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Transgenic transfer
Spider silk genes are injected into
mammary cells of cows or into
hamster kidney cells.

{_.

Cow or hamster

cell

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 silk
proteins.

Precipitation

A salt added to the collected waste
causes the silk 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.

I3 1. Transgenic transferof] 2|8t AHO|A 32| o153 M|

kol Al Ao A ARE diRE Yo Qle)
of Ak SHAIE RojFi= Wb, ol X ;JEI_
(Bombyx mor) 2] 78-5- st 3ljel] A AlAZ = 74
AL Qe glom st AAARY 9 gv‘i—ﬁﬁ"é
& vwE w2 71AIA B0l uist AR B
7} Al vear itk 53], < Hare] oJehd el
2| A0 A, AL 2 (AAEE) of| wet Anda
g A st 71713 BALS 7§ Qo Aagle
FRIoRRE AxH Adl £ AZAAY scaffold=
Wold W Mxe] B2 224 23k A 5ol gt
Ao H AR 9 AEFE A 83| AL
A Basw ekt

2 oA e oAl s 543 2, AR
9 7EHAEZA HAIE S83] Hs AAFE
A7, ARAeA L5550 AA9HEJQo R RE AT
AFE AR 3 gk Alks Aletarat gt

L

_Nu

A o2 272 AeEo] WA A
A BH]Eo|n Fo (Lo o
(Lepidoptera larvae)), A7), A4, x1=7], IHF
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Spider genes

| 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.

£ W59 TRt 4 E50] AAE S| Wk’ A2
o P22} )5e AR wEE 2o SRl uj
tEn o ol el 9 At b 4%
Ao qAslel e o] Fol) refidaic ol |
Ule] Aol YR F rolle] v i) Sl B

Pl WA Q) BEES B S A

= AN tiREe 2EES 3] To% AAE

FIZAES IR
22 UHIXO| Ao EN
71 AR el & Aell(B. mord) AT 1)

4] 21 5go] 2 ApEio] ke Holth L 5,000
o d A F=elA 71l on srelle] =8 oll
S At} FellE 712al axelM dasE @
w99 FeEA reld oM fad ARE de
otk el A Aol & W) 71z, 5
F AL E71 A 138 dE S Aokt
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T TR SR so} glom] Aol 5
SNdEE 22 FejEe] vzt 97 Ak o] A
ARE BT o] W AR AR B
T 7hee AAav|neelst o]e] Zg gL gl
Al ew sl Al 2). =, Algale A
v el A0l %‘Era 31 (cocoon) HEE F
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Sericin (glue-like peptide)

Silk fibrain filaments

J8l 2. 5o 0] 43MFe B,

B A W72 gekns s 3AE B3 v
o} vpgo] H77A] 314] Qlell wi-EA =
FE] fofzl A3 gk 7heke] A& digk 10~25 um
o]al, Aol 300~1200 moll o]&t} A= 1FA
2l 9 Free 245 9 e AR EA
Z1AR B0 s AR Abent bzt 71eL &
& Bop i AR AawA H BHS mow
%E}'w

2.3 F0lloilM THSOIR|= A3

2.3.1 F0llef BHato|
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A QA WHE7|7F ek Fell Ao EAR
& AA AIARE BARH olnf mE]E 84 ke
2 gAo] A7) Al FHE e A E e
Q8 3. Wd7E 314 QoA 10~15%e] Aukd
o] o wlog UL A ARVE s HE
300~6007) §5=o] & W& F S PRIk

232 Al3 CHZElof SHM
Foll= 4A gy 3 53 A35 YA vt
7] 8l wEA Zdw AAS A g o= 4
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A e BolFa gl A Al R
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B 1. F043(B. mon) T|EZQIn}t ME|AIS ofa| At =N
(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 - -

= AAlelA mlEERlo] EistAl FdE AET]
wizolty, FHEEJNS T obiite] 85%F =
22 (glycine), 2&hd (alanine), A1# (serine) ©] 2}A]
St ITHE D). ©] Al 714 opr)ieabke: B Slof &
AE A oh Ak A B& = Q1AL 43l ol
AREE] s HidE S SEME & F itk o]
£ op|ieAte] oF 70%+= 57 Fukel Al gk
ol B 210 'kl FR B 9l Fof 9l
AR 2 (sucrose) ZHE] HojRlt) o] o|FF{i=
7Rl A (hexose) & 3l1E ™ glycolytic pa—
thwayS x4 3—triphosphoglycerate$} pyruvate
2 YAFE AL, tricarboxylic acid (TCA) cycles &3

e

A 2—oxoglutarateZ AFEATHAR 5). 1714 A=,

g4l dehdo] glycolytic SIMIAAEZRE T4
o} opu|iAt S S5 A AFSE ofnat
I gulgo] FaE RO RHE dojziry R
B2 glutamate 854284 E £33 2—oxoglutarate
25 glutamateS FAah=t] o] gk

