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Construction of diesel fuel-degrading bacterial consortium from
coastal waters and its characteristics on degradation of diesel fuel
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Abstract: [Objective] For the purpose of control marine diesel pollution by biological treatment
technology. [Methods] Diesel act as sole carbon source, using enrichment and screening methods to
select diesel fuel-degrading bacteria from Shenzhen harbor area; bacterial consortium is constructed by
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mixing and orthogonal experiments; single-factor experimental is used to study the effect of
environmental factors on diesel biodegradation by the consortium; using chromatography-flame
ionization detection (GC-FID) to analyze the changes of diesel components before and after
degradation, physiological, biochemical experiment and 16S rRNA gene sequence analysis are used to
identify the strains. [Results] Sixteen diesel fuel-degrading bacteria were isolated and the highest
degrading rates were up to 40.8% in 7 days. Bacteria consortium CQ1 was composed of C1-8, C2-10
and C3-13 strains, and the dosage was 0.5%, 2.0% and 1.0% respectively. Compared to the single
strain, the degrading rate of CQ1 was increased by more than 10%. The best degrading effects would
be up to 60% in 9 days under the optimum conditions that 30 °C, pH 7.6, shaking speed 220 r/min and
diesel concentration 20 g/L. The result of GC-FID showed that most n-alkanes C11-C27 can be
degraded by bacteria consortium CQ1 and the degradation rate of C21-C27 were up to 100%. In
addition, the results showed that C1-8 belonged to Microbacterium sp., C2-10 belonged to Ensifer sp.,
C3-13 belonged to Corynebacterium variabile. [Conclusion] CQ1 has bright application prospects of
bioremediation for offshore diesel pollution.

Keywords: Diesel fuel-degrading bacteria, Bacteria consortium, Degradation rate, Environment factor,
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A 113.9°E, 22.4°N, Mk FH s BER 2 KA 5
2 AN, BUREACH 114.2°B. 22.5°N, St o
S, BEEEH 0.8 g/mL.

1.2 EHxFE

MMC #5350 %g/L): NaCl 24.0, MgSO,-7H,0
7.0, NH,NO; 1.0, KC10.7, KH,PO,2.0, Na,HPO,
3.0, pH 7.4, 1.0x10° Pa K 30 min, #MIlfEIT
FIRAW(gL): CaCl, 0.020, FeCly:6H,0 0.500,
CuSO4 0.005, MnCly4H,0 0.005, ZnSO47H,0
0.100,

SRt SRR w5 . SR
FE R AN RE 5L . MMC B3 inA 1.0 g SeihfE
ME—BRIR, SEIHZS 0.22 um JEEIEIE

2216E Kigftdk(g/L), T RSB . glifb S fh
TR BN 5.00, BEEFF 1.00, FrEEmRek
0.100, NaCl 19.450, MgCl, 5.980, CaCl, 3.240,
KC10.550, Na,CO; 0.160, KBr 0.080, SrCl,-6H,0
0.034, H3;BO; 0.022, Na,SiO39H,0 0.004 0, NaF
0.002 4, NaNO; 0.001 6, Na,HPO, 0.008, pH
7.4-7.8, [EAREEFRIEL D INBEAg 15-20,

I P AR R 73 . T 3R MR A e PR A
Wi [ R 2216E Ki AL 52 E1%E 50 °C, A
23 Y G BRI e I 48 A S (A
1.3 E#HRIFEREFFES R
131 EhEMENEESSE: B S mL K
S 100 mL 4890 EEFRFEH, 30 °C. 180 r/min £
7% 7d, BUS mL BERIRE B e ) S B R
HEVL PR, M E R 4 Ik, B
SEER IR TR 1.0 1.5, 2.0 go szl ib
SR 5 A B ARV AR RS, B 0.1 mL IR T 2216E
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TEAFEE R BRIV, RN Aib s B
1.3.2  SEiHPERMRERAOMRE : Seimyk L I R 22
Sk, ARER R HIMES M T, A
Bl 43BITE 50 mL 25 H A — & & 1 SRR
(KIEH 1.2 g/L), HEWEEESS, 260 nm £
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25 R BN AR5 1, I ST bl A
BE IR R] AR A T 72 A BRI 00, [R) PR P-4
T IR IR W P A% B R A TR TR A
1.6 %%;H4H% GC-FID EE N
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Table 1 The ability of the screened strains to degrade diesel fuel and its biological characteristics
RS SRR ST P57 REKT Ellifes
Strain No. Degradation rate of diesel fuel (%) Surfactant Surface tension (mN/m) Lipophilicity (MATH)

