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ABSTRACT 

Recombinant microorganisms and methods of using same. 
The recombinant microorganisms include one or more 
modifications that reduce the expression and/or activity of a 
sortase, a sortase-dependent protein, a fibronectin-binding 
protein, an autolysin, a surface-layer protein, an aggrega
tion-promoting factor, and/or a collagen-binding protein. 
The modifications can reduce the adhesion characteristics 
with respect to the non-modified microbes. The recombinant 
microorganisms can further include a recombinant gene 
configured to express a biologic. The recombinant microor
ganisms can be used as delivery vehicles to deliver the 
biologics to sites such as the gastrointestinal tract. 

Specification includes a Sequence Listing. 
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MICROBES WITH REDUCED ADHESION 
CHARACTERISTICS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] Priority is hereby claimed to provisional applica
tion Ser. No. 63/345,757, filed May 25, 2023, which is 
incorporated herein by reference. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

[0002] This invention was made with govermnent support 
under GM135483 awarded by the National Institutes of 
Health and 23-CRHF-0-6055 awarded by the USDA/NIFA. 
The government has certain rights in the invention. 

SEQUENCE LISTING 

[0003] The instant application contains a Sequence Listing 
which has been submitted in XML format via EFS-Web and 
is hereby incorporated by reference in its entirety. The XML 
copy, created on May 12, 2023, is named Seq_List-
P21008US02.xml and is 172,259 bytes in size. 

FIELD OF THE INVENTION 

[0004] The invention is directed to microbes with reduced 
adhesion characteristics, such as adhesion to mucosa! tis
sues. 

BACKGROUND 

[0005] Bacteria engineered as therapeutic delivery 
vehicles are poised to become valuable tools for the future 
of personalized medicine. Bacteria can be engineered to 
produce recombinant effector molecules that would other
wise be difficult to manufacture and administer to treat 
specific diseases. Serving as both the production factory and 
delivery system of effector molecules, recombinant bacteria 
are a powerful chassis to deliver therapeutics following oral 
or intranasal administration. Several groups have engineered 
bacteria as delivery vehicles that demonstrated efficacy in 
various in vivo models, and some have recently advanced to 
human clinical trials (1-5). 
[0006] An unresolved disadvantage posed by using 
recombinant bacteria as therapeutic delivery vehicles is the 
colonization risk. Persistence and colonization should be 
avoided to limit the delivery of high doses of certain 
therapeutics, which can have deleterious side effects. Exces
sive levels of therapeutic IL-22, for example, correlate with 
the development of psoriasis and the priming and prolifera
tion of tumors (6-9). Unknown consequences might also 
correspond with the colonization of biotherapeutic deliver
ing bacteria. These issues also present a challenge when 
developing probiotic bacteria as therapeutic delivery 
vehicles, as probiotic bacteria often exhibit the ability to 
associate with the epithelial layer of the gastrointestinal 
tract, which can lead to both stimulating the immune system 
and increasing the persistence of the probiotic in the gut 
(10-12). Therefore, biocontainment ofbiotherapeutic deliv
ery vehicles to prevent these recombinant bacteria from 
proliferating in the host or external environment is ideal 
(13). Biocontainment systems developed in the synthetic 
biology industry include synthetic auxotrophy and 'Dead
man' and 'Passcode' kill switches (14, 15). However, these 
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systems only address the ability of recombinant microbes to 
replicate, not their ability to stimulate and interact with host 
tissue. Currently, the only method to eliminate microbes 
from complex communities is antibiotic treatment, which by 
itself also is likely to cause negative side effects by disrupt
ing the resident gut microbiota (16). 
[0007] Recombinant microbial biotherapeutic delivery 
vehicles with reduced colonization risk and enhanced bio
containment are needed. 

SUMMARY OF THE INVENTION 

[0008] One aspect of the invention is directed to recom
binant microorganisms. The recombinant microorganisms 
preferably comprise one or more modifications with respect 
to a corresponding microorganism not comprising the one or 
more modifications. The one or more modifications prefer
ably reduce, in the recombinant microorganism with respect 
to the corresponding microorganism, expression and/or 
activity of one or more proteins expressed by the corre
sponding microorganism. The one or more proteins prefer
ably comprise any one or more, any two or more, any three 
or more, any four or more, any five or more, any six or more, 
or each of a sortase, a sortase-dependent protein, a fibronec
tin-binding protein, an autolysin, a surface-layer protein, an 
aggregation-promoting factor, and a collagen-binding pro
tein. The recombinant microorganism in some versions 
further comprises a recombinant gene configured to express 
a biologic, such as a therapeutic protein or RNA. The 
recombinant microorganism in some versions, is a member 
ofLactobacillales (a lactic acid bacteria), such as a member 
of Limosilactobacillus or Lactobacillus, such as L. reuteri. 
[0009] Another aspect of the invention is directed to 
methods of administration. The methods preferably com
prise administering the recombinant microorganism of the 
invention to a subject. The administering in some versions 
comprises orally administering the recombinant microor
ganism to the subject. The administering in some versions 
comprises introducing the recombinant microorganism to a 
gastrointestinal tract of the subject. The recombinant micro
organism in some versions comprises a recombinant gene 
configured to express a biologic. The administering in some 
versions comprises introducing the biologic to a gastroin
testinal tract of the subject. 
[0010] The objects and advantages of the invention will 
appear more fully from the following detailed description of 
the preferred embodiment of the invention made in conjunc
tion with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1. Adhesion protein mutant biocontainment 
concept. The locations of 10 putative adhesion proteins in 
the L. reuteri VPL1014 genome are indicated (left). We 
mutated each putative adhesion mutant individually and 
sequentially to yield a nonuple mutant. Depicted here are 
graphical examples of single mutants and the nonuple 
mutant ( center). The nonuple mutant, lacking multiple adhe
sion proteins, has reduced adherence to human enteroid cells 
(FIG. SD). In this graphic, wild-type L. reuteri can adhere to 
mucus or epithelial cells, while the nonuple mutant is unable 
to adhere (right). 
[0012] FIGS. 2A-2D. Construction, recovery, and growth 
analysis of adhesin mutants. FIGS. 2A and 2B. The gene 
targets and recombineering oligonucleotides used in the 
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examples are listed on the left. DNA sequences of the 
targeted adhesion proteins of L. reuteri are shown aligned 
with each recombineering oligonucleotide, with the encoded 
amino acid listed above. Numbers above the first and last 
amino acid encoded by each sequence indicate the amino 
acid positions. The directions of the lagging strands are 
indicated, and underneath are the mismatches in the recom
bineering oligonucleotides, which result in internal stop 
codons in each gene. The resulting amino acid mutations are 
indicated underneath the mismatched nucleotides. The cod
ing strand is indicated in the third column, and barcodes 
derived from oVPL3848 are listed in the fourth colunm. 
FIG. 2C. Scheme to optimize adhesin mutant recovery. 
Barcoding oligonucleotide oVPL3848 (3848, black) was 
dual-transformed into VPL4011 with three oligonucleotides 
targeting different adhesins (####; red, yellow, and blue) via 
electroporation. Transformants were selected on agar 
supplemented with chloramphenicol (Cm). Thirty CFU from 
each transformation were screened for mutant genotypes via 
MAMA PCR on a 96-well plate. In our design, wild-type 
genotypes have an expected size of 1 kb, while mutant 
genotypes should be 0.5 kb. If no mutants were recovered 
from one of the transformations (yellow, in this example), 
the corresponding recombineering oligonucleotide was re
transformed alongside oligonucleotides targeting two addi
tional adhesins. This process was repeated until each adhesin 
mutant was recovered. FIG. 2D. Growth curves of all single 
mutants. Wild-type control (WT) is VPL4052, which con
tains the cat* gene insertion restored to cat with oVPL283. 
Data for WT is the same across the three growth curves, 
while the mutants are split across the three. The results 
shown are averages from three independent 
experiments±standard error of the mean. 

[0013] FIGS. 3A-3H. Adhesin mutant gastrointestinal sur
vival in mice and adhesion to human colon cancer cells. FIG. 
3A. Mice (n=5-8) were administered with 108 CFU of each 
mutant for two consecutive days. At 15 h, 27 h, and 39 h 
after the second gavage, fecal material was collected, resus
pended to 100 mg/mL in PBS, and plated for quantification. 
FIG. 3B. At 15 h, we measured the survival of each adhesion 
mutant following transit through the murine GI tract (n=5/ 
group). A mix of VPL4011 (n=S) transformed with an 
oligonucleotide conferring each mutant barcode served as a 
control (WT mix). FIG. 3C. Persistence of each mutant is 
depicted as the CFU recovered over the course of the in vivo 
experiment. Data for WT is the same across both graphs. 
FIG. 3D. Percent adhesion of each mutant to HT-29 cells 
was compared to wild-type. VPL4052 served as the WT 
control. The results shown are averages from six indepen
dent experiments with three technical replicates each, ±stan
dard error of the mean, ns=no statistical difference. FIG. 3E. 
Percent adhesion of each mutant and complements thereof to 
HT-29 cells were compared to wild-type. VPL4052 served 
as the WT control. The results shown are averages from six 
independent experiments with three technical replicates 
each, ±standard error of the mean, ns=no statistical differ
ence. FIGS. 3F-3H. Change in relative ratio of each strain 
within each sample recovered from enteroid monolayers 
(TF) compared to the respective ratio of each strain in the 
starting mixture (TO). Data is presented as the change in 
relative percent (ll%(TF-T0) for the barcode control mix 
(FIG. 3F), mutant mix (FIG. 3G), and the complemented 
mix (FIG. 3H) based on sequencing reads targeting the cat 
barcode. Positive numbers indicate an increase in relative 
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ratio while negative numbers indicate a decrease. The results 
shown are averages from three independent experiments 
with three technical replicates each, ±standard error of the 
mean; *, p<0.05. For FIGS. 3E-3F, the first of the two bars 
shown for each strain is a not-washed condition, and the 
second of the two bars shown for each strain is a washed 
condition. 
[0014] FIG. 4. Adhesion competition ratios for individual 
mutants and complemented mutants in an HT-29 adhesion 
competition assay. Adhesion competition ratios were calcu
lated as the ratio of the mutant or the complemented mutant 
(all chloramphenicol-resistant) to the wild-type strain. 
[0015] FIGS. SA-SD. Nonuple growth, phage production, 
and adhesion to human colon-cancer cells. FIG. SA. Growth 
curve and mitomycin C induction of VPL1014 (WT) and 
nonuple mutant. FIG. SB. At the endpoint of the growth 
experiment (TS), samples derived from uninduced and 
induced cultures ofVPL1014 (WT) and the nonuple variant 
were processed to quantify phage production (PFU) (p>0.3). 
FIG. SC. Adhesion ofVPL1014 (WT) and nonuple mutant 
to monolayers of HT-29 cells (p>0.4). FIG. SD. Adhesion 
competition experiment on human enteroid monolayers 
between wild-type control (VPL4216 (L. reuteri::rpoB 
(H488R)) and nonuple mutant. Multiplicities of infection 
(MOI) ratios of 5:1 and 30:1 were tested. Results are 
expressed as a ratio of wild-type CFU recovered compared 
to nonuple CFU recovered from the adhesion assay. TO and 
TF represent the ratio of WT and nonuple cells before and 
after the adhesion assay, respectively. For FIGS. SA and SB, 
the results shown are averages from three independent 
experiments±standard error of the mean. For FIGS. SC and 
SD, the results shown are averages from three independent 
experiments (with three technical replicates each)±standard 
error of the mean.*, p<0.05; ***, p<0.005. 
[0016] FIGS. 6A-6B. IL-22 release from Non-IL22. FIG. 
6A. Phage-mediated release of IL-22 by LR-IL22 or Non
IL22 induced with mitomycin C in vitro, as detected by 
ELISA. Values are expressed as the percent of IL-22 
detected in the supernatant compared to total IL-22 detected 
in the cell pellet and supernatant combined. Results shown 
are averages from three independent experiments±standard 
error of the mean. FIG. 6B. Total IL-22 produced (superna
tant+cell lysate) by LR-IL22 and Non-IL22 by cultures 
induced with mitomycin C. Samples were harvested five
hours post-induction, and were detected by ELISA. *, p<0. 
05. 
[0017] FIG. 7. In vivo survival ofNon-IL22 in obese mice 
fed high-fat, high-sugar diet Mice were fed a high-fat diet 
for 8 weeks before and throughout treatment, and body 
weight was measured every two weeks. At week 9, treatment 
began by administering PBS (sham) or 109 CFU of bacteria 
of WT-Ct!, Non-Ct!, WT-IL22, or Non-IL22 (n=ll-12/ 
group). Fecal material was sampled for bacterial CFU 
counts every two weeks during treatment. All tissue and 
blood samples were collected at the end point (16 weeks). 
FIG. 7 shows the average bacterial CFU recovered on agar 
plates supplemented with rifampicin across all samplings. 
No CFU was recovered from the sham-treated group. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] One aspect of the invention is directed to recom
binant microorganisms. The recombinant microorganisms 
comprise one or more modifications with respect to a 
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corresponding microorganism not compnsmg the one or 
more modifications. "Recombinant microorganism" refers 
to a microorganism that comprises a recombinant nucleic 
acid, a recombinant gene, or a recombinant polypeptide. A 
recombinant nucleic acid or polypeptide is one comprising 
a sequence that is not naturally occurring. A recombinant 
gene is a gene that comprises a recombinant nucleic acid 
sequence, is present within a microorganism in which it does 
not naturally occur, and/or is present at a locus ( e.g., genetic 
locus or on an extrachromosomal plasmid) that is different 
than the locus in which it is present in a corresponding native 
microorganism. 
[0019] The one or more modifications in the recombinant 
microorganisms preferably include modifications that 
reduce, in the recombinant microorganism with respect to 
the corresponding microorganism, the expression and/or 
activity of one or more proteins expressed by the corre
sponding microorganism. "Reduce" in this context refers to 
any diminishment or complete ablation of the expression 
and/or activity of the protein in the recombinant microor
ganism with respect to the corresponding microorganism. 
Thus, a reduction of the expression and/or activity of a 
protein in this context encompass its complete absence in the 
recombinant microorganism, such as by deletion of the 
protein's gene or other mechanisms. "Expression" used with 
respect to a protein refers to the production of the protein. 
Such expression can comprise translation of mRNA encod
ing the protein and, ultimately, transcription of genomic 
DNA into mRNA. "Activity" used with respect to a protein 
broadly encompasses any particular activity of the protein 
within the cell, such that a reduction of any one or more 
particular activities constitutes a reduction of the activity of 
the protein generally. Preferred activities that can be reduced 
include the activities of the proteins described herein. 
[0020] The one or more proteins in the corresponding 
microorganisms whose expression or activity is reduced by 
the modifications to the recombinant cells can comprise any 
one or more, any two or more, any three or more, any four 
or more, any five or more, any six or more, or each of a 
sortase, a sortase-dependent protein, a fibronectin-binding 
protein, an autolysin, a surface-layer protein, an aggrega
tion-promoting factor, and a collagen-binding protein, in any 
combination. 
[0021] Sortases are a class of microbial enzymes that 
modify surface proteins by recognizing and cleaving a 
carboxyl-terminal sorting signal. For some substrates of 
sortase enzymes, the recognition signal comprises the motif 
LPxTG (Leu-Pro-any-Thr-Gly), followed by a highly hydro
phobic transmembrane sequence and subsequently followed 
by a cluster of basic residues such as arginine, wherein 
cleavage occurs between the Thr and Gly, with transient 
attachment through the Thr residue to the active site Cys 
residue, followed by transpeptidation that attaches the pro
tein covalently to cell wall components. Sortases occur in 
almost all Gram-positive bacteria and some Gram-negative 
bacteria (e.g. Shewanella putrefaciens) and Archaea (e.g. 
Methanobacterium thermoautotrophicum. Sortases and their 
activities are well known in the art. See, e.g., Spirig et al. 
2011 (Spirig T, Weiner EM, Clubb RT. Sortase enzymes in 
Gram-positive bacteria. Mal Microbial. 2011 December; 
82(5): 1044-59). Exemplary sortases whose expression or 
activity can be reduced in accordance with the invention 
include the sortases discussed in the references cited herein 
or discussed elsewhere herein, and homologs thereof. Other 
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exemplary sortases whose expression or activity can be 
reduced in accordance with the invention include sortase A 
of Limosilactobacillus reuteri comprising the amino acid 
sequence of SEQ ID NO:2, and homologs thereof compris
ing amino acid sequences at least 30%, at least 35%, at least 
40%, at least 45%, at least 50%, at least 55%, at least 60%, 
at least 65%, at least 70%, at least 75%, at least 80%, at least 
85%, at least 90%, at least 95%, or at least 99% identical to 
SEQ ID NO:2. An exemplary coding sequence for SEQ ID 
NO:2 is SEQ ID NO: 1. 

[0022] Sortase-dependent proteins are a class of microbial 
proteins that facilitate adhesion and nutrient acquisition 
(Jeya M, Lee K-M, Tiwari M K, Kim J-S, Gunasekaran P, 
Kim S-Y, Kim I-W, Lee J-K. 2009. Isolation ofa novel high 
erythritol-producing Pseudozyma tsukubaensis and scale-up 
of erythritol fermentation to industrial level. Appl Microbial 
Biotechnol 83:225-231). SDPs are surface-associated pro
teins that are covalently coupled to the cell wall by the 
sortase enzyme ( e.g., SrtA) (Zhu F, Lu L, Fu S, Zhong X, Hu 
M, Deng Z, Liu T. 2015. Targeted engineering and scale up 
of lycopene overproduction in Escherichia coli. Process 
Biochemistry 50:341-346). Sortase-dependent proteins 
exhibit a conserved molecular structure that includes an 
N-terminal signal peptide that directs sortase-dependent 
proteins to surface localization (Wang G, Haringa C, Noor
man H, Chu J, Zhuang Y. 2020. Developing a computational 
framework to advance bioprocess scale-up. Trends in Bio
technology 38:846-856), a C-terminal LPxTG motif that 
anchors sortase-dependent proteins to the cell wall (Page C, 
Lemire N, Moineau S. 2021. Delivery of CRISPR-Cas 
systems using phage-based vectors. Current Opinion in 
Biotechnology 68:174-180) (Jeya et al. 2009), a C-terminal 
transmembrane helix, and a positively charged tail (Page et 
al. 2021 and Jeya et al. 2009). Sortase-dependent proteins 
and their activities are well known in the art. See, e.g., Bania 
et al. 2019 (Bania L I, Pickrum A M, Hayward M, Kristich 
C J, Salzman N H. Sortase-Dependent Proteins Promote 
Gastrointestinal Colonization by Enterococci. Infect Immun. 
2019 Apr. 23; 87(5):e00853-18). Exemplary sortase-depen
dent proteins whose expression or activity can be reduced in 
accordance with the invention include the sortase-dependent 
proteins discussed in the references cited herein or discussed 
elsewhere herein, and homologs thereof. Other exemplary 
sortase-dependent proteins whose expression or activity can 
be reduced in accordance with the invention include the 
sortase-dependent proteins of Limosilactobacillus reuteri 
comprising the amino acid sequences of SEQ ID NOS:4, 6, 
8, 10, and 12, and homologs thereof comprising amino acid 
sequences at least 30%, at least 35%, at least 40%, at least 
45%, at least 50%, at least 55%, at least 60%, at least 65%, 
at least 70%, at least 75%, at least 80%, at least 85%, at least 
90%, at least 95%, or at least 99% identical to any one of 
SEQ ID NOS:4, 6, 8, 10, and 12. Exemplary coding 
sequences for SEQ ID NOS:4, 6, 8, 10, and 12 are SEQ ID 
NOS:3, 5, 7, 9, and 11, respectively. 

[0023] Fibronectin-binding proteins are a class of micro
bial proteins that bind fibronectin. Fibronectin-binding pro
teins are well known in the art (Hymes J P, Klaenhammer T 
R. Stuck in the Middle: Fibronectin-Binding Proteins in 
Gram-Positive Bacteria. Front Microbial. 2016 Sep. 22; 
7:1504) (Speziale P, Pietrocola G. The Multivalent Role of 
Fibronectin-Binding Proteins A and B (FnBPA and FnBPB) 
of Staphylococcus aureus in Host Infections. Front Micro
bial. 2020 Aug. 26; 11:2054). Fbp54 is an exemplary 
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fibronectin-binding protein whose expression or activity can 
be reduced in accordance with the invention. Fbp54 is found 
across a variety of host-associated commensals, as well as 
the probiotic species Lactobacillus acidophilus, L. casei, L. 
plantarum, L. brevis, L. rhamnosus, and Bacillus subtilis 
(Altermann E., Russell W. M., Azcarate-Peril M.A., Barr
angou R., Buck B. L., McAuliffe 0., et al. (2005). Complete 
genome sequence of the probiotic lactic acid bacterium 
Lactobacillus acidophilus NCFM. Proc. Natl. Acad. Sci. 
U.S.A. 102 3906-3912) (Boekhorst J., Weis M., Kleer
ebezem M., Siezen R. J. (2006). The predicted secretome of 
Lactobacillus plantarum WCFSl sheds light on interactions 
with its environment. Microbiology 152(Pt 11) 3175-3183) 
(Velez MP, De Keersmaecker S C, Vanderleyden J. Adher
ence factors of Lactobacillus in the human gastrointestinal 
tract. FEMS Microbial Lett. 2007 November; 276(2): 140-8) 
(Munoz-Provencio D., Perez-Martinez G., Monedero V. 
(2010). Characterization of a fibronectin-binding protein 
from Lactobacillus casei BL23. J. Appl. Micro biol. l 08 
1050-1059). Other exemplary fibronectin-binding proteins 
whose expression or activity can be reduced in accordance 
with the invention include any fibronectin-binding proteins 
discussed in the references cited herein or discussed else
where herein, and homologs thereof. Other exemplary 
fibronectin-binding proteins whose expression or activity 
can be reduced in accordance with the invention include the 
fibronectin-binding protein of Limosilactobacillus reuteri 
comprising the amino acid sequence of SEQ ID NO: 14, and 
homologs thereof comprising amino acid sequences at least 
30%, at least 35%, at least 40%, at least 45%, at least 50%, 
at least 55%, at least 60%, at least 65%, at least 70%, at least 
75%, at least 80%, at least 85%, at least 90%, at least 95%, 
or at least 99% identical to SEQ ID NO:14. An exemplary 
coding sequence for SEQ ID NO:14 is SEQ ID NO:13. 

[0024] Autolysins are a class of endogenous microbial 
lytic enzymes that break down the peptidoglycan compo
nents of biological cells (Jaenicke L, Kuhne W, Spessert R, 
Wahle U, Waffenschmidt S. Cell-wall lytic enzymes (autoly
sins) of Chlamydomonas reinhardtii are (hydroxy)proline
specific proteases. Eur J Biochem. 1987 Dec. 30; 170(1-2): 
485-91) (Buchanan M J, Imam SH, Eskue WA, Snell W J. 
Activation of the cell wall degrading protease, lysin, during 
sexual signalling in Chlamydomonas: the enzyme is stored 
as an inactive, higher relative molecular mass precursor in 
the periplasm. J Cell Biol. 1989 January; 108(1):199-207) 
(Matsuda Y (1998). "Gametolysin". In Barrett A J, Rawlings 
N D, Woessner J F (eds.). Handbook of Proteolytic 
Enzymes. London: Academic Press. pp. 1140-1143) (Clarke 
A J. The "hole" story of predatory outer-membrane vesicles. 
Can J Microbial. 2018 September; 64(9):589-599) (Po
rayath C, Suresh M K, Biswas R, Nair B G, Mishra N, Pal 
S. Autolysin mediated adherence of Staphylococcus aureus 
with Fibronectin, Gelatin and Heparin. Int J Biol Macromol. 
2018 Apr. 15; 110:179-184). Amidases (EC 3.5.1.28), game
tolysins (EC 3.4.24.38), and glucosaminidases are types of 
autolysins (Clarke et al. 2018) (Smith T J, Blackman SA, 
Foster SJ. Autolysins of Bacillus subtilis: multiple enzymes 
with multiple functions. Microbiology (Reading). 2000 Feb
ruary; 146 (Pt 2):249-262). Exemplary autolysins whose 
expression or activity can be reduced in accordance with the 
invention include any autolysins discussed in the references 
cited herein or discussed elsewhere herein, and homologs 
thereof. Other exemplary autolysins whose expression or 
activity can be reduced in accordance with the invention 
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include the autolysin of Limosilactobacillus reuteri com
prising the amino acid sequence of SEQ ID NO:16, and 
homologs thereof comprising amino acid sequences at least 
30%, at least 35%, at least 40%, at least 45%, at least 50%, 
at least 55%, at least 60%, at least 65%, at least 70%, at least 
75%, at least 80%, at least 85%, at least 90%, at least 95%, 
or at least 99% identical to SEQ ID NO:16. An exemplary 
coding sequence for SEQ ID NO:16 is SEQ ID NO:15. 

[0025] Surface-layer proteins are a class of highly 
expressed and ubiquitous microbial proteins that self-as
semble on the outside of bacteria and archaea to form 
crystalline protein coats (J. H. Y. Lau, J. F. Nomellini, J. 
Smit, Analysis of high-level S-layer protein secretion in 
Caulobacter crescentus. Can. J. Microbial. 56, 501-514 
(2010)) (D. Pum, J. L. Toca-Herrera, U. B. Sleytr, S-layer 
protein self-assembly. Int. J. Mal. Sci. 14, 2484-2501 
(2013)) (C. Zhu et al., Diversity in S-layers. Prag. Biophys. 
Mal. Biol. 123, 1-15 (2017)). Surface-layer proteins undergo 
a phase transition from aqueous to solid as part of their 
biological assembly and function (E. Baranova et al., SbsB 
structure and lattice reconstruction unveil Ca2+ triggered 
S-layer assembly. Nature 487, 119-122 (2012)) (J. Herrmann 
et al., Environmental calcium controls alternate physical 
states of the Caulobacter surface layer. Biophys. J. 112, 
1841-1851 (2017) ). Exemplary surface-layer proteins whose 
expression or activity can be reduced in accordance with the 
invention include any surface-layer proteins discussed in the 
references cited herein or discussed elsewhere herein, and 
homologs thereof. Other exemplary surface-layer proteins 
whose expression or activity can be reduced in accordance 
with the invention include the surface-layer protein of 
Limosilactobacillus reuteri comprising the amino acid 
sequence of SEQ ID NO:18, and homologs thereof com
prising amino acid sequences at least 30%, at least 35%, at 
least 40%, at least 45%, at least 50%, at least 55%, at least 
60%, at least 65%, at least 70%, at least 75%, at least 80%, 
at least 85%, at least 90%, at least 95%, or at least 99% 
identical to SEQ ID NO: 18. An exemplary coding sequence 
for SEQ ID NO:18 is SEQ ID NO:17. 

[0026] Aggregation-promoting factors are a call of micro
bial cell-surface proteins that facilitate microbial aggrega
tion (including autoaggregation) and biofilm accumulation 
(Kmet V, Callegari ML, Bottazzi V, and Morelli L. 1995. 
Aggregation-promoting factor in pig intestinal Lactobacillus 
strains. Lett. Appl. Microbial. 21:351-353.) (Kmet V, Luc
chini F. Aggregation-promoting factor in human vaginal 
Lactobacillus strains. FEMS Immunol Med Microbial. 1997 
October; 19(2):111-4) (Goh Y J and Klaenhammer T R. 
2010. Functional roles of aggregation-promoting-like factor 
in stress tolerance and adherence of Lactobacillus acidophi
lus NCFM. Appl. Environ. Microbial. 76:5005-5012) (Reni
ero R, Cocconcelli P, Bottazzi V, and Morelli L. 1992. 
High-frequency of conjugation in Lactobacillus mediated by 
an aggregation-promoting factor. J. Gen. Microbial. 138: 
763-768) (Boris S, Suarez J E, and Barbes C. 1997. Char
acterization of the aggregation promoting factor from Lac
tobacillus gasseri, a vaginal isolate. J. Appl. Microbial. 
83:413-420) (Lozo J, Jovcic B, Kojic M, Dalgalarrondo M, 
Chobert J M, Haertle T, and Topisirovic L. 2007. Molecular 
characterization of a novel bacteriocin and an unusually 
large aggregation factor of Lactobacillus paracasei subsp. 
paracasei BGSJ2-8, a natural isolate from homemade 
cheese. Curr. Microbial. 55:266-271) (Schroeder K, Jularic 
M, Horsburgh SM, Hirschhausen N, Neumann C, Bertling 
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A, Schulte A, Foster S, Kehrel B E, Peters G, and Heilmann 
C. 2009. Molecular characterization of a novel Staphylo
coccus aureus surface protein (SasC) involved in cell aggre
gation and biofilm accumulation. PLoS One 4:e7567) (Mar
cotte H, Ferrari S, Cesena C, Hammarstrom L, Morelli L, 
Pozzi G, and Oggioni MR. 2004. The aggregation-promot
ing factor of Lactobacillus crispatus M247 and its genetic 
locus. J. Appl. Microbial. 97:749-756) (Siciliano R A, 
Cacace G, Mazzeo M F, Morelli L, Elli M, Rossi M, and 
Malorni A. 2008. Proteomic investigation of the aggregation 
phenomenon in Lactobacillus crispatus. Biochim. Biophys. 
Acta 1784:335-342) (Shibata Y, Hiratsuka K, Hayakawa M, 
Shiroza T, Takiguchi H, Nagatsuka Y, andAbiko Y. 2003. A 
35-kDa co-aggregation factor is a hemin binding protein in 
Porphyromonas gingivalis. Biochem. Biophys. Res. Com
mun. 300:351-356) (Jankovic I, Ventura M, Meylan V, 
Rouvet M, Elli M, and Zink R. 2003. Contribution of 
aggregation-promoting factor to maintenance of cell shape 
in Lactobacillus gasseri 4B2. J. Bacterial. 185:3288-3296). 
Aggregation-promoting factor genes are highly conserved 
genes that display their maximum expression rates at the 
stationary phase of growth (Goh et al. 2010) and that 
typically code for extracellular proteins that range in size 
from about 260 to 330 amino acids (Ventura M, Jankovic I, 
Walker DC, Pridmore RD, and Zink R. 2002. Identification 
and characterization of novel surface proteins in Lactoba
cillus johnsonii and Lactobacillus gasseri. Appl. Environ. 
Microbial. 68:6172-6181). Exemplary aggregation-promot
ing factors whose expression or activity can be reduced in 
accordance with the invention include any aggregation
promoting factors discussed in the references cited herein or 
discussed elsewhere herein, and homologs thereof. Other 
exemplary aggregation-promoting factors whose expression 
or activity can be reduced in accordance with the invention 
include the aggregation-promoting factor of Limosilactoba
cillus reuteri comprising the amino acid sequence of SEQ ID 
NO:20, and homologs thereof comprising amino acid 
sequences at least 30%, at least 35%, at least 40%, at least 
45%, at least 50%, at least 55%, at least 60%, at least 65%, 
at least 70%, at least 75%, at least 80%, at least 85%, at least 
90%, at least 95%, or at least 99% identical to SEQ ID 
NO:20. An exemplary coding sequence for SEQ ID NO:20 
is SEQ ID NO:19. 

[0027] Collagen-binding proteins are a class of microbial 
proteins that bind directly to collagen. Collagen-binding 
proteins are well known in the art, as are various collagen 
types (Types I-XXVII). See Arora et al. 2021 (Arora S, 
Gordon J, Hook M. Collagen Binding Proteins of Gram
Positive Pathogens. Front Microbial. 2021 Feb. 5; 
12:628798) and Farndale et al. 2019 (Farndale R W. Colla
gen-binding proteins: insights from the Collagen Toolkits. 
Essays Biochem. 2019 Sep. 13; 63(3):337-348). Exemplary 
collagen-binding proteins whose expression or activity can 
be reduced in accordance with the invention include CnBP 
of Limosilactobacillus reuteri (Hsueh H-Y, Yueh P-Y, Yu B, 
Zhao X, Liu J-R. 2010. Expression of Lactobacillus reuteri 
Pg4 collagen-binding protein gene in Lactobacillus casei 
ATCC 393 increases its adhesion ability to Caco-2 cells. J 
Agric Food Chem 58:12182-12191) (Miyoshi Y, Okada S, 
Uchimura T, Satoh E. 2006. A mucus adhesion promoting 
protein, MapA, mediates the adhesion of Lactobacillus 
reuteri to Caco-2 human intestinal epithelial cells. Biosci
ence, Biotechnology, and Biochemistry 70: 1622-1628), Ace 
of Enterococcus faecalis (Rich, R. L., Kreikemeyer, B., 
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Owens, R. T., LaBrenz, S., Narayana, S. V., Weinstock, G. 
M., et al. (1999). Ace is a collagen-binding MSCRAMM 
from Enterococcus faecalis. J. Biol. Chem. 274, 26939-
26945), CNA of Staphylococcus aureus (Speziale, P., 
Raucci, G., Visai, L., Switalski, L. M., Timpl, R., and Hook, 
M. (1986). Binding of collagen to Staphylococcus aureus 
Cowan 1. J. Bacterial. 167, 77-81), Acm of Enterococcus 
faecium (Nallapareddy, S. R., Weinstock, G. M., and Mur
ray, B. E. (2003). Clinical isolates of Enterococcus faecium 
exhibit strain-specific collagen binding mediated by Acm, a 
new member of the MSCRAMM family. Mal. Microbial. 4 7, 
1733-1747), Cnm of Streptococcus mutans (Sato, Y., Oka
moto, K., Kagami, A., Yamamoto, Y., Igarashi, T., and 
Kizaki, H. (2004). Streptococcus mutans strains harboring 
collagen-binding adhesin. J. Dent. Res. 83, 534-539), Cne of 
Streptococcus equi (Lannergard, J., Frykberg, L., and Guss, 
B. (2003). CNE, a collagen-binding protein of Streptococcus 
equi. FEMS Microbial. Lett. 222, 69-74), and Cbm of S. 
mutans (Nomura, R., Nakano, K., Naka, S., Nemoto, H., 
Masuda, K., Lapirattanakul, J., et al. (2012). Identification 
and characterization of a collagen-binding protein, Cbm, in 
Streptococcus mutans. Mal. Oral Microbial. 27, 308-323), 
among others (Arora et al. 2021, Famdale et al. 2019); any 
other collagen-binding proteins discussed in the references 
cited herein or discussed elsewhere herein, and homologs 
thereof. Other exemplary collagen-binding proteins whose 
expression or activity can be reduced in accordance with the 
invention include the collagen-binding protein of Limosi
lactobacillus reuteri comprising the amino acid sequence of 
SEQ ID NO:22, and homologs thereof comprising amino 
acid sequences at least 30%, at least 35%, at least 40%, at 
least 45%, at least 50%, at least 55%, at least 60%, at least 
65%, at least 70%, at least 75%, at least 80%, at least 85%, 
at least 90%, at least 95%, or at least 99% identical to SEQ 
ID NO:22. An exemplary coding sequence for SEQ ID 
NO:22 is SEQ ID NO:21. 

[0028] Modifications that reduce the expression or activity 
of a protein include any modification to a microorganism 
that ablates, reduces, inhibits, or otherwise disrupts produc
tion of the protein, renders the protein non-functional, or 
otherwise reduces or ablates the protein's activity. Accord
ingly, in some instances, production of a protein can be 
completely shut down, such as by partially or completely 
deleting the gene of the protein. As used herein, "gene" 
minimally refers to a promoter operationally linked to a 
coding sequence. A gene can optionally include other 
genetic elements that facilitate or regulate transcription 
and/or translation of the coding sequence. Such genetic 
elements can include enhancers ribosome and binding sites 
(RBSs), among other elements. 

[0029] There are many well-known ways to reduce the 
expression or activity of a protein. This can be accom
plished, for example, by introducing one or more genetic 
modifications. As used herein, "genetic modifications" refer 
to any differences in the nucleic acid composition of a cell, 
whether in the cell's native chromosome or in endogenous 
or exogenous non-chromosomal plasmids harbored within 
the cell. Examples of genetic modifications that reduce the 
expression or activity of a protein include but are not limited 
to substitutions, partial or complete deletions, insertions, or 
other variations to the gene of the protein. These include 
substitutions, partial or complete deletions, insertions, or 
other variations of the protein's coding sequence or a 
promoter of the coding sequence. In some versions, a gene 
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or coding sequence can be partially or completely replaced 
with a selection marker or screenable marker. In some 
versions, the genetic modifications can include the introduc
tion of constructs that express ribozymes or antisense 
sequences that target the mRNA of the gene of the protein. 
Various other genetic modifications that reduce the activity 
of a gene or gene product are described elsewhere herein. 
Various methods for introducing genetic modifications are 
well known in the art and include homologous recombina
tion, among other mechanisms. See, e.g., Green et al., 
Molecular Cloning: A laboratory manual, 4th ed., Cold 
Spring Harbor Laboratory Press (2012) and Sambrook et al., 
Molecular Cloning: A Laboratory Manual, 3rd ed., Cold 
Spring Harbor Laboratory Press (2001). 
[0030] In some versions of the invention, the recombinant 
microorganism exhibits a growth rate during exponential 
phase of growth no less than 40%, no less than 45%, no less 
than 50%, no less than 55%, no less than 60%, no less than 
65%, no less than 70%, no less than 75%, no less than 80%, 
no less than 85%, no less than 90%, no less than 91 %, no 
less than 92%, no less than 93%, no less than 94%, no less 
than 95%, no less than 96%, no less than 97%, no less than 
98%, or no less than 99% of a growth rate exhibited by the 
corresponding microorganism during exponential phase of 
growth, wherein growth rate (r) is determined by the formula 
r=(ln [OD2/OD1])/(T2-Tl), OD is OD600, Tis time, OD! 
is OD600 at time 1, and OD2 is OD600 at time 2. 
[0031] In some versions, the recombinant microorganism 
comprises a recombinant gene configured to express a 
biologic. The recombinant gene can comprise a coding 
sequence of the biologic operably linked to a promoter. The 
promoter can be heterologous to the coding sequence. In 
some versions, the promoter is a constitutive promoter. In 
some versions, the promoter is an inducible promoter. 
[0032] As used herein, "biologic" refers to any biologi
cally active product capable of being expressed from a gene. 
The biologic can be biologically active in vivo in any 
prokaryote or eukaryote or in vitro in any in vitro biochemi
cal system. The biologic can have any activity, whether 
enzymatic, binding, structural, etc. Biologics that have a 
therapeutic effect activity are referred to herein as "thera
peutic biologics." Therapeutic biologics can target and pro
mote growth of beneficial cells in the subject, target and 
inhibit growth of deleterious cells in the subject, target 
certain cells for destruction, or can have any other activity 
that provides a therapeutic effect to a subject to which they 
are introduced. 
[0033] Examples of biologics include nucleic acids and 
polypeptides. 
[0034] Exemplary nucleic acid biologics include DNA and 
RNA. Preferred nucleic acid biologics include therapeutic 
nucleic acids. Nucleic acid biologics can generally be clas
sified as nucleotides and nucleosides, oligonucleotides, or 
polynucleotides. Various types of nucleic acid biologics 
include oligonucleotides for antisense and antigene applica
tions, DNA aptamers, antisense oligodeoxynucleotides, 
DNAzymes, DNA vaccines, RNA-based therapeutics, RNA 
aptamers, RNA Decoys, antisense RNA, ribozymes, small 
interfering RNAs, and microRNAs, among others. 
[0035] Suitable polypeptide biologics can include any 
polypeptide of interest. The polypeptide can have any of a 
number of amino acid chain lengths. In some versions, the 
polypeptide can have an amino acid chain length of from 
about 2 to about 2,000 amino acids, from about 2 to about 
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1,000 amino acids, from about 2 to about 500 amino acids, 
from about 3 to about 250 amino acids, or from about 3 to 
about 225 amino acids. The polypeptide can have a net 
positive charge at neutral pH, a net negative charge at neutral 
pH, or a net neutral charge at neutral pH. The polypeptide is 
preferably soluble in water. The polypeptide can form a 
globular or fibrous structure or can have an intrinsically 
disordered structure. 

[0036] The polypeptide can have any of a number of 
functionalities. The polypeptide, for example, can be enzy
matic or non-enzymatic. The polypeptide can be fluorescent 
or non-fluorescent. The polypeptide can be a cytokine, a 
hormone, an antibody, an antimicrobial peptide, and an 
antigenic peptide, among others. 

[0037] Exemplary classes of cytokines include inter
leukins, lymphokines, monokines, interferons (IFNs), 
colony stimulating factors (CSFs), among others. Specific 
exemplary cytokines include IL-1 alpha (ILia), IL-1 beta 
(ILlb), IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, 
IL-11, IL-12, IL-13, IL-14, IL-15, IL-16, IL-17, IL-18, 
IL-19, IL-20, IL-21, IL-22, IL-23, IL-24, IL-25, IL-26, 
IL-27, IL-28, IL-29, IL-30, IL-31, IL-32, IL-33, IL-35, 
IL-36, IFN-alpha, IFN-beta IFN-gamma, TNF-alpha, TNF
beta, CNTF (C-NTF), LIF, OSM (oncostatin-M), EPO 
(erythropoietin), G-CSF (GCSF), GM-CSF (GMCSF), 
M-CSF (MCSF), SCF, GH (growth hormone), PRL (pro
lactin), aFGF (FGF-acidic), bFGF (FGF-basic), INT-2, KGF 
(FGF7). EGF, TGF-alpha, TGF-beta, PDGF, betacellulin 
(BTC), SCDGF, amphiregulin, and HB-EG, among others. 

