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In recent years, significant progress has been done to discover a novel microbial
exopolysaccharides that possess novel and highly functional properties. During our
screening program for curdlan producing bacteria, 35 bacterial strains were isolated
from 15 sandy soils collected from Rafha governorate, Northern Border region, Saudi
Arabia. Among them isolate, NBR-10 was selected for its promising ability for curdlan
production. The selected isolate was identified based on methods or results mentioned in
this paper as Paenibacillus sp. For enhancing the curdlan yield produced by Paenibacillus
sp. NBR-10, different culture conditions and medium compositions were optimized. It
was found that, the maximum yield was obtained at 35 °C, initial pH 7 after 48 h of
incubation. Also different carbon and nitrogen sources were used to improve the curdlan
yield, it was indicated that sucrose and yeast extract were the best carbon and nitrogen
sources respectively. Generally, optimization of the different parameters was
approximately duplicated the curdlan yield from 2.34 g/l to 4.82 g/l. The precipitated
curdlan dissolved in 2M NaOH exhibited high affinity to gel formation. Analysis of FT-
IR, 'THNMR and *C NMR spectra proved that the produced polymer by Paenibacillus sp.
NBR-10 has B-(1-3)-D-glucan (curdlan) structure.
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In recent years, significant progress has
been done to discover a novel microbial
exopolysaccharidesthat possess novel and highly
functional propertiest. Curdlanisapolysaccharide
composed exclusively of beta-1,3-linked glucose
residues. 3-(1-3)-D-glucans are normally present
incell wallsand membranes of fungi, yeasts, algae,
bacteria and higher plants, however only in the
case of bacteria this polymer is produced
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extracellularly under nutrient deficient conditions?®.

Initial studies recorded that,
exopolysaccharide curdlan isproduced from Gram
negative bacteria Agrobacterium and Alcaligenes
species, but recently other reports recorded
production of curdlan from Gram positive bacteria
as in species of Bacillus?, Cellulomonas® and
Paenibacillus®’.

Exopolysaccharides from Paenibacillus
spp. were only discovered in the past ten years.
The genus Paenibacillus consists of more than 89
species of facultative anaerobes, neutrophilic,
endospore forming, periflagellated heterotrophic
and low G + C Gram +ve bacilli, which were
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originally included within the genus Bacillus and
then reclassified as a separate genus®. Bacteria
belonging to this genus have been detected in a
variety of environments such as soil, rhizospheres,
water, vegetable matter, insect larvae and forage,
aswell asclinical samples®.

Paenibacillus species produced a wide
variety of different exopolysaccharideswith diverse
biotechnological and physiological functions.
Paenibacillus species exopolysaccharides have
also attracted great interest because of their
biotechnol ogical potential in wastewater treatment
and different industrial processes®. Thorough
studies on the production and applications of
Paenibacillus spp., exopolysaccharides have
shown that there is a growing interest in using
Paenibacillus spp. exopolysaccharides as
biomaterials; extensive research has been
performed, leading to a large number of
publications in recent years'.

Curdlan polymer gained its economical
importance after gellan and xanthan and this
became the third microorganism-fermented
hydrocolloid. Curdlan is insoluble in water and
alcoholsbut it is solublein akaline solutions and
DMSO. One of the unique properties of this
polymer isthat it iscapable of formingirreversible
and thermostable gel once after heating to 80 °C.
These properties gained this polymer their
importance. Curdlan have numerous applications
in thefield of medicine, pharmaceutical and food
industriest!. Curdlan is used as stabilizer in jelly
foods, bio-thickener for noodles and as
immobilizing supports, asoitisused asatexturizer
in meat, dairy and baking industries owing to its
unique properties (tasteless, colorless and
odorless) and water holding capacity*. Thus, to
meet the great demand for curdlan in different
applications, attempts have been made to get a
new microbial sourceand optimizethefermentation
conditions for curdlan production. The present
study was had an objective to isolate and
characterize the exopolysaccharide produced by
soil isolated Paenibacillus sp. NBR-10 under the
optimized production conditions.

