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ABSTRACT: Six of higher sulfated polysaccharide
producers Arthrobacter strains were used in this work, One
identificd strain, Arthrobacter viscous ATC 19584 and five local
strains; Arthrobacter spl, Arthrobacter sp2, Arthrobacter viscous
G119, Arthrobacter spl SA30 and Arthrobacter spl G140. These
strains were used as parents to test and improve their potentialities
as sulfated polysaccharide producers. Five experiments of
protoplast fusion were done between these six parents. Twenty two
genetically sTable fusants were obtained after one hour incubation
period. They were higher sulfate polysaccharide production than
their parents. The fusants number of each trial was; 8, 3,4, 4 and 3
fusants for the first, second, third, fourth and fifth protoplast trials;
respectively. The first Arthrobacter viscous ATCC 19584 (P1) x
Arthrobacter spl SA30 (P5) trial was the best where all obtained
fusants showed higher sulfate polysaccharide production ranged
from 2 to 3 times than the average of their two parents. All the
twenty two obtained recombinants (fusants) were tested for the
SDS-PAGE protein banding patterns and compared those of their
parental strains. Biological measurements such as, antiviral and
antioxidant effect of sulfated polysaccharide were studied.

INTRODUCTION

Coryneform bacteria (species of Corynebacterium, Brevibacterium
and Arthrobacter) have been used extensively in the fermentation
industry for production of amino acids, enzymes and steroid Jdrugs
(Show and Hartley, 1988). Traditionally, strain improvement of these
industrial microorganisms aimed to increasing their products yield has
involved intensive programs of mutagenesis, followed by selection of
strains with new characteristics (Kikuchi, 1980).

Protoplast fusion is a useful technique for obtaining hybrids or
recombinants of different microorganisms. It has proved to be a valuable
tool for improving industrial microorganisms with dominant
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characteristics such as increasing produc't yieid (Fukaya, 1989).

Lopalco et al. (1994) suggested that sulfated polysaccharides are
potent and selective in vitro inhibitors of human immunodeficiency virus
type 1 (HIV-1); however, their therapeutic application is limited by their
anticoagulant activity. The most pronounced anti-HIV activity was
observed with RO-H, Suc30-H (standard heparin, 30% succinylated), and
Suc100-LMW-H (low molecular weight heparin, 100% succinylated); the
latter retained only 5% of the anticoagulant activity of standard heparin,
whereas RO-H and Suc30-H retained approximately 35% of the
anticoagulant activity of standard heparin. Huheihel et al. (2002) reported
that the cell wall-sulfated polysaccharide exhibited impressive antiviral
activity against herpes simplex type 1 and 2 (HSV-1 and HSV-2).

Asker ef al, (2009) was identified that the gram-positive strain
isolated from soil as non-pathogenic Microbacterium terregens. The
exopolysaccharide (CPS) produced from M. terregens was evaluated
antioxidant activity in-vitre by 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radical scavenging assay (RSA). The effect of molecular weight of the
polysaccharide on the improvement of the antioxidant potential seems to
be significant.

The main objective of this work is proving the Arthrobacter
strains to producing more of sulfated polysaccharide with highly rate and
a good quality. Some biological measurements; antiviral activity and
antioxidations; were studied also through the protoplast fusion technique.

_ MATERIALS AND METHODS
1- Microbial strains;-
1.1- Bacterial strains:

Six of higher sulfated polysaccharide producers Arthrobacter
strains were used in this work. One industrial strain, Arthrobacter viscous
ATC 19584 and five local strains, Arthrobacter spl, Arthrobacter sp2,
Arthrabaeter viscous G119, Arthrobacter spl SA30 and Arthrobacter spl
G140 all strains were kindly obtained from A. I. H. sayed Prof. of
Genetics, Department of Agnculture Bota.ny Faculty of Agnculture Cairo
Al-Azhar University. :

- 1.2- Viruses strain for antiviral activity: -
Infectious Bovine Rhinotrahcities (IBR) Bovine Herpes virus
laborations spain and Parainfluenza.3 (PI3) virus, SF4 -supplied by
HIPRA. Were used as a virus model for testing the possible antiviral
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activity of sulfated polysaccharide extracts these viruses were taken from
M. H. Abd-ELbaky prof. head of central laboratory for evaluation of
veterinang biologics.
2~ Media:

2.1- Production of sulfated polysaccharide medium (MI)

(Linker and jones, 1966)

2.2- Yeast Malt Extract Medium (YM) (Roseiro et al., 1992).

