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BE A AR 4 B B 22 Bk A A R IE 0 SE HUFT B, 40 B8 £ B RR O 49 5 % 10° 0 40 HE B 0 B S00mL
FSe A A4 3 Xt 8F ( Litopenaeus vannamei) T M B4k B9 KA, SR EN B K AT SR HL R 10°1 4
H/mL, R4 & B B3 W I3 FoR T 14k SR E R m, APy S RE 10 kI ERBEEREARE
E(p<0.0D)BRMFRITE., #—H XAWBHPIA 10 MEvk T E M D 2 Bixt 4 285 805 & 0 9 8 /Y fUFF
B, BBk zoud M zou8, WK S E AV M 8 BRFAUIT ML B H (p<0.05) R H MR ETHFEHR. REESE
1 H 58 A AL AR E , B bR zoud FO zou8 43 B W1 % 5y 1B 38 MUK B8 ( Bacillus firmus ) FIBERFHIFBE (B, cereus)o A
HE— BB 0ud Rl zou8 B 5T HSHUML , WS T FIBE Bk 49 165 rRNA 2 FE 51, 5M47 T A6 40 4 165 rDNA F 51 i [F) IR
" HBETREREW., SRRIIEK zoud Fl 2008 HH S RBFRTE NS RFRTENRFEE RS, HLUEY
HOBULE, REREW L zoud Ml 2008 HAF S RBFRABANERFANERN -, KA LRER . TR
FFB zoud F0 z0u8 B RS BB 4 2 0 RIRFHIAF EE ISR R HOHF B

REW : RERHFHITE %, S8 LAENIR 41k
32 84S - 1000-3207(2007 )04-0453-07

hESHES:5917.1 XRARIAA:A

FEEREBEEEAMKFERBEVRRERE, HFH
Kikg SRS BRIBERMB, FERALFLG L0 ET
fEF. AL, BATESHFE OB ZRNER, FHRLHE
AEEKTEREPHNARBEERREY, &Y
RAKFEFEFPHEEFRT, HRWB RBFE. K
B EBFRFELZHRERE. BEHILE, K=Y
B EFEMNASEERASEFENHRTEH
ALBE BEEPTFHEREN B EPY, 55
FF & B (Bacillus) i E ER R P ERAFE,BRLHE
XK= BOREE Y, BT Z A T AR5
RXTUF A2 A BT, LB IF ( Litope-
naeus vannamet ), XN FRBEE QX UF, B+ & H, 3t 4F
BORESHAFRETERBIN=KMRITHZ—,
WRERAMREMFFRENREEE SR, 2R
MEESHFEAEREREANES TG T3
EFRITENREMEE, UK EHHE
wHIN RS,

1 HHES5FEE
1.1 HEEKREFE 555K zoul-zou22

Wik B 38 - 2006-01-06; #1T B 3§ :2007-01-25

B 22 BREF AT B, RN IR VLT T AR 1 88 K 2 M i AR
WA H L EHAAREG H FLYIEX MR8 K 7 bR B
BB AL FRITE  RERRE BSHAEEE
P FRE Y845 BLA S [R] R 1E i A 3R 1k 8 Bk 1 Sy 97 2k X
%, H P zoul-zou7 E G MR JIK IR, zou8-zou22 SE A K
M+ 5%,

PLEEBR Y 5 B BUE SR BR AR R UL B SR R R v
KEFRHGHFRE(FAHE 3g, EEK 10g, BRiEK
1000mL,pH 8.0, E & MBI AE#H 12¢) o
1.2 XiE4hERBAk KB H AR EN IR &, )
BRI AEBESNIEEE S, S8R —1, F—#2%
B, BB RIET ZXH M4 (N) 41E (R R 2
SHHERATE:NRRLT K, ZEZRFBRY
B THREFRRESHLB,UTHR). ARARE
IKARREGK , GBUURE 1T 58 , 35 28. 8%0—30.6%0,
pH 8.0—8.2,

