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Supplemental Figures:

A. Mycobacterial Mce-domain containing proteins
P MCE MCE_Cholesterol_Uptake_Porter_1 Variable
vee EHIRH ]
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B. E. coli Mce-domain containing proteins
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Figure S1:

Domains of Mce-domain containing proteins of A. mycobacterial Mce proteins and B. E. coli
Mla, YebT/LetB and PqiB proteins. The Mce domain was identified by PFam02470 and the

Mce_CUP1 domain was identified PFam11887 (1).
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strains do not have a growth defect compared to WT when growing on Glucose and Glycerol

carbon sources. A-E. Growth of 10* colony forming units (cfu) of M. smegmatis strains on

glucose and glycerol as the sole carbon sources was measured over time using resazurin

reduction as a fluorescent readout of metabolic activity (2, 3). Glucose and Glycerol growth

curves measured by resazurin reduction of A. Amce4A4 and complemented strains B. Amce4E,

Amce4EP?" and complemented strains C. Amam4AP°?" and complemented strains D. domamA,
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AomamB, and complemented strains E. AomamCD and 4omamEF mutants and F. Amce4E with
Mce4EC%A complementation strains of M. smegmatis strains are depicted. Mutant strains contain

empty vectors (EV) as indicated.
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Figure S3:

Localization of Mce4A and Mce4E proteins. A. Immunoblots of Mce4A and B. Mce4E proteins
show that Mce4A and Mce4E antibodies are specific and do not cross react with other Mce
proteins. Arrow indicates Mce4A band to distinguish it from the higher species cross-reacting
band. Mutant strains contain empty vectors (EV) as indicated. C. Localization of Mce4A and
Mce4E protein in WT M. smegmatis. Subcellular fractions were isolated using
ultracentrifugation, during which clarified whole cell lysate (WCL) was separated into cell wall
(CW), membrane (MEM), and soluble (SOL) fractions. Fractions were separated by SDS-PAGE
and were immunoblotted for Mce4A and Mce4E proteins. The total amount of CW, MEM, and

4
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SOL fractions shown is equivalent to the amount of WCL loaded. WCL from a M. smegmatis
strain lacking all six Mce systems (A6X mce) acts as a control for Mce4A and Mce4E antibody
specificity (5). Loading controls for the various fractions include the SecAl1 ATPase (MEM and
SOL) (6), the SecY translocation permease (MEM) (7), the MspA porin protein (CW and SOL)
(8), and the GroEL chaperone protein (SOL) (8). Quantification of D. Mce4A and E. Mce4E
proteins in subcellular fraction western blots using ImageJ software (9). * indicates p<0.001 and

error bars indicate the standard error of the mean of at least three independent experiments.
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cholesterol or glucose and glycerol as the sole carbon source(s) was measured over time using
resazurin reduction as a fluorescent readout of metabolic activity (2). Cholesterol growth curves
measured by resazurin reduction of A. Amce4A4 and mce4A-HA multicopy expression strains C.
Amce4E and mcedE-HA multicopy expression strains E. 4mce4A4 and mce4A-HA single copy
expression strains G. Amce4E and mce4E-HA single copy expression strains of M. smegmatis
strains are depicted. Glucose and Glycerol growth curves (cfu) of B. Amce4A4 and mcedA-HA
multicopy expression strains D. Amce4E and mce4E-HA multicopy expression strains F. Amce4A
and mce4A-HA single copy expression strains H. Amce4E and mce4E-HA single copy expression
strains of M. smegmatis strains are depicted. Mutant strains contain empty vectors (EV) as

indicated.
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Supplemental Tables

Table S1: Percent identity between M. smegmatis Mce4 proteins determined with the NCBI

BLAST Two-sequence Alignment function, using the BLOSUM®62 matrix (10)

McedA Mce4B Mce4C Mce4D McedE Mce4dF
McedA 100 22.87 26.04 22.14 24.71 21.26
McedB 22.87 100 21.68 23.02 18.97 24.18
Mce4dC 26.04 21.68 100 23.19 25.00 21.76
McedD 22.14 23.02 23.19 100 21.13 22.73
McedE 24.71 18.97 25.00 21.13 100 24.39
McedF 21.26 24.18 21.76 22.73 24.39 100
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Table S2: Mycobacterium smegmatis strains

