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Isolation and Identification of Bacillus Strains From Bee Bread and
Their Tolerance to Acid and Glucose

ZHANG Yanzhou, WANG Shuang, LI Yunya, CAI Yujie, LIAO Xiangru"
(Key Laboratory of Industrial Biotechnology , Ministry of Education , Jiangnan University , Wuxi 214122, China)

Abstract: Bacillus strains were isolated from natural bee bread to enrich microbes producing bee
bread from the fermentation of bee pollen. Strains were isolated based on the homologous
alignmentusing spread plate methodandpreliminaryidentified using phylogenetic analysis of the 16S
rRNA genes. Theirtolerance to acidand glucosewas also discussed. Sixteen spore-forming bacteria
were totally isolated from bee bread of Apissinensis and identified as the genus of Bacillus
tequilensis, Bacillus aerophilus , Fictibacillusnanhaiensts , Bacillus sonorensis , Lysinibactllusxylanily —
ticus , Lysinibactllusfusiformis ,Bacillus  invictus  and  Bacillus  methylotrophicus ,respectively.
However,only ten Bacillus strains could grow vigorously at low pH (4.0) with high glucose
concentration (30% ). Fewer spores were produced by the strain Br7,Br9 and Brll,which were
suggested as the potential strains used for artificial fermentation of bee pollen.
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Bl LR A W RE TR A B R i S 20 R R R AR A
FHEWE IR R EE 0 BRI
(Cande R b ) A1) B RE 1A = A I A K R A K, 5
EAEH A7) pH BEARIE =24 B R4 58 — B B,
FLEERRTATE R, AR T 2R 1 FLRR AT IR T 4R AR K
5 DU B B T AR SR LR v B Ak s, AT A T L
PR T R T B TR 9 A 2L TR T R 5 S B TR F A 91
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Re R FEE AR . (HR 0 A 2 FAT 1
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Ui 15 ST = A L P E AR 0 N TR R R T
RAR MR 28 I ZF AT R R AR A e,
I, PR K R B DG S B 3 1) v e e AL P O 30 2
FRT B, I X i 25 0 ) 25 JRAT B BE AT W28 10 1 2
LM RGR B RER I XX 2L 2F AT 1 1Y it
R I e AR A o, B AR TR o B A 1 2 400 10 2 e AT
TR, N TR T B A A )™ e AR B e 1Y) 28
FRRT B A B 00, Xk T 06 53 4 T T B e AR o)
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1.1 LM R

111 SRS RA LSRG R i
PN AR 7 B W (¥ Apiscerana cerana) , RN 217
HRKZE o SRS e AR i T ST v A 1) TG TR AR
L, T2 AR AN CE T B e XUAL

112 #45A ERAGIHFRIENB) . FRE S ¢
EEME 10 g; AAbEN 5 g;pH 7.0~7.2;NB B 1 57
H.4RAES g,ﬁﬁ% 10 g,%pﬁ/ﬂ"] 5 g;f‘f‘:ﬂg‘ 20
g;pH 7.0~7.2 5 Tiif =5 B 4G 06 1% % Jk . % A 45 B 19 NB
KRR BL 4 W5 A R0 iR 20% ,30% ,40%
50% s i 2 46 960 15 77 3% . AN [A] pH (B8 37 R 7RG 97
B pH 735 4.5.4.0 3.5, M TR R AL E R A
Wik,

1.2 EWHX

120 HAAFiR FRHL 2 g BEMRAES,, R R R
R KORG24 B 75% , B 200 L B g A
EEFERDEIRRERE L, PR TIESGEE 30
min Ji7 30 CHAH 55 3% 48 h, PEBUCAIE N0 v%
T A 2 Oy B Al A B T e IR ORI A
122 Friamtke b RN EKH NB 3
BEEEFRILRE IR 2 48 h, PRHU/D 1R B VK iE 47 4R 2% R
o2 e, B N g Yt g R 2 A
AL

1.2.3 HE#k 16S f(RNA A W ¥ 3% FIA NB Brar 3t
1 BRI ORAF 0 TR AR, WSS DR, R 2B T A R
Pl 20 4 B3 ) B i TR Ak 3k I 41 DNA, RISl
27F:5'-AGAGTTTGATCCTGGCTCAG-3" [ 1492R ;5
—CGGTTACCTTGTTACGACTT-3" 4 b F 514, 8@
if PCR ¥4 £ T kAU 16S rRNA FEHM ) PCR KV,
1 %~ :DNA i 2 wL . 10xPCR Buffer 5 pL 2.5
mM dNTP 4 wL .10 uM [ FiF51 945 2 pL. Taq
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2 pL, WZEK 35 pl, PCR W 55147 :95 C 5 min,
94 °C 30 5,55 C 40,72 °C 90 5,72 °C 5 min,32 14~
PEF, 5 WL PCR =9 ik Al Ho A =y ik )
5Bk pMD 18T 1AM % , % A KW
JM109 #3364 g A TR,

