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catalytic activity occurs [48, 9]. Type-3 copper seques Trametes Sp. [19] and Agaricus bisporus CU13 [13] are
ters the electrons that are transported from the substrateactive in the alkaline pH (7.0-9.0). Various homologous
to Type-l copper and converts oxygen to water through alaccases from Chaetomium sp. [208hiraia sp. [21], and
rmly linked peroxide intermediate, whereas Type-2 cep Elaeocarpus sylvestris [22] all demonstrated a broad pH
per promotes the dissociation of the oxygen—oxygen linkregion (4.0-10.0). Laccase from Bacillgp. was also very
in the latter [22]. stable between pH 5.0 and 10.0, keeping over 80% of its
Laccases from all kingdoms have indeed been deveteactivity for at least 24 h (pH 7.0-10.0) [23]. Low, Kat
oped and described in hundreds of studies to date. Lacues imply that laccase formulations have excellent a nity
case is found in a wide range of higher plants, insectsfor their particular substrates [29]. e K ,, estimates of
bacteria, and mainly in fungi. Rhus vernicifera, a Japanesdaccases from Kabatiella bupleuri G3 IBMIiP (0.58 mM)
lacquer tree, is where laccase was initially discovered24], Agaricus bisporus CU13 Laccl and Lacc2 (0.394 and
en laccase enzymes were subsequently discovered in0.158 M) [25], Colletotrichum lagenarium (0.34 mM)
a variety of plants, insects, and bacteria [10]. e abil [16], Myceliophthora thermophila (0.040 mM) [2],Cryp-
ity of bacterial laccases to be generated both intracel tococcus albidus (0.8158 mM) [26], and Thermothelo
lularly and extracellularly, with active enzymes across amyces thermophilus (0.051 mM) [9] were recorded with
broad pH and temperature range, was investigated. FOABTS as a substrate.
instance, laccase from Bacillus subtilis is most active at Laccases play a role in plant disease, pigmentation,
75 °C, and at 80 °C, it has a 4 h half-life [11]. Followingletoxi cation, and lignin degradation [27,28]. ese
medium adjustment, laccase yield from Pseudomonas functions are associated with the oxidation of a wide
aeruginosa reached 46 UnL! . Other instances of bac range of organic compounds, such as monophenols, poly
teria that generate laccases comprise Streptomyces anti phenols, aromatic amines, and their derivatives [2].
bioticus, Pseudomonas putida, Campylobacter jejuni, —Many biotechnological processes involve laccases, such
E. coli, Bacillus spp., and others [10]. e known fungal as bioremediation, the development of biosensors for
producers of laccase are deuteromycetes, ascomycetethe detection of polyphenols in wine and juice, organic
and basidiomycetes. Laccases from basidiomycetes anslynthesis, the bleaching of pulp in the paper industry, the
ascomycetes have been thoroughly examined; howevedecolorization of textile dyes, wastewater treatment, and
there are just a few studies on deuteromycetes laccas¢he detoxi cation of pollutants, mainly due to their cata
Basidiomycetes, particularly white rot fungi, are thought lytic property and broad substrate speci city [8, 9, 25,
to be e ective laccase producers among them. Polyphe 29]. Also, the construction of oxygen reduction biocath
nol oxidases have been found to be produced by severaldes in biofuel cells, biosensors, immunoassay labeling,
Trichoderma species, particularly T. harzianun{5, 12]. and organic synthesis by biocatalysis are among the most
e majority of the laccases disclosed in the scientic [t widely investigated applications of laccases [8, 30].
erature have been con ned and collected from almost all In this context, laccases have been widely used for the
wood-decaying fungi, includindlrametes gallica, Pleuro- e cient degradation of BPA, which is one of the most
tus eryngii, Trametes villosa, Trametes hirsuta, Lentinus ~ widely used phenolic chemicals for the production of
tigrinus, Trametes versicolor, Trametes ochracea, Cori- polycarbonate and epoxy resins [3B2]. More impor
olopsis polyzona, and Cerrena maxima [13, 14]. tantly, BPA has been identi ed as an endocrine-disrupt
Previous investigations on laccase biochemical propering chemical, causing potential detrimental impacts on
ties declared that the majority of fungal laccases functionhuman health as well as wildlife [334]. For example,
best within 50 and 60 °C, as well as thg walues of vari BPA can cause metabolic disorders in children and breast
ous laccases are temperature-dependent [2]. e ideal pH cancer even with quite low concentrations in water bed
for laccases diers based on the substrate and its redoxes [35]. Although there are several proposed biotic
potential; in acidic environments (pH 3.0), laccases haveechniques, such as ultrasonic oxidation, ozonation, pho
had the largest impact on ABTS [9lhermothelomyces  tocatalytic oxidation, and advanced oxidation processes
thermophilus [9], Coriolus hirsutus [8], and Marasmius for BPA degradation; microbiological transformations,
sp. [15] laccases displayed their highest levels of activitincluding enzymatic bioremediation, remain one of the
when ABTS was used as a substrate at pH 3.0. Laccase®st e cient and cost-e ective approaches for achieving
originating from fungal origins are normally persistent at safe conversion of BPA [33, 36].
a little acidic pH, despite the fact that pH tolerance sub  In the present study, the puri cation, biochemical char
stantially diers relying on the enzyme source [2]. e acterization, kinetic constants, and stability properties of
laccases from Colletotrichum lagenarium [16]Thiela- the laccase produced and optimized in our previous work
via sp. [17], and Mounilinia fructicola [18] are persistent [37] from a new potent laccase producer, Trichoderma
in the acidic pH (3.0-5.0), whereas the laccases fronharzianum S7113, were reported. e prospective uses
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of the puri ed laccase in the treatment of BPA were alsodetermined as described in Othman and Wollenberger

