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5ROy £ AT A 1Y) 396, AR R R Ok 42 d L 3R BG IE
A TF LR A TN 5987 55 2 Ja LAGE 0 S 0 % 45
W % 55 SRCRIT i W0 ) B ) R S 6, A MRS i g 4 1
W3 e R AR MNE K LS I JF ] TRIZOL 2 Bt
RNA, 5% 55 B cDNA H T 5 2 8 4 I Ho 72 [+
FIRAKE S PE N F e B-actin 5175 WL 1,
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U b PR FH Graphpad Prism 6.0 #C4-AE &, )
FH RS - AT S i 3 22 S LA, P<<0.05 i 25
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MG/ BS B 16S rDNA FFHI 45 5, I 67 17
TE 73 B9 94 BRZFFRAT B, 95 Al B 2R AT R 22 Bk
JE/INZEFRAT TR 13 8% L o Hb ZF FAT B 15 Bk LSRR A
FFEA 24 MRAN ZEFRFT 2R HA R 20 ¥k
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&1 519F5

Table I Primer sequences

514 Primers J¥31 Sequences
IL-8-Fw CGTTGAACAGACTGGGAGAGATG
IL-8-Rw AGTGGGATGGCTTCATTATCTTGT
IL-1B-Fw CGTGACTGACAGCAAAAAGAGG
IL-1B-Rw GATGCCCAGAGCCACAGTTC
1L-10-Fw CGGCACAGAAATCCCAGAGC
IL-10-Rw AGCAGGCTCACAAAATAAACATCT
TGF-B1-Fw GCTCAAAGAGAGCGAGGATG
TGF-B1-Rw TCCTCTACCATTCGCAATCC
TNF-a-Fw CTTCGTCTACAGCCAGGCATCG
TNF-a-Rw TTTGGCACACCGACCTCACC
Q-B-actin-FW CACTGTGCCCATCTACGAG
Q-B-actin-BW CCATCTCCTGCTCGAAGTC

2.2 JEBRMEHRATEIE

K53 B8 1Y) 35 MR ZEAUAT TR (A48 22 HRA 7L 25 F T
PRI L3 AR /N ZEAAT R ) 5P FE B8 LU il ~F i L
i 1 HH 23 MRS 7= A 5 LA A9 2 AR BT, B 435 Ay 1 25
FLAF B 20 B, 5300 K-1 . K-3 . K-4 . K-5.K-6 . K-7,
K-8.K-9.K-10,K-11,K-12. K-13,K-14 . K-15. K-
16 .K-20 . K-21 . K-22 . K-23 . K-25, %/ 3
¥, 43518 D-2.D-6 .D-9(E 1)

A AL A AR CPH A 068 HEE)
Haemolytic strain
(Positive control)

Bl ZFRAFEESEITDFRE ERMKE
Fig.1 Haemolysis of Bacillus on Columbia CNA blood agar plate
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77 il RE IR0 45 R R Pk K-3 . K-12  K-13,
K-22 [A] i HL & 7= 26 (i V8 B Wl L 21 4 X g 0 1t
MIRE T o HIR 2 AT, 44> bR 1 7™ 28 1 /K ik el
12/ ¥& AT bR KN HEF O K-13>K-122>K-3>
K-22; 7= 38 M B K i P B4R/ 95 AR bR K/NHE Y
Jg K-3>K-12>K-13=K-22; 7= £ 4k % [ g 11 /K fit

Bl LR /TR T EAR R bR R/NHER O K-12>K-222>K-
13>K-3; 7 g 17 i ¥ 6e J1 K /N HE ¥ o K-12>
K-22>K-13>K-3.
24 FHAEMERE
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TSA B fRR: 773 |- 37 CH5 3% 12 h, RN FE s
WG IEJE |, B G R A A3 ] A R A 16 TR R (]
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Table 2 Determination of enzyme-producing ability of strains

