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Abstract: The process parameters influencing the production of extracellular laccases by Streptomyces lydicus
were optimized in submerged fermentation. Peanut shell is the best substrate for laccase production by this
strain. The optimization studies revealed that the laccase yield was maximum at pH 7, temperature 28 0C and
150 rpm. Salinity of the medium was also observed to be influencing the enzyme production. 2 g/L of Na2HPO4

enhanced the enzyme production. CuSO4, L-tryptophan and L-leucine proved to be the best inducers for laccase
production by this strain. Mn2+, Zn2+, Fe+2, EDTA and arbutin decreased the production, while Ag+, sodium
azide and L-cystein completely inhibited the enzyme production. Mutation induced by using ultraviolet (UV)
and ethylmethanesulfonate (EMS) had an inhibitory effect on laccase production.
Keywords: culture conditions, inducers, Streptomyces lydicus, laccase, mutation.

Introduction

Laccases (benzenediol: oxygen
oxidoreductases; EC 1.10.3.2) are the most
extensively studied group of enzymes among
oxidases. They belong to the family of blue multi-
copper oxidases, which catalyze the one-electron
oxidation of four reducing-substrate molecules
concomitant with the four-electron reduction of
molecular oxygen to water [1]. Laccase has broad
substrate specificity towards aromatic compounds
containing hydroxyl and amine groups. These
enzymes were known to catalyze the oxidation of a
wide range of phenolic compounds and aromatic
amines. White rot fungi are the best-known laccase
producers [2] also there exist certain bacteria [3] and

actinomyctes [4] that are known to produce laccases.
Laccases have recently been found from a different
species of Streptomyces such as Streptomyces
cyaneus [4], Streptomyces lavendulae [5],
Streptomyces psammoticus [6], Streptomyces
ipomoea [7], Streptomyces coelicolor and
Streptomyces cinnamomensis [8].

Laccases have attracted increasing scientific
attention in the recent years due to their application
in diverse industrial sectors such as food, cosmetics
[9], textile [10], paper [11], decolorize dyes [12],
beverage production industries [13], and also they
have a role in bioremediation of contaminated soil
[14].

Laccases expression in streptomycetes is
influenced by culture conditions, media
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composition, pH, temperature, presence of inducers
and etc.

Mutations that perform by either physical or
chemical mutagens may increase the production of
the secondary metabolites such as enzymes [15].

The aim of this work designs the effect of
different parameters and inducers on the production
of laccase from marine Streptomyces lydicus which
isolate from Red Sea, Egypt. The effect of mutations
obtained using UV light and ethylmethanesulfonate
(EMS) on the enzyme production was studied.

Experimental

Microorganism and its maintenance
Streptomyces lydicus was isolated and

identified from Hurghada area at Red Sea, Egypt.
The culure was grown and maintained on starch
nitrate agar slants [16].

Medium and Cultural conditions for submerged
fermentation

Streptomyces lydicus colonies were grown
in the laccase production medium [17] containing
(per 500 ml of distilled water): 20g soya bean, 1g
KH2PO4 (anhydrous), 4g Na2HPO4, 0.2g NaCl, 0.2g
MgSO4. 7H2O, 0.05g CaCl2. 2H2O and 500 ml sea
water at pH 7. The cells (107/ml) were grown in
flasks containing 50 ml medium and maintained at
28 0C under constant shaking 150 rpm for 4 days.

Laccase assay
Lacasse assay was performed with 0.5 ml of

culture filtrate, 2.4 ml of 0.2M phosphate buffer (pH
6.5) were equilibrate to 30 0C and 0.01 ml of
syringaldazine 0.216 mM. Reaction was initiated by
addition of syringaldazine, the change in absorbance
per minute was measured at 526 nm [18]. A standard
laccase enzyme unit was defined as the amount of
enzyme catalysing the oxidation of 1 µmol of
syringaldazine to its quinine form per minute at 30
0C in 0.2 M phosphate buffer (pH 6.5) using a molar
absorptivity of 65 mM-1cm-1 for the product [19].

