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Abstract

Possible binding sites of lignin peroxidase (LiP) for veratryl alcohol (VA) were investigated by determining the reactivity
of three different chemically modified LiPs against VA when acting (i) as a reducing substrate, (ii) as a rescuing reagent for
the rapid conversion of LiPItIback to native LiP, and (iii) as an enzyme-bound redox mediator. The enzyme was chemically
modified to alter its surface properties by 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC) in the presence and the
absence of 2-aminoethanesulfonic acid to introduce sulfdNaacl/lurea groups instead of carboxylic groups, respectively. LiP
was also modified biN-bromosuccinimide (NBS) to yield Trp-modified enzyme. The spectral characteristics and compound
| formation rates of modified LiPs were identical to those of unmodified LiP. The activities for VA oxidation by modified
LiPs were significantly reduced but with almost unchanged pH dependencies. Several other substrates including phenolic,
anionic, and polymeric substrates were also utilized to characterize the activity of the modified enzymes. Kinetic analysis of
these reactions strongly suggests that LiP has at least two substrate oxidation sites, one is Trp 171 for VA oxidation and the
other is for anionic substrate oxidation. For VA-supported oxidation of ferric cytochromet)Ghe VA binding site was
estimated to be the same as that of VA oxidation.

The reactivities of chemically modified LiPs with excesgQd were investigated, indicating the formation of compound
III* species. Compound Hispecies of EDC-LiP and unmodified LiP were converted back to ferric enzymes by adding VA.
However, there was a reduced recovery of ferric NBS—LiP, suggesting that the VA binding site for VA-derived rapid reversion
of compound IIf is located at a different site from that for VA oxidation. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction the distal heme pocket near the hedwesoedge
[32], and the other is Trp 171 located on the protein
Lignin is the most abundant renewable aromatic surface, which is hydroxylated during the catalytic ac-
polymer, and is known as one of the most recalcitrant tion [33,34]. Furthermore, recent reports claimed that
biomaterials on Earth [1,2]. Its degradation plays a key LiP might possess more than two substrate binding
role in the carbon cycle of the biosphere [2—6]. Only sites [19,33]. In previous works, recombinant LiPs
white-rot basidiomycetes are responsible for the com- expressed ifcscherichia coliwere utilized; however,
plete mineralization of this polymePhanerochaete  wild type recombinant LiP showed a different pH
chrysosporiumthe best-studied white-rot fungus, se- dependency for VA oxidation than fungal LiP. In this
cretes two heme peroxidases, lignin peroxidase (LiP) study, we utilize three types of chemically modified
and manganese peroxidase under ligninolytic condi- LiPs to investigate VA binding sites during: (i) its
tions [3—6]. Thus, these enzymes are believed to be oxidation; (ii) the reaction with compound Tl (iii)
involved in triggering lignin biodegradation. the reaction with C&. VA most likely binds near
Nucleotide sequences of a number of LiP cDNA Trp 171 during its oxidation and while acting as an
and genomic clones [6-9] and crystal structures of enzyme-bound mediator for €t oxidation. A dif-
LiP [10-12] have demonstrated that important per- ferent binding site was suggested; however, when it
oxidase catalytic residues, including the proximal reacted with LiPIIf to form native LiP.
and distal His, the distal Arg, and an H-bonded Asp
to proximal His, are all conserved. Therefore, LiP
shares many structural and mechanistic features with 2. Materials and methods
other peroxidases, yet it has several unique properties
[3-6,13-15]. The enzyme catalyzes the one-electron 2.1. Proteins
oxidation of nonphenolic aromatic compounds with a
high redox potential through the formation of a sub-  LiP isozyme 2 (H8) was isolated from the extra-
strate cation radical [16,17]. LiP can directly interact cellular culture medium oP. chrysosporiun{ATCC
and oxidize polymeric substrates such as lignin and 34541) and purified to electrophoretically homoge-
ferrous cytochrome ¢ (G¢) via a long-range elec- neous as previously described [22]. Horseradish per-
tron transfer [18,19]. On the other hand, the oxidation oxidase (HRP) (Grade IC) and &c(horse heart) were
of ferric cytochrome ¢ (Ct") is strictly dependent  purchased from TOYOBO and Wako Pure Chem.,
on the presence of veratryl alcohol (VA) as a cofactor respectively, and used without further purification.
[20]. In addition, the ready formation of LiPIll species RZ values of LiP and HRP were 5.0 and 3.1, respec-
occurs with considerably less,B, than is required tively. Cct was prepared by adding excess sodium
with other peroxidases [21-23]. This compound Il dithionite to C&* in argon-saturated water. Excess
species is irreversibly inactivated in the presence of sodium dithionite was removed by gel filtration on a
excess HO, via the intermediate formation of com- Sephadex G-25 eluted with argon-saturated water as
pound Il species, yet it can be converted back to previously described [18]. LiPIl was prepared by
the native enzyme by addition of tHe chrysospo-  adding 50 eq. KO, to ferric LiP in 20 mM succinate,
rium secondary metabolite VA to LiP 1[21,22,24]. pH 3.0 [22]. Spectroscopic and kinetic measurements
Besides acting as a reducing substrate, multiple roles of LiPIlI * were initiated 1 min after kD, addition.
of VA in the LiP catalytic mechanism have been
suggested [3-6,14,16—-27]. Among them, the most 2.2. Chemicals
controversial argument is also found in the role of

