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H OE.IFF] AHBEREH HYS A EREMRXAHKBT 5B L0 —hS 4%k Bikm
B, HYS BAkaT F e AT &R R B RRAE. AR LI HYS 7 % Aty R BRIE 36 BLit 45 B 2L IR
(argS)MIENRE T FH AN &R R EHARRIA. [0 8 BER argS R B LR LT AL i &1k,
A G B FENR HYS @ bR i) s AU R R4, [ 5 ] RAAWE LF st ZESHFf4
AT AN argS RBE W AW F R E AL 64 R R IR 34 B & 4 B (arginine
succinyltransferase, AST)ZZ S5 @B FMHe %% . [£R] AMEBEFRATLERI T argS %Al A
BRIRIOBLAEAS B, & 6 5 9| HAR AR IO T ot R BRIR Fa BLAE 4585 B LI B 334 88% A48 A
Bk argS F AR Re A R AT BB A VE —BOR AT A K M RUBA LA B2 (arginine decarboxylase,
ADC). # &L B (arginine dehydrogenase, ADH)vA B A% £ B4 L T 2 B4 (arginine deiminase, ADI)
AR XA R Bk ARG T F AR A RBAE A E— IR, B R RFAARFHRBNE; F
oL Btk BB SR AT KRB EAREMA R, LARTHBRENBE TR, (48] KR
B0 HYS F AST i@ 2T A8 i %0 ) MK BAR S R F L3t B AT & R ey Fd, KAFR A
RN T AR I A BB AR Ao BUR AU - AL T FTIRE.

K RHARBREICH HYS, argS AR, HRABIRABIEHSHBESR, FH

Arginine succinyltransferase pathway deficiency in Pseudomonas
donghuensis HYS affects its toxicity to Caenorhabditis elegans
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Abstract: [Background] Pseudomonas donghuensis HYS is a high-siderophore-yielding strain isolated
and identified by our laboratory from the Wuhan East Lake. HYS has strong toxicity to Caenorhabditis
elegans. Previous studies have found that insertions in the arg§S gene in HYS can significantly reduce its
toxicity to C. elegans. [Objective] To explore the function of arg$S gene and how it affects bacterial
toxicity, and to provide a theoretical basis for further study on the mechanism of HY'S toxicity. [Methods]
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The biological function of argS gene and the relationship between the arginine succinyltransferase (AST)
pathway and bacterial toxicity were investigated with bioinformatics comparison, genetic analysis,
physiological assays, and biochemical experiments. [Results] The argS gene in HYS encodes a protein
that shares 88% similarity to the arginine succinyltransferase B subunit in Pseudomonas aeruginosa. The
deletion of argS prevented the HYS strain from using arginine as the sole carbon source for growth.
Deletion strains of key genes in arginine decarboxylase (ADC) pathway, arginine dehydrogenase (ADH)
pathway and arginine deiminase (ADI) pathway could normally use arginine as the sole carbon source and
had no significantly attenuated effect on the toxicity to C. elegans. Added arginine to these strains
significantly attenuates the toxicity, and decreases their ability in producing siderophores. [Conclusion]
AST pathway in Pseudomonas donghuensis HYS can affect the toxicity to C. elegans by affecting the
synthesis of the siderophores. This study lays the foundation for further studies into the mechanism of
arginine metabolism and pathogenicity in Pseudomonas.

Microbiol. China

Keywords: Pseudomonas donghuensis HYS, argS gene, AST pathway, Toxicity
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Table 1 Strains and plasmids used in this study

PR ATRL Eii1pan HelR

Strains and plasmids Description Reference

Escherichia coli
S17-1 (Apir) recA, thi, pro, hsdR-M+, SmR, <RP4:2Tc:Mu:Ku:Tn7> TpR [15]
OP50 Uracil nutritional deficiency type Our laboratory

Pseudomonsas
PAO1 Wild type Our laboratory
HYS Cm®; wild type Our laboratory
HYSI Kan®; HYS/pBBR2 Our laboratory
HYS2 Cm®; AargS This study
HYS3 Cm"; AargN This study
HYS4 Cm®; AargN-S This study
HYS5 Cm®; Asped This study
HYS6 Cm®; Aagud-B This study
HYS7 Cm"; Agbud This study
HYSS8 Cm®; AkauB This study
HYS9 Cm®; AarcA-B-C This study

