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Summary

Summary

Forty different samples (water and soil) were adibd from different
places in Iraq and Syria, 25 isolates were isoldteth these samples which
have the ability to grow on agar plate (defined mped

These isolates were cultured again on agar platengtl media) then only
12 isolates showed the ability to degrade agarrbwigmg and forming clearing
zone around the bacterial growth. These isolatese wielentified by
morphological and biochemical tests and the resshtswed that 8 isolates
belong toPseudomonas and 4 isolates belong t8acillus and designated as
(HA1-HA12).

Screening was done for the 12 isolates that shewatlity to grow and
degrade agar as a sole carbon source to seledtffineent bacterial isolate
depending on clearing zone around the bacteriaMir@nd found the (HA1)
was the best isolate f®seudomonas and (HA9) forBacillus.

Genetic studies of agar degradation property fovosing isolates of
Pseudomonas (HA1) and Bacillus (HA9) was done by studying the plasmid
profiles for both isolates and the result showeat thoth isolates have a small
plasmid DNA bands using salting out method.

Curing experiments by SDS indicated tipgeudomonas (HA1) had lost
their ability to grow on agar as a sole carbon seuwhile inBacillus (HA9)
didn’t loss their ability to degrade agar. Thessuhes were confirmed that agar
degredative property was plasmid-encodedPssudomonas (HA1) while in
Bacillus was chromosomal.

Transfer the agar degradation property fiésaudomonas (HA1) to E. coli
MM294 by transformation was succeeded.
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Chapter One Introduction and Literature Review

1.1 Introduction

Bacteria have long been exploited as a sourcetafalgroducts for use in
medicine, agriculture, and industry. Until recentijost studies utilized
microbes that had been isolated from clinical oresrial environments. It is
now recognized that bacteria living in marine eanments provide an abundant
and as-yet-untapped source of metabolic propgiBiesanet al., 1997).

Agar-decomposing bacteria were first isolated byarG1902 (Yaphe,
1957). Consequently, several agarolytic bacterigdirss were isolated from
marine and other environments (Schroedel., 2003). These bacteria play an
important role in the recycling of organic matelthe edges of the seas and
oceans where agar forms a significant constituétitie polysaccharides of the
red algae (Agbo and Moss, 1979).

Agar is the main matrix polysaccharides Ainfeltiales, Gelidiales and
Gracilariales (Rhodophyta) (Jamet al., 2005), and composed of agarose and
agaropectin (Ress, 1969).

Agarase is a biotechnologically important enzym&&awied from agarolytic
bacteria mostly found in marine environment. A gestn  digesting agar-agar,
agarose and neoagaro-oligosaccharides, few agaaseact on a range of other
substrates such as starch, pectin and other deasaif polysaccharides.

Hydrolytic enzymes that degrade agarose are dedsifto two groups
Alpha- and beta-agarase, agarolytic enzymes hage parified from various
microorganisms, including?seudomonas, Cytophaga, Streptomyces, Vibrio,
Alteromonas, Pseudoalteromonas, and Alterococcus (MesSkieneet al., 2003).

Agarase provide an interesting model system tosigate the molecular
bases of the solid phase degradation of sulphatggarcharides (Jamt al.,
2005).
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1.2 Aims of the Study

» [solation and identification of bacteria that calpai degrade agar.

» Selection of the efficient bacterial isolates.

» Study of the plasmid profiles of the efficient istas.

» Determination the role of the plasmid in agar ddgti@n for the efficient

isolates by curing and transformation.
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1.3 Agarolytic Bacteria

Many agar degrading bacteria have been recognined $902 when Gran
isolated the first species from waters of the Nawae coast (Hofsten and
Malmqgvist, 1975). Agar-degrading bacteria are ulbapus in marine
environments but are found as well as in freshwa®wvage, and soil (Zhorat
al., 2001). These bacteria belong to divers geneciydingAlterococcus (Shieh
and Jean, 1998Racillus (Kim et al., 1999),Pseudomonas (Haet al., 1997) and
Microscilla (Naganumaet al., 1993).

Agarolytic bacteria can be divided into two groagasording to their effect
on solid agar (Agbo and Moss, 1979). Bacteria iaugr1 soften the agar,
forming a depression around the colonies, whiles¢han group 2 cause
extensive liquefaction of the agar. Although a nemiif species belong to these
two groups have been reported, extensive studiesxpdain their distinct
patterns of agar degradation have not been caste(_eonet al., 1992).

A number of microorganisms have been reported tgraike agarose,
including marine bacteria from the genétseudomonas or Alteromonas (Day
and Yaphel975; Veraet al., 1998 ),Vibrio (Aoki et al., 1990; Sugano et al.,
1993b) andCytophaga (Van der Meulen and Harder, 1975 ), as well adahd
bacteriumStreptomyces coelicolor (Buttneret al., 1987), with the exception of
the enzyme fronAlteromonas agarilytica (Potinet al., 1993; Jamet al., 2005),
Some of these genera are:

1.3.1 Genus: Alterococcus

Alterococcus agarolyticus, a halophilic thermophilic bacterium capable of
agar degradation, five strains of facultatively enodic moderately thermophilic
bacteria were isolated from two hot springs in ihertidal zone of Lutao,
Taiwan. They produced extracellular agarase onmagdium, yielding reducing
sugars and organic acids as the end products @itier aerobic or anaerobic

conditions.
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The growth temperature range was approximately&8&with an optimal
temperature of about 48°C. The five strains tokxtaa relatively narrow pH
rang from 7.0 to 8.5. They were Gram-negative halep growing optimally at
2.0-25% NaCl. They were capable to grow in anaeratondition by
fermenting glucose and producing various organictisasuch as butyrate,
propionate, formate, lactate, and acetate. Cebisvigrin liquid medium were
motile monotrichous cocci, normally 0.8-0.9 miciardiameter.

They are the first thermophiles found to degradar aapd also the first
halophilic thermophilic bacteria known to be cagaldf both aerobic and
anaerobic fermentative growth. These bacteria @nsidered to represent a new
genus which name#@literococcus, andA. agarolyticus is the type species (Shieh
and Jean, 1998).

1.3.2 Genus: Alteromonas

A marine bacteria strain isolated from the Bay ah ¥icente, Chile, was
identified asAlteromonas sp. strain C-1. In the presence of agar, thisirstra
produced high levels of an extracellular agarabe. @roduction of agarase was
repressed by glucose, with a parallel decreasaatebal growth. The enzyme
has a molecular weight of 52,000,d is salt seresitiand hydrolyzes agar,
yielding neoagarotetraose as the main product avitoptimum pH of about 6.5
(Leonet al., 1992).

1.3.3 Genus. Cytophaga

Cytophaga flevensis produced an inducible agarase which was extralaellu
under most conditions tested. The effect of cultcoaditions on the production
of enzyme was studied in batch and continuous iltin batch culture,
production was optimal whe@ytophaga flevensis was incubated at 20°C in
mineral medium with agar as the sole carbon soanckammonium nitrate as

the nitrogen source at an initial pH of 6.6-7.0.

4
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The enzyme was appeared to be subject to catabeptession, since its
synthesis was repressed when glucose was addedetonédium in batch
culture. Furthermore, in continuous culture, enzypraduction decreased with
increasing growth rate. Extracellular agarase wagigily purified and the
enzyme preparation obtained was very stable.

The enzyme has a molecular weight of 26,000 dalttins a p-agarase
which highly specific for polysaccharides contagagarose by the endo-acting
enzyme were neoagarotetraose and neoagarobiosenaDpbnditions for its
activity were pH 6.3 and 30°C, when agarose wasl @sea substrate, due to
gelling of substrate during the assay proceduren (far Meulen and Harder,
1975).

1.3.4 Genus:. Vibrio

B-agarase was purified from the culture fluid ofraghyran-decomposing
marine bacterium (strain AP-2) by ammonium sulfatecipitation, successive
column chromatography, DNase and RNase treatmené¢ fihal enzyme
preparation appeared to be homogenous on polyaud/igel electrophoresis.

The enzyme had a molecular mass of 20 KDa, a phnapt of 5.5, and
was stable in the pH region 4.0-9.0 and at temperatbelow 45°C. Th-
agarase was a novel endo-type enzyme which hydidlyroagarotetraose,
larger neoagarooligosaccharides and agar to giwagasobiose [3,6-anhydis-
L-galactopyranoseyl-(1---3)-D-galactose] as thalpreinant product.

