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B OE, KRB SAMRAERER HRE KRR @ iesh &6 (SH-EVs) 3t/ R A K Hak e
Hh EHBEEHMAYMR e, AR E B 20 R EEME S SL C57TBL/6 R,
R RAMAKIE RIS A2 AL, HFAI0ANATEL, BANAETL 1 RDRA, BBl daxrral
R 150 WL B B 3 4 ik (PBS), 43X 3020 s R# IR 150 pL SH-EVs & & (4 500 ug
SH-EVs), XIEMAS5d, EREF:1) 5@tk #R SH-EVs 2 HF &K T R348
R B TH I E(P<0.05), F AR GH EGALR(P=0.052), 2) 5 s Buik, # R
SH-EVs 2R &5 T MR AN BFRLEF-o(TNF-a) =8 @i %-10(IL-10) & & ( P<
0.05), BEBIKT o iF 223K E G A(IgA) A2 (P<0.05) , A KAk o i 292 3% 8 G(1gG) 4
AR (P=0.067), 3)# R SH-EVs 8 R @ MmAERG, MR EHTK, 4) 5 K4
tb # AR SH-EVs 211K F L 2 F 4K T s R B iE $04F A 17 ( Bacteroidetes ) #9 48 % F & ( P<
0.05) , 2% 3 T BAFHE I'1( Acidobacteria) 4k % i "1 ( Chloroflexi) . & % % 17 ( Proteobacteria) .
¥ % 1A 17 (Planctomycetes ) #4835 F B (P<0.05) ; BB K F L2 EFBRKT I MELFTRAKE
# UCG-001 ( Prevotellaceae_UCG-001) | #4 #F i /& ( Bacteroides) | #-% & ik # /& ( Alloprevotella)
oy A8t F B (P<0.05) ; £F KT £ R FBEALT ) A id = B 84T 1 ( Bacteroides acidifaciens) #9
A FE(P<0.05) , 2R &5 T L5 A A48 E COE1 ( Lachnospiraceae_bacterium_COE]1 ) #4948 %}
FE(P<0.05), Wb T, MK SH-EVs KT DA A KM LEN, —ERELFGTH
BHELFTHARELT HE LM, s S ES AT KA #%h,

KB, KRB ARG @ g, AR, LI mEMAY, DR
FEHES.S852.6 XHERARIRED: A XEHS.1006-267X(2021)08-4719-11

2 g 4h %% %0 ( extracellular vesicles, EVs) J& 4
JEL3 6 25 AR ) B g S AE R ST EAE
“hy 240 R TDHT A ML A5 il R BF T ok B 2 ) HL A7 3
JUZ AL RS R R R AL G b
ZAMA T 5 EVs K, EVs 15 i & — % i 2
G570 BV H B Y T A0 AT

%5 B #8 :2021-04-21

Jg BT X432 4, B BB A M 20 ~ 500 nm A8 45
(2 EBRIRD ) BF9E B8, EVs B 5 R ot
JEPETT B BRACE I A ) X R Y 9 i A
FRlo1 AN Sk (% EVs T 1965 4F B IR TE K
Fresh g 8 SR IR EVs #5452 Fh i
BT, G HE IR BGFIR DNA RNA # %
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TR SRS R, S A e E A
AR RERLE A B 7 A % B AR DNA f%
2R e A BTAE R T 2 R
1SS

] 7] BR R A — ol (B B8 O (B 19 =2 TG BH
BRUE, AR, CHEE , OIEE R A 2R
I R b, 7 245 BR TR e 3 2 R 4 B A A BRI
( Staphylococcus aureus) 51 . 4 85 (0 55 % BR
e UL N3 BB IR, 7R A SR A AT
2L R NS RS T SR A B Y
ToER R R e A A BR A
B PR B M 4 e R A Bk
W, TV 1 75 % BR B ( Staphylococcus haemo-
Iyticus ) WIS BF A 40, 3 10 e 7] R 7T A2 — b
6 I41 Tl I P o) 2 R T, DA AR BRI UF A A T R
ok T R Y R e SRR B I T
Y515 K ( phenol-soluble modulins, PSM ) J2 ¥ Ifil 14 7
KW EEREHE S, - KEA) T Z 040
VSRS PR P R PR IR R R % —Fh o A PSM Al
3 Fi B 7 PSM, 4 ' PSM ¥4 HA7 A0 i 42 R 0
AR R A0 R Ak AL A R R R TR
(41 /M 3 ( SH-EV's ) f& 5 #5 47 PSM, J2& 75 3 1ok
PSM = A= 4 R 3 1 i AN B A, AS 0 L 5T SH-
EVs X/NRAK B RE W B 2548 B A ) X
AR, LI AT EVs IR AR HRE S % |

