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ABSTRACT

A screening aimed to find new galactose oxidaseuywer isolates and to evaluate the production amfemgarium
graminearum strains was conducted. Thirty-fiveased out of 39 analysed produced the enzyme ataddsreels.
The data indicated a wide distribution of galactes@édase within F. graminearum and also revealed peoducer
isolates. The enzyme produced by different isoktiesved similar thermal activity and stability awere active on
same substrates. However, the optimum pH ranged #@ to 7.5. Thus, all evaluated isolates wertabie for the
production of galactose oxidase.
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INTRODUCTION Brazil (Avigad et al, 1962; Nobles and
Madhosingh, 1963; Ogel et al., 1994; Niessen and
The copper metal enzyme galactose oxidase (GOogel, 1997). This isolate has been used for the
(D-galactose: oxygen 6-oxidoredutase, EC 1.1.3.9ndustrial production of GO.
catalyses an oxidation reaction of alcohols td&5O of F. graminearumis described to occur in a
aldehydes, with concomitant reduction of @ monomeric mature active form with size and
H,O, (Whittaker, 2003; Rogers and Dooley, 2003;molecular weight, calculated from the gegadp?)
Whittaker, 2002). The production of extra cellularsequence of this enzyme, of 639 amino acid
GO has been detected in a few species desidues and 68.5 kDa, respectively (McPherson et
filamentous fungi, including Fusarium al., 1992, Baron et al., 1994). This enzyme, which
graminearum (Avigad et al., 1962; Tressel andis very basic (pl = 12; Ettinger and Kosman,
Kosman, 1982; Barbosa-Tessmann et al., 2001}981), is reported to be inactive below pH 5.0 and
Gibberella fujikuroi (Aisaka and Terada, 1981), to have its maximal activity at pH 6.7 - 7.3
and F. acuminatum (Barbosa-Tessmann et al.,(Cooper et al., 1958; Ettinger and Kosman, 1981).
2001). The majority of the studies with GO haveThis protein is reported to be stable at
been done withF. graminearum(NRRL 2903; temperatures below 6 with aTs, of 67°C (Sun
ATCC 46032), isolated as a mycoparasite of thet al., 2001). Substrates for GO include
basidiomicetePolyporus circinatus and initially ~ dihydroxyacetone, raffinose, melibiose, lactose,
identified asDactylium dendroidesn Southern guar gum, galactose, and its derivatives as
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galactosamine and methyl-galactopyranosidegreviously disinfected in 2% sodium hypochloride,
(Whittaker, 2002; Mazur, 1991; Chiu et al., 1996)washed twice in sterilized water, and transferred to
Applications of GO include determination 8F a culture plate containing three layers of sterilized
galactose and lactose concentrations (Tkac et alet paper. After germination, the pathogen was
2000; Karube et al., 1990); enzymatic synthesis abolated from diseased seedlings by transferring
carbohydrates (Franke et al.,, 2003; Andreana ebnidia or mycelia from the diseased tissues to a
al.,, 2002; Basu et al., 2000; Liu and Dordick,culture plate containing PDA/S. Single spore
1999; Mazur, 1991); histochemical stainingcultures were obtained according to procedures
studies (Schulte and Spicer, 1983; Roberts andescribed by Nelson et al. (1983).
Gupta, 1965); biotransformation of glyco- For the comparative analyses of the biochemical
biopolymers into paper strength additives (Chiu etharacteristics, the following isolates of.
al., 1996); and early detection of colon cancer by graminearumwere used: UEM 02 and UEM 10,
cytochemical staining method used to identify aselected in the performed screening as good
dissacharide (Gd{1,3)-GalNAc) expressed in the producers, and the isolates IAPAR 2218 and UEL
rectal mucus (Vucenik et al., 2001; Carter et al.R2118, selected as good producers in a previous
1997; Said et al., 1999). work (Barbosa-Tessmann et al., 2001). The
One problem associated with the use of G@riginal galactose oxidase producer strain (GOPS)
regards the availability of sufficiently pure of F. graminearum(Cooper et al., 1958; Avigad et
enzyme. The purification procedures are laboriousl., 1962) was kindly provided by Dr. Glaci T.
and the commercial preparations are veryancan (Universidade Federal do Parana, Curitiba,
expensive (Mazur, 1991). Because of this reasoR, Brazil) and used as a reference. All isolates
there are reports about the use of recombinamtere maintained in potato dextrose agar (PDA)
DNA technology to improve the GO productionslants with trimestral transfer and in stocks under
(Sun et al., 2001; Xu et al., 2000; Whittaker andnineral oil (Booth, 1971).
Whittaker, 2000).
The applications of GO would be beneficial if Screening of F. graminearum isolates for GO
microorganism is able to produce high levels oproduction
enzyme or if an enzyme with better biochemicallhe culture liquid medium used was as described
characteristics as thermal stability, high substratey Markus et al. (1965) with 122.5 mM phosphate
affinity, and high catalytic efficiency is produced. buffer, pH 7.0. The original medium described by
Considering this, the objective of this work was tdMarkus et al. (1965) had 122.5 mM phosphate
do a screening of several strains df. buffer, pH 6.79. However, Shatzman and Kosman
graminearumisolated from the South of Brazil for (1977) reported that a medium pH of 7.0 is better
GO production and to compare some biochemicdbr GO production byF. graminearum The
characteristics of the enzyme produced by foumedium composition was (mM) 15.14 (W50,
different isolates, which were considered as good2.5 NHNO;, 0.1% yeast extract, 51.4 KPIO,,
producers. 71.2 NaHPO,, with pH corrected to 7.0 with
NaOH. Prior to inoculation, sterile solutions of
mineral ions (final concentration: 1.62 mM

