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2.0 34K AR AH tmRNA 7T fE 45 669 T b e trdt 4T Fml, i@ 33 3K B K4K 38 (gene ontology, GO)
Fo o AR E 5 A F 405 A4 (Kyoto encyclopedia of genes and genomes, KEGG)E & 547, 52
M¥FeAFA G AEYFIRAAZTE, H1EH QPCR A AR iER A ¥ AR AL KA ERATA
AL tmRNA #RtrFe smpB SR F 9 R X0, mnF 5T 4 KA LIH tmRNA VA sSRNA #
Koy B Tidesrs. [ %] tmRNA 2L sSRNA H X5 T 100 MR A4 Fieirs s, X
s ¥e AT A F £ 245 4 F tmRNA #9 3'5% tRNA #25 # 3% (tRNA-like domain, TLD). H2 3% % PK3.
PK4 3%k, A5 mi AAKRHTAE. PCR £ R LA, A AHLESEFRARY, AR
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Screening and identification of downstream targets
specifically regulated by Aeromonas veronii tmRNA in the
form of SRNA

TONG Yuan, LUO Chen, BAI Taipeng, TANG Yanqiong, LIU Zhu, MA Xiang*

School of Life and Health Sciences, Hainan University, Haikou 570228, Hainan, China

Abstract: Transfer-message RNA (tmRNA) is a ubiquitous and stable non-coding small RNA
in bacteria, with characteristic regions similar with both tRNA and mRNA. tmRNA is known to
mediate the ribosome rescue mechanism called trans-translation and has effects on the
pathogenicity and stress responses of pathogenic bacteria. [Objective] To study the function of
tmRNA in Aeromonas veronii causing threats to aquaculture and human public safety, so as to
reveal the molecular mechanism for the pathogenicity of A. veronii. [Methods] IntaRNA 2.0
was used to predict the downstream targets binding to tmRNA. Gene ontology (GO) and Kyoto
encyclopedia of genes and genomes (KEGG) enrichment analyses were conducted to predict
the biological processes and signaling pathways involving the predicted targets. Real-time
gPCR was employed to compare the expression levels of the candidate target genes among the
wild type, tmRNA knockout strain, and SmpB knockout strain of A. veronii, thus identifying the
potential targets regulated by tmRNA in the form of sSRNA. [Results] One hundred potential
specific downstream targets might bind to tmRNA at the 3'-end tRNA-like domain (tRNA-like
domain, TLD), H2 domain, and PK3 and PK4 regions, thus participating in the general
metabolic pathways of the pathogen. The results of qPCR indicated that the expression of
WP 201994931.1 was regulated by tmRNA in an SmpB-independent manner, while the
expression of WP _201954220.1, WP_005335875.1, WP_265062582.1, WP_265061484.1, and
WP 265061494.1 was regulated by SmpB. [Conclusion] We preliminarily identified that
WP _201994931.1 might constitute a downstream target regulated by tmRNA as an sRNA. This
study provides basic information for expanding the functions of tmRNA in the form of sRNA
and facilitates the further studies regarding the molecular mechanisms of the pathogenicity and
environmental adaptation of A. veronii.