124 ZAXARGHE KA 16S rRNA
PRI 5 B4 7E NCBI 936 37647 BLASTN X, #5%
F P8 ¥ 51, FF FH MEGA 4.0.2 518 R JH 48 4% i
(Neighbor—Joining method ) 17 7 4t #F {0 A (1) 44
DA B R R A R B0 B IR A BRI 16S
rRNA &K 7 51 506 #2228 21 GenBank i %

125 WHWxhaSEFEGEE BT RABHRE
At HakBz i HEmais, i Laa
14 D A TR R I 1% A K T 3k R v B A 2 T R R B
8 o PRI, 5 AN ] U B A1 A A Y NB 5 R A
00 4% DRAURR T 2 W AR | T 7 45 TR AR 6 AN (WD VR B 1
FiR S R 5% 24 b P TR R BE (LA SR MAE 600
nm WO IR ) o DLt R 85 5% 19 45 18 bk Rl 1
W, DARER A3 B0 29 35 T i i B2 A TR WV 32 1) 3
mL NB £; 32315 5% 24 h,

1.2.6 B BREAE o T KRB AR DR
A 2 A Al it S e A8 0 pH RO RRAIS, IR It AR ] pH
() NB K% FLK 16 25 TR AR 09 B KA PR pH, L R RE
FRIVA AR AR I, LARFR B 294 Fl B 5% 42
AANE pH #Y 3 mL NB K Ff S p 15 5% 24 h,id & 4%
PR R B AR R B (DAS FR AE 600 nm (19O (R &
R) o

127 A MW EAIRER S84 T HRF G R’
FEH K WARTE IR = b5 (pH 4.0, 30% M it 2 43
BO) SN R 3R 24 h I BRI A B, TR R AE R
Mim B E s (R R ) 20T 2R AT Wi
b I A6 LA 52 A0 2 e 0 %) 1B 2 5 2 PR R
T, JCIRAE T i & e . DRt A RS A I
EBEAE TR IE R AR K AR R RN AR A
A AT REAE SRR 0 R R T R AR . 2R AR R
S R FH 4300 B R 7 25 76 v ) ik BE ¥R 2 (DPA)
() & i HEAT , 20 o B B 0T AR DPA & it 2
b Ron BB = SR T I S A 2 DO (pe)
DPAM ) 5 it B 25 F 70 B 28 K B # e #
B DPA ., R Z A4 8k 81 F1 DPA JE U E &)
TE WL B, 7E 440 nm A W, X 28 90 2E A7 R
{HX A& A AR, rTn A TR an e 3R i 52 nT

i 5 WiasE 2 h, HAZ @G FITE pH 4.0~6.0, 2718
o DPA BYBECR 121 °C i T v TR K 1 0 7 1k ik
fytel,

REECEETI

2.1 16S rRNA ER¥F 5N F

250 2 [ Y 0 R 2 0 % A R 0 I DUSEE R A
ik ] 16 B 77 ZF A AH R, 450 Bri-16, XX
16 ¥R Y 16S rRNA P #1717 PCR &84, AT 1
g/dL SR BEEEEXT PCR 790647 1 HLVK 43 BT, K/l
WE 1 R, 16 BRI B33 51 4500 K/ T 1
000 F* 1 500 bp Z[a], %fix 16 4~ PCR = #i#tA7 1
Wy 45 281 )5 51 2 4258 2 GenBank BUH5 1% |, )7 41
SWE 1 PR,

M1 234

5678 9101112 13 1415 16

E1 HSEE®BRHNTFHAMAE 16S rRNA EF PCR ¥ 15
7= 4 B ik i
Fig. 1 Electrophoretogram of PCR products of 16S rRNA
genes from spore —forming bacteria isolated from
bee bread

2.2 16S rRNA EFEFEELNRRZELZE DT

FJH BLASTN % 16 B 40 B 19 16S rRNA A
J7 91 5 B 40 e v i e S0 AT HE X e 0 [ R A R
T 98P ML= CTA , K K B 16 AR 410 1 VA s i 2
KA. W 1 FioR, Wk Brl,Br6 Al Bril ) 16S
rRNA 3& K ¥ 588 X 5 Bacillus tequilensis KCTC
13622" (1 [ R K T 99% , (0 2 58 & & 43 B (& 2)
FHIX 3 BRI & AR, H Ak Brll L Brl A1 Br6 5
BRAFAEELWRELT LR, 55150 13 i
M, X 3 BRI SH R ZEATF I (Bacillus subtilis
NCIB 3610") A HRIT M ARG KT KA . Wk Br2,
Br3 . Br10 5 4% X I ¥k Bacillus aerophilus 28K" [
16S rRNA 3 A BLE 25 K F 99% , H HUA i b
Br10 58 AR 7R W] — R GE AW 3 32 B (18 2).,
U TR A H O 2 B T B Bri2 5 8 Bacillus
invictus Bi.FFUP1" i HHR @R, BRELET
BT iR Br12 58U Bacillus aerophilus 28K" 1]
REAEEIENABTRR,
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Table 1  Homologous analyses of 16S rRNA gene

