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Development of the high efficient purification process for
conchiolin from mollusk shells and its characterization of

biological activity

Keon Tae Tak

Department of Biotechnology and Bioengineering,

The Graduate School, Pukyong National University

Abstract

The biological activities of molluscan shells were studied by the high
efficient purification process.

Molluscan shells were pulverized. . minutely down below 30pgm and
manufactured to the nano-scale powder below 100nm. The surface tension
and interfacial tension of imussel powders were-62.3mN/m and 30.ImN/m,
respectively. The optimal -pH for surface tension was 50 and optimal
emulsifying stability was -0.01 Kd.

Enzyme hydrolyzed compounds are manufactured from hyperfine powders,
which were extracted from pacific oyster, short-necked clam, ark shell, surf
clam, blue mussel and egg cockle and their cyclooxygenase inhibition
activities were 82.9%, 36.9%, 48.8%, 64.3%, 57.8% and 96.9%, respectively.
However, the DPPH radical scavenging activity and tyrosinase inhibition
activity appeared to b insignificant.

The main molecular size of conchiolin protein extracted from six

species of molluscan shells was 37 kDa, and those of other 273 bands



were identified to be in a range of 15 kDa - 75 kDa. Conchiolin was
verified to be lipopolysaccharide by thin layer chromatography.

The toxicity of conchiolin extracted from molluscan shells did not appear
in pre—clinic raw cell experiments.

The production and expression of NO, IL-6 and TNF-a in raw 264.7
cell were inhibited 50% from anti-inflammation effect of conchiolin.

There was no effect of crude conchiolin extracted from molluscan
shells on the body weight of rat. There was also no effect of the crude

conchiolin on GOT, GPT, LDH and BUN of rat.
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1. A7FA &9 Y 2 547}
Ad3 SEAE ML

A z2uA L GeQARRs Az @ JEEA

(D) Y=o Alx

=T ke s fstel 2 el s 4 des8rtE S
EHEFL=Z JiEst7] del, Ad@EE Y 2EAZTHS AR &
Jstd e, 450 nm ©lsk H 200 amolste] A A=E A= =i
TS AzsAtH(Fig. 2). = 7 FET Ui ETAZTE HS

WS Fig. 13 2o 2vlAl o242 D(particle size=30m)< <l

Cin
ol

i AoJF F, rod homogenizers ©]-&3ko] 20,000 rpm ©.= 33}
3l pore size 0.45um filter= filteringstAth. 2 o H-S THA] pore size
0.2um filter= filtering3t TF3 rotary evaporator® S FWA 7]

A S E EEs A7 f1eke] 3500 rpmel A 5EFF HAl e st



Molluskan shell

v

Washing

v

Dry raw materials

v

Pulverization » Hyper fine powder : 30um

v

Wet mixing

'

Cooling

v

Homogenizer: 40°C
Filtration

-

Preheater: 40°C

.

Evaporation

.

Centrifuge

.

Filtration

.

Freeze drying

r

Nano particle: 1~100nm

Fig. 1. Schematic diagram of manufacture process of nano particle from

mollusk shell powder.
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Fig. 2. Photograph of nano particle manufacture from pacific oyster.
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+
iy
b
,EI
P

HAZEERe AEEH T 2238y 54 HE

ro

=2z
hl

gtk Alse

FW1#HE A (TD-1, Lauda, German) &4 ZTWHH S
5= 20mM Tris-HCl

Ui ws Abgsdl o, s 2%(w/v)el AlRE

(2) pHell thgh g wst

2% (w/v)&= S 3572 buffer (pH 3.0-6.0, 50 mM citrate, sodium
citrate buffer ;pH 6.0-8.0, 100 mM phosphate buffer ; pH 9.0-10.0,
50 mM boric acid- NaOH buffer)ol] =<5 o]& A5 5% (v/v)&
g pHE 45| A Hu FHgHA (TD—l, Lauda, German)Z

Agahel pHY w4

Hm

(o]
g K
o
!
[\
oZi
g

3) AWFH =4
20mM  Tris-HCl1 buffer (pH 7.0) 2% (w/v)<]
Hgl & FA3 buffer 95 mlo] F=H|SE AR 05 mlE ¥il, 5%

(v/v) oliver oils ¥ il 13#3E 7F8HAl vortex A7 & 1023F A A A

W= vusget. AWAEe] =4 gwWAE A (TD-1, Lauda Co.

w4 S 20mM Tris-HCI buffer (pH 7.0)e Z+7} 2% (w/v)2 2 a1
Rosenberg E. & (1979)¢] W& &8&3te] FslddEE FAHs
AbgE 71AZE oliver ollS AFEE o, f3otAHAd S f3EAdE
AWM wdd ¥yer dgs I} F 10w, 0% HHe=
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=35kt
Kd = ( logXs - logX; ) / 10
(X; A& = 108 AAAD 9 FHFE 3D

(Xo © v 30% ZHAni 248 FRE g

(5) vg\: tﬂ oﬂ o ;(é}\é

tm
rE

=
=

20mM Tris-HCI buffer (pH 7.0)°] &2 2% & o 4dA]
Foex y Ay st A (B00IA 53

S = g3 100TCAA 1083 dA- e AR F3dde

L3} T}

I
ro

o

[e)
IT

!
o

1]

t}. Conchiolin®] &4 7}5-E3 ) 23 7|54 HEY= AX

(1) A= A=

7h A, Ba ke R A4l

P 2+F JtEREE (A)S 65 M acetic acid®t 1:10 (W:V)H]| &=
37ToNA 1243t & EA FAZ T 1581 10Tl 4 7000rpm . =
A 27 ste] Eolxl FAXE (B)S Ik F, AAE Holde
o 9] acetic acidE SFT = AASNIY. SFT=2 A & HA
S &4 7% 3}9] powder (crude conchiolin, C) A8l 2 RHESI T
A 7% ¥ crude conchiolin powder 0.3gZ2 F& &9 (0.1 M citrate
buffer pH6.0, D) 15ml (1:60, W:V)ell beadE Y3, 37CelA 200rpm
o wwtetHAM dd s FEeklh FE¥ de S dialysis tube
ANA 12 FFTE 33 249

AEYE S8l AASS conchiolin(E)S A 23814t

A

offt o

rlo

A7l % overnight FA8}a, FHE

o
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Samples of shell (A)

|

Reaction with acetic acid

Extraction for crude conchiolin : 37°C, 12hr
Centrifuge : 7,000rpm, 10 C, 15min

Pellet (B)
l 3 times washing with DW (33)

Centrifuge : 9,000rpm, 4 C, 20min
Freezer Dring

Crude conchiolin (C)

|

0.1M Citrate buffer (D)

l Extraction of soluble conchiolin : bead, 37°C, 2hr, 200rpm

supernatant
i Dialysis
Conchiolin (E)

»l« Dialysis

Trypsin hydrolysis (F)

!

Collect the fractions (G)

|

Assay the enzyme activity (H)

Fig. 3. Schematic diagram for crude conchiolin from various mollusk

shells by acidic or enzymatic hydrolysis.
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Conchiolin® 7}FE8= trypsing o] &3to] 7FEEsS sl oHE).
b a7 i 5 T3k 8E AR § dARYE Sk BRE
= AAT o, AgAdel e #9ES A48 A& COX-13%
COX-2¢] AP e AT F, COX-13+ COX-22] A3) 2ol
gl TES LC/MS (Liquid Chromatography/Mass
Spectrometry, )& ©]-&3}o] 431 th(Fig. 4).

(4}) TLC (Thin layer chromatography) 4]
F71 %9 FAAES TLC (Thin layer chromatography)®4 o & 3
At TLC AW 7h A7 idege] e 1 54

beAY sA7ER A S8 AFNE 2) e R ZUAVLEE

Ze]  AEEAT L =@sield TR E . (TLC  (Thin layer

chromatography)#-4] Byl 3 Folsk 245 A& 3%}

(2) AA" Fes AALd =4

hH &95 &4 =4 (Cyclooxygenase, COX inhibition assay)
COX-13 COX-2¢ Af&dds SAHsA. AW s34 2
t}: 96 well platee] 2 well o] 10ul heme, 10ul assay buffer
(100mM Tris-HCI, pH 80) Zz2]aL 10ul solvent (inhibitorE =&
S1)E H7}etd . Background wellol&= 2 well o] 10ul  heme,
10ul assay buffer 28] 10ule] solvent= F7}sF1 L, 100% initial
activity =4 & 9@ 2 well o 10ul heme, 10ul &4 (COX-1 &&
COX-2) 18] 10ul9 solventE #H 7}l tl.  sample (inhibitor)<]
COX Aajgdd=4S 98l 2 welll 10ul heme, 10ul &4 (COX-1
52 COX-2) 183l 10ule] samples #7}sl$it}. Standard inhibitor
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2+ Indomethacing dimethyl sulfoxide o ¢ #2391, Sample
= 100mM Tris-HCl (pH 8.0)° =0 FX=H= A3l E&
wellell 200ul®] assay bufferg F7}stal 537 Ao A HE-gA| AT
Luminometer (LmaxII 384, Molecular devices, USA)ol| F-zF&o] 3
= 2709 dispenserE ©]-&3lo] b9l dispenser® E= wellol 10ul

