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1 - LITERATURE REVIEW

1.1 Genus Pseudomonas

Pseudomonads are motile by one or several polgelfa (rarely non
motile), Gram-negative, aerobic that utilize glueasxidatively, characterized
by straight or slight curved rod but not helicalli,fjorming , catalase and
oxidase are positive , growth occurs froi@ 4r lower to 4% and were chemo-
organotrophic (Holtet al., 1994a).

Members of this genus are classified int@ fgroups based on ribosomal
RNA homology. These bacteria are clinically impatthecause they are resist
to most antibiotics and they are capable of sungvn conditions that few other
organisms can tolerate. They also produce a sliayerlthat is resist to
phagocytosisPseudomonas is often encountered in hospital and clinical work
because it is a major cause of hospital acquiredagomal) infections. Its main
targets are immunocompromised individuals, burnimg, and individuals on
respirators or with indwelling catheters. Addititipathese pathogens colonize
the lungs of cystic fibrosis patients, increasihg tnortality rate of individuals
with the disease. Infection can occur at many site$ can lead to urinary tract
infections, sepsis, pneumonia, pharyngitis, andteof other problems (Stolp
and GudKari, 1984).

The genuspseudomonas included two pigmentation groups as genetic
characters, which are so-called fluorescent andflionescent subgroups. Some
species of Pseudomonas are plant pathogens liké>.putida, others are
opportunistic pathogenic for human and animals Fkaeruginosa , they are
also play an important role in spoilage of foodyyaroduct, meat, poultry and
eggs .If spoilage develops after storage underigerfited condition,

Pseudomonas usually prevails(Brookst al.,1995).
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1.1.2 Pseudomonas putida

Pseudomonas putida is a gram negative bacteria, rod-shape with
multitrichous flageli of fluorescents group of tfanily Pseudomonodaceae .Its
growth occur from € or lower to 4, chemo-organotrophic , an ubiquitous
saprophytic endowed with a remarkable adaptahilitgiverse environmentssit
mostly putrefaction, soil microorganism has beeamdisd extensively as an
experimented model for the biodegradation of aramedmpound (Hilland
Robinson, 1975).

It was found to be the most efficient species of thrugPseudomonas
have the ability to degraded hydrocarbon compouhts characteristic came
from It ability in adaptation to environmental change rbayfacilitated by
transfer and sorting of genetic material betweesh within naturally occurring
populations(Finette and Gibson, 1988).

Horizontal gene transfer is major mechasisfor microorganisms to
acquire a new metabolic trait in a new combinat@@nsuch horizontal gene
transfer has important implication in the spreadaatibiotic resistance and
tolerate relatively high level of heavy metals (Mokigh,et al, 1975).

1.2 Microbial biodegradation of hydrocarbon

Microbial biodegradation of petroleum productsl anatural wastes is the
modification or decomposition of the product by ralees to produce ultimately
energy, CQand water (Dragon, 1988b).

The first study revealed that the biodegradatbmydrocarbons as a sole
source of energy and carbon when it was notedthieafungusBotcrytis cinera
has the ability to utilize paraffin wax as a sous€energy (AL-Hydari, 1989) .

Later it was found that other microbial generavenahe ability for
hydrocarbons biodegradation such @sthrobacter , Achromobacter

Micrococcus , corynebacterium , Acinetobacter , Nocardia , Alcaligenes ,
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streptomyces , vibrio and Flavobacterium, the number of microbial community
that degrades hydrocarbons is proportionally irseda when the degree of
pollution increases. The percentage of hydrocadbegrading bacteria isolated
from unpolluted area is 0.01%, while the percentagaches 60-80 % in
petroleum-contaminated areas (Azouletyal. 1983; Nasirgt al., 2002).

Pseudomonas spp. possess different enzymatic systems like neormmbal
oxidation systems for aliphatic hydrocarbons, besithe catabolic pathways
that cleave and oxidize aromatic hydrocarbons tjimoartho , para and meta
pathways (AL-Hadhramgt al. , 1997).

Natural wastes and hydrocarbons have degradadally at a slow but
steady rate. However in areas contaminated wittoleetm product, this natural
process is not very fast enough to ensure remdy@ltutants.It was recognized
that, the microbial biodegradation of hydrocarbwesms highly dependent on the
chemical nature of the compounds within the petmolemixture and on

environmental condition (Van Hamuet al., 2003).

1.2.1 Types of biodegradable hydrocarbons

Alkanes and aromaticcompounds are the predominant chemicals
comprising most petroleum products, n-alkanes aochatic compounds ranged
between C10-C22 are the least toxic and most realdibdegradable
compounds, while the n-alkane and aromatic hydbmres ranged between
C5-C6 are biodegradable at low concentration by esamicro-organisms
because of their toxicity, but in most environmetitey are removed by
volatilization rather than by biodegradation. Gasem-alkanes (C1-C4) are
biodegradable but are used only by a narrow ramgpecialized hydrocarbon

degraders. n-Alkanes and aromatic compounds ab@?eh@ve extremely low
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water solubility and absorption on soil particlabeir solid state makes
microbial degradation of these chemicals slow (Drad.988a).

The Polyaromatic hydrocarbons represent a n@ajaiolem in bioremediation
of polluted sites because of their low bioavail@épind hence, biodegradability.
Recently studies showed that their bioavailabhifyye been increased by the use
of activated carbon as supporting material andpheial oxidation of these
compounds , therefore , their biodegradability wittrease ( Abu-Salalet al. ,
1996 ).

Branched alkanes and cycloalkanes ranged betweBi-C22 are less
biodegradable than their n-alkane and an aromaisdog, branching creates
tertiary and quaternary carbon atoms that constauhindrance tg -oxidation.
The biodegradation of cyclo-alkanes synergisticpevation of two or more
microbial species and also, cyclo-alkanes of Cl@ la@ow has high toxicity
(Meulenbergegt al., 1997).

1.2.2 Environmental condition for hydrocarbon

biodegradation
A number of environmental factors affecting thiodegradation process can
be summarized as follows:

» Source of energy, which is the primary factor lingt biodegradation, is the
scarcity or absence of a suitable and availablecsoaf energy. Whenever
available energy material is an abundant, microdmsable of using that
material are usually abundant (Clagkal., 1979).

* pH, in general the optimum pH for microbial biod&dgtion is slightly above
7 (Clark,et al., 1979) .
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 Temperature, that has a marked effect on the rdtehyalrocarbon
degradation. Hydrocarbon degradation was fast&5& than 5C (Atlas,
1981).

* Nutrients, that where at least 11 essential ma¢nemi elements must be
present in proper amounts, forms and ratios toasusthe growth of
microorganisms .These include nitrogen, phosphososijum, sulfur and
iron. therefore the availability of these elemest®uld be optimized to
achieve maximum degradation rates (Ribbons anchEl£182).

In addition to above factors, there are atsmes factors that may affect
the biodegradation rate includes the moisture irm@ntaminated soil, the
exhaustion of dissolved oxygen, salinity and presgiétias and Bartha |,
1998b ).

1.3 Microbial biodegradation of hydrocarbons

Several uptake mechanisms have been proposed dobitidlegradation of
hydrocarbons as a sole source of carbon and emwrgyicrobial cells. These
mechanisms can be classified according to the phlystate of a hydrocarbon
and the type of hydrocarbon degradative organism to
» Uptake Dissolved Hydrocarbon Mechanism.

* Direct Contact Mechanism.
« Emulsification Mechanism.

The pattern of growth on liquid hydrocarbons smbstantially different from
those on hydrophilic substrates and are a refleaifothe microbial process of
uptake and transport of hydrocarbons to intercalldites for degradation
(Britton , 1995) .

Other factor affecting microbial biodegradatioof hydrocarbons is
biosurfactant, which it was a specialized classahpounds that are produced
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by bacteria, yeast, and fungi as extra — cellulamembrane — associated
surface-active compounds (Desai and Banat, 1997).
The term biosurfactant refers to any type ompounds produced by
microorganisms with surface active or emulsifyimggerties (Fiechter, 1992).
These can be divided into low - molecular —ghkéimolecules that lower
surface and interfacial tensions efficiently angjhhi- molecular — weight
polymers that bind tightly to surface (Rosenberd Bon, 2001).

1.4 Mechanisms for microbial oxidation of hydrocarbons

The biodegradation of hydrocarbons as a salececof carbon and energy is
attempted by a series of catabolic reactions thatcatalyzed by a group of
enzymes yielding in the end of the reaction ene@fy; and HO. Hydrocarbon
— degradative organisms differ in their ability ¢xidize different types of

hydrocarbons and as follows:

1.4.1 Oxidation of aliphatic hydrocarbons

Crude petroleum is the main source of saturated wars@turated aliphatic
hydrocarbons, which are the most rapidly degradebloth laboratory cultures
and in the environment (Al-Hadranet,al., 1997).

a) Monoterminal oxidation: The initial attack on alkanes occurs by
monooxygenase enzymes. These enzymes were dirattdee terminal
methyl group , forming a primary alcohol that imrty is further oxidized
to an aldehydefatty acid . Once a fatty acid isnked , further catabolism
occur by S-oxidation sequence yielding acetyl-CoA units whiake
converted to C®through the tricarboxylic acid cycle , so the emddoicts
of hydrocarbon mineralization are® and CQ as it was shown in figure
(1-1).




Chapter one Literature Review

R-CH,— CH; + O, R-CH,— CH; + O, + NADPH,
n- Alkane n- Alkane

Dioxygenasl 1 Monoxygenas
R-CH,- CH,- OOH + NADPH —— R-CH,- CH,- OOH+ NADP+HO
Hydroxy Peroxid Primary Alcohao

l

R-CH,- CH, _CH, — COOH
Fatty Acic

+Co A ‘

S -oxidation

Figure (1-1): Microbial Monoterminal Oxidation of n-Alkane
Compounds (Atlas and Bratha, 1998a)

b) Subterminral oxidation: Some microorganisms attack alkanes sub
terminally; that is, oxygen is inserted on a carladom within the chain
instead of its end. In this manner, a secondarghalcis formed first,
which is then further oxidized to a ketone andIfynto an ester. The ester
bond is cleaved, yielding a primary alcohol andagtyf acid. The first
fragment (alcohol) is oxidized through the aldehydea fatty acid, and

with the second fragment (fatty acid), is metalsaizfurther by g-

oxidation sequence as it was shown in figure(1-2).
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Figure (1-2): Microbial Subterminal Oxidation of n-Alkane
Compounds (Atlas and Bratha, 1998a)

1.4.2 Oxidation of alicyclic hydrocarbons

Alicyclic hydrocarbons are widely distributed inethbiosphere, and are
potential for environmental pollution. Alicyclic dyocarbons are more resistant
to biodegradation than other groups of hydrocarbans more toxic to
microbial cells, but have a high degree of voladion that aids in their removal
Alicyclic compounds having no terminal methyl greuare biodegraded by a
mechanism similar to the subterminal oxidation. Hyglation by
monoxygenase leads to an alicyclic alcohol. Dehyeination leads to the
ketone .The hydroxyl group is oxidized in sequenie,an aldehyde and

carboxyl group. The resulting dicarboxylic is fuethmetabolized byg-

oxidation as it was shown in figure (1-3).
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O
o2 +2H" Oz +2H 0
- Hzo _HZO

Cyclohexane Cyclohexanol Cyclohexanone Caprolactone

A

HOOC - CH, - CH; —-CH,—- CH,—- OH

6-Hydroxyhexanoic Acid

HOOC - CH, — CH; —CH, - CH,—- CHO

6-Oxohexanoic Acid

f-oxidation +——— HOOC - CH, - CH, - CH,—- CH, - COOH

Adipic Acid

Figure (1-3): Microbial Oxidation of Alicyclic Hydrocarbons
(Trudgill, 1984a)

1.4.3 Oxidation of monoaromatics hydrocarbons
Monoaromatic compounds like toluene , benzene &edq are less or never
volatilization than cyclohexane these moleculesmoeluced in huge amounts
and are used in fuels , as solvents , and asrgjaraterials for the production of
plastics , synthetic fibers and pesticides (Buti91) .
The biodegradation mechanism of toluene Fbyputida has been studied
extensively, in this mechanism toluene is first dized to cis-toulene

dihydrodiol through the action of toluene  dioxpgse (TDO) and

AR
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dehydrogenated to form 3-methylcatechol ,cwhs cleaved at the meta
position and then converted in three steps to ksdtgde and pyruvate.
Benzene also metabolized by.putida by benzene - hydroxylating
enzymes(these enzymes is very similar to TDO enzynfiest by addition of
two atoms of oxygen to form cis — benzene dihydlpdollowed by converting
dehydrodiol to catechol and further transformatita TCA cycle
intermediates(Zylstra and Gibson , 1989).