According to the criteria of Bergey's Manual of ®ysatic Bacteriology,
the strain was assigned to the ge¥isio (Aoki et al., 1990).

The DNA G + C content was 44.8 mol %. Phylogenatialysis based on
complete 16s and 23s rDNA sequences revealedlibadttains belong to the
gamma-Proteobacteria, and are specifically relate&ibrio species. Their

nearest relatives were species of Yhbrio fischeri group, sharing 16s rDNA
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sequences similarities below 97% with the agarolgtrains (Maciaret al.,
2001).

1.3.5 Genus: Pseudoalteromonas

The phenotypic and agarolytic features of an urtiled marine bacteria
that was isolated from the southern Pacific coast wmvestigated. The strain
was gram negative, obligately aerobic, and polagellated. On the basis of
several phenotypic characters and a phylogenetitysis of the genes coding
for the 16s rRNA, this strain was identified Bseudoalteromonas antractica
strain N-1.

In solid agar, this isolate produced a diffusibfgal@se that caused agar
softening around the colonies, and it had a motecolass of 33 kDa. The
enzyme hydrolyzed thep-1,4-glycosydic linkages of agar, vyielding
neoagarotetraose and neoagarohexaose as the naaiucts; and exhibited
maximal activity at pH 7. The enzyme was stabléeatperatures up to 30°C,
and it's activity was not affected by salt concatmins up to 0.5 M NaCl (Vera
etal., 1998).

1.3.6 Genus: Bacillus

Extracellular agarase dBacillus cereus ASK202 was purified 32-fold,
giving a single band on PAGE with activity staininthe M.wt. of purified
agarase was determined as 90 KDa by SDS-PAGE. TteenNnal amino acid
was sequenced and the sequence did not show hommaany other known
agarases. The optimum pH and temperature werend®@°C, respectively.
This enzyme was found to beglaagarase which catalyzed the hydrolysis of the
beta- 1-4 linkage of agarose to yield neoagarohsaneoagarotetraose and
neoagarobiose (Kirat al., 1999).
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1.4 Important of Agar Degrading Bacteria

Agar-degrading bacteria play an important roleha tecycling of organic
material at the edges of the seas and oceans valgareforms a significant
constituent of the polysaccharides of the red alg#gen such organisms have
been isolated from non-marine habitats, attempte bb@en made to rationalize
their presence by looking for agar in the environtmer by relating the
environment to a recent marine origin. Thus, Hofsts&éd Malmqvist (1975)
isolated their strongly agarolytic organism froraeavage treatment plant which
they suggest receives quantities of agar laborat@stes. Although agar as an
environmental pollutant could have some selectiffeceit is probable that
agarolytic organisms were present, and had a oofgaly, in the habitat before
the appearance of the pollutant (Agbo and Moss9197

Also the ability of degradation of agar or agartuseligosaccharides makes
it widely used in food, cosmetic and medical indest The degradation
products neoagaro-oligosaccharides inhibit the grav bacteria and slow the
rate of degradation of starch. It is a very goaabifquality protector or additives
for this inhibition of the bacterial growth. Besgj¢he other degradation product
neoagarobiose (NA2) is also a rare reagent withh bmibisturizing and
whitening effects on melanoma cells (Yuketral., 2004).

1.5 Agar and its Structure

Agar is a complex polysaccharide produced by mamealgae from genera
such asGelidium, Gracilaria andCeramium. It contains a neutral agarose fraction
and an ionic agaropectin fraction (Araki, 1937).afapectin is believed to be
composed of a complex range of polysaccharide shdnt not very much is
known about the details of its structure. On otieand agarose is defined as having

a linear chain structure composed of alternatingsidues of 3-O- linke@-D-
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galactopyranose and 4-O- linked 3,6-anhyd+b-galactopyranose (Hamet al.,
1977).

But both fractions are consist of a linear backbohalternating L—and D—
galactose residues linked hy(1,3) andp-(1,4) linkages respectively with
various substituents such as ester-sulphonic gtaupthyl ethers and pyruvic
acid (Craigie, 1990).

Substitutions or modifications on the moleculariohaan be occurred like:

A. Methoxylation (-O-CH), occurs mainly on C-6 of the D-galactose.
Substitution by methyl groups is positively corteth to gelling
temperature.

B. Sulphation (-O-Sg), probably occurs mainly on C-2 of the L-
galactose. Agar may contain up to 5-6 %, SDbstitution by sulphate
esters is negatively correlated to gel strength.

C. Pyruvation (-O-C (Ck) (COOH)-3, as a ketal coupled onto C-4 and C-6
of the D-galactose. Agar may contain up to 30 Yupate and it is not
believed to affect gelling properties, where ashogylation seems to
occur regularly on the molecular chain, sulphatod pyruvation are
rather irregular (Izumi, 1972).

As a simple definition for agar, we would say ic@mposed by two groups

of polysacchrides, agarose and agaropectin.

Agarose, which corresponds to the neutral and lipea of the molecule,
which is able to form a strong gel. It is beliewbdt absence of charged groups,
as sulphates, enable it to form gel, as well agribkecule neutrality.

Agaropectin, is the charged part of the molecule presence of sulphated
groups would help to form a more colloidal struetuwhich would not structure,
and not gellify as strong as a linear moleculec&ithe molecule is negatively
charged, there is repulsion between them, whichidvoontribute to form a soft
gel, figure (1-1)
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Figure (1.1) Agar Structure (internet 1)

Nevertheless, Agar is now considered to a complexofipolysaccharides,
all on a same structural basis, but with differgnade of charged groups
substitution (Agbo and Moss, 1978ternet 1).

1.6 Propertiesof Agar
1.6.1. Solubility

Agar-agar is insoluble in cold water, but it sweltsnsiderably, absorbing
as much as twenty times its own weight of watedidsolves readily in boiling
water and sets to a firm gel at concentration asde 0.50 %. Powdered dry
agar-agar is soluble in water and other solventemperatures between 95C
and 100°C .Moistened agar flocculated by ethangdrdpanol or acetone, or
salted out by high concentrations of electrolyt@® soluble in a variety of

solvents at room temperature. (internet 2)
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1.6.2 Gelling

The gelling portion of agar-agar has a double heélgtructure. Double
helices aggregate to form a three- dimensionatstra framework which holds
the water molecules within the interstices of th@rfework. Thus, thermo-
reversible gels are formed. The gelling propertyaghr-agar is due to three
equatorial hydrogen atoms on the 3, 6-anhydro-lagake residues, which
constrain the molecule to form a helix. The intémacof the helixes causes the

formation of the gel. (internet 2)

1.6.3 Viscosity

The viscosity of agar solutions varies widely asdmarkedly depended
upon the raw material source. The viscosity of gar &olution at temperatures
above its gelling point is relatively constant &t $4.5 to 9.0, and is not greatly
affected by agar or ionic strength within the pHga 6.0 to 8.0. However, once

gelling starts viscosity at constant temperatucegases with time. (internet 2)

1.6.4 Stability

An agar-agar solution is slightly negatively chargks stability depends
upon two factors: hydration and electric chargee Teémoval of both factors
result in flocculation of the agar-agar. Prolongegosure to high temperatures
can degrade solutions of agar-agar, resulting metogel strength after
temperatures decreased and gel formation. The teffecaccelerated by
decreasing pH. Therefore, it should be avoidedkpmee agar-agar solutions to
high temperatures and to pH lower than 6.0 forgrgéd periods of time. Agar-
agar in the dry state is not subject to contamimatby microorganisms.
However, agar solutions and gels are fertile méaliebacteria and / or molds
and appropriate precautions should be taken to dawbe growth of

microorganisms (internet 2).
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1.7 Usage of Agar

Agar-agar has a wide variety of usage. It can leel @s gelatin, emulsifier,
thickening, and gelling agents, in four fields,d6dields are:

Medicine field: It is used as a culture media in plant tissuetuce] in
pathogenic and non pathogenic bacteria and funigiaiso used
in the preparation of dental casts and productibrhadlow
medicine capsules.

