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Screening of Bacillus strains producing Leflunomide based on liquid
chromatography-hybrid quadrupole time-of-flight mass spectrometry
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ABSTRACT: Objective To screen Bacillus strains producing Leflunomide. Methods —Extracellular metabolites
of 31 Bacillus strains were analyzed by liquid chromatography-hybrid quadrupole time-of-flight mass spectrometry
(LC-QTOF MS). Results Extracellular metabolites were detected in 31 Bacillus strains. The content of Leflunomide
was relatively high in the detected compounds, and with the highest match degree. The result showed that six Bacillus
strains contained Leflunomide, including Bacillus cohnii FJAT-10017, Bacillus alcalophilus FJAT-10014, Brevibacil-
lus agri FJAT-10018, Aneurinibacillus aneurinilyticus FIAT-10004, and Gracilibacillus dipsosauri FJAT-14266. The
content of Leflunomide was highest in Gracilibacillus dipsosauri FIAT-14266, with the relative content of 12.16 %.
Conclusion Gracilibacillus dipsosauri FJAT-14266 was the high-yield Bacillus strain producing lefunomide. This
result provided the theory basis for development and utilization of this immunomodulator from Bacillus.

KEY WORDS: liquid chromatography-hybrid quadrupole time-of-flight mass spectrometry; Bacillus; Leflunomide

HemE: (31370059) « ) (201303094) (2013dqd-6)
(2014JQ-2) (2015R1018-11)

Fund: Supported by National Natural Science Foundation of China (31370059), the Chinese Special Fund for Agro-scientific Research in the
Public Interest (201303094), the Youth Innovation Fund of FAAS (2013dqd-6), the Outstanding Youth Fund of FAAS (2014JQ-2), and Provincial
Public Research Institutes Special (2015R1018-11)

*BIAES: , , E-mail: fzliubo@]163.com

*Corresponding author: LIU Bo, Researcher, Fujian Academy of Agricultural Sciences, Fujian 350003, China. E-mail: fzliubo@163.com



4606 6
15l 5 2 MR5HE
; 21 # #
: 31, 7,
8} L
’ 1.0 %, 0.5 %,
’ 0.3 %, 1.0 %, 0.5 %, CaCl, 0.5 %,
’ > pHT.0 : TSB : TSB
’ ( BD ) ( JT Baker ),
(CNW, )
’ . Agilent 1260/6520( );
2060 ’ 30 METTLER TOLEDO AL104(
20 70 ’ ); ZHWY-2102C(
ACsA) ’ ); pH  Sartorius PB-10(
41 ’ ‘ )
22 H
15- 131 LB
24 h 20 mL LB
’ 4 , 37 ‘C 200 r/min 12 h,
| 1% 50
(Leflunomide, LEF) mL  TSB , 37 °C 200 r/min
(5] 48 h , 4 °C
A-771726 ,
s T B 50 mL ,
: NF KB ’ . 0.25um , GC
IL-1 TNF 4°C ,
1EH (6] Agilent ZORBAX Extend Cig (2.1 pmx50 mm,
, 90.89, 1.14% 1.8 pm); 135 C; :2 pL; : A=10
31 5 mmol/L + ,B= : 0.2 mL/min;
, (Bacillus : 90%B 0 3 min; 50%B 3 25 min; 90%B
cohnii) (Bacillus alcalophilus) 25 35 min; MS : ;
(Aneurinibacillus aneurinilyti- 300 © 5 L/min; 30 psig;
cus) (Brevibacillus agri) 3500 V; 175 V; 65.0 V;

