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S| Materials and Methods

Sequence Assembly and Quality Control. The Bifidobacterium breve
UCC2003 genome sequence was determined using a whole-
genome shotgun approach followed by Roche 454 sequencing.
Two shotgun libraries were constructed: a small-insert library (2—
4 kb) using pGEM-T easy vector (Promega) and a large cosmid
library (40-45 kb) using pWEB vector (Epicentre Technologies).
Sequence sampling from these banks generated just over 7 million
bp of useable sequence data, representing about threefold cov-
erage of the B. breve UCC2003 genome (performed by MWG-
Biotech). For Roche 454 sequencing, genomic DNA was extracted
as described previously (1), after which a 3-kb fragment library was
prepared and sequenced using Roche standard procedures (per-
formed by Beckman Coulter). Sequence reads were assembled
into 376 contigs using Phred (2, 3), Phrap (P. Green, University of
Washington, Seattle, WA; http://www.phrap.org), RepeatMasker
(AF.A. Smit, R. Hubley, and P. Green; http://www.repeatmasker.
org) and the Staden package (4) software. Gaps were closed using
additional sequencing from small-insert clones (2,000 sequencing
reads) and direct and inverse PCR (850 sequencing reads), re-
sulting in a single contig (2.42 Mb). Quality improvement of the
genome sequence involved sequencing of more than 400 PCR
products (3,600 sequencing reads) across the entire genome to
ensure correct assembly, double stranding, and the resolution of
any remaining base conflicts. This process resulted in a total of
374,449 sequences with an average read length of 381 bp covering
~134 Mb, roughly constituting a 43-fold genome coverage. Roche
454 reads were mapped onto the B. breve UCC2003 genome and
used to correct base-calling errors manually.

Sequence Annotation. Protein-coding sequences were predicted
using a combination of the methods Glimmer (5, 6), FrameD (7),
and Prodigal (8), as well as comparative analysis involving Or-
pheus (9) and BLASTX (10). Results from the gene-finder pro-
grams were combined, and a preliminary identification of ORFs
was made on the basis of BLASTP (11) analysis against a non-
redundant protein database provided by the National Center for
Biotechnology Information (12). Artemis (13) was used to inspect
the results of the combined gene finders and associated BLASTP
results. BlastxBrowser was used to examine the BLASTX results
(14). A manual inspection was performed to verify or, if neces-
sary, redefine the start of each predicted coding region. Anno-
tation made use of the GC frame plot feature of Artemis,
ribosome-binding site information obtained from RBSfinder (15),
alignments with similar protein-coding sequences from other
organisms, and guanine-cytosine (G+C) content analysis.
Assignment of protein function to predicted coding regions of
the B. breve UCC2003 genome was performed manually using the
ERGO annotation tool (16). Primary functional classification of
the B. breve gene products was performed according to the Riley
rules with some modifications to reflect the B. breve gene content
(17, 18). HMMTOP (19) and TMHMM (20) were used to predict
transmembrane sequences, and SignalP (21) was used for the
prediction of signal peptides. Ribosomal RNA genes were de-
tected on the basis of BLASTN searches and were annotated
manually. Transfer RNA genes were identified using tRNAscan-
SE (22). Miscellaneous-coding RNAs were identified using the
Rfam database (23) using the INFERNAL software package (24).
Insertion sequence elements were identified using Repeatfind-
er (25), Reputer (26), and BLAST (11) and were annotated
manually. IS families were assigned using ISFinder (http://www-is.
biotoul.fr/is.html). Carbohydrate-active enzymes were identified
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based on similarity to the carbohydrate-active enzyme (CAZy)
database entries (27), and transporter classification was per-
formed according to the TC-DB scheme (28).

Comparative Analysis. Whole-genome comparisons of B. breve
UCC2003 were performed with BLASTN alignments against
Bifidobacterium longum subsp. longum NCC2705 (AE014295),
B. longum subsp. longum DJO10A (CP000605), B. longum subsp.
infantis ATCC15697 (CP001095), Bifidobacterium adolescentis
ATCC15703 (NC_008618), Bifidobacterium dentium Bdl
(NC_013714), Bifidobacterium bifidum PRL2010 (CP001840), and
Bifidobacterium animalis subsp. lactis DSM10140 (NC_012815).
Genome synteny comparisons were performed using the set of
genomes as mentioned above. Whole genomes were compared at
the nucleotide level using Dotter (29) and MUMmer programs
(30) with default values.

Bacterial strains, plasmids, and culture conditions. Bacterial strains and
plasmids used in this study are listed in Table S3. B. breve UCC2003
was cultured routinely in reinforced clostridial medium (Oxoid
Ltd.). Bifidobacterial cultures were incubated at 37 °C under an-
aerobic conditions which were maintained using an anaerobic
hood (Davidson and Hardy). Escherichia coli were cultured in LB
broth (31) at 37 °C with agitation. Where appropriate, growth
medium contained tetracycline (Tet) (15 pg/mL), erythromycin
(100 pg/mL for E. coli), or kanamycin (50 pg/mL for E. coli).
Recombinant E. coli cells containing pORI19 were selected on
LB agar containing erythromycin and supplemented with X-Gal
(40 pg/mL) and 1 mM isopropyl-p-D-galactopyranoside.

