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Abstract: Tuberculosis (TB), the second (after COVID-19) deadliest infectious killer, is
caused by Mycobacterium tuberculosis (MTB). COVID-19 pandemic has shown devastating
effect on the diagnosis and treatment of TB, posing a huge challenge to the ending of TB. Thus,
early diagnosis and treatment is still the key to prevention and control of TB spread. The
accurate diagnosis of TB depends on the specificity of MTB antigen and the specificity and
sensitivity of detection techniques. Therefore, it is urgent to develop highly specific antigens
and detection techniques. The advanced proteogenomics and mass spectrometry make it easy to
detect known or new MTB-specific antigens from clinical body fluids and tissue samples and
monitor the dynamic expression of antigen during treatment. Among 4 008 annotated genes of
MTB in NCBI (NC 000 962.3), more than 140 known genes have been listed as potential
antigens for TB diagnosis, while only a few annotated antigens have been used in the screening
and auxiliary diagnosis of TB, which are still far from the WHO diagnostic standards. In this
paper, we reviewed the reported antigens of MTB and the potential of screening specific
neoantigens based on proteogenomic technologies for better understanding them and
developing new efficient antigens.

Keywords: Mycobacterium
proteogenomics

tuberculosis, tuberculosis; diagnosis; antigens; serology;

gk % 4y B AT i 2 & 1K (Mycobacterium
tuberculosis complex, MTBC)/& S 2 sh ¥ fl A
451 9% (tuberculosis, TB)AYAH A, f04%
LER A BOFF I (M. tuberculosis, MTB) | AE M 43 4%
FFR(M. africanum) . V53 BFFBR(M. bovis) . 1
INGY BRI (M. microti) . R N 3 53 O TE
(M. canettii), W HATFHE (M. caprae). #%Y
7 B T (M. pinnipedii) . 8 Rl 53 BLFF TR
(M. suricattae) . 155Kk H (M. mungi) . Bi%5r
KA (M. dassie) F1¥ - 70 BB (M. oryx)

AU Hoh MTB 2 A28 TB Y E 2 5 A
MTBC H 45 4 7l (5] 2 5 56 DR 450 ot A 2 LA 1)
PRk 99% K& L 1P, MTBC #ibi i &2 b
HARBFFRKA B T AFzh¥ TB BHE i
2 W K B

MTB & vE M P, 2 R it
e, BduiE F e, B REEE RA ANE iA
A, SBUSRREBREAR 5, W) #EFRER
G5 TR (2) A T ARG B B (latent
tuberculosis infection, LTBI), fi 3%} MTB A7

http://journals.im.ac.cn/actamicrocn



2950

CHEN Ying et al. | Acta Microbiologica Sinica, 2023, 63(8)

BRVEFS MTB X5 3 M HEHTVE A AL T4 5%
HRAS , WHO E SCH X MTB HFEA S K0
MR, B TCIE 8P 45 2 JF (active  tuberculosis,
ATB) I FRIEYE; (3) MTB 7£ 15 F2 44 Py it ik
WaBH , fE EMICPLRE S A, R BN ATB.
ot 5 T4 41 40 (World Health Organization,
WHO) 5 R 2R AA 15z —m N, B 2012
NG T MTB, Hib 5%-10%F1 R R Ye & 2>
TE A firad B P FR R TBL, R, X TB U H
EEEREY SRR Biewr . RIRIT,
AR L TB W iE—2 & e R AL 7 o I IR AR
A% R SR BT D A R A I B R — B A2
bk, HH oY e 2 00 08 3 T LT S 12 Wy
2, MR ENE A IGK TB B MR A
I35 PO R, BEE F A AhT I ) A
it U] Bk B i A7 G 3R 4, PEAR MTB 3058 9
FEJFPE . RSO MTB ML 2412 W b A5 52 0
PG I AR KT B g i 7 S B 5 0 SR A T