[0038] Exemplary hormones include epinephrine, mela
tonin, triiodothyronine, thyroxine, amylin (or islet amyloid 
polypeptide), adiponectin, adrenocorticotropic hormone ( or 
corticotropin), angiotensinogen, angiotensin, antidiuretic 
hormone ( or vasopressin, arginine vasopressin), atrial-natri
uretic peptide (or atriopeptin), brain natriuretic peptide, 
calcitonin, cholecystokinin, corticotropin-releasing hor
mone, cortistatin, encephalin, endothelin, erythropoietin, 
follicle-stimulating hormone, galanin, gastric inhibitory 
polypeptide, gastrin, ghrelin, glucagon, glucagon-like pep
tide-I, gonadotropin-releasing hormone, growth hormone
releasing hormone, hepcidin, human chorionic gonadotro
pin, human placental lactogen, growth hormone, inhibin, 
insulin, insulin-like growth factor (or somatomedin), leptin, 
lipotropin, luteinizing hormone, melanocyte stimulating 
hormone, motilin, orexin, oxytocin, pancreatic polypeptide, 
parathyroid hormone, pituitary adenylate cyclase-activating 
peptide, prolactin, prolactin releasing hormone, relaxin, 
renin, secretin, somatostatin, thrombopoietin, thyroid-stimu
lating hormone (or thyrotropin), thyrotropin-releasing hor
mone, and vasoactive intestinal peptide, among others. 

[0039] Other physiologically active peptides include 
tachykinin peptides, such as substance P, kassinin, neuroki
nin A, eledoisin, and neurokinin B; peptide PHI 27 (peptide 
histidine isoleucine 27); pancreatic polypeptide-related pep
tides, such as NPY (neuropeptide Y), PYY (peptide YY), 
and APP (avian pancreatic polypeptide); opioid peptides, 
such as proopiomelanocortin (POMC) peptides and pro
dynorphin peptides; AGG01; B-type natriuretic peptide 
(BNP); lactotripeptides; and peptides that inhibit PCSK9 
(Zhang et al. 2014). 

[0040] Exemplary antibodies include single-chain anti
bodies, single-domain antibodies (sdAbs), and single-chain 
variable fragments (scFvs). 
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[0041] Exemplary antimicrobial peptides include catheli
cidins, defensins, protegrins, mastoparan, poneratoxin, 
cecropin, moricin, melittin, magainin, dermaseptin, nisin, 
and others. Other antimicrobial peptides include regIII-~ 
and reg-III-y, which are eukaryotic antimicrobial peptides 
produced in the intestine. Lactic acid bacteria are well 
known for their extensive heterogenic repertoire of antimi
crobial compounds, including bacteriocins (Alvarez-Sieiro 
et al. 2016). 
[0042] Other exemplary biologics include any of a number 
of antimicrobials. Lactic acid bacteria, for example, are 
well-known for their extensive heterogenic repertoire of 
antimicrobial compounds, including bacteriocins (Alvarez
Sieiro et al. 2016). Bacteriocins are small ribosomally
synthesized peptides that can inhibit or kill bacteria. The 
functional diversity of this family of antimicrobials is large, 
which is illustrated by the fact that bacteriocins can collec
tively target a wide-array of Gram-negative and Gram
positive bacteria (Cotter et al. 2013). Although narrow
spectrum bacteriocins may be preferential, the application of 
broad-spectrum bacteriocins may be useful to alleviate bac
terial infections of unknown sources. Bacteriocin-mediated 
impact on the gut micro biota composition can be substantial. 
This was demonstrated for Abp118, a broad-spectrum bac
teriocin produced by L. salivarius UCC118 (Riboulet-Bis
son et al. 2012). See also Corr et al. 2007 (Corr S C, Li Y, 
Riedel C U, O'Toole P W, Hill C, Gahan C G. Bacteriocin 
production as a mechanism for the antiinfective activity of 
Lactobacillus salivarius UCCl 18. Proc Natl Acad Sci USA. 
2007 May 1; 104(18):7617-21). By comparing the micro
biota in mice and pigs between groups that were adminis
trated with L. salivarius wild-type or L. salivariusli.abpll8, 
it was confirmed that the presence of the bacteriocin
producing lactobacilli alters the gut microbiota composition 
without significance changes in microbial diversity. See also 
Kommineni et al. 2015. One example of a useful bacteriocin 
is nisin, which is produced by select Lactococcus lactis 
strains and streptococci. The 372 basepair gene encoding 
nisin (nisA) is one of the six natural nisin variants, and 
certain mutants NisA display enhanced activity against 
Gram-positive and Gram-negative pathogens (Field et al. 
2008, Field et al. 2012). 
[0043] Other exemplary biologics comprise lytic biolog
ics. As used herein, "lytic biologic" refers to any biologic 
that causes or aids, either directly or indirectly, the lysis of 
a cell in which it is produced. Expression of a lytic biologic 
in a cell, for example, can induce lysis of the cell and any 
contents thereof, including any other biologics made by the 
cell. 
[0044] Lytic biologics comprise lytic proteins. Lytic pro
teins are well known in the art. A number of lytic proteins, 
for example, are found in bacteriophages and serve to lyse 
cells during the lytic stages of the bacteriophage's life cycle. 
These include holins and lysins (Sheehan et al. 1999). 
During bacteriophage replication, biologically active lysins 
are present in the cytosol but require expression of a 
membrane protein, holin, to release the virions from the cell. 
When holin levels are optimal, the lysin can access the 
peptidoglycan layer for cleavage which leads to bacterial 
cell lysis (Wang et al. 2000). So far, five main groups of 
lysins have been identified that can be distinguished from 
one and another based on the cleavage specificity of the 
different bonds within the peptidoglycan (Fischetti 2009). 
Structurally, lysins can comprise a single catalytic domain, 
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which generally is typical for lysins derived from bacterio
phages targeting Gram-negative bacteria (Cheng et al. 
1994). Bacteriophages targeting Gram-positive bacteria 
typically encode lysins that contain multiple domains: a 
N-terminal catalytic domain and a C-terminal cell-wall 
binding domain (Nelson et al. 2006, Navarre et al. 1999). A 
few lysins have been identified that have three domains 
(Becker et al. 2009). 
[0045] A number of other lytic proteins are native to the 
cells themselves (Feliza et al. 2012, Jacobs et al. 1994, 
Jacobs et al. 1995, Lopez et al. 1997). These lytic proteins 
can affect cell wall metabolism or introduce nicks in the cell 
wall. Five protein classes are differentiated by the wall 
component they attack (Loessner et al. 2005, Loessner et al. 
2002). 
[0046] In some versions, the biologic is a therapeutic 
biologic and a promoter operationally linked to the biologic 
coding sequence is a promoter inducible by an environmen
tal condition of a disease that the therapeutic biologic is 
capable of treating. 
[0047] An inducible promoter operably linked to a coding 
sequence of the biologic can be an inducible promoter 
sensitive to an environmental cue or condition, such as sugar 
concentration, bile acid concentration, or any other condi
tion of the site in which expression of the coding sequence 
is desired. 
[0048] In some versions, the biologic comprises a chime
ric protein. A chimeric protein is a recombinant protein 
comprising sequences from two different native polypep
tides. Any of the protein biologics described herein (or 
fragments thereof) can be fused with another polypeptide to 
generate a chimeric protein biologic. 
[0049] In some versions, the biologic comprises a protein 
comprising an affinity tag. The affinity tags can be used for 
purification, detection with antibodies, or other uses. A 
number of affinity tags are known in the art. Exemplary 
affinity tags include the His tag, the Strep II tag, the T7 tag, 
the FLAG tag, the S tag, the HA tag, the c-Myc tag, the 
dihydrofolate reductase (DHFR) tag, the chitin binding 
domain tag, the calmodulin binding domain tag, the cellu
lose binding domain tag, and the HiBiT tag. The sequences 
of each of these tags are well-known in the art. 
[0050] In some versions, the biologic is a fusion protein 
comprising a label. A label is a polypeptide sequence that is 
capable of being detected by any ofa number methods. The 
label can be a fluorescent label (e.g., GFP, RFP, etc.), an 
enzymatic label (horseradish peroxidase (HRP), alkaline 
phosphatase (AP), glucose oxidase and ~-galactosidase), an 
antibody, an antigen, or other types of polypeptide labels that 
can be fused to another polypeptide for detection. 
[0051] The recombinant microorganisms of the invention 
can comprise bacteria. Bacteria of the invention can include 
certain commensal or probiotic bacteria, non-commensal 
bacteria, and other types of bacteria. The bacteria can 
include non-pathogenic, Gram-positive bacteria capable of 
anaerobic growth. The bacteria in some cases are viable in 
the gastrointestinal tract of mammals. The bacteria can be 
food grade. Other exemplary bacteria of the invention 
include E. coli. 
[0052] Exemplary bacteria of the invention include spe
cies of lactic acid bacteria (i.e., species of the order Lacto
bacillales ), such as those from the genera Lactobacillus, 
Limosilactobacillus, Leuconostoc, Pediococcus, Lactococ
cus, Streptococcus, Aerococcus, Carnobacterium, Entero-
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coccus, Oenococcus, Fructobacillus, Sporolactobacillus, 
Tetragenococcus, Vagococcus, and Weissella. 

[0053] Exemplary bacteria include species of the Lacto
bacillus genus. Exemplary species from the Lactobacillus 
genus include L. acetototerans, L. acidifarinae, L. acidipi
scis, L. acidophilus, L. agilis, L. algidus, L. atimentarius, L. 
amytolyticus, L. amylophilus, L. amylotrophicus, L. amylo
vorus, L. animatis, L. antri, L. apodemi, L. aviarius, L. 
bifermentans, L. brevis, L. buchneri, L. camelliae, L. casei, 
L. catenaformis, L. ceti, L. coleohominis, L. collinoides, L. 
composti, L. concavus, L. corynformis, L. crispatus, L. 
crustorum, L. curvatus, L. delbrueckii subsp. delbrueckii, L. 
delbrueckii subsp. butgaricus, L. delbrueckii subsp. lactis, 
L. dextrinicus, L. diolivorans, L. equi, L. equigenerosi, L. 
farraginis, L. farciminis, L. fermentum, L. fornicalis, L. 
fructivorans, L. frumenti, L. fuchuensis, L. gallinarum, L. 
gasseri, L. gastricus, L. ghanensis, L. graminis, L. hamme
sii, L. hamsteri, L. harbinensis, L. hayakitensis, L. helveti
cus, L. hitgardii, L. homohiochii, L. iners, L. ingluviei, L. 
intestinalis, L. Jensen ii, L. johnsonii, L. katixensis, L. kefira
nofaciens, L. kefiri, L. kimchii, L. kitasatonis, L. kunkeei, L. 
leichmannii, L. lindneri, L. malefermentans, L. mati, L. 
manihotivorans, L. mindensis, L. mucosae, L. murinus, L. 
nagelii, L. namurensis, L. nantensis, L. oligofermentans, L. 
oris, L. panis, L. pantheris, L. parabrevis, L. parabuchneri, 
L. paracollinoides, L. parafarraginis, L. parakefiri, L. para
timentarius, L. paraplantarum, L. pentosus, L. perolens, L. 
plantarum, L. pontis, L. psittaci, L. rennini, L. reuteri, L. 
rhamnosus, L. rimae, L. rogosae, L. rossiae, L. ruminis, L. 
saerimneri, L. sakei, L. salivarius, L. sanfranciscensis, L. 
satsumensis, L. secaliphilus, L. sharpeae, L. siliginis, L. 
spicheri, L. suebicus, L. thailandensis, L. ultunensis, L. 
vaccinostercus, L. vaginalis, L. versmoldensis, L. vini, L. 
vitulinus, L. zeae, and L. zymae. 

[0054] Exemplary bacteria include species of the Limosi
lactobacillus genus. Exemplary species from the Limosilac
tobacillus genus include L. agrestis, L. albertensis, L. alvi, 
L. antri, L. balticus, L. caviae, L. coleohominis, L. equigen
erosi, L. fastidiosus, L. fermentum, L. frumenti, L. gastricus, 
L. gorilla, L. ingluviei, L. mucosae, L. oris, L. panis, L. 
pontis, L. portuensis, L. reuteri, L. rudii, L. secaliphilus, L. 
urinaemulieris, and L. vaginalis. 

[0055] Exemplary bacteria of the invention include spe
cies of Bifidobacterium. Exemplary species from the Bifi
dobacterium genus include B. actinocoloniiforme, B. ado
lescentis, B. aemilianum, B. aerophilum, B. aesculapii, B. 
amazonense, B. angulatum, B. animalis, B. anseris, B. 
apousia, B. apri, B. aquikefiri, B. asteroides, B. avesanii, B. 
biavatii, B. bifidum, B. bohemicum, B. bombi, B. boum, B. 
breve, B. callimiconis, B. callitrichidarum, B. callitrichos, 
B. canis, B. castoris, B. catenulatum, B. catulorum, B. 
cebidarum, B. choerinum, B. choladohabitans, B. choloepi, 
B. colobi, B. commune, B. criceti, B. crudilactis, B. cuniculi, 
B. dentium, B. dolichotidis, B. eriksonii, B. erythrocebi, B. 
eulemuris, B. faecale, B. felsineum, B. gallicum, B. galli
narum, B. globosum, B. goeldii, B. hapali, B. indicum, B. 
italicum, B. jacchi, B. lemurum, B. leontopitheci, B. longum, 
B. magnum, B. margollesii, B. merycicum, B. miconis, B. 
miconisargentati, B. minimum, B. mongoliense, B. moravi
ense, B. moukalabense, B. myosotis, B. oedipodis, B. olo
mucense, B. panos, B. parmae, B. platyrrhinorum, B. plu
vialisilvae, B. polysaccharolyticum, B. pongonis, B. 
porcinum, B. primatium, B. pseudocatenulatum, B. pseudo
longum, B. psychraerophilum, B. pullorum, B. ramosum, B. 
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reuteri, B. rousetti, B. ruminate, B. ruminantium, B. saguini, 
B. saguinibicoloris, B. saimiriisciurei, B. samirii, B. santil
lanense, B. scaligerum, B. scardovii, B. simiarum, B. 
simiiventris, B. stellenboschense, B. subtile, B. thermaci
dophilum, B. thermophilum corrig., B. tibiigranuli, B. tis
sieri corrig., B. tsurumiense, B. urinalis, B. vansinderenii, B. 
vespertilionis, and B. xylocopae. 
[0056] A bacterium used in the following examples is L. 
reuteri (Limosilactobacillus reuteri formerly referred to as 
Lactobacillus reuteri). In addition to L. reuteri, other par
ticularly preferred bacteria include L. plantarum ( e.g., L. 
plant arum BAA-793), L. rhamnosus ( e.g., L. rhamnosus GG 
(L. rhamnosus ATCC 53103)), L. lactis (e.g., L. lactis 
MG1363), and L. casei. 
[0057] The recombinant microorganisms of the invention 
can be administered to a subject. 
[0058] The subject can include any animal, such as mam
mals or humans. The recombinant microorganisms can be 
administered orally, nasally, rectally, or via any other means 
of administration. 
[0059] The expression systems of the invention can be 
used to introduce a biologic to a site. The site to which the 
biologic is introduced can be any site in which it is desired 
to introduce or produce the biologic. In some versions, the 
site is an in vitro site, for example, for producing the 
biologic for subsequent use (either in vitro or in vivo). 
Exemplary in vitro sites include test tubes, petri dishes, 
high-throughput device wells, bioreactors, etc. 
[0060] In some versions, the site is an in vivo site. The in 
vivo site can be any site on or in a subject's body. The 
subject can be an animal, such as a mammal or a human. 
[0061] In some versions, the site comprises a gastrointes
tinal tract of a subject. The methods of introducing the 
biologic to the site in such versions can comprise adminis
tering the recombinant microorganism to the gastrointestinal 
tract. Administering the recombinant microorganism to the 
gastrointestinal tract preferably occurs prior to the lysis of 
the recombinant microorganism. The recombinant microor
ganism can be administered to the gastrointestinal tract by 
any method known in the art. The recombinant microorgan
ism can be administered orally, rectally, or directly into the 
gastrointestinal tract via a stoma. The recombinant micro
organism is preferably administered directly into or 
upstream of the small intestines, so that the recombinant 
microorganism ultimately passes through or into the small 
intestines. The recombinant microorganism can be swal
lowed or introduced via a tube. The recombinant microor
ganism can be combined in a composition with a pharma
ceutically acceptable excipient, carrier, buffer, stabilizer or 
other material well known to those skilled in the art. Such 
materials should be non-toxic and should not interfere with 
the efficacy of the recombinant microorganism. The precise 
nature of the carrier or other material may depend on the 
route of administration. The composition can be liquid, 
solid, or semi-solid. The composition can comprise a food
stuff or can take the form of a pharmaceutical composition. 
Those of relevant skill in the art are well able to prepare 
suitable compositions. 
[0062] Expression of the biologic can be induced during, 
after, or prior to administering the recombinant microorgan
ism to the site. Inducing expression of the biologic during 
administration to the site can be accomplished, for example, 
by co-administering an inducer with the recombinant micro
organism in a single composition or simultaneously admin-
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istering (whether in separate compos1t10ns or in a single 
composition) the inducer and the recombinant microorgan
ism. In this manner, expression of the biologic can be 
initiated during the administration for subsequent introduc
tion to the site. 

[0063] Inducing expression of the biologic after adminis
tration to the site can be accomplished by administering an 
inducer after the recombinant microorganism is adminis
tered and, preferably, reaches the site. Depending on the type 
of recombinant microorganism and site, the recombinant 
microorganism can survive and/or proliferate at the site for 
a period until the inducer is administered. Administration of 
the inducer then induces expression of the biologic and 
introduction of the biologic to the site. 

[0064] In some versions of the invention, one or more of 
the biologics can be introduced to a site without inducing 
lysis of the recombinant microorganism. In the case of 
polypeptide biologics, for example, the recombinant micro
organism can comprise a recombinant gene configured to 
express and secrete the polypeptide. Elements for engineer
ing a recombinant microorganism to secrete a polypeptide 
are well known in the art. Typical elements include a signal 
peptide-encoding sequence placed upstream of-and in
frame with-the coding sequence of the polypeptide to be 
secreted. The sequences of a large number of signal peptides 
for bacteria are known in the art. Exemplary signal peptide 
sequences are available on the world wide web at cbs.dtu. 
dk/services/SignalP/. The signal peptide can be cleaved 
from or remain intact on the polypeptide after secretion. The 
secreted polypeptide can be expressed from a coding 
sequence comprised within the regulatory sequence. 

[0065] The recombinant microorganism of the invention 
can be engineered using any methods known in the art. 
General methods are provided in Green et al. 2012 (Green 
et al., Molecular Cloning: A Laboratory Manual, 4th ed., 
Cold Spring Harbor Laboratory Press, 2012). Methods for 
engineering lactic acid bacteria such as L. lactis are provided 
by van Pijkeren and Britton et al. 2012 (van Pijkeren J P, 
Britton R A. High efficiency recombineering in lactic acid 
bacteria. Nucleic Acids Res. 2012 May; 40(10):e76), van 
Pijkeren and Neoh et al. 2012 (van Pijkeren J-P, Neoh KM, 
Sirias D, Findley AS, Britton RA. 2012. Exploring opti
mization parameters to increase ssDNA recombineering in 
Lactococcus lactis and Lactobacillus reuteri. Bioengineered 
3:209-217), Oh et al. 2014 (Oh J H, van Pijkeren J P. 
CRISPR-Cas9-assisted recombineering in Lactobacillus 
reuteri. Nucleic Acids Res. 2014; 42(17):e131), Barrangou 
et al. 2016 (Barrangou R, van Pijkeren J P. Exploiting 
CRISPR-Cas immune systems for genome editing in bac
teria. Curr Opin Biotechnol. 2016 February; 37:61-8), and 
Zhang et al. 2018 (Zhang S, Oh J H, Alexander L M, Ozyam 
M, van Pijkeren JP. d-Alanyl-d-Alanine Ligase as a Broad
Host-Range Counterselection Marker in Vancomycin-Resis
tant Lactic Acid Bacteria. J Bacterial. 2018 Jun. 11; 200 
(13):e00607-17). The recombinant genes can be 
incorporated into the chromosome of the recombinant 
microorganism or can be included on an extra-chromosomal 
nucleic acid, such as a plasmid. The extra-chromosomal 
nucleic acid can replicate at any copy number in the recom
binant microorganism and, accordingly, be a single-copy 
plasmid, a low-copy plasmid, or a high-copy plasmid. The 
extra-chromosomal nucleic acid is preferably substantially 
stable within the recombinant microorganism. 
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[0066] "Corresponding microorganism" refers to a micro
organism of the same species having the same or substan
tially the same genetic and proteomic composition as a 
recombinant microorganism of the invention, with the 
exception of genetic and proteomic differences resulting 
from the modifications specified for the recombinant micro
organisms of the invention. In some versions, the corre
sponding microorganism is the native version of the recom
binant microorganism of the invention, i.e., the umnodified 
microorganism as found in nature. The terms "microorgan
ism" and "microbe" are used interchangeably herein. "Cor
responding native microorganism" refers to a native micro
organism from which the recombinant microorganism is 
either directly or indirectly derived. The corresponding 
native microorganism will typically be a native microorgan
ism having the closest genetic structure ( e.g., highest percent 
genomic sequence identity) to the recombinant microorgan
ism. 

[0067] "Heterologous" as used herein refers to an element 
in an arrangement with another element that does not occur 
in nature. For example, a gene or protein that is heterologous 
to a given cell is a gene or protein that does not occur in the 
cell in nature. A promoter that is heterologous to a given 
coding sequence is a promoter that is not operably linked to 
the coding sequence in nature. A secretion signal sequence 
that is heterologous to a given protein (such as an enzyme) 
is a secretion signal sequence that is not operably linked with 
the protein in nature. 

[0068] "Coding sequence" as used herein refers to a 
nucleic acid sequence in a gene that encodes a gene product. 
The term "coding sequence" encompasses sequences that 
include codons that are ultimately transcribed and translated 
into polypeptides as well as sequences that do not include 
codons and/or are merely transcribed (e.g., antisense RNA, 
etc.). 

[0069] "Gene product" as used herein refers to any prod
uct resulting from expression (e.g., transcription or tran
scription and translation) of a gene. The term "gene product" 
explicitly encompasses polypeptides as well as nucleic acids 
such as RNA (e.g., mRNA, pri-microRNA, pre-microRNA, 
microRNA, antisense RNA (asRNA) etc.) and DNA 
(cDNA). 

[0070] "Promoter" is used herein as understood in the art 
and typically refers to a nucleic acid sequence that confers 
transcription of an operably linked coding sequence. The 
promoters of the invention can comprise any promoter 
capable of being employed in the recombinant microorgan
isms of the invention. Promoters suitable for use in bacteria 
are typically derived from microbial or viral sources. Exem
plary promoters include but are not limited to: promoters 
capable of recognizing the T4, T3, Sp6, and T7 polymerases; 
the PR and PL promoters of bacteriophage lambda; the trp, 
recA, heat shock, and lacZ promoters of E. coli; the alpha
amylase and the sigma-specific promoters of B. subtilis; the 
promoters of the bacteriophages of Bacillus; Streptomyces 
promoters; the int promoter of bacteriophage lambda; the bla 
promoter of the beta-lactamase gene of pBR322; and the 
CAT promoter of the chloramphenicol acetyl transferase 
gene. Prokaryotic promoters are reviewed by Glick, J. Ind. 
Microbial. l :277 (1987); Watson et al, Molecular Biology of 
the Gene, 4th Ed., Benjamin Cummins (1987); and Sam
brook et al., In: Molecular Cloning: A Laboratory Manual, 
3rd ed., Cold Spring Harbor Laboratory Press (2001). 
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[0071] Any promoter of the invention (e.g., the repressor 
gene promoter, the antirepressor gene promoter, the biologic 
gene promoter, and any combination thereof) can be an 
inducible promoter. "Inducible promoter" as used herein 
refers to a regulated promoter that is active only in response 
to specific stimuli. Such specific stimuli are referred to 
herein as "inducers." Exemplary inducers include proteins, 
metabolites, chemicals, and culture conditions. In some 
versions, the inducer is a particular concentration of a 
particular protein, metabolite, chemical, or culture condi
tion. In some versions, the inducer is the presence of a 
particular protein, metabolite, chemical, or culture condi
tion. In some versions, the inducer is the absence of a 
particular protein, metabolite, chemical, or culture condi
tion. Exemplary inducible promoters include but are not 
limited to the lac promoter (regulated by IPTG or analogs 
thereof), the lacUV5 promoter (regulated by IPTG or ana
logs thereof), the tac promoter (regulated by IPTG or 
analogs thereof), the trc promoter (regulated by IPTG or 
analogs thereof), the araBAD promoter (regulated by L-ara
binose ), the phoA promoter (regulated by phosphate starva
tion), the recA promoter (regulated by nalidixic acid), the 
proU promoter (regulated by osmolarity changes), the cst-1 
promoter (regulated by glucose starvation), the tetA pro
moter (regulated by tetracycline), the cadA promoter (regu
lated by pH), the nar promoter (regulated by anaerobic 
conditions), the p L promoter ( regulated by thermal shift), the 
cspA promoter (regulated by thermal shift), the T7 promoter 
(regulated by thermal shift), the T7-lac promoter (regulated 
by IPTG), the T3-lac promoter (regulated by IPTG), the 
TS-lac promoter (regulated by IPTG), the T4 gene 32 
promoter (regulated by T 4 infection), the nprM-lac promoter 
(regulated by IPTG), the VHb promoter (regulated by oxy
gen), the metallothionein promoter (regulated by heavy 
metals), the MMTV promoter (regulated by steroids such as 
dexamethasone) and variants thereof. 
[0072] Any promoter of the invention ( e.g., the repressor 
gene promoter, the antirepressor gene promoter, the biologic 
gene promoter, and any combination thereof) can be a 
constitutive promoter. "Constitutive promoter" as used 
herein refers to a promoter that is constitutively active, i.e., 
is not regulated by an inducer. Suitable constitutive promot
ers are known in the art and include constitutive adenovirus 
major late promoter, a constitutive MPSV promoter, and a 
constitutive CMV promoter. 
[0073] "Operably linked" as used herein generally refers 
to a connection of two genetic elements in a manner wherein 
one can operate on or have effects on the other. "Operably 
linked" used in reference to a promoter and a coding 
sequence refers to a connection between the promoter and 
the coding sequence such that the coding sequence is under 
transcriptional control of the promoter. For example, pro
moters are generally positioned 5' (upstream) of a coding 
sequence to be operably linked to the promoter. In the 
construction of heterologous promoter/coding sequence 
combinations, it is generally preferred to position the pro
moter at a distance from the transcription start site that is 
approximately the same as the distance between that pro
moter and the coding sequence it controls in its natural 
setting, i.e., in the gene from which the promoter is derived. 
As is known in the art, some variation in this distance can 
be accommodated without loss of promoter function. 
[0074] "Overexpress" refers to the increased production of 
a gene product from a gene compared to an endogenous or 
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basal product rate for that gene product. Methods of testing 
for overexpression are well known in the art, for example 
transcribed RNA levels can be assessed using RT-PCR and 
protein levels can be assessed using SDS-PAGE gel analy
sis. 
[0075] "Introduce" as used herein with respect to an 
element such as a microorganism or a biologic, refers to any 
activity that results in the initial appearance or increased 
appearance of the element at a given site. Introducing a 
microorganism to a site can comprise, for example, inocu
lating, administering, culturing, and growing the microor
ganism at that site. Introducing a biologic to a site can 
comprise, for example, stimulating production of the bio
logic in the microorganism and/or releasing the biologic 
( e.g., through cell lysis or secretion) at the site. 
[0076] The terms "identical," "identity," etc. in the context 
of two or more nucleic acid or polypeptide sequences, refer 
to two or more sequences or subsequences that are the same 
or have a specified percentage of amino acid residues or 
nucleotides that are the same, when compared and aligned 
for maximum correspondence, as measured using a 
sequence comparison algorithm available to a person of skill 
in the art. 
[0077] Optimal aligmnent of sequences for comparison 
can be conducted, e.g., by the local homology algorithm of 
Smith & Waterman, Adv. Appl. Math. 2:482 (1981), by the 
homology aligmnent algorithm of Needleman & Wunsch, J. 
Mo!. Biol. 48:443 (1970), by the search for similarity 
method of Pearson & Lipman, Proc. Nat'!. Acad. Sci. USA 
85:2444 (1988), by computerized implementations of these 
algorithms (GAP, BESTFIT, PASTA, and TFASTA in the 
Wisconsin Genetics Software Package, Genetics Computer 
Group, 575 Science Dr., Madison, Wis.), or by visual 
inspection (see Current Protocols in Molecular Biology, F. 
M. Ausubel et al., eds., Current Protocols, a joint venture 
between Greene Publishing Associates, Inc. and John Wiley 
& Sons, Inc., (supplemented through 2008)). 
[0078] One example of an algorithm that is suitable for 
determining percent sequence identity and sequence simi
larity for purposes of defining homologs is the BLAST 
algorithm, which is described inAltschul et al., J. Mo!. Biol. 
215:403-410 (1990). Software for performing BLAST 
analyses is publicly available through the National Center 
for Biotechnology Information. This algorithm involves first 
identifying high scoring sequence pairs (HSPs) by identify
ing short words of length W in the query sequence, which 
either match or satisfy some positive-valued threshold score 
Twhen aligned with a word of the same length in a database 
sequence. T is referred to as the neighborhood word score 
threshold (Altschul et al., supra). These initial neighborhood 
word hits act as seeds for initiating searches to find longer 
HSPs containing them. The word hits are then extended in 
both directions along each sequence for as far as the cumu
lative alignment score can be increased. Cumulative scores 
are calculated using, for nucleotide sequences, the param
eters M (reward score for a pair of matching residues; 
always >0) and N (penalty score for mismatching residues; 
always <0). For amino acid sequences, a scoring matrix is 
used to calculate the cumulative score. Extension of the 
word hits in each direction are halted when: the cumulative 
alignment score falls off by the quantity X from its maxi
mum achieved value; the cumulative score goes to zero or 
below, due to the accumulation of one or more negative
scoring residue alignments; or the end of either sequence is 
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reached. The BLAST algorithm parameters W, T, and X 
determine the sensitivity and speed of the aligmnent. The 
BLAS TN program (for nucleotide sequences) uses as 
defaults a wordlength (W) of 11, an expectation (E) of 10, 
a cutoff of 100, M=5, N=-4, and a comparison of both 
strands. For amino acid sequences, the BLASTP program 
uses as defaults a wordlength (W) of 3, an expectation (E) 
of 10, and the BLOSUM62 scoring matrix (see Henikoff & 
Henikoff (1989) Proc. Natl. Acad. Sci. USA 89:10915). 
[0079] In addition to calculating percent sequence identity, 
the BLAST algorithm also performs a statistical analysis of 
the similarity between two sequences (see, e.g., Karlin & 
Altschul, Proc. Natl. Acad. Sci. USA 90:5873-5787 (1993)). 
One measure of similarity provided by the BLAST algo
rithm is the smallest sum probability (P(N) ), which provides 
an indication of the probability by which a match between 
two nucleotide or amino acid sequences would occur by 
chance. For example, a nucleic acid is considered similar to 
a reference sequence if the smallest sum probability in a 
comparison of the test nucleic acid to the reference nucleic 
acid is less than about 0.1, more preferably less than about 
0.01, and most preferably less than about 0.001. The above
described techniques are useful in identifying homologous 
sequences for use in the methods described herein. 
[0080] The elements and method steps described herein 
can be used in any combination whether explicitly described 
or not. 
[0081] All combinations of method steps as used herein 
can be performed in any order, unless otherwise specified or 
clearly implied to the contrary by the context in which the 
referenced combination is made. 
[0082] As used herein, the singular forms "a," "an," and 
"the" include plural referents unless the content clearly 
dictates otherwise. 
[0083] Numerical ranges as used herein are intended to 
include every number and subset of numbers contained 
within that range, whether specifically disclosed or not. 
Further, these numerical ranges should be construed as 
providing support for a claim directed to any number or 
subset of numbers in that range. For example, a disclosure 
of from 1 to 10 should be construed as supporting a range of 
from 2 to 8, from 3 to 7, from 5 to 6, from 1 to 9, from 3.6 
to 4.6, from 3.5 to 9.9, and so forth. 
[0084] All patents, patent publications, and peer-reviewed 
publications (i.e., "references") cited herein are expressly 
incorporated by reference to the same extent as if each 
individual reference were specifically and individually indi
cated as being incorporated by reference. In case of conflict 
between the present disclosure and the incorporated refer
ences, the present disclosure controls. 
[0085] It is understood that the invention is not confined to 
the particular construction and arrangement of parts herein 
illustrated and described, but embraces such modified forms 
thereof as come within the scope of the claims. 

EXAMPLES 

Summary 

[0086] Bacterial biotherapeutic delivery vehicles have the 
potential to treat a variety of diseases. This approach obvi
ates the need to purify the recombinant effector molecule, 
allows delivery of therapeutics in situ via oral or intranasal 
administration, and protects the effector molecule during GI 
transit. Lactic acid bacteria have been broadly developed as 
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therapeutic delivery vehicles, though risks associated with 
the colonization of a genetically modified microorganism 
have hitherto not been addressed. Without approaches to 
alleviate these risks, the application of genetically modified 
lactic acid bacteria in the clinical remains limited. Here, we 
present a novel biocontainment strategy that limits the 
ability of bacterial therapeutic delivery vehicles to adhere to 
human intestinal cells and mucus, using Limosilactobacillus 
reuteri as our model platform. We applied a dual-recombi
neering scheme to efficiently barcode and generate mutants 
in five previously characterized and four uncharacterized 
putative adhesins. We subsequently assayed the putative 
adhesins for their role in adhesion to human HT-29 cells and 
human enteroid monolayers. We combined the putative 
adhesin mutations into a single nonuple mutant, which was 
deficient in adhering to enteroid monolayers. These 
examples establish a novel biocontainment mechanism that 
lays a foundation for its application in other microbial 
therapeutic delivery candidates and furthers the progress of 
the L. reuteri delivery vehicle platform in human use. 

Introduction 

[0087] We provide in the following examples a biocon
tainment strategy that prevents the adherence of biothera
peutic delivery vehicles by inactivating the proteins that 
allow bacteria to associate with host cells, thereby limiting 
their ability to persist or colonize the human gut. We chose 
L. reuteri ATCC 6475 to show this biocontainment strategy. 
[0088] L. reuteri is a gut symbiont that has evolved to 
thrive in a large number of vertebrates (17-22), including 
humans (23). L. reuteri ATCC 6475 is an ideal choice to be 
developed as a therapeutic delivery vehicle due to its avail
able genetic tools (24-26), its robustness during gastrointes
tinal transit, and its multiple probiotic (i.e. health-promot
ing) characteristics (27-30). L. reuteri reduces markers of 
metabolic syndrome in a diet-induced (high-sugar and high
fat) model of metabolic syndrome (31, 32), an effect that we 
improved by engineering L. reuteri 6475 to secrete murine 
interleukin-22 (IL-22) (32). We further enhanced L. reuteri 
6475 by engineering a unique mechanism for phage-medi
ated lysis to improve the delivery of intracellularly accu
mulated therapeutics (33-35). L. reuteri encodes two pro
phages that are activated by molecules encountered during 
GI transit, such as short-chain fatty acids (SCFAs), leading 
to cell lysis (36). We recently demonstrated that phage
mediated lysis leading to the delivery of IL-22 by L. reuteri 
to alcohol binge-fed mice decreased indicators of liver 
disease (35) and increased the survival of mice exposed to 
total body irradiation (34). Now that we have clearly estab
lished the potential of L. reuteri as a therapeutic delivery 
vehicle, our goal is to develop and implement biocontain
ment strategies to bring L. reuteri a step closer to the clinic. 
[0089] Gram-positive and pro biotic bacteria like L. reuteri 
ATCC 6475 encode a variety of adhesin proteins that 
facilitate their association with host cells in the gut. Not only 
are these interactions important to colonize and persist, but 
bacterial adhesion also drives modulation of the host 
immune system (37-39). Sortase-dependent proteins (SDPs) 
are a particularly important group of proteins in both patho
genic and probiotic bacteria that facilitate adhesion and 
nutrient acquisition ( 40). SDPs are surface-associated pro
teins that are covalently coupled to the cell wall by the 
sortase enzyme (SrtA) (41). SDPs exhibit a conserved 
molecular structure that includes an N-terminal signal pep-
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tide that directs SDPs to surface localization ( 42), a C-ter
minal LPxTG motif that anchors SDPs to the cell wall (37, 
40), a C-terminal transmembrane helix, and a positively 
charged tail (37, 40). We test in the present examples five L. 
reuteri SDPs ( 43). Other, non-SDP adhesins are classified in 
gram positives based on their specific interactions with host 
cells and extracellular components such as fibronectin
binding protein (FbpA) ( 44), collagen-binding protein 
(CnBp) ( 45, 46), and mucus-binding proteins (Mub and 
MapA) ( 47). Cell structures such as S-layer proteins (sur
face-layerproteins) (SlpA) ( 48), pili (PilP), flagella, and 
fimbriae can also interact with host cells and mucus (49). 
Lastly, proteins annotated as autolysins (50) and aggrega
tion-promoting factors (apf) (51, 52) play a role in adhesion 
by facilitating interactions with collagen, fibronectin, and 
mucus (53). While L. reuteri 6475 lacks proteins and struc
tures homologous to Mub, MapA, pili, and flagella, it does 
encode uncharacterized proteins homologous to SlpA, 
FbpA, autolysin, Apf, and CnBp. These adhesin homologs, 
along with SDPs, are ideal proteins to target for inactivation 
to hamper the bacterium's ability to colonize, persist, or act 
as an immunomodulator in the human gut. We therefore 
hypothesized that an L. reuteri strain lacking putative 
adhesins will have reduced potential to adhere to intestinal 
mucus and epithelial cells (FIG. 1). 
[0090] In the present examples, we develop in L. reuteri a 
dual-recombineering method that introduces unique tags 
(barcodes) along with mutations to inactivate genes encod
ing putative adhesins. With this tool, we targeted ten putative 
adhesins of L. reuteri ATCC 6475 to evaluate their cumu
lative role in adhesion, including a previously characterized 
sortase, four previously identified SDPs ( 43), and five 
uncharacterized protein homologs that are not SDPs but 
have demonstrated roles in gram-positive adhesion to 
mucins and epithelial cells (44-46, 48, 50-52). We subse-

Strains 
(NameNPL) 

E. coli 
ECl000 
L. lactis 
MG1363 
L. reuteri 
ATCC PTA 
6475 
VPL3187 

VPL4011 
VPL4018 

VPL4052 
VPL4359 

VPL4360 

VPL4361 

VPL4362 

VPL4363 

VPL4364 
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quently characterized the ecological role of each targeted 
adhesin. We describe the development and characterization 
of a single strain in which we inactivated nine genes (we 
excluded one mutation that conferred a growth defect) that 
putatively encode these adhesins. Functional characteriza
tion of this nonuple mutant revealed significantly reduced 
adhesive ability to human enteroid cells with no reduction in 
intestinal survival in mice, validating this approach as a 
biocontainment strategy. We expect that this novel biocon
tainment method can be applied to other bacteria engineered 
for therapeutic delivery, and further advances L. reuteri 
towards implementation in the clinic as a biotherapeutic 
delivery vehicle. 

Materials and Methods 

Bacterial Strains and Media. 

[0091] The bacterial strains and plasmids used in the 
examples are listed in Table 1. Escherichia coli ECl000 and 
Lactococcus lactis MG 1363 were used as intermediate clon
ing hosts. E. coli was cultured aerobically at 37° C. in 
lysogeny broth (LB; Teknova) and L. lactis was cultured 
statically at 30° C. in Ml 7-broth (Difeo; BD Bio Sciences) 
supplemented with 0.5% (w/v) glucose. Competent cells of 
E. coli ECl000 and L. lactis MG1363 were prepared as 
described previously (75, 76). Lactobacillus reuteri was 
grown in De Man, Rogosa, and Sharpe (MRS) medium 
(Difeo, BD Biosciences) under hypoxic conditions (5% 
CO2, 2% 02) at 37° C. L. reuteri competent cells were 
prepared as described previously (25). As needed, erythro
mycin was supplemented at 5 µg/ml for the L. reuteri strains 
and 300 µg/ml for E. coli ECl000. Chloramphenicol was 
added as needed at 5 µg/ml for L. reuteri and L. lactis. 
Tetracycline was added as needed at 25 µg/ml for L. reuteri 
and 10 µg/ml for L. lactis. 

