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lunsdnmasallaanauuaiiSoaowus L alctis  NsnansoaiauwanlamaSulaslain
uaalawaliu awa 1200, 600 usz 133 giumdlulasldwaialia pBE3T ld awWus LFOOT,
LFN002 uar LFC003 uazialiinmsaiuanlamwesSunaiseananluiniaesdsladuuaalanas
Fudn N-lobe w10 600 gruadnllasldwaiadia pAMI2008 Id snuwus ALFN liaaviagaunts
waaIBanlay Western blot analysis lagld anti-human lactoferrin antibodies WUINRINDATIIA
TusGuuanlaassulaluanowus L. factis LFOO1 ud ldanunsnasianu laludnaasanawus wazla
MITaaTwn L sauluinaesle Lﬁagm'suamaaﬂmaaﬁﬂﬂﬂmﬁ@msﬁ'}a MRNA NBUULAA
Taassu lauld cDNA probe vaddunanlainassu wuindnsuaadaanli L. factis sn8Wus LFO0O1

R~ R 9 o o g = £ o a o & & o N

waz ALFN i Bsldresmeriuiiluns@nmoninisdusesliatudurasmaduunieinld
Ingflunyan

A £ I A o . & o ' .

Wanasaungninsduisaslinindunaunzi3afi ldlng (aberrant crypt foci ; ACF) luny

AV va . & o A A A . . A o '
wnflasumstaunisildlnglawdalaandu (dimethylhydrazine; DMH) luszoziSudu woimny
1830 Llactis azlidruin aberrant crypt foci wnniwydldiuamz saline uazifailSouifioy
323 L. lactis NlaBunaalaasswdnly (LFOO1 uaz ALFN) wuinaunnansiwis ACF laiila
ViBuny L. factis Ala@anizwaialia (BE31 uaz AMJ2008 MURIAL) WAEIRINNTDAATIUI ACF
ARvwIauNnIN 3 Acl I@UL%W’]&%E&ﬁVLﬁ L. lactis muﬁuﬁf ALFN 8131308a31%3% ACF Liaz ACF 71
fundn 3 Acf ldatelivindany (p<0.05) Walalsunualsdauuafiluganszvesnyldiu
a 1 . 1 1 ' a ] b o a &

wuafiSpvaudazaonuinuilifianuuandriiuednalisddyassaninases  Sanalnns
flasiunuifia ACF lunuamifldivlawsalaandu azldinmsfinmdaly

Wanasauluszozaaasy L. factis Niadunaalainasswianly (LFO01 uaz ALFN) Suwalsiy
P o Aa ' A A [ . A9 a
92anduIn ACF uaz ACFARwwemnni 3 Ack ldllaifiouny L. lactis NIF@mIzwaiia

(BE31 e AMJ2008 ausaL) ua hiwuindanuuandiagniivesam



Abstract

In this study, we constructed lactoferrin-producing, lactic acid bacteria, Lactococcus lactis
by introducing several size lactoferin genes (1200 bp, 6000 bp and 133 bp) to L. /actis MG1363
using pB31 plasmid generated strain LF001, LFN0O2, LFCO03 respectively. To increase the
production of lactoferrin in culture media, 600 bp of N-lobe LF gene was inserted to pAMJ2008
generated ALFN. The recombinant lactoferrin was detected by Western blot analysis using anti-
human antibodies. The recombinant lactoferrin was only detectable in the cell of L. lactis LFO01 but
not in other strains and culture supernatant. However, the mRNA expression human lactoferrin or
fragment was detectted in strain LFO0O1 and ALFN by Northern blot hybridization with N-lobe hLF
cDNA probe. Therefore, we selected L. lactis LFO01 and ALFN for anti-colon carcinogenesis
determination.

We determined the modulating effect of L. lactis LFO01 and ALFN on the aberrant crypt
foci formation in colon of rat received colon carcinogen, dimethylhydrazine; DMH. The results
showed that rat received L./actis exhibited the high number of ACF when compared to control
(saline) group. In initiation stage L. lactis harboring lactoferrin gene (LFO01 and ALFN) can
decrease the number of ACF and ACF which has more than 3 Ac/f in DMH treated rat colon
compared to L. /actis harboring each empty vector (BE31 and AMJ2008, respectively). The rat
received L. lactis LFN exhibited the significantly low number of ACF and ACF which has more than
3 Ac/f compared to strain AMJ2008 (p<0.05). In addition, there was no significantly different
between the number aerobic bacteria from feces of rat treated with DMH treated and L. /actis each
strain in the initiation stage. The mechanisms of modulating effects of lactoferrin producing L. lactis
on DMH induced colon carcinogenesis would be further study.

In the promotion stage, L. lactis harboring lactoferrin gene (LFO01 and ALFN) trended to
decrease the number of ACF an ACF which has more than 3 AC/f when compared to each empty

plasmid strain (BE31 and AMJ2008, respectively), but there was no statistical difference.
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mi‘n@maaﬁﬁi’@qﬂimaﬁlﬁa"?'iazu,'ﬁiaa%ﬁ\‘lLLUﬂﬁL’%fﬂ‘Luéwvlé'lumjmm Lactococcus lactis T4
mminwﬁmLLaﬂI@W\Ia‘%uI@ylﬁmﬂﬁﬂmaﬁuﬁmmm Lmzmaaqu%{maa recombinant bacteria
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lactis lapuwdadumslaandunanlawasudnlllu Lactococcus lactis laswanaiia pBE31 ¢ L.
lactis §18WWS LFOO1 LFNOO2 WazLFC003 au&16L sTssnenuialawanafiasn 9 @a L.
lactis BE31 (pPBE31) uaz pAMJ2008 l& ALFN 9amsfinmuuafiisovasudazmanuinuiiwaaiia
Aftuuanlaasnmaniofaesfindwinuasdanuaiosluaasas L factis LLa:Lﬁ'ag]qmauﬂ'a
AuguVad L. lactis UGRTELWUSWLIY L. lactis MG1363 fiasnluly M17-G lapumiaan
Erythromycin #uaslins L. lactis MG1363 windiulasthemaiand L. lactis fiasaiulalu
M17-G5 AiflenufFauz Erythromycin wazlu L. Jactis fifiBunanlaassuns 3 awia lédun LFOO1,
LFN002 uaz LFC003 azfimuasyidulafithninaneswus BE31 Ailluwaadawls leda pH 289
WFsawI pH  vasiudsezaaasantszanm 75 luaouSuduandslszanm 6.0 el
stationary phase %aa:é’uﬁuﬁﬁumim’%@Lauimamwﬂﬁﬁﬂnﬂmﬂﬁuf FougasltiAininnmsls
waadaudazriadn lU i ldsunivuuinmssinsauandauesuuais it
devnsdnpnsssuuaiiGefishdudennsyidulavesuefile Ecoli wui e
\8p9 L. lactis nnmMERUEINTY £ coll IM109 vl E. coii limansaniyidvlaldifiasen
L. lactis Lfiaw’%tyﬁa stationary phase sy linassdanuiunsalasden pH ag’ﬂs:mm 55 —
6.0 Fasumumuasuidulavas E. coli ?‘mﬂuqmauﬁamaa lactic acid bacteria i M lanxNTALAR
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A X AAd Ada A . a A 3
nesadfafinwmnavasuuafisaniduuanlaasiudansaiuidulaas E. coli lunaaanaaas
lunsnaseurnmuzadaanvasiuuaalaiasulasnmsananuanlamassuiuuaiise
v t&/ a . . . . ! H
8597ulas3T Western blot (Rabbit anti-human lactoferrin antibody) Wy lisunsnasianuuanle
a g v & \ a d o X & A a Add"VL.d
wastulwihidsmamnaeius  uaesiusalamasiuniainduluoasvasnuafiiolasi Tl
4 e 4. X vy - “
sruunaznasldsiunanetneananluwinges  Weaanamlusiwneluaasmaunsnananiuag
lawloTuldlu L. jactis soWug LFO01 Svwnadszanm 80 Alasaduud lisuninasawuludn 3
snuwugda LFN002, LFC003 uaz ALFN Salus@ufiainaldensszlamaidnwiearagudngmauda
maduuandlandalanfivefanliisdasfimInamwitnsanazey s lsiauaanInasiazey
msuaadaanvaddulu L. lactis sWHS LFOO1 uaz ALFN lagn3aiant mRNA @283F Northern
blot hybridization lae/l4 lactoferrin cDNA 1Tu probe fwIufaauIafenls L. factis aaamﬂﬁuﬁfﬁ
£ Y a A o a & o ' .
lumsfinsmgninmssumsiiasasliaisudusasmaiiensiealdlwg  (aberrant  crypt  foci;
ACF) lunyanildiulawsalaandu (Dimethylhydrazine; DMH)
=S zf v a a v a & o 1
lumsdnsgnimsdumaiieseslsaGudusasmaiauzseinldlng  (aberrant  crypt
foci; ACF) lunurnanlaiulawsalaas@u (Dimethylhydrazine; DMH) azld wy Wistar a1y 4
o ) o ' ° 10 Ve @ o '
dland lawflow L. factis spWugeng 9 $1uam 100 CFU dadadadn 1 dUansd lungunasasaz
ld3un13dia DMH fuaazasaduina 2 a3suFunm 40 un/nn. dmines daunguaiuguazlasy
a i & . a ) & = . a v i
mida Saline nuuloudalddn 3 dlank saumsfinmluszozdusianyazldiu L. lactis o
Wuge9 9 nasanda DMH 40 wnu/nn. ldudy 2 dlandudileudallaudenin vynmuaazgn
siausna lduaz iy uazvuavas aberrant crypt foci luLL@iazé'ﬂwwﬁazLﬁuqmizmﬂwku,wi
azngy vhanmdwuualifouvaiiSolasszaiouaziieslu saine uazliiaiayun LB plate 7 37
°a5 (L. lactis 9z laLa3qyuu LB plate 71 37 *m) landwamiu CFUMTugT:
Tumsfinmszzisudunwoimunnnguiiimind liuandiuagwlisidyaseanis
nanad uazliwy aberrant crypt foci lunynduildiunisdia saline WawSoufisulunguildsy
DMH (flafy 249.0479.1) wufi a3 L. jactis nnanswusazwudwin ACF snniwunldiuns
flow saline dwnyfild3u Llactis NdBuuaalaasin (L jactis LFOO1) 9zfi§1wam ACF aand
19.5 % Walisuny Llacts Nlfamwnz wanada (BE31) uae T@Umwwm}ﬁvlﬁ L. lactis 8NBWUE
ALFN @an30a@s1wiu ACF  uaz ACF Afannad1 3 Acf ldadnalbddry Rafinuiunud
l@sumsilaw L. Jactis AMJ2008 (46.6% WAz 68% @NEGL; p<0.05) LaltavSunmualsda
wwafiolugazvemuildsuuuafiovasudazmoiuiwuirlifanuuandrsiuatadiiod Ay
A Iy o a v =2 ' '
anaanInaaed Genalnnisilesiuniaifia ACF lunuanazldlins@nmndaly srummeseulu
' A A o A @ L oA o a o P AN va . Aaa a
sordnstuiiulivfaclinadwdonuiuszoniudu laofinyflasy Liactis Niiduuaalainasiu
(L. lactis LF001) azl4 1w ACF Uaz ACF N3u1N2191 3 Ac/f aaad 27.0 % LUaz 32.4% 9anal
fevllaifibuiy Liacts fldawiz waalia (BE31) wdludwunufld L. lactis auWug ALFN

