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Abstract— There are several factors in the degradation of textiles. The crucial factors in textile weakening
are humidity, dust, smoke, sunlight, microorganisms and so on. Especially silk fabrics are more susceptible
to microorganisms than other fabrics, because they are mainly consisted of proteins. In this study, we
investigated the activities for degrading casein and silk fibers with 2 strains, Bacillus cereus TX1 and
Pseudomonas fluorescens TX 2, isolated from domestic museums. They were compared to those of standard
control strains, Klebsiella pneumoniae and Staphylococcus aureus, usually used for the antibiotic test of
fabrics. The caseinolytic activities of K. pneumoniae and S. aureus were higher than those of isolated strains.
But in the cases of silk fiber degrading, B. cereus TX 1 showed the highest activity on both sitk 1 and silk
2. Therefore, caseinolytic activities were not coincident with the activity to degrade silk fibers. All strains
degraded silk 1(strength retention 100%) better than silk 2(strength retention 50%). It means that bacteria
mainly participate in the early stage of degrading silk fabrics, but as time goes by, the importance of
bacteria for degrading silk fabrics would decreased. Even though the importance of bacteria may decrease,
controlling bacterial activity is necessary to preserve historic silk fabrics.
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ot ¥, ¥%, A 49 Festa WP B3 A7
7t 2gEg9on?, Satod] 93 Cladosporium
cladosporioidesel| | E¥]E &4} Polyacrylonitrile
filaments®] B3] A FF S v Aol W
AP, Watanabe: Aspergillus flavuso] €J3+ PET}
Nylon A9 E3o] #& A7 $9st9. 1
Yo oHE HREY A7t FFHo) FEH ¢
. FY Y ALoe HAE 3t AZEY &4
of gt Ae ofF njujd Ao, B3] A9
o AAF FEY B F3 A7 AR
TEhA B AFoNE I gdERA Ry
protease BAF 3 JE FEA XY FAFO|H
il AFsteA e 230 9F& 713dx &
A Sl+ Klebsiella pneumoniae, Staphylococcus
aureusE 01 340° Tl REse wway Ry,

2 #7354 9% A4 9% J=g vng,
2. Mz H 2
21 NEEZ

2 AdgAe S dEddAM 23t & 3§
o protease 447 % A8 F74 AP BZ
#3% Klebsiella pneumoniae, Staphylococcus aureus
7H A ET TY ERA R FFE F
o} 4 skim milk agar % (1% casein peptone,
0.5% yeast extract, 0.5% sodium chloride, 1% skim
milk, 1.5% agar)oll %, W) %3 HA, protease A}
A& AEAT. 1 FAAE protease EH| =2
A FAEHE FHEY 277t & F FFE A
Aot APLF2 e olE FFE I3,
A 9 A B4 g3 FHHUG
Asteta EAL APL kit AHE3t9lon, Ex14
B3y 54L& 165 rRNA $AA F714d9 2
#& NCBI(National Center of Biotechnology
Information)o| | blast search® £3) EA3s gt

2.2 A AR

= Ado] A4&d A Table 19 Yt A
FEAA AHTE A& ALt Ao A8H

Table 1. Characteristics of the silk fabrics

AREZE F 7] FREAH, e d2EoR
NaOHE A A ¢ A FIEHFIAE
100%, silk 1)o]®, tt& s}t NaOHE A gt 2
BAEAHGALE 50%, sik )& o] &Rt

B AN E Sik 12 AFJE FEY 27 A
HE tj®3t, Silk 2+ ojn| Ea7t APH AR
g FES Ry 93 AEEHU. Sk 28 &
93 orzhal AT wde Silk 1€ 10% NaOH
37 A (materialliquid ratio) 1:1258 &3
T, BCoAA FEHHAEo] Silk 19 50% F&9
ZESEE stgth AYE ARE FHRFAA 40
B A T A2 AzNFHLH, & &34
AR A7tA AoA AFAHE BREsg

o N o

23 AMESEZe £H

ARG BAYEE AAE FHFL Y& v
Ao Bz Asko] YYE ofplmAel Fg Hul
sgel weh dhgst 2ol E4sgc

231 Z§AM9| HZE

za4de skim mik AR NF2E 3
0C, 24 Az g F, HFog 12000pme] 4
087 LAT 45AE 2aLY0R B35
7 Ay Agsta?.

