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Abstract: Fibroin is an insoluble protein polymer of silk fiber but undergo solubilization in a hot salt solution. The
fibroin-salt solution was dialyzed to obtain an unstable aqueous fibroin, eventually turned to gel. Molecular association
of aqueous fibroin and their growth were detected by dynamic light scattering. Fibroin microspheres were prepared by
dehydration of W/O emulsion from aqueous fibroin, mixed with decane and detergents. Scanning electron microscopy
showed that fibroin microspheres have the smooth surface. The fibroin microspheres remain insoluble in water as well
as in saline without any significant swelling. FTIR and XRD were used to detect the presence of 3-sheet structure formed

by hydrogen bonds between fibroin molecules in an orderly manner.

Keywords: fibroin, microsphere, p-sheet structure.
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At o DB, I e FHA G SUAE ZEHGA
T8I, 5= AEmE ] Dol 2 Ze} B EF -89
0.3%(wiv)ell YaL e MEils BeES AlAS S/
2 AT Algldle] AlAE wHEe H8-Z CaCly, H,0
8N 50%(wiv)ell B 105°CE 7HEAA =3t} DB g
Qo] gallel Ak H8dL 10kDagl FA ko] Wi 7

A BAR Azt Basil. #471xE vHE AR
o] EA}3FL fast protein liquid chromatography(Pharmacia
FPLC system, Pharmacia, Kalamazoo, MI, USAY] &<
7} 20~10000 kDa®l TSKgel 4000sw Z%(300x7.8 mm ID
Toso Haas, Montgomeryville, PA, USAYS Al&-3to] =73}
Atk EAE 2FEZ2 blue dextran(2000 kDa), thyro-
globulin(669 kDa), apoferritin(443 kDa), B-amylase(200 kDa),
alcohol dehydrogenase(150 kDa), albumin(66 kDa), carbonic
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anhydrase(29 kDa), cytochrome C(12.4 kDa), 22|32 57
O = tristhydroxymethyl) aminomethane(20 mM, pH 7.0,
1.0 mL/min)g A}F&-3}94th Thermolysin(P1512)2 Sigma-
Aldrich(St. Louis, MO, USA)°l|A 78kt

OlEel M=, SH2Q] ngFE Az flste] =g
HZH(n-decane) 16 mLel| Span 802} Tween 802 27} 2 mL
A H7F8IAL 40 °CollA atate] {7173 20 mLE FH S
A7l 2%(wiv) | EEQ] & 8mLe H7Fekal A+t
A 7](Polytron PT2100; Kinematica, Switzerland)E A3}
30000 rppmol| A 1323 #ASA|A oD dE vhet Al
o HHE IHAUSL7I(JP/N 1000S-W, Eyela, Japan)E At
83t 40 °CellA] 30+t &<F ste] S AlA g
AEE)7|E o] gale] oekEZ =31 AlF sl wizka A
BGA7E AAE mAFE DA

ZHE 2 24, FH RS vAF AR E Sputter(E-1010,
Hitachi, Japan)E ©]-&3}] 10 mAolA 70%7F WFoz 5
BAZ &, Felek A 2715 AAALE AR R
(field emission scanning electron microscope, S-4300, Hitachi,
Japan)& AHE-3t] 15 kvel M #ashath, sHEe) -8
2 B AHEA 71 (ELS8000; Otsuka, Japan), 11%% 3]
B=29] nhl7= FTIR 34| (Excaliber UMA 500; Bio-Rad,
Hercules, CA, USA)E ©]-&-3to] A3 Th. vlAltof|A] v
Z5E 9ZE SDS-PAGEZ £413131t}.

#n o =8

T3} IZulE 723 (gel permeation chromatography, GPC)
£ AH&ate] SAEATHFigure 1(a)). wAFE EE= AFA
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e oA 2k 93 3, 471 EA) g

A 12 A FE A AR 2000 kDI GA] 53T
2 20 SREE 30kDell skl oF 600 kDFE sl
SEHAIQl 124 kD ©J37HA] W& F2E YERAAT. Foll¢]
AAA AR = FHRZ1L BARF 350 kD] & AL
<7 25kDO] A2 EARARER A E] Utk 1y 3=
204 Hole W ExlgF E¥X s gHZEQlo] 9] g8
oA 783N 7]E FFolA detElo] teFst dolE 7=
B 2Rl EAARES] EgEA 7|R1g RS VERT ¥
2 204 FERERIS] 2RI 350 kDR T 2 FEE HF
=, I DHEEQ] EARAREe] TA Ao HEEQR
o & EAE 4% Zos FFHE) 53] GPCe 9%t
ARl 2000 kDN FEEE 2 12 HHEQ] 4 T2 &
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Figure 1. Gel permeation chromatogram of aqueous fibroin (a);
hydrodynamic diameter of fibroin aggregates (b); scanning electron
micrograph of fibroin aggregates on mica (c).
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A 19] 8L 3getal Ak YESA VR Ak
°F 100 nm®] FAS e AAES 7= AS Gl
(Figure 1(b)). ©] &8 vlol7h EHlA AZAIZ] & FA}
AR o2 Azhsted 100 nm ©]ske] 2715 7H=
@ dAel SAIE FAsHAtHFigure 1(c)).

