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(57) ABSTRACT 

The invention relates to surface display of proteins on 
microorganisms via the targeting and anchoring of heterolo 
gous proteins to the outer surface of cells such as yeast, 
fungi, mammalian, plant cells, and bacteria. The invention 
provides a proteinaceous substance comprising a reactive 
group and at least one attaching peptide including a stretch 
of amino acids having a sequence corresponding to at least 
a part of the consensus amino acid sequence listed in FIG. 
10 and further includes a method for attaching a proteina 
ceous substance to the cell Wall of a microorganism com 
prising the use of the attaching peptide. 
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ATTACHING SUBSTANCES TO 
MICROORGANISMS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a divisional of US. Ser. No. 
09/554,354, ?led May 12, 2000, Which is a national entry of 
PCT International Patent Application No. PCT/NL98/ 
00655, ?led on Nov. 12, 1998, (corresponding to PCT 
International Publication No. WO 99/25836, the contents of 
Which is incorporated by this reference as is the sequence 
listing in US. Ser. No. 09/554,354). 

TECHNICAL FIELD 

[0002] The invention relates to surface display of proteins 
on microorganisms via the targeting and anchoring of het 
erologous proteins to the outer surface of cells such as yeast, 
fungi, mammalian, plant cells, and bacteria. 

BACKGROUND 

[0003] Heterologous surface display of proteins (Stahl and 
Uhlen, TIETECH May 1997, 15, 185-192) on recombinant 
microorganisms via the targeting and anchoring of heterolo 
gous proteins to the outer surface of host-cells such as yeast, 
fungi, mammalian and plant cells, and bacteria has been 
possible for several years. Display of heterologous proteins 
at these cells’ surfaces has taken many forms, varying from 
the expression of reactive groups such as antigenic deter 
minants, heterologous enZymes, (single-chain) antibodies, 
polyhistidyl tags, peptides, and other compounds. Heterolo 
gous surface display has been applied as a tool for research 
in microbiology, molecular biology, vaccinology, and bio 
technology, and several patent applications have been ?led. 

[0004] Another application of bacterial surface display has 
been developing live-bacterial-vaccine delivery systems. 
The cell-surface display of heterologous antigenic determi 
nants has been advantageous for inducing antigen-speci?c 
immune responses When using live recombinant cells for 
immuniZation. Another application has been the use of 
bacterial surface display in generating Whole cell bioadsor 
bents or bio?lters for environmental purposes, microbiocata 
lysts, and diagnostic tools. 

[0005] In general, one has used chimeric proteins consist 
ing of an anchoring or targeting part speci?c and selective 
for the recombinant organism used and has combined this 
part With a part comprising a reactive group as described 
above. AWell knoWn anchoring part, for example, comprises 
the so-called LPXTG box that binds covalently to a Staphy 
lococcus bacterial surface, i.e., in the form of a fully 
integrated membrane protein. In this Way, chimeric proteins 
are composed of at least tWo (poly)peptides of different 
genetic origin joined by a normal peptide bond. For 
example, in PCT International Publication Number WO 
94/18830 relating to the isolation of compounds from com 
plex mixtures and the preparation of immobiliZed ligands 
(bioadsorbents), a method has been claimed for obtaining 
such a ligand Which comprises anchoring a binding protein 
in or at the exterior of the cell Wall of a recombinant cell. The 
binding protein is essentially a chimeric protein produced by 
the recombinant cell, and is composed of an N-terminal part, 
derived from, for example, an antibody, that is capable of 
binding to a speci?c compound joined With a C-terminal 
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anchoring part, derived from an anchoring protein purposely 
selected for being functional in the speci?c cell chosen. In 
patent application WO 97/08553 a method has been claimed 
for the targeting of proteins selectively to the cell Wall of 
Staphylococcus spp, using as anchoring proteins long 
stretches of at least 80-90 amino acid long amino acid cell 
Wall-targeting signals derived from the lysostaphin gene or 
amidase gene of Staphylococcus Which encode for proteins 
that selectively bind to Staphylococcus cell Wall compo 
nents. 

[0006] Vaccine delivery or immuniZation via attenuated 
bacterial vector strains expressing distinct antigenic deter 
minants against a Wide variety of diseases is noW commonly 
being developed. Recently, mucosal (for example nasal or 
oral) vaccination using such vectors has received a great 
deal of attention. For example, both systemic and mucosal 
antibody responses against an antigenic determinant of the 
hornet venom Were detected in mice orally coloniZed With a 
genetically engineered human oral commensal Streptococ 
cus gora'onii expressing the antigenic determinant on its 
surface (Medaglini et al., PNAS 1995, 2; 6868-6872). Also, 
a protective immune response could be elicited by oral 
delivery of a recombinant bacterial vaccine Wherein tetanus 
toxin fragment C Was expressed constitutively in Lactococ 
cus lactis (Robinson et al., Nature Biotechnology 1997, 15; 
653-657). Especially mucosal immuniZation as a means of 
inducing IgG and secretory IgA antibodies directed against 
speci?c pathogens of mucosal surfaces is considered an 
effective route of vaccination. Immunogens expressed by 
bacterial vectors are presented in particulate form to the 
antigen-presenting cells (for example M-cells) of the 
immune system and should, therefore, be less likely to 
induce tolerance than soluble antigens. In addition, the 
existence of a common mucosal immune system permits 
immuniZation on one speci?c mucosal surface to induce 
secretion of antigen-speci?c IgA, and other speci?c immune 
responses at distant mucosal sites. A draWback to this 
approach is the potential of the bacterial strain to cause 
in?ammation and disease in itself, potentially leading to 
fever and bacteraemia. An alternative approach avoids the 
use of attenuated bacterial strains that may become patho 
genic themselves by choosing recombinant commensal bac 
teria as vaccine carriers, such as Streptococcus spp. and 
Lactococcus spp. 