Keywords: Aeromonas veronii; tmnRNA; sRNA; specifically regulated targets

JE %4 % /N RNA (no-coding small RNA,  FMFMRAFUEFEZEORMER. ST T sRNA KH
SRNA)TEANE F i A7 7E, KIETE 50-500 nt 2 S P AEE R FR IR 17 2 e R 20 T 20 P 1)
], HoAgREESEEEEDY, gigmgmn EEVASY HE-5{ RNA (transfer-message
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RNA, tmRNA)JE 4 7 H 5 A7 7 1 Fe e 5 bt
/INRNA, H ssrASER 4t , K £ 260430 bp™®.
AL tmRNA 1 A5l (RNA FRESHIE |
mRNA £ 45 ¥4 5 (MLD) . 4 A~ Ph &5 451
(PK1-PK4)LA K 2 MBHEL5HH2 M HS)4H
BT, A AR S X B (trans-translation)”
RBEWI%OLNS, SZO0%EE small protein B
(SmpB)p [ B ik B A b, PRER R &
AT, tmRNA 5 SmpB (k45 %5 7] S 307 8
VRIRIG , B & i LR AEIO ) R 40 /Y A4
KI5 a7 bk R iz mEom !,
IEAERIBFSE 3878, tmRNA # A T fELL sRNA &
SR HEDIRE , 38 o 1) R R R 4 A A R PR
WY, AnAkE AR AR A g
WAL G B VR HLIE R R TR 2 R
1M, T tmRNA /£ L sRNA K 6E 1) i
FILT 25 1. Hl e € KXW HF 18 (Escherichia
coli)FF ) 2IE B, tmRNA 3 i 8 H5 lac #4015
SR PR TR T A A A FUREA I [RIRs, FE4E
{04525 BR 1 (Qaphyl ococcus aureus) ', tmRNA DA
AR T R R R G =K, ) AR A e
FERE crtMN mRNA , 3 o P8 @ R AR ETm A 44
e 2, PLEBFFERE S tmRNA LI sSRNA 431
B L HEDRe R E g T, — R
JE R T AE RS TA  tmRNA Fll SmpB 6 5
FERIA—SUR IR, SR, tmRNA U] 7E 2
HRAEE SN sRNA JEE 4T BRI FIHL
il Z a4, LI ARl sSRNA B4 i) #E A 5
KA R i — 25T

2 A A s 2 A T TR R R )
Rl % 2 —, Ho i 4E RS B 1 (Aeromonas
veronii) 5| & [ 3 [ U ok B &Y dERA R
T & 2 FRBAYEAPIRAN B, T A TE T IROK
T K AFIREE PP B0 B e 4T
2, wfEaE . YRR, AR
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5| % Z R YLRAE" Y KPRk RS
it SR ™ B B 222 O T IR AT A AR R
MBS C4 B IRSEIE N MBCRHLEH], A5 E R
FH sRNA EAR T3 I R4, 70000 4 £G4 50 i 7R
tmRNA 7] 52 A sSRNA JE 25 A (U TE T IR 5
5, XPRO AR T A AT, LD
15 MEEEEAR LA BEfS, @il qPCR Hiik
TYERSBAME C4 WT (BF2EHD) . AssrA (ssrA
FUBRER) K AsmpB (SmpB Rk ) s s i e 4
PR FRIBIENL, IMEEE T 4EIRS IR C4 h
H tmRNA DL sRNA JE R4 IR LE N IS0 AR .
AR RANA TR — L IRR
tmRNA DA sRNA JEX LR INEE, #1)f tmRNA
IR 4k , 47 Rk sSRNA TR (A
5, MR LLR AR BA LIS E L,

R

1.1 FEXFIFNEE

¥R Yt £l Super Red. Hi ¥k b FEZE ik
6xDNA Loading Buffer, b >%78MRHE A FRA
A]; GN5SK DNA Marker, sIXFE4E/RAWIEHE
AR/ H]; 2xRapid Tag Master Mix, 5xHiScript
III gRT SuperMix, 2xChamQ SYBR Color Master
Mix , B 5% i e A W B 0 A R 2 ]
Sodium Lauryl Sulfate (SDS) . + i %% &
(kanamycin), 27~ H % % (ampicillin), JbH 2K
FRH AR A 4065 RNA P i) &,
A A TARECE )R A PR AW

EIREEFRREIR, TIRILRIER; bR R
Fa, iR BT A AR R A FR A W] 5 R
TAER, B ERFAEA R\ 5 gPCR X,
Roche Diagnostics 23 A o
1.2 Bk

AT IR bR A, veronii C4 (BFAR!,

(RS
HEZPE). AssrA (tmRNA JEHEERRIE, 2%
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BHRSRIREZEYE) M AsmpB (smpB KE[K Fl:
PR, REHEERIM AL EORAF R
1.3 RNA EBUR %GR

