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SUMMARY
(FEL )

[. Title of Product & Technology : Large scale production of recombinant human

lactoferrin in zebrafish and development as feed additives
[I. Technology Introduction

Lactoferrin is one of the strongest anti-viral, anti—bacterial material, which is
contained in colostrum of cow and human in nature. In recent years, lactoferrin has
known that it can protect disease infections, malignant tumors, AIDS and cancers, so it
becomes an object of attention. It was revealed that milk protein lactoferrin has an
effect about protecting of pathologic bacterial contamination in meat.

There are many studies for using broad physiological effect of lactoferrin, and
livestock and medical industry have accomplished purpose about cursing disease and
anti-biotic effect. People can get lactoferrin only from colostrum, so it is very
expensive — about 300% per kg. Many country including south Korea have tried to
make large scale production of recombinant lactoferrin using genetic engineering. But
there is no example about effective commercialization of lactoferrin in our country. We
should totally depend on importation of lactoferrin if we need it.

In our research, lactoferrin is chosen as feed additives instead of antibiotics. The
final goal of this research is the large scale production of recombinant human

lactoferrin and making animal food.
III. Features

We made transgenic zebrafish which can give people human lactoferrin. These
zebrafish were determined about expression lactoferrin by PCR and ELISA. We
established method how crystallize pure lactoferrin from transgenic zebrafish and then
compared structure and anti—bacterial function between the lactoferrin and commercial
lactoferrin. We used Balb/c mice to verify anti-bacterial effect of recombinant human
lactoferrin from transgenic zebrafish. Finally, we gave pigs mixed feed with pulverized

transgenic zebrafish.

IV. Efficiency

We made transgenic zebrafish which express human lactoferrin and confirmed



expression of human lactoferrin by PCR and ELISA to F2 generation. We pulverized
zebrafish larvae which express human lactoferrin. We wused that powder to
demonstrate anti-bacterial effect from in vitro test. We also confirmed anti—bacterial
effect of recombinant human lactoferrin from transgenic zebrafish by injected
salmonella typhimurium to balb/c mice. Salmonella typhimurium is the second pathogen
of enteritis of pigs: the first pathogen is salmonella cholerasuis. Finally, we challenged
anti—-bacterial experiment with pigs which are one of the famous industrial animal. But

we could not get significant data about that.

V. Applications & Results

This methods for vector construction and generation of transgenic zebrafish provide a
standard or other transgenic studies. If the muscle vector which we succeeded in making
transgenic zebrafish can be used actual conditions and determined its applications, our vector

has enough marketability.
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& ViR ¢ 2 AelA e AbEe FEAYS AMeE RS,
AB 4ol dxA A T E= elongation factor -1 alpha promoter 3lol Fo|=ZE &
zyslda sk 2AV) = ¥HE $A]Q) Oryzas latipes 2] Tol2 element o)W, o]

ii&

6) HABAR A A 1997-225, 1997.4.22
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= transposon 2] hAT family ] €3}] transposase ¢+ 7 injection & 74-¢-
WU} 840 % &5 DNAC integration ¥™ the- Mdl=e] Ad &8 H3F =
a5 vk AE7HA JidE SEAY AL FZA3 sEE0] A AUE dirEAl

Aol AAT] FojEaL, Alth FAIZF ofE vk B Aol A= o2 Tol2 =HH
E ARESIo R VS AR MEY 7 s HoE AAdr HEH| AlE ol

ol L AR EfFrolA Ade air) gle Z2o® wezlon o] B
PE G ABHI)FRRE vrEozl FEHH oy §ER AMEE & o A7y
T}

|

vl
=

boEd - oy S
(1) 28N &30 oigh ek o

HOAIZ - AFHo] 20069 FElEHE A A
AFE T TEE ofE AuxA A digk &

AAg Ay F 6000 FelA war] 143 Alg 27N AdEEEAR
(Enrofloxacin)’©] 7152 ol AZE3om 4317 2704 "o} A4 ¥ (Amoxicillin)’,
$HA 7] 144 G A Y (Ampicillin)’ 78 243 o] 1A= TS A HE DAL
o] Z 9 (Oxytetracycline) 5o 247} 7|E4] o] A=Ak Adi SolA HdE=d '
2 ZFE A (Enrofloxacin)’-& AWl Al A ZE &b 288k ofE2 AlgolA A F%
S do7+= Iy Z2YrE(Campylobacter) 2= W ES A A A 5314 dfar, M A o
HWds Z#d= REXNE HEDN 2ICh v=olA s 1996 o] 5 RS 2AME 7

=

L3k A FAEa gtk $Eoly Fo] S0 A
O

CH
AL 9 r2004-20061 1 U FE
KR

o A ojre s 54 a4 59 S
FAAY Thaarel tE ARRE TAIskAL Ak oo FAA H&o] & AMFA &
AZ Fd A iy, dANAE A8 ofF R FAsddA FBAE AT = 39
= =4 el =8-S 7lEolal vk w714 R ATA, v So|HgSAtAl, W
Aed=3 T dA=4 7hgo] o] Fojyon o5 It H WAFAAet Hgd
AedEd=A SHEHZIC 25440 YSEEIRUL A7) ARFEIIINEM X[Z2= A
RSN

(2) 229 =EHE Lol =& @ oy FEAY drtE R g8 FAkl
A EHolr Ui ol olE AiEkstr] 8 x=#stal glow, ekl
Clermont-Ferrand AFol| A& 2o Az StEdHS AHAste] A phase T

=
H ! gl
DA Al vk F mmel s A A ds ol A
of A rAAd AAbFel Atk fEueEl=E o] g
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g 0%

SR
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FARD NE

1. PCR& o] &%
Human Lactoferrin
A #E
F7IME &<l

1. Human Adult
Normal tissue (Breast
(Cat#: C1234086) )
cDNA v

2. Human lactoferrin
(NCBI Accession No.
AY178998)

cloning = 3
primer design

3. Human lactoferrin
PCR

4. Gel-extraction
5. T-vector cloning

6. 4714 =<

T

(sequencing)

RS FHEe7] 95k
NCBI Accession. No. AY178998E 7|z =
PrimerE ©AFQ18

cDNA+= BioChain (http://www.biochain.com)
¢ ¢cDNA-Human Adult Normal tissue
(Breast(Cat#: C1234086)) €] ¢cDNAE v} 3}o]
PCRel| A}F&3F PCR Wbg& 95T A 1523
DNAE extractiondt™ A4 Hot start Tags 24 3}
Azl 5 95C1H, 45T 1487, 72°C 28-& 13 wHE
95C1H, 55C 18, 72T 285 283 whEal
A e o 2 95T 14, 60T 1%, 72T 15%37H9
cycles 13 dh&E3h

Human lactoferrin &

- 524 lactoferrin®] A= 2236bp= 1.5%
agarose geldl loading3l® band &< & °o|&
elutiond} o] pDrive (QIAgeniit) o T-vector
cloning 3F.

clone2 Sal I ¥ BamH 1 ¢ Restriction
enzyme O 2 digestiondto] AR A4 E
geoldtal, Alxmeo] Sequencing ¥4-S 9]
NCBI¢ 71 dst v, &4

y W1 12

o
718

AN
& F

2. At FEdd
AT AR A
23 98 A%

1. Human lactoferrin
- expressing vector
cloning

L CS2+HlE 9 CS2+GEFP 5719 backbone WE =
AH&3FA &

-

flourscence protein) -4 A=

A H o2 monitor gene 1 GFP (green
7= HE sk, GFP #rd
A glo] elongation factor-1 alpha promoter 3ol &
A FAATS 7FAa o] F-AAFe] ol Histidine-tag
S gobA S @ES AAE £ JRE o= WHE
A2t AR A Beta]s A injection ko] A4l
GFPE Wdshk=A] gglgte = 4oz &

el WEe FAT S Qi wEelH , FAE A
g WAele] A GEAAL vFon A7) 9% L
AuE )
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3.

e &

Az3 SEH

Al B2} 4

AR 79

1. Microinjection

 MicromanipulatorE  ©|-&38Fo] A E=] 208 oY
one—cell @A2] A&l 2AgE ¥y (100 ng/w) T

SEERE

2 3]
a3 2ol

1. UV-lamp 3}ol A
GFP %8 el

2. RT-PCR

3. Anti-human
lactoferrin

monoclonal antibody
A2

4. ELISA

A E )

Y& 74] UV-lamp 3FellA]

ot
4
o
i
rlo

AME=ste] RT-PCRE: &

ot o
rO

FAE AZFE7] 98kl &9e Sigma-Aldrichit
9] Lactoferrin (Cat. No. L0520) & w3l A}
&3t o]& BalB/C mousedl immunizatiors}al
SP2/0°l fusiondle] ELISA E %3} Positive
well S selection 3} & & A Add A F12
7}A & matching %38le]  Lactoferrin
ELISA kitE 7'%38tlal “BIOXYTECH Lactof
ETA(Oxis Researchiit)” 2} vl al A&,
Transfection® #©]i= homogenizerZ 4|3}
10% frAds "Ee]  19%, 25%% 543k
ELISA ¢} Immunostaining®l] AF&

test &

[ELISA]
ELISAZ AZF Aol AA AT ki) Al
I 9= kitel  OxisResearch it #A|&& AR

OxisResearchit &= AAE HAAgdHo = 1/40 3]
A 3ko] wellel 1000 7F 3= 37ColA 17 6%
T AFdoz 535 A3 Anti-LTF 100ul®
H7rskar 37'Coll 4l 60min BEE&AF . o] & ThA] A
ol o2 53] MZ Streptavin-HRP 100uE %7}
ste]  37'Clomingk wWHg A7l & OPD 10046
HA7lsle] 37C 108 ¥Hg 9 Stop solutiond0 =
028 AX A7l & 450nmoll A 33 7S reading
3l Purified Lactoferrin®]  #k3 W] 3}
Lactoferrin®] <4< 4.

A AN kitE AAE 849 conjugate 9F 111
2 E3ske] 37C 90F, AAl 158 ¥HEAIZ
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5. Western blot
(Immunostaining)

< bAElo]  EES readingdhe]  Purified
Lactoferrin®] %3 v]W 3t Lactoferrin®] %<
FA4.

Lactoferrine ©5 2& A7l A o9} Lactoferrin

3} GFP fusion protein form®] #47He M-S
o Lactoferringr ©=5  GEAZ] A ofd A
lactoferrin®] 64ng/mA = THAHIL ¢SS FA
.
[Immunostaining|
& lactoferrin - L HF O WHoR

Immunostaining <

AH&%F. Western blote] ] &F wpzl7bA] 2 Ao
a3kl AA AEE monoclonal &A=
FITCE Eo 3% v stoa dad Alge
FEAUS FA3Y . & western blowhs &

Anss)a Aof AANE FAS wgAA 24 @

=

=

=

= [l
WA WEold F9E Seleje] B 5 gl
ﬂuﬂozé Aveps) Al i faehA AHg s

el

5 &
gy

(e
do

2

1. PCR (Polymerase
Chain Reaction)

2. gel electrophoresis
3. gel extraction
4, TA ligation

5. sequencing

Ab#re] Lactoferrin® A x= NCBI Accession
No. AY1789982 7]Z & primerE © A1 3} $i ).

cDNA+  BioChainAl 9 cDNA-Human  Adult
Normal tissue (Breast(Cat. No. C1234086)E 1
st PCRell AR&-3Fait).