Food field: It has been used as high performance gellingiuteng,
emulsifying, stabilizing, and thickening agentsiage cream,
jelly, gummy candy, pork luncheon meat, ham saustpeato
sauce, coconut sauce, etc. It is also used adyolgriagent in
winemaking and brewing. The usage portion of agar-as
ordinarily between 0.3 and 1.5%.

Chemical field: Agar-agar has been exploited in making high-gra@am for
protecting skin, hair emulsion, gel for finalizihgir design, etc.

Building field: Due to stickiness, agar-agar is used in all kiofdzaint for water

proofing and preventing leaking (internet 3).

1.8 Agar Degrading Enzyme (Agarase)
The research in agarose can be tracked back tosal@oyears ago. (Yaphe,
1957)

Yaphe and co-workers were the first to describagar-degrading enzyme
system from a marine bacterium (Day and Yaphe, 1975; Groleau and Yaphe,
1977).

Agarase is an enzyme that will completely digest fholysaccharide
backbone of molten agarose into alcohol solublgosiaccharides (internet 4).

Specifically digests the agarose Polysaccharide omde up of repeating 1,3-

11
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linked B-D-galactopyranos and 1,4-linked 3,6-anhydrb-galactopyranose into
neo-agaro-oligosaccharides (Yaphe, 1957)

The agar-degrading enzymes of both groGgtphaga and Alteromonas
genes were inducible, not only by agar but alsodbyer galactans and
polysaccharides associated with plants (Agbo anddyib979).

1.8.1 Types of Agarase Enzyme

Hydrolytic enzymes which degrade agar are clagbkifio two groups in
terms of their mode of action on agar (Sugetra., 1993a).

Those that enable to cleave thel,3-anhydro-L-galactosidic bonds are
nameda-agarase. Likewise those that enable to cleavepthgl-galactosidic
bonds are calle@-agarase. In fact since the great difference ahanacid
sequences betwe@a anda-agarase, it is possible to determine the typéef t
agarase (i.ex- or f§-) just based on the comparison of the amino asisnces
with the known agarase sequences. (internet 5)

Agarase which was secreted from marine bacteriufabellia
galactanivorans Dsij or derived fronPseudomonas atlantica, were believed to
selectively cut the a-1,3-and pB-1,4-linkage of agarose's galactose-
anhydrogalatose repeat unit (Judiel., 2003; 2004).

1.8.2 Alpha and Beta Agarase Enzyme

Alpha Agarase would exist in gram negative bactdma non has yet been
purified or characterized (Young al., 1978). The bacterium was assigned to
the genusAlteromonas and the new combinatioA. agarlyticus (cataldi) is
proposed. Ami-agarase, i.e. specific for (1 -3) linkages presents in agarose
(Potinet al., 1993)

Beta-agarase is one member of the GH-16s (Glycoskig#rolase 16)
(Buttneret al., 1987; Voget et al., 2003), with occurrences of the new glycoside
hydrolase, GH family has been growing steadily fr8in 2001 to 97 now.

12
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Previous researches demonstrate fragarase has a specific sub domain that
distinguishes from the other members by bindingsiiecific substrate (internet
5).

All of the bacterial strains e.@lteromonas (Day and Yaphe, 1975; Veeha
al., 1998), Cytophaga (Van der Meulen and Harder, 1975%reptomyses
(Buttner et al., 1987), Vibiro (Aoki et al., 1990; Sugano et al., 1993b),
Pseudomonas atlantica (Julie et al., 2004) andZobellia galactnivorans Dgji
(Julieet al., 2003; Julie et al., 2004) contain this glycoside hydrolasg‘agarase

Several types offf- agarase have been found Rseudomonas spp.
(Malmgqvist, 1978; Morrice et al., 1983c).

However, biochemical and genetic studies have shiat there appears
to be diversity amon@- agarase proteins and genes, even though the eazym
are functionally similar in catalysis of the agdr-4)$-D backbone. The
enzymes are widely varying in the sizes for examfleflevensis is about
26,000 daltonsS coelicolor is about 28,000 daltons, aRd atlantica is about
49,000 daltons (Belas, 1989).

Reported a newp-agarase, which called agarase 0107, this enzyme is
secreted by the marine bacterivfibrio sp. strain JTO107 and has a Mwt. of
107,000 (Suganet al,. 1993Db). Its distinguishing characteristics &eptimum
pH (pH 8) and its ability to decompose even gelgdrose, which may have
practical application in gene technology for ismatof DNA fragments from
agarose gels after electrophoresis (Sugetnal., 1993a). Of three principal
genera characterized as agar-digesting bacteriat mesearch to date has
focused on the agarolytic properties of the maiaeterium, Pseudomonas
atlantica (Belaset al., 1988; Belas, 1989).

Since the nucleic acid sequences of the agarasesdifferent bacterium
species are different, the encoding amino acideefespective gene also show

great variables.

13
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Despite of that, the function domains are well ewed and have high
homologies Pseudomonas sp. SK38 shows 58% similarity to the beta- agarase
from P. atlantica and 57%, 54 % homologies witheromonas sp. andZ.
galactanivorans respectively (kangt al., 2003; Yukareiet al., 2004).

Thep-agarase cleave tlifieD-(1, 4) linkages and theagarase cleave tlhe
L-(1,3) linkages. These enzymes are very intergdigcause agar is an additive
in many foods and feed products, as well as an itappcompound for a large
number of molecular biology applications, Ifitagarase shows no homology
with a-agarase (Kangt al., 2003; Vogett al., 2003).

1.9 M echanism of Agar Degradation

Previous studies shown that agar degradation caur by two mechanisms
that depend on the specifity of the cleaving enzyriide first pathway for agar
breakdown comes from studies Bnatlantica ATCC 19292 (Morriceet al.,
19833 1983b), and relies on extra cellularagarase. In this bacterium, an endo
B-agarase | cleave tif&(1-4) linkages of large agar polymers to a mixtafe
oligosaccharides with neoagarotetraose as the fipabduct. These
oligosaccharides are then hydrolyzed by the calirdo exo B-agarase I,
yielding neoagarobiose. Finally, neoagarobiose/isdilyzed to 3, 6-anhydro-L-
galactose in the cell cytoplasm by neoagarobioskdigse (Day and Yaphe,
1975).

The second lytic mechanism involves the cleavage-(@f3) linkages on
agarose by extracellularagarase (Youngt al., 1971; 1978; Potin et al., 1993)
yielding oligosaccharides from agarobiose seridsclvcontain D-galactose at
the non-reducing end. The agarolytic systemAofagarolyticus strain GJIB
consist of two enzymes : anagarase that cleaves th€1-3) linkages and -
galactosidase specific for the presence of 3lB/dmo-L-galactose units at the
reducing end (Potiet al.,1993), Agarotriose was the smallest product detkect
in this system (Verat al., 1998).

14
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1.10 Genetic of Agar Degradation

Plasmids are extrachromosomal genetic elementg hidnee their origin of
replication, and autonomously replicates with resge chromosomal DNA,
and stable inherited. Normally plasmids containegetinat may be essential in
certain environments (Friefelder, 1987; Dale, 1998).

An agar degrading marine bacterium identifiedvasroscilla species was
isolated from coastal California marine sedimerttisTorganism harbored a
single 101-Kb circular DNA plasmid designated pSDIEhe complete
nucleotide sequence of pSD15 was obtained, ancerseguanalysis indicated a
number of genes putatively encoding a variety okyares involved in
polysaccharide utilization. The most striking featwas the occurrence of five
putative agarase genes, loss of the plasmid, wbedurred at a surprisingly
high frequency, was associated with loss of agaea$eity, supporting the
sequence analysis result. It is possible that higs loss rate is a result of
culturing the strain in the laboratory as opposedgtowth in the natural
environment; where the ability to degrade agarafor other traits conferred on
the host by the plasmid) may provide enough oflecsige pressure to maintain
the plasmid (Zhonegt al., 2001).

P. antarctica strain N-I is one agarolytic bacterial straincén isolated
from decomposing algae in Niebla, Chile (Jogyal., 1998). Recently thé.
galactanivorans Dsij was found to be one member of these bactstralins
(Julieet al., 2003; 2004).

