbIM y Oerskovia, NpuHanjexalyx K Moa-
nopsnky Micrococcineae.

KnwoueBbl e cuaoB a: 6akTepuasbHble JUIUIBI, [MUKOJMUNUAL, Ruania, Xu-
MHUYECKHEe MapKephl.
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MOJISIPHI JIIMIANW RUANIA ALBIDIFLAVA — HOBOI'O
NMPEJCTABHUKA MIANOPAILKY MICROCOCCINEAE

Pedepar

Ruania albidiflava siBasie coboro HOBUU BUA i pin mimnopsanky Micrococcineae y
knaci Actinobacteria. Metot nocifzkeHb 6yn0 BUBUEHHSI PODiII0 TONSPHUAX JiMiiB
Ruania i nopiBHsiHHS Horo 3 mpodiseM iHIIKUX NMpencTaBHUKIB akTHHOOakTepii. Jlona-
TKOBO OyJIO NPOBeNEHO BU[iJE€HHS, OUMILEHHS Ta BUBUEHHS XiMiUHMX XapaKTepPUCTHUK
OCHOBHHUX JIMIAHUAX CMIOJNYK. BUIieHHsT OCHOBHUX JIiMiIIB 3/1iHCHIOBAIN METOIOM KOJOHKO-
BO-aAcopOUidHOI XpoMaTorpadii, a O4ulleHHs MeTOAAaMK TOHKOIIApOoBOI XpomaTtorpadil i
BHCOKOe(eKTUBHOI piauHHoi xpomatorpadii. [Tonsipui ninigu Ruania 6ynau npeacrasieHi
thochatunuaraiueposom, audocdaTHAUATIILEPOSOM Ta 1BOMA HEBIIOMUMH JiMligaMH, sKi
MicTSATh 1yKop Ta (ocdop. [a3o-pinnHHa xpomaTorpadis-maccneKTpoMeTpisi Ta METHIIS-
LiHUE aHa/i3 LyKpy OibLIOCTI IVIiKOJINiAiB BUSBUIN HASBHICTD IJiLlepOJY, IHO3UTONY
Ta TepMiHaAJbHUX 3aJUILKIB MaHO3H i rasakrosaminy. YKupHi Kucjaotu O6yJu npeacras-
JIeHi B OCHOBHOMY pO3TasIy>KeHHMH i30- Ta aHTuizo- C15:0. [TopiBHsAMBHA TOHKOILIApPOBA
xpomatorpadis noxkasasna, Wo TaiKoJinigHui npodinb Ruania BinpisHsBCS Bin paHille
BUBUeHUX npodiniB Rothia, Arthrobacter, Micrococcus u Propionibacterium, ane 6yB
nonibuum no takux y Oerskovia, 1110 HajmexaTb 10 Nopsinky Micrococcineae.

KnwowuoBi caoB a: 6akrepianbhi ainiau, raikoainiogy, Ruania, Ximiuni map-
Kepu.
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ANALYSIS OF THE 2-PHENYLETHANOL
PRODUCTION BY YEASTS GENUS
KLUYVEROMYCES

The present study is focused on the determination of the 2-phenylethanol produc-
tion by yeasts genus Kluyveromyces. The most productive strain was K. marxianus
UCM Y-305. It can be concluded that 2-phenylethanol production by K. marxianus
UCM Y-305 can be improved from 0.0268 g/1 to 0.37 g/! by selecting the suitable
cultivating conditions.

Key words: Kluyveromyces marxianus, producer, 2-phenylethanol, conditions.

Many yeasts have been found to produce de novo odours compounds with fruity
or floral flavours [1—5, 7]. The yeasts of the genus Kluyveromyces can produce signifi-
cant amounts of important flavor compound with the rose-like odor 2-phenylethanol
(2-PE) and it can achieve high product yields; this depends on different cultivation
conditions. Previously five strains of K. marxianus and one strain of K. lactis by
Etschmann et al. (2003) [2], K. marxianus ATCC 10022 by Medeiros et al. (2001)
[8], K. marxianus CBS 5670 by Wittmann et al. (2002) [7], twenty-one yeast strains
of K. marxianus by Fabre et al. (1997) [9] were tested for 2-PE production with high
product yields. From this yeasts K. marxianus are receiving an increasing interest
for the development of biotechnological production processes for 2-phenylethanol
[2, 7]. It is one of the best producers of 2-PE described in the literature [1-3, 7].
Also, K. marxianus is Crabtree-negative which is an advantage for future production
processes, because the ethanol formation as a toxic by-product under aerobic condi-
tions can be avoided [10].

The purpose of the present study is to determine the levels of the 2-phenylethanol
production by yeasts genus Kluyveromyces under the influence of different conditions.

Materials and methods

The 20 yeast strains Kluyveromyces marxianus, K. lactis, K. africanus, K. lactis
var. lactis, K. lactis var. drosophilarum, K. thermotolerans, K. wickerhamii from the
collection of yeasts (UCM) of the Industrial Microorganisms Physiology Department,
Institute of Microbiology and Virology of National Academy of Sciences of Ukraine,
Kiev were used in this study.

The yeasts inoculums (10%—107 cells/ml) were grown in media for initial
screening (medium Ne 1), containing (g/1): 80.0 sucrose, 7.0 L-phenylalanine, 22.8

© O.G. Mameeva, AN. Ostapchuk, S.S. Nagornaya, V.S. Podgorsky, 2009
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Na,HPO, - 2H,0, 10.3 citric acid, 0.5 MgSO,-7H,0, 0.17 Bacto Yeast Nitrogen Base
without amino acids and (NH,),SO,, adjusted to pH 5.0 [2] and medium Ne 2, con-
taining (g/1): 77.0 glucose, 7.0 L-phenylalanine, 0.5 MgSO, - 7TH,0, 0.17 Bacto Yeast
Nitrogen Base without amino acids, additionally amended 1.25 KH,PO, and 0.16
K,HPO,, pH 5.0 [7].

Sucrose was determined by cleavage with invertase and measuring glucose
concentration with by the dinitrosalicylic acid method [6].

1 ml aliquot of sell suspension (10°—107 cell/ml) was transferred to a test-tube
containing 9 ml of medium: 1—-8% carbon sources, 0.05—0.25% L-phenylalanine, and
0.25—1.25% yeast extract. The effect of carbon sources (glucose, sucrose, maltose,
trehalose, rafinose, and ethanol), cultivating temperatures (12—14 °C, 20—22 °C,
28—30 °C, and 42—48 °C), pH value (2, 4, 5, 7, and 9), medium amount (50, 100 and
150 ml) on the production of 2-phenylethanol and biomass production were determined.
The effect of the various concentration of sucrose in medium from 1% to 8% on growth
of yeast biomass and a level of synthesis 2-phenylethanol were investigated.

The growth of yeast biomass after cultivation was measured as optical density at
540 nm and recalculated as biomass dry weight. Medium pH was determined directly
with pH meter (Model pH-150MA, Antex, Byelorussia). All data were standardized
and carried out in triple frequency.

The concentrations of 2-phenylethanol in the medium were measured after fil-
trations by GC/MS analyses. Samples were filtered through 0.2 um filters prior to
GC/MS analyses (Agilent Technologies, USA). GC/MS analyses were performed on
Agilent 6890N/5973 inert chromatograph/mass spectrometer (Agilent Technologies,
USA) equipped with DB-FFAP capillary column (30 m x 0.25 mm x 0.25 wm, J&W
Scientific, USA). Helium was used as the carrier gas at a flow rate of 1 ml/min. The
temperature program was as follows: 60 °C for 1 min and then increased to 220 °C
at a rate 20 °C/min and held for 10 min. The temperature of injector was maintained
at 250 °C. Detection was followed at SCAN rate. 2-phenylethanol was identified by
NIST 02 mass spectrum database and 2-phenylethanol standard solution (Merck,
Germany).

Results and discussion

[t was determined that the presence of the 2-phenylethanol in the medium
reaches the maximal values in the beginning of stationary growth phase (18—24 h,
strain specific). Among the twenty yeast strains tested, nine strains K. marxianus
produced 2-phenylethanol. These strains were isolated previously from wine and beer
making industries. K. marxianus UCM Y-305 gained the highest yield at 0.0268 g/1
after 18 h of cultivation and reached biomass yield 1.54 == 0.16 g/l DWB (tab.). The
strains K. lactis, K. africanus, K. lactis var. lactis, K. lactis var. drosophilarum,
K. thermotolerans, K. wickerhamii did not exhibit any 2-phenylethanol production.

High concentration of precursor of carbon source (sucrose or glucose), L-phe-
nylalanine provide shift of biochemical reactions for 2-phenylethanol syntheses that
is more typical for Kluyveromyces yeasts [2, 3, 5, 7]. Different carbon sources in the
culture media also resulted in the changes of the qualitative and quantitative produc-
tion of aromatic compounds by microorganisms [4].
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Table
The initial analysis of K. marxianus yeast strains ability to synthesize
2-phenylethanol
Medium Ne 1 Medium Ne 2
. (Etschmann M.M.W. et al., 2003) (Wittmann C. et al., 2002)
K. marxianus
vem Y- conce2r;rrition, B/i(l)%?)s&; conclefrl?ition, B}T%i‘;&

g/l ¢ g/l ¢
12 0.0189 1.69 == 0.11 0.0203 1.78 == 0.10
13 0.0112 1.78 == 0.10 0.0145 1.50 = 0.13
17 0.0151 1.57 == 0.10 0.0141 1.62 = 0.15
301 0.0242 1.67 = 0.15 0.0261 1.36 == 0.10
305 0.0268 1.54 = 0.16 0.0271 1.50 = 0.10
320 0.0175 1.66 == 0.10 0.0177 142 +=0.12
2096 0.0098 1.58 == 0.20 0.0099 1.66 == 0.20
2098 0.0127 1.79 == 0.14 0.0143 1.58 = 0.10
2387 0.0080 1.54 == 0.16 0.0086 1.67 == 0.12

Obtained results revealed that among six carbon sources tested, sucrose was
suitable carbon sources for K. marxianus UCM Y-305 resulting in production high
amounts of 2-phenylethanol (Fig. 1). In the medium containing 1-8% sucrose, the
production of biomass increased, but the production of 2-phenylethanol was found to be
the highest at 8% (Fig. 2). The same results were obtained after studying the ranges
of the L-phenylalanine and yeast extract. It was established that the highest level of
biomass and 2-PE synthesized at 1.25% yeast extract and 0.25% L-phenylalanine in
cultivating medium. This phenomenon may be caused by high sucrose concentration
like inhibitory factor (increasing osmotic pressure due to increasing sucrose concen-
tration) for 2-phenylethanol and biomass production [4]. We can note that the yeast
extract demonstrated its ability to affect 2-phenylethanol syntheses. This could be
explained by the fact that yeast extract in addition to providing adequate nitrogen
contains various vitamins increased the yeast strains the growth. The received results
completely coincided with the results of other authors [4, 11]. Previously, we received
such results for S. cerevisiae UCM Y-514 and UCM Y-524 which confirmed this state-
ment [12]. The further increasing of the sucrose concentrations (up to 15%, data are
not shown) in the media of not reduced amounts of the 2-phenylethanol.

Medium contained 0.25% yeast extract, 0.05% L-phenylalanine and 5.0% carbon
source.

The final pH ranged from 5.0 to 3.2—4.8 in media with different carbon sources.
This is probably due to the production of 1-2% acidic acid by tested yeasts strains
under these conditions (Fig. 1B). Significantly higher amount of 2-phenylethanol
was detected in medium containing sucrose than in media containing other carbon
sources (Fig. 1).

The temperature is one of the most important parameters for the development
of alcoholic fermentation since it can affect both the kinetics of the process in terms
of duration and rate of fermentation and the production of metabolites and the fi-
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Fig. 1. The growth (A), final pH (B), and production of 2-PE (C) by K. marxianus
UCM Y-305 in medium containing various carbon sources

nal quality of wine, for example. As expected, the strain K. marxianus UCM Y-305
gained the highest yield at 1.6 g/1 biomass CDW after 18 h at temperature 28—30 °C,
respectively.
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Fig. 2. Production of biomass and 2-phenylethanol by K. marxianus UCM Y-305 in
medium with different range of sucrose

32 Mikpo6ionoeis i 6iomexronozis Ne 7/2009




AHAJII3 CUHTE3Y 2-OEHIJIETAHOJIY JPDKIPKAMU PONY KLUYVEROMYCES

Data are means derived from three replicated determinations. The straight line —
SEM < 0.1 for biomass yield; the dash line — SEM < 0.001 for 2-PE production.

Laboratory fermentations in 750 ml Erlenmeyer flasks have some characteristic
properties. Limited aeration and thus limitation of oxygen can be a strong challenge
for yeast due to its necessity for 2-phenylethanol production. The effects of the medium
value, from 25 to 150 ml, and as sequent aeration levels changing were investigated.
The data showed that with reduction of cultivation medium’s quantity, the level of
oxygen saturation increased; at that biomass yields (Fig. 3) and 2-phenylethanol
production for K. marxianus UCM Y-305 increased too.

= 37
)
)
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W 25 5 %, sucrose
[
.g W 2%, sucrose
Ao /
1.5 S £
0 ; T T
150 125 100 75 50 25 el
o] . . : : .
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Fig. 3. Biomass yields depending on aeration level and sucrose concentration

Thus, the best cultivating conditions for K. marxianus UCM Y-305 were 8% su-
crose, 1.25% yeast extract, 0.25% L-phenylalanine, 18 h of cultivation time, 28—30 eC
cultivating temperatures, 150 ml medium with aeration 0.48—1.12 g O,/Ih (Fig. 3.),
pH value 5.0. Sucrose was completely consumed after 18—26 h of cultivation under
different conditions.

After cultivating under the all optimized conditions the levels of the 2-phenyla-
thenol and biomass production were established. It was 0.37 g/I 2-phenylethanol and
biomass yield 2.04 == 0.22 g/l DWB.

Conclusion

Twenty yeast strains were screened for production of 2-phenylethanol from
L-phenylalanine with sucrose as a carbon source. It was found nine producers of
2-phenylethanol among K. marxianus strains. The most productive strain was
K. marxianus UCM Y-305. It can be concluded that 2-phenylethanol production by
K. marxianus UCM Y-305 can be improved from 0.0268 g/I to 0.37 g/I by selecting
the suitable cultivating conditions.
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AHAJIU3 CUHTE3A 2-®EHUJIITAHOJIA JPOXOKAMU POJA
KLUYVEROMYCES

Pedepar

Hacrosituee uccienoBanie HarnpaB/eHO Ha ONpesieieHHe CHHTe3a 2-(heHHI9TaHosna
npox:kamu pona Kluyveromyces. Haubosee NMpPOAYKTUBHBIM LITAMMOM SIBASIETCS
K. marxianus YKM Y-305. ¥ cTaHoBJIEHO, UTO TOAOOP ONTHMAJbHBIX YCIOBUH KYJIbTHBH-
pOBaHHsI 1a/]1 BO3MOXKHOCTD YBEJUUNTh CHHTE3 2-(peHnnsTaHona apoxkamu K. marxianus

YKM Y-305 ¢ 0,0268 r/.1 no 0,37 r/a.

Kawueso e caos a K marxianus, npoayueHt, 2-peHUIITaHO,
YCJIOBHSI.
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AHAJ1i3 CUHTE3Y 2-®EHIJIETAHOJY APi)KI)KAMU POLY
KLUYVEROMYCES

Pedepar

Jlane moc/imKeHHsT CIpsSIMOBaHe Ha BU3HA4YeHHS MPOAYKYBaHHsS 2-(peHinetanosy
npixkmxamu pony Kluyveromyces. Haiibinpm mponykTUBHUM TaMoM € K. marxianus
YKM Y-305. Beranosseno, 1o niadip onTHMa/ bHUX YMOB KYJbTHBYBAaHHS 1aB MOXK-
JIMBICTh 30iMBIINTH MPOAyKyBaHHS 2-(eHineTaHosy npixmkamu K. marxianus YKM
Y-305 3 0,0268 r/1 no 0,37 r/a.

Kawuwosi c¢caosa K marxianus, nponylueHt, 2-heHineTaHos, yMOBH.
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NEGATIVE REGULATION OF MOENOMYCIN A
BIOSYNTHESIS IN STREPTOMYCES GHANAENSIS
ATCC14672

Members of the soil-dwelling prokaryotic genus Streptomyces produce around two-
thirds of all known antibiotics. Moenomycin A is a potent antibacterial drug against
many Gram-positive pathogens, including vancomycin-resistant pathogens. Studying
of moenomycin A biosynthesis regulation is of great importance because of need of
new tools for combinatorial biosynthesis. In this work we examined the effects of
known pleiotropic regulator DasR on moenomycin biosynthesis under heterologous
conditions. DasR controls several pivotal cellular processes, including the transport
of N-acetylglucosamine (GlcNAc), ubiquitous metabolite and an important
source of carbon and nitrogen in soil ecosystems. Gene dasR was inactivated in
S. coelicolor and moenomycin biosynthetic gene cluster was expressed in the mutant
and parent strains. Moenomycin production increased twofold in dasR-deficient
strain, confirming the involvement of DasR in regulation of phosphoglycolipid
production.

Key words: streptomycetes, moenomycin A, regulator DasR,
N-acetylglucosamine.

Streptomycetes are complex multicellular Gram-positive soil bacteria, perhaps
best known for their ability to produce over two-thirds naturally derived antibiotics.
Moenomycin A (MmA) is produced by Streptomyces ghanaensis ATCC14672.
Moenomycin A (MmA) is a member of the phosphoglycolipid family of antibiotics,
which are the only natural products known to directly target the extracellular
peptidoglycan glycosyltransferases involved in bacterial cell wall biosynthesis. The
emergence of resistance to existing antibiotics represents a significant threat to
public health. New antibiotics with activity against resistant bacterial strains are
desperately needed. The structural and biological uniqueness of MmA make it an
attractive starting point for the development of new antibacterial drugs.

The entire MmA biosynthetic (moe) gene cluster from the producer Streptomyces
ghanaensis ATCC14672 was cloned and sequenced [1]. The regulation of moe cluster
gene expression is unclear because it appears to lack dedicated regulatory genes. The
aim of this work is to find genes that can regulate MmA biosynthesis. Particularly
we focused our attention on gene dasR, encoding a protein involved in regulation of
transport and metabolism of N-acetylglucosamine (GlcNAc). The latter is a breakdown
product of chitin, widely represented polymer in soils. Two molecules of GlcNAc are
also present in the MmA, and, therefore, it is logically to suppose that DasR might
somehow be implicated in regulation of MmA production. We addressed this question
through expression of MmA gene cluster and subsequent analysis of MmA production
levels in dasR-deficient and parent strains of S. coelicolor M145.

© K. S. Marakasova, B. O. Ostash, V. O. Fedorenko, 2009
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Materials and methods

Plasmids and Streptomyces strains used in this work are listed in Table. E. coli
ET12567 (pUB307) was used to perform intergeneric conjugation from E. coli to
Streptomyces strains. Sarcina lutea was used as a test-culture for antibiotic activity test.

