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KGR SR K 2 A7 TP, 2206
SRR, BB A% a2 AN () 28 B R R Ay 3R
ik, DT AERE A0 T Al A R e U
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Wk, MEEIHET =g EYREIE L .
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1, RWEMEMERZ . AR EWPEIE
WL B, WIS E TG kR Y,
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R LuxR ZK GRSk N+ AHA 1581, FF
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AHA_1581 Z 545 09 A % o BF 5045 Ak
A B F X LuxR KGR sk R+ AHA_ 1581
AT AR L OF O B R KRR T R it
— AN RO S, DT 3 B T R A A 5 | Ak
1) £ DR
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L1 Fie

111 BEBRRIEE SRS KM ATCC
7966 (4h), FiEEFREE R 30 °C; A REIK
pRE112, KA # MCO061(pir)Fl S17-1(pir)xi&E
B IRIRE N 37 °C, LA b TEAR AR 3 h AR 5
112 FEGGH Ay . A 7 k8 20 42 B0
& . DNA marker., & FIREHIH] . Sac 11 Xba 1
B il 4 9 B0 e A 5 2E 9 (TaKaRa) T8 A BRA
Al BURL/NRIER S B AE R BEERL DNA B
Fl& g [ I ; DNA BA BRI Yokl
H WM BEARAERA A 2 BJosE %
P10 & e T MERE AR W R IR
T Marker W H Thermo Fisher Scientific 2\ )
(Rochester, USA); PVDF fil) H Millpore /A )
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ECL % {4 W H BIO-RAD 7\ #l (Hercules ,
USA); FRE N H Promega 2\ F(Madison,
USA); 2 AOKIL6., AOKK6S Fl1P55870 —%Hi N
ZNSM S N R N W R R E AT 718 N T
FHoUhR i AR KRR k. =
I BEEE(DTT) . Ml Az (IAA)A H Sigma (St.
Louis, MO)%%,

LB Kigi i 5 o/L Belk#r, 10 g/L BREE N
%, 10 g/L NaCl (M/V), ¥ pH % T 7.2;
& LB M 1.5%MEBE 8 BEREEHCh &
20% 0 BERE I 1A LB SPAs R Ak 2
WS 1% RIE4T . A YEER
(Amp) 100 mg/mL . 5% % (Cm) 30 mg/mL . ~HFE:
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B R IR L (KoCrOy), LA RIRFIFE MV TAE R
B8 0.22 pm JERETIEBR A G20 °C IR 7FE % H .
BB E 6 mol/L JREF 2 mol/L Gl
T 0.1 mol/L i Tris-HCI (pH 7.6)i5W , FHInA®E
SN I O R = 1 D T 1 B Wi B
Hortrat, HAbRR s gl
1.2 AAHA 1581 GRE RO

AHA_1581 FEPRIARRER Iy 12 AR TR 2 Hip
ffFsEl, B e, 76 NCBI 4% deromonas
hydrophila ATCC 7966 K43 H 4 ¥ 53 F A
Snapgene . M Ah SER AR E] 4AHA 1581
FEHM TR B 500 bp A4, M CE
Design V1.03 3AFBHERR G, 515 AR M i
WAVEARRRAFAG, 5RE 1, Hik,
S Ah 15 DNA YRN8, #5149 P1P2 HI
P3P4 34 AHA 1581 FEF B TR B EL
Hih B, HZ R BossE Rl et P1p2
P3P4 Ji BLi 4R 21t Sac 1 Fl Xba 1 XUEHIIE Y B
AR pRET12 JBkr |-, e 2H Bokr pRE-1581,
AL E) MC1061(pir) (Kl 1-A). HEHL Cm® FRITRE

#E47 PCR BRUE(B14 PIP4)FHRE M AW HARA
BN FLIN R o B8 0E e 8 E A S, 4R EUSORL T R
FAEE) S17-1(pinHh, [RIAEHRI Cm® S5 el A T
PCR $3HFE (5141 PIP4)LA BRI o I 5 1F 4 )
S17-1(pir)-pRE-1581 SHFAERY AR #cHE 1 ¢ 4 YRR
PR A THEG 520, U EEZH B0k pRE-1581 $4 A
B AR TP RIREE A, #ad Amp (100 pg/mL)
I Cm (30 pug/mL)XP ARk H Amp®Cm® B #k
PEAT PCR BRAE(H1 4 PIPA)LL K6 My, P IE
B 9 DR R AE & 20% 1Y JREBE 1 AR I 3% S8 0 1
Cm°SacB* R HE (K 1-B), FIH 59 PTP8 A
P5P6 HEATHRAIE, 5 K/NFG IR R8I P 45 2R 0E
1 %) B Ry JCH) W B TR Pk AAHA 1581

