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Table S1: Monosaccharidic composition of LAM from WT M. smegmatis mc*155, mc*AsucT and the complemented mutant strain,
mc?AsucT/pMVGH1-sucT.

The values reported are for two independent biological repeats.

WT AsucT AsucT comp
Exp'l Exp'II Exp'l Exp'II Exp'l Exp'II
Araf 76.15 79.29 81.04 82.32 70.38 73.06
myo-Ino 0.45 0.65 0.36 0.37 0.68 0.70
Manp 23.40 20.06 18.6 17.31 28.94 26.24
Araf/Manp 3.25 3.95 4.36 4.76 2.43 2.78

Table S2: Glycosyl linkage analysis of per-O-methylated LAM from WT M. smegmatis mc*155, mc*AsucT and mc’AsucT/pMVGHI1-sucT.
The values reported are the averages + SD of three technical repeats

2,6-a-Manp/ 2-a-Araf]

t-Araf 2-Araf 5-Araff  3,5-Araf  t-Manp 6-Manp  2,6-Manp Araf/Manp [2,6-0-Manp + 6-0-Manp] 5-a-Araf
WT 81+1.0 81+£38 468+19 112+08 97+13 86+09 69+14 295+0.16 0.44 + 0.08 0.18 £0.09
AsucT 11.7+0.8 7.8+3.1 448+40 121+11 99+11 6.0+12 73+£1.1 335+0.55 0.55+0.02 0.18 £0.08
AsucTcomp 7.1+£27 51+13 467+30 105+09 122+29 85+43 92+23 238+0.55 0.52 £ 0.05 0.11 £0.03




Table S3: Monosaccharidic composition of mAGP from WT M. smegmatis mc*155, mc*AsucT and the complemented mutant strain,

mc?AsucT/pMVGH1-sucT.
The values reported are averages + SD of three technical repeats.

Rhap Araf Galf GlcNAc MurNAc¢ Araf/Galf Araf/Rhap Galf/Rhap  Mycolic acids/Rhap
WT 1.1+£0.3 56.8+ 1.6 21.4+29 102+04 10.5+1.8 27+04 522+ 11.7 19.3+£2.7 22.5
AsucT 1.0+0.1 57.8+2.3 19.0+2.4 11.6+£04 10.5+0.8 3.1+0.5 589+8.5 192+1.7 22.2
AsucT comp 1.1+0.3 55.0+3.0 248+ 1.8 96+1.3 94+1.4 22+0.3 51.1+£11.8 22.7+33 29.2

Table S4: Glycosyl linkage analysis of per-O-methylated mAGP from WT M. smegmatis mc*155, mc*AsucT and mc*AsucT/pMVGH1-sucT.

The values reported are averages + SD of three technical repeats.

t-Araf 2-Araf 5-Araf 3,5-Araf t-Galf 5-Galf 6-Galf 5,6-Galf Araf/Galf
WT 9.6+0.3 6.4+0.6 31.3+0.2 9.0+0.1 40+0.2 18.7+0.4 114+£04 9.6+1.6 2.95+0.16
AsucT 9.9+0.3 8.4+0.3 340+0.8 9.7+04 3.6+0.6 164+ 1.8 104+1.2 7.6+5.1 3.35+0.55
AsucT comp 9.2+09 77+1.2 27.8+0.9 8.7+04 50+1.2 214+2.9 13.6+2.0 6.8+59 2.38 +0.55




Figure S1: Amino terminus sequence alignment of Salmonella typhimurium OafA with homologous
acyltransferases from M. tuberculosis (and MSMEG_3187 from M. smegmatis) using PSI/TM-Coffee.
Conserved sequence (*), conservative mutations (:), semi-conservative mutations (.), and non-conservative
mutations (). Essential functional residues in OafA are boxed in green (corresponding residues in Rv1565¢:
S67, G68, R98 and Y335). MSMEG 3187 (SucT; 719 amino acid residues) shares 75% identity (86%
similarity) on a 728 amino acid overlap with Rv1565c¢ from M. tuberculosis (729 amino acid residues).
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Rv0111 1 VP-ARSV----- PRPRWVAPVRRVGRLAVWDRPE -RRSG-TPALDGLRATAVALVI ASHGGIP- - - - - - 55

Rv0228 1 MG-P-ADESGAPIRPO--TPHRHTVLVTNGOVVGGTRGF - LPAVEGMRACAAVGVVVTHVA - 63

Rv0517 1 MA-G-GM-DQPPGOPRRRTRO0S - SDGKNGVRAAEITGE - IRALTGLRIVAAVWVVLF 64

Rv1254 1 MT-L-PK----- ERAA- - - -0GG------ LERTA-HVDR-VASLTGIRAVAALLVVG 50

Rv1565¢c 1 MLTL-SP----- ---TTGFYRHDLDGLRGVAIALVAVFHVWFG- - - - - - 54

MSMEG_3187 1 -L-SP----- - - -KSGFYRHDLDGLRGIAIMMVAVFHIWFG- - - - - - 53
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Figure S2: Construction of acyltransferase knock-outs of M. smegmatis and SDS-PAGE analysis of
their lipoglycans.

