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Figure S1. Transcription of ctpB in M. tuberculosis Erdman increases in response to copper
limitation. Gene expression of ctpB was examined by quantitative RT-PCR after culture of strain Erdman
in A) STM +/- 20 uM TTM or B) after infection of 3T3-L1 adipocytes cultured DMEM-FBS (basal medium,
BM) or BM supplemented with 0.1 mM CuCl, or ZnCl,. Gene expression was normalized to sigA.
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Figure S2. Confirmation of ctpB deletion mutants. (Top) Drawing of conserved (99% identical) ctpB genomic M. bovis BCG and M.
tuberculosis (Mtb) before and after replacement of ctpB with a hygromycin-resistance (hyg) cassette. Primers used for PCR are
indicated (small arrows). (Bottom) Resolution of PCR products on a 1.4% agarose gel. Expected band sizes for the inserted hyg
cassette in a ctpB mutant (A) is indicated, as is the expected size of an internal ctpB product in the parent strains. Size standards are
Promega 100-bp ladder (MW).
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Figure S3. Gross pathology of lungs at time of death is similar for DBA/2 mice
infected with ActpB, ActpB-comp, or M. tuberculosis Erdman. After euthanization of
infected DBA/2 mice when moribund (Figure 5), the lungs, liver, and spleen were
removed. Gross pathology of one lung lobe from each animal is shown. Granulomas are
evident by the white foci.



Figure S4. No difference in histopathology of lungs harvested from moribund DBA/2 mice following
infection with ActpB, ActpB-comp, or M. tuberculosis Erdman. A) Microscopic visualization of hematoxylin &
eosin-stained lung sections from DBA/2 survival study mice infected with strain ActpB (top row), ActpB-comp (middle
row), or M. tuberculosis Erdman (bottom row) harvested when animals were moribund.
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Figure S4 (continued) B) Semi-quantitative histopathological assessments of lung tissues were examined as
detailed in the Methods section by a board-certified pathologist. No significant differences in pathology
measures at the time of death were observed regardless of the infecting strains.
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Figure S5. No significant differences in M. tuberculosis colony-forming units in the lungs, liver, or spleen at
time of death of DBA/2 mice infected with ActpB, ActpB-comp, or M. tuberculosis Erdman. Mycobacterial
burdens in DBA/2 mice infected with ActpB (circles), ActpB-comp (squares), or M. tuberculosis Erdman (triangles)
were quantified by homogenization and plating lung, liver, and spleen tissues harvested at necropsy of the animal
euthanized upon becoming moribund. After counting colonies, no significant differences in mycobacterial counts
were observed between infecting strains in the lungs, liver, or spleen.



Figure S6. Alignment of mycobacterial CtpB homologs. Mycobacterial CtpB alignment output generated in Phylogeny was pasted
into the Sequence Manipulation Suite (https://www.bioinformatics.org/sms2/color_align prop.html) set to highlight similar residues
present in 70% of the homologs with the same color. The same mycobacterial CtpB homologs used in the phylogram sown on Figure
7 were used. Species/strain names in order of appearance: M. leprae, M. canettii, M. tuberculosis H37Rv, M. tuberculosis CDC1551,
M. bovis, M. microti, M. tuberculosis Erdman, M. africanum, M. ulcerans, M. tuberculosis F11, M. tuberculosis H37Rv.

