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Table 1  Virulence factors involved in Mycobacterium marinum infection

Virulence Other mycobacteria that may Possible function or function RE
factor posses similar virulence factor domain of the coding protein
EspB M. bovis(65% ) ESX-1 secreted protein, Required for intracellular persistence [3]
(MMAR-5457) M. tuberculosis(67% ) [10]
[21]
EspA M. tuberculosis (64 % ) ESX-1 secretion-associated protein A, function unknown [3]
(MMAR-4166) M. bovis(64% ) [10]
M. bovis BCG(64% ) [21]
M. leprae (62% )
EsxB M. tuberculosis(97% ) 10 kDa culture filtrate antigen,a culture filtrate antigen that forms part of [ 3]
(MMAR-0187) M. smegmatis (60% ) a novel secretion apparatus. 10]
M. sp. JLS(55% ) 21]
M. sp. MCS/KMS(54% )
ESAT-6 M. tuberculosis(90% ) 6 kDa culture filtrate antigen, culture filtrate antigen forms part of a [3]
(MMAR-0188) M. Bovis(90% ) novel secretion apparatus. [10]
M. smegmatis (68 % ) [21]
M. sp. MCS/KMS/JLS(64% )
M. ulcerans(82% ) Exported repetitive protein precursor, surface-exposed protein required [ 3]
M. tuberculosis(76% ) for multiplication and intracellular growth. seems to play a role in [22]
M. bovis(76% ) virulence [23]
Erp M. bovis BCG (76% ) [24]
(MMAR-5374) M. avium (58% )
M. leprae(52% )
M. gilvum(52% )
PmiA M. avium(52% ) Phagosome maturation inhibitor, Involved in synthesis of cell wall [3]
(MMAR-3386) components that are required to inhibit phagosome maturation. [25]
MelA M. ulcerans(99% ) Oxygenase, function unknown, in  cellular [3]
(MMAR-2864) M. tuberculosis(95% -96% ) metabolism. [26]
M. vanbaalenii(93% )
M. tuberculosis(83% —84% ) transglutaminase family protein, function unknown; possible proteolytic [3]
M. vanbaalenii(77% ) activity (cysteine protease) . [26]
MelB M. smegmatis(78% ) 1 -317aa: Transglutaminase-like enzymes, putative cysteine proteases.
( MMAR-2165) M. sp. MCS/KMS/JLS(77% ) 143 —262aa: Transglutaminase-like superfamily.
M. gilvum(76% ) 9-90aa: Bacterial transglutaminase-like N-terminal region
M. abscessus(72% )
M. ulcerans(98% ) hypothetical protein [3]
M. tuberculosis(81% ) [26]
M. bovis(81% )
M. bovis BCG(81% )
M. avium(77% )
MelC M. leprae(73% )
(MMAR-2164) 31 o MCS/KMS/JTS(69% )
M. vanbaalenii (67 % )
M. smegmatis (67 % )
M. gilvum (67 % )
M. abscessus(61% )
MelD M. ulcerans(98% ) hypothetical protein, function unknown [3]
(MMAR-2163) M. avium(81% ) [26]
M. tuberculosis(81% )
M. bovis(81% )
M. smegmatis(78% )
M. gilvum(74% )
M. vanbaalenii(74% )
M. sp. MCS/KMS/JLS(75% )
M. abscessus(72% )
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ik 1
Virulence Other mycobacteria that may Possible function or function RE
factor posses similar virulence factor domain of the coding protein
MelE M. ulcerans(99% ) hypothetical protein, function unknown, but contains Cdd COG1305, [3]
(MMAR-2162) M. tuberculosis(85% ) transglutaminase-like enzymes, putative cysteine proteases [26]
M. bovis(85% )
M. avium (81% )
M. leprae(79% )
M. sp. MCS/KMS/JLS(74% )
M. smegmatis(72% )
M. gilvum(70% )
M. vanbaalenii (68% )
M. abscessus(63% )
MelF M. ulcerans(99% ) Oxygenase , function unknown, probably involved in cellular metabolism [ 3]
(MMAR-2864) M. tuberculosis(95% —96% ) 1 —356aa: Luciferase-like monooxygenase [26]
M. bovis(96% ) 1 —255aa: Flavin-utilizing monoxygenases
M. vanbaalenii(93% )
MelG M. ulcerans(98% ) Oxygenase, function unknown, may be involved in electron transfer [3]
(MMAR-2865) M. tuberculosis(85% ) 6-336aa: anthranilate dioxygenase reductase [26]
M. bovis(85% ) 13 —=90aa: 2Fe — 28 iron-sulfur cluster binding domain
