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[lo pgaHHBIM OTE€UECTBEHHBIX UCCIIEI0BATEIEH
€KErOJHOC AaHTPOIIOTCHHOE IIOCTYIJICHUE HE(PTH B
BOJIbI MupoBOro okeana cocrapiager 12-15 min. T,
Opd dBTOM, HOpumMepHo 1/3 ~ero,. HOBEPXHOCTH
IIOCTOSHHO HJM BPEMEHHO MOKPKITay, HE(PTIHOM
maeHkor. Jlo 30% 3arpsisHeHuil BOJ  HE(PTHIO
IPUXOAUTCS Ha OBITOBBIC U MPOMBIILICHHBIS OTXOMEI,
27% Ha cyna, 12% Ha aBapuu TaHKEPOB M HEMOTIHBIX
miaropM, HO B Toxke Bpems 24% 3arps3HEHUM
MupoBoro okeana MOCTyIIaeéT CcO JHA | u3
€CTECTBEHHBIX HCTOUHUKOB.



[Ipouiecc €CTECTBEHHOIO CaMOBOCCTAHOBIICHUSA
3arpsI3HEHHOM CPEJIbl SIBJIISIETCS OYEHb JIJIUTEIIBHBIM.
CormacHO yCTOSIBIIEMYCSI MHEHUIO,~BOCCTAHOBJICHUE
3arpsiI3HEHHBIX MOYB NpU ypoBHE 3arpsisHeHus S000
MI/KT UaET oT 2 no 30 yeT. B ceBepHBIX perroHax
CKOPOCTb 3THUX IMPOLIECCOB e€lle Huxke. B cBA3m, C
3TUM, MOCJIECACTBUS HE(PTSIHOrO 3arps3HCHHS Tam
CKa3bIBAIOTCSI MHOTHUE  JECATUJIETHUS, ITOCKOJBKY
nepuoja pacrnaga HepTH HW €€ IPOU3BOAHBIX B
ycioBusix CeBepa cocTasiisieT MUHUMYM S0 JIET.



Oil Contamination.in Western Siberia

The view of
oll-contaminated site.

July, 1999

More than 200 000 hectares of
land contaminated by oil up to 10
centimeters in depth were found in
1995 in Western Siberia oilfields
alone, and the contamination
enlarged on 700 000 hectares\in
2003.
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Obume 3aKkOHOMEPHOCTW aerpagaunm
yrneBoaOpPOAOB HEQTH.

OJIEMEHTHBIA COCTaB HEPTH XapaKTepPHU3YyeTCA
00s13aTEIbHBIM HAJIMYUEM IISTH XUMHYCCKUX)HIJIEMEHTOB:
yIjaepoaa, BOAOPOJA, KHUCIOpOJa, cepbl M. a3era. B
KOJIMYECTBEHHOM OTHOIIIEHUH Mpeo0JiaaloT HCPBBIC JBA
aneMeHTa — cCBbie 90%, MakCMMaIbHOE COUCpPKAHUE
OCTJIBHBIX TPEX IEMEHTOB MOXKET B CYMME JIOCTUTATh O —
8%. B cocraBe He(THM BBIACIAIOT YIJIIEBOJIOPOIHYIO,
ac(paJbTOCMOIUCTYI0O W 30JbHYI0 COCTaBHbIE 4YacTd, a
TaK)k€ MOPPUPHUHBI U cepy. YIIEBOJAOPOAHBIA COCTaB | B
OCHOBHOM TIipejcTaBieH mnapaduHoBeiMU (30-35%) \'m
Ha(TEHOBLIMM yIiieBogopoaaMu (25-75%), 1 B MEHbIIICH
CTENICHU COCMHEHUSAMHU apoMarudeckoro psaa (10-20%).



ABunoTtmyeckme MexaHnambl gerpagaumm HedoTu.

