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RN EZA L, A MLHDZENEDNTWET 7V TIRS, BT E ENDENOEEA 2
WEEINT, BT NVEMTHAMRE Caenorhabditis elegans 7 AW A2 B2~ 7-, BIKIEE CHHA
~DOEBEOHLHZEN DN, FH MM EHERICL o TSN TOWDZERHLNE RS T, EUIZT
NEF T S-hTU AT =57 —B (CST) LD OEEIN KRENEDEBE 2B, 77UV T IR
\ZEoTREN LF7-T% GST Bin 1%, ~A7aT71AI28Y 23 FEFEIEL, E ORI OWTOMENTE
BIroT, I RITEXIKENE MALDI-TOF MS 3112 k> TH LR B EFIEL, bo EL RO &
Y GST AR T A AR Y, LA —2—I8{5 7 ThD GFP Ak G S Zivefit RITH AT 2T, 72V
JVRR DG - {5 B P T A BR R LTz, SDICENERIA L, 72U TINHEM & iR - fEfnd

F—U—R:T7I7UNVT IR, Caenorhabditis elegans, F#fi, GST, /\A AT P —,

1. IILIC

2002 4D F:, NFA (the Swedish National Food
Agency )& Stockholm KZEEITED, NUORT v
T RIRE KA R ERJF RN LRI ZVFREL S
BED, TZULTIRBRKEITHRHS L EWH 1
B 70 R R MRS N7 (Tareke et al., 2002) . 5D
INBGHEERFIZIWN T, IR IThE LT ANTF LD A—
TR LD T 7V T IR AR HRE S TVD
(Mottram et al., 2002; Stadler et al., 2002). 7ZU)L
TINEARY~—TIEEEN e Sh, f&- i (b
THRAME) , HEEA WL, TR OEREA, ZL
TALBESL OB S, HTlZ bt TS E R R
STEAEMTHS. UL, TOE/ ~— 3@ EE R
LTHY, Bz ATz EER)N G, Mk E 2 (Smith
and Oehme, 1991), FRHHAE IS X OVETEM A ~DZ
FLFM: (IARC, 1994; Dearfield et al., 1995), ZL<C
Je g5 (Friedman et al., 1995) D&H5ZENFERES
TWD. LIRS T, INECHEEAAEMEEL TR
BRENTOTZHLON, S72A DITT DR % 2R i

2, Lvb REICHR SN LW @& Tt R o
N & DEFEE L7277 (Weiss, 2002). 7Z7ULTIRD
WG LA FRIUSL T, HEBRFEANAT 7 VY —F -
U= FEO—RETHDH T /Iy IR, Ta
TAIVIA, BIORET 2V MRy VA LD BDLE 4
FEAl S AT LBRFE DT DILEERFFE ) (LT, &D
LRIV IN) PAY—RLTo. RIFFRETIE, €
T IVAEY THOEERL ~L TOEMERERIE D L E
WTCWBRRHE  Caenorhabditis elegans (Miwa et al.,
1982; =Hme, 1983; Tabuse et al., 1989)% FH\ /-,
RELGEEWE T 7V TIROEIERHE, TR
DIRERAZ I, 727UV TINORGE M HED
BA%E, ST T VUV T IR BEE MR R T H R
S OBERIEDIA L BT, ML THW=
FREUT (B 1), BRx 2RO S B - fHIk CET L
ELELTEESIL TS, T4 7 A7/ H320°C T3
A, —EEIZK) 300 DIRZRETeZL, I T VT2
DENNGSTHY, £ U TRHIREAME)> 1000 #ifia T
CTEIZHMRARHITHORND, FEARNRIRE N OE
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LBV TEY, @ERITEL A TND (=i,
1986ab) , £727"/ LAME#E A —IKHNZ AR S,
I8 BLARRR ML A ZARIR, ykZm—2 (EST) | RNAI
TAT IV =TI E DAL T TNV FEEL TNDHTE
oh, BIERBRE B IR T OM B CThH D
(http://elegans.swmed.edu/) , Kim L TlL, BD%L
BTV INMIBWTAMEE TR Ibiv:,