TABLE 1 

Bacterial strains and plasmids used in this study. 

Characteristics t Source/Ref . * 

Derivative of E. coli MCl000 in which repA is integrated in 
chromosome 
Plasmid-free derivative of L. lactis subsp. cremoris 
NCD0712 
Human breast milk isolate 

Mutant harboring p VPL3004 and p VPL3016 

Mutant with inactivated cat (cat*, L141 *) gene insertion 
L\.srtA::oVPL449 (K150*V151Q) 

Mutant with cat* restored to functional cat with o VPL428 
Derivative ofVPL4011; L\.cmbA::oVPL3796 (P282*N283D); 
cat::oVPL3848 
Derivative of VPL4011; /\.cyclic-phosphodiesterase 
(L\.cidi)::oVPL3802 (P58*Q59*); cat::oVPL3848 
Derivative ofVPL4011; L\.pilP::oVPL3808 (N162*Q163*); 
cat::oVPL3848 
Derivative ofVPL4011; L\.slpA::oVPL3814 (V102*Q103*); 
cat::oVPL3848 
Derivative ofVPL4011; L\.srtA::oVPL449 (K150*V151Q); 
cat::oVPL3848 
Derivative ofVPL4011; MbpA::oVPL3763 (N68*P69*); 
cat::oVPL3848 

(Leenhouts et 
al, 1996) 
(Wegmann et 
al, 2007) 
BiogaiaA.B. 

(Oh and van 
Pijkeren, 2014) 
This work 
(Oh and van 
Pijkeren, 2014) 
This work 
This work 

This work 

This work 

This work 

This work 

This work 
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VPL4365 

VPL4367 

VPL4368 

VPL4366 
VPL4379 

Plasmids 

pJP042 

pVPL3583 

pVPL3002 

pVPL3004 

pVPL3017 
pVPL3115 

pVPL3031 

pVPL3038 

pVPL3047 
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TABLE I-continued 

Bacterial strains and plasmids used in this study. 

Characteristics t Source/Ref.* 

Derivative ofVPL4011; L\.apf1::oVPL3850 This work 
(D82EG83*E84*); cat::oVPL3848 
Derivative ofVPL4011; L\.autolysin (LI.auto) :oVPL3856 This work 
(P99*K100*); cat::oVPL3848 
Derivative ofVPL4011; L\.LAR_0044 (L\.11993)::oVPL3694 This work 
(Q211RG212*); cat::oVPL3848 
Mutant with 9 inactivated putative adhesion genes; nonuple This work 
Derivative of L. reuteri VPL1014; L\.cnBp::oVPL3939 This work 
(M76RG77*) 

ssDNA recombineering plasmid, EmR derivative ofpSIP411 (van Pijkeren 
in which and Britton, 
the gusA gene is replaced with recTl derived from L. reuteri 2012) 
ATCC PTA 
6475. recTl is under the control of an inducible promoter 
pJP028 vector 

pORI19 harboring L. reuteri derived ddlF258Y 

EmR, derivative ofpNZ9530 in which nisR and nisK genes 
were replaced 
with the tracrRNA, cas9 and CRISPR array derived from 
pCAS9 
ssDNA recombineering plasmid, CmR derivative of pJP042 
Derivative of pNZ8048 harboring the CRISPR array 

Derivative of pNZ8048 harboring cat* and ery. 
pVPL3002 derivative. Suicide shuttle vector with flanking 
sequence of a non-coding region in L. reuteri designed for 
chromosomal insertions 
pVPL3038 derivative with inactivated cat* integration 
cassette 

(Alexander et 
al 2019) 
(Zhang et al 
2018) 
(Oh and van 
Pijkeren, 2014) 

(Lab stock) 
(Oh and van 
Pijkeren, 2014) 
This work 

(Oh et al 2020) 

This work 

pVPL31134 pJP028 derivative, pCtl-ThyA (Alexander et 
al 2019) 
(Zhang et al 
2020) 

pVPL31464 pJP028 derivative, p!L-22-ThyA 

pVPL31467 pJP028 derivative; cmbA complementation plasmid 
pVPL31514 pJP028 derivative, pilP complementation plasmid lacking cat 

This work 
This work 

gene 
pVPL31515 pJP028 derivative, slpA complementation plasmid lacking cat This work 

gene 
pVPL31516 pJP028 derivative, srtA complementation plasmid lacking cat This work 

gene 
pVPL31517 pJP028 derivative, fpbA complementation plasmid lacking cat This work 

pVPL31518 

pVPL31519 

pVPL31520 

pVPL31521 
pVPL31522 

gene 
pJP028 derivative, autolysin (auto) complementation plasmid This work 
lacking cat gene 
pJP028 derivative, apfl complementation plasmid lacking cat This work 
gene 
pJP028 derivative, 11993 complementation plasmid lacking This work 
cat gene 
pVPL31467 derivative lacking cat gene This work 
pJP028 derivative, cyclic-phosphodiesterase (cidi) This work 
complementation plasmid lacking cat gene 

VPL: Van Pijkeren Lab strain identification number. pVPL: Van Pijkeren Lab plasmid identification number. 
trepA: replication initiation protein; EmR: erythromycin-resistant; CmR: chloramphenicol-resistant; 

*nonsense mutation; cat: chloramphenicol acetyltransferase; ery: 23S ribosomal RNA methyltransferase; LAR_ 
#1#1-# refer to closed reference genome Limosilactobacillus reuteri JCMll 12. 
ddlA: d-alanine-d-alanine ligase (LAR._1277). The locus tags for putative adhesion mutants can be found in Table 
3. 

Nov. 30, 2023 

Cell and Organoid Culture. 

[0092] The human colorectal adenocarcinoma cell line 
HT-29 (ATCC HTB-38) was obtained from the American 
Type Culture Collection. HT-29 cells were grown in Dul
becco's modified Eagle's medium containing 4.5 g/L glu
cose with L-glutamine and sodium pyruvate (VWR, 45000-
304) supplemented with 10% (v/v) heat-inactivated fetal 
bovine serum (Sigma-Aldrich, 12306C-500ML). Cells were 

maintained at 3 7° C. in a humidified atmosphere of 5% CO2 
and split when the cells reached 70-90% confluence. Human 
colon cancer enteroids (121 CRC) were isolated and cul
tured as described previously (77). Briefly, human tissue 
from needle biopsy or surgical resection was placed in 
chelation buffer and then digested in stock media: advanced 
DMEM/F12 medium (Invitrogen, Carlsbad, CA) containing 
10% fetal bovine serum, collagenase (1 mg/ml), dispase 
(12.5 µg/ml) and 1 % (v/v) penicillin and streptomycin. The 
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tissues were disrupted with intermittent shaking. The cell 
suspension was then separated from digestion buffer at 
300xg for five minutes at 4° C. and washed once with 
1 xPBS. PBS was removed from the cell pellet and the pellet 
was resuspended in D MEM/F 12 containing 1 x glutamax, 10 
mM HEPES, and 1 % (v/v) penicillin and streptomycin. Cell 
suspensions were maintained on ice and mixed with Matri
gel at a 1: 1 ratio before being plated as droplets onto 24-well 
culture plates and incubated at 37° C. Plates were inverted 
after two to three minutes of incubation. After the mixture 
had solidified, cultures were overlaid with feeding medium 
consisting of 50% (v/v) stock media and 50% (v/v) condi
tioned medium obtained from WNT3a L cell line (ATCC 
CRL-2647) mixed with EGF (50 ng/ml). To maintain 
enteroids, media was changed every other day. To generate 
121 CRC organoid monolayers, enteroids were disrupted 
and sheared using a 27-G needle before centrifugation at 
300xg at 4° C. for five minutes. Matrigel was aspirated from 
the cells, and the cells were resuspended in ice-cold PBS 
before centrifugation at 300xg at 4° C. for five minutes. 
Trypsin (0.25% w/v) was then added to the organoid pellet 
and incubated at 37° C. for 10 minutes. The cell suspension 
was centrifuged again, and the supernatant was removed 
before resuspending the cells in feeding medium and adding 
them to a 24-well plate coated with 0.5% (v/v) collagen I. 
Monolayer medium was changed every two days until 
confluence was reached. All concentrations listed are final 
concentrations. 

Imaging and Mucin Staining of Human 121 C Enteroids. 

[0093] Enteroids grown on glass coverslips were fixed in 
60% anhydrous methanol, 30% chloroform, and 10% glacial 
acetic acid in IX phosphate-buffered saline (PBS) for 45 
minutes at room temperature (RT), then washed twice with 
0.2% (v/v) Triton X-100 in PBS. Fixed enteroids were 
permeabilized and blocked by incubating for 60 minutes in 
PBS with 3% (w/v) bovine serum albumin (BSA), 0.2% 
(v/v) Triton X-100 at RT. Enteroids were stained with 
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40,6-Diamidino-2-phenylindole (DAPI) and Mucin 2 
(Muc2) antibody (F-2)Alexa Fluor 488. Muc2 antibody was 
diluted 1:1000 in 3% (v/v) BSAand0.2% (v/v) TritonX-100 
in PBS, added to cells, and incubated for 60 minutes at RT. 
Cells were net washed three times for five minutes each at 
RT with 0.2% (v/v) Triton X-100 in PBS. Secondary anti
body was then added at a 1:1000 dilutionin3% (v/) BSA and 
0.2% (v/v) Triton X-100 in PBS and incubated 45 minutes 
at RT. Cells were again washed three times for five minutes 
each at RT with 0.2% (v/v) Triton X-100 in PBS. After one 
final wash with PBS, cells were dried before adding 
Vectashield (-10 µL ), covered with a glass slip and imaged 
on Zeiss Axioplan III equipped with a triple-pass (DAPI/ 
fluorescein isothiocyanate [FITC]/Texas Red) emission 
cube, differential interference contrast optics, and a nono
chromatic Axiocam camera operated by Zen software 
(Zeiss) and processed using GIMP 2 software. 

Bioinformatic Analyses. 

[0094] We included several sortase-dependent proteins 
(SDPs) in our experiments (43, 78). Genes previously iden
tified as pseudogenes were excluded from further analysis 
( 43 ). Homo logs of previously characterized adhesin proteins 
were used as a query to search the L. reuteri JCM1112 
chromosome using BLASTP at the National Center for 
Biotechnology Information website (http://www.ncbi.nlm. 
nih.gov) (see Table 2 for accession numbers used as queries 
and references). Adhesin homologs were also analyzed for 
SDP characteristics. The sorting motifLPxTG was manually 
searched for in the protein sequences. YSIRK-G/S signal 
sequences (pfam04650), cell wall anchor domains 
(TIGROl 167) and other protein domains were searched for 
in InterPro (79). Secretion signal peptides were predicted 
with SignalP 5.0 (80) and transmembrane helices were 
predicted with TMHMM 2.0 (http://www.cbs.dtu.dk!ser
vices/TMHMM). Repeats in the protein sequences were 
identified using RADAR (world wide web at ebi.ac.uk/ 
Tools/pfa/radar). 

TABLE 2 

In silica analysis of putative adhesion proteins in L. reuteri. 

Predicted SP 
(YIN) and 
YSIRK Sortase Repeat 

Gene Cleavage Sitec Hydrophobic dependent? region 
target Locusa Rationaleb [YIN] CTDd region (YIN) (YIN) Characteristics Reference 

srtA LAR_ 0227 Sortase N Inactivation of srtA reduced Jensen et al. 
adhesion to Caco-2 2014 
cells by L. reuteri 6475 

cmbA LAR_ 0958 SDP Y[Y] y y y Inactivation of cmbA reduced Jensen et al. 
adhesion to Caco-2 2014 
cells by L. reuteri 6475 

11993 LAR_ 0044 SDP Y[N] y y y Inactivation did not result in Jensen et al. 
adherence defect to Caco-2 2014 
cells by L. reuteri 

ci-phospho- LAR_ 0983 SDP Y[N] y y y Inactivation did not result in Jensen et al. 
diesterase adherence defect to Caco-2 2014 

cells by L. reuteri 
LAR_ 0903 LAR_ 0903 SDP Y[N] y y y WP _096039546, Jensen et al. 

L. raffinolactis - 28% 2014, 
protein sequence Mulligan 
identity; secondary and Snell, 
start-site indicates 1977, and 
LAR_ 0903 is an SDP Ito et al. 

2019 
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TABLE 2-continued 

In silica analysis of 12utative adhesion 12roteins in L. reuteri. 

Predicted SP 
(YIN) and 
YSIRK Sortase Repeat 

Gene Cleavage Sitec Hydrophobic dependent? region 
target Locusa Rational eh [YIN] CTDd region (YIN) (YIN) Characteristics Reference 

pilP LAR_ 0989 SDP Y[N] y y y PilP and Rib regions; Jensen et al. 
Inactivation did not result in 2014 
adherence defect to Caco-2 cells 
by L. reuteri 

fbpA LAR_ 0878 Fibronectin- N[n/a] N N y FbpA pfam entry PF05833 MUiloz-
binding Provencio 
protein et al. 2010 

autolysin LAR_ 1284 Autolysin Y[N] N N y NP _466081.1, L. monocytogenes Milohanic 
autolysin = 50% protein et al. 2001 
sequence identity; 
evidence of role in adhesion in 
S. aureus, L. monocytogenes 
and L. acidophilus 

slpA LAR_ 1193 Surface-layer Y[Y] y N y AJP46713.1, L. acidophilus Sahay et al. 
protein surface-layer protein = 2016 and 

62.69% protein Buck et al. 
sequence identity 2005 

apfl LAR_ 0410 APF Y[N] y N y AAO86515.1, L. gasseri Ventura et 
Apfl - 85% protein al. 2002 
sequence identity and Hevia 

et al. 2013 
cnbP LAR_ 0284 Collagen- Y[N] y N y ADN22849.1, L. reuteri Pg4 Hsueh et al. 

binding collagen-binding protein - 98% 2010 and 
protein protein sequence identity; Miyoshi et 

periplasmic binding region al. 2006 

"Loci are based on the L. reuteri reference genome L. reuteri JCMll 12, and can be accessed at http://www.ncbi.nlm.nih.gov. 
bSDP, sortase-dependent protein; SDPs were indicated by the presence of: LPxTG motif identified through manual search, YSIRK-G/S (pfam04650) [Y] or non-YSIRK signal sequence 
[N]), and cell wall anchor domains (TIFR0l 167). 
esp, signal peptide; presence of signal peptide and cleavage site were determined by SignalP-5.0 (Armenteros et al 2019). Protein motifs and domains were identified by Interpro 83.0 
and searched for with BLASTP at the National Center for Biotechnology Information website (http://www.ncbi.nlm.nih.gov) (Blum et al 2020). 
dCTD, C-terminal domain. 

Generation of In-Frame Stop Codon in chloramphenicol 
acetyltransferase. 
[0095] Plasmid pJP028 harbors cat and ery, which encode 
chloramphenicol and erythromycin resistance, respectively. 
Expression of cat is placed under the control of the PHELP-

promoter (81 ). Oligonucleotides o VPL261-262 (Table 3) are 
complementary to the cat gene with exception of three 
bases; subsequent amplification and self-ligation of the 
amplicon yielded pVPL3031 which contains an in-frame 
stop codon in cat (cat*; L141 *). 

TABLE 3 

Oligo 
Name 

oVPL202 

oVPL203 

oVPL261 

oVPL262 

oVPL271 

oVPL272 

oVPL283 

Oligonucleotides used for plasmid construction in this study. 

Sequence (5'-3') t 

Atgaactttaataaaattgatttagac 
(SEQ ID NO, 23) 

ttataaaagccagtcattaggcc (SEQ ID 
NO, 24) 

TCAagaaaaagcattttcaggtatagg 
(SEQ ID NO, 25) 

tctattattccttggacttcattt (SEQ ID 
NO, 26) 

ttaaaaattaatctttccagtaataatcaaca 
tc (SEQ ID NO, 27) 

ttaaaatgtaggtttaatttttagggc 
(SEQ ID NO, 28) 

aagcagtcaaaaagccctaaaaattaaac 
ctacattttaacattatgctttggcagtttattc 
ttgacatg (SEQ ID NO, 29) 

Target/comment# 

Fwd, cat gene from pVPL3031 

Rev, cat gene from pVPL3031 

Fwd, introduces internal stop codon into cat 
from pVPL3031, generating cat*(L141*) 

Rev, introduces internal stop codon into cat 
from pVPL3031, generating cat*(L141*) 

Fwd, internal oligonucleotide for pVPL3038 
backbone for cloning 
cat* gene 

Rev, internal oligonucleotide for pVPL3038 
backbone for cloning 
cat* gene 

Fwd, oligonucleotide with 40 bp clamps to 
amplicon 265-266 to clone cat* gene (lagging 
strand orientation) via Gibson assembly 
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Oligo 
Name 

oVPL284 

oVPL309 

oVPL310 

oVPL334 

oVPL335 

oVPL363 

oVPL728 

oVPL736 

oVPL737 

oVPL1286 

oVPL1408 

oVPL4033 

oVPL4034 

oVPL4035 

oVPL4036 

oVPL4037 

oVPL4038 

oVPL4039 

oVPL4040 

oVPL4041 

oVPL4045 
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TABLE 3-continued 

Oligonucleotides used for plasmid construction in this study. 

Sequence (5'-3')t 

tgcgctgatgttgattattactggaaagatta 
atttttaatttgattgatagccaaaaagcagc 
ag (SEQ ID NO, 30) 

tctcgctttgattgttctatcgaaag (SEQ 
ID NO, 31) 

ataaggaagataaatcccataagggc 
(SEQ ID NO,32) 

aactttcgccattaatgtgttttatcgg 
(SEQ ID NO, 33) 

agacagatgacaagccctttagc (SEQ 
ID NO, 34) 

taatatgagataatgccgactgtac (SEQ 
ID NO, 35) 

ttcattacatccatgggtgtc (SEQ ID 
NO, 36) 

tgaatgagtgagtcaacttg (SEQ ID 
NO, 37) 

taaatatcaccttatttcaa (SEQ ID 
NO, 38) 

tgatctttgaaccaaaattag (SEQ ID 
NO, 39) 

agaaaaccgactgtaaaaagtacag 
(SEQ ID NO, 40) 

atgctatcaagaaaaaattataagga 
(SEQ ID NO, 41) 

ctaatcatgtttacgcttcttgcc (SEQ 
ID NO, 42) 

gcagcagaaattgaaataaggtgatattta 
atgctatcaagaaaaaattataaggaaact 
(SEQ ID NO, 43) 

gccgactgtactttttacagtcggttttcttg 
aatgagtgagtcaacttgaattatttgc 
(SEQ ID NO, 44) 

ggtttgggcaagaagcgtaaacatgatta 
gtgatctttgaaccaaaattagaaaaccaa 
g (SEQ ID NO, 45) 

gtgaaaaaagataaaaagcga (SEQ ID 
NO, 46) 

ttaacgacctgtcgtatatt (SEQ ID 
NO, 47) 

gcagcagaaattgaaataaggtgatattta 
gtgaaaaaagataaaaagcgatcatttgaa 
(SEQ ID NO, 48) 

tttagcgaaaaatatacgacaggtcgttaat 
gatctttgaaccaaaattagaaaaccaag 
(SEQ ID NO, 49) 

atgtcttttgacggcttg (SEQ ID 
NO, 50) 

Target/comment# 

Rev, oligonucleotide with 40 bp clamps to 
amplicon 265-266 to clone cat* gene (lagging 
strand orientation) via Gibson assembly 

Rev, for amplifying pJP028 backbone omitting 
cat gene 

Fwd, for amplifying pJP028 backbone 
omitting cat gene 

Fwd, for single-crossover and double
crossover screening of cat* 
insertion 

Rev, for single-crossover and double
crossover screening of cat* 
Insertion 

Fwd, for screening for presence of pThyA-Ctl 
and pIL-22-ThyA plasmids 

Rev, for screening for presence of pThyA-Ctl 
and pIL-22-ThyA plasmids 

Fwd, for amplifying pMutL promoter 
sequence from pSIP411,pMutL-ThyA 

Rev, for amplifying pMutL promoter sequence 
from pSIP411,pMutL-ThyA 

Fwd, for amplifying pJP028 backbone 

Rev, for amplifying pJP028 backbone 

Fwd, for amplifying cmbA (LAR_0958) gene 

Rev, for amplifying cmbA (LAR_0958) gene 

LCR bridging oligonucleotide for ligating 
pMutL promoter sequence to cmbA for 
insertion into pJP028 for complementation 

LCR bridging oligonucleotide for insertion of 
pMutL into pJP028 for adhesion protein 
complementation 

LCR bridging oligonucleotide for insertion of 
cmbA into pJP028 for complementation 

Fwd, for amplifying srtA (LAR_0227) gene 

Rev, for amplifying srtA (LAR_0227) gene 

LCR bridging oligonucleotide for ligating 
pMutL promoter sequence to srtA for insertion 
into pJP028 for complementation 

LCR bridging oligonucleotide for insertion of 
srtA into pJP028 for complementation 

Fwd, for amplifying fbpA (LAR_0878) gene 
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Oligo 
Name 

oVPL4046 

oVPL4047 

oVPL4048 

oVPL4049 

oVPL4050 

oVPL4051 

oVPL4052 

oVPL4053 

oVPL4054 

oVPL4055 

oVPL4056 

oVPL4057 

oVPL4058 

oVPL4059 

oVPL4060 

oVPL4061 

oVPL4062 

oVPL4063 

oVPL4064 

oVPL4065 

oVPL4066 

17 

TABLE 3-continued 

Oligonucleotides used for plasmid construction in this study. 

Sequence (5'-3')t 

ttagttagaaagtttatgcggtgt (SEQ 
ID NO, 51) 

tgcatgagtaaacaagccgtcaaaagaca 
ttaaatatcaccttatttcaatttctgctgc 
(SEQ ID NO, 52) 

tatgtaacaccgcataaactttctaactaat 
gatctttgaaccaaaattagaaaaccaag 
(SEQ ID NO, 53) 

atgaagaataatagttcaaaatattg 
(SEQ ID NO, 54) 

ttaagcatgtttacgctt (SEQ ID 
NO, 55) 

gcagcagaaattgaaataaggtgatattta 
atgaagaataatagttcaaaatattgttta 
(SEQ ID NO, 56) 

attattgatcgcaagcgtaaacatgcttaat 
gatctttgaaccaaaattagaaaaccaag 
(SEQ ID NO, 57) 

atgaagaaaagaaaatta (SEQ ID 
NO, 58) 

ttattcgtaccgtttaa (SEQ ID 
NO, 59) 

gcagcagaaattgaaataaggtgatattta 
atgaagaaaagaaaattaaagaagagttta 
(SEQ ID NO, 60) 

attggggcaacacttaaacggtacgaata 
atgatctttgaaccaaaattagaaaaccaa 
g (SEQ ID NO, 61) 

atgtcgaagaacaatgcac (SEQ ID 
NO, 62) 

tcagtaatagttgggtttatctgt 
(SEQ ID NO, 63) 

gcagcagaaattgaaataaggtgatattta 
atgtcgaagaacaatgcacaagaatatgta 
(SEQ ID NO, 64) 

gggatgacagataaacccaactattactga 
tgatctttgaaccaaaattagaaaaccaag 
(SEQ ID NO, 65) 

gtgactaataaaaagcatta (SEQ ID 
NO, 66) 

ttagaattcaccataatat (SEQ ID 
NO, 67) 

gcagcagaaattgaaataaggtgatattta 
gtgactaataaaaagcattataaattatat 
(SEQ ID NO, 68) 

ttggtaagcctatattatggtgaattctaatg 
atctttgaaccaaaattagaaaaccaag 
(SEQ ID NO, 69) 

atgatttctaagaaaaactttg (SEQ 
ID NO, 70) 

ttagtaccagccattagct (SEQ ID 
NO, 71) 

Target/comment# 

Rev, for amplifying fbpA (LAR_0878) gene 

LCR bridging oligonucleotide for ligating 
pMutL promoter sequence to fbpA for insertion 
into pJP028 for complementation 

LCR bridging oligonucleotide for insertion of 
fbpA into pJP028 for complementation 

Fwd, for amplifying cyclic-phosphodiesterase 
(cidi) (LAR_0983) gene 

Rev, for amplifying cyclic-phosphodiesterase 
(cidi) (LAR_0983) gene 

LCR bridging oligonucleotide for ligating 
pMutL promoter sequence to cidi for insertion 
into pJP028 for complementation 

LCR bridging oligonucleotide for insertion of 
cidi into pJP028 for complementation 

Fwd, for amplifying pilP (LAR_0989) gene 

Rev, for amplifying pilP (LAR_0989) gene 

LCR bridging oligonucleotide for ligating 
pMutL promoter sequence to pilP for insertion 
into pJP028 for complementation 

LCR bridging oligonucleotide for insertion of 
pilP into pJP028 for complementation 

Fwd, for amplifying slpA (LAR_1193) gene 

Rev, for amplifying slpA (LAR_1193) gene 

LCR bridging oligonucleotide for ligating 
pMutL promoter sequence to slpA for insertion 
into pJP028 for complementation 

LCR bridging oligonucleotide for insertion of 
slpA into pJP028 for complementation 

Fwd, for amplifying autolysin, (auto) 
(LAR_1284) gene 

Rev, for amplifying autolysin, (auto) 
(LAR_1284) gene 

LCR bridging oligonucleotide for ligating 
pMutL promoter sequence to autolysin for 
insertion into pJP028 for complementation 

LCR bridging oligonucleotide for insertion of 
autolysin into pJP028 for complementation 

Fwd, for amplifying apfl (LAR_0410) gene 

Rev, for amplifying apfl (LAR_0410) gene 
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TABLE 3-continued 

Oligonucleotides used for plasmid construction in this study. 

Oligo 
Name 

oVPL4067 

oVPL4068 

oVPL4069 

oVPL4070 

oVPL4071 

oVPL4072 

Sequence (5'-3')t 

gcagcagaaattgaaataaggtgatattta 
atgatttctaagaaaaactttgctaaagta 
(SEQ ID NO, 72) 

gctcactggcaagctaatggctggtactaa 
tgatctttgaaccaaaattagaaaaccaag 
(SEQ ID NO, 73) 

atgagaaattcgaatacaaataattg 
(SEQ ID NO, 74) 

ttagttgtggcgcttctttg (SEQ ID 
NO, 75) 

gcagcagaaattgaaataaggtgatattta 
atgagaaattcgaatacaaataattggcgt 
(SEQ ID NO, 76) 

acttacagctcaaagaagcgccacaacta 
atgatctttgaaccaaaattagaaaaccaa 
g (SEQ ID NO, 77) 

Target/comment# 

LCR bridging oligonucleotide for ligating 
pMutL promoter sequence to apfl for insertion 
into pJP028 for complementation 

LCR bridging oligonucleotide for insertion of 
apfl into pJP028 for complementation 

Fwd, for amplifying 11993 (LAR_0044) gene 

Rev, for amplifying 11993 (LAR_0044) gene 

LCR bridging oligonucleotide for ligating 
pMutL promoter sequence to 11993 for 
insertion into pJP028 for complementation 

LCR bridging oligonucleotide for insertion of 
11993 into pJP028 for complementation 

oVPL: Van Pijkeren Lab oligonucleotide identification number. Uppercase bases indicate mismatches with wild-type sequence. 

#: Fwd: forward; Rev: reverse; oligo: oligonucleotide. cat: chloramphenicol acetyl transferase; 

LAR_#### refer to closed reference genome Limosilactobacillus reuteri JCM1112. 

t: * indicates nonsense mutation. 

Integration of Cat* in L. reuteri Chromosome. 
[0096] The oligonucleotides used in the present examples 
can be found in Table 3. The PHELP::cat* cassette was 
amplified from pVPL3031 with oVPL283-284 and 
pVPL3038 (82) was amplified with oVPL271-272, followed 
by Gibson assembly (83) to yield pVPL3047. L. reuteri was 
transformed with 5 µg pVPL3047, and we screened by PCR 
for upstream and downstream single-crossover homologous 
recombination with oligonucleotides oVPL203-334-335 and 
o VPL202-334-335, respectively. Integration of cat* follow
ing double-crossover recombination was confirmed with 
oligonucleotide pair o VPL334-335 to yield L. reuteri 
VPL4011. Integration of oVPL283 by ssDNA recombineer
ing (24) reverted the in-frame stop codon to its original DNA 
sequence to yield L. reuteri VPL4052, which served as the 
control for growth and adhesion experiments. 
Construction of L. reuteri Putative Adhesion Protein 
Mutants and Barcoding. 
[0097] Putative adhesinmutants were generated by single
stranded DNA (ssDNA) recombineering as described pre-

viously (24). Briefly, VPL4011 harboring pVPL2032, which 
provides inducible expression of the phage recombinase 
RecT, was simultaneously transformed with 100 µg 
oVPL3848, a degenerative oligonucleotide, targeting cat* 
and 100 µg oligonucleotide targeting a putative adhesin 
(Table 4). To restore cat, oVPL3848 contains three adjacent 
randomized bases targeting the stop codon and three addi
tional randomized bases targeting nearby wobble bases in 
codons encoding A138, S140, and S142. Incorporation of 
oVPL3848 in the chromosome modifies the stop-codon and 
wobble bases creating a mixture of unique barcodes. Fol
lowing selection on MRS supplemented with chlorampheni
col, recombinant genotypes of genes encoding putative 
adhesins were identified by a mismatch amplification muta
tion assay (MAMA) PCR (84, 85). The integrity of recom
binant genotypes was confirmed by Sanger Sequencing. 
Each barcode was subsequently introduced in VPL4011 
harboring pVPL2032 via recombineering, resulting in a 
group of control strains (Table 4). 

TABLE 4 

Oligo name 

oVPL236 

oVPL449 

Recombineerinq and mutant screening oliqonucleotides. 

sequence (5'-3') 

tcaaaccaccaggaccaagcgctgaa 
agacgacgcttTCTGCttaattcac 
ctaatgggttggtttgatccatgaactgg 
(SEQ ID NO, 78) 

aaacgcgatccatgttggtgatataaatc 
atctgccctTGTCAagcatgatagt 
acaatggagaaaagaggattttgctcc 
(SEQ ID NO, 79) 

Target/comment# Locus* 

Targets rpoB LAR 1402 

Targets srtA LAR 0227 

Mutation(s) 1 

H488R 

K150*V151Q 
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Oligo name 

oVPL468 

oVPL469 

oVPL470 

oVPL1670 

oVPL1671 

oVPL1672 

oVPL1673 

oVPL3694 

oVPL3695 

oVPL3696 

oVPL3697 

oVPL3763 

oVPL3764 

oVPL3766 

oVPL3836 

oVPL3796 

oVPL3797 

19 

TABLE 4-continued 

Recombineering and mutant screening oligonucleotides. 

sequence ( 5' -3') 

tcctaattcgcaaaataagcagagg 
(SEQ ID NO, 80) 

aatggattacaaatacaggcaaaatcc 
(SEQ ID NO, 81) 

ttggtgatataaatcatctgccctTGT 
C (SEQ ID NO, 82) 

cgttaaaataggaaaacctttgcttaggt 
caaatcgcaAGCTTtatccgaaaa 
cagatttagtacctgttcctgtccgat 
(SEQ ID NO, 83) 

gctatttcttagataaagtggctgac 
(SEQ ID NO, 84) 

tttgcttaggtcaaatcgcaagctt 
(SEQ ID NO, 85) 

aaaattggaacatggtgtgacatgga 
(SEQ ID NO, 86) 

Target/comment# 

Fwd, starts 500 bp upstream 
of site mutated by oVPL449 

Rev, starts 500 bp 
downstream of site mutated 
byoVPL449 

MAMA oligo which will 
form 500 bp amplicon when 
OVPL449 
is incorporated 

Targets thyA 

Fwd, starts 500 bp upstream 
of site mutated by 
oVPL1670 

MAMA oligo which will 
form 500 bp amplicon 
when oVPL1670 is 
incorporated 

Rev, starts 500 bp 
downstream of site mutated 
by oVPL1670 

acattttctgcattagttgcttgttgagcag Targets 11993 
atagcttTCACCggtaagcatcatttt 
ccttagcaacagctgagttgtaa 
(SEQ ID NO, 87) 

agttcgggcaactgctgatc (SEQ 
ID NO, 88) 

gcttgttgagcagatagcttTCACC 
(SEQ ID NO, 89) 

taaccgcattgtaaaattcacggtagt 
(SEQ ID NO, 90) 

catacccacgaatccaaattactgagat 
cccatacaaaTGATAggcggttcc 
aactaattttacaatgacaatgcggaaat 
(SEQ ID NO, 91) 

ggtgattaatactggctctggattttc 
(SEQ ID NO, 92) 

gacaacatgaatattattagccgccg 
(SEQ ID NO, 93) 

tggaaccgccTATCA (SEQ 
ID NO, 94) 

Fwd, starts 500 bp upstream 
of site mutated by 
oVPL3694 

MAMA oligo which will 
form 500 bp amplicon when 
oVPL3694 

Rev, starts 500 bp 
downstream of site mutated 
by oVPL3694 

Targets fbpA 

Fwd, starts 500 bp upstream 
of site mutated by 
OVPL3763 

Rev, starts 500 bp 
downstream of site mutated 
by oVPL3763 

MAMA oligo which will 
form 500 bp amplicon when 
oVPL3763 

aacactatatccagttttacttaattcataa Targets cmbA 
gtatcatCCTATtttactttaacaaca 
acagcattactataattgcttcc (SEQ 
ID NO, 95) 

tacaagcccttaaagtca (SEQ ID 
NO, 96) 

Fwd, starts 500 bp upstream 
of site mutated by 
oVPL3796 

Locus* 

LAR 0739 

LAR 0044 

LAR 0878 

LAR 0958 

Nov. 30, 2023 

Mutation(s) 1 

Y38*Q39SM40L 

Q211RG212* 

N68*P69* 

P282*N283D 
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TABLE 4-continued 

Recombineering and mutant screening oligonucleotides. 

Oligo name 

oVPL3798 

oVPL3799 

oVPL3802 

oVPL3837 

OVPL3838 

oVPL3839 

OVPL3808 

oVPL3809 

oVPL3810 

oVPL3811 

OVPL3814 

oVPL3815 

oVPL3816 

oVPL3817 

oVPL3850 

OVPL3851 

OVPL3983 

sequence ( 5' -3') 

ttgttgttaaagtaaaATAGG 
(SEQ ID NO, 97) 

atgttacctcatcagct (SEQ ID 
NO, 98) 

ttgatatttggctaggtcagaccaatcagt 
agtcgtttATTACgtacttgcttcatc 
cttattagtctggaccattggcgt (SEQ 
ID NO, 99) 

tggtagggaagtaatttcaatccc 
(SEQ ID NO, 100) 

tcactggcaagtactgaatgttgg 
(SEQ ID NO, 101) 

gtcagaccaatcagtagtcgtttATT 
AC (SEQ ID NO, 102) 

Target/comment# 

MAMA oligo which will 
form 500 bp amplicon when 
oVPL3796 

Rev, starts 500 bp 
downstream of site mutated 
by oVPL3796 

Targets cyclic
phosphodiesterase (cidi) 

Fwd, starts 500 bp upstream 
of site mutated by 
oVPL3802 

Rev, starts 500 bp 
downstream of site mutated 
by oVPL3802 

MAMA oligo which will 
form 500 bp amplicon when 
oVPL3802 

aatttttatacgcttgattcttagaagttaag Targets pilP 
tttcctCATCAataataagtaatataa 
tcaagcattgatctttcataaa (SEQ 
ID NO, 103) 

tctaacttttgaagtaattc (SEQ ID 
NO, 104) 

gaagttaagtttcctCATCA 
(SEQ ID NO, 105) 

gactggccttttgtaatt (SEQ ID 
NO, 106) 

Fwd, starts 500 bp upstream 
of site mutated by 
oVPL3808 

MAMA oligo which will 
form 500 bp amplicon when 
oVPL3808 

Rev, starts 500 bp 
downstream of site mutated 
by oVPL3808 

aaagtgaagttacaattggtgtatttaaatt Targets slpA 
ttgtaatCATCAgtcattagttttaatt 
acatttttatttctgttagtaa (SEQ ID 
NO, 107) 

actatcagaacccgttag (SEQ ID 
NO, 108) 

attaaaactaatgacTGATG 
(SEQ ID NO, 109) 

gaatacttgctgactagt (SEQ ID 
NO, 110) 

Fwd, starts 500 bp upstream 
of site mutated by 
oVPL3814 

MAMA oligo which will 
form 500 bp amplicon when 
oVPL3814 

Rev, starts 500 bp 
downstream of site mutated 
by oVPL3814 

ccaaccatcttttactggtgttgatatctct Targets apfl 
gttgactACTACgttactgagtttgct 
ttttgatccgtggcttgttgagt (SEQ 
ID NO, 111) 

ggattgacggtaatcattgtctac 
(SEQ ID NO, 112) 

tgttgatatctctgttgactACTAC 
(SEQ ID NO, 113) 

Fwd, starts 500 bp upstream 
of site mutated by 
oVPL3850 

MAMA oligo which will 
form 500 bp amplicon when 
oVPL3850 

Locus* 

LAR 0983 

LAR 0989 

LAR 1193 

LAR 0410 

Nov. 30, 2023 

Mutation(s) 1 

P58*Q59* 

N162*Q163* 

V102*Q103* 

D82E G83* 
E84* 
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TABLE 4-continued 

Recombineering and mutant screening oligonucleotides. 

Oligo name 

oVPL3984 

oVPL3856 

oVPL3857 

oVPL3858 

oVPL3859 

oVPL3939 

oVPL3752 

oVPL3754 

oVPL3940 

oVPL3993 

oVPL3994 

OVPL3848 

oVPL3996 

oVPL3997 

OVPL3998 

oVPL3999 

oVPL4000 

sequence ( 5' -3') 

ggcttatagccgatgtgca (SEQ ID 
NO, 114) 

Target/comment# 

Rev, starts 500 bp 
downstream of site mutated 
by oVPL3850 

tgcattagctgcgttttgagcgttgtattctt Targets autolysin (auto) 
gaatttACTACtcgctcttgatgatta 
acttttgaccaacgtaaatctt (SEQ 
ID NO, 115) 

ggtgctgttacagcttagta (SEQ ID 
NO, 116) 

gttaatcatcaagagcgaGTAGT 
(SEQ ID NO, 117) 

ctcgacctatacctgtcgaa (SEQ 
ID NO, 118) 

agcgaatcccatttagttggtacaaagtt 
agcttttaaTTATCtctttttagcaact 
gctttaccaagatctacttcaaag 
(SEQ ID NO, 119) 

tccgaatgaattatctggcggac 
(SEQ ID NO, 120) 

gctggatcttgttcactagaaacat 
(SEQ ID NO, 121) 

taaagcagttgctaaaaagaGATA 
A (SEQ ID NO, 122) 

AAACagatcttggtaaagcagttgc 
taaaaagatG (SEQ ID 
NO, 123) 

AAAACatctttttagcaactgctttac 
caagatct (SEQ ID NO, 124) 

gtttcccaaaacacctatacctgaaaatg 
cNttttcNNNNtcNattattocttgg 
acttcatttactgggtttaacttaa (SEQ 
ID NO, 125) 

gtttcccaaaacacctatacctgaaaatg 
cTttttcGACGtcTattattccttgga 
cttcatttactgggtttaacttaa (SEQ 
ID NO, 126) 

gtttcccaaaacacctatacctgaaaatg 
cTttttcTTGCtcGattattccttgga 
cttcatttactgggtttaacttaa (SEQ 
ID NO, 127) 

gtttcccaaaacacctatacctgaaaatg 
cGttttcTATTtcTattattccttgga 
cttcatttactgggtttaacttaa (SEQ 
ID NO, 128) 

gtttcccaaaacacctatacctgaaaatg 
cCttttcGACAtcTattattccttgga 
cttcatttactgggtttaacttaa (SEQ 
ID NO, 129) 

gtttcccaaaacacctatacctgaaaatg 
cTttttcCTTAtcCattattccttgga 
cttcatttactgggtttaacttaa (SEQ 
ID NO, 130) 

Fwd, starts 500 bp upstream 
of site mutated by 
oVPL3856 

MAMA oligo which will 
form 500 bp amplicon when 
oVPL3856 

Rev, starts 500 bp 
downstream of site mutated 
by oVPL3856 

Targets cnBp 

Fwd, starts 500 bp upstream 
of site mutated by 
oVPL3939 

Rev, starts 500 bp 
downstream of site mutated 
by oVPL3939 

MAMA oligo which will 
form 500 bp amplicon when 
oVPL3939 

cnBp protospacer sequence 

cnBp protospacer sequence 

Targets cat*. Incorporates 
random bases at stop codon 
and bases encoding A138, 
S140, and S142 

L\.cmbA barcode 

~autolysin barcode 

L\.apfl barcode 

A11993 barcode 

L\.fbpA barcode 

Locus* 

LAR 1284 

LAR 0284 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Nov. 30, 2023 

Mutation(s) 1 

P99* Kl00* 

M76RG77* 
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TABLE 4-continued 

Recombineering and mutant screening oligonucleotides. 