1.3 #MAFAFENR 555 & 705 % E kg
FRE X $ S5 #, 4000t/ min B L 10min, H L, %
HEKELOEERK, HEREREEER, R0

ESTH:ER 8637 H (2003AA624010) ; /™ 7 45 B K 22K B BA TR B (0412111) ¥E Bh
BN RBK1974—) B, LR E AP0, EBIS L Br50A ; EE AN UK P 80U 25 50 . E-mail : weneq @ gdou . edu. cn
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RHBRITBRER, ABREEBESEAN 5x 1004
I/ mL,4°CIR7FE,.6h REEH., RBHASRN ILKE
¥, 0.1%KMnO,JH5/5 FB KIRBGERE. LA
Xt 4F N gh R B iRl 2% K B =K, A B LB E R
B30 Rttt e 4h ik A BF 500mL % 7K i) 53
W, I AR ERE S W lnL, FHEMBKEF S
BA N 1804/l RT3 RAR
HOEE,REEKE 28( £ 1)C, X RGE I H(zZ) F
H8h EERRMEREER. BN LBIBRAEAK,R
HY ., BB N4 EED Z,864 (4 100h £4,F
FEDSERFEER , BB SRS E B EME
HEER.

1.4 BETFRTEAR HENAKRBBEHES
F1.37 %, BN EFRPEE N.GEER 50 2,318
FEAX L T FEE (Ao) X L H) 8 B IRE & F T 3
R, HNABFHRN 10 RFRITHEARBEBEEK
B 5x 100 CFU/mL, MM A 1mL, i 2 7EK &+ &
¥MERHK 10°CFU/nL, BME=ZA 1T, BRELHE
N,EED Z, 5 E R, EEE N HEES
BREEENEKE,

1.5 EHERET REBES0EHE LR
Xt EF DMK S zoud N zou8 BIFIHE AR & (LA
T 43 BRI FR zoud .zou8) FHITH ML E o

1.6 16S rDNA FF5 4 #F >RA E.Z.N.A Bacterial
DNA Kit (D3450-01, Omega) £ B zoud F1 zou8 3
#H. LIG DNA FER, S99 0 — Xt 408 16S 1DNA
WEHASIY,27F: 5’ -AGAGTTTGATCCTGGCTCAG-3 1
1492R: 5°- GGTTACCTTGTTACGACTT-3’, P Taq
DNA R4 Bi#17 PCR 3", PCR B F X 94°C 5min;
94°C 40s,50°C 40s,72°C 905,29 M & ;72°C 10min.
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PCR =4 4L % B E.Z.N.A Cycle-Pure Kit(D6493-
01,0mega) . ¥ 4l 1k /5 1) 7= ¥ 3% # pMDI8-T Vector
(TaKaRa) , ¥4k E. coli DHSa /%32 75 41 MU, 3 5 PR
AT, A EBETARZERUF

¥ W18 16S DNA /¥ 55 GenBank F ¥ MR ¥
47 BLAST 47, el E ER A RFEEHEB R K L
X1FE %, 3 M Ribosomal Database Project-II F 3K 78 JL
MEERASEFRFE ) (HEFRITE (B.
subtilis) AR FHFF B ( B. licheniformis ) \BE 45 1
P& (B. coagulans) 5835 R FHATHE(B. clausii)
B KFHITE(B. megaterium) ) B, B B 16S tDNA
3, LT B 3L+ & ( Lactobacillus casei , GenBank &
F 5 X61135) M5B, R A Clustalx 1.8 #H1TF
FIH Xt , Phylip 3.65 #f 47 4t +1 #1 3 26 43 #7, Neighbor
joining EHBERERSLRETW, AT Boostrap1000 X E
R,
1.7 MELE XNESHRERBEAEHITRIER
BB MERRER B EZ5H (ANOVA) , b A ZER
B3, MAE Duncan’s £&H Higf,p <0.05 RRERE
Z.p<001 RRERFKBE, TRIWKEGLR
SPSS Version 11.0,

