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Abstract: Outer membrane vesicles (OMVs) are nanoparticles with double-phospholipid mem-

brane structures that are secreted by gram-negative bacteria and carry a variety of bioactive
substances from parental bacterial cells; consequently, OMVs serve as disease markers. Moreo-
ver, bacterial OMVs are potential anticancer- and antibacterial-drug carriers. While the addition
of glycine during bacterial culturing promotes the secretion of bacterial OMVs, glycine-induced
differences in the lipid compositions of such OMVs have not yet been reported.

In this study, the key plasma membrane components of bacterial OMVs before and after gly-
cine induction were analyzed using lipidomics. Bacterial OMVs were captured from bacterial-
culture supernatants using an amphiphilic dendritic polymeric supramolecular probe. Two sets
of enriched bacterial OMVs were characterized and their enrichment efficiencies determined, af-
ter which the numbers and purities of the OMVs within the samples were determined using a
nanofluidic assay. Lipids were extracted using the methyl tert-butyl ether lipid-extraction meth-

od when consistent numbers were recorded. The lipid compositions of the bacterial OMVs
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before and after glycine induction were analyzed using an ultra-performance liquid chromatogra-
phy-ion mobility spectrometry-quadrupole time-of-flight mass spectrometer ( UPLC-IMS-QTOF-
MS) and MS-DIAL software. Differential lipid species in the key plasma membranes of the bac-
terial OMVs following glycine induction were recorded along with their corresponding amounts.
Detection was accomplished in positive-ion scanning mode using an ACQUITY UPLC BEH C18
column following UPLC-MS injection, and MS" mass-spectrometry data-acquisition mode. The
lipid components in the two groups were determined by combining mass-spectrometric and soft-
ware-analysis data, which revealed that the addition of glycine to the E. coli Nissle 1917 culture
led to two-to-three-times higher concentrations of OMVs than observed for the untreated group
under the same culturing and enrichment conditions. Particle numbers measured for the same
volume revealed one-order-of-magnitude more bacterial OMVs after induction than before, with
the treated group exhibiting slightly larger particles ( on average); however, these particles
were better dispersed and less likely to aggregate. The identified lipid components were catego-
rized to determine the amount of each lipid type. Differentially expressed lipids were subse-
quently screened according to experimental conditions; significantly different expression levels
were observed following glycine induction, with 820 lipids identified among the 10 165 compo-
nents detected. The lipid classes were ranked in order of quantity as: glycerolipids (GL) , fatty
acids (FA) , sphingolipids (SP), glycerophospholipids ( GP), saccharolipids ( SL) , and sterol
lipids (ST), among which 463 GL lipid fractions (56. 4% of all characterized lipids) were recor-
ded. The ST lipid fraction contained the fewest members (10) and qualitative lipids were deter-
mined to make up 1.2% of the total. The addition of glycine to the E. coli culture was found to
induce significant changes in the surface and internal lipid composition of the E. coli OMVs,
with significantly more ceramide ( Cer) and lysophosphatidyl choline (LPC) , and significantly
less bis( monoacylglycerol ) phosphate ( BMP) expressed. Partial triglyceride (TG) and sphingo-
myelin (SM) were irregularly expressed following glycine treatment, with equal amounts of up-
and down-regulated lipids observed. This study provides a reference for subsequent in-depth
studies into the lipid compositions of OMVs and their use as novel drug-delivery carriers. The
expression of TGs and SM showed irregular changes, which is worthy of the next step of in-
depth exploration of its regulatory mechanism, and the present study provides a certain refer-
ence for the subsequent in-depth study of the lipid composition of OMV and its use in the study
of novel drug delivery carriers.
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bR ) A SRR R RO (-
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ACQUITY UPLC H-Class PLUS ¥ # {0, % {X-
SYNAPT XS Jii i 1% ( UPLC-IMS-QTOF-MS, 3%
Waters) ; CentriVap H 75 5 0 ¥ 47 AX ( 92 [
Labconco) ; Zetasizer Pro 2047 & 1 ZETA H {7
AT (3 [E Malvern Panalytical ) ; 40 K it =K U
X (e [E] APPOGE ) ; 4= I 4 't W i i A A (B b )
Tecan Austria Gmbh)