Plasmids
pEX18GM Gm", oriT+, sacB+; gene replacement vector [16]
pEX18GM-argS Gm"; gene replacement vector for arg$ This study
pEX18GM-argN Gm"; gene replacement vector for argN This study
PEX18GM-argN-S Gm"; gene replacement vector for argN-S This study
PEX18GM-speA Gm"; gene replacement vector for sped This study
pEX18GM-aguAd-B Gm"; gene replacement vector for aguA-B This study
pEX18GM-gbuA Gm"; gene replacement vector for gbuA This study
pEX18GM-kauB Gm"; gene replacement vector for kauB This study
pEX18GM-arcA-B-C Gm"; gene replacement vector for arcA-B-C This study

T Cm®, Kan®, Gm" /MBIMCRAR R IR RIUHEMPORR Rtk

Note: Cm®, Kan®, Gm" resisitant to chloramghenicol, kanamycin and gentamicin, respectively.

1.2 FERFIFUERIEFE

2R, Biofrox /AH]; 1 mol/L LAS R RIA K :
FREL 1.742 ¢ LABZIRM A, T 10 mL HE K
Tk, 0.22 pm SLIEER AT IEBR A /ME 435, 4 °C
e o IR IEE, TIESEFE A BRA A
AN O, B E]

LB 3GFRHEM NGM B LM il i =%
SCHR[9]; MO 1 37RO L 7 1 W22 SCHR[17] 5
MKB K5 5= M BL il 773k 0228 SCHk[18].

1.3 £MEEFLES
KM Glimmer V3.0 475 #W; >k H

SnapGene 2.3.2 il B AL & ; 1] H NCBI Protein
BLAST #Ef78& (1781 Hext s FIFH NCBI $dis b 2
MRS H R PHIET R X
1.4 FWEM&BRISHERT

Z ISR HUE &, ¥4 KA FFEE OP50
M HYS FHATE AR 2 LB kR,
A3 SIEE 37 °C #1130 °C K 200 r/min #E 7 1555 12 he
WZH 200 pL FRGHE NS NGM A g g, 1F
B TR BB LR E 22 °C fH IR B J5 46 s
3% 12 ho BRI 20 SRR SR L4 I35 0h FaukT 2k
HE NGM-ELI kPR -, 5 ANEE, BIAW
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Table 2 Primers used in this study

Gk A 519751 EiiiBuN

Primers name Primers sequence (5'—3") Description

argS-up-1 CCCAAGCTTCAAGATTCACGTCCTGTCGCAGTGCCA Construction of AargS
argS-up-2 GGCGATAAAGTGAGTCGTCATTATACGGGACGAACGATCATGCTATC Construction of AargS
argS-down-1 AGATAGCATGATCGTTCGTCCCGTATAATGACGACTCACTTTATCGCC Construction of Aarg$S
argS-down-2 GGAATTCCCTCGTCGACCACCAGCGGGTTG Construction of AargS
argS-M-1 CTGCCGAAGTCAGCTTCAATGGCGAGGAG Verification of AargS
argS-M-2 CGGCGGAAATGAACGCCGACTGGATA Verification of AargS
argN-up-1 CGCGGATCCCGGCACCCACGGCACCAC Construction of AargN
argN-up-2 TTATCGAACCGCAGGGATCACATGGTGTCACTCCTTTC Construction of AargN
argN-down-1 GAAAGGAGTGACACCATGTGATCCCTGCGGTTCGATAA Construction of AargN
argN-down-2 CCCAAGCTTGCAGGCGCGCCTTGGCCAG Construction of AargN
argN-M-1 CCGGCAGACGTTGCCTACCTGCA Verification of AargN
argN-M-2 GCGCCGCTTCCGAGAGGAAGCAG Verification of AargN
argN-S-up-1 CGCGGATCCACACCCCTGAAGTGCTGG Construction of AargN-S
argN-S-up-2 AAAGTGAGTCGTCATTACATGGTGTCACTCCTTTCGGG Construction of AargN-S

argN-S-down-1
argN-S-down-2
argN-S-M-1
argN-S-M-2
speA-up-1
speA-up-2
speA-down-1
speA-down-2
speA-M-1
speA-M-2
aguA-B-up-1
aguA-B-up-2
aguA-B-down-1
aguA-B-down-2
aguA-B-M-1
aguA-B-M-2
gbuA-up-1
gbuA-up-2
gbuA-down-1
gbuA-down-2
gbuA-M-1
gbuA-M-2
kauB-up-1
kauB-up-2
kauB-down-1
kauB-down-2
kauB-M-1
kauB-M-2
arcA-B-C-up-1
arcA-B-C-up-2
arcA-B-C-down-1
arcA-B-C-down-2
arcA-B-C-M-1
arcA-B-C-M-2