AR S RNA PRstn &4 TAY T
FE( ) A A R ] 152 U Bk RNA: B 1 mL
SHECE K WIRANTE BT 1.5 mL 208, 4°C,
8 000 r/min &.0» 1 min, FIEEFEHEE, fLA 100 uL
AR 400 pg/mL), Jz3% 1% 57 5 A 900 pL
Buffer Rlysis-B k¥ 15), EHE 3 min J5,
] 2L AE A oI 200 wL S0, FE4rIR AT, 4 °C
12 000 r/min #.L» 5 min, BE3E; ) B3 @A m
A 250 pL JorK B VR A), &R CE 3 min, 4 °C.
12 000 r/min Z5.0> 5 min, 3 Fi§; B 700 uL Y
75%Z. 15 (JH DEPC-treated ddH,O 5JC/K ZBERL
Ve OB SRUTEE, 4 °C. 12 000 r/min &
L 3min, FF EWE; FE 208 10 min, /SATHE
B0 AR CREWNRE R s A
30-50 uL DEPC-treated ddH,O VA 5504 ST
DURER) RNA; K RNA ¥ e (IFF 758 I HL Pk
IR EFEHUR) RNA Fiat), 7 B sl #E -80 °C
UKFE PRI ORAE

FIH RT-PCR # H4$E U RNA JEHF41.
RT-PCR JZ W& % (10 pL): 5xHiScript III qRT
SuperMix 2 uL, RNA #&#fz 500 ng, DEPC-treated
ddH,0 #ME F 10 pL., RT-PCR W 444 50 °C
WidE S 15 min, 85 °CHE 30 s. Wik RIS
cDNA #H T 4 °Chilfifr, KEIRANE T
-80 °C,,

1.4 SEETRIEE PCR (qPCR)

DL SEARAS ) cDNA MRS T gPCR,
SV IIILER 1, LIBSEERG RN cDNA AR,
IS UE AT S 1 9 B %0% . qPCR UMK &
2xChamQ SYBR Color Master Mix 5 uL, . T
W5 1497(10 pmol/L)4% 0.4 uL, cDNA 1 pL, ddH,0
32 uL (IKEH A cDNA HAEUH 100 pL

DEPC-treated ddH,O i), qPCR FZh 5
95 °CHIAEPE: 30 s; 95 °CAE 10's, 60 °CiR k&
FEAR CRAE DL 5) 30 5,40 MEER; i F gPCR
SCRET MM, RA 274 kit
PRI AR X 2k 1 P
1.5 tmRNA ¥EAREE T

fili i sRNA $EFR T EC/F IntaRNA 2.0 #£47
ECHAMIE tmRNA FEARTII, sRNA #ARHE
(A #5041k (IntaRNA- 2.0):  http://rna.informatik.
uni-freiburg.de/IntaRNA ; FE 75 3RHHE(NCBI) :
https://www.ncbi.nlm.nih.gov/gene/60844631,
1.6 GO #1 KEGG E&E 7

il OmicShare il BAEY(E B = V-G ik
17T FEAR ) 2 A4 38 (gene ontology, GO)E
P 5ot A I 5 5 4 H A2 A (Kyoto
encyclopedia of genes and genomes, KEGG)& %&£
8T . GO & FE 43T Wik https://www.omicshare.
com/tools/Home/Soft/gogseasenior; KEGG & %
ML https:/www.omicshare.com/tools/Home/
Soft/pathwaygseasenior,
1.7 RitrZEHH

Geit syt SPSSAU Hifh sy, ffi AT
FEA t K M sc e g R 2= 5 W oE v, IR
WPS il AR . P P<0.05 K25 5% B Giit2#
B, *FIR 0.01<P<0.05, **FEI/R8 P<0.01, ***
FR8 P<0.001, ns F/RZEFILGIHFE L.

2 BER54

2.1 tmRNA $55H1E T EEEARTm
AWFFEIRAT T 100 MELEFERR . 32 2 51 4
W P-value fHHEFAURT 25 NEERAR, 5%
45 [ S PR TR (AL veronii) C4 1) 3 R 4 ) 4]
(GenBank & 3£5°8 CP110364. 1)V Tl A48
PS5 AT IR TERARTE tmRNA
S50 F R TINES G DX, R B TR bR AT v RE
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54T tmRNA 45X B, (HEAEN & FEE T
A FE tmRNA ZAFRRIT S H) 200-360 bp Z[H]
(B 1); FF— L MEH T RaE R, FERNL
AL ATE tmRNA ) 3% tRNA Fidk . H2

*1 AWM AR BS54

B} PK3. PK4 X3 (&l 2). TMHEERAYSS 5 RE
K P-value BUEMAL, FHALE G5 MR AT
MR, EEREmER., AR 2 hREdE, ®
B tmRNA 5 H UGS 2 MR RR A 5 T .

