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55579 W9
AT 1
oiZto 2 HE  E¥ vulolmute PR oMy olF  FEtEWEEAA (Mycobacterium  avium  subsp.

Paratuberculosis)dlAl Falstm, FEAH Ho Eojzxozm wresE= 39U, LprG (Probable conserve
lipoprotein LprG) & T4¥ AEZAH kg npA.

l

AT 2

ri
(o

A1 &el oA, A7 = It =R Y FEE mfol 2t PR olH]R ofF FEFHERA|ZA frHs)
I A2 Ao Eolom Uk ddel, FbpCl (Fibronectin binding protein C1), FadBl (Fatty
oxidation protein B1), Gap (Glyceraldehyde 3-phosphate dehydrogenase), Tpi (Triosephosphate
isomerase), Tal (Transaldorase), aconitate hydratase, Arg] (Arginine biosynthesis bifunctional
protein), FbpB (Fibronectin binding protein B), HisG (Histidine synthesis protein G), Wag31 (Conserved
hypothetical protein), Mdh (Malate dehydrogenase), LppZ (Putative lipoprotein), FecB (Probable Felll-
dicitrate-binding periplasmic lipoprotein), GabD2 (Putative succinate-semialdehyde dehydrogenase
[NADP+] dependant protein) " superoxide dismutase & FAE wollA AEx= sl o]de] P& F7I=
E3}sto] o] FojA= ZQl whA.

A7% 3

A1 Ee A2 g vAE XskE e SR e AW ATE 2A4E
A3 4

A1 Ees A2 P uAE 2sE S 5H0RE e AR I VE

2oy Aqfst AEXE g upAC @k JoR By FAHORZE QoK E FEd wlolmube g
% opH]e o} HEEMFEA| A (Mycobacterium avium subsp. Paratuberculosis)® 3o =2x, IFE2XH I
2pe] Ao EolHo g WL FENY g 3o 73k Ao},
/I A
AN (M. tuberculosis)® Y (M. leprae)S £33 W AA wlo]zube|glo} (mycobacteria)e AHLS 3
AAAE QIF2 BAS Afste dxdel AldAd Ay, FH2odes vZds] skt (Nl 23k g4 slo]
07}&0;541 ulo] Zete|Eofel] oJg 7AAAZ] Yk FoAdo] vAl B4 vt BYA ulo|mutE| Eol=
d,
=
(e}

x
o

]
2 fAke A, A, fast 54, e 54 5 23 doa delgov 3

Gste] P2t WS uE Ay dhelaEelols el ojEn A
A

ox |

)

o2 M o B e
o ot H 12 rE‘:

Hodo] "ol Al AA g Hst AWS {§Ig. FHE delz 3zt FUF, ARE ulo]# e
A, Z7)ola, AXXE, T2 "AY9A Ao F7tol oste] 7|Ee Mg AHEe] ABAAHAY 7133
< B3 9= losis

AzZrs AWS §A7|T k. WYA ulolmutg g otz M 238 AL M. tubercu
complex ©]™ o= M. avium complexel] &3 #H A3t S717F A MAIFCRE BuEa lom WHoo = o
emerging pathogen® & T+ 3} T},

=)

vlo]lZube|E] g op¥]e o} FEFEWE2FZ AL (Mycobacterium avium subsp. paratuberculosis, ©]3} M.
paratuberculosis)v FH FHA WAZARFTH AA= 7 S8 M. avium, FulolA] At thgo R I
S =3 = M. intracellulare®} 2 Fo| &3l doltk. M. paratuberculosist 4, &, €4, A&
59 SEAM wfolEAH AFoz EAIE 2ull (Johne's disease)S FHAIZIH Al AEXH
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(Crohn's disease)#%= wjg- D3HAl A#EUTHE Hirb 2000 o] AR=E F4HoE HiuFi Ut
M.paratuberculosis7b Abgtoll A Qg8 M-S FEAIL = Aok A8 Aol fFAES Wy A4
Zo] E7bssitte Hom A vmoAE 2 o] food safetyE HF3HE emerging pathogen® =2 Fi& Wil
Aom o Altel ofF S FAdcHl Be B4 AdE FASL . odE Eo] 2000k o] %
paratuberculosisZ} I EXA W] QA2 Bz AA 20023 FE 20053 F<¢F oF 6009 Holgt= =g Z}u S
Fapste] B oAu o] zlojo] =S y]&ola vt HAcE FOBZHE acid-fast staining bacilliZ} T2 F
W M. tuberculosis W& M. hovisel oJg & Aoz Awsiglont ABMH S A s W
2 g g2va deA don, Hoe dEdAE A2AH e AJAEA M. paratuberculomsﬂ F23H
T E A Qe Aot

