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E—ER RN, % R'E EH 5B TR Cx-DBT Bk, @idHEF. AANERA 16S rRNA
AR5 AT iRk H AR IDZX13 #4752 . KA GC-MS £ & AT Cx-DBT ¢4t =4, #4
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Isolation of a Cx-DBT desulfurizing strain and optimization of
its fermentation conditions
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Abstract: [Objective] The objective of this study is to isolate and identify a novel bacterial strain
capable of selectively desulfurizing Cx-DBT, and then to determine its desulfurizing pathway and
optimize the culture condition. [Methods] Cx-DBT was used as the sole sulfur resource to enrich the
bacterial cultures, and then GC-MS was used to determine Cx-DBT desulfurizing pathway by
analyzing the metabolic productions. The new culture, strain JDZX13, was identified based on the
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morphological, physiological and biochemical properties, and 16S rRNA gene sequence profiles.
Single factor test and orthogonal design method were performed to determine the optimal
biodesulfurizaio conditions. [Results] The new strain JDZX13 belonged to Gordonia sp. and named as
Gordonia sp. JIDZX13 (KP993297), which could selectively desulfurize Cx-DBT by “4S pathway”.
The optimum operating conditions were found as 15 g/L of sucrose, 2 g/L of NH4Cl, 0.1 g/L of
MgCl,, 1 mL of metal solution, at pH 7.0 and 35 °C. [Conclusion] A bacterial strain JDZX13 was
successfully isolated and identified with the utilization of Cx-DBT by “4S pathway”. After a serial
optimizations, the cell growth and desulfurizing capability were further enhanced. This result would be
an important reference for further exploring the petroleum biodesulfurization technology.

Keywords: Gordonia sp. JDZX13, Dibenzothiophene, Biodesulfurization, Orthography design
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SRR, 0.3 mmol/L DBT VE Ky E—Hi i

M ItE(gL): CuClL-2H,0 0.1, ZnCl 0.2,
CaCl, 20, H;BO; 0.05, Na,MoO,2H,0 0.2,
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GGCTCAG-3") fl 1492R (5'-GGTTACCTTGTTAC
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1.6.2 EBFYIREE, EUHFMEENE: BUiE
R HERRRIR AL pH 2.0 IR, IIA AT 21
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RUKMZ . B EAPHTE GC-MS H oAt i
724, 1€ GC-FID ] DBT 1 2-HBP (i firl7-181
S35 B b @ g A RS 8 DB-5S (30 mx
0.25 mmx0.25 pm); AIEHTAAE: RS AR S
MREEHR 270 °C, #ANAR, SN 8.3 mL/min,
SRR 5:1, ASCH FID KRB, Wl
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15 min,

1.6.3 HUEAIEFE: DBT Bl % (%)= AR ab 3

#1 EXRITERKFR

Table 1 Factors and levels for orthography design

K- A W B NH,Cl C MgCl, D i cE E F iRE
Level Sucrose (g/L) (g/L) (g/L) Metal solution (mL/L) pH Temperature (°C)
1 15 2 0.1 0 6.0 30
2 20 4 0.2 1 7.0 35
3 25 6 0.3 2 8.0 37
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J¥%7E NCBI [ GenBank il it BLAST #2747
FEALLE P BRI 3T o 326 HUAFH I 4¢84 PR e 3k
MEGA 6.0 #/}:f Neighbor-Joining s R F LK F
B, ¥ H ¥ 5 {4 E GenBank , % 5K
KP993297 . &l 2 mI LA HE Mk IDZXI13 5
Gordonia alkanivorans CC-JG39 (AY864338.1)H.4
R IEREG LR o G456 RS MAE AR AR
& IDZX13 Htk A KB CHE , 24 N Gordonia sp.
JDZX13,
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it 5 GC-MS BdESCE X404, 78 25.11 min M
15.48 min AY43 %~ 4,6-DMDBT F 4,6- - F B iz 4
1% 4(4,6-DMHBP, ¥l 3B). Bahuguna 2150
WA Lysinibacillus sphaericus DMT-7 4t ¥ DBT

1 JDZX13 &5 i FRiRE
Figure 1 Transmission electron micrograph (TEM) of
clustered JDZX13 cells

15d )5, HmRBAREE A, REk
M) 2-HBP BYFEAE, MM % R 1545 R
“4S ¥EA2”, Akhtar SRS B G5 R GC-MS
53HT Rhodococcus sp. Eu-32 A4} DBT f)yr=4) , &)
FR =Y [EE & 2-HBP MBS, A 2 %
BRI BRI 4S BRI . 454 Kilbane!
XF<4S B IR AT, HEWT IDZX13 TfE L4
Bl Cx-DBT (151 30).

