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2. Food—grade concept: Consideration of regulatory framework

2% food—grade



gk HE AA digt o]3)7F DRt} [de Vos 1999a; Salminen et al. 1998;
Sybesma et al. 2006]. A& 9 Lactobacillustt< food—grade W] E-o| A7t
GMO(genetically modified organism)Z2 213l o]&3st7] i = FZEsHA
Al w3 AT Gruére and Rao 2007; Renault 2002].

2ol GMO9 Ab& Al AAMAIA o2 v2A A =dl [Gruére and
Rao 2007; Renault 2002], w=ro] ZAf-ol= ofgte] qfARtE o= W,

fFrEoly QAlofotol A= A FEA] GMOS o] AlE AA3%] =Fst
ATE ESH "F-Hx W E (Genetic modification) "I GMO<2] AHol= =7ke) #HA
Z13kol| wel gE2A ZojHa vk w=Y Ag i WY "2 od Tes
o]-83e] DNA sequence® WFAZ Ao=, I EAWo] 59 S| we}
= %

<<le] ¥m [FDA 2001], A%3 DNA7|#S o] &ato] /HFd vAER Axd
A3EO “higengineered foods’olE} 3dFal GMOTF= o= AFE3SHA &=t}
[Pedersen et al. 2005]. w]=9 A <skH GMl(genetically modified)
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Lactobacilli= =427} 9la, AX=d 35 F+= I EHlo]QEORN

A FAAEA  Hd FQF o]&o] Hia 3+ GRASe]al QPS(Qualified
Presumption of Safety) "]AEZE A 10d Tt A2 LddsF=2 FF7)

o] gxo] gt} W3 Lactococcus lactis F-At EEL 1990y Fo st
oF2 AV 10d FS wwd Az wHAAsgoms U] g
[Kleerebezem et al. 1997; Konings et al. 2000; Mierau and Kleerebezem 2005].
GM—FAHFE o83 Wd Azde AE A% A§2 A8 2 A
Ha m#H=E Abgo]l gli=d], ©|& "Food—grade concept"o]g} gt} o]

=
=
= fAF WA AHoO] Loz JwE 1990 dUHE  AFRH Y I,



Johansen [1999]°] <3 food—grade =& A|AHl] oJAZ Ao W 7]|F&

oS3 o] AWEQIty Food—grade WdAA| ¥ 7H4 Q39 7|2 #4
Y 8L ® AEEHE ST Hdsta, HAHAHR 5AHE A ow,

GRAS H+= QPS oJofof ghth. tiEo] 433 T 7Fedk A 3E 4 (selectable
maker)E AR&EoF HdH, A AR FAA FEA= iAo oF il =5
U Alzglel oA sl Y, 545 AU, dEErE o=
ditol AAFEHA grotok Ha, BE FH4 WP AE HAE o]F Mok g
T3, food—grade Al=¥lozM T UhE Fo3 54 ulo]QA]]olL} A&
A ARdel dold tiarE= A

modified® A AFSIAS Wl Tl kA olojop Frh. AAF
food—gradetx= #2 genus?d FoA Falst FHAAY AFE wAAENA I
FAAE 7R AT R Fo & 5 gtk HE HAEE HTASE food —
grade ¢ DNAZ} €43 AA7F HUYES @, non—GRAS X+ QPS
A E A FH g FHAAE 5o Hr} oA 2% g4 EFSA(European
Food Safety Authority )¢] QFfel #3k A A EC FA = HRH S =Z[EC 2008;
EFSA 2009], Al&Fa4
el et o] SREH 5Q Fo AF H7F d & Urh
Food—grade conceptE 7]% & 3}o] & A|AEIE0] Ayt
E3] AZ3 LactococcusSt Lactobacilli®l & A|2~®lo] o]g-o] F715 o]
thekst =759 Lactobacili =F9 X EZRE, food—grade AW FX|7}
NEE A1 [Diep et al. 2009; Morello et al. 2008], o] A|2~HE o]&3F 2|x3%

a9 AWMl (live vaccine) ] A4 A7 #AS Wl Q)



