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Chapter One Introduction and Literature Review

1. Introduction and Literature Review

1.1 Introduction

Many species of bacteria produce extralllpolymers that may
facilitate nonspecific adhesion to surfaces andsigeothe framework for
biofilms (Costertoret al., 1995).

Alginate is one of those extracellular @algcharide that produce by a
variety of gram-negative bacteria includingseudomonas aeruginosa
,Pseudomonas fluorescens , and Azotobacter vinelandii (Evan and Linker,
1973).

Alginate plays an important role in thehmagenecity ofP. aeruginosa
in that it is provides the bacteria with selectatyantages such as resistance
to antibiotics and opsonization (Leastnal., 1987). Alginate also has several
applications in life such as in food industry , erattreatment and
pharmaceutical preparatio(®histler and Beniller, 1973; Rosevear, 1988).

All alginates used for commercial purposa® currently being
produced by the harvesting of brown seaweeds. Heweaonsidering the
guality of bacterial alginate and the environmemtgbact associated with
seaweed harvesting and processing, it is more plebthat bacterial
alginate may become commercial products. Furthermaiginate with
unique qualitative properties has the advantage ithmay potentially be
sold at higher prices and this may open new markatsthis polymer
(Yalpani and Sandford, 1987).

The microbial production of alginate wowalldo have the considerable
advantage of assured yield of known compositionngeainaffected by
marine pollution and tides, and the location ofduation can also be

arranged to utilize convenient or cheap substréités worth noting that the
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global consumption of alginates in 1985 was 23,@03 with a marketing
value of 115 million $/year. Thus market volumetiot seaweed polymer
should stimulate the development of an alternatiierobial sources to
reduce the cost of this polysaccharide (Sutherlh8€6).

According to the points mentioned aboves gtudy was aimed to:-

1. Isolation and identification oP. aeruginosa from different clinical
and environmental samples.

2. Screening the isolates for their ability to produakginate and
determine the efficient one in alginate production.

3. Determine the optimum conditions for alginate prcichn.

4. Purification and characterization of alginate proeth by the locally

isolatedP. aeruginosa.
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1.2 Literature Review

1.2.1 The General Characteristics of P. aeruginosa

P. aeruginosa is a Gram-negative, aerobic rod, motile by mezfres
single polar flagellum,bacilli measuring about ¢B.9x0.5um), non spore
forming, non capsulated and it is occur as a sigleteria, in pairs and
occasionally in short chains, belonging to the d&aak family
Pseudomonadaceae (Jawetzt al.,1998).

The organism can be isolated from soil arader and it is may be
pathogenic for human, as well as for certain arsmaisect and plants
(Gilardi et al., 1985). P. aeruginosa isolates may produce three colony
types. Natural isolates from soil or water typigghroduce a small rough
colony. Clinical samples in general, yield onewso smooth colony types.

One type has a fried-egg appearance, whitdrge, smooth, with flat
edges and elevated appearance. Another type, frdguabtained from
respiratory and urinary tract secretions, has aomuappearance, which is
attributed to the production of alginated slime.eTémooth and mucoid
colonies are presumed to play a role in colonizadiod virulence.

P.aeruginosa produces two types of soluble pigments pyocyanith an
fluorescent pyoverdin. The latter was produced dbatly in media of low
iron content , and could function in iron metabwli; the bacterium.

Pyocyanin (from "Pyocyaneus") refer to uébl pus" which is a
characteristic of supportive infections caused Ryaeruginosa (Todar,
1997; Jawetz et al., 1998).
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1.2.1.1 Pathogenecity of P. aeruginosa
P. aeruginosa is ubiquitous organism that can be readily isoldtech
the natural environment and human (Lopy, 1990; Vasquezt al., 1992).
P.aeruginosa is now widely recognized as an important opposdtiai
pathogen that produces sever infection since #thqgenic only when
introduced in to area devoid of normal defenses Timy lead to the death of
the compromised host (Sakata al., 1996). Diseases caused by

P. aeruginosa are as following:

A. Respiratory infections. Respiratory infections caused by
P. aeruginosa occur almost exclusively in individuals with a gmomised
lower respiratory tract or a compromised systemitedse mechanism.
Primary pneumonia occurs in patients with chroringl disease and
congestive heart failure (Hoiby and Rosendal,19B6)ver respiratory tract
colonization of cystic fibrosis patients by mucaitains ofP.aeruginosa is
common and difficult, if not impossible, to tre&iywercmanet al., 1990;
Marty et al., 1998).

B. Endocarditis: P.aeruginosa infects heart valves of intravascular drug
users and prosthetic heart valves (Mandetlal., 1995). The organism
establishes itself on the endocardium by direcasion from the blood
stream (Pollack, 1998).

C. Bacteremia: P.aeruginosa causes bacteremia primarily in
immunocompromised patients. Predisposing conditiodside hematologic
malignancies, immunodeficiency relating to AIDS,uttepenia, diabetes

mellitus, and severe burns. MdBseudomonas bacteremia is acquired in
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hospitals and nursing homdzseudomonas accounts for about 25 percent of
all hospital acquired Gram-negative bacteremiasléf,o1997).

D. Ear infections including external otitis. P.aeruginosa is the
predominant bacterial pathogen in some cases @frreadt otitis including
"swimmer's ear". The bacterium is infrequently fdun the normal ear, but
often inhabits the external auditory canal in asgmmn with injury,
maceration, inflammation, or simply wet and humahditions (Strausst
al., 1982; Mims et al., 1993).

E. Eye infections: P.aeruginosa can cause devastating infections in the
human eye. It is one of the most common causesaofehal keratitis
(Jawetzet al., 1998).

F. Wounds and burns infection: Almost any opportunistic pathogen can
infect burns and wounds, but one of the most comamzhhardest to treat is
the gram negative ro. aeruginosa , which can actually color the burns or
damaged tissue with it's blue-green fluorescentnpigis and may lead later

to septicemia (Nester, 1982).

G. Urinary tract infection: The bacterium enters the urinary tract by
catheters and instrument or in irrigation solutioWsrth, 1982; Martinez et
al., 1999). P. aeruginosa is more frequently found in hospital-acquired
urinary tract infection due to antibiotics whichnfer it's selection in

hospital patients (Glauser, 1986).
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1.2.1.2 Virulence Factorsof Pathogenic P. aeruginosa

As in other pathogenic bacterid®.aeruginosa don't produce the
virulence factors until it response to environméndgnal, which it's
production variant according to stage of inflammatithe virulence factors
which produced byP.aeruginosa was summarized in table (1-1) (Cryze,
1984; Todar, 1997).

Table (1-1) Virulence factor s produced by P. aeruginosa.

Virulence deter minant
Fimbriae, alginate slime(biofilm)

Invasion Elastase,alkaline protease, pyocyani
diffusible pigment
Toxins Exoenzyme S, Exotoxin A,
Lipopolysaccharide(LPS)

Defense against Capsules, slime layers, protease enzymgs
Immune response
Defense against serugn Protease enzymes, capsules, slime laye
bactericidal reaction LPS
Antiphagocytic surfacf Capsules, slime layers, LPS
properties
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1.2.2 Alginate-producing Bacteria

The polysaccharide alginate was first isolated from marine
macroalgae last century, but it was approximatddyy8ars later that a
bacterial sourceR; aeruginosa) of the polysaccharide was identified (Linker
and Jones, 1966). The association of mucoid forraslginate-producing
strains, ofP. aeruginosa with chronic lung infections in patients with cysti
fibrosis is now well established, and is recognizeda major cause of
morbidity and mortality in these individuals. Mudpialginate-producing
strains of P. aeruginosa have also been isolated from other cohorts of
patients, e.g. bronchiectatics and those with wyirteact or middle ear
infections, although not normally from individuaisth infected burn sites
(McAvoy et al., 1989).

Alginate is also synthesized Byotobacter vinelandii as part of the
encystment process. Thmature cysts are surrounded by two discrete
alginate ricnayers which enable the dormant cells to surlvey periods of
desiccation (Cote and Krull988).

1.2.3 TheBiological Function of Alginate

The role of alginate for the pathogefic aeruginosa, it serves to
protect the bacteria from adversity in its surrangdand also enhances
adhesion to solid surfaces. As a result, biofilmveleps which is
advantageous to the survival of the bacterium enlting. The same strain,
however, produces alginate lyase which cleavespiblgmer into short
oligosaccharides resulting in increased detachwieihe bacteria away from
the surface, allowing them to spread and coloniee sites (Boyd and
Chakrabarty, 1995).
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Alginate provides the bacteria with selsti advantages for
colonization of the pulmonary tissue, through iased resistance to
opsonization and phagocytic engulfment as well la®ugh increased
protection from toxic oxygen radicals (Simpss#al.,1989).

Since exopolysaccharides are known to thdi@avy metals, it was
also reported that alginate formation was induced, plant-parasitic
pseudomonads, by treatment with a bacteriocidayspontaining copper.
Thus the secretion of alginate may contribute tonesoplant-bacterial
diseases. Sodium chloride and ethanol were showigiuficantly increase
alginate production in a variety of fluorescent yzkemonads, suggesting
that osmolarity and dehydration may be generalasgfor production of
this polysaccharides (Kidamétial., 1995).

1.2.4 Bacterial and Algal Sources of Alginate

Alginate belongs to a family of unbranchoedary copolymers of (1-4)
linked 3-D-mannuronic acid (M) and-L-guluronic acid units (G), the
relative amounts of which vary greatly between rad¢gs from different
species of algae, or between the different regionghe same algae.
Additionally, alginic acid from different sourceanes in the arrangement of
the uronic acids within the molecule. Except formso bacterial
polyuronides, alginates are true block copolymeresmmosed of
homopolymeric regions of M and G units, termed MdaB blocks
interspaced with regions of alternating structuel!G blocks (Figure 1-1)
(Moeet al.,1995).
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This polyuronide is well known and the @mtssource of commercial
alginate is the giant brown algdéacrocystis pyrifera. Because only a few
species of brown algae are suitable for commesadgihate production, in
respect to abundance, location and uniform quadthigte is a present interest
in an alternative bacterial alginate. Microbiallgrived alginates are under
development and their future is very promising (ldagnet. al., 1977).

Species oPseudomonas and Azotobacter are the only prokaryotic
sources for this algal like polymeP. aeruginosa was first reported to
produce this polysaccharide being important forwtimelence of this strain

and its survival in the lung. Also several specdtthe genud’seudomonas
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(P. mendocina and P. syringae) have the ability to produce alginate under
several conditions. Many strains Afotobacter vinelandii (a nitrogen fixing
soil bacterium) were also found to produce thisypar in complex and
synthetic media (Frankliet al. 1994).

Unlike algal alginates, bacterial alginaéee partly o-acetylated, with
the acetyl groups being located solely on the mayma acid residues.
These acetyl groups are suggested to play a rolpratecting certain
mannuronic acid residues from epimerisation to igulic acid (Davidsom.
al., 1977).

1.2.5 Physical Propertiesof Alginate
1.2.5.1 lon Binding

The ion binding properties of alginates are thesbém their gelling
properties. Alginates show characteristic ion-lmgdproperties so that their
affinity for multivalent cations depends on theimgposition. Characteristic
affinities were shown to be a property exclusiveptdyguluronate, while
polymannuronate was almost without selectivity.

The high selectivity between ions as simalsi the alkaline earth metals
indicates that the mode of binding could not benbgi-specific electrostatic
binding only, but some chelation caused by strattéeatures in the G-
blocks must contribute to the selectivity. This relwderistic property was
explained by the so-called ‘egg-box’ model basednupghe linkage
conformations of the guluronate residues. Nucleagmetic resonance
studies suggested a possible binding sites féf iBas in a single alginate
chain as shown in Figure(1-2)(Frankéial.,1994; Moest al.,1995).
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Figure (1-2) The egg-box model for binding of divalent cationsto
alginate and the possible chelation of ions by GG sequences
(Moeet al., 1995).

