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Stimulation of Nitric Oxide Production in RAW 264.7 Macrophages by the Peptides Derived from Silk
Fibroin. Park, Kum-Ju and Chang-Kee Hyun'". Craduate school of Biotechnology, "School of Bioscience
and Food Technology, Handong University, Pohang 791-708, Korea — It was found that the peptides originated
from the hydrolysates of silk fibroin have in vitro immunostimulating effects in murine macrophage RAW264.7
cells. The stimulation effects on nitric oxide (NO) production resulted from treatments of acid or enzymatic
hydrolysates were measured. The silk fibroin preparation isolated from cocoon was most efficiently digested by acid
hydrolysis. Even though the sole treatment of acid hydrolysate stimulated the NO production in dose-dependent pat-
tern, a part of its activity was found to be caused by the contaminated endotoxin, LPS. When each endotoxin-free
hydrolysates obtained by filtering it through an ultrafiltration membrane of molecular weight (MW) cut-off 10,000
to eliminate LPS was used, the peptic hydrolysate with lowest degree of hydrolysis showed the highest activity. The
fractions of peptic hydrolysate with MW ranges of 1,000~10,000, 500~1,000 and below 500 also showed a higher
MW-higher activity correlation. From the analyses of amino acid composition of each hydrolysate, it was found that
the contents of arginine, lysine, alanine and glycine residues affected the activity level of hydrolysate. The results of
this study showed a possibility of utilizing fibroin as a source for immunostimulating (chemopreventive) functional
peptides.
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AAFE o] nutraceutical 2A12] o]& FFsAlo] A|A|Ee] Sic,
sefo] =] B O 22= opioid agonist X antagonist,
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shtE oA=L Qo 18]. 3 A E71R] Al JpR
g 53 W2 A=BNE 7 Hepo|= YRES
o= ofe] AF-5o] A18= o] gk}, Casein Y lactalbumin
5 T 293 f2 Helo]=Fo  phagocytosisE 5314
71714H19] lymphocyte®] 35 £A-IE 715S Viehy
AaL[20], A7 A EREE W2 Hepo)=r) ol
A F21] qetel =2 WHAR-HIA| dist AopEe] B
=l9det. 53] glycinin ThiAe] &4 JlpRalEE R E
+2% HCQRPR ¥ QRPR 59| IHele]=E-2 macro-
phage®] phagocytosis® SA3HA1Z - ohel Aldzedel
gk vle]2hg- 9l TNF 45 E2A71e d92d3dg &
vepsde22].
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= Novo NordiskAH(Denmark)ellA] AAbsiE= dfEA <l
Akgd8- proteaseBA A} Hu| AF, AR, 71 AldellA
71 de] o]l 8= Qe &EABAM Bacillus licheniformis
22l serine proteaseq] Alcalase®™S o] 43t} 547
F3led d& mlHRel kS trypsin Y Alcalase®] WS-
< HAME 40 mM JAREEA (pH 7.5)0, pepsin®] HHE-
< #HdAME 40mM 2ASEA(pH 40 $FHE IN
HCH: o]-3le] pH 2,08 ZA ) 10 mgmld] FE=7} =
=5 SaAAe. Frzel g 50mel 2 E4F 001,
0.05, 0.1, 0.5, 1%(wn)¥] BEZ A7}l 27t trypsin
(Sigma, St. Louis, MO)} pepsin(Sigma)y2 37°C, pH 7.5
2 pH 2.0, Alcalasel= 55°C, pH 7.58] 272 ul¢A|
719 o) 127kt 3 mie] Al8E AFske] 100°C, 5¥2L
o] 7HdAE 2 vk AAAZIEA XA HREAIHH.
o|2HE] golA|= Z1EaEEC] Wl 13,000 rpm, 15%
T GAEesl] ASHE H2 F molecular weight (MW)
cut-off 10,000 % 5,000%2] centrifugal ultrafiltation kit
(Vivaspin 20, Satorius, Germany)E ©[-8-8}o] gtejod=}A]
71 oJellol] 3l 7 IS ZABIAT. 3R o] H{HEo
g sllA= Lowry methods ]88 whilz ko] 2jsled
AR Heto) =8 Aggslgint. o] AwFR|e} /s o)A
G FEele] zjo|gho R RE] Heto|l= AATE, F 7}
3 E(the degree of hydrolysis)E AlAksIgAT} HH-e-A)zE
o & 7RSIt o o)) Skl o Hd R
= 27S wlwsle] T4 9 B4 E A
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Gel chromatography % 8t2Joizlo) 2|5t HEOIE &
& &2

