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Fig. S1 The SULT content in cytosolic preparations of S. typhimurium TA1538 strains was determined 

using immunoblots with inclusion bodies containing individual SULT forms as standards. 

 

SULT standards 

SULT protein standards were prepared from overexpression of individual SULT forms in Escherichia 

coli BL21 DE3 (Novagen, Madison, USA) as described previously (Meinl et al. 2006). Briefly, cDNA 

of various SULT forms (hSULT1A1, 1A2, 1C2, 1B1, mSult1a1, 1b1 and rSult1a1) were inserted into a 

high-expression pET28b(1) vector (Novagen), which was transfected into Escherichia coli BL21 DE3. 

The bacteria were grown in the presence of the inducer isopropylthio--D-1-galactopyranoside (IPTG). 

The recombinant strains produced inclusion bodies that appeared to consist exclusively of the 

corresponding SULT protein, as determined by electrophoresis on sodium dodecylsulphate-

polyacrylamide gels and staining with Coomassie blue. 

 

Immunodetection of SULTs 

Cytosolic preparations of SULT-expressing S. typhimurium TA1538 were separated electrophoretically 

on an 11 % sodium dodecylsulfate-polyacrylamide gel. Proteins were transferred to a Hybond ECL 

membrane (GE Healthcare, Munich, Germany) and probed with polyclonal antibodies raised in sheep 

(against hSULT1A1, hSULT1B1) or rabbit (against hSULT1C2, mSult1a1) at a dilution of 1:10 000. 

Goat anti-sheep or goat anti-rabbit IgG–peroxidase conjugate (Sigma-Aldrich), at a dilution of 1:2000 - 
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1:5000, was used as the secondary antibody. The immunoreactive bands were visualized and 

densitometrically analyzed using an enhanced-chemoluminescence system together with the 

ImageQuant LAS4000 (GE Healthcare). Inclusion bodies of different SULT forms were included as 

standards for estimating the SULT concentration in the cytosolic preparations. Fig. S1 in the 

Supplementary Material depicts a representative immunoblot of different amounts of rSult1a1standard 

and a cytosolic preparation of S. typhimurium expressing rSult1a1. No purified standards were 

available for mSult1d1, rSult1b1 and rSult1c1, the concentrations of which were estimated from 

Coomassie gels. After electrophoresis of cytosolic preparations on polyacrylamide gels under 

denaturing conditions and Coomassie blue staining, an additional protein band was detected in each 

recombinant strain compared to the control strain. This band, in combination with inclusion bodies of 

rSult1a1 as standards, was used to estimate the SULT content in cytosolic preparations of S. 

typhymurium TA1538 expressing mSult1d1, rSult1b1 and rSult1c1. Bands were visualized and 

densitometrically analyzed using the ImageQuant LAS4000 (GE Healthcare). 
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Fig. S2 Analysis of SMF by UPLC-MS/MS multiple reaction monitoring. Collision-induced 

fragmentation of SMF yielded two principal ions with m/z = 96 (sulfate ion radical, SO4
·-) and m/z = 81 

(sulfonate ion, HSO3
-) (A). The transitions 204.9 → 81 and 204.9 → 96 were used for specific 

detection and quantification of SMF (B & C). The resulting peaks at 1.11 min were absent in 

incubation samples lacking HMF. 
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Fig. S3 HMF sulfo conjugation by rat Sult1c1. Rates at single HMF concentrations are means ± SE of 

four independent measurements. Fitting of the data with a Michaelis-Menten equation considering a 

competitive inhibitory effect at high substrate concentrations, 

)/][]/[1/( IMMAX KHMFHMFKVV  , yielded values of KM = 18.4 ± 4.7 mM, KI = 13.2 ± 3.4 mM 

and apparent VMAX = 391 ± 76 pmol/mg/min. 

 



 
 

 

Fig. S4 1H-NMR spectrum of N2-MF-A prepared via a nucleophilic substitution from adenosine and 2-sulfoxymethylfuran, and 

purified by preparative HPLC as described in the method section. 
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Table S1. Summary of SULT forms used in the current study together with the publications in 
which the transgenic S. typhimurium TA1538 strains were describeda 

hSULT ref mSult ref rSult ref 

1A1 
(Glatt et al. 1998; 
Meinl et al. 2002) 

1a1 
(Glatt and Meinl 

2004) 
1a1 (Glatt et al. 1998) 

1A2 (Meinl et al. 2002) 1b1 
(Meinl et al. 

2013) 
1b1 (Meinl et al. 2013) 

1A3 
(Glatt et al. 1998; 
Meinl et al. 2002) 

1c2 
(Bendadani et al. 

2014) 
1c1 

(Glatt and Meinl 
2004) 

1B1 (Meinl et al. 2002) 1d1 
(Bendadani et al. 

2014) 
1c2 AJ238391 

1C1 (Meinl et al. 2002) 1e1 
(Bendadani et al. 

2014) 
2a1b (rST-20) M31363 

1C2 (Meinl et al. 2002) 2a1 
(Glatt and Meinl 

2004) 
2a3 (rST-41)  (Glatt et al. 1998) 

1C3 (Meinl et al. 2008) 2a2 
(Bendadani et al. 

2014) 
2a4 (rST-60) D14989 

1E1 
(Hagen et al. 1998; 
Meinl et al. 2002) 

2a3 
(Bendadani et al. 

2014) 
2b1 AY827148 

2A1 
(Hagen et al. 1998; 
Meinl et al. 2002) 

2b1b NM_017465   

2B1a (Meinl et al. 2002) 5a1 
(Bendadani et al. 

2014) 
  

2B1b (Meinl et al. 2002)     

4A1 (Meinl et al. 2002)     
a Details about the preparation of the S. typhimurium TA1538 strains and the isolation of SULT-
containing cytosols were published by Glatt and Meinl (Glatt et al. 2005) and for some SULT 
forms as listed separately. The sequence of the coding region of the yet unpublished bacterial 
strains is identical with the GenBank accession number given.  
b nomenclature according to Blanchard et al. (Blanchard et al. 2004) 
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Table S2. Comparison of peak areas from UPLC-MS/MS analyses of SMF samples prepared in 

water or in bacterial cytosol from S. typhimurium TA1538 and diluted with 2-propanol 

SMF concentration (nM) matrix a,b average peak area deviation (%) 

10 water 512 ± 16 

10 cytosol 534 ± 8 + 4.2 

25 water 1409 ± 51 

25 cytosol 1313 ± 62 - 6.8 

50 water 2749 ± 293 

50 cytosol 2627 ± 86 - 4.4 

100 water 5763 ± 940 

100 cytosol 5779 ± 876 + 0.3 

250 water 12231 ± 1171 

250 cytosol 11479 ± 1047 - 6.2 

a SMF dissolved in 100 µl water was diluted with 300 µl 2-propanol and subjected to mass 

spectrometric analysis. Values are means ± SD of six measurements. 

b SMF dissolved in 100 µl portions of the incubation medium containing 200 µg bacterial 

cytosolic protein from unmodified S. typhimurium TA1538 was diluted with 300 µl 2-propanol 

and subjected to mass spectrometric analysis. Values are means ± SD of six measurements. 
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