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Supplementary Figure 1. Taxonomic composition of the classified 16S
rRNA reads in the metagenome of the undefined cheese starter

culture.
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Supplementary Figure 2. Clustering of AFLP profiles of 3 independently
picked representatives for the genetic lineages found in starter culture
and independent triplicate profiles of the reference L. Lactis strains
IL1403, MG1363, SK11, and DRA4. Clustering was based on Pearson
correlation coefficient on the range of (80-500) base pairs. Similarity
of the genetic profiles of less than 90% similarity (dotted line) was

considered as cut-off for defining seperate genetic lineages.
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Supplementary Figure 3. Distribution of COG Categories for the 204
OGs conserved exclusively on TIFN1-to-7 L. lactis core-genome, but

not conserved for the reference L. lactis strains
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Supplementary Figure 4. Distribution of COG Categories for the 2860

OGs contributed by TIFN1-to-7 L. lactis genomes to the pan-genome

of L. lactis reference strains
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Supplementary Figure 6. Taxonomy-based binning of metagenome
reads that do not match to TIFN 1-to-8 genomes. Panel A: Taxa
identified for the sequences of the metagenome that do not match to
TIFN genomes. Panel B: Distribution of COG Categories for the reads

in Panel A.
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Supplementary Information for Methods

Lab scale mini-cheese making

2L of bovine milk was standardized for fat (3.5 %), protein (3.4 %)
and lactose (4.5 %) content, and heat treated at 72.5 °C for 9 s. The
starter culture was propagated at 20 °C for 20 h in sterile skimmed
milk two times prior to cheese making. The cheese milk was warmed
to 32 °C, and supplemented with 230 pL of renneting enzyme (Kalase,
150 IMCU, CSK Food Enrichment, Ede, The Netherlands), 400 uL of a
33 % (wt/vol) CaCl, solution, 400 uL of NaNOs solution, and 1 % (v/v)
of propagated starter culture per liter of milk. After curdling at 30.5 °C
for 35-45 min, the curd was cut for 10 min using a custom-made
stirring device. 800 mL of whey was removed and replaced with 700
mL of sterile deionized water at 45 °C. The curd was incubated at 36
°C for 45 min with gentle stirring. Whey was removed from curd under
1kg weight pressure for 1,5 h at 30°C. The cheese was incubated at
30 °C until the pH was reduced to the range of 5.4-5.6. Subsequently,
it was brined with a sterile 19 % (wt/vol) NaCl solution for 4 h at 13
°C to obtain 3 % salt in dry matter in the center of the cheese. The
cheese with the final moisture content in the range of (42-44) % and
pH in the range of (5.4-5.2) was vacuum-packed and ripened at 13 °C

for 6 weeks.

Total genomic DNA isolation from the starter culture

2,5 gr of propagated starter culture was mixed with 2 % (wt/vol)
sodium citrate solution at 45 °C in 25 ml final volume, and
homogenized for 5 min with stomacher. The homogenate was
centrifuged at 13.750 g for 10 min at room temperature (Beckman

Avanti J-20, CA, USA). The supernatant and fat layers were removed
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and the cells were re-suspended in 1 ml of the same solution at 45 °C
for washing. The cell suspension was centrifuged at 10.750 g for 5
min (Eppendorf 5417R Microcentrifuge, Hamburg, Germany), and the
washing step was repeated for 2-3 times until all fat was removed. The
DNA from the washed cell pellet was further isolated with Quiagen
DNeasy Blood and Tissue Isolation Kit with the following modifications.
The cells were lysed in 1 ml of lysis buffer for 1 h at 37 °C. All kit
ingredients were adjusted to 1 ml lysis volume. The lysed cell
suspension was protease treated for 1 h at 56 °C and RNase treated
for 30 min at room temperature subsequently. Final DNA solution was
applied to a single spin column, and washing steps were repeated 2
times to get rid of rest of the milk culture impurities. DNA was eluted
with 300 pl of nuclease free water in three steps (100 pl in each step),
the concentrations were determined by Nanodrop (Coleman
technologies Inc., Glen Mills, PA, USA ) and 0.8 % (wt/vol) agarose

gels.

