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The	  lipases	  from	  Y.	  lipoly+ca	  

Ø  From the genome sequence,16 lipases encoding gene have been highlighted. 

Ø  Lip2p is the main extracellular lipase. 

Ø   LIP2 code for a 334 aa precursor protein, processed by Kex2-like protease. 
Ø   Lip2p possess a pre-signal sequence (SS); a X-Ala, X-Pro motif (DP) and a pro-region 

with Lys-Arg cleavage site. 

 

Pignede et al, 2000, Appli. Env. Microbiol. 



The	  lipase	  lip2	  :	  structure	  	  

Ø  Lip2 is a lipase sensus stricto:  GHSLGG/AA motif (Pignede et al 2000) 

Ø  Lip2 is a N-glycosylated protein: Man8GlcNac2 at N113IS and Man9GlcNAc2 at 

N134NT (Jolivet et al 2007) 

Ø  Cristalogarphic structure has been solved at 1,7 A (Bordes et al 2010) 

 



The	  lipase	  lip2	  is	  a	  secreted	  protein	  
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LanT:
a transmembrane
ATP-binding cassette
lantipeptide
transporter; in class II
systems, this protein
contains an additional
cysteine protease
domain

ABC: ATP-binding
cassette

thiol for nucleophilic attack on Dha/Dhb (56).
Mutagenesis of NisC and the subtilin cyclase
SpaC revealed additional active-site residues
critical to catalysis (57, 58), which may serve in
general acid/base catalysis or electrophilic acti-
vation of the Michael acceptor.

LanT, a transmembrane ATP-binding cas-
sette (ABC) transporter about 600 residues in
length, serves to export the modified peptide
from the producing cell, often with relaxed
specificity. For instance, the nisin transporter,
NisT, is able to export the unmodified pre-
cursor peptide NisA as well as unrelated pep-
tide sequences fused to the NisA leader peptide
(59); this substrate promiscuity has enabled the
use of the nisin biosynthetic machinery for in
vivo engineering of diverse peptides containing
Lan/MeLan (see Section 10.1) (60). A dedicated
subtilisin-like serine protease, LanP, is often,
but not universally, encoded in class I biosyn-
thetic gene clusters for removal of the leader
peptide; these may be membrane anchored or
cytoplasmic (5). The first in vitro reconstitution
of a cytoplasmic LanP was recently reported for
ElxP, the epilancin 15X protease (55).

Engineered nisin expression systems have
greatly enhanced our understanding of class I
biosynthesis. Previous coimmunoprecipitation
and yeast two-hybrid studies had determined
that nisin biosynthetic enzymes NisB, NisC,
and NisT each localize predominantly to the
membrane, that they each interact with NisA,
and that they each maintain activity in the ab-
sence of the other enzymes in the complex (16).
However, individual contributions of each en-
zyme and the order of reactions had not been
rigorously assessed. A recent study reported
that export of modified NisA by NisT occurs
prior to proteolysis by the dedicated nisin pro-
tease NisP and that deletion of NisP has no ef-
fect on the production of modified NisA (61). In
contrast, deletion of nisB, nisC, or nisT greatly
decreases the overall kinetics of modified pep-
tide production, suggesting synergistic activi-
ties. Additionally, the presence of a catalytically
incompetent NisC significantly improves pro-
duction levels of dehydrated NisA compared
to levels observed in the absence of NisC (62).
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Figure 4
Posttranslational maturation of the class I lantipeptide nisin. Although not
explicitly shown, current data suggest that dehydration and cyclization are
alternating processes. Abbreviations: Abu, 2-aminobutyric acid; Dha,
2,3-didehydroalanine; Dhb, (Z)-2,3-didehydrobutyrine; NisB, nisin
dehydratase; NisC, nisin cyclase; NisP, nisin protease.

Mutagenesis studies on NisA demonstrated that
the dehydration of one residue has no influence
on other dehydrations, but cross-link formation
can protect serine/threonine residues from de-
hydration (62, 63).

Additional investigations have aided in un-
derstanding the interactions between NisA and
NisB/C. Biophysical analysis of purified NisA
and NisB revealed that NisB is dimeric in so-
lution, that the leader peptide is necessary for
interaction between NisA and NisB, and that
NisB binds dehydrated NisA more strongly
than either unmodified or fully modified (i.e.,
dehydrated and cyclized) NisA (64). These ob-
servations were supported by a more recent
study in which NisB and NisC were co-purified
from L. lactis using C-terminally His-tagged
NisA (65). This pull-down system also revealed
that NisB binds more strongly than NisC to un-
modified NisA and that the NisA leader peptide
alone was not sufficient to isolate the NisB/C
complex, suggesting that these enzymes make
important binding contacts with the core pep-
tide as well as with the leader peptide.

From these data, a model has been con-
structed in which the NisA modification is
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Ø  Lip2 is a secreted protein. However, with an uncomon secretion kinetic as evidenced 

by western blot experiments 

Ø  C : cytosolic location 

Ø  M : membrane location 

Ø   S : supernatant location 

 

Fickers	  et	  al,	  2004	  	  

During cell growth, lip2 remains cell-associated before being released in the medium during 

the stationery phase 



The	  lipase	  lip2	  :	  regula1on	  	  

Ø  LIP2 regulation was investigated using a pLIP2-LacZ reporter gene and β-galactosidase 

measurments  

Ø  LIP2 expression is induced by : 

Ø  Oleic acid 

Fickers	  et	  al,	  2004	  	  

1%	  is	  the	  op5mal	  
concentra5on	  



The	  lipase	  lip2	  :	  regula1on	  

Ø  LIP2 expression is induced by : 

Ø  Organic nitrogen 

Fickers	  et	  al,	  2004	  	  



The	  lipase	  lip2	  :	  regula1on	  

Ø  LIP2 expression is induced by : 

Ø  Organic nitrogen (casein tryptone)  

 

Oleic	  acid	   Glucose	  

Fickers	  et	  al,	  2004	  	  



The	  lipase	  lip2	  :	  regula1on	  

Ø  LIP2 expression is repressed by : 

Ø  Glycerol 

Phase I : glycerol 
 
Phase II : glycerol starvation 

Fickers	  et	  al,	  2003	  	  

	  	  Lipase productivity 

 A very low level of lipase production could be observed even after glycerol 

depletion in the medium  



The	  lipase	  lip2	  :	  regula1on	  
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a transmembrane
ATP-binding cassette
lantipeptide
transporter; in class II
systems, this protein
contains an additional
cysteine protease
domain

ABC: ATP-binding
cassette

thiol for nucleophilic attack on Dha/Dhb (56).
Mutagenesis of NisC and the subtilin cyclase
SpaC revealed additional active-site residues
critical to catalysis (57, 58), which may serve in
general acid/base catalysis or electrophilic acti-
vation of the Michael acceptor.

