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Isolation and characterization of an anthracene degradation

bacterial strain
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Abstract: [Objective] We aimed to isolate anthracene-degrading bacterium from saline-alkli soil and
analyze its degradation characteristics. [Methods] Extinction dilution was used to isolate and purify
the bacterium. Flow cytometry was applied to monitor bacterial growth. Anthracene and metabolites
were analyzed by GC-MS. [Results] An anthracene degrading bacterial strain was isolated from
highly saline soil. Based on its 16S rRNA gene sequence analysis, the bacteria was identified as
Demequina salsinemorus. It can use anthracene as sole carbon and energy source. The highest
degradation efficiency was 92%. Within a certain concentration range, the bacterial growth rate
became faster and the degradation rate increased when the concentration of anthracene was
decreasing. After adding exotic carbon source, bacterial growth rate increased significantly. However,
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the degradation efficiency decreased. 9,10-anthracenedione and phthalic acid were identified as the
major metabolites. The phthalic acid path way was proposed as the degradation pathway.
[Conclusion] A bacterial strain with a high anthracene-degrading efficiency was isolated. Our results
may have important practical significance for petroleum-contaminated soil remediation.

Keywords: Anthracene, Degradation rate, Soil remediation, Exotic carbon source
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(BT AR RR L) A B RE WEBE I /E 1 xTAE 28 il thiff A7
LUK 28 BB R IS FEL DK A I 1Y PCR 4% L
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Bk >R Cleanert S Cg SPE /MT(500 g/3 L, Kt
TR SEARIRBHA PR w]) , 25 B0 G g P B
AR 1.5 mL, H#T R A(GC-MS)IZE .
GC-MS £AF"), R 2e4E4E Thermo DSQ I AR
T TR EE A (%Y Agilent Technologies 5975C;
SAHEIE(CH Agilent Technologies 7890A), {4
“k HP-5 MS A HBA1454(30 mx0.32 mmx0.25 pm),
HERE FRLEE 280 °C5 #RAR 4R, Ty
1 mL/min; #FREEHR 1 pl, ANTERE; 1Lk
J& 300 °C; WFMERETESN 6 min; AREF: R
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F1 EXREIRITR
Table 1 Orthogonal design table

Group pH NacCl concentration (%)
1 8.0 1
2 8.0 2
3 8.0 3
4 9.0 1
5 9.0 2
6 9.0 3
7 10.0 1
8 10.0 2
9 10.0 3
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B 16S rRNA JERFE 54 27F A1 1504R #EAT
PCR ¥4 , #3751 (GenBank % 55 4 KP747457)
fF GenBank H' BLAST #E47 [RIEMA LLXT, &AM5
Demequina J& 8 L % i & ,
salsinemoris strain NBRC 105323 5 99%I1AHRIE:,
Y55 A Demequina salsinemorus BJ1, U IE T
BREY 16S rRNA JE DR 51 K 2 200 1 1) 28 et AL
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Figure 1 Flow cytometric graph of strain BJ1

TE: FL1: SEIOEES; SSC: fllml fihfFE .

Note: FL1: Green fluorescence signal; SSC: Sideward scatter
signal.
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Demequina globuliformis strain YM24-125 (NR 112997.1)
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43 84 Demequina salsinemoris strain NBRC 105323 (NR 113372.1)

100 100 " Demequina salsinemoris strain KV-810 (NR 112836.1)

Demequina aestuarii strain JC2054 (NR 043465.1)
Lysinimicrobium mangrovi strain HI08-69 (NR 113370.1)

47 Janibacter melonis strain CM2104 (NR 025805.1)
100 I;

Janibacter anophelis strain H2.16B (NR 043218.1)

all

57

0.005

& 2

Knoellia locipacati strain DMZ1 (NR 109064.1)

Cellulomonas bogoriensis strain 69B4 (NR 114941.1)
Sanguibacter inulinus strain ST50 (NR 029277.1)

| Paraoerskovia marina strain CTT-37 (NR 112793.1)
100 ! Paraoerskovia marina strain DSW-2 (NR 108463.1)

ET 16S rRNA EEFFIRE R BJ1 By R G (L i

Figure 2 Phylogenetic tree of strain BJ1 based on 16S rRNA gene sequences
T S NS RIZFFSILE NCBI (http://www.nebi.nlm.nih.gov/) ERIFSIS, 2038 FIEFFoRIZ S SR, AnRObi%

KBEFTR BP9 [l A% H R AR AL .

