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ABSTRACT

The aim of current study was to evaluate the toxicity of nonylpheno! (NP) on soil nematode, Caenorhabditi

elegans. The stress-related gene expression, growth, reproduction and development have been employed to

monitor soil toxicity. The 24-h median effect concentrations (L.Csos) of NP was 0.15 mg/L.. The expressions of

vitellogenin-6, vitellogenin-2, cytochrome P450 family protein 35a2 and apoptosis enhancer-1 genes were

upregulated in C. elegans by NP exposure. Alterations in growth, reproduction and development were also

observed in NP-exposed group and especially hatching failure was observed. The overall results indicate that

C. elegans has considerable potential as sensitive markers for NP toxicity monitoring.
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£ HRe o8 d37]HelA NP AFAH 24
off s slelslr] A2 (EPA, 2003), el A
JjA)e] UlEulA o]AH8 A} (Sonnenschein and Soto,
1998; Sumpter, 1998), A#F2Fofl (Kahl, 1997) -2
AEo] FEF) RAEHEAM, AHHE 4473
9] AlA] o)t} (Sun and Gu, 2005; Lee ef al., 2006;
Yao et al., 2006).

Ag7kAl NPe| FA<dsk Hrlell= F2 A4
A4S dAdoez A7t zaEe] gA|uE (Balch
and Metcalfe, 2006; Ghekiere ef al., 2006), E2F A}
Aol A kel A e mAF ARt
Sefell Eo] B vlaz 2o|Ay wiFs:
<2 ] (biosoil) 2] NP 20| B 09xE
Folx vt Bt HA Eofel w1 X NP2
EAG7bl = #AE 7T A3 AYHT 9
S} (Widarto et al., 2004; Gibson et al., 2005; Hseu,
2006), +AAEEE o1& Q7o) vl 3]
A2 oo} (Ura er al., 2002; Skoviund e al., 2006).

2 AFoIA NPel HATAE ) mPuZ)
A &) Caenorhabditis elegansZ ©]-43F] Eo}7
BUHFHE A% vAEAMY rsAde AR B
oteh. $-2vtel stgom o®mniyd el C.
elegans’= EF Aol FFgeollA] wlele|obs =1
e 2oz mpddA AsldEToz T
g AAsn Qevd, AP sl A
A &AL (life cycle)7t v AL 7HAT gleiA
A EAAAT-E 8] At JEFoz AFEe]
R 3 ¢)r} (Peredney and Williams, 2000; Williams
et al., 2000; Boyd and Williams, 2003). &3} C.
elegans’= Al g2 AE7] Sase] M Z HEZ
M Hgoz AA AxwS DNA 471X de] w3
A sl AR 715E &4 HEd 4
o= AAe AT e oE# olf=2 C.
“elegans’= WA} FAFRG opE} EAE
9] 54& dyshs AddrEezs o 7
g Aoz AT glor, Al o7 A |
o thFst FWANA C. eleganse A 43 543
7}E0] AT g} (Boyd and Williams, 2003;
Menzel et al., 2005; Reichert and Menzel, 2005). &
QAFoME Epess) Amede) sheae A
3 9l C. elegansdl] 204 Aol AEA 2A]
QRN AHeeke B3 FAST Sk NPE
Agale] Aeat fHA0 TEH AL A
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A, el fgelA Jite 2ARAT Axda
#8 HAHA2E heat shock protein (hsp 16-1, hsp
16-2, hsp 16-48, hsp 70), metallothionein (mt-1, mt-
2), vitellogenin (vit-2, vit-6), cytochrome p450 fami-
ly protein 35A2 (cyp35a2), glutathione-S-transferase
(gst-4), superoxide dismutase-1 (sod-1), catalase-2
(ctl-2), C. elegans pS3-like protein (cep-1), apoptosis
enhancer (ape-1)& A5}k A} A Ale 0] %]
= oJEFe A7) $)8iM = C.oelegans®) A2
olsh A % +F ASsidon, B AN )
Ax Qe AR M =E23E A
oF 29} R3HE= 5 AT

JEREOT

Fofl Abg3 EoFAMZS wild-type C. ele-
gans Bristol strain N22, o] Z& Brenner (1974)°]
e g mFukdlel] 9]8)le] nematode growth medi-
um (NGM)el] sj727¢] 959l OP50& Holz A
ZFsled 20°C wijF7] A wi & st

