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Multiplex-PCR Approach to Identify Bacillus megaterium and
Bacillus cereus Group Applied in Microbial Fertilizers
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(1. Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China)
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Abstract: Bacillus megaterium strains are commonly used in microbial fertilizer (MF). MF products are of-
ten contaminated by other B. cereus group members, which have similar phenotype such as Bacillus cereus,
B. thuringiensis, B. mycoide. For quality control and safety of MF, a rapid and accurate method is needed to
distinguish the strains of Bacillus megaterium from B. cereus group. Based on specific nucleotide sequences
of the spoOA genes, 2 pairs of species-specific primers were designed and a multiplex-PCR (mPCR) was
developed for this purpose. When the optimized mPCR was used to detect the DNAs of 24 reference strains
from three genera of Bacillus, Paenibacillus, and Brevibacillus, all B. megaterium strains showed single
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fragment of 443 bp and Bacillus cereus group showed a fragment of 411 bp. However, no any amplified
product was from the other bacteria. The sensitivity of mPCR was 10° CFU/mL. The mPCR results of 10
isolates of B. megaterium/B. cereus group and 8 products of MF coincided with the biochemical assay.

Taken together, our newly developed mPCR assay was species-specific and effective in application. It can be
used to detect and identify the strains of B. megaterium and B. cereus group from microbial fertilizer prod-

ucts.

Keywords: Bacillus megaterium, Bacillus cereus group, Multiplex-PCR, Species-specific primers, Detec-
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Table 1 The reference strains used in this study

Species name Strains

CCTCCAB92075", CGMCC1.217,
CGMCCI1.151, ACCC10011,

R\ Ly CGMCC1.1870
CCTCCAB93038", CGMCC1.173,
B. cereus CGMCC1.932, CGMCC1.1846
i CGMCC1.2014, CGMCC1.182
B. mycoides
ACCC10325", ACCC10033,
B. thuringiensis ACCC10026, ACCC10018
- CCTCCAB92068"
B. subtilis
. . ACCC10225"
B. amyloliquefaciens
. . . CCTCCAB92069"
B. licheniformis
. CCTCCAB94044"
B. pumilus
A VKPMB7519"
B. mucilaginosus
VKPMB7517 "

B. edaphicus

S CGMCC1.2012"
Brevibibacillus laterosporus

— . CCTCCAB94025"
Brevibacillus brevis
. ) CCTCCAB94023"
Paenibacillus azotofixans
. ACCC: ; CCTCC:
; CGMCC:

; VKPM: .
Note: ACCC: Agricultural culture collection of China; CCTCC:
China center for type culture collection; CGMCC: China general
microbiological culture collection center; ATCC: American type
culture collection; VKPM: Russian national collection of industrial
microorganisms.
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TENP buffer: 50 mmol/L Tris, 20 mmol/L EDTA,
100 mmol/L NaCl, 0.01 g/mL PVP, pH 10

PBS buffer: 137 mmol/L NaCl, 2.7 mmol/L KCI,
10 mmol/L Na,HPO,, 1.8 mmol/L KH,PO,, pH 7.4

: 500 mmol/L NaCl, 50 mmol/L
Tris HCI(pH 8.0), 50 mmol/L EDTA, 40 g/L SDS
PCR C
DNA marker ( ) ,

1.2 PCR ¥ i
121 =HkEREEDNARYIZEL:
, , 30°C 16
h, )
DNAM, PCR
122 HEMERRERELE DNA BIRE:
02 ¢g 30 mL ,
10 mL  TENP buffer

5 min, (

5 min,
8000 x g
s TENP buffer ,

); : 10 mL PBS ,
5 min, 100 g
10 mL PBS ,

3 min, ;
8000 x g

3 min,

5 min, 100 x g

5 min, 2 mL

( )

TENP buffer R );

900 pL, 0.1 mm
1g, 700 pL,
(

3200 r/min 2 min), 4°C 10000 x g 15 min,
(DNA ) ;
DNA
; DNA IxTE
DNA, DNA -20°C
1.2.3 4R PCR 3|4i%it: GenBank

, Primer 5.0

DNA
20 pL

(http://www.ncbi.nlm.
cih.gov/blast) , ()
100%, ,

() ()
spoOA
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BML257/ R700
BCL214/R625(  2)

®2 ¥R PCR3IY
Table 2 Primers for specific PCR

Target bacteria Primer sequences(5'—>3") prI:)((Jlﬁc "
BML257:
B. megaterium ;&%E%QTAATCGGGAACT 443 bp
TGAATGATGCTCGTAATG
BCL214:
B. cereus CCACATTTAGATGG(G,T)TTAG 411 b
group BCR625: P
TCTGGATACAATACTTTCG
124 %E PCR REAKARERF:
DNA R
PCR , PCR
PCR 20 uL : 10xPCR
buffer( Mg®") 2.0 uL, MgCl, 2.0 mmol/L, dNTP
200 pmol/L, BML257/R700 BCL214/
R625 3 umol/L, 1 U Tag DNA ,
DNA 50 ng ) 20 pL 1 94°C
3 min; 94°C 40 s, 51°C 40 s, 72°C 25 s, 30 ;
72°C 10 min 2.5%

