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The Bioinformatics Analysis of Putative Tricarboxylic Acid
Cycle-Related Proteins in Magnaporthe oryzae

SHI Lei', LUO Qiong', WANG Jianhua', Y1 Yujiao', ZHENG Wenhui', ZHOU Jie',

LI Guangpu?

(1. The functional genomics center, Fujian Agriculture and Forestry University, Fujian Fuzhou,
350002;
2. University of Oklahoma Health Science Center)

Abstract: Tricarboxylic acid cycle is hub material and energy metabolism and plays an important
function in the life activities of aerobic organisms. However, the TCA cycle-related proteins in the
plant pathogenic fungi, Magnaporthe oryzae, have not yet been identified and studied for their
functions. In this study, we identified 18 putative TCA cycle-related proteins in M.oryzae by using
17 Saccharomyces cerevisiae proteins through BLAST search. The corresponding homologous
protein contains the same functional domains in S. cerevisiae and M.oryzae,, the key proteins of
TCA cycle in M. oryzae have the closest evolutionary relationship with Fusarium graminearum,
Neurospora crassa and Aspergillus nidulans.by phylogenetic analysis. Based on the above results
the TCA cycle metabolic network is drawn providing reference for further system analysis of rice
blast fungus TCA cycle. In addition, all genes in TCA cycle expressed between appressorium and
hyphal different stages, but there is obvious difference among genes.
Key words: Magnaporthe oryza, Tricarboxylic acid cycle, Bioinformatics, Citrate synthase,
Isocitrate dehydrogenase, a-ketoglutarate dehydrogenase
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. MR IERR) PR SE RS, R A A R AL, A A & R A AR
WAL AT A R e

H G0 T 15 | 2 10 R ot SRR 2 s T2, s T 40 A - g e S 110
(F2 3] BB, R NTE 2, P B R 1 A B 68 2R AR AR T 0 2B 90 1 OBl L R i
JOTRE I A A e As B A B F ST e I 1k A WA T Y B AL 2 TR R 1 Mfpl (57T,
S I 107 EA BAR AN 32 LA e B IO RO R, 8 S8 AR (R R 0w v AR, 2 ik g TR 1 B 4
1Ll Echl Bh2k)E, MR RRD, HAGR AR DTIR™, Fomms s s o Aty
FISEHEIN AGLL M GPHL [ 2 58 A AR v Bl JsUA 52 B M, S B R siom vk s ik
Ak, AR LB R I Pth2. Cratl JEid 520 L1k CoA £EAN I H%%iz, Mimn 52 fig i AR
ERIRE 2R S5 A, AR I S (O R RO, e PR AR EUR M kB0, i
Tk- IR TR BB A A ] 1 MOCRCL R 2K )i B A6 OB I B AR, AR 4 BT 22 I AR KT B i, 00
Ptz 000 Ry UL, AR R R R A, R R A B O R BE A R R0 A
I AT (10452 G S B0t A 2L

SR, ANERLR RTINS A ALY AR TP IR DT RR IR 28 AL Kl R K A, a2 TR Bk
3 L CoA (1) iz # BB Bl () B 1R 52 i 41 B PN 1) — R RGN LR, DRI AT T4 TCA 7
PRAH O HR O FB 0 b S IR R B OB B E A . T TCA JEFAAH & I AE ARSI i
PR AL S BEIE AR RGN ST IR, AR SCRIH ZEWAE B 51, R R R 1) TCA
PEIAA B AT T e Ao, ARt DWE9E TCA A AE R0 v A2 BRI Eom IR Hh 1
VIResaE T A

1

11 TEERE TCA R EXERRERFFIHRE

M FERR A AL PR B8 72 Chttp://pathway.yeastgenome.org/) 14k HE BRI % F TCA i HR
P A OCE o K IR R ISR DR S OB R EGRE JE (http:/lwww.yeastgenome.org/) AT
KR AF TCA TSGR A &N AL 741, dEmife BLASTP vs. fungi H ik
Magnaporthe oryzae Chttp://www.yeastgenome.org/cgi-bin/blast-fungal.pl?name=YPR001W&su
ffix=prot )IizfT WU-BLAST 75 2 R50 gi 7 [RIJREE R A5 8% Score(bits)>50 H. E-Value
<e® (K3 DRV g M A DR o A il 2 0% 48 30 DR 2 15 D LA PR RIS I B (K [ PR R, o sk 34
(R 3% 5 XK % NCBI HomoloGene  Chttp://www.ncbi.nlm.nih.gov/homologene/) %3 ek %
S.cerevisiae 15 21| T AT 1% 126 J R 70 R 9 Bk v 1 [R50 DR, A28 4 v Ao ol b 2 TCA
TEIAAH O HR H iz BE AT

