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Investigation of available genetic resources(IGF) in bovine
colostrum and development of biotechnological production
and application technique by utilization of silkworm
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SUMMARY

Title: Investigation of available genetic resources(IGF) in bovine colostrum and
development of biotechnological production and application technique by utilization

of silkworm.

I. The purpose of this study is to observe immune activity on cell lines and
mice by purified IGF-I in bovine colostrum. The results are as follows; The
purification of IGF-I from bovine colostrum was performed by ion exchange, gel
filtration, affinity chromatography and ultrafiltration. The results were confined
though SDS-PAGE and western blotting. The yield of IGF-I was about 12ug/L
from bovine colostrum was measured about 540ug/L. IGF-1 was able to increase
the proliferation rate of the cell line, EL4 by 55%. On the other hand the inhibition
rate of proliferation was indicated cell line, A427 by 32%. IGF-1 were able to
induce the secretion of IL-6, NO and TNF-a from murine macrophage which
indicated the increased phagocytosis. In the influence of immune activity of murine
splenocyte, the result indicated that IGF-I was able to increase the proliferation of
B cell and T cell, and activity of NK-cell. Results from N-terminal sequence and
amino acid composition analysis of colostral IGF-I and transgenic silkworm IGF-I
to be identical to that the standard IGF-I. Comparison with transgenic silkworm
IGF-1 and colostral IGF-I on cell proliferation, colostral IGF-I was able to
increase the proliferation rate of the cell line relatively to transgenic silkworm
IGF-1. But, anti—cancer effects of transgenic silkworm IGF-I were higher than

colostral IGF-I on HelLa and SNU-C1 cancer cells.

II. Many attempts have been done on various essential protein by using
transformed E. coli system. However, prokaryote system doesn’t equipped the
protein maturation mechanisms which are necessary for eukaryotic proteins. In this
sense, among the eukaryotes, silkworms have two major merits in overcoming the
difficulties. First, the protein maturation mechanisms are available in silkworm.

Second, the silkworms have fibroin promoter known as the most powerful and



effective promoter which controls the expression of fibroin, one member of silk
protein. In this study, the production of recombinant human IGF-I in silkworm
system was designed. The method makes use of the microinjection technique and
P-derived vector to transfer the foreign genes into the chromosomes. We
constructed the expression vector using fibroin gene promoter and P transposon

vector promoter and P transposon vector containing IGF-I an reporter genes
(pFpIGF-I). We microinjected into eggs layed at the preblastoderm stage. 70 of
4605 microinjected eggs were survived. Through the PCR screening, transgenic
silkworms were selected and proved to positive (13%) for IGF-1 gene. Also, We
assayde F1 and F2 transgenic silkworms and got the positive PCR results and did
PCR-sequencing. As the result, PCR products had the sequence of IGF-1 gene.
The studies on the gene expression using fibroin gene promoter may help to
understand mechanism in fibroin genes, transcriptional regulation, or many
advantages to produce useful biological materials. And, the contents of IGF-1 was

about 1,300ng/g from transgenic silkworm cocoon.

IM. In vivo study on biological activity of IGF-I and development its practical use.
The results are as follows;, IGF-I enriched whey fraction enhances splenocyte
proliferation in comparison with whole IGF-I. Immune enhancing properties of
IGF-1 enriched whey fraction is dose dependant manner. IGF-I enriched whey
fraction reduces gastrointestinal and mucosal adverse effects in methotrexate
treated rat. Intraperitoneal injection of IGF-I enriched whey fraction reduces
gastrointestinal and mucosal adverse effects in methotrexate treated rat in contrast
with intramuscular injection. IGF-I enriched whey fraction makes impaired glucose
tolerance and lipid metabolism better in STZ induced diabetic rat. Transgenic
IGF-I enriched silkworm decrease fasting blood glucose concentration and increase
insulin concentration a little bit in STZ induced diabetic rat. But In normal rat,

insulin concentration pick up considerably.
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screening 2 -

ol 7A@ fAAske] FAAD Yo

RGeS AP Ul g L W9
b oz o AABE AR A4
EESER LR EERT
e g - SDS-PAGE % immunoblotting 5ol 2|3k
AR 9 IGF-T ¢ 24
2 AGHE P 25T IGF-1¢] 22
=2 a3 - Z}# column chromatographyell 2] 3t IGF-1¢] &¢
i - IGF-1¢] Asets 54 &4
P IGF-T1¢] MAlx S a3 A<
= T cell linex ©]&3 524 &3
12 9% P IGF-I gene®] screening
(2001) IGF-1 gene - IGF-I ¢cDNA cloning

e wg  (p IGF-1 2 wE s
7N - IGF-1 82 A3l o wdauy 2
- YA T 9 24
o P IGF-19] Primary cell®] T4 &% H35
in vivoA| | o ZAFa 7
- splenocytes®| T2 8 HS
oA 2] IGF-T o S
) P IGF-1¢] F#7ls Fxld vA= &3 HAF
g el A
S - FAA Fojoll o3 FHAAYLY] F =
2 I N
°r - Mucosal weight, protein 2 DNA®WH 3} =4
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e 2zt

H 3 & A=

o2t

A1 A IGE-1¢] A stebd 54 A5 1AF-2A)

LA ue

-

7h 25 o AYE4 A HA 9 IGE-19] ®¥

7 ol A AFSE<l Holstein £9] %
o]

A& ARttt Skim milk AE] =

2) IGF-1 #g 2 AA

%z skim milkE pHE 4392 %4 ¥ 5000rpmelA 3087 QAR AA,
caseing A A3 AS5Ne wheyE 9%th IGF-1 binding protein®} IGF-1<& &
23l7] 918l Francis 5(1986)2] W o2 1M acetic acid® pHE 282 43 F

Al B g slo] ASHS AF o AFLES

o] % Belford 5(1997)9] ¥HS <X WE3Fo] SP Sephadex C-25 resin®Z ion

.ﬂ

exchange chromatographyS 2 A3} tf.

SP Sephadex C-25 chromatography®l] 2]3] dojzx &3S SDS-PAGES} ELISA
S 598 IGF-19 EA4E #Fdd F IGF-1S i3t e #8& 3439 1kDa
membranes AF§-3Fo] ultrafiltration system(Amicon, USA)S.2 FZ3t3th. &=
82 1M acetic acid2 23 A7l & SP sephadex G-75(Sigma, USA)el| <3t
gel filtration chromatography%— A At IGF-18 3Hgete 288 283ttt

229 7 23S SDS-PAGEEX #3 U 49 x2S ghe
f+ oA B 3F& western blot analysis® IGF-19 &AZ &, gx
IGF-1E5 $3tE peak F-i#9] 8-S Hola] IGF-1 o9 &4 =
el AAE 98] 10kDa centriplus(Amicon, USA)E ©]-&3l9] IG
IGF-1¢] &7 o3Z SDS-PAGE$} western bloto. 2 <13} v},

i
m?)
3
p‘L
3R
=
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3) @A AAE &2l

7} Sodium dodecyl sulfate polyacrylamide gel electrophoresis

ZE gAE ARG EEE ZF E89 IGF-T BA=¢ Ex&FS &dst7] #st
o Laemmli 5(1970)¢] ®WHel| 3} electrophoresis kit(Hofer miniVE, Amersham
Biosciences, Sweden)& AF-&3l9] 15% gel2 WE°] SDS-PAGEE AAlstth. A
719 s W gel @43 Ao AAHS T EAES G

1}) Western blot analysis

ZF dAE AAFAAANA EE=d B8 el IGF-1 A4 5 &5 &8ty fsA
western blotS A AR Y. Primary antibody:= mouse +#  biotin-labeled
monoclonal anti-human IGF-1 (R&D systems, USA)S A}&3}1 3l straptavidin
HRP (R&D systems, USA)Z Hb-gA1Zl & A& A]7]7] $]8}o] 4-chloro-1-naphtol
S AR ALEs YT

4) Enzyme-linked immunosorbent assay

2 GAE AAA o &&d A4 w29 IGF-1 AAX=S 1 o2 Battelli
5(1999)2] ®HS o] 8£3t9 sandwich ELISAZ A3t capture antibody =+
monoclonal anti-human IGF-1 antibody(R&D systems, USA)E A}&339 31
detection antibody+ biotinylated anti-human IGF- I antibody(R&D systems, USA)
E Abg3 ). streptavidin-HRPE 200 34 3te] welld 100u0% EF3te] 37T

A 205 WESAIZL & AFEsE Y. epRE wRaakg Aol A 1% TMB (3,3',55' -
Tetramethylbenzidine)E& 7] & 2 A}&83te] 450mol A SF3E=E A4 T. =34

£ recombinant human IGF- I (R&D systems, USA)S AF&3}e] IGF-1¢] §H#S AF

. IGF-1¢] HIME F4 83 9 cytokinesiH| 58 HIF

1) IGF-19] "IAE 283 54
A& ol AFE3 A EFE murine T lymphoma cell¢! EL-4(KCLB 40039)% 34| 3%
F2P(KCLB) o 2 H-F FEdtol A3t EL-4 cell®] mediume 10%(v/v)<9

horse serum, 1% @A A (penicillin-100units/m¢, streptomycin-100gg/ml)S >33k
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DMEM(Gibco/BRL, USA)E AF&-3le] T-75 flask (TPP, Swiss)oll Al v stk Al
E7F e g dEd w MEE T-75 flaskel 20 @ 19 v]&= Ald] vfgstH
A8

EL4 cell& 1x10%cells/welle] sZ=2 33 F Aas Hrlete] 37C, 5% CO»
incubatoroll A 48417 FoF wjdE T MTT(3-(4,5-Dimethylthiazol-2-y1)-2,5-di-
phenyl tetrazolium bromide)E& *&]ste] YEld FAE=2 FA &S S5

5

2) IGF-19] cytokines®H| 5% H=

7}) Bioassay®ll 2]gF TNF-a2] AAdHF =4

RAW264.7 A *EE 96-well platedl] ¥ 3sle], olo] A FE2 IGF-IS 6413 A
sho}, A S 3] =5le] TNF-ao] T17+8E 1929 Al actinomycin® $H7] 244 7F
A 2"l F MTTE widsd L929AE o] wiAol 7k 5 37°CellA 443t ¢
HjeFetar, 7+ welle] wiA| & A At PBSE ZolFth o7]o] SDS &<
37CoNA 18A17F v &ksle] AT 5 microplate reader® 540nmol A 3 =&
t} o] EF == MTT7F Alxd 98 formazano 2 s %S veluie ZF welld
AL Azl HE gt ueb TNF-o A4 F3 L9299 AlxAdEE vl &,
ol& TNF-a B/ &9 A= A&

A 7Vet

4

i

1) ELISA® ©]& cytokine 4] &9 %74

Murine macrophage®! RAW264.7 cellS IGF-I (R&D system, USA)¥} IGF-I rf
2 wheyZ A=FA71 8l $35 S sandwich ELISAZ interleukin-1g(IL-1(), IL-2,
IL-69] 3=Fs Gkt oluf 7+ AJ52 RAW264.7 cells ZA=A171 o] s A2
Z}2E 8AIZE 10413 124 3bell s ol & 3]srsto] AlZkell W& Z47be] cytokine M| %

< Haske)
o} IGF-1¢] s} 715
1) A Enjek

OFM|EFE A-427, SK-HEP-1, A-498, HeLa, WiDr, SNU-C1& A}&3t¢ 1L, 3=
A EZFL 8 (KCLB) S 2 HE] FoFuto} AF23}tH(Table 1).
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Table 1. Culture conditions for human-derived cancer cell lines

. Optimum
Cell N
e name Tissue Histopathology n(ig(ljtﬁ;i fz?t?ct): concentration
(KCLB number) (cells/well)
A-427 ) DMEM 4
lung carcinoma 16 2x10
(30053) +10% FBS
SK-HEP-1 ) adenocarcinoma DMEM 4
liver ) 1:3 5x10
(30052) ; ascites +10% FBS
A-498 ) ) DMEM 5
kidney carcinoma 1:4 3x10
(30044) +10% FBS
HeLa Cervix, ) RPMI1640 4
. adenocarcinoma 1:5 2x10
(10002) uterine +10% FBS
WiDr ) DMEM 5
colon  adenocarcinoma 1:4 3x10
(102118) +10% FBS
SNU-C1 ) RPMI1640 5
stomach adenocarcinoma 1:4 <10
(00001) +10% FBS

2) Cytotoxicity &4

IGF-1 rfe] dAEF9] thdt cell mediated cytotoxicity

7t HEFE HH TER

microplated] #53te] 4A|7F Tk )t
A Z¢ culture medium= 180ule}t ZF A 85
u7r w5 289

F9L 100 BF3
!

-z
Jo
>
A\

Astal formazan
WA E58ko] 18413k

=4su.

o} vl Al /\] 7]

e LAY

37C, 5% COs incubatorol Al 48*] 7t

o}
B 4AZF Bk weahglet,
D
5

71 % ELISA microplate reader

Sample O.D. - Negative Control O.D.

=

=

xjj 2]

107 F

A7l slete] vl

o =t

a

171 913l PBS buffer 100x0 ¢} 20% SDS

4 = (540mm) &

%

Cytotoxicity (%) =

Negative Control O.D.
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2}. IGF-I°] murine macrophage®} murine splenocyte®] W &Aoo njx&= ok

1) A2

IGF-I°] mouse W ol WA= &S LolH 7] 93t in vivo®t in vitro test=
A8t In vivo teste 25 EF mhe-20 B ARE A FolFomA A
A o] WANE-S AF3sAtH(Table 2). In vitro testol A= 553 wpg-220 A v
Aot AMEE Zgst] in vivod] AR LT FEE A HFomM
IGF-Ie] wk-¢-229] in vitrool A WX MY &4 235 AU

= AT AFEE AR EES 4739 CD-1 ACR)A &4
23k (22+1TC, 5545%) % light dark cycle2 12A]7F &9

[e)
o, =3 AIRE T3] THESIHA 15 ot A A ASAIA onjAt
T

o
ol
S

2
K
o2t

ouseE A}

m

2 2 2dY=EE )
[

“ 5

Table 2. Design on in-vivo animal experiment

Group Sample Dose Mouse

number b (1g/mouse) (n)
1 PBS - 6
2 1 6
3 0.1 6
1 IGF-I rf 0.01 6
5 0.001 6
6 1 6
7 0.1 6
8 IGE-T 0.01 6
9 0.001 6
10 1 6
11 0.1 6
12 Whey 0.01 6
13 0.001 6

1) IGF-I rf means IGF-I rich fraction: IGF-I rf was contained IGF-I 10ng in 1mg
of protein. 2) IGF-I : standard IGF-I(R&D system, USA) 3) Mice were
intraperitoneal (I.P.) injected everyday for 2weeks with IGF-I, IGF-I rf and whey
at the concentration of 0.001, 0.01, 0.1 and 1xg/200x0(Concentration of
administration into mouse were at 0.05, 0.5, 5 and 50ug/kg/day ).
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2) 5% macrophage?| 243} =4

7} 87+ Macrophage ¢

A% 579 mousedl %7 Wl HAMEE F7HA7171 S18l 1% thioglycollate
(Sigma, USA) 1mlE 27 o] FoJdlal 3230 ether2 oA} A7l 3 B 3o 2 A %
= =kl

W) IL-69 A= =4
uhg-20o] A M EZoA EH|EH = Interleukin-6 (IL-6)2] Ao IGF-I°] "X+

Aok dolr 7] 93 sandwich ELISAE o] &3] AAH [L-65 A st
Baek AMEES 96 well microplated] 1x10°cells/welle] FE==Z 233t 7t
IGF-1, IGF-I rf9} wheyZS 2zt =¥ = Agste] 18X 7] s 5 A5 AS a}

o] A S o £ [L-65 sandwich ELISAX %319

) NO9| BH= =54

A= GEFe e diA Az 7} *‘:%% sEEE A st HH &g A F9Y
nitric oxide A4 §EE Griess WHoZ A3 =, AAIEY] wjgdE
10005 microplate®] %% & Griess reagent I 4(0.2% naphthylethylene)®} I <
(109% phosphoric acid contaning 2% sulfanilamide)S 27 50l # 7}8k A A

il

o A 108%7F ¥r&A)71 & ELISA microplate readerE A}83to] 540mmol A &34 %
S ZAdsto] o]dl FE=ahe] ALt

=43 NO9 s%E+E sodium nitrite?] ¥4

o= ]
A

ol
bl

2} TNF-a A= =4

B8 mouse?] WA EE 1x10°%cells/well?] H == _E‘_"‘lz‘—sl'.]_-’—, in vitro test 4%
= IGF-L, IGF-I rf 2 wheyE 7} s=¥2 H7iste] @43 470 & w359 100
W= FAsATh o5 L1929 celldl F7bste] LO29AM 2] T4 A&z FsH T
A" TNF-a 45

=454

DR EER RS

Macrophage®] %2152 zymosan particle %% (Okimura %, 1986)¥ NBT
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(4-nitroblue tetrazolium chloride) reduction %9 (Stossel &, 1973)& ©]&3lo =A

S

3) Splenocyte?] A3} =4
7}) Natural Killer cell®] &¢& 3 4

NK cell®] &4=4LS NK cello] <713 YAC-1 celldl W3k cytotoxicityS =74 3F
Atk ¥ EE 96 well microplated] 5x10°%cell/well ] F=Z Y-S & YAC-1 cell
S target cell& &} 50 : 19 H|& &2 ¥gow, 281 in vitro test= IGF-I, IGF-I
rf 3 wheys $EHE=E AHgste] 20412 vt Al2F2S MTT(1ng/ml)
25p/wellE 7Fst i 4A Hs <t mi st & A ¥ formazan<s SDS/PBS 100ul& 2
of A &alAIZl F 540mmel A A sk

1}) Splenocyte?] 4 &3 74

A A EZE 96 well microplated] 5x10° cell/well®] ¥Ez 233tk @, in
vitroe= 2t A8 E wREE 71edn. M ES2S 93 mitogeno 2 LPS (10gg/ml)

9} Con A (25ug/m)E A71eted Z+zE B cell®}t T celld] $24538S A3

N

vh 24+ IGF-I9F d4d% IGF-19 7324 F94 A<

1) N-terminal amino acid sequence &<l
ZFe FoAZRE E7 - AAT IGF-19] N-terminal amino acid sequencei=
Applied Biosystem Model 491 protein sequencer(3t=7| %3382 AT U)S o] &3}

o #4159

2) 5473 =7 (isoelectric focusing)

A IGF-1 531 8S 54317 9138+ Robertson 5(1987)2] WHo= SHdH A
71958 AASAT. 5%9  acrylamide gel (3.3%, pH 35~10.0)& A %3}
Mini-Protein II(Bio-rad, USA)& A}&3}o] IEF-PAGEE 3} Ul cathode buffer=
20mM NaOHZE anode buffer== 10mM phosphoric acidE AF&3F1 2™ current
voltage= 200Vl Al 30+, 200VolAl 1A17F 3025 ANAIZ] F 10%<] trichloroacetic

acid oA 2087 nAAIFH G, 28 F 1% trichloroacetic acidoll A 2A17F &< A X A

_30_



o
w
-
wm
0
>
)
£
o
R
>~
Rl
2
i)

"
M
jaksd
1=
o
i)
1%
ftlo
o
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38
o

7}4“%5]1 gl & 7R E ofbn =4S PITC (phenylisothiocyanate) & =

Hh @A AE IGF-19F /%2 IGF-19] A4 7]e Hlal HE

IS 4 FAHY AESTHEAN AN} SAFT BHES ARSI

Table 3. Culture conditions for cell lines

Cell Name . . Culture Split Optimum
Tissue  Histopathology . . concentration

(RCLB No) medium Tato ells/0.1mt/well)
Detroit 551 ) DMEM+ ) 4

(10110) skin normal 10% FBS 1:4 5x10

L6 1 1 DMEM+ 1:5 1x10*
: X

(21458) ruseie Hota 10% FBS

IEC-6 o DMEM+ . 5

(21592) epithelial normal 10% FBS 1:5 1x10

2) AAS IGF-18 25 52 IGF-1 ¢ f‘%%iﬂ W 34
TN ST AEFE o8 FYaIN 4 PWor FoRRE FA AU

AL [GF-I rf¥} 2FEFE Ao IGF-I rfZ /\]'o 3] cancer cell lineol A1 ¢ 3¢t
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2. A7NE =3 23

7F O IGF-19] &2 2 AA

1) Ion exchange chromatography
o oA IGF-1 8 AA|l= Francis 5(1986)3} Yandell 5(1998)2] W o

Stsla Qe BEFS Egstgn. IGF-1 #3¢ #YH o 2= Honegger 5(1986)2
S cut off A7)+
AN Fe] £2o] Wol
aeste], WA ion

e w0l W

M

gel filtration chromatography®} Hossner® Yemm(2000)©
diafiltration ¢ thst WHS ARG AN o]efs W

f5eko] S8 vigolmz B ATAE o5 Wy

r~1m By} EE =
i
filo rio

oy
1o

exchange chromatographyS A A]ste] IGF-1S &H/-3l=
He ATk

SP Sephadex C-25 ion exchange chromatography©l* 50mM ammonium acetate
buffer (pH 55)2 4m{/min® %2 %, absorbance 280nmol A 0.05°] 3174 EHF o
M4 anione M= wAES dAad ez AASY. aEa % 50mM
ammonium acetate (pH 55)¢ 1M NaCl& 3¥#3t+= 0.25M-NH; 890 % linear
gradient® ZAo]FHA fraction collector (Bio-Rad, USA)ZS A}-&3}e] fractions 3|
stk 1 A3 ione] et 5ol whel 47]¢] peak’t wHEHAFS el
(Fig. 1).

