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Summary

In order to obtain basic information on the production of single cell protein from petr-
oleum, more than 400 yeast strains were isolated from various soil samples in Korea
utilizing petroleum hydrocarbon as the sole carbon source.

A yeast strain showing the highest cell yield among the isolated strains was selected and
identified. The optimal culture condition was searched in the flasks shaken throughout the
procedure. And the growing characteristics for the selected yeast strain and chemical
analysis of the yeast cell component were carried out.

The results obtained were as follows:

1. The selected yeast strain was identified as Candida curvata and we named it Candia
curvata-SNU 10.

2. The composition of the medium proposed for the present yeast strain is: Light Gas Qil
30 ml, Urea 400mg, Ammonium sulfate 100mg, Potasium phosphate (monobasic)
670mg, Sodium phosphate (dibasic) 330mg, Magnesium sulfate 500mg, Calcium carb-
onate 3g, Yeast extract 50mg, Tween 20 0.05ml, Tap water 1,000ml.

3. Other culture conditions employed for the yeast were pH 5.5—7.0, temp. 30°C under
an affluent aerobic state.

4. Addition of light gas oil in portions to the culture media as the growth proceeded was
more effective, especially in the cultivation on the higher oil concentration media.

5. Studies on the propagation of the yeast cells in the light gas oil medium revealed that
the yeast has the lag phase lasted 16 hours and the logarithmic growth phase covered
16 to 28 hours. The specific growth rate was about 0.22 hr™! and doubling time was
3.2 hrs. during the logarithmic growth phase.

6. Under the cultural condition employed, the cell yield against the amount of light gas
oil (wt%) was 16.1% and the protein content of the dried yeast cells was 48.4%.
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Table 1. Composition of media for screening
and cultivation
Constituents Media A Media B
Hydrocarbon* 30ml 30ml
NHNO; 2.5g —
(NH»).CO 2.5 5g
KH,PO, 2 2
Na;HPO,-12H,0 1 1
MgS0,+7H:0 0.7 0.5
CaCO; 0.1 0.1
FESO4‘7H20 1078 —
MnSO,-4H,0 1073 —
ZnSO0,+7H,0 1073 —
H;BO; 1073 —_
Yeast Extract 0.1 0.05
Tween 20 0.1ml 0.1ml
Tap water 1000ml 1000m!
pH ** 5.0 5.0

Autoclaved at 115°C X 10min.
* Kerosene, Light Gas Oil and Heavy Gas Oil

(in equal weight) was used,
#* Adjusted with 0.1N-HCI and 0.1N-NH,OH
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Table 2. Properties of petroleum fractions
h T © ] Specific
Fraction gravity |B.P.(°C)
(60/60°F)
Light Straight Run Gasoline] 0.6800 34.4
Naphtha 0.7405 45.6
Kerosene 0.7963 67.78
Light Gas Oil (LGO) 0.8368 208.9
Heavy Gas Oil (HGO) 0.8654 268.9
Vacuum Light Gas Oil 0.8866 —
(V. LGO)
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Table 3. Description of Candida curvata-SNU70

Growth in malt extract;

After 3 days at 25°C cells were round to oval
(3~5x3~8u). Sinlge (Fig. 8) A pellicle and
a sediment were formed.

Streak culture on malt agar;
Cream colored,
dull parts

raised, wrinkled. wet with

Slide culture on potato agar;
Prominent true-and pseudomycelium
developed. (Fig. 9)
Sporulation; not observed
Fermentation; absent
Sugar assimilation; Glucose (H#), Galactose(+)
Maltose(+), Sucrose(+)"



Lactose ()
Assimilation of KNOj; negative
Utilization of Ethanol as sole carbon source;
positive

Production of Carotenoid pigments; negative

Fig. 8. Cells of Candida curvata-SNU 70.
Giown in Malt extract, for 3 days at
28°C (x600)
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Production of starch like products; negative
Acid formation from milk; negative
Growth in Vit.-free medium; occurred

Splitting of Arbutin; very weakly positive

Source; Isolated from oil soaked soil

Fig. 9. Péeudémyceha of Candida curvata-SNU
70. Slide culture on Potato dextrose
agar, for 15 days at 28°C (x600)
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Table 4. Effect of petroleum fractions on the
growth of the selected yeast

Fraction B.P.(°C) 0.D.
LSRG 34.4 0.02
Naphtha 45.6 0.09
Kerosene 67.78 0.31
LGO 208.9 0.41
HGO 268.9 0.38
V. LGO e 0.32
Kerosene+LGO e 0.35
LGO-+HGO _ 0.40
HGO+V.LGO S 0.36
HGO-+Kerosene S 0.31

Seperately sterilized.
Eeach fraction was added in the concentration
of 3%
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Fig. 1. Effect of Temperature on the Growth
of the Selected Yeast.
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Table 6. Effect of inorganic nitrogen sources
on the growth of the selected yeast

N-sources ‘ Initial b 24 hrs i 0.D.
(NH(),S04 6.0 | 3.0 | 0.38
NH,NO; 5.8 3 0 0.36
(NH.),CO 7.4 6.0 | 0.42
NH,CI 5.8 3.2 | 0.33
(NH);80,4-+NHNO, 5.8 3.4 | 0.36
NHNO;+(NH,),CO 6.6 5.5 | 0.41
(NH,)2S04+ (NHZ).CO — — —

a:4 6.4 6.0 | 0.42
a:1 6.2 6.0 | 0.42

After 24hrs, pH wasvlgpt above 5.0 with CaCOs.
Eeach N-source was added in the concentration
of 0.5%

o pH A 448 2444 & gdd w¢
o z4dEEd FAAE B ARAE TH
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Table 7. Effect of natural nutrients on the
growth of the selected yeast.