PCR  ®F&S 95TCoA 1527 DNAS
Pre-Denature A|7]|HA] Hot start Tag DNA
polymerase S @434zl SO C1IE AHT1IET

2T 2% 20%E 13 ®HE 95T 1+, 55T 1+, 72T
2% 283 whEstal v HoR 95T 1+ 60 C1
B, 72T 1568319 cycles 13 w313 U

24 lactoferrin 9] A= enzyme liner &
¥ 3halo] 2248bpE 1.5% agarose gebl|l loading} <]
band & #<lstth

o] & elution 3}epDrive (QIAgen)
(F) Axdo

e Il

LN

o] T-Vector
cloning3}3l °] & sequencings 2] #

3t sequenceE
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6. Muscle
promoter o] A1

1. promoter assay

- MLC#Z : zebrafish
skeletal muscle
myosin light chain 2
TPMA-2 and 4 :
zebrafish fast skeletal
muscle a-tropomyosin

2. injection

7)o A}8-39 promoter £ zebrafisk?] A4

o A WrEE o] Xojell £=AS 93 Xof ‘el A
AP BEE A 7F wol wAsk T

ole] ¢ i}bﬂ‘:"ﬂ/ﬂ S e Wiy o] tjste] AR
S EolHA Aol £4E d P F URE
5ol EHAI)E muscle promoter & A& AL
AL 3Tk

ol fste] H x4 MLC#2, TPMA-2,

TPMA-4 promoterE 24 39] pMDS-EGFPI 4}
[e) - Nez]
H 0} /v\‘:]'-

1o
g
ofo o2

zebrafish ©l injection 3 % GFP 23S &4
3. (EFP e)qziresswn 3l muscled] /] GFPE o] W33l promotes
confirm under Sl ey,
flrourescent )
microscope Muscle promoter % 7} GFPE o] @& 3l=
AL MLC#E2 ZA, o5& HdAste] 25 AgolA
lactoferrin 2@ A] promoter & AF&3}7] 2 iU}
A¥E MLC#2 =  pMDS®l  MLC#2}
lactoferrin A4S cloningste zebrafislll
injection*] AF-&3}3At}.
LAD system T} lactoferrin =

1. pMDS6/MLC#2
—lactoferrin cloning

2.GALA/UAS system

[} T Q)
oy

pDS-O4GLAD-LF2] plasmidE Asc I3 Snablo
2 restrictiondl 2., o]n| A ZE pMDS6/MLCH#2
Al Y3 enzyme siteE Ab-&3Fo]
t}.

Gald-UAS +=

sequencing 3+ %

cloning 3%

A7MEZHY A5 vector=
enzyme site mapping 2 3o} A}
31T}, Sequencing A3 944 Al insertiorE ¢} )
Y EGFP A Al lactoferring A4 3t== 33tk
5'-endoll BamH I1-& AF§}stelar, 3'-endl Not [&
AFlsle] lactoferring PCR3}e] pDrive cloningsl o
sequencing &2 lactoferrn  sequenceZ  &<¢ld
Gal4-UAS®l| lactoferrin F A A& AF9) 3t Tl
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8 HHdg

RIR=R= R
founder ¢} F1, F2
oA e HEHH
Wy ghel

1. ELISA plate A&+

2. Founder # <]
A &

3. gEAY 14FS
£33k ELISA

Muscle Promoter 91 MLC#2 & ©] &3} Lactoferrin
WAL ELISAZ #lakolvh. ELISA kits J5d+
F37]1% (Animal Genetics, Inc.) oA 2 Q753
H}A F A4 /L3 monoclonal antibody & AF&3}
o] Jhsaitt.

pMDS6/MLC#2-lactoferrin mJectlon/\] NA2
55 23l o] wE lactoferrin WA ol
Qe Ay E gk

FO9l 7% 7k 399, 74% AojolA samplingt
ATh

Sampling & * & saline &2 38 A& 3 9]
£ eppendorf tubed ©ol icell AHA3FAHTE. Ao 7}
tube el A cold shocke.= HHE-Fof 7lelets AS
g% 5 ATds HuE AASAT. Sampling
o] ¢+EF zebrafishi= w2 PBSl fAIghe] AME3)
Ak, 70T g = HFA FAst AMESS
t}.

FOol A 9] lactoferrin W& 5+ 2007 3 12 9 6
o zLA] A ZeE ELISA plateE AF&3 T}

Capture antibody 23  AFAFelA 7st
Monoclonal antibody?l 2E6S- Sug/ml= ARE3}aL | 7
A= PBS o #HEF ¥57F 05%F === 3453
a, ATzl Pure Lactoferrin 9 A 64ng/mé 5
g 2 Faste] 1 ng/ml 7FX PBS 34 3ko]
AF&3F A T

34 d A gMda Rz

o o

rlo

7y 50uE
wellE = ¥ % 10lx conjugates conjugate 84
ol 1xz FAslo] 50 uE H7HeE F 37 TolA 90
3t incubation] # T}

Incubation ¥ 10x Washing solution® % &l
Ix7b H == 48 & 7263 A5 well

of woldde AAHAE "ol F ]Hel A} B
12 A5t 100uE 93 g, dHolA 153
B Al AT}, wkg-o] Eyk platet WHEA R oS 1004
A71&Ee]  ELISA reader®  450mel A EH =S
reading 39t} ELISA readerZ %3lo] 43 =
e e Mg AN EHES V|FOF zebrafish
9] lactoferrin @ FS 28T}

FOol A wrao] #l¥ zebrafishe wild typele]

ot
)
i
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WH|E E3Fe] F19] Lactoferrin expression line&
A ZLEFE . AR germ line Animal Genetics,
INC.(F-&d-1-718) ol A Al x4 Lot No. T8001 9] kit
£ ARE3ke] lactoferrin Ed F5F HAS3IATH. 9]
& Capture antibody= 7]¥9] 2E6& subcloning}
of MW 2E6-3C3& 2ug/mi= A3 o | vhg-
A Zba 218 FoellA e sds wioe s A3ss]

|

Ao)7l A Founder® wild-type Al B &34 9}

st 2R e F5a
1. embryo collection

0. Aler AL 4 % 093 3A 9 HolE Bo} DNAZ 5%
wHa s 8448 | s,

Anebs)s) ghere |> DNA extraction AAmze FEdY A4 AG A2 AY
A 3. PCR gedd FHdA A=l 757306, 174171924,

5747775 WA M Ee FF3= primer = PCRE: 4
A3k} S ashac.

Azxs dIZFE 3 FEHAY FAZ sephose gel
of FAAA AYE AxFt
FEAIS THE ADgHAE wdste] 3
ool st dAIEE A FHE
A8 Anrey] [T
10, Auaae g L8 A e e
AZ5FH A FE2d |- g5 SEAY AHE AR AP loading
A J A H o] Fl
AN BE gt FEaARe Soldor FAAJM, PBE

AdE Al g
*NaCl s78E Fo Sol4ql HEdds &=

shel A F.

1. Escherichia coli

DHb5a culture - 3# B Folw A Y wF  (Escherichia

2 Salmonella coli DHb5a, Salmonella typhymirium ATCC 13311,
11. In vitro A |typhymirium ATCC |Staphylococcus aureus ATCC 25923) & 7o LB
29 Az 13311 culture brothell A preculture & 2] gk},

vjoksl Z}zhe] o] wjokelS 100 A whA LB broth

3.5taphylococcus |10 g5 bation < AAlak

aureus
ATCC 25923 culture
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OD600 2] Zto] 0.30] = wW|7}A] incubations 2
Nkia=y

Lactoferrin solution & %H]S AR E}ﬂﬁoﬂ /‘1
AAS Lactoferrin 7 A&

A A Sampled| A F= 3 éxﬂ QEﬁ]QJ = 2
%+ 0.072mg/ml, 0.14mg/ml, ©|t}.

(1) Adgdo A2 FT%=T 1000 pgml, 500 pgml, 50
pg/ml olw XAl 1/62 FAE7] uio] A
2] #Ha sxe 5819l 5000ue/ml & A2k}

(2) AL HA SAGYNE 17389 lactoferrin
1Imgs 200102] LB brothel] =ojA &858 whE
g Ado| AbgE 2 100l oln= Yz &
AN -20C YsHolA HaAsy,

(3) A=2F3F 5000pg/ml €< 100004 35uts upA
LB broth 355 #7138k 2500pg/mis SHE L
o] &HolA 8uts wA LB broth 725 37t3)
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o] 250ug/mle] &8 whE

1.5ml eppendorf tube ° T&¥ Xz £ 204
e OD600 ©] %ol 0.3°] & Aler =g 80uts 2
o] 4] incubation-S 2 A] 3Hr},

Zy AlitH 2 controli€ eppendorf tube © LB
broth 200} At v} 800ul & 41014 TN A
9] tube & AFE3ITE o714 control -8 OD600
s A=Y AFEES EE CFU 344 control
2 AEE 7] wie] U F-SER R E tube] T
=l Rcia=
- control?] OD600 #to] 0.80] & wi7p=] wjks 2

Al gkt
- 96-well plates] Al 10710 774%] 84 & A A g},

M HE: A s dickdel A 20ps wal
LB broth 1808 #7kste] Hz 10d] 8|4 &A&
eIl o] ffo A 20ulS wA 1/10 serial dilution

oy

g2 o] E1uH LB agar platee] AR 10
34 g&as

/II”II 2
L84 gl WA Aol A vIE w 7bA ATk ke
incubation %]

e
T .
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- Bacterial = strains and culture : S serovar
Typhimurium ATCC 13311 (ATCC 9 < 1%
Bacto Peptone (Difco Laboratories, Detroit, MI,
US) ©] 39 Luria slA oA 7]}, - 37T oA
200rpm o2& 12A)7F5¢k 718 & PBS 2 A ¥ A
Zekar 600nm oA A FAEZ 4
Balb/c vhe-2olA ZFAS 30 Lol <4#xl LD50
(CFU) & 44 x 10° o]t}
- CFU &4 7+ =
e v g
Ag SH= M3 1.5% agar (leco) 7} Aot
plate o] W A9A FEUE Asst] Rl
grde  @AAe Aney e ZAT 2
#H 3} Sigma oA U3 WXy FEAH-S £H
Skt
FEAY  MHdAH =R salmonella o A4 o]
8F

@9l balb/c vh+2E 1] FST. A

Z

1. Bacterial culture

2. animal infection A=
AL v 2
12. In vivo A2 3£r2§§?1fei1r§in D &% ‘EH_ : 30 mg/day wild zebrafish embryo
3 7= S I R e
4, 4 2) A8 30 mg/day Lactoferrin vector injected

zebrafish embryo A < =] 2]+

5. colony enumeration |3) oka] | Z I @ 2 mg/day A& FEAY A+
2 salmonella 10° CFU £ 100ul saline
Fol3

M od
T
[

=2

OANRs RT . RS
1054

i

d

o

-1m

o #

r

o

N ot = e

Enumeration of viable S. enteric serovar
Typhimurium in mice : 3742 Peyer’s patch®} 7,
v Zol M o] CFU & 37| flal Alet 739 5
3LA ] vi2E AN FEFHoR A=
Z71e] Fdd F2g FEste] FAE SAHI L
Luria #j#[ell 4] & gvh. 49 (0.1 g/mL) & &
] 8] 3te] 19 glucose’} 4 MaConkey agar
(Difco) © w231 37°C oA 18417k w] g3t &
Z2UE Axe”

Histopathology : &7 Peyer’s patch ¢} 3,

H & 10% Sz =2de o] 4841k Xé 5k & H&E

tlo o

ol 2R
= 1
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13. Lactoferrin
Elac]

Zebrafish ¢
A AT

1. A
2. AA}
3. Ieg, 1T
IL-2 97

x
AR

.

o]

=

C;a‘ JlN' O_>|’1_4
2 ol

+
B
ox

- A R ATMAE Alxske] AFR 20kg™ 500g 9]
H7MAE &3Fste] 2097 Fofskslvt

- AMR Fol Al JRA A3 FE ARl A
A% ] TAE S-S AR 2E
FAPE Fo] Al AAL ol 55 20U7E
lactoferrine] A Ale] vz &= AgS =A 3}
AR T SR "dAS T 109/209 $oll
A3 TG, IgM, IgA, IL-2¢] 97}E ELISAZ

=7

Ao e ol

odl o o
ol oty
.-
2 £

7) Tang IK, Ji DD, Chou CF, Lin HC, Liao CL, Sytwu HK, Wang JJ, Jiu YT : Characterization of a highly attenuated
Salmonella enterica serovar Typhimurium mutant strain. Journal of microbiology, Immunology and infection 35(4):

229-35 (2002)

8) Susan Mosquito, Theresa J. Ochoa, Jaime Cok, Thomas G. Cleary

. Effect of bovine lactoferrin in Salmonella ser.

Typhimurium infection in mice. Biometals 23: 515-521 (2005)
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A 24 AR A4+ 43
1. AlZM 2tEH2l cDNAE 0|E5l0] E2YF HIIAE
PCR-S ©]43 Human Lactoferrin A 2x 2
ftel Al el 3t cDNASIA 5% % human lactoferrin® -4 A= 2236bp= 1.5% agarose
gelol  loadingdle]  2HQ1dH  band® EF5F2 ¥ 13 ZY o]E  elutiondtd

1 T

]/‘1“ g2l #ste] BioChain

pDrive(QIAgenit)ol T-vector cloning3}$ith.