1.2.5.2 Solubility
There are three essential parameters which deterthan solubility of
alginate in water are:
» The pH of the medium. Lowering the pH of the medium leads to a
precipitation of the alginate within a relativeharmow pH range

depending on the molecular weight of the alginate.

» Theionic strength of the medium. Alginate may be precipitated and
fractionated by high concentrations of inorganiltsskke potassium
chloride. On the other hand, salt concentratiohes$ than 0.1M is
sufficient to slow down the kinetics of the disgan process and

hence limits the solubility.

R
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> Effect of gellingions. At C&* concentrations below 3mM, almost all
alginate is found within the supernatant, wherda®st no alginate is
present in solution when the free’Con concentration exceeds 3mM
(Moeet al., 1995).

1.2.5.3 Viscosity

Alginate solutions are in general highly viscousis] however, is
caused by the extended conformation of the algimatdecule, giving
alginate a large hydrodynamic volume and high gbildo form viscous
solutions. The intrinsic viscosity of alginatessisown to be dependant on
the conformation (their molecular weight, compasis, and sequence of M
and G units) and on the ionic strength of the smtuLebrunet al., 1994).

1.2.6 Applicationsof Alginate in Biotechnology
Alginic acid is a commercially important polysacaoda which has

many applications in biotechnology and as follow:

A. Food industry

Alginate is used mainly in food industry, which @mtly consumes
about 50% of the alginate produced. It is usedgef@mple, in ice-creams,
frozen custards, as well as cream and cake mixtuteglso found
application in beer manufacture to enhance the faaoh fruit drinks to
assist the suspension of fruit pulp, which makesptoduct more appealing

to the consumer (Neidleman, 1991).

'Y
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B. Medicines

Alginate is active in stimulating immundiseo secrete cytokines, e.g.
tumor necrosis facton-(TNF-o), Interleukin-1 (IL-1) and Interleukin-6 (IL-
6) (Otterleiet al. 1991). Surprisingly, the response of the immuystesn
appears to depend upon the sequential structuredgwofates, giving the
highest response with M-rich polymers, while theblGeks appear to be
non-stimulating. In fact, guluronic acid residuesniot be accepted in
therapeutic preparations because it triggers uredargffects such as
antibody generation (Skjak-Braek,1992).

C. Industrial processes

In recent years, entrapment within sphefesalcium alginate gel has
become the most widely used technique for immabdisliving cells
(bacteria,cyanobacteria, algae, fungi, yeast, plamatoplasts, plant and
animal cells). Alginate immobilised cell systems aised as biocatalysts in
several industrial processes ranging from ethanmdlyction by yeast cells
to the production of monoclonal antibodies from igbma cells. Alginate
gel also has a potential as implantation mateal formone-producing
cells,and encapsulated langerhans islets are tlyriesing evaluated as a
bio-artificial endocrine pancreas (Skjak-Braek, 2,39 ementi, 1997).

Textile and paper industries use alginédaegwith other materials as
‘sizes’ to improve the surface properties of clotusd paper. This is
important prior to printing to enable depositiordamherence of dyes and
ink substances (Sutherland and Ellwood, 1979).

VY
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Alginates are also used in water treatnpeotesses since they help in
increasing the aggregate sizes in the flocculgirocesses (Rehm and Valla,
1997).

D. Pharmaceuticals
Alginates are also used in pharmaceutiogpgrations (to form stable

emulsion) and as dental impression material (Mdr@i&7).

1.2.7 Biosynthesis Pathway of Alginate from P.aeruginosa

The alginate biosynthetic pathway has beeder scrutiny for a
number of years, and several excellent reviews Heaen published. The
initial steps in the alginate biosynthesis pathveag essentially those of
general carbohydrate metabolism and the internesliate widely utilized.
In particular,the steps up to and including GDPnomsenare common to
alginate and LPS biosynthesis (Figure 1-3) (Goldieeal., 1993).

In brief, thealgA, algC and algD genes (Table 1-2) encode the
enzymes required for synthesis of the alginate yssez guanosine
diphosphate (GDP)-mannuronic acid. Once GDP-mammiracid is
synthesized, the precursor is polymerized and pamsd across the inner
membrane by a hypothesized combination of #hg8 and alg44 gene
products (Maharagt al., 1993; Monday and Schiller, 1996).

After polymerization, some of the mannwaten residues are
epimerized to guluronate residues by a C-5-epime(AfgG). A scaffold
model has been proposed where AlgG interacts inp#rglasm directly
with AlgK in order to protect the growing alginatpolymer from
degradation by alginate lyase (AlgL) (Jain and Ohni®98).

V¢
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Recent evidence suggests that AlgX maydre of this periplasmic
scaffold (Robles-Priceet al., 2004). After epimerization, some of the
mannuronate residues are acetylated at the O2ra@®@ositions by the
algF, algJ and algl gene products, which might form a complex in the
membrane that serves as a reaction centre for Qlateen (Franklin and
Ohman, 2002). After O-acetylation, the copolymetrasported out of the
cell through the outer membrane protein AlgE (Retmu Valla, 1997).

\o
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Fructose 6-phosphate

Phosphomannose isomerase

Mannose 6-phosphate

Phosphomannomutase

Mannose 1-phosphate

GDPmannose pyrophosphorylage

GDP mannose

GDPmannose dehydrogenase

v
GDP mannuronate

Polymerase / export

v

Polymannuronate

-Agetylation / epimerization

Alginate

Figure (1-3) Alginate biosynthetic pathway (Gacesa, 1998).
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Table (1-2) Alginate genes of P. aeruginosa

algA Phosphomannose Isomerase { ndShlnabargeetaI 1991.
GDP-mannose

pyrophosphorylase Coynﬂaal 1994.

Eid MR R
-'
I et

aIgK Perlplasmlc protein required u
proper polymer formation

Alglnate lyase Schllleet al.,1993.

aIgX Perlplasmlc protein required fq

proper polymer formation
Polymerase | export functio Mejla-RlﬂzaI.,1997.
Polymerase / export functio Mejia—RuailzaI.,1997.
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1.2.8 Optimum Conditionsfor Alginate Production
1.2.8.1 Optimum Nutrition Factors

Microorganisms differ in their needs to carbon sesraccording to
their nutrient nature; the use of pure carbon smitike (glucose, sucrose
and fructose) is expensive from the economical ,casethe industrial
fermentation try to use cheap carbon sources edpecandustrial and
agricultural by-products such as date extract, bmetasses and cane
molasses (Andersaet al., 1987; Horan et al., 1983).

It was found that higher alginate produttazhieved when use sucrose
as a sole carbon source and alginate productiarh rea(5.6 g/L) and (5.0
g/L) when use fructose comparing with other soursesh as glucose,
manitol and sorbitol (Horaet al., 1981).

It is possible for most microorganisms &e wrganic and inorganic
nitrogen sources, inorganic nitrogen can be sugplkes ammonia ,
ammonium salts or nitrate while organic nitrogen ba supplied as amino
acid, proteins or urea and usually the growth balifaster when use organic
source of nitrogen. Alginate production reach t@ (81g/L) when use the
organic source peptone comparing with the use eoh@mum nitrate which
gives low production (1.4 mg/L) (Brivonese and Sukand, 1989).

Mineral salts has an effect on the productbalginate , and there are
several studies find that the use of low conceminatof inorganic
phosphate(8 — 32 mg/L) lead to increase alginaidymtion comparing with
the use of high concentration(1 g/L) of it (Horral., 1981), the presence
of phosphate in the media may have negative ortipeseffect on the
enzymes that involve in the biosynthesis of algnat was found that an
increase in phosphate concentration lead to inisiihe of these enzymes
(Jarmaret al., 1978).

YA
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1.2.8.2 Optimum Temperature, PH and Incubation period for
Alginate Production

Preservation the temperature of specifmwiin medium is one of the
most important factors in alginate production frame side and in the
growth of the microorganism from another side, éiswound that 37°C was
the optimum temperature for production of algingtmnm P. aeruginosa
(Theilackeret al., 2003; Stapper €t al., 2004).

Optimum pH represents one of the imporfarameters which affect
the alginate production. It was found that the mpin pH for alginate
production fromP. aeruginosa was 7.5 (Brivonese and Sutherland, 1989)
and 7.2 (Stappest al., 2004).

The optimum incubation time of alginate gwotion was studied to
determine in which phase of bacterial growth thggrate was produced, so
it was found that 72 hr was the optimum incubapenod for production of
alginate fromP. aeruginosa (Theilackeret al., 2003).

1.2.9 Purification of Alginate

The step of purification represent one of the ingoar and essential
steps in the production of biological materials,dam case of
exopolysaccharides which the problems of isolatimdecreases due to use
of centrifugation methods in the separation proceslu but the basic
problem in such compounds is the high viscosityclwhtonflict with the
displacement of cells (Cerning, 1990).

Alginate can be precipitated from culturechum by the use of organic
solvents such as ethanol, isopropanol or methamch ivolume 3:1 of

alginate (Jarmast.al.,1978), after that the precipitated alginate dissdlin

14
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water at 45°C and reprecipitate by ethanol to gatenpure sample (Wistler
and Murphy, 1973).

The precipitated polysaccharide by alcotert be purified by using
lon-exchange chromatography by Dowex column or DEAEellulose
column or by using gel filtration by Sephacryl 2300 column or Sephadex
G 200 column (Cohen and Johnstone, 1964; @bab, 1990).

The molecular weight of polysaccharide can be dateed by gel
filtration chromatography technique (Doeal., 1990).
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3. Results and Discussion

3.1 Isolation ofPseudomonas spp.

In order to isolat®. aeruginosa, thirty seven samples were collected
from different environments and clinical cases fréaYarmouk hospital
and Al-Karama hospital in Baghdad governorate dutime period from
10/2004 to 12/2004.

Results in table (3-1) showed that 41 isolatesewabtained from
blood, Cerebrospinal fluid, ears, sputum, cystirdsis patients and burns,

while 16 isolates obtained were from water and sarhples.

Table (3-1)Local isolates from different clinical and environmental

samples.

Source of No. of No. of Growth on

sample samples isolates Cetrimide

agar

Blood

Cerebrospinal fluid

#N\l.

Ear

Sputum

Cystic fibrosis

Burns
Water
Soill
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Among the total isolates, only 13 isolates wereeatd grow on
cetrimide agar plates , which gives an indicatat these isolates belong to
Pseudomonas spp. These 13 isolates were further characteriard
identified according to the cultural, morphologieald biochemical tests.

From the results mentioned in table (3-&) @an notice that there are
other 44 isolates from clinical and environmeni@nples may belong to

other pathogenic or nonpathogenic bacteria frofeidint genera.

3.2 Identification

Local isolates able to grow on cetrimidearaglates, were further
identified according to morphological characteastand biochemical tests.
For the former, colonies of each isolate platednotrient agar showed
different morphological characteristics Bf aeruginosa such as mucoidal
growth, smooth in shape with flat edges and elevaienter, whitish or
creamy in color and has fruity odor.

Microscopical examination of each isolat®wed that they were all
having single cells, non-spore forming, Gram negatod shape.