HaubOonee 3Ha4UMbIM (DU3UKO-XUMUUYECKUM MEXAHU3MOM JIerpadaliiu
YIJICBOJAOPOJIOB HEPTHU SABISACTCS MX HCIAPEHHUE: 3a MEPBBIC CYTKHU C
BEPXHETO CJIOSI HE(PTSIHOIO MATHA B JICTHUM MEPUOL BPEMEHU MOXKET
ucnaputbes 15% nedtn, nin 1o 80% TexHudeckoro, OEH3MHa, 22%
kepocuHa 1 Toabko 0.3% xoMmoHeHTOB MazyTa. Uepes IS AHEH mocie
paziayBa NOTEpU HEPTHU 3a CUET AOMOTUYECKOW Jerpagalldid MOLYT
coCTaBJIATh yxke 36%. PaznuBiiasica HeQTh aacopOupyeTcs NQIBOM U B
OCHOBHOM MaccCe€ JIOKAJU3yeTCsl B BEPXHEM €€ ropu3oHTte: Jlniib
HEOOJIbIIasi YacTh YIJIEBOJAOPOAOB MOXKET AUPPyHAUPOBATH B
MOAIIOYBEHHBIE CJIOM, OCAJ0YHbIC IOPOJBl W TPYHTOBBIC BOJBI.
YacTyHO KOMIIOHEHTBHI HE(PTH Ha IIOBEPXHOCTHU 3arpsi3HEHHOTO
y4acTKa IIOABEPraroTcid OKHUCICHUIO U (DOTOOKHCICHHUIO, OJIHAKO,
JajibHEUINee pa3pylICeHUE YIIEBOAOPOJOB HE(TH CBSI3aHO \C
IpoleccaMy UX OHMOXHMMHUYECKOIO OKHCJIECHMS, KOTOPOE MPOMCXOIUT
IIPUA YYaCTUM HEYTCOKUCIISIOIINX MUKPOOPTaHU3MOB.



MeToabl oy N OKpYyXarLlen cpeabl oT

HedTN N HedPTenpPoayKTOB.

N3BeCcTHBIE METO/IbI PEKYIBTUBAIIMH 3arPsI3HEHHBIX HE(PTHIO
TEPPUTOPHUM YCIOBHO MOXKHO MOAPA3ACITINTH HAHECKOJIBKO

TPYIIIL;
MexaHndeCKHue METOAbI;

Tepmuueckue METOMBI,

DU3UKO-XUMHUYCCKUE METOIBI;

MukpoOnoI0rudecKre MEeTOIBI.



MexaHunyeckmne mMetoabl.

A) Jlokaauzauusa u coop Hegpmu.

BCACBhIBAaHUE TUIABAIOIIIUMH HACOCAMU
ruApoOOHBIN TPaHCHIOPTEP
BUXPEBOM CITIOCO0

rupohoOHbIE CKUMMEPHI

b)_Cucmemot coepocusanus, dapvepul.
B) Mexanuueckoe pazodenenue u omucum.

I')_Bwoi603 u 3axoponenue.

) H3onuposanue 3azpaznenus.

E) 3emaesanue.

) Hcnonvzosanue noiumepHo2o nOKpblmus.







Tepmuyeckmne metoabl

A) Bowicuzanue nedpmu u negpmenpoodykmoeg.in situ.

b) Corcuzanue negpmu u nHegpmenpodykmoe ex Situ.

B) Tepuuueckan decopouusa ex situ.

I') Tepmoraxkcmpaxuus.

) Memo0 1enmounvix MUKpo83pbl808.




Qu3uKo-xumuyeckue memoobl

A) Ilpombiexa nouebt.
b) dxkcmpaxkuusa neghmenpooykmnoe 6 6aKYYMHbBIX
Kamepax.

B) Cmaouauzauusn/3ameepoesanue Hegpmau.
I') Ixcmpakuus pacmeopumesnem.

ﬂ) Hcnonvzosanue QAIEKMPOOCMOMUUECKOLO

I exkma.

E) @nomauuonnsvlic memoo.
/) IlIpumenenue copoenmoe.
3) Xumuueckoe okucnienue.




brnopemegmnauma TeppuUtTopumn,
3arpsA3HeHHbIX HETHIO.

buopemenuanmusi (oTr 6uo wu Jgar. - _remedio —  JICUCHUE,
BOCCTAHOBJICHHE), MCIOJIb30BAHUE >KUBBIX ~OpPFaHW3MOB — OaKTEepHH,
IPOXIKEM, TpuOOB, BOJOPOCIECH M PACTCHUM - I JCTOKCHUKAIUU
3arpsI3HAIONIMX  BEHIECTB  (IIOJUIIOTAHTOB) WM - CHMDKCHMSI — MX
KOHIICHTPAllMU B OKpPYXKarwllen cpeae. Beaymyrw poib B mpoleccax
Oomopemeauanuu UTPAIOT COOO0IIIECTBA MHUKPOOPTaHU3MOB,
3((EKTUBHO paszjararoliye IOIIOTAHThl WK IpPeBpallatoliie HUX B
MEHEE TOKCUYHBIE COCIMHEHUA.