1 #MRlERZE
1.1 EHRERHEEFR

VA% L 76 7 1R T A AR S R A TR, AR
TAY TR (i) B A R Al 16S rRNA
FEP e #E AT TR R S E SR ] YPD WA B SR
(Z1.0% BRI 2.0% 8 W .2.0% ) %8
T30 C FIEHEH N 200 t/min B KK FIR
¥4 14~16 h £ OD,,,,,,i5% 1.0~1.5,
1.2 SH-EVs 5B 4 5%E

VDR AT 04 35 I 12 6 2 3R O DA AR O, A £
LB A 37 £ F 30 C FAEFE 3 N 200 r/min
KRR B KEEFE il OD ) o 355 1.0~ 1.5;
RIGHEEFRY T 4 T .2 000xg B.0> 10 min; Y4
3 F4 T .10 000xg B0 30 min; B3 2800
HWELHLT 4 T 120 000xg B .0 90 min, 15 3]
SH-EVs JLVE , ¥ 315 SH-EVs UL IE £ 3o o 12 £k 2%
MR (PBS) B G FH— KRB HE B LHLT 4T,

120 000xg 5.0 90 min, & 415 2 Y T3 B A 4l ik
f) SH-EVs, 4li fk 5 () SH-EVs F] PBS & &, it A
-80 CHRAFRH.

¥ 10 pL SH-EVs [ PBS ¥ i I T4 ) I
UUVE 20 min, FHUS AU 22 V2 R, B2 45 15 FH 28 10 /K 3
UE1~3 W, W 2% 1 s R XL AUl 10 L %
B0 1T PE 1 min, 38 40 TR WS ROIR TR
15 min, jfi 37 JEM - 2000EX i 5 1 7 & % 4%
( transmission electron microscopy, TEM ) & Wi %%
SH-EVs FYAMIBIE A FEAE Y I FH 40 K 00kE R
53 B AL ( Zetasizer Nano ZS) 3 ] & EVs B ki
Y R Ak R (BCA) & A E il &
7€ SH-EVs B Rk E
1.3 REHMRIAFEIE

B0 3h W) Sk TR o 9 IR A ( SPF) 9% A fet e e
P C57BL/6 /N, 14~ 17 g,28~30 HiR, [ )™
KA 2SI sh W) oL, VF AT HIES  SCXK ()
2018-0002 , T FEIAEE R R AE (22+2) C, #
SHEEAFIE (50+10) % , E IR FE 4 12 h B iR/
12 h B shyis IF 4h wi S /N B 18 s ik
it 18, 2h ik a4 BEC SE 6 sl W A B AR ) (2017
BT ) AT,
1.4 AWigit

BEH 20 H/NE, SR 52 @ R S o R
2, B 10 MEE BN EE 1 R, 28
Teng % 0 ik, B 1 d 453 58 21 /) B
150 pL SH-EVs & (& 500 pwg SH-EVs) , 25 %} 8
ZH/NRIER 150 WL PBS, LW R 3 W, X500 K
5d. AN A BYOK, A HBRE ., R RN
W ) 2R A8 B 2 SE g Bl o 1 /0N BRUP M TR R
1.5 HRRE
1.5.1 /N R PERE RO R4

FEIR B0 b AV R A N R AT 28 I FR
TSR R 50 0 R ol R A /N RV R R
T,
1.5.2 /NS R

IR0 ZE R R RN R B A BT
2 mLJCH PE &, T-80 C &M FHEAZFED
1.5.3 /R R 4

U025 A A RE AT S5 U 14 BROHE /N BRURR
P, SR %t /N BRE AT HR Bk R o, IV & 1 h S
3 000 r/min 0> 20 min, 73 B LW o /N0 W B
% T 1.5 mL il , T-80 CH&M4 T ilif7
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FE
1.5.4 /NEIEGALURE

