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Abstract

This study aimed to construct 3-dimentional scaffold from silk fibroin and investigated the
feasibility of prepared scaffolds for cartilage tissue engineering application. Three dimensional scaffolds
were prepared from silk fibroin (SF) and silk fibroin blended with collagen (SF/C) by a freeze drying
technique. Physico-chemical characterization of these scaffolds including morphologies, pore size,
porosities, structures, water absorption capacities, mechanical properties and degradation behaviors were
studied. The morphology of prepared scaffolds had sponge forms and exhibited highly porosity with
interconnected pores. Average pore sizes of these scaffolds were ranging from 65-145 pm. The scaffold
prepared with higher amount of SF and SF/C showed more porosity and higher compressive modulus.
Structural analysis indicated that scaffolds with methanol treatment became more water-stable and
stronger than those without methanol treatment as a result from silk fibroin conformational change from
random coil to B-Sheet. All of scaffolds had capable of water absorption about 90% and degradation
behavior of these scaffolds can be operated by controlling amount of fibroin. To investigate the feasibility
of the scaffolds for tissue engineering application, articular chondrocytes isolated from rat and were
seeded onto SF and SF/C scaffolds. Cell attachment, proliferation, morphological changes and
extracellular matrix (ECM) synthesis were studied by MTT assay, scanning electron microcopy and
immunohistochemistry. The results indicated that both scaffolds were biocompatible. Nevertheless,
chondrocytes cultivated in the SF/C scaffold showed higher cell attachment, proliferation, and synthesis of
ECM than those cultivated in the SF scaffolds. Chondrocyte morphology on the scaffold surface showed a
fibroblast-like cell (flat shape), while chondrocyte growth deeper in the construct showed a chondrocyte-
like morphology (round shape). Thus, the developed SF/C scaffold showed high potential as a desirable

biomaterial for cartilage tissue engineering

Keywords: scaffold, cartilage tissue engineering, fibroin, collagen
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11. Lﬂtﬁﬂ'm‘ﬁWWﬁ Wuvdon (Leica EG1160, Leica Microsystems, Nussloch, Germany)

12. Lﬂémﬁﬂéjmff@ Microtome (Leica RM2235, Leica Microsystems, Nussloch, Germany)

13. Microplate Spectrophotometer (Multimode detector DTX 880, Becman Coulter Inc.,

Fullerton, USA.)

2. 3EMInAaed
2.1 M3tA383 Fibroin scaffolds t1ag fibroin/collagen scaffolds AEnniin freeze drying
2.1.1 M3tA38Y fibroin (SF) scaffolds
1. 1930uEN3aZaN0 fibroin ANUETA 1, 2, 4. 1182 6% wiv 1ABazanw fibroin 11 Deionized

Yy o W < A Ay & 3
water (DI) W3o1313T1UA28A11M1591 52018 400- 500 rpm NRUMYNOUTIUIA1 1 H2THg

U
a

[ C?J} o 1 o [~ {
2. 40 pH U93en3aza18 1INHUINIMIn1d 24-well polystyrene plate ttaz1iusuANgavigi

U

1 o a . < o
-20°C ag1atios 12 ¥u. ud2991i lseimeniad 1873 Freeze drying 1Junan 3 Ju

A g9l Y o ' < =
3. ma"lmsu scaffolds 111 umumflu methanol Lﬂul’)ﬁ1 30 UIN UAZILLINY methanol 99N Tﬂil

9

A Y a 9 <3 =~
@Qﬂquﬂqmﬂgﬂﬁﬂﬂlﬂunﬁ'] 1 AU



M5190 1 uanagasA13 fibroin scaffold A38u7 fibroin NANUDUT LA

Q’ﬂiﬁﬁ! U Fibroin (%w/v) Fibroin (g) Water to (mL)
SF1 1 0.1 10
SF2 2 0.2 10
SF4 4 0.4 10
SF6 6 0.6 10

2.1.2 MInaN fibroin/collagen (SF/C) scaffolds

1. 938Ua15a2a8 collagen NANUIUTY 0.5% Az 1% wiv laeaseq 1158 collagen aelu

a

& & 2 !
@158210 5% v/v acetic acid W3 ouNITIUAIBAINIG 400- 500 rpm Ng@vigil 4°C Ay

QU

' Y v
. Yy o ¥
2. 1930UE15a2A10 fibroin NANNVNTU 2% w/iv 1INTUNANAITAZA collagen NiaTen 13aq
Iy o [ . Y o {
1) Tael¥ilionsiaruvesansazateonay fibroin/collagen 1AL 95/5, 90/10 1A 75/25 A4A15199 2

Yy oy < o Ay g a
W‘J’E]ll‘l/]\‘l{]uﬂ’gt’lﬂ:lm!,m 400 rpm ﬂqmﬁﬂ”llﬂ@\i !L]Juma'] 20 UIN

a

[ qs/l o 1 J o 3 A
3. 99 pH v93d15a2a19 ﬁﬂﬂuu%\‘l‘ﬂ1ﬂ15l‘ﬂiﬁ ’ﬁﬂlﬂ’(’]ﬁﬂlu'lﬂ 10 mluazmmmmﬁqmﬂﬂu -

U

' o a . <3| [
20°C aghavine 12 wu. 1823911 1seimeuiad183% Freeze drying 1fuian 3 Ju

4 Qy o ) I
4. 1310'1d%U scaffolds &2 1112119511 methanol 11141781 30 U 1AL TLNY methanol 00N 1A
Y

A Yy Ay < Y A
mm%mmmwmmunawmﬂu

q QU

M3199 2 LEAAIGAIAITY fibroin/collagen scaffold INTBUVINATHAUNONT 1A IUAIE)

’gﬂﬁﬁﬁl U Mass ratio of mL
fibroin : collagen 2% Fibroin 0.5% collagen | 1% Collagen
SF/5C 95/5 4 1 -
SF/10C 90/10 4 - 1
SF/25C 75/25 3 - 2

2.2 MINATRUAMTNIANINENINYLA scaffolds

221 msAnngliansae gngu sazmsiavinavesgwiu Jaely  Scanning electron

microscope (SEM)

) Qy {1 @ . I
1. 111%U SF uag SF/C scaffolds NW1LAT treat §§1}’JEI methanol 1,1,515 UMM cross-section Glﬁl‘ﬂu

AU

2. i lindoudlone uazail9gz s NANBAE 1AZ WUV scaffolds 28NADI SEM

-3-



3. Mimsiavinavesgngu Taediadredaunuuduaingngy 30 3 9Innmee  SEM nazld

T50n5% Image) ¥8lumsATIEH

2.2.2 msfinmsananiugngu (Porosity) Va4 scaffolds 1ae/l433 liquid displacement
= Y A Y o & A A 9 Y=
1. 580U SF wag SF/C scaffolds NAIUNT treat A8 methanol mmmﬂuﬁmaﬂugﬂmﬁﬂim
YUIA 0.5%0.5x0.5 LEUALIAT
) 1 o R a <
2. 193801302018 Hexane Ta 1un3zuonn9v11a 10 ml 1unnl3uasilu v,
4 v 4 1 Y
3. UBU scaffolds agldlu cylinder 1% Hexane 913 15z3nar 5 117 1o 1¥%u scaffolds
A o o R a <3|
aua7 wazunnlsuasilu v,
Qy o a { 1 g
4. 19 forceps AUFY scaffolds DON 1AZTUNNLTUIATVDI Hexane Mridvodiu v,
5. A 15 uuihmssuaamnsnszeuavesgngu (% Porosity) Tagldgas
Total volume of scaffolds (V) = (V,-V)+W,-V) =V,-V,

Porosity (%) =V-V)I(V,-V,)x 100

2.2.3 M3ANYINNNNA WIS (Mechanical property) ¥94 scaffolds Jael¥1n304 Instron
a o ' A P o Y '
1. 1958URI0819 SF 1Ay SF/C scaffolds NHIUAT treat A28 methanol @@ I HvLIA 31519
] 4 a A a A
N39N32U0N (Cylinder-shape) Taolidurugudnaistlszanm 6-12 Tadwas uazqa 4-8 Jaamwas

] ' A
2. IMINAAOUITIOARI8IATO Instron 8872 A28 0.25 kN load cell NmnIR0I HAZAIA

U

cross-head speed 0.5 mm/min

o " Ay Yo o o ' . .
3. Juinah 145y wazihunduiamai compressive stress L& compressive modulus

224 miﬁﬂH1ﬂ’J1Nﬁ1N1iﬂ1uﬂ1i§‘]ﬂcﬁlﬂﬁ1 (Swelling property) U84 scaffolds

=l QSI = 9 v QI A = 4
1. IT8NYY SF 1ag SF/C scaffolds NHIUNIT treat A8 methanol m@mﬂugﬂamaﬂuqﬂmﬂﬂ