Amce3, Amce5bh, and Amce7

Mycobacterium smegmatis Genotype and/or Source or reference
Strain description
mc?155 Wildtype (WT) Snapper et al., 1990 (11)
Amce4A AMSMEG 5900 This study
Amce4E AMSMEG 5896 This study
Amced4 EPORT AMSMEG 5896 with polar | This study
effects that disrupt
MSMEG_ 5895
Amam4A4P AMSMEG 5894 with polar | This study
effects that disrupt
MSMEG 5893
AomamA AMSMEG 0235 Perkowski et al., 2016 (3)
AomamB AMSMEG 0236 This study
AomamCD AMSMEG 4771-4770 This study
AomamEF AMSMEG 2864-2865 This study
A6X mce Amcel, Amce3, Amced, Klepp et al., 2012 (5)




Table S3: Plasmids

cloning; Amp® and Kan®

Plasmids Genotype and/or Source or reference
description

pMV261 Mycobacterial multicopy Stover et al., 1991 (12)
plasmid with hsp60 promoter;
KanR

pLL2 Mycobacterial single copy Ligon et al., 2013 (7)
plasmid that integrates at the
tweety attB site; HygR

pJSC77 pMV261 with a cloning site Glickman et al., 2000 (13)
for generating HA tagged
fusions; KanR

pUC19 E. coli cloning vector; Carb® | New England Biolabs

pCR2.1 - TOPO Cloning vector for topo Invitrogen

pMP62 (also referred to as
pYUB657)

Allelic exchange suicide
vector containing sacB
counterselection marker;

HygR

Pavelka et al., 1999 (14)

plasmid encoding resolvase;
KanR

pMP1064 pBluescript KS resl-hyg-resl | Martinelli and Pavelka, 2016
cassette flanked by Smal sites | (15)

pJVv53 Mycobacterial multicopy Van Kessel and Hatful, 2007
plasmid encoding (16)
recombineering proteins gp60
and gp61; Kan®

pMP854 Mycobacterial multicopy Sanders AN et al., 2014 (17)

PLR62; Amce4A allelic
exchange suicide vector

pMP62 containing upstream
and downstream fragments of
mce4A (MSMEG_5900);

HygR

This study

pBM44; Phspeo-mcedAms-HA
multicopy

pJSC77 containing mce4A

Miller et al., 2019 (18)

recombineering plasmid

fragments of mce4E

PLR101; P nspeo-mcedAms pBM44 with HindllI site This study
multicopy filled in by Klenow and self-

ligated at the Hpal site to

remove the HA tag from

mce4A.
PLR111; P nspeo-mcedAms-HA | mcedA-HA from pBM44 This study
singlecopy cloned into pLL2 cut with

Notl and EcoRV
PLR112; Amce4E precursor Upstream and downstream This study

10



https://elifesciences.org/articles/40063#bib27
https://elifesciences.org/articles/40063#bib21

(MSMEG_5896) with an
EcoRV site at the junction
cloned into pUC19 cut with
EcoRI and HindllII

pPLR113; Amce4E Hygromycin resistance This study
recombineering plasmid cassette from pMP1064 was

cloned into pLR112 cutwith

EcoRV
pLR142; mcedE TOPO mce4E in PCR-2.1 TOPO This study
intermediate vector
PLR106; P hspeo-mMCe4Ems mce4E from pLR142 This study
multicopy (MSMEG_5896) cloned into

pMV261 cut with EcoRI and

HindlIl restriction sites
PLR93; P hspso-mcedEms-HA | pJSC77 containing mce4E This study
multicopy (MSMEG_5896) cloned into

Mscl and Hindlll restriction

sites
PLR116; P nspeo-mcedEms-HA | mcedE-HA from pLR93 This study
singlecopy cloned into pLL2 cut with

Notl and EcoRV
PLR114; P nspso-mce4ECL®As | Site Directed Mutagenesis of | This study
multicopy pLR106 to construct mce4E

C16A
pPMB250; Amce4EF precursor | Upstream and Downstream This study
recombineering plasmid fragments of mce4E