O

ARAYE TFHE R/ AAARD 28] o FfdME deojd g Qe Aol FE 3] Uy
ool MW WAt ABAWL MY S FHS SR v 23] A T dAY 8o FE 15-
30419 of®l Aol A gstar, ofHzbA] AdAG A sl el e Zlo] glar I S7de] vEhd
F-MNF-a, SERO|=7] oF= 5 WAAAAES AHEAT.  S7bel weh FHE&2 g2y vjsea= 75088 1
g, Aol 5008 1Mo] ABAWE da Aok Bark glon HT el R B Awe] Flehs
FA vk A= ArpEgAgen dAEdoy Hr FAH 29l Sl AbgtelM mAEsHA ]l
triggeringoll o3 Ao o] oiAlelrt. ABA W Aol e &R A ~9doz= (DRDISY
q Zddol7l 714 AFEoe] 9o HoE IL23rT ATGI6L1S] EAWold] tigt ®urt Jdrh. &A=
ol A Al AR ofye} vE v A Aol ARE wwlel We, ety Su
o 4= M. paratuberculosisel oJaiM EmolM EWH= WIS AT LuWH 7P FAbstts Aol

G Ht.

H A7 &S w2 Alge] g2 W3 A#ste] Leprosy, tuberuculosis, paratuberculosisb
A S HlaLete] mycobacteriaZt AEA WO AQNARA zt= olofoh, Al ARA WY v At
AE T, ABEAHY FAAQD YJAEA M. paratuberculosis?t ZteE FFERAY 984 19, in situ

hybridization®S o] &3l TAEXH] Z&A AlFozHE M. paratuberculosis® &7 &, M.
paratuberculosis® ¢l p359} p36 @l dS o] &3lo] Atgtel AN e Aty A T B A
7b AT, 1yy B2 AFdE ESEAL M. paratuberculosis® AEA H ] OJO]Xﬂ FAlskA] ek
o] M. paratuberculosisell thgh A= @ Aleke] Ql7] wjitolrt. &, o] WAV S22 =g A A=

HE2 7

EA (8-10F) I} AlgellA B9 WA= T8 AEHo] Aoy AR 4317 ujid Trﬂx}
A ab #A AA S wdshE A EE oy Atk AATIA AEA A E#E M. paratuberculosis¥
gl dA e st A= A AAFgo|mz o=z o]est AF7 Algs AAFoln,
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A7y o wiEE7] wiEo] M.paratuberculosisoll ¥ 2 AH Ho]
9 oofuet, e YR oRFEH A& FE £l 5o7tkal glof =5

o Fito]l S glow HT A AREO] w8 B A WA Edro]l wolxlel uwet
emerging pathogen®] &hitell dist 927} Az, ©|u] M. paratuberculosis®] ¥8A4

g ®ivh HAoew HIT vmeAE 2 Alds AES wWAR Ay AdE & e 8% emerging
pathogen® & 183FTE. SHAIRE QoA = AF oAl gt Sy d4te ATg

I #HE AFE AG7HA F HE Bad A gt aEE 7R oR IR aAEe] Alo] SHAAE
A&} M. paratuberculosis®] TAIE A3t ool dasit},
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FA7A A=A e B A 2 dHshe g

of glth. sAw AEA

AT Eold g tisA
._O‘ (e}
paratuberculosis?} 74 F4&5 Wi i),

= X
LA ZH ol A o‘j;j!-zﬂ% ).

olo] B Wiz 32Xy A F# M. paratuberculosis$be]l Az #A
S o

W A& Bt fAbsk HEs
zk3l Q= tgst xle] I AL M. paratubercuIOSISJ -rﬂlf?} o4& x

A
2DE-immunoblot #4

%
oA

w3, gHsHgo = N
o] o] 8= 4 Ql= HFolFQl " S FHsle] 2 WS 5]l ol 2R
gy o] g
sl = A
. paratuberculosis®}e] @A st #A HA4S Falo] FE2XNH A8y

M
=
Agkel o]gd = = Sol4d duds Agstaat vk,

w W AN Aok Abe A+l M. paratuberculosisebe] dASHA wAl E4 & Fote] A2 9
3H4] kel o8 4 SlE HeolAQl wude] #d Aot