Toluene dioxygenase has also been identifieth@®nzyme responsible for
the initial step in the metabolism of phenol Byutida. TDO catalyzes the
monohydroxylation of phenol and benzene to cate@wit was shown in figure
(1-4).
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A-maihyl caiachicd
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{I\ﬁ;ﬁE{JH
CHH
2-hpdroxy-B-oxo-2,4- Z-hnydmxy mucaonic samiakdahyde
hapeadisragts

T -
e -

Figure (1-4): Microbial Oxidation of Monoaromatic Compounds
(Lau, et al., 1994)

VY



Chapter one Literature Review

1.4.4 Oxidation of furans

Furans are most frequently encountered in thet plagdom and are used
widely in industry. The microbial degradation ofetHuran ring received
relatively little attention , and the knowledge ohg cleavage systems is
confined to simple structures . Briefly , the clage of furan ring involves the
oxidation of the ring by monoxygenase , followeddshydrogenation to form

thelactone , and cleave by an aliesterase, as it mn@srsin figure (1-5).

NADPH NADP COOH

f = y N

Furans

7

~~ OH

Figure (1-5): Microbial Oxidation of Furans (Trudgill, 1984b)

1.4.5 Oxidation of polyaromatic hydrocarbons

The oxidation of polyaromatic hydrocarbons i®ren complicated than
aliphatic compounds, because it requires energyetve the aromatic ring , as
well as enzymes that participate in aromatic hydroeon oxidation differing
from those of aliphatic hydrocarbon oxidation . Tdrematic ring is opened by

oxidative ortho cleavage to yield catechol and mic@cid. Muconic acid is

'Y
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cleaved to yield acetyl-CoA and succinic acid. Tagchol ring may be opened
by meta cleavage yielding pyruvic acid and acetalde as it was shown in
figure (1-6).

naphthalene naphthalene 1,2-diol

o} @)
OH |l ||

@i)c' COOH > CHs—C — COOH
= Pyruvic Acid

cis-Hydroxybenzal pyruvic ac

+

Salicylaldehyde

CooH OH

Salicylic acid Catechol

Figure (1-6): Microbial oxidation of Polyaromatic Hydrocarbons
(Gibson and Subramanian, 1984)
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1.5 Microbial resistance for heavy metals and antibiotics

1.5.1 Microbial resistance to heavy metals

Resistance to heavy metals could be definedhasability of certain
microorganisms to grow in the presence of given/yeaetal; while tolerance,
Is better described as survival manifested by gjowth and reduced metabolic
activity (Doleman, 1986).

Heavy metal ions and metalloids are chemicahmmunds that can be very

toxic to P. putida and othemicrobial cells in a variety of ways, e.g. through
binding to essential respiratory chain proteinsjdatve damage via the

production of reactive oxygen species, DNA damage, it can be anticipated

that soil organisms are likely to bear systemsaogecwith toxic metals in their

environment. Although excess of metals is generalkic, some of them are

essential to life in trace amounts {EuMn*, Zr**, and so on). Cells need to
maintain certain cytoplasmic concentrations of ¢heeetals if they are to meet
physiological requirements. To this end, microorgars uses a number of
mechanisms to maintain the correct equilibriumudeig the uptake, chelation

and extrusion of metals (Rouctt,al., 1995).

Many systems have already been identified irctdsea that involve
metallothioneins, P-type ATPases, Cation / protoniparters and redox
enzymes. Some systems, such as that encoded bwrskaic / antimony
detoxificationars-genes, is found ifP. putida .However; other has only been

identified in certain types of bacterjBowen, 1979).

\o
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1.5.1.1 Mechanisms of microbial resistance to heavy
metals

There are two mechanisms by which naigganism might exhibit

resistance to heavy metals

 Non-specific resistance :

This mechanism depends on, physiological a«angtic of the
microorganism, such as production otSHor organic acid (ex. citric acid),
production of gelatinous matrix (ex. capsule). Ehesibstances reduce the
effective metal concentration extracellular by ertiprecipitation or chelation.
So the resistance to the mercury in this mecharfmmmany bacteria was found
that microorganism producez8, which inactivate and precipitate mercury as in
insoluble from (HgS), or the transformation of #do the volatile methyl
mercury, which diffuse out the cell and growth medi as in (insoluble
mercuric sulphides); ultimately reducing the biakallity of the element and
cause release of toxicity (Wood, 1984).

« Inheritable specific type resistance :

This mechanism controlled by determined gecasied on plasmid or
transposons. This type of resistance notedlcaligenes spp., Bacillus spp.,
Escherichia coli, Klebsiella spp., Staphylococcu spp. andpseudomonas spp. In
the inheritable bacterial mercury type resistasgaocess cluster of genes called
mer operon which induced transcription and then tatimh to produced
mercuric reductase or mercurial lyase, these enzyaa transform inorganic
mercury and a few number of organomercurials @@ugresain meruic, acetate
and merbromin) to Hg(metallic mercury), through process called enzjenet
detoxification of the metal ion to a volatile formnzymes enter in this process
called mercuric reductaseRobinson and Tonvinen, 1984).

Microorganism shared this process can break thg FHC ] bond in other

organomercurials include (methyl mercury , phenykreary , p-hydroxy

1
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mercuribenzoate and thimerosal ) by the organomeicuyase enzyme
producing inorganic Hg, which in turn reduced to Hdy mercuric reductase
(Summers, 1986Db) .

1.5.2 Microbial resistance to antibiotics

With increasing usage of antibiotics for treatmeindiseases and in feeding
and drinking water for improvement animal producfithere was a respective
increase in antibiotic resistant bacteria are alsand , however , in
environments where antibiotics are not used . Aatiibresistance is determined
by genes located on plasmid and / or chromosomelslikand lee, 1978).

Chromosomal resistance could be developed asudt i@@sspontaneous
mutation in a locus that controls susceptibility @ogiven antibiotic. The
presence of antibiotic serves as a selecting mexinato suppress susceptible
organisms and favor the growth of drug — resistantants. Other genetic
origins are plasmids which carrying R-genes, thhat @nferring resistance to
one or more — antimicrobial drugs and heavy mefdiese genes often control
the formation of enzymes capable of destroyingattigmicrobial drugs. Spread
of antibiotic resistance fdp.aeruginosa through conjugation and transduction
are particularly much more important than the ti@amsation. Consequently,
Pseudomonas spp are resistant to a number of antibacterial agent$ the
mechanisms of antibiotic resistance determined lagnpids inPseudomonas,
generally found similar to those in enteric baetgfoster, 1983; Livermore,
1995).

R-factors in some cases may be non—transmissibleéhby may mobilized
by other plasmid which are transmissible but notrytiag resistance gene
(Chakrabarty, 1984).

VY
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1.5.2.1 Mechanisms of microbial resistance to

b)

d)

antibiotics

Different mechanism by which microorganisms mighxhibit
resistance to antibiotics have been characteraexbrding to their
biological action:

Change cell membrane permeability to drug(s), liketracycline,
aminoglycoside and some chloramphenicol resistateia (Huncock,
1985).

Producing enzymes that destroy the active drug stéphylococci resistant

to penicillin producing ag-lactamase wkich destroying the drug. Gram
negative bacteria may be resistant to chlorampberacetyltransferase

(Livermore, 1995).

Developing an altered structural target for drulgeli, chromosomal

resistance to aminoglycoside is associated withldke or alteration of

specific protein on the 30S subunit of the bacltefimsome that serves as
binding site in susceptible organisms ( Jaweital., 1976 ).

Developing an altered metabolic pathway that pgsdine reaction
inhibited by the drug likes some sulfonamide —gt@sit bacteria which not
require extracellular p-aminobenzoic acid (Broatsl., 1995).

Developing an altered enzyme that can still perfaeammetabolic function
that is much less affected by drug than the enzymée susceptible

organism (Smith and Amyes, 1984).

YA
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1.6 Genetics of Pseudomonas putida

1.6.1 Role of plasmids in hydrocarbon biodegradation

Plasmids are extrachromosomal elements that réplinodependently and
regulate their own replication. Plasmids play ansigant role in bacterial
adaptation and evolution; they provide gene pradubiat can benefit the
bacterium under certain conditions (Summers, 1986a)

Degradative plasmids represent a group of natuoakyrring plasmids that
have been distributed in a wide range of bactesiécies (Farrell and
Chakrabarty, 1976).

Almost all of the plasmids that have genes for bgdrbons and xenobiotic
catabolism are from gram negative bacteria, predanly pseudomonas
species, as described in table (1-1).

Table (1-1): Hydrocarbon degradative plasmids in different
species of Pseudomonas (Lindow and
Panopoulos,1989)

MOLECULAR
WEIGHT(KB)
P. putida SAL(T) Salicylate 85

ORIGINAL HOST | PLASMID HYDROCARBON

P.putida TOL(T) Toluene

P. aeruginosa PAC25() Chlorobenzotate

P. putida NAH(T) Naphthalene

P. putida OCT Alcanes

P.putida CAM(T) Camphor

Pseudomonas spp pQ() Quinoline

P. aeruginosa pQM Methylquinoloine

P.aeruginosa pKF Chloorobiphenyls

T: Transmissible Plasmid.

14
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The degradative plasmids govern the metsinobf a diverse group of
aliphatic compounds ( octane , decane , etc ) matic and polynulclear
aromatic hydrocarbons ( xylene , toluene , anthmageetc ) , products of their
oxidative metabolism ( salicylate , benzoate ) rpeees , alkaloids and
chlorinated hydrocarbons . These plasmids may eneocbmplete degradative
pathway, or partial degradative steps such as hajant to salicylate.The genes
for the degradation of such hydrocarbons can baebon either chromosomes
or plasmids, or compound nature. For example: te@due metabolized by some
Pseudomonas spp. through formation of benzyl alcohol and tolamd, such
genes are known to be plasmid coded (Farrell araatkTdbrty, 1979).

Farrell and Charkrabrty (1979) have obsenfed TOL and NAH plasmid
show an extensive homology with the antibiotic sesice plasmids RRand
PMG18 , 20% and 14% respectively .

As antibiotic resistance plasmids, some degraglaplasmids like TOL-
plasmid show the ability to dissociate into twogphads , one nonconjugative
(42Kb) and the other is conjugative (72Kb) calleOL]A. This appears when
TOL-plasmid was transferred by conjugation betwe&putida and
P.aeruginosa . TOLA plasmid has been hybridized with RKRPplasmid
(Tetracycline resistance plasmid), and as a rethdt trait of tetracycline
resistance has been lost, indicating that a jocuom the site of tetracycline

resistance gene (Rams-&al., 1994).

