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ABSTRACT

The toxicity of environmental pollutants was measured between a image of the surface topography in HelL.a
cells using atomic force microscopy for the possibility of toxic effect measurement and environmental
monitoring. A image of the surface topography by AFM were estimated as toxic endpoints. The surface
topography by AFM was observed a change of the cell surface in the environmental pollutants, but the standard
of the measurement requires for the dose-effect degree. The overall results indicate that the possibility of
measurement using AFM were confirmed a dose-effect degree related toxic effects, but it requres correlation
between more various biomarker and AFM’s measurements if the possibility of the toxic effect measurement
was established.
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71s3lel= w0 9lud (Alberts et al., 2002).

g8, 19863 Binnig (Binnig et al., 1986) S0l 2]
3] 7= AFM (atomic force microscopy)S SPM
(scanning probe microscope)?] 3 EF 2 x|
2] Yapeht Al 54 FHar) skl )
HhE Zlo g A], 7] /futE 9w STM (scanning
tunneling microscope)® & =A|E oz} Al
zoz Ad wed =t A% 53 2 ¥
Aol mwle) 72 9 34 Bx Jeodds B
BY 5 ole 2A7IFolh olslel FHY =3
WS, & ¥ 2= (tapping mode)$} ¥ HFRE
(non-contact mode)7} J|E o] & (Jalili and Lax-
minarayana, 2004), 7|&2| g% A, 54 53 2
o] AW jsled HO £Alo] doifx] ¢
v A5 vx2Ad SARE opz), M
o3l 7 mHe| Bofo] HEH £ gl H=
+ MBS vx 2AY A SN = e F
et w3k, AFM-2 SEM (scanning electron micro-
scopy), TEM (transmission electron microscopy)3}
e 7)ze] e o maldEe] Aol 23
e 2] dut 37 F3 94 YeM = &
Aol 7hsdlH, 3xA T2 A= s3] W
ol A #FH Ao FAH T JlesinE A
%, virus ¥ w|AEL] {A, v|FEL] SAAEAS
°Jakol| whE AMjze] Wit P, 944 ¢ DNAS
Az W F2E2] AAA fAZed {8317 AlL8-F
I 9Je}(Ahimou er al., 2003; Malkin et al., 2003;
Yoshimura et al., 2003; Santos and Castanho, 2004
Franz and Muller, 2005; McNamee et al., 2006).

Paraquat (PQ)&= Ao AlZAZ o] &HUH 5
shpa, AFE A4FA7 AT AR
A7) B WA oyl AR WFoed Al
9 g AANE Tl IFE F1 AUk B
2l o]} (Suntres, 2002; Bromilow, 2003). Endosulfan
(ES)2 #7104l AFA A, ZAFske] w9 =
o} WHO M= SABAZ FAR glom, 2L
e HEvAxztEdz = 49A o (Roberts
et al., 2003; Schoeters et al., 2008). Nonylphenol
(NP)3} bisphenol A (BPA): <A =Fz A Y&
Al aEER 2 A o2 gl EA o} (Chen et
al., 2001; Ying et al., 2002). Carbon tetrachloride
(CCly+= PAHRZE dj=ZA<]l 754 2= 4 o
HA Qe EREAFE VAR S AlS]
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A AEY AR o= BAR d¥A 9lv (Basu,
2003). Cadmium chloride (CdCh)x= FZ&F=2A]
e, EetaE HAA|, AlhA| A 5o 2 P9
3}A) 2Aeol3 9l EA o] Ruk IARC (International
Agency for Research on Cancer)o| A& o] EAS- |
¥ HEAE A sla 9l e (IARC, 1993), Z 5
7 M Ee] Hol(AE dodl= EAlz d9A 9]
t} (Friberg er al., 1986; Kasuya et al., 2000).

ole] we} £ dAFodAME, FAFHNEAR U
Zl 3}e+EAle| %% Hela M2 J3ks Mx
= W3] s Bl #lsidvh

CERTRET

1. AlIEE3

Aol A% 3}SHE-A-S- sigma aldrich (St. Lois,
MO, USA)d|A] F%3F PQ (Cat. NO. M2254), ES
(Cat. NO. 36750), NP (Cat. NO. 46018), BPA (Cat.

NO. 15138), CCls (Cat. NO. 270652), CdCl; (Cat.
NO. 287652)F A}4-3}4ich

2. M= o A sstEE X

NY =2 AEZFE 048 AN
HeLa M| X3+ 10% fetal bovine serum, 1% antibiotics
7} 3% RPM1640 vl X]of] 37°C, 5% CO, 7 o
2. COs incubatorol| A} vl e¥Fsloict. 2 Age)] AFS-
X 3882 = NP, BPA 18|32 CdCLe AS
o= »=%% solvent® dimethyl sulfoxide (DMSO)
£ ARS8k, PQ, ES, CP 18|32 CCLE FF/%

solvent= AF8-3}9i}.

