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OcTaHHi HOBMHM
LLOAO PE3UCTEHTHOCTi MiKoBaKTepii

Ty6epKynbo3y

R. Singh et al. XypHan J. Appl. Microbiol. Yepsens 2020;
128 (6): 1547-1567. 110 (doi): 10.1111/jam.14478.
OnybnikosaHo oHaaliH 29 xoemHs 2019 p.

Ty6epkynbo3s (TB) pasom i3 cMHAPOMOM HabyToro iMyHo-
fediunTty Ta Manapierd BXOAATb 4O TPiMKM HaWneTanbHilLMX
iHdeKLIMHMX 3aXBOPHOBAHb, SIKi CTAHOBNSTb 3arpo3y CBITOBOMY
34,0pOBt0, 0CO6/IMBO B KpaiHax i3 cepefHiM i HU3bKUM piB-
Hamu foxony. Tb, cnpuunHeHui MikobakTepisiMu Ty6epKynibosy
(MBT), € noBiTpsAAHO-KpanenbHOW IHPEKLIED; TPETUHA CBITO-
BOro HaceneHHs iHbikyeTbesa TH, Wo npu3BoAMTb [0 Malxe
1,6 MnH cMepTelt wopoky. MNpoTutyb6epkynbo3Hi npenapatu
BBOASATbCS B Pi3HMX KOMBiHaLisX YOTUMPbOX 3aco6iB nepuoi
NiHii (pudamniumH, i3oHiasuna, nipasmHaMmin Ta etambyron),
AKi CTAaHOBNATb OCHOBY CXEM JNiKyBaHHS Ha MOYaTKOBIN (a3i
TpuBanicTo 6-9 Mmicauis. Kinbka NpuYMH NOSCHIOOTb HU3bKY
edeKkT1BHICTb Tepanii Th: Ni3Hs KiarHOCTUKA; BiACYTHICTb CBOE-
YaCHOrO Ta HaNEXHOro BBeAeHHS edeKTUBHMX NpenaparTis;
HW3bKa JOCTYMHICTb MEHLL TOKCUYHWX, HEA0POTUX Ta edeKTUB-
HWMX Npenaparis; LOBra TPMBaNiCTb NiKyBaHHS; HEBIAMNOBIAHICTb
pexuMy NpuioMy npenapaTis; EBONIOLIS PE3UCTEHTHMX LWITaMIB
TB. Pe3uncteHTHMit go nikie Tb sBnse coboto 3HayHy npobnemy
LN nporpam NikyBaHHS Ta KOHTPO/O 3axBOplOBaHHA. Ha tni
BCECBITHbOI MosiBM 558 Tuc. HOBMX BMNaakiB T 3 pe3ucreHT-
HicTo 8o pudamniuuHy (ctaHom Ha 2017 pik), 82 % 3 sKux
cTanu mMynbtupesucteHTHuM (MP) T, BaxnnBo NocCTiiHO OHOB-
NIOBATM 3HAHHS NPO MEXaHi3MK Ta MONEKYNSPHI NepenyMOBM
po3BUTKY pe3uncteHTHocTi MBT. Llei ornaa niacymoBye nporpec
NpoTUTY6EpPKYIbO3HMX Mpenapartis, cnocib ixHboi Aii Ta Mexa-
Hi3MK pe3uncTeHTHOCTI MBT. MeTo € HagaHHS faHUX OCTaHHIX
LOCNIoKEHD WOLO MEXAHI3MIB PE3UCTEHTHOCTI A0 NiKapCbKMUX
3aco6iB 3aranoMm, HeWwo4aBHO po3pobneHnX / yAO0CKOHANEHUX
npoTUTYBepKyIbO3HMX Npenaparis, ki NpaLooTb, i MKHapoZ-
HUX pekoMeHAaLil Wwopao nikysaHHs MPTB. Ornapn 6a3yeTbes
Ha aKTyanbHii niTepatypi  pekoMeHaauisx BcecBiTHboi opra-
Hi3aLii OXOpOHM 340POBS Ta MAE Ha METi CMPUSATU KPaLLOMy po-
3YMIHHIO CTIKKOCTI A0 nNpenapaTiB Ans edektneHoi Tepanii Th.

