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Study on the Efficient Isolation and Anti-bacterial
Activity of Bacillus Subtilis Micro-vesicles

ZHENG Lixue, KANG Qiuyan, LLOU Jingyi, FENG Jinghan,
FAN Zongqgiang, WANG Shuo, CHEN Fang

(School of Pharmacy, Liaocheng University, Liaocheng 252059, China)

Abstract To establish an efficient isolation method of Bacillus subtilis Microvesicles (MVg) and evaluate
the antibacterial and anti-inflammatory activities of B. subtilis microvesicles (BS-MVg). Methods: The
yield of BS-MVy was increased by screening B. subtilis 2-1 and B. subtilis 579 strains in medium and cul-

ture conditions. BS-MVg was purified by ultra-fast centrifugation and density gradient centrifugation, and
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the in vitro antibacterial activity of BS-MVg was detected by filter paper diffusion method, and better anti-
bacterial activity was screened. The anti-inflammatory activity of BS-MVg was studied by establishing a
DSS induced ulcerative colitis model. Results: LB medium with 0. 5% glucose was selected as the medium
for high yield of BS-MVg. The culture time was 24 h, and the separation efficiency of BS-MVy was in-
creased. The antibacterial activity of BS,;-MVy and BS;,,-MVy with 1 X 10" particle number /mlL were
135% and 99. 2% against Candida albicans ., and 90% and 62. 5% against Staphylococcus aureus » respec-
tively. Based on the results of antibacterial experiments in vitro, the anti-inflammatory activity of BS,-
MV in vivo was studied. The results showed that BS,,-MVg can effectively improve the symptoms of DSS
induced ulcerative colitis in mice, including body weight, disease activity index, colon length and tissue le-
sion degree, and has strong anti-inflammatory activity. Conclusion: By optimizing the medium and culture
conditions, the yield of MVg was increased. The antibacterial efficiency of BS, ,-MVy against C. albicans
and S. aureus was higher than that of BS;;;-MVg, and BS,,-MVg had strong anti-inflammatory activity,
which laid the foundation for the development of new high-efficiency anti-inflammatory drugs in the fu-
ture.

Key words Bacillus subtilis ; microvesicles; condition optimization; anti-inflammatory activity
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200 mL LB1 #1 LB2 WifAREF 5 , 7582 K (200 r/min, 37 C)B%HEFE 12 h, 5 fefEdS 35 36 i o 35 95
BFE] (12 h, 18 h.24 h.30 b #HATILALHEE SR at ), F A B & 3 A .
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20%.10% 1 OptiPrep 2, B F1.F2 F3 . F4 DU ES B RS FH SW4ALTi %74 4 °C (180 000X g T
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G PBS B JGAE 4 °CL180 000X g F &5 3 h i MV KB . )5 0T i & L PBS &, 4
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BS-MV ¥ BE . 38 355 94 K 8O0 R BE AR 2 BS-MV Bk A2 /NI 58 375 59 L - i 84 ke g% BS-MV g
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Fig. 1 Production and release of BS-MV
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BS-MVS) FHPEZ5 40 (DSS+SASP) . PUZH /N BRI FHFR e GRDEL X BRAA R TE K, oAy =40 32011
DSS. 4L 7 Kl S BoG EA m RARN  7 RN A PO IR AR 41 45 10 mL/ (kg « B L
PBS. THiAH41#% 10 mL//(kg « DHEE BSMVS, FHEZ Y445 T SASP400 mg/ (kg « DEH . 1HFEM
], A H i s/ B 5 RN 16 37K (DAD  TEZR 25 5 5 L R AT A8 Ab B, 7 12 b J5 s VBRI IR 3k v
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WA HT . BT IR - 6/ BT NG % SR FE R ) S /NI S I A1 8. B DU 25 M I K B, O
B —FRr VB T 4% 2 B R P PR AT 8 E AP, 55— A — 80 C AT, DL & G SL 40 4L o M i
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1.7.3 EmEHI/H(DADFAE, S0 KIM 0 BB 6 S8 BOTAL 72 B KA I /N AR T 248 A
LT L RFIPE A5 50 0~4 43 4 AbRifE  BLARPE A bifi L3 11

xR 1 HEFERNIEH (DAL FES trA

Table 1 Disease Activity Index (DAI) scoring criteria
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B. subtilis 2-1 B. subtilis 579 12h 18h 24 h 30h

