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Table S1. Primers used in RT-PCR analysis of proteins identified by 2-DE

Gene Forward Reverse Product size (bp)
16S IRNA | CCTACGGGAGGCAGCAG ATTACCGCGGCTGCTGG 103
pthA GAGGCGATACTCTTACTGTTGATG | TGGTGCTTTTGGTACTGGACG 128
ecfAl TGTTGGTGCTACTGTAGGTGA ACCCGTTGCTTCTGTCCTC 116
LBA0908 | TGAAACCCTAAAAGGTGGCG CTCTTTTTTTGCTCATCCCTCC 149
LBA0745 | CAGGTAAGACTGAAAGCTGGTAT | AATTGTGCCTGCTGGAACATA | 182
G G

pthA: phosphotransferase system enzyme II; ecfAl: ABC ECF transporter, ATP-binding protein; LBA0908: fumarate reductase

flavoprotein; LBA0745: mannose-6-phosphate isomerase



Table S2. The growth characteristics of L.acidophilus CICC22162 in staMRS or gluMRS

Medium  Fitted curves of growth curves R2 The maximum specific growth rate
staMRS  y=-0.0015x2+ 0.1399x 0.9625 0.529
gluMRS  y=-0.0015x>+ 0.1483x 0.9618 0.538

Table S3. Energy Components Contributing to Binding Free Energies in stachyose-LaEcfS

C":mbuti" 21 (Mode T) 24 (Mode II) 26" (Mode TIT) 28 (Mode TV)
AEge -73.14 -7.69 -34.46 25.26
AEaw -66.48 -28.58 -59.87 -47.9
AEg, -139.63 -36.27 -94.33 -73.16
AGgp 100.68 28.57 65.85 52.09
AGaempan 9.41 -4.87 82 717
AGgs 91.27 23.7 57.64 44.91
AGeecn 27.54 20.88 31.38 26.83
AGyinacn -48.35 -12.57 -36.69 -28.25

All energies are in kcal mol-1.



Table S4. Energy Components Contributing to Binding Free Energies in various ECF

transporters
Ligand Stachyose Vitamin B9 Vitamin B2 biotin Vitamin B1
Receptor LiBio
LaEcf_mode21 LdEcf TmRibU v LIThiT
AEqe -
-73.14 -75.67 -89.14 -43.84
202.59
AEqw -66.48 -61.39 -49.68 -38.31 -35.72
AEg -139.63 -137.06 -138.83 -240.9 -79.56
AGgp 100.68 96.85 91.87 202.24 69.23
AGgornpcs -9.41 -6.92 -5.99 -4.51 -4.96
AGgocs 91.27 89.92 85.88 197.73 64.27
AGaecn 27.54 21.18 2.73 -0.34 25.38
A Ghing.Gs -48.35 -47.14 -52.95 -43.17 -15.29

All energies are in kcal mol-1.



Figure S1. Two-dimensional gel electrophoresis profile of proteins from L. acidophilus CICC

22162 in staMRS (A) or gluMRS (B).
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Figure S2. Peptide mass fingerprint spectrum of proteins identified from reference 2D-gel (pH

3-10) of L. acidophilus grown on staMRS or gluMRS

confirmed with a Mascot score of 80 for peptide mass fingerprint.
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Spot 5: tRNA uridine 5-carboxymethylaminomethyl modification enzyme GidA



gi|58338214 Mass:

7043
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Qoneries matched: 15

tRNA uridine 5-carboxymethylaminomethyl modification enzyme GidZ& [Lactobacillus acidophilus NCFM]
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IRPETLAQRAER.

LILRHDNADLR.
LILRHDNADLR.
RPHVTINDIER.
RPFHVIINDIER.

BOEOE R

YCPSIEDEVVR.F + Carbamidomethyl (C)

NDAYIGVLIDDLVIK.G
QAIVDELVVEDGVCE. G
LGLISDDRYQAFEEK.K

LHEITVHVIDEVQDFLE.
LHEITVHVIDEVQDFLE.

+ Carbamidomethyl (C)

5
5

ISGVNPADLATILSVYIQNGR.Y
ISGVNPADLAILSVYIQNGR.Y
KIPADIDYNMIEGLATEAR.Q + Oxidation (M)

[Lactobacillu=s acidophilus NCFM]

