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n9) FARE Gog B THFE AX] o], o]
ERE Anz} glo] An] A (spiderless spider silk)
B EojulE Agol AFalgitk! Rud vlo] 3}
A AR E oE Avld KARE gAg #2H
o] HEej o], o] ZRFEY HEE o] ¥l 7|t}

B ®of| 237 thg FH9| § & FollA A%
EolatiA thE & Eold AudaE ol
Aty BTl 1. A A3 38 2
A HARTE 3 ARE 7K w glod &
JAFo vlwE w9tk jAS TR BARA
oW 717 B AT o] Ho gk’ AdelA 1
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Silk Spinning and Processing

JetEtm HrAAHFERE 2NN FEEF (Seok Ho Yoon, Seung Jun Myung, Minsung Kang, and
Hyoung—Joon Jin, Department of Polymer Science and Engineering, Inha University, 253 Young—
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Transgenic transfer

Spider silk genes are injected into o /
mammary cells of cows or into ( Q i Spider genes

hamster kidney cells.

celi

Protein harvest

The transgenic cells are placed in a
tube and bathed with a media that
nourishes the cells and flushes
their waste, which includes sitk
proteins. .

Precipitation

A salt added to the collected waste
causes the sitk protein to
precipitate into a wet lump that
looks a lot like chewing gum.

Extruding fiber

The solid is redissolved in a saline
solution then pushed through a
very fine tube (0.005 inches in
diameter) into a dish of methanol,
where it coagulates into a crude
fiber.

The proteins are jumbled and not yet silky.

2 1. Transgenic transfero| 2|8t 70|H3 2| QIIA MMIPY,

sk An) AR A9 HRE S FAHoE A
of tiaEgAbel] SHAIE RF = v, ]
(Bombyx mord Q) 73% & o)) A AAReR T &
Az AET glon <=3 AAATEY 2 B
3 3 vud F2 7AH e digt AR B
7} A% e gk B3], HT Barell st relx
%] A7) 74, vt 23 (QAEE) o wet AvdA
g 7% w3t /AR BAL 7 5 Qo Aaga
72902 Rg Az QAd) Ex A4 scaffold=
oA @ Axe 3 S B AT Fol v
Aeog HAZ PAAE L AP TS AA 3o A&
A Bags ok

2 g oAl e BAT 12, AAAR
9 7eg 2 AFAE S48 A AaF8A
Az, Aol ZFo] AA|HEJAoZFE A
52 dakhe 34l Wit AR Avlstarat v

2. 43

2.1 Al39| He|

A guaog 270 AESo] YARH: 4]
& HFelo] gula BujZo|n of (bR i
(Lepidoptera larvae)), Av), A7, 2 =7), GHHdF

Cells cling to the sides of the tube.

Many tapered tubes sit in a jar
where the protein collects.

Pulling silk

One end of the crude fiber
" is pulled from the dish and
fastened to a spool. The
spool pulls the fiber,
straightening the jumbled
proteins into light, strong
fibers several feet long.

2 n|23 torat ABS0] A3 F whse] Wk’ A3
o] Fx8) 758 AAE W= T30 FFH ue}
tE2n 7 FolA Foilda 9 Av|dart 7 As
Aoz Afsie] gt} o] Folld Freldas Fo Al
o] AAlella BAE F pof) pig] Fio| Qe &
71| HALEL AR FA TFES B SelA 43
2 dppA| gt 2EEL 37 Fo8 A48
PN R

2.2 Uil AMF9 |Y

37Vl A EE 7|, & Arel(B mor) AAE ¥l
23 7 EAo] & AT Yl Holrk k= 5,000
o] d A FA 71dHENeH el FE ol
BWRE Aujalel FolE 7120 BAM AFE D
L 290 FeRA FoldIdd §83 RS ¥
o)}, o= dAoIA 3w 717t & 2y
F Wbz €7] A 18] 4L 5 Aok

ol B2l (fibroin) 3 Algl4l (sericin) ©]
#BHe T 59 gz Hoj glom AfuelA
gonarel g zbzt BElEo] gitirt EA AabEo] A
RS S o] W ExpER A Re BE
T 7iete] AviEEla o] HE AHRI =
Aoz FA=] Al 2). & Az A
agB 2 AfEo] 9¢adt 11X (cocoon) FEIE

A8 & Q% ok 4B Bk Fole 1A WIS
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Sericin (glue-like peptide)

Silk fibroin filaments
a8 2. 501X 43K CHH.