Ion exchange chromatography®l a4 2 ¥ 47] peak® EAHFI} olg +3F
< IGF-I& xget= 235 dAs7] 913 Wyle=A SDS-PAGE(Fig. 2)9F
ELISA(Fig. DE AAsAnh. w4 228 £89 #Ads 487 518k
Fraction No. 28, 32, 57, 173, 216, 229, 2395 X}#2 SDS-PAGEE 2 A|s Az
Fraction No. 28 32, 57, 173914 Hol= wiz=eo] ExaS markere}t H nsfx
20kDa ©|3}e] A7} & o] F %13, Fraction No. 216, 229, 239% 30kDa ©]/d<] #
2zl EYENEE & 7 MY Ty W= vehd d3tE= 7 fraction]
Ao o = dxuk IGF-1¢] #x}7F AA2 E3E o] ¢ fractione] YX+= I
ofgt 4= glol7]l wWiEel ELISAES AAlete] IGF-Io] A8k fractions otk gk
o}, 1 A3 Fig. 194 ZDjasi==2 yerd vled Zo] Fraction No. 20~9001 A
IGF-19] €% %7} 7FF =3kew, buffere] NaCl 5%+ 01~02M FEo] 3t}
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Fraction number

0.D. at 540nm

Fig. 1. Spectrometeric and ELISA test on the fractions of IGF-1 separated by SP

Sephadex C-25 chromatography.

M.W.

Fig. 2. SDS-PAGE patterns of the fractions separated by SP Sephadex C-25
chromatography. Lane a : Low molecular weight marker(Bio-Rad, USA),
lane b : fraction No. 28, lane c : fraction No. 32, lane d @ fraction No. 57,

lane e : fraction No. 173,

99,400 Da
66,000 Da

45,500 Da

31,100 Da

21,500 Da
14,400 Da

a b ¢ d e f g h

lane h : fraction No. 239
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lane f : fraction No. 216, lane g—fraction No. 229,




ol#igt Ayt did st EA uEbhd oE 3719 peak oAM= IGF-Io]
=3 v EAsAY, AEHA o2 IGF- 10 tiste] Ao Sel#Ql kg
o] o] FolH S FUF F U= ZHAA L, buffer®] NaCl 5%=7F 0.3~05M7HA] 7] &

o]71 SA ¥k IGF-To] §25 o5 &< Selstsl

2) Gel filtration chromatography
< %7195 sandwich ELISA
1 o] F8E5S IFeth
Ion exchange chromatographyoll 4] 3|43t 3 & gel filtration chromatographyS
A AI3E7] $918ke] 1kDa membranes AR&-3}o] ultrafiltration(Amicon, USA)S. 2 &5
A7l % SP-Sephadex G-75 gel filtration chromatographyS 4 A| 813 t}.

Ion exchange chromatography®l 23|

= Ak IGF-TIs 29stal gl w35 st

=g

Ion exchange chromatographyoll 4l & 4=3%t fractions &3 8-S gel filtration

chromatographyol €3] A¢t B F7/1¢ peak® £ ¥ A+ (Fig. 3)

Absorbance at 280nm

0 Joded PR | || 11 11111 LTI

1 11 21 31 41 51 61 71 81 91

Fraction number

Fig. 3. Purification of IGF-I using sephadex G-75.
A : Fractions from 19 to 33 contained protein bigger than M.W. 20kDa
B @ IGF-I is purified from the fractions between 41 and 51
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M.W. 99,400 Da
66,000 Da

45,500 Da
31,000 Da

21,500 Da

14,400 Da M.W. 7,649

(Standard IGF-I)

El1 E2

(A) (B)
Fig. 4. SDS-PAGE (A) and western blotting (B) analysis patterns of fractions

separated from Sephadex G-75 chromatography. Lane a : low molecular weight
marker(Bio-Rad, USA), lane b : fraction No. 20~31(Peak A), lane ¢ : fraction
No. 41~51(Peak B), lane d : standard IGF-I (R&D system, USA), lane EIl :
electrophoresis lane c, lane E2 : electrophoresis lane d

Tl peakel et EHS 3]dto] SDS-PAGEE & 23 peak AclA =
66,000Da¥} 21,500Da®] F7He] Eelth7k WERRE e peak Bell A= 21,500Dat
14,400Da Atole] 471¢] -2tk oF 10,000Da ©]&te] XlolA 1712 &7k e}
ol 2831 10,000Da ©lske] E# = standard IGF- I (R&D systems, USA)9] #
b 7649Da®] wEeEloiel Ao AR ol sk EAES 7HX peptide® 221 A TH
w2k A o] ZM4 peak BellAl ¢F10,000Da ©] sl Al 2] ¥ peptide’} IGF-12} TY3 &
AAAE &2ldty] ¢l western blottingd 23} Fig. 49 2tk 1 A3 Fig. 49
lane colA Eal® @& =o)X standard IGF-I(R&D system, USA)¥} H| <23k o] %
EE HolE 9F 10,000Daclste] @ ANt anti-human IGF-17 W&t Zlo= &<l
HozM 29 2 #39 IGF-I& SP-Sephadex G-75 chromatographyoll 4] &2 %
peak Bel gHfrHe] = o= Ak
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3) Ultrafiltration®l] ©]%+ IGF-1 53

SDS-PAGE #4143  ion-exchange  chromatography®  gel filtration
chromatographyoll &l #2]3 &3 FolA IGF-IS X&sta v+ +92 IGF-T ¥
vk ooyl 10kDa o3¢ @A %= FAJo] Exjskal vk 28 B R 10kDa ©]/de] &
WAL aRHoRr AAsL F=7t S IGF-IE 35387 SlEiA 9 2
Ak & AFeA u Elo] o] 83 membrane
Centriplus (Amicon/USA)E AF&3te] 10kDa ©]&te] peptide 88 3] 3te] IGF-1I
< 2t £2d IGF-1 38 %9 SDS-PAGESt Western blote] 4 A¥&=
Fig53 o™ Centriplus #2lol ¢]ajA 10kDa °]e] Z27F A7 ¥ A vH(Lane b).
18]35 10kDa ©]3te] 8 E2 SDS-PAGE A3 IGF-1S g3t e (Lane c),
Western blotting #4123 standard IGF-13} 593 peptided E2th7} &4 3t
Aol gelH AH(Lane F1).

(membrane separation)g ©] &3}

M.W. 99,400 Da
66,000 Da
45,500 Da

31,000 Da

21,500 Da

14,400 Da M.W. 7649Da

(Standard IGF-I)

F1
(A) ®)

F2

Fig. 5. SDS-PAGE (A) and Western blotting (B) analysis patterns of fraction
separated from membrane filtration. Lane a @ Low molecular weight marker
(Bio-Rad, USA), lane b : 10kDa < Fraction, lane ¢ : 10kDa > Fraction, lane d
: Standard IGF-I(R&D system, USA), lane F1 : standard IGF-I(R&D system,
USA), lane F2: 10kDa > Fraction (Lane c)
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4) A GAE IGF-1 3]5&

% whey 9 IGF-19] AAGAE T 58S S4 A= Table 49

) A 2% 9 IGF-1 %5 ELISAZ 4% Z3 Fig. 6°] YEdH
npel zro] Enk & 1dA o] 540pg/Le] FEE 7P =9k, W 4Y o|FRH=
IGF-1¢] &%=7F oF 156pg/Le] sz w243 worglon 7d#= oF 36pg/Lo] 5=
2 EA3+= A4S Qs tt. Pakkanen 5(1997)¢] bovine milk growth factoroll
gk ®arol] o8ty Bl wel Zfok ArE Hlusds W 2F o IGF-I2
50~2000pg/Le) & ztele] FERE EAEH, Af Fol IGF-1& 10ug/Lolste] 5%
A% BaEoe]l 9ty H3 Sharron 5(1991) 2 bovine colostrum whey <l
EAEE IGF-19] w27t 2% Fole 100~600ue/L, ZfrolAs 4~14pge] &%
EAS L AbE] 2 Tl T~27ug/L, A= 65~357ug/L 18]l FH oA = 28~
30pg/L2A Aa ZfrolAe] IGF-1 $Fo] 953 &S Histdi
H 3 2 ol vl IGF-Io] hf¥e] AR ekArt o1 s WAREe] 2 AolE
Holz oz Wustgirh 2 AFolA /T IGF-To] Mgk ko
W M7 3ol ek 2fF ] IGF-T 3ol w

Whey <] IGF-T &< 54T F AA Al & IGF-19] s=9 35T
Table 8o YeEHATE  IGF-T Aol HFEA NN Aozl IGF-19] 3+
ol E=Ask= IGF-1 5 °of 2%E 333tk Francis 5(1986)°] IGF-19] AA&
ion exchange chromatography$} Sep—pak % 4%+Ae] HPLCol 93] A A g IGF-19

0

g¢gol o 06%ATT Rusrh B APolHe] IGF-I9] 85 &% 2%2H 53]
He golAw nud AgPane vwsluw of 3ustFe 58 S nyo
o, =@ ZANAE FYORA IGF-19 I58% /M7 R0 dE 99t vt
a7k,
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IGF-1 from bovine colostral whey after each

4. Recovery ratio of

Table

purification step

IGF-T content

Volume

Recovery rate
(%)

(ng)

(ml)

Purification Step

Whey"

100

540

1000

10

54

253.5

SP Sephadex C-25

2.2

12

10

SP Sephdex G-75

12

Centriplus

N~

6

0
g B 8§ BR 8 °

(7/67)usluod |—49)|

Lactation period(days)

Fig. 6. Changes of IGF-I concent in colostral whey during 7 days after parturition.
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L IGF-19] "AE S48 3 3 cytokinesi&H] 58 54

1) A8 A=

ZfF 3 5 IGF-19 cell line 984 88 Adsty] A3 Alga= IGF-19 &
AbeFo] 76kDals mEdte] A E=F FA U9 free IGF-1S 30kDa¥ 1kDa<]
ultrafiltration cartridgeE A}83F  ultrafiltration & Baslyga, 2Es 2IS

SDS-PAGE=Z #2913 o5& AM&34 Tt =, Ultralfiltration cartridgeE o] -&3fe] o
2 FE 389 SDS-PAGE Z¥+= Fig. 78 #t}. Lane C¢ IGF-I rich fraction®ol A+
20kDa eolske] 37§ Wi=rk EAsAnh. oA UFE AR&ste] @2 IGF-T rich
fraction T oA AWEA7F 2oz AARE ¥k 20000Da ©]ste] EAES A
gros Fe e S At o8l A= Hossne ¥ Yemm(2000)©]
ZE 30kD® membrane®. 2 diafiltration # 2]t 30kDa ©]% -2 o]sle] 5o
= Uro] Zhzhe] #88 SDS-PAGE=X &Q1g A3 30kDa o] g2 &M A&
A S AAHNES Bole A¥AIA A ZAA}E B IGF-I rich
fraction®] IGF-1 #A-& F3stal A=A &str] $13] 2 A3 Western blot 4
A3 = Fig. 8% £ttt =, IGF-I rich fraction(A)°] standard IGF-1(B) H.ti= 9
Aol Arole= ik 2o]lE B P AW IGF-I rich fraction Woll IGF-1 peptide”} A
st Ae stk Ed IGF-I rich fraction F ol IGF-1 $%2 ELISAZ 54
s A3} IGF-I rich fraction lmg & 10ng® IGF-I¢] 3FF3H o] = AE &A5s
(Fig. 9).

ul
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M.W. 45,000
34,700

24,000

20,100
14,300

(Standard IGF-1) 7,649

A B C

Fig. 7. SDS-PAGE analysis of IGF-I rich fraction separated from colostral whey
by ultrafiltration. Lane A : Low molecular weight marker(Sigma. USA), lane B :
Standard IGF-I (R&D systems. USA), lane C : IGF-I rf(IGF-I rich fraction)

M.W. 7,649
(Standard IGF-I)

A B C

Fig. 8. Western blotting analysis of IGF-I rich fraction separated from colostral

whey by ultrafiltration. Lane A : Standard IGF-I(R&D systems, USA), lane B :

IGF-I rich fraction, lane C : Bovine Serum Albumin
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Concentration(ng/ml)
(a) IGF-I standard curve
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g 0.25

c

3 020 - \
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% 0.10 - \

2

§ 0.05

< 0.00
5 3 1
Protein concentration(mg/ml)

(b) IGF-I quantity in IGF rf
Fig. 9. Standard curve (a) and quantitative analysis of IGF-I in IGF-I rich
fraction quantitative analysis of IGF-I (b) with sandwich ELISA.
Satandard IGF-1 (R&D system, USA). IGF-I rf means IGF-I rich fraction.
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2) IGF-1¢] WA ¥ Z=A g7 =%

I
rlr
o2
o

Fe AP 9
3t EL-4(Th cell) cell lines ©] 833

AEZ2A Ao A}E3F IGF-I rich fraction® IGF-I $F#2 ©9& 1mg™d 10ng
ojlom Fogk duldel ks TFow Al

EL-4 cell lmg/meoll Al diztell Hl8] 54.57%, O0.Qmg/meoll A= °F 27.57%<] Al
ARE F71E YHE A (Fig. 10). Qureshi 5(1997)2 human esophageal epithelial
celldl IGF-1<& Agds Wl AExF7F 5% &40 78S HEldS& Bast
R E=ZE A F 3Y Foll= dEgel Hlal IGF-T A2 7= 7 e AEsTE S
Zhehekar itk 2 A= 259 AAet $d3 FEFS UHdE slow B
o IGF-Io] A& A& FAgthe Abdo] iy ATt

%% 3 IGF-I rich fraction®] in vitro A X Z2]o] w]=

Jat

N

70
60
so | [
RS
S 30t
E 20 t
= NWINNY
8 10 \ \ \\& &
0 - = L &\\\\
1 01 0.01 0.001
Protein concentration(mg/m¢)

Fig. 10. The Effect of IGF-I rich fraction separated from colostral whey by
ultrafiltration on the proliferation of EL-4 cells. Supplementation cells of IGF-1
rich fraction, which is contained 10ng IGF-I in lmg protein were ranged 1 to 0.001

mg/ml.  Percentage of cell proliferation was expressed by MTT assay.
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3) IGF-1¢] cytokines¥H] %

Fig. 11. The effect of IGF-I rich fraction
to 0.001mg/ml. Percentage of cell survival rate was e

ultrafiltration on
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}) Bioassay©l 2§ TNF-a9 A= &4

IGF-T rich fraction oo 9]al RAW264.7 celle] TNF-a A4kel djgt g }e} A
Y ZAS Adst7] ¢1alA] IGF-I rich fraction 10, 1, 0.1, 0.01mg/m¢ 2 0.001mg/ml 2]
TR Fosgla Aozl A= Fig. 129 2o

IGF-T rich fraction 0.001mg/m¢ ¥} 0.01mg/mle] &XxolA TNF-a¢| #4]g2 77|
55.5%%F 54%°] 1929 cell®] AEE&S HEtHO=EA Ao FAg TNF-0 4k 530
NS HAFAA, 0.dmg/mle] FEol= oF 45%2 AEET, Img/mle] =2 A
AR Al oF 35%9 AEEs dEpdoh e FAd R LPS lug/ml 5%
of os] A= A oF 56%° L1929 =& vEudd. ol A= IGF-T7F
TNF-a W& fr=shs AoZ Yeyil TNF-a 9] B4ZFe g5 &40k
w3 A NET LPS7F lpg/mb® IGF-I rich fraction HX9F A2l FAIS o=
TNF-a #£H & fiests Aoz el olefst Aab= AZEWlA free radical A
2B A o] =z o] &S v E 4 e ¢ yolrbA IGF-I rich fraction
< macrophagedll Al TNF-a¢] A& A=3dto] FEFAE AL Fo #d Ao
= gy

—

==

I

O:

120

L929 cell survival rate(%)

No LPS LPS 10 1 0.1 0.01 0.001

Protein concentration(mg/m)

Fig. 12. The effect of IGF-I rich fraction separated from colostral whey by
ultrafiltration on TNF-a production assayed by the survival rate of 1929 cells.
TNF-a production was expressed by growth inhibition of L929 cells, and survival
rate was measured by MTT assay in which the supernatant of RAW264.7 cells
cultured for 18 hrs was applied to L929 cells. No LPS means negative control and

LPS means positive control(1ug/mé).
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t}) IGF-I rich fractiono] IL-6 /3ol mx]= G &

IGF-1 rich fraction®] IL-62] A4bel wX= <oJgke] dlaix] Algstr] 938t
RAW264.7 cellel IGF-I rich fractione 1, 10 23] 100ng/m¢ T893, IL-65
AgAksk A3k Fig, 133 2t

Lymphocyte?! EL4 cellZ+%- 8 IL-29 IL-62 Eu|&s =43 Ay A7k
IGF-I rich fraction®] ‘%o A#glo] Ao EH|EA &= Ao 2 #AFHEo IGF-19]