LanT, a transmembrane ATP-binding cas-
sette (ABC) transporter about 600 residues in
length, serves to export the modified peptide
from the producing cell, often with relaxed
specificity. For instance, the nisin transporter,
NisT, is able to export the unmodified pre-
cursor peptide NisA as well as unrelated pep-
tide sequences fused to the NisA leader peptide
(59); this substrate promiscuity has enabled the
use of the nisin biosynthetic machinery for in
vivo engineering of diverse peptides containing
Lan/MeLan (see Section 10.1) (60). A dedicated
subtilisin-like serine protease, LanP, is often,
but not universally, encoded in class I biosyn-
thetic gene clusters for removal of the leader
peptide; these may be membrane anchored or
cytoplasmic (5). The first in vitro reconstitution
of a cytoplasmic LanP was recently reported for
ElxP, the epilancin 15X protease (55).

Engineered nisin expression systems have
greatly enhanced our understanding of class I
biosynthesis. Previous coimmunoprecipitation
and yeast two-hybrid studies had determined
that nisin biosynthetic enzymes NisB, NisC,
and NisT each localize predominantly to the
membrane, that they each interact with NisA,
and that they each maintain activity in the ab-
sence of the other enzymes in the complex (16).
However, individual contributions of each en-
zyme and the order of reactions had not been
rigorously assessed. A recent study reported
that export of modified NisA by NisT occurs
prior to proteolysis by the dedicated nisin pro-
tease NisP and that deletion of NisP has no ef-
fect on the production of modified NisA (61). In
contrast, deletion of nisB, nisC, or nisT greatly
decreases the overall kinetics of modified pep-
tide production, suggesting synergistic activi-
ties. Additionally, the presence of a catalytically
incompetent NisC significantly improves pro-
duction levels of dehydrated NisA compared
to levels observed in the absence of NisC (62).
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Figure 4
Posttranslational maturation of the class I lantipeptide nisin. Although not
explicitly shown, current data suggest that dehydration and cyclization are
alternating processes. Abbreviations: Abu, 2-aminobutyric acid; Dha,
2,3-didehydroalanine; Dhb, (Z)-2,3-didehydrobutyrine; NisB, nisin
dehydratase; NisC, nisin cyclase; NisP, nisin protease.

Mutagenesis studies on NisA demonstrated that
the dehydration of one residue has no influence
on other dehydrations, but cross-link formation
can protect serine/threonine residues from de-
hydration (62, 63).

Additional investigations have aided in un-
derstanding the interactions between NisA and
NisB/C. Biophysical analysis of purified NisA
and NisB revealed that NisB is dimeric in so-
lution, that the leader peptide is necessary for
interaction between NisA and NisB, and that
NisB binds dehydrated NisA more strongly
than either unmodified or fully modified (i.e.,
dehydrated and cyclized) NisA (64). These ob-
servations were supported by a more recent
study in which NisB and NisC were co-purified
from L. lactis using C-terminally His-tagged
NisA (65). This pull-down system also revealed
that NisB binds more strongly than NisC to un-
modified NisA and that the NisA leader peptide
alone was not sufficient to isolate the NisB/C
complex, suggesting that these enzymes make
important binding contacts with the core pep-
tide as well as with the leader peptide.

From these data, a model has been con-
structed in which the NisA modification is
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Ø  LIP2 expression is repressed by : 

Ø  Glucose 

 

Phase I : glucose 
 
Phase II : glucose starvation 

Fickers	  et	  al,	  2003	  	  

	  	  Lipase productivity 

Lipase production increases after glucose depletion  
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LanT:
a transmembrane
ATP-binding cassette
lantipeptide
transporter; in class II
systems, this protein
contains an additional
cysteine protease
domain

ABC: ATP-binding
cassette

thiol for nucleophilic attack on Dha/Dhb (56).
Mutagenesis of NisC and the subtilin cyclase
SpaC revealed additional active-site residues
critical to catalysis (57, 58), which may serve in
general acid/base catalysis or electrophilic acti-
vation of the Michael acceptor.

LanT, a transmembrane ATP-binding cas-
sette (ABC) transporter about 600 residues in
length, serves to export the modified peptide
from the producing cell, often with relaxed
specificity. For instance, the nisin transporter,
NisT, is able to export the unmodified pre-
cursor peptide NisA as well as unrelated pep-
tide sequences fused to the NisA leader peptide
(59); this substrate promiscuity has enabled the
use of the nisin biosynthetic machinery for in
vivo engineering of diverse peptides containing
Lan/MeLan (see Section 10.1) (60). A dedicated
subtilisin-like serine protease, LanP, is often,
but not universally, encoded in class I biosyn-
thetic gene clusters for removal of the leader
peptide; these may be membrane anchored or
cytoplasmic (5). The first in vitro reconstitution
of a cytoplasmic LanP was recently reported for
ElxP, the epilancin 15X protease (55).