2 R

2.1 VIHER

MNESD 20 (A 2hER), SRH 2 #%iF
FOAF B 8] F0 X 8 48 % LA 3 %o 4 4 R 7 3% R 1 B8R
B, EE 0% E, B4hRE KR, B3
LN, FAFERERRIAPE . ER(WEA 1), Xt
BHAZLHEREBEANHNFEE, BB HEMRESE, hE
K5 E, B EFDRE ; W LW HFER z0u3.16.21

&

V777724 ©
.

zou20 [

V7227724

zoul2
zoul3
zoul4 F
zoul5 ¢
zoulé P
zoul7
zoul8
zoul9
zou22

Bl DRFREENANESFHATY THBER IBFERGOER
Fig. 1 The effects of Bacillus spp. used for initial screening on the survival rate of Litopenaeus vannamei larvae from nauplius [ to zoea [I
HREEARTFRRRERBE,p <0.05
The different letters above the column indicate significant difference, p < 0.05
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HLHEENBFR S BAXRAMLUS (p> HREAFEXN LYBRBSFERYRALBER

0.05) , EAZLRHNMKE HHRT, FiIEEE5X
AL, WERBERE(p<0.05); K H z0u2.4,
7.8.11,12,15.17.19.22 HARN 53T BBAH L X H
MBEER(p<0.01), EEHAMERAM LB RN
BEER(p<0.05), FEHEE R, KRB
5, Wil E  EEMEERNSLHE, B EFK 10
HFRAFEENF—E IR,
2.2 EWMER

HIF 10 BRFERTES N,BED 2,6 B FEEE
EmiLE 2, 5HmaRAMAL, FXEALL, X 10

Z AR BB RIER(%)

zoud zou7

zou2

HER (p <0.01), 1k E T B, % 5| & zoud
zou8 AR R B , L, FEBEER N 0% L4,
BERTHA 8 thFMAITHE(p<0.05), B, BE
HEFE zoud F zou8 YE N I BRI ZE W LN IR XT EF B &

zoull

FEHEFHRITE
2.3 EESWMAEBEEISE

BEPEES(ER DMAEEERFE (K 2), 2004 T
zou8 7 FI 5 RIRFEHAF B ( B. firmus ) FI & R ZE FIAT
B (B. cereus ) B AT, H L B zoud 1 zou8 23 F )

HU.EAN B. firmus F B. cereus o

zoul2 zoul5 zoul7 zoul9 zou22

Li3:

B2 EHFRFESAARMITHETN INARRINEERHEW
Fig. 2 The effects of Bacillus spp. used for second screening on the survival rate of Litopenaeus vannamei larvae from nauplius [ to zoeall
HREEARFHEREREE,p<0.05

The different letters above the column indicate significant difference, p < 0.05

® 1 Wk zoud T zou8 WIS

Tab.1 The morphological characteristics of strains zoud and zou8

e kR BV FAE (% B B 57 F AR 37°C,24h) 1 BRI FHFFAE
Strain Source  Colony characters (common nutrient plate 37°C ,24h) Cell characters Spore characters
woud SRR EEEBCFE,EHR 1—2mm, RKE G, RER, HXREE TR, RERAE, S EES, EEE, SEE, 5P 4,
REREIE BN HEHAR, K/ANH(0.7—0.85) pm x (1.8—3.5)um, HAEW HBFEX
B, AR
wu8 RE EE HEE EZ3—Smm, RASEQ, REH, F  H2LRMAHE, TR, RSHEERE, SR, TR,
EHOEEE, SR A EBBEAR . KAK(1.0—1.1) pm x (2.6—5.0) ym, B EHEE,
EH Gk
%2 W zoud T zouB BY L IR LT
Tab.2  The physiological characteristics of strains zoud and zou8
I H Ttems zoud B. firmus" zou8 B. cereus")
EMBE Catalase - + + +

RE 4K Anaerobic growth
VP #I5E VP determination
VP 553 14 pH < 6 End pH of VP culture <6