Table 1 Primers used for qPCR in this study

5149 ]l qPCR =4
Primers Nucleotide sequences (5'—3") Products of qPCR
1-F CGGTACTGGCAAGATCGGTCTG WP_265061909.1
1-R TGATGTCGGATTGGCGGAACAG

2-F GCAACCTGGTGGCAGTCATCT WP_201954220.1
2-R CTGGCTGGTCTCGTGCTTCA

3-F TGCTCTGGTTGCCGCTGTTC WP_005335875.1
3-R ACCTGACCTATGGTGCCGATGG

4-F ATGGCGGTGGATCTGGAGGT WP 265062582.1
4-R GCGGTCTTGAGGCTGATGGT

5-F GCAGCAATGACTTCGTGACCAA WP_265062605.1
5-R CGGCAATCTCACCAGACTCTTC

6-F AAGACCGTCATTCGTGCCAACT WP_265061092.1
6-R GCCAGCTTCTCTACCAGCAGTT

7-F GTGTCTGGCAAGAGAAGTGGCT WP_167566591.1
7-R GCGTCGTGAGTGGCGTGATA

8-F GCGGGACATCCTCTATGCCATA WP_040066712.1
8-R ATGGAACAGGCTGCTGTCACA

9-F CCACCTGCGTTACACCTTCCA WP_265061310.1
9-R CAGTGCTTGCCAGCCATCGT

10-F AGCCACACCAGCGTGATCCT WP_265061484.1
10-R CGCCTTGGTTCCAGCATGATGA

11-F GCAAGCCTGTTCGTGGTGGTAT WP_265061494.1
11-R CAAGCGTGCCATCAGCGTGA

12-F CCCACTGGCGAACAGGTTTG WP_033136990.1
12-R GAGGTCGGCAGGCTCAATCT

13-F ACAACTGCTGGTGCTGGATGAA WP 204481558.1
13-R AGGCAAGGTGGCGGAGAAGA

14-F ACGGTGACATTCTGGTGTGGAA WP_201994931.1
14-R ATCCTCGTCGCCTGTGATAGC

15-F TGAAGATGGTGCTGCTGGACAA WP _203119821.1
15-R CGGAAAGGATGGTCTCGCTGTA

<l actamicro@im.ac.cn, & 010-64807516
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%2 tmRNA L sRNA & & BHSEARTUN £ R (B 25)

Table 2 Target prediction results of tmRNA binding in SRNA form (top 25)

LiLt 2 454 X Ziahe PE kg

Target Interaction regions Energy P-value Function

WP _040066712.1 253—-337 —21.54 0.000 097 8 Cation symporter-2 family protein
WP_167566591.1 255-282 —20.72 0.000 227 0 Hypothetical protein

WP_204481558.1 271-337 —20.56 0.000 2654 DEAD/DEAH box helicase
FOB40_RS11515* 193-336 -20.09 0.0004143 -

WP_005339652.1 299-337 —20.04 0.0004339 PfkB family carbohydrate kinase
WP_265062582.1 253-296 —19.41 0.000 763 3 Alpha-2-macroglobulin

WP_124929292.1 216-317 —19.29 0.000 847 0 Glutathione peroxidase

WP _265062250.1 266—294 —19.18 0.000 930 8 Methylated-DNA-[protein]-cysteine S-methyltransferase
WP _265061484.1 191-221 —18.95 0.001 1307 ATP-dependent helicase HrpB
WP_265061867.1 313—-337 —18.92 0.001 1594 Glycosyltransferase family 9 protein
FOB40_RS04270° 303-336 -18.87 0.0012088 -

