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Abstract

Lactococcus lactis, a model lactic acid bacterium that is widely usedn the dairy industry,
which proves beneficial due to its easy protein sestion and purification. It is also a potential
host for the production of therapeutic recombinantproteins. Many heterologous proteins
have been produced ir_.lactis but very few report the whole system of the genexpression
machinery and its application. Here, we review the&omplete gene expression system for the
L.lactis right from the promoters, roll of signal peptides, site of expression and specific
protein targeting system. Thus the review can be guide for the appropriate selection of
strains and site for the expression system in.lactis.
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Introduction worldwide to work its gene manipulations. There énav
been numerous heterologous proteins like reporter
Lactic acid bacteria (LAB) are gram positive baietéhat ~molecule, bacterial, eukaryotic, viral antigensietteu-
include Lactococci, streptococci, and lactobagilill of ~ kins, allergens, virulence factors, bacteriocing anzy-
which have long been used as starters for foo#hes [S].
fermentations [1]. Many of these LAB are associatét
traditional and industrial production of fermenttmbd, Huge success has been noticed in targeting theiprot
beverages and animal food. Besides providing nlaturgecretion to cytoplasm, cell wall and also to eoetalar
benefits like exerting the positive action in ls#e medium.L.lactis being the non pathogenic food grade
intolerant consumers by providing lactase in thg @is  bacteria shows much efficacy as live antigen armyree
been also proved beneficial in delivering the diges carriers, thus it proves beneficial for the oral
enzymes to supplement pancreatic deficiency in Imsma administration than the attenuated pathogenic riga
nisms likesalmonella typhand chlorella [6,7].And also
There have been numerous efforts made since thréé\B is able to survive through the GIT of humanrigss
decades, to study and understand the genetic talie  and other animals, with a retention time of 2-3 -y
Lactic acid bacteria’s properties in order to abt#ie gut, but it does not invade or colonize the mucand
better industrial yieldLactococcus lactisbecoming the does not evoke strong host immune responses(8).
most suitable expression cell factory these daysttHe
heterologous protein secretion. This organismag&/éo  This decade has been significant advances in thetige
handle and, with improved understanding on the tiene study of LAB resulting in the development of greate
level, the last couple of decades has resultedhé t number of genetic techniques, transformation paisyc
development of a number of gene expression systenasid sophisticated vector, integration and amptifica
based onlL.lactis [2,3]. Many genetic tools have been systems. In this review we describe the new adwsand
developed and its complete genome was recentlypproaches concerned with théactis being used as the
sequenced [4], which makes it easier for reseaschefive delivery vector.
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Gene expression systems Thermal and pH inductianThermolabile P and B
High level production of heterologous proteind.itactis  promoters control the expression of Rro gene, a@ngod
has been obtained using lactococcal constitutive dhe repressor and the tec gene respectively. Thabite
inducible promoters. The approach of the usagsdtioére variant Rro repressor, Rrol2, that upon shiftingmfr
inducible or constitutive promoters depends upoa thpermissive growth temperature of 24°C to 42°C tesul
primary goal of the experiment. A lot of expressionin approximately 500 fold induction which is coriked
systems have been already describeld lactis [9,10]. In by P2(Fig.1.c) [15]. Acidification being the one tife

this following section we mainly focus upon the i@  important properties of LAB, several promoters have
ters which have been proved beneficial for the mooe been uncovered which gets expressed in the pH shift

heterologous proteins. (Fig.1.d) [16). There have been two promoter system
o which is studies extensively. Firstly, gad promatgving
Constitutive promoters: the expression of the gad CB operon predicted tod

In L.lactis, several constitutive promoters have beery glutamate-gamma-amino butyrate antiporter anthglu
identified which are not controlled by regulatory o mate decarboxylase, respectively, which operatglita-
growth conditions. Numerous strategies have belo-fo mate dependent acid stress resistance and one more
wed to isolate promoters froni.lactis and other promoter p170,being the natural promoter of unchara
LAB[10)].Out of which the strategy based on scregni cterized gene termed orfX, is induced by the pHretec
vectors ,both plasmids and transposons, carryie@th-  ase. P170 expression system offers the major aatyant

moterless reporter genes such as those encodigg self inducibility via acid accumulation in theeaium
chloramphenicol resistance or beta galactosidas®®@*  during growth [17].