K (28% ) W F [ 245 48 A Ak 2 3R A BR 2\ ]
(L) ; 1-2 38 (3-“HI S LN 4L ) -3- & Jk ik —
T (EDC) (N-¥2 5L B8 FIBE i (NHS) | JE 7 iR H
BEh R AN (MES) | 215 (ACN, (3% 4 ) | P st ( (a3
%) F IR (IPA, 5 2% ) | — H JE 2K ( DMSO,
>99%) H JEAUT 3Lk (MTBE, (i 90 ) g Fibs 1fE
BB (SM, >99% ) W [ BT T A= fb B4z e dn A7
FRA R (i) s BERRZE vhilk (PBS) W F 5 28 A 1
BHEA R 7 (RIL) 5 BCA & A FE B iR 7 &8
AR RAEVERARAE (L) k&R
(AMB) ,Dendrimer , ! i ( {13 4% ) 9 { Sigma (3£
FE]) 5 S f 928 0 T 12 24 MR ( RIPA 24 ) 1 H
Thermo Fisher Scientific ( 3¢ [#); 4 HE H A
(OmpA ) i £ 5 [ $i /& (1: 2000, CSB-
PA359226ZA01EOD) I [ Cusabio ( 3€ [# ) ; HRP-
Anti-Rabbit — 4i #J [ Santacruz ( 3£ [H ) ; JE ¥
(ECL) 52 H Merck Millipore ( #E25) ; I8 Fi b
W L-o-BERSBEAER ( PC, >98% ) I [ J&K Scien-
tific(dL5) o

TR LT 4 2 (NC) 5 (0.22 wm) 4 | Cytiva
(Hidh) s &M (3 500 Da) 9 [ Solarbio (b 57) ;
IR DB (0. 45 pm) 1 L0 (R
1.2 Nissle A% 70 Nissle 45 1% 75 i 4b I8

Nissle 1155 3% . & 5 Nissle 4l &, 37 C i35t
WG T AR 4, 55 TR R TRV, . PRI TR V%
TR AT AR, R R AV v S e R B A
HTRIE I 2 0 R S O D, SRR E LIRS
JBGIEH R %) Nissle 43 OMV 42 #E/E T, 78
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PR IR BRI 18] S 56 4 6 137 19 15 37 0 P m A B
Fe LA ECR 1% B HZ R R, oAl 3R L

43 S 4 5 41 Nissle 41 B 55 72 @ E 47 AT b
FH.6000 g FES.Lr 10 min 255 40 B& A1 40 3 7 /T
VE AR 0 40 B R L WCOR A 0,45 pm 8 R
U8 25 R BR AN PR AR A i
1.3 ADSP-NC Ery &I &

ADSP ¥ ¥ 7] 12 mg AMB H /il A 500 pL
DMSO, 7€ # 7 & 78 73 % fift . M A 240 mg
EDC 144 mg NHS #150 mL MES THEIEH S, IR S
ISR, A iR AMB % # A1 10 pL Dendrimer,
WA T RETI BT . BRI 2 A~ 15 em R/
BRI, K E AL 15 min J5, I0A R H 4 IR K
HEATIEAT , JFEIFE 1.2.2 .4 h BT (RAK) .
BNEEHIG I 4 CHRMUT A TR0 T,

ADSP-NC JERT 45 . #HL 5 emx5 em K/MAY
NC i, i5fbJ5 A ADSP ¥, THER EI#FH 4 h
DL b, SRS, A PBS ¥4 ADSP-NC i - ok
45451 ADSP, #4511 ADSP-NC {547 T PBS H,
1.4 ADSP-NC [EE £ 4 OMV

K 25 1Y) ADSP-NC I - 235 45 Jl 918 25 i 6 40
B FE FIE W 0 OMV #E47 i B 5 4, 15 3
i OMV iy ADSP-NC &, K/ ADSP-NC i
AT AR S PR BT 1] I B OMV i) ADSP-NC Jii
A PBS %E% 10 min, & % OMV i #2H li €
AR BT A4 08 B R i 2% B9 ADSP-NC fi5, H B 2
i BSR40 R R 77 I P i 28 AD-
SP-NC i, itk OMV 5 BEf R 254, M iEs
() LR 8 73, 23 M A B T PR X R o 4 T 5%
I FIEWR I OMV HEATE 4

