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I1Aa3MUABL

ITAa3MUARI - BHEXPOMOCOMHBIE 9AEMEHTBL HACACACTBEHHOCTH,
CIIOCOOHBIE K ABTOHOMHOU PEIIAMKAITIH.

Tepmun BBeaeH AeaepOeprom B 1952 roay.

DIINCOMBI — I€HETUYECCKUE DAEMEHTHI, CIIOCOOHBIC
PEITAUIIIPOBATHCA B ABYX AABTEPHATHUBHBIX COCTOSHHAX: B
MHTEIPUPOBAHHOM B XPOMOCOMY U HE3ABICHUMO OT XPOMOCOMBIL.

Ko broraruBHbsIi€ MAA3MHUABI — CIIOCOOHBI OOECIIEYNBATD
rieperoc AHK mryrem xombproranmm.

HexoHbrOraTuBHBIE ITAA3MHUABI — HE CITOCOOHBI OOECIIEYNBATD
rieperoc AHK mryrem kombproranmm.

MoOuAn3syemMble MAA3MUABI — CLIOCOOHBI ITIEPEAABATHCH B
PELIUIINEHTHBIE KACTKH C IIOMOIIBIO KOHBIOTATUBHBIX ITAA3MHA.

KpI/IHTquCKI/Ie TIAA3MHUABI — IIAA3MHUABI, cpeHOTHHHqCCKHe
IIPU3HAKU AASl KOTOPBIX HE YCTAHOBACHEL.



I1Aa3MUABL

F - maazmmaa — npororun “fertility factor” — OTBEeTCTBEHHBII 32
KOHBIOTAITMOHHBIN IIEPEHOC B IIITaMMax E. co/l.

P’ — maasmumaa — aepuBat I — mAa3MUABL, COAEPKAIITUMT
CETMEHTHI OAKTEPHAABHOU XPOMOCOMEL.

Hfr —mmrammbr — (high frequency of recombination) — rrrranmm,
HECYIIIUH B COCTABE XPOMOCOMBI ITAA3MHUAY U, CAEAOBATEABHO,
CIIOCOOHBIN OCYIIIECTBAATH OPHUEHTHPOBAHHEBIN IIEPEHOC
XPOMOCOMHBIX T€HOB B ITOAXOAAIIAM PEITUITHCHT.

R — maaszMuAbln

RTF — pakTOop — 9acTh IAA3MHUABI PE3UCTECHTHOCTH, CITOCOOHAA
OCYILIECTBAATH KOHBIOTAIIMOHHBIU IIEPEHOC TEHOB
PE3UCTEHTHOCTMU.



I1Aa3MUABL

CTPYKTypa - KOABIIEBBIE AW AMHEHHBIE MOAEKYABRI AHK
pasmepom o1 2 Ao 600 T.1L.H.

Uncao xkommit — ot 1 Ao 1000 (MarokommitHBIE T
MYABTHKOIINITHBIC)

Kpyr x031€B — y3kuit kpyr (hhr — narrow host range),
mpokuil kpyr xo3des (bhr — broad host range)

CIIOCOOHOCTD K KOHBIOTAITMOHHOMY IIEPEHOCY
(KOHBIOTATUBHBIE, HEKOH'BIOTATUBHBIC, MOOMAW3YEMBIC)

I'pymrsr HecoBmectumoctH (Inc — incompatibility):
s 14 rpynm 8 cucreme Pseudomonas (IncP-1 — IncP-14)

= 30 rpynn B cucreme Enterobacteriaceae



I1Aa3MUABL

s Kourpoampyemerit (penoTHII:

Y CcTOMYMBOCTD K AHTHONOTHUKAM, THKEABIM METAAAAM.
R — mmaasmmabn (resistance).

Aerpasarus OpraHUIeCKUX COCAMHEHU.
D — mmaasmuab! (degradative)

Komprorammmonnemii nepenoc. I — factor (fertility)

[ TpOAYKIIA TOKCHIECKUX COEANHEHUN (AHTHOMOTHKY,
oaxrepuonuusl, KoanuHbel). ColE1 — maasmmaa (colicin)

Kpumrrnaeckne maasmMuABL ((DEHOTHIT HEU3BECTEH U ITAA3MHUABI
MaAOIO Pa3Mepa)

BzaumoaerictBue ¢ aykapuoramu. 11 — IIAa3MHABI (tumor
inducing)

Apyrue cBoncTBa — ycromansBocTsb k UV, mpoaykmmsa H2S,
qyBcTBUTEABHOCTD K NaCl, cucremer pectpuxrmm —
MOAUUKAITIH, (DUKCAITHA A30TA.