29 1. AFE FEA Y PCR AHE9] A7 s AR
Lane M : 100bp ladder size marker
Lane 1 : lactoferrin PCR product

2% 2. T-vector &= 22493s Abd FEAY F3d4E Sall/Bamtl
Faw AE d7gEs AR

Lane M, 100bp ladder size marker

Lane 1, Lactoferrin pDrive clone BamH I and Sal I digestion

o] clone= Sall ¥ Bamll I ¢ Restriction enzyme® % digestiond}¢] & 27} 4b
glstan(zry 2), Ao Sequencing 4% 9] # 3 § NCBIYS 97

de AE o
A< 3 H]ﬂ, %Qé}‘}i‘:}. Hla #4745 1bpe] A7|A <ol tﬂﬂﬂ‘»}ig"k amino acid
= i = Wy A o} Target lactoferrin® 5L 3k proteing L3 A

o o =3 2= 9ot} BAe dAv|Ade el 33 7).
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Query: AY178998. Sbjct: Lactoferrin pDrive clone sequencing 2 7}
Score = 4096 bits (2130). Expect=0.0

Identities = 2132/2133 (99%). Gaps = (/2133 (0%)

Strand=Plus/Plus

Query
Sbjct

Query
Sbyct
Query
Sbjct
Query
Sbjct
Query

Sbict

Query
Sbyct

Query
Sbict

Query
Sbyct

Query
Sbjet
Query
Sbjet
Query
Sbjet
Query
Sbjct
Query
Sbhict
Query
Sbjct
Query
Sbjct
Query
Sbict
Query
Sbict
Query
Sbict
Query
Sbyct
Query
Sbyct
Query
Sbict

Query
Sbict

1
1

61
61

121
121

181
181

241
241

301
301

361
jel

421
421

481
481

M
341

601
601

661
661

721
721

781
781

841
841

901
901

961
961

1021
1021

1081
1081

1141
1141

1201
1201

1261
1261

ATGAAACTTGICTTCCTCGTCCTGCTGTTCCTCGGGGCCCTCGGACTGTGTCTGGCTGGC 60
ATGAAACTTGTCTTCCTCGTCCTGCTGTTCCTCGGGGCCCTCGGACTGTGTCTGGCTGGC 60

CGTAGGAGAAGGAGTGTTCAGTGGTGCACCGTATCCCAACCCGAGGCCACAAAATGCTTC 120
CGTAGGAGAAGGAGTGTTCAGTGGTGCACCGTATCCCAACCCGAGGCCACAAAATGCTTC 120

CAATGGCAAAGGAATATGAGAAGAGTGCGTGGCCCTCCTGTCAGCTGCATAAAGAGAGAC 180
CAATGGCAAAGGAATATGAGAAGAGTGCGTGGCCCTCCTGTCAGCTGCATAAAGAGAGAC 180

TCCCCCATCCAGTGTATCCAGGCCATTGCGGAAAACAGGGCCGATGCTGTGACCCTTGAT 240
TCCCCCATCCAGTGTATCCAGGCCATTGCGGAAAACAGGGCCGATGCTGTGACCCTTGAT 240

GGTGGTTTCATATACGAGGCAGGCCTGGCCCCCTACAAACTGCGACCTGTAGCGGCGGAA 300
GGTGGTTTCATATACGAGGCAGGCCTGGCCCCCTACAAACTGCGACCTGTAGCGGCGGAA 300

GTCTACGGGACCGAAAGACAGCCACGAACTCACTATTATGCCGTGGCTGTGGTGAAGAAG 360
GTCTACGGGACCGAAAGACAGCCACGAACTCACTATTATGCCGTGGCTGTGGTGAAGAAG 360

GGCGGCAGCTTTCAGCTGAACGAACTGCAAGGTCTGAAGTCCTGCCACACAGGCCTTCGC 420
GGCGGCAGCTTTCAGCTGAACGAACTGCAAGGTCTGAAGTCCTGCCACACAGGCCTTCGC 420

AGGACCGCTGGATGGAATGTCCCTATAGGGACACTTCGTCCATTCTTGAATTGGACGGGT 480
AGGACCGCTGGATGGAATGTCCCTATAGGGACACTTCGTCCATTCTTGAATTGGACGGGT 480

CCACCTGAGCCCATTGAGGCAGCTGTGGCCAGGTTCTTCTCAGCCAGCTGTGTTCCCGGT 540
CCACCTGAGCCCATTGAGGCAGCTGTGGCCAGGTTCTTCTCAGCCAGCTGTGTITCCCGGT 340

GCAGATAAAGGACAGTTCCCCAACCTGTGTCGCCTGTGTGCGGGGACAGGGGAAAACAAA 600
GCAGATAAAGGACAGTTCCCCAACCTGTGTCGCCTGTGTGCGGGGACAGGGGAAAACAAA 600

TGTGCCTTCTCCTCCCAGGAACCGTACTTCAGCTACTCTGGTGCCTTCAAGTGTCTGAGA 660
TGTGCCTTCTCCTCCCAGGAACCGTACTTCAGCTACTCTGGTGCCTTCAAGTGTCTGAGA 660

GACGGGGCTGGAGACGTGGCTTTTATCAGAGAGAGCACAGTGTTITGAGGACCTGTCAGAC 720
GACGGGGCTGGAGACGTGGCTTTTATCAGAGAGAGCACAGTGTTTGAGGACCTGTCAGAC 720

GAGGCTGAAAGGGACGAGTATGAGTTACTCTGCCCAGACAACACTCGGAAGCCAGTGGAC 780
GAGGCTGAAAGGGACGAGTATGAGTTACTCTGCCCAGACAACACTCGGAAGCCAGTGGAC 780

AAGTTCAAAGACTGCCATCTGGCCCGGGTCCCTTCTCATGCCGTTGTGGCACGAAGTGTG 840
AAGTTCAAAGACTGCCATCTGGCCCGGGTCCCTTCTCATGCCGTTGTGGCACGAAGTGTG 840

AATGGCAAGGAGGATGCCATCTGGAATCTTCTCCGCCAGGCACAGGAAAAGTTTGGAAAG 900
AATGGCAAGGAGGATGCCATCTGGAATCTTCTCCGCCAGGCACAGGAAAAGTTTGGAAAG 900

GACAAGTCACCGAAATTCCAGCTCTTTGGCTCCCCTAGTGGGCAGAAAGATCTGCTGTTC 960
GACAAGTCACCGAAATTCCAGCTCTTITGGCTCCCCTAGTGGGCAGAAAGATCTGCTGTTC 960

AAGGACTCTGCCATTGGGTTTTCGAGGGTGCCCCCGAGGATAGATTCTGGGCTGTACCTT 1020
AAGGACTCTGCCATTGGGTTTTCGAGGGTGCCCCCGAGGATAGATTCTGGGCTGTACCTT 1020

GGCTCCGGCTACTTCACTGCCATCCAGAACTTGAGGAAAAGTGAGGAGGAAGTGGCTGCC 1080
GGCTCCGGCTACTTCACTGCCATCCAGAACTTGAGGAAAAGTGAGGAGGAAGTGGCTGCC 1080

CGGCGTGCGCGGETCGTGTGGTGTGCGGTGGGCGAGCAGGAGCTGCGCAAGTGTAACCAG 1140
CGGCGTGCGCGGGTCGTGTGGTGTGCGGTGGGCGAGCAGGAGCTGCGCAAGTGTAACCAG 1140

TGGAGTGGCTTGAGCGAAGGCAGCGTGACCTGCTCCTCGGCCTCCACCACAGAGGACTGC 1200
TGGAGTGGCTTGAGCGAAGGCAGCGTGACCTGCTCCTCGGCCTCCACCACAGAGGACTGC 1200

ATCGCCCTGGTGCTGAAAGGAGAAGCTGATGCCATGAGTTTGGATGGAGGATATGTGTAC 1260
ATCGCCCTGGTGCTGAAAGGAGAAGCTGATGCCATGAGTTTGGATGGAGGATATGTGTAC 1260

ACTGCAGGCAAATGTGGTTTGGTGCCTGTCCTGGCAGAGAACTACAAATCCCAACAAAGC 1320
ACTGCAGGCAAATGTGGTTTGGTGCCTGTCCTGGCAGAGAACTACAAATCCCAACAAAGC 1320
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Query 1321 AGTGACCCTGATCCTAACTGTGTGGATAGACCTGTGGAAGGATATCTTGCTGTGGCGGTG 1380
Sbjet 1321 AGTGACCCTGATCCTAACTGTGTGGATAGACCTGTGGAAGGATATCTTGCTGTGGCGGTG 1380

Query 1381 GTTAGGAGATCAGACACTAGCCTTACCTGGAACTCTGTGAAAGGCAAGAAGTCCTGCCAC 1440
Sbjet 1381 GTTAGGAGATCAGACACTAGCCTTACCTGGAACTCTGTGAAAGGCAAGAAGTCCTGCCAC 1440

Query 1441 ACCGCCGTGGACAGGACTGCAGGCTGGAATATCCCCATGGGCCTGCTCTTCAACCAGACG 1500
Sbjet 1441 ACCGCCGTGGACAGGACTGCAGGCTGGAATATCCCCATGGGCCTGCTCTTCAACCAGACG 1500

Query 1301 GGCTCCTGCAAATTTGATGAATATTTCAGTCAAAGCTGTGCCCCTGGGTCTGACCCGAGA 1560
Sbjet 1501 GGCTCCTGCAAATTTGATGAATATTTCAGTCAAAGCTGTGCCCCTGGGTCTGACCCGAGA 1560

Query 1361 TCTAATCTCTGTGCTCTGTGTATTGGCGACGAGCAGGGTGAGAATAAGTGCGTGCCCAAC 1620
Sbjet 1561 TCTAATCTCTGTGCTCTGTGTATTGGCGACGAGCAGGGTGAGAATAAGTGCGTGCCCAAC 1620

Query 1621 AGCAATGAGAGATACTACGGCTACACTGGGGCTTTCCGGTGCCTGGCTGAGAATGCTGGA 1680
Sbjet 1621 AGCAATGAGAGATACTACGGCTACACTGGGGCTTITCCGGTGCCTGGCTGAGAATGCTGGA 1680

Query 1681 GACGTTGCATTTGTGAAAGATGTCACTGTCTTGCAGAACACTGATGGAAATAACAATGAC 1740
Sbjet 1681 GACGTTGCATTTGTGAAAGATGTCACTGTCTTGCAGAACACTGATGGAAATAACAATGAC 1740

Query 1741 GCATGGGCTAAGGATTITGAAGCTGGCAGACTTITGCGCTGCTGTGCCTCGATGGCAAACGG 1800
Sbjet 1741 GCATGGGCTAAGGATTTGAAGCTGGCAGACTTTGCGCTGCTGTGCCTCGATGGCAAACGG 1800

Query 1801 AAGCCTGTGACTGAGGCTAGAAGCTGCCATCTTGCCATGGCCCCGAATCATGCCGTGGTG 1860
Sbjct 1801 AAGCCTGTGACTGAGGCTAGAAGCTGCCATCTITGCCATGGCCCCGAATCATGCCGTGGTG 1860

Query 1861 TCTCGGATGGATAAGGTGGAACGCCTGAAACAGGTGTTGCTCCACCAACAGGCTAAATTT 1920
Sbjet 1861 TCTCGGATGGATAAGGTGGAACGCCTGAAACAGGTGTTGCTCCACCAACAGGCTAAATTT 1920

Query 1921 GGGAGAAATGGATCTGACTGCCCGGACAAGTTTTGCTTATTCCAGTCTGAAACCAAAAAC 1980
Sbjet 1921 GGGAGAAATGGATCTGACTGCCCGGACAAGTTTTGCTTATTCCAGTCTGAAACCAAAAAC 1980

Query 1981 CTTCTGTTCAATGACAACACTGAGTGTCTGGCCAGACTCCATGGCAAAACAACATATGAA 2040
Sbjet 1981 CTTCTGTTCAATGACAACACTGAGTGCCTGGCCAGACTCCATGGCAAAACAACATATGAA 2040

Query 2041 AAATATTTGGGACCACAGTATGTCGCAGGCATTACTAATCTGAAAAAGTGCTCAACCTCC 2100
Sbjet 2041 AAATATTTGGGACCACAGTATGTCGCAGGCATTACTAATCTGAAAAAGTGCTCAACCTCC 2100