On the other hand, there are plasmids that den@ complete enzymatic
pathway for hydrocarbon degradation for example: Tq@asmid encode
proteins involved in the conversion of n-alkane$atty acid. Some degradative
plasmids like SAL , TOL and OCT are characterized their ability to
dissociate into two or more plasmids (Van Beilgral. , 1994 ) .
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The plasmid PGE47 , enabRputida to grown on alkane , when this
plasmid was transferred Ecoli , thealk genes were expressed and regulated as
in the original host , allowing th&.coli to grow well on octane . Other
Pseudomonas degradative plasmid gene seemed to be expressiitiently in
E.coli, becausdt.coli may not have gene required to complete the detioada
pathway, which resulted in an accumulation of imediates and because of

their toxicity led to cell death (Chakrabarty, 1976

1.6.2 Role of plasmids in heavy metal resistance

The genome oP.putida encodes an unexpected capacity to tolerate heavy
metals and metalloids. The availability of the céetg chromosomal sequence
allowed categorization of 61 open reading frame KDRkely to involved in
metal tolerance or homeostasis, plus seven morsighypsnvolved in metal
resistance mechanisms. Some systems appeareddopbeated, these might
perform redundant function or be involved in tolera to different metals. Some
of the metal related clusters located in gene asdawith atypical genome
signatures. The predicated capacityRybutida to endure exposure to heavy
metals is discussed from an evolutionary perspec(ivurukawa and Tonomura
1973).

Studies on chromosome Bfputida have depend heavily on conjugation,

which in turn depends in most instances on thembsmme donor ability, or

AR
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chromosome mobilizing activity of some plasmidsadphids conferring heavy
metal and antibiotic resistances are shown in t@bR@).

Table (1-2): Conjugative plasmids of Pseudomonas spp.
carrying Heavy metal and antibiotic resistance
genes* (Rouch, 1995).

Resistance

Antibiotics Heavy Metals

Am, Sm, Su Hg

Cb, Tc, Nm, Km, Sm, Su, Gm Hg , Cd

Sm, TC, Hg

Cb, Tc, Nm, Km, Sm, Su, Gm Hg

Sm, Su, Tc Hg

Gm, Sm, Su Hg

Gm, Sm, Su Hg

Tm, Su, Km Hg
Cb, Sm, Tc, Gm, Su Hg

Rif, Cam Cu

Rif, Cam Cu

* Cb, Carbenicillin; Tc, Tetracyline; Km, Kanamycin; Su, Sulfonamides;
Tm, Tobramycin; Gm, Gentamicin; Sm, Streptomicin; Nm, Neomycin,
Cam, Chloramphenicol; Am, Ampicillin; Rif, Rifampicin, Cu, Copper; Hg,
mercury; Cd, Cadmium.
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1.6.3 Relationship between heavy metal and antibiotic
resistance

The relationship between heavy metal amttbiotic resistance plasmid in
recent years, increasing attention has been ditécteards linkage of antibiotic
and heavy metal resistance. Environment exposeddoy metal contamination
often have, high incidence of antibiotic- resistaacteria. Until the — 1960s
little was known about the mechanisms of thesestaste, and nothing was
known about their genetic bases (Summers, 1986a).

Many studies referred that with the widecidence of heavy metal
contamination, a development in microbial resistanc antibiotic occurred,
with the popular use of silver compounds for treatta of burns, it has lead to
an increase in antibiotic and heavy metal resistaatteria in hospital
environment (McHumgtet al, 1975).

P. putida isolated from infected plants and soil samples feand resistant
to several antibiotic and heavy metals, which iathdhe risky relationship
between both resistance in metal — contaminatenie@maent, that cause
distribution for resistance factors for antibicticd heavy metals ( Nakaharat,
al, 1977; Bhattacherjee, et al, 1988).

1.7 Curing Of Plasmid DNA

In nature, plasmid can be lost spontaneously fromery few bacterial
cells, but the probability of this loss is extreynkew, ranging from 19 to 107,
However, the majority of plasmids are extremelpbktaand require the use of
curing agents or other procedures that might irsrelae plasmid loss, and these
form the basis of artificial plasmid eliminationrévors, 1986).

Elimination of antibiotic resistance at high fregug is of interest to assert
extra chromosomal location of genetic determinaatg] obtaining a plasmid-

cured derivative will allow a direct compressiorb®made between the plasmid
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— containing and plasmid — cured cells. As a restilearlier studies it was
already known that acridine orange, ethidium br@aniénd sodium dodecyl
sulphate affect plasmid replication.Some physieatdrs also affects plasmid
replication like elevated growth temperature angntime starvation (Button,
1991).

Antibiotics like rifampicin, chloramphenicol anditomycin C also have a
moderate effect on plasmid replication. Some tlticyaccompounds like
bromethiazine and impramine were shown to haveplassinide activity (Scott,
etal., 1999).

Acridine have been used extensively to eliminaterious extra
chromosomal genetic elements such as sex factwisRdactors from bacterial
cells. The efficiency of curing generally variousrh less than 0.1% to more
than 99% depending upon the element involved tretehal strain, and the
mode of action of the curing agent. It is generalgumed that curing activity is
related to the ability of these compounds to irdlte into superspiralized DNA
and to inhibit its replication. Like the acridinesthidium bromide was
intercalated between base pairs of DNA and inhibitdéA — polymerase and
RNA — polymerase. At the same time, they allow téplication of bacterial
chromosome and the multiplication of bacteria, wuththe multiplication of
plasmid, which is sensitive to intercalation (Mauderg,et al., 1997).

Sodium Dodecyl Sulfate as a detergent is knownctooa the bacterial
membrane. Snyder and Champness (1997), postulaggdSDS might gain
access to the membrane via the pili, which the nplds are attached to
membrane close to the pili and may thus be damaged.

Aislabie, et al. (1990) found that exposure to SDS lead to selectif
clones completely resistant to pilus— specific @sagnd they concluded that
non — susceptibility to SDS is strongly correlabgth failure to produce pili.

The usefulness of curing agents is unpredictablmany bacterial strains,

as there are no standard protocols applicabld feamids (Trevors, 1998).
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2 . MATERIALS AND METHODS

2.1 Materials

The following equipments and apparatus were used in this study:

Equipments

Company(origin)

Autoclave

Express(west-Germany)

Balance

Ohans(France)

Compound Light Microscope

Olympus(Japan)

Centrifuge

Hermal Z200A(Germany)

Disstillator

GFL(Germany)

Oven

Memmert(Germany)

Minielectrophoresis apparatus

Bio Rad(Italy)

Eppendrof Bench Centrifuge

Netherler and Hinz(GMB&grmany)

Hot plate with magnetic stirrer

Gallenkamp(England

Incubator

Termaks(U.K)

Micropipette

Witey(Germany)

Millipore filter unit

Millipore corp(USA)

pH-meter

Mettler Toledo(U.K)

Cool centrifuge

Harrier(U.K)

Electronic balance

Delta Range(Switzerland)

Spectrophotometer

Aurora instruments Ltd. (England

Shaker incubator

GFL(Germany)

Tensiometer

Karl kolb (Germany)

UV-transilluminator

Vilber lourmat(France)

Vortex

Buchi(Swissrain)

Water bath

GFL(Germany)
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2.2: Chemicals

The following chemicals were used in this study:

Benzoate, Decan, glycin, naphtholbenzene, octhaeamose,

_ Analar — England
sodiumtoluate, tetrahydrofurane and Xylene.

Anthracen, calcium nitrate Ca(NJp, chloroform, cyclohexane
fructose,glucose, glycerol, iodine, hydrochlomda(HCI),
magnessium chloride (Mgg) magnessium sulphate (Mg9Q©
naphthalene, peptone, potassium dihydrogen phos@iaOy), BDH — England

potassium hydroxide( KOH), potassium iodide (K8ligylic
acid, sodium chloride(NaCl), sodium benzoate, sodiydroxide

(NaOH), Starch, trans-1-2-diphenyl ethylene, trgptand urea

Agar, borate (HBOs), gelatin, maltose and trehalose. Biolife- Italy

Tetra methyl-p—phenyl-diamine dihydro- chloride. Biomeriux — France

amine sulphate (N$$0y),cadmium sulphate

(CdSQ 2H,0),crystal violet, isopropanol, safranin, hydrogef
peroxide, phenol naphthol, SDS,toludine blue, todueand zinc
sulphate (ZnSQ7H,0).

Difco -USA

Agarose,ammonium chloride (N8I) copper sulphate hydride
(CuSQ,7H,0), EDTA, ethidium bromide, iron sulphate hydride
(FeSQ.7H,0), magnessium sulphate hydride (MnSM®,0), Fluka — Switzerland
mercury nitrate hydride [Hg(N§).2H,O)] and tris ( hydroxy

methyl ) amino methane base ( Tris —base ).

Boric acid, bromo phenol blue and bromo thymol blue Riedel- Dehaeny-German

Cetrimide, cobalt dinitrate hydride [CO (N@R6H,0)], disodium

Merck- Germany
hydrogen phosphate (lPO,) and Ethanol.

Calcium chloride hydride (Cag£2H,0) and Inositol. Oxoid — England

DNse agar, magnessium sulphate hydride (Mg&€0),

maltose, potassium sulphate8Q,) and tryptone.

Sigma —-USA
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2.3 Antibiotic

The following antibiotic discs were used in this study:

Ampicillin Oxoid

Carbencillin AL — Razzi *

cefotaxime Oxoid

Chloramphenicol AL — Razzi

Ciprofloxacin AL — Razzi

Cloxacillin AL — Razzi

Erythromycin AL — Razzi

Gentamicin AL — Razzi

Naldixic acid AL — Razzi

Penicillin AL — Razzi

Rifampicine ' Oxoid

Streptomycin Oxoid

Tetracycline Oxoid

Ticarcillin AL — Razzi

Vancomycin Oxoid

* AL- Razzi center for diagnostic kits production/Ministry of Industry (Iraq).

2.4 Enzymes

The following enzymes were used in this study:

Lysozyme BDH — England

Pronase Difco -USA
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2.5 Culture Media

The following media were used during this study:

e Mineral Salt Medium I ( Zylstra and Gibson,1989):

This medium consists of:

| (Constituent | Concentration(g/100mi) |

K,HPO, 0.02
KH,PO, 0.05
MgSO,. 7H,0 0.02
NH,CI 0.2
CaNG;.4H,0 0.05
FeSQ.7H,0 0.03
MnSO, 4H,0 0.006
H3BO; 0.005
ZnSQ, 7H,0 0.01
CuSQ.5H,0 0.006
CO(NOy),.6H,0 0.006

The ingredients were added to 800 ml distilkeder, potential hydrogen ion
was adjusted to pH 7, then volume was completeld@® ml and sterilized by
autoclaving, then 1% (V/V) of liquid hydrocarboreslkized by filtration was
added. The solid hydrocarbons sterilized by autaatpfor 5min, after that

were added at a concentration of 1 %( W/V).
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« Mineral Salt Medium II (Higham,et al., 1985)

This medium consists of:

Constituent Concentration (g/100 ml)
Glucose 0.01
NH,4CI 0.03
Na,PO, 0.06
Mineral salt solution 0.6 ml

All ingredients were dissolved in 800 mitdlisd water, potential hydrogen
was adjusted to pH 7 , then volume was completed@ ml and sterilized by

autoclaving, after cooling 10 % olucosesterilized by filtration was added.

