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RESPONSES OF FLESH FLY (BOETTCHERISCA PEREGRINA)

TO HEAVY METALS AND ITS ADAPTATION MECHANISM

Abstract

There is a growing public concern over the potential pollution of heavy metals in China
owing to rapid urban and industrial development in the last several decades. Heavy metals are
nonbiodegradable and they can be accumulated by orgamisms and have adverse effects at
different levels of organization, such as population, individual organisms, tissues and cells.
These effects are demonstrated in life-history traits of an organisms, for example, development,
growth, aging, longevity, survival and reproduction. In the ecosystems insects (such as fhies,
mosquitoes, beetles and ants) play an important role in the transport and reintegration of heavy
metals, and the insects have developed special adaptation mechanism to resist the heavy metal
under the metal-pollution stress. Thus, it is of the utmost importance to investigate heavy metal
accumulation in such insects, effects on the insects and adaptation mechanism of the insects. In
this paper, the accumulation, the responses, homeostasis and storage mechanism of flesh fly

(Biettcherisca peregrina) to Cd”" and Cuw’" are studied. The results are shown as follows:

1 Effects of Cd*" and Cu** on development and reproduction of parental generation (P) and
filial generation (F;) of Bieticherisca peregrina

The development and reproduction of P generation and F, generation of B. peregrina were
studied after newly oviposited larvae of P generation were exposed to various concentrations of
Cd* or Cu*" administered in the artificial diet until pupation. The duration of the larval stages
and pupal stages in P generation increased in proportion to the concentrations of metal ion, but
the adult lives of treated-group got shortened than control group. The weight of larvae, pupae and
newly emerged adults in P generation of treated-group decreased with Cd** or Cu** concentration.
In addition, the body length of larvae and pupae in P generation of treated-group decreased with
Cd®" or Cu?’ concentration too. Survival of larvae, pupae and adt_llt in P generation of

treated-group was decreased with metal concentration. Although the sex ratio of adult coming



from the larvae exposed to Cd** or Cu*" had no significance compared with the control, mating
rate of male and female were significantly lower than controls. Fecundity of females of treated
groups was also significantly reduced. However, all above parameters of F; generation coming
from parents exposed to Cd>* or Cu®" and controls were not significantly different. These results
show that development and reproduction of P generation are seriously impaired at sublethal Ccd*
or Cu®* concentrations, but the impairment of P generation induced by Cd” or Cu*™ don’t
influence the development and reproduction of the offspring. Moreover, low concentrations of
heavy metals affected little to the development of B. peregrina and have stimulatory function to

some extent, implying that B. peregrina has good mechanism to regulate metals.

2 Accumulation and excretion of Cd*" and Cu”' in Biettcherisca peregrina larvae

B. peregrina larvae fed on food supplemented with Cd** retained most of ingested Cd*".
Few ingested Cd®* were excreted by excretory system. Cd** accumulation in larvae of B.
peregrina was proportional to treatment time, but not to Cd** concentration in food. Especially,
Ca** accumulation and excretion in larvae both decreased at more than 200 p g/g Cd®’ exposure
than 200 ng/g exposure. This maybe ascribe to toxic effect of Cd* on larvae. During
metamorphosis, the loss of Cd** took place almost entirely at pupation. Newly eclosion adults
had lower Cd** concents than the larvae. This loss of Cd** was correlated to the excretion of
Cd*.

B. peregrina larvae fed on food supplemented with Cu*" retained about half amounts of
ingested Cu*". Few ingested Cu”* were excreted by excretory system. Cu’’ accumulation and
excretion in larvae of B. peregrina were proportional to treatment time and to Cu*' concentration

in food. During metamorphosis, Cu’* was excreted by final instar larvae and newly eclosion

adults and Cuv*' content in vivo decresed.

3 The distribution of Cd** and Cu** among tissues of Bieticherisca peregrina larvae

The larvae of B. peregrina were fed with Cd* -containing or Cu®*-containing diet and the
distributions of Cd** and Cu®* among tissues were determined by separating each organ. The
results determined by atomic absorption spectrophotometer showed most of Cd* and Cu*
accumulated in the alimentary canal, especially midgut, and the content of Cu** and Cd*' in

integument, fat body, haemolymph and malpighian tubules were very low. But the concentrations



of heavy metal in malpighian tubules was adjacent to that in midgut, and was much higher than

that in integument, fat body and haemolymph.

4 Morphological and ultrastructural alternations in the midgut and malpighian tubules after
the Cd** and Cu** exposure

The effects of Cd”* (80 n g/g) and Cu”™* (100 u g/g) on the morphology and ultrastructure of
midgut and malpighian tubules of B. peregrina larvae were studied by light microscopy and
transmission electron microscopy (TEM). Treatment times (48 h) and metal concentrations were in
the sublethal range to the larvae as determined by toxicity test. Under the treatment time and metal
concentrations, the two metal species had prc}found effects on the morphology and ultrastructure
of midgut and malpighian tubules. The morphology of midgut and malpighian tubules in treatment
showed similar changes at the light microscopical level: the midgut got darker, shorter and thicker
than control midgut, and many strumaes occurred on the surface of the midgut; and the malpighian
tubules got shorter and thinner. Ultrastructural alterations in midgut induced by Cu®* and Cd*
imcluded mitochondrial condensation, swelling, and lysis. The rough endoplasmic reticulum (rER)
showed dilation and vesiculation. The. microvilli (MV) were shortened and disordered. The lipid
droplets decreased and stored glycogens were increased. Many mineral spherites appeared.
Ultrastructural alterations observed in the malpighian tubules included rER vesiculation and mito-
chondria swelling with loss of cristae. Shortened and disordered microvilli, increased numbers of

large hydropic vacuoles and mineral spherites were also observed. It was special to malpighian

tubules basal membfane became thinner.

5 Effects of Cd*" and Cu®* on the number, spreading and viability of the larval hemocytes
we investigated the effects of Cd*’ and Cu® on hemocytes of B. peregrina in vivo and in
vitro. In vivo, the total number of hemocytes and viability of hemocytes decreased afier the
larvae fed cadmium-containing and copper-containing diets in a dose- and time-dependent
manner. in vifro , Haemocytes from 4th-day-old larvae were seeded 1n 96-well microplates and
exposed to Cd>" or Cu®* at the concentrations of 0.1, 1, 10, 20 and 40 p g/ml. The viability of
hemocytes was affected by heavy metals in a dose- dependent manner, and the viability ratio is
no difierence after 0.5 h and 4 h incubation. Moreover, the spreading had no difference among

metal-exposed hemocytes and control hemocytes. The above results indicated Cd™* or Cu** can
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disturb hemocytes of B. peregrina.

6 Changes of energy level in larval haemolymph on exposure of larvae to Cd"™ and Cu*
The biochemical constituents of larval haemolymph such as total sugar, proteins ans lipids
were determined in B, peregrina larvae to Cd** or Cu** at different concentrations for 48 h,
repectively. The results showed the biochemical constituents decresed on exposure to Cd™ and
Cu®’, and the energy level determined by the biochemical constituents decreased too. Moreover,
high concentrations were found to more effective than low concentration. The effect of Cd*" or
Cu®* at the concentration of 800 u gfg was also studied on the above biochemical consitituents at
intervals of 24, 48, 72, 96 and 120 h. The results showed biochemical constituents and energy
level in Cd*'- or Cu’"-exposed larvae were lower than that in control larvae. Therefore,
measuring the calonc concentration 1 larval haemolymph of B. peregring can be used to evalute

the physiological effects of combating Cd** and Cu”" toxicity.

7 Lipid peroxidation induced by Cd’* and Cu®’ in Biettcherisca peregrina larvae
Cd** and Cu® could induce the increasing of lipid peroxidation in B. peregrina larvae in

dose-dependent and time-dependent ways.

8 Isolation, purification and characterization of metallothioein

The metallothioneins (MT) in B. peregrina larvae were induced to be produced after
feeding the dietary containing 800 n g cadmium per gram diet for 48 h. Two forms of MTs (MT-1
and MT-IT} were isolated and purified from the supernatant of the whole body homogenates from
the larvae after exposure to cadmium chlorides, using gel chromatography on Sephadex G-50,
ion-exchange chromatography on UNO™ Q1, and on Bio-Gel P-6 for desalination. Both
molecular weights of MT-1 and MT-11 were 8 kDa. Both MT-1I and MT-II contained 7 cadmiunm
atoms and 20 sulthydryl groups per molecule, and showed the spectral characteristic of
cadmium-thionein, i.e. a broad shoulder at 254 nm. As to amino acid composition of MT-1 and
MT-11, their contents of cysteine residues were the highest, accounting for 36.6% and 31.8% of

all amino acids, respectively. However, their contents of aromatic amino acid and histidine were

very low, just sharing 1%~2% of all amino acids.

9 Proteomic analysis of Responses to Cd** in the midgut of Bieticherisca peregrina
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We examined proteome changes of midgut cells in a B. peregrina larvae to acute cadmium
stress using two-dimensional polyacrylamide gel electrophoresis. The expression levels of many
protein spots showed changes. Amounts of fourteen protemns increased and of ten protens
decreased. Of these fourteen increased protein, ten protein were identified by peptide mass
fingerprinting using matrix-assisted laser desorption ionizationtime of flight mass spectrometry,
and 7 proteins have previously been reported to be relevant 1o cellular detoxification processes.
The functions of 7 proteins include the removal of Cd (p -glycoprotein, pGp), emergency function
(Heat shock proteins, Hsp ), osmoregulation and transport metal ion (cadmium-inducible

lysosomal protein CDR). The functions of other three proteins have not previously been reported.

10. Comparison of metal accumulation, growth and development, reproduction and

antioxidant enzymes in resistant strain and susceptible strain

Development of cadmium tolerance and copper tolerance in a natural B. peregring
population maintained in the laboratory for 20 generations. Increased metal tolerance in selected
strains {Rgg and Rey) was reflected by increased metal accumulation, enhanced juvenile
survivorship, and increased fecundity of female adult compared with the relative susceptible
strain (S). The Ry and Rg, strains displaied higher metallothionein levels than S strain after
inducement with same level of heavy metals. This correlated with increased metal accumulation.
Superoxide dismutase (SOD), catalase (CAT), glutathione reductase {(GR), glutathione-
S-transferase {(GST) and esterase (EST) were measured after the larvae of different srains were
exposed to heavy metal. Significant enhancement of GR activity were observed in Reg and Rey

strains compared with S strain, while SOD, CAT, GST and EST levels were not significantly

different.

Key words: Bieticherisca peregrina, heavy metal, accumulation, excretion, distribution,

ultrastructure, hemocyte, enery level, lipid peroxidation, metallothionein, proteomic,

resistance mechanism
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fEE&RiLET, BHEATSONKAESR, Bk, BEL2RE. BL£BIELISNMG
Hib&RAR T ELRBIOTEE (Nieboer and Richardson,1980) . #MARNESRIELHS
B BiE&RNE, EMREENEDELREURERETE (WHh. 8. &. ) HIE
RS, BESS, ERTESR. BRFANESRLIEBRTIEMREYEH T ER
gr, BB L HEEAERAME.

1.1 EEEKLEY

AYBIRENEER TR, XT3, HY. BEYMREEMEENN, TEHONE
W R RRMLFEER., SPEEFTEEAANS. EMEAEPENRYE ROV EES
BLEH: Fe. Cu. Zn3PhE. DBBELRARAANADEE: B—REBHLE, X
FHIRRTHERERERANE, Fe. Cu. Zn FREBHATHONETF: E_RAHFS
REOBANAER NIFARAFTREENERES, HAHSRANTIEE; MaEQt
LR ARERETRBNCEEHASFIHATETFEREMTIE (X 1-1) (E3,
1988) . EERTEMNEFESSHENPEANDERT —EXR, MERRKED, &
SREFBE ST TABEBREMBEBIE (8, 1991) , RAe¥HAEFRIHEDHTATL
AR, TEESRERBLOFERERL SRR ESHER. flin, hF4as
HEREIENZNPRSHE, FRTLUMER, BEBTALAASIEASY, BRERIFL
DIRTHISREEIE S Br E RGAEFEB,, i, hBR G, BRELEB, UALHEF, B
HEERANAEEE R REEED, EAEN (£, 1991) .

ESROIRURBESRECEINEDERNTENRL, 25 LEEHEGER,
Z—BEATESRNEE. Bz, BEAHGE, URRAESEEEYERNNREYE
(Homeostasis) , AEAIHEHMNEFRAIEESR (Hoare, 1980) . P ELRPBI, T
BRMALR. BK. RYF, CEBEAREIHRE, RESRARBNSE—H. WHNE
SRETRFKHN, FEERTARBOERIVESH, Hbei10h 580 Rt b Sy
MRS S, REEUBRBNEMA T LHARE., XEEE0EE. 28, MABETD
—EEFREA. -EESRETETARB,. ©NEM—EREZEAESTE—BULE 1-2).




# 1-1 RBSREAMERIEE (X%, 1988)

Table 1-1 Typical metal-proteins and its functions

e i

Heavy metal Protein name Physiological function
Fe MAEE (hemoglobin) FETLWRE S 5EAFKNER
MR E R (cytochiome) i3t Fe (1) Fe(1ll) BYPIi#E, #HATHRFH£$
it AL 28 (catalase) 2H,0,-+ 2H,0 + O, R 44T

AER4{LME (aldechyde oxidase)  R-CHO + H,0+ 0,—~ R-COOH + H,0, R A% fUE4L

HZEEER (ferredoxin) RERARNHTERZIIAELR, R EEG -
NADP' R R8, ¥ NADP'RIR; BB RE R
BB FHE SNNERRNEX

5 8:51 0 o R TR 3 A 0 Y S AR R s N ) i 4L
(Succinate dehydrogenase)
Zn PEMES (Carbonic anhydrase) H,C0; «H,0+ CO, RN 4L
MREKM (carboxypeptidase) ¥ Rt C KRB IZ M0
2.8 B BB A B0 R Y AP (40T
(glcohol dehydrogenase)
Cu Mm¥EEAY (hemocyanin) FETFY 4. VEshH S PR EHA
KX C AW HARENERTHEBRE (FFRE) MERMTIE,
(cytochrome oxidase) BFEEREROETHEYS O,
Ki3MM (tyrosinase) $553F O, 4L L-Tyr £ RERK S5
AR TERP, XUERKT 1N ZREF
¥ (pastocyanin) ARG b — B
mﬁﬁﬁﬁa_ EREH R Co, WAL Fe UD
{ ceraloplasmin )

% 12 BRI BT ERFRA
Table 1-2 Transport proteins and stored proteins in metabolism of heavy metal

Proteins Molecular weight (Da) Binding metal
I ¥z2&y
2= 80,000 Fe. Zn. Mn
MmigHEEEH 132,000 Cu
Sk3s 69,000 Cu. Zn. Ni
A RED 38,000 Co
0. ®FEH
B®EL 444,000 Fe

SRHEED 6,000~-8000 HEFE X Zn. Cd. Cu. Hg. Ag. Bi
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BASERBLSmEEEFR. EERNARS FEESFEEERATFNHELLR, K
FREEMNUCENSIESBRREANXEANAEN. $BREARGSIBNE. R, A

— AR “EE” , REE. SRS, 1 SREEROTRESEHERIR
K%, BREMEBRINGE.

1.2 EE& i ERGE

FELESRITEEEGFDPREHANLER, BAEMESPERRKTAT, KA
£ THEENREMESEREE. TREEGENPUANRFLIANESR TR, SEEY
ARRBEE T —EONE, REFANEDEAGRRRIEERTA, SRR I OMEE
BEWEYRERTER. FOESR, LRENppd HBER, EENYRABERENAE
A, TI4kBIPPM HRBER, ¥URARIEHEHFNER GRRBIBREUE, 1993) .
Fitn, BaEN T4 FRHOEECE 0 TE, 8 FRAMEMRBCRZEN T # e ER
EEXAABHHN, MBS ECERHERASTHEHENERGT ZHRHA
(Lippard and Berg, 1994). #BIRMHEH & TRIVAER, TWBEKRNBHERBKERR
FrlAERE TN, BESREREMR. BAXKESH TR, KEEMEHFERD, Y KE,
i B0t H R R AA R B OB RN R E R . fivsEXEEYREEMB HREERE
TSR EEBRTENRETES, HTITA (E2E, 20000 ; 1955FEHAMEUEY WU
BRIBRSRERG T RFREE (EHRE, 2000) ; 19564 H A KERNFHR P RENZ
FRERIKAKKEREH (LKA, 2000 .

1.3 E&REEHIE

ESRHENEDERRESESTEBUAERAY, TRBNEBEXSNHEZ —. EEBRK
ALY E AR E LB THRLETHED S FRERAREXN .. IRBESRORAE
%, WRE. BN, FERS. RESSASEEETHEX. BESRNBHEANIRRIAA
AR (E2%, 1988):

(1) AN TEYD FERESFLEOAEX. flm, He' 5T ERERREN
SH B4, LMERN SH BERAFEZMAMEAFHERN, S4E5eRETH, R0 TH
rIEAL A TE .

(DBEHTEDN THLEUSRET . B0, Be” 7R Me™ - BB b o Mg,
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BT Be? GRS MIREL Mg X, Hfie<HMBRRENE.

(3) HEEYY THSRBEE. ATHEEYS FE—ENTIE, ©URAR M
MSERNE, $RETHESHRNT -REMX S FINERMA. RRAEVROHWE.
fitn, HEEMAFUFRERREER, —BERETM, THRETIB™ERR, WEUE
HIZE R RS FE .

WS Fh, BOE. B, FLUEXNEFRTSRATAZR5ERETE SR
PR BT, Flim, Bk GGHER). NH, GREMS). B NEERE (DNA 1 RNA
M) FEET. OH (X8R, BERME). COO (FER. RLEEMS) PO (B,
ZEMRE) PRSET, SH CEMER) M SR GHEEMS) PHHRERETFS. Ma{EAR
BEF. ER=FEFEVIHEE LS RN ESS TR AL EERIRT.

1.4 Pt EE RN

HTHAREDEREENBLERERTE, SHEDREIHHENEAHHL RN
LS. RIARIERTENTEREYBHE R, HHNRRIEAEMESNIER
HAT. FE, BENEEREYELNER. £—2E&P4d, DTFERERTEANEER
SRAG AV HRBENG. SRRESURABRELANREAT. EREEXRVEERA
BF, Za”. Hg®'\ C&¥, BERNRFLHEZHRELBERAER. RSN
EYR, HVENERFERMEAEIMRRERE X EREWRT, EZMERER
RESREEFENTERRE. BoW, EREFEGRRIRRKHEMRNER, R
BRFEHALER (FHARS FAREMERED.

14.1 &R®EEHR (MT)

Margoshes ! Vallee (1957) HRM B EERFAAUIRSHBFRIHNERESE
BE. Kagi (ONDXMAAFAFTFBHAEAREAR. FELAESRBEERL, FIEHRK
HEIMLIEE, FEPTRENESR, XEEESEBUMT Z47RFE. HEHPHMA
ARIMEDER. 8. TEHE3Y. WP AARI 2N TRAMERER MT. &1T
MT %48, KBRS ESER, FURSER. XPHEH—FEPH. K MT EEAFIEH
SEHAEY, £WEAH HRRERERRBIAMEXDEETELS R ALSHRA.
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ERBFATERIENK, FBNE, SRAXAHBARIKTEILR. EE
WAk, NTFEEHBERRENONG. B-RaA, sRahRaBREREEN W
BMFESRNEER XK. WS BREERS BAEMNTED. WREBSHE AMEE)
Yk, BRRARX BN . XEAREREYH, BAESPRES He, HH
Hg” MARURSESANBTRAR. BETUWE, SYPTHO—RE, 7THEENT
RFESAMESRIIEE.

1.4.3 41 Bags 8 iR

HPFHFERERWOEFMAE, REERBHHFTIENA DR, EREHHNRH,
ARMEHNBRIPEERE, EF MEPEEZREEHEE (ntranuclear inclusion bodies ). £#H
HRT SHLS, EEHTRMNUES. &. BEN—EBYFEAR. BEIH, S8
HERPER, aTHR|ERELR P, AR TR CHARE. BRSEF. &EF8
EH R, BRI T EUNARE. Bit, £-SEPP6T, EREUTREAFNELS
YEFE, ARGt 40 AT EEH (Shaw, 1989).

BRTRBELSN ERCHRBEHAERBERERIER. JLHARFEFBENEK,
WM ®REF.

1.44 WBNEERHE

HRAJFR KN, FHERE R THRHMKP AR Cu. Zn. Cd. Hg FESRPEH,
FERBREABSFESRE RN —MHARNEYIERY . EFXEWAT, BRENAHR T
PSR, B, —F®RE (Cyanidium caldarium) BT RS RIS BITHRA
MRE, ATEBEKPEK Cu. Ni. Al. Cr ZH&R (Shaw,1989). B, —ibgk
e Fieet, NEE, SH4XRBESHE 7. REARBASHARELTHE
FRBRANEA, B—EBERK (0 Cd) EHELUPHESORNEAREEARI.

145 E2RE8{ER

BAEYHASRSIRUZERER, ALK, &R, PEALHBRREAER, At
ESRTAEBBEASB. KT, BELANFFRRNFERER. FEREVRFERNEL
HemBENL, HERLEXIRASYESERPIFRER (CH;),Hg B CH;Hg'. XEHFH
KAEMEPIERDZ:, BERINRLSHELBE. BIICIEE, —SREMEKFX
PEA, TTPEAINBTHEREER B NFBTAEPE RN (E] RFEIR, 1987 Shaw,
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1989), B—HE, AILRASYTE —LMREE S Hg'. He RIEEKR, HAAREK
ESIE, FReERRINEMGEHE. Fih, XMRELE—FHBEHNBEHEZ.

1.5 E&RENEAT MBS

fE AVE S, SRS TR E S SRS AR, B,
Sixitsd BA MBI TR E T SR LA SN R . RN EHE RUFe. Cu. Ca.
Cr. Pb. Hg. Ni HVa BEEAENE (-0, . H0, F - O HIfEH, REF:

MX)+0, —-—MEX-1H+0;
20, T+2H" = H,0,+ O,
MX-1D+H,0, - M X)+ OH+OH ™

XWEN A ST RANR, DNARY, FHEAREXSFEONRE (08 1-D .
B 1-1 SEFEHELREhERNEEABURMEE, EAADNA, RERATIRILT S5
£, MEETHRLEEA. E. C, BHHECa M3IATEH (BRHNER) , FBT 5Ca #
¥ REMNEL, MBEBAE. b5, BBERTHREREFa (TNFa) , EE8ECEM
BEA. BEFEANER, BRAEXEHIIUBERANBHRERARENNEMH, HAZMR
BN, R AEE8EE.

£ RS RE— A SRR N F IR R TT LN B YA B A A 7
BT (R 1-3) (BRI, 19%; REET, 1994; FRFNEN, 1998, ATIMERE
SR FL.

£ 13 WL R NA R
Table 1-3 Composition of antioxidant system in organisms

L i g

e ARLA-
HP LB RN SHHKEEN dJdA0YN A hERTEADM
BLRY ARHIGERW BMEGANKRERE HAOREHEERMN
heiER
gE0 Heko OEXEEEO SRR #EAY%

LAY
PSR BAEXKE RSP X 28 HIES

ABHDIRLT: BARKC BB BHRHEHRK -BRERKRKER B WEB HE Z-8F




51 40 <4 D-TNFrlFE%

n,////,,%ﬁﬁ % W0 C AL
gﬁa//}u %f l

K hHEQ<e iﬁﬁ[ﬂf‘“& BB AYIEEEL
v v _
| % E &R
\ 4
FELAL DNA #i5
RERA B CRA (GSH, x-SH)
\ |
; y
MRS C BRI PR o
Bt > (mito, micro, JEIE) &
_ \ 4
TeE, ZB% Ca®" B R A D MO% ATP % NAD (P)
(ERAVIE, EAMERIGE) (H) BER
A A
3ok g vl

A 1-1 SHNERE DRI ARG OERHEER

Fig. 1-1 Summary of the interactions that are known to exist involving reactive oxygen species and tissue
damagiog effects (Stohs and Bagchi, 1995)

2 MIFESEBR

EERNBRRERKERZ, CERNBEENHESENZ—. Cd. Cu. Pb fiHg
RETE, X BRI IZIUMTEE—ZFiE,



2.1 B (Cd)

B RRELSESRGPTARR EEEANELRRREZ — HERA“LBZH.
RF TN H%E, Cd EFEPHHEEREEE, B RFLTFILE. BABE (electroplating)
FEEE (galvanizing) I A, EAREILA FaMmp. BHERY NEY R6kkT #
glredy. AIBAMMRLRRSREA, B, & M, O, HERTEHSRENEE. B
TR L EBNSIMEDRNE R, HREGROAR -ERLGHFEFRFOALATARAR
B, BLAEXTRMEFEAT h N A PRI EERIE S EE TSR

2.1.1Cd %%, HREHE |

Cd B—REFREERE. K. ZEET. REENHETLE. T T LeE
HFEZnCO; MARFT R, TEFETZ0 MEIEF AP, BRRHACa BAEBRR LRI~
SBH. BMAERY, BRC A5HRFEYE, ATHASVAESHARME. Cd B
ERBREBTHR AR TY, FHEEERECS FLORH, AERBM%IE RN
SROBERREYE, BAERLFRETENRATHEAM. FRee RESGEEIH
HASR B A B TRWEES; BB T X SARMTLE, BT REEMNEH#ES
TS DERENREHBRYNFRRE. BREHEXRY . B, ARSFTVHRE. #
B KBNS RIS, TFENEDEAXNEDNES. KT RAZETW
REERFCRHBT EENES F5IREHRANXE, APRZFRFH TR HHEAH
%, HFESEREAEHEWLEIBCA B95R,

FERCd B ERKFRD, Cd TERURLY. S4d. BRER SN KT
BHEEAA, HMEPESCI 20.18 ppm, TEPCINSREAFBENS, BRXELHTE0.)2
ppm BAF. FHEPCd WSREERTWBHERN. K. 0%, S8, Bf. mE
b, RN, BRSTEYHITEIRC SRAENIRERER. TYREEXILA
sed, WEETIWHRKSHRMNCI %1000 BLL L, BABPEFEHBECD KEKHE
3000 i, BRl, MEREBHATLANERR, BHTARRNESRSEREHZE ™K, 5K
bri P iHg, Cd TEABHEBL TR BRI RERAEANGRERENBRRALAFIE (F
AR, 2003) . JARBKIL=AMIRTRX R TIRCE BIFFES6% (T RAEHB —Rir
#E), TMTEXCd WABIFERS2% (FHLE, 1997) . WK K H2533 km® WERMIS
g, HPp™ESEL13% (KXHE, 1997) .
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2.1.2 RXIEhHHIE 8

BEIEBRIERY. K. SRFEADHYER, SIPEIHERE, REPHRIEREN
IS AP ERL .. EMBAESPEAN S| ST RYAE. SBAaMEREX. &
RESERE. £, i THIBEESS. FFEREETIE,. AEmit. 5%
REPEBRANEEIGE. DAV ERGEDNE, SHEKXR. BHK. EERBRKR, FERS
HERSHHREREM. sREDRA2. #MEHEEED, HEHERE. BHKEEH
BERHDLERENFEORE, SRS, i, FERTNREETL. BESRELF R
WHEASERR, BESIR “BRMA" . BIMEXIHASMRREGRNEE . BORRREE
H., BENARREE. BRFEET228, SEAREERKEI0~35F, ADaHRS
EFRERNEY. 8 LU A/ 2 G PRSI  SE S, SEHEAN BB E> (IL
T, 1999) . BOABINRIR B AR MRS S L2, PR B LR A BE I IAF TS,
ERBROXERERRNUADESHAEBEITREEARLTE.

2.1.3 RAEHE

2.1.3.1 B K®ERA (M) B4

SRHEE (Metallothionein, B MT) R—HBEAHTE. BERSE. FoERE
MEREEER. ERSELASNAESEHER (Cd. Zn. Cu. Hg %) 44, B
HATRAMHEAN S REKNECSH. MT ] EGETBRAT. MTHCHRB ZHFE
TRV EANAR, Y. By, ABEMEY. ReEyanis
MT #7%E. 3 B MT ERE—EMEDHLRTH. |

MT REMENEDTE (MESHBIENCE. SHIAY, BB EES, #
BRPREAELESRRESTRER, BREMREEXRANTIACLRE . HiRIAHT
ZEMEMI&BRBRNEBRAPEEZ —. B35 MTHRBIBRER. ETEEH®
BT MT 2BRE3F, AT MT mRNA KEFRE. F5S 0K MT R XA U
G—ERBIRER CI-MT REYURERABIIRE, Er LLEN B S RET RS / 4
ANEREERABRRATENESHE, ATIREREDEIRG.

BEN CMT EAYV5RBRRREANRSAFTN: (D RITEREATEREEG
(MT) EEMRESYF, ATTHEIHREICFRDS MT mRNA fIXEE /. MT #E S50
HEFRTHEE, B MRFNEREEOGEMERERBIENAE. ATERETES
REEIEFRE RS, RETIDIHIXESRENERE, ATEEBEKLAY. B, &
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FAEEENS RARRE (%, 1992). (2) MT (R BRRUBPZEERES. BATHAAN
HBRBEBEEFBEPES MT BERIFHE BT K Ca-MT 269, 2R §Pn axl Iz
MILEERE, 28/ PREd e K DNERE, REETHREMER, Cd-MT EARD
EHREEE, ERMEPRE. TEIRBRHEENR, WENERAGAECNEN
ER. BMEHA T X XEAN Cd-MT ER'ERANDEDIRARBIVEEEN
. 3) BRTHEBEASBHEHANERS MT &5, W ESRBEFREARMT &4
. MT ERBAERS SRR, AT SEES 6T SBSNEENN. MHEisRMNYR
REZEREN —FEAEFEEERIE.

®Bifr, AT MT 2ENHERGVNTRERERY, BFBNERGIER—EK
BT Cd-MT ek, TV RBLEEBRESFHERYG. 1993 FREAFEFFRIRMT 5
RERETERRES, " BHAAMT NEZRERATENEERE, BFLHTESR
i —FHIR.

2.1.3.2 545, B3ES

R A & RET, RESRERSHLAMY . FHEHETLES 5% 0.099 om
1 0.097 nm. X RE TROEEAAEESHEKEREDEHERE X.

RN ? —RR B R T R 5 W B AR R ZE PR,
FiaaT U S ARIMPATULZBHEETRERABFESREA (Smih e ol., 1989). W
NS, —HEA BB RS RRAIRER N, B—AEXTUBRESESE
EORALARESHEARBESMRERMER ESBHAMNMNLANE SN C
(PKC). LBEMEFAWE (MAPK) 8, TRARNSSHEANERERRE, ~4£H8
ME. BENEEERE, SARANBEIRSSIIERA. B, REHEEE, AT
BN, REFRNINE, RRGET SHMBKRITHESTIERESR
AT AR BNESE, XhSH-SHAEAREX. R, BAR-SZE
HEERRFRTRERERNBN— A EEHE. |

B, WEAWUEAE, SREELLE,. ATRRERAKNAERERL.

2.1.33 Cd FFLLA

—HR BR, BREHSHB2NRARGH X, nRTBRERIFIKERR,
MBI IEEAYBLE (SOD) MAKH KT FHM (GSH-Px) HiEHE. &0
MT fugg b H K (GSH) BKSFE. THE, fEANNHRLR. o - AEHFTARHRNE
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HER. BiEl, SEEEANENARASEL TRSIANEABRG A E. BATLSIREHE
Fit S DNA R URBEARELENSF (Berlen and Siadtman, 1997 ). B51E
HEARGT - AT SHARATRE RS ERER () NEEEX: A—FTEHLCERYE
TeERTFENTRE8RE (Lietal,2000). BRIFEAIE Fenton REKEEILE, H|HFA
SEHEBEA LB THEATEFEA A HE (ROS) FERITD (Thevenod et al., 20000, {H
£, & MT F&T. HRPUTE - OH i EREES), XTRREAERTUE2RAE
H BN, ASeRETHITTHREATHBERHXEERN, EERATHEHE
AR HBRATE

BrES it T EREA LT LR REIR (&, 1998): (1) JBalLUIRG Rk
%, hEf. ERTEZTRAARFEIERERLahE: 2) SaTHsAmA
BRI (SOD). HHRILER (CAT) MAKHIIRILYE (GSH-Px) SHH
LRSS BARRFAERS; 3) BT LUEEFEL R EAN. Laxaiss
FamAr-Ld RBRABE (0,).

RUFA=EBHE (Ochieral, 1987) , HECI HEBFEYRE PHEAT IR

R (Muller, 1986) . HiFariss (1991) KA MIEH T B AXBBEREREAFATLLE
MR,

Manca% (1991) & RAME N A25-1250 ug CakeFIRALA, LBUWERZ, 2R
BRTH. F. B . R, BRIAACEAEN EFHRETAN, REFRERE
L ZBR R SR (thiobarbituric acid reactive substances, TBARS) MTERL. XEHRBRT
AR AL 2 15 B R HBURB R RV

UAAFRAFEBONNE (30mpmolke) 12h B, RAVHERBI T HimHHGH. M
b, X—FEEEDAARFKBE AR Cesticular Leydig cells) FHRIMRRIEN. Fe A4 ERA

ERET PR DB EE /IR T (Koizumi and Li, 1992) - fiH, LAMHHEERER
SEALRENTEN, SRHMIEAYEYR LA . Fe KPR LA R RETHRA
BARMS SR ANKSR, SHTFe WRMMATIL. KGR SN RIS
M7 IR PRI A R EBEE R T EEHA.

Hudecova 1 Ginter (1992) R¥ 7 X2 RERBKPMAL mg Cd/R/REH i &4t
e RN ER. YBSREBADFME (2meg/R/R) MHESHEREYE, FROE
FREREEAL ERTFALYEE) FpKE. RBRANMAOE (100 mg/ /X)) §ERIEAER
/ETATE (MDA) RIJERL. TiAmMBOPENERARESH. MFNREESRRE
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B RERNSBE T, UBERRTE . thih, Pubhi B aERR & el R /b HAn K i
AL A BRESUSRBR . Hussain %5 (198D Bl T RIT R E w88 AY108 (SOD)
REEREEABEESARKER. BREREEANETRIPHISODHETE, HRAH LT PR
AL R R T R KT . B AR R D AR IR IX P 28 B P SODHITE T

H, EXBEAREUHBNSEDFIMARSE, BRIFIEREES L. XHRH
TEREGNERESN, REESERIFKEET . AN, BEIRAUR EHRETERN
BEEEWAN, ElRESRETHRERAUERERE FHEANEIATR, &F /P
KB 5 -

£ R PR AT AL PR A N G E AR R A B T AR RRACH KLk, R4
T—MEE, EFARPHFER. REPEHEIENRERHDTUHRRBHECEEEN, 7
ETZR. FRE. MDA TIAMR (Sharaetal, 1992) . FRMIPIF (Bagchi et al, 1996) F
#Sprague-Dawley BZE— O EAEAICICL (44 mg/kg) J5, R BYTAIEHIERAY
VHEMTIRT . BYFHA LA, EBBETCICL /5240, E48-60h BFHAMMIE. 60
hit, RAPHZE. FE. MDA M EE T2.6. 26, 34, 2.81F. XGERRBPT
CdC), B E X RRIBEAUERAME.

EEHVIOP EXHIR A ERAREFFEDHNC K, —LHRERENC B
RN EALEHARZ X Pt (Chubatsu efal, 1992) . Cd B85 T RSB 4 K LA
M XS AR HROBRIEARSX, ATUHRFSLHSERESNHHINR. 2RME
A4 EE LEMECd FRTHARFHHFAARA EENES.

Chin #Templeton (1993) iR T BRI R E MR, RABFHHKERES
Cd FSNANBRFEREMK. FRIRATAECI FSHERPAMKH KR AT LMEXA
BAFEPOIH, BHRECI SRFHNAERTRS RS L. AT, E/KCI RET,
RATHREKRE, AIEEATHRERNFEEEBE THOPIBRHRREARRES.

Li % (1993) hiE@ T Cd MRAANE KK FHEE, b, XEESHA T RN
IT34R, Cd MRABREARENER, MEABREAENAAER, MERNL. &
XA AT EN, S THRASREMACERRAEREAREN LA S5Cd FBHE
*. f£Cd HEfE, UNRFAMEHEN, ¥MEHRAEZEN LA, B2, RANAK
HREEERATHEARRENRBEE, RATHRANSREHRKEBRRAGHREARE
BHE T EEMRD.

FEFERYEIEERIFEEANAK (B EMEHRERNED) . AMNAAXK
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Mo (1 BEICHUMNA AR & R . BIBL T A IRT B A TR TS 3 B B N S R B A SR
e Goering % (1993) #Hll T &£ RPHHEHEBERSHNENITCd ¥, 2 mg Cdkg
MRE2 G, BERBIFAT0. 90 F110kDa EAKNMALER, BEE HIMA2~4h. £
FTRHEAAREARREFNRE, BAXEBEANSRILFAZREESER. 5, B
BEANEGHRE LZRAEERIESEETUH, EEPHZ ir#ZRMEEANS K.

A A liHeLa A HL60AAMIZECAC), BRI RN, FBTHABAESRENE
% LIt (Taketanietal., 1989) . BEZRHTREBEARARPZLEEFH R ML EINERE,
BT EAEBE R THINC #B¥EH. Bauman % (1993) AICd BEHARTESHT0
kDa FIPHEHA. EXEHRPCA HEAMTRBESE. Cd NI, He. Zn BEXH5HES
H70M90 kDa #)E . Yamada f1 Koizumi (1993) MIBFSNRBAEMIMNKEARES
70kDa &R, SMTRALE. Cd KZn HEEFFHXEEH, fCo. Hg. Ni. Ag 17
EMTRIEGE, BAEEFHT0kD. OEEA. # (Co) HFMX—PHEE A MIEMT.
XeeE R REEREH. BEEAKNSSTRSRAKINASMEX. AL, B2MEaEA
EABEM&ERXRERENY, BAEMME aE>4£HF (Cu. Hg. NI HRESH
HER, AW, Zn FAFEEHE, BAEHRBERIRNER. Wahbe & (1993) 2 HSe
REBT b B KM R AVLEHEICA MIBURNE, XEBMBIREE T Se MBI, XLk
AT Se BERH L BHERICA F%, BN BEXMBERCI FREFNHTARBEREMT KP4,

2.1.3.4 SIRENES AT NN

HARHBFFLHET (INP). BSRETRESTERATREE, SECRSHM
DIRERIEAE, AMSI KRR TNRE.

