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A Mutation in the 16S rRNA Decoding Region Attenuates the Virulence of
Mycobacterium tuberculosis

Mycobacterium tuberculosis contains a single rRNA operon that encodes targets for
antituberculosis agents, including kanamycin. To date, only four mutations in the kanamycin
binding sites of 16S rRNA have been reported in kanamycin-resistant clinical isolates. We
hypothesized that another mutation(s) in the region may dramatically decrease M.
tuberculosis viability and virulence. Here, we describe an rRNA mutation, U1406A, which
was generated in vitro and confers resistance to kanamycin while highly attenuating M.
tuberculosis virulence. The mutant showed decreased expression of 20% (n = 361) of
mycobacterial proteins, including central metabolic enzymes, mycolic acid biosynthesis
enzymes, and virulence factors such as antigen 85 complexes and ESAT-6. The mutation also
induced three proteins, including KsgA (Rv1010; 16S rRNA adenine dimethyltransferase),
which closely bind to the U1406A mutation site on the ribosome; these proteins were
associated with ribosome maturation and translation initiation processes. The mutant showed
an increase in 17S rRNA (precursor 16S rRNA) and a decrease in the ratio of 30S subunits to
the 70S ribosomes, suggesting that the U1406A mutation in 16S rRNA attenuated M.
tuberculosis virulence by affecting these processes.

Infection and Immunity. 2016 Jul 21;84(8):2264-73.
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Peroxiredoxin 1 contributes to host defenses against Mycobacterium tuberculosis

Peroxiredoxin 1 (PRDX1) is an antioxidant that detoxifies hydrogen peroxide and
peroxinitrite. Compared with wild-type (WT) mice, Prdx1-deficient (Prdx1-/-) mice showed
increased susceptibility to Mycobacterium tuberculosis (Mtb) and lower levels of interferon
(IFN)-g and IFN-g-producing CD4+ T cells in the lungs after Mtb infection. Interleukin
(IL)-12 production, c-Rel induction and p38 mitogen-activated protein kinase (MAPK)
activation levels were lower in Prdx1-/- than WT bone marrow-derived macrophages
(BMDMs). IFN-g-activated Prdx1-/- BMDMs did not kill Mtb effectively. Nitric oxide (NO)
production levels were lower, and arginase activity and arginase 1 (Argl) expression levels
were higher in IFN-g-activated Prdx1-/- than WT BMDMs after Mtb infection. An arginase
inhibitor, Nw-hydroxy-nor-arginine, restored antimicrobial activity and NO production in
IFN-g-activated Prdx1-/- BMDMs after Mtb infection. These results suggest that PRDX1
contributes to host defenses against Mtb. PRDX1 positively regulates IL-12 production by
inducing c-Rel and activating p38 MAPK, and positively regulates NO production by
suppressing Argl expression in macrophages infected with Mtb.

Journal of Immunogoly 2016 Oct 15; 197(8):3233-3244.

MicroRNA-155 knockout mice are susceptible to Mycobacterium tuberculosis infection

MicroRNAs (miRNAs) are short, conserved, non-coding RNA molecules that
repress translation, followed by the decay of miRNA-targeted mRNAs that encode
molecules involved in cell differentiation, development, immunity and apoptosis.
At least six miRNAs, including microRNA-155 (miR-155), were upregulated when

born marrow-derived macrophages from C57BL/6 mice were infected with

Researchers 21X, MR EZILEHT D,



Mycobacterium tuberculosis Erdman. C57BL/6 mice intravenously infected with
Erdman showed up-regulation of miR-155 in livers and lungs. Following infection,
miR-155-deficient C57BL/6 mice died significantly earlier and had significantly
higher numbers of CFU in lungs than wild-type mice. Moreover, fewer CD4p T
cells, but higher numbers of monocytes and neutrophils, were present in the lungs
of Erdman-infected miR-155 knockout (miR-155-/-) than of wild-type mice. These
findings indicated that miR-155 plays a critical role in immune responses to M.

tuberculosis.

Tuberculosis (Edinb) 95(3):246-50.2015
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TLR2X°TLRA 72 E L FHAANEAT A Z L2k, A M A U OFEAZ R L, HMifatkmng &
WRHERIEDNT o Ao TND Z E DRI NI,
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BATD WHO Dtz LR — MI &2 EREEEITER 1 0 4 0 5 NOTFEMERS I EE
., FE 1 8 0 WADHEZBIXIEZ LTWDH T8, FEREOFREIER 1 O#&E % B
HNCZTHZEE, L0 BRBWRRFEORBICKUHATH D, MEEOET /) LfEH
WZEV, T LD 0%EHT 57 7 I —Ba LNl hol, ZTb