DNA manipulations. Chromosomal DNA was isolated from B. breve
UCC2003 as previously described (4). Minipreparation of plas-
mid DNA from E. coli was achieved using the Qiaprep spin
plasmid miniprep kit (Qiagen GmBH) as described previously
(32). Single-stranded oligonucleotide primers used in this study
were synthesized by MWG Biotech AG. Standard PCRs were
performed using TagPCR Master Mix (Qiagen). High-fidelity
PCR was achieved using KOD polymerase (Novagen). B. breve
colony PCRs were performed as described previously (32). PCR
fragments were purified using the Qiagen PCR purification kit.
Electroporation of plasmid DNA into E. coli was performed as
described by Sambrook et al. (31) and into Lactococcus lactis as
described by Wells et al. (33). Electrotransformation of B. breve
UCC2003 was performed as described by Mazé et al. (34).
Construction of B. breve UCC2003 tadA insertion mutant. An internal
fragment of tadA was amplified by PCR using B. breve UCC2003
chromosomal DNA as a template and primer pair IMtadAF and
IMtadAR (Table S4). Insertion mutation of the fadA gene was
generated essentially as described previously (35) to produce
B. breve UCC2003-tadA. The expected site-specific recombi-
nation in potential Tet-resistant mutants was confirmed by col-
ony PCR using primer combinations tetWFw and tetWRv to
verify fetW gene integration and primers tadA-Fw (upstream
of the fadA gene fragments) with pORI19For to confirm inte-
gration at the correct chromosomal position. The stability of the
pORI19-tadA insertion was tested in the absence of antibiotic
over 100 generations and was found to be >99% stable.

Colonization of Balb/c Mice. Seven-week-old male Balb/c mice were
housed individually in vented cages (Animal Care Systems) under
a strict 12-h light cycle. Mice (n = 5 per group) were fed a
standard polysaccharide-rich mouse chow diet and water ad li-
bitum. Mice were inoculated by oral gavage (109 cfu of B. breve
UCC2003PK1 or B. breve UCC2003-tadAPK1 in 100 pL of PBS).
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Fecal pellets were collected at intervals over 25 d to enumerate
bacteria. Mice were killed 25 d after inoculation, and their in-
testinal tracts were dissected promptly. The small intestine, ce-
cum, and large intestine were harvested for determination of cfu
[serial dilution plating on reinforced clostridial agar (RCA)
plates with appropriate antibiotics]. Ceca were placed in RNA-
later (Ambion) for immediate RNA isolation (see below).

Colonization of Germ-Free Mice. Eight-week-old female germ-free
Swiss Webster mice were housed in flexible film gnotobiotic
isolators under a strict 12-h light cycle. Mice were fed an auto-
claved standard polysaccharide-rich mouse chow diet. Mice (n =
10 per group) were inoculated by with 1 x 10° cfu of B. breve
UCC2003PK1 or B. breve UCC2003-tadAPK1 in 20 pL of PBS
by oral pipetting whereby the inoculums are delivered by posi-
tioning a micropipette tip immediately behind the incisors. Five
mice were maintained as uninoculated controls to monitor the
germ-free status of the facility. Fecal pellets were collected twice
weekly to determine the number of each strain present. Twenty-
eight days after the first inoculation, each group of the in-
oculated mice was divided randomly into two groups. Five mice
from each group were retained in the germ-free facility, and the
other five mice from each group were housed individually in
vented cages in the non-germ-free animal unit. Fecal pellets
from non-germ-free mice were put in the cages to promote es-
tablishment with a normal murine gastrointestinal microbiota.
Fecal pellets were collected from all groups twice weekly. The
mice were killed at day 49, and their intestinal tracts were dis-
sected promptly. Aliquots of the small intestine, cecum, and
large intestine were retained in PBS for cfu determination (serial
dilution plating on RCA agar supplemented with the appropri-
ate antibiotics). Cecal samples were prepared for immunogold
electron microscopy.

Generation of Bbr_0136 (Flpyeo3)-Specific Antibodies. An antibody
against a 20-amino acid Bbr_0136-specific peptide (KSDAIKTL-
LTNLIKKALNVG) was raised in rabbits by Davids Biotech-
nologie GmbH. An initial immunization with the Bbr_0136
peptide conjugated to a carrier and Freund’s complete adjuvant
was followed by five subsequent boost injections. A final serum
sample was acquired 11 wk after the initial immunization, and
the anti-Bbr_0136 antibody was affinity purified.