VA for the oxidation of recalcitrant substrates by LiP
[25-27]. Once widely accepted VA cation radical

mediation mechanisms are now questionable [28—31].

Recently, two distinct VA binding sites were pro-

1- Ethyl- 3- (3- dimethylaminopropyl)carbodiimide,
hydrochloride (EDC) was purchased from Dojindo.
2-Aminoethansulfonic acid (AES) and-bromosuc-
cinimide (NBS) were obtained from TCI. VA was

posed using the site directed mutagenesis techniquepurchased from Aldrich and purified using preparative

[32,33]. One is Glu 146 located on the entrance of

HPLC equipped with an Inartsil PREP-ODS column
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(GL Science Inc.). The 2,Azinobis-(3-ethylbenz-
thiazoline-6-sulfonate), ABTS and hydrogen peroxide
(30% aqueous solution) were obtained from Wako
Pure Chem. KO, stock solution was prepared daily
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(quinone dimer formation) was determined using
Ag4g90f 49.6 mM1cm~1 [38]. The rate of C&" ox-
idation (C&* formation) was determined usirtggsss
of 18.7mM1cm1 [39]. The rate of T oxidation

and the concentration was determined as previously (triiodide formation) was determined usintgess3 of

described [35]. All other chemicals were reagent

25.5mM-1cm™1 [35]. The rate of ferrocyanide oxi-

grade. Solutions were prepared with deionized water dation (ferricyanide formation) was determined using

obtained from Milli Q (Millipore) system.
2.3. Chemical modification of lignin peroxidase

An EDC aqueous solution (pH adjusted at 5.5 with
HCI) was prepared immediately prior to use. The
reaction mixture consisted of 3.M LiP and 25 mM
EDC. After a 3h incubation, EDC modified LiP
(EDC-LiP) was recovered using Sephadex G-25 col-
umn chromatography. A sulfo group was introduced
to make sulfonated LiP (S-LiP). The reaction mixture
consisted of 3.Q.M LiP, 0.5M AES, and 25 mM EDC
(pH 5.5). After a 3h incubation, S-LiP was recovered
using Sephadex G-25 column chromatography.

NBS was recrystallized from water. An NBS stock
solution (5mM) was prepared immediately prior to

Aggp0 of 1.02mM1cm? [40]. The rate of ABTS
oxidation (ABTS radical cation formation) was deter-
mined usingAe41s of 36.0mM-1em=1 [41]. Kiy and
kcat Values were determined fromLaneweaver—Burk
plot of the data.

The oxidation reaction of G¢ was performed as
previously described [20]. The reaction mixture con-
tained 1QuM Cc3*, 30 nM enzyme in the presence of
VA (0, 0.5, 1.0, 2.0, and 4.0mM) in 20mM sodium
succinate, pH 3.0. The reactions were initiated by
adding 0.1 mM HO,. The rate of C& oxidation was
determined by following the decrease in absorbance
at 408 nm, the Soret maximum.

