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Isolation and identification of pine oil degrading bacteria and
optimization of degrading conditions

LIANG Jie-hui, SUN Shui-yu, DU Qing-ping, LIU Jing-yong,
HUANG Shao-song, YIN Guang-cai, TIAN Jing, ZENG Jia-jun, XU Ping-ting

(School of Environmental Science and Engineering, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: A strain KS-1 capable of highly degrading pine oil was isolated from the soil collected from tailings reservoir
in Fankou Lead-zinc Mine of Guangdong province, and the best degradation conditions of pine oil wastewater (chemical
oxygen demand, COD) were investigated. The analysis of morphology and physiology shows that the strain KS-1 is
gram-positive and aerobic bacterium and rhabditiform, which can grow by using glucose, xylose, mannitol, citrate, starch
and gelatin and cannot grow with indole, yolk lecithinase, phenylalanine deaminase and propionate. Based on analysis of
phenotype, physiological and biochemical characters and 16SrDNA, KS-1 is identified as Bacillus subtilis AF0907 due to
its 16SrDNA sequence, GU272021, which has the similarity of 100% to Bacillus subtilis AF0907. According to the
orthogonal optimization test, the degradation conditions are as follows: pH 4, inoculating ratio 15%, rotation speed 200
r/min, pine oil concentration 300 mg/L, with COD removal rate up to 65.91% in 4 d.
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/KRt L) A 2:1. SR UK (Bt L)y 3:1. K
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Auricularis XA LR /K P EE R AR IRGET, K
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1.2 MEHERENEESS

SEUS FAER B L VYRR R0 R g 4
PE AR B R e e . 1B B A R IR
Bk Keseh HET 37 CAALREFRMTIL 3 d, K
5.0 g HFETBA 100 mL OO 1 & SRR FRRECINA
1% A B HEIE S, 7E 37 °C. 120 r/min /KR

IRPREIR 7 d Ja s BL 10%(AR 70 K0 iR P R AB it
(s BEIETRIECMAN 2% FARE ), [FIFRARAE IR IR 7 do
ARELPE IR S, DARTRE AR P e A 1) ' 4
B FREECIN 3% A, AHRIZAE It 7 do B
Ja E GBI R TAGERAT 0 B, IR iR T 2
LIRA T3 g MEE — Tt (1 [l A R TR0 b, R 2K,
REAFEN T BANAEAE, JEBUEA R SR VR DR AT

1.3 DEEHRRIEE

XF 5 B IR AS B IAA I Al PR AR B KS-1, S
BR[16-17], RH B TEAWEE A AR S0 K
16StDNA 7 H i i A& i ikt ir e . %
16SrDNA 7> 4% 132 Ff BLAST #/F5 GenBank i
PER P AT ICER, P RAS SRk KS-1 Pl
AT ) 16SIDNA 7 51 (R 2 J 7 1)), 4K 5 Al H
CLUSTAL X 1.81 #AFX] B #E KS-1 17511 R 2 f 71
HEATXELE, I MEGA 3.1 #4, RAHAR LR
GREW.

14 HEBRHHE

AN, EHORETA RN ] O KB R
BEAER IR, £E37 C. 120 r/min $EK TR IE 16
h, BB 12 000 r/min 05 R &0 15 min, £
SR o P S WD Q[ R = B 0 S S 2t N TE R
HiA#] 108 mL™'.