3£1: Guidelines for the use of GMO in food products in several regions

[Carter and Gruére 2007]

Area Definition GMO Product Labelling Authority
Organism in which DNA Chinese Ministry
Yes, also if no novel
has been modified using of Science and
China DNA or recombinant
any recombinant Technology
protein is detectable
technology (MOST)
Organism in which DNA Yes, also if no novel
has been modified in a DNA or recombinant European Food
Europe way that does not occur protein is detectable, Safety Authority
naturally by mating and/or  product threshold (EFSA)
natural recombination 0.9%

Only when novel

Organism in which DNA DNA or recombinant Food Standards
Oceania has been modified by any protein is detectable, Australia New
1n vitro technique otherwise not Zealand (FSANZ)
required
Only if food differs
Term not used; GMO Food and Drug
United significantly from
foods are designated as Administration
States conventional
bioengineered (FDA)
equivalent

3. Lactic acid bacteria for recombinant protein production
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Aukrust and Nes 1988; de Vos 1987; Natori et al. 1990]. Electroporation,
protoplast formation, conjugation methods%9 HAAZ7|&EE0] WHEO] Lh.
acidophilus, Lb. casei, Lb. helveticus, Lb. plantarum Lb. reuteri, Lb. sakei, 9+ Lb.
pentosuss Akl & FARE =]t ANFF Lactobacilliz F-E 9]
oA (heterologous protein)  TFY3E origin®] antigen< A4S = AN o™

[Bermudez—Humaran et al. 2011; Tarahomjoo 2012; Wells and Mercenier 2008]



[Hashiba et al. 1992; Kok 1996; Pouwels and Leer 1993; Wanker et al. 1995],

olelof| &= thg3t TF FAtelA B2 wEde] Ay o whel, AL AT

(£2).

3£2. Lactobacilli which have been used for the recombinant expression of proteins

Strain Recombinant protein Yield= Induction Reference
[Fitzsimons et
Lb. plantarum  a—Amylase 1,154 nkat/L constitutive
al. 1994]
[ Takala and
Aminopeptidase N n. d. constitutive
Saris 2002]
53 nkat [Sorvig et al.
Aminopeptidase N spplP
/mgprotein 2005]
0.42 [Nguyen et al.
Chitinase spplP
nkat/mgprotein 2012]
0.06 [Kiatpapan et
Cholesterol Oxidase constitutive
nkat/mgprotein al. 2001]
1,017 [Halbmayr et
B—galactosidase spplP
nkat/mgprotein al. 2008]
2,500 [Bohmer et al.
B—glucosidase spplP
nkat/mgprotein 2012]
1680 Miller [Sorvig et al.
B—glucuronidase spplP
Units 2005]
Green fluorescent [Geoffroy et
n. d. Nisin
protein al. 2000]
[Kolandaswa
43.3
Oxalat Decarboxylase spplP my et al.
nkat/mgprotein
2009]
368 [Schiimann et
Malolactic enzyme spplP
nkat/mgprotein al. 2012]
Green fluorescent [Geoffroy et
n. d. Nisin
protein al. 2000]
0.015 [Kiatpapan et
Lb. caser Cholesterol Oxidase constitutive
nkat/mgprotein al. 2001]
1,070 [Bohmer et al.
B—glucosidase sppIP

nkat/mgprotein

2012]



[Wanker et al.

Levanase 8,335 nkat/L Inulin
1995]
[Posno et al.
Xylose—isomerase n. d. D—Xylose
1991]
80 [Sorvig et al.
Lb. saker Aminopeptidase N spplP
nkat/mgprotein 2005]
1590 Miller [Sorvig et al.
B—glucuronidase sppIP
Units 2005]
492 [Halbmayr et
B—galactosidase spplP
nkat/mgprotein al. 2008]

* denoted in nkat in order to make them comparable, if no conversion possible similar

to that presented in the original publications

spplP: sakacin P inducing peptide; inducing peptide of 19 amino acids

3£ 2. Lactobacilli which have been used for the recombinant expression of proteins