2.3- Luria broth Medium (LB) (Davis et al., 1980).
3- Sodium Dodecylsulphate (SDS-PAGE) methods:

All buffers and solutions were utilized for SDS-polyacrylamide

gel electrophoresis (SDS-PAGE) studies, according to Sheri et. al. (2000).

4- Antibiotics:
Seven antibiotics were used in this study, their sources and
concentrations are listed in Table (1).
Table (1): Sources and concentrations of antibiotics

No Antibiotic Conc.(ug/ml) - Sources

1 Chloramphinocol 20 Applichem (Germany)
2 Streptomycin 100 Bioshop (Canada)
3 Ampicillin 300 Bioshop (Canada)

4 Rifampicin 25 ' Bioshop (Canada)
5 Kanamycine 10 Applichem (Germany)
6 Tetracycline 2 Applichem (Germany)
7 Neomycin 4 -1 Applichem (Germany)

5- Isolation and determination of strains exopolysaccharide and
sulfate groups: were detected by using methods of Cheng er al., (2009).
6- Protoplast material and method: were according to (Liu et al., 1996)
7- Statistical Analysis:

Data were scored on bases of the presence or absence of bands by
using (SPSS) computer program and the phylogenetic relationships were
calculated. '

8- Biological measurements (Bioeffect):

7.1- Radical scavenging activity (RSA) of sulfated polysaccharide
(Antioxidations) was under taken as Shimada ef al. (1992) method.

7.2- Evalution of the cytotoxic effect and evalution of in-vitro
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antiviral effect were following as Cox et al, (1996) role.

RESULTS AND DISCUSSION

The present study was planned to improve the efficiency of
Arthrobacter for producing sulfate polysaccharide by genetic approach as
protoplast fusion technique.

Exopolysaccharide and sulfate groups production from Arthrobacter
strains.

In the present work, exopolysaccharide (EPS) and sulfate groups
production from Arthrobacter were estimated for the six strains;
Arthrobacter viscous ATC 19584 (Pl), Arthrobacter spl (P2),
Arthrobacter sp2 (P3), Arthrobacter viscous G119 (P4), Arthrobacter spl
SA30 (P5) and Arthrobacter spl G140 (P6). The results are presented in
Table (2).

Results in Table (2} clearly showed a great variation of both total
exopolysaccharide and sulfated groups concentration in all used strains.
The maximum values were obtained by the local strain (P4), where
sulfate groups were 7.838 mg/ml and polysaccharide was 26.5 g/L. On
the contrary, the minimum value was obtained by the local strain (P3)
(sulfate groups 2.413 mg/ml and polysaccharide 5.7 g/L.). Production of
total exopolysaccharide and sulfated groups concentration of the rest
strains were; (P1) 7.1 g/L and 3.701 mg/m], (P2) 8.2 g/L and 3.427
mg/ml, (P5) 8.7g/L and 5.756 mg/ml and (P6) 27 g/L and 2.687 mg/ml.
Antibiotic resistance patterns of Arthrobacter strains.

Antibiotic resistance test was done using seven of the more
frequently applied antibiotics (Table 1). The Arthrobacter local sulfate
exopolysaccharide producer strains and the industrial strain (P1) were
tested for their resistance to these seven antibiotics.

The industrial strain (P1) showed resistance to three antibiotics
(chloramphenicol, ampicilline and rifampicin) and sensitivity to the
others. The same results were obtained with two local strains; (P2) and
(P6). The other three local Arthrobacter strains revealed different
patterns. Two local strains, (P3) and (P5), showed resistance to all the
“antibiotics except two antibiotics. Tetracycline (Tc) and neomycin (Nm)
for (P3). Tetracycline (Tc) and rifampicin (Rf) for (P5). The sixth strain
(P4) showed resistance to three antibiotics; chloramphenicol (Cm),
ampicilline (Am) and kanamycin (Km) and sensitivity to the others. Brief
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of results are presented in Table (2).

