enzymes.bio

g M=o 4=
A XMNEZ SH Y

E
)
=
2 |

2| aH-SEtAE S S0 2olists 8E P§H1I"E 0|5H5HHE o & LICf

Laccase enzyme2 Attt T A A HO| £510H, EH0| M= =93] blue multicopper oxidaseZ & H
2 LCH "blue"2te BH2 240 72| St #HE 24N EH0M FefistH, 7|sH 2=
7| HOIM ©AHE 2oF 24 RO T2 SHS AN MAE MY Fo| Ao YL At s
HEHOZ 22 2AUEBEE, oA AtH L utA Tt ofst Mot 2HES SO0| 12K St= SHO|A
% Hz AEEIL|C} [@

laccase/l Xl2td ™ MED| =

Laccase= =2 EO|, Mo, A2, 25 & TSt S22 0| ZAELICH A4S AT M= 9] fungal
laccase, 15 MBS H Qe 247t Qeff CHEAN JESLCH HMESH2 XAA M 220 &
2ot 82 xA 2 2olo5tAL HES= S 0|4 =70|H, laccase= lignin peroxidase,

Cl 2t At B30 205t BA RO R A0 ZELICH
3]

Trametes versicolor laccase= =t & ATOM AtF A5 kl= HEH fungal laccase & L Ct.
Ed 3R gavt 2= S —?—%3PEfE %% OfL|X|ZH MBS 7 F2f laccase”l 2| 1H &2
A otetE gE Hesd @Y9E, E2dsd 7120 thsh Bo| ATE0f 2 A2 SHTLICE Of HY
4 W20 "trametes versicolor laccase”, "fungal laccase”, “laccase review" &2 ZAM0j= dR-2tE-

H}O| 2 2|mO| L4 2| FOFOI| A RpZ= eb7H LEEHEL Tt [,

enzymes.bio - Enzymes.bio Research Team Page 1 of 14


https://enzymes.bio/

Mz Rl laccase HEo| HEZ A& LICEH “laccase enzyme production from bacteria”Lt
bacterial alkaline laccaseE &4 Eits ES O H2 pH O8N, gZe =4, 28 Ne|
g 7lsds 50 sUHCL HNZE Mg LZE| laccases 28 S0 2t S 2OF 2o,
PS| ol A O
1 =

Z+0| laccase®t= CHE =A | &L Ct 4,

op 12

=
A
T™ M-

Laccase structure®} laccase mechanism: 222 0|23 1M X} AL}

Laccase mechanism& “7| & At Qf “"AtA 312170 A L EO|A AdAE|=

SLICH 7|&2 20| 4at EL|0|AM ™A} LIS @41 2tC|Z &= Azt S7HM[7F &l L T} O
= 'a0| 72| I UESAS

Ct. 2kA] laccase B 0|= A HZ

AEOME 8BS 280] RHOHE 5 AF LI P

Ir 9

Figure 1. 2t70LR| = H =41 7|0l 17K} A1 H03}RIA MAS 22
shelgtL|t.

Laccase structureO|A] 2%t 4= F2| S22 i E RILICE 08 laccase reviews 27t T2
HALE ot Aotetdl oS Soff 7|2 Attt At SRS dototctn AL O o] £+ &
S8 2 laccase?t It He HXJ[EHE Q5= peroxidase®2t 12 &/= A E L CF
%, laccase= MAE AT WA =X E &80 oM 3 A EEO| AUX|T, OTHF &t
S LY At SF0 28 HEf7L 450 S¥2 FLCHBEL

AHE S0l ofzf ZR7} IHSLICL XM, TS 2HCIZo| N2 Ztel AL
OHS 4 USLICL S, Y2 2AFO| WATH BT} W E0f Mo| FR|ALL Bof F2z
SUCH A, 2|04 |2 FE7 Astslol T2t EYI B S, 84, 34

—

enzymes.bio - Enzymes.bio Research Team Page 2 of 14



ot
rx

A HM2MH0| HHR = AUESL|CH O] & |accase substrate= Eha=ot “28| CHAMTHO| OfL| 2} At}
2 3 A AN, B X HAEZ 5 Yo £ Qe B8 EXE L E O|sfisiof ghL|Ct M,

& 2 =
Z= USL L} o[t laccase-mediator systemO| L& L|C} Oj7H K| = laccaseZt A {ttotor 242 &2
A2, 0l O  2XAtL 2 Motr o3| 7|20 Lot MESLLE o 22 HE HRE
we = AKX O47HH | B E, TRY, =4, A E

