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P2 TS R RR A TRS WSS P AT A e b i 0 BROER sk iE S E IR AS L RV B W, 45 6 o
TV TR RS R B X 22 SO RS R TS [ R A AR A 3 — i -2 DIt - N - IE
TIHAILF ARG (IPBC) |2 — FIJE —4 — SPuementf —3 — il (MIT) RIS MEmRpk — 3 — il (BIT) RS0 HY 3 e
2#h (PHMG )4 FRBFEE RN 4 PRITL28 78 AR AT BRI 1 . 25 R3] .4 PREZ T 43 & 210 B T H 1 3 4>
Ji R (Aspergillus ) , TIHIEE)E (Arthrinium) MR8 ( Cladosporium) , Herp A J& T 1% )8 D B Tih&)8 ,H.K
JETHAEEIE . iaET e TR LS R AN ] B A AS [R]85 70 A U AR ], MIT B2 IPBC X B 22 SCH) B AR T
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T2 FH 225 28 S0 14 97 8 DR 47 B 977 e ) i ) 227
HE S S AN ) B 2 SO T R 45
B 2 BOBURRE 22 53, AT DA S P b i 2 1 322 3
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1.1 #Rl5EE

1.1.1 A RGRA BAR B0 A AL T S B A T

COSEAEZIIR (B 1) RIET 70 H 22 S F 0 T 20
TH2g 90 AR Y B B3 B [RIA% Th | B A A7
TREE 10 ~20 °C,{BJE 50% ~ 60% ; dx I 21 s 57
F E S A A WE B IR 3G AR AL (PDA) KER IRHE AR
W B R AR A A IR A F]3 - -2
JRIE - N - IE T I RER (IPBC) 2 — I3 -
4 — SFUEMRIE -3 — [ (MIT) AT S wEmRik — 3 — il
(BIT) RS0 H 2 B i R £ ( PHMG) T 15 19 1L
M lEAE TAHBR A,

B1 w2
Fig.1 Silk relics contaminated by mold

1.1.2 FBHE SW-CJ-1F B@BEH TS, I
NGRS FIFHARAGBRA ] YXQ - LS - 508 1T #Y 5
FERK T Sy, RS A R AR BT RET;
MIPS - 150 BUBE TR 3G F2 46, LA 722 S & A7 R
u] s XSP -2C BV G, BT S0 BRA E
e iRG % , B IE AR R A

1.2 BETEKRIBERETE

1.2.1 EEE#SE Ak HILERSREER
B2 SCY) R RO, HEEUEE PR AT, A i £r
B O R4 T 28 C &R RE A T iR s 35
5~7 d R BRI, PR VE T S HURY 43 B Ak R B
ST A, 23 0] B9k R TR v 3 2k Y TR 22, e 4 3|
PDA RiRIEFH b 28 CHi% 7 d bAT4lifb i, &
T 3 Rk 5 AR5 e B 22 SO R AR 1Y) PR TR VK
MR, e A PDA RHANAAE H 28 CHEF 7 I, 5% )5
FIRHETFP T 4 C R A T IR,

1.2.2 BAFER RHLAMEESELbEN
R PR AR TR R IR 3 |28 CHEFR 7 d 5L
A W ATV AR BB A et
ARPRARI AR T | B TETEAS (0 A5 A, B
ST 4 A o[ )0 A e (e | Y 1]
TR LB S T ™ 04 B 45 B 0 25 T HEA T390 25