— N 7R FERE ' .Fﬁﬁ*ﬁﬁﬁﬁﬁﬁﬁﬁ , .Fﬂé?éﬁ?%ﬁﬁﬁ . 'Ftﬂ‘éﬂﬁﬁéﬁﬁjj’
Stran Ability to produce protease Ability to produce amylase Ability to produce cellulase Ability to produce lipase
D./cm Dy/em  Dy/D. D./cm D,/em  D,/D, D./cm D,/em  D,/D. D./cm D,/em  D,/D,
K-1 - - - 0.98£0.04 1.35+£0.07 14 - - - 0.884+0.11 1.54+0.14 1.71
K-3 0.73£0.32 1.55+0.14 2.14 0.98+0.04 1.40£0.00 147 1.08+0.18 1.25+0.21 2.96 1.50£0.42 2.00+0.57 1.33
K-4 048+0.04 1.05+0.14 2.21 - - - 0.68+0.18 2.00+£0.28 3.52 1.70+£0.14 2.304+0.42 1.35
K-5 0.48+0.04 0.93+0.25 1.95 - - - 0.53+0.11 1.85+£0.21 3.52 1.38£0.04 1.704+0.07 1.24
K-8 0.45+0.14 1.304+0.21 2.89 - - - - - - 1.534+0.18 2.1840.25 1.43
K-9 2.40+0.57 2.95+0.71 1.23 - - - - - - - - -
K-10 - - - - - - 0.754+0.14 1.25+0.14 1.67 - - -
K-11 - - - - - - 2.554+0.35 3.00+0.28 1.18 - - -

K-12 0.50£0.07 1.204+0.14 240 0.68+£0.11 1.13£0.11 1.4 0.53+£0.04 0.98£0.11 1.86 1.20£0.28 2.13+£0.46 1.77
K-13 0.38£0.11 0.95+0.00 2.53 1.00£0.07 1.124+0.12 1.14 1.15£0.21 1.654+0.07 1.43 1.30£0.14 1.754+0.07 1.35

K-14 - - - - - - 1.054+0.07 1.554+0.00 1.48 - - -
K-15 - - - - - - 0.63£0.04 1.25£0.35 2.00 0.48+£0.11 1.03£0.04 2.16
K-16 - - - - - - - - - 0.40£0.00 0.75£0.07  1.88
K-20 - - - - - - 0.33+£0.18 0.58+£0.04 1.77 - - -
K-21 0.43£0.11 1.6840.39 3.94 - - - 1.13+0.11 1.404+0.00 1.24 1.154+0.07 1.58+£0.04 1.37
K-22 0.63+£0.04 1.1£0.14 1.76 0.78£0.11 0.904+0.14 1.14  0.8540.00 1.4040.07 1.65 1.03+0.04 1.684+0.04 1.63
K-23 - - - 0.73£0.04 1.074+0.12 1.64 - - - - - -
K-25 0.18£0.04 0.5840.04 3.29 0.42+0.05 1.324+0.16 3.76 - - - - - -
D-2 - - - - - - - - - 1.3540.21 1.904+0.14 141
D-6 - - - - - - 0.80£0.00 1.802£0.00  2.25 - - -
D-9 - - - - - 0.60£0.00 1.58£0.04 2.63 - - -

TE - TR GE TR EAE (om) ASE I = FrifE 22 (means = SD, n=3) 3R s M P Y =" F7 5 AR E IS MERE J) o Note: The transparent

“w_»

circle diameter(cm)of the strain was expressed as means+SD,7=3.The symbol in the table represents that the strain has no enzyme-pro-

ducing ability.
2A) AR L R 25 I R o R A BRI N BT  K-3 ATK-13 A K BE T HE K-12 fiTK-22
PG PHME B (K 2B) ;4 BRI A Kl e 37 “C 5& (18 20),

K-12‘ i K-13

A
;
K-3 (& K12 K-13 K-22
~ . ) : e
F o ~k "
il ¥ - v
B s =2 \
<
i E
= (l00pm 100 pm % 100 wm 100 wm
1.5 1:5 1. 1.5
K-3 K-12 K-13 K-22
:
s 1o : 1.0] £ 1.0 g 10
C a a a A
© s O 05 o, O i
0.0 0.0— - 0.0 oo -
0246 8101214161820 0246 8101214161820 02 4 6 8101214161820 2 1 6 8101211161820