2.5. Transient-state kinetic measurement

use. NBS—LiP was prepared as previously described Kinetic measurements were conducted using the

[34] with slight modification. The reaction mixture
contained 3..M LiP and 50mM NBS in 50 mM

Photal RA 401S Rapid Reaction Analyzer (Otsuka
Electronics Co. Ltd.) equipped with a 1 cm observation

sodium acetate buffer, pH 4.0. After 30 min incuba- cell at 25-0.5°C. One reservoir contained the enzyme
tion, NBS—LiP was recovered using Sephadex G-25 (2 M) in water, while the other reservoir contained
column chromatography. The concentrations of all H,O, (40-160uM) in a succinate buffery = 0.08).
modified enzymes were calculated using an extinction LiPI formation was monitored at the isosbestic point
coefficient of 133mMIcm=! at 406.7nm for un-  between LiPI and LiPIl [42]. The pseudo-first-order
modified LiP [36] since no spectral shift was observed rate constants were determined by a nonlinear
upon any modifications described above. least-squares computer analysis of exponential traces.

2.4. Steady-state kinetic measurement
3. Results

Initial oxidation rates were spectrophotometrically
determined using a Perkin-Elmer Lambda 19 spec- 3.1. Chemical modification of LiP
trophotometer at room temperature. All steady-state
kinetic experiments were performed in 20 mM sodium  Three chemically modified LiPs were prepared.
succinate buffer, pH 3.0 except for €t oxidation EDC is known as a carboxylate modification reagent,
performed at pH 4.0 because the LiP oxidation rate introducing a bulky N-acylurea substituent which
of Ct in the absence of VA has been reported to be carries a tertiary amino group [43]. Thus, the sur-
optimal at pH 4.0 [18]. The reactions were initiated face charge properties of the enzyme are altered in
by adding 0.1 mM HOso. EDC-LIP. In the presence of excess AES during EDC

The rate of VA oxidation (veratraldehyde formation) treatment, activated ester intermediate has been known
was determined using ez of 9.3mMtcm=1 [37]. to react with the amino group of AES, resulting in the
The rate of 2,6-dimethoxyphenol (DMP oxidation introduction of the sulfo group [44]. Therefore, S-LiP
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Scheme 1. Procedures for chemical modification of LiP.

carries sulfo groups instead of carboxyl groups. Ac-
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Fig. 1. Effect of [EDC] on LiP &) and HRP @) reactivity.
Reaction mixture contained LiP (30nM) and VA (0.5mM) in
20mM sodium succinate, pH 3.0 or HRP (15nM) and DMP
(0.5mM) in 50 mM sodium malonate, pH 6.0. The reactions were
initiated by adding HO» (0.1 mM). Inset shows the absorption
spectra of unmodified LiP (dashed line) and EDC-LIP (solid line).

3.0 to 6.0. Three different types of chemically modi-
fied LiPs utilized in this study exhibited very similar
pH dependencies for VA oxidation to unmodified LiP
(Fig. 2). Basically, the lower the pH, the higher the

tually, ion-exchange chromatography and isoelectric activity.
focusing revealed that EDC-LiP possesses a much
higher g than S-LiP (data not shown). Scheme 1 33 Steady-state kinetics

summarizes the substitutions occurred during chem-
ical modification of LiP using EDC in the present
study. NBS is a well-known Trp modification reagent
[34,45].

Upon the treatment of LiP with EDC, the VA ox-
idation activity was reduced (Fig. 1). The decrease of
LiP activity was saturated at an EDC concentration
of 25 mM. Thus, 25 mM EDC was utilized to prepare
EDC-LIP in this study. On the other hand, under
the same preparation conditions, the DMP oxidation
activity of HRP was not affected (Fig. 1). In a simi-
lar manner, the conditions to cause the saturation of
activity reduction were determined for preparing S-
and NBS-LiP. Chemically modified LiPs exhibited
an identical Soret and visible absorptions to those
of unmodified native LiP. Spectra of EDC-LIP and
native LiP are shown in the inset of Fig. 1.