1.2 EAEAREEST

A 03K 79 10 0% 2 N (0 S JE 1R 2 31, R 7 28 20 W 3 #F ExPASy  ProtParam!™
Chttp://web.expasy.org/protparam/) T H. 43 #fr H B4 PET; FIFH CBS Tk 454 (CBS
Prediction Servers) (] TMHMM Server v.2.08 Chttp://www.cbs.dtu.dk/servicess TMHMM-2.0
/) . SignalP 4.1 Server™! Chttp://www.cbs.dtu.dk/services/SignalP/) FI TargetP1.1Server™
Chttp://www.cbs.dtu.dk/services/TargetP/) 43 Jll B 16 3L DA (1) 5 S 45 My . {5 5 IR a1 0
A B 58 AL HEAT FRIAN A3 A s ISR MitoProt Chttp://ihg.gsf.de/ihg/mitoprot.html) i fig ik
PR A 2R AR5 Bt AT Tt o)




85

90

95

100

105

110

115

m“&i&iﬁﬁ http://www.paper.edu.cn

1.3 TCAEFHAHIE B BT

FI AT 26 88 1 25 K34 2 SMARTE®! Chittp://smart.embl-heidelberg.de/) i R 7 BF
FOFEIG I B A (1) TCA DR AH G B AT G A 3o B, BE— 2D o0 W &5 SR 42 il ke TCA PR ¢
B 45 S A

14 TCA B REREHI R FERM T

A B BB b TCA TEIROCEE I (M 2 R 7741, 76 NCBI W 43154 Homo sapiens (&
A)FT Mus musculus (5 f): fli%): Arabidopsis thaliana (% 7%) #1 Oryza sativa japonica(7k
FE)FIEL B : Aspergillus nidulans (Fy#LHh#) . Candida albicans (15 &ZkE) « Fusarium
graminearum CRZAHEJIE) . Neurospora crassa CHUKEk#15E) . Magnaporthe oryzae (f#
JELJ 1) M Saccharomyces cerevisiae (BRIPIE%EE) 25 5 TCA MBFR S HEME 1 LR Y51 )2
NCBI 535 . AWFFTH ClustalX2 #AFiEATZ P oItbxt, RITEVAZSEUA: 1 aln S5 H
MEGAG6 # A E ALK meg S, F 148232 (Neighbor-Joining method) iz 4T Bootstrap method
HEAT 1000 (RE S HFERT I 00T, MR RG K EH .

1.5 HREREEMMT
FESLI T TCA B EMAEE SE DR B 22 B B GROVR T CM 5355601 MM RE3235) I35 %
BB B e DR 2 A R BCHE R U T RS ML M A St % kB B R

(http://cogeme.ex.ac.uk/supersage/) 7,

2 &R

2.1 BREBRNTSERE TS5 TCA BIREA RTINS

AT R BERE 17 A TCA fEHMAHCE Ak AR B B Bds 2, 5
Przybyla-Zawislak B " $2 ft45 5iAH—30 (K 1A) . Hrh 2 CoA FIELEE 2R & kiR
A (CITL. CIT3) A BATERR, M kIRE (ACOl. ACO2) FiTig M1 A e ky
B, SFBMRBEN (IDH1. IDH2) 7 NAD'fE7E MK S B a b IR a -l — 8
JF774 NADH 1 CO,; 7£ CoA Fil NAD'f74E T, a -Hi% —Mtka -Hil )k M AR E A 14

(KGD1. KGD2 I LPD1) %Lt EIEHIME CoA [FIf=4=—4 NADH HI CO,; HEIIME
CoA IS HIMEAHNE A & il (LSCL. LSC2)O AL A ik HIR , £ DRI IR I A &2 4 14 (SDH1.,
SDH2. SDH3 1 SDH4) b A MAEHZR TR, FHoks v BINPIRRE: 1 R IR LR
(FUML) MEALRE S, FRRIENE (MDHL) BEMS T T35 B A i 2R3 it
—H TCATEHIED . (B 1A)