CCCGAAAGGAGTGACACCATGTAATGACGACTCACTTT
CCCAAGCTTAGCACGGCGGTTGCATC
TGAGCTGTGCGACAAGCACAACGCG
GGACCAGGTTGAGCACACCCGCC
CGCGGATCCGCATCTGCAAACAGACGC
GACCCGCACCACTGATCACATTGAAGTCCCCTATATAG
CTATATAGGGGACTTCAATGTGATCAGTGGTGCGGGTC
CCGGAATTCGGCTGGGCATCTGTTCA
GCCTTTTAAGGCTGCCGCACGCT
GCCAACGCCCTGCTGCTCAATGG
CGCGGATCCTACTTCAAGTCACGGCTGCA
CTTTGCTTGCTGCACTTCACATTTACTCCTCCTCGACA
TGTCGAGGAGGAGTAAATGTGAAGTGCAGCAAGCAAAG
CCGGAATTCGCCTGATCGTTACCGGTACC
TTGTGCCGGACATCATCACCATGGCC
CTGGAAGCCGGAGATGGGCTGGTAC
CGCGGATCCGTCCATTTCCGCCAGCA
CTGGTGTGCAACCGTTACACGGTCGGGCCTCATCGATT
AATCGATGAGGCCCGACCGTGTAACGGTTGCACACCAG
CCGGAATTCGCCAGGAACAGGTTCAGG
GCCAGGTCCAGGCGGTTGTCC
CACGAACTGGACGATGTCGGTCAGGG
CGCGGATCCACTTCCCAGGTACCCTTG
ATAAGGGCACCCAGGACTTACATACGAAACTCCTCCTCTTG
CAAGAGGAGGAGTTTCGTATGTAAGTCCTGGGTGCCCTTAT
CCGGAATTCTATAGCGCCACCAGACGT
AGGCCTTGACGCTGGTCACATAGCG
GCCTCGAAGGCAGCAAACAGCGC
CGCGGATCCAATGCCTTGTGGCTGAC
AAGCCCGCCCACTGCATTCACATGGTTCATTTCCTCCAAGT
ACTTGGAGGAAATGAACCATGTGAATGCAGTGGGCGGGCTT
CCGGAATTCCCAGCTCCCACAGGATC
AACGTGCTGTCGCTGGGCATCATG
ACAGCGCGTCGTGCAGCTCTT

Construction of AargN-S
Construction of AargN-S
Verification of AargN-S
Verification of AargN-S
Construction of AspeA
Construction of AspeA
Construction of AspeA
Construction of AspeA
Verification of AspeA
Verification of AspeA
Construction of AaguAd-B
Construction of AaguA-B
Construction of AaguAd-B
Construction of AaguAd-B
Verification of AaguAd-B
Verification of AaguA-B
Construction of AghuA
Construction of AgbuA
Construction of AghuA
Construction of AghuAd
Verification of AgbuA
Verification of AghuA
Construction of AkauB
Construction of AkauB
Construction of AkauB
Construction of AkauB
Verification of AkauB
Verification of AkauB
Construction of AarcA-B-C
Construction of AarcA4-B-C
Construction of AarcA-B-C
Construction of AarcA-B-C
Verification of AarcA-B-C
Verification of AarcA-B-C

T MRIKERRYILA.

Note: The restriction enzyme cutting sites were underlined.
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PRI 100 428, H 5 A LR AU NGM-SE R TR ik
AR ET 22 °C i FEA TP EIRRE TR, IR AAS
B GEWERZ HURZS IR, SR AE TG 2 T 2 ik
) NGM-SZ50 T Rl b o 2k A 38T )5 R
SPSS 18.0 Ll EAFsREINEL , FH T & A TEREXT
R HEEE RN REKIGFFR OPS0 1A% E,
1.5 HYS SREERAIEE

FIFHRFBRIEN | iR B k519,
P b TR B, KIS A RR B pEX18GM
JGHEN E. coli S17-1(Apir). B 2H Rl B3 b 18 5 20
AR E. coli S17-10pin) TS FIHYS HFE
W, SE R S SRR s bR B R, SRS
A 50 ug/mL KRR 25 ng/mL A5 R AEHTIE
I LB FAIEA 10%EERE) LB [BASEAR ik
FEATRIFE, Wit PCREFII R iE— A6 0 1
WL B e 28 AR I . DA PR — B BR TR AR A HE R B
B, TRIZEA AU B
1.6 BE—FEEE