1.5 FAEZMPERHALE

FATE I ) ARG R QT FL IV BR824t G
BT, He B 15% M o s BB 21 KR
MTEHLER B FREE T, I INKA By A AR Bl 1k
3300 mg/L, {£37 ‘C. 150 r/min #EK TR FE 7 d.
SRR A BRORTIEAT B /K h COD 11 Biefif fie
TEARWFFE KA COD At & H b B0 8 i il 1 %
fE R o REOR E T IR FRIEAE 12 000 r/min 454
N EL 15 min, HCETEWRNE COD; [A] I HURE B
EANFEK . COD #2 R SCHRI18TMIE «  BRIAKR ALY 5L
KA T 600 nm AT E OGRS, | ODggo {Ho
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Table 1 Orthogonal factors and levels of degradation conditions by pine oil degrading bacteria

Level pH (4) Inoculating ratio/% (B) Rotation speed/(rmin ') (C) Concentration of pine oil/(mg-L ") (D)
1 4 5 100 100
2 6 10 150 200
3 10 15 200 300

2 HR5ITR

2.1 EHBISBRETE
2,11 JEER AR AAURE

DA Bl Ay e — e e B o 5, APk, ik
H— R BRE A IR B IR L T A KRG . AR
PIREVE RIS BRI, @444 KS-1. BFE KS-1 7E2F N
B MRS AR IR L5 24 h 5, RIVE R A
FEW, RO, WK SEM BN, 1XEE
JFFIR, AN R (1.0£0.05) um X (1.840.2) pm, 21
K1 TR PR QY g BB, 52 fA A
REAEIR, A7 TR B, HHEE, Aeizs).

1 A KS-1 ) SEM {4
Fig. 1 SEM image of KS-1

MR SCHR[16—17147 X Pk gt A7/ AR AR
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Koy AR ERIE UK V-P WIE S PHPE RN, BRFIH
MR ABE. HERRE. PRI, AEAKHEER A
B, ANBEMI NG O DR A D 2 e 2
AR UL RS E 4 R Sy 28RN TR i
e 25 PV T (A 0 28 LA 1 A AR AR AE— 3. )
AT E WRR KS-1 ARl S 2 AT B

R2 K KS-1 AR AECRRIE
Table 2 Physiological and biochemical characters of KS-1

. . Physiological and
B
1oche1.n1ca1 Biochemical reaction biochemical
reaction .
reaction
Xylose (+) Catalase (+) Indole (-)
Mannitol (+) Nitrate reduction (+) Propionate (—)
Starch . . o
hy drola; :is ) Gelatin hydrolysis (+) Yolk lecithinase (—)
Glucose Voges-Proskauer Phenylalanine

fermentation (+) reaction (+) Deaminase (—)

Citrate (+)

“+” indicates positive reaction; “— indicates negative reaction.

2.1.2  16SrDNA #1537

W B R ECE K41 DNA 5 E1T 16S rDNA F B
PCR MY, ¥ W/ =&t Bkasnill, JFEAr i,
JPAKBER 1 458 bp, 7£ GenBank 1% %54
GU272021. K5 BFE KS-1 11 16S rDNA [13E [ /75112
F BLAST #44F1 GenBank 1 {17 #1354 7 [ Y51k L 42
SERKW], EKKR KS-1 5 Bacillus subtilis AF0907 35|
[P TEIR 100%. 4575 BPE KS-1 BRI B AR T A RFAE R
AR IR, B EE KS-1 A 2 S AT B
AF0907(Bacillus subtilis AF0907). BEFEIK RS K 7k
AR WL 2

22 WEFEFAECOD)TILFFMH

Y BRTPR TR A 1) 6 VAT B A 0 8 Tt ol o o 5%
Frdkrh, WIE COD ZFR#H A ODgoo fH, 45 RUIA 3
FiR o

M 3 W LLEH, COD HIXLER:5EPE KS-1 4
KA ERIL A G BMEMNE 1~3 KEFk
KS-1 b TaEwsiyl, dipiEail, COD M LpR%A
fer, RTAA W ) A R A o IR DRR MR
T W IR B VEFRA RGN, Sl
PLRER I feRrE s dR i, B KA % —%&
SEAEIRII 2R 2545 B 5 TP AN ARGS9 ke 1 S 2
TP . AP AR BB B R B IR, TR
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Strain KS-1
Bacillus subtilis AF0907(GU272021)

Bacillus carboniphilus JCM9731(AB021182)