(A) Allelic replacement at the MSMEG 2021, MSMEG 3187 (sucT), MSMEG 5041, MSMEG 5537 and
MSMEG 6230 loci of M. smegmatis mc*155. Allelic replacement at all loci was confirmed by PCR using
sets of primers located outside the allelic exchange substrates (with or without subsequent restriction digest
of the PCR products). The expected sizes of the products for the WT and different mutants are indicated
under each gene. Splicing on the gels showing the MSMEG 2021 and MSMEG 5537 knock-outs was
performed to remove unrelated lanes and add the molecular weight markers.

(B) Lipoglycan profiles of the WT and mutant strains. Lipoglycans extracted from WT mc?155 and each of
the knock-out mutants were run on a 10-20% Tricine gel followed by periodic acid-silver staining. The
lipoglycan profile of the MSMEG 3187 (sucT) mutant is shown in Figure 2.
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Figure S3: 1D '"H NMR analysis of LM prepared from the WT and mutant strains.
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Figure S4: ["*C]acetate (A) and [1,2-'*C]glucose (B) incorporation in the lipoglycans from WT
mc*155, me’AsucT and mc’AsucT/pMVGHI1-sucT.

M. smegmatis cells were metabolically labeled as described under Methods and their lipoglycans run on
10-20% Tricine gel followed by autoradiography. The strains show no significant difference in lipoglycan
acylation or de novo synthesis.
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Figure SS: Analysis of LAM phospho-inositol capping in the WT, mutant and complemented mutant
strains.

Figure SSA: Negative ion LC/MS analysis of oligoarabinosides after C. gelida endoarabinanase digestion
of LAM from the M. smegmatis WT and AsucT mutant strains.

Panels (a-b) are the extracted ion chromatograms (EICs) showing the presence of Aras oligosaccharide
(actual [M-H] at mass m/z 545.1723) and Aras-PI (actual [M-H] at mass m/z 787.1915) in both M.
smegmatis strains. Panels (c-d) show the exact mass of the [M-H] ™ ions of detected Aras-Pl, and the panels
(e-f) show the exact mass of the [M-H] ™ ions of Arasin both strains.
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Figure S5B: Two-dimensional 'H->'P HMQC NMR of AsucT mutant and WT base-treated LAM.
Phosphorus resonances at -0.08 and -0.35 (vertical axis) are present. These resonances correspond to the
inositol anchor phosphate and the inositol arabinosyl phosphate, respectively, as determined by Gilleron et
al. (1997). The proton correlations (horizontal axis) of each phosphate are also similar to those reported by
Gilleron et al. except that the upfield proton correlations for the anchor phosphate were not seen in the
mutant spectrum. However, the presence of the phosphorous present as inositol-phosphate-arabinose,
including its coupling with protons in LAM as deciphered by Gilleron et al. (1997), is very clearly seen in
the M. smegmatis AsucT mutant.
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Figure S6: Planktonic and biofilm growth characteristics of the M. smegmatis sucT mutant.

(A) Growth kinetics of WT mc?155 (solid black line), mc*AsucT (green line) and mc*AsucT/pMVGHI -
sucT (dotted black line) in 7TH9-ADC-tyloxapol at 37°C. Growth kinetics was monitored by absorbance at
600 nm and CFU counting. The CFU values reported are averages + SD of three technical repeats. Asterisks

denote statistically significant differences between WT and sucT mutant pursuant to the Student’s ¢-test (P
<0.05).

(B) Surface pellicle formation in Sauton’s medium at 37°C.
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Figure S7: Surface and total lipid content of WT mc*155, mc*AsucT and mc*AsucT/pMVGH1-sucT.
(A) Comparative surface lipid content of the wild-type, mutant and complemented mutant strains grown in
7TH9-ADC-Tyloxapol. The TLC analysis of surface (extracted with water-saturated 1-butanol) and other
extractable lipids (extracted from 1-butanol-treated cells with chloroform/methanol 2/1, by vol.) from the
WT, mutant and complemented mutant strains points to a reproducible increase in the abundance of three
compounds (labeled X, Y and Z) in the surface material of the sucT mutant. TLC plates were developed
once in chloroform/methanol/water/ammonium hydroxide (65/25/4/0.5, by vol.) and revealed by spraying
with a-naphthol and heating. The results of two independent experiments performed on different culture
batches are shown.

