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Abstract: [Objective] Huanglongbing (HLB) is the most devastating disease in citrus production
throughout the world. Because Candidatus Liberibacter asiaticus (CLas), the most virulent pathogen of
HLB identified at present, cannot be cultured in vitro, its main pathogenic mechanism is still unre-
vealed. Therefore, proteomics analysis was used to explore the expression of pathogenic proteins during
the early CLas infection stage in Citrus sinensis Osbeck.[Methods]In this study, the leafdisc grafting
was used to infect the healthy Jincheng Orange (Citrus sinensis Osbeck) to transmit the CLas. Two
months later, the CLas was detected by PCR, then the infected roots and leaf veins were collected for
iTRAQ proteome Sequencing. The sequencing result was annotated while the genome of the CLas was
used as a reference, and the infected leaf veins were used as control to screen the proteins of the CLas
which expressed differently. Finally, qRT-PCR was used to verify those significantly expressed differ-

ently proteins.[Results]A total of 38 pathogenic proteins were identified, 13 pathogenic proteins were
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up-regulated and 14 pathogenic proteins were down-regulated while there were 7 pathogenic proteins
with unknown functions. The proteome of the infected roots was screened, the infected leaf veins were
used as control, the difference fold value more than 1.5 times were used as a significant up-regulation
and less than 1/1.5 as a significant down- regulation standard. As a result, there were 2 proteins
(ACT56611. 1. ACT66821.4) were significantly up-regulated, and 4 proteins were significantly down-
regulated (ACT56726.1, ACT56912.1, ACT57006.1, ACT57090.1). Gene ontology (GO) analysis was
performed on the 38 identified pathogenic proteins. The results showed that pathogenic proteins were
mainly involved in 10 biological processes, but were mainly related to nucleic acid binding and material
transport activities. All pathogenic proteins were involved in 10 molecular functions and there were 22
related to the cellular biosynthetic process, accounting for 57.9% of the total proteins, 12 pathogenic
proteins related to the cellular macromolecule biosynthetic process, accounting for 31.6% of the total
proteins. Among 38 pathogenic proteins, 11 pathogenic proteins were related to the molecular function
of ribonucleotide binding, accounting for 28.9% of the total proteins, 5 pathogenic proteins were related
to transporter activity, accounting for 13.2% of the total proteins. The 38 pathogenic proteins were used
to construct a protein interaction network diagram which showed that more proteins interacted with
ACT57362.1, ACT56735.1, ACT57090.1, ACT57110.2, and ACT56789.1. The protein annotation clari-
fied that ACT57362.1 was inosine 5’ -monophosphate dehydrogenase, which catalyzes the conversion
of inosine 5’ -phosphate (IMP) to xanthine 5’ -phosphate (XMP). It is the first important and rate-limit-
ing step in the de novo synthesis of guanine nucleotides, and it plays an important role in regulating cell
growth; ACT56735.1 was the 30S ribosomal protein S10, which is involved in the binding of tRNA and
ribosomes; ACT57090.1 was the alpha subunit of ATP synthase, which converts ADP to ATP in the pres-
ence of a proton gradient on the membrane; ACT57110.2 was the chaperone protein DnaK, which plays
an important role in the process of protein folding. ACT56789.1 was the § subunit of phenylalanine-
tRNA ligase. The results of these 5 pathogenic proteins annotations showed that the key proteins related
to growth and development of cell and protein folding were expressed to response to the CLas at the ear-
ly HLB infection stage in Jincheng Orange. The result of qRT-PCR showed that the expression of 6 sig-
nificantly differentiated proteins(ACT56611.1, ACT66821.4, ACT56726.1, ACT56912.1, ACT57006.1,
ACT57090.1)in the roots were significantly higher than that in the leaves; the expression of CLasMalE
(ACT56611.1) transporter proteins, an important component of the ABC transport system, is as high as
595 times. The bioinformatics analysis of ClasMalE showed that its open reading frame was 1122 bp
and there was 1 exon but no intron, so it encodes 373 amino acids. The protein primary structure predic-
tion showed that the molecular weight (MW) of the protein was 4.4 ku, and the theoretical pl was 9.02,
so it was a hydrophilic protein. The secondary structure of the CLasMalE mainly included a-helix, ran-
dom coil, extended strand and beta turn. The conserved domain prediction revealed that its protein se-
quence contained a MalE domainand its number was COGO0767. Finally, this study analyzed the expres-
sion characteristics of the CLasMalE in citrus, it showed that its expression in the roots of susceptible
species was significantly higher than that in the leaf veins, and the expression in the old leaves was sig-
nificantly higher than that in the young leaves, but there was no significant difference in tolerant species
sour pomelo.[Conclusion]The high-level expression of ABC transport system’ s important component
ClasMalE in the infected Jincheng roots was found, indicating that the ABC transport system would
play an important role in the host infection of the CLas.
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& A IR S b2 B —Fh 3 A 7R 30 B30
(195 == [ BH M40 B4 Candidatus Liberibacter spp. 5 it
(e, HArA CA05 HLB M98 Ca. LA 3 Fl,
7 W FK A Ca. L. asiaticus Ca. L. africanus 1 Ca. L.
americanus"'s L H P FR Ca. L. asiaticus (CLas) 52
2t UM B o 3 ) B0 B R, 22 AT I A TG
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H 15 CLas FH ¢ 5 I 8 1 BB K1 iE
/0. Wang 259 I CLas w19 serralysin ZX ik &5 H
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BN R G S H AL CLlas B9 5H . VE AT
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HEFB 2z —Y, NEBKFEATIRAB I, TiiiL H
BRI 5 B 2 e R 0A R i, 6 H D R gk AT AR
BT B B T4 7 X e FE R (1) D RO, AT T A
JRHE H 2 5 CLas 8UW I ALE] . H AT AR 5 A
FEHEAT 9 R B 2 BAE BRI S AR XY B> . Aretusa
FURH ZEREO A TES T TIERS R
J&5 9% 3099 B (Xanthomonas campestris pv. campes-
tris) HAF AT 5 2 A 0 Ak B 24045 B,
Y B S AR R BT L IR0 T 78 43 A U B o B
i o FAL R EE S . R E"IE T iITRAQ