In order to determine the efficiency of protoplast induction and
number of regenerated protoplasts for each parental strain (Liu et al
1996).

Table (2): Production of total exopolysaccharide, sulfated groups concentration
and antibiotic resistance test of the six Arthrobacter strains.

Genetic | Mean of l\gsﬁ; tgf
Strains markers (EPS) (mg/ml) Code
: g/L
Arthrobacter viscous Sm’® kn®
ATCC 19584 Nm'Rf | ! 3.701 Pl
Arthrobacter spl Sm® Rff %) 3.427 P2
Arthrobacter sp2 Nm® Rf 57 2413 P3

,(cl}rlt;t;obacter viscous Kn® R 76.5 7.838 P4

Arthrobacter spl SA30 | Sm'Kn'

Nm' Rf 8.7 5.756 P5
Arthrobacter spl G140 | | spf 27 2 687 P6
r- Resistance s- Sensitive

Two equal samples of protoplast suspension were used. The first
sample was spread on to YM medium after osmotic shock to allow the
somatically sTable, non-protoplasted cells which were not converted to
protoplast to grow. The ratio of protoplasting was calculated after
subtracting the number of colonies appeared on YM medium after
osmotic shock from the total number of untreated cells. The second
sample was added to the top layer medium then overplayed on the
regeneration medium and grown cells were also counted. The
regeneration ratio was calculated after subtracting the number of
remainder cells after protoplasting treatment from the number of the
colonies appeared on the regeneration medium. Data obtained were
itlustrated in Table (3), the protoplast percentage and it's regenerated/m]
was calculated.
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Table (3): Protoplast percentage and regeneration / ml for the six Arthrobacter

strains.
. Total No. of Protoplast No. of
Strains protoplasts ° regenerated
count / ml Yo
/ml cells / mi

263.66 115.66 or Y1.,YY

P.l x10° x108 43.86% x10°
Yoo, oo 140.66 . YYY,. .

P2 x10° x10° 46.88% x10°
TR 148.00 R VA,

P31 108 x10° 62.53% x10°
Yio, .. 149.00 0 A

P4 x10° x10° 36.35% x10°
YYLyy 193.00 0 Yo,

P3 X108 x10° 59.14% x10°
yes,in 185.00 o Yyi,11

P6 x10° x10° 52.29% x10°

Results in Table (3) showed that the protoplast percentages were
43.86%, 46.88%, 62.53%, 56.35%, 59.14% and 52.29% for the six
examined strains (P1), (P2), (P3), (P4), (P5) and (P6); respectively. These
resuits are consistent with those obtained by Piagac et al. (1981) who got
frequencies of protoplasting range from 56 to 75% depending upon the
genome of mutants organized from a slant of Streptomyces rimosus.

Protoplast fusion experiments

Protoplast was prepared from the six parents; P1, P2, P3, P4, P5 and
P6. They are different in their sulfate exopolysaccharide productivity and
also in their antibiotic markers (Table3). Five attempts to obtain
Arthrobacter fusants were carried out using protoplast fusion technique
between induced protoplasts of the parental strains for one hour
incubation period as follows;

Industrial strain (P1) x local strain (PS);

Protoplasts were prepared from the parental strains; Arthrobacter
viscous ATCC 19584 (P1) and local strain (P5). Several dilutions have
been made to get equal numbers of protoplasts per volume from each strain,

20



Al-Azhar J. Agric. Sci. sector Res., Voi9: 15— 37 (December)2010

Then aliquot of 0.5ml of each protoplast mixture was taken for fusion in
the presence of 400% PEG 6000 (Liu et al 1996). Sulfate.
exopolysaccharide productivity of the parental strain Arthrobacter viscous
was (3.701 mg/] sulfate and 7.1 g/L exopolysaccharide) and it resists the
antibiotic rifampicin. Another parental strains (P5) produces (5.756 mg/l
and 8.7 g/L) sulfate groups and exopolysaccharide, respectively. This
parental strain resists antibiotics; streptomycin (Sm), kanamycin (Km)
and neomycin (Nm). Eight regenerated fusants with resistance to the four
antibiotics were appeared on selective medium and tested for sulfate
exopolysaccharide productivity.