M. vanbaalenii(79% ) 106 - 333aa: Benzoate dioxygenase reductase ( BenDO ) FAD/NAD
binding domain.
386 — > 698: 2-polyprenyl-6-methoxyphenol hydroxylase and related
FAD-dependent oxidoreductases
MelH M. ulcerans(99% ) epoxide hydrolase EphB, this enzyme acts on epoxides ( alkene oxides, [3]
(MMAR-2866) M. tuberculosis(86% —87% ) oxiranes) and Arene oxides. plays a role in xenobiotic metabolism by [26]
M. bovis(87% ) degrading potential toxic epoxides. also determines steady-state levels of
M. vanbaalenii(86% ) physiological mediators
Mell M. ulcerans(99% ) Oxidoreducatse, function unknown, probably involved in cellular [3]
(MMAR-2867) M. tuberculosis(78% ) metabolism [26]
M. bovis BCG(78% )
M. bovis(79% )
M. vanbaalenii(76% )
M. abscessus(54% )
M. avium(53% )
M. gilvum(54% )
M. sp. JLS(55% )
M. smegmatis(51% )
M. sp. MCS/KMS(54% )
M. eprae(59% )
M. sp. JLS(57% )
MelJ M. ulcerans(99% ) riboflavin biosynthesis protein RibA1l, involved in riboflavin biosynthesis [ 3]
(MMAR-2868) M. tuberculosis(74% ) [ catalytic activity ; GTP + 3 H(2)O = formate + 2,5-diamino-6- [26]
M. bovis(74% ) hydroxy-4-(5-phosphoribosylamino ) pyrimidine + diphosphate ]
M. vanbaalenii(63% )
MelK M. ulcerans(98% ) short-chain type dehydrogenase/reductase, function unknown, probably [3]
(MMAR-2869) M. tuberculosis(78% ) involved in cellular metabolism [26]
M. bovis(78% ) 1-256aa: short-chain type dehydrogenase/reductase
M. vanbaalenii(79% ) 38 —250aa:Rossmann-fold NAD(P) ( + ) -binding proteins
KasB M. ulcerans(100% ) 3-oxoacyl-[ acyl-carrier protein | synthase 2, involved in fatty acid [30]
(MMAR-3339) M. tuberculosis(91% ) biosynthesis ( mycolic acids synthesis ) ; involved in meromycolate
M. bovis(91% ) extension. catalyzes the condensation reaction of fatty acid synthesis by
M. leprae(88% ) the addition to an acyl acceptor of two carbons from malonyl-acp
M. avium(87% )
M. sp. MCS/KMS/JLS(82% )
M. smegmatis(80% )
M. gilvum(81% )
M. vanbaalenii(80% )
M. abscessus(67% )
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Insight into tuberculosis pathogenic mechanism from the
Zebra fish-mycobacterium marinum model — A review

Manmei Hou, Jianping Xie "
(Institute of Modern Biopharmaceuticals, School of Life Sciences, Southwest University, Chongqi 400715, China )

Abstract ; Tuberculosis remains a major global health threat. Nearly one-third of the world population infected with
Mycobacterium tuberculosis, the etiologic agent of tuberculosis. M. tuberculosis is a typical and most successful
intracellular pathogen. The pathogen can evade and manipulate the host immune response. Insights into the interplays
between the pathogen and the host was pivotal to develop more sophisticated diagnosis methods and control measures to
tuberculosis. No single model can address the full spectrum of this extraordinarily successful pathogen. Multiple models
are urgently needed to explore diverse facets of this human being scourge. Zebrafish-M. marinum model was increasingly
recognized as an ideal system for preliminary studies. Some key findings emerging from this model were summarized in this
paper, such as the interactions between host and M. marinum when the bacterium invades and the contribution of the
virulence determinants of M. marinum such as Erp, Esx-1, pmiA, Mel and KasB. Discoveries from different models will
be complementary and conducive to find clues to eradicate Mycobacterium tuberculosis.

Keywords: zebrafish; mycobacterium marinum ; tuberculosis
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