BETELUT LSS RN ASHMEERE. (1) FHHEZRAGRIE
FIRGRET), MZNAELIHEEEN MT IR ERESFHEFEAR). X—&% At
HMRETERARESRB TRUGEEARE T, RIS STERANEEN-SH L,
ER<FEFARTEREN-SH BRI TR, MAnERED ZmBNERENNER
S RER M TENE. FRFEE MT FA THTUEERSEMEA S B (ROS)
FIP=4, ROS Mit—DRIFEHS FRIESIREN G SARATAXESHRE. @ B
TREHBEMLUNE, FURFLALHERTHENEGRNGFERF SR AR RPHES
HELEE, I—EEAHREANTLE, HAERENNEERERT (H) BREAMURSEL
BRRILAMREK. (3) WERLGIRPRBE FNELEEEANARGESHILERA
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AKANAE, HHERE LR X R U RNEIREE. FHAERY,. B5EN%K
HEABRARREREIR TR PvH’ FRMFES2E (synpoker) {23 H MIHA
TER. (4) BRiEZ4, BEHRAARIIBHERNERGEIELbESIBOE R
B

2.1.3.5 SHHEARELTIEZDT

—RTE, REERELTES, AERATLIRESHEMREEREES, B05
BEGEA, #MEALRIERC (PLC), FAKBEEBIIN R, H04EBinm =
R (IPy) MEWM B (DAG). IP; RBARNI{Ce) MIMAELE S RE C (PKC), 3
SEHEETF, MEAE-2 L)FENIRERA, HEHREL. BT EHKEH
M (Cap) MMAY, FINEMSRE (CaM) MERWEN, T9B0KEMRELIE
ZETIR (KEF, 1999).

2.1.3.6 H¥

WAL F RN T EHNMENERNRERE, WHENHER p53. HiETLIEWN
ARAET. FACRERAR ERREAERREE, WIBHOARMAET. FETRMNH2 FE
FIFaRTTARIEY, CHEASEBUHNSEN — AN EESE. 55, BETLES
B MT St ENBERNEANSBKRERD (HSPs) NERKFE. HSPs SR
RHGE—F R RN, WIRF ILRRERSIRN LRERNRERE, MVLEXTE
BHAOHZE. ARR—MMN. HE—RNXR LTRSS ERERRENXER, BT
BATRERHFHEERIS.

w0, RNZ/UREAGAER LR MEHFTAHER, HFRSIERNER.

2.2 #5 (Pb)

MEAEFESR, E AGKAXTENEEER, BRNKREN AT, BEFE T, Rik.
AE WEKER T RRERRE, £5. KERYPHEDRBAREE®RZ S THNE
%, RUPEREEANXFHELT LARNERTREEZSRM, SRAFARPHEH
TR (REWHMRER, 1998) , BREME. BH. &M, Hik. A7BSRE, BReHF
AZRKHRRE (FRE, 2003) . I THNARERETEZ, MIXEHX BT REEND
A, AH NS ENEEREARER—L5R.
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2.2.1 i RrEe

2.2.1.1 HEHP R
2.2.1.1.1 XEPHRE

A BRREREERER, HRFEPHHNBTHERD. KLEE. BREENH
Bl B RIR TR KSERES (BT, 2003) ; JFARKENBEERIEKAE T
MBS HE OB, TN =R MRS XERRNEERE, aEFRALR
FER. Wtk Sk, MR Tk, M. Rvh. 2UKH. B, BIBASS, N
A SR BUE L BT M SRR, RGTTEE RN RS (ERLAME
B, 1999) , ANBAGAIERPENEIERR (LBEH, 1998) .
2.2.1.1.2 BEBEER R ERT

XTER M T AN REONRRER, B RALMNATREFS S, R
MR REE, LEnAKT RERT RS TRMESOFE; FEMENF L8 AR
HOASEC LB K PR MORLMAR R B )L M AP IB R, B %4 o 3 A Ok AT 643
£, HEAARBENFE N ER D ERRENI48% SEHREREHIEEN (1,
1998) . XEHEZEBAEEILER AT
2.2.1.2 ZKATHH |

KPR EENRASYAHRE D, IRATRENSREADNERR. EANESRE
Fhfiay: DSimENRLAERYERNEE. IARRGHENEREL. B
BEYREAER%E, HPTHSARXRRMAERA. WHORIESR BHMBCH T ¥ EHI0F
REPILERLRAERRK, KERZ BRI XEEFEFRALEARERLERS.
2213 F—NREL

HAMRERE, RFENEREREILENTROTIERE (Semerian, 1993) . JLE
HH R, BRAFESFEVHEDRETHIMN, ILINEHKFITHTREH)ILER2S
%. ¥IHSANGAPHIEEZRESEERY, BMLERESELIFENREHBEALN,
2214 PV EMGRRE

Bat BT EAEWIZETANRE . SRk, BRI % BRI, KBS
4 T HIFEN (I B RS B3 )« M4, R XA B ERIF R IHER X (X ], 2000) .

222 B
MEZHEENEY, BRRTEPRIE. B AEHR, TERS3 L ERE AR
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A% A E .
2.2.2.1 ¥ AERENFEEN

HATHOMERESEHRAIEY, FUBENFEEPASNME R T XE T EANUR
(Chen and Golemboski, 1999) . JLEKMEMIKKRER, W5RTAGESE. FRANHE
BRIl DEGERN TR, E3ikiE. 235, HMs), T8 ATES. BEHIMA
MEH TRFEAR%BE, 200D).
2.2.2.2 I EAEKEN

FRADOCHER. MaFBESHR O ZEEEOER D, XREGHEIN M g4
ﬁﬁ#ﬂﬁﬁmﬂﬁﬂﬁﬁiﬁﬂﬂﬂﬂﬁmﬁﬁﬂﬁlﬂmu JLER IR A ERUE, 7T HILE AR
A. LE. S8, ZHEEERD (BT, 2003) .
2.2.2.3 §iXEThiEm e

Verberk FATE1996FE B XRA T HEHASRERSIENKENEHE, HiKFis
F, HESTE.
2.2.2.4 LlEEREMEWN

KRR, AMBAKHCEARGMEREY, HEME Kopperal, 1988) B7R, #HxdL
MERZENERETT LS EN. B FHONXEH, £FEE4EH (Cheng e a,1998),
5 2ROS (Dingetal,1998) =4, ROS #1—HFIH,0,. O'. OH LRI, T
NO g, MEFRPMEGE, mEFR.
2.2.2.5 HEW

B3 AR B2 S /M BRI0 A A BLI MR A8 (MDD R0 JLIE S B 5
(PDI) HRARXES, HHIR21A RN/ M BEEREORIE (1S, 20000 , B34
X LEQREFETREWH.
2.2.3 PbFHHLE

HErH&W\A, HPEXERGTIWTHERRE, BS54l RAIMNEAR
MisheeEIRe e, HHEAARBIESIER, ATTRIETFS T EAELNERIES.
EFEOHARY, BUHREALRIBRNSEIMNEATRL (X%, 1998),

2.2.3.1 Pty AL

Pb AFHHEENFEEY, SROUSE, BHEHLMSEL. KIBHP &
AR, BIERER. TH, Pb AREREES, XECa MAATE, DHm
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W, RMEEEONEYS K. Pb MERFRRR: Wk, K, mE, L&, PH,
RPN (Lockitch, 1993) . BiPb FAE—IESRITE, PbEUHNIEEZWMAN SR
W = . Donaldson 1 Knowles (1993) #TIRAMIEHE, HLEHR TEMLAEN
Wi, RECEIRDIRMAR, FANEE L SHMEMEMXR. Po BIARN, MG
BB ETEAETIERSEEPy BRRFBRENBIAEX (Lawton and Donaldson,
1991) . Ramstoeck3F (1980) WHYIPb X RBEER Z 54, BRI E 4, MRAEEFEE
REBA 1k BE SR ALk

Pb EAYX TR AR IR SN LT (Gerber er al., 1978; Rehman, 1984) .
U—ZFB=28&4 (1.75mgkg BEBR) BEASKEEXRBEWEZRITISML RS
HIAERE —REHOE XK, BE—REHB2IKEANRBE. R, BddELSRT
KM, BDEMERR TR REH K (Al and Bondy, 1989) . Pb BH TAL+
AREHBKPR L, BEMF. BRLOmR, ALPARE KA EFAE EERMB#PL §

Ey—M4ME (Sarafian and Verity, 19910 . Pb KIH M SEHMENS RSN, SHAR
H&RE LFZRHA—BH.

2.2.3.2 AN HERENBHENE

FEMNMSENE, MRBE. SHMh, BERETENEE, PIHSRAR R
MEBREE, BARGKERY AGOBRFARY, HrHsRELEHENYN.
BB RANRE, SEYHIRERE. B3E. KRR, EFTRN, LK
REAEMASDIABEORT, AWABBKAEERSHNERDEER, BT
BRI AR A R, e T SRR ARk A B B A TR WS bk
S, ERRRAREELNFEROEELNRSZ —, ZERNEERRENERN
BEROTERTIRELENES, ATRLYAIEERRREROERERE. RS
BIEARAEBRARARNSERRE, WA T LEERE. S TEIE LY S
EMEM. TREH, STBILPAREKERLE, RERBLHDENREREAE
M. FRAREURERES TERARMAREEMNKS. KRR RS SR
(AT o BA R I SITOBE RO, A RO, SR A B TR A T e o S JRARAT X
ATISIRFEEE (Rahh) 5, 1 H S IAR AR AL B 7O 2 004750 [ A7
%, MEURARERTHNBE. HIRSHREN, FEROEREILD %8

TS BHAMN. MR ES FAENSINTR, BT b Bk Eanme
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HHNEFERILGIE RS — N RENIEREETREEN . HhBEL A R 4R K
FohE, BERESHEE, 5—. =, ZHERY, REEIZHERNEYERN.
AHEEH. REIREPHRENRERR T PHKEHOKBIGEE. HBEEEIRT
REKEZN, ZRIBRAER (ACE) WELEHTH. EARKRYE, TEEERA.
FERLBREUR N-FRED-REFEBISESVAF AN U LBICEBRPEE —F
M. XERETIHNAEE. Hik, TUHRALTERELRE-RERENAELW
JLEMF RS UREZERN. SETURASHER _FERBIEPREM. “87
EELZHARDMEATENFR MONTFSHLFHERSTRECHERNERDTA
M. ATrEHSRtERRUETI R -—GERANARELDFENN. BHRAEM
=B, SHEBTHRMHEMRNER fos # jun, 5/ mRNA KPR, #HETARE
FERRERTERERETREAETERE-REANERAED (MT) 5, Nm5
BRI .

2.2.3.3 i Be ey

S I A BT g AT M T E AL SR RN BEENH NI RS BHR
AEEMNE 5 - BE- v - MBI (5 -ALAD) FEGEBAMENE. 55 #EW
LR 5 - HE- v - MR (5 -ALA) ARMNEN. WHSEs -ALA BB, EE
ANUMRRIFZ 8T, RRAR A RIS = 4L e, AT FIRULEt R, Sk
B E A AEUR ., AT mIhEE, [FANT I BB SR, G LENE,
WiEe MWL RARA R, BREEEPESIBOLARE (WM wRis
HihBUEH SN,

2.2.3.4 R E ISR

FRAEHEFEAOETEEHRMY, LRAOBAEANTIERRIE. SXFFAAR
WER (B, 20000, FREISLE AR E PRI EPERERMH. Hitnatd
SIRFBEREFR, REQaERSRREG, FRRASETRIE.

2235 IMERRGIN

R PR, MAAFERI4 A 5 &, @E R TER IS AEXAAR LB L.
*tF R EHEA T ERMAL KT (200~700 pg/L), BHERITHYHTES.

CaNa,EDTA BHmEMNLESH, REF L ERNEEAY. B Ly PREPIHE
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HATIETT, ®RAMFEAMNAESE, AR DEHSENAR, TUSHEFES
A. MEFGPEHERNIT, CaNa,EDTA ¥ 5 " HEKNE (BAL) BRARH. A8
IR . BHVRITHE KA CaNaEDTA 5 BAL Bx &M ST, B4R BAL VB AT &,
RIEREBREREX, B CaNaEDTA 4R E/K B A TSR (0.5%) FHATH
E, 7TH#A 5 XK. CaNy,EDTA IR A RA XM ORAE, ABRABAREE. Riss
INEHIEYL . B2 ABEKE, CaNa,EDTA RIS . 'EHThEE, B, 7Eigr i
PRI, BRREHTHEN. RFENTEHE TR ERRBREN Y, TS5
AR T K Z B BT .

RE CaNa;EDTA FILVEESE. HUEAREEDR. TREEAEEEHUT 2 #rk. —&
CRESHRET B (DMSA), H—-Frrkl AN mig SN . DMSA £28-—
MERFERRAXRRAAHERE (FDA) #ERTHIRENOREY. ©54E5K0K
#1759 CaNa,EDTA 1 BAL Mitk, R —EMRME. 1%, DMSA SBLLBHE, £
B TS, BASTEEERES. B2, DMSA BEREH4, SHEERKE
HESYANERAEDL. 5=, DMSA TTLINHERBSNRAREH: BE, #H DMSA #
B BEARATERST, BREBESHRA: B9 DMSA W LR, HESSH 5 HiFRs
#HLS, 5 CaNaEDTA BHISRAEM, OHRESHARRMESR, BHiL, WEKEEH
KHAEEREAS QUG BEFSH2A, LT P OANRBERR.

IR ERRD, BaPBRAGTAERNEEBREERY, EEARRASE SR
MEHOTBER, SHBARTEAEZRT 1500 mg/L. REEAMESEHSH
REAHECEHHR, EXRFRDP, HEFLER, SEmASTRIEE (75 ug/l) EX
THEEAE (35 pg/l). ERTHEPHAR)HRNRTEHEERYE. BREER A
ARRMN. B, LSRN S S RA T RSB, REEAEERSMNEE
YRR — AN TR M

NASBRMES (MD) REMMMPIHEE oML R R RMBITHE (BREL 2000).
MT 5EER P ZIRIMAEELER, RERSIERERMIOER, HURENAMT #Pv &,
EEETAMIKEAXE. BAMT ASENAERGENEEARNRAAS, MAKE
E. EAMAPLIIBENRE, AR Zo-MT ©RIED —M BN RE Y. & MT 957
R, BHEA#RE P BFESTFERRPHME (CHO) HRERE MT mRNA KFEKIHR
. ARGETRNELRT, TR PPN TALRET PP IRES MT ATFEEHXYE, WA
WAL Po™ P B A MBI 70% ) Po S5—FE RS MT R 0B EEE 4, B Ph
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EEEAEGERMT BEEH AR, KEETHSZBE 60 /5S PoMT MESIRLEER
AR XEAREA MT 4R Po e, RBMBETHTEREFEENER. Bk
RIESMLRGAE B, apo-MT & Zn-MT 454 Pb MIBENRAEHM, FK, BT Po-MT MI¥S
51 (Ko 8.71 X107 mol/L) EL¥:#E, Wi B Pb-MT S&MMIAEEEN:, 1678 Pb-MT 8O 3
XERRFRXT B, WIARAEAE Po-MT G HE th th 41, 485 MT TTRER — AN LA AT RO TRBH A0
FTHPEAY. B2 MT ITRMEAR AR ENERE Pb AN “&4&”, MRLSHAD
¥ Pb 4%, MT % Pb W EBHIPIG T ESH — SN AR, BiE/LE, HABN MT £
KEAHPHEERRT THA (REMBET, 1998). KREGREH, MT ol s ik
WEIHET, ATRHMEAR LT RERE, KNP EIEOREME TR, TTXHAPHRE
M. RAERE ERNEH—APER. AT, £NH MT ¥ Pb B4, B8 L EE
TR R, B, Po-MT ESHRAEFI N EZREREMKAOEERM, XARE MT fIRHKE
WAL MT 9B HE, Po-MT ZEEANERN. SEMNHEHRF%. K, Po-MT
MT Z- AR PO BOIRE T EIRA RS REA—H. HFAMRH, apo-MT-1 f apl-MT-II 5
Pb MEEAAZAHER, BHEFARHUERNER, ANHRENS Py HE4RENHT
EEER. B MI-SBHORNEXZRBEANTERINEEZ —. %519 A BRI

2, FANEHTRIEHE, MTEARASABEEHPb RS, ZEMEMATNIBES ST
RAMT 5 b ZENKAEEER.

2.3 7k (Hg)

Hg 4% Mercury ITE @ &R BERELARKNFRAMDEAFTRE, MAAILEL
JLAT 1500 SERIR BN EP CEIE . 15 KT Y S8 AR BT S RNRT i,
HE 19 ML ZRREFBTARESFR, NERAREHL.

M 20 4 20 SEARR 60 AL, — AN HARML L] HRARANHT ZBNN BN
7= MALBERMHR L 75K HEBE M B33 Minamata Bay. ‘& 7E Shiranui #§3K45,
AR IVEBF T EDRNBAMEDRE, REEEKEEYBER (Harada, 1995). £
RRERBAESEERY, BEEANFPHRAEN, BAMMNEK - IMHOFIERS
IR —KBEM. 1956 F 5 A, 41T MIABREHRSG, HEEeR—MMERREA.
HREEFPAFEMUNDIERLE, B ERNCHERE. 71956 2E 8 A, ABRBHH
REFHRZRAAR L B ERR. 719594 10 B, HEREUARTHRE
¥, 7E 60 FAEH, XL #imasst#iE. RENRZAN T MBS T 4
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SR R B W THER.

£F 40 £ B3 150 M &9 2R W HE A 2 Minamata Bay. XMGSIRKBEERBISE R
WIRE], RITREANPEXEGNEEREMGRFRAGIEAHEEFE. & 20 e
60 LA 70 sFALHAME, PR KRIL, WREBFERAHERaYE, HFLeREBMEER
Ui, BWHER. RERE. K. SOERNAHRZ%. EFERROUIEEBILE
TR LB, RERMBESER.

KERKBE - RRITREEB AN, LK S Agano M6 BH HARHE,
REETRFRICAWHRENE ., KSRamBfbaenes ks, REEEM0E4
RN . BEMNE. mANERDYERREARI. 7£ 1959 F. 1960 F£H 1972 £ K4
6000 MHRI AT T A PERABENSWH RN E AL SBMAR (Bakiref al., 1973).
ETFEAERETN 15 MRYERILEFRREY, BT KERKWNR. 7E 1969 E4935
HHBEEHM, — I FKE B—MFENAL) &% T BRAENLENANERGEZ
G, REOFHHRIE. BWEXTEATAENYIE (Crema de Belleza—manning) #x
REIREAKTECESREFD., XHTBETH 6%~ 8%MitK. XKML HE RSN,
BB RPRAAHOE. REHEREBESEREP BTN, SEFNREEN.

AW TR TR, RAURER ., BRAR—FEAN. EREEFENEMS D, &
W ER B

23.1 HHHAERSE

RUZFLERARE: (1) ARAERNBITESR, URRERBBEL: (2) Tl
KERERE ;. (3) BYEM. THIRFCIEEAE. R, SAFORARSE. BHFK
TEERIER. LK. KRL, MWEAEEFRYE. EHEANREFRE RO LIG A
t, SERBRKREMBEN S EESAAFEEYE. RNBHEERANER. B-A. Eits
520Uy G

RABERFIBIFER L, HEETMEANS L. §HRERN (NFEEENZE5E)
AAMAHRHIGEPMARE. PEREDFHREL MIRPUKE, THRBARXHE.
SREMERRAERE. REEDPEREE, TERNPFERRR IR, &R
SRS R EHREIG RS EE R R RERE.

Hg BB TERFREEPAREIKMFER, ik SOD. CAT. AtH T EikiEs
EERIRRR, SEMERPARAZBENYHETFAIEAINESLIER. ERES
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YE B AR VE T RBP4 R G M e B B0, ATTHER SR TE B B ST RGN
HRAEREL.

He HIBMREREHEBHEMEEREIHXMA (Goyer, 1991) . Hg #1kH. HAL
EmgEraEs, R TREENE, YENABETEOmENHL. BENFEEB TH
B RR T, BEAIDWERY, SEBRAREYHE (Goyer, 1991) . BHMBEHN TR
SETEHMERIERE, BEMHRMG. FMAKRSIERSHEENE (Gstraunthaler et al,, 1983) .

M RERTEAEETRAERI2h (Fukinoeral., 1984) . 4 ¥C HE %12
hWEthEZE S PERD] . JRBUCHZn BEE, BPRBERIAL TR, BEmEAME
RN LA, YEBAERGRREN _RENHRHN (DMPS) § D-HEBE (PA) EL
Hi5, BHHg 48, FEREFSNERISLN, FESBTREGTRRIER M
FREHPA BTHA (Benovetal,1990) . ERENAR S, HRIHHARPIFHHME
FEREAE O G RAMIERNERRT A SIEN. BR, PA BAHFN. BRXERS
FOFRAEEN T EROEZERFTEN.

SR (HeCh, 020mgh) A3E30d4 BB, B, NAPERLIFLNHEE
7t (Bano and Hasan, 1989) . S M'EHITRANEN, £HNQ - AREKED X (WK
HBEAMED , NADH BREMK (FJHANRNED dHitEsEsy Bk A, R
1, ZENADPH REMEKX S5 FREMCHBRITIRATISMEN LA, MERNMQ- 4R
ARLENE DR EFA (Lundetal, 1991) . dthh, 2ok chas BEH ROE IR B 00 % BE Bl
Hg MIRERWE AT TR R0, ZE&KE (12-30 nmol/mg HBE) B, LRETH
Hg BR, ZEE¥MT hFrrREN&H T, dRARANER LA . SEHCAN LA SBTH
HERARRG, BB TERAIAKL AREFNEEE.

Lund % (1993) th{#83 THe (1) (1.5 or2.25 mg HeCly/kg) RS BOIHILETE AR K
LA, SEHENER, REPRATEANLEA. WH, He ADEFE SN P Carizh
SEM R, X RIRA THe (1) BRI EAANER, FTERESRNEFRETH
HEQ - MREEK, 5hMHE R (Lunderal, 1991) . XEERNLEE IV THRL
mia, =T EEN.

Tan % (1993) BT THg Wi Ca KzhAETH. Ca BERIEHKES, SREEQON,
R A U BN AERE (Nicotera et al., 1990; Reed, 1990; Farber, 1990) . F B TH B,
BAEA XA T PERESHERACa W EFA, BidCa MRSTRARZKACa KHEHETF. K
1, HegCh BEREBNCaHSEBREETCa MBI BRPHARA. Wi, FHL5EHLE
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Fedi3ECa MUEIAEH, BHIFEARN. 5RMEXNENMBEHGERBEEESTEHCa 19
FARHEE X MEBHR. ZRES He. Cr RAg SHEERAABDPE _B (MDAY ™
BRI E (Rungby and Emst, 1992) . A'E MDA FI/KFESO min RARFFELH, 25
WHIE® . e P48 h EMDA FFA EFA. Ah, BREIEALFSHERBEEHRNTHL
RAMEAE PR E K. RPUFREOES RS EAS =R LA SRR OB iEH
RS, HRADEIERAMN. £Cr HAg FRLLAEE, AAERERIAEH FOBA
R g RN R, BFRRANEAKR GELTEMDA NERXVE) WEt.
X 4B K R Kb R 4.

54 RESHSCEEEL, ERPPENREREERE Eﬁﬁ?ﬁ SEALFRF
7% SR RTREAE FUT AL, RN BEH BRI AL RS (Andersen and Andersen,
1993) . {ER, SRALSRMEE PEHAERERY, EXSRTRIELDBRFEED
BEEW. 5K E 5P M EHNERTRSEAPRERIMEARKERAMNSORNSE
%, DNA 115 54 AREEER AP HE X (Williams et al., 1987) . XEHHAFWEDA A
O E A (KB) R, dUTPase 1 DNA REMNEHZIME, DNA R
E RN KRS DNA RRITHRHESRAREFIEDHEX.

LeBel % (1992) M3 FER A FelBRE MG LULRBEEHE. BRRTELD
TR AT AP A O R R . MEBENESANPERE G mgkgIP) , EHEA
AR LT, T LI (Desferrioxamine, DFX; WEE) (500 me/kg)FT BB LK
XN, DFX WJUHEER—FHESHSA 5 XM (Shaw and Jayatilleke, 1987)
XERBAR TFe ZEPFEFERHLSFHRNEECEAGETE, HTERLRGN
RN ADFX. X0 ARATEREHE, ARAORYG 5N EEREEX

( Sarafian and Verity, 1991) . HEFREKXAFNERF MABRSH ML BN LK
(EGTA) - DFX N8 (XCN) ¥, WREEARIHEA, mAEERESEDTAR
MEMR EERBUX—SERBATEALEN T4 EENRCREETTRERNE N E
MEER. HRE, RSTEARE GBEEE MEDTA) RUBRTX—AE. WRESETHIL
o, BFe MEMBAWEFFEHEALE BEEN RRBHEMFREREEH. PERES
BREFAESH A LMER, ERTFe BB TRENEMENBBESTF.

Suda & (1991) RMBRSHIAORBERTHE RS, FHRKELRETALHE.
PR R4 . FENS RS LA, EDTA-Fe, AIARAR EhE. FIAKFEERM
LERBEX=AREEW. BEE L 588 0WABRTRAIHAEIENINTR]E

25



X, BRTHREARES TRERABHENFHRAM AR FIRE RN,

23.2 WER%F

BESREMULULUEM AU, BXRHBESEROTRIEANULERERE. BT
RN AR F TR Z BRI, TR AT EER.

KBERFIBRAERERE, EJLF 2R, B 75%BRE. KERBEBARKEE
AirREAK. B. BRiENR. MEARMMN, a5 ke, MFRmEsE. .
ik, Big. BHEHNBEBHAE. ARDS FIREBAIR, BATIRLs I RALNERNES.

GERERRBGRY, LEEENEETHE. B2, TEREGBIANEE. B2
LGB ESRERREN T RRERMARN, EEKBEBX TR S, MM
AR RRGEY. AR, EHKEXEBHERARORERE, BXECFEEENE
NER (Giunta et al., 1983). FARABKGBAFR (disk battery) BAKBE I REER
kAR B (Mant etal,, 1987).

B RS —MFRER. S EEMERER K T, B ERE;
LA BEHEREARERBASEAERNZERE PO TR #ER. BHEMmE
FRRRENRXPREHEN v MR GRYZEERNBIN) PESBERMN. R
ROESERCBEFENBERT . FAHEMN. BRENEZ. BE. BT, O3hlE.
miE. B, BR. RE. Xk, BRENNRGE. Bk,

HHRGRHBHETULBERJLUAZNAB, FHUHEHLRENFIEHERERER
BAR¥E. ZERMPEREEFHA, EhelxefificBRy, FHER8s %,
FHREFR, BEERILNSHTES.

2.3.3 REHE

KEUHNIERGFREREERNZRE. IWRARSE. HILRE. $ERRANGMALR.
2.33.1 PEBB R

CARBRRA PR HE RGBS IRAERBETHE. BE. B2, KR, L&,
HBAAE. bRk, FTRAEINE. BEl. X4 BRREEERR. BRI
o, BEKRESIEHEREFEESH. £F. B, FHEE. B, HEEFIE.
HakiEk . MRB. 5. JIEA. FREIE. PIEE, R, SRMEr.
2332 FERBLERE

FREMSRENBHRIE:. TH. EHELR. AEGELH. 2ERE. BER
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HAAEIER KRS
2.3.3.3 Kfi3p

TCHERKBRATEESIREZM. &8%. MHRMPREE. RE#TTESHBIT, B
TESSIEKAEMBRG . RERXTIHIBERBOT LS | RERER L. BLER. L
M. < AEERAHE .
2334 BURA |

EOTPEEBROAREDE. Tolb, W, K. RENABNRE. RAREXMIER.
FECRFB A R, A5, i, T, QL. SRS WER. 5.
K RABHBROHE. ETEETIRBAMOOLEHRR. REBEFENRELTIED
ek, REABBRALSIRERE. REBHFRLIRT RHR.
2335 BRRHK

EAKERR BT, BORK. DRE. K. DRE. REE. B MERGA
SEEERTERE. FHRINAENRNTESERERESENE MEREE.
2.3.3.6 MR

AR DREMRMAEF ek 4 . AMEREDENERIARNTERDRA.
2.3.3.7 BERHF

R BUE THSR” AT ERRENHF RS . REARASERKERE
ROARTFERKE, T5IERE. 82 HBENG. BrbEgk. BRATREH.
2.3.3.8 AL |

REFL I, XM EERXFIRLARRERNENE (Davis ef al, 1994), FEH
PRte. BHEM. 2. ARUMRE. BRIE. FLERIVIE. RFER. BB, A,
Rt . S, WMAETHEEAS RSB A FEBMET ZE (Davis e al,
1994). HERPEHAWERILORAR X EHEREARITHRE, RERZEHA, ARk
BAR. MHEREREANKREREE THHG. RERAETMEPEREHEEE R
2. AHKEFTRES R TIE.

2.3.4 W

HAMRELNZHMACLARTHE. OARPRBKFETUENE, HE, 0
FRIKRREFIEBN, FUMPRATERRTENEFARARRTEY. REW
W, BPFKFRBNATAHDE, EhnPRAEOABETFRDEKRFEGT S, m
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K PR FRRRNENETS, BB TERHE. REWITE5H
23 RZEHMFROAFA BT, BERDTROKPROEY 1.5 pg/dL. FHRNAE
ARG, F—BRERARATIS W, 76 24 /BT PO SR o I 2040 B0 B A SRARAD
50 pg. FRAEMATEL 300 pg/L U EFERALHE. HENEENLEFSESRY
R,

SR RB AR E R OGBS RMAERT A, 0 RPTEA
WR, BEAOHERERENE . GEEFH X HE5% ¥ (Energy-Dispersive X-Ray
Fluorescence, EDXRF) #RAXREROIBHEEE. HE-RELEZLEBTURA X HERE
HATIEAR .

2.3.5 YRIT

BITEREERERS 5 RH, BUNESRT. £RRRBATER, IEABR.
FrgmERM RN EEEOERTERETEE. ANEXCEERUATIHFIRENE
B, R RABERA PR E LR . HEEROSAWNSARSMNASER. TR
BRI B T RREE R 24T Sh R K

BAKIMMARETIERERA, BEAWRTRNANLYAERFAKTRE. JEANRK
AEFEERFKFEE, FEEBERRAEERDM, BERTHAERBHT. BLENRE
TEREENRABEAERAEEN, BXERTTRALRMN. —HERKM (BAL). D-
H¥BE. N-ZBED, L-FEEK. —#HET K (DMSA) _HMEABEH (DMPS) %
BEATCEERA.

g, XPEFRHOBEERA BAL T8 EWIT. BAL HAEH Brx] HERE
BT ALY, RAEEREEMTRTRAOKE, SHTHPEMZRELIER. N-ZBk
®-DL- B J A FREREM T G BN REKTE, SERIH R RGN R
REHM . DMSA #RHEEF NN, ERMEERARSFHKE, EERNITHKLNFHK
thHEM . DMSA AT N-Z.Bt%-D,L- 5%k, 3 H DMSA JLE5e2 e HHI A K4 48
KR I 44 Rt R R R R4 (Ding and Liang, 1991), ZE6K#, DMSA ¥ ZNH, 2%
ATHTRRANRE. BERANEE. TIREHBROBEBEEE. AX T D-#BEAM
N-Z.Bt3-D,L-% B, DMPS B BRR P Fwm A p §Rk 5 E B 2 8. iX— 57 1960

ERPRRERKREPORHURX. AREKITEREST, KAREARMIIR. KBS
H H th R ESETIER .
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2.4 84 (Cu)

REFRE-NTUVFIREERAE EEIZNRALEIIETE. R EREEZERTX
IR 4y, FERERVEERS : &0, BEE. BRE . M4 K. RE. TRAEM/S R (Chuttani
etal ,1965) . EHWHTEARSHIUPESIRELHNXE. BAHETBROZAHT RS
FERHRG . IRETRAIET. BERTELHRE, RBTEEEN IR BENS. W
BB I E RS RIREERFE— T RENRE. ERFTHEE - EBR TSERH
Ko XEHRERBEYR. BF. ERAXYNE (Bremner, 1979) . FRFBA K150
TR 5 AR MMM S FRNE B R P E . RIS BERELET250 mg Cu kef1 R4
MEERWE K. FENPRSPURENEELEPE. LT RARKERREZBABH 2
WHLE. XFTUIRERE S ) LEFE{ (Tanner, 1997) . AP HFHEFBREN
RE, PimAIRWilson RNV EERBARMEBEORENRN, FIEER (Bulletal,
1993; Wu et al., 1994) . REZM S AN RERE LT Z R, HIN%FE (Woolliams et al., 1983) .
HREE -SRI AESFPE. LEHXERY, RSB ERTEREARK KM
Moy URRAERFER, BERECERBRFES L, 5. REERAPURIFEEET. 6
b, FERYP IR E N AR RA R B RE AL EPE, RAERTTLIE
Ik Wilson $#% (Bremner, 1979) . WmAFHERXEYHR, (BRATHRE) LI D& EIRA
Wt RTBWNEAR (WMo —FHFH) NERATLIGPER2ZHENEHY (Sokoletal,
1990) . HEBEENRRAEHRERRAKSA, BIABEAHE. ¢RREBEANELE

(Bremner, 1987) MMEHBEFHEIE (Bull eral, 1993; Wu et al., 1994) .

24.1 BPHBH2SHER

B4 HPEAERERLN, FEESERL. 3 FHNEEAERE, T2 KRR
ABEHESBRMAGRE. ¥5H. TRESA. RAONEE, AMENREERAERSGENRS
(Allen and Harding, 1962) . ZR XM, HERAS > 500 mgkg WARME, £K
wmENEREERE. BOE LEAROAEXRFARE. BREETHELE ZREE
BN AR, %HH%E@@?&EEETB& (Fuentealba et al., 1989; 1993) . #K, E{fie&
AFERHEIRBE R (<25 mghkg) BFEBELWTHE, HFBEAFENEY (Bremner, 1979) . 5F
~AMEAREHENPEER, RABNEKEEY. LEPIFERETELHEBEIAS,
BEMFEFPHHEAIMREART . TE—NMENAZHNARREMGTRE, KES MM
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1000 mg/g T . XHSEWKKSHHBERHARKAE (Ishmael et al., 1971; 1972) .
ERABEZAHMEEERRR, —REHRIEORESR. TECHERBSHERE. K&,
FHRFM LI ER (Ishmael et al, 1971;1972) . M A9 d0 B KAS M AR E LR BR
ET M, MR PREmaE ARSI, i@ % E/LRARL, ER—S{RTLE
15 o X SEREAR 0] FF 25 A B B SR A FFF R 38 J0R0 o ¥ R B B K B3 hn . [l 38 P S B R a1
MMKEL, HERRER. WERE. BRARAERERRE. X' F#KEEHE%M,
FHERBRAO GRS . FEAEMNERBEREENRK. FTPEYFTOBHENMER
AMB A MR, TXREWIEM (King and Bremner, 1979) . ZHRBIMA S IEERHA M
4, (BRI BAEERERER, THINENFRETERRBE (SHEBRRYRE.
ARG KAFiE. FrP@rIkEmes, 40BRER BT MERRAERPLSE bR,

24.2 HEHARIS A

HPFEN—NRENFIEREECHFARENHR. B2, SEFARNSGHENEE,
RRRITCHARIHANENE TR . FEFANRRRERFREGOERE, BAEpFEHE
A RRERERS OASEHEE FERANS BT SHEERNE ST aNESSHREYH.
Fhe, BEMFARZNETE (Bremner, 1987) .

EHEFGT, KESHANEAESDRE, BR4MERNER, EMR 2/ tE N,
IEERZARRE. BRER R BERARFBITNERERETEES, FABFAERET
EN—HaNEREHTBNITE (BRSEHSEEIERNENE) . HFRARRER
C4 78 )L (Goldfischer and Bernstein, 1969) « AR RBEER (Johnson etal, 1981) .

Wwilsonfi A (Goldfischer, 1967) MR RFHIZ R (Haywood, 1985) #Hiik. BE, BHIIR
HANERENEEELFSREERR OCEMAE AL ESFRBEQEE, XS5
& B AL I RORPRRE - B Q0 fE 3 R R A Lo BT AR B B R IR A R R L B R R RE
REFRARERRE, TTREBR., BRX-FEUMT (X-ray microanalysis) FLR THE
ZRFERNMARRERET (Haywood, 1985) . RERMENENMN, MR,
ERBHBRENMARANIEE. HR, FAREEETIERT AR5 REE .
BEABEBERNHANRRHAINY S TDNA (Bryan and Frieden, 1967) , 305 TRNAE 48

175 (Novello and Stirpe, 19693 . Bit, FHMAREHEW L SBRALRMKE, HLUR
T/hMEFREEEAMER BN,

2.4.3 WRERAEEENOIER
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EABEAENANFAR. SRREQR T -1 EENEH, HRAELUHEHRERER
WEH, TERBRTESHMMERERHNTE (Bremner, 1987) . N EREECORWBS
AL/ DN BRERGHAERKEFEN] (Liuetal, 1991) , FFHLEREELERHAFTA
FlthIF 3 AT i st s . UM ERBARZREF AN BRMEORAKF, XXX
REFEHNRE S $I% B8 MS| &Y (Freedman et al., 1989) . FHiXEARHIHEARIRIT £ 4
SERRBEOLES. HE, ENPERRRXE, BAESHENSRREONSREM<%
3> 80% 4L - 7545 R 935 (Mehra and Bremner, 1984 ) §) 1118 R B £ A (Johnson ef al.,
1981) P RAEBEMITFPHESEARAHNRENS (BEEHE sveREED. BEWOR
RO, SoASRREANFAREND. SHNFOERLENARENE, BAEA
SR FELNANREFASES ENRSEA/— 18 —BREFARALORPORE S
F&EREHEED (Bremner, 1987) . SIFRATNUESHARASRAREBONGHK. B8, WRH
AR ERER AR, HAFPEEERS500 mg Cvg XIMRAA BRSBTS, &£
EZBRAMHIFIMESES NN EES (Bremner et al,, 1986) . SEIUEHZ BN
RENSHANTRENESZERARESE A RIMMAX (Evering etal., 1991) . HRLEC
{long-Evans Cinnamon) K B BOBHIRES 5 & RARE QS BHHPERUEPH
ER. FREIN AL THLEC ZEREEH AR RMAFRRRBAIBREREZ, FrdRsH
IERHEETRINHTEZRBE, RULEC ERHFANEARISGAESRARES L

(Sugawara eral., 1992) . TTHEALEC ZR P BUFAREWSEELRESBASHS
RES A UBARARRE %,

2.4.4 HHY N

T R RE RS SERE S FRRARGEX. EAYRLERNERGEERT,

48 B T 8558 i Haber-Weiss R A2 LR R F E 5 BT L
0; +Cu” = O+Cy

Cu' + H,0, — Cu** + OH "+ OH"
20, T+ 2H" - H;0, + O,

FER/EDNA BEZHOAE. FERELRNOFSRNB T B LR (electron-spin
resonance spectroscopy) LR ASEE B BHENF4 (Antholine et al., 1985) . J5H #HK
AESEATRMELEZBAARZEEHENERENGIANE; B REZEAhE S
FETRSNESTES G, PEGHEE DB P OER RIS DR R (Kadiiska et
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al., 1992)

HESEHRS AR R EMINERIEA. YAHOXRETRRS5HEE 7 RN
. A-BRARARILEZMEKNYE (TBARS) RIAER®MMALIESE. HEZR{WTH
T RESFHASRAREEFTENL, W _HEZWTBARS AWM (Sokol et al., 1990) .
X S BUAT P AR £ L 4 R B Bk RN I 2 T A B A AL A AR, 5 1R A A SR 4k A IR B H
ERARENLTFREHEMNARES . FEEEEZHIRZREMNAE, ROEER
E, X¥IBAFSHAREARGHGE. IRETHBHRDESRESTREZRET
8 BENSYR R — (Kadiiska et al,, 1993) . IR ERBES FRERENR, BRAR
B AhE. XEERHESHS RIBRARBATHARM T S ABRROER.

