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Abstract — Hansenula nonfermentans KYP-1 was selected and identified from 19 methanol utilizing
yeasts isolated from soil samples by the enrichment culture technique. This strain showed a high
cell concentration and a high aldehyde production. Aldehyde production was carried out in a resting
cell system using methanol utilizing yeast as a biocatalyst. The molar yield of acetaldehyde was
the highest among the aldehyde investigated, and the maximum amount of aldehyde was produced

by cells obtained from a 40 hours’ culture.

Since the discovery by Ogata ef al. (1) of a yeast
capable of growing on methanol as the sole source
of carbon and energy, many methanol utilizing yea-
sts have been isolated from natural sources (2-4).

Interest in the cultivation of microorganisms on
methanol has been stimulated by the potential im-
portance of microbial protein as a food source or
fodder material (5). The use of methanol for the
production of cell mass offers great advantages,
such as high solubility in water, relatively low cost,
and high purity. Many investigations concerning
methylotrophic fermentative production of SCP (6-
10) or metabolites including amino acids (11, 13),
vitamins (14, 15), ATP (16) and polysaccarides (17-
19) have been performed. New processes using the
biocatalytic functions of methylotrophs have also
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been attempted for the production of methyl keto-
nes (20), acetone (21), formaldehyde (22,23), and
benzaldehyde (24).

Aldehyde, which has been used as a raw material
for antiseptics, resins, pesticides, perfumes and
other chemical products, is presently produced in
chemical processes using metal catalysts at high
temperature and pressure.

Biocatalytic use of microbial cells for the produc-
tion of fundamental chemicals is attractive because,
1) the narrow specificity of the enzymatic reaction
could reduce the amount of by-product, 2) milder
reaction conditions than those of usual chemical
processes could reduce energy costs, and 3) the
biocatalytic process used instead of metal catalysts
in chemical process might have advantages in envi-
ronmental protection.

The alcohol oxidase (EC 1.1.3.13) and catalase
(EC 1.1.11.6) of methanol utilizing yeast can be app-
lied to the production of useful aldehyde from pri-
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mary alcohol. The alcohol are oxidized to correspo-
nding aldehyde by alcohol oxidase, and catalase de-
composes the toxic compound, H:0., which i1s pro-
duced through the catalytic action of alcohol oxi-
dase (25, 26).

In this investigation of the production of aldeh-
yde using a methanol utilizing yeast as a biocatal-
yst, a methanol utilizing yeast which showed a high
aldehyde production was isolated. The isclated me-
thanol utilizing yeast was then identifided.

Materials and Methods

Medium

Since methanol is the sole source of carbon and
energy for a methanol utilizing yeast, a methanol
containing basal medium was used for the i1solation,
preservation and cultivation of methanol utilizing
yeast. The medium contained in 1.0 of distilled
water: methanol, 7.915 g; ammonmum sulfate, 2.0
g; MgSO0,-7H,0, 05 g; K;HPO,, 1.0 g; KH,PO,, 1.0
g: NaCl, 1.0 g; thiamine, 1.0 mg; riboflavin, 1.0 mg;
pyridoxine, 1.0 mg; nicotinic acid, 1.0 mg; pantothe-
nic acid, 1.0 mg; ascorbic acid, (.2 mg; biotin, 0.05
mg; folic acid, 0.01 mg; CaCl;, 2.0 mg; FeS0, 1.0
mg; CuSO,, 0.05 mg; H3;BO; 0.1 mg;, MnCl, 04
mg, ZnCl;, 0.4 mg; CoCl,, 0.1 mg; and Na;MoO,,
0.1 mg. The pH was adjusted to 6.0 with 1 N NaOH.

Isolation

Methanol utilizing yeasts were isolated from 112
soil samples by an enrichment culture. A 0.5 g soil
sample was added into 4.5 m/ of methanol basal
medium in a test tube (13130 mm) and incubated
with a reciprocal shaker at 160 rpm for 3 days at
28C . The culture broth was then spread on an agar
plate of the same medium and colonies formed
were isolated. Then, yeasts were selected by micro-
scopic morphological observation. Methanol utilizing
yeasts were confirmed by a methanol concentration
decrease in the hiquid basal medium during cultiva-
tion. Among the selected methanol utilizing yeasts
a strain which exibited the highest aidehyde produ-
ction was selected.