Engineered nisin expression systems have
greatly enhanced our understanding of class I
biosynthesis. Previous coimmunoprecipitation
and yeast two-hybrid studies had determined
that nisin biosynthetic enzymes NisB, NisC,
and NisT each localize predominantly to the
membrane, that they each interact with NisA,
and that they each maintain activity in the ab-
sence of the other enzymes in the complex (16).
However, individual contributions of each en-
zyme and the order of reactions had not been
rigorously assessed. A recent study reported
that export of modified NisA by NisT occurs
prior to proteolysis by the dedicated nisin pro-
tease NisP and that deletion of NisP has no ef-
fect on the production of modified NisA (61). In
contrast, deletion of nisB, nisC, or nisT greatly
decreases the overall kinetics of modified pep-
tide production, suggesting synergistic activi-
ties. Additionally, the presence of a catalytically
incompetent NisC significantly improves pro-
duction levels of dehydrated NisA compared
to levels observed in the absence of NisC (62).
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Figure 4
Posttranslational maturation of the class I lantipeptide nisin. Although not
explicitly shown, current data suggest that dehydration and cyclization are
alternating processes. Abbreviations: Abu, 2-aminobutyric acid; Dha,
2,3-didehydroalanine; Dhb, (Z)-2,3-didehydrobutyrine; NisB, nisin
dehydratase; NisC, nisin cyclase; NisP, nisin protease.

Mutagenesis studies on NisA demonstrated that
the dehydration of one residue has no influence
on other dehydrations, but cross-link formation
can protect serine/threonine residues from de-
hydration (62, 63).

Additional investigations have aided in un-
derstanding the interactions between NisA and
NisB/C. Biophysical analysis of purified NisA
and NisB revealed that NisB is dimeric in so-
lution, that the leader peptide is necessary for
interaction between NisA and NisB, and that
NisB binds dehydrated NisA more strongly
than either unmodified or fully modified (i.e.,
dehydrated and cyclized) NisA (64). These ob-
servations were supported by a more recent
study in which NisB and NisC were co-purified
from L. lactis using C-terminally His-tagged
NisA (65). This pull-down system also revealed
that NisB binds more strongly than NisC to un-
modified NisA and that the NisA leader peptide
alone was not sufficient to isolate the NisB/C
complex, suggesting that these enzymes make
important binding contacts with the core pep-
tide as well as with the leader peptide.

From these data, a model has been con-
structed in which the NisA modification is
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Ø  LIP2 repression by glucose : further investigations with regulatory mutants 

Phase I : glucose 
 
Phase II : glucose starvation 
 
LgX64.81 : NTG mutagenesis 
Regulatory mutant 

Fickers	  et	  al,	  2003	  	  

  Lipase productivity 

High level of lipase production in the presence of glucose  
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LanT:
a transmembrane
ATP-binding cassette
lantipeptide
transporter; in class II
systems, this protein
contains an additional
cysteine protease
domain

ABC: ATP-binding
cassette

thiol for nucleophilic attack on Dha/Dhb (56).
Mutagenesis of NisC and the subtilin cyclase
SpaC revealed additional active-site residues
critical to catalysis (57, 58), which may serve in
general acid/base catalysis or electrophilic acti-
vation of the Michael acceptor.

LanT, a transmembrane ATP-binding cas-
sette (ABC) transporter about 600 residues in
length, serves to export the modified peptide
from the producing cell, often with relaxed
specificity. For instance, the nisin transporter,
NisT, is able to export the unmodified pre-
cursor peptide NisA as well as unrelated pep-
tide sequences fused to the NisA leader peptide
(59); this substrate promiscuity has enabled the
use of the nisin biosynthetic machinery for in
vivo engineering of diverse peptides containing
Lan/MeLan (see Section 10.1) (60). A dedicated
subtilisin-like serine protease, LanP, is often,
but not universally, encoded in class I biosyn-
thetic gene clusters for removal of the leader
peptide; these may be membrane anchored or
cytoplasmic (5). The first in vitro reconstitution
of a cytoplasmic LanP was recently reported for
ElxP, the epilancin 15X protease (55).

Engineered nisin expression systems have
greatly enhanced our understanding of class I
biosynthesis. Previous coimmunoprecipitation
and yeast two-hybrid studies had determined
that nisin biosynthetic enzymes NisB, NisC,
and NisT each localize predominantly to the
membrane, that they each interact with NisA,
and that they each maintain activity in the ab-
sence of the other enzymes in the complex (16).
However, individual contributions of each en-
zyme and the order of reactions had not been
rigorously assessed. A recent study reported
that export of modified NisA by NisT occurs
prior to proteolysis by the dedicated nisin pro-
tease NisP and that deletion of NisP has no ef-
fect on the production of modified NisA (61). In
contrast, deletion of nisB, nisC, or nisT greatly
decreases the overall kinetics of modified pep-
tide production, suggesting synergistic activi-
ties. Additionally, the presence of a catalytically
incompetent NisC significantly improves pro-
duction levels of dehydrated NisA compared
to levels observed in the absence of NisC (62).
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Figure 4
Posttranslational maturation of the class I lantipeptide nisin. Although not
explicitly shown, current data suggest that dehydration and cyclization are
alternating processes. Abbreviations: Abu, 2-aminobutyric acid; Dha,
2,3-didehydroalanine; Dhb, (Z)-2,3-didehydrobutyrine; NisB, nisin
dehydratase; NisC, nisin cyclase; NisP, nisin protease.

Mutagenesis studies on NisA demonstrated that
the dehydration of one residue has no influence
on other dehydrations, but cross-link formation
can protect serine/threonine residues from de-
hydration (62, 63).

Additional investigations have aided in un-
derstanding the interactions between NisA and
NisB/C. Biophysical analysis of purified NisA
and NisB revealed that NisB is dimeric in so-
lution, that the leader peptide is necessary for
interaction between NisA and NisB, and that
NisB binds dehydrated NisA more strongly
than either unmodified or fully modified (i.e.,
dehydrated and cyclized) NisA (64). These ob-
servations were supported by a more recent
study in which NisB and NisC were co-purified
from L. lactis using C-terminally His-tagged
NisA (65). This pull-down system also revealed
that NisB binds more strongly than NisC to un-
modified NisA and that the NisA leader peptide
alone was not sufficient to isolate the NisB/C
complex, suggesting that these enzymes make
important binding contacts with the core pep-
tide as well as with the leader peptide.