Ab 2 4 JpEslE AEE 10 mg/ml®] FET)
HEE SHGol 28)41Z1 § Sephadex G-25(Amersham
Pharmacia, Piscataway, NJ) gel chromatography column
(2x60cm)l 2ml loadingdled 32} FF5E elutionr]HA
Hefo]=0] F7of] wpE S FEside. 2 B89 =
71 % 3mL= 33 7+ $39] 280 nmellMe] UV ¥
EE &A8}e] chromatograms Act. €l £8 Fof
FAEFe] 22 HHe] E3of] disiMe ExlEF 2EsL
1,500 o]}l Sephadex G-15 gel chromatographys &Y
g v o g AAlsle] B} M§-xos RIS Rejalzich



ot steledtel o BA FAF WY Hepol=sg A
22} & wjE= Amicon PM-100MWCO 10,000), Amicon
YMI(MWCO 1,000), Amicon YCOS5(MWCO 500) Z-2
gholodAuks S F AL AR S 7 FAAESI
Hejo|= B3 FuAEE A3l Aol ol &3}t

Macrophage Hi®, nitric oxide M5 &H ¥ endo-
toxin &4

AREE MlEFE RAW 264.7 macrophage®A] American
Type Culture Collection(ATCC) TIB71& Zofito} AR2-3}
9o} MEE 10% heat-inactivated bovine calf serum,
1% penicillin-streptomycin®] ¥-F¥ RPMI 1640 medium
S o]83le] 24-well plated]] 5x10° cells/welld] F==Z
¥ 08 ARE A7V A7) 9 humidified 5
% CO, incubatorqlollA] 37°CollA 48A1ZFE<L wioksled Al
el o] 83133}, macrophageoi A A== nitric oxide?
ok A3l PAME wieklel]l EHFe] Q= nitrited)
k& microplate assay[2315 |43t Agsro s &Als]
vt WA AlEF A3l 4847 B9t HEE wioksl
Abg S0 e #Halel B H12] Griess A12F(1% sulfanil-
amide/0.1% N-(1-naphthyl)-ethylenediamine dihydrochloride/
2.5% H3PO)S A7Isle] AeelA 1082 vheAll ¥
ELISA reader(Bio-Tek Instruments, USA)S o]-8-3}e] 540
nm®] FH=E A9 Nitrite®] FFEA 2= sodium
nitriteE- AME-3}912™, NO T8 oM Hx=T ¥+
lipopolysaccharide(LPS)yS AH:3lgcl. RAW 264.7 A £
Al 8ol 23 M EZAS MTT assay[24}5 o|-83le] 2Rls)s]
o}, 31 Alglel] AR A|Bel g LPSY] oFE S
28] kinetic turbidimetric ¥l 23 Limulus amoebo-
cyte lysate(LAL) assay(detection limit, 0.03 EU/ml; Charles
River Charles River Laboratories, Inc., Wilmington, MA)E
o]-8-3}e endotoxin (LPS)¥] & AZslich25].

ol =M 24

AlZ(0.5 mgyS 0.1% phenold FF3= 6N HCll ¢
3] 110°CellM 244751t 7 slisidet. 7R alES A
Z8 % 100 ul coupling buffer(mixture of 0.7 ml aceto-
nitrile, 0.2ml triethylamine and 0.1 ml water)g 5ul
phenylisothiocyanate (PITC)$} &7 H7lst A2l 20
B7F AX|3pe] ol :Ak2] phenylthiocarbamyl (PTC) H-x=
AL FYAHS. ABE AT dAEEE 23 F 200l
solvent A(1.4mM sodium acetate and 0.1% triethylamine
in 6% acetonitrile, pH 6.1)]] &-3]JA|# Pico-Tag column
(3.9 x300mm, Waters Corporation, Milford, MA)el] load-
ing 3le] solvent Aol W3}e] solvent B(60% acetonitrile)
2. a linear gradientZ 3+ HPLC &l 7 ofu|xAl
A9 G A
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F FubSE T oE el wisle] 3o Wk 12
Azt =gt I sRpRal R 45%E 9X Z3sisich
HA7EA) sj2qle] sl wiale] Ab 7iEel[10] =
= actinase[9], Bacillus subtilis 2} protease[10], Alcalase
[11] 55 o]83 824 7lpRaubsel Ay B vf
A}, 7R g = 2 e Reikge] B8-S v
T 4 9l ATFEIE ok B d7e AR,
FHu2le] Fsll= A 7ipEslel] oldt whdel P
FES S 5 glon 3% AAHLR o % e’ &
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R BAdE I & e FHa R s
o|2xE Azd A /MeEAE ¥ A eEsES
MWCO 10,0002] g2ledz=hg F3AA Ad Ze2lseto]
= EAE AAZ ¥ Sephadex G-25 gel filtration chromato-
graphys ©]-83le] A selo| =8 Exl Z7|HE He)s}
Aek(Fig. 2). A4 Helol=2] =)ol gloiM= FHpEl=
7} & A 7R Bl Alcalase 7HPEslES] -9l
= AEAEe] Hepo|= Ao o AR vbd AdelA
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Fig. 1. Time profiles of the degree of hydrolysis for the pro-
teolyses of silk fibroin with 0.05% (w/v) proteases.
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Fig. 2. Sephadex G-25 gel filtration chromatograms for sev-
eral enzymatic hydrolysates (A) and acid hydrolysate (B) of
silk fibroin.

