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1-1 AEREOEREAELOEDD

FLEEE (lactic acid bacteria: LAB) (&, JHE U7 RUHEICH L 50%U LD
IBZEAT DMEORINTHD. 77 LG, MBEEEINMEES LU IFIKE.
Hh5Z7—Ekk. ERFEAFOMEZNEBICERINS (1), REFEFHIC
i&. LAB &7 5 LABGIHIE GC EEMERETH S Firmicutes FI (phylum) Ic&F
h. ZDOW. Bacilli #8 (class) Lactobacillales B (order) lcpfEIN%,
Lactobacillales Bi& 6 DDO® (family) M5O, & 5IC Lactobacillus.
Leuconostoc. Streptococcus. Ecterococcus. Lactococcus E=&8 33 D
B (genes) ICHfEINS(1).

LAB lFE b EFXWEDLD ZHFDOME TH S, FUHIC. W< DHD LAB IFE
{EEVPEIERE W e NOMRICERET 2HEEME TH D, &< Ic. RHEM
BHEEZRT 2KBICIE. REYW 1 gHIic 10°-10°EH D LAB I'EFEET S
EVWDNTWS(2), HHEEETEMD LAB (. Whhd TEEXE, EHRINTEH
D, BECHOHMEE ORAEERAISHRERGHOHFICEERZE ZH>TWL
2EEZS5NTWS(3, 4 ZDHIC., LABIZEREDHEERR (I—7IL KW
F—XEORBEASSR. BEY. RBEY—t—Y, Eh%) ORBEHEN (1L —
V) OEEICAWS . NEICEBNICHIA - BRSNS lETH (1), LAB
IC L DREMDIBEEEIL. ZhoDREFEZEH D ETEMGFETH D,
AT HFEUVWAKZMINT S ENTES, BKERMZ N UK LAB EBIROEE
3RO THL ., & ICHREALCTIBTEINLDERNENTELEEZISNT
W3, REBIC. FED LAB F7ONAM ATV AE LT, E N OPREBOREZH
F-1BEITZLEHDOY—ILELTHBENRTWS(1), 7AONAC AT 1V X

(probiotics) (&, AEME (antibiotics) ICXHERIEETHH. ERES
EEEEESLVOCHFREEBIICEK D" live microorganisms that, when
administrated in adequate amounts, confer a health benefit on the host "
EEEINTWS(B), LAB FET7 4 XX EWH O FONA AT 1 U A% RS
STERHME TH D, INFTT. EFERAPRERIER. FURFEER. A
TE(EA. MERET/ER. BERBNEER. 7 LIILF—IHIER. MINAERZE.
LAB ItBHTLZEBRTOANA AT « v IV NRZEKBEENICRKET 5 2 EHRK
HEEINTER(), -EFOREEMDEXD ICMA. EFMMEREOBBELYFHES
NERHS. 7ANA T« 7 ADBMFIAIHEFINTWDS, BENGHAERFR

EELGBREEDNS. LABIE MR ETROZEWHE, THDHIEEZA D, EKR
IZ. LAB IC&EFEN2Z < DHEIE. PXVHDBREEREDED S Generally
Recognized As Safe (GRAS) PRRMBmZEEE D E $ % Qualified
Presumption of Safety ICHEL. ZDEZEMENEBRINT WD,
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1-2 AEREOH UL WFIAME : AREHRIEZRAVWCERED TR - BEREER

BE 30 F. LAB ICR T2 ECFHRIBIAZMNBRICKEL. EXENICERR
BREBET ZODOHIRFERELTEDLANRIT I TERL(1), &<IC,
BRGEBYVINVEZEAT DL SBMA SNCABRERBRZ A (genetically
modified LAB: gmLAB) (&, #N5% v\ BxEEKEIRIOERT D6 D E
OB EUTRHWAZA T« Z7HERIBEI N, FRREICH T DHIB TR - BRERE S
L TEEESNTWS (T, 6-9),

1-2-1 gmLAB ICH T BHERZ 7 VNV EDESE

Lactococcus (L) lactis . REBRHNBIABEIKETH D, A< LD F—I% (&
Ush& g 2HBAURDIEICAVWSNTE GRAS il TH 5, L. lactis I,
EENEETEENRVWT EPERE - BEENICLCFHEMITONTWS Z A
E. B-FHRBAICEVWTERABHEEZREI S NS, LABICKIT2EERF
AR IEAEEZETILICHE - BRIV ES SN TE(10-13), &< . &7/
LDREZGDHAICSE T Uz L. lactis subsp. lactis L1403 (14). L. lactis subsp.
cremorisMG1363 (15)& &K ' ZDiERIE, HRXBLFORREEEE LA
CAVWLNTWS, e INSDEKRICEWVWT, AKEBELFOBNENRE S
n. U VABEICKDlEREBENRSBICKR IV ETY M EILZAW
DEINFIENEECTCEMELFEE U THEILINK(16, 17), —H T, fHiX
B FORRY AT LAREHRGEFEDHERE SN, RETREFABNICK U THRE
BRYATLAZERTZZENTEETHS(11, 18, 19) INSDIYRTAlE. E
IC7Z XX R DNA (B-FRIREETHET DL TV T — 3 VERGRTF. &Y
BRMETTFEDEL 7Y avyN—N—KLUOCEBRIEGCFOREAEY NS
) ZEEGFRENIVI—EUTHWSH, BEFEREAtY hZ2FEKRLEICHE
ATHEE S —EFEET Do

gm-L. lactis ZREB DT - BBEEE UTHET 255, HIEEZED (&
EBENICERR) BB I VYNNI BEZREETScH. 8IE—KDTZXAIR
DNA (5 : L. lactis B3R D pWVO1 ¥ pSH71. Enterococcus faecalis B D
PAMB-1 @ L 7Y AV EFT DIRENR) ICBRABRTOET—Y—IcHHlE N 2E:
FREAEY MBIV ATLANMAINTERL(19), FIZIF. 12 VFEE
ZOE—4%—%ZF\W% nisin-controlled gene expression (NICE) system (13)
© pH FERD Pl 7OE—4%—(20-27) W% Y X7 AlZ% < OWETH A
ENTEfeo mF EFRRNDR ML X (RE. B, BE) THESNS groESL
A~RAY%ZBWe stress-inducible controlled expression (SICE) system A%
FULWIA T 7DEEGTFRIEVATLAEVTEREINTWS(28),— A T P21,
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P23, P32, P44 5LV P59 E Wo EBRBEOETE—Y—ZRHW Y RT A
HFHEAINTZER(11) INSDFTH, NICE system [&. REBEEICAVLWSN
BEEFRBIRATLD—DTHZ(13, 19)e 1 ViE. W DHD L. lactis
NELETZRBMIL—RKOTMEERTF KTHS(29, 30), L. lactisic&lF3F
1 YDOEERIE. 11 OEGCFISHD T AV VYERTFITAY

(nisABTCIPRKFEG) ICHIflENTED., TNSORIRIFFA I VICKDFHIES
N3(31). 5, NICE system (& L. lactislc®B T2 F1 2V EERDED
FIEHEEEF B UCHFERDEGLGFREBEY AT LATH S(32)0 AV AT AL,
nisAD ERICEET 2V VFERTIOE—%9—P 2 BREGRFDO ERICE
BUREBLFRENVY—ZHEAT 2, INS5DOXRIY—%, nisRKAXROY (L
ARVALFa2L—9—TH23 NisR BEUOERFIYVFF+—ETHD Nisk &
O—RU. ZHFHERE LTHAKRD 1 2 VRIEZE nis ARAVICEET D)
ZUEKETDE UK RBEGCTFIENICHAATLEEICEAT S, FoNcERA
KOEERZ AV TRIEBIT ST, BNERTORBIAFTEINS(13,
32)s NICE system [IBIEFRIBIATLEULTEZLLDFAEEET 5(13), FlZ
E. AVRTLAREGCFORBREZHEBICHETZ I ENTED, £feo TNET
20 FICHRIMARADEEN S, BERHG (BHOERPIBEERH. 71V DR
IMEEVLRINOY A IV 7%) imEbIn. FRAGHEERZ Y VNV BZBEH
DEMRICELT 2 ENFREICE > TW5, ERIC. Mierau et al i, xXY X
TLAZERBWTEER 1 L 7D 300 mg £ lysostaphin (Staphylococcus
simulans BEDIEY VNV E) 2825 2 &I UT(33), lysostaphin DE
AMEKIFTERT—IL (3,000L) OFEBICEWTHRKTH D I ENRE NI,
S5, AYATLAICKEBERETTFRIRY -/ (BELPEGCFRENIY—)
NEEL. L lactis DHEE5T, D LAB ICEWTHBEIGABETH Do ERRIC,
WL DHQDERD Lactobacillus ¥ Streptococcus. Leuconostoc lactis.
Enterococcus faecalis IC & 1T 2 BIGHINIRE N TWB(13),

DT 2 AGHEME & RERIC. L lactis Z&T LAB (&% >IN B DR
ZHLTWS(12), MIIBRTER LY FILRTFRZET 25 VINTEG.
HIERICEET 20 EEZN LU THIEAREANEREE NS, e, S h
IVINVBEDSE, RS UL SHlRENDZ Y H—EF—TZFIDHD
SMREREBICEE I NS, > T, gmLAB [CEWTERULIBEBRZ Y V/I\VE
iF. BR3RE (MiEN. A L < IEiERE) ICBEIESZ EA TR
THB(11, 12, 34), HWZ YNNI BZMRANCAIMT 2I5E. YT FILRT
F R Z BRNERFICHET 2 & TERSIND, FAERIC. MEREICES
8. VU FILRFIFREIICIMAT Y HH—FF—7 (B LPXTG. lipobox.
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LysM) Z@& T 20ENH D, —AT. INSZSFHRWERZ ¥ >/ BT
FERICEB I NS, BTV /IN\VBDRBEIE. gmLAB OFABMICIHU TE
REN3, gm-L. lactis Tlx. YT FILRTF KIL L. lactis lcART % Uspab
FVINVBICHEKRTZ2HDON, 7Y A—FEF—7IF LPXTG EF—7HZAIN
ZH. ZDORD TIEIRW, gm-L. lactis Tlx—&IC. FHERANDEBRBICLEEL T
HREANDDRDOANERZ T VNV BDOIRENTNW EAHMSNTWS(1T,
12), EFRIC. NICE system [C &1+ % Staphylococcus A3 nuclease DEAE
&, MIREAHEIREID gm-L. lactis (3 mg/L) ICHHEL T, A MBELD gm-L.
lactis (20 mg/L) ICEWVWTHE L% 6 ZICEINLZ(35), Bfkic. TILEFED
[RESHE T8 B Brucella abortus DRSS >~ IV E (L7/L12) DELESE .
DT LD 6 BFEMUL I ENHRESNTWS(36), L. lactis liciEWL DHDF
YINVERERERIPART 22 &SN TVWS(37-40), 2N 5. MERIC 2
& (ClpH. FtsH). MifgfE(c 1 & (HtrA). #EfEAMC 1/ (PrtP) EEShTuL
BH. D55 PrtP (375X REED R (40). —RMICEGFHRIRBEEE
LTHW5h3 plasmid-cured strain [dEBEEXIBLTWS, Ch5D7 Y
INVBEREERIE. RREUT VINVBZDBITZ2RETIVINVEDOREEEXR
Y RT—=TZBRLTWBH, BLFREBEIKICEWTIEEBRZ Y VI VEDD
BICASLTWBZENRBEINTWS(11,12), EBRIC. htrA ORIEKIFHHIE
ZIVINTEOEEEIEMIT DI ENHBEINTVNSE(4]), ThbE. D%
NUTHBIBRZ Y VNV BDEEXEDIENIE. ISy VNV ERERERNS DR
BICEDbDEEZSNTWVS,

L. lactis ICH T2 ELFHEBAZRMOERZERIC. D LAB [CEWTHERA
BEBELTFRIEVATLAORRENEATE o, &<IC, HIRZ 5 VNV B DMEE
W AT LADRAETIE ETE E UTHWS LAB OAAFREHEN RS 1.
Lactobacillus BICHB T 2 ELCFHRIRATLANEEINTWS, ITNE T,
Lactobacillus (Lb.) plantarum. Lb. sakei. Lb. casei. Lb. rhamnosus. Lb.
salivaris. Lb. acidophilus. Lb. heveticus. Lb. paracasel. Lb.jensenil. Lb.
fermentum. Lb. gasseri. Lb. delbrueckiiZ. &R BEKRICEWTEGFHRIE
VRATLADEBEINTVWS(18, 19)s UNUL. WTNODERICEWTSH L. lactis
FEBEILUIEY AT LAREELRL,

1-2-2 ¥RT7 U F > DREHE
HIEELIFRER. WRAETER: & W\ > Icffigsid. MREMFENZFWEZNML T
AEREICELTWS, INSDEeRIE. MRICHNSZMLLBANERI S, &
EOMRFICRAIRGYE CREVPERR) 2T 5—A T REYEP I ILA,
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MEMDORAZB SNV 7 ELTOREBRLTWS, hERZERIF. RO
ESBMBOEEEDOHIFICE VW TR TEBRRE|ZIES 1= — U REMFIEE
TH3(42), Iiabs, £ZEI/OTVY (Ig) A ODZEN LU TREED ] -
HERRZ 1T 5 CARIC. AFHFICDELGYELS LUHEYICH U TREBNICHE
BERIGZIHET 2 (REER). o T tHEREROFEHITEPEEL 7L ILF—
ZDFHPEBEICEVWTYHRENTHZZENEZ SN, MEREREEZENET D
MIED 7 FVAEEINTWS(43), ROEERERZENE ULIEHET Y
FUlE. MERERERBTZIERETERWN, —H., WMETIF VU 3EERE
ROFHFZN UL TCEBRBRICHEEZRIFT I ENTARETH D MHET I F Vi
ORI, EPEBZNUL TV F Y ZHERICEZEERASE20ENH S, L
U, MRIRIBICIE. YV NV BEZEFRDET DV F U2 ET 2R BER (¥
VIV BRRERVCHMENE) NREICEEL. 77%/%Hﬁﬁr¥«mfﬁ
<IERZ B30 DEMBEINDEE SN TW e, 2OXKSBEENS. gmLAB
ZRWCHRT O F Y ORENES SN TE(8, 19),

1-2-2-1 MBERIET 7 F >

MERIET 7 F V. gmLAB ZRHWEED TR - BBERORAREFRD S
5. ROPEZLDARNEINTELREFTHS(19) BREEDFRRERZVAILR
PHE. BEROMEREY VINVBZEET S gmLAB L < BEIN. ERED
MERWARICEWTZDOBEMENEIE SN TE/(7,8,19,44), TNETIC
RERINCEFMNEREZRE 100 U LFET 2,

1990 %, lwaki et al (& Streptococcus mutans DEREBIIR Y > /XN & (PAc)
ZHIRANICEET B gm-L. lactis (HEKiE Streptococcus lactis EFEEILTWL
fo) EHEELT(45), Fic. B gm-L. lactis DY T IANDEOKRES(E. PAc R
M IgA (IBR) &KLV IgG () DELEZEEICFET DI 2B LT
AL gMLAB AHET I F Y E U THEUVCRYDOMAETH D, EERT
Elc. gmLAB ZRAWEHIRY /N BOMET /N —&, #ERRER R
HENIgA DES) BLUT2FRER TRFEEN IgGC OES) OmAZRIET
T2 'R UTce RFRLER. BRAGIMIRY VNV BZESET S gmLAB H'HE
REINMET IV F U ELTOFRENMENEINTE N, ZOL L HTIRFEEN
IgA & I19G DELZFET 22 &KL TWVS(9),

1993 &, Wells et al 3EBRAERDOESLIF (TTFC) ZE4AY % gm-L.
lactis #1BE Uz, Ffc. B gm-L. lactis DX 7 ANDRE FTREIEBEN LR ER
EZFHITBIEZHESMNC U, 1997 .2 IRDFEXICHEWT TTFC E4XE gm-
L. lactis D¥ER S (FBIENREREZ FHI 22 &% L. B gm-L. /actis
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DHFRT 7 F > & UTOFBARBEUENREES N (46, 47), M. 77 F X
ICHEZRIFITHRABER (&5 —h ABEOEHE. BBV /IN\VEDE
A8 FE. A8 - EEOEWV., HEFY /U K) ICBBLT. EgmLAB =E
TIVICKIBRICHEI TN = (25, 46, 48-54), N S5—EDIHAREIE. FTLWF
1T T7DWERT IV FUEREUICOHRST., REEZEWET I FV
DHBICEWTRENINESEEZELRERAZIRE - RIALLIcZ &S, KARDEFD
BIEERICE W TS TERERAMNR EB o e,

Hanniffy et al (&, Fi&RERE (Streptococcus pneumoniae) DIIRS >IN
BEEET S gm-L. lactis DFHNBRERSIEMAIKEDOMBREET ILE L ORH
BIMEETIL(WThEYTR)ICKRITZ2EEREZER TS & ZRULE(B5),
BERI LI, MRBREETIVICEIT S PspA ELE gm-L. lactis DB IS IEH
PspA ZHAWHED IV F UL ERBOIF U EIDEEN > ce TDERERIFE.
PspA EE4 gm-L. lactis DREICEWT Thl BEOREHENRERLR T &ICH
H9 % &ENERI Nz, Mohamadzadeh et al (&, BHAMIIBERN(ERTF K%
BiE U KERETR (PA) ZEST 5 gm-Lb. acidophilius DIEAR S K
BERERFEETINICEIT2BRAREZERRT S EZRU(56), £, RFHHR
I% PA B{k%Z EA T % gm-Lb. acidophilius £ D @< . HBE PA+KELT7ILI =
DLT ANV RNDERTIFVERETHD I EERUIL, EROMRIE, T
RERCHBELRDIBIENBRRFEDOHFLWI I F U ZREL. gmLAB 77 F
YOBMEPEBUMZERL I EhSELFENTVWS, 2OMIcH, R
AEMfTONTWSE gmLAB 77 F & LT, EMEO—=YTAILRAFEH VD
IFY (SGEFREABBRNMTON. RIT 1 TRBT—IHNESNTWS) (28,
57-70). Helicobacter pylori &FGE TV F > (71-80). 1 Y ZIITVH T I F
(81-97). TAXTUF>(98-102). FiRIKE TV F>(103-111)EMNZEIFSN
%o

1-2-2-2 M7 LILF—D0F Y

ZLILF—F. BEOYE (FLILTY) XL TCBRBERIGEDNELEEN
BIRFBDHINT, ENT2RRILEDENNS 5 DDIZXICHFESINTWS,
<. BYT7LILF—PmE. 7 hE—MRERICAKEINDS IgE ENEOD |
B7LILF—EF. FEEEZROICBRELEIBERALTEDEERSATWVDS
(112-114), MEICEBZ X T, ZLILF—ICNT 2BRENLZ TR - B EIFHEL
LTWRWL, LU, MEERERICEITI2REERORENASHNCHERDE. |
BEOFEZENE VM7 LILF—D07F v DEZINEEENDLSICB T,
EIiT, ETPHBEOMERICT LIV Y EDVET DIRRT 2 2 & TRERENR
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RREBRDFEZ BIEITRREEEF. PLILF—0ORKEEEE UV TEESN
TW3, ERIC. BY7LILF— (E—FvY., 3. BI%E) 2EZHREL
FEERERMRICEWTEREERIC L2 7 LILF—DRBENFRESN/(115), —A. K
BEZRAWCW DD DERKRIMTATRIREBSEFEL. PF T4 5F—Z1RD
EITDEEREWEROBEDIEEINTWS(116), ERIC, 1 BERKBEEICH
FHEO40 YA VEEATIEFERGBENIRIEESNGI 72(117)s 2DELD
BREENS., T7FVOMEANBIKDESNTED, gmLAB ZFHW =7 LI/
TYDRETYIINY —AEEEINTWS(118, 119),

2007 &, Huibregtse et al IFBIF7 LILF—DEET7 LILT > THDIAT
LTSy (OVA) %4949 2 gm-L. lactis =15 L. [ gmLAB Q7 L IL¥—
JFEULTOMRZ DO11.10 YU X (OVA HEN T HlEXEFZRIET
BRI VRITZYINTRA) EAWVWTRETL2(22), OVA E4% gm-L. lactis
DFBEMEREORSIE. OVA OESIC L D FEE S N 2 ELEELEBUE DR Z &R
T EHERUI, £fe. OVA ELE gm-L. lactis DRORS IIMERERS &
U8R EROMWAICEVNT OVA BENLBERRERZHFEL. ANLER
CD4'CD25#l1EE T #HEE (Treg) & &K U transforming growth factor-g (C
NEINdZEznmllco EERIEIC. BEWRZB/IHICRER OVA DOIE
BER. ERBEEZZ SN TWE (5mg) &L T OVA E4A gm-L. lactis
SLE (0.01 mg) TlEH &% 1/500 72> 7z, EBRIC. OVA EAE gm-L. lactis (&
BE OVA (1 mg) OROKES LD HEEEBEEDEREZEZE UL ERI DI &
NREhic, 9758405, gmLAB ZAHWZLILT Y OROT U /N —[&, /EE
DOEEY VNV EERAWCFEELRUTALEDT LIV VIBETEWI I F Y
MRE/ONDIEDS, BRETUENLBEIR THZ I ENTRBI N . LEK.
NMERENEREERDOFEZBNICTLILT VELT/BULLIEYA NAA V%
EET S gmLAB (FEIC L. lactis) hMBEEI . A7 LILF—(120). HBINF L
IWFEF—121).F=7LILF—(122). )7y Uw21). 1 BIfERK(23, 26, 123,
124). ZHREBIE(25)DETILNY T RAZAWZHEICEWNWTZEDFR - BR
BRMNEIEST N TWS,

| BIZ LILF—Z 7 LILT VSRR IgE ICEN SN 2 BEI B REINE At
[T5Nn2h . IgE DEEFE(ICIE Th2 EEENZANIL=T g 7y hDE
BREEEE>TWS, —A T, Th2 12 Thl EERBERICH D, ZLILT VISR
R Thl BERREOHEF IR 7 LI F—DERZERIT 22 &S5 TL
%5, W< DHD LAB (& Th1 B ENEZFHFEIT NS TED. 7L
TYUEEXT D gMLAB FRAIRNSZMERSFEITDLHODOFERE L THEIN
TW3(118), EBRIC. Adel-Patientetal (X B-Z27 o' O7Y > (BLG, 437
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LILTY) %EAT S gm-L. lactis DY 7 ANDOREORES L. BLG EM Thi
FRLEDFEICHL., BLG HEMN IgE OEELEZIHIT & EZBESMICLE
(126), Cortes-Perez etal I&. BLG E4 gm-L. lactis DX 7 ANDRER S
BREICE T3>y —7x0OY (IFN) -y (K& Thl U1 Ao Y) OEL
ZIER L. WIRERFBATICH T2 Th2 BEILE (IL-5 BEER L OFHIEKEHE) =i
flgdIEZRULZ(127) S5IC. IL-12 (REWGE Thl U1 MAhaY) EE
gm-L. lactis EDHIZ 5 (F Th1 RRISEZIERYT 52 EZHSMIC UL, Daniel
etalld. Betv 1 (A/N/FEMFDOTLILT YY) ZDWT % gm-L. lactis & K
O gm-Lb. plantarum DX 7 ANDREE 5L, Thl RERINEZHFEITSZIET
B7ZLILTNOBEEZER TS EZRU(128), :BFETIE. Arah2 (E—
FuY T LI Y) #ELST D gm-L. lactis MEEZ . B gmLAB OOKRES
FHEE—Fy VIEBEYREY UV ALK T BHEN Thl ®&&FI0E (IgG2a £ KLU
IFN-y) Z5FE L. FEN Th2 &aZnE (IgE 8LV IL-4) ZiHld 5 2 & %8
S5MCEINf(129), ERUANICH, 7 LILT > (BLG(130-132), a,-HtE
4>(133). VI\FZLIJIT > (Fagagl (134)). 1 TFUS=7LILT > (Der
p1(135,136). Derp5(137)). REEHT7LILZY (Cryj1(138) H/IN/
FREHTLILT Y Betv1(139) ZEET S gmLAB AL, TS DI
7 LILF—REI R IN TV,

1-2-3 ZDMEEANDBEIL

gMLAB Z B WIEMREY VNN IVBEOBEXREIF. REHEBEER

(inflammatory bowel diseases: IBD) (X9 28 FH - BEEE U TER
SNTW3(140, 141), FFHIFE_FETHENS,

REARICXT T 2RIAET 0 XY NEEET S gmLAB [FEEEE TR - BH
ICH T ZFELEFEI N TWS, Beninati et al I&. Candida albicans (1>
SEDREME) (X9 B single-chain variable fragment (scFv) iz E4L
9 % Streptococcus gordonii ZEH U, B gmLAB ZFHWTZ v MR IFBE
BRABBA ZRET 5 2 &I LT2(142), Kruger et al (&, Streptococcus
mutants ICX$9 % scFv FiihZ MifdEE (CEREB I B Lb. zeae ZHEEE L. [A gmLAB
ORA‘ESEZY MHITZS8%ZFFHI 52 & Z2nmUic(143), Pant et al I,
A% D41 )L AL 25k (heavy-chain antibody fragments) ZE4 Y
% Lb. paracasei DEORSF. YO RICHRIFDOF7 DA ILATREZ FHT 3
Z &ExRULTZ(144), Andersen et al lZ. REEZZEO P scFv k% D e
ICEBB 9% Lb. paracaseild. NIV RABEICEWTHABRZHNI S EZRL
72(145), Hoang et al &, #T7 1L REMEZE T % scFv #itix (3D8 scFv) %
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THAREE ICEE I B Lb. paracasei =5 L. A gmLAB DN U ANDOROKE S
JAVAINADRREZFHIT B EZASHICLI(146), 2OMICH, & MRE
REDVAIVADREREFIHICELRR scFv MixZEET 5 gmLAB AREIhTW
5(147, 148),

BB BB BB O (149), £ M EBREARAE T 1)L ADREFEFBE(150-
153). SAFPEDFR(154). 2 BUIFERKDER (155, 156). KJDERRIEE(157-
162)FICEWVWT gMLAB 2RI 2717 1« PHRIESNTW3,

1-2-4 H%% - X DOEE

KARDEFIE. LAB ICHB T2 ELFHEBAKINOREZERICT DI END,
FNSDIHENBEAICTONTWEINZ ROICIHFRIES SN TE T, &< I,
1990 ~ 2000 ERMHEICH T BEIHHEAICIE. EICAFIAPT IR ATV
. RNI)ILF—DIHRETIL—TH gmLAB ZEREBDFHVREICAWS 71T 47
ZIRIB LT, LUR. ADBIREINSOMRITIL—THES| T2 LB, B]
ETIEFEAYILK, FEOHRTIL—THSBERBTA T« T7HhRES N, A
RICHEEL TW3, BFERTIR., BE-FERIEYICHT 2EN - MIEBERAEHN
BHBT1c. gmLAB DEE TR - BRIMNROIRALIS E ICERBZFHWCHARICE
EEXFo>TWB, LML, EFETIE. gmLAB OEYZENF UIADHPLTEMEICE
TERMDARPHROBEENEATED., RJPTIL. &£ MNCHITZERKMAR
DHEREHWOOFEET D (FRAESR), > T RNEEIIKRLELZ < OEEZHE
ZATVWBDHEDD, INSDHRENFET 2 & IFZOFEAMEDRR S NIBH TL
DAL TH D ERLICMEIF AN BIRD EH+HEZSNIEEICELED -
TETW5B,