Although the genes that encode the agarases deedifierent, the similar
biotechniques are applied here to isolate the pthmat encodes thgagarase.
The green spot rot in Porphyra dentate causing hley marine bacterium,
pseudomonas sp. SK38 contains the enzymgftiagarase. ThBseudomonas sp.
SK38 was isolated in Zobell medium pH 7.5. Artificsea water was used to
grow the Porphyra dentateulture. The porphyra dentata culture was then

infected with appropriate bacterial strains (&gecoli) (Kanget al., 2003).
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Other study indicates the involvement of chromodogenes in agar
degradation by/ibrio sp. strain JT0O107 (Sugaebal., 1994).

The recombinant plasmid pDAL, isolated froniP.agracilis B9 genomic
library, was responsible for the agarolytic activiexhibited by E. coli
transformants, when grown on solid medium.

A BLAST search of the GenBank database showedaha&73 bp ORF
(aag A) located on pDA1 had 85 % identity to tpeagarasedag A) from P.
atlantica ATCC 19262 at the amino acid level. AagA was pedffrom the
extracellular medium of ak. coli transformant harboring pDAL1 by using a
combination of gel filtration and ion-exchange ahedography (Schroedet
al., 2003).

ThepjaA gene ofpseudomonas sp.W7 consist of an open reading frame of
1926 bp encoding-agarase, a protein of 642 amino acids and a mialecu
weight of 69,540 Da. The expressed protein of pldspEAG3-3, in which
259 amino acid residues from C-terminus of the osgpression plasmid
(PEAGS3) were eliminated, led to the complete lolsagarolytic activity (Leeet
al., 2000).

An extracellular agarase gene was cloned f®wroelicolor A3 (2). Strain
M130 into S lividans 66 using the multicopy plasmid vector plJ702.iMas
deletion derivatives of the initial clone (pMT60bgre obtained by in-vitro and
in-vivo methods. This allowed the gene to be l@mdito a 1.9-Kb segment of
DNA. The agarase enzyme was overproduced (up toti&@¥k) and exported
efficiently into the medium (Kerudll and Cullum 1984; Bibb et al., 1987)

An agarase genagaA) was cloned from genomic DNA &fbrio sp. strain
JT0107 an open reading frame of 2.985 nucleotid®® @ primary translation
product composed of the mature protein, agarasé (A5 amino acid residues,
with a molecular weight of 105,271) and a signagptjge2 of 20 amino acid

residues at the N-terminus.
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The AgaA protein which was expressecEincoli had the agarase activity.
Agarase 0107 hydrolyzes not only agarose but atswagarotetraose [O-3,6-
anhydroe-L-galactopyranosyl (1-3)-@-D-galactopyranosyl(1-4)-O-3,6
anhydroe-L-galactopyranosyl (1-3)-D-galactose] to yield agarobiose O-3,6-
anhydroe-L-galactopyuranosyl (1-3)-D-galactose]. This is qaite unique
characteristic fop-agarase (Sugareb al., 1993a).
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Chapter Two

Materials and Methods

2.1 Materials
2.1.1 Equipments

The following equipments were used in this study:

Autoclave Express (West-Germany)
Balance Ohans (France)
Compound light microscope Olympus(Japan)
Distillator GFL(Germany)

Electrical oven

Memmert (Germany)

Glass Pasture pipette

Johan poulten Ltd (England)

Hot plate with magnetic Stirrer

GallenKamp (England)

Incubator

Termaks (U.K)

Micropipette

Witey (Germany)

pH-meter

Mettler Toledo(U.K)

Portable Centrifuge

Hermle labortechnik (Germany)

Refrigerator centrifuge

Harrier (U.K)

Sensitive balance

Delta Rang (Switzerland)

Spectrophotometer Aurora instruments Ltd. (England)
Vortex Buchi (Swissrain)
Water bath GFL (Germany)

Minimal electrophoresis apparatus

Bio Rad (Italy)

Shaker incubator

GFL (Germany)

| UV-transillulminator

|| Vilber Lourmat (France)
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2.1.2 Chemicals

The following chemicals were used in this study:

Chloroform, Glucose, lodine, XIPQO,, MgSQ, KiI,

HCI, NaCl, NaOH, Glycerol, Sucrose,;80, BDH-England
Agar, Gelatin Biolife-Italy
Starch, Skim milk Difco-USA

Tris (hydroxyl mehthyl) aminomethane base (TJis-

base), Ethylenediaminetetraacetic acid (EDTAfluka-
Hydrogen peroxide, Crystal violet, FeSTH,0, || Switzerland
CuSQ.7H,0, and ZnSQ7H,0O

Boric acid, Cetrimide, Calcium Chlorid hydrafeRiedel-deHaeny

Sodium acitate, Bromo phenol blue, Methanol Germany
Ethanol, MgS04.7:0 Merk-Germany
Ethedium bromide, SDS, agarose, Lysozyme Sigma-USA
Methyl red, Safranine Oxoid

2.1.3 Bacterial Strains

Bacterial Strains Phenotype Source
E. coli HB10OlHarboring Ay T Department of Biotechnology
pBR322 P Baghdad University

E. coli MM 294 Rif Department of Biotechnology / A
. coli i

Nahrain University

Department of Biotechnology
S aureus ATCC 8625 _ _
Baghdad University
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2.1.4 Media
2.1.4.1 Culture Media

The defined medium which used for growing of tharatytic bacteria was
prepared according to a method of Vogedl., (2003).
It was composed of (per litter):

NaNOy.3H,0 | 1g
K3HPO,.3H,0 19
MgSQ,. 7H,O 0.25g
CaCb.7H,0 0.015g
FeSQ.7H,0 0.14g
EDTA 0.02g
Trace element || Per litter
Co(NOy),.6H,0 || 15 mg
H3BO, 60 mg
MnCl,.4H,0O 200 mg
ZnSQ,.7H0O 60 mg
NiCl,.H,0 50 mg
CuSQ.5H,0 2.5mg
Na,MoO, 2.5mg
CaCbh.5H,0 4 mg
agar 1.5%
glucose 0.2%

Ten ml of a trace element solution was added tomh@le media, pH was

adjusted to 7 before sterilizing by autoclavind21°C for 15 min.
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2.1.4.2 Differential Media

* These media were ready made media prepared accorgjnto the
manufacture's instructions:
1-Triple sugar Iron (Difco USA)
2-Simmon Citrate agar (Difco USA)
3-Nutrient broth (Biolif-Italy)
4-Nutrient agar (Oxoid)
5-MacConkey agar (Oxoid)
6-MR-VR medium (Difco USA)

» Cetrimide agar (Stolp and Gadkari, 1984)

It is composed of:

Peptone 209
MgCl, 4.5¢9
K,SO, 10g
Cetrimide 0.3g
agar 159
Distilled water || 1000 ml

pH was adjusted to 7.2 before sterilizing by aweirig at 121°C for 15 min.

* King A Medium (Starr etal., 1981)

It is composed of

Peptone 209
glycerol 10 ml
KoSOy 109
MgCl, l4g
agar 159
Distilled water || 2000 ml
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pH was adjusted to 7.2 before sterilizing by aweirlg at 121°C for 15 min.

» King B Medium (Starr etal., 1981)

It is composed of:

Peptone 20g
glycerol 10 ml
MgSQ,.7H,0O 3.5¢g
Ko.SOy 1.5¢
agar 15g
Distilled Water || 1000 ml

pH adjusted to 7.2 before sterilizing by autoclgvat 121°C for 15 min.

« Starch agar (Atlaset al., 1995)
Starch agar was used to test the ability of baterihydrolyze starch, and

produce amylase enzyme, it was prepared by:

Soluble Starch 10g

Nutrient agar 239

Distilled water 1000 ml

pH was adjusted to 7.2 before sterilizing by aweirig at 121°C for 15 min.

» Gelatin Medium (Stolp and Gadkari, 1984)
Gelatin (12% WI/V) was adding to nutrient broth asterilized by
autoclaving at 121°C for 15 min.

o Casein Medium (Colleeset al., 1996)
It was used to test the ability of bacteria to el proteinase enzyme and

casein hydrolysis, it composed of:
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Nutrient agar, Sterile || 87.5 ml

Skimmed milk, Sterile|| 12.5 ml

Melted the agar, cool to 50°C, add the milk andrpnate

* DNase Medium (Colleest al., 1996)

DNase agar 42 g
Toludine blue 0.1g¢
Distilled water 1000 ml

pH was adjusted to 7.2 before sterilizing by aweirig at 121°C for 15 min.

