Modulation of laccases activity by soluble polymers
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The activity of recombinant laccases (benzenediol:oxygen oxidoreductase, EC
1.10.3.2) was studied in presence of soluble polymers. As laccases, Polyporus pin-
situs (rPpL), Myceliophthora thermophila (rMtL), Coprinus cinereus (rCcL) and
Rhizoctonia solani (rRsL) were used. Water-soluble uncharged polymers or poly-
mers carrying negatively and positively charged residues were investigated as mo-
dulators. Laccase activity was determined by using N,N’-dimethylamine-4-(4-morpho-
line) benzene (AMB) at pH 5.5 and 25 °C.

The results acquired demonstrate that 50 ppm of uncharged and negatively
charged polymers didn’t influence an apparent bimolecular constant of AMB oxi-
dation in presence of rPpL or rMtL. In contrast, positively charged residues de-
creased the constant 2.5-4.1 times. All types of polymers practically didn’t influen-
ce the activity of rCcL, whereas the activity of rRsL increased or decreased a little.

The correlation of inhibition and isoelectric points of laccases permitted to
conclude that laccases form a complex with positively charged polymers which
inhibit the enzyme and substrate interaction.
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INTRODUCTION

Laccase (benzenediol:oxygen oxidoreductase, EC
1.10.3.2) is a polyphenol oxidase produced prolifi-
cally as an extracellular enzyme by many species of
white-rot fungi [1]. Laccases are multi-copper-con-
taining enzymes that catalyze oxidative conversion
of a variety of chemicals [2]. Laccase couples 4 one-
electron oxidations of the substrates such as phe-
nols, mono-, di-, and polyphenols and aromatic ami-
nes to the irreversible four-electron reduction of dio-
xygen to water. Laccases are widely used in biotech-
nology, environmental engineering and other areas
[3]- The practical application of laccases is associated
with complex systems containing surface-active com-
pounds, polymers and specific salts. However, not
many systematic and comparative studies are avai-
lable on the quantitative interaction of laccases with
these compounds.

The task of the present investigation was to ex-
plore laccase kinetics in presence of water-soluble
polymers. As laccases, recombinant laccase Polypo-
rus pinsitus (tPpL), Myceliophthora thermophila
(rMtL), Coprinus cinereus (rCcL) and Rhizoctonia
solani (rRsL) were used. As polymers, water-soluble
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neutral, negatively and positively charged high mo-
lecular weight compounds were used.

MATERIALS AND METHODS
Reagents

Recombinant laccases from Polyporus pinsitus (rPpL),
Myceliophthora thermophila (tMtL), Coprinus cinereus
(rCcL) and Rhizoctonia solani (rRsL) were hetero-
logously expressed in Aspergillus oryzae and were the
experimental products of Novozymes A/S (Copen-
hagen, Denmark). Laccases were additionally puri-
fied by anion exchange chromatography and were
homogeneous as assessed by SDS-PAGE. Isoelectric
points of laccases were measured also in Novozy-
mes A/S.

N,N’-dimethylamine)-4-(4-morpholine) benzene
(AMB) was synthesized and used as described [4].
Polyethylene glycol (PEG; Mw 40 000) was received
from Ferak (Berlin). Protasan PG 210 (PRT;
chitosan glutamate) was from Pronova (Norway
biopolymer), polyvinylpyrrolidone (PVP) and dextran
T-500 (D500; Mw 500 000) were from Loba Che-
mie (Austria), polyvinyl alcohol (PVA; Mw 100 000)
and hydroxyethyl cellulose (HEC; medium viscosity)
were from Fluka, diethylaminoethyl chloride (DEC)
was from Whatman, biopolymer (BIP; copolymer of
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acrylamide, N-vinylpyrrolidone and ethyl acrylate)
was a product of “Fermentas” (Vilnius, Lithuania),
polyethyleneimine (PEI; Mw 30000-40000) and
poly-L-lysine HBr (PLL; Mw 6000-9000, n = 40—
60) were received from “Serva” (Heidelberg), die-
thylaminoethyl-dextran as chloride form (DED;
Mw 500 000), alginic acid sodium salt (NaA), ficoll
(FIC; Mw 400 000) were from “Sigma”, polyacry-
lic acid (PAA), heparin (HEP), sodium acetate, ace-
tic acid and potassium chloride (KCl) were products
of “Reachim” (Russia).

