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SUMMARY

1. Development of the human lactoferrin expression vectors for transgenic
silkworm, Bombyx mori.

Two human lactoferrion expression vectors were developed in this study. cDNA
cloning of human lactoferrin and subcloning of the c¢cDNA into vectors for the
expression in insect cells were performed. Human lactoferrin ¢cDNA was prepared
using mRNA from GI-101 cell line. The insect expression vectors used include the
plasmid vector pIZT and the transposon vector piggybac. Two human lactoferrion
expression vectors developed in this study are plZT-lactoferrin and

piggyBac-lactoferrin.

2. Breeding of transgenic silkworm harboring the human lactoferrin gene

Lactoferrin, an ion-binding 80-kDa glycoprotein, has been suggested to have
many biologic activities, such as facilitating ion absorption and having
antimicrobial and antiinflammatory effects. Several of these activities are likely to
only be facilitated by human lactoferrin because they depend on the binding of
human lactoferrin to specific receptor. To produce recombinant human lactoferrin
to animal foods using transgenic silkworm, Bombyx mori, we have cloned and
sequenced the cDNA encoding for a human lactoferrin(HLf) from the mRNA in
mammary tumor line(GI-101). As a result, the 2.5-kb fragment of HLf gene was
cloned with pGEM-T vector and than this fragment was sequenced. In the
nucleotide sequence analysis, single open reading frame of the 2,136-bp encoding
for a polypeptide of 712 amino acid residues was detected.

On the other hand, we constructed a recombinant plasmid(pPT-HLf), containing
human lactoferrin gene for germline transformation of the silkworm B. mori L.

using a piggyBac transposon-derived vector. A nonautonomous helper plasmid



encodes the piggyvBac transposase. Approximately 3.6% of individuals in the FO
silkworms expressed GFP. PCR analyses of GFP-positive FO silkworms revealed
that independent insertions occurred frequently. On the basis of these experiments,

expression of HLf in G1 generation of transgenic silkworm is now in process.

3. Studies of a physiological activity against transgenic silkworm-product,
containing recombinant human lactoferrin(rLF)

This project focused on the anti-tumor effect of extract from transgenic
silkworm developed to express human lactoferrin. For the purpose, apoptosis of
human hepatoma cells, mRNA expression in human cells by insect extract using
microarrays. Compared to pure lactoferrin commercially available, the extract of

transgenic silkworks has only partial effect on human apoptosis.

4. Studies of effects on transgenic silkworm-product, containing recombinant
human lactoferrin(rLF), and the establishment of safety

We investigated the effects of silkworm-product (hemolymph), containing
recombinant human lactoferrin (rLF), using both the murine listeriosis model and
the Lewis Lung Carcinoma (LLC) cells bearing mice.

Against murine listeriosis: Hemolymph and human LF (hLF) was
administered to BALB/c mice for 56 and 7 days, respectively, commencing 4 days
before oral infection. The effect of these proteins was determined by bacterial
enumeration and histopathological analysis of the liver and spleen, which are
well-known as the major targets of oral listeria infection in mice. In bacterial
enumeration, hLF decreased the number of L. monocytogenes cells in the liver.
Histopathologically, the size and frequency of necrotic foci in the liver samples
decreased with hLF administration. However, these changes were not observed in
the mice fed hemolymph.

Against LLC tumor-bearing mice model: Twelve days after subcutaneous



inoculation of 10° Lewis lung cells into C57BL/6] mice, mice had primary tumors
with an average volume of 370 mm® (ab®) without either hemorrhagic or necrotic
lesion in the center of tumors. However, compared to the control mice, the tumor
size was significantly reduced (average volume: 212.5 mm”) by subcutaneous
injection of 25 mg/kg hLF per daily for 3 days (p < 0.05). In histopathological
view, the tumors had centralized cell death and hemorrhage, and it was positive to
TUNNEL reaction. However, there are no anti—-tumor effects of hemolymph in the
LLC tumor bearing mouse, even though the hemolymph was orally inoculated for
56 days.

In addition, the safety and toxicity of the hemolymp was also evaluated :
Six weeks old female BALB/c mice were daily fed with 2000 mg/kg hemolymph
for 60 days. After administration, total IgE, hemolymph specific IgE, bacterial
enumeration of small intestine and evaluation of toxicity were performed. The
toxicity was evaluated by food intakes, weight gain, histopathological analysis and
blood test. The result showed that all of those parameters were not changed by

hemolymph-feeding.
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o] AFAFoA e ZxE SEHH cDNAY F=2YH I15 o] &3 Fo
E5d wE e AZo|th 2 AFolA AFg wotd g =EHY WE

2. A 3% WY

7b. G EHA™Y cDNA F249 : AFge] HL-1 AZF)A mRNAE FZ3te] cDNA
=2 A slal PCRS £3le] 2E#H Y ¢cDNAE pCR3.1 #E (Invitogen AF&)E o] &3}
of TAZ=EY gttt PCR =%l AT 7FsAdo] de =dWolo 7teds HAas
3171 98] pfu enzymes PCRel #H71sla, 24 ® cDNAE 971449S sp69t

T7 primers& AF&3lo] 23] o] A7 s},
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sequencing KitS o] €3le] gd7)umld 2AS 83515

t}. plZ-lactoferrin M E 7] : DollA 7HEE  lactoferrin®] cDNAE  ©]-83}o]
plZ-lactoferring 713t plZze Aoz duxi e ZFAEZE WEo|T
olE WMHELS FE Ade WwlAS g Yikstr] 9% o R AREH A 9]
plzet W= B5F Hghavs dpolung Abgsta HElstEg B AR-IA o A ]
gt} Uk el F2Y 7|HE AFESte] FEHH cDNAS AZ3te] competent
, LFAELD SO celll Al o] & WH o]

g4 HEAL S Fiesto] o] WME e FEAE ol TS AT K84

r)t
ol
2L
fd

celldl transformationd}e] o= A3

W

2 WA gagt 44 MEE FAABANS B Q= AP FFsn

A8k ol A AR 6] feedbacks MR O ® WE o =S A=

2}. pXINSECT-lactoferrin ¥ E] 7] gt : 2)ol -9} £ HEWoz Zghtmu= W
ol pXINSECTE ©o]£3}l¢] pXINSECT-lactoferrins 7 gt

AEQD sf9 celloll M ol WEo] o3 A=A dEdAde] THE F=ste] o] HH

oL
£
e
oX
)
=
i)

v
g
ofi

°of FAAL ol TS A% FEAS WA FdH ddd HEH= FEAASA=
S T S AT e

up, JEWE pSLfall80fa-lactoferrin 7% : FAZH o2 pSL1180 (Pharmacia)Z
T35k, o] WE 2 multiple cloning site®] HindIIl ¢ X Algt& 4 Fseld} Asclol
AdE = Z}z} &) oligo= (5’ AGCTGGCCGGCCTAGGCGCGTCCA) <}
(5" AGCTTGGCGCGCCTAGGCCGGCC) & dA3ste] pSLfall80 (Fsel-Ascl-HindIIl)
S AZFeol. &= pSL1180fas Al ZFst=d] pSL1180 #E 2] multiple cloning site’d <]
EcoRI A= Aotslar, FselZ} Ascl o e = oligo
(5" AATTCGGCCGGCCTAGGCGCGCO) % (5’ AATTGGCGCGCCTAGGCCGGCCH)



£ 43t EcoRI-Fsel-Ascle] Algk A& A|zgkrt. o] & A A 2b¥ pSL1180fash
pSLfall805 =& 50 Fsel-Ascl-Hindlll ¢} 3'°] EcoRI-Fsel-AsclE 7}A &
B Z W&t} Fseld} AsclS AMEEE B4 % E4RF 8 baseE ©A8te] dutst
o, 938k# @& FolA DNAZF dersEls= A$7F A7) wiiolth. pSLfall80facl
lacteferrin cDNAE 4Fdste] HME9WE pSLfalll0fa-lactoferring A o2 g 1).

Fsel Ascl Fsel Ascl

Shuttle vector pSlLfal180fa

a9 1L FEAY F342 =9 dolHE P55 % MEHH 5

t
riN

v}, piggyBac-lactoferrin EWM =X E WHE /W 0 pSL HE A|ZS blEoz2 EfllA

xE WHQ piggyBacs A ZAFdh S A4S EdAEE WEAAS

GolstA & HHow FIHEL} piggyBac WEHE AZE & ofr]d FEHHEAS A

Aolo] 7 Fo EdAEE WY AL fAdsith dAdE WEE ZFAE]D SS9 cell

oA o5 My o3t LA FEHAY dHAS Fiesto] o] WMH FAAS ¢

o Ads A% FEAAS W E
24

glof T8k,

o
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2
ek

gelettt, FAARAL ERNaxE WEHE 747 A

2 13 el s ARFHAE ojdy wtsle] HHe WY E
Marstt}. piggyBac WE 2] full length clone?l p3E1.2¢} pCaSpeR-hs-pBac-orf

-

helper™ Indiana Universityoll A H]GHJ A0 HH oz F5 AFsnz oS E9
lo] ALgST) o] WMIHE Tyt o=z A8317] 915t eglp, eyip, ecfp 52 &
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AL cDNA €249 2 9y 5 %Y 0 cDNA 294 2 ¥y 35 Uy
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T U2 a9 20 yErle 34, AloF 52 v=e wE VA EA G 3 v
P

= PromegaXrl$} Sigmarle] AFS FUste] A8k

B

ALE SEMIE cDNA
cloning (Gl=101 eall line)

4

[ pGEM-T WEI0 &8l |

1

‘ pBlueScnpt 1| KS0+H) HE{ 0]
subcloning (#3554 site BHE)

2 1

plfT G pXINSECT SHE O EgH 4 BLE SE O]
subcdoning subvcl oning

“plZT-2AEHP " X | | “PiggyBac-AEHE"
“pXINSECT=21 & H " w0 =8l MK
2 (Sacl /nvotl) | | MR Elxhol [ Not 1)

19 2. cDNA 229 % Axe dojHy 5 W

of. HEAY KA F2YE A primer 24 1 APl GI-101 cell linedl Al F
%3 mRNAE o] &3sle] 4% cDNAZ ClontechAloll Al F-915le] o] & PCRE ZE
Ao cDNAS ZZ359tt AF2% Primerd 9714 4L olefe] 7 1o YeEWSI T

% 1. cDNA £24 & 9% PCR primers 24
Primers Sequences
Hum-lacto Al AGA ACC AGC CGA GTT TCT CA
Hum-lacto Bl GAA TGG CTG AGG CTT TCT TG
Hum-lacto B2 AAG ACG ACA GCA GGG AAT TG




7b ZEAY cDNA 224 @ AF#Ee] AX (GI-10D)el4 mRNAE F%3kel ¢cDNA
2 43 3 PCRE 53t ZEHH cDNAES pGEM-T ¥ (promega)o] F=2Y
gth. PCR =Tl 28 7hsAdol v EdWole 7lheAdS Haskstr] fsto
Pfu enzyme& PCRo| #H7lsla, 249 ® cDNAE 497|449 sp69 T7 primers
Abgske] 23] o] AA s

1st round= Hum-lacto Al, Hum-lacto B2 ¢]3, 2nd round°l| A= Hum-lacto-Al
3} Hum-lacto-Bl1S ©] &3] FEHHL genes =Z3AY. £Z ¥ products=
agarose gel electrophoresis® ©]&3te] 1 =7 E ¢lste] thEstR e A S E Lo
HES-3l= siteE 8 H3517] 938te] Promegailel pGEM-T vectorel 43}l cloning
< sttt pGEM-T vectorol]l A9 FEHALS plZT¢ pXINSECT WE o] 2 A3
o8 Aol HA &7l wiEd o9& AT siteE AASOF ok o]
pBlueScriptll KS(+)¢} &% 24 #|ga i Sac II ¢ Not IS A&3te] pGEM-Tol
AdEo g FEHAYUS 5 o2 pBlueScript II KS(+)d] subcloning S 3} th.

pBlueScript II KS(+)& pIZT¢ pXINSECT #WE o FE7F 2 AdaL siteE 7}A
Itk FEAA AFE A Notl# Sacls AHE3te] FEH ZEHUS plZT9
pXINSECT " E o subcloningdtith. oA i Azw WE e BAEE By o}
e 219 33 o



Husman Lactotermin -"J'

- Sac |

Human Lactofernn

5 5 3
| |

. ZEHH cDNA 97|WlE ZA : Taqg Dye Deoxy Terminator Cycle
sequencing Kit< o] &3le] SFEH A FAA A7uld 2AHS 3435 A3 A=
= ATGS £43% TAAZS X33 Open reading frame (2136 bp) 2GS el