5E A A A BT, R B FE A 20 B T R Focd
HE % {7 L2 V5 6 B D B0 5 11T Foel 1A /& 3505 1) Ji
o FEA AR B, BT R LA B 3 5 AL A A 5
7 A AR AR T L R AL AR PR AR SR
TCo

SRR P - [58) F BRS  e  E
T3 Jes - 3095 L VR L Bk o A2 B A EAT BT, £
RRW] ARG 2R 24 7 9 SR B T R DR 5
B DRI, 2 3 M Y (B8 P 96 A X G i A U
Qe et Ja ST i K (4 2 1 LREAT LA AT
LA CLas 3k N 41N 255, o3 M Jol 8 1 B 4L R TR
i, i 22 e OB E L JEX 22 57 3 RIS B kAT
SEIN 9 5E B PCR UG IE DA% 72 5 2 A1 (2B 45 B
BT B AR TSR 8 BUR AL 5 3 TR 9
QUBLIvR ST

1 AR 7

1.1 MRS

W5 T 2019 4E 3 H—2020 4 3 A 78 E &R
ARSI FT T SRS A e R O e . A
5 18\ B B 55 88 (Citrus sinensis Osbeck) X i 95 i
A (C. grandis Osbeck) B H H [ 4 b A} 2 Be At
I 70 T 250 R il 2 B 0099 IV I o T A X
B e R

I B HR A b1, 25 B2 I 5 Y SO R HIE & K
BRIy, BT 25 CREFEmE R #7235,
KRHRAEHE TR T AEK LA, MR
FIFRHI SR ALK frgl e IR %4 FAEK 4
HIE#&H.

