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The Isolation and Characterizations of a Alkanes—Degrading Bacterium Rhodococcus sp 15-3.

ZHANG Lu', ZHAO Shuo—wei?, LI Feng-ling', ZHANG Jian', SHEN Biao'

(1.0pen Key Laboratory of Microbiological Engineering of Agricultural Environment, Ministry of Agriculture, Nanjing Agricultural University,
Nanjing 210095, China;2.Zhenjiang Envirommental Protection Bureau,Zhenjiang 212000, China)

Abstract: A bacterial strain 15-3 degrading aromatic and aliphatic hydrocarbons of oil was isolated from crude oil—polluted soils and identi—
fied as Rhodococcus sp. based on the 16S rDNA sequences and morphological, biochemical and physiological characteristics. Strain 15-3
could use n—octadecane as sole carbon resource and degrade 96.9% n—octadecane(500 mg-1.™) after 48 h of incubation. The optimal temper—
ature, pH and NaCl concentration for degrading n—octadecane by strain 15-3 were 30 °C, pH7.0 and 2%NaCl respectively. Tt still had high a—
bility to degrade n—octadecane even at low—temperature(10 “C) and high-salinity(4%~5% NaCl). Strain 15-3 could degrade C;~Cj;n-alka—
nes, pristine and aromatic hydrocarbon in the crude oil. In the media containing 5 g+L"crude oil strain 15-3 degraded 60.33% crude oil,
more than 90% C,; ~C3 n—alkanes and 63.61% aromatic hydrocarbons at 30 °C and 5 d incubation. The biosurfactants were produced by
strain 15-3 in the degradation of paraffin with the decrease of surface tension from 58.11 mN+-m™ to 36.6 mN-m™, which implying that strain
15-3 had the abilities for emulsification and dispersancy to crude oil.

Keywords: Rhodococcus sp.;isolation and identification ; oil biodegradation

AT R HATE MO IR A E 2 — BRIt SRR A AR S S 4URRGY
WA R RIS R AR, T5gokik 0 HA o 28 53 BLESE M A W R A3, HLrp i A
KR dme s , HUGR R TR e &
W, v o5 05 A R RAL S R SO

7 B 320071120 S~ i L e 1T -
SSTE A 05 A B BBt Rt e o SRV R ARG TR LIRS
(2005DKA21201-11) A=Yy Erl e W VA2 = I8 L3 WA SN O TRV E 53

RERB 0K B(1983—), Lo WULATo L, ERNFIRERU: YA of AR BER,ATEYeA: MIRR ST BT

%Y., E-mail: 2005116050@njau.edu.cn ™ 8 i oo T P
BIEBER AL #8  E-mail: shenbiao@njau.edu.cn RATH I;é'%ﬁg R E@Uﬁ%lﬁ& '%Qiﬁ%ﬁgiﬁ (Bt L ’ ’ﬂ\:



1738 5K BRAE AR R Rhodococcus sp.15-3 [1)5) B4 BORFPERSE

2008 49 H

R F AR A i rPOMERE AR L 3 BOTE BRACR , ik
A RIS B ST R

FIRITEL A R (9 7 T A R BT ™, 7 [ S A
FHER T 7% P 7R 08 1 S B 2 B T % L v A A e 26
Wyl A B, BN PESE o (EE B i i
VERE R AR A FLILTERE , 7 A AR W AR I
7, SCREIE AR | R 5B SR AR PR B 1 Bl A )
ABAR S n] LR A 8 52 v i) e AR
o At e B A A 1 i LA e ) TR R AT R R
figp R TR A

ARSI MBS G 5 o BT ) — k)
WM TR O TR BERE IS s ke, SCRERe ke A
Ji R IR A SRS PR, B B 2575 FLAk
T BT MBI RETT o T8 R A KR s R E A
WFFE, LUIDiZ R i) AR A8 52 R B (I B A Al AT
HoARA it -

I MRS TE

1.1 BN GRFIFNEE SR E

SRR - IR0 B I BT 0 B TR
AOMERG R B R, RIEREG R 5 IR GHEA,
SREEREE N 0~20 em, B4~ H4EFE TR 1 kg KRS
M, PR AR R ARG, Fad 4 mm 06, JRAF
TE 4 CokFE . B HIEBR bk LR 1,

x 1 gl T ER B RR &imAS
Table 1 Physico—chemical properties of soils the oil concentration
and fraction percents

