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SIS S iyl O N 2 o SN T [ () (S
Goncalves 55 7 0T il £ FL Atk H O A a8 in 45 248 14,
g 7 df5, K HEY Z g, JERE ]
FVRRFF BT T = BEHE I, X P AT R L B A 25
FIVEH, AR TR TR T=F BE AR

anfar ik 3 AR TR AR R R R R FEE &
HErAF T A 2GS . R TR TR
M T vk, TR R B ARR T 2T,
[ s N R S iR URE Y e S ) 1]
IKEWIT T8, S FHAE L BRK 43, B 25 42 7 7T e
T KA I B, & B E R 5 B0 R .
DNA ZRVEFIK 4328 A A R 2R AR, PRk, 4 7 Of
P14 AE AR K S BB ORBERE IR, 7698 VR TG
NI VR A AR R0 B hn O 7 w] LA
15 g A TR FE V8 R T R A7 R b A R T
PRI FRTER VR T 1 B T i O J 2, A9 i
WRRE WA | e FUNEFIRENE 4 Fha UL 50 i
1703, 15 76 IR 15 fe ik A Tl B 6 22 R 2 AT 1A
(Lysinibacillus boronitolerans, YS11) ¥4 T At {#
PRl . HATYS11 %5 % A 7 18 T V) A 52
el [ AR A, BRLG, ASBIFFEARSY YS11 X Efa gl
i B U YR B2, A 2 R R R b 2
A TR FH R i B B A B BT i SEL

1 RS

1.1 Sz PHEMlEA SR A, e H
T R T B K ™ B A R A R S0 S 0 5 A i
It 250 BB, 1G9 R B E A (1.1120.26) g FRFH
SO AE VR AR TR R R S I A B S R (30 omx
30 cmx80 cm) 1 TE A . HLTHHEAE S0 2 IR B SR
2 JH, 250 B th gy 56T, BELAA 50 B, TEREANSE
B3 A Al JE A A SRk CH R K e e 3 DL 25 Bk
RE

1.2 MBRBRFEAENREMER K
U5 2 i 298 2 %) T 0 3 2 PR 2 F0 4T 78 16S rDNA %%
PE A NCBI H HE X, A5 YS11L A 99.83% 11
AEARLEE o it RS 2 2 AT I 5 MR & R A T
—80 °C VKAf . WA IR 1% By B IREERD, 2R
FH LB BAARRE FR B 1735 57, A 0B EETHE 600
nm A0 A BE T 2 TR VR B

1.3 RIPFIHIE R R 5% BERE . 10%
BH . 5% M ERE . 10% 16 3805 . 10% FLHE . 20% *L

B 10% BEAS WS . 20% MEAS WA, LA 1% 25 11
YRR RRZE o S8 b A PR AP 50 2 il JC T 7%
WK AR, 7F 115 °C T K& 15 min.,

1.4 EBEZAETIE B 1% YSIH M T LB
R FR I W B % 16 h, B 10° CFU-L™! A9 14
14, 8350 r'min”', B.0>» 15 min, PBS 2% M P& &
BB IR B, 20905 1 mL AR R A R,
BT 10 mL &4, Bk i F B2 A0 R R
HE . JCHUE T 20 °C UKAE, B4 12 ~ 24 h, FEL
A—80 °C VKFH, iLHE 5 h, P THEHL, 55 C,
0.061 mar, T4 18 h. T Ml & 5E 5, FeE T
4 °C,

