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Food-grade lactic acid bacteria (LAB) are considered suitable vehicles for the production
and/or delivery of health promoting or therapeutic, bioactive molecules. The molecules
considered for health-beneficial use include the endogenous effector molecules
produced by probiotics (mostly lactobacilli), as well as heterologous bioactives that can
be produced in LAB by genetic engineering (mostly using lactococci). Both strategies
aim to deliver appropriate dosages of specific bioactive molecules to the site of
action. This review uses specific examples of both strategies to illustrate the different
avenues of research involved in these applications as well as their translation to human
health-promoting applications. These examples pinpoint that despite the promising
perspectives of these approaches, the evidence for their effective applications in human
populations is lagging behind.
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LAB FOR FOOD-GRADE BIOACTIVE DELIVERY

Lactic acid bacteria (LAB) have a long history of safe consumption in the form of fermented
food products and as a consequence are considered food-grade. LAB encompass various bacterial
genera, including Lactococcus, Streptococcus, Lactobacillus, Leuconostoc, and Pediococcus. The
safety status of these bacteria has inspired their use for the production and delivery of bioactive
molecules that intend to improve consumers’ health. An important concept in this domain is the
use of probiotics that are live microorganisms that when administered in adequate amounts confer
a health benefit on the host (Hill et al., 2014), a domain dominated by species of the Lactobacillus
genus. An alternative approach employs LAB for the engineered production and/or delivery of
heterologous bioactive molecules, which mostly employs Lactococcus lactis as a production host,
because of its extensive genetic toolbox. Both conceptual approaches are illustrated in this review
through specific examples that in our opinion are closest to actual application as health promoting
concepts. This highlights the impressive potential of using these bacteria for bioactive delivery, but
also exemplifies the complexity of translation toward predictable effects in human applications.
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THE PROBIOTIC LACTOBACILLI

Lactobacillus species encompass a group of LAB that are
encountered in a diverse range of nutrition-rich environments,
including the human and animal gastrointestinal tract, plants, as
well as food and feed (Duar et al., 2017). Specific Lactobacillus
strains are marketed as probiotics.

An intrinsic characteristic of these probiotics lactobacilli
is that they produce and deliver (specific) health promoting
effector molecules in situ that modulate host physiology in
a health-promoting direction. For many probiotic lactobacilli
the molecular mechanism by which they impact host health
remains largely unknown. However, in depth molecular research
on specific probiotic strains has generated an impressive
knowledgebase of the effector molecules of these strains that
play a role in the modulation of specific host pathways. Many
of the probiotic effector molecules that have been described
appear to reside in the bacterial cell-envelope (Bron et al,
2011, 2013; Lebeer et al.,, 2018). Since the research related to
probiotic effector molecule discovery has recently been reviewed,
we do not expand this section beyond the exemplary case
discussed below. The chosen example is in our opinion among
the best-described in this field, and includes technological
improvements by encapsulation for in situ delivery of the
probiotic bacteria and/or their effector molecules (Li et al.,
2016).

The major secreted proteins P40 and P75 produced by
the extensively studied probiotic strain Lactobacillus rhamnosus
GG were demonstrated to modulate epidermal growth factor
receptor (EGF-R) activity in epithelial cells, thereby modulating
Akt activation. This interaction was shown to inhibit cytokine-
induced apoptosis in epithelial cells in vitro, and to promote
epithelial cell growth ex vivo in human and mouse colon-tissue
explants (Yan et al, 2011; Yan and Polk, 2012). Importantly,
EGF-R modulation by P40 protected mice against chemically
induced colitis (Yan et al., 2011; Yan and Polk, 2012). Notably,
homologues of these two secreted proteins are present in other
L. rhamnosus strains as well as in the related species Lactobacillus
casei, implying that the effects reported for L. rhamnosus GG
could potentially also be achieved with related strains (Bauerl
et al,, 2010). The same effector molecules probably underlie the
observation that L. rhamnosus GG is able to stimulate epithelial
wound healing in in vitro scratch assays using both skin- and
gingival- human epithelial-cell lines (Mohammedsaeed et al.,
2015; Fernandez-Gutierrez et al., 2017). Interestingly, in vivo
transcriptome responses in human duodenal tissues following
L. rhamnosus GG consumption revealed significant modulation
of epithelial wound healing pathways in the human intestinal
mucosa (van Baarlen et al, 2011), indicating the congruency
of these molecular interactions in different model systems.
However, the connection of these conserved responses to reliable
health benefits in human populations remains highly challenging.
This may be due to the extensive degree of human individuality
and the corresponding individualized physiological relevance of
such cellular modulations, which could predominantly depend
on the baseline molecular state of an individual. This conceptual
view was previously coined as the “band-width of health” and

