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Abstraet

Seven strains of -methanol assimilating yeasts were isolated from soil enriched with tetracycline. Among

them two better growing strains were selected and partially identified as species belonging to genus Cand-
ida. The both Candida 1-B and 25-A, grew best under conditions of pH 5.0 and 28°C.
The optimal methol concentration in the medium was found to be 1%, Whereas the organism, could

grow up to the 4% level.

Biotin was required by the organisms for growth and organic nitrogen sources raised the rate of growth.

The yield of biomass per unit weight of ccnsumed methanol after 96 hours were 36.9% by Candida 1-B

and¥39. 296 by 25-A.

Introduction

Certain method of producing single cell protein
by the organisms utilizing 'C! compounds such as
methanol and methane as a carbon source has been
studied in many labories. (1.9:11,12,21.22) Recently, the
interest in methanol as a fermentation substrate has
increased since methanol can be produced from na-
tural gas at low cost in large scale plants, and has
good properties such as water-soluble "and easy
nandling. The isolation of yeasts capable of grow-
ing on methanol has been reported by Ogata et al‘®

and by other investigators, (7.8:10,13.2) In this paper,

the results of isolation and 'taxonomical studies of
new yeasts and their culture conditions in methanol

are described.

Material and Methods

1) Microorganisms

The strains used throughout the study were met-
hanol assimilating yeasts isolated from 150 samples
of soil and sewage in Korea using enrichment tec-
hniques.
2) Media

Medium A; Medium A is consisted of methanol
20ml, (NH)SO4 6gr, KHpPO, 1gr, K,HPO, 1gr,



MgS04-7TH,0 0. 5gr, MnSOQ4-4-6Hz0 0. 0lgr, vita-
min mixture? 1ml, and tetracycline!® 50mg in
1000m! of tap water.

The pH of the medium was adjusted to 6. 0.

Medium B; Medium B is consisted of methanol
20ml, (NHy).S04 6gr, KH,PO, 1gr, Ko;HPO, 1gr,

MgSOy-7H;0 0. 5gr, MnSOy-4-6H0 0. 0lgr, vita-
min mixture 1m/, and bromphenol blue 1.5mg in
1000m of tap water. The pH of the medium was
as same as medium A. Methanol was added without
sterilization after autoclaving other components.

:3) Tsolation and culture conditions

Two grams of soil or sewage were added to 10m{
of medium A in a test tube and incubated with
xeciprocal shaking for 7 days at 28°C. After several
:subcultures, methanol assimilation ability was dete-
«cted by an increase in tubidity and a change of
color of the culture broth. The methanol assimilat-
ing yeasts were isolated by the usual monocolony
isolation method from the tubes which showed ab-
wndant growth. Cultivation were carried out in
:500m/ baffle flask containing 50m! of medium B on
.a rotary shaker {205 revolutions per min)at 28°C
for 2 10 4 days.

4) Methanol determination.

Methanol was analyzed by a colorimetric method!?
using chromotrophic acid after oxidation with KMn-
Qs A standard curve was prepared from volumetric
«uantities of methanol.

5) Cell concentration.

Cell growth was measured by the optical density

and calculated from a standard curve estimated dry

cell weight.

Results and Discussion

1. Tazonomic characterization of isolated strains.
From soil and sewage samples, 7 strains assirnil-
-ating methano] were isolated by a methanol enrich-
ment culture. Among them, two strains 1-B and
95-A whioh showed the most abundant growth in
methanol medium were selected. Table 1,2,3,4,5
and 6 show taxonomic characteristics of the two
strains of methanol assimilating yeast. The vegeta-
tive cells of the two yeasts are shown in Fig. 1

and Fig. 2, respectively. These esults suggest that

Fig. 1. Photomicrograph of Candida 25-A grown
fordg8hr in YM medium at 28°C.

Fig. 2. Photomicrograph of Candida 1-B grown 48hr
in YM medium at 28°C.

the two yeasts belong to the genus Candida sp.

Any differences of the taxonomical properties were
not found between the strain of 1-B and that of
25-A except cell size and maximum temperature of
growth. There were no species identical 'with these

yeasts in the system of Lodder.1® Although some

Table 1. Morphological properties of metanol
assimilating yeasts, 1-B and 23-A.

