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Comparison of two media for isolation and diversity analysis of
marine Bdellovibrio-and-like organisms in shrimp hatchery system
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Abstract: [Objective] To isolate and enumerate marine Bdellovibrio-and-like organisms (BALOs)
by seawater (Sw) and polypeptone 20 (Pp20) double-layer agar media, and to reveal the diversity of
cultivable marine BALOs in shrimp hatchery system. [Methods] We first compared the effects of the
two media on enumeration of marine BALOs strains NA7 and NF1, as well as of BALOs in larval
rearing water of Litopenaeus vannamei, then evaluated the diversities of BALOs isolated through
prey range testing and 16S rRNA gene sequence analysis. [Results] Strains NA7 and NF1 both
exhibited significantly higher (P<0.05) plaque numbers on Sw medium than on Pp20 medium if more
prey bacteria were present. A total of 21 and 22 strains of BALOs were isolated from the same
larviculture water by Sw and Pp20 media, respectively. According to prey range testing, 15 lytic
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patterns were differentiated from 43 isolates, of which 12 and 8 patterns corresponding to Sw and
Pp20 were identified respectively. The 16S rRNA gene sequence analysis shows that all the BALOs
isolates were affiliated to Bacteriovorax strains. Based on 97% sequence similarity, they could be
divided into 6 phylogenetic clusters, and Sw and Pp20 media respectively recovered 6 and 4 clusters.
[Conclusion] Medium Sw exhibited superior to medium Pp20 either for isolation and enumeration of
marine BALOs or for diversity detection of their populations. The cultivable BALOs recovered from
larviculture system of L. vannamei presented relatively high diversity. They all belong to the genus
Bacteriovorax and are dominated by the clusters XIII, X and a potentially new cluster.

Keywords: Marine Bdellovibrio-and-like organisms, Shrimp hatchery system, Seawater medium,

Pp20 medium, 16S rRNA gene, Diversity
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Sw A b WEEE B ] 42 Pp20 - 12 h 247,
IEWEBEAR AT 8K {HfE 208 F bR, Sw RS
FATHCR S B E TR, L EFEE B S KIRm L
PEE T ELEBE
22 MWMEFREMNEMEFENETRER
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Table 1 Enumeration of marine BALOs NA7 and
NF1 by Sw and Pp20 media

EE s WP
BRIk Prey Plaques number (PFU/plate)
Media concentration
(CFU/mL)’ WY BUEd
Sw 3x10° 104+12"" 203+14°
1x10° 99+11° 195+12°
3x10° 66+12° 16135
1x10° 3043° 38+8°
3%107 ND™ ND
Pp20 3x10° 65+7° 147:9°
1x10° 65+9° 136+12°
3x10° 63+14° 131+10°
1x10® 62+7° 140+13°
3x10’ 56+10° 125+26°

T T TE EAURAE DRSS s T W — S EdE R R
NI FE: 3 3R 24 5 1 % (P<0.05); ND™": Kk, FfEE
H S RIRTEU AL

Note: : Initial concentration of prey cell in top-layer agar;
Means with different superscript letters in the same column are
significantly different (P<0.05); ND™™: Not determined, as the
prey background was too light to count.
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Table 2 Enumeration of marine BALOs from larval rearing water of L. vannamei at zoea stage by
Sw and Pp20 media

BALOs ¥ &
Bk BALOs number (PFU/mL)
Media BN zouA AE E I LK zouB Ay
V. alginolyticus zouA as prey V. parahaemolyticus zouB as prey
Sw 375459 413+72°
Pp20 185+33° 207+25°

TE: T RS0 BN R TR R 25 5 B35 (P<0.05).

Note: “: Means with different superscript letters in the same column are significantly different (P<0.05).

El 1 Sw(A)FA Pp20 (B)IFFr E 3 X EN g it vk i i i AE S & RO 15 57
Figure 1 The plate cultures of marine BALOs from shrimp larviculture water examined by Sw (A) and Pp20 (B) media
T 25 °C #4537 60 h.

Note: Cultured at 25 °C with 60 h.

BF, X KRG SR 60 h PR BB
BRI HAh, TCitJe SwikJE Pp20 Ki
FRHE, zouB M F X E b KRS EBE R (A Y
=T zouA RMiE ERF, HMERIFLE EEES
(P>0.05).
2.3 FENE S FEIIETE E HEER

YT zouB i SIS OT It KRS H B I BRERL
SAEO R, DA TE T A B IR A o f
2, Sw il Pp20 }iFRHEEIR]— it KRR 43 1 43 2
4fifb 3] 21 F0 22 BRIEBEST B, G5 o A LA BE S
P AIECF R (K 3)o 15 F 2N B R .
43 BRAy BN 3 AR A RE A AR, T
Hofth 6 i 240 7 0] 2 B 2 5 4 (% 3). AR B
fift 225, PR 43 BROTES P IX A3 A 15 Fh LR
HAP Rk S3. S6. S9. S22, S27. S28. S33. P16