EL4 cell®] cytokine IL-2¢} IL-62] #H]o] JS n| 22 &=
not shown).
Macrophage?! RAW264.7 cell2 -8 IGF-Iel <& IL-1p¢} IL-69 #ul#s 43}
93 lymphocyte?l EL4 cellZ%-8 IL-29F IL-6¢ &E8|=#S =Asigch A3 4y}
IL-1+ RAW264.7 cellol Al zF= Al 7kol] AFgle] IGF-To 93] A< #H| ¥ A eFof
FaFs A e Ao® #EATHdata not shown).

a8y IGF-I rich fraction 1, 10, 100ng/m¢=E 10A17F&<r widdS Wl 038, 1.1
6.17ngel IL-65 wHlst¥om, IGF-T 1, 10, 100ng/ml == 1041t WIS
1.89, 217, 2.37nge Z2t7F EHISA L wheys HIGAIER kol 718 S WA
%%l IL-69 AAFE 10ngeolste] =w&gFez yewrt.  IGF-13 IGF-1 rich
fraction Wl FAIZFI APl see oEAH o IL-68 Aitste ZAow Yo
10ng/mé ©]&}e] AHz&sXlA IGF-I ©] IGF-I rich fraction®th IL-6 AJ4k=Fo] ¢F 3
v =74 JetEskett 100ng/ml o A8 sEo A= IGF-I rich fractiono] IGF-1X.th
oF 3u] B IL-6 AAEFS el IGF-19] 4% 443 Fme} Azset vk
1S w IGF-I rich fractionZ} 7l W&l IL-6 Aitsg o] o5 =%k IGF-I rich
fraction®] 7d-¢-ol= 1243t o] wigdls w 7Hd Bo] IL-65 Aitstd o ol gt
A= IGF-T rich fractionzol 23t th2 A ELDI] 52804 7|Ae
Aow Azt

2 Aol A IGF-I rich fractiono] F3Eth IL-65 © We] Atat= 2oz e
womn o]g g A3 IGF-I rich fraction®] macrophage] &7d3lel] 7] Ao =
o] A

Ao w o Azlth(data

F

’

£

O
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Fig. 13. The effect of IGF-I rich fraction separated from colostral whey by
ultrafiltraion on IL-6 production from RAW264.7 cells. IL-6 in the supernatant of
RAW?264.7 cells cultured for 18 hrs was determined by sandwich ELISA. IGF-I rf

means IGF-I rich fraction in which is contained 10ng per 1lmg protein.
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o IGF-19] &4 &t 54
1) Cytotoxicity &7

Z# w74 el IGF-T rich fraction®] $tAlEo] wA= FaFo] thair A+-517]
934l A427, SK-HEP-1, A498, HeLa, WiDr % SNU-C1 ¢ cell lineg ©]&-3f
MTT assay® AMESAHS SASAC. GAE st MxE A4 Agel A}
IGF-T rich fraction® IGF-1 §&& ol Imgd 10ngollom wuld o] ks 7]+
o8 MEZEAHE S48

Lung cancer cell¢l A4270] th3dt A FolA IGF-I rfoll 9& Img/m¢ IGF-I rich
fraction®l Al 32.35%, 0.lmg/mle] FTZolA = 22.56%, 0.0lmg/méol A 20% <} 0.001mg/ml
AN 13%9 Alx AdAA &35 UetlAth(Fig. 14).

IGF-1 rich fractiono] 7+¢} AE<Q1 SK-HEP-1 AXA el n 2= G gk A
= Fig. 159 2t} 1mg/mle] sEol A IGF-I rich fractionS ™z o H]dle] 2.1%,
0.1mg/me e} Froll A= 84%, 0.0lmg/ml 0.00Img/mee] Fi=olA= Z+zh 17.33%%}
13.07%°] HAE A AAES B

A7k AlEd A498 cellell tigh AdolA 1mg/me] =Y Wl 23%°] AME 4%
Aall BIE BAom 0d1mg/mle] FEolA= 9.2%¢ A& 0.01mg/ml= 0.001
mg/mle] FE=oNA = ZH2E 1.4%9F 09%9 4 AdE&s JEhlRN o™ 0.01mg/mee] st
o] TEIAANE GHME AN a9= AY 9o mitogenoZA o] &AL E
wA e kk(Fig. 16).

IGF-I rich fraction®] A& <t AlIE<Q] HeLa cell®] A4 3o st Al oA 1mg/ml
o] FolA 49%°] ME S Adf&s WHEhlA S 0.1, 0.01¥ 0.001mg/mee] &%=
ol A= 7}z 3.2%, 35% W 23%°] ME A AdES BHA AFG MEFL
AbgE A eke B ATH(Fig. 17).

IGF-1 rich fraction®] Z74<¢+ A<l WiDr celle]l WX +& 432 Fig. 18% o] 1
mg/m¢ &=l A 2845%°] AMEYY A &S e, 0.1mg/me, 0.01mg/me¥} 0.001
mg/ml el Fx=olA = Zh2F 13%, 11.26%9 2.3%°] AE 47 Adl&s e A

IGF-1 rich fraction®] $1¢ AMEF SNU-Clol W& 43S ¥ A4E Fig.
199 2ol Img/me¥t 0.1mg/mee] s=oll M ZF2h 17.12%9F 9.75%9] A2 F4& HAa
0.01, 0.001pg/mee]l =AM 27 475% 9 549%9 AX FAES YERSIT
2 oM Zzol= 2y Yo M EFE IGF-I rich fraction®] & 7bol 9siA AxEe =

o

A=}
g Fee Ao vy,

7
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% of Cytotoxicity

1mg/ml 01 mg/ml 001mg/ml 0.001mg/mf

Protein concentration(mg/ml)

Fig. 14. The effect of IGF-I rich fraction separated from colostral whey by
ultrafiltration on the cytotoxicity to A427 cells.
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8 10
[e]
=
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5 5
X

0

1mg/ml 0.1mg/ml 0.01mg/ml 0.001mg/mé
Protein concentration(mg/mf)

Fig. 15. The effect of IGF-I rich fraction separated from colostral whey by
ultrafiltration on the cytotoxicity to SK-HEP-1 cells.
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% of Cytotoxicity
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1mg/ml 01 mg/ml 001mg/ml 0001 mg/ml

Protein concentration(mg/mf)

Fig. 16. The effect of IGF-I rich fraction separated from colostral whey by
ultrafiltration on the cytotoxicity to A498 cells.
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Fig. 17. The effect of IGF-I rich fraction separated from colostral whey by

ultrafiltration on the cytotoxicity to HeLa cells.
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30

20 r

10

% of Cytotoxicity

1mg /ml 0.1 mg/mf 0.01mg/ml 0.001 mg /mf

Protein concentration(mg/mf)

Fig. 18. The effect of IGF-I rich fraction separated from colostral whey by

ultrafiltration on the cytotoxicity to WiDr cells.

1mg/ml Q1mg/m 0]01 mg /npl 0PO1 mg /mf

_5 (WA o G . R — —_— - - — — - — —

,10 [

,15 [

% of Cytotoxicity

-20

Protein concentration(mg/mé)

Fig. 19. The effect of IGF-1 rich fraction separated from colostral whey by
ultrafiltration on the cytotoxicity to SNU-C1 cells. 0.001mg/m.
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2}. IGF-I°] murine macrophage®} murine splenocyte?] W &A]o| njx]+= 3
1) Macrophage?] &Aol nx]+= g3

7} Interleukin—6 <] A4k

B A gl oA IGF-I rich fraction®] WA Al ZA A slx o] Euw = IL-62 i
of Hx&= &¥E Algst7] 984 sandwich ELISAS o] &3to] vl 9 [L-65
st on A¥= Fig. 203 2t

In vitrool Al vF$-2 macrophage? IL-6 AAF=ES LPS(100ng/mé) A=l <] 3f A
9.0ng/mee] IL-65 Airstla LPSE A=SehA &2 49 72ng/ms AAbskel
IGF-I rich fraction lug/mé A=l a4 9.8ng/ml-S EH|3F L 0.1, 0.01, 0.001xg/mé
o FEB AFAAE 77t 87, 89, 7.0ng/mlE #HSAYE IGEF-T lug/ml T2 A}
ol oA 12ng/ml-S T‘f?‘ﬂ]é]' I 0.1, 0.01, 0.001pg/m o= A=39S W 109, 88,
7.1ng/mlS ] SFS T Aol A 1, 01pug/mb A= Al 89ng/ml, 9.0ng/m{= 0.013}
0.001pg/ml AF=ll 9/]3]]}\1‘:1: 7+7} 867 6.7ng/m-S vk tH(Fig. 20).

In vivoolld HZE A3 nt9-29 E7F macrophage: 49ng?| IL-62 4|3}
3, IGF-I rich fraction lpug ¥ 7.3ng/mlS =W 0.1, 0.01, 0.001xg/md 5
o Zt7y 65, 6.1, 56ng/mls wHSEATH IGF-T 1pg Fol++& 85ng/ml< 0.1,
0.01xg¥ 0.001pg Fow  Z47F 79, 72ug/mb 2 6.6pg/mt-S 08t 49 4
F lpg/ml T2 65ng, 017 00lpg/ml FoIo2 242 oF 56, 53ng/ml LlFle
0.001pg/ml ol S5.1ng/mée] IL-65 AJ4tstAth(Fig. 21).

AE A in vitro$t in vivooll A 9] IGF-T0] IL-69] #H]FXd A& JTFe
= lpgo 2 AP PS W 247 12ng, 85ngs 5L
J % in vivooll A Bt} in vitrool A IL-69] &4 % %Ei‘,o] =k IL-629 A

Els

=
AEFES = Q%’“‘ﬂ‘”ﬂr. e &

::1‘
B of

Ao A E&3 IGF-I rich fractionS IGF-I
I fFAS e BH f R sEHel JdeS EQEdey, YA 2 BH f %

S¥o] 49 vl ehue,
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Fig. 20. The effect of IGF-I rich fraction separated from colostral whey by
ultrafiltration on in-vitro IL-6 production from murine peritoneal macrophages.
IL-6 concentration in the culture of peritoneal macrophage supplemented with
IGF-I rich fraction, IGF-1 and whey fraction was determined by sandwich ELISA.
IGF-1 rf means IGF-I rich fraction. #** : p<0.001, ** : p<0.01, * : p<0.05
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Fig. 21. The effect of IGF-I rich fraction separated from colostral whey by
ultrafiltration on in-vivo IL-6 production from murine peritoneal macrophages.
Peritoneal macrophages were collected at 2 weeks after administration of IGF-1
rich fraction, IGF-1 and whey fraction. Administration of IGF-I rich fraction, IGF-I
and whey fraction was conducted at the interval of 24 hrs for two weeks. The
dosage level was 1, 0.1, 0.01, and 0.0lpg on the basis of protein contents. IL-6 in
the supernatant of murine peritoneal macrophage cultured 18 hrs was determined
by sandwich ELISA. IGF-I rf means IGF-I rich fraction. *#x : p<0.001, ** :
p<0.01
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1}) Nitric oxide(NO)<2] A4t

IGF-T rich fraction®] in vitro$} in vivodll Al NO AAtel|l wx]= <J &kl dlg 2z}
= Fig. 22, Fig. 233 2t} In vitrool A v}$-2 peritoneal macrophageE 1pg/ml2]
FTE2 AF39S W IGF-I rich fraction®} IGF-I2 Z+ZzF 18.8uM, 17.0uM<2] NOE
AR §32 11.6uMe] NOE A4tskad

Tk 1uge FEE k2o A B T39S W peritoneal macrophageo] A #
H ¥ = NO9 & IGF-I rich fractione 10.7uM, IGF-12 13uM % whey+ 6.38uM
o]}, IGF-I rich fraction, IGF-I 283 F3HE 22 F=2 AF3AS o
macrophage?] NO #4] 538 in vitrow}t in vivodl A B5F IGF-1 ©] 714 =3ko}
IGF-1 rich fraction® IGF-I#} #®]5:3 9] 5=5H& Yedidde. 284 32 NO
wul sEel s wvrAl e In vitrotd in vivoolA NOE EAstH
macrophagedl A A4 = tiAREE o] 7] W&o IGF-I rich fraction 3ol H]
NO Ait=Fe] of =4 yelwten ol#st A= IGF-I rich fraction®l+ 7 X2t}
IGF-TIo] © ®e] gfr¥ol oA 7 Aew e,

t}) TNF-a9| A4t

IGF-I rich fraction®] mouse®] peritoneal macrophage®] 2]3F TNF-a AAko] w]
e FEFS in vitro$}t in vivool A AA B ™ TNF-n09 AAHES 1.929 cell lysis
A= FASF bioassayEA A3 o Adojd A= Fig. 24, 259F 2t}

In vitrool A& 1pg/mle] F=olA thET9 thH]sFe] IGF-I rich fractionS 34.5%
o] 2 L1929 cell lysisE HEA3, IGF-1> 405% 183l % 265%< 1929 cell
lysis& YERY AT

In vivool A= IGF-1 rich fraction lpg &7 FoAS iz tiv|ste] 30%,
IGF-1 & ¢F 34% =8]3 wheyE 20%9 1929 cell lysisE Yetdth wl$~
macrophageZ5F-E TNF-ao #H] 8% NOo A b=z v &k 4¢SS Yehsle
™ wheyell B]&] IGF-I rich fraction®|t} IGF-I°] macrophageS TGS Z &A4]3}A|
7 TNF-n09 8] T8o] =4 yewrt. ZA3E Q°Ftd in vitro$}t in vivool A
Zt ARE sEEE APt NOO Y] =59 S4% A% in vitro®t in vivo
AN B IGF-T 1pg Agste]l TNF-a9 #H| fFies¥2 7HE =4 vews o,
Aol vl IGF-Ie] A AEE Y% 43t/ o2 TNF-0o #H #%= LE:‘O]
IGF-T3+ IGF-T rfell A =7 Yebst s Sl
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Fig. 22. The effect of IGF-1 rich fraction separated from colostral whey by
ultrafiltration on in-vitro NO production from murine peritoneal macrophages. NO
in the culture of peritoneal macrophage was determined by Griess reagent. IGF-I
rf means IGF-I rich fraction. #* : p<0.01, * : p<0.05
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Fig. 23. The effect of IGF-1 rich fraction separated from colostral whey by
ultrafiltration on in-vivo NO production from murine peritoneal macrophages.
Peritoneal macrophages were collected at 2 weeks after administration of IGF-I
rich fraction, IGF-1 and whey fraction. Administration of IGF-I rich fraction, IGF-I
and whey fraction was conducted at the interval of 24 hrs for two weeks. The
dosage level was 1, 0.1, 0.01, and 0.01xg on the basis of protein contents. No
conentration in the culture of peritoneal macrophage was determined by Griess
reagent. IGF-I rf means IGF-I rich fraction. ** : p<0.01, * : p<0.05
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Fig. 24. The effect of IGF-I rich fraction separated from colostral whey by
ultrafiltration on in-vitro TNF-a production from murine peritoneal macrophages.
IGF-1 rf means IGF-I rich fraction in which contained IGF-I 10ng in 1mg of
protein. ** @ p<0.01, * : p<0.05
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Fig. 25. The effect of IGF-I rich fraction separated from colostral whey by
ultrafiltration on in-vivo TNF-a production from murine peritoneal macrophages.
Peritoneal macrophages were collected at 2 weeks after administration of IGF-I
rich fraction, IGF-1 and whey fraction. Administration of IGF-I rich fraction,
IGF-1 and whey fraction was conducted at the interval of 24 hrs for two weeks.
The dosage level was 1, 0.1, 0.01, and 0.01zg on the basis of protein contents.
IGF-1 rf means IGF-I rich fraction. ** : p<0.01, * : p<0.05

_55_



2}) Peritoneal macrophage®| phagocytosisel|l V] X|+= <3k

In vitro$t in vivool Al w92 peritoneal macrophage® phagocytosisell tff 3k
IGF-I rich fraction® &3+ Fig. 26 ¥ Fig. 273 Zo] in vitrodlA IGF-I rich
fraction, IGF-1 18|32 +32 Z7ZF lug/ml T3S o thxo vlsiA 22k 78%,
103% %} 63% S7Fstl o™ Fojwko)] o4 0 & phagocytosis’t &7Fstich 28]
LPSE A g3t FANZTo 49 thFE79) v phagocytosis?t 72% B= Z7}s}
Ao w yelytoem IGF-I rich fraction¥ IGF-1& $A =Xt} phagocytosis
5ol =& Aow Y th(Fig.26).

