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Fig. S1.

Human gut symbiont strains vary in their ability to inhibit growth of K. pneumoniae and
S. Typhimurium in the luminescence screen. A-D) Waterfall plots show the luminescence
median fold change (log ratio of the control luminescence divided by the treatment
luminescence) of the pathogen in combination with each human gut symbiont tested in the
luminescence screen. Results for K. pneumoniae are shown in (A) and (C) and for S.
Typhimurium shown in (B) and (D). Results of the ecological invasion assay are shown in (A)
and (B) and the competition assay in (C) and (D). Black circles represent the median value for
each symbiont (N=3-10 biological replicates from independent experiments). Grey vertical
lines represent range bars. E-F) Correlation of the results of the ecological invasion and
competition assays of the luminescence screen. Each circle represents the median value for a
symbiont (N=3-10 biological replicates from independent experiments). Results for K.
pneumoniae shown in (E) and S. Typhimurium in (F). The sum of the ranks of the competition
and the ecological invasion assays were used to create an overall ranking of symbionts for each
pathogen. The best 10 ranked species are shown in orange and the worst 10 shown in blue, with
the added criteria that they have a category 1 safety level (see Methods). Strains with the most
negative competition and invasion values inhibited the growth of the pathogen most strongly
compared to the media-only control.
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Fig. S2.

Community diversity negatively correlates with pathogen abundance. A-B) As the number
of symbiont strains increases, pathogen density on day 2 of the extended competition decreases
(x axis on a log scale). Data for K. pneumoniae shown in (A) and S. Typhimurium in (B). Each
circle represents the median value of a community tested in the extended competition assay
(data from Fig. 2C-D). Communities in green contain E. coli, communities in black do not
contain E. coli. Linear regression of log-transformed data: (A) R?=0.4296, non-zero slope for
E. coli communities (F test, p<0.0001). R?=0.3103, non-zero slope for communities without E.
coli (F test, p<0.0001). Moreover, slopes of the two regressions are significantly different from
each other (F test, p=0.0001). (B) R?=0.4234, non-zero slope for E. coli communities (F test,
p<0.0001). R?>=0.01378, slope not different to zero for communities without E. coli (F test,

p=0.4218). Slopes of the two regressions are again significantly different from each other (F
test, p<0.0001).
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Fig. S3.

Comparison to a null model where the effect of each species proportionally restricts
pathogen growth in an additive manner. We compared our experimental data to a null model
where the effect of colonization resistance simply scales according to the number of species in
the community. Specifically, we took the abundance of the pathogen at the end of the
experiment when the pathogen is alone (ie, n=0) and multiplied it by 1/(n) where n refers to the
number of species that contribute to the overall carrying capacity of the system (including the
pathogen). This value is plotted in as beige dotted lines for both in vitro data from Fig. 2C-D
(panels A and B; dots indicate median values of each community) and in vivo data from Fig.
3D-E (panels C and D; dots indicate individual mice). A,C) Data for K. pneumoniae, B,D)
Data for S. Typhimurium. Communities containing E. coli are shown in green and communities
without E. coli are shown in black. Red lines indicate medians. In all cases, the deviation
between the null model and data increases at higher diversities, so long E. coli is present in the
high diversity communities. This effect is also statistically significant in all cases: we compare
the ratio of predicted to observed pathogen abundance for 1 species data to that from the 50
species case (Two-tailed Mann-Whitney U tests; p=0.0070 for panel A; p=0.0070 for panel
B; p=0.0041 for panel C; p=0.0262 for panel D).
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Fig. S4.

Combinations of multiple species are important for colonization resistance to each
pathogen. A-B) Equivalent figures to Fig. 2C-D, except the presence or absence of B. breve
within communities are shown in (A) (grey for communities with B. breve but without E. coli
and purple for communities with B. breve and E. coli), and the presence or absence of L.
saccharolyticum and/or P. vulgatus shown in (B) (brown for communities with L.
saccharolyticum and/or P. vulgatus but not E. coli, and blue for communities with L.
saccharolyticum and/or P. vulgatus and E. coli). Results for K. pneumoniae are shown in (A)
and for S. Typhimurium shown in (B). In (A-B), “+” and “-” refer to the presence or absence
of species rather than the addition or subtraction of a species. Horizontal red lines depict the
median of the communities at a particular diversity level containing the species indicated in the
legend. Each circle represents the median pathogen abundance measured for a community on
day 2 of the extended competition assay. C-D) Drop-out experiments verify the context-
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dependent effect of key members on colonization resistance. N=3-11 biological replicates from
independent experiments. In (C-D), “+” and “-” refer to the addition or subtraction of a species.
Results for K. pneumoniae are shown in (C) and for S. Typhimurium shown in (D). Horizontal
red lines depict the median of the replicates for a particular community. See Table S1 for
species name abbreviations.
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Fig. S5.