Strain Recombinant protein Yield= Induction Reference
82 nkat/mL [Wu et al.
Lb. reuteri a—Amylase Nisin
per OD600nm 2006]
B—glucanase / 14.3/25.0 [Liu et al.
Lactose
Xylanase nkat/mL 2007]
[Lin et al.
Lb. acidophilus B—galactosidase 35 nkat/mL Lactose
1996]
Alcohol
dehydrogenase / 30/58 [Liu et al.
Lb. brevis Lactose
Pyruvate nkat/mg 2007]
decarboxylase
1250 g
[Chouayekh
Lb. bulgaricus Nuclease digested constitutive
et al. 2009]
DNA/mL
[Hashiba et
Lb. helveticus a—Amylase n. d. Lactose
al. 1992]
scFv antibody [Martin et al.
Lb. paracaser 500 pg/L constitutive
fragment 2011]
Mannanase 90 nkat/mL constitutive [Yoon 2012]
[Lokman et al.
Lb. pentosus Chloramphenicolacetyltransferasen. d. Xylose

1994]



* denoted in nkat in order to make them comparable, if no conversion possible similar
to that presented in the original publications

spplP: sakacin P inducing peptide; inducing peptide of 19 amino acids

4. Integration® g

Integration#H &= FAA] Yol (knock—out), <= (amplification), LA
(replacement) 18]32 AF]  (insertion)o] AF&E 1 rl. AAAde] A
(transposition via IS elements) % att/integrase systems= ©]-&3}o] E4H-9]0
AMZTF,  suicide TEtemperature sensitive vectorsE  ©] €3 homologous
recombination W o] &3] A3t} [2]. AT integration® E] A ~E1S- one—
step Campbell—like integration2} one—©°]t}  two—step  homologous
recombination & 7FA FEjZ FEH T} Campbell—like integration< integration
&<¢tol complete vector DNAZF IAA] W= AFQdear, IA4A Wi-oF 22
Al plasmid’} multi—copy integration®] ¥oJyA Tt} one—°|4 two—step
homologous recombination 7]&< ®WE 2chromosome A}¢]o homologous
region®| <AshH TS 4= Q=4 “one—step gene replacement”7} Aol o,
Al crossover (double crossover)7F ¥dojutil, two—stepe] dojd w&
HAEA O 2 integration®E 7} loop—out deletion®] 93 integration (single
crossover)©|] ¥doJuA ¥ % chromosomal deletion®] ¥ A4} integration gene©]

A W= T3],

Campbell—like integratione Leenhouts®l 93l Lc. lactiso) A E-A|7F = A] &=
origine 7FA31 QEpBR322 (E.colh)®} pE194 (Staphyiococcus aureus)-S-
o] &3te] HLgow A=Y 1 &, pBluescript SK vector®] E.coli replicon
4K 2E o] 83+ chromosomal integrationd7-7F &  HAck [4, 5].
Lactococcal origing  ©]-&3F integration®E =  EA|7/)A| &9 & (RepA) o]
E3A43}% lactococcal broad host range plasmid$l pWV01E o] &3te] 7ats

pORI/pINT WE Algl=E ARG3ITE o] WE= RepAS Aldsdte] IS



(Lc. lactis LL108)EEwE olye} 2954+ (£ coli EC1000) 4] integration
HE 2 o] & ¥,

Chromosome®l integration® plasmide @A AnAS o] &5t X3t X
integration® € 2] lacZ reporter genes ©]&3}°] ¥ loop—out deletiongs &
7 Aot o9 L HPHO®  sucrose—specific enzyme 1S FIE3E

)

scrA- A2} sucrose—6—phosphate hydrolases I =3+ scrBAdA= 43
pINT (pWVO1 replication origin) integration® ¥l S erythromycin WA H A=
W A3}, chromosomeStel target-f-# A}S Campbell—like integrationd}®] food—

grade system®. 2 o]83 Al#7F A} [6].

