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Supplementary Tables

Table S1. Sampling scheme showing the samples used for each type of analysis.

Analysis
Date

HPLC-MS

gPCR

16S rRNA gene
amplicon seq.

intl1 gene
cassette

7" Dec 20

v

4" Jan 21

11" Jan 21

v

18™M Jan 21

25" Jan 21

1" Feb 21

ANRRSANANAN

ANENANENANEN

24" Feb 21

25" Feb 21

26" Feb 21

\

27" Feb 21

28" Feb 21

15 Mar 21

2" Mar 21

39 Mar 21

4™ Mar 21

ANRRSNANANANANANANRNENANENANEN

Table S2. Multiple reaction monitoring (MRM) conditions for the analysis of SMX, SDZ and SMZ.

Declustering | Entrance Collision Ener Cell Exit

Analyte Q1 (m/z) | Q3 (m/z) | Potential DP | Potential CE (V) 9 | potential CXP
V) EP (V) V)
SMX-d4 258.2 160.0 55 10 22 12
156.1 22 14
SDz 251.1 92.0 45 10 37 10
185.9 25 8
SMz 279.0 1241 60 10 3 3
254.0 156.0 55 10 22 12
SMX 254.0 108.0 55 10 32 10




Table S3. Overview of primers used in this study.

Supplementary Material

Gene | Primers* | Sequence (5°-3°) ggcl,asleq, g‘gp(gg)m Reference
27F AGAGTTTGATCMTGGCTCAG 1465 Lane D. J., 1991
1492R CGGTTACCTTGTTACGACTT - Turner et al., 1999
519gF | CCAGCAGCCGCGGTAATAC 10
909gR | CCGTCAATTCCTTTRAGTTT
L68 ACACTCTTTCCCTACACGACGCT
341F-TS | CTTCCGATCT|CCTACGGGNGGC ;
WGCAG Los
GACTGGAGTTCAGACCTGTGCTC
518R-TS | TTCCGATCT|WTTACCGCGGCTG -
CTGG
SUILGE | TGTCGAACCTTCAAAAGCTG WP_00025
sull sullgR TGGACCCAGATCCTTTACAG 90311 113 Wang etal., 2014
sul2gF | ATCTGCCAAACTCGTCGTTA WP_00104
U2 2R | CAATGTGATCCATGATGTCG 3260.1 8 Wang etal., 2014
5°CS AAACGGATGAAGGCACGAAC | WP_000B4 | .~ |
[ 3CS ATTGCGATAACAAGAAAAAGCC | 5048.1 "
intllgF | CGAACGAGTGGCGGAGGGTG 210 Gillings ot al., 2015
intllqR | TACCCGAGAGCTTGGCACCCA .

*q in primer name indicates the use in qPCR

Table S4. Site-specific phylotypes and phylotypes introduced by wastewater discharge on a family
level (bold face). Only phylotypes with a frequency over 1 % were considered for the analysis.

Site 1

Site 2 Site 3

Site 4 Site 5

Site 6

Caulobacteraceae

Flavobacteriaceae

Rhodobacteraceae

Nocardiaceae

Diplorickettsiaceae

Uncl. Rhizobiales

Saprospiraceae

Peptostreptococcaceae




Table S5. List of gene cassette inserts found for each site.

Sup

plementary Material

Site 3 Site 4 Site 5 Site 6
aadA1™ aadA1™ aadA2™ aadA2™
aadA1™ aadA1™ aadA6/aadA10™ aadA2™
aadAl1™ aadA1™ aadA2™
aadA11™ aadA11™ blaoxa-ss >
aadA11™ aadA11™

aadA2"™ aadA11™

aadA2™ aadA2™

aadA23™ aadA2™

aadA24™ aadA2™

aadA25™ aadA2™

aadA4™ aadA2™

aadA6/aadA10™ aadA2™

aadA6/aadA10™ aadA23™

aadA6/aadA10™ aadA24™

blageL-1 aadA6/aadA10™

b|<’al|3E|_-1*2 bIaBEL—l*Z

blaces11 ™ blaoxa-3s™

bIaOXA-SS*S bIaOXA-36*3

blaoxa-ss ereA2”’

blaoxa-ae2 " gacL

bIaOXA-4*3

bIaOXA—824*3

cmlA5™

dfrA7™

ereA2"’

ereA2”’

ereA2"’

ereA2"’

gacL™®

Gene family | Drug class
“I ANT(3”’) aminoglycoside nucleotidyltransferase | aminoglycosides
“2 BEL beta-lactamase | cephalosporins, penams, monobactams
3 OXA beta-lactamase | carbapenems, cephalosporins, penams
“* GES beta-lactamase | carbapenems, cephalosporins, penams

> Major facilitator superfamily (MFS) antibiotic efflux pump | phenicol

“® Trimethoprim resistant dihydrofolate reductase dfr | diaminopyrimidines

“T Macrolide esterase | Macrolides

“8 Small multidrug resistance (SMR) antibiotic efflux pump | disinfecting agents and antiseptics
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2 Supplementary Figures
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Figure S1. Structure of the Class 1 integron.
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Figure S2. Temperature (A) and precipitation (B) in Wernigerode city from January 2018 until March
2022. Blue lines and bars are highlighting the data from December 2020 until March 2021. Data was
received from the German weather monitoring station 5490 (https://opendata.dwd.de/).
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Figure S3. Microbial community structure at phylum (A) and class level (B) for each site, sorted by
sampling date. For Sites 1 to 4, one outlier was removed in each data set before the analysis.
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Figure S4. Rarefaction curves for 16S rRNA gene sequencing before (left) and after (right) removal
of low abundance ASV’s.



