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ABSTRACT
Mycobacterium tuberculosis caused tuberculosis disease that become
more distribution comparison with HIV infection in WHO statistics.
This bacterium has different virulence factors like secreted proteins
factors, cell surface components proteins that synthesis of cell wall,
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enzymes involved in metabolism, transcriptional regulators factor that
regulate virulence gene expression. Ability of this bacterium to the
resistance drugs that used in treatment due to found genetic mutations
in genes that responsible of resistance. These genes of resistance are:
katG, inhA for Isoniazid resistance, rpoB for Rifampicin, pncA, rpsA

Department of Nursing,

for Pyrazinamide, embB for Ethambutol, rpsL, rrs, gidB for

Iraq.

Streptomycin, gyrA, gyrB for Quinolones, tlyA for Capreomycin, ethA
for Ethionamide and thyA, folC for Para-aminosalicylic acid.
KEYWORDS: Virulence factors, Antibiotics, Mycobacterium tuberculosis, Mechanisms
Resistance.
INTRODUCTION
Mycobacterium tuberculosis cause tuberculosis disease that exceed HIV infection which led
to highest number of mortalities in about 1.8 million deaths and 10.4 million new tuberculosis
infection worldwide in 2015 documented in world health organization in 2016.[1] This
bacterium is a part of Mycobacterium tuberculosis complex and genetically included related
species cause tuberculosis in human and some other organisms.[2] Mycobacterium
tuberculosis complex divided into eight lineages are L1 the Philippines and Indian Ocean, L2
East Asia, L3 India and East Africa, L4 Europe and Americas, L5 West Africa 1, L6 West
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Africa 2, L7 Ethiopia and L8 animal-adapted isolates. Group (L1, L2, L3, L4, and L7)
comprise Mycobacterium tuberculosis. Also mycobacterium complex can divided into
ancient group (L1, L5-8) and modern strains (L2-4) depend on found or absence of
Mycobacterium tuberculosis specific deletion.[3,4]
Genetic analysis of mycobacterium tuberculosis complex sequence showed identical in
percentage (99%) at the nucleotide level and rare genome rearrangements but it they exhibit
diverse in pathogenic phenotypes.[5,6] Different infection with mycobacterium tuberculosis
complex which L1 to L7 lineages mainly infect humans and rarely infect animals, L5 and L6
lineages infect human

in West Africa but L7 lineage documented in Ethiopia, L1-4

geographically distributions.[7]

’

strains (invade tissue of human) which consider modern strains (L2-L4) more virulent of
human infection but ancient strains group (L1,L5-8) cause today tuberculosis cases. Beijing
sub-lineage of the L2 lineage is more virulent than the other modern isolates because it
developed mechanisms of drug resistance and adaptation in host tissues. Mycobacterium
tuberculosis contain different virulence factors are cell surface proteins, lipid and fatty acid
metabolism proteins.[8,9] Tuberculosis now consider very important clinical problem because
distribution of infection and developed drug resistance against drug choice that use in
treatment of this dangerous bacterium in all countries of the world. According to all mention
above, this subject review aim to explain virulence factors of Mycobacterium tuberculosis
and its containing mechanisms that used for resistance antibiotics.
Virulence factors in Mycobacterium tuberculosis
Mycobacterium tuberculosis is bacilli in shape caused tuberculosis which reach the alveoli
and infect the alveolar macrophages in the lungs and it is an intracellular bacterium. This
bacterium may be in latency phase in about 10% of the infected cases. In latency phase occur
granuloma formation and found giant cells. Mycobacterium tuberculosis can release when
occur necrosis of granuloma and become extracellular bacteria and infect other patient in
anaerobic condition, often it cause calcification, dissemination and meningitis stages. Cell
envelop of this bacterium composed of arabinoglactan on top of the peptidoglycan, mycolic
acid, Phenolic Glycolipid (PGL), Lipoarabinomannan (LAM)

’

bacteria and resist immunity system defenses as shown in figure 1.[10,11]
Genome of Mycobacterium tuberculosis consist of one circular chromosome (4.4 Mb) that
include about 4,000 genes without extra chromosomal DNA. These genes enable this
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bacterium to live in different condition include aerobic, microaerophilic and anaerobic. Also
it encoded to the complex potential regulatory contain thirteen sigma factors, eleven twocomponent systems, histidine kinase factors and eleven Serine Threonine Protein Kinases.
Target site in new drugs that used in treatment of this bacterium is kinase. Genome of
mycobacterium tuberculosis contain a large number of genes required in, metabolism of the
cell wall lipids, as well as degradative enzymes (20 cytochrome P- 450), insertion elements
(IS6110) that are consider basis of genotyping.[12,13]
EPPE genes but not knew function exactly. In sequencing details of these bacteria showed
no clearly pathogenicity island but found virulence genes as shown in table 1. This bacterium
through transmission by air infect lungs mainly but it can also infect glands, bones, central
nerves system and may be infect all body parts. These virulence gene encoded to virulence
factors (table 1) that increase from pathogenocity of Mycobacterium tuberculosis.[14]
Virulence factors included secreted protiens factors (HspX, Esat6/CFP-10 and 19-kD) that
locate in outside of bacteria and use in vaccine and diagnosis, cell surface components
proteins that synthesis of cell wall, enzymes involved in metabolism that employed in cellular
metabolism like enzymes required in metabolism lipid and fatty acid enable bacteria to grow
on fatty acids, transcriptional regulators like PhoP/PhoR response regulatory that consider
important virulence factor in regulation virulence gene expression.[15,16]