VP 353744 pH > 7 End pH of VP culture >7
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gk
I E Ttems zoud B. firmus" zou8 B. cereus!')
D-#i & ™ B Acid production of D-glucose + + + +
L-Baf 3 {F1 % 7 B Acid production of L-arabinose - - - -
D-A M =B Acid production of D-xylose - - - -
D-H BB A= B8 Acid production of D-mannitol + N _ _
i ¥ P <. Gas production of glucose - - - -
BE BT /K f# Casein hydrolysis + + + +
B B 7K f# Gelatin hydrolysis + + + +
TEH /K f# Starch hydrolysis + + - +
Fr B FIH Citrate utilization - _ _ +
PS8R L | FH Propionate utilization - - + ND
BS B K f# Tyrosine hydrolysis " d N N
#75 M 2 8§ Phenylalanine deaminase - d - _
SR #E IR B BE A Yolk lecithinase - - + +
W EREE iF 7 B I A4 BE R Nitrate reduced to nitrite + + " +
FE 1. %5| % Indole production - - _ "
# K pH :6.8 E 3% A% Growth under pH 6.8 nutrient soup + + + +
# ¥ pH :5.7 B3 P11 Growth under pH 5.7 nutrient soup - - + ¥
2%NaCl 4 K Growth under 2% NaCl + + + ND
5% NaCl 4 & Growth under 5% NaCl + + + ND
7% NaCl 4 & Growth under 7% NaCl + + + d
10% NaCl 4 Growth under 10% NaCl + ND + ND
5CH K Growth at 5C - - - _
30CH4 K Growth at 30C + + N N
40°CH K Growth at 40°C + + + ND
45CH K Growth at 45C + ND + ND
50°C4 K Growth at 50C - d - -
B-ZAIfl B-haemolysis _ ND " ND
TE: o+ 7B -7 B UNDT R BIRE A7 11 % —89% R BT Bk O Mt
Note:“ + 7 : Positive; “ - 7 :Negative; “ND” : Not determined;“d” :11% —89% positive strains

2.4 16S rDNA F 35 #7

Wi 55 BT 1% zoud F1 zou8 16S tDNA FF 51| < B 43 51
4 1511bp 1 1512bp, #3E T2 K , GenBank % 5% 5 53
2% DQ173158 1 DQ173159, i it NCBI BLAST 43
.45 R BR 20ud Fl zou8 B 16S tDNA fEH 4+ 515
B. firmus 71 B. cereus B AR, 5 1E X K R EAHIIL
PSRBT 9% L L. NEZEFH E(E
HHEFH zoud Fl zou8 53+ H5E B. firmus M B.
cereus RG KRR BRI o

3 3 #®

3.1 AFFEHRAERAMGE
#5 K B BUK =38 Al M I BB LA K P= SR R 3R 5

LGS £ A B 3R BRI E R O X 8, LA o 45 5
JE B BOR AU, B S AR 8 4R S 45 DT IR T 0 O i
TH N BREPUE S B, BRI RBOR #E—
HARAG H BB RR . 3Fh LU R 22 % R B O B WY
FEYUIR 6 T7 v B B 2 A8 o A0 A= W 9 3 8 R 07 32K 159
— R A U — R P e B R R R
Kt A BRREETHRA - ENHBENEN
BAR , 72 52 8% P X B 5 AR R A9 D e B R o
AR I XS LR I E R A F AT R RS R
AR LA R R R AT v, TR B LUR A
¢ i 25 HUAF B X FLAY I X SR 4l A Z, 3 S AF TS R
HEBRE, FERETUTILAE R . OFHAHE
RAEX AR Y/RAOGHHE HAC ZH
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Lactobacillus casei(X61135)

L L

B.megaterium(X60629)
zoud(DQI173158) T
B.firmus(AY717384)
B.firmus(AJ717383)

B firmus(D16268)

B firmus(X60616)
B.hackensackii(AY 148429)
B.benzoevorans(Y 14693)
B.jeotgali(AF221061)
B.bataviensis(A1542508)
B.novalis(AJ542512)
B.subtilis(tAF074970) ]
B.licheniformis(X60623)
B.coagulans(X60614)
B.clausii(X76440) .
B.anthracis(AY 138382)