FRMNCH, "[gMLAB 2B &Y VNV BOMEEREARE U TRHWS 71T «
7 HRICHKES TIRE - EE L EDIEERIEDOHRR T IL—TThH 5, 1990 £,
EZ FRHEAMRAT (REZRPEEMRRE) OV IIL—7F. SHBEREOTNERY
VINVBZEET D gm-L. lactis DROKSIE N U X TE W THIRFEN R ALE
RLUELBERELEEERLT 22 &% Infection and Immunity FEICHEKRU
(45), £7c. 2003 Fic Codex T £ BB IMAEYOREANDFIBICET S
HARZA V) HERINS L. 2008 FichHhETIE NEEFREIGEZBMIE
M) DLEMFHEELE, ZHEL. ELFHEBIAMEY ZRENILHT 2O DE
BAEHRICKRITTER/UL, ULHALEDLS, KDBFOMTRIESEIEICEWTIFE
ERETONTVWEWDONIRIKRTH D, INETEIEICEWTCEBEHRERZT-
W= R@3EIIN—TICEEXRD, BRRINLCEFMNERERER/R XD D0,
COERIF. BOAEDOEGFHRBRAZEMICNT 2EENRBEDIREINKRELRE
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HICHE>TWBZERFETETERL, U U, HEMICIE TARERSISE AR E
EESUDRLABEEOHFUWTE - AEEE UL THRK, CEZDZRANBAEE-
THEOH, BPNEORREFIKRELRBONHDESHLIZEEFH,

1-3 fRRDBEM

fhldk. gmLAB ZEMEICEWTRD - RRICFIFAT 21D DEBRNLRETH
D, ZDHDOEBNMBEDEBNNETH D EEZ D, I TAMAFIE. "B
EF"D gmLAB OBEICED A FEED T PERICE T EREZRNT S
ZEZEME U, BEAEMICIEUTOMEZZEIT U,
1. NAAFITF—E-1 Z9WT % gm-L. lactis #HEL. KBRETILNYY
ACETBIMAEMRZRT U (EZH),
2. A5 —0O4F -6 FENTAZDMWT 5 gm-L. lactis =HBEL. HIEZ S
YIRVEDRZFEERT U (BZE),
3. UV BZU/NITOTUUEDNLT D gm-L. lactis #HEE L, Bz Y >IN
BOEREEZRE U (BHE),
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BE
ANLAXITF—E-1 2929 S Lactococcus lactis

IR Z DY U AKBEREBHNRDERE
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2-1 #E

XIE M BB & & (inflammatory bowel diseases: IBD) (. Hit &

(gastrointestinal tract: GIT) ICEWTHIET DERNRIEEXRERETH D,
ZDIREN S EITEEMEKRIEA (ulcerative colitis: UC) &2 O0—>9& (Crohn's
disease: CD) IC3 5N %, inF, WREEZHROET 2EEREEICE LT IBD
DOREXRPEBENZUCEALTED., AREFE L. HRNGMEICZD DD
$H>3(163), BHMEICKITS IBD BEXIE, MKEEHELRT 2 EEEXRTHDH
DD, FEE, UC BLUV CD HICTERMICERLTWS (AHEHEEAN #RES
MErBEH/ #ERBER LY — . http://www.nanbyou.or.jp/entry/62,
http://www.nanbyou.or jp/entry/81), IBD &, GIT I[C& T 2 REMEDES
M SEIORELREA. TH. B RHEZFOERICREBAMNI SN, ARICHE
#, BAHER., AERSEDEREENS NS, EFEDE (quality of life)
ZEUCIERSZEICKRS(164), BREDE Z 5, IBD DIEHERFEIZEE S HNIC KR
S>TWEW, LML, INETOMRIF. Elc. RESLOHENES - ZE
RDESH IBD OFREICEASELTWE I EZREL TWS(165),

IR7E. UC &KV CD #Hic, BHRAEEFGRL, FHEDBEELEWV, o
T, BEDERZEAL UK FHEFIT 2O ONEERE (BEEE REREER
EECIITRERAE. EUEL  BR0EHOEH. ARNEE | Fi) A%
MTHD, &<IC. IBD ILHBIFTZRERBRARREOELWEL (BREEEZEDOE
B LK. KREOZE, ER/NY PEEDRE) ICHSEEREDRAMARIC
BT IT5N3(165) 2 &S, BEYEETIEIMAER (P /HUFILE, 5IF
FBERATO4K) LPREMHEZE (FATVY, ALY 2 UEEE XMNL
FH— k. ¥ tumor necrosis factor (TNF) &F)) »BHWVWSNB(164), LH
L. IhS50XRZAWE2HFTEF. BFEDERETETAERIRNESN
BWZ &, EEGEMVERZSIZRIITHAREENHZ &, BLV/H UL IFBEE
NEETHDIERE, ERGHEBEINGFEET S(164, 166, 167),

ERDFR - BEFHNEEN S, IBD OFBEFE - BREEO—D LT, A
BB 2 & (genetically modified lactic acid bacteria: gmLAB) ZRW\/z
MREYV/IN7BEOROTIUNY =V RFADNEHENTWS, TR8D5,
gmLAB OROKRESE. 1) FB - BEDFZHBERAICERI®E S I ENTE,
ERDEFICLZ2E2FFEICHRL CTEWENS<ERIAELTEMERAD Y X
THMBEWC &, 2) BRELHRU TR TH D EHHFINTWS(7,8,141),
ERRIC, CNFETRABIMRIEY VN VBZES - DT % gmLAB HMEE X 1.,
FTNSDOROKREIC L ZMAEMRN IBD EFILEZ B in vivo SHERICH
WTEERBENTE 7z (Table 2-1), FlZ(E. Steidler et al idr>¥—0O+1F>
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(IL) -10 #4395 Lactococcus (L.) lactis subsp. cremoris MG1363

(MG1363) M EkZ#BEL. B gmLAB OROKRSL IBD EFILY T RIC
BITE2RBAXORERSLVCETZEINICEBRIT S &ZRUTMK(24), Del
Carmen et al [&. #E&{LEEZR (catalase B U < & superoxide dismutase) %
29 % Streptococcus salivarius subsp. thermophilus CRL807 #ia X & dD
BORERFINYIVRICET2BURBRZERIT DI EZ2RULI(168), INZX T,
LL-Thy12 (E¥ZHHE CAHEBEZEC K IL-10 2% MG1363 (169)) ZFH W
T Phase 1 lgRAER TlE. CD 82F(CH (TSR gmLAB DL £, £YMERF U
AHE L VERRRBENRIERINZ(170)s ULH L. < Phase 2a BRERA
BRTid. LL-Thy12 B & 75 ERUEBR OB OREMNRICHAZNICERR
BEMRIFBERI AL -7z (ClinicalTrials.gov Identifier: NCTO0729872),
IRbhE5, AHBEERZEIMEOLIEN RO SN TS,

NLAFITF—E (HO) -1 F. EERNICEWTALDDEZ AR T 28R
BERTHD., REPEBILEVWSTZBADINL ARBICEDEENFTEIND
(171,172)s EERNICWT, HO-1 FEFEAPFEERBE_IFVF7IRTFTZY
IXJLAFRY VEE (NADPH) - 7 0OL P450 EBERICLD#HIEEI NS
BFZAVWTANLDFZERENICOB®RL. EUNILY Y, BERESE L T—Bbx
% (CO) ZAMT 5(172) (Fig.2-1)0 AR UTANLDBREMIE. TNETNER
DHFZN U THRAE - il - EAEMERZEZREIT 5(171), 405, HO-
1T BRIEVCERICEDOEERICH T D2ERBEHICE W TEERZEZIH-> TWSH EE
AbnTWb,

HO-1 (3. I BDETILEMIICE W TREMRZRKIEIT S ENRESINTLS,
ERRIC. NEM HO-1 OFBEROCALDREY (CO. EUNILYY) O%EE,
ERNABRZERT 2 ENREINTWS(173, 174), kxfic. HO-1 BEE
HOEREIZ. KIBXEREELSETEZ ENRENT (175, 176).HO-1 [FHR4L
B (REISEDORE. FEb. MPRE—I X, HEHRORESE) ZN U
TIRENRE/BNT DI ENREINTWS(177-188), HIZIE. Zhang et al
i&. hemin (HO-1 FE#|) OEBEAKRS (p.) & HO-1 OFEEEZFEL.
NVRACETDEBIKBADIERZERT 5 2R UT(187), RMFRIE.
HO-1 BN T 2 A& 1EA%Z R LTz, Berberat et al i&. HO-1 EEHITH
% cobalt protoporphyrin @ i.p.l&dN¥ 7 RAKBREERT D EEZRLIZ(177),
Fle. ABROKRBRBRIRIEIEIXRILIY VO iplcEWTHESN, Hegazi
etal i, YT AA®D CO DRE(F. HO-1 BEDFEMHLICHKEL T, KBAIERK
ZEBBI SR ULI(180) UEDEENS, HO-1 (& IBD OFBS - BEE
MAFEULTEEINTWS,
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AHFEIE. gmLAB ZFBWT HO-1 ZIB&RBFAICIERI B3 Z &N TENIE.
IBD ZZhEMNNDLLICF - BRTE 2D TIRBWHNERGREZIL T, £ T
AR TIF. Y7 X (m) HO-1 Z92W9 % gm-L. lactis (NZ-HO) =z .
B gmLAB OIAEMNERZ IBD ET I E UTERBRTF RN VREF MY D LA

(DSS) FEAURBANIAZHAWTRE TSI EZENE Ui,
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NADPH Heme

NADPH-cytochrome P450

reductase

NADP O,

Heme
@inased
v
Biliverdin
Carbon monoxide
Fe?*

Fig. 2-1 Enzymatic reaction of HO-1. HO-1 catalyzes the heme degradation using
molecular oxygen and electrons provided by NADPH-cytochrome P450 reductase, and

leads to generation of biliberdin, carbon monoxide, and ferrous iron as final products.
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Table 2-1 Pre-clinical evidences showing beneficial effects of gm-LAB in treatment of GIT inflammation (141).

Recombinant Disease Potential
LAB Outcome Efficacy Ref.
Protein model mechanisms
Lactococcus lactis
CC =VC<MG1363-IL-10
= Object (mDCA)
Anti-TNF mDCC, Reduction in HS, and IM CC = Oral/Systemic
MG1363 " . Neutralization of TNF (27)
Nanobody mIL-10 (MPO) anti-TNF Nanobody =
VC = MG1363-IL-10 <
Object (miL-107)
mDAC, Reduction in MS, HS, and IM (24,
MG1363
INZ9000 IL-10 mTAC, (MPO, Cox-2, SAA) CC=WT/VC < Objects  Immunomodulation 189-
miL-107~  Modulation of P/AICy 192)
CC = Systemic IL-27 =
mTTC, Reduction in Mo, MS, and HS
MG1363 IL-27 . VC < Object Immunomodulation (20)
mDAC Modulation of P/AICy, and PTc
MG1363-IL-10 < Object
mDAC, Reduction in MS, HS, CS,and  CC=WT < MG1363-IL-
MG1363 Lerv Immunomodulation (190)
mTAC IM (MPO, PICy, Cox-2, SAA) 10 = Object
Reduction in MS, and IM
MG1363 MAM mDNAC VC < Object Immunomodulation (193)

(PICy)
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MG1363

MG1363

NCDO 2118

NZ3900

NZ9000

NZ9000

NZ9800

TSLP

TTFs

15-LOX-1

Cathelicidin

Elafin/SLPI

IGF-I

SOD

mDAC

mDAC,
miL-10""

mTAC

mDAC
mDAC,
mDCC,
mTTC,

hIEC

mDAC

rTAC

Reduction in MS, HS, and IM
(PICy)

Increase in Treg

Reduction in Mo, MS, HS, and
IM (MPO)

Induction of Ptgs2 expression
Reduction in MS, HS, LMT

Reduction in MS, HS, CS, Ap,
FMP, and IM (MPO, PICy,
MDA)

Reduction in MS, HS, CT, IIP,
and IM (PL, MPO, PICy, PIL)

Reduction in HS, CS, and IM
(MPO, DAO)

Increase in occludin
Reduction in MS, HS, and IM
(MPO, NT)

18

WT < Object
CC =Oral/Rectal TTF =

VC = MG1363-IL-10 <
Objects

CC < WT < Object

CC=VC=SASP=
Object

CC < WT < L. lactis IL-
10/TGF-B < Objects

CC < VC < Object

CC < WT = Object

Immunomodulation

Promotion of wound
healing in intestinal
mucosa

Reduction in oxidative
stress

Promotion of wound
healing in intestinal

mucosa

Reduction in

elastolytic activity

Improvement of
intestinal barrier
function

Reduction in oxidative

stress

(194)

(195)

(196)

(197,
198)

(189,
199)

(200)

(201)



Lactobacillus

Reduction in oxidative
mDAC, Reduction in MS, HS, and LMT (202-
caseiBL23  Cat/SOD . CC=WT/VC < Objects  stress
mTAC Modulation of P/AICy 204)
Immunomodulation
Reduction in Mo, MS, HS, CS,
casei BLS a-MSH mDAC and IM (MPO, NF-kB) CC < WT < Object Immunomodulation (205)
Modulation of P/AICy

Reduction in MS, HS, CS,and  5-ASA

casei CECT
5576 IL-10 mDAC IM (NF-kB) <WT + 5-ASA Immunomodulation (206)
Modulation of P/AICy < Object + 5-ASA
Reduction in HS, IM (NF-kB,
fermentum Reduction in oxidative
Cat mDAC MPO, LP) CC =VC < Vg = Object (207)
15007 stress
Increase in Lb and Bi in colon
fermentum Reduction in MS, HS, IM (NF- ) Reduction in oxidative
SOD mTAC CC < WT < Object (208)
15007 KB, MPO, LP) stress
Reduction in HS, IM (MPO,
gasseri NCK y Reduction in oxidative
SOD miL-107"  Cox-2) CC = VC < Object (209)
334 . stress
Modulation of Ao
plantarum o
Reduction in MS, HS, and IM . Reduction in oxidative
NCIMB SOD rTAC CC = WT < Object (201)
(MPO, NT) stress
8826 Int-1
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Streptococcus salivarius subsp. thermophilus

Reduction in Mo, MS, HS, and Reduction in oxidative
CRL807 Cat/SOD mTAC LMT CC < WT < Objects stress (168)
Modulation of CPIc Immunomodulation

Ref.: references, MG1363/NZ3900/NZ9000/NZ9800: Lactococcus lactis subsp. cremoris MG1363/NZ3900/NZ9000/NZ9800, NCDO 2118:
Lactococcus lactis subsp. lactis NCDO 2118, TNF: tumor necrosis factor, IL-10: interleukin 10, IL-27: interleukin 27, LcrV: low calcium response
V antigen from Yersinia pseudotuberculosis, MAM: anti-inflammatory protein from Faecalibacterium prausnitzii, TSLP: thymic stromal
lymphopoietin, TTFs: trefoil factors, 15-LOX-1: 15-lipoxygenase-1, SLPI: secretory leukocyte protease inhibitor, IGF-I: insulin-like growth
factor |, SOD: superoxide dismutase, Cat: catalase, a-MSH: a-melanocyte-stimulating hormone, AvCys: cystatin from Acanthocheilonema
viteae, mDCC: murine dextran sulfate sodium-induced chronic colitis, miL-107"; spontaneous colitis in IL-10 deficient mice, m/rDAC:
murine/rat dextran sulfate sodium-induced acute colitis, m/rTAC: murine/rat 2,4,6-trinitrobenzene sulfonic acid-induced acute colitis,
mTTC: murine T-cell transfer-induced enterocolitis, mMDNAC: murine-dinitrobenzene sulfonic acid-induced acute colitis, hIEC, human
intestinal epithelial cells, HS: histological symptoms, IM: mediators of inflammation, MPO: myeloperoxidase activity, MS: macroscopic
symptoms, Cox-2: cyclooxygenase-2 activity, SAA: serum amyloid A, P/AICy: pro-/anti-inflammatory cytokines, Mo: mortality, PTc:
phenotypes of T-cell, CS: colon shortening, PICy: pro-inflammatory cytokines, Treg: regulatory T-cell, Ptgs2: prostaglandin-endoperoxide
synthase 2, LMT: liver microbial translocation, Ap: apoptosis in colonic tissues, FMP: fecal microbiota populations, MDA: malonaldehyde
activity, CT: colon thickening, IIP: intestinal epithelial permeability, PL: proteolytic activity, PIL: pro-inflammatory leukocytes, DAO: diamine
oxidase activity, NT: nitrotyrosine, NF-kB: nuclear factor-«B, LP: lipid peroxidation, Lb: Lactobacilli, Bi: Bifidobacteria, Ao: antioxidants,
CPIc: cytokine phenotypes of immune cells, CC: colitis control, VC: vector control, MG1363-IL-10: IL-10-secreting MG1363, WT: wild-type
strain, SASP: sulfasalazine, NZ9000-IL-10/TGF-B: IL-10- or TGF-B-secreting NZ9000, 5-ASA: 5-aminosalicylate, Ve: vitamin E
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2-2 MR ETE

2-2-1 fRIBERYEER

E2TCOECFHERZERIG. ENAFECFHEHRZERETLEERRE, (T
D, BERODEARZRIT TED - BHEORBICEDWHIRRIETICTTo 2
(FEEES 1 13-005), £ TOEMERIE. "ENKFEMEREEERE (T
D, MERODEARZRIT TED - BHEORBICEDWHIRRETICTERL
fo (EZRFES 1 260061),

2-2-2 EtkEEERN

IR 2 BIEFORIRBEEINL L lactis subsp. cremoris NZ9000 (NZ9000; VS-
ELSO09000-01, MoBiTec GmbH, Goettingen, Germany) ZFBu\/z, NZ9000
& 0.5% glucose (16805-35, Nacalai Tesque, Inc., Kyoto, Japan) &%
M17 5 (218561, Becton, Dickinson and Company, Sparks, MD, USA)

(GM17) TE&E U, BREICH U T, GM17 IC chloramphenicol (08027-14,
Nacalai Tesque, Inc.) (10 ug/mL) Z3si0U 7z (GM17cm), Escherichia (E.)
coli JIMT109 (9052, TaKaRa Bio Inc., Shiga, Japan) &£V MC1061 (VS-
ELST10610-01, MoBiTec GmbH) (&. Luria-Bertani (LB) #Z#h (1.10285.055,
Merck KGaA, Darmstadt, Germany) TE&Uf. HEICIHU T, LB HiHic
chloramphenicol (25 pg/mL) (LBcm) ® U < [& ampicillin (02739-74, Nacalai
Tesque, Inc.) (50 pg/mL) (LBamp) Zi&RIIUTc, BXRIFMIE, REBHIC
1.5%(w/V)DEX (01162-15, Nacalai Tesque, Inc.) ZAMUIER U 7o

2-2-3 7542~
IRTD T T4 —(Table 2-2) i& Eurofins Genomics K.K.(Tokyo, Japan)
ICEMZZFEL .

2-2-4 BILFRIBENRY Y —DIEE

— R ECFIEEMIEBEDHMREICHK > 72(210),

mHO-1 Z J— K9 %:815F (accession number: NM 010442.2) (& L. lactis
subsp. cremorisMG1363 @ 1 K V{ERSEEIC&E{L L. & U T (Fig. 2-2),
BRFERIE Eurofins Genomics KKICEFE U BRELETFIE 7 Z XX K (pEX-
A) ZEWT/7O—Z=ZV7 Uf, MiEINc7Z XX RE E coli IM109 =L
TBIEL. LEBOERICAW,

BLEFRENVY—F BRER 727X X K (pNZ8148#2:SEC (211), Fig. 2-
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3) ZAWc, GRELRTHE KLU pNZ8148#2:SEC [LHIREZE (Kpnl: 1068A,
Xbal: T093A, TaKaRa Bio Inc.) ZHAWTYIRTLz (Table 2-3), BRIRH (&
1% agarose (346-07831, Dojindo Laboratories, Kumamoto, Japan) /L
#=RAWCBERKEIC THESE#. FastGene Gel/PCR Extraction Kit (FG-91202,
NIPPON Genetics Co.Ltd, Tokyo, Japan) ZHEWTHR U, B DNAKE
i& T4 DNA Ligase (M180A, Promega Corporation, Madison, WI, USA) %
FAWTZ445—> 3> (Table2-4) L. E coliMC1061 N&EA L7z, LBcm &
K FIcESnIO0=—F 774 ~— (Table 2-2, pNZ F3126/pNZ R340)
ZFW/c IO Z=—PCR (Table 2-5) TH##TULTc, IO =—% LBcm RIFIEHSIC
BE L. 16-20 hr#xkE (220 rpm) BE&ER. FastGene Plasmid Mini Kit (FG-
90402, NIPPON Genetics Co.Ltd) ZFAWT 7S X Rz Ulc, BT S
A RNEGFTFZ4~— (Table 2-2,pNZF3126, pNZR340) ZHWT>Y—o VX
Bt (Eurofins Genomics KK.ICEFE) IctU . BRIFETCFHEMY 7 &
(GENETYX-MAC Ver. 18.0.3, GENETYX, Tokyo, Japan) & B W\ T U 7=,

BABGTFICER - RIEOBWZ EZHER U pNZ8148#2:SEC-mHO-1 (Fig. 2-
3) DEBEICHKINUL T,

2-2-5 gmNZ9000 D1EE

NZ9000 @ a v EF Y hEJLIE MoBiTec GmbH DEBEEED [CFAR L o,
PNZ8148#2:SEC & & Uf pNZ8148#2:SEC-mHO-1 (F. #FhZFNEKZELES
FBWT NZ9000 ICEA LT b5, KELEOTem Fvy 7L Y MOR
L—>3arvF*axXy Kk (1652089, Bio-Rad Laboratories, Inc., Hercules, CA,
USA) [cdvEFY M ILEER (40uL) LV FZ XK (100-500 ng)
%zt Z.. Gene Pulser Xcell (Bio-Rad Laboratories, Inc.) Z AW\ T/VL X (2,000
V,25 uF, 200 Q) Ufco F a2y T 500 uL @Kim GM17 SOC i&iaiEis (20
mM magnesium chloride (20935-05, Nacalai Tesque, Inc.). 2 mM calcium
chloride (06730-15, Nacalai Tesque, Inc.) Z&8 GM17) ZiNZ. XEIC5
min IME LU fco 30°CT 2 hr B#HEEER. GM17cm EXIBHICESE. 51—}
BEUR, 5N d0Z—(F GM17cm RAEE#ICHE L. —mRIEER. KE
BN 20%(v/WicikadL527Ut0O—)L (09886-05, Nacalai Tesque, Inc.) %
WU, -80°CTRELU I,

2-2-6 BRI B FDRIFFE
B Z B FORBFEIL, 2 MLRELV 50 mLRTTofc. 30°CICES
fo GM17cm #&AE#EIC gmNZ9000 D —iEER % 5% (v/ViEEL. OD,, =
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04 T2 FETEHEEE U, nisin (VS-ELKO1000-02, MoBiTec GmbH) #
OB 1.25 ng/mL ICR2 LS ICEBRICINZ. 5IC3-4 hrEEEELT,
BB T . OD,,, & 8IE LTz

2-2-7 HEREHHRE L OIEER EEBE D DR

2-2-7-1 RTVIHREFNY D L-RUFZI VL7 I RTIIESIKE (SDS-
PAGE) /P IR >7Ov T+« H

2-2-6 DED. 2 mL ZTHBAETTFORRZFE L, =D (8,000 x g,
4°C,5 min) ICX DAL v b EBEREEZDREL o MlRXL Y ME 1 mL
@ TES (Table 2-6) IC#&&HL. =D (8,000 x g, 4C,5min) 95 & T
Ui, Bonffifg~xL v hid 70 uL/OD,,, =1 @ TES-L (5 mg/mL lysozyme
chloride (2084 1-54, Nacalai Tesque, Inc.) & & U* protease inhibitor cocktail

(11836153001, Roche Diagnostics GmbH, Mannheim, Germany) Z&%
TES) IcBBEHL. KA/ v I Z ULEN5 37°C, 30 min B L fzo WMEHR. 30
uL/OD,,, = T @ 20%(w/V) sodium dodecyl sulfate (L3771, Sigma-Aldrich
Co. LLC,, St. Louis, MO, USA) Zi#&mL. &5I(C 100 puL/OD,,, = 1 ® 2x
Laemmli sample buffer (196-11022, Wako Pure Chemical Industries, Ltd.,
Osaka, Japan) WX 7z, B%&% 95°CT5 min IRL. SDS{tUTz, BEBR
&% 1,500 pL BN L. KB LTz 100%(w/v) trichloroacetic acid (T4885,
Sigma-Aldrich Co. LLC.) %Z 300 pL iz & <BFfIUTco KEIC 3 hr RE L.
=D (20,600 x g, 4°C, 15 min) IC& DB ZEIUR L foo LB %Z 400 ul
M acetone (00310-95, Nacalai Tesque, Inc.) IZE&EL. =0 (20,600 x g,
4°C, 15 min) 3352 &THRAFEUC, HFEMIC 2[EHEDRL oo F5NTINER
Y% 50°CTRL L. 60 pL/OD,,, = 1 ® TE (sucrose Z&F KW TES)
ISR LTz, 2D 2x Laemmli sample buffer i1z, ERET—RKET 3
Z&TSDSYbUL T,

2-2-7-2 BRiEaRRRkE®RE S (ELISA) B

2-2-6 DIED. 2 mL ZTHBZETTFORRZFE L, =D (8,000 x g,
4°C, 5 min) Ic& DXL Y hZEIL ., MREXLY ME 1T mL O
phosphate-buffered saline (PBS, Table 2-7) [Z#&&U. =0 (8,000 x g,
4°C, 5 min) $2Z&TH%U T, BSNMEIERL v kg 200 pL/OD,, = 1
M protease inhibitor cocktail &% PBS IcB#&&E U, BE®KZ 0.2 ¢mm
A2 XAE—X (BZ-02, AS ONE Corporation, Osaka, Japan) D A>7 2 mL
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A7 Va—FrvyIMEFa—TIKBL. E—XE—F— (E—XVTv¥v—
uT-12, TAITEC Corporation, Saitama, Japan) ZFHWTHEEZBEZRL -
(3,200 rpm, 1 min x 3), &0 (20,600 x g, 4°C, 15 min) (C& D AAKE
AL L. BEfERZER

2-2-7-3 E£IEEMHEHERE

2-2-6 DED . 50 ML R THIMZETFORIRZFEL 1o, =D (3,000 x g,
4°C,20 min) [IC & DHARERL v M Z[EUN U fzo MR L v MME 10 mL @ 50 mM
potassium phosphate (28721-55, Nacalai Tesque, Inc.) buffer (pH 7.4,
KPi buffer) IC8&&U. =0 (3,000 x g, 4C, 20 min) 9352 & THREUT,
SEBEAIC 1 EEDR U e, B5NIHEERL v & 650 ul/OD,, = 1 ® KPi
buffer ICBBE Uz, 2-2-7-2 LAKICE—XE—49—Z2BWTEEKZHREL.
RHAEMBRZF .