ThTivwe 1xix1 udmas
¢ o a LTS L yy & Ay y = o ¢
2. NN FY scaffolds u%1u1i1 DI (deionize) 11413 24 9. Ngamgiiviod ud 199151199
09} o A g’ v R 1g
Wminiuanh Junnauiy ws
o Qy { a < 1 ) o
3. 1h¥U scaffolds Wenlindangungil 65 osrwaFod Wunaediados 24 $1Tua 3
o g} @ 9 A= 1S
mIvahminurasaziivnnauily wa
9
4. NMIBANsaadUIinugas
DATINMINDIA (Swelling ratio) = (Ws - Wd)/ Wd

lesiFudmsgaFLi1 (%Water uptake) = [(Ws - Wd)/ Ws] x 100



2.2.5 M3ANEIATIa3190 9 scaffolds aal¥ Fourier transform infrared spectrophotometer
(FTIR)
a o ' A "y v Y
1. 138AI0819 SF 1Az SF/C scaffolds NN1UA1T treat 1z 1114 treat @28 methanol WAl
1< A a o @ = J A a o Qs: [
Wuratlszuna 2-3 Yaansy N’é’flli’Jllﬂ‘]JIWLmﬁ“IfﬂilTlJillllﬂ (KBr) SIEETRLY 80 WaaNIy INUUDAAY
VULNY transparent disk
o a d 4 . o '
2. MM AATIEHAIATY Fourier Transform Infrared Spectrometer Tae scan dansuluaig

400-4000 cm’' resolution 4 cm”'

2.2.6 M3ANIATIAS1INANVD scaffolds 1aal¥ X-ray diffraction (XRD)
a o ' A W 9 9
1. 58UAIDYNN SF 1ag SF/C scaffolds NWIUNIT treat waz'lila treat A28 methanol ¥1UATH
I ) @ YA a Y A ~
L“]JHNQLLEI$H13J1E]@11’T3JN’JWH1 (outer surface) mﬂuizmmmzﬁﬂu
o a I Y . 9 ..
2. MNTAANTIENIAE X-ray powder Diffractometer Taald Cu KO radiation (7u = 0.154 nm),
. < o o g < A
operating voltage IL@1% current 111 30 kV 1ag 20 AV guaay UVBYAITYNNUIN 5-70 20 ° # scan

speed 0.02° 2 @° intervals

o d
2.2.7 MIANBIM TRV scaffolds 11183 1953i protease

2
A ] v g
1. 1930u%U SF 1Az SF/C scaffolds NRIUNS treat #70 methanol 3ou3oaudnNAmiluzl

nsanszuen Taoldlidurugudnats 10 Tadwas tazga s daawns

2. 15 scaffolds TlF i uastiundiminEud w,

3. 1% scaffolds 11 2 ml Yosd@15aa1Y Phosphate Buffered Saline (PBS) pH 7.4 ‘ﬁﬁlﬂullﬁ]ﬁj
protease 1 unit 71 37 e3ruraFed Wunan o, 1, 3, 5 uag 7 fu uasihmanlasumsazaednarsnng

o'.; g ] d‘ = 4
24 %2113 Taegan2uAY (control) FU scaffolds zgnualuaisazale PBS fi luitou las

a =

A = o o & A v v i~
4. 1UBDIIANNYIUA UIYU scaffolds llﬂ’emﬂqmw{]u 65 DIAUYALFIT IUNTSNILAALASY
S e AL S o oy Ayy o 2 & e e A A
miinaen sahwminuian 1@ uawuﬂmﬂuumuﬂﬂmaaag w,
Y
o = ]

° sd o A
5. mmmwuﬂ@imumu wuﬂmmaaagmm scaffolds muqm

9 ]
v A

IS 3 J o = . ..
nlosiFudimiinnmae (% Weight remaining) = (W,/ W,) x 100

wAa L d 4 A
2.3 MmsAnMInMaNTAMTINNV0T scaffolds Tumsmnzidausadisotionszgnoou

v ° d 4 Al
2.3.1 miuﬂmmzmszﬁummumamﬁm%nizgnéau (chondrocytes)

4

1. BAg1aan Pentobarbital Sodium MAUYLIA (overdose) HNFBINOIUBIHYNAADI TBWUT,

a

Sprague Dawley 81¢ 4-8 d1la1¥ tivevir 1010 ledraaau
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Y
2. AAIFUAIUVOIVIHTUAZNHAILTNUTPA000AN MY 1Y sterile Phosphate Buffer Saline
(PBS) pH 7.4 93 1% Penicillin/Streptomycin 1a¥3i1n15a19828 sterile PBS pH 7.4 9% 1%
v g .oa & ° P d" X
Penicillin/Streptomycin 90 3 A543 Tagnsziinialugnilasade (Laminar flow)
) 1 = d‘ 1 dy d‘ dy (% dy d‘
3. My naaesly 70% Ethanol Uszanar 5 wi iesiugeionvziuiloniniuiiione
09/’ 2 o ) 9 Y ya 1y A dy A 1 . = A 1A
ninuIaiwns 131 PBS pH 7.4 udr 1dliardameu ilowonszqnooy (cartilage) duogusinm
1 I Qy < 1 §
vose 1 uruans lalu 1 mi DMEM fs3en 1314 15 mi sterile tube
o Qy dy A 1 ~ ' . . A <
4. uwummﬂ@ﬂsz@ﬂaauwﬂszmaa‘giu DMEM medium 11/ centrifuge NI 1,500 rpm
~ Y . . J ay qul Y dy A v 9 . = 3
5 U LA pipette 181 medium e 1 1intiudaileldesed1s DMEM medium 80 2 A5
. . 1 QSI Y dﬁl d' 1 Y a 4
5. Pipette 1971 medium  1A1914 11/ umﬂamuawaﬂizﬂﬂaaumamimmau”lw 02  %wl/v
3 ) ] UM a A 1< )
collagenase Uszanas 1 ml 1ntinirlihinluduivgamgl 37°C 1l 5% Co, ifhuna 1 92 Tus
A o o . A A A . Pl
6. iensUMHUA a1 ¥ 1) centrifuge 1 1500 rpm 5 UIN WD pipette RRIGITA Y collagenase
E4 Y
14 11az#1M 35819828 DMEM 3 A5
7. Re-suspend pellet cells A8 culture medium (DMEM medium N1/52noUAIY 10% Fetal
J A o 7
Bovine Serum (FBS) 118¢ 1% penicillin /streptomycin) INZIREAZNNIIUINGAE 1Y culture medium
4 P ' v
Taeiaousaa 1 tissue culture flask U119 25 cm’ Tu@1n 37°C il 5% CO,

o { . o 4 J o J v
8. im1/aeu medium 909 3 Tu oA confluent 99111015 subculture laBiaa luLAaz

) 4
passage 929 NI1NANYT morphology neldndoganssan

&’ d & A 1
2.3.2 fnﬁ!W13!@8\1lmﬁa!uﬂ!ﬂﬂﬂﬁ%ﬂﬂ@ﬂuﬁlu scaffolds
o & o q Yt ¥ @
I.I@ﬂu']"]fu SF 1uag SF/C scaffolds ll']ﬁﬂslfﬁllellu']ﬂ Lﬁuw']uﬂuﬂﬂa']\? ﬂigll']m 1 cm ’L:,N 0.5 cm

= =

A Y '
vimiuds liih hilinTaeadedisms Autoclave melaanuadungamgi 121 °c 15 Wi
2 1
2. 113U scaffolds NIH1UMT autoclave 11211911 70%Ethanol 30 UIH 11825IMY ethanol 09N
a Ay ] & g 9 2 o v . Y o &
nguugiiesmeludiasaiio 9InIUd19FY scaffolds 2 ASIAIY sterile PBS pH 7.4 udnihisu
scaffold 119 TUMQUUDI 24-well tissue culture plate
Y v
3. Pre-wetted U scaffolds A9 culture medium 1 ml vz tinTudungamgl 37°C 7 5% Co, 1
] v Y
AU 11ATURIMUATA pipette 101 medium duAuh ligngaduly scaffolds el
o J 4 4 1 o A v o J uaj a
4. duwadiiledonszgneou  passage 2 WIS trypsinize HaziiUSIUILAAE 10U 1AY
. 4 1 1 Qy 1 9 YA o I 1w
suspension YOUFAANTLANBOU 50 pl 83 11JuU scaffold taazFuod 1391 Taglitiduuraaniiy
4
1x 10° 18@/scaffold
dy J Y a . 1Y [ o dy 3
5. @euwad lugiy 37°C 5% CO, g medium N0 3 1 naswnimsmz@satiuna 7,

v KX o Qy A s 1 1 =2 09: v
14, 21 1ag 28 31U ANUI¥U scaffolds vmmfaaﬂix@,ﬂmuagmﬁﬂyﬂmum”lﬂ



