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Biological functions of t0/A4 in Aeromonas hydrophila

CHEN Tianmeng”, WANG Yaping”, REN Fengjuan, LI Muwei, ZHANG Zimeng, JU Jiansong,
ZHAO Baohua’, LIU Dong”

College of Life Sciences, Hebei Normal University, Shijiazhuang, Hebei, China

Abstract: Aeromonas hydrophila is a pathogen that can infect both fish and mammals, including
humans. [Objective] To construct the to/4-deleted strain of 4. hydrophila ATCC 7966 and use this
strain to explore the biological functions of t0/4. [Methods] We constructed the fol4-deleted strain
AhAtolA by homologous recombination and characterized the physiological phenotype of AhAzolA.
Transcriptome sequencing was performed to compare the gene expression between the wild type
(WT) and AhAtolA. [Results] The cell morphology of AhAto/4 was changed. The deletion of folA
significantly enhanced the sensitivity to sodium deoxycholate and oxidative stress, while
significantly reducing the biofilm formation and the expression levels of several virulence genes.
The yield of outer membrane vesicles was significantly increased in AhAtolA. Transcriptomic
analysis data showed that a total of 300 differentially expressed genes (DEGs) were screened
between WT and AhAfol4, including 171 genes with up-regulated expression and 129 genes with
down-regulated expression. GO enrichment analysis showed that the DEGs were mainly enriched
in the oxidation-reduction process, metabolic process, outer membrane, and oxidoreductase
activity. KEGG pathway enrichment analysis showed that the DEGs were mainly enriched in the
biosynthesis of secondary metabolites, microbial metabolism in diverse environments, biosynthesis
of cofactors, and biosynthesis of amino acids. [Conclusion] This study gives an insight into the
roles of t0lA in A. hydrophila and provides information about the metabolic pathways involving
tolA. These results provide a theoretical reference for the prevention and control of A. Aydrophila.
Keywords: Aeromonas hydrophila; tolA; biofilm; outer membrane vesicles; transcriptome

IR 7K S M B (Aeromonas hydrophila)j&=—Fh
L IS = €175 7 ) N O AP oV = P2
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HMEFEY (outer membrane vesicles, OMVs)J&
B2 [RBATEE T T A —Fh 9 K 2
PEULIRGE ), W& THMEEN . BilE. TR2h
(lipopolysaccharide, LPS), DNA, DA M TEIE pliit
R v e AP R 1Y) S B R 43 A 22 P AR ) A G
YR T OMVs Jo ik A2 il ELIE AT KB4
FE KRR G SNSRI BN TRR S A 350
e ERRBERS, DERADURN R T,
NI 57742 240 BT 1 5y T Jre B s R 1),
SN 5L & B tol-pal & PR B AR 23 X6 IR 56 4
PEF= AR TR IR, S B IR v 7 U TS
Mitra ZEV 5T K B, A8 TG TR (Shigella boydii)
tolA FEIR BRI T ) OMV's Bl et AH 45 T 17 =
HINT 60%, Hik OMVs HAT R U1 5z
PHYER . KRIBFFE rold F& R B HREF OMVs
B g R, Bk told BEH AT fig
23U/ A ML N BE AN A 2 Rl R R, AT 3K
R d 1 B OMV's g3 B, BT, 104 HP
TERE AR B g A BEVE AR B, R
i — PR

RARGE told B HTEVE /K ML 1 £ )
2ETRE, AT R 2 AR R g KR
BRI tol4 FEPER bR AhAdold, VLT AE T BR
(wild type, WT) X 8, i E AhArold B9A: KRR
P RIS . AEYPE ke )1 UL &L OMVs