Note: Numbers in brackets are serial numbers in NCBI (http://www.ncbi.nlm.nih.gov/). Numbers on branch points are approval ratings of
each branch. Scale bar represents the change observed between two sequences.
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VK . AEAEARR pH FIER IR 4 0F A H B
Ry ME— BRI AR R B 20 WFR 2 AT LI,
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ST
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TESRARERTRAT T R 2%, pH 8.0), HVKJE
25,50, 75, 100 mg/L At &I B 14 A= Kok 3 Rk fi
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RIEE, ATLLAE] 80%LL I o SR Bk B 4
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3 TR g 25 mg/L B 40 4 A K T 28 A
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Table 2 Bacterial growth under various saline conditions

Group Yield (cells/mL)
1 1.50x10°
2 2.16x10®
3 5.11x10’
4 1.12x10®
5 1.41x10®
6 6.83x107
7 1.32x10*
8 1.44x10*
9 1.20x10"

®3 MEMERERERERR

Table 3 Bacterial growth rates and anthracene
degradation efficiency

Anthracene Yield 7 Degradation

concentration (mg/L)  (cells/mL)  (h™") efficiency (%)

25 2.16x10°  0.09 92

50 3.45x10"  0.01 80

75 1.72x10°  0.03 67

100 3.02x10° 0.05 60

2.5x1081 - 100
O —=— Bacterial concentration
g 2.0x108  —°— Anthracene degradatlon 180 %
El H
£ 1.5x108F 160 5
g £
E H 5
5 1.0x108F J40 3
2 " 2
3 /-/ 51
= 5.0x107F 420 £
£ /D/ e £
2 o / <
& 00f os=—=—=a— H0
) 4 6 8 0 12

t(d)

B3 MEEK N ERERER
Figure 3 The bacterial growth curve and degradation
percentage
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WIETHGERFR, BN 75% 4, RMEJLTE
SR PRS0 1 5 A A
2.4 IMHINERIR TR A KA B SRR R B9S2
DAy P — i Y5 RS I AN i isk U85 48 B 1) A=
KRR R IR 4, S5 87R, BmsMnm i
WIS, AW, R ORI, (HERE
R IR, DLUECAME—RBRIEAYE IR, A K
GeN%, B 5 RAEANEON(E 4), DAkiFLE 1:1 %
TN B R R, AR R AR G, 5
2 RIEASTE o 32 S AT 40 B A RO B AR Ak
BRI, BN R IR, BB T2 2 &
HTERAE (K 4), I M 20 15 35 A0 e e RO
BRI PTG, AN Bk A0 TR ) SRR
6 A R T AL P3EE Iy PE AR, PR AR BRI
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25 BEMEMRIRE

I A5 356 FH X TR AR 82 fie A5 R 1 o ) )
AT, SR S (BRI 100 mg/L 5
7% 3 d JE A IERD) . iSRS, KB
2 B A I A MR e ] P TR AR AR R Y 9,10-
PR ASR AR RRMR LA S D B IR . BRI, X
S JERFRE pH ERRIEMVIA . ARYEE YR
INF R AT R A s A2 (18] 6) A 9,10- B

(IR, AR MR AU AR E T 9,10 744k
AR, ZJant B RV E iy — Rk
LAY 9,10- R . B0 G Wi B 3R A AR
R, AR R Ak sl A R N T
MR, IXLLMRIEPLANTE TR A M H Sk, W)
7= CO, Fl HaOo 9,10- R 2 J5 v] RERE A 55
FR . BRI,

