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K2 J2 2 BIHLAR P96 P 480 (ROS ) 1 52 i 1eL, - Jige 5
R/ & (insulin/IGF-1,11S) 5 5 ¥ 5 i & A
NI AR TR A Y 0 — F 22 G B g AR
WK ES . W5 B R 0% 08 B daf~2/
daf-16/daf—18 %5 L EEN, RESE IR 1T T iiF S Hi A
AR BE 77 RH O J PR B 3R 403 G HE T o SR R T
FE T8 Ao PR 4R A DG AT Tl i, BRI TS T B AT 2 R Y
PrEALRE 7, TS e H A K & B I RE T L ARG
LS5 Bl PR AT 2k A X A 1, 2R i A PR A (B
K IR ), VR Y SRR N R B B RO
3 AN AR AR ER X HAE R R F R

1 #REFE

1.1 REH RS

LL1 gt el F B AT 4o i & N2, i 56
e 220y (Caenorhabditis genetics center,
CGC)#RML, KIAFTF# (OP50) , H 3¢ [E % 4% i K2
ARSI = SR K 2k B RP U I K AT
(OP50) £k AR KB SR 3L (NGM) 5 97 36 15 3% T
20 °CHH i 55 F2 4 , Y G i) A 12 h/12 h, 6o
3 000 Lx,

T RN - — K (T e gt ) | [ 2 48 Ak 2F R
R4 BRA W 5 JeoK B (o r i ), AL st A 1)
28 i Pk 48U (ROS)ELISA #6771 £, 5 R4
Y08 ) 5 B A AR AR i (SOD ) I 3 ) & T
M (MDA ) DU & | ot 3 J5 78 45 Jbk Ik (GSH) Il
EA & o AL SR (CAT) I 52 ) &, /e Bt
BAE IR BRA A 5 B s3] & ot e it
PCR I &, v MERR I 24 |
.12 X# 5 B4 UV-2800A £ 4h 5 6ok ¥
I, Je et (i ) AL AR A BR A | s DL-CJ-FND #
et db at AR BE A R AR 1 A BR A A
SZ66013ZL W EE, H PE R G 38 4 BR 5T 4F
3] s SHP-80 A b3 30 4H , bl 3k A S AU A
FRA T SL-N RAVHEF RV, Ll R % A
A BRZA A ;MyCycler PCR X MyiQ2 qPCR 1%, 3%
[E Bio—Rad 2A#],

12 Fik
1.2.1 i FK | PEopgomAa Emmme R
553 Ay e 2RO B 2H G 2 ol [ B A i 14

W2k B AL 5 NGM 85572 I i 3 RO TR] o
W (50,500, 1 000 we/ml) i 58 B2 £ 19 K 7 AT 1
BRI, X6 R A A TG vy SR 6 1) R AT R

P B g 4 B S Y ] 40 Ak 4 TG A Y
NGM ¥ g, & TR W N % ah G 5= 10,
i1 55 0 £ H Y B AR 55 AR RO 3 9 S T RB 28 B, 132
BUOL SRR Z2 /D /g, Hi B AR RS 2R K B
() LA T 31 55 T 4 i SR R 4 o [] 40
M RIC R 0 K, Z )5 Bk 24 h id R4l Bk
KE HES 6 K, B4 10 &40 HE 3K,

K RV AE L3 1 55 i Bk 2k e 47 7= B ik
5 B ORI Ak U R B — TR R AL L EH R
HORFEF=00 , HRERIG2 12 h, 75 s 0 3R 5
LR e Az R — AR R P O R B
H 10 Skl ER 3K,

PR L1 0 4h 2 A 4 B NGM. 8% 37 4
I, ZER RSN S A N H L RS &
A T) AR I - A b 5 3% T i g R A7 1 26 Bl
BHAERTIT, BRI TN FCH] 8% 57 MLEE
AT B Sk BN NG R HERR . AR 30 AR ER
HOEE 3, DUERFRT 0 AL bR 2l AR
et ES
1.2.2 &N ROS.SOD .GSH .CAT Hl MDA f4ill &