Figure 1: Component of cell envelop of Mycobacterium tuberculosis "CM, PG, and
covalently attached macromolecules: AG, PIM2, PIM6, LM, and Man-LAM; an OM
composed of MA covalently attached to AG, TDM, DAT, PAT, PDIM, and SL-1; and an
outermost layer of FM; FM: free mycolic acid; TDM: trehalose dimycolate; SL-1:
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sulphoglycolipid; DAT: diacyltrehalose; PDIM: phthiocerol dimycocerosate; PAT:
poliacyltrehalose;

MA:

mycolic

acid;

Man-LAM:

mannose-capped

lipoarabinomannan; OM: outer membrane; AG: arabinogalactan; LM: lipomannan;
PIM2: phospho-myo-inositoldimannoside; PIM6: phospho-myo-inositol-hexamannoside;
PG: peptidoglycan; CM: cell membrane; mmpL: mycobacterial membrane protein
large".[17]
Table 1: Virulence factors with genes that encoded them in Mycobacterium tuberculosis.
[18,19,20, 21]

Virulence factor

Genes

Protein of the system of
fatty acid synthesis

f
pks1, fbpA

Transcription factors

WhiB1, WhiB2, WhiB3,
WhiB4, WhiB5, whiB6,
whiB7

kinase

-14,

pknD, pknG, pknE

espA, espC, espD, espR,
Proteins in ESX-1 type VII
espF, espG1, espH, espH,
of secretion system
eccA1, eccB1, eccCa1

Effect of virulence factor
Genes deletion caused
KOE decrease starting
from the first week of
infection
Reactivation chronic
tuberculosis, cell division
of bacteria, antibiotics
resistance
Gene mutation in gene that
decrease number of
bacteria, increase survival
of bacteria in organs.
Increase bacterial growth,
increase bacterial loading
on organ.

Resistance Mycobacterium tuberculosis of antibiotics
Ability of Mycobacterium tuberculosis to the resistance antibiotics were developed because
occur mutation in genes that responsible for antibiotics resistance as shown in table 1, which
transformed resistance bacteria to the multidrug resistance and extensively drug resistance
mycobacterium tuberculosis.[22] There are two lines of drugs that used in treatment infection
with mycobacterium tuberculosis include first line of treatment (Rifampicin, Isoniazid,
Ethambutol, Pyrazinamide and Streptomycin), second line of treatment (Fluoroquinolones,
Kanamycin, Capreomycin, Amikacin, Viomycin, Ethionamide, Para-Amino Salicylic Acid,
Cycloserine, Thioacetazone, Macrolides, Clofazimine and Linezolid). Other drugs now under
experimented by Authors and pharmaceutical drugs companies that reduce time of treatment
include (Bedaquiline, Delamanid, PA-824, SQ-109 and Benzothiazinones) which are tested in
vitro and invivo and appered excellent results in reduce period of treatment. About 450000
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multidrug resistance in 2012 that caused in death 170,000 persons, which resist rifampicin
and isoniazid.[23,24]
Table 1: Drugs that used in treatment of mycobacterium tuberculosis with genes that
involved in activation and mechanisms.[25, 26, 24]
Name of Drug

Name of Gene

Isoniazid

katG, inhA

Rifampicin

rpoB

Pyrazinamide

pncA, rpsA

Ethambutol

embB

Streptomycin

rpsL, rrs, gidB

Quinolones

gyrA, gyrB

Capreomycin

rrs, tlyA

Kanamycin/Amikacin
Ethionamide
Para-aminosalicylic acid

Rrs
ethA
thyA, folC

Mechanism of action
Catalase/peroxidase; enoyl
reductase
RNA polymerase
Pyrazinamidase; ribosomal
protein 1
Arabinosyl transferase
S12 ribosomal protein,
16A rRNA, 7methylguanosine
methyltransferase
DNA gyrase
16S rRNA, rRNA
methyltransferase
16S rRNA
Enoyl-ACP reductase
Thymidylate synthase A

Anti – tuberculosis antibiotic most effect is rifampicin and together with isoniazid were
responsible for basis of the multidrug treatment Mycobacterium tuberculosis in period six
months. This antibiotic was active against Mycobacterium tuberculosis that growing and nongrowing (slow metabolizing), which it is link with β-subunit in RNA polymerase And led to
inhibition process of protein synthesis through inhibition elongation of mRNA.[27]
Mycobacterium tuberculosis development mechanisms to resist rifampicin by occur mutation
in codons (516,526,531) in rpoB gene that co

(β-subunit of

the RNA polymerase) result in low affinity to bind it with target site.[28, 29]
Streptomycin antibiotic produced by Streptomyces griseus. It is consider first drug used to
treatment infection with mycobacterium tuberculosis which inhibition of protein synthesis
through inhibition of translation in active growing bacteria which it affect on 30S of ribosome
(S12 and 16S rRNA) that it encoded by rpsL and rrs genes. When occur mutation in these
genes led to resist Mycobacterium tuberculosis against streptomycin.[30] Site of mutation in
rpsL gene in codon 43 that led to transform amino acid lysine to arginine but the site of
mutation in rrs gene occur around nucleotides 530 and 915 that led to increase resistance of
this bacterium against streptomycin.[31]
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CONCLUSION
Tuberculosis considers major disease before HIV infection in documents of WHO. Virulence
factors included secreted proteins factors, cell surface components proteins that synthesis of
cell wall, enzymes involved in metabolism, transcriptional regulators factor that regulate
virulence gene expression. Distribution of TB infection resulted from multidrug resistance
against drugs that used in treatment like streptomycin, Rifampicin, Isoniazid and Quinolones.
Mechanisms of resistance is occur genetic mutation in some genes like katG, inhA, rpoB,
pncA, rpsA, embB, rpsL, rrs, gidB, gyrA, gyrB, tlyA, ethA, thyA and folC.
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