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The History of Bacterial
Genetics (S.E. Luria, 1968)
m The Stone Age or the Luria-Delbriick Age
(1943-1940)
m The Bronze or Lederberg Age (1946-1953)

m The Golden or Hayes-Wollman-Jacob Age
(1953-1961)

m The Desperate Age, which 1s the present one, in
which lots of things happen, lots of biochemists
and ultracentrifugologists appear, and the
philosophers get desperate.



Examples of plasmids encoding the
degradation of organic compounds

Strain | Plasmid | Substrates | Size (kb) | Inc-group
Aliphatic compounds:
Pseudomonas oleovorans PpG6 OCT Octane, decane 500 P2
Pseudomonas putida PPU2 pSRQ Acyclic isoprenoid (citronellol, 75 -
geraniol)
Monoaromatic compounds:
P. putida R1 SAL1 Salicylate 85 P9
P. putida PpG1 CAM Camphor 500 P2
P. putida PaW1 TOL Xylene, Toluene 115 P9
Acinetobacter calcoaceticus RJIE74 pWW174 Benzene 200 -
Pseudomonas sp. CIT1 pCIT1 Anililine 100 -
P. putida ST pEG Styrene 37 —
P. putida RE204 pRE4 Isopropyl benzene 105 —
P. putida NC1B9869 pRAS00 3,5-xylenol 500 —
Pseudomonas sp CF600 pVI1150 Phenol - P2
P. putida CINNP PCINNP Cinnamic acid 75 -
P. putida AC858 pPAC25 3CBA 117 P1
Ralstonia eutropha JMP134 pJP4 2,4-D, 3CBA 75 P1
Comamonas testosteroni BS1310 pBS1010 p-Toluenesulfonic Acid 130 —
Polyaromatic compounds:
P.putida PpG7 VAN Naphthalene, Phenanthrene, 83 P9
Anthracene
Pseudomonas sp. CB406 pWW100 Biphenyl 200 -
Alcaligenes sp. A5 pSS50 PCBs 53 P1
Arthrobacter sp. pKF1 PCBs 80 -
Heterocyclic compounds:
Pseudomonas convexa Pcl NIC Nicotine, Nicotinate - -
Pseudomonas alcaligenes DBT?2 pDBT?2 Dibenzothiophene 80 -




Polycyclic Aromatic Hydrocarbons
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Pathways of Naphthalene and Phenanthrene
Degradation
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NAH Catabolic Gene Organization and
Regulation

Mr pathway m Lower pathway
> >
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Polycyclic Aromatic Hydrocarbons
Biodegradation by P. putida BS202
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P. putida AK5 newly described
Salicylate Degradation Pathway
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Organization of PAH catabolic genes in some
Pseudomonas putida strains
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e-Caprolactam (the lactam of 6-aminohexanoic
acid) is one of the widespread environmental
pollutants with annual worldwide production
amounting to millions of tons

e-Caprolactam 1s extensively used as a stock for
production of polymer materials (caprone, nylon-
6, perlon) for industry, agriculture, medicine, and
household activity
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e-caprolactam biodegradation pathway
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Preliminary scheme of transformation
of linear s-caprolactam oligomers
by the scaprolactam-degrading bacteria

H ® Scheme of transformation of linear

|
NHI_(CHJ)S C_N_{CHZ)S COOH
(”) L degrading bacteria is first proposed

e-caprolactam oligomers by é-caprolactam-

a-Ketoglutarate

j ransaminase B = CAP- plasmid incodes transformation of

linear e-caprolactam oligomers due to
H broad substrate spesificities of key enzymes
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CITALLI TUTAHT BUOAOT VM -
MNP MUKPOOPI'AHIM3MOB
Carl Woese, 1998






DuAoregernyueckasa CUCTEMA
KAACCUMUKAITIN TAA3MUA IO
IPYIIIIAM HECOBMECTUMOCTH
Inc (incompatibility) groups



m Diversity of Pseudomonas plasmids: To what
extent?