From these data, a model has been con-
structed in which the NisA modification is
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Ø  Mutant LgX64.81 presents a growth defect on glucose medium Vs WT 

Ø  LgX64.81 presents a lower glucose uptake capacity 

Fickers	  et	  al,	  2003	  	  
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LanT:
a transmembrane
ATP-binding cassette
lantipeptide
transporter; in class II
systems, this protein
contains an additional
cysteine protease
domain

ABC: ATP-binding
cassette

thiol for nucleophilic attack on Dha/Dhb (56).
Mutagenesis of NisC and the subtilin cyclase
SpaC revealed additional active-site residues
critical to catalysis (57, 58), which may serve in
general acid/base catalysis or electrophilic acti-
vation of the Michael acceptor.

LanT, a transmembrane ATP-binding cas-
sette (ABC) transporter about 600 residues in
length, serves to export the modified peptide
from the producing cell, often with relaxed
specificity. For instance, the nisin transporter,
NisT, is able to export the unmodified pre-
cursor peptide NisA as well as unrelated pep-
tide sequences fused to the NisA leader peptide
(59); this substrate promiscuity has enabled the
use of the nisin biosynthetic machinery for in
vivo engineering of diverse peptides containing
Lan/MeLan (see Section 10.1) (60). A dedicated
subtilisin-like serine protease, LanP, is often,
but not universally, encoded in class I biosyn-
thetic gene clusters for removal of the leader
peptide; these may be membrane anchored or
cytoplasmic (5). The first in vitro reconstitution
of a cytoplasmic LanP was recently reported for
ElxP, the epilancin 15X protease (55).

Engineered nisin expression systems have
greatly enhanced our understanding of class I
biosynthesis. Previous coimmunoprecipitation
and yeast two-hybrid studies had determined
that nisin biosynthetic enzymes NisB, NisC,
and NisT each localize predominantly to the
membrane, that they each interact with NisA,
and that they each maintain activity in the ab-
sence of the other enzymes in the complex (16).
However, individual contributions of each en-
zyme and the order of reactions had not been
rigorously assessed. A recent study reported
that export of modified NisA by NisT occurs
prior to proteolysis by the dedicated nisin pro-
tease NisP and that deletion of NisP has no ef-
fect on the production of modified NisA (61). In
contrast, deletion of nisB, nisC, or nisT greatly
decreases the overall kinetics of modified pep-
tide production, suggesting synergistic activi-
ties. Additionally, the presence of a catalytically
incompetent NisC significantly improves pro-
duction levels of dehydrated NisA compared
to levels observed in the absence of NisC (62).
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Figure 4
Posttranslational maturation of the class I lantipeptide nisin. Although not
explicitly shown, current data suggest that dehydration and cyclization are
alternating processes. Abbreviations: Abu, 2-aminobutyric acid; Dha,
2,3-didehydroalanine; Dhb, (Z)-2,3-didehydrobutyrine; NisB, nisin
dehydratase; NisC, nisin cyclase; NisP, nisin protease.

Mutagenesis studies on NisA demonstrated that
the dehydration of one residue has no influence
on other dehydrations, but cross-link formation
can protect serine/threonine residues from de-
hydration (62, 63).

Additional investigations have aided in un-
derstanding the interactions between NisA and
NisB/C. Biophysical analysis of purified NisA
and NisB revealed that NisB is dimeric in so-
lution, that the leader peptide is necessary for
interaction between NisA and NisB, and that
NisB binds dehydrated NisA more strongly
than either unmodified or fully modified (i.e.,
dehydrated and cyclized) NisA (64). These ob-
servations were supported by a more recent
study in which NisB and NisC were co-purified
from L. lactis using C-terminally His-tagged
NisA (65). This pull-down system also revealed
that NisB binds more strongly than NisC to un-
modified NisA and that the NisA leader peptide
alone was not sufficient to isolate the NisB/C
complex, suggesting that these enzymes make
important binding contacts with the core pep-
tide as well as with the leader peptide.

From these data, a model has been con-
structed in which the NisA modification is
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Ø  This lower uptake capacity is due to a lower hexokinase activity of LgX64.81 

Ø  Is glucose transport involved in LIP2 regulation ? 

Fickers	  et	  al,	  2003	  	  



The	  lipase	  lip2	  :	  regula1on	  by	  glucose	  
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LanT:
a transmembrane
ATP-binding cassette
lantipeptide
transporter; in class II
systems, this protein
contains an additional
cysteine protease
domain

ABC: ATP-binding
cassette

thiol for nucleophilic attack on Dha/Dhb (56).
Mutagenesis of NisC and the subtilin cyclase
SpaC revealed additional active-site residues
critical to catalysis (57, 58), which may serve in
general acid/base catalysis or electrophilic acti-
vation of the Michael acceptor.

LanT, a transmembrane ATP-binding cas-
sette (ABC) transporter about 600 residues in
length, serves to export the modified peptide
from the producing cell, often with relaxed
specificity. For instance, the nisin transporter,
NisT, is able to export the unmodified pre-
cursor peptide NisA as well as unrelated pep-
tide sequences fused to the NisA leader peptide
(59); this substrate promiscuity has enabled the
use of the nisin biosynthetic machinery for in
vivo engineering of diverse peptides containing
Lan/MeLan (see Section 10.1) (60). A dedicated
subtilisin-like serine protease, LanP, is often,
but not universally, encoded in class I biosyn-
thetic gene clusters for removal of the leader
peptide; these may be membrane anchored or
cytoplasmic (5). The first in vitro reconstitution
of a cytoplasmic LanP was recently reported for
ElxP, the epilancin 15X protease (55).

