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Growth-Inhibitory Activity of Cladosporium cladosporioides by Cysteine
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When Cladosporium cladosporioides was cultured with cysteine, its growth was completely inhibited statically. The
growth of C. cladosporioides cultured on potato-dextrose agar plates was also inhibited by the addition of cysteine. The
production of ATP in C. cladosporioides was inhibited by cysteine. When a silicone block was incubated with C.
cladosporioides, the surface of the block was coated with the biofilm of C. cladosporioides. However, the block contain-
ing cysteine was not covered with biofilm. These results indicate that cysteine is useful as a material to prevent the growth

of C. cladosporioides.
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L&A, PATA T, AEOHEHEMGEIZIER D
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] Pr
1. B C. cladosporioides NRBC4457 1%,

GO AL B AR R K DI A L 2. £/, C
cladosporioides 1F052184, IF040883, IF041450,
IFO41449 #RIX, TERFERESMHIEL> I —&X
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PR S 2 ETRTFOREINZ T 2.

2. 73 /BBICKB C. cladosporioides HEGE i
MR OTHNIATAIHEOBEALREY 2 R
V>, 7z 752>, oA >, 4voA
Py, AFAZ, NU», ALAZ=Z, MUT B
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&, A571>, Farr, v, 75=Z2, 7
ZNTGF ) BZRTFTFFARO—AREHM U<
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EEBRICHER L. 96 RTIXF v 8lkEET
L-— k& (Nunclon Delta Surface, Nunc #-#1) 1247
X JEBYRUE 100 ul & C. cladosporioides NRBC4457
MR T IR IR (kIR 4X10% cells/ml, R k5
FA bO—ZXEEH) 10ul ZNA, 27°C THrAERE
1o/~ BEEBEIA 1 i3 8 H HIZ, ImmunoMini
NJ-2300 (Inter Med, USA) %MW TiEE (0D620
nm) ZHEL, TOMEZEESE L TRHERITRLUZ.
FRHLEYI BOSE, 7O VISR ITEMT
XXMM oO DT, fAFAERE L CEBRICHEML .

iz, YATA COEMREZMHRT D720,
A5 A iR (0.1, 1.0, 10.0 mg/ml) 100 ul &
C. cladosporioides NRBC4457 ¥k il T- 8% E R (4 X
105 cells/ml, "7 hFF X hO—ALEH) 10ul %
A, 27°C T3 HM#@EREZITY, BEE, §l
IWDTET, WEZREL .

3. > XT1>DC. cladosporioides 7z /N B [H
IERERE AT ORThFFAMO—2
Hsihgse (20.00, 10.00, 5.00, 2.50, 1.25, 0.60, 0.30
mg/ml) 50 ul 12, %HE C. cladosporioides i T 5%
W GRAKIREE 8 X104 cells/ml, KT hFFZ hO—
ARGH) 50ul A, 96 KT T AF v 7 #EEET
L— kT, 27°C, 6 HREE#EZITWY, KEOHH
L6 HHDEEZ LRl LD HETHIELZ. W
DHFEMNRD SN IO AT > DREZ K
INFEFBAIEJEE (Minimum Inhibitory Concentra-
tion: MIC) & L 7=.

4. AT EREXEHM ETO C. cladospo-
rioides Y458 X751 > (1, 10mg/ml) %
HELERT M FFA MO —REREZERL, Z
D EMEIZ C. cladosporioides NRBC4457 fid 1 (4 X
104 cells) Z¥#AFL, 27°C T3 33 25 HH#HE B
B, WEREEEHRL .

5. > X714 8 C. cladosporioides ® ATP
EEHERE C. cladosporioides NRBC4457 il %% &
& (4X10%cells/ml) 90 ul &)L I F 2 —7 (Kikko-
man fE#) ITHA, T2 AT R (100,
10, 1 mg/ml) 10ul ZINA=D5, 27°C T 2 K
EEEL . BEROEANATP 813, V7
0O—)L 250 75 A (Kikkoman f1) % W THIEL
Z. Tbb, WREKRIC ATP i3 100 ul 2
A, 20 BREEEE, FOLHIE 100ul 2 A 7Z0
5, ¥t & % Minilumat Luminometer (Berthold

ft, Germany) %MW THIEL /.

