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Enhancement of Immune Activities of Peptides from Asterias amurensis
Using a Nano-encapsulation Process
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Abstract Immuno-modulatory activities of peptides from Asterias amurensis were investigated using a nano-encapsulation
process. The molecular weights of the peptides in the range of 5-7 kDa were separated using Sephadex G-75 gel filtration.
Eighty-five percent of the nano-particles were in the 300 nm range using dynamic light scattering. The cytotoxicity of the
A. amurensis nano-particles against CCD-986sk human dermal fibroblast cells was 11.64% after adding 1.0 mg/mL of the
samples, which was lower than that from the control (13.28% collagen). The secretion of NO™ from macrophages was
estimated as 40 pM after adding 1.0 mg/mL of gelatin nano-particles, which was higher than the others. Prostaglandin E,
production from UV-induced human skin cells decreased greatly to 860 pg/mL after adding 1.0 mg/mL of the samples.
Confocal microscopy revealed that nano-particles effectively penetrated the cells within 1 hour. From these results, we
consider that nano-encapsulation of the peptides from A. amurensis can improve their biological functions.
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2 AFof| A3 BV vk siQtelA 7S dlEF
=91 Asterias amurensis2A 20083 109 7F5A] AcheA 213
g S 7oA F A T4 Axs AL ARSI AlEE
cm Z7|2 Vo] IR & ErusE A § FEel
A9 3% H,0, 0.1 N NaOH &0l 20%(w/iv)el == 3
7FetaL 12A17F B9t Bg B3l B FER 22 AlASA
ol tAl SHRFl TFUH] 0.5%2] FAA vER] CE Tt
|3fate] AR olsll 20°CelA FHF} FHo| &2 FpAvk
GEE SITH9). old B Fel £ AA ¢ FEH &
e 98 FHE %59 FZ7](Ultrasonic extraction system,
Asia Industry, Incheon, Korea)oll go] Ze}7l WHAA olsle] 2
oA 40kHzS 2SR 1A 59 250 S HIAE
o 223 34 Al 222 Jg E AL UAs] 5k
ANZo® LEE 3ISIY 20°CE A REE s o)F
collagenase(C0130, Sigma, St. Luis, MO, USA)E =% tjin]
0.1% FE=2 W7 5 A2t ol e] Hag &0)7] 9
sle] 79F B35 3, $471ZF7](Cleanvac 8B, Biotron, Bucheon,
Korea)E ©]&3t —70°C, 0.1 torroll X Z¥ FAAZ3I a4t
E7E fE HElels BEe AxSHATH).

ofN

MEX HEl|E 22

10°-10° dalton®] A F2& &5 + U= Sephadex G-75
(G-75-120, Sigma)Z ©33}3}4] fraction ME FE3 B7HA1E] &
g2 il F S MALDI-TOF MS(Voyager-DE™ PRP, Perseptive
Biosystems, Framingham, MA, USA)E ©]-&3}o] Ex}ES <l

SFATH).

LK M= W &l

E7MA 1] AR 50mge 1 mgmLe] T2 0.5% acetic acidol
=R, ot Eetlaad AAE Agds o AE A
43 multilayers FJAIZITE &3] AZREHO layer’t FHE &
SHte Sk Ao By FEAEE YA, 250 &
A8 o]t F2olA 2417 B FASAIA 8 i
YAHE AZ3ATH10). Ve G GRS 8l ARE A=
Transmission Electron Microscopy(TEM)©]Z, W= J=}e] A7
&olr 7] ¢8| = Dynamic Light Scattering(DLS, BENTHOS,
USA) ZAE AMEsIAATE TEME =izt ¢ 7ig =24 g
ste] #Esl= A% 7hssh] Wil 4R B, Ak 27
T2 ARst= ERHOFE AMgE F Stk TEM ARRLE A7
£J3lA1 phosphotungstic acid solutionS ©]-835}9] negative staining
S SIET Y YA 283 dMe] B & formvar/carbon
2 39 grdel efAl WA @™ ¥ EF-TEM(LEO 912AB
OMEGA, Carl Zeiss, Jena, Germany), 120kVollA &2 3s}Th
2 AgoM B7RAe] Ao ErO]== A amurensis peptide
(AP)E, 259 385 &3l AL} 3 27k AwA gE
o]=+= low molecular AP(ALP)Z, Ae}el A2 E33 E7HA}
2] Y=YA= gelatine nano-encapsulated AP(ALPG)Z Z}7} 7]
skt