3.2. Effect of pH on the activity of modified LiPs

The effect of pH on VA oxidation activity of EDC-,
S-, and NBS-LiP was investigated at pH ranging from

Steady-state kinetics of VA oxidation by unmodi-
fied and modified LiPs were investigated. The kinetic
parameters are presented in Table 1. HKg/Km
values of EDC- and NBS-LiP were10% of that

nmol /s / umol enzyme

3.0

5.0 6.0

pH

Fig. 2. The pH dependence of VA oxidation by unmodifid)(
EDC- (A), S- (#), and NBS-LiP H). Reaction mixtures con-
tained enzyme (30 nM), VA (5 mM) andJ®, (0.1 mM) in sodium
succinate g = 0.04).
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Table 1 T T T
Steady-state kinetic parameters of VA oxidation by chemically
modified LiP$ £\
\
K for keat (57 kealKn g [
VA (uM) (pnyl S—l) = Y 0.01 Abs
x 103 8 4
Unmodified LiP 110 13.0 118.0 g '
NBS-LiP 314 3.9 12.4 g
EDC-LiP 680 6.4 9.4 2 W
S-LiP 370 12.0 32.4 < M
‘ Nw"”‘lh‘ W,\,\L’\/\M,M}Yﬁ,;w vt
2Reaction mixture contained enzyme (30nM native LiP,
100nM NBS-LiP, 70nM EDC-LiP, 34nM S-LiP), VA 0 50 . 100 150 200
(25-2000uM), and HO; (0.1 mM) in 20 mM succinate, pH 3.0. Time (ms)

Fig. 3. Time course for the reaction of EDC-LiP and®4. Re-
actions were followed at 397 nm. One reservoir contained enzyme

observed for unmodified LiP. Th&,, for VA of (2 M) in water, and the other reservoir containeg@ (60 mM)
S-LiP was 3.4-fold higher than that of unmodified " Sedium succinate, pH 3.Q(= 0.08).
LiP, whereas thd.t was almost the same. _

Besides VA, several other substrates, ABTS, DMP, 3-4. Compound | formation rate
ferrocyanide, Kl and C¢" were utilized to evaluate
the effect of chemical modification on LiP catalytic ~ Fig. 3 shows the time course of the change in
actions. Likewise, the catalytic activities of all three absorbance at 397 nm, which was caused after the
modified LiPs against DMP and €t were reduced  addition of HO, to EDC-LiP. The curve exhibits
compared to that of unmodified LiP (Table 2). Onthe a single exponential character, from which the
other hand, the behavior against anionic substratesPseudo-first-order rate constamtds) for compound
was different. Decrease amounts for bxidation | formation was determined. The plots ks versus
activities of the modified LiPs over unmodified LiP [H202] are linear with zero-intercept for either EDC-,
were much smaller compared to those against the NBS-LiP or unmodified LiP (Fig. 4). Thus, compound
other substrates, such as VA and DMP. Further- | formation rates of EDC-LiP (6 x 10°M~!s™1)
more, against ABTS and ferrocyanide, EDC- and and NBS-LiP (3 x 10°M~!s™1) were almost iden-

NBS-LiP shows higher activities than unmodified LiP  tical as that of unmodified LiP (8 x 10°M~1s™1)
(Table 2). and these values were similar to the values previ-

ously reported for two LiP isozymes [42,46]. At pH

Table 2 50 T - /:
Relative activities for the oxidation of various reducing substrates 40 - //fﬁ?’ i
by modified LiPs = /{////
Substrate® Relative activity (%) % 30 47// 7
Kol 7
NBS-LiP EDC-LiP S-LiP S 207 e I
Y
ABTS 213.0 157.0 57.3 101 1
Kl 69.4 73.0 77.9 0 . . L L
Fe(CN) 131.0 245.0 69.2 0 20 40 60 80
VA 105 8.0 27.0 .
DMP 77 441 34.3 H202 concentration (uM)
cet 15.7 27.4 27.9 _ 4 ) ,
Fig. 4. Plot ofkyps against HO, concentration for the reaction
aSubstrate used was 5—d for ABTS, 0.75-7.5mM for K, of unmodified @), EDC- (A), and NBS-LiP W) with H,O5.
12.5-25QuM for ferrocyanide, 25-200QM for VA, 15-500puM The experiment was conducted as described in Fig. 3 at various
for DMP, and 15-7%M for Cc?t. [H202]. Each determination oKkgps is the mean of five traces.

b (kcaKm) of modified LiP/keafKm) of unmodified LiPx 100. Lines are a linear lease-squares fit of the data.