B A EMBASE THEMHERRE, SRETERRARSHRGNERENHF.
X5 RRMRR—, mint B BT SRR RERBIS, LR PR Xt X T M (Sokol et al,
1993) . X5ERRBAREZRFOERNATIERRGR—BH (Sokol eral., 1993) .
R THBE O H SWNEULE RS RBUEAPIV (ARARCEAMN Bt
KRG X EELER A Th AR ZE AL WD MRS AETE , 1845 A\ Son) A it 3 24t 40 B R 0 3 i, {410
MR TFRRENNOSISEDT, BEBBRFARIIERA .

SR AL R AL AL th R4 B 2 BT AR AT LB Rl (Myers eral,, 1993) - X
o F AWM, FiztRD. BPHTBARS REMME. RHRRIEE®
B, RN S ARMEGROMM. SFEMNGpH hitne, XEREATLREE
ATP BHIETE. FRESMMH R\ MNEETURRABFDNA #fh (King and
Bremner, 1979) . BI{FREAFISE BAEERRANTLE, BARREHBITINDNAR
BHEY, RANEREEAELEEEAREOE, BARERGHERDNA RIEGFTLEN,
BA A S S MK TR, AT TREIADNA ZaifH A, #i. E
B, A& S5ARES5IDNARMESY. HHBIH RABERATFIREE (Sagripanti ef al.,
1991) . BEIMDNAG SRR MR EEAENT L H FBDNA SR fen. HE
HAR R R M T XL SN R R

Cu® tHHREDNA 2B TEFLE, FERFOLRIADONA Bl BAARHIK
FENERREAM RS, BEHARRXETEN. HRESERA DM B AEMEAL.

(Milne et al., 1991) . XL ELEC" BPHBRENHRSNE AREANEES. BHAMHE K
a U RIFHESLGDNA fith. BFEBREaTUREELHRET, Wb ItEH
DNA Wi, BEAELEREARSHEHILETH25FUEERMN (Caietal,1995) . B
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RAEHE1,10-48 —H&FE (1,10-phenanthroline) HINET, 2 BtH Bl 8 HE L RHDNA
i, BATARECa (D AL 8 RE LEERR TS 5ERLIO-BZE I EE—
FHREESYREALBREA Milneetal, 1991) .

FACHHE FAEIADNA 45 B RN EREGERER A TS R . F1,10-48 — K
FIE—-RR 5 HEEFHepG2 AMSIEL/DEDNAKIR, XRBT-HB—MEA (Tsang et al.,
1996) . {HE, EREFREAREESFMNAORAFEERE, BRTTUHEEDNA Hi
HELRPEAVETEIGEDNA EBM. EXBEMAEIERPREIAEARN AR
F—FHESERNRAATRBRTEN. EIRE, AR mER™4E—f AGRERFEEKE T
EREENTR. SALI-B - RNBERFRANBRTET, b PRI AR AT
FALEE, H/DEDNARRNE B ERBMB (Bukitteral, 1996) . DNA SHS-BEBEAY
R EHRARENAENEL. IEGREGEGRCRNELE BN, £4EHH4Z
BREFETREBEN—NEEY, NS DEREEREHNHESEAHDNA HR. B
XM BER T ARSI RRLE, BR-BAKA LSBT RN WS 2
FRERARNEhBHRE (Toyokuni and Sagripanti, 1994) . XRBHESEDNABEA
LRS-

K& RASY— BB EH R RRRE YA EERAN, R RELsTE e RN
R Cu X TFHEE (BREFALBIMENE) RER—HKETF (Guteridge, 1984) . 5
Fe #AfEL, Cu ZEFEMEFRITE s AORR 3 58 UL AU P H M H AL TR A (Chan et al., 1982) -

MENE —RAXBROFAFPREARNEHRARNESE CHRE (Li and Trush,
1993a) . Cu BERFEHMRMANE_RBXBMOANL, HSWRBERIEME. b, SEW
& B RN MRS RPENCY B, WLUEBEFHRRENE R EINRATE. BH
RAAI B PR R A AR &R &Y. BEBHIECu RN X B =L RA
HH.

B —SROHRRBENE_BNEALET, CoftREMRBDNABKE R, 458
ABRAMARRERES TRHEBRAGRERS R, AR EMARRAEES TR
FDNA BT (Liand Trush, 1993b) . AW, XEHERAIGRZ LXK R, AEEHK
# RER/D, BAREXN TR A B b ERVIE R AP, BIR Steinbeck 2 (1992
WIETY HFREPERARESERANALRE. HARNSERETBETFS . Mn¥. cd
fazn™ MAGEEF MR BN F ORI ERBRRFEFDNA HHOWR (Li and Trush,
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1993b) . {HE, Cu WRERFEERHENEIMNE M= EENRE, RAFLERDNAKE
HEEEE.

Milne % (1993) BB H H R ERBEASVNCo-HENDNATAKEY. BN
B, FIRMMAMDNAKITAET, SHREKENPRBCOR Fr=4 a8 HERNER. A
KRR PPN R T ERECY FECY” fHENGS, BEFIAREMNER LB BEN
. R, EERZETPHAERERACRIERMAREHRC BRADNA Hth. B EHRRY
FCu-iAEIKNDNA FALAEWT 2RI T 5 HEVIRR (radical sink) , ¥ Winterboum (1993)
Bk, @niX—E4% T RABENTRETEEREIED, EReE XFERKT
R RA B FEBAE U ARELY . BV LYY T RERSE (BiRSAEE) 2
.

Ozawa % (1993) BT S MRV HEBBEDNA HERFHHIMLEEDNA, L
N AEFRADNA BCu” ZHRE RS HENENITH. FRZX—NENERYE, 7]
BHDNA EROAEAEXGE, METHAAMFETCo™ MDNA BHRGRIEE. %
WHPIREAC MEAYSERAERN, URBRTROZEEX S hE, TTUHERE
WRDNAK Y (Ozawaetal, 1993) .




BT ESRBERREANESAFERILE

EHEBRAPBRNINYEE, cRAWEEES. MEEEX. A B
. RREATRGZREMINSME, W, & T8, EgBAFEidErymE. B

HEEZEECLFEIARERAHHMEN RN EXERITNE X Ee BIATLE
{1 B R RR

1 E&BEAERHENNRE

%TRAMESRURROSHBERE, WEBRM Drosophila melanogaster

(Poulson et al., 1952; Maroni éndWamon, 1985). ¥2R4® Bupalus piniarius FH R
Panolis flammea (Heliovaara and Vaisanen, 1990) « 4R L. dispa (Gintenreiter ef al.,
1993a) . M H Tenebrio molitor (Lindgvist, 1995) . JEM KA Locusta migratoria-
BB Orchesella cincta (Hensbergen et al ,2000) . A% Stenopsyche marmorata

( Tochimoto et al., 2003) . FMH ¥ Oncopeltus fasciatus (Cervera et al., 2004)
%%, CHRUHEYERSENESRYFEERIE (Munger and Hare, 1997; Munger ef
al, 1999) . —BEWE R MR BRNSRYEXVERE: RYPLRMERKE.
SPORNE. TDEEPRE (Poulson ef al, 1952; Thomann, 1981; Spacies and
Hamelink, 1985; Crawford et al., 1990, 1995,1996; Luoma et al., 1992; Lindqvist, 1995;
Wang and Fisher, 1996; Munger and Hare, 2000) . 8 AREBREANELSRIRES
WIEPES RS RERHEMX (Van Straalen et al,, 1987: Roth-Holzapfel and Funke,

1990) . A4, ELBAERREAANBRESERAEHAEX (Lindgvist, 1994)

Hal EERRCu MiCcd F B E# B R P (Suzuki et al., 1984; Maroni and Watson, 1985;

Hensbergen, 2000; Niuefal., 2002). EFEERE SR FNERERYE. HBE, kER
S HEER R R RER.

2 EERE R RN PR

AeREBRAANRENHHRSIAZTHN . EREREEARNS I EEBERE
HEAE, b B EMBREE R EeEAe, EQEBEMEASBAOAEMHEEE.
Posthuma® (1992) fRiE#HE REAKCI R BRET B, RN FZ HA35%KCa #H.
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XHBPPRIBE: —HFULEMCd PER—ELFMN, WATEER, 2 FERRFPHcd
MR BRI ST S B T AR R . B, Cd WEHLAENEH (Aokiand
Suzuki, 1984; Timmermans and Walker, 1989). 8% H. B H (Lindqist, 1992). I8P H
(Lindgvist and Block, 1995) EREZEUBDPER K. BAELEENESP, b 9w
4 (Chapman, 1982), #4rCd FTREMR B L, MMANBE, PILGE R R HH 4
7 WHCd BETH ERSEARERERRE, XEFCd BEEA. H5h, CdHCu #
PR DEE (Niu, 2000), XEKECI XS EPHEETHS &5

A5, BANARESRMBZEEDRRER. BANBEEZARTERA NTE
WEMHITERSRHRE, SREUFSNEHNREFRALE Cu, BRFRIER Cd
(Rabitsch, 1995a,b,c) - AREEMIEBI (Rabitsch, 1995b) TR TABLIAIGAEE Cu K18
71, RMER Cd KAKFSHARR Cd IREEDHEX. ERENEREERFTRNIAE Cu
1 Cd f97KF (Rabitsch, 195¢) . {HREEZRMBRARKF SR EASMAH, 57
REMIERAKTE. FARYTHRE Aphis fabae A Cu SRMFIRDTLS, BER
£ Cu (Crawford et al,.1990) , HERERMRFHUHRT RS Co MIBANSRER
FAXBREHKF (Crawford et al, 1995) o Crawford % (1996) R 48 L. migratoria
HETH A SR BRI PESE Cu, ERRENE CuRBE AT, #ATHHESH
EREAK Cu KF54BIEIAX (Crawford et al., 1996) . XFESHER T Bty +
{&7CE Cu FRAREES .

3 YA RIS

LTHEPRE —RIVARNIEERERDEARNFTEER . ZRBERTELRE:
(1) FHRBEENERENERRIENS; Q) ARALRNESHLE, BERAKS
TREERREQNEESH A, URERNEMEBRRLNER: G) 2RALRHNEXS
AW R ERRNT RN, XEMNE4EBRENSERN. BOBRMNTR, 5k
ZRIFWIELN. EERP, RUNBARZRETFHEEXR, AOFE2 LTS, &
WEH GREH, 2EH, ¥3R, FBE, £8E, W3H, ¥B\HARPE) +, +
BN ERN A, ZERABATHENT YR L EEEXEENER. AN, &R
FEBRARRLECY RARAOOLER. DKENER. B 2.1 BT AHL. —HH
“HrEREFFITB LEARRNRENE. £4hLEART, 2BREFITHE TR
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AR (1) 5&BREONANHKE S (Maroni and Watson, 1985; Hensbergen et al.,
2000) ; (2) HEHRMEALTHE (Tapp,1975; Tapp and Hickaday, 1977; Lauvedat et al., 1989);
(3} BB N ™ (Gouranton, 1968; Alberts ef al., 1995; Ballan-Dufrancais, 2002); (4) #%
HE MR MES: (5) BT s A M e, FrP ik B 6 & 81 AT PAEE
LEREFREK, REEANED, BRESITHD.

I ¥ B2 e L AR 7).

B 2-1 EWSMAE P8 LB IR PY BRI % by
Fig. 2-1 Possible fates of heavy metals in epithelial cells of midgut.

W& RE] LLRE HZ 5% T T B A R AR, S RO SRR EEEH()), #
BMRIEME QBB HEARMOQLBREMTHRERES@): RREBMHEARKE(S). Metal may
cross the brush border membrane into cytoplasm by carrier-mediated or diffusional processes. In the cytoplasm,
the metal may complex with metallothionein (1), enter mitochondria be accumulated by lysosomes (2), be
transferred to the ER (3), Other fates for cytoplasmic metals are also possible (4), or be
transported across the intestinal membrane to the haemolymph (5).

4 FinHEEERRIR

RARELPITIER, ERABL um, B~ HEVNERE TS
(peptoglycan) HFAM. SRELERBENTVERERRCH (B2-2) . X
YRR WL (Ca. Mg, K. Mn. Fe. #l Zn —RUBSR A SEE LN ER
) SERREY (FREIURRS) . EERERA. REEFEART™ 4,
ﬁﬁﬁ&ﬁ@ﬂﬁ@&ﬁ&ﬂmﬂnﬁﬁ&ﬁﬁ%?%ﬂ&ﬁm(ﬁm@hwm)ﬁ

A3 8 (Ballan- Dufrancais ez af., 1979) BT S, SR THENER, BIFEdGAE
KA R (Ballan-Dufrangais, 1975; Ballan-Dufrangais ef al., 1979) .

37



RANRGUBEARM-B/REFEESR. FHAIENRMBE RIS EE AR
MERE, WA Formica polyctena B Formica cetcopids MISTRTEA, HEE Blateila
germanica WIEH K EHEWN (Gouranton, 1968; Ballan-Dufrangais, 1970, 1972; Jeantet,
1971 » BPEFEME KPR RFREEEBEA (Fain-Maurel er al,, 1973; Waku and
Suminato, 1974) . ¥ YIBKIHIR AT RER B -F (Wessing and Zierold, 1996) . ‘BT HER
HAEBEQETR, S0, Ca BTE, TUEHAMPIRTCalI L (Alberts ef al., 1995).,
REERANFERT T ERUFNYEN BTN . Wessing £ Zierold (1996) T
ERMIDREREA I RS RETHESERNK MFIE. BRI KR,
T8, WILFRRERENT ERASERH, TERSEEEANTLUMERK MBS,
TN, BREENEHRRPER.

AEM-BAEGEANRENBERTRETRER, BAMMEEASEREE
(Gouranton, 1968; Ballan-Dufrangais, 1970, 1972; Jeantet, 1971; Lhonoré, 1971; Marshall and
Cheung, 1974) . IFBHNENAME, HEWE LEBRAMUSRBEET. BREE
EIET RN T RGP ERGES Jeantet, 1971) .

5 WRSAN &R

REHPEERHE B (Coombs, 19800 . SZRFMRE, WRHAZRIERSR
FREBRTEN, TRAMEFROENE. RETRANAIBEORITLURBRY
ARk, WAEERRRT BT DYWL (Sohal e al, 1977; Lauverjat ef al.,1989)
(E2-3) . EFMT, ERABEKER OS5~ 1um BET Ca. Feu Cu, Zn. PHS.
HNRRSHATRAY, BEENESN BN RER, S804 FEN. 8
MPRBMMMAT, >ETHS/MERE (B 22) . FEFEZNSRMESE (Ca.
Mg. Cu. Zn. Fe#S) (Ballan-Dufrangais ef al., 1980) . HREI BT XELRIE
REIERANNTE R A HRE.

6 BEREERENSECRNES

WMEEH MT I ZHEETRILESPOLEFRART, I'EFETHEY. 5
. AEMEYREEEYHR. MT B—HEH TR (6,00-7000Da), HERS
B (BH4FE -2 1eRET), BaEmam (A4 a6030%) 88, 2BEE
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GRABHBRAES. EYEYEREE, SHEARRTHEREFHEENER
EEEARRNERESRETHES. KEPLRARARTURSLBHES
P, RSB AS BRSSP SRNERNBREXN. SRREANEES
HIhEk R H RS IR SRR R A (apoenzymes) MIPHE T, 101 Cu 1 Zn (Viarengo
et al., 1985, 1987; Viarengo, 1989; Viarengo and Nott, 1993), {8 B4t MT KIThEEE T 218
W, FELEREERE, MT REMBENTERBSRNERASRAY, B2
5RAFALESRLENENTMELBAENRSER. ERLEAZLRATT
BRE MT 42X RUBLRANGELR, FRBRHTEEH. RPERER
SERBEOEE. B, Zo EH—HIENEETE, SE5RAAR—LEENE
Wi, WA, BR. BARERAERE. GRS, MTHEI—FHERN Zn 4
AFEE, TRBTRWART Zo HATRAE LA BEMNE. MRREARE
ZnE RS, MT MR, BEGL Zn, S22 HBH—LHNDE, 18 Z0 SHE,
MT X #4435 #505 Zn, BURRIRES Zn Z64609 0745

Hir, CRBES MT MESHRH R® Drosophila melanogaster TR R
Orchesella cincta.Min F1 Mto & D, melanogaster (A EI cDNAs (Mokdad et al .,
1987; Lastowski-Perry et al ., 1985). MTN (40 amino acids) H1 MTO (43 amino acids) X
BIEARE BUHFFIRERYE, X5¥EM MT KB (75%LL ERRERE) BE
FEAXRE. MIN 1 MTO 2 3I4E D. melanogaster RIFANARREHLRE (Silar and
Theodore, 1990). Mo FI¥R K AEERTERM ] 0-3 b, FHEFEE] 3 B4 2. T Mm
FIEFFRTRRERN K 12-15 h, FREFIB G BHNE RN, MTO BARFF
SHERNFFIRE—-ZN, RS RIRBIRE RS RAT4HN AR MTN O
RoEgeRART), RERE MIN E0EERACASFRESERASES, X8
BURFR BB LI KT INL, MTN B EN 8 S B BT, O. cincta MT
2 ETEMEMITSE Cd SA 1K 2 MRS 7845352 2989 Da 3 4139 Da.
ST 8% 2989 Da RIRKAB BT FI% MT RIER T REUFS. STEH 4139 Da
IR RIFFRE B, RFRBT NRZHTEA. RIERERN 2989 Da KR ERT
PR 5 434T PCR, FREH— MT [ cDNA, X4~ cDNA BIFFIATHB—4 77 4
BEBNOEA. O. cincia MT 5 D. melanogaster MT RIBEBRFFFILUEEE, €
THEHY MT 2RI EL SHREY MT 2 EBEK (Hensbergen et al .,
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1999). B4k, MT HERESEABRERI Chironomus yoskimatsui. TR BIFRSE
Sarcophaga peregrina. 538 Eusthenia spectabilis. 188/ ¥ Blatella germanical. B}
Baetis thermicus ZF38 Musca domestica MZBEE Bombyx mori PEITIIE (Yamamura
etal, 1983 ; Aoki et al., 1984 ; Aoki et al ., 1989 ; Everard and Swain , 1983 ; Bouguegneau
etal, 1985 ; Sumki ef al, 1989 ; Kasai eral., 1993; HEEF}XZ, 1998; Niu er al., 2000;
FHHE, 2000).

B 2-2 WAL Formica polyctena “RRRAER MM K23 FEORRERT Cd EPHPRE ST
R E (x8200) Cu #1 S MM HM (x10,000)
Fig. 2-2 General view of a midgut columnar differentiated  Fig. -3 Lysosomes are present in middle midgut of

epithelial cell. Note the sbundance of spherocrysials  wildtype Drosophila exposed to cadmium, containing
(arrows). Small lysosomes are present.  (x8,200) Cuand S. (x10,000)

KEHES (W) FAFNEHER. M: SRE.  Myv: BE, microvilli M: 24, mitochondria.
mitochondrig; L: M4k lysosome.

RLFR, XTRASESRAINACLCLHAR-%, ARRIRTERDDE
RERFIHHOVARNEN. BANESRORR. R, BLSHBRONSERE
TEFEE, REABEHSFTHA, E&REPHLFANANEENH: ESRET
A EEMRBIH ERFENH: DARMESRATORENBRLRE: UREY
MIEFHAILE (50D, CAT . GST. GSTPX . GR) BEAE.
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=% BREmEmnsafutitE

&RBRES (Metallothionein, 8 MT) E— R B2 TE. ErRERARSTE
HREXBNESRESER. 1957 £, Margoshes M Vallee ERFRAVEYEERN, W
FRNSEFE RSB HZYHE (Margoshes and Vallee, 1957). IRE KM MT | ZFET
WXL P RAL T, | RFETHY. THEIY. REMEYHREEYT.
EHRESHYERPHBRANHN, BEHXE R MT MHFAMEXNEL, AR T
R, WL Chironomus yoshimatsui~ 5138 Eusthenia spectabilis 7 B 7| Bk88 Sarcophaga
peregrina. EIREM Drosophila melanogaster~ #EE /M Blatella germanical. H B Musca
domestica. & Bombyx mori« HEH Orchesella cincta % . BN FESR . SBdik. Bt
. Mige. A TEY¥. NASTEMN BB MT 45,

1 MTH)BS

BOBKMT—BEHESB A S %M. Maroni H Watson (1985) RIET £RCd.
Cu SESZERMSAMPHIEBHRLSED. HEAEE, HBIEIIAMT, HER
Zn THEESHMT. Debec % (1985) BEZERBPOBRAPHMACT 5, ATLUESH
MT, #HRBEMMCI SRFE (CdRyxy) THEMTIHRERRSARHEC BEREN25%;
L EMREFYPINAL-EB AR Ry XCACHL KT LR, AMTHIER R B R, 1
4% . Everard H! Swain (1983) IELA R B HHF[E 2 HMT. Bouguegneau %(1985) HESE
Hg o[ % SMTEEE MEEBT4 ., Kasai¥F (1993) HLEMECIClL, R HFRPE 45
BEEIMT; K 2404E T HLH0E (K2, 2000). YamamurarZ(1983) AR REER
WA BRI R HMT. Acki F(1984) HMIEARIAL AP RFHMT. KL EIMTE
R ESREAECu. Hg. Co. Ni- Mu. Av F. B2, XTHERN, ESRVTESMT
=4, FEARERNESIRERAFEN, BPCARZnlBINRER . EHFASEKECI.
Zn SMTHRSE 1BH, Kasai 5 (1993) HBECu oJ LIBERMTHRCA. Zn, BHCu HCd.
In FIMTHIG SR, HIAEAREMT RN BOEMFR KK BA>Hg > Co >
Cd>Zn>Co = Ni (Nielson and Winge, 1983). Bitt, &RBIMT MESHLERHNE)E.

2 MTHE B AR P B
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R YBR BRI ER S MT S8R, BRE SRR AER K EE
FMFEMEE—EBHARSKE S MT S8R, mEHE, TEETBES MT
= &M (Maroni and Watson, 1985; Aoki et al., 1984; Hensbergen et al., 2000). B #3T MT
AREMNAHTZIEREECSBRNALE, RERESRU MT QIR FAETHS MT 8
ME. HERNERRTER: (1) BHEMERTFREE; () BHERETIR: 3) 4
SFEH X RS ST

3 MTHI 2> 4,

AAIEZNABRPAWALI T MT REREZVER. —RELEROE SRR
BHETZHEERBESHENE (Kasai eral,, 1993; Niu et al,, 2002). Acki & (1984) K
AR BB 38 HPLC-AAS 3 R4i{kT 5 Rppshhm&mE &SRO IFHRE MT.
Hensbergen % (2000) AEEIRMRABMANE M Cd RS EMRB R H S BAL T
TERWMEO DK XENRFRRSERFEAN S BatEREFTMBE . ER MIN &
AR B RA KT, REE MTIN EAAENRAAGRERESHNEES, TR
EARREAeR AT (Silar and Theodore, 1990). 54t MT 4 B4kt B+
KRN, FEERNLFEHNGIRNAEREEMNAEE (Hensbergen ef al,
20000, Bik, ARG BPENATOSRAIBRD PMSF BLEME, RiNEHKE
R 2- 3 MR HE.

4 MTHIKE

FHILEIY MT #5 BFRE, B —HRBEA SHRERNAR S (Isoforms) (Palmiter
RD, 1998; Zhang et al., 2001). D. melanogster &1 2 ¥ MT #&. MTO. —AME3HE 43 4
RERK/PME: MIN, — 1885 40 M EERK /DL (Valls eral, 2000). XFEAMEERR
1 25%88% (Bomneton er a2, 1996). EAI8IER (Mo M M) HELRR BRI,
EEHEBRYEIENTEMNEARI®E (Bonneton er al, 1996; Zhang et al., 2001).

Domenech % (2003) 3% MTO HI MTN # 0% MTs, BAEZHEE T MT BB
i BBiaE.

Hensbergen (1999) M EHR MT. 488 MTO #1 MTN' ZI8/E T —/teEe (Ind 3-1)
EI: MTO M MTN RH 25% R, MTO A HS5HER MT 5 N-35 C-¥3F 4 EILAE,
| 322%EE, M MIN RS NSEESHILA, F 46.7%FH.
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D. melanogaster MTO PCECES THOLCC R r e mo e m e - - Diem - - TRERCHEDNC - ZONCSHRCFEDOTCSNE

O. cincta MT M O A S ER AN L (SR O GAESY SR P CEER K UG ATOTA SO O T LS F VO DGAS L PCURRKTUCK

D. melanogaster MTN!  ®OCPCEICKCAS A THEEINCSSOCRIGS - DRNSANCEY,

B 3.1 O. cincta F1 D. melanogaster 3 MT cDNA BRI ERTFIRIEHK

Fig. 3-1 Amino acid aligament of deduced amino acid sequences from metallothionein ¢DNAs from O. cincta
and D. melanogaster.

BRI LR ET FASTA FFHILL K& BB FRE(), #XFRE()The alignment is based on a FASTA sequence
comparison program. Identical residues (:), related regidues {.)

S MTHIE 4L R

S ANWET 6~7kDa (Kagi, 1991) #ith, B MT 84 FRFERERLEKA, 0k
kS /7 8000Da (Aoki et al., 1984) BBLRMEM 4555 Da (MTN) fl 5281 Da (MTO) (Mokdad
et al., 1987) ZMRH 5225 Da(Kasai et al., 1993) 5% 9045.9 Da /11560.2 Da (Niu et al., 2000),
KRB 7128 Da (Hensbergen et al., 1999). Debec %5 (1985) MR EDEIHH
MT 4+ F&A 7000 Da, Maroni #1 Watson (1985) Fi CaCl, %2 H BRI H MT, KBK S
FE AT 10000D2. BB B MT H15BAE 21 Cd &Sk, 4 FESH % 2989 Da #1 4139
Da, HHREHMT BA#A 2 N REEHK. KFEAHRIK TQ RERKEE, —AMI
PN, AN TRANEREEHEZBINEER Hensbergen ef al., 1999; 2001),

BREERDLHABIB AR, AFRR0MIN PF 2 LKA, SHeaE
B (401 M28%. EREBREEL MT PH 1941 ENER (Hensbergen et al., 2001),
SR RER (774 BEE 14, MT PR EHERRER, ATLUEHIHE 280 nm RCH R
Wi, IR MT 7£ 250 nm 4F BAGBRYIE (Kasai e af,, 1993). K MT SIBERIS RS

B 9204+025X10° M - em?, 88 MT BOBERBCEECH 1294024 X 10 M - om!
( Everard and Swain, 1983),

EAEEMMLFTABRREBMTITE ST 8840 CE, FEFBN T2/ ERES
(Hensbergen et al., 2001), XZEMUTH'E EHHIMTs (Otvos and Armitage, 1980; Otvos ef al.,
1982; Wang et al., 1995). B8~ R 48 (Drosophila sp) MT cDNA KHEBHE S H-& BB GRS

—~ (Lastowski-Perry ef al., 1985; Mokdad et al., 1987). & HA0TEERBHREBMT (MTO)
EXGHEPEARARTLESIKANCE (Valls eral., 2000). MTE 254, REE4H
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1 EMMTHAFFRIHE B (Yamamura er al,, 1983) , BREESI AMTEESFHFEIIE S (Aoki ef
al.,1984), FIBHEMTH2AMRIIER: MT-1 fIMT-II. —&#8EB/RHMERIIRTHIST
B ESM (Kasai etal, 1993). AEHRSEOIMTsA L FEKE. BILMEE pH HE
HESBUMTHEEAESEANKE (Klaassen et al., 1994). O. cincta MT MiBRKFAIBERITE
EHREREAITE, FO. cincta MT AT &RE 6B BEEKHKE LR T EEMEKB)
YIMT K. JLABHAVEEL T ERENKEEHRE RN PHIERENE Morris et al,, 1999; Kille et
al,, 1991). #HHFEBEAHEACIMT MMM EEBEHFEREAMMASBE SH AN
(Wang et al., 1996). — PN EXKBHEPRENEGMT 8 -1 2N EERKEER, FH§iE
HEEEREX LA B (Kille et al, 1991). RMH 4N EEMHEARBMTEE H R
HEEKRESM® Morrs et al., 1999) . O. cincta MTEERX KM R F b B 5 4 5 RIS
¥, MARIRNEQKREES BEHSIEBRLERBEHIIE. SER RN TER
EeREeREMHHRRARANENERRBE Killeeral, 1991).0. cincta BT —A8H
REA AR EEEIE—HL.

MT SIARERMSER AFRREMY, B AKPnREREAE., BREshd MT &
60°C AP Smin JHRREFRIFE (Aoki et gl, 1984). 2 MT BH RANHEER S
# (Maroni and Watson, 1985) .

MT A — 1P EESEESHAXN Cu BEFSKHEE, MR Cu BRBEZT,MT F
) Cd ! Zn (Aoki et al., 1984; Maroni and Watson, 1985).

6 MTHIZhEE

MT KZhEEER RGP T CETRAREA, BER MT HIigEr 2R A, E—
shsrab g AR, MT BHOIRNERERDFBTREUASRAE, BE5RHERD
RERAENAYHELB LRI EFR. EREAAZERBETT SR MT BES
REFRUEERNEHEER. HERBTEARH, RPARJSLZEEERNEN. 5
, ZIn fA—MEBENHEBLER, 25BN -LERETE, EH. #FX. &
HRESERMER. ERAEE. MT FA—REEMN Zn 5480, THRELHEVHRTD
Zn FACERRE ER—EPEE . LYBRRENRE Zn T, MT 48, BERH
Zn, FZHEBR—LHMTE, M3 Zn AME, MT XELEEXFES Za, DRERIERE Zn
EHENETFE. £RBPHT, HNRERS MTN 20 RE MT &4, RTFEDKE



FEE MTO 8454 (Durliat et al., 1995). XL:ME 5 Bonneton 5 (1996) MBI ARSE
4 —%. Bonneton & (1996) #iE, MTO T EURERHRAMAR LS BIAE (4
FRAEAH AT, T MIN FIThREEHEBRRZERMRE, vIREEAMRAERIER . XI5
WREIE MIN fl MTO SFBRA AR R RIEMEM . MTN 1 MTO T EAMBE LIS,
HE MTN hERBP#EMGICERE. ZMEETEER B FiX Lo R B Rk ik 2 srk i 4
RETFSHERN. MTN f MTO BRA ISR RNEM TS REERNERE X, Mm
HEERAMEUEE: Mo’ B Mo, Mo’ HotREER. FERM M’ RALRER
Mm' BEERRAH Mm mRNA KR, FEHEMRZRBNSRIRE (Bonneton ef ol
1996 —4 C-HAMMNPREF THRIFIRMLBHOFREL: Mm' CHRE—~IBE
REE, R C-Hk Mm® F Mo H— I BERBE. XTTESB MIN' ZE8MEAR £
fE5 MTN® & MTO EMEF~4 M2 MA3ER . Maroni % (1995) 3 C-HEEM
REMERNSERFEHERKRRE—R, AN Mn' B—MEFES I MT, Hiba
T LA R RIFIE R IR 4.

ANTENE, MT HESRAOMERESHFRESERYN, —EFXNTELRNSE
il - EMRE, BRESZRAUBERE, TENRBRACERAY. FARE.

7 MTH Y5

RKTEEMTHZFAHAERMNAREIEEDERAL, MERTRREABIBEER
T RITAE.

7.1 MTEH

88 (D. melanogaster) B 2 4 MT #EH: Mm I Mo, Mmn RE—AREIRER, 1T
3 RBEEKMGERP 85E10-15 K (Maroni et al., 1986), 7 Mo fIF 92E K. Mm §5&5+
F¥-5I7E GLY-8 %ﬂ?&tﬁ~¢ﬁ%ﬁﬁ% B GT-AG M/PAEF (265bp, fIF CKiE 7
PTRE) HEGUXS IR, ERERBT L 300 MEEMN, TATA B2 8F 7 MEK
For BN 12 BEXNBRFFANE FREUTHAIMEHSR BN 2 BES B

191&&:’(?75%) HAF 5’ - (GC) TTTTGCAYNCG:-3' FF%l, BN EFImas TS
BEAEEE K.

7.2 MTER R ARA
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MM EEHENSREEERET (metal-rasponsive transcriotion factors, MRTFs) 3K
WA MT BE. WIS, 6 4 MRTFs B2#il. P RBiFHNE MTF-1,
RN ERFHERANLEFEIBED (Latchman, 1995). & IERIMR, S8EE4{:
TR, RMEMAZHT, EEHBEE TP (Zhang et al., 2001). BT, Zhang %

(2001) i T R &R AR KEF IMTF-1, B DNA &5 88K BB TWILE)
P MTF-1. dMTF-1 f1MTF-1 BIZER T EREBMBLR 7. MTF-1 T E# Zn 5% Cd
®ih, SR AMTF-1 # Cu Bk Cd WiE. X HABRIBS b7 MTF-1 BFRFEWHRNESR,
Fh%3%a)2 RA RN IMTE-1 FTLUR A MTF-1 —HMY S RENER. XEE R4
SERAMNERT R, MNREAMESEHY. AARRHNZRRIE. WL
Y16 MTF-1 ZE B iU TR AR R, RTTEMA IMTF-1 ZERDJLAAE (PipHAR
fik) ik (Zhang et al, 2001). XEHLHFRUAREERTEE XN, HEABSREE
KR DR R T RN I, s 5 8tk

R/ ERFEY MT ZERN BT LT &R BETTH (Metal Responsive Elements,
MREs). F48 Mo ZB8H 4 ™ MREs; Mm XH4E 2 /> MREs (Bonneton et al., 1996).
B, MAMLEEERR WIS AMTF-1 (Domenech et al., 2003). dMTF-1 AfEZE
REESHLIIPARERPEREFE SR (Zhang et al., 2001).

MR RBREM, Mo Mn BEHEBEHRERRERE, PBRAEBHHER
4B X (Bonneton er al., 1996). RV HETREREANEELBA T (endogenous

metallomolecule ) 1 &5 . X R B 715 8 d1H 5 MT X HE8)-& MR8 R % 4E A (Bonneton
et al., 1996; Freedman et al., 1993),

Min 3 Mto B E 2 AT SR, Cd. Cu BERNBSH, #8774 15~20 1289
RNA 70, Hg. Ag. Zn tHHEEF=AR W) RNA FFFIm. &Ra4#3 /5, MT mRNA
(17K SE MR IR, 3 HAE AL G K4 36 /M IXE—MBE A (Lastowski-Perry et al., 1985).
BEREAQTENT IR, PEERAESRE 7B (Maroni and Watson, 1985). 758
RARA. BB, iR Ccd” BIRES MTO mRNA K4 /L. MTO mRNA FRRELE Cd
AEE 4 HRTABHR, AE)E 8 DEHRINRE, RE—EHBIMIMME 48 /ANBF. R, G
£ R4 U 355 MTO IR, BERBANGHTRARNEIYE.

EHECHRERRNEZFRIEERRE D, MIN B MTO 9FESET 855
(Wilson, 2001). Bt, HT—THERBHREFFNAREMREET I . Cd. Cu B
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TEER MTETBREE,, BB MT ZEEHENSRENRE. ERHgeNSRE
h, AHERAEARIMRER, XMTAREHIRN 7R AEER RRERE2C
RiBEFEFIREAKEMBLREN .

it ARG E M RE B EME T, MmN Mo HERESHNEZICHE. B RERM
FMEE X (BEHE—1H CuSO, BFREYRENF ) KRB THEOTH, HHx&
PR R R MT KF (Lange ef al., 1990; Maroni ez al., 1987; Theodore et al., 1991).

RS RWER M F— 1S BEH (tandem duplications) (Otto er al., 1986). X4
HERAREXBHRTERT BN BRI (Oto et al, 1986), J5RMHHRTEER 1666
AHEMNERAEARAKIT s WARN Mm BBEH, HEBE Mo (Lange e al., 1990).
EEMEHPORRERTHERNETT S (12~22%), RAWAFENPRREETRE R
AREFK Mtm  (Maroni et al., 1987; Theodore et al., 1991). BREE M R KRNI
b & RS BRRE 2 8RB XM . Wilson (2001) A% g1 D. melanogaster ToH8 1% i 235 B
. (gene flow) FIRE(EMA Mm EENEEBNERGRZ AMNXBEERAIRE; Mo E
SRS THRENE—N: MTO IEBRERERTE, MINIEBREREY.

7.3 ERNEHS5EEHEN

¥Rk, RREFAFREAMCHR S22 — aTXSMEER 2 /BRI —
PMRER, BT EERTURT BRERNES, ANRERRE— Tk bBaRs,
MREENTESESHUEREY, BASABRFADSRIANERE, RiEH—F
Bt (divergent evolution) BEEFHARTIRNERSR D EREEN, BEFHEE
M, ERERMES RS TRKMETF (Ohta, 1987). HRAE BARE D RPN ER MT
BEE (Mm) NERAVBEAR - HEEXERROESHER. Mm ZEKEHSH 2,
SEUDN KRBT, I+ BAMRIIGEEN, WH My ERFARET4EF L MIN RNA.
GEARERIRMHE TN P EE R RR Mn EF TR L EEK (Maroni et al, 1987).
RISk E Mm KRERST#HATREEE T, 6 MRANESRERE. RENER%EERE 4
MERAP, RKAAE22~60kb ZRNFASEHESEERY,; aRE2/MEFSd, IHE
MEA BT —ANEERETF (Putative transposable element) EAF— M EE TN, &=

REEARGE 2 LRI A: (D) EREHRNER; (2) ZRMEAHE{LUEFH DNA
FBZBIAFNRGEESR.
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~ARTF Mm AL SSHEAER R Tk 4 BB SR AW INKRIER, 247
BRARIF 2 AP EHE Maroni ef al., 1987.). ESBHRINGKESHET A B S5k
MEESEE. nRSUEENENEEE 100, BAXMSUEEREEAFRAEAN
it 7x10 2. RinfGEH 1048, TELEE 0.999 LU LT, 3 Mm ik F LRk
A REIERE SE A{EP EIBE, FAFENT BB, Mn NFRNSUEECER
KRB, B0 Mo’ #0 Me®. s T/hOBRE, ENERELETR. #FESARETESH M’ &
Fra] %2 (Theodore et al., 1991). FERKHIFILZE, Mm' BB SBIZSNREE. AIEMF
KRBT, BB My’ B, KRBT HAERFEN. B4F WD M ERETHEREDN
Mir’, B Mm' BB Mm® SZAESHAMBAIZF 4 R B 715 R AR TR .