1 5 TB Bk 0908

1.1 RD X#J&

Tl TB i) BCG &1, & M. bovis ZE%E
RIS vE, fEEAL R ER T 2
ANBEDR R, ok S IR B R R 22 5 IX 5 (region
of difference, RD)""\, ELifiEAY RD X4 16 14,
B RD 1-16, H 129 ~FF ik [ 132 HE (open reading
frame, ORF)41J%, HH 91 4~ ORF J& F MTB
FEPER, 55 38 AMGkK Y ORF {UAF7E T BCG
FEA T, FFIMEFREA, HASE R
FIHEABREPER RD XEMAA 38 4, HH RDI
F RD2 X AP EE 2 (3 1), W58 & M RD1 X
BRI E LS MTB 3 I HHER, Al
AES 5 R BUwR AR

H A i 58 M i F i 2 A~ B it CFP-10

<l actamicro@im.ac.cn, & 010-64807516

(10 kDa culture filtrate antigen CFP-10)%1 ESAT-6
(6 kDa early secretory antigenic target)}J>k H T
RD1 X, M CFP-10 i Rv3874 4ifi5h, ESAT-6
W Rv3875 4wfi%, WA T bk EL 40 i 7 A 4
B INF-yP S B A Bt it 5 oAb i 41 &
B T N A 2 Fh TB 2 Wi AR & .
TEPE B R 7 D, 78 H AT AT I R Y
WIS MTBVAC 1, AR T ESAT-6 #l
CFP-10 X PRl ] 38 & T Ik EL 40 8 520 A A7
AT R0 1. RD2 X AR 58 1 R4k
I 2 & RvI980c 4t 1)) MPT-64 (major protein
antigen 64, MPT-64)5 Rv1984c 4wt5 ) CFP-21,
MPT-64 BE 5 A& HLA ™ A PR H 52 107 27 F 248
HRER, & RD2 XA AR BT 2, CFP-21
J&= MTB R B E AN EEAH 2 —, B
AFEaEE Y, P S Thl f1 The B, HA
LW 1. AN, B RD3 X1 RDI15 X fHT )5
WFoE s/, Hith RD X HTIH I H HE .
1.2 PE/PPE EARI&

PE/PPE ZXJHE 11 N-Kuiv & % Il 2 R -43 2
B2 (Pro-Glu, PE)SH 24 iR - Il 24 IR - 7% & IR
(Pro-Pro-Glu, PPE)JE)¥, & MTB A XK
%, 295 MTB RERREMAM 10% P, T LAY
MTB 5 /1B, PE/PPE FidtA 168 NEM,
f13% 99 4~ PE % [1F1 69 4~ PPE & 1°%, PE %&
M5 2 D2, 3 PE-PGRS (polymorphic
GC-rich-repetitive sequence)V. 5 % 1 5. 45 1K [A]
PEPE C RuREEMI M PE WA ; PPE BAR
Wy 4 WK, f145 PPE-SVP (%A Gly-X-X-
Ser-Val-Pro-X-X-Trp #£J¥). PPE-MPTR (%A
Asn-X-Gly-X-Gly-Asn-X-Gly %£/%), PPE-PPW
(%4 Gly-Phe-X-Gly-Thr or Pro-X-X-Pro-X-X-Trp
F ) A HAT A [FIVR P C oK S 45 #4 38k 1 PPE WK
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Table 1  Sensitivities and specificities of RD region antigens in the serological diagnosis of TB