» Mineral salt solution:
This solution prepared to be consists of:

e e e oD
CaCb.2H,0 0.01
Mg SQ, 7H,0O 0.01
MnSQ, 7H,O 0.007
FeSQ 7H,0 0.004

All ingredients were dissolved in 800 ml distl water, potential hydrogen
was adjusted to pH 7, and then volume was comptetd@00 ml and sterilized

by autoclaving.
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» Carbohydrates Fermentation Medium (Colline and Lyne, 1987)

This medium consists of:

Peptone 0.02
NacCl 0.015
K2HPO: 0.03
Agar 0.03
Bromthymol blue 0.003
Carbon source 0.01

All ingredients were dissolved in 800 ml distl water, potential hydrogen

was adjusted to pH 7.1 , then volume was completelD00 ml and sterilized

by autoclaving, after cooling .1% of carbon sousterilized by filtration was

added.

e Luria — Bertani broth (Maniatis,et al., 1982)

This medium consists of:

Constituent Concentration (g/100 ml)
Tryptone 0.01
Yeast extract 0.05
NacCl 0.05
Glucose 0.01

All ingredients were dissolved in 800 ml distil water, potential hydrogen

was adjusted to pH 7, and then volume was comptetd@00 ml and sterilized

by autoclaving.
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» Cetrimide agar medium (Stolp and Gudkari, 1984)

This medium consists of;

Constituent Concentration (g/100 ml)

Peptone 0.020

MgCl, 0.045

K2SO, 0.01

Cetrimide 0.03

Agar 0.15

All ingredients were dissolved in 800 distl water, potential hydrogen
was adjusted to pH 7, and then volume was comptetd@00 ml and sterilized

by autoclaving.

» King A medium (Starr,et al., 1981)

This medium consists of:

Constituent Concentration (g/100 ml)
Peptone 0.02
K2SO, 0.01
MgCl, 0.014
Glycerol 0.01
Agar 0.15

All ingredients were dissolved in 800 distillwater, potential hydrogen was
adjusted to pH 7, and then volume was completelD@® ml and sterilized by

autoclaving.
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» King B medium (Starr,et al., 1981)

This medium consists of:

Constituent Concentration (g/100 ml)
Peptone 0.02
MgSQ,.7H,0 0.35
K.SO, 0.15
Glycerol 0.01
Agar 0.15

All ingredients were dissolved in 800 mitdlisd water, potential hydrogen
was adjusted to pH 7, and then volume was comptetd@00 ml and sterilized

by autoclaving.

* Urea agar medium (Christensens medigLolline and Lyne, 1987)

This medium was prepared by dissolving 24g of agar base in 950 ml
distilled water, potential hydrogen was adjusted g 7, sterilized by
autoclaving, then 50 ml of 40% (w/v) filter stezéid urea was added, and mixed
gently.

 Gelatin medium ( Stolp and GudKari, 1984)
Gelatin 12% (W/V) was added to trypticase Sbyath and sterilized by
autoclaving.

 DNase Medium (Collee,et al.,1996):

This medium was prepared by dissolving 4.2g DNddeMase medium
and in addition to 0.01g of toludine blue in 100 ahidistilled water, potential
hydrogen was adjusted to pH 7.2, then it was stedlby autoclaving.
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» Other ready made media:

o0 Simmon citrate agar (Biomeriux — France).
Nutrient Broth and nutrient agar (Biolife- Italy
Muller — Hinton agar (Sigma —USA).

Tryptic Soy broth (BDH — England

Brain heart infusion agar medium (BDH — England

© O O o

These media were prepared according to the wigins of

manufacturer company.

2.6 Dyes

 Gram's stain: It was prepared according to the procedure desdrby
Simbert and Krieg (1981).

e Ethidium bromide: Stock solution (10 mg/ml) of ethidium bromiaeas
prepared by dissolving 100mg of ethidium bromide lidml D.W. and
sterilized by filtration throughout millipore filte(0.45um), then it was kept
in a dark place (Maniatigf al., 1982).

2.7 Solutions

2.7.1 Normal saline solution
It is prepared by dissolving 8.5g of sodium chlerid 950 of D.W., then

volume was completed to 1000 ml in a volumetriskla

2.7.2 Antibiotic solutions (Atlas, et al., 1995)
« Carbencillin:

Stock solution of carbencillin (25 mg/mias prepared in D.W., sterilized
by filtration and stored at -20.
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« Penicillin:
Stock solution of penicillin (25 mg/ml) was preedrin water, sterilized by
filtration and stored at -20.
* Erythromycin:

Stock solution of erythromycin (10 mg/ml) wasepared in solution of
alcohol/water (20% V/V), sterilized by filtratiomd stored at -2Q.

+ Tetracycline:
Stock solution of tetracycline (12.5 mg/mlas prepared in solution of
ethanol/water (50% V/V), sterilized by filtratiom@ stored at -20.

2.7.3 Heavy metal solutions (Higham,et al., 1985)

Stock solution of each of heavy metal {cadm (CdSQ2H,0), copper
(CuSQ7H,0), iron (FeSQ7H,0), mercury [Hg (N@.2H,O)] and zinc
(ZnSQ,.7H,0)} was prepared in a concentration of 5 mMolageriszed by
filtration and kept at 4°C in dark place accordiaddigham,et al., (1985) .

2.8 Reagents
1) Catalase reagent ( Atlas, et al., 1995)

This reagent was consist of 3% hydrogen peroxitigiea.

2) Oxidase reagent (1% ) (Konemangt al., 1992)
This reagent was prepared by dissolvigg df tetra methyl-p—phenyl-

diaminedihydro- chloride in 100ml distled wateraiwvolumetric flask.
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2.9 Enzyme

1) Lysozyme:
Enzyme solution was prepared by dissolving 50mgkyse in 1ml SET

buffer and kept at 4°C till it was used.

2) Pronase:
This solution was prepared by dissolving 20mg adnpise in 1ml SET
buffer and kept at 4°C till it was used.

2.10 Buffers

SET buffer:
This solution was prepared to be consist of 75SmNCINend 25mM EDTA,
pH was adjusted to 8.0, then mixed with 20mM Ticl (pH 7.5) and

sterilized by filtration.

Sodium Dodecyl Sulphate (SDS) solution:
This solution was prepared by dissolving 1g SD30ml D.W., and kept
at 55 °C till it was used.

Tris-EDTA (TE) buffer:

This solution was prepared to be consist of 1mM BRhd 10mM Tris-
HCI, potential hydrogen was adjusted to pH 8.0rilsted by autoclaving and
kept at 4°C till it was used.

Phosphate buffer:
This solution was prepared by mixir@$ Inl of solution A, and 804 of

solution B. Both solutions A and B were preparethasfollowing:
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» Solution A, it was prepared by dissolving 9.0 gpaftassium dihydrogen
phosphate in 950 ml of distilled water, then volwves completed to1000ml

in a volumetric flask.

* Solution B, it was prepared by dissolving 23.8g didodium hydrogen
phosphate in 950 ml of distilled water, then volwves completed t0o1000ml

in a volumetric flask.

5) Tris- borate EDTA (TBE) buffer 5X:
This solution was prepared by dissolvidg Fris- base, 27.5g boric acid,
and dissolved in 900ml of D.W, then 20ml of 0.9A\DTA ( pH=8 ) was

added, and the volume was completed to1000ml wlwmetric flask.

6) Loading buffer:
This buffer solution was prepared to be consistbmdmophenol blue
(0.25%), and sucrose (40%) in D.W.

2.11 Methods

2.11.1 Sterilization methods (Colline and Lyne, 1987)

e Autoclaving: Normal saline solution and culture media wereilsted by
autoclaving at 121 °C for 15 min. and 15 Ib/In, etsolid hydrocarbons
were sterilized by autoclaving for 5 min.

* Filter sterilization: Antibiotic solutions, heavy metal solutions, lidui
hydrocarbon, carbon source, urezthidium bromide were sterilized

throughout Millipore filter (0.45um).

e Oven sterilization: Plates, tubes and pipettes were sterilized atQ 66r
1.5 hours.
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2.11.2 Samples collection

Samples of oil-contaminated soils were collecteanfdifferent locations
in Baghdad governorate during the period of 1/94268 15/11/2004, in these
locations the most contaminants were hydrocarbanpoainds like crud oill,
kerosene, engine oil, benzene and gasoline. Coméded soil samples were
puts in labeled nylon bags, and transferred to lddmoratory to isolate
Pseudomonas putida.

2.11.3 Soil sample preparations

Ten gram of each sample to 90ml D.W. imical flasks, mixed
vigorously, and let to stand for a few minutes.i@etilutions were made (from
1071 to 10°).

2.11.4 Isolation of Pseudomonas spp.

One hundred microliter of suitable diluid2.9.3) was spreaded on
nutrient agar and then transferred to cetramide pdes, and incubated at
30°C for 48hrs, then different single colonies wéansferred separately on
King A and King B plates, to accurate differenaion of pseudomonas spp
(Holt, et al., 1994a)

2.11.5 Identification of local isolates
Each of the local isolates grown on cattanKing A and King B plates,
fluorescent under UV-transilluminator and non pigieel were subjected to the

following tests:

A. Morphological, Cultural and Physiological Characteristics:-
« Morphological characteristic of colonies (Colleeal., 1996).
Shape, color, viscous growth, size and eddke colonies were studied on

plates of Brain Heart infusion agar after incubatb 30°C for 48hr.
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*  Growth on cetrimid agar.
This test was achieved according to Green webdl., (1997). Cetrimid agar
was used as a selective medium for isolatiopsefidomonas spp, 100 ul of
fresh cultures of each isolate was spreaded omuétagar plates and incubated
at 30°C for 48hrs.

e Growth on King A.

This test was achieved according to Cruickn&het al., (1975). 10Qu of
fresh cultures of each isolate was streaked on Kimgedium and incubated at
30°C for 48hrs.to examine the isolates ability iyogyanin pigment
production.

e Growth on King B

This test was achieved according to Cruickn®rea al., (1975). 10Qul of
fresh cultures of each isolate was streaked on Rimgedium and incubated at
30°C for 48hrs. Then the plates were exposed to.-Uight to examine the
isolates ability in fluorescent pigment production.

- Gram's stain
This test was achieved according to Harely amesd¢aitt (1996). Single
colony of each isolate was transferred by a looa ttean slide. Smeard and
stained with crystal violet,then it was treatedhwibdine, decolorized with
ethanol (95%), and counter stained with safrariantthey were examined
under a light microscope for cell form, clusterangd staining ability.
e Motility test.

Motility test was achieved according to hangingpdpsocedure (Colleest

al., 1996), in which the motility of the test orgamistheir shape, approximate

size, and general structure can be observed.
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e Growth temperature.
To examine the range of temperature for growthct®aal isolates were
grown on brain heart infusion agar plates and iated at 4°C,
25°C,37°C,40°C and 42°C for 24 hrs.

B. Biochemical Tests:
e Catalse Test (Atlagt al., 1995)

This test was achieved according to Maaaal., (1997).A single colony
was placed onto a clean glass microscope slide avtterile toothpick, then a
drop of hydrogen peroxide (3%) was placed ontoctileny. The production of
gaseous bubbles indicates the presence of catalase.

= Oxidase test

This test was achieved according to Matal., (1997). Filter paper was
saturated with oxidase reagent, then touch of gotdreach isolate to be tested
was rubbed on the filter paper with a sterile waodgplicator stick. An
immediate color change to a deep blue indicatessdiye result.

= Citrate utilization test

This test was achieved according to Ateisal., (1995). simmon citrate
slants were inoculated with a single colony of e&dlate separately, and
incubated at 30°C for 18 hours. Appearances of baler indicate a positive
result.

= Gelatin hydrolysis test

This test was achieved according to Harely Brekcott, (1996). Gelatin
tubes were stabbed, with different local isolaj@®adly and were incubated at
30°C for five days. Liquefaction of gelatin indieata positive result.