B.firmus-subgroup

B.subtili-subgroup

J

[ ]

B.anthracis(AY138383)
B.anthracis(AE017025)
B.cereus(AY425946)
B.cereus(AY138277)
B.cereus(AY138278)
B.cereus(AY138276)
zou8(DQ173159)
B.cereus(AE017280)
B.cereus(AEQ17266)
B.cereus(AEQ17264) 1

B.cereus-subgroup

B3 Bk zoud Fl 20u8 19 165 IDNA REABTH (ESHAFFBERS)

Fig. 3 Phylogenetic tree of strains zoud and zou8 based on the 165 rDNA sequence {accession numbers in parentheses)

YEXHIF SR S A Qi F AT SRR H
—HEH MEEENSE SR AERERNBR,
KERE HEMY, K& — & i 81 N R K 3K K
ZHE,RESSEISKREYBERM T ERFRES
RSB ABREELWET , SHNEHETE D
EHHE, M AMESTIFN 2, X3 2,8 E ., Hik
PG ESEARREINRKBEAEZERELEAEN, X
1.5 Hjelm 215138 3 35 4 o bk 07 36 B2 300 ok 80 47 4
WA B AW A — B O s () 5
ZRATENRBEEARARIABHEMKERE, BFA
fE B R BRSNS T HERR AR N S A MR
e Q@ ald — B TEERNEERRE, BRE K
B, A 45 S R B I 1 4 K B BOF AT
B9/ 2) X AT SRR BEEE T RA, RF 3
RS RAEAMELHE 2R, Bd AR I 58 (E
D, RAEKRERFERAEESN TG EES,
HBAOPIE LER, SHRABRERHA 17,915 R
A 30 B8 i BRSO 80 A G X 2038 4 i %
B AEGE IR, H I R EESE & K X 86 5
PR ELLHOR (8 2D B4 = 30T ) o8 S5OR 9 B i o

B HTFAREHARBKRYEE, Ahit—ik
B 1o EAMLERKREE, S M FAF
HERBEMNERIENTRX R, HE AT R BIH
TR, EHRAR P EHBE=1F1T,511&% 50 R,
FHARE R SCE M B R BRIR G FAR T BCE BT E
RMAEHEE. ERAREASSVIME—2, 10 B
R ESOR SX BRA M R B E, B EYIF
FE5HMmSHEHBEERM zoud il zou8 X B Bk IF
fabd EEHTEEHERBURIAERE2),
XA REFZENRENHESEREFHEEE W, ¥
HMEMEFTERNKRBREFAKRTRESR XL ARE
R R  HEBR A OB IR A BRI E bk, B
HHME# S NP EFEEBREHR, PIHRARRE
WHRER”  BEESENATIR T ERAIRRE I, ZiF
REMB R, EREHER. REN B M K"
BERFELBSEMGMEMFTEEMRIT.

— A AR R K P SR MR Sy B AR A T
MR ERASEML T EREEIRAFHEHER
RWAERM () EFEEE T EEEERM M FEFK
# BXHARESE L MIFRER AR EF TR E
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WAEFM(E)EMEE N, EARARHRERL/ERK
R, L, BRATAERAQEEKFENE
Ak ZEHLFF B B R 4 K BB A IR B R BT 3R SR
g, AKX ok A Kb 1 8 40K B B AR 0
zou8 FEIFMRFEKFEAAHBHR. HiL, H
BRREREALBRNFEEZERE, XBREER
MREEHRBHEERGFADY AR R, BE
HME,
3.2 BMERMEERRZ S

