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Abstract

Production of Exopolysaccharides “EPS” and microbial

biomass by Streptomyces nasri were influenced by the type

of carbon source (glycerol, xylose, fructose, galactose,

glucose, mannose, sucrose, lactose, maltose, dextrin,

soluble starch, corn starch and potato starch) and the

nitrogen source (glycine, aspartic acid, glutamic acid,

proline, ammonium sulphate, sodium nitrate and beef

extract ) used in the medium.

Xylose and glycine were the most suitable sources of

carbon and nitrogen, respectively, for both production of

EPS and mycelial growth. The highest EPS production

was obtained in a medium containing (g/l) 30 xylose, 2.7

glycine, 4.0 NaCl, 0.5 MgSO
4
, 1.0 K

2
HPO

4
, and 1.0

CaCO
3
. Exopolysaccharides production and mycelial

growth in the above suggested medium were significantly

increased in a 3-l stirred tank bioreactor, where the maxi-

mum EPS concentration was 8.73 g/l, which was an ap-

proximately 1.6 time higher than that in shake culture.
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Introduction

During the past several decades, much interest has been gen-

erated in the subject of polysaccharides produced by microor-

ganisms, due to their various biological and pharmacological

activities, including immuno-stimulating and anti-tumour activi-

ties (Kuo et al., 1996; Lee and Kang, 1996). Many microorgan-

isms synthesis exopolysaccharides (EPS) that either attached to

the cell surface or are found in the extracellular medium in the

form of amorphous slime. Microbial polysaccharides are water

soluble polymers and may be ionic or non-ionic. The repeating

units of these exopolysaccharides are very regular, branched or

unbranched, and are connected by glycosidic linkages.  Strepto-

myces, a Gram-positive bacterium, is well known as an impor-

tant industrial microorganism for its production of natural de-

rived antibiotics. However, EPS production in Streptomyces has

only been reported very recently despite the fast progress at a

molecular level in other bacterial species such as lactic acid bac-

teria (Welman and Maddox, 2003). In our laboratory, S. nasri-

UV 135 has been identified to produce EPS, which has antimi-

crobial activity against a wide range of microorganisms. The

produced EPS was also tested for cytotoxic activity against hu-

man brain tumor cell line using SRB assay (Gohar et al., 2006).

Usually, culture medium is important to the yield of any fer-

mentation products, and carbon and nitrogen sources generally

play a significant role because these nutrients are directly linked

with cell proliferation and metabolite biosynthesis (Kim et al.,

2003; Casas et al., 2003). Also, the nature and concentration of

the carbon source can regulate secondary metabolism through

phenomena such as catabolic repression. Various statistical ex-

perimental design strategies were applied to the optimization of

fermentation media. But, as far as we know, there is limited

knowledge about the nutritional requirement for EPS produc-

tion by Streptomyces nasri-UV 135, and there have been no re-

ports on medium optimization to improve EPS production. In

this work, the effects of carbon and nitrogen sources were fo-

cused in order to improve the EPS production by submerged

cultivation of S. nasri-UV 135. The information obtained is con-

sidered fundamental and useful to the development of S. nasri-

UV 135 cultivation process for efficient production of EPS on a

laboratory scale stirred tank bioreactor.

Material and Methods

Microorganism and media

Streptomyces nasri was isolated from the desert of Kuwait by

Hashem and Diab, (1973). An UV-mutant of the parent Strepto-

myces strain, S. nasri-UV 135 was found to produce an antibi-

otic active against Gram-positive bacteria and is able to produce

bioactive compounds like proteopolysacchrides (Gohar et al.,

2006). The initial basal medium used contains (g/l): glucose 30,

NaNO
3
 3.0, yeast extracts 5.0, NaCl 4.0, MgSO

4
 0.5, K

2
HPO

4

1.0, and CaCO
3
 1.0, pH 7.

Carbon and nitrogen source screening

Cultures for screening the carbon and nitrogen sources for ef-
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fects on fermentation performance were conducted in 250 ml

shake flasks filled with 50 ml of the medium. The flasks were

inoculated with 500 µl of a spore suspension. The flasks were

held at 30ºC on a rotary shaker at 200 rpm and harvested on the

7th day.