A

HHsd 7L & D24 7|22 laccase THEL 2 HToH7| O{EALE M2 @7t S20HA| &
C x

L I
, RS, =8, e, Al Hetds eHl Lesfiof ste 2

o
REANE2E SE0 A2 HEE= Y2 Obg LTt Bl

e~

Laccase molecular weight2l 24 EX: +X|ELC} 2% 242 3 XHahd

“laccase molecular weight"= AFEXL7F AtF &= FEO[X| T A HEO|A EXHE
E dss HESH7|= O3S LD laccasel| 24, 2t Ak, SHE, 72| 5o &4, 2 Hot
Z-pH CHEME2 O|ME EX e HoEH sidof et et = AS
of BAtE 2 BAE O[6ist= O FESHX|T MK 378 ds2 7%
(@]

| AS3t eH E7he|ofof gL Ct 12,

L|C}. [h2FA] laccase structure

= dod, 4 1Y AM=E E

Il
+

T, S e

Fungal laccase= 2|1t HY, Q= M Ijjls4d
Cl. Bt bacterial alkaline laccase= 2Ztz| A I
StLIZE B o 2 @45ICH7| 2L} X 2| Cf &0l

OIX|, 1HFO0| B2 HIO|2O|A {2 AX|Of et Hetgol ZatE L,

|2t AekE o83l 2|, FE,

Figure 2. L& 27H0HH| 82 L2
E

o o 7
HsR U VI WSS BB My

enzymes.bio - Enzymes.bio Research Team Page 3 of 14



A D™ AR SMQF XA QF™HMO| XI0|E EotstH = M2 LICE biochar, chitosan
bead, titania nanoparticle, carbonaceous support, metal-organic framework &2 X|X| X Of
laccaseE 1E-DSH 24 o|¢d, UhE AFEY, EpH AEE, REE K| XHdS g = AU

Cte A77F & E| 0 ASLCH S Cto D83 4= X|X| M HE, 24 H|sH 27| AA|, 7| &

37|, & L= H|lgdet 2HE & 22{5lof ste 2, 22 A9 s USH HHAlO 2 S| M| M=

oF ElL|Ct 71,

F2 S8 F99Y H|u: OC|0f|A| laccase?l E5| f&¢t7}

Laccase= O S22 200 A AFE| X0t 2H ==t 8 A= = 20f0tC} CHEL|CH A&
0

2OIME Z2jHs Astel MELE OFE3I7L SA0|D, MR8 SolME YRol WEE oYs
of AbSpE wsto| ZAIQILICH Hm A|X|9f HO| 22| THO[ 2|0 ME 2O Y, gl vx 2
A ho| @OjA MK 2|9 AHE L Ch 1,

S8 20 F2I7|1E E&= X laccaseZt § =8t H3} =72t Fo|H

AMZ oz 220 JlHQA HEXMO

Za|Hs ASHA s B Z=3H KA THs M e=rEt oo lTroil-l =
NESE L oo S M oime e CC EROUENXD, AR BY SEME
=T M.EFE D] M2 M oM B H R = B
b i | - o =1 = S2 -4 o [1]

foX-1;
HeAEs =S4 Hsd 4= AMotH A g5 =24 H He =, &, tetetd 240 ot
S HHCHEE HEND 2 IHsH 2} mat7} ety @
e 88  Ofx, etERpR|=, QIf| HEAMCE Mo}, M ZbA & Y PR Yl AN He ds2
= I SCYs EE 2 ¥R 8k L
AbS T2 H=A QEE HIsEE N
(A= T = o 0=, oo - = A =
| soe oo oy ASIE S S Eo M o AEHEH, 35 pH HE0| 85
‘o o gl'uE, =T |_IOHO TFA = Ad o xLo st [9]
§|_ %XI Eaa 7|-60 E—l-l"l‘olzl

=

mm A 2|3y g gZlay S 2O EH ASEH E2|0 Of7H A QF 2ot I M-8 He(7t &
- PE HEX B 2X b5y H4 Yg B
HHO| 22 2, s fitE, 22 2lad Y, get 52 HAE| 0y, D&, da MY, 5l
mo|id2| A Hio|2ojA @3t 7Hs A xsto| Zaet 110
Hoj2Mdl oz, gz, i 2 H7|2tet 4z E= HO| 2= s At MY 2 AL
M= GRSy RINAE 7|5 geo ng g (1]

enzymes.bio - Enzymes.bio Research Team Page 4 of 14



=
=
OH
)