mentioned. [8]. A DEAE-Sepharose column (230 cm) had prew
ously been equilibrated with Tris bu er (0.05 M, pH 8.0)

Materials and methods when laccase-active fractions were mixed, concentrated,

Chemicals and added. Following a 100-mL wash with the same

Guaiacol (2-methoxyphenol), 2,6-Dimethoxyphe bu er, the bound proteins were gradually released from
nol (DMP), Syringaldazine (4-hydroxy-3,5-dimethoxy the column using NaCl gradients of varying concentra
benzaldehyde azine) (SGZ), Catechol (2-hydroxyphenol)tions (0.0-0.4 M) in the equilibration bu er. At a ow
Pyrogallol (2,3-dihydroxyphenol), ABTS (2,2-Azinobis- rate of 0.6 mLmin ! , all chromatographic fractions were
(3-ethylbenzothiazoline-6-sulfonic acid)), Brad collected in 3.0 mL fractions, and the laccase activity and
ford reagent for protein assay, Sephadex G-100protein content were measured as before.
DEAE-Sepharose, Sodium dodecyl sulphate (SDS) and

-mercaptoethanol were purchased from Sigma-Aldrich SDS-PAGE analysis

Company (USA). Ammonium sulfate for protein precipi To verify the enzyme’s purity and determine the puri ed
tation was supplied by Merck (Germany). e study also laccase’s molecular weight, a sodium dodecyl sulfate pol
employed other compounds, all of which were of analyti yacrylamide gel electrophoresis (SDS-PAGE) study was

cal grade and didn't require any further puri cation. performed. According to Laemmli’'s technique [39], the
SDS-PAGE was carried out using a 10% resolving gel and
Enzyme source a 4% stacking gel utilizing BLUeye prestained protein-lad

e laccase enzyme produced and optimized, as men der (Sigma-Aldrich, 94964).
tioned in our previous work [37] from a new potent
laccase producer, T. harzianun57113, was used in the Impact of pH on laccase activity and stability

current study as the source of enzyme. ABTS was used as a substrate in a buer containing
0.1 M sodium citrate, with pH values ranging from 2.0 to
Enzyme assay and protein estimation 5.5, to determine the impact of pH optimum on laccase