1.2.3 oFAYFEE PRIER ITS JFHM#
FHS 19 1TS1:5” - TCCGTAGGTGAACCTGCGG -3,
IT$4.5° — TCCTCCGCTTATTGATATGC -3, NSI .
5’ — GTAGTCATATGCTTGTCTC - 3’ ,NS6:5° -
GCATCACAGACCTGTTATTGCCTC -3” . PCR [ ¥
RZ K 25 pL, 4% 4 Template 0.5 nl, 10 x Buffer
2.5 pL,dNTP 1 uL /0.2 uL, FFiF51414% 0.5 pl,
PCR G 451447 : 95 °C WA 4 min, 94 °C 78
45 5,55 CiBk 45 5,72 CHEAH 1 min, 30 MEFF,
72 CEEIEM 10 min,4 CHRAF, B0 LA T
YAl S MR TR AR EA TR I, A5 2]
LR F 5143 59 T NCBI B2 ) 51 B0 122 vh itk 47
BLAST 43#r, 5 © T 51 47 % L, R4 [R) 5 43
B, M MEGAT $XPEHEAT 2 7751 Hext, SR FH 4B
7275 (Neighbor — Joining ) #HE RGE K HW , 4565
DAY 2RI 2 B 22 U A5 R R TR ) 73 252
HAf

1.3 FEHFIFE

1.3.1 BHEMNH 5 H R IPBC, MIT, BIT,
PHMG B 245570 (5 FH Ut B 5 S s 30 45 5%, 43 301 g
Pl e IR BN 5 WM E (R 2), 5l
10 mL JCHE KNI B 4l 4k 55 37 4 10 454 i i b o
FHIC T 42 b B 5 1) 3% T 30 o 8 o 100 77, B e i 9
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I FEIA S BRI B0 T ,4 000 +/min B0
10 min, 2545 F W, A 50 mL TG 7K B0 T
ULVE =K, FHTCHLER 3 IR IR PRI 5 IUTE , i 4%
BE PR A TRV, BRI EORT A, P B T
TR BE R 1 x 10° A~/mL ~5 x 10° A~/mL"™ . B
0.5 mL i T2 F 4% 2 PDA B R EFM b, &
A 3550 H O AR AR B TR IR I AL U [R] e
(9452557 0. 2 mL 23BN BN - HbR | BNk
53 W, TCRIKAMOG B 28 CHEFR 7 d WELZh3K,
1.3.2 HaXIBAEATE SRR i
TOVERT P BT A, MR AT TR P FELA o A5 TR FR AR AR Y
TR BRI B R LD R 45 9k B X %k
{ELR B A5 & o, FHRHID PR 56 R AR &y, 57 B 5 71
TN AR AR vk BCs,

2 gt H

BERHIA LN
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T SPHAEH AD H K. RIS
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B2 HHEREKR

TrER A WAREAT SR S UL R R AR AT IR A 5
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FidrdE BRI RVEILAS 0 A4 TR R o A At 145 B
OB FFIE I 2 Frs

BAR A AR RO 2R A E, B
SR R BB A B o T R s, AR TR
RS T R4 R NI e SR U Bt B W i O
Beafit

PR D AR H G RS RS BIR FLH G,
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BRPR H: AR B2 s S BoIR, w0
RSk E 1, BT R R, LT,
A WA 0 B o AR AT IR IR G R 25 e
B, e el AR ~2 4,

BRPR K AR 2218, W A EIR, Kk (B
BRO,NGAC, FERIARE, AR
Bl oA, 208 A i, i@, A 0 b 2 A1
SRR, BRI ST, o, e, A R

S BRES

Fig.2 Colony morphology and microscopic shape of mold strains

2.2 STEYFEEER

He 4 BREE RSN P 515 NCBI IR P9 Bt
J2E PSR B R TR P 1A A TR DR Lo, 328 BORs I
H 2 IR 910 [a) P54 e v ) TR AR HE T 810 SR 2 LE X
G P USSR LR 1, 2 R PP o e ) A 5%
BRI T[RRI BT M R GE e E A (] 3) Bl E
BRI PR )7 28 HLE

YR R G5 & B WA Hr 45 3, 456 A [°) B bk B
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285 J® ( Cladosporium ) , o A D 4351 T15
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XEE R BN, 5 4 MRE AR AR RN S T 99% 1)y
Y%, Wi E 2 AWK H 5 K 2R T
[FJEEARIF, &3 2, A D H K EHAE