9] chemiluminescent substrateE FH7}stal, FA] ©& o

|

dispenserZ ©]&3}o] 50ul ¢ arachidonic acidZE #7}3F & Relative

Luminescent Units (RLU)E Luminometer® =74 3} %1t}

() w4 =4 (In vitro tyrosinase-inhibition assay)
Wiy g = A4 TAE Sulste tyrosinased 24 A
qes Sk rE JEe] = A7ttt 100mM A ¢kE
of (pH 6.5) 147uld] test sample 13ul¥} 13ple]  mushroom
tyrosinase(2000 Unit/ml), substrate(tyrosine) 27uls 3 7}ste] HF
Hkg o] 200ule] = IEE 96-well microplated] H itk o] wr&oHS
37Co A 1537k vi k3t & microplate reader (Bio—Tek, USA)oA 490
nme| 302 dopachrome® B4 ¥F< 4
Tyrosinase A& &4 %= v WA o= F-3kt},
% Inhibition = 100~ {(Asamp. — Actr)/Astat> 100
Asamp. - sampleE 23S wo] FF= 7k
Ac. : sampleRt H7bela E4E YA FUS wWo FHE#
(sample color control)

Aga : sample§le] E4T €S v = 3
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A R 7T HAF=

<
b
5
poln
P
e
™
L

1

Ry
&2
K
=)
ol
N,
i
_0|L
ne)
=
o
fif
(i
av)
=
i
=2
g
o,
filo
e
[o
N
s
Sl
2
N
N

A bufferg AAsto]l G} GaEs Hlal 4500 5 &9
S H,09F 8M wurea(pH85)2 control F& S£Ho=2 3Fto] (0.1M
Citrate buffer(pH6.0), 0.2M Sodium phosphate buffer(pH6.0), 0.1M
KH>PO4, NaOH buffer(pH6.0), 0.2M Sodium phosphate buffer(pHS.0),
0.2M Sodium phosphate buffer(pH8.0), 0.1M Glycine buffer(pH 8.5),
0.IM Trizma buffer(pH8.5)¢} 0.1M Glycylglycine(pH8.5) &S A}-&
stlon, o5 buffer2 78 FE¥ @G dy @] 5 HusHe]
t}. 0.01g9 crude conchiolin® 1Imé F& X0 beadsE Y
vortexing 3+ F 15,000rpm -2 15%-7F QA Hglsle] dojxl AbZol o]

s g e ZHsn, 1 Adel wek HH Fagelom
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AAgste] At G AL lowry HS AMS3le] BSA i
4=

acid®oll we}l glucose A=l o8] 1 ¢S YERATH

Crude conchiolin®. 2% @A FZ3}7] 98 7 7= 2(A)
< 65 M acetic acid®t 1:10(W:V) H]&= 37TCoAA 124115 &4
33t AT 15623 10ToA 7000rpm= ¥4 #2]ste] Rolxl
Z(crude conchiolin, B)& 343t & A& doldde &9
acetic acid® STwTE AAsAH. FHTF=E AH @ I AE(crude
conchiolin)< 572 A%3}l4] powder(crude conchiolin, C) AH & W&
o] AEA AL % AHEE AEEHIAL. FE AxE HAE
(crude conchiolin, C)Z4-8 &4 @A S F%3517] 93 urea F+&
e AbEste] o A3E vttt Crude
conchiolin(C) 0.3g¢t F=& £ABM wurea pH6.0 D, 0.1M citrate
buffer pH8.5, E) 15ml(1: 231 37 Col A4 200rpm2-

2 2NF wuraEs
y

ol

W3} citrate buffer =

}—A
LY =
=
=
o
o
D
Q
(O,
il

dialysis tubeoll A 12} 55
i, BREL dAEEE F5to AAsIe] AFS 93 Al5R2 AFES)H

A tHFig. 4).

() 7H8d 8 FZE(Crude conchiolin)®] @l 7 gkiA]

Lowrye] WH& Algsto] dlads AFstdoh Als 40ulet 1%
CuSOy - 5H0, 2% K - Na-tartrate, 2% NaCOs; in 0.IN NaOH<e| A]
°kS 1:1:1002. 2 ZA 3 lowry complex solution 20040} 10%-7F Wb
5171 5, 2N Folin—ciocalteu’s phenol reagent®} =H5= 111 & %

A& Folin reagentE 200 ¥ a1 Ao A] 3087 §-& A 71t}
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Sample of shell powder (A)

l

Reaction with 6.5M acetic acid (1:10, W/V)

Extraction for crude conchiolin
;37 C, 12hr,

Supernatant

l Centrifuge ; 7,000rom, 10°C, 15min

Pellet (B)

3 times washing with D.W.
Centrifuge ; 9,000rpm, 4T, 20min

Freezer Drying

A 4
Crude conchiolin (C)
I

8M Urea 0.1M Citrate buffer
Extraction for soluble conchiolin Extraction for soluble conchiolin
; bead, 37 C, 2hr ; bead, 37 C, 2hr
Supernatant Supernatant
v Dialysis v Dialysis
Crude soluble conchiolin (ID) Crude soluble conchiolin (E)

Fig. 4. Extraction methods for crude soluble conchiolin using urea and

citric acid buffer from various mollusk shells.
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Blank %t& 8M urea®} 0.1M citrate buffer® 3} &%= 750 nm

o /] 243t F bovine serum albumin®. & ZAE EE=H A=A ¢
sho] A S Ak B35 ).

(th) 7Y s F%=E(Crude conchiolin)® & A w4
T A A o= phenol-sulfuric acid S AF&3FITH A& 600,

5% phenol 30, H-SO4 150E 412 & Ao x

1
w
(@]
Sh
=
rE
oo
>,
b

t}. Blank 2 8M urea®t 0.1M citrate buffer® 3ste] &3% 490
nmol A 43 FH glucosez AAAE E=GAG T o5t F& A

g 5

1%
ol
ol
4%
kv

(2) 7}&9 8 FZE(Crude conchiolin)® B A

7h 3d49d= g4 =4 (Cyclooxygenase, COX inhibition assay)

COX-13 COX-29 A=l S8ttt 238U HL 7 A=A
FARANE S U B gavbeAe R 7Ed A SE&AENE
°] (1) Conchiolin®] &&x7FFEee] <d 7led HAEH= Ax,

cyclooxygenase (COX) A3 F5H Y FLd3tA S48

(W) kst &4 =2 (DPPH radical scavenging assay)
DPPH radical A|7 &= FE =< DPPHel et dAapso gz
Aol S SAsts Wl olste] FAsAn AR &9 100
w(control:99.5% ethanol)el 0.2mM DPPH (in 99.5% ethanol)-& <2
1000S 7}3FaL, vortex mixer® 10%7F A& & 37Co| A 308 &

oF Wk A7l ¥ Microplate Reader(Bio-Tek, USA)E o] &3}o] 517
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S 100 FH7bske] HEGA|
caffeic acidE AF-&3sfo] 2
Ago gzl Hlete] 7AW FRLE=EIE radical AAEES A

shloh.

LA} S

O 1o

o

rlo
ol
)
o
fr
A\
o
ol
R
ul
s
>,
il
1o,

(th) w9 A =3 (In vitro tyrosinase inhibition assay)

Wiy g Al £ A GAES Zui= tyrosinase?] FA A
qes St v AEe 23S Hriskdt. 100mM 14k <+
A (pH 6.5) 147peoll Al& 1309F 13x02] mushroom tyrosinase &
(2000 Unit/mé), substrate(tyrosine) 27ulS Z7}ste] £ Hkg o]

2007} %2 96-welld microplatedl) 2=t} o] WFL oS 377 of A

ofy

£

15%7F w93k % Microplate reader (Bio—-Tek, USA)ol A 490 nm<)
9740 2 dopachrome®] A4 & S8 6

Tyrosinase A3 e b9 FAH o= 35T
Inhibition (%) = 100_{(Asamp. - Actrl.)/Astd.}>< 100
Agmp, © samples EAS W] F3=
Aun : sample¥t H7Fsta 245 ¥4 &9S we FH =
Aga  sample®l©] mushroom tyrosinase%t ¥ S wjo] &34 7k
(2}) TLC (Thin layer chromatography) 4

F71 &9 FAAPES TLC (Thin layer chromatography)® #4189

ot TLC A9+ silica gel 60 Foy glass plate(Merck Co., German)
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= A3t A8 = BAW(n-butanol : acetic acid : water = 2 :
1:1, v/V)E Atgstlon, HEA ok ol d.e 29 ninhydrine, &