Fermentation conditions

The fermentation medium was inoculated with 10% (v/v) of

the seed culture and then cultivated at 30ºC in a 3-l stirred tank

bioreactor (Bioflow III, New Brunswick Scientific Co., New

Brunswick, NJ, USA). Unless otherwise specified, fermentation

were conducted under the conditions of temperature 30ºC, aera-

tion rate 1.0 vvm, agitation speed 300 min-1, initial pH 7.0 and

working volume 2-l.

Analytical methods

All determinations reported here were performed in triplicate

and the experiments at least in duplicate, and the results were

given as mean values.

Cell biomass determination

Growth was measured as the dry weight per volume by cen-

trifugation (5000 g for 10 min) and then dried to a constant weight

in an oven at 60ºC overnight to obtain cell dry weight (CDW).

Extraction and separation of exopolysaccharides (EPS)

Mycelial pellets were separated by centrifugation at 3000 g

for 10 min. The supernatant was concentrated to 1/10 its initial

volume by a rotary evaporator (Heidolph WB2000, Germany).

The concentrates were mixed with equal volume of chilled ab-

solute ethanol to precipitate the exopolysaccharides. To enhance

precipitation, these samples were stored at 4ºC for 24 h. The

precipitates were recovered by centrifugation at 4000g for 15

min and then dried at 55ºC overnight (van Geel-Schutten et al.,

1998).

Results and Discussion

Effect of carbon sources

The following set of experiments examined the effects of vari-

ous types of carbon sources on cell growth of S. nasri-UV 135

and the production of EPS. In all cases, nitrogen was provided

as yeast extract at the same concentration used in basal medium,

where each carbon source was added to the basal medium at 30

g/l instead of glucose. Figure 1 shows the time profile of biom-

ass concentration (A) and EPS production (B) for cultures car-

ried out with all carbon sources tested and without any carbon

source as control. The results in shake-flask experiments revealed

that, the change of the carbon source employed affected both the

amount of biomass produced and the EPS production. Although
Figure 1: Effect of different carbon sources on cell growth of S. nasri-UV 135

(A) and EPS production (B) after 7 days cultivation.  

Carbon sources Dry cell weight (g/l) 
EPS 

(g/l) 
EPS/CDW Final pH 

Control 1 0.51 0.29 0.568 7.36 

Glycerol 1.95 3.38 1.733 6.13 

Xylose 5.20 4.50 0.865 5.94 

Fructose 2.65 2.90 1.094 6.28 

Galactose 1.38 1.43 1.036 6.77 

Glucose 1.45 3.80 2.621 5.80 

Mannose 1.44 2.43 1.687 7.81 

Sucrose 3.73 1.16 0.310 6.69 

Lactose 4.56 1.23 0.269 7.36 

Maltose 3.97 0.41 0.104 6.50 

Dextrin 1.67 0.17 0.102 7.82 

Soluble starch 1.54 3.10 2.013 9.43 

Corn starch 3.89 3.33 0.856 8.58 

Potato starch 0.94 0.79 0.840 8.92 

Table 1: Effects of different carbon sources on the growth of Streptomyces nasri-UV 135 and its extracellular polysaccharide (EPS) production during cultivation

in shake-flasks for 7 days at 30οC.
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as glucose, mannose, fructose and xylose. They found that the

highest EPS production of the two strains was found in the xy-

lose containing medium.

Effect of nitrogen source

To investigate the effect of nitrogen source on the production

of EPS and mycelial growth eight different nitrogen sources were

examined (Figure 2). These N-sources were added on the basis

of an equivalent N-content. Although glutamine and aspartic acid

were favorable for the mycelial growth of Streptomyces nasri,

the maximum EPS production of 5.15 g/l was achieved when

glycine (2.7 g/l) was employed (Figure 2B). Improvement in

cell growth, EPS production, and EPS/CDW ratio with different

nitrogen sources are gathered in Table 2.

Cultivation of S. nasri-UV 135 in shake-flasks with optimized

medium

Using all optimized medium components, trials in a series of

shake-flasks were carried out using 30 g/l xylose as carbon source

and 2.7 g/l glycine as nitrogen source. The time course of cell

growth, EPS production and pH values are shown in Figure 3.

The maximal EPS production indicated 5.4 g/l after 6.5 days of

fermentation, while maximum mycelial yield was 7.25 g/l after

6.5 days. This indicates 36% increase of the EPS production

used the optimized medium (5.4 g/l) compared to EPS produc-

tion using the basal medium (3.98 g/l) as previously described

by Gohar et al., (2006). In addition, similar improvement in bio-

mass concentration was achieved using the optimized medium.