IR RIS 773, AERGAETE R T 3Rk AT 46 MR B e . T SERAE R A1 A
AIRPENE, MIERSE R, ZRRES TR S, BER 32 AMEIE R . JFHEX
SLELIKE S.cerevisiae THIFVEIED (£ 1) o g5 R RIS LT 15 BRI A
IR AR 2 5 TCA JRFRRIYEIER, Bk SDH3 Fil SHD4 41, FiA1 1) Score(bits)fH
PIKT 300, E-Value /T €%, ixsbsh 3 W7 R i R RE S 2215 TCA FR3RIAR
REARAE RS N 32 MEIEFEF T, 28k 8 ANEEREFIJEEE - TCA FHOCHE
(MGG_04842. MGG_01553. MGG_01566. MGG_05223. MGG_09878. MGG_12749.
MGG_03619. MGG_08835) LA A ArmebErp A [l 5EK H Score(bits){E 1K T+ 100, E-Value
KT e 4 Mgk iR (MGG_09814. MGG_09813. MGG_06719. MGG_10453) . #J
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120 PfE 20 MR TCA AHOCKEN, s 17 ANEERE TCA R FYE AL AT 3 A
(MGG_06547. MGG_04449. MGG_15167) 7ERERER A [RYEIE R LA

T MGG_06547. MGG_04449 H1 MGG_15167 & PXI 2w it (1) 28 KL 1 FE 41 £ 1% BFKCH
JE A AT R B o ot 25 5 4 7 G R 23 g v 1 TR YR £ 4 il D LY S12(homoisocitrate
dehydrogenase) . KGD2 #1 LSC1, H.E value ¥4, Identities 34 T 30%. % W] MGG_04449

125  Fl MGG_15167 n] fedm it B 1) [R5 4 1 KGD2 Al LSC1 25 R i i 1) TCA A .

1. BETE TCA FE A [R5 Ll 25 21
Table 1. The results of yeast TCA homologue BLAST

No. S.cerevisiae M.oryzae Description Score(bits)  E value Identities S.cerevisiae
homologene

1 CIT1 MGG_07202 citrate synthase 526.4 1.20E-152 64% CIT1
2 MGG_02617 2-methylcitrate synthase 408.8 3.00E-117 49% CIT3
3 CIT3 MGG_02617 2-methyIcitrate synthase 423.3 1.40E-121 50% CIT3
4 MGG_07202 citrate synthase 291.6 5.90E-82 50% CIT1
5 ACO1 MGG_03521 aconitate hydratase 1029.8 3.60E-304 70% ACO1
6 MGG_08584 aconitate hydratase 676.4 8.90E-198 51% ACO2
7 MGG_04842 Homoaconitase 135.3 4.80E-32 26% LYS4
8 MGG_01553 3-isopropylmalate dehydratase 59.3 4.90E-24 23% LEU1
9 MGG_09814 3-isopropylmalate dehydratase large subunit 2 89.2 3.80E-21 25%

10 ACO2 MGG_08584 aconitate hydratase 807.7 2.60E-237 58% Aco2
11 MGG_03521 aconitate hydratase 709.8 7.60E-208 52% Acol
12 MGG_04842 homoaconitase 140.2 1.80E-33 27% LYS4
13 MGG_01553 3-isopropylmalate dehydratase 72.6 2.20E-25 23% LEU1
14 MGG_09814 3-isopropylmalate dehydratase large subunit 2 87.1 9.30E-23 24%

15 IDH1 MGG_01995 isocitrate dehydrogenase subunit 1 364.8 5.40E-104 54% IDH1
16 MGG_01712 isocitrate dehydrogenase subunit 2 247.2 1.30E-68 41% IDH2
17 MGG_06547 tartrate dehydrogenase/decarboxylase ttuC 115.6 5.70E-29 27%

18 MGG_01566 homoisocitrate dehydrogenase 95.2 7.90E-23 29% LYS12
19 MGG_09813 3-isopropylmalate dehydrogenase 75.5 1.40E-14 25%

20 MGG_05223 3-isopropylmalate dehydrogenase 72.3 1.60E-13 26% LEU2
21 IDH2 MGG_01712 isocitrate dehydrogenase subunit 2 376.1 2.20E-107 59% IDH2
22 MGG_01995 isocitrate dehydrogenase subunit 1 255.3 4.80E-71 43% IDH1
23 MGG_06547 tartrate dehydrogenase/decarboxylase ttuC 124 1.60E-31 32%