Table (3): Protoplast percentage and regeneration / ml for the six

Arthrobacter strains.
No. of No. of
Strains coI:ttjlml protoplasts Prot‘:}:) fast regenerated
/ ml cells / ml

Yi.,YY

P1 | 263.66 x10° 1}1{;56?,6 43.86% X10°
_ YV, .

P2 | ree X108 1:?6666 46.88% Lo
YEA,T

P3| Yri,a1x10° 1:%20 62.53% e
Yeo,oo

P4 | Yio,.. x108 1:?620 56.35% Lo
v.e, 1

P5 | vYLYYx108 12?6%0 59.14% xTO(’
185.00 ¥Yi,an

v4,11 6
P6 x10 x10° 52.29% <106

Table (4) showed characters of the parental strains and their eight
fusants obtained after incubation period and designated in serial numbers
from F1 to F8. All of these fusants showed increase in exopolysaccharide
productivity comparing to both parental strains. There production ranged
from 25 g/L (fusant F2) to 14 g/L (fusant F6). The higher production (25,
19.5, 17 and 15 g/1.) were obtained by the fusants F2, F1, F7, and F8;
respectively.

Results in Table (4) showed that all tested fusants showed
decrease in sulfate productivity comparing to both parental strains.
Sulfate productivity of fusant F2 (3.775 mg/ml) and fusant F3 (3.728
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mg/ml) were nearly equal the lowest parent productivity P1 (3.701
mg/ml). The other fusants produced sulfate ranged from 3.317 mg/m! for

fusant F8 to 1.947 mg/ml for fusant F7.

Table (4): Exopolysaccharide (EPS), sulfate groups productivity, genetic
markers of the two parental strains of the fusion P1 x P5 and

eight selected fusants.
", Genetic markers (EPS) Sulfate groups
Strains /L (m g/fn 1) P
P1 Sm® kn® Nm® Rf' 7.1 3.701
P5 Sm'Kn" Nm' Rf* 8.7 5.756
F1 Sm'Kn'Nm' Rff 19.5 2.943
F2 Sm" Kn" Nm' Rf' 25 3.775
F3 Sm' Kn' Nm' Rf' 15 3.728
F4 Sm’ Kn' Nm'Rf 15 2.358
F5 Sm’ Kn' Nm' Rf’ 15.5 2.715
F6 Kn"Nm' Rf'Sm’ 14 2.660
F7 Sm"Kn" Nm' Rf' 17 1.947
F8 Sm'Kn" Nm' Rff 15 3.317

SDS-PAGE protein banding patterns of the two parents (P1 x P5)
and their eight fusants are illustrated in Fig (1). The maximum number of
bands in this pattern was 14 bands for fusant F2. The minimum numbers
of bands were 9 bands for the fusant F3. No specific bands were found.

The molecular weight for these bands ranged from 4 to 212 KDs

Analysis of these banding patterns showed 7 common bands were
present in all of the ten strains (two parents and eight fusants) with

molecular weights; 190, 97.5, 65, 50, 30, 14 and 8 KDs,
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Fig. (1): SDS-PAGE protein banding patterns of the parents P1 x P5 and
their eight fusants, from F1 to F8 (M= molecular weight
marker).

On the other hand, there were few observable differences in the
protein banding pattern among all tested strains. The parental strain A0
and Fusants F5, and F6 have 10 bands. Fusants; F1, F7 and F8 have 11
bands. At the end, the parental strain and fusant F4 have 12 bands. These
differences could be attributed to the differences in the new genetic
recombination that occur in every diploid fusion before regeneration.

Local strains P3 x P5:

The parental strains (P3) and local strain (P5) were used in this trial.
The first parent (P3) showed sulfate exopolysaccharide productivity of
(2.413 mg/ml sulfate and 5.7 g/l exopolysaccharide), resistance to
rifampicin (Rf) and sensitivity to neomycin (Nm) antibiotic. While, the
other parental strain (P5) showed sulfate exopolysaccharide productivity
of (5.756 mg/ml sulfate and 8.7 g/l exopolysaccharide), resistance to
neomycin (Nm) and sensitivity to ritampicin (Rf). Three regeherated
fusants with resistance to both antibiotics (neomycin and rifampicin) were
appeared on selective medium and tested for sulfate exopolysaccharide
productivity.