MZEF M= 4] HiX|
MaEugel] F a3t vix]Z DMEM(Dulbecco’s modified Eagle’s
medium)E AHE-3FHL, 2 Hhof wjde] HQ gk AJeFS 2 HEPES

buffer(H4034, Sigma)$} fetal bovine serum(HYCLONE, SH30396,
logan, UT, USA), gentamycin sulfate(Sigma, G1264), trypsin-
EDTA(GIBCO, 25200, Grand Island, NY, USA)S AM&-3lit} 4
Aol o §H AEF= Q7F AfrebAES] CCD986sk(human, skin
fibroblast, 21947, KCLB, Daejeon, Korea)®} RAW264.7(mouse,
macrophage, 40071, KCLB)o|th. AlXi= =% DMEMIA 10%
heat-inactivated FBS(fetal bovine serum)@ 2-5-A]7 Hjsle] A
Yol o]-g3k3ATh
HYME =4 &3

Ax54d ZHE 984 SRB assayE ©]&-3k3itt. Sulfor-
hodamine B(SRB) assay= A|Z Tl 2-S HJalste] AlEZo] Z2
ol HAS EAse o A3 i AIEL CCDY86ske]
TEE 10% heat-inactivated FBS media®l*] 4-5x10° cells/mLZ
96 well plate] Z} welloll 100 uL H7}3ke] 2447k viS37°C,
5% CO)%H 5, BV 28] A8E HFEE 02, 04, 06,
0.8, 1.0 mg/mLE 100 pL# H7ksted 48A17F v Fstadet. wi%kel
A7 H Fo] AN AASL 27HE- 10%(w/v) trichloroacetic
acid(TCA)S 100 pL 7}8ke] 4°CollA 127k Bet whx|et & =5
T2 4-53] AlFste] TCAE AAS L A4 plaeE 71
H ZF wellell 1%(v/v) acetic acidl]l =<1 0.4%(w/v) SRBE-<
100 pLA H7Fslar A2ellA] 30 &<t AYAHTE A=A
& SRB GMNL 1% acetic acid®E 4-53] HAE A&, AxXA
%ol 10mM Tris buffer 100 LS F71ste] A NS ZHojdll &
540 nmo|4] microplate readerS ©|-83l SFEE SH3IATH).

1= 1“}“

52 do o

Macrophage®liM2] NO- #Ms =X

AREE A ZEFE T2 fEl RAW 264.7 thajA|Eo)H, Al E
+ 10% heat-inactivated bovine serum3} 90% DMEMZ- ©]&3}
o] 24well plateol]l 4-5x10* cells/well?] T=Z B U, Al&EE
HA7VAY H7FEA] &3 5% CO, incubator QFollA] 37°CellA]
48175} v eFste] Aol ARSIt M EAA WA E =
nitric oxide®] ¥ FASHE thAAME wjdel] FHEo U=
nitrite®] Y& microplate assays ©|-&-3t] FHFFOZA A3}
Atk AA AEE AHBIEtaL 48K7F B AIEE wgEia A
A 50 uLE FHstd FLFI Y griessA]©F(1% sulfanilamide/0.1%
N-(1-naphthyl)-ethylenediamine dihydrochloride/2.5% H,PO,)< 3
7Fste] Aol A 1087F WAzl & ELISA reader(Molecular
Devices, Sunnyvale, CA, USA)S ©]€3}4] 540 nme] 455 =
ARt Nitrite®] EFEZDZE sodium nitriteS AR50