WP _201994931.1 271-322 —18.74 0.001 346 1 Aspartate-ammonia ligase

FOB40 RS17420° 251-266 -18.62 0.0014850 -

FOB40 RS07355% 261-281 -18.53 0.0015976 -

WP_191966279.1 136—162 —18.50 0.001 636 8 Rhombosortase

FOB40 RS05245° 288-341 -18.16 0.002 1454 -

WP _108612743.1 271-325 —18.05 0.002 3380 MarC family NAAT transporter

FOB40 RS01440° 315-338 -17.57 0.0033733 -f

WP _265061975.1 198-219 —17.56 0.003 398 7 DgaE family pyridoxal phosphate-dependent ammonia lyase
WP _265062605.1 314-337 —17.48 0.003 6079 Inositol-1-monophosphatase
WP_005348017.1 215-259 —17.44 0.003 716 8 GMP reductase

WP_265062619.1 37-63 —17.39 0.003 857 1 Alkene reductase

WP_005336914.1 290-338 —17.37 0.003 9145 Anaerobic C4-dicarboxylate transporter DcuC
WP_265060904.1 213-323 —17.24 0.004 306 8 NADH-quinone oxidoreductase subunit H
WP_033136990.1 208-225 —17.07 0.004 8729 Phage tail assembly protein

*f. Genes FOB40_RS11515, FOB40_RS04270, FOB40_RS17420, FOB40 RS07355, FOB40 RS05245, and FOB40 RS01440
match none of genes in A. veronii C4; — ' The biological functions of genes FOB40 RS11515, FOB40 RS04270,
FOB40 RS17420, FOB40 RS07355, FOB40 RS05245, and FOB40 RS01440 are not annotated.

2.2 tmRNA $5BIE TR GO #1 KEGG
BEESH

100 NHETEMZE S IE T tmRNA 757
PRI R IR AR ET T GO Il KEGG B &G,
IR TR ) A S A o S R s A AR
PR B AT . AL BRI L B 25 4 Th Rk (&
3)o W20 B 2 AR MR AR L BT o B &
B, H TR A o A A BT A AR s
(B 4), N T HITEERIES T, WNEEEERN
FAm e T B R IE IR, IRAE A

ST P-value {8, HBZHESE 15 ik
HEARFEA (GR 3).
2.3 SEEIREEE PCR (qPCR)#&MiE
SR EREREFF M

S22 Yk [CS BT (A, veronii) C4 AR 4H
J¥%1(GenBank %3558 CP110364.1), A 5
S 15 M RAR SR BT T eSS4 qPCR 51
Yo DV, it PCR Sk i
SR REF I 1 (S1), BdEE IRA E R M
YRk BdR G, 458 NMDCX0000291],
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Figure 2 Prediction of the binding sites of top 25 targets in the secondary structure of tmRNA (marked in yellow).
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Level 2 GO terms of out

Number of gene

Biological process Molecular function Cellular component
3 FMAY 100 1 tmRNA %55 81E TFEEARE E GO 77 FAEIRE
Figure 3 Histogram of GO classification of 100 predicted downstream target genes specifically regulated by

tmRNA.
Top 20 of pathway enrichment
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Figure 4 Bubble map of KEGG enrichment of 100 predicted downstream target genes specifically regulated
by tmRNA.
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# 3 qPCRIIEAY 15 MEik tmRNA 55 AR #FRE H

Table 3

15 tmRNA-regulated candidate genes that were verified by qPCR

HEREEN R

Target gene Annotation

WP _265061909.1 2-hydroxyacid dehydrogenase

WP _201954220.1 Malate dehydrogenase
WP _005335875.1

WP _265062582.1 Penicillin-binding protein 1C

WP _265062605.1 Inositol-1-monophosphatase
WP_265061092.1
WP_167566591.1
WP_040066712.1
WP_265061310.1
WP_265061484.1 ATP-dependent helicase HrpB
WP_265061494.1 D-hexose-6-phosphate mutarotase
WP_033136990.1 Phage tail assembly protein
WP 204481558.1 DEAD/DEAH box helicase
WP 201994931.1 Aspartate-ammonia ligase

WP 203119821.1 Acetolactate synthase 2 small subunit

1-acylglycerol-3-phosphate O-acyltransferase

Aspartate/tyrosine/aromatic aminotransferase
Derived by automated computational analysis using gene prediction method: protein homology.
Nucleobase: cation symporter-2 family protein

Bifunctional metallophosphatase/5’-nucleotidase

MG EEEAT qPCR B00IE, $RECT Fis i B Ak
JE RNA [KHE 2 (S2), $udli 42 ZREY
BFBdE RO, 958 NMDCX0000292]; LU
W SEARATH) cDNA BB S o B, 16
WET 15 XF qPCR 5|¥1(F DY HECR . 4558
T, X 15 X5y EReRE S, kg
T 90%—110%M7E FEI [ 3 (S3), B iese
HEAMAEDRE=HEB L, 5 H
NMDCX0000293].