Table
Plasmids and Streptomyces strains
Plasmid/Strain Genotype/description Source/reference
mMoeno38-5 Contains major portion of moe cluster 1,|Ostash B,
ApHyg'Km* Lviv University
Contains a fragment of S. coelicolor genome with | Dyson P.J.,
cosmid SC7E4 |insertion of modified Tnb transposon into dasR | University of Wales
coding sequence; Ap"Am'Km* Swansea
S. ghanaensis .
ATCC14672 Wild-type producer of MmA ATCC
S. coelicolor SCPI1, SCP2; model strain, produces actinorho- | M. Bibb,
M145 din and undecylprodigisin John Innes Centre
S. coelicolor . .
M145A dasR dasR mutant, Am This study
M145A dasR ; . .
mMoeno38-5+ S. coelicolor M145A dasR carrying moeno38-5 | This study
M145 moeno38-5*|S. coelicolor M145 carrying moeno38-5 This study

Standard genetic techniques for E. coli and Streptomyces and for DNA manipu-
lations were used as described by Sambrook et al. [2] and Kieser et al. [3]. Strepto-
myces strains were grown in liquid TSB media for MmA production. Streptomyces
strains were grown on rich (R2YE) and minimal medium (MM) for estimate the effect
of N-acetylglucosamine on the production of the pigmented antibiotics. E. coli and
Sarcina strains were grown in LB supplemented with appropriate antibiotics. Oat-
meal medium was used to obtain spores of streptomycetes and to plate intergeneric
matings. Where needed, streptomycete strains were incubated in the presence of
antibiotics: kanamycin (Km, 50 ug ml'), apramycin (Am, 50 ug ml') or hygromycin
(Hyg, 100 pg ml'). MmA was extracted by stirring the biomass (1 g, wet weight)
with 3 ml of methanol for 12 h. The extract was concentrated in vacuo and diluted
to the final volume of 300 pl. For the antibiotic diffusion assay, paper discs (& 5mm,
Whatman) were impregnated with a portion of the extract and dried at 37 °C for 1 h.
Discs were placed on the plates with 0.7% soft agar containing S. lutea. The plates
were incubated at 4 °C for 1 h and then at 37 °C for 17 h. The productivity of the
strains was referred back to the equal weight of the dry biomass.

Results and discussion

Bioinformatics research has revealed the presence of two genes homologous to
GntR-type regulator dasR within the genome of S. ghanaensis ATCC14672. Probably,
DasR is involved in control of the Streptomyces sugar phosphotransferase system,
responsible for import of several carbon sources, most notably N-acetylglucosamine, the
monomer of chitin. In literature, binding of S. coelicolor DasR protein to the consensus

Mixpobioaoeisn i 6iomexnoroeis Ne 7 /2009 37




K. C. MapakacoBa, b. O. Ocraw, B. O. ®enopeHko

sequence (DasR-responsive element (dre)) is well documented [4]. We have detected
two putative dre elements within S. ghanaensis ATCC14672 genome. These elements
are located within promoters upstream of two genes involved in MmA'’s carbohydrate
portion assembly (moeESH: TTGGTCCGGACA, moeGT5: TCGGTCGGGCCC).

For knock-out of dasR gene in S. coelicolor M145 a cosmid SC7E4.1 (tab.) has
been used. Phenotype of the generated mutant was confirmed via PCR analysis.
We have confirmed the effect of N-acetylglucosamine on the production of the
pigmented antibiotics of mutant grown on rich (R2YE) and minimal medium (MM)
agar plates with/without N-acetylglucoseamine. For heterologous expression of MmA
biosynthesis gene cluster, S. coelicolor M145 AdasR (moeno38-5) and S. coelicolor
M145 (moeno38-5) strains were constructed. Antibiotic activities of generated
mutants were tested with the help of test-culture Sarcina lutea. Our data show that
in liquid medium S. coelicolor AdasR strain produces two times more moenomycin
as compared to initial strain (M145). Thus DasR regulator seems to be involved in
regulation of MmA biosynthesis.

Our study showed that S. coelicolor DasR could be involved in regulation of MmA
biosynthesis. This is also supported by bioinformatic evidence for presence of two
dasR-like ORFs and two putative dre sequences within moe cluster of S. ghanaensis.
Probably DasR binds dre sequences in this way repressing MmA biosynthesis. It
will be interesting to investigate the role of DasR in MmA producer, S. ghanaensis
ATCC14672, which contains two genes highly homologous to S. coelicolor dasR.
We suppose that DasR is not a single global negative regulator involved in MmA
biosynthesis and more extensive search will turn up other repressors and activators
of MmA production. Their rational manipulation will form a basis for improvement
of MmA titers in native and heterologous producers.
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HETATUBHAS PETYJisiUUA BUOCUHTE3A MOEHOMULIUHA A
B IUITAMME STREPTOMYCES GHANAENSIS ATCC14672

Pedepar

[IpoBenen OuouHopMaTHUeCKUE aHau3 reHoma S. ghanaensis ATCC14672. B
reHome S. ghanaensis o6Hapy»KeHbI IBa reHa, TOMOJIOTHYHBIX TeHY dasR B S. coelicolor,

38 Mikpo6ionoeis i 6iomexronozis Ne 7/2009




HETATHMBHA PELYJISILIS BIOCMHTE3Y MOEHOMILIMHY A Y HITAMI STREPTOMYCES ...

MPOAYKT KOTOPOTO SIBJISETCS UleHOM ceMelicTBa perynsitopoB GntR. DasR-nefioTpornasbiit
peryJsiTop, KOTOpbI# HeraTMBHO Pery/jupyeT OHOCHHTE3 aHTHOMOTHKOB, MeTaboJH3M
N-auertunriaoko3aMiHa 1 crnpoobpasoBanue. B kiacTepe reHoB GHOCHHTE3a MOEHOMH-
yHa A uaeHTH(ULUPOBAHBI BEPOSITHBIE MOC/IEI0BATENbHOCTH dre, ¢ KOTOPBIMH MOXKET
cBsiabiBaThest Gesiok DasR. Tlosnyueno Hokayt reHa dasR B wramme S. coelicolor M145.
Ja wramma gukoro Tuna M145 xapakTepHo yBeslHueHHe CHHTe3a MUTMEHTHPOBAHHBIX
aHTHOMOTHKOB aKTHHOPOJMHA U YHAELMJITIPOAUTHO3HHA Ha MHHUMAJIbHOH cpefie ¢ 106aB-
saenueM N-auetusraokosamMuaa. Takoro adgekra He HAOM0OAAN0CH B IITAMME C HOKAyTOM
reHa dasR (S. coelicolor M145A dasR). OcylliecTBieHa reTepOJOrHuecKast SKCIpPeccHst
KJIacTepa reHoB OHOCcHHTe3a MoeHoMHLMHA A B witammax S. coelicolor M145 A dasR u
S. coelicolor M145. Ananus aHTHOMOTHUECKOlH AKTHBHOCTH ITHX LITAMMOB 0KAa3aJl, UTO
reH dasR S. coelicolor M 145 HeraTHBHO peryJupyeT SKCIPeCCHI0 TeHOB GUOCHHTE3a MOe-
HomuirHa A. CHHTe3 MOEHOMHUIIMHOB B ILITAMME C HAPYLIEHHbIM reHOM dasR OblI BABOE
BbIllle, 4yeM B wTamMme S. coelicolor, KOTOPBIA CONEPXKUT (PYHKIMOHANbHBIA reH dask.

KnwoueBB e cJ 0B a CTpenTOMULETH, MOeHOMHLHH A, peryasitop DasR,
N-aLeTHITIIOKO3aMHH.
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HETATUBHA PEIYJISILLIAA BIOCUHTE3Y MOEHOMILUHY A
Y WITAMI STREPTOMYCES GHANAENSIS ATCC14672

Pedepar

[IpoBeneHo GioinpopmaTuBHUi anasis reHomy S. ghanaensis ATCC14672. Y reHomi
S. ghanaensis BUSBJIEHO [BA TeHU, TOMOJIOT{YHI 10 TeHa dasR S. coelicolor, TPOAYKT SIKO-
ro HaJIeXKUTh 10 ponuHu peryastopiB GntR. DasR-nuiefiorpontauit perysitop, sanissHui y
HeraTHUBHIH perynsuii 6iocuHTe3y aHTUOI0THKIB, MeTabo.1i3My N-aLeTU/ITII0KO3aMiHy Ta
CTIOPOYTBOPEHHSI. ¥ MeXax KJacTepa reHiB 6i0cHHTe3y MOeHOMILMHY A ineHTH]IKOBAHO
iMOBipHIi MOCJTITOBHOCTI dre, 3 IKUMH MOXKe 3B’si3yBaTHCh 0inok DasR. OTpumano HOKayT
reHa dasR B wrtami S. coelicolor M145. [lis witamy nukoro tumy M145 xapaxrephe
3POCTAHHS CUHTE3Yy MirMEHTOBAHUX aHTUOIOTHUKIB AKTHHOPOAMHY Ta YHAELUAPOAUTiO-
3MHY Ha MiHiMaJbHOMY CepeloBHULLi Npu nonasaHHi N-aueTuiaraokodaminy. HatomicTb
TAKOTO 3POCTaHHS He CrocTepirany y mrami 3 HokayToM reHa dasR (S. coelicolor M145A
dasR). 3nificHeHO TeTepOJIOTiUHYy eKCIIpecito KjaacTepa reHiB OiOCHHTE3y MOEHOMILIHHY
A y wiramax S. coelicolor M145 ta S. coelicolor M145A dasR. Ananis aHTHOGiOTHUHOT
aKTMBHOCTI LMX IITaMiB BUSIBHB, 110 reH dasR S. coelicolor M145 HeraTuBHO pery-
JiIoe excrpeciio rexi GiocuHTedy moeHoMiluHy A. CuHTe3 MOEHOMILMHIB y wITami 3i
3pyiHOBaHUM reHoM dasR ynBiui BULLMi MOpiBHSIHO 3i wtamoM S. coelicolor M145, o
MiCTHTb (DyHKLiOHa/MBHUH TeH dask.

KnwmouoBi c¢aoB a crpenromineru, MmoeHomiumu A, perynsitop DasR,

N-auertunriaroko3ami.
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THE DIVERSITY OF RHIZOBIUM
LEGUMINOSARUM BV. TRIFOLII
LOCAL POPULATIONS: GENETIC AND
PHYSIOLOGICAL TRAITS CONNECTION

Genetic and metabolic variability within local population of Rhizobium leguminosarum
bu. trifolii in context of possible interconnections between metabolic-physiological
properties of rhizobia was studied. Considerable genetic diversity was observed in
16-23S rDNA regions and in the plasmid profiles of studied strains. Furthermore, the
strains within defined PCR-RFLP group were greatly different. Metabolic profiles
of rhizobia studied by Biolog test showed large diversity, even within one genetic
group. PCA analysis of metabolic traits revealed differences in utilization of two
large groups of the substrates: (a) saccharides, and (b) organic acids, amino acids
and modified sugars, named here “non-sugars”. Utilization of chemically various
saccharides by rhizobia was more commonly observed than “non-sugars”. Moreover,
utilization of “sugars” and “non-sugars” were positively correlated in the strains
belonging to PCR-RFLP Groups I, 2 and 3. The “sugars” were utilized differently
than “non-sugars” by the strains of Group 4. Finally, the significant differences
in the growth rate of the strains belonging to particular PCR-RFLP groups in
different media were found. We concluded that the local population of Rhizobium
leguminosarum bv. trifolii was not uniform. It was composed of physiologically
different strains and high metabolic diversity reflected the level of genetic diversity
of population.
Keywords: Rhizobium leguminosarum, metabolic and genetic diversity.

The metabolic and adaptive potential of a bacterium is correlated with a degree
of its genome complexity. The soil bacterium Rhizobium leguminosarum bv. trifolii
(RIt) occupies highly challenging soil habitats and induces complex symbiotic
interaction with the host plant clover (Trifolium spp.) [11]. A common feature of the
RIt and other rhizobial genomes is the complexity of genomic organization, with a
single chromosome and several large plasmids (megaplasmids). The genes encoding
symbiotic functions usually constitute independent replicons, known as symbiotic
plasmids (pSym), or symbiotic islands when incorporated into the chromosome [10].
The cryptic plasmids constitute a pool of accessory genetic information [15] and even
though they are in general dispensable for bacterial survival. Functional interactions
among different replicons are often required for successful completion of both the
symbiotic and saprophytic lifestyle of rhizobia [1, 8]. The large, complex and dynamic
rhizobial genomes, which encode many potentially useful metabolic traits, play a role
in their high metabolic diversity and adaptive potential [9, 14].

© Jerzy Wielbo, Monika Marek-Kozaczuk, Andrzej Mazur, Agnieszka Kubik-Komar, Anna
Skorupska, 2009
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The knowledge of metabolic traits important for the growth and competition of
rhizobia within population is limited. It is known that local populations of rhizobia
may differ significantly both on the genetic and physiological levels. Up to now studies
concerning genetic and physiological diversity of rhizobial populations focused mainly
on the strains colonizing the soil or particular legume plants species [2, 5, 7].

In this work the representative sample of local population of rhizobia that
occupy the nodules of clover root systems growing in each other’s vicinity in the soil
was subjected to comprehensive analyses of their genetic and especially metabolic
variability. We have described the possible interconnections between the metabolic-
physiological properties of R. leguminosarum bv. trifolii and some genetic traits of
their genomes.

Materials and methods

50 Rhizobium leguminosarum isolates were obtained from the nodules of red
clover (Trifolium pratense L. cv. Dajana) growing in sandy loam. The nodules were
surface-sterilized, crushed and their content was plated on 79CA medium [13]. Strains
isolated from the nodules were purified by successive streaking of single colonies
and pure cultures were used in further experiments. After analysis of PCR-RFLP and
plasmid profiles, strains with the same profiles were discarded. 23 strains different in
the PCR-RFLP pattern and plasmid profiles were considered as the representatives of
the RIt soil population and subjected to further physiological analyses.

The analyses of the plasmid content of the isolates were performed as it was
described by Eckhardt (1978) [3]. The estimation of plasmid size was performed using
BIO-PROFIL BioGene Windows Application V11.01 (Vilber-Lourmat, France), using
R. leguminosarum bv. viciae strain 3841 [15] as plasmid standard.

PCR assays of 16S-23S rDNA internal transcribed spacer (ITS) were carried
out using genomic DNA of RIf isolates as the templates and primers FGPS1490-5-
TGCGGCTGGATCACCTCCTT-3" and FGPL132-5’-CCGGGTTTCCC CATTCGG-3’
[4]. PCR amplicons were digested with BsuRI (Haelll) and Tagl restriction enzymes
(FERMENTAS, Vilnius, Lithuania), and restriction fragments were separated by 3%
agarose gel electrophoresis.

The utilization of different carbon and energy sources by Rif isolates was assessed
using BIOLOG GN2MicroPlate™ (Gram Negative Identification Test Panel) (BIOLOG,
Hayward, USA) containing 95 carbon sources, including sugars, amino acids and
organic acids as it had been described earlier [14].

For bacterial growth kinetics assays the isolates were grown overnight at 28 °C
in 5 ml TY liquid medium. The cultures were then diluted to OD,, of 0.2, and the
suspensions were used for inoculation (1:100 v/v) of 79CA, TY and M1 liquid media
[12], the latter supplemented with vitamins (thiamine, 1 wg/ml, biotin, 0.5 wg/ml,
panthotenate, 1 wg/ml). The cultures were grown in 79CA and TY media for 48 h and
in M1 medium for 72 h at 28 °C. Optical density (OD,; ) of cultures was measured
at every 24 h. Each experiment was conducted in triplicate.

For cluster analysis and principal component analysis (PCA) the results of
BIOLOG test were coded in the binary system. The cluster analysis was used to define
similarity of rhizobia metabolic profiles which were calculated by a simple matching
coefficient, following which the clustering was performed by the UPGMA method.

The principal component analysis (PCA) with varimax rotation [6] was used
to analyze bacterial capability of utilization of particular substrates or groups of
substrates. In this manner PCA method allowed us to transform the numerous variables
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(utilization of individual substrates), possibly correlated as well into small groups of
uncorrelated factors (utilization of groups of substrates) as well as to interpret the
defined PCA factors named PC1, PC2 and PC3.

To compare the growth rates of bacteria belonging to different PCR-RFLP groups
(groups 1-4) one-way ANOVA was used. All the described analyses were performed
with STATISTICA software.

Results and discussion

50 isolates obtained from nodules of clover plants growing in each other’s vicinity
were characterized by PCR-RFLP analysis of 16S-23S rDNA ITS region and plasmid
patterns. The analyses allow selecting of 23 strains different in these genetic traits.
Four distinct PCR-RFLP genetic groups (Groups 1—4) were distinguished after RFLP
analysis of PCR-amplified 16S-23S rDNA ITS region with BsuR/I and Tagql restriction
enzymes (Fig. 1, Tab. 1). The isolates of Group 1 and 2 may be considered as related
to some extent due to the same BsuR[ RFLP profile.

PCR-RFLP types

Group Group Group Group

M. 1 2 3 4
500 bp ;
400 bp -
300 bp .
200 bp
100 bp £

BT BT BT

B T
B - BsuRlI digestion; T - Tagl digestion

Fig. 1. PCR-RFLP groups identified in RIt strains used in this study
M — 100 bp molecular weight marker (MassRuler™ DNA Ladder Mix, Fermentas).

The plasmid profiles obtained for all isolates showed the great variability, even
within one PCR-RFLP group (Fig. 2). Each isolate contained from 2 to 5 plasmids
ranging in size approximately from 170 kb to 1 Mb.

Rhizobium leguminosarum bv. trifolii strains

Group 1 Group 2 Group 3 Group 4
M. 11 12 13 14 15 21 22 23 31 32 33 34 35 36 37 38 41 42 43 44 45 46 47
— __ — —
BTOKD — — S
6B4kD m—m = — —_——= =_——_= ——— T==—===
A — = — —

IEI kb — ey — — o - ——

e -
Fig. 2. Plasmid profiles of RIt strains used in this study

M — molecular weight marker (R. leguminosarum bv. viciae 3841).
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All 23 isolates belonging to four different PCR-RFLP genetic groups were examined
with respect to their metabolic profiles using commercial Biolog GN2 MicroPlate™
test. This approach revealed that there were substantial differences between strains
in number of utilized substrates, ranging from 37 (RIt 38) to 59 (RIt 35) substrates.
On the other hand no differences were found between PCR-RFLP groups, where the
number of utilized substrates was respectively 49 = 4, 47 == 6, 46 == 8 and 49 == 5
in Group 1, 2, 3 and 4.

Table 1
PCR-RFLP grouping of RIt strains used in this study
PCR-RFLP group Strain numbers
Group 1 11, 12, 13, 14, 15
Group 2 21, 22, 23
Group 3 31, 32, 33, 34, 35, 36, 37, 38
Group 4 41, 42, 43, 44, 45, 46, 47

Similarly when the Biolog test results were analyzed by the UPGMA method,
no relationships were found between PCR-RFLP groups and clustering based on
metabolic properties of strains (Fig. 3). Two main branches at 86% similarity level
and two independent lineages can be distinguished, but the representatives of four
PCR-FFLP groups was found in each of them (Fig. 3).

;z:'hj

Rhizobium leguminosarum bv. trifolii strains

38
43
12

33 |
34

100 90 80

Linkage distance - similarity (%) of utilization of carbon sources

Fig. 3. UPGMA dendrogram of R. leguminosarum bv. trifolii strains constructed
on the basis of the Biolog test results
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Since cluster analysis did not allow identifying the qualitative metabolic differences
between the clover nodule isolates, the results of Biolog test were subjected to
principal component analysis (PCA). The total 95 carbon and energy sources used
in the test were arbitrary divided into nine groups: monosaccharides [S], complex
saccharides [cS], modified saccharides [mS], non-modified acids [A], modified acids
[mA], sugar acids [sA], non-modified aminoacids [AA], modified aminoacids [mAA]
and others (with amines predominating) [O]. The PCA analysis enabled us to group
all mentioned carbon and energy sources into three factors explaining most of the
total variance: principal component 1 (PCl) composed of A, mS, AA, O and sA;
principal component 2 (PC2) composed of S, ¢S and mAA; and principal component
3 (PC3) including mA (detailed data not shown). Taking into account the chemical
characteristics of the substrates, PCl was interpreted as “utilization of non-sugar
components”, and PC2 as “utilization of sugar substrates”. These two large groups
of substrates were composed of 90 (35 “sugars” and 55 “non-sugars”) of 95 tested
carbon and energy sources. Substantial differences in capability to utilize of substrates
belonging to these two groups by the tested rhizobia were found (Tab. 2). While
individual strains used “sugars” more readily, the greater variance in substrate
utilization by different strains was observed for “non-sugars” substrates. Therefore
the differences in the number of utilized substrates by individual RI¢ strains may be
attributed rather to “non-sugars” than to “sugars” substrates (Tab. 2).