2 BESCHR[ 17568 241800, K HY'S Ffk S H:
THERAREER TERFE N LB AR,
30 °C. 200 r/min #iRFHEFF 16 h AL EREW, 1
BRI ODgoo TAIZE 0.5, FHICHE M9 K385
VEURTATR 3 1K, LA 1:100 e T —acli st gk,
30°C. 200 r/min #RPFHH;EFE, MM ODgooo
1.7 AEEF LEREEN SRR

S IESCHR[61IFHOE M0k, 4 HYS Btk
A MR T 5 mL MKB WA 5384, 30 °C,
200 t/min JF 45 24 h, WE SRR ODgoo HIF:
05 I 1 mL FEVRT 1.5 mL 2504 12 000 r/min
B0 2 min, B 100 pL E3EFHE.OE T, R
B MKB IR RS IR0 A TR ODgoo T ZE
0.5, 12 FHEHNAT DL A3 S RE T XIRE b b A A, 152
TE T OGS N 300-450 nm. PEOEEK R A
Pyoverdine 7E 405 nm 20 A FHERISCIE , ) Fh— )&
ek A 7-FR IR PE IR E A (7-HT), HAE
330 nm 1 392 nm b A FEAERISIE, AR T
PR R 1 22000

2SR5
2.1 argS EMEEZFEHT

S A AT A B — RO 2 R B A ] R 7
PRV S5 TG B -1 A7 AR, ELBR A A
LT HYS B4 _EJF5145 5 UW3_RS0124905
AL DR PR AT g3 e R A T AR W 1 R 2
Br, NCBI HERH gk 2RI At e 2 iy, =
SRR AR A, B2 argS. 1EXT
argS b, TSI rE R B, ST argS b
W45 o8 UW3_RS0124900 1y 5 PR 13 B 4 5 1)
RS AR BRI 5L R W, 1 B R iy 44
N argN,

1 ArgN Fl ArgS 2 71741 7E NCBI H 43l ik
17 BLASTp EbXF, ArgN il ArgS ¥JJE T AstA A
MG, H ArgN JB TAF RISl o K%
o P 3CRIRIE , KIGHFTE E. coli H astA X
B PAOL HHFIANIER, 235 aruG Al
aruF"™ | BV SRR BE A B B 1 K T e ) —
AR OB AP, TEH 2R A ER R TR rh 6T
P JEDR 3 ) G i P AN B D, aruG 9t B IE
. aruF i o WHE, HYS FHEH argS F argN
S SRR A E AL . AruG 5 ArgS | AruF 5 ArgN
R 7 SR BE S35 3 85% LA b, AT A) b4l
HYS EHEHE argN. argS 43 i 4ah HoAG R B8
WAL o FI B LEEGER 3).
2.2 argS EFEINEEIE

FERTE argS F argN WINEE, 43T argS.

#3 AruG 5 ArgS. AruF 5 ArgN HEBFFIRIRE 4
Eb 3

Table 3  Comparison of protein sequence homology
between AruG and ArgS, AruF and ArgN

EASRA S EfH — &k BRI A
Protein names  Expect Identities Gaps

AruG and ArgS 0.0 296/338 (88%) 0/338 (0%)

AruF and ArgN 0.0 290/339 (86%) 1/339 (0%)
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argN o argN-S e 7sbk, LA X BEE 2.3 HYS BT 4 REEMAEEERESS
PR BRI, WISLE RS S EmAE. &5 ERRNRR
S PR SEPET IYS L. Aags 231 4 FABEBRIIREN R BT A 1 ORI

B wam ik Hifth 3 Saisidrh 43 A s
BT Acarg-S B RAE HRVRE IR A e — BRI AP T 3 RO R 9
o s i HYS SR FE#E, Bl ADC 18 ) Asped . AaguAB
RIS, 1T AargN ELRVRIONE BRI 0 f s taebig Aghud . AkauB % ADH A

AT EMER AL, BeO] argS TEREMATINHT pgrcapc, 51 sHE AR ERA T

KA EAR BHEHONEI o G55 20K B, AT 2 PR 5k T
A B
30 - B o 84 20r B 2 48h
T
-
— _ T 1.5 - -
2.0 -
$ ¥ 0l
S s
1.0
05 -
00 | | 1 1 00 | pa— | i | S
HYS AargS AargN AargN-S HYS AargS AargN AargN-S

1 HYS RENMREEREL—BRREFHEREFER

Figure1 Growth of HYS and various deletion strains in a single carbon source

T Ar 0.4%HZMER A —Bi; B: 20 mmol/L L-K5ZF . — BRI

Note: A: M9 basic culture medium with 0.4% glucose as a single carbon source; B: M9 basic culture medium with 20 mmol/L L-arginine as
a single carbon source.