RINIDAATIUI% ACF b 13.7% LﬁaLﬁﬂuﬁ'ﬁmHﬁvl@T%'umsﬂau L. lactis AMJ2008 waz bl
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ai’mwaﬁa&lﬂLWE)W']LLEQ@IGIW\IE)Q?%L“LI’IQ L. lactis
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Taanwnaafinfia1912g L. lactis

1 g

a da n I3 . ' v
msmaanﬂu‘nuag‘lumaa L. lactis Lmazmﬂwuq
A3VHDUANBMWLVDI Recombinant bacteria

}

mmaaummamaanmaaﬁurﬂﬂ

Western blot analysis
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MIRFAUNIINAAIDDNUYDY ﬁ%‘[ﬂﬂ
Northern blot hybridization
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MIIVFDUNAVDY lactoferrin producing L. lactis

fAan134a37Y Va9 E.coli

}

AIVADUNAVAYI lactoferrin producing L. lactis
1 . & o 1
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1. Mmyaenanadiaaninanlailaiuduidng Lactococcus lactis
1.1 mslaanuaalawaindnidngnaiadia pBE31 lagase

NAVRNS pBE31 , Lactococcus lactis YIT2081 165U91n Dr. Tomomi Kuwahara 211
Department of Bacteriology School of Medicine The University of Tokushima, Japan &3% human
lactoferrin (subclone lunanadia pSKLF) #3ua1n Dr. Dae-Yeul Yu 310 Korea Research Institute
of Bioscience&Biotechnology, Korea

pBE31 18z pSKLF %Qﬂﬂaﬂﬁ’amﬁu‘lmﬂ Xba | ez Kpn | (Pomega) ﬁnﬂﬁfuﬁuwﬂ%ud’mﬁ
gnziaymﬁwmu%auﬁ'ﬂﬂmﬁﬂmﬂ T4 ligase (Promega) (mmmumwgﬂﬁ 1.1) aniwi ) Teau
L‘fﬁlu E.coli HB101 LﬁaLﬁm‘hmumﬂfuaﬁ'@wmaﬁ@ﬁﬁmamn E.coli Lﬁ'ammmm@ﬁu
lactoferrin lag3% PCR WUIN&INNaWY amplicon 1#a 2.2 Alawadadwamavasduuanlamossn
(317 1.2) lWTradn pBLF001

Xba |
BamH | \
Smal
EcoR |

Xba I/ Kpn |
hLF

EcoR |
Hind I
Clal
Xho |

Kpn | j

sdiasina8 Xbal / Kpnl

U 1.1 unwmwnsleauuaalaiaiubwdigwaiado pBE31 lanass



2200

hLF (2.2 KB)
2000

31fi 1.2 1aufl 1 A Hind 11l marker 1%l 2 PCR product 1w 2.2 Alaiwmield pBLF001 Tl template ua
Iprimer LFF 5-GTGTCCATGGCCGTAGGAGAA GGAGTGTTCA G-3' uaz LFR 3-GGACACTTAAG
GAGTCCTTCATTAGACTCTTTGGTGT-5'

1.2 \Bandwuaalainasn N-lobe uazuanlaina3duny promoter Wae signal peptide

(SP) lNBNNNITEIRR AN NN LA anwanLBag

#1289 human lactoferrin a:gnﬁwvlm%amiaﬁ'u promoter 183 e CcpA 283 Lactococcus lactis
WatuauanuTalumsauaalawasuwluioas laoudaiu 2 d1uda lactoferrin N-lobe (yuna 730
bp) wae lactoferricin (V1@ 133 bp) ﬁogﬂ‘ﬁ 1.3

-167 1 730

Al:y N-lobe of lactoferrin |
I

PCcpA N-LF

-167 1 133

Al:y HumJn lactoferricin
I

PCcpA Lfn

gllﬁ 1.3 WNBATWMILTaNGa lactoferrin N-lobe a2 lactoferricin LT CcpA promoter



Lfia amplify e CcpA promoter lagld genomic DNA a3 Lactococcus lactis 1w template a2
1 Primer 2 sfiafila CCPF : 5 — ACA ACT CTA GAT CCA TTC TAC GCT ATT TTT — 3’ uaz CCPR : 5’
— GTT GTG AAT TCT TCT ACC ATG GTT GGC TAT CCT C - 3’ lauil Xba | Ncol uaz EcoR | 1l
subcloning site uazler amplify fiuwad human lactoferrin La lactoferricin lag pSKLF i template Lz
o primer LFF : 5-GTGTCCATGGCCGTAGGAGAA GGAGTGTTCA G-3' NU LFNR: 5" — GCA TGG AAT
TCT TAC CGG GCC AGA TGG - 3' #1371 lactoferrin N-lobe Laz LFF: 5-GTGTCCATGGCCGTA
GGAGAA GGAGTGTTCA G-3' LFcR: 5' = TTT TCG AAT TCT TAC TGG ATA CAC TGG - 3'§1%3U
lactoferricin Tag'léiAndm89 Neo | uaz Ecor | site 1 l1hiflaidanriugin Promoter 13 plasmid 31Nt
Alaawdnlu E.colil HB101 ilaiiuswananniuatiansadadisueaa E.coli Lﬁaﬁ'lmmwgﬁu
lactoferrin lag3T PCR wuin&anany amplicon 2419 730 basepair %dl,ﬂummﬂ“umﬁu lactoferrin N-lobe
1‘13’%@’5’1 pBLF002 (LF-N-lobe) (.82 amplicon 14#1@ 133 basepair %dLﬂu‘ummJa\‘lﬁu lactoferricin (Eﬂﬁ
1.4) TWdai pBLF003 (lactoferricin) au&1aL mmmagﬂwamm%'mwmaﬁ@Lm:qmamﬁammwmaﬁ@
ﬁazﬁwvlﬂ“uummﬁ’]gi Lactococcus lactis 630131991 1.1