Metagenomic sequencing shows that germ-free mice gavaged with more diverse
communities were colonized with a higher number of bacterial strains. A-B) Number of
detected bacterial species (above a relative abundance threshold of 0.1%) in the inoculum given
to the mice and in mouse feces 14 days after the first inoculum gavage (Day 0 post infection;
p.i.). Mice were given 2 identical gavages containing symbiont communities 2 days apart; the
first inoculum was sequenced as a representative. Each inoculum data point depicts an
independent experiment and each day 0 data point indicates a representative mouse from each
cage. Horizontal red lines represent median values of the replicates at each diversity level.
(N=2-3 for the inoculum, N=3-4 for fecal samples; data indicates biological replicates of a
representative mouse from each cage, derived from at least two independent experiments).
Green symbols represent communities that contain E. coli, black symbols represent
communities without E. coli. C-D) Relative abundance plot of symbiont strains in the inoculum
and mouse feces using metagenomic sequencing data. Data for mice challenged with K.
pneumoniae shown in (C) and S. Typhimurium in (D). The 10 best ranked strains from the
luminescence screen for each pathogen are shown in black writing (other detected species in
grey writing).
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Pathogen abundance in vivo at later timepoints. A-B) Mice were gavaged with K.
pneumoniae (A) or S. Typhimurium (B) on Day 0. Each symbol represents a fecal sample from
1 mouse. Pathogen abundances were determined by selective plating aerobically on LB agar +
carbenicillin (K. pneumoniae) or LB agar + streptomycin (S. Typhimurium). Horizontal red
lines represent median values of the replicate mice tested at each diversity level. Communities
containing E. coli are shown in green whereas communities without E. coli are in black. N=7-
8 biological replicates of mice per group in cages of 2-3 mice; 2-3 independent experiments.
The day 1 post infection (p.i.) data is the same as in Fig. 3D-E.
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The number of protein families increase proportional to community diversity. A)
Histogram showing the distribution of protein families among the 50 species subset used for
protein family analysis. The vertical red dashed line represents the average number of genomes
out of the 50 strains that share a particular protein family (2.44 genomes). There is an average
of 3.22 proteins in each protein family. The histogram shows that many protein families are
unique to a strain while others (141) are shared between all 50 strains. B-C) The number of
protein families covered by a community increases as the number of strains in the community
increases. Results for K. pneumoniae shown in (B) and for S. Typhimurium in (C). Community
IDs taken from Fig. 2C-D. Each circle represents a different community. Green circles depict
communities containing E. coli, while black circles are communities without E. coli.
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The randomly chosen communities used in the in vitro experiments are representative of
all possible combinations of the 10 best-ranked species. A-B) Experimental communities
contain representative protein family overlap to the pathogens compared to all possible
combinations of the 10 best-ranked species. All possible combinations of communities are
depicted by unfilled circles, experimentally tested communities are shown as filled circles.
Communities in green contain E. coli while communities in black do not contain E. coli. Data
for K. pneumoniae shown in (A) and for S. Typhimurium in (B); data from Fig. 2C-D. C-D)
Experimental communities contain representative carbon source utilization overlap to the
pathogens compared to all possible combinations of the 10 best-ranked species. All possible
combinations of communities are depicted by unfilled circles, experimentally tested
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communities are shown as filled circles. Communities in green contain E. coli while
communities in black do not contain E. coli. Data for K. pneumoniae shown in (C) and for S.
Typhimurium in (D).
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Fig. S9.

Protein family overlap between single strains or communities and the pathogen shows
that both diversity and key members (E. coli) are important in explaining predicted
colonization resistance. A-B) As community diversity increases, protein family overlap with
the pathogen increases. Results for K. pneumoniae shown in (A) and for S. Typhimurium in
(B). Each circle represents a community (communities from Fig. 2C-D). Green circles depict
communities containing E. coli, while black circles are communities without E. coli. Linear
regression of log-transformed data: (A) R?=0.9350, non-zero slope for E. coli communities (F
test, p<0.0001). R?=0.9182, non-zero slope for communities without E. coli (F test, p<0.0001).
(B) R?=0.6825, non-zero slope for E. coli communities (F test, p<0.0001). R?=0.7484, non-
zero slope for communities without E. coli (F test, p<0.0001). C-D) Bar chart showing the
protein family overlap with the pathogen for the individual 10 best-ranked strains. Results for
K. pneumoniae shown in (C) and for S. Typhimurium in (D). The bar for E. coli is shown in
green and the other strains in grey. The predicted protein family overlap for all 10 strains is
shown in dark grey. See Table S1 for species name abbreviations. E-F) As community cluster
overlap with the pathogen increases, the pathogen abundance on day 2 of the extended
competition decreases. Colored circles depict communities containing E. coli, while black
circles represent communities without E. coli (data from Fig. 2C-D). Color or greyscale
gradients indicate the diversity of the community. The red circles represent the isogenic
wildtype pathogens. Results for K. pneumoniae shown in (E) and for S. Typhimurium in (F).
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Fig. S10.

Individual carbon source utilization profiles of the 10 best-ranked symbiont strains for
K. pneumoniae and S. Typhimurium (16 symbiont strains total) and their overlap with
the pathogens. (A) The x-axis lists the 95 individual nutrients tested in the AN Biolog
MicroPlates and the y-axis shows the 16 symbiont strains and the 3 pathogens (K. pneumoniae,
S. Typhimurium, AMR E. coli). The pathogens are highlighted in bold on the y-axis. Nutrients
shaded in blue could be used by a strain whereas those in white could not be used as defined
by a threshold of background-subtracted Absseonm. Data used to apply thresholding is derived
from the median value of three biological replicates of AN Biolog measurements, coming from
three independent experiments. B-C) Bar charts showing carbon source utilization overlap (%)
of the 10 best ranked individual strains with the pathogens. Results for K. pneumoniae in (B)
and S. Typhimurium in (C). E. coli is shown in green and the other individual strains in grey.
The predicted utilization of all 10 best-ranked symbionts together is shown in dark grey. The
percentage overlap with the pathogen is calculated as the proportion of the number of nutrients
able to be used by the pathogen that can also be used by a particular symbiont strain or
community. See Table S1 for species name abbreviations.
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The protein family overlap and carbon source overlap prediction approaches are
positively correlated. A-B) Correlation between protein cluster percentage overlap with the
pathogen and carbon source utilization percentage overlap with the pathogen. Results for K.
pneumoniae in (A) and S. Typhimurium in (B). Communities shown in color contain E. coli
and those in black do not. Gradients of color or greyscale intensity show community diversity.
(A) R?=0.6119, slope significantly different than 0 by an F test for communities with E. coli
(p<0.0001). R?=0.6838, slope significantly different than 0 by an F test for communities
without E. coli (p<0.0001). (B) R?=0.8204, slope significantly different than 0 by an F test for
communities with E. coli (p<0.0001). R?=0.7027, slope significantly different than 0 by an F
test for communities without E. coli (p<0.0001). The communities are the same as those in Fig.
2C-D. Percentage overlap calculated as the proportion of shared carbon source use or shared
protein families with the pathogen. Values for communities calculated in an additive way based
on the profiles of individual strains. Each data point represents a community.
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Fig. S12.

