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Cloning and functional analysis of a peroxiredoxin gene, CLasPrx, from huanglongbing
pathogen Candidatus Liberibacter asiaticus

Zuo Xiru Wang Tao Chen Ye Yan Yana Huang Guiyan" Li Ruimin’

(College of Life Sciences, Gannan Normal University, Ganzhou 341000, Jiangxi Province, China)

Abstract: To gain insights into the process of the huanglongbing pathogen Candidatus Liberibacter asi-
aticus (CLas) avoiding oxidative damage, the full-length sequence of the peroxiredoxin (Prx) gene
CLasPrx was cloned and the encoded protein of the CLasPrx gene was analyzed through sequence anal-
ysis, multiple sequence alignment, and phylogenetic analysis. Additionally, the expression of the
CLasPrx gene in various tissues was observed by real-time quantitative PCR, and its subcellular local-
ization was determined by transient expression in mesophyll cells of Nicotiana benthamiana; the activi-
ty of CLasPrx in eliminating H,O, was measured using potassium iodide method. Results showed that
the CLasPrx gene was 534 bp in length and could encode a protein of 177 amino acids. A Redoxin do-
main was observed to be conserved in the CLasPrx protein, and multiple sequence alignment analysis
indicated that the active site of the CLasPrx protein carries the conserved motif PGAFTPTC. Phyloge-
netic analysis indicated that the CLasPrx was clustered with the orthologous proteins of closely related
species. The expression level of CLasPrx in the autumn shoots was significantly higher than in the

spring shoots. Subcellular localization analysis indicated that CLasPrx localized in the cytoplasm of me-
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sophyll cells of N. benthamiana. The level of H,O, was significantly decreased due to the overexpres-

sion of the CLasPrx in N. benthamiana. This study revealed that CLasPrx might play an important role

in the H,0, scavenging process in CLas.

Key words: Candidatus Liberibacter asiaticus; peroxiredoxin; expression analysis; subcellular localiza-

tion; sequence analysis

A Bl g 2 A AR Ml b B LB KM i T 2
—, HO S TR R N ARG B R BRI N Candidatus Li-
beribacter asiaticus (CLas) , J& T4 Jz # & 1 257 A= 4l
B, H i JC i B AR 3R (Bove, 2006) o 10K F F
3l o M 4% K B\ Diaphorina citri 47 H 8] 4% 15
CLas BEMSFEMT G AR BUA P2, AR AR BUICEE BORY
Ff CLas Fifi M W 1% 326 2] A2 A% 119 $99) 1z 360 07 45 40 il Y
(Hall et al.,2013; #t—[&45,2023) . CLas BB IR 4x
MG R A ZE i SR SEFIRERAELL L, 5 | 49 B2 3
FHZE , FEGEMRAE KR SR SAR /N AR R L
B ARBET (Gottwald, 2010; BE4E 11145 ,2020) . 1T
CLas Tk B IRIE I MAR 8 e 1 350 LA 9 i
5212 , Ma et al.(2022) W57 K B CLas 12 44 F Bl
T 1) Bz T L U TR A AR S R, (A SR TRk
1) 1o e R G T SR KO, e 5 R e T, R4
CLas Qrifn] Sk = v BE TG P A 40 35, dE T se B 2 40
SR YR AT BRI I BOR AL —

RN SR 22 TS BR TG S Bl R 4,
FE 5 ALY 5 AL (superoxide dismutase, SOD) i
SH AL AT (catalase , CAT) B 4814 25 [ (thioredoxin,
Trx) i E AL P8 )5 (peroxiredoxin, Prx) (A it H
ik i & fk P i (glutathione peroxidase, GPX) | fit ¥k
1R 5 48 AL W i (ascorbate peroxidase , APX) FlIZF it
H KL JE B (glutathione reductase, GR) %5 (Zhang et
al.,2020; Yang et al., 2021 ; Zhang et al.,2023) ., Prx
S ALY, 2 5 S A E R M
e  TEARM AT o3 REAR BRI ) R 1 A
A AR A AL 8 AL B A 55 T fiE (Sevilla et al.,
2015) o Prx 75 Z2 M7 40 i A7, T 0 i S5 I
LRI SRR A% % (Dietz, 2011)

