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Abstract:

Currently, there are many studies on the mechanism of antibiotic resistance in Mycobacterium tuberculosis (Mtb),

but there are few studies on its regulatory mechanism. Post-translational modifications (PTMs) have been recognized for their
important role in controlling cellular dynamics such as metabolism and stress response, but the relationship between PTMs and
antibiotic resistance gradually attracted the attention of researchers. Here, we summarize the definition of PTMs, and the
mechanisms of antibiotic resistance in M. tuberculosis and discuss how PTMs are involved in antibiotic resistance, in order to
provide a new breakthrough for the development of new anti-Ttb drugs.
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Tablel Mechanisms of drug resistance and common target genesin M. tuberculosis

Antibiotic Target gene Resi stance mechanism
Isoniazid katG (Catal ase peroxidase) Abrogated prodrug activation
inhA (Enoyl acyl carrier protein reductase) Drug target alteration
Rifampicin rpoB (DNA-directed RNA polymerase) Drug target alteration
Ethambutol embB Drug target alteration
Fluoroquinolones gyrB (DNA gyrase B) Drug target alteration
gyrA (DNA gyrase A) Drug target alteration
Streptomycin rrs (16S rRNA gene) Drug target alteration

rpsL (Ribosomal protein S12)

Amikacin rrs
Kanamycin A rrs
Capreomycin rrs

Pyrazinamide pncA (Pyrazinamidase)

Drug target alteration
Drug target alteration
Drug target alteration
Drug target alteration
Abrogated prodrug activation
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Fig. 1 Functiona connections between antibiotic resistance and PTMsin M. tuberculosis.
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FIY (AR R, IMB-YH-8 A {A] LU
USRI RN Z2 1 24 15 DR DA A, A W A ] i P 45 4%
PR . DLk S 4 R B 17 57 PTMs (1) 5
WA A BS54 25 e B AR

5 %&if

BT PTMs 7545 4% i 245 5 1 VE FH ¥ iF 5% 4b
FiELH B, &/ PTMs IBFFEH1 7480, Rt
AP Z TR MO B, BRT HEX 2
SEMEITF R4 R AL, Eis 2] LU i 207t
B i A S A Bk 2 S A R 2 i A
We? [X Ry iR ift Ghosh S5 FH e e 2L UTTE Jr v Uk B
T Z5 A Eis AT LIXHIZ A OCE 1 MtHU 19 24>
2 TR AR AL AT S WA B, H MtHU B ZBEfL
LSS E N DNA Eife s, 458
P R B AT B PTMS? 2542 14 Hh 4%
PTMs 22 [a] & /7768 SURHE ,  H X 2658 UG
W28 SR A2 e BT AE R it 522 MDR Al XDR I IR
S AR PTMs 19 & 228 e 02 BRI 7
HAR HHTXT PTMs FHE5 1% R it 2 X 45 B B 58 3 AN
g R, (HEXT PTMs K H G HEBE A ik — 2 5T
Al B8 R S5 A% TR YT PP 8 259 0Tk B A1
MLE .

REFERENCES

[1] Organization WH. Global tuberculosis report 2016.

[2] Jarlier V, Nikaido H. Mycobacterial cell wall:
structure and role in natural resistance to antibiotics.
FEMS Microbiol Lett, 1994, 123(1/2): 11-18.

[3] Warrier T, Kapilashrami K, Argyrou A, et al.
N-methylation of a bactericida compound as a
resistance mechanism in Mycobacterium
tuberculosis. Proc Natl Acad Sci USA, 2016,
113(31): E4523-E4530.

[4] Wright GD. Bacteria resistance to antibiotics:
enzymatic degradation and modification. Adv Drug

&: 010-64807509

(5]

(6]

(7]

(8]

(9]

[11]

[12]

[13]

[14]

Deliv Rev, 2005, 57(10): 1451-1470.

Li GL, Zhang JR, Guo Q, et al. Efflux pump gene
expression in multidrug-resistant Mycobacterium
tuberculosis clinical isolates. PLoS ONE, 2015,
10(2): €0119013.

Gygli SM, Borrell S, Trauner A, et a. Antimicrobial
resistance in Mycobacterium tuberculosis: mechanistic
and evolutionary perspectives. FEMS Microbiol Rev,
2017, 41(3): 354-373.

Broberg CA, Orth K. Tipping the balance by
manipulating post-translational modifications. Curr
Opin Microbiol, 2010, 13(1): 34-40.

Nakedi KC, Nel AJ, Garnett S, et a. Comparative
Ser/Thr/Tyr  phosphoproteomics  between  two
mycobacterial species: the fast growing Mycobacterium
smegmatis and the slow growing Mycobacterium
bovis BCG. Front Microbiol, 2015, 6: 237.