Color Align Code:
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CtpB-Mlepra -MTASLVERTNNNH-ESVERIOLBVAGMLCAACASEVETHLNEI PcVRASVNEATRVATIBAVD-VAVBELROVIEOAGE 77
CtpB-Mcanet -MAAPVVGEADL---QSVERIRLBVSGMSCAACASEVETHLNEIPGVRASVNEATRVATIBAVG-MAABELCGVVERAGY 75
CtpB-H37Rv  -MAAPVVGEADL---OSVERIRLBVLGMSCAACASEVETHLNRI PcVRASVNEATRVAT IBAVG-MAABELCGVVERAGY 75
CtpB-CDC1551 -MAAPVVGEADL---OSVERIRLBVSGMSCAACASEVETHLNRI PcVRASVNEATRVAT IBAVG-MAABELCGVVERAGY 75
CtpB-Mbovis -MAAPVVGEADL---QSVERIRLBVSGMSCAACASEVETHLNRI PGVRASVEEATRVATIBAVG-MAABELCGVVERAGE 75
CtpB-Mmicro -MAAPVVGEADL---OSVERIRLBVSGMSCAACASEVETHLNEIPGVRASVNEATRVAT IBAVG-MAABELCGVVERAGY 75
CtpB-Erdman -MAAPVVGEADL---QSVRRIRLBVSGMSCAACASEVETHLNRI PGVRASVEEATRVATIBAVG-MAABELCGVVERAGYE 75
CtpB-Mafrica -MAAPVVGEADL---QOSVERIRLBVSGMSCAACASRVETRLNEIPcVRASVNEATRVAT IBAVG-MAABELCGVVERAGY 75
CtpB-Mmarin -MAAPITGELDL---GSARRIOLBVSGMSCAACASEVETHLNEVPGVRASVNEATRVATIBAVD-VAABOLCELVERAGY 75
CtpB-Mulcer -MAAPITGELDL---GSARRIOLBVSGMSCAACASEVETHLNEVPGVRASVNEATRVATIBAVD-VAABELCELVERAGY 75
CtpA-Mlepra -MRAB-NGWNNL------—-———-———————————————— PRBLSDFSTLVNSATRVAAINLSEVTOTABVCEAVREAA- 49
CtpA-Mulcer MSTTIVTTRKHLERDQOVORFOLGITGMSCFACAREVOSTLNEVPGVRASVNEGTRTAIVEAGEDVDAAALCEVIQOAGE 80
CtpA-MtbF11l -MTTAVTGEHH----ASVORIOLRISGMSCSACAHRVESTLNRLPCVRALVEEGTRVATIBTSEAVDAAALCOAVREAGE 75
CtpA-H37Rv  -MTTAVTGEHH----ASVORIOLRISGMSCSACAHRVESTLERLPCVRAAVNEGTRVATIBTSEAVDAAALCOAVREAGY 75
CtpB-Mlepra RATAHAESAVERI---BPBADYARNLIERLIVAALLEVPLABLSTVEATVPTNErPCHNCYLLTALAAPTIVINAANPERERY 154
CctpB-Mcanet HAAPHTETTVLEKRTKEPBCANARRL BRI LVAAVLEVPLABLSTLEATIVPSARVPGHGEILTALAAPVVTHAARPERSV 155
CtpB-H37Rv  HAAPHTETTVLBKRTKEPBGANARRLLERLLVAAVLEVPLABLSTLEAIVPSARVPGHGYILTALAAPVVTHAAWPERSV 155
CctpB-cDC1551 HAAPRTETTVLEKRTKEPBCANARRLLENLLVAAVIEVPLARLSTLEAIVPSARVPGHGEILTALAAPVVTHAAWPERSV 155
CtpB-Mbovis HAAPHTETTVLBKRTKEPECANARRLLERLLVAAVLEVPLABLSTLEAIVPSARVPGHGEILTALAAPVVTHAAWPERSV 155
CtpB-Mmicro HAAPHTETTVLEXKRTKEPEGANARRLIERLLVAAVLEVPLABLSTLEATIVPSARVPGNGEILTALAAPVVTNAAWPERSV 155
