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Screening and immobilization of a strain capable of degrading oil
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Abstract: [Background] Efficient strains are the key to the biodegradation of oil pollutants.
[Objective] To screen an efficient oil-degrading strain, optimize its immobilization conditions,
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and evaluate the oil degradation efficiency of the immobilized strain. [Methods] A highly
efficient oil-degrading strain was isolated from traditional bacon in Pingxiang by the plate
culture method and identified by 16S rRNA gene sequencing. The safety of the strain was
evaluated based on three pathogenic indicators. The immobilization conditions of the strain
were optimized by single factor tests and an orthogonal design. The degradation effects of the
immobilized strain and free strain on soybean oil were compared. Furthermore, the reuse effect
and the degradation effect of the immobilized strain on the oil in sewage were evaluated.
[Results] The strain was identified as Staphylococcus sp., and it was not pathogenic. The
optimal immobilization conditions for the strain were 4.0% sodium alginate, 2.0% CaClz,
sodium alginate solution:strain suspension volume ratio of 1:1, and crosslinking for 8 h. In the
case of degrading soybean oil at pH 7.0, 30.0 °C, and 180.0 r/min for 3 days, the immobilized
strain achieved the highest degradation rate of 65.7%, which was 14.1% higher than that of the
free strain. Moreover, the immobilized strain had tolerance to a wider pH range and stronger
thermal stability than the free strain, and it demonstrated high oil-degrading ability after being
repeatedly used for 4 times. [Conclusion] The degradation rate of the immobilized strain
reached 41.6% for the oil in sewage. The immobilized strain can degrade both soybean oil and
sewage oil, demonstrating a broad application prospect.

Keywords: traditional bacon; oil-degrading strain; screening; immobilization
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K23 5.0, KoHPO, 3.0;5 VAR Hh PR35 95 H(g/L) -
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2.1 HEMRBRENSBRITES
TEMRE P LI AR R 5L B RESR 3.0 d IS
KIAHEVE BA LT, WAk 6 HREA
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Table 1 Hydrolysis ability of six oil-degrading

bacteria on glycerol tributyrate plat
Wk KA HAR W% HAR D/d

Strain Diameter of hydrolysis Diameter of

circle (D, cm) colony (d, cm)

LR1 0.7+0.1B 0.4+0.1D 1.9+0.2AB
LR2 1.2+0.1A 0.4+0.1C 2.2+0.4A
LR3 0.8+0.1B 0.5+0.1C 1.4+0.1C
LR4 0.7+0.2B 0.5+0.0C 1.3+0.3C
LR5 1.2+0.1A 0.7+0.0B 1.7£0.0BC
LR6 1.2+0.1A 0.8+0.0A 1.6+0.2BC

[l — AN ] ) S RPN R B R 2 AT B P 2 5
The different letters indicate significant differences between
the different strains.
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Figure 1

VEH D/d {E0 1.5 LA E I 4 BREEFR LRI,
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HE LR2 1Y 16S rRNA LR TAY) T
PR () B 00 A BRZAS /00 P, kel 25 SR 5
NCBI $u8 PEREA TR UGk e g, Xt 2 R o,
1% T Pk 5 4 %5 BR 1 (Staphylococeus sp.) B4 1R
R R IEE , ARUE 100%. RG0K B R4S R
FW, %P Bk 5 H % BR 5 (Staphylococeus sp.)
YUCI11-2MCC3055 3h—3Z(Kl 3), PIMH bk
LR2 #1254 & b4 45 Bk B (Staphyl ococeus sp. ) . 71
LB T MR 2% BB . A4 Bk RS
KHOLH, LHWE, AAERY 05-1.0 pm
( 1B)o BRI 9 2 A A S 7« 5 It PR G
12 R [ Pl L PR R Tt 45 SR 34 ]
PE(ER 2), AT RI2E HIWT R PR LR2 2 %40,
AU T & AR TS K Ab 2

The hydrolysis circle produced by strain LR2 on glycerol tributyrate plat (A) and the morphology
of strain LR2 under scanning electron microscope (B).