Spent media experiment. Communities were assembled and grown for 96 hours and the
pathogen invaded into the spent media or re-supplemented spent media (half volume spent
media and half volume nutrient media). Pathogen density measured by flow cytometry 24 hours
after pathogen invasion (day 1). Results for K. pneumoniae shown in (A) and S. Typhimurium
in (B). N=3-4 biological replicates from different independent experiments per treatment.
Horizontal red lines show the median of the replicates.
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Fig. S13.

Carbon source utilization overlap with AMR E. coli. Bar chart showing carbon source
utilization overlap (%) of the 16 best ranked individual strains (for K. pneumoniae and S.
Typhimurium) with the AMR E. coli strain. The E. coli symbiont is shown in green and the
other individual strains in grey. All 16 symbiont strains together are shown in black. The
percentage overlap with the pathogen is calculated as the proportion of the number of nutrients
that can be used by AMR E. coli that can also be used by a particular symbiont strain. Data
used to apply thresholding is derived from the median value of 3 biological replicates of AN
Biolog measurements, coming from three independent experiments.
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Table S1.

Strains used in this study. *Relevant resistances only. Streptomycin= >50 ug/mL; carbenicillin=>50ug/mL; ampicillin=>100ug/mL;

kanamycin=>50ug/mL; tetracycline=>50ug/mL. **According to European biosafety designation. *** Leibniz Institute DSMZ-

German Collection of Microorganisms and Cell Cultures, Inhoffenstral3e 7, 38124 Braunschwe, Science Campus Braunschweig-Sud,
Germany. **** ATCC (American Type Culture Collection), 10801 University Boulevard, Manassas, Virginia 20110-2209, United

States.
Strain Abbrev. | Relevant | Internal PATRIC | Collection | Hazard 100- 50-strain K. S. Source
genotype | ID ID ID group** | strain | community | pneumoniae | Typhimurium
ke screen 10 best- 10 best-
ranked ranked
Actinomyces NT5039 411466.7 | DSM43331 2 + Nassos
odontolyticus Typas
Akkermansia A.muci F3 349741.6 | DSM22959 1 + + + DSMZ***
muciniphila
Anaerostipes F2 105841.35 | DSM14662 1 + + DSMZ
caccae
Bacteroides B1 411901.7 | DSM19024 2 + DSMZ
caccae
Bacteroides B2 5370125 | DSM14838 1 + + DSMZ
cellulosilyticus
Bacteroides clarus NT5052 762984.10 | DSM22519 1 + + Nassos
Typas
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Strain Abbrev. | Relevant | Internal PATRIC | Collection | Hazard 100- 50-strain K. S. Source

genotype | ID ID ID group** | strain | community | pneumoniae | Typhimurium

ke screen 10 best- 10 best-

ranked ranked

Bacteroides B13 483216.6 | DSM20697 2 + DSMZ
eggerthii
Bacteroides NT5033 817.95 ATCC4386 2 + Nassos
fragilis 0 Typas
enterotoxigenic
20656-2-1
Bacteroides NT5057 4574245 HM-20 2 + Nassos
fragilis3 1 12 Typas
Bacteroides NT5059 997883.3 | HM-710 2 + Nassos
fragilis Typas
CL07T12C05
Bacteroides NT5060 997880.3 HM-711 2 + Nassos
fragilis Typas
CL05T00C42
Bacteroides NT5062 997881.3 HM-712 2 + Nassos
fragilis Typas
CL05T12C13
Bacteroides NT5063 997878.3 | HM-713 2 + Nassos
fragilis Typas
CL03T00C08
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Strain Abbrev. | Relevant | Internal PATRIC | Collection | Hazard 100- 50-strain K. S. Source

genotype | ID ID ID group** | strain | community | pneumoniae | Typhimurium

ke screen 10 best- 10 best-

ranked ranked

Bacteroides NT5061 997879.7 | HM-714 2 + Nassos
fragilis Typas
CLO03T12C07
Bacteroides B4 272559.17 | DSM2151 2 + DSMZ
fragilis
nontoxigenic
Bacteroides B6 411476.11 | DSM1896 2 + DSMZ
ovatus
Bacteroides B8 46506.156 | DSM19555 1 + + DSMZ
stercoris VPI B5- 2
21
Bacteroides NT5055 1073351.3 | HM-1036 2 + Nassos
stercoris CC31F Typas
Bacteroides B9 226186.12 A DSM2079 2 + DSMZ
thetaiotaomicron
Bacteroides B10 820.37 DSM6597 2 + DSMZ
uniformis
Bacteroides NT5066 997890.6 | HM-716 2 + Nassos
uniformis Typas
CL03T12C37
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Strain Abbrev. | Relevant | Internal PATRIC | Collection | Hazard 100- 50-strain K. S. Source

genotype | ID ID ID group** | strain | community | pneumoniae | Typhimurium

ke screen 10 best- 10 best-

ranked ranked

Bacteroides B12 657309.4 | DSM18836 1 + + DSMZ
xylanisolvens
XB1A
Bacteroides NT5064 997892.50 | DSM2079 2 + Nassos
xylanisolvens Typas
CL03T12C04
Bifidobacterium NT5022 367928.6 | DSM20083 1 + + Nassos
adolescentis Typas
Bifidobacterium B. anim A2 555970.3 | DSM10140 1 + + + + DSMZ
animalis
Bifidobacterium NT5043 580050.3 1 + Nassos
animalis subsp. Typas
lactis Bi-04
Bifidobacterium NT5044 742729.3 | DGCC290 1 + + Nassos
animalis subsp. 8 Typas
lactis Bi-07
Bifidobacterium Al 500634.6 | DSM20456 1 + + DSMZ
bifidum
Bifidobacterium B. brev A3 518634.19 | DSM20213 1 + + + DSMZ
breve
Bifidobacterium B. long. A4 391904.8 | DSM20088 1 + + + DSMZz
longum subsp. inf

infantis
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Strain Abbrev. | Relevant | Internal PATRIC | Collection | Hazard 100- 50-strain K. S. Source
genotype | ID ID ID group** | strain | community | pneumoniae | Typhimurium
* screen 10 best- 10 best-
ranked ranked