Table (5) presents the characters of the parental strains and their
three fusants. These fusants were designated F11, F12 and F13 they
showed increase in exopolysaccharide productivity comparing to both
parental strains. Fusant F13 has the highest efficiency of
exopolysaccharide productivity (20 g/L) followed by F11 (13 g/L) and
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F12 (12 g/L).

Results in Table (5) showed that all fusants produced less suifate
productivity comparing to both parental strains. This decrease ranged
from 1.975 mg/ml in fusant F11 to 1.646 mg/ml for fusant F13.

Table (5): Exopolysaccharide (EPS), sulfate groups productivity and
geneti¢ markers of the two parental strains P3 x P5 and three selected fusants.

. . (EPS) Sulfate
Strains | Genetic markers oL (mg/ml)
P3 Nm’® Rf' 5.7 2413
PS5 Nm' Rf* 8.7 5.756
F11 Nm'Rf 13 1.975
Fi2 Nm' Rf 12 1.728
Fi3 Nm' Rf' 20 1.646

_ SDS-PAGE protein banding patterns of the second protoplast
fusion attempt between the two parents P3 x P5 and their three fusants are
illustrated in Fig. (2). The maximum number of bands in this pattern was
13 bands for the parental strain P5 and the fusant F12. The minimum
number of bands was 11 bands for the parent P3 and fusant F11. One
specific band was found at molecular weigh 104 KDs for the parental
strain P5. There were ten common bands at molecular weights; 190, 130,
113, 75, 66, 41, 29, 18, 14 and 7.5 KDs. The molecular weight for these
bands ranged from 6.5 to 190 KDs.

Analysis of these banding patterns showed nearly few observable
differences among all the tested strains. Each of the two fusants; F11 and
F13 has 12 bands, while the fusant F12 has 13 bands. The first parent P3
showed 13 bands, while the second parent (P5) showed 11 bands.

The previous results showed few differences in protein banding
patterns among all tested strains. These differences may be attributed to
the differences in the new genetic recombination.
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Fig. (2): SDS-PAGE protein banding patterns of the two parents P3 x P5 and
their three fusants; F11, F12 and F13 (M= molecular weight
marker).

Local strains P4 x Pé6:

The parental strains P4 and P6 were used in this trial. The first parent
P4 showed sulfate exopolysaccharide productivity of (7.838 mg/ml
sulfate and 26.5 g/L exopolysaccharide), resistance to kanamycin (Km)
and sensitivity to rnifampicin (Rf) antibiotic. While the other parental
strain (P6) showed sulfate exopolysaccharide productivity of (2.687
mg/ml sulfate and 27 g/l. exopolysaccharide), resistance to rifampicin
(Rf) and sensitivity to kanamycin (Km). Four regenerated fusants with
resistance to both antibiotics (rifampicin and kanamycin) were appeared
on selective medium and tested for sulfate exopolysaccharide
productivity.

Table (6) showed the characters of the parental strains and their four
fusants. These fusants were designated F21, F22, F23 and F24, they
showed decrease in exopolysaccharide productivity comparing to both
parental strains. Fusant F23 has the lowest efficiency of
exopolysaccharide productivity (21 g/L) followed by F21 (22 g/L), F22
(23.5 g/L) and F24 (25.5 g/L).

Results in Table (6) showed that all fusants produce less sulfate
productivity comparing to parent strain P4. Three fusant F22, F23 and
F24 were nearly equal with parent strains P6.
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Table (6): Exopolysaccharide (EPS), sulfate groups productivity and
genetic markers of the two parental strains P4 x P6 and four
selected fusants.