may represent a principal hurdle in the reliable application
of probiotics and/or their effector molecules in human (Bron
et al, 2011; van Baarlen et al., 2011; Klaenhammer et al.,
2012).

ENGINEERED LACTOCOCCI

For specific diseases it is well established which human proteins
are underrepresented in the diseased population and/or have an
established role in therapy. LAB engineered to produce such
heterologous bioactive and/or therapeutic molecules provide an
approach to delivering such molecules in situ as live bacterial
therapeutics, or may serve as a production host to obtain
these molecules in purified form. General genetic engineering
capacities and in particular the controlled gene expression
toolboxes available for the lactobacilli are lagging behind those
that have been developed for the paradigm LAB L. lactis
(Kok et al., 2017). As a consequence, the majority of these
engineering approaches for the production (and delivery) have
employed L. lactis as a production host. A lot of effort has
been invested in the production and delivery of vaccine-
antigens and allergens by engineered lactococci, and since
this area has recently been reviewed (Wyszynska et al., 2015;
Wang et al, 2016; Szatraj et al, 2017) we focus on some
specific examples of alternative categories of bioactive molecules,
including bacterial enzymes and human factors known to
modulate mucosal physiology and/or immune function. The
examples presented were chosen on basis of available scale-
up and commercialization strategies and employ L. lactis as a
production host.

LACTOCOCCAL PRODUCTION OF AN
ANTIMICROBIAL ENZYME

Staphylococcus simulans harbors Iss which encodes a 25 kDa
antibacterial protein termed lysostaphin that hydrolyzes the
Gly-Gly bond present in the cell wall of Staphylococcus aureus,
thereby lysing this important pathogen (Thumm and Gotz,
1997). Lysostaphin administration in a nasal spray effectively
reduces S. aureus carriage, supporting the prevention of
spreading of this bacterium in hospital environments (Quickel
et al, 1971). Biosynexus Inc. is involved in development of
protein-based pharmaceutical products aiming to ameliorate
staphylococcal infections in infants, including lysostaphin.
To provide a suitable production system for this selective
antimicrobial enzyme, the encoding Iss gene was cloned
under control of the P4 promoter and introduced in the
expression host-strain NZ3900, allowing food-grade, lactose-
based plasmid selection and induction of lysostaphin production
through the NICE system (Mierau and Kleerebezem, 2005;
Mierau et al, 2005). Following optimization of lysostaphin
production at 1 L scale it was shown to be readily scalable
to 300 and 3000 L production facilities. In addition, the
protein could be purified from the lactococcal culture
supernatant via straightforward and industrially scalable
chromatography procedures (Mierau et al., 2005). This example
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illustrates that L. lactis is a suitable host for the production and
purification of relevant bioactive enzymes, in this case an anti-
Staphylococcus agent. Purification of the compound of interest.
avoids the consequences of releasing genetically modified L. lactis
strains and is suitable for bioactive molecules that do not depend
on the presence or co-modulatory effects of the production host
in the application.