A.M. Boronin.
FEMS Microbiol. Letters, 1992, 100, 461-468



R-plasmids of Pseudomonas aeruginosa

Inc group Plasmid Properties Size (kb)
P1 pBS223 Tc Tra* 61
P2 pBS12 Sm Cm Hg Mer Te Uv Tra* ~400
P3 pBS73 Sm Cm Tc Km Hg Su Tra* 88
P4 pBS95 Sm SuAp Tra- 13
P5 pBS11 Sm Su Hg Pmr Cr Tra* 200
P6 Rms149 Sm Gm Cb Su Tra* 49
P7 pBS14 Cm Tra* 140
P9 R2 Sm Su Cb Uv Tra* 68
P10 pPBSRI Km Gm Su Tp Hg Pmr Tra* 65
P11 R151 Km Gm Sm Sp Su Cb Tp Tra* 81
P12 R716 Sm Hg Tra* nd
P13 pPM625 Sm Km Gm Su Cb Tp Bor Tra* nd
P4 pBS52 Sm Su Cb Tra* 38
P14 pBS222 Tc Tra* 17.2




HexoTopsie aHTI/I61/IOTI/IK0pe31/ICTeHTHbIe IIITAMMBI
c}myopecunpyromnx IICEBAOMOHAA , U30AUPOBAHHBIE U3 OUYNCTHBIX
coopy>keHui r. IlymmHo Ha pasHBIX 3TaIrax OYUCTKU

O06o3HaucHUE XapaKTepUCTAKA ndl/ sull/ Pazmep
DepoTrn”*
IIITAMMA IIAA3MIIA gacEA1 KaCCEThI, ITH
TRKmRSmRGmR
1C-5 ° o y
Rif® CmRCazRFep?
T RI{mR RG R Tra™T R R G R
1K1 C ‘ Sm"Gm ra”Tc"Sm® Gm A ~1000
Cb®R Rif*Caz®Fep® Intl
1T-31 TcRSmRCazRFepR IncN * * + /4 ~1400
1T-50 TcRSmRAKRFepR IncN +/-/-
TARKmRSmRGm?
2G-2 IncP-9 WA
CmRCaz®MerR CbR ne /o
2G.7 TcRSmRGmR IncP-9 s
CbRMer® Tra*Tc®Sm® Gm®
T RI{mR RG R Tra™T R R G R
2S-6 C Sm"Gm ra”Tc"Sm® Gm A 1500
CmRrCazRFep® CbR Intl




25-9 TRSmRGmMAChR e e A L

3C-32 Tﬁiﬁiﬁ;ﬁ AR ~1000
3C-35 KmR TobRCazRFepR Ry ~2400
4C-25 Eﬁiﬁﬁjﬁgﬁ; IncN R ~1200
4G-3 e o T2 TGk bt ~1500

Intl

5C-1 Sr;igﬁif‘ v ~750
5S-96 T o Tra*SmR Gm® n ~1500

* TeR, KmR -ycTORYIHBOCTD K TETPALIUKANHY, KaHaMuuHy, CH/R — ycToRYnBOCTD K KapOEHUITHAANHY, S7ZR — ycToMIuBOCTD K
crerrromuninay, CzR , GmR, RifR — ycrofianBocts k XxAOpaMeHUKOAY, reHTamunngy, pudammunnay, AKR — ycroitunBocts
K amukanuHy, 1o/R — ycrofianBocts k ToOpamuriuny, CazR — yerofianBocts k medprasuaumy, FepR — ycroiianBocts K
nedenumy, MerR — ycTomauBOCTD K MEPOIIEHEMY.

Tra+ - crToCOOHOCTD ITAA3MUA K KOHBIOTAITHOHHOMY ITIEPEHOCY.

* K I'pyiira HECOBMECTUMOCTH TTAA3MHUABL.