RD Gene Description Number  Sensitivity Specificity Verification* References
of sample (%) (%)
RDI1 (8/9)  Rv3871  ESX-I secretion system protein EccCbl 393 81 75 No [8]
Rv3872  PE family immunomodulator PE35 542 91 95 No [9]
Rv3873  PPE family immunomodulator PPE68 137 28 95 No [10]
Rv3874 10 kDa culture filtrate antigen CFP-10 143 63 95 No [8]
Rv3875 6 kDa early secretory antigenic target 143 32 87 No [8]
Rv3876  ESX-1 secretion-associated protein Espl 393 62 85 No [8]
Rv3878  ESX-1 secretion-associated protein EspJ 542 85 91 No [9]
Rv3879c ESX-1 secretion-associated protein EspK 393 84 83 No [8]
RD2 (5/11) Rvi978  Conserved protein 105 67 90 No [11]
Rv1980c Immunogenic protein MPT64 106 84 76 No [11]
Rvi981c Ribonucleoside-diphosphate reductase 109 57 94 No [11]
subunit beta nrdF1
Rv1984c Carboxylesterase Culpl 108 53 93 No [11]
Rv1985¢ HTH-type transcriptional regulator LysG 106 58 97 No [11]
RD4 (1/3)  Rv0222  Probable enoyl-CoA hydratase EchAl 156 87 80 No [12]
RDS5 (5/5)  Rv3117  Putative thiosulfate sulfurtransferase 92 25 97 No [13]
Rv3118  Uncharacterized protein Rv3118 92 12 91 No [13]
Rv3119  Molybdopterin synthase catalytic subunit 1~ 92 12 97 No [13]
Rv3120  Methyltransferase domain-containing protein 92 32 97 No [13]
Rv312]1  Putative cytochrome P450 141 92 5 88 No [13]
RD6 (3/11) Rvi508c Probable membrane protein 200 93 72 No [14]
Rvi512  GDP-L-fucose synthase - - - No [15]
Rvi516¢ Probable sugar transferase 200 66 90 No [14]
RD7(2/8)  Rv2351c Phospholipase C A 159 61 91 No [16]
Rv2352c¢  Uncharacterized PPE family protein PPE38  — - - No [17]
RDS8 (2/4)  Rv0309  Possible conserved exported protein - - - No [18]
Rv0310c Conserved protein 256 70 86 No [19]
RD9 (2/7) Rv3618 Possible monooxygenase 489 76 83 No [20]
Rv3621c Uncharacterized PPE family protein PPE65 489 52 81 No [20]
RD10 (1/3) Rvi255¢ Uncharacterized HTH-type transcriptional 408 74 83 No [19]
regulator RvI255¢
RDI11 (3/5) Rv3425 PPE family protein PPES7 111 56 100 No [11]
Rv3428c Putative transposase Rv3428c 472 68 88 No [21]
Rv3429  Uncharacterized PPE family protein PPES9 111 47 93 No [11]
RD12 (1/4) Rv2073c Uncharacterized oxidoreductase Rv2073c - - - No [22]
RD13 (1/16) Rv2645  Uncharacterized protein Rv2645 107 90 98 No [23]
RD14 (1/8) Rvi768 PE-PGRS family protein PE_ PGRS31 121 91 97 No [24]
RD16 (3/6) Rv3400  Uncharacterized protein Rv3400 - - - No [25]
Rv3403c  Uncharacterized protein Rv3403c 156 87 80 No [12]
Rv3405¢ HTH-type transcriptional repressor Rv3405¢ 285 62 68 No [26]

*: Verification means whether there is a validation cohort in the study. The number in parentheses are reported/annotated
genes. — Not mentioned in the study.
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Table 2  Sensitivities and specificities of PE/PPE protein in the serological diagnosis of TB

PE/PPE No. of PE/PPE Gene Description Number  Sensitivity Specificity Verification* References
of sample (%) (%)
PE PE35 Rv3872  PE family immunomodulator 90 78 83 No [33]
PE35
PE PGRS26 Rvi44Ilc PE-PGRS family protein 240 58 84 No [34]
PE_PGRS26
PE PGRS48 Rv2853  PE-PGRS family protein 285 31 41 No [27]
PE PGRS48
PE PGRS52 Rv3388  PE-PGRS family protein 176 97 61 No [35]
PE PGRS52
PPE PPE3 Rv0280  Uncharacterized PPE family 240 - - No [34]
protein PPE3
PPE17 Rvi168c  PPE family protein PPE17 90 63 83 No [36]
PPE18 Rvi196  PPE family protein PPE18 290 77 78 No [37]
PPE19 Rvi36lc Uncharacterized PPE family 290 59 92 No [37]
protein PPE19
PPE36 Rv2108  Uncharacterized PPE family 90 67 87 No [36]
protein PPE36
PPE37 Rv2123  Uncharacterized PPE family 90 65 99 No [36]
protein PPE37
PPE41 Rv2430c  PPE family protein PPE41 90 68 87 No [36]
PPE57 Rv3425  PPE family protein PPES7 90 73 80 No [36]
PPESS Rv3426  Uncharacterized PPE family 90 65 93 No [36]
protein PPES8
PPES59 Rv3429  Uncharacterized PPE family 90 80 83 No [36]
protein PPES9
PPE64 Rv3558  PPE family protein PPE64 90 63 90 No [36]
PPE68 Rv3873  PPE family immunomodulator 90 81 71 No [33]
PPE68
PPE69 Rv3892¢  Uncharacterized PPE family 90 73 83 No [36]
protein PPE69