=

:‘\:E
Aot HEAY 434 A7 E A3 Fig. 49 2o



TCA GACCGCTA GCGCTA GCGCTA CCGGACTCA GATCTCGA GCTCAA GCTTCGAATTCTGCA GTCGA CGGTA
CCGA GCTCCACCGCGGGGA GTGGGGA GGGAA GGGGTGTCTATT GGGCAA CAGGGCGGGGCAAAGCCCTG
AATAAAGGGGCGCA GGGCAGGCGCAAGTG GCAGAGCCTTCGTTTGCCAAGTCGCCTCCAGACCGCAGAC
*
ATGAAACTTGTCTTCCTCGTCCTGCTGTTCCTCGGGGCCCTCGGACTGTGTCTGGCTGGC 60
M K L VF L V L L F L G A L G L CL A G
61 CGTAGGAGAAGGAGTGTTCAGTGGTGCACCGTATCCCAACCCGAGGCCACAAAATGCTTC 120
R R R R §8 v Qq wCcT VS Q P E A T K C F 40
121 CAATGGCAAAGGAATATGAGAAGAGTGCGTGGCCCTCCTGTCAGCTGCATAAAGAGAGAC 180
Q WQ R N MR R V RGP P V § C I K R D 60
181 TCCCCCATCCAGTGTATCCAGGCCATTGCGGAAAACAGGGCCGATGCTGTGACCCTTGAT 240
S P 1 C 1 Al A E N R A D A V T L D

241 GGTGGTTTCATATACGAGGCAGGCCTGGCCCCCTACAAACTGCGACCTGTAGCGGCGGAA 300

—_ =

G G F 1 Y EA GL AP Y K L R P V A A E 100
301 GTCTACGGGACCGAAAGACAGCCACGAACTCACTATTATGCCGTGGCTGTGGTGAAGAAG 360
VY GT E R Q P R TH Y Y AV A VvV VvV KK 120

301 GGCGGCAGCTTTCAGCTGAACGAACTGCAAGGTCTGAAGTCCTGCCACACAGGCCTTCGC 420
G G S F L N E L G L K S € H T G L R
361 AGGACCGCTGGATGGAATGTCCCTATAGGGACACTTCGTCCATICTTGAATTGGACGGGT 480

R T A G W N V P T G T L R P F LN W T G 160
481 CCACCTGAGCCCATTGAGGCAGCTGTGGCCAGGTTCTTCTCAGCCAGCTGTGTTCCCGGT 540
p p E P I E A AV A R F F S A S C V P G 180

541 GCAGATAAAGGACAGTTCCCCAACCTGTGTCGCCTGTGTGCGGGGACAGGGGAAAACAAA 600
A D K G F P N L €C R L C A G T G E N K 200
601 TGTGCCTTCTCCTCCCAGGAACCGTACTTCAGCTACTCTGGTGCCTTCAAGTGTCTGAGA 660

cC A F S S QE PY F S Y S G AF K C L R 220
661 GACGGGGCTGGAGACGTGGCTTTTATCAGAGAGAGCACAGTGTTTGAGGACCTGTCAGAC 720
b G AG DV AF I R E S T V F E D L S D 240

260

781 AAGTTCAAAGACTGCCATCTGGCCCGGGTCCCTICTCATGCCGTTGTGGCACGAAGTGTG 840
K F K D C HL AR V P S HAV V A R S V 280
841 AATGGCAAGGAGGATGCCATCTGGAATCTTCTCCGCCAGGCACAGGAAAAGTTTGGAAAG 900
N G K ED A I W NLUL R QA Q E K F G K 300
901 GACAAGTCACCGAAATTCCAGCTCTTTGGCTCCCCTAGTGGGCAGAAAGATCTGCTGTTC 960
p x s p K F Q L F GS P S G Q K DL L F 320
961 AAGGACTCTGCCATTGGGTTTTCGAGGGTGCCCCCGAGGATAGATTCTGGGCTGTACCTT 1020
K b S A1 GF S R v P P R I D S G L Y L 340

721 GAGGCTGAAAGGGACGAGTATGAGTTACTCTGCCCAGACAACACTCGGAAGCCAGTGGAC 780
E A E R D E Y E L L C P DN T R K P V D

Fig. 4. DNA sequence and deduced amino acid sequence of human lactoferrin
gene. An asterisks show the position of the start and termination codon,

respectively.



1021 GGCTCCGGCTACTTCACTGCCATCCAGAACTTGAGGAAAAGTGAGGAGGAAGTGGCTGCC 1080

G S G Y FT A I Q N L R K S E E E V A A 360
1081 CGGCGTGCGCGGGTCGTGTGGTGTGCGGTGGGCGAGCAGGAGCTGCGCAAGTGTAACCAG 1140
C N 380

R R AR VV W C AV GE QE L R K Q
1141 TGGAGTGGCTTGAGCGAAGGCAGCGTGACCTGCTCCTCGGCCTCCACCACAGAGGACTGC 1200

w S GGL S E GS v T CS S A S T T E D C 400
1201 ATCGCCCTGGTGCTGAAAGGAGAAGCTGATGCCATGAGTTTGGATGGAGGATATGTGTAC 1260

I AL v L K G E A DAMS L D G G Y VY 420
1261 ACTGCAGGCAAATGTGGTTTGGTGCCTGTCCTGGCAGAGAACTACAAATCCCAACAAAGC 1320

T A G K €C G L v P V L A E N Y K S Q Q S 440

1321 AGTGACCCTGATCCTAACTGTGTGGATAGACCTGTGGAAGGATATCTTGCTGTGGCGGTG 1380
s b p D P NC VDR PV E G Y L AV AV 460

1381 GTTAGGAGATCAGACACTAGCCTTACCTGGAACTCTGTGAAAGGCAAGAAGTCCTGCCAC 1440
V R R § D T S L T W NS V K G K K S C H 480

1441 ACCGCCGTGGAC AGGACTGCAGGC TGGAATATCCCCATGGGCC TGC TCTTCAAC CAGAC G 1500
D R T A G W N 1 M G L L Q 500

1501 GGCTCC TGCAAATTTGATGAATATTTCAGTC AAAGC TGTGCCCCTGGGTC TGACCCGAGA 1560
G s ¢C K FbDE Y F S Q S C A P G S D P R 520

1561 TCTAATCTCTGTGCTCTGTGTATTGGCGACGAGCAGGGTGAGAATAAGTGCGTGCCCAAC 1620
S N L ¢C A L CI1 G D E Q G E N K C V P N 540

1620 AGCAATGAGAGATACTACGGCTACACTGGGGCTTTCCGGTGCCTGGCTGAGAATGCTGGA 1680
S N ER Y Y G Y T G A F R C L A E N A G 560
1681 GACGTTGCATTTGTGAAAGATGTCACTGTCTTGCAGAACACTGATGGAAATAACAATGAC 1740
b vV A F vV X D V T V L QN T D G N N N D 580
1741 GCATGGGCTAAGGATTTGAAGCTGGCAGACTTTGCGCTGCTGTGCCTCGATGGCAAACGG 1800
A W AK DL K L A DF A L L C L D G K R 600
1801 AAGCCTGTGACTGAGGCTAGAAGCTGCCATCTTGCCATGGCCCCGAATCATGCCGTGGTG 1860
K p v TE A R § C HL A M A P N HA V V 620
1861 TCTCGGATGGATAAGGTGGAACGCCTGAAACAGGTGTTGCTCCACCAACAGGCTAAATTT 1920
S R MDD K V E R L K Q v L LHQ Q A K F 640
1921 GGGAGAAATGGATCTGACTGCCCGGACAAGTTTTGCTTATTCCAGTCTGAAACCAAAAAC 1980
R N G D C Q T K 660

1981 CTTC TGTTCAATGAC AACAC TGAGTGTC TGGCCAGACTCCATGGCAAAACAACATATGAA 2040
L L F C R L H G K 680
2041 AAATATTTGGGACCACAGTATGTCGCAGGCATTACTAATCTGAAAAAGTGCTCAACCTCC 2100
K

Yy L G P QY V A G I T NL K K C S T S 700
2101 CCCCTCCTGGAAGCCTGTGAATTCCTCAGGAAGTAA 2136
p L L E A C E F L R K 712

AAGCTGGGCGGCCGCGACTCTAGATCATAATCAGCCATA CCACATTTGTAGA GGTTTTACTTGCT

(Lactoferrin gene sequences continued)

ol pIZT-=E#H A WL @ DA Al FEHAS] cDNAE ©] 83t plZT-
gEA S MEstdu plZT/Vo-His & AdH o=

ojth, o5 WEHELS FE Aty wwds uaF Aaksr] A3 Fuoz ARSI
pIZTHH = Fetan| = wEol g ARgalr] Hefste] & Ao A 2853t

2}, pXINSECT-ZE#HH Wg 7fd @ 2)of e} 22 HIHoE Fgtan= WEQl

pXINSECTZ o] &3to] pXINSECT-=HEH AL /st hdw o

9l Sf9 cellofl A o]& WEol 23 AHgHel FdEH A HHAS FEdle] o] WE]
|



ml
o

v}, Transposon WE 71%: piggyBac ™E = transposon WE ZA] &2 43}k
o] zomw FEHY o Hito] &old Aow AZtEH AHYHAT. Fx &
vl 2 Alge] ZEHH cDNAZ piggyBac WE o st F=249 3st=d A F3
RaL, o] & FHAFT| T AFete] FHEHAS ol & JHEste ol &stes shlvh

AT E A siteE: FAS 95t thA] pBlueScript II KS(+) vectoro] A% SEH
o] Lo 37T A2 Xhol# Notlo] HFE-3lE siteE H-2AZt} subcloningo] #
e ot ERaEE] A3 RO A FE A Xho I 7 Not 15 AEste] 1 914
o FEFHHE subcloningS A 3 o).

Transposon WE 7S o] &3}o] subcloning ¥4 5 HEHEE ALEEAT. 74
Ao pSL1180 (Pharmacia)E F+Y3dle], o] ¥WE 2] multiple cloning site®] HindIIl
Aol AFE A Fseld} Asclell A= 24749 oligos (5'AGC TGG CCG GCC
TAG GCG CGT CCA)¢ (5'AGC TTG GCG CGC CTA GGC CGG CC)E A3
o] pSLfall80 (Fsel-Ascl-HindIlD< #l23tt}h. HE pSL1180fas | #tak=t pSL1180

=5
o

W E] o] multiple cloning site’2] EcoRI Y% & Aw3lar, Fsel# Asclel ZEl & oligo
(5'AAT TCG GCC GGC CTA GGC GCG CO¢ (5’AAT TGG CGC GCC TAG
GCC GGC CG) & dAste] EcoRI-Fsel-Ascl9] A& $1xE A2ttt o] 2 A A
2k pSL1180fa®t  pSLfall80E EUZ 59  Fsel-Ascl-Hindlll <} 3’9l
EcoRI-Fsel-AsclE 7FA = WHE A|2st Fsel# Ascls AHgste 548 F &4
L7 8 bases ®BAlste] dwste], AatA %= kelA DNAZE Ads = 4571 47

o] o}, pSLfal180facl lacteferrin cDNAE et MEWEH

pSLfall80fa-lactoferring $+4 8} 1, transposon ®E 2 subcloningS ¢4 3l At
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DNAS} lipopectin &S dH 3 A7 H7MHA & wjAo] Feste] 325
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S}, 2481 7F FQF 27Col A AEE v]d3d & lipopectin®] -8 HA A wjA &
AAGIL 10% o] H7EE wiAlE dAF EFoto] AEE 447 v 5 2d

duld 7Fe] o &at)

Transfer vector

Helper plasmid + LELf OO

v

Incubation, 15min, room temp.
v

Add the BmN cells (2x10¢cells)
v

Incubation, 24hr, 27 C

v

Remove the medium
A dd the fresh medium (10% serum)

v
Incubation, 5days, 27 C
v
Extract the BmN genomic DNA
v

Southern blot hybridization
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Construction ofrecombinant plasmid containing human latoferrin(HLf) gene(A) and
Western blot analysis of stably transformed S cells expressing HLf protein (B).
Lanes 1 and 2 are cellular fraction of stably transformed S cells. Numbers on the

left indicate the molecular weight markers (kDa) and arrowhead indicates the HLf protein.
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vl PCRell 98k GFPR#a =91 &< @ FHAs Foll MA=Z
BFo] FHgorna AME MY wpAR E£91% HAYFAWA(GFP) Azt
ol AlmUlE Aol HAE=AE el GFPRAA =9 &e1s s A =
2}o] M (GFP-F: 3'-CCA TGG TGA GCA AGG GCG AG-5', GFP-R: 3'-GAG C
TTA CTT GTA CAG CTC-5)E At&ste]l PCR %2 a3 A3, dAHAS +
of QA ZE2el YR A3 o] GFPHAARZ A2 E = 0.75kb DNAWH o]

slE Ak ™ 9).
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2. A2 & WY

7F FEAY 5 0 A @ Fd FEES A7) $15te] Western bloto2
ol WAE FEA3 o /NAZS protease inhibitor (Roche) £A3}¢] PBSolA A