K R4 L3 9155 i BT 4 st gk A7 3 o e

B 4d 7 W FRATL N NGM B3 3538 1 M9 %
Wose N S 1.5 mL B0, 5 000 r/min .0
1 min, TR 3 YRGB L UCE 2 H 4006, in AR
FRERIK 1 mlL, A 2 2RI I AL rp AR S B 0
BB, BRI & AW, 48 ROS.SOD .,
CAT .GSH il MDA il i8] G A7 #4E . X0 &
523,
1.2.3  mRNA $& R 2¢% % it PCR Rl % [
Wik 14 W2k b s SRR AR AL B S Al i e 3 A
AT, B L 200 45481595 4 d, MO ZE i
WPPE NGM $5 37 3 3% 11 £k 3 JC v JC i i 5 4
PBS 2 il tf ik 3 K, Trizol ¥R HLZE HL L RNA
Primer 5.0 &iTAHICIEA T[4, H SYBR Green
DNA 26 YR, SERE 5 8 7 PCR M2 , LA Actin
KNS E daf-2 T A S Y Rk g, 3B
K LL PCR 1 27220 fH RN



Ny

248 ol BRI A WMRATRRERAFT Y0 157
®1 FWEFEZRXIHEE PCR3IY
Table 1 Real time quantitative PCR primers of C. elegans
AEER L5 4 55l T3 H 7
Actin 5’ AGAAGAGCACCCAGTCCTCC3” 5’GAAGCGTAGAGGGAGAGGAC3’
Wah-1 5’ GTTGCTCTTGGTGGTGGTGGAC3’ 5’GCCACGGCTCCGATGAATG3’
Cil-1 5’CACTGATCGAGGTCGGCAAGATG3’ 5’GATGGTAATGCGTGTCCGTGTAGG3’
Cil-2 5’GACAATCAGCAACATGCTCC3’ 5’CTGGCATTCTCTCCCGAG3’
Gpd-1 5’TCCGTCGTTGATCTGACCGTTC3’ 5’ ATCTTCAGTGTAGGCGAGGATTCC3’
Sod-1 5’CGAGGGAGTCGGAGACAAGG3’ 5’GTAGTAGGAGTAGGAACAAC3’
Sod-3 5’TTGAAGATCGCCACCTGTGCAAAC3’ 5’ ATGGACATAGTCTGGGCGGACATT3’
Gsi-21 5’ GCTCTTCCATCTTGGTGGAGTTCC3”’ 5’TCCGAATTGTCTCGCAAGGTAACG3’
Gst-33 5’ GCAGAGGCTTCGAGAGCTATGTTC3’ 5’CGATTGCCGTAATTGCCTTGAACC3’
Gst—44 5’GGAACATCTTCACCTGGCTTCGTC3’ 5’GGATTGCCGTAATTGCCTTGAACC3’
Cep—1 5’TTCCGACGCAAGTAGTCTCC3’ 5’CGGTAAAAGCTGAGAAACG3’
hsp-16.1 5’GAGAGATATGGCTCAGATGGAACG3’ 5’TGGCTTGAACTGCGAGACATTG3’
hsp—16.2 5’ ATGGAACGCCAATTTGCTCCAGTC3’ 5’TCCTTGGATTGATAGCGTACGACC3’
hsp—16.48 5’ ACTCGATGTTTCTCATTTC3’ 5’TGGGAATAGAACGAGATGAG3’
daf-2 5’ ATGTGGCGTGAGAATGAA3’ 5’AGCCGAACACGAACAACA3Z’
daf-16 5’CTATCAACATCCAACTCATCTC3’ 5’GCATCAACATCCATAGTATCC3’
daf-18 5’CCAGAAGATGCTCCAGTAT3’ 5’TTCCGTCCGATTGATGTAT3’
aki-1 5’GGACAACCGTTTCCTGAG3’ 5’GACGAACTTCTGCCGACT3
aki-2 5’TCCAAGCACAATATCACATC3’ 5’ AAGGTATCCAAGAGCAAGTA3’
sir=2.1 5’TACTGAGATGCTCCATGAC3’ 5’ AGCAAGACGAACCACACGAAC3’
mil-1 5’GCAGTGGAGACAAGTGTT3’ 5’ AGTTCCCTGGTGTTGATG3’
skn—1 5’ AGTGCTTCTCTTCGGTAGCCG3”’ 5’TGTTGGACGATGGTGAACTGA3’