7001 k=731, P=0.01

S
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o
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M > % T
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2 B4 LR1. LR2, LRS, LR6 X X5 ;HiH
BERIBERR R AR SCTFERHARA R ERZ
)77 2R 5

Figure 2  Degradation rate of soybean oil by
strains LR1, LR2, LR5, and LR6. The different

letters indicate significant differences between the
different strains.
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Staphylococcus sp. strain PS-14 (MK165143.1)

100
100 Staphylococcus sp. strain FQ35 (MT144482.1)
Staphylococcus epidermidis strain ZJH (MTO71657. 1)
Staphylococcus sp. strain YUC11-2MCC 3055 (MH021651.1)
100

LR2 (OP209758.1)

Staphylococcus haemolyticusstrain PL565 (MT539735.1)

4E-7

3 ET 16S rRNA EEFHIHWEMNEM LR2Z WRZELER 55N NHEEK GenBank &35 ;
3N EECE AR AR mRAERTFIZER S LK.

Figure 3 Phylogenetic tree based on 16S rRNA gene sequence of strain LR2. The serial number in brackets
is the GenBank accession number. The number on the node show bootstrap values. The bar shows the branch
length represented by sequence differences.

&2 B LR2 BURMIEIRNESR R3  PEIEEENIRE X EE LRIk ARSI
Table 2 Results of three pathogenicity indexes of Table 3  Effect of different sodium alginate
strain LR2 concentrations on the immobilized beads
EfiR 45R REIRAIVR I BEER Bl Weefige %
Index Result Sodium alginate Microsphere Fragmentation Degradation
#IMLPEILTE Hemolytic test Ak Negative concentrations  shape rate (%) rate (%)
1.3 % [E A 5 Plasma coagulase test FHPE Negative (%)
TS A% R T 1 B Negative 2.0 AERSEHE 48.0 46.1+6.8A
Heat resistant nuclease test Bt
Incomplete

JISHY TR BRAS AL A 56 B el D] A A 4 FE B A2 fl(’b“l‘?

ormation
(141 4). 3.0 BIEARM 21.0 43.2+4.3AB

UL, T TR A A A R e e R e TR Irregular ball

TR BBR, S gty O SN 80 A

omplete
R—H PRI 2SR R, ANRTEEE sphere
PR B B XM AR B AR A A I M 22 R (F=5.71, 50 WREYE 50 44.8+6.6AB
P<0.01). SigSimaIY 4.0% , [H7E fL R Bkilh ot

RIEfRRRIA BN AN 52.8%. TEIBHMRMNIKE 60 WR™E 6.0 35.6£6.2BC
G D HRER, CL10 B5 Severe
/b - % . G R tailing

Efiﬁ&jtﬂﬂ‘ %f*ﬁﬁii%, SR HL, Severe
MM I . tailing

_ AN [l B 3 S0 B RS [ BRI 2 ) A7 P 2 e
232 A H CaCly 7&}_‘— TJ‘EI/EH:EHZE,] ﬂr] The different letters indicate significant differences between

& 4 nlH0, 4 CaClL M E/NT 3.0%H, the different strains.
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4 FEESHEZELEER A 2R/, B: iR E/NER; C: S8 MM/NEK,
Figure 4 Fixed bacterial balls of different forms. A: Flocculent irregular ball; B: Severe tailing ball; C:

Spherical regular ball.

