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Abstract — Methanol assimilating yeast, Hansenula sp. MS-364 that has high productivity with me-
thanol as carbon and energy source has been preserved at dept. of Microbiological engineering.
Purification and properties of alcohol oxidase (E.C.1.1.3.13: oxygen oxidoreductase) were investiga-
ted in the methanol assimilating yeast, Hansenula sp. M5-364. Alcohol oxidase is related to the
catalytic reaction that degrades alcohol to aldehyde and peroxide. The methanol oxidizing enzyme
was purified by ammonium sulfate precipitation, DEAE-Sephadex A-50 chromatography and gel
filtration on Sepharose 6B from cell-free extract. The purified enzyme preparation gave a single
band in the sodium dodesyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). The molecular
weight of the enzyme was calculated to be about 576,000 and molecular weight of subunit was
also calculated to be 72,000. The optimal pH and temperature of the enzyme reaction were pH
75 and 37C, respectively. The enzyme was unstable in acidic pH and higher temperature. The
enzyme was not specific for methanol and also oxidized lower primary alcohols. The Km value
for methanol was 2.5 mM and that for ethanol was 1.66 mM. The enzyme was heavily inhibited
by metal ions such as Hg?', Ag?', Cu*’. The high concentration of EDTA and sulfhydryl reagents
strongly inhibited the enzyme activity. The component of coenzyme was determined to flavin ade-
nine dinucleotide.
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Fig. 1. Column chromatography of alcohol oxidase on
DEAFE-Sephadex A-50.

The dialyzed enzyme (2375 mg) solution was applied
to a column (2.3X28 cm) equilibrated with 0.05 M-
phosphate buffer (pH 7.5). Three milliliter fractions
were collected at flow rate of fifty milliliter per hour.
@®-@®: cnzyme activity, ---: amount of protein
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Fig. 2. Gel filtration of alcohol oxidase on Sepharose
6B.

The dialyzed enzyme (92. 7 mg) solution (obtained after
chromatography on DEAE-Sephadex A-50) was applied
to a column (1.2X 90 cm) equilibrate with 0.05 M-phos-
phate buffer, pH 7.5. The fractions of three milliliter
were collected at flow rate of five milliliter per hour.
® - @®: enzyme activity, - amount of protein

c .

Table 1. Purification steps of alcohol oxidase from Hansenula sp. MS-364

Total Total Specific
step protein activity activity Yield (%)
(mg) (unit) (u/mg)
Cell free extract 550.0 89,600 163 100
(NH,),50,; (40~80%) 237.5 51,670 218 57.7
DEAE-Sephadex A-50 column chromatography 92.7 38,000 410 42.4
Sepharose 6B column chromatography 48.0 28,900 625 32.2

Enzyme activities were determined as described in MATERIAL AND METHODS.

Protein was assayed by spectrophotometry.
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Fig. 3. Determination of alcohol oxidase molecular wei-
ght by gel filtration.

A column (1.2X90 cm) of Sepharose 6B equilibrated
with 0.05 M-phosphate buffer, pH 7.5, was eluted at
a flow rate of five milliliter per hour. The fraction of
three milliliter were collected. Each standard protein
was applied as a solution of 1 mg in 0.5 m/ of buffer.
Ve is the elution volume.

A: Thyroglobulin (669,000), B: Apofferitin (443,000),
C: PB-amylase (200,000), D: Alcohol dehydrogenase
(150,000)
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Fig. 4. SDS-PAGE of purified enzyme (A) and relationship between Rf value and M.W. (B).
The electrophoresis was performed in 85% polyacrylamide gel containing 10% sodium dodecylsulfate solution
at pH 8.8 with a current of 40 mA per plate. About 20 ug of protein were applied. Gel was stained with Brilliant

Blue G 250,

A: B-galactosidase (116,000), B: Phosphorylase (97,400), C: Albumin, bovine (66,000), D: Albumin, egg (45,000),

E: Carbonic anhydrase (29,000)
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Fig. 5. Effect of pH on the activity (A) and stability (B) of alcohol oxidase.
(A) The reaction was carried out at 37C for 15 min. Buffer was used as Citrate buffer (pH 3 to 6), Phosphate

buffer (pH 6 to 8) and Borate buifer (pH 8 to 10).

