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o2 WlEE XS signal peptideE ©o]&3F FH|A ¥} anchor peptideE

d-gsto] AL A7I= Al=Ho] Ag-Ear hv9, 10].

A F7HA A ©rekdl WEs= Lactococcus,  Lactobacillus, “12]il

Leuconostoc®) Z}A] H g 9] EALES ALk o 2 A TEE A



[e)
&
T e GSEIIZREE o] 83 AAEo] ALY R HOZ Lo lactisol A
gt FEFO]=9) nising o] &3] FAALAS FAE= NICE A|2=Ho] <t}

FH o= Lactobacillus®t Leuconostoc N %= kAl re Buab olyg} sakacinPut

F1 Ak ey Al=E i #s8 (3, 12]
Host strain Promoter type Name of promoters References
P45 Zhu et al., 2015
Constitutive P32 Zhu et al., 2015
P8, PS5, P3, and P2 Zhu et al., 2015
P170 Madsen et al., 1999
PxyIT Miyoshi et al., 2004
Lactococcus )
SICE Benbouziane et al., 2013
Inducible ACE system Linares et al., 2015
Mierau and Kleerebezem 2005;
NEEEE mytis Song et al., 2017a
NICE system Berlec et al., 2018
E . - Karimi et al., 2016; Karlskas et al.,
Lactobacillus Inducible Sakacin P 2014 Sorvig et al., 2005
P710 Cho etal., 2014
Constitutive
Leuconostoc 04C Park etal., 2017
Inducible P1409 Cho etal., 2014

@® ~ 149 FE}lo]=(Signal peptide)
A FElol=s vl o] NEw o] QX&) #EujE & JEE e &

sdege] ot Wl 15-30710lH, o8 Higre

S AL UelA EHHsol fabE AXFAE ARAZ AHgeE

goldt}, oleg EAGEe 28] 96 Ans @Al signal

H
I g2 s Aol A= signal peptideE o] &3 T ES AEZ 9E wjEA

71 & TS 2128+ signal peptidase’} #g3dle] dosl= 712Fe] type 1 9]



7} wol o)l gHtt, M WAl AR ZFZF Le. lactis$t Streptococcus M6 -
Z] signal peptideE |58 A N-ote] H-2sto] secretion 7FHAEES T4
gk Abel7E QdTt obdleE s ol Al type 1 9] signal peptideE ©]-&@f whaz

= A 92 wlEAl7]= 714t 9, 10].

Signal
peptidase

ENVIRONMENT

CYTOPLASM

Insertion Unlooping Cleavage Folding
193, 13 EAd ol A type I signal peptideo] ©HlZA wj= 7] #F

® 7 FEFo]= (anchor peptide)
Frabt s 2L O AT FAR AlEH A58 dMds gL F
Jol F& EE QF A AT Fol 2 W AxE fr FEI] =2 5 A
gttt o] & ThsshAl st 3A WEtol=w AlE 3 I flojA Hask ofn
=AE AR dlEe] Al EHoly o] uAgdE ¢ EF dFH 1 FREE o
A 7FA7F QY (i) transmembrane anchors, (ii) lipoprotein anchors, (iii)
LPXTG anchors, (iv) LysM—repeat anchors (v) S—layer protein anchors. £3|
LPXTP EvQle o2 47 fetol=of wlal] wzdoe] Aase] 5 35 of
s = 540 o] W ¥ A&l @Wol o] &Ht}. ofd 1HE <BA HE

oj=7F Ml el AAE= V2 HolEn[14, 15].



N-terminal
transmembrane
anchor

Lipoprotein LysM LPxTG peptidoglycan
anchor domain anchor

a9 5 4A FElol= AE ¥ 1A 7 F

N}

) Akt A BA N A%

F 2. A FAkds 2T o= A Ak 3]