54

T. Johjima et al./Journal of Molecular Catalysis B: Enzymatic 17 (2002) 49-57

3.0 and 6.0, the rates were almost the same within Table 3

experimental error (data not shown).

3.5. Compound Ifi of modified LiP and their
behavior against VA

The addition of 50 eq. ks to ferric form of EDC-
and NBS-LIiP resulted in the formation of compound
[lI* species with Soret peak at 419 nm and visible

peaks at 543 and 578 nm (Fig. 5). Upon the addition of

VA (0.35 mM), the immediate recovery of ferric form
was observed with EDC-LiP and unmodified LiP. Re-
covery of ferric enzyme 2 min after VA treatment was

58.2 and 63.9%, respectively. In contrast, recovery of

ferric enzyme was only 24.8% with NBS—LiP (Fig. 5).

3.6. CS* oxidation by modified LiP
in the presence of VA

The effect of the chemical modification on LiP
oxidation of Cé+ was determined. With all mod-
ified LiPs, the decreased amount of VA oxidation
activity caused by modification was parallel to that

0.03
unmodified } . unmodified

0.02

0.01

0.02

0.01

Absorbance

0.02

0.01

500

460
Wavelength (nm)

600

Fig. 5. Formation of Compound Hispecies by adding D, to
ferric modified and unmodified LiPs and their reversion back to
ferric forms by adding VA. Spectra were recorded before (dotted
line) and after (dashed line) the addition of 50 egCd in 20 MM
sodium succinate, pH 3.0. After 1 min incubation with®3, VA
(350.M) was added and 2 min later, spectra were recorded (solid
lines).

Relative activities (%) of Ct and VA oxidation by modified
LiPs?

[VA] NBS-LiP EDC-LiP S-LiP

mM

(mM) VAP CSte VA Cc3t VA Cc3+
0.5 116 195 125 143 46.1 294
1.0 138 116 151 141 59.0 375
2.0 147 132 196  17.6 67.0 458
4.0 152 140 239 212 69.6  50.7

2 (Activity of modified LiP/Activity of unmodified LiP)x 100.

bVA oxidation at the concentration indicated.

¢ Ferric cytochrome c oxidation in the presence of VA at the
concentration indicated.

of VA-supported C& oxidation activity (Table 3).
Especially, with EDC- and NBS-LiP, the relative ac-
tivities for VA oxidation and C& oxidation were
almost identical. But with S-LiP, the relative activities
for VA oxidation were always higher than that for
Cc3t oxidation by 20 points (Table 3).

4. Discussion

It was recently reported that VA oxidation activities
of Glu 146 mutants were reduced to 50% of wild
type recombinant LiP [32] and that Glu 146 is located
at the entrance of the distal heme pocket, which is
close to thed>-mesoedge of the heme [11]. This edge
has been thought to be the oxidation site of phenolic
substrates in HRP [48]. Then, Ambert-Balay et al.
proposed that Glu 146 may play a central role in
VA oxidation [32]. On the other hand, Doyle et al.
proposed Trp 171, located on the protein surface and
11 A apart from the heme vinyl group, as a VA ox-
idation site, based on their observations that W171S
and W171F mutants totally lost their VA oxidation
activities [33]. They also reported that thgy values
of these mutants for the oxidation of ABTS and 4-
[(3,5-difluoro-4-hydroxyphenyl)azo]benzene-sulfonic
acid, which are anionic substrates, were comparable
to those of wild type recombinant LiP. Combining
these observations, they claimed that LiP might pos-
sess two substrate binding sites, one for VA and the
other for anionic substrates [33]. More recently, we
reported that LiP possesses a lignin binding site at His
239 on the protein surface where lignin is oxidized by
one electron via a long range electron transfer [19].
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However, this residue is located at the entrance of the
heme distal pocket [11]. Therefore, compound | for-