1.3 @HitFaH

Ko ab #E R Prism: 9.0 4 b 1 A4K A 47
Geiter A BT AR, 2 ) PR T B R 5 2293

VA) Bl R TP P e hm 22 378 . PP HL R

F o K, AR SR SR B2 2R AR 5, L P<0.05 O 22
AT E X F T abed BRIl

g
. . g £
fﬁ(One—way analysis of variance,One—way ANO- %( <, 08
W g
& ~ 0.6 —e— 0 ug/mL
)
fui % #— 50 pg/mL
= 04 —=— 500 pg/mL
—+— 1000 pg/mL,

2 #HR

i 7]
Time/d

21 SEBRAXNFWEALEHSKHEMN

T T 2 HORERY 25 PR 5T v SR Eh 0 Hi A
R RGBT N SR Eh X Mk B AT RS, &
I SCHR A B, R 1 I B S LI AN 5 1 4%
HUERK TR A RN Mk 5 KRR T
o SRR R PR I 4R A I 22 19 500 pg/mL Al
1 000 wg/mL Bt B, H 3G H—1 50 we/mL 1%
Jo 2 R B H PR AR G v SR R PR T A X 2k
B A A S, N2 ALk 2 5 A A ] i v S

T BASINE TR S PN /NG FohE 2Z AR P<0.05 5 B4 AN

NG AR Z [ OR P<0.01,

E1 ARARESESBRANETEIWETFEZRSKER
Fig.1 Body length of C. elegans in different

perchlorate concentrations
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ml ) 1 i o E v 4 (500 pg/mL) -5 % BEZH A HE BB 1 6 B X — 25 SR Rk R B K AF T %
G \ 35 25 S (H i o 4 vk B 41 (1 000 pg/mlL ) U A R AEREETNIER SIS, dE

R & 2 s 2b ATRAA Y, FOW BRZE AR L, 50 wg/mLL & SR £h
22 HEBIIFE WAL R IPEE R0 RO 2k R 7 0 S BOR D T 28.1%,500 pg/mL

N2 BRI B AR E R AR AT T S RBAE TL A= E > T 38.9%,
B H A= IR B0 N & 2a B /R 28 HUTE B8 2 O 1 000 pg/ml. /55 58 2 £5 PR 58 T 2k Hu i) 7= B 500 2
W= BB e TS R, STRRAETESE 5 Kak WD T 49.0%, FWIL BB EEAE A 5 AR 1L 3
)y B Ry 0 ARV R R R h A L2 (50 pg/mlL) B2 it S 2 X6 HL ™ B JE AT ) 5 O B RO — )

2 [ AR Khr - 23 3
FEFEOPES 1 RETECE LU X IR D RS 2 Ry™ 5,
[ 0 pg/mL
h 120 N 50 pg/mL 5 300pF
3 23 500 pg/mL ES a
% 100 I £ 1000 pg/mL § -1
&2 = =
w5 % = £ 200p b
Hﬁj = 60 E E = c q
TP 40 I = 100} -
2 M E
= 20 L =
=
| &ldb £ 0 2 L
0 S 6 = 0 50 500 1000
A R 1R SRR R BT R
Date of birth/d Perchlorate concentration/(pg/mL)

(a) (b)
I E A B AR NS FEERORTE P<0.01 EA G RE R,
M2 RERESSBBNEHEGE>PE(a) TR AHE (b)OLIE
Fig.2 Effects of different concentrations of perchlorate on daily egg production (a) and total offspring number (b)

of C. elegans

23 BRREXFMIEITERSFHHRIT BRZMERAET, RN G 7 d

N2 RULR HURR Fe AE AN RV W IR R SR T A RIRE . BRERTE 50 pg/mL i SRR Eh A58 T 4&
M e fE oL a2 2 A 3 s, XM R REE  RIEA R EWIET 5 KA A A7 R 50 BT, 1E
TES W PR ER PR T N2 4R, BRI 2 5~10 R AA7 304 KRB R Fe B m o Z 4
e, X HRZH AL U AR R T AL A AR LU RS A BT R LT BRI RO ey ok 2 W] 5 R R TE 500 py/
SR 3 T SR A S 7 KRB 8 KA H mL & SABRHh BB T 48ty B4 AR L 7 AR K 3B