Engineered nisin expression systems have
greatly enhanced our understanding of class I
biosynthesis. Previous coimmunoprecipitation
and yeast two-hybrid studies had determined
that nisin biosynthetic enzymes NisB, NisC,
and NisT each localize predominantly to the
membrane, that they each interact with NisA,
and that they each maintain activity in the ab-
sence of the other enzymes in the complex (16).
However, individual contributions of each en-
zyme and the order of reactions had not been
rigorously assessed. A recent study reported
that export of modified NisA by NisT occurs
prior to proteolysis by the dedicated nisin pro-
tease NisP and that deletion of NisP has no ef-
fect on the production of modified NisA (61). In
contrast, deletion of nisB, nisC, or nisT greatly
decreases the overall kinetics of modified pep-
tide production, suggesting synergistic activi-
ties. Additionally, the presence of a catalytically
incompetent NisC significantly improves pro-
duction levels of dehydrated NisA compared
to levels observed in the absence of NisC (62).
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Figure 4
Posttranslational maturation of the class I lantipeptide nisin. Although not
explicitly shown, current data suggest that dehydration and cyclization are
alternating processes. Abbreviations: Abu, 2-aminobutyric acid; Dha,
2,3-didehydroalanine; Dhb, (Z)-2,3-didehydrobutyrine; NisB, nisin
dehydratase; NisC, nisin cyclase; NisP, nisin protease.

Mutagenesis studies on NisA demonstrated that
the dehydration of one residue has no influence
on other dehydrations, but cross-link formation
can protect serine/threonine residues from de-
hydration (62, 63).

Additional investigations have aided in un-
derstanding the interactions between NisA and
NisB/C. Biophysical analysis of purified NisA
and NisB revealed that NisB is dimeric in so-
lution, that the leader peptide is necessary for
interaction between NisA and NisB, and that
NisB binds dehydrated NisA more strongly
than either unmodified or fully modified (i.e.,
dehydrated and cyclized) NisA (64). These ob-
servations were supported by a more recent
study in which NisB and NisC were co-purified
from L. lactis using C-terminally His-tagged
NisA (65). This pull-down system also revealed
that NisB binds more strongly than NisC to un-
modified NisA and that the NisA leader peptide
alone was not sufficient to isolate the NisB/C
complex, suggesting that these enzymes make
important binding contacts with the core pep-
tide as well as with the leader peptide.

From these data, a model has been con-
structed in which the NisA modification is
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Ø  Over-expression of hexokinase HXK1 in LgX64.81 restore glucose repression 
	  

Fickers	  et	  al,	  2003	  	  

WT 
LgX64.81 
LgX64.81 / HXK1 



Produc1on	  in	  bioreactor	  with	  non-‐GMO	  strain	  

Ø  Culture in 20 L bioreactor of LgX64.81 

 

 

 

Fickers	  et	  al,	  2008	  	  
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LanT:
a transmembrane
ATP-binding cassette
lantipeptide
transporter; in class II
systems, this protein
contains an additional
cysteine protease
domain

ABC: ATP-binding
cassette

thiol for nucleophilic attack on Dha/Dhb (56).
Mutagenesis of NisC and the subtilin cyclase
SpaC revealed additional active-site residues
critical to catalysis (57, 58), which may serve in
general acid/base catalysis or electrophilic acti-
vation of the Michael acceptor.

LanT, a transmembrane ATP-binding cas-
sette (ABC) transporter about 600 residues in
length, serves to export the modified peptide
from the producing cell, often with relaxed
specificity. For instance, the nisin transporter,
NisT, is able to export the unmodified pre-
cursor peptide NisA as well as unrelated pep-
tide sequences fused to the NisA leader peptide
(59); this substrate promiscuity has enabled the
use of the nisin biosynthetic machinery for in
vivo engineering of diverse peptides containing
Lan/MeLan (see Section 10.1) (60). A dedicated
subtilisin-like serine protease, LanP, is often,
but not universally, encoded in class I biosyn-
thetic gene clusters for removal of the leader
peptide; these may be membrane anchored or
cytoplasmic (5). The first in vitro reconstitution
of a cytoplasmic LanP was recently reported for
ElxP, the epilancin 15X protease (55).

Engineered nisin expression systems have
greatly enhanced our understanding of class I
biosynthesis. Previous coimmunoprecipitation
and yeast two-hybrid studies had determined
that nisin biosynthetic enzymes NisB, NisC,
and NisT each localize predominantly to the
membrane, that they each interact with NisA,
and that they each maintain activity in the ab-
sence of the other enzymes in the complex (16).
However, individual contributions of each en-
zyme and the order of reactions had not been
rigorously assessed. A recent study reported
that export of modified NisA by NisT occurs
prior to proteolysis by the dedicated nisin pro-
tease NisP and that deletion of NisP has no ef-
fect on the production of modified NisA (61). In
contrast, deletion of nisB, nisC, or nisT greatly
decreases the overall kinetics of modified pep-
tide production, suggesting synergistic activi-
ties. Additionally, the presence of a catalytically
incompetent NisC significantly improves pro-
duction levels of dehydrated NisA compared
to levels observed in the absence of NisC (62).
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Figure 4
Posttranslational maturation of the class I lantipeptide nisin. Although not
explicitly shown, current data suggest that dehydration and cyclization are
alternating processes. Abbreviations: Abu, 2-aminobutyric acid; Dha,
2,3-didehydroalanine; Dhb, (Z)-2,3-didehydrobutyrine; NisB, nisin
dehydratase; NisC, nisin cyclase; NisP, nisin protease.

Mutagenesis studies on NisA demonstrated that
the dehydration of one residue has no influence
on other dehydrations, but cross-link formation
can protect serine/threonine residues from de-
hydration (62, 63).

Additional investigations have aided in un-
derstanding the interactions between NisA and
NisB/C. Biophysical analysis of purified NisA
and NisB revealed that NisB is dimeric in so-
lution, that the leader peptide is necessary for
interaction between NisA and NisB, and that
NisB binds dehydrated NisA more strongly
than either unmodified or fully modified (i.e.,
dehydrated and cyclized) NisA (64). These ob-
servations were supported by a more recent
study in which NisB and NisC were co-purified
from L. lactis using C-terminally His-tagged
NisA (65). This pull-down system also revealed
that NisB binds more strongly than NisC to un-
modified NisA and that the NisA leader peptide
alone was not sufficient to isolate the NisB/C
complex, suggesting that these enzymes make
important binding contacts with the core pep-
tide as well as with the leader peptide.

