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ABSTRACT: Objective To investigate the effects of the bet4 and betB genes on stress resistance and virulence of
Cronobacter. Methods Using Cronobacter sakazakii as the experimental subject, this study emplored betA, betB,
and betAB gene knockout and restoration strains to invesitage the effects of bet4 and betB on biofilm formation
ability, stress resistance and cellular virulence of Cronobacter. Results The biofilm formation ability of each strain
was detected, and found that deletion of bet4 and betB led to a decrease of biofilm formation. It was speculated that
betA and betB promote biofilm formation in Cronobacter by controlling betaine synthesis. The effects of different
temperatures and pH on Cronobacter were examined using fluorescence microscopy and flow cytometry. The results
showed that under high temperature and acidic conditions, the survival rates of all Cronobacter strains decreased.
Specifically, survival rates at pH 7 and pH 9 were significantly higher than at pH 5 (P<0.05), and survival rates at
48 °C were significantly lower than at 25 °C and 37 °C (P<0.05). The assessment of Cronobacter virullence in cell
infection revealed that bacterial infection was led to changes in the levels of tight junction proteins within cells, for
the CS 34, AbetB, AbetAB, cpbetA, cpbetB and cpbetAB strains caused significantly greater damage to cells after
drying treatment compared to before drying, resulting in a decrease in cell viability and leading to a significant
decrease in tight junction-associated proteins (P<0.01). When the betd gene was deleted, desiccated Cronobacter did
not cause a significant decrease in cell viability compared to non-desiccated bacteria. Conclusion This study finds
that deletion of the betd and betB genes weakens the biofilm formation ability of Cronobacter and reduces its

tolerance to acid and high temperature. It is also observed that when the bet4 gene is present, bacteria that survive

under desiccated conditions tend to have stronger virulence and cause greater cellular damage.

KEY WORDS: Cronobacter; biofilm; stress resistance; virulence
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0. B W AT 1 (Cronobcter)J&—Fh 5 22 [CRAM: | 5441
BIREUR 2012 4E JOSPEH 21 Y 16S RNA J: A £ 3]
G3 BTN 2 a0 R AR 58 B VAT R T AR RO, e
W B EIR S 7 AR, AL B v 2 s AT A
(Cronobcter sakazakii) . 7 —. R 76 % i #T B (Cronobcter
malonaticus) . P15 B ik 1 (Cronobcter turicensis) .
B B Wi B (Cronobeter muytjensii) . #SFAM L HiHT
W (Cronobcter dublinensis) . J % %% $& 50 & i #
(Cronobcter condimenti)F I Je ik 1 5 & Wi AT B (Cronobcter
universalis), 5&% VAT B E 2B AL B KT
ATELCEBAEN, BIURBRNIES | WOMAE S IR FE /N7 4
RGP, TEH AL, Y B S B B R &
ik 40%~80%, FLIAEA M2 T ™ E AP R BhE.
ZENG S5UHRGE T PR 58 2 b AT B e 5 300 A L
R ], B AR IR YT I AR R A5, (H3208 A2 L
B OREHRZM.
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ZFEPE; DAS SN ED B #1205 15 DU iyt v B B R 1R

o T # R TH E 2 U AT TR PR AR IR 55.6%. A
B VAT AR Z R L P A A, (H R Al LB K
A ) YE B T B AR A R TR T 2R LS U7 W K (powdered
infant formula, PIF), PIF H FHAEEHH EBREYR, 1T
VIAE hy 50 2 A TR AR A7 A K B . A ODCBIF R 3R,
AR T SR IR R T R B R A A
GB 29921—2021 { Filfu e £ bt tP o B i ) (BUATA R0
FLEZEIL(0~6 W) BC 5 B il RRIR B2 T3 B LTC 7 B i
HORASAG ) 5w 2 AT T4

