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Abstract: In this study, raw milk and farm environment samples were collected from 6 farms in three regions of China, and then the
isolated P. fluorescens was classified and its biofilm forming ability was evaluated, and representative strains were screened. The environmental
adaptability of P. fluorescens biofilm was investigated by different culture temperatures, conditions and surface. The results showed that 25
strains of Pseudomonas fluorescens were isolated and divided into 5 ST types. Among them, P. fluorescens 18 had more stable biofilm forming
ability at 24 h and 36 h, and OD values were significantly higher than other strains. P. fluorescens 18 can produce biofilm in TSB medium, skim
milk medium and whole milk medium at 25, 15 and 4 ‘C, but the production capacity is different. When the culture time is 36 h, low
temperature can inhibit the formation of extracellular substances of biofilm of P. fluorescens 18, and the extracellular substances of biofilm of P.
fluorescens 18 can be promoted when the medium is milt-based. The results of scanning electron microscopy showed that the adhesion ability of
P. fluorescens 18 to form biofilm on the surface of stainless steel, glass and plastic was different, respectively, stainless steel>glass>plastic.
Therefore, there is a risk that P. fluorescens isolated from raw milk and farm environment will form biofilms in milk medium during production,
and the risk is higher on stainless steel surfaces. This study provides a basis for the future study of the harmfulness of wild P. fluorescens.
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e KRB, TEJERIFLEE NI 5T, 2RI R L R TR, (HITEERR R 2 10 R L
(I TE R B BED A= U555 e (K JFOREFL FR A AE S R et JEOREFL R U R B e M 2 PR,
SE I EIFh R 150 Z AP, IR EE . ST EE. WEKER. AETEE. AOSREE. FLEk
WA BERREE B AR B AE,  DUMBRM B B AR g A B ] AE R LR i R i K B2, B2
i ARG E RSB SE AT 2 o R FLR S B A IR A E TR, S BT S A AL BRI G, 44 L1
SRR, B REA A P fluorescens £ MY, il TR AN E AR (Extracellular Polymeric
Substances, EPS) st ia e D), LG KB T2 T O & E ALY IS RS IR N ) P.
fluorescens.

P. fluorescens 42 B (KA AW AOMEA WO, HARRIBAME T A KESFI o £ KB 200, )
TREAE B4 R A i EE (Cleaning In Place, CIP) 54N, 4R, P. fluorescens mJ LAYE 22 Fihar sl
TPV, IR, R LRI, XA A SN T R e B AR SN R HLR 4. e L)
AL, 2B A G 7E SRR LA AN A T (R ANERAR A 2R T 2 T B o P B 2 B A i ™, AR R, &
SHEGHIIEL. SR TR AR, IRAMER RIS MR i R, AT B Mg 2 SEL b Sh s
SEARGRI 20 AR 1 M T T 0 K R R A AR B 72 A B0 v S S & i),

AT AN RS Y JFRE LB LIRS s A 70 25 SR )7 A2 B P fluorescens A AR, JETAEVIBIE AR
RESIVRAL, TRk — MR A RS ST BRI P, fluorescens J:-fi & Hif EAE K 1), FEBLIERY b, B S0 HEMAE
ANFERHREE (25, 15, 4 C) AUR[FEREEFRIE (TSB (Tryptic Soy Broth, TSB). Jitfgl. 4fel) AW mAE
TIFVEYINE EPS &, RN ICZEMRAEA A RIR I OREBAN. SRR BRI ASX A, LIHNIESEP.
fluorescens [HBi#EFEt—E IS E M E.

1 RSk

11 MK 50L&

TSB ¥5953E, HNEHAYHEARAIRAT: Luria-Bertani iiAR%753E (Luria-Bertani, LB), T8
RAWAF]; TKOEE, REFEHFRAARAF; HEE, RESOEFAFARAR; FE2E0N 0.1%%5
BQEW, HEEYVRHEAIRAR]; PBS L2, JbZREAEVFBHAMRAR]; MEHEKZH DNA $EHGAE,
JERHRIR AR A R A F]

Bcn1360 AU A F TAFE G, EEEFERFIEA R KB R (0.000 1), HRHE-ER 2 EERE 56
FRAF]; REAEE.ONL, £E Sigma-Aldrich A 5]; GR85DA i 28V KR, 2P0 =mmastiAa PR A
ZHWY200B BUEIRIEFFRIRIK, BTG A R AR SpectraMax i3x 2 IhREREIRY, FEB/ D TIERA
BRZAH]; S-3400N AUy Rt o 7 e, HAH LA R,

