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ABSTRACT

Copper is an essential trace element playing important role in both
the physiological and pathological processes. In traditional Chinese
medicine, it has been used in treatment for many kinds of diseases
including cancer for thousands years. Copper was considered as an
agent for “eliminating evilness but not harmful to the body vitality”. In
recent years, more and more attention has been paid on its anticancer
effect, mechanism and toxicity. With the discovery of metallothionein
(MT), more progress has been made in understanding the relationship
between the effect of Cu and MT, but not yet known clearly about the
key mechanism of the coexistence in the definite anticancer effect of
copper and its less even none invasion to the normal tissue , especially
to the liver.

In this paper , the anticancer effect of copper was studied from
different levels. The production , distribution of metallothionein
induced by copper and the biological sense of the coexistence of
copper and MT were studied.

1. Anticancer effect of copper.

There was a certain degree of anticancer effect fogsolid tumor by
oral administration in dosage of 150 mg/kg of copper acetate, the
average inhibitory rate of tumor growth was about 55% , which was
stable and well repeated. Meanwhile, the mice were in such
satisfactory condition as good liver and kidney function and normal
WBC count. When copper acetate in 100mg/kg injected
intraperitoneously to ascites HepA mice, though the prolonging rate of
survival time attained to 89.98 %, but the conditions of the mice were
so poor that the body weight reduced markedly and hairs looked
sparsely. Strong growth inhibition and direct killing for HepA Hj



mouse hepatoma cells and human 7402 hepatoma cells were also
proved in vitro .Dosage and duration in utilizing copper were very
important for getting the effectiveness and avoiding the side effect..

2 The mechanism of copper’s anticancer effect involved the
following three aspects:
[1]Blocking DNA synthesis of the tumor cells By Flow Cytometry
(FCM) 1t was indicated that in cell cycle the ratio of G1 stage cell
was gradually up with the increased concentration of copper acetate
(CA),from 22.1% in control group to 34.4% (2.5M CA) and 73.61%
(5.0M CA). Contemporarily, the ratio of S stage cell in cell cycle was
gradually down ,from 60.9% in control decreased to 40.46%(2.5M
CA) and 14.8% (5.0M CA). Due to most cells were blocked in Gl
stage, less cells entered into S stage so as to make the DNA synthesis

>

decreased obviously.

[2]Directly damaging DNA of the tumor cells When Hy; cells
were exposed to 200uM Cu®* for 48 hours, the cells were collected
and stained by AQO, then observed by Laser Co-focus Microscope .The
results showed that DNA and RNA were damaged markedly. The
homogeneity and structure integrity became indistinct. Smooth edge
became irregular sawtooth-like, well homogenize chromatin
condensed around, or stretched as buds, or dispersed as rape flower
and lastly many small pigments of chromatin appeared. In addition ,the
similar results were also found in‘the reaction system in vitro. The
hydroxyl radical derived from Cu®* plus H,O, damaged plasmid DNA
the damage degree of DNA was related to the concentration of copper
and the reaction temperature, the higher concentration of copper and
temperature, the higher damage degree of DNA.

[3] Inducing apoptosis of tumor cells Cultured human 7402 and
MT-7402 hepatoma cells in free serum medium containing 200uM



Cu® for three days, then collected the cells and extracted DNA |,
followed with electrophoresis in 1.5% agars , the ideal ‘DNA ladder’
of apoptosis could be seen. The result indicated that copper can also
induce cancer cell apoptosis in free serum medium.

3 The copper level in blood and different organ tissues was
affected by the development of cancer or copper loading:
[1] The serum copper level increased(p<0.05) and the liver, stomach
intestine copper level decreased markedly(p<0.05) in tumor bearing
mice than those in normal control mice. After treatment by copper, the
serum copper level decreased and the liver, stomach, intestine copper
returned to normal level. Tracer Cu® determination also showed that
the contents of Cu® in organ tissues of HepA ascites mice was
decreased than that of normal control mice ,but in ascites Cu®* was
gradually increased and 88.9% of the Cu® was gathering in Ha,
cells . The higher level of serum copper in bearing tumor mice reflected
a copper redistribution among various tissues in the course of tumor
development, but not represented the surplus of copper within the
whole body. On the contrary, there might be some deficiency of
copper in the body ,The decreased copper level in liver, stomach
intestine tissues might be one of the important factor involving the
body dysfunction.

[2]When the mice were loaded copper, liver was the most
important organ for gathering copper, and about 50% of the total
copper in the body was accumulated in the liver. Liver was also the
most important organ in which MT was induced by copper. In normal
condition there was less MT in liver and zinc was the main metal ion of
MT, the ratio of Zn/Cu was 8.5:1. When the mice were treated orally
by copper acetate (150mg/kg) for 10 days , MT was induced greatly in

liver ,and Cu was the major metal ion in the synthesized MT. The ratio



of Zn/Cu in liver MT was 1:62.5 in normal mice ,but 1:175 in copper
treated tumor bearing mice .This result might represent that some of
Zn in liver MT were replaced by Cu in tumor bearing mice.

[3]In comparison of MT and Cu in liver and cancer tissue, it was
shown MT was greatly induced in copper treated mice liver than that
in control mice, whereas in tumor tissue of the copper treated
mice ,MT level was significantly lower than that in untreated control
tumor tissue MT was measured by silver saturation method.
Meanwhile, the copper level in liver and tumor of the copper treated
mice was higher than that in untreated control liver and tumor tissues.
Further studies showed that the ratio of Cu/ MT in liver of the copper
treated mice was 1:2.78, but 1.- 408 in tumor tissue, suggested that
copper induced MT in liver , but depleted MT in tumor ,thus the
contents of free copper in tumor tissue was relatively increased and
might contribute to the copper anticancer effect. MT in normal liver
an& kidney might play the role in preventing liver and kidney from
copper toxicity. In vitro studies, the evidence of MT protected plasmid
DNA from the damage of hydroxyl free radical produced in the system
of copper and H,O0, had been found ,and there was a negative
relationship between the concentration of MT and DNA damage. The
more MT, thé more DNA protection and the less DNA damage.

[4]By immunohistochemical methods using E9 monoclonal MT
antibody stained by DAB , the study of cellular distribution of MT
showed that a great numbers of MT signals appeared in copper
locaded liver cells, not only located in plasma, but also in nuclear,
whereas no MT could be seen in copper treated tumor cells, this result
was consistent in the MT content measured by silver saturation
method. The histochemical method of copper stained by rhodanine

copper particles widely distributed in the liver and tumor cells treated



by copper, but the liver cells containing copper particles were well in
structure, while in tumor tissue, the tumor cells were destroyed and
copper was more focused in the necrotic parts.

4 The high expression of MT gene in tumor cells enhanced the
sensitivity to copper toxicity.

In order to study the MT effect on copper toxicity to cancer cells,
pBAcNeoMT II-A plasmid DNA had been transfected to human
hepatoma 7402 cells to constructed MT-7402 cells with high
expression of MT gene . The transcription of MTmRNA in MT-7402
cells was 20times higher than that of control 7402 cells. When MT-
7402 and 7402 cells were exposed to 50uM, 100uM and 200uM of
copper acetate. The results indicated that MT-7402 cells were more
sensitive to copper toxicity, especially in the first three days. The
killing effect on both cells were increased with higher copper. We
concluded that MT high expression in tumor cells were advantageous
to antitumor effect of copper in vitro, and was also favorable to induce

apoptosis of tumor cells.
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BAEB]. BT ERERKN~BERK, FEHEAGTHR, EUATEHHE
PSR, ITEBARZEERTE (AEHNEY TMEFR Tt NCAEHIHES,
BRI T2 K4, AT B S R E AR
B, EARNEES, BRIOUURNOEBRELAINORRS, MHAREA
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[—] EHstk
1 4if

NI HepA Hy, #Jf1: A RIFERIGREZHFmEERE
EARRAF, HEFRIK RPMIL640 & 10%M4- 1%, HHER 100U/mLEER
100mg/ml,5%CO, , 37 CTHEJF; 7402 NFFEAM: + B KHFEREKE
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FRIRATAMAE R REBUR M, 155 RPMI1640 & 20%8 4111, &
B/E 100U/ml, SEE 100mg/ml, 5%CO,, 37 CH%,
2 B

BALB/C #E¥E/NR, BRI ERME; NH BN, WESBES
ESFERNM O, KER 2010.5g, KR, 3000 REA, ARFHME
AL,

3 EEILH
EEERR AL M
Tris-base Serva
Sephadex G-75, G-50, G-25 Sigma

4 FEMNE
B RER MR Meridian-ACAS570 %[H
KFEEKRLE AR —LEET
BUBREESR Olympas B
B8 B Olympas CK HZ
TEHALBREEE Foma Scientific 3 [H
BEEXE O EEER AT
WA e Becton Dickinson FACS 420 *[H

[Z] EETTE

1 K3 9E L 5(5]

EFRITERRMAET, MBUEM HepA-Hy /NEFHELH 7-10 REIK
KT 4 °C 1000 35/5r .0 5 74%, FIHER 1xPBS BRREWKEUIIENHM,
&>J, SoH100ul BA 1xPBS 7% 100 1%, fin L4 BN EHERE, AE
TIrBESR=R, RESE, RI\ELTEERARMMRKE, ELE%
HTHE—ERENMRE T EMN T/ PEART lom , ERBEEELE
BERY, EREM T/ RBAESER. BILE, SETE SR
HEEH 10 R, TAEKARZY. BRERRELEER EHKRARKRE,
HEKEEES R, WRANATHEREKERREEEN. WED
BEN, LAFEREELLI 10K, B 11 X3 MR, FBUFHAH
WE; BUOEEE, RESHRRRESARY, ORE RSP THE.
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e MBAEE -GHUAEE .
Mz A B E x100%

¥ G FERTIE] - X BB AH A= FF R IE]

EHKE (T/IC) =
PR ( : Xt BB 4H A 72 A E)

x100%

2 R SMH M A K Al 2R R A 48 B E T S S [6)

HMKHAE, U ERENERERNT 24 AR, EREE—XEF
ANK, FHELICHE, FIRL, RELREREKHK. mxmaEt
LHENTHEME—-RMAARRERNSE, 255K, BHEACER F7
Bl 1 14 BBNEHERE, SCETHCIEAR=K, BHESE,
R IE L2 TE M A K B 2R R IT I SRS AR A L £

3 M43 St S B I B 43 4 5 A A A AR AT

wEK Hy /MR, BESERE —E6EGE, MBEK,
1000rpm/min , Smin , F§ 1xPBS Bk, BE Tkt 70% 2.8,
4 CIR7E. MERT, A 1xPBS BMMI=1K, REE&IFT 1xPBS 4, #il
RNA f# ( 20pg/ml ) . PI ( 10ug/ml ) Befa, i, =R 30 345 LN
W E4 DNA 28, Sl AHENEL.

4 BEAREBHENMERPERZAO A)(8]

He 1x10%/m] H22 #HAEEFH T4 200uM B9 Cu®™ A IMLiEAY 1640 BE5H
1 48 /NEF,  1000rpm/min ELLWUCERAEAE, WhH, EA 95%IKE& ZEEEE
10 ~ 15 435, REET; 1%L 308, 0.01% T RERREA S ~ 10
Sy4h; 1xPBS PE 1 434F; 0.1M CaCl, 434k 30 P Eared, /k¥E; BEBTE
W BMEE T, %5 DNA fil RNA Z{iE#A1E; 1xPBS 4= t&
HE=W, SRERH; REAEE, BOCHREDHEWN. 4% X
fif: DNA B Ga R HR AR, MREME{LC RNA EFLE5; B
M DNA ERG 6555, RNA 2 K@K,
A RO

0.01% Y 5E#8: 7 E18 0.1g AR K 1000ml, V55 FRARTF 4 TIKFE,

3



s FE AT 1ml FE#AN 1xPBS9ml ( pH4.8 ); 1xPBS ( pH4.8'): KH,PO4
9.08g AN AK 1000ml; 0.IM CaCl,: CaCl, 11.1g N3Nz K 1000ml ;
1% 85 R .

5DNA “ Ladder ” [9]

NJFFEE 7402 . MT-7402 B RNEBEL & % 80-90%/5, EHA A
T 1640 EFEM, A Cu™ ZEHREEH 200uM , SkeRHEFH—RETEG, W
AWK, EL, A 1xPBS ZEHIK, i DNA HEE® 380ul ,
10%SDS10ul , 0.1%RNaselOul, 37 C{EE 2 /Mit, I PK ( 1mg/ml )
10ul, 37 CiRE 2/pat. ByR5HIR, ZBEUE, 0 S0ul = KEH,
20ul FEPK. BOMRAE 1.5%, BLF SOV, BEIK 3 /MBS, EB Jefs, RIMT TR
ZHAH.

. LR

[—1 4% ey S B sh M i I B
#1453 51 BABL/C . NIH /NRIER L THMAARFEER Hy,
MR L AEEY, WEBBRESTTHBEETEENIPHRER, LB
KRB, TENER SSmg/ke/d 1 110mg/ke/d B EIPERSFA 9.70%F
10.89%, H4FHITIEHEME] 150mg/keg/d BY, HIPREEERLLAE] 43.05%.
66.47%K% 51.97%, HMEMREE, FREEERRITHESHEBHZRE
BWHESZITFEEX ( p<005, 0001), BEAKEFNERENE, WHIZE/NEK
RAERY. AE%KITHERA 150mgke/d HMBEES SSmgke/d
110mg/ke/d HILBBH BENFKITFER ( p<0.05, 0001)EFK 1. E1).
[E#E, 7€ BABL/C 1 NIH /N RIR FE 2 f0 R RSB 1 Ha, 40 MRS BUE
TR DL 24 2 S 4/ B A E K RO R, 1% 4E 10 RO AR 150mg/kg/d
B A AT EE K BRI 11.67%H1 20.17%, B/EE FHEWEKEES
%t AR AR A i E L ( p<0.05), B O RS 25/ DRAE KA
—ERIM{E. BRAZS 10mphke/d . 20mgkg/d , ELE S K, MREE
K ESNH 13.10%FH 2696%, SHEHAMRALIEREITTFERX
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( p<0.05); H{—KET 100mg/kg/d Bf, /)>EHTHE Ay iE) 2 & TT 5 5
89.98%, SxtEAMILAEFEFRITFEL ( p<0.001), HMRAMRE
BE, FEADRE, EBRARSAEGE2. BE2).

