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Abstract

Effect of physical mutagens on the ability of Pseudomonas aeruginosa H3 in alginate
production was performed by subjection of the cell suspension of P. aeruginosa H3
to different doses of UV radiation (2, 4, 6, 8 and 10 J/m?) and LASER for (30, 60, 90
and 120 sec.), then cell suspension was spread on LB agar platesand incubated at 37
°C for 24hrs. After that, random selection of thirty coloniesthat arose from the cells
subjection to the effect of different doses of UV radiation and laser were made (90%
of the suspended cells were killed and were tested for their alginate production).
Results showed that the mutagenesis by UV radiation caused an increase in the
ability of P. aeruginosa H3 in alginate production. Over-producer mutant, H3R1,
was obtained from this treatment. The productivity of the alginate from this mutant
was 170mg/l in comparison with the productivity of wild type (70mg/l). On the other
hand, results also showed that mutagenesis using LASER radiation caused an
increase in the ability of P. aeruginosa H3 in alginate production. Over-producer
mutant, H3R42, was obtained from this treatment characterized by its high ability
in alginate production (130mg/l) in comparison with the productivity of wild type
(70mg/l). Results of Fourier Transform-Infra Red (FT-IR) for alginate produced by
thewild type of P. aeruginosa H3 and over -producer mutantsH3R1 and H3R42 at a
wide range of wave lengths absor bance (400-4000) cm™ showed that there were no
any structural differencesin the chemical structure of alginate produced by them on
the basis of infra-red light absor ption by different functional groups of alginate
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I ntroduction:

Alginate is a linear unbranched polymer of D- Mannuronic acid and its C5 epimer L-
guluronic acid, which are linked by B-1, 4-glycosidic bonds. In bacteria, aginate is
modified by the addition of O-acetyl groups on some D-mannuronic acid residues [1, 2].
Alginates are one of the exopolysaccharides which act as extracellular material that
allows the formation of differentiated biofilms, with restrict diffusion of clinical
antibiotics and protect embedded cell against human antibacterial defense mechanisms
[3]. These polysaccharides are commercially important because of the gelling and
colloidal properties. It has a variety of uses, as an ingredient of photographic emulsions,
dental impression material and as additive in various food stuff [4]. It was also used as
thickening agent in the textile, paper industries, wound healing and immobilization by
microencapsulation [5].

Alginate is one of the few polymers synthesized by some eukaryotic and prokaryotic
organisms. The eukaryotic source of aginate is mainly the marine algae. However,
amongst the prokaryotes, two bacterial genera Azotobacter and Pseudomonas are known
to contain species capable of alginate production [4]. The genetic and biosynthesis
pathway of alginate in Pseudomonas aeruginosa has been extensively studied due to its
role in the disease of cystic fibrosis which is a cause of morbidity and mortality [6].
Because of the importance of alginate as a perfect microbial polysaccharide for different
uses and applications, this study was aimed to enhance the ability of highly alginate
producer isolate P. aeruginosa H3 in alginate production by physical mutagenesis
using UV and LASER radiation.

Materialsand M ethods

Bacterial isolate:

Pseudomonas aeruginosa H3 characterized by its high ability in alginate production was
obtained from [7]. This isolate was maintained on nutrient agar plates. Ability of this
isolate in alginate production before and after mutagenesis was tested using production
medium described by [7] which consists of (g/l): KH2PO4, 0.05; MgS04.7H20, 0.2,
CaCl2.2H20, 0.1; FeS04.9H20, 0.05; Na2M 04.2H20, 0.007; commercial baker’s yeast,
1; and date extract, 4%v/v.
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Physical M utagenesis:

Fresh culture of P. aeruginosa H3 was used to inoculate LB medium and incubated at 37
°C till mid log phase, then cells were precipitated at 6000 rpm for 15 min., washed and
resuspended in 5 ml phosphate buffer, to prepare for mutagenesis by subjecting to the
physical mutagen UV and LASER respectively. For the former, mutagenesis was
achieved according to [8], by subjecting P. aeruginosa H3 cell suspension with
Phosphate buffer to (0, 2, 4, 6, 8 and 10) Jm?of UV radiation in a dark place, while
mutagenesis with LASER was done according to [9], by subjecting the cell suspension of
P. aeruginosa H3 to LASER for different periods (0, 30, 60, 90 and 120 sec). For UV
radiation, 0.1ml aliquots of cell suspension was taken after each treatment and diluted
properly, then spread on LB agar plates. But for the LASER, 0.1ml aliquots was taken
from the cell suspension after each time of irradiation and spread on LB agar plates. In
both cases, the plates were incubated at 37°C for 24 hrs to account the viable and
screening the survivals for its ability in alginate production.

Extraction of Alginate

Alginate was extracted from culture medium using alcohol precipitation method [10], to
determine alginate dry weight.

Characterization of AlginateUsing FT-IR

Chemical structure of alginate produced by the wild type and over producer mutants of P.
aeruginosa H3 was examined using Fourier Transform-Infrared Spectrometry (FTIR) that
identify functional groups in the alginate structure, and determine the wave length
absorbance of each group.

Results and Discussion

In order to improve the ability of P. aeruginosa H3 in alginate production, this isolate
was subjected to physical mutagenesis by UV and LASER radiation respectively. Results
indicated in figure (1) showed the killing effect of UV on bacterial cells, total viable
count of P. aeruginosa H3 was decreased from 1.31 x 10° CFU/ml in the zero time to
0.35x10° CFU/m after the first exposure to 2¥m?of UV radiation. Survival percent was
26.7% after the first exposure followed by severe reduction to 5.34%, 4% and 2% for the
next different UV radiation doses. Colonies obtained after subjection to the killing
effect of mutagen (90% killing and more) was screened to examine its
ability in aginate production because the most possible mutagenic effect of UV ray
occurs a killing effect between 90-100 % [11]. These were achieved by random
selection of 30 colonies and were used to inoculate LB broth medium, incubated at 37 °C
for 24 hrs. with shaking (150rpm), then 0.1ml of the culture medium was used to
inoculate alginate production medium. Results mentioned in table (1) showed that there
are numbers of over producer mutants characterized with their high ability in alginate
production. Alginate produced by the highly over producer mutant was 170 mg/l in
comparison with the productivity of wild type (70 mg/l), while the productivity of other
over producer mutants was ranged between 80-160 mg/l. The increase of alginate
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production by these mutants may be due to the effect of the mutagen in the inactivation of
regulatory genes (muc A, muc B, muc C and muc D) leading to an increasing in alginate
biosynthesis by direct action of alg D promoter or indirectly by up- regulation

transcription of another regulatory gene alg R as it was mentioned by Browning et al and
Martin et al [12, 13].
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Figure (1): Effect of different doses of UV radiation on the survival
of P. aeruginosa H3.
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Table (1): Ability of alginate production by P. aeruginosa H3 mutants after irradiation with