IIAa3MUABI

Konsroramua — mporecc 0OMeHa reHETHIEeCKON HH(MOPMAITIEN MEKAY
OaKTEpHUAABPHBIMU KACTKAMH, OOECIICYNBACMBIN ITAA3MHAAMH, IIYTEM IIEPEHOCA
I€HETUYIECKOIO MATEPUAAA U3 KAETKA AOHOPA B KACTKY PELIUITHEHTA.

TPpaHCKOHBIOTAHT — OAKTEPHUAABHASA KAETKA, IIOAYIHUBIIIAA TCHETUYIECKUI
MATEPUAA IIYTEM KOHDBIOTAITUU.

IToBepXHOCTHOE MCKAFOUYEHHE — KOHBIOIAITMOHHBIN IIEPEHOC MEKAY
ITAA3MHAOCOAEPKAIIIIMI KACTKAMH IIPOUCXOAUT C MEHBIIIEH Ha 2 ITOPAAKA
9P PEKTUBHOCTHIO, YEM MEKAY AOHOPOM M OECIIAA3MHAHOM KAETKOM. 32 9TOT
s deKT OTBEUArOT I'eHHl tra — cuctemel (traS u tral).

HecoBmectumocTs maasmua (Inc) — HecmocoOHOCTh ABYX Pa3HBIX ITAA3MUA
CTAOHABHO COCYIIIECTBOBATH B OAHOM OAKTEPHAABHOU KAETKE.

AoHop — cnentudpudeckue paru — daru, HHPUITUPYIOIIHE TOABKO TE
IIITAMMBI, KOTOPBIE COAEPKAT KOHBIOIATHBHBIE ITAA3MHABHL.

YrcAo KOOHM MAA3MHABI — KOAUYECTBO MOAEKYA ITAA3MHUABI HA
OaKTEPHUAABHBII TEHOM.

CTporI/II‘/'I KOHTPOAB PEMAMKAIIMM — IIAA3MUAHAA PEITAUKAIINA CBA3AHA C
peHAHKauﬂeﬁ XPOMOCOMHBI.



O0o3HaUeHHE TIAA3MUA

[Tpedukc “p”
«cropmaeckne» 000O3HAYECHUS:
= RSF1010, R100, NAH.

R100 dpenornm — Tc Cm Sm Su Tra

Lemorurr — zet cat” aad A sul tra”



MoaekyAsapHasa OpraHu3anusa IIAA3MUA

basossrit perrankon (basic replicon):
= o7 (origin)
= 7n¢/cop - TeH (bI)
= 7¢p —ICH
7KusaeHHO — BaskHBEIE CTPYKTYPHI ITAa3MHUAHL (backbone segment)
= CHCTEMa pa3peIIeHns KOMHTErpaTos (7rs - multimer resolution system),
m CHCTEMa AKTHBHOTO PACIPEACACHUA ITAA3MUA (par — partitioning),

= cucrema roctcerperanmorron rnoean kaeTku (PSK — post segregational
killing).
= cucTema pecTpuknuna — Mmoaudukamun (RM).
CrcreMa KOHBIOTAIIMOHHOTO IEPEHOCA.
l'enbl pe3ucTeHTHOCTH.
I'errr Omoaerpasamum.

Apyrre reHsr.



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 RJET74 pWW174 Benzene 200 -
|Pseudomonas sp. CIT1 pCIT1 Anililine 100 -
P. putida ST pEG Styrene 37 -
P. putida RE204 pRE4 Isopropyl benzene 105 —
P. putida NCIB9869 pRAS00 3,5-xylenol 500 -
|Pseudomonas sp CF600 pVI150 Phenol - P2
P. putida CINNP pCINNP Cinnamic acid 75 -
P. putida AC858 pAC25 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 NAH7 Naphthalene, Phenanthrene, 83 P9
Anthracene
[Pseudomonas sp. CB406 pWW100 Biphenyl 200 —
Alcaligenes sp. AS pSS50 PCBs 53 P1
Arthrobacter sp. pKF1 PCBs 80 -
Heterocyclic compounds:
|Pseudomonas convexa Pcl NIC Nicotine, Nicotinate - -
[Pseudomonas alcaligenes DBT2 pDBT2 Dibenzothiophene 80 —