8 MTI¥) N H

MT BEBNATEZS. fra . M EERESTLaE, HRHR MT N
RERRPERKELTH. KIVESH:

8.1 fEAM L MEIEDr ST

BEEREARPHIERERY L — AR ERARAT—ER Z2HEW. MT #
A EEFBRRARERRKE LB RTRERAES, BEXHRSKESHEPHER
WEAHENAXYE. 2PEARTLB SRR RA —E/ MT ZR07KF. HFEEE
WP MEMEANER S AR EREHRER, A RRBSERFH MT. il R FFE
P RERMT SRS, MERRIETSRKE, AFEH HEDZERTERARREA
BB RESD. £RBED (MDD BRI EESRISENEMFEY. 28

B RMEOOPMRAREATRESHISREFEEDRIL T T8 (Hensbergen et
al., 2000).

8.2 MFFUE S IRVS RIS B RS M5 R 3o )

MT E®EEZLGE, BEABEBRLECESR, WLIHN MT RAUIRE. REES
RE—fMEYER. BxFERRE, AMTERAR, B84 40R0ER. BB
NN ZZEAHERTERN G E#ITHXRE. /M ARBTTHEZR MT XBE8EY
K ITE#HBKEEY (BERR) RKFERFRPRAGRTIRETFTKTIHIEEER (HHIR
%, 1991; ZoARAR, 1998). IXAMMEG RIS RIVGETR T —4RHKEE. BEiIHE
B MT AERE RN M D, J\EEG —FUHFTAGEI.

GRLEAd, XTEHREERREONFIRCETRE &, BREEFEIPHNEAR L,

#F HAARBUHRMLLEEA . FFUEXERMT MEH. hEERNARRAE FE—F
HBENERA
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HE SRR FTRAEKR TS ERPE N

FERY . . BESTUHERE, 8 (Ch. # (Cw) FESEREFNBFHRED,
E AR BRI 8, PR E B R ARKRREMI ARSI MK ER . EREAKRAEZRED,
ERWEIREENEHRNEIRA. FEHNAMHESRIER. BHit, HHxrERX
ESRENMEMFRAN EHNEHEM , —FETEXEN D SRR E B
VR EBRAERTEY, BRNEPESRSRER; AR A 5HEN
BEERAXYRNERREAFATRERINEGRAR. A, BRI OEERI
AT ADE. BEl, D Cd” St BRFE S B HEREDFERN. XERNE
¥ KERIE (Posthuma, 1990; Schmidt et al., 1992; Ortel, 1996; Sildanchandra and Crane,

2000). BB B K (Gintenreiter ef al., 1993a; McCahon and Pascoe, 1991; Rayms-Keller et
al., 1998; Cervera et al., 2004). BHHF N4 (Gintenreiter ef al., 1993a; Sildanchandra and
Crane, 2000; Rayms-Keller et al., 1998; Schmidt et al., 1991, 1992; Laskowski, 2001) FI¥5H
71 FB& (Van Straalen et al., 1989; Schmidt et al., 1991, 1992; Gintenreiter et al., 1993a; Niu ¢
al., 2002 ; Laskowski, 2001; Cervera et al., 2004) %. R, JLEWREBTEE cd™ L2
EMHRARLARERTNBAENEDERN, MERIHUNRETSEESR FHRM
AB®.

%R 5Bk Boettcherisca (Sarcophaga) peregrina (U H: BRBRD B—H0E &k,
RAEMNBR. AERFET, BXEUERATARESBARVEHHEY) ., BB FES
HEYR. FRESRMIEEOEMERN, HIMAERTEY, FRRIEE0E
FUM MR P ESRITERE. Yk, ZFRRNT Cd* MiEBIIMRERRTREKE
BHRENGES, ARERTRESABRAHADRMBEHCERMERRZY.

1 RIS HTE

1.1 R

EREIBRESTREEATLSRERE (251 T, LI12: DI12) AFEBENRE. $HH
A THER (FEsk K ¥F=3:5:6), RBERKNEHER.

12 Cd* MEREKE T SERMRE M
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KR RS h WS RENRA PAD BT SR, ¥R m KEMERE
b, 4EHE3003L, WAF1s0 g SCAT HECE HHHA TR, BPASRBASOm 5K
R D, 4 RNERE100. 200, 4001800 pg Cd* /g A Tiakl. HER24 h MG+ EY
Hiokshd, AEBALREHT24h, DURAKEKRT, £RBTRFE (AB204-E, Metiler
Toledo) MRE. #KJ5, UL X AMW (ZHX: Z8=1:1) 48, HAAMKEEAREER
BEAK (FTEE, 1999) ; EREEL RN, DAL EERNRAREE L. B8E,
S E XA BRAEE. Sk, BENLY. i, XETRSRELEN
SRR MNEE, BEXAERC SBOME. FRRPARE, 85 R LE XS AN
UL SR TSR, A RS EMBARE S0, REHE, SFARTULESIL. 5. 10
15 20 dR9RR R, fEEACE SRAME. R, RHEXRELAENBIPLES ~ 7 dif
ASREER R —EBRERA, SHBERRE4L, 2RChapman® (1995) FI5E3 b &

MAERE, RREHIR. XEE, HERENREBEZRFEHREINEREREH™F,
1 52 B S ERR AN A I

1.3 ca” MTFREKRFSEHNEN

I A B 1,28 e B A TR BE AU REAR T P 0 $h s AEEF, A8, RIS BRIRSCd A
THEEERE. 26, EFE12E5BSh . SRR ERIEE, KSR, SRR
SMEBRESMtERNCY SEANE.

1.4 CA¥ & BN E

#ZHNiuv % (2002) HHFI12013EREHS (HHREEDN103k, RS R
£53), 4BAH2.0m] BREM (HCIO, HNOy=1: 5v/v) 4k, REZEH25ml, BHETF

M4 e Y6 RETE (Perkin Elmer, AAnalyst 100) #{ECa™ BIkEE, REHHERCTY &8,
BHELPHEARINER.

1.5 BB

FIADPS¥ 4 (FERBXFLENE, 2002) A LGBIsHFHTHESH, B UDuncan’s #
BREEERA LBz ANEERER.
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2 5%

21 CARREK R B S ERMER

2.1.1 £yl
FRYNBARKREC LB)E. $hEENEKUSHRENOER, HPEkE (&
4-1A) (F=14545,df=4,P< 10*) kK (A 41B) (F=20.5554f=4,P<10") #
FMEENRACS AERENREEYE, SEKEER, SEA8, kKg. %9
BEFHHTS, Cd LBENSHHBEEK, HPERgiigi URICS SmkmfR
BERM (F=6940,df=4,P=0.0002), {BKIEBH, SHaBBELBAE (£ 4-1).

D 100ug'e B 200uge o W00y @ 800ugE OCK

0 N M o ' 16
o | b,
| L 11 |
an . L] 3
od w | u L on |
5 .
= F -
o | et o4 |
E | i
= | , -
= 5 . " H "
'g T4 ] T2 [ 2 k] E
]
Fnd 1] TY] 3 = L&
‘g i (1] - LN ] F ol
o %0 E
4 l';” t
" TRl o8
aapaEn
20
T
N [m
o i . . Q
T ] k! 4 I
Treatment time (h)

B 41 FRRECT SAAZRIFMER (A, B) TR (C,D) SREEREERHBW
Fig. 4-1 Effects of Ca*" at different concentrations on the body weight and body length of Beettcherisca
peregrine larvae at the parental generation (A, B) and the first filis) generation (C, D)

B TFE AR (X +SD) . Duncan' s REZRBEY, A—H@AAMRAISTHHNREL
FFRIEBEKT (P<0.05) . The values are means + standard deviation. For the same time after exposure o

cadmium, there are not significantly different among the data with the same lowercase letter at P < 0.05 (Duncan’s
multiple range test).

53



F a1 FRIKE C&™ N FEMNRMERR TS R g
Table 4-1 Effects of Cd*" at different concentrations on the stadia of B. peregrine larvae at the parental
generation {P) and the first filial generation (F;)

Stadium (h)
Concentrations
1st instar 2nd instar 3rd instar
(ng/g)
F, P Fy P F,
100 15674351 14.67+2.53a 34.6715.13ab 31.7143.72a 82331651t 78.3246.83 a
200 16.00:3.00b 1442+3.51a 36.0024.58 ab 31.09%4.18 ab 82334493 b 77672521 a
400 18.00+3.00ab  15.0442.32a 37.6748.08ab 28.7646.54b 99.6748.62a 79.72459] a
800 220043612 14812722 42.0044.008 29.08+4.02b 104.67414.01 a 78.12¢6.43.a
CK 14.3342.08b 14.73%291a 29.6746.03b 29.924433ab 7467+8.39b 77.42%6.31a

MR ATSE LIRS (T28D) . Duncan' s MR ERZERREH, F—FIPRARDBFHHBIERE
BXiEE¥AKTF (P <005 . The values arc means = standard deviation. In the same column, there are not
significantly different among the data with the same lowercase letter at P < 0.05 (Duncan’s multiple range test).

2.1.2 %5

ERNDBFRIRMCS LBE, WMPATEERENZHREENEN, Koot
E (F=41.002,df=4,P<10*) . JE (F=38862,df=4,P<10") . BKHE (F=14320,
df =4, P< 10°*) FOMEA) (F =40.495,df=4, P< 10*) 9FHCS BHEWENMBTELM.
RRERRBERARG, R, SMERE, BERE. Bek (R 42 .

2.13 Rl

Y BRERECS LB)E, WFRARRTUR. BRRAE, TRE. FENF
AbrE A RN, KR PLE (F=27.607, df=4, P <10*) . RITLAE &R (F=24.31,
df=4,P<10") . AR (F=183881, df=4, P<10") . XME (F=62.843, df=4,
P<10" | PR (F=13304,df=4,P<10") . MiuHfr (F=28.098,df=4, P=0.0001)
FEEEBES (F=17331,df=4,P=0005) WEBBEENZICS HBRENEEERLS.
SOTEVRAERRY, RS R . RO AN R R T B E R0 (F=0.689,df=4,
P=06302) (& 43).

2.2 Ca¥* N TFREKEB S EANE W

221 i
£ MEFRYBREFFSRCE LB, HEE (F=0356, df=4, P=03836) ik
K (F=2248, df=4, P=0.1095) (@ 4-1C,D) , UURLBHTE (F=0595,d=4,P=
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0.6663) SATRALMIARZHEEMNER (K 4-1)
2.2.2 WA

MR MR ALY BT BEFCS LB, HUME (F=1082df=4, P=0.366) . HE
(F=0.084,df=4, P=09862) . B, (F=0218,df=4, P=0.9272) FfH (F=0.112, df
=4, P=0.973) 5 BEEKMNEFEAZIEZHEE (£ 4-2) .

2.2.3 g

RELE P RGBABELR cd” AT, PR (F=0864,d/=4,P=0.518) .
HEREYELY (F=0.689,df=4, P=0.6302. MEHEE (F=0466,df=4,P=0.7594) . R
B (F=0.546, df = 4, P=0.7048) . TRCE (F=1.194, df=4, P=0.371) . {1 (F=0.029,
df=4,P=09983) . BRFGFMH (F=1053,df=4,P=04279) , UEREARFEH (F=0.856,
df=4, P=0.5218) SXFEAHLUFFESRZIEEHER (X 4.3) .

23 R BEAKARN CAER

B RREECY bEE, EREACH SRAERKTHE, ARATHEIRSE
hAB+AHE (B 4-24) . LR, HERSHLREHRANES (REICA™ e E i
) , ARCd SREWNAR, EWAATEE, AXHBHECE S2BRENT T
mEl. @icd” SBRATR, XRHALSBELANTHREHBARRBBSCS . T
G, kRCe” MM TR, HAi@RE.

do 2 BRI RATEZCE BB, Cd SBREFARTETEDDIER 4%

SFRA, BRANFEREK. XEWHFERPHCT LB PLSIEEEXREEY
H50, BEEALTFEETHAA (B 42B) .

3 W

AXZEREY, REMKBSHRRESCS aE, HHREEMASE. B
RASHEHRZITEZNER, HPmRELBEUANBE (B 4-1.% 42 1 £ 43).
XE5Cd” A RS, MBEE Orchesella cincta (Posthuma, 1990) . EH S Bk
Oncopeltus fasciatus (Cervera et al., 2004). X848 Aiolopus thalassinu (Schmidt et al., 1992)

REHW Lymanmia dispar (Ortel, 1996) , RKAZ R R4 BB Chironomus riparius
( Sildanchandra and Crane, 2000) AW RZELIY. BCI” AR E SBUZ R AMRRER LY ®
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DM@ B (& 1-1. R 1281F% 13) (4R, AEMEHR, MELEH. (Schmidt
etal 1991) . #EHME (Gintenreiter ef al., 1993a) , $BE (McCahon and Pascoe, 1991) . 3£
RAFEL Aedes aegypti (Rayms-Keller et al., 1998) FIZEHH MK (Cervera ef al., 2004) b
WHAERLRE, KPP HRE0EHIP™F100 mg CdClykg TIRTR, BIEHEZH QKN
B EE R FE K T —f% (Schmidt et al., 1991) . MR, Cd&*' 4BENSBUZEFIBEEFAH
HHEAHERS, XE5EZLE (Schmidt er al, 1991, 1992) « 34X (Sildanchandra and Crane,
2000) gL G 8F Acyrthosiphon pisum (Laskowski, 2001) P MBIMHEAR—BK. BH
PRZXERRPBREE—EEE LRBTHENBRZES HHEK TR REFMHEN, Ccd”
AEBERERBENEKE CSBEELTRRNETESROFSIERAE K —HEK
(Gintenreiter et al., 1993) . XA N TFEAOXABLUFIE, MCE™ LB G F M ML
AREH—EEERA GRIR R AH R A E S RARRE R, M43 57 o R 53 | —2,
mBLHESNREMMUHANEHEER, EAENEARE, ERNEINRK
(Cervera et al., 2004) . ¥ BB RAD—R e KEEA BB TH /LS (Gintenreiter e
al.,, 1993) . EMHARRTHEFEFFH—FH RN,

AXERRHE, Co° AEEEHEMEERIBEBEARRARNEFEET, MRS
i, MEERNEEX (R 4-3) . X5ELKLE (Schmidt ez al., 1991, 1992) | AR
(Gintenreiter ef al., 1993) . MG & (Laskowski, 2001) . W Musca domestica (Niu et al.,

2002) FFEMHMKEE (Cervera et al., 2004) PTHERIIXRBEHRD. KREBERH, TR
Cd* HBERBTREAEMBENEERERE.

HHCd XRLUE (Schmidt et al., 1991) FIZIE MR (Cervera ef al., 2004) T4
LR R B R, BHHNECE BRE, A PHLR RPN EEE TR,
HEERECS SBERETTETHEER (Schmidt ef al., 1991) . EICEREH, Ca*
MESETHRREMRBRFRIEETM. ZEIZWEBREN I, TR FRA
BETHRREVERAAFEPESFIXEEERILHIE. NMZAXERESWANSERE
). BRAANFEOMBESBHIREBRIE. XAXEREEXH, —BHE, HFRAEARTH
ZFCAdMEMIRT, 4T, A KRAFNEANASZHEEFNEw. HERZETFCI
ah18 IS BEAE R HIRAT ML RN, (AR LMANATE S A RBHEHES T, mBH
WA R TR, TN, Cd HFERHERTELRET 1.

% LAR, Cd SHERAIREASE. BMARANERNEMEIFUERERE N,
RKPg g5 EK. 4ahlE58E, E-FReEmELRE, Hik, EHZ8E
Bl cd” FSREE, WEREEX/LMEG. CHMEOIEER. REERANSTZRRIE.
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O 100 0 2005 B 400 ol ot

NTLL TP

Cd* concentration ( u g/g fw)

Niwus

Developmental time

L% F

B a2 FRIRE Co™ LRERRIFMER (A) AF R (B) BB e Co® RENSIL

Fig. 4-2 Changes of Cd** concentrations in 5, peregrine during its metamorphosis st the parental generation
(A) and the first filial generation (B) after exposure to Cd®* at different concentrations

L1 12, 13, LA M1 LS ARFRFTHGE Ca b EMIEMIE 1. 2. 3. 4 5K, PETEM, Al. AS. AL0.
A1 B A20 HRFORBBPLERE 1. 5. 10, 15 F 20 &, LI, L2, L3, 14 and LS mean the Jarvae on the Ist,

2nd, 3rd, 4th and 5th day after exposure to Cd**, respectively; P means pupal stage; Al, AS, A0, AlS and A20
mean the adulis on the ist,5th, 10h, 15th and 20 th day after cclosion, respectively.  fw: fresh weight
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BHE R EAMRERAA TAREKKE S RHNZ M

REFRVENUEESF AR, BEIERAE —E&£4 TEFHFH (Bremner, 1998) .
WhBH SR RIFEEENE, . B, SR, EbESRETEBRMR
L. HEX. W, FESRE. HEARETEPRE, BMRAENERNERER
Ef. BRiAXCu M EHERUMAEERSD, BEEEPTCw ERETHRBRRE T
fi (Crawford et al., 1990; Crawfbrd et al., 1995; Gintenreiter et al., 1993; Lindovist, 1992).
f, ZEBHRTCn HEENKBERRFREKRENRENEN, FE5RNECI NE
WENH, —FREBTARESEYNA—BREKRENERNEREE, 570t A%8
RKFRESRERGEHRRRSERERSTRZH.

1 ME S

1.1 LR
R R AR AR SE 1.1,

1.2 O AERAK AT S ERNE W

W d8 h RSB AEER (PR BTER. BPAHHBASN ml FHEER

B, 5rHIAMRE200. 40071800, 1600 pngCut /eI A TR, XBIRFRFERSINE
1.2,

13 Cu” N FRAKET SEXENEW

B SR v 1 2% IR R AL RN R A HESR AT P SR EHEF, AR, 2 REBIREC™ A

THEPEFR. 2/h, BHEI2EESH. SHERKERIERE, FHRESHR, BRRER
WA BROERBRACY SRNTIE.

1.4 Cu*' SEMIME

28Niu % (2002) ¥HEL2 A3 BENEHL (GhmiEihiok, RRUSlEg
HAE53), 4RH20m BAERE (HCIO: HNO; =1: 5 viv) #Hith, REEEF25ml, HRHE
FR S AHE T (Perkin Elmer, AAnalyst 100) RIECo”' 3K E, REHERECS 8.
BHLEREINTES.
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1.5 FAgadr

KREDPSEAT (R XS ¥, 2002) M BEBIEIFRTHEST, BLiDucans
BEREREREMEY BNEEHER.

2 BR

2.1 MERREKE T SRBEKPW

21,1 %M
FROBSFFRRE Co** B, SIREEREKNRZ B BN, HHXEE (
5-1A) (F=17571,df=4,P=00013) R&K (B51B) (F=13.8154df=4,P<10" M
EBHNEI O ABRENEREEEW, SMREEE. FERR, CBE, B
WA O (200 ugfy) MUMABREKEHEHER, RNAREER. RHRREHY
F, oot B SHEWBEK, HPEEOERIER " SRRENREEYH (F
=3.398,df=4,P<10"), {R¥RK/E (200 ng/g 1400 pp/g) ARLEEL T, HIKE (300ugg
1600 pg/g) 4%, HRBMAPBEK X 5-1).

51 REHREL Cu™ 2hFN IR RN URIT- (R4 BT R we
Table 5-1 Effects of Cu®’ at different concentrations on the siadin of Boettcherisca peregrine larvae at the
parentsl generation (P} and the first filial gezeration (Fy)

Stadium (h)

Concentrations
1st instar 2nd instar 3rd instar
(v g/

P Fl P F, P F]

200 142842020 14282022 2667£252c 26.67+252a 76.00+1.00c 75.67+351a
400 1433+1.53b 1433£1.53a 2833+252bc 28.33£253a 7833:208¢c 75.0024.58a
800  17.674058ab 14.00%1.00a 32.02:265b 28.13:1.80a 95.04:3.02b 79.1722.51a
1600 2033:252a 13204216a 40.00::2.00a 28.00+1.40a 11533+11.85a 74.62+338a
K 1457+ 1.69b 13.90+1.158 2867153 bc 28.6741.532 7433+4.04c 743324.04a
BENTHELINEE (X £8D) . H—FIPERTRATRRFERER (P <0.05, Duncan HNHHE

K%, The values are means & standard deviation. In the same cofumn, there are not significantly different among

the data with the same lowercase letter at P < 0,05 (Duncan’s multiple range test).
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B 51 RERECY" RIMERIMMER (A B) AT (D) HRAEREKNES
Fig. 5-1 Effects of Cu”* at different concentrations on the body weight and body length of B. peregrine larvae
at the parental generation (A, B) and the first filial generation (C, D)

¥g R THMATIEEE (X £ SD) . BEFIGEFRAFEERA—HAFRBERAEREE (P <005,
Duncan $NAREERR) . The values are means + standard devintion. For the same time afier exposure to

cadmium, there are not significantly different among the data with the seme lowercase !f.mer at £ < 0.05 (Duncan’s
multiple range test).

2.1.2 ¥

FRNBETRREC™ LB, MPLHEEHFNZAEENEN, Lhbass
(F=111128,4f=4,P< 10" . WE (F=182183,d/=4, P< 10 . K (F=20476, df
=4,P<10") F4HH (F=11.489, df=4, P=0.0009) ¥FEICu> BRI EE RN,
BIRRELENMKELBEENENA—F. (RKF (200 pge 400 ugp) BELE, @
KEK (K 5-2) ; TEKEC (3800pg #1600 nyp) TSR, {hahkFREAR
TH, BEXE, @KED, BHEK (R 52,
2.1.3 B

HRBRERECY” 3G, NFERRRILE. BRREE, TEX, PFENS
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IR R AR, 0TI (F=56.207, df= 4, P < 10°*)  RIFI (L E 4R (F = 74.183,
df=4,P<10") | HERIKTE (F=156302,df=4, P<10*) . XMHE (F=3.721,df= 4 P~
0.0115) » P& (F=5146,df=4,P<10") . MiMFEdr (F=4.531,df=4,P=0.024) ¥
HESAFay (F=7.022,df= 4, P=0.0022) MIZMEEHSHCT SRKEOEEEEW. 4
MR, BIRAE. AMCy Bk MR T B EE (F=0.18,df-4, P
=0.9435) (F 5-3) ,

22 Cu M TFREKR B SERINER

2.2.1 QJ_B:.M

EHBFAYGREFHLIC™ B, HAE (F=2.336,d/=4, P=00996) ik
(F=1576,df=4,P=02287) (B 5-1C,D), LLESHHHR (F=1.201,df=4, P=0.381)
S EABLLRIAZ R BENER (K 5-1D.

2.2.2 Wil

LELAER RBFREZC™ B, HABE (F=0557,df=4,P=0.6972) . %
E (F=0604,df=4, P=0.6684) . il (F=0869, df=4,P=049) . F¥EH (F=1410,df
=4,P=02994) SxRALMNRFSR SRS ENER (£ 5.2) .

223 UM

M RYABFBLEC™ LB, XNLE (F=0.181,df =4, P=09429) .
HEREHELY (F=0.434,df=4,P=0.7815) . ERFE (F=0741,df=4,P=0.585) . #dufk
H (F=0.98,df=4, P=04606) . TAE (F=0.079,df=4,P=09879) . ={F& (F=1837,
df=4,P=0.1438) . MERFFR (F=1019,df=4,P=04215) , LIRBHFS (F=0954, df
=4,P=04729) SXEHALURESAZHEENZWH (£ 5-3) .

23 Cu” IR REPHSR

HmmFRERECY™ 4BE. FRERCT SRUERTHR, AREBSIRTE
HBEHTARE (B 524) . Eh0H, HEHHMRFHRANES (BACY™ LEE Y
B , ARG FRENAR, THWARMGE HiHafEce™ GEKE M
IRl SEMECY” S RBEBEM TR, XU OIS AEATIT T L RS RARAC. B
G, BRC” SRAE TR, HHBkE.
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LERBERRYARTREZCY LEH, G SBEFRESIETEL/HTS%
BT FA, EEEATERE. XRMFAPHCT BBNALEE RO KR
b, BHEBEFFEE TR (E5-2B) .

3 it

FXLERRY, HFEINKBHENESC™ 95, HSREEERM. SR
ANhEGEHRITEENEH, KPRmRELEWEANE (B 5-1. & 5200F 53) .
IR BEAICY™ S0 (200 nglp) SEMREIFMNEE, RERRENCT FRcd —
FElER R AR IR A K (Posthuma, 1990; Cervera et al., 2004; Schmidt et al., 1992; Ortel, 1996;
Sildanchandra and Crane, 2000) . BAB¥RECo™ 438 /5 S BUE R B BRUA 1 4 5 B A48 20
WREK (R 5-1. R 520% 53) WER, 504" HBROEWRATAME (Schmidt er
al, 1991; Gintenreiter et al., 1993a; McCahon and Pascoe, 1991; Rayms-Keller ef al., 1998;
Cervera et al., 2004) . R, BRECY™ BB ENIEIFRIMREARLE VRS,
BHC™ K mt RATLAUN (Schmidt e al,, 1991, 1992; Sildanchandra and Crane, 2000;
Laskowski, 2001 . I ERXEH S MR KA CEE LR T RERNESS FE K
BRRREMXYN, ESRLGBRREFHNELE-SRE ERANMEES KNS RS
KM -—-FERE (Gintenreiter ef al., 1993) . XA FERLWBLIFE, Wwcd bEEFE
PRI Oncopelrus fusciatus WFERISBI— A ER A BEBETRF i, SHBE
SxtRARRIST, W adEl 0t M8 — B, TR LA B %t S - P46+ (5] B9 B B3R,
AHENREEE, TR ENHK (Cerveraeral,2004) . B8 B4 B BEXT 52N
A BRARIIMALRE (Gintenreiter eral,, 1993) o IR T HRIEER 3 —SHIo0
.

FIERRY, BIREMACY™ LA BRI BBF NSRRI N (&
5-3) « X5CA X ERMEERELMN (Schmidt eral, 1991, 1992; Gintenreiter et al., 1993;
Laskowski, 2001; Niu ef al., 2002; Cervera et al, 2004) . EEH, WHECY HEBES
BTRAEREBRENELREE.

FUERERY, —HEFE, HFREAFLSZO™ LEWGNERT, K45, £k
AHNRBMASRIRENES, AERETARECY NEEEABRERER, &
MR ERAPHE L RES W AR HAS T, AT ESIELET T/, TR, Cu?
MERMEBAREER TR,
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#53 AEHKRE o™ BEAM RSN AT TREHH X EWEHFEHEW
Table 5-3 Effects of Cn** at different concentrations on biological characters of B. peregrine adults at the

parental generation (P) and the flrst flial generation (Fy)

Cu?* concentrations { 1 g/g)
Parameters  Generation CK
200 pg/g 400 p gig 800 wg/g 1600 u g/g
Eclosion ratio (%) P 97.03+262a 98.02x099a 88.78x4.02b 64.69+545c 98.02+0.9%9a
F; 9569+207a 9635+2.0%a 9535:38a 96.03+265a 94.67+2.082
Sexratio(¥: &) P 103+008a 0590112 10120052 1310540152 1010062
F 1.01£006a 098+£007a 099+£007a 103£011a 10520092
Mating ratio (%) P 66.67x17.68a 69.44116.67a 41.67433.07bc 33.33%30.62¢ 61.11:22.05ab
Fy 62.20+£14.292 64,00%12.94a 6540420.63a 72.00+18.15a 67.00£21.10a
Oviposition number P 84.1+856a 785+1028b 485+9.71c 33.8+563d 742+1223ab
(cge/2) F; 85.25:8.90ab B2,13+7.62ab 85.8848.79ab 87.67£7.08a 76.38x12.74b
Body weight P(®) 3325+235a 29523256b 1551+16lc 1439:018c¢ 2913:00b
{mg fw/ larva) P(8) 31.59+0.56a 2885+£211b 1517x1.04c 13724£0.73c 28470640
Fi (%) 31.97+263a 3251+3.13a 3229£1.07a 3093+130a 33.77+1.20a
Fi(3) 3027+283a 2885:2.11a 303582.07a 2744+147a 2907+1.684
Longevity (d) P(2) 3333:32]la 3267+6.81eb 24.67+4.51bc 22.00+2.65c 34.00+4.36a
P(&) 31.07+432a 2984510 2427+275ab 1825+403b 30.76%4.15a
Fi(%) 334+251a 3220£259 2840:51284n 29447672 29.00%442a
Fi(4) 26590x30642 2870+£2.65a 2740+£3.80a 2520+275a2 232025512
B2 0 THE R (X £8D) . A—TFhEEERATRERETERER (P <005, Ducen FMEXENY
%) . The values are means + standard deviation. In the same row, there are not siguificantly different among the
data with the same lowercase letter at P < 0,05 (Duncan’s multiple range test). fw: fresh weight.

S LR, v RRRAMERL S, SRERNZTENFHEENREEN, R
FEhRGESERK. SRS, RTFRAZERESEE. Bt FHERNH
Cu” FSREBE, TEREEXLAEE CRNNREER. REREER, MHSRR
Ui
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Developmental  time

52 FRRE Co¥ B EHERIFMER (A) MF R (B) ThE B %A Co™ BErmSiL
Fig. 52 Changes of Ca™ concentration in B. peregrine during its metamorphosis at the parental geperation
(A) and the (Irst filia] generation (B) after exposure to Cu®* at dilTerent concentrations. fw: fresh welght

L1. L2, 13. L4 3 LS S BIRT4NE Cu™ LBIEME 1. 2. 3. 4 S K; PRFHER: Al. AS. AIO.
A1S 8 A20 £ RIFORER BURL/E B 1.5, 10215 F1 20 K. L1, 12,13, 14 and LS mean the Jarvae on the 1st,
2nd, 3rd, 4th and 5th day after exposure to Cu®® | respectively; P means pupal stage; Al, AS, Al0, Al5 and A20
mean the adulis on the 1st,5th, 10th, 15th and 20 th day after eclosion, respectively. fw: fresh weight.
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PNE BRSO A B 2 R I HE T

Cd** fICu™ TZRSIBRMEYENT A AEEW, MEE, 4K, 1bEE, FLE,
BH, B, £FH R . BE-FRENCS FL3lRRERMMEBARET, BE
AR B A Cd B E BB STLE, il 48R E DS B U RIS
HRRBERBMCE" (Van Straalen et al., 1987) : XIMHRESMHERE (nhhH. BK
BALER &, BE. A&, RERNERIE) TLI4EFCE (Ballan-Dufrancais, 2002);
EEEAREAEARTESIHMEECS (Adkieral, 1984); MEBMNEILMLERT
RTEEMER (Wang et al., 2001). THECE" FCu®™ e B BREE 4 P 9375 70 REBVR A
EREXhER, SREBERBHBRSHMCLEADKMRIE (Bengtsson et al,, 1985;
Van Straalen ef al., 1987; Posthuma, 1990; Heliovaara and Vaisanen, 1990; Posthuma ef al., 1992;
Lindgvist, 1994; Tochimoto et al., 2003; Cervera et al., 2004) . Crawford 2 (1990) iFsA#
¥ Aphis fabae BIECu HCd FSFRNFIHMESR, BRTCI BREBVRCu. G
HMTIREE, EHERT DBMNC (Crawford et al, 1995). Crawford 2% (1996) HHIEMM
K38 Locusta migratoria Al UAMKREZ YT L EZNC, HEFEGFZAEAYPITIEH
Cd. ZENTEBEMAEMPCE MC™ IR (Boeticherisca peregring) $iAK K

BFUAEPRBEMAMFNEL, ATRBERAERRARNER. FR. HSREMKE, 3
AERRBERERRFG THEHNREENSHER.

1 MBS

1.1 ptal

REAURBRBEEFFERIZEAT 1.1,
1.2 sSER &

W8 h ARSI TER, BLRMASOm! KREHRD, €100k, B
FCd” HEFRMATER ., SHCE WBH: 0. 100, 200, 400H1800 p g Cd*'/g, THE

WINEH. 54Co” KEH: 0. 100, 200. 4005800 p g Cv?'/g, BREWINELE. Ccd’
FREHACICL 2.5 H,O0 MZAEAKES, RESFH. BERLARESATARCE BB

69



AR E. Ou' BB ACCL - 2 K0 MABKARS, RESEH. BHRLERIMN
AR Ce” MEERAKKE.

FhE24 h WENETPRB10K5 R (AR EA SRR . BUERIL) BRI/ BE
FERESEORKAFEHETHT24 h, Aoy RAERDRITHL & KS
B PR Yo R it (Perkin Elmer, AAnalyst 100) $UC™ HCu®™ 8§, £ER I
THREARREENRERTIITE. /L8BE, DEENEER (ERYD0HENMY) MR

CA&'HC’ § 8. PG, PGEWR, HHRBRARERPH4h, BEDGERSR, ik
BOEEE LR Y, #TCE e AR,

1.3 Cd*" 8¢ cu*’ 5 BN E

g (10 k&h8/ER) 8 QO KLLIES) . A GLMERE 5 KBER/ER) |
ShmHEHE Yy (10 SkROHE /R E) MRSy (10 ANHS/ER) 53H 2.0ml &

48 (HCIO,: HNO; =1: 5 viv) #HH (Ninetal,2002), REEED 25ml. €RI BT
K H B F R F B (Perkin Elmer, AAnalyst 100).

1.4 B

KHDPSEH (/3 XABHX, 2002) XN &MBigtrtiT HZ24r, HLDuncan’s #
ERELELSELEBL P RERER.

2 &8

2.1 Ca>{E4h b A B 5

B 6-1 GREN, REIJNMKBSOREAS Cd” HEY S KA, BEdR cd 1%
KPBE THHPTEE (F=10518,d= 1, P=0.0022) , FAABREK CF SR
B 83.78%, MHAMMIA S 1622%. REMKESHAER cd” HRRBEHFSHEN
Cd”" WERELF], % Cd® WREETE 200 pge BLTFAY, Cd¥° KEHR, hiikA Ccd” SR
B {8 Cd™ REHGT 200 ngg BF, Cd* REFR, REAN CA SBRT FH. .
FRERIRRIRL X Cd” MBS TRE) C WBERHS], 24 Cd® WS 200ng /g
LUFES, Cd WEHR, sShhite cd 8L, B Cd WEHET 200ug /g B, Cd® K
BERE, ShHbe cd Rmmb.
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BB P EH Cd” WENEY, RRNKBYMASATERE ' MalaE
—IFR. AEELAEMERER, SHEEARE, RGLEITHEE AR, FRIIHNK
WELh AR RN RIS Ca® AR SR B AR (B 6-2) .

2.2 Cd” R EPIHEN

M 6-1 FTELE H, $RBMBEARNYN Cad¥ KBTS T EDRAS Sy .
TR RHMHEE, R 085 Go%ER) HIEMAEA, BIRFE (800 ngg) FIHE
EHRAE T IREER, AR 56.12%.

2.3 Cu?* ZEShsh b LR 5 ki

B 6-3 KRR, KEUKBHDBES O™ ORYE, WiEP ™ SRR
PFEREEMY, PDEBEZER (F=0011,d/=1,P=09168) . FHBARBRN ' &
REUE R 50.78%, WUHEHEE R 49.22% . FRRBIBKELH RGP Co¥ MBI RRE S k5
i Co®' WREEARILE. F4E, SERBIBEELI R Cu¥ BB Cu® RERHA.

T HTA BRIREN Cu® | SRR RIS A7 N R Co¥ R EE —REN:
SRR BN EAER, FEEEARR, RELBITMAE AR, B osh s, KR
HARSRLH AR R R EXT Co® MM S EKRBRBAL. (B 64) .

2.4 Cu® FEREMBP AL

AT 62TLLE I, RBREGAMCY KBS ETRLEPHELD LY. &=
MR RS, REO8S Go%ER) BERREN, WKE (800 1gp) NEEHK
NEGSBUHER, 1A540.56%.

3 #Hi

—RERDYHERAERN S RDEXNERE: 8PP LREE. EUENE. &Y

EMIEHE (Thomann, 1981; Spacies and Hamelink, 1985; Luoma ef al., 1992; Wang and
Fisher, 1996; Munger and Hare, 2000) . ZX#ARIEH, SRUHKBYENESECE 19
GG, EAMHCI HEBRESR, MEHETHN EEEME, B4 REEA K0S
RRATESRYNRERLE), ATHER 244 P IR BB A K ERE, PR INTR T
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e R, MEREAEE (800 pgR), REBNHMEMREET, JREESNPHERE,
FREX 687 TR, HRBE D T B SBATHIES 183KAL, Crawford F(1996 1R IE M KB Locusta
migratoriaP] A\TER NI RCd, HANCd BRE—PMEETE. Cd RELEHETRRP R

£, BB RER Drosophila melanogaster (Maroni and Watson, 1985). #2358 Lymantria dispa

( Gintenreiter et al, 1993a) . ¥A RS Bupalus piniarius R ¥ KR Panolis flammea
(Heliovaara and Vaisanen, 1990) . 3B 3 Orchesella cincta (Hensbergen et al.,2000) . 2%
HH BRI Oncopeltus fasciatus (Cervera et al.,, 2004) . SLHERABL, BREKNFIC
WEEZNRATHEPCASRIZE (Van Straalen er al, 1987; Roth-Holzapfel and Funke,
1990) . Lindgvist (1995) RIRBERM B Tenebrio molitor HHERMIC IREFNEY P
BREHRBPMEEXR, ATTANER R B EAEENCd WE . {ERLindgvist (1994)
WAL B Bat e 17, FiLlCd A&EAR. X RE R dxteh ek P8

HiRiE. CHEERAANRRTEER T4 ERESERD (WERBED) IREER
KICd HEAZE (Starcher et al,, 1980; Hensbergen et al., 2000) .

TR AAGAN S Co™ MEEE, RRCY mREECY REXEEY, BEL
BRI, AHEAATRR, TERBERMENEEE ESHEHCY® RARHH.
[Fl#¥, Poulson Z5. (1952) MIRBIRMAM D. melanogaster Y HBERRICukE S WP
WRBERELH. B4, HABEHRE B piniaris (Heliovasra and Vaisanen, 1990; Lindqvist,
1994) FifaHR Stenopsyche marmorata (Tochimoto et af, 2003) I RCu. R, H AR
EFHET Aphis fabae BXRCu FSRMFIHYREE, BHBERCu(Crawford e al, 1990),
HRHEHRT T EHM TIREC MEEANNSRERHENBERKTE (Crawford ef al,
1995) . Crawford ¥ (1996) HiBHILM K L migratoria 1B HuMH AL iBES AT
FHICu, HERBARIC KFE—EKE, #MHESHEBRERNCY KE 54N E L
K (Crawford et al., 1996) - X HEE B R AW EATCu HiBE.

