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DGGE f88UHE AR ST 5 A BRI T 65 5 K i 18 b g
A VIR, a3 &M R AAR T4 6T Ak 2R
THEA SR BLTR, DU R A 45 A i 0
ST Ak 8 A W R R s i AL PR A 5 S
%, WA EAL 25 AR P AOVE AR B L B R
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MAHERAF, EXLRTEER KRR G (—E
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FE R PR EL (MS-222, 20 mg/L), FEHLPEIEMEREE
. HAS—E . IKEH(205.1+4.82) g AYLT 64 360
BB, SrBcE| 12 A SEE RN RLE PR K S5 R S
(ARG R 0.8 m’, FFGEA 0.4 m),
NRGTEC 30 BB, LIl 4 b BEd, A b
PHZH 3 ANHE . BFK 8:00, 16:00. 20:00 4B
PR, X HE R W S AR R, Ah B o S ]
TEFL A R I IS R Fe 1] 2 & W AR (B, amylo-
liquefaciens V4/R. mucilaginosa)f*) 525w #}, SZ
WA 6 JH. SLERHAE, PEMK R G KRR
1E(15.0£1.0)°C, pH 7.2~7.5, YoM 4 MFH 121 :
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Tab.1 Composition and nutrient levels of the basal diet Tab.2 Adding proportion of compound
for rainbow trout (air-dry basis) probioticsin each treatment
% CFU/g
i H item 5 & content [L:k7S XHUELL  T1 A4l T3 HIndl TS5 imind
JEUR} ingredients bacterial strain ~ CO group  Diet T1 Diet T3 Diet T5
M1 soybean meal i VE K3 2F AT ER
) Bacillus amylolig- - 5%10° 1.5x107  2.5x107
&P H fermented soybean meal 6 uefaciens V4
FE A patent flour 14 e LT R 1
HBRFEVR R steam fish meal 30 Rhodotorula muci- - 5%107 1.5x10%  2.5x10°
laci
B 48 white fish meal 7 asginosa
D g\ : N
¥ A # chicken meal 5 14 % WGR (%) = 100 x (Ws— W)W,
BEUF S krill meal 8 " "
o T Z ¥k FCR = FU(W— W)
£y fish oil 15 s |
L o.4 N = _
FOKREFIH corn gluten meal 6 FEREAE R SGR (%-d ) 100 x (In W

YL 3R AT BLIURRL

vitamin and mineral premix® :
A1t total 100
E 27K nutrient levels
H M crude protein 43.09
HLEF4E crude fibre 1.24
MLAE N crude lipid 19.51
HLIK 43 crude ash 10.22
5 Ca 2.56
WP 1.56
iR lysine 2.95
% B2 methionine 1.25

W e R R TR S % NRC, 199311,
Note: “Added to supply in excess of vitamin and mineral require-
ments for salmonids (NRC, 1993)"3],

Ko fRTER EAFTF L WA G LA LB ARG S5
SN R eI, B O WCER R AR, I PR A A
1.0x10° CFU/mL ., LT IR B A I RHIS s T 4
WG FEHL(YPD) P R BERE 35 5 1.0x10"° CFU/mL ., #%
MR 2 MBI e, e SERIRDEL 3 AN 7]
F A 25 A B I ), B S B R R e, B TR
M 451 HARBA TS 43l Be il i 3 FhSc g ikt
AL I K B 1 R s i SRS R AE T 4°C
KR .
1.3 4KIERNERBHFEFERRE
SCIGEE RS, 25 24 h, XTASLKR ARG T
fR) S 56t AT FR L, F R LR A 20T R R
(WGR). ik ZE(FCR). HFEAKF(SGR), It
1= (mortality) 55 F5 5 o

In W,)/Dy

BET-% mortality (%) = 100x (N; — Ny) / N;

Wi, Wior MR 2k (g) . PP E
(2); FI WE & &5 Dy NS5 KA Niw N sl 3R
A U £ B30 R e AR R

[Fi] B DA A0 B 7K S 56 28 55 HP B AL 36 B/
MHEAMAS 1R, 312 &, 8 bl sk s it oM
fif ), BT E K5 W B, JOTA A B K i &
o N2, B e FE TG TR ) ) R R O K 1
BRI T 2 mL TE B OE T,
1.4 PRERMEYE DNA IREUK 16SrDNA V3 X
Y1