Quantitative PCR

QPCR reactions were performed in 20 pl of final volume, combining 10
Ml of SYBR® Green PCR master mix (Applied Biosystem, Warrington,
UK) with 0,2 pl of each primer (10 uM), and 2 ul of DNA template. PCR
amplification (7500 Fast System, Applied Biosystem, Warrington, UK)
was initiated with 10 min of initial denaturation at 95 °C, followed with
40 cycles of 15 s of denaturation at 95 °C and 1 min of annealing and

extension at 60 °C.

Determination of community dynamics during cheese

manufacturing and ripening

10
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For the time series analysis, 10 g of samples were collected at 8 points
during cheese manufacturing: from initial starter culture just before
milk inoculation, starter culture inoculated milk (zero point), pressed
cheese, 24-h-incubated cheese, brined cheese, 2-weeks-ripened
cheese and 6-weeks-ripened cheese. The samples were homogenized
with 2 % (wt/vol) sodium citrate solution at 45 °C in 100 ml final
volume, diluted from 107! to 108 with peptone water, and plated on
selective media. M17 agar? supplemented with 0.5 % (wt/vol) lactose
and Reddy agar® were used for the isolation of lactococci at 30 °C and
MRS agar (Merck, Darmstadt, Germany) supplemented with
vancomycine (20 upg/ml) for the isolation of Leuconostoc at 25 °C. The
dilutions plates that has between 10 and 150 colonies were considered
relevant for isolation, and all the colonies present on the relevant
dilution plate were picked to obtain an unbiased lineage distribution.
The isolated colonies were activated in the liquid culture of the same
isolation medium, and stored in glycerol stocks (30 % glycerol, 70 %
liquid culture) at -80 °C.

Phenotypic differentiation of Lactococcus subspecies and bio-varieties
was achieved using previously established phenotypic analysis®.
Protease activities were determined with glycerophosphate milk agar’
screening, and fingerprinted with the AFLP protocol optimized for L.
lactis®. For the quantification of genetic lineages during cheese
manufacturing, the highest viable count for a particular genetic lineage
among all selective media was taken as the closest approximation of

the contribution for that genetic lineage to the community.

Plasmid isolation, Southern blot hybridizations, and high-

throughput plasmid profiling

11
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The overnight grown cultures in M17 were diluted 10 times with the
same medium, incubated further to OD ggonm Of 0,5. 5 ml of this culture
was centrifuged at 1560 g for 10 min (Heraeus Megafuge 1R, Heraeus
Instruments, Hanau, Germany), washed with 1 ml of nuclease free
water and centrifuged again at 20.800 g for 2 min (Eppendorf 5417R
Microcentrifuge, Hamburg, Germany). The pellet was re-suspended in
380 ul of lysis buffer (6.7 % sucrose, 500 mM Tris.HCI, 1 mM EDTA pH
8.0, 10 pg/ml RNase) and incubated for 2 min at 37 °C.
Subsequently, 96 pl of lysozyme (10 mg/ml in 25mM Tris.HCI pH 8.0)
was added to lysis solution and incubated further for 7 min at 37 °C.
250 pl of Tris-EDTA solution (50 mM EDTA, 50 mM Tris pH 8.0) and 28
Ml of SDS solution (20 % SDS in 50 mM Tris-HCI, 20 mM EDTA pH
8.0) was added sequentially with gentle mixing in the end of lysozyme
treatment. The lysis was completed with 10 min incubation at 37 °C,
and 10 s full speed vortexing. Before the DNA extraction, the Ilysate
was treated with NaOH (addition of 28 pl of NaOH (3 M), 10 min
incubation on ice), with Tris.HCI (addition of 50 pl of Tris.HCI (2 M, pH
7.0), 5 min incubation at 25 °C), and with NaCl (addition of 72 ul of 5
M NaCl, 30 min incubation on ice) sequentially. The cell debris was
separated by 10 min centrifugation at 20.800 g (Eppendorf 5417R
Microcentrifuge, Hamburg, Germany), and the plasmid containing
supernatant was taken for phenol-chloroform extraction (addition of
700 pl cold phenol saturated with 3 % NaCl, centrifugation at 20.800 g
(Eppendorf 5417R Microcentrifuge, Hamburg, Germany) for 5 min,
transferring the water phase into 700 ul chloroform, centrifugation at
20.800 g (Eppendorf 5417R Microcentrifuge, Hamburg, Germany) for 2
min. The DNA in the water phase was precipitated with an equal
volume of isopropanol, and by centrifugation at 20.800 g (Eppendorf