Query 2101 CCCCTCCTGGAAGCCTGTGAATTCCTCAGGAAG 2133
Sbjet 2101 CCCCTCCTGGAAGCCTGTGAATTCCTCAGGAAG 2133

218 3. T-vector cloning 3+ Alg S EHHO F4x A7|Ag 4 Ay

2. Xenopus EFla Z22E HWEE 0[50 A2 t=m2l g A=

Xenopus EFla 225 E WHE o|£3lo] Algh e Wy AXE § o] CS2+
HE (2" )% CS2 + GFP (L8 5) + 719 EHHE AFESth aEJﬂ A
Wo 2 monitor gene 21 GFP (green flourscence protein) 44 71x= W e}, GFP
A=A} glo] elongation factor-1 alpha promoter dtoll FHEHAH FAANES 71x|aL o] FAx}
9] ¥l Histidine-tag & gobr] Fo @lZS HAAY + Jrx k= HEHE ALk
A= AlBet]s 4> injection 3t HAlelA GFPE Tds=A Sl = 1
Aoz FEHAY B FUT F e HAYoH, $A4= HAAE e s A &
EfdS dFo R d7] s dAdE o)
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I3 4. CS2+9H (XEF+Lactoferrin) a9 5. CS2+GFP ¥ H

falies '[ GFP

Sop! (2588)

Sopl (2468)
Xmn

. Muscle promoter Q| MH

o3
o
jinss
o

71Eo AFE3E promoters-< zebrafishe] AAlo] A 2 H o] X ojo <=

BR ol A AbdEkE A7 ol W Aske] ) WEGEE SolHA Hojol A=

3 = dEE 28 A] WA 7= muscle promoters A&

9 7121 9] MLC#2, TPMA-2, TPMA-45 promoter’} €434 &+=pMDS-EGFP]

A3}y zebrafishell injection & GFP ®&d %S A3l muscledl A GFPE Zol
}= promoterE Zolhdtl. Muscle promoters 74 GFPE o] w3ddlE AL

MLC#2Z, 0|5 AA3 o] x5 A3 A lactoferrin ¥ & A promoter® AM&3L7] 2 31
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Muscle promoters= promoter”} $1% pMDS-EGEFP vectorel| Muscle promotorE 44

3to], EGFP 2@ ofo] 714 @2 promoters A3}t ControlZ+ “XEF CH”¢ vl
sk A3 MLC#2 promotoroll Al EGFP7} 7Hd Z35kA] wd o] ol & HA¥ste] x5 A3
Ab-&-3} T}

O% 5. TPMATSZE2RE 974 EGEFP ¥y Fxoxe 2wy 73
DNA constructs were injected at one—cell stage zebrafish embryos and 4 dpf
(days post fertilization) embryos were investigated for EGFP intensity.
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pMDS-EGFP / TPMA4 (4dpf)

Expose : 1sec Expose : 0.5sec

pMDS-EGFP / TPMAZ2 (4dpf)

Expose : 1sec
28 6. MLC2TS Z2RE ¢4 EGFP #lH FXoAde ZzwE 24723
MLC2-GFP construct drives strong reporter gene expression. Photograph was
taken at 4 dpf.




4. pMDS6/MLC#2-Lactoferrin 2! Lactoferrin-GFP2| £i¢]

GFP w&cre] soloz My muscle promoterd] MLC#2E promoter’} & %) 314
%= plasmid?] pMDS6e] MLC#28}  lactoferrin A AE  cloning?}¢] zebrafishell
injection?] AF&3FSATh ¢4 pMDS6ZE Xho I3 Swal &2 restrictiond}il, pDrivedl
cloning¥ o] 21+ MLC#2 34 A& XhoI/Pmel 2.2 restrictiondl®] cloning 3} i th.

Swal¥ Pmel 2 blunt end® enzyme site?} 3glo] ligation® == designd}to]
cloning 3} t}. Lactoferrin A A= pDS-O4GLAD-LFZ8H restriction 3}e] At} o]
T=LAD system3} lactoferrin 47} &7 £43}+= plasmid® non-inducible system-=
o] &3}7] 93 LAD systeme 7 promoter MLC#22] %ol cloning 3}t

LAD system¥ lactoferrin® pDS-O4GLAD-LF9] plasmidE Asc I3 Snabl &=
restriction3t R 2. ¥, o]n] A ZFH pMDS6/MLCH IA] L3 enzyme siteE: A3}
cloning &}%it}.

Muscle promoter & ¥ ¥ MLC#2E pMDS69] 4Felslsitlh. pMDS6/MLC#2E A %t
S Lactoferrine A4l 3sled pMDS6/MLC#2-Lactoferrin clone(Fig. 5)-& A 23}t
Lactoferrin Sl 5-¥#-°] EGFPE 414 (Fig. 6)8}9] zebrafishell injection 3} % t}.

212 8. Restriction analysis of
pPMDS6/MLC#2-Lactoferrin clone DNA.
Lane M1, 1Kb ladder size marker(MBI fermantas,
Cat. No. #SM1163);
Lane M2, 100bp ladder size marker(MBI fermantas,
Cat. No. #SM1143);
Lane 1, pMDS/MLC#2-LTF Asc I /Snab I
Restriction;
Lane 2, : pMDS/MLC#2-LTF Xho I /Snab I

Restriction
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PSRV 24 S5 6 M

18 9. Restriction analysis of pMDS6/ MLC#2-Lactoferrin-GFP clone DNA. Lane
M1, 1Kb ladder size marker(MBI fermantas, Cat. No. #SM1163); Lane M2, 100bp
ladder size marker(MBI fermantas, Cat. No. #SM1143);

Lane 1, pMDS/MLC#2-LTG Xho I /Asc I Restriction(2kbp/S8kbp);
Lane 2, pMDS/MLC#2-LTG Xho I /Snab I Restriction(6.5kbp/3.5kbp);
Lane 3, pMDS/MLC#2-LTG Asc I /Snab I Restriction (4.5kbp/5.5kbp);
Lane 4, pMDS/MLC#2-LTG Xho I /Asc I Restriction(2kbp/8.8kbp);
Lane 5, pMDS/MLC#2-LTG Xho I /Snab I Restriction(7.3kbp/3.5kbp);
Lane 6, pMDS/MLC#2-LTG Asc I /Snab 1 Restriction(5.3kbp/5.5kbp)

pMDS6/MLC#2-Lactoferrin-GFP cloning: GFP % #}+= Lactoferrin®] cloning ¥ ¢ )

= vectorel] A48T Lactoferrin & A} 5 nt No. 2234¢] ¢ 3} Nde [ siteE 5 -end
o AF&3til EGFPE] 3'-endoll Not I & restriction A= AF&-3F4] cloning 3t 3 th.

5. GAL4-UAS/Lactoferrin cloning

Gald-UASE A7[ZE2HEH 453 vector 2 Vector = sequencing 3 % enzyme site
mappinge 39 AFE3F T Sequencing 23 95 Al insertion® o] ¥ EGFP A A}
of lactoferring 49 st=E 3ttt 5'-endol BamH IS 4913F% 3L, 3'-endel] Notl
S AYste] lactoferring PCR3}9] pDrive cloning 39 sequencing ©.% lactoferrn
sequenceE 2213k & Gald-UASe] lactoferrin A AE 4413153 th
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10kbp

IKbp
2Kbp

F000bp
2000bp
1500bp

1000bp

212 10. Restriction analysis of Gald-UAS/Lactoferrin clone.
Lane M1, 1Kbp DNA ladder (MBI Fermantas, Cat. No. #SM1163)
Lane M2, 100bp DNA ladder (MBI Fermantas, Cat. No. #SM1143)

Lane 1, Gal4-UAS#1/Lactoferrin BamH1/Notl Restriction

Lane 2, Gal4-UAS#2/Lactoferrin BamIH1/Notl Restriction

Fo] AB 4= 285 Co) 7 aslo]x (1

6. MEetul4l AR =2 U £ =S
Anea A% o4 2 A 858 98
A 11 o4 ASsed, AT SRS Belstel 97} ool 9g sleie A AL
24 @iAA $ADE o 7 (7 12, 13) 3 o] AT,

28 11, Aetista SelF Anas £
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a8 12, Analbde] wElE e I3 13, Al2etu]H e wel$ g

©

Zalo] 3 =
SR B getel Sl 25
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Micromanipulator (2%
Aol =AY (O 15) o FHAS 9y

O 14, AlEtu4] 83l DNAE FYstr] 918 &4

1) pico-pump 2) microscope 3) micromanipulator

One cell stage

2% 15 AB ¥4 one cell @Al £1]3 DNAS PAFYshs s
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|=iabal+l0I Al AbERS] StEm R WE ol

- =2 L= 1L

A
G4 Anepoae] Ade] gEsd B Fe1g $isle] RT-PCRY GFPE 24
She Anevsle) SohRy SasAr).

b AR e Ao Alge] FEHE SAANE FA3 5 FEAD mRNAS WES
RT-PCR=Z &9l

Primer Base pair Sequences

hLF-1F 202bp ATGAAACTTGTCTTCCTCGTCCTG

hLLF-2F 511bp CAGCCACGAACTCACTATTATGCC

hLLF-1R 453bp ATGAAACCACCATCAAGGGTCAC

hLLF-2R 1040bp CTTCGTGCCACAACGGCATGAG

GFP-1F  2393bp ATGGTGAGCAAGGGCGAGGAG

GFP-2F  2750bp TGGTGAACCGCATCGAGCTGAAG
GFP-1R  2603bp ACTGCACGCCGTAGGTCAGG
GFP-2R  3113bp CAGCTCGTCCATGCCGAGAGTGA

1L A FEAHTG GFP mRNA 28 8218 93 Primers

M Ppc1 pc2 NC1 1 g 8 4 & &

a7 16, Al 2R Y A2 98 AXEs]s] mRNAS o] 83 RT-PCR
(PCL:FHE#A ™ %4 DNA, PC2: GFP%A DNA
1. hLF-1F + hLF-1R
2. hLF-1F + hLF-2R
3. hLF-2F + hLF-2R
4. GFP 1F + GFP IR
5
6

+

+

. GFP 1F + GFP 2R
. GFP 2F + GFP 2R)

+
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Lk Al H ek 4 o] el Al HEHY fA2E FY3 § GEP EE gl
HEE FUY FAES FAVE FEEE 7718 79874 UV-lamp 3holA GEP 2@

s,

Lac-GFP Lac-GFP

19 17, 28 hpf (hour post fertilization: =45 23413 § 1H 2| 2) A B4 A o]l A
LactGIPHHE FUT & LS

219 18 8 somite stage?] A|H
Lac+tGFPHIHE FHgt & JPUARSF
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o,

A A= 2 ELISA

A A kitys AAE 389 conjugate?} 1112 Este] 37T 90, =94
15% wH&A)7l & wAEte] s33-S reading (3 2) 3Fe] Purified Lactoferrin®] 3t
I "Wl Lactoferrin® & FA3ATE. Lactoferring @5 WE Azl A o] 9}
Lactoferrin® GFP fusion protein form® 37gts ¥ k& W Lactoferringt ©h=

HAZL A ool At lactoferrin®] 64ng/mAE LA &S FATS F AdSiH.

