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Chapter one LiterattReview Y

1-2 Literature Review

1-2-1 Definitions of Surface-Active Compounds:

Surfactants are amphipathic molecules Wwitkh hydrophilic and
hydrophobic (generally hydrocarbon) moieties traatipon preferentially
at the interface between fluid phases with differéegrees of polarity
and hydrogen bonding such as oil/water or air/wattgrfaces (Greek,
1991).

These properties render surfactant capafbteducing surface and
interfacial tension and forming micro emulsion wddrydrocarbon can
solubilize in water or where water can solubilirehydrocarbon. Such
characteristics confer excellent detergency, eriyutgj, foaming, and
dispersing traits, which make surfactant some @& thost versatile
process chemicals (Greek, 1990).

Biosurfactants are a structurally diveggeup of surface-active
molecules synthesized by microorganisms. The mtdeaeduce surface
and interfacial tension in both aqueous solutiord drydrocarbon
mixtures, which make them potential candidates déohancing oil
recovery (Singer, 1985; Shennan and Levi, 1987; Sarkar et al., 1989) and
emulsification process (Cairmsal., 1982).

Biosurfactants have several advantagestbe chemical
surfactants such as:

1- Lower toxicity and higher biodegradability (Zagtal., 1977).

2- Better environmental compatibility (Georgieual., 1990).

3- Higher foaming (Razafindralamisbal., 1996).

4- High selectivity and specific activity at extremamperature, pH

and salinity (Velikonja and Kosaric 1993).

5- Ability to be synthesized from renewable feedstock.
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For all these reasons, efforts have nbekrected toward

biosurfactants, and to improve their productiomfrmicroorganisms.

1-2-2 Biosurfactants Classification and Their Microbial
Origin:

Unlike chemically synthesized surfactamtkich are classified
according to the nature of their polar groupin@shirfactant categorized
mainly by their chemical composition and their rolm@al origin. In
general their structure includes a hydrophilic mpmonsisting of amino
acid or peptide anions or cations; mono-, di, diygaccharides; and a
hydrophobic moiety consisting of unsaturated, dursaed fatty acids.
Although there are a number of reports on the ggishof biosurfactants
by hydrocarbon degrading microorganisms, some Hiastants have
been reported to be produced on water soluble cong® such as
glucose, sucrose, glycerol, or ethanol (Cooper and Goldenberg, 1987;
Palejwala and Desai, 1989; Guestaal., 1991; Hommel et al., 1994).
The biosurfactants-producing microbes are distebuamong a wide
variety of genera.

According to Desat al., (1994), the major classes of biosurfactants

include:

1- Glycolipids;

2- Lipopeptides and Lipoproteins;
3- Phospholipids and Fatty acids;
4- Polymeric surfactants; and

5- Particulate surfactants.

The microbial source of important types of micrdélsarfactants was

shown in table (1-1).
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Table (1-1) Major biosurfactants produced by micgamism (Makkar

and Cameotra, 2002).

LiteratUReview

Biosur factant

Organisms

Rhamnolipids

Pseudomonas sp., P. aeuginosa

Trehalolipids

R. erythropolis, N. erythropolis
Mycobacterium sp.

Sophorolipids

T. bombicola, T. apicola

T. petrophilum
Cellobiolipids U. zeae, U. maydis
Peptide-Lipid B. licheniformis

Serrawettin

S marcescens

Viscosin P. fluorescens
Surfactin B. subtilis
Subtilisin B. subtilis
Gramicidins B. brevis
Polymyxin B. polymyxa
Fatty acids C. lepus
Neutral lipids N. erythropolis
Phospholipids T. thiooxidant

Emulsan

A. calcoaceticus

Biodispersan

A. calcoaceticus

Mannan-lipid protein

C. tropicalis

Liposan

C. lipolytica

Carbohydrate-protein-lipid

P. fluorescens, D. polymorphis

Protein PA

P. aeuginosa

Vesicles and Fimbriae

A. calcoaceticus

Whole cells

Variety of bacteria
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1-2-2-1 Glycolipids:

Most known biosurfactants are glycolipid$iey are carbohydrates
In combination with long-chain aliphatic acids gidhoxyaliphatic acids.
Among the glycolipids, the best knowns are rhanmiadd, trehalolipids,
and sophorolipids (Champion, 1995).

A- Rhamnolipids:

A model micelle-forming biosurfactamolecule is the rhamnolipid
molecule produced biyseudomonas aeruginosa. Production of rhamnose
containing glycolipids was first describedRseudomonas aeruginosa in
1949 by Jarvis and Johnson. Rhamnolipid is an amibrosurfactant
containing either one or two carboxylated sugadkedong with one or
two lipid tails. For this reason, rhamnolipid iassified as a glycolipid.
Rhamnolipid may exist in its micellar form as a eph a vesicle, or a
lamella (bi-layered sheefChampion, 1995).

Rhamnolipid can be mono-headed (congstf a six-carbon
sugar) or multiheaded as well as mono-tailed (stimgj of a seven-
carbon alkyl) or multi-tailed. The chemical struetuof one type of
rhamnolipid, containing dual-head and dual-taia(rmolipid 1), is shown
in figure (1-1 A). Rhamnolipids usual function iost probably to bring
carbon sources into solution where they will beeasthble by the bacterial
cell. Rhamnolipids fronPseudomonas spp. have been demonstrated to
lower the interfacial tension againsthexadecane to 1 mN/m and the
surface tension to 25 to 30 mN/m (Lang and Wagner, 1987; Parra €t al.,
1989).
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B- Trehalolipids:

Several structural types of microbial aietipid biosurfactants have
been reported (L&t al., 1984). Disaccharide trehalose linked at C-6 and
C-6" to mycolic acids is associated with most specfagyobacterium,
Nocardia, andCorynebacterium. Trehalolipids from different organisms
differ in the size and structure of mycolic acide thumber of carbon
atoms, and the degree of unsaturafidsselireau and Asselineau, 1978;
Cooperet al., 1989). Trehalose dimycolate produced Riyodococcus
erythropolis (figure 1-1B) has been extensively studied (Dasai Banat,
1997). Trehalose lipids frofRhodococcus erythropolis andArthrobacter
sp. lowered the surface and interfacial tensiaiménculture broth to 25 to
40 and 1 to 5 mN/m, respectively (Ragi@l., 1979; Li et al., 1984).

C- Sophorolipids:

Sophorolipids, which are produced mainly yeasts such as
Torulopsis bombicola, consist of a dimeric carbohydrate sophorose tinke
to a long chain hydroxy fatty acid (figure 1-1ChéBe biosurfactants are
a mixture of at least six to nine different hydroplt sophorosides
(Desai and Banat, 1997). It has been shown @aadida bogoriensis
produce glycolipids in which sophorose is linked docosanoic acid
diacetate (Cutler and Light, 1979).
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Figure (1-1). Structure of some common glycolipid biosurfactants

(Champion, 1995).

(A) Rhamnolipid type 1 fromPseudomonas aeruginosa in which two
rhamnose subunits are linked to two b-hydroxydeicaaoids in a
side chain.

(B) Trehalose dimycolate froniRhodococcus erythropolis, in which
disaccharide trehalose is linked to two long-chaibranchedp-
hydroxy fatty acids.

(C) Sophorolipid fromTorulopsis bombicola in which dimeric sophorose
is linked to a long-chain (C18) hydroxy fatty acid.
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1-2-2-2 Lipopeptides And Lipoprotens:

A large number of cyclic lipopeptidescluding decapeptide
antibiotics and lipopeptide antibiotics possessamable surface-active
properties. The cyclic lipopeptide surfactin (figut-2), produced by
Bacillus subtilis, is one of the most powerful biosurfactants. Véos the
surface tension from 72 to 27.9 mN/m at concemngtias low as
0.5pug/mL (Arimaet al., 1968). Viscosin, produced by the broccoli head
rot pathogenPseudomonas fluorescens, is also a potent lipopeptide
biosurfactants. It can reduce the water surfacsidanfrom 72 to 27
mN/m at a concentration of 4pg/mL (Laycaatlal., 1991).

l-Asp — D-Leu — L-Leu—0O ?Ha
/ HC(CHy)a- CH

- Val | '
LV CH;  CH,

\
“, |
D-ley — Lley — L-Glu—C =0

Figure (1-2). Structure of cyclic lipopeptide surfactin proéddy
Bacillus subtilis. (Neu, 1990).
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1-2-2-3 Phospholipids and Fatty acids;

Several bacteria and yeasts produce large quentiti fatty acid
and phospholipid surfactants during growth on raa#s (Asselineau and
Asselineau, 1978; Cooper et al., 1978; Cirigliano and Carman, 1985).
Phosphatidylethanolamine (Figure 1-3) produced Riyodococcus
erythropolis grown on n-alkane causes a lowering of interfat@akion
between water and hexadecane to less than 1mN/ma &MC (critical

micelle concentration) of 30mg/L (Kretschnet@l., 1982).