%2 RETARRESESRATE THAMEFLH 10 g yrivied
%% 0= = sl
Table 2 Average life span of Caenorhabditis elegans EZ
exposed to different concentrations of perchlorate EE 05k
<
> ; H .2
XN LY 4 Xy A AR 5
m AR &R = 3 el 7 z
B/ (pug/mL) %
0 7.212 £ 0.050 337 5t 7 s s N 234 516
A KA
50 6.250 + 0.752* 13.34 Date of birth/d
=] = NEP x_‘f f,_!‘ METHF ,%‘ &
“00 S 4562 07515 pi3s M3 BRTARKESQ®BIE THEWRTLEH
EFERERBR
1 000 4.654 + 0.146%* 35.46

Fig.3 Survival rate of C. elegans exposed to different
T S0 LA L, . P<0.05 ;%% P<0.01, concentrations of perchlorate
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BURT 6 K RIS BLH T W dk fY A A7 25 57 5 2R B AR
1 000 pg/mL & SABR #h PR 8 T 2k B e 4 A A= KA
S SR B AR B AR A7 R X B AR AT B Y
5, AR 8~10 KLk dL iR B /Y5t
T, B A TE I RO 10 d, £5 B R m] LUAS
H i SRR R A7 A8 B A PR B A S 2 0 4R R Y AR A
A —EFEE R
24 HREBRE#:XZLHREHN ROS.GSH.MDA &
BRI

AT LR U8 0 i SR D 25 1 0 IR AR
i b — R R, RIBATE R BRI 3~4 K5

1000 r g 0 pe/mL

@ 50 pg/mL
B 500 pg/mL
0 1000 pg/mL

800
500 pg/mL

31000 pg/mL 600

2] m 0 pg/mL
20} ESOngmL
15

T
Can

3 omaxm !
Date of birth/d
(a)

400
200

O = W

3

ROS ¥ i
Concentration of ROS/(ng/mg prot)
GSH ¥ &£
Concentration of GSH/(pmol/g prot)

R RAL
Date of birth/d

PR B PR 3 K 7 B S B 0 Ak TR K
KEMEZEN B, Bk Bz B B i 2k gk i
%, IR BRAEAN =5 SR Hh v B IR T 2k
BN A A AR AR 0 22 5 ANIEl da 4b Fl 4e T
NG A S 4 REFR N ROS .GSH F1 MDA &
WA 3 R¥AH B, EBAER 3K
I, 55X B 2R A B v s o A R R o O R Ak
FEZH (500 pg/mL 1 1 000 pg/mL)ROS Fl MDA
TEAREES ., WAES 4 Rt (KR EKREY
(50 we/mL)ROS Y 7 £ 306 B2 A KR B3 n

60 m 0 ug/ml

40 @ 50 pg/mL
B 500 pg/mL
3 1000 pg/mL

Ib
s N

AR KA
Date of birth/d
(h) (c)

A~
]
Concentration of MDA/(ng/mg prot)
]
{=]

I BRANG FRE 5P AN FREZ R P<0.05 ;5 A RIFRVING F8EZ M R P<0.01,
4 RETAARESSBIENRETEIWRFLZRMERN ROS(a).GSH(b) MDA(c)MEE1ER
Fig.4 Contents of ROS(a), GSH(b) and MDA(c) in C. elegans exposed to different concentrations of perchlorate

2.5 BEEITL KRN SOD.CAT iE& HRIRM

R R IRLNA Y da k=R AL U IR N T IOE k=R 0
Y B IRl kAR s W E Sa il Sb a]
DL H 5 % R 2 A1 e SOD 1 i1 258 5L PR ik J3E 446
1 B RS SOD 19T 1A AN [ 72 B Y 14 58 v Joit
TV AL (1 000 pg/mL) Y22 500 R % | Sc h
SR CAT 3% J1 R AE A5 3 R o 2 25 5
RAESRS 4 T vl gy o dak vl J5E 00 v JO vk A Ach 3 0]
(500 pg/mL Al 1 000 wg/mL) % 5301 T 330.84%,

270.09% , #3582 . SOD I CAT 1F Ky 1/ dEE 1)
P ARG, 7 N & 15 4 K it ok S8k S0 b ik
A E S RN E WY & R ROV AE R A R
R S TR W K B R LA B 7 L A LA N Y S I
A Wit EACERT, T LIAT B R A A P e L i
AN RN R 2o S8 Ak S ) 485 TR e Y T e ok R e
PR R AT 7= A SR A N O S, R A T M A
W, 2 U P T SR ARl I T G

