T EFHI

11-1541000-001324-01 A5 (109116-3)

A7 OotA L oA ALZ S NANA
CHEFM AR 2 N EFE3
(Developing the mass production ability of a type
of perishing harmful germs in part of infant and

toddler foods and the production application)

GMPZH¥ N-Acetylneuraminic acid (NANA) AAH-S
%3t Neuraminidase 7§ @ NANA AAL7|& 7hd
(From GMP, Developing Neuraminidase for
N—Acetylneuraminic acid(NANA) production and NANA

production technique)

N F (F) FFATA

o
a by
2
1>
T
—



9 AEA

o APEE NANAU =L Al 7

iheshel

3

o

A

acid (NANA) A8

N—Acetylneuraminic
Neuraminidase® 7|3 9 NANA A7) 74 )9 HuMZ AETy}.

&7 A (A - A] “GMPE5-E

2012 04€¢ 10¢

,._ﬂo
oy

—

NS

—

)
N

O
7
N

B

e
axe)

R

B!

Sl

A

B!



I.A &

oty el A AFEE NANAUZALE At U AEF8 8 (HsAT713
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E AR (o] dEH HT At NANAE tidwe] fdx Axged we vas
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Lo AlgfaA] el & A5 49 49
2 AT s Agre LAy ddE AogA, I8 fuwAZEE NANAAZ
Aol FA g5ls Fsto] JNRAAL kA W SAS e e 48
7F ek =, ERE doe) wel AT (@, AW, gestE s )W, 54

SRRAI = 18 9%
S2 BA @AY B RS AYsh 290 BAgelwe] Uld NANA 3
A wWore tgel geA Adtsl BREE Adold 5o HEd W AF 484
gu, a0 AR AolEg PA U NANAZAS FEQay H7palel v d2%
WSS B 9% v AR A 2L BN 52 dwdd Fhstan

7h @A Aol E (AR E ol )Wl AE FERAgAR] JE 4o
7l ey FEE ogiF¥o] gl Al 3w
Entrobacter sakazakii)®l wate], a8 (BAY gR)S HFd FodHA
(GMP) & 982 7194 dd A=A N 53

. 71de fFemAcd . NANAS &4% AHgHo=m H

o]

Neuraminidaset= 2F37M=E2 SAH

st7]  91E JmAQl
N AEVAESFT  Arthrobacter
22 Bl oolE A83F NANA
o] Al~Elo® n ettt Al&Ee] st A¥eE o
I o
o} A7}

D AAde] dRHEs Zlaas Aatety] fste] AQaa079), AFHER

AA AT A2 A, Arthrobacter ureatacienss NeuraminidaseJAF a1
o g el

2) 714 GMPU NANA Axbs 9@l ¥l Arthrobacter ureatacienss W/d o =2
APAH dbezA 5 NANAYAZAS FHsialct

o} NANAS] thFAYMAI AR AHS S8k, a4xPAGE ez 9 ol&

g NANA A4H(10:=, 71AGMP thv] 523871 1% 7159 < 918 a2
b Bl NANAAA = A edv. A= vs3 2

7hH HbgxUl HF a4 0.16unit/mii=d, ol F  432,000unitd]

=
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Neuraminidase”} A4FE 2 tH(p<0.05).

) 71#el GMP 1g2 &Ai#dA# NANAES AAsL7] $13F Neuraminidase &4
A7} = 0.5unit/g (GMP) 31 tH(p<0.05).

thH Neuraminidase 432,000unitE % €A], GMP(NANA 4% 3¥)+ 864Kgs
Al A dglon, ojuf NANAAARF(100%w % 715) > 25.9Kgitt.

2 100%<% NANAZ AAFA], NeuraminidaseB]-8-2 386,1008/Kg, 25%2]
A9 96,5259/Kge] 225t

7l 7B Neuraminidase £45 283 ¥z GMP(NANA 4%) 2458 gAkd
NANA (=5 25% 7]15) 9 AAabEe GMP 1Kg® 99g (20 x) %, ol A
AL 63%ATE o= 71 EA GMPW NANAG-F0] 494 7hetkstd

>

25% 7122 1Kg NANAS AAb7k= 674,471 (“34ki] &
/Kg 3E3h) o] it

Hh) fFAAES 93 3 AL A7FC 24 Neuraminidase A4
NANAT 112X (FAAZE A Alg) o2 F 130A7Fo] 4

AP NANAAARTFE(63%) 57 218 WS AAde A3, FEafuks
v JAd= 3 D =44 53, = A ]
HAsIS Az £ AT de M- FE&s HAW 73%7HA Fdst
A TH(p<0.05).

oh) AEAox, o] nolg AR FFEWMAA Fest FuA (GMP) 251
NANAZAAES §3F &4 (Neuraminidase) A4S PAE (HEFH7F mAE) &
K, o] o]g3 3~10%F +E2 Neuraminidase wH&AAF = Aake
NeuraminidaseE ©]&3 10¥ 29 NANAUH AAAAElS AddHA 4
Hetadth



7F NANAAA = 28573+ digtels APEEzE Rolod, asdAdvel st
< AMEaY o
U, AE5AAEEMIC)E Hlwste] ¥ Ay MICE 2.5~5ppm
w78 MICFA 7} A Yepvhs d3dS BAvH(P<0.01).
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o izl A 2N AP A9es vadd TR dEael FATS HIANNF Y
FEY NANAES Ag 5 FaALS Blwste] Bguy, §o3 2o)7h A=A @&
St} o] NANAAAZE -] o2z (dadF, Aws, g53te7, vdd&F

AF B9 zHNkgo]l dojux ok AAIdo] FIEATHP<0.01). AP o H)

FollA, Beld AdgelA ﬂ?“éo
Hl#|sto] Ay Aol FAd
g, o]9} v w3 wW] NANAAAE 58 iAo &
Zt. NANAX g 5% ofn] a3 ddd AIke
v d Aos BolEd, 0.5% (w/wNANA $55 7502 3iolue 99%°]4
o] Feads KA (P<0.05)
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5. FalMlTtel diste], 37F9 FHAE ez 1A YHAARRFARE E2lst &
NANAAA S HYA] FHAdS AAS A3, WAAEFH dsto =
o] gl Ak (P<0.01)

6. Al (E.coli O157:HT) WS A2, NANAS 5455 (0.25%) = Az
A 1A A A F2YE AFS & o5 10MdlEet WA Al & Ato]
£ vl oeZA NANAZ 7|QIst Uido] fas=A5 AAddA, A

3 = A HA gkth weEbd, NANAZ|OHY WAL f29x 9=
Aoz AN EH AT (P<0.01).

7. NANAo] 3+ #Asts Fav7iUSS #2435t Bdy, NANAE A EE
AHAOZ lysis B damages T4 &t 184, MICEE=o]/dolA AHxE 4



. TENANAZA S AE4 84 7

NANAZAREe] HEE2Z7 AATFAAZA 1H7F AENEde) waet AE3=
$3t FodEH FUE AASY. GrMEg R o2 = YWEA, RaxAE e U
WA, Z17dE(FEEx g 7Y, 379 W 109 2 RS AE3E Qs 284
H7ME AAIEH Y

HEA, NANAZA S AAFHAZA ARl Qlo] HNFAF Rtk A1 o] A
s 4 ATk webA, WA NANAZAE AEs dsAls 2% 52 3134
o] HAgts & & 0o (P<0.01D), AFAEA F7tE Fdso] HFHoz A
F3 AL HFEE (HFHE) F AAZHFHAD E T AxEAHE JHEEE
A AE RS s sksith

MUNANAZA ] AF-FE5E AF484 F7Ha7s o2 2o

7Fo1% w52 A% NANA= F709 BEA=[AEA 0 37.4min. (85%), +AF -
37.5min.(15%) = ®A3tE HES B3 A} (FPLCEAD).

U RE (e W W) xde] e BAWME AL @ﬂ

1) NANAZAE A2w3d oA Alzko] 7
WA 9 FRAG] AeA AFEHATE o] A9 NANAE T 27t
15%°1A 72%%7 et =, Aol AR E3E= 85%0A 23818 28% ) 74
st & Hol= EAW s Al (P<0.01).

2) ¥R, G717HE0LeI W) ol = A 9 Exkg Wsks B eE HAys)
A kgt ont, o] % Ajgteo] At AAIA R Wk WA Zo® TobE gt
(P<0.05).

3) g W WART A 77 g e FHAd At RE Fl Sk
zpo] 7k QI w A] ekgkth, whebA], B A7HE el whE BEARSIF 4t A
atell m| = &= v A o®E A HATHEPL0.0

4) AEAox, NANALAE AFA L Slol FddS Ast 44wstE 72
2 FAsohd A RTgE udAEe] 2o AEhs gladdn. 2y, Ak

l-l:l



AgA e A7HE, GARBEAA 30 o] 2qstt 20 WEA F5a

ojop & Aoz AerE rh(P<0.01).

T NANAZA S WEA 2 Al o] v x+&= o skxA}
1) NANAZA ] dist I H7=
(75T, 90T % 121C) =& & Ex= 9 EAHIE 7&?@ }0% E“ﬂr

(RT : 37. 5m1n)i olFst dE S vl wE AOoR FAME o] NANAZA)
= A2 AAHA T (P<0.0D).

2) NANAzAel gt Ax 27t &4 Astel A= &) A=AE A=
B Ay o E5FH0) vt dHa s oi zpo)rt Ao, AA A A
g za oM G AFol= vEREA] st (P<0.01).

3) AZAHOZ NANAAASY 7|E1A BExlagke ARxlel nixatz pAHo] s

Hl, =59 Bz zpold weh SAE W (LA z o) ¢ FAlel &

lo

=

Wt Aol wAskE HHS BAN, ol AWy & Ask adtele
TS 1o R A H THEPL0.05).

9. NANAS] YAt 9 714 H7}

A4 (HCL, Acetic acid, HoSOs, HNOs) 2 94714 (NaOH) A|22 rod=z 848t
T TYEEY NANAS H7F & 5 AZEE 3A] NANAY 2243 Hstaiids HARRES

A NANA S YAk 9 W 7] & 3 7heto] Bkt

A3ZE A, NANALZ A= YL S ta A FH Ao, A 27 o A += NANA A
o AfEA o] By ElS o] YA S AR 9kktH(P<0.01). 18, A
HAIZro] AW AyE dte] oML FUsHA EarFgo] sk dES Bl

10. 7WINANAZA ] A3t dr9 FH
NANAZAA NS HEm F7F AASHAZA] aH7}
A BrE V2R s, AGAZETE 1A e] A
A, BAF NANAZ A= AlEst d82A adAdes
B AHAFEADE R AFS Slen HEF: A =
e AFE dAF(EAN G2 23 Y Ades e 2k
7t NANAZAS] BA{H 7] Adds G HES AFS AT 2oz
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Az dA9E g, 484 HF 9 100gF 0.5% NANAAA
7t FHEES este] AF3 dAgE s

U Al A EA, dHEe2e ZAE (¥, 13/500mg, NANATH
2.5mg, W7t ¢ ok 129/4)7 FAY M(EAY, 3/750mg, NANAT-F
5mg/A, @7F : 20.259/%) agln AAAAEoR, FHIF(EEH, 1~
/2,000mg, NANASH+&: 5mg/1Stick, 7} : 22.2591/Stick) &2 F#3lo]
< #HAEE AT old AFE NANATRHFS  FAH EHEH) S
40~50mg, FH L 100mgo] FHE= st}

2

N El
E

11. =d 4 AT S &8 APAA B7HE =L Adolse A7)
AHE dFAAA AR A8 ke ENANA (5 25%) tiv] F4INANA ()
o s=Ud AY MBS AT AR kA F7HE flske], 0%~1%s =34 NANA
of tjste] HEK 293 (human embryonic kidney cell) @ RAW264.7 (macrophage
cell) cellE o]&3to] MTT, NO, Cytokines % Western blot analysisf & 714
= HrbeAT Ay v 2
7F. NANAZARE E575 ddo® ki 371 A9, NANAE 0.5%(w/w) sEoldelrs
=45 UehlEt, ol iz NANA 2 JRUNANAA oA Fda dels B3t
(P<0.01D).
. NANAZA= 0.5% olate] solrs F5idoln, &z
HH3ta Qs 2oz H7hE 2 ehH(P<0.01).
1) NANAA 2 A] INOS, COX—-29} =4 cytokine?! TNF—¢ ZHdAHS a4 Ao
= SAlstl=, Fde s vEh] Wise s A Hioh(P<0.05)
2) NANAZAE LPSel 98 fojA= vAYFed MAPK Asddabds dsto]
FaT aE HeEhis Blo] prsithe Ae SR1sHITHEP<0.05).
3) weEbA, NANAE 954 Ak o = A 5ol F8sHA AHE + s 2oz &
GE oM ALARMAA BrHANE VIR FEQMAA B, AFEW H7F NANASE
55 0.1% 05% 181 3% AT 192 Ak

HAsEs a9 =

ol

7h NANA =938 7ts &8 4 F7HE 9% AR dAl9= AIN-76AE 7
oz 3ol 1Kgd NANA(00% «%= 718t 1g(NANA-LAZT),

10



5g(NANA-MA g +) 4 10g(NANA-HHg*H) 2 &3 FA4313 ).

. AAAEF = 2T (AIN=-76A R0l F5) o Bl (7] EAT R o] SFANANAZE 7}
T, SNANA) 183 AP F2A = 7]2AR (AIN=-76A) 2F 7HUNANAS 5455

= Egstel 2SR

71 : :
skt

D dPEE st AAsAdFAF Y s dIAZGE QAN G E 1358 5
4)S iz div] NANAA 9} vlwste] Bokdy, zko|7F A=A ekokeh

2) AT 9 713E FAME ] s AnE 94 JbER RS gx b

NANAA 2] -9} H]awsto] =ttt
Az AT 2L X2 (57713 0 Liver, Kidney, Spleen, Heart, Lung)
3 ZZ2 (27 : femur, Backbone) ZAAIEFoA o2 thH] =po]7p <174 &

A skt

3) NANAA|A|°] Azt <t

2

A Ans VxR, FHHoR ddFxg A uerd

A JAA ol AFE Eote] AU A AE FAFsE] By, oA
Zpol = G A ek

4) A7 W gAY HUbE VxR ZAAAE AAFeRA, 85 2 13577 A
Ao 71#E (778718 ¢ Liver, Kidney, Spleen, Heart, Lung, Femur %

|
A NA g Aol b EA] k=], 1357 A A
pleen®lA] Necrosis (22 AL @o] A5

S
Y A S Frhete] 2 Ay, Aok 85014 Aolx

b 8F A¥A= A
AEENANA A 2] 9]
(h) 7IENANAZ]
Ao 0.5%°1%
U, Y A 9 ogleh
gl Ao AT SlE

5) NANAAA7} So%7 | vuld
Atato] HQkTh
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h Fawss FEdts ol ZEollal, TNVIRE ZxAdA F2de] A
= AT,

h) =x4s TR A ZauwssE Abste] BdY, dix div] AA
NANAZ 2] ol A 45 AIAE 10~20% B2 Z2ANS won, 837}
At 2318 20%% 9] oA Frlske ABE Rlth o] A¥E NANA
A AU FFEe] muld o]k X3y wALTFS dEhde Ve E
HAshes 2o gyt

(th ZxAdelld Fo3 mula W3l Spleenold WA=, o vdde
Aol o)t HEFS vlwste] BUuy )z (150~180ppm) ©iH] NANA
Aol A oF 2uellA MR LEER FAE= AT BHYon, wxo vl
sto] F7bshe Aol At

() NANAZA @ Aelsrdz 7|3d BX2A 23 gz tiv] $4NANAS 7)
UINANA 54 dy1e A e, 1seE =2 =
NANAZ A zpo

(mh =374 AFA

NANAZAE (HINANA 2 7JENANA), 55H(0.1%, 05% 2 1%) 2D A
o) 71ZH(8F @ 1359 wel FZA(HAZE Femur’]5) ol FA, A (4o, *)

JNAAE WsE dix oiv] vzt eklvy. Ades oha 2k

(1) NANAAOIAl =x2AY 25 3H3Fe 4775 10~20%7F 7HAast oY,
8FolF FEE 238 oF 10~20% F71sHs A3E HATHPL0.05).

(2) NANAX T =AY ZaF7ietd gA =249 A, Holad 9 <
A% 10%017 S7kekes o2 AT

(3) NANAAOIA] sZate] & X
(P<0.05).

(4) NANAZAZF Zx2A4d Wsle] wX]= G QA &htH(P<0.05).

13. AUn|AE Fxwst 24}

NANAZAE (BHINANA 2 7HHLNANA), FEH0.1%, 0.5% 4 1%) 9 Ao
7120457, 8F E 1357 o wet G d=F WItE fEsteAE ST (TSA v
Z) tiu] g7 (MacConkey s #]) B %)?_i‘(BCP Hjx)) o2 Fateke] S
slol| A kit date o33 g
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7}

NANAZ2] A3 o9} Ao]7]
ow olu WFTY AT WEFE nAER g EH AT (P<0.01).

d

o} NANAZS] Ao]7|3te wh& ZAME I o3 2

DAAH FFORA, NANAKOIF 8Folel it $7% ga T ol 2
E54 gror], gl fAEEel FolsA A 9w Frkshe AHS B

2) Hx NANAAFH 9 Az do]| w7}

vk NANAZA 9] Aojof-g 7| bel whE v =2 Wsht-oF ol 5ol 98t &

—

J

X

© T tiE] ApolrE G HA ¢

2

ATH(P<0.05). 28, 8FolAe] A7
O]— Q—TL Fg‘LH—T—f’-&]E TI’X] O]_ /;1]\'1%“%

2 ¥ >,
o 32
rH. ;: _E

A

Foel £918 NANA2|skel, )
5% A vARS] A3

2, NANAA o7} AU A EF2] HElE

i
IN
o M

ik
o o
N
(T
o
iy,

_

v =5 M3t °‘*ﬂ°*°b},
3 He= RAow Ty 9o,
kst 77k A 8T01LH<3M.

FHU

2
o

L e g SATEE BAS 9l SANANAS JWENANAZE v de
TEZAb] GEFBF AHolZIE) & vA=AE ZAbete] Holth AvrEA, NANA

= |
2% WANANAZE FANANARG, oF 7~10W9 AUv]PEs HE f2a)

o] NANAZ axgte Ay &5 2 A do)
Us W 5 add=2d FUE4 3 o2 A3t A xfo] 5o H3hAl
2

[}
AT Ao AdHER F5 AAE Ag7F dasih

FEHI EEE A g Bxwsiele] ASdAE Uz
H WA S Foto], tix=+ thu] NANAHGO|Z Qleto] =¥ w|B&2] Waltel o
=20l P FEE 7]%2§ ProbioticA| Al % o &ts
| Agdad) 2o 7 7hsAds &l st A skt
J=¢ FxWsr A Aee

wﬂ

o] Synbiotic A A (of| %
1) NANAAo]o] & Zfv]
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SUMMARY

I. Title
Developing the mass production ability of a type of perishing harmful germs
in part of infant and toddler foods and The production application
(Cooperative research institution : From GMP, Developing Neuraminidase for

N—Acetylneuraminic acid(NANA) production and NANA production technique
II. The object of research and development and necessity

1. The object of research and development

In this subject, we paid attention to the antibiosis among diverse functions of
NANA which 1s a resource that never been used existing in milk. After
accomplished the procedure that constructed mass production system for
insuring economical efficiency and performed animal clinical testing, finally we
intended to make NANA as a high value—added product that controls
germs (E.sakazakii and B.cereus) which are infected to foods for infant and

toddler and cause the public health academical harms.

2. objective and Significance

Gram Positive (B. cereus, symptoms : diarrhea, vomiting, stomachache) and
Gram Negative Bacteria(E.sakazakii, symptoms : meningitis of the newborn)
are germs legally restricted both within and without the country because of
their harm to infant, toddler, the old and the weak, and they are also the
target to be particularly restricted in the case of food for infant, toddler and
the old.

Because of two germ babyfood infection avalanches that happened in Korea
from 2006 to 2007, it is estimated that the entire loss is 55 billion won as
the loss of powdered milk for toddler is 50 billion won(per one company, one
item), and that of weaning food is 1.5 billion won(per one company, one
item). Moreover, there is the tremendous loss of the food industry in points

of both material and moral.
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Nowadays, when the two germs written above are detected, food industry
including dairy industry only presents stopping production of the goods as the
first measure, and removing all products and finding solutions as a second
measure. It is true that there is no other proper solutions except for heat
treatment when manufacture the goods or simple processing method that
prevents the second contamination.

Also, baby foods maintain a property (legal restriction) that addition of some
materials (synthetic material, antibiotics and preservative and so on) for
preventing germ is all restricted.

It is found that when bactericide (except for antibiotics) is added to milk,
the bactericide and milk's essential structure materials(proteinoid, milk fat,
carbohydrate etc.) cause immediate chelate reaction induction effect. And
according to the trait which disables material's own antibacterial ability, many
researches for developing natural antibacterial material are proceeding
actively both inside and outside of Korea.

In this subject, we noticed the glycoprotein sialic
acid (=N—Acetylneuraminic acid=NANA) existing in proteinoid as a solution to
problem written above, and it is judged that when it comes to
commercialization, if it is not—been—used material and also secures the
afterward economic, it can be raised as the most important material in the
point of "Glycomix and carbohydrate medicine" development competition.

Relating to this subject, NANA 1is noticed that it maintain many unique
features (antivirus effect, anticancer effect, anti—inflammatory effect, defensing
bacterial infection and maintaining restraining machanism, immune reinforcing
ability, nerve signal delivery and skin pigmentation restraining effect etc.).
Currently, NANA used(almost for medical purpose) in and out of Korea has
many problems to be solved to apply NANA to food extensively since the
NANA 1is mostly consist of microbe product which is made by genetic
recombination of colon bacillus and synthetic goods.

Currently, NANA's international market price is $10,000~16,000 (consider
$1 as 1000 won)/kg and most of the NANA is dominated by Chinese(Co. JK
Bioteck). Though NANA is applied to some part of special diet in hospitals,
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there is no example of application to common foods.

This 1s proceeded in many different sides by internal and external
researchers

The international market of protein medicine (glycoprotein medicine occupies
60% of protein market) that can be related to this subject is expected to
gradually increase from $47.4 billion in 2006 to &55.7 in 2011 (basis
glycomics and carbohydrate medicine, Biotech policy center, the 39th book of
series, 2007.), therefore "Next generation medicine development business
using glycomics (whole working expenses : $10.05 bilion))"is started from
2005 and it is progressing at the basic level.

Glycoprotein medicine 1s about the wusing restriction of genetic
recombination by—product(hormone, cytokine, enzyme and enzyme controlling
element, growth element, clotting of blood element, monoclonal antibodies),
there is no related item to proteinoid originated antibacterial materials which
is connected to this subject. (basis @ analysis of Glycoprotein medicine's
sugar structure and the method of experiment guide, KFDA, 2007.).

It can be said that this subject is the research and development that is at
the same level with the process '"glycomics and carbohydrate medicine
research and development" inside and outside of Korea. Thus, this subject is
said to secure both practical problem solving that
applicating (commercialization) the development result(basic research) of
natural antibacterial material which has milk originated multifuction to
babyfoods and alternative occupying superiority of the internatioanl technique.

The supervising research institution and cooperating institution 1S
professional companies that possess enough KNOW-HOW about dairy and
research and development and production of enzyme, sufficient manpower and
installation equipment. So the mass production of proteinoid in powdered milk
for seperating natural NANA, this subject agrees enough to the view that the
alternative to the product safety of pathogenic organisms and general bacteria
should be found and no objection.

For now, When checking for the demand by consumers about internal and

external foods, they demand the price as that of foods, quality and
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functionality as the level of medicine. Therefore, the material that will be
produced in this subject 1s suitable to the demanding point, and we expect
that it would be the core technique cause which can take the superiority of
increasing the share in the international market.

Consequently, to satisfy the necessity written above, we applied the system
that seperating and purifying (cooperating institute), mass
producing (supervising institute) of proteinoid originated natural
Bacteriocin(NANA) maintaining antibacterial ability (securing economic) about
the chronic pathogenic germs in babyfoods and a consistent product applying
production system. As a result, we tried to secure the basic data for
expanding usage in addition to taking the superiority of the international
technique skills(the area of glycomics research and development) and the
material development for development of the final safe babyfood with security

of industrialization.

III. Contents of research and development and the range

1. Investigating the basic data of NANA material development and founding
required analysis law

a. Developing NANA material and Investigating basic data related to
commercialization

b. Founding the required analysis law of NANA development

2. Production of Neuraminidase enzyme for producing NANA and Founding a
mass production system of NANA

a. Founding NANA and Neuraminidase Assay technique

b. Founding the Neuraminidase screening technique in the existing commercial
enzyme

c. Founding the Neuraminidase screening from microbes for food

d. Seperating and Purifying selected food microbes applied Neuraminidase and

Researching on the feature

®

Establishing the optimum production condition of NANA in developed
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Neuraminidase applied proteinoid (GMP)
f. Founding NANA seperating enzyme and the mass producing technique of

NANA (including economic feasibility assessment)

3. Looking deep into antibacterial mechanism of harmrul germs and Assessing
property of product application

a. Advance assessment of physical/physico—chemical change compared to
condition of application to actual field

b. Advance assessment antibacterial(target for harmful microbes) spectrum

c. Antibacterial spectrum of developed NANA and Antibacterial mechanism

d. Forming NANA originated resistance and Assessment of antibacterial effect

about germs which has antibiotic tolerance

4. Investigating physical/physico—chemical/biological change for long and
short—term

a. Assessment of heat stability of NANA material

b. Stablity relating assessment [physical, physico—chemical and
antibacterial (biological) change] for long and short—term(maximum : 1
year), property and state(powder and liquid) and storage condition(room
temperature, refrigeration)

c. Setting directivity of product application(Dividing the liquid product added
type and powder product added type)

5. Clinical testing of developed NANA (safety and basic effect)

a. Assessment of advance safety(in vitro : Cell-line using) for MIC
setting (clinical testing)

b. Clearing up the body spread mechanism of NANA which used radiobiology
technique

c. Assessment of animal safety through the long and short—term feeding of

NANA material

6. Establishing a recipe of harmful germ controlling product in babyfoods
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a. Clearing up additive amount containting antibacterial effect and cause of
antibacterial interference

b. Establishing recipe by optimum type of commercialization

— Dividing tablet type and liquid type material applied pulp type

c. Establishing the method to expand usage (applicability) by a fixed form

recipe

7. commercialization (progress phased Roadmap)
a. Stage 1 : conference after securing intellectual property (apply for patent
and register)
b. Stage 2 : Implement technique consulting with related institution (KFDA,
NVRQS)
c. Stage 3 : GLP license (field of natural substance new drug : natural
antimicrobial)
d. Stage 4 @ Setting NANA mass production system and commercialization
roadmap
1) output of NANA per year, expected sales per year, assessment necessary
budget for building production institution and required land
2) plan for facility design(after the approval of supervising institution)
e. Stage 5 : Implementing advertising and marketing(after finishing,

3—vyear—expected)

IV. Achievement of central research development

1. Founding compulsory analysis method according to development of new
material

This research is related to development of new material, it is necessary

to clear up the safety of development material and property through

founding analysis method before and after the NANA production from raw

proteinoid. That is, we founded the nutritional contents(protein, fat,

carbohydrate etc.) analysis, long and short—term storage of aimed

development material NANA, the analysis condition of
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physical - physio—chemical property of matter for certificating
heat—resistance, acid—resistance and base—resistance condition according
to necessity between development. And we founded the securing of the
interference effect that is related to antibiosis decrease such as chelating,
harmful microbe controlling effect certification, the method of microbe test
and purification procedure for checking the whole change of intestine
microbes when test the animal safety of NANA material in addition to the

NANA antibacterial assessment about aimed harmful germs consistently.

2. Founding Neuraminidase NANA production enzyme) production and mass production

system

1) Currently, we developed NANA as a originated natural antimicrobial using
antibacterial ability (securing economic) included proteinoid(GMP) as
material against chronic decease producing germ(Bacillus cereus,
Entrobacter sakazakil) which is doing public—health—engineeringly damage
infected into babyfoods (powdered—milk and weaning food etc.) but there is

no specific measure to deal.

2) Neuraminidase, the enzyme for separating NANA from the substrate
proteinoid through enzyme using method is completed the NANA mass
production system that selected Anthrobacter ureafaciens from food
microbes registered as food additive and adopted the enzyme production in

condition of mass production system through a series of system.

3) Result

a) To produce the economic securing decomposition enzyme, we went
through the Neuraminidase screening to commercial enzyme (17 types),
collected microbes registered as food additive. As a result, we selected
Anthrobacter ureafaciens as Neuraminidase producing valid germ.

b) Aiming Arthrobacter ureafaciens selected for NANA production within

substrate GMP, we founded the NANA production condition such as
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laboratory reaction condition.

c) To establish the mass production system of enzyme and NANA, we

certificated enzyme production and NANA productivity for enzyme

production (3 tons of reaction family) and the NANA production(10 tons,

on the basis of the amount of added enzyme compared to substrate

GMP) using enzyme production. The result is as written as below.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Final enzyme productivity in reaction family was 0.16unit/ml, at that
moment totally 432,000unit of Neuraminidase was produced (p<0.05).
Neuraminidase enzyme®7}%] for produce NANA through enzyme
decomposition of 1g of substrate GMP was 0.5unit/g (GMP) (p<0.05).
When applied Neuraminidase 432,000unit, GMP (included 4% of NANA)
could decompose 864kg, at that time the NANA production amount(on
the basis of 100% of purity) was 25.9kg.

When produce 100% purity of NANA, it costs 386,100won/kg for
Neuraminidase, and 96,525won/kg in case of 25%

The production amount of NANA (on the basis of 25% of purity)
produced from development Neuraminidase enzyme applied proteinoid
GMP(4% of NANA) was 99g(freeze—dried) per 1lkg of GMP, the
percentage of production number was 63% at that time. Considering the
NANA content in GMP as substarte, this actual percentage of
production numver was 63% compared to the theoretical percantage of
production number of NANA decomposed by Neuraminidase was 75%.
This comes from the loss of about 8% during the decomposition
reaction process(during precipitate removal) and the loss of 33% of
liquid during and the process of ethanol precipitate removal.
Considering this, the producer price of 1lkg of NANA was
674,471won (including 125,000won/kg of production cost) on the basis
of 25% of purity.

It took 18 hours of Neuraminidase production consuming time as a
process consuming time for mass production, 112 hours(excluding
freeze—drying time) for NANA, so totally 130 hours.

As certificated the method for increasing percentage of NANA
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production number, we make ratio of number to maximum 73% through
the filter press or centrifugal separating process after the collecting
precipitate and the water cleaning collecting process, optimizing the
amount of ethanol addition in the ethanol precipitate removal process at
the stage of decomposition react process (p<0.05).

(8) As a result, we secured the microbes(food additive microbes) for
production of NANA producing enzyme (Neuraminidase) from the
proteinoid (GMP) separated from surplus non—used resource whey
protein. And using the former, we established a series of 3~10 tons
scale of Neuraminidase mass production and 10 tons scale of NANA

mass production system using produced Neuraminidase.

3. Antibacterial effects and Assessing property of product application
After the process of division in physiological saline and milk as culture
medium, infecting each kind of germs and adding development NANA per
concentration, then certificated antibiosis according to each NANA process
concentration and time passing along with the interference cause related to
antibacterial decrease and so on. The result is written as below.

1) Although NANA material showed perishing effect for Gram—negative
germs, it showed antibacterial effect showing fungiatatic effect rather
than showing perishing effect about gram—positive germs (p<0.01).

2) As compared growth blocking concentration(MIC), MIC was ranged
2.5~bppm and also tend to show low MIC figure of gram—negative
germs (p<0.01).

3) As compared antibiosis after the process that infect bacterial to
comparing experimental sterilized milk using physiological salt solution as
a controlled experimental group, no similar difference was recognized. It
1s confirmed that NANA material is the thing that occurs no interference
with many factors in milk (type of protein, fat, carbohydrate, mineral, and
enzyme etc) (p<0.01). In advance experiment, the chitosan which
acknowleged that has antibiosis in physiological salt solution also lost

antibiosis in fertilized milk combining with milk protein proportioning to
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added concentration and then generating precipitation effect. Comparing
to this, it is certificated that NANA material is the great antibiosis
material (p<0.01).

4) As compared time related to NANA process concentration comparing
antibiosis, concentration and time showed proportional result, it showed
more than 99% of antibacterial effect within 3 minutes on the basis of

0.5% (w/w)NANA concentration (p<0.05).

4. As certificated antibacterial effect to lactobacillus through same process
of harmful germ, it showed similar antibacterial result with materials
harmrul germ. That is, lactobacillus decrease dramatically to 20% after 1
hour when added NANA concentration over 1.0% under the condition of
physiological saline and sterilized milk, and no survived colony was

detected after 16 hours.

5. As certificated the antibiosis during NANA material after the advance
check of whether the 37 types of antibiosis has resistance or not about
harmful germs, it is confirmed that it is similar antibiosis to resistance

possessing germs (p<0.01).

6. In the result of certification whether the resistance due to NANA
through comparing antibacterial difference after the repeated process
during 10 generations. aimng just the harmful germs(E.coli O157:H7), after
collected the survived colony in the first generation under the same NANA
process condition of identical concentration(0.25%), the antibacterial
difference in whole generation was not acknowledged. Therefore, it is

acknowledged that the NANA originated resistance is not caused(p<0.01).

7. When certificated the antibacterial mechanism NANA antibacterially
participating, NANA didn't give lysis or damaged to cell membrane directly.
But, it is apprehended that NANA has antibacterial showing mechanism

from finally destroying membrane, by secondly disturbing osmotic
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pressure state maximizing cell inner flow in the condition that above the

MIC concentration (p<0.05).

8. Assessment of product applicability of development NANA material

As the final goal of NANA material development is the high wvalue
material development as a natural antimicrobial, we started assessment by
important item for commercialization. We did the applicability assessment
for commercialization dividing estimating category into heat—resistance, per
storage condition (at room temperature and  refrigeration), per
period (comparing to the first time, 7 days, 37 days and 10 months).

Consequently, we recognized that the solid type is much proper than
liquid type in using NANA material as a natural antibiosis. Therefore,
powder or solid type is proper when commercializing NANA
material (p<0.01), we maximized the practical common usability as finally
establishing the divided manufacture recipe which divide product time into
liquid—added type(pulp type)and intaking type(tablet type) after
synthesizing product application assessment.

The product applicability assessment result by detailed item of

development NANA material is seen as below.

1) NANA composed by 1% of concentration had the pattern possessing two
molecular weights[low molecule : 37.4min.(85%), high molecule

37.5min.(15%) (FPLC analysis)

2) Investigation result of property of matter change according to storage (at
room temperature and refrigeration) condition

a) NANA material had a extreme browning effect, precipitation, and sticking
effect progress as time passes(more than 2 days) under the condition of
storage at room temperature. In this case, the life zone of high molecular
weight increases from 15% to 72%, the life zone of low molecular weight
rather decreases from 85% to 28% at the same time.

b) When refrigerating, No change of property of matter such browning and

31



molecular weight change happened in short—term(within 30 days), as time
passes slight change was shown to be happened (p<0.05).

c) As we checked whether the antibiosis reduces or not according to time pass
under the condition of room temperature and refrigeration, no difference was
acknowledged. Therefore, it is confirmed that the storage condition and the
property of matter change according to time pass didn't affected to the
antibioisis reduction (p<0.01).

d) Consequently, when it comes to product application, NANA material is
much more proper to solid product than to liquid product if assessed on
the basis of the change of property and state except for antibiosis.
However, when NANA material is added to liquid product, it should be
consumed within 30 days wunder the condition of refrigerate

storage (p<0.01).

3) Investigation of NANA material's effect on heat—resistance and antibiosis

a) For heat—resistance assessment about NANA material, we certificated
molecular weight and change of property of matter by non—heat treated
instrument and heat treated instrument(75C, 90C and 121C) compared
to controlled group.

As a result, the heat—safety of NANA material was not acknowledged
because browning phenomenon and pattern moving toward range of high
molecular weight(RT : 37.5min.) as the temperature goes up (p<0.01).

b) As review whether the process of heat—resistance to NANA material affect
the decrease of antibiosis, somewhat difference in antibacterial effect
according to the type of germs, generally no difference of antibiosis under
the condition of heat—treatment and non—heat treatment was
shown (p<0.01).

c) Concequently, basically composing molecular weight of NANA material
consists of low—molecule and high—molecule, it showed browning pattern
as well as the change of molecular weight(move to high—molecule level)
according to temperature and storage condition, this sort of change in

property of matter is acknowledged as it has no relevance to antibiosis
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lowering effect (p<0.05).

9. Assessment of acid—resistance and alkaline—resistance of NANA

As investigate the molecular weight changing pattern of NANA by time
passing after diluting the acid(HCl, Acetic acid, H2SO,, HNO3) and
alkaline (NaOH) sample per concentration and then adding NANA at the same
concentration, we estimated the acid—resistance and alkaline—resistance of
NANA. Although the alkaline—resistance of NANA material was somewhat
stable, the acid—resistance of NANA was not acknowledged because of the
pattern that shows disruption of NANA material's own molecular weight under
the acid condition (p<0.01). However, the longer the passing, the same change

of molecular weight unter the alkaline condition.

10. Founding manufacture recipe of development NANA material

As the final goal of NANA material development is the high—value
product development as a natural antibiosis, based on the product
applicability assessment, solid type is more proper than liquid type. Thus,
we set the producing NANA material as a solid type for manufacture
material, divide—manufactured into liquid—added type(pulp type) and
intaking type (tablet type) and maximized the final common usability. The
setting result of recipe by trapezoid for manufacture is written as below.

1) We divide—established production recipe trapezoid to tablet type and
powder type for securing fungistatic property of target harmful germs
living in NANA, we founded recipe for trapezoid considering including of
0.5% of NANA material per 100g of common used final solution.

2) As a recipe for trapezoid, we established final recipe dividing into tablet
type I(circular shape, 1 pill/500mg, NANA content : 2.5mg, price
aboout 12won/a pill), tablet type I (Road type , pill/750mg, NANA
content : bmg/a pill, price : 20.25won/a pill) for intaking and pulp
type (powder type, 1stick/2,000mg, NANA content : 5mg/lstick, price
22.25won/stick) for liquid type. And then, NANA content per trapezoid
should have 40~50mg for tablet type and 100mg for pulp type.
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11. Advance safety assessment through animal clinical experiment(set animal

clinical testing eating concentration)

For the advance safety assessment for process of clinical testing experiment
of synthetic NANA (controlled) compared to settled mass production system
applied development NANA (25% of purity), we tested the safety through
MTT, NO, Cytokines and Western blot analysis certification about 0~1% of
concentration making NANA using HEK 293 (human embryonic kidney cell)
and RAW264.7 (macrophage cell) cell. The result is written below.

1) As a result of safety assessment aiming to standard strain, NANA material
showed toxicity in over 0.5%(w/w) of concentration, this showed same pattern
in controlled NANA and development NANA process grooup (p<0.01).

2) NANA material is assessed that it is nontoxic under the 0.5% of
concentration, and has anti—inflammation effect(inflammation reducing
effect) (p<0.01).

a) During NANA process, it effectively restricted iNOS, COX—2 and the amount of
TNF—«@ developing which is inflammatory cytokine, because it showed
anti—inflammation effect (p<0.05).

b) NANA material is superior because it shows anti—inflammation effect controlling
MAPK signal delivery process to the mechanism arisen by LPS(P<0.05).

c) Consequently, NANA is judged that it can be useful to prevent or cure
inflammatory disease.

d) When doing the animal safety assessment on the basis of the result of
advance safety assessment, we set the added NANA concentration in feed

as 0.1%, 0.5% and high—concentration processed group as 1%.
12. Animal clinical testing assessment(safety and basic effect assessment)
1) Feeding recipe for the safey assessment through NANA clinical testing
was mixed and composed with NANA per lkg (on the basis of 100% of

purity) for 1g(NANA-L processed group), bg(NANA-M processed
group) and 10g(NANA—-H processed group) on the basis of AIN—76A.

34



2) The whole experimental group was composed by mixing the control
group (AIN=76A feeding intakjng group) and comparison
group (synthesized NANA added basic feeding group, SNANA) and basic
feeding (AIN—=76A) and development NANA as a test group at the same

concentration.

3) Mathod and materials
We investigated by the safety assessment item under the condition of

growth and butchery on each 4th, 8th, and 13th week after having
experimental animal freely—intake the made feeding. Main assessment
category was divided and compared by 9 items : the efficiency of
feeding (growth), weight(whole weight and per organs), histopathology by
organs, investigation of blood indicator and abnormality of chromosome,
mineral distribution per organs and in fecal and the whole change of
microbes living inside of intestine.

a) Dividing by schedule, we compared everyday growth ratio related to
feeding intake amount(measured for 13 weeks per 24hours) to the
control—comparison NANA  process group, no difference  was
acknowledged.

b) We compared the result which affect to body weight and the change per
organs to control—comparison NANA process group also dividing by
term. As a result, the difference compared to control group in the whole
experiemetal group of body weight and muscular tissue(5 organs : Liver,
Kidney, Spleen, Heart, Lung) and 2 osseous tissues(femur, Backbone)
was not acknowledged.

c) On the basis of the safety result related to the growth of NANA
material, we additionally investigated the safety result in body through
the investigation of blood making and index safety and chromosome
abnormality, no difference was acknowledged too.

d) Implementing tissue investigation on the basis of the assessment of

growth and blood safety, we did histopathological safety investigation by
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each 7 organs(Liver, Kidney, Spleen, Heart, Lung, Femur and Backbone)

after 8 weeks and 13 weeks passed.

(1) No similar difference was acknowledged in the whole tissue after 8

weeks, but Necrosis phenomenon was happened in the Spleen of the

development NANA process group when 13 week passed.

(2) As a result of assessment of the safety by the concentration of

development NANA, it is acknowledged that there is no safety when
intakes more than 0.5% of development NANA consistently under the
intaking condition at least more than 8 weeks. However, additional
certification was considered to be needed as there was no problem
with safety in the case of the comparison group which possesses

identical molecule and chemical formula structure(synthesized NANA).

e) We investigated whether the NANA material arises the mineral change in

the important organs dividing by the elapsed time.

(1)

(2)

(3)

(4)

The ion that evoke the central change was calcium, and the similarity
was acknowledged in the osseous tissue of 7 organs.

As investigated the change of calcium by schedule with the osseous
tissue as the center, it showed decrease from 10~20% in the whold
control—contrast NANA process group after 4 weeks, but when 8
weeks passes it rather showed the increase with in the range of 20%.
This result was judged that NANA material is absorbed into body and
has a functionality which shows the tendency of the substitution of
mineral ion and change.

The important mineral change in muscular tissue was happened in
Spleen, the main mineral was iron ion. As compared the detected
amount, it tended to be accumulated as high concentration from about
double to 3 times in the control(150~180ppm)—comparison NANA
process group, and increases proportional to the concentration.

As a result of distribution investigation by organs according to the
NANA material and processed concentration, the pattern of

control—contrast synthesized NANA and development NANA
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concentration was similar, it tended to decrease as the concentration
goes up and the difference by the material of NANA was not

acknowledged.

f) The breaking force of osseous tissue

We did control—contrast comparing investigation of the change of the
weight of osseous tissue(dried Femur standarded), growth(length, width),
and breaking force according to NANA material(synthesized NANA and
development NANA), concentration(0.1%, 0.5% and 1%) and intaking
term (8weeks and 13weeks). The result is written as below.

(1) The calcium content in osseous tissue when intaking NANA decreased
10~20% until the 4th week, but it rather increased about 10~20% after
the 8th week.

(2) It is investigated that when the calcium in osseous tissue of NANA
process group is increase, the weight of osseous tissue, lengthe growth
and strength also increases more than 10%.

(3) The effect to the change in osseous tissue according to the
concentration difference when intaking NANA was not
acknowledged (p<0.05).

(4) The effect to the change in osseous tissue between the NANA material

was not acknowledged (p<0.05).

g) Investication of the distribution change of the microbes living in intestine
We confirmed whether the whole change of microbes living in intestine
is evoked according to NANA material (synthesized NANA and development
NANA), concentration(0.1%, 0.5% and 1%) and intaking term(4 weeks, &
weeks and 13 weeks) under the condition of aerobic condition dividing into
colon bacillus group(MacConkey culture medium) compared to whole
number of germs(TSA culture medium) and lactobacillus(BCP culture
medium). The result is written as below.
(1) As a result of the observation of the average intaking amount of feeding

during 14 weeks, the intaking amount per concentration of experiment
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(2)

section had no similar difference, but the intaking amount of feeding of the
control contrast experiment group decreased at maximum 21*5% and the

similar difference was acknowledged (p<0.05).

Intaking of NANA and the intaking term showed close relation with

change induction of the microbes living in intestine, then the colon
bacillus group and lactobacillus was acknowledged as a difference causing

microbes (p<0.01).