2-2-8 SDS-PAGE/w IR >y« >y
2-2-7-1 THELY Y 7))L (HiRE S 1 10 ub/well, BER EEED 30 ul/well)
& 10%(v/VWIRY 72 U7 I RKT)L (Table 2-8) Z Az SDS-PAGE (T
U fco SDS-PAGE (i Running buffer (Table 2-9) ZFA WL\, EER T (10 mA)
T Y7z EEER. EBET (200 V) THEELZ 50 min k& U Tz, KEIHET
#%. —&Bd s )L % Coomassie Brilliant Blue R250 (00352, Polyscience, Inc.,
Warrington, PA, USA) ZFWTEEL. NV RZHR Uz, tIAT. REED
TILERBWTERLE/NY K%Z PVDF & (10600029, GE Healthcare,
Buckinghamshire, UK) ICERE U 1z, BB ICIE Transfer buffer (Table 2-10)
ZEHW, EEBET (100V) T1hr@EUk, EERTE. B%Z 5%(w/V) skim
milk (MORINAGA MILK INDUSTRY Co., LTD., Tokyo, Japan) Z&% 0.05%
(v/v) Tween20 (35624-15, Nacalai Tesque, Inc.) & tris-buffered saline
(TBS-T,Table 2-11) ICERT 1 hr iR & TIOYF VT Ul BED TBS-
T #BWTE% 3 [B3%% L. mouse anti-His-tag antibody (1/1000) (652501,
BioLegend, San Diego, CA, USA) % U < (& rabbit anti-HO-1 antibody
(1/1000) (SAB2101053, Sigma-Aldrich Co.LLC.) #&% TBS-T [c 4CT
—EE U fce WED TBS-T ZAAWTEZ 3 B34 L. horseradish peroxidase
(HRP) -conjugated goat anti-mouse IgG antibody (1/5000) (A4416,
Sigma-Aldrich Co. LLC.) % U < & HRP-conjugated goat anti-rabbit IgG
antibody (1/5000) (A0545, Sigma-Aldrich Co.LLC.) &% TBS-T ICER
<1 hri2Uf, REEEI(I ECL Prime Western Blotting Detection Reagent
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(RPN2232, GE Healthcare) ZMUL), /\> K& ImageQuant LAS 4000 mini
(GE Healthcare) ZRWTIRHE U fc,

2-2-9 rmHO-1 DE=E
2-2-7-2 TIREHEBEHERICEETEFN S mHO-1 (&, mIR®D ELISA v ~
(ab204524, Abcam, Cambridge, UK) ZFBWTEE Uz, MM R (IR
ULlc 6 EIOERERE DIARU e, RERFIEIFERAZICHE S fco

2-2-10 rmHO-1 QA E SR

AREERIE. Yoshida & Kikuchi DA E5Z2ZZICERLUT2(212), Table 2-12 I
RIED., RIGARZHEEL o HO-1 DEETH S heme ERZRITHML, B
EREZERAELU ., BRKIGIE 23°CT 30 min 7L, heme FHIMER (0 min)
& kIG5 (30 min) lc &1 % KK 250 ~ 1000 nm DIRFE % Ultraviolet- visible
spectrophotometer (model UV-1800; Shimadzu Corporation, Kyoto,
Japan) ZHWTAIE Uz, EERIE 3EEDHERL 1=,

2-2-11 YT R

7 BEsdD C57BL/6 ¥ T X (X R) &, Japan SLC (Shizuoka, Japan) &b
AU, YORiF BRAEEROEBRET CAB L. &R (MF, Oriental
Yeast Co., LTD., Tokyo, Japan) & X OEEK (—3B 3% (w/v) DSS (160110,
MP Biomedicals, LLC, Solon, OH, USA) Z&¥) ZEHEER U, ¥ 7 X,
2 BEDOFHEABTR. ERICHUL (984, 20 = 2 9),

2-2-12 ZEERDFASR

2-2-6 DIED . 50 ML R THIRZETTFORIRZFEL 1z, =D (3,000 x g,
4°C, 20 min) lc K OifERL Yy hZEUX Uz, MBEERL v ~E 10 mL @ PBS
ICBEBHL. E=D (3,000 x g,4°C,20min) 52 &THEUC, HEEiEfhic T
CHE DR LTz, BESNicHiEXL v M. 2.5 x 10" colony forming unit(CFU)
/mLICEBESICPBS ICHBEL. ESICYURICROKS U,

2-2-13 amNZ9000 D AR5z ER

2-2-13-1 BO/BSHBOR TV 21—
ARFBRIE. Huibregtse et al DAEZSEICEMLT2(22), HBRODRT Y 21—
JLIE. Fig.2-4 [c/RUTco ¥ RIC 3% (W/V) DSS ZE U ME/K%Z 6 HEBHRIE
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NEE3ETRUERBRZFEL o, FHERE. Disease Activity Index (DA,
Table 2-13) ZX 371t L. KIBROREEZMHER L 2 (data not shown), &EF
N AEE BRI ZE L TREKE BREBEIU 2. KIBAFERRE DK TE.

200 L oEEE®R (5 x 10° CFU) LK IEPBS %, 30 min lc—[aE., 5 10
B, OV YT (4201, BRS 7 F 5 2 28, Kyoto, Japan) ZFBWTY T X
ICROKE Ulfco RIEEESD 1 KR, TEFEULYIRLOKRE (BEBET~
AIFY) ZHEE L. 2EFD Ul ERIE 2 EEDRU 2,

2-2-13-2 ZL—F7a4 07 vEA

#1=2vY (FA-10, FEATHER Safety Razor Co., Ltd.) ZFAWT, &N KB%
ABYEMBIL. 5 ¢mm A7 L XAE—X (0068220-000, TAITEC
Corporation) & & U 1,500 uL @ 1% (v/V) fetal bovine serum (SH30910.03,
GE Healthcare) Z&% PBS (PBS-FBS) O A->72 mLRIYai—Fv v/
FEF21—-TIKBL. E—=XE—=%— (3,200 rpm,30sec x 3) ZHAWVWTHE
IbUTco BSNIEREY T X—MEPBS-FBS ZFWT 10°F&HR L. 100 L %=
GM17cm EXIEHICE W, 30°CT 2 HEEER., TIYYINA T TEERY
LicoBonza0=—% 10 @Z VT LIGEIRL, 754 <— (Table 2-2, pNZ
F3126/pNZ R340, CreF/LacreR) =AW TIdAOZ=Z—PCR (Table 2-5) UL
fzo B5Nfc PCR E®IE. 1% agarose 7 ILZEBWEBSRKHIC THERE.
FastGene Gel/PCR Extraction Kit AW THRE L. 7754 ~— (Table 2-2,
pNZ F3126, pNZ R340, CreF, Lacre R) ZAWTY—4 > Xf#if (Eurofins
Genomics KK.IZEFE) ICHUTc, BRIGELFBEITY 7 5 (GENETYX-MAC
Ver. 18.0.3) ZRWTEM U

2-2-13-2 B 2RO

RN RBEOREYZREL. REARICTIDEWC, %z )L R—RKICh,
D . 4 % paraformaldehyde (163-20145, Wako Pure Chemical
Industries, Ltd., Osaka, Japan) ZAWTELEE L. 11XV YU ERWTHERS
ZHYIDHU. Tissue-Tek O.C.T. compound (4583, Sakura Finetek Japan
Co.Ltd., Tokyo, Japan) [CIE&%&. REZRZFAWTEE L, 8870y
& Z7UAZXF v K (Leica CM1900, Leica Microsystems Nussloch GmbH,
Nussloch, Germany) ZFEWT 10 ym [ZEYL. X540 KT Z X (52441,
MATSUNAMI GRASS Ind., Ltd., Osaka, Japan) _LICAF Tz, SEZ S THED
SYIRZEEL. PBS ZAWT 3 BE%UT, 75% methanol (21914-03,
Nacalai Tesque, Inc.) & & U 0.03% hydrogen peroxide (18411-25, Nacalai
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Tesque, Inc.) ZEDEBKICERET20 min;39 & THRRERILAFYF —
EZKELUTc, PBS ZAWT 3 [E3E4&E#. 10% normal goat serum (500627,
Invitrogen Corporation, Eugene, OR, USA) [CZ=RT 20 min RibE &7/,

PBS # AW\ T 3 [al%%#. rabbit anti-6x His-tag antibody (1/100) (ab9108,
Abcam) ICER C—IERIG S B72,PBS Z WL T 3 E%E%4. biotin-conjugated
goat anti-rabbit IgG antibody (1/300) (AP132B, CHEMICON International,
Inc., Billerica, MA, USA) [CZEBT 20 min RIb S 81z, PBS ZAL\T 3 B4
#%. HRP-conjugated streptavidin (1/300) (474-3000, KPL, Gaithersburg,
MD, USA) IC=)RT 30 min RIibE B, PBS ZHAWT 3 [OIE$E. MAEE
& 3,3'-diaminobenzidine (343-00901, Dojindo Laboratories) %W\ TH
B, AYhFPU Y (8650, Sakura Finetek Japan Co.Ltd.) ZFWT
BEREER, XFBEHEZRVWTER LU

2-2-14 NZ-HO DHIRAERNE DIRET

2-2-14-1 BOBRSHBRORX 7Y 21—

HBEDZXT Y 1 —)UIE. Fig. 2-5 ICRUTcoe YV X% Fig. 2-5 D@D BT L
foo XU RIT 3% (W/V) DSS ZE2TWEKZ 6 HEERENSES I & TRMEX
BAEFELT: (Day0-5), NT &L, Day0 »5 Day 5 £ CREK%E BHIE
BN UTco Day 5 ICT RN TOMBIKEBEKICRIEL., RER&EKH (Day 8) £7T
BHHREREE/, Day-2 5 Day 5 £, 200 uL 0#EEHE® (5 x 10° CFU)
H UL IEPBS #&EH 1 BROKS Ul Day 8 ITREFELIENY VAL D KEE (B
BET~AIMY) ZHHUL. ABYZRER. RSZAHEL. 3EDIC LT,

2-2-14-2 DAl X7

KIEXDHRERDIBIZEE LT, Day OHN5 Day 8 FTDAI X7 %E=4
U Ufco DAl RI7 REEDRAD. TH., MECEEEZ 0HS5 4R TR
U DD TH S (maximum score = 12), Efld Table 2-13 (T/R
L7,

2-2-14-3 JRIEBHEBEHENT
— R EE(213, 214) BBV TEMAR (n=5-7: &8 DAl X A7 HFH
EISEWSDZER) K OHEBYAFZELELU. Siegmund et al OFHEl> X7 A
(215) (Table 2-14) ICf€> TRIBHEBZNBTZEmRL oo REZTMAICYID FH
Wiz J)L O R—RICEED 3. 4 % paraformaldehyde ZFAWTEE L
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feo K, IS T 4 v EBE, BYL. AYREFIVUY - IAIVEEL,
FEEWMEEBVWTHBY 2 REEBFHNICER U,

2-2-14-4 ELISA

AZIYVIZBWTHRAKE (n=>5-10: £ DAl RO 7HEHEEIENED
ZEIR) kLI, BE%Z5 6mm ATV L AE—=XHBE LV 1 mL D Lysis
buffer (Table 2-15) DA>2mLRIYa—Fv v IHFEFa1—TICBL.
E—XE—%— (3,200 rpm, 30 sec) ZRAWTHE{L Lz, =D (3,300 x g,
4°C,5min) #., EEZHEYV/I\VEHERE L TEUL, Pierce BCA Protein
Assay Kit (23225, Thermo Fisher Scientific Inc., Rockford, IL, USA)Z L\
THIVIVEEBEZRE LU, By v/ BHERFD IL-6. IL-10 & &K U TNF-
aBE(E. ELISA v ~ (IL-6: 88-7064-22, eBioscience Inc., San Diego, CA,
USA; IL-10: 88-7105-22, eBioscience Inc.; TNF-a: 860.040.048, Diaclone
SAS, Besancon Cedex, France) ZBWTTEIE U 7z,

2-2-14-5 Real-time T8 PCR

High Pure RNA Tissue Kit (12033674001, Roche Diagnostics GmbH)
ZAWT, EIKEE (n=5-10: &8 DAl X A7 NNEIEICEWVWD D Z:ER)
&£ D total RNA Z#& L7z, PrimeScript RT reagent Kit (RRO37A, TaKaRa
Bio Inc.) ZFULT 200 ng @ total RNA & D cDNA Z&B L. EASY Dilution

(9160, TaKaRa Bio Inc.) ZAWTKRINERZ 5 EF&HRL . Real-time EE
I PCR (& Table 2-16 @D EMEL fzo mB-actin B KT mIL-Ta FHEN TS 1
Y —I& TaKaRa Bio Inc.& DA U 7o

2-2-15 IREtiRiT

IRTCOFEETIE. HEHEITY 7 b2 7 (ystat2004.xls, Igakutosho
Shuppan, Tokyo, Japan) ZHWTEREL fz, Real-time EE/ PCR f#iT THF
ShfcT—% &, Mann-Whitney U-test ZFBB W\ TIHREHEEIT LTz, ZDMDT—
Y ld. —TTREDNEAT CEMTE. ZELERIRTE (Tukey-Kramer j&) (T THIET
PREEEZRE U, BREKE a3 0.05 ZAW .,
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GAAAGACCTCAACCTGATTCAATGCCTCAAGACTTGTCTGAAGCCCTTAAAGAGGCAACGAAAGAAGTCCAT
ATACAAGCTGAAAATGCGGAATTCATGAAGAACTTTCAGAAAGGTCAAGTAAGTAGAGAAGGGTTTAAACTT
GTCATGGCTTCTTTGTACCACATTTATACAGCATTAGAAGAGGAAATTGAACGTAACAAACAGAATCCCGTT
TATGCACCGTTATACTTTCCTGAAGAATTACATCGAAGAGCTGCTTTAGAGCAAGATATGGCCTTTTGGTAT
GGTCCACATTGGCAAGAAATAATTCCATGTACACCAGCCACACAACACTATGTGAAGCGATTACATGAAGTA
GGGAGAACTCATCCGGAACTATTAGTTGCTCATGCATATACACGCTATTTGGGTGATTTGTCAGGAGGACAA
GTGTTAAAGAAAATTGCACAGAAAGCTATGGCTTTACCATCAAGTGGTGAAGGACTAGCTTTCTTTACCTTT
CCCAATATTGATAGCCCAACGAAGTTTAAACAACTATATCGTGCACGTATGAATACGTTGGAAATGACACCT
GAAGTGAAACACAGAGTAACTGAGGAAGCTAAAACCGCCTTTCTTCTTAATATCGAGTTATTTGAAGAGTTA
CAAGTTATGTTAACTGAAGAACATAAAGACCAATCACCTTCTCAAATGGCATCACTTCGTCAGCGACCAGCG
AGTTTGGTTCAAGATACTGCTCCTGCAGAAACCCCAAGAGGAAAACCACAAATCAGTACATCATCTTCACAA
ACTCCATTATTACAGTGGGTTTTGACACTTAGCTTCTTACTTGCGACTGTTGCAGTTGGCATTTATGCCATG

Fig. 2-2 A DNA sequence coding for mouse HO-1 (accession number: NM 010442.2)

was synthesized upon codon optimization for L. lactis subsp. cremoris MG1363.

29



————T

Pus | WS | Fxa | mes |-

cm tag

pNZ8148#2:SEC
3,370 bp

repC

repA /

Kpnl Xbal

\
His
S P usp45 -tag an “

Fig. 2-3 A vector map of the lactococcal secretion vector, pNZ8148#2:SEC (left panel).
Schematic representations of segments of gene expression cassettes of
pNZ8148#2:SEC (right panel in the upper part) or pNZ8148#2:SEC-mHO-1 (right panel
in the lower part) are shown. PnisA: nisin A promoter, SP.s,45: sequence of the signal
peptide from the USP45 protein, His-tag: hexahistidine-tag, FXa: factor Xa recognition
site, MCS: multiple cloning site, rep: replication gene, cm: chloramphenicol
acetyltransferase gene, mHO-1: mouse heme oxygenase-1 gene. The figure is taken

from Shigemori et al (216).
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(Day)

0 5
|
|

Healthy | Distilled water

Colitis 3%DSS in distilled water

0 1 45 55

A rrssass

10 serial i.g. doses Euthanized
(Once every 30 min)
PBS: 200 uL/dose
NZ-VC: 5 x 10° CFU/200 uL/dose
NZ-HO: 5 x 10° CFU/200 uL/dose

Fig. 2-4 Experimental schedule for a survival test of NZ-HO in the mouse intestine.
Acute colitis was induced in mice by free access to drinking water containing 3% DSS
for six consecutive days. In the healthy group, mice drank plain water during the
induction phase of acute colitis. On the day following treatment, mice were given ten
serial oral treatments with PBS (200 pL) or PBS containing NZ-VC or NZ-HO (5x10°
CFU/200 pL) once every 30 minutes. One hour after the final treatment, mice were

euthanized. The figure is taken from Shigemori et al (216).
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NT (n=5): naive

PBS (n=10): colitis-induced, PBS-treated
VC (n=12): colitis-induced, NZ-VC-treated
HO (n=12): colitis-induced, NZ-HO-treated

-2 0

8
| 1 | (DaY)
| T T T T | T l

Colitis induction Euthanized
| Oral treatment |

Monitoring of DA |

Fig. 2-5 Grouping and experimental schedule for an in vivo trial to evaluate effects of
oral administration of NZ-HO on DSS-induced acute colitis in mice. Acute colitis was
induced in mice by free access to drinking water containing 3% DSS for six consecutive
days. From Day -2 to Day 5, mice were orally administrated once-daily PBS (200 uL) or
PBS containing NZ-VC or NZ-HO (5x10° CFU/200 uL). The Disease Activity Index (DAI)
score was monitored from Day O to Day 8 to assess the seriousness of the colitis. On

Day 8, mice were euthanized. The figure is taken from Shigemori et al (216).
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Table 2-2 Primer sequences used in this study.

Name 5'-sequence-3' Length*' Ref*
CreF GTGCTTGCACCGATTTGAA 19 (217)
LacreR GGGATCATCTTTGAGTGAT 19 (217)
pNZ F3126 TGCCCCGTTAGTTGAAGAAG 20 This study
pNZ R340 TCAATCAAAGCAACACGTGC 20 This study
“base
*’references

Table 2-3 Reaction solution and conditions for restriction enzymatic reaction.

Component of reaction solution

10x M buffer (TaKaRa Bio Inc.) 2 uL
DNA 1ng
Kpnl (1068A, TaKaRa Bio Inc.) 1L
Xbal (1093A, TaKaRa Bio Inc.) 1L
Ultrapure water up to 20 pL
Condition for reaction

37 °C overnight
75 °C 15 min
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Table 2-4 Reaction solution and conditions for ligation.

Component of reaction solution

10x buffer (Promega Corporation) 2 uL

DNA 8 L

T4 DNA Ligase (M180A, Promega Corporation) 1L

Condition for reaction

4 °C overnight
Table 2-5 Reaction solution and conditions for colony-direct PCR.

Component of reaction solution

EmeraldAmp PCR Master Mix (RR300A, TaKaRa Bio Inc.) 5 uL

Primer mixture (10 UM each) 0.5 puL

Ultrapure water 4.5 pL

Colony trace

Condition for reaction

95 °C 5 min

95 °C 30 sec

60 °C (pNZ F3126-pNZ R340) or 45 °C (CreF-LacreR) 30 sec

72 °C 1min

40 cycles

4 °C soak
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Table 2-6 Composition of TES.

Tris (35406-91, Nacalai Tesque, Inc.) 10 mM
Ethylenediaminetetraacetic acid (14347-21, Nacalai Tesque, Inc.) TmM
Sucrose (30404-45, Nacalai Tesque, Inc.) 25 %
in distilled water

pH 8.0

Table 2-7 Composition of PBS.
Disodium phosphate (31801-05, Nacalai Tesque, Inc.) 10 mM
Monopotassium phosphate (28721-55, Nacalai Tesque, Inc.) 1.8 mM
Potassium chloride (28538-75, Nacalai Tesque, Inc.) 2.7mM
Sodium chloride (09649-15, Nacalai Tesque, Inc.) 137 mM

in distilled water

pH 7.4
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Table 2-8 Composition of polyacrylamide gel.

Component of running gel

30%(w/v) acrylamide (018-25625, Wako Pure Chemical

Industries, Ltd.) 2700
1.5 M Tris-HCL (pH 8.8) 2,000 pL
10% sodium dodecyl sulfate (L3771, Sigma-Aldrich Co. LLC.) 80 pL
10% ammonium persulfate (A3678, Sigma-Aldrich Co. LLC.) 27 uL
Tetramethylethylenediamine (205-06313, Wako Pure Chemical
Industries, Ltd.) Hul
Distilled water 3,220 pL
Component of stacking gel
30%(w/v) acrylamide (018-25625, Wako Pure Chemical
Industries, Ltd.) 00l
0.5 M Tris-HCL (pH 6.8) 625 L
10% sodium dodecyl sulfate (L3771, Sigma-Aldrich Co. LLC.) 25 pL
10% ammonium persulfate (A3678, Sigma-Aldrich Co. LLC.) 8.3 uL
Tetramethylethylenediamine (205-06313, Wako Pure Chemical
Industries, Ltd.) ol
Distilled water 1,440 pL
Table 2-9 Composition of Running buffer.
Tris (35406-91, Nacalai Tesque, Inc.) 3g
Glycine (17109-35, Nacalai Tesque, Inc.) 144¢g
Sodium dodecyl sulfate (L3771, Sigma-Aldrich Co. LLC.) 1g
Distilled water uptol1lL
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Table 2-10 Composition of Transfer buffer.

Tris (35406-91, Nacalai Tesque, Inc.) 3g
Glycine (17109-35, Nacalai Tesque, Inc.) 144¢g
Methanol (21914-03, Nacalai Tesque, Inc.) 100 mL
Distilled water uptolL

Table 2-11 Composition of TBS-T.

Tris (35406-91, Nacalai Tesque, Inc.) 3g

Potassium chloride (28538-75, Nacalai Tesque, Inc.) 0.2¢g

Sodium chloride (09649-15, Nacalai Tesque, Inc.) 8g

Tween20 (35624-15, Nacalai Tesque, Inc.) 0.5mL

Distilled water uptollL
pH 7.4

Table 2-12 Reaction solution for HO-1 reaction in vitro.

Sodium ascorbate (014-04801, Wako Pure Chemical Industries,

Ltd)) 0.5mM
Tween20 (35624-15, Nacalai Tesque, Inc.) 0.25%
Heme (H5533, Sigma-Aldrich Co. LLC.) 0.2uM
Cellular extracts from gmNZ9000 500 pL
50 mM Kpi buffer (pH 7.4) upto2mL
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Table 2-13 DAI score.

Body weight loss Fecal bleeding Stool consistency
0 <5% negative normal
1 5-10 %
2 10-15% slight loose
3 15-20 % moderate
4 >20 % gross diarrhea

The DAl score is calculated as sum of the three scores (Max = 12).

Table 2-14 Scoring system for histological evaluation (215).

Inflammatory cell infiltration

Tissue damage

The presence of occasional
0 inflammatory cells in the lamina
propria was scored

Increased numbers of

1 inflammatory cells in the lamina
propria

5 Confluence of inflammatory cells
extending into the submucosa

3 Transmural extension of the

infiltrate

No mucosal damage

Lymphoepithelial lesions

Surface mucosal erosion or focal
ulceration

Extensive mucosal damage and
extension into deeper structures of

the bowel wall

The histological score is calculated as sum of the two scores (Max = 6).
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Table 2-15 Composition of Lysis buffer.

Tris (35406-91, Nacalai Tesque, Inc.) 50 mM
Sodium chloride (09649-15, Nacalai Tesque, Inc.) 150 mM
Triton X-100 (25987-85, Nacalai Tesque, Inc.) 1%
Protease inhibitor cocktail (11836153001, Roche Diagnostics
1tablet/10 mL

GmbH)
in distilled water

pH 8.0

Table 2-16 Reaction solution and conditions for real-time quantitative PCR.