UV Radiation.
Bacterial mutant Alginate concentration (mg/l)
P. aeruginosa H3 wild type 70
P. aeruginosa H3R1 170
P. aeruginosa H3R2 160
P. aeruginosa H3R3 70
P. aeruginosa H3R4 100
P. aeruginosa H3R5 30
P. aeruginosa H3R6 20
P. aeruginosa H3R7 60
P. aeruginosa H3R8 100
P. aeruginosa H3R9 100
P. aeruginosa H3R10 80
P. aeruginosa H3R11 90
P. aeruginosa H3R12 140
P. aeruginosa H3R13 120
P. aeruginosa H3R14 40
P. aeruginosa H3R15 60
P. aeruginosaH3R16 140
P. aeruginosa H3R17 80
P. aeruginosa H3R18 60
P. aeruginosa H3R19 20
P. aeruginosa H3R20 100
P. aeruginosa H3R21 70
P. aeruginosa H3R22 70
P. aeruginosa H3R23 80
P. aeruginosa H3R24 70
P. aeruginosa H3R25 70
P. aeruginosa H3R26 80
P. aeruginosa H3R27 60
P. aeruginosa H3R28 60
P. aeruginosa H3R29 70
P. aeruginosa H3R30 70
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On the other hand mutagenesis using UV radiation caused a decrease in the ability of the
other mutants of P. aeruginosa H3 (H3R5, H3R7, H3R14, H3R15, H3R18, H3R27 and
H3R28) in alginate production. Alginate produced by these mutants ranged between 30
mg/l to 60 mg/l in comparison with the productivity of wild type (70 mg/l). Reduction in
alginate production by these mutants may be due to the genetic mutations induced in the
structural genes responsible for alginate biosynthesis pathway (4), or due to the mutations
that may occur in the regulatory genes (alg U, muc A, muc B and muc C) which
compromise the main switch controlling the conversion to the mucoidal growth (alginate
production) [12].

Results mentioned in table (1) also showed that the ability of the other mutants (H3R3,
H3R21, H3R22, H3R24, H3R25, H3R29 and H3R30) do not affected during mutagenesis
by UV, and this may be due to the genetic mutations in different genes of the
chromosomal DNA of P. aeruginosa other than those responsible for production and
regulation of alginate biosynthesis [12,13]. UV irradiation affects via miss repair of the
damaged DNA by SOS repair system and termed indirect mutagen [14, 15].

Another type of Physical mutagens (LASER) was used to generate over producer mutants
of alginate from P. aeruginosa H3. Results indicated in figure (2) showed that this
mutagen had alethal effect on the bacterial cells of P. aeruginosa H3; this can be noticed
from the reduction of the total viable count of bacterial cells from 6.3x10° CFU/ml in the
zero time to 2.2x10™° CFU/ml after the first time of exposure (30 sec) to LASER.
Survival percent was decreased after exposure to this dose to 34.9%, while the next
incubation periods (60, 90, 120 sec.) caused severe reduction in the survival percentage
(26.9%, 9.68%, 2% respectively). After subjection to the mutagen for the previous
periods, 100ul aliquots of the cell suspension subjected to the killing effect of mutagen
(90% killing and more) was taken and spread on LB agar plates and incubated at 37 °C
for 24 hrs,, then the resultant colonies were screened to detect its ability in aginate
production by random selection of 30 colonies and were used to inoculate LB broth
medium, incubated at 37 °C for 24 hrs. with shaking (150 rpm),then 0.1ml of the culture
medium was taken and used to inoculate alginate production medium. Results illustrated
in table (2) showed that there is highly over producer mutant (H3R42 mutant)
characterized with its high ability in alginate production.
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Figure (2): Effect of LASER radiation on the survivals of P. aeruginosa H3 after exposure
for different time periods.

Productivity of crude aginate produced by this mutant was 130 mg/L in comparison with
the productivity of the wild type (70 mg/l) which represents the enhancing effect of
LASER to the ability of P. aeruginosa H3 in aginate production. On the other hand there
is other less over producer mutants (H3R31, H3R32, H3R34, H3R36, H3R38, H3R39,
H3R40, H3R41, H3R43, H3R46, H3R47, H3R49, H3R50, H3R53 H3R56 and H3R58)
were obtained after mutagenesis with LASER. The productivity of crude alginate from
these mutants ranged between 80 to 120mg/I. The high ability of alginate production by
al these over producer mutants may be due to the genetic mutationsthat may be

inactivate one or more of the regulatory genes, that regulates negatively alginate
production by P. aeruginosa H3 [16].
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Table (2): Ability of P. aeruginosa H3 mutantsin alginate production

after irradiation with LASER.

