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ABSTRACT Three Lactococcus lactis strains with the ability to secrete various amino
acids (leucine, isoleucine, methionine, valine, glutamic acid, and histidine) were se-
quenced in order to identify the mechanisms involved in the secretion. Amino acids
contribute to flavor formation; therefore, bacterial strains with this ability are rele-
vant for the food industry.

Bacteria secrete several compounds during growth, as well as in stationary phase.
Some of these compounds are relevant for the food industry, for instance in the

large-scale production of amino acids that find application as feed additives, flavor-
promoting compounds, or ingredients in pharmaceuticals (1–3). Moreover, the rela-
tionship between amino acids and flavor formation has been studied extensively in
lactic acid bacteria used in dairy fermentations, in order to understand and to improve
the organoleptic properties of dairy products (4, 5). In particular, Lactococcus lactis is
widely used as a starter culture for the manufacture of buttermilk, quark, and a wide
variety of cheeses (6). Its proteolytic system provides the cells with essential amino
acids from casein (7). The amino acids, obtained from casein degradation, are either
flavor compounds or flavor precursors (8, 9).

In this work, we report three amino acid-secreting L. lactis strains from the laboratory
collection of the molecular genetics department at the University of Groningen (Gro-
ningen, The Netherlands) (J. A. Hernandez-Valdes, manuscript in preparation). The
strains were originally isolated from dairy environments. The L. lactis C17 strain was
obtained from the NIZO collection, the L. lactis NCDO176 strain was obtained from the
DSMZ collection, and the L. lactis WW4 strain was obtained from the MolGen collection.
A single colony of each strain growing on an LM17 agar plate was selected, grown as
a standing culture in 5 ml of M17 broth supplemented with 0.5% (wt/vol) lactose (LM17
broth), and incubated overnight at 30°C. Cells from the three cultures were collected by
centrifugation at 10,000 rpm for 3 min in a Microfuge 16 centrifuge (Beckman Coulter,
Woerden, The Netherlands). Genomic DNA was isolated with a GenElute bacterial
genome DNA kit (Sigma-Aldrich, Munich, Germany) according to the manufacturer’s
instructions.

The genomes of the lactococcal strains were paired-end sequenced at the Beijing
Genomics Institute (Copenhagen, Denmark) on a BGISEQ-500 platform. A total of 5
million paired-end reads (150 bp) were generated. FastQC version 0.11.5 (10) was used
to examine the quality of the reads, and low-quality reads were removed with Trim-
momatic version 0.38 (11). Subsequently, SPAdes version 3.11.1 (12) was used with
default parameters to perform a de novo paired-end assembly for each genome,
resulting in the draft genome sequences. The coverages of the three sequenced
genomes all exceeded 150�. The characteristics of the assemblies and genome fea-
tures obtained are described in Table 1. Taxonomic assignment of reads was performed
with Kraken version 2.0.7 (13). The Rapid Annotations using Subsystems Technology
(RAST) server (14) and Prokka (15) were used to annotate the genomes. Further analysis
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of the genomes, in order to discover the mechanisms underlying amino acid secretion
by these bacteria, is under way.

Data availability. The genome sequences of the three Lactococcus lactis strains
have been deposited in GenBank under the accession numbers listed in Table 1. The
raw reads were submitted to the Sequence Read Archive (SRA) under the accession
numbers listed in Table 1.

ACKNOWLEDGMENT
J.A.H.-V. and O.P.K. were supported by the Netherlands Organization for Scientific

Research (research program TTW, grant 13858).

REFERENCES
1. Krämer R. 1994. Secretion of amino acids by bacteria: physiology and

mechanism. FEMS Microbiol Rev 13:75–93. https://doi.org/10.1016/0168
-6445(94)90102-3.

2. Hirasawa T, Shimizu H. 2016. Recent advances in amino acid production
by microbial cells. Curr Opin Biotechnol 42:133–146. https://doi.org/10
.1016/j.copbio.2016.04.017.

3. Ma Q, Zhang Q, Xu Q, Zhang C, Li Y, Fan X, Xie X, Chen N. 2017. Systems
metabolic engineering strategies for the production of amino acids. Synth
Syst Biotechnol 2:87–96. https://doi.org/10.1016/j.synbio.2017.07.003.