Optimization of cultural and nutritional
parameters

Different cultural and nutritional parameters
were examined in order to characterize their
influence on laccase production. The initial pH of
the medium was changed from 4 to 10 using 0.1M
HCl and 0.1M NaOH to study its effect.
Temperature optimization was done by incubating
the culture flasks at temperatures ranging from 20 to
60 0C and agitation rate (0-200 rpm). The influence
of salinity was determined by altering the level of
distilled water in the medium with different
proportions of seawater. Various agricultural wastes
like peanut shells, wheat bran, soya bean, sugar cane

bagasse, rice straw and corn cops (each 20 g/L) were
also screened. Moreover, different concentrations of
Na2HPO4 (0.5-5 g/L) and NaCl (0.05-0.3 g/L) have
been examined.

Effect of metal ions and inhibitors
Different metal ions Mn2+ (MnCl2), Zn2+

(ZnCl2), Fe+2 (FeSO4) , Ag+ (AgNO3) and mixture of
the metal ions have been added to the culture
medium at concentration equimolar to the Ca2

concentration of the basal medium. Different
inhibitors have been used such as sodium azide,
EDTA (ethylenediaminetetraacetic acid), L-cystein
and arbutin with different concentrations (0.08
1mM).

Effect of inducers
Different inducers were investigated for

their capacity to increase laccase production such as
CuSO4 (1 mM) [20], ammonium tartrate (55 µM)
[21], L-methionine, L-tryptophan, L-valine, L-
leucine and biotin with (0.2% w/v) concentration
[22]. Amino acids and vitamin were sterilized by
filtration.

Effect of mutations
Physical mutagens (Ultraviolet (UV) irradiation)

An ultraviolet lamp (20 watts, Wear
Goggles, U.S 100V, A.C.D.C., patented and past
pend, SUN-kraft YNC. Chicago 10,111.1.) was
fixed at 25cm and 254nm in a tightly closed wooden
chamber. An aliquot of Streptomyces lydicus cells
grown in complex medium for 7 days old was
exposed to UV-irradiation.  During the exposure
time it was held in a dish 20 cm in diameter, gently
agitated on a vibratory shaker. The UV mutants were
isolated at different intervals (5, 10, 15 and 20 min.).
After irradiation, the treated spore suspensions were
protected from light for two hours.

The mutant cells were plated into complex
medium [23] containing (per 500 ml of distilled
water): 30g glucose, 25g tryptone, 10g MgSO4.
7H2O, 0.6g MnSO4, 10g K2HPO4 (anhydrous), 20g
agar and 500 ml sea water, and minimal medium
agar plates [24] containing (per 500 ml of distilled
water): 0.5g NH4CL, 3g Na2HPO4, 1.5g KH2PO4

(anhydrous), 0.25g NaCl, 1ml MgSO4. 7H2O (1M),
5ml glucose 20% (w/v), 50ml CaCl2 (1M), 20g agar
and 500 ml sea water. After the cultures were diluted
serially into 0.85% NaCl and incubated at 280C for 7
days, the number of survivals was calculated and
laccase activity was assayed [18].

Chemical mutagens {Ethylmethanesulfonate
(EMS)}

Streptomyces lydicus was grown in
tryptone soybean broth [25] containing (per 500 ml
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of distilled water): 3g soya peptone, 2.5g glucose,
17g peptone from casein, 2.5g K2HPO4, 5g NaCl
and 500 ml sea water, for 7 days at 28 0C. Different
concentrations from 20-100 µl of EMS (1.17 g/L)
were added to 2 ml cell suspension and incubated for
5, 10 and 15 minutes in a shaking incubator. Then 2
ml of a freshly made 5% (w/v) filter-sterilized
solution of sodium thiosulphate was added to cell
suspension to quench the EMS, then centrifugated at
3000 rpm for 5 minutes. The treated cells were
suspended in 2 ml sodium phosphate buffer (50
mM) at pH 6.2. This suspension was diluted serially
and the number of survivals was calculated and
laccase activity was assayed [18].