Immunogold Electron Microscopy. Cecal samples were washed once
in 0.1 M phosphate buffer and then were fixed for 4 h at room
temperature in 4% paraformaldehyde and 0.1% glutaraldehyde
in 0.1 M phosphate buffer. Subsequently, the fixed cecal chyme
was collected by centrifugation, suspended into 2% parafor-
maldehyde in 0.1 M phosphate buffer, and stored at 4 °C. The
cecal sample was centrifuged for 1 min at 1,000 x g to pellet the
chyme debris, and the resulting supernatant was centrifuged
further for 3 min at 16,000 X g to collect bacteria. The cells then
were washed once with PBS before they were applied to the
Formvar carbon-coated copper grid. The grid was floated on the
bacterial suspension for 1 h, washed three times with 0.02 M
glycine in PBS, and blocked for 15 min with 1% BSA in PBS.
The grid was incubated for 1 h on a droplet of 1:5 diluted anti-
Bbr_0136 or anti-Bbr_0136 preimmune serum in blocking solu-
tion, washed several times with 0.1% BSA in PBS, and incubated
for 20 min with protein A conjugated to 10-nm gold particles
diluted 1:55 in blocking solution. The grid was washed four times
with PBS and fixed for 5 min with 1% glutaraldehyde, followed
by several washes with distilled water before negative staining
with a mixture of 1.8% methylcellulose and 0.4% uranyl acetate.
The grid was examined, and micrographs were visualized using
a JEOL 1200 EX II transmission electron microscope.
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Microarray Procedures. DNA microarrays containing oligonucle-
otide primers representing each of the 1,926 annotated genes of
B. breve UCC2003 were obtained from Agilent Technologies. An
overnight culture of B. breve was used to inoculate (1% in-
oculum) 50 mL of de Man, Rogosa, Sharpe (MRS) broth. Cells
were incubated at 37 °C until an ODgqq of 0.5 was reached. Cells
then were harvested by centrifugation at 8,000 x g for 1 min at
room temperature and were frozen immediately at —80 °C. Cell
disruption, RNA isolation, DNA isolation, and RNA quality
control were performed as described previously (36, 4). Genomic
DNA (gDNA) labeling for comparative genome hybridizations
(CGH) was undertaken according to the standard protocols of
the Bacterial Microarray Group at St George’s Hospital Medical
School (37). In brief 5 pg of bifidobacterial gDNA was labeled
with dCTP Cy3 (UCC2003) or dCTP Cy5 (test strain) using
random primers (Promega) and a DNA polymerase I large
Klenow fragment (Invitrogen). Labeled gDNA was hybridized
using the Agilent CGH kit (5188-5220) as described in the
Agilent manual, Oligonucleotide Array-Based CGH for Genomic
DNA Analysis (v6.0) (publication no. G4410-90010). Ceca iso-
lated from mice were placed in RNAlater (Ambion) and were
processed immediately. Bacterial mRNA was extracted from
cecal RNA preparations using the MicrobEnrich and Mi-
crobExpress kits (Ambion) according to the manufacturer’s in-
structions. cDNA from bacterial mRNA was synthesized using
the cDNA synthesis and labeling kit DSK-001 (Kreatech) ac-
cording to the manufacturer’s instructions. One microliter of
each cDNA solution (10 ng) was amplified in triplicate using the
GenomiPhi V2 DNA Amplification Kit (Amersham Biosciences)
according to the manufacturer’s protocol and was labeled with
Cy3 or Cy5 using Cy3-ULS and Cy5-ULS from the cDNA syn-
thesis and labeling kit DSK-001 (Kreatech). Labeled and am-
plified cDNA was hybridized using the Agilent Gene Expression
hybridization kit (5188-5242) as described in the Agilent man-
ual, Two-Color Microarray-Based Gene Expression Analysis (v4.0)
(publication no. G4140-90050). Following hybridization, micro-
arrays were washed as described in the manuals and were
scanned using Agilent’s G2565A DNA microarray scanner. The
scanning results were converted to data files with Agilent’s
Feature Extraction software (version 9.5). DNA microarray data
were processed as described previously (38). Differential ex-
pression tests were performed using a ¢ test. A gene was con-
sidered differentially expressed between a test strain and control
when an expression ratio of >5 or <0.2 relative to the result for
the control was obtained with a corresponding P value <0.0001.
Validation of the CGH was performed by comparing the hy-
bridization efficiency of DNA of the B. breve type strain DSM
20213 and the sequence identity of this strain with the probes on
the microarray. A clear correlation was observed between se-
quence identity and hybridization efficiency, suggesting that
a natural logarithm (In) twofold change in signal intensity be-
tween target and control is sufficient to determine whether
a gene is present or absent on a given genome. Therefore, a gene
was considered absent when the ratio between a test strain and
UCC2003 was <In 2 with a corresponding P value <0.0001.
Differential expression of genes was confirmed by real-time
quantitative RT-PCR (qRT-PCR). De novo cDNAs were pre-
pared as described above. PCR primers and probes were designed
using the Universal ProbeLibrary Assay Design Center (https://
www.roche-applied-science.comy/sis/rtpcr/upl/adc.jsp). Primer se-
quences are provided in Table S5. The rmpA gene (encoding ri-
bonuclease P protein component) was used as a housekeeping
gene with an assumed constant level of transcription to correct
for variability in the initial amount of total RNA. Amplification
reactions contained 1 pL of 6.7-fold diluted cDNA, 10 pL of the
2x FastStart TagMan Probe Master (Roche), 900 nM of each
primer, and 250 nM of probe mix and were brought to a total
volume of 20 pL by the addition of RNase-free water. All qRT-
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PCR reactions were performed in triplicate by means of
a LightCycler 480 System (Roche) using 384-well plates. Ther-
mal cycling conditions were as recommended by the manufac-
turer (Roche). The 272" method (39) was used to calculate
relative changes in gene expression determined from real-time
qPCR experiments. Pooled cDNA from all groups was used as
a calibrator control for analysis of differential gene expression.
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Fig. S2. Predicted subcellular location of the proteome of B. breve UCC2003 and representative bifidobacterial strains.
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Fig. S4. Schematic diagram of Tad loci from Aggregatibacter actinomycetemcomitans, B. breve UCC2003, and putative tad genes from other representative
bifidobacterial strains. Each arrow indicates an ORF. The predicted protein functions are indicated above the arrows. The levels of amino acid identity com-