Cl1-5 34.48+2.22 4 34.90+2.25 0.68+0.06
Cl1-7 30.97+1.69 4 37.95+2.00 0.64+0.02
Cl1-8 39.70+2.95 + 34.90+3.22 0.70+0.01
C2-3 26.38+2.66 - 48.54+3.90 0.31+0.03
C2-7 26.72+1.55 — 42.97+4.03 0.25+0.04
C2-10 38.19+3.38 — 39.39+5.11 0.64+0.03
C2-15 28.52+5.80 4 37.04+2.14 0.78+0.03
C2-16 40.78+3.30 — 44.43£3.72 0.72+0.02
C2-18 31.26+2.24 — 42.33+3.61 0.17+0.02
C2-21 26.72+1.40 — 47.84+2.19 0.29+0.30
C2-22 40.29+£3.24 4 36.62+2.97 0.75+0.05
C2-24R 22.03+0.90 — 48.714£2.97 0.41+0.03
C2-24Y 25.40+0.74 — 45.76+3.35 0.35+0.01
C3-9 29.31+1.61 — 44.04+3.32 0.37+0.04
C3-10 24.23+1.47 — 50.42+1.92 0.27+0.09
C3-13 40.78+3.68 — 46.45+1.32 0.59+0.02

TE: +: SR B AR A M B — B

Note: +: Hemolysis positive, which surrounding the strain on blood-plates; —: Negative.

B B SR AR U SR 2. 44 CQl.

e 2 TP RAE I WA TR R A2 ot 12 o) T FRE AR e S
M ST RIN, ATLAE H, AR i SRy i
C1-8>C3-13>C2-10, K fH i Rk 48 b 5 4
MEBRRZE R, HEK Cl1-8 B 0.5%KF
(K1>K2>K3),C2-10 J 2.0%7K F-(K3>K1>K2),C3-13
B 1.0%7K R (K2>K3>K DR, 45 A/ K (HRE .
Fe RN A IR A RV 7 d ARSI R ARk
£ 51.0%, & FIEsCRE AR f—Fhdl G . Bk,
FRE C1-8.C2-10 F1 C3-13 (R H 0.5%.2.0%
1 1.0%, LR SR RIS 3.5%, KLt
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CQI 7£ 26-34 °C {EEPIXT Sl RAFIREfRRL
B, BRI E] 45%L) F, 30 °C & CQI 4EiAY R
EIRE, SeIh i FBRRIL 52.2%, iR e
o X R R AR A S 34 2 P AL TR R, 22 °C il
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FEJGSERFFE Hf CQI ARG FRIREE F I 7E 30 °C,
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Table 2 Result of orthogonal experiment on the inoculum dose of the three strains

s Inoculft'iiikfﬂthﬁztiin (%) fi
No. Degradation rates (%)
C1-8 C2-10 C3-13
1 0.5 0.5 0.5 40.77+3.45ab
2 0.5 1.0 1.0 45.74+1.80ab
3 0.5 2.0 2.0 46.78+2.64b
4 1.0 0.5 1.0 44.54+4.62ab
5 1.0 2.0 0.5 43.00+4.29ab
6 1.0 1.0 2.0 39.1745.39a
7 2.0 0.5 2.0 40.61+2.80ab
8 2.0 1.0 0.5 38.63+3.52a
9 2.0 2.0 1.0 39.32+4.66a
K1 133.29 125.92 122.40
K2 126.71 123.54 129.60
K3 118.56 129.10 126.56
k1 44.43 41.97 40.80
k2 42.24 41.18 43.20
k3 39.52 43.03 42.19
R 14.73 5.56 7.20

e SIS AR T RAGR A R 22 5 B (P < 0.05); K1 BHARHEFI N 0.5% SEIMPEMEAR 2 A5 K2: AN 1.0%M R 2 Fl;
K3: PRI 2.0%M BEARARZ N ke XERIY K EITIIE; R: K1. K2, K3 {HIHZE.
Note: The different letters in same column indicated significant deference (P<0.05); K1: Sum of the degradation rates under the 0.5%

inoculating quantity by the same strain; K2: Sum of the degradation rates under the 1.0% inoculating quantity by the same strain; K3: Sum of

the degradation rates under the 2.0% inoculating quantity by the same strain; k: The average value of K; R: The range bewteen K1, K2
and K3.