Some biochemical tests were done to enatethese 13 isolates are
P. aeruginosa. Results indicated in table (3-2) showed thatddlithese
isolates give positive results for catalase, oxedasd pyocyanin production.
On the other hand, results indicated in table (3H®wed that three of these
isolates termed (H2, H5, H9) were unable to utit#eate, while (H1, H13)
and (H10, H11l) isolates were unable to hydrolyzéatge or produce

fluorescein respectively.
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From these results it can conclude thatbsithe total isolates grown
on citrimide may belong t®. aeruginosa, they are (H3, H4, H6, H7, H8,
H12). Further more, these results were agreed Widse observed by

(Palleroni, 1985; Hawkey and Lewis, 1998).

Table (3-2) Biochemical tests of the locally isdkad Pseudomonas spp.

N T T o I S + +| *

Catalase

Oxidase

Citrate

utilization

Gelatin

hydrolysis

Pyocyanin
production

Fluorescein

production
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Further identification of the isolates was perfodmesing Api 20 E
system figure (3-1). The isolates were able tozatirginine, citrate, gelatin
and glucose. While they gave negative resultspfgralactosidase, lysine
decarboxylase, ornithine decarboxylase,,SH urease, tryptophane
deaminase, indole, VP, mannitol, inositol, sorhitdhamnose, sucrose,
melibiose, amygdalin and arabinose. These resudte &lso in agreement
with those mentioned by (Mandekleal., 1995; Collee et al., 1996).

- = A e T

Figure (3-1) Api 20 E system for identification ofP.aeruginosa.
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3.3 Screening of P. aeruginosa Isolates for Alginate

Production

In order to select the efficient isolatealginate production, the ability
of these six isolates were examined in alginatedymcbon medium by
determination the dry weight of crude alginate uituwe medium after
iIsopropanol precipitation method mentioned in (2.2.

As shown in table (3-3)P. aeruginosa H3 gave the maximum
production of alginate (1.2 g/ L) while H4, H6, HA8, H12 isolates gave
0.4, 0.9, 0.5, 1 and 0.8 g/L respectively.

From these results it was concluded thaPthaeruginosa H3 was the
efficient in alginate production, because it wadated from cystic fibrosis

tissue and in this tissue there is necessary naedldinate to invade the
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tissue, because of the role of alginate in theilmdibrmation and resistance
to antibiotics and phagocytosis (Simpsbal.,1989).

Table (3-3) Ability of P. aeruginosa isolates in alginate production in
culture medium after incubationn shaker incubator at 150
rpm for 48hrs at 37°C.

Isolate Dry weight of crude alginate(g/L)
P. aeruginosa H3
P. aeruginosa H4
P. aeruginosa H6
P. aeruginosa H7

P. aeruginosa H8

P. aeruginosa H12

3.4 Optimum Conditions for Alginate Production
3.4.1 Carbon source

Five carbon sources (sucrose, fructosetoswl glucose and date
extract) were used as a sole source of carbon a@d)\eto determine the
optimum in alginate production by the locally igeldP. aeruginosa H3,
these carbon sources were added in a concentHt{@f0) .

Results in figure (3-2) showed that the mmasn production of alginate
was obtained when the culture medium was supplerdenith date extract.

Using this carbon source, the dry weight of crulignate extracted from

YLV
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culture medium was (2.3 g/L), while the productivitf alginate in the
media containing sucrose, maltose, fructose andogki under the same

conditions was 1.2, 0.8, 1.9 and 1.7 g/L respelgtive

25
2.3
2 - 1.9
3'9 1.7
(]
<
k=
D 15 4
©
(]
E 1.2
o
©
o 19
(O]
= 0.8
P
a)
0.5 - I
O v v v v
Sucrose Maltose Fructose Date Glucose
extract
Carbon source

Figure (3-2) Effect of carbon source on alginate mduction by
P.aeruginosa H3 after incubation in shaking incubator
at 150 rpm, Ph 7 for 48hrs &7°C.
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From these results we conclude that date@&xwas the best carbon
source because it contain many nutrients, growttofa and variety of
vitamins that supplements the growth requirementsblacteria, Further
more the date extract contain reduced sugar (55@%tein (1.2%) and
several mineral salts such as (K, Cl, Ca, P, Md\N&,Fe, Cu), the date also
contain vitamin A, B1, B2, B7 and low percent afawnin C (Sutherland and
Ellwood, 1979).

This optimum carbon source (date extracswsed in the next

experiments of optimization for alginate production

3.4.2 Concentration of carbon source

The optimum carbon source (date extract) was usadconcentrations
of (2, 4, 6, 8, 10% v/v) to determine the optimumncentration for
production of alginate by tHe.aeruginosa H3.

As shown in figure (3-3) the maximum prodiie of alginate was
obtained when the date extract was used in a ctnatien of (4%), at this
concentration, the dry weight of crude alginate &% g/L). The decrease
in the production of alginate in the concentrati¢ggs8 and 10%) may be
attributed to the increase of sugar concentratiorgrowth medium that
inhibits bacterial metabolism and then alginate dpation as it was
mentioned by Sutherland and Ellwood, (1979) .

This optimum concentration of date exti@eét) was used in the next

experiments of optimization for alginate production
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Dry weight of crude alginate(g/L)

Concentration ( %)

Figure (3-3) Effect of date extract concentration o alginate production
by.aeruginosa H3 after incubation in shaking incubator
at 150 rpm, Ph7 for 48hrs 87°C.
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3.4.3 Nitrogen source

Six nitrogen sources (yeast extract, peptdnyptone, ammonium
sulphate, ammonium chloride and commercial bakgzast) were used to
examine the ability of locally isolatedP.aeruginosa H3 in alginate
production. These sources were added to the produchedium in a
concentration of (0.2 % wi/v).

Results mentioned in figure (3-4) showedt the maximum production
of alginate was obtained when the production medwas consist of
commercial baker's yeast, the dry weight of algnasing this nitrogen
source was (4.3g/L). This result may be attributethe high nitrogen and
growth factors contents of commercial baker's ydhat supplements the
bacterial requirements for growth, production aedrstion of alginate to
culture medium, so this nitrogen source was usdddeamext experiments of
optimization.

From the other results, figure (3-4) tHetre was lower production of
alginate when yeast extract, peptone, tryptone, @mum sulphate and
ammonium chloride were used respectively as a getmosource in the
production medium. Further more, the productionatifinate in culture
medium byP.aeruginosa H3 using organic nitrogen sources (commercial
baker's yeast, yeast extract, peptone and tryptoves better than the
alginate production using inorganic nitrogen sosr@mmonium sulphate
and ammonium chloride) under the same conditiores&hresults were
agreed with Brivonese and Sutherland, (1989).

The increase in the production of alginagimg the commercial baker’s
yeast may attributed to it's natural component tatvided the medium
with nitrogen source which contributed in the supipg of bacterial

biomass, also it contain Ca, Mg, and carbohydralbed provided the
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optimum condition for enzymatic activities espedgiathose enzymes
responsible for biosynthesis of alginate. Sikyl®83) refers that the use of
yeast as a nitrogen source supported the medium ¥H-105 mg of
nitrogen/g of yeast), (0.1g Ca /g of yeast ), (2@/d/ of yeast) and
carbohydrates (82mg /g of yeast) .

This optimum nitrogen source (commercidtdras yeast) was used in

the next experiments of optimization for alginateduction.
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Figure (3-4) Effect of nitrogen source on alginat@roduction by
P.aeruginosa H3 after incubation in shaking incubator
at 150 rpm, Ph7 for 48hrs &7°C.
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3.4.4 Concentration of nitrogen source

To determine the optimum concentration of commétoeker's yeast
as it was the optimum nitrogen source for algingt®duction, six
concentrations (0.25, 0.5, 0.75, 1.0, 1.5, 2.0 %) wf commercial baker’s
yeast were used by thecally isolatedP.aeruginosa H3.

Results in figure (3-5) showed that the mmasn production of alginate
was obtained when commercial baker’'s yeast wasdatmi¢he production
medium in a concentration of (1 %), the dry weiglitcrude alginate
extracted from culture filtrate was (5.1g/L), whilee increase or decrease
the concentration of commercial baker's yeast almougelow the optimum
concentration causing a decrease in alginate ptiaiithis may be due to
low concentrations of commercial baker's yeast s&any for heavy growth
and production, while the high concentrations abibneoptimum may lead
to change the bacterial metabolism especially tmesponsible for alginate
production as it was mentioned by Brivonese ant&land, (1989).

This optimum concentration of commerciakdrs yeast (1%) was
used in the next experiments of optimization fgirste production.
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51
46 4.8
4.3 4.2

3.4

Dry weight of crude alginate(g/L)

0.25 0.5 0.75 1 1.5 2

Concentration (%)

Figure (3-5) Effect of commercial baker's yeast carentration on
alginate production by.aeruginosa H3 after incubation
in shaking incubator at 150 rpmPh7 for 48hrs at 37°C.
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3.4.5 Phosphate source

In order to determine the optimum phosphsderce for alginate
production by the locally isolatdélaeruginosa H3, two types of phosphate
sources KHPOr and KkHPOs and a mixture of them (0.07% of KPI>: and
0.03% of KHPO:) was used in a concentration of (0.1% w/v) in &ddito
control treatment (without phosphate source).

Results indicated in figure (3-6) showed that theximum production
of alginate was obtained when the production medwas consists of
KH2PQy, which causes an increase in alginate productioii5t8g/L) in
comparison with KHPQ: or the mixture of them.

Horanet. al. (1981) found that a mixture of 2HPO: (1g/L) and
KH2PO4 (8mg/L) in the production medium gave a gigant amount of
alginate (2.2g/L) excreted to the culture medium.

On the other hand, results mentioned inrég(3-6) showed that the
production of alginate in the control (4g/L) wasttbe than the alginate
production (3.2g/L) when #PO: was used as a phosphate source. This
result was previously mentioned by Jarman, (1978p viound that the
alginate production was increased in the culturediom under limited
phosphate concentrations.

The presence of phosphate in the culturéiume works as a buffering
capacity when the medium become acidic becausdéebiosynthesis of
alginate (Brivonese and Sutherland, 1989) .

This optimum phosphate source @REx) was used in the next

experiments of optimization for alginate production
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Dry weight of crude alginate(g/L)

A B C D

Phosphate source

Figure (3-6) Effect of phosphate source on alginatgroduction by
P.aeruginosa H3 after incubation in shaking incubator at 150
Rpm, Ph7 for 48hrs at 37°C.

(A) Control (without phosphate source).
(B) KH2POs (0.07%) + KHPO: (0.03%).
(C) KH2POx (0.1%).

(D) K2HPG: (0.1%).
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3.4.6 Concentration of phosphate source

Six concentrations (0.05, 0.1, 0.15, 0.2, 0.25 arg%) of KHPO:
were used to determine the optimum for the alginateduction by the
locally isolatedP. aeruginosa H3.

Results in figure (3-7) showed that the mmasn production of alginate
was obtained when KOs was used in a concentration of 0.05%, the dry

weight of crude alginate extracted from the culfilteate was 6.4 g/L .

6.4
6 5.8
5.2

4.5

4 - 3.7

Dry weight of crude alginate(g/L)

0.05 0.1 0.15 0.2 0.25 0.3

Concentration (%)

Figure (3-7) Effect of KH2PO4 concentration on alginate production
byP.aeruginosa H3 after incubation in shaking incubator
at 150 rpm, Ph7 for 48hrs at 3C°
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At this concentration of KIROs, the buffering capacity may makes the
growth conditions suitable for alginate producti@m the other hand, results
in table (3-7) showed that there was a reversikelationship between
KH2PO: concentration and alginate production. This regrdved with that
obtained by Jarman, (1979) who found that the atgirproduction was
increased under limited phosphate concentratiamsh& more Horast al.,
(1981) found that the high concentration of phosplsurce may lead to
decrease in alginate production because of thebitidn effects of high
phosphate concentration on alginate biosynthegignees.