T el RNA PR 5 BRG] 5 AT DNA PR 2 HY
B &I T 3SR A 7] (B 5O s ek
7 % A PrimeScript™ RT Master Mix, JJ T TaKaRa
O] CRRAE R TS AR A D s QRT-PCR AR 71 ¢ e e
Al ChamQ™ Universal SYBR gPCR Master Mix, Ji
TR R A A (R R
1.2 HEREEESER

226 SEANAE R TR Y Ry i e R 3k AT
TR0 . TR G I EE 8 J, B demt v (i ik,
FEHUH- ik A DNA , R F CLas 9 51 168 2 [A 45 57 4 7
314 O11/012C : OI1- GCGCGTATGCAATACGAGC-
GGCA; OI2C- GCCTCGCGACTTCGCAACCCAT,
PCR fifi %6 75 18 - H o PCR B &1 : 95 °C A8
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5min;95 ‘C 305,63 'C 305,72 C 2 min, 35 MG ;
72 ‘CIEAH 10 min; 4 CLRAF ;s BUAY 3G =¥ KN A
1160 bp. 14 i 176 Hi Sk (1 128 95 AELR I Fik ORI AR DL B %6f
FERE A et JOKRRAR 23 7 WA R 5 B T80 "CUKAE I T4
WA, AT EAHNT .
1.3 SREBRER

Ky B EZ: : B T 80 CHUHY , FREUE & 41
ZURE S B A TA IR b, IR 78 70 0T B 2240
Ko FHFES ST BIIMAKG R 4 54T By Hh 32 22 rh il
[% 10 mmol - L B I8 Bl B 1% (o) 5 1 g 41 41 571)
12 mmol - L' EDTA], 8 7 24/ . NN AR
Tris “F1# 5,4 °C,5500 g0 10 min, B iE 7 Bk
My AH  HE AN S A5 AARFL 0.1 mol - L 2L & ¥/ F BT
VEFRTIRA], 20 CHMA AR TliEEH. HEEDT
TS AN TRk R T 8 mol- L
PREZW, FIH BCA A& CGE R RAEYD #17EA
WL 52
1.4 iTRAQ-ZEHRANFF

2 HU B AR P BRIV DA B 0 REUREL AR I R TR
(1) 2 T iTRAQ-28 I AL 3 #r o k38 %
TH3IMNEYEER . MEERN SRR A IR
A E BT iITRAQ-8 A 4L > 0 Mt o i AR B UL
FEUWIR :

B I ON B IO T R BE
5 mmol-L"',56 C&JFE 30 min. Z J& I AMAT 2,1k
et FL RN 11 mmol - L', FIREEIHF 15 min.
B JE R RE R IR R IR FEM B 2K T 2 mol-L's BA
1250 (1) )5 £ bb (PR - 235 ED N G, 37 “C g fif it
o FELA1:100 5 b OB - 8 D i il , 4k
CETR 4 ho 5 B AR 0 K Bt A StrataXC18 (Phe-
nomenex, 3 [E i3 A TR G E SR T
L 0.5 mol - L' TEAB ¥ fift ik B » i 45 TMT i 551 &
(Thermo, FEER K tH IR A ED EAE UL AR KB A5
10 )5 K Ik B A Agilent 300Extend C18 (5 pm $i 4%,
4.6 mm W%, 250 mm K & 3% A 31T 5 pH X ]
HPLC 73 %o 4325 B K Bod A7 iAe € vtk 1 A
IIHT BN A N 0.1% FERFN 2% £ MG A 7K VAL 5
TBNFH B N 0.1% F BRI 90% LG /K W - W
A E 5 :0~30 min, 8%~16% B;30~55 min, 16%-~
30% B 55~57 min, 30%~80% B 57~60 min, 80% B,
IIESERFAE 400 nL-min”.
1.5 FRIEFAZHE N ISR ENRE

BB SR A I 25 R R B 4 A Max-
quant(v1.5.2.8)FATIE 5, ¥E KB, X4 e (1 ik
Bt AT i & w2 (mass error) 7347
1.6 E£MEEFESH

DL 0995 973 I 18 Candidatus Liberibacter asiati-
cus(CLas) B[R4 N2, % Fik RIS 1 22 Ik i ik
A7 EE X 43 #r A R, i3 — 2P £E OmicsBean (http:/
www.omicsbean.cn/) ¥ 35 % 3k 45 1) 8 [ i #E4T GO
DR . B AR —2 45 H ProtParam £ 28 1 1
(http : //web.expasy.org/protparam/) "7 il ; — 2 2
¥ & Prabi C(https://npsa- prabi.ibep.fir/cgi- bin/
npsa_automat.pl?) " ¥ 3k T 5 45 ¥4 38 /£ TMHMM
(http://www.cbs.dtu.dk/services/ TMHMMY/ ) "'} 3t Fiji
.