ERER B SRR RN LA PR R R E WA EK EER
REIEW, 00 R4 SR ST M BOR B, R ST X/ RUAE frkd
B 2 W T O AR 44

Tab. 1-1 The inhibitory effect of Cu-acetate(per. os.)

on mouse solid Hep-A ( n=10 )

Exp Mouse Inoculated Dosage Tumor Inhibitory P
No. strain number/0.2ml mg/kg/d x d weight(g) rate(%) value
1 NIH 50 x 10° Control 0 13 + 0.43 9.70 >0.05

Treat 55 x 10 1.21 £ 039

2 NIH 5.0 x 10° Control 0 1.56 + 037 10.89 >0.05

Treat 110 x 10 1.39 + 0.28

3 NIH 5.0 x 10 Control 0 151 £ 0.29 43.05 | <0.05
Treat 150 x 10 | 0.86 + 023
4 | BaLBIC | 50 x 10° Control 0 173 = 036 66.47 | <0.00
Teest 150 x 10 | 0.58 + 0.47 1
5 | Baec | 5.0 x 108 Conol 0 127 + 031 s1.97 | <0.00
Treast 150 x 10 | 0.61 + 024 1
#H[8] X2 p<0.05 3:1,5:1,3:2,5:2
p<0.005 4:1,4:2
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Tab.1- 2 The survival duration of mice treated with Cu-acetate ( n=10 )

Exp Mouse Inoculated Dosage Survival Proionged P
No strain number/0.2ml meg/kg/d x d duration(d) rate(%b) value
1 BALB/C 2.0 x 106 Control 0 15.08 + 0.92 11.67 >0.05
Treat 150 x 10p.o 16.84 + 2.31
2 BALB/C 2.0 x 108 Control 0 13.24 = 2.19 20.17 <0.05
Treat 150 x 10 p.o 1591 £ 2.23
3 NTH 2.0 x 106 Control 0 14.89 + 1.31 13.10 <0.05
Treat 10 x 5ip. 16.84 = 1.09
4 NH 20 x 106 Control 0 15.21 = 2.82 26.96 <0.05
Treat 20 = 5i.p 19.31 + 2.29
5 NIH 2.0 x 106 Control 0 1537 + 2.22 89.98 <0.001
Treat 100 x lip 29.20 + 3.21
p<0.05 4:1.4:3
HE X2 K%
p<0.005 5:1,5:2,5:3,5:4




Fig.1-2 The prongling survival duration of mice
with Cu-acetate (mg/kg i.p.)
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Tab. 1-3 The growth inhibitory effect of

Cu-acetate on HepA cells in vitro

Exp Cu dosage
No. in medium HepA cells ( x 10%/ml) count in different days
(mM)
0 1 2 3 4 5 6 7
1 Control 4.0 4.13 = 6.88 + 9.63 + 135 * 163 * 263 + 234 =
0.23 1.31 2.38 3.12 6.12 7.14 6.90
2 0.3 4.0 490 £ 4.50 = 438 = 5.00 £ 4.00 = 5.50 5.88 =
1.08 0.79 0.45" 0.79* 0.91** 0.78** 0.99**
3 0.6 4.0 4.13 + 4.50 4.75 = 575 £ 5.50 = 4.63 + 513 =
0.51 0.32 0.64* 0.65* 0.89%* 0.29** 0.89%*
4 0.9 4.0 535 = 4.13 = 388 = 3.50 £ 275 = 375 £ 455 =
0.13 0.25 0.19* 0.31* 0.19%* 0.30** 0.47**
5 1.2 4.0 5.50 = 6.25 538 £ 5.00 £ 4.50 488 = 5.88 =
0.23 0.89 0.72* 0.29* 0.37** 0.69** 0.81**
6 1.5 4.0 490 = 538 = 413 £ 3.50 = 3.88 = 5.63 = 6.13 =
0.67 1.12 0.23* 0.28* 0.46** 0.75*" 1.52%¢

FIXTRELEAREL, *¥P<0.05, **P<0.001
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KIEZE 9.6312.38 (x10%/ml, THE) , SHABSEAM LG HBLKI2EER
(P<0.05 ), BIEH KT 16346.12, SHMSHAMELERREEES
(P<0.001 ) , ZFLRHFEAFEY; SHFEAHFNS MM KT
B BHE, SMBEEHE S0 LTS, JLTAT Bk RAGE
1-3,58 1-3). et iiF BA 4R X i3 40 i 1) A 1 A B S Al 4E A

30
N —m®— control
25 = —e&— 0.3mM ~—
- —4a&— 0.6mM -
20 = ~—v-— 0.9mM
i —®— 1.2mM
< —+— 1.5mM
Q 15 — "
g 10 j /-/.
) 'gz.{_;: —— ‘;Z:
59 o= = ‘%—Qs’a‘
0 l | l | j’ L ‘ LI
0 4 6 8
days

Fig 1-3 The growth curve of HepA cell in different concentrations of
copper acetate in vitro

[=] S e 93 4 B o0 B 344

KA FE 20 M LB A RNV PE BSR4 Hy, SRMFETE R W, RITE
BEREE TR, BIREH ( 1.5mM ) B S0%LEANHMATE, HfF
TERAL N 51.30119.8%, 5= RYMFFTE ] 23.3048.24%, SX{HRLIAE
WA BEWER (p<0.05) ; {KIKEH0.3mM), EHHEGEHEIL KUK
ERA BN 35.0011021%, SRBHAMLEEREREER ( p<005 ), £
551 R Y94 80% 140 ffd 3 50, M MU FETE 3 49 24.8046.78%; [ Xt R 4 4 M ey
FI5RMIG AL 80%AEA (K 14,8 1-4), [, Xt AFFE 7402 4AKaH
PGPSR e N T s (WL 1-4 ~ 10 ), SLEGHSRUb S X iy
RREEE ARNRAMEER.



Tab.1-4 The Killing Effect of Cu-acetate on

HepA Cells in vitro
Exp Cu2+
No. | (mMm) Survival Rate of HepA cells in different days (%)
1 2 3 4 5 6 7
1 | Control | 100 909 = 84.4 = 86.1 = 85.4 = 776+ 781 %
32.1 30.66 22.34 20.86 23.86 20.88
2 03 100 718+ 50.0 = 62.8 = 350 = 327 248 %
21.9 29.46 24.18" 10.21* 12.21* 6.78*
3 L5 100 513 = 73 - 245 + 293 = 282 = 183 =
19.8 8.24* 6.64" 8.82* 9.86* 5.37*

» compared with control P<0.05, # compared between 2 & 3  P<0.05

Fig. 1-4 The Killing Effect of Cu-acetate on HepA Cells
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Fig.1-5 The normal control H,, HepA cell.(x100)

The normal control H,, HepA cell. cultured in complete growth medium
1640 with bovine serum, cells were in bright and plump condition. (x100)

Fig.1-6. H,, HepA cells were exposed to 100uM Cu?*

H,, HepA cells were exposed to 100pM Cu®* of complet
1640 for 3 days, the cell shape became irregular and even broken, the
brightness markedly decreased. Some of them were died.( x200)

0

e growth medium
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Fig1-7 The normal control human hepatoma 7402 cells

The normal control human hepatoma 7402 cells cultured in complete
growth medium 1640 with bovine serum. The adherent cells were bright
and plump. (x100)

Fig.1-8 7402 cells were exposed to 50uM Cu®*

7402 cells were exposed to SOuM Cu®* of complete growth medium 1640
for 3 days, some cells were escaped from the wall of culture bottle , the
brightness were decreased. (x100)
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Fig.1-9 7402 cells were exposed to 100 pM Cu®*

7402 cells were exposed to 100 uM Cu?* of complete growth medium 1640

for 3 days, most of them were damaged and got out of the wall. of culture

bottle . Many died cells appeared in culture medium. The cell size became
smaller than that of normal 7402 cell. (x100)

Fig.1-10.7402 cells were exposed to 200uM Cu?*

7402 cells were exposed to 200pM Cu®* of complete growth medium 1640
for 3 days, the numbers and size as well as brightness of the cells were
decreased markedly ,all of them were in suspension condition and most of
them were died. (x100)
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(PU] 4% K 2 4 B i, HepA 41 R # 6 R2

Xt A A HA R B B BT PUR R IR BS e —, FR{TRZA BABL/C /b
RIS TC B 7 HyoHepA 40 1x107/ml 3 B0/ BB AR, RS
RAEEE S, X BERRESFEEDK, 8RK—K, E+RHBBEK,
WMESRT EARA K RSO H., 2RAHABESEAEHRMER,
Xt BELK Hoo 40 B H S0 M B B = R R IR R, REESRFI B AR, G, #i4
B 7 400 B FE) B B0 05 Eh X BR R ) 22.1% 1 FHEY 34.4% ( P<0.05 ), #173.61%
( P<0.05 ), S HA4HM 5 40 a5 4540 b 5 0 B % B 60.9%, T REH 40.46%
( P<0.05 ), HZE 14.8% ( P<0.05 ) . myka] AE H4RLEA AR Hy, 4
BEREmE EE/ERA G A S 5. B T RIS A4 B FEL T e G1 88,
M A DNA £ 88 S B4R R/, SHEH ( 5.0M ) 4 Gl 4544
BT S L BIE/DFIE ( 0.5M )R 3.5 4%, i S SR EES F &SR ( 5.0M )
HWAE/PHE ( 0.5M ) HHHM 3.5 FLEGE 15,8 1-11), XHAEFE
FEMA R THUEERMNRE. 950500 S0 1 8] DUE i X 40 il F 3 52
my, MpH DNA &R R ZEETUEER.

Tab. 1-5 The Effect of Cu-acetate on Cell cycle
of ascites HepA cells

Exp | n Cu dosage Percentage in cell cycle (%)

No. M/0.2ml x 10di.p Gy S G+M
1 3 0 22.14 £ 237 6093 + 456 1693 x 2.59
2 3 0.5 22.82 + 3.12 4833 + 398 2885 t 2.77
3 3 1.0 28.82 + 423 5255 + 6.14 18.63 £ 3.22
4 3 2.5 3444 + 425 4046 £ 3.68 25.10 + 2.09
5 3 5.0 7361 £+ 8.8 1482 + 1.13 11.66 + 2.18

P value between 1:4, 1:3, 2:4, L5, 1.2, 1.4, 1.2, 1:4,2:5,
groups <0.05 2:5.3:5,4:5 2:4,3:4,3:5 2:3,3:4,4:5
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Fig.1-11 The cell cycle stage changes of H,, cell treated
by different concentrations of copper acetate(ip)

[189% | 8. 22.8%

114
Control
Phase Events Percent
G : 1318 20
s : 3354 1]
G2+M : 1897 30
Tatal: GERY 10@
2 T
0@ 13@ 188 1S@ 22@
221
Phase Events Percent
61 : 1753 47
S H 1716 48
G2+M 300 8
Total: 3789 100
2
358
5.0MCu®*
J Phase Evants Perceant
61 H 4720 18
b S : 651 10
G2+M ¢ 853 14
] Total: 6224 108
m
a 7T | Za Ens BN SN 4 ™ T
a@ 128 15@ 18@

Fig. 1-12 H,, cells treated by different concentration copper
tested with FCM
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[#] 4%t DNA . RNA #it5JE&F WK

FATR O R AL BB E T k5 Hy, 4HHAAE 200uM HitERT 48
/NEH G4 DNA . RNA fia15 0. (£ X EEARHIH DNA S5
®e® (Fig1-13 . 1-14), 3emEl .0 mRaB5Rs. BRATH,
D%, Fig.1-14 LR AR DNA , HIFFLEANKE RNA; i
FERT 4 DNA GRERREZ M, BA%R. (Figl15) &
ATESVERG DNA ZOEBENGANS,. hEF—-BESH, ek
Flihuk4gs, SMEARBM, BGMMAF;  ( Figl-16 ) B DNA [m) EJ7
$£h, FAEA LAERBEANFEIRGH, DNA WBESEMAY T BE
a4k, ( Fig.1-17 ) MR I 4R B o ¥R A E, T H i
TH B EAF G DNA NET R —KK DNA “BEB” ;
( Fig.1-18 ) FABOGILR & BT B SWAMREZa#ThEE, K35
AT IE % B9 DNA fE R4 M OB R RR A, HRRERER
£t ( Fig.1-19 ) B8 DNA 7E4R0OVER T HIE S84 A3 B4R, & DNA
SEEEREN—MEH; ( Fig1-20 ) WBRH DNA 7E4AMERTH
AW ES TR, R DNA NiFZ/MER, ULBRRTUEER 2N
%t DNA X —#RAFFH7 ER K.

Color Values
'~ 4095
- 3638
- 3583
.- 3327
-

- 2R1S
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- 2383

- A7

- 179

- 155
- 1219
- s
- T8

- 25
B

Fig. 1-13 The normal H,, DNA stained by AO. The shape and
structure was integrety ,the edge was smooth.
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Fig. 1-14 The normal H22 DNA(left) and RNA(right)
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Fig. 1-15 The chromatin condensed around and the edge was
irregular
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Color Values
2681

Fig. 1-16 The chromatin condensed up and some of them became DNA buds
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Fig.1-17 The chromatin was damaged by copper and some
of them leaked and became DNA tail
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Fig.1-18 The chromatin was damaged by copper and the
shape was like sgwtqo@h )

Calor Values
l‘ 4835
~ 3838
~ 3583
~ 3327
&~ 37
&~ 2815
f -~ 2559
- 2583

- 2048

Fig. 1-19 The chromatin was damaged by copper and the
shape was like rapeflower
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Fig. 1-20 The chromatin was damaged seriouly by copper
and was taken into many small fragments

N1 B A 1

4N 7402 B MT-7402 [FHES4AMITE &4 200uM Cu”' 2 L I3E FR M
BEaR, SBERWRMNM, REDNA , @ikl S TR g
Far (E 121 ), WAEETRATCEEMERFNRGT, FRAMK
ERT. ETHEETRIRE. BER pH EXHE FHS4AME TR W
WAFTH TR,

MT7402 -3 \ Fig.1-21 Apoptosis ladder of

7402 cell and MT-7402 cell
induced by 200pM copper in
free serum culture medium

at third day.
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=. e
(—] FdikEEA

Rz R & W B IE MR s K LR, BRI EREIRE.
1973 5, H A% Kamamoto 1218 EE B 49 SR TBH BUR A DL-ZHi &R
ERRBANTE, MAHEEBRREZH[10]; Rainess RF4HELITIT
Urethane LHPEFER FAKIREREMI11]; Knncheria &K I 10pg/ml #
Cu(NO;),IMP #il CuCLIMHP X3¢ IRIEK B4 HIEE™ 100%H 17,
E e E TR /N RAE IR 80%LA L, RIMEFF AR IRZTX P4 RINEA
A KA 50~70%[12]); Smarajit %R iE Cu-ATP[Cu3(ATP),e6H,01 4
EEHEENWER, EKMEWETE, M ERESEA &SRR
tHpaFI M 4T B K F[13]. Dabancens[14] #R3i& B M- FHIBLEAR O IRS
FrH TASMTXR fE@ /e, — A ERETFHEE S0%FmmEE, &
HAHKIEEN 80%., {EENAMNF5SRERGERWENGEER. 5
b, EEFEMREFZAAZHEFTIEERANSHEYE, W CuDIPS ,
CuATP , HEEB /N FHIBERE%[15-18].

WRRBFR A E, XIEKASFEFHEST 5 7851 7 JEITHE.
e, BE. FiyREEEREIE T RENTR[19];, IRTASRS%
B “THEA (4HS, B, BT, BEC, BH) BTESMEERK
187 BIFHIECR120). HAEABKESLMA “FE 7851 " B atkiEPRES
WITHE. K. HEE. 8%, ARESSRAALT X BAHMEH
HHBRMEE, WA ZRSRTER, BHERL, MEFNEFRERH
Bh[21].

(=] #FdiEER LR

ROV BB OTUTBER#T T REER, L THBOTUEERE
M, MEREIH B MER AR, R RBE KM E I YR & dr i
., @SR IERFERTUENEZ aEU T ILART:

1 HEiPEHEM DNA M4 R A5 ML uE X 4 AR B ik 2
SouM B ELXTAFEMA K FERZAMEER. RFTEM, MyE4niEe
Epptgk 5 DNA RESRER RS AN, FEIUEANERT TR
7EF 404 DNA 84 8[22). RGBS NNEHHRBMEREH, HES
SRR, Gl BMM B EBAER 22.1%FHEmE 75.0%4A%, S
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$4A 40 B S0 e 3of BE 2B A4 60. 9% BT/ 14.8% , 15BA b2 4 U A DNA & %
BRG], RS HERGHETE Gl 1. EXRF2BIEARBLASL
MEBKEHMEY DNA SEAEMETXEH, S4H4 Gl A B
£, BAKSFEHEREERK. ARSI IEETFITRENTES
AL, Kim[241BUCHRE TRE LEC KEATHE DNA K4
B%. A LEC KRR T4 7ERE R 2 F A EGF MRS REKRME 7.
MESEFIEXT DNA SRABEOBRILNEWH, RIALT DNA G S
P EHE ST BERNIER MR, MS5H%EOBRRILE XKNERE
FRAZARXA, INHEEERE T DNA K& 5 B8R 283 W5 51 DNA
& BT R I B B AL AT 3R TR F 40 DNA S .

