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Abstract: L-lysine (C;H,,N,O,), one of the essential and commercially important amino acids, is found in
naturally occurring proteins of all living organisms. The steadily increasing L-lysine demand necessitates
indispensably its fermentative production over synthetic processes. In practice, most of the amino acids were
produced by batch fermentation. Continuous fermentation processes have certain advantages over the
traditional discontinuous processes. L-lysine production using immobilized cells in continuous mode seem to
be very promising for future applications. The method employed for immobilization is calcium alginate cross
linked with gluteraldehyde entrapment. We made an attempt to investigate the dependence of dilution rate on
substrate utilization rate and cell productivity in continuous culture studies. L-lysine concentration was
improved to the maximum level of 45.34 g/l and yield was 0.55 (g/g) obtained at an optimum dilution rate of
0.3 (1/h) under operating conditions of fermentation time 72 hr, pH-7.5, Temperature-30°C and glucose

concentration of 90 g/L.
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INTRODUCTION

With the advent of new uses and the growing
markets of amino acids, amino acid production technology
has made significant progress during the latter half of the
20th century. Amino acid industry has been expanding
and this industrial growth will surely continue because of
incessant efforts to improve the established production
processes also can be expected to further reduce the
production costs, thereby increasing the worldwide
market. The development of low-cost fermentation
processes for many kinds of amino acids and the recent
rapid progress in biotechnology including strain
improvement technology, progress in biochemical
engineering and downstream processing indicate that
fermentation attains the key position in the amino acid
industry. Fermentation technology has played crucial
roles over a period of time and currently the amino acids
produced by fermentation represent chief products of
biotechnology in both volume and value [1].

Out of the twenty naturally occurring amino acids,
L-Lysine is one of the nine essential amino acids and
commercially important amino acids. L-Lysine is added to
improve the nutritional value of cereal-based diets and it
is currently sold at approximately US$ 3-4/kg. Presently,
80% of lysine in the world market is made by Microbial
fermentation and the remaining 20% by chemical
Synthesis. L-lysine is presently being used in the
pharmaceutical, food, feed milling and cosmetics
industries. Thus, the outlook for this amino acid is high
because of its expanding market demand [2].

In production of L-lysine by fermentation all raw
materials are natural or biologically available substances.
No harmful by-products have been found in L-lysine
fermentation. However, useful substances remain in the
spent-broth from which many byproducts could be
recovered. The microorganisms, separated from the broth
were found to be composed of more than 50% protein of
animal feed grade quality. The spent-broth still contains
various useful substances, including organic and
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inorganic nitrogen compounds, phosphorus compounds
and potassium salts which could be used as fertilizer [2].

Strains  like  Brevibacterium  flavum  [3],
Brevibactirium lactofermentum [4] and Corynebacterium
glutamicum [5] have been used for the last fifty
years for the industrial production of L-lysine. However
fermentative methods seem to be most economical and
practicable means of producing L-lysine. Various such
kinds of processes were investigated by Schrump et al.
[6] Eggeling et al. [7] and Ekwealor et al. [8].

In fermentative processes, conversion, yield from the
carbon source and productivity are the most important
factors. The conversion depends on the characteristics of
the strain used in the fermentation and most research has
been concerned with the improvement of L-lysine
producing strains. On the other hand, productivity is
strongly affected by the growth rate of a strain, the rate of
sugar utilization or the culture conditions. However, there
have been very few reports on the development of
fermentation process [9].

MATERIALS AND METHODS

Microorganism and Culture Conditions: The organism
employed throughout this study was Corynebacterium
glutamicum ATCCI13032 obtained from Institute of
Microbial Technology, Chandigarh (India). It was cultured
on agar slopes using actinomycetes agar medium.
The growth medium, containing glucose (2 g), beef extract
(1 g), bacto peptone (1 g), NaCl (0.25 g), agar (2 g),
distilled water (100 ml), was maintained at pH-7.

