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bacteria inhabiting the intestinal tract in worker adults of honeybee from herlthy Apis mellifera
ligustica and Apis cerana cerana Fabricius populations. [Methods] 16S rRNA gene PCR-DGGE
(denaturing gradient gel electrophoresis) molecular methods was employed to study the bacterial
diversity. In addition, the cultivable bacteria were identified by colony morphology, physiological
and biochemical characteristics tests. [Results] A total of 200 culturable bacteria from aboved
two populations were classified into 18 unique phylotypes. All sequenced bacteria strains were
grouped into three families: Enterobacteriaceae, Vibrionaceae and Enterococcaceae. The
Enterobacteriaceae was dominated in all the populations. The closely related sequences (>97%
sequence similarity) which had been retrieved from culturable bacteria of two populations were
grouped as one common species. We identified the cultivable bacteria: eight strains of bacteria as
Enterobacter, one strain of Klebsiella, two strains of Enterococcus, and one strain of Aeromonas.
[Conclusion] The present study significantly contributes to the available information on bacterial
isolates from worker adults of honeybee.

Keywords: Honeybee, 16S rRNA gene, Intestine cultivable bacteria, Denaturing gradient gel
electrophoresis, Community structure

(Insecta) (Hymenoptera)
(Apocrita) (Aculeata)

(Apoidea) (Apidae) (Apinae) [6]

(Apis) 16S rRNA
t 2 ( Amlc

Accc)

2
[2]
[3-4]

Evans  Armstrong
1 MBS
1.1 SRRE#FR
Bl Gilliam 111 R 2
(Apis mellifera ligustica

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



622 WA 384K Microbiol. China

2017, Vol.44, No.3

cultivable Amlc) (Apis cerana cerana

Fabricius cultivable Accc)
2h
112 BFEEH: NA KB NB
[7]
113 5I¥F%:

[8]

968GClamp 5-CGCCCGCCGCGCGCGGCGGGCG
GGGCGGGGGCACGGGGGGAACGCGAAGAACC

TTAC-3' L1401 5-CGGTGTGTACAAGACCC-3'
27F  5-AGAGTTTGATCCTGGCTCAG-3' 1492R
5'-AAGTCGTAACAAGGTARCCGTA-3'
1.14 FERFIF{EE: TIANGEN
DNA (DP302)
Tag DNA T pMDI18-T
dNTPs PCR
MyCycler
ThermalCycler ~ PCR
Bio-Rad
1.2 HRFAZ*
121 BEAEMNDE:
2 30 70%
2—5 min
3 1 mL
1.5 mL EP 1 mL PBS
107'-107°
0.5 mL NA KB NB
3 30 °C
72h
100
1.2.2 ZA% DNA 2% 16S rRNA ERF KRy
pr P DNA DNA
( ) DNA
968GC/L1401
PCR 30 pL PCR 10 mmol/L
dNTPs 0.5 upL 5 U/uL Tag 0.5 pL  10xPCR

buffer 3.0 uL. 10 pmol/L 968GC L1401

0.5 uL DNA 1.0 uL ddH,O 30 pL
94°C5min 94°C30s 56°C30s

72°C1min 30 72°C10min 12°C

1.2.3 PCR P=##Yy 2144 £ 5L B ik (DGGE) 2
#: PCR Bio-Rad Dcode”
8%

0.5xTAE
30%—70% (7 mol/L 40%
100% ) PCR 30uL  5uL 10

Loading buffer 60 °C 200 V

10 min 85V 16 h

AgNO; 10 min NaOH

1.2.4 DGGE 9 =51 PCR Bk &SN

RMF:  DGGE
DNA 27F/1492R 16S rRNA
(1.5 kb ) PCR 30 uL
1.2.2 94 °C 5 min
94°C40s 55°C40s 72°C110s 30
72 °C 10 min 12 °C Axygen
DNA PCR
pMD18-T
DH5a
(100 mg/L) LB 220 r/min
37°C PCR

125 FIRHDPIMERFXEMEE:
Ribosomal Database Project 11 (RDP)
CHECK-CHIMERA

GenBank
BLASTn ClustalX
MEGA 4.0
Neighbor-Joining (NJ) Jukes-
Cantor Bootstrap
1 000

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



623
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KR269795-KR269812
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Figure 1 PCR amplification of bacterial 16S rRNA gene
with primer 968GC and L1401

Note: M: Marker DL2000; 1-16: PCR product ; CK: Control.
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Figure 2 DGGE profiles of partial culturable bacterial

