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£48 alkane?] "|AE FaY e dera]l {FEER AAle o] 2 ¥ opz}, A
fr frEe 9% F73 299 RS FAHAME F8F TAE Y7t

A% RILAFES] vlZE Feld B FAAR g 9 Byt 5ol 9}
t}.!"®  Miget et al.” & sea water®} crude oil& EFHE IAEZTZREY 5070
9] oil-degrading culture® ¥ on), dic}42] active preparationF ol 4 40~
55%¢} oxidized crude oile] 60A1Z}W o] enriched sea water® ¥#| iz BT
3t o}

Festd] oA RE @3y vgE Eallol A3 7] 47 1Y
oo, @7} n-paraffinl A A2 & A+s oA EL 227 P FHG. SE&HA
P50 A7t v YL 3 HY{FERe dNAS YA}, n-paraffing # A 3
7l st AP P}

Miller and Johnson'? & Cg~Cus] I# paraffin® paraffin waxe}e] &
§Ed A Candida intermedia®} C. lipolytica®) ¥ A33& &3,

Yamada and Yogo™'E Cxs~Ca M99 n-alkane® @3t paraffin waxol
A Corynebacterium hydrocarboclastus$} Candida tropicalisE w3t ° A
T3, 239 Cao °149 A hydrocarbonel 48] AAE AEF A= A
9] ¢t}

¥H, SakaiS'®e MMM Acinetobacter sp. M-10] B48 n-alkane(Ciz~
Cu)E WME &$52 g 2usgd.
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2 XMERBREFTAR RUEK (B218)

B w3k dRe glo], wigrle B @3y S AAH 2RR
e 99 A4 ¥4 Fdcs AL A g g7 kR (aqueous
phase)ol A} A ©3}5ieo] LI X0 9IFE F surface active properties®
7}Al & extracellular materialZ W] &9 o] &5 & NAAA Fcf. Aty
degradation emulsificationdl 23t F=n oil-waterd] FES F7HI7<
A#E 7HA L}, o) AL oil-water?] Fmel W E5F v ES 3o oilol
2HEE $571 ma2dE AL FYstE Ao >

3154 ASMYAS I AXE E50) AFALE d3lele $L Bk Aod
B354 E F3AE £ A Aol @7 Wi FEAZA ARBAH Hil=
wt= ] e x] ¢k ARNBAAE A wizleAH £& T, @3l5L W
Ao A o] BKe] ADVFAAAE Y82 s FHo] YHE o] AU, vy Ed
o3 w3yt Eibe ARG FHule Qs FAEHL, FAADRAIAE
Ao 24 1 EXE 94 § g, 2y dubA R €sieidA g E
o] FAsE AY, FAARRAAY HuIUol F3F /KL Ho|x, o] A F
2227 AHFAHERAL PAZL, o] emulsifiers 318AQ Aoy, VA5
o)A, 27} o] o] WP whg, HA pH, HHLE Fo| A vepd?

Jajic and Knettig?®Es AMA @552 EFEA AReM BB
Corynebacterium hydrocarboclastust emulsifying agent® A4tste A& &
Q.  Jajic et al.*& Corynebacterium hydrocarboclastuse glucose,
fructose, mannitol®] 3702l sugardl4 AARAEY + U3, extracellular polymers
BAAZ § oo o] Fo £ YA n-CpdlA n-Ciz B8l A= &5 A3
A a3422 Jeld, celld polymers] ol Ax2F%FE n-Ciz, n-Ci3, n-Cu
oA dojzictz Mg}

d2ta £ dFolA = n-paraffin Bt #4EHe) £, o] 3L RRE 2
3 @35 44 AF o extracellular emulsifying agent® A 4tsts 71E A
dastsich.

0. g4 2 34

1. Substrate source

n-alkane ¥{t #®4&He & A% dxl= (NH.).S0s 5g, K:HPOs 5g,
NaCl 1g, MgSOs - 7H20 0.2g, vitamin mixture 1g, hexadecane(Cis2}
n-alkane, Tokyo Kasei Organic Chemicals, Tokyo) 1g< 1 liter® deionized
watere] *%°]X pH 7.52 A #rx},

W=z)o] EAZYA Plysurf A210G(Daichi Kogyo Seiyaku, Kyoto)7} 7]2¢]
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ol 2] & n-alkanes? E{te} 3Lt 3

3%(w/w) T2 7FllA 1, 283 o] AL hexadecaneo] %<& wl 712 water
bathdll A 7F2 32 YA EFEL sonication(20 KHz, 18)¢ o)t FA35}§c}.