22 7Rl W2 trypsin @ pepsin TR Bl
RAbge] Hefo]l=rt wo] FiEe] 9SS o 4 sl
of. 2 AP ZANML Sephadex G-259] R EAL
Hyun 5{26)%] Balel|xe} FU3t wpge= AR A3,
FA42F 10,000-3,000 Ake], 3,000-1,000 AFe], 1,000-500
Atol, 500 o]3te] HEejo]l= EFo| Z}zt fraction number
50-901, 91-11081, 1111208, 121 o]AfellA] &=F=
Aoz #el¥ ¢l (data-not-shown), B 1,500 °]3}
Wolelxie] B2 1S vluws) £ o sluzqesde o
A= 71 A2 W$e] Hete]=x 53] Alcalase 71
ol ols) wo] YAHE USES & & UTh

A JIESEe] NO MMET gy

A AF 7EEalel o8l deiAl IRl sgEaE
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FxEol uiel NO AAHS] ZVI5A7 HEkshd vehde
2Zx4] NO A9 ":‘—"]*]7]“ 4ol s RAFHY
(Fig. 3). A 7Bl ES Smgmld] F=2 =g A4
o= A dEzTel lug LPSe} frAlgE A= NO AJA
21 84S Vepisel e olest Al JleRalEe)
gAdo] B EQle) a2 E] FuT Welol=
o gt #dA] = shpEsE W 29" endotoxin
(LPSyll 2f3t ZIAE &elsly] Asted Ab 7kpiafE<]
endotoxin testZ AA|g A, 1mg 7R E & 53
EU, & 0.53ng?] LPS7} 3ol 32 Falslde o
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Fig. 3. Stimulation effect of the acid hydrolysate of fibroin on
nitric oxide production.
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Fig. 4. Stimulation of nitric oxide production by the fraction
of molecular weight lower than 10,000 obtained from the acid
hydrolysate of fibroin.

<10000; fraction of MW lower than 10,000, <10000 2D; two-fold
diluted <10000 fraction, <10000 10D; ten-fold diluted <10000
fraction, + LPS (10 ng/ml); the additional treatment of 10 ng/ml
LPS with each fraction, PBS; phosphate buffered saline (pH 7.4).

10 ng/ml LPSE Agjslei ot Ajo] uf-$ mlokshe- of =
ASIEHFig. 4). FH A} 7FEAEE MW cut-off 10,000
o] geledHas EHAA i LPSE AlAZE F9f 7}
T2l gl dist NO HASEA A4S &A% Ao o] A
oM E QA Aol A goket. 1=Vt MW cut-
off 10,000 ©]&}e] At 7R3l E3} 10 ng/ml LPSE &3¢
gk 7ol Me NO AAE7 Ao RS T =3
7HEEES] TEE HoiFl v A= e B
FAckFig. 4). o2l A2 He] £ Al Alxd
A=z suzgle] sieRalEels vl LPsﬂ 2959
AR DEHoR GS el $ e FEEGE A
A 32 pFeln], FipEaEe] EAE: J]_iol EEM
Hepol = obn|ieAl) Ad¥e] LPS AR 3 243}
macrophage®] NO A4-& 31X = 355 & 5 A+

B48 JleEsEe] NO MM &y
4 JpESES MW cut-off 10,0009] &he)edzbat
S E3AA el A 4 = LPS AES AA