In vivooll Al phagocytosis= IGF-I rich fraction, IGF-1 2832 F3 S lpug/ml &
T2 B7%o] 3 Az izl vldlA IGF-I rich fraction®] 65%, IGF-1°] 51%,
83 32 34%E phagocytosisE 53 SFATHFig. 27). In vivool A AI =
in vitros} °F7r B2 A Bl ow IGF-I rich fractione] IGF-1 ®t} 15% o %
< phagocytosisE YWEFHSTE 0.1, 0.01 2 0.001xge] == IGF-I rich fraction &
} Foae gz vlelA IGF-12 747 21%, 6% % 3%<] phagocytosis 5 7H&
B A3 IGF-I rich fractione 0.1pg &7 Fo Ao ¢F 18%<9] phagocytosis S71E Y
EFUI AT 0.012F 0.001pg/ml 57 FoAleli= phagocytosis®] S 7F7F UERLEA] &
o FAe 9% IGF-I rich fraction® H|S=3kAl 0.01pg ©l3Fe] E7F Fofof A
Foj&F wE phagocytosisi= EFUWA &tk 99 A3 E B ol IGF-I rich
fractionS A7 Fo3t= A9 0.01ug/ml ©]3Foll A = phagocytosis X & 371 glow

rr

N

oY

Aol E7F Fol Aol &= 1pg/ml(50ug/ke) ©l/del F 4 phagocytosis®] Fx1& 77}k
d= Aoz FokEh
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Fig. 26. The effect of IGF-I rich fraction separated from colostral whey by

ultrafiltration on in-vitro phagocytosis of murine peritoneal macrophage.
Phagocytosis was determined in activated murine peritoneal macrophages for 20
hrs by at supplementation of IGF-I rich fraction, IGF-1 and whey fraction by
formazan production. IGF-I rf means IGF-I rich fraction in which contained IGF-1
10ng in 1mg of protein. *** : p<0.001, ** : p<0.01, * : p<0.05
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Fig. 27. The effect of IGF-I rich fraction separated from colostral whey by
ultrafiltration on in-vivo phagocytosis of murine peritoneal macrophages. Peritoneal
macrophages were collected at 2 weeks after administration of IGF-I rich fraction,
IGF-1 and whey fraction. Administration of IGF-I rich fraction, IGF-1 and whey
fraction was conducted at the interval of 24 hrs for two weeks. The dosage level
was 1, 0.1, 0.01, and 0.01xg on the basis of protein contents. IGF-I rf means IGF-I
rich fraction. *x*x : p<0.001, ** : p<0.01, * : p<0.05
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2) Splenocyted] 43t =4

7}) Natural killer cell®] &¢& 3}

IGF-T rich fraction©] NK cell®] &Aol mx= FFS in vivoet in vitrodl A A
Aot oL dojzl A= Fig. 289 Fig.29¢9F 2t

In vitrool ] A9 A3= lpg/mbe] F =M IGF-I rich fraction 22.2%, IGF-1
& YAC-1 cellell ®i8] 27.7%< AXE 54& JER AL wheys 1521%9] A¥E 54
& UERUIIT. Wheyel B4 lpgel sRolA= °F15%°] YACT cell lysis] &
H2A el oF 12%9h FAte JEE R, Lue/neoldtel A YAC-T cell
lysis®] 58S b &S FAsdch

=

In vivodl A= 1pgd] 522 57 Fodk oA IGF-1 rf2 oF 423% 9 M ES
=

&S B3, IGF-12 5543%2 AE SA4ES el e, wheys 30.44%2] A
TEAES Bttt T3 in vitro®t in vivodlAl IGF-1 rich fraction® IGF-I&
YAC-1 cell lysisol]l W3] =% oJ&24A AIFS By
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Fig. 28. The effect of IGF-I rich fraction, IGF-I and whey on the in-vitro
NK-cell activity of mouse splenocyte. Splenocytes were cocultured with YAC-1
cell in the presence IGF-I rich fraction, IGF-I and whey fraction for 20 hrs. NK
cell activity was assessed by MTT assay. IGF-I rf means IGF-I rich fraction.
w6 1 p<0.001, *=*x @ p<0.01, * : p<0.05
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Fig. 29. The effect of IGF-I rich fraction, IGF-1 and whey on the in-vivo NK cell
activity from mouse splenocyte. Splenocytes were cocultured with YAC-1 cell in
the presence IGF-I rich fraction, IGF-I and whey fraction for 20 hrs. NK cell
activity was assessed by MTT assay. IGF-I rf means IGF-I rich fraction. % :
p<0.001, ==* : p<0.01, * : p<0.05
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1) Splenocyte =2 &3 =4

IGF-T rich fraction®] WAME FAaaE 4517 9 vhe¢29 v]g NEE
w2t B cell?}t T celle] S2E&HE 543U B cell 457 SAHS
mitogen2. & LPSE Al83t9 32 T cell mitogen® 2+ Con AE AFE3HY

Fig. 302 in vitrodl A e T cell 4538 S Yebd Ao2ZA 1, 0.1, 0.01 2 0.001
pg/meel s ol A dizTel diulE] IGF-T of A+ 116%, 65%, 32% % 18%°] T
cell T259S ®HAa, IGF-T AE T+ 128%, 87%, 55% 2 36%%] MxZ T2&S
UER QL 4% A Tol A oF 64%. 32%. 15%9F oF 69%°] AlE ZA &S LR

Q. In vivooll A IGF-I, IGF-T rf ¢ #3 AHE T2 T cell $4%53H2 Fig. 319
veEbl e IGF-T of A2l 1, 0.1, 0.01pg/me A 2] 7-oll A1 F 33%, 12%, 7%°] &
AsEE HAT 0001l FEAAE AEZA &9E vehulA 2o IGF-1 *
Yg3+= 1, 01, 001 2 0001pgd =2 B4 Fo Al gz Hld] 100%, 50%,
24% 2 10%° ME FAES YA, FF AgFelA= 1, 0.1, 0.01 2 0.001
gl TE2 FoJd o] zh7E 20%, 5%, 8%k oF 3%9] AE F2&S YERY ST

In vitrool A2l B cell 22 3%+= 1, 0.1, 0.01 2 0.001pg/me] FImolA thz ol
H] 3l IGF-I rich fraction Z+7Z} 103%, 105%<] MEF4 @35 ® 2o 0.01, 0.001
pg/mee] FEolA = Zhzb 55%9 46%° FA &S yvEWslew IGF-I2 °F 135%,
112%, 99% % 58%° AME F2&S YHetlda, F39 B cell 4582 1, 0.1,
0.01 2 0.001pg/mee] sZolA thz=Tol Hl&lA 52%, 33%, 23% 2 8%< B cells2)
a3E HAthH(Fig. 32).
In vivoel M€l B cell $4538& 543 A= IGF-L IGF-T of 2 3 A+
Foin vitrodl BT oF3E e AE FAES BIoy BE AT Alx 4
2 in vitro®} FAFS Aol ow FES in vitrodl A9t RIZRAIR AR A 2] 9]
= =

o o]&2 ¢l FAFHE et (Fig. 33).
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t

off o

2 A A A5 F whey’/t 7 92 MESHS BAAT in vitrog}
in vivo & APAA 1pugl = =3RS o LPS9 FAS 59 Ax S45S o

B ATt
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Fig. 30. The effect of IGF-I rich fraction, IGF-I and whey on In-vitro
proliferation of splenocytes stimulated with Concanavalin A. Splenocytes were
stimulated with Concanavalin A(2.5xg/ml). Splenocytes proliferation was measured
by MTT assay. IGF-I rf means IGF-I rich fraction. ##xx : p<0.001, ** : p<0.01
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Fig. 31. The effect of IGF-I rich fraction, IGF-I and whey on in-vivo proliferation
of splenocytes stimulated with Concanavalin A. Splenocytes were stimulated with
Concanavalin A(Con A: 2.5ug/ml). Splenocytes proliferation was measured by MTT
assay. GF-I rf measn IGF-I rich fraction. Mice were intraperitoneal (L.P.) injected
everyday for 2 weeks with IGF-1 rich fraction, IGF-I and whey at the
concentration of 0.001, 0.01, 0.1 and 1pg/wl(Concentration of administration into
mouse were at 0.05, 0.5, 5 and 50pg/kg/day). #** : p<0.001, ** : p<0.01, * :
p<0.05
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Fig. 32. The effect of IGF-I rich fraction, IGF-I and whey on in-vitro

proliferation of splenocytes stimulated with LPS. Splenocytes were stimulated with

LPS(25ug/ml). Splenocytes proliferation was measured by MTT assay. IGF-I rf
means IGF-I rich fraction. =#* : p<0.001, #* : p<0.01
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Fig. 33. The effect of IGF-I rich fraction, IGF-I and whey on in -vivo
proliferation of splenocytes stimulated with LPS. Splenocytes were stimulated with
LPS(25ug/ml) for 48 hrs. Splenocytes proliferation was measured by MTT assay.
IGF-I rf measn IGF-I rich fraction. Mice were intraperitoneal (I.P.) injected
everyday for 2 weeks with IGF-1 rich fraction, IGF-I and whey at the
concentration of 0.001, 0.01, 0.1 and 1pg/ul(Concentration of administration into
mouse were at 0.05, 0.5, 5 and 50ug/kg/day). #** : p<0.001, ** : p<0.01, =* :
p<0.05
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vl 2 IGF-I3} 243 IGF-19 +%24 Fo4 A=
1) N—-terminal amino acid sequence <l

Zet oo Fe - A IGF-Io] FxAor U3 glstr] fsA
N-terminal amino acid sequences <218ttt N-Toe] 7719 amino acide] W<€
o] Gly-Pro-Glu-Thr-Leu-Cys-Gly2] o= =4 FH A}

o] Axt= A dHA A= IGF-I9 N-terminal amino acid sequence®} & 3%
Ao vebgton ek Abgk fafo] IGF-1% &olA &4 ¥ IGF-19] amino acid
sequencet™ U AoZ dEH A AREES olH AF AF{E A FAF & AU

rot

ZFt ool A ®e - AAS IGF-10] S-S SAHsAT IGF-19] pli= e
=

85 Wito® muselgltt ¥ AT Al heF 85 F2elA bandst A 9
= A% 23 ¥ 5 9

3) ot =4 24
ZArelAl e gk IGF-19 23 FollolA] F&3t = A=

qbell Zpol 7 QA LolR gktl. Table 5oll4 Be A 24 A3 9] glutamine
7} glutamic acide, asparagine®} aspartic acid®] o] XA A At&E% Aejo] A vk z}

719 ol FAFEE ofrliate] 2ol AR Ao BAHYL

(o
)
Byl
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Table 5. Amino acids composition of IGF-I obtained from colostrum

transgenic silkworm

Amino acids IGF-1 Colostral IGF-1| Silkworm IGF-I
Alanine 6 6 6
Arginine 6 6 6
Asparagine 1 . .

5 5
Aspartic acid 4
Cysteine 6 6 6
Glutamine 2 -, .
6 6

Glutamic acid 4
Glycine 7 7 7
Histidine
[soleucine 1 1 1
Leucine 6 6 6
Lysine 3 3 3
Methionine 1 1 1
Phenylalanine 4 4 4
Proline 5 5 5
Serine 5 5 5
Threonine 3 3 3
Tryptophan
Tyrosine 3 3 3
Valine 3

Total A.A. residues 70 70 70

* mean the sum of asparagine & aspartic acid

% mean the sum of glutamine & glutamic acid
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v FAAS IGF-I3% =f IGF-19 A4 7] Hla

D A48 IGF-19 =4 IGF-1¢] AZF2ax vlal 34

A 2AFAAZEY Pd A3 o] IGF-Io] A=z oo o 1xE wro}
PBS& el &Z AlA sandwich ELISAE ©]-§3lo] IGF-19] &S AlaiA Algz
Ab-8-3F 3

Z+ IGF-I rich fraction®} “Foll 278 &4 Hdgste] AL IGF-I rich fractions
o] &3t in vitro ME FA WA= IS APst7] A& dA FIFEIAE SAHA
o IEC-6(epithelial cell), Detroit 551(skin cell), EL-4(Th cell) ¥ L6(skeletal muscle
celll) cell lines ©]-&3}A

MEZ2 Ao AFE3 IGF-I rich fraction®] IGF-I 332 &z 1mg™d 10ng
ojlom Fofgk duldel ks YFow Al

IEC-6 cell& =f2Z%f Ed9 IGF-IJAE IGF-1&8#%%=7F 10ngel vz
F2 Img/meoll A BlzxTol Hls 60.68% AEAAGE S7HE B2 0.1mg/me¥} 0.01
mg/mloll A= ZH7} 53.54%, 29.92%<F 0.001mg/mee] -s=ol A= <F 1821%<9 A2

F
ol

O:

£ 27t YT AW §RAE B oo IGF-1 R¥e 24 599 o
wol7)t AW 2F Falol IGF1 28] Frhe] wajas 30% A% wo] 288

A Zate Aow =AHYTHFig. 34).  Skin cell¢l Detroit 551 cell 1mg/ml el A

zTol mla] 56.25%° AE AEE F7HE e 0.dmg/me¥ 0.01mg/meol A =
77} 26.65%, 1545%9] AFES BAoH 0.00lmg/me] FEAME 323%9 AEA
&S e AtH(Fig. 35).

EL-4 cell& Img/meol A thzT-ell Hl3] 54.57%, 0.1mg/mloll A= °F 27.57%°] A%
AE S7HE YER At (Fig. 36).

Skeletal muscle cell)l L6 cell IGF-I rich fraction 1mg/mle] %= Fofgk A
T7F BTl Hla] 46.38%¢] AEAEE S7FE B 0.dmg/me¥} 0.01mg/mee] &=
ol M= ZH2 26.10%, 15.10%9 A2 E S7HE WEbl Atk (Fig. 37).

AT AREE BE AEAA ool FEE IGF-T rfe] AEFA THS %
FREH B9 IGF-I of Bo v+ Aoz #z Hr} o= 484 A=A &
< BYFHAA 2f HolA ool 2 e EEEC] AExF2

Ak H 27 48@el ol Aow AztEe A

;
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Fig. 34. The Effects of IGF-I rich fractions separated from colostral whey and

transgenic silkworm by ultrafiltration on the proliferation of IEC-6 cells.
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Fig. 35. The Effects of IGF-I rich fractions separated from colostral whey and

transgenic silkworm by ultrafiltrationon the proliferation of Detroit 551cells.
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Fig. 36. The Effects of IGF-I rich fractions separated from colostral whey and

transgenic silkworm by ultrafiltration on the proliferation of EL4 cells.
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Fig. 37. The Effects of IGF-I rich fractions separated from colostral whey and
transgenic silkworm by ultrafiltration on the proliferation of L6 cells.
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Lung cancer cell®l A427°] thal Ao IGF-1 rfol 9a] 1mg/m¢ IGF-I rich
fraction®l Al 32.35%, 0.lmg/mle] FTZolAM = 22.56%, 0.0lmg/méol A 20% <} 0.001mg/ml
AN 13%°] Ax AFdA 235 Jetd Ak Foll IGF-T rfS 1mg/mé o] 5=
A 25% 0.1mg/mle] FZolA+= 16.44%, 0.0lmg/miolAl 11.22%<F 0.001mg/méol A=
4.98%°] AEZ AAgeAl aaE YERl] oA AAl 2 IGF-TRT= A2 A
Aol A Z4 ¥ Ak (Fig. 38).

IGF-I rich fraction®] XF¢+ A3E<Ql SK-HEP-1 AXZA o] v X ol gk Az
= Fig. 399+ Zt}. 1mg/mle] wXol A IGF-I rich fractionS ™ Z-o H]dle] 2.1%,
0.1mg/mee] F=olA= 84%, 0.0lmg/ml# 0.001mg/mée] FXolA= 247 17.33%%}
13.07%°] AZE A dAES BAT ol IGF-T rf& ol9k= 28] lmg/mle] 5%
oA 13.32% A AAES U Fko oEAQ AFS HolFo 24 IGF-I
rfdte= g8 S vERt

A ZFd AIAEQ] A498 celldl thek A &AM Img/mie]l %Y wf 23%<] SdAxE A%
As aHE BIor 0lmg/me] oA s 9.2%9 AdAsE&2 0.01mg/ml= 0.001
mg/mee] FE=olM = 242 1.4%% 0.9%9] 3% Adles deEtdile™ 0.01mg/meo] st
o] FEoA= FAE AFAS e AY flew mitogenoZ A o] &AL UEL
A gtk frell IGF-T rfs Img/mle] %Y o 17.6%9 dAE dFAs a34&

HAom 01lmg/mee] FxolAe 8656% AAMES HEbHAL o] A% mpz7EA]
L %Eoﬂj‘ii’ 44 S YeA g tkth(Fig. 40).

Z+r IGF-I rich fraction©] A= ¢+ A|3Z<] HelLa cell®] 7dA3lol] thdt Al elA
Img/meo] FolA 49%9 ME S22 Asis&S Wetlle™ 0.1, 0.013 0.001mg/me ]
Fiol M= 2H7E 3.2%, 35% B 2.3%°] AE A AsEs Blal AR Azt
FAFSE AeS RAavh 7ol IGF-12 HeLadlA & 0.1mg/mle] =A% 30%°] 717}
&5 BTt (Fig. 41).

IGF-T rich fraction®] 27&¢ AEZQl WiDr celldl P x& 932 Fig. 429 #Zo] 1
mg/ml FEO A 2845%°] M Al &S WERNA AL, 0.1mg/ml, 0.01mg/me¥} 0.001
mg/m el FEANME 77 13%, 11.26%¢ 2.3%9 AE A As&S Jehldar F
of IGF-T rfell M= Ws2gk AA &S YeER AT

IGF-1 rich fractione] $1¢ AEF SNU-Clol W& 43S ¥ A4E Fig.
437 2ol 1mg/m# 0.1mg/mee] F=NA 242 17.12%% 9.75% HAE F2]
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0.001pg/mee] FrollM+= 22k 475% ¢} 549%° MAE FTAES HEUAL

2 dAZE g Yo MEFE IGF-I rich fractione] H7boll o aix] Axe =
A FRAsE Aoz Yeiwth  olokE gy o IGF-I rfe Img/ml3 0.1mg/mlo
T A ZHzt

243%%}F 16.74%°] AEX A dAes 54 & 7 AU
Z9 IGF-13% ol 9] IGF-I2 7-x3 <% FoA 2

AR = wst Eed AdZol ofvy t& 7Ere] =d 5o A8 "W
of AdAxEe dAlze] Al mA= FFEC] vha AorF v Aom dEE

o A5l oo WAL E 0 A% A7t Bastele Ao

el HAAARE Al 75 A v

El
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Fig. 38. The Effects of IGF-I rich fractions separated from colostral whey and

transgenic silkworm by ultrafiltration on the cytotoxicity to A427.
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Fig. 39. The Effects of IGF-I rich fractions separated from colostral whey and
transgenic silkworm by ultrafiltration on the cytotoxicity to SK-HEP-1 cells.
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Fig. 40. The Effects of IGF-I rich fractions separated from colostral whey and

transgenic silkworm by ultrafiltration on the cytotoxicity to A498 cell.
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Fig. 41. The Effects of IGF-I rich fractions separated from colostral whey and

transgenic silkworm by ultrafiltration on the cytotoxicity to Hela cells.
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Fig. 42. The Effects of IGF-I rich fractions separated from colostral whey and

transgenic silkworm by ultrafiltration on the cytotoxicity to WiDr cells.
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Fig. 43. The Effects of IGF-I rich fractions separated from colostral whey and

transgenic silkworm by ultrafiltration cytotoxicity to SNU-C1 cells.
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post-translational

9]

7}A] a1

KeN
=

]

[e]

o B UATAN e AT o] FolA
A

SRR ol of A &

Atk webA ool IGF- 1+

=

B
7h crele] Aejeh vE el

ol®] 7HA|

A2 A IGF-19] FAAS role] 2 (A24 5 7hA)
1. A&

modificationS

=

[oi3

A

A

A

o

i

=

-
ar
L

2

Hojehar
I A s

q

L-
RS

d

Kl

3

17

il

H3E A7t HoiA

L
L

Q)
=

2

o)
=% ZH(Insectada), ¢1A]%(lepidoptera), 7Fgol3(Bombyxidae), 7}

)

o
o} (Bombyx), 7F&<& (mor)ell &

<°]

s}t
Fo

s
a

Sol A ofu] AL A RE AR en] $@et A
o] 7]

g A
Hol e o(K)E ¢

=
3

A

ot el =

s

A
=

(Ur)e] sof <

Ao

zel

A

o

B

5
o 9] life cycle

5HA]

°

3}

=7k &

[

[e]

j=

stef o

°©

=z} xH
-1 71

bo W72 5,
W 5

S

b A el A A

S

A=ie]
=

ol =8Al HaL o]

3

&

il
1241 7ke] A

b sl

S

dste] £dds IA

i
Ca)

o]
o

& 3H(Syncytial

hvA
-

|

A

ke
T

+ek

A
pul

1o},

ps
pus

tel ol s

)

E

%

=

=

o 44

blastoderm)©] 343 &

o}

=

Jc 2

9]

N
[€)

REER

bl

S

o)

I

o
ol

3WA 4Y A=

o =

L
T

_73_



=
= ol M7= 10~1569 Ax AuA Foluow oAl "nbmst thgol Fol 1
1% 7 el wu) 9 4SS sm 1 1AWE ohld
o= heavy-chain fibroin, light-chain fibroin, 22|31 P25 T d 2 o] F

2
~
2
un)

WAS A A gmd BdS 53] fibroin 537 fF9 FEAARMAA o}
F e ddS st AA AT oF 20% ool HiE fibroin @A S A4k
t}. o] ¥ 8 fibroine #A &3ty A Eo|xol wa ZAH/FL HPs= AL $AR
BAxd Ao Fagh Antg s ATT F ot 7ldEHA, of 2H/FE o] &