Bacillus aauaemaris TF-12(AF483625)
Bacillus alcalophilus DSM485(AB126564)

Bacillus simplex strain 112a16(DQ159402)
53 | p” Bacillus agaradhaerens DSM8721(AF067428)

—_
0.2

2 KR KS-1 RS H B
Fig. 2 Phylogenetic tree of KS-1
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Fig. 3 Degrading results of pine oil by KS-1
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B
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ARG B AR AR, DA I il

Bacillus vedderi DSM9768(AB126577)
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Table 3 Orthogonal test intuitive analysis chart of degradation conditions for pine oil degrading bacteria
Experimental factor Result
A B C D
Number Inoculatin Rotation speed/  Concentration of Removal rate of ODs0o
pH value ratio/% ¢ (r-min}?) pine oil/(mg-L™") cop
1 4 5 100 100 18.81 0.075
2 4 10 150 200 42.83 0.190
3 4 15 200 300 65.91 0.239
4 6 5 150 300 63.31 0.101
5 6 10 200 100 32.02 0.180
6 6 15 100 200 55.13 0.188
7 10 5 200 200 53.03 0.117
8 10 10 100 300 39.45 0.051
9 10 15 150 100 26.72 0.082
X 127.56 135.15 113.40 77.55
X2 150.45 114.30 132.87 150.99
Removal X; 119.19 147.75 150.96 168.66
rate of X 42.52 45.05 37.80 25.85
coD X 50.15 38.10 44.29 50.33
X3 39.73 49.25 50.32 56.22
R 10.42 11.15 12.52 30.37
X 0.504 0.293 0.314 0.337
X, 0.469 0.421 0.373 0.495
X; 0.250 0.509 0.536 0.391
ODgo x 0.168 0.098 0.105 0.112
X 0.156 0.140 0.124 0.165
X 0.083 0.170 0.179 0.130
R 0.085 0.072 0.074 0.053

WAZRURT R 38 IR S P AT 255 5 08, 1 e fedE:
B Aifg 2 A1 o

XTI A, 0 ODgoo (MR K, 25 147,
I A G AHIEH COD BRI HESE 4 467, A
KE . DL, LA ODgoo [HIX—FEFrH51E, LI A
ZHh A XTTIRZE B, X ODggo A1 COD [
HSMHHEEE 3 A, HIYH By WAF, i B IEEEH
Bso AT EIER C, X ODgoo fH AT COD P fifk 4 52 M S
HE28 2 £, HIYI G Whf, % C IFIER Cyo X T
K12 D, HoXl COD Bl Zem ko —47, W Ds A hT;
Xt ODgoo M IISEMHESS 4 67, AUCER. Kk, N
PL COD Ffif %X —48hr% )&, &M D 4 Ds.

KSR A 5 AByCsDs, B pH {E N 4,

FF A 15%, FRIREE K 200 r/min, FAREIHAE A
300 mg/L. MEARAGA A HD 25 3, 54555 COD M
653.27 mg/L R B35 222.70 mg/L, ZFRFEF] 65.91%,
ODgoo M 0.239, Wi K{H. S5HRFW, HEEAERY
FAFFAEKRLE, REW MM IR A A R, HARRARE
TR FER MG DL J& 3 R A S R
AT LSRR AR KS-1 X AARETh R B

3 Zig

1) 7 ARAE R R LB R R0 12 il £ g
HRTIZE LR BE e AR AL I PR A BT KS-1, £ 3L
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BHATIEARAE . BB AR IESE E & 16STDNA. J751
SN, B WK KS-1 A 2R AT B (Bacillus subtilis
AF0907).

2) 2

I B R B IS R Il 2 K COD itk

ZAF R pH 4. RN E 15%. FEARHE I 200 r/min.

Fa

YR 300 mg/L, FELLSALETS, COD M 653.27

mg/L [#%] 222.70 mg/L, ZFRFILF] 65.91%.
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