CtpB-Erdman HAAPHTETTVLBKRTKEPBCANARRLIERLLVAAVLEVPLABLSTLEATVPSARVPGHGEILTALAAPVVTHAAWPERSV 155
CtpB-Mafrica HAAPHTETTVLBKRTKEPBCANARRLIERLLVAAVIEVPLABLSTLEAIVPSARVPGHGEILTALAAPVVTHAAWPERSV 155
CtpB-Mmarin QAVPHAESAADER---BPBAENARTLUERLLVAAVLEVPLABLSTVEALVPS TRFrPGHNGYLLTALAAPTVTWAANPERSYV 152
ctpB-Mulcer QAVPHAESAADER---BPBAEEARTL L LVAAVLEVPLARLSTMEALVPS TR PGHNGYLLTALAAPIV INAANPERSV 152
CtpA-Mlepra ---LCIBGGEALQR-ROABADNARYLLIFLAVAAALEVPLAHLSVMEAVLPSTHFPGHENMLTALAIPVVTHAAWPERRV 125
CtpA-Mulcer QAEVQPBDGOGAG---BSBAERARHILIJLAVAAVIEVPLARLSVMEAVVPS TRFTGHENVLTALALPVVTHAAWPEERT 157
CtpA-MtbF11l QADLCEIBDGRSAS---BPBADEAROLLIRLATAAVIEVPVABLSVMEGVVPATRFTGHONVLSALALPVVTHAAWPERERY 152
CtpA-H37Rv  QADLCEBDGRSAS---BPBADEAROLLIRLATAAVIEVPVARLSVMEGVVPATRFTGHONVLSALALPVVTHAANPERERY 152
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ALBNARYEAASMETLISAGILAATGISLSTIEVEKEPROTHGINOAILHSES I¥FEVAAGVTVEVLAGREEEAR2ARSEAG
ALBNARERTTSMETLISVGIVAATANSLSSVEGHQP PREGSGIWRAILNSES INLEVAAGVTVEVLAGRYEEAR2ARSEAG
ALBNARERTTSMETLISVGIVAATANSLSSVEGHQP PREGSGIWRAILNSES INLEVAAGVTVEVLAGRYEEAR2RSEAG
ALBNARERTTSMETLISVGIVAATARSLSSVEGEOP PREGSGIWRAILNSES INLEVAAGVTVEVLAGRYEEAR2AKSHEAG
ALBNARERTTSMETLISVGIVAATARSLSSVEGHBOP PREGSGIWRAILNSES INLEVAAGVTVEVLAGRYEEAR2AKRSEAG
ALBNARERTTSMETLISVGIVAATARSLSSVEGHOPPREGSGIWRAILNSES INLEVAAGVTVEVLAGRYEEAR2AKRSEAG
ALBNARERTTSMETLISVGIVAATARSLSSVEGHOP PREGSGIWRAILNSES INLEVAAGVTVEVLAGRYEEAR2AKRSEAG
ALBNARERTTSMETLISVGIVAATARSLSSVEGHEOP PREGSGIWRAILNSES INLEVAAGVTVEVLAGRYEEAR2AKSEAG
AIRNARERT~ASMETLISVGITAATVISLSTVEVEROPRHSRGINQOAILNSES INLEVAAGVTVEVLAGRYEEAR2ARSEAG
ATRNARER T~ SMETLISVGITAATVISLSTVEVEROPROSRGINOATLNSES INLEVAAGVTVEVLAGRYEEAR2ARSHAG
ATENARYHGASMEBTLISTGITAATIWNSLYTVEGHHOSTHHRGVINRALLGSPAINFEVAAGITVEVLAGEYY TARARSHA S
ALBNAREEGASMETLISVGITAATIWSLY TVEGSHOLABRKGINQOALLGSPAINFEVAAGVTVEVLAGRYEEAR2RSHAG
AVENAREE~ ~SMETLISVGITAATIWSLYTVEGNHSPIERSGINQOALLGSPAINFEVAAGVTVEVLVGRYEEAR2ARSOAG
AVENAREE~ ~SMETLISVGITAATIWSLYTVEGNHSPIERSGINQOALLGSPAINFEVAAGVTVEVLVGRYEEAR2ARSOAG