*1 AWRETASI

e YRR, R SR P H R T
WA ALY AhAtold RIAR I FE N Rk 25 5%, 1
M7 told FER S5 R R

1 AR5

1.1 E¥k. BRAFIS[4

W K S B H@(Aeromonas hydrophila) ATCC
7966 (WT), W 5 73 W R A= R A BR 2 7 5
K ¥ i (Escherichia coli)y DH5a., E. coli S17-1
Apir, W E A T A TR (R ) e A BR 28 A .
H R38R pRE112 FHT told SERA RS, T 16 £
o e pBBRIMCS-1 H T told S T #R ) [1]
#E R CArold T, W F AR TAEY) TR (L)
A B AR . ARBFFE T RIS )55 W3k 1
Fin, BN RS AL R A RS R A
1.2 FEKF

LB R 730 A 388 KRB A, KE
M U UIR R TR AR (TSA) I A AL st R ERHA
FRZA W) ; T4 DNA 4% . DNA R ¥ N DI
¥y H TaKaRa /A ) ; Green Tug Mix 4 H 7 5
Vi MERE A W) BB ROy A PR W ROk i A
DNA Jy Be [l Weisn & 4 | A= TAEY) TR (-
B AT BRA T s oAb 238503 43 Hr 4k

PiAERMHMARREKRE: ATH5 %
(Amp)>& 100 pg/mL, 4% Z (Chl)H 50 pg/mL.

Table 1 Primers used in this study

Primers name Primer sequences (5'—3") Product length (bp)
tolA up-F CCATATGTCCAGGAGGGTTCGGTG 1010

tolA up-R GGCATGCGGCCTGGGTAAGGTAAATCG

tolA down-F GGCATGCCTCCGTCAGTTCACCGGA 831

tolA down-R CTCTAGACGGTGATGGACGGTACTTACC

tolA-F TTGGAGACCACTTCCGCGATG 1856

tolA-R GTGGCCGAGATCAACGTGGTT

Ctol4-F CGAGCTCTTAGATGCTCGGTTCCAACTT 1164

CtolA-R CTCTAGAATGGATGTGAAGCGTGGT

*: The underlined bases are the restriction sites.
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1.3  told SRECEPAFNE M EIRAVADE

B A. hydrophila WHEIZEFTT LB 5373, DA
30 °C. 200 r/min 1595 20804 K30 . 0 40
HE A 20 P2 BOAGR) S PR O P 24 DNA. DLSEE A
DNA MR, 43l fdi 519 CrolA-F/R 434 4K
% told F£[H (1 164 bp), PCR JZ W A £ (50 uL):
2xGreen Tag Mix 25 pL, - F#E5147(10 pmol/L)
4% 2 uL, DNA #ifig 1 uL, ddH,O 20 pL. PCR
W 264 95 °CHiAR P 3 min; 95 °CZAEYE 15 s,
58 °CiB ‘k 15's, 72 °CHEffi 1 min, 35 ME¥H.
2B R B BE I L VK I IE TS, X H AR A it
frinliealifl . ¥ P 25 [R5 FH T4 DNA % 4 1
52853 (Xba 1 il Nde )X EEVI ) pRE112 #E17i%
PEAS R F 4 [ A FORL pAFR, B pAFR HY
E. coli S17-1 Apir 5 A. hydrophila ¥& L9 7E JE &
B R8s AR, AT 1 RFEIEEN . K5
i 326 30 A PR AC K TR RN T30 A 15% FEWE
fif JCht LB ¥ FR 5% 16 h, & MBS IR AN
T4 12% FERER LB PR & A AR
FY LB A EAE R ETETCRE, ] told-F/
R 5147 PCR ¥ 14 J5 26 5 M & MER AE R4
AR P, £ 5 5 ] i K B RR (AhA
told). Wit FRE B, K TE A Y B 2K TR AR
PR-AFF-80 °C.