BHjE)/h Time I [E)/h Time B} E)/h Time BjE)/h Time
B2 BEHRIEERSEE (A EZREE (B) REK#Z (O
Fig.2 Colony morphological characteristics of strains (A), gram stain (B) and growth curve (C)
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A S 26 X B R K-8 K-12 K-13  K-22 i 47 %
LA RN 3R, VP D-AHE | L-BTR7Af R A
A5 A A5 5 BE PR, R N R R Fr R £h FN 706
SALIE R G EATE . W (W WLE RS E T
b DA 2R I 285 2 M 5 0 E I 4 PR TR R O R e 28 4
FF
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Table 3 Physiological and biochemical

identification of Bacillus

i H Item K-3 K12 K-13 K-22
JR% A K Anaerobic condition — — — _
V.PS5 V.P experiment + + + +
FrEERREL Citrate — — — _
NTR+E Propionate — — — _
D- AW D-xylose + + + +
L-BTHI{A4% L-Arabinose + + + +
D-11 # M D-Mannitol + + — +
Ak Gelatin liquefaction + + + +
7% ALK 7% NaCl growth  — — — —
pH 5.7 4K pH 5.7 growth + + + +
fil§FR R4 I Nitrate reduction + + + +
TER KA Starch hydrolysis + + + +
TR SR K =" R BIEEUAR A K . Note: “+7
showed positive or growth, “—" showed negative or no growth.

25 HYHBKAKER

2y GRG0 A R & M HELFR bR . BRI AR
K-3 .K-12 K-13 K-22 % & UL 29 Fhb A= 2 8otk
RIGZE AN 4 TR . K-3 BBk 22 R A Uk
3FP A 2 e R RRUE, X 3 R BT A: BN BURG K-12 3
BEXT 12 Pt A= R AUk 8 Pl AL 2 v B AU, Xt 8 Fh
PiAE FAHUR K- 13 TR X 19 Pl A 2R 7 Fit
Az R BERURR, X 2 R A R AN BIURY K-22 TR R 14
Fpi Az 2R ABURR 5 R Az 28 v BE AR, X O A R
R, DL b5 R R X 4 Bk R A b A B
fHURR
2.6 E£YHERHIR R EE

PRIRR TR 1824 9 0 T DA A T A e DA B T 52
e s PREE R T RIR A AE AR . ASDESE b A bR ZF AT I
AT o AT AR T DL %) 2 A e P (BT 3A) o 00 28 i 4R e
1 A MR AE 595 nm P AL RO AR, DA AR AN T
(100 855 S A SR BRI XoF B, LA BRI A %) 2 435 4 g L BR
Ho I8, BN ODsgs ,, (B ¥ KT F FRAE (A
3B) , R E AT R R AR Y R Pk

2.7 fFoMEEFRERR

T QBRI % ) T B I B, %o I TR A
HEYUER R 5 A AR — D EE . K4
AT LA B MR K-3  K-13 % R IS A B 8 f9 45 bt
YERT, BESEIE I T B 5 T ik K- 12 K-22 X6 3R TR
WA TE AN A FPiE . RV K-3 K-
13 REMETEMR SIS HTIA R G
2.8 ALBBRNTZEEN

Sk B TR AR AE S W3 R i 32 B8 T, 6 A RR TR RN
T H W (pH 2~4) F1A T Ak BRR () A 7715 Ol 1F
g, S5 R R 5P, Wk K-3.K-12 K-13 K-
22 BEREAE N T B WA T A7 3% , 4 BRI AE pH 2
N T B W 2 h A5 R 88K 78 pH 3~4 AT
BT 2 h, K-12 Fl K-13 (94735 R 23T 100%, & T
K-3 1 K-22 (I FA15 28 A R E N T b 2 h A7
TG ZIRE100%0 . 2B 4 0K P e — 2 B B Tid 32 1% pH
HOR=R L7787
29 XmmEsERE. FEELERREERFHN
A

1) ZEAFT B T 5 (A T B i 52 e . fR 1A 5 0]
UL R K-3 K-12 K13 K-22 59 25 Rk e fin
M 42 d J5 , K-13 328050 2H 4 5t 15 4 2 1 T X
M 2H (P<<0.05) ,K-3 K-12  K-22 i 46 41 1A i 2 4 K
M LT X R AT 3 AR R (P>0.05) . X R
E BRE i S I K-13 TR A fE % 5 35 5 i M A
Ji .