1.3 PCR P45
B. megaterium 92075" B. cereus 93038"
B. mycoides 1.182 B. thuringiensis 103257  PCR

>

1.4 REEHEN

B. megaterium 92075"  B. cereus 93038"

>

>

10 CFU/mL 10" CFU/mL
10° CFU/mL  10* CFU/mL, 1 mL
, 122 DNA,
ims PCR ,PCR 12.4

1.5 HrFFEERAEN

10° CFU/mL

10 B
PCR :

1.6 A= B A

PCR
DNA ,
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GenBank  Blast , spoOA
98% ( 3,
21 PCR45FMHH#N PCR
DNA
3= 3 spoOA EHEFF Ebxfes
PCR > ¢ D, Table 3 spoOA gene sequence alignment results
> q Specie name (Gene sequence
SUENIAG, number from GenBank) ECmeley
443 bp, : :
B. megaterium 92075"  B. megaterium (U09974.1)  98%
411 bp, > B. cereus 93038" B. cereus (AE016877.1) 99%
B. mycoides 1.182 B. cereus (AE016877.1) 98%

2.2 PCRE=¥IFF| 9
PCR

34567

§ 91011121314 1516171819202122232425

1 LURAEREVREE L DNA AHiEIR A% B PCR i 1845 R
Fig. 1 The multiplex PCR amplification of the repre-
sentative strains using genomic DNA as template

Note: 1: 50 bp ladder marker; 2~6: B. megaterium 92075, 1.217,
1.151, 10011,1.1870; 7~10: B. cereus 93038, 1.173, 1.932, 1.1846;
11-14: B. thuringiensis 10325, 10033, 10026, 10018; 15~16: B.
mycoides 1.2014, 1.182; 17~22: B. amyloliquefaciens 10226; B.
subtilis 92068; B. licheniformis 92069; B. pumilus94044; B. muci-
laginosus 7519; B. edaphicus 7517; 23: Paenibacillus azotofixans
94023; 24: Brevibibacillus laterosporus 1.2012, 25: Brevibacillus
brevis 94025.

B. thuringiensis 10325"  B. thuringiensis (AE017355.1) 100%

2.3 REEEN
PCR 10°~10% CFU/mL
10° CFU/mL
2.4 HEFEERAE
10 ,
PCR ( 4),
PCR
2.5 R YRS A 4G
PCR ,
2 , 4 , 8 7
PCR , ( 3),
PCR

x4 FFNEKE PCREEMBAENUIEER

Table 4 Results of the strains identification using biochemical and multiplex PCR methods

Strain Amplifications of multiplex PCR Lysol.ec'ithin Voges-prc?skauer Anaerobic Hemplysis Resu'lts of biochemical
B. megaterium  B. cereus group activity reaction growth activity identification
3060 - 4+ 4 4+ 4 + B. cereus group
3061 - I I +* ¥ . B. cereus group
3062 4 - - - - - B. megaterium
3063 - 4 4 4 + A B. cereus group
3064 - + + + + + B. cereus group
3065 — + 4 S 4 4 B. cereus group
3066 - 4+ 4 4+ 4 + B. cereus group
3067 = = = = = B. megaterium
3068 = = = = = B. megaterium
3069 - 4 4 4 + A B. cereus group
92075 A - - - - - B. megaterium
93038 — + + + aF + B. cereus
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Table 5 Detection results of microbial fertilizer samples using traditional and multiplex PCR methods

Sample Marked species name in ~ The bacterial content Amplification of multiplex PCR Results of biochemical
number the production 10* CFU/g B. megaterium B. cereus group identification
| B. megaterium 0.24 A = B. meaaterium
B. mucilaginosus 0.05 / / -Meg
2 B. megaterium 2.60 - + B. cereus group
B. megaterium 0.30 + - :
. B. mucilaginosus 2.60 / / 25 W EA
4 B. megaterium 0.0003 - - /
B. mucilaginosus 1.10 / /
B. megaterium 0.42 + = .
: B. mucilaginosus 1.20 / / B. megaterium
; B. megaterium 2.97 + - B. megaterium
B. subtilis 3.7 / / 1Y
7 B. megaterium 2.0 — + B. cereus group
8 B. megaterium 20.0 = A B. cereus group
5 78 9 101112M8141516171819202122 23 2425 Schrait H ") , DNA
—
gv spoOA
=500 16S rDNA ,
=400 e e
R 16S rDNA R
[8]
2 REYER&E) DNABREHIEREZ E PCR "k TRNA
r
TigaE R ’
Fig. 2 The multiplex PCR results using diluted DNA of , gyrA cheA gyrB rpoA rpoB
MF products as template vITA  spoOA  o-amylase [9-16] SpoOA
Note: 1~3: Sample 1; 4~6: Sample 2; 7~9: Sample 3; 10~12:
Sample 4; 13: 50 bp ladder; 14~16: Sample 5; 17~19: Sample 6; >
20~22: Sample 7; 23~25: Sample 8, diluted DNA of the samples as [17]
10°, 10', 10°, ’
SpoOA
> 3 PCR
97~99%, 70%
, SpoOA
4 DNA ’
> N SpoOA ,
PCR s ()
) PCR Mg2+ PCR
> 5 PCR
YLy 3 13
3 Wie
(24 )2 ()
DNA , PCR
R DNA S R PCR
DNA >
DNA, PCR >
DNA DNA PCR s
PCR 10° CFU/mL , 6] ,
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