3 A39 #x
311X A=

Follda wHERR F EAE Zhs ZTEHEE
R o)A glom A Ak 714 BRI

Glucose Uridine diphosphoglucose

l Glycogen
Sorbitol-6- «— Glucose-6- —» Glucose-1-phosphate
phosphate phosphate

Trehalose
—
Glycerol Triglyceride

Serine <+— 3-Phosphoglycerate

C ADP
Glycine ATP
Phosphoenolpyruvate
C ADP
ATP
Pyruvat
Glutamate
Alanine k \
2-oxoglutarate
Oxaloacetate ™ ——___
/' Citrate
Malate TCA Cycle }
\ 2-oxoglutarate <’

/

Glutamine <+—— Glutamate

18l 5. Metabolic pathways of glucose in B. mori silk—
worm related to the formation of silk fibroin through
glycolysis and carbohydrate reserves. ADP(adenosine
diphosphate), ATP (adenosine triphosphate).

Hr} 2.3 H] Wo] yepdt}, Mgale 112 FA9 oF
30%E 2Aska glow HHZolvl= oln|iAke] Z
ArjollA e xjo] S welt) Algale] om|Ak %
Anl= AR, olAuEAl 274l Edledoe] 65% 4
524 2 vlEs ARk ok &3 A 2L
E71E 971 BARET] Bt 2.6 W) gol yERdT Al
Al vl A :57go]7] Wil i B SollA H]
A GA AavpEclo g RE g W AgA|xo] A
T Uk Eg, FoluA|elE vk A, A4 Yl g
Fel=Eo] el itk

Foll A IH RIS 27]9 1A} EEHHER A4
wo] 9lom FAL Al (heavy chain)S FA}E]
oF 325,000 Daol™ 72~ A& (light chain) <F
25,000 Daolt}. Folldas= F 711 AAsded (v w
A 22 AAETE 7R o ieAko 2 o] Foi7] EE
He|ego) 3 vjdAgstdg Ml F(bulky) 2AF
£715 7 o)At o 7 o] Folx ZYFE =9 )
o] WOE o]Folx] = FFHA FHE = Qi
7HE AFET FAR ARES FEllA THER1e oF
70%+ *Ser—Gly—Ala—Gly—Ala—Gly’ 9] o}u| Ak
AMER o]Folx itk FI|EERA gt 7t
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Intersheet-
(hyperbolic
interactions)

Interchain-
(hydrogen bond
interactions)

B! 6. SEY AIHIERIE (MM SREAE, M +428).

FAE AHF-Fol dsixe o A8 Aol B
=], Gly—Ala—Gly—Ala—Gly—Ser—Gly—
Ala— Ala—Gly—[Ser—Gly— (Ala—Gly)nlg—Tyr2.
A ngk B 20)th 912319 55%% ©] of|
A MER o]FoA ok & 4 ik o] 9]9] t}
2 goelMe FuEl 12 7-32% Gly— Gly ¥ 22
AEL Q3 Gly—Tyr—Gly 2} Gly— Val— Gly 9} £
MERZ o] FoA itk TR E Foia sHEel
AnjAda s HENN v R FEAlY] 3%
A=A AR L Qi

322X #=

213 B-sheet, cross B—sheet, o—helix, AFF
A 59 oheFsl w23k x5 Vehdith Fella
8] AANE 7 ] A AlEo] oo Tt
A AdEztel] A4S 393 fsheet 27}
TJ27F SAA R Yepdth (Al 6). I81 FAKE
2 AT Ai & HFow HYs o]F whdch
22F FxAA HAZ AESL F2E G AT

K

o rlo

7] 9184 &5 QEel o AT P A,
2

AAZ A|EES0] 2UsH AYH 72
2 AAES e ov|Ake] HlE
o] ol oAkl 85% & &
o7 oF 3:2:19] H|E zZh=t}
A9 F 7HA Fost AW F32E silk [ silk
II +x2 729k Sik I 725 F3te Adavuz
1] FxEA SR A5 FdE uf vERd
t}. Silk 1= A7v|B2¢lo] AAloA 37] Fo=7
WAElo] 183lE Afolld Yl Fzolck A
ATl F AY Fzof digh A8 AU X-ray 3|2 ¥

)
f_
2
)
©
=
e

DERAENL Jls A 16 ¥ 5 & 20059 10€

O3 7. 2302 201(B. mon) 2l X—ray SIEIE:(a) silk I;
(b) silk II.