Qoneries matched: 10

Observed Mr (expt) Mr (calc) ppm Start End Mi== Ions Peptide
1127.5687 1126.5624 1126.5771 -13.03 61 — 70 1 oo K.RYDGAAVFTEK.I
1127.5657 1126.5624 1126.5771 -13.03 61 - 70 s K.RYDGAAVFTE.I
i1r8a3.82%1 1787.8178 1787.8366 -10.52 173 =187 4] 37 K.EFTELLNAGFEDTFR.T
1788.8251 1787.8178 1787.8366 -10.52 173 =187 B f==s K.EFTELLNAGFEDTFR.T
1916.89369 1915.9256 1915.9316 -1.02 172 - 187 i A7 R.EEFTELLNAGFEDTFR.T
1916.9369 1815.82%96 1815.9316 -1.02 172 - 187 s R.KEEFTELLNAGFEDTFR.T
2066.9841 2065.9768 2065.9888 -6.26 ok R I 0 26 K.FYYVNIFAPYRGEQLOR. L
2066.9841 2065.9768 2065.9888 -6.26 89: - 115 o -—- K.FYYVNITFAPYAGEQLOR.L
2284.1772 2283.16%% 22B83.0484 33.2 45 - &1 Xs sz K.IDLTEYYQYWNFSEEER.Y
2284.1772 2283.1685 2283.0484 53.2 45— &8l s K.IDLIEYYQYWNFSEEER.Y
Spot 7 hypothetical protein Sgly 3199
gi]325291285 Maz=s: 43621 Score: 86 Expect: 0.02 (meries matched: &
hypothetical protein Sgly 3189 [Syntrophobotulus glycolicus DSM 8271]
Observed Mr (expt) Mr(calc) ppm Start End Miss Ions Peptide
9896.5878 895.5805 9895.6128 -32.38 174 ig84 1 &= E.LPGIGVEAGGE.RA
996.5878 §95.5805 995.6128 -32.38 378 380 1 === K.LPGIGVEAGGK.L
2328.3355 2327.328B6 2327.284%9 ig.8 152 173 T = K. LTLTPNNAGDTFEIQVVSKEPGE . L
2328.3355 2327.3286 232T7.2849 ig8.8 348 369 s K. LTLTPNNAGDTFEIQVVSKEPGK. L
2406.2224 2405.2151 2405.3166 -42.17 122 146 B === K.ELTIZASNIAAPVLSATPVQRPGSK .
2406.2224 2405.2151 2405.3166 -—-42.17 318 342 0 === K.ELTIAASNIAAPVLSATEVQRPGSH.RA
Spot 8 lysin
gi|S58337625 Mass: 15900 Score: 106 Expect: 0.00021 (meries matched: 5
lysin [Lactobacillus acidophilus NCFM]
Obhserved Mr (expt) Mr {calc) ppm  Start End Miss Ions Peptide
802.5370 901.5297 501.5021 30.6 123 — 131 1] 2R E.ARQBFGLEPE.G
902.5370 901.5297 901.5021 30.6 123 R g === E.ARQAFGLPE.G
1237.6805 1236.6732 1236.6098 51.2 q30=" B3 L., === K.VS5EGISYRNFPK.A
2820.6060 2819.5987 2819.40%90 87.3 45— T2 1] 52 R.ALGVDVASYQSADLSSHAQAGSQFAIVE.V
2820.6060 28195.5987 2815.4090 67.3 L b === R.ALGVDVASYQSADLSSHAQAGSQFATIVE.V

Spot 9 phosphotransferase system enzyme II (PTS)



gi|583365878 Mass: 13804 Score: 123 Expect: 4.3e-0068 CQueries matched: &
phosphotransferase system enzyme IT [Lactobacillus acidophilus NCFM]

Chserved Mr (expt) Mr {calc) ppm Start End Miss Ions Peptide
1473.7764 1472.76%91 1472.7188 34.2 42 - 54 4] 38 K.FSAETPVSDEVFE.R

1473.7764 1472.7631 1472.7188 34.2 42 - &4 0 == K.FSAETPVSDEVFE.R

1629.9064 1628.8991 1628.8199 48.7 42 = &5 6 17 K.FSAETPVSDEVFER.G

1629.5064 1628.8959%1 1628.819%9 48.7 42 = &S £ === K.FSAETPVSDEVFER.G

3488.9607 3487.9534 3487.7188 67.3 96 - 12& 1 13 K.APLANAVYFDPDVSQPLPTFEVDDDIVYEHT . -

3488.960T7 3487.9534 3487.T188 67.3 96 - 126 I —-—- K.APLANAVYFDPDVSQPLPTFEVDDDIVYEHT . -
Spot 13 fumarate reductase flavoprotein

gi|S8337211 Mass: 49931 Score: 221 Expect: 6.82e-016 Qmeries matched: 15

fumarate reductase flavoprotein [Lactobacillus acidophilus NCFM]
Observed Mr (expt) Mr (calc) ppm Start End Miss Tons Peptide
965.5194 964.5121 964.4978 1499 280 - 287 [ R.FVHELSTR.K