KA, Wr AL B8 /N B, 30 FF I8, T Il v
BORAE 2 om e B AL SURE S, K A2 3R K vp ok
T, BT A% P92 vhis Wb g, DL & AR
Yk,
1.6 WiMEIREHZE
1.6.1 /NERAKMERERE AR E

i RN i N N W NG i 7 i A B o S L
(ADG) ; ¥l H/NER B H R B RiH A H
KB (ADFI) s il F ¥ HIE & P H R B =
HHEBEIL(F/G),
1.6.2  /)NRUIMLTE S 5 b5 I &

1ML ¥ M 988 3K %€ [ F — « (tumor necrosis
factor-oa, TNF-at) . [ 4 Jifd /1~ 2 — 10 (interleukin-10,
IL-10) %% Bk 5 H A (immunoglobulin A IgA) |
HPE PR % 1 G (immunoglobulin G, IgG) & 1 %
FH 1 it 16¢ 2B W B AT RN R AR ™ i 7 G
FE I RE T kAR BRI AT
1.6.3 /NEGIEIE WS

15 2 B Il i bR AR 22 K B R AL
B Ui R R R AR - (HE) L 5%
ReBRS I A Y A, 205 BB TE 40 15
Bl LI+ 22 > 3F i 22 AL B 500 J, JF Pk ik Bt
AU B4 s B A
1.6.4 /NGB A Y X R E

M FRFEEFEAS 46 HOEE [ 2H DNA T,
TN W 8 e L UK A T DNA A 400 B Fl e BE . FH Y
A barcode FEF 5P 4 16S rDNA 1) V3+V4
X, 5% 7% K :341F,5 ~-CCTACGGGNGGCWG-
CAG-3";806R, 5 —GGACTACHVGGGTATCTA-
AT-3', #RJ5 PCR 4" 34 ¥y U1 1K Ml , F QuantiF-
luor™#NCTH AT E 1, B LA B T W R AT
IR G, W Sk M W SR A
HiSeq2500 Ky PE250 = ML .

M F453 3 raw reads Z J& , XK & reads #E47
SUR BT X A AIK s KB 1| BUR/ NS ]| P/ G U
AL 15 24 4L ¢ 51 (tags) . FH Uparse %1 LA
97 % ) — Bk (identity ) X BT A A AR AL T 51 R
KN ERAE 2 B0 (0TU) L, 3515 OTU J& , A s
SrHrif #E , i A QIIME ( version 1.9.1) #< IR 17

OTU 44 . Alpha ZFEEM T TR BELS M A4,
1.7 HELE

R B B H5 2 Excel 2019 % 45 % 3 5 | 5%
SPSS 19.0 GE 4k (b S LA ¢ K 363 HEAT 41 1]
ZREEILE, L P<0.05 HZEFEE,0.05<
P<0.10 Jy 22 54 W #a 3, 45 8 LUV S H £ b5 U
EFIR,

2 H#RESW
2.1 SH-EVs Bi4 42454

SR 2 T o 9 DA I 1 ) 7 K R B TR
R R L alifk SH-EVs (& 1-a) . XF4ifk
SH-EVs #47 TEM M5 (& 1-b) , kK 8 SH-EVs K
IINAR—  HNE B BLRDE s 7Y, B4R 100 nm £
A, 7E 20~ 500 nmyw [ Z N, 147 & 4T EVs Uk kL
AR B 5 SR FH 98 K J0RL B2 43 BT A3 ) 2
f& SH-EVs (ki 537 (Bl 1-c) , 45 5 e i = il
BRAK T, Ul & A 12 R, ali B 3%
U 5 KIS B (kL 20 A 2% (PDI) Sl 0.271, 4 F
0.08~0.70, i BIA & J3 HORE 38 v, 46 D 45 2R 15
B F ¥R AR O 12205 nm, R AR E N
162.3 nm, $1220~200 nm {43 N 69.9% , 5 41
EVs [ HE PORRAS K /NEEA ) 4
2.2 SH-EVs X/ ER & 4<% B8 B9 22 lim

M 2% 1, SRR L, /N U iR SH-E Vs
BERKTFHHREEMFHHEYME(P<
0.05) , A E LA BE(P=0.052), HfF
WHRERBEMIT 4.80%, V- H W EBEMKT
12.87% K E AR T 9.20%,
2.3 SH-EVs /MR M iEF RE IR0