Table 2
Classes of metabolic substrates created by the principal component analysis (PCA)
applied to RIt strains

Group of substrates
Substrates “sugars” “non-sugars” all tested
(from PCA (from PCA Biolog's
classification) classification) substrates
Total number of tested substrates 35 55 95
Minimum number of utilized substrates 24 7 37
Maximum number of utilized substrates 31 26 59
Average number of utilized substrates 282+ 16 15.7 +=5.0 477 = 6.0
Variance (for number of utilized 924 953 365
substrates)
% of utilized substrates 80.5 =45 277 =82 498 =5.8
Variance (for % of utilized substrates) 19.8 67.0 33.8

The relations in the utilization of “sugars” and “non-sugars” by the strains
belonging to PCR-RFLP groups were examined (Tab. 3). Relatively high correlation
coefficients (ranging from 0.700 to 0.996) between utilization of “sugars”, “non-sugars”
and “all substrates” were observed in Group 1 and 2. On the other hand correlation
between the use of “sugars” vs. “non-sugars” and “all substrates” in Group 4 was
not visible. This observation suggested that the utilization of “non-sugar” substrates
reflected the differences of metabolic potential in this group of rhizobial strains (Tab. 3).
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Table 3

Correlation coefficients for utilization of “sugar” and “non-sugar” substrates in
four PCR-RFLP groups of RIt strains

Groups of substrates
PCR-RFLP group
“non-sugars” all substrates

“sugars” 0.700 0.858

Group 1
“non-sugars” 0.965
“sugars” 0.786 0.839

Group 2
“non-sugars” 0.996
“sugars” 0.560 0.739

Group 3
“non-sugars” 0.972
“sugars” 0.357 0.452

Group 4
“non-sugars” - 0.995

The metabolic potential of the individual strains was also estimated by
measurements of their growth rates in M1, 79CA and TY liquid media and substantial
differences in their growth rates were observed (the details not shown). When ANOVA
and post-hoc Tukey test were applied in relation to PCR-RFLP genetic classification
(for groups composed of numerous strains), statistically significant difference (p<<0.05)
in the growth rates of isolates belonging to Group 4 vs. Group 1, 2 and 3 after 24 h of
growth, as well between the isolates belonging to Group 4 vs. Group 3 after 48 h of
growth was observed on TY medium (Tab. 4). The statistically significant differences
were not observed in the case of strains grown on M1 and 79CA media.

In general a great diversity of studied local population with respect to PCR-RFLP
profiles, plasmids content, metabolic profiles and growth rate was found. The degree
of diversity observed within this population is comparable with that described for
populations originating from the distinct soils [5]. It seems that in the context of
population diversification studies, plasmid and metabolic profiles should be of special
interest. A substantial part of genetic variability results from different plasmid content
that constitutes an accessory rhizobial genome influencing bacterial metabolic potential
and differentiation of strains even within a given genetic group.

Despite the lack of the straight correlation between PCR-RFLP genetic groups
and plasmid content or PCR-RFLP and Biolog test results, some relationships could
be found. In the case of the strains belonging to the Group 1 and 2 characterized by
similar PCR-RFLP profile similarity in utilization of “sugars” and “non-sugars” were
observed, while such correlation between the use of “sugars” vs. “non-sugars” and
“all substrates” was not visible in the strains of genetically distinct Group 4. Moreover
the differences in the growth rate in TY medium of the strains belonging to Group
4 suggest their variable metabolic potential. Though the genetic classification of the
strains based only on the differentiation in 16-23S ITS rDNA is very useful, this type
of study underestimates the biodiversity of especially complex populations such as
rhizobial ones. The genetic characteristic supplemented by metabolic characterization
provides more adequate assessment and demonstrates the correlation occurring
between genetic and metabolic profiles of bacterial strains.
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Table 4
The growth of RIt strains belonging to four PCR-RFLP groups in TY, 79CA and
M1 liquid media

oD,
PCR-RFLP 79CA medium TY medium
grodp 24h 48h 24h 48h
Group 1 0.31 = 0.07a 0.61 = 0.14a 0.34 == 0.05a 0.48 == 0.05ab
Group 2 0.33 = 0.07a 0.60 == 0.09a 0.35 == 0.06a 0.51 == 0.07ab
Group 3 0.28 =+ 0.05a 0.54 =0.11a 0.33 == 0.05a 0.50 = 0.04a
Group 4 0.26 == 0.09a 0.56 =+ 0.09a 0.28 == 0.05b 0.46 =+ 0.06b
M1 medium
24h 48h 72h
Group 1 0.23 == 0.07a 0.45 = 0.19a 0.52 == 0.21a
Group 2 0.29 =+ 0.08a 0.56 == 0.16a 0.67 = 0.15a
Group 3 0.25 == 0.07a 0.51 ==0.17a 0.70 == 0.22a
Group 4 0.27 == 0.09a 0.57 == 0.23a 0.69 =+ 0.24a

2> — the values for one medium at defined time of the growth marked with the same letter
did not differ significantly at P<<0.05

The strain numbers are on the left. The scale bar represents percent of metabolic
diversity.
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PA3JIMUUS JIOKAJIbHBIX MONYJASIUUNA RHIZOBIUM
LEGUMINOSARUM BV. TRIFOLII: CBA3b ME)XLY
FT’EHETUYECKUMH U ®U3UOJIOTHYECKUMHU TTPUSHAKAMHU

Pedepar

Nsyuena renernueckass u mMeTado/MuecKast BapHAOUIBHOCTD JIOKAIbHBIX MOMYJIs-
it Rhizobium leguminosarum bv. trifolii B KOHTEKCTE BO3MOXKHBIX CBSI3€H MEXIy
MeTab0.10-(pU3UO0JOTHUECKUMU CBOUCTBAMH PU300UH. Bblnu 06HApY KeHbl 3HAUUTEJIbHbIE
reHeTHueckue paszanuus B 16-23S pJIHK pernonax u B niasMHIHBIX NMPOGHIAX HC-
cjenoBaHHbIX WTaMMoB. Llltammbl, pasznenénnbie Ha rpynnbl ¢ nomouibio PCR-RFLP,
3HAUYUTEJbHO OTJIMYaMUCh. MeTabosnueckuil npoduab pU30OUH, HCCIENOBAHHBIX C
nomouipio Biolog TecTa, mokasasn cyllecTBeHHble pas/Muus Jaxke B INpenesax OfHOH
reHetuyeckoil rpynnsl. PCA aHanu3 mMeTaGosMuyecKUX CBOHCTB MOKa3asn pas3fnuus B
YTUIM3ALUK ABYX OOJBLIMX FPyNN cyOCTpaToB (a) caxapoB, U (6) opraHMYecKHX KHC-
JIOT, aMUHOKHCJIOT ¥ MOIU(HULIMPOBAHHBIX CaXapoB, HA3BAHHBIX B paboTe «He-caxapa».
YTunusauys XUMUUYEeCKH PasJIMuHBIX caxapoB pU300UsiMH HabJonanach 6oJjee 4acTo,
4eM «He-caxapoB». Y THIM3aLMs «CaxapoB» M «He-CaxapoB» MOJOXKHTEIbHO KOPPEJH-
poBaJjia ¢ reHeTHYECKUMH Pa3InuusaMu wWtaMmMoB, oTHocsmuxess K PCR-RFLP rpynnamu
1, 2 u 3. «Caxapa» yTHJIH3UPOBAJINUCH OTJIHYHO OT «HE-CAXapoB» IUTAMMaMH TPYIIIbI
4. O6Hapy:xeHbl 3HauuTesbHble padnuuus y 3Tux PCR-RFLP rpynn mrammos B crno-
COOHOCTH pacTH Ha pasHbIX cpenax. ChesaH BBIBOIL O TOM, YTO JIOKaJbHbIE MOMYJISLHUHU
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Rhizobium leguminosarum bv. trifolii ve siBastoTcss ogHOpoaHbIMUH. OHU COCTOSIT U3
(hH3HOJIOTHYECKU PA3JIUUHBIX ILITAMMOB, pasHast MeTaboJHuYecKasi aKTHBHOCTb KOTOPBIX
SIBJISIETCST OTPA’KEHUEM MX TEeHETHYECKOH HEOMHOPOTHOCTH.

KnawueBunlecaos a: Rhizobium leguminosarum, MetabosnuecKkrue U reHe-
THYEeCKHE Pa3JIHUMS.
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BIAMIHHOCTI JIOKAJIbHUX MONYJISILIA RHIZOBIUM
LEGUMINOSARUM BV. TRIFOLII: 3B’1I30K Mi)K TEHETUUHUMH
| ®i3i0JIOFNYHUMHU O3HAKAMH

Pedepar

HocnimkeHa reneTuyna Ta MetadoJiuHa BapiadinbHicts Rhizobium leguminosarum
bv. trifolii y KOHTEKCTi MOXKJIHBUX 3B’sI3KiB M2k MeTab0/10-(Pi3ioNOriuHUMHI 03HAKAMH
pr3o6iit. by BcranoBseHi 3HauHi reHeTwuHi BiaminHocTi y 16-23S pIHK perionax
Ta B MJIa3MigHUX Npodinsax nocaimkysanux wramis. [lITamu, posnoaineHi Ha rpynu 3a
noromoroto PCR-RFLP, sHauno BimpisHsnucs. Mertaboaiuauii npodinb pu3obi, noci-
ILKeHWH 3 BUKopuctanusaMm Biolog TecTy, mokasas cyTTeBi BinMiHHOCTI HaBiTH Y MeXKax
onniel reretuunoi rpymu. PCA anani3 Meta®o/iuHUX BJACTHBOCTEH BUSIBUB BiAMiHHO-
cTi B yTusizalii ABOX BeJHMKUX Ipyn cybcTpartiB: (a) LykpiB i (6) opraHiuHMX KHUCJOT,
aMiHOKHCJIOT Ta MOAM(DIKOBAHUX LYKPiB, IKi y poOOTi Ha3BaHi «He-LyKpu». Y TUJi3aLlis
XiMi4HO pi3HUX LYKPiB pu300isMH criocTepiranacs yacrille, Hi>k «He-I[yKpiB». ¥ THJi3allis
KIYKPiB» 1 «He-LyKpiB» MO3UTUBHO KOpe/oBaJla 3 FTeHETUYHUMU BiIMiHHOCTSAMHU LLITAMIB,
mo Hagexaau 1o PCR-RFLP rpyn 1, 2 i 3. llrtamu 4-i rpymnu mo pisHOMY yTHIII3yBaIH
«LyKpH» i «He-1lyKpu». Bynu BusiBieHi sHauni BigminHOCT] y 3natHocTi nux PCR-RFLP
rpyN WITaMiB POCTH Ha Pi3HUX CepeloBHILAX. 3p0OJEHO BUCHOBOK, IO JIOKAJbHI MOIY-
qsuii Rhizobium leguminosarum bv. trifolii He € onHOpimHUMU. BoHU CcKJIamaoThes 3
(bisiosoriuHo BiAMiHHUX LITaMiB, pi3Ha MeTaboJiuHa aKTUBHICTb SIKUX € BiLoOpakKeHHsIM
iX T€HeTHYHOI HEOIHOPIMIHOCTI.

KnwouoBi caoBa Rhizobium leguminosarum, metabosiuni i reHeTHUHI
BiIMiHHOCTI.
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CHARACTERIZATION OF STAPHYLOCOCCAL
CASSETTE CHROMOSOME MEC TYPES
IN METHICILLIN-RESISTANT STAPHYLOCOCCUS
INTERMEDIUS STRAINS ISOLATED FROM DOGS

SCCmec types in mecA-positive S. intermedius strains were characterized by
using multiplex PCR method described previously by Oliveira and Lencastre [11].
A total of 100 preliminary identified S. intermedius isolates were tested to determine
their species identify and mecA gene encoding methicillin resistance. The duplex
PCR assay was able to identity all the strains carring mecA gene (17% ). The study
showed that 4% strains identified as S. intermedius based upon their phenotypic
properties do not yielded a 16S rRNA gene amplification product, indicating
staphylococci other than S. intermedius. SCCmec type IIIC was identified in 15
strains (88% ), type IB was found only in one strain. One strain was not typable
by this technique.

Key words: Staphylococcus intermedius, multiplex PCR, mecA gene, MRSI,
SCCmec types.

Staphylococcus intermedius was first described as a new species in 1976 and
was differentiated from Staphylococcus aureus and Staphylococcus epidermidis based
on its biochemical and physiological characteristics [3]. This microorganism occurs
as commensal bacteria on the skin and mucosal membranes of dogs. This species
has also been found in cats, horses, pigeons, foxes, and other animals. In dogs it has
been implicated in serious infections, such as: pyoderma, otitis externa, abscess, and
infections of eyes, joints, mammary glands, respiratory tract and gastrointestinal tract
[2]. In humans S. intermedius is recognized as an invasive zoonotic pathogen and
has been isolated in 18% of canine-inflicted wounds [5, 8]. On the other hand it has
been infrequently identified in other invasive human diseases and only a few studies
have reported rare cases of infections such as bacteremia [14], infection of mastoid
cavities [5], and brain abscesses [1].

Increased frequency of infections caused by S. intermedius exhibiting multi-drug
resistance, including methicillin, is being observed among dogs [6, 9]. Methicillin
resistance in staphylococci is mediated by the mecA gene, encoding the penicillin-
binding protein 2a (PBP2a), which has reduced affinity for methicillin, oxacillin
and other beta-lactam antibiotics. The mecA gene, responsible for this phenomenon
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has already been identified in S. intermedius strains isolated from dogs [6, 9].
Methicillin resistance is most often associated with a mobile genetic element termed
the staphylococcal cassette chromosome mec (SCCmec). The molecular basis of
methicillin resistance has been well characterized in S. aureus, but little is known
about the acquisition and the organization of its genetic key, the mecA gene, in other
staphylococcal species. In S. aureus several types and subtypes of Staphylococcal
chromosome cassettes (SCCmec) have been classified on the basis of the different
combinations of the two main parts: the mec gene complex, which encodes methicillin
resistance (the mecA gene and its regulators), and the ccr gene complex, which
encodes site-specific recombinases responsible for its mobility [7, 10].

In this study we developed a duplex PCR assay, which allows to conduct
the simultaneous identification of Staphylococcus intermedius strains and the
mecA gene detection. We also characterize SCCmec types in methicillin-resistant
Staphylococcus intermedius strains isolated from dogs using multiplex PCR
strategy.

Materials and methods

A total of 100 strains were isolated in the Diagnostic Laboratory of the Division
of Bacteriology and Molecular Biology at Warsaw University of Life Sciences. The
strains were cultivated from different clinical specimens taken from dogs. Strains used
for control purpose include the: Staphylococcus aureus ATCC 6538, Staphylococcus
intermedius ATCC 29663 and methicillin-resistant Staphylococcus aureus
(MRSA) 14.002 (possessed from The National Reference Centre for Antimicrobial
Susceptibility).

The isolates were identified by means of the API Staph system (BioMérieux)
and additional characteristics such as type of hemolysis, colony pigment, coagulase,
clumping factor and acid production from maltose. Sensitivity to methicillin
was assessed using a disc diffusion test according to the Clinical Laboratory
Standards Institute (CLSI), with discs containing 1 pug of oxacillin (BioMérieux).
Oxacillin-resistant, mecA-positive strains were tested for resistance to other
antimicrobial agents.

Bacterial cultures were grown overnight at 37 °C in 5 ml of brain-heart
infusion broth (BioMérieux). Chromosomal DNA was obtained using DNA Genomic
Mini (A&A Biotechnology). For DNA extraction 1.5 ml of bacterial culture was
centrifugated at 6 000 g for 5 minutes. Sediment was suspended in 140 ul TE buffer
with 2% glucose, containing 5 pl lysozyme (5 mg/ml, SIGMA), 2.5 ul lysostaphin
(1 mg/ml, SIGMA) and 2 ul ribonuclease A (10 mg/ml, Fermentas). After incubation
for 2 hours at 37 °C further part of the DNA isolation process was conduced according
to the manufacturer’s instructions.

Two pairs of primers were used for the detection of mecA-positive
Staphylococcus intermedius strains. One was specific for mecA gene and one for
S. intermedius-specific fragment of the 16S rRNA gene. The cycling conditions were
as follows: after an initial denaturation step of 94 °C for 3 min, samples completed
30 cycles of amplification (30 s of denaturation at 94 °C, 30 s of annealing at 55 °C
and 1.5 min of extention at 72 °C). The final elongation was performed at 72 °C for 4
min. The primer sequences, products size and references are presented in Table 1.
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Table 1
Oligonucleotide primer sequences used in the duplex PCR
Primer am(;)el?f?ed Sequence Procég;t)size References
Interl 5 -CCGTATTAGCTAGTTGGTGG-3’
16S
'RNA 901 [15]
Inter2 5-GAATGATGGCAACTAAGTTC-3’
MecAl 5-AAAATCGATGGTAAAGGTTGGC-3’
mecA 523 [13]
MecA2 5-AGTTCTGCAGTACCGGATTTGC-3’

The PCR products, 901 bp and 523 bp in size were separated on 1% agarose
gels in Tris-Acetate-EDTA buffer, stained with ethidium bromide, visualized with UV
light and analyzed using the VersaDoc Model 1000 Imaging System with Quantity
One 4-4-0 software (BioRad). Typical electrophoresis pattern of mecA and 16S rRNA
gene amplification product are presented on Fig. 1.

Fig.1. PCR for the species confirmation and detection of mecA gene
Lane 1 — negative control; lane 2 — MassRuler DNA Ladder Mix (Fermentas); lane 3 —
mecA product for MRSA strain no. 14.002; lane 4 — 16S rRNA gene amplication product
for S. intermedius ATCC 29663; lane 5 — one of the researched strains (MRSI).

The 17 mecA-positive S. intermedius strains were used to characterize the
SCCmec types. SCCmec multiplex PCR typing assay was based on Oliveira’s method
[11]. Totally 9 pairs of the primers for SCCmec types and subtypes, as well as for the
mecA gene were used (tab. 2).
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Table 2
Oligonucleotide primer sequences used in the multiplex PCR
Locus Primer Oligonucl(e;t_igye) sequence PrOt:E;t)size (S(S:%e’;igic:;);e)
A CIF2 F2 | TTCGAGTTGCTGATGAAGAAGG 195 I
CIF2 R2 ATTTACCACAAGGACTACCAGC
KDP F1 AATCATCTGCCATTGGTGATGC

B 284 II

KDP Rl | CGAATGAAGTGAAAGAAAGTGG
MECI P2 ATCAAGACTTGCATTCAGGC

C 209 11, 111
MECI P3 GCGGTTTCAATTCACTTGTC
DCS F2 CATCCTATGATAGCTTGGTC

D 342 L1, IV
DCS RI CTAAATCATAGCCATGACCG
RIF4 F3 GTGATTGTTCGAGATATGTGG

E 243 I1I
RIF4 R9 CGCTTTATCTGTATCTATCGC

RIF5 F10 | TTCTTAAGTACACGCTGAATCG
F 414 [11

RIF5 R13 | GTCACAGTAATTCCATCAATGC
IS431 P4 | CAGGTCTCTTCAGATCTACG
G 381
pU§11 10| GAGCCATAAACACCAATAGCC
1S431 P4 | CAGGTCTCTTCAGATCTACG
H 303
pTI81 Rl | GAAGAATGGGGAAAGCTTCAC
MECA P4 | TCCAGATTACAACTTCACCAGG
mecA 162 Internal control
MECA P7 | CCACTTCATATCTTGTAACG

The cycling conditions were as follows: after an initial denaturation step of 94 °C
for 4 min, samples completed 30 cycles of amplification (30 s of denaturation at 94 °C,
30 s of annealing at 53 °C and 1 min of extention at 72 °C). The final elongation was
performed at 72 °C for 4 min.