0
HC-0-C-R,
0
1]
HC-0-C-R,
':' +
HC-0-P-0-CH,-CH,-NH,
o-

Figure (1-3). Structure of phosphotidylethanolamine, a potent
biosurfactant produced Acinetobacter sp. R1 and R2 are hydrocarbon
chain of fatty acids (Cirigliano and Carman, 1985).
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1-2-2-4 Polymeric Biosurfactants:

Polymeric biosurfactants usually haveghhmolecular weight. The
best-studied polymeric biosurfactants are emulsagufe 1-4), liposan,
mannoprotein, and other polysaccharide-protein d¢exes. Emulsan
produced byAcinetobacter calcoaceticus, is a very effective emulsifying
agent for hydrocarbons in water even at a concgoitras low as 0.001%
to 0.01%. It is one of the most powerful emulsitabgdizers known today
and resists inversion even at a water-to-oil ratidl:4 (Belskyet al.,
1979; Zosim et al., 1982; Gutnick and Shabtai, 1987). Desai et al. (1988)
demonstrated the production of bio-emulsifier ©Bseudomonas
fluorescens during growth on gasoline. This bio-emulsifiercsmposed
of 50% carbohydrate, 19.6% protein and 10% lipid.

o
||CH1}.
'f"'= CHOH
(CHa flJHz
CHOH J: -o
ll: -0 ) |
_ ﬂ ! w o -
: )—n —_ o--
U HO NH
_ I ¢-0
c=0 ﬁl Ho)ea £|:H,
B CH, CH, n

Figure (1-4). Structure of emulsan, produced bAcinetobacter
calcoaceticus (Desaiet al. 1988)
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1-2-2-5 Particulate Biosur factants:

Extracellular membrane vesicles partitigmrocarbons to form a
microemulsion, which plays an important role in aakuptake by
microbial cells. (Kappeli and Finnerty, 1979). Thembrane vesicles
contain about 5 times as much phospholipid and B8 times as much
polysaccharide as does the outer membrane of the sgganism (Desali
and Banat, 1997). Surface activity in most hydrboardegrading and
pathogenic bacteria is attributed to several calfage components,
which include structures such as M protein andtémioic acid in the
case of group Atreptococci, protein A inSaphylococcus aureus, layer
A in Aeromonas salmonicida, prodigiosin inSerratia spp., gramicidins in
Bacillus brevis spores, and thin fimbriae iAeromonas calcoaceticus
RAG-1 (Wilkinson and Galbraith, 1975; Fattom and Shilo, 1985).

1-2-3 Biosurfactants- Producing Pseudomonas aeruginosa

P. aeruginosa (family Pseudomonadacea), an aerobic, motile,

gram-negative rod able to grow and survive Iin almasy
environment, lives primarily in water, soil, andgegation. However,
despite abundant opportunities for sprdadieruginosa rarely causes

community-acquired infections in immunocompetertguds.

P. aeruginosa produces several extracellular products that after

colonization can cause extensive tissue damagedsiiceam invasion,
and dissemination (figure 1-5). In vivo studies éashown that
mutants defective in the production of exotoxin éoenzyme S,
elastase, or alkaline protease are essential fammian virulence of
P. aeruginosa; however, the relative contribution of a given @act

may vary with the type of infection (Nicas and Vggki, 1985). Many
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of these factors are controlled by regulatory systenvolving cell-to-
cell signaling.

Exws e fuies pogshests:
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Figure (1-5). Virulence factors ofPseudomonas aeruginosa (Nicas
and Igliwski, 1985).

The biologic effects of the most-studiextracellular virulence
factors associated with aclReaeruginosa infection were summarized as
follows:

Exotoxin A: is produced by mosP. aeruginosa strains that cause
clinical infections. Like diphtheria toxinP. aeruginosa exotoxin A
catalyzes ADP-ribosylation and inactivation of eation factor 2,
leading to inhibition of protein biosynthesis arall death (Nicast al.,

1985, a). Exotoxin A is responsible for local tissdamage, bacterial
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invasion (Woods and Igliwski, 1983), and (possiliginunosuppression
(Vidal et al., 1993). Purified exotoxin A is highly lethal farice, which
supports its role as a major systemic virulenceéofaof P. aeruginosa
(Woods and Igliwski, 1983).

Exoenzyme S: is also an ADP-ribosyl transferase, but unliketexm
A, it preferentially ribosylates GTP-binding pratei such as Ras
(Iglewski et al., 1978). This exoproduct is responsible for diressue
destruction in lung infection (Nicas al., 1985, b) and may be important

for bacterial dissemination.

Hemolysins. two hemolysins, phospholipase C and rhamnolipid,
produced byP. aeruginosa, may act synergistically to break down lipids
and lecithin. Both may contribute to tissue invashy their cytotoxic
effects. Rhamnolipid, a rhamnose-containing glyadlbiosurfactant, has
a detergent like structure and is believed to sbagbthe phospholipids
of lung surfactant, making them more accessibleckeavage by
phospholipase C (Liu, 1974). The resulting loskin§ surfactant may be
responsible for the atelectasis associated wittorgbrand acuteP.
aeruginosa lung infection (Liu, 1979). Rhamnolipid also inhg the
mucociliary transport and ciliary function of humarespiratory
epithelium (Readkt al., 1992). However, the relative role of rhamnolipid

in acute or chronic infection is not known.

Proteases. are assumed to play a major role during aButseruginosa
infection. P. aeruginosa produces several proteases including LasB
elastase, LasA elastase, and alkaline proteassgtRasand Iglewski,
1995). The role of alkaline protease in tissue snwa and systemic

infections is unclear; however, its role in cahefections may be
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substantial. The ability d?. aeruginosa to destroy the protein elastin is a
major virulence determinant during acute infectiglastin is a major part
of human lung tissue and is responsible for lungaesion and
contraction. Moreover, elastin is an important comgnt of blood

vessels, which rely on it for their resilience (Kackiet al., 1995).

1-2-4 Genetics of Biosurfactants:

There are numerous reports on the isolatiof mutants
deficient in biosurfactant production with a condtamt loss in the ability
to grow on water-insoluble substrates (Bar-Nessal., 1988). The
developments of a thin-layer chromatographic temhai(Matsuyamat
al., 1991), drop collapse test (Jatal., 1991), hemolytic measurement
test (Mulligan et al., 1984), technique for rhamnolipid detection on
mineral agar (Siegmund and Wagner, 1991), and spieening method
for hydrocarbon-degrading microorganisms (Haneeal., 1993) have
significantly accelerated the ability to rapidlyolate biosurfactant
producing organisms. A clear understanding of bfastants genetics
has emerged only through recent studie®sdudomonas and Bacillus
systems (Desat al., 1994).

» Genetics of rhamnolipid synthesis:

Ochsneret al. (1994), b have extensively studied the genetics o
rhamnolipid biosynthesis iRseudomonas aeruginosa. TherhlABR gene
cluster was found to be responsible for the symhasSRhIR regulatory
protein and a rhamnosyl transferase, both essefdralrhamnolipid
synthesis. The active rhamnosyl transferase comsldrcated in the
cytoplasmic membrane, with the 32.5-kDa RhIA pmotéiarboring a
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putative signal sequence, while the 47-kDa RhIBginois located in the
periplasmic region and contains at least two pegatnembrane-spanning
domains. TheahlR gene encodes a transcriptional activator, the 28-kD
RhIR protein belonging to the LuxR family, whichgitovely regulates
rhamnolipid biosynthesis. Ochsner and Reiser wdesntified another
regulatory generhll, located down stream of thdlABR gene cluster.
Further, it was shown that the regulation of rhalwnb production in
Pseudomonas aeruginosa is mediated by thehlR-rhll system involving
an autoinducer. Figure (1-6) shows the regulatidn rlmmnolipid
synthesis, in which activation of RhIR regulatorgtein on binding to its
cognate autoinducers (factor 2 and/orVAIl), the pas of the
autoinducer synthetase, and its regulatory rolgenetic control ofhll
gene are proposed. The binding of activated Rhtfeepr upstream of the
rhlA promoter enhances the transcription of thiAB operon encoding
rhamnosyl transferase. The expression of th&B genes in heterologous
hosts has also been studied. WPseudomonas fluorescens and
Pseudomonas putida, these genes were expressed and produced
rhamnolipids. However, ikscherichia coli, active rhamnosyl transferase
was synthesized but rhamnolipids were not produ€achsneret al.,
1995).

(Rh1G), is anothePseudomonas aeruginosa gene required for
rhamnolipid production, which encodes the NADPHawent -
ketoacyl-acyl carrier protei(ACP) reductase required for fatty acid
synthesis.The insertional mutation of this rh1G gepeduced no
apparent effect on the growth rate and total lgmatent ofP. aeruginosa

cells, but the production of rhamnolipias completely abrogated.
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Figure (1-6). Genes involved in the synthesis and regulation of

rhamnolipid inPseudomonas aeroginosa (Ochsneet al. 1994).

These results suggest that the synthmtbway for the fatty acid moiety

of rhamnolipids is separafi®m the general fatty acid synthetic pathway,

starting with aspecific ketoacyl reduction step catalyzed by thd@R
protein (Jesust al., 1998).