Results and discussion

Research efforts have been directed mainly
towards examination the effect of physical and
nutritional parameters on the enzyme production.
Results of pH optimization studies (Table 1)
indicated that pH 7 was the optimum for laccase
production (0.472 U/ml). The enzyme production
was found to be increasing gradually with the
increase in initial pH, reached the maximum at 7 and
then decreased at higher pH values such as pH 9
(0.005 U/ml). The pH of the culture medium is
critical for the growth and enzyme production. The
culture pH strongly affects many enzymatic
processes and transport of various components
across the cell membrane [26]. The optimum pH of
laccase production, as reported in many
streptomycetes, falls between 7-7.5 [20].

The optimum temperature for laccase
production (0.468 U/ml) was observed at 28 0C
(Table 2). Considerable enzyme yield (0.441
U/ml)was obtained also at 30 0C, while the
production reduced as the temperature increased.
Temperature is another critical parameter that must
be controlled and varied from microorganism to
other. The mechanism of temperature on enzyme
production is not well understood [27]. However,
some studies showed that a link existed between
enzyme synthesis and energy metabolism in bacilli,
which was controlled by temperature and oxygen
uptake [28]. The obtained results are in agreement
with previous reports for laccase production from
streptomycetes [6 and 8].

Table (1). Effect of pH on laccase production
from Streptomyces lydicus

Table (2). Effect of incubation temperature on laccase production from Streptomyces lydicus

Laccase activity
(U/ml)

pH values

04
0.1525
0.3476
0.4727
0.2438
0.0059
010

Laccase activity
(U/ml)

Temperature
(◦C)

020
0.22725
0.46828
0.44130
0.32535
0.11540
0.06745
0.04950
0.00455
060
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Table (3). Effect of agitation rate on laccase production from Streptomyces lydicus

Table (4). Effect of salinity on laccase production from Streptomyces lydicus

The agitation rate influenced the enzyme
production in such a way that the yield increased
from static culture (0.064 U/ml) till 100 rpm (0.30
U/ml) as shown in Table (3). Abrupt increase in
laccase activity was observed at 150 and 200 rpm
(0.466 and 0.437 U/ml) respectively. The
enhancement in enzyme production at higher
agitation rate was due to the better aeration in the
well-agitated flasks that was essential for the growth
and enzyme production by Streptomyces lydicus
which is aerobic organism. The slightly drop in
enzyme yield at 200 rpm could be attributed to the
possible damage that may occur in the filamentous
structure of the organisms and thus hindering the
enzyme production. High production of laccase was
noticed by Streptomyces cinnamomensis with 150
rpm [8] and by Streptomyces sp. 200 rpm [17 and
20].

Salinity was a significant parameter
influencing the enzyme production. Maximum
laccase yield (0.473 U/ml) was obtained when 50%
of distilled water in the production medium was
replaced with equal volume of seawater (Table 4).
The enzyme production was almost reduced at 75%
and rapidly disappeared at 100% salinity.
Streptomyces lydicus which used in the present study
was marine isolate and hence maintaining a
moderate level of salinity in the production medium
was essential for enzyme production by this
organism. The enzyme production was influenced by
some of the elements present in the seawater [20].

Among the different agricultural wastes
screened for laccase production, peanut shell was the
most suitable substrate for enzyme production
(0.654 U/ml) by Streptomyces lydicus in submerged

fermentation (Table 5). Wheat bran and soya bean
were also identified as promising substrates for
laccase production (0.558 and 0.402 U/ml)
respectively, while the production in other substrates
rice straw, and corn cops were very low.
Considerable production of enzyme (0.391 U/ml)
was observed with sugar cane bagasse. The presence
of significant amount of polyphenols in peanut shell
could very well substantiate the enhanced
production of laccase, which is a polyphenol oxidase
[29]. The use of wheat bran for the production of
laccases has been reported widely from fungal as
well as actinomycetes strains [30]. Arias et al [17]
use soya flour for laccase production by
Streptomyces cyaneus. Recent researches [8]
reported that wheat bran and rice straw were
identified as promising substrates for laccase
production by Streptomyces psammoticus and
Streptomyces cinnamomensis respectively, while the
production of laccase by sugarcane bagasse was very
low.