The strains used for control purposes include the methicillin/oxacillin resistant
S. aureus strains carrying: 1, IA, 1B, II, III, IIA, 1B, IIC, IID, IIIE, HIG, HIJ and
IV type of cassette. The standard strains were obtained from National Medicines
Institute, Division of Clinical Microbiology and Infection Prevention.

The PCR products were separated on 2% agarose gels in Tris-Acetate-EDTA
buffer, stained with ethidium bromide, visualized with UV light and analyzed using
a VersaDoc Model 1000 Imaging System with Quantity One 4-4-0 software
(BioRad).
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Results and discussion

All strains investigated in the present study were predominarily identified as
S. intermedius based upon their phenotypic properties. In vitro antimicrobial
susceptibility tests showed that 17 isolates were resistant to methicillin. Application
of duplex PCR yielded following results as shown in Table 3.

Table 3
PCR testing results for the presence of mecA and 16S rRNA genes among 100

canine isolates preliminary identified as S. intermedius

Methicillin susceptibility phenotypes Results of duplex PCR assay
of tested strains determined
by the disc diffusion method

mecA + mecA — mecA + mecA —
16S rRNA + | 16S rRNA + | 16S rRNA — | 16S rRNA —

Methicillin - resistant (n=17) 17 (17%) 0 0 0

Methicillin - susceptible (n=83) 0 79 (79%) 0 4 (4%)

The result of duplex PCR assay showed that 4% of the isolates were misidenti-
fied as S. intermedius upon the identification of the phenotypic test. Totally of 17%
of strains recognised as S. intermedius carring mecA gene. For 79% of strains we
obtained a species-specific product for the 16S rRNA gene of S. intermedius but
no mecA product, as expected for methicillin-sensitive Staphylococcus intermedius
(MSSI).

SCCmec type IIIC was identified in 15 mecA-positive strains (88%), type IB
was found in one strain (6%). One isolate (6%) was not typable by this technique.
The results of multiplex PCR of exemplary 7 investigated S. intermedius strains are
presented on Fig. 2.

mecA gene >

Fig. 2. PCR SCCmec profiles from methicillin-resistant S. intermedius
M — DNA molecular size marker; 1—7 — exemplary 7 investigated S. intermedius
strains; SCCmec type IB — lanes 3; SCCmec type IIIC — lanes 1, 2 and 4 to 7.
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The occurence of S. intermedius strains resistant to all antimicrobials commonly
used in veterinary medicine is alarming. The results of recent studies have proved
that some isolates are resistant to methicillin by expression of mecA gene and thus
the abbreviation methicillin-resistant Staphylococcus intermedius (MRSI) is appropri-
ate in analogy to MRSA. The worldwide increase in the number of infections caused
by methicillin-resistant Staphylococcus aureus (MRSA) has emphasised the need
for the fast and reliable identification and typing methods. In addition to genotyping
characterization of the staphylococcal cassette chromosome (SCC) mec type has led
to better discrimination of hospital-acquired MRSA (HA-MRSA), carrying one of
three types of SCCmec (type [, II, or IlII) and nonmultiresistant community-acquired
MRSA (CA-MRSA) carrying type IV or V SCCmec. Type IV and V SCCmec are
small elements that do not carry the antibiotic resistance genes other than mecA
and has the multiple subtypes [4]. Presence of this small (IV) type of SCCmec was
observed in S. schleiferi subsp. coagulans strains isolated from companion animals
[12]. Worthwhile to point out that SCCmec elements lacking mecA have also been
reported in S. aureus and coagulase-negative staphylococci. SCCnon-mec is located
at the same chromosomal site as all SCCmec elements, and it contains a virulence
factor called capsular polysaccharide 1, which makes the strain more resistant to
phagocytosis [10].

In this study we found that S. infermedius strains isolated from dogs pos-
sessed the type I and IIIl SCCmec, and we observed that all these strains were re-
sistant to all beta-lactams and also to other groups of antibiotics (aminoglycosides,
thrimethoprim, sulfonamides, tetracyclines, macrolides, and fluorochinolones). Their
MIC values were high (data not shown). One isolate was not typable by the method
used in this study, and this may indicate that there are a variety of uncharacterized
SCCmec elements in staphylococcal species other than S. aureus.

Little concern has been voiced yet about the possibility of animal to human mecA
gene transmission.

Canine strains of S. intermedius have been found to harbor SCCmec elements
homologues to those carried by S. aureus.

Our findings suggest that the high prevalence of this resistancy vector in dogs
may be the reservoirs of antibiotic resistancy genes, and may perhaps be the driving
force for the generation of new staphylococcal methicillin-resistant strains. The fact
that dogs are in close contact with their owners, the risk of transmission of such
bacteria between animals and humans must be considered.

Canine strains of S. intermedius have been found to harbor SCCmec elements
encoding determinants for the expression of the methicillin-resistance phenotype.
The SCCmec typing strategy we used in this study detected two SCCmec elements
(SCCmec type IB and IIIC). One isolate was not typable by this method.

The diversity of SCCmec types found in dogs appears similar to that seen in
humans, however uncharacterized SCCmec elements in S. intermedius may exist.
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XAPAKTEPUCTUKA CTA®PUJIOKOKKOBOU KACCETHOM XPOMOCOMbI
MEC TUNA Y METULUJIJIUH-PE3UCTEHTHbIX LUITAMMOB
STAPHYLOCOCCUS INTERMEDIUS, U30JIUPOBAHHBIX OT COBAK

Pedepar

SCCmec tun y mecA-nosioxutebHbX WITaMMOB S. intermedius OblI OXapakTepu-
30BaH C UCIOJb30BaHNEM MeTona MyJabTuriekcHo# [1LIP, onucannoro panee Oliveira u
Lencastre [11]. 100 npenBapuTe/bHO HIEHTH(PULIHMPOBAHHBIX H30JIATOB S. intermedius
OBbIIM MCCJIEIOBAHBI /151 TIOATBEPXKAEHUS UX BUIOBOH MPHUHAIJIEKHOCTH U JIs1 06HApY-
JKeHusi mecA reHa, KOIUPYIOIIET0 PE3UCTEHTHOCTh K MeTUlM/LIHHY. JlyniekcHbii [TLIP
aHa/Iu3 1aJ1 BO3MOXKHOCTD HIEHTH(QUIMPOBATh BCe WITaMMbl, Hecylme mecA ren (17%).
HcenenoBanus mokasasi, 4to 4 % IraMMoB, UIeHTU(DUIMPOBAHHBIX KaK S. intermedius
Ha OCHOBaHWH HX (PEHOTHITHYECKHUX CBONCTB, HE JaBaJ/IM NPOAYKTOB aMILIH(HUKALUK TeHa
16S rPHK, onpenensiomux ctadunoKoKKd oTinuHble oT S. intermedius. SCCmec Tvna
IIC 6bina o6uapyxena y 15 (88%) wrammos, Tuna IB — To/bKO y OAHOrO HITaMMa.
JIMIb OVH ITaMM He TOJ/1aBaJICsl THIIMPOBAHUIO C TIOMOLIBIO 3TOTO MOAXO/A.

KanwoueBune caoBa: Staphylococcus intermedius, myapruniekcuas [TLIP,
mecA ren, MRSI, tunsl SCCmec.
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XAPAKTEPI/ICTI/IKA.CTACDiJ]OKOKOBOT KACET.HO'I' XPOMOCOMU MEC
TANY Y METUUMUJIH-PESUCTEHTHUX LUTAMIB STAPHYLOCOCCUS
INTERMEDIUS, U30JIbOBAHUX BiJ COBAK

Pedepar

SCCmec tun y mecA-no3utuBHux wramis S. intermedius 6yB oXapakTepU30BaHUH
3 BUKOpPHUCTaHHAM MeTtona MyJabTuriekcHoi [IJIP, mo 6yB onucanuit panime Oliveira i
Lencastre [11]. 100 nonepenubo ineHTH]ikoBaHuX i30m4TiB S. intermedius 6ymu poci-
JOKEHI U1 TiATBEPIKEeHHsT X BUAOBOI MPUHANEXKHOCTI Ta [/l BUSIBIEHHST mecA reHa,
110 KOJYy€ pPe3UCTeHTHiCTb 10 Metuuuainy. Hynaekcuuit I1JIP ananis naB MoxXK/auBicTb
inenTu(ikyBatu yci wramu, mwo Hecyth mecA ren (17%). Jocinkenns nokasanu, 1o
4%, mTamiB, iTeHTH(iIKOBaHUX K S. intermedius Ha mifcTaBi iX (EHOTUTIOBUX BIaCTUBO-
cTell, He naBasnu MponykTiB ammidikauii rena 16S rPHK, 1o BusaBAstoTh cTadhiToKOKH
Binminni Bin S. intermedius. SCCmec tuny IIIC 6ysa BusiBnena y 15 (88%) wramis,
tuny IB — rtineku y ogHoro wramy. Jluine oauH mTaM He MifgaBaBcsl TUIMYBAHHIO 3a
JI0MIOMOr010 aHOTO MiAXOAY.

Kanwuosicuaosa: Staphylococcus intermedius, mynvruniexcua [1JIP, mecA
red, MRSI, tunu SCCmec.
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CHEMOTAXONOMICAL IDENTIFICATION
OF ACTINOBACTERIAL STRAINS ISOLATED
FROM DAMP-AFFECTED OFFICE BUILDING

Four actinobacterial sporulating strains have been isolated from two damp-affected
office buildings. They have been identified as Streptomyces sp. (three strains) and
cell wall type IV actinobacteria (one strain) by the chemotaxonomical approach.

Key words: Actinobacteria, Streptomyces, chemotaxonomy, cell wall,
indoor air.

Harmful microbes in indoor environments are a cause of public concern. Bacteria
and fungi infest house and office buildings affected by dampness and the environmental
conditions and microbial communities undergo continual changes resulting in different
microbial populations. Microbial growth on moisture-damaged building materials is
commonly associated with adverse health effects in the occupants. Microorganisms,
their spores and cell wall components are biologically active agents which may cause
and trigger allergy and other respiratory diseases, i.e. chronic airways inflammation
[1]. Although the microbial diversity in indoor environment is high, the filamentous
and sporulating fungi dominate on indoor microbiota screenings [2, 3]. Recently
actinobacteria involved in biological infestation of damp buildings attract increasing
interest [4].

Actinobacteria are Gram-positive bacteria, with high G+C content, filamentous
microorganisms, majority of which are saprophytic soil and other environmental
inhabitants. As common soil organisms they easily colonize water-damaged building
materials and may emit toxic-metabolites isolated from the indoor environment of a
building where the occupants suffered building-related ill-health symptoms [5].

The aim of present studies was identification of sporulating bacterial strains
isolated from wall surface of damp-affected office building in Warsaw (Poland), by
means of chemotaxonomical approach.

Materials and methods

Bacterial strains L1, L2, W3, and W4 were isolated from the wall surface of
damp-affected office building in Warsaw, Poland.

The isolates were cultivated aerobically on medium “79” in 37 °C for 48 hours.
Bacterial biomass was collected by centrifugation in 7000 rpm, after repeated washing
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with PBS and MilliQ water. The wet biomass was suspended in MilliQ water (1:1,
v:v) and frozen in —70 °C prior to X-press (AB Biox, Sweden) cell disruption.

The crude cell wall extract was prepared by centrifugation (6000 rpm, 20 min, 4 °C)
of disintegrated cells. Supernatant containing crude bacterial cell walls was collected
and frozen dried. The cell wall preparations were frozen dried and subjected to hot
SDS extraction according to [6]. Proteins and nucleic acids remaining in preparations
were removed by using enzymes and dialyzed to deionized water [6].

Sugars were analysed after derivatisation according to [7]; amino acids and fatty
acids were derivatised according to [5] and analysed by gas chromatography-mass
spectrometry [8].

LL- and meso diaminopimelic acid (DAP) isomers were determined by thin-layer
chromatography [8].

Bacterial glycolipids were analysed in crude lipid extracts of bacterial biomass by
use of thin layer chromatography and visualized by orcinol reagent [8].

An inflammatory potential of the cell wall constituents after purification has been
examined by stimulation of cytokines TNF-a and interleukin 1B (IL-1B) in vitro in
isolated human leukocytes by commercial ELISA tests (BD Biosciences).

Results and discussion

All four studied strains formed dry, lathery colonies producing white spores
(Fig. 1). Microscopically, extensively branched Gram-positive pseudomycelium was
observed.

Fig. 1. Sporulating strains L1(a), L2 (b), W3 (c), W4 (d) cultivated on “79”
medium

Fatty acids profile of strains L2, W3 and W4 consisted of saturated, branched forms
of different chain length isoC12, isoC16, aisoC16, isoC17, isoC18, and aisoC18.

L1 strain is characterized by the least number of fatty acids only isoC17:0,
isoC18:0, and aisoC18:0 were present (tab. 1).
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Fatty acid composition and relative percentage in studied strains fable !

Strain iso C12:0 | iso C16:0 | aiso C16:0 | iso C17:0 n C17:0 iso C18:0 | aiso C18:0
L1 - - - 76% - 9.5% 14.5%
L2 - 10% 25% 25.5% 12.5% 7% 20%
W3 4% 11% 21% 31% 10% 10% 13%
W4 4% 10% 20% 31% 9.5% 10.5% 15%

Alanine, glycine, glutamic acid and diaminopimelic acid (DAP) were detected in
the preparations of the cell wall of all investigated strains. LL-Diaminopimelic acid
(LL-DAP), marker of Streptomyces spp., has been detected in strains W3, W4 and
L2. Mezo-DAP was present in L1 strain.

Taxonomically important sugars present in studied strains are presented in Table 2.

Table 2
Sugar composition in cell biomass and in cell wall preparations of Streptomyces
isolates
Mannose Glucose Galactose N-acety‘l
. glucosamine
Strain

total cell | cell wall | total cell | cell wall | total cell | cell wall | total cell | cell wall
L2 + + +
L1 + + +
W3 + + +
W4 + + + +

Three strains: L2, W3 and W4 represent I-type of bacterial cell wall, with mannose
and N-acetylglucosamine (strain W4 contained mannose and glucose). The L1 strain
differed from these strains by the type of growth, and sugar profile which comprised
mannose, N-acetylglucosamine and galactose. Fatty acids were represented only by
iso C17, and meso-DAP was detected. Due to this characteristics strain L1 cannot
be classified as belonging to Streptomyces genus.

Three of studied strains (L2, W3, W4) revealed similar glycolipid profile with one
domination glycolipid of similar retention time to Streptomyces sp., while L1 strain
did not contain major glycolipid (Fig. 2).

An increasing potency of bacterial cell wall constituents of strain L2 has been
shown to stimulate the human blood cells to TNF-a and IL-1p production and was
concentration-dependent.

Mixpobioaoeisn i 6iomexnoroeis Ne 7 /2009 59




b. llinonap, M. lamak, b. ®irea, A. N'amian

wow W W

- ii“
M

Fig. 2. Glycolipids of studied strains, TLC chromatogram visualized with orcinol
reagent
1 — Nocardiopsis dassonvillei, 2 — strain L1; 3 — strain L2; 4 — strain W3;
5 — strain W4; 6 — Streptomyces sp.

Streptomyces are Gram-positive filamentous bacteria of the class Actinobacteria
[9]. They are predominantly soil bacteria, but are also present in other habitats
[10]. Streptomyces have been cultivated from dust samples collected from schools,
day-care facilities and private houses [11,12,13]. Streptomyces are not demanding
in their growth requirements; they metabolise biological polymers, i.e. cellulose,
lignin, or chitin as their carbon source, and they do not need organic nitrogen for
growth. Excepting a few thermophilic species, the optimal growing temperature
is 26—28 °C, as it was observed also for our strains. These features make building
materials suitable for their growth and proliferation [14]. Streptomyces are also highly
potent producers of secondary metabolites of diverse biological activities, such as
antibiotic, immunosuppressive, or antitumor [15]. Characteristic volatile metabolite
of Streptomyces is geosmin, a volatile degraded sesquiterpene, responsible for odor
of moist soil [16]. Cytotoxic potential of streptomycetal spores in cocultivation with
moulds was reported [17]. Inflammatory and toxic potential of Streptomyces spores,
not dependent on their viability, has also been confirmed [18].

Three investigated strains: W2, W3 and L2 belong to Streptomyces genus, while
sporulating L1 strain characterized by cell wall type IV, is a member of Actinobacteria
class, and further analysis is needed for complete determination of the taxonomical
position.

REFERENCES

1. Andersson A.M., Weiss N., Rainey F., Salkinoja-Salonen M.S. Dust-borne bacteria in
animal sheds, schools and children’s day care centres // J. Appl. Microbiol. — 1999. — 86. —
P. 622—634.

2. Demain A.L. Pharmaceutically active secondary metabolites of microorganisms // Appl.
Microbiol. Biotechnol. — 1999. — 52. — P. 455—463.

60 Mikpo6ioaoeis i 6iomexroaozis Ne 7/2009




XEMOTAKCOHOMIYHA IJIEHTHU®IKALLS IITAMIB AKTUHOBAKTEPIN, 130JIbOBAHMX 3 ...

3. Gerber N.N., Lechevalier H.A. Geosmin, an earthly-smelling substance isolated from
actinomycetes // Appl Microbiol. — 1965. — 13. — P. 935—938.

4. Hameed A., Awad A. and Farag S.A. An indoor bio-contaminants air quality // Int.
J. Environ. Health Res. — 1999. — 9. — P. 313—-319.

5. Hancock I.C. Analysis of cell wall constituents of gram positive bacteria. In: Chemical
Methods in Prokaryotic Systematics. ed. Goodfellow M. and O’Donnell A.G. — Chichester: Wiley
& Sons Ltd., 1994. — P. 63—84.

6. Hardin B.D., Kelman B.J., Saxon A. Adverse human health effects associated with
molds in the indoor environment // J. Occup. Environ Med. — 2003. — 45. — P. 470—478.

7. Hirvonen M.-R., Ruotsalainen M., Savolainen K., Nevalainen A. Effect of viability of
actinomycete spores on their ability to stimulate production of nitric oxide and reactive oxygen
species in RAW264.7 macrophages // Toxicology. — 1997. — 124. — P. 105—114.

8. Johanning E. Indoor moisture and mold-related health problems // Eur. Ann Allergy
Clin. Immunol. — 2004. — 36. — P. 182—185.

9. KimJ.L., Elfman L., Mi Y., Wieslander G., Smedje G., Norbock D. Indoor molds, bacteria,
microbial volatile organic compounds and plasticizers in schools--associations with asthma and
respiratory symptoms in pupils // Indoor Air. — 2007. — 17. — P. 153—163.

10. Murtoniemi T., Nevalainen A., Suutari M., Toivola M., Komulainen H., Hirvonen M.-R.
Induction of cytotoxicity and production of inflammatory mediators in RAW264.7 macrophages
by spores grown on six different plasterboards // Inhal. Toxicol. — 2001. — 13. — P. 233—247.