FAE AZE 7] fste] DS Sigma-Aldrichit e Lactoferrin(Cat. No. 10520)-&
Fulsle] ARS8 T o] BalB/C mouseo immunizationd}il SP2/0l fusiondle]
ELISAE &3} Positive wells selectiondt S th ol &2 A Add A 5 127H4 &
matching testE® %3}o] Lactoferrin ELISA kitE 71¢3ts)ar “BIOXYT ECH
Lactof EIA(Oxis Researchit)”e} B]x  AJ@3A k. Transfection® Ao+
homogenizer= A8 10% A K-S THEo] 19, 25%% 43e] ELISA%H

Immunostaining o] A}F-& 3} 3t}

Sample OxisResearch 0.D Sample AR A kit 0.D
100 ng/ml 1.865 NC 0.098
50 ng/ml 1.398 PC, 64ng/ml 2.644
25 ng/ml 0.951 PC, 32ng/ml 1.573
12.5 ng/ml 0.612 PC, 16ng/ml 0.805
6.2 ng/ml 0.439 PC, 8ng/ml 0.481
3.1 ng/ml 0.319 PC, 4ng/ml 0.297
1.6 ng/ml 0.249 PC, 2ng/ml 0.204
blank 0.161 PC, 1ng/ml 0.169
Control 0.205 Control 0.105

0.198 0.081
LTF 0.317 LTF 2.457
0.318 2.492
LTF/GFP 0.198 LTF/GFP 0.158
0.190 0.168
blank 0.196 blank 0.103
0.174 0.175

¥ 2. HdEH3 AXRGHH AAE o]|&3 ELISA raw data
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= FUT F Al HEdd FAE

0]-2%F Immunostaining
Immunostaining = 3 @2 WS RIS, A& o] &3t FEHHY Eo
A2l AE AFEste] AHGAE AL, AAR o] A A ofudt FFoz e
de o gk HE %

Lac inj

18 20. 26 hpf (hour post fertilization: =4 F 26417t 3 =]o]) A X4 Hojo| A Alge] &
A FAx o "y E s & 5 %<5 (Immunostaining)

41




. Transgenic zebrafish FO, F10|A|{2| lactoferrin 8l QI

Muscle Promoter$! MLC#2E ©| &3t Lactoferrin &2 ELISA®} genotypings %
sto] gQlstith ELISA kite (F)vto]xE(Hs=A 7713 oA 713 monoclonal
antibody & AFg3ste] 73t d vk A Ldist w288 43 Human Lactoferrin(Sigma)
S MAEe] A F 3 monoclonal antibody % 2E63 1F122 AW3le] Z+2b capture®t
detector AF-&3} T}

PMDS6/MLC#2-1actoferring injectionS 23] A=A 2335t} Injectionr] DNA 2]
& ggsto] o] WE lactoferrin Ea Foll gk FaF& Ay BT FOo 4% i
E 7+ 399, 7dHol A samplingd 9t Samplings A o1& salinel. = 33 A=
eppendorf tube®l] Ho} icedl AAFFTE A7) tube WA cold shocke.z R E-
bk AL 393 3 supe Micropipette. & H o3k Al A 83 tl. Sampling ©]
H zebrafishiz vlZ PBSel| FAlske] AFE3AY, -70TCo] a3t & A {43
AF-&3FS Tt

FOol A 29] lactoferrin & 3% 20079 12€ 69 AX¥ plateEs AH&3A ). Capture
antibody 2+ AFAFel A 73 Monoclonal antibody?l 2E6-S Sug/mlZ AFE3}al, AA =
PBS(without Sodium azide)el HZE ¥ %7} 05%7F =% 3)438k30aL, gzl
Pure Lactoferrin 9] 64ng/m{F-H 281% 3|4 3te] 1 ng/m7H+ PBS(without Sodium
azide)oll 24 sfe] ARG3FSA

g AAY FHE FANEAL 4 50uE weldZ 2ES& F 101x conjugate=
conjugate 34 o] 1xZ 3| Xdlo] 0= H7Fe H 37ColA 90%-7F incubation*] % T}
Incubation §- 10x Washing solutions <ol 1x7l ¥ =% 343 & AA7|Z 63 A
Astal wellell Holde AAAE doljdl § 7][A) A9 BE 1= 348t 100iE %
i e, A A 1523 AT whEo] Ed plates WHEAA AL 1004 H 7}k
ELISA reader® 450mol4] &3 =3tS reading3d} vl ELISA readerE %319 4% 3lH
TAE e Y FANENRE VFO 7 zebrafishe] lactoferrin & %8 2HA 315 vk
FOoll Al wtalo] 9% zebrafishy wild typei}d] WwjE %3] F19 Lactoferrin
expression lines A 23T AlZH germ lines (F)nfo| 2 wEo|A AZH Lot No.
T80012] kitE AFE3}] lactoferrin W& 55 A3 o] Capture antibodyZ 7]
#9] 2E6% subcloningdle] AW 3l 2E6-3C32 2pe/mlZE AFE3Q o, vHSA 7y 24
Foel A o st Wi o =z Addstslch

Founder (F0) °l42] lactoferrin & &<¢1: Cloning$+ plasmidE injection %+ zebrafish
o] Aoj= 3d® 3 7TdH & samplins 3} Pl L mE(HEA T H) oM /EE ELISA
kit® lactoferrin 2&d 58 A53HAth

pMDS6/MLC#2-Lactoferrin< reporter gene¢l EGFP7} 1A o} Lactoferrin® 2@
55 ELISA kit=% A3t 20089 69 2143} 25de| 49 3¢9H/74H
lactoferrin injected zebrafishi= ELISA kit= A% A3 05% FAGS 7|Eoz 3¢#
A oF 80ng/ml, 7€ HAA 40 ng/mle] LHEH-S SAFHHIE 3A). o= 3YHAA 16ug
/g, T NA 8ug/gel Fol HHAHIL Q= o=

2 THUS 0|7 98 zebrafishol injection %S &

H

2 ot o

i

T o i off
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o
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HUTHE 1B). ELISA 23 05% HANS 7|20z 39# Al 64ng/ml, 7TIHA 4
ng/me FE=o 7 W3 o] zebrafishol] A =12.8ug/g, 0.8ug/go] YAHE AoR 7]E9
oo} thn]) 3t S W W ko] Hojux = Ao E FlH ).

<>
A 0.0920 Negative 0.0850 0.1090
Control Control

B 2.2490 Std 64ng/ml 0.0820 325 0.0950 2%t
C 1.2710 Std 32ng/ml 0.0740 0.0940

D 0.6160 Std 16ng/ml 2.9850 o 1.5250 .

Injection Injection

E 0.2890 Std 8ng/ml 2.9420 3905 1.4300 7011}
E 0.1680 Std 4ng/ml 2.8820 1.6230
G 0.1110 Std 2ng/ml 0.0850 PBS 00060 | ®EtH 3|
H 0.1230 Std 1ng/ml 0.0920 Negative 0.0890 Negative
<=

A 0.1310 Negative 2.9610 Injection

B 3.0390 Std 64ng/ml 2.9670 32X}

C 3.0290 Std 32ng/ml 0.3250 Injection

D 2.9590 Std 16ng/ml 0.3230 7K}

E 2.5790 Std 8ng/ml 0.1530 Control

F 14220 Std 4ng/ml 0.1470 7YXt

G 0.8540 Std 2ng/ml 0.1450 PBS

H 0.4160 Std 1ng/ml -0.0030 oA 54K

¥ 3. ELISA test of pMDS6/MLC#2-Lactoferrin injected zebrafish.

F1olA419] lactoferrin & 2el: =43 F19] o5 WA genotyping o224 A A}

A9l FelE 9l ar (F 4), GFP-lactoferrin fusion protein 91 7%+ EGFP @3 oz
A-S F2latd.

A 1.7040 | 17530 | YHC{ZE%(64ng/ml) | 3.3490 [ 3.3700 | 3.2350 (7|& 39X}

B 0.7450 | 07720 | YET{Z=N(32ng/ml) | 01630 | 0.1710 | 0.1700 |7|& 7L}

¢ 0.2710 | 02660 | YHCZ%H(16ng/ml) | 02310 | 0.2430 | 0.2330 [1E20YM-Groupl(3¥A})
D 0.1130 | 01110 YEf =% (8ng/ml) | 0.0470 | 0.0480 | 0.0530 |1€20YM-Group2(3YA})
E 0.0790 | 0.0690 YA~ H4ng/ml) | 00470 | 0.0570 | 0.0510 |New Negative

E 0.0590 | 0.0600 Y= (2ng/ml) | 0.0600 | 0.0590 | 0.0150 |PBS & conjugate 3|A1oH
G 0.0570 | 0.1370 AT =M (1ng/ml) 19500 | 21890 | 1.9270 |7|= 64ng/ml

H

rh

0.0590 0.0570 | Negative(?|Z control) | 0.9040 1.0070 | 0.8210 |7|& 32ng/ml

¥ 4. ELISA test of pMDS6/MLC#2-Lactoferrin F1 zebrafish(1st group).
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1 2 3 4 5 6 7 8 wild

19 21. Genotyping results that amplified lactoferrin 174171924 sequences.

DNA sample from number 7 F1 embryos shows positive band.

100bp V (+) () 4 & &6 8 9 10 139 7T

19 22, Genotyping result that amplified lactoferrin 174171924 sequences.
DNA sample from number 4, 5, 6, 8 13, 7° F2 embryos shows positive band.

ELISA ¥ EGFP g#o = wd-& 3213l zebrafishe wild typed} matings % 3¢
germ lineS AA3ATE Germ line® d4 o B FOoA9t Y3 ELISA test
method® AF 3. 132 A&dig oA genotypinge.= HTH Fle 45349
sampling ¥ 0.5% SA A2 testalGoH(E 21). 200949 1€ 2094 &39#8& 94
3}o] samplingdr & Lot. No. T8001 kitE AF&3le] AS3A Y. Groupl® Group? F
7FAE 2008 7€ 11¥9¥ 1599 53 FO9F &7 testdtlrh Test A3 % group
% Grouplel| A% lactoferrine] 0.5% Al HollA °F 16ng/ml, = zebrafishel 4 3.2 ugg
o] FEo 7 WHHEI Y-S FAdSrr. 28 2114 positive band’} ¥ zebrafishol
A embryoE Wol 7|2 FHo| FEThA] wWol®] S F3l9] embryog FA3FY PCRS A A

(e}

&kl

3 Ay 1 = 6vfg] ol A positive bandE 3
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Zo} sealling $HO. 2
= w A7MAE AR
3o A u7]EdT Aol oF st AEE AT ARG EE AR FAUHA 9

Apgas £ A7
T 1.4% APE7lEdT A
Z ey 48.6% APE7lEdT A
Z A" 35.2% A= 71 EA T A
A 1.1% AR 7 EAT A
Z3)3E 4.4% ArE 7)1 EA A

=2

5. AlBet v4 £ AFRFTHAS] YL E
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Al

40

Ob& H|(Casein 0.1% &7}

MAMutbo] = x|

-40°C 6A|Zt
o] SZ
1%t -20°C 10A| 2
2Kt 30°C 3A|ZE
Mill 2447
J
T 4
U2 0|5 OH2A
= =}
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218 28. N-lobe¥} C-lobe?] Spacefill 7% (2)

2% 29. N-lobe¥} C-lobe? wireframe 7% (3)
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0=
ol
M
oY
ol
=

& (In vitro)

Ha #el A7) BE 0D @ Wk ® 69 2k
) o ) Staphylococcus aureus | Salmonella typhymirium
Time Escherichia coli
ATCC 25923 ATCC 13311

45%F 0.008 0.020 0.030
1A 7F 454 0.044 0.184 0.118
2A17F 158 X 0.342 0.226
2A1 7+ 308 X 0.292
2A1 7 458 0.132 0916 0.886
3AIZE 168 0.336
3AIE BHBE 0.416
3AIZE 57TF 0.532
AN 128 0.796
% 6. AP wreE o} OD 600

1

039 #

A

= /
o 06 / .
3 o= // % 30 Time-response OD
° o A Bl 600 curve of Salmonella

03 —li—Staphylococcus

02 / typhimurium and

0.1

. Staphylococcus aureus

0 1 2 3 4
time (h)
E. coli

09 >

= /

06 //
§ os -7 2% 31. Time-response OD
g g4
° o3 // ——ccoi 600 curve of E. coli

02

01 ~

0

time [h)
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Ampicilling ¥4 2702 319 Z,LZ,LQ ol thal dose-response curves LW o}
TR 23 (AR32733), AREE A FEHADY FARAE xToRA &I 22 1Y
ZE Yehfiith (2934736). & 4zl H}Q]r 7ol At FEHHFL T& EHo R 7 45
of tigk A% A 2HE Yt dtelA dAAS AnaHdz5E B3 A e
HE AR 7t el dig 4% dA EH/E BT (I8 3TR).

Staphyococcus aureus growth inhibition Salmonella typhimurium growth
by Ampicillin inhibition by Ampicillin

800000

700000
500000 400000
350000
500000 300000
400000 250000
300000 200000
200000 150000
. 100000 .
100000
50000
i = i .

S 108§%|4  1008)E4  1000Hf3|4  Control 2yom 10854 1008)5/4  1000uf3|4  control
19 32. Staphylcoccus aureus ¥l 33, Salmonella typhimurium
dose-response curve by Ampicillin dose-response curve by Ampicillin
Staphylococcus aureus growth Salmonella typhimurium growth Escherichia coli growth inhibition by
inhibition by commercial human inhibition by commercial human commercial human lactoferrin
lactoferrin lactoferrin
SaDonaes 120000000 e
25000000 F 25000000
20000000 80000000 20000000
15000000 60000000 15000000
10000000 40000000 I 10000000
5000000 20000000 5000000
a : = s B
control 50ng/ml 500ng/ml control S0ng/ml 500ng/ml 1000ng/ml control 50ng/ml 500ng/ml 1000ng/ml
19 34. Staphylcoccus 19 35. Salmonella 218} 36. Escherichia coli
aureus dose-response curve typhimurium dose-response  dose-response curve by
by commercial human curve by commercial human commercial human
lactoferrin. lactoferrin lactoferrin
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Staphylococcus aureus growth

recombinanthuman lactoferrin

30000000
25000000
20000000
15000000
10000000
5000000
a

inhibition by purified

from transgenic zebrafish

T

0.035mg/ml

control

0.072mg/ml

19 37. Staphylcoccus aureus

dose-response curve by purified

recombinant human lactoferrin.

