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Abstract

WHO endorses Bedaquiline (BDQ) as Group A antituberculosis drugs for clinical practice.
Rapid identification of drug-resistant MTB strains is crucial for optimizing treatment efficacy,
preventing further transmission, and effectively controlling the spread of contagious tuberculosis.
Matrix assisted laser desorption ionization time-of-flight Mass Spectrometry (MALDI-TOF MS) is
a technique applied to use for detection of antimicrobial resistance, including tuberculosis drug
resistance. Therefore, there is a high probability that MALDI-TOF MS could generate specific mass
spectrum patterns related to BDQ resistance. The aim of this study was to examine the pattern of
protein mass spectra (PMS) between BDQ-spontaneous mutants derived from spontaneous mutation
in M. tuberculosis H37TRa ATCC 25177 compared to H37Ra wild type using MALDI-TOF MS. A
stepwise induced mutation was performed in M7H10 agar plate containing BDQ concentrations
ranging from 0.125 to 1.00 pg/mL. The BDQ-resistant colonies exhibiting on M7H10 containing
BDQ concentration between 0.50 and 1.00 pg/mL were used to study their protein mass spectrum
patterns compared to H37Ra wild type via MALDI-TOF MS. The results revealed the presence of
6 spontaneous BDQR strains (H1-H6). MALDI-TOF MS analysis revealed that BDQR strains
exhibited 6 significantly different PMS pattern compared to M. tuberculosis H37Ra WT. All BDQ"
strains displayed a significant decrease in the major mass spectra peak within the range of m/z 5688-
5693. H1 exhibited an interesting minor MS peak increase in ranges 2733 and 4864- 4865m/z.
In H3 and H5, there was a significant increase in the mass spectrum peak observed in the range of
4932-4933 m/zand 5332-5334 m/z. respectively. MSP dendrogram clearly distinguishes
between each BDQ" strain and the wild type. In conclusion, this study successfully distinguishes
protein mass spectra between wild type and BDQ" strains. MALDI-TOF MS has demonstrated
reliability and holds potential as an alternative technique for detecting drug resistance in MTB.

Correspondence: Worada Samosornsuk E-mail: sworada@hotmail.com

282



1Y P o = v o <
nsanslsauazsgumuwarinnuiasiumugulsni 3 JIniauasasse Journal of Disease and Health Risk DPC.3

ﬂﬁ 18 aﬁUﬁ 3 fugneu-Sunaw 2567 Volume 18 No.3 September—December 2024
. A o = < 2 X e
31] LLUU protein mass spectrum Ua\tza?) ulsalaganduianalstanasn Bedaquiline

WIUNIZUIUNIT spontaneous mutation MYLNALA MALDI-TOF MS
nie) UsuaIgns’
wmandnG wemaatuml”
T e
w@inassn aluasgey’”
Y0 aluasgy”
Vosdiadnen snennaiiamsunmd asannzanans Nvminenaesssuanans gudsian Samiaunasil
“gudnugimnssnsasmalulagdimu driinnuwanninenmansussmaluladuiend (sme.)
" MAnAlAMSUWINNE AMEERBMNENT NINENAESTINANGNS AUITIEn JnTaunNe il