H 2. Spacing(A) and Intensities of the X—ray Diffraction
Patterns of B. mori Silk Fibroin?

RI1 | RZ| R3| R4 | R5 | R6 | R7 | R8 | R8

Silk| 7.29 | 5.61 | 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 1 4.69 | 4.28 | 3.65 | 2.66 | 2.25 | 2.04

I ms| vs | vs |ms | w w w

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

g a8 79 JERNUT). Braggds o]gste Al
AHEl A AE B 20] QoksiSit e silk 19]
A 2= ST depdo] vETEE 22 YA
FofllxE Antsto gy oj=e 4= Qi) A7t %
ARE o silk T F2A silk 1T 22 Zolsh
AYJA FZollA Lok Wigt FollXx 2 54 1
(intersheet plane) ©llx12] ¥Wg}7} 714 =tk o] o 4
AR A HHE Aol ARlE 18.2% HAdh o] ¥
AollA Eo] wikA vherA g7} ghasith o]

y
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Armicle: A
3z90 em-' v

11w Amide 1

1650 e

/ “random cail,
. w-helix, silk1 -
A il i
/

_\;Vatef-soluble
FE lcryslalllzallon

Absorbance
E-']
)

Ja 1
AN

iy Water-insoluble

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

T8 8. A3 U =219 HMAHER, (a) random coill,
(b) silk I and (c) silk II.

Zwol A B silk [0] silk 12 HE v o=] g3
o] w4 Y7z 3HAINE silk 117} B QA o)a,
o] Mol BF H7pdAoln o]k Mol
frelle] AAlea A7t WakE w] Ak (shear) o] 7}
A EA dojdtt, QIFH o Z = VAIH R AdE
7hehs W, AL 714, wlRkE ) opdlET 2 A
S AR, H71E Thehke WY & BEIA A
Yo 5 5 AT

A8l 82 HavEgcle] Ao AAER (FT-IR)
S Jehd Zlolth Silk T Fxold 54407 &
Z5= 9= 1697 cm !, 1627 cm ! (amide 1),
1528 cm ' (amide 1), 1265 (amide 1) cm™* ©]H
silk T 728} ALFY 2 o725 4¢
1658 cm ' (amide 1), 1652 cm™ ' (amide 1), 1538
cm” ' (amide IDeIA &5 3H47F FojRith
Silk I ¥} random coil T3] FH-E 9] A9
EfogE A7} Joh

4. 30| 5y

Pl B, oFE 9 efelzte] el e
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3L A3 A4S 7 AL Qi AE
=2 = A=Al 7k
AT E TIAEA 35%0] o2 JFES LiER
t} frell 0] el ok 6 10° N/m?o]aL ol
B A oF 5% 107 N/mPe]w, st (energy
to break) = 2F 7x10" N/kg o|t}. o] gk 53] 2=
of AXE 7hato] Exk2 wiEH & AL o oS

E e Bolerh tiRel Aol 2l Aaal
= AT SR S AP IE W okt
ek AT B STk AdE BTtk
=, A7 A AL vBEddel #2 2 Ak
] ohuficAtel] thgh 31 EARES] ofr]ieAte] mieh 1%
S FRAoRE HRgE 2t

51 8%

AIE BAANE D 7EAEE ol&slr] fleiME
AA A5 FgAs} s Aol TP w)
Ao AA ghe e A% 7heet R0 A%
SR A= 12~15%0°]3 FH-AA A= 20~
30%°Itt. gt A FEHE TFEEA] gL A
FAILXZRE e Fx ok Folux ] Al
AAGRE FES AitF o 2= E= niEoly A%
2o ' EH £ (sodium carbonate solution)
(0.3 wt%) & g3 a” 9. HAvH 1] B
35 §5te] Hdigt mE A7 9ol sericing FE3
oF 3h Alghel] whE FEEAS] EAFS 7Y%
(gel electrophoresis)& &3] glsit}, & 9