4515 KP269008. 1. KT310987. 1. KP278171. 1,
KX078479. 1 BISEZ R AT, Hi A 2 LIS e 3] 2
IREFP

T A BREE R R VE P X
Table 1 BLAST results of the 4 mold strains

bk Iy T U E BT AL
A Arthrinium sp. KP269008. 1 99 %
D Aspergillus sp. KT310987. 1 99 %
H Cladosporium sp. KP278171.1 99 %
K Cladosporium sp. KX078479.1 99 %

B3 T ITS NI E R G A TR
Fig.3 Phylogenetic tree established on the basis of ITS

2.3 BBEFHRERSN

HRHE 4 Foh 97 250 A A AR EESE AN [R) B bR R
[l 75RE IR AE SR W 4 FhBly & R A BU8 & i
TR A OC R B 3K K AN [ By ) 0 At
I FIA — @ R HIRCR | HAM SR 2 5 257
WL LB LG {H AN [R] 97 5 500 X6 AN [R) 22 S 378
FRPR M RIRCR 22 550K . 4 BRI PHMG K&

BIT PAMNGASCRARRTEAR , Horh PHMG XTTERE A S
Pk H 5 JT 384K, ECso 4351 R 4 093.028 3 me/L %
2 ¥9. 672 2 mg/L;BIT X B #% D M Btk K 095 1 i
I ECso 23531124 2 082.539 5 mg/L 15 584. 528 7 mg/ L,
[ — 2R SRR AN [ L 22 SRS AR PR AR T RIAK
T EARK R AP ER b BIT 5 MIT ¥)E T
SEGEMIRERZE 257, Hodr BIT Xt 4 RhEL2Z SCHIE 75
PREGMEIVERTESIN, T MIT X A H X K BEbEREE 134
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T HoAl 3 BB 25 5], ECso 43 91K 56.235 5 mg/L,  27.454 0 mg/L, W HRE A H & K BRI ECso 43511
292.173 7 mg/L }2.190.045 6 mg/L, % D AEAYEE  250.283 0 mg/L 480.325 7 mg/L 2 997.239 2 mg/L(F
JIHK T IPBC,ECso M 62. 681 5 mg/L, IPBC %5 2 ~5), HILATLAEH  MIT X IPBC X} EL.22 SCH)FA
HRESIORT MIT, Xk D B3 1B , ECo (0 BIHRA RAFIHAMHISCR , B — i IS

T2 ARMBIEFISER A K750 E
Table 2 Toxicity of 4 kinds of fungicides on Strain A

BRI RO e/ (mge mL~") RIS AR/ om e EVEp g P R HL(R) ECso/(mg+ L")

IPBC 10 2.47 y=3.8945 +0. 460 9x 0.974 7 250.283 0
20 2.70
40 3.10
80 3.50
160 4.40

MIT 10 2.47 y=3.778 8 +0. 697 8x 0.980 8 56.2355
20 3.63
40 4.23
80 5.03
160 5.40

BIT 150 2.40 y=1.791 6 +1.200 9« 0.998 6 469.409 9
300 3.70
600 5.07
1200 6.27
2 400 7.13

PHMG 50 1.15 y =2.867 4 +0.590 4x 0.988 5 4093.028 3
100 1.65
200 1. 80
400 2.53
800 3.07

R3 A MBI R D 970 E
Table 3 Toxicity of 4 kinds of fungicides on Strain D

HRNBFE ARG/ (mge mL7')  WHEBEER/em A R P REU(RY) ECso/(mge L")
IPBC 10 3.73 y=4.104 1 +0.622 7x 0.985 5 27.454 0
20 3.95
40 .75
80 .65
160 17
MIT 10 .85 y=3.076 4 +1.070 4x 0.973 9 62.6815

20
40

4
5
6
1
2.85
3.55
80 4.30
160 6.47
BIT 150 1.03 y=1.597 9 +1.025 2x 0.979 1 2 082.539 5
300 2.05
600 2.45
1 200 3.20
2 400 5.05
PHMG 50 1.25 y=2.8259+0.667 4x 0.984 9 1810.074 6
100 1.97
200 2.45
400 2.75
800 3.73
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R4 AFIRIERIER H R0
Table 4 Toxicity of 4 kinds of fungicides on Strain H