= Urease test

This test was achieved according to Atlsal., (1995). Christensen urea

agar slants were inoculated with each local isatgteadly, incubated at 30°C

for 24- 48hrs.Appearances of pink color indicafmaitive result.
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= DNase test

This test was achieved according to Colleteal., (1996). DNAse agar
plates prepared as in (2.5) were inoculated wittheaaolate spreadly, and
incubated at 30°C for 24-48 hrs. Developing of serpink zone around the
area of the growth indicate a positive result.
» Carbohydrates Fermentation test.

This test was achieved according to Colline ande,yi987). Tubes of
Carbohydrates Fermentation medium prepared as.%) (Zere stapped with
single colony of each isolate spreadly, incubate8DaC for 72 hrs. Presence of
yellow color indicates a positive result.

2.12 Maintenance of Bacterial isolates
Maintenance of bacterial strains were performedmtiog to Maniatisgt
al., (1982) and Sambrookt al., (1989) as the following:
2- Short —term storage.
Bacterial isolates were maintained for few weakd uria — Bertani agar
plates. The plates were tightly warped in Para-&imd stored at 4°C.
3- Medium term storage.

Bacterial isolates were maintained for few monthstabbing nutrient agar
in screw-capped tubes containing 5-8ml of nutriagar medium and stored at
4°C.

4- Long —term storage.
Bacterial isolates can be stored for mamryén medium containing 15%
glycerol at low temperature without significatioos$s of viability. This was
done by adding 0.15ml of sterilized glycerol to®r8l of an exponential phase

of each isolate in small screw-capped tubes anddit -20°C.
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2.13 Growth curve of P.putida H6 isolate

The selectdd.putida H6 isolatewas grown in Luria — Bertani broth at
30°C in a shaker incubator (180 rpm) for 18 hrs, ament500ml Erlenmyr
flasks containing 100 ml of nutrient broth wereadatated with 1 ml (1%) of the
above culture. Flasks were incubated in a shakebator (180 rpm) at 3G for
24 hrs. During this period, samples (2ml) were malevery two hours to
measure the O.D. using spectrophotometer at wangthe600 nm (Rodrigues
and Tait, 1983).

2.14 Inoculum's preparation
Fresh cultures of local isolates were grown in ieatr broth until mid
exponential phase (O.D. =0.67), then 0.5 ml aliguott culture media were

taken to inoculate 50 ml fresh medium containiagKs.

2.15 The ability of locally isolated Pseudomonas putida

in biosurfactant production

To examine the ability of local isolates Bf putida in biosurfactant
production , 0.5 ml of different hydrocarbon sowrgerud oil, Engine oll
,kerosene, Soya bean oil and sun flower oil) wiaelded separately to conical
flasks containing 49 ml of mineral salt medium-&ck flask was inoculated
with 500 pl aliquots of the freshly prepared inoculum of easblate of P.
putida separately . then they were incubated in shakereter (180 rpm) at
30°C for 48 hours.

After incubation, supernatant was collectedcewntrifugation (4000rpm for
10 hrs) for surface tension measurement usingdereter (DuNodly). Before
the measurement, tensiometer were calibrated vistilled water (72 mN i),
chloroform (27.1 mN m), and glycerol (64 mN ). Then the obtained reading

of each sample was recorded at the moment in wdictace — immersed ring
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breaks away from the liquid surface. Surface tensieadings were then
recorded (Vatert al., 2003.

2.16 The ability of local isolates of Pseudomonas putida

in hydrocarbon biodegradation

To examine the ability of local isolate§ Pseudomonas putida in
hydrocarbon biodegradation, 0.5 ml of suitable ilquhydrocarbon
(cyclohexane, decane, naphthol, octan, phenolahgdrofuran, toluene and
xylene) or 0.5 gm of solid hydrocarbon (anthracemaphthalene, naphthol
benzene, sodium benzoate, sodium toluate, salicgbd and trans-1,2-
diphenylethylene ) were added to 49 ml of mineadl ;medium-I prepared as in
point (2.5) in conical flask, then they were inatedd with 50Qul aliquots of the
freshly prepared inoculum of each isolate separfpeepared as in point (2.12)
]. Then growth was observed after incubation at@d6r 48 hours. (Zylstra and
Gibson, 1989).

2.17 Heavy Metals Resistance

Different heavy metals (cadmium sulfat@pper sulfate, ferrous sulfate,
mercuric nitrate and zinc sulfate) were used im@centration of 5 mM. Then
the minimum inhibitor concentration was determiried each heavy metal by
inoculating 10 ml of Luria broth containing ser@ncentration of each heavy
metal (5mM, 10mM, 15mM, 2omM and 25mM respectivelyith 100 pl
aliquots of the freshly prepared inoculum of easblate of the separately
(control positive was medium with inoculum, whil@ntrol negative was
medium with heavy metals). Then they were incubateshaker incubater (180
rpm) at 30°C for 48hrgHigham et al., 1985). The minimum concentration of

each heavy metal that inhibits growth of bactersallate considered as the

minimum inhibitory concentration (MIC).
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2.18 Antibiotic sensitivity

This test was done by spreading 0.1ml of mid expbak phase of
Pseudomonas putida H6 on Muller-Hinton agar plates, then disks offefiént
antibiotics were fixed on the plate surface, anelytivere incubated at room
temperature for 1hour in order to let the mediumalieorb the antibiotic. Plates

were then incubated at 30°C for 18 hours. Aftet,thmnibition zones appeared

around each of the antibiotic disk was measurenhilimeter (Atlas, et al.,

1995)

2.19 Plasmid profile of P.putida H6
2.19.1 Extraction of plasmid DNA

DNA Extraction was done according to salting out procedure which

described by Pospiech and Neuman (1995).

2.19.2 Bacterial culture preparation

Suspension of 0.1 ml celbwaoculated into 30ml LB-broth medium,
and incubated in shaker incubater (180rpm) at 30tQ4hrs.Then they were
centrifuged for 10 minutes at 4000 rpm, washeddwaiied resuspended in 5ml
SET buffer.

2.20.3 Procedure

1- One hundrednicroliter of freshly prepared Lysozyme solutionsaadded
to 5ml of cells suspended in SET buffer and incetdor 45 minutes at
37°C.

2- One hundred and fortgnicroliter pronase solution was added and mixed
by inversion then 6Q@ of 10% SDS was added, mixed thoroughly and
incubated for 2hrs at 37°C with occasional inversio

3- Two ml of 5M NaCl was added, mixed by inversion geecipitated

chromosomal DNA.
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4- Five ml of chloroform was added and mixed by inw@rdor 30 minutes
at 20°C.

5- Tubes were then centrifuged for 15 minutes at 26TD0rpm).

6- Supernatant was transferred to fresh tube, themdune of isopropanol
was added and mixed by inversion, after 30 minDiE#& was spooled by
sealed pasture pipette. The spooled DNA was ringedml of 70%
ethanol; air dried, and dissolves in 5 ml of TEfbuf

2.20.4 Agarose gel preparation

Agarose gel was prepared by dissolving 0.7 gm af@ge in 100 ml of
TBE buffer 1x, and heated on hot plate till all exg® crystals were dissolved.
After cooling to 50°C it was poured gently in theparatus tray and cooled to
25°C. Then the tray containing agarose gel wassteared and immersed in
apparatus tank containing TBE buffer solution.

2.20.5 Electrophoresis of extracted DNA samples

Samples of DNA were mixed with 1/10 wok of the loading buffer
and added to the wells in the gel. Generally, gadse run for 2-3 hrs at 5
volt/cm and the gel buffer added up to the leveiaifzontal gel surface.

Agarose gel was then stained by immersin@.5ug/ml ethidium bromide
for 30-45 minutes.

2.20.6 Identification of DNA bands
DNA bands were visualized by UV-illumination atZ30m on an UV-
transilluminator. Gels were destained in distilledter for 30-60 minutes to gel

ride of background before photographs were taken.
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2.21 Curing of plasmid DNA

Curing of plasmid DNA was achieved according tovbrs, (1986) and as
follows:

1) Gradual concentrations of ethidium bromide (4800, 600, 700, 800, 900
and 1000)ug/ml were added separately to sterilized test tutmegaining
5ml of Luria — Bertani broth separately.

2) Test tubes were then inoculated with 100ul of fiyegitepared culture of
P.putida H6 in a mid log phase, then tubes were incubateé2D&E for 24
hours. Growth density of different tubes were obsér visually and
compared with the control to determine the effettcoring agent on
bacterial growth. The sub-lethal concentration éthidium bromide was
determined.

3) Serial dilution of growth culture containing ethidi bromide for sub-lethal
concentration was taken and spreaded on nutrieat plgtes, incubated
overnight at 30°C to allow the growth of bactedalonies. After incubation
the resulted colonies were replica plated (usightoick) on BHI agar plate
(master plate) and BHI agar plates containing aoitdto which the original
isolate is resistance.

4) Plates were incubated at 30°C for 24hr. After tieatpnies changed in its
antibiotic sensitivity was detected and selecteeix@mine plasmid curing by

extraction of plasmid DNA according to procedursatided in (2.17.3).
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Results and Discussions

3. Results and Discussions

3.1 Isolation of Pseudomonas putida

Results in table (3-1) showed that thesre seventy isolates were

obtained from the total soil samples after spreadin nutrient agar plates.

Among the total isolate (70 isolates), only terlates were able to grow on

citramide agar plates, which gives an indicatorusltloe presence of isolates

belong toPseudomonas spp. (Holt,et al, 1994b).

Table (3-1): Local isolates from different

hydrocarbon

contaminated soil samples in Baghdad governorate.

Source of sample

No. of
samples

No. of
isolates

Growth on
Citramide agar

Kerosene Fuel Stations

2

7

Al-Duarah Oil Refinery

20

Fuel Stations

18

Industrial Area-1

3
4
3

13

AL-Jadiria (Al-Nahrain
University Fields)

Oil Fuel Stations

Industrial Area-2

Total

47
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In addition to ,60 isolates belong ¢dther genera such as
Arthrobacte, Achromobacter, Bacillus, Micrococcus,
corynebacterium, Acinetobacter, Nocardia, Alcaligenes,
streptomyces, vibrio and Flavobacterium were also obtained
from contaminated soil samples and this resultsadrwith Nasir

(2002) and Tuleva (2005).

3. 2 Identification

Local isolates that were able to grow on cirtrinadgr plates, which
may be suspected to be belonged Rseudomonas spp. were further
identified according to morphological characteastand biochemical tests.
For the former, colonies of each isolate that weated on BHI agar show
different morphological characteristic oPseudomonas spp. such as
mucoidal growth, smooth with flat edges and elevatenter, whitish or
creamy in color.

Microscopical examination of each isolate showhkdytwere all
having single cell or in chains non-spore formiggam negative and rode
shape. Motility test of those local isolates usimgnging drop method
showed that they were all motile except two isaatd4, H8) as it was

shown in table (3-2).
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Table (3-2):Morphological characteristics of local
isolates of Pseudomonas spp grown on

citramide agar at 30°C for 48hr.

Isolates
Characteristic

H1 H4 H5 Hé6 H8 H10

Colony color | creamy creamy creamy creamy

Spore forming

Gram stain

Cell shape

Motility

All these results are in accordance with that noerettl by Clause and Berkeley (1986).