Concentration

Natural nutrients %) ‘ 0.D.

Yeast Extract 0.001 0.37
0.005 0.50

0.01 0.50

0.02 0.48

0.05 0.48

Corn Steep Liquor 0.01 0.36
Casamino Acid 0.01 0.41
Vit-free Casamino Acid 0.01 0.36
Peptone 0.01 0.40
Control 0.36
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Fig. 5. Effect of Surfactants on the Growth
of the Selected Yeast.
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3 0.51 4.9 16.1 0.50 16.0

7 1.15 11.0{ 15.5| 1.12 15.2

10 1.63| 15.6| 15.6 1.10 10.5

15 2.05 19.7| 13.0, 1.28 8.2

20 2.10 20.21 10.0{ 1.71 8.1

30 2.57| 24.9] 8.2 1.72 5.3
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(18hrs), 20% (21hrs), 20% (24hrs), 15%
(27hrs), 5% (30hrs).
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. Table 9. Composition of yeasts grown on various substrates.
Strain Substrate Protein Lipid frI:étg){gt?:ct Ash
Candida curvata-SNU 70 Light Gas Oil 48.4 3.8 28 10.2
Baker’s yeast?? Carbohydrate 40~50 1~2 32~40 6~10
Candida utilis®® Sulfite Liquor 47.43 1.01 — —
Mixture of Candida sp.? n-Paraffin 41.5~48.3] 4.6~13.4 — —
Candida sp? | Gas Oil 54.5~57.7 1.9~7.2 — —
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Ag HEAog A 2479 1000%;@4 EGAER
HH 40094 79 &3l &

Z 2% A% FATEe F& -&%% A% 8o
5

2 FF9 A FRiEa WA
3, 4574% 9 FAZEL
o A%E A%

SFFFE AAHE &R
SNU 7022 545 3=t

2. AR TS A4 AR 24 L et
Light Gas QOil 30ml, (NH3):CO 400mg, (NH,).
SO, 100mg, KH;PO; 670mg, Na,HPO,-12H,0
330mg. MgS0,7H;0 500mg, CaCO; 3g, Yeast
Extract 50mg, Tween 20 0.05ml, Tap Water
1000ml.

3. AR R Mk

EEEPEEES
zAs Bed 2

N

= Candida curvata-

z74¢ pH 5.5~7.0, 30°C

n-par-

L3l kel A

, Candida curvata-SNU 70% lag
phase 7} 16"] A o i v}g- 284 7 74A 7t Hl
AL ¢ § dReH, deAda Sy E, px
= 0.22hr? o] = doubling time -& 3.24 7o) gt

6. dold HAAzAAA 297 W FAA Light
Gas Oil o] W& FATE 16.1%F dAoH A=
Az sl A gL 48.4%5 -

g

1. Zobell, C.E.: Advances
443 (1950).

2. Johnson, M.J: Science, 115, 1515 (1967).

3. Raymond, R.L. & J.B. Davis: Appl. Microb-
iol., 8, 392 (1960).

4. Yamada, K., J. Takahashi, K, Kobayashi:
Agr. Biol. Chem., 27, 380 (1963).

5. Tanaka, A., T. Nagasaki, M. Inagawa and
S. Fukui: J. Ferment. Technol., 46 (6), 468
(1968).

6. Stewart, J.A., W.R. Finnerty & R.E. Kallio:
Science, 132, 1504 (1960).

E.: Petroleum Microbiology,

in Enzymology, 10,

7. Beerestecher,
Elsevier Press, New York (1954).

8. Takeda, I., T. Iguchi, T. Gawamura, S.
Horiguchi & S. Senon: Agr. Biol, Chem., 29



10.

11.

12.

13.

14.

15.

16.

(9), 796 (1965).

Miller, T.L. & M.J. Johnson: Biotech. &
Bioeng., 8, 549 (1966).

Chepigo, S.V., others: 7th. World Petroleum
Congress Proceeding, 8, 205, 1967 April,
Mexico City.

Champagnat, A,, C. Vernet, B, Laine & J.
Filosa: Nature, 197, 13 (1963).

Gatellier, C.: Hydrocarbon Processing, 143,
143 (1964).

Lodder, J. & N.J.W. Kreger-van Rij: The
Yeasts, A. Taxonomic Study, North Holland
Pub. Co., Amsterdam (1952).

Markovetz, A.J. & R.E. Kallio: J. Bacteriol.
87 (4), 968 (1964).

Yamada, K., J. Takabata, T. Okada & T.
Onihara: Single Cell Protein, The MIT Pre-
ss, Cambridge, 192 (1968).

Someya, J., T. Murakami, N. Tagaya, N.
Futai & Y. Sonada: J. Ferment. Technol., 48
(5), 291 (1970).

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Wang, D.I.C.: Chem. Engineering, 75, 99
(1968).

Mateles, R.I., others., Science, 155,
(1967).

Park, T.W.: J. Korean Chemical Society, 13
(2), 187 (1969).

Otsuka, S.I., R. Ishii and N. Katsuya: ].
Gen. Appl. Microbiol., 12, 1 (1966).

Aiba, S., V. Moritz, J.I. Someya & K.L
Haung: J. Ferment. Technol., 47, 203 (1969)
Kester, A.S. & J.W. Foster: J. Bacteriol.,
85, 859 (1963).

Darlington, W.A: Biotech. & Bioeng., 6, 241
(1964).

Stoke, J. L.: Microbial Proteins, A.M. Altsc-
hul, Ed., Academic Press (1958).

Wiley, A. J., others: Ind. Eng. Chem., 43,
1702 (1951).

K.H. Lee and H.K. Shin: J. Korean Agr.
Chem. Soc., 13, 43 (1970)

1322