B =Rl IFA ] A= Follo] oA vz FElE
T HERl FEHo THERIS 12l delglF &oHx
TS Ao g 4% 9 H R FA S| A7
= & m} ggitt. 53] J&Hors sHES] Aot
3Ae] HES PHERIS FEo] &SR T, 8-llollA
= 3| FA7T A FAETHS ] FEES] 3%
Al FAF F g Ee FrRoR AfEon, & A
ToMe A T3 ARrtETH 9o AR S ARS-ste]
T H=EQ] 3o EAE A5 R T

FEAde] FE Rl Eaks EQMste EAARET 4
Ao dstar Alzke] Aashd A fdgitt. B A
A AZE 2% FEER] FGHE AhLollA] 24417 RSP
A ZEi7F Ak webA] SR slH 2] 8-
o] Alg Fdsh= IS F438IH(Figure 2). Einstein-Stoke
2oz gite ~gole] vlH=zel 3)gAe] FAITstE AA
< 100nme} 1 pm o3 o8 Yepstth. A|7ke] AHers
1 pm o3e] FAI S A7H S 7= B84 YAk Bl&
o] F7}skAth.
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Figure 2. Dynamic light scattering of 2% aqueous fibroin at varying
times.
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DE2Ql OJMT M=, 2 AFolA] AxE 2% FEZ]
FEAOZ Kim To] Bt Wl weh? BAAde] W/
O GRS A=xstar, Ao 33t SHAE FPA 7],
72t AAZ:AA FEER] vAlFE A cH(Figure 3(a)). TE
291 180 mgO ZHE 131.4+10.4 mg(n=8)2] WA E7} 3l4=
o] 822%2] FE&S AAUTE FARAER Ao Z vH T2
R b 1ol 7MgaL A7 0.5-6 umYS ER1EHA
THFigure 3(b)). FAFAAAN Ao 2 19k v = Sefald n
Aol FRNME Z=3o] A ATH(Figure 3(c)). 22HiE<]
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35 3RO R AT/ oln|A] EAE Il FEE
ol wlAl7- W 2 umell Hat 15712] F3o] SR8t 23
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HHEEQ] vAlF= AR A7 Sy, ol gk
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Figure 3. A schematic drawing of vacuum dehydration of W/O
emulsion and condensation of fibroin microspheres (a). Scanning
electron micrograph of fibroin microspheres: (b) 2000x magnifica-
tion; (c) 10000x magnification. The insets show a three-dimensional
surface and roughness width using an image analysis software
(Image J).

= FE&doly AAEFelA 1Y o) Hslox P
o] Wsh= HEHA] Ut 8ol THEQ] wlA|l7t
B =R 23 FEE FAISh= olfre FJEEQ] #AARE
Atole] ARt R Qe Bl A 7k og Aoz
et weba] o) B o mAlTe] FHE]]
2¢] B-sheet®] B BEE A

S H2¢] mA|TEE FTIR &% A EYS 9HEQ] 1§
o] 2HEI} ) X8I th(Figure 4). el = A
olA amide T 72| 1510 cm™e] 3=} amide T 7%= 1}
ERAE 1236 cm™e] ¥ v]H 23} wH RSl vH7e] &
F 2 Edo|x ¥} glo] o] AzkE AT WhH, 1643 cm
¥ =9] $4l0] 1620 cm' 2 o] F& At T 2~ EH A
1643 cm™ol| A 1620 cm™ & amide I ¥ = ©] %2 random
coil®] B-sheet® WS VERATE? wabA FTIR 53
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Figure 4. FTIR spectra of freeze-dried fibroin and fibroin micro-
spheres with an inset showing the transmittance spectrum and the
magnified region (2000-1400 cm™).
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Figure 5. XRD powder patterns of (a) pulverized fibroin; (b)
freeze-dried aqueous fibroin; (c) fibroin microspheres.
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29l mAFe] XRDoME BT AR oL 20 3ko] 2192
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Figure 6. Schematic diagram of fibroin microsphere formation.
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Figure 7. SDS-PAGE of fibroin microspheres containing varying
amounts of thermolysin. M: size marker (kD), 1) micropsheres only,
microspheres with thermolysin 2) 0.06%, 3) 0.28%, 4) 0.56%, 5)
2.8% (wiw).

A} 9 HEQl 8o Ak EXoME st} 2
717v 22 93 3, 471 &2 vl QJok(Figure 1(a)). A2
nlAl - FErelol A 25 kD ©]&ke] Z7]9] Thdo] WEE =
2% SDS-PAGEZ #&3}3it}.

AT SR A of 2 A AR ARE-sk=t] FE
2R B 27 WES vl EA] @t webs FjE
2Rl v Z7|7}F 2R Tl BAAkEe] WES
7] flste] etol= AgS FXlsle] FEEQ] EAAE =
7+e AZAA 7= thermolysing AME-3FATE T H 221 ty]
0.6%%-E] 2.8%7}4] thermolysin 735l vlA|7-E | =3}
SDS-PAGEZE #4{3le] 9|H=Q] B ke 2te] WEs
ALF thFigure 7). FIAlToll 328 thermolysin®] o]
1S BEEE Bl TR EAE FojE}i v
B2l FH] 2.8%°] thermolysin®] Z3He H]A| Lol A
WEEe JEHRES] ARl tiHE AR iAol
SHE thermolysin®] 22 HEP|=E M E AAAA W&
AAIsH Aoz FHETE U thermolysin TH 23]
o)A Nk JlEto| = e dolut Agtell @Wol ARGEH, e
TEb SeE Eel= ST S8l 71 mmol
F 40 uLollA Hd S5 JERdTE? mEka W/ oE A
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o] MH=EQ] A E 27 A= vhEel = US
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po o Bl EL oy BN K

4 =
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