Bacterial mutant Alginate concentration (mg/l)
P. aeruginosa H3 wild type 70
P. aeruginosa H3R31 100
P. aeruginosa H3R32 20
P. aeruginosa H3R33 70
P. aeruginosa H3R34 80
P. aeruginosa H3R35 50
P. aeruginosa H3R36 90
P. aeruginosa H3R37 60
P. aeruginosa H3R38 100
P. aeruginosa H3R39 100
P. aeruginosa H3R40 80
P. aeruginosa H3R41 90
P. aeruginosa H3R42 130
P. aeruginosa H3R43 120
P. aeruginosa H3R44 70
P. aeruginosa H3R45 60
P. aeruginosa H3R46 110
P. aeruginosa H3R47 80
P. aeruginosa H3R48 60
P. aeruginosa H3R49 20
P. aeruginosa H3R50 100
P. aeruginosa H3R51 70
P. aeruginosa H3R52 70
P. aeruginosa H3R53 80
P. aeruginosa H3R54 70
P. aeruginosa H3R55 70
P. aeruginosa H3R56 80
P. aeruginosa H3R57 60
P. aeruginosa H3R58 90
P. aeruginosa H3R59 70
P. aeruginosa H3R60 70

Results indicated in table (2) also showed that there are other mutants symbol H3R35,
H3R37, H3R45, H3R48 and H3R57 respectively with low ability in alginate production.
Crude aginate produced by these mutants ranged between 50 to 60 mg/l, in comparison
with the productivity of wild type (70 mg/l).This results may be due to the genetic
mutations occurred in the regulatory genes, that regulates positively alginate production,
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the other mutants are with no difference in their ability in alginate production in
comparison with the wild type (70 mg/l).This result may be may be due to the incidence
of the mutations in different genes other than alginate biosynthesis genes on the
chromosomal DNA of P. aeruginosa H3 [17] . LASER induced cell inactivation is due
to the induction of DNA damage [18].

From these results it could be concluded that Physical mutagens by UV radiation
successfully enhanced alginate production from P.aeruginosa H3 since its productivity
2.43 fold higher than the alginate produced by the wild type. Also, laser irradiation
successfully developed the alginate productivity about 1.86 fold higher than the alginate
produced by the wild type. By comparing the highest alginate concentration 170mg/I for
mutant (H3R1) that obtained after UV radiation and 130mg/L for mutant (H3R42) after
Laser exposure, UV radiation was better than Laser in enhancing alginate productivity.
Alginate produced by wild type and mutants of P. aeruginosa H3 after mutagenesis with
Physical mutagens was analyzed using FTIR chromatography on a wide range of wave
lengths (400-4000) cm™, to detect any structural differences in the chemical structure of
alginate. Results mentioned in Table (3) showed that there is no any structural differences
in the chemical structure of alginate produced by the wild type of P. aeruginosa H3 and
the highly over producer mutants (H3R1 and H3R42) that arose after mutagenesis with
UV and LASER irradiation respectively. The absorbencies of the active groups of
alginate structure occur nearly the same wave lengths (for hydroxyl group, carbonyl
group and ether group). From the mentioned results, O-H broad band of alginate from the
wild type (H3) and mutants (H3R1and H3R42) were approximately the same. Also for
the C=0 and C-O-C bands show no differences.

Table (3): Absorbance of the active groups of alginate produced by the wild type of
P. aeruginosa H3 and over-producing mutants.

Bacterial mutant Mutagen Functional Group Wave Length (cm™)
P. aeruginosa H3 O-H 3417.63
(wild type) — Cc=0 1743.53
C-0-C 1249.79
P. aeruginosa O-H 3425.34
H3R1 mutant uv Cc=0 1743.53
radiation Cc-0-C 1249.79
P. aeruginosa H3R42 O-H 3379.05
mutant LASER Cc=0 1743.53
C-0-C 1249.79

References:

1. Franklin, M. J.; Chitnis, C. E.; Gacesa, P.; Sonesson, A.; Wite, D. C. and Ohman, D.
E. (1994). Pseudomonas aeruginosa AlgG is a polymer level alginate C-5
mannuronan epimerase. J. Bacteriol. 176: 1821-1830.