Bifidobacterium B. long. A5 565042.3 | DSM20219 1 + + + DSMZ
longum subsp. long
longum
Blautia hansenii NT5005 537007.6 | DSM20583 1 + + Nassos

Typas
Blautia F4 476272.21 | DSM10507 1 + + DSMZ
hydrogenotrophic
a
Christensenella F7 626937.8 | DSM22607 1 + + DSMZz
minuta
Clostridium NT23006 272563.8 | DSM27543 2 + Nassos
difficile 630 Typas
Clostridium F12 428125.8 | DSM753 1 + + DSMZ
leptum
Clostridium NT5031 195103.10 | DSM756 2 + Nassos
perfringens Typas
Clostridium NT5032 451754.18 | DSM11782 2 + Nassos
perfringens Typas
Collinsella A6 411903.6 | DSM3979 2 + DSMZz

aerofaciens
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Strain Abbrev. | Relevant | Internal PATRIC | Collection | Hazard 100- 50-strain K. S. Source

genotype | ID ID ID group** | strain | community | pneumoniae | Typhimurium

* screen 10 best- 10 best-

ranked ranked
Coprococcus NT5048 470146.3 | ATCC2775 1 + + Nassos
comes 8 Typas
Dorea NT5076 411461.20 | DSM3992 1 + + Nassos
formicigenerans Typas
Dorea longicatena F13 411462.6 | DSM13814 1 + + DSMz
Eggerthella lenta NT5024 4794375 | DSM2243 2 + Nassos
Typas

Enterocloster NT5026 208479.10 A DSM15670 1 + + Nassos
bolteae Typas
Erysipelatoclostri NT5006 445974.19 | DSM1402 2 + Nassos
dium ramosum Typas
AMR Escherichia Wildtype | 19Y00001 - 2 Nottingham
coli ... 8 University

(Amplcn Hospital

lin) Pathogen

Bank

Escherichia coli NT5078 585397.9 1 + Nassos
EDla Typas
Escherichia coli e-OPC-323 | 331112.6 1 + (34)

HS
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Strain Abbrev. | Relevant | Internal PATRIC | Collection | Hazard 100- 50-strain K. S. Source

genotype | ID ID ID group** | strain | community | pneumoniae | Typhimurium

* screen 10 best- 10 best-

ranked ranked

Escherichia coli E. coli NT5077 585034.5 1 + + + + Nassos
1AI1 Typas
Escherichia coli E. coli AgatABC | eOPC-364 1 This study
1AI1 AgatABC
Escherichia coli +pOPC- eOPC-362 1 This study
JKE201 231
Escherichia coli +pOPC- eOPC-363 1 This study
JKe201 232
Escherichia coli e-OPC-292 | 511145.12 1 + (35)
MG1655
Escherichia coli 21269 - 1 (33)
71269
Escherichia coli 71331 - 1 (33)
71331
Eubacterium NT5009 657318.12 A DSM17629 1 + + Nassos
rectale Typas
Eubacterium NT5040 428128.19 | DSM15702 1 + + Nassos
siraeum Typas
Faecalibacterium F25 411483.3 | DSM17677 1 + DSMZz

prausnitzii
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Strain Abbrev. | Relevant | Internal PATRIC | Collection | Hazard 100- 50-strain K. S. Source

genotype | ID ID ID group** | strain | community | pneumoniae | Typhimurium

ke screen 10 best- 10 best-

ranked ranked

Fusobacterium NT24006 1204474.3 2 + Nassos
nucleatum CTI-01 Typas
Fusobacterium NT24015 851.8 2 + Nassos
nucleatum Typas
MJR7757B
Fusobacterium NT5025 190304.8 | DSM15643 2 + Nassos
nucleatum subsp. Typas
nucleatum
Fusobacterium NT24005 155615.5 | DSM19508 2 + Nassos
nucleatum subsp. Typas
vincentii
Fusobacterium NT5030 209882.4 | DSM19507 2 + Nassos
nucleatum subsp. Typas
vincentii
Fusobacterium NT24011 546275.3 | ATCC3369 1 + + Nassos
periodonticum 3 Typas
1 A 54/D10
Fusobacterium NT24012 469599.3 2 + Nassos
periodonticum Typas
2131
Gemella NT24013 562982.3 2 + Nassos
morbillorum Typas
Holdemanella H. bifo F15 518637.5 | DSM3989 1 + + + DSMZ
biformis
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Strain Abbrev. | Relevant | Internal PATRIC | Collection | Hazard 100- 50-strain K. S. Source
genotype | ID ID ID group** | strain | community | pneumoniae | Typhimurium
* screen 10 best- 10 best-
ranked ranked

Intestinibacter NT5086 261299.11  DSM16795 1 + Nassos

bartletti 8 Typas

Klebsiella K1 2726209 | ATCC 2 + Modernising

pneumoniae 700721 Medical
Microbiolog
y, Nuffield
Department
of Medicine

Klebsiella Wildtype | bFS-26 1162296.3 | DSM 2 + DSMZ

pneumoniae (Carbeni 30104

subsp. cillin)

pneumoniae

Klebsiella + pRSJ- | bFS-29 DSM 2 This study

pneumoniae Prptiz:ilu 30104

subsp. X

pneumoniae

Klebsiella +pBC11 | bFS-34 DSM 2 This study

pneumoniae 30104

subsp.

