PharmTech

International Journal of PharmTech Research
CODEN (USA): IJPRIF ISSN : 0974-4304
Vol.6, No.4, pp 1383-1391, Aug-Sept 2014

v

|

www.sphinxsai.com

Production, and Characterization of Neutral Laccase from
Marine Streptomyces lydicus

Mahmoud, M. G.%, Rifaat, H. M.%, El Sayed, O. H.},
El Beih, F. M® and Selim*, M. S*.

'Microbial Biotechnology Department, 2Microbial Chemistry Department, National
Research Centre, EI-Bohos Street, Cairo, Egypt,
*Microbiology Department, Ein Shams University, Cairo, Egypt.

*Corres. Author : manalsleem@yahoo.com

Abstract: Laccase is one of the ligninolytic enzymes isoldtech marineStreptomyces lydicus in Egypt. This
laccase has been purified to homogeneity througgmasxchange and gel filtration chromatography ste&jth

an overall purification fold of 42.04. The finalc@very of the enzyme was 2.53%. The molecular roasise
purified laccase was about 60 kDa as determine8m$-PAGE. The optimum pH was 6.5 and the enzyme
stable up to 40°C for 60min. The maximum activigswdetected in case of EDTA followed by arbutinjlevh
the enzyme was inhibited by metal ions liké F&n**, Mn**, and Ad. The enzyme showed highest, Kalue
with ABTS (0.41mM) followed by syringaldazine (Or@#). The purified enzyme was a typical blue laccase
with an absorption peak at 600nm; therefore, it tmayotentially useful for industrial purposes.
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1. Introduction

Enzymes have gained great importance in industidesases are one among them which are widely
present in the nature. Laccases are blue multicqppgphenol oxidases (PPO) which couple the oxdabf
various substrates with the reduction of © HO [1,2]. Laccases are widely distributed in higipdants,
bacteria, fungi, and insects. Actinomycetes aréetetl to be potent producer of laccases, next mgifun
Sreptomyces, a laccase-type phenol oxidase was found to bdupesl during growth under solid-substrate
fermentation condition [3]. Purification and chaemazation of laccases from actinomycetes, espgcial
different Sreptomyces sp. has been accounted. The laccase-like pheiddsexfromS3treptomyces griseus has
been reported to have a highly unique homotrimarctire [4] while the small laccase fro8reptomyces
coelicolor has been described as a dimer, lacking the setmmdin [5]. Laccase froi@reptomyces lavendulae
has been reported as thermostable, being stald@°@t [6]. Ariaset al. [7] have described a laccase from
Sreptomyces cyaneus that was capable of oxidizing non-phenolic comptsum the presence of mediators.
Laccases play an important role in food, paper g and textile industries also in synthetic chstngi
cosmetics, soil bioremediation, biodegradation mfinmental phenolic pollutant and removal of errdwe
disruptors [8-11]. Also lacasses are used in bisseand analytical applications. Recently laccdsas been
efficiently applied to nanobiotechnology due toithability to catalyze electron transfer reactiomghout
additional cofactor. In this paper we report thefpation and characterization of neutral laccisen a marine
Sreptomyces lydicus in Egypt.
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2. Materials and methods
2.1. Microorganism and its maintenance

Sreptomyces lydicus was isolated and identified from sediment of Re@,SHurghada, Egypt. The
culture was grown and maintained on starch nitegfar slants [12] and it used for inoculums prej@mat
Sreptomyces lydicus colonies were grown in the laccase production nmadjd] containing (per 500 ml of
distilled water): 20 g peanut shell, 1 g ¥, (anhydrous), 2 g N’IPQO,, 0.2 g NaCl, 0.2 g MgSO7H,0,
0.05 g CaGl 2 H,O and 500 ml sea water at pH 7. The cells/(@l) were grown in flasks containing 50 ml
medium and maintained at 28°C under constant If(shaking for 4 days.

2.2. L accase assay

Lacasse assay was performed with 0.5 ml of cufilirate, 2.4 ml of 0.2 M phosphate buffer (pH 6.5)
were equilibrate to 30°C and 0.01 ml of syringaid@z0.216 mM. Reaction was initiated by addition of
syringaldazine, the change in absorbance per mimatemeasured at 526 nm [13]. A standard laccasgren
unit was defined as the amount of enzyme catalyfingoxidation of 1umol of syringaldazine to itsrgqoe
form per minute at 30°C in 0.2 M phosphate buffgt 6.5) using a molar absorptivity of 65 it for the
product [14].