0T 5 K T B AR P e DNA R BCR
HE LN 2] DNA $2 U7 & (PowerFecal, ),
S HRES UL IETT, 42U DNA FEHXT4n
T 16S rRNA & [H (38 F 5| 4 GC-F357 fi R5181%
PEFT PCR #734 (3 3). PCR IR Ry 25 pL, 1k
Z AL 1 x PCR buffer(Fermentas, J¢[H), 2.5 U
Tag DNA 34 i (Fermentas, 3¢ [E), 80 pumol/L
dNTP(Fermentas, 3 [E), 2 mmol/L MgCl, (Fer-
mentas, FZE), IEX M54 0.2 wmol/L, 4
DNA B 2 pLo N4 A: 94°C FilZE 1% 10 min;
BT 10 MEFRIFETE PCR(94CAENE 45 s, 68~
59°CiR K 30 s, BAMEIFRREAR 1°C, 72°CIEH 1 min);
FEPEAT 25 NMIEFR B H ML PCR 9714 (94°C A8 1 45 s,
58°CiB -k 30 s, 72°CHEH 1 min); Hcfi 72°C ZEAH
10 min, PCR JZ M 7E S1000™ #E X (Bio-Rad,
) F#EAT, JFHUS uL PCR P24 W 1.2 %
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Tab.3 Primersused in present study
5|4 primer J7 5115 B, sequence B JR EE/°C annealing temperature 2 2% SCHik reference
F357(GC)  GC % F-(GC clam): CCTACGGGAGGCAGCAG
68~59 (10%)—58 (25) [14]
R518 ATTACCGCGGCTGCTGG

F: GC 3 F: CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGCACGGGGGG; “*”#K R4 PCR, B MEFKIRIEIR 1°C.
Note: GC-clamp:CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGCACGGGGGG; “*” means touch down PCR, each loop in turn reduc-

ing 1C.

FIBEIEMEE 120 V R2JRH YK 15 min #5] PCR 3
HRUR
1.5 ZoiEHE SR Bk (DGGE)

23 B R R IR F VKA I, A S B B
) PCR 4 (250 bp)i# 1T DGGE 43#. DGGE £
INGENY phorU-2 % % (INGENY, fif %) b #47,
ol FH SR B A 9% (w/v) F8) 58 VAT s T i e (P s P
Fie © SPTESIERE=37.5 + D)HEATHLIK, 7250 B 3%
R 40%~70%, 60°C LUK ZE M i S5 T 10 min
WHIK(120 V), RJEFERETK 12 h (100 V), &L
F 1 x SYBR Gold %4 30 min 5 1E BIO-RAD Gel
Doc XR+EEIE if% R 45 (Bio-rad, FEE)T 4.
1.6 HEHH

i F§ Quantity One 4.6.2 (Bio-Rad, 3 [E)#{f
S P R G L YK T S = R SO R
ZREEFE%L Shannon Weiner $8%U(H'), H' = —XP/InP;;
Simpson ZAEMEFEEL, D=172P,-2; Margalef #5%%,
D=(S-1)/InN, H:H P=N/N, N, & 5450 Y 32,
N WA S 52 B AN, S iRl B Fntt> 101
& B Past 2.12 AR 557 F B2 H i UPGMA
BRI, X EAEIETT PCA b, Hihseit
r M SPSS 13.0 52, R B EKFE R
P<0.05,

x4 FELLH

2 HRE5HMH

21 4£KE5HFE

PR AR IR ] e B 2 A 25 A R BE R T
R M 4 ey T B ) AR (R 4), Horb T1 A
B I S5 45 v o B 174 14 T R (P<0.05) . B v HL AR
(T3, TS 41)5 X HE A AH b 25 55 A8 1 25 (P>0.05)
FRF, Ea#ARE T1 4 H A TR B
FAR A TRDR 22 BRI i 2 R R 2R K FE(P<0.05)
XA L, BT fm LB g (Ts 4%
AL, AR AR TS I e 2 AR IR A S
55 o B8 T B AE. T 54(P<0.05)
22 BHERBFEMEY DGGE 5y EiE /7

