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ABSTRACT

This study was carried out to find out the relationship between qualities and contraction
phenomenon of silk fibers by treatment of concentrated neutral salts. The contraction effects of
silk fibers showed the critical point on the treatment conditions of concentration, temperature
and time, among three kinds of neutral salts such as calcium nitrate, calcium chloride and
lithium bromide. But, The silk fibers, pretreated with bromide and/or formaldehyde, did not
show the contraction upon treating with calcium nitrate. This indicates that tyrosine and serine
can be correlated with the contraction reaction because of coupling these amino acids with
bromide and formaldehyde. In conclusion, a mechanism for the contraction of silk fiber with
highly concentrated calcium nitrate solution is supposed as follows. At the initial stage of
reaction, the water was penetrated into the amorphous regions and fibers swollen, therefore,
the contraction took place mainly in amorphous regions, which have plenty of functional
groups with hydroxyl residues. Then, as the calcium nitrate is penetrated into the microfibril,
the hydrogen bonds of tyrosine and serine residues are broken and crystalline regions are
more and more influenced by increasing concentration of calcium nitrate solution. Microfibrils
of crystalline regions become entangled, contracted to linear direction and rearranged to form
new stable hydrogen bonds.

Key words : Contraction phenomenon, Neutral salts, Critical point, Amorphous regions, Cry-
stalline regions, Hydrogen bonds.
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dry under reduced pressure
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stand in the air at room temperature for 4 hrs,
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filtering

Free amino acid| — derivatization

Fig. 1. Hydrolysis procedure of sample preparation for
amino acid analysis.
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Fig. 2. Effect of Ca(NO,), concentrations on the con-
fraction percentage and tenacity for silk fibers treat-
ed at 80°C for 5 min.
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Fig. 3. Effect of temperatures on the contraction per-
centage and tenacity for silk fibers treated with 46.4%
concentration of Ca(NOy, for 5 min.
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Fig. 4. Effect of fimes on the confraction percentage
and tenacity for silk fibers treated with 46.4% con-
centration of Ca(NO,), at 85°C.
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Fig. 6. Effect of temperatures on the contraction per-
centage and tenacity for silk fibers treated with 34.8%
concentration of CaCl, for 5 min.
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for 24 hr.
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Table 1. Influence of confraction ratio on sitk qualities treated with neutral salts

Contraction

Htem percentage Bulkiness Tenacity Elongation
(%) (cm’/g) index” (z/d) index” (%) index”
Control 0 1.054 100 3.78 100 18.7 100
Stretched and bulky yarn” 15 1.710 162 2.68 71 29.0 155
Ca(NO,), 40 2.313 219 2.07 55 35.0 187
CaCl, 43 2.254 214 1.89 50 39.5 211
LiBr 46 2225 211 1.82 48 40.5 216

" The index means a percentage change against control (100),

" The sample is a MAA grafted and twisted silk
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2 7R et AAA o hkaEE ) 4
Aol wheta] E-Fo| 71E8bar, A4 (chymotrypsin)
il AA AN SalE R SelEA] e BE
O 2 E =7} ok ghch(Lucas et al. 1957).

AEE(1993)2 AJAke} ZAadrtel] tgh Ca(NO,), X2
7} Mol v )= o3 3kol] #3F AlE Az AeddA}
of ulsle] ko] Ao} MdEERe] ok B ovslg]
t}. o]2{gk AP fibroin EAloll= b7} & =
Ao] okl ot o @ FAE ] 9l vlsted ser-
icinell = A152412] OH7|7} W& serine®] ko] F 11
AP gke| randomd}r] witolv}. wlaba Ca(NO,),
F-& Nl :4kE AR SPA sericinol] Ca(NO;),7} 4]
ZE el AdA o2 FAIch F2R Ca(NO,)= &
&% sericin¥} E3=|o] F=7} Hoix] fibromel| A]F
3] tyrosineol] 2H4-51A) =22 s A A
ArbEet =4 fda wasiedcl. Elar CaNos),
(P15 1.43)9] AHe] 257} 80°C o422 Folxld
whet Aabe] Zek 2hA47 @A 53 90°C(60F )R 3
2] 3hA| HH sericin®] o -Ho] L35> & fibro-
in®] AdH % L=l Ao A}

ellxe} zre] AdH 2} Agale] ofplrat

Table 2. Amino acid composition of contracted sikk
fibers treated with Ca(NO)),

Contraction Percentage (%)

Item Control
1.7 100 463 717
Cystine 033 024 023 027 024
Methionine 0.20 0.08 .10 009 0.09