U WA AurI2 gulies o 1XE 51 4
9} Wo] H717kK] 3] <ol WE2A "o} 132
FE dojd A2 & 7iete] AE2 WigF 10~25 ym
)31, Aoli= 300~1200 meol ©]&t} AFAE IEFA
2l 9T Fod e 9 9%k AR P
ZIAA B0 A3 AAF AR ol 7 &
£ HolME ARe AERA HE ML Zon
5’\1‘:}.12

2.3 S0ioiA 2IE0iRiE A3

2.3.1 =029 EHato]

Folle HAHEE she 230t Felle of 509
ol AMA &, ofdel, Wuly], AF () & oo
£ < Ul Ao MEE AXA SHdolE Trith A
S5 ¢ g2 A 7)0] s Al7IA 4800
A 54 Aol F3lstA €k Follo] A F ofda)
A717} ARE Fxoln o] A)7]e) B g Ha A
Fe). opddle €998 WE AYsine RE odey
ANl A5 AR 71 B ok 53 ) Al
71el BARE Blo] 1S AlESt 3~4Yo] AvpE
23] ellA A7} e, ol Aol EAR
2 AA AIARE WA ofu) vielE 84F Boko
2 Ao z7] A4l FHE YRS 1A E BHE
Q# 3. RdV)E 11 A 10~15Y0] Aupd
thibo] Hof ylog U AP #A7|E sy BE
300~6007 A5 Tg P& F AL wizheiey 31

232 A3 CH#E O] SHA

Folle 4A By F 53 A3E 9AstA vt
7] 93 wzA gy AAS 7A=Y o)ls &
sl# 2o g 2 7ido] dd a8 4= B morie)
A3 ARE BFa e, aA A FEow y
7 Atk A 9] R HiE guEele

0z

AFRAET 7l A 16 @ 5 & 20059 10€

18 3. 8Kt 2YU2Z HEE SO AIANRE WASHE
SOll(B. mon).

SR (posterior region) oA TAH 1, A% %
& Z34 FRA4(middle region) O& o]E3}o],
Aol 2 F8 FEE AFEHA ) YA A
¥ FAN-S) Heie T e A3 9uAQ A2
o] grgolx|=t] o] WAL v H 2g IR
olw 9gg 3t} ME A} AL 22t 189
E4E JHAY ofpxAk 2A| whet 44 TR
(BED. 5 71 A8 1300 B (anterior re—
gion) oA QA whd F A T7) Foz AT
PARSHA Pk AN AFE B4R T sldo)
Aav|EEoR o]FolA Qe AHR EAFE S0

233 Foflef HA

roll 5 duay 38 44, A4S A=A
TS 97] SlEiA AL oiRE PUR QS o)z A
ot Az 1A 1 g& 471 AsidE F 12 g9 A
Z9 P Qo) "aFth(el 8.26%2) £8). 53
o8 ¢ A FAe HAE G 8Y B <k
1007} S7HITt. olgAl FAHA F7kske ol
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B 1. FolAA(B mon) TI22211} M2|Ale) o]l =Y
(mol%)

Amino Acids Fibroin Sericin
Gly 42.9 13.5
Ala 30.0 5.8
Ser 12.2 34.0
Tyr 4.8 3.6
Asp 1.9 14.6
Arg 0.5 3.1
His 0.2 1.4
Glu 1.4 6.2
Lys 0.4 3.5
Val 2.5 2.9
Leu 0.6 0.7
Ile 0.6 0.7
Phe 0.7 0.4
Pro 0.5 0.6
Thr 0.9 8.8
Met 0.1 0.1
Cys Trace 0.1
Trp - =

£ AAelA mEEQlo] Bl A= A=
witoltt, BB EQE FASHE ot 86% = 2
A (glycine), 22d (alanine), 43 (serine)©] X}A]
3k QITHE D). o] Al 71A] op)iAke BT el =
AR A oluliAtelA] Ag 5 9la A3 ofn]
AR 43 WE S BHME & ¢ Yok o]
£ ohu)Ake) oF 70%E 58 FukLo] AR FHAdEh

ol vE 2] gy F2 B Q) £ Q)
v FAZ 2 (sucrose) 2HE] FojHirt o] o|FFe
F N AxA(hexose) & FHET glycolytic pa—
thwayZ #2334 3—triphosphoglycerate$} pyruvate
2 X183, tricarboxylic acid(TCA) cycled E3l

A 2—oxoglutarate® ATETHAR 5). o714 A9,

Za)4, deldo] glycolytic FHAEZRE T
o}, ohulal AL % AAAE HFHE ofnxeAt
1} gl o] Bald YREORRE] dojfith &2
FL glutamate BTAE4AE 23 2-oxoglutarate
28 glutamateZ FA4sH=dl o]

3. 32 Fx
311k =

Tl MEEle & Bal ke FaWEs

7 o]FolA glon A FrkETIE 971 BAkEY)

Glucose Uridine diphosphoglucose
i Glycogen
Sorbitol-6- «— Glucose-6- —» Glucose-1-phosphate
phosphate phosphate
Trehalose

Glycerol ~~  Trigiyceride
Serine <+——— 3-Phosphoglycerate

l ADP
Glycine ATP

Phosphoenolpyruvate

ADP
ATP

Pyruvat

Glutamate
Alanine k ‘\
2-oxoglutarate
Oxaloacetate ™ ———____
~ Citrate
Malate TCA Cycle }
2-oxoglutarate <

/

Glutamine «+—— Glutamate

J18 5. Metabolic pathways of glucose in 8. mori silk—
worm related to the formation of silk fibroin through
glycolysis and carbohydrate reserves. ADP{adenosine
diphosphate), ATP{adenosine triphosphate).