pared with B. breve UCC2003 (expressed as percentages) are indicated.

Motherway et al. www.pnas.org/cgi/content/short/1105380108 5 of 11


www.pnas.org/cgi/content/short/1105380108

TadV processing site
 mme——

—————————————————————— LNTPTIKAYIKA---REA G L Aggregatibacter actinomycetemcomitans
tH1f-B:f@oceorciFPaskaxI AN AxeERP@cTMDAR breve UCC2003
tHIfl-Mligdocoac i Fas kAT AE N axerfciuDar breve DSM20213

Hoaus - DGSPGLMGRVGQKLCAAKEEANRKkAVCLEDAR . adolescentis ATCC1S703
-QTSASEITGKSPGFANRAERHEISTVREGIYGKMcIMDAK angulatum
HNEVILFEHRRHGV----GEEInaasofirragve@ear animalis subsp lactis ADII1
freeTn Arnsnrsprﬂx\nrkrvsn cPsarrcIcLMDAR . bifidum PRL 2010
reetMMaInGrRIGRP I AMTRIVGNMGRIsARRGICLHMDAR bifidum S17

vvI@- perLreLIGRAGQREILyaurE@aDkazcLMDaAR Catenulatum DSM16992

B2 Ens - DGRPDVLGRVGREIMFAMrREQADRMVCLEDAR . dentium 2767¢
DRMNFVCEIPMLDERLISGGSDPMGOEMMREIGIDWARDWRGR gallicum
tr1ff-vifoconacirFPuaskafvat@nPlxaker LMDAR longum DJO10A
rrifd-vifocoacirFaskalvaTMnMxaker LMDAR . longum NCC2705
TPIE-VIBDGQAGI FEIE SKAEIVA TRNERX A KE R LMDAR longum subsp infantis ATCC15697
ol £ TH - DesePDLMGKAGQLLEAMREMAGkAVCLEDAR pseudocatenulatum

1@V - - L vEY GFIANLQSKEN sixsr T Aggregatibacter actinomycetemcomitans
B G L 1!— oPIKTL IHL G B. breve UCC2003

1 G Lf - SEL: HES A THL -6 B. breve DSM20213

v A v 1V - DVVEKIL IGL G B. adolescentis ATCC15703

v G L M- ETVRKM LD/T GG B. angulatum

v G v A DITVKTL INI B. animalis subsp lactis ADI11
\4 G v L! DTIKTL INT F] B. bifidum FRL 2010

v B (-} Vi L DITIKTL INI (c} B. bifidum 517

v G \ In oPikTL INI G B. Catenulatum DSM16992

v G v 1M ofveTN INTI G B. dentium 2767¢

\4 G L Ll- GIVQST EGT -5 B. gallicum

v (] Vi 1p9- SADPI KT L INI G B. longum DJO10R

v G v 1p- DRI KTL INI G B. longum RCC2705

v o ¢ v - HoPrxTL INI G B. longum subsp infantis ATCC15697
v ENEN G B v M SOBEII KT L INI G B. pseudocatenulatum

Fig. S5. Multiple sequence alignment of Flp from A. actinomycetemcomitans and predicted flp proteins from selected bifidobacterial strains. Amino acids are
shaded in black if six of the aligned sequences contain identical residues at corresponding positions, in yellow if 10 of the aligned sequences contain identical
residues at corresponding positions, and in red if 14 of the aligned sequences contain identical residues at corresponding positions. The position of the TadV
processing site on A. actinomycetemcomitans Flp is indicated. The 20-amino acid sequence against which antibodies were raised is underlined in green.
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Bbr_0214 bbriM Type II restriction-modification system restriction subunit
Bbr 0216 1bli{R Modification methylase
olin
|| Bbr_| Prophage major head
Bbr~0319 Prophage transcriptional regulator
Bbr 0321 Prophage integrase
Bbr1051 Abortive infection protein AbiEj-like iy .
< Bbr_1118 bbrilIR Type [1 reslnctlon-mlodlﬁcauun system restriction subunit
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Group 1 genes related to Bbr”1119 bbriIIM Modification vlase - .