F4 T[E CaCliRE X E Ik RERIFNT

Table 4 Effect of different CaCl, concentrations on the immobilized beads

CaCl ¥ IERTE AR AR 63 ES

CaClz Microsphere shape Fragmentation rate =~ Degradation rate
concentrations (%) (%) (%)

1.0 ERIEAHLI, 5 #AHL Trregular ball, loose structure 26.0 50.6+4.6AB

2.0 HUIU/NER, 25 B L Regular ball, loose structure 14.0 56.1+£5.8A

3.0 HLIU/NER Regular ball 6.0 48.7+5.2AB

4.0 LU /NER Regular ball 5.0 42.1+6.0B

5.0 HLIU/NER Regular ball 2.0 27.7£5.5C

6.0 L] /NER Regular ball 1.0 28.0+5.9C

AN [ B B3 BEAC AN [A] B k 2 [) A7 AE  1 22 5e

The different letters indicate significant differences between the different strains.
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P<0.01). >4 35 B2 BA IR 5 BRI TR L oy 1 B
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FUEFRY R R A — R, SS8E et
PRI AL F i AR BT 5 TR, BRI 22 T %
2.3.4  3ZELAY BT E E L EER R 220

H & 6 AIAL, SCHREFA] R 4.0 h B, TR BRI
PR R, K 12.0%, sCBERFE] Sl 8.0 h A,
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Figure 5 The influence of the volume ratio of sodium
alginate solution to bacterial solution on the oil
degradation rate and immobilized beads fragmentation

rate. The different capital letters indicate significant
differences between the different treatments.
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Figure 6 The influence of crosslinking time on the
degradation rate of oil and fragmentation rate of
immobilized beads. The different capital letters

indicate significant differences between the
different treatments.
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WPEH 4.0%, CaCLVKEEN 2.0%, iR
WAARTFR WA A 1:1, ZBRIF] Jy 8.0 h,
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Table 5 Orthogonal experimental level and results of four immobilized factors

SRS A B C D

Experiment ¥ 5 [R GV B CaCl #eJE T PR TR B TR A2 B ] MR B A 2

number Sodium alginate CaClz concentration  Sodium alginate: Crosslinking Oil degradation
concentration (%) (%) bacterial solution time (h) rate (%)

1 Al (3.0) B1 (1.0) C1 (1:0.5) D1 (4.0) 53.9

2 Al (3.0) B2 (2.0) C3 (1:1.5) D2 (8.0) 61.3

3 Al (3.0) B3 (3.0) C2 (1:1) D3 (12.0) 54.7

4 A2 (4.0) Bl (1.0) C3 (1:1.5) D3 (12.0) 55.7

5 A2 (4.0) B2 (2.0) C2 (1:1) D1 (4.0) 64.6

6 A2 (4.0) B3 (3.0) Cl (1:0.5) D2 (8.0) 58.4

7 A3 (5.0) Bl (1.0) C2 (1:1) D2 (8.0) 56.7

8 A3 (5.0) B2 (2.0) C1 (1:0.5) D3 (12.0) 57.3

9 A3 (5.0) B3 (3.0) C3 (1:1.5) D1 (4.0) 55.2

K1 169.9 166.3 169.6 173.7

K2 178.7 183.2 176.0 176.4

K3 169.2 168.3 172.2 167.7

R 3.1 5.6 2.1 2.9

AR A2 B2 C2 D2

Optimal level

*6 EXRWHFEDN

Table 6 Analysis of variance in orthogonal experiments

TiZEKI VI ¥ AmE FE PHE
Source of Sum of Mean  Degree F value P value
variance  squares of square  of

deviation freedom
A 0.3 0.3 1 0.08  >0.05
B 172.4 86.2 2 2353  <0.01
C 7.1 7.1 1 1.94  >0.05
D 18.2 18.2 1 497  <0.05
2.5 AN[E pH Fim [ X 7 5 ER S Bk

BE P& RS SR B9 52 1

M 7 ATAL, EEHECNAER pH E
I 6.0-9.0, Tl EHK A GIER pH 0 FI N
6.0-8.0. £ pH 7.0 Hf, [ 2 £b P& i 3 TR 1 e
il R H R B e, AN 62.5%F1 51.8%, [ &
AU T ELE B T P AR RS 10.7%. IR BN
2R R AR A 0 B AN I G — S HL R A 3R
B, TEVREE K 30.0 °CH, [ 58 1 B Rl 25