& 2 B. subtilis 2-1.B. subtilis 579 =4 B35 FE B FNIEFE AT EIAY ODy, B (a) B. subtilis 2-1.B. subtilis 579 7£ LB1.
LB2 %535 12 h J5H) ODg E; (b) B. subtilis 2-1.B. subtilis 579 7£ LB2 11535 12,18.24.30 h JFHI OD, &
Fig. 3 ODy, values of B. subtilis 2-1 and B. subtilis 579 in different medium and culture time(a) ODj,, value of B.
subtilis 2-1 and B. subtilis 579 after 12 h culture of LB1 and LB2; (b) The ODy,, value of B. subtilis 2-1 and
B. subtilis 579 cultured in LB2 for 12, 18, 24, 30 h
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SR (V] e TR G AR PR 2 e A3 32 B S N 0. 5 00 i 46
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RRIE R BSMVS (77 4 CBURLE/ mL) AR B, subtilis 2-1 £
OREE ™ S BT B subrilis 579,76 LB2 Wigesbhsizeoah & )
A 2 R R P A 05 -
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4 25 e T AR A 0 Tl 0 R LA YR FH 288 o 0 1 O Ih sh 24n 30h
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[GIAL R AEXT £, 45 R W] BSMVS FEAEFTE 20%0~40% 76 12.18.24 30 h BIiRE

ZIa) A 4 Ca) T LAERE I 25 2 1) BS-MVS #4753 #2146 . Fig. 3 Concentrations of BS ,,-MVs and BSs;,-MV
4aifb 5 ) BSMVS K/ FEE P 120 nm, HIH R AL JEFEFE in LB2 medium at 12,18,24.30 h (particles/mL)
50~400 nm, W& 4 (b, ), 7E3% H 5 T W5k B, BSMVS

EFEIE ST . KN — S B AR R 100~150 nm. A1 4(d. ) FF5 4N E M 1Y BARTE R, R BCA
RGN BSMVS #4758 e L 45 R R 1< 10" FokiE/ mL 19 BS, -MVS A& &8 12, 4 pg/mL.,
BS;-MVS B 175 &~ 8. 3 ug/mL.
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= 4
2 154 S 9
\E‘ = 10 = 107
g 1.0 4 % % .
2 = 5 = 54
E 0.5 4 =
2 [] '
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(d) (e)

B4 BSMV, D BANUELEE (a) EEHEBLEEZEHRENTMEXEE; (b,c) BS, -MV, BSy,-MV; K
HAENT; (d,e) BHTBRERKN BS,,-MVs BSs;,-MVs 35, EEHIR 5 200 nm
Fig. 4 Isolation, purification and identification of BS-MVj (a)Density gradient relative abundance of particles at each density
gradient after centrifugation; (b,c) Particle size distribution of BS,_,;-MV; and BSs;o-MVs; (d,e) The morphology of

BS,..-MV; and BSs;s-MVs were detected by transmission electron microscopy, bar=200 nm
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{2 (g) CON:TELAF (& Bk B SR A FR 2 15 pg/ml BRI B8 BRI B A% 5 (h) CON: 7E A < g €007 7] R 11 4 J5 4 )
Figp s 15 pg/mL MR IRE ZIE MU R 1l BAR
5 BS-MV; BHEFEM (a,b) LB BIKEAREERN BS,—,-MVs BSsy-MVs FLEEM; (¢,d) UXBETFE
ARREET BS,—-MVs \BSso-MVs HLEE MY ; (e.f) & H BHEKE A HREHI BS,—,-MVs \BSsy-MVs
EEY; (g) MBEBSHEAREENME BS,—,-MVs BSy,-MVs WHIE B EZ; (h)
& E BEEKRE AREENE BS,—,-MVs BSs,-MVs KiIEE HEZ
Fig. 5 Antibacterial activity of BS-MV; (a,b) The antibacterial activities of BS,_;-MV; and BSs;s-MV; were detected with
Candida albicans as the pathogen; (c,d) The antibacterial activities of BS,—,-MVg and BS;;0- MV were detected
with Candida albicans as the Escherichia coli; (e,f) The antibacterial activities of BS,_,-MVs and BSs;0-MVg
were detected with Candida albicans as the Staphylococcus aureus; (g) The diameter of inhibition zone
of BS,—,-MV; and BSs;s- MV was determined with Candida albicans as the pathogen;
(h) The diameter of inhibition zone of BS,_,-MVs and BSs;,- MV was determined

