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Development of probiotics that can enhance immune
systems of animals using gene cloning techniques
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SUMMARY

(FE8 )

Annual antibiotics consumption i1s estimated approximately 30 tons considering
total annual consumption of food additive. Consumption of antibiotics is partly
decreasing due to the problems caused by remains from live stock and antibiotics
resistance bacteria. Meanwhile the total world consumption is expanding along
with increase in live stocks as a result of promotion of growth of youngster and
constraining of bad bacteria and inhibiting parasite.

Antibiotics have been used to control infectious diseases in animals such as
diarrhea and pneumonia in swine and dogs for long times. However, there was
no guideline to control abuse and misuse in the use of the antibiotics. Now, there
was not much of choice to use antibiotics since lots of antibiotics—resistant
bacteria had been appeared due to abuse or misuse of the antibiotics. Therefore,
alternatives including Lactobacillus have been required to control the diseases.
Lactobacillus has been focused as live vector because the bacteria can propagate
in the intestine after feeding. Also, researches on the LZLactobacillus such as
genetics have been done by the development of several techniques in molecular
biology. Recently, techniques on the transformation and expression with the
bacteria have been developed.

Probiotics had been defined as the live bacteria which can give a benefit to
the host by changing the microflora in intestine. Recently, several Lactobacilius
have been used for the puropose in swine industry.

Also, the bacteria must have several properties such as resistance to gastric acid
and bile salt, ability to adhere and propargate in the small intestine to use as
probiotics. In addition to those factors, cost to produce and use should not be
expensive.

Cytokines are small molecules that can control immune respones by activation of
immune cells against the stimuli including the bacterial infection. Attempts have
been made to use the cytokines as the indicator of early infection, adjuvants in
vaccine and other studies.

Economic loss in Korean swine industry can estimate about two hundred
billions due to diseases. Similar economic loss have been reported in several

different countries even though there were some different depending on the size



of farmes, degree of sanitation, knoweledge on the swine technology, etc..
Therefore, several attempts have been made to decrease the economic loss.

Lactobacillus as a probiotics is already proven as GRAS (Generally
Recognized As Safe) in safety and has been used as a feed additive and animal
medicine in animal industry to improve the productivity. if the bacteria can
produce some molecules that may improve the immune responses and enhance
the prevention of the diseases, the bacteria would be more attractive as a
probiotics. Also, it will be increase the economical benefit to the farmers in
animal industry.

Korean swine industry obtains high technology among Asian countries.
Meanwhile, it has many problems such as high dependency in imported feed and
breeding pigs and most recently environmental concern has been raised. It is
desperately needed to develop new technologies which can provide with high
productivity aiming at high value added and as a way of giving hope and
encouragement to those who work in live stock industry.

It is well known that the young weaning pig is abruptly subjected to a radical
change in diet coupled with the waning of maternally derived serum
immunoglobulins and the withdrawal of the locally protective elements of milk. It
usually resulted in the onset of the syndrome of postweaning diarrhoea,
characterized by villus atrophy, malabsorption due to enterocyte immaturity and
bacterial overgrowth and To date, nothing is known about any in vivo function
of IL—2 on the innate immune responses in newly weaned piglets. In the present
study, we investigated the potential effects of IL—2 on the CD4", CD8" T
lymphocytes subpopulations percent (in 1 X 10° PBMCs), IFN—v and IL—-2
production in serum, PBMCs proliferation. This paper reports for the first time
the in vivo immunostimulatory effects of IFN-—v and IL—2 on the innate immune

responses in newly weaned piglets.

According to the research conducted by National Dairy Board, public health is
endangered by abusing and misusing of insecticide, herbicide and the antibiotics
which causes antibiotics—resistance bacteria. For that reason, it is more in need
to develop alternative methods in live stock industry which increase feeding
efficiency while constraint the use of antibiotics. Korea is no exception under the

rule of trade liberalization of WTO and in turn, it is unavoidable to restrict the



use of antibiotics in domestic live stock market. Considering the current situation
in live stock industry as described the above, this research can contribute to live
stock industry by proving Lactobacillus expressing IFN—-r and IL—2, as a
probiotics can prevent animal diseases.

Isolation and preparation of immune cells from swine and isolation of total
RNA from the cells and generation of ¢cDNA. Cloning and characterization of Pig
IFN—r and Pig IL—2 from swine. Preparation of vector to express the cloned
genes in Lactobacillus.

Production of transformants expressing the Pig IFN—r and IL—2.

Development of transformation technology in Lactobacilius.

Transformation of the cloned Pig IFN—r and IL—2 into the Lactobaciilus.

Expression and charaterization of the Pig IFN—r and IL—2 in Lactobaciilus.
Application of the Lactobacillus expressing Pig IFN—r and IL—2 to animals.
Animal experiment of the Lactobacillus expressing Pig IFN—r and IL—2 in swine.
Examine the immune responses after administration.

Animal experiment of the Lactobacillus expressing Pig IFN—r and IL—2 in swine.
Examine the immune responses after adminstration.
Surveillance of diseases after administration.

To study the immune response induced by 120 piglets of both sexes of mixed
genetic background, 2 months of age and free of PED virus, were purchased in a
rural farm in the Chonan city and kept in the farm of the Yonam college in

controlled sanitary conditions to prevent infections.

Sera from pigs immunized with PED virus were processed to measure specific
antibodies by ELISA. To reduce unspecific binding of sera pig components, an
enriched Ig fraction of the sera was precipitated by ammonium sulphate,
chromatographed and rediluted in 0.15 M PBS before assessment of serum

antibody levels by ELISA.

Preparation of techniques to express the cloned genes in Lactobacillus.
Establishing foundations to express useful immune—activating substances and
proteins based on this study of ZLactobacillus expressing canine Pig IFN-r and
IL-2.

Presenting possibilities to produce Lactobacillus expressing these various

substances in large quantities at low cost.



However, recently food additive market is wunder various restrictions for
antibiotics which promotes growth of youngsters and prevents diseases.
Internationally, the use of antibiotics as food additives is prohibited and Korea is
not an exception. Besides, the current trend concerning the safety of meat helps
to bring probiotics into attention. Thus, efficacy of Lactobacillus expressing Pig
IFN—r and IL—2 proven by this study enhances animal hygiene and public
hygiene as new probiotics. Also, it will be considered to be a huge contributor of
livestock industry thanks to currently raising well—being trend.

Development of Lactobacillus expressing Pig IFN—r and IL—2 which enhances
immune function and bioavailability will substitute antibiotics for probiotics and
make use of nutritional food additive. Therefore, this product is expected to have

international competitiveness.
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=+ 2+ enterotoxic E. coli(ETEC) (26%), Clostridial enteritis (18%), Coccidiosis
(14%), Rotavirus (8%) o &&HA Ut} o] A= AAlFol 23] Fu AAse=
Bifidobacteria®} lactobacillis 74 3}al, Enterobacterias= S7HA 7] &= Ao = <4y
A A thH(Kimura, 1983).
Lactobacillus reuterioll 93] 2 &% yoghurt®} milkE A3 24 #HA|o] Fs}%
S o # lactobacillis Z7}8tar, E. colix 74 E At (Hoefling, 1989). E-FAF=0
Al Bifidobacterium®} Bif. pseudolongum< A FFold A9 AAF el HALEZ=S 4

WeleE a37F B a5 tH(Ervolder, 1984). E3%F Enterococcus faecium C68< 471€



b oAb Ao Fofstles W SAHFI AlREEo] Frhstal, HASS 4SS
t}(Maeng 5, 1989).