LIVE-BIOTHERAPEUTICS USING
ENGINEERED L. lactis

Intrexon develops so-called Actobiotics, a class of orally delivered
biopharmaceuticals employing engineered and biologically
contained L. lactis production hosts for the in situ production
and delivery of various proteins and peptides in the oral and
gastrointestinal tract of humans. The selection of the bioactives
to be produced within this delivery system aim to provide
therapies against oral, gastrointestinal, metabolic, allergic, and
autoimmune diseases, focusing on bioactives with known
pharmacological activity and that are supported by documented
efficacy and safety information. The company’s ambition is
strongly based on the landmark study that demonstrated
that chemically induced colitis in mice could be effectively
treated with L. lactis strains that produce interleukin-10 (IL-
10) (Steidler et al, 2000). Later work illustrated that the
L. lactis based intestinal IL-10 delivery could also contribute
to reduction of food-induced anaphylaxis in mice models,
which may support the prevention of IgE-type sensitization
to common food allergens (Frossard et al., 2007). Likewise,
IL-10 delivery combined with secretion of the type-1 diabetes
(T1D) auto-antigen GAD65370-575 by the same L. lactis strain
was effective in suppressing T1D in a preclinical NOD-mouse
model (Robert and Steidler, 2014; Robert et al., 2014). Besides
these IL-10 producing L. lactis strains and their derivatives,
the same platform for production and delivery of bioactives
is employed for a variety of other molecules intending to
provide live lactococcal therapeutics for a range of human
and animal diseases (Vandenbroucke et al, 2004; McLean
et al., 2017). Moreover, some comparative work using similar
IL-10 producing Lactobacillus strains has been reported and
may expand or enhance the application potential of these
concepts (Steidler, 2003). Besides the bioactive production
and delivery technology, the Actobiotics platform is supported
by effective strategies for the biological containment of
genetically engineered bacteria as well as scalable production
and processing procedures for the live biotherapeutic bacteria
(Steidler, 2003). However, initial human trials in patients
suffering from inflammatory bowel disease established the
safety and biological containment of the IL-10 producing
lactococcal delivery vehicle (Braat et al., 2006), but failed to
deliver convincing clinical efficacy evidence for disease symptom
reduction to date, illustrating that translation of the mouse-
model outcomes to human applications still requires further
investigation.

Aurealis Pharma is a pharmaceutical company that employs
genetically modified L. lactis strains for the delivery of
combinations of therapeutic proteins to diseased tissues. For
example, L. lactis MG1363 was engineered to allow plasmid-
based expression of three genes encoding human fibroblast
growth factor 2 (FGF-2), interleukin 4 (IL-4), and colony
stimulating growth factor 1 (CSF-1) that were selected based
on their functional properties (Yun et al, 2010; Hume and
MacDonald, 2012; Sica and Mantovani, 2012) and availability of
clinical safety data. An animal study demonstrated the efficacy
of the combination therapy provided by the three proteins and
the L. lactis strain in a delayed wound healing model in diabetic
mice!. Aurealis Pharma is currently producing a clinical grade
product for a clinical phase 1 trial to build a safety dossier for the
use of this live bacterial therapeutic in diabetic foot ulcer patients.

PERSPECTIVES

This short review illustrates that significant advances have been
made in understanding the mechanism of action of endogenous
probiotic Lactobacillus effector molecules, and that heterologous
production of therapeutic bioactives in engineered lactococci has
reached technological maturity. The examples chosen employed
in this review are actively pursued by commercial initiatives and
involve either purified bioactives or the use of the engineered LAB
as live biotherapeutic.

However, in both strategies, the translation of the health-
beneficial effects toward reliable human application is lagging
behind despite the consistent findings across the different layers
of the translational pipeline progressing from molecular insight
in molecular interactions involved toward their conservation
in in situ human response. Lagging efficacy evidence may be
largely due to human individuality in health and disease, which
implies that careful consideration should be given to selecting the
appropriate target population. This may require novel strategies
toward subject stratification and responsiveness prediction to
better select and treat human subjects that are likely to have a
perceivable benefit from the response elicited by the bioactive
supplied.

AUTHOR CONTRIBUTIONS

Both authors conceived the review, wrote it together and decided
to submit it to this Research Topic.

FUNDING

Part of this work was carried out within the BE-Basic R&D
program (Grant F10.002.01), which was granted an FES subsidy
from the Dutch Ministry of Economic Affairs.