In a 2.0-mL reaction mixture with 0.5 mL of 0.3 mM activity. By incubating the enzyme solution in 0.1 M eit
ABTS as substrate that is dissolved in sodium citraterate and Tris bu ers (pH 3, 5, 7, and 9) at 40 °C for 2 h,
buer (0.1 M; pH 4.5), laccase activity was measuredthe pH stability of the enzyme was examined. Utilizing
using an appropriate quantity of enzyme sample. Uti ABTS as a substrate, the residual activity was calculated
lizing a Carry-100 Agilent UV-Vis Spectrophotometer following incubation.
(Germany), the change in absorbance was monitored
for 1.0 min in order to detect the oxidation of ABTS at The in uence of temperature on the stability and activity
420 nm (40 36 mM?® cm'). e quantity of enzyme  of laccase
necessary to oxidize 1 mol of substrate per minute wasVariable temperatures between 30 and 90 °C were used
used to de ne one unit of enzyme activity [R5, 37]. to examine the impact of temperature on laccase activity.
Using bovine serum albumin as the reference material Prior to adding the enzyme and starting the reaction, the
the Bradford [38] method was used to determine the pro substrate (ABTS) and bu er (0.1 M sodium citrate, pH
tein content. All experiments were carried out in tripli  4.5) were mixed and incubated at various temperatures
cate. Data is expressed using averages of results obtainefbr 5 min. e enzyme was incubated for three hours at
di erent temperatures of 40, 50, 60, and 70 °C in a 0.05 M
Puri cation of the laccase from T. harzianum S7113 sodium phosphate bu er (pH 7.0) to determine its ther
Using ammonium sulfate fractionation at 4 °C and mal stability. e remaining activity was then measured
40-80% saturation, the crude enzyme was precipitatedusing ABTS as the substrate.
At 4 °C and 10500g for 10 min, the mixture was centri-
fuged. e pellets were collected and dissolved in sodium Metal ions and inhibitors’ e ects on laccase activity
phosphate bu er (0.1 M, pH 7.0), after which they were In a sodium phosphate bu er (0.05 M, pH 7.0) containing
dialyzed for 24 h at 4 °C against sodium phosphate bu erseparate metal ions, includinglg? , Cu? , Zn? , Ni? ,
(0.02 M, pH 7.0). After being dialyzed, the enzyme wasPl? , AI® , K , Na , andHg? at concentrations of 1.0
added to a Sephadex G-100 column @ cm) that and 5.0 mM, the pure laccase was incubated for 10 min.
had already been pre-equilibrated with sodium phos e eect of inhibitors on laccase activity was deter
phate buer (0.02 M, pH 7.0), and fractions of 4.0 mL mined by the pre-incubation of the enzyme with some
were collected at a ow rate of 1.0 mmin® . e lac - inhibitors such as (EDTA), sodium azid@NaN,), sodium
case activity and protein of these fractions were thendeodocyl sulphate (SDS) and -mercaptoethanol at
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concentrations of 0.1 mM and 0.5 mM for 10 min. en  from the repeated runs are used to express the data in the
the substrate (ABTS) was added to start the reaction, andgures.

the remaining activity was measured.

Statistical analysis

Unless otherwise stated, every experimental work was
completed in triplicate. Both tables and gures display
'the mean values of the obtained results together with

Kinetic parameters and substrate speci city

Utilizing several substrates at their appropriate pH levels

mclgdmg ABTS, syringaldazine, 2, 6-d|me.thoxyphenol,, their standard deviation (SD) values.

guaiacol, catechol, and pyrogallol, the puri ed laccase’s

substrate speci city was examined. e activities of lac . .
) Results and discussion

case towards di erent substrates were tested at a concen

tration of 5.0 mM, except ABTS, which was conducted Puri cat-lon Ofrhamam.lm S7113 laccase
. . According to our earlier work [37], the laccase enzyme
at a concentration of 0.3 mM for 1.0 min at room tem

perature (28 °C 2). e rates of substrate oxidation were was extracted from T. harzianun57113 in a crude form,

determined by measuring the rise in absorbance at theand this crude extract was then puri ed utilizing a three-

; o step process, which is outlined in Table A puri cation
designated wavelengths, and the molar extinction coe fold of 2.73 and an increase in laccase specic activit
cients were taken from the literature [4@1]. e kinetic ' P y