Tk 2 5 R T i [R) A5 S AR BRI PBS
G ERVR TR . EEFE 15 min, B 100 pL
PR AR RN, H T ARG R

TR A0 R =R TR TR A R TR TE I
%100,

1.5 ZLWEHSANGE Dk, SHhEA
U8, BUSEAA . /N2 TR BERR A4S, R AL
Y- F D3, 4EE R B LR . DIZFRES . BRI
BROBRIREL . BRFREE . BRIREN S, Ml 42% HEA
B 6% LG 5 (1 SEmt s . 78 SERR AL o o i R
B YS11, KB F3E . YS11 & Bewe b3 i &
A 3 A SE B RRE, 43 e S YST1 41, FB 41 i
FLF 21, FCr A T s 22 R 260 1R A 8005 PR 4
10" CFU-g o FEFEREARRLR N LB W A48 357
SR A B PR (LB 41), ABEME AN 25 4 B
B LRI R R R 28 1 X B 2H (Control) IR 5
TAEL FE (wiv) S 10 = 3, D i B 4 L, A
FEF 4 °C VKAE, TR SE I e 2 2 R PRI
1 d i 2 Wk, H B S R T 1Y 7% ~ 10%,
A3 5h BT 9: 00 5 R R 4: 00, B RHEH 50% JR
A K, ARG K, I8 BT 2 AR i 2
filf, FRIE R R 70 do

1.6 HEMRE 7R 70 d )5, 4 HTE 5 bl
MLEFHL 3 R AR, BT W A 45 L, ffn) B
e B, W 20 21 3 1 N TRRN 45 4 A 2 A Y
PBS ZZ tf i th v T34, 43% T EP & b, MEGEYR,
—80 °C VKA P-AF, b st BB AR A RA
R AT B A e E T

1.7 BB SPSS A Hr b By 4k
S RN 2 g 3 I 7 T A £ (SPSS Inc,
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Chicago, IL, USA). RH ¢ K5I 5% 351
KFF 25

2 HR5SH

2.1 RIPFIXT YS1 FESERWEMN kit
TR P A e BE (36 1), XF BRZH X YS11 63 2
PRIVER, T 5 A7 1% TR (0.03+0.002 1) x10°
CFU-mL™, f7 1% RAUH 0.19%, it/ T HAh % T
BRGS0 AL b, 4 Fh P50 34
vkt I PR N B A (1 R (] SR = R WY N [ 713
JEE 18 PR B 590 6k 200 TR AR B A R VR At AS A ]
X HE 2 AN RER R R A A B AT 2R, 10% HEAEZH
B A7 15 R R 9.20%, T 5% 5 B 40 10 17 35 R
5.86%. X b 2 /NI dERE VR B 10 A1 R A S R
10% T BEWE AL Y FEI5 220 11.48%, T 5% 1 50
AT RN 4.64%. X 2 A FUMER BE T B9 40
BAF 06 R, 10% FLA 4 19 7 35 8 9.93%, i
20% FLBEA A1 RN 6.84%, XF Lt 2 iR
WHR e BE T B A TRAE 15 2R, 10% JI AR 0% B 4 1Y) 47
TR 11.16%, 1 20% [t I W5 85 20 W) A7 36 2R R
2.42%, 38 T PR R SC R Lk, R BE YST
TE 10% MR R T, BB AE TS IR
A 2R

F 1 RIPFIXT YS11 FERMFN
il Rt IR/

45l (10° CFU'mL™") (10* CFU-mL™) FRE%
1% R 1.7£0.06  0.03+0.0021 0.19
5% HEME 1.45+£0.03  0.85+0.085 5.86
10% JEHH 1.45+£0.04  1.33+0.071 9.20
5% T BN 1.5+0.1 0.7 +0.038 4.64
10% Wb 1.4£0.07  1.61+0.032 11.48
10% ¥k 1.48+0.06  1.47+0.08 9.93
20% FLAK 1.37£0.05  0.94+0.081 6.84
10% BEAEWIH  1.5+0.08  1.67+0.091 11.16
20% JBEARWIRY  1.6+0.09  0.39+0.025 2.42