SHolut -z Wt o3k A

ofya F' HAtel o) xHHAT g Uk o] AAF =H TFHE AFtsty
3l AS7tA = FAE AAAZE ol &5l a1 A3 H AlsdA s JB R #4
ko] 5V FE-919 230~ -73 H-917F enhanceret AR 715S S, L ARSI A E

H A}< 9] enhancer like element®} d&A o] U= 919 F4 0= enhancerst A}
gk Fofo] we A st

B g AR AT Exge] & oAt vjde] E4AS o] &ste] 5 &
719 TERAAMN O ZEE] Suzuki®t Brownol ¢lste] A& o2 19729 mRNAZF &
YEP o ool 1976 @ = Foll e genomic DNAZFE yH=Z {FAAE F2
datrk 2ela ol A2 Jhgtel A H AME3 L AbEol, okxtellA H A&l
SR H 1 728 24 A7 e sl vk 7He] HAFS S 16

17kbe] ZHol& 2719] exono & o] FojA glom L A& 7% 13472bp Zol& 77)
o] exonO. & o] Folx SQlth. B =S H AtE bAARe] A= v 2] 25 stage
oA st W & FF TAAT|Y FHAADA HHEAH 02 switch on, -off& ¥
t}. Nuclear run-on assayS &3 HAA 24 Ao o5t 587 f59 SHEAAA
o Akio A =gt o] HARZE dojds B3t 2elal oju L AlEo] H Alsd 2
o] HAtgo]l wra it FEEQ FHA= AE E3 FAHA FHAe FFHolu
methylation? 22 %% W37 dojubA] gFgo] ¥ daL, oA vH =Sl F

La

¢



FiE Aol o8 2ddY= AS ougth o]y g HAF 24 7

el FAE AAAeE of2] 7hA o] Ay ESdWolE o] fste] yH =

cis—acting element A7} &235tA = ojxct JH=EA H AlE FHAY

5'AFH o] EX A3 TATA boxE 233 40bpe] basal promoter® 7}A] it

E3] -238~ -73 H9l& enhancer-like functions 7FAx 3, o|xXS A F=
z

factor7} &5 AARA Eo] 4 0% hasal promoterE A=3st= Aoz AZEO AL 9

e
lo

£

2 AeM s EE @ F0Ae] promoter 29 W] o ko]
w-%- Aget A= ek promoterdt A ZE W, fibroin light chain® promoterE W3
o] Fjate] o] &t 2Eln AA AbEEa i wAWE e ZEWE QS Bombyx

mori® light chain(Fib-L) promoter % heavy chain(Fib-H) promoter, Bombyx

f
(o
=
i)

mandarina®] Fib-L promoter, Fib-H promoter ¥ 1 Antherae yamamai,
Antheracae pernyi®] heavy chain promoterd 9714 <& 4H|n9} transcriptional

binding site®] ¥41S %3 promoterd] HAAIFZE 7]ZS 2ol k)

A TEOIH e FHAAT 5T genome’dol AFdEo] 1 FH A

7F W3t 5 ES @ty aule] o # R HAE transgeneo|2F 3Tl o] 3 ol FH A}
7F AAAEA EdEe] SoA g How e FAS HIF= AES A
sl AlZolz} dlt} 1970d FWHEE A A EY A A A E| recombinant virusE A3

o FHAE =Yty Al Fekar, 1980 =0l = microinjection® ™ 0. & ILE 0

ol3l] supermices AAFSHAl HAG. QA FHAAE EYste VEE2e AR EH, A

713 W, DEAE-9~E&H  liposome$H, "|AFAH, bombardment® S°] A=,
DEAE-v|2=etety 3 d7] AeH2 AlEE DNAZE dd3S T3l A4 Axd=
017 A sh= WHelth o] F WRelA = DNAZE &4<5 45 % 3tk liposome
S o] &3tE WHE DNAE oFAA A¥AQ liposomes o] A9y §3HAA

A3 AFE AT ARG 14 %7)

He FA @e Awel nAFAyos

j=|
P FAAE EYsteE 7lee 2719 %=3E], mouses ol AFEE AW, xenopus,

sea urchins, 27|, C. elegans, o1, 7ol HLol= 7tSolA7EA 1 A&3F @A
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Sgol el WA, A A5l dd

%0,
W
o,
iy
&
1o
o)
Jo
=
D)
N
NS
oX,
o
(]
BN
i
4
rf

H Bolepd AFAA Fag dYgs = 7 AS Holrh

oS 2Fdr Bz A strE APA 4o] §oldh] A=
Aol ooty microinjection®¥ S AFE-3}4] transgenic silk wormes TEHE
A=7E Ao, dA Al BEARs YERH AT microinjection WS WA B2~
g vbsES AREste] oo A wAE Y E W T oA DNAE A% FYst
= WA s AFEEaiTh

ﬂ.‘
i

FABR Ao Mg AeAL WEde] FEEAS T o

<
a-
of gtk el ol nEARE EAEE] G852 A 2 st

e FHAAES Al .Tixéﬁgi AT Ao o 19409 3
gl w20l DNAMdel AU, ol#fdt DNA Md&
trasnposon®] 2} 3t I =7]7} 500-10,000 Nucleotide?} A X2 W ol o5 #
A7 EAetE AEAs AP ER AP Ed GstA Ak o5 Mol QA=
TZS Ve B2 WelE HolFa Sl=dH, 929 AN 5 Aol dAHA ¢
ol FXIA7IH, o]Fle] oa] AAEZARo] &% FI/HET ol Ho] QA= T
AEol JAHg R o] §HY. FHASAT= 2o olA o5 AAE AREsto] R
gt 2 PAAE 7 Bol A h Hof vk PlAkel diE At A A
ol EAsteE dAE FESt BAste =Fol HAHAsdH FERAoE
complete® ¥ defectived o2 UE F Yo 71542 WA autonomousd I}
nonautonomous @ & &2 o] At} complete PR %Eo 31bpe] 43 Inverted
repeat sequence(ITRs)E 7FAx Q3L 125bp F ol 11bpel subterminal inverted
repeat sequence’} Ut} o5 wHE L= Plxe mobilityel] L83 7)5S zta
Tt defective P1AFe] 2= o] A W deletions 7FX3 913, deletion®] = 7]ut
A= gk, AEQ repeat sequencer A Fol = Aol E Aot}

2 of A&How &
Jo] 2= o] 7

autonomous @ FZlol=H A3 transposasett= EAE W
A 4 A= AL ¥, nonautonomous® 2> 47019 open reading frameol deletion

©

—

=

=
=z

il
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1} mutation®] 9] 71%5¢] 9+ transposaseE THEXA| E3l7] wlFol| AUpH o R
A = gle AL Ty, & 4AHe PAAY) THE transposase’} S wjol TF
A g vk PR o]Fo] germ lineoll AldE o} 9lar, AAEZA A LA
uj o]}, 19824, G.M. Rubin, Ac. Spradling= =3t A PAA w7 /A
|

7Fegte MADS Hite 2 PUAE 7 EFAVEE FAFGORN T
[e]

AR HEE AR E I vk 23l WE 9L helper® o] Folzl P #HE I} F2
|5 =d WEE o 9 ITRsE 7HHo=XA dolaid oaf A4dE + U=
95 7HAY, helpers AolgAE AT 4 JYA|T, ITRsY ZA=Z A2l 4
Ao e wFE AJEHAY HolT F v S4S 7K wekA o] F HAE
Al Fdetd, g FAAE 7 HME 7L helpere] HolEa SO s A
Hog &5 DNAZ AYFA Hu. PHHAE =Hd3des A=s &8 =2
nondrosophilide, LTK cellol A 21l o1}, Pelzle] &AJo] d-A A okgtr}h. 2y
o o += Rous sarcoma virus(RSV) long terminal repeat(LTRs)Z 7}%

sto] QY FdA EYS AlEste] HdE oE drh B AP E AT EEA B
= 7HAE 7R el o] A Aol A Al W 2y FYFAR S 1A
sHAl e %F9] genomedl AYEEo] Hold PHEE o] &3 HoHEHAE 7
atal, o] nMgow TSAHow IGF-1 FdAdg Folo AxS $late] fibroin 4

1 3}
Z}9] promoterg ©| &3 WHAWMEE A =}t

i

2. A7 g

7}. IGF-1 gene W3l w gl slwt

IGF-1 +A2= 153709 o x=4bS 3dYstal 22w protein maturation 4 <
AA 70709 o qto g2 o] Fojzl Ak IGF-17F Fd €Tt ol gk IGF-1 249 <
o] DNA @S welahs WH o R oligonucleotide FAWE ALt ol ]
fibroin light chain FdAFe] Z =S Fa3te] IGF-1 FdAe 2= dA7]E 59X
313} 3 cloning®] | E ¢35 upstream ¥ downstream%F- ol 22t EcoR I, Nar 1
9 pst I, xba I5 9 restriction enzyme sites #7}ste] IGF-1 29 999 cDNA ¢

7] &

d

(o

S WE 3] ypstream 2 downstream oligonucleotideE A 31 tH(Table 1).

1<
A E F 719 olignucleotide(IGF-up 128mer, IGF-down 129mer)S Z g 3s}o]

i)
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Taq polymeraseE ©|-&3 PCRE A 33l5t).

Table 1. PCR primer sequences of IGF-1 gene

Sequence

IGF-up(128mer) 5'-GAATTCGGCGCCGGTCCTGAGACGCTCTGCGGTGCAGAGCTGGT
GGATGCACTTCAGTTCGTGTGTGGTGACAGGGGTTTTTATTTC
AACAAGCCTACAGGTTATGGTTCATCATCACGGAGGGCACC-3'

IGF-down(129mer) 5-CTGCAGTCTAGATTATGCTGACTTTGCAGGCTTGAGGGGTGCG
CAATACATCTCCAGCCTCCTTAGATCACAGCTCCGGAAGCAGC

ACTCATCCACGATACCTGTCTGAGGTGCCCTCCGTGATGATGA-3"

Underlined bases represent overlapped sequence.

. IGF-T &%k ol 24

1) & Aol

2 Ao 288 Follv A F AT 20 1237 FH24E whjste] A s
F AlFe el (Bombyx mori)¥s Wol E AFA A ASEle] HF o2 93

gl
H -
AlZLF WA A FAGS st A

ol

o

Tl &
5047t rellE Akl A& pupas 9 TEste] 25TAA 1294 %= 9, 45
S Aejddrh o)Ae ghg avte] 2ANAE F Fo &E e FAL Fold
FoRoth 1ARE Foll obs FASH wAIFAE EHlE vk BE vl

WA 50075 T Aom dHA Stk

) " Al F=AL
ol wrE W E S helper(transposase — pn25.7wch2-3)2F 84| injection buffer

of o] A7t 66ccE W AFAIT 2082 SEAu sl A injectorS A&3}A

A VA wbs el vectorrt d%0E FUPL wHEM ARG AED Y L
Fyg shebnow vl AuAe Al Garel AHHe AEF vk



4) mAlFlE e <l

ok

-3}
A FEALEE S stehA A el o] lgFstatr] fste] HlF 119 dAtelA A

A B E 7| del 25a 2 Foloh & Atolo] HAHS
Akl 2% formaldehydeol H7HFATHE &7 FolA Axdv. Adxd ddS 4
Abell Ha 50@FF HAF & Fol 2 EoA 308 wob Atk 2Ea oA
71 oA et Az, o il
ol 7}

A& 1097 25Co F9H Jin]

5 ol o A

FstE o] v JfusEoo] BAS HA Mo xgH Tt wid 33k ol
FTFA AFS BbtYE ZolEth WAkl fostaA 25+27T 9 AR A 7=

AA7A ok 60Y o] 2L FTE FolE larva®E 59 ¥y E &l pupa’t 7] A

| AE Z7] AFRH Fel wEkd A E e Ak
Aol AFES o= F123% #1245 wvfsie] 4

P&tk Absroll ARRSE vhgr U= AlA R Zf3te] Hal AR ARAlRE 2%

c
formaldehyde® AF§-31m, @4 AL aUe] A% 2 F42 Fadsd

iﬁmlm

9 e AE glovt

e
o

ZHBombyx mori)<

>~

ot IGF-1 a7 a3 | JhA A
1) Fol @ Y49l genomic DNA F3
E-tube®l] sample Fol1E Y1 grinding buffer [(0.2 M Sucrose, 0.0oM EDTA,

05%(w/v) SDS, 0.1M Tris(pH9.2)] 400t H7}s+ % j}fﬂﬁidr 63Tl A 207t
incubation$ 5M potassium acetate 100ulS FH7}stHA &3k & 3083 4T #
z 8t} 12000rpmoll A 1057 A Egsta A2 HS FHske] 2 volume 100% ethanol
2 Aggoh 15870 -70C] Hx3 & JA R ste] pellet 7HS Ao 20040 D.Wo|
=21t} RNaseEs #8]3 & & 92| phenolichloroform(25:24)0. & 29 A& & =
A & 3] 3ske] 1/10volume 3M sodium acetate$t 2 volume®] 100% ethanol= *
23k Zo 70T 15%7F WX sl 1057 12000rpmoll A YA &2 ste] AL pelletS
vacuum dry¥ ¥ 5009 D.Well 520t} o5 AR5 Hate] drjdsor gl

Wk W A E9] oro A genomic DNAS F
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%3] PCRE 3319t PCRe| A8 primers Table 1 o] YeEFH AT PCR
S S8kl ¥ske product”t WERG ARES dElEte] ARSElTE PCRel AFE-#
primer+= Table 2 o] YeRH AT}

Table 2. PCR primer sequences of IGF-1 expression vector

Sequence

IGF-I-for 5 -CTGCAGTCTAGATTATGC-3" (18mer)

IGF-I-rev 5" -GAATTCGGCGCCGGTCCT-3" (18mer)

FLS-for 5" -GTACAGTTGTTTGATA-3" (16mer)

SVPS-R 5" -CCCCCTGAACCTGAAACATA-3" (20mer)

71 d BALS ABI 377 DNA Sequencer (Perkin-Elmer)2} BigDye terminator

(Perkin-Elmer) & o]&3lo] 2 A3}t

2t gAAg rololA AP IGF-19 ¥ 4A Wy 3y

FolRHE HEE IGF-1S 35ate] 54 A7 98 Follo] 2 9 2
o A ZHE IGF-1 ¢3S FAsta o5 axyoz 2 - AA 37 9 Pye
gAY 5} od o}
FAAE Fol =R IGF-I& FFst7] fstel FoluAl, FolaxlE PBS9F 40%

sandwich ELISAZ §Z& ¥ o] U4 IGF-1¢

o

lithium thiocyanateo] =o] &% A7
dEFS SAHS AT

PBSAH &= Fol ¢t PBS(@2X)E 5g/500mle] H]| &= 430 A A4 3F5% ¥ uuk
AE FTolZ AE F 100kDa membranes 23 ultrafiltration kitE AF&3le] A
o} w2 8942 1kDa membranes AFE3ste] o A AL} FAH FEHsI 547
%3lo] Abg3ht}. Lithium thiocyanate #2:= YFoll 50mgell 40% lithium thiocyanate
2ml H&=2 4o] &3] HQ ¢ dA BEste] 45 dS 1kDa membranes AR-E-3}

of AloFe AASD FHehel ARE g

o

o
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3. AT =8 A3

7F. IGF-I gene screening % 2&wWE 7

1) IGF-I gene screening

IGF-I #49 999 cDNA 71449 HWdE3sle]  ypstream
oligonucleotide s A3t AHFig. 1). FHE + 7199

128mer, IGF-down 129mer)& &%3}4 Taq polymeraseZ

A dsDNAE A8 th(Fig. 2).

GAA TTC GGC GCC
EcoR | Nar |
CTT_AAG CCG CGG

GTG TGT GGI GAC
v C G D
CAC ACA CCA CTG

AGG GCA CCT CAG
R A P Q
TCC CGT GGA GTC

CTG GAG ATG TAT
L E M Y
GAC CTC TAC ATA

CCA

AGG

TCC

ACA

TGT

TGC

ACG

CCT

CGT

GAG

CTC

TTT

ATC

TAG

CCC

ACG

TGC

TAT

ATA

GTG

CAC

CTC

GAG

CTC

GAG

TTC

AAG

GAT

CTA

AAG

TTC

TGC

ACG

AAC

TTG

GAG

CTC

CCT

GGT

CCA

AAG

TTC

TGC

ACG

GCA

CGT

CGT

CCct

TGC

ACG

AAG

TTC

GAG

CTC

ACA

TGT

TTC

AAG

TCA

AGT

CTG

GAC

CCA

CGG

GCC

CGT

GIG

CAC

TAT

ATA

AGC

TCG

TAA

ATT

GAT

CTA

CCA

TGT

ACA

TCT

=1

=

TCA

AGT

GAT

CTA

AGA

CTT CAG

TCA TCA

AGT AGT

CTA AGG

GAT TCC

CTG CAG

xba |

AGA

TCT

pst |
GAC GIC

downstream
oligonucleotide (IGF-up
o] &3 PCRHeol 93] <

TTC

AAG

CGG

GCC

AGG

TCC

Fig. 1. The modified cDNA sequence for cloning the IGF-1I gene. Synthesized

oligonucleotides were printed in bold and restriction enzyme sites for cloning were

underlined.
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— 200 bp
— 100 bp

Fig. 2. Agarose gel image of PCR product

2) IGF-1 &rawg 7|

IGF-1 47} A49%Ee] 2= T vector B Foll¢ fibroin promoter

fibroin signal peptide® X33t & LHWEE Nar [ 9 xba [ 2 digestiond} ]
22, AAE IGF-1 $34 g wa@uee 4g)ste] plFplGF- 118 A 2ait

(Fig. 3).
A vectort PCR, Algtasr A, A7IAEEAS & TdaWE] S48

)
Q15herh,

do

FLSfor IGF -L-for IGF -I-rev SVPSR
—» — <+ <4+

—! IGEI —%
EcR1 4 A

Kpnl Narl Xbal Sall
BamHI
. P-Vector 5.0 kbp % B. mori Fibroin light chain promoter 1 kbp

l Signal peptide linker ) svao poly(A) signal E SV40 enhancer

Fig. 3. physical map of IGF-I expression vector (p[FPIGF-1 1)
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. IGF-1 82438 o 2HA
B oAF Ao = AolelaE o]

Fakich AT A E, RohE

o

stol o)

CER

Hir

Mo

/1\:]1-

iR

\ B2 gAAd8 Fo s #

8L Table 33 7t}

oft

)
et o

Table 3. Survival of embryos and yield of positive larvae

Injected eggs  Pigmented eggs  1stinstar Pupae = Adult  Transgenic

silkworm
NO. 4,605 109 70 53 37 5
Rate(%) 2 64 75 69 13

70 of 4605 microinjected eggs were survived

th IGF-I 27 Fdd38 | A A4

1) PCRY el ol Fdgka]e] A

nAlFAbste] HstE Ui 5 FAASBAE AEstr] fste] PCR WS o &3t
=3

IGF-1 2wy & vjAFALste] F-stdl v (GOAMH) 377te]l & A7 wujAA <&
ke 3 Zbzbol  yMlo A genomic DNAZE  FE3A 1, 489 primer
(FLS—for/IGF-I-rev, FLS—for/SVPS-R, IGF-I-for/IGF-I-rev, IGF-I-for/SVPS-R)&
Abgstel PCRE F3dt3ith PCR WS &3l mlAlFAbste] 98 379te] W & 5
nte) 7t FAARA LS AT F A THFig. 4).