1.7 HHIELEL DNA AR EL

FH A8 3 A W] AE W) DNA BRI £ B 57 & 3 e
JE% 975 B 4 P AR AN I ik DN, 1% Cp, S [7])D 258 I B 4k
Jig FEL UK ASEI 5 PASRAS TE RNA 15 Y4l i 15 . 58 B 14 47
() DNA, T & 73 )% FE V14 Wl % F & DNA Jit &k
B, SR JE R A 50 ng - pL', 20 CIRAE .

1.8  HFHLAE RNA RIFREL

FH A8 N R AR W) S RNA PRIE B B 57 6 4
E U5 65 i A6 L et I 52/ RN AR5 T A ¥
i/ A SR K RN, 1% JIE 0 6 Je FL kAN, DASR
A P& 5 B U7 1) RNA, R FH BE 7 66 B
R 25 FE i RNA VKR . F TaKaRa /2 &) PrimeScript™
RT Master Mix % #% 3% i ) & 1 RNA ] 7% 5%
cDNA, & IR S Ja AT ) B sk OB, %6 37 °C
15 min,85 C 55,4 C,

1.9 qRT-PCR &

M B8 B NCBI. Citrus sinensis 1 Candidatus
Liberibacter asiaticus str. psy62 H £ $& Al M % 7 R 15
B 1 CDS J7 41 . i i NCBI ® i H1 Primer Blast
(http://www.ncbi.nlm.nih.gov/) 7£ 2§ ¢ 11 3£ i 7€ &
SIW0 . LLEE 9995 i 16sDNA N H 3 1 P 2 3
SR 6 AN ik 3 22 e R B o SRS S, B
HIMER 1. qRT-PCR R WAA&FR 12 pL:6 pL 2xSYBR
Green % 4kl .4.4 pL H,0.0.3 pL 10 mmol - L' 5]
Y. 1 uL ¢cDNA; )R MFEFF:95 ‘C 5 min, 95 C 15 s,
60 'C 1 min, 40 MG . FEAS AL BEAT 3 AP
HEMIKPATHESR . MAXRERERHH 2%
H.
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%1 AWMRPH qRT-PCR 31457
Table 1 The sequences of QRT-PCR primer in this study

ek /B SIFF1(57-37)

Primer name Primer sequence (5-3")
ACT56611.1-F TGCTGGACGTTCTGGAAGTG
ACTS56611.1-R TAAGGGCCCAAATTCGTGGT
ACTS56726.1-F TCGTTTCCAAAAAGCTTCAGGAC
ACT56726.1-R ACGTGCAATATCACGACTTACCT

2 AR50

BRIL & 4R B BAE B

LLO Ay ey, iR 22 P AEAR T 10X 10°YE
W DL B R Z2 A5 5 BER (B 1-AD o HLIR, 2 KT
I BRI BOK 2O 8~20 DM LRI EE (&1 1-B) L 1§ &

2.1

ACT56912.1-F TGGCTGGTGCTCTCAATGTT iR T A JOR B R R, 150 BHASE o ) % 0k B B A o
ACT56912.1-R TGATGCGCGGGGATTAACTT
ACT57006.1-F GGGCTTCTAGGCCGTTTGAT 22 WREALE
ACT57006.1-R AGCGATACGCACCATTTCCA S B 3 AN B . M2 TTLLE
ACT57090.1-F ATTGTCGGTTTCGCGTGTTG
ACT57090.1-R CTCCGTGAGCCTTTCACCTT FEAFA 1B3AMEA FRERL, A 14MES FIRE
ACT66821.4-F TAACGTCGGATACGCTCACG . M B EE R T AN B R AR 1
ACT66821.4-R ATCGTTACCCTTGAA
Culor TOAGTGCTAGIGTTGGATG LR 5 P BCA AT, DA 2% S 2
qClal6s-R CTGCGCGTTGCATCGAATTA o LS EE RS2 F AT /151852 FiEm
A 5000 B 455
4500 405 {
4000 355o
g 3500 o 30588
S g o
i & o000 E’; 2 254
= £ 2500 =g :
& 2 2000 =2 204
= 2 & 156
E 1500
Z 1000 1
500
0 e ‘ . ] ‘ .
T 210 R P16 181 ag 02 0 08T 287%560  30 5a 205 20 -10 Bt&ﬁﬁ?ﬁ%{ﬁﬁzw 20

Jik B K Peptide length

Peptidemass error/x10°

A KRB B AR 3041 s B. %58 BB A BE 43 A
A. Identification of mass shift distribution of peptides; B. Identification of the length distribution of peptides.