SALRALAARGARENVEVLLPNGABLT I PAGHLEROBHE L VBPGETI TABGVVIBGTATIBVSAI TGHARPVEASPASTVVG
SALRALAELGARENVAVLLPEGAELVI PASHLERROREVTRPGETIAABGVVVEGSARIBMSAMTGEARPVRAYPAASVVG
SALRALAELGARENVAVLLPEGAELVIPASHLERROREVTRPGETIAABGVVVEGSARIBMSAMTGEARPVRAYPAASVVG

SALRALAELGARNVAVLLPEGAELVIPASHLERROREVTRPGETIAABGVVVEGSARIBMSAMTGEARPVRAYPAASVVG
SALRALAELGARNVAVLLPEGABLVIPASHLERROREV TRPGETIAABGVVVEGSAAIBVSAMTGEARPVRAYPAASVVG
SALRALAELGARNVAVLLPEGABLVIPASHLERROREVTRPGETIAABGVVVEGSARIBMSAMTGEARPVRAYPAASVVG
SALRALAELGARNVAVLLPEGABLVI PASHLERROREVTRPGETIAABGVVVEGSARIBMSAMTGEARPVRBAYPAASVVG
SALRALAELGARNVAVLLPBGAHLVIPASHLERROREV TRPGET 1AABGVVVBGSAAIBVMSAMTGEARPVBA Y LAASVVG
GALRALAALGARDVTVLLPBGAHLVIPAAE L ERROREV TRPGOTIAABGVVIBGTAAIBMSAMTGESEPVBATADAPVIG
GALRALAALGARDVTVLLPBGAHLVIPAAE L ERROREV TRPGOTIAABGVVIBGTAAIBVMSAMTGESEPVBATADAPVIG

IALLALAALSARDAAVLOPRGSEMVI PANELNEOPREVVEPGOTIAABGLVIBGSATVSMS PITCHARPVRVNPGAQOVIG
AALRALAALSAREVAVLOPBGSELVVPADELOEQDREVVEPGOT IAABGLVLEGSAAVEMS TMTGEARPTRVRPGGOVIG
SALRALAALSAREVAVLLPEGSEVMVIPADELEE OBREVVEPGOIVAABGLAVBGSAAVEMSAMTGEARP TRVRPGGOVIG
SALRALAALSAREVAVLLPBGSEMVIPADELEE OBREVVRPGOIVARBGLAVEGSAAVEMSAMTGEARP TRVRPGGQVIG

GTTVLBGRLVIBATAVGGRTEFAAMVELVEDADVORARVOHLABR I AAVEVPMVEVIAGLAGASHLLAGAS PERAFSVVL
GTVVMBGRLVIEATAVGARTEFAAMVELVECAD TONARAOR L ABB 1 AGVEVPVVEVIAGLAGAAWLV SGAGABRAFSVTL
GTVVMBGRLVIEATAVGARTEFAAMVELVECAD TORARAOR L ABB 1 AGVEVPVVEVIAGLAGAAWLVSGAGABRAFSVTL
GTVVMBGRLVIEATAVGARTEFAAMVELVECAD TOR2ARAOR L ABB 1 AGVEVPVVEVIAGLAGAAWLV SGAGABRAFSVTL
GTVVMBGRLVIBATAVGARTEEAAMVELVEC A TORAR2OR . ABE I AGVEVPVVEVIAGLAGAANLVSGAGABRAESVTL
GTVVMBGRLVIBATAVGARTEEAAMVEL VEC A TORAR2OR . ABE I AGVEVPVVEVIAGLAGAANLVSGAGABRAESVTL
GTVVMBGRLVIBATAVGARTEEAAMVEL VEC A TORAR2OR . ABE I AGVEVPVVEVIAGLAGAANLVSGAGABRAESVTL
GTVVMBGRLVIBATAVGARTEEAAMVEL VEC A TORAR2OR . ABE I AGVEVPVVEVIAGLAGAANLVSGAGABRAESVTL
GTIVLBGRLVIBATAVGARTEEAAMVELVEEAG . OR2AR20R . ABRI SAVEVPVVEAIAGLAGAANLLSGAGABRAESVTL
GTIVLBGRLVIBATAVGARTEEAAMVELVEEAG . OR2AR20R . ABRI SAVEVPVVEAIAGVAGVARMLSGAGABRAESVTL
GTVVLNGRLIVEAAAVGDETELAGMVELVESABOBNANABRLABR I ASVEVPCVEAVAALTAVGNLIAGSGPBRVESAAT
GTVVLBGRL I1VEAAAVGARTREAGMVELVESAS2BHA DABR L ABR 1 ASVEVPCVEVIAALTAAGNLLAGGS PBRAESAAT
GTTVLBGRL IVEAAAVGARTEEAGMVEL VES~G~ 0K~ DABR L. ABR I SSVEVPAVLVIAALTAAGIHLIAGGOPBRAVSAAL
GTTVLBGRLIVEAAAVGARTEEAGMVEL VES~G~ORA DABK L. ABR I SSVEVPAVLVIAALTAAGHLIAGGOPBRAVSAAL
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Table S1. Plasmids