MATERIALS AND METHODS MgSG,-7HO, 11.83 pM MnSQHO, 10 pM
CuSQ-5H,0) andD-glucose (final concentration:
Microorganisms 1%) were added to the medium.

Thirty-nine F. graminearumisolates were used in A fragment of a fresh PDA culture was used as
the screening studies. These microorganisms wet@oculum for 125 ml Erlenmeyer culture flasks
isolated from diseased ears or seeds of small cer&gintaining 25 ml of the sterile liquid medium. The
crops (wheat and triticale) from several counties ogultures were grown for four days at 25 under

the States of Parana, Santa Catarina, and R@bital shaking (110 rpm), homogenized through
Grande do Sul, Brazil. To isolate thepassage first through a sterile sieve and then
microorganisms, a conidial mass of infected earfirough an 18-gauge needle attached to a sterile
was transferred to culture plates containing potatgyringe, and used as inoculum (2% vol/vol) to new
dextrose agar medium supplemented with 30625 ml culture flasks, containing 25 ml of the

ppm streptomycin  (PDA/S). Seeds weresame liquid medium supplemented with 1%
glucose. These subcultures were incubated in the
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same way for 72 h and then filtered through filteRESULTS AND DISCUSSION

paper. The enzymatic activity was analysed in the

filtrates of two or three flasks and the mycelia orThe results for growth (mycelia dry weight) and

the filter paper were dried to have weightfor the ability to produce the GO are presented in
estimated. The results represented the average Tdble 1. The majority of the tested isolates
the data obtained in two or three culture flask$89.7%) were able to produce the enzyme. Dias

analysed independently. and Kemmelmeier (1987) screened 4B.
graminearumisolates obtained from wheat and
Determination of enzyme activity maize plants from Southern Brazil for GO

Filtrate (0.5 ml pure or diluted with 50 mM production and found 18 producers (37.5%). The
phosphate buffer, pH 7.0); 1.4 ml of the reactivepresent data agreed with this about the wide
mixture [50 mM phosphate buffer, pH 7.0; 0.2distribution of GO production b§. gramineraum
mg/ml o-dianisidina (Sigma D-3252; previously in this geographic area.

dissolved in methanol 2 mg/ml); 0.04 mg/ml (6.0The isolates UEM 02 and UEM 10 were able to
U/ml) peroxidase (Sigma P-8125)]; and 0.1 ml ofproduce high level of the enzyme. Isolates 04, 15,
0.5 M D-(+)-galactose were mixed and incubatedi6, and 32 did not produce the enzyme, although
for 10 minutes at 30°C (Avigad et al., 1962;these were able to grow in the used culture
Tressel and Kosman, 1982). In this reaction, thenedium, as shown by the mycelia dry weight
hydrogen peroxide produced in the GO reactioiiTable 1).

was reduced to water by the peroxidase, witlFig. 1 shows the temperature effect on the GO
concomitant oxidation of the-dianisidine to a activity at pH 7.0. From 30 to 5{C the enzyme
brown colored product, which was read at 460 nmwas active and at 60C the activity reduced to
For these conditions, one enzymatic unitabout 50% when compared to the activity at the

corresponded to an absorbance of 1.0. optimum temperature (4C).
Studies of thermal stability of the GO from the
Biochemical properties graminearum strains showed that the enzyme