ST R T B R R T TR R T, AR S B IR
B AT DATE TR Wk tp R TG o ISR AN B 7E 2 5 R
TR E AR, E N RS E R Z—,
FHSRORBR T 47 4 T 1A N 18978 35 P A1, 38 T LR 3P 40
T 24 L e % R B A A N RS 2 A A R
WOy, — o i o G S0 e iz 2 A FEER A TP R,
75—l o IE R AR AL S GRAR A H =R Y iR AR A
BB BANRE AL T B IR, A0 R 2 &
BetT FiFFF e AN IBmRAEHEL, NHG S5 berd ¥ IBAREE
A R RHERE, 105 TERI SR I UM berB BOVE T # AL A it
SR Y, ANGELIDIS %Iy T H 20 W f B e mis% 12
I, KITE RS FREE b i A0 A= 3 4 f 25 {1 T M A A
PRI, 9 B ISR el 200 T %o 2 8 PR AN T sl iy o PRt
FHSRTE AT AR S 20 T8 AR A A8 a8 DA 0], 1 D200 T e i 144
ORI EB IS . LESEAT AR SR o3l 2 A QS 4 S N S
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RIS, 55 betd FI betB KPR 5w B i b T30 K2 2 7 19 32 ) 35

SO T 2 AT BT AR AL B S B 2 S A AU S A
I, B betd . betB HiE Jy FEMIFIR R, il FHEE N mebR T
B Uk HLAE vl B AT B TR B R R AR, B
betA, betB FEDN BB T BOE B AT T TR IR T B A A6
AE IR ARREAR,

B T AT R R P A AR T, B RE T RE S A
WAEYIIRIE AL A pH R 32 | 35 ST A G, A MBI
B betA , betB H:HAE T 140 LIS (1 70 B FF 1A b i 3% A,
I FCAE 58 2 VA R R R b R4 T B, (R
ROV E SN I RE, INIAWFTE ] betd . betB K&
DAL e SR R ] e T A R ARSI P H SR TR e 25 AT B T 1
Kewg Sy RARMAVER], $87R betd TE M4 T vl BE4EFrak
$ 9 EOw T AL

1 #MR5E%

1.1 MRS

A (5 L 14 5 A 7 R ok B 05 5 2 A 1 €S 34 |
Ve [V A S B AR B A B AR R, PR R
Ik B [T AR T R 2 P b T A T AR TR RS WAL, (R
fEF-80 °CUKA o F256 B AN i 94 il 45 P9 12 4 i
hCMEC/D3 4l R B F g h I HE Y RHE A R A
[ 58 5 S A IR Bk CS 34; Abetd . AbetB. AbetAB: betd .
betB. betAB FEFHBRIG I CS 34 Bkk; cpbetd. cpbetB.
cpbetdB: FEHEI#MNF R CS 34 TkE

L 48 N B2 40 9 (Human  brain microvascular
endothelial cells, \CMEC/D3)% FE:#5(ZM0961) . 0.25%
JHR T (0103) (b1 P 7 3 S AE MR AT BR A B 240 i 24 i
W (PC102), —MEmkFI 2 BCA B8 1 & il £(Z1101).
ke KB R BN - N A BE % (sodium  dodecyl
sulfonate-polyacrylamide, SDS-PAGE)#EZ i &1 (PG221 .
PG222., PG223). M4 FEbriE(marker, WJ103), 3%
Ak, % % % (enhanced chemiluminescence, ECL) & {4 ik
(SQ203)(FE i A= 4 B= 2 B H A BRA | )y R At — 91 & 4
(polyvinylidene fluoride, PVDF)(IPFL00010)(f&# Merck
AN, — P R S YRR R .

o 0.6% BE B2 F Y P R K &R %% (TSB-YE)
(CM501A) . 7% 0.6%[5 R 5 By JBE % I K 5.3 BB (TSA-YE)
(CM502A) ., 52 % ¥ FT B 8 03 77 5L (PBEO1 5) (AL Bt Bl £
RIBEHA B D, TH(G810574, | i3 va kA LR
WHEIRAT; 45 5L (GBWO06420) . Ff 328 & 2 16 I = 77
£ (BC3130) . i FR £k 2% nl* ¥ (phosphate buffer solution,
PBS){t R ERHE AT IRA R, 4. 4104 5 RNA 421K
RH£(9109), TB Green #5561 WK F(RR091Q)
30 Sk (2 5 R 4 A% R ) PrimeScript™ RT reagent Kit with
gDNA Eraser (RRO47A)(H AX TaKaRa 2\ ]); fftfb N bE