0 pg/mL

. N - = 2
£ a = m 50 pg/mlL 2 60 W 0pg/mL
R o mOpgnl S oo 500 gL, & B 50 pegiml. -
= 50 pg/mL = 0 1000 pg/mlL &0
2620 B 500 pg/mL #Z g b £ A0 m 500 pgmL
EN = 600 3 1000 pg/mL il ] R S oob 5 1000 pgimL b b
il = o —
=3 =g 60 =5 5 . -
= ] 2
Sz a " 4w S E
701 o £ 2 3 a a a
3 Nz e %
5 ) =
2} 3 . 4 = - © 3 - 4
AR R AL AR REL AR REL
Date of birth/d Date of birth/d Date of birth/d

(a)

TESPAS/NG TG A NG TR Z AR

(b)
P<0.05; SpAS ARG FHRE Z [ 7R P<0.01,

(c)

5 BRETAARESSBRNETEWRTFLZRERN SOD iE 1 (a) .SOD ## = (b) .CAT & J1 (c)ER
Fig.5 SOD activity (a), inhibition rate of SOD (b) and CAT activity (c) in C. elegans exposed

to different concentrations of perchlorate
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26 SEBREMEZBRERKLZFTHXERRERS
R:bA

AR e W R SRR R R R AR R R AR AL
MOt AE K R F WS E S TR, hiE— 2K
Wy AR & AE R R T W LE, FH
qRT-PCR 43 M7 5 SR £ ) 1IS 15 51 s A7 & %
Al 7 daf—16/akt—1/akt—2 F& H: R i #H ¢ 3 H 1 5
20 P8 T A0 S Wah—1/Cep—1 3EH DL e 54 K
KEHMEKW Gpd—1 FEF M, 2558 mE 6 i
M H TR A Wah—1/Gpd—1Cil-2/Cil-2 FE A
(1) & 15 1 B 522 791 22 4 f 28 R 9 (P<0.05) , Sz Bt 34
K70 R IR 5 B hsp —16.1/hsp —16.2/hsp —
16.48 FEH 5 11S 3 B8 5C 1Y daf-2/daf-16/daf-18/
akt—1/akt—2/mtl—1/sir-2.1 %&£ 75 o 5 T 9 JE 41
(500 pg/mL) F I MR F L GEEGLMAESE 3 RE
B4 R 7= o0& A £7 5 UL Kot AR
JEE A vT LR R e R R (500 pwe/mlL) =
ALK LB B L AR ETA
—EMEHEAE R, (AR B 5 25 08 T8 wah-1 LA
AR KT MK gpd-1 FER P FRE R T, FH
WA I Vil T — 3 1 M S I 1) 5 J B T T R, e
PN T PR S AR AN R TR A, A Ak
IO I T 5 021
27 BEBRBEMEZRISESEERE_HFE
PI(3,4,5)P3 &2 &M

Pl (3,4,5)P3 7€ IIS # & H E N (5 A
HEEAEM , daf-2 3@ 3520 PL(3,4,5)P3 fEH
T daf-16 & 11k, daf—18 [FFE AT L3 i % 45 —
{518 PL (3,4,5)P3 L BRIk TG 22 A R/ & R
Akt/PKB 2 [ 4 5 #F 177 52 W) akt—1 1 akt-2 [ 5%
SR BB 7 R RAE A S PI(3,4,5)P3 TR
e 32 o IR o 3 P s G B S AR A, 7R R vk
JER SRR T 2 B TR, S5 m Pl
(3,4,5)P3 M (Y - it 35 R 3 3K 17 10 36 W% 9 o
(3% daf-2 1 daf-18 Wi N~FE A 2L [F 8, #Erp
T JU i AR R R v O e R SRR R T e BB
BEF,

3 Wit

1575 i B AT 2 R i s B v IR BD 8/ —
AH UL EME A, A5l R 2R e R A A K AR e

Wah-1
Cu-l
Cul-2

Gpd-1

Sod-1
Sod-3

Gst-21

Gst-33:

Gst-44:

Cep-1

hsp-16.1
hsp-16.2
hsp-16.48
daf-2
daf-16:
daf-18:
akt-1
akt-2:
sir-2.1
mtl-1
skn-1

0 50 500 1000
U RO
Perchlorate concentration/(pg/mL)