Kaseos - Hiwa ana nepcucreHuii
pe3sucTeHTHOI MiKkobGakTepii

Ty6epKynbo3y

J. Sarathy, V. Dartois. XKyp+an Clin. Microbiol. Rev. KeimeHb
2020; 33 (3): e00159-19. 110 (doi): 10.1128/CMR.00159-19.
OnyénikosaHo 17 yepeHsa 2020 p.

Ka3eo03, 0CHOBHUI HEKPOTUYHUII MaTepian Tybepky-
NbO3HUX YpaXKeHb, € pe3epByapoM Pe3nCTEHTHUX MiKo-
6akTepin. Kazeo3HMit HeKpOTUYHMIA MaTepian nepebyBae
B 3aKPUTUX BY3NMKAX | BIAKPUTUX MOPOXHUHAX, AKi 3'€A-
HYTbCS 3 AUXaNbHUMU Wngxamu. Kinbka 3aranbHOBU-
3HAaHUX XapaKTepUCTUK Ka3eo3ly 6ynn BCTAaHOBNEHI B A0-
aHTUOBIOTUYHY epy, KONU pO3TUHU nomepnux Big Tb 6ynu
NOWMNPEHUM SIBULLEM, aNle MeTOLONOriT 6ynn obMexeHnMM.
Lli HoBaTOpCbKi AOCNiIAXKEHHS NOPOAMAMN TaKi NOHATTS, 9K
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Recent updates
on drug resistance
in Mycobacterium tuberculosis

R. Singh et al.J. Appl. Microbiol. 2020 Jun; 128 (6):
1547-1567.doi: 10.1111/jam.14478.
Epub 2019 Oct 29.

Tuberculosis (TB) along with acquired immune deficiency
syndrome and malaria rank among the top three fatal infec-
tious diseases which pose threat to global public health,
especially in middle and low income countries. TB caused
by Mycobacterium tuberculosis (MTB) is an airborne infec-
tious disease and one-third of the world’s population gets
infected with TB leading to nearly 1.6 million deaths an-
nually. TB drugs are administered in different combinations
of four first-line drugs (rifampicin, isoniazid, pyrazinamide
and ethambutol) which form the core of treatment regimens
in the initial phase of 6-9 months. Several reasons account
for the failure of TB therapy such as late diagnosis; lack of
timely and proper administration of effective drugs; lower
availability of less toxic, inexpensive and effective drugs;
long treatment duration; nonadherence to drug regimen;
evolution of drug-resistant TB strains. Drug-resistant TB poses
a significant challenge to TB therapy and control programs.
In the background of worldwide emergence of 558,000 new
TB cases with resistance to rifampicin in the year 2017 and
of them, 82 % becoming multidrug-resistant TB (MDR-TB),
it is essential to continuously update the knowledge on the
mechanisms and molecular basis for evolution of MTB drug
resistance. This narrative and traditional review summarizes
the progress on the anti-tubercular agents, their mode
of action and drug resistance mechanisms in MTB. The aim
of this review is to provide recent updates on drug resis-
tance mechanisms, newly developed / repurposed anti-TB
agents in pipeline and international recommendations
to manage MDR-TB. It is based on recent literature and World
Health Organization guidelines and aims to facilitate better
understanding of drug resistance for effective TB therapy and
clinical management.

Caseum is a niche
for Mycobacterium tuberculosis
drug-tolerant persisters

J. Sarathy, V. Dartois. Clin. Microbiol. Rev. 2020 Apr 1;
33 (3): e00159-19. doi: 10.1128/CMR.00159-19.
Print 2020 Jun 17.