[0007] HoWever, a potential problem With such recombi 
nant organisms is that they may coloniZe the mucosal 
surfaces, thereby generating a long-term exposure to the 
target antigens expressed and released by these recombinant 
microorganisms. Such long term exposure can cause 
immune tolerance. In addition, the mere fact alone that such 
organisms are genetically modi?ed and contain recombinant 
nucleic acid is meeting considerable opposition from the lay 
public as a Whole, stemming from a loW level of general 
acceptance for products containing recombinant DNA or 
RNA. Similar objections exist against the use of even 
attenuated strains of a pathogenic nature or against proteins 
or parts of proteins derived from pathogenic strains. HoW 
ever, as explained above, present techniques of heterologous 
surface display of proteins in general entail the use of 
anchoring or targeting proteins that are speci?c and selective 
for a limited set of microorganisms Which in general are of 
recombinant or pathogenic nature, thereby greatly restricting 
their potential applications. 
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BRIEF SUMMARY OF THE INVENTION 

[0008] The invention provides substances and methods to 
anchor or attach the substances to a cell Wall or cell Wall 
component of a Wide range of microorganisms. Apreferred 
embodiment of the invention provides substances and meth 
ods to attach the substances to non-recombinant microor 
ganisms. The substances provided by the invention—are not 
limited to (chimeric) proteins alone, but can be fully or only 
partly of a peptide nature, Whereby a peptide part is 
covalently joined to a non-peptide moiety. The invention 
provides a proteinaceous substance comprising at least one 
stretch of amino acids derived from a ?rst microorganism 
Which substance is capable of attaching to a cell Wall of a 
second microorganism. The substance according to the 
invention is, for eXample, produced by a ?rst microorganism 
(for eXample a microorganism from Which the knoWledge 
about the sequence of the stretch of amino acids originates, 
but another recombinant microorganism can produce the 
substance as Well). After its production, the substance is 
harvested, optionally stored for future use, and then brought 
in contact With the second microorganism, Where it attaches 
to its cell Wall. Alternatively, the substance is produced 
synthetically by using established peptide synthesis technol 
ogy. A preferred embodiment of the invention provides a 
substance Wherein the second microorganism is a non 
recombinant microorganism. With a substance provided by 
the invention, it is noW possible to attach or anchor, for 
eXample, a heterologous or chimeric protein produced by a 
recombinant microorganism to an innocuous non-recombi 
nant microorganism. 

[0009] A preferred embodiment of the invention provides 
a proteinaceous substance Wherein the stretch of amino acids 
has a sequence corresponding to a consensus sequence listed 
in FIG. 10 (SEQ ID NO:17 through SEQ ID NO:19), or 
Wherein the stretch of amino acids (herein also called 
attaching peptide) has a sequence corresponding to a 
sequence selected from those listed in FIG. 11 (SEQ ID 
NO:20 through SEQ ID NO:110), or a homologous 
sequence derived from another species. The sequences listed 
in FIG. 11 (SEQ ID NO:20 through SEQ ID NO: 110), and 
sequences homologuous thereto, are found in a variety of 
species, both microorganisms and higher organisms, an 
eXample of such a higher organism is C. elegans. Preferably, 
the attaching peptide is derived from any one of the proteins 
listed in FIG. 11 (SEQ ID NO:20 through SEQ ID NO: 10), 
more preferably the attaching peptide comprises an amino 
acid sequence as shoWn in FIG. 10 (SEQ ID NO:14 through 
SEQ ID NO:19), or a sequence derived thereof. For 
eXample, the invention provides a proteinaceous substance 
Wherein the attaching peptide is derived from the major 
peptidoglycan hydrolase of Lactococcus lactis (SEQ ID 
NO:14 through SEQ ID NO:22). 

[0010] Yet another preferred embodiment of the invention 
provides a proteinaceous substance Wherein the second 
microorganism is selected from any of the group of Gram 
positive bacteria and Gram-negative bacteria. EXamples are 
microorganisms, such as Bacillus subtilis (SEQ ID NO:75 
through SEQ ID NO:78, SEQ ID NO:81 through SEQ ID 
NO:87, SEQ ID NO:104, SEQ ID NO:107, SEQ ID NO:109 
and SEQ ID NO:110), Clostridium beijerinckii, Lactobacil 
lus plantarum, Lb. buchneri, Listeria inocua, Streptococcus 
thermophilus, Enterococcus faecalis (SEQ ID NO:23 
through SEQ ID NO:27), E. coli (SEQ ID NO:64, SEQ ID 
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NO:66, SEQ ID NOZ72, SEQ ID NOZ73, SEQ ID NOZ79, 
SEQ ID NO:106), and others. 

[0011] The invention provides a proteinaceous substance 
Which is additionally comprising a reactive group. For 
eXample, the invention provides a proteinaceous substance 
comprising a reactive group such as an antigenic determi 
nant, heterologous enZyme, single-chain antibody or frag 
ment thereof, polyhistidyl tag, ?uorescing protein, 
luciferase, binding protein or peptide, or another substance 
such as an antibiotic, hormone, non-peptide antigenic deter 
minant, carbohydrate, fatty acid, aromatic substance and 
reporter molecule, and an anchoring or targeting protein or 
part thereof (herein also called attaching peptide) useful in 
heterologous surface display Which is both broadly reactive 
With cell Wall components of a broad range of microorgan 
1sms. 

[0012] For eXample, the invention provides a substance 
Wherein the reactive group is a non-protein moiety, for 
eXample, is selected from the group of antibiotics, hor 
mones, aromatic substances and reporter molecules. The 
substance is constructed by binding, for eXample, an anti 
biotic, such as penicillin or tetracycline, but various other 
antibiotics can be used, or a hormone, such as a steroid 
hormone, or any other compound to an attaching peptide 
provided by the invention. Such binding can be achieved by 
various techniques knoWn in the art, and thereby can label 
or “?ag” the attaching peptide. A preferred eXample is the 
binding of an attaching peptide to a reporter molecule such 
as FITC, or HRPO, Whereby tools are generated that can be 
used in diagnostic assay Whereby microorganisms having 
peptidoglycan are detected. Similarly, an attaching peptide 
With an antibiotic bound thereto can be used in vivo by, for 
eXample, parenteral administration into the bloodstream of 
humans or animals or in vitro to bind to such microorgan 
isms having peptidoglycan, thereby increasing the concen 
tration of antibiotic around the organism, Which then gets 
killed by the antibiotic action. 