12 S

121 JRASLBIREAE AR R E

SRR A ERIL. SRR =N XIRIE 6 47, BRREE 6 FUUHH A ER M R ZLLAAE, RN
EREEAL S A BMNAR . Whds. 25300 a A% TEANRFERNBYERYEET, 6 k. REMFEA4 C
N IZIE R SEEG S EAR AT S S A SR, R R AR AR RIA SIS = e L RITE R TAE R LM 25 R
50 mL I & OEMAAT-20 C, HEFEAREEMFT-20 C.
122 BAILBIRSAR R LR 43I A DNA %558

SRR ¥ 9 mL FIE 0N 0.1%TC B NaCl % E T 15 mL ToE 508, IO 1 mL FRHALEE 5, fi
HIRIER % 2R A Y515, W R RREE 10°, 7EAFIRARE (ORE R Th 22 HIEL 100 pb, 7EFZRTHI LB PR
THEG AL LTI A, BIGTREBIE R TR . BRI N E &M, BREE N T C, FFRmah 10d, 18
REFRIG IR PR BRI — Y%, 3R T RIZRH1 4% LB TR, A58 H DNA #E17 16S rDNA %5 .

IREAEA: ¥ 9mL FTE 0N 0.1%JC NaCl % E T 15 mL o B0, TN 1 mL B, i ie
RGBIR GG, RSB MR 10°, HABA SRS FRLAL R A —FL
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DNA #2002 16S rDNA %52 : i TGuide S96 WiFkik: - 13/36 [ FE K 2H DNA $EHGAT & 7€ A% R I H2H o
FFHE 5149 27F F1 1492R XHHEHUT H.— T 7% DNA #H47T PCR ¥ 34 5|97 51| PCR ¥ M4k 22 K 213k 1 Fs
4 PCR ¥ 3P WHMIRIRARAT, 1B It BB AEIH ARG BR A 5 AT AR R e, X453 21 0 51 T 3t
o FPHRE RS WL R P YI3ERE, 76 NCBI i T BLAST LUX, EES5 S kT FIA IS KT
99% v 4 T BRI ELAfA 78 BRI 7 S AT

=1 31495, PCR I SRR R &M

Table 1 Primer sequences and PCR amplification system

s (5-3) PCR ¥ 344k % PCR ¥ 3§ &1+
27 uL ddH,0
27F: AGAGTTTGATCCTGGCTCAG 16 uL2xTaq PCR MasterMix 94 ‘C 5min, 35x (94 ‘C 1min, 58 C
1492R: TACGGCTACCTTGTTACGACTT DNA 4% 5 L 1min, 72 °C 1min), 72 ‘C 10min

LT 4% 1 ul
1.2.3 P fluorescens % 1.5 5 3| 5B B A M IETS R B8 H) 0 HT
FIH P. fluorescens ] 7 X S L K 51 W05 HE UK [F] B AR DNA BEATHRE B 1, JER205008: gInS. gyrB.
ileS. nuoD. recA. rpoB #1 rpoD. FI¥F5IN#K 2 fizs, § 361K R K& 2kF5 16S IRNAPCR [ MNAHIA . Fifif544 PCR
PEHATIERE I o0 dr, FRANUGE, 1R BRI 7 NMEXERZR T Y. FRARRER MLST 4 2E
Chttps:/Aww.pubmist.org/pseudomonas), &£ BUFF B HITHEE, SRR M B 1K 7 AN S R e 45 a7
BRI SRR S, G A R AT e R T B A
7 2 EXERERER PCR 5149
Table 2 Seven sets of PCR primers for housekeeping genes

5 %5 1453 (553"

