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Supplementary material 1 

SUPPLEMENTARY METHODS 2 

SHIME model start up 3 

All reactors were continuously stirred, maintained at 37 °C and kept under 4 

anaerobic conditions by flushing them with nitrogen for 30 min once a day. The pH 5 

values of the last two vessels of simulator were controlled in the ranges of 5.5 - 5.9, 6 

and 6.6 - 6.9, respectively [1]. Three times a day, 200 mL of SHIME feed and 100 mL 7 

of pancreatic juice were added to the stomach and small intestine reactors, 8 

respectively [2]. 1L of the SHIME feed contained 1 g arabinogalactan, 2 g pectin, 1 g 9 

xylan, 4 g starch, 0.4 g glucose, 3 g yeast extract, 3 g peptone, 1 g mucin, and 0.5 g 10 

cysteine, and 1L of pancreatic juice contained 12.5 g NaHCO3 6 g bile salts, and 0.9 g 11 

pancreatin [3]. During the first two weeks of the experiment, the system was 12 

monitored by control nutritional medium to stabilize the microbial community. After 13 

that, the nutritional medium was added to the SHIME and maintained for another 14 

week. The SHIME was then sequentially exposed to a gradient of vancomycin (from 15 

low to high concentrations). The reactor setup for antibiotic treatments was as 16 

followed: i) nutritional medium + 10 mg/L of vancomycin, ii) nutritional medium + 17 

100 mg/L of vancomycin, and iii) nutritional medium + 1000 mg/L of vancomycin 18 

and each time the system observed for one week. The recovery of the system was 19 
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continued monitoring with the addition of fresh nutritional medium for two weeks and 20 

nutritional medium + fecal microbiota for another two weeks (Fig. S1b). 21 

DNA extraction, 16s rRNA gene amplification and sequencing 22 

The DNA was eluted in a final volume of 50 µL using the E.Z.N.A. stool DNA 23 

Kit (Omega, USA). The quality of the DNA was checked by spectrophotometric 24 

analysis using NanoDrop (ND-2000, USA) and the concentration of DNA was 25 

determined using QuantiFluor® dsDNA system (Promega, USA) using fluorometric 26 

analysis with a microplate reader (Spectramax M5, USA). The extracted DNA was 27 

stored at −20 °C until use.  28 

The V3-V4 region of the bacterial 16S rRNA gene were amplified by PCR (95 °C 29 

for 2 min, followed by 27 cycles at 95 °C for 30 s, 55 °C for 30 s, and 72 °C for 30 s 30 

and a final extension at 72 °C for 5 min) using primers 341F 5′- 31 

CCTAYGGGRBGCASCAG -3′ and 806R 5′- GGACTACNNGGGTATCTAAT -3′, 32 

where barcode is an eight-base sequence unique to each sample. PCR reactions were 33 

performed in triplicate with 20 μL reaction mixture contained 4 μL of 5 × FastPfu 34 

Buffer, 2 μL of 2.5 mM dNTPs, 0.8 μL of each primer (5 μM), 0.4 μL of FastPfu 35 

Polymerase, and 10 ng of template DNA. 36 

Amplicons were gel run and extracted from 2% agarose gels. DNA was purified 37 

using the AxyPrep DNA Gel Extraction Kit (Axygen, USA) according to the 38 

manufacturer’s instructions and quantified using QuantiFluor -ST (Promega, USA). 39 
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The purified amplicons were pooled in equimolar and paired-end sequenced (2 × 250) 40 

on an Illumina platform according to the standard protocols.  41 

16s rRNA sequence analysis 42 

Sequences that were shorter than 55 bp, and contained primer mismatches, 43 

ambiguous bases or uncorrectable barcodes, were removed from the sequence data. 44 

The 16S rRNA gene sequences were assigned to operational taxonomic units (OTUs) 45 

using UCLUST with a threshold of 97% pairwise identity [4], and then classified 46 

taxonomically using the Ribosomal Database Project (RDP) classifier 2.0.1 [5].  47 

Linear discriminant analysis effect size (LEfSe) analysis was performed using the 48 

Galaxy application tool (http://huttenhower.sph.harvard.edu/galaxy/) with a linear 49 

discriminant analysis, where the cutoff score is of 3.0 and a P of < 0.05 for statistical 50 

significance [6].  51 

Functional predictions of microbial community were performed using PICRUSt 52 

on closed-reference OTUs with 97% identity based on the Greengenes database 53 

(v13.5) [7]. The OTUs were normalized on PICRUSt and used for the prediction of 54 