Drug Phase Company Host Recombinant protein Indication
FluGem-A Phase | Mucosis BLP/L. lactis Influenza vaccine antigen Influenza vaccine
SynGem RSV  Phasel Mucosis BLP/L. lactis RSV-F antigen RSV vaccine
AGO11 Phase /1| Intrexon L. lactis IL-10 Ulcerative colitis
AGO013 Phase I/l Intrexon L. lactis TEF-1 Oral mucositis
AGO14 Phase | Intrexon L. lactis Ant-THFg ahibody Inflammatow

fragment bowel disease
AGO019 Phase | Intrexon L. lactis IL-10 and proinsulin Type | diabetes
BLS-ILB-E710c Phase I/ll AnGes Lb. casei HPV 16 E7 HPV vaccine
MucoCept E:;?_;chj Osel Lb. jensenii  Anti-HIV antibody fragment HIV prevention
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AR = ANESE Lactobacillus plantarum NCL21S o] &3l AuyF 2715
d 27 FEhd Cry j1& ddsh= A7 JaA=HYa, ol &8st gy a7]

a7 HrHEAY. = s 2715 dHE7]e] d9¥UQl Fes plE surface
I~

expressionX| 28-S o] 83}o] Lh, plantarum WCFS1el| W wd A7l AFAM 7}
Ao, Z7E dYEr]E gyHoe=R AT ol AERF FATY
ATFo7E =7 14 IgE Wbg-S 7lA3st=d o] T d=s AlAbSEAL,

FAAY Fvtoly A= FAA EdWely WAFAAY] A o ZA
doth Fakd AxFA = o9 £ digte] & F oM o]F ol & Yo &

Al R ek e AT E
ste] @yt EFO]= alyteserin—la¥t A3APOE
BHlsl= e A7 AAE/]AI E coli®y Salmonella?} E¥A o5 oA = Ao}
olglgk Azt w e 7IE FAAY Fuloly =AY FAE glo] adHow

Aol A e d=s AT 7hsdol AvH21].
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HIV 80l 63%°14 35%C.2 Yokl Atd7h dth Axg it o] &5k
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2 g AL 2 5 v 22]

AT B 7HA AER 7Eo] fAbtel AEEe] By wh=a ket Al A Y
oyl 7]t vk A W o7 CRISPR/Cas9¥} single stranded DNAZS
o|-§ato] Lb. reuteri®] AEI HHo] 7hsstd FiL, Lb. casePlA = AR ek~
n =9} Cas9S ©]&3] homologous recombination E&S StAIZ WHo] AR

[23, 24].
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Cas9 7Zlso] Hge meta A Agte] <A™ homologous
recombination 7159 A8 AIZFS GHAZA S A A H ) [FHA A
dut vpE gdst fARAEAe] st AT olgs s wEe AR oA
o] WHont FetA] gy 2 AA 9T VeE Foete FA A X =2A

1
WE7A] 0]§-o] e Aol



Y

I3

[1] Thakur, K., Tomar, S. K., De, S. (2016). Lactic acid bacteria as a cell factory
for riboflavin production. Microb Biotechnol, 9(4), 441-451.

[2] Jeong, J. H., Lee, C. Y., Chung, D. K. (2016). Probiotic lactic acid bacteria and
skin health. Crit Rev Food Sci Nutr, 56(14), 2331-2337.

[3] Plavec, T. V., Berlec, A. (2019). Engineering of lactic acid bacteria for delivery
of therapeutic proteins and peptides. Appl Microbiol Biotechnol, 103(5), 2053-2066.

[4] Yvon, M., Thirouin, S., Rijnen, L., Fromentier, D., Gripon, J. C. (1997). An
aminotransferase from Lactococcus lactis initiates conversion of amino acids to
cheese flavor compounds. Appl Environ Microbiol, 63(2), 414-419.

[5] Steidler, L. W., Hans, L., Schotte, S., Neirynck, F., Obermeier, W., Falk, W.,
Remaut., E. (2000). Treatment of murine colitis by Lactococcus lactis secreting
interleukin-10. Science, 289: 1352-1355.

[6] Jang, Y. J., Seo, S. O., Kim, S. A, Li, L., Kim, T. J., Kim, S. C., Jin, Y. S, Han,
N. S. (2017). Elimination of the cryptic plasmid in Leuconostoc citreum by
CRISPR/Cas9 system. ] Biotechnol, 251, 151-155.
[7]1 Z8&. (2018). P8 THHA S W U FH|5t= AP A Xz o= AZE = H
a8 2dste ABE 2 dY £+ X8 TASA =

[8] FE&E, AR+ (2010). HYIAHA HEAANQANA FaH A3t &
9ol 85, SE2E35] 10-0985702

[9] Maarten, L., Nick. G., Jan D.H., Harold, T., Jean-Yves, F., Sierd, B., Jan, M.,

g'g
&
i)
|
=
it
g
|4

Jozef, A. (2004). Type I signal peptidases of Gram-positive bacteria. Biochem
Biophysic Acta, 279-297

[10] Eom, H. J., Moon, J. S., Seo, E. Y., Han, N. S. (2009). Heterologous expression
and secretion of Lactobacillus amylovorus o-amylase in Leuconostoc citreum.
Biotechnol Lett, 31(11), 1783.