WSU: 1 WNE8U 2567 | Juunly: 27 wouaeu 2567 ‘fumau%’u: 15 8NWIAN 2567
N GIRED

WHO ay#@ 1% Bedaquiline (BDQ) ttuensnuindsangy A #Rsanhanldduiums
Snwmeadin msasauasifiasednsazmsaemaialniagunadnhlugmadomis
Uszansnw dasfuuazmuaulsaluliideialsnundnszans matrix assisted laser desorption
ionization time-of-flight mass spectrometry (MALDI-TOF MS) Wumaiiafihands zqnﬁﬂﬁlu
msasdnsuzmsaomludegadning 4 nulufudeialse duiudedenudululdgeiin
maiflailnaamdnsuzmsies BDQ ludadidaialse lumsdnmiliiingUssasdiiie
AN 3UUY protein mass spectrum (PMS) wam%anawﬁuiéam BDQ dramsaazaialse
a’lﬂ‘ﬁuﬁj H37Ra ATCC 25177 ¥t spontaneous resistance #8871 BDQ Tmﬂdm‘[am%aﬁaz
Funauatly M7H10 Aifenudiasiuyedsn BDQ aaud 0.125 4 1.00 pe/mL udeu @adizu
Ty M7H10 audanudnsu 0.50 89 1.00 pe/mL fafluidadaen BDQ zihnAnsFUkuy
PMS 1W3gutiiau H37Ra wild type #78 MALDI-TOF MS inuamsanwmannsasiazainlsa
awﬁuﬁ:(ﬁam BDQ (BDQ-resistance strains; BDQ" strains) lé'ﬁy'wum 6 awﬁuﬁ: (H1-H6)
N1991A91£¥é28 MALDI-TOF MS uaasliifiudezuuuu PMS fiuandraduagieditaddn
6 sUnuuLipIFBuLTEURY M. wberculosis H37Ra WT lu BDQ" nnanawugiinmsanasuas PMS
WANEI m/z 5688- 5693MaWug H1 wu PMS sasfiiinduagnalaaiaulusumis m/z 2733
uo 4864-4865 lumsWus H3 woz H5 Wu PMS tinduiiduvis m/z4932 - 4933udy
5332-5334 MNEIAU Main spectral profile (MSP) dendrogram aan3aduunanawuguad BDQ
waz wild type 8ANNNULH DENTALAY ﬁqfquuﬁﬁﬂﬁawuwsnﬁwgﬂmm PMS auunIzINae
Wugith uazdadas BDQ aannfuld MALDI-TOF Ms Sausadliifiufsanauniiiedo uas
sansalifumeiamadanlumsanamansazmsaesnlunyialse
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Julsa (Tuberculosis, TB) Wulsededaiannzaiulse (Mycobacterium tuberculosis)
waziulymessaguiinaliidemsdeiinannfigadusaui 2 sesan COVID-19 1nms

'3 4 £ = v S Y [ ] v < H
mansalaasasdmsawialan UszinalnaiigidnselfiheiulsansIvduaznauanidug
103,000 318 Tudhnuasnaniigiheulsandaewylad (TB/HIV) 8,900 Mg uasiigjihe T
Tsa®aen RR/MDR-TB Uszaay 2,400 57822 gasianudisalunmssnvninlsadasviais
27 (RR/MDR-TB) agii3asas 63 ynuziin13@nw meta-analysis wusananudnsalums
Sninlsedaenranerinuziiaguuse (XDR-TB) Hiieedosas 44.2 Jafianuinduadneded
k4 4 [ d‘d [ a 2 4 v a A w u =
aaslgenlumssnmnndvangiudalszandmemudszandaw wszanusaanalumssnm Tudl
A.A. 2020 avdmsanNalanlavszmatawuamamsinmgiheiulsalasinsanldensnuin
Tsaaurulva (new line drug anti- tuberculosis) Nl UsEaNEnauazUsednSaInna™® oy
%4 %4 v 1 QOJQJ gg %4
Bedaquiline (BDQ) tUuendnwinlsnamnulvailungn A finalneangnidutamsduanzi ATP
IQ! o e 1 a a I z&’ L I (7’ 8) s o Q/ 19/0-’ aa v 1 1
aydamssaiulezesaiulsn® ® imsihinuiuldshvmeadtinUsznaunuenguen
1 loedanegnimssne Ao gasen3n¥se8=ay (shorter oral regimens) Uaz3z8ze1 (longer oral
regimens) Ul a.¢. 2022 aadmspwNelaniimsusugassnwindnlasth BDQ Usuldsiniu
Pretomanid (Pa), Linezolid (L), W82 Moxifloxacin (M) naretlugassnmdrinsu 6 Liau ds
BPaL %32gn33nt5zeze) 9 04 18 thauda BPaLM® ' dwsusnwghes RR/MDR-TB uaz
Pre-XDR TB #asan lafansanthinlalumeadiinlalimnuidn fisenumstsenieaulugihe
nlasunmssnmens BDQ wululszimadudauaziu ™ uazlullagainasnumstoedagns
M350 BPaL luuan3nla®® linusesnumstemsdagasnissne BPaLM udagnle 809
nMsfaenga BDQ lua MDR-TB fitwnzuanannnaadingedsiazas 4.4 Tudagiunaln
M3feeNaTAINY waziianuineddasda BDQ dnlvaiiiaannmsnaiawuguesdiudn 9 ou
atpE, Rv0678 (mmpR) Wwag pepQ atpE ﬁwfbﬁmuqu ATP synthase subunit " Wthwanelu
g L 1 LAl Q‘ g | = W %4