7] homogenizer (IKA, 5 9)= &3 sttt 19 th& cell debriss A A3 93
©] 10,000 rpm, 4CelA 3023t LA stAvh el AAEY 3 A4S &

A 23222 g

[¢]

[‘E

L Al EF A9 total RNAFSE @ SEHH(Wako)d Fol| FEEo gd A=
Foll A total RNAZ Tri-Reagent(Sigma)E Al-&3to] . 100mme] wj A
g 1ml®] Tri-Reagent® AF&3to] 2 vl dishol ¥, I3loz oz W FiA

A WFAELZEE A RNAE f+=th Chloroforms ¥l 16%3F 2 S50+ F

e
o
i)

Aol 2-317F ¥ WEAI7IaL AR E Adsth DNAZE 4olA] 255 24 2~F
A 925 2 Aojuyo] thE HF x| 273 isopropyl alcoholS % il 15000rpm, 10%

7F HESA]A RNAE HAAZIY A5 AES HE L pellets 75% DEPC-ethanol 2
11,000rpm, 5#7F At sto] &ab# HojFrh. AolA pellets 5-10&37F 2



tf olu YR uf=x ¢EE FA]5e] RNase/DNase-free waterol] 30-50ul® pellet

o
I
e
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t}. DNA fragmentation

1) Gel electrophoresis : apoptosis® Al¥o]jA+= DNAZ} apoptotic bodyZ
fragmentation ®t}. AXEo|A DNAE F=3}9] geldl ZAojA DNA-ladder”’} &olsh
t}.

2) In situ assay : Apoptosis E<¢toll DNA fragmentation® ® A A == DNA
strand breaksE antibodyE ©|-&3s}lo] &Qlsti= W oltt. AAH one cell ¢ olA <]
gkolo] 7}5sltlE o] g, 8= TdT(terminal deoxynucleotidyl transferase
enzyme)E ©]&3lo] DNA break® 3-OH DNA endsol] labeled-DNAE ZA3tA] 7=
Aot} Labeling2 fluorescent, enzymatic reactions U}S¥3}A o]&3t oy
Apoptosis®] Z& Z7| A= o] 83}7] oJ¥il extracellular matrix component?Z -2
o] detections Wafst7] e dh= TRo] 2l

3) Single reagents for TUNEL and supporting reagents : X% TUNELeo|2}x
F 2+ "W oldl DNA strand breaksell in situ labelingdt A Zol F-anti-fluorescein
antibody to FITC-dUTPZ o] &3}o] detectiondli= Zlo|t}. o] antibodyoll: alkaline
phosphataseZ congugationd] A Fast Red& ©]-&3}o] A3}

4) ELISA : DNA fragmentationg ©]£3 ELISA°|A4+ apoptosis U
cytotoxicity-induced cell deathE T $l¢] detectiondtAl =4, modified dUTPS!
BrdUZ HFS-A|AAM AE <ke] DNAO| A335Fe] labelingS 3Fa. ©] A& monoclonal
antibody & ©]-&3}o] ELISASHT}

2}. Cell Membrane alterations

1) Microscopy or FACS : apoptosis®} necrosis cellS F+&3}17] 93] DNA stain
I A o] & £ dx= WS, apoptosis cell membrane  outer leaflet9]
phosphatidylserine®l Annexin-VZ o] &3} detection®t}.  Annexin-vi
phosphatidylserine®] high affinityS X.©]+ phospholipid-binding protein .= ] 7] A
probe® ©]& Tt} annexin V-biotin, annexin-v-alexa 568, annexin-v—fluos %

conjugation ¢ &7 wg} FACSY fluorescence microscopes ©|&3te] =743k},



v}, Enzymatic activity

1) Western blot : poly-ADP-ribose polymerase(PARP):= DNA binding protein®
2 DNA strand break® <22I3}+= protein®ldl, ©] protein®] apoptotic
protease(apopain) 2] substrate® ©]8 Ul & apoptosis %7] ©AAA PARP &
89kD ¢} 24kD=E v} 3L o] A& apoptosis detection®l] ©]§ 7}s53tth PARPo| thdh
polyclonal antibody& ©]&3}¢] Western blot ¥ Immunoprecipitation®] ©]&3}i <)
t}.

2) FIENA : caspase 3 activity® fluorometric Immunosorbent Enzyme
Assay(FIENA)ZE o] &3lo] =A3ro 2 A apoptosisd AEE & 4 Uttt Cell lysate
o A caspase 3°] W3 monoclonal antibodyE ©]&3}e] bindingAl AT, 7]
caspase®] 93 dF WIsE= AFC substrateE PolA HFAEE =AEd
caspase 37} o= AL activity® Ho|=AZ =A3lo] apoptosisE el st}

3) In situ assay : apoptosis &<l cytokeratin 189 W 3}7} A 7] =4, antibody
M30 cytodeathE ©]&3}o] o] H&S detection & 4 9t} antibodyE 4A3HAl 7]l

o] 1% immunofluorescence Y flow cytometryE ©]-&3}o] visualization ¥+t}.

v}, Expression of apoptosis-related proteins

1) Apoptosis induction : apotposisel A =%+ Fas protein®] ™3+ Anti-FasZ
o] &3} detection ¥t}

2) in situ assay/Western blot : p532 cell growth controld] 23 dg& 3=
4], 5Al°l apotosis® ZH3lE 71X AUl apoptosis Aol 5W3s| FUlslE pb3S
detection S+t

3) ELISA : p53 antibodyE detection 3+c}.

A AIEZF7] A
1) Single color DNA staining with BrDU , PI, AO and HOECHST : A9

BrDUY PI, AO, HOECHSTE A3 F AHMEIAA nucleid FE3F9] DNA

content/cell cycleg ©]&3} cell cycles €olXRE= WHoltl. BrDUE denatured



DNA o] z&3t}.  Pl(propidium iodide)= undenatured DNA ol 2} 3} = dldouble
stranded DNA®2] major grooved] A% o] 488nmolA 600nm AlololA SFHE=E H
ol Al #Hr}. AO(acridine orange)™= DNA/RNA 9] differential staining< & 4 it
DNA9IA green, RNAYA redE& @3st= 32 xfo]E& Holi o]F 0|83t cell
cycle2 FA 3t} Hoechst dyei= bis-benzimide derivative & A2 toxicityE H.o]=
g, o] &2& DNA?Y AT-rich region °| Z3%3}o] 465nme] g0 A ¥e I3
BolA ¥t} DAPI(diamidino-2-phenylindole 2HCI)X= AT binder & Hoechst dye<2}
dgloltt, FAg AEFL2 FACSE o] 8319 cell cycles 3 5 <.

2) Two Color Analysis Of Cyclins : cell cycled] Wz} EA ¥ oz W3 F =
cycling o] &3t WA, cell cycle?] W3lo] & markerZ+ cyclins D, E, A ,

Blo] ol g9ttt Z+z9] cyelin o ™3 monoclonal antibodyE ©]-&3}lo] detection 3+

&

—

t}. two color systemo| Al cyclin/PCNA, and cyclin Blel th3l antibodyE Eo] i

ax

red, green o % Z}7z} WA3Le] flow cytometer® ©]&3te] A3 dHtHg o g
cyclin D19] ¥&d2 early Gl & %3} cyclin E peak &= G1/S transition & ¢ 7|3}

Cyclin A ¥ G2/M phases E¢Fa& %311 cyclin Bl € late G2/M 95 9|3

u

ax

A o] A= cyclin D1o] #2HA &= A= jlomz e A E
H—]
H

3) Staining chromosomes (G-Banding) : Giemsa % Leishman’s staine ©] &3}
o] metaphase chromosomes @M 4 9t} GC-rich (giemsa light)F&
GC-poor H+H(giemsa dark)S T#3lo] band %S Hol=dH o]AE& G-banding ©]
2} gkt

4) H-Thymidine Uptake by Cultured Cells : A¥& 3H-thymidine2 30% A%
@717 gl $ 3H-thymidine®] el wel cell cycles FiE8k=dl, cell cycle
analysis®E. U= cell proliferation assayoll © o] o] &%t}

5) TUNEL/Propidium Iodide, F-Actin/Propidium Iodide : 5% cell cycle Al
21 9] apoptosis & FAll A8t A & ul, TUNEL assay$} PI staining & 5 Al

488 &
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grofof at=tl, A= Aoj A et o] FHH &4l EAWel® AlE o] 1
AR = 4
3 T A HEAHY =9 7H F, 59 4 AXEFA o]E Gl arrest
¢ #do] v A4S TAbstel FGEA-YY AEFT] o Ae sHS XA
2 F=2 western blot (p21 WAF)Z} RT-PCR (pl6INK,
pl4ARF, C—fos, c-myc)S AF-&38Fe] z a3k
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E}. ¢cDNA microarray
gEA B oFel F
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total RNAS A Z3s}o]

S0ugel RNA®] @ A28 A% EAsH: 8 Asadch 48 w48t Wy

of

rlo

Reverse Transcription ®ESS AAE w FHFPEAQ] Cyb-dUTP(EZ)oln

Cy3-dUTP(25)& #H7tsto] wtg& o o2 w&s

ot

b A ggEdo

—

OO]:BA

¥A¥ ¢cDNAZE hybridization #}g o & A3 F /MY A& cDNAE Z =
Aol Az L 349 microarray Jol ¥ ¥ slip coverE AMg3sle] AZ H

S F 4 chambers] B F 4209 G4z WolA 1647 o4
m
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Py
tlo

i)
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N
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icroarray & SSC &g Alg3to] 2

sto] ¢t @ cDNAES Aojdith. A&A & microarray S AAEZ7E ALEEHY

1) ¢cDNA microarray data &%

7} DNA microarray chip scanning : Hybridizations vFZ DNA microarray 3
(chip)2 microarray scannerE ©]83}¢] scanninge F3stA =4, Z- spotol A
HEAL  (emission)E &= Cy3¢9F Cy59 fluorescence intensityS X3} sFA FH ).
Scanning¥® imageE A%t HAANA vAHGAHQA spoto]tt oF-e] o]EH=E Qg

failed spot< flaggings &3t EAHANA A AETE  Scannere] A4

op

software(GenePix 3.0) ZZ 1L o] &34 A3E F£x ke mlojlazAzZeE oA
Z2a3 5& AFE3Fo] intensity-based normalizationS A AEHA =4l 2 spotell
Al 4ozl A HlolEl&= DNA microarray 3 (chip) WAl WALE = background

intensityoll 93+ zto] ¥E3stHo] o=z AHE3 intensity aF< spote] foreground



intensityol A spot =9 2] background intensity #t= A< gk ko= ALkt

1) Spot intensity scatter plot : Signal intensity?d #HF E4& E3lo] dojx
intensity ratio(Cy5/Cy3)¥ X, Y plot chart2 ZEAE 4 glom o]9} 78 chartE
E3lo] Fo3 fAAE geldlt), o2l X, Y plot chartES UwrA © & scatter plot
olgl 3tH it 45% A=) V&7 E vERATH

t}H Spot intensity M vs A plot : Graphol| A}& %+ intensity ratiox raw
signal intensityE AF&3FA] &l log-transformed intensityE AM&3tA  ®Huh
Log-transformed intensity® A}&3l& ©]-f+ raw signal intensity2] #t< 0~65535

o Fhol mebA W2 Welell 2A Exsta glom v intensity(10000]8h) Fhel &

Algsto g2 23}l scatter plotol A spot? intensitys HA Aoz w2 A FEARAZ
T dow oA HolHe #ls o &olatA & F U= Aol Ak MY
versus A(X axis)E A3 scatter plot2 X vs Y scatter plotS 45% Zt=2 7]&
A FEHEA F 7FA channel& AF&3alA AHS A AIS microarray® datas 7HE
HAE Aoz #A% 4 & = wyolgta & 4 vk M vs A plot & 7}f
A differential expression levelS A &Q1& 4 A 3h, T3 A Aol A
differential expression¥} intensityzte] #AIE RAF 4 s FHo] A

2}) Box plot normalization : A el 2849 3 (chip) AlZtol|l AFEE pind 7479
54 2 Aol wEbA zol7k & 4 1o, B3 hybridization A A 5 3l
= local background@ <13te] A &3} intensity ratio® ¥ 4 SIA Fth o]9} o]
Al ooz st YElE F & ztelE Fo|7] fste] A3 Aye 4

Ao A= ZF blockel]l WE box plot normalizationg 4 A] g+c},

d
=
=

icroarray 2dZ43 A= : cDNA microarrays =3 9& Eo] FH=lq
tht Ele Ao AFEH M EFoA AL total RNAE 1st strand cDNA
synthesis kit(Roche)& AF-&3le] cDNAE &A 3 F real time PCRE E314 cDNA

microarray ol A €& Az} vl gQlshry,



3. 4% 4 1%

7}. DNA fragmentation : apoptosis® A|lXo]A = DNA”} apoptotic body=
fragmentation ©t}. Al¥E A DNAE F=3t9] gelol ZojA DNA-ladder’} 915
At

Apoptosis E<¢te]l DNA fragmentation® A A %= DNA strand breaksZ
antibody S o] &3}o] 3elst= WA, ZAF one cell E oA Folo] rEslteE
FH o] gd=d, Y8 TdT(terminal deoxynucleotidyl transferase enzyme)Z ©]-&3}
o] DNA breake] 3-OH DNA ends©l labeled-DNAE A 7] Aot} Labelinge
fluorescent, enzymatic reactions TH¥shAl o] 83t AT}t Apoptosis®] F 38 Z7]o
XM= o] g38}7] o] H L extracellular matrix component?@ < A o] detections &l 8}7]

= e wdE Q.

