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Abstract: L-Glutaminase is widely distributed in microorganisms including bacteria, yeast and fungi. The enzyme mainly catalyzes
the hydrolysis of y-amido bond of I-glutamine. In this report medium optimization was conducted through one -factor -at -a -time
approach for the submerged production of L-Glutaminase by Streptomyces griseus using different additional carbon, nitrogen, amino
acids, mineral salts and was treated with different concentration sodium chloride. A significant influence of medium components (g/1)
Galactose 10.0,Yeast extract 10.0,L-Glutamine 10.0,Magnesium sulphate 0.5, KH,PO, 0.5 , K,HPO, 0.5, NaCl 40 on L-Glutaminase
production was noted. The applied methodology was validated using this optimized media, the enzyme activity 45 IU/ml in 48h of

incubation was obtained.
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1. INTRODUCTION

Microbial L-Glutaminases or Glutaminases (L-
glutamine amido hydrolase EC 3.5.1.2) have found
applications in several fields. L-Glutaminase activity is widely
distributed in plants, animal tissues and microorganisms
including bacteria, yeast and fungi. L-Glutaminase has an
essential role in cellular nitrogen metabolism (1, 2, 11, 15).
This enzyme gained importance in industrial and
pharmaceutical sectors as an effective therapeutic agent in the
treatment of HIV (16, 27) and acute lymphocytic leukaemia
(22). The enzyme causes selective death of glutamine-
dependent tumor cells by depriving these cells of glutamine.
The use of enzymes to deprive neoplasms of essential
nutrients helps in the treatment of malignancies (22) and as an
analytical agent in determination of glutamine and glutamate
(8, 24), as a biosensing agent in biosensor (19). L-
Glutaminase enhances the flavor of fermented foods by
increasing their glutamic acid content and thereby imparting a
palatable taste. (6, 9) The use of L-Glutaminase as a flavour
enhancing agent in Chinese foods has replaced the use of
monosodium glutamate, which is considered allergic to some
individuals (20). and in the production of specialty chemicals
like threonine by gamma glutamyl transfer reactions (23). Its
commercial importance demands the search for new and
better yielding microbial strains and economically viable

bioprocesses for its large-scale production (10).
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Hence, Researchers are involved in the screening of
microbial strains and developing different fermentation
strategies to improved productivity. Bioprocess is one of the
key processes which helps in enhancing the metabolite
productivity under a given set of fermentation environment
(12, 13). Improvement in microbial metabolite production is
generally attempted by manipulating the nutritional and
incubational parameters of the organism. Combinatorial
interactions of medium components with the cell metabolism
towards the production of the desired compound are plentiful,
and the optimum processes may be developed using an
effective experimental design procedure.

To our knowledge reports on the production of L-
Glutaminase from Streptomyces griseus is scanty. It’s an
aerobic gram positive filamentous bacteria .In the present
investigation, one-factor-at-a-time approach was used to
select the best combination of carbon, nitrogen, amino acids,
sodium chloride and minerals salts sources and validated the
impact of mixed sources on production by Streptomyces

griseus under submerged fermentation.
2. MATERIALS AND METHODS

2.1 Medium Components
Nutrient broth, L-glutamine, Nessler’s reagent and
other media components and chemicals were procured from

Hi-Media Limited, Mumbai, India. For optical density
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measurements, the absorbance was read using UV/Vis Bio
Spectrophotometer (EliCo Pvt. Ltd., India).
2.2 Microorganism and Culture maintenance

Streptomyces griseus NCIM 2622 procured from
NCIM, National Chemical Laboratory, India, was used in the
study. The culture was maintained on Nutrient agar medium
slants. Inoculated slants were grown in an incubator at 33 °C
for 4 days. After that the slants were stored at 4 °C in a
refrigerator for short-term preservation and sub-cultured every
15 days in the above-mentioned media.
2.3 Inoculum preparation

Inoculum was prepared in 250 ml Erlenmeyer flasks
containing 100 ml of Nutrient broth liquid medium (pH 7.0).
Prepared medium was autoclaved at 121 °C (15 1b) for 20 min
and then inoculated with Streptomyces griseus raised from
Nutrient agar slants. The inoculated flasks were kept on a
shaker at 150 rpm for 48h, and used as the inoculum.
2.4 Identification of medium components