H|§=o A% A A (C. butyricum ID)9] ARE2 kel FhA B Bl dn| A& 3
dol dpgEnt oiyet AHAEN AlREEY JHHAERTE e AR dHA dv
(Pollman %, 1980). @A A|l#H 1 &= AdAE= nAdE d=
I sl AREEIL Qo SFe SE JhA & tiE 10-1 =
ofet= WS AR oy AEEdd 2% Fe ], FoAZFd Fo %
of Wg a3 ol g s AAEH A ZTH(Tuschy, 1986).

W= AR /‘ﬂﬂx] T8 Fd2> At Aot Lactobacillus =+ A4t
Enterococcus faeciums H7}sle Ao 2 AlE 1g9 10-100.2 H7lste] &3tets=
Zo] dxkA o]t}

*3?11]”14 e d5o

(@]
= Lol
M
lo,
d
o

rlr

BRI g BAE e
e QnRlig Aol o vEUARG Hojd AYETHE Holdhs
Ao el dom, pelletingF-oll = F40% °]do #F7F BEshe AR Bl
S (Lyons, 1988). AwAl= LA Sl o gk ik 51 484 Al Az
T 22HAQ HE R AR P FEA ToR TS A AR FEHYE dAFe
ZA 2wl xs FAdsH Aol & wolen Ao AAR o)8&S FHEd
o =M AFAE Alaste Wt JdEn. ol A& vE 4 27,
35 Wy, A 87, ARV Adsel Hrkste Wl wek g Fojsin] 53

1:]_ =
streptococciZt B dotdl dANAE Art:E Aoz 4l 9rh(Hardis, 1986;
Mundt, 1986). —L8}o] lostridiumo] A2 AFg % o] $+th(Han 5,
1984).
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Bacillus

Autd o 7 Atz o+ heteropolysaccharides$] glucans, fructans, arabans %
xylans, 12]3l heteropolysaccharides®]l arabinoxylan, gluconoxylans, 7]E}
oilgosaccharidess 2] B3}&0] £A]8}H o] &% oilgosaccharides™ Prebiotics ZA]
Al 71A7 AL He &Y adsE yebd = gl olel AF7hA A A<t
ProbioticsE& 7 et g A4 Aae= doy, HFEA Y AUA ads
A A7 F3E vk dh



= A ¢, F Bifidobacteria®l 4

AukA o 2 oilgofructosess= ©Hko] vh
Z+ =t} (Niness, 1999). Inulin®} oilgofructose= Z "]
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A3 F AL =3 e H 23

A 1A AY7s 243 ALA Mg & dA9FH a3 71

E Ao A= Lactobacillus acidophilusE o] 83te] =% ¢] HA7)5S Z7HA
7l 4= 9= porcine IL—2 A2} porcine IFN—r F4A=

r
A oA pig IL—29F IFN—r 7} 0|5 = A7) s7s AFFS fasta

L. A7 As 2 U9

D A3 ¥y 2 44
71 ANTE

ALFA RS 1358 HSA7] =S AFgate] A st Al E EAL A A ASH
TAEERE HdAlFe] 53.3kg?] WMFHA7I=Q AYwdE (Landrace x Large
White x Duroc) RS FAISITh. A= 24 g el 742 5574 F 10 viglE o] &

aho] A8 T)

o

W) A@AA 2 ALSTEE
A 12 dxzr=2  Adls dxzy Agdd S5 Ads B subtlis, L.

acidophilusE ZV7y 1%-S 371k A2 +=2 3tk Alas "

F71el olal A AR oH, 7E AlddE s A

2ol Eapaitt

i}
o
El
>,
et
r
>
=5
FN
>
o2
e ol

) HAY FAN ZE AdFo) A AL

H 7= gigh A4 AdF HJAME AAstax Agad= 554 247t
Fob gt labdol A Ald A ALE AAlEdTh Fad A Al Fel digk %
A A A A AAWEES oF 108 7132 Selenite broth (Difco)dl
ZF3rsFe] HAn %], Salmonella—Shigella agar (Difco) ¥ MacConkey agar
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(Difco)ol A o] wheFateh. ete Held ¥ Yskshs FALE WA sl FAE
43,

2. 47+ 24 € 1@
1) 59T A € A4 dF 44 &4
7}) SFALETY] dF 2 AT FTY AESH 54 7

FAATFE e 457 st #AY AR EdelA A 7HA
XHE% HHFsto] 5% HIHY i’?ﬂ“ﬂx]‘)ﬂ HFste] 37C, 10% COz0llA
Zojufdste] S MElste] 37 ColA 24417 Al w93k & catalase, gram
stain, H2S, indoles 2 test=Z #¥E& & AU
HeFd ol Ao A BAE FekS A ste] Ak HAF A3E EUY R
B.subtilis, L.acidophilus & ¥ SA3tth o]5 A#e 60°Ce XA %
HEE S WER Wl
¥ 2 EY Fd9 EFR FE vAEY #HE AXS B osubtidis, L.
acidophilus & 313 ZHAMRS o] &3] w8t o5 Alwe 54 £ 19

Astsh 2t

W) DA vAEY A g E 21EH
A% Bsubtilis, L.acidophilusE LBSHA] vl Aol A Z+ZF &3} wfjokstar A9
3 HA A =dS Gl sk}l
AT vAAEe] £3 AAS AxbEE gQl sl A=A
< olEE Atm #HUtste] FEAAA o] &8 4 A= Vb
Aot ofH Ao A et ol L.acidophilus, B.subtilus &= M3
A 2ddA AFAR Al 4 49 FHE AR e 3647 s gl &



Table 1. Isolation of Lactobacillus acidophilus and Bacilius subtilis

Isolates B.subtilis L.acidophilus
Catalase + —
Gram stain + +

Hemolysis factor — —

Heat resistance at 60C + +

) $EF AL FH2d H

o] AT wAE B subtilis, L. acidophilus & &&= Zd &
2S5 Hrlelith. Hrkd AE s wet Sl

) d 3
T AT A A= G2 E 60CAA B



I acrdophius B swﬂﬁjr; mixed growth curve

Log Mo of cells/ml
L T ) I ) I ST (0

1 2 3 4 E = K
Incubation time {days)

—* | acidophilus - E =subtilus

Fig 1. Growth curve B.subtilis and L.acidophilus on incubation time.