P BB AN [R) L A5 52 5 T 91 Al 7 ) b
B K38 FE I B RE) 16S rDNA V3 [X. PCR-DGGE
FRaCEE Wor, LRI E) 75 Fh DGGE 4 B4 (& 1),
B AL AE DGGE B3, %o RE 4 FAb 3H4H 43 il A
M3 35.7+17.0 (CO). 37.0£3.5 (T1). 36.7+13.6 (T3).
26.0+13.2 (TS5, feim LBl ML (TS) ks
DU 2 Py B AR, 45 S A B 2 ) 3y 4 H e
13325 5 (F=0.500, P=0.692), A HhA 38 4%
TEA VKA AR, HIA, FRA 14 FUE
B—YKE R, EEA AT, Hh A REA

BEEREMITEE K, FENZM

Tab.4 Feed conversion ratio (FCR), the specific growth rate (SGR) and mortality of Oncorhynchus mykiss fed different diet

H: K 3545 growth indicator *FHRZH CO group

T1 #4H Diet T1

T3 %4 Diet T3 T5 #IN4H Diet TS

WY R IBW/g 206.71+5.05
K FBW/g 231.68+6.96"
T H WGR/% 12.06+0.63"
Tkl Z 4L FCR 1.95+0.07°
g A K F SGR/(%-d ™) 0.29+0.02°
HET= 2 mortality/% 9.65+0.32°

207.99+3.64 206.66+0.54 201.22+1.59
250.57+11.88° 235.80+8.12° 231.41+4.11°
20.65+7.07° 14.12+4.21° 15.04+2.84°
1.57+0.13° 1.82+0.16" 1.87+0.67°
0.46+0.14° 0.33+0.03° 0.35+0.06"
3.51+0.23° 1.75£0.27° 7.02+0.32%

T R R —17 A LA AR R 7R 4 41 1E] 22 5% 2. 3% (P<0.05).

Note: Values in the same row with different superscripts indicate significant difference between different groups (P<0.05).
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)
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Fig. 1

11183 T5 4; GM Fm BEE, IM RR A Z .

DGGE profile of gastric mucosa and intestinal mucosa microbial communities of rainbow trout

The number above the gel represent as follows: 1-12 represent the samples collected from each aquaculture system, 6, 9, 12 represent
the samples collected from control diet, 2, 4, 7 represent the samples collected from T1 diet, 5, 8, 10 represent the samples collected
from T3 diet, 1, 3, 11 represent the samples collected from T5 diet; GM and IM represent gastric mucosa and intestinal mucosa.

7 %, BEWBNIMARTAW R 7 % HEBEE T
DGGE K2t R, W Bhie sl B A S e B 26
JE /L A3 SRS 3] 23.345.8 (CO). 22.3+3.2 (T1).
16.7+8.0 (T3). 24.7+7.4 (T5) 4145, T3 VRIMALK:
W21 e /D A Ty B, 45 52 B0 Al TR) 15 5 B e
FEF(F=0.916, P=0.475), LA AH 21 4,
Fef iy 17 45, Hop s a b o %, EA8H
IR AR 8 4%

R TR FEAN TR EO 5] 25 A T S o) i 6 5 gk
F B B UE W B RER RE R, o3 R 45 S
2 0T 8 T N o RS W R VR AT 25 R T,
48 5 I 7R AN [R) A B oy 0 S R L A R R
MIAETE i 3525 5 (F=3.060, P=0.029), TliA[F4b3E