(3) The investigation result according to intaking term of NANA is written

as below.

(a) As a overall tendency, most of colon bacillus group was not detected

within 8 weeks after NANA intake, instead the whole lactobacillus
similarly increase to maximum 9 times(p<0.05). However, eventually
balanced in intestine because the contrast difference of control group
was not acknowledged when intaking for long—term more than 8

weeks.

(b) Therefore, although the change of the microbes living in intestine was

(4)

evoked by NANA that flowed into intestine through the first NANA
intaking and body spreading mechanism, it is judged that the longer the
intaking term the more stable the microbes living in intestine.
Consequently, the term the NANA intaking evoke the change of
microbes living in intestine is at most within 8 weeks.

We investigated whether the synthesized NANA possessing identical
chemical structure and molecular structure and development NANA
affect to the distribution investigation of microbes living in intestine (8
weeks of intaking standarded). As a result, the developmnet NANA of
NANA material is acknowledged that evoke about 7~10 times of the
change of the microbes living in intestine as the synthesized NANA.
This i1s judged that it is caused from the complex result such as
absorption into body and body spread mechanism and accumulation in
intestine : the final way to excretion and the following antibiosis
difference  although it is the NANA with same ingredient. So later

detailed research is needed.
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(5) We controled, contrasted, and investigated the correlation with the
NANA material intaking and the change of microbes living in intestine
according to terms and the change of nutritional distribution in
excretion which is not emitted but absorbed by the former two things.

a) When the distribution change of microbes living in intestine after the
NANA taking 1is extreme, the distribution of nutrient sources in
excretion also tends to decrease similarly.

b) We investigated the result affecting to the change of the microbes
living in intestine according to NANA intaking and decrease of the
emitted nutrient source in excretion.

(1) When the change of the microbes living in intestine is extreme (8
weeks of intake), the emitting concentration of the nuritient source in
excretion also decreased.

(2) When the germs living in intestine is changed to normal state
according to the long—term intake of NANA material(more than &8
weeks), no difference of the composition of emitted nutrient source

was not acknowledged.
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13. Detailed classified research development result compared to research object

Object of research

Result of research

. Investigating basic data for

developing NANA material

1. Completed investigation of price of NANA and market applicability in both
inside and outside of Korea

2. Completed investigation of direction of research and development in both
inside and outside of Korea

3. Accomplished investication about
data(registration, standard : Japan, US

4. Completed investigation about data of synthetic NANA material
data (MSDS)

related patent application

safety

. Establishing the required
analysis law of NANA
development

1. Completed founding of nutiritional contents analysis method

—Crude protein(Kjedhal analysis), crude fat(Gerber method), sugars analysis
method (HPLC)

—Fatty acid analysis : GC(FID)

2. Analysis of molecular change : FPLC

3. Analysis of organic acid(NANA) : HPLC

4. Certification of developed NANA property : FT—IR, XRD, SEM etc.

5. Founded microbe test method(Korean Food Standards Codex standard)

. Preparing proteinoid
matierial for seperating
NANA material (GMP) and
provision(cooperative
research institution)

1. MilIK—=>Whey Protein—>GMP

1. Milk —> Manufacturing sweet
—>Finishing manufacturing GMP

2. Provision of GMP cooperative
amount) : 1,200kg

whey powder (by—product of cheese)

institution (manufactures and provided

. Advance assessment of
NANA antibacteiral (target
for harmful microbes)
spectrum

1. Completed MIC certification of NANA compared to bacterias

2. Completed certification of antibiosis per germ(gram—negative
gram—positive bacillus and E.coliO157:H7)

3. Completed certification of antibiosis under the condition of heat treatment
and non—heat treatment

4. Completed analysis of cause of antibacterial decline when adding mineral
and milk

and

. Advance assessment of
physical/physico—chemical
change compared to
condition of application of
NANA to actual field

1. Completed investigation of NANA molecular weight(FPLC, HPLC) change
per the condition of heat treatment(70~1217C)

2. Completed investigation of antibiosis(Division of gram—positive
negative bacillus) before and after the heat treatment

3. Completed investigation of antibiosis and long and short—term(l year)
change of molecular weight before and after the heat treatment

4. Completed investigation of acid and alkali stability (change of color and
molecular weight)

5. Completed securing basic data of product applying advance assessment of
NANA

and

. Advance assessment of
NANA animal safety (in
vitro : standard cell line
usage)

standard cell
RAW 264.7

certification method using
embryonic kidney cell),

1. Founded in vwvitro toxicity
strain[HEK 293 cell (human
cell(macrophage cell)]

2. Founded verification method
assessment)

NO and MTT assay(connected toxicity

. Assessment of NANA
stability (long and
short—term)

1. Completed assessment of manufactures method of complete NANA
containing product

2. Secured investigation result of molecular weight change when storing for
short and long term

3. Secured basic material of product recipe(storage stability) when finish the

research

. Assessing formation of
resistance and NANA
originated reantibacterial
effect for the germs having
antibacterial resistance

1. Certificated (Finished) shape change related to antibacterial according to
NANA process

2. Certificated antibacterial mechanism
compared to mutual antimicrobial

through NANA material process

. Establishing NANA
production type of
Neuraminidase Assay
technique

1. Finished foudation of optimum disposition making condition

2. Finished foundation of reacting liquid condition(temperature and time)
3. Finished foundation of Blank condition

4. Finished foundation of NANA amount fixing) technique

10. Founding the

Neuraminidase screening
technique in the existing
commercial enzyme

1 Finished Neuraminidase screening utiliziing about 40 types of commercial
enzyme supplement which used as existing enzyme for food

2. Measured considerably low enzyme activity in part of enzyme (Judged as
economic inconsistence because of the exceedingly low enzyme activity)
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Object of research

Result of research

11. Founding
Neuraminidase
screening from
microbes for food

1. Completed Neuraminidase active measurement which has high significance in 3
microbes of about 50 (economic consistence assessment)

2. result of selecting Neuraminidase production strain : Finally decided Arthrobacter
ureafaciens KCTC 3387 as Neuraminidase production strain considering the ease
of enzyme titer and enzyme production

12. Seperating and
Purifying selected food
microbes applied
Neuraminidase and
Researching on the
feature

1. Established condition of final increasing specific activity about fivefold compared
to seperating purification culture supernatant.

2. Completed research of reaction feature to proteinoid(GMP) using seperating
enzyme liquid (related to the mass production system establishing of the second
year)

— Assessmenet (Completion) of the interference optimum pH, temperature, enzyme
heat stability, pH, stability, salts etc and effect

13. Separating selected
microbes and
Establishing the
optimum production
condition of NANA in
developed
Neuraminidase applied
GMP

1. Completed establishing the technique and the optimum condition of cutting off
NANA from GMP using Neuraminidase

2. Established (Completed) the reaction condition disposition GMP applied seperation
enzyme

3. Completed establishing of optimum disposition concentration (Finished related
implementing of the system related to developed enzyme applied NANA mass
production system of the second year)

14. Establishing enzyme
for NANA production
and NANA mass

production system

1. Established(Completed) NANA mass production technique using selected food
microbe (Arthrobacter) seperating enzyme (Neuraminidase)
a. Establishing Neuraminidase mass production technique for Arthrobacter
— Completed the developed enzyme physiochemical property investigation
— Assessment(Completed) of economic(percentage of production
decomposition and so on)
b. Completed rank analysis of developed enzyme amino acid
— Arthrobacter seperation Neuraminidase Intellectual property rights security
— Connection of securing the intellectual property right of Arthrobacter separating
Neuraminidase
2. Established NANA mass production technique in developed enzyme applied GMP
a. economic (productivity of NANA, on unit/GMP 1lkg) assessment
b. Completed deduction of problem of mass production (loss of NANA and yield
growth)
c. Set(Completed) the standard of NANA industrialization
— Deduction of problem between mass production such as the percentage of
production amount(lost about 33% of aimed amount)
— Set the purity standard in the product applied type of NANA mass production
(on production purity : 26%)
3. Founded (Completed) recovery (loss decreasing) increasing technique in NANA
production
a. Solution of loss in decomposing active process(removing precipitate)
b. Solution of loss in the removing process of ethanol precipitate
c. dry expense lowering method : improving the lyophilization dry process
d. Method of increasing recovery : founded over 75%

amount,

15. Antibacterial spectrum
of developed NANA
and Antibacterial
mechanism

1. Comparing investigation(completed) of the antibacterial spectrum of developed
NANA
— Dividing gram—positive bacillus, gram—negative bacillus and yeast(MIC rate of
change certification)
2. Checked(Completed) whether the developed NANA forms resistance or not
a. Confirmed the possession or non—possession of resistance compared to 37
types of antibiotic
b. 10th generation repeated process(E.coli
resistance or not) applied assessment)
3. Assessment(Completed) of antibacteiral(yeast, colon bacillus) mechanism
a. Change of shape(SEM) (on the basis of yeast, colon bacillus)
b. Cell membrane related assessment(method 1 Fluorescence dying Method,
method 2 Depolarization Method, method 3 Calcein Leakge in artificial
Vesicles Method)

standard germ(whether possesses
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Object of research

Result of research

16. Assessment of the
application of
developed NANA to
actual field

1. Investigated(Completed) physical/physico—chemical/biological change in long and
short—term

a. Stability assessment before and after the heat treatment

b. long and short—term(maximum 1 vyear), per property and state
assessment [powder, 1% (w/w)liquid] and per storage condition(room
temperature, refrigeration)

2. Assessment of directivity setting of the product application

— the liquid product added type and powder product added type

17. Establishing recipe of
Type possessing
controlling effect and
r e I a t e d
recipe(economic
feasibility assessment)

1. Establishing the recipe of harmful germ controlling NANA commercialization

— tablet type(immediate eating type), pulp type(liquid product type such as milk
and so on)

2. Progress of food additive approval : in certification institution(Animal, Plant and
Fisheries Quarantine And Inspection Agency, on the basis of 2010.12.19)
reviewing(in part of the approval of product application)

— Setting the directivity of the manufacturing after the technique consulting of
related institution(KFDA, NVRQS) (order of measure : food additive—Health
functional food.— product outsied of medicine—medicine)

3. Secured(Completed) NANA antibacterial securing type of addition amount

— Secured effect as a natural antimicrobial

— Secured NANA addition amount per liquid 100ml(or g) : 0.5g(0.5%)

—  Secured natural antimicrobial effet : gram—negative bacillus(extinction),
gram—positive bacillus (fungiatatic action)

4. Secured(Completed) division of recipe per Type

— Tablet type, pulp powder type(liquid applied type)

5. Magnified (Completed) usage (applicability) per a fixed form recipe

a. tablet type : for toddler~for adult

1) oral application type(prevention/cure of periodontitis)

2) type for stomach (anti—helicobacter)

3) type for intestine (Probiotic and Synbiotic material)

b. liquid product added(pulp) type : for infant and toddler

1) milk and liquid product added type : harmful germs extinction material for
infant and toddler

2) type for oral : sanitube of periodontitis and cavity

3) type for intestine : Synbiotic material, sanitude/medicine of enteritis

18.commercialization

1. Set of commercialization progress roadmap
a. stage 1 : conference after securing intellectual property right(patent application
and registration)
b. stage 2 : Implementing technique consulting with related institution(KFDA,
NVRQS, Korea)
c. stage 3 : GLP certification(field of natural material new medicine : natural
antimicrobial)
d. stage 4 : Set the roadmap of NANA mass production system and
commercialization
1) output of NANA per year, expected sales per year, assessment necessary
budget for building production institution and required land
2)plan for facility design(after the approval of supervising institution)

2. Implementing advertising and marketing (after finishing, 3—year—expected)
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V. Result of Research and Plan of utilization

1. Result of research
a. Patent application(4)
1) Patent application No. 10-2011-0029609 : Producing method of
N—Acetylneuraminic using Neuraminidase seperated from microbes for food
2) Patent application No. 10—2011-006459 : Natural antimicrobial composite
using Glycomacropeptide Neuraminidase resolvent including
N—Acetylneuraminic as active constituent
3) Resolvent for colon bacillus diarrhea cure using N—Acetylneuraminic as
active constituent
4) Resolvent for oral periodontitis cure using N—Acetylneuraminic as active
constituent
b. New personnel hire (3 masters, 1 doctor) : Senior Research, Rresearcher
of central laboratory
c. masters training (2 masters) : Gyeongsang university (Cho seon jeong,
Sim heui yeon)
d. Thesis(1) : Non SCI level, Korean J. Dairy Sci. Technol.

— Research on the safety of NANA separated from milk serum protein
GMP and clearing up the inflammation soothing mechanism.
Vol29,No2.ppl7—23. 011

e. significance : Finished action of restriction on secret distribution

—Expecting to present thesis after securing intellectual property

rights (Basis '@ research written agreement as standard, registering result

of research - intention to donate)
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2. Research achievement using plan

Core result of
research

Research achievement using plan

1.Founding research

result of NANA
manufactures
method and mass

production method

1. Expanding applicability to development KNOW-HOW,

development of double functional proteinoid food

— natural antimicrobial, Probiotic effect and prevention of
osteoporosis etc.

2. Gradual progress according to the result of review of high
value manufacturing association usage (approval institution
NVRQS and KFDA)

— Stage 1 Applying unused surplus food by—product to

high—value product(approval procedure is unnecessary,
effect indication is impossible)

— Stage 2 apply to development of health supplement
food(mark effect after registeration of observance )

— Stage 3 apply to medicine product development(apply
after observance of standard of human body clinical testing,
progress)

3. Active application to development of developed KNOW-HOW
new high value manufacturing

— Seperating development material addition type and product

development type

2. Research result of
N A N A
manufacturing (a
fixed

form and

founding recipe)

1. Enlarged application of product family for infant and toddler
and the old who is vulnerable to illness
2. Active application to developing weakness strengthening

product family of current natural antimicrobial requiring
products

3. Actively using as basic data when gradually developing natural
antimicrobial strengthened food , the alternative to synthetic
antimicrobial (babyfood, health favorite food etc.)

4. connect to development of medicine level high value food based

on research result
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3. Effect assessment
result of animal
clinical testing of

NANA

Tablet type : actively apply to development of solid type
high value product family

. pulp type : actively apply to development of liquid type high

value product family

. actively apply to expanding usage applicability : animal field

and fishery field
Actively use as a new material, developing and upgrading
quality of functional product through addition to existing

product

. Application of high value commercialization concept

Developing Probiotic and osteoporosis preveting type
functional food for the old
redevelopment product as a supplement to weakness of

existing product

. Actively using sales and selling strategy of both inside and

outside of Korea(profit maximization)

4.commercialization

. In the point of commercialization, capitalizing the advantage

as a fulfill of nation assignment and utilizing technical
superiority we will get the most out of the advantage.

In developing natural antimicrobial, the objectively proved
development result will be deducted, we will actively use
the fact that the result of antibacterial functional material
development secure the technical superiority both in and out
of Korea when it comes to commercialization(marketing and
sales).

Using making technique KNOW-HOW such as developing
and production trial goods, maxing ratio, actively apply to
developing usage maximizing product.

Utilizing the result of development material animal clinic
testing, we will actively apply to support for marketing
ability and advance mechanism grasping when developing

applications.
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possible) &3 o] Qlr}. ole] Fakula A2 ‘05 2509 EEfelA T 09d 402
o] welo] FRE Z71E gt o)ls A3 Awo] spsd Aoz oy ubd

therapeutic potency) % Xz &¥}
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=
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Ax Az Aol 93
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=
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2%

d

e

e

JvNO

i
T

0

0
o

1) HPLC

Ho

HPLCAA¥ 9 A 2712 Table 13}

FFEA %t
(A10 LwrA & W, 5) er=3LE, 2009) of =

bt

S

A
HAAAZIAALL 1% (w/v) G5 (5%, Lactose, Galactose, Glucose, Fructose 2

3]

10,000ppm,

5,000ppm,

skl

TAE

YA
ar

=
=

Sucrose)
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100ppm, 10ppm, 1ppm % O.lppm& =¥ =Z 3|4 35to] ALE3t AEa 34> 4

U EEAE 100ppme H7FE 5 A 253 dW o &8k AAsEIH

S|
71T 24 B3 HPLCEA W& 4 8-3ke] AAlskltt. £4 %312 Table 33} 2o

S Awste], 54 7F 1,000ppm e Stock solutions 4]
sto] FAste] ARESRSItE A A YA, {7142 Tartaric acid(Sigma, USA),

DL—Malic acid (Junsei, Japan) & AF&-3l 0™ A& 313 = Table 49 &},

3) ICP 4 (v 4)

FFE AN T ruldF+ ICPEAHE 48 (ICP— OES/\]
5300DV, Perkin ElmerAl, USA) AAJ&}S]oH 7]
', 10) 24, 2009) o] F3ko] A Akt

A7gE AREE ICPEA 771 HAAEaE 9 A=A
AR BER NS ARRsEl T

HAAAZaE 9 A=FAE "AAs] flste] ICPEFE &9 5 Ca, Fe 9 Mg 3%
Aukste] o] 5 €95 0.01ppm, 0.1ppm, 1.0ppm 283 10ppm7HA] FE=E 2 24
% o]Z A5 & AFE-E Y (Table 5.).

ez wpolaz o] B A/ AE WA E ity EAAEANA 3 (0.5¢) & sho

ZhrEa g H7F (70% HNOs 7ml+H202 1mD3stal #-7]& A A (vlo] A2 o] B

A" 190C 20min) #4 2 71X 3. Massup( 2% HNO3; €97} HE50mlzE Z4)

el ICP MEH 3ntE S48t AR s (Fd X283 & oFaltth

Ao RE A =AY AF LYoo= ICP’*] Ao ZFHFNE AT 5 ol F

g8 4
152 A4 stz HAH A (ppm) B SHEE (%) vl skt

24 Optima

1:1
2E 3 (A10 LREA]

e
1z
1

r\r
r FI
o
o
fu
~
=
ofo
ol
Lo
rlr
O
;o)

o

<

ol

>

4) FPLC (Peptide, GPC) 4]
NANA:= ofn] A4 5 Adzstel &2 8l A apa| kel npeh 240 W
EAvh mhEbM, NANAE 3 ehet 7] dwua gl vjde] S3p 5324l w2 Q1sho]
A WstE op7be = glukal s e wEbA, ARl el NANAS 7150 %
AW A4S 919 FPLCEA A 28 B B4 212 Table 63 2t}
AEE BEARME ATAFEH LA EARE BAstal 9 FPLC

Calibration kitZ Al@7F A28t tH(Table 7). E54 A5+ 7Pd @S Expel
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Mw 20991 NAG(N-—acetyl glucosamine. 1%3A), #A=Fo] 1,3552 Vitamine
B12, Aprotinin(Mw 6,500) Chtochromec(Mw 12,384), Ribonuclease—A (Mw
13,700), Ovalbumin(Mw 43,000), Conalbumin(Mw 75,000), Aldolase(Mw
158,000) 181 7Fg =2 #AF F£AE EA3H Myosin(Mw 212,000) 74 9%

BTk AT Ao ART BATY WE AY S ARATE AR A7
AT EEAME FPLC 4% Sotol 247 92702 43900, o5 7)
FoR AENL BAY Ol Ao 217 LYHYLh ol F IFOR AA AU ¥
AFRE g AR A2 st AnE Fstgon], 4B bl $
AR EEAE ASYN] AEEE 39S Bl A FHEES AU
st

5 FT—IR &4

B AT NANASH VU2 R 9 9 9o B2 AR 5o s Bh 5 2
dolge] Bag 7)%57] Felo] Meste] FT-IREAS B8 Aelold 7)%7] 24

= AHsta A skl
A7 AF27]7]+ Bruker Optics IFS66/S7]1%, 4,000~600Cm—1/Resol o]l o,
4 A& KBr-Pellet DiscHel o THlHglen A W 3l 24U
9

o}

NANAZEZE vl e & o] whulg A

gho] & NANAILF &4 9 W37t o 4= Ao

5 @538 59 NANASHY 2

4

3 2y FamAgie] U es ARt oz WPS w2y 8 fo18s 2
S fed 2 (Ca-WPS) o Z42 A% Jeol Aeold +x25 £48 8l X-
23174 4R (XRDEA]) Al 2~ 8 o] AR5 9t

] Hal7] sk A5 ts ) o] #hlskginh. dlE2 T (WPS) 24+, 13
) 50gs  AAS 300mlel g8t & Ad2zdeA 30wEeH wwt
(150rpm) 3t eh. 18]ar, 9432 (10,000rpm,15C,15%)F SAAx A3
AT (Ca—WPS) 4= 3% 50g di¥] CaCle.2H.0 30gs £3s § AAl+
300mlell &3l gt § 89 C xS} ol A 3045 wHH(150rpm) A 2|3ttt 183, o] &

.
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7)

afol

AAE2 (10,000rpm,15C,15%) 31

A & 53] vk A H RS AR
sAAYE AEFE(WPS, Ca-=WPS) Al

o] Adol® ¥hgo o
dl: D8—FOCUS, BURKERA}, USA) <
gl

B uN'

FEEA S A

WD
N

(L
i ofo

Cl)o] o

7)1 22 O

o

g skl

O uol'

S0
=]

Eluent : 3~75mM KOH

Gradient :
KOH) —>30min. (75mM
KOH) —>45min. (3mM KOH)

Eluent Source : EGC—KOH II Cartrige

63

o] g3}

A (CaCle.2H20) & AFL-st1, 24
ZFESHA H =)
CAET7IHEE O A A

JO % thA H 200mlE H7t
4 2] 5h9 .
qe % &ﬂﬂ@ﬂﬂﬂ%‘

2 Poweder XRD &4 A ~H

, 7171 B el 2] 8o éﬂr%

2~

Ui

}-EI

% ] NANASLe] 4
Fr (NANAZ A
pal ;ﬂlﬂ ;ﬂ% ]

=

rJ

M >

to Mg 1 n

o

o

1=}

2 o

of\

=l

ojmj =

FeF(80,000~100,000ppm) Ca—WPSAIZ=H S 2 &
aCl2.2H20 3Kg=
HH(150rpm) §F &

OKgeH¢ 2 whE-x &3 1 53] AH A AL A
o] (Ch e AALE %

Do AARES]

12 o= 2o

Z23tst & 4

oH

JAl= 10Kgol &3} 3t

Qe ALgstel B YA

=

S NFA| A

71 %

44 AR g,

ICEA4 % Agshol HAskl=d,

Omin.(3mM KOH) —>15min.(3mMKOH)—>15~30min. (20mM
KOH) —>34min. (75mM

KOH) —>34min. (3mM



Flow rate : 1.2ml/min.

Detection :Suppressed Conductivity

Suppressor : Anion Self—Regenerating Suppressor (ASRS 300 x 4mm)
Applied Current :223mA

Injection Volumn : 250ul
o GPRE 2y 9y A

1) HPLC#A (F+) A=
A A GRE HA AESHAlE= 10ppmelidoldleon, dRE A=
92~108%W = AL O] F-2/d0] A=At ATREA, 2 ALzt I
s FREAYHE A E Atk (Table 2. Fig 2. ).

i)

2) HPLC &4 (+714k+) 4 3

)

Bt lskel f71aF A1 P shelvh,
A

o

(el e}

1 o
ABR2A, F71%kel A& s HPLC (Aminex Z#) Aol A= la, #A4d)
F712F 9% g o m AAE HESA= Ippmoldolitt. &3, #7F A8

81~114%W =2 FAE o] F-94d o] A1 = A (Fig 3~4.).

i
ol

¢

3) ICP &4 (mvlgd) A 3}

AL mulE R #A FAE A% B2 JHS fleke, 3% BFEAIE(Ca,
Fe, Mg)oll thate] 574 Al, AAHETAE 0.10ppmol oIy, AEasd A4 25
AlZ oA 97~109%W A5 Kol F2/d0] A UAH(P<0.05). FEst, nuldH HEF
T UE Zo® el vEl A9 T MY 2d8] SHT oA HEL

= AEA, B AFNE Doz s vy

42 Zofof hrha ebE glvk.
H,

4) FPLC®AY A543}

XA E o]&3F FPLC(Peptide, GPC) & &3 =AHS 7oz 2A3sH Hga2
y=5616.7x°—31422x+ 37263, AZAS 7J]For A HAANorR=
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v=5616.7x°—31422x+ 37263 A9 ¢kastgler. =sk A9 A=A gy 59 &
gl AT E ASAsE] wAHS A AEasS 95~112%° HAE e
AL AHHA LSS sl ok (Fig 8).

5) FT-IRZAH A4
NANAZEA] 0h-8-24d 9 A& 2] B33 34 75 7] W3st A4S $13 FT-IREAH
o ozt = k. (Fig 5~6.).
AR Al gk A A Cal] A9+ ol&3)
% (—=NHy, —COOH) —COOH71¢} Adsl= Ao = g
A B{7157%F Cacl2¥ A3H = 757 5d3 |
AHE FT-IREAHS St YA Bf oAl 2L M4, &
2010.02.03) 5 7I+o.2 vjvld Aoy =4 757 &<l
4 AU 9 olF vuld e Aoy 757 =
|

24 2Tzt d5How Hed
12 %

]Lﬂfjéod 2 ezt deold vke% fU1H Zal] A% dHl= Zw LE
YAHolE slo] =g o] E (Calcium Potassium Phosphate
Hydrate [CasK2(PsO15) 6 (H20) 1), Z4 sto] =22 EAH 0] E o] = o] E (Calcium
Hydrogen Phosphate Hydrate [CagH» (PO4) 6H201), o}i}ito] E (Anapaite
[CasFe+2(P0Oy)2H01), Eetg Z4 sto]==24 EZ AW 0] E (Potassium Calcium
Hydro gen Phosphate [CaK3H (POy)2]), B FAFo] E (Brushite [CaPO3(OH) H.0]), Z+
% Aol = ¥ o] E (Calcium Sulfide Phosphate [Ca10(PO4)6S]) Q1 Z& X4l 3]
%

d2AS S 2l & & 9ok (Table 9, Fig 7).

7) ICE—@.“E] qH4d

Zg F7183 Az = Ay A40]&(Cl1) Y A& 57,500ppmo] o, A&t
A7 A8E 5 HEFA = gastd o, HE 55A AMHA= AEFS 0.01ppm e
2 Ueh 8] AAE e w B EA webA, o] ddE = o Sl (Cl)
ol A& JH A (Table 10. Fig 8.).
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Table 1. HPLC =4 A] A8 4l #4271

DERES R

R EXT

(Agilent HPLC)
. Degasser : Model G1322A .Column : Carbohydrate (5um,4.6 x 150mm)
. QuatPump : Model G1311A . Mobile Phase :ACN(75):ddH-0(25)
Autosampler:Model G1313A .Flow Rate:1.0ml/min.
. Detector (RI) :-Model G1365B .Column Temp. : 35T
. Detector (RI) :Model G1365B .Injection Vol.: 20ul

66



Table 2. 474 HPLCEAA ] FHIEFAE HEdA 2 AEa8 7945
G e A4 0% 8 AERE

(ppm) (%)

Lactose 10 108

Galactose 10 97.9

Glucose 10 92.5

Fructose 10 105

Sucrose 10 92.2
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Lactona

Fig 1. 3% #49 A9 S 9ot 47 HAH=A 74 (Peak analysis) 43}
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=

Table 3. HPLC #2]A]| A<=

X

B A 28 T

(Agilent HPLC)

M

427

. Degasser : Model G1322A

. QuatPump : Model G1311A
Autosampler:Model G1313A
. Detector (RI) :Model G1365B

. Detector (RI) :Model G1365B

.Column : AMINEX HPX—87
(300mm x 7.8mm)

. Mobile Phase :10mM H2S04
Flow Rate:1.0ml/min.
.Column Temp. : 35T
Injection Vol.: 20ul

.Detection(UV): 210nm
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. Sodium Oxalate (0.8umol)

. Sodium Citrate (4..0umol)

. Sodium Malate (8.0umol)

Organic Acid Standard (Bio—RAD (USA)
. Sodium Succinate (20.0umol)

. Sodium Formate (20.0umol)

. Sodium Acetate (40.0umol)

. Tartaric acid (C4HOg.H20) SAMCHUN (KOREA)
. D—Lactic acid GmBH (Germany)
. L—Lactic Acid GmBH (Germany)
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AL -
L: Tatarls achi(H0,100,1004ppm) 8 Tataric acid
1 ¢ Ml ackd(10,100, 1000ppm) 2204 1
- \ =Lippr) ATimInY Areg Helgnt AlBLE
e

- E g I 1 8.0 S 038 100

K b T T T T 10 8.331 EE) a3 100
R ETR S o - -

s | 100 5.388 EEEE er.r 100
. 1000 8.336 3388 £51.8 100
" 2004
e & Malic acid
L .

P .ié - SE(ppm) ATiming | ree Helght Aren
- 1 1 Y L Z = I 6.264 25 016 100
LT S T | ; i i

o 3 Tatark aclkd _ _ _ _
0 1 (1,10,100, 1004 ppem]

" | 504 | 0,254 208 14 &1
" | n

o 3 r‘ 14.885 207 088 40,8

—— By = . . 0.850 1628 18 40,5
) T ) [ 5 ] & 100
L T S e T - 14021 1868 8 Bid

b
220 i 8,851 1751 121 5011
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2 vae [ 14.898 1744 7.E dp.8
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¥ ST

HHE 5]
| 2 it AT | wea | height | ZzEB(X)
o ||4- Tatarla acld &84 THWY {min.)
|
o]
‘ | B <otali acla
b '
|
| ‘ i L-Malig acld > ¥ ”9?172)”7’ Tetaric acid 100ppm 8323 | a3 aaa | - -
f
= ‘ I
- e 920 | 196 | 1358
5 0807307H(28) 093;3)0?} Malic acid 100ppm 3 -
-.; 14,931 1969 #c)
10
1 8,599 — 0| - o]
] [{ 2580w/ wuo st 13 Fr
o i 0907307 | uchiss+0 3WAPDANE R i 5 -
i ) | EEine 2t A
= A S 800l daH, 0 20u1)
o, l\-. ~ — 1457 2 BYFY | - 3
T S
ol 8,523 - 422G) | 1142 | GAMD)
[{ 2588w/ Jsuc s 1% Fr
= gonry | UcbstlITAPDANED | 93 - mEny | sz | HeseE
{29) BEZEm g
% 3 q Z 600l +hialic
. ¥ i H acid(1 0ppm #ataric
“ v 4 I\ H , acid(10ppm}
P | : 1513 | - 182 | 1076 | 1cHE)
® Voo R ) Yar 1 WA
O T A W8 N
i ] & & i 'Y
[e) )=] O O] = e = = = O .
Fig . 4 . F712F 240 A9S s 771708 A3 Za s 374 (Peak analysis) 4 7}
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Ca Fe Mg
[CPEAM A&
EEEN0rm)  ggpzaA dEzas  AARERA  dEas AAAEAA AEES
(ppm) (%) (ppm) (%) (ppm) (%)
0.01 ND - ND - ND —
0.10 0.097 79 0.109 109 0.108 108
1.0 1.049 105 1.010 101 1.096 109
10.0 10.66 106 10.44 104 10.55 105
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Table 7. NANARE7F 712wkl 2] 0l e g Expgk W3 748 93 FPLCEA A A

E R Eri

FPLC EAIA| A8 2l B zA

1. AR (AKTA, 241=) : UPC900 +D920+CU950

2. 8z

7}. column (Temp.) : Superdex Pep 10/300GL (35" C)

1. Mobile Phase : Phosphate buffer (50mM Na;HPO4+150mM NaCl+ddH:0
1L)

t}. Flow rate : 0.5ml/min.

2}. Press : 0.84PSI

v}l injection volumn: 100ul (A& 1%8<1)

3. A : FPLC Calibration kit
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Table 8. NANA A7zt 2243 Wst A48 224
£EAY A Q!

NAG 209 N—acetyl glucosamine
Vitamine B12 1,355 Sigma
Aprotinin 6,500
Chtochromec 12,384 FPLC Calibration kit
Ribonuclease—A 13,700 ::
Ovalbumin 43,000 '
Conalbumin 75,000 "
Aldolase 158,000 ::
Myosin 212,000
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Table .9. FT—IREAIS 93 7]

ofr

7l A= S

=

SEESRE

497

e

H]

R

20%CaCl, (8 A4~ 180g+CaCl» 70g) A = =
20%CaCly 100g®#H3ty T4d7A4x% & FT-IREA
(KBr—Pellet DiscH)

CaClg

A A<+ 90dp WPI(Arla Co.,) 10g59+Hs #H7}sle] 54
AZ & FT-IREA (KBr—Pellet DiscH])

WPI

A -1

WPI(Arla Co., Lot No.: S090213) 10g¥ CaCls
13.23gS WA &35 A 90gS F7H 715k &
e =A% AA FT-IREA (KBr—Pellet DiscH])

(CaWPI+DW)

2] -2

A A 90ge] CaCly 1.32g= =% & WPI(Arla Co.,
Lot No.: S090213)10g< H7}st] vk A7l & 54
AZ A AFT-IREA] (KBr—Pellet DiscH)

(DWCa+WPI)
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0 | ] E
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. ‘ b 1,394.5Cm-1
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bl \ i ¥ ] N
[ . - =0—H
| CHzET(Cacly) v i
& ‘ H|DL'_I'1(WP|) T,454,3Cm-1
Py ‘ Hel 7 (CawPHDW) (Alkanes)
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do
|/
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eml
Fig .6. &9 d B{ 7575 Caoly A¥He &4 7ls7] dd(C | HS 9

FT—IR Peak analysisZd 3}
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Fig
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«Sample Name : WPS

ARDZ 1t

Compound Name(Formular)

01-086-1221 (C)

Calcium Potassium Phosphate
Hydrate[Ca,K, (P, 0, B6(H,00]

A (0-026-1056()

Calcium Hydrogen Phosphate
Hydrate[Ca,H, (PO, 6H,01

¥ 00-034-0146 ()

Anapatte]Ca,Fe+ (PO, )1 H,0]

V00-034-1239(0)
A

Potassium Calcium Hydrogen
Prosphatel Cak,HPO )21

= (0-009-0077 ()

Brushite[CaPO,(OH}H,01

00-038-0263 (+)

Calcium Sulfide Phosphate[Ca, (PO,)6S]

. 'El;u-‘l'l"

J 2ok (WPS) ti]
X (XRD anayls) 4 3}

I 11" ok \“ b ALl
H o Miﬁﬁiﬂx

A~
ZE A

kil

0

2-Theta - Scale
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Sample Name : Ca-WPS
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Table .9. XRD4& &3 Z5 771 Est AA Y steh+x #4949 x%

Compound Y- | dx ., | Space

1

SHDE Bt el S | by Wavelengh | System 3 b L dpha | bela | gamma | Bravais L o
Calcium Potagsium »

?‘22?8(% Phostreetydre | 45 | 1| 16406 M””EC“”' el e | oo [ mir| o | wie Pf]‘d/)”
Caf, 0,20 )

0-0%5- Calcium Hydrogen

T | Pt | VA% | 1| L85 | Tk | SR8 e | % | 23| 903 | BY
Cat 20,98 )

00-034- | Anapafe P-|

Vel |Gy | B ||| 186 | T |SEB | 666787 | 0% | 5| VT | Fite | g
Potassium Calcium '

?gaga(ac) Hodfogen B | 1| Lsig M””EC“”' 0 s e | w | w | @ Cfﬁf;e ; C(%”)”
Pruspfiate(Cak HPO,),)

00-009- | Brushite, syn Monacini Bage-

| g o [ 1| e | e | e | sas | 9 s | @ | e
Calcium Sulfice

%”25”33(8) Phespf we | 1| s He’ﬁg”“a Qs | odse | 6BE | @ | W | 10 | inke UP?E%
Ca, PO 5]
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Al 2—1 A Neuraminidase 2 NANA tfaAAF A] AH 2=

(HAdA 7 =224 ™)

1. 754
T Aol E 1) GMPOl #H-§-3to] NANAE AAars
Wtk sk, 2) A¥rE neuraminidaseE® wEste] WESEAS AFska, 3) ©
AA2AE ol §3te] GMPEZRE NANAE ddd o=z Aikstr] fst 72A45 539

st sk

U

o

7F. TBAYHS ©]£3% NANA 3 =
GMPolA AAE NANAS =S =437 €& Warren Thiobarbituric
Acid(TBA) S o] &3l NANAS Aok A8 0.56mls Ald o] ¥

Solution 1S 10001 ¥& & 2 &2oa 25% wk$ Al7]3, 1 t}2 Solution II 1ml

=
Y37 vortexing $ 3mle] Solution ME ¥ Us #+ =AM 2537 7L skt
I % 5R Eol d8Eo Yo 213 v} 1:1 H|E&E cyclohexanoned A&

7000rpmell A 5+ &< 948l AlA cyclohexanoned < & ¢ s 549nmol
A FHEE Fst F NANA §98& o] §3te] 0.05mMY-E 0.5mM &%
WA BFEFHE W o, oA EHEH AR NANA 3 AAbsHSI .

Solution I: 0.2M sodium (meta)periodate, 9.0 M phosphoric acid

Solution II: sodium (meta)arsenite, 10% (w/v),0.5M sodium

sulphate,0.1N HzSO4
Solution II: 0.5M sodium sulphate, 0.6% thiobarbituric acid
(Solution M+ assay Aol BtEolA 70CE 255 A £ ARSI

L}, Neuraminidase &4 74
Neuraminidase® &4 42 maol 7149 whg 5 AAE NANAS =
Warren®] TBA WS o]&3 =743 th Neuraminidase lunit(U)2 1% &
10mole®] NANAE AAsIE 349 o=z A3t 0.1M sodium acetate
(pH 5.0) $Fgdof =2l 2% GMP 0.5ml 71& 7} 0.5ml &4 €98 42 F, 1

B ol wke A7l & 20001 TBA solution 18NS H7lslo] ¥12S F8 Al Z T

r

O
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__o]

5i WEeAIZ1aL, 1 H e %8S TBAYW

o] & f000IE AlPHAOZE H7]aL 2
St FalEl NANA &5 574 28 9y} Fdsict
g

t}. Neuraminidase? 2] A A
[¢]
Ns A4

1) A. ureatfaciens®] w9k

stod 25T oA 36A17F vk 3Far, HAHfeFe
= 3 .

o] 10mM sodium phosphate (pH

exchange

0] &35 [
< 3459 neuraminidasesg] ol AF-&3FITH
2) 3ste]oj¥} (Ultrafiltration, UF)
Frejol & o] Bato] Wi T NS EHT F
6.00 &FE&As ol SFE&As  wIE STk Ion
chromatography %o+ 3dt2]od3} ¥ 50mM sodium phosphate (pH 7.0) <%
| NS o] &5t F R NS wEsAT
3) DEAE—cellulose ion exchange chromatography
DEAE-cellulose (Sigma) & &/338A1Z1 & 10mM sodium phosphate ¢+ -8
(pH6.0) 0.2 F33} A AY. oJ7]e] UFZ 53t A5 & loading 3t 5L ¢
0~0.5M NaCl linear gradientE ©|&3l] &=33it}t. 5
A A v A

]— Hﬂ DL 5m1}/‘] molom" mc 4Coﬂ

neuraminidase &
A7t

o
T

Zgalow qAs =
1ml/minC. 2 3} 1
ol ARgateh!

4) Sephacryl S—300 HR gel filtration

DEAE—cellulose ion exchange chromatographyolA X

H3S Sephacryl S—300 HR(GE Healthcare)E 150mM NaCle]

& (pH 7.0)= ©l&3sto] BHIA gel= °l &
2 1.1ml/min® 2 &}¢l3, 7zt 3o st
2 5mi% & 80709 +¢

A
50mM sodium phosphate €%

3 gel filtrationS 33 Th F52
XA, 3 2 3F

%zg
2ol AL§-3helu.

F 280nmelA FHFEE

o)
ol
ﬁ—‘

[¢]

S d%lal, BT 4TCe »23

e LR A
gl ¢ = Bradford HH-S o] &3ke] AeFetgith?! Bovine serum albuming
i+ ‘T/_‘r‘i’ié]i o] €3} 31, protein assay kit (Bio—Rad) & AF&3dFe] 595nmelA
THEE 545t AEFAHACERY G 3ES AArerglt
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v}, SDS—Polyacrylamide gel electrophoresis (SDS—PAGE)

@A el  SDS-PAGEE:  Laemmli el  we}  Mini-PROTEAN' 3
system (Bio—Rad) & AF&38te] 383 th** 10% Polyacrylamide gelol 1413}
30+ &<k 100VeAl 171953 & Coomassie Brilliant Blue $32A]eFo 2 thul
A bandE glskqlth. @A H7]= Prestained Protein Ladder(Fernentas) &

ol g3l A BAHE At

v}, Neuraminidase® #4 pHS} H4 2% AY
pHel & a434de 574317 $18] pH 4.0~6.08 %= 100mM sodium acetate
549, pH 5.0~8.0 WH+= 100mM sodium phosphate $E&9S A3t =
ekt 5o e a484 542 30C~60CT7HA 10T 02 S43H5 o,
HAEd S + o J&3s] FQlstr] @l 53T, 55CAME a4adds 5383

Ab. Neuraminidase® pH®} &% <A ZAF
pHell w& a9 kAol 43571 fldl pH 3.0~6.0M%:= 10mM sodium
acetate &+=g9 pH 5.0~9.0 H9+ 10mM sodium phosphate &M 7
5 4CelA 1AIRE Fk WA &, pH 5.0004 a49 ZEF4S S0 &%

o
of W& il %@"é% 'EA4E 47T, 30T, 37T, 40T, 50T, 60T, 70TCeA 1A
A F A 4TAN 108 S oS e SPskth

ol. GMPel Z3¥ %= NANAY ¥z

Svennerholm resorcinol metho

e
2

oL

Z o]g3dto] GMPel ¥38¥ total NANAZS
kst ® Solution I3 I X% 10X stock AHE w5l oJFA —20C9
Bas FHA, AR Al 1XE W= ARESSla, GMPE 1%7F %% 3% S/
o o] AFESFAYE. 1% GMPA|= 0.5mlell Solution IS 0.1ml ¥l ice bathelA]
208 ¥FS 3 1.25ml9 Solution IS ¥ 5% E<F ice bathol] WX3t t}2
0CelA 15mingt 7FEste] wkgAIZATE. o] Rbgols FxEel Ho] A3 ta
1.25ml¢] Solution ME Yol 37TCelx 3&7F WESAIXT & A2oA 23 —%
630nmelld FFEE S8R EF NANAS AR

Aol 919 Fdst o RFEFAS AN 3§ o] AFEFAHOENEH /‘LEL?J
T NANAZHFS AlAtatdlt.