MATERIALSANDMETHODS

I solation of Curdlan Producing Bacteria
Fifteen sandy soils obtained from three
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different localitiesin Rafhagovernorate, Northern
Border region, Saudi Arabiawere collected in sterile
plastic pages and kept in an icebox containing ice
packsuntil reached to the laboratory. Ten grams of
theair dried sampleswere added to 100 ml of sterile
saline solution and agitated at 100 rpm for 10 min;
0.1 ml of the supernatant wastransferred to 0.9 ml
of sterile saline and serial dilutions (10 to 10°)
were prepared. 100 ul of each dilution was added
and distributed on specific mediacontaining aniline
blue and Congo red dyes'®, the medium was
consisted of (g/l): sucrose (20.0), yeast extract (5.0),
dye (0.05) and agar (20.0) at pH 7.0. Inoculated
plates were incubated for 48 h at 35 °C, colonies
showing intense blue or red color were streak
purified at least three times on the same agar
medium and kept at 4°C for further studies. The
purified isolates were subjected for screening to
determine the most potent isolate.
Preparation of Inoculums

A loop full of 24 h old agar culture of
isolate, NBR-10 (the most promising isolate) was
first grownin 10 ml nutrient broth for 18 hat 35°C.
Optical density (OD) of the bacterial culture was
adjusted by using sterile distilled water to become
0.50at 620 nm.
Screening for Best Production Media

Eight fermentation media were used to
evaluate the production of curdlan in submerged
fermentation conditions which was carried out in
250 ml Erlenmeyer flasks containing 50 ml medium,
autoclaved at 121 °C for 20 min, inoculated with
1% (v/v) of 18 h oldinoculum. Theinocul ated flasks
wereincubated for 96 hat 35 °C, pH 7 under shaking
at 200 rpm. At the end of incubation period, the
culturewas centrifuged for 20 min at 8000 rpm and
the cell free supernatant was taken for curdlan
investigation. Experiments were carried out in
triplicate and resultsreported are the average value
with standard deviations.
Optimization of Curdlan Production

The medium composition and culture
conditions were examined to optimize curdlan
production by Paenibacillus sp. NBR-10; glucose
in the basal medium was replaced with 50 g/l
equivalent weight of different carbon sources;
sucrose, fructose, lactose and glycerol. Studies
also were carried out to evaluate the influence of
addition of different nitrogen sources; yeast extract,
peptone, ammonium nitrate (NH,NO,), ammonium
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chloride (NH,Cl) and potassium nitrate (KNO,).
Ureainthebasa mediumwasreplaced with different
nitrogen sources added separately to the
fermentation medium at equivalent weight
represents 0.3 g/l of nitrogen (w/v), theinoculated
flaskswereincubated for 96 hat 35 °C, pH 7 under
shaking at 200 rpm.
Optimization of Environmental Parameters

To study theinfluence of initial pH of the
medium on curdlan production, the initial pH of
the medium was set at different pH values ranged
from 4.0-8.0 using 1IN NaOH or HCI. The
experimentswere conducted to eval uate the effect
of incubation temperature on curdlan production,
for which fermentation was carried out at 25, 30, 35
and 45 °C. In order to select the suitabl e volume of
the fermentation medium for curdlan production
by isolate NBR-10, flaskswere prepared containing
25, 50, 75 and 100 ml of fermentation medium.
Curdlan production wastested during 96 hin order
to detect the optimum incubation time.
Analytical Methods
Estimation of Curdlan Production and Cell
Biomass

The yield of curdlan gum and biomass
production was estimated according to the reported
protocol of Leeet a 2with little modification: 50 ml
of sample was mixed with 150 ml of 0.5 N NaOH
solutions. The mixture was kept for 12 h at room
temperature, to remove degraded bacterial cells,
themixturethen centrifuged at 8000 rpm for 20 min
and the supernatant was removed by
centrifugation. Thealiquot washed two timeswith
distilled water and the cell mass was filtered
through Whatman filter paper and then dried at 70
°C for 24 h. The weight of the dried cells was
measured. The supernatant was neutralized with
3N HCI to pH 5-7 after kegping themixtureat 2-8 °C
overnight then centrifugation at 8000 rpm to
obtained curdlan, washed twice with de-ionized
water to remove salts. Obtained curdlan was
dialyzed at 4 °C for 2 daysin de-ionized water and
lyophilized to give pure material .
Characterization of Curdlan Gum
Physical Characters

Color, solubility, solubility in alkali, gel
formation and perception formation with cupric
tartrate were studied. 5 ml of sulfuricacid add to 10
ml of a 2% aqueous suspension of the sample,
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after heating in boiling water bath for 30 min and
cool, themixture neutralized with barium carbonate,
themixture centrifuged at 4000 rpm for 10 min, one
ml of the supernatant was added to 5 ml of hot
alkaline cupric tartrate'.
Chromatographic Examination