IR PR AR 2 77 . RIS Crol4-F/R
A5 told K, ¥ told Fr BS54 38 (Sac T A
Xba 1) Y] #) pBBRIMCS-1 #k47 % 645 3] &
2k pBBA . K EE AR pBBA HIF4 LS AhA
tolA JESZAS M, JFIE 0 Pk s R AR, AR
5 AhAtolA [RIEMNE K
14 4EEKHZNE

0 B A A T T vk S ROk [21] 3617 .
Pk B A. hydrophila WT Tt 1 6kt J¢ 28 78 K
AhNvol4 HURTE 2 LB Hi58Er, 30°C. 200 r/min
B35 7 ODgoo 1 0.6, VL 1% RYHERh R B 5
LB B33, £E 30 °C. 200 r/min 8 &4 K
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X} WT Hl AhAtold EATH L [RGeta, HA7E
10100 {545~ A TIWEL .
1.5.2 ESTETFEME(transmission electron
microscopy, TEM)¥{ 22

75 5 LR R o A8 TR S B OCRR[22] 380 1T
¥ WT F1 AhAtold T S HEHUR OMVs # i 43
BB SRR 2, 25 1% CRshsEK
FEWONRE et . d5gJ5 (8 S 9 i T AR (H
SESELL 80 KV AN HL A TSR
1.6 RS PEERENBUR M S F L N BE
M E

PRI WT Fl AhArold R 7% % LB K55 5t
1, 30°C, 200 r/min 5535 EAH[F] ODgoo (H, YEE
AR 0.5% B ENREREA AT PBS % il &
2, JEFE 30 °CIEE 2 he BEERFEZE 107'-107"
) 210 T A2 T 0 I 100 L 4 A 78 LB “F4 I,
30 °C., 200 r/min 537 18-20 h J5 Gt it B &0+
THEANTE S, AR A (DA,

PRI =
CFUpgsmmitse/ CFUppsarmmx 100% (1)

K H Kirby-Bauer 485 75 PEAL 4 B 1) 8 AL
WRE 1. WA 1 mmol/L HyO, ¥ W 1Y 16 4K A
(6 mm)IETV4A WT H1 AhAtolA FHIR ) LB Fil
I, 30°CHE SR 24 h i, SRR EE,
FEamER 3 K
1.7 494 ESCIE

A= IR IS L RE T I A T vk S RSk [23 3
7o Bt iGAbng WT 558 B AhArold HR
FiTEZE ODgoo fH M 0.1, &M TCH 48 FLAR
A 500 uL (TR, 30 °CCHFE1EFE 36 h, LAWK
LB B3R 3AE R as X iR B FL N B,
PBS ZZ MPi IS VY 3 W5 A B [ 2 30 min,

(T
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50 °CT-## 30 min. MIAFTE3ECHN 1% BI45 5
LY YL S 10 min J5 ] PBS RS TE 2 1K,
50 °CT¥% 30 min, JIAMRFRECH 33% AIVKRES
M, 37 °CEHE 30 min, {I HEFHR{NTE ODsos Ab
MEMWOEAE, RHREER 5 K.
1.8 KHEMEUE

PN BB IR S SOk 2418 T AEd
YR BROE A ULE T v IO S B TR
6 fLARH, FEFLIIA 5 mL ODgo {4 0.8 i) WT
1 AhArold 5532, 1F 30 °CCHRE 555 24 h Ml
48 h, HUH 3L F ] PBS 28 vl i e S i A
P [ £ 30 min, T PBS 28wk WS Uk 2 Ik,
A7 BON 0.01% IV BERE , BEEEE
15 min J5 & T 3D @M B 5 0 i B (Leica 2
TN, K Ny 488-530 nm AL & G IE i
(ER%
1.9 OMVs B, ik
1.9.1 OMVs iZ2EL