2.3. Protein estimation

Total soluble protein was determined by Bradforfl] [dsing bovine serum albumin as the standard.
Absorbance at 280 nm was used for monitoring pnatecolumn elutegl6].

2.4. Purification of laccase

The proteins were precipitated from the supernatgith ammonium sulfate (0-80% saturation).
Laccase activity was detected in 40% saturatedidrzss Laccase active fraction was pooled, cergatl(5,000
rpm, 25min) and the precipitate was dissolved inimal amount of distilled water and dialyzed ovghtiat
4°C. The dialyzate was loaded on to a DEAE celkilasion exchange column (1.5x40 cm), which was
equilibrated and washed with 50 mM sodium phospbaftéer, pH 6.5. The enzyme was eluted with a linea
gradient of NaCl (0-1.0M) at the flow rate 60 mbhd the elute was monitored for absorbance at 280 n
conductivity and laccase activity. The most acfreetions from DEAE-cellulose column were pooleilysed
as described in previous step and loaded on a §Q.%m) of Sephadex G-100 equilibrated with 50 mM
phosphate buffer (pH 6.5) and eluted with one laérthe same buffer at flow rate 35 mi/h. Elute nfb
fractions) was collected for measurement of absabat 280 nm [17] and the enzyme activity wasyeska
The active fractions were pooled and dialysed agaiistilled water. The protein content was measarel the
laccase activity was assayed as described before.

2.5. Characterization and properties of the purified laccase
2.5.1. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)

Molecular weight of the purified laccase was detasd by SDS-PAGE according to the method of
Laemmli [18]. The strength of the gel was 12% (wawid the protein bands were stained with Coomassie
brilliant blue R 250. Medium range (29-205kDa). allar weight markers were used to determine the
molecular mass of purified laccase. The markersewearbonicanhydrase (29kDa), albumin (egg) (45kDa)
bovine serum albumin (66kDa), phosphorylase (97kPgplactosidase (116kDa) and myosin (205kDa).

2.5.2. Spectral studies

The spectral studies of purified laccase were edrout using a UV-Vis spectrophotometer (Shimadzu)
[19].

2.5.3. Optimum pH and thermal stability

To estimate the optimum pH of the pure laccase fBwgptomyces lydicus, the lacase activity was
measeared with 0.01 ml of syringaldazine 0.216 nmM0i2 M of citrate phosphate buffer pH (3.0-5.0),
phosphate buffer pH (6.0-7.0) [20] and Tris-HCI (§810-10.0) [21].To determine the thermal stabilitly
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purified enzyme samples were pre-incubated with different rangeeofiperature from 30°C to 100°C at
different times from 10 to 60 min.. Assays weregf@@ned as described above.

2.5.4. Inhibition studies

Different inhibitors have been used such as sodimitle, EDTA (ethylenediaminetetraacetic acid), L-
cystein and arbutin with concentration of 0.08 miMtle purified laccase.

2.5.5. Effect of metal ionson laccase activity.

Metal ions such as M Zr**, F&*, Ag" and mixture of the ions with different concentat (0.1, 0.2,
0.4, 0.6, 0.8, 1ImM) were uséal study their effect on purified laccase [21].

2.5.6. Substrate specificity

Two substrates specificity of purified laccase wested syringaldazine at different concentratioins
(0.05, 0.1, 0.15, 0.216, 0.25 and 0.3mM) and satss{ABTS) 2,2 -azinobis-(3-ethylbenzthiazolinetdfenate
have been used with different concentrations (0.2, 0.6, 0.8, 1 and 1.2mM). The apparept \Klues of
syringaldazine and ABTS were determined througHissurelating substrate concentrations to the vedsoof
the reaction. The apparent,and \,..x values for these substrates were determined frimmeweaver—Burke
plots [22].