Curdlan was subjected to acid hydrolysis
by dissolving 50 mg of the precipitatein 5 ml of 2N
sulfuric acid and hydrolyzed at 100 °Cfor 5 h. 50l
of the hydrolysate was loaded onto a paper
chromatography and devel oped in (4:5:3) acetone-
butanol-water solvent system. Authentic samples
of glucose, galactose, arabinose and xylose were
used as a standard. The generated chromatogram
was sprayed with [0.5% (w/v) a-naphthol
dissolved in5% (v/v) sulfuric acid in ethanol] at
120°Cfor 10 min’.
Chemical Characters

FT-IR and HNMR spectrawere carried out
at Micro Analytical Center of Cairo University,
Egypt using DMSO-D6 as a solvent, The FT-IR
spectrawere determined at 400 to 4,000 cm™ using
ausing aPerkinElmer spectrometer (Boston, MA,
USA) employing potassium bromide (KBr) disks.
H! NMR and C®* NMR were run on a BRUKER
Ultrashield 400 MHz NMR (Varian, USA)*2%°,

RESULTSAND DISCUSSION

I solation of Curdlan Producing Bacteria

Thirty five bacterial strains (coded NBR-
1 to NBR-35) were isolated on aniline blue and
Congo red containing mediaamong them only ten
isolateswere bounded with aniline blue and Congo
red dyes forming blue-black and red colonies on
blue and Congo red mediarespectively (Figure 1)
which may be indicated to the ability of these
isolates to produce curdlan. Kim et al.** and
Nakanishi et al.* reported that, curdlan bind with
Congo red forming a red complex and bind with
aniline blue forming a blue complex, but aniline
blue is more specific to curdlan more than Congo
red, the rate of color complex formation was
dependent on the polymer concentration.

Among ten isolates which exhibited
positive results on the screened media, isolate
NBR-10 was selected as the most isolate produce
intense blue color.
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Table 1. Fermentation media used for evaluation of curdlan production by Paenibacillus sp. NBR-10
Media Medium Medium Medium Medium Medium Medium Medium Medium
Components (g/1) 0° v ) 4 O (6)* (7 (8%
Glucose 50.0 50.0 50.0 20.0 20 20
Sucrose 100.0
Mannitol 4.0
Yeast extract 1.0 5.0 0.14
Corn steep liquor 15
Peptone 2.0 5.0
Urea 0.3
(NH,),HPO, 23 11
NH,Cl 15
K,HPO, 0.5 17 0.49 0.7
KH,PO, 2.0 2 1.0 1.74 20 1.74 0.9
FeCl, 1.0 1.0 0.024
MnCI, 1.0 1.0 0.01
CaCl, 1.0 1.0 0.015
MgSO, 0.5 0.5 04 0.5 0.5 0.25 0.2
NaCl 1.0 1.0 3.7 0.2
CaCO, 3.0
Curdlanyield (g/1) 2.030 2.342 ND* 2.158 ND ND ND 1.895
Cell biomass (g/l) 3.509 3.024 4.392 3.892 2.96 2.87 2.58 4.542

ND*= Not detected.

Screening for the Best Media for Curdlan
Production in Submerged Fermentation
conditions

Curdlan production depends markedly on
the composition of the culture medium such as
carbon, nitrogen contents and inducer
compounds'®. Eight fermentation media (Table 1)
were used to evaluate curdlan production by
Paenibacillussp. NBR-10. It wasfound that, media
no2,4,1& 8gave2.342,2.158,2.030 & 1.895 g/l
respectively, while curdlan production not
observed on medianumbersno 3, 5,6 & 7. Also, it
was noticed that medium no 8 showed the
maximum cell biomass production comparing with
other media. Based on these results medium no. 2
wasemployed astheoriginal mediumfor optimizing
the conditions of curdlan production. Jiang*
recorded curdlan production at high level by using
the same medium from Al caligenesfaecalisATCC
31749.
Optimizationsof Production M edia

By replacing glucose in the selected
medium with different carbon sources and
remaining of other contents of the medium, the
results indicated that, curdlan production by

Paenibacillus sp. NBR-10 wasincreased (2.955 g/
[) when the cellswere grown in sucrose-containing
medium, while other tested carbon sources
(fructose, lactose and glycerol) exhibited low levels
of curdlan production (Table 2). Leeet a .°recorded
that, sucrose is the most suitable carbon source
for curdlan production by Agrobacterium sp. In
contrast, Cui and Qiu* reported, glucose was the
most suitable carbon sourcefor curdlan production
by Pseudomonas sp. these may be due to the
different metabolic pathways of the tested
organisms.