(MSMEG_5896) with an

EcoRV site at the junction

cloned into pUC19 cut with

EcoRI and HindllI
PLRI7; Amce4EF Hygromycin resistance This study
recombineering plasmid cassette from pMP1064

cloned into pMB250 cut with

EcoRV
PLR110; P nspeo-MCce4EFms pMV261 containing mcedEF | This study
multicopy (MSMEG_5896 and

MSMEG_5895) cloned into

Mscl and Hindlll restriction

sites
PLR96; Amam4AB precursor | Upstream and Downstream This study

recombineering plasmid

fragments of mam4A
(MSMEG_5894) with an
EcoRV site at the junction
cloned into pUC19 cut with
EcoRI and HindllI

11




pLR98; Amam4AB
recombineering plasmid

Hygromycin resistance
cassette from pMP1064
cloned into pLR96 cut with
EcoRV

This study

pLR143; mam4A TOPO mam4A in PCR2.1 TOPO This study
intermediate vector
PLR107; P nspeo-mam4Ams pMV261 containing mam4A | This study
multicopy (MSMEG_5894) from

pLR143 cloned into pmv261

cut with EcoRI and Hindlll

restriction sites
PLR130; P nspeo-mam4Ams mam4A from pLR107 cloned | This study
singlecopy into pLL2 cut with Notl and

EcoRV
PLR126; P nspeo-mam4Bms pMV261 containing mam4B | This study
multicopy (MSMEG_5893) cloned into

Mscl and Hindlll restriction

sites
PLR132; P nspeo-mam4Bms mam4B from pLR126 cloned | This study
singlecopy into pLL2 cut with Notl and

EcoRV
PLR124; P nspeo-mam4ABms pMV261 containing mam4AB | This study

multicopy

(MSMEG_5894 and
MSMEG_5893) cloned into
Mscl and HindlIlI restriction
sites

multicopy

pMV261 containing omamA
(MSMEG_0235)

Perkowski et al., 2016 (3)

PLR128; AomamB precursor | Upstream and Downstream This study
recombineering plasmid fragments of omamB

(MSMEG_0236) with an

EcoRV site at the junction

cloned into pUC19 cut with

EcoRI and HindllI
pPLR129; 4omamB Hygromycin resistance This study
recombineering plasmid cassette from pMP1064

cloned into pLR128 digested

with EcoRV
PLR141; P nspso-0mamBms pMV261 containing omamB | This study
multicopy (MSMEG_0236) cloned into

Mscl and Hindlll restriction

sites
pLR134; AomamCD Upstream and Downstream This study

precursor recombineering
plasmid

fragments of omamCD
(MSMEG_4771-4770) with
an EcoRV site at the junction

12




122

123

124

125
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130

131

132

133

cloned into pUC19 cut with
EcoRI and HindllII

pLR135; AomamCD Hygromycin resistance This study
recombineering plasmid cassette from pMP1064

cloned into pLR134 cut with

EcoRV
pLR138; AomamEF Upstream and Downstream This study
precursor recombineering fragments of omamEF
plasmid (MSMEG_2864-2865) with