*: Verification means whether there is a validation cohort in the study. The number in parentheses are reported/annotated

genes. — Not mentioned in the study.
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1 Rv3873 (PPE6S)HLJE T RD X4 )i .
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LTBI 1 ATB J& T MTB J&J: i A ] i Bt
#rREXT LTBI. JuHJE & fi LTBI JF47 2 Hi il
WA TB g . A5 & s
B MTB W R R EE, R4 E LTBI BrBedi
JRE TG £ 2R RIBIEN | EAREP,
PR 2 LTBI AU A OCHL i, > 5 HRAERAE LTBI
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Table 3  Sensitivities and specificities of LTBI-related antigens in the serological diagnosis of TB

Gene Description Number  Sensitivity Specificity Verification* References
of sample (%) (%)

Rv0009 Peptidyl-prolyl cis-trans isomerase A 47 - - No [40]
Rv0079 Dormancy associated translation inhibitor - - - No [41]
Rv0140 Conserved protein - - - No [42]
Rv0251c Heat shock protein Hsp (Heat-stress-induced 109 88 63 No [43]

ribosome-binding protein A)
Rv0351 Protein GrpE 240 - - No [34]
Rv0475 Heparin-binding hemagglutinin 235 92 94 No [44]
Rv0494 Uncharacterized HTH-type transcriptional regulator Rv0494 240 64 71 No [34]
Rv0569 Uncharacterized protein Rv0569 - - - No [45]
Rv0570 Vitamin B12-dependent ribonucleoside-diphosphate reductase  — - - No [46]
Rv0753¢ Probable methylmalonate-semialdehyde dehydrogenase 47 - - No [47]

MmsA (Methylmalonic acid semialdehyde dehydrogenase,

MMSDH)
Rv0867¢ Resuscitation-promoting factor RpfA - - - No [48]
RvI1009 Resuscitation-promoting factor RpfB - - - No [42]
Rv1733c Probable membrane protein RvI733c - - - No [45]
Rvi734 - - - - No [42]
Rv1737 - 175 88 84 No [49]
Rv1738 Uncharacterized protein RvI738 - - - No [45]
Rv1813c Uncharacterized protein RvI813c - - - No [45]
Rv1821 Protein translocase subunit SecA 2 240 - - No [34]
Rv1860 Alanine and proline-rich secreted protein Apa 180 53 95 No [40]
Rv1884c Resuscitation-promoting factor RpfC - - - No [42]
Rv1932 Thiol peroxidase 109 81 67 No [43]
Rv1996 Universal stress protein Rvi996 - - - No [45]
Rv2003 - - - - No [42]
Rv2004c¢ Uncharacterized protein Rv2004c - - - No [46]
Rv2005¢ Universal stress protein Rv2005¢ - - - No [42]
Rv2006 Uncharacterized glycosyl hydrolase Rv2006 - - - No [42]
Rv2028c¢ Universal stress protein Rv2028¢ - 85 87 No [50]
Rv2029c ATP-dependent 6-phosphofructokinase isozyme 2 - 84 80 No [51]
Rv2030c Uncharacterized protein Rv2030c - - - No [45]
Rv2031c Alpha-crystallin 279 75 85 No [52]
Rv2032 Putative NAD(P)H nitroreductase acg - - - No [45]
Rv2204c¢ Protein Rv2204c 47 - - No [47]
Rv2389¢ Resuscitation-promoting factor RpfD - - - No [48]
Rv2450c Resuscitation-promoting factor RpfE - - - No [42]
Rv2626¢ Hypoxic response protein 1 244 77 85 No [53]
Rv2627c¢ Uncharacterized protein Rv2627c - - - No [45]
Rv2628 Putative uncharacterized protein Rv2628 258 75 64 No [54]