= = 1 <
- oy K O o Mo o
L_LmIO_I_HA OL — A_I _~ Qo ﬂr _II_I_|
.._AI|._nE+ou o KT xeqmu_ﬂ_ p
9 LRI N <Y e
4 X Iy O o o =X
W ogr o M H = B A 70 il
op & o A ol 7y X b <
. 5 B o . ¥ W W 2o
ERNS =Tl H?Wﬁ _ HORr
TR Du.wg H m <F N 4 &O
o s ST @ g wd g g
Y g <+ 0y qLL  LEES = o
o < I o Uu = o - 10 20 15 T
___Aﬂm_ﬁ____A oW T WL_ME_A._ N Wo__._
|__.__ il o1 =~ d U il o T ny - 0]0
X o g SZwz 2F=& B
S 5 o = gu T 3 oup oo - A
K0 1 = o3 ~N = u 8l ©
zoo_nﬁﬂo. 70 kil Of = 7 K H = 79
o s DSl T M &
ol =pmom <Ry oo R
EEE o = IH ™ K =)
K ot al g o oo W MR Ry ou
pETE R wmg < AR AT
=] ol 1 uﬂ m.uuL 8r o 3 Ny 0l R 5% w o mw K{J
o 130 O I < S ST (.
|_|_nﬂ_|_|HA od I _ A_l o < - N
L A of ®mxwn& oM W W x Mo
—e L byl ~ o
< 2 =  Flgr . ol Haloo 5 = RN of
@) o 1] - o = O_L OM [ — X0 = )
ol O oai R - P =l [ olo o M — o) a U
3N D M 2 ST S Lo 8
= g O 36 KO 7T N i e T 90
S = N g3 O 3 07 o B° ol 2% =K
o & Y ) —— |HOA %0 © ol |IrL < ™o 4 1H
_u_o_AT___._.u_n_e m oLaA_' ol Mﬁeo.klm" " T M
—_ %) — N~ A (6] m -
O_mu_ﬁleum . w_“_._a_._._e_n_._ |_|_||_._I3:._._H.% oK mL_L
o X0 K ~ i O o= < on K2 2 5 Wp =
goom 1 o .. 2l oo Doyl L 2 TR
gAY S R M_ﬂ_ﬂ@ T U E D
—_ - iy Tl — T 1 nd
kBT H H Taw T L aSm ~ o
= T [@) g L
HEZ QoM wETR 5EToy o 3
c N —
R N T TR >
S & Hoog 9 % o O TU oo BK
Mg ST M o pIg swszg 20 &
oA e~ <X K& P T 0 H S BN = o

Page 5 of 14

I

Of AL}

o
=

= H]

HotAlZ 70| ASLICL Ol §

enzymes.bio - Enzymes.bio Research Team

2
=



= M O X2 LME M3tol THsd

O —

[m)g )
TT =

20| Atk[= O
HEACHO| MAF RO A LR, laccase?t O] +&
Ct. Kandelbauer2| 1783} laccase 24 BHE 7|
At = laccase?t G & ME[O| A A 573 HEl

d

Hu

EH O 15t

L o
— T

7| LE= X X[ H| 7

L
ne

3

2ok rr
of

oo 12
.

S I
> 2 T

rJ
AL}
0=

L]
[
rC
rlo
l:._l
nc
I
HuU
e
rf
-0

2| Hfo|2|mto|L 2|

enzymes.bio - Enzymes.bio Research Team

o HFS

- L-O

, SZ0A AE O]

7| Wh M, B AL

= 0] titania nanoparticleO] laccaseE 11

@4 QMo glE A

Ht

DEX0|H, SZ2A HO|QOIfANAM EEER
Ct. Laccases 2| H=M +XE AMotgt = Q7| I FE

oA

A H

L|ch B,

Page 6 of 14



Figure

4. 8
g Mejxos

Yot ofet Lt KMe2|et vl 0f, 2f7OoHM| Ke|= HeE 7| E
A

ol stet =2 AEEE 28 + UASLILL

oo g

o> 1o |1 mo HA

-

) 2
RIA 27], dME2| O|F, =2, D E, A M A0 w2k Zutrt F2tX|E O/ = of7[0f

Cf.