2.1.5 Reagents and Stains

-Catalase Reagent (Atlagt al., 1995)
This reagent was composed of 3% hydrogen peroxide.

-Oxidase Reagent (Atlagt al., 1995)
This reagent was composed of 1% of tetramethyl-€hplenediamine
dihydrochloride (freshly prepared).

-Starch Hydrolysis Reagent (Atlaset al., 1995)

The starch hydrolysis reagent was Lugol's iodinéGyam's iodine) which
was prepared by mixing 2 grams of potassium ioaeidbe 1 gram of iodine in
300 ml of distilled water.

-Methyl Red (MR) Reagent (Cruickshanket al., 1975)
It was prepared by dissolving 0.1 g of methyl red300 ml ethylalcohol
and then 200 ml of distilled water was added.
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-Vogas-Proskauer (VP) Reagent (Cruickshankt al., 1975)
It consist of:

Reagent A:40% potassium hydroxide in distilled water.
Reagent B:5% alpha-naphthol in absolute ethyl alcohol.

-Crystal Violet Stain (Atlas et al., 1995)
This stain was prepared by dissolving 2 grams ydtaft violet in 20 ml of
95% ethanol and the final volume was completedd® rhl with distilled water,

filter before use.

-Safranin Counter Stain (Atlaset al., 1995)
This stain was prepared by dissolving 0.25 gramabfanin O in 10 ml of
95% ethanol and the final volume was completedl® rhl with distilled water

allow to stand several days and filter before use.

2.1.6 Buffers and Solutions
2.1.6.1 Plasmid Extraction Buffers and Solutions
« SET Buffer (Maniatis et al., 1982)
75mM NacCl
25mM EDTA
20mM Tris-Cl

pH was adjusted to 8 and sterilized by autoclave

* Lysozyme Solution (Kieser, 1995)
This was prepared by dissolving 50 mg lysozyme ex@zin 1 ml of sterile

distilled water, this prepared freshly.

» Sodium Dodecyl Sulphate Solution (SDS) (Kieser, 199
It was freshly prepared by dissolving 10g SDS i #@ sterilized distilled

water.
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» NaCl Solution (5M) (Kieser, 1995)

» TE Buffer (Maniatis et al., 1982)
EDTA 1 mM
Tris-Cl 10 mM
pH was adjusted to 8 and sterilized by autoclave.

2.1.6.2 Gel Electrophoresis Buffers
» 5X Tris-Borate-EDTA (TBE) (pH 8.0) (Maniatis et al., 1982).
Tris-base 54 g
Boric-acid 27.5 g
EDTA (0.5 M) 20 ml
Distilled water to 1000 ml

» Ethidium Bromide (Maniatis et al., 1982)
Prepared in concentration 10 mg/ml and stored@t 4°

» 6X Gel Loading Buffer (Maniatis et al., 1982)
Bromophenol blue 0.25 % (w/v)
Sucrose in BD 40 % (w/v)

2.1.6.3 Curing Solution
It was prepared as stock solution of SDS (10 % w/\gistilled water.

2.1.6.4 Transformation Solution (Maniatiset al., 1982)
CaCl Tris-Cl (pH 8.0)

CaCj} 50 mM

Tris-Cl 10 mM
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2.2 Methods

2.2.1 Samples Collection
Forty samples of soil and water were collected frbfferent places in Iraq

and Syria, as following:
. Iraq

Baghdad (15 soil samples)

Dijla river (1 soil and 1 water samples)

Furat river (1soil and 1 water samples)

Aumara (3 soil and 3 water samples)

Kute (2 soil and 1water samples)

Bechal (1 soil and 1 water samples)

Dukan (1 soil and 1water samples)

© N o g M wDd PP

Bhasra (1 soil and 1 water samples)

10. Shalal Kali Ali beg (1 soil and 2 water samples

B. Syria - Tartous (3 soil samples)

2.2.2 Bacterial Isolation
To screen bacteria for its ability to degrade agar

One hundred ml of sterilizing nutrient broth wasduolated with (soil or
water samples) and incubated at 30°C for 24 hen thtreak a sample from
nutrient broth into an agar plate (defined medib41) incubated at 30°C for
(2-7) days.

2.2.3 Maintenance of Bacterial Isolates

Maintenance of bacterial isolates was performedraicg to Maniatiset
al., (1982) and Atlast al., (1995) as following:
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2.2.3.1 Short Term Storage:

Isolates of bacteria were maintained for periodsfes weeks on the
surface of nutrient agar plates. The plates weyltlyi wrapped with parafilm
and stored at 4°C.

2.2.3.2 Medium Term Storage:

Isolates of bacteria were maintained by streakimglants of nutrient agar
medium for period of few months. Such medium wappred in screw-capped
vials containing 10-15 ml of the medium. The isetatvere streaked on these
slant media and incubated at 37°C for 24 hr. Attvat the slant were taken and

wrapped with parafilm and stored at 4°C.

2.2.3.3 Long Term Storage:

Bacteria can be stored for many years in nutrieothomedium containing
15% glycerol at low temperature with out significdoss viability. This was
done by adding 1.5 ml of sterilized glycerol toexponential growth of bacteria

in small screw-capped vials with final volume ofrh0and stored at -20°C.

2.2.4 ldentification of Bacterial Isolates

Bacterial isolates that were well grown on agatepl@efined media) and

showed agarolytic activities were identified addof

2.2.4.1Cultural and Morphological Study
» Morphology of Colonies

Shape, color and viscosity of the colonies vatuglied on plates of nutrient

agar medium after incubation of the isolates osehm@ates at 37°C for 24 hr.

e Gram's Stain (Atlaset al., 1995)
The specimen was applied to a clean slide, thesgbeimen was fixed by
heat, crystal violet was applied (for 1 minute) @&xdess stain was washed then

Gram's iodine was applied for (1 minute) and theesg was washed with
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Distilled water. Alcohol decolorizing agent was apgp and the excess was
washed, after that safranin was applied (for 3@iseL and the excess was

washed, and finally the slide was dried for exatnomaunder the microscope.

» Motility test (Collee et al., 1996)

In semisolid agar media, motile bacteria (swarmyl @jive a diffuse
spreading that is easily recognized by the naked E\ptile bacteria typically
give diffuse, hazy growths that spread throughd& medium rendering it
slightly opaque. 0.1% agar dissolved in nutrierdthor It is important that the
final medium should be quite clear and transpaf@rspense 10 ml amounts in
test tubes and leave to set in the vertical pasitimoculate with a straight wire,
making a single stab down the centre of the tubalout half depth of the
medium incubated at 37°C for 24-48 hrs.

2.2.4.2Biochemical Test

® Catalase Test (Mazaet al., 1997)
This test was performed by adding drops of 3% hyenoperoxide (kD,)
on a single colony grown on nutrient agar. The pobidn of gaseous bubbles

indicates the ability of bacteria to produce caaénzyme.

» Oxidase Test (Harely and Prescott, 1996)

Filter paper was saturated with the substrate aftetthyl-p-
phenylenediamine dihydrochloride), colony of suspedacterial isolates to be
tested was rubbed on the filter paper with stesitedden applicator stick. An
immediate color change to a deep blue indicatesathbty of bacteria to

produce oxidase enzyme.
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» Gelatin Hydrolysis Test (Harly and Prescott, 1996)
Inoculate the tubes of gelatin medium with bactégastabbing, and then
the tubes were incubated at 30°C for five dayssTikst was performed to

demonstrate the ability of bacteria to hydrolyz&ate.

» Growth on MacConkey Agar (Atlaset al., 1995)

MacConkey agar is a differential plating medium fbe selection and
recovery of Enterobacteriaceae and related enjesim negative rods lactose is
the sole carbohydrate. Lactose-fermenting bacteromiuce colonies that are
varying shades of red because of the conversiameafral indicator dye (red
blew pH 6.8) from the production of mixed acids.|@wes of non-lactose

fermenting bacteria appear colorless or transpanemhis medium,

» Growth on Cetrimide Agar (Stolp and Gadkari, 1981)
This medium was used as a selective mediunPfeudomonas spp. the
plates of this medium were inoculated with bactesiastreaking and incubated
at 37°C for 24 hrs.