2.3.2  #09A pH X SEMBERREI R : pH XA MY
A RACHH AT EAE N, BERS R R A N Y

5000 /(/{\*\; B A= . TR, BB
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fER SIS ) i pH 20 B o T SR I UG pH
 6.4-8.8, EFHERECQL, 7dJ5Leih il
UL 2, K2 s, CQ1¥E pH i 7.0-8.8 BRI
XF ST A H5 s R 5(>40%) , 4 pH h 7.6 I,
20.00 PAHE CQU XS () R R 22 B o 4 4 oAt pH

T o Gl BERFRIAE] 59.3%. NI, RStk

Bl 1R XS R A B 76 F% CQ1 eI SE pH.
Figure 1 The effect of temperature on degradation rate of 233 FEEXSCHEERRASIN: ARFEYN AR
diesel fuel )T R RN RIY, F5 RS g0 e i e 25 1 < i

40.00

Degradation rate (%)

30.00
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Figure 2 The effect of initial pH on degradation rate of
diesel fuel

FRN R s O . I 3 AL, A
160-220 r/min JEFEPN, BEF AT CQL X2
R B R BT T s, 24533k 220 r/min B 540 A R
AR 53.1%, M4 AT E 240 r/min B, 4590104
R ST BT T B, 3X U6HH 220 r/min 93 5 il
TRHE CQL AR, AT RIS
2.3.4  LEHKE ITLEMPERRRO RN . FERRMR LS
Hh ST A I — IR T A P i A K S B —
(ISENR . 5T CQL FEANIR S itk B T X 43
ARG (R 4) B 4 SR, Sethk AR LX)
FERE AR SRR A 2 e o i 3, 3 S S
WHEAE 1 g/L B, TR B B EfsUR
B2z, R 16.0%; B Sk FE 42T, TR CQl
XoF ST AR LB T T R L 20 /L B CQ1 X St
MR TT IR 60.1%; H Y5k Bt — 0T
F 40 g/L W, FERE CQI FfikLeih i e 1 K %
%, X UEI AT = kB Y ST IRV RE S B R AR
2.4 EFRRETE XS M PERR RIS

HAE 2.3 AR, KRS . pH. BEURIShvk
FE43 AT % 30 °C, pH 7.6, 220 t/min 1 20 g/L,
AN TR A ) ERORE 0 i S 7ok R e I DL RN B 3 v 3 b
AR PR, S5RWE S, B S o, CQL &)
SAMPRERRAE 3-9 d PSRBT, 153R 9 d A
FEFRR IR E] 60% LA I, LI5Sl BEAR A5 /1N
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Figure 3 The effect of rotary speed on degradation rate of
diesel fuel
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Figure 4 The effect of diesel concentration on degradation
rate

TRIEEC, AR, CQI 3 At T A AR 22
SRR, C1-8 TEEFIMI(1-5 DRI KA K, A
Y BRI R RS C2-10 F1 C3-13 EK
ARIE AR —E, TERFE S—11 d B4R EaEs
3715 d RPPAR IS REA 2 9%10° CFU/mL
DL b, B RS i S R A e
2.5 HEYIMBELHEIEAS DT

K GC-FID %) S5 Rt I (1) 5% B3 41 53 o o
ot R 6), HkE Cl1-8, C2-10. C3-13
FIBERE CQ1 X Bkt i L BRFR518 73.1% .
70.0% . 73.3%F1 86.6%. 3 KRN FIERE CQ1 #AE
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Figure 5 The effect of incubation time on the degradation of diesel fuel by the consortium
BERRAH C11-C27 Z IRl IER ke Horfixt C21-C27 42 ¢ GenBank , 3K 3 % 5 5 4r 9l 24 . C1-8
G LE IR R R T LA E] 100%, X C11-C13, (KP114210) C2-10 (KP114211) F1  C3-13