substrates for LiP [3-6]. VA has been proposed as a mation rate should be simultaneously affected, since

rescuing reagent to protect LiP fromy8,-derived
inactivation [21,22]. Furthermore, VA was once re-
ported as a diffusible radical mediator involved in
the oxidation of recalcitrant substrates which are not
directly oxidized by LiP [25]. Recently, the oxidation
of Cct was reported to be strictly dependent on the
presence of VA as an enzyme-bound redox media-
tor [20]. Thus, it is not difficult to assume that VA
plays a key role in LiP catalytic action. In the present
work, we attempted to obtain the information on VA
binding sites for a series of reactions involving VA as
described above. Instead of LiP mutants, chemically
modified LiP was utilized here, since wild type recom-
binant LiP expressed iR. coli exhibited different pH
dependencies for VA oxidation from fungal wild type
LiP [32]. Three types of chemically modified LiPs
utilized in this study exhibited very similar pH depen-
dencies for VA oxidation to unmodified LiP (Fig. 2).

4.1. VA oxidation mechanism

VA oxidation activity was remarkably reduced by
chemical modification using EDC which is known
as carboxylic group modification reagent. Whereas,
HRP oxidation of DMP was not affected by EDC
modification (Fig. 1), strongly suggesting that the en-
vironment of substrate binding sites and/or electron
transfer routes of LiP are different from those of HRP.
The binding site of aromatic compounds in HRP has
been well characterized using chemical modification
[48], NMR spectroscopic [49], and X-ray crystallo-
graphic [50] techniques, indicating that it is found in
the vicinity of heme 8-methyl and-mesocarbons.
Recently, the crystal structure of HRP was determined
[51], showing that no acidic amino acid is present in
this region.

In the vicinity of Trp 171 proposed as a VA binding
site for LiP [33], three acidic amino acid residues,
Glu 168, Glu 250, and Asp 264, were found on the
protein surface [11]. If these residues are modified by
EDC, the accessibility of VA to Trp 171 should be
decreased and oxidation activity would consequently

a bulky N-acylurea (GH1sN3) is introduced to Glu
located at the heme access channel. In addition, if an
opposite charge (tertiary amino group) is introduced
to carboxylate of Glu near the heme, the absorption
in the Soret and visible regions should be affected.
However, identical spectra and compound | formation
rates were obtained upon chemical modification us-
ing EDC (Figs. 1 and 4). These observations strongly
suggest that Glu 146 is hardly modified under the
conditions utilized in this study. Then, it is concluded
that Trp 171 is the most favorable candidate for a
VA binding site. Reduced activity observed with
NBS-LIiP itself may indicate Trp as a VA binding
site, since NBS is a Trp modifying reagent [34,45].
Although NBS is also known to react with Tyr, Met,
Cys and His [45], still the observation with NBS—LiP
(Table 1) strongly suggests the involvement of Trp
residue in VA binding as previously discussed [34].

The keat Of S-LiP for VA oxidation was almost the
same as that of unmodified LiP. On the other hand,
the kqat of EDC—LIP, in which the same amino acids
should be modified as S-LiP, was one half of un-
modified LiP. Opposite charges were introduced into
those enzymes. In EDC-LIP, tertiary amino groups
are theoretically introduced, whereas sulfo groups
are introduced into S-LiP [44]. This result may be
indicative of the important role of the anionic charges
in VA oxidation by LiP. It has been suggested that
a LiP-bound VA cation radical might be more stable
than an enzyme-free form and that the stabilization of
VA cation radical might be due to the acidic microen-
vironment at the enzyme active site [52]. Our finding is
in agreement with the hypothesis. Before concluding
this, however, further study is required to obtain
more solid evidence for the enzyme-bound VA cation
radical.

The importance of surface carboxylate residues
of cytochrome ¢ peroxidase for €c binding has
been reported [53,54]. If this is also true in LiPACc
complex formation, the data shown in this study is
of interest. The extents of activity reductions for
Cct oxidation by EDC- and S-LiP were the same

be reduced. Glu 146 which was also proposed as a VA (Table 2). Since EDC- and S-LiP possessed opposite

binding site [32], could be modified by EDC treat-
ment, causing the reduction of VA oxidation activity.

charges on the surface, these results may suggest that
carboxylate modification mainly inhibits the electron
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transfer rather than a complex formation between
Cct and LiP oxidized intermediate.