11. Murtoniemi T., Penttinen P., Nevalainen A., Hirvonen M.-R. Eifects of microbial
cocultivation on inflammatory and cytotoxic potential of spores // Inhal. Toxicol. — 2005. — 17.
— P. 681—693.

12. Pasciak M., Mordarska H., Szponar B., Gamian A. Chemotaxonomical methods in the
diagnostics of clinical strains causing actinobacterial infections // Post Hig Med. Dosw. — 2007.
—61. — P. 403—412.

13. Peltola J., Andersson M.A., Haahtela T., Mussalo-Rauhamaa H., Rainey F.A.,
Kroppenstedt R. M., Samson R. A., Salkinoja-Salonen M.S. Toxic-metabolite-producing bacteria
and fungus in an indoor environment // Appl. Environ Microbiol. — 2001. — 67. — P. 3269—
3274.

14. Sawardeker J. S., Slonecker J. H., Jeanes A. Quantitative determination of monosacharides
as their alditiolacetales by gas liquid chromatography // Analyt. Chem. — 1965. — 37. —
P. 1602—1604.

15. Smedje G., Norbock D. Irritants and allergens at school in relation to furnishing and
cleaning // Indoor Air. — 2001. — 11. — P. 127—133.

16. Stackebrandt E., Rainey F.A., Ward-Rainey N.L. Proposal for a new hierachic
classification system, Actinobacteria classis nov. // Int. J. Syst. Bacter. — 1997. — 47. —
P. 479—491.

17. Suihko M.L., Priha O., Alakomi H.L., Thompson P., Molarstig B., Stott R., Richardson M.
Detection and molecular characterization of filamentous actinobacteria and thermoactinomycetes
present in water-damaged building materials // Indoor Air. — 2009. —19. — P. 268—277.

18. Williams S.T., Goodfellow M., Alderson G. Genus Streptomyces Waksman and Henrici
1943, 399AL. In: Williams, S.T., Sharpe, M.E. and Holt, J.G. (eds) Bergey’s Manual of Systematic
Bacteriology. — Baltimore: Williams & Wilkins, 1989. — Vol. 4. — P. 2452—2492.

Mixpobioaoeisn i 6iomexnoroeis Ne 7 /2009 61



b. llinonap, M. lamak, b. ®irea, A. N'amian

b. Wnounap, M. lNawak, b. ®urea, A. Famuan

VIHCTHTYT HMMYHOJIOTHH H 3KCIIEPUMEHTANbHON Tepanuu
[Tonbckoil akameMuu Hayk,
yi. Pynonsda Beiirasa, 12, 53—114, Bpounas, [Toabiua
Tesa. +48 71 3770 9922, e-mail szponar@iitd.pan.wroc.pl

XEMOTAKCOHOMHYECKAA UAEHTUPUKALUSI LUITAMMOB
AKTUHOBAKTEPWUH, U30JIMPOBAHHBIX U3 MOPA)KEHHbIX
CbIPOCTbIO O®UCHbBIX 3JIAHUN

Pedepar

BolneneHbl yeThipe cropoo6pas3ymoiiux ITaMMa OaKTEpPUH M3 JIBYX O(PHCHBIX
3MaHUH MOBPEKIEHHBIX CBIPOCTBIO. C TOMOILIBI XeMOTAKCOHOMHUUECKOTO MOIX0Aa OHH
UIeHTH(DULIUPOBAHLI KaK Streptomyces sp. (3 mTaMMa) U aKTHHOOAKTEPHHU C KJIETOUHOH
crenkodl IV tuna (1 wramm).

KnwueBs e cuaoBa: Actinobacteria, Streptomyces sp., XeMOTaKCOHOMHS,
KJIETOYHAsl CTEHKa, BO3IyX MMOMEIIEeHHH.
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XEMOTAKCOHOMIYHA IJJEHTU®IKALLIS IUITAMIB AKTUHOBAKTEPIH,
I30JIbOBAHUX 3 YPA)KEHUX BOJIOIOIO O®ICHUX BbYAIBEJIb

Pedepar

BupnisieHo yoTHpH 1ITaMu COPOTBipHUX OakTepidt 3 nBoX odicHUX OymdiBesb ypa-
JKeHHX BOJIOT0I0. 3a JOTIOMOT0I0 XeMOTAKCOHOMIYHOTO MiAXOMy IITaMH imeHTH)iKOBaHI
aK Streptomyces sp. (3 wramu) i akTHHOGaKTepil 3 KJIITHHHOW cTiHKol IV THITY
(1 wram).

KniouoBi caoBa: Actinobacteria, Streptomyces, XeMOTaKCOHOMisI, KJIiTHHHA
CTiHKA, MOBITPS MPUMIlLleHb.
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CIMOCOBHOCTb BAKTEPUH POJIA BACILLUS I'MJ1IPOJIM30BATH
KCHUJIAH

Hcenedosarna cnocobrocmos eudpoausosams CAOMHOCMPYKMYPHbLI KcuiaHn Yy 353
wmammos baxmepuii poda Bacillus, omnocauwuxcs k 23 sudam. [lokazano, umo
ama cnocobrocms OOCMAMOUHO WUPOKO pacnpocmparena cpedu 207 wmammos
MUKDPOOP2AHU3MO8 3moe0o poda, umo cocmasuro 98,6% om écex uccaedo8arHbLx.
Cpedu wux domurnuposaru uimammol sudos B. subtilis (111 wmammos usz 228) u
B. megaterium (11 wmammos uz 13). Cnocobrocmos eudporu3osams KCUAQH MAKH#ce
obrapyxcera y wmammos sudos B. licheniformis, B. pumilus, B. cereus, B. species,
B. oligonitrophilus. [lImammer sudos B. circulans, B. thuringiensis, B. sphaericus,
B. badius, B. bombycis, B. lentus u B. pulvifaciens ne eudposuszosaru Kcuran. ¥ema-
HOBAEHbL He MOAbKO 8u008ble, HO U WMAMMOBbLLE PABAUUUSL.

Katwueso ecaos a: Kecuranasol, 6akmepuu poda Bacillus.

B npupomHBEIX pacTHUTe/NbHBIX MaTepHanax CJ/0XKHas M0 CTPYKType LeJ/Iioa03a
0OBIYHO CBfI3aHa CO MHOTHMH JIPYTHMH YTJIEBOJHBIMH COEIVHEHHSIMH: TeMHULEJTI0NO-
30H, MEKTHHOM, JINTHHHOM, KpaxMaJjoM. [ eMHLes/I0/103bl, B YaCTHOCTH, KCHJIAHBI, KaK
U 11eJIJ110J1038, OTHOCSTCS K OCHOBHBIM KOMIIOHEHTAM KJIETOUYHOH CTEHKH PaCTHUTENbHBIX
MaTepuasoB, UX ColepKanue B HUX coctasaser 06bano 20—30%, a B psine cayyaes u
Gosbie — 34—41% (KyKypysHasi Kouepbl»kKKa, COJIOMa, MOACO/HEUHas Jy3ra, ceMeHa
puca, p>KH, COH, TOpoxa, IpeBecruHa pasHbix mopon). [To coBpeMeHHBIM MpeacTaBaeHNAM
Yyepe3 pas3Hble 10 CTPYKTYype KCHJIAHbI OCYIIECTBJSETCS CBS3b MEXKIY LIEJJION030H 1
TSKEJIO PasJ/araroluMcs JUTHUHOM B PACTHTENBHBIX 0TX0nAaX [2].

Crioco6HoCTh K 06pa3oBaHuio (hEPMEHTOB, PACILEMJISIOIINX He TOJBKO LIeJIIo-
JIO3Y, HO U KCHJIaHbl, KOTOPbIMU O0OTraThl pasHooOpasHble CeJbCKOXO3SIUCTBEHHbIE pac-
THTeJbHbIE OTXOJBl, O0Jiee IHMPOKO pacrpocTpaHeHa cpeau rpuboB U aKTHHOMULETOB,
MeHee — cpenu 6akTepuil. Kcnmanasel o6Hapyskennl y 6akreputt pona Bacillus n obna-
JatT OoJblIed MOJIEKYISIPHON Maccoi, ueM U3 rpuboB, U Hepeako OoJiee aKTUBHBI [4—7,
9]. Kak Bo3MOKHBIE TIPOAYLIEHTBI THAPOJUTHUECKUX (DEPMEHTOB 3TH MHKPOOPraHHU3MBbI
M3yueHbl 3HAUUTEJbHO MEHbLIE, UeM TPUOBI, MEXKY TEM LIKPOKOE pacrpoCcTpaHEHHE X B
MPHUPOJIE U CIIOCOOHOCTb PACIIEIJIATh TaKHe TPYAHOLOCTYIIHbIE COeAHHEHHUS KaK KCH/IaHbI
CBUIETEJIbCTBYIOT O TOM, 4TO OaLMJ/IbI 06/1a1at0T GoraTbiM Ha6opoM (hepMEHTHBIX CHCTEM
¥ MHOTHME M3 HMX MOTYT OBITb NPOMBILIJIEHHO 3HAYMMbIMH, & 3HAYUT T€PCIEeKTHBHBIMHA
B Oynymewm [8, 10]. B cBsi3u ¢ M3/10:KeHHBIM, GOMBIION HAayUHBIH MHTEPEC M BaKHOE
MpaKTHYECKOe 3HAUEHHE MPE/ICTABJISET OMCK aKTHBHBIX LUITAMMOB Cpean OakTepui poaa
Bacillus xax NpoAyLeHTOB KCHJIaHa3, KOTOPble MOryT ObITb HCMOJ/b30BAHbl B CELCKOM
X0351cTBe, B (papMaLeBTHYECKOH U MULIEBOU MPOMBILIJIEHHOCTH.

Lenbio HacTOSAIIEH pabOThl ABU/ICS CKPHHUHT TMPOAYLEHTOB KCHJIAHA3 W M3ydeHHe
MX aKTHBHOCTH CPEJIM LITAaMMOB pas3HbIX BHIOB OakTepuil pona Bacillus.
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MaTtepuaJjbl U METObI

B pabote ucnonb3oBanbl 353 mtamma 6aktepuil pona Bacillus, oTHOCSAMXCS K 23
BHIIAM, U3 KOJIIEKLHU KYJbTyp oTaesa aHTuOuotHkoB MMIMB HAH Ykpaunsb.

Bakrepuu BblpamiuBau B TeueHue 2-x cytok npu 37 °C B yawkax [letpu Ha ara-
pH30BaHHOM cpefie c/efylollero coctasa (B r//1): uutTpat Hatpus — 1,29; (NH,), HPO,
—4,75; KH,PO, — 9,6; MgSO, 7TH,0 — 0,18, KoTopy0 MCMOIb30BaANM /ISl IEPBUYHOTO
oT60pa KCH/IaHA30aKTUBHBIX LITAMMOB. B KauecTBe HCTOUHMKA yTryeposa UCIOIb30BaMNH
kcunan osca [pupma Fluka, Tepmanus] B konuentpauuu 1%.

OT60p aKTUBHBIX ILITAMMOB BEJIH 10 30HAM MTPOCBETJ/IEHHS KCHJIAHa, KOTOPbIE MPOSIB-
JISUTACD Ha 2-e CYTKW HHKYOUPOBAHUS BOKPYT BBIPOCIINX KOJOHUH OAKTEPHH ¥ OTUETIIHBO
BM3Yya/JH3MPOBAJHKCh M0C/Ie NPOKPaLIUBaHUsA cpefibl KpacutesneM KoHro pot (0,1%). Io
IMaMeTpy 30H CYAMJH O CIMOCOOHOCTH KYJbTYpP pasfiaraTbh KCU/IaH. AKTHBHOCTb KCH-
JaHas (B ea/Ma) onpeje/sny THTPOBAIbHBIM METOLOM MO KOJHYECTBY 06pa3ylolIuXCs
npu depmentatuHOM ruaposuse 1%-noro kcuana B 0,05 M uurpatHo-pochaTHOM
6ydepe (pH 5,0) penyumpyomux caxapoB (Kcujao3sl) [3].

AKTHUBHOCTD 3HIOMIIOKAHA3BI U B-TJIIOKO3KMIa3bl OMPEIEJIsiId [0 KOJHUeCTBY 00pasy-
IOLLeHCsT TPU MX THAPOJIN3€E [IIOKO3BI 110 PeIBAPUTENBHO MOCTPOEHHBIM KaJTHOPOBOYHBIM
kpuBbIM [3]. ComeprKaHue TJIOKO3bl HAXOAUJIU C TIOMOILBIO 3,5-THHUTPOCAIULIMIOBOK
KHCJIOTHI [3].

Pe3yabTaThl U UX 00CYyXKAeHHE

N3yuenne kcumaHa3HOH akTUBHOCTH OaKTepHi MPOBOAUIHN 03TanHo. [lepBbiil aTan
paboThl 3aK/I0YAJNCS B KaueCTBEHHOM OTOOpe IITAMMOB, CIOCOOHBIX THIPOJH30BATh
kcunaH. BosbnHaeTBo KyabTyp (207 1mWITaMMOB M3 HccseqoBaHHbIX — 58,6% oT ob1ie-
ro yMcJa LITaMMOB) 00Pa30BbIBANH 30HBI THAPOJIH3a KCHJIaHA PasHOro audamerpa: 87
mwramMmoB U3 HuX (42%) — 3oHbl nuametpoM oT 10 1o 20 MM, 44 wramma (21,3%) —
30ubl 20—25 MM 1 36 wrammos (17,4%) — 3oubl Goaee 25 MM (Tabda.1). Hauboabieil
CMOCOOHOCTBIO THAPOJIN30BaTh KCUIAH CPEAX HCceiyeMblX OakTepruil 06/anani ITaMMbl
€aMOro MHOTOYHCJIEHHOTO B HAIIUX UCCJeNOBaHUsX Buma B. subtilis. 13 228 mrammoB
161 wramm (70,6%) 6bL1 crocO6EH MMAPONM30BaTh KCHIaH. J{OCTATOYHO aKTHBHBIMMU
B MCIIOJb30BaHUK 3TOr0 cyOcTpata ObLIM TaKXKe LITaMMbl BUIOB B. megaterium (11
wramMmoB u3 13), B. pumilus (6 wrammos us 14), B. licheniformis (4 mwramma us 25)
u B. cereus (4 wramma us 24). Bunwl B. circulans, B. thuringiensis, B. sphaericus,
B. badius, B. bombycis, B. lentus u B. pulvifaciens He crnocobHbI pa3jaraTb KCHJIAH
U LEJTI0JI03Y.

B mpakTuke cuMTaeTCsl BaXKHBIM, YTOOBI IJisi TIOJHOTO PACLIETIEHHUsT KJIETOUYHBIX
060J104EK PACTUTEJBHOTO ChIPbSI, KyJbTYyPbl HAPSIAY C KCUJIAHA3HOU 00Jaany BbICOKOU
LE/JTI0a3HON aKTHBHOCTBIO. CIOCOOHBIX aKTHBHO TMAPOJM30BATh KAK KCHJIAH, TaK H
Len0103y BbiABAeHo 140 mwrammoB, coctaBuBMX 39,7% OT 006LIero KoJdyecTBa
UCCJIeIOBaHHBIX LITaMMOB (Tabs. 2). Bce nmanbHelilnve HcC/el0BaHHS TMPOBOIHUIU C
3TUMH LiTaMMaMd. KOMIMJIeKChbl KCH/IaHa3 U LEeJII0/1a3 JOMHHHPOBAIH B OCHOBHOM
cpenu wramMMoB Buna B. subtilis (111 u3z 228, To ecTb 48,7% 0T 0611ero KouyecTsa
Mcc/en0BanHbIX WTaMMoB). LIInpoko pacnpocTpaHeHa crnocoOHOCTb MHAPOIN30BATh KCH-
JIaH ¥ LeJJTI0J03y CPely ITaMMoB Buna B. megaterium (76,9% ). AKTHBHBIE [ITaMMBI
oOHapyxkeHbl U cpenu BunoB B. licheniformis, B. cereus, B. pumilus, Bacillus spp.,
B. polymyxa, B. laterosporus, B. oligonitrophilus, B. firmus u B. macerans.
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3MATHICTb BAKTEPIN POLIY BACILLUS TIIPOJII3YBATU KCUJIAH

Tabnuua 1
KcunanasHnas aktuBHocTb 6akrepui poaa Bacillus
(mMamMeTp 30H THIPOJIH3A KCHIaHa)
Table 1
Xylanase activity of genus Bacillus bacteria
(the diameter of xylanase hydrolysis zones)

B KOJ]I/I‘ICCTBO KOJ'IVI‘leCTBO WITAMMOB MO JUWaMEeTPy 30H rMHApPOJIU3a KCUJTAHA, MM

. Hranmos 0 0,1—10 10—20 20-25 | Gouee 25
B. subtilis 228 67 33 68 36 24
B. licheniformis 25 21 0 3 1 0
B. cereus 24 20 2 1 1 0
B. megaterium 13 2 3 3 3 2
B. pumilus 14 8 0 2 1 3
B. coagulans 3 2 0 1 0 0
B. circulans 4 4 0 0 0 0
B. alvei 3 1 0 0 1 1
B. polymyxa 2 1 0 0 0 1
B. brevis 3 2 0 1 0 0
B. thuringiensis 2 2 0 0 0 0
B. firmus 2 1 0 0 0 1
B. laterosporus 2 0 0 1 0 1
B. sphaericus 2 2 0 0 0 0
B. badius 1 1 0 0 0 0
B. bombycis 1 1 0 0 0 0
B. lentus 1 1 0 0 0 0
B. pasteurii 1 0 0 0 0 1
B. macerans 2 1 0 1 0 0
B. pulvifaciens 1 1 0 0 0 0
B. species 15 8 1 5 0 1
B. oligonitrophilus 3 0 0 1 | 1
B. silvestris 1 0 1 0 0 0
Bcero 353 - - - - -
. 207 40 87 44 36
HeaKTHBHBIX 146 146

M3 coobueHuni pas3MuHbIX aBTOPOB M3BECTHO, YTO (DEPMEHTBI MHKPOOHOTO MpPOHU-
CXOXKJIEHHUSI, MOT'YT OBITb FeTePOreHHBIMH 110 COCTaBY M COCTOSITb M3 Pa3/IMYHBIX THIIOB
KaK LleJITIoJ1a3, TaK ¥ FreMHLEJII0Na3, pa3inyaloluxcs Mo crnocody AelcTBHs, 110 coe-
PKaHHUIO YTJIEBOJOB, aMUHOKHUCOT U T.M. [2, 4, 6]. B Hammx nccnenoBanusix reTeporex-
HOCTb (DEPMEHTHBIX KOMIIJIEKCOB TOATBEPXKAAETCS 30HAMH, Pa3/HYAIOLIMMH HE TOJNBKO
MO IUaMeTPy, HO U MO OKpacKe (’KeJTble, TEMHble M CMelIaHHbIE).
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Tabauua 2
Cnoco6Hoctb K ruapoausy Na-KMLL u kcuaana y wrammos pona Bacillus
Table 2
The ability of the strains of genus Bacillus to hydrolyze Na-CMC and xylane
Bun Yucao Na-KMLL' Kcunan Na-KMLL u kcunan
mramMmmoB
K-BO % K-BO % K-BO %
B. subtilis 228 160 70,2 161 70,6 111 48,7
B. licheniformis 25 8 32,8 4 16,0 3 12,0
B. cereus 24 6 25,0 4 16,7 2 8,3
B. megaterium 13 10 76,9 11 84,6 10 76,9
B. pumilus 14 10 71,4 6 428 3 21,4
B. coagulans 3 1 33,3 33,3
B. circulans 4 -
B. alvei 3 33,3 2 66,7 -
B. polymyxa 2 2 100 50,0 2 100
B. brevis 3 1 33,3
B. thuringiensis 2 50,0
B. firmus 2 100 1 50.0 1 50,0
B. laterosporus 2 100 2 100 2 100
B. sphaericus 2
B. badius 1
B. bombycis 1
B. lentus 1
B. pasteurii 1 1 100
B. macerans 2 2 1100 1 50,0 1 50,0
B. pulvifaciens 1 100 -
B. species 15 - 7 46,7 20,0
B. oligonitrophilus 3 3 100 100 66,7
B. silvestris 1 1 100
Bcero 353 209 59,2 207 58,6 140 39,7
HpHMeanHe: L— HaTpueBasi COJib Kap6OKCI/IMeTI/LHLLe.H.HIO.H03bI

Crenytouum sTanom Ajs ordopa 6axTepuil OblJIO NPOBeAEHHE HCC/IENOBAHUU 110
CrocoOHOCTH 0TOOPAHHBIX B XOJle MEPBUYHOIO CKPUHUHTA ITAaMMOB B. subtilis ncnoJb-
30BaTh 1 %-Hyl0 CyCMeH3HIO KCHIaHa B KaueCTBe eIMHCTBEHHOTO UCTOYHMKA yrJepoaa
NpH UX ryOMHHOM BbIpallMBAaHUU Ha KUAKOW NMUTaTesNbHOH cpene. Ha npumepe Hau-
6osiee aKTUBHBIX MPH PaCIIENIEHUH KCHIaHa [ITaMMOB IT0Ka3aHo, YTO HAKOIJIeHHe 00-
pasyolLeicsl KCUI03bl B KYJbTYPaJbHOH XKUAKOCTH Y HUX CBSI3aHO C POCTOM OakTepuil
B NIPUCYTCTBUHU KCUJIaHA HA Cpejie, BKOUalolled KyKYpYy3HbIH 9KCTpakT (puc.). Ha sToil
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Puc. Mokasareau pocra (A) u Kcuaanasvoi (Bb) akTMBHOCTH Ha npumepe WITAMMOB
Bacillus subtilis
Irammel Bacillus subtilis: 1 — 518, 2 — 55JIT, 3 — 96JIT', 4 — MC-19, 5 — 43JIT,
6 — 54JII'. Cpenbl: K — kcunan (koHTposb); KJI — kcunan + nakrosa;
KK — kcunan+KyKypysHbIH eKCTPaKT.

