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Functional analysis of Fe-Mn transporter genes in Lonsdalea populi

Zeng Sha Yang Ruirui Ming Zexu Li Aining
(School of Forestry, Key Laboratory of Beijing for the Control of Forest Pests, Beijing Forestry
University, Beijing 100083, China)

Abstract: [Objective] This study aimed to elucidate the pathogenic function of Fe-Mn transporter
SitABCD-encoding genes (sitA, sitB, sitC, sitD) in Lonsdalea populi. [Method] Based on the genome of L.
populi N-5-1 strain, the genes encoding the components of SitABCD system were identified, and for each of
the 4 genes (sitA, sitB, sitC and sitD), its knockout mutants, complemented strains and overexpression strains
were constructed via homologous recombination. Phenotypes including pathogenicity on stems of Populus %
euramericana ‘107°, growth rate, swimming motility, biofilm formation and resistance to oxidative stress
were analyzed and compared with N-5-1. RT-qPCR was employed to quantify transcript levels of oxidative-
stress defense genes sodA, ahpC and katA in overexpression strains. [Result] The corresponding knockout

mutants, complemented strains and overexpression strains for each of the 4 genes (sit4, sitB, sitC and sitD)
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were successfully generated. No significant phenotypic differences were observed between deletion mutants

and N-5-1 with respect to pathogenicity, growth, motility, biofilm formation or oxidative-stress tolerance. In

contrast, the overexpression strains exhibited marked changes: virulence on stems of Populus x

euramericana ‘107’ was significantly attenuated, growth under Fe-Mn-limiting conditions was impaired,

biofilm biomass and oxidative-stress resistance were reduced, and transcript levels of sodA4, ahpC and katA

were down-regulated, whereas swimming motility remained unaffected. [Conclusion] It was demonstrated

that individual knockout of the genes encoding the SitABCD system in L. populi did not affect

pathogenicity, but overexpression significantly impaired it, indicating that the precise expression of the

SitABCD system is crucial for the pathogenesis of this bacterium. This study provides new insight into the

pathogenic mechanism of Lonsdalea populi.

Key words: Lonsdalea populi; Fe-Mn transporter system; SitABCD; pathogenicity
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Tab. 1 Bacterial strains and plasmids

T H ik S
Lonsdalea populi N-5-1 W A T WK S A5 9700 978 S B 5 RifR S T AR
Escherichia coli S17-1\pir A HR AR FHEMAT
AsitA SitABE IR RAZ I RifR
AsitB sitBEERI R RAZ R RifR
AsitC sitCHERI R AR RifR
AsitD sitDEERI BRI RAE A Rif*
Asitd-sitA AsitAZRAR R [ #M U RIpBBR IMCS2::sitA; Kan®
AsitB-sitB AsitBFAFARIE [A] 40 BipBBR IMCS2::sitB; Kan®
3 AsitC-sitC AsitCHAZAHE [ #h FUR pBBR1IMCS2::5i¢C; Kan®
o AsitD-sitD AsitDFEAF R 7 [ 40 kipBBR IMCS2::sitD; Kan®
) , ERTIW

AsitA-BV AsitAZEAE R 25 U kipBBRIMCS2; Kan®
AsitB-BV AsitBFAZARIER; 25 [Fi kipBBRIMCS2; Kan®
AsitC-BV AsitCHZZ AL 23 FURipBBRIMCS2; Kan®
AsitD-BV AsitDFAGARIE A 25 [ kipBBRIMCS2; Kan®
OE-sitA 7 A 0 B AR A ok 23K R pBBR IMCS2::sitA; Kan®
OE-sitB 5 A R R AR 7 ok % B pBBRIMCS2::sitB; Kan®
OE-sitC A Y B A A5 i 20 S R pBBR IMCS 21250t C; Kan®
OE-sitD 9 A R B A A ok 3K R pBBR IMCS2::sitD; Kan®

- pWMI1 FH TR 6 PR e Sk AR A (1 R 44 Amp® -

) pBBRIMCS2 T8 o T e AR A4 Kan®

7 Rif ®\ Kan®, Amp® 7} 5 = A& RIBEE R
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A NTERUE.
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7% 48 h, FERE E IR E I EE S ODggo = 0.4 HL 200 uL
BRI 96 FLAR 1, T 30 C ## B 55 5% 48 h, il
H Infinite 200 Pro 2 J)REBfFR 1Y (Tecan, Switzerland)
W5E 590 nm P T HIBOEEE(ODsoy) - Bl 5, 75256