(150
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(3 3)
Gene Description Number  Sensitivity Specificity Verification* References
of sample (%) (%)

Rv2659c Putative prophage phiRv2 integrase - 55 81 No [51]

Rv2660 - - - - No [55]

Rv2986¢ DNA-binding protein HU homolog - - - No [56]

Rv3132¢ Oxygen sensor histidine kinase response regulator - - - No [45]
DevS/DosS

Rv3133c DNA-binding transcriptional activator DevR/DosR - - - No [45]

Rv3301c Phosphate-specific transport system accessory protein PhoU 240 - - No [34]
homolog 1

Rv3407 Antitoxin VapB47 - - - No [42]

Rv3126¢ Uncharacterized protein Rv3126¢ - - - No [45]

Rv3129 Uncharacterized protein Rv3729 - - - No [45]

Rv3130c Probable diacyglycerol O-acyltransferase tgsl - - - No [45]

Rv3716¢ Nucleoid-associated protein Rv3716¢ - - - No [57]

*: Verification means whether there is a validation cohort in the study. The number in parentheses are reported/annotated

genes. — Not mentioned in the study.
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Table 4 Sensitivities and specificities of other protein in the serological diagnosis of TB

Gene Description Number Sensitivity Specificity Verification®* References
of sample (%) (%)
Rv0054 Single-stranded DNA-binding protein 285 52 57 No [27]
Rv0057 Uncharacterized protein Rv0057 129 - - No [62]
Rv0129c¢  Diacylglycerol acyltransferase/mycolyltransferase Ag85C 366 42 64 No [63]
Rv0183 Monoacylglycerol lipase 519 88 73 No [64]
Rv0288 ESAT-6-like protein EsxH 258 70 69 No [54]
Rv0350  Chaperone protein DnaK 258 57 81 No [54]
Rv0432 Superoxide dismutase [Cu-Zn] 258 88 66 No [54]
Rv0446¢  Possible conserved transmembrane protein 258 74 41 No [54]
Rv0566c  UPF0234 protein Rv0566¢ 200 43 84 No [65]
Rv0652 508 ribosomal protein L7/L12 339 18 97 No [66]
Rv0658c  Probable conserved integral membrane protein 258 78 44 No [54]
Rv0674  PaaX domain-containing protein, C-domain protein 258 64 75 No [54]
Rv0819 Mycothiol acetyltransferase 103 65 100 No [67]
Rv0831c  Conserved protein 285 77 72 No [27]
Rv0865  Probable molybdopterin biosynthesis Mog protein 258 72 64 No [54]
Rv0934 Phosphate-binding protein PstS 1 489 82 67 No [21]
Rv0948c  Intracellular chorismate mutase 285 69 28 No [27]
RvI352 Uncharacterized protein Rvi352 129 - - No [62]
RvI419 Uncharacterized protein Rvi419 - - - No [68]
Rvi547  DNA polymerase III subunit alpha 258 62 74 No [54]
Rv1566c  Possible Inv protein 258 47 79 No [54]
Rv1636  Universal stress protein RvI636 339 31 97 No [66]
Rvi827  Glycogen accumulation regulator GarA 339 13 97 No [66]
Rvi837¢  Malate synthase G 196 56 100 No [69]
Rv1886¢  Diacylglycerol acyltransferase/mycolyltransferase Ag85B 366 70 78 No [63]
Rv1926¢c  Immunogenic protein MPT63 555 83 93 No [70]
Rv2041c  Probable sugar-binding lipoprotein 103 70 90 No [22]
Rv2185¢  Conserved protein TB16.3 339 55 100 No [66]
Rv2376c  Low molecular weight antigen MTB12 418 53 95 No [71]
Rv2318 Probable periplasmic sugar-binding lipoprotein UspC 258 40 88 No [54]
Rv2873 Cell surface glycolipoprotein MPT83 258 55 69 No [54]
Rv3097c  Triacylglycerol lipase 155 - - No [72]
Rv3221c  Biotinylated protein TB7.3 339 10 100 No [66]
Rv3354 DUF732 domain-containing protein 339 34 100 No [66]
Rv3369 Conserved protein 200 60 96 No [65]
Rv3418¢  Co-chaperonin GroES 258 54 74 No [54]
Rv3452 Phospholipase Culp4 155 - - No [72]
Rv3544c  Acyl-CoA dehydrogenase FadE28 285 54 13 No [27]
Rv3803¢ MPTS51/MPBS51 antigen 244 69 76 No [53]
Rv3804c  Diacylglycerol acyltransferase/mycolyltransferase Ag85A 366 65 75 No [63]
Rv3914 Thioredoxin 69 - - No [73]
LAM Lipoarabinomannan 109 71 87 No [43]