3. 3 Growth on differential media

In order to identifyPseudomonas putida, isolates that have ability to
grow on citramide were replated on differential mefbr P.putida, which
they were king A and king B. king A medium give iadicator about the
ability of the isolates to produce of water-solupi@cianin pigment, while
king B medium can identify the isolates that aldgtoduce yellow/green
fluorescent pigment after subjection to UV-lightedRlts in table (3-3)
showed that only five isolates {HH;, Hs, Hs and H) were pyocyanin-
negative and fluorescent pigment-positive. Frons¢heesults it can be
concluded that those isolates may be relatdd putida as it was mentioned
by Staniergt.al. (1966), Champiorgt.al.( 1980 ) and Pallerony, ( 1984).
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Table (3-3): Growth ability of locally isolated Pseudomonas

spp. on differential medium at 30°C for 18 hrs.

Isolates

King A

King B

3.4 Biochemical Tests

Biochemical tests were done for the five isoldtés Hs, Hs, Hs and
Ho) that have the features Bfputida. Table (3-4) showed that these isolates
were given a positive result for catalase productioxidase production,
citrate hydrolysis, urease hydrolysis and DNAsedpation. In addition,
these isolates had no ability to produce gelatinaseuction. Growth
temperature ranged betweerC4o 40C. these isolates were also able to
ferment Benzoate, fructose, glucose, glycin andasalas a carbon source.
while they were unable to utilize inositol, rhamepstarch and trehalose as
a carbon source. In fact, these results were agnatbdthat recorded by
Palleroni and Doudoroff (1972) and Holt (1994a).

3.5 Growth Curve
Growth characteristics of selected isolBseudomonas putida H6 was
grown in Luria — Bertani broth at 30°C in shakesuibator. Results mentioned

in figure (3-2) showed that lag phase take abouhotirs followed by
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logarithmic phase (Log) which takes about 10 houmsthis phase optical
density (cell number) increase in constant ratellsicaumber reaches
approximately 1210 cell/ml in the mid log phase). after about sextehours
cells division slowed down and then they were @uestationary phase(cells
number reach approximately»2@° cell/ml) which characterized as a constant
number of cells and low growth. This experiment wiase to determine the
extent of logarithmic (log) phase in order to bedias a basic information
required in designing physiological and genetic ezkpents as well as for

working with homogenous culture.
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Figure (3-2): Growth Curve for Pseudomonas putida H6
grown in Luria—Bertani broth with shaking
(180rpm) at 30°C.
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Table (3-4): Biochemical and physiological characteristic
of Pseudomonas putida isolates.

Catalase

Oxidase

Citrate hydrolysis

urease

DNase

Gelatinase

Growth in 4°C

Growth in 25°C

Growth in 37°C

Growth in 40°C

Growth in 45°C

Benzoate

fructose

glucose

glycin

Inositol

maltose

rhamnose

starch

trehalose
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3.6 Detection the ability of P.putida for biosurfactant
production

Different sources of edible and noneditile were used to examine
the ability of the local isolates¢HH;, Hs, Hs and H) in biosurfactant
production as a first step of bacterial biodegratgabf these compounds.
For this purpose crude oil, engine oil, kerosewgpsan oil and sunflower
oil were used by culturing each isolateFofputida in mineral salt medium
containing 1% of each of these oils separately asuace of carbon and
energy, while the blank was mineral salt mediumtammg 1% of each of
these oils with out growth.

Biosurfactant productiomas detected by lowering the surface tension
of cell-free supernatant of each isolate cultuterahcubation with shaking
(180 rpm) at 30°C for 48 hours. Table (3-5) showreat all of these
isolates can lowering surface tension through Hgity in biosurfactant

production but in different degrees.
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Table (3-5) Surface tension (mN/m) of cell free supernatant
of local isolates of P.putida grown in different oil
sources*.

Crude oil

Engine oil

Kerosene

Soya bean oil

Sun flower oil

*Cultures were incubated with shaking (180 rpm) at 30°C for 48 hrs.

Among the other results we can seefhatitida H6 was seemed to be
the efficient one in biosurfactant production ammkrt lowering surface
tension of cell free supernatants of differentcoinpounds.

Due to the efficiency of surface-active gmunds produced by the
Pseudomonas spp., a number of studies were conducted towarndsfigid
(Jain,et al., 1991; Zhang and Miller, 1994). It was shown that reduction of
surface tension is considered as a selection iomtefor biosurfactant-
producing capacity of microorganisms in a liquiddien (Cooperet al.,
1989; Carrillo, et al., 1996; Randhir, 1997).

Gurjar, et al., (1995) patently showed that maximum emulsifmati

activity was found to be culture density-associdatearude oil-containing
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medium. Desai and Banat (1997) demonstrated that, production of
biosurfactant by. putida during growth on gasoline.

From these results it can be concluded faputida H6 was also the
efficient in lowering of surface tension throughoyroduction of
biosurfactant to promote hydrocarbon biodegradatinr these reasoR.

putida H6 was selected among the other local isolategudy some of its
other specific biocharacteristics dealed with hgdrbon biodegradation

(Banat, 1995; Lin, 1996).

3.7 The Ability of local isolates of Pseudomonas

putida for hydrocarbon biodegradation

Results in table (3-6) showed that all thestates were able to degrade
octane, decane (small chain n-alkane), and benZestgle ring aromatic
compound). Their ability to degrade benzoate andllsthain n-alkane was
very great in comparison with their ability to dade other hydrocarbons.
In addition, all these isolates showed a good tgbith degrade aliphatic
hydrocarbons such as octane and decane becaudbeiof simple
compositions, less toxicity and easy to degradét(Br 1995; Al-Hadhrami,

etal., 1997).
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Table (3-6) Growth of locally isolates of
Pseudomonas putida in mineral salt
medium containing different hydrocarbons*.

Isolates
Hydrocarbon

H5 H6

Anthracene ++

Cyclohexane ++

Decane

Naphthalene
Naphthol

Naphthol benzene

Octane

Phenol

Salicylic acid

Sodium benzoate

Sodium toluate

Tetrahydrofuran

Toluene

Trans-1-2-diphenyl-

ethylene

Xylene

* Cultures were incubated with shaking (180 rpm) at 30°C for 48 hrs.(0.D.=600 nm)
(-) No growth, OD less than 0.05; (+) Low growth, OD= 0.05 -0.15.
(++) Moderate growth, OD= 0.16-0.25; (+++) High growth, OD= 0.26-0.35.
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Furthermore, all of these isolates showebigh ability to degrade
benzoate, since benzoate is the easiest aromatiodarbon could be
degraded by bacteria and utilized by different inelia pathways (Gibson
and Subramanian, 1984; Seeger, et al., 1999).

Among these isolatda putida H6 was the best in the ability of
utilizing all hydrocarbon compounds except tolueaad xylene in
comparison with the other isolates (H2, H3, H5 E®) that show different
abilities for utilizing various hydrocarbon compumis as a sole source of
carbon and energy. In addition, these have notekble to degrade phenol
and anthracene. Phenol has a high bactericidaVitygctihnat make s
biodegradation by microbial cells limited (Abu-Saleet al., 1996), or
oxidation of phenol, as a first step in the bio@elgition, lead to products
even more toxic than phenol (Ramos and Timmis, 1987

It was observed from the results that thedégradation rate of aromatic
hydrocarbons ceased whenever the chemical struatfiréhese aromatic
hydrocarbons became more complicated. It was aoad that all the isolates
were able to degrade Salicylic acid (intermediatengounds), and only the
isolate H6 was the only isolate that has the abilt degrade polynuclear
aromatic hydrocarbon (anthracene) and trans-1,pRediylethelene. These
results were agreed with Kanaly and Harayama, (RO0d@ refers that the
ability of microorganism to degrade hydrocarbon poomds is decreased with
the increase of complexity of these hydrocarbons.

On the other hand environmental persistencepafnuclear aromatic
hydrocarbons is made longer with the increasing bars of rings of these
compounds, for example the biodegradation half#ifeoil and sediment of the

three ring anthracene molecule ranged from 16 © d&ys while for the
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compound that have five ring like benzm] [pyrene may the half-life range
from 229 to 1400 days (Banerjatal., 1995).

This may explained the ability d?seudomonas putida H6 to degrade
anthracene, naphthalene and salicylic acid eithertie same metabolic
pathway, or by utilizing anthracites and naphthalby one metabolic pathway
and salicylic acid by another one.

From the other results obtained in this stumyly two isolates (H3, H6)
were able to degrade cyclohexane (alicyclic comphuAlicyclic compounds
are characterized by their high toxicity toward makmal cells and their complex
structure, therefore the biodegradation of ali@yclbmpounds as a sole source
of carbon and energy synergistic support of twamamre microbial species.
Pseudomonas spp are the most common bacteria that show a goodyabali
degrade such compounds in environments (Dragor8)98

None of the five isolated ¢dtseudomonas putida show a considerable ability
to degrade tetrahydrofuran. The failure of theselates to degrade
tetrahydrofuran, as a sole source of carbon andygmeay be because of the
antimicrobial activity of this compound. Howeverru@gill (1984a) was
referred to the biodegradation of tetrahydrofurgfPseudomonas spp.

There is no doubt that the chemical structures wérious hydrocarbon
compounds not only have an extensive effect onr tbedegradation by
different bacterial isolates, but also the gendiversity of these isolates affect
the biodegradability of these hydrocarbons, as a®lbome of bacterial species
may contain different genetic elements like plasmd transposons carrying
genes for biodegradative proteins that might padie in diverging the
utilization of hydrocarbons (Ramos and Timmis, 198hakrabarty, 1996;
Nasir,et al., 2003).
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3.8 Heavy metal resistance

Because of the nature of the contaminated enviratsre selected as
a regions isolation foP. putida. Ability of P. putida H6 in heavy metal
resistance was examined against several types afyhmetal such as
cadmium (Cd**), copper(Cu®"), iron (Fe**), mercury (Hg**) and zinc
(Zn**) while control positive was the mineral salt mediamd inoculum
and control negative was the mineral salt mediurth wieavy metals.
Results in table (3-7) showed tHatputida H6 was resist to all of these
heavy metals with slight difference ( resistarz@n®* > Fe’* > Cu** >
Cd** and Hg**) after incubation with shakin¢l80 rpm) at 30°C for 48
hours. This result indicated that most &f putida which utilizing
hydrocarbons can resist heavy metals. Higham,al., (1985) who
mentioned that mosP. putida strains were hydrocarbon utilizing and resist
to heavy metal.
On the other hand results in table (3-7) showed tifte minimal inhibitory
concentration for both Cadmium and Mercury was 5,mMile it was 10
mM for Copper, Iron and Zinc respectively. TheseCllwere greater than
those for other strains of Pseudomonas spp. and other hydrocarbon
biodegrading strains resulted in different stud{deelson, et .al., 2002).
Several principal sites of heavy metal complex fation in biological
systems have been proposed, including accumulatiorthe cell wall,
carbohydrate or protein polyphosphate—heavy metamptexation,
complexing with the carboxyl group of the peptidagin in the cell wall or
entering into cells via energy — dependent mechaniNaKahara,et.al.,
1977).
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Table (3-7): Heavy metal resistance of P. putida H6 termed
by growth density and minimal inhibitory
concentration (mM) *,

Heave Metal .D. MIC( mM)

Cadmium . 5

Copper . 10

Iron . 10

Mercury

Zinc

* Cultures were incubated with shaking (180 rpm) at 30°C for 48 hrs.
Low growth (O.D. =0.1 - 0.2). Moderate growth (O.D. = 0.21 - 0.3).
High growth (O.D. = 0.31 - 0.4).(0.D.=580 nm)

3.9 Antibiotic sensitivity test

Heavy metal resistance &f.putida that mainly associated with
plasmid(s) is also responsible for antibiotic resise (Clarket al., 1979;
Summers, 1985).