2. Mathee, K.; Kharazmi, A. and Hoiby, N. (2002). Role of Exopolysaccharide in
Biofilm Matrix Formation: The Alginate Paradigm. Mol. Ecol. Biofilms. 1: 1- 34.

21




Biotechnology Resear ch Center (special edition) Voal. 3- No. 2- 2009

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Remminghorst, U. and Rehm, B. H. A. (2006). In Vitro Alginate Polymerization and
the Functional Role of Alg8 in Alginate Production by Pseudomonas aeruginosa.
Appl. Environ. Microbiol. 72 (1): 289-305.

Bushell, M. E. (1983). Progress in Industrial Microbiology. Microbial
Polysaccharides. Elsevier, UK. 1% ed. Pp: 45-83.

Tombs, M. P. and Harding, S. E. (2003). An Introduction to Polysaccharide
Biotechnology. Taylor and Francis, London. 1% ed. Pp. 123-170.

Ertesvag, H. and Valla, S. (1998). Biosynthesis and applications of aginates. Polym.
Degrad. Sabil. 59: 85 - 91.

Al-Janabi, H. A. H. (2006). Production and characterization of alginate produced by
the locally isolated Pseudomonas aeruginosa. M.Sc. Thesis in Biotechnology, College
off Science/ Al- Nahrain University, Irag.

Kidambi, S. P.; Sundin, G. W.; Pamer, D. A.;Chakrabarty, A. M. and Bender, C. L.
(1996). Copper as a signal for alginate synthesis in Pseudomonas syringae pv.
syringae. Appl. Environ. Microbiol. 61 2172-2179.

Al-Khafgji, A. S. (2002). A study of the photosensitization technique by low power
He:Ne laser on Pseudomonas aeruginosa infection burn wound. M.Sc. Thesis in
Biotechnology, ollege of Science/ Baghdad University. Irag.

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

Browning, SN and Morris, J.G. (1985). Mutagenesis of Clostridium acetobutylicum
J.Appl .Bacteriol. 58: 577 — 584.

Gacesa, P. (1998). Bacterial aginate biosynthesis- recent progress and future
prospects. Microbiol. 144: 1133-1143.

Martin, D. W.; Schurr, M. J.; Mudd, M. H.; Govan, J. R.; Holloway, B. W. and
Deretic, V. (1993). Mechanism of conversion to mucoidy in Pseudomonas aeruginosa
infecting cystic fibrosis patients. Proc. Natl. Acad. Sci. 90:8377-8381.

Kim, J. J. and Sundin, G. W. (2001). Construction and analysis of photolyase mutants
of Pseudomonas aeruginosa and Pseudomonas syringae: Contribution of
photoreactivation, nucleotide excision repair, and mutagenic DNA repair to cell
survival and mutability following exposure to UV-B radiation. Appl. Environ.
Microbiol. 67(4): 1405-1411.

Qui, X.; Sundin, G. W.; Chai, B.and Tiedje, J. M. (2004). Survival of Shewanella
oneidensis MR-1 after UV radiation exposure. Appl. Environ. Microbiol. 70 (11):
6435-6443.

Miller, J. (1983). Mutational specificity in bacteria. Annual Review of genetics.17:215
- 283.

Hu, N.T.; Hung, M.N.; Chiou, S.J.; Tong, F.; Chiawy, D.C.;Huang, H.Y.and Wu, Y.
(1992). Cloning and Characterization of a gene required for the secretion of
extracellular enzymes across the outer membrane by Xanthomonas campestris pv.
Campestris. J. Bacteriol. 174: 2679 - 2687.

De Simone, N. A.; Christian, C. and Dore, D. (1999). Bactericidal effect of 0.95 mW
helium-neon and 5 m Windium-gallium-aluminum- phosphate laser irradiation at
exposure times 30, 60 and 120 seconds on photosensitize Staphylococcus aureus and
Pseudomonas aeruginosa in vitro. Physical ther.79 (9).

22