pneumoniae

Lachnoclostridiu NT24007 742740.3 2 + Nassos

m symbiosum Typas

WAL-14163
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Strain Abbrev. | Relevant | Internal PATRIC | Collection | Hazard 100- 50-strain K. S. Source
genotype | ID ID ID group** | strain | community | pneumoniae | Typhimurium
* screen 10 best- 10 best-
ranked ranked
Lachnoclostridiu NT24014 742741.3 2 + Nassos
m symbiosum Typas
WAL-14673
Lachnoclostridiu NT27002 553973.19 | DSM15053 1 + + Nassos
m hylemonae Typas
Lachnoclostridiu F9 411468.41 A DSM5676 1 + + DSMZ
m scindens
Lachnoclostridiu F8 4114725 | DSM934 2 + DSMZz
m symbiosum
Lacrimispora L. sacc NT5037 610130.3 | DSM2544 1 + + + Nassos
saccharolytica Typas
Lacticaseibacillus F16 219334.4 | DSM20011 1 + + DSMZz
caseli
Lacticaseibacillus NT5042 1226298.3 | ATCCSD5 1 + + Nassos
paracasei 275 Typas
Lactiplantibacillu | L. plan F14 644042.3 - 1 + + + Department
s plantarum of Food and
JDM1 Nutritional
Sciences,
University of
Reading
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Strain Abbrev. | Relevant | Internal PATRIC | Collection | Hazard 100- 50-strain K. S. Source

genotype | ID ID ID group** | strain | community | pneumoniae | Typhimurium

* screen 10 best- 10 best-

ranked ranked

Lactobacillus L. acid NT5041 272621.13 | ATCC7009 1 + + + + Nassos
acidophilus 36 Typas
Lactobacillus L. delb NT14075 1423823.4 | DSM20074 1 + + + Nassos
delbrueckii subsp. Typas
Delbrueckii
Lactobacillus F18 324831.13 | DSM20243 1 + + DSMZ
gasseri
Ligilactobacillus L. rumi F17 1423798.5 | DSM20403 1 + + + DSMZ
ruminis
Ligilactobacillus L. sali NT14072 1423799.3 | DSM20555 1 + + + + Nassos
salivarius Typas
Limosilactobacillu | L. ferm NT14076 1613.547 | DSM20052 1 + + + Nassos
s fermentum Typas
Mediterraneibacte NT5046 411470.47 | ATCC2914 1 + + Nassos
r gnavus 9 Typas
Mediterraneibacte | M. torq NT5047 411460.6 | ATCC2775 1 + + + Nassos
r torques 6 Typas
Odoribacter NT5081 709991.14 | DSM20712 2 + Nassos
splanchnicus 2 Typas
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Strain Abbrev. | Relevant | Internal PATRIC | Collection | Hazard 100- 50-strain K. S. Source
genotype | ID ID ID group** | strain | community | pneumoniae | Typhimurium
ke screen 10 best- 10 best-
ranked ranked

Parabacteroides NT5074 435591.48 | DSM20701 2 + Nassos
distasonis Typas
Parabacteroides NT5071 411477.88 | DSM19495 1 + Nassos
merdae Typas
Peptostreptococcu NT24002 596315.3 | DSM17678 2 + Nassos
s stomatis Typas
Phocaeicola B3 470145.69 | DSM17136 1 + + DSMZ
coprocola
Phocaeicola dorei NT5049 357276.10 | DSM17855 1 + + Nassos

35 Typas
Phocaeicola B5 1121098.3 | DSM17679 1 + + DSMZ
massiliensis
Phocaeicola P. vulg B11 435590.9 | DSM1447 1 + + + DSMz
vulgatus
Phocaeicola NT5056 997891.3 1 + Nassos
vulgatus Typas
CL09T03C04
Prevotella buccae B14 873513.3 | DSM19025 2 + DSMZ
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Strain Abbrev. | Relevant | Internal PATRIC | Collection | Hazard 100- 50-strain K. S. Source
genotype | ID ID ID group** | strain | community | pneumoniae | Typhimurium
ke screen 10 best- 10 best-
ranked ranked
Prevotella copri B15 537011.43 | DSM18205 1 + + DSMzZ
9
Roseburia faecis F24 301302.4 | DSM16840 1 + + DSMZ
Roseburia hominis F22 585394.18 | DSM16839 1 + + DSMZ
Roseburia NT5011 536231.75 | DSM14610 1 + + Nassos
intestinalis Typas
Roseburia NT5012 622312.48 | DSM16841 1 + + Nassos
inulinivorans Typas
Salmonella Wildtype | SB300 216597.6 | DSM24522 2 + (58)
enterica (Strepto
Typhimurium mycin)
SL1344
Salmonella + pRSJ- | sOPC-406 DSM24522 2 This study
enterica Prptiz:ilu
Typhimurium X
SL1344
Salmonella +pBC11 | sOPC-404 DSM24522 2 This study
enterica
Typhimurium
SL1344
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Strain Abbrev. | Relevant | Internal PATRIC | Collection | Hazard 100- 50-strain K. S. Source

genotype | ID ID ID group** | strain | community | pneumoniae | Typhimurium

* screen 10 best- 10 best-

ranked ranked

Salmonella Avirulent | M2702 DSM24522 2 (72)
enterica
Typhimurium
SL1344
Salmonella hisG EB199 DSM24522 2 This study
enterica prototrop
Typhimurium h
SL1344 (Strepto

mycin)
Salmonella AgatABC | sOPC-463 DSM24522 2 This study
enterica (Strepto
Typhimurium mycin)
SL1344
Salmonella AgatABC | EB149 DSM24522 2 This study
enterica +pBC11
Typhimurium
SL1344
Staphylococcus bOPC-105 | 176280.85 | DSM1798 2 + ATCC****
epidermis
Streptococcus NT5072 760570.3 | DSM6778 2 + Nassos
parasanguinis Typas
Streptococcus NT5038 1304.1829 | DSM20560 2 + Nassos
salivarius Typas
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Strain Abbrev. | Relevant | Internal PATRIC | Collection | Hazard 100- 50-strain K. S. Source
genotype | ID ID ID group** | strain | community | pneumoniae | Typhimurium
k screen 10 best- 10 best-
ranked ranked
Veillonella NT5017 479436.6 | DSM2008 2 + Nassos
parvula Typas
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Table S2.