B S E T VRIS & 1 OMV . K 5 59 7% T EP
b i A& B 4 mmol/L 2 /K ¥ W I e Uk
OMV, 5000 g &5.0> 10 min, B F3&¥ , #735 pH 2
)5 T -80 CIAT,

1.5 OMV HIRAE

FIH BCA 11 T 1 0] & % H 2 iR 5 S 1
J5 1) OMV ¥ WA T8 BTk B2 2
1.5.1 R By 3 A (WB) FrdR 22

X% ST () OMV ZE 47 G2 BNl 73 Bt , 75 %%
A OMV & H15 0, e H B —Fih OMV 4R 2 A
OmpA, #MEAL 15 mg & [ BT BT 7 A SR
PR PRUE R L AR 11 0T 0T — 3 (R AR S B 3 A1,
BHln=3),

1.5.2 OMV FAr 6y &

TEAR R B RAEWFE] (30 ) T, R KA
SR IO H &R 1T G OMV A dh 547 0k 5k
(R, ARSI R A R OMIV A 4 B, 43531 1)
PILLAE & I ACRE SRR 10% (1) RIPA 24, IF:
FRUOR OB BSGH AT 0 7 FUREB50I 5E J, 75 AR 48 52
FRAGHLNT OMV #f S iE AT B B
1.5.3 OMV #y 240 Zeta (Lo H7

MRUCHL 1 mL & 4 P A OMV A i %5 5z il
SEE Rl AN E R Zeta B A BT A HEA TR AR
AL ASIN 38 5 T AR RE B 18] - BE R 6T g A )
AR TS HEATARLAR B |, HE SRAR S A SAME
MZ T HHEE(P) o Zeta HLAAE AL TR |,

1.6 3ESBEAERAFES
1.6.1  FFART A 3E

TE 5 SR AR B 1) I S0t 4 24, SR 5T S B 4 A
Xt HEZH OMV 7EAH[E] OMV 0k BT iY 22 S8 I, %
GRS AGHAT U 43 SIS R AR TR OMV
FEAGAT AR VR T 1 R H EE-MTBE-/K i 7
RA LI OMV g BT, 25 B_ 4K . 1) OMV
TR RER I 100 pL BBV, AT I Rl
3 WKAHE OMV 1 i 24 i ; fin A 250 pL MTBE i Jig #i%
¥ 15 min, il A 100 pL 28 F K52, L2 IE R
10000 g 50> 10 min J5 , B E WA 7R T8 F-20
CRAE, LR ITRTHEATRE ST, BV A
(A 5-HEE,2:1) F1 B( ACN-IPA-7K ,65:30:5) , LU 1
2 PRFEIR A, BRF 180 wL, .0 5 B i
W HERE /N
1.6.2 it &1

{63545 . ACQUITY UPLC BEH C18 4,34} (50
mmx2. 1 mm, 1.7 wm, Waters) , ik 50 C ;i
0.3 mL/min; #FEEY 5 pL; s AH: (A) ACN-
JK(3:2) F(B)IPA-ACN (1:1) ; B BE BE AR T . 0 ~
2.0 min, 40% B ~43% B; 2.0~2.1 min, 43% B~
50%B; 2.1~8.0 min, 50% B ~54% B; 8.0~ 8.1
min, 54% B~70% B; 8.1~10.0 min, 70% B ~99%
B; 10.0~10.1 min, 99% B ~40% B; 10.1 ~ 12.0
min, 40% B,