W, FTCHE KIS 3 I, EilRT. FFLINA 220 uL
1% 45 5 R, =G4 30 min. BER WS,
T KB 2 I AL BRER B Jeill . e Ja, Al FL
BN 240 pL 95% LMV i A=W, P R A FH AR A
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1.7 SN HERNERBBENE

A E P AR R BRI E S R O ik
TR, BRI E AR AD T LB MR R 325, 7E 30 C.
200 r/min s T HEATHEE 48 h, FHHE RO FE R
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Fr il PR, TR s B TC B RS, FEa i
N 5 uL 5% H,0,. 3 pL &% % (17 mg/mL) B 1 uL
KWH 2 (25 mg/mL) . K-FARE T 30 C fHR K77
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PR ER R S ANMEYEE R, LRI ER 3 K.
1.8 RT-qPCR &#7

K H Tiangen RNAprep Pure Bacteria Kit $#ZHX 4|
P RNA, T #8435 A8 i ) 3 7 U B P kA7
PR, F 1% 37 e B e s rEL KRS DU RNA 5288 R )
aifig . B, 1§ FastKing RT Kit(+ DNase Dikf
&, B RNA [ 58 cDNA. N HERR 3L K 41 DNA
15 Y, VB AN 0305 2 Sy g 1 I 14 % R RIS BRI 2H DNA
B % FEEAT B8 AIE . RT-qPCR 7E ABI 7500 52i} PCR
% 45 (Applied Biosystems) I 5€ i, 2K F SuperReal
PreMix Plus(SYBR Green, Tiangen)/E A M4k % .
PA 16S rRNA fE NN S HE ], R A 2742 vt 5 B A5
FE AR RIA R BAEERRE S MEYFEL,
SEIG ST 3 K.
1.9 HIELBR S

¥4 % F] IBM SPSS Statistics 27.0 # 4T 4t it 7
T o A2 SR LN 2277 22 530 #T Cone-way ANOVA)
HATRARKT S, 45 R B3, MdE— P48 H Dunnett’s
H R I BT A S I6 B AR S B A RO R A (WD gk
T, BLP<0.05 NER BB G L
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2.1 SitABCD RS &R AN EVIERFES

6 N-5-1 A 5L R A o i, AT S e 7
1 N1 Lgp13125. Lgp13120. Lgp13115 F1 Lgp13110
B DR BRI FE R %, 2R R S Fe*'-Mn™ #4512 R
4t SitABCD. I 73§ [ 2 HE CORF) K JiE J . 4 i 11
E AR : Lgp13125 £ ORF K J& 4 873 bp,
h0 303 NEER, BE 1A A PsaA £5 K5k
Lgp13120 (1) ORF K & ¥ 903 bp, 4% 300 > 2 2k
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Tab.2 Primer sequences
H[H FH1(5—3" &
IF: CGGGATCCCATCACAACATCCTCGACGAG
IR: GTTCGCTCTGATCGGGATAATGGAAGGATTATCTAGATAATG
Lgp13125 F f sit AR R TEAL R
2F: CATTATCTAGATAATCCTTCCATTATCCCGATCAGAGCGAAC
2R: CCGCTCGAGGAACCGCAAATGGTGAAGAAGAC
IF: CGGGATCCGATTGCAAGCTGCAGCGTATC
IR: GATAATGAAACAGCGCAACCAAAAATGATCGCCAATCTG
y . He 2 A R
Lqp13120 2F: CAGATTGGCGATCATTTTTGGTTGCGCTGTTTCATTATC HaisitBERR IR
2R: AAGGAAAAAAGCGGCCGCGAATGCCGAGGCCTACAAAG
IF: CGGGATCCGATCGAGATGAACCGACGAC
IR: CAAAAATGATCGCCAATCTGGTGACGCGATGAACATCGTC
: He A= AT
Lgp13115 2F: GACGATGTTCATCGCGTCACCAGATTGGCGATCATTTTTG HaisitCiRRRAE
2R: CCGCTCGAGGTCAGGTCATCCTGCTTGAC
IF: CGGGATCCGTTCGGATCACGAGCATCATG
IR: GATGAACATCGTCGACATACTCGTATGAGGCTTCGGCCCACTC
. o AR K
Lgp13110 2F: GAGTGGGCCGAAGCCTCATACGAGTATGTCGACGATGTTCATC LB
2R: CCGCTCGAGGAGAACCATGCACGCTCTATC
3F: TCGACGGTATCGATAAGCTTCATTATCTAGATAATCCTTC ottt ik b
1312 B S SitATI RIS PR K
C13125 3R: GCGGTGGCGGCCGCTCTAGACTGATCGGGATAATGAGCACT St .
3F: TCGACGGTATCGATAAGCTTCAGATTGGCGATCATTTTTG IO
13120 EsiBi F ik
13 3R: GCGGTGGCGGCCGCTCTAGAGATAATGAAACAGCGCAAC 5t .
3F: TCGACGGTATCGATAAGCTTGACGATGTTCATCGCGTCAC o
C13115 M sit I RIRH Mk
3R: GCGGTGGCGGCCGCTCTAGAGATCGCCAATCTGCTCGAG
3F: TCGACGGTATCGATAAGCTTGAGTGGGCCGAAGCCTCATAC R
C13110 M sitDIS Tk B bk
3R: GCGGTGGCGGCCGCTCTAGAATGAACATCGTCGACATACTC
CGAAAGCACCATCTCCGACA _
Q13125 CTAGATAATCCTTCAGCCAAG sitARIRT-qPCRE I
GACCGGTGATACGTTTACAC . .
Q13120 GTGCGTTCTTTCAACACGATG sitBIIRT-PCRALH
CTTCTCATCATCGCAGTCGTC ) N
QI3115 CTTTAGTGGCTCGTCGGTAAG sitCHIRT-qPCRAEH
GTTCAATACCATGTTAATCCTG - \
Q13110 GATGATGATTCTAATCGGGCAG sitDJRT-qPCRAZ I
GTCGTCAGCAATAACAATGTC N
Q2516 GTGTAGCGGGTGATATCGTG katAHIRT-qPCRAZI
CCCGGCTGACTTTACGTTTG N
Q2273 GGTTTTCGAAGTTACGCGTCAG ahpCHIRT-qPCRAZI
CTATGCCTATGACGCACTGGAAC \
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Fig.2 PCR verification of deletion mutants, complementary strains and overexpression strains