Component of reaction solution

SYBR Premix Ex Taq Il (Tli RNaseH Plus) (RR820, TaKaRa Bio Inc.) 10 pL
Primer mixture (10 UM each, TaKaRa Bio Inc.) 1L
cDNA solution 9 UL

Condition for reaction

95 °C 10 sec
95 °C 5 sec
60 °C 5 sec
45 cycles

Dissociation
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2-3 f&ER

2-3-1 NZ-HO (& rmHO-1 ZE4% - 79 3

CBB £BICHEWT., 71 ¥ VREH TEE U fc NZ-HO B D #ME3ihHR& &
D rmHO-1 O EIER{A (40.5 kDa) & K U9 WE rmHO-1 (37.7 kDa) D%
FEIC—HIT DN REBERLUE (Fig.2-6A), VIRV TAYVTaoVIICE
WT. 2h5D/\Y RIEH His-tag A& L U HO-1 HiiRlc & higiB S hic
(Fig. 2-6 B), £7/=. EMfEHMERNSIEHKZE5 ug/mL ® mHO-1 ZtRH U
fz (Fig. 2-6 C)., FBEERBROBFER LBFEDHS . 2B rmHO-1 D5
FEIC—HT B\ RERE U (Fig. 2-6 B) o 1 ¥ ViRIMEH TS U 7o NZ-
VC & DR L lglERE S IEBER EBEES D 51E. rmHO-1 [F SN
mho e (Fig. 2-6),

2-3-2 rmHO-1 FEEEFHEZEIT S

In vitro HO RIt%%Z B W T NZ-HO NEA T 5 rmHO-1 OAEFEEZ DK
ERic&st Uiz (Fig. 2-7), HO-1 ORE TH BN LAIE, 400 nm fHEICREE
— 78U, BRERISICEDABEINZ I ETRE—VDREEFEBALT D &
NS TWVWSE(212)s O min BWT. Kpi buffer H L < I NZ-VC B3 HHR33H
ERE SRR TIE. 400 nm HEZE—7 &I 2RAEHEE LR (Fig. 2-7
AB, Curve ) —H T, REEBICEIFS NZ-HO BakiifgiERE ST RIE T
&, HONLAEESWRIC—HT 2/ E—T (405 nm(212)) Z&8R Uz (Fig. 2-
7 C, Curvel), kit 30 9. ERIGBRDOKRAE/INY —> & Curve IIZREL L T

(Fig. 2-7 A-C) o NZ-HO H¥iffaihtiRz &8 RIGRICE W T O min TERES
hizE—7 OIRAEEILE L < B U T (Fig. 2-7 C, Curve lll, Fig. 2-7 D) o —A.
NZ-VC BRMEMERZETH LK EEFHRVWREBRICEITZ2RE—T DK
HEF. RIGEHBICEWTERBINEELIZARE NG > (Fig. 2-7 AB,
Curve Ill, Fig. 2-7 D),

2-3-3 NZ-HO (& rmHO-1 Z KEBHIENERR T 5

ROKES S NI NZ-HO ORBEIEMEPRGHEICE TS rmHO-1 DELEZ &
NIBleHic, YORZAWCROKGHRERZERL o gmNZ9000 (NZ-VC
H UL IENZ-HO) #ROKBES LIV I AD KL D IO0=—%B8 1 (Fig. 2-8 A)o
N5 %, L. lactis subsp. cremoris (CreF/LacreR) £ U < | pNZ8148 (pNZ
F3126/pNZ R340) I[cHFEMNLRTZ4~Y— (Table 2-2) ZFWCIaO=Z—% 1
LI KPCRICHUIEEZS, FREINZ T XIC—KT 2 DNAKMEZEHR U
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(Fig.2-8 B,C)o F7fc. PCRE¥% DNA ¥ —4o > XEIFICH L. FEINDE
Hllc—8d % < & &R LTz (datanot shown), PBS &5~ U XD KBH S (&
JAZ—(@FEURE nigh - 7z (Fig. 2-8 A) . ZEMERIEZICE LT, gmNZ9000
5 YU XDRGHEIRICH His-tag FiA DGt Rtz 1§ (Fig. 2-8 D) o —7 T\
PBS #5< 7 A CldBGERIGIFBEERE N>z (Fig. 2-8 D). &% (Normal
colon) B VKX (Inflamed colon) Y7 AICEWTHEKDIER = (Fig.
2-8),

2-3-4 NZ-HO BXY YV RIcE1F % DSS FERUAXRGRZERT 5

2-3-4-1 DAI 237 (Fig. 2-9 A)

NT 2. AR ZELUTDAI ROA7IE0 THD., RKBRERELRWZ &
ZiER U T, PBS i3, BB BEUKERNG DAl X7 OEMAFESH 5. Day 8
ICi& 8.30 £ 043 [EL. KEBEXERDRENRRI NI, FAKROMERIE NZ-
VCEICEWTEERI N, —AT. NZ-HO B ® Day 8 lc&l+3 DAI X7 IE
425 + 082 THH., PBSER KLUV NZ-VC EHELEBE L THERICED > oo

2-3-4-2 KisD&R< (Fig. 2-9 B)

RAEIC K D EMEEZE DERE U T .Day 8IcKIEDORE ZAIE L 7c. PBS B (4.
NT #H &R U TE UL WKBOEBENRE S Nic, AEEDREMEIZ. NZ-VCET
bERINTc. PBS 8KV NZ-VC BE B U T NZ-HO #ICH T 3 KEDRE
MElFE LU <ERU o

2-3-4-3 KGHEBORIERBE BN

NT BDOKIGHEBYIF Tld. Table 2-14 ICEE I N D RIEEBFHIXEISER
SN ->te (Fig. 2-9E), > T, WERXA7IE 0 &> (Fig.2-9D), —
AT, PBS HEONTRADIFEAET, MENSHETEICESREMEORE
(6/7) EFBRICK T ZEFEMNBRUSA/EE (5/7) MERan (Fig. 2-9F),
MA T, 2/7 DY VRAICEWT, & D FRAGHEBEEIVREE NI, NZ-VCE#T
iX. PBS & AEDREBEBFZNRENERI N (Fig.2-9G), > 7T. PBS
BEEKIUNZ-VCEOREIO7 X, NTE#E LKL THREIEMULE (Fig. 2-9
D)o INSDREEELERL T, NZ-HO B#OREX A7 IFERITHEA U (Fig. 2-
9D)o NZ-HO BfICE W T, tHIEM SHETEICED RIEMIDZHE (3/7) ©ib
BICHIT2EENBUOSALES (2/7) 28R U DU XIE. PBS 3#&H L U NZ-
VC BB UL THR U (Fig. 2-9 H), Fio, RAGHEBES FHEINT.
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3/7 DXV ATE W TREEBZENRIERIBERS NG > e,

2-3-5 NZ-HO I RIGHICE T 2T A b hA YV DORIRZFHET S

NZ-HO DKRBRBRNRDODFANZILZRETT Bicolc. REGEMICH
TBREET A N A0 (IL-1q,IL-6, TNF-a) 8 K THIAEEY 1 S A1 > (IL-
10) OFEBLANILZRET UTco NT BEELE LU T, PBSEE LU NZ-VC E#ICH
WT, IL-6 (Fig. 2-10 A) 8L T IL-1a mRNA (Fig. 2-10 C) OFEIREL NILH
ZUEBMUc, NZ-VC B EHE U T, NZ-HO BFICHIT D NS DRIEL NIL
FEEICAAS U (Fig.2-TOAC)e TNF-a DEALNILIG. BEEICERGE
WERRS a7 (Fig. 2-10B)o IL-10 DELE L N)LIF NT B & L& U T,
PBS B#&E LU NZ-VC BEHICEWTHRICHD Ufco NZ-HO BEICE T2 IL-10 D
EELANILIF. NZ-VCE LB UL TAERICED > fc (Fig. 2-10 D).
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Fig. 2-6 Detection and quantification of recombinant mHO-1 produced by NZ-HO.
Recombinant gene expression was induced in gmNZ9000 with nisin. (A,B) Cellular
extracts (Cell) and culture supernatants (Sup) were analyzed with SDS-PAGE (A) or
western blotting using anti-His-tag or anti-HO-1 antibodies (B). MW indicates the
molecular mass markers (kDa). Gray and black arrows indicate the precursor of
secreted rmHO-1 (pre-rmHO-1, 40.5 kDa) and the secreted form of rmHO-1 (rmHO-1,
37.7 kDa), respectively. Representative images from three independent experiments
were shown. (C) mHO-1 in cellular extracts from nisin-induced gmNZ9000 was
quantified by ELISA. Data are the mean + SD (n = 6). nd: not detected. The figure is
taken from Shigemori et al (216).
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Fig. 2-7 Bioactivity assay of recombinant mHO-1. The absorption spectra of the
reaction mixtures containing Kpi buffer (A) and cellular extracts from nisin-induced
NZ-VC (B) or NZ-HO (C) were measured at the starting point of the assay (Aomin, Curve
1) and after 30 min of incubation at 23°C (Aszomin, Curve Il). The differential spectra
(Aomin = Aszomin, Curve lll) are presented in the upper graph. (D) The absorbance changes
at 405 nm are shown. Similar results were obtained from three independent
experiments, and representative data are shown. The figure is taken from Shigemori

et al (216).
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Fig. 2-8 Survival of NZ-HO in the mouse intestine. (A) Homogenates of the entire
colon (including luminal contents) were plated on GM17cm agar. (B,C) Ten single
colonies were randomly chosen for each sample from healthy (C) or colitis (D) mice
and were subjected to colony-direct PCR with pNZ8148-specific (upper images of each
group) or L. lactis subsp. cremoris-specific (lower images of each group) primer pairs.
Bands indicated by blue (586-bp), salmon pink (1,403-bp), and black allows (163-bp)
were further analyzed by the DNA-sequencing, and were in accord with the putative
sequences. L: DNA ladder (bp). (E) Immunohistochemical staining/detection of His-
tagged proteins in colonic tissue. Positive reactions were observed in the mucosal
epithelial cells (arrows) and in the lamina propria (asterisks) of the colon from
gmNZ9000-treated mice. Bars = 50 um. Normal colon and Inflamed colon mean
colons from healthy (mice that drank sterile water) or colitis (mice that drank DSS in
the water) mice, respectively. Similar results were seen in two different mice.

Representative images are shown. The figure is taken from Shigemori et al (216).
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Fig. 2-9 Effects of oral administration of NZ-HO on DSS-induced acute colitis in mice.
(A) Chronological change in the DAI score of mice in each group. Data are the mean +
SE (n = 5-12). (B) On day 8, the colon length (i.e., just under the cecum to the anus) was
measured. Data are the mean + SE (n = 5-12). (C) Representative images of the colon
from the VC and HO groups are shown. Bars = 1 cm. (D) Histogram of histological
scores on day 8. Data are the mean + SE (n = 5-7). (E-H) Representative images of HE-
stained colonic sections indicating the average DAI for each group are shown in the
NT (E), PBS (F), VC (G), and HO (H). In the PBS and VC groups, inflammatory cell
infiltration into the submucosa (arrows) and severe tissue damage (i.e., erosion and
ulcers, #) were observed. An increase in the number of inflammatory cells in the
lamina propria was observed in the HO group (arrowhead). Bars = 100 um. Letters (i.e.
a, b, ¢) represent significant differences (P<0.01). The figure is taken from Shigemori
et al (216).
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Fig. 2-10 The modulating effect of NZ-HO on the expression of cytokines in colonic
tissue. Protein extracts and total RNA were prepared from the middle or proximal
colon on day 8, respectively. Protein levels of IL-6 (A), TNF-a (B), and IL-10 (D), and the
gene expression of IL-1a (C) were analyzed with ELISA (A, B, D) or real-time qPCR (C).
Data from ELISA are the mean + SE (n = 5-10). Values for the real-time qPCR analysis
are shown as a box plot (n = 5-7). Letters (i.e. a, b, c) represent significant differences

(P<0.05). nd: not detected. The figure is taken from Shigemori et al (216).
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2-4 EE

AFRTIRIFCHIC. mHO-1 DEFEEMREE LT, NZ-HO Z#E LU Tc, 71
YV ARIE TEE U fc NZ-HO offifgitiR & D rmHO-1 2 keI (SP, -
mHO-1 M&Y V/\V8) ZRHE U, o, BIBEERERDO LEEAICE W TS
WE rmHO-1 (SP,_, VIHiTY) & L7z. SP,. . ld. NZ9000 IET %55
HVINIEUSPAS DT FILRTF R THB(218)s 74405, NZ-HO I+
Y YRBBRICIDE Uy rmHO-1 7RI Z N ICEER. NS5z YT F )L
TF RRENICHBEANE BT B ENTBE Nic, U EDRERK D, rmHO-
1 Z23Wd % gm-NZ9000 DIEEEICEINU T,

HEWT NZ-HO WNEEA T 2 HEIRZ 7 /N BOEEEMZRET U 72 HO-1 (&,
EETHEINLZERENICOBL, REREPELTEUNILIY Y, CO 8L UE
BESRZ AT B(172, 219) (Fig. 2-11), ABERKIGIE. W< DHD in vitro &
ICEBWTHRINTED., TOBEREANENICHHEM TSN TWS(212, 220-
228). KIAEIE. BEFMHIRAE LT NADPH-> k7 OL4 P450 EETERD D
DICFZAOANEYEZBWZKZ in vitro HO RIi6%R(212) 2 AW, RIGEHKBIE
% (0 min). buffer £ U< (& NZ-VC BEMiEHEREZ SO RIGAICH VT,
400 nm HiEZE—7 £ T2RBWEREZERR U T, —A. RRFEICE LT NZ-HO
HRMAREMERZ SO RIDR TEEINERAELE—VIE. chs5DED &KL
ThIhicRERAICO 7 MU (405nm), AREZEKRIGIE. HO MNLAEEES
HKERTDZEICEDABREINS(172)0 NA-HO EEEKIZ, ARIGRICEW
TETRIIFERENICES ICER S . ZDORAEE—T (405 nm) (EHEEEA L (402
nm) EHBUTHhIMNCRERAICY 7 RNTZZENBESINTWVWS (212,
228), 97205, NZ-HO Hkiifai Rz & C RILR Tl RIGFABEES IC.
ANL-HO-1 EEEHIEE SN TWS 2 ENRB I iz, &It 30 min #. NZ-HO
MR R % &8 RIGRIE. 400 nm fHEIC/NS R E—T ZRTIRH/ICY —
VICEEN L, 405 nm DIEHEIL O min EEBRUTEULLKET UL, —A T,
buffer U < (& NZ-VC HRifaERZz &8O RIE Tld. RHXE/NF—>DEL
WL ISR SNEh > Tco AR THWEHZE in vitro HO KIGR TlE. NA
DEREDEREYE LT, EURNILI Y TIE>EBL, ZDORIEKED Fe*-EUR)LI Y
-HO &1k (Fig. 2-11) ZERT 22 ENRETNTWVWS (212, 226), Fe*-E
URIYV-HO EEEDY —LHBICE T BRAEE—T1E 400 nm HETH S
(212)s ZhlE, EUNILY Y (380~390 nm) EHEBRUTRERTHD. NA
H UK IEANL-HO EEEREHRLU TEDORAEIFEL EW212), Tbs5,
KIS 30 min &IC& 1+ 5 NZ-HO HskififgmiR z 2O RIGKR TlE. Fe-EUN
WY Y-HO BEERIER U ENEZ SN, £&HBE. NZ-HO BEET
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% rmHO-1 (. ARBRICEVWTALEEEEREZTLR L., BRKEYE LT Fe™-
EUNILYV-HO EEEREZERT B ENRBEI N, UL EDERMNS, rmHO-
1 INLDDRZRET 2BREFEZE T 5 EiEmd T .

BEL LV DSS RKEBEAVI A ZAWROKRSERRICEWT, NZ-HO DX
FEMZRET U oo NZ-HO ZEFROKES LN I ADKEL D NZ-HO 04
BHZHE - AT D& LTIz, HWT, ¥t His-tag Hiikz B\ e SR EB
{LZRBITICHEWT, KEBMIRICE TS rmHO-1 D% fc, A TlE.
rmHO-1 ZREMICRE T BHIC (EFEARRME HO-1 EXFIT2Hic). i
His-tag #iiA%E AW co NZ-HO &5<Y U X DFERECREE. HEEEEICH
His-tag FIRICN T 2B RIS ZR/ Tz, U EDHERNS. NZ-HO FROKEI 1
feté. £ETKBAZEL. KEBHEAN rmHO-1 &I 3 2 ENRS iz, —
AT NZVCEEIY I ZDKRBIEICHE WTH. NZ-HO 58 & ARk, 1 His-
tag KRICH T DBERISEBER Uz, NZ-VC & 1 Y VRIBIRENIC. RE
I 22ENT Y — (pNZ8148#2:SEC, Fig. 2-3) ICH¥ T % His-tagged R7F K
ZHEET 2 (229).NZ-VCEEXY T ADKE LD GM17cm LICEUR U 2Bk I,
FAZEXRTY—ZFB LT\, I8b5 BRI NcBERIGIE. [ His-tagged R
TFRICHERTSDHDEEZ SN,

DSS FERBANY VX IE. IBD DERMARASFICEVWITRBEEICAWSNS
EFILEYTH D, YU A (C57BL/6 % BALB/c) IC 1-5 %D DSS &4
BKkZEBNIE2 &, RERAP TR, MEE VW ERZH#S BERBRZ
fE9 %(230,231), RBICHITDIRIEREIE. KBOEMFEOEBZENRE (BE
BEDOREPREMROZESE) ICHFEMToNTED, REETAMNAAVP
SIARINAF I —CREETREBRIEN—H—& U THAI NS (232-234),
INSOERPEERIGIE UC EELURZEZHEBELTHD (235). ZOHFRMEF
BHTEWIEMNS, IBD EFILEUVLTERTH S, I TERMARIF. KETIL
ZFAWT NZ-HO OKGABRMRZIRET U fco NZ-HO OEHROKRS(E. F2
ZHERE D NZ-VC DIRS & B L T, DSS Ic5EE a2 DAl X O 7 DM, K&
DIEHES L VRIBEBZNREZE LU BRUC, 985, NZ-HO ZRW:
rmHO-1 D FDKBADEZENERIE. YU RICHTS DSS FEAMKEX
EERHIT DI ENESHIITHE S

HO-1 ARIET Z2IMAEERIE. NLADHEEY (CO, EURILIY) PZD
FEK (EUILEY) NENT BRI ENS. ZRBX DXL (REHRE. 7R
bt MPIRE—2RE) Z2NITB(171), ATH. HO-1 NRIFT % L ZRETER
3. ERNRKBAOERBICEWTEELRRIZE-> TWSZENTREEINTWNDS
(173, 174, 236), % Z TAMEIL. NZ-HO @ DSS KIBAERX H=XLE L
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T, RKIGHEBICRIT28ET MY (L-1q,IL-6,IL-10, TNF-a) OHIRZzi%
AELTce NZ-HO oERROKRS . FEFHEED NZ-VC OS5 EHERL T,
DSS KEBRICEDIETURLIL-10 DEEZBEICIEMU o £7/2.NZ-HO (& DSS
BEICFES NI KBNDOXRIEMIEOZBPABGHEBICE T D2REET 1 S A
Y (IL-Ta, IL-6) ORBLANILZZFEULSHBE U, IL-10 (& MAEERAZRET
YA MMV THD. BEORRERUHDHRFICEWIHAEDERAFTH S
(237)0 EBRIC. IT1OBEFDEEIL IBD OFERFICEERMITSNTED (238-
240). IL-10 ¥ IL-10 Z2A/HE (R) Z2XRIEULRN IV RXIFEER GIT XIiEZ BAF
FE9 % (241, 242), B/~ A7 7—YlcBWT, HO-1 [ CO 0ERMZNL T
IL-10 EIEDT7 1+ — KNy o9 —Fv NEFKT 5(243-245), EER I LI,
AEBORENIE. REEYA MAHA> (L-1,IL-6, IL-12, TNF-a &) DRz #
W, EBNRKBAZERT 22 EHREN/(180, 183, 245, 246), —/4 T, HO-
1 FEBROKRBRICEITS T HREREZAMIZIEHARESINTVWS(187,
188, 247), #liE4E T #E (Treg) &, EICWMAEEY A A > (L-10 ¥
transforming growth factor-g) Z7Wd 2\JL/X—T#ifgt 7w ~kTH 3,
hemin ZBW/ARAREM HO-1 OFFEMALIE. DSS KIFA N 7 ADIGREE") > /i
IC& T % CD4" CD25" Foxp3* Treg DIBfEEEE & L CKIBHEBICE TS IL-
10 mRNA RIRZEINT 5 2 EAREN/=(187, 188), 11X T. HMERERMAEIC
&1F3 HO-1 OFEMALIE. Treg DOHEpEZREL. REINFHERAZREIT S &
NRESIN(247)s —AH T, hemin D5 (L DSS KIGXAN T ADGEICHE TS
Th17 #iFBOEE S Th17BEEST A M A1y (L-17A) OEEZRIEIT DI EN
WESNT(187,188), Th17 (&, Th17E&EY A MAr> (IL-17 ¥ IL-23) %=
EETIANIIN-T g7y hTHD. IBD OREBEMRICEEREE ZR:
LTWBZEDNREEIN TS (248, 249), Th17 ODMEICHWT, IL-1 ¥ IL-6
(FFRDRRREIZ B S KEMT 1 N A > THB.In vitro fFZIZEERICE W T,
hemin (& IL-6/IL-6 XBHEREZEEIT S & TTh17 fREOMEZINHET S 2
ENRENZ(187)6 IL-1 ¥ IL-6 ZIRD E T DREMT 1 N A VIEKBDRIE
RESAITRE U e RZMiE FHEROY 707 7—V%F) ICLDKEICEES
N3.HO-1 FEFDIREIE. INSOEELRBEZIGHET 5 2 EAREIN(178,
250), UEDERMS. NZ-HO HEIET 5 DSS FEZMUKRBROERIERIC
& KEGHEISER S i rmHO-1 I kK 2 % ZRAEER (L-10 0FE, XM
FEDRBE K CRKEET 1 N VRBEOIMF]) NPEBSLTWSIENTEEIN
feo

FeHDE, EEFTHEEET D rmHO-1 9 % gm-L. lactis (NZ-HO)
DEEICHIN LT, HWT, BOKS SN/ NZ-HO F. =2 TKBICEEL.
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KIGHEAN rmHO-1 Z&iR 9 % C £ ZBAS DT U fco NZ-HO OEBRROKR S 3.
DSS FEIUKRBRDIERZERIT 22 2R, £fc. NZ-HO FEBAY
VADKBICEF BT A SN VHEIRZHET S ENASHICRD . RARIGIE
KBXDOERICEHEY 22 ENTRES N, INSDFERNS. NZ-HO ZAW
rmHO-1 DEZET J/NU —I&. IBD OFLWFR - BREKE UTEMTH S
ENRE SN,
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COOH COOH COOH COOH COOH COOH
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a-biliverdin ferric a-viliverdin complex

Fig. 2-11 Scheme of stepwise heme degradation catalyzed by HO. The figure is a
modified version of Yoshida et al (219).
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3-1 ®E

A7 —0O4F> (IL) -6 (F. REPRERIL. MIRFEICEVWTESENA
HIBREEZRIEI Y1 NAa1 > THS (Fig. 3-1) (251-253), IL-6 &, IL-6 &
BE (R) KL CHEELICHERET 5 gpl130 &EERZFAL. LITOMEERY
7Y 2 (JAK (Janus kinase)-STAT (signal transducer and activator of
transcription)## & JAK-SHP-2-MAPK (mitogen-activated protein kinase)
REK) Z BN T2 & THEBEREZRETS (L6 7YY D) (Fig. 3-2)
(251, 254), gp130 &, F&A EDMOMAEE EICERBNICRKIRT 25T >
INVBETHD, IL-6 V7 F )V TICENT, IL-6-IL-6R DEE/ER & LUT OffkE
RN T FI VT DERCZRBEI DN IV RTa——D&REZE->TWS
(255,256), —AT. IL-6R Z IL-6 2R T 5&xEZHEH>TE D (ZnBHICHE
AR 7 LB E S E 2 AIEBW), SEANTIEEEBNICERRR 2 BD
R (BEHEEE IL-6R & LU ME IL-6R) N FET 5(253), BEESE IL-6R
& EICHMIRPEZIK, #FHRICHEIE L. in situ lc&WT IL-6-IL-6R-gp130
BEBEEBRZR. V7> ZE T % (Classical IL-6 receptor signaling)
(251,257) —73. 7B IL-6R ([FEIRK® T NS MEHS N ERET. IL-6 IC
EEUMEELD gpl130 &G 22eTY I ) VI aENEITS (IL-6
trans-signaling) (258), IL-6 (&. Lt 2 BDMEENT D& T, IL-6R & H
R 2MiEDHE5T . IL-6R NEELULRWHRICHEFEZRIFT I ENTE,
ZDEZHEMBAEBEKEZEIRL TLW5(259),

IL-6 7 F )T F, BECHEBESE VW LREFBICHLU TAEND—B
RISTEMEE U EARBEICE W TEZERKREIZIE S (260), —/A T, FREOHAEE
REEZNICEBHRBSBENIEENIGE. REEKRECEBCREREDRELHE
. BEOREVCERICEEMITSNTWS (Fig. 3-1) (251, 253), &> T,
IL-6 YU+ UV I%BETZE/7A—FILIE (G IL-6 ik : Sirukumab,
Olokizumab, Clazakizumab . #T IL-6R #T & : Tocilizumab, Sarilumab,
Siltuximab) (&. ChSEEDRERERE L TCOFBINHFI N TW5E(251, 253,
257), ERRIc. kb MEFTIL-6R FiifK (Tocilizumab) (&, REMESREEED
BETU IR FICRITZARENRNROSN TR D, PEENSEEDEEMIER
ZRIBENDESEREE LT 100 AEMU ETHWSNTWS (253, 261),
Kfc,. INFXTOERED U IFERKRAEIE. BFEFRMERBEIA (262, 263) v+
vy AN VKR (264-266). £5MHET) TV M—T X(267-269). 25 MHELEE
(270) (ClinicalTrials.gov Identifier: NCTO1532869). 7 O— & (271, 272).
mE(273), B O F(274)IckiF3 IL-6 TV >yrn7Oy 7Kk
DEMEZETEL TWS, UL L. MAEEEBO TEMTHD. RESLTHR
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ICKERBENEEZEZD0EEND D, HIZIE. BEY VY FREICHER
74977 (Tocilizumab MERFEE) OEMIIH LZF 130 FH/ETH D (BE
H 60 kg DIHE) (2016 F£ 12 BIRHAE),

Z I TAMRIR. IL-6 7Oy F U IHAHEORE - ZMBREEARS L OCHMESER
BAEDOEEZEHIEL. i TR IL-6 HifAD single-chain variable fragment

(scFv) (IL6scFv) ZE4%Y 53BE (Lactococcus (L.) lactis) ##aZ K

(genetically modified lactic acid bacteria: gmLAB) %##$£9 5 &% BK
& Ufeo scFv i, MADFHRO HER LG L EHOMEEEEZ 7L+ 7 )L
) YA—TEHRLUILDFTHD(275) RAAEDFiF. KIBEZEOMEYICE W
THEIEBEEDH DMERZ YV INVBE UTEESEZ I EHDTRETH D, AET
XFE O I, IL6scFv Z#aZX ¥ VNV B & UTESE - 29 % gm-L. lactis D
BERERICOVWTETRT, HWT, BRZECFORBRFERMFZRT L. Bl
Z IL6scFv (rlL6scFv) DB MEDFREILICDWVWTRT . RERIC. BREESRER
ERTEZE (ELISA) (CT. rlL6scFv O ERERICDWTRY .
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- Hepcidin4 mmm=) Anemia of inflammation
"'-6. % Bone marrow == Platelet A =) Thrombocytosis
. CD4 T cell === Th17 differentiation 4
B _ g inhibition \Y m) Autoimmunity
Lo A Y CD4 T cell == Treg differentiation chronic inflammation
[ 4
R 1 CD8 T cell =y Cytotoxic T-cell
W differentiation A
-ty
Ny B cell = Antibody ) Autoantibody
‘(‘ -~ v production 4 hypergammaglobulinemia
e a RANKL 4 .
_=* Osteoclast mmm=) Osteoporosis
Synovial differentiation bone fracture
% fibroblast VEGF 4 . .
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Fig. 3-1 IL-6 in inflammation, immunity, and disease. IL-6 is a cytokine featuring
pleiotropic activity; it induces synthesis of acute phase proteins such as CRP, serum
amyloid A, fibrinogen, and hepcidin in hepatocytes, whereas it inhibits production of
albumin. IL-6 also plays an important role on acquired immune response by
stimulation of antibody production and of effector T-cell development. Moreover, IL-
6 can promote differentiation or proliferation of several nonimmune cells. Because of
the pleiotropic activity, dysregulated continual production of IL-6 leads to the onset
or development of various diseases. Treg, regulatory T cell; RANKL, receptor activator
of nuclear factor kB (NF-kB) ligand; VEGF, vascular endothelial growth factor. The

figure and its legend are taken from Tanaka et al (253).
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Fig. 3-2 Two distinct modes of IL-6 receptor signaling. Classical IL-6 receptor signaling
occurs in cells that express IL-6R (CD126) and gp130 (CD130). IL-6R is a non-signaling
receptor that binds IL-6. The gp130 subunit is the signal-transducing receptor for IL-6
and its related family members. A soluble form of IL-6R is released from the cell
surface by proteolysis and splicing of IL-6R mRNA, and can bind IL-6 to form an
agonistic complex that signals through gp130. This mechanism of trans-signaling
allows IL-6 to act on cells that lack IL-6R. A fully functioning IL-6 receptor complex
consists of a hexameric structure in which IL-6, IL-6R and gp130 exist in a 2:2:2
stochiometry. Both modes of IL-6 receptor signaling lead to gp130 activation of Jak1,
Jak2 and Tyk2, which bind box 1and box 2 sites within the gp130 sequence and a series
of proximal tyrosine residues (bottom left) within the intracellular carboxy-terminal
sequence that activate STAT1 and STAT3 and the mitogen-activated protein kinase
(MAPK) cascade. The tyrosine residues included here relate to defined biological roles
(position numbers are for the human gp130 sequence). Tyr759 (the mouse equivalent
is Tyr757) is pivotal for docking of the tyrosine phosphatase SHP-2 and the cytokine
receptor signaling inhibitor SOCS3. Both factors act as negative regulators of gp130-
STAT signaling. In the context of infection, trauma and injury, sIL-6R is released from
infiltrating neutrophils, monocytes and T cells, but IL-6 trans- signaling is antagonized

by sgp130. The figure and its legend are taken from Hunter & Jones (251).
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3-2 MR ETE