5417R Microcentrifuge, Hamburg, Germany) for 5 min. The pellet was

12
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washed with 500 ul of ethanol (70 %), dried for 20 min at room
temperature and dissolved in 50 ul TE buffer. Finally 10 pl was loaded
on agarose gel (0.7 % agarose, 0.5 ug/ml EtBr) and run at 70 mA for
4 h for profiling. Southern Blot Hybridizations were performed as

described before®.

High-throughput Plasmid Profiling was based on fluorophore labeling of
digested plasmid DNA fragments. FAM6 fluorophore labeled adapters
were prepared from linker I ([6FAM] GAC GAT GAG TCC TGA G) and
linker IT (TAC TCA GGA CTC AT) in adapter mix (50 uM linker I, 50 uM
linker II, 4.5 mM Tris, 0.45 mM EDTA) by heating for 5 min at 95 °C
and cooling down to 5 °C in 30 min. 10 pl of plasmid DNA was
digested with 0.2 Unit Msel restriction enzyme (New England Biolabs,
Beverly, MA, USA) in 10 pl of restriction buffer for 2 h at 37 °C. 5 pul of
digested plasmid DNA was ligated with adapters in ligation mix (1 X
ligation buffer, 2.5 yM adapter, 0.2 Unit T4 DNA ligase) at 37 °C for 3
h. Ligated fragments were purified with MSB HTS PCRapace DNA
fragment purification kit (Invitek GmbH, Berlin, Germany) according to
the manufacturer’s instruction. For capillary electrophoresis, 8 volumes
of ligation product were mixed with 1.75 volume of PCR grade water
and 0.25 volume of MegaBACE™ ET550-R size standard (GE
Healthcare, Little Chalfont Buckinghamshire, UK). All samples were
analyzed with MegaBACE 500 48-capillary electrophoresis system (GE
Healthcare, Diegem, Belgium) using FAM6 sensitive detector according

to manufacturer’ s protocol.
Phage isolations and sensitivity testing

Starter culture was propagated (1 % inoculated) two times in sterile

skimmed milk for 20 h at 20 °C. 10 ml of culture was centrifuged at

13
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3000 g for 10 min (Heraeus Megafuge 1R, Heraeus Instruments,
Hanau, Germany), and the supernatant was used as a phage solution.
TIFN1-7 strains were used as host to test the presence of phages in
the supernatant. 100 pl of a full grown strain was mixed with 100 pl of
phage solution (in dilution series) and incubated for 10 min at 37 °C. 3
ml LM17 soft agar with 10 mM CaCl, (46 °C) was added to phage-
bacteria mix and the mixture was plated on M17 plates (1 % lactose
and 10 mM CaCl,). The plates were incubated at 30 °C, and the phage
titer was determined after 20 h. Single plaques were isolated with a
Pasteur pipette from agar plates with the host strains TIFN1, TIFN5
and TIFN7, and kept in 1 ml of 50 mM Tris.HCI phage buffer (pH 7.5,
100 mM NaCl, 5 mM CalCl;, 1 mM MgSQg4, 0.01 % gelatin). The phage

solution was stored at 4 °C.

High density phage solutions were prepared by cell culture lysis for
sensitivity testing. Phage solutions from previous isolations were
mixed with over-night grown cells in 5:1 volume ratio, followed by 10
min adsorption time at 37 °C and diluted 10 times in M17 broth (1 %
lactose, 10 mM CalCly). Lysis of the culture occurred after 6 h of
incubation at 30 °C. Cell debris was removed by centrifugation, the
supernatant was filter sterilized and the phage titer was determined by
plating as described before. If the phage titer was low, the phage
isolation was repeated either by another plate lysis or cell culture lysis.
Four isolates of each genetic lineage (including the TIFN strains) were
tested for their phage sensitivity, using the high density phage
preparations of tifnl, otifn5, &tifn7 and Ur-supernatant with
dilutions from 10'° to 102 pfu/ml.