$0 HU M

Laccase-mediator system= 2|1l 200 A £5| ST LICE 2|1 H 0= laccaseZt 2 Lt2}dt
7] 7|2 Hed AR ot 2t HlH&d AL HEELCH If7HA = laccasel| &t2tE S o T2}
7102 22 MEW HE HeE §e = UASHCH 1Lt Oi7HA 7|8 382 HIE, R4,

FHE, 2tdd Bt el 2QstEz 2|aH W aatht B A QBSStY| of @E Lo B

—

HHO| 2|0l 2| 2FO0| M= laccase?t T|7|= 7HX|=tet
H7|= Ms MY TAts 2 Had d25 Zt =
S8 2Nz Tt H Mety ML f= HYo| Eed = ASLIT Laccases Ol2{gh M A}
Mot SF| otLtz HAEE XY, St 28 g2l VK=t Fot 44 T O SHES

o
HEX|of ek S8 A7t Farg Lot Bl

—

40 b

ok

3 del: 1|58 2EE, PAHs, BPA, HEOS &

:

2= & Cret k= Etota A (PAHS) 22
|Ct. Recombinant laccase from
g A= PAHs 29l 7tsd= O

o
Of & Lt 14,

T rlot

4 ZO0F0|A laccases Hlsd Y=, 9=, WEHA
LS QSO AotH Hetof 28 Jhsd0| AFE Y 2
thermoalkaliphilic Bacillus sp. FNTOf| CH®t 4 otst 2 2ot

=

= -
O, M4 laccase?t &4 RLYEE |0 S22 + S

enzymes.bio - Enzymes.bio Research Team Page 7 of 14



. =1
OlLt H=d @ES MotEC N ST FAULCt EEtAE 2 28Y, ad, 124 Ak E
=, E7HA|, et MAe| of 20 et BhSE0] 3 A et L C mEtA laccase plastic

degradation2 A& 7o 2 Agg == UKD X MAXo= AZTE HE Z2tAEH 2
St 45}

o) T HOE HOLSOlE HE HF
A

E!
N
mn
Ral
rg
n>
=
1~
oo
rlo
to
0e
Mo T
P2
o
Ok
ox
P2
Y
2
(]
Of
)
10
M do
rot
il
k1
o
L
[
-
il

<

Laccase — relative activity vs pH

100 A Optimum pH 4-5.5

80 A

optimum plateau

60 -

40 A

Relative activity (%)

20 A

2 3 4 5 6 7 8
pH

Illustrative profile modelled from the stated optimum range; not measured assay data.

Figure 5. pHO|| [}2 Z}7IOtN| o] ATH ZMH O 2 pH 4-550(AM %X =y
ZHO| LtEFELICE

173} laccase: 2HHd, AR, ¥H87| HE

24 1™3}E laccase S 20 A 7HE st
B2 A ™EHS = UX| D 3|52 YAEO
L|Ct 2HH D™ 4= XXX BEHOIL

MFeiLct o

Biochar 7|t 11°8s} ¢l7t= B 72 24 eHgd /Mo o & MY
| o

modified biochar0f| laccaseE 1d3}ot A= EtA 7|8 XX X7t 24 HEH 2t E S8 7ts
HE 0| Wt 2 Mg = JASS B0 FLICH 6L EFAA XX A0 CHSE H|EHY 2|5 FA| &

enzymes.bio - Enzymes.bio Research Team Page 8 of 14



JE HIO| AL BfaLie 2% SO| 2td SE0|M laccase 1782t SAUFo =2 HEE| O JACt Fe|
sHL|C} 71,

=

Chitosan, titania nanoparticle, metal-organic framework(MOF)= CHEX Q1 X|X|H| & L|Ct. Chitosan
bead= YA I EX}F 7|8 XXM 2 24 Aot =4 8E0 22 E|H, titania nanoparticle £ 7|

HH EM2 0|83 n¥3t 7o SERLCH 2 MOF 7|8t 783t O 2% HEH 7|57
2 22 24 B 7™ MM, ot stA2 EHE SHH, laccase-focused reviewO| A X2 &
T SELE CHRYL|Ct B
CHoF 8ot g o 22 A2 OFE L CE X|X|A| L& =k Jot IfZ0| 2 7| =HO|Lt D&%} 2|1
d2 22 2d 220 §25t7] o242 = JASLICH 247F XXM o HF H5tA Z2gstH £
H fHE0| 205 = A, BHHE HF U5HA 2ot 27 5 HA0| 2oje = UL
2tA 1783} laccase= QP G0t HALEEE P = THA, B8 £t 7[E F2E0|M EF0| UM
g = Ues 7|=E Eof gt 18