Oligo name sequence ( 5' -3') Target/comment# Locus* Mutation(s) 1 

oVPL4001 gtttcccaaaacacctatacctgaaaatg 
cGttttcTATCtcTattattccttgga 
cttcatttactgggtttaacttaa (SEQ 
ID NO, 131) 

~srtA barcode N/A 

oVPL4002 gtttcccaaaacacctatacctgaaaatg 
cTttttcAGCAtcTattattccttgga 
cttcatttactgggtttaacttaa (SEQ 
ID NO, 132) 

L\.slpA barcode N/A 

oVPL4003 gtttcccaaaacacctatacctgaaaatg 
cTttttcAGTTtcAattattccttgga 
cttcatttactgggtttaacttaa (SEQ 
ID NO, 133) 

L\.pilP barcode N/A 

oVPL4005 gtttcccaaaacacctatacctgaaaatg 
cTttttcGTGTtcTattattccttgga 
cttcatttactgggtttaacttaa (SEQ 
ID NO, 134) 

-6..cidi barcode N/A 

oVPL: 

Bacterial Survival of Putative Adhesion Mutants Following 
Gastrointestinal Transit. 

[0098] Fifty-eight six-week-old male C57BL/6J mice 
were purchased from The Jackson Laboratory (Bar Harbor, 
ME). Prior to the start of the experiment, the animals were 
adjusted to the new environment for one week. The animals 
were individually housed in an environmentally controlled 
facility with a 12 h light and 12 h dark cycle. Food (standard 
chow; LabDiet, St. Louis, MO) and water were provided ad 
libitum. Mice (n=5-8/treatment group) were gavaged for two 
consecutive days with 100 µl phosphate-buffered saline 
(PBS) suspension containing -109 CFU/ml of chloram
phenicol-resistant L. reuteri adhesion mutants. Fresh fecal 
samples were collected 15, 27, and 39 h after the last oral 
administration and weighed. The fecal material was resus
pended in PBS to 100 mg/ml and plated on MRS agar plates 
containing 5 µg/ml chloramphenicol. Cell viability counts 
were normalized per 108 CFU administered L. reuteri. 

Inactivation of Nine Genes Encoding Putative Adhesins in a 
Single Genetic Background. 

[0099] L. reuteri VPL4018 is a derivative of L. reuteri 
VPL1014 in which the gene encoding sortase was inacti
vated (25). Strain VPL4018 was transformed with 
pVPL2032, which encodes RecT; this strain was subjected 
to ssDNA recombineering to generate a double mutant, 
followed by generating a triple mutant etcetera until we 
inactivated nine total genes to yield a nonuple mutant (Table 
4). The mutations were achieved in the following order: 1) 
llsrtA, 2) llslpA, 3) llcmbA, 4) llauto, 5) llapfl, 6) llpilP, 7) 
ll11993, 8) MbpA, and 9) llcidi. 
Construction of L. reuteri llcnBp Single Mutant. 
[0100] We were unable to identify a recombinant genotype 
for cnBp with single-stranded DNA recombineering. To 
increase selective power, we employed CRISPR-Cas9-as
sisted recombineering (25). We first generated a plasmid 

uppercase bases 

encoding gRNA targeting cnBp. Briefly, p VPL3115 (25) 
was digested with Eco31I (Thermo Fisher Scientific fol
lowed by gel purification (Thermo Fisher Scientific, 
FERK0701). A pair of complementary oligonucleotides 
(oVPL3993-oVPL3994) identical to the 30-bp target region 
of cnBp were annealed to digested pVPL3115. DNA was 
mixed at a 1: 1 molar ratio followed by overnight ligation, 
pellet paint precipitation and transformation in L. lactis 
MG1363. We confirmed by sequence analysis insertion of 
the cnBp protospacer, yielding pCRISPR-cnBp. L. reuteri 
VPL3187 harboring p VPL3004 (25) and p VPL3016 (24, 25) 
was then co-transformed with oVPL3939 and pCRISPR
cnBp as described previously (25) to generate llcnBp 
(M76RG77*). Following genotype confirmation, llcnBp 
was passaged in MRS until Cm-, Em-, and Tet-phenotypes 
were confirmed by restored antibiotic sensitivity. Plasmid 
loss was subsequently validated by PCR, and the subsequent 
strain VPL4379 (llcnBp) was confirmed by Sanger sequenc
ing. 

Complementation of Genes Encoding Adhesion Proteins. 

[0101] For complementation, the target gene was cloned 
into a high-copy expression vector via ligase cycle reaction 
(LCR) (14). Briefly, we amplified the backbone of pJP028 
(derived from pNZ8048) with primer pair oVPL1286-
oVPL1408. We placed each gene under the control of the L. 
reuteri pMutL promoter, a promoter located upstream of the 
gene encoding MutL, which is involved in DNA repair (33, 
86). We amplified pMutL with oVPL736 and oVPL737 
using pSIP411:pMutL-Thy A as the template. Each gene 
encoding putative adhesion protein was amplified from their 
start to stop codons using oligonucleotides listed in Table 3. 
First, cmbA amplified with oVPL4033 and oVPL4034 was 
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ligated to pMutL and the pJP028 backbone with bridging 
oligonucleotides oVPL4035, oVPL4036, and oVPL4037. 
Next, 5 µL of the LCR mixture was directly transformed into 
E. coli ECl000 and plated on LB plates supplemented with 
300 µg/ml erythromycin. Insertion of pMutL and cmbA into 
pJP028 was confirmed via PCR with oVPL329 and 
oVPL363, followed by Sanger sequencing. The resulting 
plasmid (pVPL31467) was amplified with oVPL737 and 
oVPL1286 to insert the remaining genes encoding putative 
adhesion proteins. Each complementation plasmid was then 
amplified with oVPL309 and oVPL310 to omit the cat 
cassette from the pJP028 backbone, which would otherwise 
interfere with our ability to distinguish strains via their 
barcodes. Finally, each complementation plasmid was elec
troporated into L. reuteri in which the corresponding gene 
was inactivated. 

Adhesion Assay on HT-29 Human Colon Cancer Cells. 

[0102] L. reuteri wild-type and its derivatives were tested 
for their ability to adhere to the human colorectal adenocar
cinoma cell line, HT-29 (ATCC HTB-38). For bacterial cell 
preparation, overnight (-16-hour) cultures were diluted to 
an OD600=0.1 in MRS and cultured to OD600=1.0. One ml 
of bacterial culture was harvested by centrifugation (1 min 
at 21,130xg). The cell pellet was washed once in 1 ml 
Dulbecco's phosphate buffered saline (DPBS), centrifuged 
as above, and resuspended in 1 ml PBS. To prepare the 
epithelial cells, cells were seeded at 2x 104 cells/well (pas
sages 4-9) and grown to 100% confluency in a 24-well plate 
(Biolite, Thermo Scientific™, 12-556-006). For the adhe
sion assay, the cell culture medium was removed, and the 
cells were washed with 1 ml PBS. In a volume of 250 µl, 
-5x106 bacterial cells were added to the monolayer 
(MOI=5:1).After30 minutes of incubation at 37° C. and 5% 
CO2, the cell layer was gently washed with PBS five times 
to remove non-adherent bacteria. After the final wash, cells 
were lysed by adding ice-cold dH2O and the cell layer was 
disrupted with a 1 ml pipette tip. The remaining adhered 
bacteria in the suspension were vigorously vortexed, serial 
diluted and enumerated by standard plate counts. Adhesion 
to HT-29 cells was calculated as percent of adhered bacteria 
relative to the total bacteria added. We obtained six biologi
cal replicates with three technical replicates each. 

Adhesion Assay on Human Colon Cancer Enteroids 
Monolayers. 

[0103] All single mutant strains, complemented strains, 
and barcoded controls were grown overnight (-16 h) in 
MRS broth supplemented with erythromycin (5 µg/ml) as 
needed. One day prior to the assay, enteroids monolayers 
were washed once and media was replaced with antibiotic
free DMEM/F12. Overnight cultures were diluted to 
OD600=0.1, and grown to OD600=1.0 at which point 1 ml 
of cells were harvested by centrifugation (21,130xg for 1 
min). Cells were resuspended in 1 ml pre-warmed DMEM/ 
F12 (Thermo fisher) and cell concentration was quantified 
by plating serial dilutions. Mixtures of -1: 1: 1: 1: ... 1 ratios 
of single mutant strains, complemented strains, or barcoded 
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controls were prepared by mixing equal volumes of each in 
a single tube. The resulting mixtures were then diluted to 
achieve a final MOI of 5, and plated to quantify total cell 
concentration. Next, 250 µL of each mixture was added to 6 
wells each of enteroid monolayers for 3 technical replicates 
of washed wells and unwashed control wells per group. 
After 1 h incubation at 37° C. in a humidified atmosphere of 
5% CO2, the bacterial suspensions were carefully aspirated, 
and three wells of each mixture were washed three times 
with pre-warmed PBS. The remaining three cells per mix
ture serve as unwashed controls. After the last wash, 
enteroid cells were lysed by adding 1 ml (or 750 µL for 
unwashed wells) of ice-cold dH2O. The monolayers were 
then disrupted with a pipette tip to create a suspension of 
enteroid cells and bacteria before transferring the suspension 
to a 1.5 ml tube. After vortexing vigorously for 40 seconds, 
adhered bacterial cells were quantified by plating serial 
dilutions. Total DNA from the cell suspensions was then 
extracted by bead beating. Briefly, 300 µL of zirconia glass 
beads (Bio Spec) and the cell suspensions were added to 2 ml 
microvials before loading onto a bead beater (BioSpec, 
Mini-Beadbeater-16) and beat for 3 minutes at 30 s intervals, 
with 30 s on ice in between beating. Cell lysate was 
harvested by centrifugation at (21,130xg for 1 min). DNA 
was extracted from the cell lysates with the Qiagen DNeasy 
Blood and Tissue Kit according to the manufacturer's 
instructions. DNA samples were then prepared for NGS 
sequencing. Nonuple mutant was also competed with rifam
picin-resistant VPL4216 (L. reuteri::rpoB(H488R)). Con
struction of VPL4216 was described previously (24, 36). 
The procedure was identical to the single mutant competi
tion experiment except cells were plated on MRS with or 
without rifampicin supplementation (25 µg/ml) to differen
tiate between nonuple and VPL4126. The resulting ratio of 
adhered VPL4126 to nonuple cells was determined by 
comparing cell counts on MRS plates supplemented with 
rifampicin (VPL4126 count) and total cells on MRS plates. 
Nonuple cell counts were calculated by subtracting the 
rifampicin-resistant CFU from the total CFU count. Experi
ments were performed with 3 biological replicates with 3 
technical replicates each. 

Library Preparation of Adhesion Competition DNA 
Samples. 

[0104] DNA samples were prepared by PCR enrichment 
(Roche, KAPA HiFi) with oligonucleotides that add Illumina 
adapters (oVPL4155, oVPL4156, oVPL4157, and 
oVPL4158). Oligonucleotides oVPL4157 and oVPL4158 
have six N's in between the annealing sequence and the 
Illumina adapters to add sequence diversity at the ends of 
each amplicon. After confirming the absence of primer
dimers via gel electrophoresis, enriched samples were puri
fied with a GeneJet purification kit (ThermoFisher, 
FERK0701 ). Next, 10 µL of each enriched sample was used 
as template for index PCR with KAPA HiFi (8 cycles). 
Oligonucleotides used for sample enrichment and indexing 
are listed in Table 5, and were designed to distinguish 
samples from all biological and technical replicates. Indexed 
samples were then purified and quantified (Qubit fluoromet
ric quantification; Life Technologies). 
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TABLE 5 

Oligonucleotides used for library preparation. 

Oligo 
Name 

oVPL4155 

oVPL4156 

oVPL4157 

oVPL4158 

oVPL4210 

oVPL4211 

oVPL4212 

oVPL4213 

oVPL4214 

oVPL4215 

oVPL4216 

oVPL4217 

oVPL4218 

oVPL4219 

oVPL4220 

oVPL4221 

oVPL4222 

oVPL4223 

oVPL4224 

Sequence (5'-3')t 

acactctttccctacacgacgctcttccgatctcctgctgt 
aataatgggtagaagg (SEQ ID NO, 135) 

gtgactggagttcagacgtgtgctcttccgatcttggact 
cctgtaaagaatgacttca (SEQ ID NO, 136) 

acactctttccctacacgacgctcttccgatctNNNN 
NNcctgctgtaataatgggtagaagg (SEQ ID 
NO, 137) 

gtgactggagttcagacgtgtgctcttccgatctNNN 
NNNtggactcctgtaaagaatgacttca (SEQ ID 
NO, 138) 

AATGATACGGCGACCACCGAGAT 
CTACACcggaagaaACACTCTTTCCCT 
ACACGACGCT (SEQ ID NO, 139) 

CAAGCAGAAGACGGCATACGAGA 
TttcttccgGTGACTGGAGTTCAGACG 
TGTGC (SEQ ID NO, 140) 

AATGATACGGCGACCACCGAGAT 
CTACACgacaccaaACACTCTTTCCCT 
ACACGACGCT (SEQ ID NO, 141) 

CAAGCAGAAGACGGCATACGAGA 
TttggtgtcGTGACTGGAGTTCAGACG 
TGTGC (SEQ ID NO, 142) 

AATGATACGGCGACCACCGAGAT 
CTACACacaactggACACTCTTTCCCT 
ACACGACGCT (SEQ ID NO, 143) 

CAAGCAGAAGACGGCATACGAGA 
TccagttgtGTGACTGGAGTTCAGACG 
TGTGC (SEQ ID NO, 144) 

AATGATACGGCGACCACCGAGAT 
CTACACcggtactaACACTCTTTCCCT 
ACACGACGCT (SEQ ID NO, 145) 

CAAGCAGAAGACGGCATACGAGA 
TtagtaccgGTGACTGGAGTTCAGACG 
TGTGC (SEQ ID NO, 146) 

AATGATACGGCGACCACCGAGAT 
CTACACactcacacACACTCTTTCCCT 
ACACGACGCT (SEQ ID NO, 147) 

CAAGCAGAAGACGGCATACGAGA 
TgtgtgagtGTGACTGGAGTTCAGACG 
TGTGC (SEQ ID NO, 148) 

AATGATACGGCGACCACCGAGAT 
CTACACctagacgaACACTCTTTCCCT 
ACACGACGCT (SEQ ID NO, 149) 

CAAGCAGAAGACGGCATACGAGA 
TtcgtctagGTGACTGGAGTTCAGACG 
TGTGC (SEQ ID NO, 150) 

AATGATACGGCGACCACCGAGAT 
CTACACataggtcgACACTCTTTCCCT 
ACACGACGCT (SEQ ID NO, 151) 

CAAGCAGAAGACGGCATACGAGA 
TcgacctatGTGACTGGAGTTCAGACG 
TGTGC (SEQ ID NO, 152) 

AATGATACGGCGACCACCGAGAT 
CTACACtagcagcaACACTCTTTCCCT 
ACACGACGCT (SEQ ID NO, 153) 

Target/comment# 

Fwd, internal to cat gene with 
Illumina adapter 

Rev, internal to cat gene with 
Illumina adapter 

Fwd, internal to cat gene with 
Illumina adapter; "N's" indicate 
degenerate nucleotides 

Rev, internal to cat gene with 
Illumina adapter; "N's" indicate 
degenerate nucleotides 

Fwd, stem and index i5 for illumina 
sequencing_l 

Rev, stem and index i7 for illumina 
sequencing_l 

Fwd, stem and index i5 for illumina 
sequencing_2 

Rev, stem and index i7 for illumina 
sequencing_2 

Fwd, stem and index is for illumina 
sequencing_3 

Rev, stem and index i7 for illumina 
sequencing_3 

Fwd, stem and index is for illumina 
sequencing_4 

Rev, stem and index i7 for illumina 
sequencing_4 

Fwd, stem and index is for illumina 
sequencing_S 

Rev, stem and index i7 for illumina 
sequencing_S 

Fwd, stem and index is for illumina 
sequencing_6 

Rev, stem and index i7 for illumina 
sequencing_6 

Fwd, stem and index is for illumina 
sequencing_7 

Rev, stem and index i7 for illumina 
sequencing_7 

Fwd, stem and index is for illumina 
sequencing_8 

Nov. 30, 2023 
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TABLE 5-continued 

Oliqonucleotides used for library preparation. 

Oligo 
Name 

oVPL4225 

Sequence (5'-3')t 

CAAGCAGAAGACGGCATACGAGA 
TtgctgctaGTGACTGGAGTTCAGACG 
TGTGC (SEQ ID NO, 154) 

Target/comment# 

Rev, stem and index i7 for illumina 
sequencing_8 

oVPL: Van Pijkeren Lab uir_~rnwciec,cHw identification number. Bold indicates rec,omlJineer-ing oligormcleotide; 
bases indicate with wild-type sequence. All recombineering oug01rnciec,cicies 

strand. 
forward; Rev: reverse 

Targeted Sequence Analysis from Competition Experiment 
on Human Enteroid Monolayers. 

[0105] Sequencing was performed at the University of 
Wisconsin-Madison Biotechnology Center. Quality and 
quantity of the finished libraries were analyzed using Agilent 
Tapestation and Quantus Qubit dsDNA assay. Samples were 
diluted to 2 nM before sequencing. Paired-end, 150 bp 
sequencing was performed using the Illumina MiSeq 
Sequencer and a MiSeq 300 bp (v2) sequencing cartridge. 
Quality control images were analyzed using MultiQC 
vl .dev0. Paired-end Illumina sequencing reads were merged 
and filtered with PEAR (Paired-End reaD mergeR) using 
default settings (87). Phred quality scores (Q scores) were 
used to compute the total number of expected errors (E) for 
each merged read, and reads exceeding an Emax of 1 were 
removed. The ratios of strains before and after the assay 
were determined by the number of filtered reads that 
matched each barcode compared to the total filtered reads 
within each sample. Reads that corresponded to barcodes 
not used in in the present examples, which altogether 
constituted less than 4.1 % of the total reads in each sample, 
were excluded from calculations. 

Construction of NonuplellthyA::rpoB(H488R) Harboring 
IL-22 Expression Vector. 

[0106] We inactivated thyA in the Nonuple mutant with 
oVPL1670 by ssDNA recombineering as described previ
ously (24, 33). NonuplellthyA mutants were selected by 
plating serial dilutions onto modified MRS without beef 
extract supplemented with trimethoprim ( 40 µg/ml) and 
thymidine (50 µg/ml) (33, 88). NonuplellthyA was con
firmed by MAMA PCR (85, 89) with oVPL1671, 
oVPL1672, and oVPL1673, followed by Sanger sequencing. 
A rifampicin-resistant derivative was generated to quantify 
L. reuteri in fecal samples following GI transit. Briefly, a 
mutation in rpoB (H488R) was introduced into 
NonuplellthyA with oVPL236 by ssDNA recombineering, 
as described previously, resulting in NonuplellthyA::rpoB 
(H488R) (33). NonuplellthyA::rpoB(H488R) was subse
quently transformed with pVPL31134 (pCtl-ThyA) and 
pVPL31464 (pIL-22-ThyA) to assess biological functional
ity in a mouse model of diet-induced metabolic syndrome. 
Construction of p VPL31134 and p VPL31464 was described 
previously (33, 34). Henceforth, we will refer to 
NonuplellthyA::rpoB(H488R) and LRllthyA::rpoB 
(H488R) harboring pCtl-ThyA as Non-Ct! and WT-Ct!, 
respectively; and NonuplellthyA::rpoB(H488R) and 
LRllthyA::rpoB(H488R) harboring pIL-22-ThyA as Non-

IL22 and LR-IL22, respectively. IL-22 production by LR
IL22 and Non-22 was detected by ELISA, as described 
previously (33). 

High-Fat and High-Sugar-Induced Fatty Liver Disease 
Model. 

[0107] Sixty 6-week-old male C57BL/6J mice were pur
chased from The Jackson Laboratory (Bar Harbor, ME). The 
animals were housed (n=4 per cage) in an environmentally 
controlled facility with a 12 h light and 12 h dark cycle for 
8 weeks on a high-fat diet (TD.08811 45% kcal diet (21 % 
milk fat, 34% sucrose); Envigo) before treatment. Animals 
were provided with food and water ad libitum. Mice con
sumed the Western diet for 16 weeks; at week 8, mice (n=12 
per group) were gavaged daily for the remaining 8 weeks 
with 100 µI PBS (sham group), or bacteria containing 1010 
CFU/ml of one of the following: VPL31134 (LRllthyA:: 
rpoB(H488R) harboring pThyA control vector) (34), 
VPL31168 (LRllthyA::rpoB(H488R) harboring pIL22-
ThyA) (34), VPL31497 (NonuplellthyA::rpoB(H488R) har
boring pThyA control vector), or VPL31498 
(NonuplellthyA::rpoB(H488R) harboring pIL22-ThyA). 
Body weight was monitored, and fresh fecal samples were 
collected every other week. The fecal material was resus
pended in PBS to 100 mg/ml and plated on MRS agar plates 
containing 25 µg/ml rifampicin or 5 µg/mL erythromycin. 
Plaque forming units (PFU) were quantified in fecal material 
at week 7 and the endpoint. Cell viability counts and PFU 
were normalized per 108 CFU. At the endpoint (16 weeks), 
mice were euthanized by CO2 prior to tissue sampling. 

Blood Plasma Isolation. 

[0108] Fifteen hours after the last gavage and directly after 
the mice were euthanized, 500 µI blood per mouse was 
collected via cardiac puncture and mixed with EDTA at a 
final concentration of 5 mM. Plasma was isolated from the 
whole-blood sample by centrifugation at 4° C., 8,150xg for 
7 min, and the plasma fraction was stored at -80° C. until 
use. 

Quantification of Alanine Transaminase (ALT) and 
Aspartate Transaminase (AST). 

[0109] ALT and AST in blood plasma were quantified via 
colorimetric assays according to the manufacturer's instruc
tions (Sigma-Aldrich, MAK052-1KT and MAK055-1KT). 
The final absorbances were measured in a microplate reader 
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(SpectraMax Plus 384; Molecular Devices). A standard 
curve was generated using JMP software to calculate ALT 
and AST concentrations. 

Liver Triglyceride Analysis. 

[011 OJ Liver triglycerides (TGs) were quantified following 
the Jouihan method (90). Total lipids were extracted from 
100-300 mg of frozen liver tissue in ethanolic KOH at 55° 
C. for 16 h. Triglyceride content was determined by colo
rimetric analysis using free glycerol reagent (Sigma-Al
drich; F6428) and glycerol standard (Sigma-Aldrich; 
G7793). A standard curve was generated using JMP software 
to calculate liver triglyceride concentrations. 

Statistics. 

[0111] Data representation was performed using Data
Graph (version 4.3) software (Visual Data Tools, Inc., Cha
pel Hill, NC, USA). Statistical comparisons were performed 
using a paired t test, one-way analysis of variance, and 
Tukey's honestly significant difference test (HSD) (JMP Pro 
software, version 14.0.0). Three biological replicates were 
performed for all in vitro studies. All samples were included 
in the analyses, and experiments were performed without 
blinding. 

Results 

[0112] To identify target genes for inactivation to yield a 
strain with reduced adhesive ability, we first focused on 
genes encoding sortase-dependent proteins (SDPs). We 
identified a single sortase gene and eight genes encoding 
sortase-dependent proteins (SDPs). We excluded pseudo
genes (LAR_1193-1192 and LAR_0089) and genes that are 
unlikely to play a role in adhesion, which are LAR_0813 and 
LAR_0903. LAR_0903 has low homology (28% sequence 
identity) to YggS, a protein important for Vitamin B6 
metabolism (1, 2), whereas LAR_0813 is annotated as an 
amidase. 
[0113] To identify genes that encode non-sortase-depen
dent proteins that could play a role in adhesion, we used the 
genome of L. reuteri JCM1112 as a reference because it is 
a closed genome and only contains 3 SNPs when compared 
to L. reuteri 6475 (3). We searched the JCM1112 genome for 
adhesion proteins homologs that have been functionally 
characterized and determined to play a role in adhesion in 
other gram-positive bacteria. Our analyses revealed 5 genes: 
aggregation promoting factor ( apfl) ( 4, 5), fibronectin bind
ing protein (fbpA) (6), surface layer protein (slpA) (7), 
collagen binding protein ( cnBp) (8, 9), and autolysin (10) 
(Table 2). Our analysis yielded a total of 10 genes with a 
putative role in cell and/or mucus attachment. (Table 2). 

Development of a Mutant Library Tagging Method. 

[0114] To tag recombinant strains, we developed a barcod
ing system. A chromosomal barcoding system in a gut 
symbiont will open the door to multiplex the functional 
characterization of user-defined recombinants. To accom
plish this, we first designed a barcoding target. Here, we 
chose to integrate into the L. reuteri chromosome a deriva
tive of the gene encoding chloramphenicol resistance ( cat) 
that contained an in-frame stop codon to yield VPL4011. To 
generate barcodes in the L. reuteri chromosome, we applied 
single-stranded DNA recombineering using a degenerate 
oligonucleotide ( o VPL3848) that, when incorporated, 
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repairs the stop codon in the cat gene and generates muta
tions at wobble base positions creating unique tags. To map 
the distribution of mutations generated, we sequenced the 
cat gene of 96 chloramphenicol-resistant colonies; we 
observed 81 unique barcodes and 15 repeated barcodes. 
Adenosines were overrepresented at positions 1 and 6 
(which are the original bases at those positions), and position 
3, which is within the codon that replaces the stop codon. 
Bases at positions 2 and 4 are evenly distributed, while 
guanine is underrepresented at position 5. Notably, only 8 
out of 20 amino acids were represented in the 96 transfor
mants as replacements for the stop codon. Thus, without the 
use of a purified recombineering oligonucleotide and opti
mization studies, our approach provides a robust means to 
create nearly 100 unique chromosomal tags in a single step. 

[0115] We chose this barcoding method because it placed 
us in the position to screen for recombinants within a pool 
of cells that have successfully undergone a recombineering 
event, i.e. are chloramphenicol resistant. We hypothesized 
that this approach will recover recombinants at a higher 
frequency compared to a conventional recombineering 
approach that does not employ antibiotic selection. To test 
this, we simultaneously co-transformed strain VPL4011 
with oligonucleotides oVPL3848 and oVPL236, which
upon successful incorporation-repair the stop codon in the 
cat gene and generate a mutation in the gene encoding RNA 
polymerase B, which renders the cells resistant to rifampi
cin. Plating of the dual-transformation on MRS agar supple
mented with chloramphenicol or rifampicin revealed recom
bination efficiencies of 2.47±0.385% and 1.25±0.385% 
relative to total CFU, respectively. Subsequent patch plating 
of 100 dual-transformed colonies from chloramphenicol 
plates onto rifampicin plates resulted in 6% of colonies that 
were resistant to both antibiotics. Therefore, we recovered 
approximately 5-fold more recombinants when we screen a 
pool of cells that has successfully undergone a recombineer
ing event. This placed us in the position to apply this 
approach to inactivate genes putatively encoding adhesins. 

Single-Mutant Library Construction and Growth 
Characterization. 

[0116] We applied the dual-recombineering concept to 
generate nine adhesion protein mutants, each with a unique 
barcode (FIGS. 2A and 2B, Table 4). To optimize the mutant 
screening process, we developed a scheme to efficiently 
identify adhesin mutants (FIG. 2C). Briefly, we dual-trans
formed the barcoding oligonucleotide oVPL3848 and one of 
three oligonucleotides targeting different adhesins into 
VPL4011. 

[0117] After plating transformants on agar supplemented 
with chloramphenicol, we screened thirty colonies from 
each transformation via MAMA PCR in a 96-well plate. We 
observed that with a dual-recombineering method in which 
we transform VPL4011 with oVPL3848 and a recombineer
ing oligonucleotide targeting a putative adhesion mutant, we 
were often able to recover at least one recombinant per 
adhesin target per 30 CFU screened. Recombineering trans
formations that did not result in mutant recovery after 
screening 30 CFU were carried over to the next round of 
transformations until the desired genotype was recovered 
(FIG. 2C). Nine adhesin mutants were recovered using this 
method, all with unique barcodes that restored cat*. One 
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mutant, li.cnBp, was not recoverable with this method and 
was instead achieved with CRISPR-Cas9-assisted recombi
neering (11, 12). 
[0118] After confirming all mutants and identifying their 
barcodes, we performed basic characterization of each 
mutant to better inform the design of our biotherapeutic 
delivery vehicle. We tested each single mutant for growth or 
fitness defects that would impede the ability of a sequential 
mutant to deliver biotherapeutics. Any mutants that con
ferred a growth defect would be excluded from the sequen
tial mutant. Growth analysis indicates that li.cnBp exhibited 
a growth defect and was thus excluded from further analysis 
(FIG. 2D). Growth rates (data not shown, p>0.05) were 
calculated from the resulting growth curves, and no differ
ences were observed between the remaining 9 mutants and 
the chloramphenicol-resistant wild-type control (VPL4052) 
(FIG. 2D). Next, we tested the adhesin mutants for gastro
intestinal survival in mice. 
Inactivation of Genes Encoding Surface Adhesins does not 
Impact Gastrointestinal Survival. 
[0119] To determine gastrointestinal survival, we admin
istered each mutant and VPL4052 to mice for two consecu
tive days with 108 CFU per day (n=5-8 mice/group). After 
the second gavage, we recovered L. reuteri and its mutants 
from the fecal material after 15 hours, 27 hours, and 39 
hours (FIG. 3A). Average recovery at 15 h ranged from 104 
CFU/100 mg feces (MbpA and li.apfl) to 105 CFU/100 mg 
feces (li.cmbA, li.cidi, and li.hmp_11993), with VPL4052 
recovery at 105 (CFU/100 mg feces) (FIG. 3B). None of the 
differences in recovery compared to VPL4052 were signifi
cant (p>0.5). 
[0120] We also tested the ability of each adhesin mutant to 
thrive in the gut by tracking persistence. Less than 1-log 
reduction in recovery was observed across all groups except 
for ti.auto (which did not show a decrease) between the 15 
hand 27 h time points (FIG. 3C). At 39 h, a 2-3-log decrease 
was observed from 27 h for each group, except for li.11993, 
which decreased by just under 2-log (1.73±0.528), which 
was significantly different from the other groups (p<0.05). 
Overall, the persistence results combined with the survival 
results indicate that gut fitness is not negatively affected by 
individual adhesin mutations compared to the wild-type 
control. We next tested the mutants for their ability to adhere 
to HT-29 human colon cancer cells. 
Inactivation of cmbA and srtA Causes Defective Adhesion to 
Human Colon Cancer Cells. 
[0121] All nine single mutants and VPL4052 (chloram
phenicol-resistant control) were grown to mid-log phase, 
and -5x106 CFU were added to HT-29 tissue culture 
monolayers to yield a MOI of 5:1. After 30 minutes of 
incubation, cells were washed with PBS to remove non
adherent bacteria and adherent cells were harvested and 
plated to calculate percent adhesion, as described previously 
(13). Strains li.cmbA (an SDP) and li.srtA (sortase) adhered 
significantly less (1.06±0.244% and 1.06±0.337%, respec
tively) to HT-29 compared to VPL4052 (2.19±0.297%, 
p<0.02), while the remaining seven mutants adhered to 
HT-29 at levels comparable to VPL4052 (p>0.05; FIG. 3D) 
(FIG. 3E). However, we cannot eliminate the possibility that 
these seven mutants play a role in adhesion based solely on 
this model. 
[0122] HT-29 cells produce little to no mucus (14). Human 
intestinal organoid-derived epithelial monolayers (HIO
DEM model), however, contain mucus-producing goblet 
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cells in addition to enterocytes and antigen sampling M cells 
(15-18). To test the role of these adhesins in adhering to 
monolayers derived from human colon cancer enteroids, we 
designed a competition experiment. After growing each 
mutant to mid-log phase (OD600=1.0), we harvested cells 
and mixed them together in 1: 1: 1: .... : 1 ratio. We used 
mixtures of complemented mutants and barcoded VPL4011 
as controls. The mixtures (5x106 CFU total) were then 
added to monolayers (MOI=5:1) and co-incubated for 1 hour 
in DMEM/F12. After washing unadhered bacteria, cells 
were plated to determine percent adherence of the mixtures, 
which did not indicate a significant difference in adherence 
between the groups (1.14±0.66% barcode control vs 2.01±1. 
3% mutant mix vs. 1.34±0.13% complemented mix, p>0.3). 

[0123] To gain insight into the adhesive ability of each 
strain, we determined the relative abundance of each mutant. 
First, samples were lysed by bead beating, and total DNA 
was harvested and prepared for next-generation sequencing 
targeting the cat gene barcodes. We compared the percentage 
of reads corresponding to each barcode in the mixtures just 
before adding them to the enteroid monolayers (TO) to the 
percentage of barcode reads recovered from the adhesion 
assay (TF) (FIG. 3F). A positive percentage change indicates 
that the relative proportion of a mutant increased in the 
population, while a negative percentage change indicates a 
decrease in relative proportion. Mixtures added to unwashed 
cells (not washed) served as controls to compare percent 
changes between TF and TO of the washed cells. As 
expected, the ratio of strains in the barcode control mix 
(FIG. 3F) did not change during the experiment (percent 
changes were all between ±0.70%), indicating that each 
strain within the control mixture was equally capable of 
adhering to the monolayers. Importantly, the ratio of strains 
in the unwashed control also did not change (all percent 
changes between ±0.1 % ), which serves as an indication for 
the sensitivity and accuracy of our sequencing method 
(FIGS. 3F-3G). For the mutant mixture, only li.cmbA exhib
ited a significant decrease in ratio compared to the li.cmbA 
unwashed control (-2.46±0.46% vs. 0.46±0.33%, respec
tively, p<0.05) (FIG. 3G). Two mutants, li.cidi (1.34±0.34%) 
and ti.auto (1.43±0.46%) increased (though not significantly) 
in relative ratio following the adhesion assay, which corre
sponds to the results of the adhesion assay on HT-29 cells 
(FIG. 3D and FIG. 3G). Unexpectedly, li.srtA did not exhibit 
a decrease in relative proportion between TF and TO 
(0.10±0.4%). The complemented mixture exhibited higher 
variance than the barcode and mutant mixes, which we 
expect is due to variation in the effect of constitutive 
expression of each complemented gene (FIG. 3H). Despite 
this, the ratios of each strain between the washed and not 
washed samples are very similar, and with the exceptions of 
li.apfl, li.slpA and li.srtA, most TF ratios remained very 
similar to the respective TO ratios ( changed less than ±0.5%) 
(FIG. 3H). Altogether, these data confirmed that li.cmbA is 
deficient in adhesion compared to the other mutants tested; 
and that our barcode detection method is sufficiently sensi
tive and consistent for this application. 

[0124] Although seven out of nine adhesin mutants do not 
impact adhesion to in vitro cancer cell lines, it cannot be 
excluded that there is a role for bacterium-host interactions 
in the human GI tract. Thus, we continued to construct a 
nonuple mutant containing nine adhesion protein mutations 
to serve as our biotherapeutic delivery platform. 
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HT-29 Adhesion Competition Assay. 

[0125] HT-29 cells (ATCC HTB-38) were cultivated in 
Dulbecco's modified Eagle's medium containing 4.5 g/L 
glucose with L-glutamine and sodium pyruvate (Coming, 
10-013-CV) and supplemented with 10% (v/v) fetal bovine 
serum (Sigma-Aldrich, 12306C). Each cell line was propa
gated for no more than 20 passages. For each assay, cells 
were seeded into a 12-well plate (Corning, 3513) and grown 
at 37° C. in 5% CO2 until reaching 100% confluence. 
Overnight (-16-hr) cultures of L. reuteri 6475 wild-type and 
its derivatives were sub-cultured to OD600=0.1 in MRS 
(supplemented with erythromycin 5 µg/mL as needed) and 
cultured to OD600=1.0. For each strain, cultures were har
vested by centrifugation (2 min, 15,900xg) and the cell 
pellet was resuspended in 1 mL Dulbecco's phosphate 
buffered saline (Gibco, 14190144). Bacterial mixtures were 
subsequently prepared by mixing two strains in a 1:1 ratio. 
The wild-type mix contained WT 6475 (VPL1014) mixed 
with a chloramphenicol-resistant mutant (VPL4052); the 
mutant mix contained WT 6475 mixed with an individual 
adhesion mutant; and the complement mix contained WT 
6475 harboring a pJP028 control plasmid mixed with the 
complemented mutant strain. Each mixture was diluted 
20-fold to achieve an approximate cell concentration of 
-2xl07 CFU/mL, which was verified by enumeration on 
MRS agar. After removing the medium from the HT-29 cells 
and washing once with pre-warmed PBS, 500 µL of the 
diluted bacterial suspensions was added to the surface of the 
monolayers (MOI=5:1). For each mixture, the assay was 
performed in technical triplicates. After 30 minutes of incu
bation at 37° C. and 5% CO2, the monolayers were gently 
washed with PBS five times to remove non-adherent bac
teria. Subsequently, ice-cold dH20 was added and the wells 
were scraped with a 1 mL pipette tip to lyse the epithelial 
cells and collect the cell mixtures. The remaining adhered 
bacteria in the suspension were vigorously vortexed for 1 
minute and serially diluted in PBS for enumeration on MRS 
agar. Bacteria were plated on regular MRS and MRS supple
mented with chloramphenicol 5 µg/mL (for complement 
mix, plates also contained erythromycin 5 µg/mL) to distin
guish between strains in each mixture. Adhesion competi
tion ratios were calculated as the ratio of the mutant or the 
complemented mutant (all chloramphenicol-resistant) to the 
wild-type strain. Three biological replicates were performed 
for each adhesion mutant and complemented mutant pair. 
Individual adhesion mutant strains, complementation plas
mids, and combinatorial adhesion mutant strains are shown 
in Tables 6, 7, and 8, respectively. Results are shown in FIG. 
4. 

TABLE 6 

Individual adhesion mutant strains. 

Gene target Locus VPL number 

srtA LAR_0227 VPL4363 
2 slpA LAR_ 1193 VPL4362 

cmbA LAR_0958 VPL4359 
4 autolysin LAR_ 1284 VPL4367 

apfl LAR_0410 VPL4365 
pilP LAR_0989 VPL4361 

7 11993 LAR_0044 VPL4368 
fbpA LAR_0878 VPL4364 
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TABLE 6-continued 

Individual adhesion mutant strains. 

Gene target Locus 

9 cidi ( cyclic phosphodiesterase) 
10 LAR_0903 

LAR_0983 
LAR_0903 

TABLE 7 

Complementation plasmids. 

Plasmid 

pJP028 derivative, srtA complementation plasmid 
2 pJP028 derivative, slpA complementation plasmid 

pJP028 derivative, cmbA complementation plasmid 
4 pJP028 derivative, autolysin complementation 

plasmid 
pJP028 derivative, apfl complementation plasmid 
pJP028 derivative, pilP complementation plasmid 

7 pJP028 derivative, 11993 complementation plasmid 
pJP028 derivative, fbpA complementation plasmid 

9 pJP028 derivative, cidi complementation plasmid 
10 pJP028 derivative, LAR_0903 complementation 

plasmid 

TABLE 8 

Combinatorial adhesion mutant strains. 