R ARES TR/ (nge mL7) MBI ER/em 3 1A 05 E ZH(RY) ECs/(mge L71)
IPBC 10 2.20 y=3.918 9 +0.403 2« 0.995 3 480.325 7
20 2.60
40 3.05
80 3.45
160 3.73
MIT 10 1.40 y=3.2002 +0.729 9x 0.984 4 292.173 7
20 1.67
40 2.35
80 2.83
160 4.07
BIT 150 2.17 y=2.479 2 +0.872 2« 0.9822 776.359 4
300 3.35
600 4.47
1200 5.25
2 400 5.70
PHMG 50 1.80 y=3.2208 +0.512 8 0.954 0 2949.672 2
100 1.97
200 2.30
400 2.70
800 3.80

RS A MBI R K 97500 E
Table 5 Toxicity of 4 kinds of fungicides on Strain K

HRAFE ARG E S/ (mge mL”!) AR EAR em 1 lmE 5 Y R HL(R) ECso/(mge L")

IPBC 50 0.83 ¥=2.4754+0.841 9x 0.907 7 997.239 2
100 2.33
200 3.03
400 3.33
800 3.73

MIT 10 1.10 ¥=3.0232+0.867 5x 0.975 0 190. 045 6
20 1.73
40 3.03
80 3.17
160 4.13

BIT 300 1.03 ¥=2.0247+0.794 1x 0.926 8 5584.528 7
600 2.53
1200 3.03
2 400 3.40
4 800 4.00

PHMG 50 0.83 ¥ =2.490 2 +0.745 3% 0.983 0 2331.1198
100 1.53

200 2.10
400 2.53
3

800 .13
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Isolation, identification and fungicide screening of mold strains from silk relics

WANG Yijing, HUANG Yangyang, HUANG Xiaocui, LIU Chen, QIU Haili
(Institute of Application Technology of Silk, Suzhou Vocational University, Suzhou 215002, China)

Abstract: The silk industry in China has lasted for thousands of years. Having great value in history, art and
science, unearthed silk relics recording the brilliant history of China are important elements in the ancient Chinese
civilization. However, during excavation and preservation, silk relics are prone to being contaminated by
microorganisms , especially mold, and the destruction is terrible and irreversible for silk relics . Investigation of
these organisms can help us understand the current situation of contaminated silk relics ,and help to find new mold
inhibitors. Effective fungicide screening lays a foundation for the conservation of silk relics and the development of
mold — prevention technology .

Four mold strains were isolated and purified from silk relics in Suzhou Silk Museum and were designated
Strains A, D, H and K. Then, the four mold strains were identified by morphological observation and molecular
biological methods. In addition, the Oxford cup method was used to determine the activities of four fungicides
(IPBC, MIT, BIT and PHMG) as inhibitors of these strains. According to the colony morphological characteristics ,
conidial morphology in PDA plates and molecular identification results , the four mold strains were classified into
three genera, namely Aspergillus, Arthrinium and Cladosporium, of which Cladosporium was the dominant genus
causing mold contamination. Strain A was identified as Arthrinium , Strain D as Aspergillus and Strain H and K as
Cladosporitum. The inhibition test results indicate that different isolates had different sensitivities to the fungicides .
The fungicidal circle experiment showed that both MIT and IPBC had strong fungicidal activity against all the four
mold strains. MIT had the strongest activity , with ECsy values of 56.2 mg/L, 292.2 mg/L, 190.0 mg/L and
62.7 mg/L, respectively. The second strongest was IPBC, with ECs, values of 250.3 mg/L, 27.5 mg/L, 480.3 mg/L
and 997. 2 mg/L, respectively. BIT and PHMG had relatively lower activities as inhibitors of the four strains . The
present results of this study show that MIT and IPBC were suitable fungicides for inhibiting mold contamination of
silk relics. Isolation and identification of these microorganisms could help prevent the growth of mold and provides
a reference for the research and development of silk relic conservation .

Key words: Silk relics; Mold; Identification ; Fungicide screening
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