Birhanu AG, Yimer SA, Holm-Hansen C, et al. Ne-
and O-Acetylation in Mycobacterium tuberculosis
lineage 7 and lineage 4 strains: proteins involved in
bioenergetics, virulence, and antimicrobial resistance
are acetylated. J Proteome Res, 2017, 16(11):
4045-4059.

Kandpal M, Aggarwal S, Jamwal S, et al. Emergence
of drug resistance in Mycobacterium and other
bacterial pathogens. the posttranslational modification
perspective//Arora G Sgjid A, Kalia V, eds. Drug
Resistance in Bacteria, Fungi, Malaria, and Cancer.
Cham: Springer, 2017.

Tarrant MK, Cole PA. The chemical biology of
protein phosphorylation. Annu Rev Biochem, 2009,
78(1): 797-825.

Wehenkel A, Bellinzoni M, Grafia M, et al.
Mycobacterial ~ Ser/Thr  protein  kinases and
phosphatases: physiological roles and therapeutic
potential. Biochim Biophys Acta-Prot Proteom, 2008,
1784(1): 193-202.

Boshoff HIM, Myers TG, Copp BR, et a. The
transcriptional  responses of  Mycobacterium
tuberculosis to inhibitors of metabolism: novel
insights into drug mechanisms of action. Jf Biol
Chem, 2004, 279(38): 40174-40184.

Kang CM, Abbott DW, Park ST, et a. The
Mycobacterium tuberculosis serine/threonine kinases
PknA and PknB: substrate identification and regulation

B<: cjb@im.ac.cn



1286 ISSN 1000-3061 CN 11-1998/Q A:# T #2244k Chin JBiotech

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

of cell shape. Genes Dev, 2005, 19(14): 1692-1704.
Wolff KA, Nguyen HT, Cartabuke RH, et al. Protein
kinase G is required for intrinsic antibiotic resistance
in mycobacteria. Antimicrob Agents Chemother,
2009, 53(8): 3515-3519.

Hamasha K, Sahana MB, Jani C, et a. The effect of
Wag31 phosphorylation on the cells and the cell
envelope fraction of wild-type and conditional
mutants of Mycobacterium smegmatis studied by
visible-wavelength  Raman spectroscopy. Biochem
Biophys Res Commun, 2010, 391(1): 664—668.

Xu WX, Zhang L, Mai JT, et a. The Wag31 protein
interacts with AccA3 and coordinates cell wall lipid
permeability and lipophilic drug resistance in
Mycobacterium smegmatis. Biochem Biophys Res
Commun, 2014, 448(3): 255-260.

Veyron-Churlet R, Zanella-Cléon I, Cohen-Gonsaud
M, et al. Phosphorylation of the Mycobacterium
tuberculosis  B-Ketoacyl-Acyl  carrier  protein
reductase MabA regulates mycolic acid biosynthesis.
JBiol Chem, 2010, 285(17): 12714-12725.

Ando H, Miyoshi-Akiyama T, Watanabe S, et a. A
silent mutation in mabA confers isoniazid resistance
on Mycobacterium tuberculosis. Mol Microbiol,
2014, 91(3): 538-547.

Molle V, Kremer L, Girard-Blanc C, et al. An FHA
phosphoprotein recognition domain mediates protein
EmbR phosphorylation by PknH, a Ser/Thr protein
kinase from Mycobacterium tuberculosis. Biochemistry,
2003, 42(51): 15300-15309.

Sharma K, Gupta M, Krupa A, et a. EmbR, a
regulatory protein with ATPase activity, is a substrate
of multiple serine/threonine kinases and phosphatase
in Mycobacterium tuberculosis. FEBS J, 2006,
273(12): 2711-2721.

Sharma K, Gupta M, Pathak M, et al. Transcriptional
control of the mycobacterial embCAB operon by
PknH through a regulatory protein, EmbR, in vivo. J
Bacteriol, 2006, 188(8): 2936-2944.

Carabetta VJ, Cristea IM. The regulation, function,
and detection of protein acetylation in bacteria. J
Bacteriol, 2017, 199(16): e00107-17.

Gu LX, Chen YL, Wang QT, et a. Functional
characterization of sirtuin-like protein in Mycobacterium
smegmatis. J Proteome Res, 2015, 14(11): 4441-4449.

