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Abstract ;. Outer membrane vesicles (OMVs) are 20-400 nm in size, membrane-bound, and se-

creted by gram-negative bacteria. OMVs play important roles in processes such as toxin delivery
and immune evasion. Although many studies have revealed the critical roles played by OMVs,
their heterogeneity has limited our ability to attain a comprehensive understanding of their pro-
tein compositions and functions. Therefore, studying the compositions of heterogeneous OMVs
subpopulations and their biological functions is important. Herein, we used ultracentrifugation
combined with density-gradient centrifugation and quantitative proteomics to systematically sep-
arate, characterize, and comprehensively analyze OMVs secreted by Escherichia coli DH5a and
Pseudomonas aeruginosa PAO1. First, crude OMVs extracts from both strains were obtained
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by ultracentrifugation and subjected to iodixanol density-gradient centrifugation to afford six
fractions each. DH5a-OMVs and PAO1-OMVs particle-size distributions were then determined
via nanoparticle tracking analysis, with average particle sizes of 131. 0-161. 0 and 140. 0-169. 0

nm determined for the two subpopulation, respectively. Vesicles were observed to have classi-

cal chattel structures by transmission electron microscopy. OMVs subpopulation distributions in

the density-gradated fractions were determined by silver staining and protein immunoblotting,
which also identified Fla-F4a and F1b-F5b as the effective DH5a-OMVs and PAO1-OMVs sub-
population fractions, respectively. We then identified 2 388 and 905 proteins from the DH5a-

OMVs and PAO1-OMVs subpopulation, respectively, and used k-means clustering and gene on-

tology (GO) enrichment analyses to reveal the heterogeneities of the various density subpopula-

tions in terms of biological functions, such as energy metabolism, material transport and ribo-

some synthesis. Comparative analysis of the E. coli DH5a-OMVs and P. aeruginosa PAOI1-

OMVs subpopulations finally revealed that they exhibit different functional characteristics, de-

spite sharing commonalities in their basic OMVs functions. The Fla DH5a-OMVs subpopulation

was found to be enriched for functions related to amino-acid metabolism and protein synthesis,

while the F2b PAO1-OMVs subpopulation exhibited significant biomolecule synthesis functions.

This study revealed that bacterial OMVs subpopulations have distinct biological functions,

which in turn provides a new theoretical basis for understanding the pathogenic mechanisms of

bacteria and their interactions with the host, thereby expanding their biological applications.

Key words : outer membrane vesicle subpopulation; Escherichia coli; Pseudomonas aerugino-

sa; density gradient centrifugation; proteomics
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KT B AT I A A B Lo R — B ok
(% OMVs 4 JE 4% 52 73 WA [A) ML 26 23, >R FH 9 T
VORE (3 - ER I T 1 X OMVs IR 2K 11 o3 4l 2R 47 43
Prigse AR B2 n kR ez 5
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FLE L H e (Tris) I FAL R R IL AR (R ) .
OptiPrep % & 6 B /v Jit \ JR = 1 ZipTip C18 JZ#T
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IEM P IgG(H+L) —Hil ¥ LB X AR YRk
AFCRE) . AN A(ompA) — W T Anti-
body Research 23 a] (3E[H)
1.2 EFELH

LB W iAS: 77 0k 3R R 10 g/L BERER L) 5
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LB [f{& 35 9% 5. 78 LB W AR 85 32 B hoim A
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AHIFSE PR AT 7 DHS o T AR IR 23 5 2P i
P PAOT (T A= A 4 [ J 0 5030 =) A B
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B BZ 37 CRRETR ARG PRI 7% 2 5 mL
LB AR R FR 3 rp CREAE 15 mL B0 ), 37 TR
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7E 1 LASEHE) , 37 THEIK 220 r/min #& 3557,
14 HREH&E
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5000 g AY%EH ES.C 10 min, F 8 — RS M TTREIA
6 mol/L bR 2 24 fif IF 68 75 15 21| 240 181 24 ff ) £ 11 L
(Bac), [IEWAE4 TLL 100000 g AY%E B .0 70
min, | 1 xPBS (0.22 pm) & &I iR iER 10
min , 155 OMVs k42429