2 T S f 2o PO A ) R Vi 5 R AN AP S M 25
(F=0.964, P=0.410).
23 BERERBFEMEYHESHEESH
38 2 TS [R) 15 A R4S 1 T T i S A A
WA FERER R DGGE e 8UEIE T 444 1) HT8 5L
(F 4~ 5), KGR ERE ZFEERE B AT
1 1. % 22 5 (Shannon Weiner, Simpson, Margalef,
one-way ANOVA, F=0.524, P=0.678; F=0.595,
P=0.636; F=0.490, P=0.699), %535 /RGN
el T, A TGS, (B m Ll
IINZ(TS)ZAEVEREAR . o RGBT 2 HE 45
S 2 A TG i 3 2% 5 (one-way ANOVA, F=1.217,
P=0.365; F=1.398, P=0.312; F=1.035, P=0.428),
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Tab. 4 Analysisof gastric mucosa microbial community structure diversity of rainbow trout
n=3;x+ SD
2053 FA R Shannon-Wiener 2144541 Simpson F§%{ Margalef $5 %1
group number of bands Shannon-Wiener diversity index Simpson index Margalef index
Co 35.7£17.0 3.45+0.61 0.96+0.02 6.62+2.74
T1 37.0+3.50 3.59+0.09 0.97+0.01 6.94+0.51
T3 36.7+13.6 3.53+0.44 0.97+0.02 6.81+2.13
TS5 26.0+13.2 3.13+0.65 0.95+0.04 5.13+2.25
®5 IHEBARMRMEVIEEHSENE S
Tab.5 Analysisof intestinal mucosa microbial community structure diversity of rainbow trout
n=3;x+ SD
4 5 F e Shannon-Wiener Z #1418 5L Simpson F§%{ Margalef $5%¢
group number of bands Shannon-Wiener diversity index Simpson index Margalef index
Co 23.3+5.80 3.12+0.23 0.95+0.01 4.73£1.01
T1 22.3+£3.20 3.08+0.14 0.95+0.01 4.58+0.53
T3 16.7+8.01 2.714+0.52 0.93+0.04 3.49+1.44
TS 24.7+7.40 3.16+0.29 0.96+0.01 4.97+1.24

B S A E RN, SRR B R RT3,
HVR B TR AL (T3) Z R AIG, (R Bl TR iR
FETE, SR AT = S H(TS).
24 BGHEBERBHBEMEMEZAMELE

MR 5 PRI Aty PR B AN [ S o e 81 5245 TR 1)
T S R0 S % i 78 B 44N A RV 1) DGGE 45 80 Bl ik
A Y 5T R (AR, 6 12 A 1A 1 286 i
N 8 M A O A 0 25 R RE R R AT H A, SR
UPGMA ZREHras R s B M Wi S
WA B U E W REIE REE X 0 JF, KEBUCRZEAHIA
ANE 5332, TR B 26 R iz RS A B,
B L3 A o TR R R VA e ROR [R] Ab BR A T A
Fr (Kl 2a). PCA HEF 45 R FIAE IR, i H
FHIES AN A B G e 22 55 I (& 2b). 27
BTk, il S % B S L R AR LS A OR ], &
A TR A0S IO o 6 S 2R S % M 75 B R R 2 R 1 O
Here A 2R, IR A A A i . e
Ko 75 WS Al A 0 o R 254 o
3 iFig

AN BRI MR SR A 2R AR RN Tz N
M, HEXFRENZAK . G RS D7
T R R A2 3 32 e T FEAS S A5 2 A A
MBIFFE 25, ARDRE R BN I & A 25 A B X B i g A

KA EA — R R &, T1 WHIME &5
A= T RE A i 2 4R 1o T 4 ) 3 R RIS A R
2 AR R R B (P<0.05), FIRHETIAIT3 [
35 i 21 R % . 55 A AV T 8 174 BB T 38(P<0.05)
(& 4), MEFM TS HBIHNNEA R B EL
B, U DU, EARSIE T, £ AR T I NI
F L 5] 2 AT

5 R A, AN B RS A S ) B A
FONT T Al AR P TR R A R ) OG T 8 D
A LIE W AETE S KM CEY, Rtk
RS 1E IR T AR AR . AH R 2 e
BRR, FFBEAR T MG S BB BRSS9 . A5
FEN, ROk A £ 00 2 1 2 P R A
AR J 0 A1 £ 300 = 5 B RO LA B R, It
A AT f0 L 22 FF B KR ARk, KR H B 40 B A5 LA
HEAAT A TE AT, DT Bl f5e 0 1 B IE X R
B % O B A W R . AT ARITELIE R A,
FEATFIR AP FOK AU RS B, f1f— BT
G, ZRPANBIT e ALTE b A >
frEa Y B T b i R R Sl E D R, B S T
138 Bl kB R, Mgl DL e
RENMEYX R, AX—R R EMTERL
SR 3R SR B KRR B A e
W 5 A T A R 1 R B A T LIAE
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%E% 0.70 020 o E o GM-T5:3 F GM-T1-3
IM-C0-2 R EG T T T T T ¥ T T
-CO- 282 1.6 1208 —0.4 04 08 12 16