AL el 0.29% a-naphtoresorcinolS AF&-3}9) T},

(n}) SDS-PAGE(SDS-polyacrylamide gel electrophoresis)

ez gls $13  SDS-PAGE(SDS-polyacrylamide  gel
electrophoresis) 23 3 @A AA (silver staining)S E3to] 7}
A8 FEE9 ads gt 7taYs F=%E(crude conchiolin)
15pgS sample buffer(60mM Tris-HCI, pH6.8, 25% glycerol, 2% SDS,
14.4mM 2-mercaptoethanol, 0.196 bromophenol blue)¢} $H7A 2083+ £
ol & 15% SDS-polyacrylamide gelell loading3}$i
SDS-polyacrylamide gel electrophoresis 5 %z A5 93
silver staining®@ coomassie staing= 38} t}. silver staining= ¢
3 SDS-polyacrylamide gelS SAMo|A 1A+ ZAHFAT 50%
Ethanolol Al 2023+ HESAIZ § 0.02% NaxS:05 8 Yol A 5&7F §ES
AT SRR AlF S AgNO; & ol A 3081 WA AT /R
2 SDS-polyacrylamide gelS 7FH A Ao} =3 developer & <04
NapS:03, 6% NaCOz)ell A Tl wi=7F gheld wj7bx] w3 Al Zt
ol A Wi =7F sl A =] (5% acetic acid) &= developer WHg-S
AAA A, Coomassie staing= 938 SDS-polyacrylamide gel<
coomassie blue R-250 A]¢FellA  1A]ZHs9F WHSAlZl $ destaing
solution(10%  methanol, 10%  acetic acid)= A& FHA

SDS-polyacrylamide gel®] @z wi=7} B wf7}#] destaing 3} T
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4. AAE 238 AYEAHET R B - £Y3TH 54 HE

(1) Conchiolin “g A

6.5M acetic acid®} ¥h&3ste] ©A13]3 ¥ crude conchiolin(A)ol] 8M
ureas 1:60(W/V) HI &2 7td F=sdth dAZdE T3 2o
FEHB)E FALE o] &8l FHTE ureas AASI, FA * H4
ES AAG AFde 54 Ax=O3AT. 542 7x% conchiolin(C)
S 0.IM phosphate buffer(pH 7.0)0% £3lA1A 2 FFES 0.20m
syringe filter® #|7&}a2, 0.1M phosphate buffer A 7§ &v]E o] &3}
Sephadex G-1002.2 Z% ¥ open columng E3AAH @& (D,

Table 2)& EIAAG. 5m¥y 3 & 71408 T < d g

ol

o] =3 Feo] o] v 388 M8 (Pacific oyster fraction-3, 4, 5,
Short necked clam-3, 4, 5 Ark shell-3, 4, Surf clam-2, Blue
mussel-2, 3, 4, 539 prep-LC(Preparative Liquid Chromatography)
AAE A ARF)R ALESSIH. Prep-LCE o] &3 A & &+

(@& 24 sEakel Ao gy 2H R ARE Mg sarHFig. 5).
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Table 2. Comparison of protein and sugar concentration of partial

purified conchiolins among various mollusk shell

Pacific oyster

fraction number 1 7 8 9 10 | 11 | 12 | 13 | 14
protein con(ug/ml) 0 92 | 68 | 51 | 39 | 34 | 273 | 24 | 24
sugar con (xg/ml) 441 24 | 21 | 23 | 13| 16 | 16 | 17 | 12
Short necked clam

fraction number 1 6 7 8 9 10 11 12
protein con (ug/ml) | 14 224 | 147 | 98 75 52 30 14
sugar con (ug/ml) 465 81 33 12 3 5 0 0
Ark shell

fraction number 1 1 8 9 10 | 11 | 12 | 13 | 14
protein con (ug/ml) | 0 el 79 Y 344 24 |10 6 0 1
sugar con (zg/ml) 1949 0 3 7 39 | 16 | 15 3 2
Surf clam

fraction number 1 3 6 7

protein con (zg/ml) | 59 0 0

sugar con (gg/ml) | 1023 54 0

Blue mussel

fraction number 1 7 8 9 10 | 11 | 12 | 13 | 14
protein con (ug/ml) | 0 468 | 67 | 101 | 56 | 55 | 20 | 19 | 22
sugar con (zg/ml) | 335 24 0 0 0 0 0 0 0




(2) Conchiolin A& $3F Prep-LC (Preparative Liquid

chromatography) =71

Table 3. Prep-LC (Preparative Liquid Chromatography) conditions for

conchiolin purification

Instrument JAI Recycling Preparative LC (JAI-prep 9104)
JAI GEL-GS310 Prep-column ( 20® x 500mm )
Column .. .. .
Hydrophilic column( GFC, Partition Adsorption )
Eluent acetonitrile : DW = 8 2
Flow rate 8 ml/min
Injection volume 3 ml
Detection
280 nm
Wavelength
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Crude conchiolin (A)

v

8M Urea

Extraction with boiling

Centrifuge ; 7,000rpm, 10C , 15min
v

Supernatant (B)

Dialysis

Freezer Drying
\ 4

Crude soluble conchiolin (C)

!

GPC : Sephadex G-100 (D)

i 0.1M phosphate buffer, pH7.0

Fractions (E)

s

Prep—-LC analysis(F)

i Elution with 80% acetonitrile

Partial purified conchiolin (G)

Fig. 5. Schematic diagram for the purification of crude conchiolin by
Sephadex G-100 and Prep-LC.
GPC : gel permeation chromatography , Prep-LC : preparative

liquid chromatography.
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@
i~
2,
i
Al
i)
i
Lo
o
&
il

=
A A

(W) kst &4 =2 (DPPH radical scavenging assay)

DPPH radical A|A &3+ FEE29 DPPHel W3 dAApgolayz

(th) w9 A =2 (in vitro tyrosinase inhibition assay)

Agtd g e] £EAREAE FSAste tyrosinased &4 A 5|
&S 45t v AR a9E Hrisido A9y U e ¥
TAaFsES AYSLTL Vs HEE T AAS AT DS

AR FEEY AURY A, v B4 45 BAsA SHsA

skt TLC 24 WS 7k AZEA pabidb=e) v 3 54
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3.

chromatography)-2 R 543 =18 AFEsHS T

(v}) SDS-PAGE(SDS-polyacrylamide gel electrophoresis)
oz gtels 93 SDS-PAGE(SDS-polyacrylamide — gel
electrophoresis) 2382 . v 2 g4aFdE A 7154

ATe 3 LA} A7 Drbeds FEad AdEE 24,

AE FLLEANE o] &3 AT R 4B 47

7h A 9% sEALAE

(1)Raw 264.7 celldlX 7F3<¥95 F=E(Crude conchiolin)® A¥ 4

(7 Al 8l ¥

Murine macrophage cell line¢l Raw 264.7 cellsi= 3t A EFA -4
ol Al G918+ 2™, Dulbecco’s modified Eagle’'s medium (DMEM)ell
10% fetal bovine serum (FBS), 100 U/ml penicillin 2100 pg/ml
streptomycing E£&3F WX E AF83te] 37T, 5% CO. incubatorel A
HjFst et Ad G EE cellst 80790%9] confluenceol| A A 3 s}

9L, 20 passagese W71A R cell¥t AME-3FA T

W Alx AEE SH

Raw 264.7 cellsS 96 well plateo] 5x10! cells/well2 ®33 g 7}
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TYU 5 FZFE(Crude conchiolin)e FTEEZ A3 43, AE A=
S Tk Ao 01 - 30 mg/mle FEZVEYEE FEE
(Crude conchiolin)& A gstal 37C, 5% CO 0l A vl Fstt). mi g +
AEMEo] MTT (05 mg/mDE 4A7F A & wiA& A At A
A ¥ formazan crystalsE DMSO®| ¢ Titertek Multiskan Automatic
ELISA microplate reader (Model MCC/340, Huntsville, AL)Z 540 nm
N FFEE AU AEANEES control celld] g WEEZ
et ittt [ie. viability (% control) = 100x (absorbance of treated

sample)/(absorbance of control)].