CLas 241 K /N2y 1.23 Mb, A 1 136 4~ K
(Duan et al., 2009) , % 245 1 P £ BRAH G &
Fgmib B, 4l Lasprxs A Prx 3EA , Lasbep 7 Trx #E
A B R L A A L (Jain et al.,2018) . #R1fT,
XS FEP A T fe H A ANTE 2 . IR CLas il
BRI PESEUAH DG T RE , ASBFFE M CLas K 20 5o fs
345 CLasPrx B, X HAHAT 9100 B A=) 15 B
220 HT L AH FHSE I G 1 PCR HAR 73 Al HAE B gy

CLas AN [a]IHY AR i b (9 2888, R 20
it 7 57 45 AR 43 A1 CLasPrx 7641 49 200 i P 1) 52 A7, 3
1 W B 2 18 1 4B CLasPrx 3 bR H,O, BT, LAY
HIRNSHHT CLas FIEURHLH RS

1 B 5%

1.1 #F#

M AE YA L K TR« 2 A7 AR AL far SR IS Ciitrus
sinensis cv. Newhall #E#E I B VTP A& e A lb B &
JRAT BN ), Fofbe T 5% e 0 R 2 A ARG A o 9% 058 ]
B SR P, DR Bl AE R R AR BB A Y
PG 7, R DG FREAT AR b SR S (e B nA -, 3y
5256528 T80 CARAFHER . ASIHH Nicotiana ben-
thamiana # - FH A SE 90 & AR A TP 42, Ak T T
SRR E N TEFRIRE N (2242) C AHXRE N
(60+£10)% JEFAHIH 16 L/8 D JGHESREE H7 5 000 Ix,
3R 2s daftik. ARYEAHE EOR R I 205 R
BB A AR, #E 2022 4F 11 ] FULVG 4 # M
5 3= EL AR Fel R AR SR B 1 A i R I RS R A A
BORSFE S, 7 015 EAE-80 CIRAALI. &4k
¢ 76 1 (green fluorescent protein, GFP) %) 48 4] £
K JFURE pCAMBIA2300-GFP Hi 5 i K2 8 S
TR R

AL K% 55 5 : LB (Luria-Bertani ) A 55 38 HL it
J7 R R R 10 g S ALEN 10 g IERER U S g,
ddH,O A 2 1 L; 75 LB iR 8 77 FEFC J5 oA B
JEHS 18 g RIIA5 LB ARSI

A : EasyPure FH )55 [ 240 DNA $2 G50 &
EasyPure” 1 ) 5. RNA 42 BUK F) & | PerfectStart”
Green qPCR SuperMix 5L B 9¢ )t 22 £ PCR iR ¥
EasyScript® One-Step gDNA Removal and ¢DNA
Synthesis SuperMix [ % sk I & . pEASY"-T1 v
i F & . pEASY*-Basic SeamLess [r] I 5 2H 57 &1
Jb 5t 4 A A W B R AT BR 22 7 5 Marker 111 DNA
Ladder, -5 it 4= Wy Bl A7 BR 3 7 5 2xEasy Tag
PCR SuperMix PCR il IR &8 ¢ 175 1 I e il h 6
Fok /N & Wi o AR AR R A BR A A
PrimeSTAR® Max DNA Polymerase /= {# E. 9§ 14 i ,
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H A TaKaRa 2\ 7] ; Xba 1. Sac 1BR I 1E N VI, 22 H
NEB /Al s KAFTFH Escherichia coli Top10 852 2541
it AR S A AT B Agrobacterium tumefaciens GV3101
JRAZ AN, - Vol A W AR AT IR A R SRR R IR
B SR RRE R JE R R A TR A ]
o7 35 A [ 7 o pr ki