TAC ) 25 Ao P % o ik AC A W) = 0. 25 mol/L i
B 6 mmol/L EDTA .60 mmol/L Tris, it ] %% J& &
JES i B(B W) : 0.25 mol/L JE# . 1 mmol/L
EDTA .60 mmol/L Tris, A ¥ #1 B &) pH {E 44y
% 7.4,31410.22 pm PVDF 43kt yg 285 4 C
TRAF . BCH2E AR MR C(C W)« 1:5(v/v) I
B4 A WS OptiPrep, K B .C W% 1 L
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W R 2R DR, 9 B R B/ IMR R, B )2
A 150 uL OMVs £ 5, fieJ5 H 1 xPBS #MA T 2
BB 2~3 mm &b ,4 TLL 216 000 g Ab%HE # B

F1 2mLZFEHEEP RS
Table 1 Prepared 2-mL density-gradient buffers

Todixanol/% * Buffer B/(mL) Buffer C/(mL) p/(g/mL)
20.00 1.20 0.80 1.127
24.00 1.04 0.96 1.146
28.00 0.88 1.12 1.165
30.00 0.80 1.20 1.175
32.00 0.72 1.28 1.185
35.00 0.60 1.40 1.199

* Mass fraction.
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e FRE 1 min, B ARG T R ) K 2 A AR B
FHRGE KRS B , FEH 4 wL 2% MR (pH H 6. 5~
7.0) et 45 s, FHUBAOK PR E . fe)a , FREd
g J A A2 S T S BRI S AR
1.7 EHRBREET

M OMVs S HAFHEF A 6 mol/L JR % , k7K
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IR DI, 720K - 24% 1 h A 3808 AR A
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JERE S, A Sx & T _EFESR vPRIR~),99 Tk
10 min, | HEPES-Tris 10% i B¢ 150 V HLJE T
FE.Yk 30 min, fH 3% 300 mA HLK 1 h $6 8 1 s Bl
% PVDF ¥, ZEE 1 h 5,4 CHAME ompA
—HL (LA 1:1000 BRFLHL S 0. 1% iR 20 B8R
2 (PBST) #i ke ) . 48 PBST Uk 3 W, =
TR E W A AL Y AR E ) S P 1gG (H+L) =9t
(LA 1:10 000 AR ] PBST FiBé) . TR 3 Ik
J& , A ECL fb2# &'l #5042 A 3))
2 RGN UG5 BT R Ge 40 IR BRG] 30 s,
1.8 + IR EwRER TN T I% BB R A IR

W2 pg OMVs KA (A, 28 1.7 15 )
FESR A R i FIZE 1K ph gt , SR )i 42 BRI AR % 3
G R E UL A TR G
1.9 HHBHEBIE-BERIESH

B 20 pg Zoid i e BE Ak 1) 2R 1 SR i, e R
L FASP J7 k647 B A , 25 11 SR & 5 1B i 1 Jo
wHh 50:1, 37 CH§f# 16 h J5, 8 ZipTip C18

FEBRER, B 500 ng BRE: 5 B9 BKBE - RESEAT 40 T
AR BT - FR I TS A A, B AR LA T 3 AR
HE,

WA G5 A C S BN T . {3 C18-AQ Lk
AL (20 cmax75 pm, 3 wm) ;A A 0. 1%
FR R /KAWL, T B AH B 2 0. 1% R Y 80% L JIis
TKVET BB FEBE L (0~ 1 min, 4% B~5%B; 1~29
min, 5% B~16%B; 29~52 min, 16% B~32%B; 52
~53 min, 32%B~99%B; 53~60 min, 99%B) . ¥
A 300 nL/min, 435 4 B E R, AR
2 pL,

HR IR RS (A SE S BT . S 58 BN B IR
1900 V; SR 4. 0 L/min; 25 714 i 45 16 5
280 T, Jik ) fdt F v fe Al 43 A% 25 (HCD ) Y ik 34
T R EAR AR 44 (DDA 2 P A=, A 44
MS' 3 60 000; m/z JLFE N 350~1750; 14
—AL H 3 45 ) (AGC) HFRE N 300% ; i KT
AFE] 2 25 ms; MS? 23 $E%h 150005 10— 1k
AGC BHREHR 75% ; Fe K HARFE] A 22 ms ; B 2
o4 m/z 1. 6; shAHEBRI[RI R 45 s, 2448 H &3
FERFRPIE & 5 1L R 1 (FAIMS ) I, AME2H TR BE
h1-45 V 65 V; 455 (RF lens) % 5E k1 50%.,
1.10 EMEEZESH