Concentrations of Na2HPO4 were used to
check their effect on laccase production (Table 6).
The maximum production of laccase was noticed at
2 g/L (0.727 U/ml). Considerable enzyme yield (0.7
U/ml) was obtained also at 2.5 g/L. The laccase
activity decreased by increasing the concentration of
disodium hydrogen phosphate until a complete
inhibition at 5 g/L. It was reported that the absence
of mineral sources of phosphorus in the medium
causes a substantial drop in the activity and a
decrease in the intensity of growth of the culture,
which is due not only to the significance of
phosphorous as an element of nutrition, but also to
the buffering of solutions of its salts [26].

Laccase activity
(U/ml)

Agitation rate
 (rpm)

0.0640
0.14650
0.300100
0.466150
0.437200

Laccase activity
(U/ml)

Percentage of
sea water (%)

0.1190
0.35625
0.47350
0.28275
0.064100
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Table (5). Effect of agricultural wastes on laccase production from Streptomyces lydicus

Table (6).  Effect of Na2HPO4 concentrations on laccase production from Streptomyces lydicus

Table (7).  Effect of sodium chloride concentrations on laccase production from Streptomyces lydicus

The effect of concentrations of sodium
chloride on the production of laccase is shown in
Table (7). As the concentration of NaCl increased
the activity increased until reached the maximum
production (0.721 U/ml) at 0.2 g/L and the activity
decreased by increasing the concentrations. The
obtained result was agreed with different researchers
[31 and 32] where they indicated that the excess of
chlorine ion was the cause of high levels of reduced
production of laccase.

The effect of metal ions and inhibitors on
laccase production were shown in Table (8). The

laccase production reaching the maximum
production with supplementation of Ca2+ (0.730
U/ml) and decreased with Fe+2 (0.49 U/ml), Mn+2

(0.429 U/ml) and Zn+2 (0.370 U/ml). Ag+ ion and
mixture of metal ions inhibit laccase production. It
was mentioned that the requirement for specific
metal ions depends on the source of enzyme [33].
Laccases can be inhibited by metals such as Fe+2,
Mn+2, Zn+2 and Ag+ [34 and 35]. Ions such as iron
may interrupt the electron transport system of
laccase and substrate conversion [36].

Laccase activity
(U/ml)

Agricultural wastes

0.654Peanut shell
0.558Wheat bran
0.402Soya bean
0.391Sugar cane bagasse
0.102Rice straw
0.045Corn cops

Concentration of
Na2HPO4 (g/L)

Laccase activity
(U/ml)

0.5 0.222
1.0 0.427
1.5 0.576
2.0 0.727
2.5 0.700
3.0 0.664
3.5 0.657
4.0 0.650
4.5 0.383
5.0 0

Concentration of NaCl (g/L)
Laccase activity

(U/ml)
None 0.067
0.05 0.155
0.10 0.304
0.15 0.571
0.20 0.721
0.25 0.532
0.30 0.369
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Table (8). Effect of different metal ions on laccase production from Streptomyces lydicus

Table (9). Effect of different inhibitors on laccase production from Streptomyces lydicus

The effect of different inhibitors on the
production of laccase was illustrated in Table (9).
Concentration of 0.08 mM of sodium azide inhibit
laccase production. Concentration of 0.2 mM of L-
cystein inhibited laccase production. They may
inhibit the production by binding to type 2 or 3
copper resulting in the interruption of internal
electron transfer. The same results were confirmed
by many authors [5 and 37]. Maximum residual
activity (100%) was indicated with EDTA and
arbutin at 0.08 concentration. In case of EDTA the
residual activity ranged from (93 to 75%) at
concentrations of 0.1-1 mM, while in case of arbutin
the residual activity ranged from 88 to 54%. Laccase
was found to be metal ion dependent in view of their
sensitivity to metal chelating such as EDTA, where
EDTA chelates metals such as copper and thus
decreased laccase activity [38].