Cy1iecTByeT Ba OCHOBHBIX MOAX0Aa K Onopemenuanuu. 1IepBbiid
3aKJIFOYAETCS] B AKCKaBallUM (yAaJ€HHWM) 3arpsA3HEHHOrO0 MaTrepualia €
MOCJIEAYIONIEH €ro JeTOKCUKanuend (B Ouopeakropax, IyTeM
KOMIIOCTUPOBaHUA). IDTO OmopeMenuanus €x situ. Bropoill moaxon
(Ounopemenuanus in Siti) COCTOUT B JICTOKCUKAIIUU 3arps3HUTENS JINQO
NyTEeM aKTUBAIlMM TMPUPOAHBIX MHKPOOPTaHU3MOB  (BHECEHHE
JOTIOJIHUTEIBHBIX IUTATEIbHBIX BEIIECTB, VYIYUIIEHHE adpalui,
NOJJIEp’)KaHue ONTHMAJIbHOTO YPOBHS BIAXHOCTH), JHUOO IyTEeM

BHCCCHUA CIICHUAIIM3UPOBAHHBIX 6I/IOHp€HapaTOB.



buoperpagauuns
opraHn4eckmx coeguHeHuN.

[lox Oumomerpaganmed IMOHUMAIOT IMPOHECE. MOJTHOTO WIIH
JACTHUYHOIO0 PA3PYIICHUS OPraHUYECKUX  COCIMHEHUMN
MHUKPOOPTraHU3MaMM C  MCHOJIb30BAHUEM. - HPOAYKTOB
Pa3JIOKEHUS B KQUECTBE HCTOYHHUKOB yIIepoia v 9HEPT K.

bakrtepun ponoB Burkholderia, Acinetobacter, Ralstonia,
Comamonas, Shingomonas, Arthrobacter, Rhodococcus,
Alcaligenes, Achromobacter, Bacillus, Micrococcus,
Metanobacterium, Mycobacterium, Brevibacterium,
aKTHHOMUIIETHI (Streptomyces, Endomyces, Nocardia);
rpubbl  (Aspergillus, Cephalosporium,  Penicillium),
apoxoku (Candida, Rhodotorula, Torula, Trichoderma,
Hansenula, Saccharomyces).



[TpuHLOMALIL MUKPOBMONOrM4ecKkon OeCTPYKUNUN HEDTH.

