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ABSTRACT

Crude oil-degrading bacteria were isolated from the sites contaminated by oil
products. The isolates were identified as Acinetobacter sp. Al32, Pseudomonas putida
Ad422, Pseudomonas aeruginosa F721, F722, and Xanthomonas maltophilia B823. The
results of investigation on the degradability of crude oil indicated that the strain
A132 had the highest rate of 6.04 g/L - day. Also, the strain A132 and F722 almost
degraded each of nalkane compounds between nCio and nCsz. The strain A422
degraded benzene and xylene but not n-alkane. The strain B823 grew somewhat in
crude oil but did not entirely degrade other substrates used in this study. The results
of the GC/FID analysis on the degradability of the mixed n-alkane compounds showed
that the strain F722 could degrade 100% of the compounds with nC7~nCio and more

than 80% of those with nCi1~nCaa.

Key Words : Acinetobacter sp., Pseudomonas putida, Pseudomonas aeruginosa,
Xanthomonas maltophilia, Crude Oil, Degradability, n-alkane
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UFE Eoze UYES YR ER 299 EJo2ie Held9n, °lEL Acineto-
bacter sp. A132, Pseudomonas putida A422, Pseudomonas aeruginosa F721, F722, 2.
8 3L Xanthomonas maltophilia B8232.2 $A ), ol & v|QE9] #7F &g 243
23, strain A1327} 6.04 g/L - day® 718 £ EH&& JeElAY, @4+71 1070004
3278 Atele] pralkane SHHEE 7| AR L83t 2p2he] 3etEe] o BEsY e 2AG
3k, strain A1328} F722« ti¥E<] 7| dizt Eaed& EA. Strain A422¢
n-alkane 33HEo} oyt B#lFE & A %2, benzene®} xylened ¥3le FAHE 71
A1 AT Strain B823& fflME £2F AATALY, £ AT AHLE e 7|AE
o dalMe Ay B & HolA @5ttt ¥, n-alkane E¥HFE WY RHEE
GC/FIDE ¥4 % A, strain F722€ nCr~nCio®lA 100%. nC1i~nCal M= 80% ©]4
9 g &€ Jehliic

Fx0| . Acinetobacter sp.. Pseudomonas putida, Pseudomonas aeruginosa, Xantho-

monas maltophilia, 8%, ¥¥%¥, n-alkane

.M B

48 948 ¢34, Mg gEo2 ol AleH
v AU g AF F9 £ & 3o
o, 4 RF2E o) &3 4 U 2¢ A
A gt vty Y BFF 9A ok Q)
o) #An, o) stx] aQleg Ao sHeked
#& Atast 8ol g4z e A0 29
oM dojd ul¥Y 24 AlREL ABEY
1989 ool vl=e] Exxon Valdez® Abx,
1993de] Yot d3e9] BraerAlm, 19969
Sea Empress® Alil, Z#H 292 Amoco Cadizd
Alnzh Qick? 2 siteld w¥E #F 5.000
kL ©]d9] %% Aln2E 1993 Yol d ZEE|
o] axy A3 Alm, 199598 HLPXAF Aln
7} Aok, ol PEREAT TYA 2 i
< 529, 71835 A& AHRE H4de gy,
FRES AT TF AME3A 5 PY, &
Aol o B4AE) WY & § 4 Aok A
olgi g WHEL YAAQA A Wyl €7stn 2
3 Ay e] HA 290, HAHAS Chel 2
& BAL ¥3sie @afr)t g g i f3e
Ao} M2 EF3A =HA vlFo] yolA AT A
Aso] 23130 $H o€ HAPAFI R, BY H

oA AL AFsAET. FolM 19959 74
239 AHF 9 LTollAN H2E AZTP2Fo
A fEE 9/ 2 A8HF 5,035 kL7 12 digte]
2ol g v E At AFRFLhe] e
FAe £doA A 4 474X HHE A
o &0t Bg, 718 AR B2 9 5% o9
dAl A€ FaUY, @33R 974 EYL
4= dezA 83 A8 oshd AT 17k
Ffd R A 71§ B2 AHEF 19 330 EY
29498 71EE 23 AJAAM HHE Be Ao
2 veint.® 44434102 A9 sgedst 4
FAHE A% 92 3 FHae FHY 299 EGS
F2el7] A e vYEE o4 YEA
(Bioremediation)¥°] =Y 7] Al&8tn sict, &
§ £ v\BEME Acinetobacter, Aeromo-
nas, Arthrobacter, Bacillus, Klebsiella, Pseudo-
monas, Rhodococcus, Xanthomonas $° 0] &
2R A1, ol g 3 B Bl o= Ax
7t Asgslo] Ao}, 2el3 o] FelA Acineto-
bacter, Pseudomonas sp.dl ¥3lAe &7 &3
o §HE A @i A7t AYPH 2 Yok