For these analyses, the cultures were cultivated tpaintained nearly most of the initial activity after
the same liquid medium and in the conditiongreincubation at temperatures of 30 to°6Cfor 30
described above, except that the liquid mediunminutes at pH 7.0 (Fig. 2), but they were fully
phosphate buffer concentration was 100 mM (pHnactivated after 30 minutes incubation at 70 °C.
7.0). To find out the best temperature for activitywith regard of the pH effect, the enzyme was
the enzyme activity was determined as describeidactivated at pH 5.5 and was most active over the
above at 30, 40, 50, 60, and 7. To determine pH range of 7.0-7.5 (Fig. 3). In comparison with
the thermal stability of the enzyme, the filtrateshe GOPS enzyme pH curve, the pH curve of the
were incubated for 30 minutes at 30, 40, 50, 60, a&tnzyme produced by the isolate UEM 10 had a
70°C and submitted to the enzyme activity test asimilar profile, whereas the enzyme of the UEL
described above. To determine the optimum pHR2118 isolate had a pH curve deviated to the right,
the enzymatic activity was determined by usingeing less than 50% active at pH 6.5. The pH
the phosphate buffer with the following pHs 5.5,curves of the isolates IAPAR 2218 and UEM 02
6.0, 6.5, 7.0, 7.5, 8.0, 8.5, and 9.0. To determingad the same format as the isolate UEL R2118
the GO activity on different substrates, galactoseurve (not shown).
was substituted by the following sugam®:(+)- Table 2 shows the relative activity of the GO
glucose, raffinose, guar gum, lactose, an@énzyme from the isolates toward galactose
dihydroxyacetone (all at 0.5 M, except guar guntlerivatives and alternative substrates. The best
that was used at 1%). Analysis were performedubstrate for all tested GO appeared to be
independently in the filtrate of three culture flasks.dihydroxyacetone. The activity of the enzymes on
raffinose, lactose, and guar gum indicated that they
could oxidize galactose derivatives with
substitutes at the carbon-1site.
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Figure 1 - Effect of the temperature in the activity of thaactose oxidase from the different
isolates ofF. graminearum GOPS[], UEM 02 ¢, UEM 10H, IAPAR 2218@,
and UEL R2118A.

In contrast, the lack of activity of the enzymes ortemperature, thermal stability, and substrate
glucose indicated that the stereo configuration ofpecificity for the enzyme of the four tested
the OH-group at the carbon-4 was important forsolates were similar when compared with the GO
their activities. from GOPS. Considering this, the GO from those
The results for the GO from the GOPS were insolates could substitute the enzyme from GOPS in
agreement with the reports in the literaturdts possible biotechnological applications.
(Whittaker, 2003; Wittaker, 2002; Mazur, 1991;In conclusion, the results suggested a wide GO
Chiu et al., 1996; Sun et al., 2001; Amaral et al.production distribution among different strains of
1966; Cooper et al., 1958; Avigad et al., 1962F. graminearum from the southern region of
Ettinger and Kosman, 1981). The optimum pHBrazil.
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Table 1 -Galactose oxidase production by isolates.aframinearunfrom the South region of Brazil