4,1 =978 EIAv| = (Temperature—sensitive plasmids)
DA WHFER FHAE AdE] dd 2d/MmEzdder BAEE
Zganzo  YyE o] 83+ temperature—sensitive HEE o] &3}
Integration® &%l pG+ Algl=2& ZAF ZZ2AV =2 temperature—sensitive
replicons 7FA|21 9], permissive temperaure (o] 28C)olA 1o}
agsddel A HBAZE HAR AALEE FolAl HW (35T o)
EANA G (RepA)o] EZAstE o] #WEHo HAet <5 AAA <
ARl HHS 2lA HU) RepA+ temperature sensitive helper plasmid?l
pVEG6007 [7] < RepA— vectord] pORI280 [8]& % Y& homologous
recombination A]Z~Elo® AREEHCT o5 F719 Zg}AvW|=3=  permissive
temperatureo| A= FA AT A7 Folx]H pVE6007  helper
plasmido| A= RepA7} E&A3 %31, RepA7} 4314 &&= pORI280 A +=
EA49F  chromosomeStoz 4¢SS & 4 A @tk [2]. Russell and
Klaenhammer [9]+ thermophilic /Jactobacilli®l pWVO01l replicons 7]Z% =% gt
temperature—sensitive helper plasmid?l pTRK669E 7R3}, Neu and

Henrich [10]% thermophilic /actobacilis 3+t pTN1 vectors 7]%= 3t



integration WEE 7/f&elitt. o] ZEAn|=% Lbh. curvatus® rolling—circle

ZehAan =81 tpLC2oll A frefste] 42°Colstellr HAl s8& =243t A

5. wEHE -ON/OFF FEA|2HE

FAtEl A T3 FA A (homologous  protein)@F  ©] &4 X} (heterologous
protein)& W&37] g HAWHol= EHAE {FHAY HAAE 2ds)
Aajd HHe TREE7} EA3TE T2 transcription terminatort HA|E

#2ke] downstreamell 91A|ekal lof WEIY FHA AALE FASL 2 ash

W oggE wudel gAE gl s A QuA

5]
U A as 2ol ARERh

o
il
=
)]

[
&
0Q
-
=

o 2ol HEOo| 2 HE strength/t 25t FHA 20| OfR =M, AHdE A2 A
ZZH (cytoplasm)Qtof] HE |0 MFHA 20| gl inclusion bodiesE MsHA ECh £k H
Ho| CHHAO| FR Askz HYo| E|H 235|2] M=o S¢S LtEFHCE [1). O= Qs ol
Zg HMHEY =B £ Yes oy 7IX| K= Z2 R H (inducible promoters)7} I E|QUCH S &
ZT2DFH0= sugarQt NaCl Z&E ZZLE, pHO|l ZtA, 2L 0| H3Qt mOtX| 24 T2 DEJ}

ACH [2]. XS K= NICEE2t E2[= nisin & ZE2RHI7} i 730 22| AHEO| £
E9| Lc JactisOff O] QCL NisinZ nisin clusterd] |8l EET|0| SARO|Al Motk
S YR42 74T WEIO|S0|D, NICE AIAHE nisA TZRE0| ofdf RMAIE THoHs Sota

O|EZ [c /actis®| nisin gene cluster®jA histidine kinaseE ZE=35t= NisKSH™ X2} response
S

(02
> zo

o ]

regulatordg S St NisRRHEAIZ 90| £[0] & 7ie] REXAe] =20 23 M= HoE &
C} [12]. NICE Z2IAD/EL nisin® A4A8HX| &1 NisRQb Nisk FHEES MME= FF0| = ¢