(propidium iodide, PI)/SYTO9 {fi %€ 4 1 4t o ik 7 &
(MX4234, i ERARHT AR AR, ML, 2 BEIRs
PeEPMIR A (MAKO56)(E [ Sigma A wl); Jo/K 2
2R A A IR R ), BRKEE R (IR 2R R
AR w ), ORI A B BE 9% o K -k iR 20
(trihydroxymethylaminomethane buffered brine-Tween 20,
TBST)( b HERE A= e 25 B A BRA A
1.2 UE5EF

PB602-N HLFRF-[HEE 0.01, MHEEhFCH 2R (h
F) A BRA R, 85-2 R TR S A (kA B
Fl); 4530R AR S B AL BEA ) E bR R 5 A R A
F]; NanoDrop 2000 #4306 EE 3 . EMax Plus Z3fig
s W WALl B [ 36 A A AN (R ) A BR A Hl ], CFX
Real-time % 4 i £ 20 5 W % (35 E BIO-RAD /A #));
UV759CRT 240A] L4366 (L A FHU SR R A B
INTD); IXT3 BEOGAEE OB [ AR B 3T (o D AT R A
0270501198 —80 °Cyk#fi (/R ), XCT 1HIRH5 F46
(h AR 2 w]); BSUE IR K (i Being 24 w]); #5124
1% 108AUTO(JE[E Cresstington 23 H)); SUS010 4y T 1.
R H AL () S 5 A R\l ], FBSO i 75 A B4 (56
[ FEBR KA RBHE A D), Venus 2502 H SR T ERAL(IL
M e BEHERHEA R A ).
1.3 SKWRHE
1.3.1  Hrke9HA

i 5 VAT TR R AR BT T I R AE T80 °CUk A . #%
—80 °CUKFE HIRAF I e B AT T, fhiR G e 95 T
S B VAT ARG IR A, R FEIR SR AT 37 oCcHs
F% 12~16 h, PRI O T TSB-YE i35, MET
FE AR IR 200 r/min, 37 °C, 5 h 5535 05U KB4 .
1.3.2 A RET AL A 694

HHE KONG Iy ik e 3% v B A F i A s, e
T LA 00 B R FRARTLLL 1:100 Ho )55 A B e 5 3 3L IR 4],
B 200 pL RS GBI T 96 LR, 37 °CH53% 5 d, B4
FESLESE 6 IR, AT TSB-YE 5355 0 BEAL .
B st WA IR 3 L (E] PBS BB 0PiE 2 1K,
DB AR RGN TEFLIR I ARV 25 TS AL A 0.1%245 i
BV, EIRFE 45 min Yo, ffiFH PBS IR, HE
AHLE YRR 22, 55 °C, 30 min HE T, FAE AL A
200 pL 95%Z FEfBi €8 30 min, WIE ODsos 2k AR SGAH .
133 BE. pH A FEHFA G A

MR 1.3.1 FESAR S A R R, ARG
FEXh—3, W 3 mL BT 6 fLARh, CE TR R R
Fivh, 25, 37, 48 °CHi3% 6 d.

B0 pH N 5. 7. 9 i TSB-YE #5755 35 0 BT
W, WH 3 mL T 6 fLAkh, CE TEE R R A
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37 °CH:35 6 do

P AR s B AT R A EE A TG TEER, 6 dJR
WRIPRIEATE Z00 5, DRI MR R PR TR T
1.3.4  FAARKA R AL F AN

06 A 4T B BT DL R AL 1:100 42 Bl 2= B fiE Y
TSB-YE #5323k rh, B FHEIK 37 °C, 200 r/min 3535 5 h X}
BRI TR PR PR, WA 2 mL 3 ARAF 0T
T 96 FLAH, ¥ 6 FLAUME T2 500 g TL/KRERE B

BT, EFEIRESRM T 37 °CHiE 6 d, 8R4
F I 2 mL Wi ff TSB-YE 35 F7 S AT 2 05, ek
THRAL TS AR . B2 mL AT RO R, 12000 t/min
B0 S min, ¢ B3, FEAITETINA 100 ng/mL 7 E
TR 5 TR ST A D A L R A T 240 . SO s s, SR
AT RNA, Jli sR-15 cDNA J5 752 9 LR A il
B 7 v (real-time quantitative reverse transcription polymerase
chain reaction, qRT-PCR). SZIGFT S0 1 Frs.