glucuronidase have been followed. P21, P23, P32, P4

and P59 are reported to be efficient promoteris.liactis - .
(Table.1). Depending upon the chloramphenicol ehcetlesm controlled expression system (NICHhe NICE

- system has been derived from the molecular chaizate
transferase activity levels these promoters havenbe

distinguished into strong (P21 P23, P59) and wea E_?n of the production of nisin, a post-translatiy

L H odified antimicrobial peptide, produced by several
(P.32'P44) [11].Study on constitutive promoters ®N " strains ofL. lactis that are widely used in food industry
still under progress and numerous research is goimg

However, inducible promoters proved to be bette|[18]' NICE comprises of regulatory elements of thi
o P P operon:Rsa the nisin inducible promoter and nisRK, the
promoters in industrial field. '

regulator-sensor 2- component system (Fig.1.c).inNis
. ) system has been extensively used in the industrial
Inducible promoters: production because of its easy use, high proteifd yind

Significant studies have been done on induciblg,y |arge scale production process. However, nisin
promoters. These promoters express proteins wa® th oqition is costly and during protein productionrtfier
is stimulation from the environment. Manl.lactis purification is needed.

promoters are known to be inducible by stress ¢mmdi

such as phage attack, thermal or pH shift, or bgexific i _ i
sugar [10]. PznzitR expression systenmiThis has been recently

developed, which controls expression of the zitropg,

. . . : zit is putatively involved in Zf uptake by the ABC
Sugar inducible expression systerlst genes involved transporter zitSQP, and it is controlled by zitRd MarR

in sugar transport and catabolism are organized intf vt intional lat Th h iR
operons that are strongly expressed and contrali¢tie amily transcriptional . reguiator. us € @fZl
level of transcription initiation. The best chaesxtted controlled EXpression P“’V‘?d FO be tlght_ly regulate
lactococcal promoter is that dflactis operon, which is €SPONSe 10 zinc concentration in the medium[19].

controlled by the autoregulated LacR repressor. Th

{agatose- phosphate that nacivates the Lacresspr,  MOSt PIOteinS are secreted via the Sec pathwayre
9 phosp or. tf}esized as precursors containing the mature proied

Zf?ifie?c@tg?]alIhsausgatr)?r?(rj]u(:iirl)ggigretsosi(?r?\[/fa tlhBe hIg"heﬁ-terminal signal peptides(SP) which directs thetgin

' into different target like certain organelles sum$ the

) ) ) nucleus, mitochondrial matrix, endoplasmic retioaju

Phage induced expression systeriigection from the  cporoplast, apoplast and peroxisome. Specific reta
bacteriophageh31 results in the lysis of the production ansfer depends upon the length and charge dfigmal
strain. Using as expression plasmid containingrééi-  nentide. Signal peptides also retards the prectiiding,
con origin of¢:31 that is also induced upon bacteriophagg,gether with the action of specific chaperones. [2hice
infection which leads to massive expression (F&.1. the peptides reach the relevant organelles theylgeted
[14] by signal peptidase. Although the primary sequerce

Roll of signal peptides
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Table 1: Heterologous proteins produced in L.lactis unttex control of constitutive promoters.

Frotein Ongn Fromoter Strain
Enterocin & Enterococcus faectum piz IL1403
il strefococcus pyogenes P23, P59 IL1403
Chitinase Serraharnarcescens P32.p59 MG1363
SlpH Lactoharillus helvencus Pil MGL363
Fhenylalane ammmontalyase Petroselinum crispum Pil MG1363
Camobactenocin & Camahacterum preacola Pi2 MG 1363
Flyl 18, Fly51] Listertamonocytogenes F21.P32,F59 MGI363
ClEA Staphylococcus aurens P23.p29 MGL363
FnBPA & aureus P3 MGL363
Huc 3 aureus P29 MG1363
VEZ,VE3 Infechous bursd diseaseiy P59 MGCL363
Neutral protease B Subitihs PiZ MG1363
Lipase Staphylococcushyicus F44 NZ9000
Cu/Zn superozide dismutase Homo sapiens il MG5267
(b) NISIN

miskK.  nisR

A Prza :
(c) (d)
H+Cl-
40°C M
5 e
rrof2 ? 5
gad
B N, 2 o—

Cument Opinion in Microbiology

Figure 1. Outline of Molecular outlook of the inducile gesepression system developed for L.lactis.

a) Phage induced expression systems: The expreskitan gene is triggered by induction by bactehiage f infection
resulting in the synthesis of tac transcriptionaltisator. The middle promoter of f31, p8625, isoaladuced by
bacteriophage infection as well as the Tac trarsnal activator. Expression from P8625 resultspirotein over-
production and lysis of the expression host.

b) Nisin controlled expression system (NICE) Thés®Rrpromoter consists of sensor kinase NisK andrésponse
regulator NisR, which responds to extracellularimigdddition of nisin to the extracellular mediastdts in induction of
gene expression from PnisA.