PEBREVEHERKZEHEXERREBERNZ M

=
a?
o

Effect of perchlorate on expression of genes related

to C. elegans growth and development

—_

L

(=]
1

—_
o
(=

i
o

o

0 50 500 1000

PL1(3,4,5)P; #J% Concentration of
PI(3,4,5)Py(pg/mg pot)

e SR R T vk

Concentration of perchlorate concentration/(jpg/mlL)

T AR BRI /NG FRERIRTE P<O.01 FAT G2 g 25 5+
B7 SRBEHEMNERISESERFE_FE
PI(3,4,5)P; & EH R
Fig.7 Effect of perchlorate on the content of second
messenger PI(3,4,5)P; in 1IS signaling pathway
of C. elegans

NNV 31 ES e SN2 S SO B Wl A =173
JE 5 AR L (500 pg/mL Fl 1 000 wg/mL) i) %% 55 25
By sLpE— e R DR B K, 5K 3 %
B 1) A A7 S 18 AT DA B v R R v SR R R B
TR K L E Z RIS, B AR R

WA B LA X 2 U S U T s A UST B
SRR Eh 1 B 1 fo Pk R & B IR 9% 0P 40 B T i R
B, Smith S5 2HR 5% 155 R £5 X5 Wk 15 3l 1) 0 AR B
ST BAR OO B R 22 5 (A A R R 3RAE
&
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25 PR R B 5T SRR I B e B R Y, 2R
LA BIR R e M — R L AR S AR
15 GSH RYI% J1 3 n & i pifAbne s . Be ik
A it E AL PR R MDA 25| T R R
MRS TR S, HEA Mk,
I MDA V& J8 mT LSz e v 45 R oy i o it 41k
TR T) 422 119 s W s 200 B4 4 P R B4 i e o
AR & B B BRI ROS.GSH Al MDA 5 4 14
FE il S A = AR R R T 2 R AR AR B
SOD I CAT Fiff 1% J i $2 /&5 LA B AH ¢ 56 5 i) 2%
Ik bR A S e LR N R BT A B RE T A 4
FHl,

75 0 B AT £k A0 Ak I 38 1 A% Sk TH - skn—1
1R Nief G015 %% 55 D 1 T e L 2R IRV 4 % T 4
R R SR AR AT D e 7 LA R
BB T RRTR AR OS5 i B AT 26 i skn—1
AT B PR A S R YR A% Y R R 1 PR R
PR (MEs) Al i i skn—1 £897 55 0H BT 28 0L iy
AL E O T L FEAS B Y R AN TR
FERE R INH] T skn—1 ZEAYFRIL, WL R PTE L
eI MHIVER

IS 55 WM EfES TR FELEHFRAEKER
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Effect of Perchlorate on the Growth and Development of Caenorhabditis elegans

and Its Mechanism

Li Suwan, Hao Mengzhen, Jiang Yuchi, Xiong Wenwen, Che Huilian®
(College of Food Science and Nutrtional Engineering, China Agricultural University, Beijing 100083)

Abstract The food chain can enrich the human body with perchlorate, a novel persistent inorganic contaminant, from
the environment. The quantity of perchlorate entering the food chain cannot be ignored, despite the lack of particular
facts to support it at the moment. The oxidative stress (ROS, SOD, CAT, MDA, and GSH) in Caenorhabditis elegans
was detected in this study using perchlorate as the research object and Caenorhabditis elegans as the model organism.
Growth and development-related indicators (body length, life span, and number of eggs laid) of Caenorhabditis elegans
exposed to different concentrations of perchlorate were measured, and the associated levels of oxidative stress and growth
gene expression were assessed lo determine a potential mechanism of perchlorate’s influence on Caenorhabditis elegans
growth and development. The findings demonstrated that perchlorate dramatically decreased the Caenorhabditis elegans life
cycle, spawning frequency, and body length. Additionally, Caenorhabditis elegans had elevated levels of ROS, GSH,
and MDA as well as enhanced SOD and CAT activity. Daf-2, Daf-16, Daf-18, Sir-2.1, Skn-1, and other associated
genes in the insulin/insulin growth factor signaling pathway may be affected. Through oxidative stress, perchlorate can ac-
tivate the insulin/insulin growth factor signal pathway and associated genes, affecting growth and development.

Keywords perchlorate; Caenorhabditis elegans (C. elegans); oxidative stress; growth and development; 1IS signaling

pathway



