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Abstract: [Objective] To explore the influence of Acinetobacter pittii LSQ 3 on the biofilm
formation of Bacillus velezensis LSQ 19 and analyze the genomic characteristics of strain LSQ 3.
[Methods] The effect of the cell-free supernatant (CFS) of LSQ 3 on the biofilm formation of LSQ
19 was analyzed by crystal violet staining, cell surface property analysis, the phenol-sulfuric acid
method, XTT reduction assay, and scanning electron microscopy (SEM). Whole-genome
sequencing was employed to determine the taxonomic status of strain LSQ 3, and the biosynthetic
gene clusters for secondary metabolites were predicted based on the whole-genome data. [Results]
The CFS of strain LSQ 3 significantly inhibited the biofilm formation of strain LSQ 19, and the
volume ratio of 10 puL bacterial suspension to 190 pL CFS was determined as the minimum
inhibitory concentration (MIC). Compared with the control, the CFS of strain LSQ 3 at MIC
significantly reduced the surface hydrophobicity, adhesion, extracellular polymeric substances
(EPS) production rate, and biofilm metabolic activity, while significantly improving the self-
aggregation ability of LSQ 19 cells. In the presence of the CFS at MIC, LSQ 19 failed to form a
biofilm on the glass surface. Strain LSQ 3 was identified as A. pittii based on whole-genome
sequencing data. Its genome size was 3 939 365 bp, with the G+C content of 38.82% and
3 601 DNA coding sequences. The genome contained multiple genes involved in biofilm formation
and virulence factors. The antiSMASH analysis showed that the genome of strain LSQ 3 contained
seven biosynthetic gene clusters for secondary metabolites. [Conclusion] The CFS of 4. pittii
LSQ 3 can inhibit the biofilm formation of B. velezensis LSQ 19. This study provides a
theoretical basis and reference for the construction of synthetic bacterial communities from the
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perspective of biofilms.

Keywords: Acinetobacter pittii LSQ 3; Bacillus velezensis LSQ 19; whole-genome sequencing;

cell-free supernatant; biofilm formation

AR, AR E R 224> U Y BF 5T A
R, TR BE2 | MR AE U A AR OIS
e, (H7E L HEEREE A F 53 i A
EE7/ LSS N I R e RN DA E R S €59 = v
RE A% 35 B HAHRAE A RBAEE ,  [W] i 44 58— a8 s 1k
DI S A A ) A A < o B A ol 240 BT W]
W BRI PTRYI R B RGP
SRR A T I o B I A E IR A . A
W RIE, Wickerhamomyces anomalus CIBEROR=1
FERNZS 0] 5% 4R B VA T i K B 1 & LB W)
HRBRA ELE AR RS A AE Y, AN ) 4 Ao ] g
HE B . IR RS TR E R, ¥
Wi 9B b A 0 T %) H T8 B A AR s ) R 8, i )
T A A 50 o TR G W Fp AR W) IR B AR
H WRE L, TR Y Rh A= I 18] i AR ELAE
BAGDRITE | SE AR S R, R
AR 8 T 5 T 18] B A R Ok B A Vi 1) R o
e A

AR Luo 5P e TR At 1 e
RGP A, 2206 1 & R I Q. X F AL &
% S M #F B (Enterobacter ludwigii) LSQ 1.
LSQ 3. FRAKA-WEILT i (Chitinophaga silvisoli)
LSQ 14, =K ¥ & (Agrobacterium deltaense)
LSQ 16, A. deltaense LSQ 19 F Ul S 2 #04T
(Bacillus velezensis) WB., TEMFIE-E M ERE Q
BATE L OB RN 22 T A W IR R B T N R B
LSQ 3 5 LSQ 19 M55 3% i A4 Yy B2 e ) ik
55, A PR LSQ 14 J5 i /5 FHIH 2% o
I, HIRTE MUARE Q WM R EAE KR, AW
78 L LSQ 3 Ml LSQ 19 MAF kL, WF5E LSQ 3 X
LSQ 19 BUBERE J7 0520, Jf DA PRI 27 BE AR
FELSQ 3 ByRetE, LUMIARTSE LSQ 3 4] LSQ 19
B R ML B Bl OISR R Q 1Y