(B) M. smegmatis cells were metabolically labeled with [1,2-"*Clacetate as described under Methods and
their total lipids analyzed by TLC in different solvent systems followed by autoradiography. From left to
right, the solvent systems used are: chloroform/methanol (90/10, by vol.), chloroform/methanol/water
(65/25/4, by vol.) and chloroform/methanol/water (20/4/0.5, by vol.).

The overall incorporation of radiolabel in the total lipids of each strain was comparable (16.9% in the WT,
20.4% in the sucT mutant and 18.7% in the complemented mutant, respectively). All strains show
comparable lipid (including phosphatidylinositol mannoside) profiles. The position of lipid X whose
abundance is increased in the surface lipids of the mutant strain is shown.

GPL, glycopeptidolipids; TMM, trehalose monomycolates; TDM, trehalose dimycolates; PE,
phosphatidylethanolamine; CL, cardiolipin; AciPIM,, triacylated phosphatidylinositol dimannosides;
Ac,PIM,, tetraacylated phosphatidylinositol dimannosides.
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Figure S8: MGLP profiles of the M. smegmatis WT and sucT mutant.

Negative ion LC/MS of native MGLP. Exact masses of succinylated isoforms were calculated from the
MGLP structure published by De et al. (2018). Mass spectra are showing the presence of [M-3H]* ions
corresponding to mono- and di-succinylated MGLP isoforms in both WT and mutant strains.
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Figure S9: Complementation of the M. smegmatis sucT mutant with the RvI565¢ gene from M.
tuberculosis.

The amount of succinates and arabinose residues in the same LAM samples prepared from the WT, mutant,
and MSMEG 3187 and Rvi565¢ complemented mutant strains were quantified using the butanolysis
procedure described in the Supplementary Methods. The MSMEG 3187 and Rvi565¢ genes were both
expressed from the Asp60 promoter in the replicative plasmid pMVGHI1. Results are expressed as average
+ SD succinate/arabinose molar ratios from three technical replicates.

0.20
o 016
g
& 012
o
£
S o008
<
S
n 004
0.00 . . . -
WT AsucT AsucT comp AsucT comp
SMEG_3187 Rv1565¢

14



Figure S10: Structures of the neoglycolipid acceptors used in the succinyltransferase assays.
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Supplementary Methods

Analytical procedures - Determination of the monosaccharide composition of mAGP and LAM, and
glycosyl linkage patterns followed earlier procedures (Kaur ef al., 2007). Alditol acetates and per-O-
methylated alditol acetates were analyzed by GC/MS on a Thermo Scientific TRACE 1310 Gas
Chromatograph paired with a Thermo Scientific TSQ 8000 Evo Triple Quadrupole GC-MS/MS. Samples
were run on a Zebron ZB-5HT Inferno 30 m x 0.25 mm x 0.25 pm capillary column (Phenomenex) at an
initial temperature of 100°C. The temperature was increased to 150°C at a ramp rate of 20°C min™', then to
240°C at a ramp rate of 5°C min™' and was held at this temperature for 3 min to be finally increased to
300°C at a rate of 30°C min™' and held at the final temperature for 5 min. Data handling was carried out
using the Thermo Scientific Chromeleon Chromatography Data System software.

Succinates were detected and quantified by GC/MS of the butyl succinate derivatives obtained from
either 20 pg of purified LAM or 1 mg of mAGP after butanolysis with 2.2 M acetyl chloride in 1-butanol
(100 pl) at 100°C for 1 h. Arabinose residues in the same butanolized samples were quantified upon
conversion to their TMS derivatives using the Tri-Sil HTP reagent (Thermo Fisher Scientific). Samples
dissolved in n-hexanes were analyzed by GC/MS (see instrument’s description above). Samples were
injected at an initial temperature of 60°C held for 1 min followed by a temperature increase to 275 °C at a
ramp rate of 10°C min'. Retention times and mass spectra were compared with those of standard succinic
acid and D-arabinose and quantified by comparison with the areas of internal standards, deuterated succinic
acid (Sigma-Aldrich) and D-[1-"*C]arabinose, processed by the same method.