3-2-1 fRIBERYEER

E2TCOECFHERZERIG. ENAFECFHEHRZERETLEERRE, (T
D, BERODEARZRIT TED - BHEORBICEDWHIRRIETICTTo 2
(FEFEES  13-005),

3-2-2 EtkEEERN

I Z B FORIBEEIL L. lactis subsp. cremoris NZ9000 (NZ9000; VS-
ELSO09000-01, MoBiTec GmbH, Goettingen, Germany ) ® UL < (&
Escherichia (E.) coliM15 (276) (M15; 34210, QIAGEN K.K., Tokyo, Japan)
Z Wz NZ9000 (& 0.5% glucose (16805-35, Nacalai Tesque, Inc., Kyoto,
Japan) Z&$ M17 $#1(218561, Becton, Dickinson and Company, Sparks,
MD, USA) (GM17) TE&E LT, BHEICIHU T, GM17 (T chloramphenicol

(08027-14, Nacalai Tesque, Inc.) (10 pyg/mL) Z7@mmLE (GM17cm), E
coliJM109 (JM109; 9052, TaKaRa Bio Inc., Shiga, Japan) & X0 MC1061

(MC1061; VS-ELS10610-01, MoBiTec GmbH) (&, Luria-Bertani (LB) &
# (1.10285.055, Merck KGaA, Darmstadt, Germany) TE&U, HEIC
J& U T, LB E#hic chloramphenicol (25 pg/mL) £ U < (& ampicillin (02739-
74, Nacalai Tesque, Inc.) (50 pg/mL) Z&HIUfco 6x b XA F I VIZHME (His-
tagged) GFP O&EFHIENY ¥ — (pQE-30 Xa-GFP) BT % M15 (M15-
GFP) (FHAEIUBICEBEL B DZAW=(277) M15-GFP (& ampicillin (50
ug/mL) & & U kanamycin (19839, Nacalai Tesque, Inc.) (20 pg/mL) #*
ANINU fc LB Bt TIEE U fo BERIERE OREIFEMIC 1.5%(w/NV) DEX(01162-
15, Nacalai Tesque, Inc.) Z#HMNUERL U 7=,

3-2-3 B FREBEXNI I —DIEE

— RSB F LTEREMIGAEDHBICHKE S 72(210),

IL6scFv Z# d— K9 %:8{5F (accession number: LC175907) (& L. /actis
subsp. cremoris MG1363 @ O RV {EREEIC&EEIL LA/ U (Fig. 3-3),
BIEFEHE Eurofins Genomics KK. (Tokyo, Japan) IC&EFEL. AREBIGEF
F7Z X2 R (pEX-A) 2BWT/70—=VY Uk, MBSNE 72X RIZE
coli IM109 ZFIWTIBIR L. UBDEERICA .,

IL6scFv B FDORIINI &Y —F. ABER 77X K (pNZ8148#2:SEC
(211), Fig. 3-4) ZRWk, BRELRTH LUV pNZ8148#2:SEC (IHlfREESR
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(Kpnl: 1068A, Hindlll: T060A, TaKaRa Bio Inc.) ZFRAWTHYIKTL = (Table
3-1). BBM A& 1% agarose (346-07831, Dojindo Laboratories,
Kumamoto, Japan) 7 )Lz WEXKENIC THEZR#. FastGene Gel/PCR
Extraction Kit (FG-91202, NIPPON Genetics Co.Ltd, Tokyo, Japan) ZF W\
TRE U B8 DNARKH & T4 DNA Ligase (M180A, Promega Corporation,
Madison, WI, USA) ZFBEWTZ4 4o —> 3> (Table 3-2) U. E. coliMC1061
NEAUT, LBem BEXE# FICBESsNcI0=Z—F 774~ — (pNZ F3126:
5-TGCCCCGTTAGTTGAAGAAG-3'/pNZ R340: 5-TCA ATCAAAGCAACA
CGTGC-3', Eurofins Genomics KK.OZFET —ERICERZKELZ) =AW
7230 =—PCR (Table 3-3) Tf##r U7zo D0 =—% LBcm JRIFEMICEIE L.
16-20 hrikE (220 rpm) &%, FastGene Plasmid Mini Kit (FG-90402,
NIPPON Genetics Co.Ltd) ZFAW TS A Rz LTz, BET IR I RIiE
724~ — (pNZ F3126, pNZ R340) ZzFWTY—47 > X (Eurofins
Genomics KK.ICZEFE) I UTc, BRITELF#EITY 7 & (GENETYX-MAC
Ver. 18.0.3, GENETYX, Tokyo, Japan) ZHWTET U . BAEBLGFICEE -
REDIGEWZ & ZHEZR U pNZ8148#2:SEC-IL6scFv (Fig. 3-4) O#BEEICEINL
oo

3-2-4 gmNZ9000 DiEEE

NZ9000 @ a>vEF > hEJLIE MoBiTec GmbH DEBEEED ([CFARL o,
PNZ8148#2:SEC & & V' pNZ8148#2:SEC-IL6scFv . #FNZFNEKZELES
FBWT NZ9000 ICEA LT b5, KELEOTem Fvy 7L I NOR
L—>3>FaxXv Kk (1652089, Bio-Rad Laboratories, Inc., Hercules, CA,
USA) [CavEFY M ILBER (40uL) 8KV FZXZ K (100-500 ng)
%Z 1N Z.. Gene Pulser Xcell (Bio-Rad Laboratories, Inc.) Z W\ T/VL X (2,000
V,25 uF, 200 Q) Ufzo F 2w M 500 uL dKiim GM17 SOC i&iEsHt (20
mM magnesium chloride (20935-05, Nacalai Tesque, Inc.). 2 mM calcium
chloride (06730-15, Nacalai Tesque, Inc.) Z&8 GM17) ZiNZ. KEIC5
mMin IME LU fco 30°CT 2 hr B#EEER. GM17cm EXIBHICESE. 51—
BEEUR, 5N d0Z—(F GM17cm RAEE#ICHE L. —RIEER. KE
BN 20%(v/Wicikk3d K527 Ut0O—)L (09886-05, Nacalai Tesque, Inc.) %
WU, -80°CTREL I,

3-2-5 gmNZ9000 (L H T BB Z B F DHIRFE
B2 BT FORIRFEE. 2mL. 50mLHULKF 4L R TTok, 30°CIT
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BT GM17cm RIS IC gmNZ9000 D —REkE &R % 5%(v/\V) B’ L. 0D,,,
= 0.4 ICB 2 £ TEEBEE LT, nisin (VS-ELKO1000-02, MoBiTec GmbH)
EREE O - 125 ng/mL 10723 & > [CIEBRICIA. &5(C 0 - 48 hr &EB1s
BUlk, BEKRTHE. OD,, ZHEL T,

3-2-6 gmNZ9000 H 5 DififEth ik & & CHEHR FIEBED DRE

3-2-6-1 RTVIHREFNYDL-RUFZI VL7 I RTIESIXE (SDS-
PAGE) /P IR%>7Ov T« H

3-2-5 DED., 2mL ZTHBAETTFORRZFE L, =D (8,000 x g,
4°C,5 min) ICX DAL v b EBEREEZDREL oo ML Y ME 1 mL
@ TES (Table 3-4) Ic#&&L. =D (8,000 x g, 4C,5min) 952 & THH
Uiz, BN icflif@_L v hE& 70 uL/OD,,, = 1 @ TES-L (5 mg/mL lysozyme
chloride (2084 1-54, Nacalai Tesque, Inc.) & & U protease inhibitor cocktail

(11836153001, Roche Diagnostics GmbH, Mannheim, Germany) Z&%
TES) [cBBEHL. KA/ v I Z ULEN5 37°C, 30 min B Lz, WMEHR. 30
uL/OD,,, = T @ 20%(w/v) sodium dodecyl sulfate (L3771, Sigma-Aldrich
Co. LLC,, St. Louis, MO, USA) Zi#&mmUL. &5I(C 100 uL/OD,,, = 1 ® 2x
Laemmli sample buffer (196-11022, Wako Pure Chemical Industries, Ltd.,
Osaka, Japan) %MZ 7z, B%&% 95°CT5 min IBRL. SDS{tUTz, BEBR
&% 1,500 pL BN L. KB LTz 100%(w/v) trichloroacetic acid (T4885,
Sigma-Aldrich Co. LLC.) %Z 300 pL iz & <BFfUTco KEIE 3 hr RE L.
=D (20,600 x g, 4°C, 15 min) &K DB ZEBIUIL = LR %Z 400 uL
M acetone (00310-95, Nacalai Tesque, Inc.) ICE&EL. =0 (20,600 x g,
4°C, 15 min) 352 &THRAFEU, HFIEMIC 2EHEDRU oo F5NTILE
Y% 50°CTRLICFZE L. 60 pL/OD,,, = 1 ® TE (sucrose Z&F R\ TES)
ISR LTz, 2D 2x Laemmli sample buffer Zi1z. ERET—HKET S
Z&TSDS1bUL T,

3-2-6-2 &

3-2-5 D@D 4L ZFTHBAEGCFORRZHFEL 2. =0 (3,000 x g 4°C,
20 min) ICXD#RENRL Y bZEN Uz, ML v M 800 mL DEHEA
buffer (IMACO, Table 3-5) IC®&&UL. =D (3,000 x g, 4°C, 20 min) 95
CETHHRU, Wi fic 1 BiEDhERUE, B5niciiaXLlL v ME-80°CT
BiELU. BREZED 3 F20 aluminum oxide (019-01975, Wako Pure
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Chemical Industries, Ltd.) ZFWTHSA LTI DELE (onice, 15 min),
R IE. 160 mL @ ethylenediaminetetraacetic acid-free protease
inhibitor cocktail (11836170001, Roche Diagnostics GmbH) Z &% IMACO
TEUR ULz, & (15,000 x g, 4°C, 15 min) #. mAMBED %= Migimtr &
L TEUR U feo MfgmEEIES ) Y7 4 )L — (pore size: 0.2 um; 17597-K,
Sartorius Stedim Biotech GmbH, Goettingen, Germany) Z W TEZE{E L.
BELICEE (3-2-92R) ICAW,

3-2-6-3 ELISA A

3-2-5 DED. 50 ML R THIMZ ETFORIRZFEL 1o, =D (3,000 x g,
4°C, 20 min) IC&K DALy hZEEUR UL, MilgXL v ~id 10 mL @
phosphate-buffered saline (PBS, Table 3-6) [c#&&U. &D (3,000 x g,
4°C, 20 min) 952 & THAFEUc. #EIEMIC 1 BRDRU ., Bo5niciliie
RLvy NE 3-2-6-2 EEFICHSER WL, BEERYIE. 10 mL D
protease inhibitor cocktail Z&% PBS TEIUX U 7z, =Dy (15,000 x g, 4°C,
15 min) . AN E D Z Mgt & U TEUR L. Pierce BCA Protein Assay
Kit (23225, Thermo Fisher Scientific Inc., Rockford, IL, USA)ZFHW\T% >~
INVERBEZRE LT,

3-2-7 M15-GFP [ 13 DX 7 V)NV B D FKIFFE & gt g DRSS

M15-GFP ([C& T 2R 2 5 VNV EORRFEL, DA EICHE> TEHRE
L7(277)e HRIRFERTH. MAOAEICHK > THIZMERZARE L 2(277),
BonfMEmERIE. BEEBITICED IMACO ICBZH#Z. BESICHER (3-
2-9ZR) IcAW

3-2-8 SDS-PAGE/w T 24> JAv T4V

3-2-6-1 BKW 3-2-9 TELY Y TILIE. 15%(vVRUTZIIILTZ I RTIL

(Table 3-7) ZF\\/c SDS-PAGE It U fco SDS-PAGE IZi& Running buffer

(Table 3-8) ZFW. EERT (10mA) TH YLz EiEk. EEET (200
V) THEELZH50min kB UTc, BT, —38dD 4 )L%Z Coomassie Brilliant
Blue R250 (00352, Polyscience, Inc., Warrington, PA, USA) ZHWTHE
L. N RZEBELU, AT, REEDTIILZHAWTERL /> K& PVDF
f& (10600029, GE Healthcare, Buckinghamshire, UK) ICEE U Tz, EEIC
i& Transfer buffer (Table 3-9) ZFW., EEET (100V) T 1 hri@&EU 7,
BERTHEEZ 5%(w/v) skim milk (MORINAGA MILK INDUSTRY Co., LTD,,
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Tokyo, Japan) Z&% 0.05% (v/v) Tween20 (35624-15, Nacalai Tesque,
Inc.) & tris-buffered saline (TBS-T, Table 3-10) ICZRET1 hr’ 292 & T
JOvx>P U, BE®D TBS-T ZAWTEZ 3 [E%% L. mouse anti-His-
tag antibody (1/1000) (652501, BioLegend, San Diego, CA, USA) =&%
TBS-TIC4CT—R L. BE®D TBS-T ZFHWTHE% 3 [0]i%% L. horseradish
peroxidase (HRP) -conjugated goat anti-mouse IgG antibody (1/5000)
(A4416, Sigma-Aldrich Co. LLC.) Z&ET TBS-TICERT 1 hrixUr. Rt
EHE (X ECL Prime Western Blotting Detection Reagent (RPN2232, GE
Healthcare) ZF L\, /\> K& ImageQuant LAS 4000 mini (GE Healthcare)
ZRAWTHRE U, Imaged (278)xAWeT Y M X KNY—CT, BH UL/
RzEEU T,

3-2-9 His-tagged ¥ ~/\J B DFH

His-Trap HP A5 L (17524701, GE Healthcare) Z=RWcEE{LE&E1 A
VTP T4 ZT4—VAXKNIT T T7 4 —DFEICT, MEHmERED His-tagged
SONRVBERBELULE, 7AONXY MY T 7 4« — (& fast protein liquid
chromatography system (AKTA pure 25, GE Healthcare) ZFBWTEREL
foo 3-2-6-2 £ KV 3-2-7 THESNMREMERIF. Superloop (18111382,
GE Healthcare) ZAWT. IMACO T¥#E{tLicAHZALICA—R U, 10
column volumes (CV) @ 20 mM imidazole (19028-22, Nacalai Tesque,
Inc.) Z&8% IMACO ZFWTAHTAZERFUIce NI ALIKEEBULIEYVYINVE
. YZF7UZ YTy MNAH (imidazole JBE : 20 - 500 mM, 30 CV) DOFI|E
THAEUco IRNTOFIRICEWT, F&ElE 1 mL/min TEEL Rz, 85N c®
B2 (BHEE], 7O0—X)L—. FTHELIOAEH) &, 3-2-8 D@D SDS-PAGE &
KOV IRGYYTAYvT a7 ZBWTEHIT U, rGFP Z&UAHE D &, &K
HAKZAWT—BRBENT L. BEIZERICTEMRLU . B rGFP 01 His-tag ik
ICXNTBRIGHEE. VIR TAOvT1vY (3-2-858) LV ELISA (3-
2-1028R) ICTKRAEEL fo, rIL6scFv Z & LB HEDE. PBS ZAWT—KE
L. BRAEBE (4305, Merck Millipore Ltd. Co. Cork, Ireland) % B\ TE#E
Ufco BHERFD riL6scFv BE(E. BH® rGFP Z X V5 —RKFVINNIEET
B2UVIRYVTAYT AT (3-2-88H) ICLDRE UL,

3-2-10 ELISA
His-tagged 7 >V /\VB%Z&RET B/ lc. —MRIA ELISA OFEZEH W
(279)0
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3-2-10-1 His-tagged ¥ >~ /X7 B D1 His-tag FAIC KT D RISMEDRET

3-2-6-3 TR L cMfgmE® (20 ug/100 ub) UL (& 3-2-9 THRE L
rGFP (various amounts/100 uL) % 96-well immuno-plate (442404, Nunc
A/S, Roskilde, Denmark) ICIEE. 4°CT—IRE T 2 Z & TEME{L Uz & well
% 0.05 % Tween20 (35624-15, Nacalai Tesque, Inc.) &% PBS (PBS-T)
T3EEHELUZ, & well [T 3 % bovine serum albumin (010-15153, Wako
Pure Chemical Industries, Ltd.) Z&% PBS-T (Blocker) Z#&Z (200 ulL).
ERT2hr BT 52 & T/AYF VY Ufc, PBS-T ZFWTH well = 3 Bl
%1%, Blocker T 1,000 %R U 7z mouse anti-His-tag antibody (652501,
BioLegend) Zi#&Z (100 uL). ERT2hr &L o PBS-T ZHWTE well
% b5 [O%53%% . Blocker 5,000 &4 R U 7= HRP-conjugated goat anti-mouse
lgG antibody (A4416, Sigma-Aldrich Co.LLC.) %3#&= (100 uL). =E7T 1
hr ®RE Lo PBS-T ZHWTH well 7 7 E%F®. 3,3,55-
tetramethylbenzidine (05298-80, Nacalai Tesque, Inc.) Z#= (100 uL).
FRTI15mn RE Lz, BEER&XIGIE 2 N sulfuric acid (100 uL) (95626-06,
Nacalai Tesque, Inc.) ZHWT{EIEL. iMark Microplate Reader (Bio-Rad
Laboratories, Inc.) ZBW KK 450 nm OIERFEEZRE U Tco

3-2-10-2 rIL6scFv @ mIL-6 X9 2 iEEE DRSS

96-well immuno-plate (442404, Nunc A/S) I 1 ng/mL rmIL-6 (406-ML,
R&D Systems, Inc., Minneapolis, MN, USA) Z#&=Z (100 pL). 4°’CT—rER
B9 52 ETEMBLZ, PBS-T ZHWTE well & 3 [%/%%. Blocker =%
& (200 pb). ERBT2 r KEY 22 &Tc/OvF > LTz, PBS-TZAWT
& well 7 3 @ %E. 3-2-6-3 THEL MgmE& (200 ug/100 ub) 5L
& 3-2-9 THRELBRZ Y V/NUE (various amounts/100 uL) ZHEZ=.
FRT2 hr REUT, PBS-T ZAHWTE well &7 5 B%E4%#%. 3-2-10-1 &Rk
IZ. ¥T His-tag ii&% AW\ T His-tagged ¥ > /\V B %=&H U Tz,

3-2-11 #fFetfgir

IARTOFEEEITIE. HETETY 7 b7 27 (ystat2004.xls, Igakutosho
Shuppan, Tokyo, Japan) ZFHWTEBE L, HBEOHAEZNERE(Z
Student's ttest 6 U < [F—TTEEDEAHTIC5] E#Ht < Dunnett's test ZFAWT
B UTze BRKE ald 0.05 ZAW,
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CAGGTCCAATTGAAAGAATCAGGGCCTGGATTAGTCCCTTCACAATCATTGAGTATTACATGTACTGTTAGT
GACTTTAGCTTAACCAATTATGGTGTTCATTGGGTTCGTCAATCACCAGGTAAAGGCTTAGAATGGTTAGGA
GTTATTTGGTCTGGTGGGTCAACAGACTATAATGCAGCTTTCATTTCACGTCTTTCTATTAGCAAAGATAAC
TCTAAATCTCAAGTGTTCTTTGAGATGAACTCATTGCAAGCTGATGATACTGCCATCTATTACTGTGCAAGA
AATGGTAATCGATATTACGGATATGCGTTAGATTATTGGGGTCAAGGGACTTCTGTTACAGTCTCATCTGGT
GGTGGCGGAAGTGGTGGTGGTGGTTCAGGAGGTGGAGGATCTGATGTAGTGATGACACAAACTCCCTTATCA
TTACCTGTATCTTTAGGCGATCAAGCAAGCATTTCTTGTCGTAGTTCACAAAGTATTGTTCACAGTAATGGG
AATACGTATTTAGAATGGTATCTTCAGAAACCAGGCCAATCACCGAAACTCTTGATCTATACCGTTTCTAAT
CGTCTTTCAGGAGTACCAGATCGCTTTTCAGGGAGTGGTTCAGGCACTGACTTTACACTTAAGATATCAAGA
GTAGAAGCTGAAGATCTTGGAGTTTACTATTGCTTTCAAGGAAGTCATGGACCATATACGTTTGGAGGAGGA
ACAAAACTCGAAATTAAGCTGCAGACCTGCGGCCGC

Fig. 3-3 A DNA sequence coding for IL6scFv (accession number: LC175907) was

synthesized upon codon optimization for L. lactis subsp. cremoris MG1363.
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S

Fig. 3-4 Schematic representations of lactococcal gene expression vectors. A
lactococcal secretion plasmid, pNZ8148#2:SEC (A), was integrated a DNA fragment
coding for IL6scFv gene in MCS to construct an ILé6scFv-secretion vector,
pNZ8148#2:SEC-IL6scFv (B). P: nisin A promoter, SP: sequence of the signal peptide
from the USP45 protein, His-tag: hexahistidine tag, MCS: multiple cloning site, T:
terminator, rep: replication gene, cat: chloramphenicol acetyltransferase gene. The

figure is taken from Shigemori et al (229).
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Table 3-1 Reaction solution and conditions for restriction enzymatic reaction.

Component of reaction solution

10x M buffer (TaKaRa Bio Inc.) 2 uL

DNA 1ng

Kpnl (1068A, TaKaRa Bio Inc.) 1L

Hindlll (1060A, TaKaRa Bio Inc.) 1L

Ultrapure water up to 20 pL

Condition for reaction

37 °C overnight

75 °C 15 min
Table 3-2 Reaction solution and conditions for ligation.

Component of reaction solution

10x buffer (Promega Corporation) 2 uL

DNA 8 uL

T4 DNA Ligase (M180A, Promega Corporation) 1TuL

Condition for reaction

4 °C overnight
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Table 3-3 Reaction solution and conditions for colony-direct PCR.

Component of reaction solution

EmeraldAmp PCR Master Mix (RR300A, TaKaRa Bio Inc.) S5uL

Primer mixture (pNZ F3126/pNZ R340, 10 uM each) 0.5uL
Ultrapure water 4.5 pL
Colony trace

Condition for reaction

95 °C 5 min
95 °C 30 sec
60 °C 30 sec
72 °C 1min
40 cycles

4 °C soak
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Table 3-4 Composition of TES.

Tris (35406-91, Nacalai Tesque, Inc.) 10 mM
Ethylenediaminetetraacetic acid (14347-21, Nacalai Tesque, Inc.) TmM
Sucrose (30404-45, Nacalai Tesque, Inc.) 25 %
in distilled water

pH 8.0

Table 3-5 Composition of IMACO.
Sodium phosphate (31801-05, Nacalai Tesque, Inc.) 20 mM
Sodium chloride (09649-15, Nacalai Tesque, Inc.) 500 mM
in distilled water

pH 8.0

Table 3-6 Composition of PBS.
Disodium phosphate (31801-05, Nacalai Tesque, Inc.) 10 mM
Monopotassium phosphate (28721-55, Nacalai Tesque, Inc.) 1.8 mM
Potassium chloride (28538-75, Nacalai Tesque, Inc.) 2.7mM
Sodium chloride (09649-15, Nacalai Tesque, Inc.) 137 mM

in distilled water

pH 7.4
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Table 3-7 Composition of polyacrylamide gel.

Component of running gel

30%(w/v) acrylamide (018-25625, Wako Pure Chemical

Industries, Ltd.) 000wt
1.5 M Tris-HCL (pH 8.8) 2,000 pL
10% sodium dodecyl sulfate (L3771, Sigma-Aldrich Co. LLC.) 80 pL
10% ammonium persulfate (A3678, Sigma-Aldrich Co. LLC.) 27 uL
Tetramethylethylenediamine (205-06313, Wako Pure Chemical

Industries, Ltd.) Hul
Distilled water 1,920 pL
Component of stacking gel

30%(w/v) acrylamide (018-25625, Wako Pure Chemical

Industries, Ltd.) 00k
0.5 M Tris-HCL (pH 6.8) 625 L
10% sodium dodecyl sulfate (L3771, Sigma-Aldrich Co. LLC.) 25 pL
10% ammonium persulfate (A3678, Sigma-Aldrich Co. LLC.) 8.3 uL
Tetramethylethylenediamine (205-06313, Wako Pure Chemical

Industries, Ltd.) >>HL
Distilled water 1,440 pL
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Table 3-8 Composition of Running buffer.

Tris (35406-91, Nacalai Tesque, Inc.) 3g
Glycine (17109-35, Nacalai Tesque, Inc.) 144¢g
Sodium dodecyl sulfate (L3771, Sigma-Aldrich Co. LLC.) 1g
Distilled water uptolL

Table 3-9 Composition of Transfer buffer.

Tris (35406-91, Nacalai Tesque, Inc.) 3g
Glycine (17109-35, Nacalai Tesque, Inc.) 144¢g
Methanol (21914-03, Nacalai Tesque, Inc.) 100 mL
Distilled water uptol1lL

Table 3-10 Composition of TBS-T

Tris (35406-91, Nacalai Tesque, Inc.) 3g

Potassium chloride (28538-75, Nacalai Tesque, Inc.) 0.2g

Sodium chloride (09649-15, Nacalai Tesque, Inc.) 8g

Tween20 (35624-15, Nacalai Tesque, Inc.) 0.5mL

Distilled water uptol1lL
pH 7.4
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3-3 &R

3-3-1 NZ-IL6scFv i+ > VRIBIEKEFRIIC riL6scFv ZE4A - DT S

VIR TAY T VTICEWT, T4 Y VRMBTESL 2 NZ-
IL6scFv BB DR & D rIL6scFv D2 aiER{A (34.0 kDa) & &K U9k
Bl rlL6scFv (31.2 kDa) DR FEIC—HT 2/\> K28R ULz (Fig. 3-5 B),
o, FABEERBROBERLEEEASDSF. 2B riL6scFv c—&I 2V
TNy RegH Ul (Fig. 3-56D)s —A T, 4 Y VRIBHTIEE L 2 NZ-
VC LV Y VERMETES L 2 ED gmNZ9000 Dififgmta® £
UEER BB NS &, rILéscFv Ic—% 9 %/\Y RigktE s hiah -7 (Fig.
3-5B,D), CBB#ETIE. WIThDHY Y FILHSE riL6scFv D/NY RERET
2 ElEFTERI o> (Fig. 3-5 AC),

3-3-2 NZ-IL6scFv [c & F 5 rIL6scFv D RE D MK EEDIRTE

NZ-IL6scFv IC&(F 3 rIL6scFv DRBE R MEAEZRE T B oI M ZER
FORFFTEHE UL THWS TV VYDORIMBE . 714 Y ViR DIEERHE
ICDWTHRET UTco BRARBED 1YY (BREE 0-125ng/mL) =N,
3hr4>FaR—KUREBERD OD,, l&. 71 2 VHRINEEKREFERICHEA U
(Fig. 3-6 A)o &K IT. TA IV VERIIBEREHLEBRLU T, 0.78 ng/mL L ED
FAIVERNNUCEERICEWVWT, EEGHIEHEOEENER I N (Fig.
3-6 Ao —AT., HREELOEBERLBICEIT S rIL6scFv DEAE(F. T4

VININEEMKREFENICEML 2 (Fig.3-6B), LML, 1.56ng/mLUEDF1 >
VAW THEEL fc NZ-IL6scFv DIBER EBICEWT riL6scFv D7 bRTER{A
DI\ RzRER LT (Fig. 3-6 B, Sup)s 1 ng/mL 71 > > ZRIMNEDEER
OD,., l&. 7 hr £ TRREKREFNICEML =z (Fig. 3-6 C)o 7 hr UEEIE. OD,,, =
20~25ICLE LK (Fig.3-6 C), MEICH TS riL6scFv (&, 71 > VRIE#E
1 hr TEREEL. 8 hr LIFETIEENRL 7z (Fig. 3-6 D, Cel)s —A T, BERLE
BICHITZDWE rIL6scFv DEAEIFRBEERENICEIML. 12 hr LIETIE
riL6scFv O RIERAED /N> KEfER S e (Fig. 3-6 D, Sup).