sequences of spore —forming bacteria isolated

HHAR
1%

from bee bread

IR U e B

Brl KF863809 Bacillus tequilensis KCTC 13622" 99.6
Br2 KF863811 Bacillus aerophilus 28K" 99.9
Br3 KF863812 Bacillus aerophilus 28K" 99.1

Brd KF863814 Fictibacillus nanhaiensis JSM 082006 99.4
Br5 KF863815 Bacillus sonorensis NBRC 101234" 98.6
Br6  KF863816 Bacillus tequilensis KCTC 13622" 99.2
Br7 KF863817 Lysinibacillus xylanilyticus XDB9" 98.6
Br8 KF863818 Lysinibacillus fusiformis NBRC 15717" 99.1
Br9 KF863819 Lysinibacillus xylanilyticus XDB9" 98.8

Br10 KF863820 Bacillus aerophilus 28K" 99.4
Br1l KF863823 Bacillus tequilensis KCTC 13622" 99.2
Br12 KF863824 Bacillus invictus Bi.FFUP1" 99.5

Br13 KF863826 Lysinibacillus xylanilyticus XDB9" 99.3
Br14 KF863827 Lysinibacillus fusiformis NBRC 15717" 98.8
Br15 KF863833 Bacillus methylotrophicus CBMB205"  99.4
Br16 KF863834 Bacillus methylotrophicus CBMB205"  99.6

Bril
Bacillus tequilensis KCTC 136227
Bré
Brl
Bacillus subtilis NCIB 3610"
Bacillus methylotrophicus  CBMB205"
Brl5
Br16
Bacillus sonorensis NBRC 101234
Brs
Bacillus invictus Bi.FFUP1T
Br2
Bri2
Br3
99 Bacillus aerophilus 28"
99 Br10
Bacillus cereus ATCC 145797
Fictibacillus nanhaiensis JSM 082006

99

99

—
99— Br4
93 Br8
Lysinibacillus fusiformis NBRC 15717"
99 Lysinibacillus xylanilyticus XDB9"
99 Br7
94 Br9
69 Brl3

98L_Lysinibacillus fusiformis R6
B2 BRAFEFAARNRELE M
Fig. 2 Phylogenetic analysis of the spore—forming bacteria
isolated from bee bread
16S rRNA JE A [R] PR L Xf 3 BT 2 B, T Ak Bi7
Br9 il Br13 5 #& 2 & Lysinibacillus xylanilyticus
XDB9" [FJ M2 7E 99% 7247, Br8 Fl Br14 504

Lysinibacillus fusiformis NBRC 15717" () [a] J§ $ 24
H99% ., B2, REGERF IRV, HHk Bri3 5F
BEHH Lysinibacillus fusiformis R6 A & L R 5
KHRKE, BrT M Br9 A AE R — ARG HAR 7 52
., Br8 Fl Brid dAbfE R —73 32 b, ENITHRA g
Je ok H T R — PRI B9 A [ B % X 2 i LS Y
Az R A A S R YA o AR ALY A D0t B A T R
Brl5 I Brl6 L, € i1 4 5 8 X & Bacillus
methylotrophicus CBMB205" 1 & K F 99% 19 16S
rRNA SEDUAHALEE . ), IR IR L) be R 58 4 & 0 #r
Yy 3 WY T Bk Brd H BrS g3 5 5 X Fictibacillus
nanhaiensis  JSM  082006" #1 Bacillus sonorensis
NBRC 101234" A & A 1A 8 K A&

i P E 2 BT S B DA SRR i v 3 1
16 Bk AETE HG 25 60 00 20 TR 24 J2 2R F AT 1A, X 16 BRZF
FAF B R JE T 8 AN A B 3 22 AR B A AL S
Rt RIE,
2.3 HEkT SRS