Plasmid Relevant features Source/Reference

pGH542 oriM, oriE, TetR, Tn1000 yd-resolvase gene | DOI:10.1007/978-1-
tnpR under control of mycobacterial Hsp60 | 59745-232-8_15
promoter

pJV53 KanR, oriE, oriM, mycobacteriophage | DOI:10.1007/978-1-
Che9c gp60/gp61 controlled from an | 59745-232-8 15
acetamide-inducible promoter

pMV306 oriE,aph, mycobacteriophage L5 att/int DOI:10.1128/iai.63.3.799-

803.1995

pOSN5S pMV306 containing M. tuberculosis ctpB | This study
with upstream regulatory sequences

pOSN19 pOSN20 after removal of sigC This study

pOSN20 pSR173 with JlacZ promoter cloned | This study
upstream of Pw21 to enhance expression
tetR(B)

pOSN21 pYUB854 with ~1-kb regions upstream and | This study
downstream of M. tuberculosis ctpB gene
flanking the HygR cassette

pOSN26 pOSN20 with M. tuberculosis ctpB | This study
downstream of the Pmycteto promoter

pOSN30 pOSN20 encoding M. tuberculosis ctpV | This study
downstream of the Pmycteto promoter

pOSN37 pOSN20 encoding c-myc tag fusion to M. | This study
tuberculosis ctpB downstream of the
PmyctetO promoter

pOSN38 pOSN20 encoding c-myc tag fusion to M. | This study
tuberculosis ctpV downstream of the
Pmycteto promoter

pOSN40 pOSNS with the kanamycin-resistance gene | This study
replaced with a gentamycin-resistance
gene

pSR173 oriE, oriM, tetR(B), hygR, Pmycteto-SigC DOI:10.1128/JB.01371-

06
pYUB854 cos, oriE, hyg flanked by yd-resolvase sites | DOI:10.1016/s0076-

6879(02)58081-2




Table S2. Bacterial strains

Strain ID Relevant features Reference/source

TAM1 E. coli: mcrA, A(mrr-hsdRMS-mcrBC), | Active Motif, Inc.
®80lacZAM15, AlacX74, recA1, aralA139,
(ara-leu)7697, galU, galK, rpsL, endA1, nupG