1L #% - DY CP-44P RUPs B 5 HL KA, b N —
IR AT BN T 5 TL2010S ZHZFBEAR , Jb 5t 523k
i B A7 BR A 7 5 C1000 PCR Y , 22 [ Bio-Rad 2
] ; ABI StepOne™ 9 it PCRAY , 3 [F ABI/A 5
NanoDrop One # i i 25 4153 66 11, € [# Ther-
moFisher A 7] ; ProteinSimple Alphalmager Mini &%
W A% Z 45 , 5% [# ProteinSimple 2\ 7 ; Leica TCS SP8
X IR AR B G, TR E AR R A 7] 5 UV-61008 2541 AT
WA BT, e A FRA R
1.2 Ak
1.2.1  BAget A P kAL B 20 DNA 42 U CLas #)

B 2~3 e g R M A B 3 A et e, T
ARIJUIGRI: Fr it I ZHEA, PR B rp bk, Bl 4 )
A 1~2 mm AREBRE, A 2 mL 2048, A
BBE W R VR S R 2 2 BB BE 34 50, 1
EasyPure”F¥) RN 41 DNA #EBGAF &S I it i -
PR P Pk 5L F 21 DNA, 28 1.5% 35 N5 W B Jie H K
DK 2H DNA 1 it i, HTER il 524043 EE T
JE LR 2H DNA R UG A% 1) DNA fikil . LIE
HUE m F b Jpk L [ 2 DNA R, FH CLas #6101 5 1
PICQULAO03-F(5-CAAGGAAAGAGCGTAGAA-3")
F1CQULAO3-R (5'-CCTCAAGATCGGGTAAAG-3')
AT S 26 1 PCR Al (Wang et al., 2006) , 4%
WS T 5 |38 e A R A YRR By A BR 2 )
A 25 uL W AR & : PerfectStart” Green gPCR
SuperMix 12.5 pL . F&KH 20 DNA 100 ng,CQULAO3-F/
CQULAO3-R %% 0.8 uL, ddH,0 #h5% & 25 uL; J v 5%
4::98 °C i 10 min; 98 “CAEME 15,60 CiE 2k 15's,
72 CHEA15 8,40 DGR ;98 CAZ 1 1 min, FfilE 2
60 °C,LL0.15 C/s B JETHE 2 98 °C . MRAFA PR
ZH AT Y CLas ¥ BEFRE 2k (Liu et al., 2024)
A far 7K RS I 7 ik CLas R EE
1.2.2  CLasPrx X R ¥ 34 B 55| 5 H7

PL1.2.1 i) 5 B S8 E CLas 4117 2R IS I v ik
DNA S #E 4k , DA {5 J5F 18 it F v Jik DNA S B P
XF IR (AR EROT e | 1.2.0) , R R 385 519 T-
CLasPrx-F (5'-ATGATCCGATTTCAAATACCTCAA-
G-3') Fll T-CLasPrx-R (5'-CTATTTTTTACTTTCTC-

GAATAACTTTTAAAAC-3") 5k il PCR # R ¥ 14
CLasPrx 3R 41 . 25 pL 2 W 1K & : PrimeSTAR"
Max DNA Polymerase = f EL i Wl { & 12.5 pL . T-
CLasPrx-F/T-CLasPrx-R % 1 uL . J&FZH DNA 100 ng,
ddH,0 5% 28 25 pL; KW 454 : 95 CHIAEYE S min;
95 CAEM:30's,60 CiR K 455,72 CIEfH145 5,301
PEER . FRAS09 PCR Y 1S W) 28 19% SN M e I v K
FSEI , A1) R R TR 33t (TSR G [T iy 38 74, % 42
B pEASY-T1 804 b, e Ak 2 R T B Top10 /85225
AN, WA T 50 pg/mL R R K IR%E 2 A9 LB
PR L, T 37 CCHE R 5% 5 Pk R 5 2 T %
HEAT PCRASEI , S5z I A4 28 A1 s o R Iy ] 1 iR S R e
R 3k A D) T A %) B R v Rk b s SR A Rt
e A A BR A w1