1-B 25-A
Shape oval or ellipsoid | oval or ellipsoid
Size G4 %G @2-3)XU—-"x
—10) ¢
Reproduction | multilateral multilateral
Pseudomycelium| formed formed

Ascospore not formed not formed




Table 2. Macromorphological characteristics of me-
thanol assimilating yeasts, 1-B and 25-A.

1-B 25-A
Growth abundant 1 abundant
Shape raised, undulate | raised, undulate
Color milky white milky white
Surface butyrous butyrous

Inulin

Soluole starch

|
Salicin i
DL-Lactic acid ’

Table 5. Assimilation of nitrogen compounds

Table 3. Physiological properties of methanol assi-
milating yeasts, 1-B and 25-A.

1-B 25-A
Optimum pH for growth 5 5
Optimum temperature for 28°C 28°C
growth
pH available for growth 2t08 [2t08
Maximum temperature for 45°C 40°C
growth
Assimilating of KNO3 positive | positive
Coagulation of milk negatlve | negative
Reduction of Litmus positive | positive
Sodium chloride tolerance 10% 10%
Gelatin hydrolysis negative | negative
Production of carotenoid pigm- | negative | negative
ents
Production of starch-like negative | negative
substances
Splitting of arbutin negative | negative
Vitamin stimulating” growth biotin | biotin

Table 4. Assimilation of carbon compound

Compounds 1-B 25-A
Glucose + +
Galactose - -
Maltose — -
Saccharose + -+
Lactose — —
D-Xylose + +
Glycerol - -+
Ethanol + +
Formaldehyde - -
Formate — —
Acetate + +
L-sorbose 4 .
Trehalose — -
D-Ribose + -+
Erythritol + @
D-Manitol + +

Compounds 1-B 25~-A
Peptone + +
Ammoniumsulfate + 1 —+
Asparagine + +
Urea - -

Table 6. Fermentation of carbon compounds

Compounds 1-B 25-A

Glucose 4 +
Galactose - —
Saccharose + -+
Maltose - -
Lactose — -

Raffinose — —

Table 7. Comparision of physiological characteristics
of the isolated yeasts with C. wtilis

Isolated
yeasts

Assimilation of
carbon compounds

Maltose +
Sucrose +
D-Ribose -
Erythritol -
L-Sorbose —
Salicin -+
[nulin

C. utilis

+ b+ o+

*_
4

of biochemical properties of these yeasts are similar
to those of Candida utilis, differences were found
in the properties as follow;

The isolates assimilate L-sorbose, erythritol and
D-ribose, but Candida utilis does not have the
ability to assimilate them.

And the former do not assimilate maltose and salicin
but the later can assimilate them. Moreover, it was
found that there are considerable differences vitamin
requirement for growth. (Table 7)

2. Growth characteristics of two methanol “assimil-

ating yeasts.



1) Optimum pH

This was determined in the medium B by pH
control culture with Taqueous ammonia. :These
organisms grew over the range of pH 2.0 to 8. 0. A
The optimum pH of two strains were observed
at pH 5.0Fig. 3).
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Fig.3. Effect of pH on the growth of Candida
25~-A and Candida 1-B. The growth in the
medium B having different pH values was
determined after shaking for 48 hours at 28°C.
—(C— Candida 25-A —X— Candida 1-B

2) Optimum temperature
A growth test at various temperatures was ca-

rried out with a temperature gradient rotary sha-

ker. The results are shown in Fig. 4. The opti-

mum temperature of two strains was observed at

28°C.

3) Methanol concentration

Fig. 5 shows the effect of methanol concentration
of growth of two organisms in the medium B.
It was found that yeasts could grow in the med-
ium containing as much as4. 0% methanol and
optimum concentration of methanol was 1.09%.
4) Growth factors.