Salmonella aureus growth inhibition

lactoferrinfrom transgenic zebrafish

by purified recombinanthuman

140000000

120000000

100000000

80000000

60000000

40000000

20000000

0

| '

0.017mg/ml 0.14mg/ml

contral

19 38. Salmonella typhimurium

do

se-response curve by purified

recombinant human lactoferrin.

13 M AE M8 (In vivo)
7w BAET A% A9
7y7el dlFstE E2E Fosly] A SAHS ASddA, LT EES FAsta, 1 F /(A
oAl salmonella typhimuriume A7 5 594 |8 Z e W A& WA Sole A #
slks SA4%19S W & 22 2xE(aE 395 =Y 4 Utk Commercial lactoferrin
oA 7P WstEe] AL As e F IUJARE AR Aol HolA ergit.
Change of Body Weight
2.5+
204 T
2 15 T
5 1.51 Seleelee
o -
N e
~ 1.0+ - a .....
2 ;%ﬁg: _____ 18l 39, Change of body
0.54 e . .
:'ﬁ':':‘:';: weight of mice.
0.0 T el
(] O O
& &
bQ' b@ &
& o® NG
& 0
\(‘\ 0‘0
&
00
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B A7 vpg29 7k vA FAo A salmonella typhimuium® CFUES 233 Aib= vhS
(8 40742)3 2o} 7} v Ao A wild embryoR U A 02 F-oA¢l 2o]E HolH =

ol CFUE ##d = Utk

Liver
8000+
70004 [
E
oo |
|18
o
12 40. CFU of salmonella
typhimurium in mouse liver.
Spleen
11000-
10000-
90004
8000
—  7000-
£ 6000-
Iz 5000
O 4000-
30004
20004 *ok
10004 T ok
0 = ” oo B
o O RN
é"d (é,d & 29 41. CFU of salmonella
<& < 0 . . .
Q@" 6@5 . q}\,’b" typhimurium in mouse spleen.
« &
(“&
()O
Jejunum
12000+
110004 _
100004
9000-
— 8000+
£ 70004
> 60004 B
ik 50004 [ e
o 1 preseeeeeeeeee
o0 i
2000- e
0 T i 19 42. CFU of salmonella
o (] RN . . .
&o‘* &o‘“‘ ée}"\ typhimurium in mouse
< < o ..
& & N jejunum.
« &
&6‘
00
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A 433} 2o} B8 ARRS] AE2 2008 o] T},
w3 o] ZAE9 AMHE scoringd A= 18 443 7o wild embryodt Bl S o
injected embryo oAl -] AQ1 o] 7} LhERLEA] QEGkTE

(A) Wild Embryo

1% 43. Liver of mice.
H&E Staining. x200.

Scoring of Liver

2.5+
2.04 | _
1.5
1.0- . .
i * 218 44. Scoring of liver damage.
o . .
(Scoring point :

no damage (0),
mild damage (1),
moderate damage (2),

severe damage (3))
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H A %218 HRE 9Aste] a#s ggAde o9 453 2vh 2E AR Hle-2 2008 o]t
2459 AHE scoringd Z3= ¥ 463 720w wild embryo$t WS
injected embryo oAl 9] 4 Q1 Apo| 7} vyERLFA] 2FGkT

(A) Wild Embryo (B) Injected Embryo

-

2% 45. Spleen of mice.
H&E Staining. x200.

Scoring of Spleen

2.0-
1.54 I
1.0-
05 218 46. Scoring of spleen damage.
e (Scoring point :
0.0 = i no damage (0),
Q}éodo @6@“‘0 mild damage (1),
& & . moderate damage (2),
« & severe damage (3))
00

54



A ¥ 489 2o, wild embryo9‘r Hlwels

(A) Wild Embryo

(C) Commercial Lactoferrin

18] 47. Jejunum of mice.
H&E Staining. x200.

Scoring of Jejunum

20q —
1.5 =
1.0-
o5 219 48. Scoring of Jejunum damage.
. (Scoring point :
0.0 - ¥ no damage (0),
vdo vdo mild damage (1),
<& <
& & moderate damage (2),
& R
» & severe damage (3))
&
QO
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1. FEAD Bd Anayse AadsiA Ax 2 Alse 5% 49
7h SEA Y 3d ABgus e AFRHIIA A%

SEAHS A7k AR Y Bg ZAs] fd FEANS ddshs ABGHAR AL
BRMAE Az AARHIMAE S5F AR ARelaHE fAs Frisle] AlzE
ok AEE el A¥ae VMR Uy At A8 YRAEFAT, dukabRe)] AE
g4 WA Lactoferrin AFEH7EA] Foir, GWAbES] Algoll dvlael Q17 ZE 2 (Sigma,
Cat. No. L0520) §ol&, 2&]al YukAlEol Lactoferring WaeHx] o Arety4] Fojroz
ol Zgatgint §418 AR eku]4 s ELISA test® 23 % 2 a3 oks HE3d 23 2

0oy

N

/. AR AR 7).

A orTHE A 1.9330 or A 0.0530 7] 1. 0.5% FA| 3.3790 Nl 2l 0.0010
G4ng/m? 4ng/ne 10090722 %) 0.5% |7
B Z 1.8350 9 0.0490 | pMDSE MLCE2 LTF | 3.3510 = 0.0030
c S 0.8980 o5z oA 0.0170 HA| 2. 0.5% FA| 2.8330 0.0030
32ng/ml 2ng/mé 100907.(28 )
D g 0.9150 9 0.0160 | pMDS6 MLC#2 LTF | 2.6260 0.0030
Conjugate 5|4 H
E e 0.3310 ersyEeY 0.0070 SR 3. 0.5% 7 A 3.1370 0.0040
16ng/ml 1ng/mé 100910.(3 & )
F & 0.3320 9 0.0070 | pMDSE MLC#2 LTF | 3.0150 0.0050
G R e 0.1290 PBS 0.0010 Eﬂlé\og-lg-gﬁi;‘dl 2.9540 PBS 0.0030
.22
H Sngink 0.1230 /0 NaRS) 0.0020 | pMDS6 MLC#2 LTF | 2.9520 CgINERND 0.0010

F 7. Al ABRSY e HEIY TAS

o] Fle Aty H o} ik AT HE dol F7k F olF BT, Ahais 5% ols)
AV Az A 1243 AxBtHLE 49). Axd AR H s v Zopr EEE vheal
5 SredEst SAMAAGIO)E HF 1%7F Hms Hrste] 9439
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A
AR Afe A3 AP ES HAE ARSI HPES T U FoR, dRAbEeL
SEEAR FolF dukalgel ARy SR Fold dukalEel A3t R Y Foi
ZLE)al YAl E Sl AFFE A G2 AV FAT R AT A FYE HAE
A 34FE Fat 697 ol A= (E T 78ke) s ARSI ARS A wF A E, T 16
2 AEs xlsioth
MBS F 2090 Tl Al 20ked W AFEAZMA 50gs £ 7
HE TGStk AIEFIIAY B FAIFY AARNIEE ST FAFS HAATH
TEATE S, A4 7T AR Folgs Adtste] AR B& W3 AP ESITL
e Wy Sk Fol T 1099t 20¢Ake] A& o] Immunoglobulind Interleukins: %4

3k Immunoglobuling- IgG, IgA, IgMS Aol #j== ELISA kitE Fvjste] 4o,
Interleukin® T-cell growth factor! IL-20] tfgt ELISA kitE Tvlsle] SA4sdd Z2F 44
kit A @sts o R 2 gsiaith

7y Ao A= ol f 2710l AL dAIste] 1093E AGH AT 4 AP AAF Fde
ARSI o, dAukatR g Al etu4 FEHY Fofito] HArjior o
8).

o
i
o
v
ul
35
&
=l

o AAAOE BAZ A3 FAT tha Azstgon), AL FEHIH An
4 FEsd Felie FA AnEgel 1 FdYoH, AR SELUR F
T A AR LS G e ehITHE 9, )

-ITNS=Y; LR/ PN SN,
2 EALE s _ i
s B H 22t 2EHE |7} ZET

LT N

Date FET F0y Exg

b
|_\'J_ me
i
ne

Jo
ky

TR

Diarrhea reed Diarrhea _ Diarrhea Diarrhea _
Fee

Feed Feed Feed
Head | Grade Head | Grade =R Head | Grade B Head | Grade o

98 30 20 20 20 20

S S TS (VSN VSN SR S

10€ 07¢1,
108 0821,
102 0921,
102 1021
102 11¢1,

ES S S (VS S I S S S
w

R R

P b o | o | pa | o o |

o | || | o | e | || e

T S S [ I S I S S
L

I e e e e e

SRR NS Y S S NS

o | | || e | e | | |

FS S S S S S N S S

[EER ELENT RS VR TSN TSR RSN TN S

ol a b ba | ka] ko] B ba
L

N e e r e e e

LS RS E R T BN A S A

e | e e ] e | G| e | L] L | L | Laa

[*¥]

1
1
1
1
1
10 06€)1,
EE
A
1
1;
1

ES IS0 VS UR O R oS VY A Y W
[l B il ML R N N SO N SN Y S SN I ) SO Y S B S )

=

=== MMM R R
[l el el e L R A N S A R A e N A e

=
102 14 =33 -4.5

102 19¢ -1.7 g i) -7.6 -6.5
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_ FCR
Group D Initial Wt | Final Wt | Weight Gain CIE:\DEGX|Et e d_T 3 AIBEEE
(2 =X 2R | (Feed Intake) ARl .
feed conversion rate)
1-1 8.2 13.3 5.1 0.268421053
1-2 8.2 12.8 4.6 0.242105263
Group 1. LELALER/ 1-3 8.8 158 7.0 0.368421053
ZefE _I'E_O:-E 1-4 6.0 10.9 49 0.257894737
Tota 31.2 52.8 216 0.284210526 323 149537037
Average 7.8 13.2 5.4
2-1 8.5 134 449 0.257894737
Group 2. getate/ -
M Eeto 4 SHEHZ = = = -
=xg 2-4 6.8 14.7 7.9 0415789474
- Tota 31.2 57.0 258 0.339473684 345 1.337209302
Average 7.8 14.25 645
3-1 7.0 130 6.0 0.315789474
5 ; 3-2 8.4 150 6.6 0.347368421
G"gjffi'?f 33 87| 110 23] 0121052632
oo 3-4 722 13.7 6.5 0.342105263
Tota 313 52,7 214 0.281578947 291 1.359813084
Average 7.825 13.175 9:35
4-1 81 137 5.6 0.294736842
) 4-2 8.4 12.7 43 0.226315789
e ;l f;!f 43 78] 156 77| 0405263158
B EC;—T‘— 4-4 6.9 117 4.8 0.252631579
U= Tota 31.3 53.7 224 0.294736842 28.9 1.290178571
Average 7.825 13425 5.6

F 9 ARRFIA Fol AT SAe 2 ARES

g 53 AR EIIA o
g A
Group 1. €¥HAl®
+ S
Group 2. 4ykAL®:
+3 A A EA B e} o) 4]
)

Weight Gain (kg)

& 1024}, 2048 2HF 215l
A dg Adsta EHE FEEkY IgA, IgG, IgM, IL-20 gk ELISA test(E 10713, 19
54505 AldEth B 10713, 17 54757904 UERd Group 12 iHAtES S5 E F

T, Group 2= YWHALESE AlEebuS BEdE Fold, Group 32 GuMAbES AZF HEH

&l

=
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Folr, TP Al Group 4+ YNMAMESL AZFE A 2 AR Folro® 7F w7 4vtE]d
tfate] Z}7he] dAJ o2 ELISA testE A 33shivt

ELISA test 234, /MAERZ Aol Aot 74 -9 4nte] o] Highs AAEsals w IgA9
7AG duAlE el SEFAE FololAE 104 A4 oF 500ng, 208 Aol A= 376ng, YHHALE
o Alpeys FEAH ?O% ol 1093kl oF 100ng, 20¥3FollA= 250ng, YHkAbE 9}
2l Evd FodlAE 10904 oF 250ng, 2083l A= 340ng, FukAtg gt xﬂ&@ﬂx]
2 AlRetag FofrolA = %x}sﬂr 2092kl Al B oF 300nge] AEEATHE 10, & 14).