2.3.3 msAnuMIIarazanuiitInve uraauy scaffolds MIBINATIA MTT assay
4 [ 4 A
. MAIAIZ@eusaduy scaffolds Asumunaismua’ld d19%u scaffolds 2 nTIAIe
. 9 ! . ' = a 2
sterile PBS pH 7.4 uazde'ldlalu 24-well tissue culture plate ‘Vifqllcl‘ﬂil Taod blank ADFU SF 1AL
d' 1 9 o a o 1
SF/C scaffolds 1 1 lavhmsiduaadnszgneeuaslyl
A 1
2. 1IMIUINSIAN DMEM medium #1152nousie 0.5 mg/ml MTT adliviguag 1 ml uagiiy
A A I )
37°C N1l 5% CO, a4 $1 19
4 4 [
3. Pipette (81 medium N1BDNNI 1d2A1 DMSO 2 ml MAiu plate Twend 120 rpm 30
4 A gu va
117 1o 1¥inzneu formazan A¥A1899ANIN scaffolds IAAYL
4. Pipette 111119181522 A10F329U84 formazan 200 pl 11 lalu 96-well plate 1@ 115a

absorbance NAVIINAY 595nm AIATD Microplate reader

2.3.4 MIANMIMTTAMIZHAZMINIZLVBABAAUY scaffolds AILUNATA Histochemistry

1. NEIAINEEBUTAdUY scaffolds ATUAMNMTR LA 815U scaffolds 2 n3eda0
sterile PBS pH 7.4

2. 1 scaffolds WM 10% neutral formalin buffer Uszana 24 #2733 wazair lr
ﬂszmumsm’%’amf'?m%é’w’wﬁwnaﬁdnq ' Idi s uuaen (paraffin block)

o 2 & A qya v A o 2 & . Y = o s
3. G]ﬂ%uluﬂlﬂﬂiwuﬂj’lnwu']ﬂjgn’lm 3-5 pm AYLATDIAAYUIUD Microtome llajﬂ\iu'lﬁklaﬂ

Y A

9 )
oo Tilouludianauvail 60°C

Q U
Y

4. tha'ladiitode U uaniumsdrae msifluesn (Deparaffinization) 2omsuaa’las 1y
xylene 2 ada adany 5 1

5. 1ha'lad i unsg1uMs Rehydration @2omsuslu aleohol iofidudangalidr I8ua
Absolute Ethanol, 95% Ethanol 182 70%Ethanol 1031 a%aaz 5117 udwslurinlszah 2 1

6. oualadiiioimodnnd Hematoxylin 30 3117 t1d1a19@auinu pondaminszah  aintu
134 Scott solution 5 W17 Aeendastilazih

7. Boualadiiioiodand Bosin una 10 1# udrduddnufuoondaoinlszih

8. Dehydrate aladiitodoTaei i aleohol mwm%’u%’umﬂﬁﬂﬂqq uag clearing 1AgH1Y
xylene qwﬁw%ﬂ‘ﬁ1L‘1ﬂuﬁhlaﬁ’m’351ﬂEJﬂTiWEJﬂ‘Ij}WEJW permount Llazﬂﬂﬁﬂﬁ’m cover slip u,é)'ms’mg]mi

= o Yy 9 L4
gALNIZVDUFAAUY scaffolds ma“lmamgam:iﬂu

2.3.5 MsfAneanyaz s 19ve aaduY scaffolds A SEM
@ Y 4 { o Qy 09}/
1. ¥AINMNIZIAgUaduY  scaffolds ATUMUIAMMTUA 1Y 819FU  scaffolds 2 AT

sterile PBS pH 7.4



2. 1% scaffolds 11 fix 14 3% v/v glutaraldehyde 1iu1ian 3 %3 Tue mnriudiadoe pBS 2 s
As9az 10 YN

3. Dehydrated ¥U scaffolds IA8TINHIU 30%, 50%, 70%, 90%, 100% EtoH TUaouaz 10 11N

=

Qy ay a < ' o
4. 0 19%u scaffolds urengurgieuilunaiediaios 10 9 Tus

Y
Y] @ . I ] o a .
5. 910UU Dry cell-seeded scaffolds 3£ )NAA section Tdueinu1esi 'y Aauu aluminum stubs

) Y Y X [ 1 J Yy 9
lla$u1b1ﬂ coat AYNDI LLaaﬁN@ﬁ]ﬂﬁ@ﬂaﬂHmgzﬂj']\iell'ﬁ]\ucﬁaaﬂu scaffolds ﬂ181§]ﬂa@\1 SEM

d v v
2.3.6 MIANHINIA3 extracellular matrix YoUBAANIZYNOOUNIWIZAEIY scaffolds A8
matin Immunohistochemistry

k4
ﬁu@]ﬂuﬂTiﬁﬂBWﬂﬁﬁ%N type II collagen

o a2 <3 Qy @ 1 @ 4 .
1. 115 M UVA0NUDIFUAIDYN scaffolds 111@@%’38&?1?@\1 Microtome Glﬁ)ﬁmmwmﬂizmm
S . s A A Yy 9 o A
3-5 um Mnviuha laaiome lou1udsiguwgi 60 °C
Y a A A . . . Y 1 L 09/’
2. ANWIIHUNAGDY section 00N (Deparaffinization) ALNITLAE ban 1 xylene 2 A3
o ' ' < o
3. ha'lad lr1unsz U5 Rehydration #3om3us1u alcohol 1loSidudoingalié
o v o g oo ) . .
4. 1/]1ﬂ1‘§€l‘]JEJ\‘1L®uVl°1ﬁJ1/]3JE)§jJGlu section (Blocking endogenous enzyme) Tass incubate 11
2 4
0.5% H,0, 11 methanol U1 10 Wi 11Miud1adaealaddae Tris Buffer Saline pH 7.6 (TBS) 2 A5
& =
AIINE 5 UIMN
4
5. msdudamsduiuedialidumzza ( Blocking of nonspecific reaction) A2851AN
1.5% horse normal serum 11 TBS U311a1 100 pl/section 1137 incubate 15318 10 W17
6. e ladin1r a1 IANeBN LALIAN avidin blocking solution 100 pl 1147 incubate 15 1%
7. B ladin1ra15ANeDN LALIAN biotin blocking solution 100 ul 1187 incubate 15 W%
8. 1A primary antibody 919 type II collagen (mouse monoclonal) 91 dilution 1:200 31191 100 pl
(negative control ¥1&@ TBS LNY primary antibody) 1187 incubate 114 chamber ﬁqmw{]ﬁﬁ’m 1 5279
09// N dy Y 9) Y ad Y 9)
*‘Vill"lfllﬁ@! 51]1!@@1!@@ﬁnﬂull‘]_](lﬁb'ﬂ'ﬁﬂﬂuﬂﬁlfn‘ﬁsllﬂﬁ VECTASTAIN ABC systems Q384801
VECTASTAIN ABC kit
9 9
9. dna'lasdie TBS 2 A5 ASIAL 5 W UAUAN biotin-labeled secondary antibody (horse
serum + biotinylate mouse IgG + TBS) 511m 100 ul 1187 incubate 30 Y19
9 9
10. d19er'lad@ne TBS 2 A%e AT9az 5 WA ud AN avidin: biotinylate enzyme complex (reagent
A + reagent B + TBS) U512t 100 pl 1127 incubate 30 U1¥
v 7y s @ o 9 A
11. daualandie TBS 2 afiasear 5 Wi udrnudy substrate-chromogen (buffer +

Diaminobenzidine (DAB) + H,0, + 11nau) 1511a 100 pl 187 incubate 4 u1H d1daerinlszih



v Y

12. ¥1A13 counter stain A28 hematoxylin taz@ @@ IMAUBDNA81115211 9111 dehydrate
o § 4 o 1 o . 1 o

a'lasiiioio Taeti1 luru alcohol ANudnduaINGl1lga Az clearing Tagk1U xylene gAN18T91

I J 3 2 o 9 .