1000
500

730 bp

133 bp

31]“7'; 1.4 Lactoferrin (N-lobe) L8z lactoferricin  amplicon : Lauﬁ 1 DNA 100 basepair markers Lauﬁ
2 PCR product 2@ 730 bp fiald pBLF002 (Iw template usz ldprimer LFF 5-
GTGTCCATGGCCGTAGGAGAA GGAGTGTTCA G-3' uaz LFNR 5 — GCA TGG AAT TCT TAC
CGG GCC AGA TGG - & Lau‘ﬁl 3 PCR product 141@ 730 bp LﬁﬂI“ﬁ pBLF003 iu template uaz
lﬁ'primer LFF 5-GTGTCCATGGCCGTAGGAGAA GGAGTGTTCA G-3' 1lae LFcR: 5 — TTT TCG
AAT TCT TAC TGG ATA CAC TGG - 3’



10

A15191 1.1 qmamﬁwmaﬁ@Lﬁaﬂaﬂﬂumw’&mmwhL‘Na’%ﬂu L. lactis

NaENA AmANI R

pBE31 pUC ori’, AMB1 ori’, LacZ , Em'

pBLF001 pBE31 + full length human lactoferrin (2.2 KB)

pBLF002 pBE31 + CcpA promoter + human lactoferrin N-lobe (730 bp)
pBLF003 pBE31 + CcpA promoter + human lactoferricin (133 bp)

a o v ; ¥ 1 .
2. mi'[ﬂauwmauﬂﬂas'mmmmg Lactococcus lactis

nMsa3a Competent cell 28y L. lactis

Lactococcus lactis fuWul MG1363 |@3ua1nuisin Bionere Uszinaiausnia iu vfia
Prophage-cure wae lddwanadaneluisas (plasmid free) %aﬂ%’uﬂﬁamsﬁuﬁmmﬂ L. lactis subsp.
Cremonis NCDO712 fluuuafiSofindansauandn wazlinisltlugamwnisuadnuninany
susnnzaeluam R ET e M17 (WasU3¥n Merck Ussinatoassin)

LRUREY L lactis MG1363 Tuomnsiasaida M17-G5 dhwduit 30 o laslsidasisn
ity enoculate T M17 #81 1% glycine , 17 % sucrose Uaz 0.5 % glucose UIN1AT 100
an. Uufi 30 " aulden ODggo L¥NAL 0.4-0.7 dmafuaadloanistuwndosd 5000 g 10 Wil ﬁ
4 % PINUUSILTARIIBFITAZANY 17 % sucrose 713 10% glycerol (A13azany 1) TunIssii 5000
g 10 w1ft # 4“5 91nsin suspend LwadR leluasazany 1 AiuFunas 1 va. IaasU3unas 40

laulasaasluny transformation LARZATI

n1in’1ﬂwa1ﬂﬁmﬁ"’§' L. lactis lng electroporation

Yinmsuan competent cell 40 lulasaasnuwanadadiduie 0.1-1 tulasnTu ﬁnﬂﬁ?ufiwm;j
cuvette §1%IU electroporation (¥#1@ 0.2 cm) ’n\“l‘i_luﬁ’ll,u"ﬁd YiNN7 electroporation ‘ﬁ 25 mF, 2 kV,
200 ohm ﬁnnﬁ?w,z?mmmi M17-SGCaMg (M17 “?ifl sucrose 17%, glucose 0.5% , CaCl, 2 mM LAz
MgCl, 20 mM) U531a35 960 lulasias aslu cuvette winldtiaf 30 °o 1lwaa 2 Talusudisemagan
spread U% M17-SGCaMg Agar ) Erythromycin 1 lulasn3w/ua. Boely 1 —2 55 inlalaiifilaan
wonldidulalaiiden udidenuiiaasesaunwanadauazuazlaasuuwlwassaas L. factis 7

an trransform Wl s8R wTUDI L. factis N OLFAIAIANITIN 2.1
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AN 2.1 F1YNWUDVUDN L. lactis ‘Y]ﬁi’l\ﬂ]%l%ﬂ'ﬁ“ﬂ@]ﬂaﬂu

Clone AmANI A

L. lactis MG1363 Prophage-cure and plasmid free

L. lactis BE L. lactis MG1363 ‘ﬁlﬁwmaﬁ@] pBE31 1w vector control

L. lactis LFO01 L. lactis MG1363 ﬁﬁwmaﬁﬂ pBLFO01 (full length human lactoferrin )

L. lactis LFN0OO2 L. lactis MG1363 ﬁﬁwmaﬁﬂ pBLF002 (human lactoferrin N-lobe (730 bp))
L. lactis LFC003 L. lactis MG1363 ﬁﬁwmaﬁ@ pBLF003 (human lactoferricin (133 bp))

3. msasndaunnanfiauazduuaalawaduilaisnlyle L. lactis

\danlalaluas L. jactis udazaewus (4 apWugldun BE31 LFO01, LFO02 uaz LFO03) 7
\93QUL erythromycin a1 enoculate 1 M17-G5 U5u1@3 10 ua. afi 30 °n dwiu el luen
mwmaﬁwauwia:mmﬁuﬂ@ﬂﬁnﬁwL’fgwﬁmﬁumLLUmSﬁaﬁLLUﬂﬁL%UT@Umsﬁum%mﬁ 5000 g 15
W 4 % mmfua:mU@l:ﬂaulﬂmﬂumia:mﬂ sucrose 25% "ﬁﬁ Lysozyme 30 Un./UA. 1331917 200
lulasaas Uuft 37 %o 15 wnflansiwduasazany alkaline SDS ( 3%SDS 1u 0.2 M NaOH) 1511@3
300 VLaJT,mEmwaulﬁﬁwﬁuﬁtﬂﬁavﬁﬁqm'ﬁqﬁﬁad 5 ¥l LeNE1I8za8 3 M sodium acetate pH 4.8
U513 300 lulasiaswenlwdnnn inlutusonasnoudl 15000 g 15 wift 71 4 °o vihawlaanls
waaalnd anaznause isopropanol 650 lulasaas Winlduusnaznauii15000 g 15 wift 71 4 °o
azanaaznawlwin USinas 320 lulasdas 1fin 7.5 M ammonium acetate 71 ethidiumbromide 0.5
un./ua 200 ulasdas wanliidnnui@s Phenol: chloroform (5:1) U3unas 350 lulasaas waalidn

N

gﬂﬁ 3.1 nanafinfiuanlaann L. lactis wANZAEIBNHS
BE31 lane 2 ; LFO001 lane 3; LFO02 Lane 4; LF003 lane 5 Was
A Hind IIl marker lane 1

6557 bp
4361 bp

2322 bp
2027 bp
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inluduwdnsfi15000 g 15 wifi 7 4 ‘o gananduuuilinaaaln LAutaTuaatiin 1
wa. nanlidnin s luiduuenazneudi15000 g 15 wft @ 4 0 drsaznandautesiuas 70 % Aslils
LLﬁaﬁqmﬁQﬁﬁaaa:mﬂu TE buffer USa1a3 30 lulasdas i'luvin electrophoresis lawld 0.7%
agarose gel Nﬂ‘ﬁ'vlﬁl,l,amﬁdgﬂﬁ 3.1

mﬂgﬂﬁ 3.1 azugasliidwiwmaiio pBE31 uazwanadandduuanlaiasusansniaas
replicate uazflanuiaioslwaasuas L. lactis uWus MG1363 susnananaadaanuaszany
WuSlasanale pBE31 2u1a 5.3 KB 3NnauWus BE31 pBLF001 2#1a 7.5 KB anaawus L.lactis
001 pBLFO02 111@ 6.2 KB 9IN&uWWS Llactis 002 sz pBLFO03 111@ 5.5 KB 9 N&1UNHE
L.lactis 003

Lfiam'maaugﬁumaaLLaﬂImLWai'%usluwmaﬁ@ﬁaﬁ'@"L@Ta’m Llactis soWuiens o laons
amplify Hupw1a6ns 9 wad lactoferrin lae3s PCR Lﬁasl,%wmaﬁ@ﬁaﬁ'@lvlﬁmﬂLwia:mﬂﬁmf WU
AU amplicon V1A 2200 basepair Taidluvwiavasuuanlaiwasiuuwe (g‘ﬂ‘ﬁ' 3.2a) IWA730
basepair ‘T%dL‘flu"Uum‘nadﬁu lactoferrin N-lobe (gllﬁ 3.2b) ez amplicon 1¥1@ 300 basepair %M'ﬂu

YUAVBI8W lactoferricin L WaNNL CcpA promoter (31]"7] 3.2¢)

L.lactis LF001 L.lactis LF002 L.lactis LFC003

gﬂﬁ 3.2 Amplicon 284 Lactoferrin (2.2 KB), Lactoferrin (N-lobe) LLas lactoferricin Im’l,fwmaﬁﬂﬁaﬁ'ﬂ"lﬁ
971 a) L. lactis suWu3 LFO01 Ju template uaz 1% primer LFF:5-GTGTCCATGGCCGTAGGA
GAAGGAG-3' Uaz LFR: 5-GGTTTGAATTCTTACTTCCTGAGGAAT-3. b) L. lactis 818w