2) ZEAAFF XTI N f% i T T T 4 5 o K R
Bk K-3,K-12, K-13 K-22 {4 2 i 1 kL 1 i 4]
42 d, K n 5 R T B B P . WL 6 BT, K-3.
K-12 K-13 20 14 £ iy 18 2 1 G 1k b 25 s 10 R 2
(P<<0.01) , K-12 . K-13 25 i % iz 36 J oy 3% 4 Sk
F i TR (P<<0.01) o X560 21 55 % B AL i Jn Ml
{1 iy T A TR MV B 2 S . R RDRL R R
I K-12  K-13 T bk B8 1% 1 5 i 7 fiz 18 3 1 Bl )
.

3) ZEAAFT BRI 65 5 i K- A 52 e 4 TR A
K-3.K-12.K-13.K-22 1y ZF fia PR m i 42 d
RG] 5 B R B RAE R FRIAAKFE, 5
X HRATAH E, K-3 ALY 5 B I A0 sk 5 A 90 2 TR 7
IL-10 i R A5 11.-8 Feak KT 2 L, £ R A+
TNF-a 35K 8 3% T (P<<0.05) ; K-12 4 )5 1
IR RSk B AR 48 D7 T -8 4 48 IR - TL-10 ik K
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Table 4 Susceptibility of Bacillus to antibiotics
K-3 K-12 K-13 K-22
e 3 ] T P/ T e/ TIEERE/ EE/
Antibiotics and content mm e mm Uk mm Ukt mm Rk
Inhibition  Sensitivity  Inhibition  Sensitivity ~ Inhibition  Sensitivity  Inhibition  Sensitivity
zone zone zone zone
ZATREZR /(10 pg/F) Tobramycin 27 S 27 S 23 S 29 S
FIFEH /(30 pg/ ) Kanamycin 27 S 26 S 23 S 29 S
82 /(10 pg/ ) Streptomycin 19 S 8 R 17 S 11 R
S 7EmERY /(30 pg/ A) Cephalothin 33 S 46 S 35 S 50 S
LR % B/ (300 1U/ ) Polymyxin B 12 S 13 S 10 1 13 S
LA/ (30 pg/ F) Cefuroxime 31 S 30 S 23 I 38 S
S fbnE/ (30 pg/ F) Ceftazidime 29 I 22 I 20 1 20 I
kIR Z A / (300 pg/ A) Furantoin 17 S 14 I 16 I 14 I
oA/ (30 wg/ ) Ceftriaxone 29 I 41 S 27 I 39 S
ZEE RIS R/ (5 pg/ ) Levofloxacin 28 S 15 I 25 S 18 S
T RER78/ (30 pg/ ) Buprenorphine 17 S 25 S 21 S 9.5 R
SAWREA/ (75 pg/ ) Cefoperazone 26 S 35 S 25 S 31 S
KK#HR /(10 pg/H) Gentamycin 23 S 25 S 20 S 12 S
KWEEH /(100 pg/F ) Spectinomyein 20 S 21 S 22 S 9.5 R
WAkEEER /(15 pg/ /) Clindamycin 25 S 16 I 19 1 16 I
WNTP A/ (5 pg/ R Ciprofloxacin 28 R 15 I 26 S 10 R
M RE/ (30 pg/ ) Aztreonam 12 R 10 R 8 R 11 R
Fil AR /(30 pg/ ) Midecamycin 24 S 21 S 22 S 21 S
kMg /(30 pg/ B ) Cefazolin 35 S 41 S 34 S 43 S
PUIRE /(30 pg/ K ) Tetracycline 12 I 14 I 26 S 13 I
7% /(30 pg/ F) Chloramphenicol 26 S 12 R 26 S 22 S
FCRPEMR/ (10 pg/ A) Ampicillin 13 R 9 R 14 I 9 R
ST/ (23.75 pg/ A7) Bactrim 27 S 11 R 28 S 27 S
FEH/(10U/H) Penicillin 15 S 10 R 13.5 R 9 R
AR R/ (5 pg/ R ) Ofloxacin 28 S 14 I 22 S 17 S
215 % /(1.5 pg/ ) Erythromycin 29 S 13 R 25 S 16 I
VR / (1.5 pg/ F) Norfloxacin 29 S 15 R 25 S 15 R
WP & /(10 pe/ ) Norfloxacin 27 S 15 I 31 S 9 R

