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Identification of Bacillus species FJAT-13831 based on the gas
chromatography/mass spectrometer
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ABSTRACT: Objective To rapidly identify the Bacillus species with close relatives, Bacillus metabolomics
was studied in this paper. Method Based on Gas Chromatography-Mass Spectrometer (GC/MS) detection,
principal component and cluster analysis were performed on extracellular substance of 10 Bacillus species.
Results It was shown that the isolate FIAT-13831 might be a new species of the genus Bacillus, and different
Bacillus species had a significant differences. Conclusion The method used in the paper may be identified

Bacillus species with close relatives at the metabolic level, and provided a new technical means for the Bacillus
classification and identification.
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4-dione,hexahydro-  Pyrrolo[1,2-a]pyrazine-1,4-dione,
, 36 ( hexahydro-3- (phenylmethyl)- 10
70% ), 1 Pyrrolo[1,2-a]pyrazine-1, ,
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Table 1 The relative content of of Bacillus extracellular substance based on GC/MS
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1,3-Cyclopentadiene, 1,2,3,4-tetramethyl-5-methylene- 138 0 0 0 0 0 0 0 0 0
(1,2,3,4 - -5- 1,3 - )

Butylated Hydroxytoluene( ) 0.49 1.13 0 0 0.13 0.27 024 028 028 O
Oxime-, methoxy-phenyl- 5.62 0 0 0 0 0 0 0 0 0
Pyrrolo[1,2-a]pyrazine-1,4-dione,hexahydro- 4448 5299 10.07 7.18 520 6.74 4.45 4.02 7.82 6.15
Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3-(2-methylpropyl)- 2.10 0 3.39 1.29 8.83 9.17 6.66 5.77 7.50 0
Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-3-(phenylmethyl)- 0.66 0.64 2.31 1.38 4.18 5.12 4.02 279 396 2.12
1-Naphthalenemethanamine(1- ) 0 0 0.60 0 039 0 0 0 0 0
Propanenitrile, 3-(1-azepanyl)-3-oxo- 0 0 0.26 0 0 0 0 0 0 0
3-Aminopiperidin-2-one(3 - -2- ) 0 0 416 0 0 0 0 0 0 0
2,5-Piperazinedione, 3-methyl- 0 485 0 0 0 0 0 0 0 0
Benzene, 1,2,3,4-tetramethyl- 0 0.50 0 0 0 0 0.59 0 062 0
3-Isoxazolamine, 5-methyl- 0 0.63 0 0 0 0 0 0 0 0
Pyrrole-2-carboxamide 0 .16 0 0 0 0 0 0 0 0
Phenol 070 0 0 0 0 0 063 0.83 0 0
Butanoic acid, 2-methyl-(2- ) 0 0 0 475 0 352 0 0 0 6.23
Pantolactone( ) 0 0 0 0.22 0 0 0 0 0 2.50
Benzeneethanamine( ) 0 0 0 0.40 3.32 3.19 2.51 1.67 2.59 0
Pyrazine, 2-ethyl-3,5-dimethyl- 0 0 0 0.75 0 0 0 0 0 0
1,2,3,4-Tetrahydro-cyclopenta[b]indole 0 0 0 034 0 0.33 039 032 1.16 0.38
2(3H)-Furanone, dihydro-3-hydroxy-4,4-dimethyl-, (.+/-.)- 0 0 0 0 0 0 0 0 0 0.45
Ornithine( ) 0 0 0 0 0 0 0 0 0 1.48
Phenol, 2,6-dimethoxy-(2,6- ) 0 0 0 0 0 0 0 0 025 0.23
6-Methyl-1,2,3,4-tetrahydroquinoline 0 0 0 0 029 0 0 0 048 0.11
Butanoic acid, 3-methyl-(3- ) 0 0 0 0 0 0 0 0 483 0
Hexanoic acid, 2-methyl-(2- ) 0 0 0 0 0 0 0 0 327 0
Pyrazine, 3,5-dimethyl-2-propyl- 0 0 0 0 0 0 0 0 046 O
Benzene, 1,2,4,5-tetramethyl-(1, 2, 4, 5- ) 0 0 0 0 0.45 0.51 0 0.59 0 0
6H-Purin-6-one, 2-amino-1,7-dihydro- 0 0 0 0 0 0 0 030 0 0
1,2,3,4-Tetrahydro-cyclopenta[b]indole 0 0 0 0 0 0 0 031 0 0
9H-Pyrido[3,4-b]indole, 1-methyl- 0 0 0 0 0.26 027 0.17 0 0 0
Quinoline, 5,6,7,8-tetrahydro-3-methyl- 0 0 0 0 0 0.65 0 0 0 0
2-Pentanone, 4-hydroxy-4-methyl-(4- -4- -2- ) 0 0 0 0 0.36 0 0 0 0 0
4-Vinyl-imidazole 0 0 0 0 2.09 0 0 0 0 0
dl-Ornithine(DL- ) 0 0 0 0 338 0 0 0 0 0
1-Alpha-amino-epsilon-caprolactam 0 0 0 0 1.99 0 0 0 0 0
Pyridine, 3-phenyl- 0 0 0 0 092 0 0 0 0 0
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Table 2 Total Variance Explained of Bacillus extracellular substances
/ /
% % % % % %
1 8.48 23.54 23.54 8.48 23.54 23.54 6.38 17.72 17.72
2 6.49 18.04 41.58 6.49 18.04 41.58 5.98 16.60 34.32
3 5.33 14.81 56.39 5.33 14.81 56.39 5.24 14.54 48.86
4 4.35 12.07 68.46 4.35 12.07 68.46 4.25 11.80 60.67
5 3.467 9.63 78.09 3.47 9.63 78.09 3.93 10.91 71.58
6 291 8.08 86.16 2.90 8.08 86.16 3.13 8.70 80.29
7 2.36 6.56 92.73 2.36 6.56 92.73 3.10 8.61 88.89
8 1.66 4.61 97.34 1.66 4.61 97.34 3.04 8.44 97.34
9 958 2.66 100.00
10 1.35E-15 3.75E-15 100.00
11 6.13E-16 1.70E-15 100.00
12 4.53E-16 1.26E-15 100.00
13 4.18E-16 1.16E-15 100.00
14 3.71E-16 1.03E-15 100.00
15 3.20E-16 8.89E-16 100.00
16 2.38E-16 6.60E-16 100.00
17 2.06E-16 5.73E-16 100.00
18 1.36E-16 3.78E-16 100.00
19 1.19E-16 3.32E-16 100.00
20 -1.33E-17 -3.68E-17 100.00
21 -2.49E-17 -6.90E-17 100.00
22 -5.37E-17 -1.49E-16 100.00
23 -8.79E-17 -2.44E-16 100.00
24 -1.04E-16 -2.88E-16 100.00
25 -1.28E-16 -3.55E-16 100.00
26 -1.96E-16 -5.45E-16 100.00
27 -2.47E-16 -6.85E-16 100.00
28 -2.96E-16 -8.22E-16 100.00
29 -3.32E-16 -9.21E-16 100.00
30 -4.09E-16 -1.14E-15 100.00
31 -5.04-16 -1.40E-15 100.00
32 -5.79E-16 -1.61E-15 100.00
33 -6.78E-16 -1.88E-15 100.00
34 -7.38E-16 -2.05E-15 100.00
35 -1.03E-15 -2.87E-15 100.00
36 -2.04E-15 -5.68E-15 100.00