3. Results and discussion
3.1. Purification of neutral laccase

Different concentrations of ammonium sulfate wemdead to the crude laccase produced by
Sreptomyces ludicus (Tablel). Fractions from 40% ammonium sulfate rgditon showed high laccase activity
and specific activities in comparison with crudeckase and other concentrations. The obtained lkaccas
produced by marin&reptomyces lydicus after partially purified using 40% ammonium sudfatas subjected
on column of DEAE-cellulose. The elution diagramtioé enzyme is illustrated graphically in Fig. (The
obtained result showed a single peak co-elutindp Wtcase activity. The specific activity has irrmed to
53.83U/mg with a fold purification fold of 37.14uBsequent purification by gel filtration using Segbx G-
100 was applied. The elution diagram of the enzigritustrated graphically in Fig. (2). The obtaitheesult
showed a single peak co-eluting with laccase dgtiof active DEAE cellulose fractions. The purifiican
results are summarised in (Table 1) with an ovamdbvery of 2.53%. Laccase preparation obtainedhby
used producer had a specific activity of 60.93 Uang with purification folds 42.04. For second fication,
ion exchange technique was applied for fractiomioletd at concentration of 40% ammonium sulfate.

The purification of laccase is important frone therspective of developing a better understanaling
the functioning of the enzyme [23-24]. Precipitatis the most commonly used method for the isalaéind
recovery of proteins from crude biological mixtu{&§]. Ariaset al. [7] found that laccase frosreptomyces
cyaneus is precipitated by 50% saturation of ammonium atelf DEAE cellulose was used to purify laccase
from Sreptomyces lydicus and a single peak co-eluting with laccase actioft40% ammonium sulfate fraction
was achieved. This result was agreed with Sueukl. [6] and Niladeviet al. [19] where, they used DEAE
cellulose to purify laccases frolreptomyces lavendulae and Sreptomyces psammoticus. Sephadex G100
showed single peak co-eluting with laccase actiatyactive DEAE cellulose fractions. The same nssul
obtained by Hesest al. [26] and Viswanatlet al. [17] where they reported the use of Sephadex GdOthe
purification of laccase froriirametes versicolour and Stereum ostrea respectively. In the other hand Suzeki
al. [6] used Sephadex G150 for the purification octhse fron&reptomyces lavendulae. Final purified protein
obtained by Sephadex G-100 was subjected to SDSEPAGel was conducted using a 120&/v)
polyacrylamide gel. Final purified laccase gavengle band by SDS-PAGE (Fig. 3) with Rf 0.666. Arsas$
performed on a polyacrylamide Fig. (3) From left right Lane 1, standard molecular weight markers
(carbonicanhydrase (29kDa), albumin (egg) (45kDayjine serum albumin (66kDa), phosphorylase (97kDa)
B galactosidase (116kDa) and myosin (205kDa) ane 2arinal purified laccase obtained by Sephadet0G-
According to the calibration curve of electropharebobilities of the marker proteins against thgaiothms of
their corresponding molecular weight, the molecwaight of laccase was 60kDa. The molecular weajht
laccase produced frofyathus bulleri was also 60kDa [21]. Kunamnegiial. [27] said that the molecular mass
of the laccase ranges from about 50 to 100kDa,emMPdtelet al. [28] reported that the molecular mass of
laccase produced froRleurotus ostreatus HP-1 was 66 kDa.
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Table 1. Summary of the purification of laccase from marine Streptomyces lydicus

1386

Purification | Volume Total laccase | Total Specific Purification Recovery
steps activity protein | activity
(ml) (V) (mg) (U/mg) (fold) (%)
Crude 1800 3056.13 2108.1 1.449 1 100
Ammonium 13 108.108 9.698 11.147 7.69 3.53
sulphate 40%
DEAE- 20 106.6 1.98 53.83 37.14 3.48
cellulose
Sephadex 25 77.385 1.270 60.93 42.04 2.53
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Fig. 1. Elution profile of laccase (40% ammonium sulphate saturation) on DEAE-cellulose
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Fig. 2. Elution profile of laccase (from activated fractions of DEAE-cellulose) on sephadex G 100
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Fig. 3. SDS-PAGE of laccase enzyme produced by marine Streptomyces lydicus .Analysis performed on a
polyacrylamide from left to right: Lane 1, standard molecular weight markers (carbonicanhydrase
(29kDa), albumin (egg) (45kDa), bovine serum albumin (66kDa), phosphorylase (97kDa),  galactosidase
(116kDa) and myosin (205kDa) and Lane 2, final purified laccase obtained by Sephadex G-100.