C. cladosporioides NRBC4457 fF1%, L#BHG
ARFREIEHMN O RHFTH L2 FPHERTHELTH
0, 153 2FHIE TIE A 710 IR & R
THEIWCZEENTR NI LR L TNRD I &5,
ATP EABOKBIZIBNT, ~ERHELZ0D
ATP EITHET DU ITORN > .

6. RXTAEETYa—>2TDC. cladospo-
rioides BE5EME U -2 RATAFINA I—
N (BEAFA W) 1T, ATA 2% 50,10, 1
%TCTHAL, HRMT2ARKMKELZESEZ. Z
DIATA VEEIY =%, 121°C, 20 40O
EMEAKWE CUBML, EBRICHEHALZ. C
cladosporioides NRBC4457 Jil + %% ¥ ik (4 X 104
cells/ml) 1ml Z 24 well 75 A F v 7 S L —hiC
A, ZORERPICERS AT VBT ) a—
>EEL, 27°C T 25 HifERZEZTTY, U
O—2REDNAF T 1)V LABEAREZBIR L 7=

7. #EHALIE Ho N EEEFIT, Student’s
HREIC X DREHLE 217 /=,

] R

1. 73 /BRIC & 3 C. cladosporioides YEFE N
R BHEY I REKR (RFEE 10 mg/ml)
12, C. cladosporioides NRBC4457 i ¥ %% &R 2 1N
Z, REOHBIZKTTTY I JBOEEEZRIL
To. TOREE, WHEMBE I HEHTIE, 20 #ED
I/ 9OFEDY I T, C. cladospo-
rioides O ¥4 5H 3 £ 2V A B I S 112 R DYEE
57z (Fig. 1(A)). LL, I 9D Y
JBDOIBEIATA &R 8FEDY X /BRI
BETIE, R52EBNA 8 HH DWEE N Control #E[F U
ZzRLTHD (Fig.1(B)), N7 I /ED
C. cladosporioides FAEAIHIZN BIIMMD THH W I &
MESNZIE> T, —H, YATA IRMETIE,
EEMBSHETHEEOHMMNRD -NT, *
7=, BMEB T TOBERTH, C. cladosporioides i3
faFDIREETHMEL, B - FRPHRL TWDEHIT
HERINE )Mo 7= (Data not shown)., T DfE
Bhs, X514 IRMEETIX, C. cladospo-
rioides DYFEMMFE R ITHHI S N TN D Z & A5
NN

iz, BERERPOIZATA 2 em ORI K DR
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Fig. 1. Effects of Amino Acids on Growth of C.
cladosporioides NRBC4457

The spore suspension of C. cladosporioides NRBC4457 (4X10% cells/
ml) was mixed with each amino acid (final 10 mg/ml), and incubated at 27
°C for 1 or 8 days. After the incubation, the growth of C. cladosporioides
was measured as described in Materials and Methods. These results were
shown as mean+S.E. (n=4). *1 p<0.05 vs Control, *2 p<{0.01 vs Control,
*3 p<0.001 vs Control.

£LU, RFFFF2 bO—ARHIC Z O 2 RS
I/ % &, C. cladosporioides SEFENEHH SN 5 Z
&M 5 (Datanotshown), > X751 > ® C.
cladosporioides SEFEPNHIZN FNTFXEH) Tld 75 < FRid
MTH2IENHSNITES .

C. cladosporioides NRBC4457 LL 4% @ ¥k 12 % 9
%, YATA > OMEFEMG R R 2 HWIZ, C.
cladosporioides TFO52184, IF0O40883, IF041450,
IFO41449 BRIZH$ % 2 251 > ® MIC % J#ll5E L
=, TORER, Tablel TRLUZEDIZ, ALK
WS R CTOHFEN S AT A KOS Nz

2. PRXTAEREXEM ETO C. cladospo-
rioides YE5E 4 C. cladosporioides 13, 8= DH
HICEAZIND Y I—20T LNy F 2R EDH
MHERMICAHEL, W5 &n%n. £I7T,
HHE THAET 5 C. cladosporioides D ¥E5EN 3 A
TA Ko THH AT EEM BN OB 21T o 72, 1
mg/ml A5 A EART FFF A bO—ZXE

Table 1. Effect of Cysteine on Growth of Several C.
cladosporioides Strains

MIC (mg/ml)

C. cladosporioides

NRBC4457 5.00
IFO52184 2.50
IFO40883 0.63
IFO41450 5.00
IFO41449 5.00

ODe20mm

Cysteine (mg/ml)

Fig. 2. Effects of Cysteine on Growth of C. cladosporioides
NRBC4457
The spore suspension of C. cladosporioides NRBC4457 (4X10* cells/
ml) was mixed with cysteine (final 0.1, 1.0, 10.0 mg/ml), and incubated at
27°C for 3 days. After the incubation, the growth of C. cladosporioides was
measured as described in Materials and Methods. These results were shown
as mean+S.E. (n=4). *p<{0.001 vs Control.