Solution I: 0.04M periodic aicd
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Solution II: 0.6g resorcinol (Fisher certified) in 28% HCl 60ml<
250moles CuSO4E 40mle TFTl 5o, 42 & AL

Solution HI: 95% tert—butyl alcohol

2}, NeuraminidaseE ©]-8-3F GMPZH-E NANA At
AgEE GMPE 100mM sodium acetate $%89(pH 5.0) T+ FHF5 (pH
5.0 e Al7]a 37CelA 30 A= A F &£4(0.5U/g GMP) & H7tst
. ¥Hg 5 GMP7F 7hepelr] wiitel 30 (HAC® mwWkAlA Futh
MO 100TCoNA 1087 718 5405 58443 AT NANA A
= BegerowA}F2] BECO Depth filter sheets (pore size 1.00m)ZS o] g3
FA=dS AANZAT. 43 5 HAsF715 ol &8t sFeait. 1 F ol o
g2 TRILITE SAR20(°]€338HE 1IN Formic acid® 333 AlXl Zol &5
S loadingsta =F5E AAH3I T 1IN formic acidE o] &€3] €% 311 NANAZ}F

e EE S Bol wAd=x it

xk. HPLCE ©]-&3% NANAS]
GMPZYE] 4rE NANAAEE fdSA(F) o o Fste] 3 NANAS ZFO
Z 3ol NANAA] 5= H|wste] #4519}

7}, & atoll Al neuraminidase? &
1) Chromosome DNAS$} plasmid DNAZ] g
A.ureafaciens®] chromosome DNAT LBelA 18A1F HleF & QIAGENZS]
DNeasy'Tissue KitZ o]g3sto] #ulatqith. thgw#elA plasmid DNAC] Ha&=
QIAGEN?] QIAprep’Spin Miniprep KitE o]g-8lo] #g]a}ih.
2) Neuraminidase gene cloning@} tjZfeol| A 2] 1kd
olu]  &4#F A, uwreataciens® neuraminidase FAA FRE o] &3}
A.ureafaciens®] chromosome DNAZHE PCRWH ©F neuraminidases cloning
stttk Neuraminidase 1¢d WEE st oA neuraminidaseEs HHA|
7171 918 LBelA 600nmellA &3 =7k 0.57H2 w714 1% %, 0.5mM IPTGE
H7vakel 6A1ZF F<b induction Al7]aL, Z}Zboll thaf wjeF Asof,
W 2gog o]l 540 848 S Al /\} gk primeri= % 20 4
B Aot

periplasm, A3
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Table 1. The composition of culture media used in this study

Strain Medium Composition (g/¢)
Dextrose 5
GMP 50
A. oryzaeA. Sodium nitrate 2
. .. Czap—dox GMP . .
nigerT. virideT. Di—potassium phosphate 1
. (pH 5.0)

reesei Magnesium sulfate 0.5
Potassium chloride 0.5
Ferrous sulfate 0.01
GMP 50
Proteose peptone 10
Beef extract 10
Yeast extract 5
Dextrose 20
Polysorbate 80 1
L. acidophilusB. Ammonium citrate 2
loneumB MRS GMP-N Sodium acetate 5
g o , (pH 7.0) Magnesium sulfate 0.1
bifidumbB. infantis Manganese sulfate 0.05
Di—potassium phosphate 2
N—Acetylneuraminic acid 0.62
N—Acetyl-D—mannosamine 0.62

(Only B. infantis) '
L—Cystein (Only 5. 0.5

infantis) '
GMP 15
Di—sodium phosphate 6
A nicotianaeA M=9 GMP Mono—potassium phosphate 3
ureafaciens (pH 7.0) Sodium chloride 0.5
Ammonium chloride 1
Magnesium sulfate 0.5
Calcium chloride 0.01
A. ureafaciensE. LB (Luria—Bertani) Tryptone 10
] N Yeast extract 5
coli (pH 7.0%0.5) Sodium chloride 10
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Table 2. Primer used in this study

Primer Sequence(5'—3')

Used for

AU54-F(Xba I) ATTAAGTCTAGAAACTCCGTTACTGCTCGC

AU54-R(EcoRI) ACCATGGAATTCACCGAGTCACAGAGTACAG

AU54Int-F AGCAACAAGATCCAGGCCT

AU54Int-R CCATTGATCCGATACGTCCT

AU54-Trc-F(EcoR)  TTTCCGGAATTCAGGAGATATACATATGAGATCCAACAGCACC

AU54-Trc-R(Xba)  TTCTAGTCTAGATTAGATCTTCTCCCCCTTCG

AU54-T7-F(Nde) GGAATTCCATATGAGATCCAACAGCACC

AU54-T7-R(Hind) TTTCCCAAGCTTTTAGATCTTCTCCCCCTTCG

Cloning, sequencing

Cloning, sequencing

Sequencing

Sequencing

High level expression

High level expression

High level expression

High level expression
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k-Casein 105 106 169

l Chymosinirennet) or Pepsin
105 106

' I

Fig. 1. GMP produced by a cleavage of k—casein with chymosin or pepsin
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Fig. 2. NANA production from GMP by a neuraminidase
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7}, 2134 neuraminidase A%
2| FAkg el o] 83 4= E neuraminidase® AW shaizlk A FAIYE ahAlCt 2 F

7ol A%8& PAES o839 neuraminidase &35 S35tk 3 304 He=nket
& aAAdAME S

Celluclast 1.5FellA] F 0.02U/ml2] W& &Aool ZHE 3]
Bome AAgel gle owm dAdHol AFEE a4 AEFE o83
neuraminidase €4S ZAFSIAT. &

gAJol  gldrk. v AA  #F 5 neuraminidaseE AAkstE Aow ez

=3
S
2
>
f
l
o
=
I
Sh
Lo
e
-IN
-3
>
=)
@
c
S
=
=)
Al
7
@

Arthrobacter nicotianae, Arthrobacter ureafaciens & T+

ureatacienso A 0.08U/mlz =& 3ol A} 4

o
m U
O>~
o
e
o
ro
i
j‘_l
N

. A. ureafaciens®=5-E] neuraminidase?] A4k
A. ureafaciens®| ] neuraminiase®] ABAFZAS 27 Y&, M-9 minimal medium®]

~
L3 Bt AagozA 0.5, 1, 1.5, 2%9 GMPE H7FstAvglucoseES 2.5% Eo] =& %
I

=
Wl Azbel mebd wjok AEole] Ea BAL HRANUT. 13 304 BEo] FA
R

Brdo2M 2.5% glucoseWt H7Fek 99} 1% GMPQ} 2.5% glucose”} 3
| 5] = neuraminidase &/d¢] A3 SHE A LUt} FL3 SFAPUo 2 GMPE #H7}sH
= A5 aagyol Ao BF 3647 wiF Al Ha A4S YERAT 1.5%

FEolA Hd 0.19U/mle] &484& Bylom 1 oo GMP sxolA+ ax

2ol ¥ oY S7FEA @kt

t}. Neuraminidase® A

NeuraminidaseZE AA|st7] Yalix  1.5% 559 GMPE 713 ajxo|A 3647+ wjeks &
QA2 Ete] wjdAFaS 345t Molecular cut-off 10kDa o] #}ute] A&w UF H A=
o] &3l v AENE 18.58 =31 10mM sodium phosphate €=8N(pHE.0)o.2 =&

2
ABS WS 3 jon exchange chromatography S 83891, &ARE S-S molecular cut-off
Z] UF #AX&E %5322 50mM sodium phosphate &&8MN(pH7.0)C.E

2} 2k
2]
458 NS wEg F gel filtration 3}—‘3 WRow Fe AAlskitt

1) DEAE-cellulose ion exchange chromatography
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ek AbsHS UFE  o]&3le]  s=3da diafiltrationd ¥ jon-exchange
chromatography s T3t 1H 4oA HZo] dX duldo] loading Al A i
AUk oy neuraminidase@/d-2 YERA] eFkar, iRl @idoe] NaCl gradient
SEHGoNA WY e s AS e & AATE Neuraminidasew=  °F 0.1M NaCl &
oA U eE AS el 9ldtt. DEAE-cellulose ion exchange
chromatography A3 neuraminidase®] & &2 specific activity7} 91 A
0.6U/mgol A 59.3u] F7F4e 35.6U/mgelal 3452 90.5% At}

ik
>

2) Sephacryl S-300 HR gel filtration

Ion exchange chromatographyl|*] neuraminidase @45 7[A]+= &3S Ho} 3+
2]y H (molecular cut-off 30kDa)2.2 #%3}3l 50mM sodium phosphate €58

(pH 7.0022 F&NS w3d & gel filtrationS G-t} Gel filtrationo] A
WAL F2 27H~37H FdA &F5 %3, neuraminidaser T o] w1} 7]
AlZFalE 27H~31W oA diFdte] Ak x 59 ¥ 694 HZo] gel
filtrationol| 4] #2]%¥ neuraminidase+

o7 7} =k o W fraction number’} 7}

rlr
\]
ﬂ
(E O
41:

go A specific activityZ} 124.6U/mg
= A3 "olA= AEgS HIth
3) Neuraminidase g#|24 8 2 SDS-PAGE &4

¥ bollA HEo], Bl E Nl specific activitys= 0.6U/mgel oy Ea] A A A
< AXWA specific activity7} 571+ o] gel filtration®] 27% %ﬁoﬂ/ﬂ% 124.6U/mg
o ® 207.789) X7} SV AT B3 gel filtration 27H 388 SDS-PAGE 23 A
e == Hol Bk 88kDa®l neuraminidase’} == ?E—’F%ﬂ% Aes &
ATH1™ 6). T3 gel filtration 3 28WH ¥} 29H%E Z+7F 85.9U/mg, 86.9U/mg9)
specific activityE Ho] 433 AAE AS & 5 A}, 28y 30 3 o]
AL ¢ke] TAIQl DEAE-cellulose ion exchange chromatographyoll A A€ Al 59
HlA e8] +=7F "ol ¥ 6elA Ho], old % 59 RBA A=
SDS-PAGE #4124 3et= dAakqlnt.

o

2

==

H

2}. A #| neuraminidase?] 54
kol A gel filtration©. 2 GAE 279 22 o] §dto], Gao) pHe 2xof wte &
CET E R LE

a9 79 A%} CollA H=9| neuraminidase®] #Z pH¥ 5.00]1e™ pH 4.0~9.0
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Aol M= 80%ol e E S Hol H

i}

WA g Ao vheh )

=2
2
e,
rlo
o]

T

orAAS BT 18 79 B9 DolA H 9] neuraminidase? FHZ AL 55T A
UElS T 28y 40T o] Fol& =% HAdo]l "Holx 50T ol e w43 2y
= A3E By 5l A¥E & ] neuraminidase® &E=<¢FHAS aglsle] Wb

N

ol ¢
HAH2LEE 40T £ Aoz By

k. GMPZ5-E NANAS] A4 =7
GMPZRE NANAS A41at7] 93] NANA®S Eajo] Dod §22S zAlarlt).
5% GMP&9 (& 1g GMP/20mDel Z+zF 0.125, 0.25, 0.5, 1, 2 U9 neuraminidaseZ
234X HESAIZ] & NANAS] A4S 543819t Svennerholm W o2 GMPS
% NANAE A% ;E-% o NANA®] FF&F2 5.05%(w/w)E SAHAEAIL, o5 vEgo
ey ¥ NANAS F&& Axtstlct. 1g9] GMPel tis] 0.5U o] 4]
EAE YoAFUE ”41 F&o] dASA HEtd 1g9] GMPE &Eafist=d 0.5U¢ &a7t
g ° 9]

1gel GMP9 ﬂ]‘éﬂf\i 0.5U H]gi neuraminidase® FH7}ek= WHo=E % %9
GMP7HA Hdl&=2 Bird = A=AE5 dlsty] A8 2%~12% GMP &%=
NANA A b&S ZAEIATY. 7% GMP7HA = °F 85~95%9] NANA A &S HS
o a2y 10% ol deM e x7] vhe&E7F dA 8] HojAa HF &% 80% ©|3
2 gt d 8, B).

v, GMPZY-E NANAS &% Arky} 224 A

GMPZY-E NANA<9] Axke 19 99} o] 33t} 5% GMPE <
b St WA AL AAES filterE o] &3 oAFe F FwHeqivh gy e
AEA EAS AAAT) A8 wFA] 3u) FIo] st oeEs HUke & 4
filter® o #ato] AA U 1 & FAAsSH

1HE4S
AAZ o2 52 Ax3Ut NANAY 28 Fol]7] 98] delA

=2
>
—
\]
>,
)
055
ot
dlo
et

3 NEEs &
3k "2l IN formic acid® H3FH Lo]&w3t4A] 9 loadingdte] NANAES X
oF A3A17]aL, UM A E4E& S/FTE AEZsA MAHS = thA] 1IN formic acidE ©]
&3l NANAE 3|gato] sA4:10x AR

olg7] Ait¥l NANAAZE TBA assay® NANA &5 548 A7 o] wdhS
b2 ke AT 25%= dEow, ol wEs 3 A5 48%FE JEbwth Ak 3
B T AHd=ES AAT o AR EQAEo] Fole wEhs oA ¥ A AAETE
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o] 63%R L, &ol ugks skl W Foll= AikEo] 48%30T

o
off

AF AAEE NANAC] HPLC 4

NeuraminidaseE ©]-&3to] GMPEY-E A4gt 2ol NANAZL Bt=AE &<lst7]
5kl NANAA RS wldFd(E)ol ¢Fste] HPLCE 45 3 A3 EF NANA
A3} FU3 retention timed A 2] EH MW 10). TBA assayoﬂ/‘%_ NANASH
o] 48%% YEltou HPLC ®A1HolA = 46.3%= e 9Fthe] b= AUA
GMPEHH Astd E4o] NANAZE 2th= AS g2led o+ AU

(2 ol o

o}. Neuraminidase® W&ol Aol auts]

Neuraminidase® A o= &g3at7] faixs 24 AAES FHole 3o A4
olt}y, - AT A= neuraminidase FHAAE FHF 2 cloningste] LA HAAY. A
ureafaciens neuraminidaset ©|7] 1 gene?] A do] &#H A 9l7] ol PCRYHO
2 cloningS 39 E coli® transformationA] A th® Neuraminidased] &S Z7}A]

7171 918l promoter EF7F thE A M9 vector(pTrc99A, PET29a, pBluscriptll
SK)oll cloning3 % £ coliZ transformationd}®] transformant® LAt Z47}Ho]
transformant® Z%3 %7} 0.57} 2 wWi7bA #l% & IPTGS A 718k inductionstd o).
Induction A1Z1 & 6A1ZMA A|5E AHF skl AMEW +9, periplasm &%, W e
T80 2 o] neuraminidase fi“éa‘ =735t}
gt A wj st A9 oo &de] wid A
3702] promoter T oAl T7 promoterE ©o|-&3] 2

g

. ¥ 6°]A H9] neuraminidaseZ=

4, %3 #
A. ureafaciens neuraminidasex= UE& & 1.5% GMP wjA] ZAA 364
FujeFstgls W 7 =2 A4S VY. 28y =GO HGMP+ =) o] EA)E)

4% neuraminidase”’} A3 AAEA e Ao WU} A ureafaciens

N

¢

rr

neuraminidase+= catabolite repressions W= Z o2 AZIE T

A. ureafaciens® WA s oA Ealsh neuraminidaseQ] H A pHE 5.0 ©]H, pH
4.0~9.0 W SfolA BlaA bgegiey. Ao G422 55T ek 40T o] F
o AFH7] wige] o & HAH wkgeEiE 40CZ AZEJTE Yoshihiro
Uchida®el w2 A, ureafaciens neuraminidase?] #H2% pHE 5.0~5.50]1 HHLw
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£ 53CE ¥ dgdusst viwd QAske, pH P34 pH 6.0~ pH 9.0 WA,
© 108 Bk A 50T/ eHgstta wa el B ATAsh thh &

T 25%9 +<EE zt:= NANAS

2 AE A B HES 2HstER YA o]

2% Zlow AZET. NANAS AA B T oles Aoy gole uwdk FA=
olgste] GMPE AAsH A GMP 5L GMPE )] e g
NANASH §H7] 2EHe] 2 £55 7= NANAE Aie 5
°f X5 Fol7] #8l GMP &2 GMP ZallES add o= AAT WHol o 7
ojof & Fo|t,

Neuraminidase?] A4S SAIZ17] H81A E coliel Al T7 promotere] W& A]7]
= 7% gene donor®l A. ureafaciens® °F 3ujo] & E 3= neuraminidaseS Al Euf
Fefol A AHakeE 4= 9l%lth. Neuraminidase”Zl th7gatoll A A H o] wj#] Fo= tiF-it

THE = A2 T2 Aol Neuraminidase?} thtoll A &8 %= 7] Ztoll g3

i
=

A. ureafaciens7t VWA Fol7]= sHARF o] #F=ZHFH AJ4HE neuraminidase
E 2EAGo] o] &3l7] fsidE AAFE neuraminidased] ¢HAA A7} AldE ofof
st Aog AZbEh ek 2 Ao AakE NANAQ &858 F7HA17]7] f8iA] <
o7 AFoly o5 g AAEA &&str] g A7 O s Eojof & Aolrt

96



Table 3. Neuraminidase activities of various commercial food-grade

enzymes

Meuraminidase activity

(U/mil)
Protex 7L -
Peptidase R -

Commercial enzyme

Umamizyme G 0.025
Collupulin MG -
Flavourzyme 500 MG -
Lipozyme TL 100L -
Termamyl 300L, Type DX -
Ultraflo L -
Pectinex 100L -
Celluclast1.5 FG 0.020
Citrozym cloudy 100L -
Flavouzyme 1000L -
AMG 300L -
Alcalase -
Viscozyme L =
Pectinex 5XL -
Meutrase 0.5L =
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Table 4. Neuraminidase activities of various microbial species

Supernatant Cell free extract
(U/ml) (U/ml)

Aspergillus oryzae - -

Strain

Aspergillus niger = -
Trichoderma viride - =

Trichoderma reesei - -

Lactobacillus acidophilus = -
Bifidobacterium longum o -
Bifidobacterium bifidum = -
Bifidobacterium infantis - 0.001
Arthrobacter nicotianae 0.01 -
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Fig. 3. Production of neuraminidase from A. wureafaciens in M—-9 minimal

medium containing GMP or GMP+ glucose as sole carbon sources.
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Fig. 4. DEAE—cellulose ion exchange chromatography
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Protein (Abs. 280nm)
NaCl Gradient (M)

- 0.2

760ml of culture supernatant was concentrated by ultrafiltration(molecular cut—off,

10kDa)

and the concentrate was washed by a diafiltration with 10mM

phosphate

buffer(pHH 6.0). The concentrated

enzyme

solution

was

loaded

sodium

on

DEAE —cellulose column equilibrated with 10mM sodium phosphate buffer(pH 6.0).

Neuraminidase was eluted by a linear gradient of NaCl in the same buffer from 0.0M

to 0.5M.
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Fig. 5. Sephacryl S—300 HR gel filtration

Active fractions (fraction number 96~108) of DEAE-—cellulose ion exchange
chromatography were concentrated by an ultrafiltration and the concentrate was washed
by a diafiltration with 50mM sodium phosphate buffer(pH 7.0). The concentrated
enzyme solution(bml) was loaded on Sephacryl S—300 HR gel filtration column

(60cm X 16mm).
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Table 5. Summary of purification steps for neuraminidase from

A. ureafaciens

Total protein Total activity

Sp. Activity  Purification

Ste Yield (%
P {mg) w) {Uimg) (-fold) )

CHlimp 260 1436 0.6 1 100

supernatant

Ultrafitration

Caton ey o 1336 5.8 9.7 03

DEAE

R 37 130 356 59.3 90.5

Ultrafitration

il s IR 118.8 50.6 843 827

Sephacryl

S300HR

gel filtration
GF27 0.1 8.1 1246 2077 5.6
GF28 0.4 335 85.9 1432 233
GF29 0.4 174 56.9 144 8 26
GF30 0.8 19.2 228 29 133
GF31 05 8.4 16.6 277 5.9
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Fig. 6. SDS—PAGE of neuraminidase fractions in purification steps

Lane 1: size marker proteins, lane 2: culture supernatant, lane 3: UF (molecular
cut—off, 10kDa), lane 4: DEAE-—Cellulose ion exchange chromatography and UF
(molecular cut—off, 30kDa), lane 5 to 9: gel filtration fractions (fraction number 27,

28, 29, 30 and 31, respectively).
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Fig. 7. Effects of pH and temperature on the activity and stability of
neuraminidase purified from A. wureafaciens

A. Effect of pH on the activity of neuraminidase. Neuraminidase was
incubated 10min using 100mM acetate buffer pH 4.0-6.0 () and 100mM
phosphate buffer pH5.0—8.0 (M), B. Effect of temperature on the activity
of neuraminidase. Neuraminidase was incubated at the following
temperatures: 30, 37, 40, 45, 50, 53, 55 and 60C for 10min, C. Effect of
pH on the stability of neuraminidase. Neuraminidase was pre—incubated in
pH 3.0-6.0 10mM acetate buffer(4) and pH 6.0-9.0 10mM phosphate
buffer (M) at 4C for lhr and then, residual enzyme activity was measured,
D. Thermal stability of neuraminidase : Pre—incubation of neuraminidase
was incubated at each temperature for lhr. at 4Cor 10 min and then,
residual enzyme activity was measured.
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Fig. 8. NANA production from GMP by using neuraminidase purified from A.
ureafaciens
A. Effect of neuraminidase activity per g GMP on the production yield of NANA.

Reaction conditions: 5% GMP in 100mM sodium acetate buffer (pH 5.0), 37T, 4hr,

enzyme addition (0.125U, 0.25U, 0.5U, 1U or 2U). B. Effect of GMP concentration on
the production yield of NANA.
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5% GMP enzyme reaction
(37°c, 4hr)

¢ Anionic resin
( TRILITE SAR 10)

Concentration

! Y

Elution
EtOH down (1N Formic acid)
(3 Times vol add, 4°C, 12hr) -

F dryi
Precipitate |€—— Filter press reazecrying

| !

NANA product
(48% Purity, 48% Yield)

Washing

Freeze drying [€—— Concentration

NANA product
{25% Purity, 63% Yield)

Fig. 9. Purification processes of NANA from GMP hydrolysate with

neuraminidase
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Fig. 10. HPLC analysis of the purified NANA from the GMP hydrolysate
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Table 6. High—level expression of neuraminidase in E.coli

Neuraminidase activity (U/ml)

Plasmid Promoter Strain Culture
. Periplasm  Cytoplasm
medium
pBSK—Neu T3 MC1061 0.022 0.001 0.000
pTrc—Neu Trc JM109 0.065 0.010 0.012
pET—Neu T7 BL21 0.692 0.015 0.010
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& 480KgE zolidol Al 43+ ARE-eFlvh(Fig 1~2).

. Neurminidase THEARYARA| A~ED A&

Neurminidase 2t f18tol= GMPY $Hr5 o] Q= NANAE E8lat7] =
Hj k3t o] & ©] &3 Neurminidase¥4t o2 78 + Uty 48 JPU&

o test 2
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D) wEhrlYtobAl (Neuraminidase) Al 28 Sl 382 o3 2tH(Fig. 3.).

7h 1st Seed Culture : Ba¥ A4 JFul=] (Lactose—broth) 300mlel] A F4t
Arthrobacter ureafaciens KCTC 3387)< 1xF A& 3stal o]= 30T, 300 rpm2]
Z7 072 ks, 3.0~4.0 OD600%S K o &<¢Ss &5 33l

}) 2ed seed Culture : 1st Seed Culture’} €23 3L AAF JoknlA
(Lactose—broth) & %3} 5L fermentation®l 4] 7417+ 30C, 300 rpm®] =4
O % ks, 3.0~4.0 OD600Ft2 B o 2= ¢k = a3t

th ©]= GMPY Frehvytioba] (Neuraminidase) Al 22 913 &4 AMS 3 T4
© 7 ARE-sF

2) reprvhobAl th A (A 24 W k)
2 AF AN = FEhvlYohobAl (Neuraminidase) AJ4HE 7148 F0] (L3 2
A1) st7] flete] v o] Al
7h A5
(1) M9{mjA]x4]: CaCl2(0.015¢g/1, pH 7.4), Na2HPO4 (6g/1), KH2P04 (3g/1),
NaCl(1g/l), MgS04 (0.5g/1), NH4 Cl(1g/1), Glucose(2g/1) }vi#] 2200L 2F++
(2) 10% GMP (GMP:25kg,R/O< 250L) H =2t
(3) 5L 1M MgS047H20 H Akt
(4) 250ml 1M CaCl2 A+t
) ZAaA S F 109418 o x K3gskgit.
(1) 10 ¥k-g-71e M9uiA] 2200LE 278kl A A2 (121C, 15 & 3 § 30C=

(2) “1)&4g” o] %Lﬂﬂj_ He A 1M MgS047H20(5L), 1M CaCl2 (250ml)
S 9o F]}.
(3) 205" o] duyd ¥HE Ayd Fvjd 714 10% GMP (GMP:25kg,R/04

(4) “3)34" o] ¢rHH Tty AW Tt (A ureafaciens KCTC 3387)& A
a3t

(5) “4)&d” o] ¢ggxH 30C, 50~100rpm, 0.3~0.6 VVM, 0.2~0.3 bar,
DO=20% ©17% F# 9 pH 7.1 o2 vieF 345 W&kt

(6) &AL FHTE 30~40 OD600 =2 oA vb-§-& F4 sttt

(7) “6)574" o] ¢x¥H™ UFAAES o838t A 10,0000]81e] =42 A7
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r‘ﬂjq_ E/\] ] 1OHHE == O]_oﬂ\;].
(8) “7)¥A” o] o]Fo] AW A| Filter pressE
9) “®uH” O] A5 = oIS F3t

ol g3 HE o} 34 & Ak,
A% 30,0000]812] 24& A8

il

i

(10) 9)&4" ] g=d a4 i‘%‘% EARXAA HF HF webridoolA” &

il

At
(2) UFA| "3} Filter pressE ©] &3 o33 T Stol o vhel d4 vebw=d,
ASHAN RV E ol &3 12 A 5 AEdH Yo o5 A3
(3) Filter pressZ& 7] 313t o 3}l & %
= AHEete] A 55L4 e g ae
(4) & FH A GMPE 115 %=(10%)
G4 B A 10~15% 7rashs EA4 skl o),

l'm.l::, HE

A oA F (AR 2 o1 Ul AFHY FFRAGAR] I E Lo
3 = Ql WA M+t (B.cereus, E.sakazakii)®l

FR)S B fEiA(GMP) S a2 7198 Hd &
£ 7] fst A AAEA Neuraminidase EHB’“(E/\P/\]/\E“ e
e a] NANAE 544 Heor #Eestr] d ail

ANEu|WEZ A ureafacienssS A

A =
AAEE U RAAAA AR RS -] A~

i

A
&1, tfEARYARA] A E)

AeA =& o
2 4F3ch Al g Ay v 2o
7V Aol FREE Blass sy et APRas17E), AEFHAER

SAE AEVAES F78] o]=°l Wsto Neuraminidase® A=2d 4=
AAsEATE. ABEA, A.ureafacienss NeuraminidaseJAF fFad o=z A
AT

. 714 GMPH] NANA AAHS fl8l A8® A wreatacienss WFOZ A3 A
e 5 NANAAZA S sttt (Fig 1~2. Fig 4.)

o axel NANAQ A 25 S fete], AadAGE Wex) B ol
o] &% NANA AAF10=, 71AGMP v 42371 1% 7)< 918 a4
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b 9 NANAAAVE & AAeklvh A3 o3 2

D AAFE A Fotol TEH A AR S A 5 ety tiolA o
FAA Y5 Fig 59 o] Jdo] ehxs ).

2) Mk 1L7lee® AgAA doM el ai8ad2 0.16unit/mle] iz, o
A7k T4u/goldth ¥y, AIFEBE 2AD) o E AANAES 4u/ml
I8 97 E 116u/gl® F7Fsksith. 18] ar, vk 1LoA AAFEL2-33g(
3.3%) ©] At} (Fig 4~5).

2) 10% W% (Working Vol. 5%)o|X FAEL
o, oju] AAFEELE 71.5% A (Table 1).

3) AAZE FAQARIE 7,625,000 01, oju Hatma 1ge] AAETR=
3.816¥0l¢lorm® AAGS drETt & 5 ltk(Table 2).

4) A=, oJo wlo]g AUl FAGHAANA FEs FHA (GMP) Z5-E
NANAAAFS £33t &4 (Neuraminidase) AAHE n A= (AEFH7F A=) &4,
o] o]g3t 3~10F 1R Neuraminidase tiEERAF 2 AALE
NeuraminidaseE ©]&€3F 10%E 52 NANAUH AYAAA~HS dAEA AH
&kl k.

ﬁ_
_O‘L
;O
o

off

< 1,998g(232,000U) 3 2.
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Table 1. NeuraminidasetZ4t 574 WS (10E HH&x x=7, Working Vol. 5%)
W AA B
24z = W
y =23 8E ALY Yrrg
E otF BHLRT| (1S
| sieg =y 1.I10._ 042 i Z8E0(108)
- Working Vol : 58
| B/Os 258
2 MIBNA {BER EH CaCl2(0.015g/1, pH [0 B2 MRy £ THSD 4T
2 | MBATH (74 NP0 Gl KHPOHID. e s ks e R o o)
NaCl(1a/1). MaSO4 (0.5a/1), NH4 CIC1a/) '
Glucosel2a/1)]
5 BT 1. 5L IM MgS0,7TH-0 B got | %‘Eg (121 158)
2 250ml| IM CaCl, 8 TaA 2 A £
4 | J|ZEYED) |1, 10% GMP B Ead
= TS S '
5 Zauz 13E?E FdArthrobacter ureatecienstCTC |\ & 2004 e HU0 TE
et 1.30°C, 50~100rpm, 0.3~0.8 VWM, 0.2~0.3 bar,
5 & DO=20% 014} 87 & pH 7.1 TAOZ WY NZICH
2 30~40 Oyt & SEH HIHES
I CFHDIE Soi0] 27| U 224 B2HA
1. Centrifuge 2 UFAIAEE 0BG Tﬂa* 10,0000/ E2 2 A
] o 2. Utra Fiteration Flter 'H s S A 100 =&E0
3. Filter prass 3. Flter pressS S50 HA Y 9 43
4, 29 6| 4 BHIE B8t -Erﬂ%* 30,0000/ 6+ EQ“ T
HotH Z=0H FEtDILICHORH B2t 2 22| EH
f o P I SEAT] 11.5%
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Table 2. % Neuraminidaset] & AHA] A~ El

- -
SHAGAE 2eA4n W AAY FH7)
28 A2 HH422F) ArE=(H) A(A) ERAAIZE Ko bl &
A 2(GvP) 25kg 1,625,000 85,0002 (S2I14| ©5)
U450 108, KOOLLED)| 150,000 450,000 IZAR
LR 150,000 150,000 12ALS
2422 200,000 200,000 1gNe
SEAE)| 100,000 300,000 3YUAE
ET=20 | L-broth, MatHAl 500,000 500,000 Pre batch
A A p=1
2| B MU, 223 2,400,000 2,400,000
k=1
pdball! 200,000 1,200,000 6g
JIEH|E oy, 2 S 800,000 800,000
HIZES It Y 3.816%/9
7,625,000 o
(Neuraminidase 1g MADJ|F) (1998g, 232,000U)
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Z i Y (seed-> Batch Culture)

l

1st Seed Culture

300ml L-broth, 30°%C, 150 rpm, 16hr

2nd Seed Culture

3L, 30, 300 rpm, BL fermentation,
thr 3.0~4.0 QDB00

h J

Bactch Culture & &2 &<

Fig. 3. GMPUY] &5 o] 9)= NANAE 22]3}7] Neuraminidase g AH&-

Ft 3
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4% Pilot Schele(40L)E 7o 2 AAAA =S st A siglon, 297
= 194 435 7122 ¥ Pilot Schele (10 &%, GMPARE-%F © 380Kg) °lA]
AAEF T 3eAE 2@ Aol At AsE NANAO0%) & 9452 Isis 4A
HE AR o2 FHAFAG A ¥ AUy A sy 2ok

LN
2=

o
b
=)
of >

1) 194 NANAURAAA A8 3= (25%, BAHE 63%)
(e YA A4 Pilot Schele : 40L, GMPAFE 2 @ 2Kg 7]%)
7H AAEA - 19A M= ¥ NeuraminidaseE A€ GMPW NANAUZAALZ
A AAHE 9%k AlAPilot Scale (40L) A A3kaL, Pilot AAATE EUZ tfFA
AN 2AED RS A AIRAEFQOETR) AAA FAE 2 AAGS AHE 7T 8t
A sk
W Az 2 g 714 (GMP: 2Kg) thH] Pilots7 (40L) @A™ (85kA) NANAA A
&S FrrskE, Pilot SAE@HANE NF(L), FAZFA(2), NANATH
(g), Purity (%) % Yield(%)S &<leta, @A HA5U NANAQ shiaks
A" AFE49 (HPLC 9 FPLO) ol £3te] A4 st
AAZ T F8EAR WAyt o,
I 40L(NAEE 5%) 2 wjstsle] xAE
)

le) %
TR GANSoREA F4E 7|ZAC GMP e 1% AMEstE o2 5
=

o}

™, 2342 AAA Fad A

) el x
2 T NANAZ} gHi¥ GMP7H+#
=S F5& g (Table 2., Fig 3~4., Fig 6.).
|
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2) 297 : NANAUZAAMA A® 3G = (10%, k4 90%)
(=g 7y A8, Pilot Schele : 10¥, GMPAMH-% © 380Kg 7]%)
2 Ao = sl Neuraminidased -8 NANAUZFAAdZA HAS 93 Pilot
Scale (40L) Al A A 25 3 Pilot Scale—Updt AlZE (10EFR)AIAE S8t d=A

A% Pllotg 4% 24 9 A e AR5 sk A sl

2eA Y] 71 3L 1dAel Foko] @A Scale—Upsto] AAek3ith =, 34 1
& g AT O RA WEEE 10Ee] 7141 GMP 400KgH AAT 85 3
stal 712 tiu] 7i¢Neuraminidase E45 1% (4Kg) & 3ot W& Ak,
2374 0% pH 5.0, iHg2% B AR 5 AAA 34 LA T8t 19
w12k AF3ASsEHIHAA 1dA A= 1/8WlsHE, 2dAdAE 1/565F50%
a3l ogkE F7bE M e 1A= s5RES tin] 3w E Hrtskglon, 2
A= 2uE Hrreke WS 2Eeralt 28a, aANks 284 d@eE
7 NANA 55 5F37] A% ot Ag3d 5 I = 54 AAE fs
of 1Al ez WAoo s AEE =8% AA AAEE 2uA M=
ey Ao r WS ARF dEavel feo] A A HRE AAE A

A&+t (Fig 7, Table 4.).

W ArsRdy

(1) 714 GMPE 380Kgo & aAxgd =gojuha S Afelste] AAFE AlA o] A
NANAAAFFS 92 9Kgo] AatHo] AAEES 90%E ZFs oy, vt
10%% A Yerstth(Fig 7, Table 4.).

(2) A Ao AFeE7F 22 Al 4
R 5 3 Az onkslte] Jes s 3
o M= =5 25% NANAAALO] 7hs8F9d o1

15y 2
5.0 %A w9 AYFE A 5

i

=
£ 4 om

K

it

|

o

=

£

i

2L

ok

o2

&

o2

=

i)

]
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52

o] Z &Y 3}A] %—aﬂ AHACRE erE vt Gol B Eo Mol AA Aot AF
o] ZE7F e o7 AR E I
AEH o2, 154 23 Pilot Scale (40L) AlAAHE o]ojA Scale—Updt tFA|
NANAAARE 8l =257kl v A= :6;48 HESf] & éﬂr
S

3) 394 1 A% NANA(10%) 9 1% AA7IH F9

AN = 2 Ao A A ZHE 10%+%=2] NANAE AHE-3te] NANAS 25

7H20% o1’H) A7l AA FH 3 o] NANAURAMAI AR 7] H32<l
T Aol & NANAJYAAIAEE ¢k5shal A 3k¢lth(Table 5.)

o|\

R

R B8 flske], 29 AFE(NANAEE © 10%, A4 90.01%) &
30%% =l F ollgh& 3uf -] Felste] maw HA, dE, 12243 45 35k
FEF AN ET F NANATES ZAF

A

T58) A2 A, 293 A4 10%w% NANAZE 394 248 AA 20%9 &

S Z71 99k b, 257 e AE qus ST $9S Fol 2ER
¥ 5 gl FAHGO, S EYANA g0l ArhrHw o] oBE FE
y =9l

THl o R Ho Akrd B SRS B tENANAAZA AT 98

3. AFFI A (ETEE)
7F JA ol F (AR 2 ol Ul #EEH yTRAEHQ JFE do
713 Qo FEHs gHMo)l glE, mAA HAAM Mt (Bacillus  cereus,

P
= 71
Entrobacter sakazaki)®l tstol, s (FAY FR)ES HAs FaHd

(GMP)= 952 7194 A A= NANAE 7Essit.

L 7148l Tr%ﬂ—woﬂﬁ NANAS &4% Agyow sty Ad @<l
Neuraminidasew= A&HA7FaZ SAHY Qv AFvBES  Arthrobacter
ureafacienss sl ﬂ%a%/‘}/\]ég‘?’tﬁﬁ]/ﬂ FAaPA E o]E 835 NANA
LA ] S o] AAgor d5edity. HEA R G498 NANA
o FAAAIAE FH= S5k, iﬁ:*ﬁ’&@% hs-x) 9 o]F o]&3 NANA
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AAH(10=, 71EGMP div] 2237 1% 719 = 918 22484 2 NANAAGAE
A=
=]

]

AQsgleh. A3 a3 2

D Hkgxdl HF a4&AAAAE 0.16unit/migl=d, old F  432,000unit9]
Neuraminidase”} ABAFE A} (p<0.05).

2) 7142l GMP 1g& aAaFs|A#H NANAE AAH37] $13F Neuraminidase &4
7FAl+= 0.5unit/g (GMP) $1tH(p<0.05).

3) Neuraminidase 432,000unitE 2484, GMP(NANA 4% &)< 864Kgs
3l A1 = Qdsler, ofmf NANAAA(100%<: 715) <2 25.9Kg3i

4) 100%%+% NANAE A4, Neuraminidaseb] 2 386,1009/Kg, 25%2] 725
= 96,525¢¥/Kgo] AL ¥t

5) 7B¢ Neuraminidase®4EF 483 ¥y GMP(NANA 4%)=25H AJitd
NANA (=% 25% 715) 9] A2 GMP 1Kgd 99g(sddx) A, old Ay

< 63%3ATE ol 7AEAM GMPW NANAGHTZo| 4%9s Fetetd

o] 93] EaEE= NANASL o]&x] BAFES 75%% 0 Hlwste] A A

2 63%AH ol FanteEd (HAE AAAD °oF 8%, oletE FA=E

A A 33%7F EARCE Qs Aol olF FARlstalE 25% 7l

o2 1Kg NANAS] AA7H= 674,471 (A48 125,0009/Kg 3231 o] it}

6) thFAAS st FAHAQAZFCZ A Neuraminidase AJabAQAIZHS 1843
NANA= 11243 (Fd8Ax AIZE A9 22 F 13041%k0] 29 53l

7) NANAABAFE(63%)57He e WS A4S d3, Faisad DA+

9

JAE A5 D BAN 05T, A0E FAT AATINN A@LHNF 2
KeX

;E

t}H(p<0.05).

8) Ao, Yo nolg ARl FHEMAgA Fefd i (GMP) 2535
NANAA4HS #9138 @4 (Neuraminidase) A v A& (A EF3H7F v =E) &1,
o] o]g3 3~10% 59 Neuraminidase tiZEAAF @ AgAE

o

Neuraminidase& ©]€3% 10%E F5° NANAU AYAA| AH
3tk ((Table 6.~7.).
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126



GMP(Glycomacropeptide) AlZ=Scheme
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-
GMP 54 %o IS
{40L, 2kg GMP, 37°C, 4hr)

| |

o t5e

L

o 3} (filter press)
i (DI=d=2 A1)
[} - »| weznmg
Frz T
AEgee =
(BH) ==, HE 5L
e J
s 88
(36f 2m =7 151 "7}, 45C 12hr 2]
2 (Filter press)
(HE= HH)
l » | HIEE EHEE
-
a7

:
sanz ]I[ B ]

Fig. 3. NANA (25%, 2335 63%) ZFAAAA| A8 3 A&
(e Zg Ay AL 40L9He%, GMPAFEZ © 2Kg)
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Table 2. NANAA|ZSAE (1+4]) A&

B 7} 43 (Pilot Scale :

40LYHg, GMP 2Kg)

NANAAZGAE ZAd 371 A5

aL I‘:]_-ﬂ 3L [e] - . . vl 31
S Sat ek sz | FAX NANA | Purity Yield 13
L ®AE| TFW (%) (%)
o N NNAFE
1. Wk Az GMP2.0kg+7d A4 40L 40 2,000 0 0 0 5 0%
5 mame w | BROTAE 1%),
i B § =
U pH 5.0, 37C, AN g 40 2,000 | 79.0 3.95 100
=% % 90T, 30% A
3. 8% FHE | moengme EAA RS 7.98 =84
e peddes eAdET 610 | 6.3 1.03 (GMP7} 5%
(k5o ofz}) | NANA & =<l (Loss) | germ =)
4. 12 AF0%
. SRR Iagae gu) wx 5 1,350 | 725 5.37 91.8
55
5. olghe FA  [wHa gw) B3 FHE| 20
e REC G N
6. Rt A= )\oqz‘i o d45 ojz) ol 32.28 | T84 (GMP
= Y toum > 1,020 | 255 2.5 7R s ke
oil/Aulolz) | EAAET NANA @3 & (Loss) )
Q
7. 27 AFAL ;
. ok 20brix7tA % 1.35 204 49.5 24.26 | 62.66
55
371
8.5344=x 48417 TEA=(407T) 198 49.8 25.15 | 63.04 5
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JHENANAGES :25%) GMPII 52512

E4UESE HES(EEL, NANAERI.03%) HIEE HES(+E4, NaNAERIZ5%)

b

Jul

Fig 4. A4 Pilot NANABAIA 28 (40L) A& #A%9 NANA(SE 25%) 2 7]5ABAE
(GMP7}=2 3l =)
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Fig 5. NANAAIAIA] GMP7}patsll FAk=2l 543714 2
[A 1 B8 (EL2NSS FAE, NANA 1.03% &).B @ =84
(&g FAE, NANA 25% ), S3lx=4 : ZASFH GMP
VR E 2% (w/w) 23]
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Fig 6. 92 (GMP) ] NANAAAA ~® AL (40L) =58 NANA
(N Z:FANANA, G0420:556% NANA, G0426:+% 46.24%
NANA)
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e T Tt R P TR TG T PP
5|
2004
.
" g ; : i
i N-Acetyl-Neuraminic XN-Acetyl-Neuraminic A
- f‘
] ;' !\ EhH NANA(STD): 1 00ppm Cortent: 5% (w/w] in G Content: 5 % [wi/w) irn GMP
i —— e L - E _‘ P‘!‘ﬂhi; 5 Weight: S
T T e et ¥ s - et = Bolch No .- NANA- 100415 Wlch No.: NANA-100420
st & Hoduction Date: 2010047 [ ™uction Date: 2010042
|
I\ 5
0 |I Maeil/ Amicogen, In: "‘““Mmlcogen Inc
| L = = ~
b I
/1
0 II- |
Iﬂ |
= || [l Lot100420: 62.068ppm
y s 1, T
Te i T = [+ " T |
AT A Zige 200 30 e 380 100 (TR N GAGD
i
2434 i
h
S I
1 |
l
" [
o :' .I
1 | 8
= AW
| [ '\\#" i Lot 100426 : 462,322ppm
. BT TRLAE MM il E: T
Fig 7. 95 (GMP) &l NANAAAHAIAEL 28 (40L) Alx¥ =% NANAS] HPLCEA A7

(= @ FANANA, G0420:556% NANA, GO426:-% 46.24% NANA)
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o e e e T
L FPLC
‘_
wy S TN |‘ . 1, 000ppmHANA
— G- NANA(6%), 32013144 = 1.000ppm ;
L ! o G-NANA(UE?%), 32003124
|\‘“ il
i
“ 150
|
A0 - Lc'cl |
Ik
|
. - 9
| | ‘
i 1 ' | U 1) k] 7 i
' \af ¥ _‘f’f------"mu T fr
- 2 0 W , ,
00 n £ L] b =
i 1 i ol
RT(min.}& T X=(%) RT(min.)& & XS (Height, %)
N&E b2 NE Hl2
120 | 8009 [ 8918 | 95 | A B0 | 4237 | 4500 | #A
1,000ppmNANA 1,000ppmNANA 100
(STD, Odas) BN (N L (STD, Ddas) gmy | 0| W | o
} _ e 032 || . 69 | my | w3 .
G-NANA 36 | 2 | 18 | ete) | 0|70 || GNANA Rt Il I B
H2 NANA 2 HMW | NANA | LMW
Fig 6. 95 (GMP) 9] NANAAAA] ~H A

e

£(40L) Azx"

=¥ NANAS HPLC(s=E=Z%Ab

4 FPLC(NANA % GMP7FeEsllE9 A= &) 44 3,

o o

INANA, G-NANA : Lot No. G042
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Table 3. NANA (25%, A4S 63%) thEgAMA| A8 F7 0
(e ZHAH AL 40L9rSx, GMPAFE= @ 2Kg)

o3
=&

A} | £+ | NANA | Parity | Yield
& 4 L W | 7A@ | 330 | @ | ®
| oMP2.Okg + A%
WEAAL o (1AEE 5.0%) 40| 2000 0 0 0
&4 (1A% 1),

Faukg ﬂﬁg— 5.0, 37T, 4413+ 40 2,000 79.0 3.95 100
wg¥gag |GIRFOERTE 610 63| 1ps "8
B |rans 0 ga (Loss)

H%‘E%#;J Eii—: i% H 1,350 T2.5 8.37 1.8

ceks A ‘g o] ok gu)| ] 20

A5 R
s AAEE 52 =
o g2 A5 A= NANA T 1,020 25.5 25 )
! ] {Loss)

2’};*::* ¥ lotoopesot s | 135] 204|405 2426 6266

EAAxAE 4?;;;'“ 198(g) 408 2515 | 63.04
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Fig. 7. NANA (&% 10%, A4 90.1%) o A AHA|
(10E7FE, GMPAHEF © 380Kg)
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Table 4. NANA (=X 10%, A& 90.1%) A A A8 A
(1075, GMPAHE-% : 380Kg)
- o F#x | HANA | Purity | Yield
&P % ¥ L | A |22 @ | @
GMP380kg + 74 A%
MENAE g g0l 2% % ek 0 | 7600 380 0 0 0
AR (6 W AN, pH
=k 50,377, 1247k -3 7,600 %90 1444 480 100
MR NAE |y F 9AE AR sta) 8.8
T BV ETEAE T 7600 g neg) Loss
caal# g TWEE 10Dk 29 ¥ F
e e =g o)l fot Jda] | 7500 3112 14.40 463 99.73
T LEN s
"‘"m NS oS o} 51 ¥ % 1,500
I e kI
AHE FA L AT ] 1B7.65
AwgAAR |Gy 4500) (oo Loss
Ad 45 |cddds Eau4sd
o4 ST 260kg )
2a A | :
xa sf 2T izt % a0
AT
Aty 40T 72N EAAT 29| 1301 100 90 ml
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Table 5. 397 : A+ % NANA(10%) 2 1% AA7YH A