B 00JIbIIMHCTBE ClIydaeB, META00IM3M. ITapa(UHOBBIX YIJIEBOJAOPOIOB HAYMHAETCS C
TEPMUHAILHOTO OKHUCJICHHUSI KOHIIEBOM METHIILHOW T'PYIIbl B COUPT M, Aajiee, 4epe3
aJbIAETU] JO COOTBETCTBYIOUIEH JKUPHOM “~KUCIOTHL. JlalbHEUIIEE OKUCIECHUE
yIJIEBOAOPO/Ia MPOTEKAET IO MYTH, KOTOPBIM M3BECTCHKAK OCTAa-OKUCIIEHUE KUPHBIX
KMCJIOT, TIpA KOTOPOM 3a KaXJbld IMKJI JJIMHA ICHOYKH >KUPHOU KHCIIOTBI
YKOPaYMBAaE€TCsl Ha JIBA YIIEPOAHBIX aroMa. M3oalikaHbkl OKHCISIOTCA cjadee H-
aJKaHOB, TaK KaK TEPMHHAJIbHbIC METHJIBLHBIC Pa3BETBICHUSA OIPAHUYMBAIOT WU
MOJHOCTBIO ONOKUPYIOT Ouoaerpaganuto. HuzkoMomekyJIsipHbIe  HEKI0aTKaHbI
Ha(TEeHOBOW (hpakuuy HEPTH, XOTI U HE TaK 4acTO, MOTYT CIAYXHThb CyOCcTparoMm
MHKpOOpranu3MoB. CpeaHe- W MaJlo KOHJCHCHUPOBAHHbIE HAa()TEHBI Pas3jiaraiercs
3HAUUTEJIbHEE  MEJJICHHEEe, a BBICOKO KOHJCHCUPOBAHHBIC \ HHUKIOAIKAHBI
CPaBHUTEIBHO YCTOWYMBBI K MHUKPOOHOW arake. Merabonnyeckue \IIpeBpalleHus
MOHOITUKJINYECKHUX apOMaTUYECKUX YIJICBOJAOPOJOB, KaK IMPaBUIIO, \ BKIOYAIOT
pEaKIMU TUAPOKCHWIMPOBAHUS, M, TOJIBKO IIOCJIIE 3TOTO, aApOMATUYECKOE KOJIBIO
pacCHICIUISIETCS MO0 OPTO- WM Me€Ta- NyTH. OCHOBHBIMU MPOAYKTaMU OuoacEpaiaiin
YIJIEBOJOPOJIOB  HEe(TH  SABIISIOTCS  YIIEKMCIBIM Ta3, Bojaa W OHoOMacca
MHKPOOPTraHU3MOB, BBIPOCIIMX Ha ymieBogopoaax. IIpm sTom, kak Obl CIO0XKHO HE
ObUIM OpPraHW30BaHbI HU3KOMOJICKYJISIPHBIE KOMIIOHEHTHI HE(PTH, OHM JIOCTATOYHO
AKTUBHO ITOJIBEPTatOTCsI META00INYECKOMY PaCHICTIIICHUIO.



MeToabl HTEHCUUKaL UK
MUKpoOUuonornyeckon gerpagaumm HedTm u

HedoTenpoaOyKToB.

JIBAa MIPUHLUITHAIBHBIX TOIX0/1a:

* CTUMYJIMPOBAHUE AKTUBHOCTH a0OPUTCHHON YIIIEBOAOPOAOKHUCIISIOICH
MUKPOQIOPHI.

‘UuTponyKiys AKTUBHBIX IITaAMMOB YIJIEBOAOP OHOKUCIAFOLINX

OpPraHvM3MOB, a TaKXE HMX aCCOIMALMK ITyTEM HWHTPOAYKUHMH HX "B

3arpsi3HEHHbIE OOBEKTHI B BUJE OHompemnapara.

Ajpanus nmoys.

IHosuB.

OnTuMu3anusa TeMIEPaTypHOro pexuma.

BHeceHne MUHepaJIbHBIX Y100peHMIA.

BHeceHnne opranuyeckux y100peHui.

N3BecTkOBaHUE.

BHecenune 0MOCTUMYJIATOPOB.

JucneprupoBanmne HepTU € MOMOIIbIO TOBEPXHOCTHO AKTHUBHBIX
BelIeCTB.

0 dduromeanopamus.

O O OO OO O a3



buopemeanaumns BOAHbIX CUCTEM,

3arps3HeHHbIX HeThbIO.

Cpez[H BOJAHBLIX CpPCAd IIOTCHLHHAJBHO ITOABCPIarOnIn
HG(I)TBIO MOXHO BBIACJINUTDH CJIICAYIOIIHNC:

Cia  3aIrpsA3HCHUIO

|. *  IIOBEPXHOCTHBIC BOJIbI, B TOM UHciie MUPOBO OKeaH (aKBa
OKEaHOB) U MPECHBIE BOBI (PEKU, 03Epa U T.11.);

2. ¢ T'PYHTOBBIC BOJIbI;
ER. CTOYHBIC BOJbI.



PaspaboTka buonpenaparos.