Cultivation
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One loopful of methanol utilizing veast grown on
an agar slant of the methanol basal medium was
inoculated into 5 m/ of the same liquid medium
in a test tube (13X130 mm) as a preculture. It
was cultured at 28C for 30 hours on a reciprocal
shaker at 160 rpm. Then, the resultant culture
broth was inoculated at a concentration of 3.0%
(v/v) into a 500 m/ flask containing 100 m/ of me-
dium. Cultivation was carried out at 28C and 160
rpm for 48 hours. Cells of methanol utilizing veast
grown on the methanol medium were used for al-
dehyde production after washing with 10 mM pota-
ssium phosphate buffer (pH 7.5).

Reaction conditions for the production of aldeh-
yde

The production of aldehyde was examined In a
resting cell system and a cell-free extract system.
The reaction conditions of the resting cell system
with whole cells were as follows: The reaction mix-
ture contained 30 mg of washed cells, 1.0 M alcohol
{methanol, ethanol, propanol and allyl alcohol), and
10 mM phosphate buffer (pH 7.5) in a final volume
of 1.0 mi. It was placed into a test tube (20X 100
mm). The reaction mixture was shaken reciprocally
for 2 hours at 20C and 160 rpm, and the reaction
was terminated by removing the cells by centrfu-
gation. The resultant supernatant was subjected to
gas chromatographic analysis.

The cell-free extract system for aldehyde produ-
ction occured under the following reaction condi-
tions: Thirty mg of washed cells were suspended
in 1.0 m/ of 10 mM phosphate buffer (pH 7.5), and
the suspended cells were then disrupted at 4C
by Cole-Parmer uitrasonicator. The cells and debris
were removed by centrifugation at 6,000 rpm for
10 minutes at 4C. The reaction was imtiated by
the addition of primary alcohol to the final concent-
ration of 1.0 M into the cell free extract solution.
The reaction mixture was incubated at 20C under
reciprocal shaking at 160 rpm for 2 hours. The 0.1
m/ reaction mixture was removed and put into 0.9
m! of 0.2 N HCI to stop the reaction. The resultant
solution was subjected to gas chromatographic anal-
VSIS,
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Gas chromatographic analysis

Amounts of methanol and aldehyde were measu-
red on a Varian Gas Chromatograph (Model 3700),
equipped with a flame ionization detector. The co-
lumn used for the quantitative analysis of aldehyde
(formaldehyde, acetaldehyde, propionaldehyde and
acrolein) and methanol was 10% carbowax 20 M
on Chromosorb W-HP, 80/100 (column size; 2.0
mXx2.0 mm IDSS). The column temperature was
maintained isothermally at 120C. The injector and
detector temperatures were 120C and 130C, res-
pectively. The flow rate of the carrier gas (N,) was
35 mi{/min, and the injection voilume was 5 /. Inte-
gration and calibration of peak areas were perfor-
med with a Varan 4270 [ntegrator. Under the con-
ditions, the retention times of methanol, formaldeh-
yde, acetaldehyde, propionaldehyde and acrolein
were 1.3, 0.9, 0.85, 1.0 and 1.1 minutes, respectively.

Identification

In order to identify the isolated methanol utib-
zing veast, its principal physiological properties and
morphological characteristics were analyzed accor-
ding to the method of Kreger-Van Ry (27) and Bar-
nett ef al. (28).

Coenzyme Q was extracted, as reported by Ya-
mada ef al. (29), and was analyzed by HPTLC (Me-
rck, 10X 10 e¢m). A solvent system consisting of ace-
tone-acetonitrile (80:20) was used, and detection
was done under a UV lamp at a wavelength of 254
nm.
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The composition of DNA bases (GC content) was
determined by reversed-phase HPLC, according to
the method of Tamaoka ef al. (30). DNA was hydro-
lysed into nucleosides with nuclease P1 and bacte-
rial alkaline phosphatase. The mixture of nucleosi-
des was subjected to HPLC without further purifi-
cation.