! http://ewma.conference2web.com/#users/153991

Frontiers in Microbiology | www.frontiersin.org

August 2018 | Volume 9 | Article 1821


http://ewma.conference2web.com/#users/153991
https://www.frontiersin.org/journals/microbiology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/microbiology#articles

Bron and Kleerebezem

LAB for Therapeutic Molecule Delivery

REFERENCES

Bauerl, C., Perez-Martinez, G., Yan, F., Polk, D. B., and Monedero, V. (2010).
Functional analysis of the p40 and p75 proteins from Lactobacillus casei BL23.
J. Mol. Microbiol. Biotechnol. 19, 231-241. doi: 10.1159/000322233

Braat, H., Rottiers, P., Hommes, D. W., Huyghebaert, N., Remaut, E., Remon, J. P.,
et al. (2006). A phase I trial with transgenic bacteria expressing interleukin-10
in Crohn’s disease. Clin. Gastroenterol. Hepatol. 4, 754-759. doi: 10.1016/j.cgh.
2006.03.028

Bron, P. A., Tomita, S., Mercenier, A., and Kleerebezem, M. (2013). Cell surface-
associated compounds of probiotic lactobacilli sustain the strain-specificity
dogma. Curr. Opin. Microbiol. 16, 262-269. doi: 10.1016/j.mib.2013.06.001

Bron, P. A., van Baarlen, P., and Kleerebezem, M. (2011). Emerging molecular
insights into the interaction between probiotics and the host intestinal mucosa.
Nat. Rev. Microbiol. 10, 66-78. doi: 10.1038/nrmicro2690

Duar, R. M,, Lin, X. B,, Zheng, J., Martino, M. E., Grenier, T., Perez-Munoz, M. E.,
et al. (2017). Lifestyles in transition: evolution and natural history of the genus
Lactobacillus. FEMS Microbiol. Rev. 41, S27-S48. doi: 10.1093/femsre/fux030

Fernandez-Gutierrez, M. M., Roosjen, P. P. J., Ultee, E., Agelink, M., Vervoort,
J. J. M., Keijser, B., et al. (2017). Streptococcus salivarius MS-oral-D6 promotes
gingival re-epithelialization in vitro through a secreted serine protease. Sci. Rep.
7:11100. doi: 10.1038/s41598-017-11446-z

Frossard, C. P., Steidler, L., and Eigenmann, P. A. (2007). Oral administration
of an IL-10-secreting Lactococcus lactis strain prevents food-induced IgE
sensitization. J. Allergy Clin. Immunol. 119, 952-959. doi: 10.1016/j.jaci.2006.
12.615

Hill, C., Guarner, F., Reid, G., Gibson, G. R., Merenstein, D. J., Pot, B., et al.
(2014). Expert consensus document. The International Scientific Association
for Probiotics and Prebiotics consensus statement on the scope and appropriate
use of the term probiotic. Nat. Rev. Gastroenterol. Hepatol. 11, 506-514.
doi: 10.1038/nrgastro.2014.66

Hume, D. A, and MacDonald, K. P. (2012). Therapeutic applications of
macrophage colony-stimulating factor-1 (CSF-1) and antagonists of CSF-1
receptor (CSF-1R) signaling. Blood 119, 1810-1820. doi: 10.1182/blood-2011-
09-379214

Klaenhammer, T. R., Kleerebezem, M., Kopp, M. V., and Rescigno, M. (2012). The
impact of probiotics and prebiotics on the immune system. Nat. Rev. Immunol.
12, 728-734. doi: 10.1038/nri3312

Kok, J., van Gijtenbeek, L. A., de Jong, A., van der Meulen, S. B., Solopova, A., and
Kuipers, O. P. (2017). The evolution of gene regulation research in Lactococcus
lactis. FEMS Microbiol. Rev. 41, $220-5243. doi: 10.1093/femsre/fux028

Lebeer, S., Bron, P. A., Marco, M. L., Van Pijkeren, J. P., O’Connell Motherway, M.,
Hill, C.,, et al. (2018). Identification of probiotic effector molecules: present state
and future perspectives. Curr. Opin. Biotechnol. 49, 217-223. doi: 10.1016/].
copbio.2017.10.007

Li, R, Zhang, Y., Polk, D. B., Tomasula, P. M., Yan, F., and Liu, L. (2016).
Preserving viability of Lactobacillus rhamnosus GG in vitro and in vivo by a
new encapsulation system. J. Control. Release 230, 79-87. doi: 10.1016/j.jconrel.
2016.04.009

McLean, M. H., Andrews, C., Hanson, M. L., Baseler, W. A., Anver, M. R,
Senkevitch, E., et al. (2017). Interleukin-27 Is a potential rescue therapy for
acute severe colitis through interleukin-10-dependent. Inflamm. Bowel Dis. 23,
1983-1995. doi: 10.1097/MIB.0000000000001274

Mierau, I, and Kleerebezem, M. (2005). 10 years of the nisin-controlled gene
expression system (NICE) in Lactococcus lactis. Appl. Microbiol. Biotechnol. 68,
705-717. doi: 10.1007/s00253-005-0107-6

Mierau, L, Leij, P.,, van Swam, I, Blommestein, B., Floris, E., Mond, J., et al.
(2005). Industrial-scale production and purification of a heterologous protein
in Lactococcus lactis using the nisin-controlled gene expression system NICE:
the case of lysostaphin. Microb. cell fact. 4:15.