M EZAPE A A EAE = DNA fragmention A4S B FE gel

0O

AFA(1. 2. control, 3. 4. ZZ'd DNAES B o=, 5 DNA ladder)
U, FEHAA L o] FEES AE3 HepG2 A EFA Y ¢cDNA microarray =

7277 A8 3Fe] total RNAES F%3}l9] ¢cDNA microarrayS A A3t A A8k d
=]

FARAE AESATHED,



%l JdEAHY FAAS FoAFEES A8 HepG2 1+ AlE9] apoptosis
#HA FAA dd
el
add e
Gene Gene Bank Biological
(log2) Svmbol Gene name _
o | o ymbo accession Process
qAd |F&2&E
cell surface
-151 | -0.82 CD14 |CD14 antigen NM_002488 |[receptor linked
signal transduction
chromatin
Chromobox homolog 4 (Pc class
-1.26 | -0.53 CBX4 ] NM_003655 |assembly or
homolog, Drosophila) .
disassembly
-1.19 | -0.49 | PHF17 |PHD finger protein 17 NM_024900.2 |apoptosis
Tumor necrosis factor, )
-0.98 | -0.27 | TNFAIP3 ) ) NM_006290 |apoptosis
alpha—-induced protein 3
Nuclear factor of kappa light cytoplasmic
-0.89 | -0.24 | NFKBIA |polypeptide gene enhancer in NM_020529 |sequestering of
B-cells inhibitor, alpha NF-kappaB
. . . protein
-0.83 | -0.18 | BFAR |Bifunctional apoptosis regulator | NM_016561 o
ubiquitination
. negative regulation
-0.73 | -0.08 | PAWR |PRKC, apoptosis, WT1, regulator| AK095165 . .
of cell proliferation
Integrin beta 3 binding protein )
-0.61 | -0.07 |ITGB3BP . NM_014288.3|cell adhesion
(beta3-endonexin)
cell surface
-0.59 | -0.06 CD14 |CD14 antigen NM_002488.2 |receptor linked
signal transduction
-058 | -0.06 | BAG3 |BCL2-associated athanogene 3 NM_004281 |apoptosis
-0.57 | -0.06 | ELMOD2 |[ELMO domain containing 2 NM_153702 |phagocytosis
CTNNBL . .
-0.56 | -0.06 ) Catenin, beta like 1 NM_030877.3
Engulfment and cell motility 2 )
-0.55 | -0.06 | ELMO2 NM_133171 |phagocytosis
(ced-12 homolog, C. elegans)
-0.46 | -0.05 | FL]J13491 |Hypothetical protein FLJ13491 NM_024623 |protein metabolism




TNFRSF

Tumor necrosis factor receptor

-0.43 | -0.05 . NM_004195 |signal transduction
18 superfamily, member 18
. chromatin
-0.41 | -0.04 | HDAC3 |Histone deacetylase 3 NM_003883.2 .
modification
-0.40 | -0.04 | RAD21 |RAD21 homolog (S. pombe) NM_006265 |cell cycle
) negative regulation
-0.37 | -0.03 | PAWR |PRKC, apoptosis, WT1, regulator| NM_002583 ) ]
of cell proliferation
Fragile X mental retardation,
-0.36 | -0.03 | FXRI1 NM_005087
autosomal homolog 1
-0.34 | -0.03 | PDCD2 |Programmed cell death 2 NM_144781 |apoptosis
Apoptosis—inducing factor (AIF)
. . . chromosome
-0.32 | -0.03 | AMID |- like mitochondrion - NM_032797 .
. . condensation
associated inducer of death
central nervous
-0.29 | -0.02 | NCKAP1 |[NCK-associated protein 1 NM_013436 [system
development
TNF receptor-associated factor protein complex
-0.24 | -0.02 | TRAF2 NM_021138.3
2 assembly
-0.24 | -0.01 | PDCD2 |Programmed cell death 2 NM_002598.2 |apoptosis
CSE1 chromosome segregation ) .
-0.23 | -0.01 | CSEIL . NM_001316 |cell proliferation
1-like (yeast)
Apoptosis, caspase activation inhibition of
-023 | -0.01 | AVEN | . NM_020371.1 o
inhibitor caspase activation
-0.23 | NA | MOAP1 |Modulator of apoptosis 1 NM_022151
. cell surface
Baculoviral IAP )
-0.21 | NA BIRC3 o NM_001165.3 [receptor linked
repeat-containing 3 . )
signal transduction
Caspase 3, apoptosis—related induction of
-0.21 | NA | CASP3 . NM_004346 .
cysteine protease apoptosis
Von Hippel-Lindau tumor cellular
-0.17 | NA VHL NM_000551.2 )
SUppressor morphogenesis
BCL2/adenovirus E1B 19kDa )
-0.17 | NA BNIP2 | ) ] NM_004330 |apoptosis
interacting protein 2
KIAA097
-0.13 | NA ) KIAA0971 NM_014929.2
-0.12 | NA | TXNL1 |Thioredoxin-like 1 NM_004786 |electron transport




Baculoviral IAP

cell surface

-0.12 | NA BIRC2 o NM_001166 |receptor linked
repeat—containing 2 . .
signal transduction
TIA1 cytotoxic
-0.11 | NA TIAL1 |granule-associated RNA binding | NM_022333 |defense response
protein-like 1
Amyloid beta precursor protein
-0.09 | NA | APPBP1 | . . . NM_003905 |cell cycle
binding protein 1, 59kDa
Mitochondrial ribosomal protein protein
-0.07 | NA | MRPS30 BX538300 | . .
S30 biosynthesis
-0.07 | NA BAG2 |BCL2-associated athanogene 2 |NM_004282.2 |protein folding
induction of
. . apoptosis by
-0.06 | NA DAP |Death—associated protein NM_004394.1
extracellular
signals
-0.06 | NA | DUSP22 |Dual specificity phosphatase 22 NM_020185 |cell proliferation
Caspase 7, apoptosis-related proteolysis and
-0.06 | NA | CASP7 ] NM_001227.2 ) ]
cysteine protease peptidolysis
Tumor necrosis factor receptor cell surface
TNFRSF ) )
-0.06 | NA 14 superfamily, member 14 NM_003820 |receptor linked
(herpesvirus entry mediator) signal transduction
) . ) induction of
BH3 interacting domain death L
-0.03 | NA BID ) NM_001196 |apoptosis via death
agonist .
domain receptors
) induction of
0.02 | NA BAD |BCL2-antagonist of cell death NM_004322 ]
apoptosis
0.02 | NA AXIN1 |Axin 1 NM_003502 |development
PPP1R15 |Protein phosphatase 1, regulatory
0.03 | NA . . NM_014330 |cell cycle arrest
A (inhibitor) subunit 15A
Lymphotoxin beta receptor .
0.03 NA LTBR . NM_002342 |immune response
(TNFR superfamily, member 3)
0.04 | NA |[MGC5297 |Hypothetical protein MGC5297 NM_024091.2
. . apoptotic
Apoptotic chromatin
0.08 | NA ACIN1 o NM_014977 |chromosome
condensation inducer 1 .
condensation




Taxl (human T-cell leukemia

0.09 | NA |TAXIBP1| . o . NM_006024
virus type I) binding protein 1
induction of
. . apoptosis by
0.11 | 0.01 DAP3 |Death associated protein 3 NM_033657
extracellular
signals
Sirtuin (silent mating type
0.13 | 0.01 SIRT1 [|information regulation 2 NM_012238 |chromatin silencing
homolog) 1 (S. cerevisiae)
Baculoviral IAP )
0.13 | 0.01 BIRC4 o NM_001167.2 |apoptosis
repeat—containing 4
Pleckstrin homology-like domain, . o
0.14 | 0.01 | PHLDA2 ) NM_003311 |imprinting
family A, member 2
) ) caspase activation
0.15 | 0.02 | DIABLO |Diablo homolog (Drosophila) NM_138930 | .
via cytochrome c
Testis enhanced gene transcript negative regulation
0.15 | 0.02 TEGT o NM_003217.1 .
(BAX inhibitor 1) of apoptosis
Apoptosis antagonizing
0.16 | 002 | AATF o NM_012138
transcription factor
0.17 | 0.03 |FLJ21901 |Hypothetical protein FLJ21901 NM_024622
. . . protein
0.17 | 0.03 | RNF130 |Ring finger protein 130 NM_018434 o
ubiquitination
induction of
CASP8 and FADD-like apoptosis by
0.18 | 0.03 | CFLAR ) NM_003879
apoptosis regulator extracellular
signals
TNFRSF1A-associated via death induction of
0.20 | 0.03 | TRADD . NM_003789.2 .
domain apoptosis
Pogo transposable element with
0.25 | 0.04 POGK . NM_017542 |development
KRAB domain
0.32 | 0.04 |BCL2L12 |BCL2-like 12 (proline rich) NM_138639.1
0.35 | 0.04 API5 |Apoptosis inhibitor 5 NM_006595 |anti—apoptosis
SH3-domain GRB2-like
0.36 | 0.05 |SH3GLB1 . NM_016009.2
endophilin B1
Ubiquitin—activating enzyme E1C
0.38 | 0.05 | UBEIC NM_003968 |cell cycle
(UBA3 homolog, yeast)
0.39 | 0.05 MCL1 |Myeloid cell leukemia sequence |NM_021960.3|anti-apoptosis




1 (BCL2-related)

042 | 0.05 DAD1 |Defender against cell death 1 NM_001344

induction of

apoptosis by

042 | 0.06 | PDCD6 |Programmed cell death 6 NM_013232.2
extracellular
signals

Seven in absentia homolog 2
045 | 0.06 SIAH?2 NM_005067 |cell cycle

(Drosophila)

051 | 0.06 BAG5 |BCLZ2-associated athanogene 5 NM_004873 |protein folding

B-cell receptor-associated

054 | 0.07 | BCAP31 ) NM_005745 |[immune response
protein 31
Estrogen receptor binding site regulation of cell
057 | 0.07 | EBAGY ) ) NM_004215
associated, antigen, 9 growth
Amyloid beta (A4) precursor
0.58 | 0.07 APP  |protein (protease nexin-II, NM_000484 |cell adhesion

Alzheimer disease)

V-raf-1 murine leukemia viral ) .
0.59 | 0.07 RAF1 NM_002880.2 |cell proliferation
oncogene homolog 1

061 | 0.07 BAG1 |BCL2-associated athanogene NM_004323 |apoptosis
Membrane-associated guanylate intracellular

066 | 0.07 | MAGI-3 | . NM_020965.2] . .
kinase-related (MAGI-3) signaling cascade

0.75 | 0.07 | DUSP22 |Dual specificity phosphatase 22 BX648953 |cell proliferation

0.76 | 0.08 YARS [Tyrosyl-tRNA synthetase NM_003680.2 |cell motility
. regulation of
0.79 | 0.08 | BCL2L2 |BCL2-like 2 NM_004050 .
apoptosis
apoptotic
0.80 | 0.08 BAX |BCL2-associated X protein NM_138764.2 |mitochondrial
changes

Nerve growth factor receptor
141 | 056 | NGFR [|(TNFR superfamily, member |NM_002507 |neurogenesis
16)

* S EH H(Wako) : 5 uM;
- = gEHHY 9dte] 7

Jd F&%& : 20 ug/ml of media.