Ho} 2.3 W) o) vehdth Aalale mx] FA)e) oF
30%E A3k 9lon HBEAI= opm| Ak Z
‘du)ofA] w2 XS Btk AEale] opu)wat &
Al AR, olavEldl, 2El4l, ERede] 65% A
T2A & &S A Qo) £, A ZAL
&7 713 A7) Bt 2.6 i go) veRdTh Al
AL 8@ 5Ado)7] |l B & £olAl vl
xA GA dagegoz e B 1 AAHS 3
4= Q) =3, Feux|els w)ge] Au), A4 W g
F3lEE0] o] ok

Follda HHEQE 2709 14 ZREEE 74
o] glow AL AkE(heavy chain) & EAFE0]
°F 325,000 Da°|9 7F¥& Ak (ight chain)2 2%
25,000 Daolt}. el A= F 7FA A8 (vl
A B2 ZAE7)E 71 ol eAto R o)FolR £y
HE| =YY 7 vAG G @wd Shuky) BA
£712 7F ofn)Ate E o|Ffold ZYHE|=HY)
o] XHE o]FA Q= FFEA FuE Hof Utk
MR AT FAL ARES FaElA FlBEQlY o
70%= ‘Ser—Gly—Ala—Gly—Ala—Gly’ 9] o}v)x=At
Mgz o]FojA] ok FIREHA % 7
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{nterstieet-

({hyperbolic
interactions)

Interchain-
{hydrogen bond
interactions)

)

F A AR M v FgE AYo] B
2=, Gly—Ala—Gly—Ala—Gly—Ser—Gly—
Ala— Ala—Gly—[Ser—Gly—(Ala=Gly)nlg—Tyr2.
A ngkd BE 20]ch FH R 55%= o] o
AR PR o)Foix Qthal & & 9tk o] 99 o
& 4geAe JEEl 1A FE2F Gly— Glyd 22
AEL 9ol Gly—Tyr—Gly %} Gly— Val— Gly ¢} 22
AUR o|FojA 9t} IHER oA FHE]
2 A=A gBEQly) w3 R Ay 3F
A 2A AAA L Aok

322Xk X

A A= B-sheet, cross f—sheet, a—helix, L3
o 59 thegst wa 23 7325 JeRdTh oz
29 AIee F 7l G Akgo] 4HPoR Tt
A gaztel $224%E B/38He f-sheet 23}
T27t ER3A g et (a8 6). T8l FAKE
2 Ao AF & WUes JYPE o|Fy didrh
22} FEoA AR ANEEL F2E UF AT

7) e 254 Qo] % ARS B Bk,

HAZ ANES] YA HA F2E °lFE AL

FHe FAEE Ze op| At Hlgo] w7) wiEeld

o] FFoJA otm|izAte] 85%= S, dEid, Al
o ok 3:2:19 H|E zh=t)

AA9 F 7 Fog A4 TR sik 19 sik
II +2& FEAY Silk] 72= 53¢ Aagez
Qo) FREAN FHEAMAAN A TA4E o vepd
t}. Silk 1= Aaspggle] Ao T7] Fo=2
WaEo] 183E AfolA Yehhs FRolnh AA
AT F FA T2 gt APHQ X—ray $H 4

DEXAEL JlE A 16 8 5 % 20059 10€

Bl 6. B MAMEKIE PR(AM: BRUT, BM: 447

a8l 7. A30EZ2(B. mor)8l X—ray EIEIEH: (a) sikk I;
(b) silk I1.

T 2. Spacing(A) and Intensities of the X—ray Diffraction
Patterns of 8. mori Silk Fibroin®

RI[RZ{R3| R4 | R5 | R6 I R7 | R8 | R8

Silk| 7.2915.61|4.50[4.02]3.62(3.15|2.73|2.44| 2.24
I |ms| w S w m m w | mw | vw
Silk| 9.73(4.69|4.28|3.65(2.66]2.25|2.04

H|lms| vs | vs |ms| w w w

ntensities: vs, very strong; s, strong: ms, medium strong;
m, medium; mw, medium weak; w, weak; vw, very weak.

dS I8 791 YeRdith Braggd S o] &3t Al
AbE HzE ARE B’ 20 2oRIith B3t silk 19
YA F2E ST dehdo] vHEEE 729 A
Zolleix g Ao gH A58 5 qloy. A3t %
AR o silk [ 7RO silk T 722 dolat &
AYA FzoAAM dojuh= W TN 7+ B9 3¢
(intersheet plane) o4 9] ¥W3}7} 714 =}, o] w| A
AR A HAE Aleo)Q] AzlE 18.2% T4 o] 7
oA Bo) whA] vpewA ert ZhAasich oA
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, vi
3060 ¢! - N e

random coll,
a-helix, silk |

Water-soluble

trystallizmion
p-sheet, shk H

Water-insoluble

Absorbance

1750 1700 1650 1600 1550 1500 1450
Wavenumbers(cm™)

g 8. AAm=ZIo HMAHMER (a) random coll,

(b) silk | and {c) silk II.