E1

JRIE £ R B B B

Fig. 1 Quality control test of mass spectrometry data

AL BRI, 0B S AR ) 8 AT R L 45 Rk
3N, A 2N E E (ACTS6611.1.ACT66821.4) I,
L, 44 EA R ZFE T (ACT56726.1.
ACT56912.1.ACT57006.1 . ACT57090.1) .
23 ERZEBMGOERE

4455 21 38 M Ji 27 [ £ OmicsBean Chttp://
www.omicsbean.cn/) P 34 31T GO VERE . @1 2 fr
N3N EAFESH 10MEYEERE, K224
& A5 40 N 4B % & A (cellular biosynthetic pro-
cess) AR, HE A BN 57.9%, 0F 2N EAHY
B N = 51 AW K (cellular macromolecule bio-
synthetic process) fH % , &5 8 FH S H1) 31.6% : T
WEEAXY R 10N o6, Hbd 14
(28.9%) 1 1 B A W5 1% B R 45 & (ribonucleotide

binding) {43 FIIRE; B SAN(13.2% ) H A H 2%
1% PE (transporter activity) [ 5> 7 I RE o
24 FEEBEEMESH

W %5 B 38 /N i & [ {E String Chttps:/
string-db.org/) Wi HEAT H I ELAE 25 M . N TE
BRI EE BEAEMS(E D UEH, 5
ACT57362.1.ACT56735.1.ACT57090.1.ACT57110.2.
ACT56789. 1 HHEAFHMEHEZ .