2 d7dMe FFE 298 AdE A e
W AAAZRE S8 47 28 v]AEE B3}
i B2E vYEE o] &3t HEHII & =9



sted 288 7|x AFRA, #7E Badez
°| 8% TYo] A& PAEE AAA2RE ¥
o HA YFzAL AL, A8 7k s
of ¥ 7|A R Hold& ZALRAH

2. Xz % YUY
2.1. AHBHHx|

v E& Feldtn wgEtr] AN C-ulA & Al
£a9? Cc-ulAe /4 1 LY (NH)2804 5
g, KH2PO4 2.93 g, KeHPO4 5.87 g, MgSOs4 -
7TH20 0.3 g, NaCl 2 g, CaClz 0.03 g, FeSOq -
TH20 0.01 g, NiSO4-7H20 0.6 mg, yeast
extract 0.2 g, trace elements solution 2 mL&
Z45Q. 28la pHE 7.022 2FHAeH,
trace elements solution®] &4 &+ 1 L%
MoOs 4 mg, ZnSO4 - 5H:0 28 mg, CuSOQq -
5H20 2 mg, H3BOs 4 mg, MnSO4 * 5H20 4 mg,
CoClz - 6H20 4 mgelth. @29 ozMe L A /3
Aol € (blended crude oil), ¥&H, FF. 3
F, WHAAR, HAHACKE AT Lol 71A = A48}
At 2 9 1AM AEA HF, ASAdA o
2, 2 ¥e aziea, WEEHFEE 0.1004
2.0% AtelellA dao] wpel A8t ALEIH
82 E 9%t Luria Broth(LB) ZAMIA] %
A ula] (vhR] 24 FH/4 1 L9 Trypton, 10 g.
Yeast Extract, 5 g, NaCl, 10 g Muix|2] 2%
Agar 1.5%(w/v) d7D& AH&3A.

2.2, oldg 22|

FHie AR B F9, AR FHY EY, 2
2i 3t FTL AMe)Fde g4y F A8 oA
AR g AH s PR Ee BeAER % AH
¥ A8E C-HlAS 10 mL B9 e AgHe
1%(w/v) %€ 3tn daxgozs 4/E€ 1%
(w/v) 3713 Fo 35T, 150 rpme.8 Y5YU3t
2 &l I (SW-90F, Sangwoo Scientific Co.) 3t
9o 2 o] EAE AT T3 e =4

L B8 vlgES] $el, ¥Y R BY 1853

o] A% iAo &A, 2 wigEAcA Az} )
%(subculture)& 3t} & H WHEE ¥ LB 2
AR oA el d st o vge
< HF 57t 15~30%71 H =& glycerol & A7}
o] TR F -80To] BE31, ALS WEs &
2 @& LBaAix e} oI F Y] His
o Ag3l%ch, #ele v 82 Bergy's Manual
of Systematic Bacteriologyol &3l 33t '

23 #H 25, pH % HH 7|1WET =A

Fejd vAEed ddle 33 2%, pH, 28l
A 7|Ad g =AY 34 &R ZAlE 25,
30, 35, 45C2 &x & d¥elsld pH 7.0, 150
rpm, 22|32 718 @49 (blended crude oil) &
1%2 3%t A3 pH A= pH 5. 6, 7, 8, 9,
1022 893, 25 AYE 3 &5 FAldA
g Yol M gL 2doz Yt ad
3 UnA] 21 AY e A8 FYEA &9
o 3 71AEE A €49 ¥28 0.1, 0.5,
1.0, 1.5, 2.0%2 & A&l 443wt} o)
¥ LY FE Hatd ¥FF=A(UV-1601, Shi-
madzu, Japan)& AH-&4 600 nmolA FHE
(Optical Density)& &733lgch

2.4. MFeigrEo ciEt BalsHxAl

E2E vigEd didt Uk, FAAR, WAC
f. HER. FF AHS AFAA veE dg
7HA 2.4Rl A% At W, 22l o2 7}A] 24U
EREHA L A oY FE 7)1AR B B
TYE ARG, FAPEEE C-llAe & 71d
& 1%(w/v) A713t 2.2, v Y8 2o §YE
Z3o] 7Y vl vlYEe] YFAR2A &
AstA.