UR Back-Slopping and Phage Titer Determinations

14
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The starter culture was cultivated in skimmed milk (0 % fat, UHT,
Friesland Campina, Ede, The Netherlands) at 30 °C overnight. In back-
slopping regime, the culture was further sequentially propagated by
inoculation of the 5 ml skimmed milk with 50 pl (1 %) of the previous
day culture and incubated at 30 °C for 24 hours. The back-slopping
was performed in duplicate. Indicator strain TIFN1 was grown in M17
broth media (Oxoid, Hampshire, UK) with 1 % of lactose (w/v) at 30
°C overnight. Bacteriophage titers were determined as follow; 10 ml of
culture was centrifuged at 3000 g for 10 min (Heraeus Megafuge 1R,
Heraeus Instruments, Hanau, Germany) and the supernatant was used
as phage solution. Serial dilutions of phage solution were prepared
with 10 times dilutions in phage buffer (pH 7.5, 50 mM Tris.HCI, 100
mM NaCl, 5 mM CalCl;, 1 mM MgS04, 0.01 % gelatin). 100 pl of Ur
culture supernatant (or phage dilutions) were added to 100 pl of the
overnight grown indicator strain, kept at 37 °C for 10 min, and
subsequently mixed with 3 ml of M17 agar (1 % lactose, 10 mM of
CalCl;, 0.75 % agar) to be used as top agar. Finally, the top agar
preparations were poured on M17 bottom agar plates (1 % lactose, 10
mM of CaCl,, 1.5 % agar) and incubated at 30°C for 24 h in duplicate.

Plaque forming units were counted and expressed as log pfu/ml.

REFERENCES FOR SUPPLEMENTARY FIGURES AND NOTE

1. David, S., van der Rest, M.E., Driessen, A.]., Simons, G. & de Vos, W.M. Nucleotide sequence and
expression in Escherichia coli of the Lactococcus lactis citrate permease gene. Journal of
bacteriology 172, 5789-5794 (1990).

2. Simons, G., Nijhuis, M. & de Vos, W.M. Integration and gene replacement in the Lactococcus
lactis lac operon: induction of a cryptic phospho-beta-glucosidase in LacG-deficient strains.
Journal of bacteriology 175, 5168-5175 (1993).

3. de Vos, W.M., Vos, P., de Haard, H. & Boerrigter, I. Cloning and expression of the Lactococcus
lactis subsp. cremoris SK11 gene encoding an extracellular serine proteinase. Gene 85, 169-176
(1989).

4, Terzaghi, B.E. & Sandine, W.E. Improved medium for lactic streptococci and their bacteriophages.
Appl Microbiol 29, 807-813 (1975).

5. Reddy, M.S., Vedamuthu, E.R., Washam, C.J. & Reinbold, G.W. Agar medium for differential
enumeration of lactic streptococci. App/ Microbiol 24, 947-952 (1972).

6. Rademaker, J.L. et al. Diversity analysis of dairy and nondairy Lactococcus lactis isolates, using a

novel multilocus sequence analysis scheme and (GTG)5-PCR fingerprinting. App/ Environ Microbiol
73, 7128-7137 (2007).

15



322
323
324
325
326
327
328
329
330
331

332

Limsowtin, G.K.Y., Terzaghi, B.E. Agar medium for the differentiation of "fast" and "slow"
coagulating cells in lactic streptococcal cultures. N.Z.J. Dairy Science and Technology 11, 2
(1976).

Kutahya, O.E. et al. High-resolution amplified fragment length polymorphism typing of
Lactococcus lactis strains enables identification of genetic markers for subspecies-related
phenotypes. App! Environ Microbiol 77, 5192-5198 (2011).

Siezen, R.]J. et al. Genome-scale diversity and niche adaptation analysis of Lactococcus lactis by
comparative genome hybridization using multi-strain arrays. Microb Biotechnol 4, 383-402
(2011).

16