Aspartic acid 260 252 273 259 252
Glutamic acid 238 236 248 240 235

Threonine 125 119 123 120 122
Valine 292 30 301 284 283
Leucine 081 075 080 073 080
Isoleucine 1.00 09 101 088 1.00
Tyrosine 927 941 990 931 930
Phenylalanine 123 118 124 112 117
Proline 152 061 055 050 051
Serine 11.86 1198 1225 11.82 11.64
Glycine 3420 350 3565 34.08 3338
Alanine 2736 2798 28.67 2725 26.71
Lysine 050 050 047 049 049
Histidine 067 064 059 061 059
Arginine 097 082 088 0.84 092

z2A 2elrt ZAR] HE, 5ol o e vl
= 7t Wit AT R auE AR S A
ZAARe) ofu) Al ZA] wislel gt B = glok

o] FRRKE BllAlFl= 2REE olg Hn
2old® £al=r] 4% v]AAA ddeo] Easln
2 34 Mel A A ofv|xAl A 2] W3t o
Ar=ct webd Ca(NO,),2 B5H(43.5, 45.3, 47.6,
50.2%)F o}v] At 2AYE H-AEksdch

Table 2= ZAAlell Ca(NO,), & FEHE x2{s}lo
FEgo] thE(1.7, 10.0, 46.3, 71.7%) 7AA}8] ou|
A 243 B8 Aol

o] ¥4 AR mFo] o}, FAI A2 A
Haele] Hf HE F35h=s DA< ofvlx
Ak 24 e] atol= 1A= A] wdghor] £3], 4 sjBg
9] A, 5ol Foddl= tyrosined] oFH Aoln
Ak o7 Hregle] AF FelE 23 Al
o|ng FZ&AElo] 27 oAl 2A 6l of o)
7] Wiz duksc)

4. Halogen{t ! Formal{t X 2| A2 M#kE

1) Brit ¥ CH.OMLt XZ|0f| 2T+ KekEsnH

FA A= # fibroin®] A olv| Al FollH F
Z tyrosine¥} serine Ab7]] #]$)dle] W5 UiF]
= EAF &ALt 2] fibroin Afreb A4 B8
2 doixl A e fibroing- Brfb = CH0{L3}
A = g3t Aol olgh Saiade A wE oA
Hokar shehEkiE 1969, 1 % 1950, B - 5K
1953).

oo} zho] H-F-pF-2Ab-L-8)7) o= #2
o] fibroin ¥-2} Fol|A] tyrosine®} serineo]z} i Y
Ztsle] o]& olw|:AbS- Brike} CH,O{ksle] -OH
groupsr 241 A1 7] 792 IiEBigel el vl P E
sodeh.

28] 3 Brits}l CH,O{b= 7tz tyrosine % serine
Z719) s = AR 250 ol AS BF K4
8l12} Brik— CH,0{t %=t CH,0{k— Br{tAZ)
F Ca(NO,).Z Jihs xelsksdct.

vlAe] HAAbe] 9= Ca(NOs), 557} 45.3%7}4]
= W] 10% Ul 2 ldigEre] statslA Z7)8)
AL Fxe] Tk} t]Ee] WGiEER 70%712] ¥ A 8}
A Ytk 28y Brik =5 CH,01bA17) 74}
= FE 43.5~46.4%7 R % WiiEe] A1) elovz] ¢
2 17 olike] Fx FrtelME oF 10% el ik
#HEEE Vel Babsled oh(Fig. 11).

Fibroin®] CH,01k kgl 9le] CH,0& whale]
% EEL alcoholdd 2] -OH~], -NH,7| 53} ukg3phy
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Fig. 11. Contraction percentage of Br and/or CH,O
treated silk fibers, followed by Ca(NO), freatment
with various concentrations.

m - Unfreated, ® - Br treated, -A CHO
freated, - - :CH,O—Br treated, - o - :Br—CHO
freated.

tyrosine Xt7]el methylene 7}l A&sheE 7HeAS
=B F2 CHO{kE serine 7] Alolell methy-
lene 7}27) == 7l o2 A78}u | E3F halogen el
o]&) fibroin £¢] tyrosine A7) A Br} vk-5-3}
2 che s} 7o) OH79l w8l ortho £ x|l ¢l H7}
Br#} x| 35}e] tyrosine?] OH7|& Bsle 722
REE

7 Br
p

"~ 7

v - CH-{(D) -OH + 2Brz § -Cly- <Cy - OH + 2HBr
e = “
’ Br

-
s

o714 Brif & CHO{LE o5 Mg § 5 A
2|3} 7§l nisle] Br{t - CHO{k == CH0ik
—Brike] 2712 A2E B4 elqt A5 HEEo)
A shA| ZraE At

2) Br{t2} CH,O{t X258t WigiEH2l 5 3RER

Vgl Fos)i= obv Al & tyrosine3} serine2]
#7]E halogenft, == formaldehyde *{2]2 24
g & Ca(NOy),Z JhEAl 7] ZAAke] ek Al wis)

£ uli ¥4 sfeich

3.5 L=
v, 6\ \
254 :
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Fig. 12. Tenacity of Br and/or CH,O treated silk fibers,
followed by Ca(NO,), freatment with various con-
cenfrations.

