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ABSTRACT

Bacterial strains which degrade crude oil were isolated by liquid culture from oil-spilled soil, and four
isolates were selected among them. The strain H17-1 was finally selected after testing emulsifying
activity and oil conversion rate. The strain H17-1 was identified as a Nocardia sp. based on the test for
morphological, biochemical and physiological characteristics. It appears to be highly specialized for
growth on crude oil in minimal salts medium since it showed preference for oil or degradation products
as substrates for growth. It was found that it could grow on at least fifteen different hydrocarbons. The
optimum cultural and environmental conditions were seeked. Cell growth and emulsification activity as
a function of time were also determined. Crude oil degradation and the reduction of product peak was
identified by the analysis of remnant oil by gas chromatography after 3 days of cultivation. Approxi-
mately 83% of oil were converted into a form no longer extractable by organic solvents.
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£ Ay Mg 4% dAAE nutrient bro-
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MgSO4 M 7H20 0.25 g, MnSO4 * 4H20 005 g, Caclz‘
2H,0 0.05 g& 434, pHE 7002 A5
Ag-shai

o432 &3

232 dod, 4ely 2oy Ased E4g
ZAlgt % Bergey's manual of determinative
bacteriology(8)¢} Manual for the identification
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A ufA 30 mLE 250-mL Erlenmeyer flaskel
121C, 1587 & 7IrE7d & Avjekd s 2.0
% (v/v)SIAl AEste] 30CoA 447 Aletujor
(130 strokes/min) 3}gic}h.

oA EY

7F Aol AL8-% wjoF & wioF Akl wetA 10%-
10° g2 Aol sjustel HNT okl
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Table 1. Growth, emulsifiaction, and oil conver-
sion by oil-degrading bacteria®.

Emulsification Qil
Strai Cell growth vt ersio
trains activity conv n
CFU/mL
( /mL) (unit/mL) (%)
A6 20x10" 361.4 69
A10 6.1X10° 403.6 68
Ad4 23%10° 14.2 6
A54 7.2x10" 4686 59
B12 46X 10° 468 34
D1 76%10° 3140 19
F24-1 1.1 X107 86.8 60
H17 40%10" 4436 77
H17-1 9.1X10" 463.0 77
F6 1.5%10"° 462.0 75

*250-mL flasks contaning 30 mL of nutrient broth
and 1.0%{v/v) crude oil were inoculated with approxi-
mately 10" bacteria per mL and cultured ar 30C with
reciprocal shaking. After 3days viable cell numbers
and oil conversion were determined.

The data are averages of at least two experiments.

Fig. 1. Microbial dispersion of crude oil after
growth of the selected strains for 3days.
Cultivation was done in minimal salts
medium containing crude 0il(1%, v/v) for
72 hours at 30C on a reciprocal shaker.

7o) EEAE I EY 274 AFe A
catalaset= 7}Au} oxidase= §19].2.™ glucose)] A]
A B4 E51 gtk Methyl red 82, VP b
%, indoleol] A = £ Ado]9] o o] urease, nitrate
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Fig. 2. Scanning electric microscophic photogram
of the selected strain H17-1.
The strain was cultivated with isolation
medium for 3days(x 8,050, bar indicates

104m).
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Fig. 3. Growth, emulsification, and oil conversion
by Nocardia sp. H17-1 as a function of
time. @ ; Cell growth, (; Emulsification,
¥ ; Oil conversion, l; pH. Cultivation
was carried out on 250-mL Erlenmeyer
flask containing 50 mL minimal salts me-
dium on a reciprocal shaker (130 strokes/
min) for 4 days at 30C.

reduction, citrate, arginine L& 1 lycine Sl &
ok vhehodet. ghAsdo] oAl 4= lactose
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Table 2. Morphological, physiological, and big-
shemical characteristics of the selected
strain H17-1.