Fig. Indices of growth (A) and xylanase (B) activity by example strains
Bacillus subtilis

Bacillus subtilis strains: 1 — 518, 2 — 55JIT", 3 — 96JI", 4 — MC-19, 5 — 43JIT,

6 — b4JII. Media: X — xylan; XL — xylan+lactose; XC — xylan+corn extract.

cpene HabJ0AaMUCh HAUDOJIee CYLIECTBEHHbIE PA3JWUNS MeXIY LITaMMamu B. subtilis
Kak B HaKOIJIEHUH OMOMACChl KJE€TOK, TaK U B 00pa3oBaHUM MMU caxapoB. O MoJyoxXu-
TeJIbHOM BJIMSIHMH KyKYPY3HOIO 9KCTPAKTa HAa 00pa3oBaHHe KCHUJIaHA3 APYTHMH MHKPO-
opraHuaMamu coodbiaeTcsi U HeKoTopeiMu uccaenoBatessimu [1]. Ha cpenax 6e3 kyky-
PY3HOr0 3KCTPAKTa HJIH JIAKTO3bl POCT OaKTepHil OblI Gosiee CabbIM U COTPOBOXKIACS
3HAUYUTENbHO MEHBILIMM HaKOIJIEHHEM B CpPele PeAyLHMpPYInX caxapoB. [lomyueHHble
pe3yJIbTaThl JAI0T BO3MOXKHOCTb CYAUTh O XapaKTepe KCHU/IaHa3, CHHTE3UPYEMBIX HCCJIe-
NyeMbIMH OaKTEPUSIMU B MUTATENbHOH Cpejie, coleprKallell B KaueCcTBe eMHCTBEHHOTO
HCTOUYHHKA YrJepoaa KCUJIaH U KyKYPY3HbIH 9KCTPAKT B KAueCTBE MHAYKTOPa CHHTE3a
9TUX (PEPMEHTOB.

O60611as mosTyueHHblEe pe3ybTaThl CKPHHUHTA M3 353 1ITaMMOB OakTepuil pona
Bacillus, oTHocsiuxcs K 23 BUAaM, Kak HanboJ/lee aKTHBHbBIE TTPOLYLIEHTHI KCHJIAHA3HOTO
KOMIIJIeKca (pepMeHToB 0To6pansl 5 wrammoB B. subtilis (murtammer MC-13,, 1155, 80
JIT), B. licheniformis (wramm Ay .) u B. megaterium (wramm 906). [lanHbie wrammebl
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6aLmIIT XapaKTepHU30BaMUCh TaKXKe 3HAUUTEIbHOH LEJTI0030JUTHIECKOH aKTHBHOCTHIO
(taba. 3). [TosToMy OHH MOTYT paccMaTPUBATBLCS KaK HauOoJiee MepCreKTUBHbIE TPO-
NYLUEHTHl TAKUX TPOMBILIJIEHHO BaXKHbIX (DEPMEHTOB KaK LIEJII0NAa3bl H KCHJIaHA3bI AJI51
UCII0JIb30BaHUsI B OHOTEXHOJOTMYECKUX MPOLieccax.

Tabmmua 3
depmeHTaTHBHAS aKTUBHOCTL (e1/ma) Gakrepuil pona Bacillus
Table 3
Fermentative activity (u/ml) of genus Bacillus bacteria
Iramm Kcunanasa JH0rTI0KaHA3A B-rl0Ko3Maa3a
B. subtilis MC-13, 35,7 = 5,6 158,4 == 7,5 93,5 2,1
B. subtilis 80 JIT 30,6 = 3,7 292,5 +5,9 84,5 +1.,8
B. subtilis1 155 30,6 == 3,1 152,5 == 5,5 85,5 #2.,0
D megalerium 30,6 = 2.5 952,5 = 3.8 87,5 = 2,5
B. licheniformis Ae/3 347 +19 180,2 = 2,7 87,5 1,1

Hamuuue xommiekca (pepMeHTOB, NPUHHMAMOLIMX ydyacTHE B THJPOJIH3E CJOKHO
paspylilaeMblX pacTUTeNbHbIX CyOCTPATOB, OYeHb BAXKHO, TOCKOJIBKY KCH/IaHA3bl AeMaI0T
9TU cyOcTparThl ellle Oosee JOCTYNHBIMU A5 JeHCTBUS LIeJII0/1030/UTHYeCKUX U IPYTHX
(hepmeHTOB. JlefiCTBYS HA KJIETOYHYIO CTEHKY B KOMILJIEKCE, OHU MOTYT TIOBBICUTD IMHUTa-
TeJIbHYIO0 U OHOJIOTHYECKYIO LIEHHOCTb KOPMOB B XKHBOTHOBOZCTBE C MOMOLIbIO 6aKTepuit
pona Bacillus, cnenatb 3((eKTHBHee TaKHe TPOLECCH KaK KOHCEPBHPOBAaHHE W OCa-
xapuBanue. Takue npenapartsl TakxkKe MOTYT ObITb 3((PEeKTUBHBIMU B JPYTUX OTPACIsIX,
TaKMX KaK NMHBOBapeHHe, NPOU3BOACTBO MJ0J0BO-STOAHBIX COKOB H APYTHX.
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3JIATHICTb BAKTEPIW POJIY BACILLUS T'1JPOJII3YBATH KCUJIAH

Pedepar

HocaimxeHna 3aaTHICTb TiApoii3yBaTH CKIaIHOCTPYKTYPHHUI KCHIaH y 353 1ITaMiB
6akrepint pony Bacillus, o BimHOCATBCS 00 23 BUAiB. [lokazaHo, 1m0 U 30aTHICTD 10-
cuth nowmupena cepea 207 wTamis MiKpoopraHisaMiB LbOr0 POy, 110 CTaHOBUTH 58,6 %
Bif ycix mocaimkenux. Cepen HUX NOMiHyBasu wWTamu BumaiB B. subtilis (111 wramis
i3 228) i B. megaterium (11 wramiB i3 13). 3maTHicTh TigposizyBaTH KCHJIAH TaKOXK
3HadneHa y wramiB BumiB B. licheniformis, B. pumilus, B. cereus, B. species, B. oli-
gonitrophilus. Wrtamu BuniB B. circulans, B. thuringiensis, B. sphaericus, B. badius,
B. bombycis, B. lentus i B. pulvifaciens ne rinposisysanu kcuian. Croctepiraguch He
TiJbKH BUAOBI, aje i IITaMOBi BiAMiHHOCTI.

KnwouoBi ¢ao B a: kKeunaHasu, 6akrepii pony Bacillus.

A. l. Osadchaya, L. A. Safronova, L. V. Avdeeva, V.M. llyash

Zabolotny Institute of Microbiology and Virology, NASU, Zabolotnogo str., 154,
Kiev, D 03680, Ukraine, tel.: +38(044) 526 24 09, e-mail: safronova_larisa@ukr.net

ABILITY OF BACTERIA OF GENUS BACILLUS TO HYDROLYZE
XYLANE

Summary

The ability to hydrolyze xylane has been investigated in 353 strains of bacteria
belonging to 23 species of genus Bacillus. Xylanase activity was revealed in 207
strains of the genus (58,6% from all investigated cultures). Strains of species B. sub-
tilis (111 strains) and B. megaterium (11 strains) dominated among them. Strains of
species B. licheniformis, B. pumilus, B. cereus, B. species, B. oligonitrophilus also
displayed activity against xylane. Cultures of species B. circulans, B. thuringiensis,
B. sphaericus, B. badius, B. bombycis, B. lentus and B. pulvifaciens did not appear
any activity.

Key words: xylanases, bacteria of genus Bacillus.
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VIRUS INFECTION COURSE IN DIFFERENT
PLANT SPECIES UNDER INFLUENCE
OF ARBUSCULAR MYCORRHIZA

The results of the research aimed to study the influence of plants root colonization
by arbuscular mycorrhizal fungus Glomus intraradices on virus infection development
are presented in the paper. Tobacco mosaic virus (TMV) — Nicotiana tabacum
model was used for the experiment. TMV — Lycopersicon esculentum and Cucumber
green mottle mosaic virus (CGMMYV) — Cucumis sativus were used as important
agricultural plants. Microscopy, molecular and serological methods were used in
the experiment. It was shown that arbuscular mycorrhiza inhibits the plant virus
infection development in Nicotiana tabacum and Cucumis sativus plants but not in
Lycopersicon esculentum.

Keywords: TMV (Tobacco mosaic virus), CGMMV (Cucumber green mottle
mosaic virus), Glomus intraradices, arbuscular mycorrhiza.

Symbiotic interactions between the plants and microorganisms in rhizosphere
is one of the major factors of plant health and soil fertility. Arbuscular mycorrhiza
(AM) is a very common type of symbiotic interactions for the majority of the plants.
Arbuscular mycorrhizal fungi (AMF) are widely spread and characterized by vast
host range. The plants colonized by AMF demonstrate higher growth rate than plants
without AM [13, 14]. Moreover AM increases resistance of the plants to stress fac-
tors and soilborne pathogens [6]. Activation of plant resistance to pathogens can
be explained by anatomical or pathogenic changes in root system or alterations in
rhizosphere microbial associations caused by arbuscular fungi [11]. The facts about
the role of AM in inhibition of virus infection can be used to improve efficiency of
antiviral preventive measures [7, 8]

The aim of this research was to study the influence of root colonization of plants
by arbuscular mycorrhizal fungi on development of virus infection, caused by TMV
in model plant Nicotiana tabacum and in important agricultural plants such as
Lycopersicon esculentum, and by CGMMYV in Cucumis sativus plants. Glomus intra-
radices was used in this experiment as one of the most widespread AMF that forms
symbiosis with a large number of plant species. Furthermore Glomus mycelium can be
cultivated at industrial scale and can be used in soil mixtures for the greenhouses.

© LM. Stolyarchuk, T.P. Shevchenko, V.P. Polischuk, A.V. Kripka, 2009
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Materials and methods

The plants used in the experiment are characterized as having systemic reaction
in response to phytoviral infection. Nicotiana tabacum —TMV was used as a classic
model, and Lycopersicon esculentum and Cucumis sativus were choosen as the plants
important for agriculture, particularly for the greenhouses. These systems differed in
the inoculation method. For the Nicotiana tabacum cv. trapesond, TMV viral prepa-
ration was poured in soil at concentration of 24.41 ug/ml, the final concentration
of virus in soil constituted 500 ng/ml. The plants in Cucumis sativus — CGMMV
system were infected by soaking seeds in viral preparation (concentration of virus
was 200 ug/ml) overnight. The plants in Lycopersicon esculentum — TMV system
were infected mechanically in two upper level leaves. Concentration of viral prepara-
tion was 250 ug/ml [5].

All plants were divided in four groups: the intact plants, the virus-infected plants
without AM, non-infected plants with AM, and the plants with both virus and Glomus
intraradices.

An incubation mixture was used to accumulate the infectious inoculum of AMF
in Tagetes patula plants. The quantitative analysis of root colonization rate was
performed in 80 days [3]. The obtained inoculum was used in the mixture with zeolite.
The final proportion of soil and zeolite was 5:1.

Light microscopy of roots was carried out to control the process of AMF colo-
nization. For the quantative characterization of root mycorrhization the following
parameters were used: F — colonization frequency (the percent of roots with fungal
structures), M — colonization intensity (percent of colonized cortex in each root),
A — percent of arbuscules in colonized roots, a — percent of arbuscules in the whole
root system. The minimal value of these parameters in the case of successful colo-
nization is 50% [3].

DNA from plant material was extracted using the phenol-chlorophorm method.
[15]. PCR analysis was carried out to determine AMF in roots [16]. For PCR, primers
complementary to internal transcribing spacers of rRNA genes of Glomus intraradices
were used. The nucleotide sequence of primers: I[TS1- TCCGTAGGTGAACCTGCGG;
[TS4- TCCTCCGCTTATTGATATGC [16]. The results of PCR were visualized using
electrophoresis in 1% agarose gel. Gene Ruler 100 bp DNA ladder (100-3000 bp, MBI
Fermentas) was used as markers set.

Indirect ELISA with polyclonal rabbit antibodies was used to detect the viral an-
tigens in plant samples. For ELISA the samples from each plant were collected. The
leaves with strongly pronounced macroscopic symptoms, such as mosaic, deformation
of leaf blade and necrosis were taken. The samples from the plants not showing the
symptoms of virus infection including dried-up leaves were also collected [5].

Results and discussion

The efficiency of colonization was determined by counting the fungal structures in
roots of the colonized plants. The number of arbuscules as primary structures playing
the role in nutrients exchange shows the rate of transport between the fungus the
and the plant. Light microscopy analysis of the colonized roots showed the presence
of both arbuscles and vesicles in the root cortex of the plants that confirms success-
ful colonization. The results of the quantitative analysis of plant roots colonization

rate are shown in Table.
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Table
Quantitative analysis of AM colonization
Experimental plant Virus presence F% M% A% a%
+ 73.33 53.30 65.94 35.20
Nicotiana tabacum
76.67 37.67 96.90 36.50
+ 76.67 23.53 97.18 22.87
Lycopersicon esculentum
94.00 32.50 93.74 30.34
+ 93.56 35.84 94.23 29.05
Cucumis sativus
95.46 48.09 96.37 33.75

The rates of root colonization, shown in the table, were considerably higher than
the minimal rate of 50% confirming successful formation of symbiotic interactions
between the plants and AMF.

The PCR analysis of colonized roots was carried out as well to detect the presence
of Glomus intraradices nucleic acid. The expected fragment approx of 450 bp has
been detected (Fig. 1).

Fig. 1. PCR results for Nicotiana tabacum (1) and Lycopersicon esculentum (3)
plants, 2-negative control, M - markers
(Gene Ruler 100bp DNA ladder plus, 100 — 3000bp)

The following pattern was revealed for the Nicotiana tabacum cv. trapesond
— TMV model after visual observations and ELISA. The infected plants without
AM had clear symptoms in 80 days, such as mosaic and leaf blade deformation. No
symptoms on further stages were observed for the plants colonized with AMF, so
virus infection did not develop in such plants in contrast to the plants without AM.
Intact plants and the plants colonized by AM but not infected served as the control
groups. The content of viral antigens in infected plants without AM permanently
increased, as revealed ELISA test. At the early stages of virus infection in infected
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Fig. 2. Dynamics of viral antigen accumulation in Nicotiana tabacum cv. trapesond
TMV (1), Cucumis sativus - CGMMYV (2) and Lycopersicon esculentum - TMV (3)
systems

plants with AM the content of viral antigens was four times less as compared with
infected plants without AM. The final content of viral antigens in such plants was
2.5 times less (Fig. 2).

The symptoms of virus infection on Lycopersicon esculentum plants were ob-
served as green or yellow mosaic. Content of viral antigens in infected plants with
and without AM was equal at the early stages of virus infection up to 14 days post
inoculation, and then it increased in the plants colonized by AM. At the subsequent
stages of virus infection the content of viral antigens in colonized plants subsequently
decreased (Fig. 2). This fact can be explained by the way of virus penetration to the
plant. It was shown previously that AM can lead to increase of disease severity of
foliar pathogens [13].

For Cucumis sativus — CGMMYV system, visual observations revealed that infected
plants had clear symptoms, such as decrease in leaf blade size, growth inhibition,
mosaic and leaf blade deformation. The plants colonized by AMF and infected by virus
did not manifest pronounced symptoms. ELISA test revealed that infected plants with
AM accumulated less amount of viral antigen comparing to infected plants without
AM (Fig. 2).

These results can be compared with data about interaction of AMF and non-
viral pathogens, such as bacteria and root-infecting fungi. The arbuscular mycorrhiza
formation leads to increase of phosphate uptake by the plants, and that nutritional
status can be related to the enhanced resistance of the plants to soilborne pathogens
such as Aphanomyces euteiches [9]. Also it was shown that not only nutritional status
can affect the severity of the disease. AM can activate defense-relative genes, such
as PR family genes prior to pathogen penetration [1]. The other way of controlling
the pathogen proliferation is the competition between arbuscular mycorrhizal and
pathogenic fungi to colonize root tissues [4, 10].
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As it can be seen, the effect of AM colonization of the plants is different, but it
is still difficult to estimate the reasons of such differences. The most obvious reason
is the way the virus infects the plant as was already shown for non-viral soilborne
pathogens [13]. Obtained data show that for viral pathogens that are introduced
through soil the effect is still the same. But in the case when virus is introduced
mechanically into the leaf blade the effect of myccorhization is opposite that may be
caused by increased nutrition rates that promote more favorable conditions for virus
replication. This fact is very important, because it makes the usage of AM in open
field conditions difficult. But in the greenhouses where virus mechanical transmission
can be controlled and soil mixture composition can be easily changed, AM can be
used to control virus transmission via soil, moreover it increases nutritional rates
of the plants and their resistance to non-viral pathogens being of major importance
especially for the greenhouses.