From these data, a model has been con-
structed in which the NisA modification is
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Ø  Culture in 2.000 L bioreactor in an olive oil based medium of LgX64.81 

 

 

 

Fickers	  et	  al,	  2006	  	  

1100	  U/	  ml	  



DSP	  with	  non-‐GMO	  strain	  

Ø  Lip2 downstream process is a three steps procedure based on filtration and ultrafiltration 
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LanT:
a transmembrane
ATP-binding cassette
lantipeptide
transporter; in class II
systems, this protein
contains an additional
cysteine protease
domain

ABC: ATP-binding
cassette

thiol for nucleophilic attack on Dha/Dhb (56).
Mutagenesis of NisC and the subtilin cyclase
SpaC revealed additional active-site residues
critical to catalysis (57, 58), which may serve in
general acid/base catalysis or electrophilic acti-
vation of the Michael acceptor.

LanT, a transmembrane ATP-binding cas-
sette (ABC) transporter about 600 residues in
length, serves to export the modified peptide
from the producing cell, often with relaxed
specificity. For instance, the nisin transporter,
NisT, is able to export the unmodified pre-
cursor peptide NisA as well as unrelated pep-
tide sequences fused to the NisA leader peptide
(59); this substrate promiscuity has enabled the
use of the nisin biosynthetic machinery for in
vivo engineering of diverse peptides containing
Lan/MeLan (see Section 10.1) (60). A dedicated
subtilisin-like serine protease, LanP, is often,
but not universally, encoded in class I biosyn-
thetic gene clusters for removal of the leader
peptide; these may be membrane anchored or
cytoplasmic (5). The first in vitro reconstitution
of a cytoplasmic LanP was recently reported for
ElxP, the epilancin 15X protease (55).

Engineered nisin expression systems have
greatly enhanced our understanding of class I
biosynthesis. Previous coimmunoprecipitation
and yeast two-hybrid studies had determined
that nisin biosynthetic enzymes NisB, NisC,
and NisT each localize predominantly to the
membrane, that they each interact with NisA,
and that they each maintain activity in the ab-
sence of the other enzymes in the complex (16).
However, individual contributions of each en-
zyme and the order of reactions had not been
rigorously assessed. A recent study reported
that export of modified NisA by NisT occurs
prior to proteolysis by the dedicated nisin pro-
tease NisP and that deletion of NisP has no ef-
fect on the production of modified NisA (61). In
contrast, deletion of nisB, nisC, or nisT greatly
decreases the overall kinetics of modified pep-
tide production, suggesting synergistic activi-
ties. Additionally, the presence of a catalytically
incompetent NisC significantly improves pro-
duction levels of dehydrated NisA compared
to levels observed in the absence of NisC (62).

Nisin

NisB

NisP

NisC

Abu

Abu Ala

Ala

Ile

Ile

Ile

S

SSS
S

H
HO

Dhb

Dha

Dha

Ala

Ala
Ala

Ala

Ala

His

Lys

Lys
His

Ser

Val
Lys

Leu

Leu
Met

Gly

GlyPro

Gly

Asn
Met

Abu

AbuAla

Leader — ITSISLCTPGCKTGALMGCNMKTATCHCSIHVSK

Leader — IDhbDhaIDhaLCDhbPGCKDhbGALMGCNMKDhbADhbCHCSIHVDhaK

Leader — IDhbAlaIDhaLAlaAbuPGAlaKAbuGALMGAlaNMKAbuAAbuAlaHAlaSIHVDhaK
S S

S S

S

Figure 4
Posttranslational maturation of the class I lantipeptide nisin. Although not
explicitly shown, current data suggest that dehydration and cyclization are
alternating processes. Abbreviations: Abu, 2-aminobutyric acid; Dha,
2,3-didehydroalanine; Dhb, (Z)-2,3-didehydrobutyrine; NisB, nisin
dehydratase; NisC, nisin cyclase; NisP, nisin protease.

Mutagenesis studies on NisA demonstrated that
the dehydration of one residue has no influence
on other dehydrations, but cross-link formation
can protect serine/threonine residues from de-
hydration (62, 63).

Additional investigations have aided in un-
derstanding the interactions between NisA and
NisB/C. Biophysical analysis of purified NisA
and NisB revealed that NisB is dimeric in so-
lution, that the leader peptide is necessary for
interaction between NisA and NisB, and that
NisB binds dehydrated NisA more strongly
than either unmodified or fully modified (i.e.,
dehydrated and cyclized) NisA (64). These ob-
servations were supported by a more recent
study in which NisB and NisC were co-purified
from L. lactis using C-terminally His-tagged
NisA (65). This pull-down system also revealed
that NisB binds more strongly than NisC to un-
modified NisA and that the NisA leader peptide
alone was not sufficient to isolate the NisB/C
complex, suggesting that these enzymes make
important binding contacts with the core pep-
tide as well as with the leader peptide.

From these data, a model has been con-
structed in which the NisA modification is
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DSP	  with	  non-‐GMO	  strain	  

Ø  Lip2 dehydration by spray-drying to obtain lipase powder 

Ø  Formulation : milk powder and gum arabic 

 

 

Fickers	  et	  al,	  2006	  	  



DSP	  with	  non-‐GMO	  strain	  

Ø  Lip2 powder is very stable 

 

 

Fickers	  et	  al,	  2006	  	  



Produc1on	  in	  bioreactor	  with	  GMO	  strain	  

Ø   Lgx64.81 derivative with pLIP2-LIP2 

Ø  Tryptone and oleic acid fed-batch culture 
in 20L bioreactor 
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LanT:
a transmembrane
ATP-binding cassette
lantipeptide
transporter; in class II
systems, this protein
contains an additional
cysteine protease
domain

ABC: ATP-binding
cassette

thiol for nucleophilic attack on Dha/Dhb (56).
Mutagenesis of NisC and the subtilin cyclase
SpaC revealed additional active-site residues
critical to catalysis (57, 58), which may serve in
general acid/base catalysis or electrophilic acti-
vation of the Michael acceptor.