Plasmids used in this study. *Relevant resistances only. Streptomycin= >50 ug/mL;
carbenicillin=>50ug/mL; ampicillin=>100ug/mL; kanamycin=>50ug/mL;
tetracycline=>50pg/mL.

EclAl-AgatABC

Plasmid name Relevant genotype Resistance* Source

PRSJ-Prpur::ilux luxCDBAE-frp expression Tetracycline (62)

pBC11 YPet expression Kanamycin (65)

pOPC-231 SV-aphT-tetR-scel-sacB- Kanamycin This study
STm-AgatABC

pOPC-232 SV-aphT-tetR-scel-sacB- Kanamycin This study
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Table S3.

Primers used in this study.

Primer name Sequence Purpose Source
00OPC-953 AGAGTTTGATCCTGGCTCAG 16S sequencing (27F) (73)
00PC-954 TACGGYTACCTTGTTACGACTT 16S sequencing (73)
(1492R)
g-Bifid-F 5-CTCCTGGAAACGGGTGG-3’ 16S sequencing for (74)
_ Bifidobacteria
g-Bifid-R 5-GGTGTTCTTCCCGATATCTACA-3' (74)
00PC-975 CCCAGTCTCGAGGTCGACGGTATCGATAAGCTTGA | amplify 700 upstream This study
TATCGAATT Caaatcgcgtttcgtgaatcagg gatABC for deletion -

STm SL1344 :
00OPC-976 taaaattaagaggcgatttgaaatagttggctcataaattctccattattcagg This study
oOPC-977 aatttatgagccaactatttcaaatcgectcttaattttaggggag amplify 700 This study

downstream gatABC i
00OPC-978 CTGGAGCTCCACCGCGGTGGCGGCCGCTCTAGAAC | for deletion - STm This study

TAGTGGATCCttcccggctattacaggtatgegttgege
0oOPC-979 agtcgatgctgcacgtacgc check gatABC deletion | This study

-STm
0oOPC-980 atgtcggacaacgcggtctg This study
00PC-981 CCCAGTCTCGAGGTCGACGGTATCGATAAGCTTGA | amplify 700 upstream This study

TATCGAATTC Cctactgttaaatgtttgcatcgcacc gatABC for deletion -

E.coli 1Al
00OPC-982 ggtatatgactaacctgtttgttctcgcagaataatttttacctgaggg This study
00OPC-983 aaaaattattctgcgagaacaaacaggttagtcatataccgtccttattccg amplify 700 This study

downstream gatABC i
00OPC-984 CTGGAGCTCCACCGCGGTGGCGGCCGCTCTAGAAC | for deletion - E.coli This study

TAGTGGATCCtttacgtacgcatcaaaaggcctttattgcc IAIL
00OPC-985 aaacgctctgcatttgcgge check gatABC deletion | This study

- E.coli IAIL i

00OPC-986 cccatgttgaagatgccgec This study
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Table S4.

Species compositions of communities used for in vitro experiments with K. pneumoniae DSM
30104. *Communities that were additionally selected to contain E. coli 1Al1, but otherwise were

selected at random.

Community ID Community members No. replicates Median day 2
pathogen density
(cells/mL)
No commensals N/A 15 1.84E+09
KTS1 A3 5 9.45E+08
KTS2 F15 3 1.11E+09
KTS3 F17 3 1.19E+09
KTS4 Ad 3 1.29E+09
KTS5 NT5077 3 1.10E+08
KTS6 NT5041 3 1.12E+09
KTS7 A2 3 1.28E+09
KTS8 F14 3 1.21E+09
KTS9 NT14076 3 1.68E+09
KTS10 NT14072 3 1.53E+09
KTD1 A4, NT5041 3 1.33E+09
KTD2 NT5041, F14 3 1.29E+09
KTD3 A3, NT5077 4 4.58E+06
KTD4 F15, F14 3 1.40E+09
KTD5 F15, A2 3 1.83E+09
KTD6 A2, F14 3 1.70E+09
KTD7 F17, NT14072 3 1.59E+09
KTD8 NT5077, NT14076 4 1.28E+08
KTD9 A3, F14 3 5.96E+08
KTD10* NT5077, F14 3 1.82E+07
KTD11* F15, NT5077 3 1.09E+08
KTD12* F17, NT5077 3 3.42E+07
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Community ID

Community members

No. replicates

Median day 2
pathogen density

(cells/mL)
KTD13* A4, NT5077 3 7.44E+07
KTD14* NT5077, NT5041 3 1.55E+07
KTD15* NT5077, A2 3 3.84E+07
KTD16* NT5077, NT14072 3 2.90E+07
KTD17* NT5041, A2 3 1.81E+09
KTT1 A3, F15, NT5041 3 3.30E+08
KTT2 A3, F15, A2 3 7.44E+08
KTT3 A2, NT14076, NT14072 3 6.56E+08
KTT4 F17, NT5077, NT14072 3 1.12E+07
KTT5 NT5041, NT14076, NT14072 3 7.11E+08
KTT6 F17, NT5077, A2 3 2.52E+07
KTT7 F17, A4, NT14076 3 1.07E+09
KTT8 A3, F15, F17 4 5.03E+08
KTT9 A3, NT5041, A2 3 7.59E+08
KTT10 A3, A4, NT5041 3 6.13E+08
KTT11 A2, F14, NT14072 3 1.19E+09
KTT12 A4, NT5041, F14 3 9.36E+08
KTT13 F15, F14, NT14072 3 1.13E+09
KTT14 A3, NT5077, F14 3 3.81E+05
KTT15 A3, F17, A2 3 5.07E+08
KTT16 NT5077, F14, NT14072 3 1.72E+07
KTT17 NT5077, NT14076, NT14072 3 1.43E+07
KTT23* A3, F15, NT5077 2 8.73E+05
KTT24* A4, NT5077, NT14072 3 1.29E+07
KTT25* A3, NT5077, A2 3 6.53E+05
KTT26* NT5077, NT5041, NT14072 3 6.20E+06
KTP1 A3, F15, F17, NT5041, NT14076 4 4.77E+08
KTP2 A3, F15, NT5041, A2, NT14072 4 2.98E+08
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Community ID