Plasmids Encoding the Degradation of

Naphthalene
Plasmid Properties Incompatibility group Transfer to P.putida frequency Size (kb)
NPL-1 Nah* IncP-9p 103 100
pBS2 Nah*Sal* IncP-7/93 104 130
pBS101 Nah*Sal* IncP-7 103 50
pBS240 Nah*Sal* IncP-9B 104 160
pBS216 Nah*Sal* IncP-95 103 85
pOV17 Nah*Sal* IncP-95 104 85
pBS243 Nah*Sal* IncP-7/93 104 160
pBS213 Nah*Sal* IncP-7 104 150
pBS218 Nah*Sal* IncP-7(2) 104 160
pBS219 Nah*Sal* IncP-7(2) 104 180
pBS215 Nah*Sal* IncP-? Not P-2, 7, 9 10-° 150
pBS242 Nah*Sal* IncP-? Not P-2, 7, 9 10-° 150
pBS1191 Nah* IncP-93 10”7 100
pBS1141 Nah* IncP-93 104 100
pBS1181 Nah*Sal* IncP-9p 106 110
pHK43 Nah*Sal* IncP-7 ND* 100
pHK72 Nah*Sal* IncP-9p ND 85
p8C Nah*Sal* IncP-9p3 ND 120
p15C Nah*Sal* IncP-9pB \\|D) 120
p24C Nah*Sal* IncP-9p3 ND 120
p25C Nah*Sal* IncP-9 \\|D) 120

ND — not determined.




of some CAP—- plasmids from
the collection

Carbon source Molecular Transfer frequenc Incompatibility | Resistance to
CAP AHA ADA mass, kb 9 y group heavy metal

Plasmid

BS262 + + h 450 107 IncP-2 Te, Hg

BS265 i 140 106 IncP-9 Hg
BS268 100 106 IncP-9 Hg, Sn
BS276 70 10-° IncP-7, IncP-9
BS266 107 IncP-2
BS263 107 IncP-2
BS269 107 IncP-9
BS264 10”7 IncP-2
BS267 107 IncP-9

BS270 107 IncP-7, IncP-9

BS271 10”7 IncP-2

Designations: Hg, mercuric chloride; Te, potassium tellurite; Sn, organotin compounds;
Crt, potassium bichromate;
CAP-caprolactam, AHA — aminohexanoic acid, ADA — adipic acid




m Pseudomonas plasmids.
C.M. Thomas, A.S. Haines, I.A. Kosheleva, A.M. Boronin

In: Pseudomonas: model organism, pathogen, cell factory.

Wiley-VCH, 2008, 293-330



I'pynimisl HECOBMECTHMOCTH IIAA3MUA, CIIOCOOHBIX K
IIOAAEPIKAHUIO B OakTepuax poaa Pseudomonas

I'py1ima HecoBMECTUMOCTI
IlpeAcTraBrTCAT OCHOBHBIEC XAPAKTCPUCIAKI

11 HOALPYIIHBI

KousrorarnBHbIE HAA3SMIABL OFIOACTPAAAINIT KCCHOOMOTUKOB (B
R-mmaasmmasr: RK2, R751, pB2,

IncP-1 T.9. TAAOTE€HIPOBAHHBIX IIOAAFOTAHTOB) 1 PE3MCTEHTHOCTA K

pQKH54. .
6 IoATpyIITL (o0, 3, AHTHOWOTIKAM I TSHKEABIM MeTaAAaM. OUeHb MIIPOKII KPYT
D-mmaazmuasr: pAC25, pEMTS3,
(pacmmpeHHas), Oy £ G) X035€B, YTO CBA3AHO C HAACTIUHOCTHI0 PEHANKATIBHOLO

pJP4, pUO1

amIrapaTa.

O0nrHO oueHb KpymHbe (200-500 1.11.H.) D= man R-1iAasMuAbL,
R-maasmumasr: pMG1, pMGH5,

0Aa30BBIN PEIANKOH He onrcaH. KOHbIoraTuBHbIC, KOAUPYEOT
IncP-2 pOZ176.