* Growth on King A Medium (Cruickshank et al., 1975)
This test was performed to study the productiontre characteristic
pigment, pyocyanine. Inoculate the bacteria on pletes by streaking and
incubate at 37°C for 24 hrs.

» Growth on King B Medium (Cruickshank et al., 1975)

This test was used to study the production of tharacteristic pigment,
fluorescin. Inoculate the bacteria on the platestr@ king B medium by
streaking and incubate at 37°C for 24 hrs. Therptates were exposed to U.V.
light to detect the presence of florescin.
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» Starch Hydrolysis Test (Harely and Prescott, 1996)

The bacteria was inoculated on the plate by maldangingle streak of
bacteria and incubated at 37°C for 48 hrs. Aftaubation the plates were
flooded with iodine solution. Development of yellmslor around the colonies
indicates the hydrolysis of starch. This test wsesduto examine the extracellular

enzyme alpha-amylase that catalyzes that breakdbstarch to maltose.

» Triple Sugar Iron Test (TSI) (Atlas et al., 1995)

Isolates were cultured on the TSI agar slant biglste and streaking on
surface, and then incubated for 24 hrs at 30°C.n\Whe color of medium was
changed from red to yellow it is indication of aémmed, while appearance of
precipitate indicated ferric sulfate formation. Rug the agar to the top

indicates C@formation.

» Citrate Utilization Test (Atlas et al., 1995)

Slant of simmon's citrate was inoculated with ayrcolony, incubated at
37°C over night. The appearances of blue coloicatei the presence of alkaline
end products and a positive citrate test.

This test was used to examine the ability of bater utilize citrate as a

sole source of carbon.

» Methyl-Red and Voges-Proskaure (Mazat al., 1997)

Inoculated the liquid medium (MR-VP) tubes and inated at 37°C for 48
hrs. Both tests are performed from the same cuylwwhech was divided for
testing. The Methyl-red test was performed aftediagl about five drops of
methyl-red reagent positive test is bright red ardative test is yellow, while
the Voges-Proskaure test was performed after adthegVoges-Proskaure
reagent positive test has pink color. This test wsed to determine the pH of
the end products of glucose fermentation, while &%groskaure test detects

acetone.
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 DNase Test (Atlast al., 1995)
DNase agar plate was inoculated with bacteria,bated at 37°C for 24-48
hrs. Development of rose pink halo around the afg¢he growth indicates the
hydrolysis of DNA.

» Casein Hydrolysis Test (Colleet al., 1996)
Casein medium was inoculated with bacteria by n@lkirsingle streak of
bacteria and incubated at 30°C for 24-48 hrs. @asgdrolyzing bacteria show
clear zone around the streak of growth. This tes$ wsed to examine the

production of proteinase enzyme which hydrolyzesgaprotein.

2.2.5 Plasmid Extraction
Plasmid DNA was isolated by salting-out method \Wwhabescribed by
Kieser, (1995).

» Culture of bacteria grown in nutrient broth, wadlgted from 20 ml by
centrifugation at 6000 rpm for 15 min.

» The pellet washed with 3 ml of SET buffer and resumsled the cells with
1.6 ml of SET buffer, and then freshly preparedopyne (final
concentration 2 mg) was added and incubated at 8¢°80 min.

 One ml of 10% SDS was added and mixed by inver$ien incubated at
room temperature for 15 min.

2 mlof 5M NaCl was added, mixed thoroughly byarsion.

* An equal volume of chloroform was added, mixed byersion for 15
min. Then centrifuged (6000 rpm at 4°C) for 20 min.

* The aqueous phase (upper) was transferred to arsidrée tube, and 0.6
volume of isopropanol was added, mixed by inversard kept at room
temperature for 5 min.

» Centrifuged at 13000 rpm for 15 min. at 4°C.

* The isopropanol was discarded and the precipitBtsd dissolved in

10Qul TE buffer and stored at -20°C.
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2.2.6 Agarose Gel Electrophoresis (Maniatist al., 1982)

Agarose gels (0.7%) were run horizontally in Tregddie-EDTA (TBE 1X).
Samples of DNA were mixed with 1/10 volume of tbading buffer and added
to the wells on the gel. Generally, gel was runZed hrs at 5V/cm and the gel
buffer added up to the level of horizong®l surface. Agarose gels were stained
with ethidium bromide by immersing them in distillevater containing the dye
at a final concentration of 0.5 ug /ml for 30-45DNA bands were visualized
by U.V.

lllumination at 302 nm on a U.V. tranilluminatorels were destained in
distilled water for 30-60 min to get ride of bac&gnd before photographs were

taken.

2.2.7 Role of the Plasmid in Agar Degradation
2.2.7.1 Curing of Plasmid DNA

Curing experiments were performed Bseudomonas HA1 and Bacillus
HA9 by using curing agent (SDS) depending on Treebal., (1986).

Bacterium was grown in 5 ml of nutrient broth todmMog phase. Then
0.05ml inoculums of the culture were inoculate@ iseries of 5ml fresh nutrient
broth tubes containing various concentration of $D%, 2%, 3%, 4%, 5%, 6%,
7% , 8%, 9%, 10%) fopseudomonas (HA1) and (0.1%, 0.2%, 0.3%, 0.4%,
0.5%, 0.6%, 0.7%, 0.8%, 0.9%, 1%) f@&acillus (HA9). All tubes were
incubated at 30°C for 24-48 hrs.

The growth density of different tubes was obsertbgdnicked eye and
compared with control to determine the effect ofSSan bacterial growth. The
lowest concentration of SDS that inhibited the glowf the bacterial strain
considered as the minimum inhibitory concentra{idiC).

Samples were taken from tubes containing the higbescentration of
SDS that still allow bacterial growth , and dilutagpropriately, then 0.1 ml
from proper dilution were spreaded on nutrient agktes and incubated
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overnight at 30°C to score the survived colonidssE colonies were replica
plated (using tooth pick) on nutrient agar and garaplate (defined media)
containing agar as a sole carbon source. If a golas able to grow on the
master plate but not on the selective medium adgte fdefined media), It
means that the cells of this colony were curedsadlat lost the ability to the
utilize agar as a sole carbon source and energy.p&hcentage of cured cells

was determined.

2.2.7.2 Transformation

E. coli MM294 was transformed with plasmid DNA according the
procedure of Maniatiet al., (1982)

1 ml of an overnight bacterial culture was inocetain 100 ml of nutrient
broth and incubated at 37°C with shacking. 3 nméxgdonential culture (O.D550
= 0.2) was taken, this usually takes 2-4 hrs. Tlued was chilled on ice for
10 min. Then centrifuge at 6000 rpm for 10 min‘4at 4

The supernatant was discarded and resuspend tlseirted half of the
original culture volume of an ice cold, sterilean of 50 mM CaGland 10
mM of Tris-Cl (pH 8.0), cells suspension was plagedn ice bath for 15 min.
and centrifuge at 6000 rpm for 5 min at 4°C. Suptmt was discarded and
resuspend the cells in 1/15 of the original voluwrhan ice-cold sterile solution
of 50 mM CaCJ and 10 mM of Tris-Cl (pH 8.0) dispense 0.2 ml abtp into
pre chilled tubes store the cells at 4°C for 12h24. plasmid extraction was
added and mix with cells suspension and store eridc 30 min. transfer to a
water bath, pre heated to 42°C for 2 min. 1 ml afrient broth was added to
each tubes and incubated at 37°C for 30 min. or Without shacking this
period allows the bacteria to recover and begexiaress. Samples were diluted
appropriately and spread onto selective media plgée (defined media), plates

were incubated overnight at 37°C.
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Chapter Four Conclusions and Recommendations

4.1 Conclusions

1. Pseudomonas isolate HA1 was the most efficient isolate in degradation of

agar-agar.
2. SDS was affected as curing agent for the plasmid encoding agar degradation.

3. In Pseudomonas plasmid responsible for agar degradation while in Bacillus
the feature of agar degradation is chromosomal.

4. Transfer of plasmid harboring agar degradation from Pseudomonas isolate
HA1 to E. coli MM294 by transformation was succeeded.

4.2 Recommendations

1. It isinteresting to do research on another microbial genera have the ability to

degrade agar-agar.