2 MM EARERA S FRERBES KSPZHRR 1500uM FH7E
585 KA LARTE S0% A #) Hyy FHEAIM, MAESE = KA LARSE 80% L4
MIFHEAA, KA THEXITEARN ERRAGER. ETEtHREEM
FERATR IR M DNA F1 RNA ER T3S ZUHIBIAYER, {3 DNA #i
RNA RERR, HFRELRELH, RREEER. ZIITNWLBERS
Fuentealba[25]F X £ H FHE ArEREN FFHARSENNREM
fol. At 4 A FFTERT AT 40 B PA B A RO PR R B BOME R, IS4
AT EREFRR. BPEEREARES R, EmFREMRNE
. A REEMAEH 1500ppm #EAE 16 A, KIMESR A E
R g E, BI=RRAMRELATAOELE, 25 MAMEE IR
AR, ETHEMERAS THRRMMERIE, TERELSEHER
HEERAS26]. RITOERBIEL (REZFH2) , RMFEEIEASE
RS H A S B BURR DNA s, BRE—&K SN 55 DNA K,
il B DNA #f{ARERESHNKREEEARX, EIEAIRE. BERR
RrEHEl — BRI, BEERE TIREREM, DNA HENERNA K
/N R ST E L SRR B B X DNA KIBAME R =R # 58
ZU. SRATEARNEREE RELFREIEAENSS, MENERTEK
SHIEHRE, —HEESEERY, MEEREAEE. FAEELE.
BREEALEE. CRAELE. REAABEREAEEEABREEES TRED
BFEE, HETATEMNES HIINFETUSEBEHAE T, K
R fhEE. EXELEE. NADPH S{LEE. BAtHAEIREE. RS ILAS.
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—SPL AR ER. NADPH-4iffa K E LA 4k E X E O -NADP i& E i
F5BENYEALEBE, MU EBEREETFENTEHE. TTLLUE
EEENDAE T B N IEBHR R AT EAERT]. ETEHH
ESHRBEHAERY FEAMEATHVIEN CURERY FXRET,

Fx IR A, TSN SR RRRERS Bt SR 2
SIBUEHIMERX. AARE, YFFHSSKRTARSHERNE, R
o IR e FI T — B¥(malodialdehyde) DA R B B L Z B R 1 /R (| TBARS )
HNEHIELRETRRESEMARNY. M, YARRASTZHEN, q
LAS| RN RIS R SR B IR 4 TBARS SEH#E. & LT
PP AEANBTRTNYT KUAR RGBS 7
f, XERAAHERZHERE KARAANELTESSHR, B575
% T AR E SR, MESE VE . BARAENER FEH+
R BB E A EYAET . XEEREEAFENEESIERATERR
HHEREDRS]. RINEFILEFHER, UYHEMARSHAMEEAER &
EHEfE, @RERSERS. RTHRNITEE TR, SRAEHTES
i, EF LB AMIER R SRR N E YA TR, REEHT LR E
MR, XS EEN RS, P TR, MAEESET
Hifs. BEIRTHEXTHMRLAENBRBERGRINRERESIE.

3G MEMRMAT WREAT (BT ) RTS8 A
MAEYERRNARZ—, EI—MFRNGERETHX, ATHERRS
HRATEE R TEARRRIES RAEARE. XTHESEFHARETS
EHRE, EERANMIRENRE. TREVEFERTCAMESHEN
RERBAEX, MASHERET AMGHEER. FERENLETRE
B, FEEE cfos . c-myc USR] LAS| EAE MR TR
B, MIMEZREE bel-2. PS3EE5THERNSNMEBEFRERA TR
B, BRI AE, MARRRKSEGURGDMIAINFHABEIET. 5k
5. FARHTFHERN, BEFFRRENERNEARTBRERF
LHAFET, TUBMEIT ZORXBUR T X &85 5% 5 7 a0 SE 40 m)
HEAR, MAEBBRTXEAYESETIERAT-REES, ERESR
AL e T B BRI R TUE N B HE(20]. RATHIRERIES,
WEMBIVREEG T REESHARNEFNMET, ZTH/ERNLE, —&
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AR IS T i AR P8 DNA MIMERE i F —Fh Ca¥ Mg 1k BiAs
BN YIBEE B R30]. EEFESHREREH S tE BT S
LI (programmed cell death PCD ) ZEAL 25150 7101305 | HE 40 B A 75 0
| ( reactive oxygen species ROS ) U3 B, 52 LLE TS
TR A R B (31-33).

Shimizu Z5[34]#%:¥ Bcl-2 EEMFA K EAMEE S BelxL a7 AR IF
EEEIEMMM PCD , #f1iA% ROS S5{E4E|:=M PCD 3%, Bel-2 fn
Bel-xL 3R 88833 4 ROS K FUAR X Fh4npaser=. ATEER i
FUEAEEEATEOBELS EEMMER S REMG. Jacobson
Raff[351HiRE, BAREZ EIREMLEMLFTLAEM B ROS A RH
PCD , {82 8 45 12 3 AR R BE U 1 EAb & 42% B8 PCD ,  Bol-2 ATLAH
Wi S T ERS FMBET, FTLUR S ROS SEi S B4 PCD, {8
HRBRMIH, Bel-2 RIFHMET R AR BE T MM A ROS 1§
PEXEIH.  Cantoni[361A 12 B M & AT LAIBUIE S A ERIEY:, DNA
H BT BT BE R ST I AR ST E R

SR P UM DNA K BBV A 0 B 40 B AR FE e SR T MO
[371. Tsang[381% A HepG2 AFFE4MZESI4L S 1,10-phenanthroline
(o-phenanthroline, OP),Cu’(OP)2 #EF T i & ity B VA T A% E B
DNA W H B, 7E{RIBSIFT, DNA KBSt A BT MBS FHmE, AN
DNA R B RERE M AN AR R, AN ERIESER R
£M4TF Cu'(OP), AT LLUE T MMM E 4 FIEMLE R R AR E ¥, 75
BT, AFNBERTEERNHE, ATHEET2EaE0ER. it
TR IS 46 40 OB T B P R A% ) DNA B4k 36 3E— 22 ROS VR T4
EVEENENEEER, BEhEHTUEEERT DNA BRAT
DNA K Bk,

g2 TR, BATER — RIS LR TR AR KRR T4
RTEER. FITTHENE, ELEE—SNNETEE —ENRER
VERFBVER, SEME MR K. SRR T A B
REPREAAM. HPUBER R ETRRE AN 20 E R L.
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FE WESEERERRNT.

¥zt

515

EFRFNTURLET, HREFHAEZATLRECENES. (M
REEZ) 1BAATH S HAP: &F “REAB” WE “DERLF .
BHE “HEAF, kE . B “BRFE, B . ETHEE, (FEHEE
EY 2DAAR “F. WE” ; (FEZXHRY BIAAE “BEE, ME .
CREGRFM) ABANE ‘B, ¥, AF" . Lk, ANEE. LE
R, ¥ REUAELE DR RASSE P RENRE. AEHRH
MRS RV E S RETAFESHT. B, EBREANES
BEREASHRBEABENEEZ —. ARBRIEHREET REHEEL
RS e, AANERMESEEHLASHE FUIREETER
AL RIS, WM EASBRESERFPYIEBRESERER
SRR T RIENEEER.

—. SRR ST

[—] Et#
1 FEKH
EOMT B S RE4IA, BRIRBIMT- 1, MT-NEH, B3 E University of
Wales College of Medicine B. Jasani #{#Z =K.
MT £ 5ifedifk, BEE Rowett EFFHTSTHT lan Bremner X E M.
5-(4-Dimethyl-aminobenzylidene)rhodanine Fluka
EMBENLENR G, ABCESY 2 A

Ag. Cu. ZnuRERMAIRHER FERENEF L
SCu f1 PI-MT T E F T RRRb AR g e
C-myc BHL R ERRFREARERE

30%FEALR xR4T
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Sephadex G-75, G-50, G-25 Sigma

4 M EH AREEEYTRENA
2 FELENE

HITACHI180-80 B F-FIR L EF HA

3R 5T ML T 25 Dghnm&%@

KSR IKFRG demA— 8T
[Z] Z®TTHE

L FFETheR. MR MR E

7 SE {4 NTH /R O AR BE B4R 150meg/kg/d , 3E+K, FEMEHE R 42.8%
FER T, REMTERNIEEBH. FEMBEE. EXFARY. FE
SARARIATZNEE ( SGPT ) . BIhEE ( BUN ) . M4IZER ( Hb ) F5hAE
M4 ( WBC )

2 FFRESHEETMEMETERE (KEE) (5]

BALB/C #BH/NR, SEFXBEAMGLEEE. wEEHELR, &
B S EEERAA 3mg/0.4ml/ R, BH B/PNEIAE/IEE 6 R, AAIELH
BIRE5E 0S5, 2. 5. 8. 12/PEfHERERRIMLGAESE, BRdiC. FF -
ff. B. BB(EE K 2em KT ZHRMER, &/ DBEHFBLEHE.

ALY B ILE . A = FKBCHI Y 0.9%89 NaCl BE%REE M 4R = 1K,
UFHER, =RHNEY, kEBHHIE . BHRASKEOOSg LA, i
FHAHA=ZFRREBRTS, ARKERT, EFRKFFE.

HAE TR BB MR, A =2 KBk T8, RI\XTRITHE, H
LR TR . BRER. =&KRE 3:3:3:1(vivivig HE)ECH, MAHIL ZETL R,
A 10ml BB =FKER.

. B REOWE: A HITACHIN80-80 YR FHRYAT bR (KA
EE .

WMEER & 1%: Lamp Current: 10.0mA; Wave Length: 213.8nm;Sht:
1.3nm; Bumer: Standard Type;, Burner Height 7.5cm; Oxidant: Air, 1.6kg/cm’

(9.4L/min); Fuel: C;H,, 0.2 kg/cm® (2.0L/min)
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WA Lamp Current: 7.5mA; Wave Length: 324.8nm;Slit: 1.3nm;
Bummer: Standard Type, Bumer Height: 7.5cm; Oxidaat: Air, 1.6kg/cm®
(9.4L/min); Fuel: C,H,,0.3 kg/cm2(2.3L/min)

W4RAYSc{4: Lamp Current: 7.5mA; Wave Length: 328. Inm;Slit: 2.6nm;
Burner: Standard Type, Bumer Height 7.5cm; Oxidant: Air, 1.6kg/cm’
(9.4L/min); Fuel: C,H,, 0.3 kg/cm® (2.3L/min)

3 HMFESE ( Rohdanmine 32 ) [6]

BCHIE#: 100mg Rohdanmine/ml JoK Z.BE. BURE oml =% K ZE
100ml B EH; Y1 HABE (ZBER[1]-[2]~[3), & 2/M8F) . Kik
( 100% 2B~ 9S%ZEE ~ 0% ZEE, #¥/Not) 5 Myl BREHF 37
CERE 6 ~ 18 /Mit; ELRABIBKEYIA 5 K, UERITERLRE; 77
REREREY; RFEBIK ( 80%ZEE~ 95%ZBE—~ 100% 2.8, & 1 734 ),
A (ZRE1-R]1-B], &1 48, FHERKEEEHH; <1000 £8
W TWE, TEARMR S o] WAL &R B .

4 MT R H B F 1 (7]

HAAHEYIA (4um ) JE8H 60°C, 60min; FEETIR MRS, BiK:
TEHE 2 NG K ZEL100%, 95%. 80%% 3min; EEFKEK, 2
w, 2min/ik; 1xPBS %, 31k, 2min/ik; 03%H,0,, FEHHAHNENE
SHEALYEE ( SOml BB EE+0.5ml 30% H,0, ), 1xPBS ¥, 31K, 2min/ik;
O 1%EEERE 37 CHH4L 20 4388, 1xPBS ¥, 3k IE#H/NMEMBE L
100 FEEE £, 37 C 20min ; I1—#%, 4 Cit#, 5 37 C 1 /M8 1xPBS
e, 3, 2min/¥k; MAEMEL I 1:100 HEE, 37 C 40min; 1xPBS
e, 3K im1:100 FHEEM ABE S, 37 C40min; IxPBS %, 3 i
DAB-H,0, #¢f8, 5~10min, ( 1mlPBS+10ug DAB+7uH,0, ) ; B¥FK
R, HAAREER, BRAKMB, RE, Sh, ZERK. ZHFER,
A AR ES .

S BEAENESBREAS)
A 2 B FKECR 150me/kg , B/ NRE - REFHZ, 04ml/
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RIR, MRAKERK, H10 X, FHE_X, BHHLH PR, BIRR
R, SEMERLSME, ROBHREL. . B 0. 5. 8E%4H
HHFE, HEWEE.

HAMT FHlF RME: O)AZRKREFEEES, Tk KRR KS;
(2)#FE 0.2-0.5g , 1 1ml0.25M FEFEZAM, I3, QGMEHSI%M, fn 1ml
BB ERSERSESXKBERSBRM, @44 C, 1000pm/min ,
30min ; (S)BLL#E S0ul A& 1.5ml Eppendorf &, hn D 2wk 750ul ,
THERERZ ri 500ul , 20 CIRS] Smin; (6)0 2%MI4-MATEH 100ul ,
20 CiB%J Smin ; (7)100 Cjin#k 3-4min , ZEIFE KK+ 5-10min ;
(8)1000rpm/min , 10 ZHLER LW, (DEERTRE)-G)FAK; (10)ERLFE
ImLEFRES BT (CKIEE), BYEEMBORINERSRE, &4
ENRMERSE, BIE—MT 5FE5 17T MREF, HE MT KE.

ZHEAECH: D RrFE--0.5M HEBR-E81k8, pHS8S, MWEE
2 E--D 2 100ml fIRSER4R 3.2mg ; 2B {5H--100ml K Z B
i 8ml & Ak

LR ABASAES E GRS AN, B4 CHKETR. B
CEECEFRABER. TEEBE{SHTFER, =K T5.

6 ZRHELNIEN]

¥ 05-10g WAL MEMARE THSNHEBILSE S,
2.0mITris-HCl £ s (pH 7.5 . 0.01mol/L), LA 100ul S 7B, 51%. &
AT, A 1.0ml ERE M IRESIKES, 4000rpm/min B0
Smin , CEBREHRAKFTEZR 3min , KAKFAH, 4000rpm/min 5L
30min , BX b iE#TH: Sephadex G-75 ( 1.6x50cm ) . BEWMEHER TR
SRTRERELRE.