BRI R i R ARk Bl I /. B 65.7% 11
51.6%, [ Ab T EU I 25 T8 A R 32 8 14.1%
MRk 25.0 °CH, [ E A PR R B A 1 R
ROBITFRET 10.4%H1 13.3%, 24105 40.0 °C
BF, ] A TR RN I B D ) B AR R R R T
10.0%F1 11.1%. 0] BE 4 J5 R 2 0 B i AR sl ok
TR, S RO IR 2 R TR S A B U T Y R T B
S JIE T Tt 1 % M 22 B, AT 5 B80T I A fi
TR

Bz, [ E A B HlE S B R TR pH S
O3 PRI v v AR M, AR T T, [
TEAL BRI T IR B AR SR B 4T, ik 5 i B AR
MR AR Wu RV 25 R —8.
FOH AT BB B T B 22 11 TR R 7 16 35 1R A R
R EEAK, AFTFRAAEFF KRR
MY s e S s, AT B 5 e T AR R
f sl L, ) G SR R X 7 5 o ) W Y D
AR AL AT BEAE U T IM AR M K BRDL,
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Table 7 Comparison of oil-degradation efficiency

between immobilized and free bacteria under

different pH and temperature conditions

Item I8 7 T e i e 2 TR il %
Degradation rate of Degradation rate of

free bacteria (%)

immobilized bacteria (%)

pH
5.0 46.3+4.1C 35.5+2.2C
6.0 52.8+2.2B 48.5+1.4B
7.0 62.5+1.9A 51.8+1.3A
8.0 55.8+2.8B 47.2+2.3B
9.0 52.2+0.9B 36.3+0.9C
Temperature (°C)
20.0  32.3x2.0C 25.4£1.6C
25.0 55.3%1.4B 38.3+1.2B
30.0  65.7x1.9A 51.6£2.1A
35,0  63.4+2.1A 50.2+1.9A
40.0 55.7+0.8B 40.5+1.8B

AT B3 SO REARR AN TR Ak B 2 (W] A7 7 B M2 5
The different letters indicate significant differences between
the different treatments.

2.6 BEIEUEBKMESEFI AR

FE I 5 [ 5 A TR BR KT 8 A R ST 1 E R
PR, SELEEMA Sk, EEM AW
K7 . 7E55 1 BI04 3 RE L AT, h
RERE RN fEAE I E 2 S, [ AL ERAEXT
RGN PR AR 50 10 R il 38 55 4 R S fdT AT
BRI A 38 5 T B a3, EE A A TR 5 IR,
AR T IR, 5T 4 AT IRREff %
fEfE EE R . EEMAREE LR, e
A INER LB 5 B2 G B T B, [l ol sl
MK, ARk B, REEEM R TR,
B WEREE R M 4 WITEN T, feftds
B A ATLBR i TN B AR AR
2.7 EEEBRXTEFRIS KB PERRFR

M2 8 WA, LUIEAZ I EeA i fe ft 214
BVAF MR BR MR N 4.0%, CaCLKE N 2.0%, i

195
i F=12.30, P<0.01
700 A B
= s T AB B
= 60.0F + T - C
z T
£ 5001 E
vl 2
Sl
§84m-
%3
Z £ 300]
" £ 200}
=
=
g 1007
a
0.0
1 2 3 4 5
IR EL

Number of repeated expermengts

E 7 BEELEIKASEEESERRBEY 0B E
MR AR RS RARA R 4b B2 (8] £7 7R
WEEES.

Figure 7 The degradation effect of immobilized
beads with different reuse times. The different

letters indicate significant differences between the
different treatments

*8 [EENWEBKNEFRIS KA FEREIR
Table 8 The oil-degradation efficiency on actual
wastewater by immobilized bacterial

T H 4 Fx ZHH
Project name Parameter value
Ak 3 I A 3.6

Oil content before treatment (mg/L)

AR PR R A 2.1

Oil content after treatment (mg/L)

T B A 5 41.6

Oil degradation rate (%)

BRI BARBLBERARCY 101, SCHEET a1 A
8.0 h il &My & ELEER, 76 pH 7.0, HJEN
30.0 °CE&F T X 4 T /KA V5 7K i i B A =
KE T 41.6%.