Initially optimization of media components required
for maximum L-Glutaminase production by Streptomyces
griseus was evaluated in 100ml of 250 ml Erlenmeyer flasks
at 33 °C for 48 hr at 150 rpm by adding 0.002% of inoculum.
The L-Glutaminase production on nutrient broth was used as a
control .Subsequently the medium component studied
included the effect of different additional carbon sources (
Malt extract, D-glucose, Sucrose, Starch soluble, Tri sodium
citrate, Cellobiose Cellulose, D-mannitol, Lactose, Galactose,
D-fructose, Maltose ) atl0 g/l, effect of additional nitrogen
sources (Peptone, Sodium sulphite, Yeast extract , Urea,
Tryptone, Gelatin, Sodium nitrate ) at 10 g/l, effect of
additional amino acids (L—glutamic acid, Glycine, L —ascorbic
acid, L —glutamine, Cysteine, Alanine ) at 10 g/leffect of
additional minerals(Zinc sulphate, Mercuric sulphate,
Manganous sulphate, Copper sulphate, Ferrous sulphate,
Magnesium sulphate , Potassium di hydrogen phosphate, Di
potassium hydrogen phosphate, Calcium chloride) at 0.5g/1 .
After identifying the nutrients improving L-Glutaminase
production by ‘one factor-at-a-time’ approach, the four most
important nutrients, viz. Galactose, yeast extract, glutamine
and Magnesium sulphate were selected as a medium
components and finally the effect of sodium chloride
concentration (10-50g/1) on above said medium was studied.
All the fermentation experiments were carried out in

triplicate. The optimum media was identified as (g/l)
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Galactose10.0, yeast extract 10.0, glutamine 10.0, Magnesium
sulphate 0.5, Potassium di hydrogen phosphate 0.5, Di
Potassium hydrogen phosphate 0.5 and Sodium chloride 40.0,
on L-Glutaminase production was observed at 48 h.
2.5 Analytical determinations

At appropriate time intervals the fermentation
broths were harvested for the L-Glutaminase enzyme. The
broth was centrifuged at 10000 rpm for 20 min at 4 °C in a
refrigerated centrifuge and the supernatant obtained was used
for further enzyme assay procedures.
2.6 Determination of Enzyme activity

L-Glutaminase was assayed according to Imada et
al (7). The reaction mixture, containing 0.5ml of an enzyme
preparation ,0.5 ml of L-glutamine(0.04 M), 0.5 ml of
phosphate buffer 0.1 M (pH 8.0), and 0.5 ml of distilled water
to a total volume of 2ml solution was incubated at 37°C for 30
min. The reaction was stopped by addition of 0.5 ml of 1.5 M
Tri chloro acetic acid. Then to 3.7 ml of distilled water, 0.1 ml
of the above mixture and 0.2 ml of Nessler’s reagent were
added and colour developed was read after keeping the
mixture at 20°C for 20 min at 450 nm in a spectrophotometer
.Enzyme and substrate blanks were used as controls. One unit
of L-Glutaminase activity was defined as the amount of
enzyme that liberated Ipmol of ammonia perlmin under
optimal assay conditions. Assays were done in triplicate and
the mean enzyme activity was expressed as International unit
per ml (IU/ml).
3. RESULTS AND DISCUSSION

3.1 Identification of medium components

L-Glutaminase production by a Streptomyces
griseus under submerged fermentation condition was
observed during the course of study and the observation led to
an investigation of the potential of L-Glutaminase synthesis
towards developing an ideal bioprocess for industrial
production of this enzyme. Hence initially the various
nutrients and process parameters, which influence L-
Glutaminase production by Streptomyces griseus under
submerged fermentation conditions, were optimized.
3.2 Effect of additional carbon sources

Carbon source represents the energy source that will
be available for growth of the microorganism. Carbohydrates
and related compounds are superior carbon sources for many
genera of microbes (18). However, in some cases, addition of

a small amount of external carbon may lead to an increase in
2
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enzyme production. Fig.1 showed the effect of additional
carbon source for yield of L-Glutaminase from Streptomyces
griseus was variably changed, when the carbon source
changed. In this work, we found yield of L-Glutaminase was

high as 26.3 IU/ml by utilized the Galactose as the carbon

source.
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Figure 1: Yield of L-Glutaminase in different carbon source.
3.3 Effect of additional Nitrogen sources

Effect of different nitrogen sources (Fig.2) showed
that the maximum yield was obtained as 17.5 IU/ml in
presence of yeast extract, because the yeast extract serves as
complex Nitrogen source for the metabolic activity. Universal
ingredient yeast extract was normally added to media for
routine growth and amino acid supplementation was not

required in complex media containing yeast extract.

Enzyme activity (IU/m1)
Yeastextract
Urea
Trvotone
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Control
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Figure 2: Yield of L-Glutaminase in different Nitrogen

source.

