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Abstract: In the present study, the antibacterial activity of postbiotics PostbioYDFF against Pseudomonas aeruginosa (P.
aeruginosa) and its mechanism of action were examined by analyzing its effects on biofilm formation and changes in the

ultrastructure and transcriptome. Meanwhile, to validate transcriptome data, gPCR was conducted. The results showed that
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PostbioYDFF exhibited significant bacteriostatic activity against P. aeruginosa with a diameter of inhibition zone growth of
28.940.3 mm and the MIC value of 100 pL/mL. In addition, compared with the control group, PostbioYDFF was able to
significantly inhibit biofilm formation by 64.96% (P<0.01) and disrupted established biofilms by 30.66% (P<0.05). It was
also observed that PostbioYDFF disrupted the bacterial structure and attenuated bacterial motility (swimming, swarming

and twitching). Through RNA-seq analysis combined with qPCR validation, a total of 503 significantly different genes were

found after PostbioYDFF treatment as compared with the control group, including 237 significantly up-regulated genes

which were mainly enriched in ribosomal, RNA degradation, oxidative phosphorylation and other pathways, and 266

significantly down-regulated genes which were mainly enriched in the energy metabolism, lipid metabolism, and two-

component system and other pathways. This study provides an important theoretical basis for the prevention and control of

P. aeruginosa by PostbioYDFF, and points out a potential application in food preservation.
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Table 1  Primers used for gPCR

G198k LGP (5'—3") TG ITSI(5'—3")
acs CGAGGACGGCTACTACTGGA GTAGACATAGATGCCCTGCCC

acn4 GACCGCAGGAACCTGAAACT ACTCGACCTCGTTGAGGGTA
exaA CGATCACCTGGGAACAGGAC CTGGGCAGCTTGAATACCCA
fleR GTGATCATCGACACCCTGCG ATCTGCGCGAGCTTGTAGC
pmrA AAGGTACTCTCGCGCAACCA ACGGTGCGGATCAACTGG
kdpB TCCGGGTGGGCAAGGAAT ATCACGTTGAGCACGTCGAG
fIgE ATCGGCAAGACTTCCTGGGT CGATGAGATTCACCAGCTCGC

16S rRNA AGTTGGGAGGAAGGGCAGTA GGATGCAGTTCCCAGGTTGA
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Fig.1 Antibacterial activity of PostbioYDFF on P. aeruginosa
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Fig.2 Effect of PostbioYDFF on biofilm of P. aeruginosa
T A XA WIS B AR B Sk e A S AR i AV  +4K
¢ PostbioYDFF 5 XT B8 4 ( Control) #H ., P<0.05; **{{ %

PostbioYDFF 5%} B AH L, P<0.01.

2.3 54 JT PostbioYDFF 3§ 4R 1R B2 LR L 55 4644
E0p=A

ANAE 3 7N, Ja 42 G PostbioYDFF Ab i 2H 4 Jify
Sxt BELHAR AT B IEAS 255+ . 28)5/E0C Postbio-
YDFF AbBR AR ARAE AN SERE, Hi 2B B B 1 & MR
ZE RIS A7 BT, AR AR A AR, S'GTE RO R T
ARFSFN st I A 40 i s IAL Y, AR R T gk s =2
HL PN A B4R ISR (T8 3A) . T A 2H 2 5

VEGA3 TESCAN

M

3 J54:7C PostbioYDFF X]‘%ﬂi!?xiﬂ@ RIE SRR

Fig.3 Effect of PostbioYDFF on the morphological structure
of P. aeruginosa
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Fig.4 Effect of PostbioYDFF on motility of P. aeruginosa
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Table 2  Statistics of data preprocessing results

s AR R EEE  HIEEEDE Q20(%) Q30(%) GCEH(%)

TB_1 7939180 7870552 96.69 92.01 63.75
TB 2 7681576 7606790 96.91 92.48 62.73
TB_3 8008556 7915630 96.80 92.20 63.33
TS 1 7658326 7574666 97.28 93.30 63.64
TS 2 8007274 7904440 97.98 94.52 65.22
TS 3 7878928 7779418 97.43 93.62 63.88
10 ATS 3 Group
e TB
~ S{A  4TS2 418
X TS 1 -
S _
<
& 0
3)
S TB_1e
- TB 3
L J
eTB 2

-5 0 5 10 15
PC1 (37.68%)

K5 PCA Tl
Fig.5 Principal component analysis (PCA) diagram
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Ro FETPHHAEAN FPKM {8, HEE T #E DIESE
H I FRIAAR . L5 RAE 6B on, SPATREAS
[E] 77 7E AL A9 DEGs, Jf H X%} B840 5 5256 41 = [a] A9
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Fig.6 Volcanic maps of differentially expressed genes (A), and cluster analysis of differentially expressed genes (B)
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Fig.7 Scatter plot of up-regulated genes (A) and down-
regulated genes (B)
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Table 3 Expression of significant difference genes related to
energy metabolism in P. aeruginosa after postbiotic