LF002 11w template L8z 1°quprimer CCPF 5-ACAACTCTAGATCCATTCTACG CTATTTTT-3’ uas

LFNR 5’ — GCA TGG AAT TCT TAC CGG GCC AGA TGG - 3’ ) L. lactis mﬂﬁuf LF003 tilw
template ez eL“ﬁprimer CCPF 5’- ACAACTCTAGATCCATTCT ACGCTATTTTT G-3’ uax LFcR:
5 — TTT TCG AAT TCT TAC TGG ATA CAC TGG — 3" lagiaufl 1 “ﬂadLL@iazgﬂﬁJ:Lﬂu DNA
100 basepair markers Ll,a:l,au“?i 2 az1iu template ﬁlaﬁ‘mm L.lactis mﬂﬁuf BE31
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wa . . oa v [
4. NMINATHDVAWENUAVDI Recombinant bacteria nasla
A o =3 = A < . A ' a ' a v A wa
davhmsfinmfsguandalasnillves Liactis Mlawanafiaudazsfiodnll Saguaniid
289 L. lactis huaznainsauandadaiuniai i uadisasoanuiiaisasiainils stationary phase
vhmsasasaumaasyidulavas L. factis LwiazmUﬁuﬂmmﬁﬂmwﬁuﬁ ODgyy tABYINANT
enoculate ¥A89TINAK 1 ¥a. 1 M17-G5 Y3113 50 Wa (1:5) 3N1KIa OD600 nn 9 IR
¥m3ia pH vasiiAIaudazmowuslasnszany  Universal indicator aHaasuaadluand
4.1 uazgun 4.1

] gd v ' @ P
A13199 4.1 UEAS pH maamtﬁﬁwammamwwuq

pH waIuNLAE

mzlﬁ'uﬁf ﬁﬂ%LéU\‘l 2714, 3TN, 40U, 5TU. 6 1. 7 TU. 12 1y.
L. lactis MG1363 7.5 757 6.5 6.5 6 6 6 6
L. lactis BE 7.5 757 6.5 6.5 656 6 6 6
L. lactis LFO01 7.5 757 7 765 6.5 6 6 6
L. lactis LFNO0O2 7.5 7.5 7 7 7 6.5 6.5 6
L. lactis LFC003 7.5 7.5 7 7 7 6.5 6.5 6
1.40
120 -
1.00
0.80

—*— L. lactis MG1363

OD 600

—=— | Jactis BE31
—&— [ lactis LFOO1
—>%— L. lactis LFN002

—&— L. lactis LFNOO3

0 2 4 6 8 10 12 14

1287 (Fala4)

gﬂﬁ 4.1 ugaadannaaiyiulaves L. factis ewus MG1363 (lmasidntiu igidulalu M17-
G5 lass@an Erythromycin) BE31, LFO01, LFNOO2 waz LFC003 auday asgidulale M17-

G5 ﬁfj Erythromycin 1 VLuIﬂiﬂ%'u/m.)
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nJUR 4.1 uazan i 4.1 szusadliiiui L. factis MG1363 Muinylulu M17-G law
Us1@97n Erythromycin wwazlimsiasadulasgesiaiinda L. factis Niasqidulals M17-G5 7l
Erythromycin 1 laulasnsu/aa. uazlu L. /actis Ndfuuaalamasduns 3 awa laun LFOO1, LFNOO2
unz  LFC003 azlimuaigyidulafitindansvius BE31  Aduwmadawduazwoiaswug

a a a o A =~ I v A 6 v = v .
LFN002 Simuaigidvlathiige  Sseraandululdiniiesanimadazdasiimiains recombinant
i P e a a &2 o Y a a A o a o ) el ' a

protein  Twaaiwasimsasgiduledaildmaatadulefisaanndiniioasn ldlalanaaiio
wiafilanaafiawa udfisusnaiydvlaladauds stationary phase ldigwdnanu iaasragnis
gInTauanfnzaduuafiSoudazmanNuENLIN pH vashRsdRzaaadnUszinme 7.5 luaen
uduaufisilzanm 6.0 Wafly stationary phase azduNusAUMIAIYALIavasuLATIETEYNaY
Wi annsia pH o geshidssusasliidwihmlanaafaudazofiadn ol ldsonou

YUIWMITRIINIALAAAAVBILLATILTBLINT1
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5. M3asIIaNsauanlanaswlag Western blot analysis
ad
5mInaaas

N13LA38 Cell lysate WAz culture supernatant 209UUATNIIYE1UIUTIN SDS-PAGE

wenvinR e aAuYes L. alctis udazaERUT i lUiwndes? 6000 rpm 5-10 wafl
#i 4 °5 upniewadvasuLRGouaztinaes 1R — 20 o iawesuudanede

nsasaNaIVag Cell lysate

vuraafitasenldundsle TE buffer U5anas 1 wa. annsiwinluiiumdssdl 6000 rpm 5-10
Wil 7 4 % sueasniuuenleéun suspend i TE buffer 158105 1 4a.91n%L@x trichloroacetic
acid (TCA 100%) U5anas 100 'lulasdns asfisliuwiuds 20 mﬂLﬁaMqﬂmmumﬂmmuaaaﬁ
d9 9 anuwinludundesdt 13,000 g 15 Wil 7 4 °o aniudeznewTasaI acetone 80%
Usinas 1 wa. andwihldiwwised 13000 g 10 w7 7 4 ssmammads g]mmmulaﬁa
mﬂﬁ?uﬁavlﬂﬁuﬁuﬁqmﬁgﬁﬁm 510 Wl shsaanlauLan TE 8 lysozyme 5 an./ua. Usanas
80 lulasdasantiwananoussialiimasuanasio 3 37 aseaaidos 30 Wil 1A SDS 20%
Us1as 20 lulasaas slUduf 100 ssaaaidos 3 widl annsiwda sampling buffer #1350 SDS-
PAGE USunastvinriu (100 lulasaas) vinlddwdn 5 wid vortex Twidhniu iv'lfierin SDS-PAGE

MIIALNEI% Culture supernatant

1@ Culture supernatant U331@3 800 lulasdasuu@y TCA 100% 13u1as 400
Tulasans aefeliuwiuds 30 wndl ansiwinluiwmdesdl 20,000 g 30 wift A 4 °r shaznauan
#4a8 acetone USuas 250 lulasdns azaruaznaulu sodium hydroxide (NaOH 50 mM) U3u1as
80 'lulasansaniiui@n sampling buffer §1%51 SDS-PAGE U3anasuiniiu (80 lulasans) sinludy

5wl vortex TR 1AV13Re%in SDS-PAGE

n15111 SDS-PAGE
1 8% Acrylamide gel
200 Volt 60 ¥17

N13111 Western blot analysis

Membrane : 1% Nitricellulose membrane

Bloting condition : 60 mA 2 %'?T,m

Bloting condition

Primary antibody: Anti-human lactoferrin antibody (Sigma)
14 dilution = 1:1000

Secondary antibody: Goat anti-rabbit IgG alkaline phosphatase conjugate (Sigma)
1 dilution = 1:30,000

Visualization: NBT/BCIP dye (Promega)
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nsnadaunanivandnauaalawmasiuniasgiu

Wenageunsamiaiauanlaimasiulag Wstermn blot analysis laglfanududuvasuan
T@\Lwaﬁummgﬂué?ml,@i 2500, 1250, 625, 250, 62.5, 16 LLaz 4 wlunsuauiaunuinaunsnfias
avsauldaniisrsa 62.5 wilunduuazlimunsaasiaseuldnud 16 wlunsududuly duaas
lugﬂ'ﬁ' 7 &3 anududuvesuaalaasiuasud 125 wilundy aamleimmmﬂ’amﬁ'agiﬂi?\ﬂﬁ

1at) Coomassie staining 'l (VLZJVL@TLLamEﬁJ)

4ng 16ng 625ng 125ng 250 ng 625ng 1250ng 2500 ng

L

3Ul 5.1 nMInaseuuandudddouanlaiWeIunnasau (Sigma) ANNTUTY 4, 16, 62.5, 125,

625, 1250,482 2500 W1lunTy ANE1aU

msm’a%aaummamaanwaauaﬂfmwai%uﬁuslu L. lactis Llﬁiazﬂ’lﬂ‘ﬁ%ﬁﬁﬂﬂ

Western blot analysis

a) BE31  LF001 b) BE31 LFOO1

hLF -5 . hLF — m

311 5.2 Msanammiuaateanzadldsduuanlamaiulu L. factis LFOO1 lay Western blot
analysis a) Muluenas uaz b) Twilides 1au 1 uaalaweIuanasgin 62.5 wIlunin taw 2
#28€714310 L. lactis BE31 Lt 3 61881991n L. factis LFOO1
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INKNAMINARAIZRWINEINIIOAERLUYad [UsAunIu ldnuuanlamasulanauadaln
dunisnyszanm 80 Alamadu (UM 5.2 a) dadulisduuaalamasin lunmasastiuaalaiwas
Aa a ' Y o A& o o A A A A o A A
SuazugasaanlulSunmaauididsvilduuafGomannsadulald  Wesanuaalaasin