FOKE &N &P FuhE WRE FEE
grkg! gkg! grkg! grkg! % %o

32 pH

Wt 64 382 0.69 0.53 23 51 31

o I SRR LU AR AR L GE /el [ s
fluka 2 7], HARFNIE Ry o pr 4l

TeHLER KR AR V/(MM) : NHUNO; 1 g, K,HPO, -
3H,0 1 g,KH,P0,-H,0 1 g,MgS0,-7H,0 02 g,NaCl 1 g,
CaCl,0.02 g,FeCl; 0.03 g, 5B F7K 1 L,pH7.2,

B BRI (F]) AE MM K533 iRin 5 g-
L e S AR b — AR

PeI i ARk e MM B SR rp s in 0.5 g- L7 1Y IE
T IR T

KA R SR MM B5 3 HP R iN20 mL- L
A1 I ABCRHE— R

LB JEgedk. JREFR 10 g, EEREH 5 g,NaCl 10
g, KEFIKI1L,

12 BHHNEENSE

W3 g BAEE T S0mL g ST, T 170
min™, 30 CH 37 5 d, LA 1% 3R 3 2 A ] 1 45 37
o 4 3k ICE BT TR RS BT IR T LB
SR, 30 CHEFF 36 h i, PREC R TE A 21— b de
Regishrh, 1535 3 d, K A RlCR
1.3 BHHRERE

XT3 B Al AR B B RIS TR A A S A 2R
A AR (5 22 UL SCHR[8]) S 168 xDNA J41) [f] Y
PR HEXT 0T 55 1 5 LA S o TR Y 16S rDNA 73
W2 BB SCHR[9]. SR F PCR [R]Ici 701 £ [l ic 4 434 %)
(1.5 kb ZE45 B9 7 B, il % 31 pMD19-T 4k I, #%
b2 E. coli DH5au, i1 i I BEPk BE FHPERL AL 7, 15 5%
JEHEEUTCRL, BV IR AR BEB RN, TP In—
vitrogen 23 1) 52 il o BRI P25 S AE NCBI(www.ncbi.nlm.
nih.gov) H15j Genbank [ 16S rDNA J¥ %) 747 [F) PR 1
X , SR AR i R G R B o
1.4 MEFE
1.4.1 Ji I3 A 32 00

FHER A3 6 B 7 OVR R 3 R R AR X
JERCTH R 7 T 14 A i R TR B e Y R i
1.4.2 Bk R il

#E FJ B0 P 5 mL iF O e % IF O B
fi# 1 10 000 mg - L™ (HECPIA5 )25 wlL, 3853935 Vi
JE B o HIE Ot AR WO 2 FE IO I, 5 2R L
WIEEARZE 25 mL, TN ICKERERREBK, B 1
pL FVERGEAT GC-MS M5 . SAH %A Thermo
trace GC ULTRA, A%+ 0 TRB-5, FID K%, (G
25480 CAEHF 5 min, DL 3 °Cemin™ FFZ 165 °C, {4
1 2 min, 25 LA 5 °C o min™ 7+ & 270 °C, {4+ 10 min,
PEFE TR 250 °C, Rl #RELEE 280 °C, T/t
1.4.3 1E+ /g g

TESE IR FR WP A 5 mL 3% 4l 1F O 5 & 15
pL IE T FBE (N R), 78504k 2 U , T 4 €10 000
remin” B0 5 min W IR ZE 20 mL ZIBEAE T,
R 5 mL IECEEEZEIN IR, GIF R EARE 15
mL, FERE 10 £5 )5 FH TR TR BRRR MK B 1wl
TS IS E . SAREIECH OVIO0L, (ki
SPB-5,FID kil #s . (3% 251 130 CLHF 5 min, LU
10 °C-min™ F} 2 220 °C, f#%F 5 min, PEFEE T K004
TEE N 250 °C,
1.4.4 RKE5K I I &

FEIAEIPE 8 h HUHE IR 1 30 mlL A7 bS5 350, K
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bR T A A DR A& A ST R
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Frig Rk | na| o se g 52 M, FLBE A EAS P2 1R (AN 7
o

HRAE 15-3 T8 Bk SR O B AR 19 16S xDNA J7 1)
(Genebank B35 EU103623) ) EM 248 A B H LK
1. @ H#E 15-3 5 Rhodococcus baikonurensis AB0O71951"
ARRIPELE 98% ., HifE 16S rDNA JF41) , 4545 4 HilA:

HEREHERE 15-3 %0 LKA o
86— Rhodococcus baiKonurensis ABO71951"
15-3 (EU103623)

Rhodococcus erythropolis X81929"
Rhodococcus globerulus X80619"
Rhodococcus fascians X81930"

Rhodococcus yunnanensis AY602219"
Rhodococcus tukisamuensis AB067734"