Table 2. Condition of temperature for incubation combined probiotics

Incubation temperature B.subtilis L.acidophilus
80C - -
60C + +
25C + +
Al + +




2. ATA F9F FAAEES Fhe £ P BE ZF=EAL

A F oagEs e A AEEe 24}

oo A#E FHs & W S4F ARl HUME FE MAES 5o 179 &
& AATETE 74T  dEs AL & F Ao ols AY

Table 3. Condition of normal flora after 1 weeks adminstration with developed

probiotics
I I
B.subtilis 1.2 x10° 7.2 x10°
L.acidophilus 2.1 x10° 6.2 x10°

[*] T : Control
II : Probiotics B. subtilis, L. acidophilus 1%



3. Pig IFN—r& @838} Lactobacillus acidophilus AZ A

7F AAFQA 498 A
Ao dAHQ] Nes tda3 2o (Figure 2)

@ Lactobacillus acidophilus (ATCC4356) =258 chromosomal DNA %
@ PCRE ©]-&¢ slpA X2 RH(PslpA) et TAAA=(TslpA) 5%

@ #A HFOo =5 E RNA =

@ RT-PCRE S3l pig IFN—v gene &%

® ZZ% 37}A geneS ZHdlE cloning vector (pUC19)el] AFd

® pUC19°o 2 H-E expression vector (pNZ123)% gene cloning A

@ TPslpA<}t pig IFNy7F A E pNZ123E L. acidophilus® A7) T2 A
L. acidophilus®] TPslpA—pig IFNy gene H-f 4 4 &<l

. Ad&

1. Lactobacillus acidophilus (ATCC4356)Z%-E] chromosomal DNA &
Lactobacillus acidophilus (ATCC4356)<2 Luria—Bertani agar (BD biochemical

co., Sparks, USA) wjx]ol ®jF (37C/24h) ¥, Al TS AFste] o] =H-H

o
DNAE FE8lth 5 WS tad 2ok afjge Al fehs 100ue] 49+ <

F4o F635ke] 100CAA] 1087F —20CoA 2087ke] #AS AE=E 713 e
AL A HS wirtx] Bxstgth the o2 3000rpmell A 187 YAEE st
Hod d5ds 738t PCRO template® AF&-3F ).

2. PCRE o] 4% slpA T2 RE S} FHANIX: FE

2.1. PCR primer and condition

Lactobacillus acidophilus (ATCC4356)2]chromosomal DNAE template® 3}
Lactobacillus W9 sipA gene® PslpA (ZZXH )9} TslpA (FAAE2)E ofg
primer &% ©]&sle PCRe &3l T33t3ith

PslpA primers :

Forward 5'-GGC GGA ATT CGG TAA GCG GTA GGT GAA-3'

Reverse 5'-GCG CTC TAG ATG GTC TTT TCC TCC TTG-3'
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Fig 2. Scheme of amplification of sequence with c¢cDNA on Lactobacillus

acidophilus



TslpA primers :
Forward 5'—GCA ACT GCA GTA ATA AGT CGT AC ACT AAC-3'
Reverse 5'—GGC CAA GCT TCA GAA GAT CCT ATT AGA ACT-3'

PCR¥FEL2 95T oA 583F &3] AWk (pre—denaturation) A7l &, 94Col A
& cyclex 353] ®IEsIiY. HFAHow

PCRAMES 0.7% agarose geloll A 4087 A7)

e AAEA, A7FEel @ds & F  UVolglelx PslpA(275bp),

TslpA(117bp) bandE 18IS th A7 5 A3+ figure 3 2T},



«27bbp

PsipA TsipA

Fig. 3. Agarose gel electrophoresis of polymerase chain reaction
—amplified PslpA (275bp)and TslpA (117bp) band. From left to right: M, 100
base pair DNA ladder; lane 1,2, PslpA; lane 3,4, TslpA c¢cDNA on

Lactobacillus acidophilus.



2.2. PslpA¢} TslpA gene gel elution

Figure 2914 ®.= v}t Zo], PslpA9t TslpA bandES QiagenAtgel extraction
kitg ol&stel z+z} sty FEts WS AxAY A4S st ds]
Aty ey o). PslpA T TslpA band7} £ gel?} buffer QGE 1:39
H&2 233 & 50C water bathol]l 103% =< AX sl gelS 4A3] =9t}
PslpA %X TslpA band7} E3E geld}t 539 Isopropanols Yil zZF Aojs 3
QIAquick spin column®] &7 HiL 13000rpmolA] 187F A Egstgct (o] &
Ao AAFEe =1 13000rpm/Imin® & 5 A3tt}). Gels ¢Hd3] 2 t7] 918
0.5ml 9] buffer QGE F7F= H7tslto] 4l v‘f‘ﬂfi}oﬂﬁ}. o] Fof M-S ¢ls 0.75ml
Buffer PES ¥al 94 #elaiglon, #eld stsde v & H g d4 &+
o] 9d3] o] EAS A AFA T QIAquick spin columne A EP tubed] &4 %
& 50pl 9 Buffer EBE ©o]-&3}o] PCR product = PslpA$t TslpA genes +r
ATh.

ke
T

ol
-

3. IFN-rE cloning 3}7191% A H|AAEZHE RNA F5

%] 2] RNAE QiagenAt®] RNeasy Mini kitE AF&3le] F&3 0t FE8+= W
WMo Flzale] AL wekth 7hgs] Aweld theat o ug A=
strainer(BD biosciences, USA)E o] &3lo] AXE |7 o™, 5x10°7) 9]
H] A M S B—Mercaptoethanol®] #7718 600ule] RLT bufferd] YolA &35+ c).
tSoz o] ethanolS H7lsle] Z &dslgdon, &322 RNA &3S
o] RNeasy columnel ¥o] €4 #2833tk ©]§, washing buffer® RNAE A3
%, RNase—free waterE ©|-&3}o] RNAS AA|3}3A ¢}

4o W
o
@,

=]
ol
S

4. RT-PCRE %3] pig IFN—-y gene T%
4.1. ¢cDNA A

v Ao 2 HE FE53 RNAZHFE SuperScriptTM First—Strand synthesis system
(Invitrogen, USA)E ol&3tef AFAdgM ol mel cDNAE FAetieh. 2tds] H
3 obg3 Zul. Total RNA(50ng/ul) 7ul, random hexamers(50ng/nl) 1ul,
10mM dNTP 1ul 18]35 DEPC—treated water 1ul& 2 E33slo] 65CoA] 57 &

b WFEAI &, 183 A5 2ol ZAAZT o W, 10X RT buffer 2ul, 25mM



MgCl2 4ul, 0.IM DTT 2pl =28]3Z RNaseOUT Recombinant Ribonuclease
Inhibitor 1l & % E3ste] FHlEGTE o] FA #vd 23S oo 2oFAd
A 2o} Este] 25Col A 287 WA AT o, SuperScriptTM(BOunit) 1l
& F7bstal vl 25CAA 1023F o] W82 AIZTh 1 o] F, 42Tl 50, 70C
XA 1587FS AEE w2 A AT vpA2ro 2 RNase H 1ulE H7bste] 37CollA
03F WH-gAIA cDNA A4S gk=skalrt.