HAMBLEEFEERFHE OXHEDNDHITERTRIGEE, ZRRHAF SN
REEREECo, HRAEMEC (Rabitsch, 1995a,b,c) - HAHAIEH (Rabitsch, 1995b)
B THUAERAECe RIBES, RAMxICd BFRED, FUMEARCI KK ESHA
EHCd WEEVHX. ~BRERFBNEFRREERAHNEECY FCd MAKF (Rabitsch,
1995¢) ., BREXEBERHBRKFLRILEAERAE, FHUEEROLRATE. B,
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Efd&RAIRNESATHHRER. HHW L dispar KB BELAESTR ST L K%
MR EYPHICu MCAd BUHK (Gintenreiter e al,, 1993b) . FAAHRENSBEBM Nt
KRR Cu F1ICd B4 E (Gintenreiter er 01,,1993b) . HESIEHCe FICd TEHBLHE

M H (Suzuki er al., 1984; Maroni and Watson, 1985; Hensbergen, 2000; Niu et al., 2002).

FEMNRRS AR ESELRUCYS, ESREFARE BRI EDHETLY. &
BERRGAND IS EFERAREANER, BHTHIEARES —REHNES, 2
iy b B A Ve B a0 R HE It o« Posthuma®s (1992) 3R di4AR 990%MCd MBE T,
FIKBLE RF35%MCA il XRAHRMHAILE: L0l Fecd FER—RLEEBR,
FEEB: £ FEBMPRC BFHNLEARBTRYK, |

FRMANG RIENRRA Cd™ B O EEHIEIHESRFNY. SEAR S
HEEE S, RAOBSBERSEN. RUUNREARL, 0 CdREEWEA (Aoki and
Suzuki, 1984; Timmermans and Walker, 1989). #3315 . BR$BH (Lindqvist, 1992) M H

(Lindqvist and Block, 1995) BREBEHTBRPENERL. THTEMBHEBRYHAKE
W EAEESEED, FERETANES, AERAREEROFLATNER, AR
ERETEHAKRNRARBERAANBRE (Wigglesworth, 1974), M FXBERE, kG
HROBREREHM. Y, AFULTLRER, PHEIFERBARES (Chapman,
1982). R TWUESP, 53 Ca WTERERPBLE, MHABE. PGSR RENEL,
#5r Cd WET b L st A BB e R B e, X884 Cd WAk p. B4, Ca¥ M oo 1
RRERRFRE (Nin, 2000), XEBRF Cd AR DRSS HE R4,

BZ, BMNMERACE MCu® MEEFEIFIBYSERBE, BRENRS Mt
B & BYIFCE” MCu® WEHEVIEX, B4Ryl Hca? Mce? 1hrtce? HIHE i
ReHtICE” MtieENA. BRENCE FIC™ B RIS —WaERR.LERX

S, BEMSERSTR DA RMES R IR RS, BB PE
BHCHN, BRTHRPHCI” 5, XBACE ETAIBRPROHNL.
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£ 6-1 RELEPUER. FARABEPRERSTRE (npg/3O

Table 6-1 Heavy metal contents (u g/individual) in the larvae, adult and waste matter during metamorphosis

-

Metal concentrations Excreta
Final larvae Pupae Pupariums Adults  Excreta of aduits
(ng/g) of larvae
Cd* 100 616070 1.79x0.19 419050 1.02+0.10 1982022 1.0 +0.13
(29.06%) (68.02%) (1656%) (32.14%) (16.23%)
200 686075 1.83+020 453054 1172011 2142023 108+0.14
(26.68%) (66.03%) (17.06%) (31.20%) (15.74%)
400 747x082 210022 496059 1292012 2342026 1.18x0.15
(28.11%) (66.40%) (17.27%) (31.33%) (15.80%)
800 1.39£0.17 040+0.04 1.04£0.12 027003 078+0.09 0.16x0.02
(28.78%) (74.82%) (19.42%)  (56.12%) (11.51%)
CK 0.01 £ 0.00 0 0.01 £0.00 0 0.01 £0.00 0
Cu®* 100 1.78£0.21  0.51 £0.06 1312016 033003 0611007 0412005
(28.65%) (73.60) (1854%)  (34.27%) (23.03%)
200 426050 1214013 3.13+038 0872008 1431016 0.74:0.10
(28.40%) (73.47%) (2042%) (33.57%) (17.37%)
400 469+£052 127+0.14 328+039 082+008 1542017 0.78+0.10
(27.08%) (69.94%) (17.48%)  (32.84%) (16.63%)
800 429+ 047 1.14+£0.13 295+035 074007 1.74+0.18 097+0.13
(26.57%) (68.76%) (17.25%)  (40.56%) {22.61%)
CK 0.01 +0.00 0 0.01 £ 0.00 0 0.01 £ 0.00 0

i EWHFMRLIEREE (X 2SD), BEAPERTSHRILAT 5. Note: Each value represents the

mean * standard deviation. The values in the parentheses represent percentage over larvae value,
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Fig. 6-1 Accumulation and excretion of Cd** jp B. peregrina larvae at different trestment concentration

fEF LNBRFTIFREE, AV B.C.D.E 2 YRTIRASS 24 48. 72. 96. 120 h. The vertical bars represent
standard deviation. A, B, C, D, E represent 24, 48. 72. 96. 120k after diets, respectively.

15



Cd** content ( # g/larva)
£

Cd* content ( 1 g/larva)

0.10
008
0.06
0.04
0,02

0.00

Cd* content (& g/larva)

-0.02

BT LHIBZRTAEE,

B Excreta Larvae
10
A B
T 'FE“ g | T
: I L
= 6 |
B 4
5
'I-u l
e ] “:n z i
v Y i x_-_ L) U ™. 1 . i _ L 1
24 48 72 96 120 24 48 72 96 120
Treatment tme (h) Treatment time (h)
1.6
C D
’g 12 I
| E
< 08
- £
+3 04 ¢
| Lj : I_
i |
=y L A . A 0.0 _ﬁ i N ' | 2 |
24 48 72 96 120 24 48 72 96 120
Treatment time (h) Treatmeat time (b)
E T
24 48 T2 96 120
Treatment ime (h)

K 6-2 xR PBMY) 7 AR BN RN Ca*t RIBURAEM
Fig. 6-2 Accumulation and excretion of C3** In B. peregrina larvae at different treatment time
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1 0 ug/g. The vertical bars represent standard deviation. A, B, C, D, E represent five concentration: 100, 200.
400. 800 ) 0 p g/g in diets, respectively.
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BLE BAEERERNRRASSE HRRTM

BEREREMEERE (P, SEE- [DEESE. Hip. B, RENLHEE),
KA L FE S B (Ballan-Dufrancais, 2002); BZERARMFTERENHRBE SRS
Aot E4BeRBSEHFAH, MEHMNLE, THEYBEsE¢RESEANHEAHE

(Suzuki et al., 1984; Maroni and Watson, 1985; Postma et al., 1996; Hensbergen, 2000 ; Niu et
al, 2000). HIEBESHRFRAM Ccuprophilic cell) BB, AL A ML,
WP L RERE (Durliat ef al, 1995). BRIXETSR R ARV XX a0 50
F, ERRRESRERREKRFTIBRPRSSENRKATRE, I EATRESRE
BhEANZHE. IR, HlSRAKIE. FLREIBHZRBH B (Boettcherisca

peregrina) MISIEREMELRCE" FCu™, HIWm B RZETSR& A T NMEBHLHIE 4]
B HERR.

1 PRl Sk

1.1 iR
R AIBKARSRE XN A ERBENE .

1.2 %

HPE T 1 d % BRS HBA S 400 ngg C&° T 400 nglg Q¥ MATHENT, HHAMH
B, 88 24 h BRI AETREORAKNERS, tHA—BE, RERHER
. RAEMEIERA. BREAERES L, ARk, HEaEREmHkE,
RIERABRMMNERARKRGHRRNmON. £ENSETMHRE, BRI ERITEE, &5
HER ARV, ZESERUNE, EMHLERDRENER Bk,

1.3 HUEE

10 kh M H el e, RE. P, #E (BPBE). GEE. IBH&ER
5, FHBABEHETFRE (AB204-E, Mettler Toledo) BERI/MFEBE D, REBAL

BT (Alpha 12, Christ A7) W% TR, BHE, AAOERZ ERERENTE.

1.4 Cd* M Cu* A BNE
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Cd' M SRWMEHERBUE 1.4,

1.5 Bt

F R DPS B4+ (B )5 XHIZE O, 2002) 3t &AL BIBIR AT 5 Z 51, B LL Duncan’s
BREHRURELEHZ ANEEEER.

2 43

2.1 Cd* B EHALBBEPEIDM

A 7.1 A, BRLEMEKE, RAIRRE BTN c AREREE (P -
16.184, df =5, F< 10™*), UHhBHHK Ca* SRAIBR, HREBRDHINBILE, iy
. Fpr. DRE. MAET CE SRR, W9 CF MR RARAY AN AR TE A
2R, RIELRBERS . BRHERTEN i ARIEFRBEY, TIUATDEY,
TR O REARE (B 72).

2.1 Cu”" EHBREHABE P

B 73 WAL ERAER K, SRAREERERN OF SREREE (P =
19.585, df =5, F< 10", LpHPH Cu® §BLIBHE, HRXARTHIELE, TED
. R DRE, MHES G SREE. BI O BSRRRS R &S X E 1
ZERAGE, RERTHRS . BPEHDN Co? REFF—ERRAEN, £48h 2 DR
thigy Cu?* WA, PHTH Cu WAERYG 48h ZETHH O WEESBRE
B, DRETR O RERMIE, EWNKE (BPB b o™ WELRE, HX
TREHN O IRERRE (B 7-4).

3 Wi

AHRBRTHRENES & O™ BEYE, TUENLE. DRE. £5. [
iR ETRMEZERESR, SHETEEIRBAILESFEREDPERE cd® M
Cu’* LA EA . Ml SRR THE) ABKETS cd M o™ MRERLE

HEREHES. ZEATPRNERERRRSRE C” o™ WESRE. Bk, X
M REEERCE L EHFEROE N

ERERT, BUPIBRARZERBETREERE, ANOFZ3ETH. £REH (RER,
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BEH, B3, AYEAE, EEE.%8E, ¥EENNHAB) T, PHEREMNERUA,
AR FARMTFDRBIREERAR. AXHRRER, REERAENY cd™ 1 o &
KEMENAE, WARBHE., ZE5WAMHEXIER M. Poulson F (1952) AR
SR BRI B B B8 Drosophila melanogaster $h PRI B H A #MEAARE Cu
HI, FFRALKULZRHAFERTR Cu BAEMFETHRK— DX, FishiedF (1971) A
Cu HILETHRRAK PO BARR L CHRE L. BERESTAH X-HamB ot Azl
X R AP ERAGRE; BI1EET 4 RFNITEERIMEETERERRIEM T
(Tapp, 1975; Tapp and Hickaday, 1977), JFUEBA T X4 B RBMEE. Sohal & (1977
HEFBRAATBN Cu FES ERERFBAETRX. WRARR, THITUEE Cu &
NKIEEEE (1lnm) A (Lauvedat ez al,, 1989). XFRAXNPHBCEERE T EBER.
A%k, /AU Cu 7] ISR 3 45 & & R ¥ 2 B (Maroni and Watson, 1985; Errais et al., 1989),
HREVESARFOSSRAPLCFOEEEX. B, FHARERANEMETTERSS T
WHME, MARENETEINEERBREANRAES&E 3L (Maroni and Watson,
1985), BEEHFHIHIRERESIRRINMBTHEER TR —BAEE.

Maroni 1 Watson (1985) REIBUHHEN'PCdCL, HARK PHER Rk, 258
BEREERSSUUENBATCA EEEREN, 5%LULEEN'®Cd 3 HESATH.
Hensbergen % (1999,2000) {FFABE R Orchesella cincta WX BEHEPHERCI. XEX
XHEBNE LA HIMNFEZEBERAPHAXZHENCI SRASESZENSRR
T A%S (Maroni and Watson, 1985; Hensbergen et al., 2000). EBRESEHARA S KETR
EHEBEE S, ERBLRMAIHATINIL (Silar and Theodore, 1990)., {BiXHhE 753
R AP FEARTFEE (Hensbergen et al., 2000). HXCd HEERBRFHANBREAZNCHE
RiH (Pawert et al., 1996; Posthuma, 1992}, HERFXTXEHBRCI 403 5 B vy Bok
HEERIRIRRIE.

B, ERUTULHAEDKE. REMMIESRE (Ballan-Duftangais, 2002). 7E
HSRETVURERIANVELEESRNBEET A NEET (Gaayoa er al, 1992;

Ballan-Dufrancais, 2002). R X EHELFNHKTRNERD . EXLBEPREHLSE
ERHEGHFER? XEWERTHE P HHA.
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DalE BES ONEE (RPEY) D9E BHER ORNBG

Cd?* content (¢ g/larva’}

14 A 7 o 1%

Treatment time (h)

7-1 WEERRBIRMS R AART PR
Fig. 7-1 The contents of cadmium in the oxgans of Boestcherisca peregring larvae

PR BRI X (X £SD.). The values are means + stendard deviation.

OAME BRE ONLZE (NPKY) O9E BGER ORI

40

Cd** concentration (mg/g dw)

Treatment time (h)

7-2 WEEI R BININEY k& S S B A P IR B
Fig. 7-2 The concentrations of cadmium in the organs of B. peregrina larvae

5 T HFBE (X 25D, The valucs are means + standard devistion.. dw; dry weight.



Cu®* content { b g/larva)

Dasrc BkxE DALE (BRPEH) DrE BUER DELW

I8

Treatment time (h)
B 73 REGEARRGSLEABREIRILE
Fig. 7-3 The contents of copper in the orgens of B. peregrina larvae
BEAHTEHELIEE (X £SD). The values s mesns & stendand deviation.
ORNE BES DAGCA (RTEH) DeE BLUET DOED S
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M 74 WEERIMNSREERBEPRE
Fig. 7-4 The concentrations of copper in the organs of B. peregrina larvae

SR YA L FRE (X +5D.). The values are means + sndard devistion. dw: dry weight.

83



FINE TSR 5 R B K 5 B S R

HRPESR (CofICd) BRE FAE EHREX R MR EEREL . dTHEK
FHRFEEERL, BRT BRARE FOBRE R B TR (Goering et al, 1995) .
#RAT, EERMNSUNBHSHRRIEE TR HEXHE. FEHRBRRATCA X
RAREEIESSFAERREEN, mERER, Y, £HEGRFICEES (Cervera er al,

2004; Gintenreiter er al., 1993; Mathova, 1990; Niu er al., 2002; Ortel and Vogel, 1989;
Rayms-Keller ef al., 1998; Schmidt et al., 1992; Sildanchandra and Crane, 2000; van Straalen ef
al, 1989) , MEABAASYHIELERIE (Bischof, 1995; Shin ef al,, 2001; Ortel, 1995), %,
R (Ortel and Vogel, 1989) RBALE IR S (Zaman ef al., 1994; Cervera et al., 2003).
ARGENRARCINEERLE LR REY ARAREAATEERHEERK
5 0 AR T BOOLIR B - IX L0 R EL R % B B U A FER S8 B9 H X A 0 B bR &
Y (biomarker) TRAERHMAKERFHES RS RERALEN. SZHEN, BIRIEE
BHRESRIGREIEAEMERAZLRENCFRE (MREMRBE BV ES
BsRNEERSY, BAEMNE - SEMES KR QR 2 FH (Balan-Dufrancais,
2002; Pawert ef al., 1996; Sorour, 2001) . R, WOFTARESB/IIRTERISHIR D ESE
REFRENMMEET (OTHAERE) PERGEHATHR. B, XEEIEAR
Cd™ GirEHMRERE R, 0 HRMOERL L, RASHESE (TEM) , abs
B RIBKYR (Boeticherisca peregrina) P L K EANBIEHFRNIC MO BFRER
A RNBITHR A TRESERAERRARAMS BRI BERBREELE, Fibs
B R A MRICE FICu® 15 R s R R BEEIE .

1 RS

1.1 Pl R
RR BB R S 1.1,

1.2 H AR AELF e PR

AT HREBFERBHCS Mo BRNBARE, BREIIKR ARY LS 3Re
FUTHRESERAFER: 50, 100, 200. 400. 800. 1600. 3200 1 g Cd**/gI50. 100. 200,
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400. 800. 1600, 3200 pugCu¥'/g. Sk, XEEATHERPHAITES. SRERIKE
g, SABAETHMAWIEEIMLE. TERAFNRLC MBS REATROFHE, §

WEAETZRES. HHLC, LCoMLCs. UBAMERKE (FHEEXTIS% » B
% a4k Braeckman (1997) BFAE LT E .

1.3 $h & mAbeE s

B2 AR (B 8-1), BIRRBRIREATEBFERNBOMI00 » gCd /g HRI100 n g
Cu®' /g &P, 48h FEH1003k4h 8, ZIEKES. BB ERSREREKEM—KUF
BERBEY, REEDMI43 FRBEME (Motic AR TRATHE . BIE, LHBIER
B b, ARSI R ERE, UEEREREMAE, B5HBRMAWIH S ERRG AR

MO . FEEMET RS, AIMREHEIT AR, BNINRA RN # ZRSEERRSE,
BENHBER D KEEREEHT.

Cd** concentration (¥ g/g)

1000 . 2500 .
N LCys
Y o ".
800 L ‘x\ g 2000 P ;
600 S 1500
e T LGy
4m - o ~ § 1&)0 % ‘\.
™~ § N
- ~
It g ﬁ:‘ N~
~ -
20 | L IR S so0 -
\ LCS . T~
0 L 1 L 0 ;\., i 1
G 24 48 72 a5 1240 0 24 48 72 06 120
Treatment time (h) Treatment time (h)

M 81 HRGKERARNRSRWOES RN ERAMMRYIDRE LC sk

Fig. 8-1 LC curves of heavy metal on B. peregrina larvae are plotted against metal concentration and
treafment {ime

S @ CEBRNARNES RRE N HETE. The metal concentrations and treatment times which were used for the
experiments are indicated as closed circles (@).

1.4 PN ERENRFEEUE

Wk 1.3 REIREINTRADKE, H DMI43 BB EMEBRIAR, REHILGF

348 51 5 P B B 8 4 8 3k ( Motic Images Advance 3.0, PED B PHBASEKE (n=30)
PEME.
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1.5 G ST B

BEAEIIBAEPBRNBEER,. BHPBESKENTE (n =5 BE25%_8

MR BEE, °C TOR, ZERHEER. H 01 M NRREME (pH7.4 ) B
=W, §K 1S min 1%WEMERS 1h HEETE BEWRESRERERSK BX
15 min. Z.BEREE K (B 50 %, 70%, 80%, S0%F) 95% FH PPk EE ), MR EALEE 15 min,
Tk ZEEAEER 20 min, SERIMEAEK 20 min. A Spurr RS (Sigma) WHMRAATEE L
B MolRREaENSHRRNESE GBEEAN 1D AERER 1 h, REHESL
Bih 31 MIRAHAEER 30, BERAGGERALRENIE. SEIRELE R mA
ARG, 70CmAER, BAFAEFRAERS. GIRFHE AN L L BN

IRk 80 nm KM, B RANEEEREA PR N E 0. . 76355 085 (JEM-1200EX,
H4) THEAR, MEHEE 0KV,

1.6 ¥3Bath

MEBEEARR D ENHELFEE. BDPSHIBEMT RS (R XSBHE, 2002) &
Duncan’s FHEE, P<00SKIEREE.

2 iR

2.1 AL EKEEES BN

EEAS Cd” B G MENEYBRGREESEHRET BENEML (E8-2) .
EALTE 48 h B, THERBRENGCERE, EPBHEXR AR —SRRER, BK
FHR TSGR NBE. £2 cd RO L85, PREETETE. TR cd”
AR Co® AE, SRENKENERBER (X8-1) .

2.2 PGB EH

22,1 MH

PHREFBRHNRE, d—ERNLER, KA, SMULEERER, LEEPHER
ARIESS5TLROEPHR. TLARPHERSERIRE, BIATBORER, B
Hir RIEMRAE, PEFHITHANBEERNDARXEE (B 8-3ab). MAEHER
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WeBET-EERE (A8-3b) . MEAKEM GER) 44 TREREMBT, RALH—
MEITRIEN (B8-4d) . BRADHXENRERNER (B8-S, k8.2, Bk
fgE EERLER > (B 8-6a, R B8-2) . iS5, TIMER LB FHERRNBMERRET
BEEAT BN (B 8-Ta) .

222 Ca"

ZCd BEE, PBRNERARNESERERT BEOBRENNTNL. HRER
WG HEES], ERIR, ERBeRE (F 8-3c) . HEMMINHE (BHEMEER) AR
BREATBH, SARRIAROLHERIRES. FEENEHRERE (B 3-4b). AR
WA, B S TIMMERAEARFSE. SBAML, £ARKPERNEER
M B> (B 8-5b, R 8-2) , BFHE TTENENN (B 8-6b, 82 ) . FEARNMS—
95 9%R 4% (concretion spherites) HTLAINURS . /ROBTAL 44 & 7 T BUk 40 FIRR
i, KPOPREDREERENBESE (B 8-7b,c, ¥8-2) . RTHHT BRESS, ARH
REEAR " EWMBTHEENESY. EM# - RBHEEAEE, Ba& T ARKRREK
EEFERYE (B 8-7de, R 8-2) . ZERSYITREETTARBUNRENK

(Ballan-Dufrancais, 2002) . A, TRABAERNERTEENYR (B 8-7b) . HH,

KEHKEZRSIBERGTOE (B 8-70) « BT, BHEAERANEMRHEMENE
k..

2.2.3 Cu*' b1

PRHEEM G0 FERREBRSEHNEL. TBXR LS ERLRHREEN
— 5 IR AR S 3 HH N/ B0 () 8-32). 5 BRARN B RREMAEHBE (B 8-32).
WEENARMNBRESHZE T ENERER (8 84c), HEAREMZRL, P5ERMIDEIEE
A7, BESFERETHEEOY BN &K ERRAER (8 84D . 5 cd” b
A, ARAPIERPBETE (B 8-5¢) , KHAMBoE A (B g-6c) . HlAET

WIL T KADAA—HF OBhis, PRI HETEENREDR, KNAMESERETER
REEYE, AECEERTENAANZR (B 8-7g, k82 . BEHARIENEMT.

2.3 GEKESNEGRH

2.3.1 XTI
LEBERAERMESEERY, B8y, RRENBR TR, MBRPEEGERIE

&8



FURBAYE, EEMNEERF 026400383 pm CPHELREER) (B 8-82) . BPRiLMm
AU HREA R, K EAMRESNERRE (B 88d) . BNENREL (H89%) .
HEAERS AT KON EREN, 2PTHY] (E8-9d). Wit FHHETTER
ST H AU PIR &, — R URTFEEYTRRAT], 5 HREE TFREDANHS,
BESER—AROA (B89, BR, BRANRS THEENT UHRE.

32cd" 4R

% o HEE, TEENFLEKSARNET B RNEAL. EBRESRES, BEEQ
# 0.1688 2 0.0220 um (PHMEHEE). EXRBZ)E, KMBERFRE (K 8-8b), FlRiH
MHAERE, SRANEESETE (B 88e). ARARMTIHRR, FLELEDE
Bk (& 8-9b) . EENFRRIMEAFRMN. BRFEFFRKETRHATHERD (B
8-9¢) . Wb, WERPIF—HRBTFEENT WRREBATHRAD. MEPITRH
YR, KRSHREYR (389 .

233 Cu®" 4l .

B oo REE, DRENENEEARERHTEL. EHEN, FEY 01625 +
0.0194 pm CEHHEURAEE) (B 8-8c). MAEHE, HFITF, SHERRTETMR (B
8-8f) . ARERMARL, ETRAHE (B89 . EAMAD, HEARMLFLR.
HAXRBKBTHRSETARPLEE (B89 . R, 5 cddBal, FERNE
~RESTEENT HEREHATRRAD, QLAETRENENRESR (B89 .

3 it

R BIBRAR L) S T BFE AR O BiCAY 2bB48 bA, PHADERE NSRRI
W, HSBEMNNRARERETL. ThEEERTREIRN—RAERHEHRLaRE:
BRARS, RRSRIRITR; BEARREKSEEL, EETRIL. EELERNY
B HBRAME (Lauverjat el ,1989) 48 (Sohal eral, 1977) MHFIRY, BERIMEE
RUfER: MY, RAEIERMOERE, ER BEEKKTRNL, REBENNETB.
XEREERE H T ELR I LIDSINGH WE, BuTHERAMSRERTHENTE
(Vilella et 1., 199 SR AN HKER EZ L AL B EEFE, R &L FHBEHT,
CEEBRENTERMNE XRMEEESRHET, BRANACHATEREER
(Cheville, 1994). KR Z#HERA, &N T AENNEEKRATR, XS5HMbAEH R

8%



B ERMALA (Sutherland, 2002).

B 82 RSN STFRARENELREN8 ) EHPRENLEEENILE
Fig. 8-2 Comparison of morphology of alimentary canal and malpighinn tubes at the light microscopical
level after B. larvae were treated with sublethal conceatrations of heavy metal for 48 b.

(a) HEBLNADEENREE: (b)) " LBEHBLENLERMESE: () COLBRENMY
LMD EENRAE, (2) C: I O: %l: P: ATW: M: hils: H: 5l MT: LEN®, The sketch
of contro] alimentary canal and malpighian tubes. (b) The morphology with shortened midgut and melpighian
tubes becanse of Cu?* exposure. (¢) The morphology with shortened midgut and malpighian tubes because of Cd**
exposure. C, craw; O, oesophagus; P, proventriculus; M, midgut; H, hindgut; MT, malpighian tubes.

god” Bou LEE, PHRANTORRETEREEREENRES. BANHITHR
HEBRM (Dallinger and Prosi , 1988). St5t, RFTFERARNAGT HABREBTTRRR
Bk, BB RMENE Drosophila melanogaster (Tapp, 1975; Tapp and Hickaday, 1977;
Lauverjat ef al,, 1989) FIH M Musca domestica (Sohal et al., 1977) TP HERIE. HIEH
EAEUERT, EXBRN—HENRH, BHETRRTHELR (Lawverjat e
al.,1989), Wi ELEEREZHAMAEE (Cheville, 1994). HHBMAEMEHRRE 232
ESRMEMATER, XRAFESR (NC) MERTHERART —RIMNERL,
BESHEN T, RAREANNAESRIEARYENS R, W HRZHEH—RR .
FYERAEEEAIRTSREENREN G, RN, FERETEASH6TEY
EE R EN L EART .. BREBEREFTRANSNENED, 7 PER&T
EXENTHFRE (Brown, 1982). APH D, BELRECFTY UBEES, ZIBRT A
LAHE SRS RET DB ARG LA BARER. R A NS 4R o
ENER-BREGISE L4, ENTUESTBAERDESR, G amnmM
(Ballan-Dufrancais, 2002). ¥ #URKIRIE TR AW FFEAE TR RA, BAGRLE
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LIS 2 85 B IR B (Wessing and Zierold, 1996) » FELR A B2 00 Sl 4 Skt
#, BESHTURMMR. HEM-BREEA AT RREUBETARZM RN, RTHE
VRS 8 A REAE. SREHRTHREMPN, MEEE L8R RLUEREE
Fo BAEEERBINBBIRRPHSERAS Jeantet, 1971).

FEAEBRUDENBREREN, EXESREEFARESNGY, THALEEGRED
T, MRYTERNSEETAKNAR. B MRS SRECE SRR R,
B, TENECE SR RENT XA BT (Cheville, 1994).

RAVOHFRRY, SRR RS FEFEHRE o™ R cd® BEg b5, BEE
EREHNSERRHNRNY, RERZHNGES. IERERLARETRAZE, WA R
BREMRSE, KEHBRLCMHE, HEF. j:i&‘]ﬁﬁﬂiﬁﬂ'ﬁlé. rER 573K, WEE, MALRI™
B, T KRAKIROZTRESNEE,

# 81 STEREARGCE MC™ LIS bE KRN G KA D EE AL
Table 8-1 Chapges in the size of the midgut and malpighian tabules of B. peregring larvae exposed to
sublethal doses of Ct‘l2+ orCu* for 48 h

Midgut Malpighian tubules
Treatment
Length (mm) Diameter (mm) Length {ram) Diameter (mm)
cd® 3245£190b 1620094 3396+ 1.05b 116£0.02¢
Cu™ 1654090 ¢ 1.56+002a 32.08+1.78b 0250011
Control 457546648 134+ 0.08b 38.55:0.68a 02020052

BEHFRMLEREE (X2 SD) « Duncan’'sii WREZHRRY, R—3PATEIEFIHRBRRER
ZREKF (P<005) . Values are expressed as mesns + standard deviation (n = 30). Means in the same column
followed by different lowercase Jetters are significantly different by Duncan’s multiple range tests (P < 0.05).

WEEMBBER BN H T, IR TH BEheE, 0%, Bz, BusERy
FI2IE (Vilella, 1991). 2R K 3506 5 BB FFKHE A SRR (Cheville,
1994). ERMIEKREARZHIMES. KNLFRBENCHE, ST ERFILESF
FERME (Cheville, 1994). FRRTEMBEW R REAIRERENA%EL, BFRT
B ARG 8— S IERIL (Braunbeck, 1994), BB RRATEHRTREHRBESET
HERSIBAR (Braunbeck ez al., 1990). SARZHHE, B TIEHR-BOASBHADRE,
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BT HARFE T HARREIGE (Cheville, 1994). & &RBITHMEENERT LS T
ARG T L, FTHURBRAREIMEHEE Oiposomes) FNAEHW L, HAAES G BB
R (Roesijadi and Robinson, 1994; Di er ai.,1995). HMERMESHE FHENES
REIHLE. ESRAOBEACE, 2008BFREEATHANLES, BRTSEFRE
HAMBEN, SEAERES, BIURLRHES, ATWTREERRTYESROKYE
(Viarengo, 1989). M fIACEE (ligand) FTLAZEAIBUP MM ERPALET, e REBA,
SRR A (George, 1990; Mason and Jenkins, 1995) RRMMFA IS RHEE M
(Engel and Roesijadi, 1987). {2, —ER&ERCIFTEA, TRIOCIRS N HHIT 40
HHF, EEVARRESRERM—BU (Wolstowski et al,, 2004).

i 8-3 B b B RTIOR R 5 s s 7 S )
Fig. 8-3 Transmission electron micrographs of the apical apart of the midgut epithelium.

(a) MR HTRE REMAE RSN (WL ) HRFERRRERSENRE L, (o) cd
B ERAEWBIE, #MRE: () ¥ DRSS EERED, ERBUEMNE TN E. MV B
E: PM: BB, (a) Apical cell region with numerous microvilli with secretory vacuoles (arTow) in the control
state. (b) The peritrophic membrane (PM) tightly covers the microvilli in the control state. (¢} The microvilli are
destructed and disordered after exposure to Cd”". (d) Lile secretory vacuoles are showed and the peritrophic
membrane is free from the microvillons border afier exposure to Cv?’. MV: microvilli; PM: peritrophic
membrane.
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B 84 i L AENER AT AN AT ERE
Fig. 8-4 Transmission electron micrographs of mitochondria and rough endoplasmic reticulum (rER) of the

midgut epithelipm.

(a) MBERE (M) XBELREANEHNN: (b) C¥ RBEERNGRE, RN, Mk (o O LB
SRHABREE. FEEDE () ARBEPRRATIER, AR (o) ™ 425 MR NN LN,
B LEMBRNZRFRAR, (D co™ HBFEHBRBBIFEES, BSEm iy S Ry M R 5k i
FRREEM. M: 8R4 ER: BEAKR; v: TR, (2) Numerous mitochondria with obvious inner membranes and
cristase in the controf state. (b) Numerous candensed mitochondria with loss of eristae are present afier exposure to Cd?*, (¢) The

inner t of many mitochondria showed signs of destruction in close iation with hydropic les after exposure o

Cu™. {d) The rER with conspicucus cristac is armnged towards s parallel organization in the control. {¢} The cristae of the rER
appeared inconspicuous, surrounded by some bydropic vacuoles after expostre 10 Cd™. {f) The crisiae of rER form circufar
arrays, in close association with some highly electron-dense spherites comaining hydropic vacuoles (arrow) afier exposure
Cu®. M mitochondyia; sER: rough endoplasmic reticulum; V: hydropic vacuole,
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i 8-5 his b B BN R T SR
Fig. 8-5 Transmission electron micrographs of lipid droplets of the midgut epithelium.

Ca) M IRAMF RS XRIOGEEAEN; (b c&® LEEMRRPREERAEEREDN (o) Qb
BB R REOEHAEREFED. L BEW: V. FMW. (o) Larger lipid droplets with higher density
occur in the control state, (5) Smaller lipid droplets with lower density are present after C&%* exposure. (c) Smaller
lipid dropless with Jower density are showed after Cu™* sxposure. L: lipid droplets; V: hydropic vagole.
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86 T L A RPN RGOS T ERE
Fig. 8-6 Transmission electron micrographs of stored glycogen gramules of the midgut epithelinm.

(@) SRMCEERIRGD: (b) o HBRECFERTERREAN: (o G LEELFER
FEBE RN, g): BB, V: £H. (a) Glycogen granules with Jower density occur in the control state.
(b) Glycogen granules with higher density are present after exposure to cd. {¢) Glycogen granules with higher
density arc showed after exposure to o™ gl: glycogen granules; V: hydropic vacuole.

BZ, SRR M S H RGN R o O™ B, PHENDKENEE
REASEHRETZL LEHE+BENDS KESROELRS MmN E Y+
FBel. ZH T ENIMRERGS AR, B, RRNRRTEY—FEREY
RURNESRSE, ERENT WG LIRS, Wik, FRMDRENE
HRRABERRICETR T RS RINASARIIEN S AE. KSR AN, B4R
SHNERA YA EESRIENTARRE AN,
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B 87 S L EERTRNE. TR TRNBN AT ENE

Fig. 8-7 Transmission electron micrographs demonstrating lysosomes. tome concretion spherites and
vacuoles in the midgut epithelium.

(2) MROFHEAEIEGEME: (b) C¥ LB TXNTWERE (AR RARAENELTFEA
AR (BRK) 5 (¢) o RETHWSAN (B0 HANFWERE: (4, o cd” 4ETY
~ERETHERNESY, TRREATRABHAKMNE, (D C¥ AETARMKBETELES
AR R: L W S Bk LS. WHRKNHNRENG v 2. (@) o aEEHE
IR — BT DR 0 B A AR NIZE 1., (a) Some lysosomes with slightly electron-dense in control state;
(b) Many Jarge concretion sphexites (black arow) and some larger elumping of highly electron-dense material
(white arrow) under ca®* exposure; {c) Many large concretion sphberites (white arrow) sumround by multiples
whirls of membranes and some small ones contained homogenons material with highly electron-dense under cd
exposure; (d,¢) Lysosome with spherites under cd® exposure; (f) Many large hydropic vacuoles dominated the
central part of the cell. (g} Many small and large concretion spherites in close association with irregular vacuoles

under Cu®’ exposure. L: lysosome; S: spherite; LS: Lysosome with spherites; V: vacnole.
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B 38 LKWENRRATHENETINE
Fig. 8-8 Transmission electron micrographs of basement membrane and microvilli In the malpighisn
mbules.

(2) MECHHVSRENABAE: (1) cd' LBRENEN, FERARRE: o L85, ¥
BEW, (& WEAMNNMREERNORIRY, SREIREE: (o) o HERERRD FRATR
%, BRANNERE TR, () O CHEMATEE #7517 GRENEEE TR, BM: £
MV: f488E. (a) Cells have numerous well-developed infoldings of the plasma membrane in control; (b} The
thinner basermnent membrane and underdeveloped infoldings under ca” exposure; (c) The basement membrane
significantly became thinner under Cu®* exposure, (d) The brush border formed by regular closely packed
microvilli and many mitochondria in control; () The brush border with microvilli falling off and the decreasing
number of mitochondria after Cd”* exposure; (f) The brush border formed by closely packed microvilli became
shortened and disorderly arranged, and the number of mitochendria in close associate with microvillous region

obviously decreased under Co® exposure. BM: basement membrane; MV: microvills,

98



99



A 3.9 LEESNE. RAMAY IERAKES ST 28
Fig. 8-9 Trapsmission electron micrographs of mitochendria, endoplasmic reticulum and concredon

spherites in the malpighian tubules.

(a) MEGHARBER; (b) Cd BHEARSHRFRESRNEREFX): (© O 4BF
Sk Esnd, ERRAAE (WL ¢ () MERWTHIPEEAER: (o Ci* 4EEMTE
FRMEHR, () 0" 2EEAFALYEEARRAMARSARER; () HRERBASTRET
W R MELEERIA (R MEMSTIN: ) Cd SEENME TR ENT WE
Ak S R, AMARREMA: () G RRENBETERNT WERE. MNERPE
TREENSE ANSEREPR. M. S84 FR. REAER; V. BH; C: F9E CS: T
Wikifk. (a) The obvious mitochondria with the well-developed inner membrane in control; (b) Numerous
mitochondria with destructed inner membranes or vacuolation (arrow) after exposure to Cd®*; (¢) The obscure
inner mesmbranes of most mitochondria, of which some even appeared vesicolated (arrow) afier exposure to Co®;
{d) The rough endoplasmic reticolum with a paratlel armange in control; (¢) Numerous large hydropic vacuoles
after exposure to Cd™; (f) Almost disappearing rough endoplasmic reticulum and many large hydropic vacuoles
after exposure to Cw*'; (g} Two types of concretions containing slightly electron-dense material: irregularly
arranged (arrow) and regularly arranged in control; (h) Numerous concretion spherites with highly electron-dense:
the small one contained homogenous material and the large one contained heterogencous material after Cd™
exposure ; (i) Numerous concretion spherites with highly electron-dense: the small one contained homogenscus
matersal and the large one contained heterogenecus material after Cu®* exposure. M: mitochondris; rER: rough

endoplasmic reticulum; V: hydropic vacuole; C: concretion; CS: concretion spherites



BHE BAF R M B R . 73 ERNEW

KBTS, ESRERSENATEAESE. X ESENAERERNEAR T
(Druet, 1995; Jiang and Moller, 1995; Pelletier et al., 1988; Pietsch et al., 1989). F L &£ B H T
AR ETRENDEI SRS (Cruz, 1995; Goldman et al., 1991; Kubicka-Muranui et o/,
1993; Perlingeiro and Queiroz, 1994; Queiroz et al., 1994; Sapin et al., 1987). ATHH *Cdx B
héf ZEREHMNHREERD> (Braeckman ef al., 1997, 1999). B R G EAFEMARAKE S
AR, HhMRetaEnmmes. RRRaseR R ESangErig.
EAFHNREF (WRE. HobeEE hagk, ESREExNLERNEE. &
RULEMEHERS (Krocova et al., 20000 . FE T, FEBITELF[ARTNBERESF
e, REcd” MCy™ MR MMENE (Boettcherisca peregring) IR E . EENE
REENE, HCd MICe FHHARE—LEHEER.

