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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 rRNA CCTACGGGAGGCAGCAG ATTACCGCGGCTGCTGG 103

pthA GAGGCGATACTCTTACTGTTGATG TGGTGCTTTTGGTACTGGACG 128

ecfA1 TGTTGGTGCTACTGTAGGTGA ACCCGTTGCTTCTGTCCTC 116

LBA0908 TGAAACCCTAAAAGGTGGCG CTCTTTTTTTGCTCATCCCTCC 149

LBA0745 CAGGTAAGACTGAAAGCTGGTAT

G

AATTGTGCCTGCTGGAACATA

G

182

pthA: phosphotransferase system enzyme II; ecfA1: ABC ECF transporter, ATP-binding protein; LBA0908: fumarate reductase 

flavoprotein; LBA0745: mannose-6-phosphate isomerase
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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 = -0.0015x2 + 0.1483x 0.9618 0.538

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

n 21st (Mode I) 24th (Mode II) 26th (Mode III) 28th (Mode IV)

△Eele -73.14 -7.69 -34.46 -25.26

△EvdW -66.48 -28.58 -59.87 -47.9

△Egas -139.63 -36.27 -94.33 -73.16

△GGB 100.68 28.57 65.85 52.09

△Gsol-np,GB -9.41 -4.87 -8.2 -7.17

△Gsol,GB 91.27 23.7 57.64 44.91

△Gele,GB 27.54 20.88 31.38 26.83

△Gbind,GB -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
LaEcf_mode21 LdEcf TmRibU

LlBio

Y
LlThiT

△Eele
-73.14 -75.67 -89.14

-

202.59
-43.84

△EvdW -66.48 -61.39 -49.68 -38.31 -35.72

△Egas -139.63 -137.06 -138.83 -240.9 -79.56

△GGB 100.68 96.85 91.87 202.24 69.23

△Gsol-np,GB -9.41 -6.92 -5.99 -4.51 -4.96

△Gsol,GB 91.27 89.92 85.88 197.73 64.27

△Gele,GB 27.54 21.18 2.73 -0.34 25.38

△Gbind,GB -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).

Figure S2. Peptide mass fingerprint spectrum of proteins identified from reference 2D-gel (pH 

3−10) of L. acidophilus grown on staMRS or gluMRS  medium. Protein identifications were 

confirmed with a Mascot score of 80 for peptide mass fingerprint.

Spot 4 ATP-dependent helicase

Spot 5: tRNA uridine 5-carboxymethylaminomethyl modification enzyme GidA



Spot 6: exodeoxyribonuclease

Spot 7 hypothetical protein Sgly_3199

Spot 8 lysin

Spot 9 phosphotransferase system enzyme II (PTS)



Spot 13 fumarate reductase flavoprotein

Spot 15 mannose-6-phosphate isomerase

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.



Figure S3. Structure features of ECF and MSM transporters

(A) The ECF transporter in cartoon representation (LaEcfS in yellow, LaEcfT in magenta, 

LaEcfA1 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.



Figure S4. The number of lipids binding to LaEcfS/T along simulations

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. 

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.