Our results exhibited that the best
nitrogen source for curdlan production was yeast
extract (3.12 g/l) followed by urea (2.950 g/l) while
the others nitrogen sources; peptone, NH,NO,,
NH,Cl and KNO, resulted low levels of curdlan
production (Table 2). Various studies suggesting
that the supplementation of yeast extract to the
culture medium was capabl e of stimulating curdlan
production from Agrobacteriumsp.?, also Kim et
al.%, noted that curdlan production and cell
concentration by Pseudomonas sp. from organic
nitrogen source are higher than that of inorganic
nitrogen source. Jiang'’ found that curdlan



Table 2. Process parameters for curdlan production in submerged fermentation using Paenibacillus sp. NBR-10

Curdlan production (g/l) / Cell dry weight (g/l)

Variables

Sucrose Fructose Lactose Glycerol

Glucose

Carbon source

2.955/3.22 2.15/4.15 0.88/4.33 1.02/3.99

2.342/3.024
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Urea Peptone

2.950/3.22

Yeast extract

Nitrogen source

NH,NO,
1.22/2.95

KNO,

1.27/2.77

NH,CI
1.58/3.88

2.07/3.74
pH =6

3.12/457

8

0/1.52

pH

7

3.15/4.65

pH

pH=5

4

0/1.22

pH

Initial pH

2.39/3.66

1.13/3.17

35
4.15/2.95

25 30
3. 14/4.65

0.99/1.34

Incubation temperature (°C)

0/1.340

0.56/1.630

96

453/3.34 4.43/3.28

72
3.25/4.55

60
3.39/3.86

24 36
1.19/2.05

0.89/1.28

12
0.0/0.77

Incubation period (h)

2.22/2.45

250
4.62/4.32

50 100 150 200
0.82/2.862 1.95/3.277 4. 55/4.65

0.22/2.208

Different agitation speed (rpm)

100
4. 33/4.65

25 50 75
4.8/4.83 4.32/4.80

4.82/4.95

Medium volume (ml/flask)

production and biomass accumul ation were greater
with ureathan other nitrogen sources.
Optimization of Environmental Parameters

pH value is critical factor affecting all
metabolic pathways in the microbial cell. Our
results noted that, the optimal pH value which
inducted the high productionratewas 7.0 (3. 15 ¢/
), lower values (pH 4) and higher values (pH 8.0)
caused inhibition in curdlan production (Table 2).
Lee et al.% found that the optimum pH value for
exopolysaccharides production by Bacillus
polymyxa KCTC 8648Pwas 7.0. However, higher
values (pH 8.5) caused a decrease in their
productionwhile Leeet a .2reported that, maximum
curdlan production from Agrobacterium species
in batch fermentation was occurred at pH 5.5.
Temperatureisan environmental parameter affect
ontheviability and activity of themicrobial cell as
well asthe curdlan production?. A result referred
to the best incubation temperature was 35°C that
yielded (4.15 g/l), curdlan production was slightly
decreased at 25°C, while, the curdlanyield was not
observed at 45°C. At lower temperature, the
transport of substrate across the cells was
suppressed and lower yield of products was
attained. At higher temperature, the maintenance
energy requirement for cellular growth ishigh due
to thermal denaturation of enzymes of the metabolic
pathway?.

Paenibacillus sp NBR-10 wasincubated
for 96 h and the results showed that thelevel yield
of curdlan increased gradually with increasing the
incubation period until it reached the maximum (4.53
g/l) after 84 h of the fermentation. These results
were similar to that reported by Gummadi and
Kumar?, which found maximum curdlan production
by Bacillus sp SNC07 was obtained at (70to 84 h)
of fermentation. While Rafigh et a.® found that
maximum curdlan production for Paenibacillus
polymyxa ATCC 21830 was obtained at (96 h) of
fermentation. Also, curdlan production increased
with the increase of agitation speed as well as
aeration, the maximum production rate (4.62 g/l)
wasoccurred at 250 rpm. Also, curdlan productions
had no remarkable change in 25-50 ml recording
(4.82g/l), and slowly decreaseif theflask capacity
was increased up to 75 ml and more. Under
optimized cultural conditions either nutritionally
or environmentally, curdlan yield was increased
from2.342g/1t04.82 g/l
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Fig. 1. Growing of Paenibacillus sp.NBR-10 on
(A): Nutrient agar, (B) Aniline blue (B) and
(C) Congo red media
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Characterization of Curdlan Gum
Physical Characters