1 HEEE%

1.1 PLidHH
KRR BB MR VR R S R RS IR 1.1

1.2 754k 20 B i) N 5

ELRETEMKERAFIRERER, REEEK K BH=3:5:6 KHEE
Cd*" FEC® WK, EPERPCd” RESHD 0. 100. 200, 400, 800 pg/g, Cv®* &
FE4Y 3250 100, 200 400. 800 n g/g. H LIRECHFHFITERL > BN WM, RFHEA200
K1HBXRSBRFEFE/N. SIRER=XRER. 25EEEFL. 2. 3. 4. 54 18R
M EEH. RmHEN, AERHIELSER, )10 u) hRESEHR.A%NEHERE
K (SR 50.04 g T 100 ml AEEKF) B, 10min 5 LLMERTHEM TOlympus 1H2

EMETERLRER GET) MEABERE (715 HHREE, B4 50R i

1.3 B4R gn it

1.3.1 TC-100 B ISR H
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202 g TC-100 48fuiEIERE (GIBCO AT MA 80 ml ZEFK, BLNaHCO;#% pH

63, MAFEBEZEI10000U MBEBEEOImg, MEUEETAKERE 100ml, TIHEERH,
N E-20CHRTE

1.3.2 i 40 paEE ¢

S gL UE 2 BICLE RIS 200 ofg Cu™' BLCA™ 1RMR S 4 TG, BB, LA 75%
ERHEESAAR, TEHRESARENHKE, BT SOBEIEFRRN Eppendorf B L&
F, FAES0 nl MBS 200 ni 1 TC100 BRMEIHER (F 10%H4;0E) 8
48 AAMEFRGEANRT. T, BAEKRENESRE 2 I HESHMNA 3 PRRL
R, EEXARSBKBESBA 0.1, 1. 10, 20 140 pghml. WL 2 0l KK AR
. R, B27CHREFMETER, 50T 0.5 M 4 h /5K Nikon SIE EME T % 3
AUERE. EEAMNBANTERAAZRIE SRRSO MLERGEE, T ERF
it BRI E R R RBIE. EEE (%) = TR AN i 40 M /% 2 19%Fh i 49 R
1.8 8 @&x100. FEt, LA Eppendorf BB MARR Y & 402 A7 7XP i 4 PR, %S
) 0.04% SR IEFHIRS, ZRE 10 min /5 UMK BT Olympus REEHHATHE
BRI (FETD) FRBEERM (FE5) A3 4 R i 4 a3 R, v M40 fris .
B Eppendorf T EH 28R H B 4B RPN ARMBER, MEBHHN 0.4%EHEBEHE

BE, 10 min 5RO HR T Olympus HBERHE THEARNER L) MAERE
(i) RARER, R imaREEx.

1.4 BERHT

FIF DPS ¥4 (B3 SUAEEIE, 2002) X &ARIBH#AT A ZS4HT, HLEL Duncan’s
FEMELERE LR BNEEHER.

2 3

2.1 X BRI RSl LB 44 i 40 BRI B B S R

RSB RS R RIRENCE L4EE, NBRPVEEHERTHE. &4 5
Bren, mMAKRKMES5CI” WEEZFHX (F=18799,df=4,P<10™"), ShEHbEE4H
¥ (F=21575,df=4,P<107Y) (B 9-1A). $RLEAFRKRERC 485, mMAKRDE
FHEET RN, BRREMACY FLERNE TR, RERENCY” MIARMEELEE
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B, EEE(EMREEMN (B 9-1B). £%it4Ha,. haBEHRESCe” RERE
X (F=10016,df=4,P=0.0003), LE5HAIEEMHX (F=14.246,df=4, P<10"%). #
x4 R 40 RECE KW S, Cd e ZRIEEHEER (F=38.606,d=1,P<10™%.

HESERMNMNARENFEEENN S, HRERFEKRECS AEELARNOEEES
T AEEKREAE (B 9-24). B53H5, MAMKIFREESCS BEEEMHX (F=-42.828,
df=4,P<10™%), L5HEEEHRX (F=19.723,df=4,P<10 "), 4 REFFERRE HCu™
MG, DHARKNFAFEIEAREFNRK (B 92B). 8458, L4BENFEEES
Cu** WEBEHX (F=13.883,df=4,P=00217); BE5RAELEERXKR (F=2273,4f
=4, P=0.1065). Cd** MCu® M4 RMARFEFERFEHEER (F=9.293,df=1,P =
0.0037). |

2.2 b5 R 58] R W 4 S 1R 4k i 441 R 5 IR R O

Cd*" =T BLBA B M 0a by BB 7 Bk 4 i S RN A& (F=13.783,df= 1, P=0.0007), Hifn
MR ERS CA& WMEBREHX (F=19.332,df=5, P =0.0028), (HEMRELIEEEE
B (F=0036,df=1, P=0.8220) (& 9-3A). Cu? 7] LI8E B uats R RIAREA %) thifn 4R
KIFEHE (F=7.663,df=1, P=0.0091), MMAMEZFRYE Cu*' IREEEHX (F=10.509,df
=5,P=0.0110), BENFHLEEEER (F=6.344,df=1,P=0.0533) (B 9-3C).

BEHEREET, RRNKBS MMM ERZR, HERHE (B 9-44), BKF
WRERCHE BiCu®™ AHERNZH Y EAH. Cd® MRS BRAR4h sk i 40 f A4 3E B %
REBEEW (F=0.080,df=1,P=0.7792), iXt¥, Cd" AN MAROERBHLTLEE
57 (F=0.885,df=5P=0.5517), BARLGENRBANLDARHNEREEREER (F=
24.693, df= 1, P=0.0042) (B 9-3B). Fl#, Cu®* XHRIIRKIRL) d il S RAE RERE
BEEW (F=0.044,df=1,P=038360), HIREXMERNEREHLEREER (F=0.197,
df=5,P=09505), AREAHENMYMAROEREEREER (F=36.894,df=1, P=
0.0017> (F 9-3D).

2.3 X% CA™ ATk 2 9 R W 4 sl %) 28 4 1f 40 B 4755 T 2 JE BN 98

AR RS Ccd” AE)S, AmARBAEFENEREES Cd TX(F=3.263, df
=1, P=00797), MARMFEES Cd” RELEEFEERXYE (F=1731,df=5,P=
0.1658), ZEMHEI L EBEER (F=2973,df=1, P=0.0975) (B 9.5A). 18 Cu* {387
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LSS BB Wik B4 Cd" BristF R RIBRIRS) R MMAFIE (F=7.078,df=1, P=0.0118),
MAMBEEES Co” REEZEHKL (F=123479,4/=5, P=0.0018), 7ERA LthHEE
2R (F=56.031,df=1, P=0.0007) (B 9-5C).

FRABRBHRE Cd BHEfGF, BEHEEFEAET, SHEMBREEFERE (B 94A),
B CA'BRENNROARIBELSF=AGBER (B 94B,C). Cd* SHZERIARIAL) b i
MPAMERELEERXN (F=0253,d/=1,P=06180), Ca” WENMAMGERELT
BEER (F=0459,df=5,P=0.7938), BARALRNEMOARTEREARELR (F=
148.187, df =1, P=0.0001) (B 9-5B). E#, Cu® % Ca* Mgt HImRa4h b it i 20
RERESEREE® (F=0.253,d4df=1, P=0.6180), HkEXMAMREEREL TR EE

7 (F=2.185,df=5,P=02055), ARAHENENOARMNEREFTEEESR (F=139.319,
df=1,P=0.0001) (& 9-5D).

2.4 X% Cu™ MhBRER R )RR Wa%)H du it By 4 i 40 R AF VS A FE O e

FEMRYSRE cu’ LEE, ROMREERIHEFFERS " BEHEX (F=
3,449, df = 1, P = 0.0270), MAMMFIERE Cd” KERXHX (F=7724,4df=5 P=
0.0213), ANELERBEER (F=3.953,df=1,P=0.1035) (@ 9-6A). TEEHEL£MT,
Cu”* G EBFEEE " BHARRE SRR L) Il F RS (F=4426,df= 1, P=0.0429),
M4RRYFFE R Co® WEEEHX (F=1082,d/=5 P=0.0103), ZENH BEHFEEE
% (F=8.056,df=1,P=0.0363) (B 9-6C).

RRANBAGRECY NS, BEEFRAGT, HLnMREERER. Cd X
BRI DARNEREREBEEME (F=0928,df=1, P~03422), X#, Cd WEEX
m4ERAEREE LB EER (F=1.84,d4=5,P=0.2597), {BAELEHERS 18] 5 40 5 04 ZE
BEHFBEER (F=40455,df=1,P=0.0014) (B 9-6B). A, Cu** Ikaw® Bia
FRAKBHBRWIAKREREFTEBEEWR/ (F=0.001,4=1,P=0.9852), k> i
BMERERELEEER (F=1.466,df=5,P=03424), FFEL-EREKDAMREGERE S
BAREER (F=1809,df=1,P=02364) (& 9-6D).

3 g
BRI ENEMETEIELERN. FEERBEGSERGER. THARI R
W X (Chenan and Ferguson, 1997). HRERNESMZMARK S, EIBMBBPIHD,
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SRERFEFEHNELL, MEFEEABETEMETRAOARET. B—FHH, £REBEK
R EMT, sDURSTEHRFEREE, SRAERNNRBEIE—BE. 2BHE
N HEFZTT ERE, AEESHRIRE, A EERNEWTERABRE, S84Y
ol 40 i TK F (Oikawa et al., 1995; Kasprzak, 1997). Ht4h, EARFIBR, Hie4 R gei¥insiim
HARAT, MERTRARENAHEZER (Lohmann and Beyersmann, 1993), ZEiX A& L,
BHTESRUTHEEET, NTHARMEKRSUEERENRE . ARG REH, ¥
Cd” (BRI R A B MR RN AN, ek EEEwEEES BB
bl MR, BCA” XRELCE BHAFENRESANLARFEFREEEEY
. FEMNERERPERACS TUEROARNEER, BAEBEIRD, cd® BEER
EFHWMBROER, HCd” LHEFRHLECS Bl 2SRRG4S A 4B S 48 3 1 7
RAREBN (B 94B,C) . iX&9iFHCd” MERMMRNBITERREX X RENE
i3 2.0

BRIV RIERY, HESECo™ MR R S BRMSYT R ak A LA Ab 2 B 55 4 i
iR, HWEESHEWFEMNERS)ROMRAEFEE. FEETRPEERBACE TLLER
mBRPBKE, BEREERS, o WARKERRET EXF BN, XEHFEAC?
RRmARERMETEAR TN AR RANRELEN.

B2, AP ERT RS AT R CURIT MW « R0~ S5l Ry b By

HEM ST, ARIAMA RS, BN PRGN SRR, XSRS RA~EE
Hx.
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LT L LA Ay w gy ik

Hemocyte number (10° eelt / mL)

Treatment time (h)

B 91 Cd™ (A) FCo™ (B) BHERBINEML) 1 MR NHER
Fig. 9-1 Effects of Cd** (A) and Cu”* (B) on total number of hemocytes of B. peregrina Iarvae

EPEERR Y + R, A—ASNAATRDMEFREOMMREEREEEKEP < 0.05), Duncan’s
FTHARE & EILH). The columns represent means + S.D. (n = 3). The columns with different lowercase letters

for the same exposure time are significantly different (P < 0.05, Duncan’s multiple range tests).
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Oy BOlIpRE  BALEE BEDppy K

A
o

FT | B

0

Viability ratio (%)

L 45 72 kL] zn

Treatment time (h)

92 Cd* (A) FCu™ (B) MEEDINIMSHD & MMRZE TN
Fig. 92  Effects of Cd** (A) and Cu?* (B) on Viability of hemocytes of B. peregrina larvae

EHMRA TN + ks, R—RSNERRRISEHOBEREREEXKFP < 0.05, Duncan’s
ﬁﬁﬂﬁ?!ﬂ:ﬁ).. The columns represent means £ S.D. (i = 3). The columns with different Jowercase letters
for the same exposure time are significantly different (P < 0.05, Duncan’s multiple range tests).
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o0 lpg'ml O lpg'ml @ 10pgml © 20pp'ml @ 40pgml QK
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e
é H
Q
‘28
g
-'E‘ o3 a
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- - E&.a 'h'-hubﬂ.b
| ke
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L8]
[
|
|
o
ol i
K1 d

2

£-3

Treatment time (h}

Bl 93 Cd (AB) F1Cu™ (C,D) SHTH LS N Ah 5 e ST 35 R IR O W
Fig. 9-3 Effects of Cd** (A,B) and Cu™ (C,D) on Viability and spreading of hemocytes of B, peregrina

larvae in vitro

B RERA i, A—KSnRAFAMEFRNKMEMEREEEKE (P < 0.05, Duncan’s
FEHEFEILE). The columns represent means + S.D. (r = 3). The columns with different Jowercase letiers
for the same exposure time are significantly different (P <0.05, Duncan’s multiple range tests).
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B 94 MEHIN I R SRR ) £ A TE A R LR Ca™ IS YRR AL
Fig. 9-4 Micrograph and changes of hemocytes of B, peregrina larvae in vitro after exposure to ca**

A BTG R Normal hemocytes; B, C: 3 Cd G S45EDIRRMEL) B MM R Cd® LHEWES
Morphology of hemocytes from Cd®* -treated larvas afler treated with Cd*; PL:3£ R 40 H0; GR: FRRLALZAMR. $x
¢ Scale bar = 10 um.
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Treatment time {h)

M 9-5 Cd** (AB) M Cu® (C,D) MBAE Ca* EHS R PAEMLT Sk i M MEF S TR R0 W
Fig. 9-5 Effects of C4** (A B) and Cu™ (C,D) on Viability snd spreading of hemiocytes of B, peregring larvae
fed diet containing Cd*' in vitro

B¥EE 5 Fo% + A%, A—RSNRAATRASFRFNBAMERAEEKTF (P < 0.05 Duncan’s
FHEELEWE). The colomns represent means £ S.I. (n = 3). The columns with different lowercase letters
for the same exposure time are significantly different (P < 0.05, Duncan’s multiple range tests).
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o0 lpgml @ lpgml @ 10ppml O 20pg'ml B 40pam] ocK

B
]

Viability ratio (%)
ding ratio (%)

5

Treatrnent time (h)

B 96 Cd™ (AR F1Cu™ (CD) MR Co’ SIRER B R MREh 2 24 fk th 340 B F7 05 P FE SR 1 I o

Fig. 9-6 Effects of Cd* (A,B) and Cu™ (C,D) on Viability and spreading of hemocytes of B. peregring
Tarvae fed diets containing Cu®* in virro

EIE AT ¢ FEE, A—ESNEBARRPEFFHNAREREBEATF (P < 0.05 Duncan’s
FERR LB ILE), The columns represent means £ S.D, (n = 3). The columns with different lowercase letters
for the same exposure time are significantly different {P < 0.05, Duncan’s multiple range tests).
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BTE WX B M RREALH Lk L GER 7KF B e

E&REEEIPEEF TNEINERFHRAHEE, 2P0 TRl RINBEMIEM
T Hett, EHEEMNRERBH, BEIRESARIANEER, R AE TRELD
HERETEREAH, REFAREBARIPERILEVORKLEY. BEQ. BHRLEER
MHETIRE4L (Rathore ef al,, 1979; Jacobson ef al., 1981; Islam and Roy, 1983; Graney and Giesy,
1986; Ortel and Vogel, 1989; Ortel, 1991, 1995; Schmidt ef al., 1992; Gintenreiter et al., 1993;
Martinez et al., 1994; Bischof, 1995; Shin et al,, 2001; Chinni and Yallapragada, 2002) . {HE R
IR AV ERELROFYS. ELRRENELMRTIR (Car of al, 1985
Radhakrishnaiah and Busappa, 1986), A5 (Islam and Roy, 1983). H i #f BB
BHAEFFRSETEENER (Simpson and Raubenheimer, 1993) . Bk, RAMEHIFCI

HCu R R AW (Boettcherisca peregrina) 451 B BE B 7K ST W FE IR (RIS, 3%
K ERUESONEKLREARXER.

1 MBS A%

1.1 g
bR AR RS RSN 11,

1.2 R H
AT R B AR 1.2,

1.3 sER W

1.3.1 AN AAR

1 B# 155 R S AR AL B2 A & R RIRER cd™ 3 Cu® M&4: 100. 200, 400,
800 pg/g. BUAERHA R AT, SMEEN—ALE, BIMRE=4/EH.
S HIBULES 48 h ML RMHE, BTSN > REEFRE K Eppendorf B, RIS
® Beckman HEEOHLET 4C, 8000 g B.Lr 10min, B &M, BAKEIKE (-70C)
RIFEF.
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1.3.2 BRI AR
PREEHIHRIR | B4 REPE RS 800 ug/s Cd o Cu” MR, S RIGEALTE 24, 48,
72+ 96 1 120 h ;LS MM EL, BOfE, BAMERKEER. RrgETE.

1.4 A TR R BRI

# Bradford (1976)075 AR TH#IE, W BN EAR, HEBRBLKEFERHLHIRHE. BIE
OER R Gyso B2, A MNBE RIS ODsos, 3 LA MEE QN E S e iR
o

1.5 BRBSRNNE

SEEE (1989 PHE, E—EBRLHEE P ABREKEREBEERZREN 10
%, B0, BEFARNE, $LEAREI—2RER. BRI mnl, A 02% MR

B 5ml, EHHKBPIA 10min, RS 620 nm HITHEME. LIMEWHIER
HE LR

1.6 IR sE

FHEHERRMY: (NaKamatsu and Tanaka, 2003). U RMARE 5l FHZEEK
HEE 100u) MA 0.5 ml |5, FRBIE 10min; BREMA 0.5 ml KK H,S0,, FAH
# 10 min, AHNEZR. BENA 1 ml SREEEER ( MM PBERTIA 3aoM F
HE), BAE, £ZRTE 30min. 3 ODsy;. LUJBEME (2.5 mg/ml FRE) FIERAEHRLZ.

1.7 #BEHEFIHE

218 Graney fl Giesy (1986) HIh, REMRBKAREND 9.5 cal/mg, FEXHREH
43 calimg, BARMFEREN 4.1 cal/mg KR HBRAE (cal/mb).

1.8 A& oth

FIF DPS ¥4F (F /5 X RIS, 2002) M & &b FIBGEHAT H 2447, Bl Duncan’s H
SEEEHREABZEHARENER.
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2 g%

2.1 Ca”" I =F AT B BE B K T

2.1.1 WX =P & R Ew

ARIREKCS MiFRRUIRS ik E B, FAMRANEWRNE 10-1. TLLE
t, S, 2047 AEEX=MEAMRMIRER D, BEARARKRERCS o (F
= 8.574,df=4,P=0.0029) . HE (F=56.15,df=4, P=0.0002) Higd (F=17.367,df=4,
P=00039) MEMEEEER, MMECS KRENHEM, SMELYRGEETERD.

ARRENCE WBE, RIS 2R AR ECS RERRNRE
A, BERBEFE (F=51.806,df=4,P=0.0003) . C&* WREXH800uge M, BAWOEL
T ER48.47% (B 10-1A) .

BAUE S B EMECS WEKN MmN, Cd® REA800nge i, Hxf
B A B EKTE (F=21.703,df=1,P=0.0096> (& 10-2A) . BARI-EYMEREEML
EEMERBER >, MRERANMKNES, BCd REHR00 ugg B, MNEE (F=
15.828,df=1, P=0.0164) (& 10-3A)

2.1.2 MM EXN =R ERK R

PR BB AL SRR 3800 p gig Cd°° WRW/E, WM. EAREHRERENED (X
10-2) . FAONMNIFREA> BG> . MEHC 4B AR S RRR L) d i #k B A # ik
BT HRN, BAR—E, C&" EERAMRBE AL MaED (H 104). H1E 10-5
4N, AREE, CdF 4ABRNRENHFRYSBRERAXLADESEANLESR LY
M, HEREE (F=216454,df=1,P<10°Y . A, Cd* WMBERREERIRERL R

HEEKILEMERENLRL T ER, EREABEEKE (F=5214,df=1, P=0.0335)
(B 10-6)-

2.2 Cu™* M= R B BOKF W

2.2.1 REN=FMENDFHRERKFHEN

PRESURBRGRL Rl Bk B0 . ROMEANEBRBECY” REMMNINTEY, Ho®™ %
B8 (F=8924,df=4,P=00025) . B (F=31.652,df=4,P=0.001) Flfg% (F=

10,031,d/=4,P=00132) EREFEZFER. MRKENCY (100 pge) NS5
PEEREMEL (£ 10-1) . |
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B2 100 u o/ (KL ERA)N, B 5 BRIBSH th o kB (B B th B Cu®™ W 0918 0 70 B4,
HikERIERREE (F=3732,df=4,P=0.0006) . Cu’ HKEH00 g M, BAWILE
LT HERG 37.02% (B 10-1B) .

Cu” SEM BRI EMERANELEERW (F=0.104,d=1,P=0.7518) , foxt
WAL S SRR EE BEREW (F=0.094,df=1,P=0.7634) , Cu** AEEREH K
HEMEEANEE (F=2.805df=4, P=0.0847) H/K45MEREEGAHIE (F=0.446,df
=4, P=0.7729) HEBEEW (B 10-2BH10-3B) .

222 AP EDN =R 4 MR R R K Y HEW

BEREBIRRAL BN A R800 ng/g Co¥' MRS, W HATIENRE I M
(% 10-3) . WONKERE>RE>A5. ER—E, Cu® dEaHhRE I RED,
HE P> HRAECE /A~ (B 104). Bl 10-5 T4, Cu® LEARARRML) dm ke
BKALAYSEANLEAMER L TREAR, I RB—ETHRN: FEE24bH72
h EIACEEA AT RRE, Z2J6, SENOHEXEE. [, Co™ A3, R
HEBRKLESDEREN TR SHAET (B 10-6).

3 Wi

7 R SIRR L) 2 Cd™ Hou” fEFEOHEHREE FRE. HEERIBIEZES R
B EH RO 5L, FRE YR E 4 MG f ik 28 1 T B (Dickson ef al,
1982; Radhakrishnaiah and Busappa, 1986; Torreblanca ef al., 1991; Chinni and Yallapragada,
2002) . Graney ¥ Giesy (1986) ELUTHEWATRBREL SN KEOREE,
HABR RS RAMBR OO LHHY (Satyavathi et al., 2000) . B, BEEKLAHG, ER

(AR KFRIMR/Dth BT SR S AR R 354 (Maryanski et al., 2002) ; X
EEESRMNEKREARHENTES BEA,

£Cd” A BERIKRSDLHREPRIA S SBSNLARIALEY SRR
HMmFEHCS HEAMBEXNEWHGIRELESS B HERE. X0TER G THHEHE
t (E—EREL3IREANBAMNIEE) (Lauverjat ef al.,1989; Sohal et al., 1977) Mt
MBBBRNGESER (Vilellaetal, 1991) .

b o

RAMOGERF, SR, ™ A3y R 5 ARuA%h du i 3k £ 09 E SR B B w0,
FHECA RS, RARMBRE. X5 EMBRIEAR—B. WG RB Chironomus tentans
LT T10ppm Cd™ 1 b BEAKRKE BE TREXRAI70% (Rathore e al., 1979). BB
¥ Pimpla turionellae Cd %3% )5 H IR E B & MR 2L (Ortel, 1991). MR /E#HE (&
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{295 ) Chrysocoris stolli %&F%TC4d FEAKEMAL M E (Islam and Roy, 1983 ). Chinni
Yallapragada (2002) Rif Penaeus indicus HEHKE R R ZETEE, FEHREEREA
W KL . TEBRUT Mysidopsis bahia PEEREL FHABRENERASE. Cdb
B LEDNA, FEARKZRRmE, NS EQRBNMLD (Car ef al, 1985). 5
HESRBRTUESE R4 &R ES (Marshall, 1983; Aoki ef al, 1984; Maroni and Watson,

1985; Kasai, 1993; Niu, 2000), BESREBRHEEAOES THEBHNCI, BIMR~4EFE, AW
FiAEEEIE,

RATMERER, & & Cu¥ LERERE RS 3US bk BRI Rk B /A .
XS EFREN Cd™ 3T FERAERARDL. EBEWEYS C solli 7RIS 5 ng CaCL/kJE Mk
EAEERATFRFETRE (Islam and. Roy, 1983). Ortel (1991) 18 P. turionellae R BT
BEYERTCAT7 REREAREXTRE. 4 B8, Lymantria dispar BT Cd 3 X,
R ERSRIR E=E T & (Ortel, 1995). Bischof (1995) 31318 Cd M1 Zn SiiE 8BFHR L. dispar
MM BF B ERRRIRELD. Cd 5HMKER Galleria mellonella B4R BIESBEK
RE{% (Shin et al,, 2001). Cd MAKAEYIELREBRMERECHEHRYE. B cd’ REIN
RSB ERREABRR EHLAKEN (Evihushenko ef al., 1986).

bR SRR &h o i 34 2 SRR 2 Ca BCu MEEEW. SHAE, BCd B
RIE, BER L dispar 1 RIHEPEFREAKEE, AT RN LH SR
% . Reddy # Rao (1988) A E G RSIENKELSPNE LA LHET SR EHARS
fm. EHEEENLELEHA . Worel (1991) HBBMIERE P. wrionellae BA
Cd™" BERALEHSEHE EET; Islam A Roy (1983) HBKKMER C stolli ¥oixst
CA LB B M BRI S HAR, BIEWERGEHPORAEE. BEEXR, EESR
B RERBREBKAASYNER, FEERANMARRETR.

Bz, C¥ Hou® MEL TR Rl E A EER. XA TRAEFHE
e o™ MERHMBNEEES. BARXENIBABEFENAENG, BFE
BAMENEREMNAGEYE, XHESTUEH —ZHWA. A ERAMSHEEEND
2R . MCIZE10° M REDHRER T LA a2 458 BB (Cooper ef al,
1984) , ¥ ECd ATLLMBATPEENIEY (Bvtushenko ef ol 1986). BT E B %L B

h&EHXKCA 5Ca (Alberteral., 1999). Cd 5EERIX (Mattingly et al., 2001) &KCd 5%
JBEiEE (Ingrid and Dick, 2003) KB L.
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#£ 101 REBFER Cd™ 5 Cu™ iSRRG R i # P L 2 4 s

Table 10-1 Effects of concentration-dependent treatment of Cd’’ or Cu® on biochemical constituents in

larval hemelymph of Boeeticherisca peregrina

Metal
_ cd” Cu®
concentrahons
Total sugars  Total proteins Total lipids Total sugars Total proteins Total Lipids
B ogm)  ewmd  eem)  mgm) g g
CK 447%032 67.53+129 598+0.22 505+0.84 68.83+0.55 585+0.19
100 371+024* 5844+1.10%* 5.60+ 022 473031 72.73+£037* 5321040
(17.11%) (13.46%) (641%) (631%) {-5.66%) (©.13%)
200 3.19+£0.19* 5208+0.18* 489+032* 4371022 ° 57.14%£551* 478+0.16*
(28.64%) (22.88%) (18.15%) (1341%) (16.98%) (18.28%)
400 299+0.73*% 4442+459* 442+ 040* 351+033* 48.70x0.18* 4371x007*
(33.05%) (34.23%) (26.07%) (30.45%) (29.24%) (25.33%)
8OO 2718+027% . 3357+248* 337+050% 3261022* 403:4202% 382+063*
(37.86%) (50.29%) (43.67%) (3541%) (36.04%) (34.77%)

H: SMAERSTHA £ 50, HSABERFSHELERDPUTHE, *RrSHMERLRE KT (P<os

Note: Each value represents the mean + standard deviation. The values in the parentheses represent parcentage decrease over
control value. * Significantly different from controls at P < 0.05.
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Fig. 10-1 Caloric values of larval hemolymph of B. peregrina after exposure to different concentrations of

Cd**(A) or Cu®*(B)

* RSN BEREEEAKT (P<0.05). TH. *Significantly different from controls at P < 0.05 according to
Duncan’s multiple range tests. The same for the following figures.
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102 FEIREE Cd™ (A) R Cu* B) KN TRERYSMSUBRERAEAMERANLYE
Fig. 10-2 Carbohydrate/protein ratio of Jarval hemolymph of B. peregrina under treatments with different

concentrations of Cd** (A) or Cu®* (B)
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Fig. 10-3 Carbohydrate/lipid ratio of larval hemolymph of B. peregrina at different concentrations of ca*
(A) or Cu** (B)
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Table 10-2 Effects of time-dependent treatment of Cd** on total biochemical constituents in in larval

hemolymph of B. peregrina
Treatment time Total sugars (mg/ml) Total proteins (mg/ml) Total Jipids (mg/ml)
(b) Control Treatiment Control Treatment Control Trestment
» 2334006 2031027 2386x1.06 555+014* 2681062  2.39+0.05
(12.86%) (76.73%) (11.11%)
48 3TIRL059 297+054 61.69:3.67 20.19:1.19* 3.19:030 2251 0.05*
(21.33%) (67.26%) (29.67%)
172 5.11+039 452+0.11* 67.53+129 33.57£248* S98x022  560+0.22*
(11.51%) (50.29%) (6.45%)
96 414+044 3413050 83.77+055 33.25¢1.47* 5284032 3,1940,20*
(17.15%) (60.31%) (39.53%)
120 3854032 3.24+0.16* 5641+232 4913+142% 4321010  4.26%0.42
(15.81%) (12.89%) (1.22%)

i SMERRATRME 250, BEAMERRASHREERDPALR. <RrENRERERFIKT (P

< 0.05).

Note: Each value represents the mean 4 standard deviation. The values in the parentheses represent

percentage decrease over control vatue. * Significantly different from controls at P < 0.05.
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& 10-3 ARIFEK Cu® AR D R de i #2487 4 B W

Table 10-3 Effects of time-dependent treatment of Cv”* on total biochemical constitnents in in larval

hemolymph of B. peregrina

Treatment time Total sugars (mg/ml) ‘Total proteins (mg/ml) Total lipids (mg/ml)
(h) Control Treatment Control Treatment Control Treatment
24 275+ 031 1.84x030* 2740147 19.68+0_18* 2.68+0.62 1.82+0.14

{33.35%) {28.2%) (32.35%)
48 401+1.15 271013 41.30:22% 38.5641.19% 4.34 + 0.09 3.89x0.26
(32.55%) (5.66%) {10.50%)
72 5051084 3.26+022* 66.56+1.93 54.48+0.83* 477 0.10 4.19+ 0.37
(35.46%) (18.15%) (12.12%)
26 3124039 405x041* 72713 :I:.0,37 52.14x1.56* 511027 544 +0.25
(-29.88%) (28.30%) (-6.53%)
120 391+0.16 559+0.88* 60.52+7.53 59.2013 40 3714 0.31 3.980.17
(43.12) (2.04%) (-7.33)

F: SEMARTATHE £ 5D, BESANERRENBRLEEDPHAI R *ERSHEERIEREKTE (P

< 0.05),

Note: Each value represents the mean * standard deviation. The values in the parentheses represent

percentage decrease over control value. * Significantly different from controls at P < 0.05.
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B 104 AFRBREE Ca** ot Co** AF T 5202 S RN 4] d i 3k P2 1530 30y
Fig. 10-4 Caloric values of larval hemolymph in control and B. peregrina treated with 800 p g/ig Cd** or Cu**
at different exposure time
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Fig. 10-5 Carbohydrate/protein ratio of larval hemolymph in control and B. peregrina treated with 800 n g/g
Cd**or Cu®" at different exposure time
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Fig. 10-6 Carbohydrate/lipid ratio of larval hemolymph in contvol and B. peregrina treated with 300 n gfg
Cd** or Cu®* at different exposure time
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BH—F SAERXER RN B bl Bud A VE - W

ESBBATHEANEYEA, EFEPEATEEHERE, MBS A EMERRL
HHES, SIKBERTEAER. XK B mBERMIFHERTEAER (LPO) 4+ 81
MRIREILBAIRESRE TSI REVERBRZNINGIZ — CFE4L%, 1989; KX
H%, 1994). CufEAEMLT TR, —HWWEN Cu, Zn-SOD BHFESI L, BB
WA e mE, ARTRAGEAER. 5—FH,. XRFERRNSSH B8R
FALTER (RIOES, 1994). E4IMKT, Cd TELATRESRBE TR S L MBS
&35 SOD A1 CAT SRR HENE. KB SR 0, ™ WM O M4, NTTSEH
L RS RO EAL, SIEMAKIRMG (Manca e al., 1991; Beyersmann and Hechtenberg, 1997;

Goering et al., 1995; Kawanishi, 1995; Korsloot ef al., 2004) . B, BEF X Cu I Cd &S
HERERUIENE TTRESERN ERARNENENE. FETH, 2ERNITEAR

Cu** 8% Cd** MIFR MRS R (Boettcherisca peregringy MR FALERI R SRR, i
RIFIKR.

1 RS hE:

1.1 L R
bR RS BRARYE B AR T IS IS U3 L1,

1.2 GiE R
IR FIS ALK 1.2,

1.3 LR W
1.3.1 BB MPRR

| BREMEREJBRL HS MBS UUTIRE C47 & Cu® BR4: 100. 200. 400,

800. 1600 ng/g. MAERBERIPSRRHME. FRELBR=ZNES. 7HNLESS 48
h K A BIKRKE (- 70C) REFH.

1.3.2 W BN AR

SESIMKE | HROHBRETS 800nge Cd* & o BIRY, FRELTS 24, 48,
72+ 96 A 120 h AW HIFABKEBIKE (-70C) £H. HEEEFER G5 RB L0 HE.
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1.4 FEmABhl&

BY s K& WK, A 1 ml Tris-HC1 E/P# (pH=7.4), BIERE, 4C 3000g B 5
min. ERBASMNBMHESR, B EEESMIRA~IA_E (MDA) M3 E.

L5 RS AR

R E AT RAHRA R ZER (TBA) ¥ (BE2%, 1991; KIE%, 1994). 5
ml 8 10 A SRS, WA 20X =K ZBH 2 ml 0.67% (wv)ELLZE, EHK
FHEBYEmP 10 min, RG 3000 g B S min, F ODs3;.

FEREEHNEETERLAD: (HITRLTPR_8B (MDA) KWKRE) =

ODx 2 X 1 X ! :~~:109 (nmol/min/mg Pr)
£ 103 10 Pr

e=156x10° M7 »cem?, Pr: B

1.6 2 by

A H DPS ¥4 R JR SCRMISEN X, 2002) X & S BIBIREAT T £ 547, B Ll Duncan’s #i
BREEERELBZ AN EEEESR.

2 iR

2.1 Ca™ Xt Hx B2 Ik Wi 4h i B AL AE FH R R v

o mﬁwmsﬁﬁw ) MDA IREH R EEM (F=5.544,df=5, P=0.0071), H#R
B4 (1600 pg/g) A MDA WRE B& TR LEAE B RE (8 11-1A). B4,
# MDA REFLERY Ca4» WERTERSN, RA_EHEAEHXKXR (R 11-D. EIA
FEZRRRIEBEFZEAFE (P <0.01). XEHHEP 4 K52 bR IR b ik Fit 8
WAEH BESRBAX.

1 IR AR WS GRS 800 ug Cd'/g ARG, AR MDA WENHERE
B B M FEAC T IM DN, I B AR E# MDA MEFEBEXER (F=17.050,df=4, P=0.0058)

(B 11-2). X MDA #EEMEBHEHTERIBSH, RA-—BHFEEHEXR (R 11-2).
BIRAFEKTRRAREZEKTE (P < 001). B4, EBILBITRS C& 484 MDA
REEERTXRE (F=181.457, 4= 1, P=0.0002).
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2.2 Cu* %545 R 3 R 4 HUTE BT S AL E 2

AR SR 2 A REEY Co® 43 480 5, AP MDA RERAE Cu¥' KRE
AL (B 11-1B), £RERH Co® REXNHEANN MDA IREHERERH (F =
7.968, df =5, P=0.0016), #HHEREAEA (1600 uge) £ MDA REHE B TR
A RIEE. B4, o MDA KERGEMN O RERITRIES, RU-EEEL
HXEXR (R 1N-D. HAABETRRBREREEKE (P<00D). XEHEH Cu™ fE31E
FRARBS HERIEAERESTBAX.

| BEEMBAY RESHES 800 pgCu /g ALEE R, AR MDA REMELE
B RGO SE KT .t ERR AR MDA IEFEWEER (F=10.07, df=4, P=0.0016)

(& 11-2). X MDA WRECMALER AT RIAS 7, RBASEFEEMCKR (R 11-2).
BETEETRBEBREZEKRTE (P < 001). 5, EEMLRIETS ™ LEH MDA
WERERTHEA (F=181.457,4df=1, P=0.0002).