Strains Genetic markers (E;S ) (?1111;?;?)
P4 Kn' Rf* _ 26.5 7.838
P6 kn® Rf" 27 2.687
F21 Kn'Rf 22 1.701

F22 ' Kn' Rf 23.5 - 2.139
F23 Kn' Rf 21 2.249
F24 Kn' Rff 25.5 2.715

SDS-PAGE protein banding patterns of the parents of the third
protoplast fusion P4 x P6 and their four fusants are illustrated in Fig. (3).
The maximum number of bands in this pattern was 17 bands for fusant
F22. The minimum number of bands was 14 bands for the parental strain
P6. The molecular weight for these bands ranged from 5.2 t0190.3 KDs.

. Analysis of these banding patterns showed 10 common bands present
in all of the six strains (two parents and four fusants) at the molecular
weights; 190.3, 110.9, 78.3, 67.8, 49.5, 30.2, 21.7, 154, 11.2 and 6.3
KDs. Five specific bands were found in five strains (one parental strain
and four fusants), one specific band for each strain. The first was 72.8 for
the parental strain P6, while the other four specific bands were; 18.6,
132.7, 39.1 and 23.2 KDs for the fusants; F21, F22, F23 and F24,
respectively. '

On the other hand, there were few observable differences in the
protein banding pattern among all tested strains. Fusants F21 and F24
have 15 bands. Each of the parental strain P4 and fusant F23 has 16
bands. These differences could be attributed to the differences in the new
genetic recombination that occur in every diploid fusion before
regeneration.
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Fig. (3): SDS-PAGE protein banding patterns of the two parents P4 x P6 and
their four fusants, from F21 to F24 (M= molecular weight marker).

Local strains PS5 x P6:

The parental strains P5 and P6 were used in this trial. The first
parent P6 showed sulfate exopolysaccharide productivity of (2.687 mg/ml
sulfate and 27 g/L exopolysaccharide). resistance to rifampicin (Rf) and
sensitivity to streptomycin (Sm) antibiotic. While the another parental
strain P5 showed sulfate exopolysaccharide productivity of (5.756 mg/ml
sulfate and 8.7 g/L exopolysaccharide), resistance to streptomycin (Sm)
and sensitivity to rifampicin (Rf). Four regenerated fusants with
resistance to both antibiotics (rifampicin and kanamycin) were appeared
on selective medium and tested for sulfate exopolysaccharide
productivity.

Data in Table (7) presents the characters of the parental strains and
their four fusants. Fusants were designated F31, F32, F33 and F34, they
showed decrease production exopolysaccharide productivity comparing to
the parent P6 and showed increase in exopolysaccharide productivity
comparing to the other parental strain lowest productivity P5. The
polysaccharide production (14.5, 17.5, 21.5 and 24.5 g/L) were obtained
by the fusants F31, F32, F33 and F30; respectively.

Results in Table (7) showed that all fusants produced less sulfate
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productivity comparing to both parental strains. Only two fusants, F30
and F31 have sulfate productivity nearly equal the parent (P6).

Table (7): Exopolysaccharide (EPS), sulfate groups productivity and genetic
markers of the two parental strains P6 x P5 and four selected

fusants.

Strains Genetic markers (EPS) g/L Sulfate (mg/ml)
P6 Sm’ Rff 27 2.687 |
P5 Sm'Rf 8.7 5.756

F30 Sm'Rf 245 2.720
F31 Sm' Rf' 14.5 2.578
F32 Sm" Rf' 21.5 2.419
F33 Sm" Rf 175 1.536

SDS-PAGE protein banding patterns of the parents of the fourth
protoplast fusion between, P6 x P5 and their four fusants are illustrated in
Fig. (4). The maximum number of bands in this pattern was 14 bands for
F31. The minimum numbers of bands were 10 bands for the parental
strain P6 and two fusants; F30 and F33. The molecular weight for these
bands ranged from 6.7 to 212 KDs.

Kila ™ P PS5 F3a Fil Fi1 Fi3

Fig. (4): SDS-PAGE protein banding patterns of the two parents P6 x P5
and their four fusants; F30, F31, F32 and F33 (M= molecular weight marker).
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Analysis of these banding patterns showed 8 common bands
present in all of the six strains (two parents and four fusants) at the
molecular weights; 212, 185.9, 111.5, 79.2, 39, 21.4, 15.8 and 7 KDs.