1.3 AAHA_1581 H 3R E K &

1.3.1 B3JRE IR . AHE SR UK 3 A A A
BRI iz shae !, Bl 0.3% (Uksh)
0.6% (BEHE3h)E A LB VAl ; K Ah 0
AAHA_1581 PRI FTERE ST PR |, 30 °C 5
F%, WKEhEERTRSE 4-5 h WML, ERHE R
3% 12-14 h Ja Mg,

Fz 1. AHA 1581 EEHK3Y
Table 1. AHA 1581 gene knockout primers

Primer name Primer sequence (5'—3") Application

P1 cgatcccaagcettettctagaGGGATACGGTCAAAGCCGA Amplify the upstream homology arm
P2 cgatcccaagcttcttctagaGGGATACGGTCAAAGCCGA fragment of AHA_1581

P3 agcctaacaagagatgcctgCGCCCTCCCATCCAGCAA Amplify the downstream homology arm
P4 catgaattcccgggagagctc ATACTTCCCGCAGTCGGGTC fragment of AHA_1581

P5 atatcggatccATGGACGAGATGAAATATAGTGTTCTG AHA 1581 verification primer

P6 geegeaagcttTTAGTTGCGCTGCTCCAGGT

P7 ggatcttccagagatGCTGCACGACTCGCTGGC AHA 1581 verification primer on the

P8

ctgeegttcgacgat CGGGCCGCTTCGCTATTT

outer side of the homology arm
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(A) A. hydrophila genome (B)
PCR _ —— EIENN) —— 4. hydrophila
First homologous recombmatlonx
 Upstream sequence  Downstream sequence.
Insert the upstream and downstream fragments into Recombinant pRE112
pRE112 plasmid by homologous recombinatio -plaimd
/ % Integration of pRE112 plasmid into
~ o %%, / :o,oﬁ the chromosome of A. hydrophila l Amp* and Cm*
/ S, /4 &, i —
L% P o,
3 1
pRE112 — pRE112 C«—
' 5766 bp /I .,q 5766 bp W,
A y /& N e s Second homologous recombination Suc® and Cm®
\ 3 RS
o ’ ]
— b 1Py Sacl — T Knocked out
XbalSacl enc, AHA 1581 gene
1. AHA_1581 ERBREIEHREEREE
Figure 1. The construction of AHA 1581 gene mutant strain. A: construction of recombinant plasmid; B: the

diagram of homologous recombination.
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FEWW, R 0.1%mM4mEREAE, H 95%
1) L EEE e R &, R SpectraMax® i3 bR
IR K 595 nm T AYWROGAE, BEASFR AL i
8 NMEAL. 3 WAW¥EE, RGFM GrapPad
Prism 8 #PFAE UEITE , T 46 50 M 25k 40 #r
1.3.3  MUAME D BTSRRI . R S 2R K
iR RS0 A4 D ML A A B . TR 1% B RE
ARG R AT, S AEAR AT 6 > 2 mm Y
JE‘L TEREA/NLH A 5 uL i B S5 B

, BETHEF 30 °C 8557 14-16 h )5, MIGf
ﬁ’i%lé’)jcd\ PEAT 3 WY EE . fa WA
GrapPad Prism 8 3R {4FA G EIE . T A o A i =5 1k
43HT
1.4 AAHA_1581 T 3Pk B A6 I
A T 5 ) FH AR 88 AS0AR RS 0 48 AT 1 T 32 M

W REFRI AR T AAHA 1581 TR IR 1%554%5

R LB B dtrh, FRmAZIRES 25 ng/mL 1Y
Kan. 5 pg/mL ) Gen LA} 2 mmol/L i K,Cr,0O5,
BT 30°C. 200 r/min $EREEFE 1 h J5, 10 F5%6
JERRERESL, SRIGAHL 2 uL AR SD SAEZS Y
LB ¥R b, BiTe, 8T 30 °C HFM b hs
F% 14-16 hJi, WMELILER, FEMBEAL . 1K
TR A0 A oAb BB R R R SUBRUR BF 4 °C
UKFEYE R 3 d R WA LI 45 R

