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Abstract

The regulation of the synthesis of alcohol-oxidase(E. C. 1. 1. 3. 13) was investigated in
the methanol-utilizing yeasts during growth on different carbon sources. For this experiment,
Pichia pastoris CBS 2612 and Pichia pastoris CBM 10 were cultured in mineral salt medium
by changing its carbon sources.

The production of alcohol-oxidase was varied by the carbon sources.

For example, alcohol-oxidase was undetectable in all strains submitted to the test in the
medium with glucose, but its production was rapidely increased when the carbon source was
changed from glucose to methanol after 48hrs of incubation.

Moreover, this enzyme was not synthesized during growth on the primary aliphatic alcohols
alone(ethanol, propanol, butanol or pentanol) or on the mixed substrates(0.5% methanol+ 0.5
% primary aliphatic alcohols).

When cells were grown on the various carbon sources(glucose, xylose, lactose, glycerol,
galactose, saccharose, sorbose, lactic acid or acetic acid), The alcohol-oxidase activity was
detected a very little amounts. These carbon sources together with methnol yieled far better
synthesis of alcohol-oxidase than in case of carbon sources alone. Especially, the alcohol-oxidase
activity of the cells grown on sorbose, lactose or lactic acid together with methanol was far
better or similar than that of cells grown on methanol alone.

The apparent Km values for the methanol of Pichia pastoris CBS 2612 and Pichia pastoris
CBM 10 enzymes were 1.92 and 2.10 mM, respectively. It is also active towards alcohols
of shorter alkyl-chain length than C;, insaturated alcohols(allylalcohol, crotyl-alcohol) and secon-
dary alcohols (iso-amylacohol, iso-butylalcohol). The affinity of alcohol-oxidase for this alcohols
decreased with the increasing length of the alkyl-chain.
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g. 1. Growth of cells and production of the alco-
hol-oxidase of Pichia pastoris CBS 2612 in
mineral salts medium containing glucose
or methanol.

1 and 2’ Cells were cultivated in the me-
dium containing 1.0% glucose
and later transfered to the me-
dium containing 1.0% metha-
nol.

Cells were cultivated in the me-

dium containing 1.0% metha-

nol.

5 . Cells were cultivated in the me-

dium containing 1.0% glu-
cose.

3 and 4

A7k @l 93 Pichia pastoris?] Alcohol-oxidase 44 437

kAl b mE dAlY FAT ZAAAAHE Y
WE-H o

P. pastoris CBS 26128 A ¥wo= 3 AAE
Fig. 1ol ibeb e}, (1) 2 A (4 O @),
alcohol-oxidase 24 & glucose®l Ao M= AAH
A €49k o U methanol¥ A1 2 o] 4] Folj & 454 7t
Aol HogA (3.45umoles/min/m9) of &3 &
MAE Zastad. (D9 A9 @3 @)
o] A+ alcohol-oxidase &4 < 57}9% A Z 2o
(I)9] A5 v3f avtste] v oF 30473 R H
G o] Ve o wd 70A1 7o Hu&A (2.
67umoles/min/mg) & YERA T FFAFY T},

=M ®(Fig. D= THAE glucose 31l Al o A
A Wl Fat A e de TASAE el Aoy
olmj A wj¥717+-& F 3t alcohol-oxidaset A
AEA sk

w7 A2 P pastoris CBM 109 A8 AAE
Fig. 261 VYeR A,

__4

=20 Ot rowthy
o Specific actiin

min /gl
N
S}

coll wegh 1 1

b.O. (H60nm:

o
iy

O e N W B
T T

Specifie activity {moles

9] 2‘0 40 60 80

Times fhoursd

Fig. 2. Growth of cells and production of the alco-
hol-oxidase of Pichia pastoris CBM 10 in
mineral salts medium containing glucose
or methanol.

1 and 2 : Cells were cultivated in the me-
dium containing 1.0% glucose
and later transfered to the me-
dium containing 1.0% metha-
nol.

3 and 4 : Cells were cultivated in the me-
dium containing 1.0% metha-
nol.

5 . Cells were cultivated in the me-
dium containing 1.0% glu-

cose.
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Table 1. Comparison of the maximum production of the alcohol-oxidase in Pichia pastoris

P. pastorisCBS52612

P. pastorisCBM10

1 11 1 11
Specific activity(umoles/min/mg) 345 2.67 3.04 2.52
Dry cell weight(g/¢) 2.88 217 2.68 217
Amount of protein(ng/g) 82 77 84 79
Total activity(units/¢) 818 450 687 436

I, Cells were cultivated in the medium containing 1.0% glucose and later transfered to the medium containing

1.0% methanol.