Community members

No. replicates

Median day 2
pathogen density

(cells/mL)
KTP3 NT5077, A2, F14, NT14076, NT14072 4 1.66E+07
KTP4 F17, NT5077, NT5041, A2, NT14072 4 2.42E+07
KTP5 A3, F15, NT5041, NT14076, NT14072 4 3.63E+08
KTP6 A3, F15, F17, A4, A2 4 5.33E+08
KTP7 F17, A4, NT5077, A2, NT14076 4 2.63E+07
KTP8 A3, F15, F17, NT5077, NT5041 4 1.25E+06
KTP9 A3, A4, NT5041, A2, F14 4 1.85E+08
KTP10 A3, A4, NT5041, F14, NT14072 4 1.99E+08
KTP11 F15, NT5041, A2, F14, NT14072 4 1.19E+09
KTP12 F17, NT5041, A2, F14, NT14076 4 9.19E+08
KTP13 F15, A4, F14, NT14076, NT14072 4 9.89E+08
KTP14 A3, A4, A2, F14, NT14076 4 6.60E+08
KTP15 F17, A4, F14, NT14076, NT14072 4 1.28E+09
KTP16 A3, F17, A4, F14, NT14072 4 2.95E+08
KTP17 A3, Ad, A2, NT14076, NT14072 4 2.67E+08
KTP18* F15, NT5077, NT5041, A2, F14 3 2.72E+06
KTP19* F17, A4, NT5077, F14, NT14076 3 1.28E+07
KTP20* A3, NT5077, NT5041, A2, NT14076 3 2.82E+05
KTP21* A3, F15, NT5077, NT5041, F14 3 3.26E+05
KTP22* A3, F17, NT5077, NT5041, F14 3 3.08E+05
KALLTOP A3, F15, F17, A4, NT5077, NT5041, A2, | 11 6.17E+05

F14, NT14076, NT14072
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Table S5.

Species compositions of communities used for in vitro experiments with S. enterica serovar

Typhimurium SL1344. *Communities that were additionally selected to contain E. coli 1AI1, but
otherwise were selected at random.

Community ID | Community members No. replicates Median day 2
pathogen density
(cells/mL)
No commensals | N/A 11 1.38E+09
STS1 A2 3 7.64E+08
STS2 NT5037 3 6.29E+08
STS3 NT14075 3 8.71E+08
STS4 F3 3 9.55E+08
STS5 NT5041 3 9.26E+08
STS6 A5 3 8.69E+08
STS7 NT5077 5 4.46E+08
STS8 B11 4 8.14E+08
STS9 NT5047 3 1.18E+09
STS10 NT14072 3 1.08E+09
STD1 NT5037, B11 3 6.04E+08
STD2 NT5077, NT5047 3 3.60E+08
STD3 NT5041, B11 3 7.16E+08
STD4 A5, NT5047 3 9.19E+08
STD5 NT14075, NT5077 3 3.98E+08
STD6 NT5037, NT14072 3 6.30E+08
STD7 B11, NT5047 3 7.64E+08
STD8 NT14075, NT14072 3 9.23E+08
STD9 NT5037, NT5047 3 7.74E+08
STD10 NT14075, NT5047 3 9.25E+08
STD11 NT14075, NT5041 3 9.62E+08
STD12 NT5041, NT14072 3 9.98E+08