[0013] The invention provides a substance Wherein the 
reactive group is a protein moiety, for eXample, selected 
from the group of antigenic determinants, enZymes, single 
chain antibodies or fragments thereof, polyhistidyl tags, 
?uorescing proteins, binding proteins or peptides. For 
eXample, the invention provides a protein Which comprises 
as a reactive group a protein or polypeptide. Also, the 
invention provides a nucleic acid molecule encoding a 
protein provided by the invention. Such a nucleic acid 
molecule (being single- or double-stranded DNA, RNA or 
DNA/RNA) at least comprises nucleic acid sequences spe 
ci?cally encoding an attaching peptide as Well as nucleic 
acid sequences speci?cally encoding the reactive group 
polypeptide, but can additionally also comprise other 
nucleic acid sequences, Which, for eXample, encode a signal 
peptide, or comprise, for eXample, promoter and/or regula 
tory nucleic acid sequences. The invention also provides a 
vector comprising a nucleic acid molecule encoding a pro 
tein provided by the invention. 

[0014] The invention provides a proteinaceous substance 
comprising a reactive group joined With or bound to at least 
one attaching peptide Which comprises a stretch of amino 
acids corresponding to the consensus amino acid sequence 
listed in FIG. 10, the substance capable of attaching or 
anchoring or binding to a cell Wall component of a micro 
organism. 



US 2005/0169937 A1 

[0015] “Corresponding to” is de?ned as having an amino 
acid sequence homologous to the consensus amino acid 
sequence listed in FIG. 10 or having an amino acid sequence 
derived from the sequence listed in FIG. 10 Which com 
prises a functionally equivalent stretch of amino acids. 

[0016] Preferably, the attaching peptide is derived from 
any one of the proteins listed in FIG. 11 or a protein having 
a repeat sequence related or homologous to the sequence 
listed in FIG. 10, more preferably, the attaching peptide 
comprises an amino acid sequence as shoWn in FIG. 10 or 
a sequence derived therefrom. Homology betWeen the vari 
ous amino acid sequences of related attaching peptides 
provided by the invention can, for instance, be determined 
by performing a homology search betWeen amino acid 
sequences, such as can be found in a protein database, such 
as the SWISSPROT, PIR and Genbank databases, using a 
computer program such as the BLAST program that can 
determine homology betWeen amino acid sequences. For 
example, the invention provides a proteinaceous substance 
Wherein the attaching peptide is derived from the major 
peptidoglycan hydrolase of Lactococcus lactis. The inven 
tion provides a proteinaceous substance comprising a reac 
tive compound Wherein at least tWo stretches of amino acids 
corresponding to an attaching peptide sequence are located 
adjacent to each other, possibly separated by one or more 
amino acid residues. The stretches or repeats can be sepa 
rated by a short distance, for example, 3-6 to 10-15 amino 
acids apart, or by a medium distance 15-100 amino acids 
apart, or by longer distances (>100 amino acid residues 
apart). Examples of such distances can be found in FIG. 11, 
but longer distances are also possible. The distances betWeen 
the stretches or repeats can also be used for an additional 
reactive group, Whereby a reactive group is inserted betWeen 
repeats, thereby alloWing an even better anchoring to a cell 
Wall component. A preferred embodiment provided by the 
invention is a proteinaceous substance comprising a reactive 
group and at least one attaching peptide Which comprises a 
stretch of amino acids having a sequence corresponding to 
the consensus amino acid sequence listed in FIG. 10, 
Wherein the substance is capable of attaching to a cell Wall 
component of a microorganism, such as can be found from 
among any of the groups of yeast, molds, gram-positive 
bacteria and gram-negative bacteria. Examples are micro 
organisms, such as Bacillus subtilis, Clostridium beijer 
inckii, Lactobacillus plantarum, Lb. buchneri, Listeria 
inocua, Streptococcus thermophilus, Enterococcus faecalis, 
E. coli, and others. Apreferred embodiment provided by the 
invention is a proteinaceous substance Which is capable of 
attaching to a cell Wall component of a conventional non 
recombinantmicroorganism. In this embodiment, the inven 
tion provides, for example, non-recombinant organisms dis 
playing heterologous proteins. These may coloniZe the 
mucosal surfaces Without causing problems such as immune 
tolerance since they do not generate a long-term exposure to 
the target antigens expressed. In addition, the mere fact 
alone that such organisms provided by the invention are not 
genetically modi?ed and do not contain recombinant nucleic 
acid, Will alleviate the opposition from the lay public as a 
Whole against recombinant microorganisms, stemming from 
a loW level of general acceptance for products containing 
recombinant DNA or RNA. Similar objections that exist 
against the use of (even attenuated) strains of a pathogenic 
nature or against proteins or parts of proteins derived from 
pathogenic strains are noW also overcome by the invention, 

Aug. 4, 2005 

in that it is noW possible to attach a proteinaceous substance 
to a non-recombinant, non-pathogenic microorganism, such 
as L. lactis Which is generally considered as safe. The 
invention provides a proteinaceous substance comprising a 
reactive group such as an antigenic determinant, (heterolo 
gous) enZyme, (single-chain) antibody or fragment thereof, 
polyhistidyl tag, ?uorescing protein, luciferase, binding pro 
tein or peptide, or another compound such as an antibiotic, 
hormone, non-peptide antigenic determinant, carbohydrate, 
fatty acid, aromatic compound and reporter molecule, and an 
anchoring or targeting protein or part thereof (herein also 
called attaching peptide), useful in heterologous surface 
display, Which is both broadly reactive With cell Wall com 
ponents of a broad range of microorganisms. The attaching 
peptide is preferably derived from a microorganism Which is 
generally recogniZed as safe (G.R.A.S.), thereby greatly 
enhancing the potential of applications of the heterologous 
surface display technique. Lactococcus lactis is a non 
pathogenic, non-invasive, and non-coloniZing gram-positive 
bacterium Which is not adapted for groWth in the body or 
even the gut; it does not belong to the commensal species of 
lactic acid bacteria. L. lactis has a history of safe use of 
several thousand years. The major cell Wall hydrolase AcmA 
of the gram-positive bacterium Lactococcus lactis subsp. 
cremoris MG1363 is an N-acetylmuramidase Which is 
required for cell separation and is responsible for cell lysis 
during the stationary phase. The protein consists of three 
separate domains (FIG. 9, Buist et al., J. Bacteriol. (1995) 
177:1554-1563) of Which the ?rst 57 amino acids of the 
N-terminal domain encompasses the signal peptide needed 
for secretion. This domain is folloWed by the active site 
domain running from the Ala at position 58 to Ser-218. The 
active site domain Was overproduced in and puri?ed from 
Escherichia coli as a thioredoxin fusion protein. The AcmA 
part Was released by proteolytic cleavage With enterokinase 
and shoWn to be active in vitro. Three homologous repeated 
regions or stretches of amino acids of 35-55 amino acid 
residues, more often 40-50 amino acid residues, are present 
in the C-terminus of, for example, AcmA Which are sepa 
rated by non-homologous sequences (FIG. 10). The repeat 
sequences of AcmA (cA) can be deleted and additional 
repeat sequences could be added Without impairing cell Wall 
hydrolyZing activity in vitro. The AcmA deletion derivatives 
lacking one or tWo repeat sequences and the protein con 
taining at least one additional repeat Were able to bind to 
lactococcal cells When added from the outside. The deriva 
tive lacking all three repeats did not bind to the cells nor did 
the puri?ed active site domain. The invention provides an 
attaching peptide that comprises at least one repeat sequence 
as shoWn in FIG. 10 or a sequence that is similar to the 
sequence of FIG. 10, “similar” being de?ned as comprising 
at least a part of a consensus sequence as shoWn in FIG. 11. 
Also, attaching peptides are provided by the invention Which 
comprise amino acid sequences derived from a sequence as 
shoWn in FIG. 11. “Derived herein” means, among others, 
by comparison With heterologous sequences, Whereby a 
consensus sequence is obtained, or derived via conventional 
amino acid substitutions, Whereby amino acids are substi 
tuted by like amino acids, or derived via substitutions, 
Whereby functional amino acids are replaced by functionally 
alike or better amino acids, identi?ed by methods such as 
PEPSCAN techniques or replacement mapping. The inven 
tion provides a proteinaceous substance comprising a reac 
tive group and at least one attaching peptide Which com 



