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Abstract. Ophiostoma ulmiand O. novo-ulmj both causative agents of Dutch elm disease, can be
differentiated by their potential to produce constitutive extracellular laccase. The enzyme has been
purified from the culture filtrate to apparent electrophoretic homogeneity and has been partially
characterized. The laccase was glycosylated and found to have a molecular mass of 79 kDa or 70 kDa by
SDS-PAGE and gel filtration, respectively. The pl, determined by chromatofocusing, was 5.1. Syringald-
azine, guaiacol, and other typical laccase substrates were oxidized. No oxidation of tyrosine was detected.
NaN; (0.01%) completely abolished the activity towards 2,6-dimethoxyphenol.

There are two systems of plant pathogen interaction so faAmerican and European elms [4, 5] and produces high
examined in which strong evidence has been found foamounts of laccase®. ulmi, on the contrary, is weakly
the involvement of extracellular laccase (benzenediolpathogenic and secretes very low amounts of the enzyme.
oxygen oxidoreductase; EC 1.10.3.2) in pathogenesidNo direct involvement of laccase in Dutch elm disease
One is the chestnut blight fung@ryphonectria para- pathogenesis has been demonstrated so far, although it
sitica on chestnut, where laccase is thought to bemay be possible that the enzyme is capable of detoxifying
responsible for the detoxification of tannins in the endogenous phenols present in the host or produced in
chestnut bark and where the enzyme is downregulated iresponse to infection. This may confer a higher survival
hypovirulent isolates of the pathogen [12, 16]. The otherto O. novo-ulmiduring the saprophytic bark phase [3].

is the soft rot funguBotrytis cinereason cucumber, where In order to gather more detailed knowledge about the
it has been shown that cucurbitacins (tetracyclic triterpedaccase protein secreted . novo-ulmiand also as a
noids produced by cucumber) protect the plant fromprerequisite for subsequent internal microsequencing, we
infection and at the same time specifically suppress theeport here the purification and partial biochemical
formation of extracellular fungal laccase [1, 2]. Recently, characterization of this enzyme.

Pezet and colleagues [14] have found that the laccase of

B. cinereai.s capable of detoxifying stilbene _derivat?ves Materials and Methods

(phytoalexins produced by grape), thus discovering a

new, although speculative function in the interaction ©Organisms and culture conditions.The isolateO. novo-ulmiCKT-11

. was kindly provided by Clive M. Brasier (Forest Research Station,
between this pathogen and the grape berry plant. Alice Holt Lodge, Farnham, Surrey GU 10 4LH, UK). Media and

It has been prewously shown tr@ph|05t0ma ulmi cyiture conditions were the same as previously described [3].
and O. novo-ulmj both vascular wilt pathogens and » . .
accase assayExtracellular laccase activity was determined with

causative agents of Dutch elm disease, can be dlﬁerentt-’s_ dimethoxyphenol (DMOP), as previously described [3, 18],
ated by their potential to produce extracellular laccase

[3]. O. novo-ulmiis a strong pathogen on native North Protein determination. Protein concentrations were determined by the
method of Bradford [7], with bovine serum albumin (Fluka) as standard.

* Present addres®epartment of Botany, Erindale College, University Enzyme purification. The purification procedure except the Superdex
of Toronto, 3359 Mississauga Road North, Mississauga, Ontario75 (Pharmacia) gel filtration and the Diethylaminoethyl (DEAE) ion
L5L 1C6, Canada. exchange chromatography steps was carried out at 4°C. The extracellu-
lar laccase ofO. novo-ulmiCKT-11 grown on glucose (500 ml of
Correspondence tdr. Binz medium in 1-L Erlenmeyer flasks) was purified from the culture filtrate
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Table 1. Purification of extracellular laccase from shaken glucose Results
cultures ofOphiostoma novo-ulnCKT-11

— — Enzyme purification. A summary of the purification
Total  Total ~ Specific Purifi-  procedure is given in Table 1. Four purification steps