CKpUHMHT u HCCJIeIOBAHUE YIUICBOAOPOAOKHUCISIIOIIMX
MHUKPOOPraHU3MOB
Ilox0op acconuanuii MUKPOOPTaHU3MOB — 1€CTPYKTC

UHTpoaYKIIHSI YIJIEBOAOPOAOKHCIAIIINX MUKPOOPTa



Wn of Oil Spills in the Coastal Region of the Baltic Sea

Growth of strains on different substrates

Rhodococcus sp. S25

Rhodococcus sp. S26

Rhodococcus sp. S67

Rhodococcus sp. X5
Rhodococcus sp. X25
Pseudomonas sp.
142NF(pNF142)

P. putida ars 6F

Microbacterium sp.
ars 25

Rhodococcus equi
ars 38

N

Diesel fuel  Crude oil Mazut Naphthalen& e Hexadecane LB 5% NaCl
+ + + B

+ + + B +

+ + B B +

+ + B B B

+ + B B B

+ + B + B

+— ++ + B

++ ++ + B

+ + +




Bioremediation of Oil Spills in the Coastal Region of the Baltic Sea

Emulsifying activity of degrader strains at 24°C

Visual By OD

Degrader strain Witheut Without

NaCl NaCl
Rhodococcus sp. X5 4 4 1,329 0,103
Rhodococcus sp. X25 4 4 0,120 0,098
Rhodococcus sp. S25 4 4 0,061 0,036
Rhodococcus sp. S26 4 2 0,085 0,031
Rhodococcus sp. S67 3 K} 0,551 0,121
Pseudomonas sp. 142NF(pNF142) 4 2 0,114 0,044
b 2z oo | 002
. A I
Pseudomonas putida Sh1(4) K K 0,031 0,04
Rhodococcus erythropolis Sh5 4 K 0,170 0,04
Microbacterium liquefaciens Ash10(2) 2 2 0,057 0,05

Rhodococcus strains are of endo-rype of biosurfactants production
Pseudomonas strains are of exo-type of biosurfactants production



‘ Bioremediation of Oil Spills in the Coastal Region of the Baltic Sea‘

Change of crude oil fraction composition after 7
days incubation at 24°C and 4-6°C

Decrease ofail fractions, %
Level of

Degrader strains degradation, % Hexane fraction, Benzene Benzene-alco

% fraction, % hol fraction, %

24°C 4-6°C 24°C 4-6°C  24°C  4-6°C | 24°C ) 4-6°C

Rhodococcus sp. X5 15 37 28 33 30 31 13 38
Rhodococcus sp. X25 20 32 36 25 13 28 13 25
Rhodococcus sp. S25 26 28 37 22 15 26 24 38
Rhodococcus sp. S26 19 36 34 33 6 38 6 38
Rhodococcus sp. S67 22 47 31 43 5 38 12 50
f :;,’;l'gz’lm‘l’:';’j;)s‘" 22 37 21 30 23 33 19 \\ 38
Pseudomonas

aureofaciens 24 N|D) 24 ND 19 ND 18 N|D)

1393(pNF::TnModOTc)



Bioremediation of Oil Spills in the Coastal Region of the Baltic Sea

Degradation of crude oil by Rhodococcus strains at
24°C and 4-6°C during 7 days
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Degradation of crude oil by Pseudomonas and
unidentified strains at 24°C and 4-6°C during 7

days
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Wﬁon of Oil Spills in the Coastal Region of the Baltic Sea

REP-PCR pattern with Box A1R primer

2 3456 7 8 910

11

LR

12

[N

— 1.kb DNA Ladder
2-G
3 — Pseudomonas

142NF(p
4 — Rhodococcus
5 — Rhodococcus sp.
6 — Rhodococcus sp. S2
7 — Rhodococcus sp. Sh5
8 — Rhodococcus sp. S26
9 — Pseudomonas anreofaciens

1393(pNF:"TnMod-O'Tc)
10 — Pseudomonas putida

KT2442(pNF:"TnMod-O'Tc
11 — Rhbodococeus sp. X5

negative S41



Bioremediation of Oil Spills in the Coastal Region of the Baltic Sea

RAPD analysis of Rhodococcus strains
( with-OA20 primer)

1= 50 pb Ladder (Fermentas)

2- Rhodocaeccus sp. S25

3- Rhodocoecus. 8p. S26

4- Rhodococcus sp-S67

5- Rhodococcus sp." X3S

6- Rhodococcus sp. X258

6 7 8 9 10 11 12 13 14 15 16 17 18

H ! H m 7- Microbacterium sp. ars23

8- Rhodococcus equi ars38

v el o B o BB BB R R
el _ AR B BB R _A R R_A

: 9-27- predominating clones after
ko the cultivation in liquid mineral
medium

1 2 3 4 5§ 6 7 8 19 20 21 22 23 24 25 26 27



Dendrogram of Oil-degrading Strains

Based on Their Catabolic and
Physiological Properties
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Wn of Oil Spills in the Coastal Region of the Baltic Sea

Empirical association:

Rhodococcus sp. X5,
Rhodococcus sp. S67,

Pseudomonas sp. 142NF(pNF142) and
Rhodococcus sp. S25

Selected association:

Rhodococcus sp. X5,

Rhodococcus sp. S67,

Pseudomonas sp. 142NF(pNF142) and
Pseudomonas putida BS3701(pBS1141, pBS1142).