US 2005/0169937 A1 

prises a stretch of amino acids having a sequence 
corresponding to at least a part of the consensus amino acid 
sequence provided in FIG. 10. Repeats similar to those in 
AcmAWere, for example, shoWn to be present in various cell 
Wall hydrolases and other secreted proteins of gram-positive 
and gram-negative bacteria and other microorganisms and 
constitute a general cell Wall-binding domain in these pro 
teins. An attaching peptide comprising at least one AcmA 
repeat or an amino acid sequence similar to the AcmA repeat 
provided by the invention represents a general and broadly 
reactive tool to bind or attach reactive groups such as 

antigenic determinants, enZymes, antibodies, proteins or 
peptides to cell Walls of microorganisms. The repeat com 
prises a peptide composed of a stretch of amino acids having 
a sequence corresponding to at least a part of the consensus 
amino acid sequence provided in FIG. 10. Furthermore, We 
also demonstrated that an attaching peptide provided by the 
invention bound or attached to cells of other, e.g., non 
recombinant microorganisms, such as Bacillus subtilis, 
Clostridium beijerinckii, Lactobacillus plantarum, Lb. 
buchneri, Listeria inocua, Streptococcus thermophilus, 
Enterococcus faecalis, E. coli, and others. Binding of the 
attaching peptide and reactive group joined thereWith, as 
provided by the invention, is stable at pH values ranging 
from 2-10. Moreover, the attaching peptide provided by the 
invention is, When attached to the cell Wall, protected against 
proteolytic degradation. One embodiment of the invention is 
a protein Wherein the attaching peptide is derived from any 
of the proteins listed in FIG. 11. An example of such an 
attaching peptide is provided in the experimental part of this 
description Wherein an attaching peptide having a sequence 
as shoWn in FIG. 10 or a sequence similar thereto is used. 
Furthermore, the invention provides a protein Which com 
prises, as a reactive group, a protein or polypeptide. Also, the 
invention provides a nucleic acid molecule encoding a 
protein provided by the invention. Such a nucleic acid 
molecule (being single- or double-stranded DNA, RNA or 
DNA/RNA) at least comprises nucleic acid sequences spe 
ci?cally encoding an attaching peptide as Well as nucleic 
acid sequences speci?cally encoding the reactive group 
polypeptide, but can additionally also comprise other 
nucleic acid sequences Which, for example, encode a signal 
peptide or comprise, for example, promoter and/or regula 
tory nucleic acid sequences. The invention also provides a 
vector comprising a nucleic acid molecule encoding a pro 
tein provided by the invention. Such a vector can, for 
example, be a plasmid, phage, or virus, and can noW be 
constructed using a nucleic acid provided by the invention 
and routine skills of the art. Examples of such a vector can 
be found in the experimental part of the description. Other 
examples can, e.g., be a baculovirus vector, or comparable 
vector viruses through Which a protein provided by the 
invention can be expressed or produced in insection cells. 
The invention also provides a host cell or expression system 
comprising a nucleic acid molecule or a vector. Such a host 
cell expressing a protein is provided by the invention as a 
microorganism to Which a protein is attached. Such a host 
cell or expression system can, for example, be a gram 
positive or gram-negative bacterium, a yeast cell, an insect 
cell, plant cell, or mammalian cell, or even a cell-free 
expression system, such as a reticulocyte lysate, and can 
noW be constructed or obtained using a nucleic acid or 
vector provided by the invention and routine skills of the art. 
Examples of such a host cell or expression system can be 
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found in the experimental part of the description. Other 
examples can be obtained using a nucleic acid or vector 
provided by the invention and routine skills of the art. 

[0017] The invention provides a method for attaching a 
substance to the cell Wall of a microorganism comprising the 
use of an attaching peptide Which comprises a stretch of 
amino acids having a sequence corresponding to at least a 
part of the consensus amino acid sequence provided in FIG. 
10. An example of the method provided by the invention is 
anchoring of recombinant (poly)peptides, being (chimeric) 
proteins fused to the cell Wall-anchoring repeats of AcmA of 
Lactococcus lactis MG1363 or to the cell Wall of gram 
positive bacteria. The recombinant proteins are obtained by 
the expression of DNA sequences encoding these recombi 
nant (poly)peptides in a suitable production strain (e.g. E. 
coli or L. lactis) and subsequent puri?cation of the expres 
sion products. The recombinant proteins are then mixed, 
either in vitro or in vivo, With a non-recombinant target 
bacterium to obtain binding to the cell Wall. Another 
example of the method provided by the invention is anchor 
ing of recombinant (poly)peptides, being (chimeric) proteins 
fused to the cell Wall anchoring repeats of AcmA of Lacto 
coccus lactis, to the cell Wall of the recombinant Lactococ 
cus lactis Which produces the protein itself. A preferred 
embodiment of the method provided by the invention, the 
binding of (puri?ed) proteins to bacterial cells upon addition 
from the outside, is an excellent tool to anchor recombinant 
proteins or other substances to non-recombinant bacterial 
cells. 