ST 3 A% 54, i 3 Compute pl/Mw £ £
T H.(Bjellqvist et al., 1994) #i il H 25 5 ) CLasPrx
B 4> 1 A S, il SignalP 6.0 B
(Teufel et al., 2022) Fil DeepTMHMM 1.0.24 %X {4
(Hallgren et al., 2022 )43 5! #iil| CLasPrx 2 /25 H
A5 T IR S5+, 3 SMART 762k T.H. (Letu-
nic et al., 2021) T CLasPrx & [ 7 41 A% 57 45 44
I, JF A IBS 1.0.3 #F (Liu et al., 2015) 2= il
CLasPrx i FI RSP A5 A . 5381, Jl i SOP-
MA 74k T. H.(Geourjon & Deleage, 1995) Fil Phyre2
TER T H (Kelley et al., 2015) 43 5] 7l CLasPrx #5
F) M =254, 80 B 0N, OFE it
Swiss-PDB Viewer 4.0.1 8% = &5 #EA7 R
SRR E BRI
1.2.3 CLasPrx & @ 5- 9| Jexd & 2 R 8 A 947

M 1EZE BLAST 72 7 38153 CLasPrx 71 H A )
Fofr 5 DRI 28 v ) (DR AR 1, T R N &R w1 1
CLC Sequence Viewer 8.0.0 X {4 i 17 2 J3 51 LL X,
53 M CLasPrx 5 H AW F AR E AN RE LT X
Z , X280 Gap open cost %4 10.0, Gap extension
cost % K 1.0, Alignment ¥E £ Very accurate (slow ) #
. A MEGA 11 # 4 (Tamura et al., 2021) #£17
KRG KT 50T AL AR A 1 R 48 & B, Boot-
strap {HI% A 1 000K .
1.2.4  CLasPrx & B A A BEX 5H7

ARG G SR ¥R 5 AN RS CLasPrx
FERI Iy AR, 6] EasyPure® T ¥ 5. RNA
PEHURT & 2 BB ICR A 1 RS B R AR A
1Y S RNA, 28 1% SR GE IS HL Dk A 5 4% )
HH R 2250 O BTN B RNA BOMR L, Bifi 5
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il 1 EasyScript® One-Step gDNA Removal and cD-
NA Synthesis SuperMix [ 5% 5% i 71| & [ % 5% 38 1%
cDNA 75 H . {#i ] PrimerQuest™ Tool 7E£k T H.i% 11
CLasPrx 5K 1 % #2514 CLasPrx-q-F (5'-GGTTTA-
CGTTCTTGGCGTTATG-3') 1 CLasPrx-q-R (5'-TC-
ATAAGGATCTGTAGCGCAATTA-3' ) , A CLas
16S rRNA A 2 JE K (Yan et al., 2013) , 51 ¥4
CLas16srRNA-q-F (5-GGATAACGCATGGAAACG-
TGTGCT-3") #l CLas16srRNA-q-R (5-AATCCAAC-
GCAGGCTCATCTCTCT-3') , PCR S Ji 14 2 14" 4
KSR S A5 AF ] 1.2.1, ffi ] 27" (Livak &
Schmittgen, 2001 ) 531 CLasPrx {23 F ik,
AIHIREA A 3 EYI2E A
1.2.5 CLasPrx % & .48 i, & 45 454