GM-T3-3 ,].H g IM-C0-2 'IM-TI-I

IM-T3-2 15) i 1ee —047 ® GM-T1-2

151 IM-T5-1e IM-C0-1

IM-T1-1 GM-T3-3¢ " -1- *GM-T5-1

IM-CO-] Op8 RN T

GM-T5-3 -T3-

IM-T5-1 “12 1 * GM-T5-2

IM-T3-1 |

IM-T3-3 023 M-T12 ) ¢ ., SGMTI

IM-T5-3 0.77 IM-T5-2

GM-C0-3 2]

IM-C0-3 0j39— MM

HME similarity

component 1

Kl 2 16S rDNA 5L 35 B ARUE 734
a. FEF 16S rDNA 347 1) UPGMA RACRA &R NI #1700, FEE4T 1000 IRE R 1) bootstrap FiiF), HIEAL 1 & L ATEK
HFRAUE KT, BB R R R AR E); b, FT 16S rtDNA FEH (1 PCA HEF; IM, GM F/R 26 Fh
CO, T1, T3, TS 35 Fn X BRALA 3 AR BEIEL )5 1,2, 3 R 3 MR
Fig. 2 Similarity of 16S rDNA DGGE fingerprint
a. UPGMA clustering on the basis of 16S rDNA bands (NJ tree with bootstrap analysis, 1000 replications). The Arabic numberals on
the clustering branches indicated the similarity coefficients. Larger number indicates more similarity); b. PCA ordination on the basis
of 16S rDNA bands; IM, GM represent intestinal mucosa and gastric mucosa; C0, T1, T3, TS represent control diet and other probi-
otic-supplemented diets; the third numbers represent three individuals, respectively.
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Effects of Bacillus amyloliquefaciens V4 and Rhodotorula mucilaginosa
on growth and microbiota of gastric mucosa and intestinal mucosa in
rainbow trout (Oncorhynchus mykiss)
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Abstract: Probiotic dietary supplementation has been widely used and has positive effects on the growth per-
formance and host health of different fish species. Little attention is paid to its influence on fish gastrointestinal
mucosal microbiota. A feeding trial was conducted to investigate the potential effects of probiotic compounds of
Bacillus amyloliquefaciens V4 and Rhodotorula mucilaginosa on the growth performance and gastric and int-
estinal mucosal microbiota of rainbow trout. A total of 360 rainbow trout with average body weight of (205.1+4.82) g
were distributed in four equal groups in three replicates, and received one of the following experimental diets for
42 days: basal diet, basal diet supplemented with 5x10%5x107 CFU/g(T1, see tables 1 and 2), 1.5x107/1.5x10° CFU/g
(T3, see tables 1 and 2), and 2.5x107/2.5x10® CFU/g (T5, see tables 1 and 2) of probiotic compounds. Significant
improvement in weight gain ratio, feed conversion ratio, and the specific growth rate (SGR) was found in T1 diet
supplemented with probiotic compounds. Significantly decreased mortality was found in T1 and T3 diets. Poly-
merase chain reaction-denaturing gradient gel electrophoresis (PCR-DGGE) was applied to compare the gastroin-
testinal mucosal microbiota of different treatments. In gastric mucosa, 35.7+17.0 (CO0), 37.0+3.5 (T1), 36.7+13.6 (T3),
and 26.0+13.2 (T5) bands were found, with no significant differences (#=0.500, P=0.692). In intestinal mucosa,
23.345.8 (C0), 22.3+3.2 (T1), 16.7+8.0 (T3), and 24.7+7.4 (T5) bands were found, also with no significant diff-
erences (F=0.916, P=0.475). The bacterial diversity of gastric mucosa increased with increasing probiotic concen-
tration, but it decreased in T5. However, the bacterial diversity of intestinal mucosa decreased with increasing
probiotic concentration, which showed recovery in T5. Using both the unweighted pair-group method with arith-
metic means (UPGMA) clustering and principal component analysis (PCA) ordination, we found that the micro-
bial community structures of gastric mucosa and intestinal mucosa were different. No significant influences were
found on bacterial diversity and microbial community structure of intestinal mucosa of rainbow trout with addition
of probiotic compounds of Bacillus amyloliquefaciens V4 and Rhodotorula mucilaginosa. The potential risks of
high concentrations of probiotics should be paid more attention.

Key words: Bacillus amyloliquefaciens; Rhodotorula mucilaginosa; Oncorhynchus mykiss; gastric and intestinal mu-
cosal microbiota; PCR-DGGE
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