24 MGG_01566 homoisocitrate dehydrogenase 105.7 5.30E-26 33% LYS12
25 MGG_05223 3-isopropylmalate dehydrogenase 92.7 8.10E-26 32% LEU2
26 MGG_09813 3-isopropylmalate dehydrogenase 85.3 4.10E-18 30%

27 KGD1 MGG_12767 2-oxoglutarate dehydrogenase 1190.7 0.00E+00 63% KGD1
28 KGD2 MGG_03149  dihydrolipoyllysine-residue succinyltransferase 318 2.20E-115 70% KGD2
29 MGG_09878 dihydrolipoyllysine-residue acetyltransferase 102.9 9 40E-29 51% LAT1

component-pyruvate dehydrogenase complex
30 MGG_04449 branched-chain alpha-keto acid lipoamide 1005 1.90E-26 8%
acyltransferase

31 LPD1 MGG_17072 dihydrolipoyl dehydrogenase 531.7 6.60E-154 61% LPD1
32 MGG_12749 glutathione reductase 167.7 1.20E-44 26% GLR1
33 LSC1 MGG_05480 succinyl-CoA ligase subunit alpha 305.3 4.30E-86 57% LSC1
34 MGG_15167 succinyl-CoA ligase subunit alpha 212.4 4.10E-58 39%
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succinyl-CoA ligase subunit beta
succinyl-CoA ligase subunit alpha
hypothetical protein
fumarate reductase
hypothetical protein
succinate dehydrogenase cytochrome B subunit
hypothetical protein
fumarate hydratase
malate dehydrogenase

78.3
403.5
81.8
864.3
55
343
51.2
76.9
578.8
380.3

2.60E-15
1.20E-115
1.30E-15
2.30E-254
4.10E-14
2.00E-97
1.40E-09
2.60E-17
2.00E-168
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2.2 BRI TCA EFMR LR B EEAME B

B AR TR B T8 2 AT B N 22— 43 B B BRI T LAk B T
WAL R E ) S5 . Tl ProtParam X415 52 1) 20 ARG B TCA e (& 3k
B P I B A F S PLL 0 00 R HLfr AR R 2 (Asp + Glu) « IEHLff Ak 4 (Arg
+Lys) « - T-345% K 1 (Grand average of hydropathicity, GRAVY). & i& 25317 704 (% 2) .
R R IL: MGG_04876 F1 MGG_00666 5 71 FiLfirf (1) 28 JE IR % T ARG, A4 3.80% (7/184)
1 4.68% (8/171) , LAt 1 rr (BROE AT ) SRR IEIX — LU 3E AT 9%-13% 2
6], HILFRS S 5 5 IA 10.96 A1 10.35. 4h MGG_12767. MGG_03149. MGG_04449.
MGG_15167. MGG_00167 F1 MGG_00666 Hl it e I R ¥, SAFEIRE.

2.3 TREJRE TCA fEMEEE BME Sk, Rz Ik & B8 A e A 43 A

Z 5 TCA TR0 (M AN MU AZ L R g, BRI P~ A B AR B 1 N i 7 20 20~80 A~
IR 232 PR NI M R 2 FE 2eobifk . DRk 2 (1 IR BE I 4 M. 55 k. 4Rk
B SRR 40 M (57 JEAT 20 A, AR Tk — 20 a0 A R e i B £ 2 5 2 1 TCA RER

IIHTRINIE 20 AMEIE SR (AT E T K, B MGG_06547 #Mt 19 AMsiE & (138w A T
pi A, A SRR IS IR = T 95% (MGG_06547 XA 2.62%) . £ W
MGG_06547 Efi T AN RiRSL, A5 TCA I, s gl Mgl i 2 1 2R
MGG_04876 %11 3 MEIEEHtE, MGG_00666 4ifith i)k [ B R H L C i AT w454
TEMER I IS5 (£ 2) , KB MGG_04876 FI1 MGG_00666 1] fig 11 k31 B 1 Jit S0t (1) 1.
FETENL TSR R P IE0FE TCA FIEER =25 (1) A 328 2 P