“} 53§t CLasPrx &5 [ 1 50 200 i 457, fiff FH [ 5
LK CLasPrx 55 N H9 # %] pCAMBIA2300-GFP
kL b, 8854k 2300-CLasPrx-F (5'-AGAACA-
CGGGGGACGAGCTCATGATCCGATTTCAAATAC-
CTCAAG-3") F1 2300-CLasPrx-R (5-ACCATGGTG-
TCGACTCTAGATTTTTTACTTTCTCGAATAACT-
TTTAAAAC-3") , I RIZbn i 7 91 53 5311 o R il e 1l
Xba 11 Sac VY7 25 )7 51, PCR S i 14 2 Fildy 14
2[R 1.2.2, 38 15 pEASY*-Basic SeamLess [A] 5 5 2H
W &S UL B T EA N, B =Y =
KT A Top10 Bz S A, U A T-7% 50 pg/mL
TR R A2 1Y LB [EAFAR |, T 37 CHalR i
I 5 BRBUCR 7 B T VR A T PCR AN, PCR S W 1A 5
F 18 SRR 1.2.2 , 460 0 1 B 4 PH P B v A 5 b
EREYBH A A R A wI T o Al B/
791 G 4 H L ff O A B oo 8 R VAR ) AL TR, e AR
FEARFF I GV3101 Bz 84, WA T4 50 pg/mL
TR lR R AR EE % .20 pg/mL A 45 1 40 pg/mL KK
B Z M LB B L, T 28 CIEER 7R 2~3 dJ5dk
R 5 B R V% E T PCRAS , PCR S B AR &R AN g™
B SRR 1.2.2, %5 PCROAIM (E 8 119 PH A B e B E A T
P2 R TERE PR B 50 png/mL iR R AR E
% .20 pg/mL FIHEFF1 40 pg/mL K K55 Z 1) LB K
PRIEFR S, T 28 CHE &S LA 200 t/min 32 %
K 9% 8 h, FELL S 000 r/min 0> 5 min W E A, IIA
0.04 mol/L MES (4-morpholineethanesulfonic acid) T
B E R SRS AT UL A6 B T E R Y
ODy, ., TEL, B J5 75 BE 22 ODy.,, TEL R 0.8, i HHE 1 h
Mo A —UPE TC i 5 2R 500 pL B AR T
SEPALER 25 A 1 IS IRAS [RAR it v, B O

3R I 3R A E S S 2 AR BT
filf FHAL IR AR BB IAR 5O, 7R R IR K 488 nm
TG L N 2R A O 1 (UV 3 Flit Sk (i
LR A RIEY) AR B 405 nm T LS A i
BEL (), MR & B RS muy 37 i
LA B RO M A SN .
1.2.6 CLasPrx%& & # R H,0, % 5 #7

BUE K 25 d AR FRURAR I |, e e 2247 A
A3 4T 500 pL £ & pCAMBIA2300-GFP 25 £ /4l
1.2.5 #1451 pCAMBIA2300-GFP-CLasPrx [R5 4
A BB, R0 1 6 IR AT, 1T 2 dJ5 BUREI 2
R HO, & & L% (Ma et al., 2022)
FE H,0, & i B R AR AR [RIR Fr G Y] 0.5 emx
0.5 cm &/, BT 1.5 mLHi 0.1% =S 2 R%H,
il FHZH SURIF IS ASCRIF IS 1 20 3, 4 °C LA 12 000 r/min
250> 10 min J5 WA BT, HL0.3 mL B3, A
K,PO, i 1.7 mL AL HI R 1.0 mL, EIRIEE
5 min J5 7E 390 nm A0 22 52 R A I BE L G A A
HERMZI T B HLO, 1 & & .
1.3 #ESH

{1 SPSS 25.0 ZK A XA B B i A T 0T,
Jof FH ¢ DG A T 25 57 B B A

2 HER55H

2.1 CLasPrxEEFIINRERENERFEST

i AT 2 1Y CLasPrx 3 H 751 4K 4 534 bp,
Hifith 177 A5 (K 1) 45327 51 A2 %) NCBIAL
W2, ARAR B 55 0Q024188., CLasPrx &K 140 T
4 20.19 kD, %511 54 5.76 N i A L ) {55
K25 44 ; DeepTMHMM T 45 51 i /R CLasPrx 25 11
DL TARAR P, TR S RS

M: Marker I11 DNA ladder; 1: CLasPrx 3 5afEr=#); 2: [
PEXT . M: Marker IIT DNA ladder; 1: amplification products

of the CLasPrx gene; 2: negative control.