° . = = | bl AL
Laccase activityS SfjA4g mjo| U4 H

Laccase activity= MZFO|Lt =2 0AM T =Xt2 HAE7| X8 2X 3E 52 tedtXx| @&
S 22 22t AFES 7| E, pH, 2k g E
et 2Ee= ggdol FefE et 595 A

O
l'f K& Bot7) YX[SHR| @S 5 AFLCHE

I

olo
A

O

Laccase — relative activity vs temperature

100 A Optimum 40-55 °C

80 -

thermal denaturytion

60

40 A

Relative activity (%)

20 A

0 T T T T T T T
20 30 40 50 60 70 80

Temperature (°C)

lllustrative profile modelled from the stated optimum range; not measured assay data

Figure 6. 20 [tE 2 o
Ho|H 2 2§ oW & By
Ct.

enzymes.bio - Enzymes.bio Research Team Page 9 of 14



S
=
=

]
s

=
a

F

=
k=)

otz
=

= opguct.
| QULITHE,

L. CC

= X

SRt

XSt
=1

LICt. Fungal laccase= 4 ZHOIM At HAFE[X|EH 2= &
-

2 pH HYE #= A2 ot LICt BT E bacterial alkaline laccase=

=
-

=
LIC 2=7F ZOrX|H

8

=

o
[s)

so 2 d&=
38

b

v
=

M
(]

laccase

—

0| laccase?}

b

pH

o

Jd = e IR A 0 =
=S K
o3 o| & o 0 U
F N W i’
oTOKA o3 KIr Ay <k m_&uu, ©
o+ G 1z 4 o T =
_ N _ =L - -
o ae%oxa._x = _- X
r m_uo ol .__| ~ M %o I =
Bm ol e
S UL U M
ufl e %._o“__n_ll_l_h_l = =
™ O O_ An_ =) _A_.H_ O“_o .l
4 Ho c 2 pof ko1 O
- — < - 8 o)
D o< i A
RT B = o o e K
< o "M o o Rle A
s o O G Jo oo e
RO % s o d =
Mo fofl = o N_ = I <~ %
W AT I R oo o
on =T M__l <8< 9 11 [T
> T — = Ko B 51 - O
e o T - RO g ® g
o EH — <H Yo kr X = =
R aToHg e Al gL
— ] K o Ho < of
= 1o - Rl ol =— <4 A_I o =
joI — =l o - N —= 1ol
o JjJ L NET ol G
T o= © g9 <l o ol ol
ol NI S~ TR
1L  SEgilU o @I
W< Wlzg.osd X O
ol W T o T S KY ol T
e —xdrT - Ml 0
© T N uno ~ o oo —
~ O _At A_u 0 rd
A_ O 151 = - =< O_H O_o K O_L
S 10 K _._.__H 1 o I}| 0 -
S % Phs B @ oour g
Az« HzMTe 'Rl v o ™ oo
oG o mITAEH G g%
o= do = C oW rk M o T X0
o i X0 3or o <o B S 14 A

Page 10 of 14

Lict o] %2 7|
et @1,

siet=0 =

(]
=

¥

C
[

~
(]

ZLf H=0lM -0

o
—

|

2 7| & HQ|QLIC} Laccase substrate= £
A

.|

x
=

F

X
o

H

K

enzymes.bio - Enzymes.bio Research Team



I

™
|
o
Q
o

Laccase — dose-response (diminishing returns)

._| |1.
=233 =S e LA T
=z U 4 U=l RU<T o7 =
PIICERTICA N T R =
._o“_.rLIA_l K © < <7 11 K