23 ERBEEZRIHRAEML

2.3.1 BRBENBEAEARFRFTRIZN: BRI

Fz2 IDZX13 EFRER Y A B L 4F1E

Table 2 Partly biochemical and physiological
characteristic of the strain JDZX13

T H &g WA e
Item Result i Item Result
LA TR )
Oxidase enzyme test i Indole test
BRI 1 L, RER N
Contact enzyme test i Urease test
TEA K fifp S 52 L WK fidt 8
Starch hydrolysis ' Gelation hydrolysis
A A | PR R S S B B
H,S production i Nitrate reduction test
PR SR LTS )
Citrate utilization test i Methy1 Red test
24 [ 5 | SR IR

Gram staining test 1 Spore staining test

W o A - B

Note: +: Positive; —: Negative.
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Gordonia alkanivorans TPR13 (EU373422.1)
Gordonia alkanivorans HKI 0136 (NR026488.1)

96 JDZX13 (KP993297)

Gordonia alkanivorans CC-JG39 (AY864338.1)

Gordonia alkanivorans DSM 44187 (AY995556.1)
Gordonia sp. CNJ863 PL04 (DQ448700.1)

98

73

— Gordonia westfalica Kb2 (NR025468.1)
Gordonia namibiensis NAM-BN063A (NR025165.1)

98 Gordonia rubripertinctus AGP1-3 (AY277554.1)
98 Gordonia rubripertincta DSM 43248 (NR043330.1)

| Gordonia amicalis CC-MJ-2a (EU266484.1)

| Gordonia amicalis CC-MJ-15b (EU266486.1)

Gordonia terrae CC-S2d (AY771330.1)
| Gordonia bronchialis IFM 10307 (FJ536309.1)

100 l Gordonia bronchialis TFM 10330 (FJ536310.1)

100

0.002

2 {Kk#E 16S rRNA ERFFIIMERE K IDZX13 RELEW
Figure 2 Phylogenetic tree of strain JDZX13 based on 16S rRNA gene sequences
I 55 hrEs SIURERE GenBank B85 7030 mi ERYBCFERITR 1 000 YCEREZ R — 20 34 FRRZIEELF 0.2%H)
P2 5.
Note: Number in parenthesis represent the sequence’s accession number in GenBank. The number at each branch point in the percentage
supported by bootstrap. Bar: 0.2% sequence divergence.
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Figure 3 Analysis of Cx-DBT desulfurizing pathway by JDZX13
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1) B B UL IR R R, SEE B S I L
REMEFI AT 29 WEAE 10-40 g/L A4 B 0 il N R IR B
A KA DBT BRSO 4A . B), AT LA H RERAH
Xof T H A sk 5 G R T B A A K DBT it o 1k
WEWREAE 10-20 g/L B, PRV BEFN DBT iR b
FEMEMR FE AR N E = AR 20-40 g/L JuFEN,
PIARFN DBT Bl B MR, 25 Bdr, #eis
W R B ERIR , S IE A SEe i — 20 B e o
232 FRIEMEAEKFMBTRESMm.: AW EEE
25 A AR AT, H55 b R R IR e O TR
KRB A AN DBT WAL 2 OCEE, PRIl 5 551
By AR VR A MLAR ; JRZE \NaNO; Fl NH,Cl
VE R TCHL R B A A2 4 R DBT A 5% i (%1
4C. DYATUUE Y, WA LA PLAIR, (HEARLE
AHVEWE LT TR RE ST, AT BRI & AR
H S A BRRRAR S, DT o] G ke v PRt B PR ) 3=
ik TCHLARPE T, DL NHLCl R ME— R R R AE
DBT WIibRR i, HIRERE., & Lath, T
BRI R SR 5, 8 NHLCl S ifER
U8, VeBEVERY 2-6 /L,