(th NO B4 & =4

Raw 264.7 AIEXF=Z5E A E nitric oxide (NO)S] &2 HxX wj g
o Fo EAstE NO: 8 FE =4 _Griess A= ©]&3te] ZA5A
o zheFslbAl A st AlaEelk S 100 ueeb GriessAlF (1%
sulfanilamide in 5% phosphoric acid + 1% a-naphthylamide in H-O)
100 W= E3+3sle] 96well platesollA] 108 FoF WE3-A]71 & 540 nmel
Al Titertek Multiskan Automatic ELISA microplate reader (Model
MCC/340, Huntsville, AL)Z JF3E=E& SAsAT NO, 9 FE+

sodium nitrateE 3|43l FFE=E 45l EF FAHAS AAL

(2}) Immunoblot analysis

20mM Tris Cl (pH 7.5), 196 Triton X-100, 137mM sodium chloride,
10% glycerol, 2mM EDTA, 1mM sodium orthovanadate, 25mM
b-glycerophosphate, 2mM sodium pyrophosphate, 1mM

phenylmethylsulfonylfluoride®} 1 mg/ml leupeptinS $}-3F+= bufferE
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AFE3e] cellS lysisAl Zth Cell lysatesE 10,000xgZ 1057 Al H¢
3to] debrisE Al ASFA T INOS9 COX-29] ¥ antimouse iNOS,
COX-2 antibodiesE AhH&3ste] WYststs Wwlow FAsivh. 2%
antibody+= alkaline phosphatase conjugated anti-mouse®} anti-goat
antibody S AF&3F T INOS9F COX-2 protein®] bandi= ECL western
blotting detection reagents (Amersham)E A}b&3}e] manufacturer’s

instruction®] we} v SEA T

(v}) Cytokine¥} PGE2 =4

Cytokine& Z43}7] 939 6-well platedl] cells (1x10%ml)E EF3}

o
=

—_—

I 7EY98 F=E(Crude conchiolin)s Fx¥H2 a3 og, 117
ol LPSE A#stsith. LPS A& F 6-12A1%to] #ix]& 73}
cytokines A3 F/8 Mix= 4 A7MA -70CoAA B35
t}. TNF-a, IL-69} PGE2%= ELISA Kit (Pierce endogen, Rockford, IL,
USA)E Atgste] =Astgon, Ao HWHS  manufacturer's

instruction® whgkt},

(2) Ratdl Al 7F& 98 3% = (crude conchiolin)¢ =4 =4

A FE(rat)e AT 7M3Ys5 F=E(crude conchiolin) F¢ %
17140l A5& FA438te 71589t A E datac B £+ -HA

(Y) 7+ &4 Axel, GOT (Glutamic oxaloacetic transaminase), GPT

(Glutamic pyruvic transaminase), LDH (Lactate dehydrogenase) %
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A £7 272, BUN (Blood urea nitrogen)S =43ttt 3%
of EAdEeRE Ay o F 5 w9 rat AFEEFon, Tt dR F

%% (Crude conchiolin)< 2g/kg® # X3}l 14Y & A3d5Eo A
< AFHSE T PlasmaolA¢ GOT  (Glutamic  oxaloacetic
transaminase), GPT (Glutamic pyruvic transaminase), LDH (Lactate
dehydrogenase) ¥ BUN (Blood urea nitrogen)®] &2 Asd A&

= 71

715 AF&35te] &4 38R tE (Abbott Laboratories, Abbott Park, IL).
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Fig. 6. Photograph of scanning electron microscope(SEM) of nano scaled
powder of Pacific oyster. (A : x 1,000 magnified, B : x 10,000

magnified)
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Fig. 7. Surface tensions of powders manufactured from various mollusk
shells:  Control (1), Tween 80 (2), Pacific oyster (A),
Hard-shelled mussel (B), Little neck clam (C), Ark shell (D),
Egg cockle (E), and Surf clam (F).
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Surface tensonimM m)

Fig.

g0

70 =

8. Effect of pH on the surface tension of hard-shelled mussel
solution. Three different buffers were uese in a different range of
pH. pH 3-6: 50 mM citrate sodium citrate buffer, pH 6-8: 100mM
phosphate buffer, pH 8-10: 50mM Boric acid NaOH buffer.

_36_



a1 5%(v/v) oliver

=

=

0.5ml

=

A

H| %

=z
LN

F

20mM Tris—HCI1 buffer(pH 7.0)°l 2% (w/v)2]
F 43k buffer 9.5mlel

(3) A

<
T

b T D M ook F oo o Aoy o8 W
T A T iy T g L %
™ o X
X = Lo ) R = Wom
Y UG T S i (- T & o® ol P
e S B R SR T oy ok w s
A= T B x F 2o 59 2 NZ
L S A
— I kP 70
T I N - U L%
i & %o 9| QS = 0 O
‘HAO 1 - M ‘rltvl HT_ ﬂ.A.O dﬂ O#O UJA wm H_AIL o H;!
X =1 11 | r ~ 7 0 -
Lo B ONE EES TEw ol
N 7S W MK I N S N o .
Th y - N i s/ oF R o o = oy =
—_ j— ) —_— = -~ i ~ —~~
= 2 o WM o mo = > \Mf T B D ~ 1 =
ol o &M °l iefo W > = 7% ° o o 7w
o I X & = m B m N % e
Nog oy [T B 2 ;
— No {4 | of | T — do op W of iz
< o E - |
= © S o O S P o w Lo
5 08 o W~ L S E " o F < 4
EEwm Mg s X Eie S g o C 2
S = 2 = %ﬂ%mﬂx 70 S 73 ™ = =<
= M o B Ll S R, I E T e B T W oo
T oo w B P BN A S
o 0| B3 NZE - N =T ( T
J g0 - & piS| _ = r
Ro H = B, oo W NIA oaw £ = ©° 7 < % ¥
e a [n70) \9J = E#E 71_
£ iy v o —
ﬂn T oh i o Pl o E oW o M b T
. T o) C o _
~ 5 e < §uoaae L o &L R w7
Moo oy g L. WO s N ow " E
w B o g R W R moo FitwwIw N
1o . HL ) N — ) 0 . =l =0 o B ~
oer g 2T e T g 2RETE g
B o 3 4 B e & M o Ar S

_37_



a0

B Noraml powder
[ Hyperfine powder
40 = [N Nano-scale powder

Interfacial tension(mN/m)
I I I
o I [l el
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Fig. 9. Interfacial tensions of powders manufactured from six species
shelles. 1: Control, 2. Tween &0, A: Pacific oyster, B:
Hard-shelled mussel, C: Little neck clam, D: Ark shell, E: Egg

cockle, and F: Surf clam.
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Fig. 10. Emulsifying stabilities of powders manufactured from various
mollusk shelles. 1: Control, 2: Tween 80, A: Pacific oyster, B:
Hard-shelled mussel, C: Little neck clam, D: Ark shell, E: Egg

cockle, and F: Surf clam.
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Fig. 11. Comparison of emulsifying activity for heat treatment samples.
A Pacific oyster, B: Hard—shelled mussel, C: Little neck clam,
D: Ark shell, E: Egg cockle, and F: Surf clam.
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| ZH (=, vpA g, A2, 5, ATFEA) BEZ5H acetic acid=
X331 HAS Ax BAE crude conchiolin® &4 @wAS %

7] flall 7ol B84 9d FEol Y AFEEHARY ureas

2

o] st FEoFAUTE ureas ol&sto] FEI A FA Fol = urea
°] 100% A A7} ol om AAHA S urea®] FFo R

WA A% Agdd SAH ZAVE AT w1 @S Fo FF
Z9 FA7F AAJT WEA Crude conchiolinSZF-E ZFF&S HAi
st A7|HA el e 3

A S o FRINWOr = =5 21E Z7] 93
fEHe 2z, =& ARESS 7R buffers X443ty oAz
29 v BAEH T (Table 4). Z|€WH o] weal 8M urea(pH8.5) =

conchioling F& = W 96.92ug/mee] T Aol FEHHALL, T =
AolX 77vA buffers Atgsl F=d8S W 0.IM  citrate
buffer(pH6.0) 2} 0.2M sodium phosphate buffer(pHK.0)oll 4] 84.041g/ml
°F 69.62ug/moE G o]l 71 =A SAEHAT 02M Sodium
phosphate buffer(pH6.0)F

2 BEreY FES Has
57.88ug/ml= 71E FE42] 60%el mx]=] X3 £
k. WkA 0.IM Citrate buffer(pH6.0)E o] &3t F& S u o
A ko] tin]ste] el Hl&2 883 : 1(proteins : sugars)@ St

AE Ao, dMd FEFL V)E urea FE9 %GR B
a

sebd BN 52 Austely] 99§90 FaHolh

ile
filo



citrate(Citric acid -+ sodium citrate)v= A#FH7tE=E A= 54
2 3 AEZslsl=gor o)A Holmg B oAloA: crude
conchiolin® 2 5 &4 oz

citrate buffer(pH6.0)E A3}t

2

.
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Table 4. Comparison of protein and sugar concentration of extracted
soluble conchiolins among various buffers used for

extraction from pacific oyster

Ratio
Protein con.| Sugar con.
Buffers (Protein :
(ug/mb) (ug/ml)

Sugar)
H20 12.88 0.00 12.88 : 0
8M urea, pH8.5 96.92 14.72 6.58 : 1
0.1M Citrate buffer, pH6.0 84.04 9.52 883 :1
0.2M Sodium phosphate buffer, pH6.0 57.88 0.88 65.87 1 1
0.1M KH.PO4, NaOH buffer, pH6.0 57 80 1.48 25.26 1 1
0.2M Sodium phosphate buffer, pH8.0 69.62 4.01 17.36 : 1
0.1M Glycine buffer, pH 8.5 S 7 2.70 1141 : 1
0.1M Trizma buffer, pH8.5 50.38 6.23 8.08 : 1
0.1M Glycylglycine, pH8.5 45.96 8.05 571 1 1

_44_



120

100

80

60

40

concentration (¢g/ml)

20

B proteins con.