® 2

4.2. PCR primer and condition

4 cDNAE template® 3}o] Pig IFN—yvE PCRS %3] SZ3k3ith PCRell A

44 primer AES ofde} 2

Pig IFN—vy Primer

Pig IFNy—F: 5'=ATG CTC TAG ACT CTC TCC GAA ACA ATG AGT-3'

Pig IFNy—R: 5'=ATG CGT CGA CCA GGA TGA CAA TTA TTT TGA TG-3'

PCRWFE& 95Tl A 5 "8~ (pre—denaturation) A7 %, 94°C ol A

= 353] WkESiGity HFAHoR 7

2CoA 783 9 WA AT TEE PCRAMHES 0.7% agarose gelol Al 4027 A
U

Volefol Al Pig IFN—v (526bp)

Hm
A
ofj
i
ol
B
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Fig. 4. Agarose gel electrophoresis of polymerase chain
reaction—amplified Pig IFN—y cDNA products. M, 100 base pair DNA
ladder.



5. &9 371A geneg A Z cloning vector (pUC19)el A4Y

pUC19 vector? transformation2 $3F Competent cellZ2% DHbHaEs ARES} AL,
pUC19 vector?] sizex= 2686bpo|Ttl. Competent cell®] wWlFE 9314 += ampicillin®©]
719 LB(BD biochemical co., Sparks, USA) HiA| 7} A}-&5 9t}

5.1. Clone TslpA gene to pUC19 vector

TslpAS A+@ A HindllI$} PstloZ Attt A3 figure 59F 72t}
pUP19 vectorE Agta 4 Hindlll¢} Pstlo 2 A@sQ . Ax= figure 69F 2t}



Line 1, 2: TsipA cut with HindII] and Pstl
Line 3° uncut Tsip A

Fig. 5. Agarose gel electrophoresis of polymerase chain reaction on digested
with HindIII and Pstl with Clone TslpA vector on ¢cDNA products. M, 100 base
pair DNA ladder.



Line 1 to 3; cut with HindII[ and Pstl
Line 4; uncut pUC19

Fig. 6. Agarose gel electrophoresis of polymerase chain reaction on digested
with HindIII and Pstl with Clone pUC19 vector on cDNA products. M, 100
base pair DNA ladder.



5.1.1. TslpA gene¥} pUC19 vector ligation

2% TslpA gened} pUCL9 vectorE T4 DNA ligaseZ o]8&3to] ligationdtith.
Ligation ¥ oS3 2t} pUCL9 vector 2ul, TslpA gene 6ul, T4 DNA ligase
2ul, T4 ligase buffer x2 10pnlS &3}+3}o] 16T ol A overnightd} 91 th.

5.1.2. TslpA geneo] HY"Y pUC19 vector&competent cell (DH5a)Z
transformation

Transforamtion WH S Fes] AWahH thS22 T} TslpA geneo] A UH

vector 201l ¢} competent cell (DH5a) 100ulE EP tubed] ¥1 208 % d&o) 4
o] A stET) trS-o 2, 42C water batholl 13, thA] €29 287 AAs¥ ). 1
%, LB broth 950nlE Y3l 37C shaking bathell 4] 150rpm/1.5hrs &<t vl a3,
© 2 amphicillin®] H7}E LB agar iAo 24A17F FoF wjkste] Al 3o
S ek 48 Al B2 v amphicilline] 74 LB brothol 164]

uh oFstei et

oot &
to ox do

o

5.1.3. TslpA gened} pUC19 vector®] cloning &<l
AstarE Aeste] dyE gAsiSltt. A3 figrue 73 2.

5.2. Clone PslpA gene to pUC19—TslpA vector

PslpA gene2 o]0 TslpA gene®] A% pUC199 cloningstitl. Competent
cells®+ DHbaE AFE3F3 L, pUC19—TslpA vectord sizei=2823 bp©]t}. PslpAE
A|gtE 4 Xbal®h EcoRlE o] &3te] a2 Helskalth. Aab= figure 8% Zrh



1, pUCI19-TelpA cut wath Hind 111 and EcoR |
2. pUCI19-Tsip A cut wath Hind III and Pstl
3: Uncut pUC18-Trip A

Figure 7. Ethidium bromide—stained 1% agarose gel electrophoresis showing
detection of the TslpA vector cloning with restriction enzymes(HindIII, EcoR1
and Pstl). M: 100 DNA ladder marker.



Cut PslpA with Xbal, then cut with EcoRlI

Cut with Xbal uncut

} i —

PslpA was cut with Xbal.  cut with Xbal
now cut with EcoRl

Figure 8. Ethidium bromide—stained 1% agarose gel electrophoresis showing
detection of the PslpA gene to pUC19—TslpA vector restricted enzymes(Xbal,
EcoR1). M: 100 DNA ladder marker.



5.2.1. pUC19—TslpA vectorE A3t 542 X E7)
pUC19—TslpA vectorE Xbald} EcoRIC.Z el 2 A8 stgth. 23 figure 97 2
=

5.2.2 PslpA gene¥} pUC19—TslpA vector ligation

2% PslpA gene® TslpA—pUC19 vector® T4 DNA ligaseE ©] &3} ligation
&9t} Ligation WS oty o} pUCL19—TslpA vector 2ul, PslpA gene 61l
T4 DNA ligase 2ul, T4 ligase buffer x2 10ulg &3+3le] 16T A overnightd}$
t}.

5.2.3. PslpA gened} pUC19—TslpA vector?] cloning %o &<l
AstarE A st 2AE S1skSlet. A3= figure 103 2},

3Mel Al Hek sample B7} cloningel] A&3 Aoz o4 %o sample But
A Asaiz At A= figure 113 Zth o)A o2 pUCL9 vectorol
PTslpA gene—% Mste BAH2 A oAl AFREEH = o] vectorE pUCI9—

i\

5.3. pIFNy& pUC19—-PTslpA vectordll A¢3}t7]
Pig IFN—v geneS A|d+& A Salle} Xbalo® A sttt Ax= figure 123 2
=

5.3.1.pUC19—-PTslpA vectorE A3t 42 A E7)

pUC19—PTslpA vectorE Sall#} Xbalo & xte|2 A sttt A3= figure 139}
Fda=



Cut plIC 1 9-Tslpd with Ebal, then cut with EcoRI
Size of pUIC19-Tslpé& - 2823 bp

Curk wath Xbal rlmcut

PUCT-TelpA was et pUCLS-TelpA
with Xbal. now cut with cut with Xbal
EcoR1

1: pTIC19-Tslps cut with Xbal and EcoRI

2: pIIC19-Telpd cut with Hhal

3 Uncut pTlC12-Tslpd
Figure 9. Ethidium bromide—stained 1% agarose gel electrophoresis showing
detection of the pUC19—TslpA vector with digested restricted enzymes(Xbal,
EcoR1). M: 100 DNA ladder marker.



Check pUC19-PTolpA cloning

I, 2,3 sample A

4 5 6 sample B

78,9 sample C

1,4, 7. cut with Hindl1l and Pstl

2 5,8 cut with Pst] and EcoRI

3,6, 9 cut with suspected pUC19-PTsp A

Figure 10. Ethidium bromide—stained 1% agarose gel electrophoresis showing
detection of the PslpA gene and pUC19—TslpA vector with digested restriction
enzymes(Hind III, Patl, EcoR1). M: 100 DNA ladder marker.