h h % Bbr”1120 bbriR Type Il restriction-modification system restriction subunit

phage or phage-resistance Bbr~ 1121 bbriM Modification methylase

[ ] Bbr~ 1405 cas2 CRISPR-associated protein Cas2

Bbr~ 1406 cas! CRISPR-associated protein Casl

Bbr~1407 cas4 CRISPR-associated protein Cas4

Bbr~1408 CRISPR-associated protein

Bbr~1409 CRISPR-associated protein

\ Bbr”1410 CRISPR-associated protein
Bbr1411 cas3 CRISPR-associated helicase Cas3

13 Cell surface protein precursor with Cna and LPXTG domain
}g gell surface protein with with Cna and LPXTG domain

ortase
0132 tadZ Septum site-determining protein MinD-like
Bbr~0133 rad4 gpe 17V secretion sysiem protein TadA | i i
Bbr~0134 radB Conserved hypothetical membrane spanning protein, TadB-like
Bbr~0135 radC Conserved hypothetical secreted lipoprotein
Bbr 0136 flp Conserved I&ygolheucql pmtem,FI]ix_— ike
Bbr 0137 radE Conserved hypothetical protein, TadE-like
Bbr 0138 radF Conserved hypothetical protein, TadF-like
Bbr 0363 Conserved hypothetical secreted protein with LPXTG domain .
Bbr~0366 Conserved hypothetical secreted protein with with Cna and LPXTG domain
Bbr~0430 rfbP Undecaprenyl-phosphate galactosephosphotransferase
Bbr~0431 Protein tyrosine phosphatase
Bbr~0434 Oligosaccharide repeat unit transporter
| Bbr 0435 Beta-1,6-N-acetylglucosaminyltransferase
Bbr 0437 Acetyltransferase
Bbr (438 Glycosyltransferase = . i
Bbr~0439 Capsular polysaccharide biosynthesis protein
T I | ] i s Bbr~0440 Polysaccharide biosynthesis protein s
Bbr~044] Capsular polysaccharide biosynthesis protein
Bbr~0442 Capsular polysaccharide biosynthesis protein
Bbr~(443 Glycosyltransterase o i .
. i Bbr~0444 Membrane spanning polysaccharide biosynthesis protein

Group 2 genes involved in Ell;r_gz j{i) glycnlsy]lrapsferase el s

extracellular structure formation Blr_D4 Acctyliransferase {oell wall biosynthesis)
Bbr~ 0450 Membrane spanning protein involved in polysaccharide biosynthesis
Bbr 0451 Acyltransferase L .
Bbr 0474 Chain l:r{glh regulator (capsular polysaccharide biosynthesis)
Bbr~0901 possible TadV type IV secretion peptidase
Bbr~1320 Neuroserpin precursor
Bbr”1786 UDP-galactopyranose mutase . .
Bbr~ 1788 Glycosyltransferase involved in cell wall biogenesis
Bbr”1790 Phosphioglycerol transferase
Bbr~1791 Phosphoglycerol transferase
Bbr~1792 Glycosyliransferase .
Bbr~1793 ATP-binding protein ABC transporter system for polysaccharides
Bbr”1794 I"emleaseﬂ:mleln of ABC transporter system for polysaccharides
Bbr1795 Alpha-L-Rha alpha-1,2-L-rhamnosyltransferase
Bbr_1796 Glycosyltransferase )
Bbr”1797 rmiA Glucose- 1-phosphate thiy'rmdy Iyltransferase
Bbr”1798 rm(C/rm!D d TDP-4-dehydrorhamnose 3,3-epimerase
Bbr”1799 rm(B dTDP-glucose 4,6-dehydratase . .
Bbr1801 Glycosyltransferase involved in cell wall biogenesis
Bbr 1802 (yrC Glycosyl hydrolases family 25,lysozyme
Bbr_1803 Transcriptional regulator, LytR’ family
Bbr~1887 Sortase _ o .
Bbr”1888 Cell surface protein with with Cna and LPXTG domain
T 1T o [_T"1 Bbr”1889 Cell surface protein with LPXTG domain

Bbr_ 0105 cfdR Cellodextrin transport system transcriptional regulator
Bbr 0106 cldE Cellodextrin binding protein .
odextrin transport system permease protein

5 extrin transport system permease protein .
Bbr 0109 ¢ldC Beta-glucosidase, cellodextrinase, glycosyl hydrolase family 1
Bbr 0123 apuB Amylopullulanase
Bbr 0417 galC Sohite-binding protein of ABC transporter system for galactan
Bbr~0418 galD Permease profein of ABC transporter system for galactan
Bbr~0419 galE Permease protein of ABC transporter system for galactan
Bbr~0420 galG lacZ4 Beta-galactosidase, galactan meiabolism .
Bbr 0421 galR Transcriptional regulator, Lacl family, galactan metabolism
Bbr 0422 galA Glycosyl hydrolases family 53, Endogalactanase
Bbr_05359 agl? A}I?ha- lucosidase
Bbr1415 rbsk2 Ribokinase i
Bbr~1416 rbsD{ Ribose transport system permease protein rbsD
Bbr~1417 rbsBI D-ribose-binding protein rbsB i
Bbr”1418 rbsC1 Ribose transport system permease protein rbsC