56 b ® Mok K % %R

548 4

2.3 SitABCD A% & HN T RILR B

FH 40 B B (0D = 0.4) 3 M 2 4 4F Y Rk 25
ki gk, R a9 d M EIRBEHAR . 25 R IEIR, Asitd.
AsitB- AsitC Fl AsitD AR A FREIR 5 B A4 Y B
PRARARL, (E7E B 4 B35 5 8 pBBRIMCS2 #if4
i 1K sitd. sitB. sitC 8% sitD £ —3EH, WS H
FRBOW 1) 5 0059 (B 4A ~ B). LR &5 KW,
SitABCD % %t I |E 5 i B S0 o 75, B L3RIk K
ST B AT R 428 X6 T /K S A% 40 B 1k 35 9 9 TR 1 B0 P
FREE,

SitA
14 FA .
12}
I8 10 |
X gl
#® 6l
=y
Z 4r
2+
ol mem . seeew
WT EV OE-sitA
sitC
14 'C Hkksk
12}
I8 10 |
A gl
" 6l
=
Z 4r
2+
olL_mmm .  peeewm
WT EV OE-sitC

A ~ D. sitd. sitB. sitC. sitD FERAEEFER (WT) |
0.001 /KF 2R EE, FHE.

2.4 SitABCD RS ZHS TR IEHNFIFE SRR EI T
ERJES

NIRFT StABCD #4128 &4t 2 5 —F FH AL
fil, ELEL T N-5-1. & ikRRAK(AsitA. AsitB. AsitC.
AsitD) 18 H 4N & ¥k (AsitA-sitA AsitB-sitB+ AsitC-
sitCs AsitD-sitD) J¢ i3 3 ik i #k (OE-sitd OE-sitB-
OE-sitC OE-sitD){E AN [F] 55 37 25 A4 T B A= K Re ko
SR BN, TG HERE LB B h A K LR %
FE SA) o SR ES T IREIZEAE T, £ 30 umol/L
MnSO, 5% 30 umol/L FeSO, ] M9 J& fiti 1 7% 3 3k 47

12 1 sitB o
10
oz
X 8
®or
-
= 4}
=
2k
ol__Immm .
WT EV OE-sitB
12 D sitD
10
i
2 8
® 6r
-
= 4t
=
2+
0 __ L _
OE-sitD

AR (EV) FARRE ‘J‘%‘zl_[il*ﬁk (OE) PR R TE P <

3 sitAs sitBs sitC Fl sitD i3 FKIEE R RT-qPCR A2
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Fig. 4 Pathogenicity of deletion mutants, complementary strains and overexpression strains
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Fig. 7 Biofilm formation of deletion mutants, complementary strains and overexpression strains
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