LanT, a transmembrane ATP-binding cas-
sette (ABC) transporter about 600 residues in
length, serves to export the modified peptide
from the producing cell, often with relaxed
specificity. For instance, the nisin transporter,
NisT, is able to export the unmodified pre-
cursor peptide NisA as well as unrelated pep-
tide sequences fused to the NisA leader peptide
(59); this substrate promiscuity has enabled the
use of the nisin biosynthetic machinery for in
vivo engineering of diverse peptides containing
Lan/MeLan (see Section 10.1) (60). A dedicated
subtilisin-like serine protease, LanP, is often,
but not universally, encoded in class I biosyn-
thetic gene clusters for removal of the leader
peptide; these may be membrane anchored or
cytoplasmic (5). The first in vitro reconstitution
of a cytoplasmic LanP was recently reported for
ElxP, the epilancin 15X protease (55).

Engineered nisin expression systems have
greatly enhanced our understanding of class I
biosynthesis. Previous coimmunoprecipitation
and yeast two-hybrid studies had determined
that nisin biosynthetic enzymes NisB, NisC,
and NisT each localize predominantly to the
membrane, that they each interact with NisA,
and that they each maintain activity in the ab-
sence of the other enzymes in the complex (16).
However, individual contributions of each en-
zyme and the order of reactions had not been
rigorously assessed. A recent study reported
that export of modified NisA by NisT occurs
prior to proteolysis by the dedicated nisin pro-
tease NisP and that deletion of NisP has no ef-
fect on the production of modified NisA (61). In
contrast, deletion of nisB, nisC, or nisT greatly
decreases the overall kinetics of modified pep-
tide production, suggesting synergistic activi-
ties. Additionally, the presence of a catalytically
incompetent NisC significantly improves pro-
duction levels of dehydrated NisA compared
to levels observed in the absence of NisC (62).
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Figure 4
Posttranslational maturation of the class I lantipeptide nisin. Although not
explicitly shown, current data suggest that dehydration and cyclization are
alternating processes. Abbreviations: Abu, 2-aminobutyric acid; Dha,
2,3-didehydroalanine; Dhb, (Z)-2,3-didehydrobutyrine; NisB, nisin
dehydratase; NisC, nisin cyclase; NisP, nisin protease.

Mutagenesis studies on NisA demonstrated that
the dehydration of one residue has no influence
on other dehydrations, but cross-link formation
can protect serine/threonine residues from de-
hydration (62, 63).

Additional investigations have aided in un-
derstanding the interactions between NisA and
NisB/C. Biophysical analysis of purified NisA
and NisB revealed that NisB is dimeric in so-
lution, that the leader peptide is necessary for
interaction between NisA and NisB, and that
NisB binds dehydrated NisA more strongly
than either unmodified or fully modified (i.e.,
dehydrated and cyclized) NisA (64). These ob-
servations were supported by a more recent
study in which NisB and NisC were co-purified
from L. lactis using C-terminally His-tagged
NisA (65). This pull-down system also revealed
that NisB binds more strongly than NisC to un-
modified NisA and that the NisA leader peptide
alone was not sufficient to isolate the NisB/C
complex, suggesting that these enzymes make
important binding contacts with the core pep-
tide as well as with the leader peptide.

From these data, a model has been con-
structed in which the NisA modification is
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Ø  Waste treatment : oil mill waste water 
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a transmembrane
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lantipeptide
transporter; in class II
systems, this protein
contains an additional
cysteine protease
domain
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thiol for nucleophilic attack on Dha/Dhb (56).
Mutagenesis of NisC and the subtilin cyclase
SpaC revealed additional active-site residues
critical to catalysis (57, 58), which may serve in
general acid/base catalysis or electrophilic acti-
vation of the Michael acceptor.

LanT, a transmembrane ATP-binding cas-
sette (ABC) transporter about 600 residues in
length, serves to export the modified peptide
from the producing cell, often with relaxed
specificity. For instance, the nisin transporter,
NisT, is able to export the unmodified pre-
cursor peptide NisA as well as unrelated pep-
tide sequences fused to the NisA leader peptide
(59); this substrate promiscuity has enabled the
use of the nisin biosynthetic machinery for in
vivo engineering of diverse peptides containing
Lan/MeLan (see Section 10.1) (60). A dedicated
subtilisin-like serine protease, LanP, is often,
but not universally, encoded in class I biosyn-
thetic gene clusters for removal of the leader
peptide; these may be membrane anchored or
cytoplasmic (5). The first in vitro reconstitution
of a cytoplasmic LanP was recently reported for
ElxP, the epilancin 15X protease (55).

Engineered nisin expression systems have
greatly enhanced our understanding of class I
biosynthesis. Previous coimmunoprecipitation
and yeast two-hybrid studies had determined
that nisin biosynthetic enzymes NisB, NisC,
and NisT each localize predominantly to the
membrane, that they each interact with NisA,
and that they each maintain activity in the ab-
sence of the other enzymes in the complex (16).
However, individual contributions of each en-
zyme and the order of reactions had not been
rigorously assessed. A recent study reported
that export of modified NisA by NisT occurs
prior to proteolysis by the dedicated nisin pro-
tease NisP and that deletion of NisP has no ef-
fect on the production of modified NisA (61). In
contrast, deletion of nisB, nisC, or nisT greatly
decreases the overall kinetics of modified pep-
tide production, suggesting synergistic activi-
ties. Additionally, the presence of a catalytically
incompetent NisC significantly improves pro-
duction levels of dehydrated NisA compared
to levels observed in the absence of NisC (62).