VPL number 

VPL4360 
VPL4382 

VPL number 

pVPL31516 
pVPL31515 
pVPL31467 
pVPL31518 

pVPL31519 
pVPL31514 
pVPL31520 
pVPL31517 
pVPL31522 
pVPL31570 

VPL4366 
VPL4386 

Nonuple 
Decuple 

Mutant with genes 1-9 inactivated 
Mutant with genes 1-10 inactivated 

A Nonuple Mutant has a Reduced Capacity to Adhere to 
Enteroid Monolayers. 
[0126] An untagged combinatorial mutant was obtained 
by sequentially transforming each adhesion mutant's recom
bineering oligonucleotide into a single strain. A double 
mutant, triple mutant, quadruple mutant, and so on were 
obtained until all nine mutations were in a single strain, 
resulting in the nonuple mutant (VPL4366). Because we aim 
to employ the nonuple as our delivery vehicle platform, we 
wanted to ensure that the combined mutations did not confer 
a growth defect or impact our delivery mechanism of 
phage-mediated lysis (19). We first characterized the growth 
of the nonuple mutant (FIG. SA), which had a similar 
doubling-time compared to the wild-type (1.15±0.03 vs. 
0.99±0.05 doublings/hr, respectively; p>0.05). Next, we 
characterized the phage production by the nonuple mutant. 
Mitomycin C induction of phage resulted in lysis of both 
wild-type and the nonuple mutant, and the lysis patterns 
overlapped (FIG. SA). At the endpoint of the growth analy
sis (TS), supernatant of each culture was harvested, and 
phage were quantified (FIG. SB). Phage levels of wild-type 
and the nonuple derivative were similar ((3.96±0.179 log 
(PFU/mL) vs 4.20±0.143 log(PFU/mL), respectively; p>0. 
3)). Also, basal level phage production was similar ((6.12±0. 
193 log(PFU/mL) and 5.86±0.152 log(PFU/mL), for wild
type and recombinant strain, respectively; (p>0.3)). 
[0127] Next, we tested the ability of the nonuple deriva
tive to adhere to HT-29 cells. Each strain (-5x106 CFU) was 
co-incubated with a confluent monolayer of HT-29 (MOI 
5:1). Our results revealed that the nonuple variant did not 
adhere significantly less to HT-29 monolayers compared to 
the wild-type (1.59±0.500% vs. 2.20±0.297%, respectively; 
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p>0.4) (FIG. SC). However, using the enteroid assay model 
we observed that the control strain significantly outcom
peted the nonuple derivative (FIG. SD). In this experimental 
setup, the rifampicin-resistant control strain VPL4216 and 
the nonuple-mutant were mixed in a 1: 1 ratio and plated for 
quantification before the addition to the monolayers (FIG. 
SD, TO). The nonuple mutant and VPL4216 mixture was 
then added to enteroid monolayers to yield a total MOI of 
5:1 or 30: 1, and co-incubated for 1 hour. After the unadhered 
bacteria were removed by washing, we determined that the 
control strain outcompeted the adhesive ability of the 
nonuple strain by 5-fold regardless of the MOI (FIG. SB, 
TF). In conclusion, our data collectively placed us in the 
position to further develop the nonuple variant as a thera
peutic platform. To test proof-of-principle, we engineered 
the nonuple mutant to produce murine Interleukin-22 (IL-
22) for delivery to mice that developed fatty liver disease in 
response to a high-sugar high-fat diet. 

Nonuple Releases Intracellularly Accumulated IL-22 Via 
Phage-Mediated Lysis. 

[0128] To test the potential of the nonuple mutant to 
deliver biotherapeutics compared to wild-type, we engi
neered the nonuple mutant to intracellularly accumulate 
Interleukin-22 (IL-22). We previously demonstrated that L. 
reuteri secreting IL-22 to mice fed a high-fat diet alleviated 
diet-induced metabolic syndrome and fatty-liver disease 
(20). In addition, we demonstrated the efficacy of phage
mediated delivery of IL-22 by wild-type L. reuteri in two 
different models: alcohol-induced liver disease and the 
increased survival of irradiated mice (21, 22). This collec
tively provided a foundation to test the impact of phage
mediated delivery of IL-22 by the nonuple derivative on 
markers of diet-induced metabolic syndrome, including fatty 
liver, in a mouse model of diet-induced obesity. 
[0129] To stably maintain the IL-22 expression plasmid in 
the nonuple mutant, we disrupted the gene encoding thy
midylate synthase (thy A), as described previously (19, 23), 
resulting in nonuplellthyA. A plasmid encoding Thy A will 
be stably maintained in this genetic background without the 
need for antibiotic selection. To facilitate the recovery of L. 
reuteri from mouse fecal material, we modified the rpoB 
gene to confer rifampicin resistance, as described previously 
(11, 19), resulting in NonuplellthyA::rpoB(H488R). We 
then transformed NonuplellthyA::rpoB(H488R) with 
pVPL31134 (pCtl-ThyA) and pVPL31464 (pIL-22-ThyA) 
(19, 22). Wild-type L. reuteri (LRllthyA::rpoB(H488R)) 
strains harboring pCtl-ThyA and pIL-22-ThyA were con
structed in a previous study and were used as controls (22). 
Henceforth, we will refer to NonuplellthyA::rpoB(H488R) 
and LRllthyA::rpoB(H488R) harboring pCtl-ThyA as Non
Ctl and WT-Ct!, respectively; and NonuplellthyA::rpoB 
(H488R) and LMthyA::rpoB(H488R) harboring pIL-22-
ThyA as Non-IL22 and LR-IL22, respectively. Before 
testing the nonuple mutant in the animal disease model, 
phage-mediated release ofIL-22 by LR-IL22 and Non-IL22 
was compared. Phage-activation ofLR-IL22 and Non-IL22 
was achieved by mitomycin C induction, and total IL22 
levels were determined in the supernatants at zero-hours 
post-induction (TO) and five-hours post-induction (T5). The 
percent of IL-22 released into the supernatant compared to 
the total IL-22 produced by LR-IL22 was higher than by 
Non-IL22 at TO (18.0±0.61 % vs. 5.5±1.7%, respectively, 
p<0.05), but IL-22 release at TS between the two strains was 
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very similar (34.07±11.00% vs. 32.2±4.8%, respectively, 
p>0.5). (FIG. 6A). Total IL-22 production at TS by induced 
Non-IL22 (24.2±5.5 ng/mL) was higher than induced LR
IL22 (7.2±2.1 ng/mL, p<0.05) (FIG. 6B). No IL-22 was 
detected from LR-Ct! or Non-Ct! samples. These data indi
cate that both strains release IL22 at similar levels due to 
phage-mediated lysis, though Non-IL22 produces -3-fold 
more IL-22 than LR-IL22, which is possibly due to a 
difference in IL-22 plasmid stability. We next compared 
phage-mediated delivery of IL-22 by LR-IL22 and Non
IL22 in mice fed a high-fat, high-sugar diet. 
Survival of NonuplellthyA::rpoB(H488R) and LRllthyA:: 
rpoB(H488R)+/-IL-22 in Diet-Induced Metabolic Disease 
in Mice. 
[0130] Mice were fed a high-sugar high-fat diet (Teklad, 
TD.08811) for eight weeks before the start of treatment. At 
week nine, treatment began by administering CFU of each 
strain to mice ( n= 11-12/ group) daily and continued for 8 
weeks. One group was administered phosphate-buffered 
saline (PBS) as a sham control. Fecal CFU and body weights 
were monitored every two weeks throughout the treatment 
portion of the experiment. Bacterial survival rates were 
nearly identical across the groups at 106 CFU/100 mg feces 
expressed as averages of all samples (CFU was not detect
able from the sham group) (FIG. 7). 

Discussion 

[0131] As a novel biocontainment measure, we engineered 
L. reuteri to reduce the organism's ability to persist and 
colonize the intestinal tract. We constructed ten adhesin 
mutants which we tracked by a unique barcode in the 
chromosome. Nine out of ten selected adhesin mutants 
demonstrated no effect on growth or in vivo survival, and 
several mutants adhered significantly less to intestinal epi
thelial cells. These phenotypes informed the development of 
a nonuple mutant, which was significantly deficient in its 
ability to adhere to human colonoid monolayers. 
[0132] To enable the direct comparison of the adhesion 
mutants in in vitro and in vivo settings, we devised a 
barcoding scheme that generates unique tags in the chloram
phenicol acetyltransferase (cat) gene of each mutant. Our 
design can theoretically generate a total of 3,904 unique 
barcodes yielding a functional cat gene. However, in our 
initial screen, we observed that 81 out of 96 recombinant 
genotypes were unique, which suggests a bias towards either 
bases at the wobble positions or codons that replace the stop 
codon. One possibility is that recombination with the non
optimized o VPL3848 biased the results by failing to evade 
the DNA mismatch repair system (MMR) at the wobble base 
positions. At wobble base positions the degenerate oligo
nucleotide introduces a single mismatch that is most likely 
detected by MMR, as only five adjacent mismatches have 
demonstrated full avoidance of MMR in L. reuteri (24). It is 
also plausible that certain amino acids may not restore cat 
function, as we observed codons that replaced the stop 
codon translate to only 8/20 amino acids. If the limited 
number of amino acids at the stop codon position relates to 
the functionality or folding of Cat rather than recombination 
efficiency of oVPL3848, the total potential barcodes would 
decrease to 1,536. Despite the potential limitation of only a 
few amino acids restoring Cat, 85% of the 96 oVPL3848 
transformants sequenced contained unique barcodes. Addi
tionally, the barcode is within a gene conferring antibiotic 
resistance, and it is also possible that random mutations may 
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arise in the barcode during growth, resulting in background 
sequencing reads in downstream experiments. However, we 
observed that less than 5% of total reads in our competition 
experiment were non-mutant barcode sequences, indicating 
that at least in L. reuteri, this is not a significant concern. 
Therefore, regardless of the amino acid determinants of cat 
function and without modification, our dual-recombineering 
method is more than capable of generating small, barcoded 
libraries in a quick and efficient manner. 

[0133] We employed our dual-recombineering approach 
to generate the adhesin single mutant after demonstrating an 
increase in the recovery of recombinant colonies by -5-fold 
compared to the traditional, single-recombineering method 
(24). We expect that the increase in recombination efficiency 
is due to selecting from a population that already experi
enced one recombination event, which increases the likeli
hood for a second event. This is possibly due to a variation 
in RecT expression within the population, and we expect 
that this approach analogously increased the recovery rates 
of our adhesion mutants. This data provides proof-of-con
cept for our dual-recombineering approach that could be 
expanded for use in other non-domesticated gut symbiont 
strains in which the basal recombineering efficiency is too 
low to recover recombinants. With our approach, it may be 
possible to overcome low recombineering efficiencies via 
co-selection, perhaps by targeting rpoB (an essential and 
conserved gene in which mutations confer rifampicin resis
tance) (63) in place of cat*. Following mutant construction, 
we observed li.cmbA and li.srtA exhibited lower adhesion to 
HT-29 cells compared to wild-type. The present examples 
indicate that not all the tested proteins affect adhesion to 
HT-29 cells, though they could still play a role in adhesion 
in vivo due to different conditions and unknown expression 
levels of these putative adhesins in vitro compared to in 
vivo. HT-29 cells are well characterized, form tight junc
tions, and have a typical apical brush border, and are useful 
for studying adhesion and host-microbe interactions (64, 
65). However, a limitation ofHT-29 cells is that they do not 
completely reflect the in vivo environment because they lack 
diversity in cell type and structure. Therefore, we predict 
these putative adhesins will play a role in adhesion in 
conditions that are more physiologically similar to those 
encountered in vivo. 

[0134] An emerging model to study probiotic-host inter
actions is the human intestinal organoid-derived epithelial 
monolayer (HIODEM) model. Monolayers derived from 
enteroids are composed of a variety of cell types including 
mucus-producing goblet cells, Paneth cells, and hormone
secreting enteroendocrine cells, which create a more in vivo 
like environment than cell lines (66). However, the culturing 
of enteroid monolayers is more costly and laborious than 
traditional cell lines (67). We instead devised a competition 
experiment in which we assayed a mixture of all mutants for 
adherence in a manner similar to previous adhesin studies 
(68, 69). A pooled adhesion competition assay also allows 
for the direct comparison of the adhesion ability of each 
mutant relative to each other. In this competition experi
ment, the CmbA mutant was the only mutant significantly 
less able to adhere compared to the other mutants. We 
hypothesize this is due to the presence of the other mutants 
that may complement the adhesive ability of the sortase 
mutant and/or the other adhesins through unknown interac
tions between the strains. Importantly, variation across the 
replicates was generally very low in this experiment, vali-
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dating our barcoding method to distinguish these strains 
with a high level of sensitivity in a pooled competition assay. 
We expect this method to be broadly applicable to study 
small mutant libraries in L. reuteri and other bacteria in 
which recombineering can be applied. Notably, we observed 
that the nonuple mutant is significantly deficient in adhering 
to enteroid monolayers in competition with wild-type, as are 
several individual mutants. 
[0135] Lastly, we tested the delivery of the nonuple 
derivative compared to the wild-type in a model of high-fat 
high-sugar (HFHS) induced metabolic syndrome, which we 
recently used to demonstrate that secretion of IL-22 by L. 
reuteri alleviates fatty liver disease (32). We also had shown 
that phage-mediated delivery ofIL-22 by LR-IL22 increased 
survival of mice exposed to total body irradiation (TBI) (34). 
We observed that the level ofrecovery of the strains used in 
the present examples was -2-log lower than that observed in 
a concurrent HFD study. One difference between our con
current studies in the HFD model is the inclusion of the 
thymidylate synthase mutation (ti.thy A). Here, we employed 
thy A as an auxotrophic marker to maintain the IL-22 expres
sion construct in the absence of antibiotics in the growth 
medium (33, 74). However, our survival results suggest that 
despite the complementation of thy A in the IL-22 expression 
plasmid, ti.thy A results in a fitness cost in the HFD mice. 
Studies comparing the survival of LR!i.thyA harboring the 
thy A complementation plasmid in HFD mice to wild-type L. 
reuteri can be performed. Future studies we will evaluate the 
therapeutic potential of Non-IL22 in mice exposed to total 
body irradiation, in which LR-IL22 previously demonstrated 
success (34). 
[0136] These examples provide proof-of-concept for the 
removal of adhesin proteins as a biocontainment measure in 
bacterial biotherapeutics. 
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SEQUENCES 

>srtA (LAR 0227)-Coding Sequence 
5'/GTGAAAAAAGATAAAAAGCGATCATTTGAATGGTTACGGTGGACAGCGGTTGTTGTACTGTTACTGG 
TATCAGTTGTCTTAATTTTTAACCAACAGATTAAGTCTTACTTAGTAGGGAGTTATAAACCTGAGATTACT 
CGGCAAACGGTTCAAAGCAACCAAAAGAAAAAAGCAACCTATGATTTTCAAAGTGTCAAAGATCTTAAC 
TTGCAAACAGCTGCCAAGGCTCGTGCAAATAAGCAATCGATTAATACCATTGGAGCAATTACGGTTCCG 
GCTATTAATATGACGATTCCAATTGCTAATGGAGTTGATAATACAACTCTTGCGTTAGCAGCAGGAACCC 
TTCGTCCAGACATGAAGATGGGGGAAGGCAACTATGCGTTAGCTGGTCATAATATGGCCCATGGGAGC 
AAAATCCTCTTTTCTCCATTGTACTATCATGCTAAGGTAGGGCAGATGATTTATATCACCAACATGGATCG 
CGTTTATGAATATAAGATTTATCAACGTGAATTCATTGCGGCAACCCGGGTTGATGTGGTAGACAATACG 
CCGGAAAAGATTATAACTTTGATTACTTGTGACGCTACCGGGGCCAATCGGTTGATGATCCGCGGTAAA 
TTTGTTAAATCAGAGCCATTTACGAAAGCACCACAAAATGTGCAAAAGAATTTTAGCGAAAAATATACG 
ACAGGTCGTTAA/3' 

SEQ ID NO, 2 
>srtA (LAR 0227)-Protein Sequence 
VKKDKKRSFEWLRWTAVWLLLVSVVLIFNQQIKSYLVGSYKPEITRQTVQSNQKKKATYDFQSVKDLNLQTA 
AKARANKQSINTIGAITVPAINMTIPIANGVDNTTLALAAGTLRPDMKMGEGNYALAGHNMAHGSKILFSPL 
YYHAKVGQMIYITNMDRVYEYKIYQREFIAATRVDVVDNTPEKIITLITCDATGANRLMIRGKFVKSEPFTKAP 
QNVQKNFSEKYTTGR 

SEQ ID NO, 3 
>cmbA (LAR 0958)-Coding Sequence 
5'/ATGCTATCAAGAAAAAATTATAAGGAAACTATACGAAAACAGACACCTACAAAACAGTACTATACTA 
TTAAGAAATTAACTGTTGGGGTTACTTCGGTATTAATTGGTCTATCCTTTATGGGAGAACTAGAAGGGGA 
TAGCGTTCATGCGGACACGATGACAGCAAGCAGTGAGTCAACAAGTGTTACGTCGACGACTGCTCAGG 
ATGGTTTAAAAAAATCTCCACAACTCTATTTGCAAGTTACTGATACAAATAACCCAAGTACACCATTAAGT 
GCTTCATCCACAGGGACTAGTAAGAATGTTACCTCATCAGCTGCGGTACAAGTGAAGTCCGCTAGTGAT 
GAAGAAGATAGTGATTCTACACTAGCTAAGGGAGAAAATAAATTTGCTCGGTCAGCAGTAAAAGATTCA 
GTCACTGATGGGAAAACAAGTACAGCAGAAATTAATCCGGCAAAATTAAGCAGTCCTGCTTTAATAACG 
CAACTCAACCAATCCTTAGCTAAGAGCAGTACGAGTGATGCAGCAAAAGCTAATGATGAGTTAGAAATT 
AAAGCAACAGATCCGACTAATTATCCAAACTGTGGCGATGTGTATGGGCCATTATTTGAATTGGATGCTA 
GCGGACAGCTTGTTAATAAAGATGAAGTTATATCTCTTAAAGATATGTATATTTTCCAAATATTGAAATTA 
GTAAATACAAAAGATAGTGACTTTCAATATGTAATATTAACAATGAATCGTAAAGATACTGCAGATAGGT 
CTGTATATCTTTTTGTAACTGGAAGCAATTATAGTAATGCTGTTGTTGTTAAAGTAAAGCCAAATGATACT 
TATGAATTAAGTAAAACTGGATATAGTGTTACTTATACAGAACCAACAACTATAAATGGACATTATGTTG 
ATGGAACTTTTTATGTTACAGGAAGTACTTACGATGATGGTTTTATAATGCCAGATTGGCAACTGCAGCA 
CCTTCAGATTATATATAGTTTAGGAAATTATGATCCAAGCAATACTGACGCAACATCAGTTTGTGAAATA 
ATGCCAAGTTATGAAAAGGTACCGGTAATTAAATATAGTGGAGTACCTTCAAATATTAGCCAACCTAAG 
GTTTACATTACCGGGTTTACGGGTCAAGAGTTTAACGTTACAGATATTATTAACAATTATAAGAAAGTTT 
TTAAGGGCTACTATCTTCAAAATCCTAATGTGGCGTCCATGGGAACTCTTTCCCAATTTGAGAATGGTGG 
TTATTACTTAAAGACATATTATGATAATGATGGTAATGTTGACTTTAAGGGCTTGTATCATCAAATTGATG 
ATCAGGGAACAATGAGTGTGAGTGTTCTTAATGCAGATAATAAAACAATTGTTGGACCTGAAAATATTC 
TTGCTGGTAAATCGCATAACTTTAACTTTAATGGTCATAACTGGATTGCGCGGAATCCTTATGTCACTAGT 
TCAGCTCACGAAGTCATATTAAAGTATGCTAAGTTAGGTTCAGTTATTCCTGTTGATGAAAACGGAAATA 
AAATAAACGATGGATGGCAATATGTTAATGATCCAGATGATGCTTCCAAAGCCACTAGCCCATATGAAA 
AAGCGCCAGTTATCGATGGTTATGTAGCTGTAAATCCAGATGAAACGATCGTTCTTCCTCATAACTTAAG 
TAGTGACACAAAGATTTATTACCGAAAGAGGATTAAAGTTACCTATAGTGGTAGTGACAGCAAGACCTA 
CGATGGTAACCCAGCTAACTTCGAGCCAACGACAGTTCAGTGGAGTGGCTTGAAAGGACTGAACACTTC 
AACCTTAACGTCCGCTGACTTCACGTGGAATACTGCGGATAAGAAGGCACCAACGGATGCCGGTAAGTA 
CACACTTAGTTTGAATACGACCGGAGAAGCAGCCTTACGTAAGGCTAACCCGAACTATGATCTCAAGAC 
AATTAGCGGTAGTTACACCTACACGATTAATCCACTAGGGATTGATAAAGTTACCTATAGTGGTAGTGAC 
AGCAAGACCTACGATGGTAACCCAGCTAACTTCGAGCCAACGACAGTTCAGTGGAGTGGCTTGAAAGG 
ACTGAACACTTCAACCTTAACGTCCGCTGACTTCACGTGGAATACTGCGGATAAGAAGGCACCAACGGA 
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-continued 

SEQUENCES 

TGCCGGTAAGTACACACTTAGTTTGAATACGACCGGAGAAGCAGCCTTACGTAAGGCTAACCCGAACTA 
TGATCTCAAGACAATTAGCGGTAGTTACACCTACACGATTAATCCACTAGGGATTGATAAAGTTACCTAT 
AGTGGTAGTGACAGCAAGACCTACGATGGTAACCCAGCTAACTTCGAGCCAACGACAGTTCAGTGGAG 
TGGCTTGAAAGGACTGAACACTTCAACCTTAACGTCCGCTGACTTCACGTGGAATACTGCGGATAAGAA 
GGCACCAACGGATGCCGGTAAGTACACACTTAGTTTGAATACGACCGGAGAAGCAGCCTTACGTAAGG 
CTAACCCGAACTATGATCTCAAGACAATTAGCGGTAGTTACACCTACACGATTAATCCACTAGGGATTGA 
TAAAGTTACCTATAGTGGTAGTGACAGCAAGACCTACGATGGTAACCCAGCTAACTTCGAGCCAACGAC 
AGTTCAGTGGAGTGGCTTGAAAGGACTGAACACTTCAACCTTAACGTCCGCTGACTTCACGTGGAATAC 
TGCGGATAAGAAGGCACCAACGGATGCCGGTAAGTACACACTTAGTTTGAATACGACCGGAGAAGCAG 
CCTTACGTAAGGCTAACCCGAACTATGATCTCAAGACAATTAGCGGTAGTTACACCTACACGATTAATCC 
ACTAGGGATTGATAAAGTTACCTATAGTGGTAGTGACAGCAAGACCTACGATGGTAACCCAGCTAACTT 
CGAGCCAACGACAGTTCAGTGGAGTGGCTTGAAAGGACTGAACACTTCAACCTTAACGTCCGCTGACTT 
CACGTGGAATACTGCGGATAAGAAGGCACCAACGGATGCCGGTAAGTACACACTTAGTTTGAATACGAC 
CGGAGAAGCAGCCTTACGTAAGGCTAACCCGAACTATGATCTCAAGACAATTAGCGGTAGTTACACCTA 
CACGATTAATCCACTAGGGATTGTGACTGTAAATTACAAGGGCTATGATAAGAAAGTCTATGATGGTCA 
ACCTGGAACGATTAATCCGGGTAAATTAACGTGGAGTAAGTTGCCAGATGGTACTTCATTGAAGATGCC 
AACATGGAGTATAGATGATTTCGCTTGGGAAACAGCTGATGGCTTAGCACCAACGGCAGTAGGAACTTA 
TCGGATTATCTTGACGGATGCTGGTAAGGCTGCACTAAAGAAGATTAATCCAAATTATGACTTAAGCAG 
TATTACTGGTGTCTTTACTTATGAAATTAAGCCAGCACAGACACCAGAAATCTTAGGCCAAACACCTGAG 
CAACAACCAGGCCAAAATACTAATCAATCAGGAGCTGAAAACGGCTTTGGTTCTTCTACAAGGCCTAAT 
GCATCAACTAACTCCAATCTTAATCAACTTCCACAGACTGGTAATGAGCATTCTAATACTGCACTTGCTGG 
TCTAGCATTGGCTTTCTTGACTGCTATGCTTGGTTTGGGCAAGAAGCGTAAACATGATTAG/3' 

SEQ ID NO, 4 
>cmbA (LAR_0958)-Protein Sequence 
MLSRKNYKETIRKQTPTKQYYTIKKLTVGVTSVLIGLSFMGELEGDSVHADTMTASSESTSVTSTTAQDGLKKS 
PQLYLQVTDTNNPSTPLSASSTGTSKNVTSSAAVQVKSASDEEDSDSTLAKGENKFARSAVKDSVTDGKTSTA 
EINPAKLSSPALITQLNQSLAKSSTSDAAKANDELEIKATDPTNYPNCGDVYGPLFELDASGQLVNKDEVISLK 
D 
MYIFQILKLVNTKDSDFQYVILTMNRKDTADRSVYLFVTGSNYSNAVWKVKPNDTYELSKTGYSVTYTEPTTI 
NGHYVDGTFYVTGSTYDDGFIMPDWQLQHLQIIYSLGNYDPSNTDATSVCEIMPSYEKVPVIKYSGVPSNISQ 
PKVYITGFTGQEFNVTDIINNYKKVFKGYYLQNPNVASMGTLSQFENGGYYLKTYYDNDGNVDFKGLYHQID 
DQGTMSVSVLNADNKTIVGPENILAGKSHNFNFNGHNWIARNPYVTSSAHEVILKYAKLGSVIPVDENGNKI 
NDGWQYVNDPDDASKATSPYEKAPVIDGYVAVNPDETIVLPHNLSSDTKIYYRKRIKVTYSGSDSKTYDGNPA 
NFEPTTVQWSGLKGLNTSTLTSADFTWNTADKKAPTDAGKYTLSLNTTGEAALRKANPNYDLKTISGSYTYTI 
NPLGIDKVTYSGSDSKTYDGNPANFEPTTVQWSGLKGLNTSTLTSADFTWNTADKKAPTDAGKYTLSLNTTG 
EAALRKANPNYDLKTISGSYTYTINPLGIDKVTYSGSDSKTYDGNPANFEPTTVQWSGLKGLNTSTLTSADFT 
WNTADKKAPTDAGKYTLSLNTTGEAALRKANPNYDLKTISGSYTYTINPLGIDKVTYSGSDSKTYDGNPANFE 
PTTVQWSGLKGLNTSTLTSADFTWNTADKKAPTDAGKYTLSLNTTGEAALRKANPNYDLKTISGSYTYTINPL 
GIDKVTYSGSDSKTYDGNPANFEPTTVQWSGLKGLNTSTLTSADFTWNTADKKAPTDAGKYTLSLNTTGEAA 
LRKANPNYDLKTISGSYTYTINPLGIVTVNYKGYDKKVYDGQPGTINPGKLTWSKLPDGTSLKMPTWSIDDFA 
WETADGLAPTAVGTYRIILTDAGKAALKKINPNYDLSSITGVFTYEIKPAQTPEILGQTPEQQPGQNTNQSGAE 
NGFGSSTRPNASTNSNLNQLPQTGNEHSNTALAGLALAFLTAMLGLGKKRKHD 

SEQ ID NO, 5 
>11993 (LAR 0044) -Coding Sequence 
5'/ATGAGAAATTCGAATACAAATAATTGGCGTTCAACTGCTTTGATTGCGGGGGCAATCTTGACAGCAG 
GTGTCGTTACCACCACTTCAACGACAGATGTACACGCTGATAATAGTCAAAATAATGCACAAGTAAGTAA 
TGACCAAGTTACTTACGACCAAGTTCGGGCAACTGCTGATCAGCAACTTGCACAATTGCAATCAGCTAAT 
GATAGTAAAGAAGCTCAACAAGCTACGGCCAACGAGCAATCAAATGCTGCGGATCTTGCACAAATCAAC 
GCACAAATTGATCAATTAAAAGCTAGTCATGCTGCTCTAGAACAAGAACAAGCCGGTGCTATTGCACAA 
GCACAAGCTTCTACTGCTGCTTCTATTGAAGCACAAACTTCAGCTGCTAATGCTGAATACCAACAACAAA 
TTAACGCACAACAACAAAACGAAGCCACTCAACGTGCAGCAAATGATCAACAGTACGCACAAGCTGTTA 
GTCAAGCTGCTGAAAATCAACAAGCTATTGCTGATATCAATGCACAATATCAACAAGCTTTAAGTGATGC 
AGCTAATACGCAGACAAGCCAAGCACAGGCTGCTGTCAATAATTACAACTCAGCTGTTGCTAAGGAAAA 
TGATGCTTACCAAGGTAAGCTATCTGCTCAACAAGCAACTAATGCAGAAAATGTTAAAAATGCTGAAGC 
ATCTCTTGCAACCGCAACTGCTAATGCTAACAAGCCTTATGAAGTTGCAACTACTAACGATGTTGCTGTT 
ACTGGCCGAGTTGCTAAACCACAAACAGATGTTAAGGTTCCTGACTATGTAGCAAAATACGGAATTCAT 
CTAGAAGTTCGTGGCTATAATGGTGCTATTCCTGTATCTGATTATACTTATCCTGAATTTGCTAATACTTA 
CTATGGTGAATATCCTGATAGTGCAGTAATTACAAATAAGGCTGCTGACTCAACTCCACATGATATTTCA 
GAGATGCCATTAGATTTCCAACCAGGTCTATTAAGTTACGATACTAAAAATGATCATTCAGAAAAAGTTT 
CTGCTGATGGATTAACAGCTGCCCAAGTTCAAGTATTACGGGCATTAGCTCTTTCATGGGAAAATGGATT 
CCGTAACAATGTTTTCCAAAACTACCGTGAATTTTACAATGCGGTTAATAAGAATGATGGCTTTGTGAAC 
GTTGCTCCAGTTGATTTAGTAAGCACTGACTTTGCTGATAACATTGCTAACCAAGTTGTTGCTAACCGGA 
CAAAGTACAATGTTGATAATAATAGTCATACTGTTATCAGCAGTGGAATGCCTACTGAAGCAACTTATAG 
TAGCATTATTAATAATGCCACCCAAAACTTGCAAAAGAGTTTAACAAGTGAATTTAATGGTAAGACAGTT 
TACACTGACGTTAATGAAAACTTAACTACTATGCAAGCTGGGACGCCAACTCTTCTAAATTACGCTATTA 
ATCTCTACAACTCAATGCAGGGTATGTACTATGGTGAATTGGTAAACCCAACACACATCGGTGGACATG 
CAGTTAATCTTCTTCGTGCTGGTGTTCGCACTGTGGGAATTGGCTTCCAAAAGCTAACTGATGAAATGAC 
TGCTAAGAATGGTTCAGGTGTTTCTGATCGCAAGAACCCATCATATGCTGTAACATTTGATCATGTCGGA 
TTTAACATTGATCACGATGTTAACTTAACTAAAGAAGTTCAAAATCGTAATGTATGGGGAACTTCAACTG 
TAGATGCACAATTAAATGCTATTAAGACTGCTCAATATCATGTTAATAAAGTACCGGGGACAAAGACAG 
TTACGCCAACTGCTACTGATGTGCAAAAAGCTACTGCTAGCGAACAACAAAAATTAGCTAATGTTAAGG 
CACAAGCACAACAATCTCTTGATGCATTAGCTAGTGCCCACCAAGCTAACTTAAATAAGCTTGAACAACA 
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ATATAATGATGCGAAGGCTCAAGTAAAAGCTAACTATGATACTGCAGTTACTAAGGCAGCTAGTGTTCG 
TGATGCTGCTCTTAAGGCTACTGGAGCTGTTGACCTTCAAGCTTACAAGGCTCAATTAGACAGTGCCTAC 
CAAAACTTAGTAAAGGCTGATCAAGTAGCCGCACAAAAGCTTGCTGCTGATCGTGACGCTAAGATCGCT 
AATATTAAGAAAACTGAAAATGCAAAGCTTGATGCTAAGATTAATGAACTTGTTCCAAGCATTGACCCAC 
AAATCAAGCAATTGCAAGATCAACACCAAGCAGTTATTACCCATGGTGATGCTGTTCTTGCTGAATTAAA 
GGCTGAAAATAAGGCTGCTTATAACAAACTTGCTGAACAATTCAACGTTCAATTAGCAGCTATTCAACAA 
CGTGAAGATGCTAAGAGAGCTAATGAAGTTCGGTTAGCAAATAATACTGTTGTTCTTCCTACAGCAGTG 
AAAGCAGCTAATGATGGCAATGTTGATACTGTTGCTTTCCCAACGGTTACAAACCGTCTACAAGCTGAAA 
CTACTGGACGCGTTCAACCAGTTTCAGCACCATCGATTGTAAAGACAGCTACGCAAACGCCAATTGCAGT 
TGCACCAGTTGTAACACAAACAGCTGCAGTTGCTGCTACTACAAATAATGGTACACAAACACGGGTTGC 
TTCTACTGCTGATAATAAAGCCACTAAAGCAGACAACAATGAAAAATCAGTTGTAAAAGCTGACACTGTT 
GCTAAGAAGCAAACTCCTGCTAAGAAGAGTGAATCATCACAAAAGGTTGATCAATCTTCTATGTCAATTG 
TTGCTTTAGCTGCCACTGCATTACTTGGTACACTCGGTATCACTTACAGCTCAAAGAAGCGCCACAACTA 
A/3' 

SEQ ID NO, 
>11993 (LAR_0044) -Protein Sequence 
MRNSNTNNWRSTALIAGAILTAGWTTTSTTDVHADNSQNNAQVSNDQVTYDQVRATADQQLAQLQSA 
NDSKEAQQATANEQSNAADLAQINAQIDQLKASHAALEQEQAGAIAQAQASTAASIEAQTSAANAEYQQQ 
INAQQQNEATQRAANDQQYAQAVSQAAENQQAIADINAQYQQALSDAANTQTSQAQAAVNNYNSAVA 
KENDAYQGKLSAQQATNAENVKNAEASLATATANANKPYEVATTNDVAVTGRVAKPQTDVKVPDYVAKY 
GIHLEVRGYNGAIPVSDYTYPEFANTYYGEYPDSAVITNKAADSTPHDISEMPLDFQPGLLSYDTKNDHSEKVS 
ADGLTAAQVQVLRALALSWENGFRNNVFQNYREFYNAVNKNDGFVNVAPVDLVSTDFADNIANQWANR 
TKYNVDNNSHTVISSGMPTEATYSSIINNATQNLQKSLTSEFNGKTVYTDVNENLTTMQAGTPTLLNYAINLY 
NSMQGMYYGELVNPTHIGGHAVNLLRAGVRTVGIGFQKLTDEMTAKNGSGVSDRKNPSYAVTFDHVGENI 
DHDVNLTKEVQNRNVWGTSTVDAQLNAIKTAQYHVNKVPGTKTVTPTATDVQKATASEQQKLANVKAQA 
QQSLDALASAHQANLNKLEQQYNDAKAQVKANYDTAVTKAASVRDAALKATGAVDLQAYKAQLDSAYQN 
LVKADQVAAQKLAADRDAKIANIKKTENAKLDAKINELVPSIDPQIKQLQDQHQAVITHGDAVLAELKAENK 
AAYNKLAEQFNVQLAAIQQREDAKRANEVRLANNTVVLPTAVKAANDGNVDTVAFPTVTNRLQAETTGRV 
QPVSAPSIVKTATQTPIAVAPWTQTAAVAATTNNGTQTRVASTADNKATKADNNEKSWKADTVAKKQTP 
AKKSESSQKVDQSSMSIVALAATALLGTLGITYSSKKRHN 

SEQ ID NO, 7 
>cidi (LAR 0983)-Coding Sequence 
5'/ATGAAGAATAATAGTTCAAAATATTGTTTATTGTTAGGGACAGCATTGTTAGGATTATATTTCCAAGC 
TAATAGTGTTCATGCGGATATGACTGGGACAACAGTTAATGGTGAAACTGCCCATAGCAATGTTACGCC 
AATGGTCCAGACTAATAAGGATGAAGCAAGTACTCCGCAAACGACTACTGATTGGTCTGACCTAGCCAA 
ATATCAAAATGACATTCCAGTTCAGATTTTAGGAATCAATGACCTGCATGGTGGGTTAGAAACCACTGG 
ATCAGCTACGATTGGAGATAAGACGTATTCGAATGCCGGAACAGTTGCACGCCTAGCTGGTAACCTTGA 
TGCGGCAGAGGAAAGTTTTAAGAACGCTAATCCGACAGGAACCTCAATTCGGGTAGAAGCCGGAGATA 
TGGTTGGGGCTTCTCCAGCAAATTCTGCTCTTCTTCAAGACGAATCAACTATGCATGCTTTAGACGCAAT 
GCATTTTGAAATAGGAACTTTGGGAAACCATGAGTTTGATGAAGGTTTAGCTGAGTATATGCGGATTGT 
TAATGGTGGTGAACCTACTAAACAATATAATGAAGCTGAGATGGCCTATCCTCATGTGAAAACAGGGAT 
TAATATCATTACTGCCAATGTTGTAAATAAATCTGATGGTCAAATCCCATTTGGAATGCAACCATACTTGA 
TTAAAGAAATTCATACTAGTGATGGTAAAGTTGCTCGGATTGGCTTTATTGGGATTGAAATTACTTCCCT 
ACCAATTTTAACCTTATACGATAATTACAAAGATTATGATGTTTTAGACGAGGCTGAAACAATTGCAAAA 
TATGATCAAATTTTACGTAAAAAGGGTGTTAATGCAATTGTAGTTCTTGCCCATACAGGGGTTTCAACGG 
ATAAAGATGGCAGCACTAAAGGTAATGCTGTTGATATCATTAAGAAGCTTTACCAAATTGACCCTGATAA 
TTCTGTCGACCTTTATGTTGCCGGTCACTCCCACCAATATGCTAATGCTACTGTTGGTAGTGTAAAATTAG 
TGCAAGCCATTTACACAGGTAAGGCTTACGATGATATTATCGGTTACATCGATCCAACAACTAATGATTT 
TGCACCGAATAGTCTCGTTTCGCATGTCTTTCCTGTATTATCAGAAAAGGATGCGCCTAATATCAAAACA 
GATGCAAATGTTACAGCAATTGTTGAAGATGCTAACAATAGAGTAGCACCAATTATTAATAAGAAAATA 
GGGGAAGCTGCTACCACAGGCGATATTCTTGGACGACTACATAATACCCCTACTCGTGAAAATGCCGTT 
GGTGAATTAGTTGTCGATGGTCAATTATATGCCGCTCATAAGGTGGGCTTACCAGCTGATTTTGCGATGA 
CTAATACAGGCGGTGTTCGTGCAGATCTGCATGTTAATCCTGATCGTTCCATTACATGGGGAAGTGCCCA 
AGCGGTTCAACCATTTGGTAATATTTTGCGGGTAGTTGAAATGACAGGGGCACAAATAGTTGAAGCCTT 
GAATCAACAATATGACGAAGATCAAGCTTACTACTTACAAATTTCTGGACTTCATTATACTTATACTGACC 
AAAACGATCCTAACCAACCATATAAGGTCGTTCAAGTTTATGACCAACATAATCAACCGCTTGATATGAA 
TAAGACTTACAATGTTGTTATTAATGACTTTTTAGCAGGTGGCGGAGATGGCTTTTCTGCATTTAAGGGT 
ACCAAAGTTGTCGGGATTGTCGGGCAAGATACAGACGCGTTTATTGATTATATTACTGATATGACTAATG 
ATGGTAAACCAATTACCGCACCAACAATGAACCGTAAGATTTACTTGACTGCTGAACAATTAGCGAAGG 
CTGACGCAGATTCACAGTCACAAACAGGAACTAATCAGAACACTCAAAACGATGCTAATTCCCAGACTG 
AAGGAAATCAGCTTCAAGAAGTTCCGAGCCAACCGGTATCTCCAACAGTAACCTTGCCAACAACAGCTG 
GTCAACCCGCCGAAACTGTTACATTACATGCTCAATCTAAGCAACAAACCGTAGCTGCTAATAATCAATT 
AATTAATTTGACGCCTACATCAATTAATGGCCAAAAACAAAAAGCAACTGACCAGCAAGCAGCTTTACCA 
CAAACTGGTAACGATGAAGATCTTGCATTACTTCTTCTCGGAAATTCATTAATGGCAGCAACCGGATTGA 
CAATTATTGATCGCAAGCGTAAACATGCTTAA/3' 

SEQ ID NO, 8 
>cidi (LAR 0983)-Protein Sequence 
MKNNSSKYCLLLGTALLGLYFQANSVHADMTGTTVNGETAHSNVTPMVQTNKDEASTPQTTTDWSDLAKY 
QNDIPVQILGINDLHGGLETTGSATIGDKTYSNAGTVARLAGNLDAAEESFKNANPTGTSIRVEAGDMVGAS 
PANSALLQDESTMHALDAMHFEIGTLGNHEFDEGLAEYMRIVNGGEPTKQYNEAEMAYPHVKTGINIITAN 
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VVNKSDGQIPFGMQPYLIKEIHTSDGKVARIGFIGIEITSLPILTLYDNYKDYDVLDEAETIAKYDQILRKKGV 
NAI 
VVLAHTGVSTDKDGSTKGNAVDIIKKLYQIDPDNSVDLYVAGHSHQYANATVGSVKLVQAIYTGKAYDDIIGY 
IDPTTNDFAPNSLVSHVFPVLSEKDAPNIKTDANVTAIVEDANNRVAPIINKKIGEAATTGDILGRLHNTPTRE 
NAVGELWDGQLYAAHKVGLPADFAMTNTGGVRADLHVNPDRSITWGSAQAVQPFGNILRWEMTGAQI 
VEALNQQYDEDQAYYLQISGLHYTYTDQNDPNQPYKWQVYDQHNQPLDMNKTYNVVINDFLAGGGDGF 
SAFKGTKVVGIVGQDTDAFIDYITDMTNDGKPITAPTMNRKIYLTAEQLAKADADSQSQTGTNQNTQNDAN 
SQTEGNQLQEVPSQPVSPTVTLPTTAGQPAETVTLHAQSKQQTVAANNQLINLTPTSINGQKQKATDQQAA 
LPQTGNDEDLALLLLGNSLMAATGLTIIDRKRKHA 