22 YSI MBAEREYENEHT AN
M 16S rDNA JE [K iy V3 V4 § 38 rp 7= Az

1 198 583 X Reads, X Reads JFifs . P /5 ILr=

71195 379 4 Clean Reads, £ PFE 5 2 /0 77 A=

79 369 4% Clean Reads , -]/ 79 692 %% Clean
Reads. 4% ¥ 51 35 K & Ol 410 bp, # 1k
97% HIHRAE S B SR AR T RSB AR Y
310 247 NMERAEF LKL H o ZFEMERN B ZHE
PEXTE it PR AR i 22 0] P s A ) 2 e etk A 74y
Bro M4ERLE s (8] 1-A), Control 41 . LB 41,
YS11 41 . FB 4l . FLF 41 345 %5 1iF 4> %L 680 4~
OTUs, YS11 41, FB 4l . FLF 41 " F¢ 1iE 4> £ 1
OTUs U&7 5 b 6. 3 Al 4., MHR B il £
(K 1-B), EH LI 15 DA, YSI1 41, FB 4.,
FLF 2 (A4 W) Z A6 VR A AR a3, 42230 1p AT
%, Control 2 . LB 4149 Z FEPE A AH L
P, T RARFER AR g ZHEM DTS, &
BHES N YS11 5, WiB A e i SR AR R B A
o X 10 247 A~ OTUs(# 97% Fy 4 [F]— 15320
Y UniFrac A6 455081 (PCoA ) FRHH (K] 1-C), X} 8
ZH ARb 2 A B S %) 43 2, ELXT BR e i () Ak 3 1Y)
FE it ELA B 0 o aicbE, b PR AT SR S
TR PR R, 3 AN Ab BT H B i A SR A .
EINALE - 2475 (UPGMA) 7 T A TRE a2 IR
J5 (¥l 1-D), YS11. FB. FLF 417 &t : Y e s
T AR ARL, 2R 4R 7E 8% &5 19 43 S N, Tl Control 28 il
LB 20 S5 HRAH AN [R], SREEAERBAR A 73 3N o
2.3 YSI1 X RAE & 448 19 43 28 48 R B 52 Tl
R TR E YS11 2 Qifar s e 27 A £ g 18 i Ak
YVl , EEAEY AR 0 R ROE |, A
3 HANFEERH WA YRR 25 5. TET & Fh
KV b B AR SR (AT 10 ) IR ETE i
REREA T, FETACE B (K 2-A), B AR
i N ZE JE #F B 1] (Proteobacteria) . il £& I ]
(Actinobacteria) . J& B [# '] (Firmicutes) . 12 #T [#
I (Fusobacteria) ¥4 ¥, 4 1~ fe 2 M AN RETE ],
HA AR TEFF R T T4E FB 41F1 FLF 41 B9 AH XS 3 B &
THAZ, 7E FLF 2 S RE G 1] 09 A 5 2 B 2
fa T A A, HOUOE AU 1] (Bacteroidetes) | i
% 1] (Acidobacteria) . ¥t 4E B ] (Verruco-
microbia) . [ [GHFFR[ ] (Patescibacteria) . FRRE R[]
(Tenericutes) . %75 # [ ] (Chloroflexi) ., 7EJ& 7K
I (E 2-B), ¥ 4 10 i 18 N 3E 55 55 BOFF T B
(uncultured bacterium Microbacteriaceae) . 18 # [G
W J& (Bosea). dF ¥ 3% M J8 W #} (uncultured
bacterium Rhizobiaceae) . fiyi i ¥T [ J& (Cetobac-
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0.10 | « FLF
\O ° LB 3 L]
= 005t * YSIL
(e '
o~ °
[>%e] 95 o
E’ 0 """"""""""""""""""""""""" i';'.”
) .
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[ s
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0.03

(7B R G/ A e e

A 4EBE; B, Fi B4 ; C. PCoA 43#7; D. UPGMA 4347 .

S

HAX /%
=3
HAX /%

=)

S

=)

Control LB YSI1 FB FLF

A 100 —— B 100
m Chloroflexi
80 H m Tenericutes 80
m Patescibacteria
60 H m Verrucomicrobia 60
t ® Acidobacteria
: 40 H ® Bacteroidetes 2 40 H
® Firmicutes
20 H ® Fusobacteria 20 H
W Actinobacteria
oL W Proteobacteria LS