Another gene required for rhamnolipibdynthesis is (rhlc),
which catalyse the transfer of rhamnose from TDPvmnose to L-
rhamnosyl-3-hydroxydecanoyl-3-hydroxydecanoate (@oneamnolipid)
to produce dirhamnolipid (Rahist al., 2001).
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1-2-5 Rhamnolipid Biosynthesis:

In general, the two more abundant m@mpidsare L-rhamnosyl-
3-hydroxydecanoyl-3-hydroxydecanoate and L-rhamikbshamnosyl-
3-hydroxydecanoyl-3-hydroxydecanoateang and Wullbrandt, 1999;
Maier and Soberon2000 ). According to the biosynthetic pathway
proposed by Burgest al. (1963) , rhamnolipid synthesis proceégswo
sequential glycosyl transfer reactions, each csealyoy a different
rhamnosyltransferase. The first rhamnosyltransévasich catalyses the
transfer of TDP-L-rhamnose to 3-(3-hydroxyalkanaylpalkanoicacid
(Figure 1-7 ), is encoded by tlmalAB operon (Ochsneat al., 1995 ).
Both genes, co-expressed from the sgmamoter, are essential for
rhamnolipid synthesis but, wheregdB is known to encode the catalytic
subunit of the rhamnosyltransferasthe function of rhlA is still
unresolved. RhIA is probably anner-membrane-bound protein (Rahim
et al.,, 2001 ), presumablynvolved in the synthesis or transport of
rhamnosyltransferagerecursor substrates or in the stabilization of the
RhIB protein(Ochsneret al., 1994, a). The second rhamnosyltransferase,
encoded byhlC, has been characterized and its expression showa to
co-ordinatelyregulated withrhlAB, and responsible for the transfer of the
second rhamnose from TDP-L-rhamnose to L-rhamn8syl-
hydroxydecanoyl-3-hydroxydecanoate (monorhamnoligiol form L-
rhamnosyl-L-rhamnosyl-3-hydroxydecanoyl-3-hydroxgaeoate
(dirhamnolipid) (Rahinet al., 2001 ).
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Figure (1-7). Biosynthesis pathway of rhamnolip{Burgeret al., 1963).
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1-2-6 Cel to cel signaling system in Pseudomonas

aeruginosa (Qourum sensing)

P. aeruginosa appears to control the production of many of its
extracellular virulence factors by a mechanism thanitors bacterial cell
density and allows communication between bacteya cbll-to-cell
signaling. Bacteria are able to sense their enwent, process
information, and react appropriately; however, itladiility to sense their
own cell density, to communicate with each oth@d # behave as a
population instead of individual cells has onlyaetty been understood
(Fuquaet al., 1996; Gray, 1997). This phenomenon, called quorum
sensing or cell-to-cell signaling, is a generic mdr@enon described in
many gram-negative (Greenberg, 1997) and gramipesibacteria
(Kleerebezenet al., 1997).

Cell-to-cell signaling systems of gram-négat bacteria are
composed of a small molecule called an autoinduadnjch is
synthesized by a Luxl-type autoinducer synthetasé a LuxR-type
transcriptional activator protein (R-protein) (Faget al., 1996). The
various autoinducers described in gram-negativéebacare homoserine
lactone-based molecules that differ between onehanon length and
substitutions on their acyl side chains. At lowl dansity, autoinducer is
synthesized at basal levels and is thought to skffimto the surrounding
media, where it becomes diluted. With increasing density, the
intracellular concentration of autoinducer increasmmtil it reaches a
threshold concentration. At this critical concetima, the autoinducer has
been proposed to bind to a specific R-protein (Gbeeg., 1997). The R-
protein itself is not active without the correspmgdautoinducer, and it is
the R-protein/autoinducer complex that is proposedind to specific

DNA sequences upstream of target genes enhancaugtthnscription
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(Stevens and Greenberg, 1997). The resulting iser@a expression of
these genes can reach 1,000-fold. The autoindtleenefore, allows the
bacteria to communicate with each other (cell-tbignaling), to sense
their own density (Quorum-sensing), and togetheh \&i transcriptional
activator to express specific genes as a populatistead of individual

cells.
« Therhl Céll-to-Cell Signaling System of P. aeruginosa

P. aeruginosa contain a cell-to-cell signaling system, namedrttie
system because of its ability to control the prdiduncof rhamnolipid.
This system is composed ohll, the C4-HSL N-butyrylhomoserine
lactone) autoinducer synthase gene, and riil® gene encoding a
transcriptional activator protein (Pearseh al., 1995). This system
regulates the expression of thenlAB operon that encodes a
rhamnosyltransferase required for rhamnolipid pobida (Ochsneret
al., 1994). Therhl system is also necessary for optimal production of
LasB elastase, LasA protease, pyocyanin, cyaniutkatkaline protease
(Pearsoret al., 1997; Reimmann €t al., 1997). Therefore, thehl system,
sometimes referred to as vsm (virulence secondatglolites), regulates
the expression of various extracellular viruleraetdrs ofP. aeruginosa.
Interestingly, the'hl system also regulates the expressionpof, which
encodes a stationary sigma fac®riQvolved in the regulation of various
stress-response genes (Ladtfal., 1996).

1-2-7 Mutagenesis.
Mutation can be defined as a sudden chamgi@ei composition of a
genome in a living cell caused by chemical or ptsisiactors in the

environment.
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Mutation or heritable alteration in the genetic enetl may be gross at the
level of the chromosome or point alteration, tisatnutations that affect
only a very small part, often one nucleotide of gemome (Freifelder,
1987).

The first requirement for genetic studies is avddaof different
mutants. So it should be determine the optimum itimmd to obtain like
these mutants by using different mutagens.

Many mutagens are available which can used to mduogtants in
microorganisms and it can be divided generally to:

v Radiation: like UV light and ionizing radiation ¢&y andy-ray).

v Base analogues: like 5-Bu, bromouracil (5-Bu) an&p2

v Base modifiers: like nitrus acid (N.A).

v' Alkylating agents: like N-methy-N-nitro-nitrosogudm (MNNG).

v" Intercalating agents: like ethidium bromide (E.Bnd acridine
orange (A.O.)

v’ Cross- linking agents: like mitomycin C (Mt.C).

Mutagenesis of bacteria is induced by agents wdiitier cause base
misspairing (and hence misreplication of DNA) osmapair of damaged
DNA. Agents of the first type (such as MNNG and BEi8hich yielded
mispairing lesions, have been termed (direct mutglgas they act largely
independently of that complex system of inducedutal response to
DNA damage that has been designated (SOS procgssing

In contrast, those agents (such as UV radiatiomysemutagenasis is
affected via misrepair of damaged DNA by SOS prsicgshave been
termed (indirect) mutagens (Al-Bakri and Umran, 499

Bacteria differ in their response to mutageagents; some bacteria
Is highly mutated by direct mutagens and poorly ated by indirect

mutagens and vice versa. Other bacteria are mutatdabth types of
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mutagens (direct and indirect). Mutagenesis cadieed to physical,

chemical and molecular (transposon) mutagenesis.

1-2-7-1 Physical mutagenesis:

Exposure to ultraviolet radiation (UVR)cocs from both natural
and artificial sources. The sun is the principalura source. The known
effects of UVR on man may be beneficial or detritagrdepending on a
number of circumstances. Artificial UVR sources avelely used in
industry and, because of the germicidal propediesertain portions of
the UVR spectrum; they are also used in hospitd®logical
laboratories, and schools. UVR is extensively u$ed therapeutic
purposes, as in the prevention of vitamin D deficig the treatment of
skin diseases, and for cosmetic purposes. &HlflUVR sources are
available as consumer products (Internet 1).

UVR can be classified into UV-A, UV-B, andV-C regions.
Wavelengths in the UV-C region (200-280 nm) causpleasant, but
usually not serious effects on the skin and ey¢éhodigh UV-C is very
efficiently absorbed by nucleic acids, the overyoead layers of  skin
absorb the radiation to such a degree that thevalysmild erythema
and, usually, no late sequelae, even after repeatezkposures. Since
solar UVR below 290 nm is effectively absorbed by stratospheric
ozone, no such radiation reaches living organisms fnatural sources
(Miller et al., 1999).

UV-A generally causes indirect damage to ADkhrough the
formation of chemical intermediates such as oxygew hydroxyl
radicals which interact with DNA to form strand &ks, alkali labile sites
and DNA protein crosslinks. Conversely, adsorpbbrenergy from UV-

B induces direct damage to DNA. The two major llesimduced by UV-
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B radiation are the cyclobutane pyrimidine dimed @he pyrimidine-
pyrimidone (6-4) photoproduct. These photoproduntsy be detected
and quantified using specific radioimmunoassayskRed Peak, 1986).

Deoxyribonucleic acid (DNA) is one of thest important target
molecules for photobiological effects. DNA can bepresented as a
double-stranded helix built up of purine and pydme bases, held
together by sugar and phosphate groups. If theurkesmtof the DNA
macromolecule and the universality of the cell diee of living
organisms in which DNA represents the genetic agetare considered,
it can be anticipated that any lesion inflicted[@NA, however slight,
may have serious repercussions. A lesion in a geflome is always
serious, because, in general, the genome exaty in one copy in the
cell concerned, whereas a lesion in a  proteieneof the same
magnitude, may remain undetected because therenany copies of
the proteins. The latter is also true of ribonuxlacids (RNA) (Internet
1).