BAERS BRI, ACT57362.1 2L 57 -5
4 TR it I AL LR 57 - R (IMIP) (1) B M4 57 -
IR (XMP) AL, , 31X 2 S I A% H R I Sk & B I
BN E B RN OP IR, A T 4E iR Kk
HEMEH. ACT56735.1 /&30S B E 1 S10, 5
5 (RNA 5% BRI 454 . ACT57090.1 /& ATP &
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Table 2 Pathogenic proteins identified in the proteome
£ 151 ID Protein ID VEFE Description LL 3 Ratio
ACT56611.1 ABC #3iz# 4 ABC transporter 2.99
ACT56652.1 fE 7€ 85 1 CLIBASIA_00310 Hypothetical protein CLIBASIA_ 00310 1.27
ACT56726.1 WA 8 4 129 Ribosomal protein L29 0.11
ACT56728.1 30S I HE {85 11 S3 308 ribosomal protein S3 0.90
ACT56735.1 30S K48 4 S 10 308 ribosomal protein S10 2.78
ACT56912.1 R W R TS 5 B K P 2% Carbamoyl phosphate synthase large subunit 0.24
ACT56927.1 DNA 4 11IB V% DNA polymerase I1I subunit beta 1.04
ACT56928.1 O T i ik 2 A% W 52 % F2 B Niicotinate phosphoribosyltransferase 1.00
ACT56952.1 A/G-H5 5P IR A FE AL i A/G-specific adenine glycosylase 0.74
ACT57006.1 3-SR (B AL s R B DA 1T 3-oxoacyl-(acyl carrier protein) synthase 11 0.07
ACT57017.1 T R 81 %1 B i A2 AL 25 1 Phosphoglucosamine mutase protein 1.07
ACT57033.2 i %% 18 5 A Thiamine transporter membrane protein 0.88
ACT57034.1 T fie 7 12 B 11 IS 45 45 % Thiamine transporter substrate binding subunit 0.61
ACT57077.1 5% Jk OB R A 5-aminolevulinate synthase 0.56
ACT57090.1 FOF1 ATP &8 o 4% FOF1 ATP synthase subunit alpha 0.53
ACT57110.2 43T {145 DnaK Molecular chaperone DnaK 1.26
ACT57302.1 ATP 1K #5iM: 5E A iff ATP 254 15 ATP-dependent protease ATP-binding subunit 0.96
ACTS57327.1 NADH it 2 C I 7 NADH dehydrogenase subunit C 1.21
ACT57349.1 {85 25 19 CLIBASIA_ 03865 Hypothetical protein CLIBASIA_ 03865 0.76
ACT57362.1 JUH 57 - B PR I 208 Inosine 5”-monophosphate dehydrogenase 1.30
ACT57433.1 T 1% 22 50 IR Wi 1% Phosphoserine phosphatase SerB 0.70
ACT57443.1 TR IR A2 0% PR H 2R Z A 11 Phosphoribosyl formylglycin amidine synthase I 1.49
ACT57454.1 {5 # (1 CLIBASIA 04410 Hypothetical protein CLIBASIA 04410 0.55
ACT57482.1 2% H2  CLIBASIA 04555 Hypothetical protein CLIBASIA 04555 1.01
ACT57524.1 o~ % FR R a-ketoglutarate decarboxylase 0.97
ACT57527.1 1% -5 1% K1 A Ribose-5-phosphate isomerase A 1.48
ACT66821.4 {52 % (1 CLIBASIA_05538 Hypothetical protein CLIBASIA_ 05538 6.61
ACT56739.1 30S KR K 11 S12 30S ribosomal protein S12
ACT56789.1 KT (RNA & il B WAL Phenylalanyl-tRNA synthetase subunit beta
ACT57084.1 RNA & W T sigma-32 RNA polymerase factor sigma-32
ACT57095.1 XLy e TR I~ I e TR Mt PRt A P 2 TR 15 il
Bifunctional phosphopantothenoylcysteine decarboxylase/phosphopantothenate synthase
ACTS57091.1 FOF1 ATP %[ A WP £ FOF1 ATP synthase subunit delta
ACT57283.1 #5324 1L [FF Rho Transcription termination factor Rho
ACT57328.1 NADH fii &/ D W5 NADH dehydrogenase subunit D
ACT57422.1 i Z % tRNA £ i Tyrosyl-tRNA synthetase
ACT57457.1 1B % 8 1 CLIBASIA_04425 Hypothetical protein CLIBASIA 04425
ACT57568.1 UDP-N- 2. i 4 5 74 T 1% ] 265 B e 18 J I UDP-N-acetylenolpyruvoylglucosamine reductase
ACT57641.1 1B 4 CLIBASIA_05375 Hypothetical protein CLIBASIA_05375
*3 REEZESRRESAMNEE
Table 3 Identification of significantly different pathogenic proteins
£ 4 1 ID Protein ID 1ER Description Lt Ratio
ACT56611.1 ABC #iz# 4 ABC transporter 2.993
ACT56726.1 WA A L29 Ribosomal protein L29 0.113
ACT56912.1 I R B R B S i K 2L Carbamoyl phosphate synthase large subunit 0.238
ACT57006.1 3G JE- (R L3R 2 1) &% 11 3-oxoacyl-(acyl carrier protein) synthase I 0.070
ACT57090.1 FOF1 ATP 418 o V. 3£ FOF1 ATP synthase subunit alpha 0.520
ACT66821.4 {52 % 11 CLIBASIA_05538 Hypothetical protein CLIBASIA_ 05538 6.605
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Gty/bund ARy 7T HIRE
Biological process Cell component Molecular function