with Candida albicans as the Staphylococcus aureus
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gipRIER . B 6(c, ) R BS, -MVS Fl SASP B 2038 T DSS 175 7 10 25 I 1 B 4 4, 2 21 T 88451
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30 = DSs 3 | = Dss
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E" 25 z r—-———- E" by
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2z e 8 2 E 51
3 [
B 205 2 )
- b DSS+SASP r—.".—_ S
a : .
B S : y IO
0 5 10 15 0 2 4 6 8 =123 4538 S & & &8
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7 o%%
&

A BRI LS B{E MEAN®SD £/R8 (N=6), %5 4] VS BRI, » P<C0. 05, * * P<C0.01, * * % P<{0.001, * * * x* P<(0.000 1,
6 BS,_-MV, IT/NREE DAL ESFFKENFME (a) MREETL; (b) EFAEDIELEIES; (c,d) MNEREFKE
Fig. 6 Effects of BS,—,-MVs on body weight, DAI score and colonic length in mice (a) Weight change of mice; (b) Disease

activity index score; (c¢,d) Mouse colon length

2.4.2 BS, -MVS 8RR A T %o, it HE JL 00 Hr 4520 245 i 41 2L B 95 BRAS AL, 8] 7 Al 0, 28
F1 245 P 110 B 1 5 F ORI S Jg 25 A0 S8 3K TR AE IR o MRHR 2 (%) 235 B R S Bz 2540 B S 483475 » BRUss 454
A BRAR  PROTR A RS R A I S AN IR I AN T . AT AR B 24 W AL 2 B A S A R
IR A EE I SE 8%, J LT O RIE R . 4595RH] BS, -MVS ] 20842 DSS 55 RRYBHZ A 2 BREIR

Control DSS DSS+BS, -MVs DSS+SASP

7 BS,—-MVS XA A RIE T RIS NE (20X)
Fig. 7 Effect of BS,—;-MV; on histopathological changes(20X)
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8 BS,-MVS I/NRRAEEFEEHFM (a) INF-a FIEE; (b) I-FIBHEE; (c) -6 NEE
Fig. 8 Effect of BS,_,-MV; on the content of inflammatory factors in mice (a)Content of TNF-a;
(b) Content of IL-1P; (c) Content of IL-6
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2.4.3 BS, -MVS xR EEBFALE0Hm., NITAG DSS %S 150545 1 4 (1™ B AR A SCHF5E
T/NRIRMIE R A F (TNF-o IL-18.1L-6) B Rk . [ 9 S5 R B, 5 X IR AR Lt A 4] TNF-a 11~
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E
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2 PR AR A % G B R o T A0 B R A AS TR ML o) 7 A 200 R 90 96 0 T e o (MLV) S
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FI AN B9 520 AR | 8 1A TR 5 2 40 T 5 L B8 2 () 3l ) B A

UTAE R AN A A AN 2 B [ N AN 1 )12 TR B AL FRI AR R B . BRI MV 905
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fift MV B R/INER A2 25 5. ASWFS0 b XA [ 5236 75 2% B4R SR RV T o 0 | o B 0 4% FE
BB T SN BS- MV 1953 85 5 ik AR 0 53 25 4l fb oo A2 5148 48 )i 5 R A BRI Y . SR FH A% 5
P35 336 — ) 1) 68 5 A T R o T 25 1Y 7 1 WK BS- MV T 2%, S IRE 5 RTE . KNS — , SR 8 3 2
KBOCHERE UM BS MV BURLAE /N, ZEA R 2ERIF B 2R 97 12 h TR ™ R R 3L i
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