Purification Volume protein activity activiEy Yield cation were required to separate the laccase from other extracel-
step (ml)  (mg) (U) (Umgl) (%) (fold) . . .
lular proteins, polysaccharides, and pigments. After ultra-
Crude enzyme filtration, the sample was highly viscous and dark-
(culture filtrate) 7500 70.7 2450 349 100 1  colored. Asecond step (cation exchange chromatography)
Concentrated yielded a highly concentrated, yellow enzyme sample
La‘é'éggt;:; 320 148 1160 225 41484 \hich apparently was still heavily contaminated with
S-Cartridge 3 333 750 317 306 98 extracellular polysaccharides (EPS). This was confirmed
Laccase after by measuring the rather low.4/A.g ratio (= 1.38). A
Superdex gel similar situation has been observed for the laccase of
filtration 3 051 320 634 131 182 (. parasitica(D. Rigling, pers. communication). The
LaBCEaASZ_?f;eé o EPS were subsequently removed by Superdex gel-
exchanger 3 0062 72 1161 29 333 filtration chromatography, and the estimated native mo-

lecular weight of the enzyme was 70 kDa as judged from
the eluting position from this column (Fig. 1a). At this
stage, the sample was colorless, but still contained other
collected after 62 h. 7.5 L of culture medium was first filtered through proteins as judged from SDS-PAGE (data not shown).
Miracloth (Calbiochem) and filter paper (Schleicher & Schuell); the still Finally, the laccase could be recovered as a single

turbid filtrate (containing yeast cells) was then clarified by centrifuga- symmetrical peak from a DEAE anion-exchange column
tion for 10 min at 500Qy. The supernatant was concentrated to about(Fig 1b)

300 ml with an ultrafiltration cassette (Filtron, MW exclusion sizé 0

kDa) and dialyzed agfainsé fo‘“”m acetate 50 '(LF’H 3|-8)O-| The  properties of the laccaseThe enzyme was homoge-
concentrate was centrifuged for 10 min at 10,@0@nd applied to an . .
S-Cartridge column (6 ml bed volume, Biorad) equilibrated in sodium neous ?‘S JUdged _by SDS-PAGE, but the mOIecmar Welght
acetate 50 m, pH 3.8. The cartridge was washed with three bed d€termined by this method was 79 kDa (Fig. 2). The pl of
volumes of buffer and then eluted with sodium acetate 50(pH 3.8)  laccase was estimated by chromatofocusing to be 5.1
containing 250 m NaCl. Active fractions were combined and were (data not shown). The specific activity was 1161 Uvhg
directly applied to a gel filtration system (Superdex 75, 16/60, a5 indicated in Table 1. Several typical laccase substrates
Pharmacia) equilibrated in 50nrpotassium phosphate (pH 6.0, 05 ere oxidized by the purified enzvme as indicated by an
NaCl). The combined active fractions were concentrated by membran¥v . y p . y j y
ultrafiltration (PM10, Amicon), dialyzed against piperazine 20 (pH  Intense increase of the optical density measured at the
6.0), and applied to a DEAE ion exchange column (bed volume 1 ml,appropriate wave length (Table 2). Tyrosine was not
LKB). The column was washed with ten bed volumes and then elutedpxidized. A total inhibition of the activity with DMOP

by a linear gradient of 0—200 mNaCl. The active fractions were was observed when 0.01% NaWas added. With DMOP
collected, concentrated, and dialyzed against potassium phosphate 20 . .
mm (pH 6.0) by membrane ultrafiltration, then stored-820°C for and ABTS as substrates, the pH optimum for activity of

several weeks without loss of activity. the purified laccase was 2.8, whereas with syringald-

Gel electrophoresis.Sodium dodecyl sulfate (SDS)-pol amid azine, gallic acid, and guaiacol it was 6.0. Native
el electrophoresis.Sodium dodecy! sulfate -polyacrylamide . o . [
gel electrophoresis (PAGE) was performed according to Laemmli [13]’polyacrylam|de gels (10A)) treated with Schiff's base

and the gels were stained with Coomassie blue (Pharmacia). Glycoprostained the laccase band, sugg_esting a glycoprotein
tein staining after native PAGE with Schiff's base was performed asnature of the enzyme (results not given).
described by Zacharius et al. [20].