16S rRNA gene
Note: 1—18: PCR product of different clones.
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Figure 3 PCR amplification of full-length acterial 16S
rRNA gene with primer 27F and 1492R

Note: M: Marker III; 1-4: PCR product; CK: Control.
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bar represents 2% sequence divergence.
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®1 AEFAE A ERRHE

Table 1 Colony features of the cultivable bacteria

; Amlcl Amlc2 Amlc6 Amlc8 Amlc9 Amlcl0 Amlcl4 Acccl Accc2 Acce3  Accc6 Accc?
tem

Bacterium shape

Gram staining

Spore

Colony shape

Colony colour

Colony elevation

Colony margin

Surface state of the colony
Colony gloss

Colony consistency

Colony opacity
Note: G: Positive; G : Negative.

R2 BAEREESEE W

Table 2 Physiological and biochemical characteristics of Enterobacteriaceae bacteria

o Amlcl Amlc2 Amlc9 Amlcl0 Amlcl4 Acccl Accc2 Accc6d Accc?
Characteristics

L-
L-Ornithine
L-
L-Arginine
L-
L-Lysine

Urease
L-
L-Arabitol

Galacturonate

5 -

5-Keto-potassium gluconate
5- -3- -

5-Bromo-3-hydroxy-indole-nonanol
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4-Nitrophenyl-B-D-glucopyranoside
D-

D-Mannitol

D-

D-Maltose

Adonitol

Palatinose
4- -BD-
4-Nitrophenyl-B-D-glucuronide

Malonate sodium

L-

L-Tryptophan

5- -4- -3-indolyl-N- 1-BD-

5-Bromo-4-chloro-3-indolyl-N-acetyl-f-D-glucopyranoside

4- -BD-
4-Nitrophenyl-B-D-galactoside
D-

D-Glucose

D-

D-Saccharose

L-

L-Arabinose

D-

D-Arabitol

4- -aD-
4-Nitrophenyl-o-D-glucopyranoside
4- -aD-
4-Nitrophenyl-a-D-galactoside
D-

D-Trehalose

L-

L-Rhamnose

Inositol

D-

D-Cellobiose

D-

D-Sorbitol

4- -aD-
4-Nitrophenyl-a-D-maltose glycoside
L- 4- -

L-Aspartic acid-4-nitroanilide

C )
- + + - + - + - +
+ + + + + + + - +
+ + + + + + + - +
+ + + + + + + - +
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+ + + + + + + - +
- + + + + + + - +
i _ _ _ _ _ _ _ _
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Note: +: Positive; —: Negative.
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Table 3 The name of the cultured bacteria

Strain Genus
Amlcl Klebsiella pneumoniae
Amlc2 Enterobacter cloacae
Amlc6 Enterococcus mundtii
Amlc8 Aeromonas hydrophila
Amlc9 Enterobacter cloacae
Amlcl0 Enterobacter ludwigii
Amlcl4 Enterobacter cloacae
Acccl Enterobacter ludwigii
Accc2 Enterobacter cloacae
Accc3 Enterococcus faecium
Acccb Enterobacter asburiae
Accc? Enterobacter cloacae

3 g

2
18
Amlc 7 Accc
11 16S rRNA
3 (Enterobacteriaceac)
(Vibrionaceae) (Enterococcaceae)
2
200
(Phylotypes)
(OTUs)!!
1

[6,11]

1% 29%
(Bacillus) (Lactobacillus)
(Bifidobacterium) (Corynebacterium)
(Streptococcus)
(Clostridium) 70%
(Achromobacter)
(Citrobacter) (Enterobacter)
(Erwinia) (Escherichia)
(Flavobacterium) (Klebsiella)
(Proteus) (Pseudomonas)[é’m

Gilliam

Enterobacter spp.
[12]

Bacillus spp.

Enterobacter spp.
2 62%
(E. cloacae) (Enterobacter
aerogenes) (K. pneumoniae)
14 [12-14]
[13,15-16]
(E. cloacae)
(K. pneumoniae)
16S rRNA-DGGE
(Accce) (Amlc) 2
Accc OTU (11 ) Amlc
OTU 7 )
[5-6,17-20] T-RFLP
[21] [22] [23]
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[24]
[25]
[26-28]
)
97%
2
PCR-DGGE
[29-31]
[32-34]

(Microbial systems)

[35]

[2]

[3]

(4]

[3]

(6]

——16S rRNA (7]

(8]

(]
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[16]

[17]
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