7 B-MT B %&(10]

(1) kit 3000g EAMIMERER %, K T HEHTEEM 0.2g/ml MR
B (E—KO05ml, £ -K1.0ml, FEX 1.5ml, HFH<XK20ml), £t
FabFER; (2) BUBFFRE, ERRIA%, YOeARE, 4IRE, 11 (wv)
fnA 0.01M Tris i, 51%; EBES%EE, & 11 (wiv) RENAZ

29



B S REEU, BidE 104348k (3 ) 5000-6000rpm/min, B0 20 4344,
WE LB, (4) MARREERIKSHITKZE, BB, LHAKE
BENEE; (5) 4 CREIE, FLE, WERIE, 5000-6000rpm/min ,

30min; (6) FLE, WEINE, MMA 20ml0.01M Tris & M, 088
B, HIEYMR S, (7)) 5000-6000rpm/min , 30min , W& FiER:
(BYEESE(6). (7), AFFBLEBER (9) LEHEMADR
HEFFEFN G-50 4, WWRE, A 0.01M Tris Z Pk, W+
BB MT #; (10 ) ¥ MT ZFHMA EE 7 P4 1F#) DEAE 4, 1§37
T, i 0.01M Tris 22 Ml bk % 2 AMEARTR, RIS F 0.33M NaCl # % DEAE
., AESMEMEE (EKETF 220nm ¢ 254nm ) KW, WMAEER LA
MT-1. MT-2 #[Ee AL TR, ML R R — AR, WiEtig,
( 11 ) 433 MT-1 1 MT-2 , 5 0.011M NaCl #kZt, , FH4E/ME IS (%
K& T 220nm 5§ 254nm R #l, WERPEAR S, 158 MT-1; B/ 0.033M NaCl
Wk, . FHESRMES (KKET 220nm 5% 254nm ) W, KEWKE,
BEIMT-2, (12) AHGTHERMT-1. MT-2H, BRAREDRNFIEKE
fBia, NSRRI LR 0.01M BRERER-FAE 1 G-25 B &btk £, A 0.01M
PRERER ML, BAMESMEE (FKKET 220nm 5 254nm ) BB, BWEFE—
NERREE, BB MT BE. (13 ) BETHR BEEfMK—E#%EE.

BEIQECERMT , RARFRGRT, AHhEFE. ( 14) HEFRESE.

FEERT MT M REMAEE.

8 “Cu fi1 I-MT #%%:E ff{11]

FIKIE R IE# BALB/C MR, 7 RERE#KES *CuNO,), 0.2m1/
H(# 1pCi,0.1 pg Cw/ R, ERAL R 99.5% );  ’1-MT f Bolton-Hunter
EFVFE MT , BBEES 02mlV R, EESE, ER—EntE, FH B
BUNR, Buhiif. Bk, 0. B M. B F. BHRFHEHA. BO4ER
KA AEBETFKRESREREERS, SMKREER, WERHE
SEFE, USRS S REHE SR ENE G TR,

9 4HF1 HyO, Xt BB DNA 893545 K BE-MT £ 47(12]
FEERAERREN p HR 7074, EREREKRE, TRXE; -
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MT-UECH B AEWRE. K& ZFEHA: Sul C-myc DNA ki ( 200ng/pl )
+2ul EEERAR+2uI30%H,0,+4pl F5-MT-1, N =3 /KZE 846 26ul . RV
REFMT (RE. REEfMEE ) #1417, KEEHRA, 0 2ul 0.5SMEDTA ,
2ul Loading Buffer , 1%MIZRARBEBERC R IK, M8, LAXHEREAL DNA 13k
HEEASRBE S, WEH DNA WA THEE.

. REERR

(—] LR ETIEE. NS HARH
—RAAFX I EHREERANER, LEC KEHTERMBEESR
GARAEBEATE, FARGEMBETFHEHTTAERREFEF, BERERR
PVERF R MFE . AT A A S5 4498 NIH /R O AREE B4R 150mg/kg/d x 10d .,
EMEER 28%NEN T, R SGPT KFFEREX B K 85431
(UL, T8E) . IE¥HHE 89438 . FRAHYE 7425, R T ER
B K 100554 , FLHAS ABMEPN RS HME SGPT KFAHEEFH S,
RFETBA, MFRAREFNRAFEERENEE, HARAGEEH
EMRPIEETER. RERITEE/R 4 H2 06 SGPT KFE¥H BEHE
5, BX—aHEBEN. FHELE BUN KT EBRET S SGPT A
Mk, ENRREZIBAKREHNBRE, Tid THROBEARNT
ERNEFMOFRR T —EMRFPER (F2-1) . RRERIEBENEA

Tab.2-1 Effect of Cu-acetate on SGPT, BUN, Hb, and WBC

Exp. group SGPT BUN Hb WBC
u/ mmol/L g/L x 10°
normal control 100 £ 54 191 £21 14509 56 +20
cancer control 85 + 31* 203 +20* 137 £ 08*% 91 + 32%
Cu-acetate to 89 + 38* 182 +25* 139+ 09* 35 + 28*
normal mice
Cu-acetate to 74 £ 25*% 176 £15* 135 +£09% 72 % 21*
cancer mice

1 AR P>0.05 P>0.05  P>0.05  P>0.05
MPAMEMES TEK, KRN, SABTENS, SENERNEA
BAHBERR. B, EE0EE. &200 8 TSR
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T2, Z2TEAGETYUES B R ILHRE T P E.

[Z] MEEKTHEZ AR

EMENRERRIES, FEREHATRHEBLRERKERET D
EWTH., BRERER (F 22 ), FSBEEFBHAEENREN
4.15+0.58ppm (T [E, H&)FE{KA 3.7040.16, HEEHER ( p<0.001 ),
AR B 3 BB 6.13+ 0.67 FREHR 2.4340.55 ( p<0.001 ) ; jREAR4sH
KA 1.10 £0.19 FEE] 1.7940.64 ( p<0.05 ) , MEHHKFERH
0.87+0.03 FE | 1.06£0.09 ( p<0.001 ) , FENMBEEALHFASEN S
KFERCHEE. B, AFEE. SAE. m4upe. IRAE. MAE. M mAER
HEMESENREKFRCHE. ShE. . . Wik, B, WAk,
fpE. miE. TREEEHERT, XBRARAFHAFULENRASER
&, PR, BFRESER

Tab. 2-2 The effect of tumor development on the Cu(ppm)level in the
various tissues of mice

Tissues
n=6 Cu p value
Bearing tumor Control group
group
1 heart 6.14+0.67 6.69+0.51 >0.05
2 | liver 3.70+0.16 415+ 0.58 <0.001
3 | spleen 1.79+0.64 1.10£ 0.19 <0.05
4 lung 2.45+0.97 2.45 +0.10 >0.05
5 kidney 4.35£0.94 39910.22 >0.05
6 | stomach 2.43+0.55 6.13+ 0.67 <0.001
7 | tumor 1.22+0.04 - -
8 serum 1,06£0.09 0.87+ 0.03 <0.001
9 | blood cell 2.49+0.64 2.4910.26 >0.05
2:1,3:1,4:1,5:1,6:1,  2:1,3:1,4:1,5:1,8:1,
7:1,8:1,9:1,3:2,4:2,  9:1,3:2,4:2,6:2,8:2,
p value 6:2,7:2,8:2.9:2,5:3,  9:2.4:3,5:3,6:3,9:3,
<0.05 8:3,5:4,7:4,8:4,6:5, 5:4,6:4,8:4,6:5,8:5,
7:5,8:5,9:5,7:6,8:6, 9:5,8:6,9:6,9:8
9:7,9:8
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KFEHAZEFT O ( p<0.05 ), MH#EBRETEBHSE ( p<0.05 ),
HFREOERK, TRERFE. EHHARTHESEHEE TR,
MM, OFFNEKFREERAS, GRAEFASSETHEN
HEXRZHITH, RETEFHIG, EXUAK0KFHEAEHL,
FFiE. EmEAKFEFHERTO. B ( p<0.05 ) . B4, BT
K, BN EHEKF S IEE X BE 27.8742.06 F#H 25.63 £4.70
((k2-2). R, MBFEFAASNENBERKIBRPERBAES S
W —AFhEFT, HFARRERNDEEKFHTH, mHETEE
B GHEEZN, REH—FMEHA,

(=] DREMEEREARRARNSD i

AT AR A DR AR ALK, RITER
Hy; 4698 10 REOVMNRIEBRIER 12 DR HSUER SIS AL
B, BRWT (F23, @2-1~-3):

Tab. 2-3 The kinetic distribution of copper(ppm) in the tissues of mice
after oral administration of copper acetate (n=6)

b s
3‘1\ 0.5 2 s 8 12

tissue

heart 7.33+£0.94 7.36+0.55 6.03+£0.45 7.34+0.37 5.59+0.79
liver 14.90+7.16 14.59+3.35 15.59+£3.35 17.6215.18 23.29+8.33
spleen 5.13+0.99 5.98+2.41 4.41£2.56 2.94£0.85 2.60+0.87
lung 6.51+1.73 9.23+1.10 4.41£1.02 4.55+0.92 3.81+0.88
kidney 8.34+1.81 9.51+2.73 4.99+0.32 5.13+1.12 3.83+0.90

stomach 282.14+£45.99 284.07£55.78 194.48:27.70 108.06+9.71 24.00+£12.90

tumor 2.91+1.54 4.75+1.00 2.45¢1.12 2.40+0.29 1.97£0.46
serum 1.08+0.03 1.12+0.27 1.18+0.22 0.96+0.26 0.88+0.09
blood 3.22+0.19 1.84+0.86 1.32+£0.13 2.11+0.29 2.40+0.73
cell

CfE: RGNS EIEIEE, 8 /MRS BRI TEAKF. B S
MBS —RE, 12/ OCERERERRKE

FHE: RAERHTIESRE, EREEE M RRESERES.BRE
FRES, 12/8ENTEVIRERR;

MeAE: 7E4HE N/, RENRESE, 2 MEERERE, RET
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s
BifE: fEHE 2 /N A R E, RIGHIRE;
B AR, 1R 2 N ZEEIE RS TR
B DR, BEHERFENRSE, REEAEY/ M
HFAKTFEAEE, MERENRER, %EAMMEREEM, B BHiEE
40 R AR IR PRI
PpoE: dlE, BRORSAWES R 2 NEEIRSE. RETR;
MMA: FERAG /I, ASBEARE, RERETHREIEE K
Fi-—REL, BEE EAZIERKF;

it & IEE K.

$ER BN, LHE. AR, BAE. B, HBSFASLEE/ TR 2 /et
HEAARE(E, MmAnME N R A, MEEHSTE 2 e b B,
ME7E 5 /M E{E, MATEELE 12 B {IREEEH. AT, FiE
MR OREERARRNSIHRERASRRET R, FREERFENR
FEHHARE.

30
—-—-heaq
25 | ‘ liver |
\ s—spleen |
1 |—v—ung |
20‘1 q kidneyi
£ B
2 1
* 15
10 4
V-
RET | s e e TR
) S Peme— RS
X o
0+ | — , = = Y , E5s
0 2 4 6 8 10 12
Hours

Fig. 2-1 The distrubition of copper in heart liver, spleen,lung,
and kidney tissue of the bearing tumor mice after oral administration
of copper acetate in 12 hours
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Fig2-2 The distrubition of copper in stomactvintestine tissue
of bearing tumor mice after ord administration of copper acetate
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Fig. 2-3 The distrubiton of copper in tumor, blood cell and serum
of bearing tumor mice after oral administration of copper acetate
in 12 huors
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(09] Cu e MK R FF /N B P IR s 5

B KB RN R BB IEST “Cu (%uCilg wet wt), DAT#
StCu FERFAS FHIEEE SEHES. RI “Co ERTE/NRKIIE. G
M. FTHE. BERBERHEMMESEESRNEER K, BEEL,
EEs B/ R AR NRES, LERT R EME E RS, “CuZi
ERESK S, SHEAKSAIRITGER 24 - 5):

Lo S RBETEEST Cu 5 0~30 40488y, “*Cu BN 277 &%
179, 30 44HUS XEFHE, T 48 /NITIX 4.68 ; MEKBILE S IF 3 %t B 4H 41
P AR A AR, 36 /NEE S'Cu BEBT AR K, BEEL
2B Y (p>005) (E2-3).

AFRE: [EE RS “Cu BRREMBEELE, €15 4 *Cu
EHAMAEISHT 10-15 £, 76 2 NBHAEIRE, REZRHRE; BAEHS
E# 3t B L L R AT, (B 36 /Mt “Cu BB EERE
R, YT 48 X ( p<0.05 ), BLBATE 36 /N Py MK B BUFFAE 3T 40%
( 13.39/33.96 ) #9 %Cu SBEIBKE MBS R (L) . BIEY
Xt BE/NRFAE R EE S T 66%894H, 1 53.07%M4RE P TERARE/NH
FriEs, EHFBERLENRAASASESENTESE (H24) .,

Tab.2-4 The distribution of 64Cu(iv) (%uCi /g wet. Wt)in various tissues of
control mice(c.m.) and ascites mice(a.m.) (n=3)

Time Heart Liver Spleen Lung
cm. am. <cm. am. cm. am. cm. a.mnm.

0.25 277 3.56 358 2593 2.09 2.16 347 4.31

0.5 1.79 096 4415 30.86 1.87 1.50 2.49 1.47
1 1.87 1.62 4480 2990 0.89 1.00 2.39 2.08
2 2.0t 142 5197 2818 095 1.70 291 2.10
4 221 1.73 4235 2115  2.09 1.68 3.02 2.77
8 2.23 1.64 3964 1973 1.80 2.01 4.17 2.61
12 215 1.95 2577 1947 1.12 2.19 4.29 2.17
24 2.64 217 12017 5.00 1.55 2.74 3.74 1.75
36 3.28 2.37 9.05 4.91 1.05 2.02 325 2.99
48 4.68 - 6.52 - 2.71 - 2.67
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Time Kidney Stomach Blood Ascites
cm. a.m. <c.Jm. a.Jn. c.m. a.n.

0.25 8.11 5.08 3.54 3.86 37 2.94 221
0.5 7.91 4.04 3.88 238 1.41 1.02 1.91
1 3.67 4.18 3.36 2.52 1.05 0.71 2.29
2 44 3.28 5.00 371 0.87 0.65 1.01
4 343 3.26 3.60 4.01 113 1.16 1.99
8 421 2.56 4.07 3.2% 1.13 1.08 1.70
12 3.85 3.03 3.70 3.76 1.24 0.92 3.79
24 4.63 2.84 448 233 1.41 1.36 2.86
36 4.70 4.19 3.15 2.56 1.59 122 2.69
48 3.75 - 2.31 - 1.56

R MK R BN CCu BB ER TR, BEMFHS
e K BRURE 36 AN 'Cu TR FRIERMBEFRAR, RER
BT EEN, BEFEEEMGTENRERSSE, ERENRE
RF MRS R A A (E2-5) .

FhAE: REKRIERES 30 485, Wl YCu RERMKS, MEEHLE
Ft, 7 4 MFEMABRAE. EEXMIAR 12 AHABRE. BAEM
36 NEF YCu WP KR EPREEMBHERE, EREEIT$ER
( p<0.05 ), R 8 B - B4R A 3040 1E ALK S Bk e B ( D 226 ).

BhE: AT, “CueBHFHEERERE, RABE—5
f, —/PEEELETFE. BAREFH 36 /N “Cu TR ERE
T HEBEAE, EREHEEL (p>005) (EH2-7).