The effect of UVR is above all destive. The most common
changes produced in DNA are damage to the bases t@nthe
polynucleotide chains. Damage to the bases may nomolecular or
bimolecular. Since pyrimidine bases are ten timesensensitive to UVR
than purine bases, the only unimolecular reactisoudsed will be the
formation of pyrimidine hydrates. Bimolecular raans are very
numerous. They may occur between two basesstarelen a base and
another molecule. The most important  effeches formation of dimer
compounds, particularly thymine dimers. The dirbengs about a
twisting of the secondary helical structure of NAband causes local
denaturation. New biochemical methods have maitipossible to detect
dimersin vivo in all types of irradiated  cells studied. Themer of
dimers has been shown to be proportional todthse of UVR and to
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vary with wavelength with a peak at 280 nm.  \&hhe production of
dimers has been shown to be directly linked tdhe harmful effects of
UVR on biological material, it is not the only ersus lesion produced in
DNA by UVR (figure 1-8) (Dale, 1998).

The distortion produced in the DNA-molexyrevents it from
carrying out its functions, i.e., transcription amneplication may be
blocked. These lesions can be recognized by repaiymes or may act
as a signal for other biological processes to vatee. They may result in
cell death, genetic recombination, mutagenesisgvan carcinogenesis
(Mount, 1996).
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Figure (1-8). Formation of thymine@limmer by UVR (Dale, 1998).
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1-2-7-2 Chemical M utagenesis:

Chemical mutagens are defined as those compouatimtnease the
frequency of some type of mutations. They varyhairt potency since
this term reflects their ability to enter the cetlseir reactivity with DNA,
their general toxicity and the likelihood that tiype of chemical change
they introduce into the DNA will be corrected byegpair system (Snyder
and Champness, 1997). Among the most widely usadgauic reagents
with microorganisms are the alkylating agents ideluethylmethane
sulfonate, methylmethane sulfonate and N-methylHho+N-
nitrosoguanidine (MNNG). Alkylating agent causenseersions rather
than transition (Crow, 1993).

e N-methyl-N-nitro-N-nitrosoguanidine(MNNG).

The first chemical determination and use of MNNGswia 1947.
MNNG (figure 1-9) is stable at pH=5 but at low atydt hydrolysis to
diazomethane (Snyder and Champness, 1997). MNNGgaihst the
DNA within cells, rather than against isolated DNMINNG act by
introducing alkyle groups onto the nucleotides atious positions,
especially the @ position of guanine. This change may be directly
mutagenic or may lead to depurination (the lospwine base from the
nucleotide) (Turneet al., 1996). Depurination may be remedied by the
action of the DNA repair system, but in the evehtiaeplication fork
reaching the depurination site before repair hasiwed replication will
cease.

The action of an error-prone repair aysknown as SOS repair
allows replication to proceed past the gap, with iticorporation of an
incorrect base in the new DNA strand. This mechmarascounts for the

known prosperity of MNNG to cause multiple closkhked mutations in
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the vicinity of the position of the replication foat the time of treatment
(Dale,1998).

('Hy—N——C—NH—NO,

2 HH

Figure (1-9). Chemical
structure of MNNG (Botstein and Jone, 1969)
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Results and Discussion

3.1 Identification of Bacterial Isolates:
Four bacterial isolates (RB19, RB27, RB2%] &B31) belonging to the

speciesPseudomonas aeruginosa were isolated and identified in previous
study (Nasiret al., 2002).

In this study the morphological, physioladiend biochemical tests were
performed to ensure the identification of the baatenentioned above, and
also to identify the species of other two bacteisalates belonging to the
genusPseudomonas (RB55, and RB67) (Nasir, Personal communication).
Microscopic examination of each isolate showed thaly were all having
single cell, non-spore forming, Gram negative atishape.

Results (table 3-1) showed that all isolates gapesitive results for oxidase,
catalase, pyoverdin, gelatinase, urease, gromtB°&, growth on King A, and
growth on citrimide, while they gave negative réstdibr growth on King B,

and growth at 4°C.

In addition to the above tests, biochemidahtification was also done

using API 20E system (figure 3-1), to confirm threpous results.
Results in table (3-1) and figure (3-1) showed Bsatidomonas RB19, RB27,
RB29, RB31, RB55, and RB67 were all belonging tce tbpecies
Pseudomonas aeruginosa.

Results of morphological, physiological amidochemical tests for

Psedomonas spp. were in agreement with Hettal., (1994).
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Table (3.1) Morphological, physiological and Biochaical characteristics

of the locally isolatedPseudomonas Spp.

Isolates
RB19 | RB27 | RB29 | RB31 | RB55 | RB67
Tests
Oxidase + + + + + +
Catalase + + + + + +
Pyoverdin + + + + + +
Gelatinase + + + + + +
Urease + + + + + +
Growth at 4°C - - - - - -
Growth at 42°C + + + + + +
Growth on King A | +Green | +Green | +Green | +Green | +Green | +Green
Growth | Growth | Growth | Growth | Growth | Growth
Growth on King B | without | without | without | without | without | without
pigment | pigment | pigment | pigment | pigment | pigment
Growth on + + + + + +
citrimide
Gram’s stain -ve -ve -ve -ve -ve -ve

+: Positive results
- Negative results

Figure (3.1)ldentification ofPseudomonas spp. using API 20E kit.
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3.2 Screening of Biosurfactant Producer Isolates:

Four bacterial isolates belonging Rseudomonas aeruginosa (RB19,

RB27, RB29, and RB31) were known for their ability produce
rhamnolipid (Saifouet al., 2004).
These isolates in addition # aeruginosa RB55 andP. aeruginosa RB67
were grown on minimal salt medium that contain fower oil as a sole
source of carbon and energy, and tested for thieilityato produce
biosurfactant compounds by measuring the surfaoside for culture
supernatant.

Results in table (3-2) showed that all issdawere able to produce
surface-active compounds as compared with the @orf® aeruginosa
RB67 gave the best results in its ability to praglaarface active compounds
by minimizing the surface tension to 30 mN/m, wiuotler isolates showed
a divergence in their ability to produce surfacevaccompounds. For this
reasorP. aeruginosa RB 67 was selected for further study.

The growth of these isolates under such itiondequire the production
of surface active compounds in order to emulsify gun flower oil and
increase its bioavailability for utilization by kdada. Other studies showed
that insoluble hydrocarbons promote the bacteriprémluce surface active
compounds which capable of reducing the surfacsidanat the interface
between liquids, solids, and gases thereby, allpwhem to mix readily as
emulsion in water (Bana&t al., 1991; Zoubouliset al., 2003).

It can conclude that the biosurfactant posdl byP. aeruginosa RB67
is rhamnolipid, hence it was referred that rhanpidlhave been identified

predominantly fronpseudomonas aeruginosa (Beal and Betts, 2000).
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Table (3.2)Surface tension of cell free supernatant®.aderuginosa grown
in minimal salt medium containing 2% sun flower wiith shaking (180
rpm), at 30°C for 72 hrs.

|solates Symbols Surface Tension
mN/m
Control- _ 58
Control+ _ 68
P. aeruginosa RB 27 32
P. aeruginosa RB 29 40
P. aeruginosa RB 30 33
P. aeruginosa RB 31 32
P. aeruginosa RB 55 41
P. aeruginosa RB 67 30
Methanol _ 23
Benzene _ 28.9

Control-: Medium without carbon source.
Control+: Medium without bacteria.
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3.3 Mutagenesis oP. aeruginosa RB67:

P. aeruginosa RB67 was mutaginized in an attempt to increasabtsty
to produce rhamnolipid. The lethal and mutagenfectfof UV light and
MNNG were studied on this bacterium.

3.3.1 UV survival curve and Mutagenesis:

The survival curve oP. aeruginosa RB67 after exposure to different
doses of UV light is shown in figure (3-2). Resuitdicated thatP.
aeruginosa RB67 was UV sensitive; it was lost its viability exponentially. The
survival curve showed increase of lethal percentagmonentially with the
increase of UV doses and the highest lethal pesgenor the less survival
percentage was (4.7%) when the bacterium expose@0thnt of UV
irradiation.

Results in figure (3-2) indicated that thervesal percentage of.
aeruginosa RB67 was 10.4% (89.6% killing) when it was exposed 5J/m
of UV light. So this treatment was selected for amii$ isolation because many
studies mentioned that treatment allowing survofahpproximately 10% of
cell population generate more mutants (Queener and Lively, 1986; Abbas et
al., 2004).

It is known that mutation in bacteria caniti@uced by agent such as UV
irradiation whose mutagenesis is affected via rajzar of damaged DNA by
SOS repair system and have been termed indirechgens (Al-Bakri and
Umran, 1994).

Physical mutagenesis by UV light was usedccassfully with

Xanthomonas campestris andGardnerella vaginalis, and many mutants were
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Figure (3.2) Effect of UV irradiation on a suspensionffaeruginosa RB67
in phosphate buffer (pH=7).



Chapter Three Results andddission ©°°

obtained from these bacteria, indicating that Whtiis an efficient mutagen
(Al- Delaimi and Al-Gelawi, Unpublished Data; Ala&dyet al., 2005).
Baho, (2006) indicated thd. aeruginosa is sensitive to the lethal and

mutagenic effect of UV light.

3.3.2 MNNG Survival Curve and Mutagenesis:
The survival curve oP. aeruginosa RB67 after treatment with different
concentration of MNNG is shown in figure (3-3).

It was found that this bacterium was sewsito MNNG. The survival
curve showed increase of the lethal percentagenexp@lly with the increase
of MNNG concentration, and the highest lethal petage or the less survival
percentage was (11.2%) when the bacterium treatédd@ug/ml of MNNG.
This treatment (4@y/ml) was led to a survival percentage of 11.2%888
killing) therefore; it was selected for mutantslegion.