[11] Kuczkowska, K., Kleiveland, C. R., Minic, R., Moen, L. F., @verland, L.,
Tjaland, R., Carlsen, H., Lea, T., Mathiesen, G., Eijsink, V. G. H. (2017).
Immunogenic properties of Lactobacillus plantarum producing surface-displayed
Mycobacterium tuberculosis antigens. Appl Environ Microbiol, 83: e02782-16.

[12] Eom, H. J.,, Moon, J. S., Cho, S. K., Kim, J. H., Han, N. S. (2012).
Construction of theta-type shuttle vector for Leuconostoc and other lactic acid

bacteria using pCB42 isolated from kimchi. Plasmid, 67:35-43

_10_



[13] Cho, S. K., Lee, S. J., Shin, S. Y., Moon, J. S., Li, L., Joo, W., Han, N. S.
(2015). Development of bile salt-resistant Leuconostoc citreum by expression of
bile salt hydrolase gene. ] Microbiol Biotechnol, 25: 2100-2105.

[14] Fredriksen, L., Kleiveland, C. R., Olsen, L. T. Hult, T., Lea, C. S. Nygaard,
V. G., Eijsink, H., Mathiesen, G. (2012). Surface display of N-terminally anchored
invasin by Lactobacillus plantarum activates NF-xB in monocytes. Appl Environ
Microbiol, 78: 5864-5871.

[15] Michon, C., Langella P., Eijsink, V. G., Mathiesen, G. Chatel, J. M., (2016).
Display of recombinant proteins at the surface of lactic acid bacteria: strategies
and applications. Microb Cell Fact, 15: 70-016-0468-9

[16] Frossard, C. P., Steidler, L., Eigenmann, P. A. (2007). Oral administration of
an IL-10-secreting Lactococcus lactis strain prevents food-induced IgE
sensitization. J Clin Immunol, 119(4), 952-959.

[17] Takiishi, T., Cook, D. P., Korf, H., Sebastiani, G., Mancarella, F., Cunha, J. P.
M. C. M., Rottiers, P. (2017). Reversal of diabetes in NOD mice by clinical-grade
proinsulin and IL-10-secreting Lactococcus Jlactis in combination with low-dose
anti-CD3 depends on the induction of foxp3-positive T cells. Diabetes, 66(2),
448-459.

[18] Chiabai, M. ]J., Almeida, J. F., de Azevedo, M. G. D., Fernandes, S. S., Pereira,
V. B., de Castro, R. J. A., Bocca, A. L. (2019). Mucosal delivery of Lactococcus
lactis carrying an anti-TNF scFv expression vector ameliorates experimental
colitis in mice. BMC biotechnol, 19(1), 38.

[19] Liu, K. F., Liuy, X. R, Li, G. L., Lu, S. P, Jin, L., Wu, ]J. (2016). Oral
administration of Lactococcus Ilactis-expressing heat shock protein 65 and
tandemly repeated IA2P2 prevents type 1 diabetes in NOD mice. Immunol Lett,
174, 28-36.

[20] Ortiz-Velez, L., Britton, R. (2017). Genetic Tools for the Enhancement of
Probiotic Properties. Microbiol Spectr, 5(5).

[21] Mandal, S. M., Silva, O. N., Franco, O. L. (2014). Recombinant probiotics with
antimicrobial peptides: a dual strategy to improve immune response in
immunocompromised patients. Drug Discov Today, 19(8), 1045-1050.

[22] Vangelista, L., Secchi, M., Liu, X., Bachi, A., Jia, L., Xu, Q., Lusso, P. (2010).
Engineering of Lactobacillus jensenii to secrete RANTES and a CCR5 antagonist
analogue as live HIV-1 blockers. Antimicrob Agents Chemother, 54(7), 2994-3001.
[23] Oh, J. H., van Pijkeren, J. P. (2014). CRISPR-Cas9-assisted recombineering in

_‘l‘l_



Lactobacillus reuteri. Nucleic Acids Res, 42(17), el31-el31.
[24] Song, X., Huang, H., Xiong, Z., Ai, L., Yang, S. (2017). CRISPR-Cas9D10A
nickase-assisted genome editing in Lactobacillus casei. Appl Environ Microbiol,

83(22), e01259-17.

_‘|2_