[0018] A preferred method according to the invention 
comprises the use of an attaching peptide Which is derived 
from the major peptidoglycan hydrolase of Lactococcus 
lactis. Another method according to the invention is pro 
vided Wherein the substance is a (poly)peptide or a protein, 
for example, being part of a protein provided by the inven 
tion. Since post-translational modi?cations occurring to 
such a polypeptide or protein are inherent to the host cell or 
expression system used, a post-translationally modi?ed pro 
tein as provided by the invention is, therefore, also provided. 
HoWever, yet another method according to the invention is 
provided Wherein the compound is selected from the group 
composed of antibiotics, hormones, antigenic determinants, 
carbohydrate chains, fatty acids, aromatic compounds and 
reporter molecules. The substance is constructed by binding, 
for example, an antibiotic, such as penicillin or tetracycline 
(but various other antibiotics may be used), or a hormone, 
such as a steroid hormone, or any other compound to an 
attaching peptide provided by the invention. Such binding 
can be achieved by various techniques knoWn in the art and 
thereby can label or “?ag” the attaching peptide. Apreferred 
example is the binding of an attaching peptide to a reporter 
molecule such as FITC or HRPO, Whereby tools are gen 
erated that can be used in a diagnostic assay Whereby 
microorganisms having peptidoglycan are detected. Simi 
larly, an attaching peptide With an antibiotic bound thereto 
can be used in vivo by, for example, parenteral administra 
tion into the bloodstream of humans or animals or in vitro to 
bind to such microorganisms having peptidoglycan, thereby 
increasing the concentration of antibiotic around the organ 
ism, Which than can get killed by the antibiotic action. The 
microorganism is preferably selected from any of the group 
of yeast, molds, gram-positive bacteria and gram-negative 
bacteria. For example, the experimental part of this descrip 
tion describes mixing of [3-lactamase: :cA fusion protein With 
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lactococcal cells Which resulted in binding to the cells 
Whereas this Was not the case When mature [3-lactamase not 
joined With an attachment protein Was added. Also, fusion of 
[3-lactamase of E. coli and ot-amylase of Bacillus licheni 
formis to the attaching peptide provided by the invention and 
subsequent production of these fusion proteins resulted in 
active, secreted proteins Which Were located (attached) in L. 
lactis cell Walls. Binding of AcmA and the [3-lactamase::cA 
fusion protein Was also demonstrated to isolated lactococcal 
cell Walls and SDS-Washed cell Walls (the major part of this 
fraction is peptidoglycan). 

[0019] Anchoring of recombinant proteins to non-recom 
binant microorganisms such as lactococci or other, bacteria 
or fungi, is especially attractive if the use of recombinant 
bacteria is not desired, e.g., in food processes or as phar 
maceuticals for medical use such as in vaccines or in 
antibacterial therapy. The invention provides, for example, 
vaccine delivery or immuniZation via microorganisms 
Which are labeled With distinct antigenic determinants and 
Which may be directed against a Wide variety of diseases. A 
protective immune response can, for example, be elicited by 
oral delivery of a bacterial vaccine provided by the invention 
Wherein tetanus toxin fragment C is attached via a protein 
provided by the invention to a non-recombinant Lactococcus 
lactis. Such immunogens expressed by microorganisms pro 
vided by the invention are presented in particulate form to 
the antigen-presenting cells (for example M-cells) of the 
immune system and are, therefore, less likely to induce 
tolerance than soluble antigens. In addition, the existence of 
a common mucosal immune system permits immunization 
on one speci?c mucosal surface to induce secretion of 
antigen-speci?c IgA and other speci?c immune responses at 
distant mucosal sites. The invention solves the draWback of 
earlier bacterial vaccines Whereby the potential to ?ourish 
on mucosal surfaces of the attenuated or recombinant bac 
terial strain used can cause problems such as in?ammation 
and disease in itself, potentially leading to fever and bacter 
aemia or to the induction of immune tolerance. Also, the 
invention avoids the potential risks that are involved When 
using recombinant DNA-containing bacterial vectors for 
vaccination. In yet another possible vaccine and vaccine use 
provided by the invention, certain (killed) micro-organisms 
With adjuvant properties (such as the mycobacteria used in 
BCG) are labeled or loaded With a protein or substance 
composed of an antigenic determinant and an attaching 
peptide. These microorganisms then function as adjuvant, 
thereby greatly enhancing the immune response directed 
against the speci?c antigenic determinant. Yet another use 
provided by the invention comprises anchoring proteins 
from the outside to a microorganism Which provides a means 
to present proteins or peptides Which normally cannot be 
overexpressed and/or secreted by the microorganism. For 
example, the subunit B of cholera toxin (CTB) can be 
overproduced in E. coli but expression in L. lactis has been 
unsuccessful until noW. The adjuvant activity of CTB in 
experimental recombinant vaccines is Well documented and 
the ability of CTB or part thereof to bind to GMl ganglio 
side on eucaryotic cell surfaces is of interest With respect to 
the use of L. lactis or other gram-positives in vaccines Which 
speci?cally require targeting to mucosal surfaces. Yet 
another medical use provided by the invention is the addi 
tion of puri?ed antigen::cA fusion proteins in vivo by 
parenteral administration into the bloodstream of humans or 
animals to combat bacterial infections. In this case, the 
antigen: :cA fusion protein is used as a “?ag” for the immune 
system. The antigenic determinant of a protein provided by 
the invention being a subunit of a vaccine regularly used for 
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the immuniZation of humans (preferably children) or ani 
mals, eg a subunit of the Rubella, Pertusis, Poliomyelitis, 
tetanus or measles vaccine. After delivery into the blood 
stream, the “?ag” Will bind through the AcmA repeats to the 
pathogenic bacterium present in the blood. A “?ag” protein 
provided by the invention Will then activate a memory 
response, i.e., the response to the antigenic determinant 
present in the protein. The antibodies thus produced recog 
nise the “?ag”-labeled bacteria, Which Will then be neutra 
lised by the immune system. In this Way, the protein is used 
to stimulate a pre-existing memory immune response, non 
related to the bacterial infection, to clear bacterial infections 
from the system. Yet another use (Which alternatively may 
be considered medical use or food use) provided by the 
invention is the use Wherein a protein provided by the 
invention has the ability to bind to cells, such as mucosal 
cells, eg of the gut. The reactive group of such a protein is 
in such a case, for example, partly or Wholly derived from 
a ?mbriae protein or another gut attachment protein as is 
present, for example, in various E. coli strains. Microorgan 
isms to Which such a protein is attached Will speci?cally 
home or bind to certain areas of the gut, a property Which, 
for example, is bene?cial for certain bacterial strains (i.e., 
lactococcal or lactobacillar strains) used as a probiotic. In 
another food or use of food provided by the invention, the 
protein or substance is composed of a food additive (such as 
an enZyme or ?avor compound) Which affects quality, ?avor, 
shelf-life, food value or texture, joined With an attaching 
peptide, and subsequently attached or anchored to a micro 
organism Which is then mixed With the foodstuff. The 
anchoring of such proteins to a bacterial carrier offers the 
additional advantage that the additive can be targeted to a 
solid bacteria-containing matrix (e.g. curd) in a process for 
the preparation of food, e.g. cheese or tofu. Yet another use 
of a proteinaceous substance or microorganism provided by 
the invention is the use of bacterial surface display in 
generating Whole-cell bioadsorbents or bio?lters for envi 
ronmental purposes, microbiocatalysts, and diagnostic tools. 