My 2% 2 A, S BEAAR L, /N U iR SH-E Vs
WERE T M TNF-a il IL-10 5 & ( P<0.05) ,
B E AR T M5 [gA & & ( P<0.05) , A FEAL L 7E
IeG FEA#EE (P=0.067) , H:H TNF-a il IL-10
TR T 16.26% F1 4.54% , IgA 1 IgG 7
MR T 9.15% M1 6.03%
2.4 SH-EVs 3/NRIZERSH 00

i & 2 a] g, X BE AL /N B ] B 4% B A R
SR, BRI BB 2 % B AR i g 4
/N BB 1] P 98 6 % R AR, A — R EE 140
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B 3EY) Culture

UL Sediment «—= 5 30,0 10 min

k3% Supernatant

UUE Sediment < 10 000xg, 30 min

k3% Supernatant
L Supernatant «—— 120 00xg, 90 min

o

Ty : X 10 :
YIUE Sediment g 122.5 nm
& T PBS Resuspended in PBS | 120 000xg, 90 min E, 6
= 4
44k ffISH-EVs Purified SH-EVs = (2)
e 1 10 100 1000 10 000

$i4% Particle size/nm

a: /B 2ifk SH-EVs 1) = BROR Z & ;b TEM WEE SH-EVs JE A ;¢ Zetasizer Nano ZS Kiilll SH-EVs [RLAR 431 .
a: schematic diagram of the main steps for the isolation and purification of SH-EVs; b: morphology of SH-EVs observed by
transmission electron microscopy; c: particle size distribution of SH-EVs determined by Zetasizer Nano ZS.
1 SH-EVs 1953 B fRAE

Fig.1 Isolation and characterization of SH-EVs

&1 SH-EVs X/NRAERK MR RN
Table 1 Effects of SH-EVs on growth performance of mice

Wi H Items X B 40 Control group B4 Test group P {H P-value
VIR AT IBW/g 15.64+0.66 15.68+0.78 0.898
LR E FBW/ g 19.83+0.72 19.32+0.67 0.120
¥ H R ADFl/ g 4.31+0.26" 4.10+0.15" 0.042
i H ¥ E ADG/ g 0.87+0.08" 0.76+0.07° 0.006
KEH F/G 5.01£0.39 5.47£0.53 0.052

[T B0 R AR AN 8] 7 B 3678 25 5 1 3 (P<0.05) , TP BEFRIR 22 R i3 (P>0.05) . T,
In the same row, values with different letter superscripts mean significant difference ( P<0.05) , while with no letter super-

scripts mean no significant difference ( P>0.05). The same as below.

%2 SH-EVs 3/MNRINFEREIRIRNZI

Table 2 Effects of SH-EVs on serum immune indicators of mice

Wi H Ttems X 40 Control group B4 Test group P {8 P-value

Jib 84 YR FE R F—o TNF-o/ ( pg/mL) 74.54+4.58" 86.66+6.91° 0.001

M 404 Z-10 IL-10/( pg/mL) 53.65+2.20° 56.08+2.15° 0.026

HREERE M A IgA/(pg/mL) 38.80+1.86" 35.25+2.84° 0.008

GRERE N G IgG/(mg/mL) 2.31+0.11 2.17+0.18 0.067

2.5 SH-EVs X/NREFEMEYX ZHFM 99.6% LA I, U BHIN 7> 45 SR O A S5 REAC 1 2 4
2.5.1 Alpha ZFEMEHT P, X R4 FN L 56 4H 19 Chaol 48 %1, ACE 48 %L,

e 2 m] i, X R 2 R 56 20 R I 1) Y ) Fib Shannon $§ #({ Al Simpson 8 £( ¥ % % A B & (P>
BB  E1934~20104 ;B m EWHE  0.05),
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PBS 1R F X 841, SH-EVs fR R4, FKEIF., PBS
represented control group and SH-EVs represented test group.

The same as below.

B2 MREBRHRAAES

Fig.2 Ileum mucosa tissue morphology of mice

2.5.2 Fiksih

3 2ok 22 ) R it 2 T OE A DU O AR S R AR
IFReRI R R AR T R EE R, HE 3-a
AL SRR B R B ke T R E R B A

1, AT LA\ g 2 388 i ¥ IR E
ZREME LRI i R 6
2.5.3 FHRKE

FRETH TSI 2 AT A 5384
) OTU % H , AE#% Lk 5 EL W b 3R A A 79 OTU
BEH A AR RIPE L E SO, B & 3-b A, XF
WEZH Fk 36 2H 22 1 740 4> OTU, %f IR 4 ph A
1 3554~ OTU, k&4l 4 1 168 4~ OTU,
2.5.4 HF OTU ) E 4534507 (PCA)

i3 AT A FAEAS OTU (97 % A ) 20 1 fE
i [ WLFEAS 22 8] 1) 22 57 R BE BS , PCA 38 F 5 2247
fife o 22 LB 1 25 5 B W AE 2 AR AR TR L AR A
HHCRE WS B K R BT ZME M) 2 D FRIEM.
] 3—chl 0, % B2 5 3 36 21 R A 0 BOA L , AH AL
HHRKES,