41



Community ID | Community members No. replicates Median day 2
pathogen density
(cells/mL)
STD13 A2, NT14072 3 1.06E+09
STD14 A2, NT5047 3 8.40E+08
STD15 B11, NT14072 3 7.79E+08
STD16 NT14075, F3 3 1.07E+09
STD17* A2, NT5077 3 3.36E+08
STD18* NT5037, NT5077 4 5.73E+07
STD19* F3, NT5077 3 3.23E+08
STD20* NT5041, NT5077 3 3.11E+08
STD21* A5, NT5077 3 3.52E+08
STD22* NT5077, B11 7 3.94E+07
STD23* NT5077, NT14072 3 4.14E+08
STT1 A2, NT14075, A5 3 9.50E+08
STT2 NT14075, F3, B11 3 1.00E+09
STT3 F3, NT5041, NT5077 3 5.51E+08
STT4 A2, A5, NT14072 3 1.15E+09
STT5 A2, NT5037, A5 3 9.38E+08
STT6 NT5037, NT5077, NT14072 3 1.25E+08
STT7 F3, NT5041, A5 3 1.26E+09
STT8 NT5037, A5, NT5047 3 1.05E+09
STT9 NT5037, F3, NT5077 3 1.44E+08
STT10 NT5037, A5, NT14072 3 9.17E+08
STT11 NT14075, B11, NT5047 3 9.20E+08
STT12 A2, NT14075, B11 3 1.10E+09
STT13 A5, B11, NT14072 3 9.89E+08
STT14 NT5041, NT5047, NT14072 3 1.26E+09
STT15 A5, B11, NT5047 3 1.25E+09
STT16 A2, F3, B11 3 1.22E+09
STT17* NT5037, NT5077, B11 5 2.23E+07
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Community ID | Community members No. replicates Median day 2
pathogen density
(cells/mL)
STT18* A2, NT14075, NT5077 3 3.75E+08
STT19* NT5041, NT5077, NT5047 3 3.80E+08
STT20* NT5037, NT5077, NT5047 3 6.17E+07
STT21* F3, NT5077, NT5047 3 3.79E+08
STT22* NT14075, NT5077, B11 3 3.87E+07
STP1 NT14075, F3, NT5041, NT5047, NT14072 4 1.19E+09
STP2 A2, NT5037, NT14075, NT5077, NT14072 4 1.65E+08
STP3 NT14075, F3, A5, B11, NT14072 4 9.01E+08
STP4 A2, F3, A5, B11, NT5047 4 1.05E+09
STPS F3, NT5041, A5, NT5077, B11 4 4.53E+07
STP6 NT5037, F3, B11, NT5047, NT14072 4 6.69E+08
STP7 NT14075, F3, NT5041, A5, NT5047 4 1.09E+09
STP8 A2, NT5037, F3, NT5041, NT5047 4 1.07E+09
STP9 NT5037, NT14075, A5, B11, NT14072 4 9.40E+08
STP10 A2, F3, NT5041, A5, NT5047 4 1.40E+09
STP11 A2, NT5037, A5, NT5077, B11 4 2.55E+07
STP12 NT5037, A5, NT5077, NT5047, NT14072 4 1.46E+08
STP13 A2, NT14075, A5, B11, NT14072 4 8.71E+08
STP14 F3, NT5041, NT5077, NT5047, NT14072 4 4.59E+08
STP15 A2, NT5037, NT14075, F3, A5 4 1.06E+09
STP16 A2, NT14075, F3, A5, NT14072 4 1.19E+09
STP17* NT5041, A5, NT5077, B11, NT14072 3 2.01E+07
STP18* NT5037, NT5041, A5, NT5077, B11 3 9.83E+06
STP19* NT14075, F3, A5, NT5077, NT14072 3 4.38E+08
STP20* A2, F3, A5, NT5077, B11 3 1.83E+07
SALLTOP A2, NT5037, NT14075, F3, NT5041, A5, 11 1.76E+07

NT5077, B11, NT5047, NT14072

43



44



Table S6.

Species compositions of communities used for gnotobiotic mouse experiments.

Pathogen No. symbionts Community E. coli IAI1 | No. replicates | Median
gavaged in community members present pathogen fecal
density 24 hours
p.i. (CFU/qg)

K. pneumoniae 0 N/A No 7 4.0375e+09

K. pneumoniae 1 NT5077 Yes 7 2.28846e+08

K. pneumoniae 5 KTP8 (see Table | Yes 8 4.35148e+07
S4)

K. pneumoniae 10 KALLTOP (see Yes 7 4.07019e+07
Table S4)

K. pneumoniae 50 See Table S1 Yes 7 134667

K. pneumoniae 9 KALLTOP minus | No 7 4.4e+08
NT5077

K. pneumoniae 49 50 minus NT5077 | No 7 2.32e+07

S. Typhimurium 0 N/A No 7 7.89e+08

S. Typhimurium 1 NT5077 Yes 7 9.01408e+07

S. Typhimurium 5 STP11 (see Table | Yes 8 5.68115e+07
S5)

S. Typhimurium 10 SALLTORP (see Yes 7 4.1e+07
Table S5)

S. Typhimurium 50 See Table S1 Yes 7 521000

S. Typhimurium 9 SALLTOP minus | No 8 6.91e+08
NT5077

S. Typhimurium 49 50 minus NT5077 | No 7 2.15e+07
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Table S7.

Species compositions of communities used for prediction experiments with the AMR E. coli
strain 19Y000018.

Community ID Community members No. replicates | Median day 2
pathogen density
(CFU/mL)

No commensals N/A 5 4.96E+08

Best 2 Biolog NT5077, NT5037 5 1.00E+07

Worst 2 Biolog NT5077, A2 5 3.12E+08

Best 3 Biolog NT5077, B11, NT5037 5 1.56E+06

Worst 3 Biolog NT5077, F17, NT5041 5 2.64E+08

Best 5 Biolog NT5077, NT5037, NT14075, NT5041, B11 5 2.48E+06

Worst 5 Biolog NT5077, NT14075, A5, A3, F17 5 4.64E+06

Best 2 protein NT5077, NT5026 5 1.80E+07

family

Worst 2 protein NT5077, F3 5 2.48E+08

family

Best 3 protein NT5077, NT5026, F2 5 1.60E+0Q7

family

Worst 3 protein NT5077, A2, NT5044 5 2.24E+08

family

Best 5 protein NT5077, NT5026, F2, NT5049, NT24011 5 2.80E+06

family

Worst 5 protein NT5077, NT14072, NT5041, F24, NT5040 5 8.16E+06

family

Best 10 protein NT5077, F2, NT14076, NT5026, NT5049, 5 1.60E+06

family NT5047, F25, NT24011, NT5037, NT5012

Worst 10 protein NT5077, F17, NT5041, NT5076, NT5048, A1, 5 3.40E+06

family F15, A2, NT5009, NT5044

Best 5 protein NT5077, NT5026, NT24011, NT5037, NT5052 5 4.00E+06

family #2
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Community ID

Community members

No. replicates

Median day 2

pathogen density

(CFU/mL)
Best 5 protein NT5077, NT5026, NT24011, NT5037, NT5049 5 2.02E+06
family #3
Best 5 protein NT5077, F2, NT24011, NT5037, NT5052 5 5.52E+06
family #4
Best 5 protein NT5077, F2, NT5026, F16, NT5049 5 2.48E+06
family #5
Worst 5 protein NT5077, F17, F15, A2, NT5044 5 3.00E+08
family #2
Worst 5 protein NT5077, NT5048, F15, A2, NT5044 5 2.32E+08
family #3
Worst 5 protein NT5077, NT14072, NT5040, A2, NT5044 5 3.20E+08
family #4
Worst 5 protein NT5077, F17, Al, A2, NT5044 5 2.80E+08

family #5
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