Caseum, the central necrotic material of TB lesions,
is a reservoir of drug-recalcitrant persisting mycobacteria.
Caseum is found in closed nodules and in open cavities con-
necting with an airway. Several commonly accepted charac-
teristics of caseum were established during the preantibiotic
era, when autopsies of deceased TB patients were common
but methodologies were limited. These pioneering studies
generated concepts such as acidic pH, low oxygen tension, and
paucity of nutrients being the drivers of nonreplication and
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Kncnmin pH, HU3bKUI TUCK KMCHIO Ta HEAZOCTATHICTb NO-
XMBHWUX PEYOBMH, AKi € pyWwissMun BiACYTHOCTI pennikauii
Ta NepcUCTeHUii B LiNgHLUI Ka3e03HOro HeKpo3y. TyT Mu
pO3rngaAaeMo 3arabHONPUMHATI YSIBNEHHSA NpPO Cnewuu-
diyHi ona Kazeo3y dbakTopu CTpecy, KOTPi, IK BBAXAETbCSH,
CMPUYMHAOTb PO3BUTOK pe3ancTeHTHoCTi MBT. Hawi cy-
YaCHi 3HaHHA NOKa3ykTb, Wo M. tuberculosis CTUKAETbCS 3i
36arayeHoto ninigamu Li€Tor, a He 3 AedilUnTOM NOXMUBHUX
pPEYOBMH Yy Ka3e03HOMY HEKPOTUYHOMY MaTepiani. 3MiHHa
pH Ka3eo3y cnocTepiraeTbCs B YCiX MicLUAX YpaXXeHHS,
MOX/IMBO, TUMYACOBO KMUCNA B PAHHIX YpPaXeHHsAX, ane
3arafioM Mamxe HelTpanbHa B BiNbWOCTI 3piNNX AINGHOK.
TUCK KMCHIO HU3bKUIM B @aBAaCKYNSIPHOMY Ka3eo3i 3aKpUTUX
BY3/IMKIB | BUCOKMI HA MOBEPXHi MOPOXHUHU; TPALIEHT
3MEHLEHHS TUCKY KUCHIO, MMOBIpHO, POPMYETHLCS B Ha-
NPSMKY CTIHKM MOPOXHUHU. OCKiNbKM Ka3e03HUI HEKPO3
nepeBaXKHO CKNAAAETHCS 3 iIHDIKOBAHUX | HEKPOTMU30BAHMUX
Makpodaris, 3aMOBHEHMX KpannsMu Ninigis, Mikpocepe-
LOBMILA, 3 SKUMU CTUKAETLCSA M. tuberculosis y NiHUCTUX
Makpodarax i B kKazeyMi, MatoTb 6arato nofibHocTei. He-
3Ba)KaluM Ha MeBHi NPOraauMHU B 3HAHHAX, Li BUCHOBKM €
HaLiMHO BiANPABHOK TOUYKOK A9 PO3POOAEHHS BUCO-
KOMPOAYKTUBHMX NiKiB, aHaNi3y0UM BiAKPUTTS, LWLO NOEAHY-
I0Tb NpaBUNbHMI BanaHc TUCKY KUCHIO, pH, yMicTy niniais
i BUAIB NinigiB 4ng MOLENtOBAHHA pe3ncTeHTHocTi MBT
[10 NiKapCbKUX NpenapaTiB y AiNSHLI Ka3e03HOro HeKpo3y.

Aunanis imyHHOI Bianosiai

Ha MiKkobGakTepii Ty6epKynbo3y
WASXOM Knacrepusauii
T-kniTMHHKUX peuenTopis

3a ponomoroio GLIPH2 ta ckpuHiHry
AHTUreHa Ha piBHi reHOMY

H. Huang et al. XypHan Nat. Biotechnol. 1 xoemHs 2020;
38 (10): 1194-1202. 1410 (doi): 10.1038/541587-020-0505-4.
OnybnikosaHo oHnaliH 27 keimHa 2020 p.