561

Pl Enzymatic | Mycelia dry
. . . ant organ e )
F. graminearum | Geographic origin h itwas | Host activity weight
isolate (County, State) where | (U/ml of (9/25 ml of
isolated . X
filtrate)* medium)*
UEM 02 Campo Mourao, PR Ear Wheat 14.85 0.22
UEM 03 Mamboré, PR Ear Wheat 3.53 0.15
UEM 04 Mamboré, PR Ear Wheat 0 0.12
UEM 05 Mamboré, PR Ear Wheat 1.78 0.27
UEM 06 Peabiru, PR Ear Wheat 0.86 0.15
UEM 08 Francisco Beltrdao, PR Ear Wheat 11.96 0.37
UEM 09 Francisco Beltrao, PR Ear Wheat 8.64 0.38
UEM 10 Francisco Beltrdao, PR Ear Wheat 18.31 0.43
UEM 11 Iguaragu, PR Ear Wheat 0.83 0.25
UEM 12 Iguaracu, PR Ear Wheat 0.38 0.36
UEM 13 Jacarezinho/PR Ear Wheat 12.2 0.40
UEM 14 Jacarezinho PR Ear Wheat 2.29 0.31
UEM 15 Carambei, PR Seed Triticale 0 0.34
UEM 16 Carambei, PR Seed Triticale 0 0.33
UEM 17 Carambei, PR Seed Triticale 0.34 0.25
UEM 18 Carambei, PR Seed Triticale 0.31 0.22
UEM 21 Carambei, PR Seed Wheat 2.07 0.27
UEM 22 Tibagi, PR Seed Wheat 7.11 0.29
UEM 27 Abelardo Luz, SC Seed Triticale 6.59 0.37
UEM 28 Abelardo Luz, SC Seed Triticale 1.18 0.30
UEM 29 Abelardo Luz, SC Seed Triticale 9.6 0.26
UEM 30 Abelardo Luz, SC Seed Triticale 3.15 0.36
UEM 32 Abelardo Luz, SC Seed Triticale 0 0.21
UEM 34 Pato Branco, PR Seed Triticale 3.34 0.29
UEM 35 Pato Branco, PR Seed Triticale 5.81 0.27
UEM 36 Pato Branco, PR Seed Triticale 5.81 0.27
UEM 37 Seberi, RS Seed Wheat 0.67 0.34
UEM 38 Seberi, RS Seed Wheat 4,71 0.35
UEM 39 Seberi, RS Seed Wheat 10.68 0.37
UEM 40 Palmeira das Missdes, RS | Seed Wheat 6.92 0.50
UEM 41 Palmeira das Missdes, RS | Seed Wheat 10.06 0.39
UEM 43 ljui, RS Seed Wheat 2.59 0.37
UEM 44 ljui, RS Seed Wheat 2.44 0.41
UEM 45 ljui, RS Seed Wheat 5.47 0.36
UEM 46 N&o-Me-Toque, RS Seed Wheat 1.54 0.44
UEM 47 N&o-Me-Toque, RS Seed Wheat 1.37 0.35
UEM 56 Campos Novos, SC Seed Wheat 7.26 0.35
UEM 60 Maringa, PR Seed Wheat 0.18 0.41
UEM 61 Maringa, PR Seed Wheat 0.75 0.35

*Data are the average of the results obtained independently in tiweerculture flasks.
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Figure 2 - Thermal stability of the galactose oxidase frtime different isolates of.
graminearum GOPS, UEM 02 ¢, UEM 10 M, |IAPAR 2218@, and UEL

R2118A.
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Figure 3 - The pH dependence of the galactose oxidase fhmmdifferent isolates of.
graminearum GOPS], UEM 10, and UEL R2118A.
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Table 2 - Relative activity (%) of the galactose oxidase frtm different isolates df. graminearumtoward
various substrates

Substrate F. graminearum
GOPS UEM 02 UEM 10 UEL R2118 IAPAR 2218

D-(+)-Galactose 100 100 100 100 100

Dihydroxyacetone 213.3 188.5 176.2 233.7 118.2

Raffinose 172.2 124.7 151.4 151.2 112.9

Lactose 2.4 0.2 0.5 0.5 0.5

D-(+)-Glucose 0 0 0 0 0

Guar gum 1.8 0.9 0.7 0.4 0.7
ACKNOWLEDGMENTS REFERENCES

This work was funded by: Conselho Nacional dedisaka, K. and Terada, O. (1981), Production of
Pesquisa Cientifica e Desenvolvimento (CNPq), galactose oxidase bysibberella fujikuroi Agric.
Brazil (Grant no. 471808/01-6); Fundacdo Biol. Chem,45, 2311-2316.
Araucéria - Secretaria da Ciéncia e Tecnologia domaral, D.; Kelly-Falcoz, F. and Horecker, B. L.
Governo do Estado do Parana, Brazil (Graht n (1966), Galactose oxidase &fPolyporus circinatus