A Aaa a wn o & a a A A ' Aa
wiauaalawasidu Jguavddlunsduiinsaiydulavesuefite ulwsssniicnuaasean
vasuanlaaiuludinnnaunniuanezdugimasiyrasuvaiiSoimasuazyin liwasiianiiag
N0 a9lUAuNFaImTle asnulunmIinasssdsllazlaasiaiansusaseanvasduluszauns
transcription 1a8N133@ MRNA #2835 Northern blot hybridization @a 11/

TumsaTav lwsi R usisaanunAiToh lasnursnamanulysauuanlainassulas
wauduefdld (U 5.2b)  wsasliidwilusdulwihasedvinmdenfnluniegndessanowie
A ' a Lo & A v A o A A9 o
o1z hifinddasuanlaasTusanangifoian FaazdaINmInamnaaian lTuaadsaan

Tus@uafianida bl
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&

6. NIANBINAVDI L. factis uaaza18snwg aansesandulavas E.coli JM109
a a ,oA £ o & a a A A a
ANNAT N \%89970 Lactoferrin fgnslunsgugensasaidulavasuuaiSelunmaduains
16198052 ANTA N aanuluaiSoNau1TaR3N9 lactoferrin AZFINNIDLULINNT

wigdvlevasuuafiGolunsoanasasle

o d £ ' @ ' o & a a
Jaguszasd  WenassugriveuuaiiSuudazmewusdanisdugInsaigidvlevasuuaiise

E. coli JM109 lunaaanaaad

35n1Ineang

'3’%mi°nﬂaaavlﬁa§ﬂﬁdgﬂﬁ 6.1 lauvmudns L. factis udnzauwus uaz E. coli JM109
Frufiufl 30 o uaz 37 ° awsELINERLLY L Jactis uwiazaowus waz E. coli JM109 500
Talashas wnzluomnasatelnd mniwdssdelusn 4 alusnniuuds E.coli fiiasaauis log
phase 1 wa. iinadlu L. factis udazmowus aniwiuiuswan E. coli IM109 MaSnysaniy L.
lactis Tundazanuwus Aan 0, 2, 4 waz 8 Taluseuday laolw E. coli fita3nlu M17 broth 1ies

a A I s G =
ghatapduatdIoungy

L. lactis MG1363 )
L. lactis BE31

L. lactis LFO01 > o/n culture E. coli IM109
L. lactis LFNO0O2 o/n culture

L. lactis LFC003

Enoculate to new broth
Culture for 4 hrs (Mid log phase)

Add 1 ml of E. coli to each tube of L. lactis culture

Count number of E. coli in culture medium at

0,2,4,8hours

311 6.1 1a0sunINuaI3T Co-culture VI E.coli Waz L. lactis WAaTRIUNWE



50

45

40

35 4

30 +

25 4

CFU (x10e6)

20 +

15

10

5 | // Growth of E. coli in M17 medium
0 |

0 2 4 6 8

1287 (fala9)

31 6.2 31lusasmsLa3ayues E. colil JM109 lusiifios M17 71 30 s Taglaifinisiugh

120.0
-0-MG1363
100.0 |-
-0~ BE31
5 800 | = LF001
8 600 | —~ LFN002
°>\o e LFC003
400 |-
20.0 |
0.0

0 2 4 6

1281 (d21a4)

31 6.3 MaaSyidulavas £ coli 39N L. factis wdazaowug Tuskidos M17 11 30 o
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HAan1InNaaag
E. coli IM109 snansaiasqidulalalu M17 medium 151889 L. factis 16 71 30 °w Tae'lid
M3 uRAIIRIARINNEENNAE Erythromycin 1 wn/ua. ldlnadamsasuidulaves E. coli
IM109 udillaldns E. coli JM109 T9umU L. factis udazsnuwuy awhiwin E. coli hiswim
A A A 1a A a o a o A & R ; &
WwidulauaziilSinmseaalaifiounuaawsuau Teanvendwnnziniifeswes L. lactis Hwaz
61 pH aadaalla L. lactis 193w stationary phase vl E. coli ldanansniaSydule wasdl

6

° @ A a & o ' = 3 . o
mmuaﬂuaﬂmmanmhmi co-culture WU mlﬂummsnm:muwamad L .lactis R18 WD

9

{ o X ' a a . { v L d i $
ﬁﬁ'ﬁ’]ﬂ‘llu@lﬂﬂ']iLﬂiiyL@]UI@l“ﬂﬂﬁ E. coli 1%1&ﬂﬂ@]ﬂ@ﬂE]x‘lLﬁE]x‘l"ﬂ']ﬂﬂ']']&lLﬂ%ﬂi@“ﬂEN%ﬂLail\‘i L. lactis %\'1

R RRIGIRIGR ! Uﬁmfm 84 E. coli ﬂ%aﬂﬁ%ﬁa:ﬁﬂmgﬂuuuﬁ@i ahl
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7. NM38319 L.Jactis nasvuaalanassulagly P170 expression system

Background

P170 expression system (Hun1sas19lusaulagld Liactis strain MG1363 uaz wanada AMJ2008 7
mmm%’wé'agﬂﬁ 7.1

Sapl (338)
BgllI (350)
PsiI (360)
Sall (362)

SP310mut2”
P170

Terminator

ermB

pAMJ2008
6939 bp

repD

gﬂﬁ 7.1 PMNLaAaTATaAFINANER A PAMJ2008 [ pAMb1, p15A, ermB, SP31omut2]

Tpefszuun9a83e L. Jactis MG1363 lusruuninisadalusAunannnsadeaanunluin
e lalng signal peptide 283 SP310mut2 M la1N1904579 recombinant lactoferrin AgNnTalaas
aanN1 lwiaea i 39 plasmid pAMJ2008 uae L. Lactis MG1363 M@5Uan131% Bioneer Useimriau

N5A

388979 L. lactis @12WUE ALFN

ﬁ'mm,ﬁmhmuﬁmaa human lactoferrin U312 N-lobe lagld pSKLF ﬁomimaaaﬁ 1
i} template wazld primer LFF : 5-GTGTCCATGGCCGTAGGAGAA GGAGTGTTCA G-3 nu
LFNR: 5 — GCA TGG AAT TCT TAC CGG GCC AGA TGG - & I@]EJVL@%’W‘\IIME‘%’J%U%L’JM&]’@TEN
Bl Sap 1 usz sall WA lUiRedeuiugIn Promoter T plasmid AMJ2008 a1nsiufild wan
fafiarsdudnlu Ecoli HB101 iaifindnuinaniuananaalafifuesn Ecoli st
7329984 lactoferrin 1ag3% PCR Wuanannwy amplicon 7110 730 basepair Fadurwavasin
lactoferrin N-lobe %@ pALFN iwanadansvuadslimdduuas DNA aaTagauany
Qﬂﬁawaa Subcloning site Padudazwanaialas s pSEQ insite reverse primer‘ﬁ' 240 bp %dLﬁa
avasaUi LTS waSmidmilaaunuiadnis subcloning aN¢BIAIAI8EN4 subcloning
site E'ﬂ‘ﬁ 7.2
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5'-
ATTTACTTCGGAGAGGGTTATTTCAGATAAAAAAAATCCTTAGCTTTCGCTAAGGATGATTTCTGGC
AGGGGCGGAGAGACTCGAACTCCCAACACCCGGTTGTCGACCTGCAGGCGGCCGCACTAGTGA
TTCTCGATGCTCTTCCGCAGGCCGTAGGAGAAGGAGTGTTCAGTGGTGCGCCGTATCCCAACCC
GAGGCCACAAAATGCTTCCAATGGCAAAGGAATATGAGAAAA -240

g 7.2 AALUR9ALEUBLITINAL subcloning site Taelld sequencing primer pSEQ

daamireuiauuazzwavasiudidwadnladhlulunaadagndasudaiai pALFN
wueeing Lactococcus lactis ag3T Electroporation asaunelutda 2 mnuuldaaiianamoms

W1 L. lactis (ALFN) iivashan@nsnagmaat@ca |y
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8. MIANBINIITUANIBaNYaIEWlABN1IAITI9%1 MRNA @283 Northern blot hybridization

35ININAaBe
WBBY L. aletis udnzanpwug luiianefi 30 *o 16 Talus anuwi lUdunissil 6000 rpm
15 W N 4 °55 WuNLLTASYAILUNSaaNNINNWUIINIENG total RNA 628 RNA extraction Kit