C C. cladosporioides NRBC4457 % 123 L 1= 34
BE3IHHETIE, ZTOHEMIIEL <AflENnTnk
(Fig. 2). —J%, lmg/ml > A5 EHRT T
F 2 hO—XEREMEMEIC C. cladosporioides i
Faifml THEELZGE, HBE3 HE THEtER
EHRICBRAOEENERIN TV (Fig.3). Z
DOFERMN S, EAMEm ETHEMET % C. cladospo-
rioides IZX9 %2 A5 A > DOHIERIL, WKL
P TOREDREI VRN ENHS MRS 7.
T/, 10mg/ml > A51>HRT T+ R
O—ZRREHEm TIE, HEEMAGB3HETHEE
LEIBERI NN, BE2 HHOBRT
13, REEENEIML TWAHRTIBRINZI L
M5, AT >IN C. cladosporioides \Z%f U &8
FICER L TWB Z ENRB I NT-.

3. VAT A C. cladosporioides @ ATP
EE4RE 2 A5 A M C. cladosporioides ATP
FEARKICHEEZS S I L TWENENEH S,
T 272012, PATA UHEOEKN ATP &
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Control (3 days)

Control (25 days)

Fig. 3.

Cysteine (1 mg/ml, 3 days)

Cysteine (1 mg/ml, 25 days)

Cysteine (10 mg/ml, 3 days)

Cysteine (10 mg/ml, 25 days)

Growth of C. cladosporioides NRBC4457 Cultured on Potato-Dextrose Agar Containing Cysteine

The spore suspension of C. cladosporioides NRBC4457 (4 X104 cells/ml) was plated on potato-dextrose agar containing cysteine and incubated at 27°C for 3 or

25 days. After the incubation, the growth of C. cladosporioides was examined.
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Fig. 4. Amount of ATP in C. cladosporioides NRBC4457
Treated with Cysteine

The spore suspension of C. cladosporioides NRBC4457 (4X10* cells/
ml) was mixed with cysteine (final 0.1, 1.0, 10.0 mg/ml), and incubated at 27
°C for 2 hours. After the incubation, the amount of ATP in C.
cladosporioides was measured as described in Materials and Methods. These
results were shown as mean+S.E. (n=3). *1 p<0.01 vs Control, *2 p<
0.001 vs Control, RLU: Relative Light Unit.

EZHE L. TOME, PATA UHEL K C
cladosporioides NRBC4457 @ ATP 813, WML 7=
SATA VRBEIKELTRTL, YAT1 RE
10mg/ml Tl, ATP EANTELRICHH S
(Fig. 4).

4. PXTALBETY) a—>2TO C. cladospo-
rioides 1858 1% NAF T4 L &R, BEEP
M7 EDMAENMDRNEDH 2T IV EEEL, ZD
HICHNADRAAULEREDOZ ETHS.YC
cladosporioides &)\ # 7 1 )V L =Rk T 5 F

Fig. 5.
on Surface of Silicone Containing Cysteine
The silicone containing cysteine was cultured in the suspension of C.
cladosporioides NRBC4457 (4X10* cells/ml), and incubated at 27°C for 25
days. After the incubation, the biofilm formation was observed. A: Control,
B: 1% of cysteine, C: 10% of cysteine, D: 50% of cysteine.