OMVs R 42 H S B8 SCik 251 7 ik 47 . #
WT F1 AhAtold B3R IEFEW AT T TSA ¥4
I, 30 °CHiFF 24 h Ja WEE IR . B IR AE
PBS ZZ i 1, 10 000xg B.0» 30 min W e 34
W, I 0.45 pm JEAEER L AR IR, BUL)E
J& BIRESIR AT TE TSA - b, 30 °CH5% 24 h LU
TIATCIAIASRES . KT LIEWAE 4 °C. 100 000%g
B0 3 h WAEVTIE, KEUTTEH PBS 2% Mg Uk
2 RG 2T 1 mL PBS 2% b i v 15 31 M 4
OMVs Hil, e ille H B s ke,
1.9.2 OMVs 4hift

OMVs [ &lifk 2 B CRk (2613617 Rl sg Vb
Wit 3% i 6 B B 00 R OptiPrep™ JH JCT# PBS 2% it
WL E 3 10% ., 15%., 20%. 25%
1 30% AR . 3 3 %% B B O 2l AL R 4
) OMVs Kl , K45 211 OMVs £ 5 PR A7 F
-80 °C,
1.10 RNA #EEUAK RT-qPCR

iz AN TR L RNA $EHGR) & i B 5 4 s

FRRAYE RNA, {i ] NanoDrop 2000 (F£2R &t
IRBHE 2 AN E RNA WRBE Sl . aliBEfT A2
RGO 336 e Si k7] 0 0 T 4 BB 4 T A
RNA JE— 0% 54 cDNA, Ll cDNA Wi,
fifi Jfl RT-qPCR 1% (Thorme 72 w4 4 I 73 4 B £k
H told B3k . RT-gPCR JZ W 1K & (20 pL):
2xChamQ Universal SYBR qPCR Master Mix
10 uL, Primer-F/R (10 pmol/L)£% 0.4 uL, cDNA
2 pL, ddH,O 7.2 pL. RT-qPCR JZ Jvi 4% 14 .
95 °CHAZTE 10 min; 95 °C7E1E 30's, 55 °CiH 2k
30s, 72 °CHE{H 30s, 45 MEH, Ll 16S rRNA
HEREANS, X CAHRA 272 GEH T .

NRGT tolA B g 7KK B M TR B0 T A
SEm 3k U K A TR Y 14 R A
R, A 2 A G bk IR 3R 38 K 1 2 %
RT-qPCR 575013 2 fiis .
1.11 3REATH

FEHL WT Fll AhAtolA ()4 RNA, f# ] RNA
Nano 6000 £l 77 S &I B RNA SE8PE, £F
HERE, fMEE SR AU, DR Bk
mRNA JHR, BEVLEER IR N 51 Y6 RO
cDNA. 5 SCE 2R FH SR G Bl s g 4™ 38 ) 2t
fili i Agilent 2100 & 4t &, Jf-fifi H] Illumina
HiSeq V- &5 (ZHERBHE A BR A w) AT . BF
A AT 3 el b s R B0 R B A BR 2 R
=~ FH5E . FIH DESeq fil edgeR 155 5
ik, WRTTTHEAN BN R 2R
25 22 FU{HE]log, fold change|>1 H. Pygjus<0.05,
I 2 22 S /IR L E 4T GO Ml KEGG TIRE &
T, P2 WT 5 told KD B2 Jo A0 S LR
FIR MR
1.12  HEEIIE

VEHL 4 A~ EIRIEH (f0lQ . toIR . alr-2. pilQ)
o6 A~ F ¥ K (rbsK . rbsC. aroB. ppiD.
ribB. IptD), it RT-qPCR 5|k 47 3 [ 1k
AT, FHCHIWIT AL 2,
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%2 RT-qPCR3|4)
Table 2 Primers designed for RT-qPCR