ZJdox] B silk [0 silk [[E ¥ o oijx] 2hH
o} A W= AT silk II7F B e Aol 1,
o] Ao 1T nrtdyolrt. o|fFt Moldd2
Sroflo] Aol ATzt WARE o Ad(shear)o] 7t
AR AEA dojdrt AFHoZE JAHOE ADdS
7hshe W, 44, 71, dged) opER 22 34
grjo] Akg, ANAE Jtehs 9l 58 BEiM e
e f5g 5 grp B

a8 8L davr=Erle] Hod AHEHEFET-IR)
& Jebd Aotk Silk I XA EAHCRE F
ZEE B4 1697 em™!, 1627 cm”(amide 1),
1528 cm™ ! (amide 1), 1265 (amide ) cm™* ©]9
silkk [ 729 AFFY £ o-HATE 59 B¢
1658 cm ™! (amide 1), 1652 cm ™' (amide 1), 1538
cm” ' (amide )X F58e= g7 dojxint.
Silk I #} random coil %8 8L Al AH
Egog: A7} ok

4. 32| B4

41 Y™ £4

FolldaE B, ot 9 oke] TEjw o)
7} Gaflol tidte] EEA4E Hold o] dud
Falaad deids AdAdE 2t AadsE &
715 7 sl ok 10~15%9) +3-¢ &58 4 9
o} E8l3 EAQ A9 wEWily 22 JURE v}
Ak T3, & UnkeA @ ez Fa) giel o
3 Aad o Qlsle] AdH o ® F FEE]A] et

42 7|HIH 4

A3 AeE 7stn A7 AL 73 Qe A&
B9 FoAIE 52 AEE zhe AR 7k
AAATE 7} EA 35%9] ol2& Q1AE-S Yehd
th oA aAEE ¢k 6x10° N/mPol1 9%
e AIGE @k 5x 107 N/m?olH, w2} 44] (energy
to break) = oF 7X 10" N/kg oIt} o] gt& E3) A=
of AL 718k ALY MigAEE A o oS
F2 @S RAFth giFEe] Afele g Aads

YA SEZ ANE AR IFE R o

=9 ’HASIT 25 FUee AEE HAE
, AT VAA EAL FrEAYY) #2 2 A
ol =Abel] Tt 71 HAKE2] ofn|iAte] )9} A
1 HEHo g7 HeAdS zh=tt

o ki

o 1o N o mfu

51 =89

A3E AAAE 2 VEAIER o)831] AsAE
WA AFE FEA3 sk Ao] FQEThE Y By
A A FlE A AR Thest wRe A
FZHRAMME= 12~15%0]1 FHARNME= 20~
30%°lth. gk A FEAL 7HFEA] & Aav
o X ZRE PE £ Qi) FelmX|9 A
AARs A dutaor= 7= v3Eol A%
=9 RHIEF £9(sodium carbonate solution)
(0.3 wt%) & o1 ¢3THIA™ 9% Aamu =] B
3 & Hsto] Hojgk wE A)IZE <l sericing FE3
of 39 Al7tel WE HHF EAFHE H19%F
(gel electrophoresis)= E3t] #leht HH £9

Sitk solution

Final soluti
inal solution Doyt

x

d8l 9. FOlIXZRE 430220 3% M=z IF.

o
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e gele L HEIEEEY (ithium bromide
solution) (9.3 M) & ©]&3te] 65 CTollA 714 &3l
AlZick o] 9ot E]e Qe E (LISCN) =& 93}
24 (CaCly) 59 ¥& o188 F 3lth o] HBEEJAL
HE FAERS o] g3l g ¢ § &5 grael
Fgollo] Gk o] Adeje] g Feby Abefolu} of
7 C 9 B g 4% 370 S 2aEE #
2aH, Aol BHA] oF 5UoA 7Y Atole] nl7}

27 o] =74 (hydrogel) Fej2 Wgsict® wal,

poly (ethylene glycol) (PEG) 4§88 o]¢3}o] Huj
20 wt?% HEEQl FENE E F glovt o] 3

AEER Qo] ol & ] AW (F %J_*%ﬂ/‘i
oF 25 wt%) oM AY AslEle] o o)} Fgdog
A9 &S s Rk oY@ aFEY A3 4
oug wHE __,] 7]7;]]1-1 u]. QQ]L]. i]_f;:z\-]o] e
EReke HEFoR Q3] YA AIAF 1o wEt
HAE F2E 7FA =9 XRD &= FT-IRS ©]§
sfof 44 72 WaE VAT 5 Aok Axne A
2 $gelE snzclel ¥y Y TR 24
ok zeht Aol A FEA7E SR
ARee 280 ZasiuA Huee Bakgel $49)
ol silk 18] P27} HAHE S0 g8 4=
Hegd ¥ sk 732E oF 40%S A Sk

Agueous Silk Solution

130410 um

ll\

Silk I, water—insoluble

Silk |1, water—insoluble

Amorphous, Sik I,
partially water—soluble

AANEEAY &8 At AAlo) d=7] vt
5738 UeEhfE= Alglald WiTA] AARof ) ¢
HapA AAEA X3 A oR Qiste] An] a9t
+ gg Feluz das BAEEge] dojRE Als
FA QiE]e] gtk Alglile) ksl AAE A un
E19] 79 AAEPA o] B4 AN TEAR] poly (L—-
lactic acid) (PLLA) %= o] 3584 Xx%4oem
7141 E4do] S<rsle] ke Qi = o) xS
A%k scaffold2AM e $TAE A2 B HSGIT §14
T AEale] AA Y F dold Sl HH=EQY
ExjeE 7hao]| ik A7 Bl 9o o= A 3
e T8 A He AR A3 5 22 AYE
7143 B4 AA7lE d]le] .