SEQ ID NO, 9 
>LAR 0903-Coding Sequence 
5'/ATGATAGCTTTTTTCGATTTAAAAAATGCGAATTGCTTCTTTTTACGTATATATATTAAAGAGTATATA 
AAAGAGGAGCGAGATAATATGAACCATTTAAACCACCTTCATGTATTGCGAAACACTTGCTTAGTAGGC 
TTAACGACAGCGTCAACGATCCTTTCGCTGTCGTTAAATATTCCACCAGTTTTAGCTGCAACTCAAGAGCC 
AATTACGCATCCCGTATCTAACACAAATAATCAGAAAGAACGTGTCCAAATCAAACGTGTAATTTATTTTC 
ATCTCTTAAATGAAGTTAAAAAAGTGGAACAAGTGTCTTATGCTCACCGTGAAGTACCGAATGATTCAAC 
CAAAAAGGCAAATTGGATTATTGAACCTTTTGAAGAAGTTAATATCCCTGAGCAAGCTGGTTTTAGACCA 
TCAATGGATAAGATTCCAACTGTTACAGAAATAGAAGATCTATCGCAATTAAAAAATACGATAAATGTTT 
ATTATCAGCCCCTCAATAAAGATGAAGGGCCAAAAAAGGACAGCAAAGAGAATACGTTAGCAGAAAAG 
ACTAGGGGTGAGCAAGTAAAGGAGAATAAAAAAGAGGAAAAACAAGATTCGCAGGATAATTACCCCGT 
GGTAGAAGATCTGGGGGATGATAATCAGGTCACGGAAAATTATGGGGAGGTAAATAATACAAGAAAG 
CAGCAAAATTTGCATCAACGGGTAACAGGGATTAATAATCGACTAAATCGTTCACATCGGGACTCACGT 
AAAAACGATAACTCTGACCAACAAATACTTCCACAGACGGGAAATGAGACCGATAATTTAACGACTTTTC 
TTGGTTTGGGGATAACGGTAATGGTCGCGGGGATGAGTCTTTTTTCGTTAAAGAAAGCGCACAAAAATA 
AATAA/3' 

SEQ ID NO, 10 
>LAR_0903-Protein Sequence 
MIAFFDLKNANCFFLRIYIKEYIKEERDNMNHLNHLHVLRNTCLVGLTTASTILSLSLNIPPVLAATQEPITHP 
vs 
NTNNQKERVQIKRVIYFHLLNEVKKVEQVSYAHREVPNDSTKKANWIIEPFEEVNIPEQAGFRPSMDKIPTVT 
EIEDLSQLKNTINVYYQPLNKDEGPKKDSKENTLAEKTRGEQVKENKKEEKQDSQDNYPVVEDLGDDNQVTE 
NYGEVNNTRKQQNLHQRVTGINNRLNRSHRDSRKNDNSDQQILPQTGNETDNLTTFLGLGITVMVAGMSL 
FSLKKAHKNK 

SEQ ID NO, 11 
>pilP (LAR 0989)-Coding Sequence 
5'/ATGAAGAAAAGAAAATTAAAGAAGAGTTTAGCAACAACTGCGACGGTGATGGCTGTTACAACGGGG 
GTGGCGGCCATTAGTAATTCCGCCAAAGCTGATACAGTGCAAAATAATAAAAATACTATTCAACAAACG 
CTGCCTGATGCGAACCAACAAGCTCAGCAGAATGTCTGTGCAGCCCAAGACGCGGTTAATAAAGCCAAT 
TTTGATGTAGCAACCGCAAATAATGATCTTAATATTGCTAATCAAAATTTGGCAGACGCGGATCAAAATG 
TCGATTCTAATAAGAATCAAGTTAAACAAACGAAAGAGCAATTATCATCTCTTGAGCAAATGAAAGAAA 
ATGCTCAACAAGTTTTAACTAACGCTCATGATGAATATTATGAATTATTGAAGCAACCAGTTGATGTTTCA 
TACACGGCATTTTCTGGTGGTGGATTGAGCGTTTATGAAAGATCAATGCTTGATTATATTACTTATTATAA 
CCAAGGAAACTTAACTTCTAAGAATCAAGCGTATAAAAATTTCCTTGCGAATGACTATCAAGGAAACATT 
GATTTATTGAAAAAGATTATTGCTGAAAACGAGAGAACCATTAATTATCTGAAAATGGGTCGACCATTTG 
AAGATAATATTAGAAATCTTGAGCAAGCAAGATTAACAATAAAAGAAGAACTAGAAGAATTATATAAGG 
TAGTGGAAGCCCAAAAAGACGGGAAATATTATAAACCAAAAGATGATATTAGGTGGGCGAATATCGAT 
TCTTATGGTTTGTCATATTCTCCAGTAATGTCTAATGGATGGTATGAGGATAATCCAACTGACCAAATAA 
GTGACTTAATTGAAAATCACGAGGAAGCTCTAAACAAAATTCAACAAAGATTAGCCGAATTACATAATA 
AAATGCAGTCGGCTGTAGAAAAGGCAGAAAAAACATCCATTGCTGCTCAAGAATTACTTCAAAAGTTAG 
AGGAGATTTCACAACCGCTTATTACTGCTACTCAACAAATTAAAGATGCCGAAAGTGCAATGTCACAAGC 
TCAACAAAATCTGACACTTCAAGAAGAACTACTTACTCAGGCCAAAGATAAGCGCAATGTGATGCAATCT 
CAAGCAATCAATGCGCAAACCAAACTCTTGCAAGCACTTCTCAATAAAACAAATTCACAAGAAAAGTTAG 
CGTCAGCAAAAGAGAAACTTCCGGCACAAACTGATACCTTAAAGTATAGTTCGCTAATCAACCTTGAACC 
ACTAACGGTTGAGCCAGGAGTAACTCCTACTCCTAAAGTTACGACAGCGATTGCGGTTGAAAATGATGA 
TCATCAGAATAAAGCTGTTATTACTTTGCCTGGCGATGAACAAGAAAATAAGCTGCCTCAGGGAACAAA 
GGTAGTGTGGAAAGATGATGCTAAAGTTGCGACCGACCTTCAACGTCCCGGAAAGCATACTGAAGATG 
TCTTAATTGTTTTTCCTGATGGATCGGTGATTTTAACTAGCGAGCAAGTTACTGTTACCGCGACAGAAAA 
ACAGGCAGACGCTAATAAAGTGACTTCGCCTGTACAAGAAACGGTTGATAGTACCCAAGAAAATAATAT 
GCGTGTGAACGATCTTTCTACCCAGGTAATAGAAGTTAATGATAATAATCAAACCTCAGCACCAGAAATA 
TTGGTGACTCCGCAAACCAAGCTAAATACCGTCCAACCAAACGGAGTAATAAAAGGGCAGACAGCTCAG 
AATAAGATTACCCAGCCTTCATTAGCTAAGTCTTTTGAGGATAAGACAAGAAATAATGTTTTGCCACGAA 
CCGGAGATGAATCTTCACTTCCGATTATTGTCCTTGGCGCTGTTATTTGGCTTGCAGGAATTGGGGCAAC 
ACTTAAACGGTACGAATAA/3' 

SEQ ID NO, 12 
>p1lP (LAR 0989)-Protein Sequence 
MKKRKLKKSLATTATVMAVTTGVAAISNSAKADTVQNNKNTIQQTLPDANQQAQQNVCAAQDAVNKANF 
DVATANNDLNIANQNLADADQNVDSNKNQVKQTKEQLSSLEQMKENAQQVLTNAHDEYYELLKQPVDVS 
YTAFSGGGLSVYERSMLDYITYYNQGNLTSKNQAYKNFLANDYQGNIDLLKKIIAENERTINYLKMGRPFEDNI 
RNLEQARLTIKEELEELYKWEAQKDGKYYKPKDDIRWANIDSYGLSYSPVMSNGWYEDNPTDQISDLIENHE 
EALNKIQQRLAELHNKMQSAVEKAEKTSIAAQELLQKLEEISQPLITATQQIKDAESAMSQAQQNLTLQEELLT 
QAKDKRNVMQSQAINAQTKLLQALLNKTNSQEKLASAKEKLPAQTDTLKYSSLINLEPLTVEPGVTPTPKVTT 
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AIAVENDDHQNKAVITLPGDEQENKLPQGTKVVWKDDAKVATDLQRPGKHTEDVLIVFPDGSVILTSEQVT 
VTATEKQADANKVTSPVQETVDSTQENNMRVNDLSTQVIEVNDNNQTSAPEILVTPQTKLNTVQPNGVIKG 
QTAQNKITQPSLAKSFEDKTRNNVLPRTGDESSLPIIVLGAVIWLAGIGATLKRYE 

SEQ ID NO, 13 
>fbpA (LAR 0878)-Coding Sequence 
5'/ATGTCTTTTGACGGCTTGTTTACTCATGCAATTGTCCATGAGCTAGATCAAAAATTAACTACTGGTCG 
GGTAGCCAAAGTTAGTCAACCTTACCCTGCAGAATTAATCATTACGATCCGTGCTCACCGGCACAACTAC 
CCATTACTCATTTCTGCTAATCCAACATACCCACGAATCCAAATTACTGAGATCCCATACAAAAATCCGGC 
GGTTCCAACTAATTTTACAATGACAATGCGGAAATACCTTGAAGGTGCAATCGTCAATAAAATTGAACAA 
GTTGATAATGATCGAATTATCAAAATTACCTTTGACACTCGTGATGAATTAGGAGATAGTCAACAATTAG 
TTCTTGTGAGTGAGATTATGGCCCGGCATAGTAATATTTCACTCGTTAATCTCAAGACGGGTAAAATCAT 
TGACACCATTAAGCATGTTGGCTCAGATCAAAATCGGGTTCGCCTGTTATTACCTGGTGCTACCTTTGTCA 
TGCCACCAAAGCAAGATAAAGTTAACCCTTACTTGCCAAACCAGGTCTACTCTGATCTTGTAAGACAAAC 
CGATGACACAGTAGAATTAAGTCATCAGTTACAGGAGCATTATCAAGGATTTGGCAAAGACTCCGCACG 
GGAATTAGCTGCAGAATTACTGCAAAGTGATAATTTACCAGCTACCTATCAGCACTTTCTTAAGCACTTT 
GAAAATCCAGAGCCAGTATTAATCACCCACTCTAATGGAAAAACTCAATTTGCTGTGTTCCCTCCATTAAA 
TATTGATGGTGAGTTGCAACATTTCGACTCCCTCTCTGCCCTTCTCGATGCCTTCTATGCTAATAAAGCAG 
AGCAAGATCGTTCCAAAGAATTAGCTGGGCAAGTGTTAAAGGTATTGAAGAATGAGCTAAAAAAAGAT 
CGGCGAAAAGTAAAAAAACTGCAACAACAATTACAAGATGCAGCAACTGCAGATCAGTACCGAATTTGT 
GGTGAGATCCTTACTACCTATCTTAGTAAATTAACTCCAGGAATGAAAGAAATCGAACTTCCTAACTTTTA 
TGATGATAATAAGCCACTAAAAATCAAGCTTGCTCCAGAATTATCACCATCGCGCAACGCCCAAAAGTAC 
TTTACTAAGTATAATAAGCTCAAAACCTCTGTTGAGTATGTAAAGGAACAGCTAAAACTGACAAATGATG 
AAATCAAATACTTTGAAAACATTGAAAACCAGATTAAATTAGCTGCTCCCGCTGATATTCAAGAGATCAA 
ACTGGAACTGCAAGAACAGGGTTATATTAAAAAGAAGAAAAGCGGGAAAAAGCAACGAAAAGTTAAG 
GTAAGTGCTCCAGAAGAATTCCATACTAGTGATGGCACTACGGTTTTAGTAGGTAAAAACAACCTGCAA 
AATGACCGTCTTAGCTTTAAAATTGCTAATAAAAATGAAATTTGGTTACATGTTAAAGATATCCCAGGTT 
CCCACGTGGTAATCCGCTCAACAAACCCATCTGAAGATACGATTCTAGAAGCCGCACAGTTAGCAGCAT 
ACTTCTCTAAAGGTCGCGATTCAGATAATGTGCCCGTTGATTATCTTCCTGTCAAGCGACTTCATAAGCCA 
AACGGAGCTAAACCTGGCTTTGTTATTTTTACAGGTCAGAAAACACTTTATGTAACACCGCATAAACTTTC 
TAACTAA/3' 

SEQ ID NO,14 
>fbpA (LAR_0878)-Protein Sequence 
MS FDGLFTHAIVHELDQKLTTGRVAKVSQPYPAELIITIRAHRHNYPLLISANPTYPRIQITEIPYKNPAVPTN 
FT 
MTMRKYLEGAIVNKIEQVDNDRIIKITFDTRDELGDSQQLVLVSEIMARHSNISLVNLKTGKIIDTIKHVGSDQ 
NRVRLLLPGATFVMPPKQDKVNPYLPNQVYSDLVRQTDDTVELSHQLQEHYQGFGKDSARELAAELLQSDN 
LPATYQHFLKHFENPEPVLITHSNGKTQFAVFPPLNIDGELQHFDSLSALLDAFYANKAEQDRSKELAGQVLK 
VLKNELKKDRRKVKKLQQQLQDAATADQYRICGEILTTYLSKLTPGMKEIELPNFYDDNKPLKIKLAPELSPSR 
N 

AQKYFTKYNKLKTSVEYVKEQLKLTNDEIKYFENIENQIKLAAPADIQEIKLELQEQGYIKKKKSGKKQRKVKV 
SA 
PEEFHTSDGTTVLVGKNNLQNDRLSFKIANKNEIWLHVKDIPGSHWIRSTNPSEDTILEAAQLAAYFSKGRDS 
DNVPVDYLPVKRLHKPNGAKPGFVIFTGQKTLYVTPHKLSN 

SEQ ID NO, 15 
>autolysin (LAR 1284) -Coding Sequence 
5'/GTGACTAATAAAAAGCATTATAAATTATATAAGTCGGGGAAAAATTGGTGTGTCATGGCAATTACTG 
CACTAGCATTAACAGTTAGTTTAACTGGGGTTGCTAGTGCTGATACAACAGTTGATACAGCACAGGCAG 
AAACGAGTTTAGCACAGAGTTCAGCATCTGATGCTACTCAAATAGAATCAACCGATGCTAAAATTGGCG 
AAAGTGAGACTAATCAGTCTAATCAAAATAATCAACAGGGAAATATTAGTACTCAACAAGCCACGGATC 
AAAAAGCAAACTCAGTAACACCAAAGTCAACAGAGATATCAACACCAGTAAAAGATGGTTGGGTACAA 
GAATCTAATGGCTGGACTTTTTATAAAAATGGTAAAACTGATTTAGGTCGTACTTATTCATATTTACCAAC 
AATTACAAGTAATGGTAAAGGCAGCGGAAGCAACTGGTACTTAACGGATAATGGTGTAATTCAGACAG 
GTGTTCAAAAATGGGCCGATACCTATTACTATTTTGATCCAAGCACTTACCTTCGCGTGGATAATGACTA 
CCGTCAATCCCAATGGGGCGATTGGTATATGTTTGGTAAAGATGGTAGAATTGCTACCAAAGTTTATCAA 
TGGGCTAGTACGTACTATTATTTTGATCCAAGTACTTACCTTCGCGTGGATAATGATTACCGTCAATCCCA 
ATGGGGTGACTGGTATCTCTTTGGCAATGATGGTCGTATTCAAACCGGAGTCCAAAAATGGTATGATAC 
TTATTATTACTTTGATCCAAGTACTTACCTTCGAGTAGACAATGATTACCGTCAATCCCAATGGGGGGATT 
GGTATATGTTTGGTCCAGATGGTCGAATTGTTTCAGGACTTTATGGCTGGAAGGAAAGTTTGTATTACTT 
TACTCCTTACTTATATACCAAGGCAACTAACCAGTGGGTTTCAGCGAATGGTAAAAGTTATTGGGCAAGT 
GGCAGTGGAATTATTACTTCTGGATTGAATTCAATTAACAACTATATTCTTAATAATAATCTTGGTCATGC 
TAATATTACATTTTATGATAATGGGCAGGCCATTCCTTTGAATATTACTGGAAAATATAGTGGTACGGGT 
AATGGATTACCAAATATAGTTATCGTCCATGAAACTGCTAATCCTAATGATAGTATTTGGGGTGAAATAA 
ATTACGAAAAGAATCATTATAATGATGCATTCGTTCATGCCTTTGTAGATAATAACAATATAATTCAGATC 
TCAAATACTGACCATGAGGCTTGGGGTGCAGGTTATCCTGCTAATGGTCGGGCCGTTCAATTTGAACAA 
GTTGAGGTACATAATGCAGATGCGTTTGCTCGGGAACTTTCTAACGCTGCTTACTACACTGCATATATTA 
TGCACAAGTATGGGTTTGCGCCTTCGTTAGTATCTAATGGTAACGGAACTCTATGGTCTCATCATAATGT 
ATCTCAATATTTAGGTGGTACTGATCATACAGATCCGGATGGTTATTGGTACACAAATGCCCACAATTTC 
TATGGTACTGATTATACAATGCGTGATTTTTATGAGTTGGTAAGCCTATATTATGGTGAATTCTAA/3' 
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SEQUENCES 

SEQ ID NO, 16 
>autolysin (LAR_1284) -Protein Sequence 
VTNKKHYKLYKSGKNWCVMAITALALTVSLTGVASADTTVDTAQAETSLAQSSASDATQIESTDAKIGESETN 
QSNQNNQQGNISTQQATDQKANSVTPKSTEISTPVKDGWVQESNGWTFYKNGKTDLGRTYSYLPTITSNG 
KGSGSNWYLTDNGVIQTGVQKWADTYYYFDPSTYLRVDNDYRQSQWGDWYMFGKDGRIATKVYQWAST 
YYYFDPSTYLRVDNDYRQSQWGDWYLFGNDGRIQTGVQKWYDTYYYFDPSTYLRVDNDYRQSQWGDWY 
MFGPDGRIVSGLYGWKESLYYFTPYLYTKATNQWVSANGKSYWASGSGIITSGLNSINNYILNNNLGHANITF 
YDNGQAIPLNITGKYSGTGNGLPNIVIVHETANPNDSIWGEINYEKNHYNDAFVHAFVDNNNIIQISNTDHEA 
WGAGYPANGRAVQFEQVEVHNADAFARELSNAAYYTAYIMHKYGFAPSLVSNGNGTLWSHHNVSQYLGG 
TDHTDPDGYWYTNAHNFYGTDYTMRDFYELVSLYYGEF 

SEQ ID NO, 17 
>slpA (LAR 1193)-Coding Sequence 
5'/ATGTCGAAGAACAATGCACAAGAATATGTACGCAAAATGGAGCCGCAACGGCAACGATTTGGATTA 
AGAAAACTCAGTGTTGGTGTTGCGTCTGTGTTACTAGGAACTACTTTTATGGTCGGAGGTACAGTAGCA 
CACGCTAATACTGATAGTACACCGGCGCCAACCGCAGCAGAATCAGTAAGCACTAATGTCGTTAGTCAA 
AATGATGCTCAATCACAGGCAGCTATTAGTTCACAAACAAGTGGAAGTCAAGTCGAAATGGTTACTAAC 
AGAAATAAAAATGTAATTAAAACTAATGACGTCCAATTACAAAATTTAAATACACCAATTGTAACTTCAC 
TTTCAGCTACTATTAATTTAAACTGGACTAATGAAAACGGAGAGCCAGAAAATCTTCCAAGCATTACTTA 
TGAAGGTAAAACTGGTGATACTCTTCAAGATGTAGGTAAATACATTCAAGGTTTAATAACTACAGATAAT 
TCAAAGTATGAAGTTTCCCCATTAGTATCAACGCCTAAAGATACAGAAGATTATTTAAGTGGAAATACTG 
CAGACAGTATCACTGATCCTAGTATGAAATTAGCCTATGACGATTGGCGTAAAAATAAAGAAAAGAATT 
ATCCTTTTGCGGGTTACACTGTAGAGATTGATTCATTATCGAATGCTCCATTAACAAATGGAGGTACCTA 
CACTATCAATTTGGGAACCGAAACTCGCCTTTATAATGAACCATATTGGGTAATAACTTCACGCACTATTC 
ATTATGTAAAATATGGTCTAACGGGTTCTGATAGTGTTGCTTCTCCAGATGTGATCCAGGAAGGTTATTC 
AAATGTAACCAATTCTAAAAATAATCCAGTGGTAAAGAACTTTAATTTAGAAAAAGATGGTCATCACTAT 
GTGAGTTATGAAACGGTTCAAAGATCGTATAATGTAGCTTCTGGTATTCCTGATGGGATGACAGATAAA 
CCCAACTATTACTGA/3' 

SEQ ID NO, 18 
>slpA (LAR_1193)-Protein Sequence 
MSKNNAQEYVRKMEPQRQRFGLRKLSVGVASVLLGTTFMVGGTVAHANTDSTPAPTAAESVSTNWSQN 
DAQSQAAISSQTSGSQVEMVTNRNKNVIKTNDVQLQNLNTPIVTSLSATINLNWTNENGEPENLPSITYEGK 
TGDTLQDVGKYIQGLITTDNSKYEVSPLVSTPKDTEDYLSGNTADSITDPSMKLAYDDWRKNKEKNYPFAGYT 
VEIDSLSNAPLTNGGTYTINLGTETRLYNEPYWVITSRTIHYVKYGLTGSDSVASPDVIQEGYSNVTNSKNNPV 
VKNFNLEKDGHHYVSYETVQRSYNVASGIPDGMTDKPNYY 

SEQ ID NO, 19 
>apfl (LAR 0410)-Coding Sequence 
5'/ATGATTTCTAAGAAAAACTTTGCTAAAGTATCTGCTACTCTTGGTGCAGTGGCCTTAGGTGTTAGTGC 
AACGGCTACTGCTGCTAATGCCGACACTATCTACACCGTGCAAAGTGGTGACACACTTTCAGGTATTTCT 
TACAAATTCGCAAAAGACAACAGTATGGTCAATGATCTTGCTAAGAAGAACAATATTCAAGATATTAACA 
AGATTTACGTTGGTCAAAAGTTAATCATCAAGAGCGATGGTGAAATTCAAGAATACAACGCTCAAAACG 
CAGCTAATGCAAATGTAGCTGACAATAATACTCAAGCTACTCAACAACAAACTGCACAACCTCAACAAGC 
TCAAAGTCAAGCTAGCCAAAGTTATACTTCAAATGCTTCAGGTTCAGAAGCTGCTGCTAAGGCTTGGATT 
GCCGCTCGTGAATCTGGTGGTAACTACGGTGCTACTAACGGTCAATACATTGGTAAGTACCAATTATCAG 
CATCATACCTTAACGGTGACTACTCGGCAGCTAACCAAGAACGGGTTGCTGACCAATACGTTGCAAGTC 
GTTACGGTTCATGGCAAAATGCTCAGGCTCACTGGCAAGCTAATGGCTGGTACTAA/3' 

SEQ ID NO, 20 
>apfl (LAR_0410)-Protein Sequence 
MISKKNFAKVSATLGAVALGVSATATAANADTIYTVQSGDTLSGISYKFAKDNSMVNDLAKKNNIQDINKIYV 
GQKLIIKSDGEIQEYNAQNAANANVADNNTQATQQQTAQPQQAQSQASQSYTSNASGSEAAAKAWIAAR 
ESGGNYGATNGQYIGKYQLSASYLNGDYSAANQERVADQYVASRYGSWQNAQAHWQANGWY 

SEQ ID NO, 21 
>cnbP (LAR 0284)-Coding Sequence 
ATGAAATTTTGGAAGAAAGCACTATTAACAATTGCAGCCTTAACAGTCGGCACCTCCGCAGGAATTACAA 
GCGTTTCTGCCGCTTCATCAGCTGTTAATTCAGAATTAGTTCATAAGGGAGAATTGACAATTGGTCTTGA 
GGGAACGTACTCTCCGTACTCTTATCGTAAAAATAACAAATTAACTGGCTTTGAAGTAGATCTTGGTAAA 
GCAGTTGCTAAAAAGATGGGCTTAAAAGCTAACTTTGTACCAACTAAATGGGATTCGCTAATTGCCGGTC 
TTGGTTCAGGCAAGTTTGATGTAGTAATGAACAACATTACACAGACACCTGAACGGGCCAAGCAATATAA 
TTTCTCTACCCCATATATCAAGTCCCGGTTTGCATTAATTGTTCCTACTGATAGTAACATCAAAAGCTTG 
AAGGATATTAAAGGCAAGAAGATTATTGCTGGTACGGGAACTAATAATGCGAATGTGGTTAAAAAATATA 
AGGGTAACCTTACACCAAATGGCGATTTTGCTAGTTCCTTAGATATGATCAAGCAAGGTCGGGCTGCCGG 
GACAGTTAACTCCCGTGAAGCTTGGTACGCTTACAGCAAGAAGAACAGTACTAAGGGTCTCAAGATGATT 
GATGTTTCTAGTGAACAAGATCCAGCTAAGATTTCAGCACTTTTTAACAAGAAAGATACTGCTATTCAAT 
CTTCCTACAACAAGGCACTGAAGGAACTTCAACAAGATGGAACAGTCAAGAAGCTATCTGAAAAGTACTT 
CGGTGCAGATATTACTGAATAA 

SEQ ID NO, 22 
>cnbP (LAR 0284)-Protein Sequence 
MKFWKKALLTIAALTVGTSAGITSVSAASSAVNSELVHKGELTIGLEGTYSPYSYRKNNKLTGFEVDLGKAVAK 
KMGLKANFVPTKWDSLIAGLGSGKFDVVMNNITQTPERAKQYNFSTPYIKSRFALIVPTDSNIKSLKDIKGKKI 
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SEQUENCES 

IAGTGTNNANWKKYKGNLTPNGDFASSLDMIKQGRAAGTVNSREAWYAYSKKNSTKGLKMIDVSSEQDPAKIS 
ALFNKKDTAIQSSYNKALKELQQDGTVKKLSEKYFGADITE 

EXEMPLARY EMBODIMENTS 

[0229] 1. A recombinant microorganism comprising one 
or more modifications with respect to a corresponding 
microorganism not comprising the one or more modifica
tions, wherein the one or more modifications reduce, in the 
recombinant microorganism with respect to the correspond
ing microorganism, expression and/or activity of one or 
more proteins expressed by the corresponding microorgan
ism, wherein the one or more proteins comprise any one or 
more, any two or more, any three or more, any four or more, 
any five or more, any six or more, or each of a sortase, a 
sortase-dependent protein, a fibronectin-binding protein, an 
autolysin, a surface-layer protein, an aggregation-promoting 
factor, and a collagen-binding protein. 
[0230] 2. The recombinant microorganism of exemplary 
embodiment 1, wherein the one or more modifications 
comprise a modification that reduces, in the recombinant 
microorganism with respect to the corresponding microor
ganism, expression and/or activity of a sortase expressed by 
the corresponding microorganism. 
[0231] 3. The recombinant microorganism of any prior 
exemplary embodiment, wherein the sortase comprises a 
sequence at least 80% identical to SEQ ID NO:2. 
[0232] 4. The recombinant microorganism of any prior 
exemplary embodiment, wherein the one or more modifi
cations comprise a modification that reduces, in the recom
binant microorganism with respect to the corresponding 
microorganism, expression and/or activity of a sortase
dependent protein expressed by the corresponding microor
ganism. 
[0233] 5. The recombinant microorganism of any prior 
exemplary embodiment, wherein the sortase-dependent pro
tein comprises a sequence at least 80% identical to a 
sequence selected from the group consisting of SEQ ID 
NOS:4, 6, 8, 10, and 12. 
[0234] 6. The recombinant microorganism of any prior 
exemplary embodiment, wherein the one or more modifi
cations comprise a modification that reduces, in the recom
binant microorganism with respect to the corresponding 
microorganism, expression and/or activity of a sortase
dependent protein expressed by the corresponding microor
ganism that comprises a sequence at least 80% identical to 
SEQ ID NO:4. 
[0235] 7. The recombinant microorganism of any prior 
exemplary embodiment, wherein the one or more modifi
cations comprise a modification that reduces, in the recom
binant microorganism with respect to the corresponding 
microorganism, expression and/or activity of a sortase
dependent protein expressed by the corresponding microor
ganism that comprises a sequence at least 80% identical to 
SEQ ID NO:6. 
[0236] 8. The recombinant microorganism of any prior 
exemplary embodiment, wherein the one or more modifi
cations comprise a modification that reduces, in the recom
binant microorganism with respect to the corresponding 
microorganism, expression and/or activity of a sortase-

dependent protein expressed by the corresponding microor
ganism that comprises a sequence at least 80% identical to 
SEQ ID NO:8. 
[0237] 9. The recombinant microorganism of any prior 
exemplary embodiment, wherein the one or more modifi
cations comprise a modification that reduces, in the recom
binant microorganism with respect to the corresponding 
microorganism, expression and/or activity of a sortase
dependent protein expressed by the corresponding microor
ganism that comprises a sequence at least 80% identical to 
SEQ ID NO:10. 
[0238] 10. The recombinant microorganism of any prior 
exemplary embodiment, wherein the one or more modifi
cations comprise a modification that reduces, in the recom
binant microorganism with respect to the corresponding 
microorganism, expression and/or activity of a sortase
dependent protein expressed by the corresponding microor
ganism that comprises a sequence at least 80% identical to 
SEQ ID NO:12. 
[0239] 11. The recombinant microorganism of any prior 
exemplary embodiment, wherein the one or more modifi
cations comprise a modification that reduces, in the recom
binant microorganism with respect to the corresponding 
microorganism, expression and/or activity of a fibronectin
binding protein expressed by the corresponding microorgan
ism. 
[0240] 12. The recombinant microorganism of any prior 
exemplary embodiment, wherein the fibronectin-binding 
protein comprises a sequence at least 80% identical to SEQ 
ID NO:14. 
[0241] 13. The recombinant microorganism of any prior 
exemplary embodiment, wherein the one or more modifi
cations comprise a modification that reduces, in the recom
binant microorganism with respect to the corresponding 
microorganism, expression and/or activity of an autolysin 
expressed by the corresponding microorganism. 
[0242] 14. The recombinant microorganism of any prior 
exemplary embodiment, wherein the autolysin comprises a 
sequence at least 80% identical to SEQ ID NO:16. 
[0243] 15. The recombinant microorganism of any prior 
exemplary embodiment, wherein the one or more modifi
cations comprise a modification that reduces, in the recom
binant microorganism with respect to the corresponding 
microorganism, expression and/or activity of a surface-layer 
protein expressed by the corresponding microorganism. 
[0244] 16. The recombinant microorganism of any prior 
exemplary embodiment, wherein the surface-layer protein 
comprises a sequence at least 80% identical to SEQ ID 
NO:18. 
[0245] 17. The recombinant microorganism of any prior 
exemplary embodiment, wherein the one or more modifi
cations comprise a modification that reduces, in the recom
binant microorganism with respect to the corresponding 
microorganism, expression and/or activity of an aggrega
tion-promoting factor expressed by the corresponding 
microorganism. 
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[0246] 18. The recombinant microorganism of any prior 
exemplary embodiment, wherein the aggregation-promoting 
factor comprises a sequence at least 80% identical to SEQ 
ID NO:20. 

[0252] 24. The recombinant microorganism of any prior 
exemplary embodiment, wherein the recombinant microor
ganism is an L. reuteri. 

[0247] 19. The recombinant microorganism of any prior 
exemplary embodiment, wherein the one or more modifi
cations comprise a modification that reduces, in the recom
binant microorganism with respect to the corresponding 
microorganism, expression and/or activity of a collagen
binding protein expressed by the corresponding microorgan
ism. 
[0248] 20. The recombinant microorganism of any prior 
exemplary embodiment, wherein the collagen-binding pro
tein comprises a sequence at least 80% identical to SEQ ID 
NO:22. 
[0249] 21. The recombinant microorganism of any prior 
exemplary embodiment, wherein the recombinant microor
ganism comprises a recombinant gene configured to express 
a biologic. 
[0250] 22. The recombinant microorganism of any prior 
exemplary embodiment, wherein the recombinant microor
ganism is a member of Lactobacillales (a lactic acid bacte
rium). 
[0251] 23. The recombinant microorganism of any prior 
exemplary embodiment, the recombinant microorganism is 
a member of Limosilactobacillus or Lactobacillus. 

Sequence total 
SEQ ID NO, 1 

FEATURE 
source 

SEQUENCE LISTING 

quantity, 164 
moltype = DNA length 
Location/Qualifiers 
1.. 705 

705 

[0253] 25. The recombinant of any prior exemplary 
embodiment, wherein the recombinant microorganism 
exhibits a growth rate during exponential phase of growth no 
less than 90% of a growth rate exhibited by the correspond
ing microorganism during exponential phase of growth. 

[0254] 26. A method of administration comprising admin
istering the recombinant microorganism of any prior exem
plary embodiment to a subject. 

[0255] 27. The method of exemplary embodiment 26, 
wherein the administering comprises orally administering 
the recombinant microorganism to the subject. 

[0256] 28. The method of any one of exemplary embodi
ments 26-27, wherein the administering introduces the 
recombinant microorganism to a gastrointestinal tract of the 
subject. 

[0257] 29. The method of any one of exemplary embodi
ments 26-28, wherein the recombinant microorganism com
prises a recombinant gene configured to express a biologic. 

[0258] 30. The method of exemplary embodiment 29, 
wherein the administering introduces the biologic to a 
gastrointestinal tract of the subject. 

mol type 
organism 

genomic DNA 
Limosilactobacillus reuteri 

SEQUENCE, 1 

gtgaaaaaag ataaaaagcg atcatttgaa tggttacggt ggacagcggt tgttgtactg 60 
ttactggtat cagttgtctt aatttttaac caacagatta agtcttactt agtagggagt 120 
tataaacctg agattactcg gcaaacggtt caaagcaacc aaaagaaaaa agcaacctat 180 
gattttcaaa gtgtcaaaga tcttaacttg caaacagctg ccaaggctcg tgcaaataag 240 
caatcgatta ataccattgg agcaattacg gttccggcta ttaatatgac gattccaatt 300 
gctaatggag ttgataatac aactcttgcg ttagcagcag gaacccttcg tccagacatg 360 
aagatggggg aaggcaacta tgcgttagct ggtcataata tggcccatgg gagcaaaatc 420 
ctcttttctc cattgtacta tcatgctaag gtagggcaga tgatttatat caccaacatg 480 
gatcgcgttt atgaatataa gatttatcaa cgtgaattca ttgcggcaac ccgggttgat 540 
gtggtagaca atacgccgga aaagattata actttgatta cttgtgacgc taccggggcc 600 
aatcggttga tgatccgcgg taaatttgtt aaatcagagc catttacgaa agcaccacaa 660 
aatgtgcaaa agaattttag cgaaaaatat acgacaggtc gttaa 705 

SEQ ID NO, 2 
FEATURE 
source 

SEQUENCE, 2 

moltype = AA length= 234 
Location/Qualifiers 
1. .234 
mol type 
organism 

protein 
Limosilactobacillus reuteri 

VKKDKKRSFE WLRWTAVWL LLVSVVLIFN QQIKSYLVGS YKPEITRQTV QSNQKKKATY 60 
DFQSVKDLNL QTAAKARANK QSINTIGAIT VPAINMTIPI ANGVDNTTLA LAAGTLRPDM 120 
KMGEGNYALA GHNMAHGSKI LFSPLYYHAK VGQMIYITNM DRVYEYKIYQ REFIAATRVD 180 
WDNTPEKII TLITCDATGA NRLMIRGKFV KSEPFTKAPQ NVQKNFSEKY TTGR 234 

SEQ ID NO, 3 
FEATURE 
source 

SEQUENCE, 3 

moltype = DNA length= 3669 
Location/Qualifiers 
1. .3669 
mol type 
organism 

genomic DNA 
Limosilactobacillus reuteri 

atgctatcaa gaaaaaatta taaggaaact atacgaaaac agacacctac aaaacagtac 60 
tatactatta agaaattaac tgttggggtt acttcggtat taattggtct atcctttatg 120 
ggagaactag aaggggatag cgttcatgcg gacacgatga cagcaagcag tgagtcaaca 180 
agtgttacgt cgacgactgc tcaggatggt ttaaaaaaat ctccacaact ctatttgcaa 240 
gttactgata caaataaccc aagtacacca ttaagtgctt catccacagg gactagtaag 300 
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aatgttacct catcagctgc ggtacaagtg aagtccgcta gtgatgaaga agatagtgat 360 
tctacactag ctaagggaga aaataaattt gctcggtcag cagtaaaaga ttcagtcact 420 
gatgggaaaa caagtacagc agaaattaat ccggcaaaat taagcagtcc tgctttaata 480 
acgcaactca accaatcctt agctaagagc agtacgagtg atgcagcaaa agctaatgat 540 
gagttagaaa ttaaagcaac agatccgact aattatccaa actgtggcga tgtgtatggg 600 
ccattatttg aattggatgc tagcggacag cttgttaata aagatgaagt tatatctctt 660 
aaagatatgt atattttcca aatattgaaa ttagtaaata caaaagatag tgactttcaa 720 
tatgtaatat taacaatgaa tcgtaaagat actgcagata ggtctgtata tctttttgta 780 
actggaagca attatagtaa tgctgttgtt gttaaagtaa agccaaatga tacttatgaa 840 
ttaagtaaaa ctggatatag tgttacttat acagaaccaa caactataaa tggacattat 900 
gttgatggaa ctttttatgt tacaggaagt acttacgatg atggttttat aatgccagat 960 
tggcaactgc agcaccttca gattatatat agtttaggaa attatgatcc aagcaatact 1020 
gacgcaacat cagtttgtga aataatgcca agttatgaaa aggtaccggt aattaaatat 1080 
agtggagtac cttcaaatat tagccaacct aaggtttaca ttaccgggtt tacgggtcaa 1140 
gagtttaacg ttacagatat tattaacaat tataagaaag tttttaaggg ctactatctt 1200 
caaaatccta atgtggcgtc catgggaact ctttcccaat ttgagaatgg tggttattac 1260 
ttaaagacat attatgataa tgatggtaat gttgacttta agggcttgta tcatcaaatt 1320 
gatgatcagg gaacaatgag tgtgagtgtt cttaatgcag ataataaaac aattgttgga 1380 
cctgaaaata ttcttgctgg taaatcgcat aactttaact ttaatggtca taactggatt 1440 
gcgcggaatc cttatgtcac tagttcagct cacgaagtca tattaaagta tgctaagtta 1500 
ggttcagtta ttcctgttga tgaaaacgga aataaaataa acgatggatg gcaatatgtt 1560 
aatgatccag atgatgcttc caaagccact agcccatatg aaaaagcgcc agttatcgat 1620 
ggttatgtag ctgtaaatcc agatgaaacg atcgttcttc ctcataactt aagtagtgac 1680 
acaaagattt attaccgaaa gaggattaaa gttacctata gtggtagtga cagcaagacc 1740 
tacgatggta acccagctaa cttcgagcca acgacagttc agtggagtgg cttgaaagga 1800 
ctgaacactt caaccttaac gtccgctgac ttcacgtgga atactgcgga taagaaggca 1860 
ccaacggatg ccggtaagta cacacttagt ttgaatacga ccggagaagc agccttacgt 1920 
aaggctaacc cgaactatga tctcaagaca attagcggta gttacaccta cacgattaat 1980 
ccactaggga ttgataaagt tacctatagt ggtagtgaca gcaagaccta cgatggtaac 2040 
ccagctaact tcgagccaac gacagttcag tggagtggct tgaaaggact gaacacttca 2100 
accttaacgt ccgctgactt cacgtggaat actgcggata agaaggcacc aacggatgcc 2160 
ggtaagtaca cacttagttt gaatacgacc ggagaagcag ccttacgtaa ggctaacccg 2220 
aactatgatc tcaagacaat tagcggtagt tacacctaca cgattaatcc actagggatt 2280 
gataaagtta cctatagtgg tagtgacagc aagacctacg atggtaaccc agctaacttc 2340 
gagccaacga cagttcagtg gagtggcttg aaaggactga acacttcaac cttaacgtcc 2400 
gctgacttca cgtggaatac tgcggataag aaggcaccaa cggatgccgg taagtacaca 2460 
cttagtttga atacgaccgg agaagcagcc ttacgtaagg ctaacccgaa ctatgatctc 2520 
aagacaatta gcggtagtta cacctacacg attaatccac tagggattga taaagttacc 2580 
tatagtggta gtgacagcaa gacctacgat ggtaacccag ctaacttcga gccaacgaca 2640 
gttcagtgga gtggcttgaa aggactgaac acttcaacct taacgtccgc tgacttcacg 2700 
tggaatactg cggataagaa ggcaccaacg gatgccggta agtacacact tagtttgaat 2760 
acgaccggag aagcagcctt acgtaaggct aacccgaact atgatctcaa gacaattagc 2820 
ggtagttaca cctacacgat taatccacta gggattgata aagttaccta tagtggtagt 2880 
gacagcaaga cctacgatgg taacccagct aacttcgagc caacgacagt tcagtggagt 2940 
ggcttgaaag gactgaacac ttcaacctta acgtccgctg acttcacgtg gaatactgcg 3000 
gataagaagg caccaacgga tgccggtaag tacacactta gtttgaatac gaccggagaa 3060 
gcagccttac gtaaggctaa cccgaactat gatctcaaga caattagcgg tagttacacc 3120 
tacacgatta atccactagg gattgtgact gtaaattaca agggctatga taagaaagtc 3180 
tatgatggtc aacctggaac gattaatccg ggtaaattaa cgtggagtaa gttgccagat 3240 
ggtacttcat tgaagatgcc aacatggagt atagatgatt tcgcttggga aacagctgat 3300 
ggcttagcac caacggcagt aggaacttat cggattatct tgacggatgc tggtaaggct 3360 
gcactaaaga agattaatcc aaattatgac ttaagcagta ttactggtgt ctttacttat 3420 
gaaattaagc cagcacagac accagaaatc ttaggccaaa cacctgagca acaaccaggc 3480 
caaaatacta atcaatcagg agctgaaaac ggctttggtt cttctacaag gcctaatgca 3540 
tcaactaact ccaatcttaa tcaacttcca cagactggta atgagcattc taatactgca 3600 
cttgctggtc tagcattggc tttcttgact gctatgcttg gtttgggcaa gaagcgtaaa 3660 
catgattag 3669 