S B
O Mz7 dEStE O=s=2(m HiX|Of F7HEl nisin0 o5 nisA Z2ERHIF =F k=0, &
SFS HIE nisinT ST EHTOl MY £FS F MM soluble THHTO| 10%0 A
60%7tK| T7tgs ELCt [12]. Nisin SE A|AHL [c jactis?|2] CHE LAMAOAM =FM EL}
7= 280 2ot Wd2=z Qs nisRet niske| ol #=FOAM X7t & =
food-gradeE& 2 40| MEstD A2 & (0.05-5 ng/mLCZE HetstH CHEE MALS on/off
2 REY 7 U0l YMAAHOR HS FEEZ XD YTk £ OHE2 |5 TERLEZ b
sakeiRl Lb. plantarumO| M class II bacteriocin sakacin A (sap gene cluster)L} sakacin P (spp
gene clusteno] T2 HEQt XX QHXAE 0|23t pSIPHIE 7} ZH2HL|A0[13, 14], O] A|AHE

pheromone BEIO|=E H7sl0] CHHE w2 Qrst 4 Urk



PsppAisppQ

@b Ny
ColE

Rep D sppK

gene of interest

pSIP

NICE system
vectors

9463 bp
NisK
RepE

NisR

R
Nisl epG BamHl

1% 1. Schematic overview of the NICE vector and pSIP vector expression system.

PnisA; promoter, NisR and NisK; regulation, Nisl; immunity, PsppA or PsppQ; promoter, sppK
and sppR; regulation

34 X ZRE (synthetic promoters)

Jensen and Hammer [15]2 ZXfFAA} (targeted gene)? WAFFS

k\}r
9
K

- A TE A AES A GAHZEEHS HolHelE VxR

o
t~
O

Jactis WAA2~ES JEEgith, R RE] BEo 359 —109] x|
A714 <4 (consensus sequences)= YASA FA8L F7] AL AX]s}A]

2+ spacer sequencesii-< W3 ATVIAMERE qASHI T, AGSHA EA =
spacer sequences® X ZHXE|:= degenerated single—stranded promoter
oligonucleotide®] &3} TA3H L ©]E B—galactosidase F+dA (lacL and
lacM) 23lo] #Hgeigrh. FHzzrEE oA dEFS 10-1000 =
ThFstA =" & = glow faket @ onk ofyg & wAEMRE &5
A&l 7hssttt[16].

3t 3. Constitutive promoter for the expression in lactic acid bacteria

Y

Promoter Reporter Gene Host References
pepC, pepN, pepX,
pep0, pepE, pepO2, B—glucuronidase (gusA) Lactobacillus helveticus (Chen, 2005)
hspl7
GFP

Lactococcus lactis ,

slp, IdhL,ermB (Lizier et al.,2010)

reen fluorescent . .
(g . Lactobacillus reuteri
protein )

Lactobacillus casel,

Idh promoter GFP Lactobacillus plantarum, (Sun et al., 2010)



Lactobacillus fermentum,

Lactobacillus brevis

putative promoter chloramphenicol resistance Lactobacillus caser ssp. (An et al., 2006)
gene Alactosus
P2 Luciferase Lactococcus /a(':tzs sSSP - (Jeong et al, 2006)
cremoris
pneumococcal GFP Lactococcus lactis (Palencia et al., 2000)
p32 GFP Leuconostoc mesenteroides (Lee et al., 2007)

B—glucuronidase (GusA) Lactobacillus saker ,

. . 2
aminopeptidase N (PepN) (Rud et al, 2006)

Synthetic Promoter
Lactobacillus plantarum
bacteriophage ® 31

promoter 3—galactosidase Lactococcus lactis (O'sullivan et al, 1996)

pep; proteolytic enzyme genes, hsp; small heat—shock protein gene, slp; surface layer protein
gene, ldh; lactate dehydrogenase gene, erm; enterococcal rRNA adenine N—6—methyltransferase

gene

7. Food—grade A% ¥ XA (selectable marker)

g AddrEAel Ag- AxPgUmAdER A WAdo]l Ao
ArgE 4= glon olE thA|5l7] ¢l8ldominante} complementation AR WHHS
oj-gstel A BAE el fd [17, 18], w& E4E& Hole
Ats Adstel  glojA Al WA i 9

o
o
olW hoste] 54 FHA ] oEEH Fornz Fake]

Nisinol] WAle] A& nsr+A A= hydrophobic @A Z A, dominantA ol
o]go] =t} pNP40 (60 kb)¥E] nsradaAE =43 food—grade
Mg R AREE AL 9lem [19], Takala and Saris [20]% nisin B Fx2420
nisl& ©| g3t pLEB590 WEE 7l¥s}3lal, class II bacteriocin lactacin F&
FQsl= Lb. johnsonii laflFZAHE o83l lactacin Foll| WHEE Hol+=
o AH&7bs g pTRK434/435L A ~8& 7 aatgivt[21].