I T AR S
1 M55 %E

1.1 EFk

UL 3T 27 F0 AT T (LSQ 19) 1 Bz [C AN S AT B
(LSQ 3) FFFF M IR R A E AR S S = 4t
1.2 LSQ 3 ZL4pe EiERAHI&

B AR LSQ 3 M B R MR U
V15 3% 3 (tryptone soy broth, TSB)®r1, 30 °C |
150 r/min ¥ 5% 18 h, W # 10 000 r/min & L
8 min, W4E LEW, H 0.22 pm JCEEIE MBI UE
JE AASICYI I 18 W (cell-free supernatant, CFS),
4 °CIt 45 FH o
1.3 AELREM A. pirtii LSQ 3 JTc 4R
EERXT B. velezensis LSQ 19 B9 Y&
HNHIZ= 46 )

i AE LSQ 3 CFS X LSQ 19 A ¥ i 75 .
A IEE AT, 78 96 FLACF A 10 uL LSQ 19
BRI (ODgo=0.8)F1 190 uL LSQ 3 CFS, X HAZH
fdiJ LBGM K532 560, R4S T 4L e vk 3 1
A WIRE Y BURE ST TR . T 30 °CHE5E 24 h
J&, MIEIREEFRA R HUH 96 FLAk, R8RSR
I 24 h 5 MBI . SR )5 HICRIKIE Bk 2-3 1K,
Ve AR B AR, EIE TS A 200 pL
0.1% FIZE TR IA TR (0 20 min, T JC K
VRIFAA 3-5 IR WGV W M 1k, DLEBRA
BT AR TR AR . = TS A 200 L JE
K EERLAL 15 min, RABFHRUIIE ODss 7551
TWOEE, DA AR A Y . AR
IPRIFE AR (DR
A= S ] =1~ OD reatment/ ODcontro) X 100% - (1)

http://journals.im.ac.cn/actamicrocn



756

YANG Xiaoyu et al. | Acta Microbiologica Sinica, 2026, 66(2)

1.4 sS/MIEREMIC)RINE
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Figure 1

Detection of biofilm inhibition rates of Bacillus velezensis LSQ 19 by cell-free supernatants from

Acinetobacter pittii LSQ 3 at different concentrations. A: Biofilm formation of Bacillus velezensis LSQ 19 under

different concentrations of Acinetobacter pittii LSQ 3 cell-free supernatant; B: Biofilm inhibition rate detection.

The absence of matching lowercase letters on the column indicates significant processing chamber differences

(P<0.05). The same below.
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Figure 2 Effect of the cell-free supernatant from
Acinetobacter pittii LSQ 3 at different concentrations
on biofilm inhibition of Bacillus velezensis LSQ 19.
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Figure 3

The changes in surface characteristics and EPS of Bacillus velezensis LSQ 19 cells treated with

Acinetobacter pittii LSQ 3 cell-free supernatant. A: Cell surface hydrophobicity; B: Auto-aggregation ability; C:

Cell adhesion ability; D: EPS production rate.
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Figure 4 Analysis of cell metabolic activity in
LSQ 19 biofilm

Acinetobacter pittii LSQ 3 cell-free supernatant

Bacillus  velezensis under

treatment.
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Scanning electron microscope images of Bacillus velezensis LSQ 19 biofilm treated with
Acinetobacter pittii LSQ 3 cell-free supernatant (5 000x).
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J¥ (quorum sensing, QS)F 4t T4 LA M 5 -1 < B
A R 1 B JE R o A 36 TE 3 — HE I - A Al H 43
FHLE, XFLSQ 3 WAk T T &34y 5
3T

X RE DU 25 R AT AL R TR R, 153
LSQ 3 4B 4H B 3% (] 6A). 1 bR Y 42 Bk
PR 2H i — 4% 3 939 365 bp F4 FRR Y £0 44 20 ik,
G+C &1t 38.82%. i, ZHAEKAHE T
3 601 I~ DNA % fih |5 51| (coding DNA sequences,
CDSs). 18 /> rRNA A [H F1 73 4~ tRNA A
i COG. GO Ml KEGG TIfieihfe, %K& 0k
A5 2916, 2226 Fi1 2 695 4~ FEFER 4L
Yorw 7 MBOE B IR FAR I A W I R
M AEREAS . REKBHIERN, Fik
LSQ 3 5 i A B FT 1 (Acinetobacter pittii) CIP
70.29 WY ¥E LK R EEVI(K 6B). I,
LSQ 3 F AW Y5 N Acinetobacter pittii 1LSQ 3,
B HEE A F ) FAE R NCBI, R1GFEYE 35
& SAMN53665772.
2.7 Bk LSQ 3 BITheE T