AL AR RIS SR s B. 23T D RE M IE ) 4 C. MENERZ 1T -BERR AV AL D. 4l A B & Bl 12 B R F. A AQissid
FEBOYENT G, A I 7 42 s HL UMLK 1 2R i A8 1L i 2B & o 72 - 0. B B AR < K S 3 25440 < L. 400 A 4 o 2 %
M. JLBE &K N B M E 50, e S BRI O, IS IR IZ R A B AW P RS G AR : Q. R THE H Bal ATP BE S &4 R. 40 P i
CELUNAS ;S MBIy s TR UL B SR Tk, %0 RNAG V. GTP BiEEE s W, 308 1 5 X G SERRIE el ek o Y. S h TEdL
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A. Response to endogenous stimulus; B. Positive regulation of molecular function; C. Pyrimidine nucleoside monophosphate metabolic process; D.
Coenzyme A biosynthetic process; E. Tricarboxylic acid metabolic process; F. Regulation of cellular metabolic process; G. Positive regulation of
RNA metabolicRNA; H. Cellular macromolecule biosynthetic process; I. Cellular biosynthetic process; J. Glycoprotein metabolic process; K. Exter-
nal encapsulating structure; L. Intracellular organelle lumen; M. Pore complex; N. Transferase complex,transferrring phosphorus-containing groups;
O. Transmembrane transporter complex; P. Membrane-bounded organelle; Q. Proton-transporting two-sector ATPase complex; R. Intracellular mem-
brane- bounded organelle; S. External encapsulating structure part; T. Nuclear envelope; U. Transcription factor activity, core RNA; V. GTPase activi-
ty; W. Transporter activity; X. Acid-amino acid ligase activity; Y. Monovalent inorganic cation Transmembrane transporter; Z. Vitamin B6 binding;
AA. Ribonucleotide binding; AB. DNA polymerase activity; AC. Guanyl nucleotide binding; AD. Iron-sulfur cluster binding.
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Fig. 3 The interaction network of pathogenic proteins



492 3 i

S 4

55384

it o V.S, E R AR A 5116 FE 1% 50 R BH ADP 7
A4 ATP. ACT57110.2 2 115 55 [ DnaK, 7£ & )i
rEedfEh RIEEEEH. ACT56789.1 & KN %
R -tRNA B BV FE . 45 HLR U, 70 W 45 4% 1B
R, S AERKRAKE U AEARTESREEAD
F M . CLas #RIX .
25 fRIREBR qPCR AT

X2 3 BT s 1 6 > 2 7 8 31T qQRT-PCR 43 #7

-

Log:[Fold change]
N

N
HH

-

(E14), 6423 RIS E LU 5 kR X
TEBOH JE AR ) B R IA, H ACTS56611.1 Rk 541
T 595 f% . ThERIERE R I, ACT56611.1 52 1 4~
ABC transporter, % 4E 5 5 N &1 A FR e 2 A
AR ACT66821.4 52 D e R A1 H ;s ACT56726.1
FEAZHEAREE 1 L29, FEAH M I 3G 5 W R T2V K B A5 A
2 7 THI S B AR s ACTS56912.1 52 22 i F R I ol iR
AR I s ACTS7006.1 52 3- 480 AR B J% - [ 19 3 2 44

A
HH

[

ACTS6611.1 ACT66821.4 ACT56726.1 ACTS6912.1 ACT57006.1

ACT57090.1

4 6 MEFRRIZEBR qRT-PCR 7Hf
Fig.4 ¢RT-PCR analysis of 6 differentially expressed proteins

HAAEE 2, @Kk B BE-ACP 19 2 ANk R T
InEmEIE 24k b, AR TR & B 486 B

2.6 HEEALasMalEHaEEE

2.6.1 /R %E G LasMalE £ %13 &5 04 HEAM
# R IR E B PCR Y o, ACT56611.1 7EHR
HREAKFRECEIKHD . FK, E &5
ACT56611.1 34T [ — 3 Hr. ACT56611.1 [1)7F

JBE BEAE A 1122 bp, B 1AM T, TN & T, 7] 4
373 N AR . —REE TN A 15T iR
(MWD A 4.4 ku, B 55 L 11 (pD 4 9.02; A E 1R
HADRN41.32, )& TAREEH SRk N 0.632, )8
ToaKMEER.

ACT56611.1 — R &5 2 o i ie , ok
FUG (e B3 M (BT S) .

200 250 300 350

FHRFRA A5 Amino acid site

0 50 100 150
o IRTiE
o helix
BHfa
f-bend
0 50 100 150

JeHN 5 # Random coil

JE{H4%E Extened strand

200 250 300 350

RIERAL 55 Amino acid site
5 Las MalE R R 4547

Fig. 5

Secondary structure prediction of Las MalE