Incompatibility Groups of Pseudomonas

Degradative Plasmids

Incompatibility Plasmid Substrate
group
CAM Camphor
P2 OCT Octane
pBS263, pBS264 e-Caprolactam,
pBS266, pBS271 e-Aminocaproic acid
pBS2, pBS3, pBS211, pBS213, Naphthalene
P7 pBS214, pBS217, pBS243, pBS4
pND50 p-Cresol
NAH?7, pND140, pND160, Naphthalene
pWWo60, NPL-1, NPL-41,
pBS212, pBS216, pBS240,
P9 pBS244, pBS248, pBS2

pBS262, pBS265,

pBS267, pBS268

e-Caprolactam,

e-Aminocaproic acid

»BS1004

p-Toluenesulfonic acid




Naphthalene

Plasmids Encoding the Degradation of

Plasmid Properties Incompatibility group Transfer to Pputida frequency Size (kb)
NPL-1 Nah* IncP-98 1073 100
pBS2 Nah*Sal" IncP-7/9 10+ 130
pBS101 Nah'Sal® IncP-7 1073 50
pBS240 Nah'Sal* IncP-9f 104 160
pBS216 Nah*Sal® IncP-95 103 85
pOV17 Nah*Sal* IncP-98 10+ 85
pBS243 Nah*Sal* IncP-7/98 10+ 160
pBS213 Nah'Sal* IncP-7 10 150
pBS218 Nah'Sal” IncP-7(2) 10 160
pBS219 Nah*Sal" IncP-7(2) 10 180
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-9B 10”7 100
pBS1141 Nah* IncP-9B 10 100
pBS1181 Nah*Sal” IncP-9 10°° 110
pHK43 Nah'Sal" IncP-7 ND* 100
pHK72 Nah'Sal” IncP-9B ND 85
p8C Nah'Sal” IncP-9B ND 120
pl5C Nah*Sal* IncP-9B ND 120
p24C Nah'Sal* IncP-9B ND 120
p25C Nah*Sal" IncP-9B ND 120

ND — not determined.




Diversity of Pseudomonas Strains Harboring
IncP-9 Plasmids on the Basis of REP-PCR

10 20 30 40 50 60 70 80 90 100

P. putida PpG7(NAH7Y)
P. putida BS3710
P.putida 143NF
P.putida BS238

P. fluorescens 37NF
P. putida SN11

P. putida BS3790

P. putida NK72
P. aeruginosa 8909N

P. putida 24C
P. putida BS3750
P. putida 15C
P. putida 16C
P. putida 25C
P.putida BS202
P. putida BS3701
P. putida 8C




Diversity of the Naphthalene Catabolic

Plasmids Belonging to IncP-9 Group on
the Basis of RFLP Analysis

pBS1141

pBS1191
p25C
NPL-1
pSC
pl5SC
pl6C
p24C
pBS1181
pNK72
NAH7
pNE37
pBS216
pSN11
pNF143
pBS1145
pBS2




Phylogenetic Tree of IncP-9 Plasmid Group
Created on the Basis of rep-Gene Sequences
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PCR and Blots of Total Soil DNA with
DIG-labeled rep-genes
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Phylogenetic Tree of IncP-7 Naphthalene
Degrading Plasmids Based on RFLP




Pathways of Naphthalene and Phenanthrene
Degradation
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NAH Catabolic Gene Organization and

Regulation
Upper pathway Lower pathway
> >
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Naphthalene -> Salicylate Salicylate -> 2-oxo0-4-hydroxypentanoate
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Polycyclic Aromatic Hydrocarbons
Biodegradation by P. putida BS202
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Organization of PAH catabolic genes in some
Pseudomonas putida strains
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Diversity of Pseudomonas nahAc genes
(RFLP analysis)

nahAc.PsLSM]
nahAc.PsAN1(

nahAc.PbLS402
pahA3.PaPAK1

nahAc.PfA88
nahAc.Psp4N4-

nahAc.PfA24 s
nahAc.PfI-16 el oo @ o g ;-

nahAc.Pf(AY048759)
nahAc.PpG7

nahA3.PpBS202
nahAc.PfLp6a
nahAc.PpNCIB9816-4
doxB.PspC18

nagAc.RspU2




Distance Tree of Classic NahG Subtypes Based
on Cluster Analisys of AA Sequences

NahG KF71

NahG AN10

NahG A88




P. putida AK5 newly described
Salicylate Degradation Pathway
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Is there a degradative (D) “superplasmid”
capable of determining the most efficient
degradation of a particular organic compound?