M398NgN5PeeN BDQ"'” MIna1eWuguas appE dualyid) BDQ MIC tWnausgnitaddgy>
19 Rv0678 (mmpR) Hunumdeddaany MmpL5-MmpS5 (U repressor efflux pump 11A52U
aIDNNNLYAS MINANEWUGTUBI mmpR KA I rotator ring ATPase NNUHAUNGZY was pepQ
(¥ cytoplasmic aminopeptidase 9l3iwunalnuasen BDQ dafiuilaguige ugmsnanawugues

(21)

&u pepQ F9H alviLia low-level bedaquiline LL8¢ clofazimine resistance'”’ 1196379 Wohaeee

BDQ laagesiasidelianudandanissnm msaaanlse wazmswennsaimsaiiiulsa
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Tulagtiumsasiamnigaien BDQ dasardeismeiilulnidmiunasavamuluasdadas 3
daslfiadasiia yaansiifienudiung waslfnaununiaznsuwe uananil critical drug
anmennaﬁmq(CCD‘ﬁiﬁﬁhumndwqﬁu%uagﬁﬁﬁﬁﬁiﬁwmaallﬁww%unwsmiaaﬂwqﬁiulwﬂﬁhﬂqﬁ
Foida lasnnasdamudiimfumastendafitas Judemsfnm Wann Aedu uaslssandis
feialssansus uaztszansmwluanammsaenluideiulsn wianniaassaznalums
973 mmsﬂﬁwaﬁgﬂﬁm WazLNUE) Matrix Assisted Laser Desorption Ionization-Time of Flight
Mass Spectrometry W38 MALDI-TOF MS ({utnaifiamsasiadaszvfivhmsedalusiu viawu
Ind Aundnuauan3ng uazBsuastarrasasuuaainllsiuldnamsuandniuloaay tians
waeuiilumamaganmedsiaunaliih Tosssifunaluanatesasedouiiluldidnhansiid
WalueNaINn uasmﬂﬂizwuﬁﬂﬁhmsaaﬁu(dewcun)izﬂznawﬁlaaatuﬂéauﬁlﬂmﬂﬂszmuﬁhﬁh
M5299U (3803 time-offlight (TOF) 1@1§lu m/z peak aniuthanu3euiiay PMS 1u database
\iossyriianasdiags Tudagtiu MALDI-TOF Ms imath1#lumsanainansiideadn
wasszandanlfiionsiammsdadamsmugatndi 9 Husnuinn wu 13099 colistin
resistance 14 Escherichia coli® n150513%18778 1268 fluconazole ﬁé’l’u WUs@a CDRI W8z
CDR2® fimaihmadialidmiumsanammsaeminmiulsamnuiinilsdaimandu MTB uas
NTM®* fimstszand PCR anl#42mfu MALDI-TOF MS tavhunamsaaslu MTB®? datiy
nstnnaiin MALDI-TOF MS wdssgndlilunisnsadnuaznistadas BDQ uadida
M. tuberculosis wuamaniululdgsiiazasadnvasiiuandeaslisduiiaheaussuhaiadil
wardadae lumsAnmilasimsAnvidaialsnmawugainasgiu M. wberculosis H37Ra
ATC1325177L%aﬁﬁmﬁLﬂuL%aﬁﬁmaélunéuﬂawutﬁﬂqﬁ 2 asahnUjuanumely
wasUfiamstniisfaszdud 200 P aamutivasdaiianuuand iy H37Ry iisadnvios &
FIWNUS insertion WAz deletion fiuanafuLinsaneuraiTluseas H37Ra fauralvaini
H37RV® fimsthidansaassiialulFlumsdnmnmsnmeiugiiaanamiuiasndismaia
CRISPR®® ¥ molecular docking 2asendnuinlsalagls H37Ra Wuidanaaau® nagaums
pangnsYasansataaINiigde H37RaY H37Ra Safludunudmdunaandlumsiseasaiilaiiv
aed wisnUsanalngldfinsamhennsesiamnisuinlugasmsdnninlsadon dns
USulFaudeiagtu dliwuneny viegiamsainstasda BDQ datu Tumasfnunadsili
Jagussasdiitasradonmewusiiaosas BDQ ¢ spontancous mutation 11416 BDQ-
spontaneous mutants fdulumusamvuazes WHO fidiaaaenda BDQ azda CC 1NN 0.25
pg/mL awnﬁuﬂwL%ﬂéamﬁlé'mm%'ﬂuLﬁﬂugﬂuuumﬂﬂﬁﬂuuﬂaq PMS ¢81%® H37Ra wild type
¢ MALDI-TOF MS iiafimsananuaansnlumsléinaiia MALDI-TOF MS $uuniaiils