1.6.3  Ji% &1k

K LB 55 8 U5 (ESD) |, 1E B FHM RS
W, BT URE R 300 C ; HEfLHE N 40 V., gl
fEfER (CE) JEHE H 20~50 V, B4 HE 1000 V;
TR (AR MEESCGEA) AE S 512 50 L/h
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1800 L/h, 555 650 KPa, it B2 K &
o R MS® BT RO R, R AR BT bR
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FH] MS-DIAL Jiig J5i 73 #r %/ ( Mass Spectrom-
etry Data Independent Analysis for Lipidomics, A
IR YR A PR A, A6 5T ) X 52 56 20 Fixf i
BRI AT M, SRATHE 0 3 o7 b (m/2) (PR B B
[ (RT) AR 2SR 45 (5 B, 485l 1 LIPID MAPS
¥4 % ( LIPID Metabolites and Pathways Strate-
gy, National Institutes of Health, & [E ) X} JI§ 5 ()
SR B LA A TR

2 ZERE5Tie

AT SRR NE 1 iR, i eiE i ADSP-
NC JEXS Nissle 4ff B 15 57 W EAT OMV 1 iy i i 47l
A, NEIE R R IR A E L OMV #E 17
TIE s A ARGEAE A o A A aoh 2 3 I 20 % 240 1 3
(1) OMV fig Jit 1% 53 i 5% el , 1] J| UPLC-IMS-QTOF-
MS X2 OMV 85t il o3 #4753 185 43 #r , 47
1w B o i 2 A3 A
21 OMYV K WB SR St HEMBESH
S

H VAL OMV 1Y & G O, o H & R 15 S 1 5
() OMV 47 25 11 B ik BEAG I, 45 5% 23 01 ok 0.3
mg/mL F1 0.6 mg/mL, OmpA J& Nissle 4

Glycinq

OMV MRFr 58 1, AEFr M SMNE 28, 2 5
OMV FJE st # . w3k OMV 2 & il &
£ X HHAT WB 437, Bl 2a AT, H =215 40
AR SR I OmpA WU (R 54T, X b &
OMV i E e, HA A FH T OmpA & H i
SR BTN T L, T AR S S AL R A A B
Bk it Image J FBAHIEFT K EE AT, 45 21 96 %
JNF ()RR 11 BT 2%l A K BE A S L, S5 SR 3R, 72 40
FRE SR AR o A H 2R AT E #F OMV 43k, WB
FIVER RS A I B 1 B 45 19 L, Hh 1] 2b T
A TE CRIE B AL AR 1 T i — B, S R TR
OMV 4R YL A5 78 35 KDa Bz Ab 447 37 b ] DL | 195 40,
6] 2 P EATREA B OMV &5t o] i 225 5 4%
A WB KA, RUEMFEAEZMG T, REH AR
BRIAIE OMV AR Z

K A K 2GS OMV () s 50 4 fig
HEATINAE | R 90 S 6 ) M R 5 T 4 4 TR OMV
B MR SN OMV SUit iy 10 75, % 25 ]
B T Hl #5110 OMV AE Y OMV 4B i 5
HMAATHEAT 10 f5# B, RIPA 2 T R 28 1
S5 XTI RIPA 24 W i J5 (0 J0URL Bk 47 I
Al RS OMV A5 OMV 4 e, | E 2¢ Al
AR 10 15 H &R 175 4 1T RIPA 248 Hi i
BIECN 2. 76x10° A~/mL, 24 J5 B R ECH 5. 67
10° 4~/mL, Al 1315 S 44 OMV £ 5L 4l K 79. 5% ;
575 T 2 24 A 0 ORI ECA 1. 56x10° 4~/ mL, Z4fi#

= Wash with PBS
\\ B for 10 min

Culture of Nissle Enrichment of OMV with é
ADSP-NC membrane 2
6
4
o) B BMP P
=2 0 Cer ] «
_g" 0 oLPC UPLC-MS analysis
2 B NAGly
B SM g
-4 :
BTG e
-6

MS-DIAL-assisted identification
of differential lipids
B 1 4% OMV MEEMEREZSHikiE
Fig. 1 Enrichment and lipidomics analysis process of bacterial outer membrane vesicles
OMV: outer membrane vesicle; ADSP-NC. amphiphile-dendrimer supramolecular probe; PBS: phosphate buffer saline; FC. fold
change; MS-DIAL: Mass Spectrometry Data Independent Analysis for Lipidomics; BMP; bis( monoacylglycerol ) phosphate; Cer; ceram-
ide; LPC. lysophosphatidyl choline; NAGly: N-arachidonylglycine; SM: sphingomyelin; TG triglyceride.