Dt fze e R EWE T 7V 7 IR O mMRE
i NZIBTDEERD IOV TR T2,

1 MR Caenorhabditis elegans O WMERERMA Y &,
RENIINE R T, FEAEH, LA, Ar—
23—:100 um,

2. {EHEL NIV Ol

NFA EAR 73RV DR ED 2002 FEDOFEFRITL
L&, BEBHOTZINTINEG &1L 30 ng/kg LLFD
HONBH K 3200 pg/kg DIETHY | [AIL A THE
DENRKRESNDGELHL, FHL Thoeb %
MATZHDNRT N T A ThoTz
(http://www.who.int/foodsafety/publications/chem/
en/acrylamide_full.pdf) , JRNATEOE N B RS
FETDIE T, RNTNF v T RED Y A T2 R
ETHAF YV HAIZ 1000 pg /kg LOTZUNVT IR
PRRHEN TS
(http://aa.iacfc.affrc.go.jp/result.html) , F7=, WHO
L US BPAIZED, BREDKHOT 7V TIRFFAR I UE
fEIZ 0.5 ng/ L To-o7=ZE0 5, 0.5 pug/L 2°5 500
mg/L ETOT 7V T IN% G T NGM B i (Brenner,
1974) ZAERLL | Sh IO A 58 552 LT
KL~V TO B A F 2o Tz, FHlOFEIES
LT, 1. EEUIEL, 2. B, 8. . 4. IREARICH
R DRI OUWTHARI=EZ A FEINEL, AR BIT

IMARA~DFEIT, 500 mg/L DERELVBIR S
BITERFERHODLILD T (BARIG 2004;
Hasegawa et al., 2004a), &ZADFHAT~D BT,
BLERIROE R A 1552 LN TE | MR A (0.5
ug/L) Chff MFEFMITHBEL 2 528, BLOT 7Y
JVT IR LA R A O BIR Y AR A R
ZF R U7 (1K 2) (Hasegawa et al., 2004a)

B OVATFHIMEZ DXL, THEZ DN
IR EARAFRR HLFIBER I DLV )£ R TR T
I8HONDDN ) T %, FEFEREME T B
7 /L threshold model | % |, F&FEE Tl ER
FECORELHER T D7D HEREET v
non-threshold model | ZJEAR LT 5, LZAN, BT
LN RAE A ORI ET DL, DRI
DEELNDMNTIEDRIH LR DITHNRHY | AL
AN (hormesis) XL IEALTND
(http://en.wikipedia.org/wiki/Hormesis), #3450
I, TN FETEARESN TE R ERAF7R
IR . 0L A Hormetic dose—response &5
JLDIEID— X TEHDHEV) (Calabrese and Baldwin,
2003) , Hormetic dose—response {Z#¢ FLIZIBUNTH A
LNLBIR T, BB R ERFITN A A2 5.2
HZETEDMDAR AT L THMTHEEIESLT20,

FEA MO0 3% (Cypser et al., 2006) , 55 AR
VAN a0 7 5 3 R B TR TR E D AR A
BH YT HEL | AL AR R E BB R S
SOUDRNICALE LTDRIELRY | iR ELTED
TEAIZAR IR L THLIR o720, B Ov-h
THLEEZLINTND, TZULT IR LR b
DOBSRE ATt R (0.5 ng/L 775 50
ng/L) THADIRDT505, T (500 ng/L 725
50 mg /L) TIXZ DTG RONRTRY | SR
(500 mg/L) THWEAD T2 (X 2), HAxITZOHL
(2T, BUF D& D782 32 TTUND, A
FETIE, 77U T IR D8k RO B A3 1
BT (B AT DDAy F 3 OFF O FF) | 1
METHNEEE A THT7 IV TIRICED, FHm
B NN D, TR T, 77U TR
kI3 2B ERNL (Biffrs AT LD AA T
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ON) . 7ZUNTIN &M+ 528 TE DB EMA