=
g
2
=
=
a0
5]
[}
IS

2

Group 3 genes involved in <
carbon source metabolism

Bbr~1419 rbsA ! Ribose transport ATP-binding protein rbsA
Bbr~1420 rbsR/ Transcriptional regulator, Lacl family
Bbr1857 agll Alpha-glucosidase

Fig. S6. Heat map of selected CGH data of genes related to phage or phage resistance, involved in extracellular structure formation, or involved in carbon
source metabolism. The predicted or proven functions of the selected genes are given in the right-hand margin.
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Fig. S7. Immunogold transmission electron microscopy analysis. B. breve UCC2003PK1 (A and B) and B. breve UCC2003-tadAPK1 mutant strain (C and D)
following in vitro growth in MRS broth. No immunostaining of pili could be observed when both strains were labeled with Bbr_0136 antiserum (A and C) or
Bbr_0136 preimmune serum (B and D). (Scale bars: 100 nm.)

Table S1. General features of bifidobacterial genomes

B. longum subsp

longum
B. breve B. adolescents ———  B. longum subsp B. animalis subsp. B. bifidum

Feature UCC2003 ATCC15703 NCC2705 DJO10A infantis ATCC15697 B. dentium Bd1 lactis DSM 10140  PRL2010
Genome size (bp)

Chromosome 2,422,669 2,084,445 2,256,640 2,375,792 2,832,74 2,636,367 1,938438 2,214,650

Plasmid 1 — — 3,626 3,661 — — — —

Plasmid 2 — — — 10,073 — — — —
G+C content (%) 58.73 59.18 60.12 60.15 59.86 59.32 60.48 62.67
No. of annotated 1,985 1,564 1,727 1,811 2,416 2,129 1,566 1,731

genes
Avg. gene length (bp) 1,099 1,109 1,115 1,031 997 1,066 1,062 1,076
Coding diversity (%) 86 86.5 85.3 86.4 85.1 86.1 85.8 84.1
rRNA operons 2 5 4 4 4 4 (+1 55 rRNA gene) 4 3
tRNAs 54 54 57 58 79 55 52 52
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Table S2. qRT-PCR analysis of selected in vivo microarray results

L T

Locus tag Function Fold change qRT P value qRT
Up-regulated genes
Bbr_0044 Glycosyl transferase 1324 8.68E-10
Bbr_0084 Glycosyltransferase 57.7 9.70E-10
Bbr_0116 malQ1 4-alpha-glucanotransferase 2.0 5.74E-02
Bbr_0117 agl3 Alpha-glucosidase 3.6 3.08E-05
Bbr_0118 malE Maltose/maltodextrin-binding protein 1.5 2.09E-02
" Bbr_0119 malC Maltodextrin transport system permease protein malC 3.0 6.26E-05
Bbr_0120 malG Maltose transport system permease protein malG 1.4 7.37E-02
a Bbr_0121 Conserved hypothetical membrane spanning protein 13.6 5.71E-04
Bbr_0122 Transcriptional regulator, Lacl family 14.0 2.31E-04
Bbr_0124 dnaK Chaperone protein dnakK 1.8 1.73E-01
Bbr_0132 tadZ Septum site-determining protein minD 25.1 7.19E-07
Bbr_0133 tadA type IlI/IV secretion system protein TadA 56.2 1.08E-07
Bbr_0134 tadB Conserved hypothetical membrane spanning protein, 48.6 6.89E-07
TadB-like protein
Bbr_0135 tadC Conserved hypothetical secreted protein with prokaryotic 52.8 6.88E-07
membrane lipoprotein lipid attachment site
Bbr_0137 tadE Conserved hypothetical protein, TadEike 441 1.41E-06
Bbr_0138 tadF Conserved hypothetical protein, TadF-like 62.1 4.18E-06
Bbr_0352 Sulfatase family protein 6.2 1.63E-05
Bbr_0502 moxR1 MoxR protein 28.4 5.24E-08
Bbr_0868 Histidine kinase sensor of two-component system 2.1 5.49E-04
Bbr_0961 Lipase 58.3 6.85E-11
Bbr_1004 hrcA Heat-inducible transcription repressor hrcA 1.9 8.16E-03
Bbr_1060 Hypothetical membrane spanning protein 4.3 3.23E-05
Bbr_1068 RNA polymerase sigma-E factor 3.4 5.98E-03
Bbr_1080 Two component system histidine kinase 24 1.36E-04
Bbr_1318 Two-component response regulator 22.4 1.32E-05
Bbr_1320 Neuroserpin precursor 10.8 3.24E-04
Bbr_1356 clpC Negative regulator of genetic competence clpC/mecB 3.2 1.80E-03
Bbr_1696 Sugar-binding protein of ABC transporter system 28.2 3.84E-08
Bbr_1742 L-fucose permease 9.1 1.70E-08
Bbr_1925 rnpA Ribonuclease P protein component 1.0 2.06E-01
Down-regulated genes
Bbr_0123 apuB Amylopullulanase -1.6 6.65E-04
,.‘ Bbr_0162 N-acetylmannosamine-6-phosphate 2-epimerase -2.6 1.53E-03
om | Bbr_0168 N-acetylneuraminate lyase -10.1 6.18E-06
i Bbr_0171 Sialidase A -2.2 6.44E-03
Bbr_0323 atpB ATP synthase A chain -10.5 6.11E-06
Bbr_0795 clpP2 ATP-dependent Clp protease proteolytic subunit 2 =21 5.62E-03
Bbr_0846 nagA1 N-acetylglucosamine-6-phosphate deacetylase -1.6 8.21E-02
Bbr_0847 nagB2 Glucosamine-6-phosphate isomerase =27 9.62E-04
Bbr_0848 Sugar kinase, ROK family -8.8 8.54E-06
Bbr_1668 Hsp10 10 kDa chaperonin GROES -1.1 4.25E-01
Genes of the B. breve UCC2003 tad locus are highlighted in bold.
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Table S3. Bacterial strains and plasmids used in this study