SEQ ID NO, 4 moltype = AA length 1222 
FEATURE Location/Qualifiers 
source 1. .1222 

mol type protein 
organism Limosilactobacillus reuteri 

SEQUENCE, 4 
MLSRKNYKET IRKQTPTKQY YTIKKLTVGV TSVLIGLSFM GELEGDSVHA DTMTASSEST 60 
SVTSTTAQDG LKKSPQLYLQ VTDTNNPSTP LSASSTGTSK NVTSSAAVQV KSASDEEDSD 120 
STLAKGENKF ARSAVKDSVT DGKTSTAEIN PAKLSSPALI TQLNQSLAKS STSDAAKAND 180 
ELEIKATDPT NYPNCGDVYG PLFELDASGQ LVNKDEVISL KDMYIFQILK LVNTKDSDFQ 240 
YVILTMNRKD TADRSVYLFV TGSNYSNAW VKVKPNDTYE LSKTGYSVTY TEPTTINGHY 300 
VDGTFYVTGS TYDDGFIMPD WQLQHLQIIY SLGNYDPSNT DATSVCEIMP SYEKVPVIKY 360 
SGVPSNISQP KVYITGFTGQ EFNVTDIINN YKKVFKGYYL QNPNVASMGT LSQFENGGYY 420 
LKTYYDNDGN VDFKGLYHQI DDQGTMSVSV LNADNKTIVG PENILAGKSH NFNFNGHNWI 480 
ARNPYVTSSA HEVILKYAKL GSVIPVDENG NKINDGWQYV NDPDDASKAT SPYEKAPVID 540 
GYVAVNPDET IVLPHNLSSD TKIYYRKRIK VTYSGSDSKT YDGNPANFEP TTVQWSGLKG 600 
LNTSTLTSAD FTWNTADKKA PTDAGKYTLS LNTTGEAALR KANPNYDLKT ISGSYTYTIN 660 
PLGIDKVTYS GSDSKTYDGN PANFEPTTVQ WSGLKGLNTS TLTSADFTWN TADKKAPTDA 720 
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GKYTLSLNTT GEAALRKANP NYDLKTISGS YTYTINPLGI DKVTYSGSDS KTYDGNPANF 780 
EPTTVQWSGL KGLNTSTLTS ADFTWNTADK KAPTDAGKYT LSLNTTGEAA LRKANPNYDL 840 
KTISGSYTYT INPLGIDKVT YSGSDSKTYD GNPANFEPTT VQWSGLKGLN TSTLTSADFT 900 
WNTADKKAPT DAGKYTLSLN TTGEAALRKA NPNYDLKTIS GSYTYTINPL GIDKVTYSGS 960 
DSKTYDGNPA NFEPTTVQWS GLKGLNTSTL TSADFTWNTA DKKAPTDAGK YTLSLNTTGE 1020 
AALRKANPNY DLKTISGSYT YTINPLGIVT VNYKGYDKKV YDGQPGTINP GKLTWSKLPD 1080 
GTSLKMPTWS IDDFAWETAD GLAPTAVGTY RIILTDAGKA ALKKINPNYD LSSITGVFTY 1140 
EIKPAQTPEI LGQTPEQQPG QNTNQSGAEN GFGSSTRPNA STNSNLNQLP QTGNEHSNTA 1200 
LAGLALAFLT AMLGLGKKRK HD 1222 

SEQ ID NO, 5 moltype = DNA length 2856 
FEATURE Location/Qualifiers 
source 1. . 2856 

mol type genomic DNA 
organism Limosilactobacillus reuteri 

SEQUENCE, 5 
atgagaaatt cgaatacaaa taattggcgt tcaactgctt tgattgcggg ggcaatcttg 60 
acagcaggtg tcgttaccac cacttcaacg acagatgtac acgctgataa tagtcaaaat 120 
aatgcacaag taagtaatga ccaagttact tacgaccaag ttcgggcaac tgctgatcag 180 
caacttgcac aattgcaatc agctaatgat agtaaagaag ctcaacaagc tacggccaac 240 
gagcaatcaa atgctgcgga tcttgcacaa atcaacgcac aaattgatca attaaaagct 300 
agtcatgctg ctctagaaca agaacaagcc ggtgctattg cacaagcaca agcttctact 360 
gctgcttcta ttgaagcaca aacttcagct gctaatgctg aataccaaca acaaattaac 420 
gcacaacaac aaaacgaagc cactcaacgt gcagcaaatg atcaacagta cgcacaagct 480 
gttagtcaag ctgctgaaaa tcaacaagct attgctgata tcaatgcaca atatcaacaa 540 
gctttaagtg atgcagctaa tacgcagaca agccaagcac aggctgctgt caataattac 600 
aactcagctg ttgctaagga aaatgatgct taccaaggta agctatctgc tcaacaagca 660 
actaatgcag aaaatgttaa aaatgctgaa gcatctcttg caaccgcaac tgctaatgct 720 
aacaagcctt atgaagttgc aactactaac gatgttgctg ttactggccg agttgctaaa 780 
ccacaaacag atgttaaggt tcctgactat gtagcaaaat acggaattca tctagaagtt 840 
cgtggctata atggtgctat tcctgtatct gattatactt atcctgaatt tgctaatact 900 
tactatggtg aatatcctga tagtgcagta attacaaata aggctgctga ctcaactcca 960 
catgatattt cagagatgcc attagatttc caaccaggtc tattaagtta cgatactaaa 1020 
aatgatcatt cagaaaaagt ttctgctgat ggattaacag ctgcccaagt tcaagtatta 1080 
cgggcattag ctctttcatg ggaaaatgga ttccgtaaca atgttttcca aaactaccgt 1140 
gaattttaca atgcggttaa taagaatgat ggctttgtga acgttgctcc agttgattta 1200 
gtaagcactg actttgctga taacattgct aaccaagttg ttgctaaccg gacaaagtac 1260 
aatgttgata ataatagtca tactgttatc agcagtggaa tgcctactga agcaacttat 1320 
agtagcatta ttaataatgc cacccaaaac ttgcaaaaga gtttaacaag tgaatttaat 1380 
ggtaagacag tttacactga cgttaatgaa aacttaacta ctatgcaagc tgggacgcca 1440 
actcttctaa attacgctat taatctctac aactcaatgc agggtatgta ctatggtgaa 1500 
ttggtaaacc caacacacat cggtggacat gcagttaatc ttcttcgtgc tggtgttcgc 1560 
actgtgggaa ttggcttcca aaagctaact gatgaaatga ctgctaagaa tggttcaggt 1620 
gtttctgatc gcaagaaccc atcatatgct gtaacatttg atcatgtcgg atttaacatt 1680 
gatcacgatg ttaacttaac taaagaagtt caaaatcgta atgtatgggg aacttcaact 1740 
gtagatgcac aattaaatgc tattaagact gctcaatatc atgttaataa agtaccgggg 1800 
acaaagacag ttacgccaac tgctactgat gtgcaaaaag ctactgctag cgaacaacaa 1860 
aaattagcta atgttaaggc acaagcacaa caatctcttg atgcattagc tagtgcccac 1920 
caagctaact taaataagct tgaacaacaa tataatgatg cgaaggctca agtaaaagct 1980 
aactatgata ctgcagttac taaggcagct agtgttcgtg atgctgctct taaggctact 2040 
ggagctgttg accttcaagc ttacaaggct caattagaca gtgcctacca aaacttagta 2100 
aaggctgatc aagtagccgc acaaaagctt gctgctgatc gtgacgctaa gatcgctaat 2160 
attaagaaaa ctgaaaatgc aaagcttgat gctaagatta atgaacttgt tccaagcatt 2220 
gacccacaaa tcaagcaatt gcaagatcaa caccaagcag ttattaccca tggtgatgct 2280 
gttcttgctg aattaaaggc tgaaaataag gctgcttata acaaacttgc tgaacaattc 2340 
aacgttcaat tagcagctat tcaacaacgt gaagatgcta agagagctaa tgaagttcgg 2400 
ttagcaaata atactgttgt tcttcctaca gcagtgaaag cagctaatga tggcaatgtt 2460 
gatactgttg ctttcccaac ggttacaaac cgtctacaag ctgaaactac tggacgcgtt 2520 
caaccagttt cagcaccatc gattgtaaag acagctacgc aaacgccaat tgcagttgca 2580 
ccagttgtaa cacaaacagc tgcagttgct gctactacaa ataatggtac acaaacacgg 2640 
gttgcttcta ctgctgataa taaagccact aaagcagaca acaatgaaaa atcagttgta 2700 
aaagctgaca ctgttgctaa gaagcaaact cctgctaaga agagtgaatc atcacaaaag 2760 
gttgatcaat cttctatgtc aattgttgct ttagctgcca ctgcattact tggtacactc 2820 
ggtatcactt acagctcaaa gaagcgccac aactaa 2856 

SEQ ID NO, moltype = AA length 951 
FEATURE Location/Qualifiers 
source 1.. 951 

mol type protein 
organism Limosilactobacillus reuteri 

SEQUENCE, 
MRNSNTNNWR STALIAGAIL TAGWTTTST TDVHADNSQN NAQVSNDQVT YDQVRATADQ 60 
QLAQLQSAND SKEAQQATAN EQSNAADLAQ INAQIDQLKA SHAALEQEQA GAIAQAQAST 120 
AASIEAQTSA ANAEYQQQIN AQQQNEATQR AANDQQYAQA VSQAAENQQA IADINAQYQQ 180 
ALSDAANTQT SQAQAAVNNY NSAVAKENDA YQGKLSAQQA TNAENVKNAE AS LAT AT ANA 240 
NKPYEVATTN DVAVTGRVAK PQTDVKVPDY VAKYGIHLEV RGYNGAIPVS DYTYPEFANT 300 
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YYGEYPDSAV ITNKAADSTP HDISEMPLDF QPGLLSYDTK NDHSEKVSAD GLTAAQVQVL 360 
RALALSWENG FRNNVFQNYR EFYNAVNKND GFVNVAPVDL VSTDFADNIA NQVVANRTKY 420 
NVDNNSHTVI SSGMPTEATY SSIINNATQN LQKSLTSEFN GKTVYTDVNE NLTTMQAGTP 480 
TLLNYAINLY NSMQGMYYGE LVNPTHIGGH AVNLLRAGVR TVGIGFQKLT DEMTAKNGSG 540 
VSDRKNPSYA VTFDHVGFNI DHDVNLTKEV QNRNVWGTST VDAQLNAIKT AQYHVNKVPG 600 
TKTVTPTATD VQKATASEQQ KLANVKAQAQ QSLDALASAH QANLNKLEQQ YNDAKAQVKA 660 
NYDTAVTKAA SVRDAALKAT GAVDLQAYKA QLDSAYQNLV KADQVAAQKL AADRDAKIAN 720 
IKKTENAKLD AKINELVPSI DPQIKQLQDQ HQAVITHGDA VLAELKAENK AAYNKLAEQF 780 
NVQLAAIQQR EDAKRANEVR LANNTWLPT AVKAANDGNV DTVAFPTVTN RLQAETTGRV 840 
QPVSAPSIVK TATQTPIAVA PWTQTAAVA ATTNNGTQTR VASTADNKAT KADNNEKSVV 900 
KADTVAKKQT PAKKSESSQK VDQSSMSIVA LAATALLGTL GITYSSKKRH N 951 

SEQ ID NO, 7 moltype = DNA length = 2259 
FEATURE Location/Qualifiers 
source 1. . 22 59 

mol type genomic DNA 
organism Limosilactobacillus reuteri 

SEQUENCE, 7 
atgaagaata atagttcaaa atattgttta ttgttaggga cagcattgtt aggattatat 60 
ttccaagcta atagtgttca tgcggatatg actgggacaa cagttaatgg tgaaactgcc 120 
catagcaatg ttacgccaat ggtccagact aataaggatg aagcaagtac tccgcaaacg 180 
actactgatt ggtctgacct agccaaatat caaaatgaca ttccagttca gattttagga 240 
atcaatgacc tgcatggtgg gttagaaacc actggatcag ctacgattgg agataagacg 300 
tattcgaatg ccggaacagt tgcacgccta gctggtaacc ttgatgcggc agaggaaagt 360 
tttaagaacg ctaatccgac aggaacctca attcgggtag aagccggaga tatggttggg 420 
gcttctccag caaattctgc tcttcttcaa gacgaatcaa ctatgcatgc tttagacgca 480 
atgcattttg aaataggaac tttgggaaac catgagtttg atgaaggttt agctgagtat 540 
atgcggattg ttaatggtgg tgaacctact aaacaatata atgaagctga gatggcctat 600 
cctcatgtga aaacagggat taatatcatt actgccaatg ttgtaaataa atctgatggt 660 
caaatcccat ttggaatgca accatacttg attaaagaaa ttcatactag tgatggtaaa 720 
gttgctcgga ttggctttat tgggattgaa attacttccc taccaatttt aaccttatac 780 
gataattaca aagattatga tgttttagac gaggctgaaa caattgcaaa atatgatcaa 840 
attttacgta aaaagggtgt taatgcaatt gtagttcttg cccatacagg ggtttcaacg 900 
gataaagatg gcagcactaa aggtaatgct gttgatatca ttaagaagct ttaccaaatt 960 
gaccctgata attctgtcga cctttatgtt gccggtcact cccaccaata tgctaatgct 1020 
actgttggta gtgtaaaatt agtgcaagcc atttacacag gtaaggctta cgatgatatt 1080 
atcggttaca tcgatccaac aactaatgat tttgcaccga atagtctcgt ttcgcatgtc 1140 
tttcctgtat tatcagaaaa ggatgcgcct aatatcaaaa cagatgcaaa tgttacagca 1200 
attgttgaag atgctaacaa tagagtagca ccaattatta ataagaaaat aggggaagct 1260 
gctaccacag gcgatattct tggacgacta cataataccc ctactcgtga aaatgccgtt 1320 
ggtgaattag ttgtcgatgg tcaattatat gccgctcata aggtgggctt accagctgat 1380 
tttgcgatga ctaatacagg cggtgttcgt gcagatctgc atgttaatcc tgatcgttcc 1440 
attacatggg gaagtgccca agcggttcaa ccatttggta atattttgcg ggtagttgaa 1500 
atgacagggg cacaaatagt tgaagccttg aatcaacaat atgacgaaga tcaagcttac 1560 
tacttacaaa tttctggact tcattatact tatactgacc aaaacgatcc taaccaacca 1620 
tataaggtcg ttcaagttta tgaccaacat aatcaaccgc ttgatatgaa taagacttac 1680 
aatgttgtta ttaatgactt tttagcaggt ggcggagatg gcttttctgc atttaagggt 1740 
accaaagttg tcgggattgt cgggcaagat acagacgcgt ttattgatta tattactgat 1800 
atgactaatg atggtaaacc aattaccgca ccaacaatga accgtaagat ttacttgact 1860 
gctgaacaat tagcgaaggc tgacgcagat tcacagtcac aaacaggaac taatcagaac 1920 
actcaaaacg atgctaattc ccagactgaa ggaaatcagc ttcaagaagt tccgagccaa 1980 
ccggtatctc caacagtaac cttgccaaca acagctggtc aacccgccga aactgttaca 2040 
ttacatgctc aatctaagca acaaaccgta gctgctaata atcaattaat taatttgacg 2100 
cctacatcaa ttaatggcca aaaacaaaaa gcaactgacc agcaagcagc tttaccacaa 2160 
actggtaacg atgaagatct tgcattactt cttctcggaa attcattaat ggcagcaacc 2220 
ggattgacaa ttattgatcg caagcgtaaa catgcttaa 2259 

SEQ ID NO, 8 moltype = AA length 752 
FEATURE Location/Qualifiers 
source 1 .. 752 

mol type protein 
organism Limosilactobacillus reuteri 

SEQUENCE, 8 
MKNNSSKYCL LLGTALLGLY FQANSVHADM TGTTVNGETA HSNVTPMVQT NKDEASTPQT 60 
TTDWSDLAKY QNDIPVQILG INDLHGGLET TGSATIGDKT YSNAGTVARL AGNLDAAEES 120 
FKNANPTGTS IRVEAGDMVG ASPANSALLQ DESTMHALDA MHFEIGTLGN HEFDEGLAEY 180 
MRIVNGGEPT KQYNEAEMAY PHVKTGINII TANWNKSDG QIPFGMQPYL IKEIHTSDGK 240 
VARIGFIGIE ITSLPILTLY DNYKDYDVLD EAETIAKYDQ ILRKKGVNAI VVLAHTGVST 300 
DKDGSTKGNA VDIIKKLYQI DPDNSVDLYV AGHSHQYANA TVGSVKLVQA IYTGKAYDDI 360 
IGYIDPTTND FAPNSLVSHV FPVLSEKDAP NIKTDANVTA IVEDANNRVA PIINKKIGEA 420 
ATTGDILGRL HNTPTRENAV GELWDGQLY AAHKVGLPAD FAMTNTGGVR ADLHVNPDRS 480 
ITWGSAQAVQ PFGNILRVVE MTGAQIVEAL NQQYDEDQAY YLQISGLHYT YTDQNDPNQP 540 
YKWQVYDQH NQPLDMNKTY NW IND FLAG GGDGFSAFKG TKVVGIVGQD TDAFIDYITD 600 
MTNDGKPITA PTMNRKIYLT AEQLAKADAD SQSQTGTNQN TQNDANSQTE GNQLQEVPSQ 660 
PVSPTVTLPT TAGQPAETVT LHAQSKQQTV AANNQLINLT PTSINGQKQK ATDQQAALPQ 720 
TGNDEDLALL LLGNSLMAAT GLTIIDRKRK HA 752 
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SEQ ID NO, 9 moltype = DNA length 906 
FEATURE Location/Qualifiers 
source 1.. 906 

mol type genomic DNA 
organism Limosilactobacillus reuteri 

SEQUENCE, 9 
atgatagctt ttttcgattt aaaaaatgcg aattgcttct ttttacgtat atatattaaa 60 
gagtatataa aagaggagcg agataatatg aaccatttaa accaccttca tgtattgcga 120 
aacacttgct tagtaggctt aacgacagcg tcaacgatcc tttcgctgtc gttaaatatt 180 
ccaccagttt tagctgcaac tcaagagcca attacgcatc ccgtatctaa cacaaataat 240 
cagaaagaac gtgtccaaat caaacgtgta atttattttc atctcttaaa tgaagttaaa 300 
aaagtggaac aagtgtctta tgctcaccgt gaagtaccga atgattcaac caaaaaggca 360 
aattggatta ttgaaccttt tgaagaagtt aatatccctg agcaagctgg ttttagacca 420 
tcaatggata agattccaac tgttacagaa atagaagatc tatcgcaatt aaaaaatacg 480 
ataaatgttt attatcagcc cctcaataaa gatgaagggc caaaaaagga cagcaaagag 540 
aatacgttag cagaaaagac taggggtgag caagtaaagg agaataaaaa agaggaaaaa 600 
caagattcgc aggataatta ccccgtggta gaagatctgg gggatgataa tcaggtcacg 660 
gaaaattatg gggaggtaaa taatacaaga aagcagcaaa atttgcatca acgggtaaca 720 
gggattaata atcgactaaa tcgttcacat cgggactcac gtaaaaacga taactctgac 780 
caacaaatac ttccacagac gggaaatgag accgataatt taacgacttt tcttggtttg 840 
gggataacgg taatggtcgc ggggatgagt cttttttcgt taaagaaagc gcacaaaaat 900 
aaataa 906 

SEQ ID NO, 10 moltype = AA length 301 
FEATURE Location/Qualifiers 
source 1. .301 

mol type protein 
organism Limosilactobacillus reuteri 

SEQUENCE, 10 
MIAFFDLKNA NCFFLRIYIK EYIKEERDNM NHLNHLHVLR NTCLVGLTTA STILSLSLNI 60 
PPVLAATQEP ITHPVSNTNN QKERVQIKRV IYFHLLNEVK KVEQVSYAHR EVPNDSTKKA 120 
NWIIEPFEEV NIPEQAGFRP SMDKIPTVTE IEDLSQLKNT INVYYQPLNK DEGPKKDSKE 180 
NTLAEKTRGE QVKENKKEEK QDSQDNYPW EDLGDDNQVT ENYGEVNNTR KQQNLHQRVT 240 
GINNRLNRSH RDSRKNDNSD QQILPQTGNE TDNLTTFLGL GITVMVAGMS LFSLKKAHKN 300 
K 301 

SEQ ID NO, 11 moltype = DNA length 1893 
FEATURE Location/Qualifiers 
source 1. .1893 

mol type genomic DNA 
organism Limosilactobacillus reuteri 

SEQUENCE, 11 
atgaagaaaa gaaaattaaa gaagagttta gcaacaactg cgacggtgat ggctgttaca 60 
acgggggtgg cggccattag taattccgcc aaagctgata cagtgcaaaa taataaaaat 120 
actattcaac aaacgctgcc tgatgcgaac caacaagctc agcagaatgt ctgtgcagcc 180 
caagacgcgg ttaataaagc caattttgat gtagcaaccg caaataatga tcttaatatt 240 
gctaatcaaa atttggcaga cgcggatcaa aatgtcgatt ctaataagaa tcaagttaaa 300 
caaacgaaag agcaattatc atctcttgag caaatgaaag aaaatgctca acaagtttta 360 
actaacgctc atgatgaata ttatgaatta ttgaagcaac cagttgatgt ttcatacacg 420 
gcattttctg gtggtggatt gagcgtttat gaaagatcaa tgcttgatta tat tact tat 480 
tataaccaag gaaacttaac ttctaagaat caagcgtata aaaatttcct tgcgaatgac 540 
tatcaaggaa acattgattt attgaaaaag attattgctg aaaacgagag aaccattaat 600 
tatctgaaaa tgggtcgacc atttgaagat aatattagaa atcttgagca agcaagatta 660 
acaataaaag aagaactaga agaattatat aaggtagtgg aagcccaaaa agacgggaaa 720 
tattataaac caaaagatga tattaggtgg gcgaatatcg attcttatgg tttgtcatat 780 
tctccagtaa tgtctaatgg atggtatgag gataatccaa ctgaccaaat aagtgactta 840 
attgaaaatc acgaggaagc tctaaacaaa attcaacaaa gattagccga attacataat 900 
aaaatgcagt cggctgtaga aaaggcagaa aaaacatcca ttgctgctca agaattactt 960 
caaaagttag aggagatttc acaaccgctt attactgcta ctcaacaaat taaagatgcc 1020 
gaaagtgcaa tgtcacaagc tcaacaaaat ctgacacttc aagaagaact acttactcag 1080 
gccaaagata agcgcaatgt gatgcaatct caagcaatca atgcgcaaac caaactcttg 1140 
caagcacttc tcaataaaac aaattcacaa gaaaagttag cgtcagcaaa agagaaactt 1200 
ccggcacaaa ctgatacctt aaagtatagt tcgctaatca accttgaacc actaacggtt 1260 
gagccaggag taactcctac tcctaaagtt acgacagcga ttgcggttga aaatgatgat 1320 
catcagaata aagctgttat tactttgcct ggcgatgaac aagaaaataa gctgcctcag 1380 
ggaacaaagg tagtgtggaa agatgatgct aaagttgcga ccgaccttca acgtcccgga 1440 
aagcatactg aagatgtctt aattgttttt cctgatggat cggtgatttt aactagcgag 1500 
caagttactg ttaccgcgac agaaaaacag gcagacgcta ataaagtgac ttcgcctgta 1560 
caagaaacgg ttgatagtac ccaagaaaat aatatgcgtg tgaacgatct ttctacccag 1620 
gtaatagaag ttaatgataa taatcaaacc tcagcaccag aaatattggt gactccgcaa 1680 
accaagctaa ataccgtcca accaaacgga gtaataaaag ggcagacagc tcagaataag 1740 
attacccagc cttcattagc taagtctttt gaggataaga caagaaataa tgttttgcca 1800 
cgaaccggag atgaatcttc acttccgatt attgtccttg gcgctgttat ttggcttgca 1860 
ggaattgggg caacacttaa acggtacgaa taa 1893 
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SEQ ID NO, 12 moltype = AA length 630 
FEATURE Location/Qualifiers 
source 1.. 630 

mol type protein 
organism Limosilactobacillus reuteri 

SEQUENCE, 12 
MKKRKLKKSL ATTATVMAVT TGVAAISNSA KADTVQNNKN TIQQTLPDAN QQAQQNVCAA 60 
QDAVNKANFD VATANNDLNI ANQNLADADQ NVDSNKNQVK QTKEQLSSLE QMKENAQQVL 120 
TNAHDEYYEL LKQPVDVSYT AFSGGGLSVY ERSMLDYITY YNQGNLTSKN QAYKNFLAND 180 
YQGNIDLLKK IIAENERTIN YLKMGRPFED NIRNLEQARL TIKEELEELY KWEAQKDGK 240 
YYKPKDDIRW ANIDSYGLSY SPVMSNGWYE DNPTDQISDL IENHEEALNK IQQRLAELHN 300 
KMQSAVEKAE KTSIAAQELL QKLEEISQPL ITATQQIKDA ESAMSQAQQN LTLQEELLTQ 360 
AKDKRNVMQS QAINAQTKLL QALLNKTNSQ EKLASAKEKL PAQTDTLKYS SLINLEPLTV 420 
EPGVTPTPKV TTAIAVENDD HQNKAVITLP GDEQENKLPQ GTKWWKDDA KVATDLQRPG 480 
KHTEDVLIVF PDGSVILTSE QVTVTATEKQ ADANKVTSPV QETVDSTQEN NMRVNDLSTQ 540 
VIEVNDNNQT SAPEILVTPQ TKLNTVQPNG VIKGQTAQNK ITQPSLAKSF EDKTRNNVLP 600 
RTGDESSLPI IVLGAVIWLA GIGATLKRYE 630 

SEQ ID NO, 13 moltype = DNA length 1683 
FEATURE Location/Qualifiers 
source 1. .16 83 

mol type genomic DNA 
organism Limosilactobacillus reuteri 

SEQUENCE, 13 
atgtcttttg acggcttgtt tactcatgca attgtccatg agctagatca aaaattaact 60 
actggtcggg tagccaaagt tagtcaacct taccctgcag aattaatcat tacgatccgt 120 
gctcaccggc acaactaccc attactcatt tctgctaatc caacataccc acgaatccaa 180 
attactgaga tcccatacaa aaatccggcg gttccaacta attttacaat gacaatgcgg 240 
aaataccttg aaggtgcaat cgtcaataaa attgaacaag ttgataatga tcgaattatc 300 
aaaattacct ttgacactcg tgatgaatta ggagatagtc aacaattagt tcttgtgagt 360 
gagattatgg cccggcatag taatatttca ctcgttaatc tcaagacggg taaaatcatt 420 
gacaccatta agcatgttgg ctcagatcaa aatcgggttc gcctgttatt acctggtgct 480 
acctttgtca tgccaccaaa gcaagataaa gttaaccctt acttgccaaa ccaggtctac 540 
tctgatcttg taagacaaac cgatgacaca gtagaattaa gtcatcagtt acaggagcat 600 
tatcaaggat ttggcaaaga ctccgcacgg gaattagctg cagaattact gcaaagtgat 660 
aatttaccag ctacctatca gcactttctt aagcactttg aaaatccaga gccagtatta 720 
atcacccact ctaatggaaa aactcaattt gctgtgttcc ctccattaaa tattgatggt 780 
gagttgcaac atttcgactc cctctctgcc cttctcgatg ccttctatgc taataaagca 840 
gagcaagatc gttccaaaga attagctggg caagtgttaa aggtattgaa gaatgagcta 900 
aaaaaagatc ggcgaaaagt aaaaaaactg caacaacaat tacaagatgc agcaactgca 960 
gatcagtacc gaatttgtgg tgagatcctt actacctatc ttagtaaatt aactccagga 1020 
atgaaagaaa tcgaacttcc taacttttat gatgataata agccactaaa aatcaagctt 1080 
gctccagaat tatcaccatc gcgcaacgcc caaaagtact ttactaagta taataagctc 1140 
aaaacctctg ttgagtatgt aaaggaacag ctaaaactga caaatgatga aatcaaatac 1200 
tttgaaaaca ttgaaaacca gattaaatta gctgctcccg ctgatattca agagatcaaa 1260 
ctggaactgc aagaacaggg ttatattaaa aagaagaaaa gcgggaaaaa gcaacgaaaa 1320 
gttaaggtaa gtgctccaga agaattccat actagtgatg gcactacggt tttagtaggt 1380 
aaaaacaacc tgcaaaatga ccgtcttagc tttaaaattg ctaataaaaa tgaaatttgg 1440 
ttacatgtta aagatatccc aggttcccac gtggtaatcc gctcaacaaa cccatctgaa 1500 
gatacgattc tagaagccgc acagttagca gcatacttct ctaaaggtcg cgattcagat 1560 
aatgtgcccg ttgattatct tcctgtcaag cgacttcata agccaaacgg agctaaacct 1620 
ggctttgtta tttttacagg tcagaaaaca ctttatgtaa caccgcataa actttctaac 1680 
taa 1683 

SEQ ID NO, 14 moltype = AA length 560 
FEATURE Location/Qualifiers 
source 1.. 560 

mol type protein 
organism Limosilactobacillus reuteri 

SEQUENCE, 14 
MSFDGLFTHA IVHELDQKLT TGRVAKVSQP YPAELIITIR AHRHNYPLLI SANPTYPRIQ 60 
ITEIPYKNPA VPTNFTMTMR KYLEGAIVNK IEQVDNDRII KITFDTRDEL GDSQQLVLVS 120 
EIMARHSNIS LVNLKTGKII DTIKHVGSDQ NRVRLLLPGA TFVMPPKQDK VNPYLPNQVY 180 
SDLVRQTDDT VELSHQLQEH YQGFGKDSAR ELAAELLQSD NLPATYQHFL KHFENPEPVL 240 
ITHSNGKTQF AVFPPLNIDG ELQHFDSLSA LLDAFYANKA EQDRSKELAG QVLKVLKNEL 300 
KKDRRKVKKL QQQLQDAATA DQYRICGEIL TTYLSKLTPG MKEIELPNFY DDNKPLKIKL 360 
APELSPSRNA QKYFTKYNKL KTSVEYVKEQ LKLTNDEIKY FENIENQIKL AAPADIQEIK 420 
LELQEQGYIK KKKSGKKQRK VKVSAPEEFH TSDGTTVLVG KNNLQNDRLS FKIANKNEIW 480 
LHVKDIPGSH VVIRSTNPSE DTILEAAQLA AYFSKGRDSD NVPVDYLPVK RLHKPNGAKP 540 
GFVIFTGQKT LYVTPHKLSN 560 

SEQ ID NO, 15 moltype = DNA length 1599 
FEATURE Location/Qualifiers 
source 1. .1599 

mol type genomic DNA 
organism Limosilactobacillus reuteri 
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SEQUENCE, 15 
gtgactaata aaaagcatta taaattatat aagtcgggga aaaattggtg tgtcatggca 60 
attactgcac tagcattaac agttagttta actggggttg ctagtgctga tacaacagtt 120 
gatacagcac aggcagaaac gagtttagca cagagttcag catctgatgc tactcaaata 180 
gaatcaaccg atgctaaaat tggcgaaagt gagactaatc agtctaatca aaataatcaa 240 
cagggaaata ttagtactca acaagccacg gatcaaaaag caaactcagt aacaccaaag 300 
tcaacagaga tatcaacacc agtaaaagat ggttgggtac aagaatctaa tggctggact 360 
ttttataaaa atggtaaaac tgatttaggt cgtacttatt catatttacc aacaattaca 420 
agtaatggta aaggcagcgg aagcaactgg tacttaacgg ataatggtgt aattcagaca 480 
ggtgttcaaa aatgggccga tacctattac tattttgatc caagcactta ccttcgcgtg 540 
gataatgact accgtcaatc ccaatggggc gattggtata tgtttggtaa agatggtaga 600 
attgctacca aagtttatca atgggctagt acgtactatt attttgatcc aagtacttac 660 
cttcgcgtgg ataatgatta ccgtcaatcc caatggggtg actggtatct ctttggcaat 720 
gatggtcgta ttcaaaccgg agtccaaaaa tggtatgata cttattatta ctttgatcca 780 
agtacttacc ttcgagtaga caatgattac cgtcaatccc aatgggggga ttggtatatg 840 
tttggtccag atggtcgaat tgtttcagga ctttatggct ggaaggaaag tttgtattac 900 
tttactcctt acttatatac caaggcaact aaccagtggg tttcagcgaa tggtaaaagt 960 
tattgggcaa gtggcagtgg aattattact tctggattga attcaattaa caactatatt 1020 
cttaataata atcttggtca tgctaatatt acattttatg ataatgggca ggccattcct 1080 
ttgaatatta ctggaaaata tagtggtacg ggtaatggat taccaaatat agttatcgtc 1140 
catgaaactg ctaatcctaa tgatagtatt tggggtgaaa taaattacga aaagaatcat 1200 
tataatgatg cattcgttca tgcctttgta gataataaca atataattca gatctcaaat 1260 
actgaccatg aggcttgggg tgcaggttat cctgctaatg gtcgggccgt tcaatttgaa 1320 
caagttgagg tacataatgc agatgcgttt gctcgggaac tttctaacgc tgcttactac 1380 
actgcatata ttatgcacaa gtatgggttt gcgccttcgt tagtatctaa tggtaacgga 1440 
actctatggt ctcatcataa tgtatctcaa tatttaggtg gtactgatca tacagatccg 1500 
gatggttatt ggtacacaaa tgcccacaat ttctatggta ctgattatac aatgcgtgat 1560 
ttttatgagt tggtaagcct atattatggt gaattctaa 1599 

SEQ ID NO, 16 moltype = AA length 532 
FEATURE Location/Qualifiers 
source 1.. 532 

mol type protein 
organism Limosilactobacillus reuteri 

SEQUENCE, 16 
VTNKKHYKLY KSGKNWCVMA ITALALTVSL TGVASADTTV DTAQAETSLA QSSASDATQI 60 
ESTDAKIGES ETNQSNQNNQ QGNISTQQAT DQKANSVTPK STEISTPVKD GWVQESNGWT 120 
FYKNGKTDLG RTYSYLPTIT SNGKGSGSNW YLTDNGVIQT GVQKWADTYY YFDPSTYLRV 180 
DNDYRQSQWG DWYMFGKDGR IATKVYQWAS TYYYFDPSTY LRVDNDYRQS QWGDWYLFGN 240 
DGRIQTGVQK WYDTYYYFDP STYLRVDNDY RQSQWGDWYM FGPDGRIVSG LYGWKESLYY 300 
FTPYLYTKAT NQWVSANGKS YWASGSGIIT SGLNSINNYI LNNNLGHANI TFYDNGQAIP 360 
LNITGKYSGT GNGLPNIVIV HETANPNDSI WGEINYEKNH YNDAFVHAFV DNNNIIQISN 420 
TDHEAWGAGY PANGRAVQFE QVEVHNADAF ARELSNAAYY TAYIMHKYGF APSLVSNGNG 480 
TLWSHHNVSQ YLGGTDHTDP DGYWYTNAHN FYGTDYTMRD FYELVSLYYG EF 532 

SEQ ID NO, 17 moltype = DNA length = 987 
FEATURE Location/Qualifiers 
source 1.. 987 

mol type genomic DNA 
organism Limosilactobacillus reuteri 

SEQUENCE, 17 
atgtcgaaga acaatgcaca agaatatgta cgcaaaatgg agccgcaacg gcaacgattt 60 
ggattaagaa aactcagtgt tggtgttgcg tctgtgttac taggaactac ttttatggtc 120 
ggaggtacag tagcacacgc taatactgat agtacaccgg cgccaaccgc agcagaatca 180 
gtaagcacta atgtcgttag tcaaaatgat gctcaatcac aggcagctat tagttcacaa 240 
acaagtggaa gtcaagtcga aatggttact aacagaaata aaaatgtaat taaaactaat 300 
gacgtccaat tacaaaattt aaatacacca attgtaactt cactttcagc tactattaat 360 
ttaaactgga ctaatgaaaa cggagagcca gaaaatcttc caagcattac ttatgaaggt 420 
aaaactggtg atactcttca agatgtaggt aaatacattc aaggtttaat aactacagat 480 
aattcaaagt atgaagtttc cccattagta tcaacgccta aagatacaga agattattta 540 
agtggaaata ctgcagacag tatcactgat cctagtatga aattagccta tgacgattgg 600 
cgtaaaaata aagaaaagaa ttatcctttt gcgggttaca ctgtagagat tgattcatta 660 
tcgaatgctc cattaacaaa tggaggtacc tacactatca atttgggaac cgaaactcgc 720 
ctttataatg aaccatattg ggtaataact tcacgcacta ttcattatgt aaaatatggt 780 
ctaacgggtt ctgatagtgt tgcttctcca gatgtgatcc aggaaggtta ttcaaatgta 840 
accaattcta aaaataatcc agtggtaaag aactttaatt tagaaaaaga tggtcatcac 900 
tatgtgagtt atgaaacggt tcaaagatcg tataatgtag cttctggtat tcctgatggg 960 
atgacagata aacccaacta ttactga 987 

SEQ ID NO, 18 moltype = AA length 328 
FEATURE Location/Qualifiers 
source 1. .328 

mol type protein 
organism Limosilactobacillus reuteri 

SEQUENCE, 18 
MSKNNAQEYV RKMEPQRQRF GLRKLSVGVA SVLLGTTFMV GGTVAHANTD STPAPTAAES 60 
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VSTNWSQND AQSQAAISSQ TSGSQVEMVT NRNKNVIKTN DVQLQNLNTP IVTSLSATIN 120 
LNWTNENGEP ENLPSITYEG KTGDTLQDVG KYIQGLITTD NSKYEVSPLV STPKDTEDYL 180 
SGNTADSITD PSMKLAYDDW RKNKEKNYPF AGYTVEIDSL SNAPLTNGGT YTINLGTETR 240 
LYNEPYWVIT SRTIHYVKYG LTGSDSVASP DVIQEGYSNV TNSKNNPWK NFNLEKDGHH 300 
YVSYETVQRS YNVASGIPDG MTDKPNYY 328 

SEQ ID NO, 19 moltype = DNA length 612 
FEATURE Location/Qualifiers 
source 1.. 612 

mol type genomic DNA 
organism Limosilactobacillus reuteri 

SEQUENCE, 19 
atgatttcta agaaaaactt tgctaaagta tctgctactc ttggtgcagt ggccttaggt 60 
gttagtgcaa cggctactgc tgctaatgcc gacactatct acaccgtgca aagtggtgac 120 
acactttcag gtatttctta caaattcgca aaagacaaca gtatggtcaa tgatcttgct 180 
aagaagaaca atattcaaga tattaacaag atttacgttg gtcaaaagtt aatcatcaag 240 
agcgatggtg aaattcaaga atacaacgct caaaacgcag ctaatgcaaa tgtagctgac 300 
aataatactc aagctactca acaacaaact gcacaacctc aacaagctca aagtcaagct 360 
agccaaagtt atacttcaaa tgcttcaggt tcagaagctg ctgctaaggc ttggattgcc 420 
gctcgtgaat ctggtggtaa ctacggtgct actaacggtc aatacattgg taagtaccaa 480 
ttatcagcat cataccttaa cggtgactac tcggcagcta accaagaacg ggttgctgac 540 
caatacgttg caagtcgtta cggttcatgg caaaatgctc aggctcactg gcaagctaat 600 
ggctggtact aa 612 