PostbioYDFF treatment
. TB vs TS
G SEH R i P-value
log,FC
BBz
RS06190 exad Ethanol dehydrogenase OS -2.50 3.27E-52
RS20885 nosZ propeller repeat —-1.67 3.21E-23
RS13470 gap YegP family protein 1.14 4.49E-13
RS04640 acs  Acetyl-coenzymeA synthetase g 04 37E g
N-terminus
PIERER AR
RS21100 ppe Phosphoenolpyruvate ~0.62  3.18E-05
carboxylase
RS04640 acs acetate--CoA ligase -0.94 1.27E-08
RS06190 exad quinoprotein ethanol 250  327E-52
dehydrogenase
RS05105 aldehyde dehydrogenase -1.65 1.11E-27
RS01755 acetyl-CoA C-acetyltransferase ~ —1.19 1.85E-11
TCA fEFF
acetyl-CoA
RS11350 hydrolase/transferase family —0.55 6.46E-04
protein
RS23310 acnA aconitate hydratase —0.54 1.74E-03
RS04820 class II fumarate hydratase -0.51 2.11E-03

11: TBE /R A JCPostbio Y DFFARFEAH ; TS /R X IR 4L; log, FC>037R I
i log,FC<03R/R T Iff; #4~F6lm
FARI R AT S, SR S IR SR M PR Y R i i
A2, I T R TR R GR i A Qi AR, X4 A
KA = A ASFZ ), DA R FE TR I

£ KEGG @8 Hriigs st SXTagAHEL, /5
A=JT PostbioYDFF AbHELH A K ig DEGs 35 & H7E
BEWTBRIfAE I . iR 4 FR, S HB BRI AR
By 7 S22 B (RS01755. RS01800, RS28740.,
RS10100, RS01760, RS12885, RS15790) ik T,
1 NRE2ZE SR (RS18010) %L FiH, NEITRRL
T RBREAE G5 T 2r R An M I s2 i A e B2, 18R
s A YT 8 A B G2 SR T, [RIBT g DR vl
VIME R AR B I 2 5 A s e i AU An S | & 4u it
RS RO BRI 43 frtA Qi p-4ef i Ak
# 4 J54:JC PostbioYDFF 4bH 5 Hil 4¢P i 1 5 g At g

B A R 3 2 L R A E L
Table 4 Expression of significant difference genes related

to lipid metabolism and synthesis in P. aeruginosa
after postbiotic PostbioYDFF treatment

TBvs TS

HER G5 AR P-value
log,FC
RS18010 acyl-CoA dehydrogenase 1.67 4.92E-18
RS01755 acetyl-CoA C-acetyltransferase ~ —1.19 1.85E-11
crotonase/enoyl-CoA hydratase
RS01800 family protein 1.39 5.05E-10
RS28740 acetyl-CoA C-acyltransferase -0.93 4.89E-09
RS10100 fudB fatty acid oxidation complex ~1.07 3 55E-08

subunit alpha
3-hydroxyacyl-CoA

RS01760 —0.87 1.90E-07
dehydrogenase

RS12885 acyl-CoA dehydrogenase —0.62 5.26E-05

RS15790 AMP-binding protein —0.54 1.49E-03

A7, FEreE L A, T A SRR LIER
AN A& R RE R AT . B Efbis i R
AEER DA SN, 2H 58 PR Ssliie: A ot e, 2-Has Iesil
Bty A KA, 3-FRmhn A LA 3-FRAT e
TEARWIFT P, J5 42 J0 PostbioYDFF AbHEZH (14 3-F2 1k
il A RS B (RS01760) FII i 3L 4 B A B & 54
(RS12885) (yERIAIS T~ IH ., Ak n] LIHEWT, J5 470
PostbioYDFF 1| 1 Hi 2 S Y B A A 7

X 2H 4y 2288 (Two-component systems, TCSs) J&
MR E ARG Z —, HSHE AR TCS J2&
HHPAAE S S 0 RN 0T, A B i i i
NS P . A INER BRSSO AR R s AR
TCS Z 5 i BHE AN G B . dLEFNPET, FUN flerR
VIO BB R | SR 2238 1 G 5%, DR AR T 2
SHAREZLPN, N3k 5 iR, SXTRRAM L, F4T
PostbioYDFF 4bPLH fleR MIZRIRFEFS A FE T
2 4% o WEH 53 R G i AL 45 5 B A BN AH 2 19 22 A
(pmrd), FEARIERN 14 40 B 18] 38 TRAT L il BE 55 41 PR ek
SN IT R B AR RS v AT 5 B A P 4 s i AR A,
FEVRFEAE PRI A o 3B T RS RN A P REE I
B, 4 PR RE NS 7E 52 4% 22 AR (IR AR VR vh A A7 RIS
B, 5XFRRZHAH L, J5 420 PostbioYDFF AbFHZH
pmrA WFRIREH R T T 2.44 %, HEnT LA
HEWT, J5 2T PostbioYDFF il ik R ATC 4 434115 B i 14
Wiz RS, IR AE I TE R, 51 & BEHAEN R 58
PRI 55 H AT TR 2R3k EIHNEEZOR -