1.5 Ah Fl AAHA 1581 &7 B Ri%%E

¥ Ah T AAHA 1581 373557 16 h i BT
TR 1%5 %) 30 mL #iER) LB B3Rk,
30 °C. 200 r/min K53F % ODgy=1.0 B}, 4 °C,
8000xg &.0> 10 min, WHERAK, HHIAH PBS
2K RS | mL (8 IR 5
TR ERE 15 min (MK 30%, TAE 65, %ﬂ%
9 s)HEFEMEW . 4°C. 12000xg E.0> 30 min,
B 323 BP 45 o BRI A SRR 20 18 n] v v 4
H 1. FIH Bradford yEUEATEFHRBE AR . HX
50 pg BYEFFESFI A FASP (filter-aided sample

preparation)y% 17 & H B fE , A 50 mmol/L
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i) DTT, 56 °C /KFALHE 40 min 1 50 mmol/L [
IAA AL EE 30 min J5, IIAJREE F1ES 37 °C i
ﬁ’iji?i %%%Hﬁﬁ-m, FERIA Cis BRER/ X
, T RgEE .

FE 7 RS IR R DR AR Y 7 B R AT A
%ﬁJzE’M%}EKI“S e, I E A ORS  SR A A X
(data-dependent acquisition, DDA)#AT4#1. R
HIEREES A W (& 0.1% FA 1 2% CAN,
pH=10)¥%f# , 7 EASY-nano-LC 4% &% I I
B, FJELL 600 nL/min BYJEEEAESHTAE FE T4y
B %S BEEE R 0-77 min, BR(# 0.1% FA
BN 6%F] 20%Ze 1 - Ft; 77-109 min,
B WM 20%%1 32%ZtE BT, SRJG7E 1 min P 1
THE 90%IF4EF 5] 120 min, JRIEECE R4 g
A Orbitrap Fusion Lumos Tribrid i ji%{% (Thermo
Scientific), HAASE R EI T . & T IHRBIEH
529 2.0 kV., TEEREFE] D 3 s, — AT HEHY
300-1400 m/z. 43-HE%F K 120 K, AGC target K
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JE2N 2.1 kv RiFEFESY 0.05 s, HATEEY
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B 7 AT AR A
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1.6 FUEEERE T
5, FUERAESIN DDA S EHE A

Spectronout Pulsar X (Biognosys, Schlieren,

Switzerland) & V. DDA %K%, BRIN&IL S
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PEE T, BESEUHE: Peptides FDR (B
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Xof 2802k 2 YR [ 058 i 2 O 208 AR A5 ) i 5 T ok A
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te, HREHFIGIES | Y PSP6 1E AAHA 1581 KM
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514 PTP8 B A% K/ AN #E— 2D H]
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A R TR AR X 7 A B R H SR, T AE
AAHA 1581 WA . DL E45 UL AHA 1581

(A)

DRI 7 0 7K A< B BT H s ) e B
2.2 AAHA 1581 HEFHRRIZER

AWFEH, ME Ah 1 AAHA 1581 (W32 5h
A= Wy o R R T DA % M A B . 2
K, TEvg/KSHMAE PR AHA_ 1581 B
J& . AR R UK 3l R AR R A 3h R B Ok T B AR
R 3-A), BB A4HA 1581 i25h6E 1 T4 4=
A, FIHZE SR g Bk e Ah Tl AHA_1581 5375
PRA W W R BRE 1, K BLAE Ah Pk R
AHA 1581 FEH 5, HA Yo B B ke 71 Bk
(# 3-B). TSN RS PRSI 5 R B, Bk
AHA 1581 JEH 5, 415 W K i B B 2 A8 R
(H 3-0).
2.3 AAHA_1581 Wi ZHAG W 45 51

FIH AR BRI R AAHA_ 1581 BERR T
Zh, ERME 48R 5ArtH, 44HA 1581
W RFEMRIR (4 °C). Kan #1 Gen pi FAKAIGH
U, HZPEE m s Wikt Cr® B A fsb:
L AERORGE I B AL TR AR,

(B) &
W
P
R350 staining E
Western blotting - < 2356 kDa

2. AAHA 1581 BHKEIIEE

Figure 2.