Lﬂuﬁ"lamnﬂmmimﬂmm permount wazllanuaie cover slip

9

Gfljuﬂﬂuﬂ'liﬁﬂ‘kﬂﬂﬁﬁ%ﬁ\? Aggrecan

1 A3 TS onueas 1R 10614 scaffolds MFAIBIASE Microtome THTAMMMIN 521Nl
35 um ointiurialadiiferde Tueu I afigungd 60 °

2. é'Nwmﬂuﬁmé‘au section 880 (Deparaffinization) aromauyaladlu xylene 2 ﬂ%ﬂ

3. 1ha'lad i unsg 1M Rehydration @031 alcohol nlosiSudningalud

4. Blocking endogenous enzyme Taen13 incubate 14 0.5% H,0, 14 methanol WM 10 WA
mmfué’wﬁ”wa"laﬁﬁaa Tris Buffer Saline pH 7.6 (TBS) 2 ﬂf}s’l\‘i ﬂi?mz CRTRET

5. famsdudamstuiueia s mnznzadiemsiay  1.5% goat normal serum 1 TBS
Y3119 100 pl 187 incubate 10 WA

6. Peaa ladin1ra13LANBN LALIAN avidin blocking solution 100 pl 1147 incubate 15 W%

7. B ladimz a131ANe0N LAZIAY biotin blocking solution 100 ul #1&7 incubate 15 W17

8. 1AW primary antibody 919 aggrecan (rabbit polyclonal) ﬁ dilution 1:50 Y5114 100 pl (negative
control ¥i8A TBS LINY primary antibody) 1127 incubate 1% chamber ﬁqquﬁﬁ’mﬂszmm 1 Gf;/’ﬂllﬂ

sanoe uneureant 1¥msfoud1e3iues VECTASTAIN ABC systems doyadon
VECTASTAIN ABC kit

9. d1a'laddre TBS 2 ﬂgjﬁ ﬂ%ﬁaz 5 W% 1AUAY biotin-labeled secondary antibody (goat
serum + biotinylate rabbit IgG + TBS) 151191 100 ul/section 1187 incubate 15318 30 WA

10. $19a laddae TBS 2 ﬂgjﬁ ﬂ%ﬁaz 5119 WA UAY avidin: biotinylate enzyme complex (reagent
A + reagent B + TBS) 151a1 100 pl/section 1187 incubate 15118 30 WA

11, 3ealaddan TBS 2 Adt attaz 5 Wi udasudy substrate-chromogen (buffer + DAB +
H,0, + ¥hnd1) U530 100 ul 187 incubate U5z 2 177 Erade

12. %175 counter stain A38 hematoxylin Fuddriuoondieinlszih mmiu dehydrate
aladiitodoTaeia Tk alcohol anududunnd lqe uag clearing Tasr1u xylene gamiedei

I ' J A .
Lﬂuﬁl’laﬂﬂ1’3‘iiﬂﬂﬂ1‘iﬂﬂﬂu1ﬂ1 permount tazlanuae cover slip



UNN 2

wanInaasy uazedlsenanmsnaaes

1. M5A38Y fibroin (SF) uay fibroin/collagen (SF/C) scaffolds
Y
[V 1 o a
nnmsnaneudesdulumsmisniag InssinIiiwaadane  (scaffolds) A0MANA freeze-
. o ' a [~ . { | {
drying 1 WUNQUNYUIUNTLUIUMIUFUA ( freezing process) 1 -20 DIAUBATHA 1T UANIITN
a % o a Y] P 1 an 4
wimnzawlumswaagaih i Idndasuaiiiulnsese 3 48 luguuy sponge 18 nagifiosainlu
Aav 3 a . I a Jd o I o
e 1510580 Inu I Tus8u ( fibroin) iunedwesvanlumsmsemily scaffolds 3953115 treat
9 ' 1 I
¥U scaffolds NWIUMT freeze-dried (38U50811AIA8 methanol Falisrearunannsamtienir 14
. ‘ . 2 o 3 < o
fibroin 11/@81 conformation 910 amorphous Tahiilu crystallization YNV [1] Tumsanutivelasims
~ o ' an A Yy 9 . o w =K 9 1 a .
w3endag 1nses e 3 4a laen)deumlasnnuiduduaes fibroin Tudisy Daulunain freeze-drying
I A A o I Yo 1 A 13 A 1 ~ .
wiilumatinndenazi 14 183aq Tasesenligngugs [2-4] UANNSIBNIUNMNSIATEN  fibroin
9 a . & w Yo ' AAo <3| ' . £
scaffolds PIUNAUA freeze-drying UU uﬂ%”lmﬁqiﬂﬂﬂmmﬂyngﬂuuwu ( sheet formation) %3
1< [~ o { o ] [ :j A o
Wuwaninnszuoumsusuis 119 scaffolds 1 1d5unlsizuazuandio [5] daiuamezdisedela
o Y . 4 ] A < 4
NARDIUT collagen WINTUNU fibroin NOFIBNUAINUTUITIVOL  scaffolds LHBIIN collagen 1l
va 1 a o aaa Y . 1 o
Auauiaillu biocompatible proteins 9119z HANVAWNTORNGATOND fibroin Auiuse laTasion

A o a A o qu Aa o I~ ] . [~ 9
Wiﬂwu‘ﬁzhlf]ﬂﬂuﬂ LWE]EJ‘UﬂﬂﬂWilﬂ@aﬂHm$!ﬂULlwuﬂl@Q fibroin 1Uﬂi$‘]_|'31f!ﬂ'l§l,l,°])'l,l,el|\‘lul@

2. MSANBIYUANTANMINYNNUDA scaffolds
2.1 MIANIFUNITNHULUBI JWFTHIAZVUAVDIFWIHVDS scaffolds 9138 SEM
= ) a a . I

NNINAADINTEN SF scaffolds Tagiiman)asumlaslsuaves fibroin i 1, 2, 4, nay

o 1 a Aa o PR 1 aa Y A ) = [
6% wiv Tud5u wunaunsomnanaadusiniuTnges19 3 5@ uuy sponge 144 worthudny 31519
k4 ] v
AnNBAE NUAD LAZVUIAYBIZNTY A28NINEIE SEM (15199 3) 2INHANITNAADINDI scaffolds

9 Y v
IN38N fibroin HulanyUNUAIAD U UT oAz HTIVY scaffolds ADUF LN tazhd Wy nu
[~ v o w A 1 1 1 @

AN UYY fibroin 1Huiladed gy NdiwasoglseanyuzazaIAgNIUYe scaffolds IAg SF
{ A o { g 1 ]

scaffolds MATENINA1TAA10 fibroin 1%w/v Hanbuzuesgnguiduudy manszatevesgngu b

v 1 9

aiueue uaz Hvwagnguasudnalvajilszm 147.69 £ 66 um Feanvmziiazaawal scaffold

1 I I 1 A A IR 1 1 ) dy 4 A A
Avoudauswazilugilasindomandounveswaads lumimzavaomai llmziteusas oy

. 1< ' { [ { g ]
ANUANTUUDA fibroin 1111 2, 4 1AL 6% WU SF scaffolds N lananyazniluunvaniiseas I3
' 9y o = IS

NIENPUIAYIFNTUAB LI N ITURLAasIVINAINIUanauily 82.92 28, 71.51 T 18, uag 65.33

v
=Y aa A

+ 16 um MUY FIANAI99IN scaffold NATENI fibroin 1% pE1TTBHAYNNETDA NANUTTY
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9 9
=K A

9 v v E4 [ ]
95% mumﬁmsl%meﬂummgwqumuﬁu( interconnection pores) Tﬂﬂwaﬁmmuummﬁmmmﬂ

[ v 4 4
oA NMINTUVDY fibroin WINTYUEINATH Iuanaves fibroin 1NA interaction AUNINIU WANUDS

9
=<

S & d4a 4 g = A . 0 q ¥ = o & Aa =
u’]L!slNV]lﬂﬂslluGlUﬂﬁgﬂ'Juﬂ’lﬁllslﬂlsllQﬂ\igﬂ@]ﬂﬂ']uﬂ'lﬂillmf].aGUfN fibroin Vl1clﬁwaﬂu1llsll\17|lﬂﬂsll b\

=~ <

<3 o us/‘ A 3‘ <3 a 9 a . [l 9 Y
VYUIARNAN muumE)uWLL"’INQﬂizmﬂaaﬂllﬂmmﬂﬂuﬂ freeze-drying ﬁﬂWﬁiﬁﬁWﬁuﬂulﬂiJﬂlu']ﬂlaﬂaﬂ

a Q

= A 1w 1 d?’ Y = dy I = v o
LLZWJJﬂ?ﬁ!ﬂf@?ﬁl@ﬂlﬁ31’131Q§W§uu1ﬂﬂluﬂﬁﬂ mmm@amunJullﬂGlumqmmﬂuﬂmwmumm Lv
Q.et al.[5] t4a¢ Zhan JL, et al. [6]