1 . . .
parameters (V.. and K,) of laccase-catalyzed oxida to 2'98 Umg protem were obtained in the rst step
. ax . of puri cation using ammonium sulfate (40-80%) pre
tion of ABTS at di erent concentrations (0.025-0.4 mM) cipitation (Table 1). e concentrated fraction from the
were calculated at pH 4.5. From the Lineweaver—Burk P '

plots of the reciprocal of reaction velocities and substratefore;/;m;s tsot epetW:s usrtijgzgﬁdfoﬁg gfe |5 gzangéh:nrga
concentrations in the Michaelis—Menten equation, the graphy fo g P :

kinetic constants were determined [42] Fig. 1a). en the concentrated enzyme was eluted via

' ion exchange chromatography (DEAE-Sepharose) toro
duce two laccase isoforms, Lac A (eluted by 0.1 M NacCl)
Enzymatic degradation of BPA by the puri ed laccase and Lac B (eluted by 0.2 M NacCl), which have puri
Batch experiments were conducted in the presence anctation folds of 8.41 and 1.2, respectively (Takleand
absence of laccase to test the viability of employing purd-ig. 1b). ese results are close to those obtained from
laccase to break down BPA. Each experiment involvedirametes polyzona WRFO03 laccase (puri cation fold of
introducing a certain amount of a freshly isolated kac 13) using ammonium sulfate (90%), DEAE cellulose, and
case solution to a 50 mL BPA solution with varying sub Sephadex G-100 columns [4] and from Lentinus squar
strate concentrations (10-100 md.!) and beginning rosulus MR13 yellow laccase (puri cation fold of 12.67)
pH values (4.0-9.0) in order to assess the laccase’s abilsing ammonium sulfate (60%), DEAE cellulose, and
ity to break down BPA. We also optimized enzyme con Sephadex G-100 columns [27]. e puri cation fold for
centration by varying its concentration between 0.125 Ganoderma lucidum blue laccase, which was puried
and 0.75 UmL! at a xed substrate concentration (i.e., using DEAE-cellulose, A -gel blue gel, Con A-Sepha
20 mgL?1). To stop the enzymatic reaction at various rose, and FPLC-gel ltration on Superdex 75, was 25.4
time intervals, 3 mL of the reaction medium were taken (Wang and Ng, 2004). In contrast, the obtained fold is
out and promptly quenched with 1 mL of 0.5 M hydro lower than that value. In this connection, laccase from
chloric acid. e BPA content was then determined spec  Trichoderma harzianum strain HZN10 was puri ed to
trophotometrically as per the APHA guidelines [43]. At a puri cation fold of 25 using ammonium sulfate (70%),
room temperature (i.e., 25 3 °C), all tests were per ultra- Itration, DEAE-Sepharose, and Sephadex G-100
formed in triplicate. e averages of the values acquired chromatography [44]. e puried isoenzymes showed

Table 1 Puri cation of laccase from T. harzianum S7113

Puri cation step Total Protein Total activity (U) Speci ¢ activity (Umg?!  Recovery (%) Puri cation
(mg) protein) fold
Crude 89.36 97.66 1.09 100 1.00
Ammonium sulphate ppt 22.34 66.66 2.98 68.25 2.73
Sephadex G-100 11.32 66.20 5.8 67.78 5.34
DEAE Sepharose
0.1 M NaCl (Lac A) 4.46 41.06 9.19 42.04 8.41

0.2 M NaCl (Lac B) 3.66 4.88 13 5.08 1.22
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50 °C, and the activity of the two isoenzymes started to
0 decrease beyond 50 °C (Figp). ese results are exactly
71 r e oL, similar to the temperature optima of laccases from Pyc
6 f * 10 noporus sanguineus [48), Mycena purpureofusca [49],
and Trametes versicolor [47]. Moreover, Agaricus bispe
rus CU13 laccase (Laccl and Lacc2) isoenzymes [25], and
Trametes polyzona WRFO03 showed optimal activities at
a temperature of 55 °C [4 e obtained thermal stability
results showed that Lac A and Lac B were completely sta
ble at 40 °C for 3 h, as indicated in Fi§y.Similarly, laccase
from Trametes polyzona WRFO3 was stable at tempera
PR oovns A A A o e tures range of 40 and 50 °C][4Additionally, laccases from
Fraction number Pycnoporus sanguineus [40] and Pycnoporus cinnabarinus
[50] were stable up to 40 °C and below 50 °C. Pycnoporus