METHODS

Spectrophotometric measurements were performed
by using a computer-controlled UV/Visible Ultros-
pec II LKB Biochrom spectrophotometer [5]. Con-
centrations of laccases were determined spectropho-
tometrically. The extinction coefficient of rMtL was
134 mM™ cm™ at 276 nm [6], whereas for rPpL,
rRsL and rCcL it was assumed 78 mM™ cm™ at
280 nm [7]. Laccase activity was determined by me-
asuring the cation radical of AMB formation at
604 nm [4]. The kinetics of AMB oxidation was mea-
sured in 0.05 M acetate buffer solution pH 5.5 at
25 °C. The concentration of rPpL was 300 nM, rMtL
-75-80 nM, rCcL - 300 nM, rRsL — 100 nM. The
concentration of polymers was 50 ppm by weight.
This corresponded to 2.5 uM of a polymer with the
molecular weight 20 kDa.

The initial reaction rate was calculated by linear
approximation of an absorbance change during 0-
30s. The dependence of the initial rate on AMB
concentration was fitted by monosubstrate Michae-
lis-Menten equation since the AMB concentration
in the experiments was less than the oxygen concen-
tration. The calculated V__and K_were used for
the apparent rate constants (k_ and k,_=k_ /K )
calculations. In the case when an initial rate (V)
was measured at an AMB concentration less than
K_, the apparent bimolecular constant was calculat-
ed as k= V/[E][AMB].

RESULTS AND DISCUSSION

Catalyzed by rPpL AMB oxidation rate started to
saturate at 0.05 mM of AMB (Fig. 1). An apparent
K was 81 pM and k _was 1.2 uM's™. These valu-
es are similar to wild type PpL [5]. Addition of 50
ppm of DED decreased K_ as well as the maximal
rate (Fig. 1). The calculated k_, however, decreased
only by 6%.

Saturation of AMB oxidation rate catalyzed by
rMtL started at a higher substrate concentration
(Fig. 2). The calculated K was 1.3 mM and k_
41 mM-'s”'. Addition 50 ppm of DED significantly

4

Initial rate, uM/s

100 150 200 250

AMB, pM

Fig. 1. Dependence of rPpL-catalyzed AMB oxidation on
substrate concentration in absence (O) and presence (L)
of 50 ppm of DED. 16 nM of rPpL
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Fig. 2. Dependence of rMtL-catalyzed AMB oxidation on
substrate concentration in absence (O) and presence (1)
of 50 ppm of DED. 75 nM of rMtL

800

increased an apparent K , resulting in k_  decrease
3.8 times.

The ratio of AMB oxidation constants measured
at a fixed (50 pM) AMB concentration is depicted
in Table. It is possible to notice that uncharged
polymers such as HEC, PAA, PVP, PVA, and FIC
practically didn’t change the rPpL-catalyzed AMB
oxidation rate. 50 ppm of PEG little decreased the
rate.

Anionic polymers, i.e. HEP and BIP, didn’t influ-
ence the rate, either. Among the cationic polymers,
DEC didn’t change the rate, but PLL and PEI in-
hibited the rate 2.5 and 4.1 times. DED, PLL, PEI
inhibited the rMtL activity stronger than rPpL, but
other polymers acted as rPpL (Table). In contrast
to rPpL and rMtL, all polymers practically didn’t
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Table. Modulation of laccases activity with water-soluble polymers. Concentration of polymers 50 ppm, pH 5.5,
25°C. Standard error of k_, determination was 8-17%

Polymer | Laccase/ o Laccase/ - Laccase/ - Laccase/ o

pl pl pl pI

- rPpL/3.5 1.0 rMtL/4.2 1.0 rCcL/3.8 1.0 rRsL/7.5 1.0
HEC rPpL/3.5 1.0 rMtL/4.2 1.1 rCcL/3.8 1.0 rRsL/7.5 1.1
PAA - - - - rCcL/3.8 1.0 rRsL/7.5 1.5
PVP rPpL/3.5 1.0 rMtL/4.2 1.0 - - - -
PVA rPpL/3.5 1.0 rMtL/4.2 1.1 - - - -
D500 - - - - rCcL/3.8 1.0 rRsL/7.5 1.3
FIC rPpL/3.5 0.94 rMtL/4.2 0.9 rCcL/3.8 1.05 rRsL/7.5 1.7
PEG rPpL/3.5 0.78 rMtL/4.2 1.0 rCcL/3.8 1.2 rRsL/7.5 1.4
NaA - - - - rCcL/3.8 1.1 rRsL/7.5 1.4
HEP rPpL/3.5 1.0 rMtL/4.2 1.0 - - - -
BIP rPpL/3.5 1.0 rMtL/4.2 1.0 rCcL/3.8 1.1 rRsL/7.5 1.8
DEC rPpL/3.5 1.0 rMtL/4.2 1.0 - - = =
DED rPpL/3.5 0.9 rMtL/4.2 0.26 rCcL/3.8 1.0 rRsL/7.5 0.8
PRT - - - - rCcL/3.8 1.0 rRsL/7.5 1.1
PLL rPpL/3.5 0.40 rMtL/4.2 0.22 rCcL/3.8 0.9 rRsL/7.5 0.8
PEI rPpL/3.5 0.25 rMtL/4.2 0.13 - - - -