Bioremediation of Oil Spills in the Coastal Region of the Baltic Sea

Model Flow System for selection of active
degrader strains

Diesel oil —1 __!

Medium — 2™ —gi—]




Bioremediation of Oil Spills in the Coastal Region of the Baltic Sea

Degradation of crude oil by individual strains and
association at 24°C and 4-6°C during 7 days
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1 — contrq hout
microorganis
2 — Pseudomona
3 — Rhodococcu

4 — both the strains




TO MUKPOOPraHn3MoB

Pseudomon

Rhodococcus nHa HepTn



VIukpoopraHusmbl B cpefe C
sKcageKkaHoOM

Rhodoce

Pseudomonas



Examp
of predomin

(data from E.M.

lasmids encoding the degradation

naturally occurring organic

pounds
p et al., 2000)

Strain Plasmid Mstrates Size (kb) | Inc-group
Aliphatic compounds:

Pseudomonas oleovorans PpG6 OCT Octane, deca 500 P2
Pseudomonas putida PPU2 JONINO) Acyclic isoprenoid (citronello\,\geraniol) 75 -

Monoaromatic compounds:
Pputida R1 SALI Salicylate N P9
Pputida PpGl CAM Camphor
Pputida PaW1 TOL Xylene, Toluene
Acinetobacter calcoaceticus RIE74 pWW174 Benzene
Pseudomonas sp. CIT1 pCIT1 Aniline
Pputida ST pEG Styrene
Pputida RE204 pRE4 Isopropyl benzene
Pputida NCIB9869 pRAS500 3,5-xylenol
Pseudomonas sp CF600 pVI150 Phenol
Pputida CINNP pCINNP Cinnamic acid

Polyaromatic compounds:
Pputida PpG7 NAH7 Naphthalene, Phenanthrene, Anthracene
Pseudomonas sp. CB406 pWWI100 Biphenyl
Heterocyclic compounds:

Pseudomonas convexa Pcl NIC Nicotine, Nicotinate

Pseudomonas alcaligenes DBT2

pDBT2

Dibenzothiophene




Methods of Improvement of
Degrader Microorganisms

Mutagenesis and selection
Genetic engineering in vitro
Protein engineering
“Molecular breeding”

Use of plasmids for genetic
manipulation in vitro



Plasmid-enhanced biodegradation of crude oill

P. aureofaciens

280E+08
2/00E+08
1.60E+08
CFU
1.00E#08
6.00E+07

0.00E£00

P. aureofaciens

P. clororaphis

P. putida

P chlororaphis

P, putida

AR
P S §

v
&

Oil degradation by
plasmid-bearing and free-plasmid
strains after 7 days of incubation

CFUmax of plasmid-bearing 'and
free-plasmid strains after 7 days
of incubation in crude oil



Horizontal transfer of catabolic plasmids accelerates naphthalene
biodegradation in open.and model soil

YvacTok 1

YucneHHocTb Mo, KOE/T cyxol noyYB bl

YucneHHocTb Mo, KOE/T cyxoi No4BbI

YyacTok 2

HaTaNMH, I/Kr CYXoi NoYBkI

YyacTok 3

YucneHHocTb Mo, KOE/T cyxoli NoYB bl

YucneHHocTb Mo, KOE/T cyxoi no4Bbl

Ha(TanuH, IKr CyXol NoYBbI

- -
(=T -
T T
o O
®» ~

YyacTok 5

YucneHHocTb M0, KOE/r cyxol NoYBbI
o
T
o
W

YucneHHocTb Mo, KOE/T cyxol NoYBbl

HaTanMH, I/Kr CYXOol NoYBbI

JIMHAMHUKA YU CJICHHOCTH MUKPOOPIraHU3MOB 1
cojep:KaHusA HaTaJIMHA B OYBE

1 — YHCJIEeHHOCTH A00pPUTeHHBIX AECTPYKTOPOB
Ha(TAJIUHA

2 — YMCJIEHHOCTH IIa3MHUI0CO/IePKAIEro
mramma P, putida
KT2442(pNF142::TnMod-OTc)