(Gracilibacillus dipsosauri),

(LC-QTOF-MS), 31

150 1000 m/z
3 HREHH

3.1 FEREBKERF AT E RTHIL
31
5« 2),



11 R - 4607
Fz1 HAFHETEERE
Table 1 Bacillus strains for test
1 FJAT-10004 Aneurinibacillus aneurinilyticus
2 FJAT-8775 Bacillus mycoides
3 FJAT-10012 Bacillus funiculus
4 FJAT-10013 Bacillus agaradhaerens
5 FJAT-10016 Bacillus clarkia
6 FJAT-14260 Bacillus safensis
7 FJAT-14270 Bacillus cohnii
8 FJAT-10022 Bacillus halmapalus
9 FJAT-14248 Bacillus macyae
10 FJAT-14249 Bacillus methanolicus
11 FJAT-14250 Bacillus subtilis subsp. spizizenii
12 FJAT-14251 Bacillus subtilis subsp. inaquosorum inaquosorum
13 FJAT-14252 Bacillus isronensis
14 FJAT-14253 Bacillus taeanensis
15 FIAT-14254 Bacillus subtilis subsp. subtilis
16 FJAT-14257 Bacillus shackletonii
17 FJAT-14258 Bacillus murimartini
18 FJAT-14261 Bacillus selenitireducens
19 FJAT-14262 Bacillus selenatarsenatis
20 FJAT-14231 Bacillus seohaeanensis
21 FIAT-14846 Bacillus thermoamylovorans
22 FJAT-10014 Bacillus alcalophilus
23 FJAT-10025 Bacillus altitudinis
24 FIAT-14247 Bacillus hwajinpoensis
25 FJAT-10018 Brevibacillus agri
26 FIAT-14266 Gracilibacillus dipsosauri
27 FJAT-10007 Paenibacillus chondroitinus
28 FJAT-10020 Paenibacillus glucanolyticus
29 FJAT-14255 Psychrobacillus psychrotolerans
30 FJAT-10026 Viridibacillus arenosi
31 FJAT-10028 Viridibacillus arvi
x2 PFEREBREFHEFEIIR
Table 2 List of Bacillus strains which produce Leflunomide
[M-H]
1 FIAT-14266 6.350 97.42 12.16 270.0615 269.0615
2 FJAT-10017 6.459 91.63 1.59 270.0613 269.0613
3 FJAT-10018 6.400 79.60 0.40 270.0612 269.0612
4 FIJAT-10014 6.490 59.38 0.25 270.0624 269.0624
5 FIJAT-10004 6.438 56.17 0.18 270.0606 269.0606
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k2
[M-H]
6 FIAT-8775 0
7 FIAT-10012 0 - .
8 FIAT-10013 0 - -
9 FIAT-10016 0 - -
10 FIAT-14260 0 - -
11 FIAT-10022 0 - -
12 FIAT-14248 0 - -
13 FIAT-14249 0 - -
14 FIAT-14250 0 - -
15 inaquosorum FIAT-14251 0 - -
16 FIAT-14252 0 - -
17 FIAT-14253 0 - -
18 FIAT-14254 0 - -
19 FIAT-14257 0 - -
20 FIAT-14258 0 - -
21 FIAT-14261 0 - -
22 FIAT-14262 0 - -
23 FIAT-14231 0 - -
24 FIAT-14846 0 - -
25 FJAT-10025 0 - -
26 FIAT-14247 0 - -
27 FIAT-10007 0 - -
28 FJAT-10020 0 - -
29 FIAT-14255 0 - -
30 FIAT-10026 0 - -
31 FJAT-10028 0 - -
FJAT-10004 1.4x10°,
FJAT-10014 FIAT-10017 FJAT-10004 1.2x10°
FJAT-10018 FJAT-14266
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Fig. 1 Extracted ion chromatogram (EIC) of Leflunomide in Gracilibacillus dipsosauri FJAT-14266
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Fig. 2 Extracted ion chromatogram (EIC) of Leflunomide in Bacillus cohnii FJAT-10017
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Fig. 3 Extracted ion chromatogram (EIC) of Leflunomide in Brevibacillus agri FTAT-10018
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Fig. 4 Extracted ion chromatogram (EIC) of Leflunomide in Bacillus alcalophilus FJAT-10014
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Fig. 5 Extracted ion chromatogram(EIC)of Leflunomide in Aneurinibacillus aneurinilyticus FJAT-10004
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Fig. 6 Mass spectrum of Leflunomide in Gracilibacillus dipsosauri FJAT-14266
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Fig.7 Isotopic peak of Leflunomide in Gracilibacillus dipsosauri FJAT-14266
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