YCTOMUMBOCTH K COASIM TEAAYPA 1 (TACTO) APYIHX TAMKCABIX
D-mmaasmmaer: OCT, CAP, CAM.

MCETAAAOB.

KpyiHbic KOHbIOrATHBHBIC / HCKOHbIOTATHBHBIC IAA3MUIABL
IncP-3

R-maasmmasr: pIP1202, RA1, R667, |desiiteie ezl (OOBIMHO HECYT I LCHBI yCTOMUNBOCTI K
(IncA/C, moarpymms: IncA/C;

pBS73, p2039, pUO-SVR3. pryzi. VIMeroT mup ok Kpyr xo3:1e8. IloAyanaAn HasBaHme
IncA/C,)

OBIINACMNYECCKIX)» ITAASMMUA.

IncP-4 = (IncQ) RSF1010, R300B, R1162, pDN1,

He6oabimme (0051H0 A0 14 T.11.H.) R- 1A kpunmiaeckiie
IncQ-1or, IncQ-15 plE1130, pTF-FC2

IncQ-1y, IncQ-2c, pTC-F14, pRAS3

MOOMAM3YEMBIE IAA3SMITABL C IKCTPEMAABHO) IIIMP OKIM KPyTOM

X03:A€B. PemAnKanys mo vy, ID-meTAmn.

IncQ-265 IncQ-2y




prl'IHbIe KOHBIOI'aATUBHBIC ITAA3SMHUABL

IncP-5 Rms163, Rms176.
AHTHONOTUKOPE3NCTCHTHO CTIL.

KonsrorarnBabie nAn Moouansyemble (Rms149) maasvuAbr
IncP-6 Rms149, RA3, pFBAOTG, AHTHOMOTIKOPE3NCTCHTHOCTI (COAEPIsKAT MHTEIPOHBL) C
(IncG/U) pRASI. HINPOKIM KPyrom x03:1¢eB. 79% reaoma Rms149 mpeAcraBaeHO
MI'®.

D-niaasmmas: pND6-1, KonsrorarnBHbIE / HEKOHBIOIATUBHBIE, KPyIHBIE (B cpearem 70-

IncP-7
( 6,7, 5) VAR DRI D) G e OV E M 200 T.11.11.), HUBKOKOIIMIHBIE, y3KIH KPyI X03:1€B. CrcreMbl
IIOATPYIIIBL Oy 3, 5 0)-

R-miaazmmaa — Rms148. PEUMANKANII 1 CETPErANAN YHNKAABHBL.

KoAnpyer yCcTonunBOoCTE K COAAM PTyTH; IIOAOBOM HAKIOP

IncP-8

P.aeruginosa (KOHBITATIBHA, MOOUAMZYCT XPOMOCOMY).
IncP-9 D-maasmumaer: NAH7, pSN11,
2/ BETBIL: pBS216, pNL60, pOV17,
pDTG-Be1Bsb (IOATPYIIBL 0, FNAAYEE [ITvpoxo pacapocTpaHEeHHbIE B PASANMHBIX IIOIYAAIAX
0,50 PAFOOP € CHUPYIOLIIX IICEBAOMOHAA R-, 1o uamie, D-miAa3MIABL

1021 ACEIY: 7N S I o D oY e N¥8 G O A BIIIOTO PAa3MEPA, KOHBIOIATUBHBIE, C yMEPEHHBIM KPyIOM

PWWO-BeTBb (HOATPYIIIBL  fJsNYAN X035EB.
o 35 V5 €5 1) R-maasmmaer: - R2,  pMG1S,

pNL15, pM3.




IncP-10

IncP-11

IncP-12

IncP-13

IncP-14

pMG25, pQM1.