W5 T R LSQ 3 FE K 4l b () g A 35 TR £ 7
COG 1B, A 2916 MEEFMSRER, ST
HIEF Y 80.98% (K TA). Hih, FILERF: 2 A
{1 (amino acid transport and metabolism)fY /& Lt
e, A 304 1N10.42%) . BRIz AN, SA %
PRI 22 e 3 MR N 55 (296 4>, i Lt
10.15%), —BDaE i (268 1>, 5k 9.19%),

Jig 2 e 32 FARIE (259 4>, i LE 8.88%), HHIE .
WA 25 R RN A W K 2 (228 A, i EE 7.82%),
21 e R/ /A I A W % A2 (206 A4, i EE 7.06%).
£ KEGG i&sf217 6 2Bl 7B), S54CHIHAH ¢
P ARz, Hrh, A 918 MRS 4 R
BT % (global and overview maps)fHK, 278 F
A 5 & 5 R AR i (amino acid metabolism)
FH G, 203 FPEE H BT 5 Bk K A6 S W AR
(carbohydrate metabolism)fH%:, 197 FiiE H i 5
5 B R A4 A= 2 4818 (metabolism of cofactors
and vitamins) A 3¢, 156 Fh & 55 fig = AR5
(energy metabolism) #1 % . GO Ifj BE I B i 78
(B 7C), 43545 1119, 1085 Fl 1 820 MNILHTFE
2 4= ¥pid #2 (biological process). ZHIZH 53 (cellular
component) Fll 53 IJj fi (molecular function), H:
i, FEANHIA 5y 5 R (membrane) Al G A FE PR 55
i, A 4294, L AUA CDSs 9 11.91%.
2.8 EItk LSQ 3 5EYIIEEMARXERER
= hEF TN

A. pittii LSQ 3 K 21 rp 5 B AR (QS) K
EYNEIE A S R 3R 1 PR o gseB FlI
gseC YE R QS ARG ny—3B4r, nlJAEANEEE ST .
1 EIENAE AN AAE . rhll FER A AHL &
B, & RhIRI QS RAEMALOAME, Bey7EMG
T, AR (A AeE R AR )
(FIB TG o bapA N BEARISAE WA SCEE 1T,
1E QS KAIEYI Y £ FUHER . envZ/iompR
FEVD TG IE Th R B B TR N, 520 A= s T
W, HBASBUEYIERETT T, bfmR/bfmS
FEHI S A SFF R I Csu R EBHRERS, H
P2 A W TBETE 1l o 3 6 56 PR [ )] 45 A= 0
FPERL . RE ERIThEE, 4w g . 2
B ARG 5L A

RARFE LSQ 3 R & A A I A Y B
MR I, B LSQ 3 WAk S 4 5
VFDB #2008l PEEAE #EA T X e e, 76 LSQ 3
B BRI JE A 2 B 427 N3 DR, B RR
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Figure 7 Functional annotation of strain Acinetobacter pittii LSQ 3. A: COG functional annotation; B: KEGG

pathway annotation; C: GO functional annotation.
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1  Acinetobacter pittii LSQ 3£ [E2H  SEH R RN K A YRR 2 A A R B9 &

Table 1

Acinetobacter pittii LSQ 3 genes associated with quorum sensing and biofilm formation in the genome