-,
e
2

] 3 [gA7} #AAEAY, SAEHg o, ks ARty SEAY Folaa o

Y 2, QWAR/SFFAE FolEst QRAEAEGHAA e AL Folro A
%ol 109/202 d
WALR/7 ResR FelTd s % 250, 1369 F71ae], el [gAg F7H7)E A
O

[gGel 4§ dualael S5FFAE Fojio s 1084 AM oF 35ug 20U M= 3ug, &
Az ol A Retas e FoJid s 109AkolA oF 25ug 20430l A= 2.6pg, GHHALR
o Izt AEH Y FojFoA = 1093 A oF 35ug 203 A= 35ug, YHHALE S A 23

] oAM= 108N A oF 3ug, 20D AM = 26pe0] HEFJTHE 11,
I YA E/SFFAE FATd duAbE/QIZE HEH Y Foid
A= 1gGY Fol Aastglon, AvALE/ A A &L ARy Foud dvhAatE /A B}
2 = 10440k 209 Aol A Ak 23S eI

IgMe] 7% dukrtael S¢FAE FordAs 109aklA  oF 1000ng, 0Ll =
1000ng, dutrtzel ABZu4 SEFHA- FoATdqAE 10YAkA oF 270ng, 2043l A &
oA oF 510ng, 204 &l A& 1000ng, ¢
HAlE o A 2SR R e xﬂ}ﬂ_a}rq-ﬁ Fojoll A= 108kl 4 oF 510ng, 20€ 2kl A= 520ng
o] AEFHATHE 12, ¥ 14). IgM2] ELISA test 23, YiALR/S4AE Fofwts} Jukabg/
APt FEHY Ecﬁloﬂﬁb AR IgM A& e UEpiloH, diabE/RIZE e
Tl YRR/ ANEGHA G2 APt FolLolMs 747t 199, 28] FFeRE HER

Atk

IL-29] 4% duAtzel Seadd Fofo A= 109aklA 125pg, 2093 el A = 62.5pg, &
WhAbE g Alp a4 FEHAY Folitoll A= 10Ukl A oF 62.5pg, 209 Aol A= 62.5pg, HREAF
w2 AFF HEAY Fofo A= 104kl oF 80pg, 204 Akl = Ao HEHA &Eokon,
AAbE S A2 A GG A Folrol M= 10U A of 88pg, 20°1i}0ﬂ*1~ A9
AEHA SUHE 13, F 14). IL-29 ELISA test 23, duhrts/S Folat sl ANkAL
B/ FEAY Folw, AR/ AEEHA 2 Al H et 4 T@%OHH—E IL-27} A4
veb o, ditatg/A Bty 4 R FoldlA= 1092kt 209kl A IL-29] ol
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ELISA data

Std 1020kt 10 AL 202 202K}
A 1,000ng/m# Lo Group 1-1 17560 Group 3-1 02190 Group 1-1 11910 Group 3-1 02940
Std 102X} 1024k 2024 %} 202K}
- 500ng/mé 15180 Group 1-2 17150 Group 3-2 12520 Group 1-2 12380 Group 3-2 16570
Std 1020k} 1020kt 202K} 2024k}
& 250ng/me L1760 Group 1-3 L0l Group 3-3 St Group 1-3 Ll Group 3-3 i
Std 10k} 104k 202k} 202K}
s 125ng/me EiEk Group 1-4 T Group 3-4 L3250 Group 1-4 g Group 3-4 L0
std 1024 1024 2023 20 AF
E 62.5ng/me il Group 2-1 e Group 4-1 blead Group 2-1 o Group 4-1 el
Std 10A : 102X} 204K} i 2020k}
: 31.25ng/mé osad0 Group 2-2 +07e Group 4-2 17400 Group 2-2 Lo Group 4-2 L7510
] Std 102 %} 0 102X 202K} 202k}
= 15.625ng/me 0.2050 Group 2-3 o Group 4-3 12770 Group 2-3 | 12450 Group 4-3 16440
Std 102At e 102Kt 208AE 209K}
L 7.8ng/md Lol Group 2-4 o Group 4-4 Ll Group 2-4 L Group 4-4 sl
& 10, AFEHEZHA Fo 3 1093/20€ 21 IgA ELISA test 23}
Group 1: YWHALE/SFFAE Fol
Group 20 YukAla/A Bt SEH Y Folit
Group 3: YHHAE/QIZE SEH Foi
Group 4 AWALE/AZFHA 52 AR a4 ol
IgA ELISA test
1.75+
1.50- e T T
i T
1.254F
1004} aF 54 AAR AT Fo
0.75- S AYrd IgA THS
: i
sl Group 1. ¥¥HALE
o % L
oo " Group 2. ¥8AL R
U= T T T - - o
Q Q Q Q Q N N
00 00 o\) 0\) o\} o\) o\) o\) Group 3 ) E‘l—/\]—ﬁ_
¢ o o o ¢ o o o
+ & EAY
10 Days 20 Days Group 4. 4y¥kAL®:
+ kA H 2} 4
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ELISA data

X =iby alf ol ]
o 10,00%29/“ 06130 Grlc?uTJ 1+-1 17560 Grlc?uT) ;-1 18430 Grzo[}uTJ 1P-1 13070 Grzc[)}ui ;-1 1930
24X =iby ol o1
B 5{)08;;/;“9 03020 Grlfu? 1*_2 16850 Grlfui ;_2 25080 Gfof}; 1*_2 11960 Gi?u? ;_2 22350
2K ol alf ol %]
C 250?:;/“? 02750 Grlfu? ;_3 24420 Grlfui 3*_3 18170 Gfo[}u? 1*_3 21980 Gi?; ;_3 15830
D 125?:;!“!9 02490 Giﬁx;‘i 23760 Grlfu%éf_ 4 | 24590 Gfo[}u%?_ 4 | 26070 ijﬁﬂ_ 4 | 27100
102 IES o Gis
. sz.ssgfme Ll G:c?ui?{ S Grlc?u? ;-1 LA Grzc?uapl;—'l 1 GrzoouTJ 4}-1 i
PE _ al%] S — o1%]
: 31.2§trfjgime 01480 Ggu?iz 29100 Grlc?u? ;-2 16890 ch?uijj-z' 22970 GrzoouTJ 4}-2 T
G 15.5;;29 ua| 01040 Gfﬁ?—a 0.0510 Giﬁﬂﬁ 23700 G_fc?ijiﬂ 10420 GEOOL:DT:;:}% 23210
H ?.Sit;fmﬂ G G§E§-4 15640 Grlclnju%ﬂ—ﬂt L éfc?u%it e Grzogﬁ;j—ﬂr L2 0

E 1L AEHIA Fol F 109220494 IgG ELISA test 23

Group 1: YHHAIE/S 55 AE Fol
Group 2: YEHALE/ABu 4 FEHH Foid
Group 3: GHFAFE/QIZE BEHH FolL
Group 4 AWHALE/ A2 H A Fe AHus] FolF
lgG ELISA test
2.5+
—_— T _ -
2.04 T - T
gal: 28 55 AARAIA Fol
@g %E 995554 /é]%éil%ﬂ IgG HEP% O]:
1.04 $: o H]_}\ B
% .
i Group 2. YRHALE
AP voos N +3 2 A 3k A B 2} ) 4]
T A N N NN o
¢ ¢ & d & & & o Group 3. YWHALE
S EA Y
10 Days 20 Days Group 4. Y5HALE
+ kA B e} o) 4
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ELISA data

Std 102Xt 1020} 20204 2020k}
A 1,000ng/m? 16030 Group 1-1 18110 Group 3-1 0.6190 Group 1-1 15480 Group 3-1 09550
Std 10204t 102 A 202 A 20204}
e 500ng/m? 1.2920 Group 1-2 17490 Group 3-2 17670 Group 1-2 15200 Group 3-2 19300
Std 102 A} 102 A} 20 AL 202K}
= 250ng/me sasl Group 1-3 S Group 3-3 b Group 1-3 LD Group 3-3 i
Std 102 A} 104} 20244} 202}
i 125ng/m? 92718 Group 1-4 i Group 3-4 e Group 1-4 B Group 3-4 Sl
std TO2AF 1024 2020t 202
& 62.5ng/mé il Group 2-1 Bt Group 4-1 LaTl Group i Btk Group 4-1 el
Std 09AF | .. 102% 20205 | 202%t
: 31.25ng/me 24830 Group 2-2 o180 Group 4-2 L7660 Group 2-2 Lo Group 4-2 LEL0
: Std 1084 : 10 AL 2024 2024
= 15.625ng/mé o410 Group 2-3 o0 Group 4-3 16910 Group 2-3 | 14830 Group 4-3 Lo010
Std 1024} s 102K} & 20AL 204K}
i 7.8ng/ml 43 Group 2-4 &0 Group 4-4 ol Group 2-4 il Group 4-4 /0
X 12 AR AHTA Fo & IO‘Qﬂ/ZO‘Qi} IgM ELISA test 23}
Group 1: ‘Q‘?}’\}JEL/ SFFAE Folit
Group 2: YEHALE/ABu 4 FEHH Foid
Group 3: ‘Q AR /17 StE | Bt
Group 4: BRIAR/AHZ3HE A &2 AlB g Foft
IgM ELISA test
2.0+
1.5+
¥ 56 AFEAHTEA o
. A ' )
1.04F AT IgM &%k
i Eﬁ \ Group 1. ¥RHALRE
%] % / S
Group 2. 4¥HALE
0.0 1 Y | v - -
N ™ N G +% A 7 3k A B2} 7] 5
OOQ O R O R O\>Q OQQ O R O R 0\)Q
& & & o & & & o Group 3. YNHARR
+F e EHY
10 Days 20 Days Group 4. ¥RHALE
+ A B2}
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ELISA data

A 2‘003219 up | 08150 Grlcﬁjil 03270 Grlcﬁxg_l 00720 Gfooﬁxf_l 01260 foﬂ%ﬂ_l 0.0750
B LOOEEQ g | 05180 Giﬁ?& 01650 Gglc?u%x; 01830 Gfogu%jill-ﬂ 00850 Giﬁ’; 0.0910
. 5005;:;/@ L Grlc?ﬁjiﬁ L G;Lc?u%j;}% g Grzoau%jis s ch?uoigﬁ el
B 250?5/;“9 el Grlc?i);}—ﬂl- il Grlc?u%x;—tl e Gfoou%?-a, g0 Grzc?u%x;-ﬂ, B
5 52.55;23 o | 01300 Gic(f;ﬁz 0.0850 63£u%jj_2 0.3450 ch{;)u%ji—z 0.0850 Gfoﬁu%ﬁj 0.0830
G 3122?9 g | 01080 Giﬁ)z}—a 0.1450 Grlfu%ﬂ_a 00930 G_§$§-3 00950 Gfoau%jj_s 0.0840
H SEL:S:SB" 0.0740 Gi‘f}i% 0.1680 Grlc?u%ﬂ_ 4 | 01780 ch?u%? 4 | 02790 GfoGu%i}_ , | 01390
F 13 A s Fol & IO‘Qﬂ/ZO‘Qi} IL-2 ELISA test 23}
Group 1: %%A}E/il? A FEolT
Group 20 YWALE/A| Bty SEHY Foi
Group 3: ‘QHJ}E/ 17 R Fol
Group 4 AWAVR/AZFE A @& Anetls ol
IL-2 ELISA test
0.3+
0.24 E
T 2F 57 AR A Fo
1 HPTUIL-2 B
0.14 Group 1. YRHALE
R L
é Group 2. YWHALR
0.0 ; \ 2 252 S A 1 e 2]
S NS ooQb‘ OQQ\ OQQW o"Q‘b ooQb‘ Group 3. YWHALR
¢ ¢ & o ¢ o & o g
Group 4. YA
10 Days 20 Days +QwhA] 1.2} 4]
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IgA I9G IgM -2

oR
El

zr [102x | 202x | 102x | 209m | 102x | 202 | 109R | 209%

group 1 | 1.5550| 1.3588 2.0648 1.8270 1.6965 1.6388 0.2098 0.1518

group 2 | 0.7365| 1.1795 1.5205 1.7388 0.9655 1.4485 0.1248 0.1333

group 3 | 1.1415| 1.2923 2.1568 2.1158 1.4635 1.6305 0.1500 0.0958

group 4 | 1.2178| 1.2685 1.8343 1.7180 1.4540 1.5135 0.1683 0.0843

¥ 14, AR A7 ol F10224/2007H) TgA, TgG, IgM, IL-2 ELISA test 2873 7]