B 22 A 5 0 ) Fil

&3 Alpha SRS
Table 3 Alpha diversity indexes

i H Ttems X} 40 Control group IR 4 Test group P 1§ P-value
K 0 21 (%) 4 Fp £ iR Observed species number/ ™ 2 009.67+118.16 1 934.00+84.55 0.263

F 5 ¥ Coverage/% 99.63+0.02 99.63+0.08 0.973

F & J# Richness

Chaol #6%% Chaol index 2 655.31+176.86 2 623.48+118.18 0.740
ACE 5% ACE index 2 538.02+187.52 2 504.99+98.43 0.732
ZRE: Diversity

Shannon #§%% Shannon index 7.79+0.44 8.17+0.61 0.252
Simpson #§4{ Simpson index 0.98+0.01 0.98+0.01 0.923

()

W 2 () P R
Observed species number

=*PBS-60
«SH-EVs-2

»*SH-EVs-3
*SH-EVs-4
»SH-EVs-5
»SH-EVs-6
0 . v v v
0 20 000 40 000 60 000 80 000
HhEU P 5503 Number of tags sampled
b «PBS
S 4 *| «SH-EVs
< of*
% .
~ 0
2 -2
oy, “
K .
X -6 .
+H 0 5 10

-5

FE RS PCI (38.30%)

3 WTEENZ(a) (FEE(b)F PCA E(c)
Fig.3 Rarefaction curves (a), Venn diagram (b) and PCA diagram (c)
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2.5.5 /NI IE RS

R SH-EVs X /Iy B 3 B RE T 17K 7 A0 X 5=
FER A 4 R . IR R4S 19 32 R RE
439 J& T 8L FF B 1] ( Bacteroidetes ) 1 J& BE B[]
( Firmicutes ) , 7€ % B 41 & 4> 5l & 42. 84% F
13.19% , 75 i 5 20 v 43 ] i 23.56% 1 16.99%

a [T Phylum

1L EO—
90 .
80
70
60
50

40
30
10

0

PBS SH-EVs

W Other

B Gemmatimonadetes
Verrucomicrobia

B Epsilonbacteracota

B Planctomycetes
Proteobacteria

B Chloroflexi

W Actinobacteria

M Acidobacteria
Firmicutes

W Bacteroidetes

MXFFESE Relative abundance/%

(Kl 4-a) , SXTHEAIAA L, Ik SH-EVs & 35 F&1I%
T/NR il Bacteroidetes 140 X%t 3 B ( P<0.05) ,
BERE T BRI H I ( Acidobacteria) . 4825 1 ]
( Chloroflexi) . 4% J& i I'] ( Proteobacteria ) . i% %
I"] ( Planctomycetes ) AJ AH X} £ & (P < 0.05)
(& 4-b)

o
T
e
o
S
=

03 pBS
Bl SH-EVs

AT JF Relative abundance/%
2o 8
L L '4
—
-
l I
T
-—‘:I ;
(=]
T
__I I
(=3
=
T
o
=
[=2)

Bacteroidetes : fLlFF- [ | ] ; Firmicutes : R B2 | ] ; Acidobacteria; FRF112 |] ; Actinobacteria; il 2& & | ] ; Chloroflexi: £ 25 B | ;
Proteobacteria: 28 2 B [ ; Planctomycetes; 7% % F | | ; Verrucomicrobia: I 3% B '] ; Gemmatimonadetes ; 2§ 5. Jifd & '] ; Other:

Hofb,

B4 FEITKTEMBEERSEN(a) ARBEEZERMNET(Db)

Fig.4 Intestinal bacterial community structure at phylum level (a) and significantly changed phyla (b)