2. L&Y

NP =213+ K-media (0.032 M KCI, 0.051
M NaCD)E A}4-3}9 31, C. eleganse= 10% sodium
aldehyde-§-8-& o] &3l Fx3AZ G& 343
vofste] A2 o AFE g3t x=E F
weF F=7A-L 20°CollA] 24X 7H-& 7]Fo = OP502-
ArkskA b Fe

3. BYS44d

Dimethly sulfoxide (DMSO, Sigma-Aldrich Che-
mical, St. Louis, MO, USA)¢]] 35-¢] NP (Sigma-Ald-
rich Chemical) %% 47)(0.01,0.1, 1, 10 mg/L)&} F
el 1IhE FAS] 24 well platedl] F&2315F
o3 A3 10mt} 4 & o] 20°Coll A 24A1-E wl
P} 24 £ 1412k0] At ¥, BetadnlF o 5
AHE BRI Iz Aes BekE d ¥
Ao gl AL F Aoz Al WA
= LCs(median lethal concentration)-&- Z 4] 3} o}
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4. AEA
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@A AT FASEAPZEFHE A2 NP LCs
o] 1/1,000, 1/100, 1/102 3 Asled 7= NPE K-
mediadl] x& A)7|T X3} AAE AA de C
elegans o1 AAFE Y& F 24A7H& 20°CelA]
i oF&}ed Phenol-chloroform¥ 22 mRNAZ ==
3l 523 mRNAE RT Premix kits (Bioneer,
Seoul, Korea)& A}8-8}ed cDNAZ 93 A} (Reverse
transcription) A]Z1 %], PCR Premix kits (Bioneer)&
o] 8-5}e] PCR (Polymerase chain reaction)& AlA]
sttt PCRS 93t primery= C. elegans database
(www.wormbase.org)ol| A} -2 37| g=HE A
sl o} (Table 1). A 3HE-2 ethidium bromide (Bio-
neer)E g-& 1.5% agarose gel (Promega, Medisonm
WL, USA)el &=iA H7]d5-& 3t A%e sl
TFX-20.M UV transilluminator (Vilber Lourmat,
Marne la Vallee, France)el] gel-8 2] Kodak EDAS
290 image analyzer (Kodak, Rochester, NY, USA)Z
2481,

<

2= A FH AR T AR FY3 =
(LCs09] 1/1,000, 1/100, 1/10 3)* ®=)2 k-media
o BAEFE Yol xF A7 24417 Wik F
55°Ceol|A) ¢k 1087 98 7}8tar 10% formalde-
hyde (Sigma-Aldrich Chemica)2 TAAJZ]t} &n)
A okleln 2 ckelel RAl B4 2% A o

AN AW & 58 Assgct old) T F= o
00kl 2T o) +AE %2 EAeI
6. Wy

A% 9 AN 54 AR sEe EUT Fw
NP& agars] A3 Felste] OPSOE Holz %3
& NGMAIA & BE 3, F23}stel Qe 147)9]
C. clegans® & =teld A2 AT &3 ARE
7NZez 961 FF 12A]7}u}c} Bas] o,
LI~13,L4, 432 A42 A4S, 2 308 47
o) gz vhehiadek

7. BAIXzE]
FA=XA3 A= Probitsg o] &-sfe] 3}l
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Tablel. Sequence of primers used in the amplification of
stress-related gene mRNA in C.elegans

Gene
(wormbase Primer sequence
accession No)
hsp 16-1 S'TCTCAATGTCTCGCAGTTCA3Y
(T27E4.8) 5’CTTCCTTCTTTGGTGCTTCA3
hsp 162  S’GCTATCAATCCAAGGAGAAC?
(Y46H3A.3) 5'GAACCGCTTCTTTCTTTGG3”
hsp 16-48  S’ACTCGATGTTTCTCATTTC3’
(T27E4.3)  5TGGGAATAGAACGAGATGAG3
hsp 70 SACAACGAGATCGAATTAGCTCG3
(C12C8.1)  SATCAACTTCCTCTACAGTAGGTC3’

mt-} YGAAATCATGGCTTGCAAGTGTG3’
(K11G9.6) STTTAATGAGCCGCAGCAGTTCC3'

mt-2 S"CAAAAATGGTCTGCAAGTGTG3
(T08G5.10) S’AATGAGCAGCCTGAGCACATTCY

vit-2 S'TCTGAGCTTTCCCAATCCCGY’
(C42F8.2) S'TCAAGGAAGGCATCTGCTCG3

vit-6 5'GACTTCCAGTCCCATCTACC3'