2. It is important to isolate bacterial strains capable to degrade another type of

polysaccharides.

3. Characterize, purify and study the best conditions for agarase enzyme activity

and production.

4. Study the genetic property of agarase i.e. sequencing of genes coding for
agarase enzyme.
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Chapter Three Results and Discussions

3.1 Isolation and Screening of Agarolytic Bacteria

Forty aquatic and soils samples collected fromedéiit places in Irag and
some of them from Syria, 10 of aquatic samples Zhaf soils samples were
used in order to isolate agar degrading bacteria.

Agar degradation were made in a (defined mediumfaining agar as a
sole carbon source using streaking method, andated at 30°C for 7 days.

Twenty five isolates were appeared have the akititgrow on agar as a
sole carbon source, these isolates were repeaestsd on agar plate (defined
media) in order to ensure the degradative abititgn only 12 isolates that
appeared really have ability to degrade agar afiead it as a sole carbon
source and still keep their ability to grow at §ame density while the other 13
some of them lost their ability to grow on agard arther have grow weakly,
and to be sure about the ability of degradatiothtse 12 isolates, it will be
compared with another type of bacteria (known b&gtaised as control, and
the result improved the ability of agar degradatmthese 12 isolates while the
known bacteria couldn't grow and degrade agar gune (3-1).

These (12) isolates named HAL, HA2, HA3, HA4, HMNA6, HA7, HAS,
HA9, HA10, HAl11, HA12. Eight of these 12 isolategr® isolated from soil
and 4 isolates from aquatic environment as in tébie).

Although most agarolytic bacteria described haeenbisolated from
marine sources, there are reports that they alsor o soil and fresh water, e.s
Cytophaga flevensis from water andBacillus from soil (Agbo and Moss, 1979).

Indeed, Nicol (1931), having noticed the presearfcagar-softing, yellow-
pigmented bacteria from soil in Palmer's Green, dom observed that it
seemed likely that the discovery of such bacteald be more wide spread if
they were looked for, and that mean not only theémeebacteria have the ability
to degrade agar. The agarase enzyme hydrolyzedearange of plant-derived
polysaccharides, including some associated witesaral and freshwater plants

rather than with marine algae. These results sugbes there is no special
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ecological reason for the presence of agarolytatdva in freshwater but that

their activity reflects the wide substrate spectafrthe polysaccharides of such

organisms (Agbo and Moss, 1979).

Failure of 28 of the isolates to degrade agar maatributed to these

Isolates can benefit the metabolites of the otlaetdria that utilize and degrade

them to less complex compounds.

Table (3-1) The isolates that have the ability égrde agar their region and

type of samples.

| solate Region Type of Samples
HAL Syria- Tartous Sea sand
HA2 Syria- Tartous Sea sand
Dijla- :
HA3 Baghdad Soil
Aumara-
HA4 Mashrah Water
Aumara- :
HAS Mashrah Soil
HAG Baghdad- Soil
Yarmok
HA7 Mashrah Soil
HAS8 Faluga- Furat Water
HAQ Baghdaa- Soil
Yarmok
HA10 Baghdad- Soil
Yarmok
HA11 Kute Soil
HA12 Baghdad- Soil
Jadrea

35

Results and Discussions




Chapter Three Results and Discussions

HA 1

Control

Figure (3-1) The ability of HA1 isolate to grow addgrade agar while the
S aureus ATCC 8625 (control) couldn't grow and degrade agar.
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3.2 ldentification of Bacterial | solates

The bacterial isolates that isolated from defereatiitats(12 isolatey and
have the ability to degrade agar were identifieghahding on morphological
and biochemical testsThe results were agreement with Heil@l., (1994), and
showed that these bacteria belong to 2 geRsmjdomonas andBacillus, as in
table (3-2), (3-3) and figure (3-2).

Many agar-degrading bacteria have been recogrres 1902. Most strains
are marine and require relatively high salt con@iuns for growth, but several
non-marine species have also been isolated (HoéstdrMalmaqvist, 1975).

Results indicated that 66.6% of identified bactedelonged to
Pseudomonas, 33.3% belong tdBacillus. Pseudomonas strains are known to
exhibit a wide range of metabolic activities agaiasmost of natural and
xenobiotic because of extreme nutritional (Chakrabarty, 1976; Holloway et al.,
1979; Ramost al., 1994).

Agar is polysaccharide can be degrading by sevseterial strains from
marine environments and other source. Some ofdbtebal isolates have been
assigned to the geneRseudomonas (Ha et al., 1997; Lee et al., 2000), and
Bacillus (Kim et al., 1999).
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Table (3-2) Morphological and biochemical test@agérolytic bacterial isolates

of (Pseudomonas)

Tests HAl1 | HA2 | HA3 | HA4 | HA5 | HA6 | HA7 | HAS8
Colony color | yellow | yellow | yellow | yellow | yellow | yellow | yellow | yellow
Cell shape rod rod rod rod rod rod rod rod
Gram stain — — — — — — — —

Catala_se + + + + + + + +
production

OXidaS.e + + + + + + + +
production
G&?:grkon + + + + + + + +
Glrg;/]v;hBon + + + + + + + +
Growth. on + + + + + + + +
Cetrimide
ﬁ;%v(\étgnig + + + + + + + +

Starch_ + + + + + + + +
hydrolysis

Casein_ + + + + + + — +
hydrolysis

DNase + + + + + + - +

Gelatin_ + + + + + + — +
hydrolysis

C':'itrate + + + + + + + -
utilization

Motility + + + + + + + +

Voges-

Proskauer B B * * * * * *
Methyl-Red + + — — — — — —
Pyocyanine B B + B + + + +
production
Flourescence
under UV- + + — + — — — _
transilluminator
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HA1 HA2 HA3 HA4 HAS5 HAG6 HA7 HAS8
Slant Alkaline | Alkaline | Alkaline | Alkaline | Alkaline | Alkaline | Alkaline | Alkaline
;rjiple Bottom | Alkaline | Alkaline | Alkaline | Alkaline | Alkaline | Alkaline | Alkaline | Alkaline
gar
Iron H,S
agar | production] B B B B B B
Gas B B B B B B B
production

Table (3-3) Morphological and biochemical testsagérolytic bacterial isolates

of (Bacillus)

Tests HA9 | HA10 | HA1l1 | HA12
Colony color White | White | White | White
Cell Shape bacilli | bacilli | bacilli | bacilli
Gram stain + + + +
Catalase production,  + + + +
Oxidase production + + + +
Gelatin hydrolysis + + + +
Citrate utilization + — + —
Motility + + + +
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Figure (3-2) Gram's stain film &acillus (HA9) showed the morphological

shape of cells 100x
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3.3 Selection of Efficient |solates

All the isolates that have been isolated and haeeability to degrad agar
that seen or identified by the clearing zone arotimel growth of bacterial
isolates as in figure (3-3). Efficient isolates wadentified from these (12
isolates) was (HA1) frorpseudomonas and (HA9) fromBacillus depending on
the clearing zone that appearance more clearlytttenther isolates as in figure
(3-4) for Pseudomonas isolate (HAl), and that may be attributed to the
physiological and genetic properties of these teslaThese efficient isolates
were used for further study.

The gel of agar may be degrade by microorganismiiiee ways. (1)
Disruption of the double helical structure withdareakdown of the polymer.
This dose not generally produce any visible changegel and such limited
activity can only be detected by failure to forne thrown color that the normal
gel forms with iodine. This color is thougt to dedeon the integrity of the
double helical structure (Ng Ying Kin and Yaphe,/729 (2) Cleavage of the
alpha-linkages of the agar molecule, giving riseotmosaccharides of the
agarobiose series with 3,6-anhydro-L-galactose h&t teducing end. (3)
Cleavage of the beta-linkages, giving rise to tl®-agarobiose series of
oligosaccharides with D-galactose at the reduciy €he enzymes involved in
(2) and (3) are called alpha- and beta-agarasspecgvely; most agarolytic
bacteria so far described are consider to produbebeta-agarase (Vattuoee
al., 1975; Van der Meulen and Harder, 1975).

41



Chapter Three Results and Discussions

HA 2

HA4

Figure (3-3) growth of bacterial isolates (HA2, HAsh agar plate (defined

media), identified by the clearing zone aroundgfmvth of bacteria.