HIENTETz, SHITREN ERDHE, Bt X
L EVPif L& 727 THOFH M 354 R

72D, BRI DT 7V T IREEIS AT A

b ZIDLHESINDT 7V T INREREE, SHIC

ZDEENT 5 7 F IARBE D IAENHER S D,
ZOHBT, ABE AT —~ELTRREL TPLA]

etk 2 fhsD TUVD,

3. F/LEXUVENIBULNIVTOREM

Stanford K% Stuart Kim 7 /L—7"73B % L7z,
Fri BT (21,120) 22— S v hed Do~ ArmT
L A (Wang and Kim, 2003) Z AT, i EEE
(0.5 ng/L) BROEIREE (500 mg/L) 77U T IR F
(2B Dl O BRI BUFNT 2 35 2o 7o,
HIRET Z7ULTINICB N TS, BENET D%
G DTFET HZEN DN (Hasegawa et al.,

2004b) . F=, IR I NETF A SSRTU AT 2T
—¥ (GST) , UDP-Z /Lo Bgtinfir s (UGT) 4
DO MR FREERIC > TT ZULTIRBAREIES N
TWBZERHLNEI 2T, LI GST IZ LD
HOEEFIDRENEDEEZ B, 77V T I
([CE-THBD LR35 GST @154 23 FMERE
L7~ (P<0.05) (Hasegawa et al., 2004b; Hasegawa
and Miwa, unpublished data) , &5, — IR ITTERIK
B & MS (MALDI-TOF MS) Z3#T(C &> C, i
(500 mg/L) 7Z7UNTIR FIZRT DI EFEH
FRNT 2 35 270 0T, FEBLDINT D5 L RV E ARy
MRELTZRER, 77U T INGEHIC GST AN E B
THHZ L2 HMERRLT- (X 3) (Isomura et al.,
2006).,

GST &, =X —RHORIEMEL TEHSH
AR

5
g 0
8 -5
(]
=
o -10
Q
(@)]
g -15
e
(&]
S -20
_25 1 1 1 1 1 IJ‘
) 0 5 0y > s Py 0y
‘/g/( Yo 1 & €7 Yo 1 & e 7 ,'7&/(

AA concentration
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L7 (Hasegawa et al. 2004a 26 &2k Z)
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B
GSTl
GST\) ~—p GST-7
T i\
C. q\GST—4 i

3 BB LR 378 500 ng & IR
JLEERIKEN CREBLZZ(pH 4 - 7,18 cm),
(A) T ZVNTINEE 720 NGM TR & LT-
FRINSH B2 OB FILS)
F-# (kDa) 7R3, (B)A DRI T
P> 725085 2Pk K, (C)500 mg/L. OT 7Y

TINTREEL 72 oD Z R T B SWKENE T

B OERITHREIS, TV T IR ALERIZ L0 3
WML ARy DS B, GST-1, -4, -7,
_10 %ﬁ%bf:o

1E MR 2 ff (Reactive oxygen species) 2. & H1IZ
& ENTWDRE 7 M4 ok W (electrophilic
xenobiotics) & fif 7§ DR THY | R AW (—H
DI TIVT %R MO EAEMOEMIEDIZIESR
TDEMIAFAET DIRAFIED i\ OB BRI EER
TH5 (Vuilleumier and Pagni, 2002), GST 1XF7",
TNEINR AT AL TV DT MDD

D7 NWEF AL (GSH) EREE L, GSH ZAl R D A
TALDFF— NI (R-SH) IZF — 7 v Tl By
EAEE S, EOKEMZ D Tllfa s~ 7
%, BRIT ) DT R LZ 50 FEED gst AR
& P o R oo B fE L T BV
(http://www.wormbase.org/) . EDHHD 1 Fi gst—4
L. paraquat <° plumbagin. juglon ALFE4HZ&I21V
BRI AR >T5 (Tawe et al.,
1998; Link and Johnson, 2002; Leiers et al., 2003),