Nisin

NisB

NisP

NisC

Abu

Abu Ala

Ala

Ile

Ile

Ile

S

SSS
S

H
HO

Dhb

Dha

Dha

Ala

Ala
Ala

Ala

Ala

His

Lys

Lys
His

Ser

Val
Lys

Leu

Leu
Met

Gly

GlyPro

Gly

Asn
Met

Abu

AbuAla

Leader — ITSISLCTPGCKTGALMGCNMKTATCHCSIHVSK

Leader — IDhbDhaIDhaLCDhbPGCKDhbGALMGCNMKDhbADhbCHCSIHVDhaK

Leader — IDhbAlaIDhaLAlaAbuPGAlaKAbuGALMGAlaNMKAbuAAbuAlaHAlaSIHVDhaK
S S

S S

S

Figure 4
Posttranslational maturation of the class I lantipeptide nisin. Although not
explicitly shown, current data suggest that dehydration and cyclization are
alternating processes. Abbreviations: Abu, 2-aminobutyric acid; Dha,
2,3-didehydroalanine; Dhb, (Z)-2,3-didehydrobutyrine; NisB, nisin
dehydratase; NisC, nisin cyclase; NisP, nisin protease.

Mutagenesis studies on NisA demonstrated that
the dehydration of one residue has no influence
on other dehydrations, but cross-link formation
can protect serine/threonine residues from de-
hydration (62, 63).

Additional investigations have aided in un-
derstanding the interactions between NisA and
NisB/C. Biophysical analysis of purified NisA
and NisB revealed that NisB is dimeric in so-
lution, that the leader peptide is necessary for
interaction between NisA and NisB, and that
NisB binds dehydrated NisA more strongly
than either unmodified or fully modified (i.e.,
dehydrated and cyclized) NisA (64). These ob-
servations were supported by a more recent
study in which NisB and NisC were co-purified
from L. lactis using C-terminally His-tagged
NisA (65). This pull-down system also revealed
that NisB binds more strongly than NisC to un-
modified NisA and that the NisA leader peptide
alone was not sufficient to isolate the NisB/C
complex, suggesting that these enzymes make
important binding contacts with the core pep-
tide as well as with the leader peptide.

From these data, a model has been con-
structed in which the NisA modification is
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Ø  Fine chemistry : drug synthesis 
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a transmembrane
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systems, this protein
contains an additional
cysteine protease
domain
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thiol for nucleophilic attack on Dha/Dhb (56).
Mutagenesis of NisC and the subtilin cyclase
SpaC revealed additional active-site residues
critical to catalysis (57, 58), which may serve in
general acid/base catalysis or electrophilic acti-
vation of the Michael acceptor.

LanT, a transmembrane ATP-binding cas-
sette (ABC) transporter about 600 residues in
length, serves to export the modified peptide
from the producing cell, often with relaxed
specificity. For instance, the nisin transporter,
NisT, is able to export the unmodified pre-
cursor peptide NisA as well as unrelated pep-
tide sequences fused to the NisA leader peptide
(59); this substrate promiscuity has enabled the
use of the nisin biosynthetic machinery for in
vivo engineering of diverse peptides containing
Lan/MeLan (see Section 10.1) (60). A dedicated
subtilisin-like serine protease, LanP, is often,
but not universally, encoded in class I biosyn-
thetic gene clusters for removal of the leader
peptide; these may be membrane anchored or
cytoplasmic (5). The first in vitro reconstitution
of a cytoplasmic LanP was recently reported for
ElxP, the epilancin 15X protease (55).

Engineered nisin expression systems have
greatly enhanced our understanding of class I
biosynthesis. Previous coimmunoprecipitation
and yeast two-hybrid studies had determined
that nisin biosynthetic enzymes NisB, NisC,
and NisT each localize predominantly to the
membrane, that they each interact with NisA,
and that they each maintain activity in the ab-
sence of the other enzymes in the complex (16).
However, individual contributions of each en-
zyme and the order of reactions had not been
rigorously assessed. A recent study reported
that export of modified NisA by NisT occurs
prior to proteolysis by the dedicated nisin pro-
tease NisP and that deletion of NisP has no ef-
fect on the production of modified NisA (61). In
contrast, deletion of nisB, nisC, or nisT greatly
decreases the overall kinetics of modified pep-
tide production, suggesting synergistic activi-
ties. Additionally, the presence of a catalytically
incompetent NisC significantly improves pro-
duction levels of dehydrated NisA compared
to levels observed in the absence of NisC (62).
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Figure 4
Posttranslational maturation of the class I lantipeptide nisin. Although not
explicitly shown, current data suggest that dehydration and cyclization are
alternating processes. Abbreviations: Abu, 2-aminobutyric acid; Dha,
2,3-didehydroalanine; Dhb, (Z)-2,3-didehydrobutyrine; NisB, nisin
dehydratase; NisC, nisin cyclase; NisP, nisin protease.

Mutagenesis studies on NisA demonstrated that
the dehydration of one residue has no influence
on other dehydrations, but cross-link formation
can protect serine/threonine residues from de-
hydration (62, 63).

Additional investigations have aided in un-
derstanding the interactions between NisA and
NisB/C. Biophysical analysis of purified NisA
and NisB revealed that NisB is dimeric in so-
lution, that the leader peptide is necessary for
interaction between NisA and NisB, and that
NisB binds dehydrated NisA more strongly
than either unmodified or fully modified (i.e.,
dehydrated and cyclized) NisA (64). These ob-
servations were supported by a more recent
study in which NisB and NisC were co-purified
from L. lactis using C-terminally His-tagged
NisA (65). This pull-down system also revealed
that NisB binds more strongly than NisC to un-
modified NisA and that the NisA leader peptide
alone was not sufficient to isolate the NisB/C
complex, suggesting that these enzymes make
important binding contacts with the core pep-
tide as well as with the leader peptide.

From these data, a model has been con-
structed in which the NisA modification is
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Ø  Fine chemistry : synthesis of polyether 
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Tradi1onal	  applica1ons	  

Ø  Food applications :   
Ø  Cheese ripening and maturation 
Ø  Flavor development in dry fermented sausage 
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