Gene Name Sequences (5—3") Gene Name Sequences (5—3')
16SRNA  16S-F  GGGGAGTACGGTCGCAAGAT degQ De-F CACCGAGCTTACCTCCGAAAT
16S-R  CGCTGGCAAACAAGGATAAGG De-R CCGCCTTCTTCAGCGTGAC
tolA Ta-F TGCTCGGTTCCAACTTGAGG flgE Fe-F CCCGCTCAGACATTGGAGAT
Ta-R ACTATCGGCGTACGTCTTGC Fe-R GTCGCATTGCTGTAGGTCGC
acuC Ac-F AGGACGATGCCTACCTCACC flgL FI-F GCCCCAGAACAACAACATCC
Ac-R GCGTTTGTTCGCCTCTTCA FI-R GCCGCATCCTCTTTTGACA
cblA Ad-F CCGAGGCGTTCTATGTGCA alr-2 Al-F CTCGATACCGGGATGAACCG
Ad-R TTGGTCAGGTAGCCGGTGAT Al-R GGTCATGAGATGGAACGGCT
aerA Ae-F GGTCTGTGGCGACAAGTATCG tolQ Tq-F GGACTCCTGGTAGAGACGGT
Ae-R AGAGCAGACAGAGTCGGTATTTCTC Tq-R GCTGATCATCCAGCGTTCCA
ascV As-F GGGTATTCACCTGCGTTTCA tolR Tr-F CATGGCCTTCTCGGTGATGT
As-R GATGTTCATTAGCGACCCACA Tr-R CACCGAAGGCGAGTATGTCA
hlyA HI-F CCGCCCAGTCCTTCATCTAT pilQ Pg-F ACTCGGTATAAAGCGGTGCC
HI-R AGGGTCCGTAGGCTCACATT Pg-R GCGGTTGGACAACAACATCC
ompA Om-F CTCACGATCTGGGTGACTTTG rbsK Rk-F ATCAAGTTGTACCCGGTGGC
Om-R  CGCCGTTGATGGACTTGA Rk-R GTCTTCATCTGGTGGCCGAT
ompTS Pr-F AATGGCTCCTTCCCTGATCG rbsC Rc-F CCGGTTACCTGTTCGGTCTG
Pr-R TGGCACCCTGGTTCTCGTAA Rc-R CCGAGGGCATAGATGTAGCG
vash Va-F AAACTGGCACGGGGAAAGAG aroB Ab-F ATCGATCACGACGTGTCTGG
Va-R GCTTGTAAGGTGAGCGGCATAT Ab-R CTCCCAGGTTGATTCCTCCG
traA Tr-F GTGATGGTCGTCGCCTTTCT ppiD Pd-F GCAGTCCACCGGTTACTTCA
Tr-R GATAACCTTCTCCGCATTTTCC Pd-R GATCACGTCGGAGTTGGTGT
pilB Pi-F CTAATGCGAATGCAGCACGTA ribB Rb-F CGATGATGATCCGCGAGTGT
Pi-R CGCTTCAACAGTTCCAACCA Rb-R AGGCGGTCTGATAATGGCTG
rfaf Rf-F TACCTGGCACTGGCCTATCC IptD Ld-F CGAATTCGTTCATCACCGGC
Rf-R CTCGTCGAGGTGCTTTTGTG Ld-R ACTACAGCCTGTTCAGCGAC

113 Gitoh

>k H GraphPad Prism version 8.0 # {4 iE47%4
et PN A, SR ¢ KSR (r-test) HEAT BT 00
Br, P<0.05 RREAGIT¥2% 5

2 BERS54M

2.1 told BEFERENZMEKS EHE
ATCC 7966 % 1<

A58 38 1 M %E A. hydrophila ATCC 7966
tol4 SRRV AhAtold S H: MR #E CAtolA 1
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AR, FIRE told FRIBL 755 0 1 PR A
K, 4559EH], WT. AhArwld K CAtold WA
R 16 h, BIKFRE WY ODgoo (HIITE 1.9
A, ZHETMEBER. Ahitold ERKGEHRYS
WT FA—5, Bk told AR 0 4R K,
e 1A fis .

