& é % % ié. ﬁ\ Feb. 20, 2016, 43(2): 254261

Microbiology China http://journals.im.ac.cn/wswxtbcn
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.150389

ARDRA 72U E R SIrFEINE PIEINE & ##11

BRik HER M xE KIA
CRIEMERS: ARSI 0E LT Kt 116023)

o OE. (8] AFRANAFARE T EINE AW S MBI A RAFE, [ ] 2R AR
FA R KBATITNE, FRIFHMA M FRIRILE DNA, 25K st 471435149 Per = Bac 738 #87K
BEAMAMAMLE 16S rRNA A F B 69/ 5. @i3AEK DNA ¥ 38 K B H A B 547
(ARDRA)Z %, 128 Hae lllf= Msp 1, RBaind- 60 A B 69K B 69 F 0%, %R & wlEitir
WA FAT M P LE R4 % & 7 oarrest. (4R Y st 5| R 44 8 = 9 Fraiik £ 7 571,
HETHBRAE, 2B T3NEBY, KRB . [IAKRBEBRE, B¥hcsmkB, LFRINAH
Jeth# £ A%, Perl (KP214541)F= Bacd4 (KP214551) KA FHho A AL HAr, [44] k) SRR
BN BA R S 00 S A, O L R A e R e R A SEINHE ; T 8t — T R ATIEIKA 690 B
B, ATHARAT REGSHR.

KRR R A, RIAIABE, HEINE R A, HAEIK DNA ¥ 38 K BRFIE A 088547, 16S rRNA
g 5 5 7]:%"]\&

ARDRA analysis of diversity of Bdellovibrio-and-like organisms in
mariculture environment of Apostichopus japonicus

HAN Min-Yong CHEN Hui-Xia~ SIHan LIU Yang CHEN Ya-Dong

(Key Laboratory of Mariculture & Stock Enhancement in North China’s Sea, Ministry of Agriculture,
Dalian Ocean University, Dalian, Liaoning 116023, China)

Abstract: [Objective] To study the diversity and composition of Bdellovibrio-and-like organisms
(BALOs) in mariculture environment of Apostichopus japonicus. [Methods] The aquaculture water of
A. japonicus was filtered to obtain the microorganisms. Then the total DNA of microorganisms was
extracted. The purpose fragments of 16S rRNA gene of BALOs were amplified using two pairs of
primers Per and Bac by PCR, respectively. Different patterns were determined with restriction enzymes
Hae 111 and Msp I by amplified ribosomal DNA restriction analysis (ARDRA). Positive clones were
verified from 60 monoclonal strains. [Results] Eight and nine differences base sequences were
obtained from two pairs of primers, respectively, and which were all belong to Bacteriovorax sp. and
affiliated with three different clusters. Clusters [ and Il are dominant type which are known clusters;
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Cluster IIT is a new one; The representative strains of Perl (KP214541) and Bac44 (KP214551) are the
dominant species. [Conclusion] The BALOs presented high diversity in mariculture environment of 4.
Jjaponicus, including known and unknown, and the BALOs should be further isolated and cultured for

the study of disease control in A. japonicus culture.

Keywords: Apostichopus japonicus, Mariculture environment, Bdellovibrio-and-like organisms
(BALOs), Amplified ribosomal DNA restriction analysis (ARDRA), 16S rRNA gene, Diversity
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Figure 1 Total DNA of microorganisms in the water

bp M 1 2

2 000

1 000
750
500

250
100

B2 16S rRNA £FH) PCR ¥ 15

Figure 2 PCR amplification of 16S rRNA gene

TE: 1: Bac 314 PCR 14 2: Per 514 PCR 411,

Note: 1: Amplification with primer Bac; 2: Amplification with
primer Per.
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H 5 FhZeAl,

2.3.2 5|4 Bac i &M PR SR FERIERTI S0 BL: [H]
2.3.1, X519 Bac W 84 =yt 0], H Sy
B 9 AT ARDRA BI( 1), &2KB50 51 a—i
FoR ., BRI 1-2 N TokE, kB RS
PRI 12 TR ARDRA AU R v SRR 7 1] 4
G ER RIS, b A& e 9 g2 R,
Iy RIGER N, 2850 A 7E5 ) Per 182 h
P, A5 57.7%, FHAMISR RIS,
AP R ERTERA Perl (£ 1); 514 Bac §71
PRI £ 5 39.5% L], SRy s B