Two—component food—grade F23 A ~E1S Lc Jactis MG 13633 AF & L.

Lactis Tl A AF8=a gl=d [22], o] A28 theta typeH|AUFO=E



EAZE o] Fojxw A FA7F fle pVECLCH, repBRidAl B4 stH L
erythromycin WAFHAAE 7FAAL 9= pCOMISE F 7hA] WE = -/ 5o
At Erythromycin® 7} #j#]ell pVEC1¢} pCOM1 #E 7} o] HA|7} = ofofwt
AET 9o, pCOMLIS 2 theta typeHlAYUZTORZ HAS: WEHE
AT T2 A PSS Hol7] wiime A 5 A |l Al
A 750l pCOMITHS HASI:= MAdEs AT & 5 3

O’Sullivan [23, 241+ natural co—integrate lactococcal plasmid pAH90(26kb)-&
o] g3t cadmium WAHOo® AEFFATS A= WRES JNTEsion,
Strep. thermophilus (25, 26]19} L. lactis [27] w59 o] &3t} FLoll+= Lh.

plantarum 2] bile salt hydrolaseS ©]83%F dominant AW X| 7} 7)wkE] of,

PN
o

Lb. caseP| X bshiAAE HAAZAS w, AZFHAALS 0.1% bile salt
(glycodeoxycholic acid sodium, GDCA) oA A&o] HXWw wild—type LA.

caser~= 0.05% GDCA°|A AFo] Aajxo] AFT FAFS Ast 4= Q)

O

Posno [28]2 D—xylose9} #2 o thAle#EHS o]83F dominant AWHHES

t

oo 5 NEtt. Lh. pentosusol X D—xyloseS FIEdl= xyIRAB RS
o|- 83 E. coli—Lactobacillus MEWE = erythromycing A7} v X]o|A D—
xyloseE tAt & 5 S9lo] food—grade wHEMX ARgo]l =+ Uty HEFH
Lactococcus ratfinolactisvt =) Alb—Galactosidasefr A AE  ©]-&3Fto] melibiose
A 5= ds FAMEE e A T29].

MR

=
r>~
T
)
o

49l host/vectorA] 28-S 7fEslr] {3 & tfE wWHo R =

= 2
MAge] HAZEU ofd 54 Rolat AfAA WAl wud

L
o
o,
ofo
i
Aui

chromosome FHAE EAWo] A]7]:= complementation®
Complementations T7+=3}7] 93814 host chromosometel] EA[FHAAE

knock—outdt WMo #FE5 At & <P 4 A= complementations

f

=93 WEZE FEF3t}E Dickley[54]% Purine A A ZA] nonsense

suppressor (ocher suppressorf-Z 2} supB)e] EAWHo|E Uo7l [Le LactisE



o] g3te] AUYQTA food—gradetAES E=Y3 pFG1E 7NE3E}9ith. Alanine
racemases FIESHE  alrfrAAE o] &3k complementationo]  ZEE AT
Alanine racemase™ L—alanine®} D-—alanine® 35283 ZFujsto] AxE

stAyo| Aoste] Lp plantarum®t Le. lactis [31] A& o] d4-# o=z Q3
QAR M . Lb. plantarum®t Lc. Lactis® chromosomal alr-f-dAF W52 100bpe}
30bpHit= A4 A D-alanine FFLTAE  AFE ARSI,
lactococcal/lactobacillal  alrfr A= G4 pGIPHEE o] &%t 1 9
ChFsk 2kt ol A chromosomal lactose operons SA4Hoz EAWE

el 0 AAX complementation?}A = o] &t} [32].