The standard disk diffusion method was useddetermine the

sensitivity of P. putida H6 to several antibiotics. Table (3-8) showed that
the resistance of this isolate to different antib® varied according to the

nature of antibiotic. However, this isolate wasisesice to ampicillin,
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carbencillin, cloxacillin and penicillin the resasice could be attributed to
hydrolysate this groug-lactamase or to lack of penicillin binding protein
(PBP) or the change of permeability to the drugg#ign,et al., 2000).

These results were in agreement with Hollona@l.,( 1979) and Scott
et al., (1999),who found that most species geudomonas were resistance
to a broad spectrum of penicillin’s including amijbic, carbencillin,
pipracillin and others, which was due idactamase production, but these
antibiotic when combined witf-lactamase inhibitors became active against
different isolates in vitro. Ferer (1995) found ttillae major mechanism of
resistance to penicillin and ampicillin in gram-agge bacteria causing
clinical significant in the expression @flactamase, of which there are
several classes including plasmid encoded and adsomally encoded
enzymes.

Resistance of. putida H6 to chloramphenicol could be happen by
inactivate the antibiotic throughout secretion o€hloramphenicol acetyl
transferase (CAT), and the resistance to erythramg@y be results from
an alteration (methylation) of the rRNA receptoritawas mentioned by .

Jawetzeet al., (1976).
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Table (3-8): Resistance of P. putida H6 isolate, to different
antibiotics*.

Antibiotic Sensitivity

Ampicillin

Carbencillin

cefotaxime

Chloramphenicol

Ciprofloxacin

Cloxacillin

Erythromycin

Gentamicin

Naldixic acid

Penicillin

Rifampicine

Streptomycin

Tetracycline

A1 A|1I1TOO]|IZI ORI IOV AOR

Ticarcillin

wn

Vancomycin

* Cultures were incubated at 30°C for 18 hrs . R: Resist. S: Sensitive.

62



Chapter Three Results and Discussions

Furthermore, table (3-8) showed that thiglai® was sensitive to
cefotaxime, Ciprofloxacin, Rifampicine, Vancomycimminoglycosid (
Gentamycin and Naldixic acid ).

The multidrug resistance to several antibsotcould be due to the
permeability of the outer membrane, which mightvpré the entry of
antibiotic into the cell, or due to certain mutasothat occur as a result of
overuse and misuse of antibiotics. Plasmids thatyicg resistance gene
plays an important role in transferring the muliiglrresistance among
bacterial straingSnyder and Champness, 1997; Stock and Wiedemann,
2001).

3-10 Plasmid profile of P.putida H6

Among different isolate®,putida H6 was selected to study plasmid
profile because it was the best in hydrocarboddgoadation and lowering
surface tension of cell-free supernatants, in amdito it's ability in heavy
metal resistance. For this purpose, salting outcqmore was used for
extraction of plasmid DNA according to Pospiech Alsdimann (1995),

Figure(3-3) showed that there are twomldsDNA bands on agarose
gel, these results represents tRautida H6 harboring two small plasmids
that may be associated with the chromosome in comdeto biosurfactant
production, hydrocarbon biodegradation and thestasce to heavy metals
and antibiotics. These results correspond with sdigl (2002) who found
that P.putida contain two plasmids responsible for antibiotiad ameavy
metals resistance beside the large plasmid thpomsgble for hydrocarbon

biodegradation.
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+<— Chromosomal DNA

Plasmid DNA _—— .

Figure (3-3) Plasmid profile of P.putida H6 migrated on agarose

gel (0.7 %) in TBE buffer at 5 v/cm.

3.10.1 Curing of plasmid DNA

In order to know the relationship between tthe plasmids ofP.putida
H6 and it is ability in biosurfactant production danhydrocarbon
biodegradation and heavy metal resistance, theseplasmids were cured
using ethedium bromide as an intercalating ageotrding to procedure
described by Trevors, (1986) , the mode of actibetbedium bromide in
curing plasmid DNA based on it's ability to inhidRNA replication of
plasmid DNA during cell division without any effeon the chromosomal

DNA replication, which leads to the presence otpial-less cell in the next
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generations. Furthermore ethedium bromide was d gagent in curing of
plasmid DNA, if it compared with physical and athehemical agents
(Hohn and Korn, 1969).

P.putida H6 was grown in Luria — Bertani broth containingadual
concentrations of  ethedium bromide to determine tbub-lethal
concentration. Results in table (3-9) showed thatsub-lethal concentration
of ethedium bromide was 700g/ml. Culture bacteria containing this
concentration was diluted and spread on brainthe&rsion agar and
incubated at 30°C for 24 hours. Fifty of the rémotl colonies were selected
and replica-plated on Muller — Hinton agar platestaining carpencillin,
erythromycin, penicillin and tetracycline sepanatdlhe changed fronpy',
E', PP andTE" to py°, E°, P° and TE® were selected and suspected to be
cured, then they were selected and examined foalligy in biosurfactant

production, hydrocarbon biodegradation and heavalneesistance.

Table (3-9): Determination sub-lethal concentration of Ethidium-
bromide affects growth of P.putida H6*.

Ethidium-
Bromide
(Hg/ml)

Growth

* Cultures were incubated with shaking (180 rpm) at 30°C for 48 hours.
(-) No growth.(+) slightly growth.(++) Moderate growth(+++) Heavy growth.
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Table (3-10) showed that eight colen{#6%) of fifty were lost
their antibiotic resistance to one or more of wsiatibiotics. Two of these
(H66 and H68) were lost the resistance to one antilfietracycline),
three (H61, H62) and (H67) were lost the resistaiactwo antibiotics
(carbencillin, penicillin) and (erythromycin, tetsacline), one (H63) was
lost the resistance to three antibiotics(carbancillpenicillin, tetracycline),.
Two cured strains (H64 and H65) were lost the taste to four
antibiotics(carbencillin, erythromycin, penicillitetracycline).

The results indicated that Erythromyeinmd tetracycline resistante
genes are carried on different plasmids (two pldsjniwhile carbencillin
and penicillin resistant genes are carried on dasnud, because no cured

isolate was obtained which lost one of them only.

Table (3-10): Cured colonies of P.putida H6 that lost the resistance
to antibiotics after incubation with ethidium-bromide, for 24
hours at 30°C.

Antibiotic

Carbencillin

Erythromycin

Penicillin

Tetracycline

R: Resist. S: Sensitive.
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To determined the cured celRputida H64 (cured colony) was selected.
Figure (3-4) showed that the cured isolatd Mias lost both small plasmids
that it contains after curing with ethedium bromiden the basis of this
result the cured isolatB.putida H64 was used to determine its ability in
biosurfactant production, hydrocarbons biodegradatand heavy metal

resistance.

H64 HG6

Chromosomal DNA————— <«— Chromosomal DNA

> Plasmid DNA

Figure (3-4) Plasmid profile for the wild type of P. putida H6
and the cured P. putida H64 on agarose gel (0.7 %)
in TBE buffer at 5 v/cm.

Lane (H6): wild type
Lane (H64): cured type
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3.10.2 The ability of cured cells in biosurfactant production,
hydrocarbon biodegradation and heavy metal resistance.

In order to determine whether the cured isolaté¢ dtker important
traits like biosurfactant production, hydrocarboimdegradation and heavy
metals resistantP.putida H64 was tested for their ability in biosurfactant
production, hydrocarbon biodegradation and heavyalseresistance. The
results table (3-11) indicated that these two smplalmids inP.putida H6 are
not responsible for biosurfactant production beedRgutida H64 is still
capable to lowering the surface tension of cek-fseipernatant of edible and
nonedible oils. This result indicated that biosatdat production trait in

P.putida H6 may be located on the chromosome.

Table (3-11) Surface tension (mN/m) of cell free supernatant of
cured P. putida H64 grown in different oil sources*.

Sun
Kerosene flower
oil

47

*Cultures were incubated with shaking (180 rpm) at 30°C for 48 hrs.

This results was agreed with Saifour (1988p found that the cured

isolates ofPseudomonas spp. did not lose their biosurfactant productivity,
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but they lost some ability to degrade crude oilsis in table (3-12)

showed thatP.putida H64 is still able to degrade different hydrocardon

except salicylic acid and xylene which may be coef# by plasmid DNA

that lost in curing experiment. These results comdd that the small

plasmids ofP.putida had no effect on biosurfactant production while it

might have a regulatory role on crude oil degramhator a role in

degradation of some other hydrocarbons.

Table (3-12) Growth of cured P. putida H64 in mineral salt
Medium containing different hydrocarbons*.

P. putida H6

Compounds
growth

P. putida H64
growth

Anthracene ++

++

Cyclohexane ++

++

Decane

Naphthalene

Naphthol

Naphthol benzene

Octane

Salicylic acid

Sodium benzoate

Trans-1-2-diphenyl
ethylene

Xylene

* Cultures were incubated with shaking (180 rpm) at 30°C for 48 hrs.
(-) No growth, OD less than 0.05; (+) Low growth, OD= 0.05 -0.15.
(++) Moderate growth, OD= 0.16-0.25; (+++) High growth, OD= 0.26-0.35.
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On the other hand, table (3-13) showed that thedcigolateP.putida
H64 was lost resistance traits to two heavy mdtakrcury and cadmium)
which means that these two traits were also plh$&min, while it still resist
to other heavy metals (copper, iron and zinc iclwimay be referred that
these traits are chromosomal located.

The genome d®.putida encodes an unexpected capacity to resistance
heavy metals and metalloids. Computer—assistedg@adhes of the genome
sequence identified a number of putative geneslwedoin the regulation,
uptake, extras ion and chelation of metaldiputida and the location of
these genes occurs in two large clusters clogbeawrigin of replication
region might result in increased resistance. (Radnand Tonvinen, 1984;
Dolman, 1986).

Table (3-13): Heavy metal resistance of cured P. putidaH6 4 termed

by growth density and minimal inhibitory
concentration (mM)*.

Heavy metal Cadmium

Growth

MIC ( mM )

* Cultures were incubated with shaking (180 rpm) at 30°C for 48 hours.
(-) No growth.(+) slightly growth.(++) Moderate growth(+++) Heavy growth.

Previously Lee et.al., (2001), confirmed that the resistance genes were

carried on a plasmid.

70



Conclusion &I Recommendation

Conclusions

1- Soil samples contaminated with oil hydrocarbons represents suitable
environments for isolation of Pseudomonas putida.

2- Among different isolates of Pseudomonas putida, P.putida H6 was the best
one in biosurfactant production, hydrocarbon biodegradation, and it was
found that this isolates was resist to Cadmium, Copper, Iron, Mmercury and
zinc.

3- Ethedium bromide is an effective agent in curing of P.putida plasmid DNA.

4- Biosurfactant production trait and biodegradation of anthracene,
cyclohexane, decane, naphthalene, naphthol, naphthol benzene, octane,
phenol, sodium benzoate and trans-1-2-diphenyl-ethylene were
chromosomally located while salicylic acid and xylene traits are located on
plasmidsin P.putida He6.

5- Resistance to copper, iron and zinc are chromosomally located while

resistance to cadmium and mercury are located on plasmids.
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1- Determination the optimum conditions for hydrocarbon degradation and
biosurfactant production by P. putida H6.

2- Developing the ability of P.putida H6 biosurfactant production by
mutagenesis or cloning.

3- Using P.putida H6 in pure cultures and /or mixed cultures in treatment of
polluted sites with different oil and hydrocarbon.

4- Further study on microbia resistance to heavy metals and hydrocarbons
biodegradation and the relationship between them have will be done.