D PE & R_7E1%, 7V UIZET C R K AA V& F> PE_PGRS > DN
H5,

PE_PGRS62 II#EZE 1A LTV DA, ZAVE CICHIREHE %2 £ 7 VAEMITHRE
T & L CORREN., EINDOMDIIE ThHno TE Tz, HliX, AEEZEOERE T
& 5 Mycobacterium marinum % PE_PGRS62 D4 —>Y v 7 & LT MMAR_2458 %*
BALTEY, ZaiEE L7 M marinum MMAR 2458 Tnli~7 a7 »—YNT
HIEC X 7enoTz, Fio. MMAR 2458-Tni3it a UV T )V ORIFEICE T 51
R Bt E MR T L CWnWie, L7eni» T, fEEEGIZET 5 PE_PGRS62 73
WREETFTHLINEIDDBHOLNNI > TELT, ZOMEL AHTH D,

A — N7 7 VT EEREN G AT A TH Y BN ORERS) E s
L., VY Y—=LTHRT D, 30U EOF— 77 U—BHEEIRT (Atg) DFEES
., 95180 Atg WRBHLEOA— b7 7 V—BRICKUATH -7, ZNH D
MEB R 7IZ1%. Atgh. Atg8/microtubule-associated protein 1 light chain (LC3)
KON Atgl2 > a— KT 58BN EEN TS, LC3 1L, MER o LC3T &
RO LC3-IL 238 %, LC3-TICHEE (RRATZ 7 FV—nA /¥ =) BILFRE
T5E, LC3II/ 5, Fiz, Atgl2id Atgh LIAHEAT D, b OIEHAIC
XA EN LT, = 77 V—OENEKREIND, LC3ILiITA— 77T/ —
LEOFERP )72~ — T —TH D,

Z DM Tl #EEE O PE_PGRS62 28 Atgh IZhEa L, A — 7 7 ¥ — & il 3
HZ L EW BT D RDFRHIHE, I TH D,

PE_PGRS62 WRIEEFTH A L ZBHOMNZT 51-0HIZ. PEPGRS62:EInF/ VI T
D MEREEZERL. BHEILETEINEINARND, FEFTVAADREEERERDM.
ESHBA~NDREREFIT o,

PE_PGRS62 X MRBANIZHKITIEI-E A, ROV IWERESZEL-, £, &
E{RPE_PGRS62 WERGAD VLR EZFE L &b, CORIYIILDOMEZH
LBMMIT RO, A— b T 70— —h—2 NJBLRB RV Y —LI—h—
2 27\ & CD63 (5l 4 Lampd) & DHF/BTEM ZF 1=, PE_PGRS62 H¥LC3-1 A i5 LC3-11
ANDEB|EINFN T 20 E S MR,
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PE_PGRS62 AEFIZ#EZBDREICHFEL. BERFELEHEEATEINE S I E
AT,

GFP-LC3 A FIR L 1= JT74 #RA N TPE_PGRS62 #HIR L I-HERENA— D 7o —%
HH3 20 E S AT,

GFP-LC3 Mm% L 1= JT74 #IfAN T, PE_PGRS62 ZE AR Z R L -ERXEINFET 5
F— k77 O—H Atgh IRFRIN E S DT,

PE_PGRS62 ZE K Z=HRIE L F-HEXE DB X MERNEFE L5 1=, PE_PGRS62 A1 &
DESIBANWZXALTH— 77 O—FMFIT 5MEHBA LT,

BEERDOMXHBETT H=DIC. FE~1FLUNTER - XBEZEREL. RXB
HICEVHEBRERECBT2A— 77 O—GIMEOD FHIEZMEAT 5, B
B4 2/ & PE_PGRGS62 WRIREREFTHDZ EEXBALNICT BH-HIZ, FERKA
PE_PGRS62EIGF/ vV 77 MK ZEERL, YTORBRETILERICEKYBESEL
TWAHNEINARNTz, COBBBERREZ VNIV BERBEEDA— 77 O—B&E
DF A EHREERT S EICKY., A— T 7P0—ZMHIL. EREILTIOD
7—UATEEFELTW ., FYEEBEIEVERT—FZERIATEY. ¥/ 0O
T7—VICHEBBEERESEEBEDA— I 7P0—T5 vy U R (#EFT) [2DOLWVTD
BMNEREITI.

HiimMtZE & L T, #&#%E PE_PGRS62 IZ#EE T 5B E X > /\Y B Hormerin R E L
f=o Homerin &7 FE—MRERXRDREMKICEASE L TWEHN, MIERES L UA—
b7 O—I2BITBHEERA A > TULEL, ERERELEETA— 77 P—IC
17 % Hornerin DFEREZBA S MZT 5122, CRISPR-Cas9 ¥ X T Lz ALY THELE(C
Hornerin / w9 79 k2 RXA &S LT=, Hornerin (X9EEDE VNV BTHY ., 1
5@ E— FERINFRRICMATYIADEEIZHEIE L TV Hornerin Z1&H L.
Hornerin / w9 79 F I ADTEREHER L=,

A
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F—U—FK SR AN, BRIEE. AR~ —EEE T bla IMP

