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Cellobioserquinone oxidoteductase (CBQuse) in the presence of cellobiose inhibits peroxiduse-estalyzed oxidation of iedide ta (riiadide (1, This
inhibitien {s du¢ to the tvo-electron reduction of [, by CBQase. The apparent K, of I~ for this reuction ix 120 M and the specific activity
is $7 pmel min=t-mg-'. A proposed mechanism for 1, reduction by CBQuse involves initial reduetion of the flavin moicty by eclloblose to produce
n dihydroflavin. This is follewed by the substitution of ane of the {odine atoms of 1, = at the C(aa)-position of dihydroavin ta gencrate C‘(dn)
. isdedihydroflivin and two iodide ions, The C{da)- immdihydmﬁm in climinates HY to regenerate the oxidized TBQuse.

Cellabiose:quinone oxidoreductase; Cellobiose; Tritodide: Peroxidase: Flavodehydrogenase, Phanericharte chrysasporivm

1. INTRODUCTION

White-rot  basidiomycetous  fungi are the only
organisms known to be capable of degrading both
lignin and cellulose to: CO; and H:O [1,2]. Cellulose-
degrading cultures of the white-rot  fungus
Phanerochaete chrysosporium produce two extra-
cellular oxidative enzymes, cellobiose:quinone oxido-
reductase (CBQase) and cellobios¢ oxidase, in addition
-to cellulases [3,4]. Both enzymes oxidize cellobiose to
cellobionolactone. CBQase is a flavoenzyme and re-

quires a quinone for activity (3], whereas cellobiose ox-

idase is a hemoflavoenzyme and apparently requires Oz

as a substrate [4]. CBQase reduces quinones to hydro-

quinones in the presence of cellobiose [3]. Ligninolytic
cultures of P, chrysosporium produce two extracellular
peroxidases, lignin peroxidase (LiP) and ‘manganese
peroxidase (MnP) [1,2,5-7]. CBQase, it the presence of
cellobiose, inhibits peroxidase-catalyzed decarboxyla-

tion of vanillic acid and LiP-catalyzeéd oxidation of -

3,4-dimethoxybenzyl alcohol and polymerization of
kraft lignin [8]. Ander et al. have proposed that
CBQase inhibits these reactions through the reduction
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of phenoxy and aromatic cation radical intermediates
[8]. However, Odier et al. have suggested that CBQase

- does not reduce phenoxy radical intermediates {9]. The

mechanism of CBQase inhibition of pclomdasc reac-

‘tions requires further study.

Peroxidase reactions involve initial oxidation of the
native enzyme by H,Os to produce compound 1 which
has two oxidizing equivalents more than the native en-
zyme {10]. Donation of an electron from a substrate
such as a phenol, reduces compound I to Il, and the ad-
dition of a second electron to compound Il regerierates
the native peroxidase {10]. CBQase inhibition of perox-.
idase reactions requires cellobiose, and this suggests the
involvement of reduced CBQase [8]. Electron transfer
from the reduced CBQase to peroxidase compound 1
and IT would also inhibit peroxidase reactions because
the peroxidase infermediates would not be available for
substrate oxidation. Such a mechanism will inhibit all
peroxidase reactions including the reactions that do not
produce radical intermediates. To test this suggestion,
we studied the effect of CBQase on the peroxidase-
catalyzed oxidation of iodide to I3 7, which apparently
involves only jonic rather than radical intermediates

~[11]. CBQase, in the presence of cellobiose inhibited

iodide oxidation. However, this inhibition appears to
be due to the two-electron reduction of I3~ by CBQase
and not due to the reduction peroxxdase compound 1
and 1I. :

2. MATERIALS AND METHODS

2.1 CBQase
P. chrysosporivm strain OGC101 was grown with cotton hmers (10
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Y in agitated ¢ulturey as tlewribed previously [12). CBQaxe wats
puriftied 1o homogencity from the extraceliular medium by o pro-
¢édure invelving ammonium suifate precipitation, DEAE-Sephadiex,
phenyl  Sephurose,  Sephaeryl  8-200 and  Mene-Q (FPLOY
cheomatographic procedures (Bae and . Renganathan, unpeblished
rexilisd. Specific activity of CBQase with dichlorophensl-lndophenot
(DCPIPY iy an electron aceepror wis 8 Lhomy ™',

2.2 Peroxiduses

LiP and MaP were puellied from the extracellular medium. of
lignin-degrading cultures of P, chrysosparium as described previeusly
6,2,13,14]. HRP type VI was purehﬁied from Sigra Chemical Co.
{St. Louu MO)

2.3 Enzyme assayy:

CRQase was asyayed with t.c-llabmse (100 xM) and DCPIP (28 uM)
at 815 nm (e= 6.8 mM ~ ' om ™ '), in 20 mM succinate buffer, pH 4.8
{12}, LiP activity was determined with 3,4-dimethoxybenazyl aleohel
and Oy, at 310 .am [5.6]. MnP activity was assayed with
2,2 -azinobis(3-ethylbenzothinzoline-6-3uifonic acid) (ABTS) and
Hi0:z, at 415 nm in 20 mM lactate, pH 4.5 {7).

