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Abstract: [Background] Bovine tuberculosis (BTB) is a chronic infectious disease caused by
Mycobacterium bovis, a part of the Mycobacterium tuberculosis complex, posing threats to
cattle health, livestock economies, and public health. [Objective] In order to screen new
diagnostic molecular markers of Mycobacterium bovis and establish new diagnostic method for
bovine tuberculosis. [Methods] Using isotopic labeling-based relative and absolute
quantification techniques and article screening, we identified 11 proteins (Mpb70, GroEL2,
HspX, DnaK, Mpb83, EsxW, BfrB, Hrpl, EsxL, AtpD, and EsxN) for further evaluation. These
recombinant proteins were then assessed for sensitization effects in a guinea pig model.
[Results] At a dose of 100 pug, Mpb70, HspX, Mpb83, and EsxN induced marked delayed-type
hypersensitivity (DTH) and rupture. At a dose of 50 ug, Mpb70, HspX, Mpb83, EsxW, EsxL,
and EsxN provoked significant DTH. At a dose of 12.5 pg, the proteins did not induce DTH.
Among the protein combinations, EsxW/EsxL/EsxN showed the highest activity, triggering
robust DTH in guinea pigs. Other combinations such as EsxW/EsxL, EsxW/EsxN, and
EsxL/EsxN also induced DTH, though to a lesser extent than EsxW/EsxL/EsxN. [Conclusion]
Recombinant proteins Mpb70, HspX, Mpb83, EsxW, EsxL, and EsxN elicited notable DTH,
demonstrating the potential as tuberculin substitutes.

Keywords: guinea pig model; delayed-type hypersensitivity; recombinant protein; tuberculin
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x1 HFUEREZRERREENNER
Table 1 Results of bovine-type tuberculin protein expression analysis
HAR Eiipu I FRISEEER TREEER
Protein Description Gene FhRE ] B A E
PPD-B-National PPD-B-International
PO9WNKG6 EsxA MYCTO 6 kDa early secretory antigenic target €sxA 514 057.366 7 199 007.933 3
POWNK4 EsxB_MYCTO ESAT-6-like protein EsxB esxB 463 244.3333  245425.066 7
P0A669 MP70 MYCBO immunogenic protein MPB70 mpb70 185242.4 83 105.8
POWPE7 CH602 MYCTU 60 kDa chaperonin 2 groEL2 180 775.733 3 193 687.033 3
PO9WPE4 CH10 _MYCTO 10 kDa chaperonin groS 174 369.0 157 614.9
Rv2031c HspX heat shock protein HspX (alpha-crystallin hspX 159 732.6 65 283.7
homolog) (14 kDa antigen) (HSP16.3) 144 AA
A1KFH2 DNAK MYCBP chaperone protein DnaK dnakK 121 887.333 3 119 279.266 7
MT18B_2586 Mpt64 228 AA mpt64 116 267.066 7 54 730.133 33
CIALI18 EFTU_MYCBT elongation factor Tu tuf 90 511.366 67 163 797.2
MTI18B 2507 Mpt63 159 AA mpt63 88 832.366 67 51 538.066 67
C1AFY9 MP83_MYCRBT cell surface glycolipoprotein MPB83  mphb83 80 193.566 67 51 298.666 67
MT18B_2421 Apa325AA - 70 745.533 33 43 624.233 33
MTI8B 4797 EsxW98 AA esxwW 53 162.63333  21801.766 67
Rv1636 TB15.3 iron-regulated universal stress protein family — 52 638.666 67 62 666.566 67
protein TB15.3 146 AA
POWQF3 AcpM_MYCTU meromycolate extension acyl carrier acpM 50 730.2 60 883.966 67
protein
POWKO06 METE_MYCTO metE 49 149.366 67 36 078.233 33
5-methyltetrahydropteroyltriglutamate-homocysteine
methyltransferase
MTI18B 3102 MTI18B 310294 AA - 48 238.4 17 045.2
053166 AcnA_MYCTU aconitate hydratase A acn 45297.166 67 47 494.8
POWHE2 RL7 MYCTO 50S ribosomal protein L7/L12 rplL 44 595.466 67 67 284.2
ClAPB4 MASZ_MYCBT malate synthase G glcB 44 020.266 67 52 378.433 33
POWIJA9 GarA_MYCTU glycogen accumulation regulator GarA garA 38 722.766 67 31 356.433 33
H8F1Z2 BfrB_ MYCTE ferritin BfrB bfrB 38 495.8 45 768.033 33
P46817 KatG_MYCBO catalase-peroxidase katG 35432.83333 56 655.33333
POWIA3 Hrpl MYCTU hypoxic response protein 1 hrpl 35058.266 67 17 687.0
MTI18B 2828 wag31260 AA - 34 508.566 67 31 535.233 33
P65004 Y2587 _MYCBO uncharacterized protein Mb2587 BQ2027_ 34 117.7 11 710.5
MB2587
POWGZ0 RpoA MYCTO DNA-directed RNA polymerase rpoA 33017.2 60 324.533 33
subunit alpha
Rv1198 EsxL putative ESAT-6 like protein EsxL (ESAT-6 like esxL 32 678.166 67 13 035.1
protein 4) 94 AA
Cl1AMV4 AtpB_MYCBT ATP synthase subunit beta atpD 30 688.7 62 724.166 67
POAS71 EsxN_MYCBO ESAT-6-like protein EsxN esxN 21991.933 33 8739.1
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Figure 1 The skin test effect of 25 pg recombinant
protein on guinea pigs. PPD-B represents the
positive control group injected with the national
standard of purified bovine tuberculin. Negative
represents the negative control group injected with
the carrier label protein pET. Mpb70, GroEL2,
HspX, DnaK, Mpb83, EsxW, BfrB, Hrpl, EsxL,
AtpD and EsxN represents the experimental groups
injected with the single recombinant protein,
respectively. *: P<0.05; **: P<0.01; ***: P<0.001;
*#%%: P<0.000 1. The same below.
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Figure 2 The skin test effect of 50 pug recombinant

protein on guinea pigs. ns: Not significant difference
between groups (P>0.05). The same below.
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Figure 3 The skin test effect of 100 pug recombinant
protein on guinea pigs.
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Figure 4 The skin test effect of some combinations
of recombinant proteins (50 pg) on guinea pigs.
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Figure 5 The skin test effect of some combinations
of recombinant proteins (25 pg) on guinea pigs.
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Figure 6 The skin test effect of some combinations
of recombinant proteins (12.5 pg) on guinea pigs.
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Figure 7 The skin test effect on guinea pigs. A: Skin test injection; B: No reaction; C: Mild redness and
swelling; D—E: Obvious redness and swelling; F: Ulceration.
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