4.2. Reaction of VA with compound*ll
of modified LiP

T. Johjima et al./Journal of Molecular Catalysis B: Enzymatic 17 (2002) 49-57

role of VA in this reaction was proposed to be a
protein-bound redox mediator [20]. The oxidation
reactions of C&" were also observed in all modified
LiPs only in the presence of VA but the reactivities
were reduced, compared to unmodified LiP (Table 3).
The similarity of the decrease extent of coxida-

It has been shown that in the absence of a reducingtion in the presence of VA and that of VA oxidation

substrate, LiP readily forms LiPlll in the presence
of considerably less $D; than is required for other
peroxidases and that LiPlll also reacts with®4,
resulting in irreversible inactivation via the interme-
diate formation of LiPIIf [21,22,24]. Furthermore, it
has also been shown that LiPilis rapidly converted
to ferric LiP by the addition of VA [21-24]. Com-
pound IIF* species were also obtained with EDC- and
NBS-LiP after adding 50 eq. 40, to ferric forms.
Those spectra were almost identical to LiPldlerived
from unmodified LiP (Fig. 5). Again, the modification
of LiP was shown not to cause a change in reactivity
with H>O» as seen in compound | formation (Fig. 4).

Upon the addition of VA, LiPIIt species were con-
verted to ferric forms, but with different extents of in-
activation. From EDC-LIiP and unmodified LiP, 58.2
and 63.9% recovery of ferric forms over starting fer-
ric enzymes were obtained, respectively. In contrast,
from NBS-LiP, only 24.8% recovery was observed
(Fig. 5). However, VA oxidation activities of EDC-
and NBS-LiP were almost the same; furthermore,
their reactivities were only-10% of unmodified LiP
(Table 1), indicating that VA-derived rapid conversion
of LiPIllI* back to native LiP does not require a VA
oxidation step. A difference in the recovery efficiency
of compound It of EDC- and NBS-LiP suggests that
the VA binding site for LiPIIF conversion reaction is
most likely different from that for its oxidation. For
LiP1ll1* reversion, VA binds to the site which is not
modified by EDC but modified by NBS. It is known
that NBS reacts with Tyr, Met, Cys and His besides
Trp, but LiP has no free Cys and no Tyr. Therefore,
Met and/or His on the protein surface or their vicinity
are possible candidates for the VA binding site which
is involved in the rapid LiPIl conversion reaction.

4.3. Reaction of modified LiP with €t

Recently, Sheng and Gold reported that LiP is
capable of oxidizing of Ct" and that this reaction
is strictly dependent on the presence of VA. The

was observed with every modified LiPs (Table 3).
EDC- and NBS-LiP exhibited the almost identical
relative activities for C&" and VA oxidations, sug-

gesting that the binding site of VA is most likely the
same when acting as a reducing substrate and as a
protein-bound mediator during €t oxidation.

5. Conclusion

The binding site of VA was investigated by deter-
mining the reactivity of three different chemically
modified LiPs against VA acting as: (i) a reducing
substrate; (ii) as a rescuing reagent for the rapid
conversion of LiPIIf back to native LiP; (iii) as an
enzyme-bound redox mediator. As previously pro-
posed [19,33], LiP likely possesses more than two
substrate binding sites for VA. VA probably binds to
Trp 171 or its vicinity as a reducing substrate and as
an enzyme-bound mediator. It is also strongly sug-
gested that VA binds to a different site when it reacts
with LiPIIl* for the reversion reaction. One of the
reasons, which make the determination of a VA bind-
ing site difficult, is that there are very few inhibitors
reported which cause typical and classical inhibition
patterns such as competitive and noncompetitive in-
hibition. A search for such inhibitors has been carried
out and a series of inhibitory studies are now under
way. Furthermore, LiP mutants which exhibit the
same reactivity with KO, as wild type LiP are def-
initely required for further determination of substrate
binding mode. Such studies are also underway.
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