*: Verification means whether there is a validation cohort in the study. The number in parentheses are reported/annotated genes. —:
Not mentioned in the study.
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JEN 44.4%-95%, F¢EREEHR 29.7%-100%, Xt
AN RV G0 i ) 2R B0 RN S B2 LU B0 e B
T RN 5 B IR AR B 2 A AP IR B 3 3 i
Fhim, AH Rk SR e A R LI I I

H i N S E ) RG22 W 11 MTB
PR L, FEARRAE 47 £ 1069 HIARS, B
SRR A PR BAR RS R 5% 2 96.8%, i
RSN 13%2 100%, SR 1M X LE 41 )5 H fiid
RN A WHO L Wrbr i
22 EHT TBBEYMEMISHKRMIL

FT MTB AR TF A& B8 A 4 A
AT TB MZWiRE ., Liu 0
NanoDisk-MS AR & T MiEFEMSH 2 45 H
PUJF CFP-10 1 ESAT-6 AR M B K BeAG: H
R SEHL R PR A LRI . Soo AETH
RD9 X[ Rv3618 AfiElds, ik T —Ffh 2 H
K& PCR-ICT (4 o il i)l e v, AT
LR B A6 MTBC, i AT LA I I PR B A
Ay MTB, ZJ5, HE A XTI 440K
BEET A MTBC A1 MTBP®, 45l MTBC
1) R R 96.6%, 5555 98.9%, Kiilll MTB
() RIEN 94.7%, FEHEH 99.6%. Yari
TE R FHURE W Ac0)EAt FIET T4k |
alifb B AL A60 4T 5L (PAGO-Ag) , iX U4 JFL A 4T
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TRTE TB 12 Wiy 52 B o 1 U8 B VR 3 B
2.3 TB#ESHIAFE

MTB A 0Bt it & 9 0w H 2 i PR 0 &
PIFF R K R, TR IE R AL TB A5 I Rl
O & R 2B IL R, HAI a4
Pe. WK R MR | s AT RO
i EARRGIEC SR B A L A ROBIESE, X
SE IR & LS TE THRAE T | 45 2R B Pk |
oy TAERLZBEREHET o PO I AL A7 7E— 5 1Y
SRR, JEALET: (1) MTB SRS BT
[ (non-tuberculous Mycobacteria, NTM)[&] 514
B, FEEDREHEX X AR, R
A5 R AR PR B 5 (2) i T LA ke S
T8 S AW ECE MUIA S e D e S,
o3 RIS R AR (3) Bl o4 A
KHUARREHER X 4> ATB 5 LTBI; (4) HEIM I
PUARBEXT MTB B bR BT 4 697 T 3k A T
AR

SR, HETE &M &R L, (R
Joi /2 WHO 15 j 2R 1 DAL TB I RZ Wi
Flgmt, Hik, mFEH LR SAisE
PrLL R BB AR A R E] WHO BIFR i o