3.2 Characterization of the purified laccase
3.2.1 Spectral studies

The UV-visible spectrum of the purified laccase wbd a peak around 600 nm which was
characteristic of the type 1 copper of typical k&= (Fig 4). The spectral graph indicated thatptndfied
laccase belongs to the group of well-established-tdccase of Streptomycetes. Argasl. [7] mentioned that
laccase fron®treptomyces cyaneus had a typical spectrum of the blue laccases.

3. 2.2 Optimum pH and thermal stability

The laccase activity increased by increasing theuptl the maximum laccase activity (3.095 U/ml)
detected at pH 6.5 using phosphate buffer as se@ig.5). The results of pH 6 and 7 was closelates to pH
6.5. Weak activities (0.639 and 0.020 U/ml) wer¢aoted at pH 3 and 10 using citrate-phosphate arsd T
HCL buffers respectively. The optimum pH of laccastivity was found to be at 6.5, and the activitgs
almost stable at pH (6-6.5). A decline in actiwityis detected at pH 4 and 9. Niladeval. [19] mentioned that
laccase fromStreptomyces psammoticus was stablan the pH range 6.5-9.%.accase was stable from 30 and
40°C at different time limits as shown in Fig. (8).50 °C the residual activity showing a drastcigtase from
88.14% after 20 minutes to 12.40 % at 60 minutes6@RC the residual activity decreased by increptie
time from (51.41 to 1.89%). Only 1.45% of residaativity detected after 30 min. in case of 70°Cjlevhat
80°C complete inhibition of laccase activity occMiin et al. [29] and Junget al. [30] were reported that the
stability of laccase at higher temperature incréasaler neutral pH conditions.

3.2.3. Effect of inhibitorson laccase activity

Laccase activity was extremely inhibited by sodiamide and L-cystein Fig.(7).The maximum activity
detected in case of EDTA followed by arbutin. Intidn of enzymatic activity was detected only fadgim
azide and L-cystein (0 and 5.0%) of residual atstiveéspectively. Moret al. [31] stated that sodium azide was
a potent inhibitor of laccase froRleurotus sp. Suzuket al. [6] mentioned that EDTA and arbutin had no effect
on the purified laccase froBireptomyces lavendulae.

3.2. 4. Effect of metal ions on laccase activity

The residual laccase activity decreased by inangasie concentrations from 0.1 to 1.0 mM in case of
Fe*, Mn?* and Zi3* (Fig 8). At concentration 0.2 mM complete inhibitioccurred in case of Agind when
mixture of metal ions was used. The obtained resari in accordance with Moeeal. [31] who mentioned
that laccase activity produced Bieurotus sp. was decreased withFeMn* and zZA".
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3.2. 5. Substrate specificity

As seen in Fig. (9) laccase activity increased fmyréasing the concentration of syringaldazine till
reached 0.21 mM, the activity was (3.095 U/ml) afickr that the increase of the activity was veryakve
Laccase activity increased by increasing the canagons of ABTS gradually till 0.8 mM (1.155 U/miihen
the activity after that was almost stable as showfig. (10). The K, of laccase for syringaldazine and ABTS
were found to be 0.365 and 0.410 mM with,V6.849 and 1.718 respectively (Figs. 9 and 10). Khealues
of laccase from marin&reptomyces lydicus toward the two substrates indicated that the bondiffinities
toward the different substrates were in the sarderosyringaldazine> ABTS. The\ value of syringaldazine
was higher than in ABTS. Giardirgh al. [32] regarded the same result,.YK, ratios were expressed for the
reactions of laccase towards the two substrategenthe ratio in case of syringaldazine was highantin
ABTS.
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Fig. 4. Absor ption spectrum of laccase from marine Streptomyces lydicus
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Fig. 5. Effect of pH on the purified laccase from marine Streptomyces lydicus
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Residual laccase activity (%)
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Fig. 6. Thermal stability of purified laccase from marine Streptomyces lydicus
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Fig. 7. Effect of inhibitorson the purified laccase from marine Streptomyces lydicus
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Fig. 9. Effect of syringaldazine concentrations on purified laccase from marine
Streptomyces lydicus and Lineweaver-Burk plot of it
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