[0020] The invention is further explained in the experi 
mental part Which cannot be seen as limiting the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1. Analysis of AcmA activity in supernatant 
fractions of end-exponential-phase cultures of MG1363 con 
taining pGK13 (1) and MG1363acmAA1 containing either 
pGK13, not encoding AcmA (2), pGKALl, encoding 
enZyme A3 (3), pGKAL3, encoding enZyme A2 (4), 
pGKAL4, encoding enZyme A1 (5), pGKALS, encoding 
enZyme A0 (6), pGKAL6, encoding enZyme A15 (7), or 
pGKAL7, encoding enZyme A4 (8) in a renaturing SDS 
(12.5%)PAA gel containing 0.15% M. lysodeikticus auto 
claved cells. Molecular masses (in kilodaltons, kDa) of 
standard proteins (lane M) are shoWn in the left margin. 
BeloW the gel, the loWer part of lanes 5, 6 and 7 of the same 
gel is shoWn after one Week of renaturation. The right half 
of the ?gure gives a schematic representation of the various 
AcmA derivatives. SS (black), signal sequence; Rx (dark 
grey), repeats; light grey, Thr, Ser and Asn-rich intervening 
sequences (6); arroWs, arti?cially duplicated region in the 
AcmA derivative containing four repeats. The active site 
domain is shoWn in White. MW, expected molecular siZes in 
kDa of the secreted forms of the AcmA derivatives. The 
numbers of the AcmA derivatives correspond With the lane 
numbers of the gel. Numbered arroWheads indicate the 
putative location of proteolytic cleavage sites. 

[0022] FIGS. 2A-2B. Puri?cation of the AcmA active site 
domain (nA). (FIG. 2A) SDS-(12.5%) PAGE of cell extract 
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of 10 ul of E. coli BL21(DE3) (pETAcmA) (lane 3) induced 
for four hours With IPTG. Lane 2, 10 ul of puri?ed fusion 
protein isolated from 25 ul of induced E. coli culture and 
lane 1, 10 ul of the enterokinase cleft protein. (FIG. 2B) 
Renaturing SDS-(12.5%) PAGE With 0.15% M. lysodeikti 
cus autoclaved cells using the same amount of the samples 
1 and 2 shoWn in part A. Molecular masses (in kilodaltons) 
of standard proteins are shoWn on the left of the gel. Before 
loading, the samples Were mixed With an equal volume of 2x 
sample buffer (15). 
[0023] FIG. 3. Schematic representation of plasmids 
pGBLR and pGALR carrying, respectively, C-terminal 
fusions of the repeats of AcmA to [3-lactamase and ot-amy 
lase. ot-amy, ot-amylase gene of B. licheniformis; [3-lac, 
[3-lactamase gene of E. coli; acmA, 3-prime end of the 
N-acetylmuramidase gene of L. lactis MG1363 encoding the 
three repeats; EmR and CmR, erythromycin and chloram 
phenicol resistance genes; AL9 and BL1, protein secretion 
signals from L. lactis MG1363 (21); repA and ORI, gene for 
the replication protein and origin of replication of the 
lactococcal plasmid pWV01, respectively; Pspo2, B. subtilis 
phage Spo2 promoter. Black boxes indicate the PCR frag 
ments used for the introduction of the restriction enZyme 
sites EcoRV and NdeI at the position of the stopcodons of 
the ot-amylase and [3-lactamase genes, respectively. The 
open box indicates the part Which has been subcloned into 
pUK21 for construction Work. The grey boxes shoW the 
fragment of pAL01 used to fuse the 3‘-end of acmA to the 
ot-amylase and [3-lactamase genes. Only relevant restriction 
enZyme sites are shoWn. 

[0024] FIG. 4. [3-lactamase activity in L. lactis. Activity of 
Wild-type [3-lactamase and its AcmA fusion derivative ([3cA) 
produced by cells of L. lactis MG1363 and 
MG1363acmAA1 containing pGK13, pGBL1 or pGBLR. 
The 1/zM17 agar plate Was stained With iodine after overnight 
groWth of the colonies according to the protocol of Smith et 
al. (29). 
[0025] FIG. 5. ot-amylase activity in the supernatant of L. 
lactis. Activity of Wild-type ot-amylase (0t) and the otcA 
fusion protein in an SDS-(12.5%)PAA gel containing 1% 
starch. The proteins Were renatured by Washing the gel With 
Triton X-100 and subsequently stained With iodine (33). The 
equivalent of 40 ul of supernatant of 1/zM17 cultures of L. 
lactis MG1363 (M) and MG1363acmAA1 (A) containing 
pGAL9 or pGALR Were loaded onto the gel. Molecular 
masses (in kDa) of standard proteins are shoWn in the left 
margin. 
[0026] FIG. 6. LocaliZation of [3-lactamase in L. lactis. 
Western blot analysis of fractions of MG1363acmAA1 
expressing [3-lactamase (from PGBL1) or [3cA fusion protein 
(encoded by pGBLR) using polyclonal antibodies directed 
against [3-lactamase. Amount of samples loaded is equal to 
200 pl of culture. Fractions: S, supernatant; CW, cell Wall; 
CY, cytoplasm; MB, membrane-associated; and M, mem 
brane. 