Mohammedsaeed, W., Cruickshank, S., McBain, A. J., and O’Neill, C. A. (2015).
Lactobacillus rhamnosus GG lysate increases re-epithelialization of keratinocyte
scratch assays by promoting migration. Sci. Rep. 5:16147. doi: 10.1038/
srepl6147

Quickel, K. E. Jr., Selden, R., Caldwell, J. R., Nora, N. F., and Schaffner, W. (1971).
Efficacy and safety of topical lysostaphin treatment of persistent nasal carriage
of Staphylococcus aureus. Appl. Microbiol. 22, 446-450.

Robert, S., Gysemans, C., Takiishi, T., Korf, H., Spagnuolo, I, Sebastiani, G., et al.
(2014). Oral delivery of Glutamic Acid Decarboxylase (GAD)-65 and IL10 by
Lactococcus lactis reverses diabetes in recent-onset NOD mice. Diabetes 63,
2876-2887. doi: 10.2337/db13-1236

Robert, S., and Steidler, L. (2014). Recombinant Lactococcus lactis can make
the difference in antigen-specific immune tolerance induction, the Type 1
diabetes case. Microb. cell fact. 13(Suppl. 1):S11. doi: 10.1186/1475-2859-13-S
1-S11

Sica, A., and Mantovani, A. (2012). Macrophage plasticity and polarization: in vivo
veritas. J. Clin. Invest. 122, 787-795. doi: 10.1172/JCI59643

Steidler, L. (2003). Genetically engineered probiotics. Best pract. Res. Clin.
Gastroenterol. 17, 861-876. doi: 10.1016/S1521-6918(03)00072-6

Steidler, L., Hans, W., Schotte, L., Neirynck, S., Obermeier, F., Falk, W., et al. (2000).
Treatment of murine colitis by Lactococcus lactis secreting interleukin-10.
Science 289, 1352-1355. doi: 10.1126/science.289.5483.1352

Szatraj, K., Szczepankowska, A. K., and Chmielewska-Jeznach, M. (2017). Lactic
acid bacteria - promising vaccine vectors: possibilities, limitations, doubts.
J. Appl. Microbiol. 123, 325-339. doi: 10.1111/jam.13446

Thumm, G., and Gotz, F. (1997). Studies on prolysostaphin processing and
characterization of the lysostaphin immunity factor (Lif) of Staphylococcus
simulans biovar staphylolyticus. Mol. Microbiol. 23, 1251-1265. doi: 10.1046/
j.1365-2958.1997.2911657.x

van Baarlen, P., Troost, F., van der Meer, C., Hooiveld, G., Boekschoten, M.,
Brummer, R. J., et al. (2011). Human mucosal in vivo transcriptome responses
to three lactobacilli indicate how probiotics may modulate human cellular
pathways. Proc. Natl. Acad. Sci. U.S.A. 108(Suppl. 1), 4562-4569. doi: 10.1073/
Ppnas.1000079107

Vandenbroucke, K., Hans, W., Van Huysse, J., Neirynck, S., Demetter, P.,
Remaut, E., etal. (2004). Active delivery of trefoil factors by genetically modified
Lactococcus lactis prevents and heals acute colitis in mice. Gastroenterology 127,
502-513. doi: 10.1053/j.gastro.2004.05.020

Wang, M., Gao, Z., Zhang, Y., and Pan, L. (2016). Lactic acid bacteria as mucosal
delivery vehicles: a realistic therapeutic option. Appl. Microbiol. Biotechnol. 100,
5691-5701. doi: 10.1007/s00253-016-7557-x