B #HEELRET fUDIEREER CLasPro 5 E
Fig. 1 Cloning of the peroxiredoxin CLasPrx gene from

Candidatus Liberibacter asiaticus
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2.2 CLasPrx EHRTFLEMBR ZKEHHH
SMART T il 2% 52 3¢ B CLasPrx 8 F 2 7% 14
Redoxin TR 5FEEAE L, HH 2R 14~158 [ 2 SERR A, )&
TR Prx (K] 2-A) . CLasPrx 25 A i — &5 h
o MBNE BT B B I A RIS LI 5 il 4 B, PR
W) M 7 25 85 N2 36 1R , 1 CLasPrx & &K ¥4
() 48.02% ; o R HETH 55 42 N2 MR , 15 CLasPrx F
R F AN 23.73%; B 3T &7 55 40 DR IR, 5
CLasPrx £ 12 KJPHI 22.60%; B % fA 55 1012
PR, o5 CLasPrx # [ 2KJFH119 5.65% (K 2-B .C)

A Redoxin (PF08534)
- , |

| |
158 177

1 14
B
||H||||‘H||uW}n‘”nunn WHH‘H‘W] ||||H”|||W ||||||||‘HH|||||||||| Wﬂmﬂ
20 40 60 80 100 120 140 160
C 100, — UYRJHEHelix —#7® Sheet — ¥#f Turmn— % i Coil
g |,
Q (\f"‘.
5
g
=¥
3
=0 100 120 140 160 180

0 60 80
K I P Amino acid sequence/aa
2 HEERRET ELYIERE CLasPrx EARSTF
LM (A) R R (B~C) 34T
Fig. 2 Analysis of the conserved domain (A) and secondary
structure (B—C) of the peroxiredoxin CLasPrx from

Candidatus Liberibacter asiaticus

2.3 CLasPrx ERMI=REMD

FH T[] YR AR L P Y CLasPrx &1 1Y — 045
FIER o SR8 BT R B A RN RS B, DU 2
FHTEHES] , FEAR ST S5 FE 38 b 3G PR A6 A XSO il — 1
2N (E3),
24 CLasPrx EHHZEFFILEITER

CLasPrx & [ 5 i Wi Rl I & H P i 2 8
LEXTEE SR R, Prx B FIAEAS [ o s BEOR ST, Prx
B HFA RS R N PXXXTXXC, FEAF 57 2 &
4 x4 8 v, DAY 557 7 91 2 PGAFTPTC (5]
4) IZFEF 2 Prx (TG PE RO
2.5 CLasPrxEHRGA BN

RGEKRE W4 LR, CLlasPrx & [ 5 4%
5 9% B AE P AP C. Liberibacter africanus KX Fh C.
Liberibacter europaeus , 3 Ff C. Liberibacter ameri-
canus., & 7% 2 B 40 F % I C. Liberibacter sola-
nacearum M % A BUAH JC ) B2 #R 1 C. Liberibacter

ctenarytainae [ Prx 25 [ 5y — 28, M) Bz &R AT 141 Jg
M4 Liberibacter crescens 5/ [f] B /R i {4 i Bar-
tonella spp. B Prx 5 R —2E (K 5) .,

BRTREAR AL Ay o BRE , 7 SR EE R R p AT &, pRESOE T 24>
pHTELGZ A, HAER 5 A AN E:H . The helical struc-
tures are a-helix, the arrow-shaped structures are f-fold, the f-
turns are located between two f-fold structures, and the remain-
ing parts are irregularly coiled.
3 HEEEZREEEUYIEREE CLasPrx EEM
=gt
Fig. 3 Tertiary structure prediction of the peroxiredoxin

CLasPrx from Candidatus Liberibacter asiaticus

2.6 CLasPrxEREFRIEDHT

CLasPrx FE R B a5 32, CLasPrx 725
YL CLas IR B AR X Rk it 3 = TR
FH A AR XS 2 ik & (I 6) , B H CLasPrx 18 8% 4t
CLas i BB B9 A [6] & 7 B B0 i 7 m () 0k B A7 A
25 ARe 5 HAY IR X,
2.7 CLasPrx & B L HAAE L5 #f