L T

Strains and plasmids Relevant features Reference or source
Strains
Escherichia coli strains
E. coli EC101 Cloning host, repA* km" 1
E. coli EC101-pNZ-M.Bbrll + M.Bbrlil EC101 harboring pNZ8048 derivative containing bbrlIM and bbrilIM 2
Bifidobacterium strains
B. breve UCC2003 Isolate from nursling stool 3
" B. breve UCC2003-tadA pORI19-tet-tadA insertion mutant of UCC2003 This study
B. breve UCC2003PK1 B. breve UCC 2003 harboring pPKCM1 (cm") This study
n B. breve UCC2003-tadAPK1 B. breve UCC2003-tadA harboring pPKCM1 (tet” cm") This study
B. breve UCC2004 Isolate from human feces ucc
B. breve UCC2005 Isolate from human feces ucc
B. breve NIZOB658 Isolate from human feces 4
B. breve JCM7017 Isolate from human feces JCM
B. breve JCM7019 Isolate from infant feces JCM
B. breve NCFB2257 Isolate from infant intestine NCFB
B. breve NCFB2258 Isolate from infant intestine NCFB
B. breve NCTC11815 Isolate from infant intestine NCTC
B. breve NCIMB8815 Isolate from human feces NCIMB
B. breve LMG13208 Isolate from human feces LMG
B. breve PRL4 Isolate from infant feces PRL
B. breve PRL5 Isolate from infant feces PRL
B. breve PRL6 Isolate from infant feces PRL
B. breve 689 Isolate from infant feces PRL
B. breve 461 Isolate from infant feces PRL
B. breve 12L Isolate from human milk PRL
B. breve 13L Isolate from human milk PRL
B. breve 14L Isolate from human milk PRL
Plasmids
pORIT9 Emr, repA-, ori+, cloning vector 1
pORI19-tet-tadA Internal 479 bp fragment of tadlA and tetW cloned in pORI19 This study
JCM, Japan Collection of Microorganisms; LMG, Belgian Co-ordinated Collection of Microorganisms; NCFB, National Collection of Food Bacteria; NCIMB,
National Collection of Industrial and Marine Bacteria; NCTC, National Collection of Type Cultures; UCC, University College Cork Culture Collection; PRL Culture
collection at Laboratory of Probiogenomics, University of Parma.
4 1. Law J, et al. (1995) A system to generate chromosomal mutations in Lactococcus lactis which allows fast analysis of targeted genes. J Bacteriol 177:7011-7018.
oy 2. O'Connell Motherway M, O'Driscoll J, Fitzgerald GF, Van Sinderen D (2009) Overcoming the restriction barrier to plasmid transformation and targeted mutagenesis in Bifidobacterium

breve UCC2003. Microb Biotechnol 2:321-332.

3. Mazé A, O'Connell-Motherway M, Fitzgerald GF, Deutscher J, van Sinderen D (2007) Identification and characterization of a fructose phosphotransferase system in Bifidobacterium
breve UCC2003. Appl Environ Microbiol 73:545-553.

4. Gueimonde M, Noriega L, Margolles A, de los Reyes-Gavilan CG, Salminen S (2005) Ability of Bifidobacterium strains with acquired resistance to bile to adhere to human intestinal
mucus. Int J Food Microbiol 101:341-346.

Table S4. Oligonucleotide primers used in this study

Purpose Primer Sequence
Construction of tadA insertion mutant IMtadAF tgcggaaagcttctggatgatgcgtgcecctattg
IMtadAR ctatgctctagatccacaatctcctcgecacg
Conformation of tadA insertion mutant tadA-Fw atgtttttcgggttattggatg
Amplification of tetW TetwF tcagctgtcgacatgctcatgtacggtaag
TetwR gcgacggtcgaccattaccttctgaaacata
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Table S5. qRT-PCR primers