CD4* T-kKNiTUHU MalOTb BUpiWaNbHE 3HAYEHHS ANS
60poTbbM 3 naToreHamu, ane BcebiyHOMyY aHanisy cneuu-
dikn T-KNiTUH NOAMHKM 3aBaAXKAE Pi3HOMAHITHICTb anenis
HLA (noHap 20 Tuc.) i cknagHicTb 6araTbOX reHoMiB na-
ToreHiB. PaHiwe mu onucanu GLIPH, anroputm knacte-
pusauii T-kniTuHHMX peuenTopiB (TCR), saki po3ni3HatoTb
ofHaKoBMM eniTon i nepepbayatoTb ix ob6MexeHHs HLA,
ane uev Metof BTpayae epeKTUBHICTb | TOYHICTb NPM aHa-
nizi nonan 10 Tuc. TCR. TyT Mn onucyeMo BAOCKOHane-
HWi anropuTMm, GLIPH2, akunit Moxe 06pobnaTn MinbioHu
nocnigoBHocTeit TCR. Mu Bukopuctosysanu GLIPH2 nng
aHanisy 19 044 ynikanbHux nocnigosHocTteit TCRP BiA
58 oci6, npuxoBaHo iHbikoBaHux MBT, i rpynyBanu ix
BiAMOBiIAHO A0 iXHbOI cneundivyHocTi. Ang ineHTndika-
uii enitonie, HauwineHnx Ha knactepu MBT-cneundivyHnx
T-KNiTUH, MU NPOBENU CKPUHIHT 3724 pi3Hux 6inkiB, WO
oxonawtTb 95 % reHis, aki koaywTb 6inok MBT, BMKO-
PUCTOBYKUYN WTYYHI aHTUTEHNPE3eHTYBaNbHI KNITUHMU
Ta T-xennepu. Mu BUSABUAU, WO NPUHANMHI N'aTb Binkis
PPE (Pro-Pro-Glu) € miwweHamMu ong posnisHaBaHHa MBT
T-kKNiTUHaAMM.
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persistence in caseum. Here we review widely accepted beliefs
about the caseum-specific stress factors thought to trigger the
shift of MTB to drug tolerance. Our current state of knowledge
reveals that MTB is faced with a lipid-rich diet rather than
nutrient deprivation in caseum. Variable caseum pH is seen
across lesions, possibly transiently acidic in young lesions but
overall near neutral in most mature lesions. Oxygen tension is
low in the avascular caseum of closed nodules and high at the
cavity surface, and a gradient of decreasing oxygen tension
likely forms toward the cavity wall. Since caseum is largely
made of infected and necrotized macrophages filled with lipid
droplets, the microenvironmental conditions encountered by
MTB in foamy macrophages and in caseum bear many similar-
ities. While there remain a few knowledge gaps, these findings
constitute a solid starting point to develop high-throughput
drug discovery assays that combine the right balance of oxy-
gen tension, pH, lipid abundance, and lipid species to model
the profound drug tolerance of MTB in caseum.

Analyzing the Mycobacterium
tuberculosis immune response
by T-cell receptor

clustering with GLIPH2

and genome-wide antigen
screening

H. Huang et al. Nat. Biotechnol. 2020 Oct; 38 (10):
1194-1202. doi: 10.1038/541587-020-0505-4.
Epub 2020 Apr 27.

CD4* T cells are critical to fighting pathogens, but a com-
prehensive analysis of human T-cell specificities is hindered
by the diversity of HLA alleles (>20,000) and the complexity
of many pathogen genomes. ®We previously described GLIPH,
an algorithm to cluster T-cell receptors (TCR) that recognize
the same epitope and to predict their HLA restriction, but this
method loses efficiency and accuracy when >10,000 TCR are
analyzed. Here we describe an improved algorithm, GLIPH2,
that can process millions of TCR sequences. We used GLIPH2
to analyze 19,044 unique TCRP sequences from 58 individuals
latently infected with MTB and to group them according to
their specificity. To identify the epitopes targeted by clusters of
MTB-specific T-cells, we carried out a screen of 3,724 distinct
proteins covering 95 % of MTB protein-coding genes using
artificial antigen-presenting cells and reporter T-cells. We
found that at least five PPE (Pro-Pro-Glu) proteins are targets
for T-cell recognition in MTB.
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OnocepeakoBaHa ninigamm
nisocomanbHa TpaHchopmauin
MBT B indikoBanux makpodarax
MOAYNIOE BHYTPIHbOKAITUHHUMA
pyX i BxxuBaHua MBT

K. Sachdeva et al. XypHan J. Biol. Chem. 3 nunHs 2020;
295 (27): 9192-9210. 110 (doi): 10.1074/jbc.RA120.012809.
Ony6nikosaHo oHnaliH 18 mpasHs 2020 p.