3 EBj MTB LR RBEHKES
NTM 7 fk B 72 & | R

Bifi A7 IS H R PR R R, FEIG R AR
AR S TB T s TB Hi i ARk v ik Bz iy
HARBW N, R4 Lin Z5LT CFP-10 #
ESAT-6 BY4FFETERFDI KB TDAATLAQEAGNFER
1 WDATATELNNALQNLAR, 714 T NanoDisk-
MS HiAR , HIX PSR ARBAEZ A~ NTM H Y41
SE4—B(FR 5), TEIn KA ] gE & R EOR
12, B T MTB A SRR 5 AR 885 A4~ ¢
FEVER R, R, MTB 555 b s a2 8 &
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%5 CFP-10 1 ESAT-6 4F{E 4 AKEZ 7E A [ 43 B AT & H B9 5 51 B AR
Table 5 Sequence comparison of characteristic peptides of CFP-10 and ESAT-6 in different Mycobacterium

Antigen No. Species Tryptic peptides*
CFP-10 1 M. tuberculosis H37Rv MAEMKTDAATLAQEAGNFERISGDL
2 M. attenuatum MAEMKTDAATLAQEAGNFERISGDL
3 M. basiliense MAEMKTDAATLAQEAGNFERISGDL
4 M. bovis MAEMKTDAATLAQEAGNFERISGDL
5 M. decipiens MAEMKTDAATLAQEAGNFERISGDL
6 M. innocens MAEMKTDAATLAQEAGNFERISGDL
7 M. kansasii MAEMKTDAATLAQEAGNFERISGDL
MAEMKTDAATLAQEAGNFERISGDM
8 M. lacus MAEMKTDAATLAQEAGNFERISGDL
9 M. liflandii MAEMKTDAATLAQEAGNFERISGDL
10 M. marinum MAEMKTDAATLAQEAGNFERISGDL
11 M. novocastrense MAEMKTDAATLAQEAGNFERISGDL
12 M. orygis MAEMKTDAATLAQEAGNFERISGDL
13 M. persicum MAEMKTDAATLAQEAGNFERISGDL
14 M. pinnipedii MAEMKTDAATLAQEAGNFERISGDL
15 M. pseudokansasii MAEMKTDAATLAQEAGNFERISGDL
16 M. riyadhense MAEMKTDAATLAQEAGNFERISGDL
17 M. shinjukuense MAEMKTDAATLAQEAGNFERISGDL
18 M. simiae MAAMKTDAATLAQEAGNFERISGDL
19 M. simulans MAEMKTDAATLAQEAGNFERISGDL
20 M. shottsii MAEMKTDAATLAQEAGNFERISGDL
21 M. spongiae MAEMRTDAATLAQEAGNFERISGDL
22 M. ulcerans MAEMKTDAATLAQEAGNFERISGDL
23 M. riyadhense MAEMKTDAATLAQEAGNFERISGDL
24 M. ulcerans MAEMKTDAATLAQEAGNFERISGDL
ESAT-6 1 M. tuberculosis GVQQKWDATATELNNALQNLARTISEA
2 M. bovis GVQQKWDATATELNNALQNLARTISEA
3 M. orygis GVQQKWDATATELNNALQNLARTISEA
4 M. simiae GVQYKWDATATELNNALQNLARKISEA
5 M. shinjukuense GVQQKWDATATELNNALQNLARTISEA
6 Macacine betaherpesvirus GVQQKWDATATELNNALQNLARTISEA

*: The bolded letters (K and R) in the aligned sequence indicates potential tryptic cleavage sites.

M B R £ i R A A U MERSL , AT o] UE A ER B h TB
It 12 W 45 AR 1 2 e AR50 & i i 2 AL s 4
BT B8 SR R AR S

4 TB #{ AKRKINBMEF MTB
TE AR

G WA AT — Tl phy 229 ™ A Y 44 K R 2R

HMEENL, NKRZEA AR R, &&
FEAR . J5. DNA #l RNA %4, # MTB
JE Y 1) IV 200 R R 1 AN I AR T LAY MTB
WAy, i35 LAM. 19 kDa & (A FUL+Fh 40 i
O, Hhir2 2tz gibis, Ba
YR TB A ¥ibr ¥ p i EEP"Y . Kruh-Garcia
EPANMT T ATB R MG AE & R4 B B A
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A, KILT Ag85B. Ag85C % 33 Fift % MTB
7 LR 76 AP KB . Dahiya Z:1°°7E TB % Y
PRGN L BLT Sk B MTB B30 LAM F
CFP-10. XEEHFIE R, Ahus ik b %5 2 1Y
MTB & A2 AR AN TB B #EAR, i Bhif
JRi2Wr TB.