It is estimated that AM inhibits plant virus infection development caused by TMV
in Nicotiana tabacum plants and by CGMMYV in Cucumis sativus plants if the virus
is introduced through root system. It is also shown, that there is no such effect on
TMV — Lycopersicon esculentum system, where the plants are infected mechanically
into the leal. These facts show that AM may play the role in activating plant responses
to soilborne pathogens but promote higher susceptibility to foliar deseases, although
the mechanisms of such effects are still unclear and need further research.
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MPOTIKAHHS BIPYCHOT IH®EKLLIT Y PI3BHUX BUAIB POCJIUH
NniJa BIJIMBOM APBY CKYJIIPHOI MIKOPU3H

Pedepar

B ctaTTi HaBeneHo pe3ynbTaTH AOCHiAKeHb, IPUCBSIUEHUX BUBUEHHIO BILJIUBY KOJIO-
Hizawil KopeHiB pocauH apOYCKyJ/aspHUM MiKOpusHuUM rpubom Glomus intraradices Ha
npoTikaHHs (itToBipycHoi iH(ekUii. ¥ ekcrnepuMeHTi BUKOPUCTOBYBAIM TaKi MOAEJNbHI
cuctemu sk BTM—Nicotiana tabacum, BTM—Lycopersicon esculentum ta BSKMO—
Cucumis sativus. MiKpOCKOMIUHUMH, MOJEKYJSPHO-O10I0TIUHUMH Ta CEPOJOTiYHUMHU
MeTOfaMM HOCJiJKeHHSl M0Kas3aHo, 10 apOycKysasapHa MiKopusa iHriOye pO3BHUTOK
¢itoBipycHoi iH(pekuii B pocaunax Nicotiana tabacum ta Cucumis sativus, ane He B
Lycopersicon esculentum.

Knwouosi cuaosa: BTM (Bipyc TioTtoHoBoi Mo3aikn), BSKMO (Bipyc 3esneHol
Kpamnyactoi Mo3aiku oripka), Glomus intraradices, ap6ycKyasipHa MiKOpH3a.
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MPOTEKAHUE BUPYCHOHW UH®EKLIUU Y PA3HbIX BU0B PACTEHUH
Nnoa BJAUAHUEM APBY CKYJIIPHOU MUKOPHU3bI

Pedepar

B craTbe mpuBeneHbl Pe3yNbTATHI UCCAEIOBAHUMN, TIOCBSILEHHBIX U3YUEHHIO BJIUSI-
HUST KOJIOHH3ALIWK KOPHEBOH CHCTEMbI pacTeHHH apOyCKYJ/IIPHBIM MHKOPH3HBIM IPHGOM
Glomus intraradices Ha nmpoTeKaHue (DUTOBUPYCHOH MH(peKUHH. B sxcrnepumenre
HCIIOB30BANH TakKuhe MonesbHble cucteMbl Kak BTM—Nicotiana tabacum, BTM—
Lycopersicon esculentum a takxxe BSKMO—Cucumis sativus. MUKPOCKOITIYECKHMH,
MOJIEKYJISIPHO-OHOJIOTHUECKHUMH U CePOJIOTHYECKUMY METOIAMHU HCCJIeI0OBAHUH MTOKA3aHO,
4TO apOYyCKyJsIpHAS MUKOPU3a HHTHOUPYET pasBuTHe (GUTOBUPYCHOH MH(EKIUH B pac-
tenusix Nicotiana tabacum w Cucumis sativus, HO He B Lycopersicon esculentum.

Knwouesse caosa: BTM (Bupyc tabaunoit mozauku), BSKMO (Bupyc 3e-
JIEHOH Kpamuatoll Mosauku orypua), Glomus intraradices, apoycKyJ/sipHasi MUKOPH3a.
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NCUXPO®iJIbHI LUTAMH N
CYJIb®ATBiAHOBJIIOBAJIbHUX BAKTEPIN

3 anaepobHoi 301U 8000UMU, WO 3HAXOOUMbCS 8 30HI S80PIBCLKO20 CipKOB0O2O POA0BU-
wia, sudineni ncuxpoinrvri cyrvghamsionosaosarvri bakmepii, aki idenmugpikosani
sk Desulfobacter sp. Budineni 6akmepii y cepedosuiyi 3 cyropamamu i OpearivtHumu
CHOAYKAMIL IHMEHCUBHO 8iOHOBAIOIOMb Cyrbdami 00 cipkosoduto. [3 docaidncerux
OpPeaHiuHUX CnOAYK Ak Oicepero syeieuto Gakmepii 8UKOPUCMOBYIOMb ayeman,
aaKkmam, eAoKosy, paginody, earakmoady, apabinody, copbim, oyrvyum. Budireni
ncuxpoginrvri cyrogpamsionosao8arbHi bakmepii Moxicyme po3essdamucs K
nepcnekmugHi OAs OUUUeHH cepedo8uLly, 3 BUCOKUM 8MICMOM CYAbhamis.

Kawuosicaosa:ncuxpogireti cyrvpamsionosarosarvti 6axmepii, eidpocen
cyavio, cyrvgpam.

CynbhaTBinHOB/IIOBaIbHI 6aKTEPii 3AIHCHIOIOTD TUCUMIMSIIHHE BiITHOBJEHHS CyJ/Ib(a-
TiB i 3B’I3yIOTh TIOTOKU BYTJIELIO i CipKH B aHAepoOHUX OioTomax, 10 MicTATh Cynbdart.
BoHu BHKOPHUCTOBYIOTH Cy/nb(aT K KiHUEBUH aKLENTOP eJeKTPOHIB i OTPUMYIOTh eHe-
prito 1151 poCcTy BHACJ/i0K OKHCHEHHSI OPTraHiYHUX PeuOBUH a0 MOJIEKYJISIPHOTO BOJHIO
[13]. Okpim cynabdatiB cynb(aTBigHOBAOBANbHI OaKTepii MOXKYTb BHKOPUCTOBYBATH
meTasu i3 aminHoio BasenTtHictio (Cr(VI), U(VI), Te(VI), Pd(Il) Ta in.) gk akuentopu
eJIEKTPOHIB, MMEPETBOPIOIOYH iX 10 BiIHOBJEHHX MeHILI ToKcHuHuxX dopm [11, 14, 15]. 3
npyroro 60Ky cyJ/b(paTBiIHOB/IOBaNbHI OaKTepii, yTBOPIOIOUH B MPOLECi XKUTTEAISIIbHOCTI
rizporeH cynbgin, CrpUsiOTh YTBOPEHHIO HEPOSUMHHUX Cyabdinis [12].

B ymoBax momipHOro kjaimMaTy NMepcrneKTHBHUM € BUKOPUCTAHHS NMCHXPOMIIbHUX i
NICUXPOTOJIEPAHTHUX LUTAMIB CYJb(aTBIAHOB/IOBAJbHUX OaKTepidl HJs OYMILEHHS ce-
peloBHIla Bill BUCOKHX KOHIEHTpaliid cynbdatiB Ta MetaniB. Lle nacTb MOXJHBICTb B
3HayHil Mipi HiBeJIOBaTH 3aJieXKHICTb NIpoLleciB peMeniaLii cepeoBHILa Bifl TeMIepaTypH
B nepiof ociHb-BecHa. Kpim Toro, BBaxKaeTbcs, 10 (DepMeHTH MCUXPOQINbHUX MiKpO-
OpraHiaMiB MalooTbh Oi/lbll BHCOKY KaTaJiTHUHY aKTHBHICTb MOPIBHSHO 3 (hepMeHTaMU
Me3o(inbHux 6aktepiit [9, 10].

Meto po6oTu 6yJ0 BHIITUTH NMCUXPOQIIbHI 1ITAMH CYJab(aTBiIHOBIIOBAIbHUX
6akTepiil Ta AOCAINUTH iXHi BJACTUBOCTI.

Marepiaau i metoau

O6’ekTOM [0CTiIKeHHST OYJIM KYJbTYPHU Cyab(haTBiIHOBMOBAIbHUX OaKkTepill, BUaie-
Hi 3 BOIOWMH, 110 3HAXOIUTbCS HA TepUTOPii BOpiBCHKOTO cipKoBOTO pomoBuia. [T1podu
BOJIM PO3BOAMJIM i BUCiBasu Ha yawiku [leTpi 3 arapusoBanum cepenouieM [locTrefita
B [13] y pospaxynky 100—150 xosoniit Ha gawky. KyabTypu BuportyBassu npotsrom 14
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ni6 npu 12 °C B aHaepocTarax. |15 MOTIMHAHHS KUCHIO BUKOPHUCTOBYBAJIH TeHEPATOPH
GENbox anaer (®panuisi). st BUsIBI€HHS KOJIOHIH Cy/Ib(aTBiIHOB/IIOBAIbHUX OaKTepill
y cepenoBulle aoaaBanu 3anizo y popmi FeSO,. Lle crnpusio yTBopeHHIO B KIiTHHAX
6aktepiit FeS, o sabapearoBaB KoJioHil y yopHUH KoJlip. Biomacy kiiTHH mic/s iX BU-
POLLYBaHHSA Yy PiAKOMY CepelOBHILi B aHAePOOHHUX yMOBaX BH3HAaYa/lH BarOBUM METOIOM
abo Typbinnmerpuuno, BukopuctoByoun KOK-3. Ilns hoToesneKTpoKONTOpUMETPHIHOTO
BH3Ha4eHHs 6ioMacH KMiTHH OyayBa/iu KaaibpyBasbHy KPUBY 3a/€KHOCTI €KCTHHLIT Bif
CyXo0l MacH KJIiTHH.

Inentudixauiio cynbdaTBinHOBMOBATBHIX GaKTepiil TPOBOAMHN 32 MOpPdo-pisioo-
riYHIMH O3HAKaMH 3TiTHO BU3HauHWKa Depmxi [4].

3patHicTb GakTepill yTBOPIOBATH CIIOPH BH3HAUYAJM 3arajJbHOTNPUHHATHM METOIOM
[2]. Cycnensito kaiTuH nicas ii mporpiBanHs Ha BonsHi# 6ani npu 80 °C mpotsirom 10
XB BHUCiBa/M Ha arapusoBaHe CepeloBUIle Ta iHKyOyBanu B aHaepoOHUX ymoBax. Ilns
BHSIBJIEHHS CTIOp B KJiTHHAX iX momatkoBo (apOyBanu 3a metonoMm llemkosa [7], Mop-
(boJtorito KJIITHH BHBYAJIM 32 JOMOMOTOI0 CBiTJIOBOTO Mikpockoma (x 1600).

HarpomamkeHnHs auertaT-ioHy B KyJabTypax OakTepill B mpoleci iXHbOIO pocTy
MPOBOIVIIH, SIK OmucaHo [1].

CipKOBOMIEHb Y KYJbTypaJbHill piorHi BU3HAYATH (POTOMETPUUYHO 3 BUKOPUCTAHHSIM
dhoroenexktpokosopumerpa KOK-3 (A=665 HM, KioBeTa 3 ONTHYHUM LILIAXOM 30 MM).
Peakuifina cymimn majna Takud cKJam: mUTpaT UMHKY (27,3 MM) — 10 mJ1; oucTuabo-
BaHa Boja — 1,98 mui; posuuH m-aminogumerusanininy (5,5 MmM) — 4 ma ta 20 MK
JOCJTiIKyBaHoro po3unHy. Yepes b xB nomaBanu 1 ma xmopuny dpepymy (0,125 M) ta
criocTepiraau yTBOpPeHHs! MeTUIeHOBOI cHHi. KoHLleHTpallilo cipKOBOIHIO BCTAHOBJ/IIOBAH
3a KaJaibpyBasbHOIO KPHUBOIO.

CyJabdat y cepeoBHllli BU3HAYaNN TYypOiAUMETPUUHO Ticjsi HOTro ocalKeHHs 6apii
xnopunom. st crabinizauii cycnensii BHKOpUCTOBYBasH raitepud [6].

Cratuctnuny o6poOKy pe3ysbTaTiB mpoBoaunu 3a pomomoroio Microsoft Excel
2000 Ta six onucauo [3].

PesyabTaTi Ta iX 06roBopeHHs

[I106 3’sicyBaty, Ki came peICTaBHUKH IICHXPODITbHUX CYyNb(haTBiIHOBIIOBATBHAX
6akTepiil 3ycTpidatoTbCsd B JaHOMY CEpeloBHULLi 3 MyJy BinOupasud npodu, BUKOPUCTO-
Bytoun Meton CronbyHoBa-Psbosa [8]. [Ipobu BuciBasu Ha cesleKTHBHE CepeNOBHIIE
[Tocrreitra. Ilicast 14 ni6 kysnbruByBanus npu 12 °C Binibpann 32 KyJbTypH, KOJOHIT
SAKUX Oysin 3a0apBJieHi y HOPHUH KOJlip, 1110 CBiAUUJIO MPO iHTEHCUBHY CYyJb(aTpeayKIilo.
Y nopanblIMX eKClepUMeHTaX BUKOPUCTOBYBAMH OIHY KYJIbTYPY, L0 10Ope pocsa Ha
CeJIeKTUBHOMY CepeloBHULi i KoJIOHil fKoi Masu HalOibll iHTeHCHBHe YopHe 3abaps-
JIEHHSI.

3rigHo BU3HayHMKa OakTepiil Bepmxi cyabdaTBigHoBMOBaNBHI OaKTEPil MOIMAIOTE
Ha yoTupH niarpynu [4]. IlLo6 3’sicyBaTh, 10 SIKOI Ipynu HajexxaThb BuAileHi 6akTepii, ix
BUCiBa/lu y cepeloBHlIlle 3 cyJabdartamu Ta 6e3 HUX, a TAKOXK i3 eJeMeHTHOI0 CipKoio 3
JI0flaBaHHAM JaKTaTy HaTpiio K MLkepesa Byraemio. OgeprkaHi pe3y/ibTaTi MoKasyooTh,
110 nocJinxyBaHi 6akrepii 1oOpe pocad B KOHTPOJBHOMY CepPeNOBHLL, 110 MiCTHJIO
cyabdatu Ta JaktaT HaTpio. KpiMm Toro, onepxkaHni naHi nokasymoTh, 10 32 BiACYTHOCTI
cyabdarty, cipka He 3abesneuyBana [ XHbOTO POCTY y CEPENOBHIIi 3 JIAKTATOM, IO CBi-
MUUTh PO BiACYTHICTb cepel BHIiJIEHHUX OakTepiit mpeacTaBHUKIB pomiB Desulfurella

ta Desulfuromonas.
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Jloisi 3’sicyBaHHSI 31aTHOCTI BUMiMEHUX OaKkTepil BUKOPUCTOBYBATH Pi3Hi mKepeJa
BYIJIELIO, X BUCiBa/JM Ha CepeloBHIlle, B IKOMYy JaKTaT HATpilo, IK OCHOBHE [KepeJso
BYIJIELIO, 3aMiHSJIM HA iHIII OpraHiuHi CIOJYKH, 30KpeMa BHUKOPHUCTOBYBAJHU aLeTarT,
copOiT, Oy/NbLUT, €TaHOJ, NaJbMiTaT, CYKLUHMHAT, IVIIOKO3Y, padiHo3y, JaKTo3y Ta Pl
{HLIUX oJirolyKpHumiB (Tabdr.).

Tabuis
Harpoman:kenns Giomacu ta Bukopuctauus cyiabpary Desulfobacter sp. 1
Table
Biomass accumulation and sulphate utilization by Desulfobacter sp. 1
Giomaca, r/x 9% BHKOPHCTAHHS
Jlkepesio ByrJeuo S0, o cyabibaris
Jlaktat Na (KOHTpPOJb) 451 = 0,31 - 90,2
Auerar Na 475 = 0,28 - 96,5*
[1r0K03a 3,96 == 0,18 - 77,7*%
Apabinosa 3,84 = 0,24 - 75,8%
Jlakrosa 3,69 == 0,31 - 70,6*
Pacinoza 402 =0,17 - 81,3*
Copbir 3,85 == 0,23 - 80,5*
Jynbit 3,60 = 0,13 - 72.6%*
Eranon - - -
[Tanbmitat Na - - -
CyxkumHat Na - - -
[Ipmionar Na - - -

[TpumiTka. * — BCTAHOBJIEHO CTATHCTHYHY PI3HULIO BIIHOCHO KOHTPOJIbHUX AAHHX;
“.” — picr BimcyTHIi#.

OrpumaHni pesy/abTaTH TOKa3yloTh, 110 AOCHIAXKyBaHi Oakrepii mobpe pocan y
KOHTPOJIBHOMY CepeJOBHIl, 1[0 MICTUIO Cyab(aT Ta jaaxkrtat Hatpito. [Iporsrom 14
1i6 Ky/JbTHBYBaHHsA Y LbOMY cepeloBMILi GakTepii BukopucTtaau no 90% cyabdary.
Bakrepii, 1110 pocsu y cepenoBHIlli 3 alleTaTOM aKTHUBHillle BUKOPUCTOBYBAJH CYJab(aTH
(96%). Y cepeloBHuILi 3 IMIIOKO3010 KiJbKiCTh BUKOPHCTAHOro cyabdaTy ckanana 78%.
[Ipu BupollyBaHHi GaKTepill y cepemoBUIIAX, Y SKUX JXKEpeJoM BYrJelo Oyad iHui
OpraHiuHi Cro/yKH, KiIbKiCTh BAKOPUCTAHOTO CyJibhaty csirana pisus 72—81%. Bunineni
KyJbTYPH HE POCJM y CEPelOBUI 3 eTaHOJNOM, MaJbMiTaTOM Ta CYKLMHATOM (Tabi.).
Yci BunineHi KyJabTypu MaJjd MOAIOHI 10 HaBeleHHUX B TaOJHUIL BJAACTHUBOCTI.

JKonHa 3 KyJbTyp He pocsia y CepeloBHUII 3 cyabhaTaMu i MPOMioHATOM, 110 BH-
KJI0Yae 1X MOXKJHUBY HajiexHicTb no pony Desulfobulbus. Y cepepnoBulii 3 JaktaTom
HaTpilo i cynbcaramu yci Oakrepii, He HarpoMaiKyBaJd B CEPEIOBHILIL aueTaT-ioH.
[TepeBipka 3maTtHOCTi naHux OakTepili 1O COPOYTBOPEHHS Naja HEraTUBHI pe3yJbTa-
TH, 110 CBiIYUTb NPO BiACYTHICTb cepel AOCHAiAXKYBaHUX KyJAbTYyp MPEACTABHUKIB POLY
Desulfotomaculum.
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OTxe, HOC/TiI?KEHHS POCTOBUX MOTPeD, 3IaTHOCTI YTBOPIOBATH CIIOPH, XapaKkTep-
Ha naJaudkornonioHa opma, picT Ha CepeloBUILl 3 JAKTATOM HaTpito, alleTaTOM Ta iHILIUMHU
JKepeJaMy BYIVIELIO i BIACYTHICTb POCTY Ha CEpPEeNOBHILi 3 €TAaHOJOM, MaJbMiTaTOM
Ta CYKUMHATOM [a€ MiACTaBU BiIHECTHU BUIiJIEHI KyJbTypU Cy/b(paTBiIHOB/IOBAIbHUX
6akTepiit 1o pony Desulfobacter.

JlJ151 BU3HAUEHHS ONTHMAaJIbHOI TeMIIepaTypH PoCTy LiTaMu OakTepill nepeciBanu
y NpoOipKK 3 PiAKMM CeNeKTHBHUM CEpelOBHIIEM Ta BUPOILYBa/IM 32 Pi3HUX TeMIlepa-
Typ. ONTHMAaNBbHOI TEMIEPATypol IJs POCTY BUAiNeHUX OakTepidl BusiBuiaach 12 °C
(puc. 1). Makcumym HarpomamkeHHs Oiomacu npu 12 °C cnoctepiraBcsti Ha 9 1006y
KY/JbTHBYBaHHA | CK/aagas 3,6 /i

Ha ueil yac i3 cepenoBuila NPakTHYHO TOBHICTIO BUYEPIyBaIUCH Cy/abdaTH, a y
cepeloBHLI HarpomamKysanocs 10 5 MM rigporeH cynabdiny. 3a Temneparypu 4 °C
criocTepiraBcst HeaHayHu# pict (puc. 1) i 6iomaca KaAiTHH OyJaa y TpU pasd MeHIIa, Hix
npu 12 °C.