Sericin extracted
¢ silk fibroin

Final solution

08 9. SOl DA ZPE A3mezol 8% X

0d
oA
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5% BEE3k]EE9 (ithium bromide

solution) (9.3 M) ©]&3t] 65 CelA 714 %3]1
A2t} o] glef & E] @AlQks}elE (LISCN
24(CaCly 59 9L 0182 Utk o] Tnelg
oNo Exuls o] fslo] B
o] e ol el gl
7CWHYE RIS A Q
], 2ol gk oF 5el4 72 Afole] 17}
4 a0 =27 (hydrogel) BEl = Waeh ™ wet

Tzl

TCl-
AT U

ol O

poly (ethylene glycol) PEG) G895 o]g3fo] FHtj
20 wt% T|HE] FENE Ts F o} o] H¢
FER Qleto] oA 1 k] A (Aol A
C%E 25 wt%) oM 2§ As}E|o] o] o]t FEdow
A2 eks akA X3ttt olgs aERe] A
ol yHl 29| 71A1A wiE-go|}, 3Ajo] & o x

&5ekel HFoR It GAl AIAF -] e}
HE F2E 7IXA "9 XRD %+ FT-IRE 9]

sfo] 27l P2 MET BAT 5 ek Aee] A
2 gl TpEele] WY =Y TEE EAT

ARES QiFo] FAshA FBER] iAlEe] $HH
of silk 19 727} F4E) SR8 AgE A=A
B EQl = silk [ FFE ok 40%S A 3T)

Aqueous Silk Solution

B

13010 pm

b/—’:/’—'

Amorphous, Silk I, Silk I, water— mso\uble

partially water—soluble
& ;

Silk I'l, water—insoluble

TEHSZRH HEE A3u=20

To

8l 10. A3mE2l

BAAEZAM] 85

<]
EWER-Y A

ste] QAo d==7] 7t
735 Uehll= Algale HEEA] Al A= oo} St ¢F
HEHA AAER] gk Algilom dste] Al A9k
+ 28 el das AFT0] BolA= As
24 Q1 Eo] gtk Algjale] ks AAE A= 31
219 79 A A3 o] A A IRAR] poly (L—
lactic acid) (PLLA) H= O]«] FTeHATE ZA%koH
71A1A B0l 9rste] ARSI B wio AgE
28 scaffoldZA1¢] AT HE RuEYch 814
T AL AA B T dold F e THERIY

[e]
=

[e)
S

BA el st A B} 9lom ol AAY
AL Sl QA He AN A BT 22 AYES
AR B35 Astr7IE dle] drh

52 A3LE

Follda vuEl HELE AxE FEAS Ees
El&l (polystyrene), Z&@g]d=] = (poly (vinyli—

dene chloride)) o]t} o}=&8<4=4] (acrylic resin) & <
o] B & F7] FoA AXAA L) oy FAH
ATFAFE] T2 sik [ AHIYR o]Fofx] 9lo
o HEL Bl %8 F Qo AES AgEs)

*12“!“
ek A 4

100%<] #Hizlie 871 kel 24213 =

slEo] silk 1 T35 HA7|ER FFo] Eof 2
] obA] PoH(AE 10).2F et 84 BB (as—

/.

Silk |, water—insoluble

i =4
==

Silk I, water—insoluble h
p ﬁ
b

Silk |, water—insoluble

}F X—ray S|ZI{H: (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 pm x 1 pm) by tapping mode. d—Spacing values of silk | (A) 7.5, 5.7, 4.5, 3.7,

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

Atapstat 71 Al 16 ¥ 5 % 2005 104
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H 3. A3nEREES HEZAL AN 24
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 IT film 71.41.5 3.50.9 58.816.7 2.10.4
silk I film silk Il film

Control

Day 03

Day 14

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

cast) S HlghE&oL} oA E 2
7 I A silk 1T
LA B8/ FEo] dojz
I R e e
AREO] AHREAl Aol dEHE B

A Hck wsh 84 25E AAIste] B
5 85 7 ok 1Y F sik [ 72E 7H
B sik [ 25 7HAe IF ole 2 7
27 zjo]= walth Ud_Xi silk I 725
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40

Weight of silk films(%)

20

10 12 14

Degradation time(Day)

18! 12. Enzymatic degradation of silk films( silk | film
(a) and silk Il fiim (H) in enzyme solution; silk | film(x)
and silk Il film (@) in PBS).

BIOLRGIHEERING

12 ak al fa

Matenals

12! 13. Images of silk | film (left) and silk Il film (right).