The Production Medium Used Was as Follows:
glucose (100 g), ammonium sulphate (20 g), calcium
carbonate (10 g), bacto casamino acid (2 g ), potassium
dihydrogen phosphate (2 g), magnesium sulphate
heptahydrate (0.2 g), manganese chloride tetra hydrate
(3 g), thiamine hydrochloride (100 pg), d-biotin (20 pg) and
distilled water (1.0 L). Freshly prepared agar slants were
used to inoculate 50 ml of growth media and kept on
shaker for 48 hr (150 rpm) at 30°C. 100 ml of 72 hr old
culture was used to prepare immobilized beads of calcium
alginate. 15% volume of beads is used throughout this
study.

Immobilization Method: Cells were immobilized using
calcium alginate cross linked with gluteraldehyde
entrapment method [10,11]. 3% sodium alginate and 100ul
gluteraldehyde were well-mixed with 0.06% cells on dry
cell weight basis (DCW) (w/v), to get uniform suspension.
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The solution was dropped into 0.2M CacCl, solution using
peristaltic pump through a cut micropipette tip (or) orifice.
The beads then formed were cured for 24 hrs by
incubating in 0.2M CaCl, solution and washed twice with
sterile saline (0.9% NaCl solution (w/v)) and stored in
saline solution at 4°C for further use. All these steps are
carried out under aseptic conditions.

Fermentation Studies: Amino acids are commercially
produced in batch or fed-batch processes. All of nutrients
are added at the beginning of the fermentation in batch
operations. In batch fermentation microorganism grows
until one or more of essential nutrients is exhausted or
until fermentation conditions become unfavorable
(e.g. product inhibition, oxygen limitation, pH decrease in
shake flasks and uncontrolled fermentations etc.). In the
present study fermentation experiments with immobilized
cells have been conducted in batch mode using a
sterilized continuous stirred tank reactor of 1L capacity -
22 cm height and 10 cm inner diameter. Medium was
loaded in to the reactor and the filtered oxygen was
introduced from the top. Air filter (0.2um) and compressed
oxygen were used for the purpose. The working volume
of the reactor was 600 ml.

For experiments with immobilized cells, production
medium containing 60 g of immobilized beads (15%) was
used throughout the experiments. The diameter of the
beads was in the range 3.0-3.5 mm. The oxygen flow rate
maintained for L-lysine production was 1.5 VVM
(Volume of the air per volume of the reactor per minute).
The ranges of variables studied can be seen from the
figures. While studying, variation in a particular
variable was made as per maintained values obtained
from the previous experiments. The optimized values
were — temperature 30°C, pH 7.0, substrate concentration
90(g/L), pressure <2 atms and agitation speed 200 rpm.

Analytical Methods: Quantitative estimation of L-lysine
in the supernatant fluid was made by Acidic ninhydrin
method of chinard [12]. Residual sugar was determined
as glucose in the supernatant fluid by the colorimetric
DNS Method of Miller [13]. Biomass in the broth was
estimated in 2 ml samples after centrifugation and dried at
104°C for 3 hr.

RESULTS AND DISCUSSIONS

report describes about L-lysine
of L-lysine and the factors

The present
productivity, yield
affecting L-lysine production in continuous cultures.
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Fig. 2: Effect of dilution rate on L-lysine productivity and
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The continuous culture described in this study also
facilitated analysis of the various factors affecting L-
lysine fermentation. Earlier few scientists reported
about the multistage continuous cultures and their
difficulties to run continuous L-lysine production systems
[3, 14]. Fermentation studies were carried out under
operating conditions of fermentation time 72 hr, pH-7.5,
temperature-30°C and glucose concentration of 90 g/L.