(KO7H8.6) S'CTTGGTGCTCACGGTTCATG3’
cyp35a2  STCGATTTGTGGATGACTGG3’
(C03G6.15)  SAATGGATGCATGACGTTGAAZ

gst-4 S'TTGGAGACTCATTGACTTGG3’

(KO8F4.Ty  SAAACAATACTATCCTTTCTTGTTGCC3’
cep-1 STTCCGACGCAAGTAGTCTCC3’
(F52B5.5) 5’CGGTAAAAGCTGAGAAACG3
ape-1 S'GTTTGGTGATAGTCTAGACG?Y’
(F46F3.4)  5TGTTGTGGTATCACTACCTAATACC 3’
sod-1 5"CGAGGGAGTCGGAGACAAGG3’
(C15F1.7)  5YGTAGTAGGAGTAGGAACAACY

ctl-2 5"GACAATCAGCAACATGCTCC3’
(Y54G11A.5) 5"CTGGCACATTCTCTCCCGAG3’

actin 5’AGAAGAGCACCCAGTCCTCC3’
(T04C12.6) 5"GAAGCGTAGAGGGAGAGGAC3

SRR BRUYY Az AG2e] FA
ol B4 WEa TARE Assholct

=

2 =

NP2l FA4EAAE AE probit 43 A=,
24A17F LCs02 0.15 mg/LE Fe}s}e} (Table 2). £
A= nleto 2 dimethly sulfoxide (DMSO)= NP
= 1/1,000, 1/100, 1/102 3] ske] $-A =} s wl
A7y, A, g A AN BEE HASA T,
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°]= 0.0001, 0.001, 0.0l mg/l.2 ZAA st}
C. elegansE NPol| x=ZAH AegAdhsd 44
e wEge AR A} (Fig. 1) NPo o3
sed A FAxLe] walake] ape-1, cyp35a2, vit-2,
vit-6-& Al9stae ZA WEkE A2 ¢lld 19
1}, NPel| 93] vit-6% Tx2]23 vlase 9
3 1.999) F7k2 JeP S AL, vit-23= 1.490, ape-1
3 cyp3Sa2: 2zt 1.6v) e} 1.499) Z71E e
ot} B3] vit6 944 A NP Fw o)ER
waler 271208 wolek (1.1, 1.5, 1.99)).
NPe] ol me ASPH Gake 4sinr] 4

Table 2. Estimation of 24 h LCjo, LCso and LCgy of Nonl-
phenol in C.elegans
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3 Mg Celegans®] A Zolet AW & 49
BEE zAsigleh 237 ol 43lA NP
& MEAAY $ER 22T EE HolB 2
Al £ A= (Fig. 2a) FA2) 2ol vls) 2 w3}
glol < 1.2mme] ¥ F ehgieh AW o
2] Wt QA Foll HA Hipt 2AEAE
sforort, 1w 0.0l mg/LollA Aol H]
s FFztel oF 14.1%9) ZFHaee Jehigig
(Fig. 2b).

96A)17+9) A7)t 2AS B8 3 nle)e) Ao
2RE A2 g AldelA e e} Ao B
olA] 9k L1~L37]s}, A2Ade] viehir] A#
271588 e L7t 43719 A Yepd
A Akl Wt 2k A S

24h LC Interval of 7F FA gl wls] NP& X8t C. elegansoll A
(mg/L) confidence (95%) A Vel Zle o 2 9lgie}d &271q) el
LCyo 0.005 0.00<LC(<0.027 W ok 427} X|7le] B =6 wel wEA o g
Nonylphenol LCso  0.15  0.031<LCs50<0.59 2 hgs) 7 FAE el HlE), NPol| =27
LC 11.5 1.994 < 1.Cyo < 1960.3
%0 %0 C. elegansi| M= Zr7re] . AAl2e] whdx L3 2
(a) ’ (b)
NP(mg/L) ==hsp 161 .
0 00001 0.001 0.01 hsp 16-2 mt-2
Fn == hsp 16-48 =3 vit-2
hSp 16-]  Beeeclccdi. 'z hsp 70 vit-6
=
= % ) >
2 I , T
0 0‘06010.061 0.(;1 O‘ 0‘0(5610.0‘(51 0.01
= cyp35a2  50d-1
o gst-4 ctl-2
= e cep- |
S ape-1
=
2
B
2
3
o s;T T 'l' T i