. gIns-F ACCAACCCGGCCAAGAAGACCAGG
gIns-R TGCTTGAGCTTGCGCTTG

) gyrB-F GGTGGTCGATAACTCCATCG
gyrB-R CGCTGAGGAATGTTGTTGGT

, ileS-F TTCCCAATGAARGCCGGCCTGCC
ileS-R GGGGTGGTGGTCCAGATCACG

. nuoD-F GAAGTCCTGACCTTCCTGC
nuoD-R GAAGAACTCGGCCATCATG
recA-F TGGCTGCGGCCCTGGGTCAGATC

° recA-R ACCAGGCAGTTGGCGTTCTTFAT
rpoB-F TGGCCGGTCGTCACGGTAACA

° rpoB-R CCGAAACGCTGACCACCGAAC
rpoD-F CTGATCCAGGAAGGCAACATCGG

! rpoD-R ACTCGTCGAGGAAGGAGCG

96 FLARIZI P. fluorescens A=A i BE 1 HTT VAR R 2N E RS 2. FIREAR A E 590 nm 4k
WOEFEAE, VRNV R BE SR 48hR, R E R E = ANEWFES . FRK YIS R EE I ODc
(OD psetSD) Fin. HH12 OD<<ODc i, KEPZEMRAREE AP 4 ODe<<OD<2>ODc I}, FKHi%
R B A RIS S BE 77: 24 2>0Dc<OD<4>ODc I, FIZH AL TR ISR /7 24
4>0Dc<<OD I, RINZBEMEEA AN iliRE
1.2.4 P fluorescens £ iR E AR & F i T AWM IEIRITIE 4
HEH UHT 8490 UHT BAEAEGF1 TSB 853 R AU Al SR 0 DOt i e M s AR P ST BRI« 4
B 7% 24 h EIIBETS B UHT 284295, UHT BASA-9580 TSB B -85 MB S 10° cfu/mb, SRJE1E 12 FLAR A3
AFLHIIAN 10 mL FIRERE R A, 3I7E 250 15, 4 CHEFE 36 h J5HUH, Wb fLH it Rdt, H PBS phjtihe:
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(P2, i E BOSCAE AE M I R LB & T 5 mL MR AEE 24 0.01 mol/L i) KCIHEE T, 7 300 w D2 T i A R AT
1 min. EAEEREERT 4 C 70009 &0 10 min, WesE BIER, H 0.22 um B ESR AT uE . K2R - iR
ENE RA 2 ER S & . SR Micro BCA 2 RN GRI G e v B Al f s iR B o e
1.2.5 P fluorescens £ 1~ B M4t & & A IR 5 £ 57

ANFEW ) (25 304, K/ 0.5 cm>0.5 cm>0.1 cm) fEAFHET, 7EPEHIRIE 30 min Br 2R IMIMAR, g
R HCN T5% I RIS, HRBAKM T, ITET 121 CKE 15 min G BIA R/
0.5cm>0.5cm>0.1cm) FEfS AT AR 73 80 75% LBE 7 g e, B RBA KM TF, IWTET 121 CK
15 min Ja 45 M. PET %k A K/ 0.5 cm>0.5 cm>0.1 cm) ZEAE A AT FAAFR D BON 75% L FE 78 0G5 Ve, 1
FRRBAKMBE T3, BT s K B R R R T B B B 1 2 SRR IR 12 he

T %S (Scanning Electron Microscope, SEM) WEZ5EAE M IE I i EARAEANTE AN . I ARl 2 1T
FTE R iRt . FC B U AE TSB iRk, 25 C157%E 36 h e —=F4kl, HIJCH PBS iE S,
FEARZ[E 2 e CEERREK. B, T, KRR E P s f5, FIH SEM X4 A gt T5%
for, W% P. fluorescens LEAN AT RIR A U AE VIS 22 57

13 #dEaH

FiA RIS AT 3 R, Bdm L + hrdE2Z: (Mean+SD) F7R. B SPSS FEFn i (T2 7 o 2
HorHT, P<0.05 NZEFEE, P>0.05 NZEFALE. KH Origin Pro 2019 B A4HER.

2 FER59H

21 FERAMTHEEAMENAERER

AVRIEIT AR N FREL R RS A 42 55 Mg, 167 MR, HrRfERKF L, P fluorescens %
7 ELAR N 8.48%, Hik /2 Pseudomonas brenneri 1 Acinetobacter juniiC 1P 1 fTR) . 4l 745 . 11, P. fluorescens
Sof JEURLFL . HOR SR A B B s s e e,  ELSTE 4 C4F N R AL 8 AT 2958 . Teh 250 5k}
FUA A& T o B HE R P. fluorescens, RINAHELTIRIEAYD, AWl 43 25 oK) P. fluorescens A= [T
g BAG RN RIRE 7T [RItL,  AHHF TN 40 B H AR A E YA 1R P. fluorescens 3E4T 5 BB VI AE L RE 77 LA R PR
TE AR TT

FHERE—HKT

B 1 RRE R HIMERE A AIE TR LS
Fig.1 Results of pure culture separation of raw milk and environmental samples

2.2 P fluorescens 4HH % fi & J7 5| 7B 45 5 F 7= A M BE 6k ) A

BTN 4325 H ) P. fluorescens #EAT4H 1 MLST. 43R 3 7140, P. fluorescens 3434 5 AN FHIAY, 43l &
ST8. ST33. ST37. ST126 A1 ST127, H.r ST8 A HEhfx i, ST8 A& B KiEEREFH..
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F=3 258k P fluorescens ST BIER
Table 3 ST typing of 25 strains of P. fluorescens