Laccase activity (U)
IS
Absorbance at 280 nm

b) W oU
> ] cinnabarinus laccase was completely inactivated at 80 °C
45 F e~ Aty U) [+ [50], which is in agreement with the current results. L-ac
0 h : [+ cases are generally stable between 30 and 50 °C but start to
35 e 35

lose their activity beyond 60 °C [51].
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w
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Impact of pH on laccase activity and stability

e two laccase isoenzymes (Lac A and Lac B) showed
their maximum activities at pH 3.0 and 2.5, respectively
(Fig. 3b). Numerous fungi laccases display pH optimum
conditions in the acidic pH range, which might vary based
on the source of the enzyme and the kind of substrate [8

N
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Fraction number 9, 52]. It ranges between pH 2.0 and 5.0 for ABTS, pH 3.0
Fig. 1 a Sephadex G-100 gel Itration chromatography; and b and 8.0 for 2,6-dimethoxyphenol, and pH 3.5 and 7.0 for
DEAE-Sepharose ion exchange pro le of T. harzianum S7113 laccasgyringaldazine [§ e optimum pH value of Lac A is simi-
isoenzymes lar to the optimum pH of laccase from Pycnoporus san

guineus [40] and laccase from Trametes versicolor (pH 3.0)
using ABTS as a substrate [47], whereas the optimum pH

up on the SDS-PAGE prole as two separate proteinOf Lac B is close to that of laccase from Trametes polyzona
bands. e molecular weights of the two isoenzymes WR710-1 (pH 2.2) [S3]. At pH values higher than 5.0, the
were 63 and 48 kDa, respectively, as determined usirfctivity of both laccase isoenzymes toward ABTS was very
SDS-PAGE (Fig2). Most fungal laccases were observedoW. € decrease in laccase activity at neutral or alkaline
to have molecular weights between 50 and 90 kDa [6]PH values may be caused by the hydroxyl anions’ bind
Laccases from Pycnoporus sanguineus (61.4 kDa) [40], INg tO Iacgasg’§2/T3 copper center, which stops electrons
Lentinus squarrosulus MR13 (66 kDa) [27], Trametes ~TOM maoving 'n.te_ma”y betweenT anq T2/T 3 trl-nuclegr
polyzona WRF03 (66 kDa) [4] and H. echinacea (63 kDa) centers. is inhibits the enzyme’s activity by preventing
(Wang and Ng, 2004) have molecular weights very closdéhe binding of O, as a terminal acceptor of electrons,[8
to that of Lac A. While laccases from T harzianustrain ~ 9)- Regarding the stability against pH, the two isoenzymes
HZN10 (56 kDa) [44] and Alcaligenes faecalis (50 kDa) Were more stable at neutral and alkaline regions than the
[45] have a molecular weight close to that of Lac B. pacidic part. Whereas Lac A and Lac B had more or less the
lower molecular weight of 34 kDa is seen in . eryngii ac S@Me pH stability at pH 7.0 for 2 h (Fi§), Lac B was more
case [46], whereas Trametes versicolor [47] and T, harzi stable than Lac A at pH 9.0. ese ndings are resemble to

anum WL1 [5] laccases have larger molecular weights ofhe pH stability of laccase from Perenniporia tephropora at
97 kDa and 79 kDa, respectively. pH 8.0 [54] and laccase from Cerrena unicolor MTCC 5159