232 AA 25 &

= $59 AN 1, Sik 2, 5m * 2A)E 713
2 AgF oy, o] AL 50mM sodium phosphate
45 4(PH 74) 50mLe] Y& Ao2 STk

o] 7|1AgAe] zaAH 05mLE F7Ist 30T
o] A 30&, 608, 9087t vF2A) 7] 20% trichloro-
acetic acidE 5.0mL 713t 30CoA 2087k 13
AA B ¥EE A A7l F 14,000rpmo] A 208
2t GAHEEB proteased) EHE 23T

2L 20% trichloroacetic acidg ¥ 7}3}7] 3
Mo za4NE o] vg& AAANAG. o]& £
H Ao A mao ot B3t obd T £3E
dld o] & EA87] Y3tolrt. Protease 40
2 ARE otukeite YAEE o] &5t Ty
= 7teEtgelA HE O As el dotsiA "k

Type Strength retention Basic properties
Weave: plain
Silk 1 100 % Fabric counts: 55x165 (warp » weft/5 cm)
Thickness (mmj : 0.219
Silk 2 >0 % .

(by NaOH treatment)
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2.3.3 Casein 23l A

7148 HL 50mM YEEAA ¢34 (pH 74)
o, 71224 caseing AH&3}7] Al 0.6%(w/v)
7h HEE A A ALEs A o] AE 71 49
22 s, ALY B9 AT 9T Py
B AAE oA % ZH3to casein £
g4& 43

2.4 e

Silk 13} Silk 2& NaOH 10%& % z+z
25x10%, 2x10°9} 1.6x10%(g/mL)e} A 7} S E7}
HE=E A7 F 80ToA F3AAT o H&
EAE AEAE AL 279 S xoM 9 A
AEE &%t 5= AUA=e g7 dHa
IFAZMIE LA

25 W &

Aol 3 A dadzg vele 3
&3 EAQL FA AR @07 (Scanning Electron
Microscope : SEM, Hitachi S-3500N)& £3te] 3
Euieg

Kl
30
I
0

3. g1t & nEt

=
3.1 Protease MM HF9|

A Y B
Y EBA T 4FE FoAA E2Y

2ol 24 #EE 18149 EEYE skim milk
BoujR o AFste], 24 A WFF T FAo]
2 EBUL YHY 8 23T 14H0E AUy
th. 2 24 GramgX 9 oxidase test 5 7}t
Aoea HLEE AX Gram(+) 27 Gram()
FoA protease Ao] 71} ¥ 458 #
sty AdEsiit. Gram FAHoz gM43E
2o REdFe EAE PA4ste GramFA 9 o
qEe Fdoz HEEHYLH, Gram 402 g
AZALE HY BdFe HEE 7HRA 54
o] & AFAYU Gram FATFLE HHEH L
E o8 HAAY F79 165 rRNA $HZH o
15 kb 2719 @7142¢ 248 Z3E NCBI
(National Center for Biotechnology Information)

B

9 blast searchg 3 7H4 &40l £& #5&
AMstgit

A3bo] o, Gram YA HFL Bacillus cereus
(AJ315492)9F 98.9% 9 AFAE UEPH L, Gram
S Pseudomonas fluorescens(AB247137)$}+ 99.8
%9 £& AEAE BT ol4Y AHE
goz wgRdN 28 % FFE 27 Bacillus
cereus TX 13} Pseudomonas fluorescens TX 28 &
Ao FHA, A B4 9 o5 &
3729 4738 5L Table 2] etgiet.

rlo

Table 2. Morphological and physiological characte—
ristics of isolated strains

Isolated strains

Characteristics B. cereus P. fluorescens
X1 x2

Morphological characteristics
Gram staining Positive Negative
Spore staining Positive Negative
Form Rod Rod
Motility - Positive
Cultural characteristics