= 220bp
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Fig. 4. Analysis of PCR of transgenic silkworm (Go adult). PCR primer was
designed to produce 220bp of IGF-I gene. lane 1 : negative control, Bakokjam
genomic DNA, lane 2~12 : injected silkworm 1~11, lane 13 : positive control,
expression vector.

2) FAAGA S FAAF &<
PCR oz Add JHAASA} IANZ frHe] o]Fo] HeAsE dotry]
A8 F1, F2M e 53 7] Fol ZAARA 2 F3AI 7Hv] 799 genomic DNAE &
kol GoAltiel 22 W e PCRYS T ddd&AE st (Fig. 56,7). F2
Aol PCR productE T-vectordl] Atste] 24 3 ¥ ABI 377 AEd7149 &
271 o] 43t PCR producte] 97 21stitE PCR RS &l F FoFaFy
Aol A FAARAE &S 5 dAoem, 474D £45 S8 PCR product”t W
M FAFgE IGF-T expression vector?] @714 E¥ A= AL &AdT = AATH

(Fig. 8).

2
12
o

<+— 420bp

Fig. 5. Analysis of PCR of transgenic silkworm (Fs2). PCR products were amplified
to designed to produce 420bp of IGF-I gene and SV40 poly(A) signal. lane M :
marker, lane 2 : negative control, Bakokjam genomic DNA, lane2,3 : transgenic

silkworm, lane 4 : positive control, IGF-I expression vector

_84_



<+— 380bp

Fig. 6. Analysis of PCR of transgenic silkworm (F2,F3). PCR products were
amplified to designed to produce 380bp of IGF-I gene (FLS-for/IGF-I-rev). lane 1
 negative control, Bakokjam genomic DNA, lane 2,3 : trangenic silkworm (F2),
lane 4,5 : transgenic silkworm(Fs3), lane 6 : positive control, IGF-1 expression

vector

<+«—420bp

Fig. 7. Analysis of PCR of transgenic silkworm (F4). PCR products were amplified
to designed to produce 420bp of IGF-I gene and SV40 poly(A) signal. lane M :
marker, lane 1 : negative control, Bakokjam genomic DNA, lane2 : anterior

silkgland of transgenic silkworm, lane 3 : middle silkgland of transgenic silkworm
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lane 4 : posterior silkgland of transgenic silkworm lane 5 : postive control, IGF-I

expression vector

pFpl GF-1 GGCGCCGGT CCTGAGACGCT CTGCGGT GCAGAGCT GGTGGATGCACTTCAGT TCGT GTGTGGT GACAGGGGT TTTTATTTCAACAAGCCT
PCR product GGCGCCGGT CCTGAGACGCT CTGCGGT GCAGAGCT GGTGGATGCACTTCAGT TCGT GTGTGGT GACAGGGGT TTTTATTTCAACAAGCCT
Conpari son KA KA KA KR KR KA KR KA KA Ak KA KR KAk KA KR Ak A Ak KA KA R AR A KA KA KRR R KA KRR AR AR A KA AR
>
pFpl GF- 1 ACAGGTTATGGT TCATCAT CACGGAGGGCACCT CAGACAGGT AT CGT GGATGAGT GCTGCTTCCGGAGCT GT GAT CTAAGGAGGCT GGAG
PCR product ACAGGTTATGGT TCATCAT CACGGAGGGCACCT CAGACAGGT AT CGT GGATGAGT GCTGCT TCCGGAGCT GT GAT CTAAGGAGGCT GGAG
Conpari son KA KA KA KK KKK KKK KK KRR K KA K KA KK KKK KA KKK KKK KK KK KK KR KKK KA K KA KKK KA KA KK KAk KKk K
»
L
pFpl GF-1 ATGTATTGCGCACCCCTCAAGCCTGCAAAGTCAGCATAATct agagt cggggcggeccggceccgcet t cgagcagacat gat aagat acattg
PCR product ATGTATTGCGCACCCCTCAAGCCTGCAAAGTCAGCATAATct agagt cggggcggecggecgett cgagcagacat gat aagatacattg
Conpari son KA KA KA KA KR KA KR KRR KAk KA KR KA Ak KA KR KA Ak R A KA AR Ak KA KRR AR R KA KRR AR AR AR AA K
> >
pFpl GF- 1 At gagtttggacaaaccacaact agaat gcagt gaaaaaAatgctttatttgtgaaatttgtgatgctattgctttatttgtaaccatta
PCR product At gagttt ggacaaaccacaact agaat gcagt gaaaaaAatgctttatttgtgaaatttgtgatgctattgctttatttgtaaccatta
Conpari son KR KA KA KK KK KKK KK KRR K KA K KKK K KA K KA KKK KKK KKK KK KR KKK KA K KA KKK KA KA KA KA KKk K
>
>
pFpl GF-1 taagct gcaat aaacaagttaacaacaacaattgcattcattttatgtttcaggttcaggggg
PCR product taagctgcaat aaacaagttaacaacaacaattgcattcattttatgtttcaggttcaggggg
Conpari son KA KA KA KA KA KA R R KR K KAk KA KR KRRk KA KR AR KAk KA KAk R AR A AR A Ak
>

— IGF-I gene —> SV40 poly(A) signal

Fig. 8. Result of comparison with PCR products sequence of transgenic silkworms
Fo and IGF-I gene/ SV40 poly(A) signal which used for foreign DNA in
microingection. PCR product represents to sequence of PCR products which 420bp
of IGF-1 gene and SV40 poly(A) signal in transgenic silkworms F: and IGF-I
expression vector means IGF-I gene adn SV40 poly(A) signal sequence which

was used for microingection vector
3) IGF-1¢] T& ol gkl

PAHASA 7 IGF-1& Tdst=AE doti7] flste] #u719 FA9 27, 3L
x| A7]E vlast AT (Table 4, Fig. 9,10)
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Table 4. The comparison with normal pupae and transgenic pupae weight.

Normal(Bakokjam) Transgenic silkworm

Male Female Male Female
Advantage(g) 1.286 0.907 1.499 1.108
SD 0.093 0.076 0.078 0.085

= . “

=

o

?

g “ “

=3

o

Normal Transgenic silkworm

Fig. 9. The comparison with normal pupae and transgenic pupae size. The

trasgenic pupae is larger than normal pupae.
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Transgenic silkworm

Normal

Fig. 10. The comparison with normal cocoon and transgenic cocoon size. The

trasgenic cocoon is larger than normal cocoon.

2}. Fibroin promoter &4

B. mandarina 9} A. yamamai®] promoterZ cloning 3}7] 93}, ojn] &84
B. mori ¢ Fib-L, Fib-H promoter 7|4 ¥€ 3} A. pernyi ¢ Fib-H promoter2]
71949S Blg o2 Table 59 #o] primers 2H4d3te] PCRS 433ttt PCR
product® pGEM-T easy vectore| cloning 3t ¥, pBluescriptel ©A] subcloning 3}
o] ABI 377 AsH7IME #4715 ol&dto] 2 clone® @7IAEs AAsHL,
Clustal W= A8kl 7 Fdze] £3b F3he] dAM LS &4 38k3 . MatInspector
program(www.genomatrix.de) S AF-&3to] ZARJNAE-ZE QS =3}t

B. mandarina 5' WA 92 830 bp L# il A. yamamait 1200 bpE ZAAs}o] o]
v 2 B. mori®t A. pernyie @7IALEI vug A3} mH g2 TZREE A
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Al om | Fib-Het Fib-L Ateli= 2 70 HAF917F Atk (Fig. 11).

AARJAF 29 F 349 2R we dAo ZA dArggdelap F-2597F e
v, wju 2 A zpel A} FERE 7 skl YEUE s & 7 AT (fig.
12).

\

Table 5. Primer sequence for amplification of the fibroin promoter region

1. B. mandarina

Fib-L For 5" ~ACAAAGTGGATCCTATCCCACTTTT-3"
Fib-L Rev 5" —~AAATATAGGATCCATTTTAGTGGTC-3"
Fib-H For 5 -GTAGTGTTTAAGCTTGTTGTACAA-3"

Fib-H Rev 5" ~CAGCTCCGGTACCCGCACCAGAACC-3"

2. A. yamamai
5" AyFibSeq 5" -CGTATTAGATGGCGGTTACGA-3*

5'RT-R 5" -GGATCCTCTTCGAGG-3"
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Bmor i-FibH

Bmandar ina—FibH

Bmor i-FibL

Bmandar ina-FibL

Ayamamai—FibH
Apernyi-FibH

Bmor i-FibH

Bmandar ina-FibH

Bmor i-FibL

Bmandar ina-FibL

Ayamamai—FibH
Apernyi-FibH

Bmor i-FibH

Bmandar ina—FibH

Bmor i-FibL

DFD DL
——TGAAAAATGCTCATGTGTTATACCTTTCCAAAATCACCATTAATTA-GGTAGTGTTTAAGCTTGTTGTACAAAACTGCCA-——CACGCATTTITTTCTCCACTGTAGGTTG
——TGAAAAATGCTCATGTGTTATACCTTTCCAAAATCACCATTAATTA-GGTAGTGTTTAAGCT TGTTGTACAAAACTGCCA———CACGCATTTITITCTCCACTGTAGGTTG
—1027 GAATTCAAATAACAAAGTGGTGCCTATCAAGCTTTTTTTGATCCAGACAAAGAAA-ATAAGTGTTTTCGGTGAGCTGAAAAATTAATTT——CAGGAAACAACAAAAATAATG-ACGCAA

GAATTCAAATAACAAAGTGGTGCCTATCAAGCTTTTTTTGATCCAGACAAAGAAA-ATAAGTGTTTTCGGTGAGCTGAAAAATTAATTT-——CAGGAAACAACAAAAATAATG-ACGCAA
TCTACTT—CATA-
TCCAGCGTTACCAATGAGAGCGCTTCAAAATTCTTTACAACTTCATTAGAATACGTCGATTTTTCTCTACTT—CA—

HB DFD

-795

DL DL DFD DL HB CAD

792 TAGTTACGCGAAMAGAAAATCGTT-CT-GTGAAAA-TTCAAACAAAAA——TATTT-~TTTCGTAAAAACACTTATCAATG-AGTAAAGTAACAAT TCATGAATAATTTCATG-—————
TAGTTACGCGAAMAGAAAATCGTT-CT-GTGAAAA-TTCAAACAAAAA—TATTT—~TTTCGTAAAAACACTTATCAATG-AGTAAAGTAACAATTCATGAATAATTTCATG—————
-012 AAGTACACCGGAGTGAAMTAAACAC-TAAGAAA-GTAATGGCTAAAAATTATTCA-TCTCGTGAATTGATTGAGCGCGATAATAACGCAGTACTATTGGAGAGATTCTATGTTTAATAT
AAGTACACCGGAGTGAAAATAAAAAC-TAAGAAA-GTAATGGCTAAAATTATTCA-TCTCGTGAATTGATTGAGCGCGATAATAACGCAGTACTATTGGAGAGATTCTATGTTTAATAT
~783 TAAATATTCTATAGATGTGATTATTATA-CATAAA-ACCATTAAAATATGTCTCAACTATTGTGAAAACTGTCAARATCT—GTTACGTAGT———TCAGAAACACTAAG———
T;(\:AQTSECTATAGATGTGTUGCTATAAcATAé;l\_TécmTAAAAAATGTCTCAACGGTTGTGAAAACTGTC%TCFGTTGCGTAGT 777777 TCAGAAAAACTAAG————

CAD CAD CAD

-688 ——TAAAAAAAAAATACTAGAAAAGGAATTTTTCATTACG-AGATGCTTAAAAATCTGT——————-———TTCAAGGTAGAGACTTTTCGAT-ATTTCGG———AA——AATTTTGTAA-—
—TAAAAAAAAAATACTAGAAAAGGAAT TTTTCATTACG-AGATGCTTAAAAATCTGT——————————TTCAAGGTAGAGACTTTTCGAT-ATTTCGG——AA—AATTTTGTAA—

—795 ATTAATGATATGATATAAAAAAGGGTGCGTGTACTTATGTACGCGCGTAAGAAGTTATACTTTATTTTCATTAAATTTATTTCTITTTTTTTATTTCAATTTTAATCAATTTGAAAA—

HB CAD

Bmandar ina-FibL
Ayamamai-FibH
Apernyi-FibH

Bmor i-FibH
Bmandar ina-FibH
Bmor i-FibL
Bmandar ina—-FibL
Ayamamai—FibH

Apernyi-FibH

Bmor i—FibH -480
Bmandar ina—FibH
Bmor i—FibL -561

Bmandar ina—FibL
Ayamamai-FibH -478

Apernyi-FibH

Bmor i-FibH -365
Bmandar ina—FibH
Bmor i—FibL -561
Bmandar ina—FibL
Ayamamai-FibH -361
Apernyi—FibH

Bmor i—FibH -249
Bmandar ina—FibH
Bmor i—FibL 324

Bmandar ina—FibL
Ayamamai-FibH -243

Apernyi-FibH

Bmor i—FibH -144
Bmandar ina—FibH
Bmor i—FibL -210

Bmandar ina—FibL
Ayamamai-FibH -127
Apernyi—fibH

-680

ATTAATGATATGATATAAAAAAGGGTGCGTGTACTTATGTACGCGCGTAAGAAGTTATACTTTATTTTCATTAAATTTATTTCTITTTTTTTATTTCAATTTTAATCAATTTGAAAA-—

***** GAAACACACAAATATACAGATATT-TTTITTACGAAAGTACGGAGATATATAAA-———————ATTATTTCAATTACTTTAGAAT-ACAATAA———AACTATTTGACAATT
***** GAAACATACAGAAA-——ATTTA TTTTACAAAAGTACGGAGATAT?ITAAA*fffffAATATTTCGATTACTTTAGAATTACAATAA**”AACTATTTGACAATT
CF2lIl DFD

—-593 —AACTGTAAATCCGTAAAATTTTGCTAAACATATATTG——TGTTGTTTTGGTAAGTATTGACCCAAGCTATCACCTCCTG——CAGTATGTCGTGCTAATTACTGGACACATTGTATAA

—AACTGTAAATCCGTAAAATTTTGCTAAACATATATTG——-TGTTGTTTTGGTAAGTATTGACCCAAGCTATCACCTCCTG---CAGTATGTCGTGCTAATTACTGGACACATTGTATAA

-678 —AAAATCGAATAAACAACATCCTCAAACATGCATATTGG-ACATCCCTTTTCTTGACATCATATAAATTCGGTAATTCTCGGTACGGTTCGTAAAGT TCACCTGCGGCTATATT-CCGAC

—AAAATCGAATAAACAACATCCTCAAACATGCATATTGG-ACATCCCTTTTCTTGACATCGTATAAATTCGGTAATTCTCGGTACGGTTCGTAAAGT TCACCTGCGGCTATATT-CAGAC

-593 TGATTGCAAATATAGACCATAAAGACACCACCTCTTTGT-ATCTAAAACACGTAGCAACAGCACTCCTTCGCCGTTATTCG-——AGGATTACTACGATAATTGGCGTTTTTTTT-CCGCA

TGA]TGCAAAT(:\E?ACCATGACAACACCACATCWTGTTATCTAAAACACGTAGCGACAACACTCC]TGAACGWGTFCG———AGGADWF%SZTACGATAATTGGCGGTT[TTWTCCGCA

(@]

TLL

CAGTTCCACTGTATTGACAATAATAAAACCTCTTCATTGACTT-GAGAATGTCTGGACAGATTTGGCT TT——GTATTTTTGATTTACAAATGTTT-TTTTGGTGATTTACCCATCCAAG
CAGTTCCACTGTATTGACAATAATAAAACCTCTTCATTGACTT-GAGAATGTCTGGACAGATTTGGCTTT—GTATTTTTGATTTACAAATGTTT-TTTTGGTGATTTACCCATCCAAG
TCGCCAAGTTACGTCAGTCGTATTGTAATGAGCG-ATTTAGTG-GGCAACTTCATTCTTAATTTTGTGTCACGGTGCGCGCGCATCGTAAAACTTCACTCTCATAGATTTTTCATAACGC
TCGCCAAGTTACGTCAGTCGTATTGTAATGAGCG-ATTTAGTG-GGCAACTTCATTCTTAATTTTGTGTCACGGTGCGCGCGCATCGTAAAATTTCACTCTCATAGATTTTTCATAACGC
CCGCAAGAAAAGAGTAGAAATG-TACCGTATTTAAATCCAGT GCGAAAATTTTCCCATAGAGTGCGCTTCC—ATACAATTCTATAGGT TACATATCTTGCGGAAATAAATTCGTACCAA
OCGCAAﬁgqéAGAGTAGAAATG—TACOGTATI'I'AAATCCAGTGC[%E'I'WTCAOGCAGAATGCGTTFCC—ATACAATI'CTATA(X}TI'ACATATCTTGCGGAAATAAA'ITCGTGCCAA

GCATTCTCCAGGATGGTTGTGGCATCACGCCGATTGGCAAACAAAAACTAAA—ATGAAACTA-AAAAGAAACAGTTTCCGCTGTCCCGTTCCTCTAGTGGGAGAAAGCATGAAGT-AAG
GCATTCTCCAGGATGGTTGTGGCATCACGCCGATTGGCAAACAAAAACTAAA—ATGAAACTA-AAAAGAAACAGTTTCCGCTGTCCCGTTCCTCTAGTGGGAGAAAGCATGAAGT-AAG
TCGCCAAGTTACGTCAGTCGTATTGTAATGAGCG-ATTTAGTG-GGCAACTTCATTCTTAATTTTGTGTCACGGTGCGCGCGCATCGTAAAACTTCACTCTCATAGATTTTTCATAACGC
TCGCCAAGTTACGTCAGTCGTATTGTAATGAGCG-ATTTAGTG-GGCAACTTCATTCTTAATTTTGTGTCACGGTGCGCGCGCATCGTAAAATTTCACTCTCATAGATTTTTCATAACGC
CCGCAAGAAAAGAGTAGAAATG-TACCGTATTTAAATCCAGTGCGAAAATTTTCCCATAGAGTGCGCTTCC—ATACAATTCTATAGGT TACATATCTTGCGGAAATAAATTCGTACCAA
CCGCAAGAAAAGAGTAGAAATG-TACCGTATTTAAATCCAGT GCGGAAATTTTCACGCAGAATGCGT TTCC—ATACAATTCTATAGGT TACATATCTTGCGGAAATAAATTCGTGCC—