A = . @ A Y . £ g
HONAADUATEN scaffolds MNANTHAY fibroin AU collagen IABtann 1% 2% w/v fibroin Fuilu

(]
o A

audududigaiiamsafadulasse 3 GA1AR wanduasazats collagen awgasiisy
SF/5C, SF/10C 14a¢ SF/25C #a3i8a31a3uves fibroin @9 collagen 1114 95/5, 90/10 Az 75/25 ATUEIAY
INMNAE SEM (131990 4) WUIUUINNEAT 1809 collagen Tudrsuminviy 95/5, 90/10 tay

75/25 vinagngulnaiudntioo Taolis 76.22 21, 87.74 + 24, 1z 92.79 + 21 um a1y Taoh

]
=% o 3 aad

YNIAFUTUYOL SF/5C tag SF/25C lamananuiveduiiiediAgneddananuseliu 95 % uaz

Y § a ! [ 3 @ 3
AnBUZNUAIY0 SF/C scaffolds N1 145 DTANUFUTZUINTUTINDINTIUDY scaffolds NANWHUINN

Y =

[ dy 1 1 A 9 4 =2 a YA 1 1< 1
VYUANIY “D’\‘lﬁﬂ'kJﬂ!%ul‘l"lfDZﬁQLﬁﬁmiﬁl“ﬁﬁaﬁ']ﬂ”ﬁﬂﬂmﬂ"l%LLﬁZLﬁ]iﬂJUu scaffolds hlﬂﬂ ’E)fJNllﬁﬂ@ﬂiJ WUIN

e

v
aad

1 o [ u’j A o {3 1

Tasese 3 HAR1ASUMINAIHANSENIN fibroin 1AZ collagen TuAaanyuzgwguldunruti
3 9 = A 1 o Y v P . = 1 = = A
antios uazlinnuFouasiuueIgn Uiosn scaffolds NATENIN fibroin 1HBIOIUALT Fawad
a d?' dal v 9 [ A ' 9 o o

NATUHATINUTINADNITNAABBY Ly Q.et al.[S] ANUNMIHEN collagen 191 11/ ludr5uansa
Y] uaj Aa o {3 1 % 3 1 1 {
Fudamsinadnyaz Nluunuved fibroin 18 Fe1918)111/1831m15149 fibroin tag collagen MPLUTIAIN

Y v v Y
aranus I uneumsnaanuanaaiue1azin lvinanianaaoan lduunanaaiudie
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M15190 3 7IND1Y SEM 1Az AW IUU0N fibroin scaffolds gasi1sua1ea finlasulasnnududu

UD4 fibroin

SF2

SF4

SF6

EMT=1000kV  Scan Speed=9

EHT=1000kV  Scan Speed=8

Mag =

5
Pl

EMT=1000kV  Scan Speed =8

fagvens 50x

Signal A= SE1

Signal A= SE1

4 \{f
(3%
Signal A= SE1

Spot Size = 280

50 X WD= 10mm

Fill= 2689 A

|ooum EHT=1000kV  Scan Speed=9
Mag= 200X  WD= 10mm

fagvene 200x

Signal A= SE1

Spot Size = 280

Signal A = SE1
Spot Size = 280

A
i'.
Fill = 2689 A

VUIATNTH

(um)

147.69 = 66

Fill= 2689 A

82.92 28

715118

6533 16
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M13199 4 NIND1Y SEM 1agyUIAFNIUUBN fibroin/collagen scaffolds gasis U nulasumlag

9A3189IUV0N fibroin 1A% collagen

. . VATNIY
anIniTy MaIveNg 50x Nadvens 200x
(nm)
SF/5C 76.22 +£21
100um ET-WWW Scan Speed =8 smusa F||=269A 100pm EH]=1000kV  Scan Speed=8 Signal A= SE1 Fill = 2689 A
Mag= 50X  WD= 9mm Spot Size =280 M:i= 200X WD= Smm Spot Size =280
R 7 ‘ ¢ y & ﬂ ‘
& A
s ) i ) &".
. IR \|f
¢ N 3 5 f
" - R - o 3 :"
SF/10C V 3 AN Vi A, i 87.74 £ 24
¥ b’ . 4 ' :./\ ~ < 4 2 N
\ \ b 2 -
y {
- ? 7 f’
100um EMT=1000kV  Scan Speed =8 Signal A = SE1 Fill= 2689 A e EHT=1000kV  Scan Speed=8 Signal A= SE1 Fill = 2689 A
— Mag= 50X  WD= 9mm Spot Size =280 Mag= 200X  WD= 9mm Spot Size =280
2 S
v, Za
SF/25C | 927921
b4
100um % can Speed = i - a 100um = in Speed = - il =
Noge 50X whe smm _ Sposmezmo F———Ri- mox_ woe smn__ smamenmn o

ARy + SD, N=30

2.2 mAnnilugngu (Porosity) Yo4 scaffolds 1ael435 liquid displacement

I~ [ dy 4 I vad o W 1 & o o o 9
anuiugwgnveslaneiw@eusas  uguaniandnyedaniedmsumsiiily s

=1

s i . . { I ' A J. 4
152 Tow1 11 tissue engineering scaffold NAANUTugNIUgzsromuTomaldaaalinsndou

a

4 o ' s o %
(migration) HazlN5 AOA1TAUTENIIUYAA ( cell-cell interaction) muﬁmuuauuiﬁ'maaﬁmmim

9

A o . . dgl 9 ~ 1 v o @ Ana A
HAZINNAIUIY (proliferation) WINVYUAIY [7] IINHANITNADDY (A1TNN 5) wunilatedramnionsn

g

ko)

[ 1 < 4
'é)ElNiJ'lﬂﬁf)ﬂ'J']ll!‘lJHZW‘J:ueUf]\‘] scaffolds ﬁ@mmt@ffwffmlm fibroin AT TITHEY Lﬁammwﬁ'wﬁ’umm
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P 1 ' sl o < < A
71392919 fibroin quﬁuﬂm 1% %USQ 6%w/v WU'J1L1J@5L“ﬁu@ﬂj'lulﬂuzwqueuﬂﬂ scaffolds NAZIWL

£
Yo A

dzl = = A <3| 2 Y 1 Y ng
wnYuINszana 62% ude 89% Fawadl lasutiiulllumaferduamaisan SEM Ay
Ao < ! o a & "o 3~ 73 7
scaffolds NUFNIUVMIAAANTE YOI ANUANBIUAZ UM TFONADNUYBIFNTUGINIT NI/ TITUA
<3| U <3 4 o o w ' {
anudugwgugeaw lude odrelsnaniiediimsnawy collagen 191 11T ugasdsy wud scaffolds f
Yo A 4 " ) A4 o o o v 1 A
lasuiimsieunonuvesgniuiovasiiomoniy SF scaffold Tngduna laninnmnie SEM uaziio
a = S I 4 I 1 = 1 1
Wo1snda)osFuan T U UNLI SF/25C scaffolds NATIRENIMAZLANA19IN SF4 11ag SF6
[ A o o W aaa A o dy = 9 1<
scaffolds DE19NTeAIAYNIADANANUFONY 95 % UBNIINYT SF/C scaffolds Wuud Inua1milug
1 v 4 Y 4 ]
WiHanaIRIeloNlT MY collagen Tud5umnAu Mstionilosnnainluanaves  collagen
H b4
A131504AA interaction N fibroin HIUN4 hydrogen bond $111% 184 scaffold NHANBULHUMNNUY

wazl interconnected pore aAAY WBINBUND scaffold NAT BN fibroin 1NBOE1UAY?