2.4, lodide oxidation and trilacide reduction

Peroxidase-catalyzed oxidation of iodide, and CBQase-catalyzed
reduction of [ 7 were monitored by following the absorbance changes
at 355 nm {11). Peroxidase assays contained jodide (1 mM), Ha02 (100
uM) and celiobiose (100 kM), when required. CBQase assays contain-
ed cellobiose (100 uM), h™ (50 M), and lodide (950 uM). All the
reactions were performed in 20 mM succinate buffer, pH ‘4.5,
Triiodide solutions were prepared by dissolving iodine in potassium
iodide solution with the aid of ultrasoniecation (30-120 g),

Kinctics of CBQase reduction of 1, were performed at a fixed con-
centration of cellobiose (100 uM) and ioding (50 uM) and at varying
concentrations of 1y ™ solutlon (5 uM iodine in 2.5 M iadide solution).
Km and Ve were determined from double reciprocal plets of the
substrate concentration (Ih™) versus the initial velocity.

3. RESULTS AND DISCUSSION

CBQase is a flavin-dependent dehydrogenase present
in the extracellular: medium of cellulose-degrading
cultures of the white-rot - basidiomycete : P.
chrysosporium [3]. CBQase oxidizes cellobiose to cello-
bionolactone in the presence of electron acceptors such
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as quinones and DCPIP [3,12). Peroxidases such as
HRP, LiP, and MnP oxidize iodide to I1~ in the
presence of Ha0, ([11,13], Valli and Gold, unpublished
results). In this reaction, iodide reduces compound I by
two electrons 1o produce the native peroxidase and
hypniodous acid or an iodonium ion (HOI
S=OH™+[") [11]. The latter complexes with two
equivalents of iodide to yield Iy~. CBQase, in the
presence of cellobiose, inhibited the LiP-, MnP-, and
HRP-catalyzed oxidation of iodide (Fig. 1). The initial
velocity and the total [,” formed. in the reaction
decreased. CBQase or cellobiose alone did not cause
any inhibition. The level of inhibition was dependent on
both CBQase and cellobiose. CBQase, in the presernce
of cellobiose, also reduced chemically prepared Ix”.
The pH optimum for this reduction was 4.5, which is
similar to that of the CBQase reaction with quinone or
DCPIP as electron aceceptors (3,12]. The ratio of
cellobiose oxidized to 13~ reduced was 1:0.8. These
findings suggest that CBQase inhibits peroxidase-
catalyzed iodide oxidation by reducing [x~ by two elec-
trons (Ia~ + 2e” —3I7). The reducing equivalents are
obtained by oxidizing cellobiose. The apparent K of
I+~ forthis reaction was 120 uM, and the specific activi-
ty for I3~ reduction was 57 gmol - min~' . mg™'.

137 is an oxidant and the redox potential for two-
electron reduction of Iy~ is 0.54 V [16], Two-electron
reduction of "I~  vyields three jodide ions
(I3~ +2e~#317), The redox potentials of flavoen-
zymes range from ~0.45Vto +0.15V [17]. Since I~
is at a higher potential compared to the flavin, electron
transfer from the reduced flavin to I3~ will be favored.
Fig. 2 presents a possible mechanism for Is ™~ reduction
by CBQase. It involves substitution of one of the iodine
atoms of I~ at the C(4a)-position of the reduced flavin
and elimination of the other two iodine atoms as iodide
ions. The C(4a)-iododihydroflavin intermediate is

20+

Total Trilodide Product (%)
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CBQase/Peroxidase (u/u)

Fig. 1. CBQase inhibition of peroxidase catalyzed oxidation of iodide to triiodide (137) in the presence of cellobiose: (a) Inhibition of initial
velocxty, (b) Decrease in total 13~ product formed. One hundred percent initial velocity and one hundred percent total trilodide product refer to
the peroxidase activily observed in the absence of CBQase and cellobiose. Symbols: HRP (O), MnP (A), and LiP (Q).
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Fig. 2. A probable mechanism of triiodide (1) ™) reduction by CBQase in the presence of cellobiase. Flay., oxidized flavin; Fliw, veduced flaving
' CB, cellobiose; CBL, ¢ellobionolactone,

structurally similar to C(4a)-hydroxyflavin, proposed
as an intermediate in the flavin-dependent monoox-
ygenase reaction {17]. C(da)-Hydroxyflavin eliminatesa
molecule of water to regenecrate the oxidized flavin,
Similar  elimination wof  HI from  C(4a)-
iododihydroflavin will yield the oxidized flavin (Fig. 2).
Two other flavin-dependent enzymes, glucose oxidase
and diaphorase (lipoyl dehydrogenase) were tested for
their ability to reduce I3~ . Glucose oxidase, in the
presence of glucose, did not reduce I3~ either under
aerobic or anaerobic .conditions. Since NAD(P)H
reduced I3 7, the ability of diaphorase to reduce I~
could not be determined.
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