3-3-3 #1 His-tag M IC RIGEZE T % rGFP DfEH
riL6scFv ICxd9 2y hO—=ILY VNV BEZ B Zf=HIc. M15-GFP £ D His-
tagged rGFP Z15® U7c (Fig. 3-7 A)., BELBERICE T2 BHED D S SHEE
D rGFP z/B7= (> 99%) (Fig. 3-7 A)o ELISAKB KU DT RS> JOYVT vV
JZBWT. B& rGFP D1 His-tag fifflcxd 9 2 kit zi&st Lz (Fig. 3-7
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B.C)o WINDBETICHEWTH, rGFP 2 &1 His-tag AD KIGHEDEICE W
HENE SNz (Fig.3-7 B,C), ULEDHERMS. HBE rGFP (& His-tagged O
YEA=WETYIRVEE LU THRARETH S ENRENT,

3-3-4 NZ-IL6scFv 5 D rIL6scFv D EHl

His-Trap HP 15 AZFAWT, +4 ¥ VFE L fc NZ-IL6scFv DififamtiR &
D riL6scFv =& U1z, BEBETEShIBALRIE 3 DICEL (Fig. 3-8
A). BREODR®EHWF-3 ZLIEOEERICAW: (Fig. 3-8 B), F-3 IR/ EE
ICTEBMER. rGFP ZY NO—ILYYNVBESTZVIRIVYIAY T4 VY
It L. REMERD rIL6scFv EE%Z 3 ug/mL &3RE UL (Fig. 3-8 C),

3-3-5 NZ-IL6scFv D EA T % rIL6scFv [ rmIL-6 [ L TR EFEEZHF I 3

riL6scFv @ rmIL-6 [ZX9 2 RREEME(IE. Fig. 3-9 A D@D ELISA ZHWT
B UTco RV AT AICKER rIL6scFv Z#IGT B &, ¥V /N EBEKRENIC
A, EBNEF UK (Fig. 3-9 B)e —AT. BE rGFP ZHEILGUIZED A, B,
BE LTSN TORELEBNTR—RT1 Vo7 (Fig. 3-9 B). BWT.
gmNZ9000 HED#fifgih &% His-tagged 7 > /XU BOMHEIRE U THU.
riL6scFv O &EEMEERET U (Fig. 3-10), NZ-VC & & U8 NZ-IL6scFv [c &
WTH o Y VRBIC K DESE Uz His-tagged 7 /XU Eld. #1 His-tag Hiikic
RitkEEET D ExEMSR (Fig. 3-10 A)s Th 5 His-tagged ¥ >/ &
DAL, rIL6scFv DHH rmIL-6 ICRIGHEZBT 2 Z ENBES MR > (Fig. 3-
10B)o ULED#ERIS. NZ-IL6scFv DELET 3 rIL6scFv (& rmIL-6 [ L T
REEEEFIT DI ENRINT
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Fig. 3-5 Detection of rILéscFv. Gene expression was induced in NZ-VC (VC) and NZ-
IL6scFv (IL6scFv) with (+) or without (-) nisin. Cellular extracts (A, B) and culture
supernatants (C, D) were analyzed with SDS-PAGE (A, C) or western blotting using an
anti-His tag Ab (B, D). The black and pink arrows indicate the secretion precursor of
riLéscFv (34.0 kDa) and the secretion form of rlLéscFv (31.2 kDa), respectively. M:

molecular weight marker. The figure is taken from Shigemori et al (229).
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Fig. 3-6 Optimization of the conditions for riL6scFv secretion in NZ-IL6scFv. (A, B) NZ-
IL6scFv was cultured with various concentrations of nisin (0 to 12.5 ng/mL). (A) After
3 hr incubation at 30°C, an OD¢qo in each culture was measured. *P < 0.05, **P < 0.01
vs. 0 ng/mL nisin. (B) Cellular extracts (Cell) and culture supernatants (Sup) were
prepared from each culture, and analyzed with western blotting using an anti-His tag
Ab. (C, D) NZ-ILéscFv was cultured with 1 ng/mL nisin for O to 48 hr. (C) An ODgqp in
the culture was measured at indicated time points. (D) Cellular extracts (Cell) and
culture supernatants (Sup) were prepared from indicated time points, and analyzed
with western blotting using an anti-His tag Ab. (A, C) Data are the mean * SD from
three independent experiments. (B, D) Black and pink arrows indicate the secretion
precursor of riL6scFv (34.0 kDa) and the secretion form of rlLéscFv (31.2 kDa),
respectively. Similar results were obtained from three independent experiments, and

representative data are shown. The figure is taken from Shigemori et al (229).
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Fig. 3-7 Purification and characterization of rGFP expressed by M15-GFP. His-tagged

rGFP was expressed in M15-GFP, and purified from crude lysates of the M15-GFP cells
by immobilized metal ion affinity chromatography. (A) Fractions obtained from the
purification procedure were analyzed by SDS-PAGE. (B, C) Different amount of
purified rGFP was subjected to western blotting (B) and ELISA (C) with an anti-His tag
Ab. Similar results were obtained from three independent experiments, and

representative data are shown. (A, B) Green allows indicate rGFP (30.7 kDa).
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Fig. 3-8 Purification of rIL6scFv. rIL6scFv was purified from cellular extracts prepared
from nisin-induced NZ-IL6scFv by an immobilized metal ion affinity chromatography
technique. (A) A chromatogram in the elution phase in the chromatography. The
eluent was collected in three fractions (F-1to F-3). (B) Fractions obtained from the
chromatography were analyzed with SDS-PAGE (upper) and western blotting using an
anti-His tag Ab (lower). (C) rlLéscFv concentration in the F-3 concentrate was
determined by western blotting with an anti-His tag Ab. Various amounts of rGFP
purified from M15-GFP were used as a standard protein. Ten microliters of a two-fold-
diluted F-3 concentrate was applied to SDS-PAGE. Densitometric analysis was
performed to draw a standard curve, from which the rIL6scFv concentration in the F-
3 concentrate was determined as 3 ug/mL. (B, C) Black, pink, and green arrows indicate
the secretion precursor of riLéscFv (34.0 kDa), the secreted form of rIL6scFv (31.2 kDa),
and rGFP (30.7 kDa), respectively. The part of the figure (A, B) is taken from Shigemori
et al (229).
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Fig. 3-9 Immunoreactivity assays of rILéscFv. (A) A schematic representation of the
assay based on an ELISA technique. A solid phase-immobilized rmIL-6 was reacted
with the His-tagged proteins. The rmlL-6-binding proteins were then detected with an
anti-His tag Ab. (B) Different concentrations of purified rIL6scFv (pink) and rGFP
(green) were applied to the ELISA system to determine their rmlIL-6 reactivity. Similar
results were obtained from two or three independent experiments, and representative

data are shown. The figure is taken from Shigemori et al (229).
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Fig. 3-10 (A) The reactivity of cellular extracts from gmNZ9000 strains with anti-His
tag antibody was examined by ELISA. Cellular extracts (20 ug of protein) from nisin-
non-induced (-) or nisin-induced (+) gmNZ9000 strains were immobilized on ELISA
plates, and were further detected with anti-His tag antibody. ** and ## mean
significant differences versus VC (-) or IL6scFv (-), respectively (P < 0.01). (B) A solid
phase-immobilized rmIL-6 was reacted with the cellular extracts (200 ug of protein)
from nisin-induced (+) gmNZ9000 strains that were used as a source of His-tagged
protein. The rmlL-6-binding proteins were then detected with an anti-His tag Ab. **P
< 0.01. (A, B) Similar results were obtained from two or three independent
experiments, and representative data are shown. The part of the figure (B) is taken

from Shigemori et al (229).
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34 ER

gMLAB (&, scFv DEX TSV h 7 A—LEULTHEWEEGHZBLTWSEE
A%, B—lc, ABREICKE T2 ECFHRBARMORKENS, BIRZ YV IINTE
DMBENRBREES AT LADNEEZLKEFET D, &< (T, L lactis &I+ 3 nisin-
controlled gene expression (NICE) system (&, RHMENZETFHREI X
FTLOVEDEUTHEICAWLWSNTWS(13), FIC. gmLAB [$HE#Z 5 >
INTBOMREEREARE U TERICERERS I DI ENAETHD (BIBRZ YV
INTBORBHENTRE), IEROMAERELERL T, HEIX M ZKIBICERTE
ZAEEHENH D, CNFET. WS DODDIAFRICEWT, scFv ZEAET 5 gmLAB
DEBEIBESN. ET /LI Z B WRIRKRARIC TRED TR - BEIRERD
BRET SN TE/ (143,146, 147, 280), Bl Z 1. Kruger et al I&. Streptococcus
mutans @ streptococcal antigen /1l adhesin molecule (X395 scFv ZE4XE
9% gmLAB (Lactobacillus zeae) %z L. B gmLAB OROKRSIEV T+
CHBITEDOMMZERI D EZRLE(143), UM UL, i1 N> scFv =&
9% gmLAB DEEIFINE THRENEL  ZOFAMES RHI N TULRL,

KiFFIE. NICE system ZE#E LT, #1 IL-6 scFv iikZE 72549 % gm-L.
lactis DEREICIDBAATL, FBRELT. T 2 VRIBIKEFENIC rIL6scFv ZE
A - 99 % gm-L. lactis (NZ-IL6scFv) DEEICAINU fz, HEUL T, rlL6scFv
DESE -DWNEOH EZBMIC BRZ Y VI VBEORRFEXGFEZIRET U T
riL6scFv OFI - MBEF. BRI EGCFOREFTEHNE UL THVWS 12 VD
NIDEEMRENICEM LTz, —A T, 1.56 ng/mL U EDF 1 ¥ VEFEET T
MRS DR = N S B WHRER 5 >~ /87 & (rIL6scFv D BEIERIR) DIREH
BRINfc FAY VI, —3BD L. lactis NEET Z2MEERTFRK (X7 F7
ATv) THO., HEEOAEKRCHREDOSHREEZN U TZONMEEZ RKE
95(30, 281)s F1 ¥ YVHRIMBEEMREFENIC NZ-IL6scFv DIEFENAE SNz
EZ IR L T, riL6scFv iR DIBER L ENDRHIF. EED 1Y
ICKBHMBEDEENRETH DI ENEZ SN, ULEDERMNS., rIL6scFv 7
WMICHKITEZEREFAYVVEEIE 1 ng/mLEREL. 1 ng/mLDF1 Y VEHE
TICHEWT, NZ-IL6scFv (&7 hr FTHEIEL. # > T, riL6scFv O BEHI B
MUfce —AT. 8hr UREFEFH/FEBIAICAD . #HIENICE TS riL6scFv O
EAXEFERU. £ 12 hr IEDIBEER EFICEWT riL6scFv O E]
RAEDMRE SN, BEICK 2RENRREDRE SN, /> T\ rIiL6scFv 72
ICH T B2 RIEFERFE Z WEIBTEHABRIAD 6 - 7 hr [TRE U T,

MRE B L TNSBRHDFTHSD scFv (F. EHEANDEVWEEEPEVWGEER
MHEOBRRKRIGBICEWTHERULWEEZB L TWS(282), fiE> T k& L TRE
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2IEMEET S scFv (& MAERICHEITZ2REEE L COMANEFINT
W%, £ THRIEIL. riL6scFv OfifkE U TDREEIEZ. ELISA ZRBWLWTIR
S UTo RELISA Y X7 AICEWT, rlL6scFv (& rmlIL-6 (cfEE L. #t His-tag
MAEICREENS Z EPASMNMCE S Tce —A T, IV MOA—IILTVIRIEEL
TH W= rGFP & & U NZ-VC B3ED His-tagged ¥ > /N V& d rmIL-6 \ND#ES
FERINBD T, T84 5, NZ-IL6scFv B EAT % rliL6scFv (&, .I¥ T X
IL-6 A& U TCOREEZET 5 I EAFAI N,

IL-6 7YV TIE, HRICE T DEMERERE. BCREREESLUTH YD
REERICEWTEERKE ZIE>TWSEEZ SN TWS(251, 283-285),
ZIE IL-6 FREEBRRICEWT, THEOSMEOEE., BiEZAHT T
ETOHILBRIRICKRIT D2 REZBRT 22 ENHMSNTWS(284), HEEE T
i, mixed eosinophilic-neutrophilic bronchitis DIBEE N U CTHit&EE %= EE
TBIENBESIN(273), MICH. IL-6 KFHLR STATI DiEMEILIEHT >
FADIBIEE EFZRET DI &S EEOREICEEM TSN TWS(285), &
B2 &, IL6 Y7 F Uo7 Oy Y IEOKREE. INSEEDET
IWEHICEWTREBENRZRIET S ENRESINTWS(271, 273, 286, 287),
INSDEEMNS, NZ-IL6scFv Z B\ e rIL6scFv D FLRIERIb (E. FEREICE 1T
DEBMEREPH Y DFE - BRICE W THRALREERICARZHE UL,

FEHB &, KfFEIE rIL6scFv = E4E - 29 % gm-L. Jactis (NZ-IL6scFv)
DELICHIN U Tzo oo NZ-ILBSCFV I BT % rIL6scFv Db 5l % R E
Ufco BEERZ EIT, riLBscFv DY T R IL-6 k& UTOREEEZIEE L
foo REAFIE. gMLAB ICH T2 T 1 M A > scFv OFESE - 9ib 7z R U ER
DR E 78> fco NZ-ILBSCFV (& rIL6scFv D3RR EARER & OHGEEMRE
ROMERFREICEWTHEANRY —ILICRZHE UV, RIFFERRENZMAR
MAEEOERICAIT-ERNAMRICERZ I EZFE>TWS,
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EIE
DY BZbM70O7YyERMT S Lactococcus lactis

HIRZ AEDBREMEB/Z Y VN BOEHETEEDRE
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4-1 ¥#E

BZ7hrO7UY BLG) E 7ZIEUHETIREBHAUE L VEDHD
ERBEY (TF. N AIILA XAF) ODHAICEFEFND T VINVETHS(288,
289), UNMU.BLG IdE hDIICIFE<H UL IFSKHWEICULHIEFEELRWVWT &
NBEINTWD, RBEYDILICEWT, BLGIREERRIA Y VINIETH
%, BIZIE. FFICEWT. BLG [F/IRIT A5 > /N7 EDH 50%. #5 VINIED
7~12%%Z 4562 (2~4g/L) (290), BLG (F. 162 7 X /EEERENSH S
BHR/NSBIKRIRY VINVE T, P TFEERE L% 18 kDa TH5(290), BLG (&
pH OZ{bIC K DBEERE UK FLERZNT 2HEEZRD. /4105, pH 3.7
~5.1 TEZEAEHNSN\ER, pH5.1 ~6.5 TIEFZERZFMT SH. pH3.5LL
TEELT pH 7.0 U ETIEEERICHERT 5(291), REICESD X T, BLG 04
BRNFEERIFBPEICINTWEWL, LML, BLG ® 3 XRiEEIF. LF/—ILiE
BYVIRVBEVYE ) VREEYVINVE. NEV T UEEY VN VEETWER
MZzBITDIENS. BKENIFOEEPEBRDRE ZHEH->TWEEEZ SN
TW3(292),

INET.BLGYPZENICHR T ZIRTFRIFERIAEEREZRIET SN
RESNTWBBPZIE.BLG IZFAT7 LILF—DEERERYE (ZLILT V)
THH., AEBOREFAEZEMNE ULBRMERECEITZREY V/INVEEL
TOMAIEBFENTWS (293, 294), —/H T, BROBICEIDEUR BLGH
ERTFRNIF. BEER. MBI ER. MEER. iBKRKE. BEERL L.
LEBERREIERZRIET 22 EhRESINTWS (Table 4-1) (288, 295),
e, RV YO RN TFI Vv EWSTOBIEBERODMRICEDEL T BLG RY
F K&, dipeptidyl peptidase IV (DPP-IV) OEEZEET 2 ENRETNT
£, 2HBERFHLEERORBYE U THEFESNTWS(296-300), DPP-IV (B4
CD26) & £HFEANICEEBNICEET 2>y 7A77—ETHD . A1V ILFY
BB ETB(301)e 17 LFUE, BERBGEICRIGUBE RO L i
26 U <& K fifgh 9 2EEBERILEY TH D, EIT glucose-dependent
insulinotropic polypeptide & glucagon-like peptide-1 M55, 1 V7 L F
Vid. BBICERARZHS. BHlEICL D1 VY R o zREL., afifdic kb
JIATVESZIFIT 25(302), I7/aoE. DPP-IVEERIE. 1> I LF>0D
REZNU TEROBERBEZHET 2 ENBEFIND, ERIC, EILYTUT
Fy. UXxGoUTFy, FATITFY UFTIUTFFrEWSTZ DPP-IV
FEE, 2BBREOBEREESE UTEKRSHEI N TWS,

INETIC, BLG ZEL T I HEMIZ A (genetically modified lactic
acid bacteria: gmLAB) D#hfE (BOH6 UL FRE) H5EF. FIAT7LILF—F
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T BLGREY T R) ICBFZT7LINF—RIEZF - BRI S ENREN
TW3(126, 127,130, 132,303), 975, gmLAB ZF\\/c BLG OH&fET
NN —F A7 LILF—OFBRREICETEHIA T« 7L TEESN
TW3, LN L. gmLAB W EEAT % BLG ICDWT, AAKAEIEEEICEAT RS
FTEELRW, 22 TARARKIE. 7 BLG (bBLG) Z 939 % gm-Lactococcus
(L) lactis (NZ-BLG) Z#%E L. #i#2X bBLG (rBLG) &ZDERDEY DA
BENE (PLILT VS KO DPP-IV EEEM) 2RI &ZzBMNE U,
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Table 4-1Bioactive peptides derived from BLG (288, 295).

Fragment Sequence Enzyme Activity Ref.
f(145-149) MHIRL
f(42-46) YVEEL Corolase PP (304)
f(19-29)  WYSLAMAASDI
f(151-155)  FNPTQ
Antioxidant
f(58-61) LQKW Thermolysin (305)
f(95-101)  LDTDYKK
f(15-20) VAGTWY Trypsin (306)
f(19-22) WYSL Alcalase (307)
f(9-14) GLDIQK
(308)
f(15-20) VAGTWY Pepsin and
f(71-75) IIAEK trypsin
(306)
f(78-83) IPAVFK
f(78-80) IPA Proteinase K (309)
f(102-105)  YLLF
Synthetic (310)
f(146-149) HIRL
f(142-148) ALPMHIR Trypsin (31)
f(106-111) CMENSA
Pepsin, then
f(142-146) ALPMH ) )
trypsin and Anti-hypertensive
f(94-100) VLDTDYK ) o
chymotrypsin (Inhibition of
f(15-19) VAGTW . . (312)
angiotensin |-
f(81-83) VFK :
converting enzyme)
f(22-25) LAMA Trypsin
f(32-40) LDAQSAPLR
Protease
preparation from (313,
f(33-42)  DAQSAPLRVY
Cynara 314)
cardunculus
Crude
proteinases from
f(148-153) RLSFNP (315)

Lactobacillus
helveticus LB10
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Commercial

f(84-91)  IDALNENK preparation from
bovine pancreas (316)
f(125-135) TPEVDDEALEK (trypsin +
chymotrypsin)
f(14-18)  KVAGT
f(123-125) VRT
f(147-149) IRL ) . Antimicrobial
Porcine pepsin (317)
f(50-54)  PEGDL
f(143-146) LPMH
f(134-136) EKF
f(15-20)  VAGTWY
f(25-40) AASDISLLDAQSAPLR
Bovine trypsin (318)
f(78-83)  IPAVFK
f(92-100) VLVLDTDYK
f(78-80)  IPA In silico (319)
(300,
f(15-20)  VAGTWY
306)
f(78-82)  IPAVF _ Antidiabetic (299)
Trypsin
f(78-83) IPAVFK (Inhibition of (299,
f(125-135) TPEVDDEALEK dipeptidyl 306)
f(92-100)  VLVLDTDYK Peptidase-1V) (299)
f(46-54) LKPTPEGDL
f(46-57) LKPTPEGDLEIL Pepsin (297)
f(78-86)  IPAVFKIDA
f(71-75) IHAEK
f(9-14) GLDIQK
Hypo-
f(142-146) ALPMH Trypsin (320)
cholesterolemic
VYVEELKPTPEGDLEIL
f(41-60)
LQK
Pepsin + trypsin 321,
f(102-105) YLLF P P Opioid (
or chymotrypsin 322)
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£(146-149)

HIRL

Chymotrypsin

Opioid
Antihypertensive
Analgesic
Antinociceptive
Hypo-

cholesterolemic

(323,
324)
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4-2 MEETE

4-2-1 {GERAR

E2TCOECFHERZERIG. ENAFECFHEHRZERETLEERRE, (T
D, BERODEARZRIT TED - BHEORBICEDWHIRRIETICTTo 2
(FAREES 1 11-009), £ TOEMERIE. "EMNKFEMEREEERE (T
D, MERODEARZRIT TED - BHEORBICEDWHIRRETICTERL
fo (EZ&RFES 1 230005),

4-2-2 FEREBESN

IR 2 BIEFORIRBEEINL L lactis subsp. cremoris NZ9000 (NZ9000; VS-
ELSO09000-01, MoBiTec GmbH, Goettingen, Germany) FHU\/z. NZ9000 (&
0.5% glucose (16805-35, Nacalai Tesque, Inc., Kyoto, Japan) &% M17
i (CMO0817, Oxoid Limited, Hampshire, UK) (GM17) THE&Uf, BHE
[ U T, GM17 (T chloramphenicol (08027-14, Nacalai Tesque, Inc.) (20
ug/mL) =AUz (GM17cm) . Escherichia (E.) coliJM109 (JM109; 9052,
TaKaRa Bio Inc., Shiga, Japan) & U*MC1061 (MC10671; VS-ELS10610-
01, MoBiTec GmbH) (&. Luria-Bertani (LB) % (1.10285.055, Merck KGaA,
Darmstadt, Germany) TIE&E U fco HEITIH U T, LB #E#1IC chloramphenicol

(25 pg/mL) ® U < (& ampicillin (02739-74, Nacalai Tesque, Inc.) (50
ug/mbL) ZAHMU 7, BREHIE, REEHRIC 1.5%(w/NV)DEX (01162-15,
Nacalai Tesque, Inc.) ZZHRMMUER U Tz,

4-2-3 BILFHIRNT I —DEE
—BHREET TERITNSBEDOMBICH 5 72(210).
nisADZ7AE—%— (P )EIE L Uspd5 D T F IR T F REFI(SP,,,.)