4 oW W 2z NANA Purity Yield
° (L) =7 (kg) %% (kg) (%) (%)
EAAZAZ 80.0 11.2 14.0 100
WA E 44 W2 80kg + AAF 2601
o2 A4 oe-2 1,040L A7+
459 g A X A5 E0 459 s
e 55 ok 27hrix 7AHA ¥% 100
4% %EZE 40T, 7247 A% 25.0 6.3 20 56.3
AF)
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Table 6. HFTd ¥ NANAGZAYAL

T4 [10=0E

-2, AH- GMP @ 400kg]

+ 4 AAAH = AHg-73H] H 1
GMP400kg+d A4 8,000L

Hp-g-o 10¥ Hk§-7] [Working
1A E 5.0%) Vol. 8&

"4 (7144 1%, 4kg),
pH5.0,

Ag 37°C, 4217F 9k 90T 30% =
A%
W3l oz | Ao ofx SEEER

dee WA | wF Aol of 3w 74 ¥ | 5E w7
e FAE
A Ry zel~ ol7 @ 0.45um of | BHZAX
3} Frolsh 4
EPLE!
AZAY B | oF 20brixA 5 B EE7)
TE3x 40T 48A1%F 54 % ANz
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Table 7. FF4H 9 NANAZAAMA AE (F2:10%) W A A8 WS (FAAY HE7H

28 A8 '
3 3 (25 Me | 98| kegug
ro) S A3 }\]ZJ_' g7
9 42 (GMP) 400kg 26,000,000 65,0009/Kg
=
'j_i LESHES 560g 386,1009 714 (GMP)) x0.
(s}
14%
aapa g ag DTS AENL G B 500 0000 | sa0
AT 5
A =0 G A A 5,
ey (e e | E AT 300,0009 | 443
Ay =
B4 #H <0
s} g 00 8 ATIE, 400,0009 | 84z
Aen]
. 95 %4 3,000L (80% 3 47}
e 24 ' 100,000 ki
o 36000, An = 1,100,000€ | 124
/Kg B - B ~
Ay | LN E (BE 2 | FE =S, membrane H °
S wAwentsad g S
| st azsrsE [uA g, g 5 200,0009 | 4413
EAAZ EANZE AHE 2,000,000 | 3%
7147 400,00091
1 714] 121 591 (200,000€1/21) 1,000,000¢1
71 EpH] & 100,000¢1
Az} 674,47149
(25% NANA1Kg#4t 32,386,0009 (A1) §:125,0
71%) 009 ¥3h
AT 2 onj Ay 3,000,000
F2978 &4 737,208¢
(25% NANA 35,386,000 | 112413k | (A4 £:187,0
1KgAA718) 00¢g *3h
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A 3 A NANAZA Q] &4 w7y = 1+

1. NANA ZEQAA ALAF 7Y (in vitro: BF AE2F &8)

Aol EdrE AREte] AlEStel sl Al

¥ AXEF+= HEK 293 cell (human embryonic kidney cell) ™ RAW 264.7 cell
(macrophage cell) & AF&3FSIth, Al Zuof2 HEK 293 cell®] -9 DMEM®| 10% fetal
bovine serum (°]3}, FBSe} &), 100 pg/ml penicillin, 100xg/mé streptomycing <3+t
Hj A& AFE-3ste] 37T, 5% CO2 incubatorell Al wjeFatdth. 242e] cell= culture dish
(1x10° /me) oA A3 vzl o8 kst A& A4 (in vitro)& AdT—1(H
AT, AET-2(NANA, 0.1%/ml), AET-3(NANA, 0.05%/m), AT —4 (NANA,
0.1%/mt) B AAT—5NANA, 0.5%/ml) A2 $ 70 & e 33t

AEFGAHAE FAH2 MTT assays AFESHETE &4 W2 wfkE<d cell 950 wloll
MTT solutione 50u® A oAA AL |8 & ¥ 377C, 5% COZ2 incubatorel A 37 4
AlZF incubation 3Fal, mediaE EF A4 & DMSO(350u) & Z+2Ee] sampleol ¥ o] Hb
S A1Z1 3 microplate reader (Molecular Devices, Sunnyvale CA, U. S. A) E ©]-&3}9

= gt ah9ith. Blank= PBS £910 2 24 a9l on], Z4 A4S 6,

540nmell A 53 = 543
12 9 2473 A3 A Z42F 73530
o} A4y
NANA SAFYE F5E5 73+ H540%2 FEHEE MESAHS 33T HEK293

cellZ} RAW 264.7 cell =% NANAZ} 0.1% 5571x= 33 A 7kdlof] A2 =AJo] oz
A koo ME BT 0.25% 5% o]t 1 24 N7l ok 20% A% AEZEA T}
A E o (Figure. 1)
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- ® 6hr —e— Shr
i v —o— 12hr a —o— 12k
Vg Eee . —v— 24hr 100 B B —v— 24hr
100 D e w&\ SN
[ " SSinss e

. —_— | —— e ——
= ol - I = TR e t
B E B
= £ o
E o =
- -
B B w

40

20 20

A B
o o
] 0.1 25 0.5 o o1 az25 as
concentration (%/mil) concentration (%/mil)
: 3T =% 3T % .
Figure 1. 5 A|3¥5 (A : HEK 293 cell, FEHE

7k S ol vl A

B:, RAW 264.7 cell) ¢ t}s}o]
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2. NANASQ] A (2B

9 ggr] A3 A%}

dEE zAselM @] 8l Y] Bk A A

5
E2
| AE @A S 1 () AE T AR R AR

A FEE 1% NANA (1A 75 &) & Abgstdlon, A+ 24 Ad7-1 (A5x4
SA A, Uz, AT -2(NERY TR azdeA 2d A3 2 A¥T-3(A R
28 FAEEATANA 159 A3 o2 AAsgleh 4 WS FPLCE o] &sto] 4
Al3FA Tk
o} AAs

A& 1% NANAS] 7} 219 wabes Wshs A7 A3 Al Exbeke] Wahrh skl
AZFE 37.40minell A 34.57min (A2t 2 ©]F) 0= o] Fal ok (Figure 2.). B3, Ad4
WshE 169 A Al BEE A gkov A7) (6701 9 1) A A Wsh w5 B3 o d
o]t}
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3. NANAS- U484 2 88 U4 wael 3t Fzas 37}

SAAE % F3 (1%, Beereus), 15 w731t (2, E.sakazakii, E.coli O157:HT7)
9 aR¥ i (1F, S.cereviase JKK091002) & AH&-3titt. &A= 344 WAl Paper
disk 37% [1: Ceftazidime/Clavulanic Acid 30/10pug, 2: Ampicillin(10pug), 3:

Cefepime 30ug, 4:Clindamycin 2urg, 5:Kanamycin 30ug, 6: Linezolid 30ug, 7:Colistin
10pug, 8: Streptomycin  10gg, 9:Vancomycin 30xg, 10:Oxacillin 1pg,
11:Cefoxitin 30ug, 12:Gentamycin 10pg, 13:Erythromycin 15p¢g, 14:Rifampin 5ug,
15:Amoxicillin/Clavulanic Acid 30ug, 16:Ceftazidime 30ug,
17:Sulfamethoxazole/Trimethoprim 23.75/1.25ug, 18:Cephalothin 30ug,
19:Penicillin 10IU, 20:Lincomycin 2ug, 21:Cefotaxime 30pg, 22:Amikacin 30ug,
23:Quinupristin / Dalfopristin 15pg, 24:Aztreonam 30pg, 25:Bacitracin 101U,
26:Neomycin 30pug, 27:Amoxicillin/Clavulanic Acid 30pug, 28:Chloramphenicol 30ug,
29:Cefotaxime/Clavulanic Acid 30/10gg, 30:Telithromycin 15p¢g, 31:Penicillin /
Novobiocin 40u¢g, 32:Apramycin 15¢g, 33:Ceftiofur 30ug, 34Pirlimycin 2ug,
35:Novobiocin 30yg, 36:Enrofloxacin Batrill 5ug, 37:Ceftriaxone 30ug,] S AFE-3}S
ol YA B Fo] H-F A= Paper Disk Method 2 &3slo] #hzalgich a4 w48 48
AIZE 25C T304 wieketdnr. A A Brke +(F)/F8 () o2 Y

EA

ot A A AP I oFgl 9] Table 1.3} Figure 3.0 AlA &kt
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Table 1. @5 1ol W3t A 7 Z2AHE 3}

Ay A . . ~ o . -
A WA Paper Disk®¥ &Rl i3k 744 B g Ay

Paper Disk No. 1 2 3 4 5 6 t 3 9 10
A AR A + + + + + + + + + +

Paper Disk No. | 11 12 13 14 15 16 17 18 19 20

PN
HERA7

=
|
|
+
+
+
+
+
+
+
+

Paper Disk No. | 21 22 23 24 25 26 27 28 29 30

LR

%
|
|
|
|
|
|
|
|
|
|

5

Paper Disk No. | 31 32 33 34 35 36 37

L

=
|
|
+
+
+
+
+

1 @ Ceftazidime / Clavulanic Acid 30/10ug, 2: Ampicillin(10gg), 3: Cefepime 30us,
4:Clindamycin 2u¢g, 5:Kanamycin 30ug, 6: Linezolid 30ug, 7:Colistin 10pug, 8: Streptomycin  10ug,
9:Vancomycin 30ug, 10:Oxacillin 1xg, 11:Cefoxitin 30pg, 12:Gentamycin 10gg, 13:Erythromycin 15ug,
14:Rifampin Sug, 15:Amoxicillin/Clavulanic Acid 30usg, 16:Ceftazidime 30ug,
17:Sulfamethoxazole/Trimethoprim  23.75/1.25xg, 18:Cephalothin  30gg, 19:Penicillin  10IU,
20:Lincomycin 2yg, 21:Cefotaxime 30ug, 22:Amikacin 30gg, 23:Quinupristin / Dalfopristin 15ug,
24:Aztreonam 30pg, 25:Bacitracin 101U, 26:Neomycin 30yg, 27:Amoxicillin/Clavulanic Acid 30pug,
28:Chloramphenicol  30pg, 29:Cefotaxime/Clavulanic  Acid 30/10gg, 30:Telithromycin  15xg,
31:Penicillin / Novobiocin 40ug, 32:Apramycin 15ug, 33:Ceftiofur 30ug, 34 Pirlimycin 218,
35:Novobiocin 30ug, 36:Enrofloxacin Batrill 5ug, 37:Ceftriaxone 30ug, + @ ¥4, — 1 &4
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Figure 3. &5 vrol tfdh &84 4 A 3%

1 : Ceftazidime / Clavulanic Acid 30/10pyg, 2: Ampicillin(10ug), 3: Cefepime
30ug, 4:Clindamycin 2ug, 5:Kanamycin 30pug, 6: Linezolid 30yg, 7:Colistin 10pug, 8:
Streptomycin 10gg, 9:Vancomycin 30ygg, 10:Oxacillin 1pg, 11:Cefoxitin 30pug,
12:Gentamycin 10ug, 13:Erythromycin 1548, 14:Rifampin 5ug,
15:Amoxicillin/Clavulanic Acid 30ug, 16:Ceftazidime 30ug,
17:Sulfamethoxazole/Trimethoprim 23.75/1.25u¢, 18:Cephalothin 30ug,
19:Penicillin 101U, 20:Lincomycin 2pg, 21:Cefotaxime 30yxg, 22:Amikacin 30ug,
23:Quinupristin / Dalfopristin 15p¢g, 24:Aztreonam 30pgg, 25:Bacitracin 101U,
26:Neomycin 30pg, 27:Amoxicillin/Clavulanic Acid 30pg, 28:Chloramphenicol 30xg,
29:Cefotaxime/Clavulanic Acid 30/10gg, 30:Telithromycin 15x¢g, 31:Penicillin /
Novobiocin 40pg, 32:Apramycin 15ug, 33:Ceftiofur 30ug, 34Pirlimycin 218,
35:Novobiocin 30ug, 36:Enrofloxacin Batrill 5ug, 37:Ceftriaxone 30ug, + @ ¥4, —

[e)
=73
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4. ANANAS A2 LA F7H A7) BB WE FHA Al nx= &3 W3]

MFAE W BEY AFor TR AV BAA EA

ol A3E EiE NANAAEY A9 TYPEAGSIItE ol 1dak(¢s)ods 04,
E Al = (Ee/olsterA Bl A Astast Az hWEE #lssl

I 2@ R) ol 1dAk A7 10708 A, 47

olell, YU (1%,w/w)sE NANAENS 7] (1d

Lo
B
b
o
an)
e
2
o%
=N
oX,
2
N
fol
i

a1
e
)
w
ﬂ
1
o,
w

#HZx NANAC dAe] %W Hazxadd A 9 1085 I AT Ba7|3r
& 2009.09.08.14 2010.07.01.7F4¢]™ Table 2.° wzt A F Ryl
(Figure 4.). Z71HBA0/MD) o wE ARt ZAME 8l sAITd2 35 &3
(E.sakazakii, B.cereus, Ecoli 0157:H7) A3t o™ njekS TSAH|X] o] 37T, 24
AlZHser  a71RANA wekEdd. 3% Ed(cfu/ml)  BIES E coli
0157:H7(6.7x107), E. sakazakii (5.9x10°) 9 B. cereus(1.5x10%) & Z3&}
NANAA G sE U 74 #AAAE 05% U552 Agsdon, IAFE 454

(0A17D), AFF 1ARE, 3413 9 2443 & AL 2 2YE AT (Table 3).

o A4

A7 RApZAE Aol v A= &y At (Figure 5.~6, Table 4.). 214 274
(A, Zd7] B3 el g AT A Astel vA = FS it A&
A o Ha A, B9 Mart 2 sy 121°C e g el iAol 7

g AAe Sle ARAE H7FE (AT, SAatE SRS RS EE), B W (A
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Table 2. NANAS] g7 4 wyz

vl A g NANAA o138 NANAA@-
B ky ;e ! 2 o T
T HWW/‘%@%L}(@L' [19%(w/w), 75C~121C, Be(Fe, 48]
) Fresnh Fresh |Heated Heated Heated Heated Heated Heated
AT NANAR | AN (CT) |[NANA (75— INANA (75— INANA(90 INANA (90 INANA(121 |NANA(121
T RT) CcD -RT) -CD) —-RT) -CD)
= | A2Rd | ALEd CEEIAE
Q. o o =] 2] 3
gg | (250 | GO L,
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Table 3. 1%

(w/w) NANAS &%
A 71 (1070E) B s A

H(75~121C0) A8 S HAZARTE=, CT:H
712 9@ AdA

A7

AYzA

Hl 1z

control

WA 950uL+3THE B
50pL

3FdE8 (cfu/mb): E.coli
0157: H7(2x10) + £, sakazakii(6.7
x10Y + B.cereus(6.7x10%)

A2 700pL+2% fresh NANA 5
0.5%Fresh NANA(Oday) 550 .1 {353 &ataforal 50 xL NANA th2A 87
Agladg 700puL+1% fresh NANA Lo
0.5%Fresh NANAQRT) 500 L (4228 +3%d Sujera) 50 L% oo fresh 1)NANA<*0LE
nL =
_ AN PG 700 #L+1% Heated(75C A 1%fresh NANA AZxF Az
0S%Heated"NANA(TS & 1 l)NANA 250 uL+3%+ £oie (75C30%, 18)F  buw

N 50uL

#:090722~100701)

0.5%Heated—NANA (90
—-RT)

Ay Aleda 700 £ L+1% Heated(95C A
iﬁ ) NANA 250 uL+3%7 =otu|o
W 50uL

1%fresh NANA AzxF dA
(90C,30+, 5% AR
#:090722~100701)

0.5%)Heated—NANA 121

A A9 7004L+1% Heated(121°7C,
A2 B ) NANA 250 pL+3Fd &9
ekl 50 4L

1%fresh NANA Azx$F 4
(1217C,15%,13) % R,
#:090721~100701)

A AF 700xL+1%  fresh NANA .
7 . %fresh NANA (5T A=
0.5%Fresh NANA(CT) 500 L(5CYHERI) +3Fd ZFguokal B &)
50 4L H #:090908~100701)
Ay AF 7004 L+1% Heated(75C, 1%fresh NANA AZXF Az

0.5%Heated—NANA (75
-CT)

5TYHIHNANA 250 pL+35 z
GLBHokou 50,UL

(75C,30%, 13D% NANA(SC
‘ﬂ%“?‘_ﬂ(090722 100701)

0.5%Heated—NANA (90
-CT)

A A a4 700 L+1% Heated(95T,
5C‘@—3—Hjﬂ') NANA 250 pL+3F+d =
r‘ﬂ—aﬁo]:ou 50/1L

[ol |

%fresh NANA Azx%F dxg
(90C,30%, 13)% NANA C
WA (090722~100701)

0.5%)Heated—NANA(1 21

A 294 700 L+1% Heated(121°C,
5CHLRY) NANA 250 p#L+35d &
Sl 50 4L

1%fresh NANA Ax%F dxg
(121C,15%, 13h % l
WA R (090721~100701)
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-y |
1 f I). ' F
Figure 4. 4935 =(1%, w/w)=

mE G EREAE AR A4

ZA ¥ NANASQ
[e]

>od AYF,

71 (1070€) B30

1: Fresh NANA (Oday), 2: Fresh NANA(RT), 3: Heated NANA(75—RT), 4
Heated NANA(90—RT), 5. Heated NANA(121—-RT), 6: Fresh NANA(CT), 7
Heated NANA (75—CT), 8: Heated NANA (90—CT), 9: Heated NANA (121—-CT)
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Figure 5. 3A# .2 AL% 3%F Z (£ sakazakii, B.cereus, Ecoli 0157:H7) 2]

FE (TSAHIA], 37T, 24A1%F S 7]0]%F)
3FH7 Ea2A (cfu/ml): E.coli 0157:H7(6.7x107) + E.sakazakii (5.9x10°) +
B.cereus(1.5x10%)
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iz —
fthry —

2w
rides w

24l 24 .
\ 3
2t =
= > =z
control FITEN RANA. m—n NANA  CT-Fresn NANA
[0 day) {afar TOmenth)  (&fterTOmenth)

90°C A 2] 21(0.5% NANA)

fhrade= —
thryz =

= w

1l
A
7t
é

Control FITeh NANA B&-HAT B5-CT Control Frash NANA 1E1-AT T21-CT
{0 oay) (aftar 10month} {afer1Omaonzh) {0 cay} {aftariOmonth}  ater 10momh)

Figure 6. 0.5% (w/w) NANA®] 2%=H(75~121C)H 2% BAZARTFE, CT:
WA 71 (10RE) A el mE A REEA) B7FA A [3Fw EFEA (cfu/ml):
E.coli 0157:H7(6.7x10") + E.sakazakii (5.9x10°)+ B.cereus(1.5x10%, TSA®|A,
37°C, 24Xk 371wk
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Table 4. 0.5% (w/w) NANAS] 25 (75~121C)AH S BAZDRTE=, CT:
A 37 (104D Fohel me F4 (1594) F7ha s

19 E.coli 0157:H7 (cfu/ml) E.sakazakii(cfu/ml) B.cereus(cfu/ml)
A h=4

0A]zt 1A 3AIZE | 24AZF | OAIZE  |1AIZH| 3AIZE | 24A12F | OAZE |1A]3H| 3A]ZH| 24413
control 6.7x10" - - 7.3x10°%| 5.9x10° | - - ]2.7x107|1.5x10°| - - |4.0x10°

59 5 . 2,542,00 . ‘

%‘Z?i%ﬁy) 6.7x107(5,734,000 0 0 5.9x10° | 0 0 0 1.5x10%(5,000|3,900| 2,600
0.5%FreshNAN
A 6.7x107(5,011,243| 94,400 0 5.9x10° | 0 0 0 1.5x10%(5,700(4,800| 2,600
(RT)
0.5%Heated . r .

6.7x107(4,512,000| 150,400 0 5.9x10° | 0 0 0 1.5x10%(8,000| 3,400 2,800
NANA (75-RT)
%'ZWNDE?SB‘E_%T) 6.7x107| 300,800 | 1,400 | 0 [ 59x10° | 0 | 0 0 |1.5x10°|7,500(4,000| 2,400
0.5%Heated 7
NANA(121—-RT [6.7x107| 752,400 | 500 0 5.9x10° | 0 0 0 1.5x10%(6,200(3,400| 2,100
)
%‘quoir(‘éSTh) 6.7x107(4,313,700| 82,400 0 5.9x10° | 0 0 0 1.5x10%(5,700|1,700]| 2,200
191‘12?02((5%6—%@ 6.7x1072,320,000| 170,000 | 0 5.9x10° | O 0 0 |1.5x10°|5,060(5,700| 4,400
I%i‘gg‘iag?)NA 6.7x10°| 290,800 0 0 5.9x10° | 0 0 0 1.5x10%|5,700|6,800]| 4,800
0.5%HeatedNA
NA 6.7x107| 5,800 200 0 5.9x10° | 0O 0 0 1.5x10%(6,000(4,200| 1,800
(121-CT)

3%d ExA (cfu/ml): E.coli 0157:H7(6.7x107) + E.sakazakii (5.9x10%) + B.cereus(1.5x10%), TSA®|A], 37C,
24X 7Y Z 7wk
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5. 71 NANAS FHA2d9EY H7}
7} AT

A 2AEALY AR ST B FATel Wi FEAIAEY WAL
o}

il
il
iy
ot

L AT

W NANAS s A2A] sAtel et G4 RlneitE Sle AT 7
(E.coli, E.coli 0157, E.sakazaki, B.subtilis, B.cereus, S.aureus, %
S.typhimurium) & ARSI AgsiEs 87 F%(Control(NANA  Omg/ml),
0.078ml/ml, 0.15mg/ml, 0.31mg/ml, 0.62mg/ml, 1.25mg/ml, 2.5mg/ml % 5mg/ml)
2 U9 FrkskA

MINANASL A a3 SulE 9% Surfactant®] A 1A &7 Fr7hs FAF
7&(E.coli, E.coli 0157, E.sakazaki, B.subtilis, B.cereus, S.aureus %
S.typhimurium) & AH8-3t0] 8714 2] A 2]# % (Control (Surfactant 700PS, Omg/ml),
0.078ml/ml, 0.15mg/ml, 0.31mg/ml, 0.62mg/ml, 1.25mg/ml, 2.5mg/ml % 5mg/m)
= e Erkskih

ARz ZF drEelol #5F (5x10°CFU/mD ol NANASE Surfactant® 77}
2 Aest & 37TCeA 2423 BAA, FEE Wk dvjAds o] gd AH
wEste] HASA N = MIOE S48t

of\

=

off
1]

=
a1
T =
a=

oX,

3) A3

NANA® @FAAHAEH L 25~5mg/ml WA FEdwAd WAE BT (Table
5., Figure 7.). A¥%}= ®w, Surfactant® A%, 0.31~2.
HAAE B OoH, NANA % Surfactant ¥&2 oz 58 9 HFA|Tbel] wep gt
AFEY W E b zpolE B AoE ST

O
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Table 5 . FA]v thH] NANA Y Surfactant(700PS) 9] &&= X glo u&
A5 A & &2 (MIC)

MIC (mg/ml)

Bacteria
NANA Surfactant
E. coli 5 2.5
E. coli 0157 2.5 1.25
E. sakazaki 5 2.5
B. subtilis 5 1.25
B. cereus 2.5 0.31
S. aureus 2.5 1.25
S. typhimurium 5 1.25
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B. cereus

E.coliOl57

.F

‘r

a

25 @
mn, iy “.lu\\

1

E. sakazaki
0

@P

g

,

I
mg/ml  mgml >

\ e
S. yphimurium

Surfactant

NANA Surfactant

Fig 7. 7% 3Al¢ tH] NANA % Surfactant(700PS) ¢ =¥ g &
A5 A 8l & 2 (MIC)
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FAT e FAA WAHRF F7F D WAAIAT tiE Jid NANAS = as)

JHEENANA A A 2] g fof AFW T4 oA Falldtel e daarAz &85
odd F e UAFTEARE Abd glgdorx FFxrsHy
Hojzh weba, AA d5E MICEE(0.5%) 2 71502, Ayt tfste] AbA

seEY AHe AN Ft,

SAAE % F3 (1%, Beereus), 15 w731t (2, E.sakazakii, E.coli O157:HT7)
9 GRF(1F, S.cereviase JKK091002, 1dxF ¢k5)S AFEstlth. FAF =24
(cfu/m)2  E.coli 0157:H7(6.7x10°), E.sakazakii(5.9x10°), B.cereus(1.5x10%) &
TASHiA o] =k 5 @A Holy vaa AR A71aL 37TColA 24417 F7|vSS
AR A A WA Paper disk 37%[1: Ceftazidime/Clavulanic Acid 30/10pug, 2

Ampicillin(10gg), 3:Cefepime 30ug, 4:Clindamycin 2xg, 5:Kanamycin 30pug,
6: Linezolid 30pg, 7:Colistin 10pg, 8:Streptomycin 10gg, 9:Vancomycin 30pug,
10:Oxacillin 1pg, 11:Cefoxitin 30ug, 12:Gentamycin 10yxg, 13:Erythromycin 15ug,
14:Rifampin bug, 15:Amoxicillin/Clavulanic Acid 30gg, 16:Ceftazidime 30ug,
17:Sulfamethoxazole/Trimethoprim 23.75/1.25¢, 18:Cephalothin 30ug,
19:Penicillin 10IU, 20:Lincomycin 2ug, 21:Cefotaxime 30pg, 22:Amikacin 30ug,
23:Quinupristin / Dalfopristin 15pg, 24:Aztreonam 30pg, 25:Bacitracin 101U,
26:Neomycin 30pug, 27:Amoxicillin/Clavulanic Acid 30pug, 28:Chloramphenicol 30ug,
29:Cefotaxime/Clavulanic Acid 30/10pg, 30:Telithromycin 15p¢g, 31:Penicillin /
Novobiocin 40ug, 32:Apramycin 15pg, 33:Ceftiofur 30gg, 34:Pirlimycin 2ug,
35:Novobiocin 30ug, 36:Enrofloxacin Batrill 5ug, 37:Ceftriaxone 30ug,1S AF8-3F31

.

WA B0l 2 ALS 9@l Paper Disk Method A8S 7|2 o7 Fastgon, A4 vk
o Z27E TSAu|A oA 2447k, 25C, s71x2A0=® A3t F8A A Bt A4
AAAS =4 (mm) AHE EE ARG o3-S ddsqin.
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Fulrel 5

O

StA AAS el A TEALE Control (BEAAF 950 L+3FHd &
S g

nL), NANAA 2 G (B899 700 L+2% fresh NANA 250 xL+3
AN 50pl) o Z Ur FaAsAY. AEFHS NANAS 55 0.5% (w/w) 2 3

ol A= A OAZD B HS 5 1AZE 3AIRE 9 24417 A3} Al AEEEY S

[e)

O

ol
01‘1] =
>

m

i)
s

A5 ow Faas Brerac

o} Q723

(Figure 8, Table 6). WA X+

A E iR A FRE WA RS ZFol7F A
EAg Q1 ¥ Atk (Table 7).

AT HH] 0.5%°]4 NANA%

160



| SINPEPRFAT MPEEAPACALEETNCRSRI ICAZIIRCRL S

Figure 8. A1 (3%) ol tist &AA (375) Y A AT
A:E. sakazakii, B:E.coli O157:H7, C:B.cereus, D:’4% 4 %] g (mm)
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Table 6. FAIT (3F) ol thst A (375) 2 #+48 =AM

TATE BRA AL SAd

Paper ) mm
II)\}(S)k TA4A E.coli ; c ei ous E.sakazaki
' 0O157:H7 ’ I
1 Ceftazidime/Clavulanic Acid 30/10uxg 15.49 0.84 14.53
2 Ampicillin 20 ¢ g 9.13 4.2 8.94
3 Cefepime 30xg 16.68 3.53 16.04
4 Clindamycin 2p¢g 0 8.78 0
5 Kanamycine 30 ug 8.68 7.01 7.43
6 Linezolid 30 ¢ g 0 14.64 0
7 Colistin 10 ¢ g 3.95 0 3.97
8 Stretomycin 10 pxg 5.10 6.71 4.59
9 Vancomycin 30 ¢g 0 6.21 0
10 |Oxacillin 1ug 0 0 0
11 |Cefoxitin 30ug 9.07 1.92 5.17
12 |GenntamycinelOuxg 8.43 8.14 6.33
13 |Erythromycin 10xg 2.23 10.46 2.11
14 |Rifampin 5x¢g¢g 0 5.47 3.26
15 |Amoxicillin/Clavulanic Acid 30 g 8.88 3.43 10.79
16 |Ceftazidime 30 ug 14.3 0 12.83
17 Sulfamethoxazole/ 12.5 0 1051
Trimethoprim 23.75/1.25u¢g
18 |Cephalothin 30 ¢g 7.86 3.37 3.31
19 |Penicillin 101U 0 3.7 0
20 |Lincomycin 2ug 0.62 1.11 0
21 |Cefotaxime 30ug 4.8 1.03 12.88
22 |Amikacin 30 g 7.59 9.96 7.9
23 |Quinupristin/Dalfopristin 15z g 0 7.43 0
24  |Aztreonam 30pug 0 0 14.13
25 |Bacitracin 10IU 0 1.42 0
26 |Neomycin 30ug 6.59 6.94 5.86
27 |Amoxicillin/Clavulanic Acid 30/10xg 10.72 5.40 9.08
28 |Chloramphenicol 30 xg 11.04 9.54 7.36
29 |Cefotaxime/Clavulanic Acid30/10xg 16.12 0 13.51
30 |Telithromycin 154¢¢g 4.52 13.96 3.05
31 |Penicillin/Novobiocin 40 ¢ g 1.89 8.02 3.51
32 |Apramycin 15xg 5.96 8.75 5.06
33 |Ceftiofur 30 ug 15.2 1.56 10.08
34 |Pirlimycin 2p¢¢g 0 9.3 0
35 |Novobiocin 30 g 2.46 9.72 3.1
36 |Enrofloxacin Batril 5p¢g 13.29 13.32 13.17
37 |Ceftriaxone30ug 15.4 0 11.6
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Table 7. &AA WA R [ FAel tisk NANA(0.5%) o] e+tray F7H4d 3

E.coli 0157:H7 (cfu/ml) E.sakazakii(cfu/ml) B.cereus(cfu/ml)
NET
OAIZE | 1AIZE | 3AIZE (24217 OAIZE [1A1ZH 3AIZE | 24A17H|OA1ZH | 1AIZY| A7 | 24212
Control 6.7x107 NT NT |7.3x10%| 5.9x10° | NT NT | 2.7x107 |1.5x10°| NT NT 4.0x10°
NANAA 27 | 6.7x107 | 5,7x10"7 | 2,5x107 0 5.9x10° | 0 0 0 1.5x10% 5x10° | 3,9x10%| 2,6x10°
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7. ARG 9 uR G s NANAS YA 9 757 Hrt

HHLNANMMH Aoy
AgAE F = WAAFEARE AFY gERlig oz FFTH A%

t}. o], *é*é MICE%(0.25%) 5 7

A 37) 91814 Paper Disk Method (37% &4 24

S~
=X
flo
o

A WA R K[t (E. coli NCTC 9001), F8A W= A+t
(Cf ¥ Cm, E.coli O157:K88ac)= Ol%acj’ir/‘r.

yAaEA AL dalsE NANAAE % MacConkey Agar 34|
A F skl Al § thA] NANA 0.25%A4 2 ¥ 10AtheHs &t
At A2 FAIT] tiste] NANAHFH (control) W A=

3AIZE, 6AIE F 18R A3 A AEFEYSG Blaste] 54613

‘{Ol oZ: rﬂ\i
BN
>~
>,

52
¥

ok A4 3

A NANA 711 Aol digh Widf2ast flas Sdssin. d34=
1~10AItH AAA 2773 1841k Wel AFEES 99.9%°18 Y A3tk (Figure
9.
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Figure 9. NANAAA A2l &gt A fko] i
1: control, 2: 0.25% NANA g% 10543, 3054 3(3), 1A7t4), 3A7H(5), 6
A 7E(6) 2 18417 A (7)., At 1 A, B (104t

a3t

e
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8—1. /1T NANAY 3FHv7tSE ZAHEEHW3} ;SEM)

AT AR L

TA S HAA A EQl E coli 01573 &RQl S cerevisiaeS AFE-38F3th Al ST
9 A WAGuAEN B coli 0157 (5x10° CFU/mD& NANA(2.5mg/ml),
nano—NANA (2.5 mg/ml), surfactant (1.25 mg/ml) & Z+Z} #2lst & 37TelA 20
H Ay & 1143t SEM (scanning electron microscopy)E ©]&3te] zZF AJ59] &
TEHRE AT G2 S cerevisize & 5x10° CFU/mlY L2 3gow
NANA (5mg/ml), nano—NANA (5 mg/ml), surfactant (2.5 mg/ml) S ZZ+ A2t
T 28TCoA 30% A% 1143te] SEM (scanning electron microscopy) = ©]&

ol 7+ ARS FAFEI}E BRI,
o, A7

Zb FAlatel WA= NANA 5345 A uw, BAXvAE (£ coll 0157)2 A5
Zare] uls Helgte] uhegote] xwo] 3y E o] aggregation® ] e A&
St (Figure 10.). 85 (S cerevisiae)®] 7% Wiz7-o Hl&] A8+ aXx9
Aa 22 Fyo] WA S #EeF Tt (Figure 11.). o]} W2 Surfactant 7%

=
daglel Alxus T Aow HEH

=

)

i
off
-

°f
of

—

N M

=
l
=
"
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=P .. ,i"
Figure 10. E.coli O157:H7 3 A o th3}e], NANA 2 surfactant(700PS) 2] &+t
W7tUsE F9H(SEM, 1: E coli 0157, 2: E. coli O157+NANA |, 3:E coli
0157+ Surfactant)
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Figure 11. &t ‘3}01 NANA 9 surfactant(700PS) 9] @& wAYZ= 71
(SEM) &3 (1: S. cerevisiae, 2: S. cerevisiae + NANA 3: S cerevisiae +

Surfactant)
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8—2. 7/1¥ NANASQ qFuFUZ ZAH( Step 1 : FFdye Method)

WENANA 2 surfactant (700P2) 2] dratAd ol 9lo] A xer 324

oX
s
i
oX,
2
4z

il
)

N

=AE dolReE AYE sHGlth o] FFdyers AAERE AEQJOR
kol M| uto] wyEW <o 2 Eo]7} nucleic acidsd Agsle] &
o] gsto] HAFFo M Pyl g FrtE FAstaAL gt

AT AR Wy

SAITLE E coli 01575 AF&3stlow AW A8t dFdyet
greens AHE3stY] A H7HE FISH AET 2 (mg/mD S AR sREE
%410, 0.039, 0.078, 0.156, 0.3125, 0.625, 1.25, 2.5 2 5)stgon g Arzre

TATY AR ASE F 1R w8 308 w9 s

o}, oA
AAMAN T BF 9 o) Fel] AEte] &4 74hH, NANAe) H3 surfactant7} 4%
S A E4AZ T (Table 8.).

AEHOoR, MIColY s%9 I Axuty #do] 9oy, HAHA lysis 2

s =

Damage & ¥ofF= #dE & ot o5 &lst7] $138te], Membrane Potential<
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Table 8. E.coli O157:H7+to th3dto] NANA 9 Surfactant *]2]7} gteg]ole] AlE
o] mX= JF[FFdye (SYTOX green) |ZAF A}

1)NANA
Concentration Fluorescent intensity (arbitrary unit)
(mg/ml) Omin | 2min | 4min | 6min | 8min [ 10min [T3min [T6min [ 19min | 22min | Z5min | 28min | 30 min
5 1 ] 12 19 24 ETEREL 1A 147 148 15 152 1h¢
25 1 7 14 20 2l IR 140 142 143 147 147 147
1.5 1 1¢ 14 2l 32 101 120 120 121 124 134 134 134
1625 1 4 4 10 18 b3 b5 B hi L33 R/ R hi
1] e 1 4 ] q 15 42 43 43 ] H 52 52 b/
(155 1 4 ] ] 15 4] 47 47 4f 47 4f 4/ 4f
007 1 (l 1 ] ] 32 a3 i il a6 & ah b
0.039 1 (l 1 ] ] 15 18 9 19 2 2l 2l 2l
1) Surfactant{T00PS)
Concentration Fluorescent intensity (arbitrary unit)
{(mg/ml) Omin | 2min | 4min | bmin | 8min [ 10min [ 13min [ 16min | 19min | 22min | 25min | 28min | 30min
5 1 124 125 [ RE A9 | 24 A9 | 24 M3 | M i
25 1 b3 7 i o2 1 | 20 A8 | 2 22 2N s
1,45 1 dl 47 4 R4 144 161 182 165 168 | THD 189 1%
(625 1 2l dl 4 4] 178 120 121 120 EI R 140 155
] ) 1 ] o 2 i gl ol 101 108 12 1 113 125 134
(156 1 7 7 16 28 i 90 g 106 10 107 148 132
0073 1 5 23 16 22 ki 72 ki i b o8 105 1M
(.039 1 ¢ 19 16 22 ki 72 7 i l 9. 106 1M
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8—3. /' NANAZQ w7} Z= ZAH( Step 2 : Depolarization Method)

/I NANA 9 surfactant®] &tAdel o] Axet 3448 (#H-EA) AFF7HE s
3 &dHdye(SYTOX green )MethodE A& A, MICOIY 5E9 A2 Axvt
I #Eo] das Fored ot A ARl lysis % Damage& dol = Add 5 glal

t}, o], o]= =FHl3dly] ¥ste], 272 samples A3t &, bacterial membrane
£ dolH = AE 0 F potential indicator dyeZA DisC3bE AR 3}

e

TA TS E coli 0157, Saureus 2 B.cereuss AHE3om, FAAZ+= NANA
2 surfactant(700P2) & A3kt AAWHE  Depolarization of membrane
Potential indicator dye?l DisCs3b AFE3FAth A&+ 9 2 (mg/m) S Al8EH %
M %24(0, 0.1, 0.2, 0.3, 0.6, 1.3, 2.5, 5.0 ¥ 10.0mg/mD 3t} A5 FP33ith.

o, Q723

Surfactant®] A%, 25 cell oA =& depolarizatione X1, A SYTOX
green uptake23do|A e Aol FAs]HH bacterial membrane©l] Aoz =3+
S 4 4 At NANA2] 29, SYTOX green uptake$} wp7EA =2 & A3t W 3l=
Koz ¢kom  Surfactante] B3] NANAE MICo|slollA= ALl WstE Holx ¢X
v MICEEN A 20—-30%2) depolarization®] YEFSTH Figure 12.).

AEZAH O Z NANA+ membraneoﬂ A0 2 lysis =¥ damageds A Ee=Fo=
s 31, Surfactwnte] A AHAOZ AMxEU] lysis 2 demageds T+ ZO=E
A= AT}
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E. coli O157
100 1

=B=Surlactant
<@ NANA

=]
=
M

=
=
n

40 1

Fluorescence recovery (%)

0 2 4 6 8
Concentration (mgfml)

Figure 12. FA|¢(3%) ] thslod NANA 2 Surfactantx =7} A|3Eute] ©]X]

ESN

s

o
=

2

4

20

Fluorescence recovery (%)

=

S. aureus

== surfuctant
i NANA

1 q 6 8
Concentration (lmlg).’mll)
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8—4. /1T NANASY FH 7S ZAF( Step 2 : Calcein Leakage in artifical
Vesicles Method)

7} AF-EA

WENANA 2 surfactant®] @t/del lo] Axet 32473 (95 2 i #d4) o
H7He S8l FFdye(SYTOX green)MethodE A4 3kolth. MICO|Y sk
AlEZer Aol e Fotei o, A ARl lysis ¥ damage® Ho T A

A3t o]ell Potential indicator dyeZ* DisC35E A& depolarization®3 7}3}o]
A3 NANA+E membraneo] ZHA OS2 lysis £+ damages T4 Y+ Fo=2 &
s th ) wEbA, AT A EH Y %A vk (Calcein Leakage in artifical Vesicles) 7]

21§ membrane°] Al 2§ o5 Fl & FeAo] Ak

LAt

L

TAANEE AdFAEY 9 "9 PE/PG(7:3, w/w)S ARESHSITE Calcein©]
entrapped PE/PG(7:3, w/w, bacterial membrane) & sampleE2] membrane°] ZH
Al g o { AG A AFESsiYE. FAIAIEE NANA 92 surfactant (700P2) o)™, 3
M2 Calcein Leakage in artifical Vesicles7|HS A& H7}st9 th(Figure 13.).
AT 24 (mg/mD & AlsE 28 242 0, 0.1, 0.2, 0.3, 0.6, 1.3, 2.5, 5.0 ¥
10.0mg/mlo. 2 A3}t

o A7

= Holu,

HHNI

Surfactant® vesicleol4 #Znv]d3fA &A%t fluorescent dyel -
NANA= A9 dojupA] 258 A3t (Table 9.)

o7 AE3 Fga B, NANAE membraneo] FHzH o=z Z8a4x 9= 7o
2 A& 3o =, MICoe] s A Al el st GHFd @4 uwh) £
A o] WAYUSS FEete Zlos HF dEs Wilth
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Figure 13. Calcein®] entrapped PE/PG(7:3, w/w, bacterial membrane) &

sample5°] membrane®] A4l A& ofF HYS 9k AP A
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Table 9. 7% NANAS] Ftul7h S 2AME 913 5447
# #]%5 & (mg/ml) surfactant (700P2) NANA
0.100 98.9 5.8
0.050 87.1 1.3
0.025 74.4 0.0
0.013 65.7 0.0
0.006 55.1 0.0
0.003 38.4 0.0
0.002 32.5 0.0
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9. /IUNANAY FE AAHWIIIEF 79

7 A

BB A 43 NANAY Aol ass F71slkelth. NANA MCe %%
F AR tatel ARFEL ATRC, ANAHE 249 dol 9 AY AFaD B
e T Y 9 o84 HUEE A8 VIEAERE &Skt WA dEE 71 A
§& MC-NANA FEA H g3t 13 FTFo] st ZHakgom, Az B A
Al (7F, ATE 8l Route) W7 EF H 713t

FAAIEE (A TE A HHES) 2 B10 ICR 4719~ (SLC Co.,Hamamatsu,
Japan) & 37HA (20~31g/7hA) & AHE st WAMINANAE 7HAE 13] A-Fol=
< MC-NANA(03xCDE  Astde A3 A EAEaE 500 4Ci
(1-""C)ACETIC ANHYDRIDE( 0.442mg/500 xCi=4.333 £mol ; Amersham Code
CFA 339)= AR&3stalth. o], 7] EANANASA 3sfqlth.

MC-NANA(0.34Ci) 18 A#FolF 2AHE A7k 647 12417F 2447 9 72
AlZto = siglon, AZ&x4 (2170 71¥ : Blood, RBC, Serum, Urine, Liver, Lung,
Kidney, Spleen, Pancreas, Thymus, Heart, Muscle, Stomach , Testis, USI(upper
part of small intestine), MSI (middle part of small intestine), LPI, (and lower
part of intestine), Brain, Tyroid,Preputial gland, Rectum % Feces)< HE}l—-ray
liquid scintillation 2] B AEsto] =H& sty 7|Wd Wiks =
liquid scintillation analyzer (2500 TR, Packard Instrument CO.).& ©]&3}3th.