Biofilm Formation of C. cladosporioides NRBC4457

T, MEERALEDOI Y I— 2 EOREIINA F 7
IV LR LUEEMET S, Dbk, > A71 >
ZI)IA—-2IEETHIET, »UIa—-KEAN
D C. cladosporioides )N\ 7 7 «1 )V LRI HIHIT
ELEMNENREAET O, BRIB2D2BETIATA >
Ziia Lz a—2 82 EE L, C. cladospo-
rioides ¥& YR T 25 HRIRG &%, U d— KM
DNAF T 4 VLR EBRE L= 25, X
TA BEKRENIZ, ) I—-2KETONAET
IV LRSI E 7z (Fig. 5).
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C. cladosporioides V%, B HE LIFENZHED
—FET, WYREEE L THRRIAS /L TH

, BERPICETERBSED LIS T, HR
#HENILAL TS EEZSNTNS, 30 £/, Z
DL, NAF 7 4 IV LERENE S, BEDOHM
PIALNYFRINAFT T AIIVAIBRENDS &,
WARZERETN O HEES S5 Z ENIERITREE &
RAGENLN. KW mEENL <, REL
TIFNEZBIIRKBIEAT S0, IEOREREIC
FELEZEAEZREL TS, <ITHEREEL, T
HOMBELZ T THRENTOAREDOHEEZIIET S 2
CIRIEFICHETHS., £I T, barbiud, AH
DITEZMHIT Dk 2 & LeHMzf#EdT 2 2
EIZES T, AEHOFEAEZMEN T 2HAZIT 2.

C. cladosporioides |&, 1A= DEEL/KE THH X
NHZITLNyF 2R EL FOEFRREICERL Y
FRIZHEL GNT Ens, KREOEGEIT 2 HiiZ
FHINDRDE, B NCHLUTEETHZHLEN
HBH. £IT, E FOHRERZHERT % 20 EEHDOY
I JWEA, C. cladosporioides SEFEMHIK T & L T
FATE2hENBE ZITo /2. ZORE, £
HALZ20/EDOY I /JEBEOSS, IFHHEDOY
J B8 T, C. cladosporioides NRBC4457 O %5 3 &
EHHIT HROH D ENHS Mo = (Fig.
. LML, Zhs 9ER 8HEDOY I /T
X, WOMEIIEIEETIRAICETL, &S HHE
T, VI BARBMBECFREE L TERNEEL 2
ZEMNG, IS 8EHEDT 2 JBIZ, C. clado-
sporioides DIESEMF M'E & U TS HEE TH 2
CHERINL.

ZHiTR L, >ATA EMEETIE C cdado-
sporioides NRBC4457 HAFED FRf ICHIFI S N TH
D, X571 M C. cladosporioides MK+ & L
TINHPEETH D Z &M EIngz (Fig. 1). Z
OEBRTHEHALZS AT > OREE (10 mg/ml)
i, —MRICHEA SN HEEFCRE - HEAIC L
RTEWI EMNS, T OWEFENRIN S X T A 2R
7SR TR <, BEE, pH R EIFRRNRE
RNRRTH 2 uJEENEZZ 6N Lrl, T
BN ATA D EMABEAL SIS ATA XK
WY 2% W= ST S 8D 5 7z

W &R, MM SOIERENY I /B ORIMINT b EH
NS NN 7R ENS, ZFETES pH F DR
BIRE QLR KN X 5 FEHr B 75 RG] 20 5
TlEBnwEEZ SN

PATA I X DWBEMH R, MmO C
cladosporioides THFROH SNDINED, PLEEIED
Pl 2T o7& A, AL 4 OEWEKITHL T
b, YATA ITHEMEIR R Z/R L 2 (Table
D. ZORNS, PAT1 2OHEEEE, C.
cladosporioides &R \CENTH 2 Z ENTHESIN,
HH OAEIERETHRET 2HRRHEKD C. clado-
sporioides IZx L THEmMICHIFIZIRZRT I &
My I N,