LazhanaeNaanNNNU
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aquam%miﬁnm

msieilfumsAnmuuuBimaans (experimental study) Taghmsitanziansazms
Aoen bedaquiline 14 \d® M. tuberculosis H37Ra ATCC 25177 (wild type) LUSauLg U
M. tuberculosis H37Ra ATCC 25177 &@18 WU éﬁéa @as1 BDQ (Bedaquiline-resistant strains;
BDQ" strains) 91§ 270N52UIUNIS spontancous mutation WAL AN HIFN B ALY PMS G728
MALDI-TOF MS

FumsumsFiundTananne funszviumsinsangiuanulasafemedinn
NMINGIFU5IINAIFGNS (TU-IBC Project ID 041/2565) Luifin1slaaiagiearnnieaaiinly
msanw sunaulsznauludramsiedenasazas BDQ ﬂﬂ‘iﬂ%ﬂﬁl,%aﬁ"lﬂﬁuiéaﬂﬂ BDQ 7
spontancous mutation Uazn13aRalUsAULNaI U e @nuanealr protein mass spectrum
(PMS) 284 BDQ" strains tUSauUt8uAU M. tuberculosis H37Ra wild type

N115L638XE) bedaquiline

W9 m%ﬂumsﬁmfga%w bedaquiline #¥ Technical manual for drug susceptibility testing
of medicines used in the treatment of tuberculosis®®® §1507U 29 Ry bedaquiline 51"0 %I 2371
MedChemExpress (BDQ catalog number HY-14881) azanane dimethyl sulfoxide (DMSO) ¥
ASLA38N stock solution waqmiﬁmaga%w BDQ ﬁ 4,000 pg/mL (4 mg/mL) MNMTOULNFITON
Ty vial Wa8AaE 100 L LAY stock 1 freezer ~80°C §1915U working solution ¥1M1313 8919678
MT7H9-10% OADC 900 pL @8 stock solution 100 pL (1:10) 22 l@ final working solution
ANNTUTUAY 200 pe/mL wiandwsUlFNUaMINAFaUMT

mm%’*m%a M. tuberculosis H37Ra ﬁ'?ym@ia bedaquiline M8 Spontaneous mutation LLas
N19AALAAN mutant strains

N3EUIUNITIN spontaneous mutation aNdInNUINEnauninlesaaulasan N Ismail

wazame®®

asunslade ihlalatunsdainlsafimedasuuamsl LI medium Togaglugi
sraznamaiaavle 4 e ldasdluvaaaudshindmiignud nanaulalaiinssnad
2ONNNNU UAZLAN M7TH9-0.2% glycerol U365 2.0 §adans NNUUEEITHIY vortex mixer
50 317 auansazanaduiadeniy Wawsdnsznemtuiliamasaiel3athaias 20 wi
daldngumadnnaluganaznau nndutlilawaduniuaastines 1.0 Haddas aslu
waaaudshindzmasalus fiil MTHI-109% OADC U333 0.5 fiaaans uasrnmsusumany
ﬂuL%aiﬁagﬁl McFarland No.3 (§i#aUszanas 10° CFU/mL) Tagl¥ McFarland densitometer
control USutgadusiuasslvidearaaasly Eppendorf tube 1Hlaanudiandui 107 - 10°°
dmSuwanmiuAy (Drug free control; DFC) Plaeadidoanlundazanudady 100
Talasansaslu DFC duidaiifienasjuil McFarland No.3 TiTllulamadasly M7H10 Tasnaufy
§136u9a%W BDQ 1 0.125 pg/mL nntwhmsselaudefiazsunaunnanundumllaud
ANNTNT UG Tas3u@t 0.125, 0.25, 0.50, 0.75 A% 1.00 pg/mL MINEIGU UNHDR 37°C

srELIa 4 UMW BnuUNeMSNAFaULND drug free control plate 13Nsadunalalaiilamania
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mmseadanlalailnlikananaen BDQ (BDQR strains) lagthummwziaiiasadulald luiwan