KoubroratnBHAsA HAA3MIAA yCTOUUNBOCTI K
KApPOCHUIIAAHY (55 T.11.H.) C 9KCTPEMAABHO Y3KIIM

KPyroM x03:€B (ToAbKo P.aeruginosa).
_

33-T.11.H. MAA3MIAQ MyABTHUPE3UCTEHTHOCTH,

AETEPMAHAHTHI KOTOPOU HAXOAATCA B AHTETPOHE KAacca 1.

165 1.11.H., KOAUPYET yCIOMYNBOCTH K COAAM PTYTH K

CIPEIITOMUIIIHY, Y3KII KPYT X035€B.

KpyiHpie KOHLOrATUBHBIC R-IIAA3MIABI C y3KIM KPYLTOM
x03s5eB. pQMI KOAUpYyET yCTONUNBOCTD K COAAM PTYTII 1

UV.

17,2 —1.11.H. HAA3MIAQ yCTOMUNBOCTH K TETPALIKAIHY, C
IIAPOKAM KPYroM x03s51€B. KoHbIorarnBHa, HO

MOOUAUBYETC:A C 00ABIIEN 3P PHEKTUBHOCTHIO.




Exogenous isolation of plasmids

Donor l: soil bacteria carrying conjugative or
mobilisable plasmids

Recipient (rif)

Donorll: e.g. E.coli pSM1890 pSM1890: IncQ plasmid
conferring (Gm, Km, Sm, GFP)
(Hill et al., 1992; Smalla et al., 2006)

Donor I: soil bacteria
carrying mobilising plasmids
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Exxon Valdez Oil Spill, Alaska, 1989












Culturable bacteria from tar pits

Genus

O Bacillus
B Citrobacter
O Pseudomonas




Total CO»

CO» from oil

CO» from soil organic matter

CO» from native soil organic matter

Native soll with oil pollution

Quantities of microbial CO, emission from arable soil with and without the

crude oil pollution determined by isotopic ratio mass spectrometry (IRMS)




Specific Growth Rates of Plasmid Bearing Bacterial
Strains in Batch Culture on Naphthalene
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Initial host P.aureofaciens 1393 P.fluorescens M480R P. putida BS206

plasmid bearing bacterial strains

plasmids
OpSN11 @ pBS2 OpBS101 O NAH7




Diversity of Microorganisms from Oil Slimes

THERMUS THERMOPHILUS_SUBGROUP
THERMUS THERMOPHILUS_SUBGROUP
THERMUS THERMOPHILUS_SUBGROUP
AZOSPIRILLUM
LIPOFERUM_SUBGROUP
METHYLOSINUS
TRICHOSPORIUM_SUBGROUP
RHODOFERAX
FERMENTANS_SUBGROUP
RHODOFERAX
FERMENTANS_SUBGROUP
ACIDOVORAX AVENAE_SUBGROUP
ACIDOVORAX AVENAE_SUBGROUP
AQUASPIRILLUM
PSYCHROPHILUM_SUBGROUP
BURKHOLDERIA GLATHEI_SUBGROUP
BACILLUS
STEAROTHERMOPHILUS_SUBGROUP
LEPTOSPIRILLUM
FERROOXIDANS_SUBGROUP
METHYLOSINUS
TRICHOSPORIUM_SUBGROUP
METHYLOBACTERIUM
ORGANOPHILUM_SUBGROUP
IODOBACTER FLUVIATILE

NITROSOMONAS
EUROPAEA_SUBGROUP
RHODOFERAX
FERMENTANS_SUBGROUP
CLOSTRIDIUM
THERMOBUTYRICUM_SUBGROUP
CHROMOBACTERIUM
VIOLACEUM_SUBGROUP

VARIOVORAX PARADOXUS_SUBGROUP
BURKHOLDERIA GLATHEI_SUBGROUP
DEHALOCOCCOIDES
ETHENOGENES_SUBGROUP

CLOSTRIDIUM
COCHLEARIUM_SUBGROUP
CLOSTRIDIUM
COCHLEARIUM_SUBGROUP
CLOSTRIDIUM
AURANTIBUTYRICUM_SUBGROUP
HYDROGENOPHILUS
THERMOLUTEOLUS_SUBGROUP