(B) The enzyme was incubated in various buffer (pH 3.0 to 10.0) at 25C for 60 min. After adjustment of pH
to 7.5, the enzyme activity was assayed by the above method.
(O: Citrate buffer (pH 3~6), @: Phosphate buffer (pH 6~8), V: Borate buffer (pH 8~10)
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Fig. 6. Effect of temperature on the activity (A) and stability (B) of alcohol oxidase.

(A) The reaction was carried out at various temperatures for 15 min in phosphate buffer (pH 7.5).

(B) The enzyme solution in phosphate buffer (pH 7.5) was incubated at various temperatures for 60 min.
The residual activities after incubation were assayed under the standard method 1
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Table 2. Effect of metal ions on alcohol oxidase acti-

vity
, Relative activity (%)
Metal 1ons
1 mM 5 mM
None 100 100
ZnSO, 7H,0 78 38
HgCl, 0 0
AgNQO, 0 0
CuSO, 0 0
Ph{NO3), 0 0
BaCl;-2H,O 84 59
MnS50, 4-6H,0 %0 80
CaCl,- 2H,0 85 54
Mg50,-7H.0 93 75
CdCl;: 2H,0 86 64
Fe50,-7H,0 81 56
AL(SO,); 75 10

The purified enzyme (5 pg) was used and the enzyme
activity was measured under the standard assay condi-
tions with addition of metal ion in final concentration
of 1 mM and 5 mM. The reaction was initiated by
addition of substrate after the enzyme preincubated
with metal ion for 10 min.

Table 3. Effect of organic agents on alcohol oxidase
activity

Relative activity (%)

Organic agents

lmM 5S5mM 1M
None 100 100
EDTA 99 84 60
o-Phenanthroline 80 73 50
Iodoacetic acid 92 60
PCMB 10 0
Cystein 66 20
PMSF 97 89
SDS 95 90
Oxalic acid 99 93
KMI‘]O4 20 10
KCN 88 55
Sodium azide 60 46
Sodium arsenate 60 56

The reaction condition was carried out as described
in Table 2. EDTA: ethylene diamintetraacetic acid,
PCMB: p-chloromercuribenzoate, PMSF: phenylmethyl
sulfonyl fluonde, SDS: sodium dodesyl sulfate.

BEE 287 98 1A Fxr 1mMA 5
mM EA Afehe] AeolA] 1417F BAY F A
%}’*é ZA%F A= Table 33 7r¢] chelating age-

sgl EDTAQ} phenanthroline -0l &8l A& ol A
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Table 4. Substrate specificity of alcohel oxidase

Substrates Relative activity (%)
Methanol 100
Ethanol 108
Propanol 85
Iso-propyl alcohol 32
Aliyl alcehol 67
Butanol 74
Iso-butyl alcohol 20
Iso-amyl alcohol 0
Hexanol 0
Octyl alcohol 0
Glycerol 0

The purified enzyme (5 pg) was used in this experi-
ment. The enzyme activity was measured by Method
2 except that 10 m moles of various alcohol were used
as substrate,
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Fig. 7. Effect of substrate concentration toward metha-

nol and ethanol on the reaction rate.

Km value of alcohol oxidase on methanol and ethanol

was calculated from Lineweaver-Burk plot. The reac-

tion was carried out at 37C for 15 min.
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Fig. 8. Absorption spectrum of alcohol oxidase from
Hansenula sp. (M$S-364).

Purified enzyme was used at a concentration of 0.60%
in 0.05 M potassium phosphate buffer, pH 7.5

FAD=l3 ==} o]+ Couderc =(19¢] Pichia
sp.2] 7% 370, M7 nmellA A FLEZ Bl A
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Table 5. Rf value of coenzyme of the alcohol oxidase
from Hansenula sp. MS-364

, , Solvent
Kind of Flavin
A B
Sample 0.12 0.10
FAD 0.12 0.10
FMN 0.35 0.21
Riboflavin 0.60 0.38

The running condition was at 25C for 20 hours on
a Wattman paper No. 50 by asending method.
Solvent system A: actone:n-butanol:acetic acid:water
(2:5:1:3), B: n-butanol:methanol:0.5%-sodium phos-
phate (4:1:2)
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