YVACBT LT 7IVTIFENE, EICCSTIZE-
TANV 7Y — Vi (mercapturic acid) LU TR FIC
Pt S D, Y hrm—2 P450 IZEDAREHEST
glycidamide ARSI AOREELE ZHNTEY, Zh
23 DNA &A1 528120 iE s (genotoxic) %
BIEEEZ T D TIERWDEE 2 B TS (Friedman,
2003),

ZZ T, GST DOIEHLHIEEEAE I SV BIZ R
oL, BALAR RT3 DAL O 5 T ARRESR
(GST Z &) DWW DL, bZIP BUHRE K ¥
Nrfl/Nrf2 ([ZX > CRERFEINDZED DT
WD Nrfl/Nrf2. DY =77 Mg B n 1 D EDH
I AHEE R O 7 e —2 —FIRICAFES % ARE fHIR
(Antioxidant Responsive Element) X1V A9IZFERT

(CILRAFSNIZBLSITHY | ZDFERS3 T Nrfl/Nrf2
WA T HIE TGN B I 7215 (Nguyen et al.,
2003) , 72\ Nrf2 [ZFERIEARL 22 —THD
X THIFH SN TN DI ERD>TND
1999), £ZAT, Nrfl OFRHAERS T

NZC D WIS A REIZ 351 2 RS
B EHEREFELTRES N
(Bowerman et al., 1992), 2@ SKN-1 23, MAP &
—EREDOUEDTHD p38 fREEIZLOFIEIS L, 5
IH#HEREOOEDS THDH GCS1 (vy
—glutamyl-cysteine synthase heavy chain) DFH%
FHETHZEN o7 (An and Blackwell, 2003),
AT THBN LT, 77UV TIRIZEDIEEL
DN 28H GST 22>\, BRIk
(ATG) 5 Lk &% 1 kbp DEFNEFRAT=EZA,
SKN-1 #& &I TIX ) E3B 2 LA RIFEL S D

Keapl
(Itoh et al.,
% SKN-1 1%
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TF1EZE#R L7= (Hasegawa and Miwa, unpublished
data) , BRENZI T DT UL T IRO—REEHIND
GST HLETDL ‘/L/I/{r\‘%ﬁ% ZOWTIE, BifE
iR ThH D,

4. 7OINTIREHE. BLUEOSHEZRS &
MIZ2RMDARII)-=Ti%

~ AT L ABEI O IR ITTELIKBIORERIG,
Ho LHHIERDOE N gst BT ARV, D7 0E
—X—|Z gfp (green fluorescence protein) LR —%
—BEFEEGIE. ZNERBIGHEAATZET
(BN & =i, 2004) , 727UV 7 IR OTHGH - i 5 -
R 7o HVEZ B L=, 2O hE A4
Y=L (4) , T2V TIROEE A h 1l 5\ %

E7 7 UNT I FOmMETm— 17

BT oH I/ hORBIEELRE L (KR
2006-203595) , AHFIEIZI > TRFE L= T 7V TR
RAAF B —E AEZTZAYEIRZ DL D F
DR B T DI E RIS EFI AL, F
B CRRIFR, VT VLA LD FIETH D, é%f:
A% T O T - B — IS A RILR I
M ~DEBENE ST 67‘;%5!%%11@%%?@@%
DEBINONDHIETHSD (ZHin, 1983), MA T,
REOWEIZOWTIENTET O ETHEMITEIN
TLHDMENSTZEB RTINS, ZHUTEMIZ
LINTERNWZETHY, ADfFoTotr—TidE
AT T THERN TERWH R THDH. 2D
FiEEFTHZET, Z O R BB 6t
JETED, BIZIEFB B CYRY EEA R B