CAD CAD KNL DFD

TTCTTTAAATATTACAAAA—AAATTGAACGATATTA———TAAAATTCTTTAAAATATTAAAAGTAA-GAACAATAAGATCAATTAAATCATAAT TAAT——C-ACATTGTTCAT
TTCTTTAAATATTACAAAA—AAATTGAACGATATTA———TAAAATTCTTTAAAATATTAAAAGTAA-GAACAATAAGATCAATTAAATCATAAT TAAT——C-ACATTGTTCAT
GCCTAAAGAAGTATAACTTCAATA—ATTTAAATTTAAAAAAAAACATGCAT—AGAATAAT T-ATATGAATTA-TT TAAAATGTCATTTACCGACATTGACATAACAGACGACGTTAAG
GCCTAAAGAAGTATAACTTCAATA—ATTTAAATTTAAAAAAAAACATGCAT—AGAATAAT T-ATATGAATTA-TTTAAAATGTCATTTACCGACATTGACATAACAGACGACGTTAAG
AAAAAAACCGAAGTGCGGGCAATA—ATAAAGTCTTGTAAGTATGTATGTATTTGTAAATGTA-ATCTGAAACTGTTCCTGTTGG-ATGGACATCTAATATGTTTAAGGGTATTAATTAA

~AMAAGCCGAAGTGCGGGGACTA—ATAAAGATTT—TATTTGGCATTCCTTCTAACCTTTAGATATAAATTTCTGTACGCGCGTATGTCACT CCCCCTAAACGGCTGGACTAA
HB
KNL BRC. FO
——GATCACAATTTA—ATTTACTT- CATACGTTGTATTGTTATGT TAAATAAAAA——CGATTAATTTCTATGTAATTGTATCTGTA] \CAATGTGTAGATGTTTAT
——GATCACAATTTA—ATTTACTT————CATACGT TGTATTGT TATGT TAAATAAAAA-——GATTAATTTCTATGTAATTGTATCTGTA \CAATGTGTAGATGTTTAT
——GAACAACACTTA—GT TTAACTAGAGGCGTACACCTCAAGAAATCATCTTCATTAGAAACTAAAGC \TCGCAATAATAAAGCATAGT] AACTG-AAATGCAAAG
—GAGCAACACTTA—GTTTAACTAGAGGCGTAGACCTCAAGAAATCATCTTCATTAGAAACTAAAGC \TCGCAATAATAAAGCATAGT] AACTG-AAATGCAAMG

——GATAGGGGTTTA—ACTATGATATTGTTTTAATTCTATAGGATTCATTACTTTTCCATTTT——GTCAATATTTA—AAATGTTTATTTG-AAATAGTAAACG-ACATTACAAA
CCGGCCCGCTAGTTATGTATGTATTTGTAAATGTAATCTCAAACCGTTCCTGTTGGATCGACATTTAATATGTTTAAGTGAATTAATTAACGTATAACAGTCATAAGAAAATATTGCAAT
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TLL

Bmor i-FibH —43 TCTATCGAAAGTAAA-TAC-GTCAAMACTCG———AAAATT—TTCAGATAAAMMGGTTCAAC CAATCAGCATCAGTTCGGTTCCAACTCTCAAG———
Bmandar ina-FibH TCTATCGAAAGTAAA-TAC-GTCAAAACTCG——AAAATT—TTCAG]ATAAMAGGTTCAAC CAAT CAGTTCGGTTCCAACTCTCAAG——
TAT)
\TAT,

Bmor i—FibL —98 TCTTTTGAACGTTAGATGCTGTCAGCGTTCGTTGGTACAGTTG-TTTGATATTTATTTTAATTGTCTTTTTAT \TAGTGGAACATTAATCACGGAATC

Bmandar ina-FibL TCTTTTGAAGGH-AGATGCTGTCAGCGT TCGTTGGTACAGTTG-TTTGATATTTATTTTAATTGTCTTTTTAT) \TAGTGGAACATTAATCACGGAATC————
Ayamamai-FibH ~ -22 ACTTTC( AMAGAGCGCCGAAGTCTG—GTCTCATTATC
Apernyi-FibH AAAATCCCATCATTTATTCTTTAGAGACAATATAACCAAACAACAATAAGAATCAGAATGTAATTACTCTACATTGT TCATGATAGGGGT TTAACTATGATATTGTTTTAATTCTATAGG

Bmor i—FibH
Bmandar ina-F ibH
Bmor i-FibL
Bmandar ina-FibL
Ayamamai—F ibH
Apernyi-FibH AWCAWACTWATCATFWGAWTAAAAWGﬂTAWTGAAATAGTTAACGACAWACAAAGﬂ'ITC iTATAAM|GGGCGCCAAAGTCTGGTCTCATTATCAGTTCGGTTCCAG

Bmor i—FibH

Bmandar ina—FibH

Bmor i—FibL

Bmandar ina—FibL

Ayamamai—F ibH —
Apernyi-FibH CTCTCATAACC

Fig. 11. Sequence comparison of 5'-upstream regions of Bombyx mori, Bombyx
mandarina, Antheraeae yamamai and Antheraeae pernyi. Comparison of Fib-H
genes and Fib-L genes in Bombyx mori, Bombyx mandarina, Antheraeae yamamai
and Antheraeae pernyi. The Bombyx mori, Antheraeae pernyl sequences were
taken from published information. The nucleotide sequence was oriented with
transcription preceeding from left to right and numbered with the transcription
start site designated as +1. The binding sites of the homeodomain proteins or
transcription factors were shown above the nucleotide sequence. CAAT box and
TATA box represent in the box. Putative binding sites of transcription factor
were underlined. Transcription initiation site was bold letter. —-- indicate gaps

inserted to improve the alignment



A. Fib-L

-930 -900 -890 -770 -700 -320 -300  -210 -136 =27
B. Fib-H

JcX(cn) @ (g ()

-860 -810-780-760  -740 -730  -690  -660 -570 -520 -450 -180  -160  -110 -100 - 66 -40 -23

Fig. 12. Diagram of putative transcription factor binding site by Matlnspector
program (www.genomatrix.de) derived with insect clones of fibroin light(A) and
heavy chain (B) gene promoter in bombyx mori. DFD is deformed transcription
factor of Drosohila and HB is hunchback, KNI: Kirps CAD: constitutive activating

domain.
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+ A

o
Mrooft e

ek

ada zZ4zbe] gujAg 2 &9 0] U4 IGF-19 %<& sandwich ELISARZ =
Aatdth. Fol EAe 4% PBSHEE @M AL o= AL §Fo] I IGF-19
Stake o 1g @ 90ng A= IGF-I o] HEHAT. Folxe Z$-ol% PBS

e ok 84 ddel §EHY AlHetH dEEH=

_92_



FoAl XS 40% lithium thiocyanate® @ Alol= A3 &3jE x|t
ultrafiltrations A XAl ¥H fibroin< &3 ¥ o] A Aot o}, F& s 1y
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Fig. 13. SDS-PAGE (A) and Western blotting (B) analysis patterns of IGF-I rich
fraction separated from membrane filtration. Lane Af(a) : Low molecular weight
marker (Bio-Rad, USA), lane B(b): Standard IGF-I(R&D system, USA), lane C(c)
: IGF-I rich fration from cocoon of the silkworm , lane D(d) : colostral IGF-I

rich fraction
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A 3 A In vivodl A9 IGF-19] a8 A5 9 A8 7|&/d
(F5ZA)

L A7 ue

7}. IGF-I enriched whey fraction®] primary cell 2423 A5

1) IGF-I enriched whey fraction (1-30kDa)

Cream % acid caseing A|A% =79 wheyES 1AFIA| 258 FF 2o} 30kDa
cut-off membrane® = ultrafiltrationd}o] 30kDac¢]ste] +3-&
1kDa cut-off membranes A}F-&3Fo] 1kDaolshe] &2S& A Aske] 1-

A& o] A3t ELISA(ensyme-linked immunosorbent assay)¥ S o] &3] &

3 Yo 2A)5= IGF-19 e AZste] 2 e [GF-1 A 22 ALE3g )

o

2) Primary cell®] =2&3 A=

IGF-1 enriched whey fraction® primary cell 2] & 3} (splenocyte)= b+ 9
female Balb/c wh$-229] WS T Aoz ®udle] single cellE ¥H5o]  1x10°
spleen cellS 96 well microplate®] #+53}4] 20ng/ml 43¢ IGF-I enriched whey

fraction® FY3FaL 37C, 5% CO: incubatordll Al 724137t &b vkl e8]l of
ZY AL MEY 2 =HL wg =8 247+ dd BrdU labeling solutions
well & 100 43t A¥ e DNA &4 =S =AH3 ko] Axe S48 FA A

1}, IGF-I enriched whey fraction®] #3715 S vX= &3 A

1) &4A Fooo o FaAYY F=
7% male Sprague-Dawley rats 79 < 454171 v 3¢ F< 19 13
Methotrexate(Sigma, USA) 25mg/kgS A4 HFHo 33t FAst] FHAASS

=5}

2) Experimental diet®] Z#| @ Fo
A g 2ol FAE Table 1949 o] IGF-19 $twko] bng, 20ng 18] 50ng/ml
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3} IGF-I enriched whey fractiong ZA|3Fe] 2ml & 3FFo 23](2 4 94
A Folot FAlAl A 59 F<F gavage feeding dFH I, 3] A

o)
=
7] A 2UAT Bere A3

Table 1. Composition of experimental diets

Group Experimental Diet Treatment
A No IECWF MTX-non- treated
B No IECWF MTX treated
C [ECWF- 5% MTX treated
D [ECWEF- 20%x MTX treated
E IECWF- 50k MTX treated

¥  JECWF-5: IGF-I enriched colostral whey fraction(UIGF-1 5ng),
%  JECWF-20: IGF-I enriched colostral whey fraction(20ng),
k% JECWF-50: IGF-1 enriched colostral whey fraction(50ng)

3) Mucosal weight, mucosal protein, mucosal DNA 7 =F

Mucosal proteinZt DNA $H&FS #£4317] 913k A|5+= Berseth 5(1983)2] "ol uwp
g AAY At =, FHY AEE 05N HCIO4 8mlS 9ol tissue homogenizer &
A gstdeh 4T A 1083F 2,000rpme 2 FA#e] & u}o As ol o A
HAE] 02N potassium acetate 3.5mE FTYHFL A Z] T 4T A 158 &<t

A=}
S 35m9 ethanol¥} ethyl ether &3

2,000rpmo.2 YA At dojz HAAE
E(3:1/ethanol : ethyl ether)® A A& FE3 thF 4TColA] 157F 2,000rpme2 ¢
ABRYGAIA 5L vgun A& #&E3FE= ethert vacuum desicatorE o] -3}

o AAsAY. 1§ 0.IN KOH 35m=E HHES EAAIZ b 48 23 37C
oA 16 18 AIF Fek WEAIZl thg A2oA 1583F 2,000rpm o2 A2 5o
A5 S Fske] 0.15me 0.6N HCI¥ 3.75m 05N HCIO4E #H7bste]l £33 F 4T
A 30 ol WAEtY HHMEo] FAHHEE g thE 4TedA 15837 2,000rpm o =
ARG F5de v FHES GduAs DNAY =4S 93 A8 24
E ¢33 35mlel 05N perchloric acidE Yol E4HA171 tF& DNAE £33l7] 3|
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5 @AW IGF-1 5234
AN IGF-1 5%+ 125[I]-IGF-17} polyclonal anti-IGF-1 3A & o]&3F HHA}

=
W Z4 9 (radioimmuno assay. RIA)S o] 83l SA 3%

¥ %ZZ& H&E staining3dte] villus
mitotic cell ¥3} & #Z33

7) Determination of mucosal DNA and protein

T (jejunal intestine)= A&3}9 cold salinedl washing$ FA~HA ~HAXZ
A8 AAET F mucosaE FOIWi mucosal weight® ZAH3sAT. FHoldl
mucosal ice—cold phosphate buffer saline solution(100mg per mD)E ¥ 1 T 23}=

A w#EE ARE 70T B3PS
Fxe AEE 05N HCIOs 8mlE Wi #4838 Azl Fo] 4ToA 158 &
2,000rpmo.2 YA E At doJd A ES 35ml ethanol?} ethyl ether& 3+
(3:1/ethanol :ether)® A A& F=3 1:1r 4T A 158 S+ 2000rpmez A5 e
5 3l A5 A2 WY JHAE FES= ether™ vacuum desicatorE ©]-8-3}4]

A A 8k S e
0N KOH 35ml2 AAES HaAzl & =498 2
WS A7l F AeoA 158 Fob 2000pmo R UARE so] A5AL Ha

0.156ml 0.6N HCI¥ 3.75ml 05N HCIO.Z #H7lste] £&3 T 4°Coll A 30+ o4

2

=
—

P

37°Cell A 16-18A17F &<k

o

oft

sl AAES PAS & 4°ColA 168 &< 2000rpme =2 A E 3t A
S99 Wl AAES W@y DNAS A HEFs=d AFE3H7] 98] 35mlel 05N

38719 8ko] 4°Coll A 258 B &4
oF 4,000rpm o2 94 #2]83)

3 HAAEL 35mle 0.IN NaOHE ¥ i 3F&5Hsor
Alﬂ %@H%‘% %6}1%174*1 guld BAS 5glty, DNAYE Burton® Wiel uhel

% = =
Ak S E L Lowry 52 Wl 9sto] 438k3lth. DNAS} protein®]
o

perchloric acidg& o] #4kA17 E‘r% NA
H
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of WA NRE JTEIF F s
30%, 0%, 1208 A3k Alvheh We ZAsch Ao melguol A Azl A

Hd=47] (GlucoDr, Korea)Z o] &3lo] =439

5 AMd W x=He] AAH

A A A ES 164 AAAN 5 AFAES T AT 2T
(blood glucose)s =t A2 ES AL w929 HFEePoz Az & 7+
A, v B AEE AEste FAIE SAsSEAT AP EEA S A& A
g2 30%3F WA F 5000rpmell A 1583 A et dS Ao oF
AgE B4 AR -70Co A Bt

6) <% Total cholesterol, Triglyceride$t % &7

dHo FY~HEY FAAAYe sES Sigma Chemical Co.(St.Louis, MO)°l A
U2 kitE o] &3dte] AR PO R z@é}?ﬂﬁl oo FAAYF == triglyceride
kit(Sigma Chemical Co.)& AF&3dtel ZFA33th. HDL-cholesterol 37 Al 2l
dextran sulfate MgCl, g ©] &3} LDLTJr VLDLS HAAZ & AsAe] Zd 2
E S Kits (Sigma, USA)E o] &3t v A A =F33

ol §AAR IGF-1¢] 283 715 A

1) 2]
2 Ay AFgE 7| EAolE MAYALRAA FHaEHE LPAIERE AMEEH o, 4

Aol ARl AT IGF S FoAMEE 77 4%% Egstel wE

pelletd &) 2ol & A3

B AlE 30gel &4 ICR mice 70vte] & TYADE=lA Fdstel dFUzL
Pz A7 F AT (CON)FH G (STZ2)S® yral, 2l o
CON, STZ), 4% “Fell7}# (CON+silverworm, STZ+silverworm+), 4% IGF
‘ol 7 (CONHIGE, STZHIGR)# 0.2 1hro] 377 ALttt Agsee

)
>,
W WK
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2. A7NE =3 23

7}. IGF-I enriched whey fraction®] primary cell 4 &3 A%

20ng/ml “&3el 33 3Fi= IGF-I enriched whey fraction®] 55 ¢] female Balb/c
splenocyte®] 2 &¥+= Fig. 13 2Zt}h. IGF-I enriched whey fraction® mouse
splenocyets®] 2 &3= whole wheyoll B8] 28] o] Ate] AELZ=2FHE e
A THp<0.01). 28] IGF-19] g3l W& mouse splenocytes®] T2 & 3=  Fig. 2
I} Z+o] 5ng/ml IGF-19| A%3= IGF-1 enriched whey fraction< tz3F A2 H]
=3t 2 a3E UeyAw 20ng/mle] IGF-I0] A33sl= IGF-1 enriched whey
fraction> °F 250%° T4 &3 Btk webd 2 AelA AAIZE in vitro immune
enhancing & 3ol A= IGF-I2 Fol=kol] wepr AFTHan7t vz Folde] =

245 AGFFAN} B A0 ey

300

250 r
® 200 |
=
o
= 150 ¢
E) T
= 100 r
o
= 50t

0 :
Fraction
O Whole whey mIGEF—1 enriched whey fraction

Fig. 1. Effect of IGF-I enriched whey fraction on proliferation of mouse
splenocytes. Cell prolifeartation was expressed as the percentage of growth of
cells in the presence of IGF-I enriched whey fraction compared with proliferation
of cell grown in the medium without IGF-I enriched whey fraction or whole
whey. * Significant difference between whey and IGF-I enriched whey fraction at

p<0.01.
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250 T+

S

150 t L
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Proliferation (%)

(o]
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T

O

20 10 5 control
Concentration of IGF—1 enriched whey fraction (ng/mf)

Fig. 2. Effect of IGF-I enriched whey fraction on the proliferation of mouse
splenocytes depending on dosage. Cell prolifeartation was expressed as the
percentage of growth of cells in the presence of IGF-1 enriched whey fraction
compared with proliferation of cell grown in the medium without IGF-1 enriched

whey fraction.
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1}, IGF-I enriched whey fraction®] & #7]%

1) Mucosal weightol] 3+ <3k

Table 2949} Zo] IFG-I enriched whey fractione &

|
Qg T4 gk

of M= T AF

A3t 8ge] geel F gl

Table 2. Comparison of mucosal weight in jejunum and ileum of rats during

the experimental period

Mucosal weight(mg/cm)
Group 5
Jejunum Tleum
A 45.03 + 7.74 45.60 + 10.54
B 43.11 + 8.26 3599 + 7.95
C 4734 + 1655 4560 + 7.18
D 46.81 + 6.81 51.42 + 10.34
E 53.84 = 10.35 48.63 + 14.50
Differences NS NS

Values were ewpressed as means *SD. * NS means statistical non-sigmificance.

2) Mucosal Protein®] kol th3l <3k
Table 3o 49} Zo] IGF-I enriched whey fraction

Aol dEgds T4 Fdoy 3] mucosal protein

2}

o

lo

A ubchul A 3 ako] =

=i A=

:

2

AN = &9} 9l

>

A

o 50nge IGF-Io] A%3l:= IGF-1 enriched whey fractione o3+ group©l A
7Hd =A YERSETH(p<0.05).

3) Mucosal DNA 3ekof| thal < &

[e)
IGF-I enriched whey fraction &7 372 mucosal DNA &&= &S F

A %k tH(Table 4).

4) Mucosal/DNA ratio

Mucosal protein/DNA B} €& control group oA MTXE 593 groupol A 7}
& A Yebyka IGF-1 enriched whey fractionS %93 groupe] 7V =4 el
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o}
gy FgdE Aozt TAA FolArt qlodth el s IGF-19]
ol S7F84 = mucosal protein/DNA H] &2 S7tshs 43S 23om 20ng/ml
=

3 50ng/ml Folto] FolHor = YERTHp<0.05)

Table 3. Changes of mucosal protein content in jejunum and ileum of rats during

the experimental period

Group Mucosal protein(mg/cm)

Jejunum Ileum

A 56.46 = 2.60 50.02" + 9.45

B 42.50 = 7.36 47.72" + 3.28

C 4894 + 451 51.94" + 9.15

D 56.29 + 6.83 51.25" + 7.15

E 50.24 + 5.32 70.04" + 20.12
Differences NS P<0.05

Values were expressed as means SD. * NS means statistical non-significance.
Letters with different superscript in each column are significantly different at
p<0.05.