0 0.00010.001 0.0
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Fig. 1. Stress-related gene expression profiling in the young aduit of C. elegans exposed to NP for 24 h (a). Densitometric
values were normalized using actin mRNA and are presented in arbitrary unit compared to control (control=1, b;

n=3; mean+ SEM; *p<0.05).
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Fig. 2. Body length measured in the young adult of C. elegans exposed to NP for 24h (a). Egg number per worm measured

(b).
Egg Li~L3
60
—e— Control —e— Control
604 | —o— NP 0.000! —o— NP 0.0001
-~ NP 0.001 R -+~ NP 0.001
g —v— NP 0.01 Yo -V —v— NP 0.01
i) 40 +
g 40
8
B
o] 20 4
2 204
=
Z.
04 0 -
24 48 72 96 24
14 Adults
60
150 4 | —e— Control —e— Control
—o— NP 0.0001 —o— NP 0.0001
J -+~ NP 0.001 - - NP 0.001
g 1201 | —v— NP 0.01 40l 7~ NP 0.01
5 90
Y
S
2 604 20
: 1
=
Z. 30
04 0
24 48 72 96 24 48 72 96
Time (Hr) Time (Hr)

Fig. 3. Development parameters in C. elegans exposed to NP for 96 h.
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FolAA gt Aze Jehiich ma 1A A
Fol A%sl ke NAA oY T Zokge] Y3
ZHase] Aol SR 96417k) Aol A2 o
S7h AT o] ARAA F oF 60417} <

of F2 o ol £ m|x)e Ao} el

o

C. elegansE ©}43F NP2 =4 syl gy
A4 (growth)z} A A (reproduction), 22 (devel-
opment)S H42E A Y (Hood er al., 2000;
Hoss et al., 2002; Kohra et al., 2002). & o] Fo|A=
NPS| Ajelata] oJgf slol| = BAlsFelMe] 35
& ZARLe] vlol2mtA 9 FhsA S Ab B =),
2EHARE {AA 1458 o]8dle] WHA =S
ZAME 2 A2 vit-6, vit-2, cyp35a2, ape-19] §
Ak Aelzold 27hE Ae @ 4 glgieh =
3] vitellogenind&] f-A=FQl vit-67F T FolA] =
=) MSshe 43e ehiele viellogenin
< QAEE M T AakEE Ede o
A QAL YR RE YEuA AefEe] =2
Held SN dAH B2 )AL %3 VA5
229 x2oRE DY F 3t vlojemiA=
A o]l AFF 3w ¢l} (Sumpter, 1998; Garcia et
al., 2004; Li and Wang, 2003).

NP7L ol st Al ol ok 7
o ofF AEEE 5 WA ) ook Fliedner,
1993; Brooke, 1994; Balch and Metcalfe, 2006; Yang
et al., 2006). 53] Wt ol2] Ao )7 =2
g NPoll M= 2 o3k& vlehlA] ¢tor} uidos
E2AF Aol B3lgo] ol HA "oz
ByE vpr} lok (Ward and Boeri, 1990b). £ <
X E LCso?l 1710 314 pmollr] & A4 Fo)
Aol wla] ZA DoAdE o 5 gz
AP Aol wde) Rojzl AL &
At HAA el Rug wjel] ©shH NP whg
T AR AAH el vlE] 18 wiztelx] g
Aoz B35 o (Brooke, 1993a; EPA, 2003),
B Ao C. elegans®] whgS A3zl PAlnc
€ o N7 gz F85hs AE 2 4 Aok

¥ A+ A3 NPol| =23 C. elegans®] ~E3
233 FAAE vit-6, vit-2, ape-1, cyp35a2 £9

l..

& o A
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He 23E 4¢ 5 ULk C elegans® o] 4
AR A FHUA SN SYHA)
A - oeFdt 29 ST gGrlEe Az
ST FEEE 18T A9 stEgelA wlg 7
248 W3S vepdvle 2319 wp glor (Roh
et al., 2006) =3} ‘alkylphenol 3] bisphenol Al
22X C.elegan®] A4 254 YL &
D AT e Asae AN H
31t} (Hoss et al., 2002; Kohra et al., 2002). & 7
Aae 92 A7 2AEH @7 C. elegans7t NP
o) =397 SHHNE A ABFo2A Shs
Aol Mg 88 AT 4 glslem BExgpFo)
Ale] WERA AR AR ATl glelA] wl$-
oz B A® Y EFo] d Aoz sydn

At 2

2 T SR eopdTAUAL (3
A3 KRF-2005-204-D00009).o = Bt Ao
o Ao suHEo) A=,
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