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Abstract: The effect of yeast extract supplementation on bacterial curdlan production using
a medium containing corn syrup and the com-based ethanol coproduct condensed comn
distillers solubles was determined. Curdlan was produced by 4grobacterium sp. ATCC
31749 on a medium containing selected solubles concentrations as a source of nitrogen and
corn syrup as a carbon source. The presence of yeast extract in the medium was found to
enhance bacterial curdlan production at all three concentrations of solubles tested after
120 h of growth. Bacterial biomass production was also noted to be higher after 120 h when
the cells were supplemented with yeast extract. It was concluded that the observed increase
in curdlan production by the veast extract-supplemented ATCC 31749 cells was due to the
yeast extract stimulating biomass formation.
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INTRODUCTION

The high molecular weight polysaccharide curdlan is an extracellular, non-toxic polysaccharide
synthesized by the species Agrobacterium (Harada er af., 1968, Phillips and Lawford, 1983a;
Spicer et al., 1999). With respect to structure, the unbranched polysaccharide is composed of
approximately 135 glucosyl residues linked by p-D-(1—3) bonds (Harada et &f., 1968). Curdlan is
alkali-soluble but insoluble in water or acidic solutions (Harada ef af., 1968). The polysaccharide has
a number of applications including food and pharmaceutical uses (Nakao ef af., 1991; Kanke ef af.,
1992). The polysaccharide can be synthesized on a number of carbon sources including glucose, a high
maltose corn syrup, maltose and sucrose (Phillips and Lawford, 1983b; Lee ef af., 1997; Saudagar and
Singhal, 2004; Portilho ef af., 2006; West, 2006; West and Nemmers, 2008).

During dry milling production of ethanol from corn, one of the major coproducts produced is
condensed corn distillers solubles (Rausch and Belyea, 2006). At present, the solubles is mixed with
the corn distillers grains to produce corn distillers grains with solubles that is used as a protein
supplement in ammal feeds (Ham ef af., 1994). The low value condensed corn distillers solubles could
be better utilized to produce a high value polysaccharide gum. It has been shown that curdlan can be
produced from the ethanol processing coproduct condensed corn distillers solubles (West and
Nemmers, 2008). Unfortunately, relatively low curdlan concentrations were produced by
Agrobacterium sp. ATCC 31749 when the strain was grown on a solubles-containing medium
(West and Nemmers, 2008). A possible way to stimulate curdlan production is by the addition of a
growth supplement such as yeast extract to the culture medium. Prior studies showed that the
supplementation of yeast extract to the culture medium was capable of stimulating production of the
bacterial gum gellan (West and Fullenkamp, 2000; Bajaj ef af., 2006) or xanthan (Lo ef al., 1997).
Therefore, it was of interest to learn whether the addition of veast extract to the medium could
stimulate curdlan production by Agrobacterivm sp. ATCC 31749, In this investigation, the influence
of yeast extract supplementation on curdlan production by the bacterial strain was examined using a
medium contairmng corn syrup and 50, 100 and 200 g L™! condensed corn distillers solubles.
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MATERIALS AND METHODS

Strain and Medium

The known curdlan-producing strain, namely 4grobacterium sp. ATCC 31749, was utilized in
this study (Phillips and Lawford, 1983a). The strain was grown in a minimal medium (pH 6.8)
consisting of 1.74 g L™ KH,PO,,0.49¢ L™ KHPO, 3.70g L' NagO2HD,025¢g L'
MgCl,*6H,0, 0.024 g L ™! FeCl,*6H,0, 0.015 g L' CaCl,»2H,0, 0.010 g L' MnCl,#4H,0, 021 g L™
sodium citrate*2H,O and filtered condensed comn distillers solubles (West and Nemmers, 2008). The
source of the condensed corn distillers solubles was Dakota Ethanol, LL.C (Wentworth, SD USA) and
the concentrations of solubles used in the medium was 50 g L™, 100 g L™ or 200 g L~". Higher
concentrations of solubles could not be tested due to precipitate formation in the medium. Following
autoclaving, 3% (v/v) corn svrup was added to the medium. When supplemented in the medium,
0.5% (w/v) yeast extract was added. The project was conducted from January 2005 to June 2006 at
South Dakota State University in Brookings, South Dakota, USA.