Digestion of 10 pg of native LAM with 2.5 ug Cellulomonas gelida endoarabinanase to analyze the
non-reducing arabinan termini of LAM followed earlier procedures (Torrelles et al., 2004). Digestion
reactions were carried in 50 pL of 20 mM Tris-HCI buffer pH 7.8 and incubated for 16 h at 37°C. Reactions
were stopped with ethanol (50% vol/vol., final concentration) and dried. Digestion products were acetylated
with 100 pl acetic anhydride and 100 pl pyridine for 2 h at 80°C and dried. Acetylated digestion products
were extracted with CHCI/H.O (1:1, v/v) and analyzed by LC-MS on an Agilent 1260 Infinity
chromatograph using a 2.1 mm x 150 mm (3.5 pm particle size) XBridge reverse phase C18 column
(Waters) heated to 40°C. Separation was done with a flow rate of 0.32 mL min™' using solvent A (0.1%
formic acid in water) and solvent B (0.1% formic acid in methanol). 4 pl out of 50 ul of a sample were
injected in 10% solvent B (90% solvent A) followed by a gradient over 25 min to 100% solvent B which
was held for an additional 10 min. Only those sample components eluted by LC after 12 min and later were
introduced into the Agilent 6224 time-of-flight (TOF) mass spectrometer equipped with dual electrospray
ionization (dual ESI) operated in positive ion mode. Mass spectra were acquired at a rate of 1.32 spectra
per sec from m/z 450 to m/z 3,200. Data were analyzed using the Agilent MassHunter software.

The presence of phosphoinositol caps on LAM was determined by LC/MS analysis of the digestion
products obtained after the treatment of deacylated LAM with Cellulomonas gelida endoarabinanase. 150
ug of LAM was deacylated with 0.2 M sodium hydroxide for 30 min at 37°C and then neutralized to pH~7
with glacial acetic acid. Salts were removed by diluting the material in water and passing through an
Amicon Ultra-0.5 Centrifugal Filter Unit (MWCO 3K, Millipore) three times at 20,000 x g at room
temperature. Deacylated LAM was treated with 5 pg of Cellulomonas gelida endoarabinanase in 100 pl of
water for 20 h at 37°C and directly analyzed using ultra-performance liquid chromatography (UPLC) on a
Waters Acquity UPLC H-Class system coupled to a Bruker MaXis Plus QTOF MS instrument. Separation
was performed in a gradient mode on Waters Acquity UPLC BEH C18 column (2.1 mm x 50 mm, 1.7 pm
particle size) with a flow rate of 0.4 mL min-' using solvent A (water), solvent B (acetonitrile) and solvent
C (0.5 M ammonium acetate). Solvent C was kept at 2% during the whole gradient. 5 out of 100 pul of each
sample were injected in 10% solvent B (88% solvent A, 2% solvent C). The proportion of solvent B was
increased from 10% to 70% in 3 min, to 98% in 3.4 min, and held at 98% for 1.4 min. The post-time was
held for 2 min. Data acquisition in the negative electrospray ion mode with a mass-to-charge ratio (m/z)
range of 110-4,000 at 1Hz was performed in the full MS scan mode. Source settings were as follows:
capillary voltage 3,500V, endplate offset 500V, nebulizer gas pressure 3 bar, drying gas flow 10 L min™,
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and drying temperature 300°C. Data was processed using the Bruker Compass 2.0 Data Analysis 4.4
software.

Digestion of mAGP with endogenous M. smegmatis endoarabinanase was performed by incubating 1.5
mg of mAGP from the WT, mutant and complemented mutant strains with 5 mg of crude cell wall protein
extracts prepared from the corresponding strains (Dong et al., 2006) in MOPS buffer (pH 8) containing 10
mM MgCl, and 5 mM B-mercaptoethanol at 37°C for 24 h. Reactions were stopped by the addition of
CHCI3/CH30H to reach a final CHCIs/CH30H/H,O ratio of 10:10:3 (by vol.), followed by centrifugation at
7,000 x g for 15 min. The released oligoarabinosides were dried, re-suspended in 200 pl 50% ethanol and
finally analyzed using the same method and instruments as for the analysis of phosphoinositol caps.

NMR experiments were performed at 298K with a cryo-probed Bruker DRX600 spectrometer
(Karlsruhe, Germany) according to 2D 'H-">C HMQC sequences previously reported (Gilleron e al.,
1999) and a Prodigy™ cryo-probed Bruker Avance-IV 400 MHz NEO spectrometer for the 2D 'H-"*P
HMQC sequences. Native molecules were dissolved in D,O and analyzed in 200 x 5 mm 535-PP NMR
tubes. Proton and carbon chemical shifts are expressed in ppm downfield from the signal of external
acetone (OH 2.22 and dC 30.89).
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