[Topsin 3 UMM y cepeloBHLL BUSBJANOCS Oifbllie 50% BHECEHHX cyabdaris. Ilin-
BUIIEHHS TEMIepPaTypu KyJbTHBYBaHHS mo 25 °C He CYNMpOBOMKYBAJIOCS 3POCTAHHAM
6iomacu GakTepiil Ta MiABHIIEHHAM {HTEHCHBHOCTI mpolecy cy/abdaTpenykuii. 3a Tem-
nepatypu 37 °C 6akrepii He pocsu. TakuM UMHOM, aKTHBHUH picT BUAiJEeHUX OaxkTepiit
Ta YTBOpeHHsI HUMH rigpored cynabdiny npu 12—25 °C cBimuuTh Mpo Te, 110 BOHHU €
NCUXPO(DiBHUMU MiKPOOpPraHisMaMH.
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Puc. 1. Bukopucrauus cyabdary (-A-) Ta HarpomagKeHHs1 Oiomacu (-e-) i cyaboiny
(-m-) Desulfobacter sp. 1 3a pi3Hux Temneparyp:
a—4°C,6—-12°C,8—25°Cie—37°C

Fig. 1. Sulphate utilization (-A-) and biomass (-e-) and sulphide (-m-)
accumulation by Desulfobacter sp. 1 at different temperatures:
a—4°C,6—-12°C,8—25°C and ¢ — 37 °C
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Konuentpauisi cynbdatiB y cepeqoBULLi BUSBUAACS Ba’K/JIMBUM UMHHHUKOM, LIO BH-
3Hauae piBeHb HArpoMaJKeHHs OioMacH i nepexony KyJ/bTypu OakTepill y cTalioHapHYy
asu pocty. 1106 BCTaHOBUTH 3aJI€XKHICTh POCTY BUMINEHUX OaKTepil Bil KOHLIEHTpaLil
cynbdaty, iX BHPOLIyBaJH y CepeNOBHUIi 3 Pi3HUMU HOTO KOHLEHTpaUisiMh (puc. 2).
3a konueHtpauil cynbtpary 4,4 MM mMakcUMasibHUN picT OakTepili crocrepiraBcs Ha
ATy 000y KyJbTUBYBaHHS (puc. 2, a). ¥ cepemosuli, o Mictuao 8,8 MM cynbdary
MaKCUMyM HarpoMajKeHHs1 6ioMacH crocTepiraBcsi Ha CboMy 100y KyJbTHBYBAHHS.
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Puc. 2. Bukopucranus cyabdary (-A-) Ta HarpomaakeHHs Giomacu (-e-) i cyabdiny
(-m-) Desulfobacter sp. 1 y cepenoBulli 3a pi3HOT KOHUEHTpaUil cyabdariB: a — 4,4
mMM; 6 — 8,8 vM; 8 — 17,6 MM; 2 — 35,2 MM
Fig. 2. Sulphate utilization (-A-) and biomass (-e-) and sulphide (-m-)
accumulation by Desulfobacter sp. 1 in the media with different sulphate
concentrations: a — 4.4 mM; 6 — 8.8 mM; 6 — 17.6 mM; 2 — 35.2 mM

Ananis muHaMiKd BHKOPHUCTAHHS CyJbGariB 6akTepisiMu mokasas, LI0 Ha 1e# yac
KyJbTypa MPaKTHYHO TOBHiCTIO (> 97 %) BMKOpPHUCTOBYBasa Cy/b(aT 3 CepeloBHILA,
10 MOTJIO OYTH NMPHYMHOIO TIPUITHHEHHS] POCTY OaKTepif micsas cboMoi 106U KyJbTHBY-
BaHHS (puc. 2, a, 6). [lonanbiue 36iabiieHHss KOHIeHTpaLil cynbdaty (puc. 2, 8, ¢) He
Crpusiio 3pocTanHio 6iomacu. IIpuunHo0 LbOro Moryo OyTH abo Ae(ilUT opraHiyHUX
PEeUYoBHH (IOHOPIB eJeKTPOHIB) a0 TOKCHUYHA [ist TiIporeH cyJabginy.

Paniwe aBtropamu 0ysio NOKa3aHo, L0 OCHOBHUM (AaKTOpPOM, SIKMH JiMiTye picT
Desulfovibrio desulfuricans Ya-11 3a HsiBHOCTI B cepenoBHII AOHOPIB i akuenTopis
eJIEKTPOHIB € rimporeH cyabdin [5]. OueBUIHO, MOAIOHA 3aKOHOMIPHICTb CIIOCTEPIraeThes
i y npencraBuukiB pony Desulfobacter.
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[ICUXPO®IJIbHI INTAMU CYJIbO®ATBITHOBJIIOBAJIbBHUX BAKTEPIN

Taxum unHOM, BUAiIEeH] HAMU LITAaMHU NCUXPO]INBHUX CYNb(hATBiAHOBMIOBAMBHUX Oa-
KTepiil 3a Mopdo-isiosoriunuMu 03HaKamu cJ1iz BinsecTn 1o pony Desulfobacter. Ixuiit
ONTUMAJILHUK picT 3a Temnepatypu 12 °C nae migcTaBu BBaXKaTH BUIIJIEHI KyJbTYpH
MEePCIeKTUBHUMHU /i1 Oi0TEXHOJIOTIYHOrO BUKOPUCTAHHS TP OYMIIEHHI 3a0pyIHEHHX
cynbdaTtaMu cepefoBHII B YMOBAX MOMIpHOTO KJiMaTy.
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JIbBOBCKMI HaLlMOHAJ/bHbIA yHUBepcuTeT uMeHnu Mpana ®panko
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NMCUXPOPUJIbHBIE LITAMMbI CYJb®ATBOCCTAHABJIUBAIOLLIUX
BAKTEPUH

Pedepar

V3 anaspoBHOIl 30HEI BOLOEMa, HAXOASLIEr0Csl HA TEPPUTOPUH SIBOPOBCKOTO CEPHOTO
MEeCTOPOXKIEHHSI, BbIIEJEHbl CUXPO(UIBHbIE CYIb(aTBOCCTAHABIMBAIOLIHE OaKTEPUH
(temmepatypublil ontumMym 12 °C), unentuduuupoBannsle kak Desulfovibrio sp. Ha
cpenax ¢ cyJjb(paTaMd W OPraHHYeCKHUMH BEI1eCTBAMH OaKTEPUH BOCCTAHABIUBAIOT
cysbdaThl 10 cepoBofopona. B KauecTBe MCTOUHMKA yriepona OAKTEPUH HCIOJNb3YIOT
aleTar, JakKTaT, IJI0Ko3y, pa@uHo3y, TaJakTo3y, apabuHo3y, COpOUT, NyAbLUT. Boiie-
JieHHble 6aKTePUH MOTYT ObITh HCIIOJIb30BAHBI B CTPaHAX C YMEPEHHBIM KJIUMATOM [JIsl
OYHCTKH BOI, 3arpsi3HEHHBIX CYyJIb(aTaMu.

KnwoueBbe cinoBa: HCI/IXpO(lDI/LHbeIe Cy.}'lbdpaTBOCCTaHaBJ'II/IBaIOU_II/Ie OakTe-
puun, CepoBOOOPOL, cyan)aT.

T.B. Peretyatko, S.P. Gudz

Ivan Franko National University of Lviv,
Hrushevsky str. 4, Lviv, 79005, Ukraine, tel.: 4380 32 239 40 53
e-mail: t_peretyatko@franko.lviv.ua

PSYCHROPHILIC STRAINS OF SULPHATE-REDUCING
BACTERIA

Summary

Psychrophilic sulphate-reducing bacteria that were isolated from anaerobic zone
of Yavoriv storage lake are identified as Desulfobacter sp. These bacteria intensively
reduce sulphate to hydrogen sulphide in the medium with sulphate and organic
compounds. Among the investigated organic compounds bacteria use acetate, lactate,
glucose, raffinose, galactose, arabinose, sorbitol and dulzit as carbone sources. Isolated
psychrophilic sulphate-reducing bacteria can be considered as perspective for media
with hight sulphate content purification.

Key words: psychrophilic sulphate-reducing bacteria, hydrogen sulphide,
sulphate.
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THE CHRONICLE OF A SCIENTIFIC LIFE

3-1 MDKHAPOIHA YKPATHCBKO-MOJIbCBKA
BEMIJIIBCbKA KOH®EPEHLLISI
,MIKPOBIOJIOT 5l CJIY)KUTb JIFOJIUHI"

Onecbkuil HanioHanbHu# yHiBepcuTeT imeni [.I.Meunukosa
14—17 BepecHsa 2009 poxky

B OnecbkoMmy HaljoHanbHOMY YHiBepcuTeTi imeni 1.1, Meunukosa 3 14 no 17 Bepechs
2009 poxy mpoxomuna 3-1 MixkHaponHa yKpalHCbKO-TIOJbChKA BefirmiBcbka KoHhepeH-
uis ,, MIKPOBIOJIOTIS CJIY)KWUTh JIIOJAWHI”. Ha kondepenuii 6y npeacrasieni
JIOTIOBIfli 3 TAKUX BAXJUBUX AJ YKpaiHW MUTaHb, K MikpoOHi GioTexHoJorii y xap-
YOBill MPOMHUCJIOBOCTI, MEIULMHI, CiJTbCbKOMY TOCIOAAPCTBi, OXOPOHi HABKOJMUIIHBOIO
CepeoBHUIIA, 03I0POBJEHH] NOBKIJJISA, yTUIi3aLil BilX0AiB, CTBOPEHHS] aHTUMIKPOOHHUX
npenaparis Ta iH.

Kondepenuiss mpucesueHa mnam'siti i TOCATHEHHSIM ONHOTO 3 BiIOMHX IOJbCHKUX
BUeHUX, npoecopa Pynosbda Beilirss, nepiuosigkpusaua BaklyuHallii IPOTH BUCUIIHOTO
TU(Y, Kni OyB MepenBiCHUKOM yKPaiHChKO-TIONbCbKUX HAYKOBHX 3B si3KiB. ['0/l0BHA MeTa
KOH(pepeHLii moJsisirasa y noiajiblioMy PO3BUTKY YKPaiHChKO-MOJbCHKOT0 JiaJiory JiofaeH
HayKH, 0OMiHi 1OCBiZOM i 3MillHEHHIO 3B’sI3KiB MiXK MiKpobiosoraMu 060X KpaiH.

Opranizatopamn KoH(epenuii 3 60xy Ykpainu 6ynn Hauijonanbna akamemisi HayK
Yxkpainu, MinicrepcTBo ocBit i Haykm Ykpainu; Omecbke TOBapHCTBO 6ios10riB Ta
6ioTexnosori; OnecbKuil HalioHanbHUE yHiBepcuTeT imeni 1.1, Meunnkosa; Incturyr
mikpobiosorii i Bipycodorii imeni J.K. 3a6osnorHoro HAHY; JIbBiBCbKHI HalLlioHA/b-
Huil yHiBepcuret imeni 1. ®panka; IncturyT Giosorii kaituan HAHY (JIbBiB), 3 60Ky
[Tosbui — Kowmiter 3 mikpoGiosorii Akagemii Hayk [Tosblui; BapiaBcbkuil cibebko-
rocrogapcbkuil yHiBepcurer, Komiter 3 BeTepuHapHux Hayk, Akanemis Hayk [Tosbi;
[Tosbcbke ToBapucTBO MikpoOiosoriB; Ilo/bCcbKe TOBApUCTBO €KCIEPUMEHTAJNBHOI Ta
KJIIHIYHOI iMyHOJIOTI].

Y xoudepenuii B3siu yuactb noHan 150 mpoBimHux BueHux 3 YkKpaiuu, [Tosblii,
Pocii, besbrii, Binopycii, ['pysii, Kuraio, Himeuunnu, CIIA, UlBewii.

Ha ypouncromy BinkputTi KoH(pepeHuii, sika Bindynacs y Kondepenu-zan Onecpko-
ro HauioHambHOTO yHiBepcuTety iMeni I.I. Meunukosa, 6ysm npucyThi [Tocon Pecry6aiku
[Tosbiui B Ykpaini nan fuek KnroukoBekuii; 'enepanbuuit koncys Pecny6aiku [Tosbiii
B Opeci nman BecsnaB Masyp, IlpesuneHT YkpaiHCcbKOro TOBapuUcTBa MiKpo6ioJoriB,
akanemik unes HAHY, mupekrop Imcturyry mikpo6iosorii i Bipycosorii imeni J.K.
3aboaornoro HAHY, npodecop Banentun Iligropebkuit, [onosa Kowmitery 3 mikpo-
6iosorii Axkanemil Hayk [Tosbuii npodecop Mapek HiemiantoBcbkuii, Biue-npesunent
YkpaiHcbKoro ToBapucTBa Mikpobiosoris, 3ac/y:KeHHH iy HayKW i TeXHIKH YKpaiHy,
npopekTop OnechbKoro HalioHanbHOTo yHiBepcuTety imeni 1.1, Meunukosa, mpodecop
Bonoaumup IBanuis, a Takox crewianbhi rocti Konpepenwii — npodecop Kapa Mapa-
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mopoti (CIIA) i npodecop Bawyias Llubanseskuii (ITosbia). Ha Binkpurti koHbepentiil
6yau 3auuTtaHi auctH — npusitanus Big Kabinety MinictpiB Ykpainu, MinictepcTBa
ocBiTy i Hayku Ykpainu, Hauionanprol Axanemii Hayk Yxpainu.
OcHOBHI HayKOBi HAMPSIMKH KOH(ePeHLi:
[Torasn y ictopito
CucTemMaTHKa Ta €KOJIOTis MiKpoopraHi3miB
Bioximist Ta reHeTnka Mikpooprasiamis
XapuoBa MikpobioJioris i Mikpo6Hi 6ioTexHOoJIOTi]
AntnmikpobHi npenapaTu
BipycouJoris i imyHosorist
3-9 MixxHaponHa yKpalHCbKO-TI0/IbCbKa BeliryiBebka KoH(epenuis «Mikpobdiosoris
CJIYKUTh JIIOAMHI» Npoxoauaa y (hopMi 3aciganb, ne OyJu NpeacTaBJ/eHi yCHi i CTeHI0BI
JIOTOBIMi, a TAKOXK 3acCiflaHb KPYrJyoro ctosty — 3ycTpiui uneHis Komitery 3 mikpo6ioJorii
[Tosnbebkoi Akamemii Hayk Ta ykpaiHChbKHX MpencTaBHHKIB 3 MPHUBOLY HayKOBHX CTO-
CYHKiB Mixk MikpoGiosioramu ITosbiii ta Ykpainu. Takox Ha 3acifaHHi KpyrJoro cTosy
HAyKOBLSIMU 000X KpaiH OyJ0 PO3LJISIHYTO Ta 0OrOBOPEHO MUTAHHS LIOAO [POBEJEHHS
4-of Mixknaponuoi BefirniBeekift koHgpepenuii y M. Bpouas (ITosbma) y 2011 poui.
Yeci Tesn koH(DepeHLii HanpyKoBaHi y Marepianax KoHdepenuii. Oxkpemi gomnosixi,
BiniOpaHi opranizauiiHUM KOMiTeTOM HaapyKoBaHi y »KypHaJi « MikpobioJoris i 6ioTexHo-
Jloris» BUaaBHHITBAa OJeChKOro HallioHaMbHOTO YHiBepcuTeTy imeHi I.I. Meunukopa.
OpranizaTopy Ta yuacHUKH KOH(pepeHLil mupo crnoaiBaoTbes, o 3-1 MixkHaponHa
yKpaiHChbKO-NOJbCbKa BelirmiBcbka KOH(epeHLish CTBOPUJIA HOBI MOXKJIUBOCTI 1151 BCTa-
HOBJIEHHSI HAYKOBHUX 3B 513KiB y c(epi MikpobioJorii Ta 6iorexHosorii ¥Ykpainu i [Tosbui,
Ta Oyae CHpUSATH IMJiTHUM CIIJIbHUM NOCJiI>KEHHSM HayKOBLiB 000X KpaiH.

SRS

I'. ImGopko
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iHOOPMALLIMHE MOBIAOMJIEHHS JJi ABTOPIB

INSTRUCTIONS TO AUTHORS
Scientific journal «Microbiology and biotechnology» invites you to spotlight

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

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

Languages: Ukrainian, Russian, English.

Types of publications: «Observation and theoretical articles», «Experimental
works», «Reviews», «Original Research Papers», «Discussions», «Short communica-
tions», «Conferences, congresses, trend schools», «Scientific life chronicles», «Pages
of History», «Anniversaries», «Book rewievs», «Bookshelf».

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

Article appearance:

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

The following articles are accepted:

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

e reviews — at most 15 pages

e book reviews — at most 3 pages

e short communications — at most 2 pages.

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

Contents of manuscript

e UDC index on the first page top left;

e author(s) full name(s) in source language, name(s) of institution(s), institution
postal address (in international format), contact phone number, e-mail address.

Mixpobioaoeisn i 6iomexnoroeis Ne 7 /2009 85
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Authors names and institutions they represent should be clearly stated by using
superscript numbers;

e article title uppercase;

e article abstract (should not exeed 200 words);

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

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

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

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

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

Manuscripts must be grammatically and linguistically correct.

Biological taxonomic names must be given in Latin, italics.

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

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

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

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

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

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

References should contain all the authors’ names. Original research papers should
contain at most 15 references. Patent documents should be mentioned at the end
of the list.

Books

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

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

Journals

Eaton R.W., Ribbons D.V. Utilization of phtalate esters by micrococci // Arch.
Microbiol. — 1982. — 132, Ne 2. — P. 185 — 188.
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[HOOPMALIIMHE [MTOBIMOMJIEHHS 1JI ABTOPIB

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

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

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

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

Not accepted manuscripts will not be returned.

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

Bin penakuii. ¥ Ne 1 xypuasay 3a 2009 pik y 3micti Ta pedepaTi ykpaiHcbKoIO
MOBOIO (CTOp. 47) CJim YuTaTH:

«MJl. Cnisak, B.C. Ilinropcskuii, JI.M. Jlazapenko, JI.M. IllunkapeHko,
JIT. PaukoBa, 3.M. OuseBinceka «BniuB jakro- ta 6idinodakTepill Ha MOKa3HUKH
IMYHOpPEaKTHBHOCTI OpraHi3aMy Ha eKCIepUMEHTaJ/bHIl MOaeJi».

[TpisBuie npodecopa H.K. KoBaseHko HanpyKoBaHo y CcKJaji aBTOPiB MOMHJIKOBO.
[Ipocumo BuGaueHHS 3a HEOTJISL.
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Hayxose sudanns

«MiKPOBIOJIOT i | BIOTEXHOJIOT ifl»

YBara: nepenpyk, yci BUIM KOTiIOBaHHSI Ta BiATBOpPEHHSI MaTepiaJis,
10 HAApPYKOBaHi y kypHasi «Mikpobiosorisi i 6ioTexHosoris»,
MOXKJ/IMBI JIMIlIe 32 YMOBM MOCHJIAHHS Ha J2KepeJso iHpopmaLii

Ta 3 103BOJY pelaKLilHOi KoJerii.
Yci mpaBa 3axullleHi 3riTHO 3aKOHOAABCTBA Y KpaiHH.

IMigm. no apyky 15.09.2009. dopmar 70x108/16.
Tapn. Taiimc. Tupaxk 100 mpum.
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