52 A3UE

FoAE HEEQ] BEL AZ2E 498 Za
B}l (polystyrene), Z&48] 4]l (poly (vinyli~
dene chloride))°)u} o}F&8<=X] (acrylic resin) & £
o 2 & 3] t"ﬂfﬂ AZAA et ol A€
@_13@-4 TZE sik 13 AFHRLZ o)Fo o
o 5 5 ok Age Adgest
100%‘?1 A §7] el 2443 FE PHsHA 5
o] silkk [ 7328 HAATIEE FFo] B 2
2 A B0HaR 10).77 w3 484 IS (as—

h=]

- /.

Silk |, water—insoluble

Silk 1, water insoluble j,

Silk 1, water—insoluble

21 10. 430|220 £8MOZRE M EE MIU 20 LEI X—ray S|HIH: (a) as—cast film, (b) annealed in water
for 24 h, (c) annealed in methanol (50%) for 24 h, (d) annealed in methanol(50%) for 24 h, {e) stretched (300%) in water,
and (f) treated in ethanol (70%) for 24 h. (g) Enhanced birefringence of stretched film by optical polarizing microscope
and AFM image of stretched film surface(1 um x 1 pm) by tapping mode. d—Spacing values of silk | (&) 7.5, 5.7, 4.5, 3.7,

3.2,2.8andsilk Il (A) 9.8, 4.3, 3.7.

A2AtuE) 7)1

A 16 A 5 5 20059 109
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B3 430220489 H520 J|AH &Y

Silk film Contact angle Tensile Modulus Tensile Strength Elongation at Break
(degree) (GPa) (MPa) (%)
As cast 51.42.6 3.90.7 47.26.4 1.90.7
Silk I film 62.61.8 1.90.5 67.711.7 5.51.7
Silk II film 71.41.5 3.50.9 58.816.7 2.10.4

Silk | film

Control

Day 03

Day 14

8! 11. SEM images of enzymatic degradation of silk
film with time.

cast) 2 TIgHEolY oA E 2 A4 ALl
9 E B gl silk 12 727 W37} do
aA wlgA] Fgo) dojrinh av AE <
9] MB el BAFEL ofH3] WY TR EAjste] F
AREo] ZRFEA ol JHE 7Y TXE #
A At £, 84 5SS At viegA
S 4% F Utk 183 Fsik [ 7E2E 7R 2
2% skl FZE /RKE G5 el 27X 2 8
94 2ol Bt} WA sik I 72 7= IE
2 sikk T 25 7F= D3 vlal Q3 &% &
AAGE AR QAT Axlgo] 5 (B 3)
Gl 2 Ghe] o3 BelGert w2 E 2 AR
3 Mg 2A 2] S8 Qo] RaEl&E o] 7bsst

40 \B\\é\l
20

O 2 4 6 8 10 12 14 16
Degradation time(Day)

Weight of silk films(%)

& 12. Enzymatic degradation of silk films{ silk | film
(A) and silk Il film (M) in enzyme solution; silk | film{x)
and silk Il film (@) in PBS).

18! 13. Images of silk | film (left) and silk 1l film (right).

TR 11, 12).77% 25 Qo &g 2jo)
£ Hol=d sik [ BE2 FHRA|Tsik 1 B2 &
s (R 12). w3 2299 B HE7t u)
o APeA o £ 50| (] 3) sik [ FE2 54
o] ¥ ZA UeEE 2 FEE AREA S8l
Ao AEF-AA e gt xlo)E vERAT

sl gde EelddAZEF (poly—
ethylene glycol) < #7isld thed HES AxE
4 e o] A silk 2 T2 Hipr} Dojud
AZNZ1E v)Eg PEo] dojritt. o] IEFS
Al B Zof] @7RFE ZeloddZe) o] wA vrhd
A e A gBE FEL 98 £ 9@
14"

53 AIAMRLUAL
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T8 Aol g FAEy ATE F AR
9 AAsEE AN ADEE 3 QUSRS HdE
o] ok ARE dohliglet. Sik I29] 723 W3t
£ fxata B @4 vEhiZ) e 1 o/
sec ©J3te] YA AP =7 DRtk el @At
PN E Fde] s Eele 840l ¥
8 Aol gl WY TP 23 T2E ML
A=A A o] Feie] AFL 1 mm olstel= A
@ $57} sy, SRR A GeMe AF
o] 1.2~2.5 mmol® & £E& % Fo{Erh 4
o] BFELE ¢ F2eix #1Fe] 0.05~0.3 mme)
g g o7t o Aok o] FEelMe A4 v

