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Abstract

Background: L-glutamic acid is one of the major amino acids that is present in
a wide variety of foods. It is mainly used as a food additive and flavor en-
hancer in the form of sodium salt. Corynebacterium glutamicum (C. gluta-
micum) is one of the major organisms widely used for glutamic acid produc-
tion.

Methods: The study was dealing with immobilization of C. glutamicum and
mixed culture of C. glutamicum and Pseudomonas reptilivora (P. reptilivora)
for L-glutamic acid production using submerged fermentation. 2, 3 and 5%
sodium alginate concentrations were used for production and reusability of
immobilized cells for 5 more trials.

Results: The results revealed that 2% sodium alginate concentration produced
the highest yield (13.026:0.247 g// by C. glutarnicurm and 16.026+0.475 g// by
mixed immobilized culture). Moreover, reusability of immobilized cells was
evaluated in 2% concentration with 5 more trials. However, when the num-
ber of cycles increased, the production of L-glutamic acid decreased.
Conclusion: Production of glutamic acid using optimized medium minimizes
the time needed for designing the medium composition. It also minimizes ex-
ternal contamination. Glutamic acid production gradually decreased due to
muiltiple uses of beads and consequently it reduces the shelf life.
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Introduction

L-amino acids are major biological compo-
nents commercially used as additives in food,
feed supplements, infusion compounds, thera-
peutic agents and precursors for peptides syn-
thesis or agriculture based chemicals. The
amino acids are the second most important
category, after antibiotics, with fermentation
products exhibiting the highest growth rates '.
L-glutamic acid was the first amino acid pro
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duced commercially. The substance was dis-
covered and identified in the year 1866 by the
German chemist Karl Heinrich Leopold Ritt-
hausen. L-glutamic acid was mainly produced
by microbial fermentations and the chemical
mode of synthesis is not widely preferred due
to the formation of racemic mixture .

In biotechnological processes, Corynebac-
terium species are used for economic produc-
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tion of glutamic acid by submerged fermenta-
tion °. L-glutamic acid is produced per year
using coryneform bacteria. A number of fer-
mentation techniques have been used for the
production of glutamic acid **. Glucose is one
of the major carbon sources for production of
glutamic acid. Glutamic acid was produced
with various kinds of raw materials using sub-
merged fermentation of palm waste hydro-
lysate 7, cassava starch ®, sugar cane bagasse °,
date waste”.

Immobilization of microbial cells in biolog-
ical processes can occur either as a natural
phenomenon or through artificial process. The
method used for immobilization of cells was
adsorption, cross linking, covalent bonding
and encapsulation. These are all common
methods employed for enzymes and microbial
cells and usage of the methods depends on the
cultures and conditions '’. Artificial immobi-
lization of cells results in restricted growth
and facilitates the production process. In bio-
technology, it has been recognized that im-
mobilization and co-immobilization of cells/
enzymes facilitates the feasibility of two or
multi-step conversions into a single-step con-
version. Binding of the deficient enzyme from
an external source to free or immobilized mi-
croorganisms or immobilization of mixed cul-
ture capable of carrying out two or multistep
conversions into a single-step conversion,
leads to co-immobilized cells. The co-immo-
bilized cells can open up new possibilities of
synergistic action and result in more yield/
conversion, which cannot be obtained to the
same extent by separately immobilized cells
'"12 Hence, the present report focused on im-
mobilization of whole cells of C. glutamicum
and mixed culture of C. glutamicum and P. rep-
tilivora for the production of glutamic acid
with an optimized medium and reusability of
immobilized cells for the production of glu-
tamic acid.

Materials and Methods

Media and chemicals
All media components of high purity were
obtained from HiMedia Laboratories private

limited, Mumbai, India. The remaining of all
ingredients used was of analytical grade and
the ingredients were purchased from Merck
Limited, SD Fine chemicals limited, Mumbai,
India. All media and chemicals were used
without any pretreatment.

Microorganisms and inoculum

Stock culture of C. glutamicum (NCIM 2168)
and P. reptilivora (NCIM 2598) was obtained
from National Collection of Industrial Micro-
organisms (NCIM), Pune, India. Inoculum
was prepared by transferring cells from agar
slant into 250 m!/ flask containing 100 m! of
the culture medium. Half (0.5) m/ of each cul-
ture was taken and inoculated in the produc-
tion medium and also used for immobilization
studies.

Agar slant and culture medium

The constitution of the medium for prepar-
ing agar slant was kept at pH=7.0 and incu-
bated at 30“C for at least three days. The
slants were preserved at 4 °C and subcultured
twice in a month.