Vitamin requirements of the two methanol
assimilating yeasts were studied. Table 8 and 9
show that biotin was required for the growth of
both yeasts, but was not observed to be the ess-
ential growth factors. Ogata et 2l and Yokote

et al®® repored that thiamine was required for
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Fig. 4. Effect of temperature on the growth of the
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two isolates. The growth was determined
after shaking for 48 hours at different temp-
erature.
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Fig.5. Effect of methanol concentration on the

growth of the two isolates. the growth in
the medium B having different concentration
of methanol was determined after shaking
for 48 hours at 28°C.
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the growth of methanol assimilating yeasts, Klo-
eckera sp. and Torulopsis sp. But the yeasts of
this study did not require thiamine for their-
growth.
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Table 8. Vitamin requirements for growth of Candida 1-B

Growth (OD 660nm X 50)
Added to minimum Removd from complete
Vitamins medium medium
Incubation time (hr)
24 48 24 48

None 0. 005 0. 030 0. 028 0. 140
Thiamine HCl 0.018 0. 043 0.018 0. 158
Riboflavine 0. 015 0. 043 0.017 0. 209
Pyridoxine HCl 0. 005 0. 031 0. 020 0. 156
Panthothenate 0. 008 0. 050 0.018 0. 098
Nicotinic acid 0. 009 0. 042 0.018 0.172
Folic acid 0.013 0. 061 0. 025 0. 096
p-aminobenzoic acid 0.014 0. 041 0. 024 0.127
Biotin 0. 020 0.147 0.016 0. 025

Table 9. Vitamin requirements for growth of Candida 25-A

Growth (OD660nm X 50)
Added to minimum Removed from complete
Vitamins medium medium
Incubation time(hr)
24 48 24 48
None 0. 006 0. 028 0. 008 0. 076
Thiamine HCI 0. 008 0. 044 0. 015 0. 092
Riboflavine ) ' 0. 006 0.038 0. 014 0.072
Pyridoxine HCl 0. 006 0.043 0. 009 0. 064
Panthothenate 0. 005 0. 045 ‘ 0.010 0.078
Nicotinic acid 0.012 0.028 0. 010 0.079
Folic acid 0. 009 0. 044 0. 014 0. 058
p-aminobenzoic acid 0. 609 0.014 0. 009 0. 082
Biotin 0.015 0.162 0. 005 0. 027

5) Organic nitrogen sources.

The effect of the addition of organic nitrogen
sources such as yeast extract, corn steep liquor
aad beef extract, on growth in a methanol med-
ium was also examined. The results are shown
in Fig. 6 All the tested organic nitrogen sources
stimluated the growth of strains in a methanol
medium. The most effective growth was observed
on the addition of yeast extract. However, some
differences at optimum concentration between
Candida 1-B and Candida 25-A were seen. Opt-
imum concentrations of yeast extract were 0. 3%
for Candida 1-B and 0.29% for Candida 25-A.

Yokote et a]!® suggested that organic nitrogen
sources such as corn steep liquor increased the
growth of yeast in a methanol medium. The
most effective growth was obtained on the addition
of yeast extract in our study, but it seems to be
desirable to replace with corn steep liquor in the
biomass production because of its low cost.
6) Time course of biomass production

The biomass production was carried out in the
culture medium containing 0.39% yeast extract.
The results are shown in Fig. 7. The yields of
biomass per weight of consumed methanol were

36.9% by Candida 1-B and 39.29% by Candida
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Fig. 6. Effect of organic nitrogen sources and their

concentration on the growth of the two isol-
ates. The growth gn the medium B Difco
yeast extract, Difco beef extract and corn
steep liquor (Kumsung Industry Co.) were
determined after shaking for 48 hours at
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Fig. 7. The growth and substrates utilization patt-

28°C.

—X— Yeast extract, —[l#— CSL,
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ern of the two isolates during the culture of
96 hours period. The organisms were grown
in medium B shaking at 205 rev/min rate.
—X— dry cell weight, —(O— methanol
concentration (v/v %)

25-A.