ATA gl RC=[FHZLA s E/7135A)/FoATA s s2/MASFAD) x

100] — RC(Realtive concentration, ol s%) 574 stk AIFAE 2 7]3d A
X7 NANA X5 A7F ¥AF 71549 (autoradiography) 24 #HIskalch SAAITHS
6417k, 12A17F B 244 7k0] W AJE MC-NANA(0.3C)  ATFoF Ay
A8 ARz A4 d §F T 9 SUS sddEs ol gt A
Ay KONIKA—-NRZ2 nuclear emulsion €gto]= 3 9 AxS wAbd A& &

o =EAA A3t
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o A

NANA+= A 22U 54 Target 7132 I3l th(Table 10., Figure 14.). NANA<]
Aol " wjd#E wAYEFS, 2 Urine (Kidney) ®.th= Feces (Liver) A A~ Elof] 3o
slo] Aol itk
NANAE 6417 ool AA7# w24 @ 524 SHUE F54H
W AR R MAEE dAYSS B o ) L

Qo] =03 NxAsE Fgstuat s

>1

177



Table 10. ZAAITEE(B10 A uS~) o] diste] S99 () X FNANAS

BT 5 (0.3uCi/13]) A - (6AIRE, 12A41%F, 24413 9 724130 9

ATF “C-NANAY AR HE ANdAEsdE 2325

Organs
0.25days 0.5days ldays 3days
Blood 11.53*4.43a 6.42+1.23 5.86+2.84 -
RBC 4.12+1.49 3.19%£0.94 - 2.95+0.65
Serum 12.74+1.23 3.44+0.06 7.30*+3.55 2.56+0.75
Urine - 5.91*+1.21 - 1.49+0.93
Liver 95.63%126.49 64.46+10.7 28.78+14.37 24.9914.60
Lung 23.44+1.89 17.66*£4.04 17.27%£4.25 13.06+3.87
Kidney 26.3710.53 18.20+3.85 18.71*+3.24 15.37+4.65
Spleen 19.53+1.43 13.31+2.91 16.29+6.28 13.71+3.83
Pancreas 24.77*2.19 12.37+£3.76 12.59+0.14 10.88+2.82
Thymus 22.41+2.15 14.20+2.45 19.22+2.70 17.80+4.01
Heart 14.72£2.16 8.631£3.46 8.81+1.2 8.33*£2.09
Muscle 6.93+0.91 4.09£0.98 4.23+0.62 461*+2.18
Stomach 32.61£2.60 23.90+2.21 17.37£4.96 14.41+1.48
Testis 6.35+0.51 4.64+1.26 4.71%+1.09 6.93+2.99
USI 29.78+2.17 23.91+0.76 17.20*£5.34 12.53+3.93
MSI 82.03+t32.66 31.28%£9.35 30.33+£1.97 18.84+5.07
LPI 59.96*+33.33 60.87+16.6 30.25£8.22 21.42£14.13
Brain 6.93+0.42 4.69+10.73 4.09*+1.23 5.44+0.56
Tyroid 34.59+t1.01 19.37*+6.13 19.27+0.74 21.27%6.36
Predpntial 17.79*£8.49 21.68+8.06 24.11£8.09 32.48+18.3
Rectum 47.9319.84 28.89+t5.03 26.821t9.19 18.0£6.51
Feces 221.9+13.89 78.311£36.7 10.7£6.63 5.31*£0.47
RC :(radioactivity in tissue/ mg tissue)/(radioactivity dose/mg

weight) 100)), USI, MSI, % LSI ; 2% 29
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go  Fal Bkin - Hidney Dplsan . . li/y;,n-u

Splean.  Harders gland.  Eye Ball
B

fimii

L

L} it WY [ .
e i i Ll - 5 R
Tantis GCeoum Lamgoe liteatine Pancmoan  Liver  Thymus

Figure 14. W59 92 M0 X INANAE A TF0]5(0.3uCi/13]) A1-AE 74 (1:6
A, 2:12A17F, 3:24A17F W 72417 A& Autoradiography 578 A #h (A rhJe Al
ISHIRERRAG (= ))
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10. 7IENANA EFF o] 54 7} (Hemolysis ¥ cytotoxicity)

NANA % surfactant® hemolysis®} cytotoxicityE 7S 53 54 AR LS HF o=

F.
G oy

¥ cell-line® human erythrocyte(B&8 £d84%7L), HaCaT (547D,
HIH3T3 cell(5437H<S ol&sisitt. Ald+2Ad AHElsZ(mg/mD= 0, 0.78,
1.5624, 3.125, 6.25, 12.5, 25, 50 ¥ 100°. 2 A A3} ).

o A7

NANA 9] =3 714 37} Hemolysis effect (human erythrocyte) &=
26.7%(3.2mg/mD °]™, Cell line cytotoxic effects(aCat %  HIH3T3) Z+zf
HaCaT (12.5mg/ml7]%) 31.2%c°]® HIH3T3(12.5mg/ml7]F) 49.3%% ¥z qdct.
Surfactant (700P—2) 2] E=A4H7}&5 223 A3 Hemolysis effect: 0.78 mg/mlolA
69% hemolysis7} o] o™ Cell line(HaCat ¥ HIH3T3)% cytotoxic effects+
0.78mg/mlolAl 100% cytotoxicityS 7}t (Figure 15., Table 11.).

AEZX S92 human erythrocyte?l HaCaT % HIH3T3 cell& &A1 MIC F#
o = A9 cytotoxic effectE Ho|#x ¢S} hemolysisy HZEo] BlwA
erythrocyte®} ©F& mammalian cell®] membrane T2 ZololA 7]elE = Ao
2 gt
HEK293 cell (human embryonic kidney cell) 2! RAW 264.7 cell (macrophage cell)
S o]l &% HE I 1dAte] $hEskolon, HEK293 cell®] A9, 0.1%~0.5%§% 4
HAAZHQ2AATH S A A E 5 o] #ZE A ekokth RAW 264.7 cell®] A9, 1%
AT (0.5%) 01 219] 5% D AAAIT (242 JLlolA ME=Jo] e A gttt 1
ot 7 NANAE 25578 S350 2 2102 gy
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—— 6hr
—— 12k
100 # —v— 24hr
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Figure 15. 7 AZ 3 (A : HEK 293 cell, B:, RAW 264.7 cel) o] t)ste] %3 NANA
7F 540 v X = gy HrF Ay
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Table 11. NANA Y surfactant® ¥ cellline(human erythrocyte, HaCaT %,

HIH3T3 cel) el tist =¥ 9 AA 7 54571 43

] T ANE=EE Cytotoxicity 57 F= UH(%)
Cell-line Name | ®2|Z X< (mg/ml) Sulfactant(700PD) NANA
100 0 0
a0 ) 0
23 0 121
125 o 62.78
HaCaT cell 6.25 o 83.78
3125 0 20.64
15624 0 97.55
078 0 08.25
0 100 100
; o ANZ=EE Cytotoxicity 57 F= UH(%)
Cell-line Name | HZIS=(mg/mi) Sulfactant(700P2) NANA
100 0 0
a0 L) 0
25 0 217
125 0 507
MIH3T3 6.25 0 7104
3125 0 230.8
15624 ] 90 2
078 0 100
0 100 100
] e ANZEZEEE hymolysis =12 dfze)
Cell-line Name | #2|=<(mg/ml) SUlfactant00P2) T
100 100.0 100.0
o0 1000 100.0
25 1000 100.0
Hurnan 125 100.0 100.0
6.25 100.0 791
FEEhesate 3125 31 95.1
15624 23.6 143
078 69.0 2.6
) 0 0
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Al 4-1 4 NANAZAS AFHEA H7}
(A L7te] A7 24D

LAT54
NANAZA N HEHxm7E AAGAAZA 177 AFNLd el whet AE3E
Attt BrtgERoRAe Wdd, RaxdE e U
1

W), A EZ g 79, 379 @ 104D R RS AFRE 8 H84
R

B7vs AAsElT A3 EA, NANASAE AAFFAZA ARGl Qlo] A FKH

o AIEe] AEES & 5 UG, AFEE dRE ARAE B 52 Y

Aol AATS & = AATHP0.01). AFHEA F7E Tt AFH o=z A
3]

F8 AGe APRAFHAD D AAFRAD E PR AzdANE Ao
A AE FEAE Foie stk

ATE NANAZ AFo] 484 oI55 £2/0l 814 o] 22 Ade] H7}
gtk Z NANAZAE AAHoz HHA Satalste] 45 5 e

O

Wi SR ST 5o 9ok 5o e WA g Yestel B b A S 95
A BARSE Fagel dEm A BAske G 2ARA) B 4UE

o

=

Wl AW A Alohe £ FHSE o5 olels A A
A

ol & fl5to] NANAE o] At 9l &d7ke] zstoll M Azt dholl whE A4, 24 W
sf, I B e RS i*}% AP AAIgEe 7 A 7 NANAC] thgh jak &

HE
=

2. AT
AlE = 87) AR A=, (1% NANA, w/w), 0.05N NaOH& <Y
(1% NANA 33), 0.6N HCIEN(1%NANA %), 25% Acetic acid &
(1%NANA ), 1.5%Acetic acid €9 (1% NANA ), 5% HoSO,—1%NANA,
IM HNO3;(1% NANA @) 1213 1% HCl €4 (1%NANA ) A8 +2 24389
o, 7] 1% %A NANAE 75}t
Al obgbE] Ao NANAS W3t A2 waAxAoA 19 9@ 119 A3 A, A4
A3l W FPLCEA S 5381o] FA]o] NANALF-O Bxeke] W3tE =9 H)
ETAS PR

=
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3) ATTAAT
ZHA (HCI, Acetic acid, H2SO4, HNO3) 9 ¢17]4 (NaOH) A8 5%
T TUEES NANAE #7F ¢ & 1190] A7, NANAS] #2453}
&0 24 NANAS WAk 2 Y7144 & 3 7hske] Kkt
D 1% s=2 243 NANAE F/He BEAZ[AEA @ 37.4min. (85%), w4}
37.56min.(15%) & Hfste HElS ®Hfsta Ao (Fig 1).
2) NANAZAl= WeE7te]d & oha P H 0o, A 2ol = NANSA S 2
Aol B = dHS Kol Uabde 1 =A] kgkth(Fig 2.).
3) 7ldE B4 9 %x}a‘: Hﬂﬁ}ﬂ AJd d7te] 2HAAME NANAE 3 A 7]

|

ﬁ
7

HE 3
E

HE 2

o
Kl

1
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Fig.

N — ) T (1 SN ANA)
250
e A1 1 2(NROH)
200
150
160
S0
o  lol8i | idSlle I b1 TSR ==
o0 160 200 s0.0 700 main
mAl
300 s— A B 1 (1% ANA)
Al B -3(HCD)
s AL B 4 Acetic acid)
e AL S~ B Ho S04 )
200
100
|
o : —
250 30.0
1. %= NANA(1%, w/w) ] 2 2 oste] gadzAeA 119 274 NANAS &z

W34 (FPLC #4)
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-] 2 8 -4 =5 B <L 8

a9 . E NANA1%, w/w) AF 2 &dkg] Sz oA 11d 74

YAl NANA<Q 4473 sl

[A3-1() %, saline in 1% NANA), A3-2(0.05N NaOH in
1% NANA), 2%-3(0.6N HCIl in 1% NANA), 23d-4(25%
Acetic acid in 1% NANA), 2% -5(1.5% Acetic acis in 1%
NANA), A38-6(56% H2504 in 1% NANA), Ad-70M
HNO3 in 1% NANA), 23-8(1% HCIl in 1% NANA), A: 1
A4, B 119 A=, C 1Y AHA AdEHA 9 Fahd

5}
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)

Al 4-2 4 NANAZAC] AFA 874 F7t
(7] H ko] mhE =2lo]stshA WEh 2Ah

LAT54
NANAZAN ] HEF5327F AAFHAZA 157F AFsidde et AEsE
Bt AAEIT BrtdERcEAE WdA, EaxdE e ¥
: £ A% 484 FrkE AAlEelth
olF flste], WAIE H FLF AFoE T, VI BA EARSs
d Aday vet 435 Edl® NANAAEY gAY TYPEA A A 3t
A (A%, w/w)EE NANAGHS 7| (1dak ¢5) 2D 7119 A=
= ?Lf JM “au%wiﬂ, FH5), olgte A (B4, +AF )9
o R A JENANALAS A|Fo] %

=
75}1%7] ?Jr*] 01] 5= %’:Zﬂ’é—g gl Zlstar skl

n)
o> 32 M f

r

é
iy
ofo
>,

< Table 13 #Zt.

th Bl A el NANAQ 7R to] E49W
1% (w/W)NANA 8|4 &N5 FHjet & o5 4 g
Hyslov], HF 1070do] A3A] A 9 =4 (EA4%) WS HPLCS FPLC
A& Fske] v gelsigin.

o dA 2 NANAC Wt A7]mste] oA 4dwstel] vjA= 9&F& A,

D wgAg T g FdsA A 1% (w/w)NANA 3|4 §es 247 FHlgh & 751
AlM 30iEer 18] dA#F A2 (BT, CT) ¥ &
AellA 3085 13 dAgSF A (BT, CD) 9 F2RARDAITE 4
At

2) AXAFTEAE 121 CxAMA 168Ect 13 242 F F=RT) % AL
(GCO)u¥ AdTE Fste] 8.

3) dExTFEME FHA FA T 1% FEZ AF3 NANAEGNS A8k
Al = 5l

eh. AAARG Tl diste] g713F Aol NANAZA O] A dishs ¢
sto] A dRiskel A gl BAAge] A =AE Vs Bt

11
oA 10853

o,

37}
o},

il

A4

ry

]_

ol
382
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3) ATFHA
7h dxz27 (0% s5% 27443 NANA) 9 IFEA=S FPLCEA 2 &3t 474 st
HTY, T ExpeEF (AR} 41‘81min(95.2%), IEZ}F 0 44.31min. (4.8%)
S HAste dES ®Boh(Table 2, Fig 1.). &3, dix19 A% sidzte A
X704 6ol A= AWt AN tEe] 1RAE EAEe| olFde A
Fe e, HE 95.2%0A4 99%=2 Hx Oib] oF 4%°] EA Wy BEy
ATt (Table 2). o]#fgt A& NANALE E3 22 AFAAL HAFA kgstA

U B3 9 W) e e EAANE AP Ao o 2ok
o7 AL W AR FHAM, 107/]L] AR FdaA Azt
e e B A = R S| 0 E I I Y o = e ) )
=) | A AEAZoz oF 30% ‘{T:X]'Eol:ol
olFahs HES HAEd E#Axde wE fold Aol A HA ESkt
(Table 2., Fig 1).
2) NANAte] 2= E o= Oﬂﬂvﬂf‘z BAFdME AAQHoz AR AZAA
AER Y ARG BARS] WSR-S WA YE Tt (Table 2., Fig 1).
oh A2 9 Bz uE NANA S EA RS (Table 2)
1) 225 NANAS A4S A EguY, ¢4 Hx A=t #oW &
ZAuistel 4 9§32 5 AL AekAl UEbstoH, s Aol NANALL
WA A oF 43% 714 AAEE A BYow, ojelst AT A7 Tl
et 0 AekA dErEtt ol A3E HPLCAIARS ARE-8te] ZAbsto]
ARE U A3= B} (Table 3., Fig. 2.)

2) 1&AYS Bz wE NANAS =AW 3E FPLCHEA & §3dlo] XAlsto]
Btk o]FAE ALRTE A2 BRazdca A 2 222 wgrt A
Uebs=dl, 53] 75 CAHE Tl A= oF 25%, 121 CHE T+ 20% 183l 95T A
T F 11%2] #fols B =2 =2 HEE 1t} o83 A5 HPLCA
AES ARRSle] ZALEI] B A3 e Y dYE H 3tk (Table 3., Fig. 2.)

gt AE8H 02, NANAZAE AFA G oo FaS ALlst AyHss 7&
G o AN RTHE aAEe] Bk AEeE 8

1_‘

R

]o]_o:h;]. Sk, HARA|E

of M7hs ddAZE 9% Az NANALFS 44 9 =49 s7) <
2Em, YFRAAAA 309 ool AXEtE S WIEA] FFstojop o

Ao % FE g},
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Table 1. 7INANAZC 7] (10€) Ko mE E2jo] 3}

A

57 Wst =AME 9%
Al Al
H] 71 NANA[1% (w/w) ; . ) }
= o9 o/ ~1 B, AL
awn zg| O FEVARIIN 14 2] NANA[1% (w/w), 75C~121C, (e, A2)]
ul o h=] c y A=]
= i 2 & . o 90T (30), . b m|121TC (153,
BAES Lo NANA Az | e | | s e 5 L EIOR Blagaa) 19
(FEAAZ) (0973 | B3 " S AL RGBT LT LT AR A
° (5C) |ERHGEO) |5 g% gend |0
HPLCEA | A4 24 A9 v 2=
FPLCEA | 85 2418 49 »% 32
BAakel | s (2w 7
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Table 1. 1% (w/w) NANAS] 253 (75~121T)HEF RIAZARTAEL, CT:Y A A7)
(1071€) x4 (F)d HF7F A2 (FPLC +4)

EAAZHRT)E NANAA S (%) st A s
. 7] H
R RAZFA g 13
RT |Area(mAUsmin)| Height |88 (%)| (zra1) 3 3/%%
41.81 10.3 5.0 95.2
Oday - —/-
o 44.31 0.5 0.4 4.8 EAKIA(QNZSL) N
42.03 28.4 13.2 | 99.0
6 day (RT) + —/-
47.8 0.3 0.2 1.0
42.41 137.5 54.1 64.2
NANA (NZL),
RT 43.89 66.4 295 | 3227 | + = | Neww
46.16 10.2 45 4.8
v g g
42.35 132.1 53.7 | 63.1
1%NANA (NZ
CT 44.31 66.1 30.2 31.6 + —/— | L), w3E#
(5T)
47.79 11.0 4.4 5.3
42.35 146.9 57.8 | 62.9
75C, 30%, 1
o RT 44.25 73.5 34.3 31.5 + —-/- 3 A, FeH
75C 4
A7) 47.55 13.0 5.1 5.6
(30:2) 42.24 20.2 7.6 88.2 75C, 30%, 1
CT + —/- e, g R
45.61 2.7 1.4 11.8 #A(5T)
42.13 2.2 0.6 88.0 90C, 30, 1
90C RT + |44+ | FHE e
43.88 0.3 0.2 12.0 7
@l 42.39 76.3 216 | 98.6 90°C, 30%, 1
B0%) | cT : : : R LR EE!
56.76 1.1 0.4 1.4 #(5C)
39.04 432.6 63.8 41.1
39.69 18.7 63.9 1.8 WA (12
RT 4+ | H/+++ ] 1T, 158,13
121C 42.2 448.7 152.4 | 42.6 2)) A1 3
A7 43.89 152.4 74.2 14.5
15%
(15%2) 40.19 433.2 145.3 | 389 w2 (12
or 1C,15%,13]4
41.55 679.6 177.8 | 611 | +++ | ++/+ | LI
42 0.0 0.0 0.0 (6

— oz b AR, + e x7), ++: WEE, +++:83h e A3 RT(Room Temp,2
5C.): AL, CT(Cold Temp.): AX(5T)
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Table 2. 1% (w/w) NANAZ]
(107g) +d A HF7HE 7 (HPLC &4)

258 (75~1210) A% HAZART AR, CT ) Al

=}

AL AT RS MAMAS T O
e w4 — =t m:" '1:" "-1#3““ b 1
cordrod | O dagy | 948 1407934 | 77375 100 ;‘_-n':'m“"mmi‘.'::f"'s"
887 286,44 77 A4 3
g.51 TR 85,58 a3
i 1. 40 2o 91 o.97 ? Syt HARMMNILL
ol Al 1164 1. 21 765 2
1799 #8450 | 1.97 i
ol 9.5 I3, 84065 5,20 10 hﬂgﬁ-#mmn b
8,80 a33.95 | 2uaz 3,54
o573 1196974 | 659,38 | 9748 _
(11 104z #0808 17.62 Z. 28 :.'.’_;E SO IRl &5
e 11,71 19448 7.58 1.47
o k=1 1.4z A0, 36 1.84 043
890 Az 46 | 7.05 0,74
ol 0_54 i, 74078 | o438 | aR.99 :j‘:,fmf;r TRl
1042 10474 | 494 080
a9.85 A5 TS fade 11 306
053 11,520,114 55 88 BG5S
i 1042 go5.25 | 3324 | sas |05 20E- 1NAEAS
11.70 1689 | 887 1.62
o 17,41 67 53 2,26 0,51
Ay |, 80 nE.En 05 wE
954 1751527 | 691,64 | D444 _
o1 10.43 LEP 5O | PB.a% 481 i‘f'lm&'.fr 18l M3
1168 67.11 278 9 44
17 48 o 0 o
8,88 543,60 70,44 5,68
a.51 .50 47 AG4.34 | Bo.64
nr 1040 ZAST.09 127,57 | 7059 ﬂr”:’:if‘.i.’:,g IS 15
11 63 16460 17.49 3.0¢
ST 1241 119, 42 467 1.02
A 8.50 B01_06 34,53 506
954 | sse008 | arr.er | eses )
o1 10,43 PBAG. 15 149, 10 5, 16 ﬂgf;;‘;ﬁ;;?‘ o
11 69 190, 73 8 78 1.67
1744 A7 62 1.69 0.5
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A2 2 2HRT)

HIg®E2]  [woEE] [0TEH2] N21TEH]

[HE®™2] [TsuEH] [aocEH2] arvEd2l]

B | e Fresh MM ALCNT LY =il m— Eresh HANA(CNTL)
g |m=totHeated NANART) 31 m Not-Heated NANA(CT)
s 75 C-Heated(FT) Il " m— 5T -Heated(CT)
= | 21C-HeatedHT) ‘Ml ' .
il
i
1
o ikl ;i . e
k] 150 ng fd) W3 Ii:
1. EAFH(CHEHAEILE) :CHTL>CT>RT
2. SHel=AQHEHE 3IE) :CNTL>CT>RT
3

A HSHEDIR 2L CNTL2IE) 1 DR13>»>0EZAHEH> H2AH
- {: = J]HSIEEIE) CRT>CT > CNTL

Fig 1. 1% (w/w) NANAY 259 (75~1210)483% ®AZARTAL, CT:HEA) A %7
(10702) <k ()4 H7F 49 (d7dast, FPLO)
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'} s——FreshHANA
| e 90 G~ HeateHT)
e 90 C—Heated CT) -

E u F ol j’._ lll'.-
! = .:---_-&%_H:-ﬂl_‘.g}_‘-i- -g._-_i b e e e e = e 'E" - ""_' xl

Fig 2. 1% (w/w) NANAY 259 (75~1210)48F ®AZA RTAL, CT:HE) A %7
(1018 A (A H7F A3 (A sk, HPLO)
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(—

A 4—3 4 NANAZA Q] AF=A8A4 F7}
(A7) H3Bo] drAdol mlx= WHEFAL

L7557

pobEd W AR ok B4 % RAPe wstE gEstan. oldd dAnE
NEom U AYEANA NANAY BHWSE QAH Oz 4 @ F, FH4 3
g AN F ool ARE NFE0R AFHEY B /1S 4Yekn A Ak

7h ZWENANAS 7] (109) Hite] W Egolsstd wst Adig 7|F2
of A= 'mHE ZAbeZ] AF AP RIS Table 1(4—24) 3 ZTh
A2 NANAS A7) B o] E4Wstrt daAel nx+= &S Ae] 98t
o, Z}7} 1% (w/w)NANA 34 g0E F0]8t § o]5 A 2 Ydz7eA 107
dEeks R#sGon, HF 10/L0] A A4 D B4 (EAH)HIE A4}
T35 7rE Sst Al52 ARt
th A NANA| st 7| B aA], wAsh= 24087t Al el mlxls &
W= AT
A g 79 SUA ¢4 1% (w/w)NANA 34 g8 747t Fn|3k & 75T
ol 30%%E<et 13 IAelF AH2((GTC, CT) % A2RDEH AT, 90T=
AolA 308%F< 13 dA2F AT, CT) H AL2RARDAIETZE 24
Act.
2) LLAFTFEAE 121CEANA 158Fe 13 Iy F H42RT) 2 AL
GT)RET AFTE FE8te] 233l
3) HxTEAE SHA SA FLH 1% w52 Az NANAEGNS ASH]

NEEXLE

+
h:3
2
[

ek AN GTN thstel 717 AnAe] NANAZA S apashs 9 ug7te A4
stol AgAstel A 2 RAWGel ARG EAE NFOR Pk
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uh @t 2ARE tha 2ol ARt

D) ATz A)S 3F &3 (E.sakazakii, B.cereus, Ecoli 0157:H7)3o] A&
(TSAMIA], 37°C, 24A12F 71wieR) 8l ow, Ecoli 0157:H7% 6.7x10"cfu/ml,
E.sakazakir= 5.9x10°fu/ml 18]3 B.cereus® 79+ 1.5x10°cfu/mlE &3
35 A3 7 A A3 3| s ANt

2) NANAA 5L 9D a4 AHAL 248 thx thu] NANAAEDE 0.5% (v/v)
ol TYEEE Agsty FAIHH HAFAOAD), AF5F 1A, 3AIZF 2 2445
T AL FEY AN o] & Hlusto] 15k

3) Fdd AAe S Al = Table 2.9F 2t

F

1%

3) AT
7h R TF (1% 52 243 NANA) 9 188 28S FPLCEAS E3slo] AA s
wBokdy, T A [AEA 0 41.81min(95.2%), 1A ¢ 44.31min. (4.8%) &
Hfshe S BIth(4-222] Table 2 W Fig 1.). =3, thx19 452 a4
|

g AezAA 6Uo] AYAE AW A gEo uREAE FEApEo] o]%F s}
L AgS RY=d, Hx 95.2%A 99%=E Hx ulv] o 4% Ex}ek Wsiy) &

2Lt (4—-242] Table 2). o]&3t A& NANAE 53 72 dAAA e} HFA]
[e]

A Fee o 4 gl At

G B Cre @ W) el mE 2w 2AF Ans g 2o
D uzT 2Po® A4 9 ALy zcA, 107480 Ao FUASA 73}
dagol wASoL, A @ BA S e AN UAsH ot 19n
2R WEE AWy, o ASoat ARAzOE oF 30% BAo] ol
= %

[}
o
o
o2 FT Apol= A HA Furt(4-24

2) NANAUjslo] &%

o Aeos AAFoer 2Bz
AR ARG BX

5t
o] WalEe A YyElgt(4-222] Table 2 % Fig

BAZFHA b2 NANAS EA W3} (4—-24 2 Table 2)

ANAS BHE ARgE, 4 Az AYLE} Bod ¥4

Z
ki
rfo
AC)
ol
=
Z,
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Zstel Jd 9 F3 5 AdAETE AeAl UEbgem, sAlel NANAIL
AeE H) oF 43%7HA] A EH = A BYom, ojelsh A3 A7 e
2t o A debst) o83t A3E HPLCA| AES ALg-3lo] FAMSke] B
ANE Y 4945 Btk (4-22 2 Table 3% Fig. 2.)
2) AT F Bz wE NANAS EA W3S FPLCEA S F3lo] 2AMshY
Ath o] A¢E ALHTE A Bzl A4 9 Al wsht AekA
W=, 53] 75 CHY Tl = oF 25%, 121 CA YT+ 20% 2813 95CH
°F 11%°] Atol& B A= w2 W3E B3 o8 e A& HPLCAARS
Abg-ato] 2ARSEe] # A% T A B4 -2% 9] Table 3. Fig. 2.)

£

i

Ir

l

o

= ¢

I__
1_.

t}(Fig 2~3, Table 3)

2}, NANAA 5 gt o v X += A4 3 =3 2
] =AW A Askel v X = I

1) 9217 84 (A, de7] B el
< At

2) AA A, A0 W3t /b et d 121 C e g ol dadol 7 Egktt

3) FA ;Mt OS] IEF Y =

uh mEkA], AEsE dAe e AYe the 2

1) NFAE H7FY (AAH A, BAERES GHEEY), Y (o) oz o
Al REEEtel ol 3 Ao R E S

2) ABACE, NANAZAE AFA Lol glo] dde Agst Adnsts 7F2
2 F7revkd A Rvs AR 2o A s _
of H7 daAeE A dAe el NANALLGFS A4 9 EAWs7)
FEH, BAARAZANA 309 ool A dE S HIEA]
o= kE gt

nt
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Table 1. #Fx NANAS dA g 49 Bz 24 9 107/MEF 44 ZALE fe 4
zz
H] NANAA] &5 o
JeAe e A A2 NANAA ST
T [1% (w/w), B30, . .
B [1% (w/w), 75C~121T, B, A2)]
A2)]
HeatedHeatedHeated|HeatedlHeatedHeated
. Fresnh Fresh
Al NANA (75|NANA (75|NANA (90|NANA (90 [NANA (121 |NANA (121
NANA (RT) | NANA(CT)
-RT) -CT) —-RT) -CT) -RT) -CT)
75%C (30 75T (30(90T(30[90TC (30[121C(15+,/121TC (152,
. A ] 5] o |1 3] |1 3103 | o3|
Z"é ’B"%E’_% 1‘1‘__1;]_-?_ ‘E‘),lﬂoaﬂﬂ '—\E),—lgloe if),—lﬁaif),—lzila ‘:ﬂ_‘x‘—__T'_JZ_—Zj), ;1 (::_“‘—EL.JZ—_Zj),—l
e (95C) 5C) 4% pen AYE  A|AYF F|AYF AFdAYF LA F
T e m w (end(2)e B @ ((e25T) A e R B (
#Z(257C) . . . _ .
5C) 5C) 5C) 23 5C)
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Table 2. 1% (w/w) NANAZ2

o<

H(75~121C) A8 ¥ vz
1) Ryte] mE Aty FUEE sk Adgakel

ARTAEE, CT:E) A 7]

487

i

LEL:

v

control

el 4%
A 50uL

950 pL+3F et

3Fvt= 5 (cfu/mD): E.cqli
0157:H7(2x10* )+b sakazaki/(6.7x10")
+ B.cereus(6.7x10"%)

0.5%Fresh NANA (Oday)

I E e B 700;AL+2% fresh
NANA 250 pL+3%F7F 3okl
50upL

NANA thzA &

g Aol 700 L+1% fresh e
0.5%Fresh NANA(RT) NANA 500 2L (&R +354 = i?o9o908~{roeos7hon NANACEE
FrufjoFel 50 L o
AalAAdg 700 L+1% Heated(7 T oz |
05 HentedNANA (F5—RT) CodE D B NANA 250 i3 | L%fresh NANA xﬂiﬁr A2 (75C,30

i, 13D 42B8#:090722~100701)

0.5%Heated—NANA (90—RT)

700 L+1% Heated(9
) NANA 250pL+3%

1%fresh NANA AZF A2 (90TC,30
=, 13D % 421r39:090722~100701)

0.5%Fresh NANA(CT)

NANA 500z L(5CY¥2H ) +3F+f
Eghulore) 504

A2 o< 700p4L+1% | 1%fresh  NANA A%F 49 Jal (12
0.5%Heated—NANA(121-RT) | Heated (121 c,é}{&_i% NANA | 1C,15%,13) % LR

250 pL+3%7 =g 50pL | ¥:090721~100701)

deads  700pLtl% o fresh | g pesh NANA(5C Rt

#:090908~100701)

250 pL+3Ft EFvlgEd 5041

Ael2 g 700 L+1% Heated(7 l%fresh NANA AxF A2 (75T,30
0.5%Heated—NANA (75—CT) 5C, 5CYLEMWNANA 250 o 13) % NANA (5°C WA H

L+3%w EguFe) 50uL (090722 100701)

AgAd: 700p¢L+1% Heated(9 1%fresh_NANA AzS A2 (907,30
0.5%Heated—NANA (90—CT) 5C, 5CYLR¥) NANA 250 g 13)% NANAGC Jgu7

L+3%d Sl 5041 (090722 100701)

A 700 L+1% | 1%fresh NANA AZF  dxg (12
0.5%Heated—NANA(121-CT) | Heated(121°C, 5CT{&8 %) NANA | 1C,15%, 13)3%F NANAGGCT IR

(090721~100701)
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e

AL

Fig 1. 349551 %, wwZ ZAE NANAS 25W HgZF 7]
(1071€) Bte] w& A adadg Asd A
1: Fresh NANA (Oday), 2: Fresh NANA(RT), 3: Heated
NANA(75—RT), 4: Heated NANA(90-RT), 5. Heated
NANA(121-RT), 6: Fresh NANA(CTD), 7  Heated
NANA(75-CT), &: Heated NANA(90-CT), 9: Heated
NANA(121-CT)
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Fig 2. ¥ATo 2 ALY 3% & (F sakazakii, B.cereus, Ecoli
0157:H7)3t<] e (TSAHIA], 37T, 24A12F Z7]v] %)
3% E¥xA (cfu/ml): E.coli 0157:H7(6.7x107) + E.sakazakii
(5.9x10% + B.cereus(1.5x10%)

200



Al

1.

5 4 NANAZA Sl AFAEAA] (Cell—line) %7}
A5 A

NANAS A AFH7ME (AR, 7IsAddm 2 A% 712 2A 3717F =5 9l

o et b Frke FEFEo| webd, B Ao tEgAtE GMPel

Al E2 gk ZENANA (o] 3 G-NANA) tisl] 3 NANA (]3tS—NANA) & &3to] &

EehAg HbA, AR e REFE ARESE] AEZF S s x5 e AE #
b

Ao 2 A 57 7| 2ARE R, FE AP FAFE ARl st

A skl
A< (inflammation) < 2] o] Ao} & Ao st A Wo] wkgo =,
oherst  AlXES} cytokines©o] s AW HHolh o]y I

lipopolysaccharide (LPS) £} %2 &% Z}=o]u}; arachidonic acid thiAbsah 22 Ui 2k
= "7HZ 8te] T2 A3 (macrophage) W ¥ (granulocyte) 59 €5 ¥d

AT FHRY Y 4S5 FQ 5O sth(Zamora et al, 2000). 53] &3
A M EE cytokine®7F oly 2} nitric oxide NO) Y prostaglandin E» (PGE») &
stAl At dF Aol & IS st AMdo]l HalE il Itk (Higuchi et
al., 1990; Corbett®} MacDaniel, 1995).

L
ki

BAAEE S7o ol U FPY A FL TL e WANERN FBu
& Aol BARLE W IL-6 59 cytokined Aol 74l 27]o] polsirin
wnd ek 53] dAAE} B4 o] BAe B W AYHEE NOE 57

=

of WAL Ans 2T F Y Aoz dHA Jvk(Higuchi et al, 1990;
Corbett®} MacDaniel, 1995; McDaniel et al., 1996; Lee et al, 2000).

NO+ NO synthase (NOS) ol 2J&l] L—arginineC. Z5FE e w AA[dL Foll
23 9 WYEA 5O ve e g4¥e s 2ot Axel AFos BYshEol
inducible NOS(GNOS) el 2Jal] thiFo® A NO&= thA AL cytotoxicityoll &2
QTS & Wk obleh AFWe] Tolstel xAo) &4, FAH% o] B A7

r H

e

2, septic shock, £&5d & X33 systemicdt damageEs FEsteE AS=E
&4 9t} TNF— @ (Tumor Necrosis Factor—a)e ‘FEFIARRIXY 2 EOFAE
of Nzg Fol AMFES WSAL, 1 gkl vholelze AE U BAE A
T ota, AAMEE AFslE ste, deRkes A8 T, WAH Y-S (innate

=,
immune response) ol H51A #oJdt= AZEAYYUT F B2 B5F |2 A Eef 2
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goto] dAAEZE A7 TR F RS
Cyclooxygenase—2(COX—2) A 2 A ¥4 W& x = vl Z A arachidonic acid
25E PGEE A=t #ojste] 53 oF 59 4% HAAY oo T8 9
S 3 dEAHQA IFA cytokine?l interleukin—6(IL—6) = @FHHSS wilse=
cytokine 2. %, B cell®] & WAL ZRAA 7| T celle] 32 453 (Garman ef al,
1987; Muraguchi et al, 1988; Park et al, 2007), @559 oA & Z7lst= Ao
2 Bu¥3 9tk (Delgado et al, 2003).
Al HAH(INANA, N—acylneuraminic acid, ©]3} NANA) 2 Al 3Euke] A5z
gk e ”X]X]ﬂ T/dEoE dke)] AR TFOoEMN TheFst FE3HA <l

sk, #H2o gk AR lsto] o] Zpx YA Y]] g E L

S5, A]%f’% EfsEs AA el ZHE=-6-xAH0]
(fructose—6—phospate) ZFE] N-—o}A €Wt *0}7l (Nacetylamannoseamine) &
shod FAETh o]gdt NANALE 9] 722 @AM = (ganglioside) U b2 o] <-4 4]
2, Hu FFAAZA N 53] @ol] FrEo lown, I ¢Fo] frotrlel| A3 F7t
uZoll, NANA&= o]&sh 4 9] 7|5 Wdoly} whde] To3F &S o+ 7)4\031—
ol xlt,

rol e A Mlat 5o 7S A AoAEe e FIaEel nlole Ay Aol A
Ferto e Azre =, Hed oy Felehto] Aitste Has At YA
xeo NANAE st & 70l Agstel AAeE dozig, =3, Jdodcai
AZFAA vholg A~ a8 AA T

i - = .E
Colgle] qekAle A, BagEe FHAE, A 2

™ o]
o) 7]

o %o

(ST ¥

fllo r\r

Wl

o
o mE

™

2
i

[m

-

Jo

QEHE oX

o
NN

(mucoprotein) 2] 7143 AE o
q.oohg_} cgslo] ngﬂ;qﬂ Uj|
£ 59 71s0o] ®a =i

HooAdAgo|E= o] FH GMPMA 5% NANA) uolAd FHa NANA(o]s}
G-NANA) & #2]stq wwgwiw T=38F9 a1, A G-NANAe| tha] ¢raA 2 7]

ol HaEal Sl= 95 WAYUSE 2AskA &gl
uEbA, 2 A li ATHAA L AN, oFA7EA] BAE A oF2 T A
of o8l FHH= 5 WS w3 dA NANAJMAA I diEo =4 A8 AL

3 Bk gt

2. A3 WY

7k 7171 B Aok
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Al8of| ARE-3F A2k2 Dulbecco's RPMI—1640, penicillin— streptomycin, Dulbecco's
phosphate buffered saline, sodium dodecyl sulfate (SDS), fetal bovine serum (FBS),
trypsin<= Gibco Co. (Gibco BRL, Grand Island, NY, USA)°lA anti—mouse
iINOS+ Santa CruzellAdl 43t ZES AFE3F3it). Lipopolysaccharide (LPS), &),
3—(4,5—dimethylthiazol—2—yl) —2,5—diphenyltetrazolium (MTT)< Sigma Co.°l|A
71k Aok cell cultured ¥ 13 Aok ARE-SFATEH

AR 7] culture flask(Nunc, Roskilde, Denmark), 24 well plate(BD, MA,
USA), COg incubator(Vision scientific Co.), inverted fluoromicroscope (Zeiss
Co., AG, Deatschland), electrophoresis system (Bio—Rad, MA, USA), XAR-5
X-ray film(Kodak, Tokoy, Japan), microplate reader(Tecan, Maennedorf,
Switzerland) &< AF&3F3iTh.

NANAAA FH] 24  S—NANA (Synthetic N-—acylneuraminic acid, ©]3}
S—=NANA)+= ¥ Mrukin bio(Tokoy, Japan)AFe] <% 98% o)ds ARSI, 7
NANA (°]8} G=NANA) = "6 AAikEa ARS-sR3lt.

2. RAW264.74132] wjeF 3 NANA A g

B ooqte] AFEE RAW264.743%+= ATCC (Rockville, MD, USA) 5= o} AMg-3}
Pom, 90%2] RPMI-1640(Gibco BRL, Grand Island, NY, USA)el| 10% fetal
bovine serum (FBS), 1%2] penicillin ¥ streptomycin (Biofluids, Rockville, MD,
USA)o] =3¢l HiXE ARGSte] miefslalty. S—NANAZ d&olA  Flsiaion,
G-NANAE "dF96 718 NANAE AFE3SaL Cho 5(2008) 2 wWHel F3fo
A 2] sk k.

AEAEE 23

RAW264.7AEE 24 well plate®] 3x10° cells/wello] 5= B3 oS
NANAE FEHE AXsto] MEe AE=EE SHSUTEH 37T, 5% COg0llA 244
b =ob wjekEtdt. 24417 & Al¥E] 0.5 mg/mLe MTTEN(Amresco, Ohio,
USA)& 50uxLE Agsta 3A7F Ft wiekst &, wix]& AlAsta B4 formazan
crystal2 DMSO®]| 9] microplate reader& ©]€3sto] 570 nmolA SH =5 543}

it

4. Nitric Oxide A H 4
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LPSel &3l A== NOO &2 Alzzulekte] EA3t= NO. 9 FeEA Griess
AlokS o]gale] =H5I9ry RAW264.7 AXE 1x10° cells/wello] HEZ 24 well
platee] 3%k th5 NANAS 30% A 833, LPS 0.1 mg/mLE 50 LA Az
aho] 24413 &<k meksilth. Wik & Ml EuiFl T} Griess Aok ZH2F 100 LA
E33ste] 37TColA 108 &<t wlFd thS micro plate readerE ©] 83t 540
nmol|A FFEE AU, NO» o FXv NaNOz9| A=A &) gHitatsl
=3

9

5. RT—-PCRY

mRNA 2 g AAEelM 2AF] 918 28 NANAE A A7 &<t A st
Trizol reagentE AFE3lo] Total RNAZE First stands cDNAE A F3F t}2, %
9] ¢DNAE PCRZ <3319ty PCR amplicatione i—Master PCR kit iNtRON,
Seongnam , Korea)& Ab&ste] 7 AT cDNA9L ZAENH =2 sense %
antisense primers, Wz GAPDH primerE dNTP 250 mM, Tris—HCl(pH 8.3)
10 mM, KCI 50 mM, NaCly 1.5 mME 338t i—master solution 20 pLellx] Alsi3ich
PCRE& 954 45%%F denaturing, 55CollA] 45%7F annealing “12]3. 72TColAq 187+
extensionst= 27O AlsHH, F 30 cycless 353t PCRZE %% DNAT
1.5% agarose gelollX 719533, 3% DNA band®l intensitys 74313t A3
ol Ab&-l DNA primer?] A€ Table 1] e]¥lo] 3ttt

.%
z,
7
Q

il
_11)«
O_L,

Asl7] 98tol 24 well platee]l RAW264.7 AEZS welld 5x10°
AH EFEhal, NANAS &% B2 Agsiglth. 30 § LPS 0.1 mg/mL A3t

o, 24A17F F<F incubatorol A wieFSFA a1, viFN S FAS] - 20T H s}
th. TNF— e+ ELISA Kit(R&D bio, CA, USA) 9] manufacturer's instruction®l
upe} S et

7. Immunoblot Analysis

I AEsE 40 mM Tris—HCIl, 10 mM EDTA, 1 mM dithiothreitol, 120
mM NaCl, 1 mM PMSF, 1 mM NaF, 0.1% noniodet P—40, 1 mM Na3VOy4, P
cocktaile] ¥3HH lysis bufferol] 404 1A17F E<F WA 71 t}2 sample buffer$}
%8t 100TolM 3 & 7kdste] @d WS Fesiith. S8 cell
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lysatex 10% SDS—polyacrylamide gelS o|&3sl] #7953t o2 a9 gel o
W2S- nitrocellulose membrane©. % electroblotting®l )3l transferd}t3iil, membrane<
5% skim milkell ¥FgA|A H|5o]4 @A S blocking sttt dxF &AE skim
milkell Zt2} 1:5002.= 3| 4atal, 2A3F gt 2h2t &9l A whe& A7 vhs 53
7 33 PBS—-T=Z Aojua, o]z A< antimouse IgG, anti—rabbit IgG
conjugated HRPE 1A]ZF 308 =<t HES-A|Z1 & ECL kitE AFE-3}o] X-—ray film
of ZHFAA HHE dMAEl] s

8. TAIA =
A A= SAS program= ©]€3e] EATEA ST (SAS, 1999), AdT 19 &
A& ANOVAR =3 % Duncan’ s multiple range test® Hlw F-413}o]

(Duncan, 1955) s+ =18 2FH82Z el 5% oA #o4dS FA83l

off

3. AT59 3%

7t A=A B A

MTT assayi A2 T2S A7 91 APd Adfozs &= nAEAY
(standard colorimetric assay)olgtal & &= it} A ypshfokol A AL 245
detsta A&GsHA A4S ¢ e WS 7184 Vs

A¥EA 0% hemocytometers ©]&3sto] AAEAMEFE AAY FsHd%  (optical
density) & S3st= WHo] AFEEHAIR B2 &S S5 A A mgo] ol
o% Q7HN FAGS AAE PAE F Utk olF wiAlEr] fls JidE MTT
assayw AolQle= A wEZEE ol gd4ad g4 48 (dehydrogenases) ol 235}
o A 9 & A MTT
(3—(4,5—dimethylthiazol—2—yl) —2,5—diphenyl—tetrazolium bromide, Thiazolyl
Blue Tetrazolium Bromide) & A& == B]F84d 9 MTT-formazan A7 S
2 AATE MEZE ot TS olfshe AP OEMA A&eta FEehA W
= Y AE AT SAE
A2 A7 DMSOe g3l5 il F3% (Optical Density) = 540nme] 37 o] 4]
Hj7b =w, o] oA SAHE FHES Aoldls AEE o AAAQ A
= YelA @} o]F E& S—-NANA 2 G-NANAZ} AEEe] tis] AlxEEA o)
i A& B fJsted MTT assays A8kl

F
oX
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NANAS A3 %= 0. 0.05, 0.1, 0.25, 0.5, 0.75% ©]%)
7F o]9itl. S—NANA 2 G-NANA 25 0.25% »S7A= M3 =Ao] #zy
ekokth AR, T AE BF 0.25% F% OWOM% MEAEETE s H

3k 4= Atk (Fig 1, P<0.05).