NWANTIIAIUFTW BDQ 111NN 0.25 pg/mL ¢xtnawizad WHO 1 BDQ® tmizidely

MT7H10 fasenuqadnean wazunian 37°C 4 dmvinawhludnwedaludin MALDI-TOF

MS waztiu a9ly Middlebrook 7H9-10% OADC 15% glycerol finana36nugainyas BDQ 7l
v v & I A A

ANNLANTULU ) LAY stock L&D N1 -80°C

M3analUsiu uazItATILHanuae protein mass spectrum %1319 wild type a% mutant
strains @38 MALDI-TOF MS

analusiuaiaIsnis sonication (SM) 1aa¥iiMsaaulasdunauuINaIUINNUILV DI
Komolsiri. S wazaaz®? afuralasds waikiaann M7H10 ldaslu Eppendorf tube 210 1.5
fiaddens Nlhnaudnanndeadinngs soo lulasdas duil 95°C Wunan 30 iiiezndes

o o X 4 = a = . v ¥ o ° ! | <
Tawuaise vatralviazidan 30 AUNH warudy suspension 1%EnAY i lUdunanuiEiseu
13,000 rpm tutaa 2 il gassazanadiulassn uazrihmsdudnasinaulnannie
300 lulasdas Tufinnu3r59u 13,000 pm Wunia 2 il gassazarsdiulaaan hdr 2

P o o X X & & ' o, aa = i
sautiatlasnumsiieduresarmsidesta nuuauaaua 9 Wuldauismsanwmnives
Komolsiri. S wazamz ilialassazaradrulannmsanalusiuisauios veaasazaadiule
ke bacterial test standard (BTS) #aluide Escherichia coli ATCC 25922 & wsuilly calibrator
LWBAIUANKANITNAADY (internal quality control) #liaaz 1 lulasdns saliuvs waz Yaas
nsséjﬂﬁwé’mu (matrix) %36 O-Cyano-4-Hydroxycinnamic Acid (HCCA) matrix 1 lu1A5803
A4UU MALDI target plate 5831149 3911 1U1211@589 MALDI-TOF (Autoflex II, Bruker Daltonics,
Bremen, Germany) LWBYNMSIANeAansae PMS ’1ulusunsy FlexControl™ (Bruker, Germany)
uadnesulundazaladiae positive linear mode, mass/charge (m/z) ratio Tua19 2,000-
20,000 ananu adndluihnszduagn 20 kv anudNEwash 40% Badiatawas 2,000 shots
o 1 van lasvhmsiiudeyavasarawus wild type was mutant pENTpEMBENY AN 20 QN

N33ATIHTBYA (Data analysis)

a ¢ A v Y ' . R .

AATIEA PMS 7laanalae1e H37Ra wild type waz BDQ® strains 1ag1#lUsunsy MBT
Compass Explorer (Bruker, Germany) Nigiudaysvasdiavanvaresiionaluideinlse ihan
wWiguiiisudatia BDQ" strains ¥N3La0NHILNUYDILASLIBENIN 1 Mg laaNidiunudiiadn
4 o v N S L 4 o d' 1 = | g’l
faednsoueniug uazatidoanainnule uazdian log score NANAATINIBLINAY 2.000 NAUY
uanlaaguaaninlugduvumuaidnasuTuslug (Main spectra profiles; MSPs) taulasunsy
FazaasoduuneWugrauEasanniu wiaunadenzianyae PMS Tuaiatiefiiy
AAIUNUEINTUNISILAIIZY F9LN® mass to charge ratio (m/z) U intensities LUSBULABUNU

H37Ra wild type @281U5un5u FlexAnalysis™ (Bruker, Germany)
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WANIANY

WNan1311 BDQ spontaneous mutation 284 MTB H37Ra
wasnniilgrmswilenhdel¥asmda BDO °1ummt%’u°ﬂ'uﬁ§q§uﬁmmL‘ﬂ'uiiu(;iw 7 WUN
Sansofuida BDQY strains léanua 6 mewug Taswfulduiioas 2 sewus minmwan M7H10
finan BDQ fienudiudiu 0.50, 0.75, uaz 1.00 pg/mL Iﬂﬂﬂﬁuﬁﬂﬂ‘gﬂlﬁﬁﬁLLﬂﬂﬂuﬁn‘SNﬁ 1