3 FH12 + = 7k 5312 NAE signale]l w5
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o HEAYIG FoFEE o AMHY FEAE T2 v FEADS FEHAE
Aqxe] S JAGE 7les Fohar 2Eeh dHA Frh 2EHA F
T2HE F9atr] fste] FEAYR] Fo| FEES AMHY FAAEFA HepG24
7 Ql leukaemia AE 21 HL-60 Ao A& dte] 159 proliferations =4
sttt e o AEE MEMYS dishol A vl 2447 FHE FEH UG Fol
FEES 47 Agste] Axe] A owd S VNA=AE Sk 47
Ndx2712 37C, COx= 5%, F&dt AdHollA v sttt
F200 A Flete] B SHEHEN Fol FEES ALI § 24ATANAE AE
2ol 7b A G Skth. 724 gbo]l AU A 1 AFel7b AA YERYY] Al ZFskSith B E
e ojw g A7t HA &2 AEFe nlate] AlEe] proliferatione] A = A
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% 2. gEAH GuM)F Fol FEE(20ug/ml of media) 23 HepG2 ME 52

Cell growth (53 Hd, cells(X1000))
0H 24H T2H 120H
Control 200 400 740 1320
FAFEE 200 360 704 1246
e =] 200 296 428 755




Cell growth
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FE{Al L

AZAN A FAG Yo FEAAR o

3= wkEH oz At THXE Fd luekaemia A 3ES1 HL-60 celldl HepG2
EE=o 14443 A skt

_i’_
sk Ao A e Aol ofFd AHE7b HA e ArxET v A

D SHEAY GuM)H Fol 35 (20ug/ml of media) 93 HL-60 A% 32

Cell growth curve 2 (53] H, cells(X1000))
0H 144H
Control 200 1610
FoAFEE 200 1570
gEHd 200 790




cell growth
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2}, HepG2 AMENAY ZEHAIY FoF=E A2 Anti-apoptosis gene?l
TNFAIP3 2@ A vlal : e FollFE2& AFE9 1t AEZF<20 HepG2
o] *2]ste] Anti-Apoptosis gene?l TNFAIP3(tumor necrosis factor, alpha-induced
protein3)®] WA EE v 23l TNFAIP3 &A= TNF(tumor necrosis factor)
of ojate] wdo] Hrba 2elA k. 2 TNFAIP3 - atol ©]38te] encoding &
g A S Zine finger prtein® Z NF-kappa B9 &4 9 A|3tt. ¢DNA microarry
£ F5te] e ARl TNFAIP3S] Hid o] xto]& Eato] HEHY 4B FoF%

ol §5& s 2% &AL TNFAIP3 gene®l mRNAS w&lS W w3}y

_—

9 sl real-Time PCRS ©]&3t9th real time PCROlA AM£%  primer=
sense(b’'-atg cac cga tac aca ctg ga-3')¥} antisense(5'-gcg tgt gtc tgt ttc ctt
ga-3')o]t}.

¥4+ AlXE9 proliferations 3 A EF|A 2] TNFAIP39] mRNA9 ¥dS
vl gk Aotk WHdHo HLE wlusly] ¢35e] House keeping gene?l beta-acting
Abgstion, 2 WAAL wE HE Foto] HEAH-Y WA Fo FEEC
TS vk MES proliferation®] A3el fFARSHAl AMEE culture dishel &

T F 24M3 Foll FEAYI FoAFEES A F 2423, T2A13F, 1204] 1l



A5t S W total RNAES FE3I9th o] RNAE cDNARZ 4 Fo TNFAIP3
geneoll T3l 4] real time PCR& A Al TE 2447t A= SEHA DI Fol] FEE
A1©] TNFAIP3 mRNA®S] 2& o] o7} aA vepubA] kot e Ajzke] A4
of wel 72A1%F, 120A17F0] A #gtel whel 1 zkelrh ZA veRr] AlAE T S E
Aol A= TNFAIP3e] Tde] A F7istgdth. ol ZEAYC] FEA:

of W& I feedback &Y= TNFAIP32] @& o] el o=z ¥

l-M
lo

=

apoptosisE = &

S vk =
e #9 @+ ATk ae 1 wde) AR Aot FEAY wHF Fhe

=4 = A

GEhtA gset

FolFEE w9 gEHUAN A2 TNFAIP3S 3ol &

T4 FEAAY Fol|FEE AHg HepG2 AlEe TNFAIP3 mRNA & H|

TNFAIP3 expression (53] HF, beta-actin 7| <
24H T2H 120H
Control 0.042935 0.068067 0.092
FAFEE 0.078 0.088 0.109
g EHd 0.132127 0.326856 0.461764
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SANETFE (negative control: NC) w4337 |&dozr gy %

e
ot

o] B4 ol
oM FEF Ads wo] ol Aol AREsFAT. FA =T (positive control: PC):
Sigma°ll 4] human lactoferring F+43tAth BdSHFTol 4 mg / ml & oA 02
mm = filtering ko] -20Cel R3St

T3 Az EAY AX S (Recombinant lactoferrin: THF) 38 7|s9o=
FH 60 ug/ml o Axd dEFAP] i Fol A Fof ol Mo ALgs)
Atk o7 23] 05ml A FoI3k S iF%E (tHF-HD)E AAsta, 44 13 05 ml
A Folg & Ak tHF-LD)E sto] Aol Agstdditt. dAztesd AAa2
hLFo 2 EA3H3

7}. Listeria monocytogenes= ©]&3 A3dFE =d zHA

1) Animals : 55% female BALB/c "}-%2& AW st ATAZ5EH YA
Abm et S5 AT 7ol saeH, 157Ut w3UIts F F A AFgs T

2) Bacterial culture and experimental design : L. monocytogenes strain ATCC
51774 (serotype 1/2a)< tryptic soy agar®] 37CeolA overnight ®]%3}] 1L, shuo
colonyZ # 3] tryptic soy brotholl 37TColA ®l¥slgdct. 600nm 44 O - Dzt
A% T Fold 8% O F tryptic soy brothol 3Astdch Z+ & ) Z+(Con)

©
=

m)\

7} L. monocytogenes W& FoJit(L), i sodium bicarbonate F3F L.

monocytogenes 7 (Na)o. & 3+, 2 & 5SulglE FASGT. Zddato =

N

g2 o]g3te] 1x10° CFU/0.5ml/moused] ¥ %= AT Folatdi, tgzaoe 5%
9]  tryptic soy brothE® F93ltt.  Sodium bicarbonate FowelE L.

monocytogenes 7ol Tth3d+ sodium bicarbonated EWZ Felslr] Y& 10%

sodium bicarbonate (Sigma, USA)E 1000 727 T3k 3 308 Fo #S Fof3
Atk A3 Hdoll O-D gtoll W& CFUY #AAS A7) flete] Hd ATHE o8&

s AFFE SHAT



3) Body weight : Fold3 531 del AFS SAsATH

4) Food intake : A}8 A3 =S vjd =Ask9 )

o] Az o] o4, FrE, 4
& e el Ao® A ssth

6) Bacterial counting : 7 A] H]&3 7to] A L. monocytogenesd 5 =43}
St v A 7re] dRE Wi PBS (Phosphate buffered saline; pH 7.2)o ¥ i 7}
9l2 A B& E 3ml FA]Z up and down B TH 10°, 10°, 10°e.2 7tz 34

1[11

3 & 100E FH3dke]l 50TC9 palcam agar®t £33 A2oA &3 & thA
overlay 3FAth. o] 2 37T vjok7|o| A 24-48 A|7F vik3t & Z213 -2 =AY
=3

7) Histopathological examination : 2% 7|7F ol &2 Ao disir= Zul=
FAE sk, 7 3dAe] BE rbe2E RS w5 dEER wHT F
Eogas 8 Adstdnt v e FAE S8, listeria A HfA]

AR
(Palcam, Merck, German)Z ©]-&3}o] L. monocytogenes w2 ZA&tt. w4,
=

2, W, 9, A, AP, B 10% FH w2

)

g, 2%

O ’

alcohol-xylene®l| processing ¢t %, Itetd xujsteich 2ume] Egtol= dH S e
o] H&E 945 stslal Fstdn g ow fasgit

8) Statistical analysis @ SATH E4L FAAZ  computer program¢$!
SAS(Statistical Analysis System, Proprietary Software Release 8.1 version)E ©]-&

ato] frolaE p<0.0500 A 38ttt

1) Animals : 453 female BALB/c 7|22 A& Al
H Tttt Atset &7 A wel sdew, 1 Fd3 £3ts & & A
of AR-&3} Tt

2) Bacterial culture : A& A}

ofo
ok
&Y
-\
rr

S. enterica serovar enteritidis=

tryptic soy agar®l] 37ColA overnight ¥ %3t 32, str}e] colonyE #H 3ol tryptic



soy brothell 37Cel A wjgt - 600nm 34 O - Dats 433 6vkg] o v}
$-220] EdE ol &38ke] 2x10° CFU/0.5ml/moused] s==2 27 Folsgioh otz
Sutg]ol = &9 tryptic soy brothE 7 Fostdth. A3 Ao O-D Ftoll &
CFU9 #AAE A7) 98t 3 AFHSs ol &3t AdTE SAsA
3) Body weight : Fo] @3} Fof & 3UA =& d AFS S43A
4) Food intake @ Al® AH =S g 45t
of & 29% 49 A, WS AFs wiEH= S
il

S A= T Wi PBSol| serial 348 A,

5) Bacterial counting @ ¥
enteritidis®l +& 743ttt &
Salmonella A& x]21 XLD agar (Difco, USA)ell overlay3d+ ¥, 37C A wjgE7] o
A 24X ZE wjFete] s SA AT

6) Clinical signs & mortality : 93543 =9 AHY AqAFE wjd #AZsHAT)
L] AZR o] o], Fr1Y, A&NA, v Ko &77F glolAAY A& &
d e Ul Aom A skt

7) Histopathological examination : A& 7|7+ ol
RaL, FAxe] Fol 6dA7MA BF FAsiglom® olu hxd

RS
T ong Aele dHZR wAW F Hudue 6 AQsAck v,

=
A, A%, 24, 0, 9, Mg, A%, N8 10% F4 Zewdd 2443 14 ¥,

alcohol-xylene®l processing 3 ¥, &3 EofslAth 2 ume Egol= HFHS vl

=° H&E 942 shsla

o

g Hor Aegrt
8) Statical analysis : EATY EXHES FAAE  computer program®!
SAS(Statistical Analysis System, Proprietary Software Release 8.1 version)S ©]-&

sho] Fel5F p<0.0Bel A S ashglet.

t}. Listeria monocytogenesd] 3 A SEHHY A &3 A=

1) Preperation of Natural Human lactoferrin : Sigmaol Al HASFEHHS F+3t
Aok EFHFFl 4 mg/mE HoA 0.2mE filteringshe] -20Cel] R A3 )

2) Determination of MICs(minimal inhibitory concentration) : A& A}&&

T S. enterica serovar enteritidis, L. monocytogenes strain ATCC 19111, 19113,



[e]

19115, 51774 < tryptic soy agar ©l|A 37ColA overnight ®j% St} o
colonyZ #3}le] pepton yeast glucose broth o 37TColA #j %3} FTHATCC19115=
tryptic soy brothel wl<k). 1x10°CFU / ml& 96 well plated] EFslal oJ&] HxE9
SEALS Hrrstdv 37CoA wjdato] %
ST

3) Animals & diets : 453 female BALB/c 7}$+22 A&

gorye FUSRYG Ane A ", 1

Ao ARSI
4) Experimental Design : T+ 2z (NCO)H L. monocytogenes @ Fola+
(PO), ¥4 FEAA 1F5E@2mg / mouse) T (HD), A FEHA A 5%(0.2mg/
mouse) T (LD)o2 A 330w T 6rty R ST RIS A
A 5-E EdE ol&ste] 7Y AR A, dEdy L
Fo]#o= F#9 PBS(Phosphate buffered saline; pH 7.2)%
5 3944 PC, HD, LDl 10%
o

“

Fol S a1,

A7) H=Z O-D 450nmol A &

Prl
mlm

2]

=
-1 O

Fj

H>mz

l?i

rl__’
ru-[m

=
€]

]

—|—’

J:[o

O =1
= B B

o
T

aF3le 3

R

_|_4

o &}
- 7

m&
F¥
mlo
r-{n

H ol

e}
T

7}

z11~

Q)

EEpS|

A B 74

monocytogenes &%
Tttt SEHA
bicarbonate (Sigma, USA) 100uxlE

=

==

=
£
o] &3] 1x10° CFU/0.5ml/mouse?]
PBSE F

5 713k sodium

<
T

TEE

Group Animal No Listeria treat (oral)] hLF treat (oral)

