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Abstract; In order to identify microbial strains in two commercial composite microbial powders for aquaculture,
plate separation method was used to isolate and purify the microorganisms, morphological characteristics was
observed, 16S tDNA/26S rDNA gene sequences analysis was conducted and phylogenetic trees were constructed.
Variation in microflora structure existed between two microbial powders. Five Bacillus strains and two yeast strains
were identified in S1 powder, including Bacillus subtilis, Bacillus licheniformis or Bacillus sonorensis, Clavispora
lusitaniae and Pichia kudriavzevii; Three Bacillus strains, one Actinomycete strain, two yeast strains and three

Enterococcus were identified in S2 powder, including Lysintbacillus xylanilyticus, Bacillus circulans, Bacillus
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licheniformis or Bacillus sonorensis, Cellulosimicrobium funkei, Saccharomyces cerevisiae, Pichia kudriavzevii,

Enterococcus gallinarum , Enterococcus faecium or Enterococcus lactis. Determination of the microflora structure of

composite microbial powders for aquaculture would provide theoretical basis for evaluation of safety and

effectiveness of similar products.

Key words: aquaculture ,composite microbial powder, microflora structure ,identification, 16S rDNA ,26S rDNA
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Tab 1 The morphological characteristics of cells and colonies
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Strain number Colony shape Colony edge Colony swelling Colony color Colony surface Cell morphology
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M DL2000 DNA Marker; (a): PCR products of 16S tDNA of Bacillus strains in S1 and S2 microbial powders;
(b) : PCR product of 16S rDNA of an Actinomycete strain in S2 microbial powder;
(¢): PCR products of 26S rDNA of yeast strains in S1 and S2 microbial powders;

(d) : PCR products of 16S tDNA of Enterococcus strains in S2 microbial powder
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Fig 1 Electrophoresis of 16S rDNA and 26S rDNA PCR products
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95 — S1-B2 (KY283143)

95 Bacillus sonorensis NERL B-23161 (AF302125.1)
oo | PAT SIB3 (KY283144)
S1-B4 (KY283145)

96

— Bacillus licheniformis CGMCC 2876 (G(Q148817.1)

Bacillus amyloliquefiaciens BCRC 11601 (EF433406.1)
100 | [ Bacillus subtilis ATCC 6633 (AB018486.1)

61{_— S1-BI (KY283142)
S1-BS (KY283146)

Bacillus pumilus ATCC 7061 (JQ424887.1)
o Bacillus megaterium ATCC 14581 (AB271751.1)

100 |— Bacillus thuringiensis ATCC 10792 (AF290545.1)
64 L" Bacillus cerews JCM 2152 (AB3598737.1)
Bacillus anthracis ATCC 4229 (AY920253.1)

Halobacillus trueperi DSM 104047 (AJ310149.1)

0.01
53 — 82-B1 (KY283147)

Lysinibacillus xylanilyticus CCTCC M2015520 (KU243697.1)
Lysinibacillus macroides LMG 18474 (AJ628749.1)
Lysinibacillis pakistanensis DSM 24784 (AB558495.1)
Lysinibacillus fisiformis DSM 2898T (AI310083.1)

Lysinibacillus sphaericus ATCC 14577 (DQ286299.1)

Lysinibacillus parviboronicapiens NBRC 103144 (AB681953.1)
63 Lysinibacillus odysseyi NBRC 100172 (AB681147.1)

—96|7 Lysinibacillus composti ICM 18777 (AB547124.1)

Lysinibacillus sinduriensis JICM 15800 (F1169465.1)

Bacillus subtilis ATCC 6633 (AB018486.1)

0.01
$2-B3 (KY283149)

Bacillus sonorensis BCRC 17416 (EF433411.1)
88

Bacillus licheniformis BCRC 11702 (EF433410.1)

100 99 I:Bacillm subtilis ATCC 6633 (AB018486.1)

Bacitllus amyloliquefaciens BCRC 11601 (EF433406.1)

Bacitlus pumilus ATCC 7061 (J(Q424887.1)

100 |— Bacillus thuringiensis ATCC 10792 (AF290545.1)

60 |.|' Bacillus cerews JCM 2152 (AB598737.1)

Baciilus anthracis ATCC 4229 (AY920253.1)

Bacillus megaterivim ATCC 14581 (AB271751.1)
94

w Bacillus nealsonit DSM 15077 (EU656111.1)