[

08 _
_ 0% A B i
x [ I
E 0.6 ab
E 0.6 | b o} e .|.
'a b T c T
~— c
g 0.4 : ¢ ¢ L 04 | . T
P
% 02 L 02}
5 |
=
0 A | i - 0 L i i i L I
CK 100 200 400 800 1600 CK 100 200 400 200 1600

Treatment concentrations ( 1 g/g)

B 11-1 ARIRE Cd* (A) F Cu™ (B) X8R ML) S FT RN RS
Fig. 11-1 Inducement of Cd* (A) and Cu® (B) to lipid peroxidation at different concentrations

B PHENFEY + im8E, RARNEFHAKEREREREEKTE (P < 0.05), Duncan’s FINREL

X [ 32}). The columns represent means + S.D. (n = 3). The columns with different lowercase lefters are
significantly different (P < 0.05, Duncan’s multiple range tests).
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#F 11-1 RERBIFKRL SR MDA RE S Cd* H Co™' WERRIBST R

Table 11-1 Results of statistic analysis to the MDA concentration in B, peregrina larvae and the treatment

concentrations of Cd**and Cul*

Heavy metal Regression equation R Prominence level F value
Ccd* y=0.2789 + 0.0002 x 0.9839 0.0004 121.0818
Cu** y=0.3141 + 00002 x 0.9784 0.0007 89.4290

—9—CK —g——0O0d _-_4Cn
E 1.0
o
g
:‘é 08
"E' 0.6 L
-g 04 |
g
g a
2 0.2
-«
g 0_0 L 1 L 1 i I
0 24 48 72 96 120 144

Treatment time (h)

M 112 R C* A1 Ca™ SN IR ER RRBIGEMSH s NEXL SALAE e
Fig. 11-2 Effects of the treatment time of Cd**and Cu®* on the lipid peroxidation of B. peregring larvae

# 1122 SRZMNRL) S MDA R E SHRIBERT SR

Table 11-2 Results of statistic analysis to the MDA concentration in B. peregring Iarvae and treatment time
with Cd**apd Cu**

Heavy metal Regression equation R Prominence level F value
CK y=02133+0.0022 x 0.9798 0.0034 72.0319
Ccd* y=03041 + 0.0042 x 0.9950 0.0004 297.5410
Cu?* y=03251 + 0.0029x 0.9785 0.0038 67.3799

3 iig
FrigRe UL 4L (Lipid peroxidation, LPO)RIEEHEER. B AEWSH B £ B MM
JERT MG X —RINEATE, BIBYE—RFIERINEY, MR- (MDA)
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B A dESIRMER SR ERNBRESBTY, K& B0 BRI LK
o BAMHERERCS F P EFREH B AHRA MDA KN, AfUEHCE #4k
R e AL R (B 11-1) X S5 ET A BRGE — 30 (Manca et al., 1991; Shen and Sangiah, 1995;
Sarkar et al., 1997). FIRf, Cd™" RE5|EREFR MR RS TUI EILER, BE5MBHEX. X
5% X0IR— (Stacey eral, 1980; HESH, 1989). BMIRFMCI FFIERidH{L,
H 2B ERRELEL (Bagchi etal, 2000). R, BESEANEARTREEBHEEEZ W
WA, BlRRSRETHRELF I ERSRAN TSR ERES R TR, BFFH—Sa
5o

BRINIPERTIFAT R O TJUESRRELIRL. X5LUAEMRER-BK. Cu”
TEIE T TE B AR B L UL Py B LRI M €4 (Chan et al., 1982) . ERHERA
O’ W REPEREEFETIA, KBRS GSH BR ' WEHE SRR SILA
MBS T #E4LT, Cu' EiERIR Fe*' RIMAFE AL RN (Beckman et al., 1988). 5
5, AESTEHEAT NG RO RMIMEAT SRR, YR RRER S 8T RN
A, BoRERAELZRENYE (TBARS) s RENM DL, FRERE
B 4R B SRR R R o BUTE BT LAk, LB 83 TBARS WHIH® (Sokol et al,
1990) . 3H TR ARER ERE AR E RO AELTALER. RELERTEL
th R4 B2 BT B M AL R (Myers ef al,, 1993) . X&Z BT ARER&
RIBRRERESE M, Fsh¥Esk,>, BRDPH TBARS R, EVRBME ROERN, FHEHEN
R R R AN, XEERNAE] G BEUSERARRLY R BEND KB NRE0
BETREER N Q" SRR EILR A,

AXBERETRSNERISMERREAERRUN RN, YHIFEHEF
JEHARIE. XIRBARXEE (1990) ZEF A X BB AT 4 RUE R ETI 5T Ca™ *f FF g A g
R EALERN, RAFARERTEAFANERES cd MREXX, HEERRET
ft) Cd** BAMGIFARERTIEAAER . KES (1994) A Cu X ARF4 M
s BUTEALE AW, &3 Cu¥' 7 VoFe™ 1 ADP/Fe” Bk MFF LPO MR b FH
H3RRIPEIER, BEFIMEFITRAARTE (CHP) A 2R RATSLTHREER.
Sokol % (1989)IBFRP, R O™ SEEHE (FFHER. 491 B55, WIER
4B LPO N+ R R, MRS, HATANEEERINRE, BFR—XE, fHfgith
BA—BYRR. B, BXEF (1989) HIAE Cd ARKBERXE R FITE LM
RN, B Cd AIBEEXRBIERTEWFER, mE5HEHE%, Cd HRKERIMERR
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SEARE AR TSR, MERLEERSELDRESHLPR Cd KERE X
SREGEEERZ AEEEIERXXER. BROMHRERERHA cd 1 Cu’ 3R
b4 R 4 B T AL AE R T B R B AN R (8 3%, ERX — R L S U BB E R
HIERA—H. RIMZTRREAXRER. N\ EERMEEENR. FrUBEAHRE
Flpg R, BIAR B 4L MDA R IR AT R A P E & R 3 T A5 5.
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B+ FEMNRRE R EA RS AR

£BEER (Metallothionein, MT) B—REAH FENES LHEMATHELE. ¥
ENEMapirEenesBE4E0. RDnaEMETEES. . Kb, E&ER#
B, BUHARSY, BRBEAHLES. B Margoshes 1 Vallee (1957) HHM D B+ 4}
BHESREED (C-MTY Dk, HXMEYD. HPfs% MT KR SRS CE8RT
FEf. AREERFR. XS, BRESLMT (BTSSR, BB, FAO2ECE
HMT SHEREGEOFETEHERD, MBY Chironomus yoshimatsui (Yamamura et al.,
1983). FM& Eusthenia spectabilis (Everard and Swain, 1983). 52EE5I K8 Boettcherisca
(Sarcophaga) peregrina (Acki ef al., 1984). {8/ ¥ Blatella germanica {Bouquegnean et al,
1985). BMBESR Drosophila melanogaster (Lastowski-Perry et al ., 1985; Mokdad ef al .,
1987) ¥24§ Baetis thermicus (Suzuki et al, 1989). KW Musca domestica (Kasai et al., 1993;
Niu et al., 2000). ¥ B 8 Orchesella cincta (Hensbergen et ol , 1999), LA B Z & Bombyx mori (f8]
HIEE, 2000}, AR, MEIMEESHRGARERELTREY. &4, RORTEHRR
(Lastowski-Perry et al ., 1985; Mokdad et al ., 1987) FI RS (Hensbergen ef al,, 1999) MT
() — RIS, R E RN TAEFATIF. FH R E vT 62 SR AR b £ 45 maiih B3 MT % %.
Sk, AEEXERIBER (Boeticherisca peregrine) MT A AL LW HIER RE
MRS, ASERANRGHERXRENE RIFER.

1 MR
11 NBS5EE

EREWNERSA (BioLogic DuoFlow chromatography systems, BIO-RAD/ZF)), Sephadex
G-50 {Amersham), UNO Q1 (BIO-RADZ 8]}, Bio-gel P-6 (BIO-RADZ ), HEIRIN
(GS-800, BIO-RADZA &), %A XAE T (UV-2550, HASEAR), HMEREOH (Ulta
80, Kendro), #1241 (Alpha 1-2, Christ), R TR I H(AA100, Perkin Elmer),
BBHAREE (Agilent 1100, RHEAR), B (Zorbax Eclipse AAA, THHEAFD
GS-8008H X BLR RS (Bio-rad) calibrated densitomerer

129



1.2 LR
RESIBRORRIE RS RS E L

1.3 MT EH B £ KT E

131 BSE&H

LA&7 0. 50. 100. 200. 400. 800 ngig Cd* BRI ABI0E 2 Hidsh. FRBR
24, 48. 72. 96 F1 120k, EIRCIEBENIEN 10 K40, 3 24 h EFIMAEKYE, BAET
70 CHUBIEBIKED, Hohmkl MT S BN, RBER 3 K.

132 MTHYHR

BEAHELE (2002) , ¥lREZLHHELRS HET 10mM Tris-HQ B (5H 0.25
M IEXE, 100 mM 2-ZiEZ R, pH 8.6 5%, T4 CTF, 10,000 g #L» 10 min, HE L.
LEGHRAHI 2~ 3 min, FFA4CTF, 10,000 g B0 20 min, WHE B, A 3 B4
B 20CHANEXZRT AR, B 20CHE. k. RE, F4CTF 12,000 g B
20min. HROTEE, B0 5ml K 0.01 M Tris-HC! SFrliiR’). WM, BT 4CTF 15000 Bl
20min, Wi L, BI4G MT HBH.

133MTERNMNE ‘

28 Eaton $ Toal (1982) & Klein % (1990)4RM4IEA (Cd- Hb) WM. %100
uIMT RBP4 BN 10 mM Tris-HC1 Sr# (pH 8.6) 600 u1 F1 20 u g/ mt CACl, B
100 ul, B, RE, WA 2 %5 mAER 100 0] B4, BE 10 min. BREHAETMD
# 2~3 min, T 4CTF 12,000 g B0 10 min, WL L. BWA 2% FhEEHT 1000, &
5, #'E 10 min, BAKEDMR 2-3 min, 12000 ¢ O 10 min, BLEHE. BFE, HETR
Mo I (AAL00, Perkin Elmed) R Rl Cd &%, B MT B4F o, &N
MT 4 B#H, KEAMcd SR0R®, HUlcd 48T MT KBNS E.

FAMNMILE cd® AERES LB AP REA MT SR, HBEES MT =4 0E
HEM.

1.4 MT 13 B okt

REFEI1IHHRER, BEELAHTHERLERRROY QBT TGP KT
BAFERS, 02 SEEM 10 mM Tris-HC FHEMH A (3 0.25 mM PMSF, 100 mM 2-3i %
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2B, pHB.6), A¥. BE, TEMT 4CTLL25000g B 20min. R EHB, B80T
KB IE 3 min LA £ HAREES, ARKSH, BT 4CTLL 25,000 g B0 10 min,
B Sml BB EEAE, FTHRSE, BET-70 CHREP.

5B a{LLL Biologic DuoFlow™ BHEEHNERS (Biorad A8)) #17, AMFRINT:
B, L LT HUE B MK A PE7H) Sephadex G-50 BERZAE (2.5 % 100 cm). HIE
BEGBThHRYERR, % 0.4 mVmin. 4 mVEWRALE. 751EABK 254 nm 1 280 nm KR
BHCE R SVRE, IR, LR TRECS AR MR B Cd™ . KR, M Age
> AR Ca REHBNARAL, BHETRASEPHE A THB UNO™ Q1 BETE
BEWHE (7x35mm, Biorad 27, #HITHTXREN, HA LR 4 REBRNEF
WA BTN, REHAE 0~ 1 MNaCl AZMHK A HITRERENRR, FH 1 mlmin,
0.5 m} AEBTHAE. BER, WEATEORBERE (Axs>Au M C4 SEI/OMES), HHA
FRBES 1 ml, B EHTHES 10 mM NHHCO; T4 Bio-Gel P-6 53 B 4E (1 x 30 cm,
Bio-rad A#)) #THE. BE, XAAMr B4HGAGHTR.

LSMT a5 %

1514 TRNE

 King (1971) 5%k SDS-PAGE AELEFR (15%5r BEL, 4%WRGEM) HEAT BIK,
RIEREBHEE Ry e, BEW (PR - XE® : K=1:1:8) K&, KI5, LA GS-800
BRI AR R (Bio-rad) MATHIKEEIM, I Quantility one BASHTH M 4T MT 857
T&.
152 BECIRTHMME

By — sz EMMTHCRERIB T 80,01 M Tris-HCl B8, REARFREFeLBHE

WWFCA” WE. MBradford (1976) HRIEHWEAME, FRIESDS-PAGE HKIENA
FIMTS TR EHE S FMTEECd FIBERE.

153 REFRNE

 Ellman’s AERIEFHEAR (Riddles ef of, 1979) B—EE MT H &, BRSO ul
WHL A 1001 R 12MHCI M 200111 00 M EDTA, RN 10min EEERK. WA 200
piEilman’s &7 (& 5mM DTNB, 1 sMEDTA, 6M #&H. 0.1 MPBS, pH72), &%
Imin ff MT FHES5 DINB HRHEZ A4S, B 01 MPBS, pH72H%, BENR
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SR (UV-2550, HARBAF) 7 412 nm LB ESRYME. B C= DA/ e WHHEEKRE
(M), AT D ABEEE, A NBEE, c=142x10°M" +om’. BREFERLH MT
MEER IRV S S TERERE MT SHENE.

154 SFERE RS

B BB FeOMHCHH, HEL4TF110 C/hi#24h, HRIEIEEE (Agilent 1100,
ZREATD KB P RERE X, IHTHEERA 53R AP BHEE A Zorbax
Eclipse AAA (ZHERAED), BROLEACHMELE K-S H340 amF450 nm.

155 REPRECIE IR

M—mf MT B&HT 001 M Tris-HCI W, SBHMERELRE, S4HE. 2+
—EHBLURIM R (UV-2550, HARSEAF]) 1T 190 nm~300 nm KIS .
A—EMA HCl FHERER 0.05M, BB ABERMEES (Byrderal,1988) .
SRR BL K MET RS, 46T MT B AT A0 R AR S 6.

2GR

O Opg'e O S0pg'y B 1 00ug's B 100ug'y B 400ug'e o EMpss

500

Cd** concentration (1 g/g)
g

Induction time (h)

12-1 RERRIE Ca** RPEER MINMEH AR B ES A 0 MT M-S X
Fig. 12-1 The relative content of metallothionein ln Boettcherisca peregrine larvae after

exposure to cadmium with different concentrations for different times

B EA TR EEE, R #ASHBRRE M EEFENBMAREREEEKFE < 005,
Duncan’s TR B EF E L), The columns represent means + S.D. (n = 3). The columns with different

lowercase Jetters for the same exposure time are significantly different (P < 0.05, Duncan’s multiple range tests).
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21 MT EHE B REMFNHE

4k RO 12-1.C IRAERE VS AR R BUAKEB SN K A= 4 MT BUABRS A (Lk cd™
SRFT) AEREEOE® (F=5948, 4= 5, P<0.01), Cd iREEME, HF~4E MT
AR S BAR. R, BN CF HEE4E MT AN SRR ERW (F=147,
df=4,P>005). ZENMIBABITBESTE MTHE R, #4452 BRENMNDEIFH R
UIRBRSE, K MT BHBS AR, C&¥ AR 800 nge BSLEMAN 48,

2.2 MT 3B 54k

Cd” HSABNIZR BRI R LRI Sephadex G-50 HEH G
MR B 122 BrR. ARSMRBRME i IRERBGRES AN, B8
A MT A%, RPAias T o TEANERS MT HUNAER, HRETT 20
A8, 2 UNO™ Qt BRTREALE (B 12:3), TH 2 MEATER, 4HldaA MT-
M. XFEANERE Cd WENEERER, M1 MID B4 Cd°, H 254 am 4%
H Y5 8 AT 280 nm A HIGOR . 5 BB MT-1 6850 MT-IT M, A TRIRGE, ME LK
F Bio-Gel P-6 2L, “REH MI-UM MM EASRER (F124), AKE, TH SO
g S ANBE 6 mg LK Cd-MT.

200 T 025
1755 b !
L 4 020
. b= eu
8 ' ¥
125 b 8
‘g - 0.15 3
s g
210 F g
075 | o0 2
3
®
050 | c
4 005
025 | .
e, . Al M.~ Nd 1
0 2% 50 7 100 125 150

Fraction number

B 122 £ Cd BSAEMERIKANRSK ERHE Sepbadex G-50 HEHHE
Fig. 12-2 Gel filtration profile of homogenate supernatant of B. peregring larvae after exposure to cadminm
oa a Sephadex G-50 column
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0.05

0.00

] 2,50
MT-!
{ 2.00
£
150 §
:
100 &
E)
g
050 ~
0.00
160 200 240 280 320
Fraction number

B 12-3 Sephadex G-50 BRI 325 NAME UNO™ Q1 BT MENRHTE
Fig. 12-3 Jon-exchange chromategrapky of fractions from Sephadexr G-5¢ gel Mitrstion on & UNO™ 1

colomn
1.00 1 100 r
075} |
st 0.75
:
E 030+ 0501 ----254 nm
2 ~
025 } [Ty-280mm g5t \L -
i \ - .": ‘l——— nm
A it
Om ) . - F . . ,_,.ow R S IR N ¥ /; ] 1 1 n ]
12345 61789101 1 2345678 9101
Fraction number

M 124 UNO™ Q1 MTXRL WS MT- 1 MT-11 [¥) Bio-Gel P-6 B MM
Fig. 12-4 Elution profile of desslinization of MT-I and MT-1I from UNO™ Q1 jon-exchange on 2 Bio-Ge!

P-6 column
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23MT MRS 5% %

1314 TFE
SDS-PAGE ik &R B, IFEDIMREESI B 2 -~ MT TRK4 FR2AEE, 394 9kDa
(E12-5).

EDa A B C

1 L =
ﬁﬁ_q_’_.-n-—

5 e
s SR

W —

15 A i
14 cHipr s——

B 125 RN MTs 2 7R SDS-PAGE 247
Fig. 12-5 Molecular weight determination of the metsllothioeins (MTs) from B. peregrine by SDS-PAGE
A: ¥EDFR Molecular marker; B: MT-L, C:MT-II

232 BACARTH

MT-1 B PEEREHT6.8 pgml, C&*" REN6.9ng/ml, FAREMT-15F RO kDait
HRHENFMTI AEET2MBRT . MT-U BEHPEARBN66.2 pgiml, Cd IR
5.7y g/ml, FHRIE M B OMT-112 T H9 Dait BB HEH FMT-I AL S 6OMBRT. AN,
2PIMTEREAN G FHRASHFTINCART.

233 HEAR

BEAWER0.04 u M FIMT-1 EREBMAFRREZFRENIE, HEH42 im BRI
WA BRREREH0.81 u M, WTTRINESFMTI FHE0HE. B EAK
4003 u M HIMT-I BREBMAFRERNRNE, RIBIH412 no LEESEREE T
BREILAH059uM. BREHTMTI 520400 E. TR, MTH2MEREL B
HEEAE, HBZAE201MRE.

234 FHMRAR S
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MT-1 K& 83 MEERAR, HPERERSEER, & 36.6% HUCHHER,
240%: FERAMZMEREEBRSERD. MT-IT K2 H 80 MEEREM, KPEEEs
BE®, 5 31.8% HUCHHER, & 198%; FERAMIEEERSRRED, MT1H
MT-I R R ERA M 2XAR, BAAHEMEERTIE HIBEZR (R12-1),

23.5 RIMRBAF LR M E

190 nm ~ 300 nm 4 4MFBIEE R EH, MTs BN TRE Ay WA 08 8 R SMR
B, BiR =4t Cd-SH MR RRERFE: BEERAERME, 7 Ay MITRHEBEIERS
WE (B 12-6). TEEE MT (Ape-MT) BT Cd-SH RN FH Ay BT KIR
BUBHR, X SERE RERRADR AR

E 121 RN MT EERIA R,
Table 12-1 Amino acid compositicn of the metaliothioeins (MTs) frem B. peregrine

MT-1 MT-II
Amin ackd Bdaﬁve Probable Relative Probable
quantity No.of quantity No.of
*5) Tesidues (%) residues
Aliphatic amino acids Cys 36.6 27.1 27 31.8 23.7(29)
Ser 25 21(2) 2.8 24(2)
Thr 1.9 1.4(1) 23 1.7(2)
Met 0 0(0) 0 00
Gly 240 28.8 (29) 19.8 23.7 (24)
Ala 2.2 22(2) 3.0 3(3)
Val 1.7 131) 2.6 2(2)
Leu 23 1.6(2) 3.1 21(2)
Tie 12 09 (1) 1.5 1D
Asp 43 29(3) 6.2 4.2 (4)
Gh 43 26(3) 64 3.9 (4)
Lys 28 1.7(2) 4.1 2503
Arg 11.0 5.7(6) 96 47(5)
Aromatic amino acids Phe 1.4 0.8(1) 20 11D
Tyr 14 0.7(1) 17 08(1)
Trp 0 0(0) 0 0(0)
Heterocyclic amino acids His 1.0 0.6(1) 20 1.2¢1)
Pro 14 1.1(1) 1.8 1.4(1)
Total 100 81.5(83) 100 79.6 (80)

3. FEANEYEERBRERNI4FESA. Note: the data in the brackets means the nearest integer of
probable mumber of amino acid residues.
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030 |
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' :--_-1 0.00 A } r‘ ) ) N i ] M

190 200 210 220 230 240 250 260 270 280 290 300 190 200 210 220 230 240 250 260 270 280 290 300

0.00

Wavelength (nm)

B 12-6 SRR MTs fRABREOEH
Fig. 12-6 Ultraviolet absorption specira of the metallothioeins (MTs) from B. peregrine

3 iR

MT B—R{E4TE (6kDa~12kDa), HE&BER (B4 T8 712 M&¢RET), E
SAMKEE (AE5H 30%) PHAREAREENER. ERARZIHSTHTEERERN
ST A — AU RS 280 nm FHIEROR Y EMZAFRABRE, REETHRKEI
HESFES NSRS, W5 Cd £4 A 254 nm FF B (Kagi, 1991; Kojima, 1991).
AR ABIE MT X—EA%H, FEE2 cd’ #SLRMNFRRKES DR BN
AV, Sephadex G-50 2 FIFiitE. UNO™QI BB TRHEF SR, HEESNHEASN
Cd®* &8 254 nm SFAER AR R RITTEE A T B 254 om RETBAIR C&*° 8K 2104
5. m, AEEECiIRAER SRR MT. XX 2 M EadAsns i, BS
SRR, EEARMARZRIPEGEFIESERNS RS, 4 FRA SkDa, BTRD
FHEERA, EHERSBHI0%EL, BEH 71T CART, RAZH Cd EHERES SN
FEH 254 nm SFEERE, BIE—BAESE T EM1RE MT — RS, Bk, Ao maiin
2 MASHRLH R E DRI MT 82 4R, B MT-1 f MT-Il. 273X 2 T EERBX 55A]
FASE NI o AR Gk 2 e

iz IIARE MT1 A MT-I MREREMSBNE, REDN 0%ES, Z5RAN
A (Kagi, 1991, RBHESE (Mokdad er al., 1987)- ZF W (Kasai etal., 1993), KRE
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41 (Hensbergen et al, 1999) #IMT Mfl. RFAENFEREERNHIKSBTNS. M
1.0%~2.0%, ZXHBARTASXEREMHARF)BINY. BERELFRERE MT,
05 %48 MT (Kasai ef al., 1993; Niu et al., 2000) AL, R HIRREE MT-1 A MT-IT 835951
&, #3909 kDa, TN 6~7 kDa(Kagi, 1991)- B R 484555 Da i) Mtn #1 5281kDa
) Mto (Mokdad ez al., 1987). F#BH) 5225 Da (Kasai et al., 1993) BX 9045.9 Da /11560.2 Da
(Niu et al., 2000), KBRS 7128 Da (Hensbergen ef al., 1999) #ith, BEBRMIFFERA,
BAFHS> TRAAPMEETFHENERSN. PRRERER, SEFTRADLERATR,
AFAEYE MT i RRATLIERN, BrF—E2HH, XhE-EBE LR®RT AR
YA ERANSER MT, UHERNESREEREIRXMHEIRNTE. BEAK
i, MAERERETIFEREME MT SH 5 TRRXRNER LT REER.
Ak, BER R A XL (Kagi, 1991). BRUR B (Lastowski-Perry ezal ., 1985).

RME® (Hensbergen eral, 1999) ] MT —REMABIER, Cys-X-Cys & MT JBFF,
FAF R AWM MT REM, HF0HFHLE.
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BH=5 RN 8 N K8 A A 5 Bt

BRI ARBERSEBHBHRNNES. B0, CHEHNEREDZRERDRESE
IR . TEEHCE TTRER#Zn® SiEFe” (Stohs and Bagchi, 1995) , BT i
BEMBERERCMNNRE, Br-Emmtr2A R E ST (OH.) (Halliwell and Gutteridge,
19840, AT 51284k % 7% (Brennan and Schiestl, 1996), 5 52 5 Bk 4 4t.( Stohs and Bagchi,
1995) . AW, ELRATHERBN AR RI.

£ YLLE PG AEE. AEVUMARBR (effflux pumps) A BHE FHLA
M4k (Silver and Phung, 1996). BZMHEEAEY, o TTHERKESATI AR
YK EBRETIREE (Hamer, 1986). SFH 7 #GSH REMYE AR (phytochelatin) BrEE,
FHEREHEME R®B  Schizosaccharomyces pombe H A K H K S BB L M K
(v-Glu-Cys),-Gly F)—FPaPEHKRE&. Ch-HAPSEEMM Cd(GSH), EEYaEdATP
EEERMEEAHNT (Lietal, 1997; Ortiz et al, 1995; Wemmie et al., 1994) . MERFF
MEULB A PETEERNEAH (Wang et al, 2001).

EARAFEAR (Proteomic technology) ERABMERH — I EETR., BERHAAX]
YR THAETER EL, FATTLURSLH KBRS BRSSP ER S N

( Bandara and Kennedy, 2002; Kennedy, 2001) . X P &#— BB HT xR, 1A A AT R
BREARBAR (2D gel proteomic technology) IE# T HH BIFHLEIM @ ANF NIRRT EY
(Steiner et al., 1996 ; Cutler et al., 1999; Kanitz et al., 1999; Witzmann et al., 1999;
Charlwood et al., 2002; Kennedy, 2002 ) . HREZEHAAL, BOEAHBQRAEARHR
BEE&RATHEARATN. ERAFAFEYHN BT ERMSREEXARIIAN. 5%
BATE R X AFEBARFREL B FERAANRRZNOEW, BRPERILE

BHNER, YERESNREFNERE T P EIBRIER.

1 MRS A5

1.1 At
fit ity B SRR ARk B F 2 1038 1.1,
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1.2 sl

4625 ‘CHIL12: D12 KR AMIES T, LIFHE00pge Cd° MEES BIER2 D 4h R,
FAarM548h, MYHRBTEEOBKOBEHERT, LHABHT2ah FRZRBKERS,
RIS ERBIHEMALE, ERABEMNER, RPBRATA 0 mM Trds EH#EF, ik
PRBARYRE, RERRIK BEARRLHFAIRRENRAS, BHARETE
DTT (0.2% w/v) HJ10% =HEE® (wiv) MAREEP, BR5-20CHH/, 35000¢g (6 T)
%0530 min. IR ERTS0.2%DTTHR A KRS, 20CHE h, 35000 (6T) Bl
30 min. EEAETILRRTIIER, SHTRORRE. ARME (558 MIKRK. 4% CHAPS
F50mM DTT) BRI (50~100mg AATEIml FMIE), 40,000g (15C) B.L1h,
LW H S . AiBradford (1976) HRERLFEORK. FRHHRAERT-70CHESF. L
REECS Mmakishidhx i, ARENTERBRPRED.

1.3 XS B Ik

Pl S EARRY (200 ug MAKK EHZHE (8M KE, 2% CHAPS, 20 mM DTT,
0.002%RME) EHBN 350p1, RHRUBMARESS, KA 17om, pH 4~7, PG B
pH B4 (Bio-rad) ¥BK EH. KILFEEH Protean IEF CELL F8R&EX (Bio-rad) 7 17
Crp AEhBHT, BEENBIERA 33000Vh, KFKULE SOVEET 12h, REE 250V 30
min. 500 V 30 min. 4000 V3h, BSHEZE 4000 V#ITHRRE,

s RMEERG, IPG B2 AT 1 (6 M JRFE. 2%SDS. 0.375 M pH8.8 Tris-HC1 .
20%H A 2% DTT) FEHEH 1 (G‘M ¥ 2%SDS. 0.375 M pH8.8 Tris-HC1 . 20%H ¥k
N2 5%MZ B P& FH 15 min. |

¥EH RN IPG B HB 3 15% 89 SDS RIRMBLESRE b, (R SRR BB L
B 5 min fIEREGE, HEREBZE PROTEAN Il Xi Maikild, :TH@EFKAANE
%, BiEHEKUABRE (PowerPac 3000) MBI A 5 mA/gel, HHEMETEEN IPG K%,
BEH—E2RE, BERERKZE 15 mA/gel E RSB P IAR KA.

1.4 5 RHIBRBE R 1

bk S5 BRI A 8 DR Roso Befh, MRAM (AR : KEERR : K=1:1:8) R,

RIG, L GS-800™ &AL (Bio-Rad) #HMTEREMA. B PDQuest 2-D H
S48t (Bio-Rad) #7947,

140



1.5 RAMYI

kA B EA A MR LIS, #5)1.5 ml Eppendorf B, BAMEGAH mili-Q XK
27K, T8 100 mM Na,$,;0; 130 mM KyFe (CN)s (1: D REZLEH milli-Q Kk,
SRR B ERXEAME, $HEHH100mM NHHCO; (pH 8.0) RE¥20 min J5AHddH,0 $esk—
R, R )5 R ZHER/K PR, ASpeedVac 25O 4B 215 min, JIATPCK Trypsin(20 y gfmL)
10 pl, 37C/KEMEI2h. BR&TYWHIIBHN=RIE (TFA) ERRKBAHTHR.

1.6 FEAKRSBIEENE

PMF: 3$HEFOREEE Sul01% =ZRZR (TFA) AEREE 1 I B AKET ABI
AFREBEE L, REERER LA 1118 10mg/ml CCA ¥R, FAPERTHREHAXE
N AEMRLAT (ABIATD I Voyager-DE STR Tl EG#TAHF, RARSAER, EH
FiERE, W mEBE 20000V, BOLMKBEN 2100V, WREGEERR D 100 ns, K
AAH AT 1000 Da ) 4000 Da B3, 27 FHBE 8§ 8 V)5 T RO RS HERK

(Perspective Biosystems) FERFHATAIMFELLE.

MALDI-TOF /532 : RXAFFHEAN, MEBE 20000V, FEIEBRER 100s, Mg

Bk 75%, BRiEE SREEAMER M 200 K.

1.7 BUOEEAE T S BAREEE
A8 Data Expleror ¥4t BRigs Bl (PMF) #1T—EMRIESS, A Mascot BIEF

(hitp://www.matrixscience.com) 31T PMF 4B 4r. B MS-Tag (bitp:// prospector.ucsf.edu)
AR B R MSMS BB HEAT MR -

2 iR

St FHEALL, B 800 ug/s O MIRBARIBS R BN HE AEEE X
f, A1 AEAARED (B 13-1A), 14 MEAREENM (B 13-18). §18] 10
AFRZBMNOESS (B 13-1B) BESEE (B 13.2) AEEXEXREF (B 13-3)
EEEET. SRR 131, XEEATEABRSICS NN CEAA D WEA (B
AES5)  REMED (BRAETHI9 | G4 S8EE (HERA8) . avER (BEK 10)
M—ERADEOES (A3 456) .
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3 vhg

BAGS T REHEREMMKEDFEN p RS (p-glycoprotein, pGp) 5 Cd™ I
WX, XS5HEMMEH—E (Callahan and Beverley, 1991). pGp 2 —FrHHEt ATP BB
FEOMET, EALHES TREAK, ©RATEFHADN 4. Broeks F (1996) k8 =
pGp EE R 2L 1 Caenorhabditis B RiE, 8 B BB R E Y H U Callaghan 1 Denny
(2002) FABFAERIFORITME TR B RARIE PARE 53 BL -2 P pGp  WT LASINGR XS SRAR LN B g &
¥, BFRETEEEARD. XRH pGps H—MTNAREEBAIEM, H—THE Cd
HHMEA. Endo 55 (2002) 18 pGp EHR LEMM LLC-PK; M OK PH—1TFiH Cd
BYEM. Cd MR R4 LLC-PK, #1 LLC-GAS5-COL 150 TRBRAIHLH 3 B4 pGp 119
FiEMKE (Kimura et al., 2005). BN EE Euglena gracilis 938 pGp th#IEH 5 Cd Bt
F X (Einicker-Lamas et al., 2003),

Bt AL SR ERE (alkyl hydroperoxide reductas, AhpC) . XFEER—FHIPAE
RS, EIHRERME 1,0, MUY (King ef al,, 2000). RIS AhpC ATRERIBITH
b& Cd F= K ROS R EF AR EZHMHFH.

ERMAKBYLNRAYT A NEYE, CA"ESFNBEMBEES CDRS
{cadmium-inducible lysosomal protein CDR-5) X HARMEIL. X T CDR 5498 Cd
O 53R .. Dong %(2005) BT 28 . Caenorhabditis elegans CDR FKIEN 7 M EHE cdr-1.
cdr-2<cdr-3-cdr-4~cdr-5.cdr-6 ¥ cdr-7 LH BB RIERYE, 55 B2 FFBOIEISEK (open reading
frames) A RHAPHEEXBROERFF ALY, XTUREEAHXIFE. CDR-1,
CDR-2. CDR-3. CDR-4. CDR-5. CDR-6 # CDR-7 RE B KRN, TRHOBRMEIER.
CEMIS P R B T BB AR L ThRE . N T Cd KR, cdr-1. cdr-2. cdr-3 F cdr-4
R AR, BR cdr-5. cdr-6 1 cdr-7 ARETRERE. FRELERBNER,
C. elegans B cdr-2. cdr-4. cdr-6 F cdr-7 AREEFHRIL. BT RNAI W4 CDR-1 /5,
KEBHMFzE DRI RTBIEREE. 3HRBEINEHAREMEE . XFKH CDR-1
E C. elegans P MBEHT (osmoregulation) NHEFF i P HAITIRE, BRILIE Cd HEEH
FEABBAA. BERAODREEARALEFIESR. BBT Cd X, RGRER
L7 BEHER R Cd (Marigomez et al., 1990; George and Pirie, 1979; Marshall ef al.,1994) ,
BANFEXT IR R RIRRRL R BB SR ITHRAN AR T X~ R TSR &
iz Cd ﬁjﬁﬁﬁa.ﬂéﬁﬁﬂﬁ: BB, Cd BEX¥E (cadmium factor gene) YCF!l 4R
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B OATP #4tHF1 (ATP-binding cassette protein) . X MHAEEBH L Cd-GSH B
(admium-glutathione complexes ) F T (vesicles) (Li et al,, 1997): Havelaar M (1998) 4 £
s T - A REHE PR SRS . TFEREEREFENIIGERN L FKHE
& (Wemmie et al., 1994; Szczypka et al., 1994).

Cd?t TTLLE S A2 R R R 7 BT S 1 (Heat shock proteins, Hsp). EE2H F&X
HAE TR (Courgeon er al,, 1984; Bournias-Vardiabasis et al., 1990; Goering et al., 1993
Barque ef al., 1996; Braeckman ef al., 1999; Warchalowska-Sliwa ef al., 2005). Hsp #) =R I)HE
HTBNARBEA, MASEEBSEEHHMEBE (Schlesinger, 1990). LKA, R4
TV Cd AR (1~5puMD 55 MT 1 GSH A8H:, SR ERZRIEHAREFHEAKY (10 -50
uM) # Cd THASELMEEEAMXEA., XEFANRETEATNIIEE, I Ay
TATA A MR #BU 2R 9  (Beyersmann and Hechtenberg, 1997).

b2 SRR AL th P B A S E A B &1 11 DR B4 (MHC class 11 DR beta chain) ik
BERIMBETS cd METTAEHE %. Daum %(1993) WiE Cd BB MEIHE = W
(lipopolysaccharide, LPS) % S F#k B 41l R EHL R 4 MHC 1L W18, e denl LLAElr, Cd
Al g LAER T K 5 MHC 1 4REAL

Cd® T LR As R B RRaASh R 4 B P OB R A . CABEIERAFEIF & MM TR EL T a)
UM %, BEESCd AARK S5Ca FEENARBILEIAE R (Wang er al.,1996).
Cd MMM ACa" WERECa” BEBAG SN AOTRSIANSIEH L (actin filaments)
HEWN, UHEALNEATBESHIFEZHEMCa METME. DalleDonne% (1997) it
#0.8 ~ 1.0 mM ICACY, BURIEENRY, B RBTIEMN, FAEERRECS B
MRMINZIEARSEAIILFERESEE; 025~ 0.6 mM CdCl, £HMgCl, HCaCl, EHEM
MEEPEAN. Cd HXHPsIEARSHMEBTHETHBEER (nucleation) HIHEIM.
545, DalleDonneZE (1997) IR EFNSFELEEHCY 60 ~ 70%#Cd™ 1R, Wang
1 Templeton (1996) iRIBETET/NERRMHA M (mesangial cells) B 100 uM éﬁ%ﬁﬂﬁmz‘“ 32
BT EANESE, RMRRENC MBEVsIERL.
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Fig. 13-3 Analysis of post-source decay (PSD) for several peptides from protein spot 1, 5, 8
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BTYE B RN R R0 1 X i P 5
— S RETSRIER. £ KEY . BAAELETHOEL

BREEEIHLEEVERNESRE, RSEESHREAATW. flm, "FEXxPEHYN
PR 40 L cuprophilic cet )R W, B4R & SR EH R BEET fo b B B ER i (Durliat
etal,1995). PH LEHMRATUNBEMDHKERKESR (Dallinger, 1993; Posthuma and
van Straalen, 1993). XEEBERKARTUWATREAE M EFEF MT FHEEXESER, AT
RZXESRMOENER. PBEARBEELIXZN (comparmentalization) BSEE/R. 8l
agered Wal:sk 2! (ﬂﬁ, FERRPOBIIBEEA YD, HSTRLNSRER S
4, FEXRHERAE (Dallinger, 1993; Hophin, 1989; Posthuma and van Straalen, 1993). Hopkin

(1989) R T NFPRTAIERN, ZTEPRELREBSH FHERHI (Lauverjat ef al.,
1989). EAELRNEHTERETRIOBRI MT 57 256 E 45 34 My i
185 (Posthuma and van Straalen, 1993), RE4TEHFIRNESR. BERSP, &8
PRREERY. —ERREdNREI8RESR, NEEKRIAF# (exocytosis)
(Dallinger, 1993; Lauverjat et al., 1989). ZE¥RAE, WMRRHE Orchesella cincta , P LK
MREWFIIEPLSRE, FNHRNESBREERE (Posthuma, 1992), BEBHEE SR
) 4> #E (deconcentrators ) ( Dallinger, 1993). A X NERARTSEEI AR
(Boettcherisca peregrine) AR EUERMA. WRGANBRARNEM L, RTRARREE

SRR, £KEE. FERELUERTFORLZTHR, LR JIBKEN Cd M Cu W
HEERRER. ARHMEIREROXE.

1 eSS Ak

1.1 RIS A G
Bk RSB E R A A B N E 1.1,

1.2 5 ¥ F ik
KERRE, HHREMKE 1 ARSHEESUTIREESRIER: 50. 100.

200. 400. 800. 1600, 3200 pgCd™/g; 50. 100. 200. 400, 800. 1600. 3200 ugCu’*/g.
HetFEE, MEBHEESEMALRY. SKRERIITEE, SES4RAS% 303L, S4&

15]



HEFET-HM 24 h Bi%3ikaE. B DPS B4 BH4 (HBINEAN, 2002) HH
#HEFRR, LCyRBEXIN.

1.3 £5R5) BRI R o 2 1K 2= R ik 5 ik

1.3.1 XSRS R (S, Relative susceptible strain)

% LRI EEERENRBEZ AL RME S RIEERF 20 .

132 WELEHME (Res, cadmium-resistant strain; R, copper-resistance strain)

KABASEN S, B ERENESR cd 3 O™ HEBEERN 1 84S,
EEIECRERTE SO% KA, RBBFENMHMEAT —RMENRE. SR 5 RATHS
T, FRBHRERHENARME., JOEEME 20 1.

1.4 Cd* A CVEAHBRERSGBREANBRR KA KR HMER

I

BB B Fh R Fao ARNIE(8 h PI)BI%H B4 BIAIR-A 0,100, 1 800 p g Cd*'/g 8% Cu®'/g
AT . SEERE 300 k4R, BRERIIMES. E4FH 44 EASRPEH —ER
Mid, BN GRS 20h, LBKERT, ARETFRF (AB204-E, Mettler Toledo)
BRE, REZS X A¥ (ZHFX: Z8=1:1) 4%, FSigpKEBEHFEEEREE
i (ET8, 1999) , BAFXRGHERSE (FERSE—E 1.4 , $5H%H MT
SRAMEN. MRS, Tt SREMEHTE,

1.5 Cd** fil Cu”" WIS RO BB H AR MT RENZER

WiE 1.4 P EE S, 288 Eaton I Toal (1982) X Klein & (1990) BHBILAEH

(Cd—Hb) MHAENE Cd* KE (WEAE 13). RIELIEMR MT &4 7 B/RE cd”,
HE MT ¥ .