2.5. U7 2B =Al
€ 79 AH8-E Eel& &3 WYL 2 Chloro-

form-Methanol &% (Z2WEPY)E A48 9
o}. "3 500 mL-E&2A39 C-wiA] 100 mL, 7}
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A(PHR) 1%. DBE 1%E FF84 30T, 120
rpmoll A 397 HwuikE @ ¥, chloroform-
methanol $& & (M Hs] 3:1) 30 mL& ¥}
of @k ¥, 1,500 rpmollA 7E3L YA€)
(J-61B Beckman)& 4] #8l&tej 8}3¢] chloro-
form-methanol2& ¥2)3l, 50 mL ¥4&ed
o &t} A e e Y4B &A
3240 5 mL& ¥riste] 2oty § A &oM R
B2 A% E chloroform-methanol & A8t
Hx9] 50 mL YA Aristn, AFo] 30
ml7t 28 :&4uiz &t AEFEE AA
3t7] $i8ted Sodium suifate 4 g& ¥l 1~4A13%
WA & ohe 5 mL A%t Y@l Yeok PP
€ 50T @&3olA, 8AIZ o4 F=ulof] HA 3t
o] chloroform-methanol® Z¢AI7Ix, A4
ZAE dold FERE FFE 8. <1FA
dojA AERE FFo2REH EHEE ALY,

2.6. BTX % malkaneoll cligt 28l x=Al

Benzene, Toluene, Xylene ® n-alkane 3}3&
(C10~C32) & 71AZ o] B85 & AT
A3 viAl e C-ulAloln, 71de] FEE 0.1%%
t}. LB A wixlolA A v vjAEE 1% HE
k. viFAl HEE =] Y84 screw capped
test tube® AH8-dzm, WU 35C, 150
rpmoll Al 7 ARy F, de AP REA
o 59E& Ao,

2.7. GC/FID# o|&8t n-Alkane &}gHg2|
5T By

¥ 8 vy 89 nalkane HEE] Y £
ENE ZAE7 #std, @247 nCe~nCué
n-alkane EF8Y(Petrocol 2887, Cat. No
4-8882, SUPELCO)€ °l &3l 4¥& 3ot
n-alkane E&449 ¥5E 1%(w/v). A wiFd
DA E YA FEE 1% (w/VE 3 C-uiA
oA 1093 At WFF chloroform-
methanol(3 : 1 v/v)& $&#] GC/FID(GC 8000
TOP. CE instruments, Italy)2 #4%dct. &

4 z72 Petrocol 2887 Capillary column(5 m
x0.53 mm ID, 0.5 gm film), Initial Oven
Temp. 30T, Final Oven Temp. 280T, Temp.
Rate 8 C/min, Injection Detector Temp. 280,
Carrier Gas Nz-5 mL/min, Sample 0.5 uL,
Split ratio 50 : 10]c},

3. g1 « 1¥
3.1. ¥R g8 olg@e 22| % §Y

o 7ix) $Ao2HE 4f 23 vAEE A
& @3 5377 s olE 4 EE A132,
A422, F721, F722, 28ls B823o2 3
t}, o] & v| Y& Gram GHA YA 2F S4&
el i, £54€ 7 AT olE vidE
o st} YEHVAA 4¥E 3 T 27,
strain A132¥ Acinetobacter sp., strain A422
¥ Pseudomonas putida, strain F721, F722«
Pseudomonas aeruginosa, 18] 3! strain B823+
Xanthomonas maltophilia® ¥4 =}, ol & vl
Ao o g2y, YEAEH §AJ& Table 1
of JYehiict.

3.2. HY viyx= ¥ AR Bis =4

#el¥ Z njg gl distd 33 &%, pH. 713
¥xo] g 33 YAzda gie BeE 241
8] 2 A3}§ Table 291 VERARITE, Acinetobac-
ter sp. A1329) A wj=12 35C, pH 8, 2
g3 2% Y4+ 71 A =& Y}t P. putida
A422& &%9} pHE strain A1329 #gtoy, ¢
fol ¥ AA JAEEE 4%E JERUAY. P
aeruginosa F721, F722€ 2<€ oA A= ¢t
& 5A& BoFRch WA strain F721¢ HH
ARAEAL 25C, pH 8. 9% 71A¥E 2% & e
Wi, strain F722%& 35T, pH 9, 4% 713%
% 2%% Ve