YT tmRNA DUAMKHE T SmpB 19 7 X 7
PEE TR, @k qPCR 25 HoBe 1 e Bt
RAEZE FCSBA I WT ., AssrA [z AsmpB Btk
FIFRAZS, DRI %E tmRNA R
WedBFR . G0 5 FFas, LA 16S rRNA ifid 5L K
W=, 5 WT M b, AsstA & 3t A

<l actamicro@im.ac.cn, & 010-64807516

WP_201994931.1 [FRIXAF- & Fi 2.0 £F,
M7E AsmpB H1, iZ LR FiE w5 WT X —3K,
FKHIEE WP 201994931.1 B A Al fEJ& tmRNA
DL sRNA JEZ  AMKAT T SmpB & FH Frifi = m T
iid Wy

qPCR Z5HRKH], MR smpB R JE, MK
WP 201954220.1 . WP _265062582.1 .
WP 265061484.1 5 WP _265061494.1 HyZikK
S EE 2.4 23,0 3.5 Fi 4.7 £, HEA
WP_005335875.1 HYR KK E L 3.3
B MR WP 265061092.1 1335 7K T4k 5 3
TRE, MEPARIR 0.3 %, AHECT AssrA, bR
BN 5 WT AR R 2SR R E . k%S
HREH], K45 tmRNA HF454 150 bR 5L
HIFREB A SmpB KHEPE(E 5, % 4).
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5 HRSBHME WT. AssrtA & AsmpB B FIRIZEEFRERE qPCR AR [ WP_265061310.1 &
15384% qPCR 774y, I A RESE i TR DA e h Rk R K. IRZEHEFIR 4 YOy B SR b
25 P<0.05 WESFHAGIERE L, *FR 0.01<P<0.05, **F/) P<0.01, ***F/) P<0.001, ns FRE
G E S

Figure 5 The qPCR results of candidate target genes in Aeromonas veronii strains WT, AssrA, and AsmpB.
The gene WP_265061310.1 could not obtain qPCR products, which might be due to the low expression of this
gene in bacteria. Error bar represents the standard deviation of four independent repeated experiments; P<0.05

means statistically significant difference, * means 0.01<P<0.05, ** means P<0.01, *** means P<0.001, ns
means no statistically significant difference.

4 RIEFFREE qPCR KMFRILEXTEL
Table 4 Comparison of expression levels of candidate target genes detected by gPCR

FRE G bE Sy 23 AsstAvs. WT AsmpB vs. WT
Gene ID Annotation (fold change) (fold change)
WP 201994931.1 Aspartate-ammonia ligase 2.0 —'e

WP _201954220.1 Malate dehydrogenase —ra 2.4

WP _265062582.1 Penicillin-binding protein 1C b 2.3
WP_265061484.1 ATP-dependent helicase HrpB e 3.5
WP_265061494.1 D-hexose-6-phosphate mutarotase —d 4.7
WP_005335875.1 1-acylglycerol-3-phosphate O-acyltransferase e 33
WP_265061092.1 Aspartate/tyrosine/aromatic aminotransferase —f 0.3

WT indicates wild type, ASSrA indicates tmRNA knockout strain, ASMpB indicates smpB knockout strain, —"%"¢ indicates no
significant difference.