at pH 9.0 [55]. Othman et al. [25] reported that laccase-iso
forms from Agaricus bisporus CU13 were highly stable at
Temperature’s impact on the stability and activity pH 5.0 and 7.0 (Laccl) and at pH 7.0 and 9.0 (Lacc?). e
of laccases results of the pH stability of the T. harzianunB57113 lac
e two T harzianum S7113 laccase isoenzymes (Lac AC@S€ isoenzymes could be an extremely essential character
and Lac B) showed optimum activity at a temperature ofistic for their validity in industrial applications.
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Fig. 2 SDS-PAGE of T. harzianum S7113 laccase isoenzymes,
M: marker, lane 1: crude laccase, lane 2: ammonium sulfate
precipitation fraction, lane 3: Sephadex G-100 column fraction, Iz
DEAE-Sepharose Lac A, and lane 5: DEAE-Sepharose Lac B

ane

Metal ions’ e ects on the activity of laccase isoenzymes

e two laccase isoenzymes from T. harzianum S7113
were tested for how metal ions a ected their activity. As
shown in Table2, the activity of the two isoenzymes was
increased gradually by increasing in some metal ions-con
centrations (from 1.0 to 5.0 mM) such adg? , Zn? , Ni? ,

K . Lac B activity was decreased by adddg and more
decreased by increasinila concentration, whereas the
activity of Lac A was increased by addibg and further
increase in its concentration has not any e ect. e activity
of both isoenzymes was inhibited by the addition 67
Pt , AP ,andHg? and further decreased by the increase
in their concentrations (Table2). e activity of laccase
from Marasmius sp. BBKAV79 was completely inhibited by
Hg? and decreased bylg? at a concentration of 20 mM
[1]. Additionally, the activity of laccase from Pleurotus sp.
was completely inactivated byn? at a concentration
of 2.0 mM [56]. At 1.0 mMMC\? , Lentinus squarrosulus

Relative activity (%)

70
Temperature (°C)

80 90 100

b) 120 -

—@—— LacA

80

60

Relative activity (%)

40

20

T
1 2 3 4
pH value

Fig. 3 E ect of reaction a temperature and b pH on the activity
of puri ed laccase isoenzymes. The bu er (0.1 M sodium citrate,
pH 4.5) and substrate (ABTS) were combined and incubated at
various temperatures for 5 min prior to adding the enzyme and
beginning the reaction. To ascertain the e ect of pH optimum on
laccase activity, ABTS was utilized as a substrate in 0.1 M sodiu
citrate-containing bu ers with pH ranges of 2.0 to 5.5

MR13 yellow laccase’s activity increased, whereas it was
slightly decreased by adding 1.0 mM ofi2 , K , Na , - . .
Mg? , andHg? [27]. Moreover, the activity of laccase pro 0.5 mM Add|t|onal_ly, sodium a2|de_ to_taIIy suppressed
duced by Mycena purpureofusca was increased by addingthe activity of both isoenzymes by binding to the types 2
0.05 mM OfCUZ andan : and was not a ected by add|ng and 3 copper sites, which impairs internal electron trans
Mg? at the same concentration [49]. e activity of laccase Port and, in turn, inhibits the activity of the enzyme [5].
from Trametes polyzona WRFO3 was increased by add IS is analogous to the relative inhibition e ect caused
ing 50 mM of Cu? andMg? , whereas it was decreased byby EDTA (10 and 25 mM) on the activity of Pycnopo
adding the same concentration @&n? andPt? [4]. e rus sanguineus laccase as a function of concentration
source of laccase and the kind of metal ions employed-gerincrease. Furthermore, P sanguineus laccase was strongly

erally determine the e ect of metal ions on laccase activity. inhibited by increasing theNaN; concentration from 0.1
to 1.0 mM [40]. In this connection, the activity of Tram

etes polyzona WRFO3 laccase was completely inhibited by
10 mM of NaN; and decreased by the same concentra
tion of SDS and EDTA [4]Lentinus squarrosulus MR13
yellow laccase’s activity was totally suppressed by 1.0 mM
of NaN;, 1.0 and 5.0 mM of EDTA, 10 mM of SDS, and
XOO mM of -mercaptoethanol [27]. Similarly, the activ

ity of the Trichoderma harzianum WL1 enzyme was

Inhibitors’ impact on laccase activity

e e ect of inhibitors (sodium azide, EDTA, SDS, and
-mercaptoethanol) on the activity of the T. harzianum
S7113 isoenzymes was recorded in Talde e activ -
ity of the two isoenzymes was decreased gradually b
increasing the inhibitors concentrations from 0.1 to
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completely inhibited by 20 uM ofNaN; and 25 mM o
EDTA [5].