P29 £ H M bk P11 AT P13 Ry [A]—
PP, For 5 FiCh AR SR B Ay R,
Sw I Pp20 K5Iy 5 PR i o Bl 5 12
1 8 A A
24 WIREHMEFIENBENEENRARZALSE
ST

Xof W5 TR 43 15 4 B PR 4 DN 1Y PCR 7 34 i
SIHT R, A o S AR AT e o I R R S 5 1
P38, IS AT R IR, FL 16S rRNA
FEH I E GenBank &5 N JX134955—
JX134997, 16S rRNA [ 751 R Gt b 747 i
N (E 2), 43 BRI SN FE 97% 1)) F1 AH U 7K
SRR 6 NRGERE, Hrp 5 ANl IX,
X, XI, XHECHZER, A 9 MERER—1
TEIEMHIERE, DMRERERE P10 2R, ARSI IR
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Table 3 Lysis of 43 strains of marine BALOs to 6 bacterial species

IR 23 B ) fi& LA
BALOs isolates Prey bacteria
P AR Halomonas sp.  Labrenzia sp. Paracoccus sp. Phaeobacter sp. Pseudoalteromonas sp. Thalassobius sp.
1D Cluster 712214 7J2801 7J2215 ZJ3003 7J6102 7J2407
S1 XI = - . _ ¥ T
S2 X - - - - 4 4
S4 X - - - - e +
S7 X - - - - F +
S8 X = = - - F 4
P1 X = = - - F 4
P2 X - - - - i 4
P4 X - - - - 4 +
P5 X = - - _ + 4
P6 X = - - _ + 4
P7 XI = = - - i 4
P8 X - - - - F +
P9 XI - = - _ + +
S11 XIII - + 4 + = +
S17 P10 - 4 A 3 — +
S18 XIII - * * A = 4
S26 XIII - F F A - =
S34 XIII - F F A - =
P14 XIIT - 3 4 + = +
P18 XIIT - 3 4 + = +
P22 XIIT - + 4 + = +
P23 P10 - + 4 + = +
P25 XIII - i i 4 - 4
P33 XIII - F F A - =
S13 P10 3 4 4 = = +
S21 XIII + 4 4 = = +
P15 P10 F F F = - =
P27 XIIT 3 4 4 = = +
S25 XIIT + 4 4 + = +
P20 P10 4 4 4 + _ +
S35 P10 + = A = — +
P10 P10 3 = 4 + = +
P11 XIIT - A A — — 4
P13 XIII — F F — = F
S3 X - - - - = +
S6 111 - - + = + +
S9 XIIT 4 + 4 + + _
S22 XIII - F + = - =
S27 XIII e F F 4 e 4
S28 P10 4 - A — — 4
S33 XIII - F F A ok =
P16 P10 %+ - e + = =
P29 XIIT - - + 3 = +

e+ PHEERE; — AR

Note: +: Positive lysis; —: No lysis.

http://journals.im.ac.cn/wswxtbcn
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Bacteriovorax sp. OC71 (DQ536436)
Bacteriovorax sp. HAWAII (DQ631787)
92| P2 (JX134977)
P1 (JX134976)
S8 (JX134961)
P5 (JX134979)
nn [ S2 (JX134956)
P6 (1X134980)
S7 (JX134960)
P8 (JX134982)
P4 (JX134978)
S3 (JX134957)
Bacteriovorax sp. NZ7 (DQ631776)
100 - Bacteriovorax sp. IHS11 (DQ631792)
Bacteriovorax sp. PS23S (DQ631772)
10 Bacteriovorax sp. NF1 (EF092441)
4{ Bacteriovorax sp. SF11 (DQ631733) Cluster IX
S4 (JX134958)
100 [~ Bacteriovorax sp. COCO1A (DQ631687)
Bacteriovorax sp. HAWALIIS (DQ631773)
100+ Bacteriovorax litoralis JS5 (AF084859Y ] .
Bacteriovorax sp. NAT (EF092446) | ©
P7 (JX134981)
1001, Bacteriovorax sp. MIA2 (DQ631695)
Bacteriovorax sp. MIA4 (DQ631697) Cluster XI
S1 (JX134955)
P9 (JX134983)
Bacteriovorax sp. IP1 (DQ631734)
96, Bacteriovorax sp. PR1 (DQ631727)
j| Cluster 111