Results and Discussion

Isolation of a yeast capable of producing aldeh-
yde

Nineteen methanol utilizing veasts were isolated
from soil samples. Methanol assimilation by yeasts
was detected by three different methods: 1) growth
on a methanol containing agar plate, 2) an increase
of turbidity in a methanol containing liquid me-
dium, and 3) determination of methanol consump-
tion during cultivation. Four strains showing rapid
growth and high cell concentrations in a methanol
basal medium were analyzed for aldehyde produc-
tion from alcohol.

Table 1 shows the amounts of aldehyde produced
by methanol yeasts in a resting cell system and
a cell-free extract system. The molar yield of aceta-
ldehyde was the highest and that of formaldehyde
was the lowest among the aldehyde analyzed. The
substrate specificity of alcohol oxidase to methanol
1s known to be higher than the specificity to ethanol
(31). Thus, the difference in molar yields between
formaldehyde and acetaldehyde suggested that for-

Table 1. Amount of aldehyde produced by selected methanol yeasts

Amount of aldehyde (mM)

Strain No. 1 Strain No. 2 Strain No. 3 Strain No. 4

R C R C R C R C
Formaldehyde 33.6 36.3 — 21.7 452 458 47.6 49.6
Acetaldehyde 122.5 97.5 116.6 82.6 131.8 97.5 120.7 83.7
Propionaldehyde 934 56.7 90.8 58.2 122.0 73.4 87.5 53.1
Acrolein 8H.2 38.9 97.0 49.3 38.8 00.8 32.4 30.2

Strains were grown in a methanol basal medium for 48 hours in batch culture. The reaction for aldehyde produc-
tion was carried out with a cell conc. of 30 mg/m/ and an alcohol conc. of 1.0 M for 120 min. Formaldehyde,
acetaldehyde, propionaldehyde and acrolein were produced from methanol, ethanol, propanol and ally! alcohol,

respectively.
R: Resting-cell system, C: Cell-free extract system
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Fig. 1. Scanning electron micrograph of strain No. 3
( X 8400).

Strain No.3 was cultured in methanol basal medium
for 48 hours at 28C .

maldehyde was more inhibitory either to cells or
to alcohol oxidase activity, than acetaldehyde.

The amount of aldehyde produced was larger in
the resting cell system than in the cell-free extract
system. In wvivo alcohol oxidase and catalase are
localized in special cell compartments, called pero-
xisomes, which are induced during growth of me-
thanol utilizing yeasts on methanol (32). Peroxiso-
mes may be destroyed in the cell-free extract sys-
tem by cell disruption in a ultrasonicator. There-
fore, the enzymes in vifro are less stable than in
the resting cell system.

Strain No. 3 showed the highest aldehyde produ-
ction among the selected methanol utilizing yeasts.
Therefore, strain No. 3 was selected as an aldehyde
producer, and the resting cell system was chosen
for aldehyde production.

identification of isolated yeast

A photomicrograph of strain No.3 is shown 1n
Fig. 1, and morphological properties of the strain
are summarized in Table 2. After 3 days’ culture
on YM agar at 28C the cells were ellipsoidal shape
and formed a singly, in pairs, or in small clusters.
In YM liquid medium, a pellicle was absent and
rings were rarely observed. The yeast reproduced
by multilateral budding, mycelium was not formed
in slide culture, and ascospores were observed by
staining with malachite green. Based on morpholo-
gical examination this strain was confirmed to be

635

Table 2. Mophological properties of strain No. 3

Strain No.3

Shape and size of cell ellipsoidal
(1.3—2.2)X(2.0~-3.0) um
Growth 1in YM liquid medium* pellicle formed
(after 3 days at 28C)
Growth on YM agar**

(after 3 days at 28C)

abundant growth
slightly raised
entirely smooth
glistening butyrous
Characternistics of vegetative reproduction

budding multilateral budding
mycehum formation not formed

(slide culture)
spore formation formed

— e — e

*YM medium; peptone 5 g, yeast extract 3 g, glucose
10 g and distilied water 1,000 m{/, pH 5 to 6.
**YM agar; peptone 5 g vyeast extract 3 g, glucose
10 g, agar 17 g and distilled water 1,000 m/.

an ascosporogenous yeast.