Check sample B

When pUC19-PTslp 4 cut with some REs, expectng sizes were ohserved as following
if it wag cut with HindII1 and Petl, its DN A product size is 137 bp (Line 1)
if it was cut with HindlII and Xbal, ts DMNA product size 15 147 bp (Line 2)
if it was cut with HindI11 and EcoRI, its DN A product size 15 412bp (Line 3)
if it was cut with Pstl and EcoRI its DN A product size is 307 bp (Line 4)

Figure 11. Ethidium bromide—stained 1% agarose gel electrophoresis showing
detection of the pUC19—TslpA vector with digested restriction enzymes(Hind III,
Xbarl, Patl, EcoR1). M: 100 DNA ladder marker.



Cut pIFNy wath Sall and Xbal

Line | to 3: cut pIFMNy with Sall and Xbal
Line 4 uncut pIFNy

Figure 13. Ethidium bromide—stained 1% agarose gel electrophoresis showing
detection of the pUC19—PTslpA vector with digested restriction enzymes(Sall,
Xbarl) and uncuted pIFNy. M: 100 DNA ladder marker.



Cut pUC19-PTslp A with Sall and Xbal

Line 1. Cut pUC13-PTsip A wath Sall and Xbal
Line 2: uncut pUC19-FTsipA

Figure 13. Ethidium bromide—stained 1% agarose gel electrophoresis showing
detection of the pUC19—PTslpA vector with digested restriction enzymes(Sall,
Xbarl). M: 100 DNA ladder marker.



5.3.2 pIFNy gene¥} pUC19—PTslpA vector ligation

2% PslpA gene® TslpA—pUC19 vector® T4 DNA ligaseE o] &3} ligation
aFolth. Ligation W2 thg#th pUC19-PTslpA vector 2ul, pIFNygene 61l,
T4 DNA ligase 2ul, T4 ligase buffer x2 10ulg &33te] 16T A overnightd}$
=

5.3.3. pIFNy gene3 pUC19—PTslpA vector® cloning A& &4l
Adars AHglste 475 gJstqlv. A= figure 147 2}

6. pUCI92ZR¥ PTslpA—piglFNyE expression vector (pNZ123)Z gene
cloning 4 A]

pNZ123 vectorE $3%F Competent cellsZ+= JM109& AF83+S a1, pNZ123 vector?]
sizee 2.8kbpo]t}. Competent cell®] ®iUS ¢4 chloramphenicale] 715

LB(BD biochemical co., Sparks, USA) ®jx]7} A}&% o).

6.1. PTslpA—piglFNy gene2 A3 A2 E A E7]
pUC19—PTslpA—piglFNy geneS A3taE A EcoRI9F HindllIC & A &3ttt 2=
figure 159} #t}.
6.2. pNZ123 vectorE Ag 4 E A=7]
pNZ123 vectorE Adtas EcoRI® HindllIe®2 A#H 2 AHstdrr. 2

figure 169} #Zt}.



[

Le 1, 3: pUCI19-PTslpA-pglFHy cut with HindlIl and EcoRI (DN A product size 15 938bp)
Line 2, 4: pUC19-PTslpA-piglFNYy cut with Sall and Xbal (DN A product size 1s 54 6bp)
Line 1&2: colonies | (no msert); line 3&4: colonies 2 (pg IFNY msert)

Figure 14. Ethidium bromide—stained 1% agarose gel electrophoresis showing
detection of the pIFNy gene and pUC19—PTslpA vector. M: 100 DNA ladder

marker.



Cut pUC19-PTslpA-pigl FNr with EcoRI and Hindl1]

Figure 15. Ethidium bromide—stained 1% agarose gel electrophoresis showing
detection of the pUC19—-PTslpA—piglFNy gene with digested restriction
enzymes(Sall, Xbarl). M: 100 DNA ladder marker.



Cut pNZ123 with EcoRI and HindlIl

Figure 16. Ethidium bromide—stained 1% agarose gel electrophoresis showing
detection of the pNZ123 vector with digested restriction enzymes(EcoRI,
HindIII). M: 100 DNA ladder marker.



6.3. PTslpA—piglFNy gene< pNZ123 vectorel 4<)3}7]

+2]¥l PTslpA—piglFNygene®} pNZ123 vector=T4 DNA ligaseES o] &3}
ligationa} 3l tt. PTslpA—piglFNy gene©] A4 pNZ123 vector
(pNZ123—PTslpA—pIFNy)E& JM1092.Z transformations A%}

6.3.1. PTslpA—pigIlFNy gene® pNZ123 vector?] cloning &% 3¢
AFaAE At AE A A= figure 173 2t

7. TPslpA$} pig IFNy7F A9 ®@ pNZ1238 L. acidophilusZ A7) AFAA
A7 213 Lo acidophilust &2 917+ WA= v 2o
% Transform pNZ123—PTslpA—piglENr to Lactobacillus acidophilus
Electroporation condition:
— using 0.2—cm cuvette
- C =25 uF
- V= 2.1kV
— PC=infinite ohms
Medium: MRS agar
A7 T2 HE 0]83F9] transformations
DNAE boiling HHES T3 = % PCR&

&

3= L. acidophilus®)

o el
S &t 2= figure 183

A

8. L. acidophilus®) pNZ123—TPslpA—pig IFNy gene §A] 717+ &<l
L. acidophilus 9] pNZ123—TPslpA—pig IFNr gene ©] A glo] As}S
u delbst FAIEHEAE AARI T id 7S AV HUEE A g aA 6

Hzste] Alhstar Wi d ol A boiling WHE Edl L. acidophilus®] DNAE %

2

selstitt. 23 figure 199 &2 Althsh= 299 &<k F418tH7F 3045 += 30
At 5ol geneo] A=At

e T



T

Trrnt s N712% plaermd

Figure 17. Ethidium bromide—stained 1% agarose gel electrophoresis showing
detection of the PTslpA—piglFNy gened} pNZ123 vector. M: 100 DNA ladder

marker.



Check prg IFNY m pNZI23-PTslpA-piglFNr by PCR using boiling DNA of
transformed and wild type Lactebacillus eadophilus
n 8§ &

cssaal

Line 110 5 Botling DNA of transformed pNZ123-PTslpA-melFNr in Lactobacillus
acidophilus

Line 6: pNZ123-PTslp A-meglFNr

Line 7: Boiing DNA Lactabecillus acidophilics wild type

Fig. 18. Boiling DNA of transformed pNZ123—TPslpA—pig IFNvy in Zactobacillus
acidophilus. Transform pNZ123—PTslpA—piglENr to Lactobacillus acidophilus
Electroporation condition: using 0.2—cm cuvette, C = 25 pF, V= 2.1 KkV,

PC=infinite ohms.



M1 234567891011 121314151617M18 1920 2122232425 26 272829 30

I Market (100bps ladder), numbet: presence day of pNZ123-PTalpA-pig[FNy in L acidophnlus

Figure 19. Ethidium bromide—stained 1% agarose gel electrophoresis showing

detection of the pNZ123—TPslpA—pig IFNr gene. M: 100 DNA ladder marker.