Fermentation of S. nasri-UV 135 in stirred tank bioreactor

Although shake flasks are the bioreactors most frequently used

in biotechnology for initial process development, very little is

known regarding their characteristics from an engineering point

of view (Buechs and Zoels, 2001; Buechs, 2001). There are some

reports in the literature regarding the scaling-up of processes

from shake flasks to stirred tank bioreactors (Muley et al., 1999;

Katzer et al., 2001). Therefore, the bioreactor fermentation pro-

cess was developed on the basis of data obtained from shake

flasks cultivation experiments. The production of EPS was stud-

ied in a 3 liter bioreactor using the basal and the optimized cul-

ture medium.

Figure 4 shows the time courses of mycelial growth and EPS

production by Streptomyces nasri-UV 135 in a 3-L stirred tank

fermenter with the basal medium and the optimized culture me-

dium. In a basal medium, the EPS concentration reached a maxi-

mum level of 5.6 g/l after 5.5 d, while maximum mycelial con-

centration was 3.9 g/l after 4.5 d (Figure 4A). In an optimized

Figure 2: Effect of different nitrogen sources on cell growth of S. nasri-UV

135 (A) and EPS production (B) after 7 days cultivation.

Table 2: Effects of different nitrogen sources on the growth of Streptomyces nasri-UV 135 and its extracellular polysaccharide (EPS) production during cultivation

in shake-flasks for 7 days at 30 C.

Nitrogen sources Dry cell weight (g/l) EPS (g/l) EPS/CDW Final pH 

Control1 2.03 1.10 0.542 5.07 

Glycine 7.49 5.15 0.687 5.70 

Aspartic acid 5.52 1.62 0.293 5.79 

Glutamine 6.22 2.47 0.397 5.27 

Proline 3.77 2.24 0.594 4.94 

Ammonium sulphate 2.28 1.79 0.785 4.82 

Sodium nitrate 2.62 1.27 0.485 5.70 

Beef extract 1.00 3.60 3.60 5.31 

Yeast extract 1.50 4.00 2.67 5.60 
1Control culture without any nitrogen source

maltose, sucrose, and lactose also gave good mycelial growth,

they led to low EPS yields. The preferred carbon sources, xy-

lose and glucose, generally gave the highest EPS production of

4.5 and 3.8 g/l, respectively as shown in Table 1. These results

are in agreement with the general concept expressed in early

studies (Kornmann et al., 2003; Bueno et al., 2006). They men-

tioned that fructose, sucrose and glucose have been reported to

provide the highest exopolysaccharides yield. Recently, Celik et

al., (2008) studied the production of exopolysaccharides by grow-

ing strains of Pseudomonas aeruginosa G1 and Pseudomonas

putida G12 in medium containing various carbon sources such
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culture medium as shown in Figure 4B, the mycelial growth was

continuously increased towards the end of fermentation and its

final mycelial concentration indicated 13.6 g/l at day 5.5. The

initial pH of the fermentation broth slowly decreased from 6.94

to 5.6. The EPS production reached 8.73 g/l after 5 d of fermen-

tation, which were 1.6 times higher than that in fermentation in

basal medium. Optimization of operating parameter (e.g. agita-

tion, aeration, and dissolved oxygen tension) in bioreactor fer-

mentation deserves further investigation, which is being carried

out in our laboratory.
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Figure 3: Batch cultivation of S. nasri-UV 135 in shake flasks using the opti-

mized medium.

Figure 4: Batch fermentation of S. nasri-UV 135 in stirred tank bioreactor in

basal medium (A) and in the optimized medium (B).

0 24 48 72 96 120 144 168
0.0

2.0

4.0

6.0

8.0

0.0

2.0

4.0

6.0

8.0

4.0

5.0

6.0

7.0

 

 B
io

m
as

s 
co

nc
en

tra
tio

n,
 C

DW
 (g

/l)

Cultivation time, t (h)

 P
ro

te
op

ol
ys

ac
ch

ar
id

e,
 E

PS
 (g

/l)

 p
H 

(-)

0 24 48 72 96 120 144
0.0

3.0

6.0

9.0

12.0

15.0

0.0

2.0

4.0

6.0

8.0

4.0

4.5

5.0

5.5

6.0

6.5

7.0

 

 B
io

m
as

s 
co

nc
en

tra
tio

n,
 C

DW
 (g

/l)

Fermentation time, t (h)

 P
ol

ys
ac

ch
rid

es
 c

on
c.