VR T2 T P BERURG S - 7 BERIURE .
S E I (P<<0.05) s K-13 20 09 )i g 0 A sk
A & B 1L-8 IL-1p & ik K °F 3% T i (P<<
0.05) o & F F IL-10 & ik K F % il (P<
0.05) 5 K-22 20 JR I A1 2k B 412 48 A~ TL-8 . TNF o, 411
AR 1L-10 3k K 83 I (P<<0.05) (K 7).
SV K-13 3050 41 0 N & 3= 2250 2 48 B e
& PR F 3k e AR T BEZH R, S R IR Rk
AEXE T8 B ] 3 4o K- 13 T R U 0 7 ) )
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Note: R:Resistance; I: Intermediate susceptible; S: Highly susceptible.
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Table 5 Survival of Bacillus in artificial

gastrointestinal fluids %
- ALH®R  ATH®E  ATHER
o ATHW(PH2) . y o
ESE7 Artificial eastric (pH 3) (pH 4) Artificial
Strain i ,ld, gastrl Artificial Artificial intestinal
juice L S .
gastric juice  gastric juice fluid
K-3 7.78 34.79 100.00 100.00
K-12 54.62 100.00 100.00 100.00
K-13 9.86 98.60 100.00 100.00
K-22 15.00 25.86 82.76 100.00
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Screening and functional study of Bacillus from intestines of
largemouth bass

ZHU Jingjing, ZHANG Yongan, TU Jiagang

State Key Laboratory of Agricultural Microbiology/College of Fisheries ,
Huazhong Agricultural University, Wuhan 430070, China

Abstract In order to screen Bacillus strains which are beneficial to largemouth bass, the Bacillus
strains from the intestine of largemouth bass were isolated , their hemolysis, enzymatic activity, biofilm for-
mation ability, sensitivity to various common antibiotics, tolerance to gastric and intestinal fluids, and in
vitro antagonism against Nocardia were detected. These strains were added to the feed of largemouth bass
and weigh gain and expression of inflammatory cytokine were detected. A total of 94 Bacillus strains were
identified. Four Bacillus subtilis strains, K-3, K-12, K-13, and K-22, were selected based on their non-
hemolytic and broad enzymatic activity. These four strains all formed strong biofilms and were sensitive to
various common antibiotics. Strains K-3 and K-13 showed in vitro antagonism against Nocardia. The 2-
hour survival rates of the four strains in artificial gastric and intestinal fluids were above 80%.After feeding
for 42 days, the weight gain of largemouth bass of K-13 group was significantly higher than that of the con-
trol group, while protease and lipase activities in the intestines in K-12 and K-13 groups were significantly
higher than that of the control group. In addition, compared with the control group, the expression levels of
pro-inflammatory factors in the head kidney, spleen, and hind gut of the K-13 experimental group were
down-regulated, while the expression levels of anti-inflammatory factor were up-regulated , indicating that
K-13 has the potential to reduce intestinal inflammation in largemouth bass. Overall, the B. subtilis strain
K-13 selected in this study has high safety, broad enzymatic activity, antagonism against Nocardia, and
promotes the growth of largemouth bass, making it a potential probiotic additive for largemouth bass feed.

Keywords largemouth bass; Bacillus; hemolytic property ; enzyme production; Nocardia
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