! &
M319N 5 mmgﬂugw;umm fibroin L9& fibroin /collagen scaffolds

¥UAVDY scaffolds Vo Mass ratio of
gy % Porosity
fibroin : blended polymer
SF1 100/0 61.67 £ 12.58
SF2 100/0 77.78 £ 9.62
Pure silk fibroin (SF)
SF4 100/0 86.31 1.03
SF6 100/0 88.89 = 0.00
SF/5C 95/5 78.33 +2.89
Fibroin /collagen
SF/10C 90/10 75.00 £ 0.00
(SF/C)
SF/25C 75/25 61.11 +9.62

AuRay + SD, N=3

2.3 MSANBIANNUTNSI (Mechanical property) ¥4 scaffolds 1ng¥1n504 Instron

[ [ ]

[ dy J o 9 a dy A ua.:} = < =~

ﬁﬂjﬂiﬁ‘iNmElﬂ!clfﬁa?ﬂ1’?3UuWklﬂﬁl“HGlu’Jﬁ’Jﬂi‘ﬁJlu’é]!ﬂ@uu AITISUAITULUILTUNWIIND
= Vo A A A o Ay ' A Y a & Yy A
NYVININUIUBLIDN TIDDIYICNABDINITHDULLYY  [8-10] LH’EN%TﬂcluﬁﬂTJ%LL?ﬂﬁ@N%iQHU%%@@QNﬂTﬁ
[T =) Yo A [ 1 [ :1} = d‘dd YA
ﬁﬂJWﬁWiﬂulﬂ‘iUﬂ’ﬂiJﬂ‘iZ‘ﬂ‘Uﬂ‘iZmf)u%1ﬂﬂﬁ]ﬂﬂ§n\‘1“] ANUUNITINTYIY  scaffolds mmmiaammﬂwn

< ' ' v A v < A~
ﬂ’NNLLﬂNLLiQLLﬁZﬁnﬂiﬂﬂuﬁﬁ]u‘iﬁ%ﬂﬂﬂllﬂ 6lufﬂﬂ/]@'ﬁf]ﬂ“t.lhl@’l?ff]‘lel1?5]’3111!,l,"ll\Hl,‘iixi"lJE]\i scaffolds NKT8U
P '
YuTaenagoUANUEINITD IUNTNUABLITIONA (compression test) Y4 scaffolds A15UA1T (A15197 6)

v 9 ] v
' 1 . a < a a
WU A1 compressive stress L0 modulus YB3 SF scaffolds N Tunuvwandeuiomiui/sunaves
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o o > ] 3| ! cl . . . .
fibroin 11151 cdliqm%mﬂuwammﬂmﬁﬂizmﬂmmgwquﬁﬁmmm (uniform pore distributions) (a1

HanuFeunenuuesgngugaeelid scaffolds A11505095D1590ANNTZIAD scaffolds 1AL

e

Ju ad19l5fa scaffolds #1180 InNstATendIe fibroin Liesed1uREITRTIMANITINITONUAD
usa8aReudna FUI scaffolds nlszazianIdine duiunesd3ies 1Ay collagen 17 l1man
Suensazans fibroin teFeunuLT s 17T scaffolds Fennramsnaaesi Iasumuuilori
collagen il Tum S ua s e wsal iy scaffolds  Iduniu Tasdana lgains

. A 4? A ~ ~ % A A . ~ 1
compressive strength 480% modulus VIQ’QGUHLNE)L‘JJ‘EEJUWIEJUTT]J scaffolds MATYNIN fibroin LWYIDYII

~

{1 I o w 1 . % 1

19 Nraulenfae SF/C scaffolds qga3n13l SF/25C ue compressive modulus QWIQ’W?QNmﬂ’N SF6

= ' 1< 9 o ¥ o Y AN Yo A @
scaffold 89 10 11 19181 1114731 mswaw collagen Tud 1509114 scaffolds 1 l@suliA UMMV INT

42} = ] 9 1 v A o 9 42} Y AN Yo Y o

scaffolds MPYUIdIwaliaTanuasussdanunsei launiudie Taenan lasudeandeeny
51891909 Lv Q.et al.[5] Uz Nazarov R, et al.[4] FINUIININTZWUUIAUDIFHTUNAN UTUDIAY
1< A @ ) 1 A 1 A wa
Wuszdious DI INNANNRUIVEINIT scaffolds 92111 T gmsiivzsremuguauiianienane

A < Yo 4
L‘WjJ‘ﬂ’J']jJ!LGU\t]UjQGlWﬂ‘U scaffolds lnﬂﬁu

Y <
ﬂ“lﬁ%iﬁ 6 UAAIANULLUNLIIVUDN fibroin LAY fibroin /collagen scaffolds

- Compressive properties
BUAVOS . Mass ratio of
anIney Compressive stress Compressive
scaffolds fibroin : blended polymer
(kPa) modulus (kPa)
SF1 100/0 34.16 + 16.94 45.16 £ 28.91
Pure silk fibroin SF2 100/0 37.09 1+ 1.85 47.75 £3.09
(SF) SF4 100/0 4759 + 437 54.78 £3.92
SF6 100/0 134.91 £9.31 147.97 £ 11.50
SF/5C 95/5 81.31 £ 16.83 94.65 +26.36
Fibroin /collagen
SF/10C 90/10 72.05 +17.05 107.07 £ 47.09
(SF/C)
SF/25C 75/25 940.88 +353.19 1531.71 £ 697.41
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2.4 miﬁnmmmmmm‘lum‘s@ﬂcﬁ’um (Swelling property) U84 scaffolds
wvAa 1Y) g’ I va & AaA o W 1 ) 9
AuANIA lUMIQAFUINY scaffolds ITuBnguawiAniaiiaNudfy uinadonisii il 14
[ Y
NAU tissue engineering 1H991AMsUNTHUVEI U 11U scaffolds azHei1a1so1ng T ¥y
P 1 qaz’ 9 A A o 4 1 9
iraganognelu scaffolds 5auMvsonIiveudsNnatoonuIINEadINToONUINIBUBN  scaffolds 1A
v Y
@9 [2, 11-13] INHAMINATOUNUN scaffolds ason Tanndrsuamnsagaduiirladuinnii 90%
(] < a9y o 1 A a . o o A d? 1 ]
pg19 lsnawlidedunai Welsumues fibroin ludsvmnundIu wuNaNvawse lumsgady
3’ = Y [ [ ] @ aa ~ A I
1119949 SF scaffolds 1412 1811 anag e JULANANOIUNWADA (13199 7) 9191H091191AANUL] U
< { (] ° 4 [
hydrophobicity 484 fibroin 591 lAsgwgvABNNNTZMBRs Al HaVBIAZMTIFOUADAUYD]
09/) o Y o @ o Y g‘ LR 9 Y d?
Wiuguinih 1dons1msnesdaves SF scaffolds anaildmihmwsinad 1Ty scaffolds Tasnaiu
v ) [ Y
A28 uona il Wonay collagen tmd 1/ ludr5y nuhanuansalumsgaduiines  SF/C
Q' -4 d 4 (% H =)
scaffolds 141 THUWNLNAUY 1aNT08 oMeUiL scaffolds MATENN fibroin (WEAFTIARLY D19

4 ] A I @ ) @ @
119911910 collagen MJaretunnuily  hydrophilicity 1¥9U scaffolds 311 dn31A1INBIAIVRS

1 9 v Y
scaffolds [uAY 11139eus st 111 scaffolds Tdunau

v Y
M3 7 L!ﬁﬂ\‘lﬂ'ﬂllﬁnﬂiﬂsluﬂ1i§]f°‘l°f)’1‘1jﬂ1€llf)\1 fibroin 41% fibroin /collagen scaffolds

- .o Mass ratio of
PUAVD scaffolds | gAINITU swelling ratio % water uptake
fibroin : blended polymer
SF1 100/0 18.21 1 6.50 94.42 £ 1.65
Pure silk fibroin SF2 100/0 14.27 £ 0.46 93.4510.19
(SF) SF4 100/0 1434 +2.15 93.40 = 0.93
SF6 100/0 1158+ 1.57 91.97 £ 0.94
SF/5C 95/5 16.92 +3.94 9426 +1.13
Fibroin /collagen
SF/10C 90/10 20.66 = 5.28 95.21 = 1.06
(SF/C)

SF/25C 75/25 20.98 +0.39 95.45 1 0.08
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2.5 msfinInsaiaves fibroin, #as fibroin/collagen scaffolds Iael¥ Fourier transform
infrared spectrophotometer (FTIR)
3 A Aq Y= a o ¥ @ A A oo
FT-IR lJJ‘leﬂ‘L!ﬂ‘l/lcl,‘lfﬁﬂB1Lm8’JLﬂi13‘ViIﬂ5\‘]’ﬁi'NGU’E]\1ﬁ'"liIﬂﬂ@?ﬁﬂﬂﬁ@ﬂﬂau“}ﬂﬂﬂauix‘]ﬁ
a { 1 @ 1 4 I [ 09.:’
@m\lsnmﬁtmﬂmﬂﬂummgmaﬂmaqa 11199910 fibroin UAY collagen i1l protein ANUU sensitive
.. P 4 ! . . . A A v A
characteristic bands 111 FTIR spectra 1@un amide I, amide II t4a% amide 111 Tagng AANAUIIT
aunlusan amide I 1NAIN C=0 stretching @74 amide II tNA1N N-H bending 1182 amide I 1HAIN