(Qiagen RNAEasy Mini kit) :1nuwiad3ana RNA fianaldudidsuanudutulsiiu 0.5 pgu

137111 Formaldehyde agarose gel electrophoresis
1. 1@38u 1.2% agarose gel ‘ﬁﬁ 18% formaldehyde
2. L8y RNA sample lagmsusuysunasues RNA livindu 6 lulasaas annsiwia Tl
anu3oud 55 % 15 wfl udsiluugeraiudeiuiiie denature RNA ud3aidu 2
1ulasAaswas loading buffer
3. nuaadataninuaaslunanudavn electrophoresis Tagldainusnsdndd 50 Volt tuan
1 421319 Tu MOPS buffer

msn’wﬁtéfmag’mmum
4. daafldindasaoingu 4 a3 ud3ein RNA Anenldess Nylon Membrane 628
Air dry blotting laelt 1xSSCE LI blotting buffer Usesialsduan
5. duuiusuildundeiie SSC buffer 3nnsiwinlUaulduaudaa3s RNA usauiusulag

MINULFIoanI 1 lalan (254 nm) 2 A39 9 az 10 Iuf

RNA Hybridization

6. L@38u lactoferrin —N lobe probe ﬁ?\(ﬂaa’mﬁ’m Digoxygenin (DIG) lavlt DIG high prime
and detection kit. wazl% primer lun13a$19 probe tilautuiumILa3oaTw DNA LFN

7. dususuiadouldundsdan SSC buffer 5 a%a 1@ pre-hybridization buffer W&
incubate @28 Hybridization buffer ﬁﬁ DNA probe mmfu incubate 1A

8. ilansunmdauNiLIn 2 a5 9 82 5 w17a28 washing buffer niud9EnasIdn Ssc

9. wirlu Blocking buffer 10 w171 udiali Antibody solution 81 30 W1H R1ILULLTWUED Wrlis
Detection buffer 10 w11

10. AUAFUALATN CSPD 5-10 %@ LiIadananadn i lddsznuan X-ray
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HANIINARDY

\oamaseunsuaasaanvasinuanlainassuluszdu transcription Tag3% Northern blot
hybridization @28 DNA probe fisuwizda mRNA 2a9uanlaWasdu wuiaanInanataszau
mRNA 28s8uuanlamassuiiuansaanlu Liactis soWus  LF001 uaz ALFN melugﬂﬁ' 8.1
walignansnaranuldluseiusilanasiariwnagadior (BE31) uszaowuinlaouuanlamas
Suidaudany CcpA Promoter (LFN002 uaz LFC003; la'lduaaslunw) anaifluilosann Promoter
f':mﬁ]:é’aaﬁmimuquadwa%‘uiwﬁwmﬁ mRNA #ldanmsusasaeniiliisdosfeazdadd
mMsfnmdall NANANMINARBILEAIMALARIN L. factis R18Wus LFOO1 Laz ALFN R1an3nuLaadaan
Buuanlawassuluzau mRNA Sssannaasenldlag3s Northern blot hybridization Sefiataa
nassm s il dnmnalumsdunisiiaseslsauziSesldlna aberrant crypt foci sl,uwkjwn"?'i

1esurnsnavz3slawsalaandn

18s rRNA

o e

gﬂ‘l‘?‘i 8.1 Northern blot hybridization Tagildf Lactoferrin cDNA probe (ilufafann a1 RNA @1in

AN L. lactis (0BE31), 1o 2 RNA @fimann L. /actis (LFO01), a1 3 RNA @1iAann L. lactis (ALFN),
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9. NSANBNAUAY Lactococcus lactis MaguLantatNassuRaniIsinAsaslsAsNAULRINISLARA
& o a %
neisem ldlunluszaziauny

v ¢ A o = = L daa A a a a A 9
Qﬂqﬂ?gﬂﬂﬂ NBNAZANBIONNAURN L. /actis V]NEluV]N@?]LL@ﬂimLWﬂ??uﬁ]'ﬂﬂq?mﬂ?’ﬂﬂi?ﬂlﬁ“ﬁuﬂﬂ\iﬂ’]i

anziiean 1@y (Aberrant crypt foci; ACF) luszeizGusu
ABN1TNARRS

TunsAneilaz 14 lduy Wistar a1 4 danif (80 — 90 n3w)  Teazutiamyflunguasil

nax 1 Saline + Saline

nau 2 L. Lactis MG1363

ﬂ@:N 3 L. Lactis MG1363 BE31 + saline

ﬂzjll 4 L. Lactis MG1363 LFO1 + saline

ﬂzjll 5 L. Lactis MG1363 (pAMJ2008) + saline

mju 6 L. Lactis MG1363 (pALFN) + saline

ngu 7 Saline + DMH 40 mg/kg wt

naw 8 L. Lactis MG1363 + DMH 40 mg/kg wt

ﬂzg:ll 9 L. Lactis MG1363 BE31 + DMH 40 mg/kg wt
ﬂzg:ll 10 L. Lactis MG1363 LFO1 + DMH 40 mg/kg wt
nax 11 L. Lactis MG1363 (pAMJ2008) + DMH 40 mg/kg wt
nax 12 L. Lactis MG1363 (pALFN) + DMH 40 mg/kg wt

Tnemyusiaznguazlézunisilou Llactis Tuusazaisiusnuaauaeslu saline 5o flow
saline duFunguaauax Tnaniawssen L. factis winzaneigazwiaas i ldlsunouaads 10" wad/ 100

Tulnsams fatl

5 strains of L. /actis

200 pl enoculate to 12 ml M17G5 media

30°C 14 hrs
O/N culture
l 3500 rpm 15 min 4 °C
Cell pellet

.

Suspend in 1.2 ml saline (for 10 rats)

,

i.g 100 ul of suspension

(10 "' CFU/rat/day for 5 times a weak)
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Alpsidi
I I I I I I
0 1 2 3 4 5
J/ \I/ Saline ginuaziiuld
Group 1-6
I IDMH 40 mg/Kg wt (sc.)
Group 7 - 12
A A A A A

A fugansziietiuaruinuuanFaluanld (n - Juand) ‘ = Sacrifice
a o o 3 - o
5191 9.1 Protocol &miunnsAnunluscavEusiu

luszezBufumyazldfunistlensaduueiifoiey 1 dUanl wazseileslinaennimaass
uazazam Dimethyl hydrazine (DMH) 40 mg/Kg wt @RaumilstFmnaluaaqntiuime 0.1 ua.fe 100
nFututinga &laviazais a1uau 2 Ak (DMH azimses 40 1n/da. lug1sazats 0.4 N Sodium
Hydroxide 1iedsu pH 1#lfszannt 7.3)  mw protocol ifleasu 5 dlanviyynsaazgnainlas
diethyl ether mﬂﬁummmﬁﬂmum uaz @n 10% Formalin Wl g ldiesenaudanneuiuds
atatfer 15 wit mndudaueniduiu 7 wiasmeliuunszaenses udli 10% Formalin udeaedex
finel 2%methylele blue HuWAZITUANAIUIN ACF LAz 21A

TuwsiazdianviaziingaszaasylunsaznguunmifEunnuelsdauuaiice Inatingaasemy

v o

mAvldannasminuy 10 @eansly saline §Rsdon 1:10 AntwiReassiaifiesauls 1: 10° vl
X g vl o P 2 o o o N A a :
WWNZIAEN LB agar plate UN1dW 37 "1 daumn antiui i iR uuL AN B NIR i LBLEa TN NI
ARREANUYANFFRaNgNIAIA WL CFU/MNTNT8gaNse
douluszuzdadsn ununamaseuandlugn 9.2 wyacldiunis@a  Dimethylhydrazine

(DMH) 40 wn/nn. tminga dUanday A5 auau 2 afadumeaiuluszasBusl antudlnniin 5

'
=®K a

BN wEARLLATIZY UazFeiiedlUnaannImMAaes AN WHWNNINARSY WeATy 36 Ailasiuyyn
faazgnainlag diethyl ether antiudnuenanl&lun) uaz @n 10% Formalin Wil uanldieaenauda

% <3 1 £ = :// o | Qsj % = % I .
aunuisetnates 15 Wil aniusnuaniduiu o wdessaliuunszanenses wilu 10% Formalin
wdnAsdiandog 2%methylele blue iU uIN ACF naliindesqaial duuaziuiinauom uazauIn

293 ACF Tuanldaa9my
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FTT T T | | | | | |
012345 10 15 20 25 30 36
\l/\l/ Saline siuaziiuld
GO B T
ll DMH 40 mg/Kg wt (sc.)
L GROU 7 AL