3310 5
Scree Plot
8 -
2 6| , Wunschel (17 GC/MS
g
B
o4
A Bourne /™
L 312 ,
92% 1l
0 -
N N N
1357 91113151719 2123252729313335
Component Number
GC-MS
1 >
Fig. 1 Extracellular substance scree plot of Bacillus species .
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Table 3 Chebyshev distance of 10 Bacillus species
Case 1 2 3 4 5 6 7 8 9 10
Bacillus marisflavi .00
Bacillus kribbensis 3.52 00
Bacillus aurantiacus 3.38 3.52 .00
Bacillus aquimaris 3.38 3.52 1.24 .00
Bacillus ginsengihumi 4.84 4.84 4.84 4.84 .00
Bacillus mycoides 39.28 37.74 40.03 4046 36.66 .00
FJAT-13831 47.79  46.25 4854 4897 45.17 8.51 .00
Bacillus pseudomycoides 5.44 5.79 5.62 6.05 4.84 3441 4292 .00
Bacillus cereus 7.53 7.88 5.37 4.75 6.21 3730 4581 475 .00
Bacillus boroniphilus 8.83 9.17 6.66 6.24 7.50 38.33  46.84 6.24 2.29 .00
Rescaled Distance Cluster Combine
CASE 0 5 10 15 20 25
Label Num +4--——————- Fomm o o o +
Bacillus aurantiacu 3
Bacillus aquimaris 4
Bacillus marisflavi 1
Bacillus kribbensis 2 =
Bacillus ginsengihu 5
Bacillus pseudomyco 8 ~ ——
Bacillus cereus 9 T
Bacillus boroniphil 10
Bacillus mycoides 6
FJAT-13831 7 — 1
2

Fig. 2 Hierarchical clustering of Bacillus classification based on extracellular substances
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