3.4 Effect of additional amino acids sources
Amino acids were common growth factor required
for the synthesis of enzyme as major nitrogen source (4);
hence the yield of L-Glutaminase was varied, when the amino
acid was changed. Even though each and every amino acid
was interchanged by other amino acids, the L-Glutaminase
yield was varied according to the nature of amino acids

(Fig.3). Yield of L- Glutaminase from the Strepromyces
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griseus was high as 32.7 IU/ml in L-glutamine. Since L-
glutamine is the substrate of L-Glutaminase, the addition to
fermentation medium might stimulate enzyme production. It

also serves as source of energy and carbon.
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Figure 3: Yield of L-Glutaminase in different Amino acid
sources.
3.5 Effect of additional mineral salt sources

All the living organisms need some inorganic
nutrient for their growth, that do not usually contain the
element carbon and when it dissolve in water they separate
into ions.L-Glutaminase yield obtained from Streptomyces
griseus in the presence of different mineral salts (Fig.4)
showed that the maximum yield was 35 IU/ml in the presence
of Magnesium sulphate, KH,POjand K,HPO, which is
supported both enzyme production and the bacterial growth

(5,14, 21, 25, 26).
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Figure 4: Yield of L-Glutaminase in different Mineral salt
sources.
3.6 Effect of additional sodium chloride

Yield of L-Glutaminase was increased, when
increased the NaCl concentration up to 4% as maximum as 45
IU/ml and it was low in 1%, 2%and 3% of NaCl
concentrations (Fig.5). Yield was suddenly decreased, when
the concentration was increased above the 4%.Hence, 4% of
NaCl concentration was the optimum for the production of L-

Glutaminase from Streptomyces griseus. The bacteria didn’t
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produce more L-Glutaminase without the NaCl because the
Streptomyces griseus were halophilic, the bacteria were
unable or try to grow in the low NaCl concentration, hence
there was very low L-Glutaminase production and also the
high concentration of NaCl was also affect the growth of

bacteria.

1 2 3 4 5
Sodium chloride (%w/v)

Figure 5: Yield of L-Glutaminase in different concentration
of Sodium chloride.

Optimum levels of these significant sources and the
effect of their interactions on L-Glutaminase productions were
determined by the one —factor- at -a time. The optimized
medium components (g/l) Galactose 10.0, Yeast extract10.0,
L-Glutaminel10.0, Magnesium sulphate 0.5, KH,PO, 0.5,
K,HPO, 0.5, NaCl 40.0 on L-Glutaminase production was

noted, which gave the maximum enzyme yield of 45 IU/ml.
4. CONCLUSION

In this work medium components for higher L-
Glutaminase production from Streptomyces griseus were
optimized by one- factor- at -a time approach. Using one
factor at a time approach (g/l)Galactose 10.0,Yeast extract
10.0,L-Glutamine 10.0,Magnesium sulphate 0.5, KH,P0, 0.5,
K,HPO, 0.5 NaCl 40.0 were found to be the most significant
variables, which significantly enhanced L-Glutaminase
production. Using these optimized conditions, the produced

enzyme activity of L-Glutaminase reaches 45 IU/ml.
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Abstract: All pass filters (APFs) are used in dispersion compensation which is the foremost requirement in an optical fiber link.
All pass filters can correct any order of dispersion by the careful design of multistage all pass filters starting from very simple
components with the use of N port devices. Multiple channels, as in wavelength division multiplexed (WDM) system, can be
compensated with a single device since these filters are periodic in phase response. In this paper we have designed and
implemented these filters to compensate dispersion an some results has shown.

Keywords: Optical communication, optical fibers, wavelength division multiplexed systems, dispersion compensation all pass

filters.

1. INTRODUCTION

All Pass filters are used to compensate the chromatic
dispersion in wavelength division multiplexed (WDM)
optical fiber communication system [1]. Optical fiber
communication is a way of transmitting the information
from one place to another by modulating the light signal
with the information signal. The light signal required for
communication is generated using the spontaneous and
stimulated emission occurring in light emitting diodes
(LEDs) and LASERs [2]. Since the energy levels are not
discrete so mono-chromaticity of the light signal is lost and
it introduces chromatic dispersion. The number of
compensating techniques has been reported in the literature
[3], [4], [5], [6] including dispersion compensating fibers
(DCFs), Fiber Bragg gratings (FBGs), Electronic
Dispersion compensation (EDC) each having its own
advantages and disadvantages. In WDM system where a
number of frequencies are interleaved, dispersion is
compensated using all pass filters [7]. All pass filters are
linear systems having variable phase response and constant
amplitude response. The variable phase response of the
APFs makes them to be used as the phase equalizers to
compensate the chromatic dispersion. The need of
dispersion compensation, general properties of all pass
filters, the design and implementation of all pass filters
along with tunable dispersion compensation all pass filters
have been discussed in this paper.