Control LB YSI1 FB FLF

AT /%

LR Cror RS
P uncultured_bacterium_g_
m Paracoccus ¥ paracoccus
& uncultured_bacterium_f 80 - uncultured_bacterium_f
Muribaculaceae Muribaculaceae
® Leucobacter - uncultured_bacterium_g_
Leucobacter
i L uncultured_bacterium_g_
® Shinella 60 ¥ Shinella
- uncultured_bacterium_o_ - uncultured_bacterium_o_
Rhizobiales u Rhizobiales
. . L uncultured_bacterium_g_
W Plesiomonas 40 " Dlesiomonas
. uncultured_bacterium_g_
m Cetobacterium B Cctobacterium
- uncultured_bactcrium_f - uncultured_bactcrium_f
Rhizobiaccae 20 Rhizobiaccae
uncultured_bactcrium_g_
W Bosea " Bosea
uncultured_bacterium_f_ n uncultured_bacterium_f

Microbacteriaceae Microbacteriaceae
Control LB YSI1 FB FLF

| ]
S

K2 BAYReE AT
A AET R ERIRES 73405 B 7EJR K LR M0 5 CAERKF LIRS M

terium) N FEEAMEE . TEFKF L (E 2-C), Pk
0 )iz 38 N 3E 15 7% WO 7 FF (uncultured bacterium
Microbacteriaceae ) . % F# H T G HE (uncultured
bacterium Bosea) . 3F 3 5% #i 98 & £l (uncultured
bacterium Rhizobiaceae) . JF 1% i 5 i #T 14 (uncul-
tured bacterium Cetobacterium ) N FEANEHEF

24 YSI WMBAEMENEF P EEEMBRE
BN SRy AR B £ g e D e A g A TR

FIAE Ak, M T A 40 S 7K S T B AR ) = B
TR 2 B RN D TR 3 0 e i R
SRR AT IR AR R AE FLF 415 % IR0 kb
HAELE 35 25 5, B . R TR L BUEE AT IR
JEFFLFF S OB 3 22 5 (3R 2) . A M T Jm A
T A PG i e X R 2 AN A B PP ¥ A7 1 B 22
5, B0 D, Hoh 28R G R e AL G
AIEHR IR R 03 2) .
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2 YS11 XIRAER S MR P a5 4 AR R B N SR D B IS R 1%
Control LB YS11 FB FLF

Actinomyces UL & 142 241 27+18 42450 29426
Bacillus FF1H & 17+10 3610 114£76 161172 109+33°

T AT Bifidobacterium SUSFT & 743 8+5 12413 27436 1449
Fusobacterium ¥ # 5 20+8 33+18 179+87 105+70 123438
Lactobacillus FUATH & 10145 155463 8024536 6054330 5744222
Aeromonas ‘< L JE 38+58 2314395 11 1244 86

o ST _
Edwardsiella B8 KR 1824313 3861 0 0 0™

TE: #URE R 3 AR R o IR R BE T

3 ¥t i

AL AE AT ABETE 20 B FL A -, SR I
WL RERE . AR W A FLEAE R YS11 B L4 5],
FIF RSP s iR T H TR T 20 R 25 4 Al A5 3K
T8 5 AT AR 52 ), I 0 3k A AR R R vk
JE, S5 53R 10% 8 B E LR AP A I e S R T
PR R R A R e, A ARV R TS
A Bk B IG , BRI

fhliniE NI E 2, R R 2R YR
ZH R, X S W AE ELAE L, S e i G A R T
AE, AR E IR WL R . RIEFPURRE I, A
WF 5T 45 T B, 38 O e LRk AR s i YS 1, mf
DLV %0 A £ g T8 A A ) BEA 5 I YR
R JE . MBI ZE . PCoA 43T il UPGMA
SAMTRTHN, 7E OTU 7KL, 3 ~AbEHA] 55 %) A 20 i)
TR W B 0 0 A1 25 S 3R, X REZHL ) 22 S 35/,
H X R A 2 REPEI /D, YSTT TN & B 0t
% A 38 A WD R 5 55 AR, T DAY
Jo 38 T WU RE R 25, BN i 38 G Y ) 2
AR, UL YS11 Xz A Wi & R 20 R
YEH o A oR 45 585 ar AR 5T 25 AR R, RIS
o A2 TS, R 98 A B M i £ . PCoA 43 #r Fl
UPGMA 4347 1 %% 304 B0 20 ) BEZH rp A7 AR 1 2%
Z5t.