1 4 [ v
C-N stretching, N-H bending. 494 amide %9119 C=0 az N-H 910o1d09iUWuse hydrogen 710g
ixm'wﬂmaqa“lu secondary structure [14-16]
< { a H o
Silk fibroin HuTUsAunnaannruen iyt Inssafrandniseneudie  glycine, alanine
0911 ™ Qsj/ [ { g
18 serine U5¥NB 85 mol% UDI amino acid Navua Taona 'l Inseade veq fibroin Unsduily
amorphous (random coil) 8% crystalline forms (B—sheet) Fausamieni liine conformational
L. VY 1 ' Y Y} ' A A
transition Vlﬂ@i]ﬂﬁ’ﬂn%mﬂﬂ WU M IHANUTOU ﬂﬁi]iﬂu polar solvents Taoi crystalline form U®4
. . = Y v . . <3| =
silk fibroin 1 2 forms MALA silk T 1@ silk 11 198 silk T 1134 metastable structure VD4 fibroin ‘nafﬂu
1 { % I
abdominal glands ﬂjmwuau”lwmauﬁ%gﬂ spinning 99NN %93 molecular conformation (U type 11
. A Y = . o L. Iy &
B-turn type Liae silk II A TA59a319WAN V01 fibroin UaINYN spinning ponuniudu vy el
. S| . X o0 q9 Y = < '
molecular conformationg 11l antiparallel B-sheet o lidu Ivudianudasaagansanunuae
Y
h'ld (water resistant) [17-19]
A15197 8 11d@A FTIR characteristic peaks U3 fibroin, collagen L% scaffolds ﬁW%liJ@l'N“] (FTIR
spectrum uea TUNIANLIN R) WU fibroin powder LL¥AN characteristic peak 11653 cm’ (amide 1),
- - o w % { g
1542 cm” (amide 10, 1@ 1241 cm '(amide III) MUAAY Fauaanalnsaad1anily amorphous form
4 o I o W ] [l
[19-21] wazlothwuaTomilu scaffold gasd1sn sF2  Taelulamums treat §98 methanol Wy
v 1 Y [
characteristic peak 1 1656 cm™, 1548 cm™', 11ag 1252 cm' MUSIAD ¥39U9F¥I1 SF scaffolds 7 13 lAr11
qsxl A o 3 A {1 Qy
A3 treat A28 methanol Wulianvae Tnsead1ailuuny random coil Tuvaigh SF2 NAIUMS treat Fu
scaffold 728 methanol WU amide peaks IM3asutlas Tae imsmaounves peak lundwmis
1 ] k4
1627 cm' , 1521 cm’ uaz 1233 cm’ FIMINADURWNUWOL peak HuaasdIaseasunaenives
1 d 1
fibroin Imsulagu conformational 919 random coil 'lﬂnJu B-sheet [1, 18, 22] @4 Waﬁlﬁj fibroin scaffolds
oy @ :’ & 3 [ Ao A
AFIUMT treat 328 methanol @11150A9A2 111118 (water stable) Failul1/lumaReriuanideaus
Aa ' . . [ o Y = . .
NNF1897UI1 MF interaction NV solvent vz 1HUNsIWasuLas conformation U84 fibroin 310
I
random coil 1)1 B-sheet l1&5%}[1, 17, 19]
= 9 I . . = F . £ 1
collagen Nlaseasuiuuyy triple helix F9sznoudleay polypeptide 3 @184 LADST1YIL
= . 1 o A . . o Y a Y Ad . £
U glycine 9gNNAULKHUIN 3 YOI amino acid sequence mldinalassasendy helix [23] %9910

FTIR sprctra 1850910 lyophilized collagen W1 characteristic peaks AR MU amide T 1650 cm™ &9
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LAAIDINTINA C=O stretching 1HBNTNUT SF/25C scaffold N 13'1A%1A1T treat 328 methanol WU
sensitive amide peaks 91 1659 cm”', 1549 cm” 4@z 1245 cm” Faldumuelndifeeny Fibroin powder
[ [ Y
1ag SF2 scaffold 711418 treat @28 methanol MANAN 1AV UaAIIMIHAN collagen 191 T Tud5
" Yo . { . < g ' < o
Tai'1din I Tasead1aves fibroin 1/@euilas conformation 1y B-sheet 11n¥u 19 lsnammasin
Y 1 v 1
%13 treat ¥ SF/25C scaffold A28 methanol WUNIMFIAAOUNVDY amide peaks lundwnia 1628
-1 -1 -1 & Ao ] Y A @ A o 9
cm , 1521 cm (8% 1231 cm galidmualnafeany SF2 scaffolds N311A15 treat A28 methnol WAN13
2 A 2 Y] ~ ° ] . A
NAAINLIFIING treat B scaffolds A28 methanol aWFarieni I fibroin 1Wasuulag
. . 1< 9 1 Y [ g’ =
conformation 910 random coil 11/ B-Sheet 1Auazaanalst scaffolds  @1u13aned luiuaziniw
< 4 ' o W 1 o a ' {
UYAULTINATY tazdausimswan collagen 911U ud5uez T 1¥iAe peak Tnsinserlasuutlas

< -4 g J ] a . . v ' .
Taseara il B—sheet WINVULANAIAIIUIILINIINA interaction NUILHIN fibroin LAz collagen

molecules MUNHUTE hydrogen 9eaHalit SF/C scaffold UANUUAITININAT SF scaffold

d' v 4 =\ .. A o 1 Qy A A dgl
M1919N 8 1BNANYAUNIUAN (characteristic peaks) NasnuluaI19819%UY scaffolds NAT NV

o Vo Methanol !ﬂﬂﬁﬂ‘lelﬂiﬂ]ﬂmﬁ (characteristic peaks, cm_l)
F1390813 anInmasy
treatment Amide I Amide I1 Amide III
Fibroin powder - No 1653 1542 1241
Lyophilized Collagen - No 1650 1550 1234
SF2 No 1656 1548 1252
Pure silk fibroin (SF)
SF2 Treat 1627 1521 1233
Fibroin /collagen SF/25C No 1659 1549 1245
(SF/C) SF/25C Treat 1628 1521 1231

2.6 M3ANEIIATITI19WANVDY scaffolds Jaal¥ X-ray diffraction (XRD)
4 Y] { ] { % I~
otudunan 1dsuan FTIR 391ddnuuneddulassadeanuiunanaes scaffolds Taeld
. . £ o A Aa J @ o v A @ 9 =2 @
X-ray diffraction FudumaiiandnseriendnyaivesnisaiEesdiiveslassaiianan Tagerdens

o y o ad o1 2 . )
ﬂ'lu'Jﬂ!ﬂ'lilaEJ')lﬂueU@\?i\ia!@ﬂG]fN']u‘]fu\ﬂu PINHNANTITNAQADILLET AN X-ray diffraction pattern U

%

v v 9
scaffolds gasA15uA19e (U 1) Taw scaffolds gATAITUNRINT treat A0 methanol WU LLHAY strong

diffraction peak Nszanm 21.0° 2 9) izl intensity f,:]Nﬂ’h scaffolds 1 114911715 treat A28 methanol

b o s 2 . 2
FuiluguanyazNuaaade MaiuIUYe B-sheet crystals Y04 silk fibroin [2,4] #4111 methanol 943

v

a A 1 v A . . B ~ Yo dy v AaA
@VI‘HWE]@EJN?JWﬂ@]@ﬂTiL‘]JaEJL!LL‘]JEN conformational U®4 fibroin molecule GNNa‘ﬂllﬂi‘]J‘LmNﬂiJ‘ﬂil

51891171 methanol a13130% 0118211197 fibroin Im51)aeuiilas conformation 910 random coil 11/
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< 3 § o { 1 { ) . a
i1 B-sheet 110U Fuiuwan191nmsi - methanol Tgremiisniluanaves fibroin IHAANS

. . v y d?
interaction NU ul, ANUU

Counts Counts

80

60

i I Wi ‘l
f f MM

60

404

20

204

\'&‘t"ﬂ' o “--‘ j I

I I
10 20 30 40 50 60 10 2'0 3ID AID 50 60
Position [?2Theta] Position [?2Theta]

s 1 X-ray diffraction pattern U84 scaffolds Qﬁ’iﬁﬁlﬂ (A) SF2 7 treat (’?{mw) uaz 104 treat (?fﬁ”l)
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MANUIN N