2.4 AR HETNAFRER S TCA I HRE B N E

TCA TEIMEN EAZ W HIIEANRGE S, ARDF AR —E IR, I TCA
A IAAH DG B 11 45 M AT 00, - R B R R 1 B oA 1. 1) [R5 B T AT L B 1
e USRI T TCA RIAAH SR (IR o bt = ANE BRI e R v A 4% 21 [R5 8 11 1)
MGG_06547.MGG_04449 F1 MGG_15167 431 & I.: MGG_06547 H.A7 F1 IDH2 Al [F]¥] 1so_dh
SERYIE, MGG_04449 A H KGD2 15 f#) Biotin_lipoyl £ 2-oxoacid_dh Z5#3ek;  BR% R
LSC1 HA—> CoA-binding £ f3sfl1—> Ligase_CoA Zi4tk, {ERHIEIN 1A+ MGG_05480
Al MGG_15167 #RHAMIFIIZEAEL, H MGG_15167 HFA™ Ligase_CoA £5iik. W
MGG_04449 25 TCA 13, MGG_15167 {E A EREF R LSCL 15— M5 1S5 TCA
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(B2
R 2: TR A TCA ML & 1 I AELe 7
Table 2. M.oryzae in the TCA cycle on-line analysis of candidate genes
No. M.oryzae aa ol Mw ) . GRAVY In_stabilit Sign_al Transme LO(_:aIi MitOf:hondriaI
y index peptide  mbrane  zation transit peptide
1 MGG_07202 CIT1 472 886 521858 51 57 -0.244 30.57 no no M 0.9864
2 MGG_02617 CIT3 477 9.14 523068 47 55 -0.257 31.34 no no 0.9977
3 MGG_03521 ACOl1 784 6,57 850733 92 88 -0.36 35.4 no no M 0.9938
4 MGG_08584 ACO2 801 573 859985 88 76 -0.238 31.3 no no M 0.9996
5 MGG_01995 IDH1 386 9.09 420442 40 48 -0.199 35.72 no no M 0.9857
6 MGG_01712 IDH2 385 7.67 413736 44 45 -0.028 39.1 no no M 0.9953
7 MGG_06547 LYS12 360 547 392046 46 38 -0.124 26.46 no no - 0.0262
8 MGG_12767 KGD1 1008 6.53 114183 127 118 -0.524 41.04 no no M 0.9998
9 MGG_03149 KGD2 421 842 465585 60 62 -0.422 54.01 no no M 0.9913
10 MGG_04449 KGD2 523 896 564511 55 62 -0.156 44.13 no no M 0.9986
11  MGG_17072 LPD1 508 6.93 541519 58 57 -0.151 35.36 no no M 0.9957
12 MGG_05480 LSC1 333 9.04 344674 26 31 0.036 39.82 no no M 0.9647
13 MGG_15167 LSC1 733 6.89 780215 82 80 -0.15 41.02 no no M 0.9592
14  MGG_16230 LSC2 446 567 484103 59 62 -0.145 38.02 no no M 0.992
15 MGG_00168 SDH1 646 6.35 704863 76 69 -0.348 36.44 no no M 0.9992
16 MGG_00167 SDH2 274 9.18 313051 29 42 -0.479 66.62 no no M 0.9666
17  MGG_04876 SDH3 184 10.96 201554 18 0.205 33.56 no yes M 0.9954
18 MGG_00666 SDH4 171 10.35 18499.5 16 0.081 57.37 no no M 0.9895
19 MGG_17962 FUM1 546 8.38 588183 54 57 -0.177 36.1 no no M 0.9974
20 MGG_09367 MDH1 336 826 351913 35 37 -0.008 33.26 no no M 0.9723

e Pl BRAEHLT, Mw: 70 TR - FUR iR B2 (Asp + Glu) 5 +: IEHLATIRIE S (Arg + Lys) ;

GRAVY:: Grand average of hydropathicity, & -T-¥J37KE; Instability index: ANEe e 1 F 4k, REOH S A TR E

g LR, B AAE Bai 0B 100712 AER I B2 RE 17 4> TCA RIRAH G A b Xtk 315
I B 20 IR R A THAE LR A0S BV2F 70 I R HER: T MGG _06547 fl MGG_06547,
A e TR B T 18 > TCA TR MR, Hirt, LSC1 B[R 7E Rl B b A7 AE P N

160
M: Mitochondrion, Z&fi{4.
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