. 45 ad 912 NO (Nitric oxide) =74 23}

Nitric oxide(¢]3}, NO)= 9% wbgo] fibd A9 Y] Hox= gxsd 9
S BAoIth Ade| AFEHR LPS txZel 9% 4% EFEZA NO A4S
AT

2 Ao s MTTassayHd 59 022 S-NANA % G-NANAE RAW
Alzoll A skal 2417 vk & NOAA =S ##st A7, NANAZLA Aol A
0.25%°1 M58 NO7}F #ZAaHs AFdS Hiov, MTTAYe ddste] & Ay
0.25%01742] FZole AZEAES o NOZF AN A 22 39S &
t}(Fig 1, P<0.05).

ole] & AT E A AFTgA EHE AFEH I = AG4907 waklE
AAER o, AG490 thH] &4 NANA 4 G-NANAOAME g5 595 B
ot #EE 5 ok (Fig 2, P<0.01).

g
32
32

mlo

o

tt. W B-E(TNF—a) lxp =4 A3
TNF-ae& 95 4% Al AAE o8 NELES A3t 954 Cytokine
WA 7= dE2AR] A5A Edolth Ay AbgEozl LPS dixAA AT
e 22424 TNF— e S 12417l 2 A H 9 Y, 3 NANA 2 G-NANA
S A7 (Fig 3, P<0.05).
E—a G-NANA? A$= 0.25% %54 TANANAo| thulsl TNF- e 9 #l%
o

A S “Zﬂ 71;@3 23 A5 a9 E b}EM]L Ao = A}Ego] A= ATLER
59 HAAtEA el NANA7ZF ojudt &S mx=x Lol # RT-PCRY
Immunobloting® & °]-&3sto] A¥E AAsta=} slch

2. Arrla =4 A5

Reverse transcription PCR¥Y 2 RNA level oA &7 gene 2] expression level

S A @ 1 F2 2olv], AAILY] BYS setsuE ol o 24
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Holth(Fig 4).

2 AFexE= mRNA LevelelA9] iNOS, TNF-«, COX-2%5 #43t9lor
primers Table 13 Zt} A4 NANA % G-NANAXEF mRNA F=ofA INOS
o} COX—-29] A a3& Holn 53] NOAAG AFARl INOSE ZEsA A
7= Ao 7 Hol th2 o2 iNOS A A3 dE34d S Immunobloting® 2 2H<1s}
% tH(P<0.05).

nh, 95 #A cell signal pathway Immunobloting) A3 7} A2},

2 AFellAE G-NANA 9} S—=NANA A A LPSell oJ3l 14Fsh & a1 8/ 3} &
= Table 2 @A @8] G-NANA 9 S—NANA7} n]X= & 32 otolrn 7] o5}
o 3 ] Gty A ] 5o YEFS v X = @A &5 Immunoblot analysisS
&3l gelstslt.

A3EA, SENANAS] A7 & o @ dgde] obfd Y& 74 &= 3 &
A A=, G-NANA? B d5 Azl =2 F =<9 MAPK Kinase%
LPSel olall &3} %= c—Fos ¢ ¢c—JUNs ZgetA JAs= As sttt
((Tablel, Fig 6.).

o]F Frlste] R7] {ste], RAW 264.7A413X] NANAS AHelskal, LPS 0.1
mg/mlZ A 2]sko] 5, 15+, 30+ % 907+ vl eFste] whole lysate 4o LPSel
ola) et AR st o 24 G A Eo) dist A4S AAsEAT
Ay Z A, Fig. 6.2%°] Whole lysate®|A %= &4 NANAS A5+ @z 2y

g & ol o] G-NANA®] ¢ c—Fos ¢ ¢—JUN
o] AFeietuid el INK S &5 AAlshs Ao & 5= Sl

ARA o7 G-NANA & S-NANALZ EF Fo] 54 i Ax Eelo]A LPSe
osl ¥ NOE f+4 o2 oAlstglon, o= INOS 239 ZAaelA 7|1EgE &

2189t G—NANA ¢} S—NANAX TNF—a2 @& dA] 5 &2 07 7 AAH
om f&o] G-NANA+E w@wd FFzoA MAPK KinaseE 9AEdS w9t
(P<0.05).

v FEEE

B oAJoA ZIUNANA(G-NANA) thH] SHAINANA (S—-NANA) 9] d&¢15 g4
[e) Ay Yo

o QLA A S ol ] 93] He B thAAMETS RAW264.7 A|EE LPSE A 3
A7 2 A=A T8 1 NO A= 9 iNOS$ COX—29] 2=k TNF—aiH| =
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A ZAYEET}

T
-

3to], NANAZA = 0.25% 5% o] Alo] A

S

ol o
= AT (P<0.05, Fig ).

G—NANA 2} S-NANA

o] G-NANA ¢} S—NANA7Z} 1
zhsk

s

i 87

9]

LPSe] ¢

o
puy

NANA=R 7]¢l%
@ GMPo A

=)

L —

T

™, 9]

il <k

o] 7 NANAG®] H] 3§

L
=

o=

A

3

Sk
H

A G-NANAZ}

63

s

g

o
o
o

u)

=
a3 o R oA

=

=

Z=A) cytokine®l TNF—a

o]
y H

al

o

Ao ™, NANA ]3] INOS, TNF—a$t COX—-2¢]

g %

o

5

o)

FeH(P<0.05).

g7d o]
A=
G—NANAZ} S—NANA¢®] H]

9]

o)
o

I NANAZA &

S HO

& T = ofA

S

1 LPSel ¢

o]

oy
(RS

fie)

o)
o

0P

ol

(P<0.05, Fig. 6).

I

0.25%7+A & %olA NANA

T
1

ZAA

SERE

=

3|
T

b AR Ko},

ol

Y

1 A

7ol A

g
s
o

tlo

O

X
)
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O

oy
B

PSS
=

1% =

T

L

A 2]

Z
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Table 1. PCR primers used in this experiment.

Name Sequence (5’ to 3’)
Real-time PCR
' F GGA GCC TTT AGA CCT CAA CAG A
NOS R TGA ACG AGG AGG GTG GTG

F TGC CTA TGT CTC AGC CTC TTC
TNF-a

R GAG GCC ATT TGG GAA CTT CT

F TCC AAG AAA GGA CGA ACA TTC G
e R TGA GGA CAT CTC CCA CGT CAA
GAPDH F CAA TGA ATA CGG CTA CAG CAA C

R

AGG GAG ATG CTC AGT GTT GG
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(A) (B)

—y
b
o

] - 5HANA
] - &-Nana
- GHANA 100 -
100 - 5 NANA .
s3 2%
(5] = =
3 £ 8y E £ 60
o = 0
e i
oo i T og 40
=] 22 7 (8] -i;
e
= 20 1
40
0
20 . .
LPS(1 pg/ml) + * + + + + LPS (1 pgiml} + + + + + +
NANA (%) 0 0.05 0.1  0.25 0.5 0.7% NANA (%) G AR, Ba-  BdEs. B B

Fig. 1. LPSell oJ8f == 5 3 570 tigh NANAS] oAl &} g7hd o

(A) LPS (1 mg /mD) o 93l =%+ RAW264.7 cellsollA] 7I¥NANA (G-NANA) %
3 NANA (S—NANA) ¢] NO A% 37} (B) MTT assayH< o] 48 G-NANA 4
S— NANA?Q 54 37,
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(A) (B)
140 - 120 4
g 120 4 __ oo T ]- 1 I
S= =
3w £
= =] 80 4
TS s0 1 23
8% = =% 60
of 60 of
= * 40
40 4
20 - 20 {
1] ]
LPS(1 pgiml) + + + + LPE(1 gimh
G-MAMAL 5%} - + - - GePUAPA 2 53)
S-MANA( 7 5%) : - + . S-BANAL 2.5%)
AGABDEED pgimi £ AGABD(I0 pgimi)

Fig. 2. LPSel 98] fF=5&= 5 2 54 tisk AG490 thu] NANAZLAE o A & 3}

(A) LPS (1 mg/mD el 28] f5=%+= RAW264.7 cellsoll A 7HENANA (G-NANA) £}
4 NANA (S—NANA) 9] NO2 A5 37} (B) MTT assay¥l2 o] 83 G-NANA @

S— NANA?9| =4 7},
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A B
( ) 160 - ( ) 120 -
140 4
5 1 I g
£% 120 j_ 25 “
o = == - I
B § 100 4 L K b § L
=6 B S g
’ o o
z< 0 £
= = 40 -
40
20 -
20
0 0 T
LPS (1 ug/ml) = + + + - + LPS {1 pg/ml) - + i iy
S-NANA (%) - - 01 015 025 05 G-NANA (%) - - 01 015 025 05

Fig. 3. ¥ 5 A ¥ NANAZLAE RAW 264.7 Al el A] ELISA assay s &% TNF—
Rl Bk R < B
(A) F4NANA(S—NANA) & TNF-a A5 F7k (B) 7IENANA(G-NANA) 9]

TNF—alpa 9 A5 %7}
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(A) LPS (1 pg/mi) = + + #:

S-NAMNA (%) - - 0.25 0.5

iNOS

COX-2

GAPDH

(B) LPS (1 pg/ml) - + +
G-NANA (%) _ ) 01

iINOS

GAPDH

Fig. 4. RAW264.7 A ¥4 RT-PCRY] < o] &3t

8 9% av Yoras

oJ
=

=
[€)

2

COX2 ——— —

T=40 thst NANAS] 5%

= o
(A) TANANA(S—-NANA) 2] TNF- e 945 H7F (B) /IENANA (G-NANA) 2]
TNF— o 945 F7F (A) TAANANA (S—NANA) & AApe1zr A5 H7h (B) 7|

NANA (G=NANA) ¢] AARIA} A5 H 7}
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(A Muclear fraction (8)

Huclon linction
15 min 90 min 120 min AT == e =
LPS (1 pg/mi) - + + * + + +
SNANAO.ZS%) - -+ i 2 g i

G-NANA (0.25%) -

o TIRREREE - e ——
c-Fos ﬁa-—- .'H- i -! ka

com ‘E ﬁ-m STAT ‘ 3 *_ i H . =3 = N
o N ~
v N e

N TR T e

y=Tubulin 1 tubutin

N bt ) St et Gt St

Fig. 5. immunoblottingS £3+ 3] AAQJIAS o t)st 5955 (0.25%, w/w) = & st
NANAH ( 34 S—NANA, 71 G-NANA) ©] H 712437} (A-B)
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Pam3CSK L["S Poly(I:C)

..'.-.-“_ 'l"l':
TLR? TLR4 TLR3
AT WyDB8 THARS

// Ag:é:sm Ill}ﬂ(\B\.
K inase
TBK1 KK —B100/TPLE
“\-‘Nﬁ

-
-
-
-
-

RK p38 JNK
JAK2 j DQ'URSKI
kBa e c-Jun
\r c 5.:-5 s>
NF-xB ___ AP-1

/
IFN- . <
X
TNF-a

-t G-NANA-targeted pathways : written on Bold

Fig. 6. NANAAA 2] st = w7l &
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1. A7=7

AA Az S ookl el 71 (2001~2005) 91 109 AEES 2
= o Lol guuidR, gl PAE 72 HRAPES Fetd A B kA
Sthstel WAnkS 5o FAEE Haste] S SEelZY s VlehdS FF ke

QA A Ao & FEs AAE ZoR Yde

=
Fede A ow gt wE Age % Anadn S7F B ¢S FAY £
3l DS

3

oz 2xpd% 7k dR@AdAb7Ie N, AFAE wAy gHol FHeEdch T
NANAAA S 542 v|WE (& coli 0157, S. aureus, B. cereus) 2] membrane®] #
HAC® lysis E+= damageEs T4 &owA Ftatgo] gdddrs St w3t
NENANAZY EF=F(HEK295 cell @ RAW 264.7 cell)ol gt 54371 Ay
NANA 0.1%~0.5%°ll4 =2do] &2 A &2 AS SAskleh ol NANAS P+t
A ZETY g AR A BUHEYE VIR sEAlclE §F A HtE
Z=8o] Q¥ o]t}

aYER, AYEEY A7) W NANAZA AHgsrdz dAS F2&

7F A AA e FEANY
B Ao M= A o] 73k 37 S YAA F-A (specific pathogen free)+% ICR
< 8

Irhel s 48 24S APeA 8] 98 1093 P

whg-2s (e ko] £ 9 2 (51)) 5
o)z w3 HgA F AL FEL kM TRWETIE APTEH O U9

Hj x| sko] AL-g-F T,

NANA FEUHH7IE 93 Al #ATs AIN-76AE 7]E0= 3o 1kg o
NANA (100% +% 71%)= 1g(NANA-L(Iow) &), 5g(NANA—M(medium) *
) 2 10g(NANA-H (high) He-H) & &3 A3 TH(Table 1.) A @ 2o]g} 24
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= AH FojHoR Fostnh Ad BE
55+210% =% A 3o ek 12A)17F 7] (light : 06:00~1

Algel] AHEE BE FE] dste] AU E 134 ~154] Atolel]l AlF 9 ALEA]
= 54

ok FAIA

APA A= SAS programe ©]&3t0] SAEASIL(SAS,1999), AT 19 /o4
2 ANOVAZ %3 F Duncan's multiple range test® H|W #2351

(Duncan,1955) H+x ¢} FHAZE YER AL 5% FolA FodS BAISATH

3. Arrad

NANAZANE E7S AFS7F vhe-27F 7] Aol Al wke-29 AF 9 ddAdA%S
AIN-76A 2olxt AdFH st nl9-Ael B3O ZH NANAZLA ] st HgAds &3t
o] Hrt}H(Table 2., Table 3.)

Az, AFEE NANAAAS F5(L;0.1%, M;0.5% % H;1%) ] wel e A
A5 o] AR Ury dddAFE AFEs At Rt ¢4 27105 9
gz AsH22.79) F AdLAHFU.80) I AT (NANA) 9= Fode Aol &
g k. ¥t FR7I(4F, 85 W 139) 9] AsH dAddFHTS B3l

3l Btttk 8F AdE VlEow wheAd AT dAMHAFS vlastel ®HTid,
79 AFH(B6.42) 2 AAAFAF (6.6, ol nlsf dAT2 A
2l Zol7} gl oyt dAHAFE 23%~36% AAsIATt v 71749 A
HHAFS 859 Afo 22

AECR, NANASAES 98 AbRe] AT dxel vls) 24k NANA
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Table 1. 34NANA(SNANA, tfx) dfv] 7IENANA(GNANA) 9] w5 Ats A9

A5 Az A NANAZ 71 me/AE 1K, AIN-76A Diet)

Mg
02 (Starter) 45F 8FE 135 ES:| Hl 3
11.01.02. '12.01.09. '12.02.03. | '12.02.31.
al =
A3 @EER) | aEvR) | eIEa | GFE) b
Contral A}E 1Kg(AIN-T76A Diet) +NANA 27}
SNANAW) | AlE 1Kg(ATN-76A Diet) +TANANA (£% 99%°]14H) 1927}
. T4
SNANA | SNANAM | A= 1Kg(AIN-76A Diet) +ZANANA(EE 99%°14) 3227t NANA
SNANAWM) | AlE 1Ke(AIN-76A Diet) + Z4NANA(SEE 99%e14H 10s27]
GNANA(L) | AlZ& 1Kg(AIN-T76A Diet) +71'2 GNANA (£% 20%) 25227}
; AL
GNANA | GNANAMM | A1& 1Keg(AIN-T76A Diet) +7% GNANA (£% 20%) 12.5¢27} N_-L?_%
GNANAMH) | A& 1Kg(AIN-7BA Diet) +712 GNANA (£X 20%) 25z27}
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Table 2. 7§ NANA (B Ca) H7/HAEE

T4ES zLES oA 10dE=
TWeisht| Inzest [Weirht| Ineeat {Weizht] Ineeat [ Weishf Ineear

(& (& il ! i = (=

Control 205 4.7 [21.4| 4.8 | B2.0) 4.7 |229| 4.9 | 234 5. 24.0| 4.7 |245] 4.7 | 202 4.0 |26.1| 50 |26.2) 4.3 | 26.5| 5.0
CalwTL-1 [20.8 4.3 |21.7| 46 |22.3| 45 |220| 4.5 |23.2| 4.6 |238| 4.4 [245| 45 (248 4.3 |250| 4.8 | 269 48

Ca CaCNTL-M [18.8 4.6 |206) 50 |21.2| 46 (2183 | 4.8 |225| 4.3 |234) 4.7 (246 4.7 |25.0| 4.1 |266)| 4.5 | 275 4.7
CalWTL-H [18.8 43 |16.0] 4.2 [202] 4.4 |210) 45 [21.3| 4.4 | 210 4.4 |22.8| 43 |24.7| 4.5 [248| 42 | 260 46

20.6 40 1211|453 |21.6| 4.9 |21.9| 4. 23.0] 49 |23.1| 46 226|490 (248 48 9.7| 49 |268| 4.6

202 45 |224) 4.6 (224 46 (227 4.5 (220 4.7 |23.9| 4.6 [24.7| 4.7 |20.2| 4.7 |26.7| 4.3 |274| 45

208 43 |213| 47 |21.7| 46 |220| 4.7 |223| 43 |226| 4.8 | 236 4.7 | 247 4.7 |20 4.3 |263| 43 |27.7] 48

201 | 4.7 |2068| 4.7 | 214 4.7 |22:2| 43 |224| 40 |227| 46 |228| 4.7 | 238 4.3 [24.2] 4 25.7| 4.3 |26.9| 45

204| 46 [208| 45 |21.7) 4.7 |222| 49 |227| 4.8 |23.3| 4.9 |243| 4.7 [ 252 | 4.5 |25.2| 4.5 |2D.9| 4.4 |26.58]| 44

192 46 |205| 43 |206| 4.3 |21.1| 4.7 |213| 46 |21.6| 4.8 |227| 46 | 236 4.3 |247| 45 |25.9| 40 |266] 4.3

Control:Ab&E 1Kg(AIN=76A Diet) +§37}, Ca—CNTL(L) :AIN-76A Diet+CaCl2 (¥4 3.5g, Ca—CNTL(M):AIN-76A

Diet+CaCl2 (F-476.5g,Ca—CNTL (H):AIN-76A Diet+CaCl2(F5) 13g
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Table 3. 70 NANA (M : Ca) H7/MAaE #7359 A3 Adold wE @A (d3

# 9 AREE) 2A

proves, 04 3¢z 153¢ 7% 25472 % 304AER
Weight{g) [ Ingest(g) | Weightlg) |Ingest(g)|[Weight(g)|lngest(g) [Weight{g)|lngest(g) Weight(g)|Ingest(g)
Control 208+0.65 | 4.7£032 | 242058 |47=0.22|20.3=34 |1.520.20(3%7 =044 8:+0.09[334 51215 42065
CaCNTL-L 20.6 46 23.2 48 29.3 4.3 a2 3.9 337 4.7
Caz |CaCNTL-M 18.8 46 22,5 4.3 30 4.3 305 4.3 324 5.3
18.9 4.7 21:3 4.4 291 4.2 315 4.2 322 4.6
20.6 4.3 23 4.9 30 3.8 25 33 33.8 4.6
20.2 4.7 22.9 4.7 30.9 4.2 30.4 31 33.2 4.7
209 4.8 22.8 48 30.4 4.1 323 3.6 35.8 3
20.1 47 22,7 4.8 30.3 3.7 317 3.3 33.7 4.9
20.4 46 23.3 49 30.4 4.2 331 i | 34.2 4.8
GNANA-H 19.2 4.6 21.6 48 29.3 4 331 4 35.4 2.1

Control:AFE  1Kg(AIN-76A Diet) +% 387}, Ca—CNTL(L) :AIN-76A Diet+CaCl2(¥%) 3.5g, Ca—CNTL(M):AIN—76A
Diet+CaCl2 (¥426.5g,Ca~CNTL (H) :AIN=76A Diet+CaCl2(¥4*) 13g
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Table 4. 7922 Aoz o xAE NANAAAS A7|Adol7 AR 4

AR F Ol v A= GERAF

Zg 2 NANAAA delol @2 A7 (weight.g) B 24 A% (Ingest. ) =4 (mean=5D)

AaT 0= 4= e 13=F
Weight Ingest Weight Ingeat Weight Ingezt Weight Ingest
Control 227114 48=0.2 33.0=04 | 5404 | 36407 | 6.6=1.4 |37.3x0.2 | 65202
CaCNTL-L | 22.2%1.1 46=01 33.2+04 | 3.9£0.4 |37.3x0.3 | 4604 |38.2x01 | 5.220.1
Ca |CaCNTL-M|21.2x15 4.7=20.1 32.4=0.8 | 46=03 |35.4%1.0 | 5.1=0.4 |38.2=02 | 53202
CaCNTL-H | 20.4%1.1 4.4=0.2 32.6=0.4 | 4104 | 234210 .2£1.0 | 36305 | 5.0x05
SNANA-L | 21.7%1.0 4.7=0.2 33.0=0.3 | 4.2=0.2 |36.221.5 | 4.70.6 |36.7=0.2 | 4.8x0.2
SNANA-M | 222=1.3 46=01 32.3x09 | 4106 |37.0=0.6 | 4.2=0.2 |38.3=x0.1 | 5.120.1
iR SHANA-H | 22.1=0.9 4.720.2 34506 | 4.2=x0.2 | 38.0=1.0 | 4.8=0.2 |38.6=02 | 5.1=0.2
21.8=+1.0 4.70.2 32.7x0.5 | 4.5=0.4 | 36.6=0.6 | 4.8=0.2 |37.8=0.4 | 5.3=04
GNANA-M |22.2=1.4 4.70.7 33.6=x06 | £.4=0.2 |36.6=05 | 46=0.4 |38.0=0.2 | 5.1x0.2
GNANA-H | 21.0=1.1 4.6=0.2 34.5=0.6 | 4.20.4 |37.70.7 | 4704 |3%.2x0.2 | 4.820.2

Control:AFE  1Kg(AIN-76A Diet) +% 387}, Ca—CNTL(L) :AIN-76A Diet+CaCl2(%¥%) 3.5g, Ca—CNTL(M):AIN—76A
Diet+CaCl2 (5-576.5g,Ca—CNTL (H) :AIN-76A Diet+CaCI2 (%) 13g
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Al 6-22 =AY FIICEAT B Ve FAEE

!

1. A7=7

AAL AT s oeREe] ghve} 715 (2001~2005) 49 109] AFES ¥ =
o el e E, Feide] gabs 7 dREHE Skl e 4 A =
Hiskst wenks 5o FAE Hnssl] A% Fetelau s VEEE FF vhole

AE AL e 2 Re AN Ao Jde
gumde dnson gie] e ARy P Anin 719 Be ¢ FIT

k)
ofo
v}
>,
3
X,
¥ pd
o
L)

sl2] 59l th, =3k NANA
el EAL u|WE(E coli 0157, S.aureus, B. cereus)2 membraneo] A o7

lysis B+ damages T4 ZOowWA 2o ©Hd3tS el Tk /fUNANA

7V BFF(HEK293 cell W RAW 264.7 celDel w3t =437t Ay NANA
0.1%~0.5%°1A Fde] &z A o2 RS sttt o]o] NANAS P74 2 &
FFo U3 A A BrMERE VFoR BEAE EI3 oA HE F3o)
e k=g

JuEg, AdEEe] A7 2 NANALA Hesedz dAE &
AAS 712 TANANA 2 7JEUNANAS v wsle] Aot
o] Wizt 9 mgEe] FERste] AdE EUE GobdE W
NANAZA S 7 &5 U Agst(AFSH ol HF H523& 7

2. ATy
. AE A

55
B PN E 2 o i@t 3%
29 8

o

ol
1o
lu
oX,
ok
F&
-z
24
w
o]
(@)
o
=
I
o]
Yy
=Y
=y
@)
(o)}
(@)
=)
—
=
®
e
e
pa)
O
=

2| gto] Akt

NANA FEIFE7HE A AFR @A AIN-T6AE 7|20 =23k 1kgd
NANA(100% <%= 719+ 1g(NANA-L A7), 5g(NANA-M Hz4) =
10g(NANA-H He|-H) = &3 A3t (Table 1.) A3 2o)e} 2= AFFoige
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T, AUEE 55F10%= A &)

v, 57

AT (NANAAA AFAvEe-2) 2 gz 457, 85 9 135 3zl A3 &S »f
2 3k S ether® vHEAIZ]L F FHAME 3 v HFdEHlA das AF
stol F& 1A FHR(EDTA 2 o) el masigith. AsEe] 722 GA 7@
Liver, Kidney, Spleen, Heart % Lung)> g9 AF T FA HZE3H9
PBS (phosphate buffered saline) &oef 1xtd] A& & WAFxZA 9 FAE &4 & 10%
UGN Basint. 2242 4F dEHE, A5 A& dE e 73
Hol e 25, AW, Q] 5 FRAESS BT AAT o AW (2512T, s
5 50E£10%) A 48A12F & FAIE S8l

ot S AIA

A A= SAS programs ©]g38t0] T AEA S (SAS,1999), AT H] /oA
2 ANOVAZ #H=F3 F Duncan’s multiple range test® Hl@ #4314
(Duncan,1955) H+# 9} x-HAZE YER I 5% FolA oS BAISA T

3. AT

NANA iXHJ 1— 7] /]\jo] :;c :L}_z] (7} }\]xl H]XL /\]Jg- g_l
of theh FARSE IO EN NANA Ao HddAxR=E 72 249 44 Wsts
gel3le] H ek} (Figure 1., Table 5.).

A 4T A3 Al 2] FARMSE AR, vkeA] ATHES 10002 78
A= W, T2 FxAY FAE H(5.86), AF(2.1), 1 0.42), HF0.57) %
#(0.84) ¢k AAT(NANAZA AHH vhe-2) ek vlaste] Fo]4e zkel7E At
(P<0.05). 45 A3 A9 NANAZLA Aelske] me M3t otk NANAZLA S &
71(8F o) Aol Al Zt kol W tixT9F AT Aol= = F AAN A
o7 fog oz vy AEY.

=24 A LAE =7l As "EHES

-

N

ax

o] BANS =A%tk (Table 6.). 235 HH, hx+3 AT % Al
77 AFA o7 dojutt). AHE Fhd Addgle]l 135 A Vel E u, yEH=
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o] FAE= 45 UMl 18.8%%7Fst I NANAAAE AdFHsE w922 A9+
27%~40%7+A 5 7t8k3l et
NANA &4 AP FEEE 8525 7|22 7t 229 FAE AHud, sHMINANA
= A TEL Bus 2 ol sEM B el dE=e FAYE 3% Sk
N NANAS A% 4~7T%9% 3 2 gz thh] NANAAAE A3
gt uke-Ao giEEe FA SUts 2 uE5=9 dol, 74, %
Ao wlof 7}zbe]l Wsls #Eskelth izl Hl )
% o

-

AT o), T, F 9 AFPE:

Fget.

AEH o2 NANAZAY 249714 wud 2249 T7 Mol 98¢ 74 oo}
oo el RAA QdRe T4 gt Aow waEn, wd dEIe FARsle 7
$ dzTel wsl FhgoRn ME TS Uk 2w <, B Wi AL How
ke o)
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Table 1. AINANA(SNANA, tf=x) did] 7IENANA(GNANA) 9] 54

NEESINE

A5 A A NANAZR 713 (me/AtE 1Kg, AIN-76A Diet)

AR
0 (Starter) 4% 8% 138 £ | H) 3
Control AIE 1Ke(ATN-THA Diet) +NANA 27}
SNANA(L) | 2}® 1Ka(AIN-T6A Diet) +TANANA (£ 99%°14) 1237}
SNANA SNANAM) | A12 1Hg(AIN-THA Diet) +24NANA(EE 99%°14H 32%7} \Ii:;?i
SNANAG®D | AE 1Keg(AIN-THA Diet) +Z4NANA(EE 99%<14H) 10g%7]
GNANA(Q) | A& 1Ke(AIN-76A Diet) +71'2 GNANA (£= 20%) 25537}
GNANA | GNANAMM | A}= 1Kg(AIN-T7HA Diet) +71% GNANA (£% 20%) 123227} ﬂ;i
GNANA(H | A& 1Kg(AIN-76A4 Diet) +74 GNANA (£ 20%) 25z%7h
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Figure 1. $4NANA thH] 7HIENANAS] Aek7] Adolo whE w2 AA| 7|3 o))
g BEYXZAE Y%t AQFHAUE. 1 ¢ Liver, 2 : Heart, 3 : Kidney, 4 : Spleen, 5 :
Lung, 6 : Femur, 7 : Verterbra
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Table 5. AINANA (SNANA, tfzx) did] 7IUNANA (GNANA) 5=

Aozt ZBatel mE BAT 9 7@E SRS A

T AbE S

= ¥ EE 24 A= 201717 Adel O AAE 2 71 ST AEBEAF ($9 g, mean+5D)
PAL-E §¢ Z18E FADS (A AF 100719)

(Week) Llver Kidney Spleen Heart Lung

4 5.86=0.38 2.10+0.11 0.42+0.06 0.57+0.03 0.84=0.13

Control 8 5.96=0.36 2.21+0.28 0.91=0.64 0.61+0.06 0.86+0.12

13 4.39=0.63 1.81£0.36 0.49%0.13 0.48+0.06 0.73+0.00

4 6.51%0.368 2.04+0.08 0.39=0.10 0.52+0.04 0.85=0.07

SNANA(L) 8 4.62+0.70 2.01£0.07 0.71£0.21 0.52+0.04 0.70=0.01

13 4.42£0.29 1.84+0.17 0.53=0.22 0.62+0.02 0.72+0.08

4 5.23%0.63 1.97£0.09 0.52%0.09 0.54+0.08 0.30+0.02

SNANAQD 8 5.09=0.63 1.94£0.17 0.95=0.09 0.63=0.05 0.37=0.08

13 3.87£0.12 1.49+0.36 0.86+0.39 0.56+0.04 0.77=0.07

4 5.79+0.36 1.90=0.09 0.39+0.10 0.56+0.12 0.73=0.03

SNANAE 8 5.47*0,70 2.06x0.24 0.31+0.41 0.70=0.14 0.75=0.14

13 5.30=0.51 1.89=£0.15 0.48=0.02 0.50+0.19 0.75+0.08

4 5.31%0.58 1.94+0.13 0.53+0.15 0.53+0.06 0.78+0.02

GNANA(L) 8 5.46=0.48 2.22+0.18 0.74£0.10 0.58+0.05 0.730.03

13 5.51=0.36 1.96=0.03 0.79=0.46 0.59+0.09 0.85=0.11

4 6.06=0.50 2.14+0.10 0.49+0.09 0.59=0.06 0.82=0.02

GNANAQMD 8 5.13£0.41 1.90£0.27 0.41£0.10 0.57x0.15 0.73£0.08

13 4.81£0.42 1.835+0.11 0.43£0.13 0.56+0.05 0.78=0.08

4 5.83=0.34 1.88=0.04 0.53£0.11 0.55=0.07 0.76=0.06

GNANA (D g 5.25%0.24 2.01£0.10 0.46+0.14 0.57+0.05 0.79=0.04
13 22 2.49 0.44 0.60 0.73

FANANA(EE 98%), G : GMPH

S A
=FNANAZIFE 0.5% (w/w)H7F H @ 555 NANAZISE 1% (w/w) &7}

227

I NANA(EE 20%), L @ £FNANA 71E 0.1% (w/w)H 7k, M :



Table 6. NANAAA (SNANA: §4, GNANA:Gohm2 G2 UNANA) 2 A2
FEHE(L: 1g, M:bg W H : 10g, ¥7171+:100% NANA 7]=/At8 1Kg) 2 Fe7] A
YAl A A o] 2 ZFAA (Femur, n=3) 9 1] X+ W3} ZAHP<0.05)

ART ARdF AzFA A = o] VAR
(week) (=) (mm) (mm) (mm) (Kg)
4 0.064=0.002 1.49+0.03 2.10=0.086 15.69£0.10 NT
Control g 0.070=0.004 1.538£0.14 2,15£0.13 16.27£0.19 2.61= 0.60
13 0.076x0.022 1.51=0.21 217014 16.300.27 2.59+0.54
4 0.061=0.009 1.61£0.08 2.03=0.20 16.33=0.68 NT
SNANAIL) g 0.078=0.003 1.72x0.15 2.30=0.21 16.18+0.21 2.72+0.68
13 0.078=0.002 1.66=0.11 2,19x012 16.39x0.03 2672018
e 4 0.068=0.003 1.45:0.24 2.07= 0.20 15.74=0.08 NT
(B4 NANA) SHANA QD g 0.079=0.004 1.70=0.04 2.29=0.09 16.07+0.46 2.60=0.69
13 0.08620.008 1.30=0.04 240018 16.50£0.28 3.3211.00
4 0.067 =0.007 1.48= 0.07 2,16=0.15 15.93=0.74 NT
SMAMACH) g 0.080x0.007 1.65=0.10 2.49x0.19 16.30x0.29 2.39=0.67
13 0.085=0.002 1.75£0.15 2.39x0.18 16.32+0.26 341
4 0.060=0.008 1.5420.04 2.14% 0.08 15.56£0.63 NT
GNAMAL) g 0.074=0.004 1.54=0.04 2.39= 0.04 15.99=+ 0.09 2652017
13 0.084=0.003 1.62=0.08 2.30=x0.17 16.73+0.17 2.59=0.43
Am= 4 0.063=0.004 1.35=0.09 2,241 0.08 16.25£0.99 NT
(Fgarana) GNANAQD g 0.077=0.008 1.63+0.11 2.36=0.18 16.43= (115 3.68+1.05
13 0.080£0.004 1.62=0.08 230017 16.73x0.17 2.39+0.45
: 0.067£0.005 1.78=0.24 215010 16.33x0.45 NT
GMAMAH) g 0.079=0.007 1.73=0.08 2,33 0.20 16.54=0.16 2.84+0.46
13 NT NT NT NT NT
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28 5L vAE(E coli 0157, S.aureus, B. cereus) 2] membrane®] 2524 ° %
lysis H1= damages T4 FoWA Frzrgol g Falsivd. 3 7IINANA
N BEFF(HEK293 cell 9 RAW 264.7 celdol ot 5497 A% NANA
0.1%~0.5%°1A HAo] &z A k& ZAS gdeigitt. olo] NANAS T4 W %
FE0 fdt AFd okAA HAAFNE JFor ZTEMO|E £33 okAA HIIES 3o
Qo

JHPR, A¥EES] 437 9 NANALA AgsEdz dAE 783t
ARE 712E FANANA 9 /ENANAE vlmsto] Febr] AFHAl A,
dol wigh 9 wAEe] FxNEe d3dE EdE Jfol AF Wl Hdd Al AHEE
NANAZA ] 7 &5 9 A& (AEFsH ol HF 545 Folr

2. AT

7h A3 A St sEANS

2 Aol A= 2 ol f3t 37 S AA

k-2 ( ghuto] @ W A (F)) 8 5 A% 20Es dASA sl flal 1093 A
olF w3} ASAI ¥ AT FES 3vkY T (R, A6 o E 1o H
2| ek ARg-FSi Tt
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10g(NANA-H Azl = &3 stk (Table 1.). Ag2Aolg} A4 a0
O% Foith A3 TE AFSA A & 2212T, AdEE 55F10%E A

stolom ok 12A41%F F7] (light @ 06:00~18:00) & =43}l .

Ll ) H

AT (NANAAA AFH v~ 3 diz2d 45, 85 2 135 3atdlol 23 AES v}
2 3utE A S ether® WAl & FHRAMNE ¢ tS HRdiedes dAs AFH
sto gAstA A= EDTA7F 5919 €71 (SARSTEDT, Germany)e©ll 2o #dF,
AET A% 55 5SS A% AE47] (SEAC, ltaly) & ol g3te] 4385 @
NAystera] AAb= dFlukglo] 509l £7] (SARSTEDT, Germany) ol 283k &N
33 ALT, ALP, & =9 9] 11 79 AseH4] niAs 58 q4sst 547
(VETSCAN, USA) & o]&3te] #4331t

ﬂ

Nl

1= SR i

AFF(NANAAA] AFwke-2) 2 2T 45, 85 9 135 3xkdlo] Adx =3t v
2 3] megdmelq NS 3ul AFS] v ofAYdedAA I} mHd &t
Tof &7 AWIEAE v 3t WHUT) R sglom 7Y oo #EASI 2
g v ANEL Hayashi 5 (Hayashi et al, 1983)°] 71«3t Wy wstt} o=z
7o AET= A F 1,00070~2000704 dEsklon, A= AT 1,000704
Alrstol MN9| vl &S 574 skl

S H

12

et EAIA
A A= SAS program= ©] &3] FARASFIL(SAS,1999), A 1+ #FoA
S A

& ANOVAR HA=3 F  Duncan's multiple range test® Hluw FA]

(Duncan,1955) F+tA ¢ ETHAZ YER L 5% FolM w245 EA8HAH

3. AT AN

NANAZA o] 7] Ado] & iM B4 Al NANAZAZ 8k nfexe] ool 3ol
SAAAN, APt AAL 9 AAA )Y HALE Btk vlwste] NANA2
RS FAske] Bkt

NANAA A S bAA 2 NG A A S Faste] M5 Hxz4 A5 9 4
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7o FAE AT A 45, 85 2 13F 329 txo ddstE 2] W9
il (4.3£0.21~7.0+0.63 10°/L), 9= 7(1.4+£0.13~3.6=1.3 10°/L), &
4£0.5~8.5%0.2 10"%/L) @ A% (1,154£378~2,792+842 107/L)FA &
AR grol EE T oo thE thu] NANAAAS E¢3 AFRS AFS npe~
of M gt A 9 Pagke] FAE IS A vhh A4Sk Aol
U el 28 gled FAFCR foFH Hole AFHA Fkh
(P<0.05) (Table 7.).
theo®, ARdd kg, FaAstetd AAb: st e AxEY
ALB(albumin), ALP/(alkaline phosphatase), ALT (alanine aminotransferase) %
TBIL (total bilirubin) ¥ A% 7|5 A]%<2 BUN(blood urea nitrogen) %
CRE (creatinine) 183 v 7% A3E<Q AMY (amylase) ¥ GLU(glucose) #AAA
715 #1391 PHOS (phosphorus), A3all&2<2l Na, Ca W K 183 TP (total protein),
GLOB (globulin) & 14%2& ZAFIth (Table 8.) 4 AA W Azjgddo A xEA
&4 (Na, Ca, K)9 X5 lgtozy, vk AR 4o FAG=AE =
ekt 71z 9 AHE] sl #Aglel A AR T otz o of dsiA
o] A& By, Na2 160~162 mmol/dL, Cad 10.3~12 mg/dL, K 8.5 mmol/dL
olth, o] FX&= A& vk B WA A s x| fflete] xdH o] glom
Ath ole] W oz oiu] Aot Aol GIlth AA AR
o] wpe-Ao] JAE AT TP 3 (5.4~7.1 g/dL)E %l IS gasit
AA AN@T] vhe-2e A Aol APHASS THUTE ole IHALB,
ALP, ALT ¥ TBIL), A% (BUN % GLU), & (AMY % GLU) % 734 (PHOS)
&4l disl ZHzhe] NEEs a8 FAskh dExzT whao] 7z Aty 3=
z}zt ALB(2.6~3.3 g/dL), ALP(17~63 g/dL), ALT(37~46 U/L), TBIL(0.2
mg/dL), BUN(20~24 mg/dL), CRE(0.2 mg/dL), AMY( 1,186~1,387 U/L),
GLU(158~307 mg/dL) @ PHOS(9.7~12 mg/dL) 2 & A Ad el F35o] . o
Z oiv] NANA AA £33t A= A7 w92 AAs=d 371708 dist g9 A
spehA] 2 A ztolrh glor R HoshA W gty AxE Fal NANALAC] <
95 Felskal
o}t NANA AAE 4dF 3 ICRV-~9 MN(Micronucled) ¥4 & &
17d2AE ZEtH(Table.). FAA 01 d2A F MNEA O] 71¢ HAZE Qi
Wlol™ 0.1% acridine orange® &3l A5 FMst= WS AFESRSITE o] WY

2 b g AAAZIA ga mE el B AAFOR ALK AL T &

2

2 SIS Flsts

& A7)

o
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Q)= A o) S’yl‘?‘r oo MNEA S =3 NANAS otdAS #olstgdth(Table 9.).
2 ot A3E @] fal dxz9 45, 8F 9 1359 77 2500
2!

7f, 600070, 4000705  AFsler 1 5 E2F MN  HE&& 0%,
0.0013%£0.0013%, 0.0005£0.0007% ©]ltt. ©] Bl&L FARAL 0.002%HE A

oAubA] ekgkom, NANAAAE AFHT w20 FANANA 2 7PENANAS] A+

Tt AEeed 7)IZEE #EE MNH[E(0%~0.002710.0012%) 25 A4EAE

Hojux gkgkom, NANAZAS Fxo] mE 2ol g3l

AR S %E NANA &A= %WW 4 Ay s AR A Axmel sty ¥

Mg A U Aol ALl HAAS Flskddtt. sty A xE

el GG AR o]
o

& ool #f

AA ool gee A skl
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Table 1. AINANA(SNANA, tf=x) did] 7IENANA(GNANA) 9] &5%4

NEESME

A5 A A NANAZR 713 (me/AtE 1Kg, AIN-76A Diet)

AR
0 (Starter) 4% 8% 138 £ | H) 3
Control AIE 1Ke(ATN-THA Diet) +NANA 27}
SNANA(L) | 2}® 1Ka(AIN-T6A Diet) +TANANA (£ 99%°14) 1237}
SNANA SNANAM) | A12 1Hg(AIN-THA Diet) +24NANA(EE 99%°14H 32%7} \Ii:;?i
SNANAG®D | AE 1Keg(AIN-THA Diet) +Z4NANA(EE 99%<14H) 10g%7]
GNANA(Q) | A& 1Ke(AIN-76A Diet) +71'2 GNANA (£= 20%) 25537}
GNANA | GNANAMM | A}= 1Kg(AIN-T7HA Diet) +71% GNANA (£% 20%) 123227} ﬂ;i
GNANA(H | A& 1Kg(AIN-76A4 Diet) +74 GNANA (£ 20%) 25z%7h
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Table 7. &/dNANA tir] 7IENANAC] 7] Aolo] whE whp-2 defo] g (d Ay

2] eh4 A EHS BA4) 2APE 3 (P 0 mean®SD)

g Al NANAZAS 52 o U7l Golsl = gaqAd 27185
(Week) WYFE0ML) | €EFOA0L) | A"T(10%L) | 8&B(10L)

4 1§=0.21 2905 85202 2,792=842

Coatrol 8 7.0=0.53 36=13 6E=12 1,154=378

13 £3=0.39 1.36=013 54=05 1.4222138

1 3.8=0.44 72204 70=1.1 1,109=252

SNANA(L) 8 23-012 0.6=02 5505 1,959=154

13 31=033 131201 61=ND 1157 =N.D

= - 4 182175 22205 71207 1.244 =85
e SNANAGD 8 3.1=1.54 0.6=05 51208 3.581=384
13 3.0=0.18 1412047 74202 6.777=158

1 35=043 25=0.1 77207 1.082=111

SNANAGH 8 5.0=1.86 1.820.7 8.5=0.0 1,144=150

13 1 0=085 209=05 20202 B83=140

4 6.0=3.82 2.6=0.9 6804 1.109=254

GNANAL) 8 NT NT NT NT

13 5.1=1.30 1532098 55=13 1,802=8

. 1 3.3=1.11 2.0=0.5 57207 L176=155
Pl GNANAQD 8 2.90.80 1.1=02 §3=05 1.025=72
13 622021 124=07% 70=08 1.426=ND

1 16=09 23=10 8105 1,451=167

GNANAGD 8 25018 11=04 §.0=0.3 887=86

13 NT NT NT NT
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Table 8. F/INANA thr] 7HENANAC] k7] Aol

3}etd A ENES BA) ZAFA I (9] @ mean®SD)

- E Liver Eidaey Spleea Tyroud Serum

NEF 45 [TALB | ALP | ALT | TBL | BUN | CRE GLU | PHOS | Na Ca K TP | GIOB
(Weeld| (/) | () | W) | (male | (mgfal) | (ma/al) L | tmgidl) | Gmg/l) (mmol/dl)] (me/dl) (mmelidl| (/i) | (gidl)

4 3.3 53 44 0.2 2 2 1587 [ 307 | 12 | 160 | 12 85 | a8 | 23

Coatral 8 23 34 7 0.2 20 02 1386 | 167 [ 103 | 182 [ 1053 | 85 [ 54 | 25

13 | 256 17 15 0.2 74 02 |1%3 | 158 | 97 | 160 | 105 | 85 | 6.1 35

4 2.4 54 38 0.4 20 02 [1497 | 297 [107 | 182 [ 118 | 85 | 57 [ 29

SNANAM)| g 1.3 24 50 0.4 57 02 [1.036 | 44 [ 124 | 161 [ 112 ]| 85 [ 88 | 41

13 | 14 22 27 0.4 17 0.2 | 1028 | @6 5 146 | 94 | 83 | 3.8 | &5

a7F 4 23 57 44 0.3 23 0.2 1539 | 3214 [ 121 | 162 [11.3 | 85 | 61 1.6
(%4 |SNANAQD| 3 23 E 48 0.3 25 02 [1.340 | 353 [ 121 | 180 [ 124 | 77 | 60 | 38
NANA} 13 [ 33 28 35 0.3 25 02 [1602 [ 166 [ 101 [ 188 J122 [ 78 [ 71 36
4 31 53 31 0.3 ] 0.2 [1.674 | 421 [ 101 | 158 [ 123 | 85 | 61 3.6

SNANAGD|{ 8 29 21 40 0.4 3L 02 [1764 | 300 [ 132 | 186 [ 124 | 85 | 5% [ 29

13 | 31 25 44 0.4 25 0.2 | 1765 | 270 | 6.2 | 1a6 | 105 | &3 B 25

I 21 49 7 0.2 23 0.2 1585 | 465 | 141 | 181 13 85 | 39 | 38

GNANAM®) 8 18 27 28 0.3 2 02 1102 238 [ 120 | 181 (107 | 85 | 58 [ 38

13 | 25 16 78 -3 24 0.2 [ 1347 | 288 [ 101 | 160 | 123 | &5 | 58 | 33

Az I 25 71 42 0.3 22 0.2 l1577 | 2389 [ 111 | 162 | 124 | 85 g 3.6
(A [GNANAQD| 3 28 44 45 0.3 25 02 [1820 | 296 [ 1292 | 182 [ 112 | 84 [ 58 | 31
NANA} 13 | 23 25 47 0.3 27 0.2 [1214 | 152 10 159 | 11.3 g 5.4 3.1
4 3.0 84 35 0.3 1§ 2 l1371 | 33¢ [ 102 [ 180 | 117 | &85 | 61 3.2

GNANAGD] 8 3.0 31 40 0.4 3¢ 2 |1764 | 300 | 132 | 188 | 124 | &85 | 5% | 29

12 [ 31 33 34 0.4 25 0.2 | 1516 | 297 | 10.3 | 158 [122 | &85 | 58 | 2

FANANA(FE 98%), G : GMPHEI7/IE NANA (% 20%), L : =FNANA 712 0.1% (w/w) Z@7F, M :

S: =]
TFNANAZIE 0.5% (w/w)E7F H © 54 NANAZIE 1% (w/w) 7}
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Table 9. INANA(SNANA, tizx) did] 7IINANA (GNANA)

s Aol AIztel )

2 Ay A o)A B W ZAFMN: micronucleus assay) FAF 23}

o 4 5 o]3 VN =4 329 ‘mean+ 5D, Abserration/total )

e PE= PE= 1323

Control ND. 0.001320.0013 0.0005=0.0007
SNANADL) 0.0027=0.0012 0.00100.0010 0.0010=0.0000
SNANA QD 0.001320.0012 0.00030.0006 0.0005=0.0007
SNANAGD 0.0007=0.0012 0.0010=0.0010 ND.
GNANA W) 0.001320.0012 0.00030.0006 0.0005=0.0007

GNANA M

0.0020=0.0035

N.D.