OF %t & do] dofvial pHF et 24,
g, QAR T ol msto] dopdrh of WAl

‘ Silk/PEQ blend solutiﬂ

18! 14, A3n=EE91 293} poly(ethylene oxide) (PEO,
MW 900,000)2 0|8 Ct5d EE2| M=,

H 4. States of Liquid Silk in Silk Gland

= 279 B-sheet 22} T2t veRdth A3
A WAL S0 weEh Wgls ARe & dole
ol s e a9t TR B diERoR
Ao} o = gl

A BRENME 2l LEZ (lyotropic) H77d0]
FAEo] A= gl Ay} Zadic) o] ZH(phase)

7189 388 51 o] Qo 2aF JuiAE
FAAA A o] vl gelR] dEE FET &
FoSal #ge] Qjeia] Bt wiEgE g s 1Y T
otk ol2fgt wigke: A (drawing) A2l2% & &
o AAA B FIAICh vnte gt 4
FA A dojal gl gl X3 AxAT
= 59 kv g oz #EE 4 Qltk Algae 4
7} Ak W F SEEIERE AT WEY
2 48 gox A3 diido] uhrlEr|E & F3E
T AE2 Feoh w3, 27 ol AFuEHN ¥
B2Qlo Yo S F8hs FEAENY
gL g AN F S #og o]folA gle
o 0|52 WAL oA AZICE AL A 3FE
o7 ARAM FHAM FHAMOF LprojXit)
Z} AAejAe] Aamn el s U e
22 BAS B 5 Fste] et

54 A3u|H2010| HEfEX ZE

AT= At Fofle] AUl Aol AaFgds
AAsIG 7 A4 (spinneret) 2 £3] HALE o] A
Aok spxRt F2 depdy SR o)Foixl A
Ad)E2glo] ofgH) 3l ¥E FE(~30%) 9 F&
WFE)E Ao A= o] Aoyt WAL F Eoll B
Aolw 53 71A1Y EAE 7k AREEY A
2 akshex]o) i3t Agst AAYESS e &
gt A=A B 2RI oAz 9 Eajgo] o

N rlo

o o

¢

Silk Posterior Middle division Anterior
gland division Posterior Middle Anterior division
Concentration (%) 12 25 26 26 30
Confromation Random—caoil Random—caoil f—form
pH 6.9 5.6 5.2 5.0 4.8
Viscosity Middle High High High Low
State Gel Gel Gel Gel—sol Liquid crystal
K'107°%) - 30.2 29.5 33.3 -
Ca®" (107%%) - 17.7 46.0 59.7 -
Water content (%) 88 75 74 74 70
Freezing Water (%) 81.3 63.2 57.2 56.9 —
Non—freezing Water (%) 6.9 11.8 16.8 17.1 —

DEXRAEtY 75 A 16 A 5 £ 2005 10€
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349 (Dalton) B ol gh¥A Ao Avkd 45
4 49t 2 Ale] FRe AR Fo] HHEA R 3
‘d]o] Q. oj#jgt AawHERle] TR HTe W
28 Aaduze dA) GrIAgE 2 op k] &
T £330 A8 sl o1F a8 Aol A
G4 o] ARy §A7 & el HyatAl 28]
I ES FEE SRS F e IS G 3l
ou FgAYe] FEr} TR met Ay P
FEAMoA] Atk Zapgo) Aytzel 2| oF
100914 200 nm A7]¢] vto]d HeE FHFHES
sk darg gesla QoA 15).° & olgd A
A De] 13} F2E S o & v 43
FEAe gleERH dAA(yotropic liquid crystal
phase) &' YRy nlo] e rglo] 57} o
S F7HEe we A2 BAA Hol oF 1 um o))
A2g zH= T8 A (sphere) & FAL3 ol2)st
nfo]dg o]Foix TP A kel 3¢
d P2 dE o Fgacbor] FAg o=z
(hydrogel) & #/d3sh YARFoIAM whe & g
g} Aale] o3 kg F90 EEAES 9%
2 Esl] A3dRE I & A e 9

18! 15. SEM images of silk solution collected from the
posterior region of the B. mori gland, illustrating micellar—
like morphology(gtand contents were separated in water
and treated in methanol).

—— €

28] 16. SEM images of fracture surfaces of {a) Argiope
trifasciata spider and (b) B. mori silkworm silk fiber; low
magnification view showing the skin—core microstruc—
ture; (c) and (d) detail of the core fracture surface at
higher magnification showing the globular structure.