4. Pig IL—28 W48 3= Lactobacillus acidophilus AZ HA

wA A o] N HuprE FY ko] wiFsdA PHAR A=53%5 RNAE
FE39th FF% RNAE o] 8319 IL-2 gened T%3kth AFS-H primers
Sense: GC TCTAGA GCCA CAA TGT ATA AGA TGC AGC T¢} Anti—sense:
GC GTCGAC TTAT CAA GTC AGT GTT GAG Teo|Qt}. IL—2+% 489bpe]
M=s Felskqlv.

Pig IL—-25 &3} Lactobacillus acidophilus A% 7L Pig IFN-rZ&

AAEE A Ze W o2 pNZ123—TPslpA—pig IFNy gene ®Eo|A [FN-rZ
A ASFIL o] 3ol IL-2 genes Adste] 2 WO =E Lactobacillus acidophilus®l

transform A7 <A1 8%t}



A2 A WA%E AFZAY WASFEN 2 YL
9

1. Qs ¥ 39y
H X o] IFN-r F42¢} IL-2 F--AAE SFs= "7 5743 AaAe WAl

AHETE 2 438 44
A FTEL 45799 AHduzE g X](Landrace x Yorkshire x Duroc) 2455 3 A
shlTth Ad 1722 IFN-r& #d3l= Lactobacillus, 232702 [L-25 3
Lactobacillus 28] A¥37 & AA Lactobaciluus (cloning AF&E IS o
a2]al  LactoabcillusE #H7F8HA] &= HE2o 2 UFo Z1aF9 6ubg] 9 EHX]
ARSI AT gz eR o] AAEIT AlY 7]@%"& =3 AbEe

[.
ol
v -

rr

il

AE-EA AHFES slglon ¥ AgE AdgEn A3 ZEAL A AFS-5HY
A5t AldF H X9 Almole 8 UAE Lactobacillus acidophilus = 0.3%
5 H7MR A gzt AlsdlE HUbekA] &kt

WA FolAI FollFd Fol B A Doy HAT, MAT, FET 2
total 1gG FEE SAsto] Aoy Wofss AR muadd. £ dP e 2y

£ AAIEA 9 Mﬁl%“ﬂo FEE S4stl 2EALARE vadgr 2

AaA Fo] 8dFol A7 AP FAaH HAPS HAste] dLSE Bordetella
Bronchiseptica(Bbs) w5 XZ2EHO 2 *2|3$ Freund's adjuvant®} =§3s}o]
Ao g ALgEle] BE o &80 2 3ml B HESAT. %O AET 14497 28¢
Foll 22 32 AFE viA o R 43 HF S 3590 & F 39UHE F HA oA
oA A& F5ain. 3E P02 ELISA AAste &4 A ofF 2 A4

52 st



2. 2% & 1&
1 89 ) A9s3 Ax

Solto B o7} S =9 @ f Agsts Aol mX= 43S table 2¢ U}
Ebigich o il A, Ag Jag g g6 ATt fol A kel & vE
A eFoket,



Pig IL-2 PCR

Figure 20. Agarose gel electrophoresis of multiplex RT—PCR—amplified pig
IL—2 cDNA products. From left to right: M=100 base pair DNA ladder;
lane 1=positive control for common Pig IL—2; lane 2,3=sample from cloned

Lactobaclillus acidophillus.



Table 2. Effects of immune enhancing Lacobacillus on blood immunological

parameters in pigs

Item CON IL-2 Lacto IFN-r Lacto Lacto only

RBC, x10%pl

Initial 6.92(£1.2) 7.02(£1.0) 6.88(£1.5) 6.52 (£1.6)

Final 7.33(%£1.8) 7.37(£1.5) 7.49(£2.2) 6.94 (£1.2)

Difference 0.41 0.35 0.61 0.42

WBC, x10°/ul

Initial 14.03(£3.5) 13.74(£4.2) 13.63(£2.5) 14.19 (£3..2)

Final 18.16(4.4) 16.81(£3.6) 17.56 (£1.9) 19.44 (#4.2)

Difference 4.13 3.07 3.92 5.25

Lymphocyte, %

Initial 59.55(£6.3) 51.88(£6.6) 59.17(£7.3) 57.60 (£8.3)

Final 55.42(+4.7) 56.37(£3.9) 56.97 (£5.1)  52.83 (£5.8)

Difference -4.13 4.48 -2.20 -4.77

IgG, mg/dL

Initial 330.17(£22.7)  362.17(¢32.5)  33.67(£35.8) 293.67(+47.1)

Final 768.50(+46.7)  672.00(+46.9) 830.33(x89.6) . + 8 .00
. . . . . . (£69.4)

Difference 438.33 309.83 496.67 45433

( £+ )standard error.



3. 83 U 2Edf2 AR

Solto B wol7b HA4=9 A 2EdE AR vA= & B2 2d=
table 304 Hi= wie} o] I o HEE, dEvEd B wodlEUlEdelM = A

273 ol HQl AolE vEhA ekt

4, FAEEA7IE o8 AW T celld] X W3

ol 15 Fol 9ol Lymphopreps AH&38Ho] @2 lymphocytesE ©]
£3lod, CD4 % CD8 lymphocyte #¥&S flow—cytometryS ©]-&3F] =435} t)
CD4 % (CDS8,9] populatione phycoerythrin(PE)9?} FITC—conjugated monoclonal
antobodies= PharMingen (USA) ©o.ZH-E Fste] Ag3G o FAXEEY 7] (Flow
Cytometry; FACSCalibur)E o]&3te] Z=AH3HS 59 1FY3e gy
lymphocyte®] CD49} CD89| population®l= AldFolA CD4 % CD89] 47} <kt
7 elE Aoz Beloy FoAd Zol= flltt (figure 21).

Oll



Table 3. Effects of dietary Solto B on blood stress parameter in growing pigs

Item CON' IL-2 Lacto IFN-r Lacto IFN-r Lacto
Cortisol, ug/dL

Initial 3.28(%1.5) 3.90(£1.1) 2.58(+0.8) 3.70(=1.4)
Final 2.85(£1.1) 3.33(x1.4) 2.67 (£1.3) 2.93 (£1.6)
Difference -0.43 -0.57 0.08 -0.77
Epinephrine, pg/mL

Initial 53.85(+4.5) 54.67(+4.8) 62.73(£6.7) 66.25(%7.1)
Final 58.77(£3.5) 52.27(£6.3) 48.88 (+6.3) 54.07 (£5.3)
Difference 4.92 -1.40 -13.85 -12.18
Norepinephrine, pg/mL

Initial 288.62(£23.5) 347.22(£31.5) 337.23(£32.6)  263.77(£32.7)
Final 573.17(£35.5) 501.92(£29.8) 435.88 (+47.1) 421.97 (£38.5)
Difference 284.55 154.70 98.65 158.20

( £+ )standard error.
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Fig 21. IL—2 and INF—r proportion in the piglets peripheral lymphocytes (%).