8. At A food—grade gene expression A}

Hernandez< [36] strawberry  (Fragariax  ananassa)-f-2j €] alcohol
acyltransferase (SAAT)®} linalool/nerolidol synthase (FaNES)E I Yst= F
7YAl 74 AE NICE systems ©|-&38lo] ®&HA]A fruit flavor metabolites,
esters 123l terpenoidE 7 AT F UL, WA ALk glof A
peanut (Arachis hypogaea) allergen Ara h2< FIH3E FHAE signal
sequence (SP310mut2) <} lactate—inducible lactococcal P170 promotor=
o] g3t Le. LactisollA S 3R TH37]. &A1& Lactococcal P32
promoter®} NICE system ©]|-&3}o] Bacillus subtilis nattokinase B2FS Le.
lactise| A A8t EH S (thrombosis) S d¥stAY 24T &+ des E4&
AArEtgd o [38], I 9& oral vaccine % WA delivery 9T7F
lactiso| A & o] E o] murine cytokine IEN—v[39, 401, Helicobacter pyloris
urease subunit B [41], a hepatitis B virus surface antigen [42], %=+ Listeria

monocytogenes antigens P609} LLO [43]S 2489},

3t 4. Secretion system for the expression in Lactic acid bacteria

Protein Gene Origin Host References
Reporter
Nuc nuc Staphylococcus aureus Lc. lactis (Loir et al., 1994)

3—lactamase bla Escherichia coli Le. lactis (Sivakov et al., 1991)



Geobacillus (formerly

a—amylase amyS Bacillus) Lc. lactis (Loir et al., 1998)
a—amylase amyL Bacillus licheniformis  Lc. lactis (Perez et al., 1992)
Bacterial antigens
Urease subunit B ttfc Helicobacter pilori Lc. lactis (Lee et al., 2001)
TTFC ttfc Helicobacter pilori Lc. lactis (Wells et al., 1993)
Eukaryotic antigens
GLUR.P_MSPS fusion Plasmodium falciparum Lc. lactis (Teisen et al., 2004)
protein
Viral antigens
. (Bermude et al.,
E7 E7 HPV type—16 Lc. lactis 2002)
BCV epitope BCV Bovine coronavirus Lec. lactis ilégrél)gella etal,
VP8 subunit of VP4 VP8 rotavirus Lc. lactis (Gil et al., 2001)
Interleukins
IL-2 IL-2 Mouse Le. lactis (Steidler et al., 1998)
IL—6 IL-6 Mouse Lc. lactis (Shina et al., 2000)
IL—-10 IL-10 Mouse Lc. lactis (Steidler et al., 2001)
(Bermude et al.,
IL-12 IL-12 Mouse Lc. lactis
2003)
(Bermude et al.,
IFN—w IFN—w Ovine Le. lactis
2003)
3% 5. Display system for the expression in Lactic acid bacteria
Protein Gene Origin Host References
Reporter
Nuc nuc Staphylococcus aureus Lc. lactis (Dieye et al., 2001)
T . .
M6 Streptococcus Le. lactis  (Piard et al., 1997)
pyogenes
.. L . Steidler et al.,
Streptavidin SA Streptomyces avidinii Lc. lactis §998)
Bacterial antigens
L7/L12 L7/L12  Brucella abortus Lc. lactis  (Ribeiro et al., 2002)
Viral antigens
. (Bermude et al.
E7 E7 HP —-16 Le. I ’
V type ¢. lactis 2002)
Virulence factors
Fibronectin binding . .
. mbpA Staphylococcus aureus Lc. lactis (Sinha et al., 2000)
protein A
Clumping factor A cIfA Staphylococcus aureus Lc. lactis (Que et al., 2000)

glumpmg factor A and CIfB

serine—aspartate

sdrE
repeat protein
Protein A SpA
Enzyme

Cell Surface Protease prtB

Staphylococcus aureus Lc.

Staphylococcus aureus Lc.

Staphylococcus aureus Lc.

Lactobacillus

Le.

lactis

lactis

lactis

lactis

(O'Brien et al., 2002)

(O'Brien et al., 2002)

(Steidler et al.,
1998)

(Bernasconi et al.,




delbrueckii subsp. 2002)

bulgaricus