AR o] Avkd 254 G 54238 )
B ATHEFEE e W] ] B 54
gdom 58 J1Ad B4 Z2te 9%
gt} 559 AIFgAe] Exsks FEA Fy)9
stoj=2 o] Ade g} Al s AmAF
9w TFEE olFn Y 71EY vlolaz ¥ud
(fibri) ©l21 LA FEE FAsh Ph'o o)
g3 AP uHTRE ARACAPCEM S §
3 Fe1g 5 gk 16). 7

6. O} =0 &3

6.1 B&

B2 o FollEe AaE WAk OB 172 7
oo gutzel E7E RojFEt) 1 YAk 94
A& e ool AR (Antheraca yamamai), 2
ZHA. pernyD, TV (A, mylitta), 392 Philo—
samia Cynthia ricini) 5o} SIth AFol(B. mor) &
Z3sle] o]F FolEe 2 FHE nAE9 54
< B 5ol Qokstgith op Sofe] nAx Agvy
23 Algjaler FAEe] glou IRAMEG F
A4l 3717F o] Fol AlEiale] Fego] vlud o
< Holtk A, A4 'eslE 5o $aEE vl
2 ool nla) ok

62 7= ¥ §4

B 62> Avi, 23, d3 A3nB 1o ofn|wAl
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English hame

Sciertific name

— Silkworm Bombyx mori
~Bombycidas—| Bomby
Theophila huttoni
Rhordotia renciang
— Chinese oak silkwarm Antheraea pernyi
— dJapanese oak silkworm Antheraca yamamal
~ Bombycoidea - — :ﬁ:g;,g’)”;fmfrﬁsa"‘”SSNQ'— Artheraea mylita
—— muga (munga) silkworm Antheraea assama
I Saturniidae —1—— polyphemus silkworm Antheraea poyyphemus
t— fishline siliouurm Eriogyna pyretorsm
—— camphaor silkwarm Dictyoploca japonica
— atlas silkworm Attacus atias
Insecta — Lepidoptera - — ailanthus sikworm Phitcsamia cyrthia
— et silkworm Philosamia cynthia ricini
— cecropia silkworm Hyalophola cecropia
- Lasiocampidae Lasiocampa otus
“Notodontoidea 1 Matodontidae
—[Thaumetopoei dae Thaumetopoca processionnea
Thaumelopoca pRyocampa

Anaphe reticuista

Anaphe panda (=irfracta}

Arnaphe venata

Anaphe moloneyi

Vaoltinism

1,2, mutti

Habitat
China
China,Japan
Northwest Himalaya
China
China
Japan
India (Bihan
India (Assam)
North America
China, Japan
Japan, North China, Formosa
India, Malaysia, Okinawa, etc.
Japan, China, India, Malaysia
India (Assam)
North Ametica

Greece, Siciliy, Asia Minor

} Southern Europe

Western, Easternand Southern
Africa, Madagascar

8 17. LY ol E5.
B 5. Crfet o nxle| £
Cocoon Color Thickness and Stiffness Size of Cocoon
0 of Cocoon Shell (width Xlength, cm)
Bombyx mori White Thick, hard 2.5X3.5
Antheraea yamamai Greenish—yellow Thin, hard 2.3X4.5
Antheraea pernyi Brown Thin, hard 2.3X45
Antheraea mylitta Brown Thick, hard (2.3~3.5) X (35~6.5)
Philosamia cynthia ricini Pale brown Flossy 1.5X45

TS BoFT glek obY reluln el o

=

A9 AN

S7HEo] ¥4 odvh &S Aol

FQ opiARE el w7k g depdd) 2
Aol o] F oju]iAbe- HHEIC] 74~82%F =}
gk}, ARk o] & opTole] ATurE L HF
ool tlzFog dupdoe] FjAEn; o B UGS
Rt glo] A4 2 FEAdN FE a1 A
TZE oR1 vk AR HAuEe) F$ -t
Fdof EAsts LEfde HFHoE 22700}
WAL Fofls AT HHEY YA T a— AT
z29} AP FYolA -2 IB& f-sheet T2 W
s}tk (silk 1D, oplell Alglile] ofnlxal 2432
Areligl viszsich. oplrol] AamHEgle] 4428
ApolaBEla} e 1]'017\‘:'1% Holn E8]%, 7]
AZ EAol tEnt & 2kt Az A=A
9] ATE Aelda lﬁ.‘:]' ztom dale] w2

I-N

& Al 16 9 5 & 20059 10¥

7. Ho| A3

AE7HA] o 35,000%F¢] Av)Ee] #lHglen 1
TR el 3ol AdANA TP F7E FBA F
of shpolet. 22 Folld 7w (orb—web) & & 7]
2 2olE 7] AsiM AAE DEAR A
ool gl AIgE A% AEE & 5 Qo AR
=2 A dAE B8 A3E sk g FRe
AAE el Aok B2 Avl F 53] golden orb
weaver (e Avldashs 22 AvEe] do] s+
Aeheta ke 797w (Nephila clavipes) 2] A=17}

&
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B 6. ORYFo| A3n|=22019] ofnjiedt 2y

Amino acids P. c.ric.'im' A.pernyi | A.yamanai
fibroin fibroin fibroin
Gly 33.2 26.7 26.1
Ala 48.4 48.1 48.1
Ser 5.5 9.1 9.0
Tyr 4.5 4.1 3.9
Asp 2.7 4.2 4.5
Arg 1.7 2.9 3.5
His 1.0 0.8 0.8
Glu 0.7 0.8 0.7
Lys 0.2 0.2 0.1
Val 0.4 0.7 0.7
Leu 0.3 0.3 0.3
Ile 0.4 0.4 0.4
Phe 0.2 0.3 0.2
Pro 0.4 0.3 0.4
Thr 0.5 0.5 0.6
Met Trace Trace Trace
Cys Trace Trace Trace
Trp 0.3 0.6 0.7

8 18. (a) Images of golden dragline sikk fibers of M.
clavipes spider, {b) SEM image of dragline silk fibers of
N. clavipes spider, and image of (c) N. clavipes and (d)
A. ventricosus spiders.