The quinone system of strain No.3 was ubiqui-
none Q-7 and the GC content of the DNA was 45.6
mol%. Methanol utilizing veasts are divided into
four major groups by Komagata (33). The GC con-
tent of the DNA of Group 2 shows a rather broad
distribution from 34.3 mol% (Candida methansor-
bosa) to 56.3 mol% (Candida entomophila). The do-
minant ubiquinone of this group is Q-7, which 1s
found in most species of the genera Hansenula, Pi-
chia and Candide. Thus, strain No. 3, ascosporoge-
nous yeast was considered to be a member of the
genus Hansenula or Pichia.

The detailed taxonomical characteristics of the
isolated yeast are shown in Tables 3, 4 and 5. Nit-
rate assimilation by this strain suggested that it
belonged to the genus Hansenula. This yeast assi-
milated potassium nitrate, but no species of the ge-
nus Pichia assimilated nitrate as a mitrogen source.

Strain No. 3 showed similarity to Hansenula non-
fermentans in the assimilation of carbon compounds,
except trehalose and erythritol. Strain No.3 assimi-
lated erythritol, but H nonfermentans did not. St-
rain No.3 did not ferment carbon compounds, un-
like H. nonfermentans. This strain also showed the
same results in additional physiological tests as the
H. nonfermentans. Furthermore, the results of the
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Table 3. Assimilation of carbon compounds

—— e —

No.3 H* Compounds

Compounds No.3 H
D-galactose - — Raffinose -
L-sorbose - —  Melezitose - =
D-glucosamine — — Inulin - =
D-ribose + + Starch - =
D-xylose — V  Glycerol + V
L-arabinose - —  L-~arabinitol - -
Sucrose — —  D-manmtol + +
L-rhamnose + V Rihtol +  +
Maltose — — myo-Inositol - =
Trehalose - + Erythritol + -
Cellobiose + +  D-gluconate - =
Salicin + + D-glucuronate —  —
Arbutin + +  Citrate -V
Melibiose - — Methanol + +
Lactose — — Ethanol + A+

*H; Hansenula nonfermentans, V; variable

Table 4. Fermentation of carbon compounds

Compounds No.3 H* Compounds No.3 H
D-glucose - —,D Lactose - —
D-galactose - - Cellobiose - —
Maltose - = Melezitose — —
Sucrose - = Raffinose - =
Trehalose - = Inulin — —
Melibiose - - Starch - =

*H; Hansenula nonfermentans, D; delayed

guinone system and the GC content of the DNA
were consistent with those of H nonfermentans.

Although some differences were found in the as-
similation of carbon compounds, the physiological,
morphological and other taxonomical characterestics
of strain No. 3 were similar to those of H. nonferme-
ntans. Therefore, this strain was named Hansenula
nonfermentans KYP-1.

Aldehyde production

Aldehyde production was investigated with the
cells of strain No.3 obtained at different culture
times (Fig. 2). The activity of cells for aldehyde pro-
duction increased during the early exponential gro-
wth phase, reaching a maximum value at a culture
time of 40 hours. When the cells entered the statio-
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Table 5. Additional physiological properties

Strain No.3  Hansenula
nonfermentans

Assimilation of

nitrate + +

nitrite - V

L-lysine + +

creatinine — —
Growth in

50% glucose medium — —
60% glucose medium — -
0.1% heximide + +
0.01% heximide + +
vitamin-free medium — —

Growth at
25C + 4+
37?3 —+ -+
42C — ~

Starch production — —
Production of acetic acid — —
Urea hydrolysis — —
Diazonium Blue B reaction — —

Coenzyme Q system Q-7 Q-7
G+C mol% 45.6 45.3, 45.6
200

% 150 - 4 3.0

o - o
5 o, 2
:_g 100 B - 20 :&)
o 3
z 3
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Fig. 2. Aldehyde production by cells of different culture
times.