F, T27AxE AX 2mgmlE 10ngml LPSS A
macrophage] Aejgo24 7IRslE Aol ©s NO
RAZA A4S SAslgon, A 7IEElE 9] Fd3t
W Aeisle &S wiasigdeh ¥ ATl A=
3%e] By ZleEElE 2F NO SR 845 v
P 2 FollME= peptic hydrolysate®] ZAje] 7}A+
S=519129 tryptic hydrolysate?} Alcalase hydrolysate2]
ToE o] Yol H3S HelF%IoK(Table 1). Fig.
22 A AR vie} zhe] 7lpRElE W Hele]=Ee] Ex}
2 237} peptic hydrolysate®] 7397} 7P TEAEE)
sle}o]= 3¥Fo] ¥ tryptic hydrolysate, Alcalase hydro-
lysate®] 402 AExlg Helo]=o] o] Folx|mE,
o il 2L 7eEElE W elel= AR
5o EXF Bl 93 e e AR FAFHAH.
o]5 Elsl7] #sled peptic hydrolysateS MW cut-off
1,000 3 5009] geledtuts o]dsle] Ealeg W7t 500
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°)8}, 500-1,000 AFel, 1,000-10,000 Ale]el A BFoz
o] B34S AT Ao, & Ex WYY BIdaE
T2 284S vehigth(Table 1). o]83t A= Re] g
22 HE Rz Welo)=o) ERjke] 245 NO A
AENGA o] e TR 7FeAel 2 RS ¥ &
At 2, A FRalEe] Atele & R Seol
= o] vig- Agole B8 B4 peptic hydro-
lysate 02 FA Uk} ol=|3t Aol ¥R g
ANRE e oz JpielE W oAl 24 5 o
£ 83lell ols) o] S P A= FdEe] o
XA A FAAES s

ofoj=At =Mo| NO MMEX &Mol olxls &

Azd Fu2el 9 7t 7RelEe] opjxAl 2AS B
Mgt Az 7 7lpEsE R BAAl opv|ear 2AE W
efisick(Table 2). E4H 7HpRsEe] ofu|xAl 2AE

Table 1. Stimulation effects of several hydrolysates (MW<10,000) of silk fibroin on nitric oxide production

Treatment

Concentration of produced NO (UM)

PBS

LPS (10 ng/ml)

LPS (1 pg/ml)

Peptic hydrolysate + LPS (10 ng/ml)

Tryptic hydrolysate + LPS (10 ng/m})

Alcalase hydrolysate + LPS (10 ng/ml)

Acid hydrolysate + LPS (10 ng/ml)

Peptic hydrolysate (1,000<MW<10,000) + LPS (10 ng/ml)
Peptic hydrolysate (S00<MW<1,000) + LPS (10 ng/ml)
Peptic hydrolysate (MW<500) + LPS (10 ng/ml)

1.1£0.1

28+05
15.6£0.8
14.7+0.5
12604

7.6+0.5
123+0.5
13.9+04
127104
104+£0.7

Table 2. Amino acid compositions (mol%o) of fibroin preparation and several peptide fractions separated from the acid- and Alcalase

hydrolysate
Amino acid Fibroin Peptic hydrolysate ~ Tryptic hydrolysate Alcalase hydrolysate  Acid hydrolysate
Gly 40.51 34.56 45.12 50.19 31.43
Ala 32.28 33.00 28.35 25.27 43.62
Val 420 2.92 4.50 3.12 5.60
Leu 0.68 0.59 1.60 0.51 1.25
Ile 1.05 2.16 1.56 1.80 1.62
Met 0.10 1.06 1.31 0.17 0.07
Ser 11.86 10.80 7.55 11.03 6.32
Thr 0.84 1.43 . 1.60 0.90 0.78
Cys 0.02 0.00 0.00 0.00 0.00
Pro 0.71 0.52 0.05 0.46 0.80
Asp 1.64 2.45 0.97 1.58 0.66
Glu 2.01 1.37 1.70 1.63 0.80
Phe 1.28 1.09 1.61 0.70 0.85
Tyr 1.59 2.06 1.47 1.51 1.26
Trp 0.21 0.00 0.00 0.00 0.00
Lys 0.14 1.39 0.61 0.29 1.20
Arg 0.88 4.60 1.82 0.84 3.74
His 0.00 0.00 0.00 0.00 0.00
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Hlwg Az NO BAFA ol woE oM F
h=1