It is known that MNNG is an effective mugsgc compound, it can
generate mispairing lesion by adding alkyl (e.gthylegroup) to various
position on nucleic acids, and hence missreplinadioDNA, or missrepair of
damaged DNA. Some of these lesions are potentlellyal as they can
interfere with the unwinding of the DNA during regation and transcription
(Freifelder, 1987; Turner et al., 1996). Also it can induce mutation by an error
prone DNA repair pathway (Stonesifer and Baltz, 1985; Abbas et al., 2004).
Many studies dealing with the effect of MNNG on felient bacteria
(Clostridium butyricum Micrococcus sp. andGardnerella vaginalis) showed
that these bacteria were sensitive to MNNG (Carrasco and Soto, 1987; Al-
Bakri and Umran, 1994; Al- Saadyet al., 2005).
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Figure (3.3)Effect of MNNG on a suspension Bf aeruginosa RB67
in phosphate buffer (pH=7).
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3.4 Selection of hyperproducer mutants:

In order to isolate rhamnolipid overprodupartants fronP. aeruginosa
RB67, mutagenized culture from the selected treaitsn€3-3) (bacteria
exposed to 15J/mof UV light and/or treated with 4@/ml of MNNG) were
replica plated on blood agar plates to detect themfolytic zone, which is
used as an indicator for rhamnolipid productionsis indicated that all
colonies showed approximately the same haemolybicez However the
extent of hemolytic zone formation on blood agatelis not solely dictated
by the concentration of rhamnolipid and may becéd by divalent ions and
other hemolysins produced by the microbe undersinyation (Mulliganet
al., 1989). For this reason, an alternative method the detection of
extracellular rhamnolipid was employed for scregniof rhamnolipid
biosurfactant produced b¥. aeruginosa RB67 mutants. In which fifty
colonies from each UV and MNNG treatment were ogpplated on CTAB-
methylene blue agar (Sigmund- Wagner medium) plaléss test was
developed based on the property that the concemtrat anionic rhamnolipid
in aqueous solution can be determined by the foomaitf insoluble ion pairs
with various cationic substances (ex. CTAB). Therfation of insoluble ion
pairs precipitate in the agar plate containing yletie blue exhibited dark
blue color against light blue background. The diemef the dark blue region
has been shown to be semiquantitavely proporticmahe concentration of
rhamnolipid biosurfactant (Siegmund and Wagner1199
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Twelve colonies from each treatment (UV avMtiING) were selected
(termed UOML1 to UOM12 and MOM1 to MOM12, respectiyavhich gave
the largest dark blue halo against light blue bemkgd and used for

measuring rhamnose concentration.

These colonies were screened for theirtglih produce rhamnolipid by
measuring the partially purified rhamnose concéiinaaccording to Patel
and Desai, (1997) (2.2.6.2) and depending on taedsrd curve of glucose
(figure 2.1) (Dupoist al., 1956).

Results (Table 3-3) showed that the rhammasmcentration produced by
P. aeruginosa RB67 (wild type) was 7Qg/ml, while the concentration of
rhamnose after exposure to UV light was varied agrtbese twelve mutants,
in which some of them were closed to that of thédwype, while other
mutants showed decrease in rhamnose concentr@iomther hand mutants
UOM11 and UOM12 gave the highest concentrationhaimose (8ug/ml
and 89ug/ml, respectively).

While results in table (3-4) showed that timnose concentration
produced after treatment with MNNG was also vatedween the twelve
mutants, in which some of them showed a decreadeimnose concentration
while others showed no differences in rhamnoseetdanhowever, MOM11
and MOM12 showed a significant increase in rhammosgent (82.g/ml and
94 ug/ml, respectively).
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UV light and MNNG were used successfullynioitagenize and to get

different mutants from different bacteria.

Al- Delaimi and Al-Gelawi, (Unpublished Data) andts, (2006), used UV
light to mutagenize<anthomonas campestris and P. aeruginosa, respectively
and they successfully get hyperproducer mutantspfotease and lectins,
respectively. On the other hand, MNNG was usedesstally by Al-Gelawi,
(1999) to isolate salt sensitive mutants frivhecrococcus sp. strain G1. It was
used also by Abbast al., (2004) to mutagenizB. aeruginosa, and he was

successfully isolated rhamnolipid hyperproducerantsg.
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Table (3.3)Rhamnose concentration produced fi@naeruginosa RB67 after
exposure to UV light (15 J/m?).

Rhamnose
Isolates Symbols Concentration
(ng/ml)
P. aeruginosa wild RB67 70
type

P. aeruginosa mutant UOM1 52
P. aeruginosa mutant UOM2 54
P. aeruginosa mutant UOM3 61
P. aeruginosa mutant UOM4 61
P. aeruginosa mutant UOMS 64
P. aeruginosa mutant UOMG6 68
P. aeruginosa mutant UuoM7 69
P. aeruginosa mutant uoM8 78
P. aeruginosa mutant UOM9 81
P. aeruginosa mutant UOM10 82
P. aeruginosa mutant uoM1l 85
P. aeruginosa mutant UOM12 89
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Table (3.4) Rhamnose concentration produced after treatmetit MNNG
(40ug/ml).

Rhamnose
Isolates Symbols Concentration
(ng/ml)
P. aeruginosa wild RB67 70
type

P. aeruginosa mutant MOM1 38
P. aeruginosa mutant MOM2 45
P. aeruginosa mutant MOM3 48
P. aeruginosa mutant MOM4 57
P. aeruginosa mutant MOMb5 61
P. aeruginosa mutant MOM®6 65
P. aeruginosa mutant MOM7 65
P. aeruginosa mutant MOMS8 73
P. aeruginosa mutant MOM9 74
P. aeruginosa mutant MOM10 78
P. aeruginosa mutant MOM11 82
P. aeruginosa mutant MOM12 94
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Results indicated that both UV light and MENaused random mutation

in the rhamnolipid gene(s).
The mutation may be occurred in the regulatory gates that regulate the
production of rhamnolipid positively or in the sttural gene that code for
rhamnolipid production and hence this may led torel@se the production of
rhamnolipid from these mutants.

Also, a mutation in the structural gene (Bhlhat responsible for the
formation of fatty acid moiety of rhamnolipid wilinhibit rhamnolipid
production, while the growth rate and total lipwmhtent ofP. aeruginosa cells
showed no apparent effect (Jesual., 1998).

While the increase in the rhamnolipid praducfrom other mutants may
be attributed to many reasons, first the mutati@y occur in promoter region
that render it to be more similar with that of tensensus sequence, and as a
result the promoter strength may increase, reguliinncrease the efficiency
of transcription.

It was referred that promoter strength is direptlgportional to the degree of
similarity with the consensus sequence (Freifelti®87).

Second, a mutation may occur in the structural &€l C) that codes for
dirhamnolipid synthesis, this mutation may prevahte formation of
dirhamnolipid, so abundance of rhamnose will acdateuin the cell leading
to the synthesis of large amount of monorhamnoljiahimet al., 2001).

3.5 Characterization of Rhamnolipid Using FTIR:
The partially purified rhamnolipid was sutipd to the Fourier
transformer infrared spectroscopy in order to getadhemical structure of this

compound. Figure (3.5 a,b,c).
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Figure (3-5, b)FTIR Spectroscopy of Partially Purified

Rhamnolipid Produdéexsm UOM12 mutants
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Figure (3-5, c)FTIR Spectroscopy of Partially Purified
Rhamnolipid Produdesm MOM12 mutants



Chapter Three Results andddission 11

The IR spectrum of the rhamnolipid produéexin P. aeruginosa RB67
(wild type, UOM12, and MOM12) were shown in figu@5 a, b, and c).
Results from these figures were used to esenpetween the rhamnolipid
produced from these three isolates. The valueeob#nds were as follows:
1- for the wild type RB67:
A- A broad band at 3550-2880 /cm resulting from @qidup.
B- A band at 2923.9-2860.2 /cm resulting from Cliglaatic group.
C- Aband at 1710 /cm resulting from C=0 group.
2- For the UOM12:
A- A broad band at 3600-2700 /cm resulting from @qidup.
B- A band at 2925.8 /cm resulting from C-H alipbagroup.
C- A band at 1732 /cm resulting from C=0 group.
3- For the MOM12:
A- A broad band at 3600-3100 /cm resulting from @qidup.
B- A band at 2925.8-2858.3 /cm resulting from Cliglaatic group.
C- A band at 1676.0 /cm resulting from C=0 group.

These results showed that the OH band ofttAenolipid produced from
these three bacterial isolates were approximalte\ysame.

The same values can be seen with C-H group and @¢e@p between these
three isolates.

The above values showed also small diffexenio the band domain
between these three isolates, and this may bdwtd to the presence of
impurities in the partially purified rhamnolipd cpounds, which may lead to
a slight divergence in the band domain.

By comparison between the rhamnolipid predufrom P. aeruginosa
RB67 (wild type), UOM12, and MOM12 one can conclutdat there is a
quantitative increase in rhamnolipid productionf bo apparent qualitative

changes were observed.
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2.1 Materials:

2.1.1 Equipments and Apparatus:
The following Equipments and Apparatus werelubeoughout this study:

Equipment

Company (origin)

Autoclave

Tomy (Japan)

Light microscope

Olympus (Japan)

Cool centrifuge

Harrier (U.K.)