Z} vl g tE VHe] BT E ZAE A
strain Al132& HFE uwk=zelM HRE 6.04



Table 1. Morphological and physiological
characteristics of the isolated
strains

Isolated Strain
Al32 A422 F721 F722 B823

Characteristics

Morphological
Gram staining - - - - -
Mobility + + + + +
Physiological

Orthonitrophenyl
BD-Galactopyranoside

Arginine
Dihydrolase

Lysine
Decarboxylase

Ornithine
Decarboxylase

Simmona Citrate + + + + +
HzS Production - - - - -
Urease - - + + -

Tryptophane
Desaminase

Indole - - - - -
Voges Proskauer +
Gelatin Hydrolysis + -
Glucose +
Mannitol - - - - -
Inositol - - - - -
Sorbitol - - - - -
Rhamnose - - - - -
Saccharose - - - - -
Melibionse + + + + -
Amygdaline - - - - -
Arabinose + + + + -
Nitrite Production + +

Nitrogen Production - - +

Oxidation + + +
Fermentation - - - - -
Oxidase - + + + -

+ +
+

+ : Positive reaction, - : Negative reaction

g/L -dayZ B8 ¥ & sle F8& Jehidd. o)
o} #Ze tAEL Y#2 2¥9¥ ANYY biore-
mediation® HsAN /&% WJYEEA 9 o] &7}F
o] Arim At8Ed. I tho] strain F721

UF B |8 Eel, B9 N Y 1855

Table 2. Optimal growth conditions of the
isolated strains and degradability

of crude oil
. Degradability
St OT.™MT) pH C.2(%
rain p (%) (&/L - days)
Al32 35 8 2 6.04
A422 35 8 4 0.48
F721 25 8 2 1.60
F722 35 9 2 0.83
B823 25 8 2 0.33

1) O.T. : optimal temperture
2) C. : concentration of crude 0il(%)

(1.60 g/L - day), F722(0.83 g/L -day). Ad22
(0.48 g/L -day)®] «°li, strain B823(0.33
g/L - day)°]l 7} B& &858 € vt

3.3. M@ gt BasH=EAl

TR/, AR, NER, HAAR, HACHK, AFA H
. A5 HeY & VAR 8o E2ld 1
A& digte] Ry & zAlEGY, 1 Fde
Table 3° YeIAT, Strain A132& 3H9 &
3y HeddHd F2 RHTYHE RY:,
strain A422€ F, A%, HLH/, HAAR, ¥A
CHoll dal E#sd € Jehdidct Strain F721
& FR9 ARl M T Barks s, 29
el 713 disiMe FiiedE €& JehiA ¥sict
Strain F722& %, 2%, ¥AA#R, ¥WHACH
st Beiedel e ey ZAEAY, g
R E v Eo] AFA sl fel W3l EelEyE
el £ Wil strain A132% WY 64 AR
8 ##5YE Jehdy] MaEict, ofg o) ¥
ol oA zto]l & Uehlle AL, FFAA 7}
oz 714 JEER FAEA A7] W&, o|F vl
AEEC] YRE BHstE TS /AR Aok 8
Hete, 449 FAAE FoM BA7|ATE AT
FAA E3ln Adtke A& ugd, oje} o]
Fi5go] gy vAYEEL R UYE
library £& v & EFHME F53149, 4/ /2
Ala ¥gle] olue}, {4, 7 EARA 53 22
£ edd EYe] F3 % AFAZRE WEHE
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Table 3. Degradability of oil products by the
isolated strains

Culture time (hr)

24 48 72 96 120 144 168

Strain Substrate

Kerosene - - - - - - -
) + 4+ ++ ++ ++

Diesel -+ o+ o+ 4+

Gasoline - - - - - - -

Al132 Bunker-A - - - - - - -
Bunker-C - - -+ + + +

Cars waste oil - - - - = + +

Car's waste + + +

engine oil + + + + tE oA+t
Kerosene + + + + + + +

Diesel -+ + + + + +

Gasoline -+ + 4+ + + +

A422 Bunker-A - - - -+ + +
Bunker-C - - -+ + + +

Cars waste 0l - - - - - - -

Car's waste
engine oil

Kerosene + +

Diesel + +

++ +

|
1
1
[}

Gasoline - - -
F721 Bunker-A - - -

Bunker-C - - -

'
I
1
]