Cl16., C17. C20 Skt iR R Al AE 75% A L.
WA bR B S e (Pr)Sh, HRE CQ1 X4 ke ki dd
3R RBRIE O 2 TR — A, SR B A
A1 H]
2.6 HHMEMRESE

$ C1-8, C2-10 Al C3-13 =FRAMHELE 2216
M b BE5E 48-72 h, WIEKHIE K X BROES
C1-8 MNAFEH W H AR, HA<] mm, %%
TFOGH . 1B ; 8546 (1 000x) G*, B SEEAFIR,
(0.4-0.8) umx(1.0-4.0) um, FAEsi#HE4 ., C2-10
FF AR, HA 2—4 mm, REOLHE . ®
B, AR, hEEST; Bk G, WIREIR,
(0.5-0.9) umx(1.2-3.0) um, C3-13 FAERH [ [
R, 2 0.5-2.0mm, i, MG, 4k
G*, BRSEERR, (0.5-0.8) pmx(1.0-5.0) pm, A=
A . B AR B AL S 2 R L 3,

K AE G Y0038 3 ARANEAY 16S tRNA
FEHFEY], BFKR/NAH 1400 bp B H B, F)E

(KP114214), ¥F% 5 GenBank H it A X Fp g7
BLAST 73471, JERHIAB LB R R G LB, 4%
Methanococcus vannielii YERHME, 258 WK 7,

H & 7 AT, C1-8 ST & (Microbacterium)
N IUMP AR R PR AL TR B [ — 268, 221k
XFRB, C1-8 5Etk Microbacterium paraoxydans
CF36" (AJ491806) FII  Microbacterium oxydans
(Y17227) M ARRLE R 99%, C2-10 5K55 61 B
(Ensifer adhaerens) LC04" (EU928872). YN PR
4 T (Sinorhizobium  americanum) CFNEI156"
(AF506513) . 2R [CHHEMIE B (Sinorhizobium fredii)
LMG6217" (X6723 DHIIER N 97%, C3-13 5
FEFT T J& (Corynebacterium) T JLFW AN T IR SRR AL
T AR R — KR, HYS 2 RER
(Corynebacterium variabile) DSM 447027
(NR102874)IARIUEE K 5] 99%., 454 AL BA AL 25
SR, B C1-8 %E WA, C2-10 A8, C3-13
NS S RET I
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Figure 6 The content of alkanes after biodegradation

R3I EWRRIERELEHE

Table 3 Physiological and biochemical characteristics of the strains

$94% Index itk Strains so4% Tndex ik Strains
C1-8 C2-10 C3-13 C1-8 C2-10 C3-13

A - = = D- AR - - -

Spore production D-xylose acid-producing

ikl Catalase i * i L-RIHLffvbi e N * -
L-arabinose fermentation

FALHE Oxidase - i - D- 1R R - - -
D-mannitol acid-producing

7 HaS + - - HERE R - - w

H,S production Sucrose acid-producing

LA IE MR test - - - H%IFE=<. Glucose gas-producing - - -

V-P lI5E V-P test - - ND B MR /Kf# Tyrosine hydrolysis ND + ND

AR ER Citrate - - - TERIKAFE Amylolysis - - -

il Nitrate - + + AR AL Gelatin hydrolysis - - -

fr PRI 5 + - + 7% NaCl A= + - +

Nitrate reduction Growth in 7% NaCl

KNARI ND + - KRR 15-40 1540 10-45

Phenylalanine deaminase Growth temperature (°C)

I E TR - + - n5|Er= A= Indole production - ND -

Glucose acid-producing

W o+ PR —: BAPERON; ND: RWEsSOAHE.