517 9.2 ununmeaesdmiunsAne luszezdaady

NANITNAARY

slumiﬁﬂwmﬂzﬁluﬁuwuim%nﬂmjuﬁﬁmﬁfﬂﬁamﬂLL@m@mﬁ'uma@mimaaq waadbu
gﬂﬁ 9.3 usasbiiiwihmslasuunafiseluudazapnuslifinadenisaiydulavasdainaaas
\ilaavraaumstiia Aberrant crypt foci luslduaanunanas ldwy nitiia aberrant crypt foci lu
ﬁ‘k’mgjuﬁvlﬁ%'umiﬁ@ saline Lﬁal,ﬂ‘%ﬂmﬁﬂuluﬂajuﬁvlﬁ%'u DMH whsﬁvlﬁ%'urmﬂau L. lactis Y)n&y
WhBAzWUI WU ACF mnn’im&ﬁiﬁ%’umsﬂau saline (249.0+79.1 ACF/rat) d’m%&ﬁ"[ﬁ%’u
Llactis fifiEwuanlaiasdu (L. lactis LFOO1); 222.7+14.7 ACFirat) 9:841wu ACF aaad 19.5%
Wawiouny Liacts ldanis wanala (BE31; 277.0+445.9) uas Iﬂmamz%%ﬁw L. lactis SNWUE
ALFN s131308031W7 ACF (155.2+22.8 ACF/rat) waz ACF N§lanna3n 3 Ac/f (16.7+18.8 ACFrat)
Ifatnafiisdndny Wafouiumydldsunisilew L. lactis AMJ2008 (290.8+59.7 ACFirat; p<0.05)
(46.6% Uz 68.0% ANEGL) w§aslua1Ien 9.1 LLazgﬂﬁ' 9.4 LﬁaﬁnLL@IﬁﬁﬂLLUﬂﬁL‘%ﬂuqmiz
"IlE]d%hkﬁvlﬁ%ﬂLLUﬂ“?]L%EImUﬁ’u)f@m 9 wuinwia:ﬂ@;uﬁa"wmmmﬂﬁL‘%'msluﬁﬂ'lﬁﬁ"lajme@haﬁ'uslwﬁ'm
1.6 x10° - 4.8x 10° CFU/NTuga13z anaq 5 Faw @Tma@ﬂugﬂﬁ 9.5 ugadlidninmslasy L
lactis LL@iazmUﬁuﬂﬂﬁwaﬁamnﬁzymaaLmﬂﬁﬁyluﬁﬂﬁmamwwia:mg’u Faumasusimaia
ACF lay Llactis fiugasaaniuuanlamadusiwliifedasnumsiaswudassiwusasuuadiGe
dWithuluildasmyanuazwudinih meldTuuuafie L. jactis 39970 DMH aznszguliiniifia
ACFainniun #le5u DMH Winsathaidion udia3oufieuiu L. jactis fiin1susaseanuaduan
I@LW@S%uﬁaaaaaﬂuﬁufmuﬁu’hﬁv’aammﬂﬁuﬁ:ﬁmmmmmﬁa:ﬂuﬂy'\‘m'i:mummﬁ@ Aberrant
crypt foci luﬁﬂvl,ﬁmamkmnﬁ"lﬁ%’u DMH Wau/3suifieuniu L. lactis A8 empty plasmid srsiusdas
insdnmisnalnlumInszdunaiiia ACF law L. Jactis wurmstuglasuanlamasiudiasen

L. lactis sia'h
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300.0 —e— Water
= —_= MG1363
w 250.0 —a—BE31
'S 2000 - —o LFO1
£ —¢— 2008
£ 150.0 — LFN
a
I .
3 —+— Saline + DMH
£ 100.0
& — - MG1363 + DMH
p§ 50.0 - —e—BE31 + DMH
—o&—LF001 + DMH
0.0 —o— AMJ2008 + DMH
WKO Wk 1 Wk2 WK3 Wk4 WK5 —a—LFN + DMH

519 9.3 uansiwiinuyadsiusmedUanilugn  nqu

AN519% 9.1 ANIIUAPIANLAL aberrant crypt foci (ACF) 2141/ (\de aberrant crypt/focus ; Ac/f) hay
ACF ffaunlugynan 3 Acfocus luanldnaanyanafléfu dimethyl hydrazine (DMH) uaz L. lactis

aneiussng o) luszeziusiu (wanafludiiade+SD)

n'sju Treatment I Aberant crpt foci AC/F
Total AC>3
1 Saline 4 0+0.0 0+0.0 -
2 L.lactis MG1363 4 0+0.0 0+0.0 -
3  L.lactis BE31 4 0+0.0 0+0.0 -
4  L.lactis LFO01 4 0+0.0 0+0.0 -
5  L.Jactis 2008 4 0+0.0 0+0.0 -
6  L.lactis ALFN 4 0+0.0 0+0.0 -
7  Saline + DMH 6 249.0 + 79.1 29.8 + 33.3 1.98 + 0.21
8 L.lactis MG1363 + DMH 6 281.7 + 65.2 42.8 +21.6 2.21+0.17
9 L.lactis BE31+ DMH 6 277.0 + 459 36.5 +24.7 2.07 +0.20
10 L./actis LFOO1+DMH 6 222.7 + 14.7 25.8 + 151 2.09 + 0.19
11 L.lactis 2008 +DMH 6 290.8 + 59.7 52.2 +27.5 1.96 + 0.21

12  L.lactis ALFN+DMH

D

15562 +228* 16.7 + 18.8* 2.02 +0.38

* significant (p<0.05) {isuNUN§W L.lactis 2008 +DMH
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No of ACF/rat

450.0
400.0 -
350.0 4
300.0 A
250.0 4
200.0 4
150.0 A
100.0 A

50.0 -

0.0

1N

Saline MG1363 BE31 LFO1 AMJ2008 LFN

O Total
B AC>3 crypt/focus

=

gﬂﬁ 9.4 ULARMIAWIU aberrant crypt foci (ACF)  waz ACF 1lawalunindn 3 Ac/focus Tuanldans

WA AL dimethyl hydrazine (DMH) Uz L. /actis aneiiussing < luszezEnsiu * p<0.05

Log10 CFU/gram fecies

12

10

— .

—e— Saline
—a— MG1363
—0—BE31
—— LF001
—8— AMJ2008
—a— ALFN

weekl week?2 week3 week4 weekb

519 9.5 SuanuuAnFaliugasreeamyenan lFL DMH uazuuANFeanefiigeing <

A biuanalu log CFU/ nfu 1@RgaInausiase 1 ngx
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gaumanasavluszszaassa S lduias WnaawaotuiuszozSudn  aougasluasg
9.2 LLazgﬂﬁ 9.6 Imﬁ%gﬁ"lﬁ%’u Llactis i8uuanlaiWassu (L. lactis LFOO1) a:8i51mwan ACF
waz ACF fiflannadn 3 Ac/f tinfiu 255.8+86.7 uaz 135.2+35.6 G9dsuwinanasdniasiofiounuy
Llacts flsiawnz wanafia (BE31) (ACF= 352.7+78.1 ACF>3 = 196.2+29.8) saninfailuionas
1@windy 27.0 % wWaz 32.4% auEaU LL@ﬂuﬁ’m%HﬁvLﬁ L. lactis SNuWuE ALFN 8181308031194
ACF 'laties 13.7% LﬁaLﬁmuﬁu%Kbﬁ"Lﬁ%'umiﬂau L. lactis AMJ2008 uaz laiwuanuuaneaIves
§TWIMACF fiflannnin 3 ACH 3:ﬁ'jﬂaaaan§§uf: wgaalfiAiwi L. Jactis Raauanlawasuazla

o ' A A o o o a = '
LRAINATALAWIUTZULFILEIN TINR bNNTALANTIdaIdnIAnEea 1y

AN9197 9.2 AN NUARNAIUAY aberrant crypt foci (ACF) 1114 (\a@e aberrant crypt/focus ; Ac/f)
waz ACF ndawalunindn 3 Ac/focus Tuanldaasuya1ailésu dimethyl hydrazine (DMH) wag

L. lactis ANEINUEHNS y 11 Promotion stage (wanaidliAniaag+SD)

ﬂ@:&l Treatment 1IN Aberant crpt foci AC/F
Total AC>3
1 Saline 4 0+0.0 0+0.0 -
2 L.lactis MG1363 4 0+0.0 0+0.0 -
3  L.lactis BE31 4 0+0.0 0+0.0 -
4 L.lactis LF001 4 0+0.0 0+0.0 -
5  L.lactis 2008 4 0+0.0 0+0.0 -
6  L.lactis ALFN 4 0+0.0 0+0.0 -
7  Saline + DMH 6 186.8 + 59.7 90.5+21.3 417 +1.02
8 L.lactis MG1363 + DMH 6 263.3 + 53.8 131.8 + 50.4 452 +1.34
9 L.lactis BE31+ DMH 6 352.7 + 78.1 196.2 + 29.8 479 +1.13
10 L.lactis LFOO1+DMH 6 255.8 + 86.7 135.2 + 35.6 4.29 + 0.83
11 L.lactis 2008 +DMH 6 253.0 + 54.1 132.7 + 411 451 +1.31
12 L.lactis ALFN+DMH 6 218.1 +79.8 135.5 + 31.9 494 +1.25
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500.0
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300.0 O Total