3. Comparision of Candida 1-B and Candida 25-A

with the previously reported methanol-a ssimila-

Table 10. The Comparison of characteristics of methanol-assimilating yeasts

Kloecke- |T. meth-IC. meth-Candida\Sacchar- Z;; o;Z:Z)l: 3;'03;6;{; "|Canadi- (Candida
ra No lanovesce-lanolica |N-17 omyces | requi da 25-A
2201 pnse H-1 IKy12001Ky 120021 B
Ogata® |Oki Oki Tomu- |Tomu- Isolated [Isolated
etal®  letal®  [ral® ral® 2‘;2};3}6 Ziglkzﬁfe yeast  |yeast
Reproduction budding, Multila- [Multila- Multila- [Multila- Multila- |Multila- {Multlla- [Multila-
polar  |teral teral teral teral teral teral teral teral
Pseudomycelium - - + + - - - + +
Ascospore - - - - + ‘ - - - -
Protubdrance - — - — + i ‘ — ' -
Assimilation of
C and N-compounds
Glucose + + + + + + + +
Sucrose — - + -+ - — -+ -+
Ethanol + + + -+ - + -+ + +
Glycerol - - + + + +
Acetate + — - + + +
Nitrate + + + -+ - -+ + -+ +
Vitamin requirement
Biotin — + + - - + + - -
Thiamine + + + | + + + + + +




ting yeasts.

Table 10 shows a comparision of the principal
properties of these isolates with the previously rep-
orted methanol assimilating yeasts. It indicates that
these two isolates seem to be similar to Candida
N-17 which was isolated by Tomura et al. 40
These yeasts were quite different from Candida
methanolica® in the assimilation of carbon sources
such as trehalose. solublestarch, salicin and vitamin

requirement.

WEEAT THEEY T Lo =8¢ Metha-
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#E 25 ethanol B{tM:E 71Xz 4%l = Bio-
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B3 pH5. 0 ©) 2 methanol HE 1% 4 @8] B
mgERe 5% methanol of ¥dle]  35~40%o]
sl o,

References

1) K. Ogata et al: J. Ferment. Techol., 48,
389, 1970)

2) K. Ogata et al: J. Ferment. Technol., 48,
390(1970)

3) K. Ogata et al: J. Ferment. Technol., 48,
395(1970)

4) K. Ogada et al: J. Ferment. Technol., 48,
470(1970)

5) T. Oki, K. Kouno, A. Kitai and A. Ozaki:
J. Cen. Appl. Microbiol., 18, 298(1972)
6) T. Oki, K. Kouno, A. Kitaland A. Ozaki:

J. Gen. Appl. Microbiah, 18, 301(1972)

7) T. Akiba, H. Ueyama, M. Seki and T.
Fukimbara: J. Ferment. Technol., 48, 323(1970)

8) Arof. A.: Proc. Ann. Conv. Sugar Technol.
Assoc. (India), 42, 36(1668)

9) Cooney, C.L., D.W.: Adv. Appl.
Microbiol., 15, 344(1972)

10) Tomura, K., Uragami, T., Kanbayashi, A.:
(Abstr. ) Annual Meet. Agr. Chem. Soc. Japan,
p. 133(1971)

11) Lena. Higgsttdm: Biotech. Bioeng., 11, 1043
(1969)

12) Y. Amano, H. Sawada, N. Takada and G.
Terut: J. Ferment. Technol., 53, 315(1975)
13) Y. Yokote, M. Sumitomo and S. Abe: .J. Fe-

rment. Technol., 52, 201(1974)

14) K. Tomura et al: (Abstr) Annual Meet. Agr.

Chem. Soc, Japan, p.81(1973)

Levine,

15) Lizuka, H., Goto.S.: A taxonomy of yeas
(in Japanese), Univ. of Tokyo Press, Tokyo
(1969)

16) Lodder. J. ed: The yeast, taxonomic study,
North-Holland Publ. Co., Amsterdam~London
(1971)

17) Boos, R.N.: Anal. Chem. 20, 964(1948)

18) Y. Tokote, M. Sumitomo and S. Abe: J.
Ferm. Tehnol. 52, 207(1974)

19) Y. Yokote, M. Sumotomo and S. Abe: ibid.
52, 204(1974)

20) H. Asthana, A.E. Humphrey and V. Moritz:
Biotech. Bioeng., 13, 923(1971)

21) J.H. Kim and D.Y. Ryu: J. Ferment. Te-
chnol., 54, 427(1976)