3. AFMZ 0|23 Hela cells®| o|o|x|
=d A¥

AFME o] 83k om|x] EAAIPE ¢I3le] 2X
10°70 8] HeLa M| X2 24A|7F =<} uljoksl 5 A)§
EAE 24A)7F ol =FA)7) HAEE 134 1mL
sylenge2. buffer& =57 A A3 F, 2417} Al
A Az & PSIA AF2] AFM (XE-100TM)S& A&
gle] olu|A|E ESASIHAH, A AW v|A
Ew oo AM3EE AAE T35 259 kHz,
A28 A4 20N/me) vlo)lzz JNE#Hw (NCHR:
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Fig. 1. The effects of environmental contaminants on the morphology of HeLa cells were investigated by NC-mode (non-
contact mode) in the AFM. The effect concentrations were 1/10, 1/2 of 1Csy and 1Csyp.
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Nanosensors "y& A} 4-3lg3c) A3 EAL] exi
AEEHAZAN FAA [Cufl 558 o|45to]
B2, [Csoe] 1/10, 172, ICso =4 25 pm X
25 um~ 35 um X 35 um Atole] W E SAR=E
sted A9E A

A% o o

HeLa MX AFM o|o|x] Xz}

Zt B9 1Cso B IC509] 3|45 =el| =EA
7l HeLa A 2] o|u]|x] &2 A§ZH ol F-A¢
2T Aze 29 wdo] 7)ew, Az =
F= §I% 2FE FAT ech 4§12
9] ICso F=ell 7 =23 Azd4s M2
2opol Wys7] Axteid, Az F9) wd 23
o] AHAL ARE Rolk AL & 4 3k B3]
ES, NP, BPA, CdCl9l] =235 M Z2 AL, &
Qo) 557} Foldes Az zel Werl A5
Al HEHE AE A 4 Qo A AFME ©
23 MZe| olu|A| A 79, A YA ==
WAl WA A 2ol FHE FEEE W (Kasas
et al., 1993; Braet et al., 1997; McNamee et al.,
2006)3} wiX] == AAE FHAZ] F NEY =
We BAFs Yo oTold Uk 1 F A
28] A= A M (ex. glutaraldehyde) 0.2 A
Z= TAAZ & sasl= ubY (Braet ef al., 1998)
- I HEe A=A A E FRIBIHA SA s b
H (McNamee et al., 2006) 2.2 o] Fojx ¢)r}. 17
L, gAd oz MEE TAAT] F HE] 2HE
ZXAE 79 A Wl HMEE SAY = 3
out wAA oz skl Azt Asds
A 3 B A} e, wAael lsked A
x99 =zl 7 A o] W3} E™ (Braet et al., 1998;
Hutter et al., 2005), =& A& &A3)7] 23}
o Az =W 2L 7] AL 71E 4
A e 2§ 7IHE =4 Heot
(McNamee et al., 2006). Bl AlSo|A] wjR| &=
A AA F Q2N A 2PPEe) AL
A HollAM FAsl= AFPl u|sle 7FAdo] <fzh
H 3}3)1= AskS 9] o} (McNamee et al., 2006), 3}
G240 o5l WA 4 Y W) Wt
7} FAg| el nlsle we =] wWFEe| ¥V F
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Azl o3l A" 4 9l HY
drty oAz} JElee 2 g A9
e =23 MEZE ZAFAZ] Aol AFM
o= sl ont, Nz Az 23t o=
A 4 9l 2 HEle FAE S 3 £
Tolvh. 1ejmz A AE F3le Yeld H
cells®] #Ho| W3le A7 FHEAN =53
#2 A4 4 3ler, o]F Fdlqd AFME ¢]4
of A FEA x2¥ Alxo] HHPTE
sl 7ol EYEE 7oz &8d 5 9
7FsAd o] At e AXIG

g, TUEE 7HezA AHFe] FHHd, 24
3t 239 A3yl st 29 Aol T
A2 i AFME o83l EAT A7
oA A e] %31 9JX|TH(Adya et al., 2006; Canetta
et al., 2006), Z5-57 MENHE Ao FA 42
Aefolct FE AFeA = w|AEAA S =Y o
sk Akt 7|HE o] g3t FE AE Y A A
o A3 A7 BoF Aeolo

(e oL it

rE

4 =

AFM-E Azl 2H$ 3xd- ez FAYE &
A HxeaAde] Aol o] o] f-sle] F7F
S B xFo) 93t Hela Mz HHIS
BT Az, Azl TS WA ST ¥
ol A4 ME F :HO FIo] AAE &
2~ 9lojr}. E3] ES, NP, BPA, CdChLe] Aol
T odske] oS Al AFME o] 83l Mz
el ofskE A 7> ARE 7Y =4
7} gt udA] A 58 o]43 e
714 Aol Hosx|ql, A AHE Esle] 2o
B 7Yl 7hsAd ol £2A8S Eelslao.

INEIRE

2 AT B AAY B4 7% T Ak
Aoz S35l eol A=A

& 1o &
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