3 Wwti5 %ﬁ'} B ARMECX SRR S A LR I, T B A
FELE, S 54 R . Liv SE0F58 R,

F5EHR, tmRNA DL sRNA (B2 F  tmRNA 1E )% X RNA, Sl J#5 crt-MN 193
KR BIF RGNS — 0o SmpB, B DOk &R O RHEEREISHE P E G,
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AUREIZH Wang S5 B R B, TEYE MR
AsstA HHRHEEARTTE SmpB £ 511 tmRNA
PR R . 75 AsstA BRRHY, REIEIA A
BOFR S A QU AR DG Y 220k B 5 4 v, & 3L
PR Pk B R4 (A 1ETIT, DATI 532 i) 48 ) X6) FY 4
FOERM 2505 [FIE, ssrA (Rt AMHESRE
AcrA/AcrB [R5 T, 3X 0] B 5 B bR X H 4R
WE AR, [H7E AsmpB Ak I R W 3|
FFE B4, X e 8 5 A8 58 GO Ml
KEGG & #4545 R —2, Uil tmRNA 4T
DRE 2 A A T R PR B 2R
HIEABIFEH qPCR 45 F2 5347, AHES T WT,
L WP_201994931.1 (asnA){E AsstA A&
B E PR R, M7E smpB B2 A E DL T JC 8. %281k,
W WP_201994931.1 LLIE4K# SmpB Y 5 252
F| tmRNA F#P B4 SmpB & 1/ tmRNA
A 0 S R R T AT 1, RS R R
tmRNA A8 LA T 5 S RIIEALEN Y sSRNA B
A A WP 201994931.1 (1315, WP_201994931.1
Yt R A&k e I A (asparagine synthetase A,
AS-A), ZBFREGS T R AR EY G R, I
IO ATP AT 2 S B i A b R & 24
KA BB YA Y, AsnA B 5RER
FERRAEW A L, N TR R AR TR A 2 Gt
TR S CUHE R, M tmRNA 7] 52
sRNA JEAZ 5 LAY,
AHIFFT I & BUEB 73 F 5 tmRNA 2545 it
PRIEN AR AE AsmpB Rk Ik B E A
1k, 1B7E tmRNA SR BYIEOL T X LA AN 25
i, KR WP 265061743.1, WP_005335875.1 .
WP _265062582.1 . WP_265061484.1 5 WP 265061494.1
£ AsmpB [ PR R IR OK O B E R,
WP_265061092.1 F& [ 7E AsmpB B 7 H i 57K
AR N SR, 7E AssrA AR, XSRS
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PR 28 BT AR 3 B 25 57 o X — S5 R AT g
S T 4E IO M T b smpB i R 7EAR e A 6
KRR BON T, 1 tmRNA 3Rk 5745 500
e E MR e, XA RABFERE T
S A SmpB 2 YA U T A B S )
REVEPE . MM, SmpB (A AT REME i H %
s [A] 4% 7 M VP 1] KT J& (Salmonella) H &
D A% L DR Rk, AT S e Jirt TR 1 2
3P0 B, AERSAMIEE T Y SmpB
o ] 58 A 37 S R A AL IR 45 b R S T
ik, B, T AUFEAGE L qPCR ARl T4
PREEDI ) mRNA KP4k, gt B4
A AR A DU T8 5 ) A AR BSOS AR 28 HE AT A
P EE S8 i — LB IE

TEARWFFEH, FER WP_201954220.1 ZifiB iy
S AR i & i (malate dehydrogenase, MDH) /2 —
FRIRIEER A G E AL I, 2 545 CAPRER
WA IRiR AL . AR Z B A= 5
S AL RO PY ) FE R WP_005335875.1 4ifil
Ay 1- e AR H ol -3- B R O- Mtk B X I
(1-acylglycerol-3-phosphate  O-acyltransferases,
AGPATSs) /2 1 i1 & (glycerophospholipid, GPL)
1= I H 9 (triacylglycerol, TAG)A:Y)H s
fEhalsg, 25 HhelE L e, SAZE
PRI PRI AT S, S WP_265061494.1 4
M H) D-CWE-6-BEIR L HEREREMELL 3 Fh 6-BEIRC
B (glucose 6-phosphate, Glc6P; galactosamine
6-phosphate, Gal6P; mannose 6-phosphate,
Man6P)i) o I p AR Z H A B4, 25
Wl . WS AEAE DY JE WP_265061092.1
G By — 5 7 Tk 24 B R Y 4 Wl (aromatic amino
acid transaminase, ARAT), i LR TN 2R |
MR IR . RAAMRMZ AR EILER, S 5%
BERR G T o . R A . IR A
R AP, FRIEH R Rk R Z 5] smpB
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