This optimum concentration (0.05%) of #&x was used in the next

experiments of optimization for alginate production

3.4.7 Temperature

In order to determine the optimum temperafor alginate production
by the locally isolatedP.aeruginosa H3, different temperatures (30, 35, 37,
40°C) were used for this purpose.

As shown in figure (3-8) it was found thia¢ maximum production of
alginate was obtained when the temperature wa€j3at this temperature
the dry weight of crude alginate extracted frontund filtrate was (6.4g/L),
this may be because that this temperature wasgtwaum for growth and
production of alginate, while the high temperat{#@°C) led to decrease the
bacterial growth rate and made the conditions tiakl@ for alginate
production, as it was mentioned by Stapgieal., (2004) who found that the
optimum temperature for alginate productionfbyaeruginosa was (37°C).

This optimum temperature (37°C) was usetihé next experiments of

optimization for alginate production.
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4.2

Dry weight of crude alginate(g/L)

30 35 37 40

Temperature

Figure (3-8) Effect of temperature on alginate prodction by
P.aeruginosa H3 after incubation in shaking incubator
at 150 rpm, Ph7 for 48hrs.
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3.4.8 pH

In order to determine the optimum pH fooguction of alginate by the
locally isolatedP.aeruginosa H3, the following pH values were used for this
purpose: (6.0, 6.5, 7.0, 7.5, 8.0).

As shown in figure (3-9) it was found that the nmaxim production of
alginate was obtained when the pH value of the tromedium was
adjusted to 7.0, the dry weight of crude alginateEaeted from the culture
filtrate was (6.4 g/L). This may because of this yidue may achieve the
optimum conditions for bacterial growth and algengtoduction, especially
the optimum pH for the activity of enzymes involvad alginate
biosynthesis as it was mentioned by Haug and Lgs®rml), and Brek and
Larsen,(1985), while the increase or decrease ef gH value of the
production medium above or under the optimum pHseaua significant
decrease in alginate production, and this may lsecatithe alteration of the
activities of all enzymes responsible for alginaitesynthesis.

On the other hand, it was found that théinmgom pH value for
production of extracellular polysaccharides depesrdthe bacterial species,
but it was almost near from neutral for most baatgWilliams and
Wimpenny, 1977) .

This optimum pH value (7.0) was used in tlext experiments of

optimization for alginate production.
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Dry weight of crude alginate(g/L)

6 6.5 7 7.5 8
pH

Figure (3-9) Effect of pH on alginate production byP.aeruginosa H3
after incubation in shaking inclbator at 150 rpm for 48hrs
at 37°C.
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3.4.9 Inoculum size

Different inoculum sizes were used to duiee the optimum for
alginate production by the locally isolatBderuginosa H3.

Results in figure (3-10) showed that theaxmmum production of
alginate was obtained when the growth medium wastaoting about
(8x10 cell/200mL) of the inoculum, Using this count ofable cells in
growth medium, the productivity of crude alginagached (7.6 g/L). While
the increase of the inoculum size over the opting@r10 cell/100mL) lead
to decrease the alginate production under the sanditions, this may
because of the competition between bacterial oellihe limited nutrients in
growth medium that made the conditions unsuitatmelginate production.

The same thing was observed when the inotsgize was less than the
optimum. In this case the lower production of agermay be attributed to
cell divisions to build-up more biomass for algmairoduction (Stapper
et.al.,2004).

This optimum inoculum size (8x¥1€ell/200mL) was used in the next

experiments of optimization for alginate production
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Figure (3-10) Effect of inoculum size on alginatenpduction by
P.aeruginosa H3 after incubation in shaking incubator at
150 rpm, Ph7 for 48hrs at 37°C
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3.4.10 Incubation time

To determine the optimum incubation time dtginate production by
the locally isolated?.aeruginosa H3, six time periods (24, 48, 72, 96, 120,
144 hrs.) were used for this purpose.

As shown in figure (3-11) it was found thia¢ maximum production of
alginate was obtained when the culture medium weshated for 96 hrs.,
after this period the dry weight of crude alginpteduced in culture filtrate
was (8.5 g/L). On the other hand, results indicatefigure (3-11) showed
that the increase of the incubation period aboeeofitimum period causes a
significant decrease in alginate production, thisymbecause of the
exhausting of the nutrients in growth medium iniadd to entrance the
death phase, also the presence of alginate lyasd wleaves the polymer
into short oligosaccharides result in the decreafsalginate production,
while the decrease of the incubation period underoptimum also causes a
significant decrease in alginate production, and thay because of these
periods were insufficient to utilize all the nutrte for biomass and alginate

production as it was mentioned by Pecina and Pand¢4Q94).
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Figure (3-11) Effect of incubation time on alginateproduction by
P.aeruginosa H3 after incubation in shaking incubator
at 150 rpm, Ph7 and 37°C.
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3.5 Purification of Alginate

Crude alginate produced by the locally asad P.aeruginosa H3 was
partially purified using gel filtration techniquEirst the crude alginate was
dialyzed against distilled water with three incremseof substitutions in
order to remove different molecules of impuritiggen the alginate solution
was lyophilized and prepared to further purificatidy gel filtration
technique. For this purpose 3ml of alginate sofutias added to sepharose
CL-6B 200 column prepared previously as in (2.2.18nd eluted by
phosphate buffer saline.

Results in figure (3-12) showed that theras only one peak for
alginate that refers to the first steps of puriima by alcohol precipitation
and dialysis of alginate solution.

0.5

0.45 -

0.4 1

0.35 1

0.3

0.25 1

0.2 1

Absorbance at(490 nm)

0.151

0.1

0.05 -

0 5 10 15 20 25 30 34

Fraction number

Figure (3-12) Gel filtration of alginate on sepharse CL-6B 200 column

(2.7x15 cm), eluted with phospteabuffer saline (pH 7.3) at
a flow rate (Iml/min.).
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3.6 Molecular Weight Determination of Alginate byGel

filtration chromatography technique

Molecular weight of alginate was determined using @ltration
chromatography technique.The purified alginate thnele standard proteins
(lysozyme, bovine serum albumin and choline esgragre transferred to
sepharose CL-6B 200 column separately and eluteghmgphate buffer
saline .

Void volume (V) of the column was calculated using blue dextran
2000 which was also transferred to the same colantheluted under the
same conditions.

Results in figure (3-13) showed the diagmelution of blue dextran
and each standard protein, from this figure, coluwid volume (\4) and
elution volume (V) for each standard proteins was calculated.

In order to calculate alginate molecularighe elution volume of
alginate and other standard proteins was estimata@lculate the ¥ Vo
ratio for each of them (table 3-5), then the molacweight of alginate was
calculated throughout the selectively curve whielpresent the relation

between the ¥ Voratio and logarithm of molecular weight.
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Figure(3-13) Gel filtration of (A) Blue dextran,(B) Lysozyme,(C)Human
serum albumin and (D) Choline esterason sepharose
CL-6B 200 column(2.7x15 cm), éka with phosphate buffer
saline (pH 7.3) at a flow ratélml/min.).
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Table (3-4) (W/Vo) ratio of standard proteins and purified alginate.

Standard proteins I Molecular weight (Dalton) (Ve/Vo)
I

potedagrae § -~ 14 *°]

Results obtained from the selectivity cuffigure 3-14) indicated that

the molecular weight of alginate was about 141,@8l8on. This result was
very close to that result obtained by Greenwood ighro, (1979) who
found that the molecular weight of alginate was,080 Dalton.
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Figure (3-14) Selectivity curve for molecular weighdetermination of
alginate fronk. aeruginosa H3 by gel filtration technique.
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Conclusions

1) Locally isolatedP.aeruginosa H3 from cystic fibrosis patient was the
efficient one in the production of alginate.

2) Optimum conditions for alginate production by tleedlly isolated
P.aeruginosa H3 was obtained when the production medium was
consists of 4% date extract, 1% commercial bakgeast, 0.05%
KH2POs, pH 7 and incubated for 96 hrs. at 37°C with idoousize
of 8x10.

3) Crude alginate produced ®.aeruginosa H3 was simply purified
throughout isopropanol precipitation, and gel dilion
chromatography.

4) Molecular weight of purified alginate produced by focally isolated

P.aeruginosa H3 was about 141,253 Dalton.
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Recommendations

1) Improvement oP.aeruginosa H3 ability in alginate production by
physical and chemical mutagenesis.

2) Large scale production of alginate Byaeruginosa H3 throughout the
application of optimum conditions for prodwcti

3) Cloning of alginate genes in suitable vector andgferred irk. coli

for large scale production.



Chapter Two Materials and Methods

2. Materials and Methods

2.1 Materials
2.1.1 Equipment and Apparatus

The following equipments and apparatus wee=l in this study:
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2.1.2 Chemicals

The following chemicals were used in thigly:

Material Company (origin)

K2HPOs, KH2PO:, MgSOn. 7H20,
CaCb.2H0, FeSQ.9H0, NaHPO;,
NazMo4.2H0, Peptone, MgGC| BDH (England)

K2SOy, Glucose, Sucrose,
Fructose, NaCCGs, CaCbh, NaOH,

Maltose, Ammonium sulphate, KCI

Gelatin, Yeast extract Biolife (Italy)

Agar, Hydrogen peroxide, N,N,N,N-
tetramethyl-p-phynylene-diamine Difco(U.S.A)
dihydrochloride

NaCl, crystal violet Fluka(Switzerland)

H2SOy, HCI, Hopkin and Williams(U.K)

Tryptone Oxoide (U.K)

Cetrimide, Glycerol, Isopropanol, Riedel-Dehaeny-(Germany|

Phenol, Ammonium chloride

Sepharose CL-6B 200, Blue dextrane
Choline esterase, Lysozyme, Bovine se Sigma (U.S.A)

albumin,
Date extract Kerbala canning co. (Iraq)

Commercial yeast (Saf-instant) S.l.Lesaffre (France)

LR
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2.1.3 Api 20E Kit (Api Bio Merieux, Lyon, France)
Api 20E Kit consist of :
(A) Galleries: the gallery is a plastic strip with 20 microtulsesitaining
dehydrated reactive ingredients.
(B) Api 20E reagents :
» Oxidase reagent (1% tetra-methyl-p-phenyle-diamine)
» Kovac's reagent (p-dimethyl aminobenzaldehyde ail$4Cl
isoamyl alcohol).
* Voges-Proskauer reagent:
- Vpl (40% potassium hydroxide)
- Vp2 (6% alpha-naphthol).

e Ferric chloride 10%.

2.1.4 Media
2.1.4.1 Ready to Use Media
These media were prepared as recommended tyfacturing
company. The pH was adjusted to 7.0 and autoclav&@1°C for 15 min.
* MacConkey agar (Oxoid-England).
* Nutrient agar (Oxoid-England).
* Nutrient broth (Oxoid-England).

e Simmon citrate agar (Difco-U.S.A).
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2.1.4.2 Synthetic Media
» Cetrimide agar (Stolp and Gadkari, 1984).

Agar 15¢g

Distilled water 1000 ml

pH was adjusted to 7.2 and sterilized by autockavin

* King A (Starret al., 1981).

MgCl2 1.4qg

Agar 159

Distilled water 1000ml

pH was adjusted to 7.2 and sterilized by autockavin
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* King B (Starret al., 1981).