80 Rhodococcus maanshanensis AF416566"

——— Rhodococcus marinonascens X80617"
Rhodococcus zopfii X81934"

100 Rhodococcus coprophilus X81928"

—
0.005

Bl 1 R 15-3 BHE Rhodococcus HEIEEE AT
168 rDNA 73R 4R IREMBENHN R R X BN
Figure 1 The neighbor—joining phylogenetic tree based on
the 16S rDNAs of 15-3 and type strains of Rhodococcus

sp. (Numbers at nodes are percentage bootstrap values

62

100

based on 1 000 repeats (only values greater than 50% are

shown). Bar, 0.01 substitutions per nucleotide position. )

2.2 15-3 3B i A B A e ot A e 1 B R iU

TE FJ 3582 DL 194 i (Agy 0 =2.00) 32 A
15-3,30 °C 170 r-min™ N353 5 d 5l 15-3 Xf 5
TH I B 3R 2 0 A T TR O A R I R A R
63.61% . 53 A FHH 1 3 00 5 0 D T ) B i R
60.33% , JEih 1) RS E AT 20 40 Cillt

15-3 DL 19451 5 (Agn =~ 2.00)$23] FJ 5573

F 30 CHEFR 5 d i ad GC XA JH s e e i a4 5 )
Eo MIE 2 ATRIE Y, 15-3 A 5 R T8 B b e it ,
REREAR Cra~Coy MY IERIBERE o 25 AR IIBR Cap FEAR A
11K, Ca~Ca) PR ARAR AT 90% ., [N S e ks e
B Joe (I B i BT 50% , (HN RERE S

H TSR E R AV 2 IS s
S OB AF BRI — BRI R TG C—-14-1 XM EE (2
mg - L) I TE A 8 I8 22 91 AR A 8 SR e, (E 0T v VA 2 17
R Fr SR N AIG s Whyte LG 2543 B 8] ) Rhodococcus
Sp- QI5SMEEME S 1) Cio~Co BERE TS , X Cs . Ca
M AN TE 4 WA REREMEZE S HAT LR W) AL R L Bt
TE P S RE I o T 15-3 X B i AR A i R BB e 5
A HE S A A AR AR

R 2 15-3 xR HI PR R
Table 2 Ratio of degradation of oil by 15-3

15-3 LIV L

V=R 1% 63.61 60.33
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Figure 2 GC degradation profiles of alkanes in crude oil

by strain 15-3

2.3 15-3 A/ A E—RiGTR B 2 3K 2 P FRin 00
FERERESE IR I DL 1942 2 (Ag = 2.00)F2A
15-3,'%F 30 °C .pH 7 Je bk i 2% F155%, [A1F% 8 h
HURE, DUE BE TR Ao SR B B TE - /\BEHR BE
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RVEERIE 3,15-3 7EIE T/ \ bRy R dt rh | 1E3R 1
250 8 b, BJE AR K, 3 56 h, AR KA R R A
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1E /e i A 23R 21124 90% ,0D {4 0.9, Him,
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Figure 3 Growth and degrading curve of 15-3 in the

16 24

medium with n—octadecane as sole carbon resource

2.4 B pH REREXT 15-3 BERIE+/\ KRB 2200

FEEREERN T 30 mL Lekesi g2 5L, 4 BiFEAN )
Ui E (10.20.30.37.42 °C ) .pH(4.5.6.7.8.9.10) &
R EE(0.1% 2% 3% 4% 5% .10% NaCl) F 170 r+
min™ 5% 48 h, 52 1E 1/ \ e IR % 485 1 UL IE] 4~
Bl 6, Z5RFRM] 15-3 BERRFEMEE /e i i iR B2
4 30 °C, #%i& pH &y pH 6.0~7.0, {H HAE 10~30 C K
pH 5.0~9.0 i [Fl AR ELA B UF A fie 1 o 7€ 10 C
B, /BRI B R AT IR IR B 90% . 15-3 RIARFEER IR
J& 0~3% NaCl 35 [l P R i 1F 1/ BE 1 58 1 380, 7
4%~5% ISR, IE T/ \BE IR RATAE 50%
Ph b o 5 HAF 22 i8R A A T slobe e 1 B Rk A
L, FLPRBEE NV BE 5 , BEAEARTE S = b A F L B
A REFREfRRE ), oR HAE A JE e E i
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Figure 4 The effect of temperature on the alkane

degradation by strain 15-3
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Figure 5 The effect of pH on the alkane degradation

by strain 15-3
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Figure 6 The effect of NaCl on the alkane
degradation by strain 15-3
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in fermentation media
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