5 ATEEREELFH MTB
GRS RN K

Bt 2 1 3T 4 2% B LA e R Y H e
e, BN 412 (proteogenomics )3 A PR
K, BN —T TR e XFRE, AUAT 2%
BOyE i AR TR B BB AN B R
AR AR )2 HUW ) 2RI
RGBT AT 3T | B HERRIEAL | BibRak
VEAEIRYT H0 S ROV VRS T S B AR
P R 412 7 T O A 2 4R TAERUER, A
[ RL 27 B 153 B AR B 9 BT B SEVBOE 5% D A
SETABHERE (R R A 2 E AR R ARDT, TR
AL S (/NG TR R AR PRI & 1 AR
B — A Ak T A8 BH P s il A 2R L R 28 “MTB
PR TP AR I 2 B IE AR . N ke 0f 0 14
BRHT S A, AR IE T N R A R
2EHR, BFIET H37Rv W 43 ANERASRE N
Ui, SEE IR T 1At i SR U, phAh,
AV I T IR S BORIAZR , X H37Rv Btk
RGTFE T HEARRER Y2405, BrIE T 102 4~
N IR IR, #h TR T 49 Dl i B
E— 3 (0 O SE R A A S R B T 2 3k
K& MTBC Ff 3 [H , #E— 28 PCR {2 SEH0 K&
B, XL RN AE MTBC FEA B HE K/
JLEim EI LR o 3 T EER (18 S E a8
[ 44 Bk NTM TR AR S H A P W Je e P i It 7
H R B PESE A, R X S R S M B [
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YA F . 563 T MTB $dE e, &l 11T
MTBC 5 FHAthg S5 187 oG v 0] 5 8 4R S ik
B R A A T s, TR SR W A i
6., 38 kDa PUJR TCIEIEHIZ Wi TB, kA iR
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AHIE TEZR LR, FERE TR

] A AN (8 NTM R 55 191 #oie b &, {5
A/ NTM iR fEfE s s Rk, 56T 16S
rRNA 8 HAd bR 25 W e LS5, 235 W I TR S e
M5, i mAAERIr . ik, XF NTM §)
R . PR e R B REE A
BRI | o A O e 2 W R L
FRE . HA GRS AR B K B & R,
TR KB SO A T, T RLiE— 25
P R I JT B R H AR, T I PRAE AR
Jife o 0 £ 43 R BRI ARG 1 0 — R B
A, PR O T AR 1 B I A A R R
T —ASBFR G, TR R i B 1 B o 7 32
CHE R &L

6 &%

MTB 122818 35 , 5 “ W18 % R4,
(GEES AR U WL PN (2195 -34S A | 1. [}
ARV By B LTBI 8%, ATB. 7€ TB A i
R, HUARS A HoAthge g s A A fe i F1 & A
ALERERS, ZXTAE T 15 R E A
FikeAm, E, YT EREE .
R QSR TN NS TR E s B NN S
LTBI fil ATB P | Ky % 5 )27, TB 2
W %) bn MR TR AR RS 57, (HET TR B K TR
AR g AR A A A S A I
oAl I B (YNNI E S = ah e Y )
Jr AR AT . PR . MRS R, FE TB 1Y
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BRI R O B, R T R L
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[ 1998 4 MTB H37Rv HFk5E AL T 4 5L
MY, HE B B TubercuList i FEGE
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RS T A0 38 [ 0 S DR 4 B9 I TIGR 1 5% B qr
XF H37Rv R B RS R, R IR 12%09 1 B
FEHEE R B mE RN, A

46%KE R (1 B LA 107 s A TRD DA TG g ke
T MTB HLRI Gk H37Rv Y 3L R4 1 B A2 7
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29T MTB 9 F BRI 1T i R 4
%%%@umhmm\ﬁﬁ%ﬁMM%%m]
45 o He FU'LF MTB % 115 41 7% 441 SOPHIE

(systematic unlOcking of pathogen and host
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