250.0 - B AC>3 crypt/focus
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100.0
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Saline MG1363 BE31 LFO1 AMJ2008 LFN

gﬂﬁ 9.6 UARIANUIU aberrant crypt foci (ACF) auna (\a@g aberrant crypt/focus ; Ac/f) az ACF Naunn
Tuainan 3 Acffocus TuanldreamyanaléFyu dimethyl hydrazine (DMH) wa L. factis neiussing o T

Promotion stage

a7UHawIY
cgld v ¢ A A A U a A o ' . v
minasasiiiianlizasdiiaNanieaisuuaiiGolus Idlunguues Lactococcus factis Twaann
a a @ a @ a £ . . { o X ' a
HAauaalaaTulaslfinafianeiugiainsw uaznasaunnivas recombinant bacteria gs1sdudanafia
vudid ldlunusnnlaiulawdalaandu
nnMInaaadaIligIsuauInaing L. jactis isaninusataanvaibuuaalamaliu udns
mmaauius:é’ﬂﬂiﬁummim‘hvl,ﬁaﬂﬁd'ﬂ“ﬂﬁ'@LﬁaamﬂLﬂumm’fﬁﬂﬂiﬁumaamgmﬂmmﬂﬁL%'sJLfnafﬁww
vinlwlassasavasldsdmddonutaslylisursodvldnuuanduadd wiatkasanuaalamwassuuazsiudas
a Afy g: =Y o v v o L 1 < U
pasuanlaeiulignidusimaaigresvafiForilwnisusaseandasgniing adslsfiawdidoaum
@ & A A o &d o £ o a
avIFaUMILAAdaaniuizdy mRNA maolusadvasuvaiiGelumowuinildnaseunnidumafia
aberrant crypt foci ’Luﬁﬁvlﬁmamkmnﬁvlﬁ%'umiﬁamﬁa Dimethylhydrazine (DMH)
A £ o ’ . ° [y AV va ' &
\WanasaunnTeun1IiAia aberrant crypt foci lud ldvasmusinldTuasnenzss DMH luszez
a o ' AV va ' o 3 o A ° v a A L A a o A
SudunuiwunlaTu DMH 380D L. factis nnanswuiiniisnildiie ACF iRnannlwlafisununud
165U DMH 1iggatnaLfon adnglsneny %HWL@T%“U L. lactis NugadaanduuanlaiWasSu (LFO1 uaz LFN) A
sanInfiazangianmyzesnaia ACF ldillaiiuununynldiy L. jactis Awanalaiwyinmi (BE31 uaz
AMJ2008) waznduwi ltunazinaluszuzsaady ua lidanuuandInezia
2 & a o A o A aa ° o a Aa &
INMINaaaIdsdusuwimasudunazsnawmInaanuafiselus ldnsnisonaasnIndusz luwil
o A o A A o ° L oA g o Aa A A o &
laglfinafiameiunicnasuilasans moluildlnginedasmunsiieanuiadnduszmaiaw il
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Modulation of Dimethylhydrazine (DMH)-induced
Aberrant Crypt Foci Formation by Lactoferrin-
producing Lactococcus lactis

Teera Chewonarin', Watchar: Kasinerk?

'Department of Biochemistry, Faculty of Medicine, “Department of Clinical immunology, Faculty of Medical
Technology, Chiangmai University, Chiangmai 50200, Thailand

T

Abstract

To construct lactoferrin-producing L. lactis:
pBE31 and pAMJ2008 were used to construct
plamid that carry hLF to L. lactis. Two strains of
lactoferrin harboring L. lactis were constructed as
L. lactis LFOO1 (full length 2200 bp) and L. lactis
LFN (N-lobe 730 bp), respectively. The growth rate
of each strain was not significantly different but §
the L. lactis harboring lactoferrin gene trended to ¥
be slower. The pH of bacteria culture media was
decreased from 7.5 at starting of cultivation to  6.0§
when the bacteria reached to stationary phase. The
_expression of recombinant lactoferrin in L 'actis
was determined by Western blot analysis using anti-
human lactoferrin antibody. The modifying dects
of L. lactis in each strain on the development of 4 S
dimethylhydrazine (DMH)-induced colonic aberrant crypt foci (ACF) were mvesugaled in male Wistar
rats. In initiation stage, rats were given subcutancous injection of DMH (40 mg/kg body weight) once
a week for two weeks to induced ACF and fed bacterial suspension of strains MG1363 (parental
strain) BE31(control plasmid), LFO01, AMJ2008 (control plasmid) and LFN, respectively for 5 weeks
starting one week before the first week of carcinogen. In promotion stage, rats were fed bacterial
suspension in each strain after 3 weeks after second dose of carcinogen for 16 weeks. Treatment of
bacteria culture trended to increase the number of ACF formation in DMH treated rat. L. lactis harboring
human lactoferin gene can decrease both the number of ACF formation and the multiplicity of ACF in
rat colon but there is no significantly different. The results lead to further study in anti-colon cancer
properties of modified intestinal bacteria.

This research was supported by the Thailand Research Fund (TRF).
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P-01
CONSTRUCTION OF LACTOFERRIN-PRODUCING LACTOCOCCUS LACTIS AND PROPERTIES
OF ITS RECOMBINANT PROTEIN

‘Teera Chewonarin', Watchara Kasinrerk®

Faculty of Medicine, Chiang anti-colon cancer in this study. L. lactis was selected as a host for

'Department of Biochemistry, actoferrin-producing bacterium was proposed to be a tool for |s
Mai University, Chiang Mai cjc/

recombinant lactoferrin production. . coli-Lactococcus shuttle vector, &7
50200. Thailand PBE31 was used to construct plamid that carry hLF to L. lactis. Three €
Hepartmeiig Clinical size of hLF genes were amplified including LF (2200 bp), LFN (N-lobe; 730 =
ermlmofogy Faculty Of' bp) and Lfc (lactoferricin; 133 bp), and linked to Lactocoocus CcpA promoter. o
Medical Technology, Chiang ; : : : ; v
Mai University, Chiang Ml These rt?comblnant Iaf:toferrl.n genes then were |.nserted into pBE31 at designed |
50200, Thailand. . subcloning site. Plasmids which carried various size of hLF gene were transferred |

to L. lactis MG1363 by electroporation generated four strains these were
L. lactis BE31 LFOO1 (full length 2200 bp), LFN002 (M-lobe 780 bp) and
LFC003 (lactoferricin 180 bp), respectively. Plasmids in all strains were extracted
to determine the existing of hLF gene by PCR, then subject to PCR for sequencing.
The growth rate of each strain was not significantly different but the L. lactis
harboring lactoferrin gene trended to be slower. The pH of bacteria culture
media was decreased from 7.5 at starting of cultivation to about 6.0 when the
bacteria reached to stationary phase. The results shown that the plasmids
inserted to L. lactis of each strain were stable and did not interrupt lactic acid
production of host cell. The expression of recombinant lactoferrin in L. Jactis
was determined by western blot analysis. Moreover its biological functions of
these bacteria and recombinant protein will be further studied.

Acknowledgements: This work is supported by Thailand Research Fund (TRF).
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MRG071/p107
Construction of Lactoferrin-producing Lactococcus lactis
and properties of its recombinant protein

*
Teera Chewonarin® , Watchara Kasinrerk”

@ Department of Biochemistry, Faculty of Medicine, Chiangmai University, Chiangmai 50200, Thailand
* Department of Clinical immunology, Faculty of Medical Technology, Chiangmai University, Chiangmai 50200, Thailand

Abstract—To construct lactoferrin-producing intestinal bacteria, L. lactis: lactic acid bacteria
which shown human health promotion, was selected as a host. for recombinant lactoferrin
production. E.coli-Lactococcus shuttle vector, pBE31 was used to construct plamid that carry
hLF to L. lactis. Three size of hLF genes were amplified including LF (2200 bp). LFN (N-lobe:
730 bp) and Lfc (lactoferricin; 133 bp), and linked to Lactocoocus CcpA promoter. These
recombinant lactoferrin genes then were inserted into pBE31 at designed subcloning site.
Plasmids which carried various size of hLF gene were transferred to L. lactis MG1363 by
electroporation generated four strains these were L. lactis BE31 LF001 (full length 2200 bp).
LFN002 (M-lobe 780 bp) and LFCO003 (lactoferricin 180 bp), respectively. Plasmids in all strains
were extracted to determine the existing of hLF gene by PCR, then subject to PCR for
sequencing. The growth rate of each strain was not significantly different but the L. /actis
harboring lactoferrin gene trended to be slower. The pH of bacteria culture media was decreased
from 7.5 at starting of cultivation to about 6.0 when the bacteria reached to stationary phase. The
results shown that the plasmids inserted to L. lactis of each strain were stable and did nof

interrupt lactic acid production of host cell. The expression of recombinant lactoferrin in L. lactis
and its biological function is on process.

Keywords—Lactoferrin-producing Lactococcus lactis, functional bacteria

Corresponding author. Tel.: 66-53-945325 ext 232 ; fax: 66-53-894031; e-mail: tchewonarin@hotmail com.
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