I IH ol K o7 o MW < 2=
mujJ LH 5 ol ol
N Bl E H &S =r ojy 0% © g
%0 g FuFE m@mt s g7
0l o 20 KEH ™ il ofnu @
R o K25 N o T W g H
° —_ — _ O 7
E o o m__I_ .Arﬂ pall X0 1H 1l _._.7_”_ ERal — ud
2|« 0o WoMuool_ Hu = olo L T KU
| L T = 0 3 B
f = =i 3 K o T 0 g o pal KW
s |~ cl o oA = Rl dlo T RM 2 @
g = = wp O &I R = NT S _ O
cF 2 m oWy DS SwA ¥ o
i ow AN SEm HpEgd
g4 T wr Ul oF N 2z . 8 2 g B oA
v ° X - ml X n 1ol
Q0 n > . - = & < L T -
S8 i = o gy 1l T U= 8 R4 T Tl
P EWL_A._A._ L_| S=F T U3 0 Ko
€ = o . o o RNE -3 TEZH 4 X
RS ® O O zr = I E = o ur i K
°h 5 & S = o M 17 2 o= N <o 2 od ) o
N o J KY g of 7 % = @D oo . = X
& LN © — - = . < . o < O
< 5 9 S <m Ho <d - S K=z oul
Ly 3 e K J oo < R
5 = - OR 3 - — N Al
- o o Koz i 1M T = T e YTy
L . = = <k o - Tl ol o% M_m b K O oo < = ol
G ol ol T o = @l <3 s g < g
S 0 —_ o o) = alo - T
1 o X Do Raawk o g KK <o
2 . 2R N Mg Wo & A8
o TN = g o ok — < o zr 3 Hu
s o o < < o foN T g o KBl w _ o o mF =< ol
S © © < ~ m m@ 10 “m_.uH_ Jol _nn (o] = ._.Alo O_.= |_N||_ |.A_|H_QM NE @.H.:_mu
%) 19348 BANeD 3 o R Ki ~u Ofu Y Kir - T = 0 2= — &
(%) 190 aAneRY El- 1 g be] oo X o <& O o ™ < |
mH g0 gr X Jw £ V3 g <R H
0 = 4r s = By R ow A sl g A
oy K 0 9 R T ol & g wl < K L o
R0K o N W= oD 7ol = C
...oL||1.r_E Jod m_.ﬁm L =l 6._ 5
KY Jof o — - |__L ud ol K 10 O_H = = H__u +
H..uOI_IuA ._Oh I3 - = O Lua
K = v Ko = W zmE S I o
SREs . g fifz MIEE ZE
PodwE M o g8mx Exldd E D
TrrMT B0 SSsp F s I I

C}
=

Page 11 of 14

XNels8 =40 meh 24

20| EfggtL|ct Bl

—
—

enzymes.bio - Enzymes.bio Research Team



laccase2| %]

| -
e

Enzymes.bio0| A 32 &

B2B 5= YA & L|Ct.

=
—

2 =0t

o

10| OtL|2t S5 &M 0|, laccase M|E2 1kg

A
=

F2l

2

=

Ul

=

or

Sl =
Stsh S A

= laccaseE =

Enzymes.bio

Kk

K1
KM

ol

ol

ok

_

ud

4

AlS
=23

HIZEAPLE

=
—

Enzymes.bio

FEZ, Foixte €

iy
o

EH2 NS ELICE. CoAll SDSE T2 A| &4 H|

4

-
(e}
o

Laccase — residual activity over time

~50% at 8 h

100 A

T T T
o o o
[ee] © <t

(%) A1iAnoe [enpisay

T
o
o~

15 20 25 30

10
Incubation time at operating temperature (h)

Illustrative stability decay; real retention depends on formulation and conditions

Figure 8. @7 2T 0| A A[ZHO] K|S0l Coh2t

O} X
- O

Hel oAy &

M AISH= Z40] OfL|2t, laccase enzymeO| Of

Ao[LE 2 ES

7

EAEEAS

=8 Al

olJ
&

or

Ol

e

O

14

of

0
A/

£}

ol
Hio

b= AYLICH &

dlo

14

o
Joi

L Ch [,

=

Z= A
—
o

et dH0 2 ofslist= AO|

(=)

ojnu

= 72l 5y

Laccase

L|C}. Of I

Fay
=

o)
PN

=T

)

H
>
S

o
o=

7

]

*HF=
AX] 23

I

P

r

TEX

I

-

A
o

FOll A =& A

g2

=t

=)

, BiolZ|mtofLA 2],

ol

I 1T
= —

Mg 9=

Mg =9 =7,
Ao RtEu ot

Toi!

o

1]
P
B
70
gl
K]

o
o

ol

Page 12 of 14

enzymes.bio - Enzymes.bio Research Team



Laccase =2}9l

Tkg CHRI2 THOHE|H D E 7, DEILICH 2210 AEO00|AM HEE AX|SHA|H
Xelsf EELICH 2E =20 )2t =& Ot E AXLZE (SDS) 7 Z=8HE L L,
Laccase T+OHS}7| —
Y
5% 018 e MZ WS E LU RS SHE 2 AN BI 75 GRS Yol OF A2 XR0|H, 22 o
g Bt o|xoez HAZAELICH

1. Khatami, S. H., Vakili, O., Movahedpour, A., Ghesmati, Z., Ghasemi, H., & Taheri-Anganeh, M. (2022).
Laccase: Various types and applications. Biotechnology and applied biochemistry, 69, 2658 - 2672.