- m  Unfreated, - : Br treated, -a-: CHO
freated, -~ - :CH.,O—Br treated, —o - :Br—CH,O
freated.

Fig. 12014 B ule} 7] 35715 Brik
CH,OfL2 Bz ZAbe] Ad Aes Al Fx
(43.5~50.2%)7} Z7}ghel uhet Ak 7Fe(e} 3.5 g/d)
o) HAg A A EF(3.5~2.5 g/dyre A E A oAt
47.6% 5k o] FollE 4£Fe] 7w Z1Av) Aoyt
whd 2] Ykl B dEe Ay s
45.3% oo 2 FolAA HH F F(3.0~1.0 g/d)2
2 AztElE 7ZAge|c) olejg A v Fo] Bol A
fibroing Bri{l = CHO{L AlFoZH 458 o
AN 4 2w AL Ca(NOs)7h | B2sle] 74
ofu At Fol|A] FE tyrosine} serine Zb7]ol] wl$]
she A $557) ulFeolzha 7= o] Ao
A A FE453% o|Zhe] F7tel mEtM= Brit
=& CHO{L @522 Hejgh coupling Akt Brik
2} CHO{t:E 43t coupling 7] F Ca(NO;), %
xelgh Ak A9 e F Aje] BF Ahasii e
1}, B4 coupling A= @5 coupling A7 & 45
A7 AR ARt w st 5kt

a8 o 7)4 43l Fhodsl= tyrosined} serine
% coupling &x|el® ko] A7t Fha s14do]
ehlb=d) o)z]g AR 7 fibroing]| W] A2
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Hoishe tyrosine?] ¥ E o} #Aste] Y 7} 9l
t}. &, fibroinF2] tyrosine-S W|ZHAJdo) oA
FEA|RE A G Holl e A4 FEF o 9l7] of
Tolck. apzbs] kA couplinge] F|A| 42 ZAA A
9] tyrosine> 2] Fx7t ¥ Afelle chavel
YekEBigeel dolvhr] wiEel At Fxrt Zhas=
Aoz AR oled AsH= Hl(19507F ben-
genediazonium © 2 tyrosine-$- coupling@}i’ LiBrz
S22 ATsh # YA}

Fig. 132 7 dB2& Yk dA2A2 Br ¥
CH,05 A}4-3}o] tyrosines} serine At7]5 B3t
F, =EA1Z B AAke] A=E vehd Zlelr). Ca
(NO,)®| FE(43.5~453%pF 2 7% Alss <
18%2A 2 W37}t gladct. o]} o] Al w3t}
e - dikEel W= tyrosined} serineo] cou-
plingg 2 24 FFol oJAd A2 & 5 ot &
H ol Zabel gle] A= Ca(NOy)2 ¥ %
45.3% (iR 10%4A)E 2 987) Slglont e
7F AeiAl el uhet vl A o2 FrkE L i 50.2%
e AAES AT 5 e A7t =g ol
@ daelo] £2 4 5uagle) v 2 o]
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Fig. 13. Elongation of Br and/or CH,O freated silk fibers,
followed by Cao(NO,), freatment with various con-
centrations.

m - Unfreated, - e - :Br ftreated
treated, < - :CH,O—Br freated, D
freated.

-A-:CHO
:Br— CH.,O

o] AEHE 27] GAQ) Ca(NO,), % 45.3% o]
ol AlEole 8- v|X|A] e 7o A7t
v Ae] TR ZejRa] dg-lo] vl Ad 1
A 2gslm 2 Felle AA A7 A&k
AZElE FE 46.4% olAtellAe] Alre FAFH
Z7tE ). o]l qt A of| A o] HpritiEe] F-Ato)
vlAA AL BE AA A7) AFste] AA s}
X7} Zrasba widkidel T e AAeddo e
7} B3 ofA] random coil BoFe] B2} el s Fgich
B EAL =0

ojafol| e} o) =& Al E AEldle] tyro-
sine} serine AF7]E couplings}A] =™ S0] o]
g e vl A BEIE 5] A=
A AdAl-g- wisiA7)R] ofsec)

Wktathe YikEaee] Sl et AAES &
7kt vkl 2 7} %9l young's modulust= 7}AEhe
Zlo] ddub el dAatolr}. Fig. 14 Wakaiasest Pk
#ak4e] young's modulus®] #3}E viehd Ao 2y
Aot 7}x 9} young's modulust 7}43l= 74 3ko|g)
2t vl 7AALe} = 7AALES] young's modulus
ol & Atelr} viehde}. &, e FE(44.5%)7) F
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Fig. 14. Young's modulus of Br and/or CH,O treated
sitk fibers, followed by Ca(NO,. freatment with various
concentrations.