[0027] FIG. 7. Analysis of the binding of AcmA deriva 
tives nA and A1 by a renaturing SDS-(17.5%) PAGE With 
0.15% M. lysodeikticus autoclaved cells. Cell (C) and super 
natant (S) fractions of MG1363acmAA1 cells incubated With 
nA and A1 from the culture supernatant of MG1363acmAA1 
containing pGKAL4. 60 ul of the samples Were loaded. 
Molecular masses (in kDa) of standard proteins are shoWn in 
the left margin. 

[0028] FIG. 8. Binding of the [3cA fusion protein to L. 
lactis. The ?gure shoWs a Western blot using polyclonal 
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antibodies against [3-lactamase. Cell extracts (lanes 1, 3, 5) 
and supernatants (lanes 2, 4, 6) of mid-exponential phase 
MG1363acmAA1 (pGK13) cells incubated for ?ve minutes 
With supernatants of MG1363acmAA1 containing pGK13 
(lanes 1, 2), pGBLR (lanes 3, 4) or pGBL1 (lanes 5, 6), 
respectively. The positions of Wild-type [3-lactamase and 
the [3cA fusion protein are indicated on the right. Molecular 
masses (in kDa) of standard proteins are shoWn in the left 
margin. TWenty ul of samples Were loaded onto an 12.5% 
PAA gel. 

[0029] FIG. 9. Schematic representation of the AcmA 
protein. SS (black), signal sequence; R. (dark grey), repeats; 
shaded regions, intervening sequences. The active site 
domain is shoWn in White. 

[0030] FIG. 10. Amino acid sequence alignment of the 
repeats of AcmA in L. lactis plus consensus sequence. 
Amino acid sequences SEQ ID NO:14, SEQ ID NO:15, 
SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18 and SEQ 
ID NO:19 are depicted. 

[0031] FIGS. 11A and 11B. Amino acid sequence align 
ment of repeats in various species (SEQ ID NO:20 through 
SEQ ID NO:110), Wherein: 

SEQ ID NO: Species and protein Residue No. 

SEQ ID NO: 20 Lactobacillus lactis acmA 245-287 (33) 
SEQ ID NO: 21 321-363 (31) 
SEQ ID NO: 22 395-437 
SEQ ID NO: 23 Enterococcus faecalis autolysin 363-405 (25) 
SEQ ID NO: 24 431-473 (25) 
SEQ ID NO: 25 499-541 (25) 
SEQ ID NO: 26 567-609 (19) 
SEQ ID NO: 27 629-671 
SEQ ID NO: 28 Enterococcus hirae mur2 257-299 (38) 
SEQ ID NO: 29 338-380 (33) 
SEQ ID NO: 30 414-456 (32) 
SEQ ID NO: 31 489-531 (33) 
SEQ ID NO: 32 565-607 (15) 
SEQ ID NO: 33 623-665 
SEQ ID NO: 34 Lactococcus ¢Tuc2009 lys 332-375 (10) 
SEQ ID NO: 35 386-428 
SEQ ID NO: 36 Lactococcus rzt-LC3 lysB 333-376 (10) 
SEQ ID NO: 37 387-429 
SEQ ID NO: 38 Bacillus (DPBSX xy1A 161-204 
SEQ ID NO: 39 Bacillus (2t PZA Orf15 163-207 (6) 
SEQ ID NO: 40 (=(25-29) 214-258 
SEQ ID NO: 41 Bacillus (23 B103 Orf15 165-209 (9) 
SEQ ID NO: 42 219-263 
SEQ ID NO: 43 Bacillus ogle lys 399-442 
SEQ ID NO: 44 Bacillus sphaericus Pep I 3-46 (6) 
SEQ ID NO: 45 53-96 
SEQ ID NO: 46 Haemophilus in?uenzae amia 294-336 
SEQ ID NO: 47 387-430 
SEQ ID NO: 48 Listeria monocytogertes P60 30-72 (130) 
SEQ ID NO: 49 203-245 
SEQ ID NO: 50 Listeria innocua P60 30-72 (130) 
SEQ ID NO: 51 201-243 
SEQ ID NO: 52 Listeria ivanovii P60 30-72 (125) 
SEQ ID NO: 53 198-240 
SEQ ID NO: 54 314-356 
SEQ ID NO: 55 Listeria seeligeri P60 30-72 (127) 
SEQ ID NO: 56 200-242 (75) 
SEQ ID NO: 57 320-362 
SEQ ID NO: 58 Listeria Welshimeri P60 30-72 (127) 
SEQ ID NO: 59 198-240 (75) 
SEQ ID NO: 60 316-358 
SEQ ID NO: 61 Listeria grayi P60 30-72 (104) 
SEQ ID NO: 62 177-219 (79) 
SEQ ID NO: 63 299-342 
SEQ ID NO: 64 Escherichia coli yebA 77-121 
SEQ ID NO: 65 Haemophilus in?uenzae yebA 131-174 
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-continued 

SEQ ID NO: Species and protein Residue No. 