Fig. 1 shows the dilution rate versus average L-lysine
and residual glucose concentration. The dilution rate is
the inverse of retention time. The dilution rate indicates
the retention time required for the substrate in the reactor
for the L-lysine production. The optimum dilution rate
indicates optimum retention time at which
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accumulation of L-lysine is more. In other words it
indicates maximum utilization of the glucose in the less
possible retention time followed by higher yields of L-
lysine. The increase in dilution rate shows the decrease in
residence time. In the present study, the reactor was
operated at five different dilution rates viz. 0.1, 0.2, 0.3, 0.4,
0.5 (1/hr). The graph indicated maximum L-lysine
production (44.7 g/l) and less glucose (6.65 g/l) at a
dilution rate of 0.3 (1/hr). So the reactor exhibited optimal
performance in terms of L-lysine production and sugar
utilization at 0.3 (1/hr).
momentous reduction in L-lysine accumulation and more
residual substrate, where as below this dilution rate
relatively less accumulation of lysine and more substrate
consumed.

Above this dilution rate

Fig. 2 shows the dilution rate versus productivity,
Yield and Yield coefficient during continuous operation of
CSTR. The productivity shows the efficiency of the
reactor in terms of retention time and end product.
The yield shows the reactor performance in terms of
substrate utilization and product This
parameter directly relates to economics of the L-lysine

formation.

production as the raw material consumption reduces if the
product formation is more per unit of raw material
consumption. Yield coefficient indicates good metabolic
activity of the cell in terms of end product formation.
In continuous operation the productivity and yield
increased steadily and reached a maximum value 13.411
(g/l/h) and 0.536 (g/g) respectively at a dilution rate of
0.3 (1/h). But the yield coefficient remains almost at the
same value (0.380 (g/g)). Above 0.3 dilution rate there is
a momentous reduction in productivity and yield as the
retention time decreased.

Figure 3 shows the biomass, residual substrate
concentration and productivity of biomass at different
dilution rates, where dilution rate characterizes the
holding time or processing rate of the CSTR. The
productivity of the biomass shows the efficiency of the
fermenter to cultivate the cells in terms of retention time
and biomass production. In order to get productivity the
dilution rate is multiplied with biomass concentration.
The productivity factor defined as above is applicable
only for continuous operation of the reactor. In the
present experiments the highest cell productivity of
9.5 g/l/day and minimal residual glucose concentration of
6.6 g/l were observed at the dilution rate of 0.3 (1/h).
Therefore, it could be concluded that operation of the
reactor at 0.3 (1/h) dilution rates is most economical for
good production of cells.
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Fig. 3: Dependency of dilution rate on cell productivity
for continuous culture

Table 1: Effect of dilution rate on continuous production of L-lysine by

immobilized cells in stirred tank bioreactor

Dilution rate (1/hr) Residual glucose (g/l)  L-lysine concentration (g/1)

0.1 1.492 40.527
0.2 4.285 41.855
0.3 6.615 44.705
0.4 9.480 31.520
0.5 11.512 22.332

Table 2: Effect of dilution rate on L-lysine productivity and yield

Dilution rate (1/hr) Productivity (g/l/hr)  Yield (Yp/s)  Yield (Yx/s)
0.1 4.052 0.457 0.369
0.2 8.371 0.488 0.376
0.3 13.411 0.536 0.380
0.4 12.608 0.391 0.380
0.5 11.166 0.284 0.381

Table 3: Effect of dilution rate on biomass and glucose utilization.

D (1/hr) S (/) X (g/l) DX (g/V/hr)
0.1 1.4925 32.68 3.268

0.2 4.285 322325 6.4465

0.3 6.615 31.6875 9.50625
04 9.48 30.6275 12.251

0.5 11.5125 29.8825 17.25125

Table 4: Evaluation of kinetic parameters for continuous production of L~

lysine in stirred tank bio reactor

/D) (SO-SYX 1/S (lit/g) X/D(S0-S)
10 2.708 0.703253 3.692

5 2.659 0.234798 1.880
3.333 2.631 0.154995 1.2668
2.5 2.628 0.106206 0.950

2 2.626 0.087097 0.761
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Evaluation of Monod Kinetic Parameters: The Monod
chemostat is an extension of the CSTR (Continuous
stirred- tank reactor), which considers both the substrate
consumption and the cell growth. A fresh sterile medium
is fed continuously to the reactor. The reactor volume
remains constant because of constant feed and constant
product withdrawal.