994.5233 593.5160 953.5131 2.92 152 - 161 o -— K.SGVDIFTGREK.V

1168.6333 1167.6260 1167.5924 28.8 209 - 217 4] 9 K.YRFDLVDYK.T

1168.6333 1167.6260 1167.5924 28.8 209 - 217 0 ——= K.YRPDLVDYK.T

1407.738 1406.7312 1406.6902 258.1 276 - 287 ¥ = K.HNGDRFVHNELSTR.K

1407.7385 1406.7312 1406.8902 2591 276 - 287 1 === K.NGDREVNELSTR.K

1433.8132 1432.8059 1432.7674 26.8 431 = 444 [} 73 R.IGGNSIAETVIFGR.Q

1433.8132 1432.8059 1432.7674 26.9 431 - 444 0 - R.IGGNSIAETVIFGR.Q

1578.8228 1577.8155 1577.7&85 29.8 339 - 352 o —-—=- K WDGYNLNETIVER. W

1671.8616 1670.8543 1670.81235 25.1 414 - 430 Q 26 K.GLYARGEVSGGLHGNNR. I
1671.8616 1670.8543 1670.8125 25.1 414 - 430 o -— K.GLYARGEVSGGLHGNNR. I
2505.3445 2504.3372 2504.2547 32.9 289 - 311 0 ——= K.IVSDAITNLHEDGAYLIFDSGVR.A
2633.4395 2632.4322 2632.3497 1.4 288 - 311 T = R.EIVSDAITNLHEDGAYLIFDSGVR.A
2887.5254 2886.5181 2886.41E88 34.4 312 = 337 o -— R.ARHFGAVEFYDQIGLVQHGDILEELAK.K
3418.6956 3417.688 3417.5518 40.0 52 - 82 g === R.ASSGMNASESLVQLDEGIIDNNQDFYNETLE.G + Oxidation (M)

Spot 15 mannose-6-phosphate isomerase

gij58337058 Mass: 36620 Score: 168 Expect: 1.4e-010 (meries matched: 10
mannose-§-phosphate isomerase [Lactobacillus acidophilus HCFM]
Chserved Mr (expt) Mr (calc) ppm  Start End Miss Ions Peptide

1044.6533 1043.6460 1043.6379 7279 75 - 83 I K.AFEFPLLVK.F

1044.6533 1043.6460 1043.6379 7:.79 75 - 83 1 == K.AFKEFPLLVK.F

1314.6616 1313.6543 1313.6252 2z.2 191 - 200 1 1 R.LYDYDRVDQE.T

1314.6616 1313.6543 1313.6252 2z2.2 191 - 200 L s R.LYDYDRVDQK.T

1855.9470 1854.9397 1854.8782 33.2 175 - 180 1] 10 E.GCLVIETQQSSOVIYR.L + Carbamidomethyl (C)
1855.9470 1854.9397 1854.8782 33.2 175 - 180 o —-— K.GCLVIETQQSSDVIYR.L + Carbamidomethyl (C)
2028.1167 2027.1094 2027.0476 30.5 S8 2 P4 1 2 K.SLREVYLEHPELFGNPK L

2028.1167 2027.1094 2027.047& 30.5 58 - 74 1 - K.SLREVYLEHPELFGNPK.L

2304.1350 2303.1277 2303.0455 357 24 - 103 a 79 K.FLDANDNLSVQVHPDDDYAR . K

2304.1350 2303.1277 2303.0455 357 84 - 103 o K.FLDANDNLSVQVHPDDDYAR . K

The MS/MS fragmentation of mannose-6-phosphate isomerase. Single peptide based protein

identifications by MS/MS analysis were confirmed with a Mascot score of 79.



MS/MS Fragmentation of FLDANDNLSVQVHPDDDYAR
Found in gi|58337039, mannose-6-phosphate isomerase [Lactobacillus acidophilus NCEM]

Match to Query 13: 2303.127724 from(2304.135000,1+)
Title: MaldiWelllD: 54686, SpectrumID: 158684,
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Figure S3. Structure features of ECF and MSM transporters

(A) The ECF transporter in cartoon representation (LaEcfS in yellow, LaEcfT in magenta,
LaEcfAl in red and LaEcfA2 in silver), and the MSM transporter in cartoon representation
(LaMsmG in yellow, LaMsmF in magenta, the LaMsmK dimer in green and orange) (B) System
setup for MD simulations. The ECF transporter was inserted in the POPC membrane and solvated
in the water solvent. (C) The number of basic residues of LaEcfS and LaEcfT binding to the lipids

along simulations.
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Figure S4. The number of lipids binding to LaEcfS/T along simulations
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Figure S5. Binding modes of docked stachyose by SwissDock

(A) Superposition of 250 docking hints, colored by their scores. (B) Representations of the

four binding modes that were identified. These modes correspond to different spatial orientations

of stachyose in complex with LaEcfS (magenta).



Figure S6. A close view of interactions in the stachyose-LaEcfS and vitaminB9-LdEcfS
complexes. Residues on EcfS responsible for its binding to stachyose (A) and vitamin B9 (B). The
per-residue interaction spectrum of the residues of EcfS with stachyose (C) and vitamin B9 (D)

according to MM-GBSA free energy decomposition analysis.
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Figure S7. Representations of the substrate-load ECF extracted from the X-ray structures. The

pocket volumes from these EcfS structures were calculated by CastP.
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