SEQ ID NO, 20 moltype = AA length 203 
FEATURE Location/Qualifiers 
source 1. .203 

mol type protein 
organism Limosilactobacillus reuteri 

SEQUENCE, 20 
MISKKNFAKV SATLGAVALG VSATATAANA DTIYTVQSGD TLSGISYKFA KDNSMVNDLA 60 
KKNNIQDINK IYVGQKLIIK SDGEIQEYNA QNAANANVAD NNTQATQQQT AQPQQAQSQA 120 
SQSYTSNASG SEAAAKAWIA ARESGGNYGA TNGQYIGKYQ LSASYLNGDY SAANQERVAD 180 
QYVASRYGSW QNAQAHWQAN GWY 203 

SEQ ID NO, 21 moltype = DNA length 792 
FEATURE Location/Qualifiers 
source 1 .. 792 

mol type genomic DNA 
organism Limosilactobacillus reuteri 

SEQUENCE, 21 
atgaaatttt ggaagaaagc actattaaca attgcagcct taacagtcgg cacctccgca 60 
ggaattacaa gcgtttctgc cgcttcatca gctgttaatt cagaattagt tcataaggga 120 
gaattgacaa ttggtcttga gggaacgtac tctccgtact cttatcgtaa aaataacaaa 180 
ttaactggct ttgaagtaga tcttggtaaa gcagttgcta aaaagatggg cttaaaagct 240 
aactttgtac caactaaatg ggattcgcta attgccggtc ttggttcagg caagtttgat 300 
gtagtaatga acaacattac acagacacct gaacgggcca agcaatataa tttctctacc 360 
ccatatatca agtcccggtt tgcattaatt gttcctactg atagtaacat caaaagcttg 420 
aaggatatta aaggcaagaa gattattgct ggtacgggaa ctaataatgc gaatgtggtt 480 
aaaaaatata agggtaacct tacaccaaat ggcgattttg ctagttcctt agatatgatc 540 
aagcaaggtc gggctgccgg gacagttaac tcccgtgaag cttggtacgc ttacagcaag 600 
aagaacagta ctaagggtct caagatgatt gatgtttcta gtgaacaaga tccagctaag 660 
atttcagcac tttttaacaa gaaagatact gctattcaat cttcctacaa caaggcactg 720 
aaggaacttc aacaagatgg aacagtcaag aagctatctg aaaagtactt cggtgcagat 780 
attactgaat aa 792 

SEQ ID NO, 22 moltype = AA length 263 
FEATURE Location/Qualifiers 
source 1. .263 

mol type protein 
organism Limosilactobacillus reuteri 

SEQUENCE, 22 
MKFWKKALLT IAALTVGTSA GITSVSAASS AVNSELVHKG ELTIGLEGTY SPYSYRKNNK 60 
LTGFEVDLGK AVAKKMGLKA NFVPTKWDSL IAGLGSGKFD VVMNNITQTP ERAKQYNFST 120 
PYIKSRFALI VPTDSNIKSL KDIKGKKIIA GTGTNNANW KKYKGNLTPN GDFASSLDMI 180 
KQGRAAGTVN SREAWYAYSK KNSTKGLKMI DVSSEQDPAK ISALFNKKDT AIQSSYNKAL 240 
KELQQDGTVK KLSEKYFGAD ITE 263 

SEQ ID NO, 23 moltype = DNA length 27 
FEATURE Location/Qualifiers 
source 1. .27 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 23 
atgaacttta ataaaattga tttagac 27 



US 2023/0381253 Al Nov. 30, 2023 
49 

-continued 

SEQ ID NO, 24 moltype = DNA length = 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 24 
ttataaaagc eagteattag gee 23 

SEQ ID NO, 25 moltype = DNA length 27 
FEATURE Location/Qualifiers 
source 1. .27 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 25 
tcaagaaaaa geatttteag gtatagg 27 

SEQ ID NO, 26 moltype = DNA length 24 
FEATURE Location/Qualifiers 
source 1. .24 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 26 
tctattattc ettggaette attt 24 

SEQ ID NO, 27 moltype = DNA length 34 
FEATURE Location/Qualifiers 
source 1. .34 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 27 
ttaaaaatta atctttccag taataatcaa catc 34 

SEQ ID NO, 28 moltype = DNA length 27 
FEATURE Location/Qualifiers 
source 1. .27 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 28 
ttaaaatgta ggtttaattt ttaggge 27 

SEQ ID NO, 29 moltype = DNA length 71 
FEATURE Location/Qualifiers 
source 1 .. 71 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 29 
aagcagtcaa aaagccctaa aaattaaacc tacattttaa eattatgett tggeagttta 60 
ttettgaeat g 71 

SEQ ID NO, 30 moltype = DNA length 66 
FEATURE Location/Qualifiers 
source 1 .. 66 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 30 
tgegetgatg ttgattatta etggaaagat taatttttaa tttgattgat agccaaaaag 60 
eageag 66 

SEQ ID NO, 31 moltype = DNA length 26 
FEATURE Location/Qualifiers 
source 1. .26 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 31 
tetegetttg attgttetat egaaag 26 

SEQ ID NO, 32 moltype = DNA length 26 
FEATURE Location/Qualifiers 
source 1. .26 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 32 
ataaggaaga taaatcccat aaggge 26 

SEQ ID NO, 33 moltype = DNA length 28 
FEATURE Location/Qualifiers 
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source 1. .28 
mol type other DNA 
organism synthetic construct 

SEQUENCE, 33 
aactttcgcc attaatgtgt tttatcgg 28 

SEQ ID NO, 34 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 34 
agacagatga caagcccttt age 23 

SEQ ID NO, 35 moltype = DNA length 25 
FEATURE Location/Qualifiers 
source 1. .25 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 35 
taatatgaga taatgccgac tgtac 25 

SEQ ID NO, 36 moltype = DNA length 21 
FEATURE Location/Qualifiers 
source 1. .21 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 36 
ttcattacat ccatgggtgt C 21 

SEQ ID NO, 37 moltype = DNA length 20 
FEATURE Location/Qualifiers 
source 1. .20 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 37 
tgaatgagtg agtcaacttg 20 

SEQ ID NO, 38 moltype = DNA length 20 
FEATURE Location/Qualifiers 
source 1. .20 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 38 
taaatatcac cttatttcaa 20 

SEQ ID NO, 39 moltype = DNA length 21 
FEATURE Location/Qualifiers 
source 1. .21 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 39 
tgatctttga accaaaatta g 21 

SEQ ID NO, 40 moltype = DNA length 25 
FEATURE Location/Qualifiers 
source 1. .25 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 40 
agaaaaccga ctgtaaaaag tacag 25 

SEQ ID NO, 41 moltype = DNA length 26 
FEATURE Location/Qualifiers 
source 1. .26 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 41 
atgctatcaa gaaaaaatta taagga 26 

SEQ ID NO, 42 moltype = DNA length 24 
FEATURE Location/Qualifiers 
source 1. .24 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 42 
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ctaatcatgt ttacgcttct tgcc 24 

SEQ ID NO, 43 moltype = DNA length 60 
FEATURE Location/Qualifiers 
source 1 .. 60 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 43 
gcagcagaaa ttgaaataag gtgatattta atgctatcaa gaaaaaatta taaggaaact 60 

SEQ ID NO, 44 moltype = DNA length = 60 
FEATURE Location/Qualifiers 
source 1 .. 60 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 44 
gccgactgta ctttttacag tcggttttct tgaatgagtg agtcaacttg aattatttgc 60 

SEQ ID NO, 45 moltype = DNA length = 60 
FEATURE Location/Qualifiers 
source 1 .. 60 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 45 
ggtttgggca agaagcgtaa acatgattag tgatctttga accaaaatta gaaaaccaag 60 

SEQ ID NO, 46 moltype = DNA length = 21 
FEATURE Location/Qualifiers 
source 1. .21 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 46 
gtgaaaaaag ataaaaagcg a 21 

SEQ ID NO, 47 moltype = DNA length 20 
FEATURE Location/Qualifiers 
source 1. .20 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 47 
ttaacgacct gtcgtatatt 20 

SEQ ID NO, 48 moltype = DNA length 60 
FEATURE Location/Qualifiers 
source 1 .. 60 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 48 
gcagcagaaa ttgaaataag gtgatattta gtgaaaaaag ataaaaagcg atcatttgaa 60 

SEQ ID NO, 49 moltype = DNA length = 60 
FEATURE Location/Qualifiers 
source 1 .. 60 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 49 
tttagcgaaa aatatacgac aggtcgttaa tgatctttga accaaaatta gaaaaccaag 60 

SEQ ID NO, 50 moltype = DNA length = 18 
FEATURE Location/Qualifiers 
source 1 .. 18 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 50 
atgtcttttg acggcttg 18 

SEQ ID NO, 51 moltype = DNA length 24 
FEATURE Location/Qualifiers 
source 1. .24 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 51 
ttagttagaa agtttatgcg gtgt 24 

SEQ ID NO, 52 moltype = DNA length 60 
FEATURE Location/Qualifiers 
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source 1. .60 
mol type other DNA 
organism synthetic construct 

SEQUENCE, 52 
tgcatgagta aacaagccgt caaaagacat taaatatcac cttatttcaa tttctgctgc 60 

SEQ ID NO, 53 moltype = DNA length = 60 
FEATURE Location/Qualifiers 
source 1 .. 60 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 53 
tatgtaacac cgcataaact ttctaactaa tgatctttga accaaaatta gaaaaccaag 60 

SEQ ID NO, 54 moltype = DNA length = 26 
FEATURE Location/Qualifiers 
source 1. .26 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 54 
atgaagaata atagttcaaa atattg 26 

SEQ ID NO, 55 moltype = DNA length 18 
FEATURE Location/Qualifiers 
source 1 .. 18 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 55 
ttaagcatgt ttacgctt 18 

SEQ ID NO, 56 moltype = DNA length 60 
FEATURE Location/Qualifiers 
source 1 .. 60 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 56 
gcagcagaaa ttgaaataag gtgatattta atgaagaata atagttcaaa atattgttta 60 

SEQ ID NO, 57 moltype = DNA length = 60 
FEATURE Location/Qualifiers 
source 1 .. 60 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 57 
attattgatc gcaagcgtaa acatgcttaa tgatctttga accaaaatta gaaaaccaag 60 

SEQ ID NO, 58 moltype = DNA length = 18 
FEATURE Location/Qualifiers 
source 1 .. 18 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 58 
atgaagaaaa gaaaatta 18 

SEQ ID NO, 59 moltype = DNA length 17 
FEATURE Location/Qualifiers 
source 1. .17 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 59 
ttattcgtac cgtttaa 17 

SEQ ID NO, 60 moltype = DNA length 60 
FEATURE Location/Qualifiers 
source 1 .. 60 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 60 
gcagcagaaa ttgaaataag gtgatattta atgaagaaaa gaaaattaaa gaagagttta 60 

SEQ ID NO, 61 moltype = DNA length = 60 
FEATURE Location/Qualifiers 
source 1 .. 60 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 61 
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attggggcaa cacttaaacg gtacgaataa tgatctttga accaaaatta gaaaaccaag 60 

SEQ ID NO, 62 moltype = DNA length = 19 
FEATURE Location/Qualifiers 
source 1 .. 19 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 62 
atgtcgaaga acaatgcac 19 

SEQ ID NO, 63 moltype = DNA length 24 
FEATURE Location/Qualifiers 
source 1. .24 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 63 
tcagtaatag ttgggtttat ctgt 24 

SEQ ID NO, 64 moltype = DNA length 60 
FEATURE Location/Qualifiers 
source 1 .. 60 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 64 
gcagcagaaa ttgaaataag gtgatattta atgtcgaaga acaatgcaca agaatatgta 60 

SEQ ID NO, 65 moltype = DNA length = 60 
FEATURE Location/Qualifiers 
source 1 .. 60 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 65 
gggatgacag ataaacccaa ctattactga tgatctttga accaaaatta gaaaaccaag 60 

SEQ ID NO, 66 moltype = DNA length = 20 
FEATURE Location/Qualifiers 
source 1. .20 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 66 
gtgactaata aaaagcatta 20 

SEQ ID NO, 67 moltype = DNA length 19 
FEATURE Location/Qualifiers 
source 1 .. 19 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 67 
ttagaattca ccataatat 19 

SEQ ID NO, 68 moltype = DNA length 60 
FEATURE Location/Qualifiers 
source 1 .. 60 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 68 
gcagcagaaa ttgaaataag gtgatattta gtgactaata aaaagcatta taaattatat 60 

SEQ ID NO, 69 moltype = DNA length = 60 
FEATURE Location/Qualifiers 
source 1 .. 60 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 69 
ttggtaagcc tatattatgg tgaattctaa tgatctttga accaaaatta gaaaaccaag 60 

SEQ ID NO, 70 moltype = DNA length = 22 
FEATURE Location/Qualifiers 
source 1. .22 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 70 
atgatttcta agaaaaactt tg 22 

SEQ ID NO, 71 moltype = DNA length 19 
FEATURE Location/Qualifiers 
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source 1. .19 
mol type other DNA 
organism synthetic construct 

SEQUENCE, 71 

ttagtaccag ccattagct 19 

SEQ ID NO, 72 moltype = DNA length 60 
FEATURE Location/Qualifiers 
source 1 .. 60 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 72 

gcagcagaaa ttgaaataag gtgatattta atgatttcta agaaaaactt tgctaaagta 60 

SEQ ID NO, 73 moltype = DNA length = 60 
FEATURE Location/Qualifiers 
source 1 .. 60 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 73 
gctcactggc aagctaatgg ctggtactaa tgatctttga accaaaatta gaaaaccaag 60 

SEQ ID NO, 74 moltype = DNA length = 26 
FEATURE Location/Qualifiers 
source 1. .26 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 74 
atgagaaatt cgaatacaaa taattg 26 

SEQ ID NO, 75 moltype = DNA length 20 
FEATURE Location/Qualifiers 
source 1. .20 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 75 
ttagttgtgg cgcttctttg 20 

SEQ ID NO, 76 moltype = DNA length 60 
FEATURE Location/Qualifiers 
source 1 .. 60 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 76 
gcagcagaaa ttgaaataag gtgatattta atgagaaatt cgaatacaaa taattggcgt 60 

SEQ ID NO, 77 moltype = DNA length = 60 
FEATURE Location/Qualifiers 
source 1 .. 60 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 77 
acttacagct caaagaagcg ccacaactaa tgatctttga accaaaatta gaaaaccaag 60 

SEQ ID NO, 78 moltype = DNA length = 80 
FEATURE Location/Qualifiers 
source 1 .. 80 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 78 
tcaaaccacc aggaccaagc gctgaaagac gacgctttct gcttaattca cctaatgggt 60 
tggtttgatc catgaactgg 80 

SEQ ID NO, 79 moltype = DNA length 81 
FEATURE Location/Qualifiers 
source 1 .. 81 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 79 
aaacgcgatc catgttggtg atataaatca tctgcccttg tcaagcatga tagtacaatg 60 
gagaaaagag gattttgctc C 81 

SEQ ID NO, 80 moltype = DNA length 25 
FEATURE Location/Qualifiers 
source 1. .25 

mol type = other DNA 
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organism synthetic construct 
SEQUENCE, 80 
tcctaattcg caaaataagc agagg 25 

SEQ ID NO, 81 moltype = DNA length 27 
FEATURE Location/Qualifiers 
source 1. .27 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 81 
aatggattac aaatacaggc aaaatcc 27 

SEQ ID NO, 82 moltype = DNA length 28 
FEATURE Location/Qualifiers 
source 1. .28 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 82 
ttggtgatat aaatcatctg cccttgtc 28 

SEQ ID NO, 83 moltype = DNA length 80 
FEATURE Location/Qualifiers 
source 1 .. 80 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 83 
cgttaaaata ggaaaacctt tgcttaggtc aaatcgcaag ctttatccga aaacagattt 60 
agtacctgtt cctgtccgat 80 

SEQ ID NO, 84 moltype = DNA length 26 
FEATURE Location/Qualifiers 
source 1. .26 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 84 
gctatttctt agataaagtg gctgac 26 

SEQ ID NO, 85 moltype = DNA length 25 
FEATURE Location/Qualifiers 
source 1. .25 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 85 
tttgcttagg tcaaatcgca agctt 25 

SEQ ID NO, 86 moltype = DNA length 26 
FEATURE Location/Qualifiers 
source 1. .26 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 86 
aaaattggaa catggtgtga catgga 26 

SEQ ID NO, 87 moltype = DNA length 81 
FEATURE Location/Qualifiers 
source 1 .. 81 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 87 
acattttctg cattagttgc ttgttgagca gatagctttc accggtaagc atcattttcc 60 
ttagcaacag ctgagttgta a 81 

SEQ ID NO, 88 moltype = DNA length 20 
FEATURE Location/Qualifiers 
source 1. .20 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 88 
agttcgggca actgctgatc 20 

SEQ ID NO, 89 moltype = DNA length 25 
FEATURE Location/Qualifiers 
source 1. .25 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 89 
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gcttgttgag cagatagctt tcacc 25 

SEQ ID NO, 90 moltype = DNA length 27 
FEATURE Location/Qualifiers 
source 1. .27 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 90 
taaccgcatt gtaaaattca cggtagt 27 

SEQ ID NO, 91 moltype = DNA length 81 
FEATURE Location/Qualifiers 
source 1 .. 81 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 91 
catacccacg aatccaaatt actgagatcc catacaaatg ataggcggtt ccaactaatt 60 
ttacaatgac aatgcggaaa t 81 

SEQ ID NO, 92 moltype = DNA length 27 
FEATURE Location/Qualifiers 
source 1. .27 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 92 
ggtgattaat actggctctg gattttc 27 

SEQ ID NO, 93 moltype = DNA length 26 
FEATURE Location/Qualifiers 
source 1. .26 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 93 
gacaacatga atattattag ccgccg 26 

SEQ ID NO, 94 moltype = DNA length 15 
FEATURE Location/Qualifiers 
source 1 .. 15 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 94 
tggaaccgcc tatca 15 

SEQ ID NO, 95 moltype = DNA length 81 
FEATURE Location/Qualifiers 
source 1 .. 81 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 95 
aacactatat ccagttttac ttaattcata agtatcatcc tattttactt taacaacaac 60 
agcattacta taattgcttc C 81 

SEQ ID NO, 96 moltype = DNA length 18 
FEATURE Location/Qualifiers 
source 1 .. 18 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 96 

tacaagccct taaagtca 18 

SEQ ID NO, 97 moltype = DNA length 21 
FEATURE Location/Qualifiers 
source 1. .21 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 97 
ttgttgttaa agtaaaatag g 21 

SEQ ID NO, 98 moltype = DNA length 17 
FEATURE Location/Qualifiers 
source 1. .17 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 98 
atgttacctc atcagct 17 
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SEQ ID NO, 99 moltype = DNA length = 81 
FEATURE Location/Qualifiers 
source 1 .. 81 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 99 
ttgatatttg gctaggtcag accaatcagt agtcgtttat tacgtacttg cttcatcctt 60 
attagtctgg accattggcg t 81 

SEQ ID NO, 100 moltype = DNA length 24 
FEATURE Location/Qualifiers 
source 1. .24 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 100 
tggtagggaa gtaatttcaa tccc 24 

SEQ ID NO, 101 moltype = DNA length 24 
FEATURE Location/Qualifiers 
source 1. .24 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 101 
tcactggcaa gtactgaatg ttgg 24 

SEQ ID NO, 102 moltype = DNA length 28 
FEATURE Location/Qualifiers 
source 1. .28 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 102 
gtcagaccaa tcagtagtcg tttattac 28 

SEQ ID NO, 103 moltype = DNA length 81 
FEATURE Location/Qualifiers 
source 1 .. 81 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 103 
aatttttata cgcttgattc ttagaagtta agtttcctca tcaataataa gtaatataat 60 
caagcattga tctttcataa a 81 

SEQ ID NO, 104 moltype = DNA length 20 
FEATURE Location/Qualifiers 
source 1. .20 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 104 
tctaactttt gaagtaattc 20 

SEQ ID NO, 105 moltype = DNA length 20 
FEATURE Location/Qualifiers 
source 1. .20 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 105 
gaagttaagt ttcctcatca 20 

SEQ ID NO, 106 moltype = DNA length 18 
FEATURE Location/Qualifiers 
source 1 .. 18 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 106 
gactggcctt ttgtaatt 18 

SEQ ID NO, 107 moltype = DNA length 81 
FEATURE Location/Qualifiers 
source 1 .. 81 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 107 
aaagtgaagt tacaattggt gtatttaaat tttgtaatca tcagtcatta gttttaatta 60 
catttttatt tctgttagta a 81 

SEQ ID NO, 108 moltype DNA length 18 
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FEATURE Location/Qualifiers 
source 1 .. 18 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 108 
actatcagaa cccgttag 18 

SEQ ID NO, 109 moltype = DNA length 20 
FEATURE Location/Qualifiers 
source 1. .20 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 109 
attaaaacta atgactgatg 20 

SEQ ID NO, 110 moltype = DNA length 18 
FEATURE Location/Qualifiers 
source 1 .. 18 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 110 
gaatacttgc tgactagt 18 

SEQ ID NO, 111 moltype = DNA length 81 
FEATURE Location/Qualifiers 
source 1 .. 81 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 111 
ccaaccatct tttactggtg ttgatatctc tgttgactac tacgttactg agtttgcttt 60 
ttgatccgtg gcttgttgag t 81 

SEQ ID NO, 112 moltype = DNA length 24 
FEATURE Location/Qualifiers 
source 1. .24 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 112 
ggattgacgg taatcattgt ctac 24 

SEQ ID NO, 113 moltype = DNA length 25 
FEATURE Location/Qualifiers 
source 1. .25 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 113 
tgttgatatc tctgttgact actac 25 

SEQ ID NO, 114 moltype = DNA length 19 
FEATURE Location/Qualifiers 
source 1 .. 19 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 114 
ggcttatagc cgatgtgca 19 

SEQ ID NO, 115 moltype = DNA length 81 
FEATURE Location/Qualifiers 
source 1 .. 81 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 115 

tgcattagct gcgttttgag cgttgtattc ttgaatttac tactcgctct tgatgattaa 60 

cttttgacca acgtaaatct t 81 

SEQ ID NO, 116 moltype = DNA length 20 

FEATURE Location/Qualifiers 
source 1. .20 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 116 

ggtgctgtta cagcttagta 20 

SEQ ID NO, 117 moltype = DNA length 23 

FEATURE Location/Qualifiers 
source 1. .23 
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mol type other DNA 
organism synthetic construct 

SEQUENCE, 117 
gttaatcatc aagagcgagt agt 23 

SEQ ID NO, 118 moltype = DNA length 20 
FEATURE Location/Qualifiers 
source 1. .20 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 118 
ctcgacctat acctgtcgaa 20 

SEQ ID NO, 119 moltype = DNA length 81 
FEATURE Location/Qualifiers 
source 1 .. 81 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 119 
agcgaatccc atttagttgg tacaaagtta gcttttaatt atctcttttt agcaactgct 60 
ttaccaagat ctacttcaaa g 81 

SEQ ID NO, 120 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 120 
tccgaatgaa ttatctggcg gac 23 

SEQ ID NO, 121 moltype = DNA length 25 
FEATURE Location/Qualifiers 
source 1. .25 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 121 
gctggatctt gttcactaga aacat 25 

SEQ ID NO, 122 moltype = DNA length 25 
FEATURE Location/Qualifiers 
source 1. .25 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 122 
taaagcagtt gctaaaaaga gataa 25 

SEQ ID NO, 123 moltype = DNA length 35 
FEATURE Location/Qualifiers 
source 1. .35 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 123 
aaacagatct tggtaaagca gttgctaaaa agatg 35 

SEQ ID NO, 124 moltype = DNA length 35 
FEATURE Location/Qualifiers 
source 1. .35 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 124 
aaaacatctt tttagcaact gctttaccaa gatct 35 

SEQ ID NO, 125 moltype = DNA length 80 
FEATURE Location/Qualifiers 
source 1 .. 80 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 125 
gtttcccaaa acacctatac ctgaaaatgc nttttcnnnn tcnattattc cttggacttc 60 
atttactggg tttaacttaa 80 

SEQ ID NO, 126 moltype = DNA length 80 
FEATURE Location/Qualifiers 
source 1 .. 80 

mol type other DNA 
organism synthetic construct 
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SEQUENCE, 126 
gtttcccaaa acacctatac ctgaaaatgc tttttcgacg tctattattc cttggacttc 60 
atttactggg tttaacttaa 80 

SEQ ID NO, 127 moltype = DNA length 80 
FEATURE Location/Qualifiers 
source 1 .. 80 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 127 
gtttcccaaa acacctatac ctgaaaatgc tttttcttgc tcgattattc cttggacttc 60 
atttactggg tttaacttaa 80 

SEQ ID NO, 128 moltype = DNA length 80 
FEATURE Location/Qualifiers 
source 1 .. 80 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 128 
gtttcccaaa acacctatac ctgaaaatgc gttttctatt tctattattc cttggacttc 60 
atttactggg tttaacttaa 80 

SEQ ID NO, 129 moltype = DNA length 80 
FEATURE Location/Qualifiers 
source 1 .. 80 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 129 
gtttcccaaa acacctatac ctgaaaatgc cttttcgaca tctattattc cttggacttc 60 
atttactggg tttaacttaa 80 

SEQ ID NO, 130 moltype = DNA length 80 
FEATURE Location/Qualifiers 
source 1 .. 80 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 130 
gtttcccaaa acacctatac ctgaaaatgc tttttcctta tccattattc cttggacttc 60 
atttactggg tttaacttaa 80 

SEQ ID NO, 131 moltype = DNA length 80 
FEATURE Location/Qualifiers 
source 1 .. 80 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 131 
gtttcccaaa acacctatac ctgaaaatgc gttttctatc tctattattc cttggacttc 60 
atttactggg tttaacttaa 80 

SEQ ID NO, 132 moltype = DNA length 80 
FEATURE Location/Qualifiers 
source 1 .. 80 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 132 
gtttcccaaa acacctatac ctgaaaatgc tttttcagca tctattattc cttggacttc 60 
atttactggg tttaacttaa 80 

SEQ ID NO, 133 moltype = DNA length 80 
FEATURE Location/Qualifiers 
source 1 .. 80 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 133 
gtttcccaaa acacctatac ctgaaaatgc tttttcagtt tcaattattc cttggacttc 60 
atttactggg tttaacttaa 80 

SEQ ID NO, 134 moltype = DNA length 80 
FEATURE Location/Qualifiers 
source 1 .. 80 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 134 
gtttcccaaa acacctatac ctgaaaatgc tttttcgtgt tctattattc cttggacttc 60 
atttactggg tttaacttaa 80 
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SEQ ID NO, 135 moltype = DNA length = 57 
FEATURE Location/Qualifiers 
source 1 .. 57 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 135 
acactctttc cctacacgac gctcttccga tctcctgctg taataatggg tagaagg 57 

SEQ ID NO, 136 moltype = DNA length = 59 
FEATURE Location/Qualifiers 
source 1 .. 59 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 136 
gtgactggag ttcagacgtg tgctcttccg atcttggact cctgtaaaga atgacttca 59 

SEQ ID NO, 137 moltype = DNA length = 63 
FEATURE Location/Qualifiers 
source 1 .. 63 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 137 
acactctttc cctacacgac gctcttccga tctnnnnnnc ctgctgtaat aatgggtaga 60 
agg 63 

SEQ ID NO, 138 moltype = DNA length 65 
FEATURE Location/Qualifiers 
source 1 .. 65 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 138 
gtgactggag ttcagacgtg tgctcttccg atctnnnnnn tggactcctg taaagaatga 60 
cttca 65 

SEQ ID NO, 139 moltype = DNA length 60 
FEATURE Location/Qualifiers 
source 1 .. 60 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 139 
aatgatacgg cgaccaccga gatctacacc ggaagaaaca ctctttccct acacgacgct 60 

SEQ ID NO, 140 moltype = DNA length = 55 
FEATURE Location/Qualifiers 
source 1 .. 55 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 140 
caagcagaag acggcatacg agatttcttc cggtgactgg agttcagacg tgtgc 55 

SEQ ID NO, 141 moltype = DNA length = 60 
FEATURE Location/Qualifiers 
source 1 .. 60 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 141 
aatgatacgg cgaccaccga gatctacacg acaccaaaca ctctttccct acacgacgct 60 

SEQ ID NO, 142 moltype = DNA length = 55 
FEATURE Location/Qualifiers 
source 1 .. 55 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 142 
caagcagaag acggcatacg agatttggtg tcgtgactgg agttcagacg tgtgc 55 

SEQ ID NO, 143 moltype = DNA length = 60 
FEATURE Location/Qualifiers 
source 1 .. 60 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 143 
aatgatacgg cgaccaccga gatctacaca caactggaca ctctttccct acacgacgct 60 

SEQ ID NO, 144 moltype = DNA length = 55 
FEATURE Location/Qualifiers 
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source 1. .55 
mol type other DNA 
organism synthetic construct 

SEQUENCE, 144 
caagcagaag acggcatacg agatccagtt gtgtgactgg agttcagacg tgtgc 55 

SEQ ID NO, 145 moltype = DNA length = 60 
FEATURE Location/Qualifiers 
source 1 .. 60 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 145 
aatgatacgg cgaccaccga gatctacacc ggtactaaca ctctttccct acacgacgct 60 

SEQ ID NO, 146 moltype = DNA length = 55 
FEATURE Location/Qualifiers 
source 1 .. 55 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 146 
caagcagaag acggcatacg agattagtac cggtgactgg agttcagacg tgtgc 55 

SEQ ID NO, 147 moltype = DNA length = 60 
FEATURE Location/Qualifiers 
source 1 .. 60 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 147 
aatgatacgg cgaccaccga gatctacaca ctcacacaca ctctttccct acacgacgct 60 

SEQ ID NO, 148 moltype = DNA length = 55 
FEATURE Location/Qualifiers 
source 1 .. 55 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 148 
caagcagaag acggcatacg agatgtgtga gtgtgactgg agttcagacg tgtgc 55 

SEQ ID NO, 149 moltype = DNA length = 60 
FEATURE Location/Qualifiers 
source 1 .. 60 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 149 
aatgatacgg cgaccaccga gatctacacc tagacgaaca ctctttccct acacgacgct 60 

SEQ ID NO, 150 moltype = DNA length = 55 
FEATURE Location/Qualifiers 
source 1 .. 55 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 150 
caagcagaag acggcatacg agattcgtct aggtgactgg agttcagacg tgtgc 55 

SEQ ID NO, 151 moltype = DNA length = 60 
FEATURE Location/Qualifiers 
source 1 .. 60 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 151 
aatgatacgg cgaccaccga gatctacaca taggtcgaca ctctttccct acacgacgct 60 

SEQ ID NO, 152 moltype = DNA length = 55 
FEATURE Location/Qualifiers 
source 1 .. 55 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 152 
caagcagaag acggcatacg agatcgacct atgtgactgg agttcagacg tgtgc 55 

SEQ ID NO, 153 moltype = DNA length = 60 
FEATURE Location/Qualifiers 
source 1 .. 60 

mol type other DNA 
organism synthetic construct 

SEQUENCE, 153 
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aatgatacgg cgaccaccga 

SEQ ID NO, 154 
FEATURE 
source 

SEQUENCE, 154 
caagcagaag acggcatacg 

SEQ ID NO, 155 
FEATURE 
source 

SEQUENCE, 155 
ctgccctacc ttagcatgat 

SEQ ID NO, 156 
FEATURE 
source 

SEQUENCE, 156 
agtatcattt ggctttactt 

SEQ ID NO, 157 
FEATURE 
source 

SEQUENCE, 157 
agcttttaag cccatctttt 

SEQ ID NO, 158 
FEATURE 
source 

SEQUENCE, 158 
tacaaaaatc cggcggttcc 

SEQ ID NO, 159 
FEATURE 
source 

SEQUENCE, 159 
ttgtaattgg acgtcattag 

SEQ ID NO, 160 
FEATURE 
source 

SEQUENCE, 160 
ttgaatttca ccatcgctct 

SEQ ID NO, 161 
FEATURE 
source 

SEQUENCE, 161 
tgttgacttt ggtgttactg 

SEQ ID NO, 162 
FEATURE 
source 

SEQUENCE, 162 
tagcttacct tggtaagcat 

SEQ ID NO, 163 
FEATURE 
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gatctacact agcagcaaca ctctttccct 

moltype = DNA length = 55 
Location/Qualifiers 
1 .. 55 
mol type other DNA 
organism synthetic construct 

agattgctgc tagtgactgg agttcagacg 

a 

t 

t 

a 

t 

t 

a 

C 

moltype = DNA length = 21 
Location/Qualifiers 
1. .21 
mol type genomic DNA 
organism Limosilactobacillus 

moltype = DNA length 21 
Location/Qualifiers 
1. .21 
mol type genomic DNA 
organism Limosilactobacillus 

moltype = DNA length 21 
Location/Qualifiers 
1. .21 
mol type genomic DNA 
organism Limosilactobacillus 

moltype = DNA length 21 
Location/Qualifiers 
1. .21 
mol type genomic DNA 
organism Limosilactobacillus 

moltype = DNA length 21 
Location/Qualifiers 
1. .21 
mol type genomic DNA 
organism Limosilactobacillus 

moltype = DNA length 21 
Location/Qualifiers 
1. .21 
mol type genomic DNA 
organism Limosilactobacillus 

moltype = DNA length 21 
Location/Qualifiers 
1. .21 
mol type genomic DNA 
organism Limosilactobacillus 

moltype = DNA length 21 
Location/Qualifiers 
1. .21 
mol type genomic DNA 
organism Limosilactobacillus 

moltype = DNA length 
Location/Qualifiers 

21 

acacgacgct 

tgtgc 

reuteri 

reuteri 

reuteri 

reuteri 

reuteri 

reuteri 

reuteri 

reuteri 
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60 

55 

21 

21 

21 

21 

21 

21 

21 

21 
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source 1. .21 
mol type genomic DNA 
organism Limosilactobacillus reuteri 

SEQUENCE, 163 
agtcgtttgc ggagtacttg c 

SEQ ID NO, 164 
FEATURE 
source 

moltype = DNA length 21 
Location/Qualifiers 
1. .21 
mol type genomic DNA 

21 

organism Limosilactobacillus reuteri 
SEQUENCE, 164 
taagtttcct tggttataat a 

What is claimed is: 
1. A recombinant microorganism comprising one or more 

modifications with respect to a corresponding microorgan
ism not comprising the one or more modifications, wherein 
the one or more modifications reduce, in the recombinant 
microorganism with respect to the corresponding microor
ganism, expression and/or activity of one or more proteins 
expressed by the corresponding microorganism, wherein the 
one or more proteins comprise any one or more, any two or 
more, any three or more, any four or more, any five or more, 
any six or more, or each of a sortase, a sortase-dependent 
protein, a fibronectin-binding protein, an autolysin, a sur
face-layer protein, an aggregation-promoting factor, and a 
collagen-binding protein. 

2. The recombinant microorganism of claim 1, wherein: 
the sortase comprises a sequence at least 80% identical to 

SEQ ID NO:2; 
the sortase-dependent protein comprises a sequence at 

least 80% identical to a sequence selected from the 
group consisting of SEQ ID NOS:4, 6, 8, 10, and 12; 

the fibronectin-binding protein comprises a sequence at 
least 80% identical to SEQ ID NO:14; 

the autolysin comprises a sequence at least 80% identical 
to SEQ ID NO: 16; 

the surface-layer protein comprises a sequence at least 
80% identical to SEQ ID NO:18; 

the aggregation-promoting factor comprises a sequence at 
least 80% identical to SEQ ID NO:20; and 

the collagen-binding protein comprises a sequence at least 
80% identical to SEQ ID NO:22. 

3. The recombinant microorganism of claim 1, wherein: 
the sortase comprises a sequence at least 95% identical to 

SEQ ID NO:2; 
the sortase-dependent protein comprises a sequence at 

least 95% identical to a sequence selected from the 
group consisting of SEQ ID NOS:4, 6, 8, 10, and 12; 

the fibronectin-binding protein comprises a sequence at 
least 95% identical to SEQ ID NO:14; 

the autolysin comprises a sequence at least 95% identical 
to SEQ ID NO: 16; 

the surface-layer protein comprises a sequence at least 
95% identical to SEQ ID NO:18; 

the aggregation-promoting factor comprises a sequence at 
least 95% identical to SEQ ID NO:20; and 

the collagen-binding protein comprises a sequence at least 
95% identical to SEQ ID NO:22. 

4. The recombinant microorganism of claim 1, wherein 
the recombinant microorganism comprises a recombinant 
gene configured to express a biologic. 
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5. The recombinant microorganism of claim 1, wherein 
the recombinant microorganism is a member ofLactobacil
lales (a lactic acid bacterium). 

6. The recombinant microorganism of claim 1, the recom
binant microorganism is a member of Limosilactobacillus or 
Lactobacillus. 

7. The recombinant microorganism of claim 1, wherein 
the recombinant microorganism is an L. reuteri. 

8. The recombinant of claim 1, wherein the recombinant 
microorganism exhibits a growth rate during exponential 
phase of growth no less than 90% of a growth rate exhibited 
by the corresponding microorganism during exponential 
phase of growth. 

9. The recombinant microorganism of claim 1, wherein 
the one or more proteins comprise any one or more, any two 
or more, any three or more, any four or more, any five or 
more, or each of a sortase, a sortase-dependent protein, a 
fibronectin-binding protein, an autolysin, a surface-layer 
protein, and an aggregation-promoting factor. 

10. The recombinant microorganism of claim 9, wherein: 
the sortase comprises a sequence at least 95% identical to 

SEQ ID NO:2; 
the sortase-dependent protein comprises a sequence at 

least 95% identical to a sequence selected from the 
group consisting of SEQ ID NOS:4, 6, 8, 10, and 12; 

the fibronectin-binding protein comprises a sequence at 
least 95% identical to SEQ ID NO:14; 

the autolysin comprises a sequence at least 95% identical 
to SEQ ID NO: 16; 

the surface-layer protein comprises a sequence at least 
95% identical to SEQ ID NO:18; and 

the aggregation-promoting factor comprises a sequence at 
least 95% identical to SEQ ID NO:20. 

11. The recombinant microorganism of claim 1, wherein 
the one or more proteins comprise any three or more of a 
sortase, a sortase-dependent protein, a fibronectin-binding 
protein, an autolysin, a surface-layer protein, and an aggre
gation-promoting factor. 

12. The recombinant microorganism of claim 11, wherein: 
the sortase comprises a sequence at least 95% identical to 

SEQ ID NO:2; 
the sortase-dependent protein comprises a sequence at 

least 95% identical to a sequence selected from the 
group consisting of SEQ ID NOS:4, 6, 8, 10, and 12; 

the fibronectin-binding protein comprises a sequence at 
least 95% identical to SEQ ID NO:14; 

the autolysin comprises a sequence at least 95% identical 
to SEQ ID NO: 16; 
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the surface-layer protein comprises a sequence at least 
95% identical to SEQ ID NO:18; and 

the aggregation-promoting factor comprises a sequence at 
least 95% identical to SEQ ID NO:20. 

13. The recombinant microorganism of claim 1, wherein 
the one or more proteins comprise each of a sortase, a 
sortase-dependent protein, a fibronectin-binding protein, an 
autolysin, a surface-layer protein, and an aggregation-pro
moting factor. 

14. The recombinant microorganism of claim 13, 
wherein: 

the sortase comprises a sequence at least 95% identical to 
SEQ ID NO:2; 

the sortase-dependent protein comprises a sequence at 
least 95% identical to a sequence selected from the 
group consisting of SEQ ID NOS:4, 6, 8, 10, and 12; 

the fibronectin-binding protein comprises a sequence at 
least 95% identical to SEQ ID NO:14; 

the autolysin comprises a sequence at least 95% identical 
to SEQ ID NO: 16; 

the surface-layer protein comprises a sequence at least 
95% identical to SEQ ID NO:18; and 

the aggregation-promoting factor comprises a sequence at 
least 95% identical to SEQ ID NO:20. 

15. The recombinant microorganism of claim 14, 
wherein: 
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the recombinant microorganism is an L. reuteri; 
the recombinant microorganism exhibits a growth rate 

during exponential phase of growth no less than 90% of 
a growth rate exhibited by the corresponding microor
ganism during exponential phase of growth; and 

the recombinant microorganism comprises a recombinant 
gene configured to express a biologic. 

16. A method of administration comprising administering 
the recombinant microorganism of any prior claim to a 
subject. 

17. The method of claim 16, wherein the administering 
comprises orally administering the recombinant microor
ganism to the subject. 

18. The method of claim 16, wherein the administering 
introduces the recombinant microorganism to a gastrointes
tinal tract of the subject. 

19. The method of claim 16, wherein the recombinant 
microorganism comprises a recombinant gene configured to 
express a biologic. 

20. The method of claim 16, wherein: 
the administering comprises orally administering the 

recombinant microorganism to the subject; 
the administering introduces the recombinant microor

ganism to a gastrointestinal tract of the subject; 
the recombinant microorganism comprises a recombinant 

gene configured to express a biologic; and 
the administering introduces the biologic to a gastroin

testinal tract of the subject. 

* * * * * 
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