COMAMONAS TERRIGENA_SUBGROUP
RHODOFERAX
FERMENTANS_SUBGROUP
BURKHOLDERIA GLATHEI_SUBGROUP
ACHROMATIUM_ASSEMBLAGE
ACHROMATIUM_ASSEMBLAGE
GEOBACTER
METALLIREDUCENS_SUBGROUP
CLOSTRIDIUM
AURANTIBUTYRICUM_SUBGROUP
CLOSTRIDIUM
AURANTIBUTYRICUM_SUBGROUP
MESORHIZOBIUM LOTI_SUBGROUP
NITROSOSPIRA
MULTIFORMIS_SUBGROUP
NITROSOSPIRA
MULTIFORMIS_SUBGROUP
HYDROGENOPHILUS
THERMOLUTEOLUS_SUBGROUP
COMAMONAS TERRIGENA_SUBGROUP
COMAMONAS TERRIGENA_SUBGROUP
ACIDOVORAX AVENAE_SUBGROUP
ACIDOVORAX AVENAE_SUBGROUP
ACIDOVORAX AVENAE_SUBGROUP
ACIDOVORAX AVENAE_SUBGROUP
ACIDOVORAX AVENAE_SUBGROUP
BURKHOLDERIA GLATHEI_SUBGROUP
ACHROMATIUM_ASSEMBLAGE
CLOSTRIDIUM
ALGIDICARNIS_SUBGROUP



The rlant thizosphere.
Reprinted with permission from
http://www.nativeplantsalliance net/graphics/




Plant-Microbial Interactions in Rhizosphere‘BPM

og PGPR
Plant Growth-Promoting

= Rhizobacteria

Root exudates

Antibiotics,
Siderophores,
HCN

Plant systemic
response

Baku 2010



Natural rhizosphere strains combining
both degradative abilities and plant
growth promoting properties

(PCR analysis)
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Strains harboring both phenazine antibiotic synthesis and polycyclic aromatic
hydrocarbons degrading systems
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Bansinue miiasMuaocoaepkaiux BapuaiToB mramma P. putida 53a
HA POCT pacTeHUu B npucyrcreuu HagTaauHa (1r/kr)

P. putida 53a 53a(pBS216) 53a(pOV17)  53a KoHTpOTb



Naphthalene dioxygenase

‘ Unidentified indole
compound

\ 7 |

~”
.CH ,CHNH,COOH .CH ,COCOOH CH,CHO CHZCOOH

1 2
tryptophan Indole-3-pyruvic acid Indole-3-acetaldehyde Indole-3-acetic acid

H,CHOHCOOH
NH

Indole-3-lactic acid

Involvement of naphthalene dioxygenase in the biosynthesisof indole-3-acetic acid by Pseudomonas




BAansanune maasmma Omoaerpasaim Ha
OmocuHTE3 PEHAZMHOBBIX AHTUOMOTUKOB

1 - P. aureofaciens BS1393, 2 - P. aureofaciens

1 — P. fluorescence 2-79, 2 - P. fluorescence 2-79(pBS2106) '
3 — P. hlororaphis PCL1391, 4 - P. chiororaphis PCL1391(pBS216) ~ DS1393MNAHT), 3 - D anregfaciens BS1393(pBS216),
4 - P. anreofaciens BS1393(pBS3), 5 - P. aureofaciens

5 — P. anreofaciens 1217, 6 — P. aureofaciens 1217(pBS216) BS1393(SAL)

1 — OecriAnasMUAHBIN BADUAHT
mrramma P anreofaciens strain
OV17,

2 - P. aureofaciens
OV17(pOV17),

K A
OV17(pBS2106)
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