Glutamic acid production and optimization

The medium composition for the produc-
tion of glutamic acid was as the following:
(g/l) Glucose-50.0, Urea-8.0, Biotin-0.002,
KZHPO4'1.0, MgSO47H20-25, MHSO4. 7H20-
0.1, CaCOs-1.6. The medium pH was adjusted
to 7.0 with 1IN sodium hydroxide or IN hy-
drochloric acid. The fermentation was carried
out in 250 m/ Erlenmeyer flask. The fermen-
tation medium was inoculated with 1% (v/v)
of the overnight culture (C. glutamicum and
equal volume of C. glutamicum and P. rep-
tilivora mixed culture). The production medi-
um was kept in an orbital incubator shaker at
30 °C at 120 rpm for 48 hr. Then the cells and
debris were removed by centrifugation at
10000 g at 4°C for 10 min. Supernatants were
used as the crude glutamic acid source for es-
timation.

The Response Surface Methodology (RSM)
is a useful tool to make the design for various
factors used for optimization of medium com-
ponents in order to have a higher yield of glu-
tamic acid production. The optimum medium
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components for glutamic acid production
were reported in our previous work *. Briefly,
the effect of glucose, urea, salt solution and
inoculum size were experimentally demon-
strated for the production of glutamic acid.
Second order quadratic model has been de-
veloped through RSM and it was validated
statistically.

Genetic Algorithm (GA) was adopted for
the optimization of RSM. The optimal condi-
tions were provided with the use of glucose
49.99 g/l, urea 10 g/l, salt solution 18.06%
(v/v), and inoculum size 4.99% (v/v). The
amount of glutamic acid produced experimen-
tally (19.69 g/[) was consistent with the pre-
dicted value (19.61 g/l) by genetic algorithm,
and the model was proven to be good and ex-
hibited high effectiveness. Hence, these opti-
mal medium components were used for glu-
tamic acid production using whole cell im-
mobilization studies.

Glutamic acid estimation

Thin layer chromatography was employed
for detecting L-glutamic acid in the culture
medium and solvent system consisted of n-
butanol: acetic acid: water (2:1:1). The visual-
ization of spots was performed by spraying
with 0.02% ninhydrin solution and the quanti-
tative estimation of L-glutamic acid in the
suspension was done using colorimetric
method .

Immobilization

C. glutamicum and P. reptilvora cultures
were grown in nutrient broth medium and
centrifuged then washed with 0.01 M citrate
buffer (pH=7.0). Next, cell count was deter-
mined by plating the suspended culture with
serial dilutions. Then the cell count was ad-
justed in the range of 10° cells/ml. 5% (v/v)
cell suspension was used as the inoculums .
The cell suspension was slowly added to ether
sterilized sodium alginate (2, 3 and 5% w/W)
and mixed thoroughly with sterile glass rod.
The mixture was continuously extruded into a
1 L flask containing 200 ml/ of 0.1 M CaCl,
solution through 10 m/ glass syringe with a 22
gauge needle. The resulting beads were cured
in 0.1 M CaCl, for 30 min. Then the beads

were washed aseptically with sterile buffer
solution (pH=7) and with sterile distilled wa-
ter. The immobilized cells were transferred to
RSM-GA optimized medium and incubated in
shaker at 30°C and at 120 rpm.

Results

Glutamic acid production

The production medium was inoculated
with C. glutamicum and mixed culture of
C. glutamicum and P. reptilivora with appro-
priate inoculum size. First, glutamic acid
yield was calculated for 24 to 72 hr. The pre-
liminary study results showed that the mixed
culture of C. glutamicum and P. reptilivora
produced higher yield than C. glutamicum
alone. The production was monitored for
three consecutive days and is depicted in table
1. The higher yield was 5.42 g/l with C. glu-
tamicum and 7.96 g/l by mixed culture. The
incubation time did not have much influence
on the production after 48 Ar; hence, 48 hr
incubation time was preferred for further ex-
periments. Subsequently, RSM was used to
optimize the medium components for produc-
tion of glutamic acid both with C. glutamicum
alone and with mixed culture of C. gluta-
micum and P. reptilivora. The optimized me-
dium (Glucose-50 g/I, Urea-10 g/, salt solu-
tion- 19.24%) was used along with standard
concentration of biotin. Moreover, the opti-
mized medium was chosen for immobilization
studies.

Immobilization

Production of glutamic acid with immobi-
lized C. glutamicum and immobilized mixed
culture (C. glutamicum, P. reptilivora) was
carried out and the effect of sodium alginate
concentration was studied.