A FC AR | ) 638 CLasPrx 2 1, 20
For I 25 5 175 CLasPrx & or T4 ML B 5657, ly T4
A - PR A4t A AR K A b e 36, 9T P CLasPrx R
F 2 A5 5Bl % e 20 4 BB (181 7) o
2.8 CLasPrx EHFR H,0,i&ES 17

T AEAS FCARN: R #3428 24 CLasPrx
0 & B #e ik CLasPrx AYA FHRI A+ HLO,
i TRE(E8) , W CLasPrx 2 5 A LI J
T HLO, BT BR T2 .

3 it

A 55998 I AT ELAERILART (R AT T LA ko JL 14 B
P38 35 (Dodds & Rathjen,2010) . i TA
[] 5 B TR A A7 TR W 3 55 (Veldsquez et al., 2018) , 7£
WA 590 oA EAERL R v, TR 2R AT



344 RN AR AR 1 1 AL I S RRE IR CLasProc 1 5 RE K D RE 3T 659

AR 240 L5 0 DT A R E SRR B N I T AN MRS CLas AR 0 F2EAlAT R T ACRHERE , M Ik
(Busby et al.,2014) . M B 2 W Z0HAE ™0k BRGSO 00 SRS B ot e 2
R JE SR MR % | 1T CLas JCT% 2RSS 72y i) ]

PXXXTXXC P

i U 89
VEP- id EpP R

CLasPrx MEREGQHPG
WP_012778530_peroxiredoxin M
WP_047263944 peroxiredoxin M
WP_076969053 _peroxiredoxin M| B
WP_007557004_peroxiredoxin M| - M 89

MBY 7649289 peroxiredoxin M P-
WP_015273470_peroxiredoxin M
WP_004861151_peroxiredoxin M
WP_082251047_peroxiredoxin M - M 89
WP_241437460_peroxiredoxin M
WP_183228982 peroxiredoxin M
WP_183194594 peroxiredoxin M
WP_208431573_peroxiredoxin M|
WP_006924290_peroxiredoxin MM
MBLO0848521 peroxiredoxin MEGE!
xH Consenls(l)lg MIRKKVPNVTFHTRVRDESV-DGSNPFRWQDVNTDDYFKGKRVILFSLPGAFTPTCSTFQLPDFEKLYDEFKXEGIDEIYCLSVNDAFVM

— (¥ Conservation/%

CLasPrx
WP_012778530_peroxiredoxin
WP_047263944_peroxiredoxin
WP_076969053_peroxiredoxin
WP_007557004_peroxiredoxin

MBY 7649289 peroxiredoxin
WP_015273470_peroxiredoxin
WP_004861151_peroxiredoxin
WP_082251047_peroxiredoxin
WP_241437460_peroxiredoxin
WP_183228982_peroxiredoxin
WP_183194594 peroxiredoxin
WP_208431573_peroxiredoxin
WP_006924290 peroxiredoxin

MBL0848521 peroxiredoxin

L4 Consensus

100
—3# Conservation/%

SRR TS S B {8 ] RasMol it €6 7 22, AS [R) 201 (4R 3 40 36 R # #4: K [7] (https://webmail. life. nthu. edu. tw/~fmhsu/rasframe/
SHAPELY.HTM) 5 AER TNl A A4 G B IR L X (07 5 B9 — B0, R X 20 U6 R LU X 0 R A (02 B 5 WP_012778530 . WP_
047263944 \WP_076969053 . WP_007557004 . MBY 7649289 . WP_015273470 , WP_004861151 , WP_082251047 . WP_241437460 .
WP 183228982 WP 183194594 WP 208431573 \WP_006924290 F1 MBLO0848521 JF 41|43 I3 14 M 47 1 T 975 B 7 W Fr  FH 47 v
Te 9 TR AE P FP L 548 S BESC Pe A ARG e TR S U AP L C. Liberibacter ctenarytainae | Liberibacter crescens . Bartonella tay-
lorii \B. henselae .B. machadoae .B. callosciuri . B. fuyuanensis \B. doshiae .B. washoeensis FIRH ARG B 09 T8 BN b 5 PXXXTXXC
Ft 7R R Prx 2B 14545 3£/ . The amino acid background color uses the RasMol color scheme, different colors represent different
amino acid polarities (https://webmail. life. nthu. edu. tw/~fmhsu/rasframe/SHAPELY.HTM). The vertical axis of the bar chart repre-