Cluster X

:| Cluster V

:l Cluster XII

fuster iV

10011 Bacteriovorax marinus S (FQ312005)
S6 (JX134959)
g4 P20 (JX134991)
__ 81 S35 (JX134975)
P15 (JX134988)
o1lt S28 (1X134972)
S13 (JX134964) Cluster P10
P10 (JX134984)
P16 (JX134989)
S17 (JX134965)
P23 (JX134993)
99— S21 (JX134967)
S22 (JX134968)
96‘ Bacteriovorax sp. MER21 (DQ631740)

Bacteriovorax sp. GSL4AB1 (DQ536439)
P29 (JX134996)
- P25 (JX134994)
{ S26 (JX134970)
P11 (JX134985)
P13 (JX134986)
\_22— P27 (JX134995)
S18 (JX134966) Cluster XIII
S33 (JX134973)
P14 (JX134987)
P18 (JX134990)
- P22 (JX134992)
83 S25 (JX134969)
S27 (JX134971)
S9 (JX134962)
S11 (JX134963)
S34 (JX134974)
P33 (JX134997)
100 Bacteriovorax sp. ETC (AY294217)
— Bacteriovorax sp. NF2 (EF092442)

86 Bacteriovorax sp. GSL371 (DQ631765)
80 Bacteriovorax sp. F2 (AY294218) 7] Cluster 11
100 Bacteriovorax stolpii Uki2 (AJ288899)] Cluster 1
Bacteriovorax sp. SD1 (AJ278146) .

831 Peredibacter sp. EPC3 (AY294222)
100 FL Peredibacter starrii A3.12 (AF084852) Cluster VI

L Peredibacter sp. EPA (AY294220) | Cluster VIIT
Bdellovibrio bacteriovorus 100 (AF084850)

—I Cluster VI
N

—
0.01

2 XTERNEHIEFAEIE 2 54 16S rRNA EF 75 &R gt L i

Figure 2 Phylogenetic tree of marine BALOs isolates from a shrimp hatchery system based on the 16S rRNA gene sequences
TE: RYMH MEGA 5 ¥/ Kimura 2 ZEE R EE, HEWIHINBRATA RO ;s FE5WNITFHPE TS 33 M FR 1000 Ui
14 80%MESHIE; ARRAVE 1%0F511225:; Cluster I-XIIT #1 Cluster P10 F/RIET 97% FFIARMLIESLAE_E I/ g i RRL R G250
Note: The tree was constructed through MEGA 5 with Kimura 2-parameter model and complete deletion treatment for gaps and missing data.
GenBank accession numbers are provided in the parentheses. Numbers at each branch point indicate the percentage supported by bootstrap values
based on 1 000 replications. Bootstrap values > 80% are shown at branching points. The scale bar indicates 0.01 substitutions per nucleotide
position. Cluster I to XIII and Cluster P10 are phylogenetic clusters of the family Bacteriovoracaceae based on 97% sequences similarity.
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B b AT 8 IRV AR ST B AR XTI, X A P10 A4
XRG40 5 S B 44.2% . 23.3%F
20.9%. KHE XIS 3 RO B, Wbty
Ay B R Ak 4 FpSRpE, T Sw RIS B E R
FIEHE T A IX VAR 25—k . 45 LA 99%
FEHARAE bR, AT HE— 20 28R XTI F X 1)
S EY BRI AR, BI2SHE XTI H S21 A
S22 Bk, 2B X S3 BBk S T T AL
TR RR X 53T 5 A 4 A28, IX, XI, P10)
STEYLE ARNR—RGER, HIt, £ 99%F
GUAHIEACE L, Sw 555843 g i s I 1 R 4t 70
BORIE 97%/KF EXIEINT 24>, 1fi Pp20 Kt
STEYMRIE T 4 S RGRL
3 i

AR RY, o255 s IR B B 1 e
A, RS v 8 A B 5 o Ay B A Rl
H BEW U0 Stolp A1 Starr > 5w I AUZ - # s
43 B IS Bt A R B ), e 2 BN E FR I R %
FEBR i TR A R T AT T B X T S 2R
Taylor 25 VHIF5 5 gl 8 1 v s o B s, o % BRARG 5
FEER LR B R BB R B R U A
F T PEIE A 42 K . Williams 2570 &S T (4%
Pp20 S5 15 N ) 2 Fh s F5 3 SO RIS 7R 48 & i 4
TR IR RS SRR, 455 B8 Pp20
BRI AT R AR R R B O SR B 3R 2
HRCICR . [ 7R 4k A7 L Fn i Dok e
TCE 758 1 K B2 B8 5 77 3 40 B H B0 e g
IER e, TR AU e A T I K U2 Bl s 9
FEEFRLCEFRRDG) &G s R 77
B SEI , 25 5 S B R e e B TR R IR
R G EUIITAN ER Tl A YN
DL EWEBERO H B R/ AT, MICE SR Sw B
SR = R, WEEETE I HOCAR B . A5
SXoF P AR 2 2601 A T M TG R X M 7 S A AT 5K 1Y)
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