BHYTpILIHbOKNITUHHI NAaTOreHun 3a3BMyai MaHinynoTb
Ni30COMHOK CUCTEMOI Xa3sdiHa ANg CBOTO BMXMBAHHS.
[MpoTe, Y1 BNAMBAE g NAaTOreHHa 3MiHa Ha OpraHisauit Ta
(YHKLiIOHYBaHHSA CaMOi Ni30COManbHOi CUCTEMMU, HEBILOMO.
BukopucToBytoum iHpeKwii in vitro v in vivo Ta KinbKicHMM
aHani3 306paxeHb, MM MOKA3YEMO, LLO BMICT 1 aKTUBHICTb
nizocoMm y rnobanbHomy MacwTabi nigBuueHi B iHdikosa-
HUX M. tuberculosis makpodarax. Mu nomitTuau, WwWo uen
NOCUNEHUIM Ni30COManbHUI CTaH 36epiraeTbcs 3 4Yacom
i BU3HAYAE afanTUBHMI TOMEOCTA3 Yy 3apaXeHOMY MaKpo-
dary. J1i3oCcOMHi 3MiHM CNpUYMHEHi MikobaKTepianbHUMMU
NnoBepXHEeBMMU KOMMOHEHTAaMM, 0COBMBO acOLiMOBaHUM i3
KNITUHHOO CTiHKOW ninigom — cynbdoninia-1 (SL-1), akui
dyHKUioHye yepe3 Bicb mTOR komnnekcy 1 (mTORC1) -
dakTopa TpaHckpunuii EB (TFEB) y kniTuHax xassiHa. My-
TaHT MBT, y gakoro BiacyTHil SL-1, MtbApks2, neMmoHcTpye
ocnabneHHs Ni30CoOManbHMUX 3MiH y nopiBHAHHI 3 WT (wild-
type, HeMyTOBaHWI («anKuiA») Tn) MBT npu iHbekLiax gk
in vitro, Tak # in vivo. Bnnne mMakpodaris Ha ounLLeHUI
SL-1 nocMnmMB TPAHCNOPTYBaHHA GAaroLMTapHOro BaHTaxy
no nisocom. BignosigHo, MtbApks2 nemoHcTpyBaB no-
fanblle 3MeHWeHHs TPaHCNOPTYBAHHS Ni30COM Yy MOpiB-
HAHHI 3 WT. 3HMXeHUH 06MiH LbOro MyTaHTHOrO WTamy
MBT [0 ni30COM KOpentoBas i3 NOCUNEHUM BHYTPILLIHbOKII-
TUHHUM BUXMBAHHAM HakTepii. Hawi pe3ynbTaTy nokasy-
H0Tb, WO rnobanbHa 3MiHa Ni30COManbHOI CUCTEMU Xa3qiHa
€ BM3Ha4YanbHOW 0cobnuBicTio iHbikoBaHnx MBT Makpoda-
riB i UEen 3MiHEHMM NiI30COMHMI CTaH 3aXMULWAE LiNiCHICTb
KNiTUHU Xa3siHa Ta CNpUsE CTPUMYBAHHIO MaToreHa.
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MTB lipid mediated
lysosomal rewiring in infected
macrophages modulates
intracellular MTB trafficking
and survival

K. Sachdeva et al. J. Biol. Chem. 2020 Jul 3; 295 (27):
9192-9210. doi: 10.1074/jbc.RA120.0128009.
Epub 2020 May 18.

Intracellular pathogens commonly manipulate the host
lysosomal system for their survival. However, whether this
pathogen-induced alteration affects the organization and
functioning of the lysosomal system itself is not known. Here,
using in vitro and in vivo infections and quantitative image
analysis, we show that the lysosomal content and activity
are globally elevated in MTB-infected macrophages. We ob-
served that this enhanced lysosomal state is sustained over
time and defines an adaptive homeostasis in the infected
macrophage. Lysosomal alterations are caused by mycobac-
terial surface components, notably the cell wall-associated
lipid sulfolipid-1 (SL-1), which functions through the mTOR
complex 1 (mTORC1)-transcription factor EB (TFEB) axis in
the host cells. An MTB mutant lacking SL-1, MtbApks2, shows
attenuated lysosomal rewiring compared with the WT MTB in
both in vitro and in vivo infections. Exposing macrophages to
purified SL-1 enhanced the trafficking of phagocytic cargo to
lysosomes. Correspondingly, MtbApks2 exhibited a further re-
duction in lysosomal delivery compared with the WT. Reduced
trafficking of this mutant MTB strain to lysosomes correlated
with enhanced intracellular bacterial survival. Our results
reveal that global alteration of the host lysosomal system is
a defining feature of MTB-infected macrophages and suggest
that this altered lysosomal state protects host cell integrity
and contributes to the containment of the pathogen.
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