2. Shake flask experiments
BFo dYx|gez ey £AF EFAEE 100mle) A E s+ shaking

Culture broth(cultivation on hexadecane for 5 days)

— Centrifugation at 10,000 rpm for 30 min
Supernatant(Sediment discarded)

— Recentrifugation at 10,000 rpm for 30 min

Supernatant

— Extraction twice with 1/3 volume of diethyl ether

— Remove of residual ether in the aqueous phase bubbling with
filtered nitrogen gas

Aqueous phase

— Filtration successively through 3, 1.2, 0.8, and 0.45 ¢ m
membrane filters

— Extraction four successive times with 0.15 volume of heptane

Heptane fractions

— Evaporation in vacuo
~—— Extraction with ether

Syrup phase
— Dissolve with 50% methanol

—— Dialyzed against several changes of distilled water
— Lyophilize

Emulsifying factor

Fig. 1. Isolation scheme for hydrocarbon emulsifying factor.

flask(500 mbDel Y3 Z " ekr)(Iwashiya Bio-Science Co. LTD..
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RLR-No.4)%l4 300 rpme2 28C, 797 #W I}, vAE ¥+ glycerol
10g, Bacto peptone 3g, yveast extract 1g, K:HPOs 4g, NaCl 1g, MgSO; -
7TH»O 0.2g, Babco agar 18g-& deionized water 1 liters] %°]Z pH 7.08.8 =
A  agar WA AAH. Cellse <2]7}x] carbon length?)
n-alkane(0.3%, w/v)& ¥#3tt glycerol mediumelA] 28 Tl Z7)|3e=
vl o} =] 2]} Cell-growth® dilution methodel 2]3 spectrophotometer
(Shimadzu UV 160)Z 610 nmelA O.D.& FAF2A APJYen, & 7|2

£ gas chromatography[Shimadzu GC 14B, glass column(1.6m x 3mm),
5% silicon OV-17 on 80/100 mesh chromosorb; carrier gas, helium 50
ml/min]e] &3t F4 .

Cell# polymer 349 FHAL Fig.ldl Jebdich.  sfgrdol A&
hexadecane® chloroform-methanol(2:1, v/v)e] & ¥22 F2H}. 610
nmo} A optical density?] &AE 98 iAW) cellst Plyswf A210GE &2
3712, 31484 petroleum ether2 % glc}h.”

3. Preparation of the emulsifying substance '.

hexadecane-growth culture 4.5 liter& “¥Z}383, cell® Hitachi SCR 20B
centrifugerdl s ¥ &2 o AAY}. AFYLS AFHE diethyl ether
1/3 volume22 29 3&%ch. A#R Y& BE ether: 93} nitrogen
gasE bubbling@t2 24 AAYG. KRS dAH2= 3-, 1.2-, 0.8-, 045 «
m membrane filters(Millipore Corp.)2E AP, I clear filtrated
heptane 0.15 volume22 41 9<% FZ ). Heptane fractiono] §AH R, 1
g3 AFHdA yellow syrupeE FH3 . Ether®2 F&% F, syrup2 50%
aqueous methanol 100 mlo] =%}, do} 9+ viscous &AL FH459 2
Axe @7z W] ddiA FHAD. FAPRXE emulsifier?] &2 4.5
liter2 88 0.2g°l 93, specific activity 90 x g/mie] gl t}.

m. 23 ¢ 23

1. Use of long-chain n-alkanes(Ci3~Cs4) by an isolate Ma-1.

12749 #2319 RAZF 3709 bacteria #F7} hexadecaned ol 4% 722 e}
gl 3 FF 25T 59Ul vl H71¥F hexadecane 50~ 100%F 44|
k. o] F¥EE AF s} ALSHA Ma-122 o|FE €93, Ma-1 #F
t hexadecane®l#] 713 & AL B} o] #F7} hS9 AYel o)L=
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c}.