#* 1 qRT-PCR FiA5|#%I%
Table 1 Table of primers used for qRT-PCR

GlEY)| FF41(5'-3" 519 FH1(5'-3")
16sRNA F CCAGGGCTACACACGTGCTA 16sRNA R TCTCGCGAGGTCGCTTCT
alr-F CGCCTATGGACACGGTCTTCTTG alr-R GGGTTGGGTAATGCCGCCTTC
pssA-F TGGCGGCAAAGGCGTGTTG pssA-R CGGCAATACCAGTCGGCGTTAG
patA-F CTTGGCGGCGGCGTGATG patA-R GGTGTGCAGGAACGGGTTGTC
PXpA-F GGCGGGCAGCGAGCTTATTC PXpA-R GCCTCGTCGTCATCCTCAATCAAC
cpdB-F GGTAAAGATTTCGCCGCCATCAAAG cpdB-R TCCACTTGCCGCTGTCGTTATTC

1.3.5 hCMEC g3k

OE: )=

520 MRE P B, 1500 r/min 850 3 min, FF R
JEIMAZE ARG 3R, BRWATIR 5108 % 40 i 15 7 1L,
37 °C, 5% CO, ¥3% .

Q)AL

2 6 2 3 A B 5 SR TR ARG 80 %o lA A, MR
2SR M 5 FR 3%, PBS ik 2~3 K, MIA 2 mL BRI
1k, A 4 mL 40 M RE TR L 1R Ak, 1500 r/min &0 3 min,
FF I | mL AN 3, A BIE & 2~4 i
BEFRMA I 5 mL i35t

()2 BT AT

AN AL AR TR, B0 5 3 L VE A AN AR A,
SREBEGAAE TP E TR AR
13.6  fmhaiE ey m

96 FLAR FHAEFLIIA 100 pL & hCMEC 48 il ()5 37,
FEASAL N A B Ry 10° 4, BEF% 24 h FRAII 58 W BE S
W FFHEFRIE, PBS ik, NIA S v B AT I B 58 A b R Sk
GREEHTSR 2 h, HiFREHUR BEALINA 10 pL CCK-8 A
JIRGI, SR 45 min J5, T ODyso, ZHBEAETE 54N
NE(DFFR:

AT J1/%=A(B)-A(Z)A(0 BH)-A(Z5)x100% (1)
A A ARG S IR CCK-8 SN J /ML G EE
A0 B)NIEW MBI CCK-8 [ i /ML
ARG RS CCK-8 U I /ML
1.3.7 @& G o9 B A Western Blot

1E R % 20 22 20 Bt s B L7 26 1 R U 1T 80%,
FHS v B VAT IR B R L B SR B L 2 b, TR
FH PBS #hik 2 k. IIAE 100 pg/mL PRKEEE W41 i
SEARE SRS | h DLATCANN . B34 05 H PBS

YE2 W, BT, BIINA 200 pL 4028 @ 0, a0
B ANE T, WAL E PR EWRET, UKIE 30 min,
B 10 min JR%H—K . 4 °C. 14000 r/min &5.0> 30 min L)
EBRA, FUCKE, R AAEN .

F BCA 25 115 Fian) okt BT B BCEE, 1 v B A TAG I -
HEATIA—fEAL R, 100 °CHIHAZE T 10 min, —20 °CLRAFE# .