Y B s
' Bl 2 48h ' B 48h
oL .
T L T T
201 o . L 17
g g T
Q Q
Q | Q
1'0 | | | | I I |
0.0 | ! | ! | ! 0.0 ! p | ! | !
HYS AargS Asped AaguAB AabuA AkauB AarcA-B-C HYS AargS AspeA AaguAB Aabud AkauB AarcA-B-C

2 HYS Bt K 4 FREHXRRERER —BRPRYERFR

Figure 2 Growth of HYS strains and four pathway-related deletion strains in a single carbon source

TE: Ar 0A%RIEBEAB—UE; B: 20 mmol/L LK 2Ry 2 — B U5

Note: A: M9 basic culture medium with 0.4% glucose as a single carbon source; B: M9 basic culture medium with 20 mmol/L L-arginine as
a single carbon source.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



ZIMRKEE: ARMBRIET HYS P AR Z BRI IE S % R AR BRI 75 Il oo 4 s P A 5 ) 3263

PRI DAE 5 ) T 2 A Ry i, T ARG 2
TRAE NME—BRIR ARG IR, argS R TR AN RE
IEE AR AL 3 25 AR A B R B AR 2T AT LAIE
AR, UL AST i 02 HYS & Cing 3
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PR AR X 2 UK TG B Pl 55 B G e P D S AN I
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Bt AR, BP HYS mEkkR R iR S
HE R,
24 HEERHEESEH
R

argS 25 HYS WHAE 2RI AST srfifCilifis
1, N argS B PTRE T HYS K& ia it
Z R, W AR AR N R, FEOREE RS

HYS EHREERIHLH]
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—— AargN
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i AkauB

Survival
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1(d)
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FIAMIERS 2R 4 . 25 RN 4 s, T
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PEER I B TAR KRR B9, HYS WARAY LTso
i 3.55+0.08 d #ERKF] 6.74+0.27 d, AargS FtkH
5.55+0.19 d FEK & 8.31+0.29 d, HAMEAE BN H:
ARIFTCREM , A IRERI, KRS T
HYS BRREENE, i T H B
2.5 RINERERSNE KSR E K
HYS BEPEAT RIS WA E DGR A 7-HT Fi¢

HEREAA Pyoverdine, BREkAAS 540X HAD 4 )8
BTz L EBRTE . IR AR RS
S HYS RN A BN T B i bk it

AR, AT AR BT RO Y A B A
TEANRR R BARGE S, S5 RKEPL, AargS
PRATP AR T HYS #REAR, EM argS MR
23 7-HT M1 Pyoverdine = F [, HYS B MAMNE
WERZ )5, H 330 nm ZbPRHER IS SE 4T 2k,
KW 7-HT & il , 0™ Pyoverdine; AargS s
INAMERE IR R SO B AR, FE 7-HT
A1 Pyoverdine (& 5), RIVSIRS 2 MR (5 PRI AR 2R 1A
FRAE TR, PR R R

B
15.0 -
=+
10.0
)
ﬁ
- -+
50F =
0'0 1 1 1 1 1 1 1 1 1 1
o A{% & $ S N ,C-’
N4 N ‘0\' &
>R NS v@ &ﬁ vg ?’ V &X)
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El 3 HYS E#K 4 FREEXRRERI FMERTLAFSENRME
Figure 3 Effects of HYS and four pathway-related deletion strains on toxicity to C. elegans

TE: A FEATL A Z; B: T unEATE R R e ).

Note: A: Survival curves of C. elegans; B: LTs values of C. elegans.
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A B 150
—— OP50 = +
—— OP50+L-Arg 10.0 -
- —— HYS ) =
E - HYS+L-Arg = =
= ~ sofb =
2 —— AargS :
—— AargS+L-Arg =
00 1 1 1 1 1 1
N S o
! . § SRS \/v‘% | s
0 5 10 15 20 N & g
1 (d) > o

4 HYS HHKIEFERMIMNRBRER M FmMRT & RS R 0

Figure 4 Effects of additional arginine in HYS strains culture on toxicity to C. elegans

TE: A FEATL IR Z; B: F IR R AT .

Note: A: Survival curves of C. elegans; B: LTs values of C. elegans.
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Figure 5 Scanning of additional arginine related strains
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