Peptone

N
o
«Q

MgSO.7H.0 3.5

K2SO 1.5g

10ml

Glycerol

[EEN
a1
«Q

Distilled water 1000ml

pH was adjusted to 7.2 and sterilized by autockavin

* Gelatin medium (Stolp and Gadkari, 1984).
Gelatin
K2HPO,
KH2POs
Glucose 0.05¢g

Distilled water 1000ml

pH was adjusted to 7.0 and sterilized by autockavin
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» Alginate production medium (Thompson and Skerm&@9)

K2HPOs 0.3g
KH2PO: 0.79
MgSOh. 7H0 0.29
CaCbk.2H0 0.1g
FeSQ.9H0 0.05¢

NaMo4.2H0 0.007g

Sucrose

[EEN
o
«Q

Yeast extract 59

Distilled water 1000ml

pH was adjusted to 7.0 and sterilized by autockavin

2.1.5 Reagents

» Catalase reagent (Atlast al., 1995)
This reagent composed of (3%) hydrogen>pdeo

» Oxidase reagent (Atlast al., 1995)
One gram of N,N,N,N-tetramethyl-p-phynylediamine
dihydrochloridewas dissolved in 100 ml distilled water and keptdark
bottle at 4°C.
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2.1.6 Solutions and Buffers

* Phosphate buffer saline (pH 7.3)
This solution was prepared by dissolving (8g) NdCI2g) KCI, (0.29)
KH2PG;, (1.15g) NaHPO: in (1000 ml) of distilled water, pH was adjusted
to (7.3) and sterilized by autoclaving (Cruikshahhkl., 1975).

* Phenol solution (5%)
This solution was prepared by dissolving) (6§ phenol in (100 ml)

distilled water.

» Calcium chloride solution (0.25 M)
This solution was prepared by dissolving@{@)of calcium chloride in
(20 ml) distilled water.

* Blue dextrane 2000 solution (4 mg / ml)
This solution was prepared by dissolving (0.02gblok dextrane in

(5 ml) of phosphate buffer saline (pH 7.3).

» Solutions of standard proteins
1. Lysozyme solutiorf3mg / ml)
This solution was prepared by dissolving@® of lysozyme in (3 ml)

of phosphate buffer saline (pH 7.3).
2. Bovine serum albumin solution (3mg / ml)

This solution was prepared by dissolvingng®of bovine serum
albumin in (3 ml) of phosphate buffer saline (pR)7.

L
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3. Choline esterase solution (3mg / ml)
This solution was prepared by dissolvinng® of choline esterase in
(3 ml) of phosphate buffer saline (pH 7.3).

2.2 Methods

2.2.1 Sterilization methods
» Autoclaving
Media and solutions were sterilized by autoclavaigl21°C for 15
min.
* Oven sterilization
Glasswares were sterilized using electricncatel80°C for 3 hrs.

2.2.2 Isolation ofP. aeruginosa
2.2.2.1 Sample collection

Two types of samples were collected in ptdasolateP. aeruginosa
which they were:

* Clinical samples

Blood samples from patients sufferifigm septicemia, sputum
samples, samples from burns, in addition to sasnpfeom ears and cystic
fibrosis infections were collected from Al-Yarmobkspital and Al-Karama

hospital in Baghdad governorate.

* Environmental samples
Water and soil samples were collected frAfYarmouk hospital and

Al-Karama hospital in Baghdad governorate.
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2.2.2.2 Sample preparation

Clinical samples were grown directly in nutrientottr containing
tubes and immediately transferred to the departroEbtotechnology labs,
then they were platted on MacConkey agar platesraqubated overnight at
37°C, while environmental samples from water ant\gere diluted using

sterilized distilled water and as following:

* Water samples
One-milliliter of each sample was diluted(Bml) of sterilized distilled
water in test tubes, mixed thoroughly, serial diog for each tube were
done separately, then (l@l0)aliquots from the appropriate dilution (10
were taken out and spreaded on MacConkey agarspdaieé incubated at
37°C for 18 hours.

* Soil samples
One-gram of each soil sample was added to (9mlkstefilized
distilled water in test tubes, mixed thoroughlysiaedilution for each tube
were done separately, then (jluQOaliquots from the appropriate dilution
(10°) were taken and spreaded on MacConkey agar @atbincubated at
37°C for 16 hours.
After incubation, non fermentive colonies which appas pale color
were selected and streaked on cetrimide agar plasea selective medium

for Pseudomonas spp.) at 37°C for 16 hour.
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2.2.3 Identification of P. aeruginosa isolates

Different isolates from clinical and enwviroental samples were
identified according to their staining ability,agle, color, size, production
of pigments, transparency and mucoid propertideetolonies growing on
nutrient agar and MacConkey agar plates, and sooohdmical tests were

achieved as follows:

» Gram's stain (Harely and Prescott, 1996)
Single colony of each isolate was tramsfitrand smeared on a clean
slide. The smear was stained with crystal violegated with iodine,
decolorized with absolute alcohol, and countersi@iwith safranine, then

examined under light microscope.

» Catalase Test
This test was performed by adding few drops hydrogen
peroxide (3%) on a single colony of each isolatengr on nutrient agar. The

production of gaseous bubbles indicates a posiéiselt.

» Oxidase Test
Filter paper was saturated with oxidasgeat, then single colony of
each isolate was rubbed on the filter paper wigesile wooden applicator
stick. An immediate color change to a deep bluecatds a positive result.

» Citrate utilization
This test was used to examine the abilfty?.oaeruginosa to utilize

citrate as a sole source of carbon and energyhisntést, a colony of each

S



Chapter Two Materials and Methods

isolate was inoculated on to the surface of simrorate slant and the
medium was incubated overnight at 37°C. The appeasof blue color
indicates a positive result.

» Gelatin hydrolysis test
This test was performed to demonstrateabily of bacterial isolate to
hydrolyze gelatin. Tubes of gelatin media were ulated with each isolate
by stabbing, and then the tubes were incubated7at 3or five days.

Liquification of gelatin indicates a positive ressul

* Growth on King A
Single colony of each isolate was streakgumharately on King A agar
medium and incubated at 37°C for 24 hrs. to exartlirasolates ability in

pyocyanin pigment production.

* Growth on King B
Single colony of each isolate was streas@ghrately on King B agar
medium and incubated at 37°C for 24 hrs. Then thtep were exposed to
U.V. light to examine the isolates ability in flemcent pigment production.

2.2.4 Identification of P. aeruginosa Isolates using Api 20 E

system
Local isolates that have the features and charsitsrofP. aeruginosa
on nutrient agar plates, subsequently identifiedgibiochemical tests were
further characterized using Api 20 E system as andsrdized

characterization system for Enterobacteriaceae ahdr non-fastidious

ST



Chapter Two Materials and Methods

Gram-negative rods. The system consists of 20 mubss containing
dehydrated substrates. These tests are inoculatiec Wwacterial suspension
which reconstitutes the media. During incubatioretabolism produces
color changes that are either spontaneous or evdal 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.
. VP: Voges proskauer test.

© © N o g bk 0w NP

N
o)

. GEL: Gelatin liquifaction test.

[EEN
N

. GLU: Glucose fermentation test.

[EEN
w

. MAN: Manitol fermentation test.

[EEN
N

. INO: Inositol fermentation test.

[EEN
a1

. SOR: Sorbitol fermentation test.

[EEN
»

. RHA: Rhamnose fermentation test.

|
\l

. SAC: Sucrose fermentation test.

=
(o)

. MEL: Melibiose fermentation test.

=
(o)

. AMY: Amygdalin fermentation test.

N
o

. ARA: Arabinose fermentation test.
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* Preparation of the strip
Five-milliliter of distilled water dispensed intdhé honeycombed

wells of the tray in order to provide a humid atpiesre during incubation

* 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

sterilized distilled water and mixed thoroughly.

* Inoculation of the strip
According to the manufacture instructions, both tilnee and cupule
section of CIT, VP and GEL tests were filled wittetbacterial suspension.
Other tests, only the tubes were filled. The téf#l, LCD, ODC, URE and
H,S were overlaid with mineral oil to create anaetotonditions. After
inoculations, the plastic lid was placed on thg &tad inoculated at 37°C for
24 hr.

* Reading the strip
After incubation, the following reagents weralad to the corresponding
microtubes:
1. One drop of VP reagent to VP microtube and waitlfdmin then the
result was recorded immediately.
2. One drop of 10% ferric chloride to TDA microtubeiththe result was
recorded immediately.
3. One drop of Kovac's reagent to the IND microtube.
The results were recorded and comparddatoof identification table,

identification of isolates was performed using ghedl profile index.
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2.2.5 Maintenance of Bacterial Isolates
Maintenance of bacterial isolates was paréal according to Maniatis
et al.,(1982) as following:
* Short term storage
Bacterial isolates were maintained for period oW feveeks on
MacConkey agar plates . The plates were tightlypyea in parafilm

and stored at 4°C.

* Medium term storage
Bacterial isolates were maintained in stab culture for
period of few months. Such cultures were prepanedcrew-capped

bottles containing (5-8 ml) of agar medium andestoat 4°C.

* Long term storage
Bacteria can be stored for many years inent broth containing 15%
glycerol at low temperature without significant dosf viability. This was
done by adding (1.5 ml) of sterilized glycerol to exponential growth of
bacterial isolates in a screw-capped bottle witfalfivolume (10 ml) and
stored at -20°C.

2.2.6 Screening the ability of P. aeruginosa Isolates in

Production of Alginate
To examine the ability of local isolates Rfaeruginosa in alginate
production, the production medium described by @hpson and Skerman,

1979) was used for this purpose, by inoculating () of the production

SR



Chapter Two Materials and Methods

medium with (100 pl) of fresh culture of each i¢eleseparately and
incubated in shaker incubator (150 rpm at 37°Cihrs).

2.2.7 Extraction and Dry Weight Determination of Crude
Alginate

Separation of alginate from culture medium was qrenéd by
centrifugation of 10ml from the culture medium aftecubation for 48hrs.
in cooled centrifuge at 6000 rpm in 4°C for 20 mithe supernatant was
then used as a crude alginate.

The dry weight of crude alginate was determined dlgohol
precipitation method as described by (Jarnsaral., 1978) by adding 3
volumes of isopropanol to 1 volume of crude algenahen they were mixed
vigorously and left to stand for (10 min.), afteat the contents was filtered
using filter paper (Whatman No.1), then the filbaper containing the crude
alginate precipitate was dried in oven at (40-45f@2)16 hrs, and the dry
weight of crude alginate was determined.

2.2.8 Qualitative Detection of Alginate

For qualitative detection of alginate, thalowing method was
performed as described by (British pharmacopei@Q)1L9

Ten-milliliter of distilled water was addéd (0.1g) of crude alginate
and (0.25g) of sodium carbonate, then the mixtues Witered by filter
paper (Whatman No.1). After that (0.5ml) of calciahioride (0.25 M) was
added to the filtrate, the formation of gelatinqurecipitate indicates the

presence of alginate.
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2.2.9 Optimum Conditions for Alginate Production

In order to determine the optimum condisidar alginate production,
the selected isolate term@daeruginosa H3 which was the best among the
different isolates in alginate production, was uk®dproduction. Optimum
conditions includes carbon source and it's conaéatr, nitrogen source and
it's concentration, phosphate source and it's curet#on, temperature, pH,

inoculum size and incubation time.

2.2.9.1 Carbon source

Five different carbon sources were usedetermine the optimum for
alginate production (sucrose, fructose, maltoseycage and date
extract). These carbon sources were added in acaten of (2% w/v) for

sucrose, fructose, maltose and glucose, and (2Ydar/date extract.

2.2.9.2 Concentration of carbon source

Date extract was selected as a good cadmmce for alginate
production by P. aeruginosa H3 therefore it was used at different
concentrations (2, 4, 6, 8, 10 % v/v) to deterntiveeoptimum concentration
for production of alginate.