THaR 11, 12).%7% Zgme] gloid® gl o)
E‘_O]*—H] silk 1 %~% ANk s1lk II A5 &

etk (A 12). sk AE59 9 2 4574 1)

”34"1]/‘1 & g UXOl(E I silk I ea‘f’J 54

o B 2 hehtrE 24 TG ARZA S5l

glo] AT H-AAol tiEk Aol 2 Lehicl.
sl Sgote] FoelRaEGoly-

ethylene glyco) & % zx&
F =t o] oA silk T2 T% ¥3F Yoib
AZA7IHE 184 dEo] fojxitt, o] A&
Al & &l @7HFd

S
=

ZaloeldlZa|Zo] wha Urpd

A £5E T TR AES 9e F ATha
214 %
53 A3 MFUIA}
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879 e digt st A7E FEl AN
S e g ANEEe) gy

otohfigitt. Silk M=) T34 Mg}
d A3E YeEh7] AsiME 1 em/
AR & E7} %Oo}ﬁ} ol o] WAL
S| > 8o F
g2 o] gl WY 5%194 274 TZE Helth
AT A o] Fe] AFL 1 mm olstolr A
o 57t vtk SREAMeI A3k Jellxl= AE
°] 1.2~2.5 mmoly Aet = v Foleth A

Ae] e vl FAsiA A15¢] 0.05~0.3 mme]

D A ST} o Axk ol el 24
o= FUW B Fpo] dolubm plvk Past] 2,
45, Vi 59| ol wato] elofulcy. o] wAelA

‘ Silk/PEO blend solution ‘

* cast

T8l 14. 4302201 28941} poly(ethylene oxide) (PEO,
MW 900,000) o0|8%t Cta3d ZE9| A =.

oo 28—

H 4. States of Liquid Silk in Silk Gland
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e} oleld WES A (drawing) Hel %
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= e Yoo BEY 5 glrk Aae A
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A3iel7} A2 (spinneren) & 3 WAtelo] B4
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ez Aol Ao et WAL F Bl w8
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£ Aksk=A] et A MAUZS WA o
Sk AV BRI fpofl =] A Aol of

mlo 11
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P
T
2=
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[e3]
=

il

=
KR
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Silk Posterior Middle division Anterior
gland division Posterior Middle Anterior division
Concentration (%) 12 25 26 26 30
Confromation Random—coil Random—coil B—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 (%) 38 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 —
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SO0k

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

18! 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.

W & BAso] Ak AR g B A7 o] A
A o] Avkek A G =aAg| 9
P38 AL v Pkl Al =l =4
orj gk VA 28 Fe 9wl s
o E5E % ET%°“LH°1] ZASR= T3 Fejo)
slo)|=zalo] Akt A el 93] AA-G9 Ui
<] U]*‘]]:Il_%g: 1R Q= 7|E9 nlo]aE wBH
(fibri) olg}x oA 2= &AXsHA Pk o)
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8l g2 5 vk ad 16). 19

2 ot U %

5
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We opl pel5e AaE A I8 17
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Insecta — Lepidoptera -

— Bombycidae——|

— Bombycoidea -

[— camphor silkaworm
— atlas silkworm
— ailanthius silkworm

— eri silkworm

L— cecrapia silkworm

English name Scientific name Vaoltinism Hahitat
— sikwarrn BOrmbyx IO 1,2, rruti Chirea
By mandaning 2 Chira,Japan
Theophiia futton] 2 Morthwest Himalaya
Rhancoliz menciana 2 China
— Chinese oak sillwaorm Antheraea perryi 2 China
[ Japanese oak slkwarmm Artheraes yamamal 1 Japan
| tasar (fussur, tussar, tussare, — Antheraes mylita 1~3 India (Bihar)
tussah) sillworm
—— muga (munga) silkworm Antheraea assama 3~ India (Assarm)
 Saturniidae ——— polyphemus silkworm Antheraea pokphermus 1~2 Morth America
—— fishline silkwarm Eriogyna pyrelorim China, Japan

- Lasiocarmpidae
= Notodortoidea T Motodortidae

“Thaumetopoeidae]

Dictyoploca janonica 1 Japan, Morth Chira, Formosa
Attacus atlas 1 Incia, Malaysia, Okinawa, ete.
Philosaraia cyrihia 2 Japan, Ching, India, Malaysia
Philosarmia cyrtfhia ricini multi India {Assarm)
Hyafophola cecronia 1 Morth America
Iasiocampa ous Greece, Sicilly, Asia Minor
Thaumetopoca processionnes }