OMYV sample solution
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Fig. 2 Characterization of OMV before and after glycine induction
a. WB target stripe and grayscale analysis; b. silver stripe; c. purity analysis of OMV; d, e. size analysis of OMV; f. Zeta potential

analysis of OMV.
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ZetaWL (i 250 AR5 S A M EUE N -28 mV,
PR N -17 mV, OMV By W2 85 B i 45 #)
SECHLFE N AR, Zeta HLALERAFIRIK DR
R R0 I B HE B, Zeta HL S 0 246 0 (R B Ry, 1R &R
ke, R H AR TE T4 OMV 1y
R Mt
2.2 UPLC-IMS-QTOF-MS 4#f

Fa il IR B VR T 2, B0 e I BB iR
HERE/N T B RIE A A IR, BT R R
AR G LC-MS X 21 (1) 43 B 9 47 22 4
FAE  FERA 2 AR = E N, B
YU B T 1] ( drift time) 20 ~ 180 Bins, m/z 500 ~
1000, 43 51 V&I B 117 (8] 3-Nissle ) Al S5 (& 3-
Nissle-Gly ) X1 4 25 i B2 1], o b i 22 5 8 ot
HATFRIC,
2.3 HEMESHIE OMV EREFRIEDH

WF5E & B, 1] Nissle B F2 5 b b 2 H &R, 5
JE5F 20 OMV AH Lb, AN {UAT S 2 34 hn 43 W i) OMV
i, 524 OMV NS 1 RodZ 3K 1 Crp
Fl AdDE () ZR8 K P i 88 n, FRAT 1 240
O3 M it — 25T B AR L NE R ZERL , 45 R R I,
HE&RIE SRR RA WAL T B2,

R GEHE Nissle K5 7% i A& b a8 H & 8 )

Nissle
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o

500 - ;
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OMV JR 4Ll B 52, ) FF I #8 [e) Jig Ik 4 2 4 R
R T H &R A SR ANE T 5 19 OMV g gl , It
e 820 MR T, TEAH M=/ (TG) . H
MM (DG) i 2t (Cer) ,SM  N-P k£ 1% Jiie
(NAE) \PC ZU( HLmt ) #EFR NG (BMP)  N-Pt
ARG RR (NATAU) (%5 1l B AR BE AR 6 ( LPC) 45,
K MS-DIAL Bg Jot 545 5 B 4 il ik m/z
RT MS/MS Wi ——DChL, SE3 OMV K i g
TR PR R R i, R P SR RS R 5 ) A
P, R PC A1 SM AR bR i 04T 50IE , 25 S 3 1
T 52 A SR T 43 I3 K M ARG 43 I o 22 [ i
2k 8x107°(8 ppm) . %454 LIPID-MAPS $ 4 /%2 it
TR AE AR 8 28, 40 B2 AR i 2 2K ( fatty
acids, FA) . Hilfl§2% ( glycerolipids, GL) g2
(sterol lipids, ST) . % i 2% ( sphingolipids, SP) .
il %5 1§ 3& ( glycerophospholipids, GP) | i 26
( saccharolipids, SL) . 424 B [ i ( prenol lipids,
PR) M1Z % £ %25 (polyketides, PK) . i1 /&l 4a 7]
S AR YRS I F] () 820 4B TR 4 Hp, $ BE S e AR
HEF MG GL FA SP .GP .SL ST, H:h GL 2Jig
JRA 5y A 462 A, BT i el 56.4% ., Hi &l 4b wT
I, — SRR Y 24 FRR T, B R 22 10 6 FRER T4
W& TG, DG, Cer, SM, NATAU , NAE, It ffil H
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Fig. 3 Ion mobility mass spectrometry analysis of exosomes before and after inducement with glycine
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Fig. 4 Lipidomic analysis of bacterial OMV before and after glycine induction
a. broad categorization of the identified lipids; b. continued lipid breakdown to the number and percentage of each lipid; c. scatter
plots of up- and down-regulation of different lipids in the two groups; d. TOP15 names of up- and down-regulated lipids.
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