ARG -
glnS gyrB ileS nuoD recA rpoB rpoD ST
Pf1, Pf12, Pf14, Pf15, Pf16, Pf17, Pf18, Pf28, Pf29, Pf39 8 8 8 8 8 8 8 8
Pf30, Pf31, Pf32, Pf33 32 33 32 33 31 32 32 33
pf6 34 37 36 37 33 35 33 37
Pf21, Pf22, Pf23, Pf42, Pf44, Pf45, P48, Pf49, P50 7 97 32 33 31 32 33 126
P54 7 84 32 80 31 95 32 127

JEOREFL I B T ARG I 8] — RO E Dy 48 h N 5E k., PRI 3 B L) 25 FRTEREAT 24 h F1 36 h A=K,
AR AL, AU 24 hINF, 7 RREAEMIRAE RGRE SO TS, L RRBE AU, HREONSSAEIEA G 36 hir,
WA 3MRBEAEYIEAE B 1A A, HARBESEVIIEAE R (WK 4), X 3 MR AYIIRAE BRE ST B pk Y, Pf
18 55 Pf 16 HJRUIRRE S BERE FRIN [A] BN AL 5, H PRI ) BB A 7 EEX AL, PF 18 HIRZZE S/ INEAGE, 1k
MEFEZIR AT 5 22 1) AE VIR A B A 16 o

R4 258k P fluorescens RIS YIBETZ B X\ B EE4K
Table 4 Risk level of biofilm formation in 25 strains of P. fluorescens

Btk S 24hBRE  RIERESH  36hBOLE  mJERES

Pf1 0.49040.076 ++ 0.37540.032 +
Pf 6 0.37140.056 + 0.32040.030 +
Pf12 0.35640.043 + 0.39040.032 +
Pf14 0.43340.050 + 0.37940.028 +
Pf15 0.55040.059 ++ 0.43440.036 +

Pf 16 0.45640.057 ++ 0.48540.055 ++
Pf17 0.51040.042 ++ 0.45040.038 ++
Pf18 0.55540.043 ++ 0.58340.023 ++

Pf21 0.44440.049 ++ 0.32640.013 +
Pf22 0.37540.089 + 0.30140.032 +
Pf23 0.45840.092 ++ 0.33640.030 +
Pf28 0.44040.041 + 0.38440.015 +
Pf29 0.41940.038 + 0.39540.037 +
Pf30 0.400490.056 + 0.29640.011 +
Pf31 0.29440.004 + 0.36140.023 +
Pf 32 0.39740.052 + 0.33740.024 +
Pf33 0.21940.024 - 0.28040.017 +
Pf39 0.43040.057 + 0.38440.039 +
Pf 42 0.33840.030 + 0.30149.009 +
Pf 44 0.36940.031 + 0.32940.023 +
Pf 45 0.38040.027 + 0.26540.045 +
Pf 48 0.27940.039 + 0.31940.025 +
Pf 49 0.26340.010 + 0.27640.045 +
Pf50 0.2850.030 + 0.27040.023 +
Pf54 0.297490.055 + 0.27340.019 +

E AT EAMBA R, +ABEWIEAER, -H AR,
NERTT PR 18 AW A, BHAf PF 18 1S EAEYIIE R (8], X Pf 18 BEATAS R RE 37 i 18] A= 4 il
SE . I 2 g5 R YL ta gk S HAZ B MR AR IR A I RE T E S SR TR B I 250 BT R T RS, 7258 36 h
5
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2. P. fluorescens!8 IEAEHEFHRTE FEYIES S
Fig.2 Contents of biofilm of P. fluorescens18 in different culture times

2.3 P.fluorescens18 4 4y i 7 f [ i J& Fu g x4 T 38 N M 5T

TN PE 18 JEATAS IR AR S 78 A 25 ARSI 7T ARAE I 3a FHIE| 3b [14h mh ik e ta
RATDEH, BEFRIRESEFRM N AR A A . R —8FRRE T (E 3a), HHET TSB ik,
B NI A S B2 R FONEE (P<0.05); fER—EFEMAAMET (E30), EETAEMIE R
SR ZE R R (P<0.05), 7F25 CHFREAFT P fluorescens18 A KIS, HR4EE 3¢, K 3d MIF 3e 45
AR, AR —REFRI ) SRR T DA AEYiE EPS &, 4 CHY EPS B AMMEMES REZEMIKT 25 C
(P<0.05); #R¥EE 3f, Kl 3g MK 3h 4558, [Fl—iE FAA&ARI TR EVRME, 47054~ EPS H11
ARG EYEZES T TSB 44 (P<0.05), ZHSEATHLSEERALEE.