5- Further studies on microbia resistance to heavy metals and antibiotic
resistance.
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INTRODUCTION

Pseudomonas putida has been recognized for many years as a common
inhabitant of soil sand and fresh water, It wasfibthat its comprised an average
of six percent (ranging up t014%) of all culturalslelates in roots of seven species
of common weed and'st described as “ubiquitous”, the strains of thistbaa
which isolated from infected plants and soil sammpl&as found to be resistant to
several antibiotic and heavy metals, this may iathd the risky relationship
between both resistance to metals and contaminatettonment, that cause

distribution for resistance factors for antibiadicd heavy metals (Palleroni, 1984).

It must also considered a potential pathogen indryras it has been isolated from

a number of clinical samples (Stolp and Gud K&84).

It was known to microbiologists for their abilityo tdegrade aromatic
hydrocarbons such as toluene, camphor and naphé&éhatbrough degradative
pathways often associated with plasmid which haenkexamined extensively by
biochemical and genetic means. In nature, it wolbdd expected to play a
significant role in carbon mineralization along hviitherPseudomonads, that had
a characteristic ability to degrade a wide varigtgarbon sources, and it does not

require special growth factors (Azoulagal., 1983).




Introduction

Pseudomonas putida was genetically developed to get a modified stretiich
carrying genes coding for enzymes that mediatelégeadation of xylene, toluene,
octane and camphor in to carbon Add HO. These genes are born on plasmids
and were manipulated by general microbiological ayehetic engineering
technigues, to get a super bug strain that contdirieur sets of genes (Brookd,
al., 1995).

P. putida was found to be the most efficient species ofgieusPseudomonas
have the ability to degrade hydrocarbon, it hasmnbessociated with other metal
oxidation and biosurfactants production (Dragor88eZhang, and Miller, 1994).
Because of the importance of such microorganisndatoxification and relief

pollution in different environments, so this studgs aimed to:

» Isolation and identification dPseudomonas putida.

» Screening local isolates &f putida and select the efficient one based on
it ability in biosurfactant production and hydroaaribiodegradation.

» Determine the genetic nature of the genes thatorssple for the
biosurfactant production, hydrocarbon biodegradatiad the resistance

to heavy metals.




List of 2 Abbreviations

List of Abbreviations

Avbreviations|  Meams

Cetrimide Cetyltrimethylammonium bromide.
CAT Chloramphenicol Acetyl Transferase .
DNA Deoxyriboneuclic Acid.

DNase Deoxyribonuclease.
D.W. Distilled water.
EDTA Ethylene Diamine Tetra Acetic Acid.
g Gram.
MIC Minimum Inhibitory Concentration.
mi Milliliter.
mM Millimolar.
mNm™ Millinuton per meter.
MT Metallothioneins.
nm Nanometer.
O.D. Optical Density.
ORF Open Reading Frame.
PBP Pencillin Binding Protin
RNA Riboneuclic Acid.
RNase Ribonuclease A.
rpm Round per minute.
SDS Sodium Dodecyl Sulfate.
TBE Tris -Borate Ethylene Diamine Tetra Acetic Acid.
TCA Tri — Carboxylic Acid
TDO Toluene Dioxygenase.
TE Tris - Ethylene Diamine Tetra Acetic Acid.
v/v Volume by volume
w/v weight by volume
u.v. Ultraviolet Light
% Percent.
°C Degree Celsius.
B Beta
M Micro liter




List of Contents

List of Contents

List of abbreviation
Summary

List of Tables
List of Figures

Introduction 1
Aims of Study 2
1.1 Genus Pseudomonas 3
1.1.2 | Pseudomonas putida 4
1.2 Microbial biodegradation of hydrocarbon 4
1.2.1 | Types of biodegradable hydrocarbons 5
1.2.2 | Environmental condition for biodegradation 6
1.3 Microbial biodegradation of hydrocarbons 7
Mechanisms for microbial oxidation of
1.4 8
hydrocarbons
1.4.1 | Oxidation of aliphatic hydrocarbons 8
1.4.2 | Oxidation of alicyclic hydrocarbons 10
1.4.3 | Oxidation of monoaromatics hydrocarbons 11
1.4.5 | Oxidation of furans 13
1.4.4 | Oxidation of polyaromatic hydrocarbons 13
1.5 Microbial resistance for heavy metals and antibiotics 15
1.5.1 | Microbial resistance to heavy metals 15
1.5.1.1 | Mechanisms of microbial resistance to heavy metals 16
1.5.2 | Microbial resistance to antibiotics 17
1.5.2.1 | Mechanisms of microbial resistance to Antibiotics 18
1.6 Genetics of Pseudomonas putida 19
1.6.1 | Role of plasmids in hydrocarbon biodegradation 19
1.6.2 | Role of plasmids in heavy metal resistance 21
1.6.3 Relationship between heavy metal and antibiotic 3
o resistance plasmid




List of Contents

1.7 Curing Of Plasmid DNA 23
2.1 Materials 25
2.2 Chemicals 26
2.3 Antibiotic 26
2.4 Enzymes 26
2.5 Culture Media 28
2.6 Dyes 33
2.7 Solutions 33
2.7.1 | Normal saline solution 33
2.7.2 | Antibiotic solutions 33
2.7.3 | Heavy metal solutions 34
2.8 Reagents 34
2.9 Enzyme 35
2.10 | Buffers 35
2.11 | Methods 36
2.12.1 | Sterilization methods 37
2.12.2 | Sample collection 37
2.12.3 | Soil sample preparations 37
2.12.4 | Isolation of Pseudomonas spp. 37
2.12.5 | Identification of local isolates 37
2.13 | Maintenance of Bacterial strains 40
2.14 | Growth curve of P.putida Hé6 isolate 41
2.15 | Inoculum's preparation 41
716 The_ab?li‘w _of locally isolated Ps_eudomonas 41
putida in biosurfactant production
517 The ability of Ic_>ca| isoIate_s of Pseudomonas putida in 42
hydrocarbon biodegradation
2.18 | Heavy Metals Resistance 42
2.19 | Antibiotic sensitivity 43
2.20 | Plasmid profile of P.putida H6 43




List of Contents

2.20.1 | Extraction of plasmid DNA 43
2.20.2 | Bacterial culture preparation 43
2.20.3 | Procedure 43
2.20.4 | Agarose gel preparation 44
2.20.5 | Electrophoresis of extracted DNA samples 44
2.20.6 | Identification of DNA bands 44

2.21 | Curing of plasmid DNA 45

Chapter Three: Results and Discussions

Isolation of Pseudomonas putida

Identification

Growth ability on differentiation medium

Biochemical Tests

Growth Curve

Detection of biosurfactant production ability of locally
isolated AP.putida

The ability of locally isolated Pseudomonas putida in
hydrocarbon biodegradation

Heavy metal resistance
Antibiotic sensitivity test
Plasmid profile of P.putida H6
Curing of plasmid DNA

The ability of cured cells in biosurfactant production ,
hydrocarbon biodegradation and heavy metal
resistance.

Conclusion

Recommendations

Referents




List of Figures

List of Figures

1-1 | Microbial Monoterminal Oxidation of n-Alkane Compounds| 9

1-2 | Microbial Subterminral Oxidation of n-Alkane Compounds 10

1-3 | Microbial Oxidation of Alcyclic Hydrocarbons 11
1-4 | Microbial Oxidation of Monoaromatic Compounds 12
1-5 | Microbial Oxidation of Furans 13
1-6 | Microbial oxidation of Polyaromatic Hydrocarbons 14

Growth Curve for Pseudomonas putida H6 grown
3-2 | in Luria—Bertani broth with shaking (180 rpm) 54
at 30°C

Plasmid profile of P.putida H6 migrated on agarose
(0.7 %) in TBE buffer at 5 v/cm

Plasmid profile for the wild type of P. putida H6

and the cured P. putida H64 on agarose gel
3-4 | (0.7 %) in TBE buffer at 5 v/cm 70
Lane (H6): wild type

Lane (H64): cured type

Xi



List of Tables

List of Tables

. Page
Title No.

Hydrocarbon biodegradative plasmids in different species

1-1 19
of Pseudomonas
Conjugative plasmids of Pseudomonas spp. carrying

1-2 D : 22
Heavy metal and antibiotic resistance genes
Local isolates from different hydrocarbon

3-1 |contaminated soil samples in Baghdad 48
governorate
Morphological characteristics of locally isolated

3-2 50
Pseudomonas spp
Growth ability of locally isolated Pseudomonas

3-3 | spp. on differential medium at 30°C for 18 hours 51
Biochemical and physiological characteristic

3-4 | of Pseudomonas putida isolates 53
Growth of locally isolated Pseudomonas

3-6 | putida in mineral salt medium containing 59
different hydrocarbons
Surface tension (mN/m) of cell free supernatant of

3-5 | local isolates of P.putida grown in different oil 55
Sources
Heavy metal resistance of P. putida H6 termed

3-7 by growth density and minimal inhibitory 62

Concentration (mM)




List of Tables

3-8 | Resistance of P. putida H6 isolate, to different Antibiotics | 64

sub-lethal concentration of Ethidium-bromide affects

growth of P.putida H6

Cured colonies of P.putida H6 that lost the
resistance to antibiotics after incubation with ethidium-

3-10 bromide, for 24 hours at 30°C 69
Surface tension (mN/m) of cell free supernatant of cured

3-11 ) e . 71
P. putida H64 grown in different oil sources

3.1p [Growth of cured P. putida H64 in mineral salt 72
Medium containing different hydrocarbons
Heavy metal resistance of curd P. putida H64 termed by

3-13 growth density and minimal inhibitory 73

Concentration (mM)




Summary

SUMMARY

Sixteen soil samples contaminated with different
hydrocarbons were collected from seven locations in Baghdad
governorate. From these samples there were 70 isolates were
obtained and ten of them were subjected to morphological and
physiological studies and biochemical tests. Five of them (Symboled
H2, H3, H5, H6 and H9) were characterized as Pseudomonas
putida.

The ability of local isolates of P. putida for biosurfactant
production, hydrocarbons biodegradation and heavy metal
resistance were studied. Results showed that PA. putida H6 was the
best ,because of its high efficiency for biosurfactant production and
lowering the surface tension of cell-free supernatants when it was
grown in mineral salt medium containing crude oil , engine oil ,
kerosene , soyabeen oil and sunflower oil as sole source for carbon
and energy. It was also shown that this isolate was the efficient in
biodegradation of aliphatic hydrocarbons (octane and decane),
and aromatic hydrocarbons (Anthracene, cyclohexane,
naphthalene, naphthol, benzene, phenol, salicylic acid,
sodium benzoate, trans-1-2-diphenyl-ethylene, xylene).
Further more P. putida H6 was able to resist heavy metals. It was
found that this isolates was resist to cadmium, copper, Iron,

mercury and zinc.



Summary

Plasmid profile of P. putida H6 was studied through the
extraction of plasmid DNA by salting-out procedure. Results of
agarose gel electrophoresis showed that this isolate harboring two
small plasmids that may be responsible for some of the
biocharacteristics of this isolates. So, curing of plasmid DNA was
achieved using ethidium bromide, then cured cells that lost the
antibiotic resistance to carbencillin ,erythromycin ,penicillin and
tetracycline were selected and used to study its ability in
biosurfactant production, hydrocarbons biodegradation and heavy
metal resistance. Result showed that this cured cells (Symboled
P.putida H64) was still the efficient in biosurfactant production, and
lowering surface tension in its cell-free supernatants. This result
refers to biosurfactant trait was chromosomally encoded.

It was also found that this cured cell was lost its ability in
biodegradation of salicylic acid and xylene, which may be refers to
plasmid origin of these traits, while it was still efficient in
biodegradation of the other aliphatic and aromatic hydrocarbons.

In addition, cured cells of P. putida H64 were lost its ability in
the resistance to cadmium and mercury, which may be also, refers
that resistance traits are plasmidly encoded, while it was also still

efficient to resist other heavy metals.
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