Cars waste oil - - -

Car's waste
engine oil

Kerosene +

++ + 4+

Diesel + ++ ++ ++

1
t
[}
1

Gasoline - - -
Bunker-A - - - +
Bunker-C - - + +

Cars waste oil - - = = = - =

FT722

+ o+

+ o+
+ o+

Car's waste
engine oil

+ : good(O.Deoonm’ 0.1~0.4), ++ : better(O.Deoonm:
0.5~1.0). +++ : best(O.Deoonm > 1.0), - : no growth

A& gt Nelg AANE Re8A o 8E
& A& Holch,

3.4. BTX2} nalkane M0l st 23|
=8 ZA}

A{e 2RHTYAN MR ®ol MiEEEe WHE
#318-¢1 benzene, toluene, xylene, 18l €&
o] F4¥< n-alkane AFEE 712 3o He
H Z vl g 5 E AT n-alkane
AYEL BaF7t 10~3270 Aol Z(15, 16,
21, 24, 25, 26, 27, 29, 30 A &)& #Z A1&38
ek, olgel g H2E Table 4°1 Jeluigic),
Strain A132€ n-alkane BHHE9 79 diE¥-&
B & A, B3 @4+7 12~19749 n-
alkane BHFEANA G E A} Bgv. 2z
strain F721, F722% n-alkane 3H§E¢ ®ls
¥g& Jehideh 18yt strain A422, B823&
n-alkane E&& E33A ZR}. Strain A422
€ benzened} xyleneol W& 58 g& Vel
t}. Strain A422¥€ Pseudomonas putidaZ %4
5913, ©] U] &€ benzene, toluene, xylened}
e JYESAYEE Bdve 2ast g B
AFolM % malkaned] ¥ 23582 Uehta
%2, benzened} xylened ¥33c uwhat
A 2 uAEE 989 PR FoM benzene
ring& 7M1 A& HFE BolH oz 2 §-&
o g24€ Y¥53ia Uckm Al8®o. Strain
B8239 A4, & AN ALEF 7ldE A B
3R] Z3A, YFE SAhYoE o P]o)
7bedttt, olald olfe Wi FANE FolA
tEAe] gle SAEE, & BTXS n-alkane ©] 9]¢
31580 tid Solio] A Aoz Alg€rt. of
] e o9 e 71A Eolyo] WA, o
FE 29€E Adg B o ¢AF Y] 5}
i 4 Aoz AlgdEd.

3.56. GC/FID® o|&% n-alkane 3iEE
BT B4

2+2re] p-alkane 3EENM 4go] & strain
Al132, F721, a8lm FT722& Alg3dled nC6~
nC447x ¥#¥ nalkane EF&9Y (Petrocol
2887, SUPELCO)& 71d & AMg3dld wigdt ¥



Table 4. Degradability of BTX and nalkane
by the isolated strains

Strain
Al32 A422 F721 F722 B823

Crude Oil +++ ++

Substrate

+4++ +++

Benzene + + - - -
Toluene - - - - -
Xylene - + - - -
n-Cio - - + ++ -
n<Cu + - + + -
nCiz +++ - + ++ -
nCa +++ - + + -
nChy +++ - + + -
nCyn +++ - + + +
nCs +++ - + ++ -
nCis +++ - + ++ -
n-Cgo + - - + -
nCe + - - - -
nCss + - + + -
n<Cgs ++ nt - - nt
n<Ca + nt - - nt

+ : g0od(O.Deoonm’ 0.1~0.4), ++ : better(O.Deoonm:
0.5~1.0). +++ : best(O.Dsoonm > 1.0). - * no growth,
nt ! no test

chloroform-methanol(3:1, v/v)2 &3l £3
5¥& GC/FIDE ¥43}d 1 A& Fig. 1l 4
ehiict. 1093 whkd Fe) ¥4 B, strain
F7229] ¥sl5de] 714 Hold AL ¢ + A
(Fig. 1(d)). ©1& A w82 358 & Table
5o Vet vlAE F722& @447} 107) o
&2 n-alkaneol wdtel 100%<] EHE&E EA
3, g7t e Ad dstdE 80% ol =&
&2 vehlidot, 22y n-alkaned] 7§70e
3 8o o Basde ZAIAM, T wjge
A€ strain A1327} 4% 2o 2 JebtH(Table
4). o179l zojHe] BAME FHHA & FE
28t Pseudomonas%el A% olW EF7A& ¥
Y A 531U de] g oA AL
% #d fAxA7 RER0R e 2ast dg?
watA strain F7229] A XEUelA ojgl g& HY
o] gojdrim HPEH i 7Y ol Fol ELE
o oA thE 7| S EiY F de iV /=
s, 2 3 Eeige] PPEAL sHedol AT
I AlRE, o3 fA AR, 24 Al

i 24 v g g2l $Y R WY 1857

3 8
1] ’ a
" 3
vl 8
8
Jx !
7 ) L L T e an
(a)
™ 583
3
]
“ 3
v ¢ Py
- .7 ) 5 ~
(b
-] 3
g §
L 1 |3 s
L - "
(c)
i -563.
g
M ll lJTB 8
5 ] = T e