Alcalase, tryptic, peptic hydrolysate®] =22 arginine %

lysine?} 732 positively charged groups side chain® 3.
ZH= ohu| Ak o] 58 o Ul 53] R
8152] arginine §EFo] Aol et Z 2o)E He F9
) o]g3 A o TR AR #Rlo] 9l& A
22 FA=9r}t AW EZE= macrophage™ L-arginine?]
amidine nitrogens AFAIZ) 224 NOE AJAJ37] wfito]
[27] 7F3lE % arginine®] 8ol ¥24F macro-
phageol] A2]® arginine 57} FolAAl NO AAde] &3
HAE Ao ABEH T EXEE A7 HEAl "y
A 52 sefe] =50 BT Ushl arginined 7FA|3L 9}
+ Helo|=5ogie AT IS A4 5 A
% immunoglobulin® 23] f2l|3}e] phagocytosisE 53l
A 7= dzA HAEele]=el tuftsin(TKPR)S B F3}[28]
% A fale] slelo] =2 A phagocytosis FHAIEHA,
Al 7rd Wz, TNF #4] SA84 53 vehiis
HCQRPR % QRPR[22], =3t oF = f2)e] soy-
metide(MITLAIPVNKPGR), $-+ =2 209 casoxin
C(YIPIQYVLSR), & whial 22| oryzatensin(GYPM
YPLPR) 59 wHdzAgy Helo]=go] FEHLR
arginine(R) T&Hg 7L Q)88 & 4 211

g FA4F JpREEEe] oAl S vias £
o 7hEalE2] alanine EFo] ¥ glycine §Eke] o}
A4E NO RS o] TS ¢ T U} (Table
2). A3 sH2e] AL glycine?} alanineS Wel It
she Sl ofleAal 2A4E JPXET dal A gly-
cine°] alanine®c} @Wor} JlpeRsiabAdS %3] alanineo]
wWol XE3kgl Hefe|= AR-ESo] Fel AAHE 5] NO
ARER B o] FolAle Z o2 ABHIH. =5t Table |
oAA E = e visl Zo] Al ZlEslEe] NO AR
#4& A siEsliEst vlaws] 2w peptic hydro-
lysate® o= wov} tryptic hydrolysates} 9] frAlslol2
o] Alcalase hydrolysate ¥ o= ¥ 50|t M=
AFINZ A 7R O SEle] = AR EARRE §
9] BAA rieRalEEel v @ IR TEE 7
T gl ® BFSlal(Fig 2) ¥ TAE JepiE 9dl
o}, o] AL oAl A Fo|Ael 7|3l AR F
AHA. & AF 7EESE-S arginine®] ¥HEFo] peptic
hydrolysate TH-22 ¥ $50]%2™ alanine®] ol
EoldHA ¥ glycine ek AHHLE Y= EAJo=
oldled $lof|lA Adrdat olu|:Al 2] o3kl o3| of4
2 4 Agd=K(Table 2). dolal e AA2RE ZAEH
2 FBzEq] 7ieEslEe] NO AAEAELS A4 A
elo|=o] Bzlek BX arginine T, alanine ¥ glycine
o] g=F Sl o8 AAEE I 4 sk

o B oA A= mlHzql /HEREES Azt

25 NO AHEARY GFS T FL 8UES
A AREE 7122 B, A JNES YEE B
RezARy Aehl=, & NO AHEAL 5T Y 7]
8 Vel 4 ol AelelS ARS EHoR Aae
4 3lg Ae= e,

2 o

Az gl zqle] 7lpRalE Bl Ak slefol= AR
o 98 murine macrophage RAW264.7 A X0l 2|3}
nitric oxide AJAJe] SAEE WAz A U E42H 7]
TEEES] 7R =E vt e A= sligq] oy
A Ab 7RpEslel o8 7 B eg FajEgle &
43 7)) 7ol pepsin, trypsin, Alcalased] 4=
22 Jpidlert gk A 7Rl E S dEeE
macrophageol] X2]3}151S v A)sXke] wlel NO A=
AZA o] Fotxl o} o] T JpEAE e Hele|=
QRS eiEe] EAss LPS Ao A3akgel o3t
Aol A=, TH-2 LPS AEEL ghelo]zl] 23
A B4H 7EReiEES NO ARSI EAE> peptic
hydrolysate”} 7} ¥4 tryptic-, Alcalase hydrolysate
solglet. ol#dt A zlol rlpEsllE e ZEAEF
Aefo| = 371 SE55 ] o Al 7|3k
O} Ak ZlpRE R Al deHoE Yeidd 7+
7tpREE] obnlxAt ZAS AT 23 arginine,
lysine®] ¥+eFo| =45 FAo] ¥2m alanine® glycine
o gt vlEo] ARSFF BAo| Feobzinth. A 7Rl E
2] 7Agolle B2 BxEke] Helo]=Fo] o] FEFATH
arginine X alanine®] o] Fol v ¥ NO XA

2A094¢ depie Aoz g
ZtAbel o

E 47 B8R ZAdsr)ed o dare] A4
o] ¢Jsled o]Foiz 722 A (HMP-00-B-22000-0150), <
TH] A el ZAER Y
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