3 Wik
Bl 22 G B AT, O AR A T R /K B HE T

AR, MR A R A L RE B R )
Ab PR Il P KB IR, SR AN
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R R G . ) T £ SR o) B U 1E R R A
AT 7 (Mi crobacterium esteraromati cum) 7& i ig
T LO%MIS, XSRS ik 98.8%, JfH.
T e i SN B ELAT BRGS0 2138 4 P2
YE HY 19 75 528 X AT B (Proteus mirabilis)Z: 4514
oAb =X R I BE R 2 AT 8 92.0%, FFHEA
B IREEIE N s FIEEET 5 IR 435
A 4] 241 PP fifd 7 (Pseudomonas aer uginosa) 7E iz
DER S5 AF T X B B R R s 64.1%. At
9 0 0 H B TR PR LR2 7E Ui 25 R A8 X R iy
AR AR R e @ AT is 54.9%, PERAEMIE . &
VRS M AR TIRER , T LI TR AR B ¥ i o fie
e A — & e T+ 25 18]

2 16S rRNA JEHF5) 704, Witk LR2 5
7575 3K 1 (Staphylococcus sp.)EL A3 1R = 1 [7) I
P, PITE R LR2 SRJE T # 49 5K . H40 BR T
B R T I T B DL SRR, R 2R kA
HEA RGN . A EEAAKEE R, TR
U 5T A 7 A, R R AR PRt R T 5| 122241
B 77 R 7 T RE 7 1) i 72 35K Tt e 1 82 K Ak
BH, Affes S5V AN % BR I (Staphyl ococcus
xylosus)Zb Bl 237 1% 7K , 6.0 d Ji & B 7K H i 5
M 17.0 gL BEEIT 1.1 g/L. #AERE L)
e PR & DL 350 T S B U BOR TR, AR R
PUTA AR LR2 B3 I U . o 3% 56 151 il i
i PAA% R B 0 45 SR B B PE , B DL R 2
SRR, LU TSI K A AL 2

W T U S TR A AL B R K B B R AR )
W ERARM . 525 A FY) iR &5
Feof, e B E L . A IREE . AT Rl
() Y R R A S 1 A3k A, XPARTR] pH
JE v PR AN R AR A K B ] 4 (R 2R A T LAk
Bk LR2 [ 28 1k B BK -5 10 25 B AH L B A B4 1Y
TMIEREfARCR,, SEBED | DiEZERY | W
FRURBFIE AR — B PR LR2 7 2 bR

PR REMA R X 65.7%, HFHAEER
4 WIS OL T, REORIFHCR 1 HLAR S Al
REMROR, I ELIEE AL R BR A R4 R /KGE {5 7K
AR RIRE IR RB R T 41.6%, HA—EMILhs
57K ) R AR A3 o

4 i

(1) WNFESEGERR 58 T —EA
MG R REE IR R, 4 16S rRNA JEH 751
S HT, AR SRR T % Bk TR (Staphyl ococcus
sp.), 3 TUECHR P H5 A A I 78 12 R R TG B0 1

(2) KBRS 18 2 AL A0 < g BERR VR
B 4.0%, CaClLkJE 2.0%, HHERNER SHE
WARFR L A 1:1, 2ZBRIHA] 8.0 h,

(3) 7E pH 7.0, EJE>M 30.0 °C. 180.0 r/min
Big%3.0d, (&5 A TR A S R R G i A T
Wi AR B I . 05 65.7%H1 51.6%, [
JE TR ECITE 25 A M R AR R 141 % [ TR AT
WS pH & L A SR v Pua e e, &
A 4 AT AT B i T IR R R AR, o

(4) T 2 b 28 Bk B R KGE V5 K

BIREMRIBE T 41.6%, %[ & LB B R R
LIRS BT K R LA — 2 A AR R
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