Verification of the knockout 44HA 1581. A: PCR validation; B: Western blotting verification.

Coomassie R-350 staining of the membrane indicated equal loading of the protein samples. 1: Primer P7PS8, Ah
template, 1802 bp; 2: Primer P7P8, 4A4HA 1581 template, 1163 bp; 3: Primer P5P6, Ah template, 639 bp; 4: P5P6,

AAHA 1581 template.
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(A) Ah AAHA 1581 (B)

Swimming

Swarming |
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\
e \5%
7/
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©

El 3. AAHA 1581 £1BRANEL R

Figure 3.

The results of 4AHA 1581 physiological phenotype. A: swimming and swarming activities; B:

biofilm formation ability (P<0.05); C: extracellular protease activity (P<0.05).

102 10 10 10° 10 1077

25 pg/mL Kan

5 pg/mL Gen

Ah
5 mmol/L K,Cr,0,

Ah
A4kA 1581 [
4. AAHA_ 1581 Tt Z MM &5

Figure 4. The tolerance of A. hydrophila wild-type
and 4AHA 1581 strains.

2.4 AAHA_1581 ¥R K S M E B EA
JB 40 2 B LA AT
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AWFSEARIL T Ah F AAHA 1581 E@ééﬁ%ﬁﬂtfé%

AT EE AR . FEmiE T 3 IRAEY
2 H4, M IBM SPSS Statistics 19 #4454
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P55870 Fl AOKK68 Iy F A Fil S ERE
P 20 2 B 4 R A — 3, R W BT A 4
A AT M



FWLLE | MEEYAER, 2021, 61(11) 3601

(B) AAHA71581 vs WT
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5. BAKSBEHRETERI A4HA 1581 EAREFHESHT
Figure 5. A. hydrophila wild type and 44HA_1581 of quantitative proteomic analysis. A: correlation analysis of
protein abundance; B: the Volcano plots of the significantly differentially expressed proteins. Each dot represents
a protein, purple dot represents down regulated expression, red dot represents up regulated expression.

2. AAHA_I58]1 5EHFEBREKSENEEEEARAFIMITBIEFRIEERTIR
Table 2. Quantitative proteomic analysis of some differentially expressed proteins between 44HA 1581 and wild-
type A. hydrophila

Protein Gene Protein description Log, (Ratio) —logyo (P)
AO0KI69 AHA 1431 Pts system, fructose-specific iiabc component 10.88 9.37
AOKLW38 AHA 2761 4Fe-4S binding domain protein 8.20 2.73
AOKKK3 rmf Ribosome modulation factor 8.03 5.61
AOKL26 AHA 2463 Type I secretion target ggxgxdxxx repeat (2 copies) domain protein  7.89 342
AOKFX8 AHA 0621 Pyruvate formate lyase activating enzyme 5.01 4.46
AOKLP4 AHA 2687 Microbial serine proteinase 4.14 3.78
AOKIE7 AHA 1510 Uncharacterized protein 3.95 5.21
AOKQGS5 arcC-2 Carbamate kinase 3.37 5.88
AOKFX7 AHA 0620 Uncharacterized protein 3.28 7.30
AOKIAO AHA 1463 1,3-propanediol dehydrogenase 3.27 8.14
AOKK68 AHA 2145 Long-chain fatty acid transport protein 1.04 4.08
P55870 AHA 1512 Hemolysin ahhl 1.03 3.34
AOKIMO napD Chaperone NapD —6.64 3.47
AOKPBO AHA 3655 Uncharacterized protein —6.88 3.03
AOKPJ7 AHA 3750 Uncharacterized protein —6.96 4.08
AOKLJ7 rnfE Ion-translocating oxidoreductasecomplex subunit E -7.07 3.85
AOKNSI1 AHA 3433 Outer membrane protein -7.08 1.81
AOKI48 AHA 1410 Conserved domain protein —7.41 2.12
AOKK11 AHA 2082 Enoyl-CoA hydratase/isomerase family protein —7.46 2.84
AOKIM2 AHA 1587 MauM/NapG ferredoxin-type protein —7.84 4.67
AOKIL9 napF Ferredoxin-type protein NapF -11.62 5.05
AOKJ12 arsC-2 Arsenate reductase -13.07 5.11
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WT 44HA 1581

P33870 68.91 kDa
Ratio 2.04
AOKIES § 46.99 kDa
Ratio 2.06 |
6. Western blotting ¥ iEE 2 EH REF L
Figure 6. Western blotting verification. Coomassie

blue R350 membrane staining showed the amount of
protein sample loaded; ratio showed the change
multiple of the protein in quantitative proteomic data.