R4 FRBENENERKERFIE SRR

Table 4 Effect of glucose on bacterial growth rate and anthracene degradation efficiency

Carbon source Yield (cells/mL) (™) Degradation efficiency (%)
Anthracene 3.45%10’ 0.01 80
Anthracene and glucose 1.00x10® 0.04 50

—m— Bacterial concentration with external carbon source
1.20E+008 [~ —® Bacterial concentration with out external carbon source 155

1.00E+008 S

8.00E+007 [
6.00E+007 [~

4.00E+007 [

2.00E+007 |- /

0.00E+000 [~

Bacterial concentration (cells/mL)

—4— Anthracene concentration with external carbon source

-’i—E—I—E—l—l\. 150

Anthracene concentration (mg/L)

£ (d)

B4 RANSNNERIR X0 B A K R B AR R R0
Figure 4 Effect of different concentrations of adding external carbon source on bacterial growth and
anthracence degradation
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Figure 5 Results of GC-MS analysis of anthracene and main metabolites
e 1 B 20 9,10-EWHE; 3: AR HIR M.

Note: 1: Anthracene; 2: 9,10-Anthracenedione; 3: Phthalic acid diethyl ester.
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(Phanerochate chrysosporium) 52" 40 Field 252
JrES i 8 BRIES PAHs [ B R . 2012 4R AR
PN B I —bk Martelella Wbk, T ENERE
AK 44.7%. A G2 HERL AR X PAHS HIfE
RIS D, AR R IR R fife 0 25 HH R
TRARGE o ASBIFFE IS 28 H — PR m R L T
¥k Demequina salsinemorus BJ1, 1 E ¥R ] LIFEER B,

i «_/CO0H S TR AR A 55 D i
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Figure 6 Proposed pathway for anthracene degradation
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TR 32 PR, AP BT A R 238 LU0 (92%)
[ LR IS SR, EARE TR, TR
i PAHs 5 4% T30 A= Y118 52 HOR S LT 0% T
gl

Uit =X 40 B AR 3 4 R A R B A 0 U ) iy
FHIZH 22 R k2220 7] Pl it X 4 e ARG 7 ok
TEREAR B R P RO, AT ARG | HERf Hb I
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REFAE o AR B 25T Ao 19 A A i e T
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BRI A BRI G R A o w2k iyt 1o e
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Ty e e ek ST i APEOUS |, O 25 mg/L
4, AP A R S LA sy, R B
WF, V5 e A i EEE RN, TR He TS )
VR BERS R B2, AR A R, A AR S I,
Fe v B 2H AR K R, HEI AT R A, R
W, R R RARA BT, XA T
TVEFARSS . [, BI1 X B A R Bl 25 40 4 1
VR BERE T REATS , 156 i R ) RO R AR A — 2 1Y)
HEMEM. X5 Ling %P & W Bacillus
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WFFEE R AN INERIR . 451 Bosdsm
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Mycobacterium sp. strain LB5S01T 1] DL LI4EZE — H iR
5L 2K W W A 0% . Hadibarata %PYBF5% T
Polyporus sp. S133 X E KM R, Rt
RIT B SRR HR . AP RAULEM S, Cui
LB 5T BAE Martelella sp. AD-3 1EFH T (R AR
RILT 6,7-FIEHTE . 23-ZRIERBNKGIR, A
RS 6,7- I F/ R, Rl 23- 25
27x, mIFUOKmRRRE . s A T %
fifrh B =4 9,10- B AN SRR — HH IR ., [R] e B 97 S 1)
pH Hi#IH 8.0 0 6.0, UEM T R R h ™4k
THRVEEBER], 5% DI sr s Al —8
DU ECFE A0 B A T S Ak o R AR S 1 — 2D 8
SRR TR, FJE LAAROE T iRis AR

M2, B E R Demequina salsinemorus BJ1
MRIMER T Z2A5 R ENHAEYEERRE, A7
T T PAHs V55 HRMAMIE R . Pk
R B 0 FHLELEAE E— 5 b

2 % X Wk
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