- : . . Meth. Enzymo] 9, 87-92.
420); and International Foundation for SmenceAndreana, P. R.; Xie, W..; Cheng, H. N.; Qiao, L.:
(IFS), Stockholm, Sweden (Granf.rF/3343-1) \yrphy, D. J.; Gu, Q. M. and Wang, P. G. (2008),
and Organisation for the Prohibition of Chemical gjt, “preparation of B-D-1-O-hydroxylamino
Weapons (OPCW), THE HAGUE, The carbohydrate polymers mediated by galactose
Netherlands. EPL Gasparotto was supported by aoxidaseOrg. Lett, 4, 1863-1866.
scholarship  from the Coordenacdo  deAvigad, G.; Amaral, D.; Asencio, C. and Horeck®r,
Aperfeicoamento de Pessoal de Nivel Superior L. (1962), The D-galactose oxidase oPolyporus
(CAPES). The authors wish to thank Dr. Elisa circinatus J. Biol. Chem.237, 2736-2743.
Hirooka from the Universidade Estadual deBarbosa-Tessmann, I. P.; Da Silva, D. A; Peraa,
Londrina  (UEL, Londrina, PR, Brazil) and 2/' and Kemrgelmele;, C.I (2001), A'(;new sgec[es of
Instituto  Agrondmico do Parana (IAPAR, usarium producer of galactose oxi asé. Basic.

. . . Microbiol., 41, 143-148.
Londrina, PR, Brazil) for some of the isolates. Baron, A. J.: Stevens, C.: Wilmot, C.: Seneviratie,

D.; Blakeley, V.; Dooley, D. M.; Phillips, S. E. V.
Knowles, P. F. and McPherson, M. J. (1994),
RESUMO Structure and mechanism of galactose oxidase. The
free radical siteJ. Biol. Chem.269, 25095-25105.
Uma andlise visando encontrar novos isolado8asu, S. S.; Dotson, G. D. and Raetz, C. R. H.@00
produtores de galactose oxidase (GO) e avaliar &/, facile enzymatic synthesis of uridine diphospho-
distribuicdo da producdo entre cepasrdsarium Béot?galagturor(‘i%?i')dq‘”ﬁ'{eB'chzrr?ljiso’lztz;ilﬂ'
gramlnearum foi conduzida. T”nta € C.mco Commonwealth Agricultural Bureaux, Kew, Surrey,
isolados de 39 testados produziram a enzima €Mengland,
diferentes niveis. Os dados indicaram uma ampi@ater, J. H.; Deddens, J. A.; Pullman, J. L.; igali,
distribuicéo da producéo da galactose oxidase porg, m.; whiteley, L. O. and Carter, H. W. (1997),
F. graminearum e revelaram novos isolados Validation of the galactose-oxidase-Schiff's reagen
produtores. A enzima produzida por diferentes sequence for early detection and prognosis in human
isolados apresentou atividade e estabilidade colorectal adenocarcinomeClin. Cancer Res. 3,
térmicas similares e foi ativa sobre os mesmos 1479-1489.
substratos. No entanto, o pH 6timo variou de 7,0 §hiu, C. W.; Jeficoat, R.; Henley, M. and Peek, L.

7.5. Assim, todos os isolados sdo adequados para é})?l?;)r;ingldsg?;ds?;lciai?ir&igs dsgggti‘;‘;s pcgpgflzgtgsgeth
produgdo de galactose oxidase. additives. US Patent 5,554,745 (Sep. 10, 1996 to

National Starch and Chemical Investment Holding
Corporation).

Brazilian Archives of Biology and Technology



564

Cooper, J. A. D; Smith, W.; Bacila, M. and Medii,
(1958), Galactose oxidase frdPolyporus circinatus
Fr.J. Biol. Chem.234, 445-448.

Dias, D. and Kemmelmeier, C. (1987), Ocorréncia da
galactose oxidase efAusarium graminearumRev.
Microbiol., 18, 276-278.

Ettinger, M. J. and Kosman, D. J. (1981), Chemical
catalytic properties of galactose oxidase.Copper
Proteins ed. T.G. Spiro. New York: John Wiley and
Sons. pp. 219-261.

Franke, D.; Machajewski, T.; Hsu, C. C. and Wong, C

Gasparotto, E.

Schulte, B. A. and Spicer,

P.L. etal.

Said, I. T.; Shamsuddin, A. M.; Sherief, M. A.; &h)

S. G.; Aref, W. F. and Kumar, D. (1999), Comparison
of different techniques for detection of Gal-GalNAc
an early marker of colonic neoplasiddistol.
Histopathol, 14, 351-357.

S. S. (1983), Light
microscopic histochemical detection of sugar ressdu

in secretory glycoproteins of rodent and human
tracheal glands with lectin-horseradish peroxidase
conjugates and the galactose oxidase-Schif sequence
J. Histochem. Cytochen31, 391-403.