Boulkm e mlo] mube R ofH|% o}F weFEuFREAA (Mycobacterium avium subsp. Paratuberculosis)olA]
e dYozA, AZANH 3xte] Ao BolHo Whgdle RS EHOR s ABANH dHEH A
o
[e]

)

A A= A7) 3YE FbpCl (Fibronectin binding protein C1), FadBl (Fatty oxidation protein Bl),
PhoS2-2 (Periplasmic phosphate-binding lipoprotein 2-2), EchA9 (Enoyl-CoA hydratase 9), LprG (Probable
conserve lipoprotein LprG), Gap (Glyceraldehyde 3-phosphate dehydrogenase), Tpi (Triosephosphate
isomerase), Tal (Transaldorase), aconitate hydratase, TrpC (Indole-3-glycerol-phosphate synthase),
Arg] (Arginine biosynthesis bifunctional protein), FbpB (Fibronectin binding protein B), HisG
(Histidine synthesis protein G), Wag31(Conserved hypothetical protein), Mdh (Malate dehydrogenase),
LppZ (Putative lipoprotein), FecB (Probable Felll-dicitrate-binding periplasmic lipoprotein), GabD2

(Putative succinate-semialdehyde dehydrogenase [NADP+] dependant protein) & superoxide dismutase oI
A AdeE 5 o,
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, # (Crohn's disease)"& THAl Aol a1
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A wel A7, el AFel dFom eA gel AAY A
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& . HRiEEE ble] ¥ A Fo] dow, WFEEs oiAdtyw JivHE, FAHY, FA

obAl Fol k. mASiAtEE FERO|E w5, FAE dYx Fo] la dEs ExRe 24, FHE #st

&, ol =Al, Fs=, Ti o2, Cs o], Hov=, 14-WlxF=, dfo]l=zd= Fo] dnk. WA 59
3 14, 32 35 36 51 57 58 59 9, 125 131 186

azze= g e T s Pen, Yor, o, Yo, TFe, Y, L P MRe Bo] 9k, Ey A eAd

= = T 9 HYAEE Fol7] Y8, AR @A e XA FA
theket WS ol gt nAgstE JElE AT 5 AtH(4ntibodies: A Labotory Manual, Harlow & Lane;
d SpringHarbor, 1988). A3l GA T AA| A9 dE+= o/~ AER= YERAEZZ UAE
Aot Matzz, gxg, JIEAE Ag2x= Foladoin =, ZxHd, wEHY, A, ol
A, Febad 295, EoaE FH, 78, SEoiul-vd Hid-dHE2-THi FFFA, o=t FFF

A, ded-gst FFEA, A2, A, T F({flat packs) T o XFHET. 1 99 gE 1A J|HAEE

—m

AE g Felol=, ELISA Felol=, Fu 2 Zejny o] qlvh. 4] AXAE Pele) bsw A, oS
Sol 3P(HE), YEFNPH E= L Yu), FUAIE, A 22 M 5 9l
whebA vk s Ay 284y AWs 2AEe ARs = gem AT 5

ggeol g
2718 wpel o] B oo g 2AHS gAstHow Aghek &=
2DE-immunoblot @} LC-ESI-MS 7] o

i) M. paratuberculosis® ¥
01}:_

2 BgSlA ek AEM BAel
e W, Gow oled Fde ARAWS AP A

tlo

ol

_O‘L
et o

2 M. paratuberculosis®] UCF A #2]5 2 A& 59 #FuIYS o &3 /Md dAeS ehd
Aoltk, &, UC: ulcerative colitis(HNF¥A add 2Ab), CD: crohn's disease (AERAHW 3kAx}), TB:
tubercle bacillus (Ad 32HE YERAY.

o, S/P=(0D sample—OD negative control)/(Mean OD positive control — Mean OD negative control)

2% M. paratuberculosis®] UCF Alsh &9 #ujgtdS FE2AW $xte] F3 2 2DE-immunoblotd Az}
ojth, Al fE ot whgote weld ~3ks & E30M i A8 identificationdAT}.