Table 4. Changes of mucosal DNA content in jejunum and ileum of rats during

the experimental period

Grou . Mucosal DNA(mg/g)
Jejunum Ileum
A 1.967 + 0574 2424 + 0416
B 1.388 + 0.466 1.767 + 0.293
C 1.583 + 0.336 2.298 + 0.497
D 1.866 + 0.189 2.174 + 0.189
E 1.622 + 0.331 2.135 + 0.409
Differences NS NS

Values were expressed as means SD. * NS means statistical non-significance.
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Table 5. Changes of mucosal protein/DNA ratio in jejunum and ileum of rats

during the experimental period

Grop Mucosal Protein/DNA ratio

Jejunum Tleum

A 30.620 = 0.762 26.678bc *+ 5514

B 28.704 £ 11.760 20.624c + 1.334

C 30.916 + 5579 21.209¢c + 2.120

D 30.166 = 5415 23.704bc + 3.829

E 30.974 + 6593 30.935ab + 6.187
Differences NS P<0.05

Values were expressed as means SD. * NS means statistical non-significance.

Letters with different superscript in each column are significantly different at
p<0.05.

o}, Fojubdlo] we IGF-19] 4wl

1) = #3 8o z25¥ IGF-I enriched whey fraction (1-30kDa)®] &3

Cream % acid caseine A|AS =<9 wheyE 1MFAAZEEH FFol 30kDa
cut-off membrane® 2 ultrafiltrations}®] 30kDa°¢]sle] #38S St 215
1kDa cut-off membranes AF§-3le] 1kDacolste] &8-S A3t 1-30kDa2] 93}
of FAAZAY. AU ARE THTA ¢AFERE F435te ELISA(enzyme
-linked immunosorbent assay)¥H < ©]&35te] 3 Yo EA3st= IGF-19 =S

4

2) FaAG

5 F#9 ICRA miceE 3¥%F<¢ 19 13] methotrexate(Sigma, USA) 2.5mg/kgS 7
= HF9o dstFAtste] F#AAYS FE% A jejunum mucosal®?] DNAS}
protein®] $raFo] Uit olE EU|E F#AALY FEE Fl F AF 2olE Fo

sttt
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3) AFHsF

Methotrexate MTX) S Fo 3 FolAdE AFE =71Eo] 011 + 002 g/dayg et
[ECWFE T3t FolME s gEdor Frlstes AL 2 5 I 2854
(intramuscular)E 3+ A% 10ng/kg?® X A= 0.11 + 0.02 g/day o1} 20ng/ke
9] FEoAE 015 £ 0.02 g/day= FostA 3571 sk th. 874 FAl(intraperitoneal)
g 3 A9l 10ng/kgel sEANAE 009 £ 001 g/day Aovt 20ng/kgel &=l
A= 012 £ 002 g/day= 2] 8k (p<0.05) 57} @t SitH(Table 6).

4) Aol #H F3 4] &4 (FER)

<& FAHintramuscular) & 3 H % IECWFE Fo31# &S 2 0.69+0.230] 9,
10ng/kg®] s&== IECWFE Fo3 ¥ 062 + 015 v 20ng/kge] “s=ollA =
086 = 011 o2 FY3tA =7ttt B2 Al(intraperitoneal) & 3 7SOl A &=
10ng/kg®l F=olA%= 052 + 013 oy 20ng/kgel FEollAe 072 + 0228 §9
A (p<0.05) 57} A th(Table 7).

Table 6. Initial weight, final weight and weight gain

IECWF dose Initial weight Weight gain

Injection Route Final weight (g)

(ng/kg) (g) (g/day)
Intramuscular 0 30.20+0.92 31.12+0.82 0.13+0.01%"
10 29.23+0.77 30.01+0.34 0.11+0.02°
20 29.75+1.56 30.79+1.69 0.15+0.02°
Intraperitoneal 0 30.09+0.87 30.78+0.79 0.09+0.02"
10 29.63+0.92 30.24+0.78 0.09+0.01"
20 30.05£0.81 30.99+0.92 0.12+0.02°

1) Values are MeantSD 2) n=10/group

3) Statistical analysis was performed using one-way ANOVA followed by
Duncan’s Multiple Range test. Values within a column with different superscript
letters are significantly different from each other at p<0.05 by Duncan’s Multiple
Range Test.
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Table 7. Food intake and Food efficiency ratio

Injection Route Hfi?)\S}ZF Food intake Weight gain FER
(ng/kg) (g/day) (g/day)

Intramuscular 0 18.52+2.25 0.13+0.01 0.69+0.23
10 18.03+3.31 0.11+0.02 0.62+0.15
20 17.22+1.86 0.15+0.01 0.86+0.11°

Intraperitoneal 0 18.06+1.34 0.09+0.02 0.48+0.18"
10 17.44+2.67 0.09+0.01 0.52+0.13"
20 17.27+3.01 0.12+0.02 0.72+0.22?

1) Values are Mean+SD 2) n=10/group

3) Statistical analysis was performed using one-way ANOVA followed by
Duncan’s Multiple Range test. Values within a column with different superscript
letters are significantly different from each other at p<0.05 by Duncan’s Multiple
Range Test.

O
2l

5) A (R, A%, oA, )l A

zA el FAE gk oA Aol gl ot spleene] FACA HAFA
(intraperitoneal) & 3+ ¢ 10ng/kg® FTEoAME 0124 = 0.0462= F935HA
(p<0.05) =7} sttt Jejum FAE <5 FAintramuscular)E 3 49 IECWFZ
T Ao dgko] gl oy E7FFAl(intraperitonea) & 3 Aol A % 10ng/kg ]
FEoA = 0122 £ 0.045 Ao 20ng/kge] FxolA = 0.166 + 0.0260.% 257
(p<0.05) 57} 3t tHTable 8).

o

3
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Table 8. Liver, kidney, spleen and jejunum weight

Injection IECWF Liver Kidney Spleen Jejunum
Route dose(ng/kg) weight(g)  weight(g) weight(g) weight(g)
Intramuscular 0 1.91+0.11 0.47+0.05 0.098+0.014  0.130+0.044
10 1.73+0.12 0.43+0.02 0.103+0.024  0.130+0.045
20 1.75£0.15  0.45+0.05 0.103+0.030  0.137+0.045
Intraperitoneal 0 1.96+1.34 0.48+0.02 0.088+0.018 0.121£0.031
10 1.68+0.11 0.43+0.02 0.124+0.046  0.122+0.045
20 1.69+0.15  0.42+0.01 0.110+0.033  0.166+0.026

1) Values are MeantSD 2) n=10/group

3) Statistical analysis

Duncan’s Multiple Range test. Values within a column with different superscript

letters are significantly different from each other at p<0.05 by Duncan’s Multiple

Range Test.

6) Mucosal weight -7

was performed using one-way ANOVA followed by

FHe] EA= IECWFE 20ng/kg? 2]
(p<0.05)E HAth 53] IECWFY FZo oFEHoz Frtets AL 2 5 AUt
5 FAHintramuscular) & §+ 29 10ng/kgel FZAAE 27.
of W] FoEA= A 20ng/kgd FEAAME 294 + 53mgoE 25
(p<0.05) =7} &t B7F5Ab(intraperitoneal) S 3+ ¢l A %= 10ng/kgel & %Eol A
T 281 + 42 o] o} 20ng/kge] FEAAE 302 £ 632 98 A(p<0.05) St
3} tH(Table 9).
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Table 9. Mucosal weight in jejunum

Injection Route IEC(;ZZ{ gd)ose Jejunum( Elgl/c:rie;l weight
Intramuscular 0 231 + 45

10 217 + 627

20 294 + 53"
Intraperitoneal 0 243 + 2.7°

10 28.1 + 42"

20 302 + 6.3

1) Values are MeantSD 2) n=10/group

3) Statistical analysis was performed using one-way ANOVA followed by
Duncan’s Multiple Range test. Values within a column with different superscript
letters are significantly different from each other at p<0.05 by Duncan’s Multiple
Range Test.

7) Mucosal DNA$} protein &%

5T Ak(intramuscular) & 3 -9 Mucosal DNA 3%} protein 332 - 7hol
S92l ol gl oy, EAFAl(intraperitonea)E 3 A$  protien FHFS
10ng/kg®] &XoA+= 3.0 + 0.3 mg/g tissue®Z F2l3A ko) 20ng/kgel F=
oAM= 39 + 0.6 mg/g tissueZ FJ3HAl (p<0.05) 57} Atk Mucosal DNA &
% protein g #H3} W] %d FIEFS Btk IECWEFS 10ng/kg sEolAE 302 + 45
mg/g tissue® Foatx &ko}, 20ng/kgel FEolAE 367 + 47 mg/g tissue®
frolshAl (p<0.05) 71 a3 tH(Table 10).

8) AV IGF-1 ¥% =4

g3 IGF-1 5=+ E7FFAl(intraperitoneal) & 3 79 w7bol] Zpol:= o5}
Ae Foey IECWF s& o&dow F7hste A4S B, S5
(intraperitoneal) & ¥ 749l %= 10ng/kgel &=+ 10603 + 190.8 pg/L Aot
20ng/kgel FEAAE 12106 + 2094 pg/L= 23 A(p<0.05) S7F A th(Table
1D).
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Table 10. Mucosal protein and DNA content in jejunum

Injection Route IECWF dose Mucosal protein Mucosal. DNA
(ng/kg) (mg/g tissue) (mg/g tissue)
Intramuscular 0 312 = 2.3 26 +04
10 338 + 6.1 25+ 0.2
20 342 £ 40 28 £ 09
Intraperitoneal 0 293 + 5.2 2.7 + 02"
10 30.2 + 4.5 30 + 0.3
20 36.7 + 47" 39 £ 06°

1) Values are MeantSD 2) n=10/group

3) Statistical analysis was performed using one-way ANOVA followed by
Duncan’s Multiple Range test. Values within a column with different superscript
letters are significantly different from each other at p<0.05 by Duncan’s Multiple

Range Test.

Table 11. Serum IGF-1 concentration

Injection Route TECWE dose 1GF-T
(ng/kg) (ug/L)
Intramuscular 0 909.7 + 199.6
10 950.3 + 1985
20 1121.3 + 237.8
Intraperitoneal 0 9373 + 227.9"
10 1060.3 + 190.8"
20 12106 + 209.4*

1) Values are Mean+SD 2) n=10/group

3) Statistical analysis was performed using one-way ANOVA followed by
Duncan’s Multiple Range test. Values within a column with different superscript
letters are significantly different from each other at p<0.05 by Duncan’s Multiple

Range Test.

- 111 -



S7HE B 4 Ao mucosal o 2ol 4AEY FEHE 55

=
=
o golw #A waEe] JFa Fro WAL WAFE 4L T £ Yo o

A (Fig. 3).

(B)

©

(E)

Fig. 3. Histology of the Jejunum.

(A) Control, (B) Intramuscular injection group(10ng/kg), (C) Intramuscular injected
group(20ng/kg) (D) Intraperitoneal injection group(10ng/kg), (E) Intraperitoneal
injection group(20ng/kg)

10) &< Villus height

[ECWF &% 9&dor Z7lsts AF%S By, &
ol A= 10ng/kge FEolAE 8502 + 1121 pg/L o 20ng/kgel FZolAE=
8905 + 995 pg/L= F7hete AFES Hou frold Aol gl tHTable 12).

7+5=AH(intraperitoneal) & g
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Table 12. Villus height in jejunum

Injection Route IE(EX;I/?}{ g)ose Villus hei%E‘lc\//[c)rypt depth
Intramuscular 0 803.2 + 785

10 830.1 £ 90.3

20 853.6 + 69.9
Intraperitoneal 0 799.6 + 88.2

10 850.2 £ 112.1

20 890.5 £ 99.5

1) Values are Mean+SD 2) n=10/group

3) Statistical analysis was performed using one-way ANOVA followed by
Duncan’s Multiple Range test. Values within a column with different superscript
letters are significantly different from each other at p<0.05 by Duncan’s Multiple
Range Test.

gt dsd ¢

riN

4 Fxae mA= 23 HS

1) =8 FF mice A4t

o] ICR mice(25-40g)E FTHAH FEAMAA FYst 17U 3410 F
streptozotocin (STZ, Sigma Chemical Co.)S 13] B7F3te] dxsE {3190
= citric acid

STZF e A¥ds=S 164 d23% F  75mg/kg BW.
buffer(0.IM pH4.2)oll =o Hol FAFZo] 04dmlo|W7} HE=
g5 HAabste] FEEGA7F 200mg/dioldel & e Tt
AL 10ve 2 st APsEe 3 vy Zelsto] ASS
Agkgle] skt

IGF-I enriched fractions A2l @l 5o (20ug/kg BW) 14 F<t wid 44
AlZEell A-Folst Atk k2ol e &2 A Rol A =S SAth

IJ
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2) AFWsg
A7) 7HEete] HF AFS DMTET IERCWFS Fo3k oA oFzte] S48 B
Fot oAl i}ol—t— Holxl ki, FmaolA= AT S7hEFel 004 + 0.01
3 FollME TR 006 £ 0.02 g/day® 28 (p<0.05)

g/dayd oy IECWFE
<=7} 3t tk.(Table 13)

Table 13. Initial weight, final weight and weight gain
Weight gain (g/day)

Final weight (g)

Group Initial weight (g)
DM 23.11+0.53 25.36+0.46 0.04+0.01
DM+IECWF 22.47+0.58 27.33+0.74 0.06+0.02"
1) Values are Mean+SD 2) n=10/group
3) * P<0.05 Significantly different from DM group
3 #RAAY, Hol A L Aol Lk (FER)

A 717bEte] i AHAEFH Aol AAZFS DMu Rt [ECWFE Fofgh vl A
F7re] F7hE mlou FoFel ol Holx eksir o] §& oA WxolA
05120229 21 IECWFE Folgtitol A= &% 048+0.09= ol sxto]7F gl
t}.(Table 14)

Table 14. Water and food intake and Food Efficiency Ratio

Water intake Food intake
Group (ml/day) (g/day) FER
DM 23.4£0.8 13.64+2.67 0.51+0.22
DM+IECWF 18.7£0.9 16.36+2.77 0.48+0.09

1) Values are MeantSD 2) n=10/group
3) * P<0.05 Significantly different from DM group

4) FH-sHAAL
AIZE AR e EEEE 4%t 4
Fol & 308, 90%, 120% 73t

TFo% % sucrose(2g/kg B
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SAsAT. @] WMsk= DMaroll A 189.5421.1 mg/dLellA 30, 60, 90

Qhe] Wish= 297.4+19.7, 223.7442.9, 16343595 YEIRL o™ IECWF Fo a2
191.3+23.0 mg/dLell Al 30, 60, 90 &<ke]l Wsh= 270.2£30.2, 241.6+30.6, 216.7+20.5
2 g Wy enkgt Waks vhd e A Wedee M 5 e s
T FAR AAAAYT & A oM FY T s Fojel o Al

3P E]ojor & Aot} (Table 15, Fig. 4)
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Fig. 4. Changes of blood glucose concentration

Table 15. Changes of blood glucose concentration(mg/dL)

Group 0 min 30 min 60 min 90 min
DM 189.5+21.1 297.4+19.7 223.7+42.9 163.4+35.9
DM+IECWF 191.3+23.0 270.2+30.2 241.6+30.6 216.7£20.5

1) Values are MeantSD 2) n=10/group

5) &% Total cholesterol, Triglycerided = 74
g4 AL FEFS DMl 117.26+41.09 mg/dl, [IECWFE Fofg oA
o)

89.28+30.14 mg/dlZ2 #HAE oy FoAHQd Aol= Holx okl Total
cholesterol &S 7toll  Ao]7F ¢lltl. HDL-cholesterol &3S DM ol A
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3387056 mg/dl, [ECWFE Fol@ wolA 39.25:355 mg/dlz S7bE shglont &
o] A ¢l x}o]= Holx kth (Table 16)

Table 16. Effect of IECWF feeding on serum lipids levels. (mg/dl)

Group Triglyceride Total cholesterol HDL cholesterol
DM 117.26+41.09 70.47+19.56 33.87+9.56
DM+IECWF 89.28+30.14 68.53+16.71 39.25+3.55

1) Values are MeanzSD 2) n=10/group 3) * P<0.05 Significantly different from
DM group

ol §AAR IGF-1¢] 285 7% A

1) Aol A= Hs)t
IGF-I& &3 o] 779 xS 1597 Aol 433 23+ Fig. 59 v+
T txate] B
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Fig. 5. Food intake in control and streptozotocin-induced diabetic mice.
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Fig. 6. Changes of body weight in control and streptozotocin—induced diabetic
mice. CON: control mice, CON+Silverworm: silverworm fed control mice,
CON+IGF: IGF containing silverworm fed control mice STZ: streptozotocin induced
diabetic mice, STZ+Silverworm: silverworm fed STZ-induced diabetic mice,

STZ+IGF: IGF containing silverworm fed STZ-induced diabetic mice
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Fig.7. Fasting blood glucose concentrations in control and streptozotocin-induced
diabetic mice. CON: control mice, CON+Silverworm: silverworm fed control mice,
CON+IGF: IGF containing silverworm fed control mice, STZ: streptozotocin
induced diabetic mice, STZ+Silverworm: silverworm fed STZ-induced diabetic

mice, STZ+IGF: IGF containing silverworm fed STZ-induced diabetic mice
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Fig. 8. Serum insulin concentrations in control and streptozotocin—-induced diabetic
mice. CON: control mice, CON+Silverworm: silverworm fed control mice,
CON+IGF: IGF containing silverworm fed control mice, STZ: streptozotocin
induced diabetic mice, STZ+Silverworm: silverworm fed STZ-induced diabetic

mice, STZ+IGF: IGF containing silverworm fed STZ-induced diabetic mice.

o] A¥= ol T IGF 3 ol Aol 9 7] Ee AEF3E 2olE o
T ASdE 89 vEE UFe 2% 9% & dA Gt 28w el e
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Table 17. Formulas of New powder product for new silkworm power contained

IGF-1

Element Unit Content Element Unit Content
Silkworm(IGF) g 2 Niacin mg 6.8
Casein g 13 Folic acid mg 0.1
Maltodextrin g 33 Biotin mg 0.1
Sugar g 24 Taurine mg 49.0
Fiber g 5.2 Carnitine mg 49.0
Oil g 12 Calcium mg 284.0
Vitamin A mgRE 0.3 Phosphate mg 284.0
Vitamin Bl mg 0.9 Potassium mg 442.0
Vitamin B2 mg 1.0 Zinc mg 4.8
Vitamin B4 mg 1.0 Copper mg 04
Vitamin B12 mg 0.010 Iodine mg 39.2
Vitamin C mg 70.0 Iron mg 49
Vitamin D mg 0.0 Sodium mg 314.0
Vitamin E mg 10.0 Trace mg 1240
Vitamin K mg 0.1 Total g 95
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Table 18. Ratio of nutritional element and calories in New powder product for new

silkworm power contained IGF-1

Amount of Daily Ratio of calories
Element Unit Content
Recommendation (%) (%)
Calories kcal 400 2600 kcal
Protein g 15 15~20 15
Lipid g 12 15~25 27
Carbohydrate g 63 65 58
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