5. &A7t 84 & 7t

3} —Bbs immunoglobulin®] &A4& ¢ ELISAES ©]&3}%1 2™, the horseradish
peroxidase—labelled goat anti—pig IgG (Jackson ImmunoResearch, Laboratories,
INC., USA)S 2xgA| 2 ALg3lgic), 7heks] dwstd oh32) ), flat bottomed
96—well microtitre plates (Iwaki, Japan)¥ Z} welld 1x10° CFU/ml ] X222 =
2% Bbs7F £3F coating buffer 100plR o2 FEF o] 4T A overnight&&E A
28ttt o] 3 0.05% (v/v) Tween 20°] £3tE PBS (PBS—-T)o = 33 A& s}
QD 7t welld 5% skim milk 200l 0.2 A Lo|A 2AX7F5<r orAF 319t thA
PBS-T= 33| A#s4ar, PBS—Tel 1008] s|Xe ZAstaxtste A9 dH&
7} welld 10014 & o] A9 hadelA] 1AM At A% & PBS-T
o 1:50002.% 3]A41% anti-pig HRP conjugated® %7} 3halom Ao 1A3HEr
HESAATE o]l SUSA well&2> A EJom, AlF o]F 50ul substrate
(0.01% (v/v) hydrogen peroxid’} ¥3%%¥ phosphate—citrate buffer (pH 5.0, 24 mM
citrate, 64 mM disodium hydrogen phosphatel]l =4Z  0.04% (w/v)
o—phenylenediamine (Sigma))& F7}sFe] A4 1087F ¥H-SAIATY. 50ul 2
10%SDS solutions A7}3le] WSS £839 o™, Multiskan Ascent microplate
reader (Thermo Labsysterms, Finland)Z ©]-&3}od 405nmo|A =A sk},
g3 = anti—Bbs IgG A FF& A F 9 FHA 9 control groupd HAE] 9
Q1 Afol= HolA| gk

ol



Antibody production after vaccination
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Control IL-2 Lacto IFN-r Lacto Lacto Only

Fig 22. Effects of IL—2 and INF—r transformed probiotics in the piglets peripheral

blood. Antibody production after vaccination.



6. &R FEYole] AL FH

FEHA=e A9 adE HES] Aste] ERve] ofH WA 9 ARy
obol FRE FASAT. ZW2 FEUAE HAMIEE U A} HelA &=
wxe] Bws AF st el dEYote el s Stk 1 U
S el 7]eshd E W 10gS 125ml flaskel] Fate] 2M—-KCL 50mlE 7}état 30
E£7F 28351e] 100ml volumetric flask o ]33k 3 Kjeldahl (B—316, Buchi)< 9]
&atol SR ¥ AASAG

FEHAEe A4 A adE AES] dste] ERuie]l ofFH I 219l R o}
o] FEE SASITE olE fldte] HHW EAs: dEYotH dxe dHE S
Aekoirh. ddwrel sx Zwl dEuold AAagge tE Bu v AEH
o}



Figure 23. Effects of IL—2 and INF-r transformed probiotics on ammonia gas

production on piglets.



Al 3 A, AYZAFA S Salmonellati 3 3 E F73&39 49

1. Qs 2 Wy
7. AE5E 2 438 44

A 522 87H Y AYudE A (Landrace x Yorkshire x Duroc) 24FE &
Akt QF 7 A¥e A 1702 [FN—rE $383l= Lactobacillus, 2327
© 2 JL-2Z5 ¥ 3l Lactobacillus 28] 12 ¥ 3722 A4 Lactobacillus (cloning

AP AE #F)28]al LactoabeillusE #71eHA] &= 2oz Uvo Z4aF
&

(1x10%cfu/ml) 50mlE 3Y o+ AT HAEech 42d 193E

Rk
sfo] BHow Busc ATSE ZRAACH UL AT PP

rJ
it
o
o
ol 3@

ry

. AgaF

Ao ArdutE AFHoRE FFAAIT] fAete] AMES FFE Salmonella
typhimurium ATCC 13076 ©|lt}. o] 555 Brain Heart Infusion broth (BBL,
USA) ol HFsto] 37ColA 2422F X% w3 o (1x10°CFU/mD<S 50ml% &
AlsEdd 343t A3 skt
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Figure 24. Effects of continuous feeding of IL—2 and INF-r transformed

probiotics on growth performance in pigs.
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Number of Salmonella spp. from fecal samples
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Fig 25. A number of lactic acid bacteria isolated from the fecal samples of pig.
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IFN-r Lacto

Fig. 25. Gloss finding on intestinal tract in pigs with INF—r and IL—2 produced

probiotics.



8. A2t AAeA Salmonella #5 ZHA

A% Fa Fo HAE s 3 dupEe A dRde) REg ARs
Wews ARFl BAtE Auded A drFdAE AUT ug
2o Ardart AEE A

Number fo Salmonella spp. in mesentric lymph node

no w S~ [&a] D

log cfu/1g of tissue sample

—_

Control IL-2 Lacto IFN-r Lacto Lacto Only

Fig 26. A number of lactic acid bacteria isolated from the mesenteric lymph

node on experimental feeding pig.
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Table. 4. Experimental grouping for administrated with Lactobacillus and E—coli

on piglets.
The number of pig (no.) Probiotics E—coli
Group 1 10 O X
Group 2 10 O O
Group 3 10 X O
Group 4 10 X X
Group 5 10 O X
Group 6 10 O O
Group 7 10 X O
Group 8 10 X X




Table. 5. Table. 4. Experimental grouping for administrated with Lactobacillus

and Salmonella on piglets.

The number of pig (no.) Probiotics Salmonella
Group 1 10 O X
Group 2 10 O O
Group 3 10 X O
Group 4 10 X X
Group 5 10 O <
Group 6 10 O O
Group 7 10 X O
Group 8 10 X X
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Fig. 27. The mortality of piglets with probiotics and E—coli.
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Figure 28. Effects of dietary probiotics complex on growth performance in

piglets.
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Figure 29. A piglet was worn out infected with E—coli

Figure 30. Piglets fed probiotics was normal body condition infected with E—coli



Figure 32. A gross lesion on piglet fed control feed infected with E—coli



Figure 33. Intestine of piglet fed probiotics infected with E—coli

Figure 34. Intestine of piglet fed control feed infected with E—coli
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Figure 35. Effects of dietary probiotic complex on growth performance in

growing pigs
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Fiogure 36. Effects of dietary probiotic complex on growth performance in

growing pigs after infected with salmonella and E—coli
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Figure 38. Piglets fed probiotics was normal body condition infected with

salmonella



Figure 39. A piglet was diarrhea appear infected with Salmonella.

Figure 40. Piglet fed probiotics was normal body condition infected with

salmonella. A pig was not diarrhea.
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Figure 42. Piglets fed probiotics was normal body condition infected with

salmonella



Figure 43. A piglet was diarrhea appear infected with Salmonella.

Figure 44. Piglets fed probiotics was normal body condition infected with

salmonella



Figure 45. A piglet was diarrhea appear infected with Salmonella.

Figure 46. Piglets fed probiotics was normal body condition infected with

salmonella



Figure 47. A piglet was diarrhea appear infected with Salmonella.