X4 TIUILTINAAA o h—, Nl — — 2 RS (A, B) BLOHEOEFEIRBARSEE (C. D).
(A) TZUNT IR WNGETH . (8EERS (Body wall muscle) & FEz (Hypodermis) 7>5550 Y GFP 7L
%3645, LENEE, (B) TZUNLTIRNHHEE (500 mg/L. 24 Ff) | # B OEKEE S50y GFP 27

NEFET D, LB, REUTRMZTRT, (C) 7Z7UATIRBRWIEE | SO ERBEMEE Tl

FEAE

GFP v 7 FNEROZHZENTER, (D) TZULTIRAH55E (500 mg/L., 24 W) . 40t FEREE
WEECTHIR GFP yﬁ“%w%ﬁ%ié:kﬁiﬂ%ﬂ@éo A — L N—: A B, 200 ym:C. D, 500 pm,

L CHEMETNENRITEIIN TV LR RES
BIEEWE (WRIT L AT VKR, /a7

J=VEE, TR a—v) (BMKEER K OVE A 5718
BIZBITHESLOLEIEICE T AU A& O FE U
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FIEE) % REFREMEOET=F—R 2 ICb 0
Zﬂﬂﬁbf“gﬁéo
5. BbYIC

TV T IRIINERMRR M E SRR S, BT

PEGDN TR, AT Y =7 N Tt 2 E5RE)
WMELTRHW=ZEIZEY, BIKRE THLHFM~DE
BRHOLZENHAL, E-Fm DR BIXRE
VW2 U AR 2 7 3 SO BT D BLBR R VI LA
THIEW T, Fiz, 77U TIRORE R H
EOB%E, SHIIET 27U T IR B A R - e N+
HEMOBEBIEDFHE WS T- R ZEIT A LN
T&ETZ, 2002 4EFE L 2006 4E0D ) — LA SR [R5
EORE T —~<ThHDTRN— ADLy A AN =K I
& RNAD Bl SHIZHEH Ml 7 IV ikigkied | R
W TN IR AL T 2B ERBIR R xR
BRICE > TR & IZF RSS2 25H 5, Bin
FRAT I TNWDDHR25T | 7 MMERIRERLK
T T — A INERES N O FRICH H T D8 i
EWEICB T DRIFOET VEM THLENZ S,
A7y =7 MZIOF RS ZAME RS0, T2V
NTIRIZED GST B T4 | # RS> T
HZENTEIUR, ZOMDOAEMEMERIIEHATEDHZ
I IS,
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Summary

Evaluation of acrylamide toxicity by using the model organism
Caenorhabditis elegans

— Genomics Group, Food Safety Project in Chubu University —

Koichi Hasegawal, 2), Satsuki Miwal), Johji Miwa *?

1) Institute for Biological Function, Chubu University.
2) JSPS Research Fellow, Graduate School of Agriculture, Kyoto University.
3) Graduate School of bioscience and Biotechnology, Chubu University.

Acrylamide monomer had long been considered as an industrial hazard, and was found to show
neurotoxicity, mutagenicity, and carcinogenicity in experimental animals. Since 2002, when it was first
reported that this acrylamide monomer was formed in high concentrations during the frying or baking of
carbohydrate-rich foods, we have been analyzing the actions of acrylamide by using the model organism
Caenorhabditis elegans as a whole animal system for toxicological research. We found that acrylamide
affected the C. elegans lifespan from extremely low doses, but at moderate doses was mainly detoxified by the
phase Il enzymes. By whole genome DNA microarray and two-dimensional gel electrophoresis, we found and
identified many glutathione S-transferases (GSTs) that were up-regulated by acrylamide treatment. We
selected one gst gene and fused its promoter to a gfp gene for transformation of C. elegans into an acrylamide
biosensor. We developed a rapid method to detect acrylamide and also a method to screen for common foods

that detoxify acrylamide or reduce its actions.