Color of purified polysaccharideiswhite
or slightly white. Solubility inakalin: 0.2 g of the
sample suspend in 5 ml of water, after adding 1 ml
of 3N sodium hydroxide and shake, the sample
dissolved. Gel formation: 2% aqueous suspension
of the sample heated in aboiling water bath for 10
min and cool soft gel is formed. Perception
formation with cupric tratrate: A copious red
precipitate of cuprous oxide is formed. Similar
results obtained by Lee et al.Zin identification of
the purified curdlan from Agrobacterium sp.
Chromatographic Examination

The sugar composition of polysaccharide
produced by Paenibacillus sp NBR-10 was
examined by paper chromotography after
hydrolyzing with acid, the hydrolysate of glucan
gave one spot with an Rf value of similar to the
value of the glucose unit, this implied that this

"R

Fank Find - Momaory -4

Fig. 2. FTIR-spectrum bands of curdlan produced by Paenibacillus sp. NBR-10

glucaniscomposed of glucose only. Similar results
obtained by Jung et al.”in identification of B-glucan
produced by Paenibacillus polymyxa JB115.
SpectroscopicAnalysis

Theinfrared absorption (FT-IR) spectrum
of the purified polysaccharidein DM SO (Figure 2)
showed characteristic maximum bands at: 3423.99
cmwhichidentical to presence of hydroxyl group
(OH), bandsat 2918.73 cnr which areidentical to
aliphatic hydrocarbon (group —-CH,, —-CH, and —

CH), and C- H stretching, bands at 1644.98 cm?
which identical to carbonyl group (—C=0), bands
at 1428.99 cmr* which identical to presence of (—
C=C-CH,-), bandsat 1373.07 cm™* whichidentical
to presence of C-H group, and bands at 889.98 cnr
identical to presence of alinked glycoside bonds.
Absence of band at 840 cmr identical to indicated
to no B linked glycoside bonds, similar results
obtained by Gayathiri et al.?” in identification of
the purified curdlan from a mutant isolate of
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Agrobacteriumsp. ATCC 31750.

The proton nuclear magnetic resonance
spectra (H-NMR) spectrum of the purified
polysaccharide was applied in DM SO-D6 at 6 399
MHZ asshownin (Figure 3). H-NMR shows seven
protons between 3.0 ppm and 3.9 ppm, are
attributed to the signal s of the backbone chain for
ap- (1, 3)-D glucan. The*H NMR spectrumindicates
anomeric protons (4.6-5.2 ppm), sugar protons (3.0
3.9 ppm) and the signal at higher field (& 3.5)
correspondsto aconfiguration of glucose. Similar
results obtained by Wang® in identification of the
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purified curdlan from Agrobacteriumsp.

3C NMR spectra (Figure 4) of
polysaccharide produced by Paenibacillus sp.
NBR-10 revealed six main resonances at 103.51,
73.35, 86.68, 68.88, 76.81 and 61.34 ppm, which are
designed as C-1, C-2, C-3, C-4, C-5 and C-6
respectively, representing beta (1,3)-D-glucan
backbonein the produced curdlan. The sameresult
for the ¥C NMR spectrum of curdlan has been
previously reported®. All of the above results
supported that the polymer produced by
Paenibacillus sp.NBR-10 was actually curdlan.

Tamaisl duds O Densoqguine

210 00 IS0 WO ATO W66 IGO0 140 130 120 110 08 B0 B0 T 80 B0 40 30 S 6 o

[

Fig. 4. 3C NMR spectra of curdlan produced by Paenibacillus sp. NBR-10
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CONCLUSON

Itisessentia to optimizethefermentation
medium for cost-effective production of curdlan.
Carbon and nitrogen sources are the important
nutritional components of the medium which
highly influence curdlan production. As for any
other microbial process, curdlan production with
Paenibacillus sp. requires some specific culture
conditionswhich becomecritical in order to achieve
maximum productivity, many of these conditions
werefirst experimentally adjusted at flask scale by
using one-factor-at-a-time technique, this study
providesapowerful tool to optimize the bioprocess
in bioreactor in the future study.
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