Characteristics H17-1 Characteristics H17-1
Gram staining + xylose -
Shape rod galactose -
03-06 x
Size(zam) mannitol -
a 07-13
Spore - salicin -
Optimum Temp. 30°C  Urease +
Growth at 42°C —  Arginine +
Motility + Lysine +
Ci
Growth in air + 1tr‘a.[e . +
utilization
Catalase + Indole -
Oxidase - MR -
Glucose(acid) - VP -
OF 0 Nitarte‘ 4
reduction
Carbohyd s
r, ydrates KCN n
acid from
Asculi
arabinose - sculine . +
hydrolysis
Starch
lactose + rare . -
hydrolysis
Casei
cellobiose - asein . -
hydrolysis
maltose - McConky agar -
Gellatin
sucrose - . . -
liquefaction
raffinose - DAP type LL

OF; oxidation/fermentation, MR; methyl red, VP; voges-
proskauer, DAP; diaminopimelic acid

& A Yl RSN 92 B Sabsict
(Table 2). o]xte] AxtzH e} H17-1 £F+ No-
cardia sp. ¢F2 %A HEHoZ NOC(Z?‘dL(I sp.
H17-12 g3l o] #5& 337 |sdT
4 34 AEESTe SUAUAH $AAed
(Korean Collection for Type Cultures, KCTC) ||
7letstd o, 1 Febis s KCTC 8705Pe]c}.

Nocardia sp. H 17-12| BIA|ZHE AR5

AWFF Nocardia sp. H17-14) 2%}
H FAs 2 FEEAdTS A dRES &
Je Fig. 33} 2ok &3 1T7} sjok 242171747
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Table 3. Growth of Nocardia sp. H17-1 on dif-
ferent carbon sources.

Carbon sources  Growth ~ Carbon sources Growth

Crude oil +++  Benzene ++
Methanol ++  Naphthalene ++
Ethanol ++  nOctane ++
Benzyl alcohol + n—Decane ++
n-Propyl alcohol +++ n-Hexadecane +
n-Hepty! alcohol - n-Heptadecane +++
Glycerol +++  Glucose +++
Pentane ++  Olive oil ++

The strain was inoculated to minimal medium containing
carbon source at the concentration of 1.0%(v/v), and the
growth was measured.

Symbols indicate turbidity values at 660 nm: ++ +,

> 2.0 after 24 hrs; + +, 1.0 to 2.0 after 48 hrs; +,

0.3 to 099 after 48 hrs; —, < 0.2 after 48 hrs.

E717F AT} whok 244)7F o] Foll FAF] 27}
slod wiok 7247k 9.1x10°9] ¥& FALE vt
Halen, 847 A4 AgEx 27 480 unit
/mLg} ok 83% 24 H|X|o =g}

E18 084

AWdF Nocardia sp. H17-19] 814 o]& A&
ZAk87] Y3t 7] o8 'Eleas HawRe)
1.0% (v/v)EA A7}ste] 48417 o zlshuforst

T ARA=E &Y ZFAE= Table 33 zroh
Nocardia sp. H17-1& 157}#] k44 B8-S
2olony, E3] crude oil, glycerol, glucoses} olive
ol FollA &AsA W53k, alcoholFe] &l
o ME Aol thi dejzen tekdl visles
5 ealoR o]43gs & £ A o) e A
= n-alkane A%9 &3}44E wjokz oo 1A
ol4-3tx, B3 E BIea s o83 H3EA
ol 2oj4 n-alkaneo] F3}84d U Ago| $53

AT T (13)3 Azeh $4bshgt.

B2 ol e st

B4 Eals ulAEd s 0Tl 70T
A g2 2noA dojd = gldky Bad
v} Qloh(2, 14). o] ¥ AYPE H17-19 FAN%
2D 538 A 29 dFS 2] Y3t
o] 10CellA 5C Ao & 35CT7k=A] 724)7F wljok
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Fig. 4. Effect of culture temperature on emulsifi-
cation, oil conversion, and cell growth of
Nocardia sp. H17-1 in minimal salts medi-
um containing crude oil. @ ; Cell growth,
O; Emulsification, (J; Oil conversion.
Cultivation was done for 3 days at each
temperature on a reciprocal shaker (130

strokes/min).
¢ F A% 2 38T 94 ARee 24
gtach(Fig. 4). 2 23} 30ColA 71 =& 4

A% 3RS dehgon, 25k 35T
£ bt we 2BE %t 2ot ALoHE 7
A% 2 380 A9 ol2PRA sk
Gatellior 5(15)& Bhspsi® ajsh o g&o|
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Ragd o4 o) Ba} oleie] Aoy 3
shoon, Atlas(5)E $& LEL B4 e
A Ae ASE F29002 ga7] B 10
C olstolAl sl4Ee) $5uH s 33 2o
dhz v sk,