0.0007=0.0012

GNANA D

T T3
N.D.

0.0017=0.0008

N.D.

SIFAENANA (=R 98%), G © GMPH#I/IE NANA(EE 20%), L+ &FNANA 7] 0.1% (w/w) E 7k, M+ &FNANAY|E
0.5% (w/w)37F H : &4 NANAZIE 1% (w/w) 37}t
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= il

28 5L vAE(E coli 0157, S.aureus, B. cereus) 2] membrane®] 2524 ° %
lysis H1= damages T4 FoWA Frzrgol g Falsivd. 3 7IINANA
N BEFF(HEK293 cell 9 RAW 264.7 celdol ot 5497 A% NANA
0.1%~0.5%°1A HAo] &z A k& ZAS gdeigitt. olo] NANAS T4 W %
FE0 fdt AFd okAA HAAFNE JFor ZTEMO|E £33 okAA HIIES 3o
Qo

JHPR, A¥EES] 437 9 NANALA AgsEdz dAE 783t
ARE 712E FANANA 9 /ENANAE vlmsto] Febr] AFHAl A,
dol wigh 9 wAEe] FxNEe d3dE EdE Jfol AF Wl Hdd Al AHEE
NANAZA ] 7 &5 9 A& (AEFsH ol HF 545 Folr

2. AT

7h A9 AACE FEAS
1.

o AlgelM=

S

Jo

o

w

oo N
ot

1o

I
)

ok

o

o

-z

B

7t specific pathogen free)5 % ICR

a2 (tf ghko] @ | A1 (F)) = A A& dAsH 8] A8 10493 FA

o2 w3t AZAI F AT sa=s 3vkyH T (R, AT 02 ¢l
%] 5lof AF-8-8F AT

NANA SEUYZH7IE 93 Alg @Ar9s AIN-76AS 7]2°2 3l lkegW

NANA(100% <% 7]+ 1g(NANA-L Hg7), 5g(NANA-M Az 2
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10g(NANA-H AHel7) =2 &3 245t (Table 1.). Ad2ol e} 2 4= 2AF 3o
o7 Fosdrt. A BE ASA dAHLS &% 22£2TC, AUSE 55210%% FA

stglom Woke 1247F 7] (light : 06:00~18:00) & A3k T},

;

G A A
AT (NANAAA AHw-2) 2 27 457, 85 2 135 3xk#lel A% g&3 nvf
2 3kl S ether® A & FHAME 3 tha HFdesdeA das AF
sto &-3aA]l FEH(EDTA, &zl Basiith. AddsEe Z71x4 G 713
Liver, Kidney, Spleen, Heart, Lung) < @9 AFH & A d=3slo] PBS(phosphate
buffered saline)-§9el 1xte] Al F AxA FAE 54 F 102=LHE

RS 2242 4% oy
R o

;

o
=)
o
[
fu
-
)
:N:l
AN
ot
>
il
o
2
o
=
o
jutat
ME

2, 9, dE s, A5, Addxd 2H)
AAA g FAE 543 F microwaved EHEE 7FEal 7] (teflon vessel) ©l
of 7Tml AA(E-F3RJIA(F)), 1 mL @ FASFLF (FFIARJNAB(F)NE J7F 5 Al
& microwave (ETHOS1, MILESTONE) ol &2A17 198 T, 1,000 Well*] 453t
stk Al=m7F ©HA teflon vessels #28F%] RT (Room temp.)©lA 217l %

Q9
- [€)
19 A2E 50 mL Fuo] go} 33} RS $US %F F ICP BHL AdsH

oo bl ol

ol

gh mdlE 74

U2 (Ca, Fe, Zn, Cu, P, S, Mn, Mg) w42 %= A% Z=t=vt 23247
(Inducrively coupled plasma—optical emission spectrometer, ICP—OES)+
PerkinElmerAF2] Optima 5300 DVE AFE3tt. =A== Tin Dtandard

Solution (Wako Pure Chemical Industries) S ©]-83}% Ut}

vk & AlA
AE A= SAS programs ©]-&eto] SARASIIL(SAS,1999), AT e

2 ANOVAZ HAF3% F Duncan's multiple range test® H|W #2351

1o

3
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4

(Duncan,1955) B2 9 2+ AE el 5% FFolA F98 =

ke
>
_O|L
32
o

3. A5 YA

NANAZA ] A7) Adol& v & 9 Aol P 4gS
A E = 3ol NANARZ Q13 mjjdo] Ay 7|3 F7)
& EEe A4S vud oA NANAY ¢HdAS gelsto] Bttt

AazA, 7|Hs x4 Femur) ¥ W3 AAANS 7HA B7Fed, NANAE 45
bAoAl tET(114,900ppm)  ©iH] NANAAEFoM = ZEo dFeko] FHA
15%~28% R1olAM Hadts dde vehdidlen, NANAYGol s ol w723t 2

]

ol

)

ol QA Aoth olF V|FoR EW HidE nlwete] HHY dRTE
28,250ppm (18] 715) 9] Zrgo] wiAd ==, HA 2.45u A Hof 2,982 =& 5
A5 Rtk olydt A NANAZA AFelr  fAreh AFo=z  vepstt
(P<0.05). 45 ANE 7|Fo=Z A7) Adolo i WstE ZAlsto] By, 4540]
717k 2 fAbe Eg Bl

Zgol9le] iy e WelE nlwste] Bty ZEdE 24 Zng A9st
T OFEe g 239 Wbt i
o] NANAS] AAdolm7tUFeA 24 52 nvld X8 9 A =24
o £& 9 Ay BHE Fo vdHQl P SO FXE Fsto] B Ay, oz
iu] fFolst xfol= AFE A A9kTh ZEH, NANAE A4 p

o Ao

L=
.
T 5T

il

Ir

e
ot
=)
o
[>
1o
B
(g
e
2
10,

7R el e AeE AR, 454014 Fest Cudl dradol tizTol uls)

giio] MARE U JE J9E FA8 udds) AR TFEE v g
AeiS S fubshs wah Qi Aol ohdzh st wREgTh ole@ At FF A
3 Avsh dest @ 5 Ao

239



Table 1. FANANA(SNANA, tix) did] 7IINANA (GNANA) 9] 553

REESIE

A2 A A NANAZ 7 me/4E 1Ke, AIN-76A Diet)

g7
0¢ (Starter) iFF iFF¥ 13+ E-Y. | H] 3
Control ALE 1Kg (ATN-T6A Diet) +NANA F27}
SNANA@) | 2t& 1Ke(AIN-764A Diet) +&4NANA (£= 09%°14h 1927}
SNANA | SNANAM | Al® 1Kg(AIN-THA Diet) +$4NANA(EE 99%<14H) 3271 \?;:’31
SNANAWM) | A2 1Ke(AIN-T6A Diet) +THNANA(EE 99%°14 1027}
GNANA@) | A& 1Kg(AIN-T6A Diet) +AL GNANA (£X 20%) 2.5¢37}
GNANA | GNANAGW | A2 1Ke(AIN-764 Diet)+74% CNANA (£E 204%) 12,5027} A%
GNANA(M | A= 1Kz(AIN-THA Diet) +712 GNANA (£= 20%) 25537}
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Table 10.

H O
(Femur, A=) vjuld F3EZZAHppm)

F/NANA thu] ZPANANAC] Fa7] Aol wE vhes A7 EHE

A <A giuldd &5 EFMD
~Na7 ol
(Week) Ca Fe Zn Cu P S Mn
4 114,9300= 771|35.5=0.47| 72.5=0.94|0.96=0.18 42,800=277| 1,192=104| 0.46=0.01
Control 8 95,130=1.091| 455=0:3| 81.9=0:3]1.61=0.01 40,280=265| 1.090=33.3| 0.86=0.05
13 111.600= 954|90.2=1.25 66.4=0.87 ND 40.630=631 1.395+442| 0.39=0.01
4 95.030=1.605| 35.0=0.05| 80.5=0.4 ND| 41.800=301 1.335=37| 0.36=0.01 ;
SNANA) 8 140.000=1.048| 40=0.7 12121.6 4=0.1| 56.380=1.642 1.172=55| 0.7=0.05| 3.345=104
13 53.710= 33%|18.5=0.16| 58.0=0.35 ND|  36.010=6%6| 1.318=227| 0.19=001| 28432411
4 82.660=1.058] 353.9=0.06 83.9x1.3 ND 35.900=451 1,169=21 051=0.01 2,623x11
SNANAGM B8 1269005973 40.9=0.1 105=0.2| 4.1=0.06| 52,040=1.654 1.534=40 0.6=x0.01| 3.150=102
13 106,700=2,258 | 42.320.54| 57.720.75 ND| 37.470=862| 1,417=67.4| 0.23=0.01| 3,131=77.4
4 85.870= 364|36.7=0.08| £9.9=06 ND 35.560=54 1.207=39| 0.45=0.008| 2.538=66
SNANAGD 8 135.600=7,882| 46.1=06| 110=1.7| 4.4=003| 36.520=2092 1.231=3| 08=002| 3.373=132
13 $5.930=x2.993] 35.8%£0.31 48.1=1.01 ND 33.700=363 1,133=69.4| 0.13=0.004| 2,798=x25.9
4 97.450= 308| 32.5=0.2| §7.6=0.% ND|  41.770=39% 1.115=22| 0.48=0.02| 2.946=45
GNANA(L) 8 105,500=4,231| 46=0.2| 88.1=04| 4=005 43.600=128 1.077=28| 0.5=0.01| 2.618%13
13 108.800= 894|14.5=0.11| 60.2=0.22 ND| 39,160=732| 1.4823=242| 0.22=0.02| 2.148=655
4 39.040=1.248| 42.1=0.2 TRT=DE ND 39,180=271 1,149=4%| 0.5=0.009 1,149=45
GNANAQMD B8 121.600=6.137 41=0.6 97=0.9| o0:4=0.07 42.060=40% % 0.6=0.01 2,739=28
13 108,200=2,611| 52.420.36| 6£1.220.13 ND| 38.590=452 57z 0.25=0.01| 3.270=4238
4 86.720=1.288( 28.9=0.07 T7.4=0.31 ND 38, 770=435 A5 0.48=0.02 2.563=27
GNANAGD 8 108.800=4,776| 89=1.1| 94.7234| 17.9206| 44.100=1.543 1.330=75| 0.6=0.01| 2.632=104
13 100.100=2,537| 43.8x0.27 57.740.27 ND 35,720+159 1.192+8.1 0:23x0.03| 2,303x=155
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Table 11. ZANANA U] 7HLENANAS] Awr] AHolo] wE npLA A
(Verterbra, A ==) vl d 3 A ppm)
A Ayl dd 42 EPM
AgTE D
(Week) Ca Fe Zn Cu P
4 38.380x117 3050 31:4x0.23] 1.07=0.00 15.360x136
Control B8 41,940=528 33. 56=+0.8 2.4=0.20 15870731
13 32,630=124 5235 25.7=x0.31| 0.13=0.02 12,810+131
4 35,210=47F 233 38:6x0.33 ND 16.630x201 = o
SNANA) 8 43.320=6867 26. 59.4=0.4 2.2+0.2 70,310=751 1.213=14| 0.40=0.003 1.203=15
13 30.700= 375=0. 24.8=x0.23 ND 12,070=174| 1.764=20.8| 0:12=0.004| 1,044=20.5
4 40.170=381 23.4=0.03 46.3=0.1 ND 17.980=104 1.205x%4| 0.37=0.002| 1.203x17.5
SNANAQOD 8 34.5340=273 46=1 2.1=0.1 17.430=826 1.423=15| 0.20=0.006 1.05=x1.3
13 40:110+43 29.4=0.22 ND 14.740x21.8 1.687=1.8 0:14=0.003| 1.259=22.7
4 40.280=853 39408 ND 17.840=71 1,104=11.4| 0.36=0.007 1,184=20
SNANAGD B8 42,120=228 g 47.5=0.4 2.4=0.05 20.540=303 1.345=12( 0.20=0.007 1,106=17
13 27,620=106 25.3=0.44 22.6=0.15 ND 11.070=x104 1.822=z8.0 0.0%=0.002 985=20.0
4 36.110=395 27.3=0:2 40.7=0.3 ND 16.350=145 1,208=49| 0.31=0.005| 1.120=53
GNANALY 8 39.280=463 23.9=0.3 43908 2.0=0.07 18.740=460 1.263=15 0.30=0.01 1,116=22
13 27,820=412 31.5=0.48 24.9=x0.27 ND 10.840=182| 1,763=1%8| 0.11=0:008 543=26.3
4 35.480=575 28.4=0.26 38.9=0.3 ND 16,140=85 1.322=24| 0.32=0.006 1,806=12
GNANAOM B 42 220x312 27.9x0:4 50111 242006 21,060x212 1,438z6 0.30x0.01 1.185=18
13 26.000=417 31.8=x0.438 23.2x0:80 ND 10.010=182| 1.631=14.3| 0.12=0.004 851x7.58
4 42.850=933 27.4=0.03 45.1=0.15 ND 19.760=x13.9 1,306=x8. 0.35=0.001| 1.271=17.8
GNANA(H B 38,470x156 266203 47820.7 1.5+0.03 20,040x415 1.416%20 0.30=0.08 1.166=47
13 27210218 35.3x0.42 25:7x0.13 ND 10,400=x86.2| 1.673=16.6| 0.156=0.002 928 +b.36
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Table 12. FANANA oiH] 7IENANAS] H7] AHolo wg& wpgA A
i=]

(Liver, A=) vd 4

EZ2AHppm)
A 2 gtuldd SRS EPM
AYT e
(Week) Ca Fe Zn Cu P 5 Mn Mz
4 37.-0=15.5| 186x2.8 24.9=043 833=0.13 3.076=2§ 1.855=16.49 0.95=0.02 2B7 3.3
Control 8 43.4=8.80 173=2.2 37.8=0.080 B8.82=0.09 2,699=9.6 1.698=11.1 1:2=0.01 238=0.74
13 35.0=231 162=3.2§ 22.5=0.24 6.04=01§ 2.008=24 1.463x181 0.33=0.009 135=2.98
4 33.6=2.30 2635 =0.24 27.4=0.03 450=0.01] 2.765=7.§ 1.730=7.5 0.84=0.001 212+0.53
SNANAM) 8 457141 89.2£0.85] 61.7=0.41 10.7=0.0 3.061=x24 1.735=11.9 0.84=0.008 243=1.84
13 361133 8.7 230=2.61 59.3=0.87] 25.440=223 18.650=883 4.15=0.04 2,145=2%.3
4 & 333=+3.9 20.9=0.15 4.4+0.04 3.016=23 1,744=45 0.88=0.009 20316
SNANAQMD 8 o 45.4=0.44] 41.1£0.4% 925005 3.020=x23 1.868=6.9 0.97=0.004 232+1.683
13 o 36.0=0.60 16.4=0.100 7.06=0.1f 1.854=35.3 1.425=4 8 0.32=0.004 139=2.64
4 8 22529 26.1=0.29 35=x0.19 2.578x4Y 1.624=70 0.7T=0.003 206=3.22
SNANAMH B Al 211x2.83 3740184 5.25x0.11 3.074=47 2,138x5 0 236x4.29
13 24.7T=5.24 172x2.72 18.4=0.11] 6:47=0.09 2.372=41.1 1.542=9.2 0.35=0.002 36|
4 37.5+2.0 208=1.24| 32.2=0.07 5:9=0.04 3.224=9.8 2.083=x7.8 1.04=0.004 .28
GNANA(L) B 43.1=5.4 115£1.19 41.4=0.13 5.3=0.04 3.067=37 2.060=97 1.20x0.004 .88
13 23.0£3.41 37.7£0.46] 16.0=0.150 6.14=0.08 2.266=24.1 1.580=125 0.35=0.004 .62
4 22.7+6.2 282+3.3 33.7=0.08 3.7=0.14 3.427=43 2.382=124 261=3.7 =3.67]
GNANAGM B8 20.4=9.2 166=0.5g 322 2,.792=7.¢ 1,717=103 0.73=0.009 =1.14
13 37.3=1186| 150=1.24 2. 2.338=14.8 1,661=98 0.43=0.009 +=2.29
4 38.7=3.9 12417 0. 3:332=47 2,103=22 1.13=0.009 G
GNANAMH B 30.8+£11.8 267 =3.0) 2.663=24 1.913=25 0.52=0.002 67
13 52.9+355 592.3£0.62 2.258+179 1.246=149 0.21=0.009 5
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Table 13. $ANANA thH] 7HENANAS] Fet7] Adolo] uwE w2 A7
(Kidney, Az v d X ZA ppm)

—_— :32 <l ghalsd ¥ 52 EPM)
(Week) Ca Fe Zn Cu P 5 Mn Mg

4 116%12.4 88.5=0.74 17.0=0:25 4.%6=0.07| 2,8456=39 1.008=1073 1.42=0.01 209=2.64

Control B 42 8=3.3 85.8=0.26 25.8=0.11] 4.33=0.01] 2.679=21.9 1,739=3.3 1.30=0.007 192=1.5
i3 34.0=7.63 T1.3x1.14 13.7=0.25 1.17=0.08 1.708+11.9 1,242=10.4 0.24=0.004 94.1=0.95

4 41.4=24.4 122.6x1.73 28.3=0.4 ND  3.238=13.1 1.959 =17 2.2=0.01 201=3.4

SNANA(L) 8 24 6=4372 81.2=1.04 29.7=0.17] 2.63=0.16 2.493=x233 1.358=5.4 0.87=0.00 162=2.04
13 NDJ 83.7£1.51 14.4=0.20 1.45=0.0¢ 1.727x18 9 1.253x28.4 0.35=0.007 150£1.64

4 TT.4=4 4§ 122=0.93 22.6=0.3 N} 2.739=6.1 1,543=9.9 1.9=0.005 162=2.()

SNANAGMM B 38.4=44 74.2=0.29 32.3=0:29 1.69=0.08 2,733=x2Q0 1,703=x1&7 1.12=0.007 156=2.64
13 343493 48.2=0.59 19.5=0.20] 4.26=0.009 2407258 1.670=17.4 0.36x0.005 123=0.79

4 83.1=37] 117=0.593 23.5=0.29 NO| 2797154 1.544=x17.3 2.2x0.01 184=1.2

SNANAD B 20.0=4.0 157=2.4 33.9+0.15 4.4=0.01] 2,844=19.3 2.047T=65 1.81=0.01 206=2.4]
13 63.8=41.5 85:1 0.5 16.6=0.19] 4.32=0.004 2.159=x20.1 1,449=5.9 0:39=0.009 150=1:44

4 74.9£9.3 150=1.07 20.3£0.57 NI 3.253x23.9 2.082x=20.4 2.67=0.03 236=2.59

GNANA(L) 8 17.1=29 111+1.8 35.5%0.39 2.29+257 2.808Bt46.4 1,788=8LY 1.3=0.01 206=2.3
13 73.4=13.9 63.1£1.49 15.8=0.05] 4.35=0.04 2.055=23.3 1.435=8.7 0.37=0.005 171=3:.44

4 31.6=0.6§ 134=0.07 25. 7011 NO) 3.025=9.7] 1.801=219 20214 202=1.59

GNANAMM 8 3:16=1.4 59.7+1.35 25.0=0.06] 0.99=0.04 2.275=36.3 1.413=04 0.95=0.003 158£2.54
13 45.9=12.2 G3.0=0.67 13.8=0.18] 5.47=0.007 2.403=10.7 1,708=51 0.55=0.003 195=1.44

4 60.4=7.2 115067 27.0=0.5 ND) 3.161 =24 1.943 =24 2.23=0.009 187£2:3

GNANAGD 8 67333 137£0.3] 318034 415=0.01 265208 1.701x12:9 1.183=0.01 176=1.24
i3 T8.1=780 80.8=0.41] 16.0=0.100 4.17=0.07 2 Q?T:IQ.E* 1,428=29 0.27=0.003 61.5=0.2
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Table 14. $4NANA thH] 7WENANAS A7) Holo] wE vl AA| 73
(Spleen, AAFTZH) vjvld ¥ ZFAHppm)

A <l gl d §52 EPM
AdF o4
(Weel) Ca Fe Zn Cu P s Mn
4 51.6=40.8 424 +T.84 26.8=0.97] 4:66=0.16 4.610+6.3 1.877T=1 0.28=0.03
Control 8 49.5=5.9) 149=1.3 32.4=0.19 1.77=0.01] 3.947=30§ 1.376=79 0.76=0.009
13 5| 333=4.27 15.5=0.19 ND|  2.300=325 0.23=0.03
4 1.6 30£0.3 N 4,844 =3 5| 0.11=0.03
SNANAL) 8 62.5=1.9 34.4=0.04 ND  4.077=254 0.56=0.01
13 ND 15.0x0.28 ND| 2:397x11.9 0:33=0.01
4 123=11.]] ND| 4.854%323  1.465227  0.23=0.02
SNANAQD 8 37.4=10.8 ND| 4535142  1.633=10  0.63=0.01
13 NI Np| 2982372 1,001=11.0 0.28=0.003
14 ND NI 4511=14  1.618=23  0.47=0.03
SNANA(HD 8 44 2=6.4| 1.80=0.05 3.247=40 1.454=23 0.30=0.01
13 187=74.0) 2.532=0.03 3.326=41.0 1.308=23.1 0.35=0.09
4 ND ND| 52,453x31 2.146%53 0:33=0.03
GNANA(L) 8 32.323.0 0. NO| 4193261 1.659=8.§  0.60=0.0i 308=1.2§
13 83.0=63.5 0. 2.33=0.008 2.253=27.9 1.452=7 0.45=0.004 288=3.34
4 1292149 26.3=0.53] ND|  4.888=203  1.681=29 o0.28=0.01 291=0.74
GNANAMV 8 ND 23.3=0.47] ND  2.834=23F  1.428=2( 2583=3.59 298=3.94
13 159=13.7 21.4=0.66 4.57=0.12 3.132=96) 1.,382=36.0  0.56=0.01 260=4.14
4 ND 32.3=0.4§ ND|  4.939=17.3  1.977=37  0.49=0.0L 361=2.2
GNANAH 8 80.0x5.] 31.9£0.68 0.93=0.05 4.018=47.3 1.501x143 0.70=0.01 268 =5.07
13 407 =25 3 17.3=0.59 2.44=0.17 3.222=x224 1.224=544 0.26=0.04 60.83=0.87|
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Table 15. $ANANA tiv] 7JUNANAS A7) Holo] wE upe-A A7)
(Heart, AT »ivld FEEZZ=AHppm)
2 dgieldd §4-3PPM
kB a4
(Week) Ca Fe Zn Cu p S Mn Mg

4 204=10% 75.1x0.68 16.0=0.32 7.96=0.05 2,340=13.7 2.075=24 0.53=0.02 248=x2.07

Control B8 37.6x9.7 92.7x0.86 16.8=0.26 T0E=0D04 2.040=11.7 1,851£93 0.96=0.01L 154=1.82

13 ND 79.8x0.90 12.9=0.60 ND 1.438x68 1.465=332 0.30=0.001 80.3=1.22
4 206=42 182=0.7| 22=0.2 NO = KD 222=47
SNANA() B8 23.35£3 8 121=1.5 29.6=0.60 4.92=0.1 2,233x36.9 1,919=31 0.6=0.04 165=2.19
13 NI 73.920.51 11.0=0.14 NI 1421143 1,445=45 0.25=0.02 120=0..51
4 111+10.7 139=0.4 25.53=0.43 NI 2,552x14.4 2.180=14 0:85=0.01 225=1.4
SNANAMM) 8 5.12=3.0 100=0.74 23.5=0.12 1.56=0.04 2,096 =03 1.867=17| 0.55=0.01 185=1.3§
13 NIy 77.3+0.52 14.8=0.23 8.18=0.09 1,925+15.3 1.881=19.0 0.42=0.003 107=0.39
4 226=11.5 109=0.63 21=0.39 NO 2,545=11.1 2,006=33 0.85=0.004 208=+2.64
SNANAMEH 8 54.2=4.6 140=1.8 24.2=0.1§ 3.22=0.07] 2.150=13.9 2.133=17 0.96=0.01 164=2.3§
13 2.75=10.2 T8.2=0.58 12.8=0.11 6.05=0.07 1.722+£14.F 1.629=24.0) 0.42=0.0035 122=1.33
4 ND) 140=1.15 23.9=0.53 NI 2,619+33.3 2,235=1¢q 0.82=0.01 217=1.54
GNANAML) 8 ND) 127=0.77 27.1=0.15 3.64=0.08 2,291+30.1 2.026=%6 0.72=0.005] 167=1.0Y
13 161 £53.9 85.5=0.85) 13.0=0.32 £.42=0.08 1,780=6.§ 1,699=20.4 0.40=0.003 132=1.50
4 95.5x10) 86.3=0.44 28.1=0.49 NO 3.484=117 3.144=17 0.91=0.02 243=2.54
GNANAGD 8 20.5=2.5 121+1.9 18.0=0.18 2,050x17.4 1,615%5.9 1.01=0.003 166=+1.04
13 108=17. 9 105=0.4L 12.5=0.14 1.797=68 1.802=x18 0.50=0.02 131=1.2(¢
4 NI 127=1.5 24.7=0.529 2.606=x22.3 2,342=2§ 0.93=0.009 225=4.04
GNANAGD 8 21.5=2.3 138211 22.3=0.19 2,006x11.§ 1.845=75 0.80=0.007 146=2.69
13 NT| NT NT] NT] NT] NT| NT)
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Table 16. $ANANA thu] HENANAQ Fd7] AHolo wE vle-~ A7)
(Lung, A=) v|uld ¥ FAH ppm)
A% o groj i g SR EEPM)
QT EE
(Weeak) Ca Fe Zn Cu P S Mn Mg

4 B7.9=x87] 56.3=0.1 13.4=0.135| 3.01=0.08d 2695133 0.16=0.01 97.2x1.9
Control 8 47.8=6.3 95.7=0-4| 17.4=03 3.65=0003 2.250=12§ 0.28=0.003 126=0.4
13 NIO} 78.9=1.16 12:2=0.40 NO 1.575=x21.1 0.16=0.007 88.6=1.34

4 115209 14815 20=0.9 NO 2,834=x124 0.05=0.002 2420,
SNANAL) B 4.54=3.70) 147229 25.8%0.29 1.083=0.09 2.462=53:4 0.18=0.003 117=2:01
13 1142687 22.0%1.13 11.6=0.43 NI 1.768=361 0.18=0.005 105=3.29

4 29.8=18 135=0-68 17.8=0.63 NI¥ 2.507=5.9 0.08=0.00% 25.0x0.4]]
SNANAMM B 413339 TT=0.66) 18.5=0.09 N0 2.215%224 0.11=0.004 109=0.59
i3 85.1=111) 92.1=0.33 14.0=0.14 3210080 2.010=11.4 G73x4 54 0.20=0.008 71.0=1.00
4 23.8=2.1 38.2=0.5 23.2+0.64 NI} 3.725+6.9 1,612+25.3 0.070.01 101=0.84
SNANAGD B 11.9x6:§ 128=0.75 21.9=0.14 1.94=009 2.,322=31.3 1,143=16.2 0.33=0.009 116=1.49
13 38.9=16.9% 52.0=0.20 7:20=0.09 1.37=0.03 1,187=2.9 ob3=1.42 0.11=0.004 0o.6=1.04
4 228109 134=0.9 18.1=0.16 NO 2.712=x14.9 1.182=6.5 0.12=0.004 104=1.29
GNANA) 8 22.0=4.4 13125 23.4=0.21] 0.43=0.01 2.435=44 1.116=2.0] 0.21=0.001 127219
13 78.7=56.00 96.3=0.8% 13.7%+0:39 253004 1.940=187 1.011=13.4 0.23=0.002 115=0.34
4 NI} 167=2.8 19.3=0.15 ND 2.758=21.4 1,352=x37.9 0.14=0.01 106=1.94
GNANAMD B8 40.1=4.7] 113=1.07 19.3=0.07] 227001 2.422=21.4 1.06%=19.6 0.43=0.003 112=1.07
13 82.8=301 109=0.50 13.9=0.24 3.47=0.09 2.016=9.7 1.065=21.3 0.23=0.004 106=1.24

4 6282116 125=0.8 18.5=0.23 NO 2, 707%11-3 1.183+13.1 0.18=0.006 88.5=0.55
GNANA B8 240=104 130=1.83 20.7=0.28 2.34=0.00§ 2,108=1473 $60=12.3 0.31=0.003 103=1.3§
13 58.2=69.3 65.4=0.26 11.0=0.2§ 1.838=0.09 2.045=3.4 829=x17.9 0.13=0.001 31:3=1:14
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Table 17. $/dNANA tir] 7IENANAS] A7) Aole] we vk~ Ry v

X ZAFINANAZ]IQAY AUv7iy S 4253 37 ppm)

Az 9 Ao g 52 (PPM
AgT a5
(Week) Ca Fe Zn Cu | 33 S Mn Mg
4 28,250+ 243| 1,027=57| 325x3.03| 365x2.96| 12,530x17.7| 262 0 277=2.16| 8.108=x46.9
Control 8 23.990+1.113 3.5| 273+1.93| 241+532| 10400217 1.53 i 237+4.15 8. 7
13 27.040=1.050 37| 280=0.68| 237=1.72| 05.895=244| 1.481 2.8 250=0.41| 7. .2
4 £9.280= 14|  320£0.77| B3.1*0.57| 21.650*110| 3.535 .2 64.9£0.35| ¢, )
SNANA(L) 8 65,.300= 59| 316x2.14 ND| 21.310£205| 2:289 3 62.3x0.38| 4. 3
13 99| 262=x2.06| 494=0.32| 16.990=116| 2.623=534 53.6=0.26| 4. .3
4 69| 336=2.83| 57.2=0.57| 25,410=199| 3.594=15.8 79.1=0:47| 5. 7
SNANAQWD 8 54| 383%5.75 ND 2,768=60.2 81.4=2.37 5. 6
13 42| 309=4.34| 192=047 2719342 62:3x0:68| & E
4 74,750=1,123 05| 356=0.70| 48.6=0.38 2,821=29.2 T2.6=0.42| 4,
SNANAME 8 62,530=2,816 07| 300=2.3% 0.39=0.33 4.725=36.0 61.0=0.26| <.
13 84,200=1.240 01| 403=5.17| 60.8=0.94 3843394 T7.7x0.39| 6.
4 82,680 EE66| 467=40%| 3280=1.70| 55 7=1.14 3,266x25.4 81.4=082 B.
GNANA(L) 8 75.470=1,408| 352=2.30| 353=6.14 ND 3.390=102 72.4=0.45| 8.
13 84,210+ 876| 450x2.04| 401%1.25) T78.3+0D.82 3:843=3%.4 77.7£0.39| 6.384=528
4 81,180=1.054| 428=3.64| 381=1.23 43.7=0.73 4.500=487 78.3=0.83| b5.582=48.7
GNANAGD 8 63.490=3.642| 331=0.90| 300=*1.88 ND 2,475+29.1 61.2=0.03| 4,
13 86,940=1,445| 408=3.38| 397=3.39| 67.1=1.03 3.038=118 T4.6=0.73| &
4 71.350% 734| 392+3.07| 337+1.09| 389.2+0.54 3.206%69.8 TO.T£0.5%| 4.524=+18.4
GNANAH 8 45,760=x1.078] 2 63| 235=250 ND 1.379x60.4 50.4=0.23| 3.
13 2B.220x2.266| 4 40| 461=264| B4.0=203 2.170=34.8 20.9+1.84 a
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1. AF=7

AA Az R ejeEe] gl 7]E(2001~2005) 9] 109 AFEE Abw
2o o] guwMAE, guNdd gAL T2 rdye Fiol i 3 day
Sojstel WoUS 5o RAEe ArEY] A% Trlmus JEABS FF o]

lysis T+ damageE FA LOWHA Fofztgof L3S &5kt ok JINANA
| BF=F(HEK293 cell W RAW 264.7 celDel w3t =437 Ay NANA
0.1%~0.5%°14 =Ao] &z =X ok S FAeqint. oo NANAS &4 9 %
=7 gk AbA kg FrERE VEoR FEACE T kdAd FrkeE o]
QoK

awER AREES] A7) W NANAZA HEsreEz gAE TRty 55
ARE 7122 FNANA 2 /WENANAE vlwste] 7] FFH A k67, A =)
do] W3 W ugEe Exwsle] 435 Byg 9 A& W
NANAzZA ] /M g9 2 A8t (AFs ol HF 542 FoArh

N

l‘

2. Ay

7F A AA e FEANY
B Ao M= A o] 73k 37 S YAA F-A (specific pathogen free)+% ICR
< 8

Irhel s 48 24S APeA 8] 98 1093 P

whg-2s (e ko] £ 9 2 (51)) =
o)z w3 HgA F AL FEL kM TRWETIE APTEH O U9

Hj x| sko] AL-g-F T,

NANA FEIHH7IE 93 AR dA9 = AIN-76AE 7|2 23] 1kgW
NANA(100% <% 7]+ 1g(NANA-L AHg), 5g(NANA-M Hg7) 2
10g(NANA-H HH =2 &F AU (Table 1.). Ag@Aole} A5+ AHFwolH
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. AlE A
A F(NANAA A AAFH v~ gz 8¢ W 135
nl2] A S ether® vl A7l & FRANE 3 v SFdsdolr dAS AfFH3te] &

S 1A FB(EDTA, dlg=#l)o] wasiadct. AdEES A7x2 (570 713 Liver,
&
o3

\\]

Aol AA BER ohx 3

A

A ANFH T =A] AZE3ste] PBS(phosphate

buffered saline) & Hol 1218 AlH = A=A FAE 574 £ PBSel 24 A4 &

10% natural buffered paraformaldehyde (NBP) o] X .Z3}3it}

Kidney, Spleen, Heart % Lung)

12] hematoxylin & eosin G4

o 2%
* 0% NBPell 12213t o] 1 GAIZ b 3=+ 5ol 24A17F <2 2343 Al

—

automated tissue processing©l 4] paraffin embeddingdt®] paraffin block

WEITh W7 (microtome) o &3t} A 5 el ALAAES WEo] Fopo|=2

o
S
o

ethanol 2% F3}(hydration) A]7]2. hemeatoxylin® 2 2z} FZ# o] M-S A
1% HCIZ 223 t}3 0.3% ammonia waterZ S35 A|AT. HAEXE A4S
eosin Y& Ax2] du] 44 F 60%, 70%, 80%, 90%, 100% ethanol O & &
SRS AHY. HAEHFORE  xylene] ol w47l canada balsam® &
mountingdt®] Fst&An] 7 (Olympus) &2 22& #Esty ARAA S S8ttt 7 =
2 & 2A8A ArbE B4 HFolA AR migdE, @ 55 2 nacrosis (I AP

& Ak

i

3. Arrad

NANAAA S g7 2 dNxda FAXHEAAN AAE 722, FIHORE
1357k A3k Aol Z13E G671 - 3 A%, v, A
A AARE Ao 74 NANALZAL 7oA AW g S ga
ABREA, 31 FE(1%, w/w)2l NANAAA A3 wke29] 85 ZAoA] AW sy
ZAHE itk (Figure 2.)

A ZE Aol k9] Tl THANE AR HAEY il o A
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2

Frt

H3 BE ool Atk d9e A9elw S9nE o]t AMEESS o] flgle
W AAAEY rEuedEe s B S ool gl £a w %7

Ao ATA (22) 9 wewFuy (Re) ) oA AEe welol, 8 S s
o] thxrek AFTAA Aolk glom, A AT sty (AL W) Selnw o)
o] BEEA ktr}. MY Aol 8FelL WAL (white pulp) 2 M4 (red
pulp) @] AA F97 Ehekw, AL HAL Fol BEEA Rk waha AAHow
g7el APAN} 7t 4719 AL ok xABA Ao|S Holx ¢ o WU
.

_4

ool Z7|zkQ1 1352 A3 Al NANAZA A *
Fth NANAAIAIE A $52(0.1%, w/w)E
A3FITE JIENANA H] ?é}—% A gletaE o
oAl WAL} A& o] A F917)
HOATE FES A Z oA 7HHLNANA°1]H S
A=Ak aed e SHolh, Alxe] A 1

NANAAAE T 5(0.5%, w/w)E w°l e W ZF 29 o]} off5 dotr sk
otk e 24 MEelA # SFolu, A T Wb #EEA kskew, WA A
NANAC|A FbMze] FAdW F212 AE7F ot vidisi o] #a= Sl
A& o] HQ7E oFgt ZFHE] QlFo] HEEHUT o A= vl
wate] ol HEE gkl Ay djZzTo] FAME Fft vAFAE 049(1:} A
100715) 0] /HENANA M) o v ZAF-AlE 04307 71NANAS v F9 =17]7} o
Ze) nla] Zrob ozt §HE o] HolE Ao R yhdkdnt

i

E, _13?_14 o
0 o
Mo U

o

o~

o

[}

Adow AR WS W NANAY i 7 249 SH& zAsHon 2
%, w/w)2l 7WUNANA H]% =

Aol2 LA gkom 13%F Fol & A FL(0.
Aol okzre] FAF @A ARz Holdd F 9
BHEEE 54 9w AR el 24 sehyow wAsel WAl & Ao

2 FekFEe}
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Table 1. ¥ANANA(SNANA, t=x) did] 7IINANA (GNANA) 9] %3

REESNE

A2 A A NANAZ 7HF me/AtE 1Ks, AIN—-76A Diet)

ARF
0¥ (Starter) 175 8F¥ 135 £y | H 3z
Control A& 1Kg (AIN-76A Diet) +NANA F&7t
SNANAWL) | A& 1Kg(AIN-76A Diet) +Z4NANA (£% 99%°13) 1a%87}
SNANA | SNANAMM | At2 1Ke(AIN-T6A Diet) +HNANAGEE 99%°14d) 5287} \;“ﬁi
SNANAM | AlZ 1Kg(AIN-76A Diet) +THNANA(EE 09%2]4)) 10s%7}
GNANAW) | A= 1Kg(AIN-T78A Diet)+712 GNANA (£% 20%) 2.5z%7}
GNANA | GNANAMD | il 1Ke(AIN-T6A Diet)+A4Z GNANA (£E 20%) 12.5z%7} \,JE;E]:
GNANA(H | 2} 1Ka(AIN-T76A Diet)+712 GNANA (£E 20%) 25327}
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Control SNAN NANA-H Control SNANA-L GNANA-L

Figure 2. 728 ooz dix  du  $4  NANA(SNANA) ¢ 7
NANA(GNANA) & FE=HE A7) (A @ 85 A¥, B9 C 135 A AolA] vk
711 (a: Liver b:Lung, c: Heart, d : Kidney, e : spleen) & &4 o|A FA}

L : NANA 1g / AIN-76AXl%= 1Kg, M : NANA 5g/ AIN-76A = 1Kg, H
NANA 10g/ AIN-76A = 1Kg
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1. A7-54
AL Az S eeRge] ool 715 (2001~2005) 9] 1091 AEES A9 =
NAR, GNP FAE T2 DY S %

Rk

o= 2adE M diFAcIE A, AFAE dAlg gYel Eslskdvh ==
NANAAA S 54 v|WE (L. coli 0157, S.aureus, B. cereus)® membrane°l| 2
HAC® lysis E+= damageEs T4 &owA Ftatgo] gdddrs St w3t
NENANAZY EF=F(HEK295 cell @ RAW 264.7 cell)ol gt 54371 Ay
NANA 0.1%~0.5%°ll4 =2do] &2 A &2 AS SAskleh ol NANAS P+t
A ZETY g AR A BUHEYE VIR sEAlclE §F A HtE
Z=8o] Q¥ o]t}

aYER, AYEEY A7) W NANAZA AHgsrdz dAS F2&

2. ATy

7F A AA e FEANY
B Ao M= A o] 73k 37 S YAA F-A (specific pathogen free)+% ICR
< 8

Irhel s 48 24S APeA 8] 98 1093 P

whg-2s (e ko] £ 9 2 (51)) 5
o)z w3 HgA F AL FEL kM TRWETIE APTEH O U9

Hj x| sko] AL-g-F T,

NANA FEIHH7IE 93 AR dA9 = AIN-76AE 7|2 23] 1kgW
NANA(100% <% 7]+ 1g(NANA-L AHg), 5g(NANA-M Hg7) 2
10g(NANA-H A7) 2 &3 A3 tH(Table 1.). A@Aolg} A5+ A FoiH
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o7 Fosldet. Ad 5 AR AL 25 22+2T, AUEE 55210%%E A
& 8
npe-Ao] BHE BAaSorly] Add 30&EWe] wiAd WHe AFHE Hud 1.5 ml F
H

AF e FAAEE Hrd A9500.9% Nach ol AR 34 Wi o] g3to] 343
o AREE A= fAbrS ERIE7] 918 BCP sHuiA| (Eiken), thdwts £R15H]
#13l MacConkey 3$HHIA| (BD), & w55 &Ast7] fl&l TSA $dulA] (Tryptic
Soy Agar, BD)E AR&etaltt. 349 AlEE ZF viAle] 50 w® =Esto] Fujely
O % 37T 24AZF(BCP, 48A1%F vief) wieFalint. vk 5 Al 71 30~30070<!
FUCIESY AxFE SAVIE 4 9 AxTE S8

g v E 4
u) A E9] ZAo|= Matrix—assisted laser desorption/ionization time—of—flight

mass spectrometry (MALDI—TOF) BrukerA}2] microflex#| &3 A}&3fo] 41319

AF T W ARE 0.9%24822 A 34 5 d4E2 (10000rpm 5%) F AT
= 0.25 nm g E o] g3} HPLC (High—Performance Liquid
Chromatography) (Agilent 1100; Agilent Technologies)®4 A& wHEt}
Columne Aminex® HPX—87H lon Exclusion Column(Bio—Rad)& AH&3ato] #2413}
A TH.