DRtEHAHZ 1— R 9 2ERF (Fig.4-1) Z8R LT, bBLG 21— K9 2EEF

(accession number: EU883598) (& L. /actis subsp. cremoris MG1363 M
ORVERBEICRERULEAER UKL (Fig. 4-2), Bz F&EHIE Eurofins
Genomics KK. (Tokyo, Japan) [c&FE L. GBELFIZTZAI K (P, -SP
PEX-A, bBLG: pGEM-T easy) ZAHWT/ O—=>7 Ul RSN ST A=
RiE E. coli IM109 ZFAWTIEIR L. BURDEERICA W,

FUBIC, BB\ BETFOWEREIENT Y — (pNZ8148#2:SEC, Fig. 4-3)
DEEICDBEAL, LBERETFRENTI Y — (pNZ8148#2:CYT (133))
B XUV pEX-A-P_-SP__ . (EHIREESR (Bgll: 1021A, Ncol: 1160A, TaKaRa Bio
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Inc.) ZFAWTYIMTL /= (restriction enzymatic reaction-A, Table 4-2), BHY
Wrh & 1% agarose (346-07831, Dojindo Laboratories, Kumamoto, Japan)
T BWCERKE IC THEZER. FastGene Gel/PCR Extraction Kit (FG-
91202, NIPPON Genetics Co.Ltd, Tokyo, Japan) ZFRWTHEE U, BE
DNA B F (& T4 DNA Ligase (M180A, Promega Corporation, Madison, WI,
USA) ZFHWTSA4 47— 3> (Table4-3) L. E. coliMC1061 NEA U Tz,
[Bcm EXEHH LIS N0 —-FE 77414~ — (pNZ F3126: 5-
TGCCCCGTTAGTTGAAGAAG-3'/pNZ R340: 5'-TCAATCAAAGCAACACG
TGC-3', Eurofins Genomics KK.OFRFET —EXICERZMEKEL ) ZFW
O =—PCR (Table 4-4) T#trLiz, A0 =—% LBecm RIKEZHICEIE L. 16
- 20 hrik#&E (220 rpm) #B&E. FastGene Plasmid Mini Kit (FG-90402,
NIPPON Genetics Co.Ltd) ZFAW TS XX Rzt U e,

W T. bBLG HIENI Y —DEEICEDEATL, pNZ8148#2:.SEC £KL TV
PGEM-T easy-BLG (F#lIfREEZR (Kpnl: 1068A, Hindlll: TO60A, TaKaRa Bio
Inc.) =W THIRT U 7z (restriction enzymatic reaction-B, Table 4-5) , L&,
bREBRIC, A4 —Yay, JO=Z—PCR. 75X ROBEETT> I,

BTS2 RIF 75107 — (pNZF3126, pNZ R340) £BWTY—4 VR
Bt (Eurofins Genomics KK.ITZEFE) IcftL e, BRIGETLFEMY 7 b

(GENETYX-MAC Ver. 18.0.3, GENETYX, Tokyo, Japan) & B W\ T U 7=,
BABGTICER - RIBOBRWZ EZHER U pNZ8148#2:SEC (Fig.4-3A) &
KU pNZ8148#2:SEC-BLG (Fig. 4-3 B) DIEBEEITAINL T,

4-2-4 gmNZ9000 D

NZ9000 ®»a>vEF Y hEJLIE MoBiTec GmbH DEBEEED ([CFARL o,
PNZ8148#2:SEC & & U pNZ8148#2:SEC-BLG l&. ZNZhESEIEER
WTNZ9000 ICEA LTz, B, KsL0lecmFvyy FIL 7 hAORL
—>arF*aXvy Kk (1652089, Bio-Rad Laboratories, Inc., Hercules, CA,
USA) v EFY M EILEER (40uL) LV FZ XK (100-500 ng)
% il Z.. Gene Pulser Xcell (Bio-Rad Laboratories, Inc.) ZBWT/CL X (2,000
V,25uF,200Q) Ufco Fa2Xvw M 500 uL @K GM17 SOC &L (20
mM magnesium chloride (20935-05, Nacalai Tesque, Inc.). 2 mM calcium
chloride (06730-15, Nacalai Tesque, Inc.) Z&% GM17) Zi1Z. KElc b5
min & U 7zo 30°CT 2 hr BEEER. GMT17cm BXRIBHICE S, S 5IC—f
EEUf, 85N cI0=—(F GM17cm BIEE#ICHE L. —IREER, K8
BN 20%(v/WVickkd L5271 a—)L (09886-05, Nacalai Tesque, Inc.) %
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//J\\jJD LJ 80 CT{%T‘_ LJ fk..o

4-2-5 gmNZ9000 [c & |F B EG-FDRIFFE

B ELCFORIFFEL. 2 mL 5ULKIE 4 L RTIToT. 30CITRSD
GM17cm #ksEHEc gmNZO000 D—BEER%E 5%(1/)EE L. OD,, = 0.4
IR 2 ETHEBEESEB UK. A nisin (25%wwWDF+4 > EEE, VS-
ELKO1000-02, MoBiTec GmbH) Z#EE O - 500 ng/mL IC735 K 5 ITIHE
RICIIA. 53 hrBBEEL, BBKTH. 0D, ZHIE Lk,

11
H

4-2-6 Rl R S L MEER BB D DS

4-2-6-1 RTYIVREEF NV D L-RU 7O VLT I RTIVESK (SDS-PAGE)
/DIRYYTOAv TV

4-2-5 DED, 2mML R THBIEGTFORRZFEL -, =D (8,000 x g,
4°C,5min) ICKDHERNRL v b EBEEBR EFZDBEL o, #laXL Y MME T mL
@ TES (Table 4-6) IC#&&HL. =D (8,000 x g, 4C,5min) 95 & T
Uiz, BN icfifg_L v hE& 70 uL/OD,,, = 1 @ TES-L (5 mg/mL lysozyme
chloride (2084 1-54, Nacalai Tesque, Inc.) & & U* protease inhibitor cocktail

(11836153001, Roche Diagnostics GmbH, Mannheim, Germany) Z&%
TES) IcEB®BEHL. KA /v 7% ULEHN5 37°C, 30 min E Lz, MEHR. 30
uL/OD,,, = 1 @ 20%(w/V) sodium dodecyl sulfate (L3771, Sigma-Aldrich
Co. LLC., St. Louis, MO, USA) Z#RMMUL. &5Ic 100 uL/OD,,, = 1 @ 2x
Laemmli sample buffer (196-11022, Wako Pure Chemical Industries, Ltd.,
Osaka, Japan) ZilZ 7z, B&%Z 95°CT5 min IBRL. SDS{t U7z, BER
3E% 1,500 pL EYUR L. KB U7z 100%(w/Vv) trichloroacetic acid (T4885,
Sigma-Aldrich Co. LLC.) %Z 300 pL iz &K <BFfUTc. KEIC 3 hr RE L.
=D (20,600 x g, 4°C, 15 min) &K DL =B L fzo B %Z 200 uL
M acetone (00310-95, Nacalai Tesque, Inc.) IZB&EL. =0 (20,600 x g,
4°C, 15 min) 3252 &THRAFEUC, FTFIEMIC 2[EHEDRLU oo F5NTIINE
Y% 50°CTRLICEZE L. 13 ub/OD,,, = 1 ® TE (sucrose Z&F KW TES)
ICABR U, 8D 2x Laemmli sample buffer Zi1Z. ERET—HKET S
Z&TSDSYbUL T,

4-2-6-2 FEEF
4-2-5 D@D 4L ZFTHIBZETGFORIRZFEL 1z, =0 (3,000 x g, 4°C,
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20 min) Ik DAL Y hZEUIL o MFERL v hid 800 mL OEHA
buffer (IMACO, Table 4-7) I[c#&&UL. =D (3,000 x g, 4°C, 20 min) 95
CETHR U, FpidMic 1 BEEDRULI,. B5niciifaXL v hE-80°CT
FEL. BEEED 3 20 aluminum oxide (019-01975, Wako Pure
Chemical Industries, Ltd.) ZFWTHAK LTI DELE (onice, 15 min),
R IE. 160 mL @ ethylenediaminetetraacetic acid-free protease
inhibitor cocktail (11836170001, Roche Diagnostics GmbH) Z &% IMACO
TEYN U7z, =D (15,000 x g, 4C, 15 min) #%. FLAMED % fHigMmER &
L TEUR L 7z, fEREMHERIES Y Y7 1 )L5 — (pore size: 0.2 um; 17597-K,
Sartorius Stedim Biotech GmbH, Goettingen, Germany) =W TEZE{E U,

BESICEE (3-2-92R) ICAW:,

4-2-7 SDS-PAGE/D TR > 7AvT4 9
4-2-6-1 B LG 4-2-8 TRV FILIE. 15%(vWVWRUFZ 2 JIL7 I RTIL
(Table 4-8) ZF\\fc SDS-PAGE It U fco. SDS-PAGE IZI& Running buffer
(Table 4-9) ZFBW., EER T (10mMA) TH > 7Lz EiEk. EEET (200
V) TE L% 50 min kB U, KB TER. BEULL/N\>Y K2 PVDF [E
(10600029, GE Healthcare, Buckinghamshire, UK) [CEE Uz, EEICIE
Transfer buffer (Table 4-10) =R\, TEET (100V) T1hrB@EUT.
BB TR E%Z 5%(w/Vv) skim milk (MORINAGA MILK INDUSTRY Co., LTD.,
Tokyo, Japan) Z&% 0.05% (v/v) Tween20 (35624-15, Nacalai Tesque,
Inc.) & tris-buffered saline (TBS-T, Table 4-11) ICERET1 hr 892 &T
JOvFE>y U, BED TBS-T ZBWVWTE% 3 A% L. mouse anti-His-
tag antibody (1/1000) (652501, BioLegend, San Diego, CA, USA) &
TBS-TIC4CT—R UTco BED TBS-T ZFWTHE% 3[0li%/4% L. horseradish
peroxidase (HRP) -conjugated goat anti-mouse IgG antibody (1/5000)
(A4416, Sigma-Aldrich Co. LLC.) Z8L TBS-TICERT 1 hr®RL. &
EHE (L ECL Western Blotting Analysis System (RPN2109, GE Healthcare)
ZFW. /\> K& ImageQuant LAS 4000 mini (GE Healthcare) ZFRW<TH#&
HU T

4-2-8 rBLG Di5EL
His-Trap HP 12 4 (17524701, GE Healthcare) ZH\W T, NZ-BLG #fif2
HMERLD rBLG ZHBE U Iz, 4-2-6-2 THELSNcigmbiRiE. IMACO TF#
ftUeAZ ALIcO—R U7, 10 column volumes (CV) ® 20 mM imidazole
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(19028-22, Nacalai Tesque, Inc.) Z&28 IMACO ZAAWT AT LZxE LT,
NI LICHEBUIY VINVEIR, FRRIZEED imidazole (31, 63, 125, 250,
500mM) Z&E IMACO (B 5CV) ZEHWTAH Uce W T LANDREDFTIE
&Y >~ (TERUMO Corporation, Tokyo, Japan) Z B\, FE&ElE 1 mL/min
TEELUC, B5Nic&ED (B, 70— )L—., EEELCBH) F. 4-
2-7TDBOVITRYYTAY T« V7 ZRAWTETU o BHEDE. TBS (Table
4-11) ZBWT—BRZER L. -80°CTREF L T,

4-2-9 BLG kYU 73> 5RO DPP-IV [RESEH Digst

4-2-9-1 BLG Y 7> >R D FHE

2 rBLG (& TBS ZFAWT 50 pug/mL &R U T, mER®D bBLG (cBLG,
L3908, Sigma-Aldrich Co. LLC.) (& TBS Z#FWT 1 mg/mL [CFAR LTz, 15
B rBLG ARB LU cBLGARICT YEREAKNY 72> (201-10191, Wako
Pure Chemical Industries, Ltd.) Z#&ML (BB (BEx%=20:1). 37°CT24
hr 1 >FaX—k Ufc, BRRDIF. RIDEZ 90°CT 5 min IiRY % Z & TF
WU, BRIFERT 3£ T-80CTREFL

4-2-9-2 DPP-IV [BESE M D AT

4-2-9-1 TSN BLG MU 72 Vg d DPP-IV BEEEERERIE. DPP-
IV Drug Discovery Kit (BML-AK499-0001, Enzo Life Sciences, Farmingdale,
New York, USA) ZFHWT., HBEEED ICEREL .

4-2-10 rBLG O 7 L LT VM DigEt

4-2-10-1 YT R

4 588D BALB/c ¥R (X R) &, Japan SLC (Shizuoka, Japan) & D&
AUTco YO RIE, BAEEROEBIRE T TCHEL., @F&HEL (MF, Oriental
Yeast Co., LTD., Tokyo, Japan) &L BEKZBHEIBER U, YT RIE 1HE
BOFEEATE®. ERICHU .

4-2-10-2 cBLG BENY U X DIERK
N RIC 100 ug @ cBLG & 100 yL @ Freund's complete adjuvant
(263810, DIFCO Laboratories, Detroit, MI, USA) #&T A& (total 200
ul) ZEREAKRES (ip.) Ulc, #IEKRED 2 KLU 4 BFE#. 100 ug @ cBLG
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& 100 yL @ Freund's incomplete adjuvant (263910, DIFCO Laboratories)
ZEDBR (total 200 ub) Z ip.Ulc, ipdcid T mLYNILIZ U VB UV Y

(SS-01T, TERUMO Corporation) & 26 G x 1/2 ;5 # (NN-2613S,
TERUMO Corporation) ZR\fc,

4-2-10-3 PRHEHAAE DS & R

4-2-10-2 ICB T B &K i.p.0 1 BEE., ¥YIORXZEHRAICKDLTEIFRSE.
BEZREE Uiz, v —L ETEEBZI D D50, 522 RPMI 1640 #Z#h (Table
4-12) ICEUR U foo BBk Z AW TRk ZAmU ., €)LA S LA F+— (pore
size: 40 pg, 3523490, Corning Incorporated, Corning, NY, USA) ZRBWT
EEEBREMEZREU . BoncRBMIEBRERD—3% 0.4% trypan
blue &% (T10282, Life Technologies Corporation, Eugene, OR, USA) &
JBH U. Countess cell counting chamber slides (C10283, Invitrogen
Corporation, Eugene, OR, USA) I3} A#. Countess automated cell counter

(Invitrogen Corporation) ZRBWTAEMEEZAIE U, RS RIE.
524 RPMI 1640 3Z3thZ2FBWT 5 x 10° cells/mL ICHER L. 2 mL/well (1 x
107 cells/well) IC7%: % & 5 6-well plete (5530500, Orange Scientific, Braine-
I'Alleud, Belgium) (CIBFE U fzo 37°C, 5% CO,EETICEWVWT 3 hriEE L 2
#%. cBLGH UK IFHBE BLG Z. 50 H L <& 100 ug/mL L7385 & SBERIC
AWMU To. $BERIF. 37°C, 5% CO,FZHETICEWT 72 hr & U T,

4-2-10-4 Real-time T2/ PCR

High Pure RNA Isolation Kit (11828665001, Roche Diagnostics GmbH)
ZRAWT., 4-2-10-3 TRIF U iR & D total RNA ZHE U 1o,
PrimeScript RT reagent Kit (RRO37A, TaKaRa Bio Inc.) Z UL\ T total RNA
& D cDNA Z&E L. EASY Dilution (9160, TaKaRa Bio Inc.) ZRAWTKIG
BR%Z 10 FHRU . Real-time TEM PCR (& Table 4-13 @D EML fo,
N7 R B-actin 8L UOVYITRIL-13FEN T Z 4 ¥ —Id TaKaRa Bio Inc.& DiE
AUt

4-2-11 st

IARTOFEEETIE. HETETY 7 b7 27 (ystat2004.xls, Igakutosho
Shuppan, Tokyo, Japan) ZAWTERL ., —TTEREBEDEATIC5] EHt <
Dunnett’s test £ U < [& Student-Newman-Keuls test # HWTIHERH Lo B
BK#E a (3 0.05 =AW,
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AGTCTTATAACTATACTGACAATAGAAACATTAACAAATCTAAAACAGTCTTAATTCTATCTTGAGAAAGTA
TTGGTAATAATATTATTGTCGATAACGCGAGCATAATAAACGGCTCTGATTAAATTCTGAAGTTTGTTAGAT
ACAATGATTTCGTTCGAAGGAACTACAAAATAAATTATAAGGAGGCACTCACCATGAAAAAAAAGATTATCT
CAGCTATTTTAATGTCTACAGTGATACTTTCTGCTGCAGCCCCGTTGTCAGGTGTTTACGCTG

Fig. 4-1 A DNA sequence coding for Pyis-SPusp45. The black and blue sequences indicate

Pnis and SPysp4s, respectively.

AAGTGCTTATTGCTTGCATTAGCTTTAACTTGTGGTGCACAAGCGTTAATTGTTACTCAGACCATGAAAGGA
TTGGATATACAAAAAGTTGCAGGGACTTGGTATTCACTTGCCATGGCTGCAAGCGACATTTCATTATTGGAC
GCTCAAAGTGCTCCACTTAGAGTTTATGTAGAGGAATTAAAACCTACGCCTGAGGGAGATTTAGAAATCCTG
CTACAAAAATGGGAAAATGATGAATGTGCTCAAAAAAAAATTATTGCGGAAAAAACTAAAATTCCTGCTGTT
TTTAAAATTGATGCATTGAACGAAAATAAAGTCCTTGTGTTAGACACTGATTATAAAAAGTACTTGTTGTTT
TGTATGGAAAATAGTGCTGAACCAGAACAATCACTCGTTTGCCAATGTCTTGTTCGTACACCAGAGGTTGAC
GATGAAGCTCTAGAAAAATTTGATAAAGCCCTCAAAGCACTTCCAATGCATATCAGACTTTCTTTCAATCCC
ACACAACTGGAAGAACAATGTCATATT

Fig. 4-2 A DNA sequence coding for bBLG (accession number: EU883598) was

synthesized upon codon optimization for L. lactis subsp. cremoris MG1363.
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A

AAG_GAG GCA CTC ACC ATG AAA AAA AAG ATT ATC TCA GCT ATT TTA ATG TCT ACA GTG ATA CTT TCT
RBS start SP spa5
GCT GCA GCC CCG TTG TCA GGT GTT TAC GCT GCC ATG GAA AGA GGA TCG CAT CAC CAT CAC CAT CAC
uspds 6x His—tag
GGA TCT GGC TCT GG'{_-\X TCT GGT ATC GAG GGA AGG CCT TAT AAT GGA ACT GGA TCC GCA TGC GAG CTC
a

GGT ACC CCG GGT CGA CCT GCA GCC AAG CTT AAT TAG CTG AGC TTG GAC TCC TGT CTA GAG AGC TCA
T Kol

AGC TTT CTT TGA ACC AAA ATT_AG
Hindlll stop

pNZ8148#2:SEC
3,284 bp

repA /

- »r, > RBS | SPyopes :'alsg FXa Mcs  f—

Kpnl Hindlll

His-

wots | o FXa BLG —

P RBS | sp

Fig. 4-3 Maps of vectors used in this study. (A) Schematic representation of the
secretion vector, pNZ8148#2:SEC. The DNA sequence between the RBS and the stop
codon is presented in the rectangle. (B) The codon-optimized BLG gene (537 bp) was
cloned into pNZ8148+#2:SEC (above) between the Kpnl and Hindlll restriction enzyme
recognition sites, and the resulting plasmid was designated pNZ8148#2:SEC-BLG
(below). Pnis: nisin A promoter, RBS: ribosome binding site, SPysp4s: sequence of the
signal peptide from the USP45 protein, His-tag: hexahistidine tag, FXa: factor Xa
recognition site, MCS: multiple cloning site, T: terminator, rep: replication gene, cm:
chloramphenicol acetyltransferase gene, BLG: bovine B-lactoglobulin-coding gene.

The figure is taken from Shigemori et al (211).
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Table 4-2 Reaction solution and conditions for restriction enzymatic reaction-A.

Component of reaction solution

10x K buffer (TaKaRa Bio Inc.) 2 uL

10x bovine serum albumin (TaKaRa Bio Inc.) 2 uL

DNA (pNZ8148#2:CYT or pEX-A-Phpis-SPuspas) 1ng

Bglll (1021A, TaKaRa Bio Inc.) 1L

Ncol (1160A, TaKaRa Bio Inc.) 1L

Ultrapure water up to 20 pL

Condition for reaction

37 °C overnight

75 °C 15 min
Table 4-3 Reaction solution and conditions for ligation.

Component of reaction solution

10x buffer (Promega Corporation) 2 UL

DNA 8 uL

T4 DNA Ligase (M180A, Promega Corporation) 1TuL

Condition for reaction

4 °C overnight

95



Table 4-4 Reaction solution and conditions for colony-direct PCR.

Component of reaction solution

EmeraldAmp PCR Master Mix (RR300A, TaKaRa Bio Inc.) S5uL

Primer mixture (pNZ F3126/pNZ R340, 10 uM each) 0.5uL
Ultrapure water 4.5 pL
Colony trace

Condition for reaction

95 °C 5 min
95 °C 30 sec
60 °C 30 sec
72 °C 1min
40 cycles

4 °C soak

Table 4-5 Reaction solution and conditions for restriction enzymatic reaction-B.

Component of reaction solution

10x K buffer (TaKaRa Bio Inc.) 2 uL
DNA (pNZ8148#2:SEC or pGEM-T easy-bBLG) 1ng
kpnl (1068A, TaKaRa Bio Inc.) 1L
Hindlll (1060A, TaKaRa Bio Inc.) 1L
Ultrapure water up to 20 pL

Condition for reaction

37 °C overnight
75 °C 15 min
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Table 4-6 Composition of TES.

Tris (35406-91, Nacalai Tesque, Inc.) 10 mM
Ethylenediaminetetraacetic acid (14347-21, Nacalai Tesque, Inc.) TmM
Sucrose (30404-45, Nacalai Tesque, Inc.) 25 %

in distilled water

pH 8.0

Table 4-7 Composition of IMACO.

Sodium phosphate (31801-05, Nacalai Tesque, Inc.) 20 mM
Sodium chloride (09649-15, Nacalai Tesque, Inc.) 500 mM
in distilled water

pH 8.0
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Table 4-8 Composition of polyacrylamide gel.

Component of running gel

30%(w/v) acrylamide (018-25625, Wako Pure Chemical

Industries, Ltd.) 000wt
1.5 M Tris-HCL (pH 8.8) 2,000 pL
10% sodium dodecyl sulfate (L3771, Sigma-Aldrich Co. LLC.) 80 pL
10% ammonium persulfate (A3678, Sigma-Aldrich Co. LLC.) 27 uL
Tetramethylethylenediamine (205-06313, Wako Pure Chemical

Industries, Ltd.) Hul
Distilled water 1,920 pL
Component of stacking gel

30%(w/v) acrylamide (018-25625, Wako Pure Chemical

Industries, Ltd.) 00k
0.5 M Tris-HCL (pH 6.8) 625 L
10% sodium dodecyl sulfate (L3771, Sigma-Aldrich Co. LLC.) 25 pL
10% ammonium persulfate (A3678, Sigma-Aldrich Co. LLC.) 8.3 uL
Tetramethylethylenediamine (205-06313, Wako Pure Chemical

Industries, Ltd.) >>HL
Distilled water 1,440 pL
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Table 4-9 Composition of Running buffer.

Tris (35406-91, Nacalai Tesque, Inc.) 3g
Glycine (17109-35, Nacalai Tesque, Inc.) 144¢g
Sodium dodecyl sulfate (L3771, Sigma-Aldrich Co. LLC.) 1g
Distilled water uptolL

Table 4-10 Composition of Transfer buffer.

Tris (35406-91, Nacalai Tesque, Inc.) 3g
Glycine (17109-35, Nacalai Tesque, Inc.) 144¢g
Methanol (21914-03, Nacalai Tesque, Inc.) 100 mL
Distilled water uptol1lL

Table 4-11 Composition of TBS(-T).

Tris (35406-91, Nacalai Tesque, Inc.) 3g
Potassium chloride (28538-75, Nacalai Tesque, Inc.) 0.2g
Sodium chloride (09649-15, Nacalai Tesque, Inc.) 8g
*Tween20 (35624-15, Nacalai Tesque, Inc.) 0.5mL
Distilled water uptol1lL

pH 7.4 (TBS-T), pH 8.0 (TBS)

*if necessary
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Table 4-12 Composition of complete RPMI 1640 medium.

Heat inactivated fetal calf serum (SH30910.03, GE Healthcare)
MEM nonessential amino acids solution (06344-56, Nacalai
Tesque, Inc.)

Penicillin-streptomycin-glutamine mixed solution (06168-34,
Nacalai Tesque, Inc.)

2-mercptoethanol (M7522, Sigma-Aldrich Co. LLC.)

1M HEPES sodium salt solution (H3662, Sigma-Aldrich Co. LLC.)
100 mM sodium pyruvate solution (06977-34, Nacalai Tesque,
Inc.)

RPMI 1640 (C224005008BT, Life Technologies Corporation)

50 mL
5mL

5mL
17.5 puL
5mL

5mL

500 mL

Table 4-13 Reaction solution and conditions for real-time quantitative PCR.

Component of reaction solution

SYBR Premix Ex Taq Il (Tli RNaseH Plus) (RR820, TaKaRa Bio Inc.) 10 UL
Primer mixture (10 UM each, TaKaRa Bio Inc.) 1L

cDNA solution 9 UL

Condition for reaction

95 °C 10 sec
95 °C 5 sec
60 °C 5 sec
45 cycles

Dissociation
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4-3 R

4-3-1 NZ-BLG (371 > VRIBEKFRIC rBLG ZEA - T %

VIRV TAY T4V TICEWT, +4 Y ViRMETEE Lz NZ-BLG B
EOHREMEREL D rBLG OkEiEkAE (27.0kDa) & U2 E rBLG (24.3
kDa) ORFEIC—HTZ/\Y RZBR U (Fig.4-4A), Ffc. EIBERBEX
DESREFEBDHSIF. 2B BLG [c—HI 23V V7ILINY REREB UK

(Fig. 4-4 B)o — AT, 74V VURIMBMWTEELIENZ-VC BLVOF1 Y VE
IINEH TEEE U 2 2 D gmNZ9000 Dfifgm iRy L U EER EBEED N S
&, rBLG OY 41 XC—HT 2/\ Rz high > (Fig. 4-4),

4-3-2 NZ-BLG [c & |+ % rBLG D hEHEDERE{L

NZ-BLG IC& T 5 rBLG ODELH &K Ubld. BHIANDF 1 2 ViRNINEEKRRE
ICEIIMLE (Fig.4-5B) —AT. 742 ViRM3 hr ZBICE TS NZ-BLG
BRD OD, [ElF. 1Y RIEERENICHD U (Fig. 4-5 A). &<IC,
16 ng/mL U EDHEF 1 2V AREETEBRICEWVWTELWOD,, BOBAN
\mRaInfe (Fig.45A), Ffe. 16 ng/MLULOHEF 1 Y VBRESTIBER
D _EEBICEWT rBLG 2BEIERIED /N> R=#ER L (Fig. 4-5 B, SUP). #fl
RRAY VNN VBEDORENTES NI,

4-3-3 NZ-BLG i 5D rBLG D5

His-Trap HP hZ AZBWT. 74 Y V5FE Lz NZ-BLG Offagimtig L D
rBLGEBR U o h T AICRE U rBLG (F. £ICT 63 K L U125 mM Imidazole
50 IMACO ICKDhBEE SN (Fig.4-6) LML, N5 2 DDOEDICIFE
BfRGY VINVEMHLEEEEN T W, 22T MBOERRICIE. LHBERE
DEW 250 £ KT 500 mM Imidazole B9 % AL o,

4-3-4 rBLG b ) 7> v EEYIE DPP-IV & ZEET 5

cBLG MU T @Y. REMKRERIC DPP-IV jEEZBE L (Fig. 4-7
A)o BE rBLC O MU Ty n@EYE. FED cBLG N 7Y @Y EF
iC. DPP-IV EHEZZE LU KEE LT (Fig. 4-7 B)o

4-3-5 rBLG B 7 LT HEET %
B rBLG I&, cBLG BEY Y X DEEMIRZICH 17 5 IL-13 mRNA RHZRE
FRICEHEE U (Fig. 4-8)0 RIROMERIE. RIAME L UT cBLG ZAWCER
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cbEmS N (Fig. 4-8),
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A B

Mw  NZ-VC  NZ-BLG Mw  NZ-VC  NZ-BLG

(kDa) *  _ + - + Nisin (kDa) " _ + - + Nisin
4517 45.1

32.27 32.21

26.8 -—-il 26.8- -
7.2 17.24

Fig. 4-4 Secretion of rBLG by NZ9000. Two gmNZ9000 strains were cultured with (+)
or without (—) 10 ng/mL of crude nisin. Protein extracts from cells (A) or culture
supernatants (B) were analyzed by western blotting with an anti-His-tag Ab. White
and black arrowheads indicate the secretory rBLG precursor (pre-rBLG, 27.0 kDa) and
the secretory form of rBLG (24.3 kDa), respectively. MW: molecular weight. The figure

is taken from Shigemori et al (211).
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Fig. 4-5 Determination of the optimal nisin concentration for secretion of rBLG. (A) A
strain NZ-BLG was cultured with various concentrations of nisin (0 to 500 ng/mL).
After 3 h of incubation, the OD¢oo of each sample was measured. The mean and SD
from three independent experiments are shown. (B) Protein extracts from cells (CELL,
above) or culture supernatants (SUP, below) were analyzed by western blotting with
an anti-His-tag Ab. Representative images from three independent experiments are
shown. White and black arrowheads indicate the secretory rBLG precursor (pre-rBLG,
27.0 kDa) and the secretory form of rBLG (24.3 kDa), respectively. The figure is taken
from Shigemori et al (211).
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Fig. 4-6 Purification of rBLG. A strain NZ-BLG was cultured with nisin in a 4-L large-
scale culture. The cell extract (Crude lysate) was prepared and then passed through a
HisTrap HP column (Flow-through). The column was washed with Wash buffer to
remove non-adsorbed protein (Wash) and then eluted (Elution) with Wash buffer
containing 20 mM imidazole and Elution buffers containing 31 to 500 mM imidazole.
All fractions were analyzed by western blotting with an anti-His-tag Ab. White and
black arrowheads indicate the secretory rBLG precursor (pre-rBLG, 27.0 kDa) and the
secretory form of rBLG (24.3 kDa), respectively. The figure is taken from Shigemori et
al (211).
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Fig. 4-7 Inhibition of DPP-IV activity by trypsin-digested rBLG. Various concentrations
of trypsin-digested cBLG (A) or trypsin hydrolysates of 50 ug/mL of either cBLG or
purified rBLG (B) were evaluated for inhibitory activity against DPP-1V using a DPP-IV
Drug Discovery Kit. Concentrations indicated are the protein concentrations before
trypsin treatment. Data are expressed as percent activity remaining in test samples
versus that in the control (no sample added). Black, dotted white, and dotted black bars
indicate control, cBLG, and purified rBLG (rBLG), respectively. Values represent means
and error bars indicate SD (n = 3). *P < 0.05, **P < 0.01 versus Control. The figure is
taken from Shigemori et al (211).
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Fig. 4-8 Allergenicity of rBLG. Splenocytes isolated from cBLG-sensitized BALB/c mice
were stimulated in medium with or without (Med, white bar) 50 or 100 pug/mL of cBLG
(cBLG, dotted-white bar) or purified rBLG (rBLG, dotted-black bar). After 72 h, IL-13
MRNA levels were measured using real-time qPCR. Values represent means and error
bars indicate SD (n = 3). Items indicated with different letters (i.e. a, b, ¢, and d) were
significantly different (p < 0.01). Similar results were obtained from three different

mice. The figure is taken from Shigemori et al (211).
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4-4 EE