The total carbohydrate ratio in date extre&s determined by phenol-
sulfuric acid method (Dubogt al., 1956) according to the standard curve of

glucose as following:
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1. Standard curve of glucose by phenol-sulfuric acedhod

Stock solution of glucose (80y /ml) was prepared by dissolving
(0.008 g) of glucose in (50 ml) of distilled watdren the volume completed
to (100 ml) in a volumetric flask.

Then the following volumes of stock solutivere added in a test
tubes, and appropriate volumes of distilled waterevadded as the

following table:

Glucose concentratio

-
©

Then (1 ml) of (5 %) phenol solution wasled to each tube and mixed
well, followed by the addition of (5 ml) of sulfuriacid and mixed
vigorously and left to stand at room temperatuiree &bsorbance at (490nm)
for each tube was measured and the first tube sed as blank.

The standard curve was drown accordinchéorelationship between
the absorbance at (490nm) and glucose concentr@igphml) as shown in
Figure (2-1).
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1.4

1.2
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o
~

0.2 1

0 20 40 60 80 100

Glucose Concentration ig/ml)

Figure (2-1) Standard curve of glucose by phenol-sulfuric acid sthod.

2. Total carbohydrate ratio determination

The total carbohydrate ratio in date extve&s determined by phenol—
sulfuric acid method that mentioned in the aboepstthe concentration of
total carbohydrate was measured according to #relatd curve of glucose,
also this method was used in the molecular weighdrchination of alginate
( Horanet al., 1981).
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2.2.9.3 Nitrogen source

Six nitrogen sources were used (yeast eixtrpeptone, tryptone,
ammonium sulphate,ammonium chloride and commebeikér’'s yeast(Saf-
instant)). These sources were added at a concemtrafi (0.2 % w/v) at
37°C, pH 7 for 48 hr.

2.2.9.4 Concentration of nitrogen source
Six concentrations (0.25, 0.5, 0.75, 1.5, 2.0 % w/v) of the
appropriate nitrogen source were used to deterntime optimum

concentration for alginate production at 37°C, ptdr748 hr.

2.2.9.5 Phosphate source

In order to determine the optimum phosphsterce for alginate
production, two types of phosphate sources KB and KHPO:) and a
mixture of them (0.07% of KHPO: and 0.03% of BHPOs) were used in a
concentration of (0.1% w/v), also in the absencephbsphate source
(control) at 37°C, pH 7 for 48 hr.

2.2.9.6 Concentration of phosphate source

Six concentrations (0.05, 0.1, 0.15, 0.250 0.3 % w/v) of the
appropriate phosphate source were used to deterriiae optimum
concentration for alginate production at 37°C, ptdr748 hr.

2.2.9.7 Temperature

In order to determine the optimum tempeeatar alginate production,
four different temperatures (30, 35, 37, 40°C) wesed for this purpose at
pH 7 for 48 hr.
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2.2.9.8 pH

In order to determine the optimum pH foodhsction of alginate, the
following pH values were used for this purpose0(@&.5, 7.0, 7.5, 8.0) at
37°C for 48 hr.

2.2.9.9 Inoculum size

Different inoculum sizes were used to datee the optimum inoculum
size for alginate production and as follow: Onelitiiér of fresh culture was
diluted by (9ml) of sterilized distilled water imdt tube, mixed thoroughly,
serial dilutions were done, then (100ul) aliquatsnt each dilution was
taken out and spreaded on nutrient agar platesnanbated at 37°C for 18
hours, then viable count was done from the appabtgpdilution and multiply
by inverse dilution.
(8x10F, 4x10, 8x10, 12x1d, 16x1d, 2x10, 24x10) cell / 100ml of
production medium at 37°C, pH 7 for 48 hr.

2.2.9.10 Incubation time

In order to determine the optimum incubatibome for alginate
production, six time periods (24, 48, 72, 96, 1284 hrs.) were used for this
purpose at 37°C and pH 7.

2.2.10 Purification of Alginate
After determined the optimum conditions &bginate production, the
following purification steps were performed to puralginate produced by

the locally isolatedP. aeruginosa H3.
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» Alcohol Precipitation

Alginate in crude filtrate was precipitatextcording to alcohol
precipitation method described by (Jarneral., 1978) by adding three
volumes of isopropanol to one volume of crudedtky; then the mixture was
mixed vigorously and filtered by filter paper (Whratn No.1), after that the
sample was dried in an oven at (40-45°C).

The precipitate was dissolved in a suitalbkime of distilled water
and dialyzed against distilled water with threer@masents of substitutions at
(4°C)for 24 hrs.

After that crude alginate was lyophilizegl using a Lyophilizer, and
kept for the next step of purification (Andersairal., 1987).

* Gel Filtration Chromatography

Crude alginate was purified by gel filteatichromatography technique
using Sepharose CL-6B 200 which was prepared acgprdo the
instructions of manufacturer (Sigma). Gel matrixsvg@ured in a column to
give a dimensions of (2.7x15 cm), the column washgd and equilibrated
for (24 hrs.) with phosphate buffer saline (pH 7&) a flow rate of
(Iml/min.), then (3 ml) of crude alginate (3mg/mids added to the column
accurately and eluted with phosphate buffer sdloie 7.3) at a flow rate of
(1 mi/min..).

Fractions of (3 ml) were collected and #fsorbency at (490nm) for
each fraction was measured by phenol-sulfuric a@thod to determine the

elution volume(\) of alginate fraction (Brek and Larsen, 1985).
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2.2.11 Molecular Weight Determination of Alginate ly Gel
filtration chromatography technique

» Determination of the void volume(\b) of the column

The column was equilibrated and washed2drhrs.) with phosphate
buffer saline (pH 7.3)at a flow rate of (1 ml/mind 5 ml of blue dextrane
2000 solution was passed through the column, theedewith phosphate
buffer saline (pH 7.3). Fractions of (3 ml) werdlected and the absorbency
at (600nm) for each fraction was measured. The wutbme was
determined by estimation of total volume of thecfiens as characterized
with start point movement of the blue dextrane tbatthe climax of

absorbency of the blue dextrane (Cote and KruB8)9

» Determination of standard proteins elution volume Ve)
Three ml of the following standard protemmsre applied through the
column separately, then eluted with phosphate bustdine (pH 7.3)
(Table 2-1).

Table (2-1) Standard proteins.

Standard proteins Molecular weight(Dalton)
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The elution volume @ was estimated for each standard protein by
measuring the absorbency of the separated fracaipf®80nm).

The (M /Vo) ratio was calculated for each standard protethfan the
purified alginate, then standardization was donepltting the elution
volume (\&) of each standard protein to the void volume) (8f the blue
dextrane 2000 (MVo) versus the log value of molecular weight (Stetjesa,

1990).The molecular weight of alginate accordinghs calculated.



Chapter One

d
(D)
| -
=2
©
)
=
—
©
-
®
-
@)
B
>
i®)
@)
| -
e
-




Chapter Two

%
S
o
<
[
=
T
-
®
%
S
@
@
=




-

O
8 B
E g
- 3
T 2
o ©
@ o
c x
O 3

Y




Summary
List of tables
List of figures

List of abbreviations

1.1 Introduction

1.2 Literature Review

1.2.1 The General CharacteristicdPoteruginosa
1.2.1.1 Pathogenesis d?. aeruginosa

1.2.1.2 Virulence Factors of PathogeRi@eruginosa
1.2.2 Alginate-producing Bacteria

1.2.3 The Biological Function of Alginate

1
3
3
4
6
7
7
8

1.2.4 Bacterial and Algal Sources of Alginate

1.2.5 Physical Properties of Alginate

1.2.5.1 lon Binding

1.2.5.2 Solubility

1.2.5.3 Viscosity

1.2.6 Applications of Alginate in Biotechnology

1.2.7 Biosynthesis Pathway of Alginate fréhaeruginosa

1.2.8 Optimum Conditions for Alginate Production

1.2.8.1 Optimum Nutrition Factors

1.2.8.2 Optimum Temperature, PH and Incubatioropder
for Alginate Production

1.2.9 Purification of Alginate




Chapter Two: Materialsand M ethods

2.1 Materials

2.1.1 Equipment and Apparatus

2.1.2 Chemicals

2.1.3 Api 20E Kit (Api Bio Merieux, Lyon, France)

2.1.4 Media

2.1.4.1 Ready to Use Media

2.1.4.2 Synthetic Media

2.1.5 Reagents

2.1.6 Solutions and Buffers

2.2 Methods

2.2.1 Sterilization methods

2.2.2 lIsolation oP. aeruginosa

2.2.2.1 Sample collection

2.2.2.2 Sample preparation

2.2.3 ldentification oP. aeruginosa isolates

2.2.4 ldentification oP. aeruginosa Isolates using Api 20
system

2.2.5 Maintenance of Bacterial Isolates

2.2.6 Screening the ability oP. aeruginosa Isolates i
Production of Alginate

2.2.7 Extraction and Dry Weight Determination of Crudg

Alginate

2.2.8 Qualitative Detection of Alginate

2.2.9 Optimum Conditions for Alginate Production

2.2.9.1 Carbon source

2.2.9.2 Concentration of carbon source

2.2.9.3 Nitrogen source




2.2.9.4 Concentration of nitrogen source
2.2.9.5 Phosphate source

2.2.9.6 Concentration of phosphate source
2.2.9.7 Temperature

2.2.9.8 pH

2.2.9.9 Inoculum size

2.2.9.10 Incubation time

2.2.10 Purification of alginate

2.2.11 Molecular Weight Determination of Alginatg Gel
filtration chromatography technique

Chapter Three: Results and Discussion

3.1 Isolation of. aeruginosa

3.2 Identification

3.3 Screening dP. aeruginosa Isolates for Alginate

Production

3.4 Optimum Conditions for Alginate Production

3.4.1 Carbon source

3.4.2 Concentration of carbon source

3.4.3 Nitrogen source

3.4.4 Concentration of nitrogen source

3.4.5 Phosphate source

3.4.6 Concentration of phosphate source

3.4.7 Temperature

3.4.8 pH

3.4.9 Inoculum size

3.4.10 Incubation time

3.5 Purification of alginate




3.6 Molecular Weight Determination of Alginate Ggl

filtration chromatography technique
Conclusions
Recommendations

References

Vi



List of Tables

(1-1) Virulence factors produced 5/ aeruginosa

(1-2) Alginate genes d?. aeruginosa

(2-1) Standard proteins

(3-1) Local isolates from different clinical and
environmental samples

(3-2) Biochemical tests of the locally isolated

Pseudomonas spp.

(3-3) Ability of P. aeruginosa isolates in alginate

production in culture medium after incubatin
shaking incubator at 150 rpm for 48hr3&IC

(3-4) (V/Vo) ratio of standard proteins and purified
alginate

VIl



List of Figures

(1-1) Chemical structure of alginate:(a) M blocks, (b)
blocks, (c) MG blocks
(1-2)The egg-box model for binding of divalent ocat to
alginate and the possible chelation of iin&G
sequences
(1-3) Alginate biosynthetic pathway
(2-1) Standard curve of glucose by phenol-sulfaaic
method
(3-1) Api 20 E system for identification &faeruginosa
(3-2) Effect of carbon source in alginate productoy
P.aeruginosa H3 after incubation in shaking
Incubator at 150 rpm for 48hrs at 37°C

(3-3) Effect of date extract concentration in agden

production byP.aeruginosa H3 after incubation in
shaking incubator at 150 rpm for 48hrs&iC3

(3-4) Effect of nitrogen source in alginate prodoctoy
P.aeruginosa H3 after incubation in shaking
incubator at 150 rpm for 48hrs at 37°C

(3-5) Effect of commercial baker's yeast concertnain
alginate production B¥.aeruginosa H3 after
incubation in shaking incubator at 150 rom48hrs
at 37°C

(3-6) Effect of phosphate source in alginate préidac
byP.aeruginosa H3 after incubation in shaking
incubator at 150 rpm for 48hrs at 37°C

VIl



(3-7) Effect of KHRPOQ: concentration in alginate
production byr.aeruginosa H3 after incubation in
shaking incubator at 150 rpm for 48hrs&IC3

(3-8) Effect of temperature in alginate productipn
P.aeruginosa H3 after incubation in shaking
Incubator at 150 rpm for 48hrs.