EF $2-B2 (KY283148)

Bacillus circulans ATCC 4513 (AY724690.1)

Amphibacilus xylanus DSM 6626 (AJ496807.1)
0.01

B2 FANHRZXEN

Fig 2 Phylogenetic trees of Bacillus strains
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simicrobium funkei( 55 FQEFAERLE ) AHARIYETE 99% ~
100% Z 18], REER B Ak Tl — 2330, R G &

99

71

96

IR, PRI S2-A1 %55 Ny 25 IREFHEIA

g9 [S2-A1 (KY283150)
Cellulosimicrobium fimkei CCTCC NO M 2013564 (KM032184.1)
Cellulosimicrobium cellulans CGMCC 1.1920 (GU208866.1)

Cellulosimicrobium marinum RS-7-4 (LC042213.1)

Cellulosimicrobium terveum DS-61 (EF076760.1)

Xylanibacterium ulmi XIL08 (AY273185.2)

77

Xylani s cellidosilytica DSM 15894 (AF403541.1)

Isoptericola hypogeus NBRC 104396 (AB489223.1)
Xylanimicrobium sp. CC70 (KM187326.1)

spora endophytica JCM 19560 (AB923928.1)

it DSM 171347 (FR733716.1)

0.01

Nocardia higoensis DSM 44732 (JF797309.1)
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Fig 3 Phylogenetic tree of an Actinomycete strain

233 EFHHRREILERZALET > S
F1S2 B AT 21 4 PREERETR 5 Gene Bank
$od 2 v EGR B AR 19 268 tDNA 7 81 iR 4T X
IHERGELTM (K 4), 48 ELH,81-Y1 5
Clavispora lusitaniae( Candida lusitaniae) ( 7% 4 1%
T RE) APETE 99% ~ 100% 2 [], R 45 kB B
Wb T IR — 03 30, 2R G K R il R S1-Y1 %5
N E T EREER, S1-Y2 5 Pichia kudriavzevii
(J2E 1 L ] 2% B A e B ) AR U AE 99% ~ 100% 2
6], BRGE R B R AL T W —0 30, 2R G OC R fwiln, A
s S1-Y2 ME5E 126 118 HL B 22 Bl SR o e B, S2-
Y15 Saccharomyces cerevisiae( EE{@@) AR A
99% ~100% Z 8], R GE % B W ik F [/ — 4 3¢, 3%
Sr T, RHOKE S2-Y 1 % M IR et S2-
Y2 5 Pichia kudriavzevii ( J5 15 B BA] 2% )& Be AR 2 1)

92

88

97

FARMETE 99% ~ 100% Z 6], 5 58 % & W h 4k T[]
— I3 RGO F IR R S2-Y2 S5 S RS
R 2% R R AR R

234 SLBHERREII B RALRE M K S2
PR R O A B Y 3 BRI ERTA S Gene Bank %(4f
JEH B B Y 16S rDNA 81 AT He X, If44)
HAGEEW (K S), 45HREKH,S2-1L1 Al S2-13
5 Enterococcus faecium ( JR PR ) 5% Enterococcus
lactis (FLIR M ERER) MHALTELE 99% ~ 100% Z 8], &
SR AR AL TR — 43 3, SR G OC R Bk, H X
PIRRTA DR 3k A B FL IR A 3K T, S2-1.2 5 En-
terococcus gallinarum ( 539 IHEREE ) 4 LIPELE 99% ~
100% Z 18], REGE KB B AL T — 73 30, R OE
IRl RIHORE S2-1.2 % 7E N FXG I BRI . =R
HFLRR A

92 Candida tsuchiyae NRRL Y-17840 (U49064.1)
—:andida imddiophila NBRC 106735 (AB550104.1)
100  Candida pseudointermedia NRRL Y-10939 (U44816.1)
L Candida intermedia NRRL Y-981 (U44809.1)

—IOOI: Candida blattae NRRL Y-27698 (AY640204.2)
Candida dosseyi NRRL Y-27950 (DQ655681.1)
Candida shavkensis CBS 11368 (GU592922.1)

Candida oregonensis NRRL Y-5850 (U44815.1)

Candida fructus NRRL Y-17072 (U44810.1)

100 |SI-Y1 (KY283158)

| Clavispora lusitaniae (Candide lusitaniae) MTCC 1001 (AF538871.1)

