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Denitrogenation of Petroleum by a Pseudomonas sp.
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Abstract: Biodenitrogenation of petroleum oil was investigated by a previously isolated carbazole-degrader Pseudomonas sp.
XLDN4-9. In a tetradecane-aqueous phase system, biodegradation of carbazole was enhanced by the presence of n-tetradecane.
And strain XLDN4-9 was capable of absorbing 95.2% of 2 g/L carbazole dissolved in diesel within 15 hours. Significant
denitrogentation of crude oil, diesel and lubricanting oil was detected by strain XLDN4-9. Removal of carbazole,
methylcarbazole, and dimethylcarbazole in diesel was confirmed by using GC-MS. After 3 days, 99% of carbazole and 15% of
dimethyl carbazole was degraded. And the removal rate of 1-, 2-, 3-, and 4-methyl carbazole was determined to be 63.4%,
87.6%, 78.4%, and 66.5% respectively.
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Pseudomonas resinovorans strain CA10 JJ& 155
TR, HERmR AR R AR R A AR SR 5 I e
R BE DR 4% carAaBCACAd® | IH Wk o fifp 56 G G 114 b
TRZEF RO g AR AR

B BR b At X 58 Ak G 1 R s 11 £ O o fie A 0
T URA, BT T A W 26000 F J ) iz 18 A
/b, Fedorak 4555 LURA T RELL B 5™, Riddle 45
¥ g T T AT ML R A EE 4 PR MB1332, %
10%(V/IV) — F 2R 14 U 28 58 e 53 - K SU AH 2
i v R it v ik B (0.8%) ek 141 Kiilbane 1T 45 8% 43
539 1) ] nds bk [ % B Pseudomonas ayucida IGTN9m 5
I I [ 7% T2 Sphingomonas sp b B 5T i, A58 Horp
WASBRK | THR AR ) AR AR 25 11O

% B 9 1 1H #k  XLDNA4-9(Pseudomonas  sp.
XLDN4-9) g PR ZH DA - 38 v 43 5 1) — e PR e o fie
. MR B R M 3L A 5% carAaBCAcAd 5 P
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1 Mpfe ik

1.1 EHREEREH
Btk XLDN4-9(16S rRNA J:[H %1 GenBank

Accession No. AY278245) L) 75 il 2 4 (1) H: s G HL
Eh B IR HEEAE 30°C, 120 r/min A E IR H R 1L CHL
R FRIF Y 12 g K,HPO,, 11 g KH,PO,, 2.0 g
Na,SO,. 2.0 g KCI. 0.2 g MgSO47H,0, {4 )EEhvs
W 1mL, pH 7.0, 1 L IJGHLEEFRELH IR 458 10 g,
mmg 500 mg, FhE4JEEE FeCl, - 4H,0 0.3 g,
CoCl, - 6H,0 0.038 g, MnCl, - 4H,0 0.02 g, ZnCl,
0.014 g, H;BO; 0.0124 g, Na,MoO, - 2H,0 0.04 g,
CuCl, - 2H,0 0.0034 g,

1.2 KIE4AREE &

F bk XLDN4-9 #5575 2550 f5 11, 4°C B0
B:FEW(5000 r/min, 15 min), YAEREARLHIELL 0.15
mol/L BIBEIR B ZE il (pH 7.0) vhik 23, EET
SRR, VR G MR A
1.3 XK HE RS RN

SN AE 250 mL BB FUREAT o AR L 240 it il i 6
BEIRWAEAH, WA S KARR R Z LR 101, SRR
BN 20 mL, 2 ARG E THE IR, 30°C, %
A 120 r/min,

R I AR AR K MR BT 5, IE - DUke- K R 8L
o A 2 SAF) 5.0 g/L, PR Ik 40k EE A A
4.75 g T HEIKRIL; K-S R Ge Ry B4 2.0 g/L(H
YEW RIS A B A& & 1.71 mg/L), fR1EZH
We g4 4.95 g THEIRIL,