(3-9) Effect of pH in alginate production Byaeruginosa
H3 after incubation in shaking incubatod &0 rpm
for 48hrs at 37°C

(3-10) Effect of inoculum size in alginate prodoctiby

P.aeruginosa H3 after incubation in shaking
incubator at 150 rpm for 48hrs at 37°C

(3-11) Effect of incubation time in alginate protioo
byP.aeruginosa H3 after incubation in shaking
incubator at 150 rpm and 37°C

(3-12) Gel filtration of alginate on sepharose (B0
column (2.7%x15 cm), eluted with phosphatéer
saline (pH 7.3) at a flow rate (1ml/min.

(3-13) Gel filtration of (A) Blue dextran,(B) Lyspme,
(C)Human serum albumin and (D) Cholisemse
on Sepharose CL-6B 200 column(2.7%x15 cm)
eluted with phosphate buffer saline {({pB) at a
flow rate (1ml/min.)

(3-14) Selectivity curve for molecular weight
determination of alginate frdMaeruginosa H3 by

gel filtration technique




List of Abbreviations

Abbreviation

Optical Density
a-L-glucuronic acid
B-D-mannuronic acid
Nanometer

Tumer necrosis factat-
Interleukin-1
Lipopolysaccharide

Guanosine diphosphate

Molecular weight

Elution volume
Void volume
Round per minute
Species
Specieses

Ultraviolet




Ministry of Higher Education
and Scientific Resear ch
Al-Nahrain University
College of Science
Biotechnology Department

Production and Characterization of Alginate
Produced by the L ocally I solated

Pseudomonas aeruginosa

A Thesis
Submitted to the College of Science Al-Nahrain University as a Partial
Fulfillment of the Requirements for the Degree of
Master of Science in Biotechnology

By
Hasan Abdulhadi Hussein Al-Janabi
B.Sc. Biotechnology (Al-Nahrain University 2000)

December 2006 Dhul-gada 1427




References

References

Anderson, A. J.; Hacking, A. J. and Dawes, E. A. (1987). Alternative
pathway for the biosynthesis of alginate from faset and glucose in
Pseudomonas mendocina and Azotobacter vinelandii. J. Gen. Microbial
133: 1045-1052.

Atlas, R. M.; Parks, L. C. and Brown, A. E. (199baboratory manual
of experimental microbiology. Mosby-Year-book, IN0SA.

Boyd, A. and Chakrabarty, A. M. (1995Pseudomonas aeruginosa
biofilms: role of alginate exopolysaccharide. Jd.IMicrobiol. 15: 162-
168.

Brek, G. S. and Larsen, B. (1985). Biosynthetislginate Purification
and Characterisation of Mannuronan C-5-epimerasenAzotobacter
vinelandii .CarbohydRes1939: 273-283.

British Pharmacopeia. (1980). Alginic Acid. Londdter Majesty’s
Stationery Office. Addendum 1983. Pp. 27-28.

Brivonese, A. and Sutherland, W. I. (1989). Polymevduction by a
mucoid strain ofAzotobacter vinelandii in batch cultureApp. Microbiol.
Biotechnol 30: 97-102.

Cerning, J. (1990). Exocellular polysaccharidesipoed by Lactic acid
bacteria. Federation of European Microbiohogicaki&ees. FEMS
Microbiol. Revi. 87: 113-130.

Clementi, F. (1997). Alginate production Byotobacter vinelandii. Crit.
Rev. Biotech. 17 (4): 327-361.

Cohen, G. H. and Johnstone, D. B. (1964). Extralzlipolysaccharides
of Azotobacter vinelandii. J. Bacteriol 88: 329-338.

LR



References

Collee, J. G.; Fraser, A. J.; Marmian, B. P. and Simmons, A. (1996).
Pseudomonas, Scenotophanas, Purkholderia, Practical Medical
Microbiology. 14" ed.

Costerton, J. W.; Lewandowski, Z.; Caldwell, D. Eagrber, D. R.; and
Lappin-Scott, H. M. (1995). Microbial biofilms. Ann Rev. Microbiol.
49: 711-745.

Cote, G. L. and Krull, L. H. (1988). Characteripatiof the exocellular
polysaccharides fromAzotobacter chroococcum. Carbohydr. Res. 181:
143-152.

Coyne, M. J.; Russell, K. S.; Coyle, C. L. and Geald), J. B. (1994).
The Pseudomonas aeruginosa algC gene encodes phosphoglucomutase,
required for the synthesis of a complete lipopatgbaride core. J.
Bacteriol 176: 3500-3507.

Cruickshank, R., Marmion, B. P.; Duguid, S. R. and Swain, R. H. (1975).
Medical microbiology. 1% ed. Vol. 2, Churchill Livingston. Edinburgh,
London.

Cryze, S. J. (1984Pseudomonas infections. In: Bacterial vaccines. (ed.
Germanier, R.). Academic Press Inc., USA. Pp. 3T-3

Davidson, I. W.; Sutherland, I. W.; Lawson, C.1B{7). Localization of
O-acetyl groups of bacterial alginate. J. gen. bhaol. 98: 603-606.
Doco, T.; Wierusezeski, J. M.; Fournet, B.; Carcabg Ramos, P. and
Loones, A. (1990). Structure of an exocellular palycharide produced
by Streptococcus thermophilus.Carbohyd.Re498: 313-322.

Dubois, M.; Gilles, K. A.; Hamilton, J. K.; RebeB, A. and Smith, F.
(1956). Colorimetric method for Determentation ofyars and related
substances. Anal. BiocR8(3): 350-356.

LR



References

Evan, L. R.; and Linker, A. (1973). Production asfthracterization of
the slime polysaccharide Bfaeruginosa. J. Bacteriol. 116: 915-924.
Franklin, M. J.; and Ohman, D. E. (2002). Mutanalgsis and cellular
localization of the Algl, AlgJ, and AlgF protein®equired for O-
acetylation of alginate irfPseudomonas aeruginosa. J. Bacteriol. 184:
3000-3007.

Franklin, M. J.; Chitnis, C. E.; Gacesa, P.; Sooesé.; Wite, D. C. and
Ohman, D. E. (1994 Pseudomonas aeruginosa AlgG is a polymer level
alginate C-5 mannuronan epimerase. J. Bacteri6l. 121-1830.
Gacesa, P. (1998). Bacterial alginate biosynthestsent progress and
future prospects. Microbiol. 144: 1133-1143.

Gilardi, G. L. (1985). Pseudomonas. In: Manual of Clinical
Microbiology. (eds. Lennette, E. H. A.; Balows, W, Hausler, J. R. and
Shadomy, H. J.). American Society for Microbiologyashington D.C.
USA. Pp. 350-372.

Giwereman, B.; Lambert, P. A.; Rosdahl, V. T.; Sha@. and Hand, N.
(1990). Rapid emergency of resistancePseudomonas aeruginosa in
cystic fibrosis patient due taon vitro selection of stable partially
depresse@-lactamase producing strains. J. Antimicrob. Che&®:,247-
259.

Glauser, M. P. (1986). Urinary tract infection gomgelonephritis. West
Washington. Square Philadelphia, USA.

Goldberg, J. B.; Gorman, W. L.; Flynn, J. L. andh@im, D. E(1993). A
mutation inalgN permitstrans activation of alginate production &ygT

in Pseudomonas species. J. Bacteriol. 175: 1303—-1308.

el



References

Green wood, C. T. and Munro, D. N. (1979). Carbahta In: Priestly,
R. J., ed: “Effects of Heating on Foodstuffs”., Aipd Sci publishers.
Harely P. J. and Prescott, M. L. (1996). Laborat@xercises in
microbiology. McGraw-Hill, USA.

Haug, A. and Larsen, B. (1971). Polymannuronic aci-epimerase
from Azotobacter vinelandii.Carbohyd. Resl7: 297-308.

Hawkey, P. M. and Lewis, D. A. (1989). Medical Baablogy: A
practical Approach. IRL Press, Oxford.

Hoiby, N. and Rosendal, K. (1980). Epidemiology Pgeudomonas
aeruginosa infection in patients treated at a cystic fibrosehtre. Acta.
Pathologica. et. microbiologica scondinavica. 885-131.

Horan, N. J.; Jarman, T. R. and Dawes, E. A. (1983). Studies on some
enzymes of alginic acid biosynthesisAmotobacter vinelandii grown in
continuous culture. J. Gen. Microhidl29: 2985-2990.

Horan,N. J.; Jarman, T. R. and Dawes, E. A. (1981). Effects of carbon
source and inorganic phosphate concentration onptibeuction of
alginic acid by a mutant oAzotobacter vinelandii and on the enzyme
involved in its biosynthesis. J. Gen. Microbid27: 185-191.

Jain, S.; and Ohman, D. E. (1998). Deletion abfk in mucoid
Pseudomonas aeruginosa blocks alginate polymer formation and results
in uronic acid secretion. J. Bacteriol. 180: 634-64

Jain, S.; Franklin, M. J.; Ertesvag, H.; Valla. 8nd Ohman, D. E.
(2003). The dual roles of AlgG in C-5-epimerizatiand secretion of
alginate polymers inPseudomonas aeruginosa. Mol. Microbiol. 47:
1123-1133.



References

Jarman, T. R. (1979). Bacterial Alginate Synthebis.Berkeley, R. C.
W.; Gooday, G. W. and Ellwood, D. C. (eds.) “Mibral
Polysaccharides and Polysaccharases”. Academis.Prtesdon, New
York. Pp. 35-50.

Jarman, T. R.; Deavin. I.; Slocombe, S. and Righelato, R. C. (1978).
Investigation of the effect of environmental corahs on the rate of
exopolysaccharides synthesis iAzotobacter vinelandii. J. Gen.
Microbiol. 107: 59-64.

Jawetz, M. D.; Melnick, J. K. and Adelberg, E. A1908).
Pseudomonades. In: Medical Microbiology Review. 21 Pp. 231-233.
Appelton and Lange, USA.

Kidambi, S. P.; Sundin, G. W.; Palmer, D. A.; Chabarty, A. M. and
Bender, C. L. (1995). Copper as a signal for algngynthesis in
Pseudomonas syringae pv. syringae.

Learn, D. B.; Brestel, E. P. and Seetharama, S3719Hypochlorite
scavenging by,.aeruginosa alginate. Infect. Immun. 55: 1813-1818.
Lebrun, L.; Junter, G. A.; Jouenne, T. and Mignot, L. (1994).
Exopolysaccharide production by free and immobhilizenicrobial
cultures. Enz. Microbiol. Technol. 16 (decembef48-1054.

Linker, A. and Jones, R. S. (1966). A new polysaccle resembling
alginic acid isolated from Pseudomonads. J. Bibker@. 241: 3845-3851.
Lopy, S. (1990).Pseudomonas and other non fermenting Bacilli. In:
Microbiology. Pp: 595-599. "4 Ed. (eds. Davis, B. D.; Dulbecco, R.;
Eisen, H. N. and Ginsbeng, H. S.). Lippincot, Lomdo



References

Maharaj, R.; May, T. B.; Wang, S. K. and Chakrapa#. M. (1993).
Sequence of thelg8 and alg44 genes involved in the synthesis of
alginate byPseudomonas aeruginosa. Genel36: 267-269.