Southermn Europe
Thaurmetopoca pRyccampa

Anaphe reticulsts

Anaphe parda (=inacta) Western, Easternand Southern

Africa, Madagascar

Anaphe venata

Anaphe rrolaneyi

Cocoon Color Thickness and Stiffness Size of Cocoon
of Cocoon Shell (width X length, cm)
Bombyx mori White Thick, hard 2.5%X3.5
Antheraea yamamar Greenish—yellow Thin, hard 2.3X4.5
Antheraea pernyr Brown Thin, hard 2.3X4.5
Antheraea mylitta Brown Thick, hard (2.3~3.5) X (3.5~6.5)
Philosamia cynthia ricini Pale brown Flossy 1.5X4.5

T/3HE HolFaL Qitk opy Fo|gHEIE o]F

T2 opniAke Frole) v xR dEhd e} é‘ﬂ
Alojw] o] - ohu|ipAle W HEQ1C] 74~82%%F A}
gt} SHAINE o] F opAFol|e] AIFHES
ogh= tlxAo®m dupdo] SEjAlnnt ¥ e o
st °‘°i A B SR T2 g4
TEE ol vk FuE Fupke] A a— AT
Z 9 tZHSP% depde FHow 22710tk
WAL Folli= A FEEe] QA FEE -y
Z9 WG TN o e f—sheet TFE W
shetth(silk 1D). ofAFell Agale ofn]xAt 2432
Aol g} vlgzsith oA el AamBEQle] B4
ol B2 A3} et alo] e Holw &2, 7]
AA B4o] tEnk olE 5ol 2 W3 AR
o] BAAITE Aroda By zow il wE

DERAENL Jls A 16 ¥ 5 & 20059 10€

/\-] o ./] 7]7;”7&]70}

A F7Haol A gk e el
AR FRERY

o] i},
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22714 oF 35,0005 AvjEo] 2 ‘L ]9\13“1 I
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o PUr It} 21 FollA Any (orb— web)—% 3\‘—5 A
152 Hol& 7] S8l Aas wEouiA Rt
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& A YAS B8 AaE ke theket FR2
AAE ®kEo] Witk @& Av| F E3] golden orb
weaver (The And Aol G2 Av|Ee] do] S+
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E 6. Op40ll #3u==019 Offidt =

Amino acids P. c.rfc.im' A. per{y yvi | A.yamanar
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

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

AEH o= Aol Holgrh IR 18). F= U4
o Au| TS wHEr T AR E<t oF 200 g9
AIF ARE F Gk ARl Holg TSk Abd
a7) 915t B4 olslole B2 RN AP 7
UlES kgl el Buls § ohepet §E0) An
2% ARkE Av e wore ewow Agol

v stabilimentaglal Sh= A 7A177 RS 2= Ao]
5431 An|1Eo] Qit} ol AvES Y3} A3l
A7 A8 & AL AnEel] &35 ¢
g e Aes AFe RS Sk 7Y o
S 3} 97 o TR AIE Aisks Avrt )
T o, AR O ek Ves 7 E 7 ol
o] A3E wkEo] Uie Avrt Ad 19). o] A3
S Ave FRo X vhekst Aol i
AbE]o] AFETHE 7). oA FE v 7159 JEE st
© AIEY oAt AV AR =Y opu|iik
ol MY thEr) URkA o An|Fo] AL ol
AFwch 2ow tj2k 1~5 ym gxolth “aekl
(dragline) A== 7]v] A3 7-vM e 78 2335k A
o rodashs g ok oS i AlElilol ¢l
th AnAAe] 7AA 54 Hop ks %50 An
e FHE we] A4S S g 7lsd &
Ho] glom AYPE o|F= Av| 25 FEst A4
< 43 2date] FHANUAE HA FAAE F
Atk 5, FAANUAY REL Av|aE] ©4

3]

gREe 2550 T YAA ks 2S

J

il
p_'].

TOUGH OUTER SLK
GG SAC

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

Gland Type Function

Dragline, orb frame,| Saftey line, mechanical
radii strength
Support fibers—frame and
dragline

Major ampullate

Minor ampullate | Orb frame, dragline

Flagelliform Viscid Prey capture
Aggregate Gluelike Prey capture and retention
Cylindrical Cocoon Reproduction
Aciniform Wrapping Captured prey

Piriform Attachment Coupling to environmental
substrates
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