RV E 3 AEAT, JER AR, R
b S 1 A5 A AR AL, AEAS I A (2) F At S5z 1 5% 14 AR T,
LA 20 mL R 4R 22 v AR MK A . 7651 I
B 5N 45 o1 DR I A — 2 R LR £ TR,
VA5 A O B B L A R v R I R, S iR 9 S
FE S, B MR T
14 ARREXE

S H AT D . VR LSS IhRE A h TR
TR /IR

T RS 56 R FOBURCA 2 R 5, 7F 500 mL
BE VR EA T o SO 2R IR) 1.3 Ja o i o v I
S5, FREGHIAE 39, MIIETPUkE 6 mL, S54RIk 4H
IR RBURS); S ASEE, B 5 mL LUE
TPUBERRRE 1Ay, SRIEAIETRR 10 mL RS, ik
BEEFER 6 d, B EA 2 P47, IFRANEERA IR
SIS HE A HEA ROSR HP RA ES .0, 12000 r/min
B0 30 min, B EJZ A T RE S 4T
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Fig. 1 Degradation of carbazole in aqueous phase (o) and
in the presence of n-tetradecane (m)

In tetradecane-aqueous phase, 10 mL tetradecane was mixed with
equal volume of resting cell suspension in a 250 mL screw-cap
Erlenmeyer flasks, shaking at 30°C, 120 r/min. Cell density

corresponding to 4.75 g dry cell /L was used. Data is the mean and
standard deviation of independent triplicates
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Xof RIS REAFE (RIS, PSR- /K OBURAH R Gerh, 23t 15
h BYALRE, ¥ TARASSM (EA 1.71 mg/L)H iy 2.0 g/L
[ P Ik AT B B Bk XLDN4-9 4K IE 2 M 4K R R i
95.206(1 2), 4 FEe A it 2 42 ROV e g L oA e ok
/7 0.481 mg/min/g dry cell.,
23 AMBER

TE XSGR 22 48 I 0 () BERH L, K XLDN4-9 [k
1 4 A 28 40 50 P A R D3 . T WS L SESh, 7E 6
R rd ey, B 3 idat TR R RSk, &
1 6 dAbBE, AP R RSSBER R, DU A
BESTETE MIE

SR T S T R R R P B ORI, S B T
GC-MS £ T S it Hh ifeme K HLA A= 0 1) Mk itk 0
SEIRFRW, FEALHE 3 d S5, SEiH AR (100 ng/g )
FTBERE AR 99% LA I, DU F LR ms 4 AN [ A2 b 8
E VAR (W3 2) . GC-MS AT 433 H 13 Fh — I JL R (2
i 880 ng/g i), FEMEFEEA—, BREMRN 15%, —
LRI iy i AR RS (2, BB AR /INT 5%, ZEI
SE VR 2230 PN, PR HL ] A 9 R Ao 1 R E
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Fig. 2 Degradation of 2 g/L carbazole dissolved in diesel by
resting cells of Pseudomonas sp. XLDN4-9
Ten-milliliter diesel with total nitrogen 1.71 mg/L was mixed with
equal volume of resting cell suspension in a 250 mL screw-cap
Erlenmeyer flasks, shaking at 30°C, 120 r/min. Cell density

corresponding to 4.95 g dry cell /L was used. Data is the mean and
standard deviation of independent triplicates
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Fig. 3 Denitrogenation in crude oil by Pseudomonas sp.
XLDN4-9
Five-gram oil diluted with 5 mL tetradecane was mixed with equal
volume of resting-cell suspension in a 500 mL screw-cap
Erlenmeyer flask, shaking at 30°C, 120 r/min. Cell density
corresponding to 3.4 g dry cell /L was used. Data is the mean and

standard deviation of independent triplicates

% 1 Pseudomonas sp. XLDN4-9 X = #;H AL IE 6 d AY
fit FRER
Table 1 Denitrogenation in petroleum oil by Pseudomonas
sp. XLDN4-9 within 6d-treatment