{i Ff§ Proteome Discoverer ( i 4% 3. 0) %f %4
HIBHR T 20 8T, ¥ % Escherichia coli 5 14 i3
HiE (Uniprot, R A< 2024 _04_01, 9028 396 4% )%
%) il Pseudomonas aeruginosa & [ Ji 8 ¥& J&
( Uniprot, iiiA< 2024_04_22, 544 901 4:JF%1) . %
PR R E R E FREIREMEN 1.0x107°
(10 ppm) , I V)07 &S e KA R 2, & BRI IK BE K
- S E AR BHPE (FDR) /N T 1%, 7R 1 50 56 58 AR ifE
ARSI ) 2 /0 1 ASFRAE R B, B 11T B A EI AL
it (PSM) BB BE MR /N T 1%, LAD 43037 325 60 25
[ i 7635 & i ( Abundance ) #F17 R 4L Fil 2-score
H—1k,

XK 26 35 5 k-means B 285 X W BE
AT, il 3 5 I ARIE (GO) B e 1 B A
RAPEE RN EHITH A T IRE(MF) 12 51
W FE(BP) (p<0.05) , i@ it R 44 clusterGVis
el BT Ak, 5 Bh 3 AR 15 3 (https: /7 www.
bioinformatics.com.cn) Z2i| Venn &,

F] ] STRING ¥ 3 ( https: / cn. string-db.
org/ ) P47 EE R ELAEMIZS 43T, i A 25 1 Y
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) OMVs #14&% ( PAO1-OMVs ), i i TEM #l
NTA K& ill PAO1-OMVs i J& 25 45 fiF FUkE 42 43 i
NTA 25 54n0& 2a i~ ,PAO1-OMVs [k 42 H
(158.0+15.0) nm, F¥ &M (8.9+3.5) x10"
particles/mL, TEM Z55 41 2b fii7x , PAO1-OM-
Vs EMFELEH , AT S OMVs Ay R S 45 1F, 32
& FRATR I AH ) B %5 B2 86 B2 4 PAO1-OMVs 73 55
B 6 % BRI AL 53, 7390 Flb ~Féb,

i T i PAO1-OMVs f7-1£ T W 2L 20 43 | 3K
i@ WB #:0 7 ompA, 45 B 4K 2¢ s, 1
Flb~ F3b FIHi £ % 5 M 7 2 4t il 24 /i ¥ PAO1-
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Fig. 1 Characterization of DH5a-OMVs and Fla—-Fé6a subpopulation
a. size distribution of DH5a-OMVs and Fla-F6a subpopulation; b. transmission electron microscopy (TEM) of DH5a-OMV; c. marker
protein ompA of DH5a-OMVs, DHS5«a-Bac and Fla-F6a subpopulations; d. gel silver staining of DH5a-OMVs, DHS5a-Bac and Fla-F6a

subpopulations.
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Fig. 2 Characterization of PAO1-OMV and F1b-F6b subpopulation
a. size distribution of PAO1-OMVs and F1b-F6b subpopulation; b. TEM of PAO1-OMV; c. marker protein ompA of PAO1-OMVs,
PAOI1-Bac and F1b-F6b subpopulations; d. gel silver staining of PAO1-OMVs, PAO1-Bac and F1b-F6b subpopulations.
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Fig. 3 Comparison of proteome of (a) DH5a-OMVs subpopulation with whole
DH5a-OMYV proteome and (b) Fla—F4a subpopulations
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Table 2 Enriched homologous proteins associated
with stress responses in DH5a-OMV and
PAO1-OMV subpopulations

Enriched in Enriched in
Gene Protein name DHS5a-OMVs PAOI1-OMVs
subpopulations subpopulations
clpB  chaperone protein ClpB Fla F3b, F4b
dnaJ chaperone protein DnaJ F3a Flb, F5b
dnaK chaperone protein DnaK  Fla Fib
grpE  protein GrpE Fla F2b, F3b
hchA  protein/nucleic acid Fla F2b, F3b
deglycase HchA
hfq RNA-binding protein Hfg F3a F1b, F2b
htpG  chaperone protein HtpG Fla, F2a F5b

HchA

E 7 DH5a-OMVs #1 PAO1-OMVs 51 5 [ i
Mg Rz 4B XM ERE B R EEM & E
Fig. 7 Interaction network of homologous proteins
related to stress responses in the DH5a-OM-
Vs and PAO1-OMVs
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