2. NEED

Due to the presence of chromatic dispersion the light pulse
carrying the required information is spread into various
components and each component travel differently along
the optical fiber with different velocity and hence reach at
the receiver at different times which distorts the
information and can’t be interpreted in the correct manner
This is called group velocity dispersion (GVD) which cause
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the light pulses to spread in fibers, degrading signals over
long distances [8-11]. In order to remove the spreading of
the optical or light pulses, the dispersion compensation is
the most key feature required in optical fiber
communication system.

The traditional techniques like DCFs, FBGs, and EDC are
not suitable for dispersion compensation in WDM system.
DCFs give high insertion loss, large footprint, and non-
linear distortions when the input signal is high etc. Also for
the multiple channels in WDM system, the number of
DCFs has to be installed making the system complex and
costly. The same problem is with the FBGs which
compensate the dispersion by the recompression of an
optical signal. For different frequencies different
architectures of the FBGs have to be introduced along the
fiber link. EDC is rendered ineffective for WDM system
since it is complex and also not a direct method of
compensation as it involve the optical to electronic and
electrical to optical conversions making the WDM
communication slow which can’t be tolerated in this
growing world hence the need of all pass filters is realized
by which the multiple channels can be compensated with a
single device because of the periodic properties of the
phase response of these filters [12-15].

3. ALL PASS FILTERS (APF)

The dispersion compensation using digital filters is a new
technique for the removal of phase distortions of an optical
signal. After the various channels have been multiplexed by
the wavelength interleaver over the single fiber the next
step is to compensate the phase distortions due to different
group delays for different channels [1], [7]. Dispersion
compensating fibers [2], [3] (with opposite chromatic
dispersion as that of channels) are not used these days as
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they introduce large footprint, high insertion loss, introduce
nonlinear distortion etc, hence they have been replaced by
all pass filter structure. It is a special filter with flat
magnitude spectrum and non-linear phase spectrum, so it
compensates phase distortion without affecting magnitude
spectrum of signals [8], [9]. These all pass filters (APF’s)
are linear systems, which have an amplitude response that
is constant over all frequencies and a phase response that
varies with frequency. The period of frequency response of
all pass filters is usually referred to as free spectral range
(FSR). Mathematically, the frequency response of a filter is
written as
H(w) = H(w)! expl j (o) ]

(1)
then for an APF [H(w)l = ¢ where c is a constant and ® ( ®)
can be made arbitrarily close to any desired phase response.
With this characteristic the nth-order dispersion is
evaluated as 1/ FSRn, further group delay can be enhanced
by adding more number of stages [12]. However it
increases loss in the system. Adding stages to the APF help
in recovering group delay that is lost when the FSR is
increased [12], [13].
The dispersion compensation obtained experimentally is
D~N/FSR*A°

)
Where N is number of channels and A is distance of poles
and zeros of the unit circle. The dispersion may be
increased by reducing the FSR with the introduction of
more number of stages or by reducing the A.

4. APF DESIGN AND
IMPLEMENTATION

For the design of an APF, a four port device with frequency
independent matrix elements can be considered. By
connecting any one of the outputs through a delay to any
one of the inputs a single stage APF can be realized [12].
APF may be implemented using Directional couplers,
Mach-Zehnder interferometer, and thin film filter as shown
below in Fig.1-4:

SR ) —-
Directional Single Stage
Coupler Ring Resonator
APF

Fig 1. Single stage APF using directional
coupler [12].
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Fig 4. Thin-film example: (a) Interface between two
dielectrics. The scattering matrix relates the “input”
amplitudes AO and B1 to the “output” amplitudes Al and
BO. (b) By connecting the “output” A1 to the “input” B1
through a delay (using a 100% reflector a distance d away),
a single-stage APF is obtained. This is exactly the familiar
Gires—Tournois interferometer [12].
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S. TUNABLE DISPERSION
COMPENSATION ALL PASS FILTERS

Chromatic dispersion compensation is critical for high bit
rate light wave systems. Reconfigurable optical networks
introduce a need for tunable dispersion compensation since
different routes may have different cumulative dispersions
[14]. In addition, tunable dispersion compensation is
required for high bit rate nonlinear systems whose optimal
dispersion depends on the channel power which may
fluctuate over time. Different wavelengths have different
cumulative dispersions at the receiver, and a device capable
of applying varying amounts of dispersion compensation to
each channel is needed. Because of the large number of
channels in dense wavelength-division-multiplexed
(WDM) systems, periodic filters are advantageous
compared to single channel devices which require a unique
filter for every WDM channel [14], [15]. Tunable
dispersion compensation filters are of two types:

5.1 MEMS Compensation All Pass Filters

The tunable all-pass filter is based on the mechanical
antireflection switch (MARS) device, which is a variable-
thickness Fabry—Perot cavity consisting of a silicon
substrate, an air gap, and a quarter-wave thick dielectric
membrane. A silicon nitride layer is used for the
membrane, and the gap is nominally 3A o/4. The cavity
formed by the membrane and top surface of the substrate
yields a reflection of about 70%. The gap is varied from 31
0/4 to A o/4 by applying a voltage to electrodes on top of
the membrane as shown in Fig.5.

air gap=31/4 Gold

ov( | 1 [

Mirror

P5G

ilicon

air gap=1/2

Fig 5. MEMS all-pass filter schematic showing
the change in air gap with applied voltage [14].

The voltage creates an electrostatic force that pulls the
membrane closer to the substrate surface, while the
membrane tension provides a linear restoring force. At a
gap of A o/4, the reflection is reduced to ~ 0% since the
silicon nitride acts as an antireflection coating for the
silicon substrate. To make an all-pass filter, the aim is to

wWww.ijsea.com
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use Fabry—Perot cavity as a tunable, partial reflector and
add a high reflectance coating to the back side of the
substrate [14]. A reflectivity > 97% is obtained using a
multi-layer stack. The substrate thickness L determines the
free spectral range FSR = ¢ / 2ngl, where ng is the group
index. For a 100-GHz FSR, the silicon thickness is 411 m.
By selecting the filter period equal the channel spacing in a
WDM system, multiple channels can be compensated. The
filter dispersion is D = dt /d A (ps/nm). For a completely
tunable all-pass filter, both the partial reflector and the
cavity optical length must be tunable. By varying the
applied voltage, the partial reflectance of the front mirror is
changed. For tuning ® n, the substrate is mounted on a
thermo-electric cooler, and the cavity optical thickness is
tuned via the thermooptic effect. Tuning of the cavity
length can also be used to compensate for variations in the
fabricated cavity length from the design nominal [14].

5.2 Integrated All Pass Filters for Tunable

Dispersion Compensation

Two parameters control its group delay response, the phase
®and power coupling ratio kr. By using a multistage filter
where the parameters are chosen optimally for each stage, a
constant dispersion (or any desired response) can be
approximated over a large portion of the FSR, thus yielding
a large bandwidth utilization factor [15]. It is critical to
achieve the design values for these parameters, and
fabrication-induced variations on the coupling ratios must
be minimized. The new all-pass filter architectures are
shown in Fig.6 (a), (b) and (c).

I

Fig 6. (a) Ring resonator all-pass filter with a fixed
coupling ratio, and fully tunable ring

resonator all-pass filters with (b) an asymmetric MZI and
(c) a symmetric MZI [15].

The single coupler is replaced with a Mach—Zehnder
interferometer (MZI). The MZI is curved to minimize any
increase in the feedback path length. The advantage is that
a phase shifter can be used to tune the effective coupling ke
into the feedback path, thus a completely tunable all-pass
filter is easily realized with two phase shifters, one to set ke
and one to tune the resonant wavelength. The tolerances on
the couplers k composing the MZI are substantially relaxed
compared to the tolerance on kr. In Fig. (b), the MZI path
lengths are different by a length A L = n dsep where dsep is
the separation of the MZI arms. The effective coupling is
given by ke which can be set to zero at a given wavelength
by choosing ®m appropriately [15].
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ke = 4k(1 —k) cos’ ([ 2mng AL/A+ @, 1/2)

(3)

In Fig. (¢),

ke=1-4k(1 - k) cos” (®,,/2)
4)

Hence ke= 1 can be achieved by the proper choice of ®m .

6. CONCLUSION

There are number of techniques to compensate the
chromatic dispersion of an optical signal travelling along
the optical fiber. The dispersion compensation using digital
filters is the most effective way of compensating it. It is a
new class of digital filters implemented in the optical
domain called all pass filters. All pass filters are lossless
filters which offer the flexibility to tune a desired phase
response arbitrarily close by increasing the number of
stages keeping magnitude response of a system unchanged.
The fully tunable all pass filters having 100 GHz FSR and
negligible polarization dependence have been fabricated
with tuning range of + 100 ps/nm, a pass band width of 50
GHz and group delay ripple of <3-ps peak are
demonstrated. With the careful design of APF’s together
with the feedback equalization used at the receiver, the
10Gbps WDM system with FSR = 50GHz, OSNR = 22.7 at
BER of 10- 9 may be realized.
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