11, Cells were cultivated in the medium containing 1.0% methanol.

Table 2. Influence of the primary aliphatic alcohols for the products of alcohol-oxidase in Pichia pastoris

CBS 2612
Induction times(hrs)
Substrates
12* 24 30 48 72
Ethanol 1.0% (v/v) N.D N.D N.D N.D N.D
Propanol 1.0% (v/v) N.D N.D N.D N.D N.D
Butanol 1.0% (v/v) N.D N.D N.D N.D N.D
Pentanol 1.0% (v/v) N.D N.D N.D N.D N.D
Methanol 0.5% +Ethanol 0.5% (v/v) 0.012 0.015 0.017 0.009 N. D
Propanol 0.5% (v/v) 0.037 0.045 0.031 0.013 N.D
Butanol 05% (v/v) 0.024 0.028 0.021 0.013 N.D
Pentanol 0.5% (v/v) 0.015 0.013 0.006 N.D N.D

*, Specific activity(pmoles/min/mg)
N. D.. none detected
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Fig. 3. Comparison of the production ot alcohol-
oxidase activity on various substrates in Pi-
chia pastoris. Pure substrate : 1.0% of sub-
strate, Mixed substrates ; 0.5% of metha-
nol+0.5% of the other substrate.

Table 3. Influence of the methanol for the production of alcohol-oxidase in Pichia pastoris

Induction times(hrs)

Microorganisms Substrates
30 48 72
P. pastoris Methanol 0.5% (v/v) 2.28* 321 2.71
CBS 2612 1.0% (v/v) 3.20 345 2.90
20% (v/v) 2.57 2.83 2.15
P. pastoris Methanol 0.5% (v/v) 2.71 3.00 2.52
CBM 10 1.0% (v/v) 2.85 304 2.65
20% (v/v) 225 2.90 3.10

*, Specific activity(pmoels/min/mg)
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Table 4. Induction times of the aicohol-oxidase of Pichia pastoris on various substrates for obtention of

the maximum specific activity

P. pastoris CBS 2612

P. pastoris CBM 10

Substrates

1 11 11
Methanol 48* 48 48
Glucose - 72 72
Xylose 30 48 48
Lactose 30 48 48
Glycerol 48 72 72
Galactose 48 72 72
Saccharose - 48 48
Sorbose - 48 48
Lactic acid 30 48 48
Acetic acid - 30 30

1, Pure substrates(10% of substrates)

II, Mixed substrates(0.5% of methanol+0.5% of other substrate)

%, Induction times(hours)
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Table 5. Oxidation of various substrates by the alcohol-oxidase of Pichia ‘pastoris

Pichia pastoris CBS 2612

Pichia pastoris CBM 10

Substrates
S, A (R. A)  Km(mM) S A (R. A)  Km(mM)

Methanol 3.04 (100) 1.92 345 (100) 2.10
Ethanol 0.98 (32.2) 7.04 1.13 (32.8) 10.02
Propanol 0.44 (14.5) 11.11 0.51 (14.8) 14.49
Butanol 0.36 (11.8) 29.23 043 (12.5) 27.03
Pentanol 0.32 (105) 0.36 (104)

Hexanol 0.028 (0.91) 0.031 (0.89)

Heptanol 0.007 (0.19) 0.010 (0.28)

Octanol -

Allyl alcohol 0.92 (30.3) 9.09 0.93 (27.0) 8.79
Crotyl alcohol 0.63 (20.7) 12.34 0.72 (209) 13.57
Chloro ethanol 023 (7.63) 0.25 (717

Bromo ethanol 0.21 (6.89) 0.22 (6.42)

Ethylene glycol 0.014 (0.48) 0.017 (049)

Phenyl ethanol - -

Chloro ethanol 0.23 (7.63) 0.25 (71D

Bromo ethanol 0.21 (6.89) 0.22 (6.42)

Ethylene glycol 0.014 (0.48) 0.017 (049

Phenyl ethanol - -

Iso-amylalcohol 0.004 (0.15) 0.005 (0.15)
Iso-butylalcohol 0.007 (0.23) 0.008 (0.23)
2—propanol - -

2—butanotl - —

Neo-pentylalcohol -

S. A. 5 Specific activity(umoles/min/mg)

R. A.: Relative activity(%)
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