o
ol oM MEFE HAMEZ AS T3 545 ¢ F
e A WY °] B cell(Raji, ATTC, Rockville, MD,
USA)YS o] &3te] 7HE392om RPMI 164081 %19 10% heat-
inactivated FBSE 7 A wisiict. A2 AL 10% heat-
inactivated FBSZ 3H-3l= RPMI 1640 WA Z o] &3}o] 5%
CO,, 37°COIA Mo, "HY7ls 54 T3 6 well plate
o] AIZZ 1.0x10* cellymLe] FEZ ZH3 F A FE Tl
6 Fot wikahH A wid Zb well®] cell hemocytometer® Al
X FE S ASEE Sk HS ARRSIATH(13).
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PGE,E 0|88t UV N &M =%

UV A= cyclo-oxygenase-2(COX-2) enzyme®] S A W
AA = 59 Prostaglandin E,(PGE,) #¥ &S UepdTh
Q17F AdfrobMl £ CCD-986sk Al EE 10% heat-inactivated FBS
9} DMEMol| #gste] 1x10° cellymLE 243 ¥ 37°C, F%
5%9°] CO, incubatorol|X] 24A|7F v Fate] ARSIt o] FERY
o aspiring 50 uM°] HEF H7lste] AlZel FEsH= COX-2
Tho] SA4E vyt oz AA|AIA PGE, ¥S YA 24
Stk o2 AE dEds AIRE 96 well X v 7}
wellell 20 LA 7181l 37°C, % 5% CO, 7]l uv
filter(35W)S o] &-3lo] UVA(®6.3 Jem)S 2417 B¢t A8
th Y T AEE well vietel] FHAFA, F2E AEE
phosphate buffered saline(PBS)2-2 23] A3t & Fwo] o}
Ue AEZE AP AME-SIATE PGE, Express EIA Short kits
o]83t5eH, & PGE, A7} F-2 = o] Q= plate®] 7+ wellol
343t S5 A3} 3 PGE,-acetylcholinesterase tracerS Eo]
2ol 18A17F wiksla, ZF welld] HollE 89S W o
ol 3 0.05% tween 20-phosphate buffer solution® = Z} well
< 53] MRS Ellman AeF 200 pLE 7+ wellel]l €& 3 74
ZF wjeFete] 405 nmellA B EE S5 PGE, & E5F
o7 HAFAE At 744 AIRE A w g o)A <
PGE, A/3%& T3lth(14).

Confocal microscope =8

UAlE H7tel] o3 HAME B cell(Raji)e] XS F
ZH "olA FAF du]7(Confocal laser scanning microscopy)S
=& et Jedal AxE Y8 2oy AR AzE
uj, fluorescein isothiocyanate(FITC)S 2% S 24 fluorescence
tagging A2 319tk 1 mLe] We] BHIE 2x10° cellsymLg CO,
X 5%, 30°Ce] incubatorol| A MiFRE ¥, FITCZ A4E &7}
AR Al YA E(1 mg/mL) 100 pLob 1217 B9 WA 7
th T2 dlolx FAF dr7d LSM510 META NLO(Carl Zeiss
GmbH, Jena, Germany)>-2 AZE-S #2319 TH15).

SAIXZ

AE A= triplicate determinations®l] 2]3+ meantSDE FA| )
om, zF PR 7+e] 2ol ANOVA testoll 93] a=0.05 =
oA Frelds HAS3EHA
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Fig. 1. Matrix-assisted laser desorption/ionization time of light mass spectrometry (MALDI-TOF MS) analyses of peptides isolated from
A. amurensis. (a) Non-hydrolyzed collagen peptide of 4. amurensis and (b) hydrolyzed collagen peptide of 4. amurensis
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Fig. 2. TEM micrograph of nanoparticles from the A. amurensis
peptide by the gelatine-encapsulation.