Y

o
ol
ol
£

= 3 & Ao AW #x} (UCF-4, UCF-5)¢} SE2] Johne's disease (B236, B238) 7NAlellA E&E M.
paratuberuclosis®] #H|EUS Aoz Algte] FERXNWY AL 1 YA7}t Eald el FHH(n=3)o=H
B Solxo g w$&= FAE 2D-immunoblot &2 B&Jdlo] | &R ff}%‘)ﬂ 25k oka A e 3
o7t ¥-$-5h= A8 2DE-immunoblot ¥ LC-ESI-NS 71H-S E3fo] o] ®23 Aoy, =d = A
-2 M. paratuberculosis®] ®H|3o|A A3 & 8/1¢] Eo]Z<¢l M. paratuberculosis Y& ﬁ’\]{ Ao

rr
‘

=

[ M
l
o

=

E 4 = gAY 3?1-1}01]*1 2al¥ M. paratuberculosis®] UCF-4 @59 a(EHE) T h(MEFY)E o] &5t
AZAY 9 J (M. paratuberculosis’} #2]¥ &=}, n=10)2 poolingdte] A IgGol] Eojx o=z ks
Sl whlA s E/\]?ﬂ' Zo|tt

Aob, e A sloke] T A ARt b, ) AAAEE B e e dow
wge] gol AAel s e AL ohr,
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<HA 1> JiAE A w3} JAgdde 22

1-1: EH[3tgle] FH]

A7 Aol A TG vholmuteelgel BHY Aol Folde 2 i wuAe Fr Pugy
sol Bl gL FHE F 7 @

oA AU, ol5 o R Al FEAIA fE M. paratuberculosis?)
7te] A& o] &3ato] ELISAE AA

E1gAde Cho D et al. (Cho D, Sung N, Collins MT. Identification of proteins of potential diagnostic
value for bovine paratubercu1051s Proteomics. 2006, 6(21):5785-5794)¢] A ¥ WHoz ZH|53T. ¢
o Al ZEo A FElE M. paratuberculosisS Mycobatin JE X318 modifide Watson-Reid (WR)®=)=] ol
A 715, dalREste] (30,000 x g, 10 &) WFHE AATH DL wFNE 0.2 m A7]e] HEE FHAA
%, Centricon Plus 80 (&A+& > 5kDa)S AME3le] FFH3IAch. HEH oz ik Eu|dU-210mM PBS (pH
6.8)0.2 FEAAZ &, w5 FHsl] FH|sgl).

1-2: A Rkge] AAHSL zto] #F

% 104 YErd nvle} o] M. paratuberculosis®] Tk 225 (FFF VS. UCF A E8F)9 &n)
S3to] A=Y, =X FASE AYAH B 4, mycobacteriume] HEAQ A AF, A7
%

°]

GHG o] g3 A2l A W& Aty FEo R 5ol weh vhFstAl vhebwtiet.

ol AN S AT R G| falA SolHl #F (A #5)9k ol o] Fasithe
Ag olujEim 2 ANeE aEAYel @Ystd A JEE ANshed $89 FU9S $HsE V1% AR
2 Z&Fdu

1-3: 2DE-immunoblot$ o] &3+ Al §-2] M. paratuberculsosis®] #H|3 Y £ Eo|z¢] 39 =z

2 WA 4o)A Kol mpel o] Alghe] I EAH 21} (UCF-4, UCF-5)¢} &&= vl (B236, B238) 7HA|
ol A #2l¥ M. paratuberuclosis®] ¥HIFUS THoR, T2 A AWl 34} fa A= wksshA &
L g7 Aol 1-200A4 AFIELISAZIHel A Abghe] = J]Hg 2 F e FAVLE JERA 320 A (n=

931%%aE?%ﬂ€2ﬂmmmMm93£%ﬁﬂﬁl =R gYoE wreER] ki Al

g dout vre-atE A S 2DE-immunoblot ZF LC-ESI-MS 7)1 & E38le] o]& 14519t

o
o
O A & 8/l Eo]A ¢l M. paratuberculosis Y-S A& M. paratuberculosis®] #v|EoA] FAHE
F AT (= 4 Fa), 49 7] e BA ¢ Ve s %9k 2.

#£ 1
Identified protein Molecular mass (kDa) |Possible function
ModD 45 Fibronectin attachment
Culture filtrate glycoprotein
MAP1018¢ 35 Enoyl-CoA hydroratase
PepA 32 Serin protease
MAP2950c 20 Hypothetical protein
Degl 8 Serine protease htrA-like protein
MAP1420 45 Hypothetical protein
SodA 21 Superoxide dismutase
MAP4056¢ 13 Hypothetical protein
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<AAe] 2> 2N EHFH DS % M. paratuberculosis FG7H] QAA &=

Ao A= = 4(A, B)elA vERG vie} o] &AW FA} T M. paratuberculosis7t HEEHAL A}
pooling A (n=10)3} Apo|A Ez]¥ M. paratuberuclosis® #u]39, ME 3% (cellular extract) &g
S o] &3l ABNH gt BolHoR Rigele ddS A=Y, HE:E FdS off) A [ LC-ESI-MS
7o R FAHSAI wiH 3ol AEAR FAS FIA JATEH TR 8% LS 2AET.