Figure 48. Piglets fed probiotics was normal body condition infected with

salmonella
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Table 6. Composition of starter diets (phase 2 : 8 — 21 day)

Ingredient %
Corn 16.87
Broken rice 17.15
Whey 18.0
Soybean meal 8.0
Fish meal 4.5
Wheat middlings 2.5
Milk by —product 11.0
Biscuit by —product 4.0
Whey protein 2.0
Soy protein 7.21
Dried porcine soluble 2.0
Soy oil 3.0
Sweetner 0.02
Flavorings 0.1
Acidifier 0.3
Lecithin 0.25
Limestone 0.2
DCP 0.7
Salt 0.25
Premix 1.2
Choline 0.45
Antibiotics 0.3
Total 100.0
Calculated values

DE, Kcal/kg 3600.0
Crude protein 19.0
Crude fiber 2.5
Crude ash 6.0
Ca 0.7

P 0.7
Available Phosphorous 0.5
Lysine 1.3
Available lysine 1.1




Table 7. Composition of diets for weanded pigs

Ingredient %
Corn 38.60
SBM 30.76
Wheat 20.00
Tallow 2.50
Wheat hull 6.22
Dicalcium P. 1.00
Limestone 0.32
Vitamin Mix1 0.20
Mineral Mix2 0.20
Salt 0.20
Total 100.0
Calculated values

ME, Kcal/kg 3362
Crude protein, % 20.35
Ca, % 0.74
P, % 0.69
Lysine, % 1.12
Met+Cys, % 0.69

1 vitamin mixtures was formulated to meet of exceed the NRC(1998) requirements

2 mineral mixtures was formulated to meet of exceed the NRC(1998) requirements



Table 8. Composition of diet for growing—finishing pig

Ingredient %
Corn 46.38
SBM 26.12
Wheat 17.00
Tallow 2.50
Wheat hull 6.00
Dicalcium P. 0.70
Limestone 0.70
Vitamin Mix1 0.20
Mineral Mixz 0.20
Salt 0.20
Total 100.0
Calculated values

ME, Kcal/kg 3362
Crude protein, % 18.68
Ca, % 0.66
P, % 0.61
Lysine, % 0.99
Met+Cys, % 0.65

1 vitamin mixtures was formulated to meet of exceed the NRC(1998) requirements

2 mineral mixtures was formulated to meet of exceed the NRC(1998) requirements
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Table 9. Effects of dietary probiotic complex on growth rate in growing pigs

Probiotics content

Item Control Star}dérd
0.1% 0.2% Deviation
ADG(g)
0~8 weeks 472 481 458 9.05
9~20 weeks 813 857 876 9.45
0~20 weeks 674 698 704 8.64
ADFI
0~8 weeks 867 859 836 24.65
9~20 weeks 2,493 2,588 2,574 21.34
0~20 weeks 1,893 1,896 1,875 23.12
G'F ratio
0~8 weeks 0.542 0.550 0.542 0.012
9~20 weeks 0.328 0.335 0.351 0.008
0~20 weeks 0.357 0.362 0.378 0.005
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Table 10. Effect of probiotics complex on nutrient digestibily in weaning and

growing pig
Probiotics content Standard
[tem Control o
0.1% 0.9% Deviation
Weaning pig
DM(%) 84.76 88.98 91.25 0.892
Protein(%) 83.45 87.12 89.83 1.423
Fat(%) 67.22 79.02 83.28 2.192
Ca(%) 68.32 71.24 79.32 1.387
P (%) 78.61 83.24 83.65 0.945
Growing pig
DM(%) 92.86 93.33 95.15 0.386
Protein(%) 93.12 90.65 92.26 0.472
Fat(%) 81.65 80.43 81.45 1.325
Ca(%) 75.54 76.62 78.67 1.192
P (%) 52.45 61.42 66.83 1.845
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Table 11. Effect of probiotics complex on nitrogen retention in weaning and

growing pigs

Probiotics content

Item Control Star'lde?rd
0.1% 0.9% Deviation
Weaning pig
N intake (g/d) 20.12 20.32 21.02 0.082
Fecal N excretion (g/d) 3.53 3.12 3.22 0.143
Urinary N excretion (g/d) 5.32 5.41 6.83 0.362
Nitrogen retention (g/d) 11.73 12.15 12.63 0.374
Nitrogen retention rate (%) 55.23 60.62 58.96 1.045
Growing pig
N intake (g/d) 38.98 37.26 39.11 0.125
Fecal N excretion (g/d) 3.24 3.32 3.47 0.487
Urinary N excretion (g/d) 11.24 10.98 10.83 0.512
Nitrogen retention (g/d) 25.35 24.26 25.35 0.483
Nitrogen retention rate (%) 63.24 63.54 67.15 0.976
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Figure 49. Effect of continous feeding of probiotics complex on blood urea

nitrogen(BUN) concentration in pigs.
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Table 12. Effect of continous feeding of probiotics complex on immune

responses in pigs

Item Control Probiotics content Star.ldafrd
0.1% 0.2% Deviation
1 week
WBC (10°/ul) 14.27 13.44 14.31 0.843
IgG (mg/dl) 15.23 14.91 16.27 0.913
IgA (mg/dl) 0.32 0.29 0.36 0.023
Inf—0O (mg/dl) 0.41 0.47 0.54 0.019
3 weeks
WBC (10°/ul) 16.94 17.27 18.75 0.902
IgG (mg/dl) 13.83 14.52 14.61 0.734
IgA (mg/dl) 0.29 0.36 0.41 0.035
Inf—0O (mg/dl) 0.34 0.51 0.54 0.014
5 weeks
WBC (10°/ul) 14.27 15.04 14.82 1.221
IgG (mg/dl) 11.56 11.37 10.96 0.653
IgA (mg/dl) 0.31 0.29 0.34 0.072
Inf—0O(mg/dl) 0.29 0.38 0.37 0.023
8 weeks
WBC (10°/ul) 13.94 14.73 13.94 0.923
IgG (mg/dl) 12.54 13.62 12.54 0.762
IgA (mg/dl) 0.81 0.76 0.94 0.062
Inf—0O(mg/dl) 0.42 0.61 0.87 0.042
11 weeks
WBC (10°/ul) 16.54 17.23 17.93 0.952
IgG (mg/dl) 28.81 31.26 35.62 1.426
IgA (mg/dl) 1.67 1.37 1.79 0.104
Inf—0O(mg/dl) 0.47 0.59 0.92 0.027
20 weeks
WBC (10%/ul) 21.56 22.53 25.73 1.327
IgG (mg/dl) 32.71 29.17 33.89 1.028
IgA (mg/dl) 2.16 1.97 2.02 0.052
Inf—0O (mg/dl) 0.67 0.83 0.95 0.031
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Figure 50. Piglets fed conventional feed was normal body condition

Figure 51. Piglets fed probiotics was normal body condition
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Figure 52. Piglets fed conventional feed probiotics showed edmatous intestinal

tract

Figure 53. Piglets fed conventional feed probiotics was normal intestinal

condition
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Figure 54. Blood collction with piglets fed conventional feed and probiotics

complex

Figure 55. A manufactured products with pig INF—r and pig IL—2 lactobacillus.
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