Table 12 AE" Ma-1%e Fej 3, Y33ty S S Jebyg. o 58k
Ma-1& Gram$Ad 22 B 37]Aol}. Colony:s FMo] =z ¢igten, 33
Wz 2232 F=Y¥rd. oxidasex negative 33, catalasex positive @t}.
gelatin® KMF A3, starcht 345 A] ¢¢dh.  glucose, maltose, lactose,
sucrose2 4] B2 AR 4%, HHLEE 30~35 CAd. ol ARAE

o

L

Table 1. Bacteriological Properties of Strain Ma-1.

Morphological characteristics
Form coccus
Gram strain -
Motility -
Cultural characteristics
Colony pigment -
OF test -
Growth at 37TC +
44C -
Nitrate reduction -
Aesculin hydrolysis -

Gelatin hydrolysis ' +
Biochemical characteristics

Oxidase -

Catalase +

Urease -

Arginine dihydrolase -
Indole production -
Acid from glucose -
Carbon compound assimilation

Caprate, malate, citrate, phenylacetate
Carbon compound non-assimilation

Glucose, arabinose, mannose, mannitol

N-acetylglucosamine, maltose, gluconate, adipate
Cytochrome oxidase -
Haemolysis(horse blood) -
Simmon's citrate +
Utilization of

Arginine, lactate, phenylalanine, histidine

Ma-1°] Acinetobactor%9 # ZF4E& dvehlis 5Fo|g. ikze=z
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Acinetobactor sp.& n-alkane(Cio~Cz0)ol4 AE7153 o2 484 . ?®

TF Ma-1& 28 TolH mineral salt mediumodA Z7jFHoz HZH
}.(Table 2). A< cell-growth+ spectrophotometer (Shimadzu UV 160)2.2
610nm °}* optical density® FAF Hojv), B FAIHF%)S gas
chromatography (Shimadzu GC14B)el 9)3td FA P} % H7HE 7124
i K id detergentﬂ FTE (Ww/wE A9 2n, 0 %E bacteria’} detergent $l°]
WFg Zolr}.

Ma-1#< 92429 (0.3%, W/ V)22A Cpoll4 Cu7tx] M3 $52 3
A Zu ¥ (Fig.2). Mg 48AZellA ZAFL Hoo 233, ek 7247
n-alkane #°] A3 Xn|=Elc}.

Growth (OD 440 )
w B [
S SR L

N

Oi
10 12 14 16 18 20 22 24 26 28 30 32 34
n-Alkanes chain length

Fig 2. Growth and n-alkane degradation by Ma-1.

Fig.32 Cis® n-alkanesl RBgst= FQAe] Cio L¥PHE RAZE
M F7] W2} hexadecane®] HEFL A7te] we} Aoz At WP 484
5 W7ol do} 9l hexadecane® &%) 32.9%% Fo|E9on, 72
AR E 057%2 A9 A5 Zu|s gl :

2. Emulsifying properties of the fermentation broth

n-alkaned) ©] & Esldx 7129 n-alkane?] FR{L/}F F8E WA o} 2
q2tA Zo XA G BHFLEE AT F3 AL SHE Arix A
ABAYAE AEWNYG. LFNA nonionic surface-active agent(Plysurf A210G)
€ W7 oS 9 FMe BK 2 n-alkaned FHEE°) FAHUSE
Yehi L gk, Table 2& W71 dAe] o2 Fx9 Plysurf A210Ge] &3
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Aol 213 n-alkanes? E{ke FLib 7

& 2o}, hexadecane%¥ 2l 3%(w/w) detergent?} n-alkanedlA1e] A& el 7}
A axHolgith. I}H, Ma-1 FFc ADEHAE HbsAl 4ol: CuwlA
Css7t219] n-alkane°l % 7Fssith.  ©)Z2& AWZAHAE FH7bsz| dots
Ma-1 #F7F 222 AHBAAE A48, BE n-alkaned A E ¥ 7163
A& Jeh 2 . 53] Cs~Curoll= 42 A{ JaE Bl (Fig.2)

Table 2. Effects of Plysurf A210G Concentration on (A)Growth,
(B)Substrate Consumption of Strain Ma-1.