Wyszynska, A., Kobierecka, P., Bardowski, J., and Jagusztyn-Krynicka, E. K. (2015).
Lactic acid bacteria—20 years exploring their potential as live vectors for mucosal
vaccination. Appl. Microbiol. Biotechnol. 99, 2967-2977. doi: 10.1007/500253-
015-6498-0

Yan, F., Cao, H., Cover, T. L., Washington, M. K., Shi, Y., Liu, L., et al. (2011).
Colon-specific delivery of a probiotic-derived soluble protein ameliorates
intestinal inflammation in mice through an EGFR-dependent mechanism.
J. Clin. Invest. 121, 2242-2253. doi: 10.1172/JCI44031

Yan, F., and Polk, D. B. (2012). Characterization of a probiotic-derived soluble
protein which reveals a mechanism of preventive and treatment effects
of probiotics on intestinal inflammatory diseases. Gut microbes 3, 25-28.
doi: 10.4161/gmic.19245

Yun, Y. R, Won, J. E, Jeon, E,, Lee, S., Kang, W, Jo, H,, et al. (2010). Fibroblast
growth factors: biology, function, and application for tissue regeneration.
J. Tissue Eng. 2010:218142. doi: 10.4061/2010/218142

Conflict of Interest Statement: PB was employed by the company NIZO Food
Research BV. Part of the work by PB and MK was funded by the BE-Basic
Program. Neither employer, nor funding agency had a role in the preparation of
the manuscript.

Copyright © 2018 Bron and Kleerebezem. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Microbiology | www.frontiersin.org

August 2018 | Volume 9 | Article 1821


https://doi.org/10.1159/000322233
https://doi.org/10.1016/j.cgh.2006.03.028
https://doi.org/10.1016/j.cgh.2006.03.028
https://doi.org/10.1016/j.mib.2013.06.001
https://doi.org/10.1038/nrmicro2690
https://doi.org/10.1093/femsre/fux030
https://doi.org/10.1038/s41598-017-11446-z
https://doi.org/10.1016/j.jaci.2006.12.615
https://doi.org/10.1016/j.jaci.2006.12.615
https://doi.org/10.1038/nrgastro.2014.66
https://doi.org/10.1182/blood-2011-09-379214
https://doi.org/10.1182/blood-2011-09-379214
https://doi.org/10.1038/nri3312
https://doi.org/10.1093/femsre/fux028
https://doi.org/10.1016/j.copbio.2017.10.007
https://doi.org/10.1016/j.copbio.2017.10.007
https://doi.org/10.1016/j.jconrel.2016.04.009
https://doi.org/10.1016/j.jconrel.2016.04.009
https://doi.org/10.1097/MIB.0000000000001274
https://doi.org/10.1007/s00253-005-0107-6
https://doi.org/10.1038/srep16147
https://doi.org/10.1038/srep16147
https://doi.org/10.2337/db13-1236
https://doi.org/10.1186/1475-2859-13-S1-S11
https://doi.org/10.1186/1475-2859-13-S1-S11
https://doi.org/10.1172/JCI59643
https://doi.org/10.1016/S1521-6918(03)00072-6
https://doi.org/10.1126/science.289.5483.1352
https://doi.org/10.1111/jam.13446
https://doi.org/10.1046/j.1365-2958.1997.2911657.x
https://doi.org/10.1046/j.1365-2958.1997.2911657.x
https://doi.org/10.1073/pnas.1000079107
https://doi.org/10.1073/pnas.1000079107
https://doi.org/10.1053/j.gastro.2004.05.020
https://doi.org/10.1007/s00253-016-7557-x
https://doi.org/10.1007/s00253-015-6498-0
https://doi.org/10.1007/s00253-015-6498-0
https://doi.org/10.1172/JCI44031
https://doi.org/10.4161/gmic.19245
https://doi.org/10.4061/2010/218142
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/microbiology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/microbiology#articles

	Lactic Acid Bacteria for Delivery of Endogenous or Engineered Therapeutic Molecules
	Lab for Food-Grade Bioactive Delivery
	The Probiotic Lactobacilli
	Engineered Lactococci
	Lactococcal Production of an Antimicrobial Enzyme
	Live-Biotherapeutics Using Engineered L. lactis
	Perspectives
	Author Contributions
	Funding
	References