Geneious Prime

[ Import ONT reads into
2022.0.1

Site 3: 459 reads

Site 35 reads

Site 5: 340 reads
Site 6: 684 reads
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Trim 110 bp on 5‘ en Build Reference Add sequences for
manually in all reads to sequences using CARD 5‘CS and 3‘CS combined
remove barcode region database (emLty_gene cassettes)

Gene Sequence

empty AATGCATGCCG

xyzA

ATCGATGCATG
yxzB  ACTACGCATGA
zxyC  AATGCATGCCG

Annotate all trimmed reads using the reference database
¢ >70% similarity
* Best match only

Site 3
459 reads
30 gene annotations
20 hypothetical proteins
94 empty (no insert)

266 None annotated

Site 6
684 reads
4 gene annotations
2 hypothetical proteins

Site 4 Site 5
535 reads 340 reads
29 gene annotations 5 gene annotations
21 hypothetical proteins 4 hypothetical proteins
150 empty (no insert) 112 empty (no insert)

235 empty (no insert)

417 None annotated

261 None annotated 212 None annotated

Check manually all none annotated reads using blastn
¢ <40 % query cover ,potential artefact or low quality” - Remove
* >40 % query cover -> Check Genbank entries

EITHER ,,No known function”
OR add missing annotation to reference database

T
-49 reads

v

Site 3
410 reads
30 gene annotations (7.3%)

20 Hypothetical protein (a.9%)
94 No insert (22.9%)
266 No known function (s4.9 %)

T T T
-74 reads -7 reads -26 reads

Vv v v

Site 4 Site 5 Site 6
461 reads EEENELS 658 reads
29 gene annotations (6.3 %) 5 gene annotations (1.5%) 4 gene annotations (0.6 %)
21 hypothetical proteins (4.6 %) 4 hypothetical proteins (1.2%) 2 hypothetical proteins (0.3 %)
150 No insert (325 %) 112 No insert (33.6%) 235 No insert (35.7%)
261 No known function (s6.6 %) 212 No known function (63.7 %) 417 No known function (s3.4 %)

Figure S5. Workflow for the analysis of class 1 integron gene cassette inserts after ONT sequencing.



Supplementary Material

125 + 9.0 6

=

oo

| S e 2

0.0

e
o

o
o

pH

o,
o

Water temperature [°C]

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 1 Site 2 Site 3 Site 4 Site 5 Site 6

Figure S6. Physicochemical parameters measured at all Sites. Measurements were obtained from
MOBICOS monitoring stations (site 1 and 5, https://www.ufz.de/index.php?en=39611), WWTP
Silstedt (site 3, https://www.wahb.eu/) and manually using a SenTix41 probe (site 2, 4 and 6). Water
temperature (A). pH (B) and NO3-N (C). Distinct colours were used to differentiate between
individual Sites.
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Figure S7. SDZ and SMZ concentrations for all six Sites measured by HPLC-MS/MS. The results of
seven replicates are shown using box-whiskers-plots with the median represented by a horizontal line.
Distinct colours were used to differentiate between individual Sites.
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Figure S8. Bray Curtis dissimilarity in comparison to site 1 — pristine (A). Bray Curtis dissimilarity in
comparison to site 2 — city (B). Significant differences between Sites are represented by asterisks
(Dunn’s test, * <0.05, ¥*** <0.001, **** <(0.0001). Distinct colours were used to differentiate between
individual Sites.

11



Supplementary Material
3 References

Frank, T., Gautier, V., Talarmin, A., Bercion, R., and Arlet, G. (2007). Characterization of
sulphonamide resistance genes and class 1 integron gene cassettes in Enterobacteriaceae, Central
African Republic (CAR). J Antimicrob Chemother 59, 742—745. doi: 10.1093/jac/dkI538

Gillings, M. R., Gaze, W. H., Pruden, A., Smalla, K., Tiedje, J. M., and Zhu, Y.-G. (2015). Using the
class 1 integron-integrase gene as a proxy for anthropogenic pollution. ISME J 9, 1269-1279. doi:
10.1038/ismej.2014.226

Lane D. J. (1991). 16S/23R rRNA sequencing. Nucleic acid techniques in bacterial systematics. 115—
175.

Turner, S., Pryer, K. M., Miao, V. P., and Palmer, J. D. (1999). Investigating deep phylogenetic
relationships among cyanobacteria and plastids by small subunit rRNA sequence analysis. J
Eukaryotic Microbiology 46, 327-338. doi: 10.1111/j.1550-7408.1999.tb04612.x

Wang, N., Yang, X., Jiao, S., Zhang, J., Ye, B., and Gao, S. (2014). Sulfonamide-resistant bacteria
and their resistance genes in soils fertilized with manures from Jiangsu Province, Southeastern
China. PLoS One 9, €112626. doi: 10.1371/journal.pone.0112626

12