FHl SDS-PAGE i #] & fC & 10%. 1 mm BEHE, BAL%E
RSN 20 pg, HIKAAHHE 80 V, BF[H] 20 min, B
JEUCHELE 120 V, IF1] 60 min. BLIKES R G, #4E marker
HEBBEZAT5y, RAZIRR OB A ERE
PVDF fifi b, BB 0 AL 400 mA, HHE 65 min, JLY
255 TBST Mk 5 min. #M 3 h Il —HiiEs, 4 °C
i 7%, TBST 5%k 3 K, BHK 10 min, —HiFH 1 h, WH4L;
HJm TBST w3 W%, £k 10 min, JH# i ECL & (0 0%
YRR HAAHT, Image] 1.54g B3T3 9 o
13.8 SYTO/PI # &

P WA EEWIER: B 1 mL B 8000 r/min #.L> 5 min,
LI IERIE, 1 PBS WEUIFER, |FHIRA, MA
1.5 pL PI 35 SYTO9 Yeklltt i i 15 min, JUE T %
A5 A AR

1.4 HIFEAIE

iR R 2/ 0EKR 3 1k, A GraphPad 6.01 715F
PIE SFRAERZE, SPSS v.20.0 4T B EEHT, Kb ITi:
R 2 24007, P<0.05 BN W EA Gt E X,
2 HERESHR

2.1 EFERIBRY 5 T IE T EE YIRS B AE D20
KN BRI S B 7 2 VAT IR B T 96 FLA R 897 3 d,
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RIER, 55: betd Fl betB K P5IAS 5g B TR 096 14 2 25 07 119 5 37

T 2 58 G A0 T TP IR DR AR B % [R5 50 B A T A
EE':EI"JJ?/EJZ 871, GRnE 1 FoR. mIE 1 AT, SR ET
WP AERIEAR CS 34 S3EHBIRNERE cpbetd . cpbetB .,
cpbetAB "EWIMIY BURE 1R, AW LR 4308 1.39,
1.48, 1.48, 1.53; Abetd. AbetB il AbetAB T ¥kA= 1) IETE
RS D T 30.92% ., 35.58%. 38.88% (P<0.01), HEi
At S RE s A5 By od 2 i AT TR TR AR RS

20 -
kok
~15E i e
& T
[a)
e
i) |
~ 10 -
i
R osl
H
0 »
%‘%’ » ‘0&' & &g’ «0@\?’ «0@\% »

2 N
ST ¢
itk

R AR B FE 2R, P<0.01, E 2. 4, 6. 7.
B T8 AT TR A W B B e T ARG

Fig.1 Detection of Cronobacter biofilm-forming capacity

22 MMMERTFHERRMRE S ETRAREMN

FpH 230900 5. 7. 9 WIS A5 e B aAT i, M
FEFLAE 6 d bFEMFEIE R, 455 2A 7R, 6 d Ab3i
J&, B N Y R AR FET . pH=5 i, e
DAAE TR R A5 2253 312 50.26%.10.95% . 11.92%
9.87%. 47.83%. 46.59%. 51.32%, AT pH=7 W FF&T
31.64%.47.23%.45.55%. 58.12%.33.73%.33.76%.32.32%
(P<0.05). pH=9 B}, EZIEFHMAFIE S pH=7 F&H
BEEF . SRR, AR T X 5 S 3 e ik
FE, HE 2B WAL, REEE A SR 48 °C, WE AT
MIETER B EMT & 37 °C, HREAAIERSINTFHET
15.11%.41.26%.36.09% .45.95% . 15.63% . 14.83% . 14.90%;

pH=5 m pH=7 pH=9

ns ns ns
100 D8 il (|
sgoksk sk sk
80 B ] [T )
X
£ 60
5 : .
HE T
'& 40

20

OCS 34 AbetA AbetB AbetAB cpbetA cpbetB cpbetAB

Bk

M 25 °CY 37 CHIHTE THRAMF T IAEIE R B2
5o RUIRME .. SIRFEAR T B WA REAE R, @ik,
i A 3 2 R AI 5 2 VAT TR G A5 1 1R

HG AN ) b B 58 2 U AT P B T RE R LA, A SYTO9

5 PI dEAT Yo 38 T8 M S B e TEE, 455

Bl 3 7R o #£ pH=7, 37 °CTiﬁ?%E@ﬁ$'vﬁﬁ@i@asfméi@
B, RFANFEE KRS R, SR, MRANHL R = i Ab 3
J&, ARSI B2 5 B a0k, RUIA Z ek
FET-HA I, 2 pH=5 s SRR 48 °CHY, ﬂﬁswﬂ
J5 25 TR BRAT (5 5 8 (A 0O UG R, Rz
T A . AR, %E‘mﬂ@fﬂ;ﬁiﬁiz
B (0 5 21600 5 1E W B % & (pH=7, 37 °C)I A ] i
# 5, FRUHRAC TS R IR AL I £ S B I FT ETE TR
B v i 521 B