Is there a bactertum which is the optimal host
for that plasmid from the viewpoint of the
expression of degradative genes?

Is there an “ideal” combination of a D-plasmid
and a bacterial host?



Specific Growth Rates of Plasmid Bearing Bacterial
Strains in Batch Culture on Naphthalene
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Diversity of Microorganisms from Oil
Slimes

5 PROTEOBACTER
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Two nahU Gene (salicylate hydroxylase)
Subtypes Restriction Patterns

Rsal Mspl Haelll

L — 50bp Ladder (“Fermentas”)
1 - P. putida g20f, 2 - P. putida NS12 (ND6 subtype).



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

R : ) = —>- costsbbbtde u..!‘o. .....‘.'.

1zde6cISd



Plant PHYTOREMEDIATION |ACCUMULATION
OF POLLUTANTS
DEGRADATION
OF TOXIC
W BIOREMEDIATION ORGANIC
Rhizosphere COMPOUNDS
bacteria

Pseudomonas




Effect of naphthalene degradative

plasmids on biosynthesis of phenazine
antibiotics by PGPR Pseudomonas

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

1 — P. fluorescenc 2-79, 2 - P. fluorescenc 2-79(pBS216) .

3 — P. chlororaphis PCL1391, 4 - P. chlororaphis BS1393(NAHY), 3 - P, aureoft aciens

PCL1391(pBS216) BS1393(pBS216), 4 - P. aureofaciens
BS1393(pBS3), 5 - P. aureofaciens BS1393(SAL)

5 — P. aureofaciens 1217, P. aureofaciens 1217(pBS216)

1 — plasmid less variant of the
P. aureofaciens strain OV17,
2 - P. aureofaciens
OV17(pOV17),

3 - P. aureofaciens
OV17(pBS216)




Mechanisms of arsenic resistance
in Microorganisms

Active efflux

‘.ll'.\-ﬂp\‘l'llll\

X
Pseudomonas putida BS202 w

plasmids: pBS3031 (bhr),
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COMBINATION OF ABILITY TO UTILIZE
POLYCYCLIC AROMATIC HYDROCARBONS
AND RESISTANCE TO ARSENIC COMPOUNDS

pBS3031(As®)
1
Pseudomonas deruginosa Pseudomonas putida
BS3031(pBS3031) BS238(pBS2)

Growth on naphthalene

Pseudomonas putida BS238(pBS2) Pseudomonas putida BS238(pBS2+pBS3031)




Oil Contamination in Western Siberia

The view of
oil-contaminated site.

July, 1999.




Extreme Environmental Factors

Toxic chemical agents
Heavy metals
Radionucleides
UV-light

Low or high pH values
High salinity

Water deficiency
Oxygen deficiency



Dendrogram of Oil-degrading Strains

Based on Their Catabolic and Physiological
Properties
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R-plasmids of Pseudomonas aeruginosa

Inc group Plasmid Properties Size (kb)
Pl 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 Su Ap 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 pBSRI 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 pM625 Sm Km Gm Su Cb Tp Bor Tra" nd
P4 pBS52 Sm Su Cb Tra" 38
P14 pBS222 Tc Tra" 17.2




The construction of multifunctional PGPR
Pseudomonas
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s The effect of crude oil hydrocarbons on
microbial processes in soils, providing CO2
emission into atmosphere, has been studied.
The total CO2 emission from oil-containing
soll samples to atmosphere during 47 days of
observation was 6.8-fold more then from
native soil. At the same time, the amount of
metabolic CO2 produced due to soil organic
matter mineralization was about 38 % of the
total CO2 flow and that due to utilization of oil
hydrocarbons reached 62 %.



The History of Bacterial Genetics

(S.E. Luria, 1968)

= The Stone Age or the Luria-Delbrick Age
(1943-1940)

s The Bronze or Lederberg Age (1946-1953)

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

s 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.
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