The microbial growth kinetics by the Monod
equation has led to the development of techniques
to determine the constants Ks and p, used in the
equation (1). At the same time as ,,is in fact dependent
on other parameters, such as temperature and pH, in the
usual case there are specified and the design procedure
requires values of Monod constants under these
conditions. The yield coefficient Y will also be required in
order to link calculations of microbial growth to substrate
concentrations.

The measurements of these constants may be carried
out using continuous fermenter experiments. In contrast
to the batch fermentation methods of determining kinetic
constants, the use of continuous fermenter requires more
experiments to be performed, but the analysis tends to be
more straightforward.

In essence, the experimental method involves
setting up a continuous stirred-tank fermenter to
grow the Corynebacterium cells on a sterile feed
of the glucose media. The feed flow rate is initially
adjusted to the 0.1 L/hr, of course, must produce a
dilution rate of 1.0 (1/h) and the system allowed to reach
steady state.

Careful measurements of the microbial mass X, the
glucose concentration S and the flow rate F were made
when steady state has been achieved and then operation
is repeated at a series of suitable dilution rates of 0.2(1/h),
0.3(1/h), 0.4(1/h), 0.5 (1/h) respectively.

Graph between [X/D(S0-S)] Vs [1/S]is shown in Fig. 4.
Similarly another graph between [(S0-S)/X] Vs [1/D] is
shown in Fig. 5.

Monod Kinetic Equations:

[X/D(S0-S)]= [ (KsY/ p,)(1/S)+(Y/ ,)]
[(S0-S)/X] = [(k/YD) + (1/Y)]

Fig. 4
Fig. 5

Calculations:
From Fig. 5: Linear equation was Y=0.0106X+2.605
(1/Y)=2.605 & ky/ Y5 =0.0106
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Evaluation of Monod kinetic parameters
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Fig. 4: Evaluation of Monod kinetic parameters for
continuous culture

Evaluation of Monod kinetic parameters

¥ =0.010x + 2.602
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Fig. 5: Evaluation of Monod kinetic parameters for
continuous culture

There fore Y= 0.3842(g/g)

After substitution of Y value, K,= 0.004 (1/h)

From Fig. 5.4: Linear equation was Y=4.592X+0.5288
(KsY/ p,,) =4.5928 & (Y/ pn,,) = 0.5288

After substitution of Y value,

W, = 0.7265 (1/h)
Ks =18.685 (g/)
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From these equations the Monod growth parameters
for L-lysine production were evaluated with chemostat.
The parameters evaluated are p,=0.7265 (I/hr), K=8.685 g/
and K,=0.004 (1/h).

CONCLUSIONS

L-lysine concentration was improved to the maximum
level of 45.34 g/l and yield was 0.55 (g/g) obtained at an
optimum dilution rate of 0.3 (1/h) under operating
conditions of fermentation time 72 hr, pH-7.5,
Temperature-30°C and glucose concentration of 90 g/L.
The results obtained here indicate that L-lysine can be
produced efficiently by immobilized
Corynebacerium cells by comparison with the previous
results obtained with free cells in stirred tank bioreactor.

growing

List of Symbols

Yp/s Yield of product (g/g)

Yx/s Yield of biomass (g/g)

u Specific growth rate of biomass (1/h)
pmax Maximum specific growth rate (1/h)
N Impeller speed (min-1)

Kd  Respiratory quotient (1/h))

V.  Liquid volume (m3)

X Biomass concentration (g/1)

S, Initial glucose concentration (g/1)

S Residual glucose concentration (g/1)
P Product concentration (g/1)

F Feed flow rate (g/h)

D Dilution rate (1/h)

Dmax Maximum dilution rate (1/h)

Dopt Optimum dilution rate (1/h)

Ks Limiting nutrient concentration (g/1)
Qp  Specific production rate (1/h)
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