HEMle SH-EVs X /)N B 18 B 1 T 7K 7 A X 3=
JERZ AN 5 Frzs . IWREA I 3R 15 19 32 2R RE
A5 J& F BT B 0 A B R (Alistipes ) | B W2 T B
NK4A136 2 ( Lachnospiraceae_NK4A136_group) .
Y2 KT B J& ( Helicobacter ) , 7£ %t M 2 o 43 51 5
4.44% .3.79% .3.07% ,AEIXH 4 P 7350 i 6.05% |
3.48% .3.70% ([ 5-a), 5% B 41 A L, 3 R
SH-EVs i EFEAK T /) B 8 3% 75 iR R A UCG-
001 ( Prevotellaceae_ UCG-001) . L ¥T & J& ( Bacte-
roides) fU T IK W J& ( Alloprevotella) W) A%} = i
(P<0.05) (Kl 5-b),

#E Nk SH-EVs X /)N Bl 18 11 R b K P AH X 3
JERZ M AN 6 Fr7s . X B AEA 3k 15 19 &
B B N PR TR AT B8 ( Bacteroides acidifaciens ) |
Helicobacter mastomyrinus . 5 FE LM B dnLKV3
( Bacteroides massiliensis dnLKV3) , 5351 150.85% .
0.77% ,0.59% ; Iz 56: ZH FE A% e 3R A5 11 3 22 18 1

S B BE TE B 41 18 28-4 ( Lachnospiraceae _bacterium _
28-4) | Bacteroides massiliensis dnLKV3  F& [ig 40 /)N
B i W DSM44928 ( Catenulispora acidiphila
DSM44928) , 43 5l 5 0. 73% . 0. 44% . 0. 43%
(F 6-a), SXFIRAIAH L, #EM SH-EVs i E R
T /N W i Bacteroides acidifaciens W) #8 %} = &
(P<0.05), & #F $# & 7 B 2 W B 41 W COE1
( Lachnospiraceae _bacterium _ COE1 ) Y A %} = &
(P<0.05) (Kl 6-b)

3 3

A3 56 % ] TEM Fll Zetasizer Nano ZS MWIEZ
2ERNURL K /N R SH-EVs #E1T T &G, 45 5%
IR, K& SH-EVs RLAZTE 20 ~ 500 nm, FME 2
BRI s 0 B, 45 A SCHRRRIE 19 5¢ T 4 & EVs
MBS AR
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PBS
a J& Genus b .- P=0.039 - |
B Other W SH-EVs
W Odoribacter
Alloprevotella

W HSB_OF53-F07
W Bacteroides
Prevotellaceae UCG-001
W Acidothermus
W Candidatus_Xiphinematobacter
W Helicobacter
Lachnospiraceae NK4A136_group
W Alistipes

FXTEE Relative abundance/%
FIXFEE Relative abundance/%

PBS SH-EVs

Alistipes ; ] LI 49 B J& ; Lachnospiraceae_ NK4A136_group; & 12 & B} NK4A136 41 ; Helicobacter ; Y2 ¥ 7 J& ; Acidother-
mus ; VR B & ; Prevotellaceae_ UCG-001; 3 75 Ik [& B Bl UCG-001; Bacteroides : A ¥T i J& ; Alloprevotella . 435 75 Ik H )& ;
Odoribacter ; R FT# & ; Other ; HiAh .

5 ERAFLMNBERHEEH (a) UREREZERNEE (D)

Fig.5 Intestinal bacterial community structure at genus level (a) and significantly changed bacterial genera (b)

a M Species b . 0P:0.011 o PBS
L -
g L
s 40 ® Other 5 M SH-EVs
3 3.54 ¥ Mucispirillum_schaedleri ASF 457 g 0.8
_§ Brevibacillus formosus < 0.6
S 3.0 — m Clostridiales_bacterium_CIEAF_020 2 U
el 95 W Pseudomonas geniculata = 04
e - - - Lachnospiraceae_bacterium_COE1 Che 1 P=0.043
E 2.04 B Lachnospiraceae_bacterium_28-4 0.24
3 W Catenulispora acidiphila DSM44928 :id
1.54 Bacteroides massiliensis dnLKV3 # 04
E:id 1.0 Helicobacter mastomyrinus = N
# 1 W Bacteroides acidifaciens z (bc;&‘\ (/O‘O
' 0.5 -\5‘& S/
=z © S
0 & 6@‘
PBS SH-EVs & Sid
‘bc‘\ e?@ 4
® &
N
C}\Q

Bacteroides acidifaciens ; 72 R LA ; Bacteroides massiliensis dnLKV3 . 5 FE A B dnLKV3 ; Catenulispora acidiphila
DSM44928 . RT3 4 /N 9 7 DSM44928 ; Lachnospiraceae_bacterium_28-4.; T 12 5 Bl 4 14 28-4; Lachnospiraceae _bacterium_
COE1: IR H Bl 41 B COE1; Pseudomonas geniculate ; 25 i {5 5. fd B ; Clostridiales _ bacterium _ CIEAF _020 . 1 B H 41 &
CIEAF020; Brevibacillus formosus ; 3%l %5 2F AT 1 ; Other ; HiAth .