N 2 Fiv 7 16 BRI TR & A W) W 32 4 % B 1
NB #5757 5 b i 4= KA 50 5 2 W 7E 600 nm 1 1
JCAEFRIR . 5 & A R AR L, A 23 %1 20% 11
A 2 WA ) R B A E T 16 BRZF AT IR ARG
) 2 W IO A S BT 2 3090, 16 A T 114 A K B
BB, 4 A R AR T R 40%
By, A5 BkEE (Br6 Brl0. Brll, Brl2 Brl5)#
ODgo % T 1, 171 18 #k Br7 il Br9 A < 32 3140 il 11 ¢
2 16 S0% IR EE T, 16 BRZFHAT AN RRAE K
xR2 NEEBERNFATREARREGSEBRTHERER
Table 2 Growth difference of Bacillus strains isolated

bread different

glucoseconcentration

from bee under

Brl 2.16 2.98 1.79 1.27 -
Br2 2.52 3.24 2.17 1.84 =
Br3 1.98 2.34 1.54 1.45 -
Br4 4.02 4.87 321 2.13 -
Br5 3.07 3.87 2.47 1.87 =
Br6 2.08 2.98 1.56 0.98 =
Br7 10.44 14.36 8.67 5.27 =
Br8 431 5.23 3.21 2.24 -
Br9 6.33 7.68 4.67 3.12 -
Br10 1.72 2.56 1.03 0.57 =
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] 25 W L 434U %
"
Brll 2.13 2.87 1.65 0.87 -
Br12 2.72 3.24 1.98 0.74 -
Br13 3.65 4.75 2.34 1.54 -
Br14 4.17 5.12 3.15 1.87 -
Brl5 1.52 2.68 1.02 0.97 -
Brl6 4.82 5.66 3.87 2.46 -

2.4 TERRTEERFFIE

nk 3 iR, 16 BREF A ETEARF pH &4
1A 22 7 3 IR AE 600 nm B WOCAE RN .
Pk Br8 Br13 i Brl4 7 pH4.5 (44 F 5¢ &R fe4k
K, 24 pH (EFEARE 4.0 W #E Br3 Br10 Al Brl2 Y
AR EPIIH . Y pH dhEEFRLE 3.0 B, HA
Br2 Br7 .Br9 Fl Br1l 4 K #4F . 1 Brd Br5 il
Br6 3 BRI 7E pH 3.0 B, HIE IR M 4E 600 nm 156
EHE/NT 1,
RI NEAERNFRAAEESE pHEGHTHEKER
Table 3 Growth difference of Bacillus strains isolated

from bee bread under pH 4.5,4.0 and 3.5

.
kS
Brl -

3.18 1.98
Br2 3.01 2.78 1.52
Br3 2.16 = =
Br4 2.02 1.25 0.87
Br5 1.15 1.04 0.54
Br6 2.08 1.23 0.98
Br7 3.71 2.16 1.49
Br8 - = -
Br9 2.33 1.68 1.24
Br10 1.72 - -
Brll 3.13 2.76 1.85
Br12 2.72 = =
Br13 = = =
Brl4 — — —
Br15 1.51 0.98 =
Brl6 0.81 0.58 =

25 BHERBSEEGTERFRENSYE
RAR WML TR FE — METE pH 4.0 247, BB I i 4y
B—MAE 30% A4, T LAERETE pH 4.0 F1 30% 4
JREE ST, B5 10 DN ERER R 24 h )5
A R S R 22 5 U R T
P UT S DPA W22 RRR, WK 3 FR, Wk
Br7 .Br9 1 Brl1 7EX: 7% 24 h J5 A= Al i 25 76 5 2 /)
T HEH MR, Htk Brd M Brl5 ALl F R Z

200 |
150 |

100 -

DPA/(pg/mg)

W
(=}
T

0
Brl Br2 Br4 Br5 Br6 Br7 Br9 Brll Brl5 Brl6

1S
B3 10 REFAITEERDEK (pH 4.0) 54 (30% ) Z 4T
FUWEHEBFHRENESR

Fig. 3 Difference of spore production of ten Bacillus
strains cultured for 24 h under pH 4.0 and 30%

of glucose

|3 & i

MR T 74 5 8 3 1 e B b LG S F) 16
MR ZF AT, 4 16S rRNA J A [A] I Lo X 12 &
Gk a b, X 16 bk E 0 8RB T Bacillus

tequilensis . Bacillus  aerophilus .  Fictibacillus
nanhaiensis . Bacillus  sonorensis .  Lysintbacillus
xylanilyticus . Lysinibacillus  fusiformis .  Bacillus

invictus \Bacillus methylotrophicus . 13 %F 16 ¥ 5 1)
TS v 4 T R P P X L, 285 5 TR SR B AR R 2 M
AURE L, SEPkE 10 BR R G 5 HAE pH4.0 T 30%
B RE B 25 F AR R R 22 57, 4 SRR I IR
Br7 Br9 1 Bril 15 AR i Bl (19 4% AF T 2 460 4 i
B, BH I, PRI 3X 3 BRTE AT RETE K 28 AR
KW b A% 3G AT, e AR O e i R T T
AR BN TR B, T — PR SO 2 B4 E
1A 22 2P R PR3 P T e 4B 03 K e 1) 287
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