YUIAINIUUDI scaffolds

MINWAAI VUIAFWIUVDA scaffolds FAIAITUAIN

MOUINY Scaffolds gA3A5 VA9
N=30

SF1 SF2 SF4 SFé6 SF/5C SF/10C SF/25C
1 263.64 46.06 5452 | 123.82 |  106.75 33.33 |  95.04
2 93.94 52.62 87.84 76.04 76.66 75.76 | 65.70
3 115.19 76.00 74.50 66.22 97.02 96.69 | 136.14
4 239.39 55.27 69.67 78.13 49.33 72.85 | 100.05
5 154.78 76.87 57.87 59.38 81.87 | 10321 | 8883
6 93.94 74.16 56.59 62.50 85.07 82.43 | 115.63
7 261.66 49.82 69.07 57.62 56.37 7484 |  93.23
8 144,57 65.46 81.78 51.54 76.48 4210 | 129.49
9 141.42 55.27 99.95 57.03 7152 | 12857 | 81.07
10 20057 | 11856 62.37 62.27 | 100.37 81.82 |  98.08
11 106.06 | 103.64 79.51 62.03 76.00 78.20 | 91.00
12 185.74 | 110.55 59.97 58.13 67.76 | 12361 | 103.88
13 22021 | 13528 74.81 42.04 47.91 85.07 |  85.30
14 22154 |  105.06 73.26 68.25 86.78 93.94 | 145.91
15 141.94 |  135.69 67.73 72.69 97.16 82.04 | 109.42
16 146.99 96.31 84.81 53.22 | 14246 86.78 |  83.21
17 223.61 95.87 63.25 50.87 83.81 | 116.93 | 85.30
18 97.02 76.04 63.68 56.34 66.46 7323 |  56.25
19 102.90 81.42 96.93 74.28 5455 | 116.03 |  76.10
20 69.76 55.63 92.32 44.42 88.71 57.58 | 102.17
21 156.41 66.67 68.67 84.14 78.79 97.72 |  75.58
22 93.99 77.14 | 109.04 82.21 67.76 |  109.76 |  92.81
23 59.54 77.14 39.38 65.63 39.51 69.70 | 100.20
24 82.43 48.49 45.03 76.04 72.03 77.26 | 114.74
25 111.79 45.05 42.51 66.88 52.92 | 11245 | 82.03
26 39.39 |  139.39 69.07 87.50 6181 | 11803 | 68.61
27 132.12 | 127.20 49.31 53.22 8452 |  109.13 |  70.23
28 86.67 75.76 97.54 58.71 71.00 65.28 |  88.94
29 162.76 79.54 65.39 56.34 6364 | 10554 | 66.88
30 280.76 85.55 89.08 52.39 81.54 62.47 |  81.79
Mean 147.69 82.92 7151 65.33 76.22 87.74 | 9279
SD 65.61 28.26 17.72 15.95 20.56 2372 |  20.93
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MANHIN U

AaNudugnguved scaffolds

319 M3dszidiunnilugnguue scaffolds

an3 2o Volume (ml) V1-V3 V2-V3 % Porosity
BFUN
M5y vi | vz | wv3 (VI-V3)/(V2-V3)*100
1 5 | 52 | 48 0.2 0.4 50.00
SF1 2 5 | 51 | 47 0.3 0.4 75.00
3 5 | 52 | 47 0.3 0.5 60.00
1 5 | 52 | 46 0.4 0.6 66.67
SF2 2 5 | 51 | 45 0.5 0.6 83.33
3 5 | 51 | 45 0.5 0.6 83.33
1 5 51 4.4 0.6 0.7 85.71
SF4 2 5 | 51 | 43 0.7 0.8 87.50
3 5 | 51 | 44 0.6 0.7 85.71
1 5 | 51 | 42 0.8 0.9 88.89
SF6 2 5 | 51 | 42 0.8 0.9 88.89
3 5 | 51 | 42 0.8 0.9 88.89
1 5 | 51 | 46 0.4 0.5 80.00
sFsC | 2 5 | 51 | 47 0.3 0.4 75.00
3 5 | 51 | 46 0.4 0.5 80.00
1 5 51 4.7 0.3 0.4 75.00
sFioc | 2 5 | 51 | 47 0.3 0.4 75.00
3 5 51 4.7 0.3 0.4 75.00
1 5 | 51 | 48 0.2 0.3 66.67
SFi2sC | 2 5 | 51 | 48 0.2 0.3 66.67
3 5 | 51 | 49 01 0.2 50.00
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1319 MadsziiuanuaIa lumInuaoLsIdana fibroin scaffolds A28IATD instron

ﬂ'J13~l%T1N1’§€16l‘1»!ﬂ15‘i’luﬂ'®!!5x‘15ﬂ‘lli’)\1 scaffolds

MANUHIN A

gﬁl‘i %‘u ‘ﬁ D Lo L1 L0-L1 Strain = r A ='J'I:2r2 Maximum | Stress =F/A Stress Modulus =
A1 (mm) | (mm) | (mm) (mm) (L0-L1)/L0 (mm) (mm") load (N) (MPa) (kPa) Stress/strain (kPa)
1 10.23 4.50 1.50 3.00 0.67 5.12 82.23 4.21 0.05 51.20 76.80
SF1 2 8.74 7.23 1.00 6.23 0.86 4.37 60.02 1.04 0.02 17.33 20.11
3 7.45 7.51 0.90 6.61 0.88 3.73 43.61 1.48 0.03 33.94 38.56
1 8.74 7.23 1.85 5.38 0.74 4.37 60.02 2.22 0.04 36.99 49.71
SF2 2 10.19 6.50 1.85 4.65 0.72 5.10 81.59 2.88 0.04 35.30 49.34
3 9.37 6.80 0.80 6.00 0.88 4.69 68.98 2.69 0.04 38.99 44.19
1 11.43 9.98 0.85 9.13 0.91 5.72 102.65 4.72 0.05 45.98 50.26
SF4 2 11.25 8.85 2.00 6.85 0.77 5.63 99.44 4.40 0.04 44.25 57.17
3 11.06 7.16 0.55 6.61 0.92 5.53 96.11 5.05 0.05 52.54 56.92
1 11.40 11.15 1.00 10.15 0.91 5.70 102.11 14.38 0.14 140.83 154.70
SF6 2 11.49 10.88 0.85 10.03 0.92 5.75 103.73 12.88 0.12 124.17 134.69
3 11.79 9.40 0.90 8.50 0.90 5.90 109.22 15.26 0.14 139.72 154.52
1 11.83 5.65 0.40 5.25 0.93 5.92 109.96 8.84 0.0804 80.39 86.52
SF/5C 2 8.28 5.83 1.20 4.63 0.79 4.14 53.87 5.31 0.0986 98.58 124.12
3 8.09 5.70 0.65 5.05 0.89 4.05 51.42 3.34 0.0650 64.95 73.31
1 10.15 4.52 2.00 2.52 0.56 5.08 80.95 6.95 0.0859 85.86 154.00
SF/10C 2 8.56 7.14 2.00 5.14 0.72 4.28 57.57 4.45 0.0773 77.29 107.37
3 9.05 7.00 0.80 6.20 0.89 4.53 64.35 3.41 0.0530 52.99 59.83
1 6.38 4.46 2.00 2.46 0.55 3.19 31.98 38.00 1.1882 1188.17 2154.16
SF/25C 2 6.31 6.44 2.00 4.44 0.69 3.16 31.28 16.78 0.5364 536.38 777.99
3 5.66 5.89 2.00 3.89 0.66 2.83 25.17 27.64 1.0981 1098.10 1662.67
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MANUHIN 3

ANNEAINSDIUMIGATUIIVEY scaffolds

M1319 M3UszRiuANNENI UMAT U104 fibroin scaffolds gATAITUAIY

. 24 Swelling ratio % Water uptake
ANIATU FUN Wd (g) Wis (g)
(Ws-Wd)/Wd [(Ws-Wd)/Ws]*100

1 0.0218 0.0013 15.769 94.04

SF1 2 0.0257 0.0018 13.278 93.00

3 0.0186 0.0007 25.571 96.24

1 0.0391 0.0026 14.038 93.35

SF2 2 0.0449 0.0030 13.967 93.32

3 0.0395 0.0025 14.800 93.67

1 0.0981 0.0056 16.518 94.29

SF4 2 0.0701 0.0053 12.226 92.44

3 0.0902 0.0059 14.288 93.46

1 0.1122 0.0078 13.385 93.05

SF6 2 0.1007 0.0085 10.847 91.56

3 0.0967 0.0084 10.512 91.31

1 0.0449 0.0020 21.450 95.55

SF/5C 2 0.0291 0.0019 14.316 93.47
3 0.0368 0.0023 15.000 93.75

1 0.0476 0.0024 18.833 94.96

SF/10C 2 0.0497 0.0018 26.611 96.38
3 0.0263 0.0015 16.533 94.30

1 0.0312 0.0014 21.286 95.51

SF/25C 2 0.0199 0.0009 21.111 95.48
3 0.0280 0.0013 20.538 95.36
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