Distillator

GallenKamp (England)

Oven

GallenKamp sanyo (U.K.)

Hot plate with magnetic stirrer

GallenKamp (England

Shaker incubator

GFL (Germany)

pH-meter

Metter-GmpH Toledo (U.K.)

Sensitive balance

Sartorius (Germany)

Spectrophotometer

Aurora instrument Ltd.(U.K.)

Vortex mixer

Stuart scientific (U.K.)

Shaker water bath

Kotterman (France)

Micropipettes

Brand (West Germany)

UV-transiluminator

Ultraviolet products (USA)

Laminar air flow

Memmert (West Germany)

Tensiometer

Kruss

Rotary evaporator

Buchi (Switzerland)

Fourier transform infrared (F.T.IR)

SHIMADZU (830@)apan)

Millipore filter paper unit

Millipore corp (USA)
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The following chemicals were used throughbisg study:

Material Company(Origin)
Peptone BDH (England)
Glycerol Riedel-Dehaeny- (Germany)

K2SOs BDH (England)

Citramide Riedel-Dehaeny- (Germany)

Agar Difco (USA)
KH2POs BDH (England)
K2HPOs BDH (England)
NH4NO3 Riedel-Dehaeny- (Germany)
CaCb.2H20 Riedel-Dehaeny- (Germany)

FeCbk.6H20 Riedel-Dehaeny- (Germany)

Chloroform Riedel-Dehaeny- (Germany)
Methanol Riedel-Dehaeny- (Germany)

Sodium bicarbonate

BDH (England)

NaOH Merk (Germany)
HCI BDH (England)
Phenol Riedel-Dehaeny- (Germany)
H2SOs AnalaR (England)
NaHPOs BDH (England)
NazHPOs BDH (England)

N-methyl-N-nitro-N-

nitrosoguanidine solution (MNNG)

BDH (England)
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Material

Company (Origin)

CTAB

Merk (Germany)

Methylene blue

BDH (England)

Glucose Oxoid (England)
MgSOs. 7H0 BDH (England)
Ethanol Riedel-Dehaeny- (Germany)
lodine BDH (England)
Saphranin BDH (England)

Crystal violet

BDH (England)

Sun flower oil Margarine (Iran)
Benzyne BDH (England)
Phenol red Difco (USA)
NaCl Merk (Germany)
Gelatin Biolife (Italy)
MgCl2 BDH (England)
2.1.3 Media:

2.1.3.1 Ready Made Culture Media:

These media were prepared as recommended by manufgc

company. pH was adjusted to 7.0 and autoclavedZClLfor 15 min.

» Brain heart infusion agar (Difco, USA).
» Brain heart infusion broth (Difco, USA).

> Nutrient agar (Oxoid, England).
» Nutrient broth (Oxoid, England).
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2.1.3.2 Laboratory Prepared Culture Media:
1. Cetrimide agar (Stolp and Gadkari, 1984):

This medium composed of:

Peptone 209
MgCl2 4.5¢9
K2SOu 10g

Cetrimide 0.3g
Agar 159

dissolved in 850 ml of |distilled water, adjusted pH
to 7, sterilized by autoclaving then the volume waspleted to 1000 ml.

2. Gelatin medium (Atlaset al., 1995).
Prepared by adding 12% w/v gelatin to nutrl@oth, then sterilized by

autoclaving at 121°C for 15 min.

3. Urea agar (Christensen) for urease test (Atlagt al., 1995).
This medium composed of:

Phenol red 0.012¢g
NacCl 59
KH,PO, 29
Peptone 19
Glucose 19
Agar 159
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These components were dissolved in 850 ml of thdtivater, adjusted pH
to 7, sterilized by autoclaving and cooled to 50AGeptically added 100 ml
of 20% solution of urea (sterilized by filtratiotg give a final concentration
of 2% urea, then the volume was completed to 10DGAfter that, 3 ml of

this media were aseptically added to sterile smdes and allowed to

solidify in a slant position.

4. Mineral Salt Medium: Bushnell-Hass (Patel and Dasi, 1997):
This medium was used to study the gbdit bacteria to produce

surfactants, which composed of:

KH2PO4 19

K2HPO4 19

NH4NO3 19
CaCb.2H20 0.02g
FeCk.6H20 0.05¢
MgSOs.7H20 0.2g

dissolved in 850 ml of |distilled water, adjusted pH
to 7, sterilized by autoclaving then the volume waspleted to 1000 ml.

5. Siegmund- Wagner (SW) Medium (Siegmund and Wagngl991):
This medium was used for the detectiorammbnic extracellular

rhamnolipid produced blseudomonas aeruginosa, which composed of:
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CTAB 0.2g
Methylene blue 0.005¢g
Agar 159

dissolved in 850 ml of distiled water, djasted pH
to 7, sterilized by autoclaving then the volume waspleted to 1000 ml.

6. King A Medium (Starr et al., 1981).
It is composed of:

Peptone 209
Glycerol 10ml
K2SOs 10g
MgCl2 1.4g
Agar 15¢g

dissolved in 850 ml of |(distilled water, adjusted pH
to 7, sterilized by autoclaving then the volume waspleted to 1000 ml.
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7. King B Medium (Starr et al., 1981).
It is composed of:

Peptone 20g
Glycerol 10ml
K2SOu 1.5g
MgSs.7H20 3.5¢
Agar 159

dissolved in 850 ml of (distilled water, adjusted pH
to 7, sterilized by autoclaving then the volume waspleted to 1000 ml.

8. Blood Agar (Harely and Prescotte, 1996):

Blood agar was used for semiquantitativeectein of rhamnolipid
hyperproducer mutants. It was prepared by disspl@ing of blood agar
base in distilled water, pH was adjusted to 7.3 emiplete volume to
950ml with distilled water sterilized by autoclagimfter cooling (45°C),
50ml of sterile, defibrinated sheep blood was adatetimixed well.

2.1.4 Api 20E Kit (Api Bio Merieux, Lyon, France):
Api 20E Kit consist of:
(A) Galleries: the gallery is a plastic strip with 2@crotubes containing
dehydrated reactive ingredients.
(B) Api 20E reagents:
» Oxidase reagent (1% tetra-methyl-p-phenyle-diamine)
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 Kovac’'s reagent (p-dimethyl aminobenzaldehyde at #foHCI

iIsoamyl alcohol).

* Voges-Proskauer reagent:

- Vp1l (40% potassium hydroxide).

- Vp2 (6% alpha-nephthol).

* Ferric chloride 3.4%.

2.1.5 Bacterial Isolates:

Bacterial isolates used in this study are listddwe

Bacteria Phenotype Source
Nasir, R.B.,
Pseudomonas spp. Wild type Biotechnology
RB55, RB67 Department, Baghdad
University.
Pseudomonas Biotechnology
aeruginosa RB19, Wild type Department, Al nahraif
RB27, RB29, RB31 University.

2.1.6 Reagents:

» Catalase Reagent (Atlagt al., 1995):

This reagent composed of 3% hydrogen peroxide.

» Oxidase reagent (Atlast al., 1995):
One gram of tetramethyl-p-phynylene-di@endihydrochloridevas
dissolved in 100 ml distilled water and kept inldbottle at 4 °C.
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2.1.7 Stains:
Gram’ Stain (Atlas et al., 1995):

It's composed of four reagents;
1 A primary stain-crystal violet.
2 A mordant-Gram’s iodine solution.
3 A decolorizing agent- an organic solvent (alcohol).

4 A secondary stain or counter stain- safranin.

2.1.8 Solutions and Buffers:

Glucose Solution:
The stock solution of glucose (100 mily/ was prepared by

dissolving 0.01g of glucose in 100ml-distilled wate

Phenol solution (5%):
It was prepared by dissolving 5g oémpdl in 90ml distilled water

and the volume was completed to 100ml with distileater.

N-methyl-N-nitro-N-nitrosoguanidine (MNNG) solution:

It was prepared as stock solution of 1mg/ml in O.tixate
buffer pH (5.5).
Citrate Buffer (0.1 N, pH =5.5):

Citric acid 10.5g and NaOH 4.4g were dissolvedistilted water,
and then completed the volume to 500ml, pH wassaelto 5.5.
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* Phosphate buffer (pH=7.0):

Component _qg/L
NaeHPOs 9.52
NaHPOs 6.00

Sterilized by autoclaving at 121°C for 15 min.

2.2 Methods:

2.2.1Maintenance of Bacterial Isolates:
Maintenance of bacterial isolates wasfggmed according to

Maniatiset al., (1982) as following:

» Short term storage:
Isolates of bacteria were maintainedderiod of few weeks on the
surface of nutrient agar plates. The plates wetlyi wrapped in parafilm
and stored at 4°C.

* Medium term storage:
Isolates of bacteria were maintained #ab culture for
period of few months. Such cultures were prepanescrew-capped bottles

containing 5-8 ml of nutrient agar medium and siaae4°C.
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* Long term storage:

Bacteria can be stored for many y@amnhedium containing 15%
glycerol at low temperature without significant osf viability. This was
done by adding 1.5 ml of sterilized glycerol to exponential growth of
bacteria in a screw-capped bottle with final volutd® ml and stored at -
20°C.