AR T, HKENITHZE LT % C. clado-
sporioides O T §i HEDWNLNHEHWTH O, U
A= TLNy F R EFEMERTO C. clado-
sporioides Y45 %2 [ 19 2 HiE OB Rk EEIHH
THs. I T, YATA OB, WRHEN
IZH B ERICZVT Cra < BRI R THAET 2 @RI
HLUTHEMNENOBFEIT>/Z. P ATA12D
BRE T 2HMT, BR2BEDIZAT1
CERT M TFFAMO—ZABEHITEML, Z OE:H
H1T®D C. cladosporioides NRBC4457 FEHHIRHE 72 &
BEEECHRELLEETZA, ATAVREENI
mg/ml PA BT, EWOMGENE L < SN/ (Fig.
2). £IT, YATA REN1XE 10 mg/ml O
AT b TFFA MO —ZEREHZER-L, Ihoks
M2 T D C. cladosporioides ¥4l R BE Z B2 L
7=, T OEHIZ, C. cladosporioides 17 & > T BIF
IBEEEETHD, ZOEREM ETARZEET
% &, WEMG3 HET, EREMRI2EKNEA
DEHTEDNZ (Fig. 3). Z OHHHIXEE RS H
NDYATA IRIMTHIHIT S Z EARETH - /-
M, WS E T RS 1mg/ml DY AT A 2 E
BT, tokiifizshRizgond, X512
2 10mg/ml T, C. cladosporioides YE5E D 3 L
WIS ERR S Nz, UL, KRB 2 2k &
Bl ln, HE2S HREITE, BOAEENERE
MEMICHEEL TWDIEHRTFOABREINL. ZO/RE
i, PATAUNBRENIERAL THW D TIER
<, WIZHL THENICERAL TWD Z & a2 Kk
L, ¥7, C. cladosporioides 133 A 5714 22k 3
FREIRENEMERL T, LB &
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SN, £k, BRIEBHEMTO C. clado-
sporioides Y45t % Wil 9 % 7= O ITIF ARG HL K D &
WIRED S AT A P ETH 5 Z ENHS NI
S 7=, T, C. cladosporioides SE4E % 3
ZDI2iE, WERFLIC—EREUL LD AT A >
DFENBETHDH I EZ2EKRL THBD, REEN
ISWERIEM T, BARELDOS AT A1 2 HES
NTREMETLTLED 0, WEREED SN
SATA VRE TR AU EFEIM G IR RE 2 #ERF T 5
ZEMTERNEEZ SN,

F77, BRI RLTWARWA, C. cladospo-
rioides I BRI T CIIMETERWHEE TH
BT EME, AR OWEIET )L F — 134 AR
BICEoTERIN TR EEZ NS, P ATA
> T1#{E F T C. cladosporioides % {53 L= & XD
ATP EABZHUE L LA, VAT VBEK
FHNZ, ATP EAENIFI SN Z &5 (Fig. 4),
SATA VISR ATP EAERIE O EZ 5 & i
ZLTWBHEEENRE N~ 10mg/ml > X F
A 20%, ATPEEAZMHIL, HOWMEEFEILESE
TV, BHifns > 271 > &2RET 2 EHY
WITHEEE IG5 Z & s, ATP EARED,
PATA VKB ANFEETIZR <, ATP ¥
AERBEOHIZS ZTA K D [T ARG L S
NDERALN D B EHERIS N7z,

> AT A T C. cladosporioides 1B TE N D 5
N=ZeEms, 2 I—-2RBEOEEMENZS T
A NG INZRETH, HIEEENBEINS
MREtEfTo 7z, kO a—213F, #EERE-
FIRETTF 2 —THNICREINTHD, ELQH TR
RERET A2 &EToY a—2 2B T 5. kit
WOV I—VIZPATA VEEGTSHIETY
Ja—HoOoEmNHEINS Z &b TREINE
M, U= ATA > EMA TN < #E,
ERPTHET S &, PATA &EEAL THWRN
Y a—2EFERIC, BT a—- 2 BE Bk
L 7= (Datanotshown). ZOZ M5, U a—

JWRIVATA CEEAELTHI) - BEICIIE
BN, DATACBRTARELTOI Y O—
COMEERELRDIRWEEZ SN, AT VR
& Ya—>2%, C. cladosporioides &R 12 &
L, ¥&EZ2f7o/2&Z 5, Fig. S TmRTLIIT, &
271 aBEREMN10% L D) 20— 8Tl
2= 2RENDNAF T 1 ) LRz L <l
HMxNTHO, 2571 21X C. cladospo-
rioides YEHERHEN RN FFRWICE I L Tnd T &
MBS INTE > Tz,

AFETIX, AT > C. cladosporioides @
HREMHIFEM & U TRHARETH D Z &2 5N
Uiz, PATA4 2%, $7UARELTIRAEN
H1FE, EMIHLTLZEHDOEWIETHZ D
T, BELMPOKE - RUHEONy F R EITHE
LTH, AFICEXEEZLGA5 L, BT
5 T C. cladosporioides DIFE'EZWHITE 2 Z &
MPHEI N,
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