Figure (3-4) The clearing zone B$seudomonas isolate (HA1) on agar plate

(defined media), the most efficient isolate.
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3.4 Plasmid I solation

In order to determine the plasmid profile of thdicgént isolates, the
alkaline lysis and salting out method were useck fdsults showed that later
method gave the best results.

The results in figure (3-5) were indicated that $wates ofPseudomonas
containing two (or more) small plasmid DNA bands afl these plasmid bands
approximately in the same size compared with eablkroand with pBR322
plasmid (4.363Kb) as in figure (3-6). However baeteisolates, tested in this
study may be containing another plasmids does eteticted (may be because of
its large size).

Many studies were reported th&seudomonas spp. containing agar
degradative plasmids ranging in size from 10-300(Bibvereux and Sizemore,
1982; Carney and Leary, 1989). Also many studies were indicated that a
differentPseudomonas isolates containing plasmids with the same sizéhbhue
different set of genes or the plasmids are the splasmids but they were
transfer between the soil population of bacteriadayjugation or transformation
(Devereux and Sizemore, 1982; Trevors, 1998).

For the Bacillus the same procedure were applied to extract and
characterize agar degradation plasmids as illestrat figure (3-7).

Other studies on the plasmid designated pSD15texblaom the genus
Microscillia which was isolated from Coastal California maseeiment.

This organism harbored a single 101-Kb circular ADNlasmid .The
complete nucleotide sequence analysis indicatednabar of genes putatively
encoding a variety enzymes involved in polysacdwautilization. The most
striking feature was the occurrence of five pugtagarase genes. They are:
ms109,ms115,ms116,ms130, andnsl32 (Zhonget al., 2001).
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<+—— Chromosomal DNA

<+— Plasmid DNA bands

«— RNA

Figure (3-5) Gel electrophoresis of isolated plasfrom the bacterial isolate of
(1, 2 and 3Pseudomonas HA1 migrated on agarose gel (0.7%) in TBE bufter a
5V/cm for 2% hrs.

<+—— Chromosomal DNA

<+— Plasmid DNA bands

<“«<— RNA

Figure (3-6) Gel electrophoresis of isolated plasfrom the bacterial isolate of
E. coli HB 101 (1), andPseudomonas HA1 (2) migrated on agarose gel (0.7%)
in TBE buffer at 5V/cm for 2Y% hrs.
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<— Chromosomal DNA

<«— Plasmid DNA bands

Figure (3-7) Gel electrophoresis of isolated plasfrom the bacterial isolate of (1
and 2)Bacillus HA9 migrated on agarose gel (0.7%) in TBE buffes\dtcm for
2 hrs.
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3.5 The Role of Plasmidsin Utilization of Agar

Pseudomonas (HA1) andBacillus (HA9) were candidate for study the role
of their plasmids in agar degradation, becauseetisdates showed a growth
density and growth yield more than other isolaéésng five days of incubation
on agar plate (defined media), utilizing agar asoke source of carbon and
energy, for that curing and transformation expentsavere performed on these

two types of bacterium.

3.5.1 Curing of Agar Degradation Plasmids

A varity of chemical agents, such as acridine dyshkjdium bromide and

sodium dodecyl sulfate are able to free or curedsed cells of plasmid DNA

molecules. Plasmid molecules, which exist as autmusly replicating circular

DNA duplexes, are eliminated by these agents eiteeause of interference
with their replication (acridines and ethidium biidm) or by alteration of their
membrane attachment sites (SDS) (Novick, 1969).

Many attempts were made in order to cBseudomonas andBacillus agar
degradation plasmids using SDS. The results ingkicathat the highest
concentration of SDS that allows the bacterial dhpwwere 4% for
Pseudomonas (HA1) and 0.4% foBacillus (HA9) as illustrated in table (3-4)
and (3-5), from these concentrations of curing &geppropriate dilutions were
made and spread on nutrient agar plates, thenieslovere tested on (defined
media) in order to determine the cured coloniesclwviban not utilize agar as a
sole source of carbon and energy.

Results showed that a number of colonies (9%)ddibegrow on agar plate
(defined media) fopseudomonas (HA1), while Bacillus (HA9) didn’t loss their
ability to degrade agatr.

In order to determine the failure of the colonieggtow on the agar plate
(defined media), were because of plasmid elimimatio not, plasmid isolation

from the cured cells were made and compared wadh ftlom the wild isolate.
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The results indicated that there is no plasmidghergels for the cured colonies
as illustrated in (Fig 3-8), which means that thesmid is responsible for agar
degradation property.

Many studies indicated that SDS were used suadéssfs a curing agent
(Trevors, 1998), and Aislablie and co-workers, (I98ave successfully cured

of hydrocarbon degradative plasmid using SDS.
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Table (3-4) Effect of SDS on the growthgeudomonas HA1

SDS Concentration % Bacterial growth
1% +++
2% ++
3% +
4% +
5% —
— = nogrowth
+ = slightly growth
+ = moderate growth
++ = good growth
+++ = very good growth

Table (3-5) Effect of SDS on the growthEdcillus HA9

SDS Concentration % Bacterial growth
0.1% +++
0.2% ++
0.3% +
0.4% +
0.5% —
— = nogrowth
+ = slightly growth
+ = moderate growth
++ = good growth
+++ = very good growth
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Chromosomal DNA

A

A

Plasmid DNA bands

A

RNA

Figure (3-8) Gel electrophoresis of isolated plasfrom the bacterial isolate of
Pseudomonas HA1 before and after treatment with SDS migratecgarose gel
(0.7%) in TBE buffer at 5V/cm for 2% hrs.

1- The wild isolate (HA1), 2-isolate after curingtlvSDS
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3.5.2 Transformation:

The transformation of agar degradation plasmidmfrene bacterium to
another was another method to determine whether dggradation genes are
located on plasmid or not. For this reason tramsébion experiments using.
coli MM294 (Rif") as a recipient to the agar degradative plasmiA Bolated
from Pseudomonas (HA1), were performed as illustrated in chapten.tw

Transformants colonies spreaded on agar plate n@kbfimedia) were
isolated and screened for existence of plasmids.

Results showed that (4.5x3)0transformants foPseudomonas plasmids
transformation respectively, were grown on agatepldefined media) i.e.: they
utilize agar as a sole source of carbon and eneogypared with the wild
(controls).

Agarose gel electrophoresis results (Fig. 3-9) @tbthe plasmid bands
extracted from transformants colonies as compaitddaantrols (wild isolates).

Transformation results confirmed that genes regptan$or utilizing agar
as a sole source of carbon and energy, are loaateplasmids which is in
agreement with curing experiments results.

Schroeder and his co-workers (2003) have beentezblpDA1 plasmid
from Pseudoalteromonas gracilis B9 which was responsible for the agarolytic
activity. Transformation experiments usikgcoli as recipient to pDA1 plasmid
was doneE. coli transformants exhibited this property (i.e agariolgctivity)
when grown on solid medium.

aagA gene located on pDA1 had 85% identity to the aggafdag A) from
pseudoalteromonas atlantica ATCC 19262 at the amino acid level. AagA was
purified from extracellular medium of &a coli transformant harboring pDA1
by using a combination of gel filteration and iaxckange chromatography.
aagA showed that the enzyme cleaves the beta-(1,43dek of agarase to yield

predominately neoagarotetraose (Schroetlal., 2003)
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Then Genomic DNA was extracted frofh gracilis B9 and partially
digested as described by Ausubteal. (1989) withSau3A. The Sau3A DNA
restriction fragments were size-fractionated or40@ (w/v) sucrose gradient
(Sambrooket al., 1989). DNA fragments of 10 Kb in size were paoknd
ligated with T4 ligase into thBg/11site of plasmid pEcoR251 at 15°C overnight
(Ausubel et al., 1989). The recombinant plasmids were recovergd b
transformation intce. coli HB101 (Dagert and Ehrlich, 1979; Schroedeal .,
2003)
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<+— Chromosomal DNA

<«— Plasmid DNA bands

<«— RNA

Figure (3-9)Gel electrophoresis d. coli MM294 before (1) and after (2)

transformation migrated on agarose gel (0.7%) ik DBffer at 5V/cnfor

2% hrs
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