, E
PS

 (g
/l)

 
A

 p
H 

(-)
 

0 24 48 72 96 120 144
0.0

3.0

6.0

9.0

12.0

15.0

0.0

2.0

4.0

6.0

8.0

4.0

4.5

5.0

5.5

6.0

6.5

7.0
B

 

 B
io

m
as

s 
co

nc
en

tra
tio

n,
 C

DW
 (g

/l)

Fermentation time, t (h)

 P
ol

ys
ac

ch
rid

es
 c

on
c.

, E
PS

 (g
/l)

 

 p
H 

(-)
 

http://www.ncbi.nlm.nih.gov/pubmed/8150716
http://www.ncbi.nlm.nih.gov/pubmed/11173295
http://scholar.google.co.in/scholar?hl=en&q=Introduction+to+advantages+and+problems+of+shaken+cultures&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.babonline.org/bab/041/0001/bab0410001.htm
http://www.ncbi.nlm.nih.gov/pubmed/15310285
http://scholar.google.co.in/scholar?hl=en&q=Evaluation+of+maximum+to+specific+power+consumption+ratio+in+shaking+bioreactors&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://scholar.google.co.in/scholar?hl=en&q=Optimization+of+polysacchrides+production+by+bacteria+isolated+from+soil&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://scholar.google.co.in/scholar?hl=en&q=Production+of+lovastatin+by+Aspergillus+terreus%3A+effects+of+the+C%3AN+ratio+and+the+principal+nutrients+on+growth+and+metabolite+production&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://scholar.google.co.in/scholar?hl=en&q=Characterization+and+production+of+the+exopolysaccharides+%28EPS%29+from+Pseudomonas+aeruginosa+G1+and+Pseudomonas+putida+G12+strains&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.ncbi.nlm.nih.gov/pubmed/17338270
http://scholar.google.co.in/scholar?hl=en&q=Bioactive+compounds+from+Streptomyces+nasri+and+its+mutants+with+special+reference+to+proteopolysaccharides&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.ncbi.nlm.nih.gov/pubmed/4801284
http://scholar.google.co.in/scholar?hl=en&q=Some+physiological+studies+on+Streptomyces+nasri+sp.+from+the+desert+of+Kuwait&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://scholar.google.co.in/scholar?hl=en&q=Scaleup+of+filamentous+organisms+from+tubes+and+shake-flasks+into+stirred+vessels&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www3.interscience.wiley.com/journal/121400318/abstract
http://www.ncbi.nlm.nih.gov/pubmed/12675583
http://scholar.google.co.in/scholar?hl=en&q=Production+and+characterization+of+exopolysaccharides+from+an+enthomopathogenic+fungus+Cordyceps+militaris+NG3&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://scholar.google.co.in/scholar?hl=en&q=Kornmann+H%2C+Duboc+P%2C+Marison+I%2C+Stockar+U+%282003%29&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.worldscinet.com/ajcm/24/2402/S0192415X96000165.html
http://www.ncbi.nlm.nih.gov/pubmed/8874668
http://scholar.google.co.in/scholar?hl=en&q=Cordyceps+sinensis+as+an+immunomodulatory+agent&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://scholar.google.co.in/scholar?hl=en&q=Screening+and+characterization+of+Lactobacillus+strains+producing+large+amounts+of+exopolysaccharides&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TCW-48H2WBS-1&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=22e5330b30493247de4870947936fbd8
http://www.ncbi.nlm.nih.gov/pubmed/12788547
http://scholar.google.co.in/scholar?hl=en&q=Exopolysaccharides+from+lactic+acid+bacteria%3A+perspectives+and+challenges&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0

	Title

	Authors

	Affiliations


	Abstract
	Keywords
	Introduction
	Material and Methods
	Microorganism and media
	Carbon and nitrogen source screening
	Fermentation conditions
	Analytical methods
	Cell biomass determination
	Extraction and separation of exopolysaccharides (EPS)

	Results and Discussion
	Effect of carbon sources
	Effect of nitrogen source
	Cultivation of S. nasri-UV 135 in shake-flasks with optimizedmedium
	Fermentation of S. nasri-UV 135 in stirred tank bioreactor

	Figures

	Figure 1

	Figure 2 
	Figure 3
	Figure 4


	Tables

	Table 1
	Table 2

	References