2.3.3 MgClL, M E TEMERE KBRS
Mie: Mg” Fl—Le it 2 i P /r 2 iy 2]
BORS, EERE A AR A KRR, B
YR IS T P9 MgCl Al oo 26 B A 2B K A 1Y)
SEM(# 4E . F)MZEREN, MgCL 7E 0.1-0.5 g/L
S R R TR AR A K B, (H Mg Cl Ve
it 0.4 g/L, X DBT JfiA —& amiflfE A, rhe
JRPR L R B Mg X T T 1 5% A A — S A o
YERT . PRIGIESE MgCL MR EEIE R 0.1-0.3 g/L. &
BICRIRAW N 0-1 mL/L i}, BEEHME IR
i, EAERF DBT MIBLERRWER N, (22
MEITTEIRAWE T 2 mL/L, BRRAEKZ3Hm
il, [FES DBT RYBERRRMAERRAL, PHbfe e
JCREWEEIEFIA 0-2 mL/L,

234 BENERERKMEM: £ ARREIREE
T, AR EERER A AR S LN 4G Fin . iR

BERTRMA R BB A, IR B 0 P B
BRBEATEYE . FH P 4 A0, IREAE 30-37 °C H i A
TRAER, ST 20 °C A& T 40 °C AT,
BRLERZ R IH], MRS T 45 °C LLER,
TRA K S gl PG E L 30-37 °C Ju Bl T1E
235 pH MEAREKRENG: AP pH
S B IR RN BRI 2055 AR A 4 S
WA ISR . ARG pH X B A A= K 14 5 i €]
4H Fi7s, WTLAE, W6 pH o 7.0 ZE450F, Bk
AR EGF, X pH 6.0 LITFEE 8.0 LI LR, HEikd|K
ZEMH . FEWILR pH 5.0 LU AT pH 11.0 LA_ERF
WILTFAAK , IR pH 6.0-8.0 #H4TIESS
S

24 EXFKEERSHH

RGP R LI 25 R, EEE R (A) . NHLCI
(B). MgCl, (C). #EICER (D). pH (E)FIE A (F)
6 N Loy(3"IEAS LRI TIRAMAL, B
AR RTINS 3 PR, 1%
SARTINER 4 Fis,

R A8 T 28 52 50 45 SRR A 70 22 43 A B 7 22 43
A, REERE P<0.01, dEH BE; N NHLCl
ZHAEH P<0.05, BRE . & HEXN KA KZ
FWNATH - F (HE)>AB>E (pH)>C (MgCl)>D (1
HICHR)>A (FEHH>B (NHLCl).o £33 4% R Z X R AR
KA H M, B A R S50 « AB1C D,E,F,,
HIEERE R 15 /L, NH,C1 R 2 ¢/L, MgCl, 4 0.1 g/L,
M ITRIR AW 1 mL/L,pH A 7.0, IRE R 35 °C,
it LRSS R, TER RS T, R
B8 81 h iRJEIAF 4.44 g/L, RACALRTHY 3.7 4%
DBT MR 7E 48 h 53] 98% , 41 I THUALETAHY 60 h
B 97%, BFMEIZE%E 12 h, MEGRECRIEE T 26.3%.
SARWISTA L, Papizadeh 2N B B AR bk
Microbacterium sp. NISOC-06 £t 1 mmol/L DBT
14dJ5, DBT Jiil&3 K 94.8%. Santos 252 HIH
5 AR 1B Bk Gordonia sp. F.5.25.8 4L ¥ 1 mmol/L
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Figure 4 The results of single factor experiment in culture medium
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e Ar BEFRHEEOR R X AR A K M s B: BRsR A ORI IEVE BEXT DBT BRI ; C: iR oR [m /R ik
MR AER AN ; D: JEFREEP AR EFIREEXN DBT BBREIMN; E: HiFe i AN Im MgCl WeEEXT AR LE AT DBT JBBR 1
M F: SRR ORRI M TR MR EEX R A KR DBT BEERAAEM ;s G: RFEIREFRIREEX W A4 A5, H: iR q
IR pH X BEALE K A RE .