Irregular, Circular,

LB agar Flat, Lobate Convex, Entire

Physiological characteristics

Catalase test Positive Positive
Oxidase test Positive
B-galactosidase test Negative Negative
Arginine hydrolase test Positive -
Lysine decarboxylase test Negative -
Ornithine decarboxylase test Negative -
H:S production Negative Negative
Urease test Negative Negative
Tryptophane deaminase test Negative -
Indole production Negative Negative
VP test Positive -
Gelatin liquefaction Positive Negative
Nitrate reduction Positive Positive
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321 22| @9 AL A 23

g g AA B3] AP £ Table 39
Uetd AXE G2 229 259 B cereus
TX 19} Silkk 13} Silk 2 2 %o tj3d}o protease &
o] z+z+ 101 U/mL¢t 83 U/mLE 743 %o
o 24& o oo 28y d9rAoE A7
of oy EFEAHS dotr7] Y3 Agste
casein®] B3] AN E JEY 74 2EFF
¢l K. pneumonige 8.7 U/mL9}+ S. aureus 7.5 U/mL
7} S EFIA B H FF< Bacillus cereus TX 1
9] 49 U/mLet &l P. fluorescens TX 29| 4.6
U/mLEt 2 ZALE ey, A

metA casein BHZHT AALY B BHL
4234 2L &+ AU o= EutFed &
WA B ST dAY 28 840 AR g2
o, AAY B3 ZAE Yot YA E Y
Ago] 9ad ZAOR Helrh

ESH 4% 9 AP EE Silk 19] Silk 2¥ ) &
Fogte AL ¢ 4 AYE 53] P. fluorescens
TX 2+ Silk 294 W2 &3 448 U/mL)&
Hol ¢ whe, Silk 194+ w2 &3 &403
U/mL)E HE3thFig 1). o= NaOHo| 93t Alg
Ae B FA Sl Aor FAEHY, o]
e A= APAT HE2Q9 AL Shtst A
A T3 ¥ FEEH Ak & Aojrt.

322 22| ZF0f o8 AAel HE Hst

Fig. 2& &4 AE AAY F=E ved A
o2, g Aol Ao wet 2AFI vEH@
Aol = HEE Zast: A%E deidtt &
ARz Gk 19 HE7} Silk 2ET F9tow,
Silk 1% Silk 2 BF A #3§ YA &2 f2
NNRT 4375 7 AFZAA ELE3AZ
of Ao whet AM4HE FAste BUAY A
7t wopdThe A% ¢ 4 Atk

HE ¥ 08 39 H=g vEdis b, Sik 1
9 A%, #58 ¥A g2 d2Le H=7H 1600
mg-g'2 Yepyth K prewmoniae’= 1251 mg-g'2
veht dizo] s oA 287t gel dojy
A e Aow wWelth 181 S aureus, Bacillus
cereus TX 13} Pseudomonas fluorescens TX 29] 7%
& zhztel Ax7} 463, 431, 683 mg-g'E e
U 23 HEY of 7~B% oz A F4d
A} @ Silk 29) A9, S NE FY HES v
Zge  FxE 94 g2 422y A% A=t
673mg-g'2 7Adts W K prewmonice, S. aureus,
Bacillus cereus TX 13+ Pseudomonas fluorescens TX 2
9 7 %ok 245 153, 131, 25mg-g'2 F28Y
ou, o] 27 FEY o 19-36%4E0H.

323 ESliE HAMe BH A

Fig 3¢ SEME $% AAEW $HAI 93}
d otRY EaAYE A ¥ HELE WEA

Table 3. Protease activities of isolated microorganisms from different substrates

Strains Casein Silk 1 Silk 2

Klebsiella pneumoniae 8.7 U/mL 51 U/mL 33 U/mL
Staphylococcus aureus 7.5 U/mL 79 U/mL 7.7 U/mL
Bacillus cereus TX1 49 U/mL 10.1 U/mL 8.3 U/mL
Pseudomonas fluorescens TX2 46 U/mL 93 U/mL 48 U/mL
120 120

N strain 1 mmmm strain 1

strain 2 strain 2
100 || g strain 3 100 || mmmm strain 3
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(a) Silk 1
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(b) Silk 2

Fig. 1. Relative degradation efficiencies corresponding to amino acid production.(strain 1 : K pneumoniae, strain
2 : S aureus, strain 3 : B. cereus TX 1, strain 4 : P. fluorescens TX 2)
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Fig. 2. Intrinsic viscosity of silk fibers treated with crude enzyme for 30 min, 60 min, 90 min. (strain 1 : K
pneumoniae, strain 2 : S aureus, strain 3 : B cereus TX 1, strain 4 : P. fluorescens TX 2)

Fig. 3. Scanning electron micrographs of silk fibers
treated with crude enzyme for 90 min. (A : sik

1(strength retention 100%), (B) : silk 2 (strength retention
50%), [0 : control, S1 : K pneumoniae, S2 = S aureus,
S3: B cereus TX 1, $4 : P fluorescens TX 2]
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