4302 A7Uel HolgrhIR 18). 72 A
o] AW1EE gHER T WAkshE Ft oF 200 g
422 AN F Slek Al HolE Bk Apd
7] 18 B2 ol B FAAIAG A7) A
U5 vieel Wel Ml B vk SE9) Avy

£ AT, Ar)TEe Bore A ow dHol

9 stabilimentagl® sh= 2417 AEE ZHe F0|
E4Q Av|1Eo] gtk ol Av|EE 3} 73}

AR ARG B AFFAL AuEel 38 S
U 5 9 ABE AY £ Bk 59 o

M

&5 Btk oA ¥ FRY AaE sk ARz 3L
= 3, ME OE T 7se 7R @ 7K o)
o) AFE e v Aol 9ad 19). o) A=

&k

o

£2 Aulel BRo) X8 thokst Aol B
Aol AHETHE 7). olAY o 7157 9ES
£ A3E oAt 2AuE ME T2 o)Al
9 NdE thEr) dutdog AnjEe) ARL
Aznch zZon ik 1~5 pm F=olh =gkl
(dragline) A== An| A3 NN T 788 28 A
02 oAl g olu HEE sk= Algilo] ¢l
o}, Anlazie] 7)AA 542 doRs TEE0l AV
TE ¥R w9 A& ] A Ve #
o) 9o A¥E o|F= Av|IEL e A
S AAs] zAste] FHAUAE YA AL &
Ak &, FANIA S tiF-EE Av|2EY @Al
o3y 3B 2F50] v FAA Wi Ae

9. CIokst 59| ME CIE AITE ghAlst= AHal.

4]
i}

H 7. Examples of the Different Types of Spider Silk
Protein Polymers and Their Functions

Gland Type Function
. Dragline, orb frame,|  Saftey line, mechanical
Major ampullate N
radii strength
. . Support fibers—frame and
Minor ampullate | Orb frame, dragline upp ;
dragline
Flagelliform Viscid Prey capture
Aggregate Gluelike Prey capture and retention
Cylindrical Cocoon Reproduction
Aciniform | Wrapping Captured prey
.. Coupling to environmental
Piriform Attachment ping onmen
substrates
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okrtt THElE o|FE HAavrglle EAg
2 2F 300,000 Dags @& ZAoE BuHo] rk 7
FA(N. clavipes) ] S22kl AAE -2 ZAE
&g 71 obxAb(EEl4l, EEhd, AJ) & Hl&ol
63% 24 85%<1 Foll Ao g sto} AjEozs
2 A3EE Helct,

8. 48

2% MM B S T oAl AA T
74‘:’] AAst Felux Aas 35 714 B4 2
< 558 SAER sle] oW 7 B Ao
o] Hojgkct. Anjdzel F¢ PAFEOE 7H
e 71AR BHoR QlEk] vl SuasldTAelA

TrEREAY LS fslo] g2 FAE sigoy
opzE AAM]E oin] EFAQ A el o] B
ATE Qe Sk $HE, ol x| Az B¢ F
T 5ol BAANREAY S&& A8l B2 A7 2
7 BaE7] ARt glos, 58], 7]Edd 2x o
HAE o5 AAAFYT BRG] hE M2
B7t A& HolA L Qick hARE A AAE olf
g Az A A EE _‘."i_Lb obz uju]gt Hol, 5
3], A8 F AEE 2 Bl e Sl E017)
95k ?—__1-_{7.% ﬂﬂ"ﬂ —475]] AHA 159 HERHE £LZ

2 /b 3% Aasks gl AR AE Aok
BYE nolE, olde £ARS A 33 F 0

ohs AadHiae] Expggtael o Ziog wdy
OWE} °l€16P Horst 2L AAdavREele 1
fFeAE fAlstaA A3ade Soto] darde
& %—% 3% AL o vt AAIHER] Fgjoe
FH IF £ A/TARE sl iR AL

o] Az Eet 7hssitt oleldt 5 yxAf 73
EE2 AT 9 QF g% 5o AANEEN 85
o} A 4= 9t} T3 A9 B RS A IAFA/4a
3 dE] —é*:i" TR T I uEA YW AA
494 (liquid crystalline elastomer) 841¢ A7&
F 5ol AR AFAEe g8 FLs) AgHw Q)

o ol e ANY D 59 ATS B3 A=
o 2e $8TFE Rl UZT T 5 US Fe]
2 peEn. 2o ohish @A £ m=
ARZA ARgo] HofA3 R A0 AzE &4

Mg Bslol Seter AAPsAe] AAE 2 2
2 At & ik,
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