KEGG pathway III LSQ 3

Quorum sensing

ribA, secY, yajC, ahlD, secA, gseB, qseC, oprM, bapA, phzF, troGkdpE, hfq, plc, fisY, aroF, aphA, fadD,

ddpD, crp, gsmR, ffh, secB, secG, secE, trpE, ribD, zur, solR, rhll, yidC

Biofilm formation

acfC, envZ, ompR, tpbB, pgaB, pilG, pilH, pill, pilJ, chpA, yegE, wecB, pgaC, fimX, fimW, aphB, trpG, mucR,

gspL, gspM, fis, pgad, pgaD, hfq, oxyR, aphA, wspR, gcvA, gspK, gspJ, gspl, gspG, crp, cysE, paaK, impJ,
impA, vasG, impM, impL, impH, hcp, impC, impB, bifA, csrA, roeA, rpoN, barA, gspF, trpE, gspD, gspC,

gspN, dksA, uvrY, rhil, gfcE
Glycolysis/

Gluconeogenesis  pid, gpml, pgi

Ahr, aceE, Acs, pdhD, adh, pckA, Fbp, gapA, ppsA, aldB, yiaY, eno, fimA, fbaA, Pgk, galM, pmm-pgm, gapN,

2  Acinetobacter pittii LSQ 3EERYE HEFFN

Table 2 Acinetobacter pittii LSQ 3 major virulence factors prediction

VF category Major virulence factors

Adherence TFP, Paa, type 1V pili, EF-Tu, PEB1, Hsp60, Lap, type 1 fimbriae

Biofilm Alginate, AdeFGH efflux pump, Bap, VPS, alginate, intercellular adhesion proteins, PNAG, type 3
fimbriae, quorum sensing

Nutritional/ Acinetobactin, allantion utilization, pyocyanin, pyoverdine, Chu, Sal, pyrimidine biosynthesis, FopABC,

Metabolic factor

synthesis, Shu, HemO cluster
Effector delivery
system

Exotoxin

purine biosynthesis, FbpABC, HitABC, allantion utilization, petrobactin, LipF, pyochelin, AnsP, biotin

T4SS secreted effector, T6SS, Dot/Icm T4SS secreted effectors, Bsa T3SS, TTSS (SPI-2 encode), T2SS,
T3SS, Xcp secretion system, exolysin, HSI-1 T6SS secreted effectors, HSI-1, type VII secretion system
Phospholipase D, phospholipase C, colibactin, haemolysin/cytolysin

Immune modulation LPS, PDIM, LOS, OmpA, capsule, Vi antigen, PbpG

Exoenzyme CpaA, TlyC

Regulation

MprAB, LetA/S, RelA, BvrR-BvrS, SigA, Ler

B2 BIE AL ; Quorum sensing, 7E4: ) BIE B,
R EEAEN, QS HIE MR A FE OmpA.,
AdeFGH HEV5%E . PNAG ., T %15 B 25 il Ak 4y fi
A = . 58U
[N-FF acinetobactin, ‘©ie—FP4akikiA, v 51
F A 3E 4L ; HemO cluster, 7] A FHIMLLE .
Effector delivery system [y £ 2 7 1 [ T A
T6SS Z4t, T6SS AlKGHE H BRUN § ik 215 I
M e R AR, ST R T EERN
A4
2.9 EHK LSQ 3 EDR R =457 4
HTRFT LSQ 3 WK LSQ 19 A=Y Al
() 5 F st AL HLHI . R antiSMASH 8.0.2 rel %%

X B AR LSQ 3 F& K4 A R G AR ™= 1) A i
WEHEAT T W K, BRI LSQ 3 HAy
T A RPACE )6 BAH G ) 5L B % (18] 8),
L, A 4 CRBIRRE, EHE IR AR RR
4> J& FL A1 (NRP-metallophore) i #2451l ) AS Bl AT
[# % (acinetobactin); LAEK A (NI-siderophore)id
4 UMY % 5E 1 B (staphyloferrin B); DL &%
T 1t 5% 3 2245 (arylpolyene) iR 124 LA JE IR 25
Z K/J/A/B (berninamycin K/J/A/B) &% APE Vf,
SR = ) S B MBS T D RE
HHFE(E 8)

it acinetobactin f) NRP-metallophore %5
BGC0000294.5 F 87% HIAHALIME: . Acinetobactin
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BGC0000943.5 H 51% WAL, 2 Mo
Y& I sbnF. sbnC, STk BAK 4 i
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arylpolyene #£ 5 BGC0002363.3 A 40% F4+H L]
PEo AR, AE s A A A3 Bl i arylpolyene
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FHFRIBE LSQ 19 Mg, T4 HA YA
W%, 45 Silva-Dias ZFPUFoE 45 AR

AW R ARG Y (EPS) R Z MR I i &
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A W) S ) B R R A2l e DL R R
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