2 Ar]oo A ALgEE AY W
electrophoresis®} LC-ESI-MS 71"

=3 2. HFHoR 7 xHe wEr REopxl weld AMES 2D
A 8kd .

%)
e

He o
o7 ¥
Z}zbo]l AlE 200 ug (IPG stripe] 7 cmd 745 400 ug (IPG stripe] 11 cm & A9)S A3t WA N
<o}, 2% CHAPS, 80 mM DIT, 0.001% H 2R B3 0.2% B¥Eto]E(Biolyte, Bio-Rad)lel #H7}etaL, IPG
2E% (Bio-Rad)< pH 3-10, pH 4-7, pH 3.9-5.1, pH 4.7-5.9 ¥ S ztw 9o, =2 Zoj7} 7 em EE 11
em®l A& AREEFATE. Default cell &%7F 20CelH, 2EYT HAPAR{7F 50 pAe] A|=¥lS z-= PROTEAN
[EF cell (Bio-Rad)& AH&-3}3itt.

E r

5_
,E-:.
=

WA 218 ABEE AF3 EFo] (rehydration tray)ol 2Hale] 12-16A17F AFFAZ T, A8 A(salt)
e EES AAS] Y8te] 33 72 vlg] HA AF AlA|(electrode wick)E A= Yol &dEx,
Aol ~2EHS ga mulP 2dS FH3] dolE § 250 Vel A 303t #Jo] A& AAs .

g AA FA 2 AQol= 2417F Bk 250 VellAl 4000 VE HYS 28531 4000 VoA
20,000 VHr 5¢te] ZAANHRAZS AR, 11 ecnd A9-ol= 250 VellA] 8000 V=, 223 8000 VoAl 35,000
VIrset XAEE AAGISY. A0l B Foll= A5 QW ¥ AN T = 2ES WX 7] 93] 500 V

o Ahold stepg FAT}.

4@1
>
1m
> Tl
a
.
g
o,

[EF7F 8% %o stripe 2xF £33 A7A] -20CoA BASFF L, -20CA B Fold PG AEHS 2>
oA FHolm *E%i ool thulAlo] SpPSt ZA¥E F grE AEFS Wy gzl 1 [6 M $Hol, 0.375 M
|

Kol

S ¥ A
Tris-Cl (pH 8.8), 2% DTT (w/v), 2% SDS, 20% =elAE]el HaL 203+ RESAIZTh 13k whg 5, 39 &%
A [6 M S ] F, 0.375 M Tris-Cl (pH 8.8), 2.5% iodoacetamide (w/v), 2% SDS, 20% =M =]el] EiL 20
b 22k WESS A7l &, SR8 "ol © ~ER Y=(anode) S SDS-PAGE o] dZ o2 (markerdd) 7}
52 ek, 15% 5% Z@olaHolutol= Al(polyacrylamide gel) = 10-20% %9 A (Bio-

Rad)& Abg3dte]d #7195 1, AL Coomassie brilliant blue R250 (Bio—Rad)e® <M Z . 30%
methanol ¥} 10% glacial acetic acid®] gHo =z GAs T},

i
<L}

olr

2-DEZ 83 fostA s7le s iz 23 (spot)2 LC-ESI-MS 48 &8 AR, 4%
7] 3% 20 YERd wie} g,

at)

i)

}_

Kol
T

E wild A3 F (CF(culture filtrate)ol A 1371
23nke] AT IgGoll Eold o= wbg3F3aL, IgA-