One specific band was found to be 122.2 KDs. Of the fusant F33 and
two specific bands were found; 58 and 74.8 KDs for fusant F31. The
parental strain P5 and fusant F32 have 13 bands.

On the other hand, there were few observable differences in the
protein banding pattern among all tested strains. These differences could
be attributed to the differences in the new genetic recombination that
occur in every diploid fusion before regeneration.

Local strains P2 x P5:

The parental strains (P2) and (P5) were used in this trial. The first
parent (P2) showed sulfate exopolysaccharide productivity of 3.482
mg/ml and 8.2 g/ exopolysaccharide, resistance to rifampicin (Rf) and
sensitivity to streptomycin {Sm) antibiotics. While the other parental
strain (P5) showed sulfate exopolysaccharide productivity of 5.756 mg/ml
and 8.7 g/L exopolysaccharide), resistance to streptomycin {(Sm) and
sensitivity to rifampicin (Rf). Three regenerated fusants with resistance to
both antibiotics (streptomycin and rifampicin) were appeared on selective
medium and tested for sulfate exopolysaccharide productivity.

Data in Table (8) presented the characters of the parental strains and
their three fusants. Fusants were designated F41, F42, and F43, they
showed increase in exopolysaccharide productivity comparing to both
parental strains. Fusant F42 has the highest efficiency of
exopolysaccharide productivity (25.5 g/L) followed by F43 (22.5 g/L) and

F41 (19.5 g/L).

Results in Table (8) showed that all these fusants gave a different
sulfate productivity comparing to both parental strains. Fusant F41 was
the highest efficiency of sulfate productivity (7.7564 mg/ml) followed by
F42 (3.263 mg/ml) and F43 (1.783 mg/ml).

SDS-PAGE protein banding patterns of the parents of the fifth
protoplast fusion attempt P2 x P5 and their three fusants are illustrated in
Fig (5). The maximum number of bands in this pattern was 16 bands for
the parental strain P5. The minimum number of bands was 12 bands for
the parental strain P2 and fusant F43. The molecular weight for these
bands ranged from 5.7 to 210 KDs.

29



Saved et al, Production Of Sulfated Polysaccharide

Table (8): Exopolysaccharide (EPS), sulfate groups productivity and genetic
markers of the two parental strains P2 x P5 and three selected

fusants.
Strains Genetic markers (EPS) g/L Sulfate (mg/ml)
P2 Sm’ Rf 8.2 3.482
P5 Sm' Rf* 8.7 5.756
FAl Sm' Rf" 19.5 7564 |
F42 Sm' Rf' 25.5 3.263
F43 Sm" Rf 22.5 1.783

Analysis of these banding patterns showed 9 common bands
present in all of the five strains (two parents and three fusants) at the
molecular weights; 140.6, 115.4, 90.9, 61.7, 40.2, 31.3,22.5, 13.8 and 5.7
KDs. Also, the analysis of these banding patterns showed one specific
band in all five strains. The parental strain P2 has one specific band at
molecular weigh 86.7 KDs. The other parental strain P35 has one specific
band at molecular weigh 125.6 KDs. Each of the three fusants; F41, F42
and F43 has one specific band at molecular weigh; 16, 7.9 and 34.4 KDs.,
respectively. Each of the two fusants F41 and F42 has 13 and 14 bands;

respectively.

Fig. (5): SDS-PAGE protein banding patterns of the two parents P2 x P5 and
their three fusants, F41, F42 and F43 (M= molecular weight
marker).
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s There were few observable differences in the protein banding
pattern among all tested strains. These differences could be attributed to
the differences in the new genetic recombination that occur in every
diploid fusion before regeneration.

In conclusion, in this study twenty two products (fusants) were
obtained after five protoplast fusion attempts between six parental strains.
All the twenty two obtained recombinants (fusants) were tested for their
SDS-PAGE protein banding patterns and compared with protein banding
pattern of their parental strains.

The variation in polysaccharide productivity by the different
fusants can bi attributed to one or more of the following, the number of
copies of the corresponding gene(s) exist; the occurrence of different
genes affecting the productivity; from the gene pools, or to genes location
in the same chromosome (Papabianni ef al., 2001).