Substrate speci city
Laccases have the ability to delignify, decolorize,
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Fig. 4 E ect of temperature on the stability of T. harzianum S7113 Fia. 5 E ect of bH on the stability of T. harzi S7113 puri ed
puri ed laccase isoenzymes a Lac A, and b Lac B. To ascertain the | '9- ectorprion Les aA n ydob L aém_?ﬂumH " b'I'?unfeth |
enzymes’ thermal stability, they were incubated for three hours at 40 accase |soen_zyme§ alac . an . ac b. The pr sta ity O, §
50, 60, and 70 °C in a 0.05 M sodium phosphate bu er (pH 7.0). The1’e_nzyme was _mvesngated by incubating the enzyme solution in O.EL M
using ABTS as the substrate, the residual activity was quanti ed mtr_at_e and ris _bu ers (pH 31 57, a_nd 9) _at 40 °C for 2 h. The residual
activity was estimated after incubation using ABTS as the substrate

catechol. Laccase from Magnaporthe grisea had the abil
ity to oxidize the tested substrates in the order of: swin
galdazine, L-3,4-dihydroxyphenylalanine (DOPA), ferulic
acid, -naphthol, hydroquinone, guaiacol, p-cresol, cat

chol, and 4-methylcatechol [58]. Moreover, laccase from

detoxify dyes from e uents, remove stains from bioma Trametes polyzona WRFO3 had the ability to oxidize

terials, and remediate polluted environments becauseyase ordered substrates: ABTS
they have the potential to catalyze towards aromatic sub o pyrogallol ’

strates (mostly phenols) [757].Substrate speci city for
both isoenzymes was determined against some laccase-

speci ¢ substrates (Tabletl). ABTS with a concentratio

n

and veratryl alcohol [7].

of 0.3 mM showed the highest relative activity for both Kinetic parameters of laccase

Lac A and Lac B and was the most suitable substrate fof® Kinetic parameters (K, and V,,,,) are indications of
the two isoenzymes under study. e other studied sub ' ' !
strates showed dissimilar speci cities toward the two IS able to bind to an enzyme, the lower its,/falue, and
puri ed laccase isoforms in the following order: syringal the greater its substrate speci city [47]. Kinetic param
dazine, 2,6-dimethoxyphenol, guaiaciol, pyrogallol, and€ters were calculated for both isoenzymes using ABTS

-naphthol, o-dianisi
guaiacol, catechol, resorcinol, orcinol,

the substrate speci city value, where the more a substrate
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Table 2 E ect of metal ions on activity of T. harzianum S71T&ble 3 E ect of Inhibitors on the activity &f harzianum S7113

puri ed laccase isoenzymes puri ed laccase isoenzymes
Metal ions Concentration Relative activity (%) Inhibitors Concentration Relative activity (%)
(mM) (mM)
Lac A Lac B Lac A Lac B
AR 1.0 58.500.22 52.165.71 NaN 0.1 0.230.02 0.690.73
5.0 37.730.32 34.740.52 0.5 0.00 0.00 0.00 0.00
Mg? 1.0 122.70.70 136.85.88 EDTA 0.1 84.42.62 97.7 2.06
5.0 139.62.30 157.91.40 0.5 56.6 1.87 93.6 1.66
zZr? 1.0 116.91.72 105.30.30 SDS 0.1 55.51.93 94.7 1.65
5.0 143.42.40 136.81.72 0.5 50.9 2.45 63.94.35
K 1.0 115.12.18 110.55.48 -mercaptoethanol 0.1 52.14.37 63.43.01
5.0 130.22.06 131.65.60 0.5 10.0 2.47 7.902.39
NP 1.0 116.90.85 147.41.76