influence rCcL activity. The inhibition of rRsL acti-
vity with polymers was more complex. PAA, D500,
FIC, PEG, NaA and BIP increased the rate on ave-
rage by 61%. DED and PLL decreased the rate on
averageby 24%.

Calculated at 50 pM of AMB, k_, in fact, is a
not “true” bimolecular constant, but it represents
the laccase reaction rate with AMB. The reason for
k change is a change of an apparent K . It de-
creased, if K increased, and vice versa. The decrea-
se of k_, as in the case of rPpL and rMtL, indicates
a competitive inhibition with PLL and PEIL It is
possible to suggest that the mechanism of the inhi-
bition is associated with enzyme/polymer complex
formation. The formation of the complex retards sub-
strate interaction with the enzyme. The isoelectric
points (pI) of both laccases are 3.5 and 4.2. There-
fore at pH 5.5 the enzymes carry total negative
charge and the complex is formed by electrostatic
interaction between cationic polymers and a negati-
vely charged globule. Uncharged or negatively charg-
ed polymers do not form a complex. The effect of
polymers on rCcL activity indicates that other fac-
tors than pl determine the complex formation. rCcL
carries out some glucosylated residues [8]. The gluco-
sylation may prevent polymer interaction with the
enzyme globule, therefore all the polymers studied
were inert (Table).

The isoelectric point of rRsL is 7.5. For this rea-
son the action of polymers was quite different in
comparison to the other laccases. Little activation
and inhibition of laccase activity is possibly associat-

ed with formation of week complexes not determi-
ned by electrostatic interaction.

Little influence of DEC on rPpL and rMtL as
well as DED on rPpL activities need special discus-
sion. In water PLL and PEI forms an open structu-
re due to a strong electrostatic repulsion between
the charges. DEC, in contrast, forms a compact
structure due to hydrogen bondings of backborn and
due to a relatively low content of charged groups.
The compact structure possibly prevents the com-
plex formation between the enzyme globule and the
polymer. The stability of the compact structure of
DED is less in comparison to DEC. As a conse-
quence, it forms a complex with tMtL but not with
rPpL, because the rMtL interaction with cationic po-
lymers is stronger.
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LAKAZIU AKTYVUMO MODULIAVIMAS TIRPIAIS
POLIMERAIS

Santrauka

Tirtas rekombinantiniy lakaziy (benzendiol:deguoniné ok-
sidoreduktazé, EC 1.10.3.2) aktyvumas esant tirpiems poli-

merams. Naudotos Polyporus pinsitus (rPpL), Mycelioph-
thora thermophila (tMtL), Coprinus cinereus (rCcL) ir Rhi-
zoctonia solani (rRsL) lakazés. Vandenyje tirpls neutralis
polimerai ar polimerai, turintys lickanas su neigiamu ar
teigiamu kriviu, tirti kaip moduliatoriai. Lakaziy aktyvu-
mas buvo nustatomas naudojant N,N’-dimetilamino-4-(4-
morfolino)benzena (AMB), kai pH 5,5 ir 25 °C.

Gauti rezultatai rodo, kad 50 ppm polimero, turincio
neutraly ar neigiama kriivj, nedaro jtakos tariamajai bi-
molekulinei AMB oksidacijos konstantai esant rPpL ar
rMtL. PrieSingai, teigiama kriivi turincios liekanos mazi-
na konstanta 2,5-4,1 karto. Visy tipy polimerai praktiskai
neveikia rCcL aktyvumo, tuo tarpu rRsL aktyvumas tru-
puti padidéja ar sumazéja.

Koreliacija tarp inhibicijos ir lakaziy izoelektriniy tas-
kuy reikSmiy leidzia daryti prielaida, kad lakazés sudaro
kompleksus su teigiama kriivi turinciais polimerais, kurie
ir inhibuoja fermento ir substrato saveika.