NC 6 PBS 0.5ml PBS 0.5ml

PC 10°/0.5ml PBS 0.5ml

HD 10°/0.5ml 2mg/0.5ml

CECDCD

LD 10°/0.5ml 0.2mg/0.5ml

5) Body weight :
6) Food intake : Al=



250 B A L monocytogenes)
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il
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ol
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1)
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-
oy
2!
=2
E

ES I homogenizer= Z7A X
& = 1047 105’ 1067 107052 7tz 3 A% S 100ulE #Hs3slke] 50C9 palcam selective
agar®t T3 H A H2oA w3 F, ©A] overlay SFATE ©olE 37T wid7]ol A
24-48 At wikRt ¥ AR wteE ST B Al AR el deE S

AstAk. v A W QAo AdX S "Wt PBS o] Y¥il homogenizer® ZHA H<4

3l 50T Y palcam selective agar®t £33t AeolA F3 % thA] overlay
St ol & 37T wi7]oll A 24-48 AZF w3t & S48 45 S5 h
9) Histopathological examination : 7+ 394 EE n925 HASHT. 5 &

o dHzz AR ¥ d4Ne Fo AWSGAT wg, 4 A, 22 O
9, A, AZ, HE 10% F4 ®
processing ¥ ¥, zetd Ewjdtth 2 ume] EFtol= HHES vHEY H&E |4
dea Astan Aoz B,

10) Statistical analysis : SAEH ¥4 FTAAHZ computer program$!
SAS(Statistical Analysis System, Proprietary Software Release 8.1 version)E ©]-&

shed ol p<005el A F AT

2}. Listeria monocytogenes®| 3+ A7 3 F7FAE

1) Animals & diets : 45 % female BALB/c "} 922 A &dstn AdTE ALS
o 2HE FUSAY AR S5E A Fol dRew, 1 U s s &

5 A ARgEA T
2) Experimental Design
¥1. L. monocytogenes ° ter FA A3 Fo e dAEI AU A

ELEE

=

=l
il
o

b=}



Group |Animal| Listeria hLF treat (oral) Total

No treat lactoferrin
(oral)
NC 5 |PBS 0.5ml Aol A 05ml 0
PC 5 |5%10%/0.5ml Aol Ad 0.5ml 0
hLF 5 [5+10%0.5ml 1 mg / 05 ml for 7¢ 7 mg / mouse

rLF-HD 5 [5%10%05ml| #FAAsF AH 0.06 mg/0.5ml 3.36 mg /

for 56Y mouse

rLF-LD 5 [5%10°505ml| FAAZFol A 0.03 mg/0.5ml 1.68 mg /

for 56Y mouse

1 o Folx(hLF, 7

=
mg/mouse), & & A3t
mg/mouse) 0.2 A A 3}
FH FHd A EdE ol &t wid AT okl txa e w7 Gl

AHE Tt SEHAY Fof 77+ = 53944 PC, hLF, rLF-HD, rLF-LD +

1=

1_‘
=t
rlo
dlo
ox
=
BN
=
5S)
C
o
r o
e
m
i)

ol
o (rLF-HD: 3.36 mg / mouse, rLF-LD: 1.68

ol Ao
9.0

lEr
W 2 o2 brbg R FASIY. SRS dARA o

o 10% sodium bicarbonate (Sigma, USA) 100ulE o3 3, L. monocytogenes
ATCC 517748 30% Fol FHE ol &3le] 5x10° CFU/05ml/mouse®] s= 2T
T, gxzvole 53 PBSE sttt o Fodol= FEAYDS o F
o & FHA& AXIE Fof] FoAsiTh
3) Body weight : 23 #Ado AA wd AesS SH3A
o]

4) Food intake : A}5 HFHFS wld ZA43A

rJ
Y

5) Clinical signs & mortality : Y454 552 A RS oo 31 T}
e Az dro] o] Fr™, A&REX g R &7 glofAAY AlE o

F e dEE Ao B

jaleA

o

6) Bacterial counting : ¥ Fo ¥ 143 2dA] EWolA L monocytogenes]

2
TE& SASYE. ¥ FAE FHsta, 2 PBSY Y3 homogenizerZ ZA F



& 3 10% 10°, 10° 1072 Zhzh slAe 3 100ulE #Hte] 50T 2] palcam selective

agarst E33tA L A2oA £33 F Al overlay StATE o] F 37T Hj 7)ol A
I

24-48 A7k w 2t
B A WA elA waE SRS W, 1 R 1P ARE AT PBS

o] Y3 homogenizer® A ¥4 & 3 ml FA7]2 up and down 3d+gth 10°, 10°
10°0.2 7z}zb 8 e 3 100ulS 3 38te] 50°C 9] palcam selective agar$t &3H3F

3l 5 t}A] overlay dFATE o] & 37C wHS7]ol A 24-48 A|ZF wjFdk &

< dEzz wFHg F EuAus 8 Adsdnh vE, B, A, A%, W
g, #HF, AR HE 10% T 2D 24A7 A3 F ) alcohol-xyleneel
processing ¢ F, Tt Eujadrh 2 ume] EEtol= HHWE whEo] HRE A4S
skl Fetv|d o2 sl
8) Statistical analysis : TAEH EXS TAAE computer program?®!
SAS(Statistical Analysis System, Proprietary Software Release 8.1 version)S ©]-&
ato] frolE p<0.0500 4 s

v}l Lewis lung carcinoma (LLC) cell o W3t &g 3 H7lA] ¢
1) AEw Y (Preperation of cell line) : LLC A|¥E American Type Culture
Collection (ATCC, Rockville, Maryland)ell 4] T 13}e], Dulbecco’s modified Eagle’s
Wl #]  (Gibco BRL, Gaithersburg, MD)°ll, 10% fetal bovine serum (FBS),
L-glutamine, penicillin ¥} streptomycins 3 7}ske] 8] &3}
2) Animals & diets : 5573 4% C57BL/6 miceE AMeUda HFFE AlS
Ao FgEtAnh mhesE 22 £ 1T, 55 £ 10 %9 F%, 1¥al 1243 AR
light/darkness(2. 7 074 A&, &% 194 £&25)& ATt 371 dASA ug
FrAsk, AlR S S A E e

3) Clinical signs & mortality @ 935743 =9 AbY 55 wjd #AZsA

=
el Az g o, B, 4877, vxel 717k glol A7



A}

= A
o ©

42 el Ao B

4) Experimental Design

¥2. LLC o uigk JAd3 roll AAe] dhay H7p Al o AAH L A7 8
Group | n= |route LLC hLF treat (oral) Total
lactoferrin
NC 5 SC 0 PBS 0
PC 5 | SC |1x10° cell PBS 0
hLF-HD| 5 SC | 1x10° cell| 05 mg / 0.1 ml hLF for 39 |15 mg / mouse
hLF-LD| 5 SC | 1x10° cell | 0.05 mg / 0.1 ml hLF for 3¥ 0.15 mg /
mouse
rLF-HD| 5 | oral | 1x10° cell g A A g ro] Ao 3.36 mg /
(0.06 mg/0.5ml rLF) for 56¥ mouse
rLF-LD| 5 | oral |1x10° cell HAAZ o] AN 1.68 mg /
(0.03 mg/0.5ml rLF) for 56 mouse
Zr #2 SAdERT NOF FAHdHETF (PO), #¥d FEHAA FoTA(hLF, 35
mg/mouse), FAAZ Fo AY Fo+(LF-HD: 3.36 mg / mouse, rLF-LD: 1.68

mg/mouse) 2.2 AR} o
HH A A EUE o] &ato] Y
ANE Folstdet. FEAA
o 1x10° cell/0.2ml/mouse?]
o= T¥F9 PBSE F

sttt ol Alde A=

Sz FAS AT SHEAYUS dAA o

7:1?—_,_01 O]'M—‘— r’HZiLg Ea]:/] 7(3}\]’1‘01]

Fo 717 & 4494 PC, hLF, rLF-HD, rLF-LD
FE2 FZ flankdd F3t2 FHsIon, A4 dx=at

3 gEAUS AAF Aol odo

2 ATRIR Fasgon, I8 nrERel s MEHAY B T2 4YSHY
o,

5) Tl W7k FF AEA F 59 ARV {AHow AX Fee 24
dE sl Fa Fol Basgon, dAgEdde] 9 SCE FYold F 69%H
8AZHA) 39U Folshglon], FYAE o4 F 129 A P
AR ANe FF o4 MY ARE FARGOM, FHAE o4 F 1293



F7F Folg & FHs Y
7h FFA7] FA 0 FEAEE SeHAR AMA Thse 56 A Y A
=S =Astgon, Ry 29 nomalization < axh?/2 (a0 3=, b w3 w9
mm’) & E AT},
W) zAHEstd H4A 010 % A 299 ug 3 vedl ¥ ¥ H&E
stain ato FtAnHd o w wHAET
thH Apoptosis #4] @ TUNEL assay kit (In Situ Cell Detection Kit, POD,
Roche Applied Science, Penzberg, Germany)Z ©]-&3to] vtgtsl Eujdl Zelo]=q
3l A8tk manufactor’s manualell 2@l =35} 93 .
Z}) EA1218 : SAS ver 8.2 system o] &3fo] =335t}
v FAAE Fol A Qe kA HIt
1) Animals & diets : 453 female BALB/c v}-9-2& A &distu A EE A5
FomFE T AFES S AR Fol stdlen, 1 FA #3UkE &
5 Aol Apgat
2) RO AFEAAAY ¢ AFFE}AAH A A2003-37E A= F A F
ot B A ol Bkt Bl A SF o] ofEbd Y LAl AI2005-51% 918 7Y
2 A Foll #3 AR & Faste] Fsdon & HAA 9 Fo w9 e



3. FAAS ol AA kA B Al 7 AA F AAAE
Group | &4 |route| hLF treat (oral) Bt 5
negative 5 oral | Z7Fel A Y 2000 A e84 7L, IgESA,
control mg / kg Al AZATE T FA
rLF-HD| 5 oral | FAHAFFo A Y zA e A g7t IgESA,
2000 mg / kg U AATE 573
rLF-LD| 5 oral |FAMSF AY 2000 FAWFAAL, gESA,
mg / kg Al ARATE T FA

3) =AW HAab - A4 e dEzad dEAS rol A Fod(rLF-HD:
=

ARG or 2 e SR T

< Ethyl ether(sigma)® 2% w3 & AAdoA APetAdrt. dYAES 3000g0l
A 303 Al skl serums A oH, IgE ELISAE F33st7] dA7kA
-20'Cell ®.33k5

1) Total IgE2] =A : Mouse IgE sandwich ELISA kit(Shibayagi co. Japan)Z
o] &3] IgEE A #3ls o™, manufactor’'s manual o 9|38 333

2) Specific IgE ¢ 74 : AHZ ol Adel] thgk specific [gEE 74317
238ko], 96 well plated]] HFAAS Fo] AA 10 ug / wellS coating3t 3, 404)
848 w92 serumE 124 AR She] ELISAS 38383tk 12 &A= 4'ColA
overnight W33t o™ 0.05% t-PBS & 33] washing3} i th. 23 &A= kitell 9=



biotin-conjugated monoclonal anti mouse IgEE A}-&3to] Mouse IgE sandwich
ELISA kit(Shibayagi co. Japan) manual °l| w2} <33}
of. FAA WAl o AGATEFY Wt Bt
E3oNA e o], FAHS rol AAE F F FF wrEHow wjd AFoId ¥
FAste], &S TEstdn £Eg A% FAE F4sta, B PBSel ¥
homogenizer2 ZA 2% & 10°, 10°, 10°, 10°'c.2 727 348 & 1000 st
Fauj ol HFeFATE o]F 37C wg7]ol A 24-48 Azt wige & TS d5E
ZAs AT
2. 4% 3 u#
7}. Listeria monocytogenes= ©]&3 AdFE =4 214
D CFU =4 : #H3  Asyed g3 d#esE AT Ao,
y=1(35.955x—2.5063)x 10 ® CFU/ml ( x=optic density at wavelength of 600nm)
= T AAH
2) Body weight(g) @ L. monocytogenes 71 39 & Al WIE #e A3 7
2 5 gl 2y dixde] Bt 1.0g
s F o739 sodium bicarbonate # |
S7He B (AHEE A= A9l ekl

o 42
Gzt =P Abolo] Fol A Aol



1 Control

Body weight (g)

0 3
Post inoculation days

Fig. 1. Measurement of body weight.