Group 1: O‘H“}E/Q’“Aiﬂlﬁr Tl

Group 2: Y¥kAlE/A B4 SEH Fo

Group 3: ‘Q AR/ SR ol
H

Group 4: YHkALR/AZTHE R &2 A

M

2]

2>

o)

2ag 200 2t 3
A Folad Al F
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A4 IrEEE
A 18 193} (2007. 5.
L AT eEEe] SHE

A EHZOR02] 7|0 =

30. ~ 2008. 5. 29)

AL FHUS

g o =(%)

Al FEH Y cDNAS

- Human Adult Normal tissue
(Breast(Cat# C1234086)) cDNA -7
Human lactoferrin  (NCBI
Accession No. AY178998) cloning 2
£ 3+ primer design
Human lactoferrin PCR %

RT-PCR¥} Western blot
(Immunostaining) 22 A%

blot(immunostaining), ELISA, &
At AAZE Alg SE o
W v =2 A5

o] g3t F2Y & T loni 100%%
o174 & 3+l Vector cloning ]
" T A7IANE &9 & vl FAAY
1bp4 A7)A Dol MEES o, amino
acidZ translation?] ol &= #3kx] %] ¢ro}
Target lactoferrin® & 4 3l protein-a
e A A3
. 2 THEE
Xenopus EFla =2 2B WEZ 012“5;; Xeiiglf FEPI;IOL ﬁ;‘jt—]
LF 2 e H 1 © -
Xﬂ}_ W &)
HE o] Az
ZA s HEH & Al Bl 4 - A A S WEE Al H 224 2] one-cell
FA | Fste] FHHg stage©] injection 3o FAAS A H} 100%
A Bty E ALk N
- UV-lamp 3}l A GFP &3-S
A AgE A BT E Shlsle] AW HE Ay oz
Adste] AA = A A5 o FAd3 A BG4 A4S
gEHAS Tdst=A]o] 8] e = RT-PCR Western 100%
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2. Wrkel AQHel whiE Faxddme] tigh AAH 7t

gotel =fety A A F Tt

A7IME B4 Ay Eaxstazk skelwl NCBI
Accession No. AY178998 2] dA7| <&} 1bp &7]
HA AbE cDNA @71A9 3 varste] g | Adoe] WSty gon wuld w3ka)el o)Ak
sw =3 282 o] Foj XA gkol 100%e] AI}EE o) =3}
of Aadow AA Alg cDNA 97|14 F3} v
o] AT E oA Aow HUpgh

Al

>

t2A) sl 22wy 9 desd o 2 339" Xenopus elongation factor la
T T Ipromoter SelA A BEAWS wEsE WY

WEE A 23y =T) of B D 7

RS AZ ghaste] BxgAo] 100%H Ao 7}

A A3 MEE microinjection 3 A B glu 4 2 o]
= Ao 2 reporter gene?l GFP 238 93}
FAAS ABeT 49 phenotyping 22 |91, A}k SEHHS mRNA #E o5 oA 3
transgenesis ¢l dsto] ZAG WHE AHeus FAg F

slo] WS ARG HAE A A= 100%

AEHAL o WY

Azet WEE FAdd v AFSe] g AH S
AolE didoz At ZEddH g FAE
& 3h=A] o B 7FA]1 3L Immunostaining ¥ ELISAZ A A]3le]
d oAFE FEIA g Aor HidAs
100% &3t ao =2 Hrhg

Abgh S EA

o
iz
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A 24 2=} (2008. 5. 30. ~ 2009. 5. 29)

1. A=

ArR 3 AGAEA dAAS A
BElulHolA wEstE Ay 2
2de HAA EAY adE
skl sl o

)

sephose gelol| S-ZA A Al Zx
-HEHUS OdsteE AR
) S B Rl s i K] SSTAE SR

& AAg] 4L 5%
==

B
A
B
r
o
ot

A A dEdde pEE
#4350 483 54

I E A

SRR

e}

gh

Ao EEdeEE Almo] 4io A
7tEE AREE A 4.

- A o] erystal structures A -4
o2 73k 7H Gdu HAA

) o AA dEdde fgsie F

2 QS EAS T

AT A FEs o]
NAE ol Rt
el ko] e B

A4

v AAR g ZEsud
Escherichia coli, Staphylococcus
aureus ATCC 25923, Salmonella
typhymirium ATCC 13311¢] th3l 34
BHE in vitro A AS5E.

- AAG A FEARS 043 4
7] Bl gk gAdvre s s A4

ds  dovl= FE 0 Altsd

—_l
%

Salmonella typhimurium & vR$2~o] 7F
AARL 3L 5 2 AT E s st
enumeration 3., F8R target 7S %
A AAstke] FEH™S nAdE do] &3

£ 45
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™

GUdESE Y HEAY YA E At HdAE A
e jon wEHE AE AusaE )
AWe ol st HolHel s

4
oo};

S&8le] AASE Aol AFsdonz AAY
4

KeN
=

KeN
=

g Yol x3hE Wyt Fol7hA HEHYS Ud
3= Aol ZobA in vitro @ in vivo TR AE
= &ote] HolHE FEST. o] wt Aslr] 2
g 53wl gk WeladEs fdSetdvial wdskar
X

HE 100% s Ao gk
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A 34

3=} (2009. 5. 30. ~ 2010. 11. 29)

1 AFALBES gHE
2 = AN FYUS g A = (x)
FHNE ol g3te] ABHAAE
g F dF AxV)E o)&ste] HAx
shoh. oju Axy FEe FE FHS
e dEdEs wass g4 |5% olWlE xdstal gA= el ¥
A% Anebs)de s gy o] WASA FEE o] A8t A2(SI02) 100%
e E AFE3). v-mixer® o] §3to] AlH
g4 B 50%9 -3 Alstarch)
48%, BRWAA 2% v&R T
o AEE AXF
PEdd MHE A 5 gl
Azd Az s ol=aly [Aol7h ¥ A AHHIHE AR
Aste] AA s Es o3 |9 318t Salmonella typhimuriume 100%
TEdd A 24N AA A Folste] w Y E ol
T37F d=A FAE
& = 5 & = 2.3
dds AREAAS T anama as AAE G998 o
AFRE UiFgo® sty 4k o A 39 A A S 10096
ss5t) g AA Y e e TP RS A
2. W7k Fehglel mE Hadd ol gk AAE It
gl 2oty A A F It
A5 AR Az ARSI eSS A
Abz el W ] of B & AN#ddsors Slelone | Atasl W
7HHEL§4 ERE r)r/\% o} 1:}*7 .13]7]—6]—
AA FAEEolE HAE ol &3k dwHAbE o}
Az Awsh AA EASZA £%E B (AxAnz £& e Ade Adseer o
ol=A o] ek A& ol AA HolE & AAFAenE BxE G4t ¥
744t
Anasl A% AAE Sdsie dw Aol Jbs
A e st AAVE AAE FRertel (e AAEleH, 4P 2o A FowA
sk @7t e Aol Thedhe AESlenE HaEE 100%
g Ao B
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A 44 HEH
1. A=

2x9 gYs

7} (2007.

5. 30. ~ 2010. 11. 29)

2 = ATNY FHUS 2 4 = (x)
Tt ZuAas L Wue
Alskol AXT 4 FA g F9) 3}
- . e = 6370;(4%]. ]Hﬂ-vq_,qe Agxk]—oﬂul
NE ARSLE RRAE R wanaww anamas v 1002
ol *}%* FEAYS T U=A o F
= RT-PCR¥} western blot, ELISAS
OS2 2 A7tA Sl
g gEARS wdss 44
Aveysis sotel A AFR SR A
A28 Baste] QATRG BYS
Ae AusAdds A |y
ol g3 A% xﬂﬂa}vqﬂ HHO}E 01%3}04 in vitrod
A s dolaaE ASsision &
@ vl AR AANAE b
olHE g
- AAT AGANAE o g3tol A
gAA% Ansue sls |[BE A2+ dE TS UL
A v AvFRAE AFem A% AAE 10
LA =
2. W7be Al mE HELY T B A4A P
#otel 2oty A A" o
FAAH AnehlA gAstel FobA A 2
FAAE A T 75 o5 Ldds ddds g8t #ele rEsslen
2 2E2 gysgvty 313
Az FEdHe] AATEE FHSFAOHA, i
Az GEdRe] B4el dF A |viro % FTAQAA WA ol mte] UF o
9 gy AR A o ANERenE HEE SR Bl
.
AR HUe FAsaon, Ea AL 0
e s ool e A Foz Abgol Pgd AAE ANF ] e 7}
$4e ANAFYORE of BEE s B4
Aew Hoye
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Recombinant Human Lactoferrin Production in Transgenic Zebrafish.

Seung Hyeok Seok!, Min Won Baek?, Dong Jae Kim?, Yi Rang Na2, Ju Hee Han?, Tae Hyun Kim?, Hyun Jung?, Ae Su
n Goh2, Gun Woo Ha?, Yeun Kyung Oh?, Jae Hak Park?

!Institute for Experimental Animals, College of Medicine and *Laboratory Animal Medicine, College of Veterinary Medicin
e, Seoul National University, *Animal Genetics Incorporation, Suwon, Korea

Introduction Human lactoferrin (hLF) is an iron-binding bioactive protein and has large potential in nutrit
ional, prophylactic and therapeutic applications. Therefore, production of recombinant lactoferrin using an
imal bioreactors was studied widely to satisfy its large requirement. We reported here a transgenic zebrafis
h model with recombinant hLF in muscle. Materials and Methods Recombinant hLF was expressed in a
transgenic zebratish injected with a vector containing zebrafish muscle promoter and intact hLF-encoding
c¢DNA, approximately 2.1 kb. To define the properties of recombinant hLf, antimicrobial activity was asse
ssed. Results Western blot an ELISA analyses showed that hLF protein was synthesized in the transgenic
zebrafish and the line expressed recombinant hLF at 64 ng/tissue g. The growth of Escherichia coli, Salm
onella enteric serovar typhimurium (ATCC1311), and Staphylococcus aureus (ATCC 25923 ) was inhibite
d by co-culture containing recombinant hLF determined by monitoring optical density as 630 nm. Conclu
sions Taken together, the results illustrate the potential of the recombinant hLF from transgenic zebrafish
as the large farm animal feed additives and in the biopharmaceutical fields.

)

(Transgenic Research F3 =W|F

A 24 = 9 wA stese) wE 4w

1 @A sten)s wEa

ShEdsly |EEd A Al & Il HEE A A D REGA
20094 Production of human
= )1y L . PP o o Denver,
u] = T2 3% | Lactoferrin in Transgenic | 2153 (20099 11¢¥ 8
A =B Colorado
dd s3] Zebrafish.
2. = St=iE Uy A
Sty LRy Al & A [ LEEA W EAdA | B
Recombinant  human G
2009 =7 | ¥ |lactoferrin  production s 20099 | A g&tista | ¥
. 1 = — . . 176 = _ _
AEsE3 | WAE  |in transgenic 49 24 |5 dwSEH | HA
zebrafish A
Zebrafish muscle
2009 =7 | £24¥ | promoter assay for ol 20009 | Al-SthEw
o
= -y = — [e] - -
ddseets | ¥R human lactoferrin 19 244 | adu5 7
expression
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S 21k SHEFA Y thEF A4 Uy
o =1 s AR At Abshy H A
o} =W T 0 10-2008-0067786
2l EUAE 2008 7¥ 1Y
2. PCT =%
7 @ e WA A transgenic zebrafish for mass production of human lactoferrin

and a process of producing human lactoferrin using the same.
. &9 © SNU R&DB Foundation
o A4S 0 6-1-2009-0029415-87
gt FAZUHE ¢ PCT/KR2009/003832
uh, %713 0 OPA090S3PCT

vk Al 20099 749 13¢Y

A 54 AbF s A
1. A} 39 : Lactoferrin 7 & kite] i
2. A¥™ : Antigen Lactoferrin Ag ELISA

3. A 1 () Hio] e xE
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