®137991 1 BDQ" strains 19 6 SgWUENLAINATZUIUNFIN spontaneous mutation

BNIYLAYMIDE mﬂﬁ'uff AN NTUa9 BDQ luams M7H10

1 H1 0.50 pg/mL BDQ mutant (BDQ® pattern 1)
2 H2 0.75 pg/mL BDQ mutant (BDQ® pattern 3)
3 H3 1.00 pg/mL BDQ mutant (BDQ" pattern 5)
4 H4 0.50 pg/mL BDQ Mutant (BDQ" pattern 2)
5 H5 0.75 pg/mL BDQ mutant (BDQ® pattern 4)
6 H6 1.00 pg/mL BDQ mutant (BDQ" pattern 6)

]
Y Y

HANI193tA312HFUUUY protein mass spectrum fidaiusaanisaasn BDQ tilawl3auiiiau
32%319 H37Ra wild type

1h@eee BDQ® strains 9 6 anawugiildaneunszuiumsasalsiu Tasvhmaada
@819 H37Ra wild type tiipLUSauifisusnuns PMS @28 MALDI-TOF MS WUSnuaiziuandg
ﬁ’uﬁy’wm 6 gﬂtmu (mw‘f; 1-4) L%aa‘hmu 2 mﬂﬁuﬁ: (H1 wag H4) ﬁ%uuu MT7H10 W&
BDQ ANNNTY 0.50 pg/mL ¥MI0593ULUY PMS WUSNBMEANNUANGINYBY PMS fififia
LRNAURGIUNINEIS m 2 4883-4885 WATANAIREIUMINTI m/z 5687-5689 Lilawdauiiay
AU H37Ra wild type (MW 1) o9 2 aneWug (H2 waz H5) #BUUY MTHL0 an BDQ
ANNANTU 0.75 pg/mL NMINTIIFULUY PMS WUSNHMEANNUANGINYD PMS fiflfinanash
FIUWUNE m/z 3099 AT 56875689 LilaSsuieuRy H37Ra wild type (MW 2) uaz do
S 2 aeWug (H3 uaz He) UL M7H10 W@y BDQ anadasi 1.00 pe/mL ¥msasia
FULUU PMSWUANHMHEANNUANGINYBI PMS AT U UNIg m/z 4931-4932 uaz
AABINEUNINEIN m/z 5687-5689 tiatIsutiisuiy H37Ra wild type (MWl 3) Liloiua
PMS MannadilainGeadyu uazdadaangy wuhlunnmewuginaasany PMs finanata
ailiad AR untiage m/z 5688-5693 uananiifawy PMS saeiiianuuandeiy wild
type 8dlaatay lagaraWus H1 #57aWy PMS ANBNTIIEIUNUT m/z 2732-2733 U
3099-3101 ahaWug H2 PMS HABAIIRGIEIUNI m/z 4339-4342 nudenfuiuas

Wug H3 luzaieh H4 WU PMS A a0a9N1d196nunia m/z 3099-3101 adgiuaanus H5 ua

D.

AHUNUMSTANSY PMS WANGILKUS m/z 3514-3519 BENTOLAY WaLNMSLNNTUIDY PMS WON

GIUNUNYIN m/z 5332-5334 wasluaeWug H6 Wun1500a9 PMS NANIGIWNYN m/z 4339-
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4342 (WA 4) MIIAUUNTIBWUSEIY MSP dendrogram UEAEDYNENBNUSEINITOTILUN

sannnnulaluagnganu laswunamewugiie H1 uaz H5 denulndidseiuny MTB H37Ra

wild type @eWug H2 ianulnddssnuarenug H6 lumsh H2 H3 H4 uaz H6 NANNUNGN

AU MTB H37Ra wild type {uagaunn §eilfedaduiivgiulain MALDI-TOF MS &1an5avh

MSATILLNINBUEMIABEN BDQ NUaNHMLeN q Naniaannniule (Mwi 5)

AN 1 uamULuULNASUNATNULUUMWTINYBY BDQ strains 11 0.50 pg/mL lagasianuanyoe

PuanENiu 2 gUwuy (eWug H1 was H4) Nuanadnnuiiai/Seuiisuiu H37Ra WT

Intens. [a.u.] Intens. [a.u.]

Intens. [a.u.]

x104
20

1.5
1.0

0.5
x104
1.5

1.0

0.5

3099.8

3517.0
4016.1

0.0 Tkl M

)(1(.34
20

1.5
1.0
0.5-2065.1 2756.
|

00 UF L TR TR
2000

g 35140

4000

3793.34342.9
\ l 4
iy 1. ,,J.h,‘L~,,i.Al._,,‘ Mot At e )

43427
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