an hpal site at the junction

cloned into pUC19 cut with

EcoRI and HindllII
pLR140; domamEF Hygromycin resistance This study

recombineering plasmid

cassette from pMP1064
cloned into pLR138 digested
with Hpal

13




Table S4: Primers

Primer plasmid | Sequence (5°-3”) Description
the
primer
was used
to make
Mced4A_UPflank_forward pLR62 ACTAGTATGATCG | Amplification of flank
GCGGCACTGTCG | Upstream of mcedA
McedA_UPflank_reverse pLR62 GCCCGGGTTTGGC | (MSMEG_5900) for
GTTTCCGTTCGAC | cloning into pMP62
(Apal)
Mce4A_ DWNflank_forward pLR62 GATATCGCGTTCG | Amplification of flank
CGGAAAGGGACG | Downstream of mcedA
Mce4A DWNflank_reverse pLR62 ATAGGGCCCGAC | (MSMEG_5900) for
GCGAGCGGTTCG | cloning into pMP62
ATGG (Apal)
McedE_UPflank_forward pLR112 | CAGCTATGACCAT | Amplification of flank
GATTACGCCACTA | Upstream of mce4E
GTGTGGGCAAGC | (MSMEG_5896) for
TCGCCGACTTCAC | cloning into puUC19
McedE_UPflank_reverse pLR112 | CGGCGGCCTGAT | (EcoRlI, Hindlll)
ATCCGCCGCTGCC
GATCGCCAGGGT
G
Mce4E_DWNflank_forward pLR112 | AGCGGCGGATAT | Amplification of flank
CAGGCCGCCGAC | Downstream of mcedE
CCGTTCAAGATC | (MSMEG_5896) for
Mced4E_DWNflank_reverse pLR112 | GTAAAACGACGG | cloning into pUC19
CCAGTGTCTAGA | (EcoRlI, Hindlll)
GGGACTTGCTGTA
GATGAC
McedE_pmv261 forward pLR142 | CGGAATTCTGACC | Amplification of
TAAGGAGGTGAA | mcedE
CGGGTGCGCACC | (MSMEG_5896) for
CTGGC cloning into PCR2.1
Mced4E_pmv261 reverse pLR142 | CGAAGCTTCTACG | TOPO
GCCCCTCGTGCTG
Mce4E_pJSC77_forward pLR93 CGGAGGAATCAC | Amplification of
TTCGCAATGGCCA | mcedE
CCGTGCGCACCCT | (MSMEG_5896) for
GGCGATC cloning into pJSC77
McedE_pJSC77_reverse pLR93 CGTAGTCCGGCA | (Mscl-HindlIl)
CGTCGTACGGGT

AAGCTTGCGGCC

14




CCTCGTGCTGCGT
CG

Mce4EC%A SDM_forward pLR114 | GACCACCGAACT | Site Directed
GAGCGCCCGCAA | Mutagenesis of
GCAGCA mce4EC1oA
Mce4EC%A SDM _reverse pLR114 | TGCTGCTTGCGGG
CGCTCAGTTCGGT
GGTC
Mce4EF_UPflank forward pMB250 | CAGCTATGACCAT | Amplification of flank
GATTACGCCACTA | Upstream of mce4E
GTGTGGGCAAGC | (MSMEG_5896) for
TCGCCGACTTCAC | cloning into pUC19
McedEF_UPflank_reverse pMB250 | GATCATCTACGG | (EcoRlI, Hindlll)
GATATCCATGTTG
AGCGAGTTGAGA
C
Mce4EF_DWNflank_forward pMB250 | CAACATGGATAT | Amplification of flank
CCCGTAGATGATC | Downstream of mced4E
GACCGGCTGAC (MSMEG_5896) for
Mce4EF DWNflank_reverse pMB250 | GTAAAACGACGG | cloning into pUC19
CCAGTGTCTAGA | (EcoRl, Hindlll)
GGGACTTGCTGTA
GATGAC
McedEF pmv261 forward pLR110 | CGGAGGAATCAC | Amplification of
TTCGCAATGGCCA | mcedEF
CCGTGCGCACCCT | (MSMEG_5896 and
GGCGATC MSMEG_5895) for
McedEF _pmv261 reverse pLR110 | ACTACGTCGACAT | cloning into pmv261
CGATATCAAGCCT | (Mscl-HindlllI)
GCCTTGGATCCA
Mam4AB_UPflank_forward pLR96 GTTGTAAAACGA | Amplification of flank
CGGCCAGTGACT | Upstream of mam4A
AGTTGCCGCCCA | (MSMEG_5894) for
ACAAGTTCCCGAT | cloning into pUC19
G (EcoRlI, HindllIT)
Mam4AB_UPflank_reverse pLR96 TCAGTTGATATCG
ATGGTGTCCAGC
GGCTCACTGCT
Mam4AB_DWNflank_forward | pLR96 ACCATCGATATCA | Amplification of flank
ACTGATGCGCTCC | Downstream of mam4A
AAGCTCGTC (MSMEG_5894) for
Mam4AB_DWNflank_reverse | pLR96 GCTATGACCATG | cloning into puC19
ATTACGCCATCTA | (EcoRlI, Hindlll)
GAGCACGATCCG
CGCCCGCTCAAC