Estimation of pl by chromatofocusing. The pl of the purified laccase ] ]

was determined by loading an aliquot of the pure enzyme (approx. 5 uigDISCUSSION

on a MonoP (5/20, Pharmacia) chromatofocusing column equilibrated ) )
with 10 ml 25 nm of histidine HCI (pH 6.2), and the gradient between Our work extends the recent report on the differential
pH 6.2 and 4.0 was generated by applying 45 ml of 12.5% (volivol) production of extracellular laccase by the two Dutch elm
Polybuffer 74 (Pharmacia) in water adjusted to pH 4.0 with HCI. disease pathoger@phiostoma ulmiand O. novo-ulmi
Substrate specificity.All substrates (cf. Table 2) were tested at a final [3]. The main difficulty while purifying the extracellular
concentration of 2 m in Mcllvaine citrate-phosphate buffer with pH  |accase ofO. novo-ulmiwas the removal of the fungal
values ranging from 2.2 to 7.6 at 25°C. For 2a@ino-bis-3-  Epg However, the molecular weight of these polysaccha-

ethylbenzothiazoline-6-sulfonic acid) (ABTS), DMOP and syringald- id fficiently hiah t I their eliminati b
azine, the initial increase in optical density at the indicated wave IengthrI €s was sumciently high to allow their elimination by

was monitored. With all other substrates (cf. Results), the reactiorSiZE €Xclusion chromatography. “:‘qeedv a prominent
mixtures had to be incubated for a longer time period. yellow-colored peak probably containing the EPS eluted
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Fig. 2. SDS-PAGE of the purified extracellular laccase. Molecular mass
b) \ * |lg0 [ 02 markers are shown in the left lane.
0.04 + "E E o
S| 2 Table 2. Substrate specificity of extracellular laccase f@m
S = Q novo-ulmi.Each test was performed with 0.15 U of the pure enzyme
I | z
< g Optimal Wavelength
40 |01 Substrate (2 m) pH (nm) AOD min"Img~?!
0.02 -
DMOP 2.8 468 1160
ABTS 2.8 610 339
Syringaldazine 6.0 525 2700
Guaiacol 6.0 470 59
Gallic acid 6.0 470 a
0 L g L o Tyrosine 460 0
0 20 40 60 80 DMOP + NaN; (0.01%) 468 0

Fraction/Volume [ml] a A strong color reaction was visible upon incubation overnight.

Fig. 1. Superdex gel filtration and DEAE anion exchange chromatogra-
phy of laccase 00. novo-ulmi (@) Laccase activity. (a) Separation of

EPS (arrow) from laccase by gel filtration. Vertical bars on the top DMOP (2.5) andCeriporiopsis subvermispoaith ABTS
represent molecular size markers: a) Aloumin (67 kDa), b) Ovalbumin(3.0), respectively. In addition, all fungal laccases so far

(43 kDa), c) Chymotrypsinogen (25 kDa), d) Ribonuclease (13.7 kDa). . ey
(b) DEAE anion exchange chromatography separating the pure Iaccas%escnbed are glycosylated [15, 19]. Therefore, our find

from other, nonbinding proteins. The dotted line represents the Nac|ngS suggest that th®. novo-ulmilaccase, like all
gradient. laccases characterized, can confidently be expected to be

a copper-containing glycoprotein. The fact that the pure

laccase sample was colorless and not blue, like most
with the void volume. The molecular mass estimates offungal laccases, is probably owing to the low protein
79 kDa by SDS-PAGE and of 70 kDa by gel filtration are concentration (20 pg/ml). This explanation has also been
within the molecular weight ranges (55,000-85,000 Da)claimed for the pure laccase 8thizophyllum commune
reported for the laccases of e.Botrytis cinereaFomes  which was also colorless [8].

annosusor Trametes versicolgf6, 10]. Additionally, the The purification of laccase is a first step towards its
close values determined by the two different methodgletailed characterization (cloning and determination of
indicate a monomeric nature of the enzyme. the nucleotide sequence of the respective cDNA). As a

The other properties so far demonstrated@®movo- next step, since the N-terminus of the enzyme was
ulmi laccase are also not atypical of fungal extracellularblocked, we plan to obtain an internal amino acid
laccases. For instance, Eggert, Temp and Eriksson [fequence from the fragmented protein generated by
showed that the pl of laccase Il frorRycnoporus proteolytic digestion. This will then hopefully allow the
cinnabarinuswas 4.8. Rigling and Van Alfen [17] and cloning of the respective gene and give a clue to the
Fukushima and Kirk [11] found very acidic pH optima function of the enzyme during pathogenesis of Dutch elm
for the laccase activities @ryphonectria parasiticavith disease.
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