Concentration of Cultivation time(days)
Plysurf A210G’
(%, w/w) 1 3 5
A B A B A B
0 0.1 8 05 24 0.6 40
1 1.5 64 1.0 88 06 97
3 28 178 22 94 1.7 98
5 1.5 58 20 79 09 96
10 1.0 17 25 73 1.8 95

*;  Percent was defined here as concentration(w/w) of the
detergent against the substrate added.
0%; The bacterium was cultured without detergent.

120 :-

)

100\

80+
60 —

40 -

Remaining substrates(%)

20+

0 1 2 3 4 5 6

Cultivation times(days)

Fig 3. Remaining substrates in cultures.
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emulsifying factor concentration® 7] 224 emulsion® 7.5~150 zg/ml
9] emulsifying factor& # 3+ 0.1 ml® hexadecane® 10 mle} Tris-Mg
buffer (0.02M tris-hydrochloride, pH 7.2, added 10 mM MgSQ4)& A}-834
AARARG (Fig4). 40 TAA 1A ZE<L AGH T Fol, flaske] WEES 108
Zt AT F ol Fe] AL 620 nmAA FREZAH X 2L 913 test tube
o A}, emulsifying activityt ODex22 el

1.2

Y
(o]
N |

o
[+ J
T

Emulsifying activity(OD 40)
&
T

0.4
0.2f
0.0
“0 15 30 45 60 75 90 105 120 135 150 160
pg/mi
Fig 4. Standard emulsifying factor assay.
2.0

-
0
T
T

Emulsifying activity (OD sz0 )
o P
1

0.0l
0 25 30 35 40 45 50

Temperature( C)

Fig 5. Influence of the temperature on the emulsifying activity.
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10
08}
06} /
0.4}

0.2

Emulsifying activity (OD gz0)
- ~

0.0
3.5 4.0 5.0 6.0 7.0 8.0 9.0 10.0

pH
Fig 6. Emulsification of hexadecane by emulsifying factor as a function of pH.

100 ml flaske] emulsifying factor 90 zg/ml, 0.1 ml®] hexadecane,
Tris-Mg buffer® ¥t €XE& 6025 40 T(Fig.5)4A 150 rpme2 A
g3 Fo EA3s9d.(Fig.6). Maximum activity?} pH 7.0°14 9ojZ<c}. pH
7.08.¢} =AY ¥ pHE emulsificationd] 583 w2 siz] ¢std).

emulsifyinge} W% MgS0Os; CaCly, NaCl®] <93%F¥2 pH7.094 ZAA
o} (Fig.7).

1.0

~08

§

a MgSO,

e

06}

2

°

[ NacCi

(o))

£04+

el

‘@

=

£

w2+

____.ﬁ——c—ac‘*l:_—*/'/.

0.0! : "

0 5 10 20 30 50 100
' mM

Fig 7. Emulsification of hexadecane by emulsifying factor as a function
of salt concentration.
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maximum activityt 100 mM MgSOs, NaCl, CaCl:olA doj3 29, NaCle] 7
£ 10 mMellA dojA L F&o]&29 A7 emulsion formations F7HAH ol

v. 3

r

E# n-alkane? o] &3t: vAE L Ego2REY Fsti, Acinetobactord
A& FAsA. o] #FF Ma-12 @Y &@2¥9234 C;3~Cu8 V24 E 2=
n-alkaned] A AAP}. o] FF+= old detergent H7Fslo]l ZA] W35l A
AR & Ak, ABAF Sslede o] 2 Plysurf A210GEE ZHEAA 9
A7tz Sk

Y5 AFAAA £ Ma-1 #F9 jd2 AHYF @315L EFEANA A
& o emulsifying 4% Z = extracellular biopolymerE A3+ AL X
Foc. AAE F A5 7|2 FL polymers AR, J|A2REH 5
% polymert complex molecule £ 99 A, 12, 2832 €438 e
g5 gich.