0.05

Pichia norvegensis ATCC 20686 (JQO70172.1)
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90

70

51

7(£Hchia manshuriea IFO 10726 (AB041002.1)
100 Pichia deserticola NRRL Y-12918 (U75734.1)

——— Pichia membranifaciens JCM 5208 (AB180743.1)

100 [ 51-Y2 (KY283159)
Pichia kudriavzevii ATCC 6258 (KC601854.1)
Pichia exigua NRRL Y-10920 (U76349.1)
Pichia scutulata NRRL Y-7663 (AF325358.1)

Pichia norvegensis ATCC 20686 JQ070172.1

100 Pichia heedii NRRL Y-10967 (U75733.2)

94 I: Pichia kluyveri NRRL Y-11519 (U75727.1)
Pichia eremophila NRRL Y-17224 (U75736.1)

Torulaspora maleeae NBRC 11061 (AB087395.1)

74 | Saccharomyces bayames CBS 425 ( EU145747.1)

Saccharomyces pastorianus NRRL Y-12693 (AY130337.1)
32 Saccharomyces uvarum UMCC2575 (LT009474.1)
Saccharomyces mikatae ATCC MY A-4448 (FJ196730.1)
Saccharomyces kudriavzevii ATCC 2601 (KC881065.1)

69 || Saccharomyces carfocanus NRRL Y-27338 (AY130342.1)

Saccharomyces paradoxus UCLM 114C (JF916455.1)
71| S2-v1 (K'Y 283160)

Saccharomyces cerevisiae ATCC 32696 (AB211969.1)

0.02

90

52

Pichia norvegensis ATCC 20686 (JQ070172.1)

73—|:Pichm manshurica IFO 10726 (AB041002.1)
100 Pichia deserticola NRRL Y-12918 (U75734.1)
Pichia membranifaciens JCM 5208 (AB180743.1)

100 |SZ-Y2 (KY283161)
Pichia kudriavzevii ATCC 6258 (KC601854.1)

Pichia exigua NRRL Y-10920 (U76349.1)

Pichia scutulata NRRL Y-7663 (AF325358.1)

Pichia norvegensis ATCC 20686 (JQ070172.1)

100 Pichia heedii NRRL Y-10967 (U75733.2)

93 I: Pichia kuyveri NRRL Y-11519 (U75727.1)
Pichia eremophila NRRL Y-17224 (U75736.1)

0.02

Tortaspora maleece NBRC 11061 (AB087395.1)

4 BEERSZXEH

Fig 4 Phylogenetic trees of yeast strains

3 3t @ PRIERETR , 3 AR EREE
$ﬁ%ﬁ%ﬁ$%mﬁ%ﬂﬁﬁﬁi%ﬁﬂ ZEARF AR AR 7 37 58 b B T AR Sy DRk A
T B AL R PR AR TR S B AR ZSESINGRL, ol RUAE Db oK B R Bl A 2590 5 4

Py =1
FHE ST

LRy g i 5 Hﬂﬁ%@ﬂ*lﬂ 2 PR
PR 5 S2 B M RE 3 BRZFSAT I, 1 AR, 2

Fo FEPR Gl A 3 390 v 24 98 5 2 A AT I,
SN LR S UF R I O e T e A



- 16 -

R E 25245 2017 4E 6 H 45 51 555 6 1

Chinese Journal of Veterinary Drug

55 1S2-L1 (KY283151)

69

$2-L3 (KY283153)

Enterococeus faecium ATCC 19434 (DQ411813.1)

Enterococcus lactis CK1025 (AY 683836.2)

95
95

99

Enterococcus durans JCM 8725 (LC096214.1)
Enterococcus hirae ATCC 8043 (AF061011.1)

Enterococcus mundtii ATCC 43186 (AF061013.1)
Enterococcus pallens NBRC 100697 (AB681228.1)

Enterococcus avium ATCC 14025 (DQ411811.1)
Enterococcus raffinosis JCM 8733 (LC097071.1)

Enterococeus casseliflavies LMG 10745 (AJ301826.1)
$2-L2 (K'Y283152)
Enterococcus gallinarum DSM 100110 (KU196084.1)

Enterococcus silesiacus LMG 230857 (AM039966.1)

0.01

Bavariicoccus setleri WCC 4188T (FM177901.1)

5 BHERGEREH

Fig 5 Phylogenetic tree of Enterococcus strains
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