FHR A ARG I AS 5] pH AT X 58 B iR A I 0 5
M, & BEMRAAENER 2 FiR. 3G, %A Kk EAR
EEEMBUS . pH=5 B5 45 N A0 2R 8 & LT pH=7
Ml pH=9, Abetd, AbetB, AbetAB WIAEWEHANA 11.35%.
10.74%.10.94%, pH=9 5 pH=7 W B A H X LB E LR,
[, 48 °CI4H IR AEIG 8 MELT 37 °C. 25 °C, Abetd ,
AbetB ,AbetAB FIAFTG HRANA 10.58%.10.74% .9.73%, 37 °C
55 25 CHT TR AFIGE R IL 2 R
2.3 EERMRMEZIETES I

CA MR R, 50 BT e TR A S PR T
HNBE 5 2 TR AL 1228 . BB RE 7 msR U, I i
RFFTIRR T betA. betB FF bk K T-J5 A BNt 72 B i
FFHR 21 B0
231 AREBETFBRALEN LT EFAFIEELALR
A

g3 4 BT 1 A BT S 5E B FF A RNA,
qRT-PCR Jy iAo 2 Sy AHOCHE R 3Rk i . 45 anfEl 4
FiR, SHS RGE phoQ . Wit R A MAHCIH K entd . HE
BRI fihd RN FRR e T AP S 3 R,

B 25°C m37°C w48 °C s
100 ns — ns

*

ns ns
™ 1
* *
* |—|
m l_l
.
I T

0
CS 34 AbetA AbetB AbetAB cpbetA cpbetB cpbetAB

80

60

40

%

20

T *RRE S W, P<0.05;ns FRARE, B4, 6. 7/,
P12 pH (A). BB LD BRI S 50 2 W5 AT 1 (1 5 )
Fig.2 Effects of pH (A) and temperature (B) of Cronobacter species before and after gene knockout



38 FH1TE
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pH=7
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37°C
pH=9
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26 °C
pH=7
48 °C
pH:7 100 um
K3 pH. HEX TS R EIE S M
Fig.3 Effects of pH and temperature on the morphology of Cronobacter
#*2 pH. RENEEMMRRETETEFEERNZM
Table 2 Effects of pH and temperature on the survival rate of gene knockout Cronobacter
W EE/°C pH CS 34 AbetA AbetB AbetAB cpbetA cpbetB cpbetAB
7 73.85+1.74° 23.75+0.85" 24.67+1.79° 23.89+0.63° 71.69+0.74° 72.84+1.74° 73.89+3 .85
37 5 55.74+0.96" 11.35+0.89° 10.74+0.37° 10.94+1.47° 53.26+2.85° 54.76+2.33° 51.76+1.96*
9 75.62+0.46a 22.75+0.16° 24.67+0.16° 22.58+1.73° 72.48+3.15° 73.16+0.38" 74.56+4.87°
25 ; 75 8440268 22.74+1.23° 23.59+0.77° 23.46+0.85° 73.5943.56° 72.45+0.99* 75.83+0.74
48 60.34+0.89° 10.58+0.73¢ 10.74+0.89¢ 9.73+0.96* 61.33+3.88° 62.59+0.74¢ 59.73+4.27¢

TE: RV RTT AL, AF/NG T2 8 BAT B2 (P<0.05), IR EL 2 I BA 35 22 5%

* *%
B 10 ’r‘ *ﬁT‘ - CS 34
ﬂ.( T L Ab lA
'Hé ) I ]1 i T I1 m 11 TI % T g AbitB
To6 11 11 I wAbetAB
= allnl . i B mcpbetA
< x cpbetB
<Zt 2 cpbetAB
g0
= phoQ entA flhA fepA iucA
FEA
Pl 4 DR BR S T4 BN 5 B T AT T T AR DR IR 1Y
Ecsny i)

Fig.4 Effects of drying treatment after gene knockout on the
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