2.2.2 ldentification of Bacterial Isolates:
2.2.2.1 Morphological, Physiological and Biochemical Tests:
A. Gram’s stain (Atlas et al., 1995):
A single colony was transferred by @gdo a clean slide. The smear
was stained with crystal violet, treated with iagirdecolorized with 95%

alcohol, and counterstained with safranine, themered by a microscope.

B. Growth on cetrimide agar (Greenwoockt al., 1997):

This medium was used as a selective unedor Pseudomonas spp.,
the plates were inoculated with bacteria by stregkind incubated at 37°C
for 24hrs.

C. Catalase production test (Atlaset al., 1995):
This test was peformed by adding dropblyalrogen peroxide (3%
H202) on a single colony grown on brain heart infusiagar plate.

Appearance of bubbles was regarded as positivét.resu
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D. Oxidase production test (Atlast al., 1995):

Filter paper was saturated with the stalbe (tetramethyl-p-
phenylene-diamine-dihydrochloride), colony of baeteisolate to be tested
was rubbed on the filter paper with a sterile waoodg@plicator stick. An

immediate color change to deep blue indicates aiy®sesult.

E. Fluorescein pigment production tes{Todar, 2004).
Bacterial isolates grown on cetrimide agar platerewexamined
under the source of UV light. Yellow-green fluorest pigment indicates

the presence of pyoverdin and then a positive tesul

F. Gelatinase tes{Atlas et al., 1995).

A nutrient broth-gelatin tube was inoculated witle bacterial isolate
and incubated at 37°C for 24 hour, after that thize$ were placed in a
refrigerator for 30 minutes. Liquefaction of the digeindicates a positive

result.

G. Urease tes{Atlaset al., 1995).

The surface of the Christensin urea agar slantsveasilated with the
bacterial isolates and incubates at 37°C for 24r.hAfter incubation, the
appearance of red-violet color indicates a postist, while the appearance

of a yellow-orange color indicates a negative test.
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H. Growth at 4°C (Palleroni, 1985).
Bacterial isolates were grown at 4°C, by inoculg®® ml of nutrient broth
with 50ul of freshly prepared cultures of local isolates?seudomonas spp.

separately. Appearance of growth (O.D. 600nm) iuehis a positive result.

I. Growth at 42°C (Palleroni, 1985).

Bacterial isolates were grown at 42°C, by inocuolgti50 ml of
nutrient broth with 50l of freshly prepared cultures of local isolates of
Pseudomonas spp. separately. Appearance of growth (O.D. 600nm)

indicates a positive result.

J. Growth on King A (Cruickshank et al., 1975).
Inoculate the bacteria on the plate by streakirgjinoubate at 37°C for 24
hrs. This test was performed to study the prodoctb the characteristic

pigment, pyocyanin.

K. Growth on King B (Cruickshank et al., 1975).
Inoculate the bacteria on the plate by streakirjiacubate at 37°C for 24
hrs. then the plates were exposed to UV. Thiswastperformed to study

the production of the characteristic pigment, fesaein.

2.2.2.2 Identification of Bacterial Isolates Using\PI 20 E System:
Local isolates that have the same features andactesistics ofP.
aeruginosa on nutrient agar plates subsequently identifiedgusiochemical

tests were further characterized using APl 20 Hesysas a standardized
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characterization system for Enterobacteriaceae @thér non-fastidious
Gram-negative rods. The system consists of 20 ioibes containing
dehydrated substrates. These tests are inoculatec Wwacterial suspension,
which reconstitutes the media. During incubatioretabolism produces
color changes that are either spontaneous or exvdal the addition of
reagents.

Biochemical tests included in this system are:
ONPG: Beta-galactosidase test.
ADH: Arginine dihydrolase test.
LDE: Lysine decarboxylase test.
ODC: Ornithine decarboxylase test.
CIT: Citrate utilization test.
H,S: Hydrogen sulphide test.
URE: Urease test.
TDA: Tryptophane deaminase test.
IND: Indole test.

© © N o g0 b~ 0w NP
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o

. VP: Voges proskauer test.

[EEN
=

. GEL: Gelatin liquifaction test.

=
N

. GLU: Glucose fermentation test.

=
w

. MAN: Manitol fermentation test.

=
~

. INO: Inositol fermentation test.

=
(&)

. SOR: Sorbhitol fermentation test.

=
(o))

. RHA: Rhamnose fermentation test.

=
\l

. SAC: Sucrose fermentation test.

=
(o)

. MEL: Melibiose fermentation test.

=
(o)

. AMY: Amygdalin fermentation test.



Chapter Two Materials and Meadho 42

20. ARA: Arabinose fermentation test.

A. Preparation of the galleries

Five ml of distilled water dispensed into wellstbé galleries in order

to provide a humid atmosphere during incubation.

B. Preparation of the inoculum
A single, pure isolated colony was picked up frdatipg medium of
nutrient agar. This colony was suspended in attds containing 5 ml of

distilled water and mixed thoroughly.

C. Inoculation of the gallereis

According to the manufacture instructions, both tinee and cupule
section of CIT, VP and GEL tests were filled wittetbacterial suspension.
Other tests, only the tubes were filled. The téf$i, LCD, ODC, URE and
H,S were overlaid with mineral oil to create anaerobonditions. After
inoculations, the plastic lid was placed on thg &ad incubated at 37°C for
24 hrs.

D. Reading the galleries

After incubation, the following reagents weraled to the corresponding
microtubes:
1. One drop of VP reagent to VP microtube and waitlfdmin then the

result was recorded immediately.
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2. One drop of 3.4% ferric chloride to TDA microtuldeen the result
was recorded immediately.
3. One drop of Kovac's reagent to the IND microtube.

4. One drop of oxidase reagent to eitheBkr ONPG microtube.

The results were recorded and compared to thadesftification table,

identification of isolates was performed using ghedl profile index.

2.2.3 Screening of Bacterial Isolates for Rhamnolid

Production in Liquid Media:

A fifty ml of mineral salt (Bushnelld$s) medium were dispensed
into 250ml Erlenmeyer flasks. Then 2% of sunflow#mwas added as a sole
carbon source. Following sterilization by autoatayiflasks were inoculated
with 1% of Pseudomonas aeruginosa fresh (18hrs, 30°C) culture, and then
incubated in shaker incubator (180 rpm, 72 hrsC30After incubation the
supernatant was obtained by centrifugation at 4p0@. for 10 min. Then
surface tension test was performed by using teretiemaevice in which the
ring of the device was emerged inside the supanhatad then remove it
and read the value (mN/m) at the time of ring safpam from the

supernatant.

2.2.4UV Survival curve and mutagenesis ofPseudomonas

aeruginosa RB67.
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Culture of Pseudomonas aeruginosa RB67 grown in brain heart
infusion broth at 18 hrs., was pelleted from 5mld@ntrifugation at 4000
rom for 10 min., washed twice and resuspended énsidime volume of
phosphate buffer (pH=7.0). The UV source was U¥nsiluminator-Cross
Linker  [FLX-20-M, Vibler Lourmat, France]. Thealy for irradiation
approximately 15x25 cm exposes samples on Petredjsnulti-well plates,
membranes, etc, to direct irradiation from fou.6fwatts, 254 nm bulbs.

A UV photoelectric cell detects actual intensityhel dose rate of UV
irradiation was 2.5 J/m?/s.
The experiment in this study was performed unddrlight. The distance
between UV source and irradiated suspension was.11c

Five ml samples of the bacterial saspn in phosphate buffer
were irradiated in sterile Petri dish for the faliog doses: (0, 5, 10, 15, and
20 J/m?). Then 0.1 ml samples from appropriatetidiluof each treatment
were spreaded on brain heart infusion agar plated, then incubated at
37°C for 24 hrs. to determine the total viable daqgarvival percentage).
According to the UV survival curve, the treatmehattled to a survival
percentage of approximately 10% as compared with d¢bntrol was
suspected to have the higher mutation frequencymFhis treatment a

number of colonies were picked up and tested famriolipid production.

2.2.5 MNNG Survival curve and mutagenesis dPseudomonas

aeruginosa RB67

Culture ofPseudomonas aeruginosa RB67 grown in brain heart
infusion broth at 18 hrs. was pelleted from 10 mlcentrifugation at 4000
rpm for 10 min., washed twice and resuspended énsédime volume of
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phosphate buffer (pH=7.0), and dispensed into 2bE&menmeyer flasks.
MNNG dissolved in citrate buffer (pH 5.5) was addied the bacterial
suspension at different concentration (0, 10, 2048, 50 pg/ml).

The mixture was incubated at 37°C wgthte shaking for 20 min.
Then 0.1 ml samples from appropriate dilutions atle treatment were
spreaded on brain heart infusion agar plates, laenl incubated at 37°C for
24 hrs. to determine the total viable count (swalvpercentage).
According to the MNNG survival curve, the treatrhdrat led to a survival
percentage of approximately 10% as compared with d¢bntrol was
suspected to have the higher mutation frequencymFhis treatment a
number of colonies were picked up and tested foaltility in rhamnolipid

production.

2.2.6 Detection of Pseudomonas aeruginosa rhamnolipid

hyperproducer mutants.

