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Isolation and activity of Listeria monocytogenes-derived
membrane vesicles
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Abstract: [Background] Extracellular vesicles are lipid bound vesicles harboring specific subsets of
bioactive proteins, lipids, nucleic acids, and metabolites, secreted by all living cells into the extracellular
space. They have been named as membrane vesicles (MVs) in Gram-positive bacteria. Recently, vesicle
production is described in Listeria monocytogenes, a Gram-positive intracellular foodborne pathogen that
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causes listeriosis in human as well as in animals. However, the knowledge about the impact of L.
monocytogenes-derived MVs on host health and disease is still limited. [Objective] To establish and
improve the isolation method to extract MVs from L. monocytogenes, and to explore its roles of biological
activities. [Methods] Two methods, the ultrafiltration concentration method and Optiprep density gradient
centrifugation method, were used to extract MVs from the wild strain EGDe and its virulence mutants
(EGDeAprfA, EGDeAprfA+pERL3-prfA*) and compared. The impact of different virulent L.
monocytogenes-derived membrane vesicles on the bacterial biofilm formation and pathogenesis to the
insect infection model was investigated. [Results] Comparing with the ultrafiltration concentration
method, the MVs isolated by the Optiprep density gradient centrifugation have got higher yield and
presented more uniform and clear image under transmission electron microscope, but it’s relatively
complicated and took a long time; All different virulent L. monocytogenes strains can secrete membrane
vesicles with 20—200 nm in diameter, and no obvious differences in their shapes and sizes. However, these
vesicles inhibited biofilm formation of L. monocytogenes, harbored a certain hemolytic activity, reduced
the pupation and survival rate of the Helicoverpa armigera larvae, and even caused them death. The
toxicity of MVs to the larvae showed a clear link with the virulence of strains they originated.
[Conclusion] L. monocytogenes-derived membrane vesicles have got versatile roles, and likely participate
in bacteria-bacteria and bacteria-host interactions. These results may be of great significance for the
further study of the formation and function of Gram-positive bacteria-derived MVs and the pathogenic

mechanism of L. monocytogenes.
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Table 1 The protein concentration and yield of membrane vesicles from the different virulent strains

Membrane & HSE e
vesicles Protein concentration (mg/mL) Yield (ug/10™ CFU)
(MVs) R Optiprep AR [EMEERE L1k USRI Optiprep /BB /8 7k

Ultrafiltration concentration
centrifugation

Optiprep density gradient

Ultrafiltration concentration ~ Optiprep density gradient

centrifugation

EGDe-MVs 0.216+0.03 0.284+0.08
AprfA-MVs  0.205+0.05 0.256+0.06
prfA*-MVs  0.239+0.04 0.305£0.05

24.00£3.40 31.58+9.216
4.38+0.11** 5.47+1.385**
0.14+0.02** 0.18+0.033**

T **. 53RIET EGDe 1Y MVs A, SRiET EGDeAprfA F1 EGDeAprfA+pERL3-priA*[# MVs F4 78 [k B K 2 B W i 25 5

(P<0.01)

Note: **: Significant differences compared to EGDe-MVs in the protein concentration and yield (P<0.01)
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Figure1 Membrane vesicles derived from different virulent L. monocytogenes strains

TE: A HEUERATEIIUY EGDe-MVs; B: HUEWATIEIIY AprfA-MVs; C. HIIEWARIEARIY prfA*-MVs; D: Optiprep %%
TR B O EESR I EGDe-MVs; E: Optiprep % EB6 I B ORI AprfA-MVs; F. Optiprep % 565 B 3R BUY priA*-MVs
Note: A: The EGDe-MVs extracted by the ultrafiltration concentration; B: The AprfA-MVs extracted by the ultrafiltration concentration; C:

The prfA*-MVs extracted by the ultrafiltration concentration; D: The EGDe-MVs extracted by the Optiprep density gradient centrifugation;
E: The AprfA-MVs extracted by the Optiprep density gradient centrifugation; F: The prfA*-MVs extracted by the Optiprep density gradient

centrifugation
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Figure 2 The effect of membrane vesicles on the biofilm formation of L. monocytogenes (24 h)
TE: A: 24 h ISAEAYBIE N ; B: 24 h NI VRIS . A5 AR Y BUBTE ZS4h 40 T3 B R T 4% (20%) . 1+ PBS

IBERRZEMR s *: AR AR IE R o R (P<0.05); **: #3525 57(P<0.01)

Note: A: The amount of bacterial biofilm formation at 24 h; B: The morphology of bacterial biofilm at 24 h. The morphology of the biofilm
was observed under a microscope (20x). “PBS” in the figure is the phosphate buffer solution (pH 7.4); *: The biofilm formation of L.
monocytogenes decreased significantly (P<0.05); **: Extremely significant difference (P<0.01)
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Figure 3 The effect of membrane vesicles on the biofilm formation of L. monocytogenes (48 h)
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IBERRGEM ;> AN B A R S, 5 R R (P<0.05); **: #3225 (P<0.01)

Note: A: The amount of bacterial biofilm formation at 48 h; B: The morphology of bacterial biofilm at 48 h. The morphology of the biofilm
was observed under a microscope (20x). “PBS” in the figure is the phosphate buffer solution (pH 7.4); *: The biofilm formation of L.
monocytogenes decreased significantly (P<0.05); **: Extremely significant difference (P<0.01)

24 AREEEBHAMDES

LLO & Lm Hhig B —Fpa A, J& TR
[154545 2H 7 2 (Cholesterol-Dependent Cytolysins,
CDCs)Z M5, T 38 12 PR 24t A A B2 1 240 i 1
AR, LLO FEEIERFRES T4A3IE M
BRI FIF AR 35 nm AFLAREE M, M
T Lm gkgg im0, D, e B iy
PRI MVs IS PR RIS, 55 BCEE R MVs Jin

AL mL 2rgipgag, FmEAd A 2 mmol/L it
JRFIDTT, Z55RE 5 Fs: 2 MVs i H
(4N 2.5 pg), AEERIETEEERT MVs i85
SSEERRAY MVs BIJCHl B, HnA DDT J&
WAL, Y MVs AR ARG g =
40 pg ), RIET BRI P EERR MVs Y94 53
FITEM:, ELAE DTT MYER NiA g 4 55427t
T SR T35 2R 0 MVs T3 JCHH s i ik

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



152 (PG YESE Microbiol. China
A
0.25 F B 72h
0.20
2 0.15
2
© 010
0.05
0'00 wl 2l 2l t w o wl wn * w wl
> = = Tl 5= & Tz 2
==z 2 F= =5 8= =
2 E X 2a £k S2aqla &
2 3% 218 5% | 2EE 5
TF S =i T F e
EGDe EGDeAprfd | = 1| EGDeAprA+
) pERL3-prf4*
B

+EGDe-MVs (1:1) | +ApifA-MVs (1:1)

S| HEGDE-MVSs (a0 | FAprfd- Nivs (a0 [ Hp ARV

EGDeAprfd+
pERL3-prd*

EGDe-MVs (1:1) | +Aprfd-MVs (1:1) | +prfit*-MVs (1:1)

+prfA*-MVs (1:1)

+PBS (1:1)

E 4 REBNEREYWIRR K ERFSEMRIFNE(72 h)
Figure 4 The effect of membrane vesicles on the biofilm formation of L. monocytogenes (72 h)
e A: 72 h AN AW BRTE G B 72 h AN AW TB A . AR A Y IR A5 450 T8 & A0 T W% (20%). &+ PBS

IBRBRZEMMR *: AR A BT R B T RR(P<0.05); **: MB35 5(P<0.01)

Note: A: The amount of bacterial biofilm formation at 72 h; B: The morphology of bacterial biofilm at 72 h. The morphology of the biofilm
was observed under a microscope (20x). “PBS” in the figure is the phosphate buffer solution (pH 7.4); *: The biofilm formation of L.
monocytogenes decreased significantly (P<0.05); **: Extremely significant difference (P<0.01)