E pHe| At

Ve FAT 79 A8l uA= pHY o
e A7) Yste] dg HaeRe 22 pHE
4.0904 9.002 ztzt =43 T 30CHA 7247
kg F S 2 F38A4F dg Adee
ZA33dch. Fig. 594} o] 7.004 8.0 Afo]o]
A EE 3RS FANSE Jehlgled, pH
4.0¢14 6.0 HANA 32T FHYSol FA
8 ztasldc). ol4te A2 RE HI7-1 #3539
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Fig. 5. Effect of initial pH on emulsification, oil
conversion, and cell growth of Nocardia sp.
H17-1 in minimal salts medium containing
crude oil. @ ; Cell growth, O ; Emulsifica-
tion, [1; Oil conversion. Cultivation was
done for 3 days at 30C on a reciprocal
shaker. Initial pH of minimal salts medi-
um containing 1% crude oil was adjusted
with 1 N NaOH or 1 N HCL

A% 57 pHE 700155} ol pH7E 44 873
of A A% At AFaNoZA H4Y
& % 4 sl $edet A2 @) pHo} 7.0%
8.0 Abolo] Stk AHAZ w|To] & FFE W
AN A 72 AR

AESTY g%

AEFEE FAY ZE AELAHA FAHE 4%
v #Aeqlez A43ch(16, 17). metA,
< WY dEFEeA AR FEREAF T
Fo A= AFE ZA) 4t 0~6%
5T B9 A i AlolA 722]7F wiFE ¥
TARE 2 F384F Af AELE ARk
(Fig. 6). Nocardia sp. H17-19] 55 9| oo
1~4%742= 384 EAE 5% o3 o
el f384go] dA3] o} o] AL v|A
Eo] 5% ol FExelAM 2EEo| F7lsHA
o] 48527t AU st stress 290(18) 2
2 zlgsle Ao g Alg gt welH Nocerdia sp.
HI7-1& |& #H9e) dErelA A& 7hs3ht
0~4% NaCloll 4 ¥& 384 < 2ot o4
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Fig. 6. Effect of concentration of salt on emulsifi-
cation, oil conversion, and cell growth of
Nocardia sp. H17-1 in minimal salts medi-
um containing crude oil. @ ; Cell growth,
O; Emulsification, [1; Oil conversion.
NaCl ranging from 0 to 6% was added to
minimal salts medium. Cultivation was
done for 3 days at 30C on a reciprocal

shaker.
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Fig. 7. Effect of concentration of crude oil on
emulsification, oil conversion, and cell
growth of Nocardia sp. H17-1 in minimal
salts medium. @ ; Cell growth, O ; Emulsi-
fication, [1; Oil conversion. Crude oil
ranging from 0 to 5% was added to mini-
mal salts medium. Cultivation was done
for 3 days at 30°C on a reciprocal shaker.
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Table 4. Effect of concentration of NH,NO; and
KHPO. on emulsification, oil conversion,
and cell growth of Nocardia sp. H17-1.

Supplement” I thmulsif ication  Qil
e TOWt
NHNO; KHPO, \ECFfJ JmL) activity’  conversion®
m

(mM)  (mM) (unit/mL) (%)
0 0 26X10° 39.2 32

0 0057  21X10° 90.1 46
125 0057  5.1%X10 2376 65
625 0057 2510 3235 80
125 0057  98%10° 405.2 84
25.0 0057  47x10° 358.0 79
125 0 32%10° 1213 48
125 00057  67X107 198.1 60
125 0029  93X10 2330 70
12,5 0.115  84x10° 2517 69

“In addition to supplement, each 250-mL Erlenmeyer
flask contained 50 mL of minimal salts medium, 500 mg
of curde oil and 1.0 mL of 1-day-old inoculum of
H17-1. Cultivation was done at 30°C with reciprocal
shaking (130 strokes/min).