Cells were cultured in a methanol basal medium at
28C and stirred at 160 rpm. Reactions for aldehyde
production were carried out with resting cell system.
Cell conc.; @, Formaldehyde; C, Acetaldehyde; (7, Pro-
pionaldehyde; a, Acrolein; B

nary growth phase, the amount of aldehyde produ-
ced sharply decreased. Similar patterns were shown
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in the production of four other aldehyde, but the
production of propionaldehyde and acrolein were
more dependent on cell age than the production
of formaldehyde and acetaldehyde.

2 ¢
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ZAE aldehyde 7}-84l acetaldehydee] 2§ Aleko]
7 =9kt )9 aldehyde A4S 404 7F v kgt
TAE AZolE o] 4319 S of dofxc)

References

I. Ogata, K., H. Nishikawa and M. Ohsugi. 1969.
A yeast capable of utilizing methanol. Agric. Biol.
Chem. 33: 1519-1520.

2. Oki, T., K. Kouno, A. Kitai and A. Ozaki. 1972.
New yeasts capable of assimilating methanol. J.
Gen. Appl. Microbiol 18. 295-305.

3. Yokote, Y., M. Sugimoto and S. Abe. 1974. Yeasts
utilizing methanol as a sole carbon source. J Fer-
ment. Technol 52 201-209.

4. Ogata, K., H. Nishikawa, M. Ohsugi and T. To-
chikura. 1970. Studies on the production of yeast
(Part 1. A yeast utilizing methanol as a sole car-
bon source). J Ferment Technol 48. 389-396.

5. Cooney, C.L. and D.W. Levine. 1972. Microbiol
utilization of methanol. Adv. Appl. Microbiol 15:
337-365.

6. Nishio. N.. Y. Tsuchiya, M. Hayashi and S. Na-
gai. 1977. A fed-batch culture of methanol-utili-
zing bacteria with pH stat. J Ferment. Technol
55: 151-155.

7. Elmayergi, H. and O. Coffaro D. 1977. Kinetics
of Torulopsis ernobii growing on methanol. | Fer-
ment. Technol. 55: 581-586.

8. Faust, U., P. Prave and D.A. Sukatsch. 1977. Co-
ntinuous biomass production from methanol by
Methylomonas clara. J. Ferment. Technol 55: 609-
614.

9. Yano. T. T. Endo, T. Tuji and Y. Nishikawa.
1991. Fed-batch culture with a moditied DO-stat
method. J Ferment. Bioceng. 71: 35-38.

10.

11.

12.

13.

14.

15.

16.

17.

I8.

19.

21

22.

635

Yano, T., M. Kurokawa and Y. Nishikawa. 1991.
Optimum substrate feed rate in fed-batch culture
with the DO-stat method. J Ferment. Bioeng. T1:
345-349.

Izumi, Y., M. Takizawa, Y. Tani and H. Yamada.
1982. L-serine production by resting cells of a
methanol-utilizing bacterium. J. Ferment. Technol.
60: 269-276.

Morinaga, Y.. Y. Tani and H. Yamada. 1982. L-
methionine production by methionine-resistant
mutants of a facultative methylotroph, Pseudomo-
nas FM 518. Agric. Biol Chem. 46. 473-480.
Tani, Y., T. Kanagawa, A. Hanpongkittikun, K.
Ogata and H. Yamada. 1978. Production of L-se-
rine by a methanol-utilizing bacterium, Arthroba-
cter globiformis SK-200. Agric. Biol. Chem. 42: 2275~
2279,

Natori, Y. and T. Nagasaki. 1980. Occurrence of
coenzyme Q» and coenzyme Q, in facultative
methnol-oxidizing bacteria. Agric. Biol. Chem. 44:
2105-2110.