W sugars con.

$33333333333333
233832838322
233832838322
$33232s3s3232es

33338 33338
1 1 [ £222%¢ 1 B33sss:

BI333%
3333333
3333333
3333333
3333333

333 assssssssssssss
3220 sssseesesssssseasssss
33!

33!
33!
33!
33!
33!
33!
33!
53333 33!
3333 33!
3333 3333 33!
3333 3333 33!
3333 3333 33!
3333 3333 33!
$33¢3 NI 254 333 I
3333 3333 33!
3333 3333 33!
3333 3333 33!
3333 3333 33!
3333 3333 33!
3333 3333 33!
3333 3333 33!
3333 3333 33!
3333 $3388¢ 33!
3333 $3388¢ 33!
3333 $3388¢
223884

tess

Buffers

6

7

mb
- g

Fig. 12.

1:

buffer, pH6.0, 6: 0.2 M Sodium phosphate buffer, pH8.0, 7: 0.1
M Glycine buffer, pH 8.5, 8 0.1 M Trizma buffer, pH8.5, and 9:

Conchiolin extraction from pacific oyster by various buffers.
H2O, 2: 8 M urea, pH85; 3: 0.1 M Citrate buffer, pH6.0, 4:
0.2 M Sodium phosphate buffer, pH6.0, 5: 0.1 M KH2PO,;, NaOH

0.1 M Glycylglycine, pH 8.5.

— 1153 —




il

crude conchiolin® %=

)

243k citrate buffer ¥ 7}

Faih 65 (=, vHA|

)

)=
14

M Z71)2] crude conchiolin powderd] 8M urea(pH85)¢t 0.1M citrate

5 37CelA 243 Fet 5

;:51,

7k
Aol kel H(Table 5, Fig. 13) % @

=]
=i

}o] bead=

<)

AL

=
=

buffer(pH6.0)

(Table 6)<

uh

o

F%

§3ted

|

=
=

3} citrate buffer

ey

°ol-&

=
=

o] 83 F&#HT} urea

=
=

Ml 7 $-“eitrate buffer

—
fite)

=
=

74§ urea®} citrate buffer

A ZA = A Table 6). F 714

F 57FA] 9§z} 2] crude conchiolin®l

3
pud

Al <]

=
=

I AFEA

pl

=
=

4] citrate buffer
FX7F FH o 20v)

= At

vzl

_ZTI

Al

K

vzl

A

citrate buffer =

3

bufferet i A 7}= o] 2o},

3

3|
~

citrate buffer 3 o]

_46_



Table 5. Comparison of the soluble crude conchiolins among various

mollusk shells.

Extraction Buffer 8 M urea 0.1 M citrate buffer
Mollusk shells Conc. Yield (%) Cone. Yield (%)
(pg/ml) (pg/ml)

Pacific oyster 152.00 0.61 132.00 0.66
Short necked clam 61.23 0.24 198.54 0.99
Ark shell 68.73 0.27 2 A Y 0.11
Surf clam 80.08 0.28 56.62 0.28
Blue mussel 2 MO 0.09 34.50 0.17
Egg cockle 94.12 0.38 \IF 45, 29/ 0.58

* Crude conchiolins extracted for 2 hr using urea and citrate buffer,

respectively.
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Table 6. Comparison of sugar concentration and yield among various

mollusk shells.

Extraction Buffer 8 M urea 0.1 M citrate buffer
Mollusk shells Conc. Yield (%) Cone. Yield (%)
(pg/ml) (11g/ml)

Pacific oyster 157.6 0.63 23.5 0.12
Short necked clam .2 0.03 0.0 0.00
Ark shell 16.7 0.07 3 0.01
Surf clam 2340 0.09 0.0 0.00
Blue mussel 1817 0.05 10.8 0.05
Egg cockle o5, [ @713 2.2 0.01

* The sugars extracted for 24 hr using urea and citrate buffer,

respectively.
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(2) 7teds FE=9 gL HaEA

(7h 3d4d= &4 =A(Cyclooxygenase, COX inhibition assay)
FZ % conchiolin® 2%, AA A T
& gFstal 2lelA prep LC column ©]&
a & % vt webA Crude
conchiolin® . 2 F5 E+-E82 A48 1AM FHueo didnts &5
st = = 8M Urea WA buffer?l, citrate buffers o] &3lo] FE54%
7tEY9 5 FFE(crude conchiolin)®] A2l &dS vl F24 389t
2 Ao A= 8M Urea % conchioline] ZEgksl COX-2 inhibition
activity== 0.1M citrate buffer F&A] oWt &A1 S zk=x] &<2I35}7]
st 6 3279 crude conchioling 8M Urea$} 0.1M citrate buffer
2 202 & § FAHAS 74 eonchiolin® ¥ Ese H7bst
A THTable 7). Table 7= 3% conchiolin (WA F%= : 10
ug/mbhol| 93k ks E COX29 Asl&S vl - Frhgk AiEo]
=3

Table 79 2]&tH, 8M Urea®} 0.1M citrate buffer® 3% Z+ =)zt
9] conchiolin® @& Fx7} 10ug/mlYd W F2¢EE COX-2 A
ale Bl A, 57FA SZhR (=, wpAlE, =, AFER] 2 A =)ol
A 0.1M citrate bufferE AF&3sto] %49 conchiolin®] 8M Ureas A}
83to] F=9 conchiolin BtF COX-2 A &} &o S g F 9
Atk =] 44, 8M Ureas AH43t9] F%% conchiolin® COX-2 A
2 69.2%°H, 0.1M citrate buffer® F%% conchiolin® 7%
829%= I AWt ', IFHA A5k, 8M Urea A& Al
15.2%, 0.1M citrate buffer AF-8A] 57.9%= <F 3-4u] &9 37} =

i

K
dlo
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o] Hrtx At whH, 5714 7 f{ e 2], 2l A= 8M Urea
2 AF&3te] F=% conchiolin®] 0.1M citrate buffer AF& F3A] B
t}F COX-2 Asfgo] =kov 1 AH3f&ol 27 62.2%(8M Urea®

=% conchiolin) 9} 48.8%(0.1M citrate buffer® FZ% conchiolin)

U

a2 zpel7h AA Bes & T Uth

o] # gk dHlo]EH+= 0.1M citrate bufferg ©]83le] &3]%¥ conchiolin®]
712 8M Ureas AF8A] £3]¥ conchiolin®} Hln A, 34 g7}
S AY 7 Bk opye, AA #F F EACE HAWD G A
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Table 7. The activity of COX-2 inhibition by purified conchiolins from

various mollusk shells

Source of conchiolin

8 M Urea(%)

0.1 M citrate buffer(%)

Pacific oyster 69.2+5.8 82.9£1.5
Short necked clam 17.2+3.7 36.9+17.3
Ark shell 62.2£1.6 48.8x11.4
Surf clam 103N 64.3+2.5
Blue mussel 15,25+ 386 57.8+0.1
Egg cockle 80.6£18.7 96.9£0.1
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(W) sak3t &4 =4 (DPPH radical scavenging assay)
AP A7 AR E o] & tALE & o AAAEAS] g AlE U
nEFZ =g oo A respiratory chainsE AX WA EH0)E A5 A
wodEe] AAEAES B FdEHE BA4eA FUAE
(intermdiates) S XA st=dl ©] 52 reactive oxygen species (ROS)Z}
3l 3} superoxide(Os ), hydroxyl radical (OH ), hydrogen peroxide
(H:02) 5°] o7]e] &gttt ROS+ 38t wkgAd o] Zehr] wtol A&

SoME MEW AEdYE ZF(signaling molecule) 98-S 3FA|gF 11

off

EoAde AR, efd S 5 7E B4 TS HIEANAA A

Lo

+=74(oxidative injury)e o2 ¢ o IH82 AHAE o] &S

!

E AgAdE 23t F4A superoxide dismutase(SOD), catalase,
glutathione peroxide (GPX) 9] _&4&4 S22 vitamind 22 E3S
Z3 A o]ES A7(scavenge)std] HEES HTsluA e 7|A
(antioxidant reserve)= 7FAAl WAtk 1elvt ROSE AA o] 3=t

T3 o]
FUYA=d o] AEE oxidative stressgl Sl oxidative injury =
e Az 28 7wl o]ds =T 4 Stk Redox statet™
&3] 3 glutathione®} At3} glutatione® B (GSH/GSSG)ZA % & 5
=d ol AlXEY oxidative stressE WERW = o|WdE x]Fo|t} A
< EAA EABAY EEsteE do] flth olES HAFH o=
o] Ab=olw dpe] LAV vE LA E AT
‘superoxide radical (O )'o]8}al &2 = 2L S5 2 3ste] Eoln}
A AT ddEs HYAA dUuAE wE W B e Aotk

Superoxide radical> A XU e] nmEZ =g ol #Ugle] A=)
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Aol A FAE HEY Q. ol HFUlHAAE 7FR free radicalo]l ™
AWl 7F4 o] &A%t} Superoxide radicale] 3+ 7] AAZE o}
A ‘hydrogen peroxide(H.O0)'7} ¥t} Hydrogen peroxide AHA|l+= 1
T g0l =4 FANE Al e Hol2d e g&Hol2d vk

= .