2.2.6.1Semiquantitative detection of hyperproducer mutants

Bacterial colonies obtained from each mutaggsl culture (the selected
treatment of UV and MNNG) were replica plated omdd agar plates
(2.1.3.2.8) and incubated at 30°C for 72 hrs. Ridipid hyperproducer
mutants on blood agar plates were identified follmythe formation of a
definite clear zonepthaemolysis) around each colony. Colonies formed
largest hemolytic zone were suspected as rhamddiygperproducer, which

were selected to measure rhamnolipid.
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Fifty colonies from each selected treatmesmtre replica plated on
cetyltrimethyl-ammonium bromide (CTAB)- methylendud agar plates
(SW medium). Rhamnolipid producing colonies on SYéaraplates were
identified according to the formation of dark bluagos around the colonies
on a light blue-plate background. Colonies formedgést halos were
suspected as rhamnolipid hyperproducer, which wanelidated to measure

rhamnolipid.

2.2.6.2 Rhamnose concentration measurement
Rhamnolipid amount was determined according rhamnose

concentration measurement (Saifeual., 2004).

* Preparation of glucose standard curve:

A glucose stock solution (100 pug/ml) wasgared by dissolving 0.01g
of glucose in 100ml of distilled water (Table 2-1). which 1ml of 5%
phenol was added to 1ml of the glucose stock smiudind mixed gently,
then 5ml of concentrated 28Os was added to the mixture with gentle
mixing then cool for 15 min.
The absorbance was measured at 490 nm, the rhanwoosentration
(ug/mL) was determined from the standard curvele¢ase (Dupoist al.,
1956).

» Determination of rhamnolipid:
In order to determine rhamnolipid produdBdP. aeruginosa RB67
(wild type) and selected mutants, they were growrmnminimal salt medium

contained 2% sunflower oil (2.1.3.2.4) and inculaite shaker incubator
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(180 rpm) at 30°C for 72hrs. After incubation, thdture was centrifuged,
then pH of 10 ml of the supernatant was adjuste?l, @nd then left for 24

hrs. at 4°C. After that it was extracted with cbliorm/methanol (2:1 V/V)

and the solvent was evaporated using rotary evaporafter evaporation
the precipitate was dissolved in 2ml of 0.1M sodibicarbonate (Patel and
Desai, 1997). The resultant was used to

measure rhamnose concentration according to Dwbak, (1956) and as

mentioned above.

Table (2-1)preparation the standard curve of glucose.

Stock Added Total Glucose
solution distilled volume (ml) | concentration
Tube no. | volume (ml) water (ng/ml)
volume (ml)

1* 0.00 1.00 1.00 0.00

2 0.08 0.92 1.00 8

3 0.24 0.76 1.00 24

4 0.40 0.60 1.00 40

5 0.56 0.44 1.00 56

6 0.80 0.20 1.00 80

7 1.00 0.00 1.00 100

Tube (1*) represents the blank solution
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Figure (2.1) The standard curve of glucose according to Dugiaas., (1956)
method. (Phenol-Sulfuric acid).

2.2.7 Characterization of Rhamnolipid using FTIR Analysis.
The partially purified rhamnolipid obtaindém P. aeruginosa RB67
(wild type, UV mutant (UOM12), and MNNG mutant (MAN)), were
subjected to FT- infrared (FTIR) for the characation of the compound.
The FTIR spectrum which is advanced type of inflafik) spectrometry,
will give the functional chemical groups that aoeirid in the compounds in
order to compare between them and identify if theyea qualitative

differences between them or not.
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4.1 Conclusions:;

1. It was shown that all bacterial isolates, were able to produce
biosurfactants, and the best one was P. aeruginosa RB67.

2. P.aeruginosa RB67 was able to produce rhamnolipid
biosurfactant.

3. P. aeruginosa RB67 was sensitive to the lethal and mutagenic
effect of UV light and MNNG.

4. Both mutagens (UV and MNNG), were efficient agents in
inducing rhamnolipid overproducer mutants from P. aeruginosa
RB67.

5. It was found that there is no qualitative differences between

genuine rhamnolipid (wild type) and that produced by mutants.
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4.2 Recommendations:

1. Attempts to develop efficient isolates in their ability to produce
rhamnolipid via genetic engineering techniques.

2. More detailed studies for the possibility to take up rhamnolipid in
an industerial importance.

3. Examine the biological activity of rhamnolipid produced by P.
aeruginosa RB67 as, antimicrobial, antiviral, and antitumor agents.

4. Study the Quorum sensing system and its role in regulation of

rhamnolipid production by Pseudomonas spp.
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Chapter One Introduction \

1-1 Introduction:

Surface-active agents are substances that have the ability to stabilize
dispersions of one liquid in another, e.g. ail-in-water emulsions. The
reason that surfactants concentrate at interface is that they are
amphipathic, i.e. they contain both hydrophobic and polar groups
(Rosenberg and Ron, 1998).

Surfactants can be divided into low-molecul ar-weight molecules that
lower surface and interfacial tensions efficiently, and high-molecular-
weight polymers that bind tightly to surfaces (Rosenberg and Ron, 1999;
2000).

Surfactants provide remarkable benefits in many processes that
involve interaction of surfaces include emulsification, chemical or dye
adsorption on fibers, adhesion, vaporization, melting, heat transfer,
catalysis, foaming and defoaming. Specific function of surface active
agents include removing soil (scouring), wetting, rewetting, softening,
retarding dyeing rate, fixing dyes, stabilizing dispersions, coagulating
suspended solids (Warren, 1998).

Biosurfactants are a structuraly diverse group of surface-active
molecules synthesized by microorganisms. The molecules reduce surface
and interfacial tension in both agueous solution and hydrocarbon
mixtures, which make them potential candidates for enhancing oil
recovery (Sarkar et al., 1989) and emulsification process. They also used
in food industries, hydrometallurgy, medicine, biotechnology and
environmental protection in the separation of hydrocarbons and gases,
and in the concentration and separation of amino acids, metal ions and
other mixtures and suspensions (Kaminski and Kwapinski, 2000;

Stubenrauch, 2001).
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Rhamnolipid, a rhamnose containing glycolipidis is one of the most
Important  biosurfactant produced by Pseudomonas aeruginosa
(Champion, 1995). It is considered to be one of the virulence-associated
exoprducts of P. aeruginosa (Olvera et al., 1999). Also rhamnolipid
possess antimicrobial activity against many Gram-positive and Gram-
negative bacteria (ex. Bacillus subtilis) (Borjana et al., 2002). In addition
to the above, rhamnolipid biosurfactant has been shown to be capable of
binding to heavy metals (e.g. it can bind to cadmium, lead and zinc and
removing them from soil) (Sandrin et al., 2000).

In order to improve rhamnolipid production from P. aeruginosa,
genetic manipulation using physical (UV light) and chemical (MNNG)
mutagenes were performed. Abbas et al., (2004) successfully improved
rhamnolipid production using chemical mutagen (MNNG).

Aims of the Study:
According to the great importance of rhamnolipid, and because of the
limited studies on it, this study was aimed to:
1. Screening the ability of Pseudomonas spp., which were isolated

previously, to produce biosurfactants.

2. Study the lethal and mutagenic effect of UV and MNNG, in an

attempt to enhance rhamnolipid production by P. aeruginosa.

3. Characterization of the rhamnolipid produced by P. aeruginosa
(wild type) and mutants, in order to identify if there is a

gualitative differences or not.
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Summary i

Summary

Six bacterial isolates (four of them belonging to Pseudomonas

aeruginosa and the other two were belonged to Pseudomonas spp.)
isolated previoudly, were identified and/or ensured their identification.
Results showed that these isolates were belonged to P. aeruginosa
according to morphological, physiological, and biochemical
characteristics, which was confirmed by using API 20E system.
All these isolates were screened for their ability to produce rhamnolipid
biosurfactant depending on surface tension measurment (mN/m), which
referred that all these isolates were capable of producing rhamnolipid,
and the best one was P. aeruginosa RB67.

In order to get rhamnolipid hyperproducer mutants, mutagenesis of
P. aeruginosa RB67 using UV light and MNNG were performed. The
lethal and mutagenic effect of UV light and MNNG were studied on this
bacterium. Results showed that this bacterium was sensitive to UV and
MNNG. Fifty colonies from each treatment (UV and MNNG) were
selected and screened for ther ability to produce rhamnolipid
semiquantitavely by replica plated on blood agar. Results indicated that
al colonies showed approximately the same hemolytic zone. So, these
colonies were replica plated on CTAB-methylene blue agar (Sigmend-
Wagner medium) as an alternative method. Depending on this method
twelve colonies from each treatment (UV and MNNG) were selected
(based on the formation of largest dark blue halo against light blue
background) and used for measuring rhamnose concentration.

Results showed that these mutants were varied in their ability to
produce rhamnolipid. Two mutants from each treatment showed an

increase in rhamnolipid production and the highest rhamnose
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concentration (94 pg/ml) was gained by the mutant (MOM12) compared
with rhamnose concentration (70 ug/ml) produced from P. aeruginosa
RB 67 (wild type).

In order to qualify the rhamnolipid produced from P. aeruginosa
RB67 (wild type), UOM12, and MOM12, Fourier transformer infrared
(FTIR) spectroscopy was performed.

Results showed that there are no apparent qualitative differences in

rhamnolipid produced from these three isol ates.
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