Locus tag

Primer name forward

Primer sequence forward

Primer name reverse

Primer sequence reverse

Bbr_0044
Bbr_0084
Bbr_0116
Bbr_0117
Bbr_0118
Bbr_0119
Bbr_0120
Bbr_0121
Bbr_0122
Bbr_0123
Bbr_0124
Bbr_0132
Bbr_0133
Bbr_0134
Bbr_0135
Bbr_0137
Bbr_0138
Bbr_0139
Bbr_0140
Bbr_0161
Bbr_0162
Bbr_0168
Bbr_0171
Bbr_0204
Bbr_0323
Bbr_0352
Bbr_0502
Bbr_0794
Bbr_0795
Bbr_0846
Bbr_0847
Bbr_0848
Bbr_0868
Bbr_0961
Bbr_1004
Bbr_1060
Bbr_1068
Bbr_1080
Bbr_1318
Bbr_1320
Bbr_1356
Bbr_1364
Bbr_1668
Bbr_1696
Bbr_1742
Bbr_1925

fw_0044
fw_0084
fw_0116
fw_0117
fw_0118
fw_0119
fw_0120
fw_0121
fw_0122
fw_0123
Fw_0124
fw_0132
fw_0133
fw_0134
fw_0135
fw_0137
fw_0138
fw_0139
fw_0140
fw_0161
fw_0162
fw_0168
fw_0171
fw_0204
fw_0323
Fw_0352
fw_0502
fw_0794
fw_0795
fw_0846
fw_0847
Fw_0848
fw_0868
fw_0961
fw_1004
fw_1060
fw_1068
fw_1080
fw_1318
fw_1320
fw_1356
fw_1364
fw_1668
fw_1696
fw_1742
fw_1925

tatgccgacgctttccatac
accatgtgggaatcgttgat
catgatctgttcgagttcaacc
atgccgataagccgaatctt
agatcgattgggagaaggcta
ctcaccaaactatccgcagtc
ttcgtgtgcectcatcteg
attacgcccggtattggtg
gctggcgatggatgagtt
catgaaggcatgggacatc
cgtgtccgccaaggataa
gcgctactacacccctect
gcgtcgatttccatacgatt
ctcaacgcggcctagtgt
tggctgagcatggtgaag
gactgtgcatcgggaagg
agtcggatgatgtgcaggt
gcggtaccaaggtggatg
gcgatcgctgttctaccact
ggacctgaagaaccgcatc
accagctgcatcaggtcat
cctacgacatcccegtgt
aagggcagattcgcaaaat
gggcttttcagcgacgta
cttcgccatgacgtgctt
caagggaaacggcacctat
ttcccattcgttacaacgtg
tctacgacaccatgcagctc
gaaatccaggccaaggaaat
aacgcgatgaacggtctg
aaccaagtcccgatgcact
cactcgataccatcgtcagc
ttcgatggcttcttcateg
cgccgaacatgagtacga
cgtcgceatgctggtactg
ttgtcgctggggttcagt
acgtgtggttgggttgct
ccaataaggtcacggtcctg
aggattgtcgaccaatgagc
aagtcaccacgctaccgttc
ctggctctgacggtgagg
gtctccaaggacgagaccac
gttcactacgagggtgaggact
aggctgccaagaagatttcc
tataagggcggcgtcatc
gcatcgttctcatcgttgg

rv_0044
rv_0084
rv_0116
rv_0117
rv_0118
rv_0119
rv_0120
rv_0121
rv_0122
rv_0123
Rv_0124
rv_0132
rv_0133
rv_0134
rv_0135
rv_0137
rv_0138
rv_0139
rv_0140
rv_0161
rv_0162
rv_0168
rv_0171
rv_0204
rv_0323
rv_0352
rv_0502
rv_0794
rv_0795
rv_0846
rv_0847
rv_0848
rv_0868
rv_0961
rv_1004
rv_1060
rv_1068
rv_1080
rv_1318
rv_1320
rv_1356
rv_1364
rv_1668
rv_1696
rv_1742
rv_1925

cgctgcccatcaggtataa
aggtggggtgagtcatgaag
gagcgtcgttcacctgct
cgaccggcagatataacgac
cgaggggcagcaacatag
ttgacgtattgcttgcgaac
catgcggctcatgcagta
cttgaacccgacttcgtcat
agcggaatcgcecatcata
gtgaacgggtaggcagca
gaaccaccggtgatggtc
cctgttcgaccgttttctct
agcccgcttagtaccgaaa
caaaccagaccgaccacat
cgtcatgattcgcccatt
cccgagtaggagtcacattca
gcacctcccttategeatt
aaaattatgggagcgacctg
ctcgagcttggtgaggatct
atctcgccagtttcgctgt
cacagcttcgcectcgaac
gccaagcttgacgagcag
ttgtcgaacaacgcggta
ccgacgttatcgatcagca
agaatcgcgaagacataggc
gatgaagggaaccctcacg
gcaacacaatggtgcctgt
taacgcttgcecttggtg
gtcctgaccggtgtgattg
gatcagctcgatggtgacg
aagcgagcagcaccagat
cgtgatgcagtcgagcag
gcagccattccaccaatc
cgaatgaaatcgaagatcacg
ctacgggctcttgcgaac
agtcgttgcctgagtgtcg
cagccaggacagcacctt
catcgctgcacattcgac
catgaaggacagcgaattacc
tatgtttggcaatccaatcg
aggcttcggtctgttcage
gcgagcegtcgatgtcttc
ccgagaatggcaagaatgtc
gtcatacggatcgggcttc
ggcagggatcaccatgaa
cgccttacgagccacttt
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