Ho] 73k ‘singlet oxygen(O2)'°lyt  ‘hydroxyl

A

she 24 2

RIS

O

radical(OH )’ & ¥ 3tt}. Hydroxyl radical® 7Z3F Ak3t#S 7pbx &4
1

Als o)t A Ak A

-

Lo

w2 ofyA Rt kAR wu kol FHS =
45 7FA= Aol 'lipid peroxide'oltt. o] A2 =334l S
Zo A AtslE AoEA g EXAYAES ASAA AH2
lipid peroxideZ Ztjste] 7tk & 2  free radical  'nitric

oxide(NO)'& A A3} HF-33}o] lipid peroxides %H=th.(Fig. 13).
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0O,
e_ l
o NADH NAD+
. 02— - H202 A_L, HZO + 02
Superoxide anion Hydrogen peroxide
’ 02_/ Fe2+
M
Lipid ", , .
H ———— lipid peroxide
Hydroxyl radical l
Hydroperoxide

Fig. 13. Diagram of ROS production.
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2HE F& &vl& st % ¥ conchiolin 0.5mg/mloll 4] DPPH
ZA33}+= Table 8., Fig. 163} 2t} F
= g2 AFE3F 0.IM citrate buffer(pH6.0)2F 8M urea(pH8.5)°l 4]

radical G4 A EA4& 4T
% ¥ conchiolin® free radical 2AZA-  1958%(+11.21)%}
27.99%(£5.26) = Q AW ol A Aol FAMZS &9 & 5 AT
U4 dlzToZ A8-8 ascorbic acid®} caffeic acid= @A Fitst &
A2 AgEH3 e A" EFZ 80%0 Y9 4% &S JERY
2 tH(Table 9, Fig. 14). W2t #°] crude conchiolin® 258 F&4
chal A o] - g aksk sHAo] FAYFETF O R AMESE  ascorbic  acid}
caffeic acidoll WA= T vjgslG o), 71E0 A2 E urea F&
Ha AFA &3t citrate buffer 9ol 93] FE€ S A7

DPPHel what Aol aab7F Aol whet a4t x3el] B2 e

OE].C_).?]}E ureas O]—g—fﬂ‘ 7]—%‘—?‘«%% '(:5]—7(] %}'O]'E citrate buffer %%%
& Agatel ¥ AvelA FuAelt B4 wuAL 23T S UL

Aol
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Table 8. Comparison of DPPH radical scavenging activity by 8M Urea

and 0.1M citrate buffer

extracted against control

extraction of crude conchiolins

Concentration

(mg/ml)

0.5 M

Ascorbic Caffeic

acid acid

Citrate buffer Urea

extract extract

Inhibition rate (%)

87.70£0.70  84.13%£0.42 19.58+11.21 27.99%5.26
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Fig. 14. Comparison of DPPH radical scavenging activities of crude

conchiolins extracted by 8 M Urea extraction and 0.1 M citrate

buffer extraction against control.
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(t}) SDS-PAGE (SDS-polyacrylamide gel electrophoresis)
SDS-polyacrylamide gel electrophoresis 282 35}t oz &
= 9% Ar1gdEel doAA 7P B A 22elal = SDS-#714
5 (SDS-polyacrylamide gel electrophoresis)< acrylamide ¢}
N,N'-methylene bisacrylamide®] &%= % H|E&o] 2oJ&] gelt] vAlE=2]

2718 24T F Qo BFF 2719 YA BASL BT

i

0] o
=S

¥ oohlel e AuUEs nRdEoR o o AYH wud, o9

!

N

5o ®glo dy] AFEEl ¢t} Polyacrylamide gel acrylamide =4f 7]
5717} NN'-methylene bisacrylamide®} 22 271¢] 715715 7[R+ 3}
=l o) m7td A o2 F3tEe] P ¥ polymer(otel 13 Fx)olth
7 A 25 NN’ -methylene bisacrylamideZ o] Al&%H 1 gon T
N N’ -bisacrylylcystamine BAC), N N’ -diallyltartardiamine(DATD),
Ethylene diacrylate(EDIA) &% S8k &% 2 polyacrylamide®] W&
o] F7IeFE |\ A che] WeF 120 S| Al 71732 A "k dgiFEe
polyacrylamide gel 1:299] & H|E=Z A|xslH Al&sta lor o] H
oANA Bl 3% A:e] ZFol7k 213 polypeptides ¥2ld 4 th
Acrylamide®] 3% ammonium persulfate (APS) %+= riboflavin® #
7l oJs) JiAlETE APSE S ARERtE Aol FUiAR
N,N, N’ N’ -tetramethylethylenediamine (TEMED)Z A}-&-3lY TEMED®
persulfate2 3-8 etz S Sujd oz FS /A sh
Riboflavin& #ZA} (photoactivation)ol] ]38 Af-zv] S A 3Fo]
acrylamide®] %S 7§A) %t} Polyacrylamided S &o| &fgld A
ghr) o] ofsf AlHHER gel& Wol iae FIHNESS W
H=d gel&HE AFA degassing sl 7 ol folth A7 58 4F

4 (running buffer)o]l ¥3tE glycine> o|7}efrto 2 SA5 e} o
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mEka e pH ZANAE olF%7t WE Clol2y os®rt =¥
glycine o] Apololl v =2 HAA7E FAEH = ol g Aol
93l glycineo] o] Cl o] & w2 A Fup=A fth ojuf Aozl o
TE5EE glycine <&@ <Cl o] & wepa] did-e Cl 9 glycine
o] &Alolo] Z=A o] o]F3tA ©rl Cl ¢ glycine o]22 7+A4L
mm=zZA 2 &9 Alge Ju WA % running geldl E°]7}7]
Aol o]Atole A Eo] HEE Fole EH/E YHEUA Hrh
Stacking gel large-pore gele]2 2 ©¥W A o] molecular sieving &4
< UEhA] eth(geld o] mAlEE A7 whep gl o] e E =
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rfo

g

_60_



buffer F%&¢°] conchiolin @ A& Hlust7] 93 SDS-PAGEE ©|
&sto] A3l 657 M=, A=, Jx20), 55, IFEA,
AMZ70)e] crude conchiolin®l A urea$} citrate bufferg ©]&3to] &
¥ conchiolin®] @A &lgk A citrate buffers ©o]-&3ko] 241},

F= 35 o 657 A7 RFolA oF 37 kDao] @A S g
Q1k5ith. w g oF 75kDa~15kDa Abolol o2 Aje] wuld w=2 shel
sttt ureas ol 8ot 24 F& P W 65 7Y WG EFolA
citrate buffer F=JSuje} vpz7x 2 oF 37 kDao] @& 3<ls}
Rt =3 oF 75kDaT15kDa Akolel tefe] sl o e ml=S #Qlstg)
o 24N 7 =& S # 63l A AelIM °F 75kDaT15kDa Afel
2-3709 @ d WM=E g8t Citrate buffers o] &ste] F=%

HbH  yreas

T,

conchiolin®] ©@uld 2 chulz wi=7} 7j L5t A FAo] =
o] &3t F=%  conchiolin® T AL dAlA o2 FTEo| Y%
&

slo] &3 AFAI urears T4 Fo% 100% AA7 F

st o ureas ©] 83 FEH2 uread] AAVE A o] Fo A
A kol N 2E FE citrate buffers o]&3dto] A dwWAS F

Faholof @k,
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KDa 2 hr _ o 24 hr

A B C D E F A B C D E F

Fig. 15. Analysis by SDS-PAGE using the 8M urea extraction (A) and
0.1 M citrate buffer extraction (B) was stained with coomassie

R-250. a: Pacific oyster, b: Short necked clam, c¢: Ark shell, d:

Surf clam, e: Blue mussel, and f: Egg cockle.
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9] &3¥ conchiolin® ©® & s%x7F 001 ~ 100 pg/ml= S 7FE ol
ueh s = COX-13 COX-29 A&l F7Fatdnt. ofd thg 4
T AR g9 ddE 2t 2248 #E, AAS A} sephadex G-100
AAg H8E& AA prep LCE o]l &3ste] i AAE AAed. w
gA] 2 AFoA = 5FF AR EH (=, AFHA, A g, g2 9
)2 HE FE3 conchioling prep LCE o] &3t HE A A3},
1 fraction®] @& oA E%<S H7ett (Fig. 17. @ Table 9). Fig
17.¢} Table 92 AAE F9=(dWd H%9 001, 0.1, 1, 10, 100 xg
/me)oll 9]ste] fEE COX-17 COX-29 As|&S vw HJrist 4

golt. ¢4 Wz -CFERE 8 zHzelAe FPFA
&

o

indomethacing AF83}3th. Cayman chemical company®l A Johnson
(19998 =% 7= 89 RE kit® 5% 3 indomethacin®
IC502 ovine COX-1 ¥ COX-2°l MejA Zz 0.1 & 6 uM °] At
2 AT oA FAT dlE2FES] indomethacinol] Wg SAH A=
COX-19] WA 0.15uMe] &Il Al 58.4%,. 0.1uMe] FTXelA 46.0%,
0.06uM 9] FXxoA] 36.7%< As&S YEFH AL, COX-2¢ diaiA =
18uMe] FEolAl 69.7%, 6uMe] FEAAl 49.0%, 2uMe] F
34.3%¢ As&S HEtlidth ol¢k 22 A3k= Johnson (1995)¢]
¥ 113k indomethacin® IC50 ko] COX-1 # COX-2¢] SlojA z+7zt
0.1pM % 6uM oldvt= Aot dA|st= A o= gl H At
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I Membrane Phospholipids

@wwmh
Indomethacin / I Arachidonic acid
Iy
CcOoX |
DR COX-2
j x Inhibitors
Coxt ! o

& ok

: Prostaglandin Gz |
P

Wt mme meer s e feen

!

Fig. 16. Mechanism of chemotherapeutic agents on arachidonic acid

pathways. (COX: Cyclooxygenase, PG: Prostaglandin)
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100 COX-1
—m Pacific Oyster
={—=chortnecked clam
B0
—tr— A1k chell
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Fig. 17. Inhibitory rates of Cox-1 and Cox-2 by various soluble

partial purified conchiolins.

All experimental data were

mean+SD of duplicate determinations.
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Table 9. Inhibitory effects of purified conchiolins from various

mollusk shells on cyclooxygenase activity. (COX-1 and

COX-2) at various protein concentrations

(Unit: %)

Protein

concentration

(ug/ml)

Pacific

oyster

Short
necked
clam

Ark shell

Surf

clam

Blue

mussel

0.01

COX-1

3.31£3.6

25.814.9

32.9%5.3

43.9+2.8

16.4+0.4

COX-2

11.2+2.1

2B K]

14.5%+6.3

0.7£2.6

3.0£1.9

0.1

COX-1

20.4£9.8

24.51£5.7

391 tI%6

b7

22.914.9

COX-2

1'6. GRS

24.9£5.8

EES T5:5

TN TQe(

25.314.5

COX-1

31.8X2 8

24.913.4

S . 7

46.7%+1.4

32.5%£0.7

COX-2

26.0+2.4

RS0, 2

41.9+5.5

18] L1 7

33.2%£0.5

10

COX-1

52.5+4.3

R 0D

08.4+0.3

WY 3eELS

77.3£0.0

COX-2

50.7x1.4

4Gttt 198

B 28

76.4+2.3

88.8%+0.1

COX-1

84.410.2

70.9%£1.6

93.6£0.7

94.6%+0.0

92.4+0.0

100

COX-2

94.3£0.6

87.7%£0.0

100.9£0.0

99.84+0.3

100.0+0.2

DAl experimental date were mean=SD of duplicate determinations.
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Fig 17. ¥ Table 9° ¢at¥, Z} sfztiFo] A A
=27 001 T 100 pg/mlE Z=7tge] o fuEE= COX-1
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94.3%°] COX-2 Al &e HEFHATE o] HolH = COX-1 &4
E AN R v E 9 A BB LS AdstAwt A
o ZHES FAE
f343t= 52l prostaglandin E29] A oAsle] d5LS JAA
7l Aeolth EF COX-17 COX-29 A% @HAFEr 1 7 10/
m¢ A ICs¢] A= ATt o] AFs= erude conchiolin® COX A 3l
€3 vla Al IR AF = LR H ootk B3 IC50 94
5

Aok o= EEREE = H| w3k HolB 24, AAd

g
o

Aola, COX-2 EAE ANz o
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o|\

B Eol7] witol| #ZF ] raw materialZ wA] Azts] Eoiw
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(2) &»tst &4 =4 (DPPH radical scavenging assay)

T Yy, due wHoR F4SHol Foldk WS ol g3kl 4
Ay F AR LYE A% ARZ Aaa B 29 AdstAc

conchioling& A #|&7] $138le] shephadex G-100S o]&3le] T3} E&
ES dA AT dAE ® AlEE prep-LCE ol &3to] AAE] A
A ol gk Fakst SAS S-S 0.5mg/meell A DPPH
radical 43 JA| A S ST AH= Table 10, Fig. 18% ot

Pacific oyster2] 7Z4-%- 0.5mg/mlol A free radical#]l A &4 o] 35.12% =
529 izt Bt} =4 =4 Ao 9, blue mussel?} ark shelle 0.5mg/
W Y TR A 2543%, 24.21%= Al &0 SAEH Y. Short
necked clam®] 7% 0.20%= <tiksf Sde] 71wkl A
Z7 o2 AME-3 ascorbic acid®} [caffeic acid= 80%°]/de] $-3 &
4E YeERUdT AW ofs EEL @R watsiAl= AA < v
ksl g7 Ssitta g 4R = AAHA 2L B AR
o Fd solA AdiAE &S Huwd F= flow, 7} gz 3
Abst S-S Blaleks Addigto® A8 Hojof & Flolth

(3) v Al =A(In vitro tyrosinase inhibition assay)

ZHA EERFEH ZAE AAEe] vuagds SAHS] flal Aol
A A TlsAsEEe] el wH7be fg Jrel=ekel’ in vitro
tyrosinase inhibition assayE T3t TE Ureas &3ste]l F=% crude
conchiolin®] WM& = wpAg, gz2ul, AFEA 2 A=A

10-20% Aol dutel fllaL S=ellxle 5% wvke] 248 bl
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Table 10. DPPH radical scavenging activity of the soluble partial

purified conchiolin from various mollusk shells.

Conc. 0.5
(mg/mé) '
Short
Mo llusk|ascorbic Caffeic or Surf Blue
neked Ark shell | 1
ShenS Blaim clam musse
Inhibition
0.20 24.21 14.78  25.43
rate (%)
*  DPPH scavenging activity measured by the DPPH

decolorization assay, compared with ascorbic acid and caffeic acid.

_72_



scavenging inhibition activity(%)

100

) 0.5 mgml-
&0
70
60
50
40
30
20

; il
0

Ascorbic Caffeic Pacifi Short Akshell Safcdam Bluenssel
acid acid 0y§er necked clam

Fig. 18. DPPH radical scavenging activity of the soluble partial
purified conchiolin from wvarious mollusk shells. DPPH
radical scavenging activity measured by the DPPH
decolorization assay, compared with ascorbic acid and

caffeic acid.
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w2}A crude conchioling  Sephadex G-1003} prep-LCE o] & 3}
#2, AAE 3 F in vitro tyrosinase inhibition assayS &3k v]a Al g
= Tk

Tyrosinasex= 214 Wl melanin A4 AZA 7FF L3 %7
&%= AA A FoJss GaRA o] a4 FAHS o
melanin A 49 PA4ES ol vFo MA FAg S S vk 2P E=R
tyrosinase®] &4 A3es FAHsI AL &

Atz AR (=, Jx2O, AFEA, v B EF)o A AAE &

&9 tyrosinase €4 A= AT A= Fig. 169 2k ZF sz

FolAd AAE EFE 170ug/mle] @ d F=oA tyrosinase A& A
=4 A3 ZFAAE= 7.9%, BtA o= 556%, I ZEMANA= 12.96%, &

ZME 51% 2 AFFAgAE 41% AN ATt A PRToR =A
3l Arbutin® 7% 170ug/mle] sxeA 86.7% # 3= 2l th(Fig. 21, Table
11). ¥ AFoA A18% Arbutin(Fig. 16)=> 2k uldl 7|54 d85=2

T2 FolH dFUF (Bearberry)oll A F=3 A A& AHAEoz dwztd
Aol AAS EobF= tyrosinased| AFH AEd wWold AAS A FH

B oS4 AAE conchioline prep-LCE o] &3lo] Fa], AAHE &

gEw vy 2 448 2380 ol o Rz o dx 4

B2 98%° =& Ad FAHYx Arbutin(sigma, A4256)2]
tyrosinase A8 A ¥o] vl o H & 4= At prep-LCE o] &3lo] ¥

o], AAE EZELS arbutin 18] tyrosinase A8 A o] = uk 98%

A8t tyrosinase A3 €4S SAstH vwgde= S F ATk
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Tyrosinase inhibitio activity

100
90
80
70
60
50
40
30
20
10

Pacific short Ark surf blue arbutin
oyster necked shell clam mussel
clam

Fig

. 19. Effect of the soluble partial purified conchiolins extracted

from various mollusk shells on tyrosinase inhibition activity.
L-Tyrosine oxidation by tyrosinase was

spectrophotometrically determined, respectively.
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Table 11. Effect of the soluble partial purified conchiolin extracted from

various mollusk shells on tyrosinase inhibition activity.