6 TEMKTELMNBERHEE (a) ARFEZERNEH(b)

Fig.6 Intestinal bacterial community structure at species level (a) and significantly changed bacterial species (b)

AIRIBISE T SH-EVs %t/ A K MEfE I
GaREFERR A RE A, 25 5 BoR /N BE IR SH-EVs J& %
Y H R BT H OB R T TgA TgG & i
WA, IV TNF-o F1 IL-10 & & TF i, I i s
BREE 1B 2 S W ) W ML G 328 1 g 1Y) H B4 B

BRI R E A PSMTY i TR
AT S B0 B R B E T it
7] R SRR e 2 B oy L R 45 PO SR TR X
FEETIREAR T BE AW I W
HIERTA 1Y) PSM B BRI R TR 1 B

Z—, Mg 1gA 1gG & & R R 3 Yk 5
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Effects of Staphylococcus haemolyticus-Derived Extracellular
Vesicles on Growth Performance, Immunity, Intestinal
Morphology and Microbiota of Mice

LUO Meiying' LING Mingwang' ZHAN Zhouling' ZHENG Jianghong' ZHONG Xiaotong'
OU Chunxiu' LIANG Yinggian' FENG Xin' WANG Ruixiao'
HUANG Dechun' ZHANG Huihua' QI Qien'*"
(1. School of Life Science and Engineering , Foshan University, Foshan 528231, China; 2. Guangdong Province Key

Laboratory of Animal Nutritional Regulation, South China Agricultural
University, Guangzhou 510642, China)

Abstract: This experiment was conducted to study the effects of Staphylococcus haemolyticus-derived extracel-
lular vesicles ( SH-EVs) on growth performance, immunity, intestinal morphology and microflora of mice.
Twenty healthy male C57BL/6 mice with similar body weight and age were randomly assigned into 2 groups
with 10 replicates per group and 1 mouse per replicate. Mice in control group were fed 150 wL phosphate buff-
er solution ( PBS), and those in test group were fed 150 wL SH-EVs suspensions ( containing 500 g
SH-EVs) every other day. The experiment lasted for 5 days. The results showed as follows: 1) compared with
the control group, administration of SH-EVs significantly decreased the average daily feed intake ( ADFI) and
average daily gain (ADG) of mice ( P<0.05), and tended to increase the ratio of feed to gain (F/G) (P=
0.052). 2) Compared with the control group, administration of SH-EVs significantly increased the serum
tumor necrosis factor-a ( TNF-a) and interleukin-10 (IL-10) contents ( P<0.05) , significantly decreased ser-
um immunoglobulin A (IgA) content ( P<0.05), and tended to decrease serum immunoglobulin G (IgG)
content (P=0.067). 3) Administration of SH-EVs resulted in ileum villi injury and sparse of mice. 4) Com-
pared with the control group, administration of SH-EVs significantly reduced the relative abundance of Bacte-
roidetes in intestine of mice ( P<0.05), and significantly increased the relative abundances of Acidobacteria,
Chloroflexi, Proteobacteria and Planctomycetes at phylum level ( P<0.05) ; significantly reduced the relative a-
bundances of Prevotellaceac_UCG-001, Bacteroides and Alloprevotella in intestine of mice at genus level ( P<
0.05) ; significantly reduced the relative abundance of Bacteroides acidifaciens in intestine of mice ( P<0.05) ,
and significantly increased the relative abundance of Lachnospiraceae_bacterium_COEIl at species level ( P<
0.05). In conclusion, administration of SH-EVs reduces the growth performance and immunity of mice, dam-
ages the morphological development of intestine and disturbs the structure of intestinal microflora to a certain
extent, and has adverse effects on the health of mice.[ Chinese Journal of Animal Nutrition, 2021, 33(8) .
4719-4729 |

Key words: Staphylococcus haemolyticus; extracellular vesicles; growth performance; immune indicators; in-

testinal microorganism; mouse
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