Biological measurements of sulfated exopolysaccharide

Biological measurements; antioxidations and antiviral activity of
suifated exopolysaccharide of the six parents and some of their fusants
were studied as folow:-

Redical-scavening activities of the different sulfate
exopolysaccharide from Arthrobacter (Anti oxidations).

Some sulfated polysaccharides have exhibited strong antioxidant
capability. In these studies different sulfated polysaccharides from
Arthrobacter were used as antioxidant (Table 9 and Fig. 6). The
redical-scavening activities for different sulfate exopolysaccharide
examined with seven samples; two local strains (P4 and P5) and five
fusants (F2, F13, F24, F31 and F42) comparing with DPPH solution for
30 and 60 min. The results indicated that the highest radical-scavening
activities were 40.04% at 30 min and 61.45% at 60 min of strain (P4),
29.96% at 30 min and 37.50% at 60 min of fusant (F13), 27.77% at 30
min and 41.18% at 60 min of fusant (F24), 15.25% at 30 min and 25.75%
at 60 min of strain (P5), 10.53% at 30 min and 11.38% at 60 min of fusant
(F2), 9.951% for 30 min and 10.08% for 60 min of fusant (F31) and
7.70% for 30 min and 8.891% for 60 min of fusant (F42).

These results indicate that sulfated polysaccharide from Arthrobacter
have strong antioxidant activates and should be explore as novel potential
antioxidants. These results agree with (Yang et al., 2006).
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from Arthrobacter and fusants after (30 & 60 min).

Table (9): DPPH rimming of different exopolysaccharide and sulfate groups

30 min. 60 min.
Source of
(EPS) Mean DPPH Mean APPH
rimming %o rimming%
SIS . 1.035 0.0 1.001 0.0
{cont.)
P4 0.739 40.04 0.620 61.45
P35 0.898 15.25 0.796 25.75
F2 0.926 10.53 0.887 11.38
F13 0.798 29.96 0.728 37.50
F24 0.810 27.77 0.709 4]1.18
F31 0.932 9951 0.900 10.08
F42 0.961 7.70 0.943 8.891
70
g 60
E, 50
E 40
E b
e 30 :
a 20
o
9 10 I
0
P4 PS5 F2 F1 F24 F31 F42

Samples

Fig (6): DPPH rimming of different exopolysaccharide sulfate groups of

the two Arthrobacter parent strains and five fusants after two
times; 30 & 60 min.
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Antiviral activity:

Cytotoxicity of sulfated polysaccharide extracts on MDBK cell
culture

The mean cytotoxic concentration 50 (CCsp) of the seven samples
(P4, P5, F2, F13, F24, F31, F42) preparation of sulfated polysaccharide
extracts were 2mg (2000 pug/ml) medium. Cell toxicity might render to
high alkaling, alkalinity of the extracts at high concentrations. The other
used (tested) concentrations of extracts were safe for MDBK cell cultures
based on their morphological features and potentiality for growing and
maintenance (Table 10).

Table (10): Cytotoxity effect of polysaccharlde and sulfate groups
extracts on MBDK cell culture.

Concentrations of sulfated polysaccharide extracts
MBDK
4mg 2mg img 0.5mg | 0.025mg
Plates Toxic Toxic Safe Safe Safe
Flasks Toxic Toxic Safe Safe Safe

Antiviral activity of polysaccharide and sulfate group extracts:

The obtained results showed no virus replication inhibitory effect
on the IBR and PI3 viruses in MDBK cell cultures using the most higher
available concentration of the seven (P4, P5, F2, F13, F24, F31, F42)
extracts 1000 pg, 500 pg and 250 pginl (Fig. 7).
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CEEB38858 388y

H

Fig (7): Virus inhibitory effect of polysaccharide and suifate group
extract on IBR and PI3 viruses on MDBK.

Group 1: IBR + Cell culture or PI3 + Cell culture

Group 2: IBR + Cell culture or PI3 + Cell culture + 1mg sulfate
polysaccharide

Group 3: IBR + Cell culture or PI3 + Cell culture + 500ug sulfate

polysaccharide
Group 4: IBR + Cell culture or PI3 + Cell culture + 250ug sulfate

polysaccharide
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