Petroleum Total nitrogen Nitrogen Cell density
tvoes of controls removal (g dry cell /L)
yP (mg/L) w 9

Crude oil 236.3+2.6 28.6 3.4
Lubricating oil 693.4+5.4 17.0 7.0
Diesel 570.0+4.0 125 4.6

% 2 Pseudomonas sp. XLDN4-9 Zb 3d 4 i o B FE R me
AR IR 0
Table 2 Removal of methylcarbazoles in diesel by
Pseudomonas sp. XLDN4-9 within 3d treatment

Controls (ng/g diesel)  Removal (%)

1-Methyl carbazole 149.3 £2.3 63.4
3-Methyl carbazole 73.9£15 78.4
2-Methyl carbazole 81.44+2.0 87.6
4-Methyl carbazole 106.0£3.0 66.5

GrBL LA B R R E I 2 S P a5 Y SR
XA SR, P T PO KRA R OB R G AT AR
MUK AR R A . e — AP IR R A e A
AL R BE- 2K 53T 2R B (logK on) A 56100
Riddle 2 A Jy 785 i 20 of 5t Sl 3R AT 2 5 A
o N 1B A il o R BE AR, A ek

R fi 1 [N 4% carAaBCACAd 3 AR A HLIEFI 8915 Frh,

e 5 TR AT BIL I 51 AR TR A 55 fi 7 2H 7R Pk MIB1332,

25354 & 10%(VIV) ZH 2R P BURAE 2R 40 S S -
K AU HE 22 55 P R it 5 Y (0.8%) ey ek 41, e A
FEH XLDN4-9 X7 S 1 r 18 e 1) A7 254 gk B
TR A AR TR R 0% T IR i S 7R ) AR R
(EAFERE MR, STEIE T Uki-K RGP REfFHEREA T,
FESEIAFAERT RO I LR AR 335 0.481 mg/min/g T
B, HhrEglizK AR 1.74 mg/ minfg T BB BREAL,
FEH BRI i R 52 2 B0 A 2 A s o fee i
RGN, (AXTEE IS TR, X — S el
T i 0 RS 45 2R Hh R A B R

FEIPR b AR XSO A A W 0 R gt 58 ¢
2, JuI IR AL G W R e 1 A ) R AR 5 H
WA, AE G Tl A= W B /i) 45 R 3R A il
3 SR T 2 S U R e R R S . T
RACYFE AT AT A T o3 A A3 5T, T B2 U5 T
HREERRE B R AL A AR SR, H A R
AR G5 ik T 8 2R, 6 AR AE 5 b e I 2R S B A5 T e
WA A R . Kilbane Il 25 % FH M ok FE 1% B
Pseudomonas ayucida IGTNIm F¥ & 1 4 it 4« 2 4b 3t
T, REREREMR 68% AYmENE, {HAUAFE] 5% &
FUBLER RS 23 T i B 3 0 AR A R o A
A K. Kilbane 1T 55 3CF i H: w4 [ fi#% 1 Sphingomonas
spXF DUATMIB L, 2Bk T b 95%/f9IkmE, 5090
C1 MM, & B35 B 42 don L AR I 1 oo e G 25 1,
RSO B AR BR ZEARAE B . AW 5T T GC-MS
GYHT, R IULR I REE A DAL ANASURT L R R e ot o 8 P e |
GG R e 3 H X T F O e A R A R
XLDN4-9 X rHemse | FH SRR R 2 R S 5 A Rt 7
Fedorak 25 i #ft i — 2l AR ISR AGTR A R v] LAREAR 5 5
ABARIE IR, FIH DUFRRIE: PRIEER I (14 o
WOAC B B B, 85 WA B R, [
C1>C2>C3>C4>C5M, {1 H Fi 5 F2lip, B e e fiee
it 22 X ot SE R e O R gt BE 0 (A A UGBS, A2 4G
DUF-Be BRI, = P R mT R AR AT A R I

B AR AR SO W8 017 i i e Ao S R e ) SR
W AN A, (F 3R i e R R e 19 5 A T AU
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