= 5 YCu B, EEBRESTHELTE, EEKETHAR
36 /NEF Cu PR FRIER W BEE, RELLITEEL ( p>0.05),
B W3R B Bt 4 4 A 5 AU S Rt (B 2-8 )

Bk BENENEK, BkhH “Co S EEFE, & S8Rt
BB RS 12 NTH 2.9%FFZ 55 36 /MaTE 11.72%, BN LELE (B
B ) SRAG4RTE BB M B BEK . 1S 4 /NET B B L SR TR A
ZEFORTESE, £ “Cu BUEHHEITEREE, RABKS 88.9%# “Cu
fEFEMlE (E29) .
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M 7EESE 15 48R, “Cu MBATHE, ME—HEATEK
Tk sh., KB 36 /Mt “Cu R FHIK FEIE# 3t BB, BX%it
2V (p>005) (E2-10) . |

BT ERIEST *Cu WMECHAEIE ¥ BAH BACUE B i ss s (e s,
FREA T EAE SO TESE, %18 36 /it “Cu ZEHLE T
WEERE, FEEMER, RRFEME. i, 5%, Wi, Gl
M. BERE; FEMUKE, ERFEE. FE. BB, M. OB, M.
Bk, ME. B “Cu K PEEEMAKREESEFLA, BARFRSERT
ik

Tab. 2-5 The average *Cu (iv) (% dose/g wet. Wt) in various tissues of
control mice and ascites mice within 36 hours (9 points)

Tissues control mice ascites mice p Value
1 Heart 2.3240.48 1.93+0.73 >0.05
2 Liver 33.96210.06 20.5749.80 <0.05
3 | Spleen 1.49+0.49 1.8840.49 >0.05
4 Lung 3.30+0.68 2.4740.84 <0.05
5 | Kidney 4.99+1.76 3.6040.81 >0.05
6 | Stomach 3.6840.58 3.1510.70 >0.05
7 | Ascites 2.2740.79
8 Blood 1.50£0.85 1.2330.68 >0.05
2:1,4:1,5:1,6:1, 2:1,6:1.3:2,
p Value 7:1,3:2.4:2,5:2, 4:2.5:2.6:2.
<0.05 6:2,7:2,4:3,5:3 7:2.8:2.6:3,
6:3,5:4,7:47:5,7:6
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Fig. 24 cu® in heart tissue of normal mice and ascites mice
after iv. injection.
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Fig. 2-5 Cu® in liver tissue of normal mice and ascites tumor

mice after iv. inject.
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Fig. 2-7 Cu® in lung tissue of normal and ascites tumor mice
after iv. injection.
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Fig. 2-9 Cu®in stomach-intestine of normal mice and ascites
tumor mice after iv. injection.
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(A] AR FERRESEASARSE TR kS

FEFEIT TR ENTES, DA EFANSBREANRS
AR, RO AREMENEMTWEE, WETEESTR/MR. fExt
BUNR . EE/DMROMBSEE. BED RO RAENF&ETAES R MT
RIER, UTHEEEIEMFIEES S8 MT MM, KAER T
FIER T, [E& X BHEEX BB MT (I H{EGANN 0.01 £F,
743 10 RJ5 ( BEERHH 150mg/kg/d ) . IEH X BHMFENB/NR4S5 MT
HILLEF 2 0.13-0.14 £/ (K 2-6 , B 2-11), ERIERFE/DNRIFHER
HAER AR MT MBI HEE TR EE KN,

L ARG T LRI IE R A 48.3%6t, ATHLSFA MT 58K
426.70+16.2(ug/g ., TE), HAEE T XTI 380.10 £22.6 ( p<0.001 ) K
F, TIRITHMIEER I MT S8 155.6x16.5 , BB T AN
19132193 JKF ( p< 0.05) (% 2-7, E2-12) ., FESHMEHEFHAE
B8, RINETHERAPE AR FHMFRS MR 6432167 ( ppm, FTFE)
F14.7040.4 , ¥)75 F 3¢ BB4H 6.18+0.20 #13.3040.40 ( p #I<0.001 X £ 2-8 ).
TEEFRE TR SR E S i MT K FRI, TEFEE, 58— Cu™
A LUES AR 2.78 4~ MT 5 MEMBEHEANA{KRILE MT KiES S/,
R —A Cu” 4#E 408 I~ MT , BFM5 MT B G EE (£2-9, E
2-13 ) . #RER, HHASHTHARERST MTHKESMHE, miF
RN B THRAFERERGEES MT -5/, HERBEER T E#EE MK
ML MT , EEHE S B RS FHENEES, FEENTTEERS
PISEE. HEHAAREERTIHEHANSERE TSN, MTHKFEDRS
BT shB 1% H Gt 8 LES

Bo4b, EITEMEA N EANFERNEL (FK2-8) BREEXL, RE
AR R HETT B AR LA, BIEr AN IEHRE T B BE
HH, #—H AR RILEFEASHFARENESENIR, HREFEZ
PUE4REE = M —FRIE K.
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Tab. 2-6 Relationship between the changes of Cu and MT in liver(n=10)

Exp. group Cu MT Ratio

No. ug/g tissue  pg/g tissue (Cu/MT)
1 normal 4.08+0.17 316.3+4.81 0.013(1/77.5)
2 Cutonormal 589+8.18  469.0+68.7 0.13(1/7.96)
3 HepA 3.51£0.22 3746127 0.009(1/106.7)
4 Cu to HepA 62.1£6.68  439.4+21.9 0.14(1/7.08)

<0.05 2:1

P

value <0.001 3:14:1, 2:13:1,4:1,

3:24:2 3:2.4:2

Tab.2-7 Metallothionein (MT) distribution in different tissues

MT content (Ag pg/g tissue) (x£SD)

Organ Control Treat P value
Heart 129.6422.7 177.8428.3
Liver 380.1+22.6 426.7£16.2 <0.001
Spleen 233.3+53.7 157.0£27.9
Lung 183.8+28.7 135.4+24 2
Kidney 195.8+29.5 162.9+28 4
Stomach 108.3124.6 107.1+5.6
Tumor 191.3£19.3 155.6£16.5 <0.05




Tab. 2-8 Copper content(ppm) in different organ tissues (n=10)

Copper content (X * SD)
Organ Control Treat P value
Heart 520 + 383 9.73 + 4.12
Liver 6.18 £ 0.22 64.39 + 16.74 <0.001
Spleen 6.43 £ 1.15 776 £ 2.15
Lung 3.10 £ 1.79 692 = 257
Kidney 530 + 2.83 736 £ 331
Stomach 230 £ 0.66 458 + 1.23 <0.001
Tumor 330 £ 042 479 + 042 <0.001
Serum 228 + 0.01 191 £ 0.14 <0.05
Blood cell 0.73 £ 0.11 1.06 + 0.22

Tab. 2-9 Effectiveness of MT synthesis induced by

copper in liver and cancer(n=10)

Exp. count Cu MT Cu:MT
ng/g tissue ng/g tissue

Normal 4.0+0.17 3163448 1:2.78

Cu to Normal 58.9+8.18 469.0+68.7

HepA 1.9+0.25 316.4+46.2 1:-408

Cu to HepA 231031 152.2422 .4
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Fig. 2-12  Relationship between the changes of
Cu and MT in liver (n=10)
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Fig. 2-13 Metallothionein(MT)
in different tissues(n=10)
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Fig.2-14 Difference effect on Cu:MT ratio in
liver and cancer tissues induced by copper

mMT
CCu

500 -400 -300 -200 -100 0 100

OS] 5 MT EHRT RS HRES

Fi Rhodanine {2 R @R AT AR KIS, 5REREETHT
HENTHARERNLEFTR, MESH THRES, TEERKRESE
REdIH, BFARNRESZEESERATEF LR 2-15); £5E
STEARPYE AL, RPN [AAEEE THARR A, M B7ESR eI ey 4
DX AAAFRLE LT (E 2-16); 1% 3 BT L E0m g2 4R 4R 3475 /e
TR, SRR REESE DAB BB T A S
F MT 45345, RIFESIGITH, FESASRHMT FEE(ESHY Tz
S THERR, TEELCEXMPRBKREMADME 2-17), X4
R THEFNEEEETRRERAR S MT (IFIEM . e
F, MT MEHREMMEE S, diazdthERE MT F5HEIE 2-18),
SRR RN B, IEA MT BRHEIERSEM. MAEGTFEMN
R, MT REANFEMEEERANE, RREESSBIFHATNMEES
MT 8880, B4R S ARSI ENLS FHE 3.
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Fig. 2-15 Many copper particles stained by rhodanine appeared in
liver cells( x 1000)

Fig. 2-16 Many copper particles stained by rhodanine appeared in
tumor cells( x 1000)
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Fig. 2-17 MT appeared in liver tissue treated by copper .MT was
tested by E9 monoclonal antibody stained by DAB( x 100)

Fig. 2-18 MT located not only in plasma, but also in nuclear of

liver cells treated by copper .MT was tested by E9 monoclonal
antibody stained by DAB( x 400)
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E] FFRE. Megagigish MT & R 48t A
RAIBIA G-75 VIS 4 TSt 6 R v i T A 4 A
BWALRIMT & R4, K IIE S0 /B AR/ BT MT &
B, SRETEELENE, R IR MT 8 s )
#5985 (@ 2-19); Fisi/NBUFFAE MT e fi b AR ER B2 0 5,750 ]
(220 ), $7R70 SUFFIE MT i i Brmsb. 76D IRGAAH ( RERR
5 150mg/kg/d ) 15T AFHE MT 5048 A £ ERE, 5L EA
RUITAE MT i fl s idss e iz 10 62.5 ([ 2-21) ; FgasT
ANRUFHE MT W BB ez 12 175 (B 2-22 ), R 28
18, PURTERRIBIER T, FERE MT 4 sh g — 3 SRR AL, DUE N
HUARERI LR B, SRR TRV 7 B 5 10 2 5 .

NRERBKES TCo B FRICE MT i34 M. RAT4 BIREEE
gt “Cu J5 4 /MR E AR/ (223 ) MK/ ([F2-24)
KRR LM, “'Cuig MT i Cu LI EMWIS, FBIFTEBA MT £
Btk st S'Cu B A M. JUFIE MT WSfEpMmEER B4 510 22711
12121, EOIRBKAEN I MT & BT EMAREHEAK. BIKAHxT
FSBUEA RS B MT (8 HIER AR, JLFRRIAR MT ([F225 ),
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Fig.2-19 Distrubition of copper and zinc in the G-7Scolumn
(1.6x50cm) separated fractions of the liver in the control
normal mice.Each tube was 3.5ml.
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Fig. 2-20 Distribution of cepper and zinc in the G-75 column
(1.6x0.5cm) separated fractions of the liver in the control
tumor bearing mice. Each tube was 4.0ml.
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Fig.2-21 Distrubition of copper and zinc in the G-75 column

(1.6x50cm) separated fractions of the liver in the normal control

mice given Cu?* (S0mg/kg/d)for ten days .Each tube was 4.0ml.
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Fig. 2-22 Distrbition of copper and zinc in the G-75 column
(1.6x50cm) separated fractions of the liver in the tumor

bearing mice given Cu?*(50mg/kg/d) for ten days.
Each tube was 4.0ml.
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Fig.2-23 Distrubition of copper ,zinc and $4Cu in the G-75 column

(1.6x60cm) separated fractions of the liver in the normal mice killed
4 hours after given **Cu(iv) . Each tube was 3.5m),
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Fig. 2-24 Distrubition of copper ,zinc and **Cu in the G-75 column
(1.6x60cm) separated fractions of the liver in the tumor bearing mice
killed 4 hours after given **Cu(iv) .Each tube was 3.5ml.
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Fig.2-25 Distribution of copper, zinc and *Cu in the G-75 column

(1.6x60cm) separated fractions of the acesite H22 cells in the
mice given “Cu(iv). Each tube was 4.0 m]
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D\l BEREEH MT (oA EiFs

BT HMT AN RS, BOTZA T HRiEH MT &4
B BB/ NRBEE S, R PIMT AR E SBE S (/226 ),
MAEFEP AR EINKR, KTEEKEERRFAOMT &, KT
FEA ML IR (B 2-27 ). BTG 1 /et , BAEd ' P1MT % 7.22(8
fii: % of p Ci/g. tissue, FE), FFAER 045, BiH 127, KK 507,
MK 2.18, MFER 0.82; FH/E 4 /het, 'BHER 8.18, FFEAN 1.01,
BHR 318, MK A 321, MUK 128, MiFA 1.14; HE§E 12 /8
B, BAE R 2.42 , FFREX 0.06 , Bk 030, Bk K 043, EL4AM A 033,
M¥EA 041, MT XFAEES 3RS IR R T AR MT 855 5 A
BE, FFEEAMIMESSEE MT $EME N 2R TH, mEENE MT
HEZEMITESRE, BAKSEMEES.
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Fig. 2-26 Kinectic distrubition of 2*I-MT in kidney of ascites mice
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Fig. 2-27. Kinectic distrubition of '**I-MT in liver,stomach-intestine

and blood of ascites mice
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FARAR B E A — SO BB e P Cu” o Cu i it 12
AR E RN . HATMA C-myc BB DNA #E 4% DNA , @
IS SRS AR RE R H B X DNA =4 NHE T AR DNA
B atE . FFRIS LA Zo-MT-ITEBREE 5 i %, {R9" DNA /e . @
W E DNA KA I BB A R/PIE R B DNA Sitn i ERE,
DNA {54, Bk DNA {73 i, > 7R, Mxah
PR, EETIRBOVELEN/ AR,

S5 4 3 2 1 Lane |Fig.2-28 The observation of plasmid DNA
damaged by copper, H202 and partly
protected by MT

231 & - Lanel control

Lane2 copper+H202+MT

Lane3 copper+H202

Lane4 copper alone

Lane5 H202 alone
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Fig.2-29  Plasmid DNA  were
damaged by different concentration
copper (C)

Lane 1,Lanel control plasmid DNA
Lane 2 C3.125pM

Lane3 C6.25pM

Lane 4 Cl125pM

Lane 5 C25uM

Lane 2°,3°,4°,5°+MT(5uM)

Fig. 2-30.The relationship between
temperature and DNA damage in
Cu plus H202 system.

Lane 1 control; Lane 2 0 'C;
Lane34 C;Lane 415 C;
Lane 537 C

Fig. 2-31 The protective effect of MT
to DNA damage caused by Cu

(25 p M) plus H202 in vitro

Lane 1 controi; Lane2 M10; Lane 3
M35; Lane 4 2.5M



Fig 2-28 B/R7EE {8 30min, M4 ( Cu3.125uM/2ul ) Fngaid 3 4k

H(30%/2u) A B & X C-myc Bopr DNA #i5, {AEEKAI=%4H; H
T EA S A ERR, DNA MA@ ANREN/INRE, REER
BIA MT ( 2.5uM/2ul ) , T DNA HIIREGEEIERARER, RS #
AR RVRER/N B, Fig 2-29 B/RTE4 C. 30+ HHRIN R LA F 1,
REH B DNA (R A1HER. @i E DNA BiKaHEN THEE, K
PUMEERS ( 3.125uM/2ul ) DNA MMM EHBEZEA Tmm , 77
25uM/2ul 44 DNA MMM EIHBEERN 1lmm , FHAIBEEH
8.0+2.58mm , 4AMKES DNA WHWIBEEZ B FELEEHRL
( r=0.98, p<0.005 ) , RNFEEFMRRENEH, DNA #IRGHIREHM
. TEMARRSERTIA SuM/2ul MT /5, DNA HEIKEIAEX TS
BRE/AA 475 £2.50 mm, 8 MT FEESMEE —ER R DNA &% 8
HERGHVER, B4KRES DNA WM IBREEZ R EELMELE
#3= ( 1=0.96, p<0.01 ) (F2-10, E2-32 ). Fig2-30 REEAFRIR
PR G, REWKE MT £ DNA % B HERGUTERN. SRL
BFEE MT RIEMAATIEN, DNA MM THEEMENSEE, MT RKE
S IBEEZ BFELKEAMARX ( =098, p<0.05 ) (F2-11, H
2-33 ) . $#ERTERS, BEE MT WRE/MHIN, MT Xt DNA FEFHRP
YER. H4b, BRITEWEBE TEREMN IR VAERNZHE (B 2-31 ), TR
REVEERENZHAS, RAEEHM, X DNA RBERER RER
K, BES DNA BBk EEE ELRMEIEMIE ( r=0.995, p<0.005 ) (F 2-12,
B 2-34 ) .