GA1505 TAM1/pOSN5 This study

GA1530 TAM1/pOSN21 This study

GA1568 TAM1/pOSN40 This study

GA1528 TAM1/pOSN19 This study

GA1509 TAM1/pOSN20 This study

GA1565 TAM1/pOSN37 This study

GA1566 TAM1/pOSN38 This study

mc?155 M. smegmatis wildtype strain DOI:10.1111/j.1365-

2958.1990.tb02040.x

BCG M.. bovis bacille Calmette-Guérin Pasteur Sakamoto laboratory

BD3 mc2155/pOSN19 This study

BD4 mc2155/pOSN20 This study

BD5 mc?155/pOSN26 This study

BD6 mc?155/pOSN29 This study

BD7 mc?155/pOSN30 This study

BD9 mc?155/pOSN37 This study

BD10 mc2155/pOSN38 This study

BD43 BCGActpB::hyg This study

BD63 mc? 6206/pOSN19 This study

BD65 mc? 6206/pOSN37 This study

BD66 mc? 6206/pOSN38 This study

Erdman M. tuberculosis strain Erdman TB Branch, CDC

TB716 M. tuberculosisActpB::hyg This study

TB717 M. tuberculosisActpB::hyg/pOSN40 This study

M.tbAsigC M. tuberculosisAsigC DOI:10.3390/ijms2204

2118

TB722 M. tuberculosisAsigC/pOSN19 This study

TB723 M. tuberculosisAsigC/pOSN20 This study

TB724 M. tuberculosisAsigC/pOSN36 This study

TB725 M. tuberculosisAsigC/pOSN37 This study

TB726 M. tuberculosisAsigC/pOSN38 This study




Table S3. Primers

Primer Sequence 5" to 3°
P1196 AGTGAGCTCTACGCCATCCC
P1575 GTGAAGCTTGTCAAGG TTGCGGTCGC GAC
P1576 GTGAAGCTTGCGGTCCATCGACGGAAAATTGC
P1629 CAA CAG CGA CTC GAT CTACCT CG
P1630 G GACCGT CGTTGATGC CGTC
P1631 GGT TAT CAA GTG AGA AAT CAC CAT GAG TGA CG
CACGTG CAC CCCAGG CTTTACACTTTATGC TTC CGG CTC GTA
P1703 TGT TGT GTG GA GTTAAC
GTTAAC TC CAC ACA ACA TAC GAG CCG GAA GCA TAA AGT GTA
P1704 AAG CCT GGG GTG CACGTG
CACGTG CTT TAC ACT TTATGC TTC CGG CTC GTA TGT TGT GTG
P1705 GAATTG TGA GCG GAT AAC AAT TTC GTTAAC
GTTAAC GAA ATT GTT ATC CGC TCA CAA TTC CAC ACA ACA TAC
P1706 GAG CCG GAA GCA TAA AGT GTA AAG CACGTG
P1896 AA GGA AGC CAC GCT GCT TGT CGA CG
P1897 TCT CCG ACT TGGACC TGATCG ACC
A CTC TGG GCT GG GTG GAG CAG AAG CTG ATC TCG GAA GAG
P2040 GAC CTG GCG GCT CCA GTT GTG GGA GAT GCC
P2041 CCAATGCATCTA TTG AGC GCC AAAATT GCG TAG CCG CAAGC
P2042 CACTACTTAAGCTCGCGATCGGACGAAGA
P2043 GCTCTAGACACGGCCCTCCTCGGATC
P2044 TTAGCCATGGGCTCAATAGCATGCCCAGC
P2045 TAGAAGATCTTGATCGCCTGGCTGACTGG
P2250 GTGTGCTAGCCCCGG GAATTAATT CTG CTC GCG CAG
P2251 GGACTAGT GGC CGC GGC GTT GTG AC
P2057 GAGGTTAATTAAGGTGA CGA CGG CCG TGA CCG
P2058 TGACATGCAT TC ACG CGG ACGACG GCG C
P2059 GAGGTTAATTAAG GTG GCG GCT CCAGTT GTG GG
P2060 GAGGTTAATTAAGGT GCG CGT GTG CGT CAC CGG

P2061

TGACATGCATT CAT GCG GTT CGG CCG TCG C
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