b S R I o i e S P R Rt R R, o g e =i P e |
= 9v] e AT & ¢ Aok B AFoAE Sephadex G-
75 01%’6‘}@] FE3E F 100719 fraction oA fraction No.
25305 Aglste] Aol ARSItk AdElE E7HH fraction
71E AFAAQG)INM AE FAo] 7P WAL UVA A2l Al F
5 T A a3 P rEAl UERd 919 fiactiono]™,
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Fig. 3. Size distribution of nanoparticles with gelatine using
dynamic light scattering (DLS).
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Fig. 4. Cytotoxicity of the nano-encapsulated peptides isolated
from A. amurensis. AP, A. amurensis peptide; ALP, low molecular
AP; ALPG, gelatine nano-encapsulated AP. *Significant differences
between non-stimulated and stimulated samples at the 5%
significance level. **Significant differences between non-stimulated
and stimulated samples at the 1% significance level.
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Fig. 5. Stimulation of nitric oxide production by adding the
extracts from A. amurensis. AP, A. amurensis peptide; ALP, low
molecular AP; ALPG, gelatine nano-encapsulated AP. *Significant
differences between non-stimulated and stimulated samples at the
5% significance level. **Significant differences between non-
stimulated and stimulated samples at the 1% significance level.

Zlo] oz}t TNF-aot & o] 71A] cytokine} lipopolysaccharide
(LPS, derived from E. coli)2} 732 Mo Ul 549 93 o}
NOS FxAte] Hdo] FEH7] W& ofH A= AlEE
LPSe} o] Fojste] NO9 AAES gRlstaict. daox &
4 95 LPS9} RAW 264.7 ATl ANEE AHzsle] wjdet §
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BV S AgAlE] R Al S48 =90 A

=

o7 AztdEn B3 AL FE9 A¢ v= A Alx Tl
WallEnhe dnke] 3R F7HAR] A &4 Xt
790l Tl ALEET Nitic oxide®] #W 32 & W9 &2
o] wHlFolng, BV Wie A H7REelM NO9| w7t
= Uehd2 952 AATIe =2o] AXdA adHo=s
A& ot Al d5S dANTIE Bdo] AR el

A e os Agsp Hol, ol A PGE] Wd 3t &
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Fig. 62 A7k HAAAIG} 3ol T8 TS sl B cell
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olth A& 7t 6dAlol Ui A AlEIE BE AR AR
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Fig. 6. B cell growth by adding 0.5 mg/mL of A. amurensis. AP, A.
amurensis peptide; ALP, low molecular AP; ALPG, gelatine nano-
encapsulated AP. *Significant differences between non-stimulated
and stimulated samples at the 5% significance level. **Significant
differences between non-stimulated and stimulated samples at the
1% significance level.

PGE,Z 0|88t UV X &M

UVE o]&3le] 27F fibroblast?] CCD-986skE AF5F8224)
5 o] e PGEL] TS 543 A= Fig. 791(A)
9kB)ol YERAATE Fig. 72/(A)E UVE ZAFSHA] k& A Eo)
~19] PGE,%] HHEE Uehd Zo2, U AE H/HE 58
PGE,9] AAHL HE FE2&E Zo Hlg) @A Yelgon F=
EHo g 7Adhe AES Ho 1.0mgmLe s=ol4 ALPG
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Aok & 4 3UTh22). Fig. 791 Bye UVE ZALE Al ZojA g
PGE, A4S Ueld Zo 2, UV BIZRA Z2760M 9} vizkrix]
2 gz oz v AR H7FE F3l PGES] A8l 10% ©
4 asigleon, v &R ol AT e
FES UV H|Z2AL 2749} mRIAIR 1.0 mg/mLe] F=o4]
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Fig. 7. Effect of nano-encapsulated A. amurensis on PGE,
secretion of human fibroblast CCD-986sk by (a) Non-UV
irradiation and (b) UV radiation. AP, 4. amurensis peptide; ALP,
low molecular AP; ALPG gelatine nano-encapsulated AP.
*Significant differences between non-stimulated and stimulated
samples at the 5% significance level. **Significant differences
between non-stimulated and stimulated samples at the 1%
significance level.

Fig. 8. Confocal microscope photographs of immune B cell (Raji)
after 1 hr of growth in media containing nanoparticle of A.
amurensis.
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