3. A=A
NANAZAE (F4NANA 2 71 NANA), $538(0.1%, 0.5% 2 1%) 2 4el7]

3t
(85 8l 135l weh A dET MEE FEstoAE & w5 (TSA wix) din o
&t (MacConkey #1A) 2 {2kt (BCP #j#]) o2 F-&ate] 7]x7lstelA el
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%Ath(Figure 3., Table 18.). T3t HPLCE o]&3 wwiuel e #xE

O 2 NANA 27t v & wistel GFdate] AdaaAE glstaat stqltt (Figure
4., Table 19.). o]:= NANAZA=Z A fabdel S7t= 48, WS =
PG TSR] V2A AFE FHske HHolV| Rt Ayts vy A
NANAA o] Aol &F4¥ NANALE AA A vz sS dA =
HEmor FAHAA Triger2A Aun A& WHsts dxxow {1
HFE QAT (P<0.01). Y %2 %¥ NANA Probiotic & SynbioticZ &
Az WM3kE fEeksled, Adol7Izty Aok 7kl wel Probiotic (47
HE A Synbiotic (At 57 B o ) HoR Ay s AFoR
ATH(P<L0.05). 4 85 A Fuin|FE9] s ste] v A= FaEFS AHEGH.
Aol 7|17 2 8Folul= AAAE T (NANAX o] oA thHE-o] Probiotic® Synbiotic
of Btk I8}, 8ol A AU AT AR 43 e 3&e)

e A
= A%e WhP<0.01)
Aol

Hol (2= div))+ 8FolelA, Wl S+ Hol oF Sui7bA 7Hast
] a2 Hd 1087H4] Sobske 'S
HATHP<0.01).
NANAAAE=Z Probiotic @ Synbiotic3|® ®H3}el| wX= a3&5 v]wste] BeHY,
G717H(@8F o) ol tiFEo] Probiotic¥|® 3} FAle| Synbioticdl®S #F2&HA =7
TSR T HANANAZE Z7)1ZH@F o)) oA B FANANART 7429l v
AES AAAQ IHE 2 Zo® JAAHJT(P<0.05). vAl Hapatd &7k 54t
o] NANAAOIA = Akt SHEEA o]l AE5 A ¢ Probiotice] &37}t
AROo Fr|zrew 7hA, /PENANAE Aol A Al s S5EEA g7 A%
Kolm Fu mAETol HEA FEe  Synbiotice] HAE S H At
NANAZI oAl Zju] Al &2 W3} &l (Probiotic¥} Synbiotic|®)of] upE FEHU o
4 ( 4 BEEHE R 5) 9 REE v oEA NANAYIQIAY ko
th(Figure 4.) 11 A3+ tad) 2o
W G (dAF, ANE 9 erdaR, T84 9 AR

o
44 ‘f/l"/r:@r%% E S 97 1007190 =17 "AFHAH. 1y, ]
O

FO [‘lo

Fii H

o

o L
=

=
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m

av)
=

ofo
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o
i firllen
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Y S Tasts 2495 BAT(P<0.01)
2= oin] NANAAo]of olsle] @7 7H(8F o]uf) ol Probiotic®® ¥} Synbiotic¥|®
Bl

= A BAE AvBEol 135 A3 § A EAeE Sl dddS A=
Al EUTHP0.01). F w59t FARFEE FAldl A3 go=m <lste], FulelA 4
Fial B dgFdor AbgHel welk dxTold AEHUAY diAF B ANF 52
AZHA %t ol Aol SrbEH duidT Bl ARrE iy e 2 oAl
F 7 EeR % Zlor ddEo] A5 NANAZAE Holsk 9 7kt o8& 4
A3] wjiEste] &8 Al Probiotic 3 SynbioticE ¥} Hold HoE FIHITH
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Table 1. &NANA (SNANA, thx) tinv] 7IENANA (GNANA) o] &5

NEESINE

A2 A=A NANAZ 712 me/AE 1K, AIN-76A Diet)

AT
02! (Starter) 45F 85 ¥ 135 A a3
11.01.02. '12.01.08. '12.02.03. '12.02.31.
anad (22 23 1FER | eEERR | Giwa 3%
Contral AHE 1Kg(AIN-T76A Diet) +NANA 27}
SNANAQ) | A 1Kg(AIN-764 Diet) +T/4NANA (£% 99%°]4h) 1gE7}
i . - i
SNANA | SNANAM) | At= 1Kg(AIN-76A Diet) +RHNANA(EE 99%°14) Sg%7} NANA
SNANAM | A= 1Kg(AIN-76A Diet) +THNANA(EET 00%2)4H) 10s%27}
GNANAW) | A= 1Kg(AIN-764 Diet) +71% GNANA (£X 20%) 235527}
ul
GNANA | GNANAMM | A= 1Kg(AIN-764 Diet) +7'2 GNANA (£X 20%) 125227} w?i:?.a
GNANAM) | A& 1Ks(AIN-76A Diet) +71% GNANA (£= 20%) 2537}
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Table 18. wh9-225 o2 FANANA(SNANA) thH] HANANA(GNANA) 4
s s 9 ZD71(45.8F 4 135)4old & Al vid=F w3t A}
S7|Ef 3t §7IES O 20| HO|LPY G2 HEF 4 (chuffeces 18)
HOIEE A UMHNE EEER CNTL F7IE OEHE T #7150 O N7
SNANAWL) SNANAOM SNANAGH) GMNANAL) GNANAM GNANAH)
H0j 2L (Week) 8 13 8 13 8 13 8 13 8 13 8 13 8 13
Enterccocos feecaliz 074 017 o 045 0 10.24 a 144 021 513 a 05 0 079
Aerpeoccs virideas E] o 01 o 0 o 0 [+ 0 4 0 o 0 [
23 (Fa3) 0.74 0.17 01 0.45 ] 10.24 ] 144 0.21 513 0 0.5 0 0.79
Stanfviccocos 2oL ] 0l 046 014 093 o 014 01 245 0.06 052 001 054 003
TSA 109 Enterococes Jirsc ] 0.03 0 o 448 0 152 01 189 002 401 0.06 o Q.03
EBscherichia colf 154 0 0 o 0 0 0 o 0 0 0 o 0 0
4 (YurF) 1.54 0.13 0.46 0.14 5.41 o 1.66 1.64 4,35 0.08 0.53 0.07 0.54 0.06
I OjEEE) 011 o i o ) ] i it ) 0 ] 4] ) 0
o A 239 0.3 0.56 0.59 541 | 10.24 | 1.66 164 4.56 5.22 0.53 0.57 0.54 0.54
MacConitey (X109 | F:crericiis coii 181 172 o 1] o o o 166 o 225 o 0.65 o 2
Stechviceceo: wviceus 0 0 0.03 O 0 0 0 0.03 0 023 003 (1] 0 031
Eaterococes fsecalis 0.06 i+ 0 032 226 759 o4 042 263 023 o 028 o i+
Lactobacifivs muriges 031 299 016 001 0 o 0 o 0 o 016 o 03 o
&3 (ga) 0.38 2.99 0.19 0.33 2.26 7.59 004 0.45 2.63 0.46 0.19 0.28 0.3 0.51
BCP (X108 Staofviccocos sciur 0 011 005 o o o o H o o 022 o 023 o
Enterococes firse 0 [+ o 055 196 [H 238 [H 003 03 002 L&) 0 023
Bscherichia colf 0.03 0 0 o 0 0 0 o 0 0 0 W] 0 [}
47 (YurF) 0.03 011 0.05 1] 1.96 o 238 0.51 0.03 0.3 .24 1] 0.23 0.23
P|EH o2 R ] 001 0 006 ) 0 o t] ) 0 ) t] ) 0
-3 A 0.4 3.12 0.23 0.94 4.22 7.59 241 1.26 2.66 0.76 042 0.28 0.52 1.04
TSAMA (T4  ZAH, MacConkey Agar(Fdsdl thdds £3), BCP Agar(Fdsdl FATs: 23,
Control(Control), 4ol : AIN-76A Diett] %8 7t 9 A @77BE 2 Aol, , Wiz 37T, 2443 &7]

H &
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Figure 3. Wh¢-2AE Aoz 85 Fr®l 4o w2 $4dNANA(2,3,4) 9 7
HINANA(5,6,7)) ¢ A mAEE W3 FAHA @ 275 (TSAMA), B @ d@ddd
(MacConkey®#]), C:f2ak#(BCP), 1 gz, 2: SNANA-LAHZT, 3
SNANA-M A2, 4: SNANA-HA 27, 5: GNANA-LA G, 6 : GNANA-M* g
T, 7t GNANA-HA 2]+
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o @B Ba

!

I GNANA{13)

) ¥ -

\ i ! J l
H . & CNTL(L3)

SEE YARGE HARS NEaE"

Figure 4. NANAAAE 7] (85 2 139 AolA], FUnAE=F At 9 o]du&
WY gk EEWE (HPLC) vlwd )

CNTL(8) : wzx7(8F743), CNTL13) : ux7 13F Z3, GNANA(8)
GNANA-LA 2T 85747, GNANA(13) :GNANA-LAHZ (135 A 1 @ +xu
45 (TSAMA], 3 Au4:2.8x10°¢cfu/g), 2:th&#45 MacConkey, 344
2.8x10%cfu/g), 3: +AHT (BCP, 3AH|4= @ 2.8x10°cfu/g

Mz
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Table 19. NANAAAIE A7 (85 Z 135)40lAl, +HY AUYnAEF Hst U

oo W el FEIW

NANAZA®| 712 Qe EXas =N
(HPLC, 2 EPeak 93 71 E/#9H0)
g3
3F 13F
Control 92.290 45170
SNANAL) £2.800 9,792
H|
(ﬂf;u;w SNANAGD 12,841 57,272
SNANAD 2,627 22,204
GNANA(L) 10,771 19,387
AETF — =
GNANA(H 10.701 4,029

S:EMANANA, G @ GMPH-#1709 NANA, L £NANA 7|5 1,000ppm37F(0.1%)., M : <4NANA7|F
5,000ppm3A 7H0.5%), H : 4 NANAZ]= 10,000ppm= 7F(1%)
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A7 A oot Tl AT AAF AlE AAY AH

L AFEH (AFs dAg 24 wA)

M NANAZA S AFs(AFGsHE gt dAg A4S flstel, NANAE 7}
Zb M w3 A} ety R (w/w), RARAE (e, W E Jdr] 1
A T A AFALY BUHE AA AE&stel o] Hedo] gHEE 4y
AE AN E GGt e AvE EdE AFs dAgE FHs

S A (GMP) oA thEAAE NANAS AE W gadwel thet =9
AP el whE et vliEo] A stel Ak 8]l & WA
@3t gy FrAd, HH MICEREE 0.5% (w/w) 2 AH 319 0H(P<0.05). w
A, AFst dAlE] AP nHARIeEA, HEFAREA 0.5% FE7F §HrE o
of stth= o] Q%S FaxUoE st

g 7)Fow, %3574011*1 WFs W dEfol WE
Z o
40

P

el

i 2 9 7] 20 Hokstel msr

Y, Wb ARA esren, veslelde ngen 98 s
AapAlzto] DolAw A vtel EaE Pashs R BrhHh web,
o ==

= 67

T EE BE NANAS 982 st AEste Sl Ad 9 A @
AU E AR Al dezs vke A3V st AAE 2ea S3AE
F AP ® sto] HAEE FHsAT (2™ D).

= =
H17
olE $Jotod, 7T AEFAZTIALOIHA, AAY W ] PAAIELS B {8}
T AEZ o] B3 KNOW-HOWE F83] H3tal = olv| ZAAHE
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=5 A3k stk
AAFL 27HA FE2 AAea, TYPE-12 937 @ 4 1lem x 57
0.5cm, FA @ 500mg/7d, NANASH% : 2.5mg/4), TYPE-2+ #4433 (Z7]
72 1.8cm x AlZ 0.8cm x 7 05cm, A : 750mg/17%, NANASFF
5.0mg/ﬂ)3§ AT E AstP o, 33> 13 (Stick 239 1,000mge. = 4
A olw AFH NANATFHE bmgol HEH XS HFoI33t(Table
AGH AHFo e 2HoEA, AAFS Aol Ea=o] fdTfollA

%frﬂ.‘i% A3t 24& FAed 1, dHIFL SRS T3 HAE Vo=
st o B AFAFUA E3to] LOlESF s o® ATt
A e Hdatel st S FRIES AFARE U e 2
%, WY EgxAeR 100gmhd AAF -1 24, dAF -2 14 2 HHY
< 1XE VM NANAFRZHS 0.5%5 S5k 2702 38S AFA 44
< 99%°1 S FRES ZASIGL AFE AEFS FF -frobyE AdzkA A
AF el Ago] testEs: Jfrobd] Am AxXVIFOE st AHEAlRE AFETA
A7ME A (@A F 598 3,2007) o A" ASRS o

(2eFd, 2010) ¥ A+&H
Adete] HF Ay 2AS SRS

3. A4 7

NANAZA N HFHE7 AAGHAZA 2F7F AFNEded wpet AF4

£ H7LE 712E Y, AGAF R adAIge] HAEgS o4 = i wet
A, B NANAZA = A3 A5 24 adAIZ s Asta, N7 (3 3)
I AFHG @A E A AFES e HFE AeAdSs Sdd skl AEs)
E A% AFE w9 @A 7 23 Y dde vhs 3 2

7} NANAZAS] BAfa7e] Adds R HES AFS AT 22z
Az AT E FEFHRAE, AEA HF &3l 100g9 0.5% NANAA A
7F SR EEE aEete] AP dAlgE etk (Table 1-2).

o AgE AT EA, AHEeEE FAE (Y3, 1%4/500mg, NANAZHFF
2.5mg, @7k ¢ °F 11.639/7) 3 AAE (&4, 4/750mg, NANATF%F :
5mg/7d, @7k 20.259/%) ¥ AAAALEoR, IAHIELY, 1~
/2,000mg, NANASHF=: 5mg/1Stick, ©7} : 22.259/Stick) 0.2 F&3}o]
< dAAIE X*%BWE}. olmj  AFYH NANATHHFS HAYPEHR) S
40~50mg, FH ¥ 100mge] THE= 3t}

ol

Jm

>
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G-NANA(=T :25%) GMPIITFdll=
FAUES EIHSNANAEIRI.03%)  HIES EHSINANARIR 2 5%)

Fig. 1. &4 NANAES o] 83t A A3 A0 5 2831 Aate
NANAA| #+32
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Table 1. 7AENANAZS] A& 3 TYPEY #dAly AHA 3 (HHE)

HE =
= =
HED NANA 45 i3 NANA 5mg/1,000mg
B = ES =
azm Mewl | mg | NanaEE| Sk 1"%’;" M= re) AN
NANA(25%) 2.000 20.000 5.000 15 20.00
capric acid 0.500 5.000 0.25 5.00
AHOEEOIEIU=E] 1000 10.000 10.00
=4y HPMC 2.000 20.000 20.00
bl MEREE 14500 | 145.000 7 145.00
ZHAETT A 30.000 | 300.000 300.00
EC[FAEZE 50000 | 500.000 500.00 5 ize :<20mesh
| 100 1,000 22.25 10
b Fel = 1kg 8 2t+2 ;95%, 1g/Fw. S100mir?IE
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Table 2. 7FINANAS] #|3 3} TYPEY @Ay AHZAF(TYPE : A#|18-1)

o= =l
HES NANA 500mg /Al B RENA 2 Ema/St0mall =)
a=m BHEHT | g/ TR | NANAEIZE | SHHE) [Tka HI=E(g WEEFE A
NANATZE%) TO00 | 000 | 50 75 il
Capric acid 0500 | 250 NP ] _y
N 0] i e A o
oI lilaie T | T Il
IETE TEE0T | 725 4 A
AHNETTA OO0 | TR0 5.7
ENHEESE B0 | 250 00 B0 | 5o s
27| {00 | 500 e Too0 | e e T Dem
WAZE | kg EFE A WA = €8 42,0000
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Table 2. 7HENANAZL A& 3} TYPEY dAl¥ A (TYPE : A& —-2)

= HH
o) = =
HEw NANA 750mg & (<] NANA Smg/ 750mg 1 =
A=H BEE] | mg/TH [NANAETE | SH2HE) [Tkg HIE(g MEEFE A
NANAZ5%) ZE0 | 20025 i 5 6. 70
capric acid 0.667 B.003 .25 B.67
T~H
galm_ S0 Ty o | 7500 1000
E4dl HEMC 2000 | 16000 2 Z0.00
[ETE Ta.663 | 102473 T96.63
ZETEED - 30000 | 225000 300.00 | 7+2 1.8cm, HIZ 0.8cm,
Ef[TAEERE 50.000 | 375,000 500.00 M 0.5cm
) 100 750 20.75 1,000
A AEE Tkg EFF Al MMS=EFE M ==:1,30000, EE: 13 /16124 100g
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Al ot F (FAET 9 ol Sl #EE FerAsE IdE 4o
3 Qloy FFe giFo] Qe AR WA At (Bacillus cereus, Entrobacter

sakazakiD) | tsle], a8 (AN FR)S B3 FE A (K—casein @ GMP) 7]

479 H<ABacteriocin(NANA)E 474 AHHox #8dA 4 ol& =gty ol&

Aol FFE = b FE Aite] A E351=
i

C‘)_:]
ool A FA 9
<]

-

do e

1%
S A8 FEIEEA, TAVIE
AT ArlEh BRE HE ok efropaE s

o
A B AESke] el HAS Sl AA AR AR ved 2

<

oA =
ATEE ey AT 3
1. 77Ul 8] NANAZE 9 A G484 2AF ¢ s
1. NANA 24 71 2. =9 AP A} 98
ER EEN 0015 29 nusgza@e 12 dr s e 24 9=
4. SHANANA EHHAAE (MSDS) Ak 5 FA} ¢+ 8
1. G 24 A=
— 2N (A4, Z2AGAHY), dREA (HPLO)
. — AW 24 0 GC(FID)
2 ;ﬁé{jﬁ@ iff% 100 |2. #2r%F WA @ FPLC
=TT e 3. ¢7]AH(NANA) 24 : HPLC
4. JWENANAEA #AA : FT-IR, XRD, SEM %
5. MAE A PH (AFETRAVE) B9
3. NANAA A #2]&
A (GMP) 100 1. MilK—>FAE2 (A= Az FA4kE) AZ->GMPAR ¢
27 FhH] ¥ 2. GMP gd&d771# oAz 2 Fo=) : 1,200Kg
T (FE5A+71)
A 1. ZAl+ the] NANAS MICHA = ]
NANA & (£-8]7] 0 2.;}@(1%%@ W R W Eco/O157:H7) A AW
AE hH2HAEH e ) .
Ap 7} 3. 9A+e 4 Hl'%ix_m i{ds} %{ﬂ AY%s
i 4. vjdld 9 MilkH7FA] rA skl #4¢s
1. 938 =A(70~121TC)¥ NANAEA=(FPLC, HPLC) W
5. NANAS| &34 4 3l 2AF 8
71 2. AAE A/F, I (OFSIAE U 24T ) A ¢
zej/orstera ma | 1OV |3 gxe w/a, e D) RS wek 0 3y 24 98
AL 7} 4. 2F 9 gte] QP (A 2 EARF Wsh) FAbeks
5. NANASY A#F484 AFAF 7} 7245 &R

269



P in)

R oX

A-7Nd 2

1. %+

A EF[HEK 293 cell

(human embryonic kidney

G i vy &
AR G vitro 100 iilq)%RAzz 264.7 cell (macrophage cell)] & in vitro 5
I‘L_'Z__ P = §j—,94) (ol =] O‘ﬂ O%
HE AET E 2. AZH A8 : NO W MTT assay(dA =AH7H
7. NANA 1. NANAZHF kAl A=y F7F o5 298 A28
A (7] 100 2. &7] W 7] RIA] FAF W3 A Ay SR
7HEA ) B 7 3. AFFTE A, AF dAIT (RHERXEA]) 724 s g1
e}
VAR 1 NANAAZo] wle S@ehd Jepish el (28
o el s 100 |2. A8 Al tu] NANAZA Ao mE 7 #7AgZE
WA Bfatol o st (SAM. TEM) 717
Gz B ’ o
1. F8 74z 271 A99=
9. NANAAAHE 2. HFSN ZA(E W A7) FHER
Neuraminidase 100 |3. Blank =4 AH<=
Assay”|¥ 4 4. NANA A= (TBA W) 71¥ AYS=( NANA 549
A4 45, OD, 549nm)
AL 1. 5099 %% 3 79 vAEZANA F24 =2 Neuraminidase
s 24 24 A= @AY AL,
o = ~
N] giif(j g | 100 |2. Neuraminidase A= ARt A} @ HA07be)
aeﬁri?q%m ase= G golHE 58 1wdte] Arthrobacter ureafaciens
° © KCTC 3387% Neuraminidase A2 HE44
1. 8 ZA ek Ao vlsia HF2 = specific
11, A AEv g = activityE °F 5W] S7F 20 (¢8)
Z &-Neuraminidase 100 2. B2l a4 ALgEte] FE (GMP) ol tisk M EA S
=g A 2 54 ATSE CAdE dFAAAI ARG H AA)
A — A pH,2%, 84 94 pH, A, 975 4 ¥
deFH 7 (k)
2] |9k Al 32 X2 _
12]; A e 1. Neuraminidase& ©]-&3t%] GMPZ4E NANAE # st
I_\IE nid e #HE 2318 g5 7Y A=
Xﬁgrgﬁgﬁase 100 |2. 71AGMPA§ ¥elas wexd J% (948)
IGANAéPﬂ 3. HA VA sx AHSr 2AdE Eas
A7) ;;L% AENANAU ZAAAE AA A" AAA A &85)
1. A2 Zw)| Y E (Arthrobacter) 2] &4 (Neuraminidase) =
o] &3t NANAUIZAYAZIYH AH (8=
I3 NANAAZE &4 7}. Art{ziobacte‘ EHL*O: Iiezraminidase dZFAAA7IH 44
) NANA ‘—/Hak/gg}\}_ 100 - 7H‘jaﬂi o]ﬁ_b_‘lz"l ':1_0—;11—/\]' %E
= o — aAau= AR, AL (BAE Sl S S)F7HER)

i

NEF A ofu| At AEEA R
Arthrobacter ¥t NeuraminidaseX] & A4 &1 1A
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oAl
=T =0 Ao o
(%)
2. /das A8 GMPYW NANAGZEAH 45

7} A A (NANAAAHS, unit/GMP 1Kg7]1<) 8 7

U tSFAARA] EA 7 (NANAEA 2 =834k 598
. NANA AHgs) 7|43 (85)

13.NANAAZE = — A (ZEEYY] 33% Loss@A) S tiEFAA EA)
2 @ NANA oi=F| 100

A g9

ES I
—AEAEE NANAYZAYA] S2r|F4d (AR :26% 7]+
3. NANAAARA] 3¢5 (248 A SU7IH A (88)

7F Bawk-s 34 (A E A A) A Lossal| 4
. ogs FdE AlASEA Loss 314
b AxuE A U o FEAx 3L
g S5E SAUH  75%°18 FH

1. 71 NANA SFH#AHEY HuZ2AHSR)
— O, 18 24T 9 aRTFEWMIC Heks HA)
2. I NANA UyAAd3A3 534 (¢5)

7F. 37F A O] YA R of &<l

L 104 WA e (WA R 9 v RF E ocoli E5 A8 3
100 71

-

ox 4o

1470 NANAS| T
o ~¥EY 9 &

-l =
[E2]o]slstd gl gt (QEsHA) W3] A AH 7}
2. AEAE I 24 b qHAE U FRAE JAUME T
1 3l Alold NANA AFE3} g1y &9 (242)

— B (52144013, FHF (75 AAAE H7HE)

2. AEHMNE U AA71H (Y, FAE4
¥ 10.12.19.71%) AEZAEHE 3738

— #AA7|H A, SR Ve AdY dm

(et ¢ AFHIIE->AT] A => ke F > okE )
3. NANAg A gx3 M7 g6 (98)

7t F 3. I (AR, dFd) wWitdF F7H (e s
7k FE (SEM)RIsH(ER, gt 7]15)
v Azt #A-[E7 e 10 ¥%Fdye  Method, W 2:
Depolarization Method, W5 3: Calcein Leakage in artifical
Vesicles Method)
L A7 (1) &2/o18te4 /=34 wgt ZAHER)
« 7F A g H/F P Hob
1A 12
POVENANARES | 00 | A aw A e, 1eowed] 2 naedn s
o O [

<, 3 A

o

100

- AAFHFAZAS 73} FH

-4 100ml(ZL g3 NANAH™7IE 2H : 0.5¢(0.5%)

— HAFGA B FHIOESAAT APE), 2FFI A ()

4. AY(TYPE)E HAIY & H(¢%5)

— AP EFY), FHEEPE (AA A LF)

5 A #HA9E $E8H (&84 S0 (¢R)

7F A (BHY) & frobg~Ad0

D 774 483d AFAAY/ A=A, 2)9 48

3) & Z£3 (Probiotic W Synbiotic#]A)

. AFAFD 7)Y G fokE

D 5 2 AFAF 7S 0 ol Al AFEA
% D AT X oA

@ (Fd e sHrE])
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AFEE wEE AT
R - A (%) R4 [e)
1. a7 (1d) =8/013a2/AEst4 M3t AHER)
N 7F dAe d/5 kA H3ot
17;@%@?%‘ 100 | th W7 (1) A [, 1% (w/w) ] 2 R aEgE (gL,
tee e W) kA (2ol sheta 4 ghatd (AEsta) st A B7t
2. AFAE WFY 2 F7F QA AFE U 2EAE HE AR
1 Fllv Alod NANA AE3) A9 &5 ($5)
- BAZ (SA4d018), FHH (75 AFAF H7HE)
2. AFEHVME  FHHRIE DoAY, FAEAE
7, '10.12.19.715) AEZFAHAFHE 7
— H-7A AR, o) VALY AAS AEst W 2F
(b A FH7HE—>77] 2 => o ke F —> 2 ek )
3. NANAZ A 1y Hr7ief SR (¢37)
- HAIdHFAZA av Fx
18. HAH A& -z 100ml(ZL g% NANAXMZFE &1 @ 0.52(0.5%)
I R A 9 100 - AAFHA &5 FRIOHIYTAE), TR ()
NS | P oz 4. AF(TYPE)H #A¥ & AH(&5)
H#ZAE H7D — AP EFY), FHEEY (A LE)
5 A8 dAaE =8 (S84 o (¢k5)
7F AA (B F: folg~daE
1) 77 4838 AF2AY/A5A), 2) 9 Ae (@A 7uy)
3) & A 83 (Probiotic 2 SynbioticAA)
1B LR O s P G DI S ]
1) 7 9 NGAF H7EE 0 Fob Fall Al AFEA
2) 773483 @ AT W FHALA
3) & #83 : SynbioticAlAl, QA /= =ZA (HF)
1. NANA FEXAA AVAA 7} (n vitro: 5% MXEF &8)
7}, 5 AEF[HEK 293 cell (human embryonic kidney cell),
RAW264.7cell(macrophage cell)] &% in vitro SAAHAEIH AH
v 1Y As 0 MTT assay MEZEAE 54)
2. EIN B
7F w2148 NANATG AlR#EAIY 24 9 Ax
_ A= ZF 87, ) AolA] oA A FHU (R
19, 589|100 T ThNa w dang ad ae
2) Hy/8q x4, AAFs 2 7E G A A e A A T A S
e ) FARSE 2 22 AAHSR)
A AY AFE FAHEANFA 45, AE . 145 9=
HAZ7]HE W BHY v)uF(Ca, Fe, Zn, Cu, Mn, Mg, P, S)
WA s A 2 giE = A o] FAF
3. AUmAE Bl u A E AT, T, FAbTE ) SR
1. AFY s 28 2= A%
b 19A - AAAFE gR(58 29 9 5% e
L 2%bA - BRI AR, ) VA" A
0. Abel &} 100 ok 394 - GLPAA (AAEAISF FofF © Az A

2 47 NANAT ZEAA 25 gl Apqfsl =en) A4

D@7 NANAAAREE, ol g stuf o, Aol g elal, Q]
2) Alduzel A% (Far1d A5

2. 1 9 AR EAN(FEF 3d 229
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NANA &+t H7kel &0 FA Astel ddxe Aoy 59 Hdan ¢

A AL 5—3}1% Gain|AE Ao]as AW U NANALAS FEehdA H7EA
of AUnAAEFT H3E gQlstr] St vAE AA W FHY ‘3‘% AdA=A A

A=

. Neuraminidase NANAAIAFE A) AAF 2 o FAYARA] A~ A =]

) Al Gk E (AT 2 o]lf2 Ul AEHe] xRSl IsE o
© 7] Joy FEHok o] Qle, A WAA M+t (Bacillus cereus,
Entrobacter sakazakii)©l| tsle], o= (FAAE FH)S HA43 Fo0d
(GMP) & ¥95% 7|94 HdAd A2 NANAE 7|23kt

%
2)714l oA NANAE &4% AHgHez Ry A ail
Neuraminidases 2AEZH7IEZ SAH Q= 21EZ0A
ureafacienss Aot WRABAIARIZAAA  ZAPAN 9 o] AET
NANA tZFAAAI A e d-do AlAdor dgeigivt Al&Ee s 4
= v 2k
3) A3
7h AA el FRE= FEAE A flste] AdEA07E), AE3HE
2 SAE AEFAAES At o]l tiste] Neuraminidase® =24

PSS ATt A2 A, Arthrobacter ureafacienss Neuraminidase’d
A

) 714 GMPW NANA BARS 918l A8 Arthrobacter ureafacienss /g2
2 APAA NS A 5 NANAAAIZAS A3k

tH 49k NANAS iz AAA A" A7e 98], aA4H@BE whex) 2 o]
& ©]&3% NANA A4H(10E, 7IAGMP b E237HE 1% 719 S 4
2782F 51 NANAAA & A sklth, Aok thaat 2ok

(1 &2y AF 2282 0.16unit/midEd, ol F 432,000unite]
Neuraminidase”} A4FE 2 tH(p<0.05).

(2) 7142 GMP 1g& asiTdlAlA NANAE AAikst’] 9l¢k Neuraminidase &
29 7k2= 0.5unit/g (GMP) 21tH (p<0.05).

(3) Neuraminidase 432,000unitE &A8A], GMP(NANA 4% 3$+7)+ 864Kgs

23 AL = lor, o]y NANAAAF(100%+% 715) 2 25.9KgS Tt

o

"
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(4) 100%+% NANAZE AAHA], Neuraminidase¥®| £ 386,1009/Kg, 25%2]
A5 96,5259U/Kgol A2l

(5) 7 Neuraminidase& 45 283 F9a GMP(NANA 4%) =8 g1k
¥ NANA (% 25% 7]1%) 9 A2 GMP 1Kgd 99g(4dx1x)31ar, ol
AAFEES 63%% T ol= 71d2A GMPY NANAZT#o] 4%9< 3etst
™ Neuraminidase®l 93l #3]¥ = NANAS o]&X] A4&L2 75% D H
wato] AA BAFES 63%3UTh ol AN H (HAE AAAD ok 8%,
offgba Ad= AA FHA N 33%7F SAHCR 1% Ao|glt. ol zetst
1 % 2% 7l=o® 1Kg NANASY AA7= 674,471 (A&
125,000¢/Kg x3ho

(6) dFAYAS 93t ¥4 2AIZFC 24 Neuraminidase A QAI7FS 184]
ZF NANAE 112413 (52 A1z Xﬂﬂ)ﬁi T 130AI%to] AQ =Sl

(7) NANAYAHE(63%) 57 Fe A A —x’?:‘éﬁ‘i}%%lxé%
AMe JAAE 3 9 243 el oeE %‘X%
¥ HAs s JE T B dARYTEE AH F
SFATH(p<0.05).

(8) AeAom, o] mo]g Al FFIdMAAA Lo A (GMP) 25

E] NANAAARS 9)3F &4 (Neuraminidase) A n| A& (AEZH 71 nyE)

_H
il
1o
(o

fitlo
mlo
)
=
ﬂ
w
NS
N
N
of

=

3R o]Z o]lgd 3~10E ¢] Neuraminidase WZFAA 2 AYikd
NeuraminidaseE ©] €3 10% +X5° NANAUZH A AEHS dHEHA 4

Yshoiet.

of. 54 falletel dis FaAFdEY g9
A2 Aed Adget iU FEska, AlEEREE 47 g ANF e
NANAE =9 H7Fe 5, ojojq FAAEE, NANAA ] s 2 A7 3o
2 I gEo] FEAsted BAGE e 52 Wdste] st ®okh
AE vt 2o
1) NANAAA = T8SA el distel= Abd
oF AtEEY RHubes AHanE Holv A FwadE HAUAth(P<0.01
2) BEAAFEMIO & Hlwste] 2 A3, MICE 2.5~5ppmH Ao A 1
Hod3t e MICFA7F @A vebbs 43S BATHEP<0.01).

3) A=A AeAddeE HuddT2A el sAdE FANDF &
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4)

g}.

A},

N
o
o,
i)

Vo] NANAE A & F@4¢ nlwstel RYud, 528 Ao
W

N
Al ¢Skt o]l NANAANAZE ful o A (F A7, A
U ER, E4F )8 HdEkgo]l dojuA e AA
(P<0.01). ApAeulAlgel A, Aea A Agelr] o] <
TfrdelA = H7bsel vleste] s-faudy) Agee JAadgo
AN FHAE A=, o9k Bl uE o NANALAE 53
o] F1EUH(P<0.01).
NANAH 5% thn] A3 FEdd A7He nuse] Bouy, 59 Azt
S vEd 435 BIEd, 0.5%wW/w)NANA 55 7|52
99%°)del Faads BT (P<0.05)

rﬂ
5
ok
o
Hu

(BoE S

=
T,

d
o
i)

-3
o
B e

o]
=
_"

q¥ 7 E
]

o
2
o

oot
Ml
2

kel e Faads Felldd w9 AHHor A BEEY, 34
= B 2314 NANA

el AR dadas 1ol 2] 2l
57 1.0%01 A7FA 1A7FO]ERE] 20% % At FASE 7HATE o] Fo
A3 164130 AAl s AE 22U HEHA L

FAHAL(E.coli O157T:HT) WS o2, NANAS Fd5%(0.25%) 2 Agzx
AA 1A A AES FZUE AFS -, o]F 10M st HEH A Tt
ztolE HlWFO ZA NANARE 7|1sk ido] FaEe=AE AGdHAA, A
Al el Al @A ZFol= AP E A gkt wheba], NANAZIQRHY WA = A
U Aow JAGHUATHEP0.01).

NANAo] &4 #olsts uvi7lusS skl B3dY, NANAS AlEe

of AFAOE lysis = damageEs TA LUtk T, MICEZ=o]/delA Al

E F-de] St oR ]lsto] ojapA o R AREHAYe s AA, HF
How Axds gyAzoR A% duds Hehdle vrtdss 2t gle A
o= detE ItH(P<0.05)
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o}. ZNENANAZA S A|ZEA LA 7}

NANAZANE] HEE2E7F HATGAAEA TR AZREA wet AZ3)
2 93 FeEuEd HrLE AAET FrlEdE o 2= YA, RaxEH (e
9oyl Z1rEE x g 7Y, 379 9 10709) B RSk AlEIE Y A8
A H7HE AA s

NATE b % DT G, AR NANAZAE AFSH ARAE B2 5o @
ARGl AATS & & A (PO, AFALH S Feel A5
oz AFS AZS APRAFHAD) A} HATFADE TR AzAANE 4

NENANA LA ] A3y xﬂ”“l** B A= vhs a2
) 1% 552 A3 NANAE F/0Y A= [AEA © 37.4min. (85%), 1%} :
37.5min.(15%) = HEArsh= HElS Bsta AJAH(FPLCEAD.
)BT (G W W) 2 mE BANE A A7
7H NANAZA & 2B 2704 Alzto] A astd &4 (24 o), Awst a4
7 HAE 9 B ge] AskA 213
15%°1A 72%% 7 st =Hl, &A1l
Aot dEHl S Hols B4 s S A sk ohH(PLO.

2L 3 3 ]
A kSko L} o] Alzto]l At HAIA ] WMshE WAYshE Ao w FotE gt
(P<0.05).

th A2 9 W ET 2l A V1A el wE A A7 FE
Y, zfol 7k A = A ekgheh, whebA], Bk 3 AR el wE
4 Astell v A= &arbe e Aoz A HATHEPL0.01).

2h) A8 0%, NANALA = AFA & o A+
2 ogrrevkd N ETE 2AAAE] Boh AEshes geletqlth ey,
of A&AlE H/MS, BFEAZAANA 30Y oldlel A 2US HIEA F
Fatojol g o7 FekEATH(P<0.01).

3) NANAZAS] dd 9 iAol nX= A

7H NANAZAe] djgh W B7HE flste], diz+ div] ujdAe - 2 dA87

O]
-
03

(75T, 90C ¥ 121C) & 2 AT 5 =4Rss dgste] motth.
ARoR, NANAZAE £Exdo] H44% 2w A3 nhAws Ly
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(RT : 37.5min.) & o]gst ® st we wE ZA0F FAlE] NANAA
A GAPAA S A FdthH(P<0.01).

) NANAZAC st X7t &4 Astel v o] Ae=AE HES)
of & A, o FHel uet T ads vk 2ozt Aoy, AAF o2 E A
2] 9 nlgd A 2ol A Fatd Zpol= vrERbA] eESkTR(P<0.01).

th A8A0E, NANALA S 7|24 #AgS ARAe a2z 7450 =
H, 229} Bzl zold wEt watg W3 (awAdZ olF) ek FAlel

2wt Ao wAstE Ee RogARE olefst BRI A A8t &

oh= FHE Zow Y HATHEP<0.05).

rir

ZF. NANAS] WAk 9 W3 714 7}

2 (HCL, Acetic acid, H2SOy, HNO%) 2 7]14d (NaOH) Al85E wEHE 3|4
3 F FAFT NANAS H7b & F A733A NANAY 2% Aslfele

Abgre = NANAS it Bl Wl 7] & =3 71ske] okt

AZ A, NANAAA = Yaotel S tha g E Qo 2Hd 2704 &= NANA
ALl R AFFe] B HE HElS Bo] yYadS A HA ¢k (P<0.01). 18]
th, oA ko]l AW As ke M e FdEHA EAFo] Mshs dds
ATt

04.4

[‘_

2}, MINANAZA S AZE3F gA]y] 4
NANAZA AL HFEE7F AAFFAZA w57 AFALUd] wet AEF
&4 B7ke V1R Stol, AR Aol AERE & 5 Ak wet
A, A2 NANA2AE AlFs 8524 adAgoes Fsta, d33871s (FI938)
7 AAFBADE TR AFE oH HE A
AFsHE A ARE AAF @AY B 23 Y e ve3 2
1) NANAZAY SAFawe] AddE r Hes Ads 44
Az AA9E FREAHs e, 484 HF &3 100g7 0.
7b dfrE s aelste] APt A g E el
2) A YA EA, dFeorE AAYE (¥, 138/500mg, NANASHF
2.5mg, @7F ¢ °F 12€9/4) 3 AAE M(EFEE, 4/750mg, NANATFF -
5mg/%, w7 20.259/4) a8y AAAALoT FHHFP(ELFH, (AE
/2,000mg, NANAZ % 5mg/1Stick, ©7} @ 22.259/Stick) 02 F-#3}o]

f
ofo
o,
o

ro
=
QL'
32
3
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flo

=T dAYE AHSHT olw] A¥E¥E NANASHHS> A (EFd &)
40~50mg, ¥} > 100mge] &

7h T EUYY AT S T AP HUH(E RIS ol vE 2A)
& AR JNANA (555 25%) thH] FANANA (Hh %) 9]
APA b 7S AEted, 0%~1% 8 =3’ NANA®] t
3ted HEK 293 (human embryonic kidney cell) ¥ RAWZ264.7 (macrophage cell)
cell& o] &3] MTT, NO, Cytokines ¥ Western blot analysis@A 4 714 ¢tdAS
B7psteith. A vhs 7 Ak
1) NANAZARE 33555 dPFoR b4 7 49 NANAE 0.5% (w/w) 50 delA
= =4S JehlglEt), o= thx NANA 2 /PENANAA 2tollA Edsk el Bl
THP<0.01).
2) NANAZA = 0.5% olate] solA e 540, 9T ad (4593t avh =
HAska Qe o ® BF7hE v (P<0.01).
7H NANAA 2] A] iNOS, COX—2¢%} 954 cytokineQ! TNF—o¢ @IS &34
oz oA EY, F9F a2 YeRY] "o vhd HIoHP<0.05)
) NANAZAE LPSel o2& fatEolx: wAYZ MAPK Aadd78s 24319
s 2E UE= 2o $sithe 2ls gRIekIth(P<0.05).
th A3 o®, NANAE 574 Ao o B A5 f-&shA A2 = s A
2 =ik
2h) AP HHATE Vel R sEREAA H7M, AREdJ 7 NANASEE
0.1%, 0.5% 123l s A7+ 1%2 A3k

v}

o

1) NANA F=dd87ts & A 971 913 AR A= AIN-76AF 7
Hozg 3&o] 1Kgd NANA(100% <% 7]&)= 1g(NANA-LAHZ ),
5g (NANA-MA g +) 2 10g(NANA-HAZ ) = =3 A5}

2) AAANFT = T (AIN=76AAEA O] ) o HILT (7]2AFR ol 4 NANAZ
7FF, SNANA) 783l AFTRAE 713AR (AIN-76A) ¢ 7HHLNANA§. Z0)

FE Bgete] zAGGom, HPEE 2 ARE AHHIES F F 47

’
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(2) =x4ds THeR A ZuWstE ARt BokHd, iz v A

NANAA g oAl 45 A A= 10~20% t”%i AardAdE 2oy, 857t

Atebd 28lE 20%WS oA Frtels ARE KT o] A=
NANAZA = BAY FF5=Eo vjuld o] X3 JJr WA FSE HER = 7]

Ao BeAs
o

(3) XA A F
o
MR IFER FAYE A Yoy, Fxo vy

z‘so]:
(4) NANZA] 2 AgsEdz 7|39 E¥x A 439, gz div] ANANALL 71
HUINANA 558 f81e FAEE =, 152 4542 7148 ko) gon
]

NANAZAE 2po]= UG HA eFt.

v =224 A=
NANAZAE (FANANA 2 /IENANA), $5E(0.1%, 05% 2 1%) 2 A

o171ZH(8F W 135) e wep Fx4 (A FemurZ|) 9 FA, A& (Ho], %), <

A7 AstE Uz o) v azAb skt Axe ugy 2

(1) NANAHo] Al FRAY 249 SREe 4F7HAE 10~20%7F ZAaEd o

FolT HEE 238 oF 10~20% S7Fste A3E B tH(P<0.05).

(2) NANAAH T 24U Za37tetd A =249 3, dolgd 9 1%
X 10%017 F7tske Ao® AT

(3) NANAAOIA] Fxxte] wE ZxAu W] nx= o
(P<0.05).

(4) NANAZAZE =22 d Wste] vx]= FaFS A=A 3 (P<0.05).

e Qs sttt

o
Mo
rO

of) FuUlwAE EEWE A}
NANAZAHE (FNANA 2 7PENANA), F5H(0.1%, 0.5% E 1%) 2 A9
71bAF, 85 9 139 e wet FUvAEF WstE FEsteAE T (TSA
=) e - (MacConkey ¥ #]) 4l %’Lﬂ(BCP Hjx]) o7 RS F7)
A3t A gasiith A vhs 3 2ok
(1) NANAS] AFHoiF9} Aok Zun|AEFe] Wshidy dds dAE B
dom, olw thgtTet fFAabdTr Mk AR R QI EHATHEP<0.01).
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(2) NANAS] Ado]7|3te]] mpE ZAMAH= vh5 3 2Tk

Oh AAAQ Ao ZA, NANAA OIS 8FolUdA e T a5 U
AZHA Fskon, tialel] fAkFol frolatAl Aol 9ui7kA] Frheks d|
HTH(P<0.05). Zelv, 8Folde] Aol e dix+ ub]l zko|7h 14
A oot A= AT F S FASHL ASE & F AT

(WBhuebA, Hx NANAYSH 2 *@iﬂﬁol 3 el F9¥ NANA
ojste], v BEF S Wb FEEQ O, Adol7|zte] AW AS5E Ay n
AEFol st He A= ﬂu}ﬂMEHﬂ, AZA 07 NANAA |7} Aun
AEFe] Hats fFadsks 7172 o 8oyl

_Hl o Mz

o

é

PN

T
dasi=n-s
A

o st W FAFERE B i FAANANASH /ENANAZE v Ay
AL FFRT Aol & VIAEAE TAbste] B AREA,
NANAZ A% 7WENANAZF SHANANAKTH oF 7~10W19] AUy EF tﬂﬁ}
E et Aoz JAAHSY. ol sY4dEe NANAZ 485 A &

2 A dolwsiv s 9 HF wjdAZA FUFH T o] Z gt &t Aol %
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