Note: A, B, C, D, E, F: Displayed the effect of carbon source, nitrogen source, MgCl,, metal solution, temperature, pH in culture medium on
growth and DBT removal rate in strain JDZX13, respectively.

R3 EXTWARSER
Table 3 Design and results of orthogonal test

% Factor

PUEIRes
Treatment number A B (AXB), (AXB)s C D E F —[im?
Cell density (g/L)

1 1 1 1 1 1 1 1 1 0.89
2 1 1 1 1 2 2 2 2 1.71
3 1 1 1 1 3 3 3 3 1.65
4 1 2 2 2 1 1 2 3 1.59
5 1 2 2 2 2 2 3 1 0.13
6 1 2 2 2 3 3 1 2 1.14
7 1 3 3 3 1 1 3 2 1.14
8 1 3 3 3 2 2 1 3 1.03
9 1 3 3 3 3 3 2 1 0.49
10 2 1 2 3 1 3 3 2 1.11
11 2 1 2 3 2 1 1 3 0.20
12 2 1 2 3 3 2 2 1 0.88
13 2 2 3 1 1 3 1 1 1.00
14 2 2 3 1 2 1 2 2 1.67
15 2 2 3 1 3 2 3 3 1.47
16 2 3 1 2 1 3 2 3 1.44
17 2 3 1 2 2 1 3 1 0.49
18 2 3 1 2 3 2 1 2 0.97
19 3 1 3 2 1 2 2 3 1.30
20 3 1 3 2 2 3 3 1 0.35
21 3 1 3 2 3 1 1 2 0.34
22 3 2 1 3 1 2 3 2 1.65
23 3 2 1 3 2 3 1 3 0.86
24 3 2 1 3 3 1 2 1 0.08
25 3 3 2 1 1 2 1 1 0.86
26 3 3 2 1 2 3 2 2 1.43
27 3 3 2 1 3 1 3 3 1.29
K 1.09 0.94 1.08 1.33 1.22 0.86 0.81 0.58
K, 1.02 1.07 0.96 0.86 0.88 1.11 1.18 1.24
K; 0.91 1.02 0.98 0.83 0.92 1.05 1.03 1.20
R 0.18 0.13 0.12 0.50 0.34 0.25 0.37 0.66
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Table 4 Analysis of variance

225K FEIE F ¥y F{H P{H

Source of variation Sum of squares Degree of freedom Mean square F valve P valve
JERE Sucrose (A) 0.15 2 0.07 4.30 0.452 8
NH,CI (B) 0.08 2 0.04 0.86 0.644 0
MgCl, (C) 0.63 2 0.32 0.46 0.061 7
fHEICHE Metal solution (D) 0.32 2 0.16 3.73 0.197 6
PH (E) 0.62 2 0.31 1.92 0.064 7
#RE Temperature (F) 2.52 2 1.26 3.64 0.001 0
AB 1.50 4 0.38 14.88 0.0255
5%2 Residual 0.85 10 0.09 4.44 -
KA Cor toal 6.66 26 - - -

DBT 15 d J&, DBT BiERZFN 73%. 25 Bortr,
TSR B AR TDZX13 MR L SCHRAE 19 T Bk
HAR RIS, TERERRIT, ket
KAHR | QARG RCR AR 2 B 2 5

SRIMEER B Tk R FHACE R BB ACE, BTFIRASY
BT BIR 1 B A AR R i B R R, R B
AR AR B IR R TR T B T A — A s

3 &

ARG M B8 s A i H i A5 — 4k Cx-DBT
BB AR, FRaad A A AR o T AR A S o R
HIKHE. Wi GC-MS 43 DBT #1 4,6-DMDBT
B, WS PRI BR AR S <4S 1A,
AR R LI NIE AL LI Ak, B efhE R W
HEME 15 g/L, NH4Cl2 g/L, MgCl, 0.1 g/L, it
ZIRAW 1 mL/L, pH 7.0, ¥ 35 °C., 7Efibk
FEACIE T HESR 81 h, B RIRE] 444 o/L, Bflifk
HIHEm 1 3.7 f%; DBT JBEBR3EAE 48 h 155 98%, #H
e TFARALRTEY 60 h IF 97%, BIAI4EE 12 h, Bisisk
HYEE T 26.3%. BB R LA R A4 S A
AP AR I R B —E S M.
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