3 — YHCJIEHHOCTh 0ecIIasMUAHOrO Iramma P
putida KT2442

4 — yucaeHHocTs mramma P, putida
BS394(pNF142::TnMod-OTc)

I — kpuBas yoblIn HadTaTUHA




HORIZONTAL TRANSFER OF NAPHTHALENE BIODEGRADATIVE
PLASMIDS IN THE SOIL

LABORATORY EXPERIMENT FIELD EXPERIMENT

NON-STERILE CONDITIONS P T ———

pAO naphthalene pM O

degradation

I|nd| gndous |nd|genous
pasml onor reC|p|ent

NON-STERILE AND STERILE CONDITIONS

pMQ o o«”’

- indigenous
PA - indigenous naphthalene biodegradative plasmid O A recipient
pM - labeled naphthalene biodegradative plasmid PM )




dutopemennauuns.

B ¢dutopeMeauanmy OPUHITO BBIACIATh HECKOIBKO
HaIIPaBJICHUM:

DUTOIKCTPAKIIUS — UCIOI30BAHUE PACTCHUIN, AKKYM YJIUPYIOIIUX OPraHuYeCKUe 1
HEOPTraHUYECKUE MOJUIFOTAHThI B HAJI3EMHOM YaCTH C HEIbI0 VAAMICHUS UX U3
IIOYBBI.

duronerpananys (PU30PEMENNAINS) — UCITOJIb30BAHUE PACTCHUN U
ACCOIIMMPOBAHHBIX C HUMH MUPOOPTAHU3MOB IS IETPaJallii OPFAaHUYECKUX
ITOJUTIOTAHTOB.

Puzodunbrpaliys — CIOIb30BaHUE KOPHEN pacTeHUM 115 aicopOLMn 1 a0COpOInm
3arps3HUTEIICH, TTIABHBIM 00pa30M METAJIOB, M3 BOJBI M CTOYHBIX BO/I.

duTorcnapeHne - KCIOIb30BaHUE PACTCHUM IS yAAJICHHS MOJUIFOTAHTOB'B
ra3o000pa3HOM BHJIC.

M cnonb30BaHUE PACTCHUM JUIS YIAJICHUS HOIIOTAHTOB U3 BO3IYXA.

DuTOoCTAOUAN3AIINS - HEKOTOPHIE BUIbI PACTEHUN MOTYT YCIICIIHO MpOoU3pacTarh Ha
HanOoJiee 3arpsi3HEHHBIX IPYHTaxX, 00pa3ys IJIOTHYIO AEPHUHY, KOTOpask MOXKET
COJICMCTBOBATh CTAOMIIM3AIIMHY ITOYBBI, IPEHATCTBYS TAKUM 00pPa30M BBIXOAY MbLIH
Y MUTPALIMH 3aTPSA3HEHHBIX BOJL.



CxemMa MexaHn3mMoB
douTopemeanaumnmn




Naphthalene toxic effect on the sprouts
of white mustard (Sinapis alba.L)




Effect of naphthalene degradative plasmids on
inferaction of PGPR strains and mustard plants
(Brassica juncea L:) under gnotobiotic conditions in
sand supplemented with naphthalene.

P. putida P. aureofaciens P. putida no bacteria no bacteria
53a(pOV17) OV17(pOV17) 53a(pBS216) with naphthalene  no naphthalene

Treatment of seedlings with plasmid-bearing rhizobacteria led to a
pronounced protective effect from naphthalene.

The exception was the seedlings treated with P. putida 53a(pBS216). In
this case no seed germination was observed
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Plant-Microbial Interaction in Rhizosphere

1 Plant Growth Promoting
Rhizobacteria

Plant systemic
response

Plant Pathogens



PGPR Pseudomonas colonize the plant root,
suppress the phytopathogenic fungi and stimulate the
plant growth

PGPR Pseudomonas

phenazine

--PGPR Pseudomonas +
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