25 PEEANIBRHNESE

KRR S Lm-MVs VST AR i3
REEEAR - 4 RS Ry A, 2503k 2 fr
N, SXTERZAA, 24 h B, 5T EGDe-MVs
A priA*-MVs BARE RO E B8 2 T %
(P<0.05), TS T AprfA-MVs ByARAS ik S A
WAk, AR 48 h 1 72 h 0, HHT
EGDe-MVs Fil AprfA-MVs RUFR AT & F

F%(P<0.05), MILEES T priA*-MVs FIARE HUiy
TREF I 3 FFE(P<0.01), B4h, EiTiEE
B3 AR MVs YEii4S d 4l Bk & B A) 4E
1, T H AR B AR A R AR R A —E R
M, o priA*-MVs B2 R, SRS Ui
BRI AR S5 N T 33.00%71 48.58%
(3 3), EGDe-MVs FsENARZ, i AprfA-MVs Xif
F A8 A TG B A TC R ), (R LA R T
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Figure 5 The hemolytic activity of different Lm-MVs

TE: *: MVs BYPEIILIG 14 35 P 5 (P<0.05)
Note: *: Significant difference (P<0.05)

F2 IRICHRBREARE MVs FRIFRELL

9.28%. Zi BATiA, AT Lm-MVs %44 g 5
B —EBURYE, B0 RE 1 K/ S R AR
Btk R I,
3 WikE4E

R0 RSORS00 i 9 B Y X F 5
HIrRe My HEXCEE, HEA 2R 75T
AMM AR, e R IR A R A B 0 R
e FIAPIRN 7, A A X Al 77 A% Lm
) MVs JEF 7 T HEER, & BUREIE MR AR TR L MVs 7=
BB AR BRSNS, BSREBCEIRES
f&T 5.5 SR Optiprep BB LR E FTE MVs 197~
Ky BEREAYS, (AE R R R TR
HIE MVs TE £ YL LI AR 5Z Optiprep 25U IYSZIA

Table 2 Changes in body weight of Helicoverpa armigera larvae injected with different Lm-MVs (g, X+SD)

bl HESF0h TES 24 h TEHT 48 h S 72h

The groups 0 h after injection 24 h after injection 48 h after injection 72 h after injection
i HE2H 0.120+0.010 0.233+0.019 0.438+0.066 0.718+0.050
Control

EGDe-MVs 0.112+0.015 0.155+0.024* 0.290+0.073* 0.392+0.086*
AprfA-MVs 0.118+0.016 0.184+0.027 0.293+0.058* 0.489+0.092*
prfA*-MVs 0.115+0.017 0.144+0.044* 0.248+0.066** 0.376+0.111**

T8 OPBRZAUNTESS T WERRZ rh iR AR B *:

5yt iAAHE, MRS A IRE B N (P<0.05); **: #B3E 25 (P<0.01)

Note: The control group is the larvae of H. armigera injected with 0.1 mol/L pH 7.4 phosphate buffer. *: Significant difference (P<0.05);

**. Extremely significant difference (P<0.01)

F*3 RCHBRARE MVs FRIS R A BB AR AL ERT

Table 3 The variation of the development time and pupation rate of Helicoverpa armigera larvae injected with different

Lm-MVs

205 4] HUR F ] SR b LGS

The groups Larval development time (d) Average pupation rate (%) Average survival rate (%)
Control 8-9 90.28 100.00

EGDe-MVs 9-10 72.00* 75.00*

AprfA-MVs 9-10 81.00* 100.00

prfA*-MVs 9-10 41.70** 66.67**

e X R TR PR AR dL . > SXTIRZAAHLL, PRI ARl f7 TG 2 B 3 T RE(P<0.05); **: #) % 22 5+(P<0.01)

Note: The control group is the H. armigera larvae injected with 0.1 mol/L pH 7.4 phosphate buffer. *: Significant difference (P<0.05);

**: Extremely significant difference (P<0.01)
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