2. Kyomuhimbo, H. D., & Brink, H. G. (2023). Applications and immobilization strategies of the copper-

centred laccase enzyme;_a review. Heliyon, 9.

3. Singh, G., Kumar, S., Afreen, S., Bhalla, A, Khurana, J.,, Chandel, S., Aggarwal, A,, ... et al. (2023). Laccase
mediated delignification of wasted and non-food agricultural biomass: Recent developments and

challenges.. International Journal of Biological Macromolecules, 123840 .

4. Bacterial Alkaline Laccase and Its Environmental Applications. Semantic Scholar (2017).

5. Alvarado-Ramirez, L., Machorro-Garcia, G., Lépez-Legarrea, A, Trejo-Ayala, D., Jesus Rostro-Alanis, M.,
Sanchez-Sanchez, M., Martin, R, ... et al. (2023). Metal-organic frameworks for enzyme immobilization

and nanozymes: A laccase-focused review.. Biotechnology Advances, 108299 .

6. Wang, Z, Ren, D, Li, Z, Yu, H,, Zhang, S., Zhang, X., & Chen, W. (2021). The study of laccase
immobilization optimization and stability improvement on CTAB-KOH modified biochar. BMC

Biotechnology, 21.
7. Adamian, Y., Lonappan, L., Alokpa, K., Agathos, S., & Cabana, H. (2021). Recent Developments in the

Immobilization of Laccase on Carbonaceous Supports for Environmental Applications - A Critical Review.
Frontiers in Bioengineering and Biotechnology, 9.

8. Kandelbauer, A., Maute, O., Kessler, R., Erlacher, A., & Gulbitz, G. (2004). Study of dye decolorization in an
immobilized laccase enzyme-reactor using_online spectroscopy. Biotechnology and Bioengineering, 87.

enzymes.bio - Enzymes.bio Research Team Page 13 of 14


https://enzymes.bio/?s=laccase&post_type=product
https://www.semanticscholar.org/paper/2a1aeae5a76fab266d50617b1528931140753613
https://www.semanticscholar.org/paper/6db3cef3cc88796942cdbfdf306af7c31af63e75
https://www.semanticscholar.org/paper/6db3cef3cc88796942cdbfdf306af7c31af63e75
https://www.semanticscholar.org/paper/f004a401e8a7d7fb99e5130e331a720095c92d74
https://www.semanticscholar.org/paper/f004a401e8a7d7fb99e5130e331a720095c92d74
https://www.semanticscholar.org/paper/f004a401e8a7d7fb99e5130e331a720095c92d74
https://www.semanticscholar.org/paper/d8533357ebf1ab8068ca7e34216551f199bfc6f2
https://www.semanticscholar.org/paper/45d24fbc3a9941f368f7311162c1feb0ca5fa5be
https://www.semanticscholar.org/paper/45d24fbc3a9941f368f7311162c1feb0ca5fa5be
https://www.semanticscholar.org/paper/34a62752ff2a4c212491913bc4d21db969577d63
https://www.semanticscholar.org/paper/34a62752ff2a4c212491913bc4d21db969577d63
https://www.semanticscholar.org/paper/964be741a138b03f2d2bc88400162cd237bc4ab2
https://www.semanticscholar.org/paper/964be741a138b03f2d2bc88400162cd237bc4ab2
https://www.semanticscholar.org/paper/de9b4dcc479560020e5a5c6ea2f2a737e673c47f
https://www.semanticscholar.org/paper/de9b4dcc479560020e5a5c6ea2f2a737e673c47f

9. Younus, H., Khan, M. A, Khan, A., & Alhumaydhi, F. (2025). Eco-Friendly Biocatalysts: Laccase
Applications, Innovations, and Future Directions in Environmental Remediation. Catalysts.

10. Deng, Z, Xia, A, Liao, Q, Zhu, X, Huang, Y., & Fu, Q (2019). Laccase pretreatment of wheat straw: effects
of the physicochemical characteristics and the kinetics of enzymatic hydrolysis. Biotechnology for
Biofuels, 12.