Growth Conditions

To prepare an inoculum, a batch minimal medium culture of ATCC 31749 was grown for 48 h at
30°C. After inoculation with the 48 h minimal medium culture of ATCC 31749 grown in the same
medium (2.5 mL}), each batch culture (50 mL)in 250 mL erlenmeyer flasks was shaken at 200 rpm at
30°C for 120 h

Curdlan and Biomass Determinations

‘When measuring the curdlan concentrations or the bacterial cell weights (West, 2006), a 5 mL
sample of culture medium was removed from each flask at selected intervals of 24 h and the medium
was centrifuged at 10,000 g for 15 min at 25°C. The cell pellet was washed with 5 mL of 0.01 M HCl
and again centrifuged at 10,000 g for 15 min at 25°C. To the cell pellet, 5 mL of 0.5 M NaOH was
added to dissolve the curdlan capsule on the cells and the suspension was incubated at 25°C for
60 min. The suspension was centrifuged at 10,000 g for 15 min at 25°C to pellet the cells. The
supernatant was collected and used in the curdlan determination while the cells were washed with
5 mL of water and centrifuged at 10,000 g for 15 min at 25°C. The cells were collected by filtration on
preweighed filters. The filters were dried at 80°C to constant weight. The cell dry weight levels were
expressed as g cell dry weight L. To quantitate the concentration of curdlan in the culture medium,
5 mlL of 2 M HCl was added to the previously collected supernatant and mixed rigorously. The mixture
containing the precipitated curdlan was centrifuged at 10,000 g for 15 min at 4°C and the pellet
containing the precipitated curdlan was collected on preweighed filters and dried to constant weight
at 80°C. Curdlan levels were givenas g curdlan L~ All values represent the mean of three independent
determinations involving three separate cultures. The student’s t-test was utilized during statistical
analysis.

RESULTS

In the present study, the effect of supplementing 0.5% yeast extract into the corn syrup-
containing medium was investigated. In the medium containing 50 g L™ solubles, curdlan production
by ATCC31749 was enhanced by more than 2-fold after 48 h of growth relative to the
unsupplemented medium (Table 1). A significant difference (p<0.01) in curdlan production by ATCC
31749 was noted between the yeast extract supplemented medium and unsupplemented medium.
Similarly, curdlan production by ATCC 31749 was significantly higher (p<0.01) on the yeast extract-
supplemented medium than the unsupplemented medium after 72 or 96 h. After 120 h of growth,
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curdlan production by ATCC 31749 was 1.5-fold higher on the supplemented medium compared to
the unsupplemented medium with the difference in production being statistically significant (p<0.01).
As can be seen in Table 1, biomass production by ATCC 31749 grown on the 50 g L™ solubles was
increased by more than 7-fold after 24 h when veast extract was supplemented into the medium. A
statistically significant {p<0.01) increase in biomass production by the strain was observed after
24, 48, 72, 96 and 120 h of growth in the yeast extract-containing medium compared to the
unsupplemented medium.

When a concentration of 100 g L~ condensed comn distillers solubles was present in the corn
syrup containing medium, the presence of yeast extract increased polysaccharide production by ATCC
31749 about 2-fold after 48 or 72 h of growth compared to the unsupplemented medium (Table 2). No
increase in curdlan production by the strain was noted after 24 h but biomass production was higher
(Table 2). The difference in curdlan production by ATCC31749 between the yeast extract
supplemented medium and unsupplemented medium after 48 or 72 h was determined to be statistically
significant (p<0.01). After 96 or 120 h of growth, curdlan production by the strain was increased by
1.4-fold in the yeast extract-containing medium compared to the unsupplemented medium (Table 2)
with the difference in production being statistically significant (p<0.01). Biomass production by
ATCC 31749 cells grown on the 100 g 17! solubles was increased by about 4-fold after 24, 48, 72 and
96 h of growth when yeast extract was included in the medium (Table 2). The difference in biomass
production by the bacterium following growth for 24, 48, 72 and 26 h on the supplemented and
unsupplemented medium was statistically significant (p<0.01). After 120 h of ATCC 31749 growth
(Table 2), biomass production was observed to be 3.3-fold higher on the yeast extract-supplemented
medium than on the unsupplemented medium with the difference in production being statistically
significant (p<0.01).