The enzyme was pre-incubated with di erent inhibitors for 10 min to ascertain
50 147.21.21 173.48.56 the impact of inhibitors on laccase activity. Following the addition of the

ng 1.0 12.500.71 35.303.26 reaction’s substrate (ABTS), the residual activity was assessed
5.0 9.4 1.14 18.401.62
Ccv 1.0 90.601.04 82.102.55 ]
50 88.700.99 47.400 42 Table 5 K,, and Y, values of T. harzianum S7113 laccase
isoenzyme
Na 1.0 116.41.77 86.800.58 S ymes
5.0 116.93.01 58.405.19  Enzyme Vimax (WMol min? ) K (MM)
PE? 1.0 47.201.21 50.503.81 Lac A 0.603 0.100
5.0 16.800.30 11.601.72 LacB 0182 0.064

The pure laccase was incubated for 10 min in a sodium phosphate bu er

(0.05 M, pH 7.0) with distinct metal ions. The reaction was then initiated with
the addition of the substrate (ABTS), and the residual activity was assessed in
comparison to the control with no metal ions

At pH 4.5, the kinetic parameters (Y, and K) of the laccase-catalyzed

oxidation of ABTS at various doses (0.025-0.4 mM) were computed. The kinetic
constants were derived using the Lineweaver—Burk plots of the reciprocal

of reaction velocities and substrate concentrations in the Michaelis—Menten
equation

(Table 5 and Fig.6). Both isoenzymes showed a high

anity for ABTS, similarly to other fungal laccases, but g 925 mMm and 0.67 mMmin * mg? toward ABTS [59].
Lac B showed a lower Kvalue (0.064 mM) for ABTS additionally, using ABTS as the substratéfycena pur-
oxidation than Lac A (0.1 mM), which indicated that Lac pureofusca puri ed laccase hadk,, and V,,,. values of
B had a higher a nity for ABTS than Laq A1 Moreover, 296 mM and 0.0645 mMnin * . respectively [49]. Pusi
the V., value for Lac B was 0.182 mahin * , whereas e |accase from Trametes polyzona WRFO3 has Kand
the V.. value for Lac A was 0.603 mahin ! . Similar V. values of 0.00866 mM and 1.429 miviin ! | respee

max

ndings were obtained using the Lentinus squarrosulus tjyely, when employing ABTS as the substrate [4].
MR13 pure yellow laccase, which had, f&nd V, . values

max

of 0.0714 mM and 0.0091 mMnin ! , respectively [27].
Trametes sp. AH28-2 laccase had Kand V, . values of

ax

Table 4 Substrate speci city of puri ed T. harzianum S7113 laccase isoenzymes

Substrates Concentration Optimal pH Molar extinction coe cient (¢)  Relative activity (%)
(mM) M? em?)
Lac A Lac B

ABTS 0.3 3.0 36,000 0.36 0.01 0.12 0.001
DMP 5.0 55 49.6 0.13 0.006 0.05 0.007
SGZ 5.0 6.0 65.00 0.24 0.009 0.12 0.009
Guaiaciol 5.0 5.5 12.000 0.080.013 0.02 0.001
Catechol 5.0 5.0 2211 0.030.001 0.030.007
Pyrogallol 5.0 7.0 4.40 0.04 0.002 0.0160.00

At room temperature (28 °C 2), laccase’s activity towards several substrates was examined for one minute at their respective pH levels. By monitoring the increase in
absorbance at the chosen wavelengths, the rates of substrate oxidation were calculated
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Biodegradation of BPA by fungal laccases
Since the oxidative catalytic performance of laccase on
target substrate under a variety of pH and temperature

_atthe BPA consumption reached its highest value at a pH

value of 5.5 with over 57% BPA reduction (Fi§), which
supports earlier research and demonstrates the ideal
H for producing a high level of enzymatic conversion
of phenolic compounds is approximately pH 5-6 due
to high laccase stability and strong metabolic interac
tion between laccase and substrate [3Q]. Our results
reveal a high bioremediation potential of the puried
laccase over a wide pH range, implying an advantage
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Fig. 9 E ect of the initial BPA concentration on the BPA removal
e ciency and rate within 5 h of treatment. Conditions: laccase
concentration 0.5 UnL!, pH 5.5, and temperature25 °C. All

q experiments were carried out in triplicate. The data in the gure is
expressed using averages of the results obtained
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