Honggqin %5 7F K0 0 4y £ 1 ) R} o 5
TIRVR T, 45 R WITEAL PR b, S0 i 18 P i 1
YRR BT R, R T RRAR T B i
R A S8 A I TR P E . AR T TKOF B, K
ol E DASIE R ] JERER T TR R 1o 3
BB EIE AT L, R B0 6 G L R

L TR RIS BB AR ZF AT T Ry e 2 iz 1 v A L3
WE . TEMACE L, TR B . TRKE . 2
7B B B A i T T R I A SRl . Tan 45
W s, e P B A imiE vh s i ng 1R
¥k R B 2 AT 1 (Rummeliibacillus stabekisii ), i)
M 8 & i AR R, 45 SRR, A BRAH v g AR TR G
R, AR LR B S TN IR, T
i JEFL AT 0 6 2 R TR RN R T AR T T B I T
X HEAH

ARG EE R, TEHE MR T 1K L, 22
TEAFRT T, BT JERERET ] AT T i
BLUNTATETS 1] 50T BRZH AR Eb, A HAH i 4 i
TR, JERERE T TRV A T 1 5 7E)R
IKAF- b, b B2 1 G T R RS AT TR R
t1, FLF ZH AR TR -F B i 338, AR A R T4F
YR NSRS o3, T TR RE S R AR T
U RE R K AL &7 A SR . T8RP L as A
T RIS T T A AR A B 25 SR R B, S50 BR A A L,
I D TR AN = AR G R AR B 0 FE T
Kt A ANFTF IR 8 . R B R 5 ot B fEAE
G T 2013 A IR R 1, B ek R 24
R I A, A4 o BE R, 1 2, XK FRE
MR ATFHRD, P EE A2 R
e K™ B TR, ANk QAR B 0 KA
MR 25, 53R, YS11 BEMS Al IE U Y b
P9 i R S /b, [ el 4 AR TR B . 7R
KL, 5T S5 R R BHH R, IR 0
LA AN TE], TE & AR K b, SHT AR S,
AR, AT RS PR A Al B 25 2 AN [R], sl SE g0
ANTA], XA Wy A i AN S A/ [\ . 7R TR KR
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Screening of protectants for Lysinibacillus boronitolerans and its

effects on intestinal microbiota of tilapia

CHEN Qinzhen'?, LI Feihang?, WU Haoheng®, LIN Xiangmin’,
WANG Shugi’, CHEN Jialin’, LIU Zhu?

(1. School of Animal Science and Technology, Hainan University, Haikou, Hainan 570228; 2. School of Life Science, Hainan University, Haikou, Hainan
570228; 3. School of Life Science, Fujian University of Agriculture and Forestry, Fuzhou, Fujian 350001; 4. School of Science, Shantou University,
Shantou, Guangdong 515063; 5. Guangdong Haid Group Co., Ltd., Guangzhou, Guangdong 510700, China)

Abstract: In order to explore the preservation conditions of Lysinibacillus boronitolerans YS11 and its effect
on the diversity and abundance of intestinal microorganisms in tilapia for the research and development of
microbial feed additives. Four protectants, i.e. trehalose, lactose, sucrose and skim milk powder, were selected
and optimized by concentration gradient. The results confirmed that YS11 maintained a high survival rate after
drying in 10% trehalose. Tilapia fingerlings were fed with feeds containing bacterial fermentation broth, and
after 70 days of feeding, high-throughput sequencing was performed to observe the effect of the feeds on tilapia
intestinal microbial community. The results showed that the feed containing YS11 changed the tilapia gut
microbiota and its diversity, increased the abundance of beneficial bacteria in the tilapia gut, and decreased the
abundance of some potential pathogenic bacteria. These results confirmed that 10% trehalose was the best
freeze-drying protectant. L. boronitolerans can regulate the intestinal microbiota, promote the growth of

probiotics, and inhibit the growth of pathogenic bacteria.
Keywords: Lysinibacillus boronitoleran; gut microbial community; tilapia; protectant
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