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Evaluation of Antifungal Activities of Nanoparticles against
Cladosporium cladosporioides Spore Bioaerosols
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Abstract

The antifungal activity of silver, copper, and titania nanoparticles against fungal spores was investigated. Cla-
dosporium cladosporioides spores were aerosolized and sampled on a solid agar plate using an Anderson impactor.
The solid agar plate contained different concentration of nanoparticles ranging from 0 to 500 ug/mL. Silver and cop-
per nanoparticles were shown to be an effective antifungal agent, while titania nanoparticles were not. Antifungal
activity of these effective nanoparticles appeared at 300 ug/mL concentration.
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872 veht T QI GE 5, 2004; 841, 1999;
WMAS T 71841, 1998). B3], A F7te] Hesie
A

F AF 5 2ol A2A 798 74 vl s
o] o] .2 (bioaerosol)-2 ¥ 27)|2 Sakslyw, Al
A5 Aol olz2A & = (84 F, 2002).
FHIoe =2y AR Fsle] WA A=)
of W3 B FolAl T JUTHEFE F, 2006).

Bhol 2 oo} 2E2 dEA Q)] AW F7]2g =R
shte] L (F1°d 5 F, 2006), vlo] L. oo]2E o)A
At TAR Aol Hekat J3kE u)R)ed), H2,
54" 5L 357 A% 53 Ao o=
A7l ¥ wF ) on (Piechova and Jesenska, 1999;
Cooley et al., 1998; Dutkiewicz, 1997; Gravesen, 1979),
AERA Aol ¥ 3E7)AY) e Adgx 9
A3 BAE AR d7AI} RaE T Qg (R
7439} A, 1999).

ol WEIA {3l AT Abgdo] Qs
Rl ody EAsl=, o] AL JE3Hy 2T
of Ak Wl B2 MAR), AL, 7], e
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(FHE5 5, 2004). AWF3Yell EA)s= 21F-2 AA
3] 1% 298 AR Abgo] Zrlslm 9l
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A] (Lee and Lee, 2006, 2005; Mullican ez al., 1971), A
Zlo] & (Lee et al., 2005, 2004a, b), AF2]4] (Noakes et
al., 2004; Nicas and Miller, 1999; Riley et al., 1976),
4 =Y A (Lee et al., 2008b) So2 T7] 2 A
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371 & vlAES] Ashpde dubH el At B
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deldelz AlAg H 2ol 7)1 RAAA )
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2004). =7 A gl Y 7] HgFow
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x
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2004).

P4 TR0 weh FaPel Hold 13 st
B AR o] dEA glon), dR F45& 549
F2hg ) Foll Abgo] FAFH A $IH} (Avakyan, 1967).
23 T ASH oz dHe] 9 EHE U
A go, JrolHz 7} FoiEw GEeel 5
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(2004)-& FZSol| 7 Escherichia coli®] WA A
3 82 2340 Rl gl dEiAv, 739
739 3.5mM2] FxdlA E. coli®) AAe] gkAE] A
AHATE At 2383 ¥4 (2004)2
259 fhgor Azxd 2 vx $99 A9 1
g oFA A7l Staphylococcus aureusoll ©&F S
E3bh 2% 84 AR E colidl W3 $5EE
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Bacillus subtilis®} E. colidll W3t 3 FA]o] Bl
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213}od e} Berger et al. (1976)2 28 233 o8 &+
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A7) 5(1998)2 AP o7 48 2§ T 9F
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b R 29) ulAEA o] dsld Outlaw and
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AE e 5% welslAl = 2 (Lehninger et al.,
1973), 1= o2 AHE HAYE ez Lo Inm o5}
9] zpe F7)z vheskEd 100~200n0m A=) w]
Aol o1% F4ahe Zol FPaha F4 A 2571
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A7b Y ANAS mRHAS AT ) A% vlmsielch o D78 Bobe] wAllAel T3 o
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cladosporiocides$}; Aspergillus versicolor®] ZA1-& o A stk w3k, Al Adel] dg 245 ey
AsRe AT I} GheE BaAssT NG

Fig. 1. Photographs of a manufactured fungal spore aerosol generator.
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Fig. 2. Schematic diagram of the experimental setup.
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Fig. 3. Colony features formed by C. cladosporioides on the PDA plates containing different concentrations of silver
nanoparticles. (a) 0 ug/mL, (b) 100 pug/mL, (c) 150 pg/mL, (d) 200 pg/mL., (e) 250 ug/mL., (f) 300 ug/mi, (g) 350 pg/mL,

{h) 500 pg/mL.
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B 7)ol dosiet Al vlolEl e 1T 44
FAPE S AMgSte] AN I AT X A4 &
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al. (2001) Wi JAEY = (stage) S o3}
F 71353} A (aerosolization chamber) & A Z}5}43
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2008a; WA %, 2006).
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a9 29 Ve A8 52 Cladosporium clado-
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2 FAEL AN 77 Ad T F5se ks
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Fig. 4. Dependency of cultured C. cladosporioides spores
on the silver nanoparticle concentration.

eix] 3lc} (Aukrust and Borsch, 1979). C. cladospo-
rioides (KCTC 16680)= =24 28t Tl &
epgkor, v 2= PDA (potato starch 0.4%, dextrose
2%, agar 1.5%, DifcoyE A&-8}9lsL, 79 Bt 25°C
27100 A] wekst 3 Aglo] Abgalglet
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Fig. 5. Colony features formed by C. cladosporioides on the PDA plates containing different concentrations of copper
nanoparticles. (a) 6 pg/mL, (b) 100 ug/mL, (c) 150 ug/mL., (d) 200 ug/mL., {e) 250 pg/mL., (f) 300 ug/mL., (g) 350 ug/mt.,

(h) 500 ug/mL.
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Heic} B2 o] 0.65um, =& $7} 400709l =
(stage 6)& shpak ARGl Qv JHE (Z-A6,
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3. 24 ol u&#
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Fig. 6. Dependency of cultured C. cladosporioides spores
on the copper nanoparticle concentration.
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Fig. 7. Colony features formed by C. cladosporioides on the PDA plates containing different concentrations of TiO,
nanoparticles. (a) 0 ug/mL, (b) 100 ug/mt, (c) 500 ug/mL.
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ol JMEJR C. cladosporicides ZAVS A 33k
Wkt S o AT 2 Zas vEhd Alen.
VAl 2388 WAE BE 9 ZF2el= Al
2 vhesiare] A wiAe A FrE A,
2 Vel A4 B AL dRE ddgl
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R Aol 18l 74 Alge] o) Wsl: 37 o
oElel mEAAels T et zaEA @
2 wfjAlol] 3507 A%l C cladosporioides w7 0]
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Fig. 8. Dependency of cuitured C. cladosporioides spores
on the TiO, nanoparticle concentration.
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Fig. 10. Antimicrobial effect of silver nanoparticles aga-
inst bacteria and a fungus.
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