1.6 BN

1.6.1 NEfBl&

AR E MR EBEEXNEPEERFREANRBL R, REMAERIKE P, K
5%, S1E#T 4°C 10,000 g B 10 min, B LEEI O SRR
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1.6.2 SOD iEH M

2% McCord 7 Fridovich (1969), MRB|EMFEHE (1991 WA AT £ 25CF,
T 4.5 ml 50 mM f) Tris-HCl 238 (pH 8.2) FHIALSMEEH 10 ul, FINA 10 ul 45 mM
KEIEX=Ry, RBES, BANE | cm BHAKPA, 7€ 325 nm i< 4 30 s WIETR
H—K, B gENAEEREE 0.070 OD/min 6. —MEIERAE X HNE 1 ml REHED,
FN MR =R EALER S0%NEBR, HHEARMT:

0.070 - AA395,, / min 100%
‘ _ 0.070 T en B
SOD §& 71 (UfmL) — R 8 AR e

1. _ SODFES (UlmL)
tbi& 5 (U/mg pro) EARE O/l

1.6.3 CAT i§ 1%L

£ % Barbehenn (2002) B h ¥, R E 665 nl REHBE P (pH 7.0, 66mM). 251l
FE G REHC 10 113% HyO0, AURR . FIEESMY R REVHA 240 nn TR 30 s JU—TOLRE,
LA RB L A BT, T CAT HBH. HFEHEFRHESHEREREAER H0, 19
PHRERB, WIEYH 394M - cm’’ (Aebi, 1984).

1.64 ZMHKERM (GR)
% Fl Bergmeyer (1963) 8178, X, B 3ml RENHEPSE 0.1 mM BREPR
(pH 7.8), 1 mM Na,EDTA, 1mM GSSG, 0.2 mM NADPH-Na, X 14011 B, BRIt
B SR Ao L, T GR EHE.

1.6.5 B HEk SHBMW (GST)

288 Habig % (1974), B S50 18, 10 1.93ml 0.1 M BBRENHE (pH 7.6) 10011
0.05 M RFERIAKHEK (GSH), ZE25C TR Smin /5, MA 2041001 M CDNB, A5
Y BV T 340 nm LB 5 min ARG AL, FHHRBE96mM - cm's

1.6.6 i (EST)

# W Hama ) Hosoda (1983) A%, B Sul 88 M0 1.1 ml 0.1 M BRRREPHX (pH
7.6), F0.5ml 0.3 mM o BEREFENE (a NAD, T 37CTRE 10 min. RKEIIA 0.5 ml &
B (1%E% B 2/ 5%+ EBERMN 2 : S REB) &k kN, UG AREHRE 600
nm ZERFE. Bl o -EEHIERNEEREE.
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1.6.7 HA R I BN E

2 18 Bradford (1976)M1 5%, A SEHRK G Blie i FHERSE, U4 s &l
FItE bR B ER .

1.7 B0+

%I DPS Bt (BB XCHEAYE, 2002) M JFLFEHFHRITHES T, BLL Duacan’s F
B EGHBRELBZENBERER.

2 G

2.1 Cd** 1 Cu* X5 R R 4) Bt B 45 R

R 14-1 T4, FEREMELES, FRARAX Cd” MRERRES, Cd % Re
S ZE ) LCso U0 Fo AR89 1.60 £, b S MARRY 1.89 5. AR 142 WTLLEH, ZERtEHiEd
rh, FRAREN Cu® MREEERHEEE, Cu® X Re SFRM LCso N F § 1.64 £,
A S AR 1.68 £,

# 141 ERJEMRLEN Cd* MR RHE
Table 14-1 Resistance development of Boettcherisca peregrine larvae to Cd*™

Generations Intercept s Slope b LCp (95% Confidence inerval) { t g/p) RR

Fo -1.42 2.55 327.24 (277.22 ~ 390.21)

Fs -1.09 2.33 405.48 (338.82 ~ 498.31) 1.24
Fig -1.39 242 439.64 (367.21 ~ 544.02) 1.34
Fis -1.58 2.46 476.99 (396.78 ~ 596.93) 1.46
Fa -1.47 238 522.66 (430.05 ~ 667.37) - 1.60

if: RR AT Fo B ¥. RR values represent resistance rates at the LCsy relative to Fogeneration.

¥ 142 ERBBRL SN Co® Btk BiE
Table 14-2 Resistance development of B. peregrine larvae to Cu®’

Generations Intercept s Slopeb LCsp (95% Confidence inerval) ( 1 g/g) RR

F, -1.72 2.49 494.89 (411.03 ~ 622.45)

F, -1.88 2.5] 553.52 (455.04 ~ 711.53) 1.12
Fio 217 2.57 612.58 (498.52 ~ 805.09) 1.24
Fis .2.94 279 700.21 (561.91~ 951.60) 1.41
Fa -2.43 2.55 812.99 (699.22 ~ 982.88) 1.6
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22 Ca?* F Cu? ZEARRLS K A S BRMR4H tu ik py (AR B

R 143 75 AR Rea i B (F=580.633,df=1,P<10*)iER S § R(F=284.723,
df=1,P=0.0001) 7 800 ng/g Cd** TFLTE 100 ng/g Cd¥* BHEATR R C& WREES. Re,
mAXNRBERREALL S RME, B _FREEER (F=20.867,4df=1, P=0.0018). [
B, Reodk (F=147.093,df=1,P=0.0003) HI1S &FE (F=110711,4f=1, P=0.0005) 7F
FIRAE (800 ng/g) Cu®™ W THARKRE (100 ngig) SEMERBIRMN G WEERN.

AR RTHANRER G’ BARBERRINE, B-FAEREER (F=0.640,df=1, P=
0.5599),

£ 143 Ca* A Cv® RS RANSE SRRt AR RI

Table 14-3 Comparison of Cd** accumulation and Cu’* accumnulation in B. peregrine larvae of relative
resistan¢ straing and susceptible strains

Strains Cd®* concentrations  C&** concentration  Strains Cu** concentrations Cu*! concentration

of treatments ( p g/g)  innlarvae(p g/gfw_) of treatments (1 g/g) in larvae (u g/g fw)
S 100 135221 1363 b S 100 134.95+2232 b
80{) 31242+ 12.05a 800 20036+ 7.30a
Rca 100 150.63+£ 13320 Rey 100 167.78 £ 26,82 b
800 359.17+£6.88 s 8OO 34401 £11.06 a

B4 B FIE L HFHEE (X = SD.) . Duncan’s HIEBEZRRER, A—FFARRNEFBIEIRR)
EREREBEKF (P<0.05) . F4,56,7,8,9 FZ. The values are means + standard deviation. In the same
column, there are not significantly different among the data with the seme lowercase letter at P < 0.05 (Duncan’s
multiple range test). The same in Table 4, 5, 6, 7, 8 and 9. fw: fresh weight.

2.3 Cd™ Al Cu™ XA G FR AR R4 di 4k R 1 R

BHE 144 4, Rea %R S RYBMAEX MRS HE (F=0075,df =1, P=
0.7978) ME (F=2.778,df=1,P=0.1341) TREER. | HBHHZ i BB A KRG,
PG RVBPIEERLER (F=14.108,df= 1, P=0.0641), (BEEKERBEER (F= 23462,
df=1,P=0.0401>. B4, KEKE Q00ugp) W, FREROEEZHNE, T R, HEMN
AEMN, ZREFE (F=16.065,df=1,P=0.0160), ZREMT Ry BEREIEKEE C& 1
ERY. (BREBBEAIER Res AN S 4 BAEEHHIES A 62.99%H 64.08%, —ELE
FER(F=1.052,df=1,P=03631). TR EHMEKF (100 n g/gd(F = 2.298,df= 1, P=0.1680)
ERBRE (F=3.979,4f=1,P=0.0812), Cd" MARESDBKHEPRLEER.
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% 14-5 411, RegdhRA S RRYREMER R IEFEEMEE (F=21.205,df= 1, P=
0.0100) ¥MEK (F=52.122,df=1,P=00001) REMEBEEXZS. | BRHASE " &
HMARE, BREASHPEELREER (F=876,df=1,P=00977), BKHE & (F=
15.012, df=1, P=0.0007). B4, KKE (100 g/ B, S MARYBAFERINE, 1 Re,
BRNAERRSE, EREF (F=20971,d/=1,P=00102), ZRKRT Re s RITRAK
B o MEN. HEABKEN, Cu™ 3t S 8RN Re, AR REEMBIRT AN 3437%
F13451%, WHES (F=0001,df=1, P=09730). LWH{ERE (F=0013,df=1,P=

09124) BREGRE (F=0511,df=1,P=04952), Cuv*’ MHRREKHEBRETER.

% 144 Ro, BEMS SRERINMAES Ci¥ RBEARREKBILE

Table 14-4 Comparison of body weight and body length of B. peregrine larvae from Rgy strain and
susceptible strain after Iarvae being exposed to Cd*

Strains

Ca® concentrations  Body weight  Inhibition matioof ~ Body length  Inhibition ratio of
of treatments (1 g/g)  (mg/larvae)  body weight (%) (cm) body length (%)
S 0 4733+6.09a 1.36+ 0.07 a
100 3493+508b 2620+10.73b  1.14x0.09b 15.75+ 6.64 b
800 17.00+£053c 64.08+13.12a 092+ 0.03¢ 32.10+2.01 a
Rea 0 4853 +4.46 2 143+ 0.06a
100 4864+191a -0234+3930b 1.29+ 0.08 b 082+571b
800 1796:0.71b 6299+ 147a 1.0240.06 ¢ 28.19+3.89 1

W

# 145 R MER S BRFERIMMHRE Co™ 4B REREKGIER
Table 14-5 Comparison of body weight and body length of B, peregrine larvae from R, strain and
susceptible strain after larvae being exposed to Cu?t

ihbhieniie

Strains Cu® concentrations Body weight  Inhibition ratioof Body length  Inhibition ratio of
of treatments { u g/g) (mg/larvac) body weight (%) (em) body length (%)
S 0 65.45 + 3.07 2 1.59+0.03 3
100 5047+457a  914+699b 147x0.15ab 7.90+955a
800 4206+225b 3437+3442 128+0.19b 1995:12.02a
Rea 0 4733+ 6,092 136+ 0.07 8
100 5487+3.03a -15922640b 126+0.12ab 7.24:884a
800 31.00£277b  3451+585a 120x010b 11.69%7.0)a
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2.4 Cd** Ml Cu® XATE S ZR LR ) BRR R A R 52

# 14-6 %%ﬁfﬁ Reg mBM S KA BN B EFNREEHEEN>TRELEEE
5 (F=0,001,df= 1, P=0.9749). ) H#AZ Cd*" 4R, Ry MR (F=18.659,df =2, P < 10
N 58S BR (F=57366,df=2,P<10™") #ERBKFREHREZME, H Rcy MR
BB EERT S RARN (F=4.514,df=1,P~0.0378). FMELREMEKE cd™ &
B MR R B SRR AAHDEHE TR EER (F=2443,df= 1, P=0.1338), A

R Ca>" REM Rey SRR BRI EIHIEL S R R BERK(F=8875,df=1,P=
0.0074).

% 146 R BEM S REHZRBBERI LS Ca™ MBERBAR IR
Table 14-6 Comparison of fecundity of aduit females from R, strain and susceptible straln after exposure to Cd™

Strains Cd** concentrations Qviposition numbers Inhibition ratio of oviposition
of treatments ( 1 g/g) (erg/ &) (%)
S 0 828+1132a
100 7451 £8.795b 1180+ 11640
800 4232+ 7217c 4930+ 84] g
Reg 0 82.6+15324a
100 _ 7944+ 1393 a 20517120
800 527+ 10390 3628+ 11944

HE 1478450, Re HRENS BRYHANELERMTREHRBREREER (F
= 0.389, df= 1, P=0.5405). &KL Cu” LG, Rey MR (F=71.244,df=2,P<107)
MSEHR (F=84801,df=2,P<10™") BB/ ~RRMEXRIL, Re MRERBHHN
BEEHT S HEN (F=10.043,df= 1, P=0.0025). FEARKREN, Cu* RS RRREE
TREMNNHERETEEER (F=4901,4d=1, P=0.0400), BKEH, Q" HHEARRE
bR NEREEEEER (F=2.533,4f=1,P=0.1289).

2.5 Cd™" #1 Cu”* AARRREZEDIRMY RERSRREANS 2

£ 14-8 BERFH, Reg AN S RESHENEANMESRIAEHEEHEA MTRESE
FER (F=10028,df= 1, P=0.0340). | B&4hE Cd* EBELH 4K, Rey WESH
R MT KR S REMNEEFAR (F=12275,df=1, P=0.0044), Z{RIKER, Cd™ ¥H
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HEhh MT R SREREEES (F=2081,df=1, P=02226), BMELHREAR MT K
YA RZEER (F=1672,df=1,P=02656); @KER, Cd” MRMARLR MT K%
SEHBZER (F=276299,df=1, P=00001), #&EHREN MT KFBEFEZER

(F=105.042, df = 1, P = 0.0005). X FE—FHEXRU, Req FE (F=23.100,df=2, P =
0.0015) F1S B E (F=625865,df=2,P<10™*) #hhEp MT KFE Cd® WEEERLL,
cd” WEHR, BRI MT REER.

# 14-7Ro, B EH S BEERIMKMSRE Co™ HAFRRET OO
Table 14-7 Comparison of fecundity of adult female from Re, strain and susceptible strain after exposure to Cu’*

M

Strains Cu** concentrations Oviposition pumbers Inhibition ratio of oviposition
of treatments ( p 8/8) (egg/ ¥) (%} 3
) S 0 794+ 542 a
100 80.8+64]a -1.76 £ 807Db
200 ' 474+ 747b 4030+94]1 a
Roy 0 8131 7.96b
100 806+ 729a 1021 £897Db
800 5344591 ¢ 343247278

F 148 R BRR S RRBMPMNILRE o™ HBEHA MT REKILE
Table 14-8 Comparison of MT concentrations in B. peregrine Iarvae from Re, styain and susceptible strain
after Iarvae being exposed to Cd™*

M

Strains - Cd* concentrations MT concentrations Inducement ratio
of treatments ( 1 g/g) { » mol/g fw) (%)
S 0 0.87x005¢
100 234:0.150 170.11 £ 17.15b
800 4272 0.13 s 39303+ 15.16a
Reca 0 1.512035¢
100 3.15+1.08b 108.83+71.55b
800 515007 a 24098 +4.68 a

W

% 149 &R %W, HLRERMEROFARE, Re, ARSBBEH MT KEREST
S B R MT KB (F=17.670,df= 1, P=0.0137). 1 H&%H% Co®™ EELE 4 K5,
Re, SMFRSBER MT K FELEERT S MRS BER MT K (F=352226,df =1, P =
0.0186). ZEIEIRER, Cu®™ MBHRRNAMT PWERIERBAREER (F=2418,df=1,P=
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0.1949), HABEMBBAMT K FHBREREER (F=3.746,d/=1,P=10.1250); BKE
B, Cu®* W RERMBEMTHBSESREFER (F=231902,d/=1,P=0.0001), MR#
heithig MT KB REBEEER (F=85.084,4f= 1, P=0.0008). X3 FRI—& &K%, Rao
SF (F=129.088,df=2,P<10™) 1S ME (F=58638 df=2, P=0.0001) %HH{EMN MT
KEFE O WEBEDRL, O RELHE, TSRO MTRERR.

% 149 Rc, BEM S RAREAHRMERE Cu® LSRR MT RERHE
Table 14-9 Comparison of MT concentrations in B, peregrine larvae from R, strain and susceptible strain
after larvae being exposed to Cu®*

A e e ey, -

Strains Cu** concentration MT concentrations Inducement ratio
of treatments { p g/g) { n mol/g fw) (%)

S 0 0.87+0.05c¢
100 1.68+0.55b 9461 +£6371b
800 3.69+0.13a 32660+ 1449 a

Rey 0 172+ 034 ¢
100 | 234+ 0.19b 36.55+ 11.12 b
RO0O 47610150 177.06 : 891 a

2.6 Ca** Al Cu™ WARRRNSER NS R SOD BrEHEfEw

F14-10ERRH, Ry MBS BHRGANBSAMESRAERG SOD BEHELE
EER (F=0111,df=1,P=0.7554). | H®$HRE Ca™ EELHE 4 KE, RuRR (F=
36.288,df=2, P=0.0004) 5 S AE (F=15.880,df=2, P=0.0040) 411 SOD BEH#
B &M, Cd AT, SOD MEE K, BR R R SODMEHT B E X R (F=1.845,
df=1,P=0.1994). ZEMLKER, Cd*" MM AL D SOD MEHNMBBRAREER (F=
0.435,df=1, P=0.5454), RRELHRY SOD BEHBBREREEER (F=1476,df=1,P~=
0.2912); RkER, Cd' MERBRL R SOD MIFHMHIRABREER (F=0751,4=1,P
=0.4350), WARYH SOD AN ERAFERER (F=1148,df= 1, P=0.3443),

#F 14-11 R R, R, WEN S KRR EARAMERAER)E SOD MEHLEEE
B (F=0401,df=1,P=05612). | B#4hHE Cu® E&ELE 4 K5, Re, 525 (F=19.589,
df=2,P=00023) 5SS E (F=17.5%, df=2, P=0.0031) 4% SOD BStE s, 3
B Cu*' IREHMR, SOD Bigtii(E, FARLHN SOD BEULEXER (F=2.300,df=
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1, P=0.1553), RN, Cuv* MFHRZELER SOD MEHMERAEEER (F=0.001,
df = 1, P = 0.9838), WMERLEM SOD ENREREER (F=0386,df =1, P =
0.5679); BWER, Cu® MBWHEL D SOD BENMIHIREREER (F=1.533,df=1,P
=0.2834), WMELHM SOD MiEHERFEEFERF (F=3.750,df=1,P=0.1249),

27 Cd¥* A1 Cu™ AR R I R ARSI CAT S HE

# 14-10 EREY, RumAENS RRHBMEAINELERAERE CAT MiFHE LR
ExR (F=2816,df=1,P=0.1686). | Eﬁ%ﬁh&% Cd" EENAEIKE, Ra@R (F=
3.527,df=2,P=0.0971) 58S &% (F=1211,4f=2, P=03616) SR CAT BHiStEi R
FRBENT, 3H Cd” REBR, CAT BiEHERIE, FRARYUM CATBIEHEEE
ER (F=5350,df=1,P=00393). Z{RKER, C&" MFHRRLMR CAT MEHEMNHILH
REES (F=0555,df=1, P=04977), BHRRYEN CATREELREEEER (F=
1428, df = 1, P= 0.2982); RIREERY, Cd XF&ARSIE CAT MSHNHIRAREESN (F
=0.067,df= 1, P=0.8089), PRSI AM CATHEHLRAREER (F=1345,df=1,P
=0.3107),

% 1411 BREY, Re BEN S BRYBRARMEROFRE CAT MisHERE
EF(F=4.404,df=1,P=0.1038).1 H&4$HE Cu® FELE 4 KJE, R, MFR(F=5.569,
df=2,P=0.0429) 58S R%E (F=6383,df=2, P=00327) 4& CAT Bt #
E Cu® IREE#R S, CAT BSiStERE, 3 MR RN CAT BEHE EFE R (F= 13.078,
df=1, P=0.0035). ZEMRMBERT, Cu™ XM FR ) S CAT M LRI A R & E57(F = 0.526,
df=1,P=05083), HRARRPDRM CATMENFREER (F=9423,df=1,P=0.0373);
R, Cu* XF B R CAT BEHIPHB A R EER (F=0.695,df=1,P=0.4514),
BRRSHRY CATREHERFEEER (F=1.804,4f=1,P=02504).

2.8 Ca* A1 Cu?** AR BRNIER KL E GR BEHRZW

£ 1410 BREW, Ro AEA S REYRMARMESRNERS GR Wik HHERE
ER(F=0019,df=1,P=08964).1 HR4HRE CF" FEELBIAKE, Roy RRF=6.045
df=2,P=00365) 5SHE (F=9488,df=2,P=00139) 515/ GR BEHHEEA R,
{B=H > A GR BIEHE REER (F=5563,df=1, P=00361), FEARKER, Cd®* *
HREYL GREFENESEHEXRER (F=27.789,4f=1,P=0.0062), FARRLHEN
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GRESIEHWEH B EER (F=33.581,df=1, P=0.0044); HkEN, Cd PR ELE GR
AN ASREEEER (F=0236,df=1,P=0.6527), MRS HAK GR BiEHBRE
BEER (F=0.194,df=1,P=0.6826),

R 14-11 LELRHY, Ro, SRS SAYERRANERAIEE CGREEHEEEE
R (F=0403,df=1,P=05599). 1 H#$4hH0E Cv® ESLLATE 4 KI5, RadF (F= 1.068,
df=2,P=04011) 5 S @R (F=4.369,df=2,P=0.0675) 1B GR BEHEHN T REER
FH8, BB ZRKH GREFEHEREER (F=0.110,4=1,P=0.7454). Z{RIRER, B
fhE4hE GR BNEHRERAEEER (F=0.009,df=1,P=0.9290), FiIfR &% 4K GR ¥
EHEREREER (F=0.258,df=1,P=06383); FREN, Cu* ¥BEHRHEGR &
EHRHEEEREER (F=2133,df= 1,P=02180), Fifh R4 A GR EHEREER
Z2ER (F=0486,df=1,P=0.5239).

2.9 Cd** 1 Cu** HARBRRNEERHHRL S GST BiEHrKEm

F 1410 ERRH, Ry HEN S RENBHAFAMELMAIEESG GST BERLE
EER (F=0.164,df=1,P=07061). 1 AR%HE Cd™" EHLE 4 KB, RaBR (F=
1.165,df=2, P=0373) M S BE (F=4.062,df=2,P=0.0766) %hti GST BpisH LR &
Ak, FEARRSHUM GSTHENLEEER (F=0.145,4df=1,P=0.7099). ZE{KRE
i, C&* MR GHELE GST BEHNERMAFTEEER (F=0.055,4f=1,P=0.8267), ™
RRYRE GST MEHUREEEER (F=0667,df=1, P=04601); HkEs, Cd* 3t
PR R %h R GST BE HE s 8 R 257 (F = 0.365, df= 1, P = 0.5786), i R4 B GST
MR BARBEER (F=0.095,4df=1,P=0.7728),

# 14-11 B8R, Re, REA S RERYIM AT MERAORES GST MEH LR E
ER(F=0251,df=1,P=0.6425).1 HR4HRE Cv*" EHLHE 4 KGRy RARF = 10938,
df=2,P=0.0100) 5 S 5% (F=8.181,df=2, P=0.0193) %15 GST M55 BE B4,
Cu®' KRR, GSTMEHRK, BFHRARNELTEEXRE (F=0.156,4/=1,P=0.7307).
AR R, Cu”* MR RS E GSTRE M INHE EZ X R(F=20.553,4f= 1, P=0.0105),
MRS GSTMENBEREEZR (F=16032,df= 1, P=0.0161); F&EH, Cu® %
Pifh ZR4h i GST SRR BEER (F=21.230,df=1,P=0.0100), R4 HEM GST
MENMEEREER (F=25020,df=1, P=0.0075). |
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2.10 CA* A Cu** H ARG RFIFEED KRS EST BiGHREwW

£ 141052 R, R, MAMS BRAGHNFANMEERIVEHS ESTBEELES
% F(F=0.008,df=1,P=09326).1 HIA4hhE Cd” EEMHE A4 K/E, Rea R F = 140.279,
df=2,P<10") M S RE (F=5387df=2, P=00458) %h EST BiEH B ERK, 3
BRARERY A ESTHEEEESEHER (F=9.100,df= 1, P=0.0107). Z{RKFR, ¢4 *
BRSNS BEST BiE#EE BEER (F=41.604,df=1,P=0.0030), BMERLIHH) EST.
BWEHhEREER (F=139.080,d/=1, P=0.0033); RKER, Cd” XFHFRLE EST
RSHEMSIA R EER (F=33.780,df=1, P=0.0044), SR BK ESTREHBERE
EZR7 (F=31.970,df=1, P=0.0048).

#14-11 BREW, Re, MEF S BRHAMATMERMAEES ESTMEHLEEE
R (F=0.137,df=1,P=0.7299).1 H®4RE Cu” HEELE 4 K/5, Ro, i F (F=173413,
df=2,P<10™) 5SS RE (F=6.852,df=2, P=0.0282) 45 EST MiEHE B X ¥,
H Co¥ WM, EST ML, EFMARNDN ESTMERLEEER (F=0.162,4f
= 1,P=0.6911). FERREH, Co*’ HHERRYDESTMEHIMBHTERER (F=133.815,
df=1,P=0.0044), BRERMNHESTREEHEEEEER (F=11463,df=1,P=0.0276);
BRBER, Cu® MB ARSI R BEST MiEHENBR AR EER (F=23.761,df= 1, P=0.1245),
B RSB ESTMEHERFTREEER (F=1.144,df=1, P=0.0556).

3 Wik

Cd” WHMENEREN, Readh B4 RM Ca” HRHER S BRSHBR 1.89 5 7E48
RIAEIRE T, Rog MBIHRRR R itk S SMRMBCE 14-3), £ H N BINTACGE 14-6),
XL UL Reg dRERX Cd¥ AU, X5 Shirley A Sibly (1999) Xt REFFMRAHHRE
AR, EREGKAEFRAFHEER (K 144D,

Cu® WIS REY, Re, MEM O’ MRHRE S BRMN 1.68 (X 14-2), Ro,
SEMN Cu®' BRSNS (8 14-3) , AF AR (R 14-7) , RiEH Re, KRERM
Co®’ Wik, BAEAKEEIREARANEEFER (K 14-5) .

BRI EREY Rey MR (R 14-8) HI R, (R 14-9) BRESBEA R MT KFHLL S
RARKA®, XS ElNBEReRE R AMtBImadixnr. X5 Gill F (1989)
B KRR Sterenborg % (2000) FHXREEHMBIEHEELL. HIF, Debec T (1985) i
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% 14-10 Ry MEA S BRIZERHIBML NS Cat A BE PR E RIS

Table 14-10 Comparison of activities of antioxidant enzymes and detoxification enzymes in B. peregrine

larvae from R, strain and susceptible strain after Iarvae being exposed to Cd**

Cd** concentrations { 1 g/8)

Strains  Enzymes Parameters
0 100 800
S SOD  Activity (U/mg pro) 195.30 £29.50a 178.19%1631a 10033 £)7.79b
Inducement ratio (%o) -8.76 £ 8.35a -483.64 £9.11 b
CAT  Activity( y mol/min/mgproj)  34.56+3.74a 36.18+ 651 a 1957+ 12.56 a
Inducement ratio (%) 471+ 1884 a 433713633 a
GR  Activity (//mg protein) DO2R+0004b  0.047+0003a  0.039£0008a
Inducement ratio (%) 22251+ 11.119a 29784+ 14.454 a
GST  Activity (n molmin/mg pro)  248.34:34.67ab  286.02+28.52a = 189.69% 176.65 b
Inducement ratio (%) 1517+£927b -13.12+12.78 a
EST Activity { p moVmin/mg pro) 23.69+ 5742 18.99+1.10 ab 1254+ 0.84 b
Inducement ratio (%) -19.87+4.65b 47.09+3.54a
Rea SOD  Activity (U/mg pro) 20120+ 8.17 a 19035+ 5870 117.0812045b
Inducement ratio (%) -530+292a 41.81+10.16 b
CAT  Activity (4 mol/min/mg pro) 5142+17.00a  46.63+13.67a 32.70+15.07 8
Inducement ratio (%) | 931£26592  -36.412293)a
GR Activity (U/mg protein) 0028+ 0.002b  0.034+0.003ab 0.036 £0.004 a
Inducement ratio (%a) 66.580x:9412a 38.802+£2B8.720a
GST Activity 237.64 + 29.83 268.88 + 28.15 225.78 £+ 46.35
Inducement tatio (%) 1315+ 11847 a 499119504
EST Activity 2406+ 044 a 11.26 £ 1.36b 6.67x120c
Inducement ratio {6) 532125640 1227+ 50008

BB HFHE 5L (X +£SD.) « Duncan’sH M B ZERBRY, F—ATHRERNIEFROWIREE
FREZEKF (P < 0.05) « The values are means + standard deviation. In the same row, there ere not

significantly different among the data with the same lowercase letter at P < 0.05 (Duncan’s multiple range test).

EEBAAREPKMA C& )5, TUESH MT, FEBERNE Cd BT (CdRyw) F
M MT IREBERGIEA CY ESEN 2 £ . AR PONBHREREDMT ATVHEE
ZEFH® (Tohoyama et al., 1995) .

5 8 BARSH SOD BEHAML, Rey RAMF Re, BRI ARILE, XiHB] SOD
ARG A 4 o’ FEBENER. 5 S SFESR CAT BiFHEE, Ry MR
Reo EMBEDHBERLR, XEP CAT WS4 B3 Cd® f1 Cu® FARBEX. 5
fhFZ 45 GR BEiEHHARLL, Roy MEAMEZER, M Re, BRAZHEZR, XU GR WHeS
o Cd* MR X, TSR Co® BIRBEEX. &5 8 AFR4 4 GST BiE AL, Rea &
EZHNN Re, REANNBEEREESR, ZRYGST WRESHEM Cd¥ f1 o™ HAEWUE X,
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5 S i Reh® EST BiEtEHELEL, RCA RENEER, M RmARNEBEF, XA GST
WhE L4 dat cd MFEE X, S G’ B, BERERARAXZER 5SS
BT R, ASHFEETTAES RN EENERE, NTTREII3ELEDREY.
BN RER, HEIFBLHRE Ca™ B cu® HBF, BT GREFEHEAEN, He 4
AR, XA REAEARAFE c& Tl e BEN TR L FHEBLE
74 K IME SOD M CAT ZRBHEMEE M. ZE O, ~ MMM OH ~ K™ 4, AP
g BT | AL NE LS (Beyersmann and Hechtenberg, 1997; Korsloot et al., 2004) , BER
FF] GST # EST MsE#. —EREMN ¥ E3TLIES GSH (Beyersmann and
Hechtenberg, 1997) , T3 GR MiliER GSSG AlLA{Ff8 GSH 4, XibiFR Cd* 485

GR BFHEHRKIRE.

£ 14-11 R, AEN S BRER BN RS Cu? BBEHALRENRERNSENHE
Table 14-10 Comparison of sctivities of antioxidant enzymes and detoxification enzymes in B. peregrine
larvae from Re, strain and susceptible strain after larvae belng exposed to Cu®

Strains Enzymes Parameters Cu™ concentrations (i ¥/s)
| 0 100 800
S SOD  Activity (UI;;]M'O) 183.62+24.032 190.4141908a 10825+ 11.06b
Inducement ratio (%) 370+ 1039 a -41.04+6.02b
CAT  Activity (» molmin/mg pro)  34.56x3.74a 2069+ 6361 23.19+475b
Inducement ratio (%) 40.11£ 18.40a  -3288+13.74a
GR  Activity (U/mg protein) 0.0280.004b  0.028+0.004 b 0.036 £ 0.004 a
Inducement ratio (%) -0.82+1553a 2870+ 13.72 a
GST  Activity (y molUmin/mg pro) 24834+ 3467a 26891+3563a 171.20£21.17b
Inducement matio (%) 828+1435b 31062 8582a
EST  Activity (u mol/min/mg pro)  23.69%5.74a 14223 022b 11.95+095b
Inducement ratio (%) -40.00 + 0.95 b -49.55+4.01 a
Ray SOD  Activity (U/mg pro) 19356+ 12.76a 201.09+2286a 12541+10.64b
Inducement ratio (%) 389+1181a 352145500
CAT  Activity (p mol/min/mg pro) 49.58+11.82a  33.83+38lab 2898+ 5.76 b
Inducement ratio (%) 31.76+769a  -41.54+11.62a
GR  Activity (U/mg protein) 0.030+0002a 0030+0007a  0.034+0003a
Inducament ratio (%) 06922279 a 14.53+9.70 a
GST Activity (p mol/min/mg pro) 26442143422 179.39+1518b 3299715074 a
Inducement ratio (%) -32.16+5.74a  24.79+£19.i9b
EST  Actvity (p molmin/mg pro)  22.15+1.253 15.52+0.50 b 932+1.02¢
Inducement ratio (%) 29.96+2.25b -57.93+4.62a
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B

FEMNIBANTEEFRNESRARESRRNESNHL. SR BLH R 2iE5d )
WENEY P RINES R, HP 80 BT AR S, —S0 R ki R T
Wiy, BEEEBHIFIRER (cuprophilic cell) RERW, BEDH EFREETIK,
¥4 Durliat % (1995) #HEHXL. BRAEPHERNESREFIRALUTLER:

(1) REBESBETAIRAE MEHES MT RS54SR, Bd4E4 MT, ES
BERMETHED, ARHEEEE. AREREXEBNEA. BOCS2EALTH MT,
M RAREFE. SRBRBRARSN B ELRTRLSET R G - AR AR
BFETIRR S . BAb, MT BAEGRASRETRLESWEASE, KRN RAT
FHH (Silareral, 1990).

(2) EL R HEREE (compartmentalization) K&, BILFLET BBk
# (HERARTNHLBWENN), ERESAEHRLEYERLSS, HETHRE.
AU ELH TN (Hophin, 1989; Dallinger, 1993; Posthuma and van Straalen, 1993).
Hopkin (1989) iR T MAXKNER (A 15-1), X2BRGAERRTE.LEARHR

(Lauverjat et al,, 1989). RFEEMLHURTREAT B R, WHEHETRE Rk
ELRETELYH. BLERETRUFAZESNETOR? RITEN c8 B0
{&F 5 CDR-5 (cadmium-inducible lysosomal protein CDR-5) ZERt i T EEH, HARA)
ERLRAFNRNTORRATERESS O WIEHX, T Dong % (2005) M T4
A Coenorhabditis elegans CDR T LR Ca™* HHEHTRABEGA.

(N FBH, —LBhEHET RS ¥ E SR, IR K M5 #exocytosis ) ( Dallinger,
1993; Lauverjat et al., 1989). HRFIMFATEFTHEALHENAR. BRRIIEEFRHN
FRFBAEILT p-BEA (p-plycoprotein, pGp), XHEAHTNHEREN Cd™ #MEH

(Callaghan and Denny, 2002; Endo et al., 2002). Eit, AT LURNEER Rk PG L A+
) Ca™ thi B 404t o

BEREAESRNEH I RERBRNSRA MT BFERCHES B ISR A
WiiIBE 77 (Posthuma and van Straalen, 1993). HRZXH#NER BRELMKN, —BEd il
AE, AHNRERATIRMESR, EERNWAKBEAMMKEMAENZE. DK URIE
f#HEPRHERE T, JFANRRHN & T8 LA m Rt T LA B e RS
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B (Dallinger, 1993; Posthuma and van Straalen, 1993). Bt E & REZED AR MIFE
ARRETE (8 15-2).

BRGRIBESTEAARSALELR, BRSESRBE —EHEN, RS
SEURRSIREENARHORRL, FrEBHaN. EMOKTRRA. AEHEE. AR
S REHYPEK. RREMEEHEEN THE, EREKERIA: PROTREL,
REFERREE, FHRATRY, RONERTIRDERREZIN K. 7EHHRKF
LREA. ARFEERE; TRRGHOEE, WERKHRYE, SRERMEMATE: 8
XA AR AL, EEZRA; URERERRDOE. EELKTERRN. ERiLE
PERER, BRAKTRE, BEERIE.

P40 7 4G g

JOW

151 ZeC MM I AR T M B IR RS RO R, (Hopkin, 1989)
Fig. 15-1 Types and composition of cellnlar vacuolar-enclosed concretions in invertebrate cells

Hopkin #RTH EMETHHAFH A, B. C. D NAHEBNMHBRE, BRTSYOEREEEHE
SREHENEATHERX T —E. MT: £RFEGE. Four types of intracellular (fypes 4, B, €) and
extracellular {type D) concretions involving both cations and anions have been described with elemental analysis.
Cationic metals associate with concretions which appear to illustrate specificity toward both cations and anions. M :
Metallothionein.
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M 152 IR R RS RN T R5hE T
Fig, 152 Metal homeostasis in the bedy of Beeticherisca peregrina

2 MYF5HBT Storage sites of heavy metal
—»  £R¥ERE Tranportion way of heavy metal

C: ¥ O: RiY; P: HH; M. 1B H: 5 MT: BE®: F: Bk
C, craw; Q, oesophagus; P, proventriculus; M, midgut; H, hindgut; MT, malpighian tubes.

A menFza ‘

u)%ﬁ%ﬁﬁ?oﬁ#mm“ﬁﬁ%ﬁﬁﬁ&&ﬁE\mm,iﬁ%ﬁﬁmﬁm,
AZARAE AR BB A MR R E S RIS SRR

(2) BIEHRHEMNE C4 A o’ SRNTEND T EEARMELK, BRT
HXFESIMRBERE EARMGESEER. ANERRICEFESRNTNKER, i
ERMRTET LB IR EHESHCFESN.

(3) @R CA Mo WPEEE, FEAZROEE, EHTESRTLUE
Wi BB s A A PR A

(4) BIRT Cd M Cu’" LB SRR 0 # P A AR AT EN, B
ESE AT ERiFREISEREL-SHE 5. AT AENES BT A EFHHRAW
AR HLBRAMEE, tOERESEMNARKEMASTEmRLSE.

169



(5) MiFRAMEERBRECHT T o EHLRUEREE, A —PIR MT E£5R8
PIRRIE 4 77 E & B AL LR

(6) HEAREBAHNRAEZEINMEEESR Cd TR BEARN, BTTH
TEEMNERETHEES COR M pGp, ZEMAELREBRAEANARSTHEARE
EWEX; RRTHBEA Hp, AESRMHEMATARTERERN.

(1) FEEELFHARRENESROEREANS, BHRENNSSRHEA
FiILWmMA X, T LMESE SOD. CAT. GST Ml EST L#IXE.

A 5 BIBT LT3 )

REMME ESRENELEBZSRBOLE, £XEET, —BEHM MT.
CDR. pGp &8 TEE/A. *XLE SR RERAR LN FRETIMEAMT D25
R, BR, NEFETASHEAN, TERRELUTILNED: RRMNMEMT —RERHN
52 BRERRIRRSR MT MR REEATETRIAL, TRBAHTFEMN, R Western %
TRl RAEETENFE, AN MT DNA B RERBE E.coli FfTES
Fik, % MT BRBTRSAERE. T05 T CDR. pGp 7EsREBIMMRR B850 AN Bk
ER—AHFSE.

HAELANENBHNRNOFFEERE THEEHR, W Cd WARE Ca BATH.
4T SOD F CAT SEHRTHANM, WTERERNERREASSE,
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