Aoy, 40709 2AME wlE A~ F 33709 wwlAo] LC-ESI-MS (liquid chromatography—-electrospray
ionization-mass spectrometry) -2jol &t Folx|Qirl. 33702 @] tjgh BLAST Aoz wuze] 7}
S 7S dSeelal, 1 % 14719] ORF(Open Reading Frame)©] hypothetical protein® @ IHtem | 3%
H gl 19789 ).
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AZNY 319 IgGol| EolFom WSl AVeGal M. paratuberculosis® 384 Ztk ul
Protein name spot # |M.W. predicted function
(Da)
MAP hypothetical protein 14, 27| 41100 hypothetical protein
0047¢
MAP FbpC1 19 30929 Putative esterase
0217 (Fibronectin binding
protein C1)
MAP hypothetical protein 38 36215 hypothetical protein (26-301
0494 WcaG-Nucleoside diphosphate sugar
epimerases)
MAP hypothetical protein 15 28618 hypothetical protein
0630c
MAP FadB1 28 76177 1-709 : multifunctional fatty acid
0790 (Fatty oxidation protein oxidation complex subunit alpha
B1)
MAP PhoS2-2 11, 12| 37211 50-358 : PstS -ABC type phosphate
0872 (Periplasmic transport system
phosphate-binding
lipoprotein 2-2)
MAP hypothetical protein 3 61155 hypothetical protein
0948
MAP EchA9 9 36852 7-350 : enoyl-CoA hydratase
1018¢ (Enoyl-CoA hydratase 9)
MAP LprG 20, 21| 24721 | DUF1396- This family consists of several
1138¢ (Probable conserve putative lipoproteins (unknown function)
lipoprotein LprG)
MAP Gap 29 36095 2-337 . Glyceraldehyde-3-phosphate
1164 (Glyceraldehyde 3-phosphate dehydrogenase/erythrose-4-phosphate
dehydrogenase) dehydrogenase
MAP Tpi 17, 18| 27545 Triosephosphate isomerase - the key
1166 | (Triosephosphate isomerase) enzymes of the glycolytic pathway
MAP Tal 7 40338 17-359 : Transaldolase-like proteins
1177¢ (Transaldorase) from plants and bacteria
MAP Aconitate hydratase 1 101546 | aconitate hydratase (82-379 : Aconitase
1210c A catalytic domain)
MAP TrpC 33 28125 45-258 : Indole-3-glycerol phosphate
1305 | (Indole-3-glycerol-phosphat synthase (IGRS); an enzyme in the
e synthase) trygtophan blpsynthetlc pathway,
catalyzing the ring closure reaction of
1-(o—carboxyphenylamino)-1-deoxyribulose
-5-phosphate (CdRP) to indole-3-
glycerol phosphate (IGP), accompanied by
the rel
MAP hypothetical protein 39 15437 hypothetical protein (6-143 : Usp:
1339 Universal stress protein family. Usp is
a small cytoplasmic bacterial protein
whose expression is enhanced when the
cell is exposed to stress agents
MAP Argl 22, 40929 38-404 : Ornithine acetyltransferase
1362 (Arginine biosynthesis 36, 37 (0OAT) family; also referred to as ArgJ
bifunctional protein)
MAP FbpB 5 34706 Fibronectin binding protein
1609¢ (Fibronectin binding
protein B)
MAP hypothetical protein 16 26333 hypothetical protein
1659
MAP hypothetical protein 24 15518 hypothetical protein (31-149 :
1718¢ DUF1942-Domain of unknown function,
beta-sandwich structure)
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MAP HisG 31 30541 | 48-207 : ATP phosphoribosyltransferase
1846¢ (Histidine synthesis
protein G)
MAP Wag31 40 28050 | 4-215 : Cell division initiation protein
1889c (Conserved hypothetical
protein)

MAP hypothetical protein 32 27294 | hypothetical protein (3-245 : Zn-ribbon
1981c¢ protein, possibly nucleic acid-binding)
MAP hypothetical protein 2 61155 hypothetical protein
2120c¢
MAP hypothetical protein 10 33671 hypothetical protein
2121c
MAP Mdh 13 34631 1-326 : malate dehydrogenase
2541c (Malate dehydrogenase)
MAP hypothetical protein 23, 19316 hypothetical protein
2770 25, 26
MAP LppZ 8 41254 39-400 : Glucose/sorbosone
3041 (Putative lipoprotein) dehydrogenases
MAP FecB 12 36983 | a protein involved in the transport of
3092 (Probable iron from ferric citrate in Escherichia

Felll-dicitrate-binding coli

periplasmic lipoprotein)
MAP hypothetical protein 34, 35| 30184 hypothetical protein (1-271 : short
3567 chain dehydrogenase,1-229 :
3-ketoacyl-(acyl-carrier-protein)
reductase)

MAP GabD2 4 49979 role of the formimg an alternative
3673c (Putat ive pathway from alpha—ketoglutarate to

succinate-semialdehyde succinate (in M.TB)

dehydrogenase)

MAP hypothetical protein 6 45659 hypothetical protein (2-402
3956 :dihydrolipoamide dehydrogenase)
MAP hypothetical protein 30 33645 hypothetical protein
4308¢
MAP Superoxide dismutase 20 23030 Superoxide dismutase
0187¢
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