Mandelle, G. L.; Bennett, J. E. and Dolin, R. (1P9Brinciples and
practice of infectious disease. Pp: 1980-1997"™ ®tl. Churchill,
Livingston, New York.

Maniatis, T.; Fritch, E. F. and Sambrock, J. (1982%lecular cloning a
laboratory manual. Gold spring Harbor LaboratorgwNYork.

Martinez, M.L.; Pascual, A.; Coneio, M.G.; Picabkaand Perea, E. J.
(1999). Resistance défseudomonas aeruginosa to imipenem induced by
eluates from siliconized latex urinary catheter redated to outer
membrane protein alterations. Antimicrob. Agent @béer. 47 (2):
397-399.

Marty, N.; Pasquier, G; Dourners, J. L.; Chemin; Khavagnat, F.;
Guinand, M.; Chabanon, G.; Pipy, R. and Montrozier, H. (1998). Effect
of characterized Pseudomonas aeruginosa exopolysaccharides on
adherence to human tracheal cell. J. Med. MicroHdidl 129-134.
McAvoy, M. J.; Newton, V.; Paull, A.; Morgan, J.;aGesa, P. and
Russell, N. J. (1989). Isolation of mucoid straios Pseudomonas
aeruginosa from non-cystic-fibrosis patients and charactdrraof the
structure of their secreted alginate. J. Med. Miarb 28: 183-189.
Mejia-Ruiz, H.; Guzman, J.; Moreno, S.; Soberony@&za G. and Espin,
G. (1997). TheAzotobacter vinelandii alg8 andalg44 genes are essential
for alginate synthesis and can be transcribed faoralgD-independent
promoter. Gend99: 271-277.

SLAR



References

Mims, C. A.; Playfair, J. H. L.; Roitt, I. M.; Waka, D.; Williams, R.
and Anderson, R. M. (1993). Medical Microbiologyosby, London.
Moe, S. T.; Draget, K. I.; Skjak Braek, G. and Smidsrod, O. (1995).
Alginates In, Food polysaccharide and applicatiédited by M. Dekker.
New York 9: 245-286.

Morris, V. J. (1987). New and Modified polysaccldas. In: King, R. D.;
and P. S. J. Cheetham (eds): " Food Biotechnolddyldevier Applied
Science. Lo.

Monday, S. R. and Schiller, N. L. (1996). Alginagynthesis in
Pseudomonas aeruginosa: the role of AlgL (alginate lyase) and AlgX. J.
Bacteriol 178: 625-632.

Neidleman, S. L. (1991). Microbial production ofobhemical. The
genetic engineer and biotechnologist, Biopaperay-june. 20-22.
Nester, E. W.; Pearsall, N. N.; Roberts, J. B. Ratherts, C. E. (1982).
The microbial. Perspective? d. Saunders College, USA.

Otterlei, M.; Ostgaard, K.; Skjak-Braek, G.; SmatsrO.; Soon-Shiong,
P. and Espevik, T. (1991). Induction of cytokineguction from human
monocytes stimulated with alginate. J. Immunoth.285-291.

Palleroni, N. J. (1985Pseudomonadaceae. Cited from bergy's manual
of systematic bacteriology. Vol. 1. Williams and Ikihs. Baltimore.
London.

Pecina, A. and Paneque, A. (1994). Studies on stagmes of alginic
acid biosynthesis in mucoid and nonmucdbtobacter chroococcum
strains.Applied-Biochem. Biotech., 49: 51-58.



References

Pollack, M. (1998). Infections due teseudomonas spp. And related
organisms in "Harrison's text book of internal Mmde". (eds.
Petersdorf, R. G.; Adams, R. D.; Brannwald, E.gllsacher, K. J.;
Martin, J. B. and Wilson, J. D.) McGraw-Hill Inteational Book
Company, USA.

Rehm, B. H. A. and Valla, S. (1997). Bacterial alginate; Biosynthesis and
applications. Appl. Microbiol. Biotechnol. 48: 2&B8.

Rehm, B. H. A.; Boheim, G.; Tommassen, J. and VénKkU. K. (1994).
Overexpression of AIgE irEscherichia coli subcellular localization,
purification, and ion channel properties. J. Baotefl76: 5639-5647.
Robles-Price, A.; Wong, T. Y.; Sletta, H.; Valla,; &nd Schiller, N. L.
(2004). AlgX is a periplasmic protein required faginate biosynthesis
in Pseudomonas aeruginosa. J. Bacteriol. 186: 7369-7377.

Rosevear, A. (1988). Immobilized plant Cells. IngkiR. D. and P. S. J.
Cheetham (eds.): Food Biotechnology 2. Elsevier liddp Science,
Pp.83-117.

Sakata, V.; Akaike, T.; Sugu, M.; ljri, S.; Ando,.Mnd Maeda, H.
(1996). Bradykinin generation triggered Bseudomonas proteases
facilitates invasion of the systemic circulation MHseudomonas
aeruginosa. Microbiol. Immun. 40 (6): 415-423.

Schiller, N. L.; Monday, S. R.; Boyd, C. M.; Kedx, T. and Ohman, D.
E. (1993). Characterization of thieéseudomonas aeruginosa alginate
lyase geneglglL): cloning, sequencing, and expressionEstherichia
coli. J. Bacteriol. 175: 4780-4789.



References

Shinabarger, D.; Berry, A.; May, T. B.; Rothmel,; Rialho, A.; and
Chakrabarty, A. M. (1991). Purification and chaeaation of
phosphomannose Isomerase-guanosine diphospho-Des&nn
pyrophosphorylase — a bifunctional enzyme in tlggnake biosynthetic
pathway ofPseudomonas aeruginosa. J. Biol. Chem. 266: 2080-2088.
Sikyte, B. (1983). Methods In Industrial. Ellis kayod Limited.
Simpson, J. A.; Smith, S. E. and Dean, R. T. (J988avenging by
alginate of free radicals released by macrophdges Radic. Biol. Med.
6: 347-353.

Skjak-Braek, G. (1992). Alginate: biosynthesis asoime structure
function relationships relvant to biomedical andotechnological
applications. Bioch. Soc. Transact. 20 (1): 27-33.

Stapper, A. P.; Narasimhan, G.; Ohman, D. E.; Batak; Hentzer, M.;
Molin, S. (2004). Alginate production affecRseudomonas aeruginosa
biofilm development and architecture, but is naessial for biofilm. J
Med. Microbiol. 53: 679-690.

Starr, M. P.; Teuper, H. G.; Balaws, A. (1981). The prokaryotes, A
handbook of Habitat, Isolation and IdentificatiohBacteria. McGrow-
Hill, New york, USA.

Stellwagen, E. (1990). Gel filtration. In: Method enzymology (ed.
Deutscher, M. P.). 182: 317-328. Academic Presg; Xerk.

Stolp, H. and Gandkari, D. (1984). Non pathogenambers of genus
Pseudomonas.In the prokaryotes.

Strauss, M.; Aber, R. C. and Conner, J. H. (1988lignant external
otitis: Long term (months) antimicrobial therapyylagoscope. 92: 397-
405.

IR



References

Sutherland, . W. and Ellwood, D. C. (1979). Micalb
exopolysaccharides-Industrial polymers of curremd &uture potential.
Symp. Soc. Gen.l Microbiol. 29: 107-150.

Sutherland I.  W. (1996). Extracellular polysacctias In:
Biotechnology, Second edition Volume 6 ‘'Product pfimary
metabolism'. Edited by Rehm, H. J. and Reed, @H\germany 16:
614-657.

Tatnell, P. J.; Russell, N. J. and Gacesa, P. (198{DP-mannose
dehydrogenase is the key regulatory enzyme in algibiosynthesis in
Pseudomonas aeruginosa: evidence from metabolite studies.
Microbiology 140: 1745-1754.

Theilacker, C.; Coleman, F.T.; Mueschenborn, Sosa| N.; Grout, M.
and Pier, G. B. (2003). Construction and charazdéon of a
Pseudomonas aeruginosa mucoid exopolysaccharide-alginate conjugate
vaccine. Infectimmun. 71: 3875-3884.

Thompson, J. P. and Skerman, V. B. D. (1979). Azatteraceae. The
Taxonomy and Ecology of the Aerobic nitrogen-FixirBacteria.
Academic Press, London.

Todar, K. (1997). Bacteriology 330 Lecture Topid3seudomonas
aeruginosa. Annual Reports of Wisconsin University.

Vasquez, F.; Mendoza, M. C.; Villar, M. H.; Vinddl, and Mendez, F.
J. (1992). Characteristics éfseudomonas aeruginosa strains Causing
septicemia in a spanish hospital 1981-1990. EurClih. Microbiol.
Infection Dis., 11(8): 698-703.

Whistler, R. L. and Beniller, J. (1973). Industt@lms. 2*. Ed. Acadmic
Press, New York.

IR



References

Whistler, R. L. and Murphy, P. T. (1973). In: Wiest R. L. and
BeMiller, J. N. (eds.) : Industrial Gums Chap. XXIAcademic Press.
New York. Pp. 513-442.

Williams, A. G. and Wimpenny, J. W. T. (1977). Extysaccharide
production byPseudomonas NCIB 11264 Grown in Batch Culturd.

Gene. Microbiol 102: 13-21.

Worth, W.T. A. (1982). Urinary tract infection anefux nephropathy in
adult, Inter. Med. 1 (24): 1095-1100.

Yalpani, M. and Sandford, A. (1987). Commercial ysalccharides :
Recent trends and developments.Industrial polysamds: genetic
engineering, Structure/Property relation and apgbos. Edited by
Yalpani, M. Amsterdam- printed in the Netherlan&dsevier Science
Publishers 311-335.



3
&
o
©
x




Summary

A total of 37 samples were collected froifiedent clinical cases
(ear, blood, sputum, burns, cerebrospinal fluid arystic fibrosis
samples) and environments (water and soil sampbes)fdifferent
locations in Baghdad governorate. The total isslafetained from these
samples were 57 isolates,13 of them were identé#gRseudomonas spp.
after detecting it's ability to grow on cetrimidgaa. Biochemical tests
were carried out on these 13 isolates. Resultsvestidhat 6 of these
isolates were identified @’seudomonas aeruginosa, furthermore it has
been proved using Api 20 E system.

The ability of these isolates in alginateduction was examined.
Results showed th&.aeruginosa H3 was the efficient one in alginate
production, the productivity of alginate from ths®late was 1.2 g / L.

Optimum conditions for alginate productitwy locally isolated
P.aeruginosa H3 were studied. Results showed that the optimum
conditions for alginate production were achievethgighe production
medium that contains 4% of date extract (as a cadmurce), 1% of
commercial baker's yeast (as a nitrogen sourd@)p%o of KPO: (as a
phosphate source), at pH 7, the production medias iwoculated with
8x10 cell/100 ml and it was incubated at<37 for 96 hrs. the

productivity of alginate under these conditions B&sg/ L.
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Alginate produced bk.aeruginosa H3 was purified by two steps,
the first step included isopropanol precipitatiord alialysis, the second
was gel filtration through Sepharose CL-6B 200. firiedecular weight of
the purified alginate was determined using gelrdilbn technique
through Sepharose CL-6B 200. The results showddhkaapproximate
molecular weight of alginate produced by locallgladed P.aeruginosa

H3 was 141,253 Dalton.
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