11. Hakamada, M., Takahashi, M., & Mabuchi, M. (2012). Enzyme electrodes stabilized by monolayer-
modified nanoporous Au for biofuel cells. Gold Bulletin, 45, 9-15.

12. Mohajershojaei, K., Mahmoodi, N. M., & Khosravi, A. (2015). Immobilization of laccase enzyme onto

titania nanoparticle and decolorization of dyes from single and binary_systems. Biotechnology and

Bioprocess Engineering, 20, 109-116.

13. Bilal, M., Jing, Z., Zhao, Y., & Igbal, H. M. (2019). Immobilization of fungal laccase on glutaraldehyde
cross-linked chitosan beads and its bio-catalytic potential to degrade bisphenol A. Biocatalysis and

Agricultural Biotechnology.

14. Bueno-Nieto, C,, Cortés-Antiquera, R, Espina, G, Atalah, J,, Villanueva, J., Aliaga, C., ZUfiga, G, ... et al.
(2023). Biochemical and Spectroscopic Characterization of a Recombinant Laccase from

Thermoalkaliphilic Bacillus sp. FNT with Potential for Degradation of Polycyclic Aromatic Hydrocarbons
(PAHSs). Catalysts.

15. Zimmermann, Y., Shahgaldian, P, Corvini, P, & Hommes, G. (2011). Sorption-assisted surface conjugation:
a way_to stabilize laccase enzyme. Applied Microbiology and Biotechnology, 92, 169-178.

16. Lopes, J., Marques-Silva, D., Peralta, C., Rodrigues, J., Vaz, D, & Lagoa, R. (2025). Humic acid aggregates

with laccase and decreases the performance of the enzyme catalytic systems through various

mechanisms.. /nternational Journal of Biological Macromolecules, 146405 .

Enzymes.bio =2]
FE0| 2o 3=t HO| JA247t27? 7|7H0| =tEe| A &Lt

o/} 2 wholesale@enzymes.bio M3zt (o]=) +1 (507) 428-6057

Eh 400+ B2B 1ZHA < 60+ CHSH I MELH @) 54 © MA 54702 32

© 2026 Enzymes.bio - P& A AZF 7158 2l S - 2N dF E= 200 THO§E0[ Ot

enzymes.bio - Enzymes.bio Research Team Page 14 of 14


https://www.semanticscholar.org/paper/c339358d2d8c4107ca9d72b53859155e12d58dca
https://www.semanticscholar.org/paper/c339358d2d8c4107ca9d72b53859155e12d58dca
https://www.semanticscholar.org/paper/9e69fef9a969b55049ad8445967b28c738630820
https://www.semanticscholar.org/paper/9e69fef9a969b55049ad8445967b28c738630820
https://www.semanticscholar.org/paper/af7d88164528430e8a57849c316dd4ab7171fc25
https://www.semanticscholar.org/paper/af7d88164528430e8a57849c316dd4ab7171fc25
https://www.semanticscholar.org/paper/a893ed4d024fb253a1f21787e19b7c52afd4f022
https://www.semanticscholar.org/paper/a893ed4d024fb253a1f21787e19b7c52afd4f022
https://www.semanticscholar.org/paper/1a25836f545878c96390d1737b7afd2969424f51
https://www.semanticscholar.org/paper/1a25836f545878c96390d1737b7afd2969424f51
https://www.semanticscholar.org/paper/a3b33df06d7c7caa163d1417ef0b2f7144afd05c
https://www.semanticscholar.org/paper/a3b33df06d7c7caa163d1417ef0b2f7144afd05c
https://www.semanticscholar.org/paper/a3b33df06d7c7caa163d1417ef0b2f7144afd05c
https://www.semanticscholar.org/paper/439adbd2d1d0ce153e8b3b4b86bec2d11f4f4885
https://www.semanticscholar.org/paper/439adbd2d1d0ce153e8b3b4b86bec2d11f4f4885
https://www.semanticscholar.org/paper/2489885a8fa7e2a94f8b64565fceb8ac538c70b0
https://www.semanticscholar.org/paper/2489885a8fa7e2a94f8b64565fceb8ac538c70b0
https://www.semanticscholar.org/paper/2489885a8fa7e2a94f8b64565fceb8ac538c70b0
mailto:wholesale@enzymes.bio
tel:+15074286057
https://enzymes.bio/contact/
https://enzymes.bio/b2b-enzyme-clients/
https://enzymes.bio/university-research-partners/
https://enzymes.bio/global-clients/