FELE RN, $% DNA MR EMERENA . @8 TFHKRE
HINTRSME. Zo-MT-IEF—ERENTE HE3T DNA M5 E
F, HEE MT ERMZEETIAR, RIPEREMHEMEN, HXMRFERE
HB, FEegeEfiR St ExFn DNA fHi45.
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Tab.2-10 The effect of copper concentration on DNA damage and
metallothionine protect to DNA in vitro

Cu?* +MT Electrophoresis average t test related test
(uM) gap(mm) gap
(mm)
control 0
C3.125 5 =0.98
C6.23 7 8.012.58 p<0.005
Cl2.5 9 y=2.763+0.388x
C25 11
control 0 p>0.05
C3.125+M5 2 r=0.965
C6.25+M5 4 4.75£2.50 p<0.01
C12.5+M5 5 y=1.025+0.296x
C25+M5 8

Tab.2-11 The protective effect of MT concentration to DNA damage
caused by Cu*' and H,0, in vitro

MT+Cu?* Electrophoresis average gap related test
M) gap(mm) (mm)
conirol 0 1=-0.98
MI10+C25 5 7.0£2.0 p<0.03
M35+C25 7 =9.998-0.514x
M2.5+C25 9

Tab. 2-12 The effect of temperature on DNA damaged by
Cu*" and H,0; in vitro

temperature  Electrophoresis average related test
< gap(mm) gap(mm)
control 0
0 4 r=0.995
4 3 6.0£2.16 p<0.005
15 6 y=4.18+0.13x
37 9
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Fig.2-32 The relationship between DNA
electrophresis gap and Cu** concentration in Cu®*

and H,0, system
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Fig.2-33 The relationship between MT concentration
and DNA electrophresis gap in Cu** and H,0, system
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Fig. 2-34 The relationship between temperature and
DNA electrophresis gap in the Cu?* and H,0,system

59



')

=, Wie
[—] WET LR ELETONENE
FHEANELTHUME TR —STERIFSEBEANREY X
BR, ERMERSYNASTIE BREE T A EE CNTEBE, MmN
BEMER—EEAIFRLN. B, BITASHESTUIREY RS H it
TUMERMLITRY —FERF — BN, BARFESHMEEEER A6k
MEEERNERK, HERTHERNE, AR RMRNRFERE
. %1, ANEHEERRN, REEFE, 8335 MT NERME
ERAEOER, 5T EEERENAR, XtHMEFEIAS B
B UE. RIOTWETRCLZRBAE—ENEE. —EMNFIE FETF
g8. BheE. SPRMIRE W, KRR S Suganwara Xt LEC K EBIR KIS
SHML. iIRHE, RE LEC KR FAHIRFHEEERIL 227.5821.6ug/g
HE, WIEHXTHE Fischer KEAFHMA4 5240.1ug/g &t 43 1%, B
SGPT . SGOT Xk BUN . CRE #%ffEhaigtaiiRigksE R EIRmM[13)],
a] WYL ZEEA RIEFBAHN. HRREAME, MEFXATWS, @&
TLHEE Z S HERAA R EEAER, M LEC KB AERHBEEZRZAETRE
Z, UEREREFAERBREERAORX . REXFE, EXEREEN
BT ERIZSYET, ZEREANRAFENRELTN.

[Z] MEHNFBERBEE KT EFRREX

BRI RERRHER, . PR RITERFR TR & M4
W LEHE®(14] . Miatto FRR T 36 GlER AT FIALEHHHE,
32 GIATERALEICHR 10 BiMR FTBEM)M 47 GIFEHE R, KIUHERE
I 54 47.17ug/dl , B E & T 25.90pg/d] (p<0.001), 9 BIAT#E
BEMEORGE, LEETE B5S5SHRERR mERKFE. 7
EHK AR A M E AR, 275 IS5 5T 48 1 B M B g —F
TIETT %, YEE IR ILEEHKF 160pg/dl 7] V52 b B e o) B E [ 15].

ALBHILEREH, MR 10 XiE, MEHRAKFHRHESWEA
&, SHEREMART. BFE, SHARNESERIRE, mEE. ¥
RS &R, TREE/ N REER RS, ERENSmERET
AL, EFENTFEERAZEAN—ERST. ANEFTHEREREN
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GER, AHEE— R R T IR A - RSk R VE VAN AL, 3o IE 5 WL &)
REERGE, LHARHARFENEE BRSSIEESTHREE N
CEREFEVERIREIR, AWMU ES BN L E. WKEE[16]1% A
MFRUESE, o KA S AR e R C ELBLLETRABRTIEEX R
#H. Harris[171%FRINN, 4% SOD MIThEEEHEEHARERN, Rl
YA EE R R E IS S SRS SOD HMELIEN:., TREEHSSRESR
SN EABEEEEEIEE K. RITVTERHR, OIEFENSELEH
TGP LR B BAR T RIEXT B4R ( p<0.05 ) . RITVANMERNFAE L EZER
WEFSA. HEERTHIEEDTE, RRMEEKRTOE, XELWF
It BREEEHAFAEFEE AN EHRN “FEEF KA, 62
HEEHSEIGEENEER R —. MFANFARIFEERIEDE
A%, MR FAYLEL TR ETIVERES, shfEiEaT e mERER
BARF & R TR 2 IE # KT B 2 AR IFHILIE.

[Z] RS sh A R4 B P e 4 o SR

AR O RERAEFENISSHANEREEARERE. AmEL
M Nt B 2 TR ORE. IRAE. BRAE. FAE. B%, M4
e/ Ned B B 1L I A7 2 NET A s {EL MLIE7E 5 /DT Bl &S
(8, TIAFRELE 12 /NHARIEEE 4.

b R AR S AL S LA T B R E, MEAEG
AR RIAT TR, HAEHEEKIETEER, HEEF
B, BMETEEBE. B, EHIFANEER RS LI &K
{E(51.33/13.94 YL IEH K FH 4 £5), RAMBHELS SHEABEIERAEUR
P, BERMFEANREZEES, XA EME A ITMEREKERAS
AR ARG, TR LML R E X EFFE— D HR.

“Cu BB IKEHEIBAE DRGSR SN HAEIERT 4
B RMERTUSIERRNZEL, BHXRAFELEFANIEERSTE.
AEIME, DRASER SEEHAZENER D, 2/ MFEEBIRE, [
EFME; Mk, BRKTPHESEMEEINBEERANAS, %&
KREMAAHBEEERART. RAARENEHFEEZRZ, FEHEVNGEHR TS
FREHARFENES, BT EE—DHREENSHEZURES
ERIRITCR.
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RTRIEMERRTRSA, ROTZABESLETERR, FHREH
AMESHEME S, TEEARZTHRIREORE, LHERTENE
EoAEF, X—BAAEREXHE MR B R A EREEIE. AEEN
2, SHeBR ET A AR A o, (BRI S
SERM, LT IEF T4 M 4 M SR e A R OB AR LN i 2 AR
MM 7S 0T E R Bk T R A B R R Sk 8 AR ER pA8
*gE—1.

(P9] fRHuAh R o MT R 276

EFFESES, MTHERERAHEARESEEN. MTZ
—M/NFTFEER, 5F 61 MEER HEPA= 2 —BERER, D
BERMEMAEEREER, B THRRNARSH, MTEFHOES
ERET, AVTERETEANNTE. . RESERANS];, QRF
RENEREHERER, KENZEHENFERIERE SOD B 675 4%
[19]; (3)F RIFHIAIEENE, 85 CH1E 10 SHUREEIAR, B F 5 m
PEMEME TS ER0], (DESMEZBFETOME. LEMHK.
BE2RFE)BTHERAR, Eilt MT XERKRA “MBEHR> [21].

LAV ARIBFERE THETERE/NR AR F/ MT K, 4148
FiE & Scheuhammer #1 Cherian 7£ 1986 §£3#37[22], Bienengraber % 1995
BoER), LRI R EETR(23]. ERERER, EREARORESR
T, OREEERSET USRS S RARERN MT , 77 AN T
BTHTE. SABRMNBHRMBHSA TR MT KF, FESTHE AR
SR, B AAS MEMETEFANSERE R, TiBHFEHSRKCEWNE
AW, BITHARLEAR. #-EHRRAEFEALE— Cu" T
FHFAMR 278 A MT , TIfFREALE—A Cu” T LLIHFE 408 A~ MT , fHifis
AT HHAFE FHMIEE, X8 RERTERETEANENH,
B3l T MT 894 5, 30 B ISR tE . MY R TN T R RHEKF
FIEARA MT K, REFETHRBIGUEER.

(FHEHA+ MT BREENRERS, R REE. HIRHREE.
MR . BERLRE. FLERKERERA MT MRS, MHEIARSMT (&5
FASHEASNI IR X[24). BEFMELHSE MT REMREEBE
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AREE, AR5 ESENEE R, TESHERERRIEF

BRMARETFRRBER. BAEREGHBENEL, 6. HESRFEET
[25-26]% AT LAESR MT M58, MEMT FE&BEEUIERTE. &1
R *Cu REREEEE & G-75 AEVEBUME TR LA R T T MT f9 4
B, RAIEEXTE/NRFEMT & Zo/Cu thFIZ5885: 1, MTH

BRK; EREERTHEMT BENSZBESITERN, Zn/Cu tb¥yh

1: 625; FERFEMNERT, /ANEIFEMT & Zn/Cu thF|29H 575 1.

@it “Cu FEERRERR, 7RIS “Cud T FEIFFAE M PR S, B/

BAFEE+ MT 8 Zn/Cu LE25R 2. 1, SIEEXRE/NRMALL.

B R R4k E9-MT1 B 5fEdi{k DAB B, KTk MT
TN, KIETHFES MT WA SE0NsmEEs—
B, AMAKE+H MT FiH, @RZFESIHFEFREN MT , 5
Panemangalore (1983)Elemer (1987)fREERG JLE BT K RN AT 4R F
7 MT . AR R4 B A S MT BPEE T B B 45 R —B[27-
28], Xf BB LHFT4mARAN i 4 A MT MR RO E . AR
H(29], AEMEEEEWE MT NEK. WRENFEERESERS
B MT , MEAFBFERE —EMEL MT WARXTFEE;, WREOHH,
RERREHHHENKELSE 600ugeg AEFERERMT, MARRFEL &
HI4RS MT 454 . A, XTFMHEaKrms, @ 0REES MTH
BENLRBBER.

[(HIMT EFE. HEAL+HEX

FraEH MT B R AR FERIEFEEN. KENEHHESE MT
HIRBMERE BEAER, TEMEE BEMEREESE SOD M 675 15.
KATH LI LE R HIESE Zo-MTIREH 3R Bbi DNA SR3Z4RFE ik
SEBRMZEHBEMNRE, MARERPEHIS MT fREZIEHEX, MT
WEEREA, XtE MR HER. Suganwara, N Z LA LEC K
B A 4 & Bk 227.5421 6pg/g B, ELIE R X B Fischer KR4
M4 5.240.1ug/g &= 43 458+, SGPT. SGOT J BUN. CRE %%
ThEE$EARIIR A ZEIBW, £ LEC KRFF4MES, 96%HI4HE. 66%H]
RS MT 4461, MT R4ESEIEE LEC KRFES90.1/1, MIER
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Fischer Jc BUAX 4 2/7.140.8 , %88 LEC K EGEE MT M2 BfE— SR -
R T ATRE[28]. ZEASNEIRBIF T, Wallace[29]1% F B F3AH MT #Hiik
SR BhEC RIS, ARIE T MT S4x 4 DNA 69
iR, RITEE MT BEREK4HE DNA B4G3E% /5, MiJLFRAE MT
FEHEFE RNk DNA ZEENHFGIES™E, SMESREIE (it
EBH MT (3% ) MIRGIEREE . MITARARR MT tiRA
ETH (—#r) BKIRE, Mk THS TEAEER B K Fenton’s K57, K
Mids T EEEEMNTER, BT DNA . SNARTEEXFIE ., R
BAMLAR L ER P AEE T 15 B & AR MT AR T4 X HLIR I RAG, BR T8
B T BT

EFAEEERMRIER, TTRERE DB ML I, FA1m
TREREY, EORSELES, SEASKTESHREMILRERE
Ft&E, BHREZITELER, EHETHERROAERSD, ; B—F®E, B
SRt MT STHLM, REHH AIES @ FESHAT LRSS MT
i34 R [30], 7T B Piscator ZE75 14EAR3E & SFFAE 4 B 48 MT 8 LAES I
BT BB S AE[31]. Bremner tRiA 040 MT w] LR 48 MT —#&E5@ i I
GRS B ERE(32), ME, TEARK FHESHE MT G, MT tRER
SEREAERR B TAE(33). BATRA "PL-MT R BB NRIEE S, £H
MT R EAR M B SR E S E, THEIAFAET MT KRPRE. KBTI
MT MBS RBE, FFEEXMIMNETERN MT KIEMEEARIE TN, [ MT
B ST DA M E IR B F A, FRETIE MT RS ZmEESE,
EAWMEMEMEEN. Fibl, 57 MT A6 RE0ERE, 8 MT X
SRR PR B RS R IE.

TR RS, RITEZHE, AR BRESS MT
RIS A, RA—A Cu® 145 408 ™~ MT , FA B RER T B A A i MT
KE, MAEFHSEMAMHASHS, FREBERGLRE. BHE
MR MT B ESERBZ HNE RS EE—SHR.

(5% XK1
NETT BE <EEE>>. LHHERRLRLLILI87 FI11 AE—/K. 2629 &.

RULHFESR FHRHE (FNER) . LEFFLKH, 1986 F5 AF—MK, 1992 FF
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Y |

IXEIE P 2162

BULAFESSE PEERSH (JFOX) . LHEBRLIEY, 1986 F5 HE—K, 1992 8
F X HIEY P 2162 '
BILHFEER FHKHEM (FNE) , _LHEHFELMY, 1986 F5 FF—K, 1992 £8
FXHEP2162

[SINIX BETFREEESTRER. FEAEERLMEH 1992 F1 F5E 1 jK.P286-294
[6]).Lindquist, R. R. .4rch. Path. 1969;87: 370-379.
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HEES MT I R S

515
MT B3N THERT AR EEs B AN ZHiEXE, %
AR A RFELRHE T MT BRI RE R TR KR AETT, HEIFAMZER
uBE(l]l. RMNOEEAAERFRIG T LEEETETIRS, FEH$ MT
SERE®E, MPEERTMT SRHBETHE, MT SHEZERNXE
AT, AT A MT-IIEF AN 7402 fHE4RA, LLT 2R3 4
HEPI B IR MT SHRSLEVE A R,

—. LEHMBEITE

[—] EEHH
1 45
E.ColiH B 101, Jt RERKFRBEZIMEMRZ R,
2 SRR
pBAcNeo: & &R4>r PBR322 Fifr, #J7E E.Coli fEHl, HEF Amp
yitE. HEH SV40 B3 T BN E.ColiNeo K E75 12 TThr % 4 4 A
HEAE G418 IEHFIEFEFTHEK. pBAcNeoMT 1-A: H B -Actin J§ 3 FIK
4% A MT -AcDNA Fif&7E pBAcNeo fifi E.
FRER hEE ALY ESBE Dr. Prter J. Sciavolino BB, ENEE S
TPIRERE L HEE.