2.6 AAHA_1581 FIEFARIvE /K S B € BB
BB YR B 2T

KT WS SN T AHA 1581 X0 K< B
PR AR B A A R A A T, e — 2P R
UG ER T GO Ml KEGG 4rH7, 455t
K7 8m. T aifgRIEd, SR kN T
AHA_ 1581 Z 5 ¥ 7R o FIhee, FLW LA
F4E4(GO: 0043169, cation binding)., kAl
#4E4(GO: 0051536, iron-sulfur cluster binding) .
e 7% M 0 VR A B BE 2L (GO - 0016746 ,
transferase activity, transferring acyl groups); If]
KB, fE TR (GO 0016798,
hydrolase activity, acting on glycosyl bonds), #H
KA AH LIHRIB(E 7-A), fE KEGG HliE
MEEER PRI, HRNT AHA 1581 38 S
SRR A A Y0 A2 W) 6 L (biosynthesis of
secondary metabolites). A [A]FRIE T A9 A P11

I (microbial metabolism in diverse environments) .
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W LH 43 Z 4Gt (two-component  system) . P i iz 41
# (pyruvate metabolism) 1 fi 1t 4 (carbon
metabolism) %5 A JC 3 B, H 25 A58 A ¢ &
FRER A R Rk B (K 7-B).

WE— a0 T N1 AHA 1581 2570
PER 25 B A S -, 45 R E 8 WoR. 4
FR UL N T AHA 15812 515 134 25 3
, Hrp 5ATIARE 8 FiRL, ©£2 5
s MR TR ZEFRE, Kb AHA_ 0389,
pilF Fl ahhl FYAFEIK, AHA 0523 Fl AHA 0524
TRIE . B, XSt 2 5L R R ) TR

g KT A PRI REIE ATE R, ARt — 2
IR .
3 itig

LuxR ZEE M@ H H 250 N2 IERA N,
HA 2 DOsesE, — DT AHL 456/ N i
DNA 455 50— T 5% st 4419 C it DNA 25
A, DT IR TR T A R A Ak DL T B £k T
BEMY . LuxR AL 5% R 1 Js i 4 2% EC B3 4 4 7 o
BT OWE R R 22 AR ON BR R ORE IR
(AHL-QS), Hi&xZ 5 W4 g it 5 J1 I+
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Figure 7. A. hydrophila wild type and 44HA 1581 bioinformatics analysis of expressed differential proteins. A:
Molecular function analysis of GO annotation; B: KEGG metabolic pathway analysis. The outer circle shows a scatter
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Abstract: LuxR family transcription factors can inhibit or stimulate the expression of various functional genes to
maintain the stability of cell function. [Objective] To study the role of LuxR family transcription factors in Aeromonas
hydrophila. [Methods] In this study, we have knocked out the 4A4HA 1581 gene by homologous recombination
technology to understand their role in virulence and drug resistance. [Results] The deletion of AHA 1581 gene not
only enhanced the extracellular protease enzyme activity, the tolerance of A. hydrophila to survive under low
temperature, different antibiotic stress, but also reduced the biofilm formation capability. Further the quantitative
proteomic and bioinformatics analysis showed that the deletion of AHA 1581 gene 59 proteins were down-regulated
and 142 proteins were up-regulated, which affected several important biological processes and virulence pathways in A.
hydrophila. [Conclusion] Overall, the outcome of this study on the role of transcription factor AHA 1581 in the

biological processes and virulence of A. hAydrophila may pay the way for controlling their infections.

Keywords: Aeromonas hydrophila, LuxR family transcription factor, AHA 1581, quantitative proteomics,

physiological function
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