SEQ ID NO: 66 Escherichia coli nlpD 123-166 
SEQ ID NO: 67 Haemophilus in?uenze lppB 147-190 
SEQ ID NO: 68 Haemophilus somnus lppB 120-164 
SEQ ID NO: 69 Pseualomonos aeruginosa lppB 69-113 
SEQ ID NO: 70 Synechocystis nlpD 87-130 
SEQ ID NO: 71 Sinohizobium meliloti nlpD 166-209 
SEQ ID NO: 72 Escherichia coli dniR 113-155 (16) 
SEQ ID NO: 73 172-213 
SEQ ID NO: 74 Staphylococcus aureus ProtA 431-474 
SEQ ID NO: 75 Bacillus subtilis papQ 28-70 (17) 
SEQ ID NO: 76 88-130 (20) 
SEQ ID NO: 77 151-193 
SEQ ID NO: 78 Bacillus subtilis spoVID 525-568 
SEQ ID NO: 79 Escherichia coli 50-93 
SEQ ID NO: 80 Synechocystis 4-47 
SEQ ID NO: 81 Bacillus subtilis yaaH 1-43 (5) 
SEQ ID NO: 82 49-92 
SEQ ID NO: 83 Bacillus subtilis yhdD 29-71 
SEQ ID NO: 84 94-136 (29) 
SEQ ID NO: 85 176-218 (23) 
SEQ ID NO: 86 242-284 (24) 
SEQ ID NO: 87 309-353 
SEQ ID NO: 88 Caenorhabalitis elegans 23-66 (11) 
SEQ ID NO: 89 78-121 (21) 
SEQ ID NO: 90 143-186 (21) 
SEQ ID NO: 91 208-251 (19) 
SEQ ID NO: 92 271-314 (20) 
SEQ ID NO: 93 335-378 (23) 
SEQ ID NO: 94 402-445 (21) 
SEQ ID NO: 95 467-510 (37) 
SEQ ID NO: 96 548-591 (44) 
SEQ ID NO: 97 636-679 (66) 
SEQ ID NO: 98 746-786 (8) 
SEQ ID NO: 99 795-838 
SEQ ID NO: 100 Caenorhabalitis elegans 23-66 (51) 
SEQ ID NO: 101 118-161 (25) 
SEQ ID NO: 102 187-226 (9) 
SEQ ID NO: 103 236-279 
SEQ ID NO: 104 Bacillus subtilis 191-136 
SEQ ID NO: 105 Citrobacter fruenalii eae 65-113 
SEQ ID NO: 106 Escherichia coli eae 65-113 
SEQ ID NO: 107 Bacillus subtilis yneA 40-90 
SEQ ID NO: 108 Streptococcus pyogenes 47-103 
SEQ ID NO: 109 Bacillus subtilis yqbp 177-234 
SEQ ID NO: 110 Bacillus subtilis 161-218 

a) Proteins listed were obtained by a homology search in the SWIS 
SPROT, PIR, and Genbank databases with the repeats of AcmA using the 
BLAST program 
b) *; genes encoding cell wall hydrolases. #; proteins containing repeats 
that are longer than average 
c) The number of amino acid residues between the repeats are given 
between brackets. 
d) Number of amino acids of the primary translation product. 
e) Genbank accession number. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] Experimental Part 

[0033] Introduction 

[0034] The major autolysin AcmA of Lactococcus lactis 
subsp. cremoris MG1363 is an N-acetylmuramidase which 
is required for cell separation and is responsible for cell lysis 
during the stationary phase (5, 6). The 40.3-kDa secreted 
mature protein produces a number of activity bands in a 
zymogram of the supernatant of a lactococcal culture. Bands 
as small as that corresponding to a protein of 29 kDa were 
detected. As no clearing bands are produced by an L. lactis 
acmA deletion mutant, all bands represent products of 
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AcmA From experimental data and homology studies, it 
was inferred that AcmA likely consists of three domains: a 
signal sequence followed by an active site domain and a 
C-terminal region containing three highly homologous 
repeats of approximately 45 amino acids which are involved 
in cell wall binding. As the smallest active protein is 29 kDa, 
it was suggested that the protein undergoes proteolytic 
breakdown in the C-terminal portion (5, 6). 

[0035] Cell wall hydrolases of various bacteria and bac 
teriophages contain repeats similar to those present in AcmA 
(4, 9, 10, 17). Partially puri?ed muramidase-2 of Entero 
coccus hirae, a protein similar to AcmA, containing six 
similar repeats, binds to peptidoglycan fragments of the 
strain (11). The p60 protein of Listeria monocytogenes 
contains two such repeats and was shown to be associated 
with the cell surface (24). However, which parts of these 
enzymes contained the binding capacity was not assessed in 
any of these studies. 

[0036] Nearly all cell wall hydrolases examined so far 
seem to consist of a catalytic domain and usually, although 
not always, a domain containing a number of speci?c amino 
acid repeats. In several studies it has been shown that only 
a part of some of the cell wall hydrolases is required for 
enzymatic activity (13, 14, 17, 19, 22, 34). Rashid et al. 
reported the cloning of the gene encoding a 90-kDa glu 
cosaminidase of Bacillus subtilis of which the C-terminus 
shows signi?cant similarity with the glucosaminidase 
domain of the S. aureus autolysin (23). The protein contains 
two repeated sequences in its N-terminus and two different 
repeats in the middle domain. A deletion derivative lacking 
the C-terminal 187 amino acids remained tightly bound to 
the cell walls, but no catalytic activity was observed when 
expressed in B. subtilis. By making deletions from the 
N-terminus it was shown that nearly two-thirds of the 
protein could be removed without complete loss of cell 
wall-hydrolyzing activity in E. coli, although loss of more 
than one repeat drastically reduced lytic activity. 

[0037] The N-terminal domain of the major autolysin 
LytA of Streptococcus pneumonia provides the N-acetylmu 
ramyl-L-alanine amidase catalytic function, whereas the 
C-terminal domain, which contains six repeated sequences, 
determines the speci?city of binding to the cell wall (for 
review: see reference 18). The protein lacks a signal 
sequence and requires choline-containing teichoic acids to 
fully degrade pneumococcal cell walls. Furthermore, it was 
shown that at least four of the six repeats were needed for 
ef?cient recognition of the choline residues of pneumococ 
cal cell walls and the retention of appreciable hydrolytic 
activity 

[0038] LytA, pneumococcal phage lysins, as well as 
clostridial and lactococcal cell wall hydrolases, have been 
used for the construction of active proteins, such that the 
activity domain and cell wall recognition domains were 
exchanged. The N-terminal half of the lactococcal phage 
enzyme was fused to the C-terminal domain of LytA (28). 
The chimeric enzyme exhibited a glycosidase activity 
capable of hydrolyzing choline-containing cell walls of S. 
pneumonia. This result showed that the lactococcal phage 
lysin consisted of at least two domains with a glucosidase 
activity contained in its N-terminus and two repeats similar 
to those in AcmA in the C-terminus A tripartite pneu 
mococcal peptidoglycan hydrolase has been constructed by 






































