Mollusk shells Activity of Tyrosinase inhibition
Pacific oyster 7.90£0.043
Short necked claml 5.56£0.087
Ark shell 12.96+£0.160
Surf clam 5.01£0.220
Blue mussel 4.10£0.050
Arbutin 86.70+0.087

* L-Tyrosine oxidation by tyresinase was spectrophotometrically

determined. The used concentration of conchiolin was 170 ug/ml.
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(4) TLC(Thin layer chromatography) 43
552 37} crude conchiolin®Z%-E urea 7}E FEWol o8 F& @
conchioling A#13}7] 91&te] shephadex G-100S ©]&3te] I3 E-E5S A
Aelstaith. dAE B AR prep-LCE ol&ato] AAlste], Al A Almet
AAE g ol digk {r]Ee F+444dES TLC (Thin layer chromatography)
= ARgslo] vl - 493590t} Silica gel glass plated] A|5E 100 %24 3ho]
AN & TLCHE AZ3}a, 2% ninhydrin spray 2 #5-3Fo] TLCZol] %41
hotplate®l| 4] 7}2 WHg-S AlA spote] A& Q1 &gt WA A
Fig. 203 #t}l AA A conchiolin A 8¢ WS 3k3t Ayl 539
conchiolin =54 Rf=0.66, 0.61, 0.49, 0.39, 0.57§2] proteins spot®] <1
2 prep LCE Ab&ste] &g Al 4% Rf=061 spoto] &
HAow, Ark shell @A Al&oA= Rf=0.66 spote] 7 A= i)
A2 AHgE BSARE0.0)3 glyeine(Rf=0.36)2] 749 ninhydrin ¥H&- 4]
A P2 QX Mol el 55 FellAT F Aol Lebdt spot - B4
9] spot T =gAo] HFgrt dES ¢ 4 2tk Ninhydrin® 3% a-
oAt HME| = B Al A k100 CollA] HESEF] AFA e HE A
o] ANEAES vheth FAEAY AL opnicite wet thEd ZEAY 3§

oeEAZEe] 49 Fel FATAL wETh webq 539 A7 FE
o]

o

ro

|

K
rr

1‘
£
L

>

kv
o
|t
i
A

Al

ZA171a1, B solution (0.2%  a-naphtolresorcinol/EtOH)S- sprays}e] hotplate

_77_



2 71 Adx g 5 s dEsiglth

Glucoses AAste] xF T Z4& e, 71 A3+ Fig 213 2tk
Glucose®] 7% Rf=0.550141 A W& st om, 3§27t conchiolin Al 59| 7
9 Rf=06694 =od& =9, Rf=043, 0.0914 A4 spote] 1= ATk
Prep-LC AAl" A5l A5 Rf=065°14 =z A spote] YERE
Naphtolresorcinol A]9F2 QA AEQ A QA USAY, ZE]IAlo| = &
g G20 Al ARSEY, SR AT i Ev Hepd 1AS Yehga AR
LT #F e H5S M, QAR FEA o g yepidth weba FMo] e
w92} conchiolinell

=] e}
T _ T
Z4FolAth A4l A - Fol et RE0658 gkl spord 2w 9717}
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Fig. 20. TLC analyses of ifferent conch1ohns extracted from
nmhydrm reagent.
ified conchiolin.
ne 3. Pacific oyster, Lane 4

necked clarp, Lane 6: Blue mussel,

shells. Spots were detected
A: Conchiolin, B: Soluble
Lane 1: BSA, La
. Ark shell, l_:ane 5 Sho

I

and Lane 7: Surf “clam.
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Fig. 21. TLC analyses of five different conchiolins extracted from
shells. Spots were detected V;i%ﬁ‘;.);he a-naphtoresorcinol.
A: Conchiolin, B: Soluble partial ﬁun’ﬁed conchiolin
Lane 1: Glucose, Lane 2: P@qqiﬁg oyster, Lane 3: Ark shell,

Lane 4: Short necked Clad;'ih,\Lane 5. Blue mussel, and Lane 6:

Surf clam.
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(5) SDS-PAGE (SDS-polyacrylamide gel electrophoresis)

A EEERY AA" AAEY 9@wAESsS  gQlstr] el
= FdsATt 559 w7
crude conchiolin®Z%¥ % ¥ conchioling shephadex G-100< ©]-&
sto] I3t E2ES A At A A2 @ AlE+= prep-LCE ©] &3}

of AAlstA AAE EH= duid &

SDS-polyacrylamide gel electrophoresis 42!
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gel electrophoresis 28 % silver stainings F33ste] @l dS ghelslg]
tH(Fig. 24). 2 #7474 AAE 9=
SDS-polyacrylamide gel electrophoresis 2 ¢ 23} =3 327, 55, 2

_Zr
G = [0KDarRth 2+ =719 3719 protein bandS sty th vhx

154gS  loading?d t}&

2 278¢] protein band%F <20 E At} conchiolin ©¥ 22 20-60KDa=”]

A2 483 dont &£ A5 Aeld = 10KDa "|vhe] whuld
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f
rol

ko1&t 2 € crude conchiolin®l Al F=A] AL £3E urea:s 7™
detergent= @ d S WA Z|E 9s StH. 20-60KDa$] conchiolint
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I

Fig. 22. Analysis by SDS-PA the soluble partial purified

conchiolins from variou s. They were purified with
prep-LC,  resolved by S-PAGE and then stained with
silver nitrate. A: Pacific oyster, B: Short necked clam, C:

Ark shell, D: Surf clam, and E: Blue mussel.
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3. /MEE FLEAE o8 d4ET E AL I

(1) Raw 264.7 celldl A 7F&YH 3% ZE(crude conchiolin)® AE =4

de=s BHer] fste] AFEA, =, 59 Jteds FE=(crude
conchiolin)Z 0.lmg/ml¥} 0.3mg/mlE A Fo] &3t BAHEE NOYS
=439tk LPS 98 5718 NO AR F2 IAFHA, &, 5F& HA
g & o NO9 AAL AsAth E3 AFHAe} 22 dEmAA

?l, IL-6, TNF-alpha, PGE2& &% 422 AAAY. 184 5
(3]
1l

=4
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Fig. 23. Effects of crude conchiolin extracted from Blue mussel on

NO production and inflammatory mediator production in LPS
stimulated Raw?264.7 cells. Raw264.7 cells were treated with
various concentrations of blue mussel dissolved in EMEM for 1 h
prior to the addition of LPS (1 pg/ml), and the cells were further
incubated for 6-24 h. Control cells were incubated with vehicle
alone. The concentrations of nitrite and nitrate in culture medium
were monitored as described in the Experimental procedures. Data

represent the mean + S.D. with eight separate experiments.
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Effects of crude conchiolin extracted from Pacific oyster on
NO production and inflammatory mediator production in LPS
stimulated Raw264.7 cells. Raw264.7 cells were treated with
various concentrations of Pacific oyster dissolved in EMEM
for 1 h prior to the addition of LPS (1 pg/ml), and the cells
were further incubated for 6-24 h. Control cells were
incubated with vehicle alone. The concentrations of nitrite
and nitrate in culture medium were monitored as described
in the Experimental procedures. Data represent the mean =

S.D. with eight separate experiments.
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Fig. 25. Effects of crude conchiolin extracted from Surf clam on
NO production and inflammatory mediator production in LPS
stimulated Raw264.7 cells. Raw264.7 cells were treated with
various concentrations of Surf clam dissolved in EMEM for 1
h prior to the addition of LPS (1 ug/ml), and the cells were
further incubated for 6-24 h. Control cells were incubated
with vehicle alone. The concentrations of nitrite and nitrate
in culture medium were monitored as described in the
Experimental procedures. Data represent the mean + S.D.

with eight separate experiments.
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Fig. 26. Effect of crude conchiolin extracted from Blue mussel, Pacific
oyster, and Surf clam on the induction of INOS and COX-2
by LPS. The level of INOS and COX-2 protein were
monitored for 18h after treatment of cells with LPS (1ug/ml)

with or without shells extract pretreatment (i.e. 1h before

LRS)
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Fig. 27. Changes of body weights in male SD rat after administration
of crude conchiolin extracted from Surf clam, Pacific
oyster, Short-necked clam, Egg cockle, Blue mussel shell,

and Ark shell.
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Fig. 28. Changes of liver and kidney weights in male SD rat after
administration of crude conchiolin extracted from Pacific
oyster, Surf clam, Short-necked clam, Egg cockle, Blue
mussel, and Ark shell.
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Fig. 30. Effects of crude conchiolin extracted from Pacific oyster, Surf
clam, Short—necked clam, Egg cockle, Blue mussel, and Ark shell
treated Groups on the blood chemistry.
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