3 B

BN YIE ( BamH- 1 EcoR-1 ) Promega

RNase, 2 H B Merck

4 [FEER

o-*P d CTP WRELF]

5 &

p -actin 2.0kp . K AN TN F

6 HEHERZERAN
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DMEM , RPMI-1640, Lpofectamine, G-418 Gibco

DEPC A E Tl Aot

Tris-base, SDS Serva

K S3asE, MILEEES,

MOPS, DAB, HEi% Sigma

Ethidium Bromide (EB) Fluka

Yeast Extract #HFE 0X0ID

XH FUII HA

Ra 4k MLE REPIHHR BT
[Z] E®TTIE
1 Uiy 1% 5 & (2]

1.1 RN RE:

K EENFE O 2~3 MR 500~1000 ZEAM=AE—, &T;
FREL AGAR (ZFfE) 3 3%, LB200 ZF, HA=MEERST, B, HE
Tk LB EEERTEEEE 3040 434, &SP, LB EE S0
C, MEFHFEE ( lug/ml ) 200ul , IS, BAFILAEA LB20 ZH.
SHIEE 4 CKFBERT. ABEBEP B H S FNRZSE 100ul & 1.5ml
B EP &pke; FEREREARL: 1ul ( 550ng/ml ) fin S0pl =3k, BB
fiA 1.5ml § EP B S5RZEERS, LMEKKF 30 o¥EL; B
H, 42 CKE 14345 MA LB S00u!l 85, 37 CK®E 1/b8t;
BAeshaiR, % ELBREA LIS, AHEFHFNGET, FIEE,
A 3T CHAEF 1S ~ 240 FEHIEE G, PeHF 1 MRAEH ImlLB
B LW EXEERHEEEN 10ml KES, AHOBEHERO, 37 C#E
ER 15 ~ 24 /it ; BL— 2 1000ml JEFIFH9 = A1 6558, in LB # 200 ~ 300ml,
B 200 ~ 300ul, EEHFHEE 200 ~ 300ul, BS, 37 CHEEK10 ~ 12
JNBT, EEE 120 ~ 140 IK/43; 3 OD600 {E=0.06 .

1.2 Bk
WEESEYLEE, 3000rpm/min B0 15 434k, EIEE.LE, ABRKERTR
R BE.OEROKAKS; 0 2ml ZFR T ( Tris-HClpH8.025m M, EDTAp
H7.010m M, Glucose SOm M ) , FMWITERIFHE, KK 10 734f;
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’o

I 4ml ZE# T ( 1% SDS,0.16N NaOH ) , KK 10434k, REES, &
RCES R B 0 3ml R ( SM EEERER ) . 70K 15 404, BRHIR
RS, BRERBRIERB; 3000pm/min .0 20 440, FEBEL
FE, WHRLEHE; I oml FEMMA Tis-HCl HANERDR, B,

3000rpm/min .0 10 23+4F, WE LW, i 4.5ml A Tis-HCl {FH ERB
B ASml &5 . KB (24 0 1), &%), 3000rpm/min .0 10 4344,

Wedk B3 n Oml EERAELDT - RIKEE (24 0 1),i8%, 3000rpm/min
B 10 o8, WEELRE; N 18ml BEAERMIKA K ZE, B5, -20
CHKFEHE 1 /MEF;  3000rpm/min 2.0 20 7344, £ L, EILEERNTIE
FII=F/K 2ml , BEAEJS, in 10ul B RNase , 37 Cikin 2 /hatiE 4k RNA ;
WA 5ZE 3 AN EP B, MEEHY PEG, 85, & 0 C 1 /Mt

10,000rpm/min (> 10 5348, 25 E&; N 70%# Z.E2 500ul, 10,000rpm/min
BLOSaH, £EE, 2K 8EM=2K50ul, R5EMDNA, R
2ul 3K, RERBURS DNA &, &&-20 CRHF

2 MT-TIA ffisi DNA Fr B8 ER (EBFRE) (3]

MT-IA Frki DNA 2[R § ¥ V)88 BamH-IIHALIG , 15 1.0%I AR
Bk, fFANFRSHEDNA TG, JTHRNFEDNA, BETF4
BFHENTRT, £ 0.5<TBE BIKE MM T 100V L EHHK | /NEf. Bl
RPWBGE, 2BATHE, ZETENEDRE, BT=#&K+$, SXkESE,
Fifé DNA #1 RNA 232,

3 874K Lipofectamine Reagent /-5 ) MT-TIA 3t [H4 #u[4]

3.1 MT-TIA ik DNA i8iih 5 o at 32

= EHE EP BEM=%KEA; RN DNA ALE=% KT K&k
FRZE 200ul , FKHABR-A{5HER, B0 10000 /7y, 10 28F, B ERE
AKAR; KARAN 2 AEARFR-20 CHEMKII UK oK 288 & 1/10 (RFRE 3M ) EE
BeH, IRSIE -20 T 1/haY, 10000 5/ 5.0 10 0k;  vki& 70% ZEEdE
2K, Bih; TKZEZE—K, BEBEETET;, TH=FK 0ul FEFE
% DNA, -20 CH&m&H.

3.2 MT-IIA ik DNA g3 F 55
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1fE37C, 5%CO, M, 5 7402 HARANGREL K & 50 ~ 80%%E FEBT
( 60mm HFFrfR) , EBREMIEAR 1640 3EFFMW, FIFCMLIEA 1640 155K
Vi 2k, &#A. B#: '

AB: FTLIMER 1640 BEFEHE 100ul ZFki DNA 1 ~ 2ug

B #: SLMER 1640 3EFFW 90ul K JE F{& Lipofectamine
Reagent10ul ,
B ABHERBSH—E, BRIES, AEIRTHE 3054, LUBRIER
{& DNA NE &Y); FE3EFMF, A Iml TMER 1640 35550, R et
AB E 5HBUMARS, BRIRS; £377C, 5% CO a4l
12 /B, EBRIEFRIE, MASMIIFAR] 1640 IEFHEH, GhLLEEFE 24 ~ 72 /h
BF; fFHEAUEAKIE, &1 | 3(GHM, MRS, #T T 48

4 FE R MMS)

7402 HMAHALE, LA 5000 AN/FLEERD 24 FLAR, EFHFERMRLEE.
FUMNEEE S, WARREMA G418, B ERETITRTL, ZUMkEsE 14
Kot BME T REMMRFEFR, FBERFTCHIAOBRKRE, FHMnsa:
ERBEIE S0-T0% LA S, ERIFFR, ERAKER 800ng/mlG418
IR AT E (AR R AT IR ) , RV 3 BRI
MIREBSTFETRT (£93-5 K) , BEHR—KEKEHR 200png/mIG418 K,
IMERRIREVER, HZEAHMEREL .

FIE R MR TREMRF AR, EFILEEIRS. —RiES ~ 6
A EEREE, BE 0.25%REOE-EDTA HAB/NL I AR ICIFHI4
ML, 5~ 10 248G, MCEERITHAN, BAEERNHES
FBARFREFME, MATREFRSEER, BT —SEFERER
EE.

5 tRicBREH6]

R FREYLE EARIE. B DNA #54F 50ug , 100 THRIEZEH: 5 44k,
KBEHEMARRMKSR (& d TP, d ATP, d GTP,50uCi a-’p-
dCTP ,BSA ) ,B/SH0IA 1pl Klenow Enzyme , iR &R 20ul, 37 °C
BE 12-18 /pBF, MEFAEER N 100ul, HABEGHE, ZERE
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EERE .
6 Southern Blot[7]
6.1 IREUH MK 53 F DNA
MMM, A1 x PBS PE 2k, SHMARIEI T4, EP EWAEE
L, 1000%%/4y, 27340, BRI AUCER 59—, N SE 40 A S AH MK 380ul ,
10%SDS 10ul, RNA #§ 10ul, B/F4M; 37 CHEE 1 /M6, A%EER
400ul Tris-HCl fAFIERBIE—K, 1 © 1 KMBFI&RD (Al - BXE
=24 : 1) #ME—K, FASEEHR00u AP (K5 RIKE=24 © 1)
MiE—K, UHIEERED; (EE: MRS, ARz, Ug
YURBY IR K 4F DNA ) A 2 A5 RFREuKk4 oK 28, 1/10 &
#J 3M EEEREN, UUIE DNA ; BRBJTIERIARSTF DNA, 70%ZEEZEMK;
i 175u] =HKEEME DNA , 4 CIRTE.
6.2 K4+F DNA MIEEY]. Bk REEE
% DNA T2 5, MERYENYIES Eco-1 5ul , 10xBuffer20ul, 37 CHH
AR, 1%3FIsEEERR K, Bk, SHARER (0.2mol/L HCI,
10 434h, 2R), BRPEM ( 0.5mol /L NaOH,1.5mol/L NaCl , 20 434k, 2
K), FHER (Imol/L Tris-base ,1.5mol/L NaCl, 20434, 2Kk) 4HEHEK,
f#f DNA ZEHE; RAEHE LB ZEDNA R BRI B HEE L, 20x8SC
VERRBRE M, 54 24 /DAY, JIRIRTE 6xSSC 1 5 438, REEIRE
F, 80 CEEFETIE 2 /hat, &H.
6.3 WHAZRARAS
MR HEREER# TR, MABLRKZHE ( 6xSSC ,
5xDenhardt X #, 0.5%SDS ., 100ug/ml 75 P 3 W7 34 R - B3 04 6k 5
DNA ) : 68 CKREFIET 4 /NT,
BIEPAZHE, EFMABIRKHE 3ml , ZHEHE DNA K o-32P
FEE, HESHE, O, 68 Tk 24 /e,
6.4 g
MEBAZRIEZ A, NEHBRTERERABRIT ( 6 x
SSC, 05%SDS, 104M4fix 11k, 68°C), HBMI ( 2 x SSC,
0.1%SDS , 20/34f x 47k, 68 °C) &, HAKKE, W HLEK (0.5 x
SSC, 0.1%SDS, 1044 x 2k) BAE—K.
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6.5 4 B 8%
R IHEET R RO LR T, A DR EEE LT
fagF, -70 CRHEEBE. sTEPIRCERH RS EENE.

7 Northern Blot[8]

7.1 RNA I35

FRVKYE ) 1xPBS e A, 2 U, 40 AR U SR 40 A DL T ERAEJR AT REZE O ~
4 CHIENOKEHT, PP S DEPC KB, Fif B My T
180 'C, 6 /)BT, ); FAVKIH IxPBS B4IM,2 1K; nsk& M D500
(4M BB 25mM #rEEEHY,0.5%N-Sarkoeyl,0.1M B - Z.E), F
HIRS), MEANRNEE; AN B -ZiEZEE 3.5ul; A S0ul 2M EERREN ( 0.1 4K
FR) sooul AGEFNEY ( 14KFR) 100ul {5 BKEE (49: 1) (024k
FROIRST 10 #0484, EoKOK 1S 24f; 12 000rpm/min, B (> 20 7341, BUKAE;
IR EE 600ul , -20 CHE 1 /dEt; 12 000rpm/min, B5.0 20 434k, % b
W, fin300ul AW D K B-FRAEZEE 2.1ul, JBS); fm 300ul REEE, -20
CHCE 1 /NBF; 12 000rpm/min, B0 20 4344, F L, 75%M ZBEBEIUIE
2R, ZRETEBRBRENZIE, 20 ~-70 CRE.

7.2 RNA 8k R 55 HE

RNA 22 65 CAEYE 15 4344, KA H, TERIRE 1.2%8 B REA R
ERFATEIK, B 70 R, Ik 4 /e, BT /5 A DEPC KBfgE, 0.05M
NaOH 21 20 734F, 20xSSC Wi, RAEMELEEIEA RNA #£BE
WHRRAHREE L, 20xSSC {EARBE I, % 24 /o, BEREAE
6xSSC 71 5 734F, EiEBIT, 80 CHEM T 2/Naf, &HH.

13 R KRGE

BB RNA MIERTERIESE 2 CREBREERETIRR
( 5xSSC, S50%H Bk, SxDenhardt ) ; 5 /hEHE, FHEFRZHE,
FMATZACH 3ml, RECREREDNAT p |, 42 CREZIK 24 /Mt

MBS P B TR AT S R Ve 1 ( 5x8SC ) A1, 42C, 15
8Rx2 W BEHE 2 ( IxSSC , 0.1%SDS ) 15 #4x2 ®; BEH 3
( 0.1xSSC, 0.1%SDS ) 15 438x2 IR, ¥MIZR AR T, FAREEEALT,
FEEE-70 CRHEER, WHEMARCERA R EERETNE.
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8 IR K L H(9]

KBRS 1.2%88 I8 KB G5 FEIM 2xDMEM (5 20%H185
40, 2000ml HER, 200ugmlE#HEER) BEHS, UL Sml 4%F
Txdcm SEFEMRA, “HHEEE.

DUZHIET & REEF:  0.6%HRIEREE 5SS FR 2xDMEM (&
20%HIBE 4 T8, 200U/ml HER, 200ug/ml #EEK) BEHISLL 3ml
SETIRE, BHZE37 T, SHMASLFREY MT FRH 7402 4
Hd 1000-2000 4™, BSEEERZERE L, 37 CEHERIA, mTERK
EREHE.

9 DNA “ Ladder” [10]

MBEANGBEL 5 2 80-90%f5, EHMAFMIEN 1640 ¥EFRM, 4heE
BER—ERetElE, WEAAMME, &L, A 1xPBS BERIK, i1 DNA 3#E
W 380pl , 10%SDS10pl , 0.1%RNaselOpl , 37 CIE® 2 /Mg, h PK
( Img/ml ) 1oul, 37 CiR%F 2 /hat. By&{imhiZ, ZEEUUE, fim s0ul
ZFOKEEM, 20ul Bk, BHKEE 1.5%, B SOV, B 3 /M, EB R
i, BIMTTFRERM.

SN & TS

[—] pBAcNeoMT-IA HIFR T VI EE

Kk pBAc Ky 9kb, &% 3 BamH! BgfIfu= (B3-1), BYE
BIKAT W, 63 . 22. 0.6kb =4 HEE, # A MT-IIACDNA ( 0.4 kb ) 7
Fe%| pBAcNeo #i{k F2EgY), HIKAIR 63 . 22 . 06kb =MHE (H
3-2) .,
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\\
Pst 1
Fig.3-1Vector map of pBActNEQ

Fig.3-2 Jfis. DNA MivJeE 3k,
MT BRI =14, HKE
AEK 63, 22. 0.6kb

lane 1 Marker

lane.2 MT plasmid

lane 3 MT plasmid digested by
BamH1

[Z] BBFR{K Lipofectamine Reagent 415 MT-UA F:H 4 A 7402 4
il

7402 HHMIZE S G-418 50, 100, 150. 200, 300. 400 J 500ug/ml
B 1640 BEFHEBP SR 14 X, G418 AL HAMNEMKE S
200ug/ml , A<SCELL 800ug/ml B9 G-418 A 5% Y4 MU e R % F 2
BATIRE (R RS LA MIE AT BR ), UESD N A B AR5y
FrEt (£93-5R) , BER—KRIKEN 200pg/ml G418 HEFRM, LAY
fEEVER, HERHKREELN. SAPLES MM, JRER, &
27 MT-7402 548

74



(=] FE40M MT REFES. £KES

4351 F Southern Blot 2 Northern Blot & ilf MT-DNA /K FH15% 5
7EPE. Southern Blot £5 5 B 75 MT-7402 41 #fa () DNA £ 1 & 54>, X B8 7402
HRaAT DNA #0164 3 4~(B 3-3 ); 7£ RNA FEEEEAHFER (E 3-4 ),
Northern Blot 455 75 MT-7402 48 MT-mRNA 23t 88 7402 4 ffdf4 20
f&(HE 3-5).