m - [ Unfreated, -e® - . Br freated, - & - :CHO
freated, -V - :CHO-—Br freated, - 1- :Br— CH,0
freated.
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< A$ell= vixg] 7412l young's modulus(1495
Kg/mm?)$¢} ul% 719 young's modulusts 2+e 4=
& Vel e} Al Ew(502%yF FolAld 1
22 Aztslo] v)xje] 7 s oF 260 Kg/mm'e] w7 ¥l
AR 28 rRoME 1270 Kymm'e] %<& young's
modulus-Z- -f-2] )33t}

uwpzba] "hE 74 4Le] young's modulusel] & H 37}
e AL wEAgeay 5% 5 ol W57
o] F 2 sl HALe] Fo] dAlHe] At Thest
ol #7F2] 2 young's modulusoll & 2 W3S v x|
2&9t7] wj-F-ole} Azhhel

outd o2 young's modulusS& ZAA}e] ulEFAjo]
Eom Z7Rch mlE] Al glo] FEo] 2P
off w2} young's modulusi= X844 sl =
o]i= #i fibroin®] AR cddo] 7hAgtel whetl AeA
o2 ujAA doge] FrisEe] AAsEr} ol
TLof]le] sle Aeg FAE o]ake] HielA
Brit, CH,Oft, Brit— CH,0ft, CH,0{t— Brit¥
uhE AAbE FAGR S A=l A3 Ay A
Abell )&l 74%, A%, young's modulus 5 7 Al
o & WHIE F2]| o= Ao E Hol fFo] oo}
= 3L fibroin 74 opv] XAl = tyrosine I serine
Zb7) ek At

et Brik ¥ CH,0{tZ 54 o}o]AbS cou-
plingdld v]xe] ZAAlel] n]ste] A23)] F=5o] oA
w3 Azl 224 o 7o & vheht halogen
b2} formaldehyde = 2]ol 2)&) iiso] Lol 4~ )
= 17| (tyrosine, serine)7} L lof =0 oIl
ROZ & 4 9t}

m E

7Aate] rifEEtRel o8 pEAR - 57 B

< Aunr] fale] AMelyed WeAA AP
Az, ZAAlel] gk hiEE Ae] 24 Ca(NO,)=

X5 46.4%, &% 85°CE critical point® L o]A}
oM FEEe] AAsh Frlslel ow CaClell A=
A2 FE 344% o F4E £EFo] FA Folet
A He]% 80°C AFollA= Al Alghel| wet 5>
Fgol| & Ao]& Bolx]| ¢dsict

LiBri= 22l % 41.4%, 25°C, 24217k Ae]olx] #A
2}e] pEgo] 40% W R For 350 FAAR
o e} $E-golls 2hel7} At UnbHew F
A Aelyxrl Srlekd e asly AR
ZFrtshe 73 kel At

vpER xe] 35 7dabe] BALE S vixE] Al

v]3le] 100%0)AF Al m A Tl -daA -3
she W o2 ZA5 7159 AE A vl e
ko] -3kt

AAbe] Gl Bojahz e 9T 2Alel) 9]
@ es 54 o)Al Baeke Brit % CH,
01t =] % Ca(NO,), #&lgt A= Br{k =+ CH,0
b)) Axke Ca(NO,)®] H57} 46.4%7) & w7}
%) A2l 4-%0] Aojubr] ekakov] E3) Brik— CH,
Ofk = CH,0{t— Brik 2|3 Ca(NO,), xjzlgt
A4 WEES] CaNOy), SN HE F30] A9
dofuix] 948 2 opiz} 734, A= ¥ Young's mo-
dulusE v & &) 7AAke} ¥ zlol7} gl 7o g nol
halogenft, % formaldehyde *2]oll 23| Jidkire] Lo
3 ol FsT17) B E ] eEe] HHE Aos

AEH 02 FAY, 53] Ca(NO,), 4Nl 23 4
ol glo] 52) 2olel LT} WA o
o odedze) A4 B4slsh A4S WAk
A |4 T2 dE& pFeo] ey,
2e1e] Wz Hlar] AR microfibr
o A% FAE OHI|E 5ok oblicarel tyro-
sine} serine®] 43S Axlsl 1 interactiono]
Sl Hlv] S8 A odeARAN microfibriEe en-
tanglement7} oAl FlaL AZ2E AR A E
o] Auid=E= HAdlA] o] HlEFo R Fo] 2o]
vl ek Az
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