Effect of sodium alginate concentration and its
reusability

Sodium alginate gel beads are easy to
produce on a large scale without any so-
phisticated equipment. Different concentra-
tions (2, 3 and 5% w/v) of sodium alginate
immobilized cell beads were used for produc-
tion of glutamic acid using the above men-
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Table 1. Yield of glutamic acid at different incubation times

Yield of L-glutamic acid (g/7)

Organism

24 hr 48 hr 72 hr
C. glutamicum 4.01 5.23 5.42
C. glutamicum + P. reptilivora 5.22 7.37 7.96

Table 2. The effect of sodium alginate on glutamic acid
production (immobilized cells)

Glutamic acid (g/)
C. glutamicum and
P. reptilivora

Sodium alginate
concentration
(%)

Glutamic acid (g/7)
C. glutamicum

2 13.026+0.247 16.026+0.475
3 12.553+0.420 15.553+0.320
5 11.820+0.654 13.820+0.532

tioned optimized medium. Among the three
concentrations of beads used, 2% alginate
concentration beads produced the highest
yield. Maximum glutamic acid yield was ob-
tained at 2% sodium alginate concentration
which was 13.026+0.247 g/l by C. glutami-
cum and 16.026+0.475 g/ by immobilized
mixed culture (Table 2). Thus, the cultures
immobilized with 2% sodium alginate con-
centration were taken for reusability studies.
The immobilized beads were found to be sta-
ble up to 5 cycles. When the number of cycles
increased, the production of L-glutamic acid
decreased (Figure 1). The beads were disinte-
grated after the Sth cycle.

B C. glutamicum
144 C. glutamicum and P. reptilivora

10
N
6.
4-
2.
" 2 3 4 5

No. of cycles

Glutamic acid (g/7)

Figure 1. Reusability of immobilized cells with sodium algi-
nate in glutamic acid production versus no. of cycles

Discussion

The preliminary reports of the present in-
vestigation revealed that the basic medium
used for production of L-glutamic acid was
lower than the optimized medium used for
production of L-glutamic acid. In immobiliza-
tion studies, sodium alginate concentration
had an influence on density of the beads;
higher alginate concentration showed lower
conversion efficiency which might be due to
reduced pore size of the beads. The lower so-
dium alginate concentration affects the leak-
age of biomass from the beads which could be
due to increased pore size of the beads. In
other studies, it has been reported that natural
isolates of C. glutamicum was used for glu-
tamic acid production with free whole cells
and with immobilization. Comparatively,
whole cells produced more glutamic acid than
immobilized cells. Moreover, regarding glu-
tamic acid production among immobilized
cells, agarose produced more glutamic acid as
compared to alginate '°. Another report em-
phasized that fed-batch and continuous fer-
mentation process adopted for L-glutamic ac-
id production with the cells of C. glutamicum
entrapped in carrageenan gel. Higher yield
was produced in batch fermentation rather
than continuous fermentation process and re-
peated uses of immobilized cells resulted in
lower glutamic acid production. Production
was enhanced when the medium was supple-
mented with penicillin °.

Sodium alginate concentration is also one
of the factors influencing the productivity of
immobilized cells. The reduction in produc-
tivity may be due to the increase in porosity
which makes the leakage. Earlier investiga-
tions demonstrated that 3% alginate concen-
tration enhances the productivity in co-immo-
bilized culture of Brevibacterium roseum and
E. coli among different concentrations of al-
ginate '7'*. The production of glutamic acid
influenced immobilized cells due to ionic
strength and stability in storage of beads '**.
There are some more studies focused on pH,
temperature, agitation and other physical pa-
rameters used in glutamic acid production
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with immobilization *'*°. This investigation

analyzed reusability of immobilized cells for
storage and usage in fermentation process.
Furthermore, intensive studies are required
for evaluating the methods in increasing glu-
tamic acid production for immobilization in
industrial fermentation.

Immobilization is highly sensitive to pH,
temperature and other factors such as ionic
potency in long incubation periods for non-
specific adsorption. The surface adherent cells
can be removed due to these factors. Activa-
tion of surfaces with cross-linkers such as
glutaraldehyde could lead to covalent attach-
ment of the cells through surface amine
groups. Loss of cell activity and viability in
immobilization may be due to the formation
of bonds with metal activated supports. Im-
mobilization can be achieved by entrapping
the cells within the matrix formed by gels
made from alginates, carrageenans, and poly-
acrylamide materials.

Conclusion

Immobilization of C. glutamicum and
mixed culture of C. glutamicum and P. repti-
livora was used for glutamic acid production.
First, RSM was used to manipulate the medi-
um components for enhanced production.
Hence, it was easy to standardize the alginate
concentration for immobilization. Two per-
cent alginate concentration was fixed and re-
usability study was carried out to analyze the
stability of beads for production of glutamic
acid. This study demonstrated the procedures
for economic production of glutamic acid.
Cell entrapment in a polymer matrix such as
sodium alginate has been widely used for
commercial production of various products.
The simple method adopted for entrapment of
cells reduced the costs of production. In fact,
it is very simple to collect and estimate the
end product in the medium. It minimizes the
external contamination and subsequently oth-
er effects in the fermentation process are min-
imized as well.
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