>
52

3) Food intake(g) : tZ2 A3 717F sk A AHHAZ] vlud dAsA o
1}, L. monocytogenes @5 Foloe 74 297K = AR A F 3ol d A3 Aot
A 3dAE dizael Al slEE S g ATk 1Yy sodium
bicarbonate #2 § A oAM= #AH F 3L BF izl Wl AtR A

o] thAx A3 AoE Az HATHFig. 2).

Food intake (g/animal)
I

Post inoculation days

Fig. 2. Measurement of daily food intake per mouse.



4) Clinical signs : L. monocytogenes ©% Fo73 tZR2TAdA = ofust 7]
M= EAAQ ATl #EEA &%tk Sodium  bicarbonate A A F L.
monocytogenes ATl A= GF whg-2ol A TR {77} QoA AZA #HF
HAouy FrEstAY &5ds A MAE BEEA FUT

ks

>
rir
o2

5) Mortality : Sodium bicarbonate *] %] ¥ L. monocytogenes 7ol

2

2 19 A 198 7F AFEEE A, L. monocytogenes THE Fol ol E d & 29

o

1wk 7} AbgslSd T Listeria A B wi#] (Palcam, Merck, German)E ©]-83lo] ApwW3k
MAL] v} el Al ®eE @ A¥, BF 10° CFU/ml o429 Alito] #eld
At

Post inoculation days
0 1 2 3 Total
Con 0 0 0 0 0/6
L 0 0 1 0 1/5
Na 0 1 0 0 1/5

6) Bacterial counting in spleen and liver : L. monocytogenes % Fo& 4
mhe] & (A 71 Wl 2 1wk Al 1wk vl Ak o] EelE vt 1
214} sodium bicarbonate *]X] ¥ L. monocytogenes Aol = 4vtg] % 3viz] 9
pat wpgel A ol EEH A 1y felE 7o Fel s JRA Thel vha Apol
E Yehdidth g9, tixate] oW whg-zo nlgat IFo| A Listeriax 4% A

% $kthH(Table 1).



Table 1. Bacterial counting in spleen and liver(CFU/ml)

Spleen Liver

10’ 10* 10° 10° 10* 10°
Con-1 0 0 0 0 0 0
Con-2 0 0 0 0 0 0
Con-3 0 0 0 0 0 0
Con-4 0 0 0 0 0 0
Con-5 0 0 0 0 0 0
L-1 0 0 0 0 0 0

L-2 dead during experimental periods
L-3 0 0 0 0 0 0
L-4 * 39 7 0 0 0
L-5 0 0 0 0 0
Na-1 18 3 0 4 0 0
Na-2 0 0 0 0 0 0
Na-3 s 18 2 1 0 0
Na-4 5 3 0 16 3 0

Na-5 dead during experimental periods

*. could be counted because of too many proliferation of colonies

%7

o

7) Histopathological examination : W&, 3F A& 2% # AF ¥ &
Wwagdow  ##Ast n gE7¥ L. monocytogenes W& Folit (1x10°
CFU/0.5ml/mouse)oll A& ojmd wwx s 4 gldrh 28y sodium
bicarbonate *]X] & L. monocytogenesES T3 Fol A= 7oA L9 5T A
I A Ao HAbAVE BEEJAT o]y g WWE JrolA Al EE7F HIAA
Na-1, 3, 49lA &= F=HAA YeE oy, Na-2914+= ¢ Ave JE2gr 72y
ATk Bl M= A= FE A wH e f5o] HEEAT. WA F o] 9] 9

7oA = SR A Ho]l BE A Gtk (Table 2).

Ho



Table 2. Histopathological examination for several major organs of mice.

Histopathological examinations

Spleen | Liver | Kidney | Small intestine | Lung

Heart

Brain

Con-1

Con-2

Con-3

Con-4

Con-5

L-1

L-2

L-3

L4

L-5

Na-1

Na-2

Na-3

+ + - - -

Na—-4

+ + - - -

Na-5

Dead

- : No specific

congestion and

L}, Salmonella enteritidisZ ©] &

1) CFU

atrophy of white pulp.

rob

>,
ac)
offl
o
i
s
»
2

=
400 B A o

NI\

lesion, +: liver; multifocal necrosis or microabscess,

4%

spleen; mild

43,

y=1(929.6x —80.013)x 10 ® CFU/ml ( x=optic density at wavelength of 600nm)

_o,]/ﬂﬁ. [eS NN
= -

=

2) Body weight(g) : &2 Fo] Ao v|g] 39 & H 26g9 AFo] =713}
o |

Ao} S enteritidis T

PN
T AT

At (p<0.05, Fig. 1).




1 Contral
* 3 S. enteritidis

Body weight (g)
S

0 3
Post inoculation days

Fig. 1. Measurement of body weight at 0 and 3 postinoculation days.

3) Food intake(g) : 2T Ag A 7|7tel]l A A5 3 Fo] vz 44 3}
Ao}, S enteritidis 4

(Fig. 2).

5
—a— Control
4 —— S. enteritidis
C
g 3
©
wid
£,
o
o
o
w1
0 T T T T T T

0 1 2 3 4 5 6 7
Post inoculation days

Fig. 2. Measurement of food intake during experimental periods.



4) Bacterial counts in feces : 7 2937} 49 x EWo|A Salmonella A X =

10.0

o 7.5+ °
5 s
LL °
O 50-
o
-~
81 °
- 2.54

0.0 T T

0 2 4

Postinoculation days

Fig. 3. Bacterial counts in feces at 2 and 4 postinoculation days.

5) Clinical signs : S. enteritidis # Aol = 79 249 A 56 I A4S Hol

) ARG 3 294 49T F ovhee] Wwo} gaTe ma) Adenm 9L
A Zge]l BAHAL, AoA Yo the AAEIH vxie] w2t wuA

vCI)__
Jol= W FEAS 2aste] Aol mAYe AR $Am gt ol
d2AYY o F TS 4G 39A FAT 6vtel A AANA nEH] A A5

om HALE w7tA] ALHATHFg 4). Ly hxre] oj' mpg-zo A m o] g



100+ 0 o)
§ 754
>
=
S 504
o]
S
]
= 254
0+ 0 n; 0 0 u|
T T T T T T
0 1 2 3 4 5 6 7

Post inoculation days

Fig. 4. Evaluation of morbidity during experimental periods.

6) Mortality : S. enteritidis 92 7 544 1vkg] 7} AbgetAd o, 6€44 3vt

g, 283 794 T2 F upElvt B ARgEd Y giEzatel = o'

=

kA ek} (Fig. 5).

100+
X 75-
>
=
® 504
t
o]
= 925
0 m; 1 1 n; I} 0 0
T T T T T T T
0 1 2 3 4 5 6 7 8

Post inoculation days

Fig. 5. Evaluation of mortality during experimental periods.
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7) Histopathological examination :
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ATCC19111
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Fig. 1. MICs of Listeria monocytogenes
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. L. monocytogenes 7+ 3

2) Body weight(g)

b=
jare]

25

vk [ monocytogenes T ol ot o

Els

26g 8= ATl STt

W, A HEAY HA L2 7 Fo

MA= LA (Fig. 2).
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[&)

Weight(g)

3) Food intake(g) : W&o 28
, L. monocytogenes &= Folat3} SEA Y XXt

1 #aek v (Fig. 3).

22.5+

20.0

17.54

15.0

Body Weight

Inoculation

v

12.5

301

<
i)

713k

0d 1d 2d 3d 4d 5d 6d

7d

Fig. 2. Measurement of body weight.

1d 2d 3d 4d 5d 6d 7d

——PC
——HD
vl a2l A ekgl e

——PC
——HD

Fig. 3. Measurement of daily food intake per mouse.



4) Clinical signs @ A3 dAatollA SAA AdFFAo] #FHA Fokrh L
monocytogenes Gl A= A4
Hoyg FAEEAY 35S A MAE 3EE A gk

5) Bacterial counting in feces : L. monocytogenes 733 193 2o WA

[.‘_1
2

8 2Aggod, 39 29 FENY nFE FAFAd 10 480
ol

W FE A F2 JHAZE dolA, FeA el Ay 3EE g dd 28y gHE

E-)
)
N
2

AFEE S AALAAA  drE FAacte AES Holw, el 294 L

monocytogenes &5 TAA F57F F58e A IS B HH(Fig. 4).

150+

1004

4xlog10 CFU / g
3

PID 2d

Fig. 4. Bacterial counting in feces(CFU/g)

6) Bacterial counting in spleen and liver : ¥7 A 7+% v]%, A olA

A

Aot 4 AAF UulA glA oA AdE BAY

il
-

X

| 1= L. monocytogenes T3+ wtoll Hld] SHESHA FotdA dFrF A

i

A%E wolu, 10 SN e g W wjgFEA ke AL AAHFig. 5).



Bacteria count in organs

4xlog10 CFU/g

Fig. 5. Bacterial counting in spleen and liver(CFU/ml)
(3= dizzwel Hlsl frold les ovl P<0.09)

7) Histopathological examination : @W|7 A L monocytogenes 572

SEsel Folial el fol4Ql AolE BAY F GAThFig. 6),

.‘

(a)focal infiltration of neutrophils (b)focal necrosis (c)nomal liver

Fig. 6. Histopathological view of liver



1%
ft

H A2 °F80kda®] protein®. 24, FAdHsE W o] th(Lonnerdal, 1995).

w3k 3 /9 polypeptide chaing 7FAH % 719 tiA A2l 32 N-, C-lobesE 7}
222 AT Baveye, 1999) o] F 7H9] lobe2 242} Fe, Cu, Zn 52 55 AsA 2

il
stel= A AS 7FA 3 JAtHBWA van der Strate, 2001). o213+ A do] &) FE
do] Fesol AgstoA, Aletdt viruss o AT gk oo tigh g
Hrmg A gy shetoly 2~ 37 At ¢4 A 9t (Nibbering, 2001). T3+
Gram(-)¥ 2} Gram(+)7 R 7ol A bacteriostatic & bacteriocidal &7} Q)50 H il
o] Atk (Levy, 1996)

Listeria monocytogenes= <59 AXEo HAAsH7] s inlABEt= virulence
gene®] #4& Fa R dth(Conte MP, 1996). 131d], |28 inlAB gened & o]
1
A& AletA @rkMaria PC, 2000). olelgk 7]xel] oz SFEF ] £ AF o
Ao AHAC invasions wow, MALTE %3} 7h4o| translocationdl:= A
Aellgt Aoz Atrdtt, 2y 2784 HAalolA 7HA A Fabe] ¢ElE wE

SE gt FFe U we o SEANAL AV Folste] FARAE AFGE

s

hines
oft

o] B3l 3o = 7HASHA FH o)A, Listeria monocytogenes®] A XUz X

Mo X

ru°*'

o
T

>,
%
2
R
s
o
[-40

2}. Listeria monocytogenes©| W3+ M E 3 H7p AJY

1) A AABAHHAE W3l 0 L monocytogenesl 7 @ miR Y FZ A Q|1
s B ArRAH T W7t A A gkt
Ad A ARAFES SAHSYS W, L monocytogenes FrE ol A
Aol Astzh #FEdo, FAAS Fol Ads Fofd 3 G4
o gk o] Apol7F WEEHA okt

s

£



il
:- - +"'-: :-
us{ f i
B o
r-§ '-'f
B
115 {
1 125
1w 2w 3w dw 5w bw 7w Bw 1w dw 3w dw Gw Bw Tw B
2) w57 1 3, vl A PALCAM WA & o] &3to] w48 SAS 23 44
ol AW Tty FAAZ Fo AT A 4o WEE A HA e

o, &=l o whgE AHEA FATh NC (FANED)NA = do] HEHA &

Skt

457

bl
=
1

logl0 CFU/g
P
<

S B3R @& o H]& multifocal necrosis’F ZHell A A A dojywy, IAv|= 7

aste B8 Bgrh ey aY2IAAY FAAD Fol ARE Fold AAE(a



H 2A, 2B) A ol AdES Fold Aok 2C, 2D) Hlalsto] =2 W] g4
olE ¥ET 4 o, WA AgolME AolS YERWA et

a9 1 gzEH ol Y vk Fhel A dAgEA-e] a3
(Journal of Medical Microbiology, 2005, 54, 1-6) (A: 4 Wz, 7+, 1004,
B oz, 71 40005 C HAFgEH A Foit. 7k 1008); D: w7, 2004)

3



S92 FAAG ol A Tl Aol A Folie] =AW v

(A and B liver, hLF-HD, 1009, 400u; C and D: liver, PC, 40%}, 400%H)

vl Lewis lung carcinoma cell (LLC)S ©] &3 U5 E 2do 3

D S 27 ¢ 92 LLC AXE o3 & 5UdARYH &<t doz ¢S 4R
g Ao, TdRFEE T A fACd A Fdo] FAE A