%1 ARDRA EI7E%& 60 122 16S rRNA EEEHEEFHAS %

Table 1 ARDRA distribution in 16S rRNA gene clones of BALOs

e L3 FRI L]
Types Strains Type proportion (%)
A Perl—Per3 . Per5—Per9 . Perl1-Perl3 . Perl6.Perl9. Per20, Per22—Per27 . Per29  Per4 1-Per43 . 577
Per45—Perd7. Per49. Per55. Per57
B Per4 1.9
C Per28 . Per30 3.8
D Per10 1.9
E Per32., Per51. Per53 5.8
F Per44 1.9
G Per21. Per31. Per33—Per40 19.2
H Per48. Per50. Per52. Per56 7.7
a Bacl. Bacl8 53
b Bac5. Bac7-Bacl0. Bacl7 15.8
© Bac54. Bac57 53
d Bacl2. Bacl4. Bac23. Bac37 10.5
c Bac13. Bacl5. Bac20. Bac47 10.5
¢ Bac2. Bac21. Bac24. Bac26. Bac28. Bac29. Bac35. Bac36. Bac39. Bac43. Bac44. 3675
Bac48. Bac53. Bac58, Bac59
g Bac26. Bac45 5.3
Bac56 2.6
i Bac41. Bac46 53

H: A-H: 514 Per ¥ 347”9 ARDRA BY; a—i: 45|%) Bac §'14™¥) ARDRA #!.
Note: A—H: ARDRA types of primer Per amplified products; a—i: ARDRA types of primer Bac amplified products.
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bp M 31 32 3334 35 363738 39 40 4142 4344 4546 4748 49 50 M 515253 54 5556 57 58

B3 Per i EF=ER 5 Te B N EE Y] 5 E
Figure 3 Agarose gel electrophoresis of primer Per amplified products digested with double enzymes
e A: Per YY) Hae INIEGY]; B: Msp 1 B
Note: A: The primer Per amplified products digested with Hae III; B: The products digested with Msp [.

A P1234567 8910M11121314151617181920P P 41424344454647484950M 51525354555657585960 P bp

4 Bac 3 18R HER 4 72 B2 U ER 1) ERAR B

Figure 4 Agarose gel electrophoresis of primer Bac amplified products digested with double enzymes
W A: Bac =Y Hae IIIEY); B: Msp 1 #§4; M: Marker DL2000; P: PCR F=#%i .
Note: A: The primer Bac amplified products digested with Hae I1I; B: The products digested with Msp [; M: Marker DL2000; P: PCR
product comparisons.

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



i UK AE: ARDRA 73 R0 52 i 2R FE PRI P oI 22 e

259

PRI, HACKE RN Bacdd (K 1),
24 MFERDH

KL TIFHIA, 85 17 FERFY], H
HIE L5 Per 1 3K45 8 B, 514 Bac 345 9 Filr,
¥4 A &= NCBI, K148 F 55 4 % N
KP214539-KP214555, HA R #E Perl fl Bacd4 hy
VARG 04 58 7 5 U0 o R P AL AR TR
HEHI543 5k KP214541 Fll KP214551 #4545

20
27

99

77

52| b———— m Per31 (KP214543)

98

99

99

—— W Perd] (KP214545) N\
- W Per52 (KP214547)

— W Per37 (KP214544)

—— m Per30 (KP214542)

m Perl (KP214541)
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1001 pacteriovorax marinus SI SI (NR028723.1) )

Bacteriovorax litoralis JS5 (NR028724.1) N\

S NCBI (https://www.ncbi.nlm.nih.gov) 16S rRNA
SRR SO P AT ORGSR A
R, IEAE S IR B B R
PEAEMS, 17 Fiy 3 ) s T o AL, HorJs 3 4
KRE, IAAAERE 2SR 5), 7055 I
(Bacteriovorax — marinus) ol WO
(Bacteriovorax litoralis) AT R AR, Hrfr, 28
#E 1 .15 B. marinus ST (NR102485)5% 5 ELA 98%

Cluster I

m Perl0 (KP214553)
m Bac10 (KP214549)
m Bac17 (KP214550)

100 Cluster II
33 mBac44 (KP214551)

68l MBacs6 (KP214552)

64 mBac9 (KP214548) _J

r W Bacl2 (KP214554)
|- ] Cluster IIT
100 H Bacl3 (KP214555)

Bacteriovorax starrii A3.12 (NR024943.1)

0.01

Bacteriovorax stolpii DSM 12778 (NR042023.1)

5 IEEINERFE 16S rRNA £ EF5 R 5L #

Figure 5 Phylogenetic tree of 16S rRNA gene sequences of Bacteriovoracaceae strains
AP RTS Hebric; FFARE RS PMCIERTE S M B EE50%) 2R TE RG4S AL SRR 100 M
HIRFA 1 M. Cluster 1. WEVEWEINEE; Cluster 11 A WEEINEE; Cluster [I1: AHINE T EE.

Note: The clones obtained in the present study are marked with m; The accession number is shown in parenthesis; Bootstrap values (>50%)
are shown at nodes; The scale bar corresponds to 0.01 substitutions per nucleotide position. Cluster 1 : B. marinus; Cluster 1l: B. litoralis;

Cluster I1I: Unknown Bacteriovorax.
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