P B QFE 19959 FFEANG F5AT AL s FEH0LE @
gyt

A3 83

[

. Claus, D., J. Gen. Microbiol., 36, 107~122 (1964)

2. Davis, ].B., Petroleum microbiology, Elsevier Publ. Co., New York
(1967)

3. Gibson, D.T., Science, 161, 1093~1097 (1968)

. Izywrova, A.L, Gig. Saint, 7, 12~17 (1952)

5. Miget, R.J., C.H. Oppenheimer, H.I. Kator, and P.A. La Rock,
API/FWPCA Conference, U.S. Dept. Interior, p.p.327~331 (1969)

6. Stone, R.W., M.R. Fenske, and A.G.C. White, J. Bacteriol., 44, 169~
178 (1942)

7. Zo Bell, C.E., Bacteriol. Rev., 10, 1~49 (1946)

8. Zo Bell, C.E. and ].F. Prokop, Z. Allg. Microbiol., 6, 143~162 (1966)

*S

- 276 -



MWLMl o1& n-alkanes® Eibet Fik 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

. J. Takahashi, Y. Kawabata, and K. Yamada, Agri. Biol. Chem., 29, 292

~299 (1965)

I. Takeda, T. Iguchi, T. Kawamura, S. Horiguchi, S. Hayakawa, and S.
Senih, Agri. Biol. Chem., 29, 796~803 (1965)

R.J. Ertola, M.D. Lilly, and F.C. Webb, Biotechnol. Bioeng., 7, 309~
319 (1965)

T.L. Miller and M.]. Johnson, Biotechnol. Bioeng., 8, 549~565 (1966)
T.L. Miller and M.J. Johnson, Biotechnol. Bioeng., 8, 567~580 (1966)
R. Makula and W.R. Finnerty, J. Bacteriol., 95, 2102~2107 (1968)

K. Yamada and M. Yogo, Agric. Biol. Chem., 34, 296~301 (1970)

Y. Sakai, J.H. Maeng, Y. Tani, and N. Kato, Biosci. Biotech. Biochem.,
58, 2128~2130 (1994)

T. Iguchi, I. Takeda, and H. Ohawa, Agric. Biol. Chem., 33, 1657
(1969)

A. Mimura, S. Watanabe, and 1. Takeda, J. Ferment. Technol., 49, 255
(1971)

J.E. Zajic and C. Panchal, C.R.C. Rev. Microbiol., 5, 39 (1977)

Tawson, V.0., and S.L. Shapiro, Mikrobiologiya, 3, 78 ~87 (1934)
ZoBell, C.E., API/FWPCA Conference, U.S. Dept. Interior, p.p.317 ~326
(1969)

E. Rosenberg, A. Zuckerberg, C. Rubinovitz, and L. Gutinick, Appl
Environ. Microbiol., 37, 402~408 (1979)

J.E. Zajic and E. Knettig, Development in Industrial Microbiology,
Amer. Inst. Biol. Sci.,, Washington, D.C., 12, 87~98 (1971)

Zajic, J.E., H. Guignord, and D.F. Gerson, Biotechnol. Bioeng., 19, 1285
~1301 (1977)

K. Arima, S. Ogino, K. Yano, and G. Tamura, Agric. Biol. Chem., 29,
1004~ 1008 (1965)

J.E. Stewart, D.P. Sterenson, A.C. Jones, and D.O. Schissler, J.
Bacteriol., 78, 441 ~448 (1959)

A. Tanaka and S. Fukui, J. Ferment. Technol., 49, 809~816 (1971)
D.A. Whitworth, M. Moo-Young, and T. Viswanatha, Biotechnol.
Bioeng., 15, 649~675 (1973)

- 277 -



12 XHRREFICE RCE (B218)

Degradation and Emulsification of n-alkanes by
Microorganisms

Ma, Sang-jo

Kim, Dong-pil

Cho, Duk-bong

Choi, Ok-beom

Dept, of Food Technology
‘Dept, of Food and Nutrition
Kwangju Health College

> Abstract <

A long-chain n-alkane-using microorganism was isolated from a soil
sample, and was identified to belong to genus Acinetobactor. This strain
Ma-1 grew on n-alkanes ranging in carbon length from Ci3 to Cy4 as a
sole carbon source. This strain could grow on the solid hydrocarbons
without addition of any detergents. The growth and the hydrocarbon use
were enhanced by the addition of a surface active agent, Plysurf A210G.

A strain Ma-1 culture isolated in our laboratory has been shown to
produce an extracellular biopolymer with emulsifying properties when
grown on a mixture of linear hydrocarbons. The substrates supporting
good growth gave good polymer production. The polymers recovered from
the substrates were found to be complex molecules or mixtures with a
protein, a lipid, and a carbohydrate moiety.
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