%5 JGMTT PostbioYDFF Ab3H i 4 4 SpLIE F& 5 XUAH 5347
SR R 22 AL R IR L
Table 5 Expression of significant difference genes related
to two components of P. aeruginosa after postbiotic
PostbioYDFF treatment

g TB vs TS
SR SEP A V. Palue
log,FC
RS19680 /leR Response regulator receiver ~1.03 1.18E-08

domain

Cytochrome C oxidase, cbb3-

RS00690 nirMf type, subunit I1I

—-1.76 6.58E-16

RS15705 kdpB potassium-transporting ATPase

subunit -1.21 1.36E-12

two-component system
response regulator

C4-dicarboxylate TRAP
substrate-binding protein

RS25790 pmrA -1.22 7.45E-09

RS16865 dctP -1.24 7.02E-09

RS02990 bdiA biofilm dispersion protein -0.91 2.54E-07
RS18915dct4A  C4-dicarboxylate transporter -1.10 5.37E-07
RS15710 kdpA potassium—transpo;ting ATPase ~076 2 27E-06
subunit : :
C4-dicarboxylate TRAP
RS16870 dctQ  transporter small permease -1.17 3.35E-05
protein

two-component system

RS08465 ntrC
response regulator

—0.85 4.34E-05

potassium-transporting ATPase

RS15700 kdpC subunit

—0.91 6.18E-05

efflux transporter outer

R823460 opmH membrane subunit

—0.63 1.78E-04

aerotaxis transducer N-terminal

RS22785 aer2 .
domain

—0.69 2.31E-03
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TFAH S T 7 2 P2 b LR Fp 25 AP0, ik 6 i,
%} RELEAR L, J5 42 I PostbioYDFF A4bFi2H v 5 #{f
BB 7K (figE. fleR. flgG. figH.
SO fliF | flhA) ik B3 (P<0.01) T, BT LA
HEWT, J54EJ0 PostbioYDFF i i<k 171 il #1F =5 2H 25 AH %
FLR YR IR, AT S 380HE B AH DG 2 115 sz BHL, REAIG
T HAZBNRE 1, WD T AN BT hA 2 M, DA e b
A= W T B DT I i S 09 ZE IS, U B S AR o
PostbioYDFF AJ H& T /i 4] 4% B B0 0 187 A= ) 5 i
ARGE A R iz shtfe, i s e A K B, X
55400 PostbioYDFF 1] LA REARAR S (B 20 I BfT i iz
BhPEA—2L.

%6 Ja/EIC PostbioYDFF Ab 5 Hil 4 5 B 1 5 ¥ B ke
A R 7 2 e B P RAA T DL
Table 6 Expression of significant difference genes related to
flagellar apparatus of P. aeruginosa after postbiotic

PostbioYDFF treatment
. N TBvs TS
PGS S ik i P-value
log,FC
RS19775 fIgE flagellar hook protein -1.15 3.66E-10
RS19680 fleR sigma-54-dependent response ~1.03 L18E-08

regulator
RS19765 figG  flagellar basal-body rod protein ~ —0.82
flagellar basal body L-ring

2.87E-06

RS19760 flgh -0.78  3.30E-05

protein
RS02820 f1i0  flagellar biosynthetic protein -0.83 1.06E-03
RS19670 i flagellar basal-body MS- ~050  139E-03
ring/collar protein
RS02785 flhA  flagellar biosynthesis protein —0.52 2.24E-03

2.6 EHEEH qPCR WiE

X} RNA-seq 43 #7175 #] i) Horf 8 1~ DEGs #47
qPCR 43#7. UNE 8 FisR, DEGs ikt 5y 44
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Z
Z Z
2 1 0| 7
-1 11 9| G| 4| &
Z
v 21
B, %
&
—_— _3_
= T
—44 = =) T }
=
RNA-seq [ qPCR

acs acnd exad ) ﬂ.eR pn;rA kd}oB ) ﬂgE
K8 J5It PostbioYDFF AbHS 7 42 ALY
qPCR 4IE
Fig.8 qPCR validation of seven differentially expressed genes
after PostbioYDFF treatment
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