KEGG orthologs (KOs). These analyses were conducted by Guangzhou Gene Denovo 55 

Co., Ltd (Guangzhou, China). 56 

High-throughput Quantitative PCR (HT-qPCR) and analysis 57 

After the initial enzyme activation at 95 °C for 10 min, 40 cycles of the following 58 

program were used for the amplification: denaturation at 95 °C for 30 s, annealing at 59 
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60 °C for 30 s. The melting process was automatically generated by Wafergen 60 

software. After that, results were analyzed with SmartChip qPCR Software excluding 61 

the wells with multiple melting peaks or amplification efficiency beyond the range 62 

(90%–110%) and then screened with conditions that (1) a threshold cycle (CT) must 63 

be <31 and (2) positive samples should have three replicates simultaneously.  64 

Relative copy number was calculated referring to a previous study (Eq.1) [8]. 65 

Besides, a comparative CT method was used to calculate the ARGs' fold change (FC 66 

value) of amended samples compared to the control (Eq.2) [9]. The detection limit CT 67 

(31) was taken as a replacement for the genes with no amplification. 68 

(31 )/(10/3)
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Gene copy number
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Where CT is the threshold cycle, ARG is one of the 120 antibiotic resistance gene 72 

assays, 16S is the 16S rRNA gene assay, Target is the amended sample, Ref is the 73 

control sample. 74 

Antibiotic susceptibility testing and serum killing resistance assays of pathogens 75 

According to CLSI M07-A8 2011 guidelines, serial dilutions of each antibiotic 76 

were made in 96-well microplates using modified Mueller–Hinton liquid medium. 77 

The range of antibiotic concentrations used for determining MICs were based on 78 

doubling dilution steps from 256 mg ml-1 to 0.5 mg ml-1. We prepared pre-cultures by 79 
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inoculating pure bacteria from glycerol-stocked in 10 ml of Mueller–Hinton liquid 80 

medium for 18 h at 37 °C and 180 rpm. The pre-cultured cells, calculated to yield an 81 

initial OD600 nm of 0.1, were inoculated into each well in MIC plates to a final volume 82 

of 200 μl. After 24 h incubation, the microplates were read at 600 nm. The MICs were 83 

defined as the lowest concentration of antibiotic that reduced the growth to an OD600 84 

nm < 0.03. 85 

Human blood was purchased from Tianjin Dingguo Biotechnology Co. (Tianjin, 86 

China). Pooled serum was separated and stored in small volumes at −20 °C until use. 87 

Briefly, 25 µL of a suspension of mid-log phase bacteria (adjusted to 106 88 

colony-forming units [CFUs]/ml in PBS) was mixed with 75 µL of pooled human 89 

serum contained in 96-well microplates (three parallels of each strain) and the 90 

microplates were incubated for 1 hour, 2 hours, and 3 hours at 37 °C under static 91 

condition. Samples were serially diluted and plated to calculate the percentage of 92 

survival as a ratio of the incubated CFU to the input CFU. 93 

94 



6 

 

SUPPLEMENTARY TABLES 95 

Table S1  96 

Length and primers of nine antibiotic resistance genes (ARGs) detected in pathogens. 97 

ARG 

Length 

(bp) Forward Primer (5’-3’) Reverse Primer (5’-3’) 

aac3iia 861 TGCATACGCGGAAGGCAAT CTAACCTGAAGGCTCGCAA 

ant2ia 855 TGTTATGGAGCAGCAACGAT CATTTACCAACTGACTTGATGATCT 

sul1 867 TGGAAGTCGCTGCGGA TAGGCATGATCTAACCCTCGG 

bl2b_tem1 861 GAGTATTCAACATTTTCGTGTCGC ACCAATGCTTAATCAGTGAGGC 

bl2be_shv2 861 ATGCGTTATATTCGCCTGTGTAT CGTTGCCAGTGCTCGAT 

vanG 1131 GCCCTTTGATGTTATCTGGATG AGTTCATGGAGGTTTTCAGCG 

rosB 1461 CCACGCAACACCGCTTATC AGCCAACGGGCGCAAT 

qnrs 657 GAAACCTACAATCATACATATCGGC TAGTCAGGATAAACAACAATACCCA 

arna 1956 CTGCACCGGTATCCAGGC TCATGGATTTTTATCGTCCACCA 

 98 

99 
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Table S2  100 

Genus and species of five opportunistic pathogens isolated from sample V1000-A. 101 