FUBHIC. bBLG Z739 % gm-L. lactis ZHEET 2=, BRZ 5> INY
BOMRT 45— (pNZ8148#2:SEC) Z#BHEU oo LIBIDOMHE TIEL U I-ZLEE
ERETGFRIENI Y — (pNZ8148#2:CYT (133,134)) D nisA 7OE—% —
TRIBIC., AE®D Uspds 7 V/INVEICHFET 27 FHILRTF RS &
ATZo Uspdb [&. NZ90OO ICFTET DME—D Dy >V INJETHS(218), #lifd
RNICER S NTc Uspdb 1F. BB T2V 7 TILRTFTFRICKDMiREED Y > /XY
BEMXEENERSN. CCZ@BIBRICVTFILRTFRDYIMT 52 & T
BT VINVBEE U THRAND B ENS(11)e NZ-BLG (71 ¥ U RIBEREFR
VT FIRTFRZ@E LT rBLG IR ZMERICEE U, £ B
KOBER EETIE. Y7 FILRTF AU rBLG (98 rBLG) DEE—
NV REBEU, 9805, rBLG X7 FHILRTF R EHED DN EEEEKTT
MICEIND Z ENBAS KRS,

FTAIVIE. WS DODD L. lactisED\EET 2IMEHERTFRK IN\OFUAY
) T, HEIMG type-A(l) lantibiotics [C N5 (281) 1 2V IFERA &
7 LGHEHEICN U TREERZRETZ &S, ZLOEICEVWTEEA
mypeE LUTHIEZIN TWLW3(30), nisin-controlled gene expression (NICE)
system (&, L. lactis ICHBT 21V EERRZIGE U CBEREETFRIEY
AT LT, BWERBENS gmLABAR THEICAVWSNTWS(13) AV
TLAICEWT, HBRXEGTFORRFTAIE L TRHWS 12 Y ORINRER.
MR YV INVBDOEENRICEETH S(6, 133, 134), 2 THRIARKIE. NZ-
BLG [C& T % rBLG O ib&H OBtz BRIC, IBERICRMNIT D F A2 D
BEEZRE Ulce 74 Y Y IRINEEKRENIC rBLG OEL - 7WEHIEMNL .
LH L. BBREOHFYVER > 31 ng/mL) OFMic&WT, NZ-BLG D
BHEIFZE UK BEESI NIz, £ 16 ng/mL U EDHEF 1 ¥ VBEBRDFRMICE L
<. RS > /X & (rBLG 2 EIERA) OMEANDREIRESI N, 1
IV EIL2DDANZX L GHREBEANDOIEHRZ N UIAE. RTFRT
AV FIRIERTH B lipid | DEREZN UICHBEEOESRDEE) 2/ U TREE
MZHKET 5(30), IHRDE. BEEDFAIVIiE. NZ-BLG OEBEZHEEL.
HIERNY YRV BDOREZSISEIT I ENEZ SN, £ I TRAR T,
rBLG O Ic BT 2REHEFT 1Y VY BAREEZ. 15 ng/mL ERE U feo

2011 &, Uchida et al I&. bBLG MY 7> VD13 ~< 7 ADERSEZ = 6
52 &ZmULc(300), MNAT. AREYIE DPP-IV EEZBEEIT S &%, in
Vitro fFZRIC TEES MM UTeo SRR ICE W TH. cBLG MU 7 oY) & DPP-
VEEZHEEI S EZER U, BEERZ LI, BRBLG O KU 7Y Vg
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MHREED DPP-IV BEERZRELU I, TNETOMARIE. bBLG MU T
DR L DEDOND DPP-IV EHERTF RZEBE-FET S LICHHILTWS,
Bl Z (L. Uchida et al &, bBLG & D#EREL FeANFHXRTF R (VAGTWY) @
DPP-IV FAE5EH (S0%MEEEE (IC,) = 174 uM) I L=(300), A4,
Silveira et al (&, &\ DPP-IV BBEEME (IC,, = 44.7 M) ZFEIT 2RV IN
7F R (IPAVF) ZREE L (299), NU T Vid, BERZN U TNBICDWME N
ZHELEBERO—TETH D, 915, NZ-BLG ZFHW\ - bBLG DBET U /Y —
(&, DPP-IVEHEZE®D in situ £ AT LEUTERAM S UL,

bBLG AT LILF—DEELRTLILT > TH3(293), Adel-Patient et al
. gmLAB ZAWc bBLG DFET Y /INY —(F, YT RICKBIFBD7LILF—K
It (Th2 BEERIN) Z8BI DI EZRUE(126), I4bE, bBLG ZESE
95 gmLAB &, A7 LI F—ICRTIMET IV F > & UTOFANREFIN
TW3, ZFZTERMEIL rBLG D7 LILT ViEZE&EET Uz, R rBLG (&, cBLG
BAENY D XA DBREMBICE(TS IL-13 mRNA EIRZEUFEE L, AKRDOK
Gk, cBLG TRIM L IR EMRIc B W THER I Nz, IL-13 (&, REMAR Th2
YA RDAYTHD, PLILF—URBEREDEERAT A I—F—ThH3
(325)o ®> T. rBLG & cBLG ERAFED 7 LILT Y EEFT 2 EDBHASHICAK
> 1,

XEHDE, AAFEIF. bBLG ZHIREAND MW T D gm-L. lactis (NZ-BLG) @
BEICHIN Uz, oo NZ-BLG OIBERICR T2 1 Y VIRIMEEZRETT %
Z & T, rBLG DB EREIL LIz, RRIC. rBLGELUZDRNY TV Vn
BYE. T2 cBLG EAZED 7 LILT U MHES UL (& DPP-IV [EEEE %= RiE
FHDIEZTBEMTUTco UEDIERMNS. NZ-BLG (& 2 BUFERF 47 L)L
F—IIHT2FH - BEEE LU THESINZ ZENBEFIND,
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5-1 tARBRROBIE

H&Z 30 Fa1. ABBE (LAB) IR IF BB CFHEBRIAKMOEEEERIC,
WRGETMIRY VNV BZEE T 2IABEREMEEZMA (genetically modified LAB:
gMmLAB) ZMET IV F > E UTHIBT 2717« PHIRIBEE Nz (45), LUKk, %
BLRGEEEHY VINVE (RRERECTLILT Y. A4 Nha >, ks
T%) ZE4AT S gmLAB OBEEINFRESN. TNSOMERESICLDEEDT
Bh - BRIENEEETILEYER W in vivo RERICEWTHRIESh TEf(7-
9), IRFE. AR (FHAMERBZ EDHRABEER (BREE(9)P T LILF—(118).
RAEMERE(140), BEREHERZE(119) OBMGETFH - AERERE LU TEESIN
TW3, AFERDEFIEEMNCEWTHEILZL, BETIHILKPEX. FEOWHE S
IW—=THRRICEAT BREBRRICHEL TWD, LH L. BEOPETITERTHE
B Z BRI ICR T 2 @ELORENS. IS DIRELERFIAICE T B D HH
FIFEAETONTVWERL, 2 TERARIEF. WAEICEWT gMLAB Z&E -
ZINMCHBIT 2O OEBBEICHITEEDEAE UT U BIAER D gmLAB
ZHEEL. TREOFHPERICATCEREZIRN I S ET. BIEICEITS
ERNMBEOBERICEMI 2 & ZEHNE U,

gMLAB ZAHAWEMAREY YNNI BEOBEEMNIE. REMEBERE

(inflammatory bowel diseases: IBD) OFFf - A E L THEABEI N TWL
%(140,141), LA L. A& —0O+1F> (IL) -10 E4XE gm-Lactococcus (L.)
lactis Z=RWEBRAEICE T2 O0—REaBEORKEZZ T ERWEROLEN
k& 51T Wiz (ClinicalTrials.gov Identifier: NCT0O0729872), % Z TAMAZRE
X, ZELBMAREFERZRIET D NS IBD DRBRENSFEULTEEINRS
HERRBRALAF VT F—E-1 (HO-1) ICEBUL. YU X HO-1 99 %
gm-L. lactis (NZ-HO) ZHBZE L =(216), NZ-HO hEAET 5HTZ ¥ X HO-
1 (rtHO-1) &, BB LB 2ANLODBERZRI NS, £EBEHZE TS
EEASMT U, RIT. YOI RICRO‘KE SN NZ-HO [F4E = TKRBAEE
U. rHO-1 Z XIGHENEMR T 2 2 & Z R LTz, HEWT. NZ-HO DIMAIELR
%z IBD ®ET /LY U A ZAWROKSHRIC TRET U fcoNZ-HO ORRO% 5 (3.
N7 &=y A=)tk (NZ-VC) OBREEHBRLT. TFANIVHRESKNY
DLAOEREBIICEEINZIAERBADEREZE U SBR UK, HO-1 &, 1T
RIEERADORIBICEWTIL-10 ZN UERBREBZFEEET 22 & 5. KBERIC
BIFZ2HA MM YORBELXRIVZEN U, NZ-HO 28OS LN T XD
KEBETIE IL-10 OEELNILAEML., REREEY M MATY (L-Ta BLW
IL-6) ORIBHIBLT D EZBEESMNMT Uz, UEDHTHEI S, gm-L. lactis
AW HO-1 DBETU/NYU —(L IBD OFRFH - BREEE L TERTHD
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ZENTREEINT,

IL-6 (& IL-6 ZA&K (IL-6R) ZNT 2R (L-6 ¥+ U>D) ZFHELLT S
ZET, ZENGEBKEZRIZIT ST MMV THDH, KEHRKECLECSR
BREB. AVBREORRAFELTHINBREZRILTWS I EDNREREN
TW3(251-254), 975, IL-6 T+ UV I %BEESTZDE/ V7 O—FILTE
EFINSEBDREEE UV THFINTWS(251, 263, 257), LA L. FikE
FimH TEMARC ED BB TH %, £ I TERIEIE. T IL-6 HLiED single-chain
variable fragment (IL6scFv) Z72 W9 % gm-L. lactis (NZ-IL6scFv) ZHE5E
L72(229), i, M BEGEFORBICRIIIBESE (F1YVDORMEEE
WINEOEERE) 2570, X IL6scFv (rlL6scFv) Daikst% 5@t
Ufzco E5IC, rIL6scFv [dMERDIBRZI YT X IL-6 £HERT 52 & zBREE
FEEREREERICTRLU, AEBRZ Y V/INVBREELTOREEEEET S
ZEERASMT U RAREIE gmLAB BT 281 M h+ > scFv OELE -
PZERUCERAORRERD, ZfiGIMAEROERICA T cERNANRZ
Bt UTco NZ-ILBscFV [ IL-6 ¥ 7'+ U Y T OBEESENREBINTWDIERA RER
DFR - BEY—ILELTHRESIND I ENEERFI NS,

v B Z7h7ATYY (bBLG) IF. FIHNRIAHFICEBEICEFEFND Y VN
JETH3(288-290), chExTIc., bBLG 0BEBEEER (M) T oRTY
V) DEYESEREEFEERIET D &N RESI N (288, 295), FITAH
AEIE. bBLG #9095 gm-L. lactis ##E L. BRI YV /INVERNY TY
> RYD dipeptidyl peptidase [V (DPP-IV) BEEEMEZE®RETUL(211), NZ-
BLG DERICSH LB, BInFRIENI Y —DBEMNS. gm-L. lactis lc& T B
Mz I VINTEDODMY AT LAZBELUZ, bBLG ERFEETWMNI T —%
HARAATE gm-L. lactis (NZ-BLG) (&, #8#2X bBLG (rBLG) ZE4XE - 29
2 EZBASMC U, Fleo HBZETTFORRFEHE UL THWS 1YY
DESBBRNDRINEEZERTT U, rBLG OBICERBREEERE L, mIkRD
invitro 7y t4 ¥ v NERWEHRICEWT, rBLGO NY 7YV o@yid. ™
kD bBLG R Y & FAZED DPP-IV BEEHEZRY Z & ZBES MIC U feo. DPP-
IVREHE. 2 BIBERFEOBREEE LU TCHAINTWS ZEN 5, NZ-BLG 1355
BICHIT 2 DPP-IVAEH D insitu £V AT L& ULTEREMNS LW, LIE]
. bBLG ZE4 T % gmLAB AT LILF—DFEEICERTH 3 2 EHRE
Shifc(126, 127, 130-132, 303)c &5, rBLG D7 LILT ViEZE&RET U fo,
mIRD bBLG ICREXELIY Y XADEBMIEEERICEWVWT, rBLG (& IL-13
mMRNA HIBZ B FEI D& ERUIc, IHbE, BLGIEZLILTVEREE
TEIENASMNER ST,
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5-2 SEDFRBELEE

AAEDBFOEEMIZEZIE. gmLAB ZHREDTH - AEES U < [SHaEk
BmEUTENPEMICAWSZEICH D, ULHU. EICEGCFHEBRIMEY =
AW RICEWTEN - MENHIKNAH D, ZOXERITEE>TWWEW, —AT
METIE, RIFN7 7O0—FH S ZOREERRLELS &ET2DEHDH D,
FROBEZIFRDVUT OREKEFITETWVWD, TITABITIIREIC,

ITEMDEAZREFT L. SEROEBEICDOWVWTHENDS,
BLFHEBEZHEYZIAT 2 L TCRVMEL INIERO—D2IIC. ZN50
BRABREBADILENH 5, &<IC. gmLAB ZEFZEH UL IEBRE L TAHWSAK
HERICEWTIE, AR FERHBELRBRWNGR., TNoNREFRICHEI N DA
REMEIE RO TE <. BRI HEYBE S OERVCERZ EEFOKEGENS FI8
EICUBRWEEBZLERRICEZ2BNNH S, > T. gmLAB HERREICE
WTEASN D K DBEEGRMEHEA TEMZENCIAD, OEENBRETH 2,
COMEICX L. Steidler etal i&. £EBAELDOF I Y Y EHEERIGT (thyA)
Z. ENIL-10ZO—RIBECINCEZHZ o gm-L. lactis (LL-Thy12) ZHE5E
UL72(169), LL-Thyl12 (&. BEBDABICHEBRF IV VZEMT DEEHNZT KL,
KBREDEFIIVVRETTIEEETE T DI ENTERWN, ERIC, e NETIL
ELTOT9ZAVCROKRSHRICEWT, LL-Thy12 FEERICIFEA EHE
HENBNT EER U MET. LL-Thy12 HATGEEIC &2 thyA BEFOD
ESHEENICRIIBVWIEZHESMNC UL, AEMOBEZERIC. LL-
Thy12 ZF /= Phase 1 (170)& & Uf Phase 2a (ClinicalTrials.gov Identifier:
NCT00729872) FREKBEEM TNz, WITNDRERICEWTH, LL-Thy12 (&
WEREDHEEICHUIAOENZ I ENRSI N, T5IC. EMNTHBITZEFU
ADEIEDOBER I MOMBERZ ¥ > /NJE (Trefoil Factor 1) ZE4£9 % gm-
L. lactis ICEWTHIRAEI N/=(326), F7to5. Steidler et al HFFE U f &Kl
(169)iF. gmLAB DEMZFMIT CIADEREE U TRO TEMTH 2 Z EHRE
SNtz TDMICHEE. Nature SEICE W TR TIERSEYZRE UIAHEEE
NFEFIN(327, 328). gmLAB ZETMDMEANDIGANEARFINTWS, X
L OHEBERIF. gmLAB OEMZRIE UIASHEREE U TBD TIRI T« TMD
FEERMNRTH D, SRIFINSEMOEBECPZEUHZICEAL TERDIMED
BEENEEN D,
INETOREEMNBHAERRVPEELGRERD S, LAB IFE M PEMICEWNT
ZRIFMETH D & FH S TW 3 (Generally Recognized As Safe: GRAS) .
LA UL. gmLAB OZ2WIcBEL Tidch & FRlICERT 2ENH D, ThHbD
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5. LAB OEBGFHEBINZEWICKIFITHEZTDICTHMT 2HENH S,
NET, BYPE hERVWCHERICEWT, gmLAB OHIEREIC KD EERE
ERDFEINAISHFELRERW, AT, INETICEESNIZW DO D
FICEWT gmLAB DZEMENRE I N TWSHZ (L. de Moreno de LeBlanc
etal &, IBD OBEEEFEE U THEINZW DD gmLAB IEEERY D R
REAME (30 HE) #OKRS L CHEELRMEAORAICEBSBRWI EZRUT
(329), £fc. E RBREAETVAILADRSEZ T 2REH & U TOMANEF
&N 3 gm-Lactobacillus jensenii DIFER SIE. TILRBERE T AL A DREZE
T (PATTIL) CEVWTEELERRIGZSISRIT I ELBREZK
EITDIENREINE(330), 5IC. IBDYAHYEEICHITBEKEERICEWNT
H gmLAB ORFOBHIC K 2EERENERIIER S NG >7(61, 170, 326)
(ClinicalTrials.gov Identifier: NCTO0729872), LH L. gmLAB &2 4 (B
TEMRIGEFBRF S 2IEND TH D, AROEHIHEIHICDBRWZ &M, 1]
RERICEWTZDEREUNIAI N EEE BV, S&IE. B4R gmLAB IC
DWTHEMNBRIENKRETH D BIFERICEAL TH & D ZANGFTHMEA KD 5
ns.

IR7E. gMLAB OEEB TR - BRICHE T 2BFAMEIEER REBEINTWSHD0,
EEDOBMEICDOVWTIRIFEAERRAETH S, I4bE. INSOREIF. E
ICEEEZAVWCHAROBERTH D, RENICHRE T 28YICE T DEKRTTT
FZUWESEDLETZZ2/EW, LML, LL-Thy12 ZAW Y O—VRAEDK
B (ClinicalTrials.gov Identifier: NCTO0729872) ¥k 5818% (VU XA &E B W
KERTIEER 10° colony forming unit A =% — TS5 3 25aH%W) &L
DEENFET DI DS, BIMZRDDIERFIEERRETHDEERX D,
COMREICXT U T, HRABAENS ORDEHINFET 5, —DBIF. MRz
YVINVBEDEXEDIEINTH S, HlZIE. Adel-Patient et al i, BHR2ED
BLG ZE4%9 % gm-L. lactis z{EH U, ZNSOFLILF—TT7F > & LTOH
RZ BLC BMEV VR ZRAWCROKGHRICTHR U, &R, 1 #li@dich o
BLG EEXEN &LV gm-L. lactis DROBREICEVWTRBEVWTFHMRZR
(126), ZDfEICH. W DO DIARLWT, Mz ¥ v/ BOEEEDEMH
TIFUMREEDDIEZRLTWS(52,128), ZDHIF. X I VNV E
DIEEORFTTH D, NIFEIC. IBD OFF - BEBEEOMARICE VTR S
NTElk, FIZIE, IBD EFIY IV AZAWCROKRSHRBICEWT, IL-27 =
29 B gm-L. lactis 1% IL-10 733 gm-L. lactis £ D HEVEENRERKE LI
(20), ERIc. EERREEDOLY > 7OF7F7—EC v eEY —Z 29 % gm-L.
lactis (& MARIET A N4 > Z73Wd S gm-L. lactis & D HEBHNSMEKRBR
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ZZUSEBRUE(189), BEMGLERIESERL TLWEWHDD, AAK THAEL
fc NZ-HO ¥ NZ-IL6scFv [, INFETHENTLWRWAGKBEZENET S
Enhs, AREFICHEBERZb S ITMABLNGWL, =ZDBIF. BA]RX 5V I/N
B DB TH %, Mohamadzadeh et al (&, BHAMHIZIERNERTF RZERIAE L
feREETREZELET D gm-Lactobacillus acidophilus (&, REBETR%ZEE
9 2R gm-LAB S U T BBEHNARKREEREETILICEVWTEWFIIIR%E
oI EZHESMICUL(BB), Li et al i&. M MHRRERERTF RZz@E L
fo IL-6 ZEA T % gm-L. lactis |E. IL-6 ZFEL T BFE gm-LAB LB LT. &
WP Y2\ NEEZRET S ZRU(331), MDBIE. #E7 Y 2/\> b
DFETH %, ELICTIFT7IaNNNELTDYA NAA VEE gmLAB
DOFEIRTF I NTE T, HlZIE, Steidler et al (&, BERESEOESLITH %
EE9 S gm-L. lactis D¥FRT 7 F > & UL TOERIE. R gmLABIC IL-2 H UL
KIFIL-6 ZHRIFI L& TERIND I EZRUL(25), £ie. 1 BUFERRE
DRETIFUORETIE. BEMREY V/XVEE IL-10 #HKEIBI S gm-L
lactis ZFAWc AEICE W THRHEVARMIRENE SN (23, 26). ficH. IL-
1B (332)W IL-12 (67, 127)ZEXT S gmLABZ 7Y a2 /A NEULTHWSY
AT4T7HRIBEINTWS, ERBACH, X5V /IRVED gmLAB ICH 1
ZEEPEVE EULTHWS LAB OEEGERAWERICEST 2 ENREBS
nTwa,

5-3 #iE
gmLAB ZRWEEIEEN.SY /N BOEER S AT LAlE. BEREDHD%Z

BUKRAIGRBZ R DMRNIT TR - BRI 27dDTL—7 XL—HHific

7B AR Z KWCHOH TWD, RERRICIE. NECTFRBIMED ZERICES

9%, EWS, BEERTIEIBEO TEW\—RILIEET D, UL L. RiKEEE

FMCRRICED SN TE L RKREHN D BENLERE. BERNLRITERS

K OTERNRERKRARICE D ZD/N—RILDBERITEL B> TWVWS I EITRVD

RHUIBWES S, UM ULARHLS, BHEISEGEFHRLERZ ETICE T 2 mEE

IS KERENER > TEfco COLSBERDOHF T AAR TIF"BHAER" &

7% 3TED gm-L. lactis DIBRITHINL., FEEDFEHPERICE T /7 BifiEZ

BHIICE STz, BEERMICIELITOED TH 3,

1. HO-1 Z9w9 % gm-L. lactis (NZ-HO) DHBEICAEINU Tz, £/, NZ-HO
OROBRENY IV RICHB T 22UERBAZEHAI S EZRL,. IBD BRED
BADFR - BRY—ILEULTRELRE (BZF(216)),

2. HIEBEUZAET S IL6scFv 239 % gm-L. lactis (NZ-IL6scFv) DigEE
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ICHIhUTce UM N1 scFv ZEAT 5 gmLAB ZHHRTIEUH THE
E£L., ZALGMAEEORREZRE LU (BE=%F(229)).

3. bBLG #5995 gm-L. lactis (NZ-BLG) DIEBEICHINU Tz, rBLG Y ZD
NUZYyntEyid. mERO bBLG ERAFEDT LILY ViER & U DPP-IV [
EEUEBEIDIEZHASML. A7 LILF—P 2 BERRO TR - )&
BEORRY—ILEUTRELL (BHEE211)),

RE, BOAEOEGFRERZMEYOFNABICNT 2EZAIFERICE{LL TN
B5EDICBZ %, FIZIF. INEFTENEICEWT 2HUINERINTLWEND
B FHRBZETVFVOFIBM, 2015 F(C 14, 2016 FiC 2 4. #Fflc
AGRINTe (BMKER, “WIVINFERICEDEF—BERREZ AR UIER
FHRIBZED IV FV—8", FX28F 9 A 23 H)s EER I EIC. INFKTER
SNEETV IV FUREBEGFRBIAVAINADHTH DI L. SEIFIH TE
EFREBZKEBEE (Z2—hyXILFET7CILARKF ZEAEERTFEATEREAN
IWRZX A )JLA HVT-NDV/F %) OFIBHRD SNfc, 2014 F, RRAZDH
w7 )IL— 7l gmLAB ZRB Wb MSEO—~X T 1 ILR T Y F > OERKRE % tt
FUITHKEKITTEITLU. ZOEHRUZIALZ(61) TNIFMHTEINRETZET
HH. BHEICE TS gmMLAB ARDOARIRNLGERITZEL 2, INS5DEEH
5, SERENEICEWT., gmLAB Z;ERAT 2O DRDEANBRICERET 5
CEEFTRICHDED, AARRRIEINS DD BHAICEWTERLGERIR
ICa3 2 &z /L. HPEZ L THATITONTWS gmLAB fRARICEBT %
ZEEFES, SHBOMEICENT, gmLAB WNEEE T - BRI DHDEW
BFITEULTHEILL, E M PEIDROHIGREHICEMI DI & 2> TIERX

AW
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REXIEEENEMNRERZFERELEREY - RARZEEREBELREICE L
T FERIERRETIT > ILAREBD B D TY,, FEMRZZMATT (B
FXR) TERLE HEBIRICITIEEHE L U AR ERIET 2ESES5Z TV
2E. ZOZETICEWTENME. BMTEE BICEZRRZHEE, HBEZES X
Ufco CTITREDEZRULET, T, BIBELE UL TARX ZHEEREE. &8
BRAAY N OERZHD EULEMNKREZMARER (BER) HHKE L. SN
REZMAERE (BFER) BEEFN HE. RILRZAEZREZMAR tE56E
HERIR B INKEZMAFRR (BER) BT ERIRICR BHBE L EITFET,
BB DIERPRIBEBZRET OB, MRRBEVPEMZ SRHEW LS,
EE. HBAHZTEWEMNKRZZ2MMARER (BFR) EEHL BIBITRH WU
£9, OB BEMNCHRAETESE £ ULEMNKEXERBE TZRMFRR BN
F RICRHFRL LEIFEIT, VIR TOY T 120 HO-1 OFEMERER. scFv
MO RREERBTICEWT, IRRELPEMZ CIREWLEE. HiEE. B
NZTBEWENKREZZMAER (BZ2R) RRESE BEBITRHWNLET, 2D
BR. BRI CH N ZBEE X UIEMNKZAREZRBEIZRMAFE THE KICRK
HEALEIFET, AARDOEKTICHILD, EEZMERNSER OERGHEHENE.
HIESZEE X UCBEEMIIRZEFHREZR AR BICORHRL LITEI,
BEETARITICE W THEHA OB N, HESZEVWVCERKRZREEFE 7 7 —LE
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