(c) A thermal-inducible system. The thermolabilelRrrepressor of P2 is inactive at 40°C, resultingnduction of
gene expression controlled by P2.

(d) A pH-inducible system. The induction of the dPdmy chloride or acid is mediated by GadR by annomkn
mechanism.
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poorly conserved, all SP’s display a common tripart

mature part of the protein to improve the efficigraf

structure including a positively charged N terminusheterologous secretion in.lactis. The probable negati-

hydrophobic core, and a neutral or negatively gbadiC
terminus containing the SP cleavage site [21].

vely charged residues of the propeptide optimize th
charge balance around the transmembrane domaheof t
signal peptide and thus enhance its efficiency @otein

NumerousL .lactis signal peptides have been identifiedtranslocation [24,32]. The fusion to a carrier pnotand

and characterized. In this review we have focugeohu

to a synthetic propeptide, LEISSTCDA, was repegted|

three main signal peptides which have been used amthown to stabilize and improve he production and

proved to be efficient. The structure of a typicP
includes three distinct regiond) an N-terminal region
(n-region) that contains a numberpaofitively charged

secretion inL.lactis when using the Nisin controlled
expression system [33,34,35]. The LEISSTCDA effect
was observed in different contexts, using different

amino acids (lysines and arginines); (i) a centraproteins and signal peptides. For example, theoifusif

hydrophobic core region (h-region);

and (iii) aLEISS to Nuc-BLG resulting in the protein LEISS-Nuc

hydrophilic cleavage region (c-region) that contains theBLG led to the highest production of the hybrid tpin,
sequence motif recognized by the signal peptidasestimated at ~8ug/ml(~2-fold higher than Nuc-BLGeT
Despite structural similaritielgrge sequence variations LEISSTCDA effect was observed in different contexts

occur in SP’s [22,23]

using different proteins and signal peptides.

SRwe SR.cis atypical, as it is 60 residues and containslransocation machinery /protein targeting systems

two hydrophobic stretches that may form a hairpithie

There are tools developed for protein delivery esyst in

cytoplasmic membrane during translocation. PreWous LAB for which the protein of interest is targeted &

Nuc was used as secretion reporter to assessdtetice

defined cell location, i.e., the cytoplasm, the edlll, or

capacity oflL.lactis [24]which is small and stable secretedthe medium. The expression and export vectors based

protein, is generally and biochemically well chaeaie
zed. Further information can be obtained on Simaex
[37].

SPR;¢ This is the natural signal peptide, which shouls s
minimal secretion compared with other signal pegstid
However, Site directed mutagenesis was carriedt@ut
introduce mutations in one or more of the three @iom
present in the SP310.several changes in the cleawag
the cleavage region improved Nuc secretion effiyen

SP310mut2 showed increased efficiency in both ®mplThe Sec machinery: This is

()Sec-dependent machinery for protein translocatio
across the membrane and (ii)Sortase-dependent
machinery for protein anchorage to the cell wallidg&s

with reporter proteins in gram-positive bacteriavéna
shown that secretion efficiency depends on bothSRe
and the secretion target [36,37]. Bacteria possesgsral
mechanisms for secretion of proteins, of which ske-
dependent system is most commonly explored in genet
engineering.

a ubiquitous secretion

flask cultures and in fermenter cultures with highsystem comprised of a set of proteins that mediate

production levels [25].

translocation of a precursor protein (the maturetgin
plus an N-terminal signal peptide) across the dgsipic

SP:ps The structure and amino acid composition best fimembrane [38].Sec translocation machinery L.actis
with the gram positive consensus and this has bedranslocon is composed of Sec Aithe ATPase depénden

proved to efficiently drive the secretion of therme IL-
12p40 sub-unit ii.lactis[26 ].

motor,which partically provides the energy requifed
preprotein translocation, and SecY, Sec E and SecG
integral membrane proteins ,which form the conahgcti