Note: +: Positive; —: Negative; ND: Not determined or uncertain.
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100

100 Corynebacterium variabile DSM44702T (NR_102874)
Corynebacterium variabilis DSM201327T (AJ222815)

o2 C3-13 (KP114214)

87 I— Corynebacterium terpenotabidum Y-11T (AB004730)
199 Corynebacterium glycinophilum AJ3170T (NR_121782)
Corynebacterium nuruki S6-47 (HM165487)

Microbacterium resistens (Y 14699)

C1-8 (KP114210)

Microbacterium oxydans (Y17227)

Microbacterium paraoxydans CF36" (AJ491806)

100

100
61

Rhizobium cellulosilyticum ALA10B2T (DQ855276)

Rhizobiales aggregates IFAM1003T (X73041)

100
90 Rhizobium daejeonense L61TT (AY341343)
56 C2-10 (KP114211)
79 Ensifer adhaerens LC04T (EU928872)

89| | Sinorhizobium americanum CFNEI156T (AF506513)

100 Sinorhizobium fredii LMG6217T (X67231)

0.05

Methanococcus vannielii (M36507)

B 7 ET 16S rRNA EEMEKRRL X ER
Figure 7 Phylogenetic analysis based on the 16S rRNA gene sequences

3 &
TR0 R A it BT A R B S S TS ) OB
HATERIER RS RS AR eSS 50

MEEMRER, . SEEE. FIHEE
(Cycloclasticus) . R34 )& (Thalassolituus) . TEEFT
W J& (Marinobacter) . B 5.} # J& (Pseudomonas) |

SEHIAT I I8 (Bacillus) . JOATHEE . ZLBEREE FIANS)
FRER R D151 A 58 TR YI s 11 35 48 5 )
16k S8 TH B At TR, X6 S 9 19 25 B R i = 1T A
40.78%, 1A THATEIR | ISP EE . BAFETR
& FIFTFE (Ochrobactrum) X8 T/ 55, A LR HIK
RGBT 40 T ) S R e . SRR, —2k
PRIPRREHE ™ AL R ITTETE, B2 X A TR B K
K, 4. Hassanshahiand 252V 8 2 1 SE3h £ b b
(Alcanivorax dieselolei) PG-12 X} i i) P 2R n] ik
T1%, AR RN R 7 R S PERIREAR T 3R

Fm Ty R T A FARER . ASoh, |
FBE C2-22 MAHATE C1-5, C1-7. C1-8, C2-15
A5 RRAN BRI SR I SPAR L T 5 T T T AL P )3
Fel, ARt B e T B R, SRR T
5K 7 A AT T X B, O R A% o A R T T
Fo YEAGE , BN TR T 2 IR A 2 T
HARIRIEFIREAR ST T oo g R RO BRI, A
SR VUL 128 e T i B C2-22 firy™
R PER B GRS, T C2-22 RIEFRE
VT 5 JCUTTE F A, BT & RS P 7 26 5
WERESE I T REPER s A AT B e T 0 ) 1Y)
5T H R 1 R DCHRIE™, AT & BT T
MC3B-10 BB/ M- 1 3R G 2E N) SR T M)
BT, M C1-8 55 4 R Fa 1% 2 M TG MR 2 8 o T
PBE o ANWFGEE R 15 R 18 K T i [l 4
VAR T RIENEERI A &, AH L FAE R AL 3,
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KK T PR IR BEAE 36.3%—41.6%22 1], FEIN4L
FERE . HTIEFREE RN IR . RIS
TP DR 22 349 2 B 30) 26 T 146 1 591 Py R A = i 2
ARSCH 5 AR BR 7 2 1 TG P A LA A R
IHNE . W2 ENTRETFBAE— 2 0. A,
FRE C2-16. C3-13 EAREA By il S5 i i e
MMZEPRACR, HIAR LIRS = AR R TR, X
RS AN [ B AR G, ton RS i T Al
R =R o

TR B TR TR A Sk A A Ao R SR A A i T B —
PR, g R, A TR T AR A R B B B e
AR Sy B A A R ARG T SR
5 MR AR C1-8.C2-10.C2-16 ,C2-22 i1 C3-13
BEHLELTL, K5 B RE 75 Z X EOR I (L s A i v 3
T TEHERCR I IR S — Bk, fiik
BRI S Y 1 RS, Rl s A
PR o, S A T BT B C1-8 BT C2-10
FAR SERRFT R C3-13 AU RE CQ1, IR = 51
XTSI 7 d BBRFIRE] 51.0%, AHLL TR
BT 10%LA I, GC-FID 45 5t 26 W% AT S
() L BRR BT I — P bR, DFSCh IR, 3 PRI
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