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

[25]

[26]

[27]

[28]

[29]

[30]

(31]

(32

(33]

[34]

(3]

Ferrandiz MJ, Martin-Galiano AJ, Arnanz C, et al.
Reactive oxygen species contribute to the bactericidal
effects of the fluoroquinolone moxifloxacin in
Streptococcus  pneumoniae.  Antimicrob  Agents
Chemother, 2015, 60(1): 409-417.

Kottur J, Nair DT. Reactive oxygen species play an
important role in the bactericidal activity of
quinolone antibiotics. Angew Chem Int Ed, 2016,
55(7): 2397-2400.

Darwin KH. Prokaryotic ubiquitin-like protein (Pup),
proteasomes and pathogenesis. Nat Rev Microbiol,
20009, 7(7): 485-491.

Li QM, Xie LX, Long QX, et a. Proteasome
accessory factor C (pafC) is anovel geneinvolved in
Mycobacterium intrinsic resistance to broad-spectrum
antibiotics—fluoroquinolones. Sci Rep, 2015, 5: 11910.
Olivencia BF, Miller AU, Roschitzki B, et al.
Mycobacterium smegmatis PafBC is involved in
regulation of DNA damage response. Sci Rep, 2017,
7:13987.

Zaunbrecher MA, Sikes RD, Metchock B, et al.
Overexpression of the chromosomally encoded
aminoglycos de acetyltransferase eis confers kanamycin
resistance in Mycobacterium tuberculosis. Proc Natl
Acad Sci USA, 2009, 106(47): 20004—-20009.

Gikalo MB, Nosova EY, Krylova LY, et a. The role
of eis mutations in the development of kanamycin
resistance in Mycobacterium tuberculosis isolates
from the Moscow region. J Antimicrob Chemother,
2012, 67(9): 2107-2109.

Chen WJ, Biswas T, Porter VR, et a. Unusual
regioversatility of acetyltransferase Eis, a cause of
drug resistance in XDR-TB. Proc Natl Acad Sci USA,
2011, 108(24): 9804—-9808.

Rominski A, Roditscheff A, Selchow P, et al. Intrinsic
rifamycin resistance of Mycobacterium abscessus is
mediated by ADP-ribosyltransferase MAB_0591. J
Antimicrob Chemother, 2017, 72(2): 376-384.
Weinert B, Scholz C, Wagner SA, et a. Lysine
succinylation is a frequently occurring modification
in prokaryotes and eukaryotes and extensively
overlaps with acetylation. Cell Rep, 2013, 4(4):
842-851.

XieLX, LiuW, Li QM, et a. First succinyl-proteome
profiling of extensively drug-resistant Mycobacterium



BRHE SEFEREHSERSRITEMNERENLS 1287

[36]

[37]

(38]

tuberculosis revealed involvement of succinylation in
cellular physiology. J Proteome Res, 2015, 14(1):
107-119.

Prisic S, Dankwa S, Schwartz D, et al. Extensive
phosphorylation with overlapping specificity by
Mycobacterium tuberculosis serine/threonine protein
kinases. Proc Natl Acad Sci USA, 2010, 107(16):
7521-7526.

Pearce MJ, Arora P, Festa RA, et a. Identification of
substrates of the Mycobacterium tuberculosis
proteasome. EMBO J, 2006, 25(22): 5423-5432.
Nguyen HT, Wolff KA, Cartabuke RH, et a. A
lipoprotein modulates activity of the MtrAB
two-component system to provide intrinsic multidrug
resistance, cytokinetic control cel wall
homeostasis in Mycobacterium. Mol Micraobiol, 2010,
76(2): 348-364.

and

&: 010-64807509

[39]

[40]

[41]

[42]

Garzan A, Willby MJ, Green KD, et al. Discovery
and optimization of two Eis inhibitor families as
kanamycin adjuvants against drug-resistant M.
tuberculosis. ACS Med Chem Lett, 2016, 7(12):
1219-1221.

Garzan A, Willby MJ, Ngo HX, et a. Combating
enhanced intracellular  survival (Eis)-mediated
kanamycin resistance of Mycobacterium tuberculosis
by novel pyrrolo[1, 5-a]pyrazine-based eis inhibitors.
ACS Infect Dis, 2017, 3(4): 302—3009.

Xu J, Wang JX, Zhou JM, et a. A novel protein
kinase inhibitor IMB-YH-8 with anti-tuberculosis
activity. Sci Rep, 2017, 7: 5093.

Ghosh S, Padmanabhan B, Anand C, et a. Lysine
acetylation of the Mycobacterium tuberculosis HU
protein modulates its DNA binding and genome
organization. Mol Microbiol, 2016, 100(4): 577-588.

(B339 RN TY)

B<: cjb@im.ac.cn