Teh 201 55 45 H R85 B 2R (AN [ 22 521 P, fluorescens A= 4f2E K, AT P. fluorescensl8 7E4fIE
S IS TSB =R FISGFRIE A BRAE A A, X5 Jae-IKPIBT AR . Mary 25
RINFLHEE TSB A 5 =F & IR S R, XA K SRR AL A M A IR A s, AEFLHR R 2 B8 R 7y REAS 52 )
A BEEIE Y, S0 AN 2 TR S, M T B IR R AR, TR A MR 3 R AR A S
BRI S35 P. fluorescens 25 3R IHRIS P2, SEmaZm i P S5 A0 AL St B R 2529, Liu 25805t 5%
RIL, 525 C 48h AL, 7 C 10 d FTLMEMAENITE 96 FUBT b Ak B B AE MBS 4 . Michela 25817
BOLH IR B iME (Confocal laser scanning microscope, CLSM) %t 4 ‘CHl1 15°CF 48 h A=K FE A P.
fluorescens ZEEIHATINEE, KINXELE 16 CHiFF 1d J5 vl ISR A A IR 25, BT /N R H EPS
HEHEZT 4 Co MR, 754 CIEEET, VRN, TERANE. MBIOHETR, EPS SERb. A6t
FUPTEAFIP) 36 h B5 R (AR, FEHRIERAS R A AR K 1iE B s AR PR p G, SR IR, A=
VIl cE (B 2b) DURAEYIRR EPS & (Kl 2c~e) #HPTRD, IFHZEREE (P<0.05).
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BEFIEFRETRIRE LG THINER, MINSHESE; (f-h) 4, 155025 CRRIEFRZG THINER, MINZHESE
Fig.3 (a) Crystal violet staining with different nutrients at the same temperature. (b) Crystal violet staining at different

temperatures for the same nutrient. (c~e) Extracellular protein and extracellular polysaccharide contents in TSB medium, whole milk
medium and skim milk medium under different temperature conditions. (F~h) Contents of extracellular protein and extracellular
polysaccharide under different nutritional conditions at 4, 15 and 25 C
E: *H P<005, AAZEEF.

2.4 P.fluorescens18 4 4y i 7 < 6] 4 ik 3k T T~ 3E o MEAF R

EFRE ST N AANET (& 4a) E ) P. fluorescensl8 AE I A RE 15 5%, EPS ZEFHIELoR T HiAh
Pl RL: BERSFIIERL (& 4b FE 40), BERHZRMEMITEA FIR AR AV Sae T E, TRk E L
SRULEA A I ZAT LR T EI A o BT B, 2 o FE e AN - 3R TR AR B E D o AR b & S 308
TG, 2 A F A B 104 KR AE B &M, 78 PET 28 T AN B 82 T 78 /6 (B R I B A BN AR W S AEAE I
TBERZ, WA AEER IESS T AR . Minyeon PR IR LE AR B 7E AN R RL 2 T 2 A A Wb
R EIRE R I, WS RESE AT AR AR AR R b2 B L B 15 3 2 T s MRl 6 . e e s B e
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A A A B AR AR R T PR R B RO R R, SRR T S i B 4 i )7 A i A ELAE P A A
3, AEHAEY A BCE  SBTRR R AEYIIR SR . O TR BRSO TR A HIRE, — L e IR
R L SR A P2 07 T AT WA BRI, AN SR LA P R b T LSRR P A & SRS AR o e fE A
7 A R A A AT s s R ) P it A s s (5 B 1 ) 5 B )

& 4 BB TN FNERE, FEREMEBRIRE P fluorescens18 FLRRBVEMIIRFZZS
Fig.4 Biofilm morphology of P. fluorescens18 on stainless steel, glass and plastic surfaces under scanning electron microscopy

3 g

AT RRY, R IRRE AR 2T, P. fluorescens 477 2 I - EEW . EA
7342 25 £k P. fluorescens, 434 5 4~ ST %4, 25 £k P. fluorescens [ B5 72 [A) 18 hn A= Muls Ak 7= &8k A= 48
k. P. fluorescens18 7EA [F IR EEANE F= A Y Re =AW, (HAERAE JIANR], ZHEFRAE 25 C, 36 h B5 R4
, FERNEFLEE IR R AR YT RE T S5, Ul BRI BRI PR S E TR R S RE U B AR KT U RE /T o P. fluorescens18
TEANFNR I L AEYIE EPS 2 T HARM/NRI, ZFhPHAE /7550, FLHE N T g CfgsE. Hndh A e
Z AN, MIRIEREYEEGRRM:, S 7 I SEhRA PRI, AR ORI FE R R P )R
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