The results of the various studied inducers
(Table 10) indicated that enhanced laccase
production observed in the presence of CuSO4, L-
tryptophan, L-leucine and L-methionine (1.625, 1.2,
0.995, 0.87 U/ml) respectively. L-valine, biotin and
ammonium tartrate did not stimulate the laccase
production. It was reported that copper is a laccase
cofactor which presents four cupric ions each
associated with one single polypeptide chain [2], but
it also has been proved that this element may play an
important role in laccase genes regulation at
transcription level [21]. Copper sulphate was to be a

promising inducer for laccase production by
Streptomyces psammoticus [20]. It was proved that
the maximum laccase production was stimulated in
the presence of L-trypyophan, L-leucine and L-
methionine [22].

The obtained data clearly showed that the
survival percentages were decreased gradually from
(100 to 5.55%) by increasing UV exposure period as
seen in Table (11). Moreover, results showed that
all UV exposure times didn't increase the production
of laccase but made a complete inhibition. In case of
EMS all the concentrations used, survivals of
Streptomyces lydicus were gradually decreased by
increasing the exposure time of EMS as seen in Fig.
(1), while the laccase production completely
inhibited. It was proved that Streptomyces species
had mutagenic DNA repair mechanism [39]. In case
of UV irradiation the incomplete loss of the mcr+

gene product or a second error-prone repair pathway
reduced the mutation. Moreover, in case of EMS the
efficient de-ethylation of O 6-ethylguanine might
minimize mutagenesis by direct mispairing. Thus,
residual noncoding base lesions induced by EMS
might constitute premutagenic lesions requiring
error prone repair for realization [40]. Since
Streptomyces have genomes about three times the
size of the Escherichia coli genome, they may have
evolved error surveillance mechanisms more
sophisticated than those found in the enteric bacteria
[41]. In addition, EMS which has been considered to

Metal  ions
Laccase activity
(U/ml)

None 0.125
Ca+2 0.730
Fe+2 0.490
 Mn+2 0.429
Zn+2 0.370
Ag+ 0
Mixture  of metal  ions 0

Residual activity of lacaase ( % )Concentrations
(mM) Sodium azide EDTA L-cystein Arbutin
0.08 0 100 12 100
0.1 0 93 5 88
0.2 0 91 0 80
0.4 0 87 0 71
0.6 0 83 0 66
0.8 0 80 0 61
1 0 75 0 54
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be a direct acting mutagen in bacteria may induce
lesions that block normal replication and that must
be repaired before normal replication resumes [42].

Table (10). Effect of different inducers on laccase production from Streptomyces lydicus

Table (11). Effect of ultraviolet irradiation on survivals of Streptomyces lydicus and laccase production

CFU = Colony forming unit, P= Surviving population after UV exposure, Po= Initial population

Fig. (1). Effect of exposure time on laccase production by Streptomyces lydicus at
different concentrations of ethylmethanesulfonate
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Exposure time (min.)

Inducers Laccase activity (U/ml) Residual activity of laccase (%)

Control 0.701 100
CuSO4 1.625 231.81
L-Tryptophan 1.200 171.18
L-Leucine 0.995 141.94
L-Methionine 0.870 124.10
L-Valine 0.632 90.15
Biotin 0.497 70.89
Ammonium tartrate 0.255 36.37

UV exposure
time (min)

No of colonies
*CFU/ml (po )

percentage of
survivals (%)

Log p / po Laccase activity
(U/ml)

0 1.44 ×10 7 100 0 1.693

5 5 × 10 6 34.72 0.459 0

10 2.2 ×10 6 15.27 0.815 0

15 1.3 ×10 6 9.02 1.044 0

20 8 ×10 5 5.55 1.255 0
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Conclusions
The optimization of various cultural and

nutritional parameters for the production of laccase
by Streptomyces lydicus showed that the enzyme
production by this isolate is governed by parameters
such as salinity of the production medium. The
present study had also explored the potential of
peanut shell to be a valuable substrate for laccase

production. CuSO4 which used for laccase induction
have been successfully applied to enhance laccase
yield from this strain. The mutations obtained by
using UV light and ethylmetanesulfonate (EMS)
showed inhibited laccase production. In future, this
strain seems to be prospective for further
biotechnological applications.
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