4. Juillard V, Le Bars D, Kunji ERS, Konings WN, Gripon JC, Richard J. 1995.
Oligopeptides are the main source of nitrogen for Lactococcus lactis
during growth in milk. Appl Environ Microbiol 61:3024 –3030. https://
doi.org/10.1128/AEM.61.8.3024-3030.1995.

5. Niven GW, Knight DJ, Mulholland F. 1998. Changes in the concentrations
of free amino acids in milk during growth of Lactococcus lactis indicate
biphasic nitrogen metabolism. J Dairy Res 65:101–107. https://doi.org/
10.1017/S002202999700263X.

6. Laroute V, Tormo H, Couderc C, Mercier-Bonin M, Le Bourgeois P, Cocaign-
Bousquet M, Daveran-Mingot M-L. 2017. From genome to phenotype: an
integrative approach to evaluate the biodiversity of Lactococcus lactis.
Microorganisms 5:27. https://doi.org/10.3390/microorganisms5020027.

7. Savijoki K, Ingmer H, Varmanen P. 2006. Proteolytic systems of lactic
acid bacteria. Appl Microbiol Biotechnol 71:394 – 406. https://doi.org/10
.1007/s00253-006-0427-1.

8. Ayad EHE, Verheul A, De Jong C, Wouters JTM, Smit G. 1999. Flavour
forming abilities and amino acid requirements of Lactococcus lactis strains
isolated from artisanal and non-dairy origin. Int Dairy J 9:725–735. https://
doi.org/10.1016/S0958-6946(99)00140-5.

9. Smit G, Smit BA, Engels W. 2005. Flavour formation by lactic acid bacteria
and biochemical flavour profiling of cheese products. FEMS Microbiol
Rev 29:591– 610. https://doi.org/10.1016/j.fmrre.2005.04.002.

10. Andrews S. 2010. FastQC: a quality control tool for high throughput
sequence data. http://www.bioinformatics.babraham.ac.uk/projects/
fastqc.

11. Bolger AM, Lohse M, Usadel B. 2014. Trimmomatic: a flexible trimmer for
Illumina sequence data. Bioinformatics 30:2114 –2120. https://doi.org/10
.1093/bioinformatics/btu170.

12. Nurk S, Bankevich A, Antipov D, Gurevich A, Korobeynikov A, Lapidus A,
Prjibelsky A, Pyshkin A, Sirotkin A, Sirotkin Y, Stepanauskas R, McLean J,
Lasken R, Clingenpeel SR, Woyke T, Tesler G, Alekseyev MA, Pevzner PA.
2013. Assembling genomes and mini-metagenomes from highly chime-
ric reads, p 158 –170. In Deng M, Jiang R, Sun F, Zhang X (ed), Research
in computational molecular biology, RECOMB 2013: lecture notes in
computer science, vol 7821. Springer, Berlin, Germany.

13. Wood DE, Salzberg SL. 2014. Kraken: ultrafast metagenomic sequence
classification using exact alignments. Genome Biol 15:R46. https://doi
.org/10.1186/gb-2014-15-3-r46.

14. Aziz RK, Bartels D, Best A, DeJongh M, Disz T, Edwards RA, Formsma K,
Gerdes S, Glass EM, Kubal M, Meyer F, Olsen GJ, Olson R, Osterman AL,
Overbeek RA, McNeil LK, Paarmann D, Paczian T, Parrello B, Pusch GD,
Reich C, Stevens R, Vassieva O, Vonstein V, Wilke A, Zagnitko O. 2008.
The RAST server: Rapid Annotations using Subsystems Technology. BMC
Genomics 9:75. https://doi.org/10.1186/1471-2164-9-75.

15. Seemann T. 2014. Prokka: rapid prokaryotic genome annotation. Bioin-
formatics 30:2068 –2069. https://doi.org/10.1093/bioinformatics/btu153.

TABLE 1 Genome features and accession numbers for the three Lactococcus lactis strains

Lactococcus lactis
subsp. lactis strain

Genome
size (bp)

G�C
content (%)

No. of coding
sequences

No. of
contigs

GenBank
accession no.

SRA
accession no.

C17 2,552,877 35.0 2,717 130 WJUK00000000 SRR10203129
NCDO176 2,445,329 35.1 2,579 120 WJUL00000000 SRR10203130
WW4 2,553,867 34.9 2,716 132 WJUM00000000 SRR10203131
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