HHEERBEWMMRANEPHREENLT
Z—o BAEWEETMMNAZHLIFHITITENE
Fhis 2, 48 MY B9 S b for , — 75 T8I AT 58 A5 380OF) A
HXEMEARGFEENEFMARS, 55— EA X
HEZatmfmelseE ALH A B IP G M E. B TH
HFERTHREEFRAREE%S, MREES,
MREROBEIERE, DL EBRFE AR S & FRT
R, BEL BN B. subtilis B35 & ™
mEEARN Z2EHMEESEHERLMFAT
e, AR A RBRAEM 16 (DNA FFFI1F
BXF zoud N zou8 BIME W TER R A FRATFE AT T
KRB, ERAANS B. firmus M B. cereus B AL,
REREAN(ANERY, LN ERSAEFHRITE
B% B. megaterium 53 B A B. subtilis 35, B.
megaterium MBI K B. firmus KFEH zoud % 52K
HRGRRBI ;20u8 M S ENTRZRXRMEXM BT,
M5 ABBIRE B. anthracis FHXRMIE, BN
B. cereus 258, B. cereus — HHINFEH=HFEH
WECH B Y % 5] O SRt 5 R B BOR
BB E— B GE A3 E
PR A FRAFEI2), BIE Janice £ X A1
B. cereus \B. firmus T AR 101 ¥R FRFFEHRIE
EHFRWBNRY, XLEFATEELELEKRYEL
FEERGEEHER4R . X S4EEEE
FRHARARTHAESE., REKFRERRE
HREEHEREE T AN, KA XEHMTE
YRR, BHXEREET MU AIE PN A
RKfppR RIFEE AT BEXE LR S I W AR S H R
P, iyt AR MRS A F R E AT AN
NET, T ERMK Y R/AAREREXH
BRWEHR— LT,
3.3 ARFESmEEHMIEANSE

B FoK AR R EE R R F Bt 2R R 8%, B K 7= 38 4
A EE AN B R LR S AMEMREASIYHE
AR, BRIX BAEENWIERANLHERTELE TR,

RREHEEMNFHEAFHOERTIMEFERM
MZE , Verschuere £V H S 4 K A MEY K,
ESib Y R BERAME TR AR HRE AR
Ri,EKEURSBREEYHEERNSE. R\
BRBHRAREE L, “HTHHEY, FMEBSHEER
o L,EB TR ERE RITANRBEER =4
R#ERKEEYRULPEEYREFERK=HE
HAEEE RN Z — . Bt 5% WILBRX IR IR A
FENZERRAR EEF AR RAGRPEFAE
(3 3CHRIE) , T B A< 55 10 7 0% 0O A BR 22 AR S AT B
zoud Ml zou8 R FA T SERAMREFEELE
EMHFREE MEEdHaERmRE. R
FRATHEEWRERBBDIG, A S E xS
RERER, FRERR =M.
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SCREENING AND IDENTIFICATION OF TWO PROBIOTIC BACILLUS STRAINS
FOR SHRIMP LARVICULTURE

WEN Chong-Qing'* ?, LAI Xin-Tian>, HE Hong®, XUE Ming' and ZHOU Shi-Ning?
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Abstract: 22 strains of Bacillus with different characters were isolated from soil and shrimp ponds. Approximately 5 x 108 loga-
rithmic phase cells of every strain were administered into 500 mL seawater culturing Liptopenaeus vannamei nauplius I larvae re-
spectively. Based on the effect of Bacillus on the survival rate of L. vannamei larvae metamorphosis from nauplius I to zoea
I, 10 strains which had very significant (p < 0.01) effects on larval metamorphosis were screened initially. Then from the 10
strains screened, two strains, zoud and zou8 which had more significant {p < 0.05) effects on larval metamorphosis than other
sirains were selected as potential probiotic Bacillus for L. vannamei larviculture. Combining phenotypic and physiological char-
acteristics, zoud and zou8 were identified initially as B. firmus and B. cereus respectively. To investigate the phylogenetic posi-
tion of strains zou4 and zou8, about 1.5kb 16S rRNA genes were sequenced and compared with that of related strains, which re-
vealed that strains zou4 and zou8 exhibited the highest levels of similarity to B. firmus and B. cereus respectively, similarity
value were all above 99% . Phylogenetic tree was constructed based on genetic distance analysis, which also showed that strains
zoud and zou8 clustered as B. firmus and B. cereus respectively. Based on the results obtained, strains zou4 and zou8 were

identified as B. firmus and B. cereus respectively.
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