Using the medium containing 200 g L~ solubles, the addition of veast extract increased ATCC
31749 polysaccharide production by 1.7-fold or 1.8-fold, respectively, after 48 and 72 h relative to
production on the unsupplemented medium (Table 3). This contrasts the decrease in curdlan
production by ATCC 31749 after 24 h in the yeast extract-supplemented medium where biomass
production was increased (Table 3). Compared to the solubles medium alone, the presence of yeast

Table 1: Effect of yeast extract on curdlan and biomass production by ATCC 31749 grown on com syrup-containing
medium with 50 ¢ ~! condensed corn distillers solubles

Curdlan (gL™Y) Biomass (g L")
Growth (h) Control Yeast extract Control Yeast extract
0 0.00£0.00 0.00+0.00 0.00£0.00 0.00£0.00
24 0.55+0.24 0.95+0.38 0.36+0.16 2.71+0.11
48 1.83+£0.36 4.30+0.75 0.29+0.14 3.024+0.54
72 3.07+0.56 5.66+0.32 0.51+0.21 2.95+0.67
96 3.53+0.51 5.69+0.33 0.31+0.05 1.81+£0.35
120 3.5040.14 5.3940.60 0.29+0.01 2.71+0.12

Values represent Mean=SD of 3 trials

Table 2: Effect of yeast extract on curdlan and biomass production by ATCC 31749 grown on corn syrup-containing
medium with 100 g L! condensed com distillers solubles

Curdlan (gL™%) Biomass (g L1
Growth (h) Control Yeast extract Control Veast extract
0 0.00:£0.00 0.00+0.00 0.00£0.00 0.00:£0.00
24 1.5440.05 0.58+0.25 0.68+0.09 2.39+0.26
48 2.85+0.25 5.95+0.58 0.67+0.05 2.67+0.17
72 3.67+0.34 7.28+0.09 0.61£0.12 2.78£0.40
96 5.37+0.30 7.74+0.02 0.60+0.07 2.58+0.21
120 6.1440.36 8.53+0.23 0.87+0.15 2.84+0.15

Values represent MeantSD of 3 trials
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Table 3: Effect of yeast extract on curdlan and biomass production by ATCC 31749 grown on corn syrup-containing
medium with 200 g L~! condensed corn distillers solubles

Curdlan (gL™%) Biomass (g L1
Growth (h) Control Yeast extract Control Yeast extract
0 0.00:£0.00 0.00+0.00 0.00£0.00 0.00+0.00
24 1.94+0.14 0.57+£0.09 1.29+0.14 2.28+0.12
48 3.09+0.65 5.37£0.56 1.29+0.10 3.58+0.04
72 5.43+0.83 9.844+0.81 1.43+£0.23 4.34+£0.27
96 6.08+0.43 7.39+0.91 1.85+0.07 2.63+0.50
120 8.27+0.72 9.75+0.11 2.17+0.56 3.65+0.29

Values represent MeantSD of 3 trials

extract significantly elevated curdlan production by the bacterium (p<0.01). After ATCC 31749 was
grown on the yeast extract-containing medium for 96 and 120 h, its polysaccharide production was
increased by 1.4-fold relative to the unsupplemented medium (Table 3). The difference in curdlan
production by ATCC 31749 following growth on the supplemented medium and supplemented
medium was signficant after 96 h (p<0.05) and 120 h (p<0.01). Yeast extract addition to the medium
containing solubles and corn syrup increased biomass production by the strain about 3-fold following
48 or 72 h of growth (Table 3). The difference in biomass production produced by ATCC 31749
following growth for 48 or 72 h on the yeast extract-containing medium compared to the
unsupplemented medium was highly significant (p<0.01). After 96 h or 120 h of ATCC 31749 growth
on the medium with yeast extract present, biomass production was elevated by 1.4-fold or 1.7-fold,
respectively, relative to biomass production on the medium containing solubles and corn syrup alone
(Table 3). A statistically significant difference in biomass production after ATCC 31749 growth for
96 h (p<0.05) and 120 h (p<0.01) on the yeast extract-supplemented medium relative to the
unsupplemented medium was observed.