TEE 7Y A= AFel o 557 mm e on (Fig 1A), 2194+ 3cm 7+
Fow AFstAn (Fig 1B). 16€0] AUHAM= FE79e 2dS 45 /HANA

Jegoz A% 5 Utk



Fig 1. LLCo°]2]

Fig 2. LLC



LLC AX Fo F 7d# < 556 mm A= T%o] #ZHAT (Fig 2A,
x20). EFHF-ol = Fxre] A zto] RAFH o, T4 AAV FAsa A&
o] ¢l LLC AE=E¥ o]F 3
mitotic figureZ} ©+= #Z= Ak (Fig 2B, x200).
o] AZRE AA I, TLdA S} T 2AS Bt FH LLC AE Fo

Fol WAste] detFel AgxAHEol 7o #HHA Fge

= Xo
- 5

2
20
0
32
£
2
I £
&
>
B
rir
l-'J
bt
"
2
52
32
o
=

%
™, alopecia,
hemorrahagic necrosis 7} 3| %o A #Z= A} (Fig 2C, x20). T3 T2 F A

o 2719 Azl AXH AT (Fig 2D, <100).
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Fig 2. LLC o]4 ¥ Alzrdd Soke] =24 ws)

LLC Ax Fo 3 169 Aode TFS 28 v FAFZFol A9 AAFHS
W, =% TN i BAEAY (Fig 2E, x20). % TAFdE 2d4e 4
4 EAS ks JAE JaE s #Eskd (Fig 2F, x100). LLC AlX &

$ 169 Aol AAZE R A] FS P9 FEAEE g 2ALS Holal
At (Fig 2G, x400). =3k, LLC A5 v|stol] o] AstS o, =] xol7} ¥y
Row, FTEAE o F 12 AREH #FEHE= ANAE Ao, 169 o] Fol=
T BT (Fig 2H, x40; Fig 2I, x200). Lewis lung carcinoma A X ¢] o]2] 23
ANA T Mg AHste] C57BL/6 wh-2=o AAlst= Aol A= &8t F
ko] o]2lo] QlolA 48&E (acceptance rate)e] zlol7} TAEQow M AL
o oA WA #FAHste] oAy JHA] FAHES A3 AT Sumimoto T
(1997)& Lewis lung carcinoma (LLC) A% C57BL/6 uF$-2=o] A 1x 10° cellS o]
2gk A REdA 100%°] &S Bt o, x4 o] ARurgo] Wz sh

Ho g Yeldth= Bk Q2 (Saunders et al, Fig. 3).
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Fig. 3. Histopathology of different forms of graft rejection.

A. Hyperacute rejection of a kidney allograft with endothelial damage, platelet and
thrombin thrombi, and early neutrophil infiltration in a glomerulus. B. Acute
rejection of a kidney with inflammatory cells in the interstitium and between
epithelial cells of the tubules. C. Acute rejection of a kidney with destructive
inflammatory reaction destroying the endothelial layer of an artery. D. Chronic
rejection of a kidney allograft with graft arteriosclerosis. (Cellular and Molecular

Immunology, Saunders)

e 2 AdAdel LLC AlZe] o4 Al o4 % mice? kidneyol A ]33

spAQl o] 475 ol o] e 4l (Fig. 4),

- 102 -



Fig 4. The kidney of syngeneic C57BL/6 mice after 14 days later from

LLC 1x10° cells injection by s.c. A. glomerulus B. tubules C. artery.

B AFgAE LLC AXEE o] &3to] 100%S] FTL£E5S Hol: 294 nd 559
AR, AxF FEAHS Fostr] Hste], AdHoz FFAEe FHA7E dof

(¢

]_
U7l AZets A71E 2tk LLCAZE old&gs ), 149 58 4949
AL dojupr] Al ofd wel F5 Ax23 HEADS Folste] Ideds
B7he ), LLC AlxZ o4 F 54ARE 124 A7A Axd dEALS Folst,
49 TR AAE LLC Axels] § 1297 A5t Axd SEANA] et

7bekaa gt

o
ol
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Arwel sgle W, A ol A Fol @ L FAAS ol A Fo P ol

#5. WHe o] AP =AY AT (g)

animal
Group N 1 week |2 week |3 week |4 week |5 week |6 week |7 week |8 week
0.
nc 1 19.2 19.9 21.9 225 20.3 23.0 24.2 24.2

nc 191 20.8 21.8 22.8 21.2 23.5 25.0 25.5

nc 16.3 191 21.3 22.8 20.0 23.6 24.8 2.1

2
3

nc 4 19.0 19.2 20.9 21.0 20.1 21.9 23.7 24.3
5

nc 19.3 20.9 21.5 22.1 21.7 23.5 24.0 245
rLF-HD 1 195 21.9 23.5 23.1 22.5 22.8 23.5 23.8
rLF-HD 2 195 20.8 21.9 22.9 22.8 22.6 23.2 23.8
rLF-HD 3 19.8 21.6 24.1 25.0 22.8 23.1 24.1 245
rLF-HD 4 19.0 19.8 214 23.0 21.0 221 224 23.1
rLF-HD 5 19.2 20.4 21.2 22.9 24.0 22.1 22.6 234
rLF-LD 1 20.0 21.8 23.3 24.5 22.5 23.9 24.1 245
rLF-LD 2 20.0 21.5 22.5 24.1 22.8 23.6 23.8 24.0
rLF-LD 3 18.0 187 19.0 20.8 22.8 20.2 21.6 22.3
rLF-LD 4 195 20.2 21.8 23.0 21.0 22.4 22.8 234
rLF-LD 5 195 20.3 20.3 21.0 24.0 20.5 21.2 225
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group | WM | RBC(/l) | WBC(/u) | Platelet(n/u) | MPV(L)
NC 5 9.22+0.272 43+1.11 1.13+£0.18 4.55+0.23
rLF-HD 5 9.54+0.288 4.8+1.38 1.70£0.22 4.54+0.62
rLF-LD 5 10.08+1.422 4.6+1.26 1.58+0.13 4.32+0.88

3) BAAL Fol A FEF W7k E 20049 o], AALGEANE FGo]
4 % 6LARE 8AAA 327k eEolstn, FAAF rol Ao LLC cell o
4 A 49 B WY FTEF shel, F 5697 Folsert
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717k Al she] 8573 Folsharh
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g 233 GA A 7]Estd %ol LLC cell 24 F 129 7HA &= A<l
A7 @A sEA] =tk webA 19 49429 controlit ol A= H&E stain Al A}
A7F BFHA gow, TUNEL assays TS W= ¢4 whgo] 7o #d5~
Fwe FEAE rol ANS FAGAE W= controld 719 T

al
glom, AAAEAANL stx Foj@ Ao WA thel AxFIE
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Az F9 Bol thef M TUNEL assays 3dsksle o, tizatol vis) 4 A7}
>

a5 HAFEHY Fof T FdzZA Aol TUNEL assay

Ab g9 B (IgE 34)

1) Total IgE®] &4 @ 3 4olAef o], FAAZ ol AAS F & &<k v
Aoz wWd AFFEAIT T FAHS sampling 3+, Mouse IgE sandwich ELISA
kit(Shibayagi co. Japan)Z ©]-&3le] IgEES =A3AS uf, 49 2 ZyES AA



nc 142.7

nc 139.0

nc 188.0

nc 200.6

nc 204.4

300- rLF-HD 1995

= rLF-HD 204.1
< 200 rLF-HD 220.1
£ rLF-HD 124.1
W rLF-HD 136.1
‘= 100 rLF-LD 120.1
g rLF-LD 1885
@ rLE-LD 186.1
° NC rLF-HD  rLF-LD rLE-LD 210.1
rLF-LD 169.4

4. Serum Total IgE 43 (ng/ml)

F 4MAH A ol Ades F & 3¢ AT Fose

o
-
ok
o
2
=
oX.
=
1o
o
o
o
X
e
o
lo,
2
Lo
o,
N
)

- 109 —



10.0

njo g} boj

rLF-LD

rLF-HD

NC

= (log 10 cfu/g)

2F 6. dAufA oA ul

a2 6 AAE 2% 1g@ 10°7107 cfuel 1 colony7t doH njz|o)|A I

o

,ﬂl
T

e

)

——
fi%e)

il
gesel

%

0

X

A oo A2 A2 HEAdo] AAE

[S]

2y B ApHAel A AeH

of SlojAl Aleko]l wgtrh, uwhehr wh

p=2
[e)

| Fol A2 AA

9]

FEH7F obm, ol= <l

s

Njo

oj

%=(2000

N
o)

meO

!
0

)
=3

Nfo

o 54, A

At E

Al Serum IgE, &

mg/kg) = AT F

110 —



|
a-

A E R 7] Ao

ZEAA FA42 =9 IZAF 7

A 1A F A

TR

o {l&Arzl

sk 7] wE

=
[¢)

o 7

REoobue, Al WelA

]3]
Ak

=
]

B

Mo
ol

o

ToR
xr

microinjectorE ©] &3

Apahi=

el
>
o
A

B
!
R

0

!
oF
el

&

]

o

2=
=

&g ol FF AT DNA v FFAEA 7]

d

s

3

oA F3 42

s

ﬂNO
o

ol

1}, DNA Yol 2

2. ¥l BmN A X U Ao|&A AA

o BmN Al &

ki3

o] -&

e
=

7}. Lipopectin

o

DNA Fol < FA}

Els

7}F. Microinjectorol] €]

of A =AY

R
=

ToR

—

111 -



AETHAA: HEAD FAAEY v 2 188 gL

B A= HEALS dTdsts dEAE ol E s

AR @ohe] A% A9 feedback e Ealo] SEsee] W sHa

& s

1. EH A cDNA &Y
7. mRNA & % cDNA 34
1}, PCR Wk 2%k cDNA 24

oo gEAY 42 971ed A2A

2. pIZ-lactoferrin ¥ & 7]
7F. 2EAE 2d WE plZ-lactoferrin ME T35

1}, pXINSECT-lactoferrin " ¥ 3

3. &4 pSLfall80fa-lactoferrin/i g
7F Aolwly F=& 93 enzyme site =%

1. PCR ®Egol 9t fdAd3d subcloning
4. piggyBac-lactoferrin ¥ & 72
7h ERAEE f44 49 B9

1}, lactoferrin 42 =

AHEHA: FAAE ol 2 FEADY I A7

AA7EA Had SEA-Y] FAEE, A, drtolel 24, F4
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2. AEF) A total RNA =
7}. Total RNA &
L.
3. AEF7] £4
7}, lactoferrin ol o] gt M| EAME A
. lactoferrin o 2|3k A|EF7] A+

AP THA: FEAE o &3 FEAAY a5 AN &Y
AAGEddy} JAA3 FolA Yo A dFd5 =S Listeria monocytogenes 7+
AR A3} lewis lung carcinoma cell bearing miceol] sl H7}sldc) 2719 whiE

A7 Fol A W 54 2 LA fEdel diE grke sdsklh

1. Listeria monocytogenes®] °] €3 AJFTE =d ZA
7}. Bacterial counting
1}, Histopathological examination

t}. Statistical analysis

2. Salmonella enteritidisE ©]| &3 AT FE Zd ZA|

7}. Bacterial counting
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1}. Histopathological examination

t}. Statistical analysis

3. Listeria monocytogenesd| H3 FASEH A q A 53 AF

7}. Food intake &4
1}, Bacterial counting
t}. Clinical signs & mortality

2}. Histopathological examination

4. Listeria monocytogenes©| t& FAEIF F7t A4
7}. Food intake 37
1}, Bacterial counting
t}. Clinical signs & mortality

2}. Histopathological examination

5. Lewis lung carcinoma (LLC) cell o i3 3453 Hr7iAE

7}. Clinical signs & mortality
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A3 A ATzt Hbd @ 9AE
Hrte Fodg 2 e
T 2
F o4 A3 H=(RF)
- gE79d cDNA F24 100%
- PAAEE ¢ o 55 A 100%
1A=
- ZFAE o] g3 AxF MY Host 5014 HE 100%
(20039)
- ZgEAY ey H15S A% d¥dsE gd 100%
- A FEAHY a5HA 100%
- piggyBac-ZEHAH WE Az 44 100%
- pXINSECT ZEHA AEF7] 24 AT 100%
22 A =
- Cell line o] &3 FAAg g 7 100%
(20049)
- AE EE ot AAstE dEH YUY gt 100%
5 2 ddan A= 100%
- FAAZE Fof JRA A L nwjA g 100%
. - pXINSECT ZE#HE AZAE A AT 100%
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- o7t AAketE SEA U etay AR 100%
(20059)
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