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Part 1

Materials and methods
Microbial community analysis 
16S rRNA gene sequencing by Illumina MiSeq platform

The sludge samples DNA was extracted by freeze-grinding mechanical lysis as described previously [1]. Primers 515F (5’-GTGCCAGCMGCCGCGG-3’) and 806R (5’-GGACTACHVGGGTWTCTAAT-3’) which target V4 hypervariable regions of bacterial 16S rRNA genes were selected [2]. PCR amplification was performed in triplicate using a Gene Amp PCR-System® 9700 (Applied Biosystems, Foster City, CA, USA) in a total volume of 25 μl containing 2.5 μl 10xPCR bufferⅡand 0.5 unit of AccuPrime™ Taq DNA Polymerase High Fidelity (Invitrogen, Carlsbad, CA, USA), 0.4 μM of each primer and 10 ng template DNA. Thermal cycling conditions were as follows: an initial denaturation at 94°C for 1 min, and 30 cycles at 94°C for 20 s, 53°C for 25 s, and 68°C for 45 s, with a final extension at 68°C for 10 min. For each sample, PCRs were in triplicate and the three resulting products (~150 μl) were pooled together and purified using QIAquick Gel Extraction Kit (QIAGEN Sciences, Germantown, MD, USA) and was re-quantified with PicoGreen (BMG Labtech, Jena, Germany). According to MiSeqTM Reagent Kit Preparation Guide (Illumina, San Diego, CA, USA), the purified mixture was diluted and denatured to obtain 8 pM sample DNA library, and mixed with equal volume of 8 pM PhiX (Illumina, San Diego, CA, USA). Finally, 600 µl of mixture library was loaded with read 1, read 2 and index sequencing primers [2] on a 500-cycle (2x250 paired ends) kit, and run on a Illumina MiSeq at Institute for Environmental Genomics of the University of Oklahoma. 

Data analysis 

All the raw reads were treated with the following processes: (1) to sort sequences exactly matching the specific barcodes into different samples, (2) to check sequencing quality by filtering out the reads with any ambiguous bases or two paired-end reads with overlapping less than 50 bases (the maximum overlap length is 110 bases), (3) to trim off the barcodes and primers. The 16S rRNA gene sequences were classified into operational taxonomic units (OTUs) within a 0.03 difference (equivalent to 97% similarity). The OTU numbers were counted for each sample as the species richness. Also, the estimated species richness was indicated with Chao1 and the rarefaction curves were both carried out by the Mothur program [3]. 16S rRNA gene sequences were assigned to a taxonomy by the RDP classifier [4]. The confidence cutoff was set to 0.5. Phylogenetic diversity indices were calculated using R v2.15.1 (http://www.r-project.org/).
The sequence numbers in four samples SR-CR1, SR-CR2, DSR1 and DSR2 were 32643, 35339, 37952 and 38320, respectively. Relatively higher OTUs were in the SR-CR1 (see richness in Fig. S1) than that of SR-CR2. Relatively higher OTUs were in the DSR1 than that of DSR2.The rarefaction curves and the estimated species richness Chao1 for each sample was also shown (Fig. S1). Based on the Chao 1 and Shannon-Weaver and invsimpson (1/D) indices, SR-CR1 and DSR1 communities had relatively higher diversity and SR-CR2 and DSR2 communities had relatively lower diversity (Fig. S1). 
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Fig. S1. Rarefaction curves based on the 16S rRNA gene sequencing of the microbial communities in the SR-CR1, SR-CR2, DSR1 and DSR2 (A). The Chao1 was also showed. The OTUs were defined by 97% cutoff. The richness, Shannon-Weaver and invsimpson index in the SR-CR1, SR-CR2, DSR1 and DSR2 communities at 16S rRNA gene level (B).
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Part 2

1. Results and discussion 

Effects of different carbon sources on elemental sulfur conversion rates.
Effects of different carbon sources on elemental sulfur conversion rate were investigated under optimal operating parameters mentioned in section 3.2.2. Lactate, molasses and starch was respectively made in synthetic wastewater containing 2000 mg COD L-1, 1500 mg SO42- L-1. The optimum reflux ratio of 3:1 between the A&H-DSR and AN units made optimum S2--S/NO3--N ratio in the A&H-DSR unit achieve about 1:1.

When using the lactate-containing water as the influent of CR-SR unit, TOC /S2--S ratio in the effluent of the SR-CR was nearly 1.3:1 at HRT of 12h. Average 90% S0 conversion rate was achieved in the A&H-DSR unit under the condition of S2--S/NO3--N/TOC=1:1:1.3 (Fig. S2). VFAs in the effluent mainly included acetic which accounted for 95% of total carbon. Chen et al. [1] found that the consumption rates in molar ratio were shown to be 1:1:1.25 (in mol) for S: N: C in the EGSB reactor for simultaneous removal of sulfide, nitrate, and acetate. Reyes-Avila et al. [2] also found in the continuous culture cultivated in the presence of both sulfide and acetate at C/N and S/N ratios of 1.45 and 1.43, respectively. The removal efficiencies for nitrate, acetate and sulfide were close to 100%, 69% and 100%, sulfide oxidation as elemental sulfur was the end product. Acetate is easily utilized during the DSR process.
When the influent of CR-SR unit was changed to molasses-containing water, the TOC/S2--S ratio in the effluent of the SR-CR was kept at nearly 1.4:1 at HRT of 15 h, and average 87% S0 conversion rate was gained in the A&H-DSR unit. The effluent of CR-SR unit contained acetic, ethanol, propionic, butyric, valeric acid, and undegraded molasses, with the proportion of 80%, 2%, 3%, 4%, 1% and 10%, respectively. When the HRT was increased to 17 h, starch-containing water as the influent of SR-CR unit could be well treated to maintain the effluent at TOC/S2--S ratio of 1.47:1, resulting in about 84% of S0 conversion rate in the A&H-DSR unit. The main carbon source of effluent was acetic which made up 75% of the total VFAs, and ethanol, propionic, butyric, valeric acid, and undegraded starch accounted for 4%, 5%, 3%, 2% and 11%, respectively. 
2. Conclusion
There was no significant effect of the lactate, molasses and starch as the carbon sources on the S0 conversion rate in this system. It can make the SR-CR unit produce appropriate concentration of sulfide and TOC for the A&H-DSR unit by increasing the HRT. The organic acids can be used by heterotrophic denitrifiers at optimum C/S /N ratios in the A&H-DSR unit.
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Fig. S2.  Performance of effects of different carbon soures on S0 production rate. SR-CR: (a) COD Loading rate(●), COD Removal(■). (b) TOC Loading rate(●), TOC Removal(■). (c) SO42--S Loading rate(●), SO42--S→S2- Conversion(■); A&H-DSR: Org-C/S2--S ratios(●) and S0 production rate(■); (e) VFAs in the effluent of SR-CR unit.
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