SRyspas This signal peptide has been is most commonlghannel through the hydrophobic membrane envirohmen

used for heterologous protein secretionLitactis. This

[39]. To date, the SP of the major lactococcal eteck

has been combined with either a constitutive premot protein Usp45 is one of the most widely exploitd®l i§

like p59 [27] or the inducible NICE system [28, 28,

genetically engineered LAB [40,41]. And there haer

31] . The usp45 gene encodes the major extracellulmumerous heterologous proteins have been secreted i
protein fromL.lactis. The deduced sequence of the 27extracellular medium, which has been a boom for
residue leader peptide revealed the tripartitendustrial production and research.

characteristics of a signal peptide. This leadeptide

directed the efficient secretion of the homologousSortase-dependent machinery: Two primary cell wall-
proteinase (PrtP) ih. lactis indicating that the putative anchored proteins, a cell wall proteinase and eging
signal peptide of PrtP can be replaced by the 2idwe factor, were characterized in the model LABJactis
Usp45 leader peptide [26]. [42,43]. All the cell wall-anchored (CWA) proteistare
Roll of synthetic propeptidé short synthetic propeptide( a rather similar C-terminal anchoring tail of ab®&&
LEISSTCDA) can be fused between a signal peptide anamino acids. The anchoring structure includes aXTi®

Biomedical Research 2012 Volume 23 Issue 1 1
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motif followed by a stretch of about 23 hydrophobic
amino acids and 6 to 7 mostly positively chargesidiges

at the extreme C terminus [44]. Recent studies @h c
wall anchoring inStaphylococcus aurewssiggest that the
initial step involves export of the surface protein
precursors across the membrane by a Sec-dependent
mechanism and that once translocated, the hydraphobClosing remarks

domain and the positively charged C terminus anter In conclusion, we assume that a complete tool baoiv
protein through interactions with the membrane #r available for heterologus protein production andeting
negatively charged phospholipids on the cytoplasmin L.lactis. In addition, these tools may be implemented in
face, respectively. A putative sortase enzymeggwels at other Gram-Positive and even Gram-negative bacteria
the threonine and creates an amide linkage witifrdlee  The GRAS (generally regarded as safe) statuslattis

mucosal immune responses and protects mice against
human papilloma-virus type 16-induced tumors [57].

7. Genetically modified..lactis secreting interleukin-

10 provides therapeutic approach for inflammatory
bowel disease [58]

amino group of the peptide cross-bridge in the el

[45,46]. Cell wall anchoring of heterologous protei

using the CWA of proteins A and M6 froB aureusand

and LAB in general, is a clear advantage for thsi in
production and secretion of therapeutic or vaccinal
proteins.

Streptococcus pyogenesespectively, was demonstrated

with various gram-positive hosts, including LAB Acknowledgements

[47,48,49].

This work was supported by a grant from the Next-

Generation BioGreen 21 Program, Rural Development

Roll of HtrA mutant Lactobacillus strain

HtrA is a single surface protease which is respmador
the housekeeping of exported proteins Litactis and
other gram positive organisms. HtrA is responsitoe
clearing abnormal proteins, such as reporter figsiftom
the surface, and is both essential and induced rund;f
several stress conditions. All tested proteins eartirely
stable in htrA mutant, suggesting that this mutant
protease-free at the cell surface [50,51], a major
advantage for developing L. lactis as a celldgcfor 5
protein production and secretion.

Theraupautic approaches using Lactococcus lactis

In L.lactis heterologous proteins have been directed to the
cytoplasm, the cell wall, or the medium. Making ude
this strategy, L.Lactis have been used widely in 3.
therapeutic field which is used is different sites.

1. Production and targeting of the brucella abortug.
antigen L7/L12 inL.lactis food grade live vaccine
against bucellosis: targeted to cytoplasm, cell aadl
extra cellular medium [52]. 5.
2. Oral vaccination of mice against rodent malarighwit
recombinant..lactis expressing MSP-119[53].

3. Expression of Helicobacter pylori urease subBnit
gene inL.lactis MG1363 and its use as a vaccine®:
delivery system against H. pylori infection in mice
[54].

4. High potential of interleukin-12-secreting lactaci
strains for future prophylactic and therapeutic suse
[55].

5. Live lactococci expressing E7 antigen and IL—128'
induces systemic and mucosal immune responses and
protects mice against human papilloma-virus type 16
induced tumors [56]. 9.
6. Mucosal vaccine based on live lactococci
expressing E7 antigen and IL-12 induces systendc an

7.
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