Comparing curdlan production on the three concentrations of solubles tested, yeast extract
stimulated curdlan production by ATCC 31749 after 120 h to a greater degree on the 100 g L™!
solubles medium compared to the 50 g L™ solubles medium (Table 1, 2). When the solubles
concentration in the medium was raised from 100 to 200 g L', the supplementation of yeast extract
to the medium had little effect on elevating curdlan production by ATCC 31749 (Table 2, 3).

DISCUSSION

Previously, it has been shown that Agrobacteritm sp. ATCC 31749 can produce curdlan on such
cormn substrates such as a high maltose corn syrup or condensed comn distillers solubles (Portilho ef af.,
2006; West and Nemmers, 2008). Using the ethanol-processing coproduct from corn dry-milling,
namely condensed corn distillers solubles, as a source of carbon and nitrogen, low levels of curdlan was
produced (West and Nemmers, 2008). Tt appeared that the addition of a carbon source would increase
polysaccharide production. In this investigation, curdlan production by ATCC 31749 was found to
more than double when the strain was grown for 120 h on different concentrations of solubles
supplemented with 3% com syrup as a carbon source relative to curdlan production on
unsupplemented solubles-containing medium (West and Nemmers, 2008). The findings indicated that
carbon source was limiting in the medium and resulted in less curdlan being formed. The quality of the
curdlan produced by ATCC 31749 on the medium contaiming solubles was the same as produced on
other mineral salts medium in that the polysaccharide was readily alkali-soluble. In addition to carbon
source, polysaccharide production can also be influenced by the addition of growth supplements such
as yeast extract. It has been shown in earlier studies that veast extract supplementation of the culture
medium could elevate the production of other bacterial polysaccharides (Lo ef af., 1997, West and
Fullenkamp, 2000; Bajaj ef /., 2006).
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The findings from this study indicated that the supplementation of yeast extract into the medium
containing corn syrup and solubles stimulated biomass production by Agrebacterium sp. ATCC 31749
which subsequently resulted in an increase in bacterial curdlan production. Also, as the solubles
concentration in the corn syrup-containing medium was increased, curdlan production after 120 h was
also noted to increase independent of whether yeast extract was added to the medium but its
production was not proportional to the solubles level in the medium. The effect of yeast extract
supplementation upon bacterial polysaccharide production has been explored previously (Lo ef af.,
1997; West and Fullenkamp, 2000, Bajaj ef ef., 2006). The prior studies exarmned how the addition
of yeast extract to the culture medium affected the production of bacterial polysaccharides. It was
shown that gellan production by the bacterium Sphingomonas paucimobilis ATCC 31461 could be
stimulated by yeast extract supplementation to a medium containing casamino acids or ammonium
nitrate as a mitrogen source and either glucose or high maltose corn syrup as a carbon source (West and
Fullenkamp, 2000; Bajaj ef af., 2006). Unlike this study, the presence of yeast extract in the medium
only increased gellan production but failed to ¢levate biomass production by the bacterial cells
(West and Fullenkamp, 2000). This appeared to be a species-dependent difference. Another
investigation explored the effects of veast extract and glucose concentration on production of the
bacterial polysaccharide xanthan by Xanthomonas campestris ATCC 13951 (Lo et af., 1997). Xanthan
production by ATCC 13951 grown on 5% glucose in batch cultures for 72 h was found to increase
when the yeast extract concentration was elevated in the medium from 0.2 to 0.3% (Lo et al., 1997).
Similar to the findings of the present study, it was demonstrated that the production of X. campestris
cellular biomass was influenced by the presence of yeast extract. As the level of yeast extract in the
5% glucose-containing medium was increased from 0.2 to 0.3%, an elevation of ATCC 13951 biomass
production was found to ocour (Lo ef al., 1997).

Overall, yeast extract supplementation of a medium contaiming corn syrup and selected
concentrations of condensed corn distillers solubles increased curdlan production by
Agrobacterium sp. ATCC 31749. The highest curdlan level was produced by the strain after 120 h of
growth on the medium containing com syrup and 200 g L™ solubles indicating it was the correct
concentration for use during curdlan production. Biomass production by ATCC 31749 was also
increased following the addition of yeast extract to the medium. Tt was concluded that this increase in
cellular biomass production caused by yeast extract supplementation was responsible for the observed
clevation in curdlan production by the strain. Future study will focus on optimization of curdlan
production by ATCC 31749 on the solubles medium by studving additional fermentation experiment
parameters.
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