Natori, Y. and T. Nagasaki. 1981, Enhancement
of coenzyme Qy accumulation by mutation and
effects of medium components on the formation
of coenzyme Q homologs by Pseudomonas N842
and mutants. Agric. Biol Chem. 45: 2175-2182.
Tani, Y., Y. Mitani and H. Yamada. 1984. ATP
production by protoplasts of a methanol yeast,
Candida boidnii No.2201. Agric. Biol Chem. 48:
431-437,

Hou, C.T., Al Laskin and R.N. Patel. 1978. Gro-
wth and polysaccharide production by Merhylocy-
stis parvus OBBP on methanol. Appl. Environ. Mi-
crobiol. 37 800-804.

Choi, J.Hy, JH. Kim, M. Daniel and JM. Le-
beault. 1989. Optimization of growth medium
and poly-B-hydroxybutyric acid production from
methanol in Methylobacterium organophilum. Kor.
J Appl Microbiol Biceng. 17. 392-396,

Choi, JH., UT. Lee. JH. Kim and J.S. Rhee.
1989. New extracellular biopolymer produced by
Methylobacterium organophilum from methanol,
Kor. J. Appl. Bioeng. 17. 397-402,

Patel. RN., C.T. Hou. AL Laskin, P. Derelanko
and A. Felix. 1979. Oxidation of secondary alco-
hols to methyl ketones by yeasts. Appl. Environ.
Microbiol. 38. 219-223.

Thomson, AW, J.G. O'Neill and J.F. Wilkinson.
1976. Acetone production by methylobacteria.
Arch. Microbiol 109: 243-246.

Sakai, Y. and Y. Tani. 1986. Formaldehyde pro-
duction by cells of a mutant of Candida boidinii



636

23.

25.

26.

27.

28.

S2 grown in methanol-limited chemostat culture.
Agric. Biol Chem. 50:. 2615-2620.

Sakai, Y. and Y. Tanm. 1988. Production of for-
maldehyde by detergent-treated cells of a metha-
nol veast, Candida boidinii S2 mutant strain AOU-
1. Appl Environ. Microbiol 54: 485-489.

Duft, SJB. and W.D. Murray. 1989. Oxidation
of benzyl alcohol by whole cells of Pichia pastoris
and by alcohol oxidase in aqueous and nona-
queous reaction media. Biotech. Bioeng. 34:. 1353-
159.

Tani, Y., T. Miya., H. Nishikawa and K. Ogata.
1972. The microbial metabolism of methanol
(Part 1. Formation and crystallization of metha-
nol-oxidizing enzyme in a methanol-utilizing
yeast, Kloeckera sp. No.2201). Agric. Biol Chem.
36: 68-75.

Sham, H. 1977. Metabolism of methanol by yea-
sts. Adv. Biochem. Engineering 6: 77-100.
Kreger-Van Rij, NJIW. 1984, The Yeasts (4 Taxo-
nomic Study). Elsevier, Amsterdam.

Barnett, JA., RW. Payne and D. Yarrow. 1983.

30.

31.

32.

Kov. J. Appl. Microbiol. Biolechnol.

Yeasts: Characteristics and Identification. Cambridge
University,

. Yamada. Y.. T. Ohisht and K. Kondo. 1983. The

coenzyme Q system in strains of some yeasts and
yeast-like fungi. J Gen. Appl. Microbiol 29: 51-57.
Tamaoka. J. and K. Komagata. 1984, Determina-
tion of DNA base composition by reversed-phase
high-performance liquid chromatography. FEMS
Microbiol. Letters. 25: 125-128.

Patel, RN, C.T. Hou, AL Laskin and P. Derela-
nko. 198]. Microbial oxidation of methanol: pro-
perties of crystallized alcohol oxidase from a
yeast, Pichia sp. Arch. Biochem. Biophysic. 210: 481-
488. |

Van Der Klei, 1.J., W. Harder and M. Veenhuis.
1991. Biosynthesis and assembly of alcohol oxi-
dase. a peroxisomal matrix protein in methylot-
rophic yeasts: a review. Yeast 7. 195-209.

. Lee, J.D. and K. Komagata. 1980. Taxonomic

study of methanol-assimilating yeasts. J. Gen. Mi-
crobiol. 26: 133-158.
(Received November 11, 1992)