sents the identity of each amino acid alignment position, and the horizontal axis represents the position of the amino acid align-
ment point. The sequences WP_012778530, WP 047263944, WP 076969053, WP_007557004, MBY 7649289, WP 015273470,
WP_004861151, WP_082251047, WP _241437460, WP_183228982, WP 183194594, WP _ 208431573, WP_006924290, and
MBL0848521 are from C. Liberibacter asiaticus, C. Liberibacter africanus, C. Liberibacter solanacearum, C. Liberibacter america-
nus, C. Liberibacter ctenarytainae, Liberibacter crescens, Bartonella taylorii, B. henselae, B. machadoae, B. callosciuri, B. fuyuanen-
sis, B. doshiae, B. washoeensis, and C. Liberibacter europacus, respectively. The sequence motif PXXXTXXC represents a specific

motif for Prx protein.
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Fig. 4 Multiple sequences alignment analysis of the peroxiredoxin CLasPrx from Candidatus Liberibacter asiaticus
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FEREE A 59 40 ifd (Rabouille, 2017) . 11 CLas E4H
T AL , CLas DG4 20 i 4R H 2556 i s J ok
Ffe s, DR T S AR R . AR
W45 S, CLasPrx FERTE I #E B RS AR
IR 225 BN B A 441, CLas
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L B PIT D PR T AR B R S |, RT3 CLasPrx
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EURIEEEE Bartonella fuyuanensis peroxiredoxin (WP_183194594)
EURBAE Bartonella machadoae peroxiredoxin (WP_241437460)
EURBEE Bartonella callosciuri peroxiredoxin (WP_183228982)
EURBAEBE Bartonella henselae peroxiredoxin (WP_082251047)
100 BRI Bartonella taylorii peroxiredoxin (WP_004861151)

L BURIBAAE Bartonella doshiae peroxiredoxin (WP_208431573)

EURIBARE Bartonella washoeensis peroxiredoxin (WP_006924290)
Y] K B AR R QU B Liberibacter crescens peroxiredoxin (WP_015273470)
_94’7 &R B R INPR Candidatus Liberibacter americanus peroxiredoxin (WP_007557004)

R R B RRIMFF Candidatus Liberibacter europaeus peroxiredoxin (MBY7649289)

MRA BRI B Candidatus Liberibacter ctenarytainae peroxiredoxin (MBL0848521)
LW ERL /R Candidatus Liberibacter solanacearum peroxiredoxin (WP_076969053)
MHBE IR B IEMPN Candidatus Liberibacter africanus peroxiredoxin (WP_047263944)
54 100 PR R BE LM Candidatus Liberibacter asiaticus CLasPrx

R IIRE WP Candidatus Liberibacter asiaticus peroxiredoxin (WP_012778530)
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Fig. 5 Phylogenetic tree of Prx proteins from Candidatus Liberibacter asiaticus and other pathogens constructed

using the neighbor-joining method
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Fig. 6 Expression analysis of the peroxiredoxin gene CLasPrx
from Candidatus Liberibacter asiaticus
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535 (P<0.01) . Data are mean+SD. ** indicates significant
differences by 7 test (P<0.01).
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pression of empty vector; CLas-PRX-GFP: transient expression of CLasPrx fused GFP protein.
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Fig. 7 Subcellular localization analysis of the peroxiredoxin CLasPrx from Candidatus Liberibacter asiaticus
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Fig. 8 Analysis of H,0, scavenging activity of the peroxire-

doxin CLasPrx from Candidatus Liberibacter asiaticus
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