H. (2003), One-pot synthesis af-fructose using Shatzman, A. R. and Kosman, D. J. (1977), Reguiatio
coupled multienzyme systems based on rhammulose-of galactose oxidase synthesis and secretion in

1-phosphate aldolasé. Org. Chem.68, 6828-6831.
Karube, I.; Kimura, J.; Yokoyama, K. and Tamiya, E.

(1990), Integrated microbiosensors for

diagnosisAnn. N. Y. Acad. S¢b13 385-389.
Liu, X. C. and Dordick, J. S. (1999), Sugar-conitagn

Dactylium dendroides effects of pH and culture
density.J. Bacteriol, 130, 455-463.

clinicalSun, L.; Petrounia, I. P.; Yagasaki, M.; Bandaraa&

Arnold, F. H. (2001), Expression and stabilizatafn
galactose oxidase ifescherichia coliby directed

polyamines prepared using galactose oxidase coupledevolution.Protein Eng, 14, 699-704.

with chemical reductionJ. Am. Chem. Sqcl2],
466-467.

Markus, Z.; Miller, G. and Avigad, G. (1965), Effexf
culture conditions on the production of galactose-
oxidase byDactylium dendroides. Appl. Microbiol.
13, 686-693.

Mazur, A. W. (1991), Galactose oxidase. Selected
properties and synthetic applicationsACS
Symposium Serig466, 99-110.

McPherson, M. J.; Ogel, Z. B.; Stevens, C.; Yad@av,
D. S.; Keen, J. N. and Knowles, P. F. (1992),
Galactose oxidase dbactylium dendroidesGene
cloning and sequence analysis.Biol. Chem. 267,
8146-8152.

Nelson, P. E.; Touson, T. A.; Marassas, W. F. O.
(1983), Fusarium Species, An lllustrated Manual for
Identification Pennsylvania, USA: Pennsylvania
State University Press.

Vucenik,

Tkac, J.; Sturdik, E. and Gemeiner, P. (2000), Nove

glucose non-interference biosensor for lactose
detection based on galactose oxidase-peroxidabe wit
and without co-immobilised beta-galactosidase
Analyst 125 1285-1289.

Tressel, P. S. and Kosman, D. J. (1982), Galactose

oxidase fromDactylium dendroidesVieth. Enzymo].

89, 163-171.

I.; Gotovac, J.; Druzijanic, N. and
Shamsuddin, A. M. (2001), Usefullness of galactose
oxidase-Schiff test in rectal mucus for screenifig o
colorectal malignancyAnticancer Res21, 1247-1256.

Xu, F.; Golightly, E. J.; Schneider, P.; Berka, R.;

Brown K. M.; Johnstone, J. A.; Baker, D. H.;
Fuglsang, C. C.; Brown, S. H.; Svendsen, A. and
Klotz, A. V. (2000), Expression and characterizatio
of a recombinanfFusarium spp. galactose oxidase.
Appl. Biochem. BiotechnoB8, 23-32.

Niessen, M. L. and Vogel, R. F. (1997), SpecificWhittaker, J. W. (2002), Galactose oxida&ev. Prot.

identification ofFusarium graminearurby PCR with
gaoA targeted primersSystem. Appl. Microbiql20,
111-113.

Nobles, M. K. and Madhosingh, C. (196Bactylium  Whittaker,

dendroides (Bull.) Fr. misnamed asPolyporus
circinatus Fr. Biochem. Biophys. Res. Commui®,
146-147.

Ogel, Z. B.; Brayford, D. and McPherson, M. J. (499
Cellulose-triggered sporulation in the galactose
oxidase-producing funguSladobotryum (Dactylium)
dendroidesNRRL 2903 and its re-identification as a
species ofusarium. Mycol. Res98, 474-480.

Roberts, G. P. and Gupta, S. K. (1965), Use of
galactose oxidase in the histochemical examinatfon
mucus-secreting celldlature 207, 425-426.

Rogers, M. S. and Dooley, D. M. (2003), Copper-
tyrosyl radical enzymesCurr. Op. Chem. Bio|.7,
189-196.

Chem, 60, 1-49.

Whittaker, J. W. (2003), Free radical catalysis by

galactose oxidas€hem. Rey103 2347-2363.

M. M. and Whittaker, J. W. (2000),
Expression of recombinant galactose oxidase by
Pichia pastorisProtein. Expr. Purif, 20, 105-111.

Received: December 10, 2004;
Revised: July 19, 2005;
Accepted: March 27, 2006.

Brazilian Archives of Biology and Technology