* Measurement were performed after 3 days ; the tech-
nique for estimating oil conversion, emulsifying activity,

and viable cell count, as described in Materials ans Meth-~

e v ' F oyAdoR ol4se
“
[*]

Wtk S04 SRl Zeseiole] w4
29 %% Adshmz A dese A2

o A& 3t Ao d3s )3t (19). Nocardia
sp. H17-19) ffskel o J3E 2As7] 9
3o YT E At HauAlo] ol 3 72
A1ZE wjekste] RS 9 Gt df AEe
< St (Fig. 7). 4%5EE 3%l4 Hz9
felEAs 7o A4S Hgovt T o4k Erd
A 79 A3 4L e ghadks AgE

Bc).
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Fig. 8. Gas chromatograms of 1.0%(v/v) treated
crude oil by Nocardia sp. H17-1. (A) Con-
trol after shaking for 4 days, without bac-
teria; (B) after growth for 1 day; (C) after
growth for 2 days; (D) after growth for 3
days; (E) after growth for 4 days. The sam-
ples were extracted and concentrated 15-
fold.
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Atlase} Bartha(20)= w| &l o3 44 23
Al Ax g QY] 55 3o AgeaE zed
T AR, AN E Ad £E Qdn e B
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7|dokEAo] Y} 5@ RETEo] glo] Frjddar
EH-o| u|AE Aol Agecoz e ot
T k4, 21). A9 o) 59 EAo] Nocardia
sp. H17-1¢] m|X|= 938 HAEs7] 9Jstd 94
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A A AFEE At (Table 4). 2 &
2} 12.5 mM NH,NO,, 0.057 mM K,HPO,9] ¥%d)
A Hzo f38A3} Fo 48E 2ok ubdd)
A, o FolA ox e AYANAY F AR
25E A9e 27 Afe ¢ f38AY 7
o A&E Jehdog A udEd o7 wisleso
Haoll Qo] Aast o FEIF F2F AR
Aagichs 2wl dXs4ch(10, 20, 22).

HRAT MEEN

Nocardia sp. H17-19]] 2J3 94 E8ALE A
7] fste] wjekAZHEE wjofAo A AFURE B
g3t} G.CE BAstz, dz79 vlustslc}(Fig.
8). Arabian light ¥4+ (sulfer &=k, 1.0%) F
2 Ci~Cyu9 n-alkane 4&& T3t SUch(23).
Af AAA A v BEE HFA] FS A
HExFE % =5 2HA 29 9 carbon
7 Cy ols} o #& b 3HE peaks Y
Aol 7Z3leg 293y 4 HAUE Ao Algd
t}. Fig 83} #Zo| i8££ #F7} Cis(n-hexadec-
ane) ©]4¢] n-alkane peak’} ##{3] 24g 7o
2 Hol vjuy nize ebslea g 4A o839
3 53], n-alkaneA] A-3gE9 o|-&Ae] $-3}
Att. o]g)gt AL Raymond £(24)3 Kator &
(25)9 Aol X5313E FollA n-alkaner) &
Aol 71 A3 el ks AR dX|3qict

& o

Uil i Ealsol sle 575 stz o
T 779 TAASE F38A 2 4% AFES
HEst] 44F =, A54, H17, H17-1 23|37 F6
£ Adsg. ol #5% HI7-1 5§ AFA
Wshod Wejard 9 ASeHY 1e)n Aelehy 54
< ZAgF & Nocardia sp. H17-12 wHst¢ch.
Nocardia sp. H17-19] wjjo} A|Zbel] o2& FAA4%,
e Zely df ASES A A, FAS
= 9.1x10°CFU/mLga, $38A43 A5 A3l
& 7+7b 480 unit/mLe} oF 83% 2 A HujR|d] &
gaiolch. £, dokdl BalpiE BaYdoe R ol
stk dREHE AT wikEAd 2 #AAA
oddkg A A wikeze 30T, 2% pHe
70, GEFEE 20%0l9, 5% ol3dME F3E
Kol A3 Zasldd AFsEe 3%, F719F
9 5= 125 mM NHNO,, 0.057 mM K,HPO,2
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vepydth =3, A5 9459 GC 24 Az Cie(n-
hexadecane) ©]At2] n-alkane peak7} &3] 7+4

shaich.
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