AC

15




Mam4A_pmv261 forward pLR143 | CGGAATTCTGACC | Amplification of
TAAGGAGGTGAA | mam4A
TAGTGAGCAGTG | (MSMEG_5894) for
AGCCGCTGG cloning into PCR2.1
Mam4A _pmv261 reverse pLR143 | CGAAGCTTAGCTT | TOPO
GGAGCGCATCAG
TTACC
Mam4B_pmv261_ forward pLR126 | CGGAGGAATCAC | Amplification of
TTCGCAATGGCCA | mam4B
CCATGCGCTCCAA | (MSMEG_5893) for
GCTCGTC cloning into pmv261
Mam4B_pmv261_reverse pLR126 | ACTACGTCGACAT | (Mscl-HindllI)
CGATACTAGATC
GGCTTGATGGCGT
CGATCAG
Mam4AB_pmv261 forward pLR124 | CGGAATTCTGACC | Amplification of
TAAGGAGGTGAA | mam4AB
TAGTGAGCAGTG | (MSMEG_5894 and
AGCCGCTGG MSMEG_5893) for
Mam4AB_pmv261_reverse pLR124 | ACTACGTCGACAT | cloning into pmv261
CGATACTAGATC | (Mscl-Hindlll)
GGCTTGATGGCGT
CGATCAG
OmamB_UPflank_forward pLR128 | AAACGACGGCCA | Amplification of flank
GTGTCTAGACCCG | Upstream of omamB
ACATTCTTCCAGA | (MSMEG_0236) for
C cloning into pUC19
OmamB_UPflank_reverse pLR128 | CCGGGCGTACGT | (EcoRI-HindlIl)
CGTCGGATATCA
AGGCCAGCACGC
GCAACCGG
OmamB_DWNflank_forward pLR128 | GCGTGCTGGCCTT | Amplification of flank
GATATCCGACGA | Downstream of omamB
CGTACGCCCGGC | (MSMEG_0236) for
CCACTC cloning into pUC19
OmamB_DWNflank_reverse pLR128 | GACCATGATTAC | (EcoRI-HindlIl)
GCCAACTAGTGG
TCGCTGGCGGTGT
TGGAG
OmamB_pmv261_forward pLR141 | CGGAGGAATCAC | Amplification of
TTCGCAATGGCCA | omamB
CCTGGAGCCCATC | (MSMEG_0236) for
CGATGAGGAAC cloning into pmv261
OmamB_pmv261_reverse pLR141 | ACTACGTCGACAT | (Mscl-Hindlll)

CGATAGCTCAGC
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135

136

137

138

139

140

141

GGGAGTGGGCCG

GGCGTAC
OmamCD_UPflank_forward pLR134 | AAACGACGGCCA | Amplification of flank
GTGTCTAGAAACT | Upstream of omamC
CATCCGGCGCATC | (MSMEG_4771) for
CAC cloning into pUC19
OmamCD_UPflank_reverse pLR134 | CGTCGATCTTGGG | (EcoRI-HindlII)
ATATCCGTTGATC
ACGGGCAACGTA
GG
OmamCD_DWNflank_forward | pLR134 | CCGTGATCAACG | Amplification of flank
GATATCCCAAGA | Downstream of
TCGACGGCAACT | omamD
G (MSMEG_4770) for
OmamCD_DWNflank_reverse | pLR134 | GACCATGATTAC | cloning into pUC19
GCCAACTAGTGG | (EcoRI-Hindlll)
GTGAGTTCGTCGT
TTAC
OmamEF_UPflank_forward pLR138 | AAACGACGGCCA | Amplification of flank
GTGTCTAGAGAC | Upstream of omamE
GAGCTGTGCGGG | (MSMEG_2864) for
CTAC cloning into pUC19
OmamEF_UPflank_reverse pLR138 | AGTTCCCATCGGT | (EcoRI-HindlII)
TAACTCGGTACCC
ACTCGTTCAGTCG
TGCTCAG
OmamEF_DWNflank_forward | pLR138 | GTGGGTACCGAG | Amplification of flank
TTAACCGATGGG | Downstream of omamF
AACTGGCTGATCT | (MSMEG_2865) for
C cloning into pUC19
OmamEF_DWNflank_reverse | pLR138 | GACCATGATTAC | (EcoRI-Hindlll)
GCCAACTAGTAG
GCATACGACCGG

GTGTTC
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