(d

Fig. 1. Degradation of rralkane compounds
by the isolated strains: (a) standard
rr-alkane compound, (b) A132: 357,
pH 8, 150 rpm, substrate 1%, strain
1%. and culture for 10 days, (¢) F721:
25T, pH 8, 160 rpm, substrate 1%,
strain 1%, and culture for 10 days,
(d) F722 : 35°C, pH 9, 150 rpm,
substrate 1%, strain 1%, and culture
for 10 days.

283 o] FAE FAR ] #F A7 £YF
ojAchA, B#HuyEe] st R e 1% U9
&t 3o 7bgEtA d Aeolm, aelm FEdol
58 v BEY §F0] /MY AR AlgE.
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Table 5. Degradation rate{(%) of n-alkane

compounds by the isolated strains

daye.2 ¥28 VM€ ¥ M &S EME
< e

ke Strain 2) ARAE L AEA HE, AFAAA HeY
A132 F721 F722 52 714 slo] Eeld v|AES EHlvE e
nCs 100 100 100 ZAHg A3, strain A132€ 3 {9 AFAA
nCs 97 100 100 A Yol g s BAsEE HeH,
mCo 91 100 100 AEE | YL RREL AFA 5 fof Bt
ZET ng 13090 20: o B85 & Lehlx) Eete W strain
iy 66 75 o1 A132 PHEE WY 6YARY BHsEe
nCua 58 59 86 eRl 7] Alaetg e, Strain A422€ 9 -#A
nCig 56 56 920 Ed digie L Jehlleny, strain
nCis 58 51 84 F721& §4s Afe] daiiT 2eibsd
Cao 65 52 82 & VERIRTH Strain F7225 $4, A48
nCa 78 51 75

% olyz}l WAAR, WACH HHAE &)

sd¢ Y
4.4 g 3) BTX% n-alkane S1g&el tidt a5 &

ZAHg A7}, strain A422%€ n-alkane 3+

Bl tate] ¥ae o] v aA zAE AL
1}, benzene® xylened Wisire ¥ &
& 7D AUt 2812 strain A132,
F722& ©4%71 1070014 327} Atele] n-

N4UREE 299 EYo2RH 4R/ 3
e N EE Feldled B3 % BYE A
I e 22 Aed 4.

1) E£%4¥ crude oild 71W2 ¢ AF ¥ v

NES IR A3 53 F9] vAEe] s
A}, °|E¥ strain Al32, A422, F721,
F722. 18|32 B8232.2 ¥y er, U4
¥ vlEE FAY A, strain Al32¢
Acinetobacter sp., strain A422¥ Pseudo-
strain F721, F722«
Pseudomonas aeruginosa, Z12]3L strain
B823¥ Xanthomonas maltophilia® %<3
HAch o] P gL HA YPF2AL A132
£ 35T, pH 8, 181 2%9] 4% 7Id=s=
2 ZAE UL} Strain A422€ €58 pHE
strain A132¢} Ztev, 9/ NAEE 4%
7t 34 ez 2AEUD. Strain F721,
F722¢& Z& oA M2 & A vz
& eI, Strain F721 A4 33 =
AL 25C, pH 8, 9% 71A % 2%& e
o, strain F722%& 35T, pH 9, ¥/ 7
A% T 2% & JEIUAY, ol &2 A& Ei&
ZA Y 3}, strain A132€ A AFEUNA
2q# 71AEx 2% Y€ 4, 6.04 g/L -

monas putida,

4)

alkane BEEE 71A 2 Alg3ld 4zt 3
FEo) A Bol 5 A Aoy A9
58 el dse EHFdE& Bt

GC/FID® ©]| %% n-alkane 3% &9 =
€ #4883, strain F722€ nCr~nCiol
8] 100%. nCii~nCasclME 80% ©l/d€]
e FHE&E JERAY a8y AEYE
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