Genus Species 

Klebsiella Klebsiella aerogenes  

 NKU-Kae 

 Klebsiella pneumoniae  

 NKU-Kpn7 

 Klebsiella oxytoca  

 NKU-Kox6 

Achromobacter Achromobacter xylosoxidans 

 NKU-Axy 

Pseudomonas Pseudomonas aeruginosa 

 NKU-Pae 

102 
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Table S3 103 

MIC (mg/L) of five opportunistic pathogens isolated from sample V1000_A. 104 

Antibiotics NKU-Kae NKU-Kpn7 NKU-Kox6 NKU-Axy NKU-Pae 

Vancomycin >256 >256 >256 >256 >256 

Ampicillin >128 >256 >64 >256 >256 

Amoxicillin >128 >256 >64 >256 >256 

Sulfamethoxazole >256 >256 >256 >128 >256 

Erythromycin >32 >8 >32 >32 >64 

Imipenem >64 >2 >32 >128 >128 

Kanamycin >0.5 <0.5 >64 >64 >16 

Tetracycline >2 >1 >64 >32 >16 

Chloramphenicol >8 <0.5 >2 >8 >64 

Streptomycin >0.5 <0.5 >128 >128 >8 

Gentamicin <0.5 <0.5 >128 >128 >0.5 

Polymyxin >2 >1 >0.5 >8 >2 

Ciprofloxacin <0.5 <0.5 >2 >1 >0.5 

Meropenem <0.5 <0.5 <0.5 <0.5 >0.5 

The MICs (mg/L) of the antibiotics were determined using the broth microdilution 

method. And MICs were read as the lowest concentration of each antibiotic at complete 

(100%) growth inhibited compared to control cultures. 

  105 

106 
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Table S4  107 

Nine antibiotic resistance genes (ARGs) detecting in five opportunistic pathogens. 108 

 aac3iia ant2ia qnrs sul1 bl2b_tem1 bl2be_shv2 vang arna rosb 

NKU-Kae   +   +    

NKU-Kpn7 + + + + + + + + + 

NKU-Kox6 +  +   + + + + 

NKU-Axy +  +   + + + + 

NKU-Pae +  +   + + + + 

“+” means ARG was detected 
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Table S5  109 

Virulence level of five opportunistic pathogens isolated from sample V1000_A by 110 

serum resistance testing. 111 

Pathogen 
  Survival in serum test (%) 

Grade 
1h 2h 3h 

NKU-Kae 10.40 ± 2.10 0.34 ± 0.08 0.32 ± 0.04 Grade2 

NKU-Kpn7 13.68 ± 3.43 0.28 ± 0.05 0.01 ± 0.004 Grade2 

NKU-Kox6 6.40 ± 1.30 0.03 ± 0.004 0.08 ± 0.02 Grade1 

NKU-Axy 3.10 ± 0.52 0.03 ± 0.007 0.01 ± 0.004 Grade1 

NKU-Pae 167.00 ± 23.63 224.00 ± 37.67 197.00 ± 50.84 Grade5 

Grade 1 is viable counts <10% of the inoculum after 1 and 2 hours and <0.1% after 3 hours. 

Grade 2 is viable counts 10-100% of the inoculum after 1 hour and <10% after 3 hours. 

Grade 3 is viable counts that exceeded those of the inoculum after 1 hour, but <100% after 2 

and 3 hours. 

Grade 4 is viable counts >100% of the inoculum after both 1 and 2 hours, but <100% after 3 

hours. 

Grade 5 is viable counts >100% of the inoculums 1, 2, and 3 hours, but that decreased during 

the third hour. 

Grade 6 is viable counts that exceeded those of the inoculum after 1, 2, and 3 hours and 

increased throughout this time period. 

 112 

113 
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SUPPLEMENTARY FIGURES 114 

 115 

Fig. S1. Schematic of designed SHIME model (a) and sampling time points setup (b). 116 

117 
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 118 

Fig. S2. Composition of microbial community at phylum (a) and genus level (b). 119 

120 
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 121 

Fig. S3. Effect of vancomycin treatment on gut microbiota alpha diversity of the 122 

control (green), vancomycin (red), and recovery (blue) groups. The Chao1 index (a) 123 

was used to calculate the community richness, Simpson index (b) was used to 124 

calculate the community evenness, and Shannon index (c) was used to calculate the 125 

community diversity.126 
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 127 

Fig. S4. Weighted UniFrac distance within control group (C vs C) and between 128 

treatment group and control group (V10 vs C, V100 vs C, V1000 vs C, NR vs C, and 129 

FR vs C).  130 

131 
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