AMFFEAE F RT-qPCR B UE T WT. AhAtolA
K H IR AR CAtold H Y told F2ik G .
K 1B U7, AhAtold [ told FXS Fik &R 0.2
JeAT, 1M CAtolA TFRRY told X FIA F B3 I
T&, REWT 1y 2.1 15,



MREtEE S5 | AR, 2025, 65(5)

2117

A g B
20F §
=]
S
151 2
S &
S 4 gl —— WT 5
. (0]
—— AhAtolA 2
a5 —&— CAtolA §
0.0‘ | | | ]
0 10 20 30 40

t/h

E1 WT. AhAtlAFICAtolARIE K E F T (A) K tolAEFE FTRIAZRINE (B)

Figure 1
expression level (B). **: P<(.01.

22 told EEFEITFEKRKS EMRE
ATCC 7966 H AR SHIRNT

Fs R Lok, WT IR R 22 G
P, CREAANERR, B 2 AR s T ROk RR
AhAtolA FARRERA, I BEER(E 2).
23 twld EEBHREXNEKS BBE
ATCC 7966 FMiEF2E MR RN

Jot S IH PR R B A D 45 2R s, WT Al
AhAtolA 7 WA N R B4 B9AF I 00 3R 33.6%
1 16.1%. AhAtold IAFTE R B FHILT WT, %
Bl AhAtolA X R S8 JIH R 40 8 i/, 44 i A/ i

A T
. Gl TR

st B

E2 WT (A)FIAhAwIA BRI EZ KR ER

Comparison of cellular growth of WT, AhAtol4 and CAtol4 (A) and the RT-qPCR detection of t0lA4

BRBE I RE T fEZ (K 3A). 1t E AL A Mhin 2%
on, SEAERIAH, AhAfold BTN R B AR
K, FH AhArold Xt HO, HMAURL(E 3B). iX
Begk LR told FER N RES 5 4ERR AN AR 1)
FasE bk,
24 told EEFENEKRKSERE
ATCC 7966 “E 4914 BR 72 R B9 2201
AR E SRR, 5 WT M,
AhAtolA 4= Y198 BETE 1 RE 1 1 38 AR 24 35%
(A 4B). Ait—2L 855 AR 0 A Y e e
A, FIHZERMBENE T WT 5 AhAtold 1)
AP RIERGFIE . FERFE 24 h i, WT

Figure 2 The Gram staining results of WT (A) and AhAro/4 (B).
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Figure 3  Survival rate of sodium deoxycholate (A)
and H,O, sensitivity (B) of WT and AhArol4. **:
P<0.01.

TRANAR B, R AT, A bE i (] 3
HZ AR K s T AhArold (3% A AU /b HE 4
MM R, R T raeiREs . B
iR 48 h I, WT RARER HREEH:, 4
JEERR, BRI AR . ML Z T,
AhAtolA TERESZAYEL, BB Pt 43 A AN
5] MEEEUD, YA S (E 40),
i F ImageJ 14 (version 1.45)%F ¢ ai & 347
M, SR EMHICISTE 24 h ib & 48 h, WT 4=
Y9l I 98 5 FE Y K F AhArold (K 4D). -
WA FT 45 AR S told BRI b 2540 g K <A
W AE MW I R BE T, rold TEA IRk R B
HE B REEMEN .
25 wld EEBREXNEKS BT
ATCC 7966 OMVs F= 2 Hy 520

H TR tolA B 2 A5 5 W) W 7K A TR
OMVs -4, #EBUF2iik T WT 5 AhArlA
f) OMVs, Z5HHEE.OE K, WT HERRUE
3% /T AhArold WTLTE . A BCA A &
F1 ik BE LLIE )y OMVs 1Y 7= &, 45 ) R,
AbArolA 774 OMVs IR A 1 000 ng/uL,
WBEET WT % 800 ng/uL (8 5), X —45 %
B AhAtolA 7= 1) OMVs i # 2T WT B k™
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B OMVs,
2.6 EGTRIREUE

it — Mg 2 MR IE S AL, &
MY E TR RS T W, 4R ER, WT
FRRFFR, BAME, diigRmie, 40k
S BB A3 A AT W2 I st R 2544 (K] 6A, R
Sk ATR) BEHL 50 4~ WT i1 ) & HOF- 35 K %
A (1.50£0.06) um ( & 6A). 5 WT A [A] ,
AhAtold PR B B A5, K ER
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Figure 4 The biofilm formation capacity of WT and AhAtolA. A-B: Detection of biofilm formation capacity; C:

Microscopic analysis of biofilm architecture; D: Analysis of fluorescence intensity. **: P<0.01; ***: P<0.001.
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Figure 5 Purification (A) and protein concentrations (B) of OMVs from WT and AhAtolA. *: P<0.05.

El6 WTHAhAtlA BIHRE S OMVsTZSHNIE §T R R 52

Figure 6 Transmission electron microscopy (TEM) observation of cell and OMVs morphology of WT and
AhAtolA4. Cell morphological characterization of WT (A) and AhAto/4 (B) were observed by TEM. OMVs
derived from WT (C) and AhArol4 (D) were evaluated by TEM. Black arrows and yellow arrows indicated the
normal and abnormal morphology of OMVs, respectively.
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Figure 7 The virulence gene expression levels between WT and AhAtolA. *: P<0.05; **. P<0.01.
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Figure 9 The transcriptome analysis results of WT and AhAzol/4 and RT-qPCR validation. A: GO enrichment

classification bar chart; B: Results of ribosome related gene protein interaction network analysis; C: KEGG

enrichment analysis chart; D: RT-qPCR validation.
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3 KEGGEEDIERNL

Table 3 Display of partial results from KEGG enrichment analysis

Pathways ID Pathways Number of DEGs
Up-regulated Down-regulated

aha01110 Biosynthesis of secondary metabolites 20 16
aha01120 Microbial metabolism in diverse environments 17 11
aha01200 Carbon metabolism 15 4
aha01230 Biosynthesis of amino acids 7 8
aha01240 Biosynthesis of cofactors 2 12
aha00520 Amino sugar and nucleotide sugar metabolism 4 6
aha00620 Pyruvate metabolism 9 1
aha02020 Two-component system 8 1
aha00250 Alanine, aspartate and glutamate metabolism 4 4
aha00010 Glycolysis/Gluconeogenesis 6 2
aha00280 Valine, leucine and isoleucine degradation 7 0
aha00640 Propanoate metabolism 6 1
aha02010 ABC transporters 1 6
aha00910 Nitrogen metabolism 3 3
aha02060 Phosphotransferase system (PTS) 1 5
aha00230 Purine metabolism 3 3

[z i R (AHA_RS07405 F1 tolR)., %35 FiH
B EZEW M AR . AER . FEAREE
FER S S sk . IR OCHEE K prpB 11
Y WA TR A M IR AR B EE AR R,
PR R Eh ok B R R A Xk o s g P o L&
REW], tol4 BRI BB 25 T40 1 40T 1) 2 Ak
W REE A BTG A 2 AR
2.9 RT-qPCR 3iiF4E

RIE GO K KEGG #% s 4 4 1) 22 5 L A
WA, JREE MR, e RER
ik BIRATE A 10 S 4T RT-qPCR 42iF,
Z5HNE 9D R . PRt R kK2R
5 RNA-Seq HEE R FIB AP 2L EH—3

3 Wib54#

W 7K B R T 5 3K12 Bl 1 B TR T
i (MAS) 45 4 3K K 7™ 37 FE D i B E R Y 28 35 4
K o Tol-Pal & Gt 3G Jk K 76 4k -5 240 1A 1 0 4%
PERIZ 5 OMVs A4 & A ARSI b & 5 o 22
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ZINIMESE L, FIRGIRERI, told TP BRI
AT RE X TR AR (8 T8 285 A RSS2 B T 52 1)
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