D% C H IV RALR ATHTE O SRR NCOM1984 B3, 2012 EIZ HATAPZ LT

WIZEBENODBES T, B a~ N T 7 0 —EE. Z O BERRIE TMP Y 2

=

Zu-B-F 7 24<x—EBEMETHLZ L ER LTz, &7 LRAIOMGIZ XD .
NCGM1984 |3 Yo ik o> Bra 2 REIRIC BIMEIZ blaIMP-34 IFEELB Y 7/ ACEE 2 =
E—ODMMHEEETFEZ A LTSI ERHALNCR o7, K4 D blalMP-34 X, 7 7 A
1A4>F 27 my (tnpA (ISPa7) —intI1-qacG-blaIMP-34-aac (6)
~Ib-qacEdeltal-sull-orf5-tniBdelta-tniA) C[F UM&E CTdh o7, /oBEREIE, MLST
P FMEATIC KD ST235 (2B L. EBRAIC A U R 7 727 m— R ThH o7z, IMP-34
I, IMP-1 @ Glul26Gly ZEERART, B-T 7 ¥ ~—VBIZLERT /) N7 X LRIUVAERT
AR VFFT LU, TARENDTRXTOB-TF 7 Z~—LBENKZME LI, ZOfil
BEEMET IMP-1 SHERL L Tz, FEERE O AR B2, 2 228 —0 blalMP-34 237
£ LT D ERIRSTBERR 2 9] 60 THE 95,

(PLOS ONE | DOI:10.1371/journal. pone. 0149385 April 7, 2016)

A Carbapenem—Resistant Pseudomonas aeruginosa Isolate Harboring Two Copies of
blaIMP-34 Encoding a Metallo— 3 —Lactamase.

A carbapenem—resistant strain of Pseudomonas aeruginosa, NCGM1984, was isolated
in 2012 from a hospitalized patient in Japan. Immunochromatographic assay showed

that the isolate was positive for IMP-type metallo— 3 —lactamase. Complete genome



sequencing revealed that NCGM1984 harbored two copies of blalMP-34, located at
different sites on the chromosome. Each blalMP-34 was present in the same
structures of the class 1 integrons,

tnpA (ISPa7) —intI1-qacG-blaIMP-34-aac (6’ ) —Ib—qacEdeltal—sull-orf5—-tniBdelta—
tniA. The isolate belonged to multilocus sequence typing ST235, one of the
international high-risk clones. IMP-34, with an amino acid substitution
(G1lul26Gly) compared with IMP-1, hydrolyzed all B -lactamases tested except
aztreonam, and its catalytic activities were similar to IMP-1. This is the first
report of a clinical isolate of an IMP-34-producing P. aeruginosa harboring two

copies of blalMP-34 on its chromosome.
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WFFERLA:
¥ ANSOREREEBGE O FERRRIEIT, 1) =7 0y M KOG 2) RBEflkiE
S X DY, ThDH, Bx ORI NV—7TliL (2) DWT, EBRREMHEEL, 15

FT~A 271 RNA155 / v 7 7 7 b~ A ZWFFEXT S ST 2 3k L 7=,

MicroRNA-155 / v 7 70 b~ U A fEEHEEY:  ~ 4 7 = RNA (miRNA) (3,
BIRRZIH T 2 < REFESNEIET— RRNA S TH Y, e\ TRl L, FEiE,
FIEBLOT RN b= AT 55 1% 72— 9 %5 miRNA ##) mRNA ORfEET
HbH, CHTBL/6~T7ADERIHNK~ 7 07 7 —UNHitsE Erdman #RICEEGE LT-
Y. ¥~ 7 v RNA-155 (miR-155) 2@ {72 < &b 6 50D miRNA 238N L7z,
Erdman # % §RiESH L7z C57BL/ 6 ~ 7 A%, [l L OUiiIC 1T % miR-155 O
WA Z R Uz, Eet% . miR-155 K48 C57BL/ 6 ~ 7 A 3#FH L < BT L, Tl
AR~ 2L bABICEWEOEFE R (CFU) 2 L Twe, 5612, Erdman
JE&Y miR-155 / v 7 7 v b (miR-1557) OffilziL, AR~ 2 L0 /404D CD4+
T HifE, £ 02 < OHERE KOG ERBEE LTz, 26 O RIZ, miR-155 A3f5H
X 2 IR B W CHER AR A R 2 L AR LT,

MicroRNA-155 knockout mice are susceptible to Mycobacterium tuberculosis

infection



MicroRNAs (miRNAs) are short, conserved, non-coding RNA molecules that
repress translation, followed by the decay of miRNA-targeted mRNAs that encode
molecules involved in cell differentiation, development, immunity and apoptosis.
At least six miRNAs, including microRNA-155 (miR-155), were upregulated when
born marrow-derived macrophages from C57BL/6 mice were infected with
Mycobacterium tuberculosis Erdman. C57BL/6 mice intravenously infected with
Erdman showed up-regulation of miR-155 in livers and lungs. Following infection,
miR-155-deficient C57BL/6 mice died significantly earlier and had significantly
higher numbers of CFU in lungs than wild-type mice. Moreover, fewer CD4p T
cells, but higher numbers of monocytes and neutrophils, were present in the lungs
of Erdman-infected miR-155 knockout (miR-155-/-) than of wild-type mice. These
findings indicated that miR-155 plays a critical role in immune responses to M.

tuberculosis.

Tuberculosis (Edinb) 95(3):246-50.2015
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