7402 #A5 MT-7402 SR L, TR E 7402 SRR B LI B 3,
PretEssR, EREN, WHEEAE KA FHEEL, HAE KR EEEME (E
3-6); MT-7402 MARLAE RIS, AMUBSEmMMERE, EREKR, itk
855, REEXER, IEZERKMFTFHRE, MtERKBAEEMNG (H
3-7) .

PR AE KL RR 7402 5 MT-7402 4R KEEEER—
B, HEFESKAREEZFEE (EH3-8) .

1 2 Lane
N Fig.3-3 Southern blot

Lane 1 7402 cells

Lane 2 MT-IIA gene transfectant MT-7402

cells

54 3 2 1 Lane Fig. 3-4 7402 cells picture

- “T:‘M] RNA electrophoresis  agros
staind by EB.

Lanel MT-7402 a

Lane2 MT-7402b

Lane3 M7-7402¢

Lane 4 7402 a

Lane 5 7402 b
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Lane 1
Lane 2
Lane 3
Lane 4
Lane5

Fig.3-5. Northern blot of MT in
7402 and MT-7402 cells

MT-7402a
7402a
MT-7402¢
7402b
7402¢

Fig. 3-6 MT7402 cells picture

Fig. 3-7 7402 celis picture
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Tab.3-1 The growth curve of 7402 cell and MT-7402 cell.

Celi 1 2 3 4 5 6 7
7402 8.88+ 1430+  21.19+ 5038+ 10925+ 211.88+  185.3%
2.23 429 6.36 21.57 35.89 40.64 272
MT- 9.88+ 17.5+ 50.75+ 7525+ 14450+ 25313+ 1825+
7402 3.18 3.31 10.26 30.22 45.58 50.44 28.66
p value | >0.05 >0.05 <0.05 >0.05 >0.05 >0.05 >0.05
2504 »
s MT-7402
S 200 i ol
x / i |
/
/
o 150 { /
2
€ 100
g 1 o 7
3 50 .
il
o{ *
R SR TR et S i
Days

Fig. 3-8 The growth cuver of 7402cells and
MT-7402 cells in vitro

[[9]  MT Xt A 7402 fT 2 40 ML EAE R A B W
FH MT-7402 41} 5 7402 4AMHATERIRARSE 77, RBP4 A B A 41
MEFHLR(E 3-9, 3-10), PG MT & Hj5 MT-7402 4 ar) E i

Fig. 3-9 MT-7402 cell clone formed in Fig. 3-10 7402 cell clone formed in soft
soft agros medium. agros medium,
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B, 2R T IEE MR,
(] MT Xt w

AT RN E RE MT TR AT AR, RITESER
FHRERIE ( S0uM . 100uM . 200uM )IEFREFFATIER 7402 4AHaH
MT-7402 IR R AR, RIFEEE MT EH ) MT-7402 4R HER 1R
T 52 BB 1488 7402 4HAUAA B T RE(3R 3-2). ZHEE 2 X 50uM 4 MT-7402 £
HIM 84.00+11.28 FREE| 39.26+5.30 , T E R/ (p<0.001), i 7402 SHHIEY
M AEEE LA, MT-7402 45 7402 HAMBMHALLEBERER
(p<0.05) (B 3-11 ) ; [EHEE, 100uM £H MT-7402 ZHHA LM\ 84.00£11.28 F
Ff E| 56.25+4.24 (p<0.05), 7402 #H #H Bfd 20 M\ 84.04+1022 + F+ %
100.87+11.23(p> 0.05) (B 3-12 ) , MT-7402 {05 7402 H4npaAaLL,
H B EEE B(p<0.05); 200uM £H MT-7402 4HR I M 84.00+11.28 FREF|
35.2543.92 (p<0.001), 7402 LHLRMIZNIN 84.04+10.22 EF+E] 90.75 + 6.48
(p>0.05), MT-7402 15 7402 HAMMAKAEEL, H B EFHEE F(p<0.05) (B
3-13 )., %3~4X, 50. 100. 200pM £ MT-7402 5 7402 4HRa %48
HEFGIFER ( p<0.001 B p<0.05), E|%E I K 200uM LK) MT-7402
5 7402 tHARMBARLE LA E R BI5E/SK 100uM HA) MT-7402 44
M5 7402 HMIAR HL TG B(p>0.05).

Tab. 3-2 The survival cell growth curve of 7402 cell and MT-7402 cell( x 10*/ml)
when exposed to different concentration of copper acetate.(uM)

50 100 200

D| 7402 MT-7402 p 7402 MT-7402 p 7402 MT-7402 p

1| 84.04x 84.00% 84.04% 84.00+ 84.04+ 84.00x
10.22 11.28 10.22 11.28 10.22 11.28

2| 84.56% 39.26+ * 100.37% 56.25+ ** 90.75% 35.25% **
1542 5.30 11.23 424 6.48 3.92

31 10988  24.57* = 8588+ 23.25+ ** 72.36% 16.55% b
20.36 4.28 9.68 3.16 442 481

4| 12838+ 4233t ** 83.25+ 37.58+ ** 48.58+ 34.25¢ **
21.69 4.38 10.66 3.85 4.01 2.96

5| 137.63¢ 80.25¢ ** §7.33% 50.25% * 38.75+ 30.75¢ *
18.68 3.16 6.98 5.25 2.09 3.70

6] 9621x 68.25% * 62.75¢ 60.39+ 71.75¢ 58.75% *
12.44 2.87 5.68 4.38 4.65 4.21

*p<0.05, **p<0.001
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MEANEKERE, MT-7402 4H B 27 50 . 100 . 200pM £
HTELHE T RERABOEKMPRIZER, BIE=REAGH/ME, FUR
XEH LI, HREEE RO (F3-14 ) . i 7402 4R K
BHRBRAHHBNF BN, SouM HAMRABRAE R, KA BF
o, AR L REIERAE, 58 - RKREALEFEFEEEER ( p<0.001 ),
100 uM HEAMAERT R NERLT “Fik” RE, Z2HASKEDRK
( p<0.05); Jij 200 uM HGHBNTERT FL R NZEH TR, BHAHBIE/ME,
SFERNREF (K 3-15 ) . 8] H& MT FiAH MT-7402 4Hf 55 7402 41 a4
Hext B BUR A BANR, WR VR, RIS ERNFTHENE
WERE B, BTLA4EHE A BA R & RAR MT EE R FHRPUBERN R
#

14071 w40z |
| 7402
120+
- ]
= 100
o ]
go{ =
e 50uM :
2 60
= ]
-
£ 401 - .
6 1 L}
© 204
1 2 3 4 5 6
Days
Fig. 3-11 The survival cell growth curve of 7402 and MT-7402
cell in 50uM copper culture medium in 6 days
= 120
- 1 =— MT-7402
< 100 zﬁwlj
> 4
E "
o 807
‘g -
g 60 - J 1 OOLlM -
I 1 -
© 40 -
20 .

1 2 3 4 5 6

Days
Fig.3-12 The survival cell growth curve of 7402 and MT-7402
cell in 100 uM copper culture medium in 6 days
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r

Cell numbers x 104/ml

Cell numbers x10%/mi

100

. —a— MT-7402
. o— 7402
80 - \
= -
60- A
200uM
[
40
ot ¥ e
¢ —n
20 e
| |
T ) 1 ¥ T T 1 T
1 2 3 4 5 6
Days
Fig. 3-13 The survival cell growth curve of 7402 and MT-7402
cell in 200uM copper culture medium in 6 days
Ll —a— 50uM
80 \ e 100uM ~
A— 200uM
,'/’ \.
60 - £
J " MT-7402 i
\ // .
40 o
2 2
A
20+
i ™ 1 ) T I 1
1 2 3 4 5 6
Days

Fig. 3-14 The survival cell growth curve of MT-7402 cell in different
copper concentrations of culture medium in 6 days.
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"l oM | . ]
& 100puM .
£ 1204 | —a— 200uM
o S S S »
x
"G : 7402 .
g ]
£ 80 .
=
E ]
60
40
T " T v T v = T T =
1 2 3 4 5 6
Days

Fig. 3-15 The survival cell growth curve of 7402 cell in different
copper concentrations of culture medium in 6 days.

[SIMT X E R4 REATREN

fE 7402 F1 MT-7402 AR = MUIE BT, A 200uM 46, =
KAF MG R ERAT, R0 SRR, MAAYE, B am
/MBI EDRE, SR, 8 MT-7402 4IUAT-HES, M
7402 HRMANIARALENEE, AT HIMRE/D. BRI, RIUDNA, ki
BT g RE BRI &7 (B 1-21 ), {H MT-7402 DNA S B3 7402
B VLB MT g & M AR TSRS, ARTRE SR
MARAT- MR L.

=L g
[—] B MT 3ERERRKFITER R

A TR MT e B o R ETUES R R aER, HATH LA MT %R
FEFTRIAT TN, L MT Z2EZENITER =

1 BEENES: R MT Z2REHTRAEE SR MBRNR T
., ERE. @ WESBTRIEERBERENERYEZES, NE
MT {E5% FACF & L
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2 REEER: R gadampam SRR, KREAMIREN
MT EEESEFREMTKAAEE, B S-RAMRE T HEEER B
RIS '
3 BEEFR: DUEREREE, ¥ MT RETRERNRERERE
AZRGM, FEZFRE, TIREMT ZEENFRXATE MT X LEERREE
RS ALK, A MT EENTEE.
®ATHS ALK MT-TIACDNA §Fhi LIS RiE I A AFE
7402 4R, DH#FEGLA DNA 7£ 7402 4R R FEHRFEEA, &K
B MT MR EKFREARRANSEARER, £fEHIINEERENR
Bk MT-7402 #§ MTmRNA /K2 X1 BT 7402 iy 20 £, e LR TR
M REREFR, LA MT ZEFREN MT7402 AREKEES 7402
A —F, MHEBIIELK I X Y H MT7402 40310 EHE A
5 7402 MHRE], WREBE, AHRE MT WAEYETIRREE T RIFHER.

[Z] FhyEdnpa i MT & XA MM RMAETE

LA MT-7402 413 MTmRNA KR B4R 7402 #7 20 £, £
HFREBEREN. FRAHERN MT Fhifk% NIH 3T3 /R LT 44
i, H: MTmRNA KFRXTRAMAT 17. 144%, GEHSM L0 IEH
MT ZEEFRERE R 7T RERER MT EEXA([11).

HATAARRRERSE ( S0uM . 100uM . 200uM ) TREZ fbJE4m Ay
ik MT IHR4MRE R X 2 met &R, F3 MT EEHA MT-7402 4
STRFERIRZEE AR 7402 AR TR, AEERAANI=REALE
. MERRBEREI, THRKARGIEREREE, HEERKN MT-7402
MR R EURER 7402 YHRRAA B IR, FHITHEATEER. &
1R B TR MT s KL, FEEEEERESHHEAMRNKS
MT &4, 7Ei Cu” ##ith Cu B /o i & i R BHE#E MT R
ISR RN, B MT H45H, BSOK B i Cu'”, F5& it Fenton’s
RE, FASHEERMNZERE, MATEWKEE T, MEFARRESS
DNA #4147 DNA . XA[RESiRFEE F N ERESIE, MA—MAET
{H%E 408 ™ MT WMHLERTE.

R MT e &R E THEANMNEZEE aENBRN, htAaEhE
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0 Bl A ) R KA AR AR X AP AR AR A TR BATHRE, MT EEES
BERFHEE, E—RIEFRTERREN, SIEZEZHYBR Y4
BETHERN, MTARKEREUBREANEENERENESS
BET, RPVUENIEFEENGR[12]. B2, LAEMREE ERM MT
EERRKERAN, EEEFNERENMT FE8, BETFHEHETF, 5%
U MT ZEERHMIAEEL, 5T DA i 40 A 7e B 5 R R N 45 & E S 4R
BTHEARZIEE S, EdHENREIENT S EEREERE
H#EfH{n DNA , 3| M THEFMHIET[13], KFELIERIEHR
P AR R IR S F R B BRI E [14). 1ERE B BERBRA, 6 MT
FIERBRERHY ., RINELEEZIELTE MT-2 it S E— &R
FliE B BTRL DNA ffiithiR —E R FIER, (BEERE FIRERED,
PR E HEEE, 41 MT %t DNA f{SPVERZES TR, M1
TELRPEIEAES%S. IEHN Bremner #6 H48 MT 7 LEC K R MR —#E, “X
A MT BEIEBRAASEENIARE LEC KBRS E R REUR T E
BEREUBRBEN. LECKRAUUEMFBEFREREAENHE, 4088
Bt R BB AR 4. RS &Y LEC K R ENBGRERER K
RETEMNE, MELEC KERFHFEAHSTES MT &5, BILUE MT
BRI TR (15), IEE FFER ST ERTAEE 2 4t AHEME RIA94E, M LEC
ARERMBEERARERE, FEMETHEEFAE, FILIRE4LE K
M-S MT 454, BREEBS 4R FF4EMERI IR E. MT-7402 fhiE4n i
MR REBRENE R SRR, Eim MT-7402 40 i 7 4 4F
( 50uM ) IS RAAMIEAU NS — RUAAENN 46.8%, ( p<0.001 ) T
7402 HABEEEAREIK, RMEFEM, £TX, MT-7402 IS A
E—RMBABME 29.25% ( p<0.001 ) , MR 7402 SIS BHEMT
30.75%. FTLARRITIA e 4R P B A B & K MT ZEERR AR RENE
RETHRRERE, HFHTHROTUEZCR.

[EIMT AE FHRMEAREA TN

ERMTUBERBIR T, CEMFT Co s RERATHONIE, B
& RAE L 200uM 4R B T £ ML 55 T MT-7402 41 X 7402 4 IE 1=
fitFReR, MT-7402 4EHLL 7402 AMER . ELHBRMAMAERE TN
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B MT-7402 48/ “ DNA Ladder ” S &tt 7402 4fE, HLEHEREE
THRHEATHREES, MT RAED THMAEHER. RHEEHR,
FEPARET MT NSRS, FHARNEEHRRETKENEET, &
HEREEHEHERS EMARNEFHIET. MT ARG SHAAT-XEN
MREREARERE, FAHERN MT rfEE—[BSMETRRA[16], BT
A TS REIAERERAERNE, MT HHMEER. 78, &%
HERRZREATHRBCIENZWESHERE, B HEE 7S040
RURIMERHAEAREEN.

(&% K]
NEERESF SRKEOSHEGT. PAXFERFR. 1996,10(2):180-182 .
[2}1Sambrook, J., Fritsch E. F. and Maniatis T. Molecular Cloning -A Laboratory Manual 2™ ed. Cold
Spring Laboratory Press. 1980. & X fE REWM FiF FFELKH 1995 9 AE X5k, P24,
B)EM. kEH, ART. S TEVERRALRSE. ARFEELEH, 1996 F2 FE K,
P53,
[@41FEMH, ¥VFH, Ak, 7 TEVEFALRAER. ARFEELKH, 1996 F£2 AE /K,
P157 .
[S)ZREE RLUBRRMTTHRERR LRLEEH 1995 58 A —K, P242.
[6]Sambrook, J., Fritsch E. F. and Maniatis T. Molecular Cloning -A Laboratory Manual 2" ed. Cold
Spring Laboratory Press. 1989. & &M REW Fi¥ HLL/KH 1995 F 9 AB_KTH,
P495 .
[7]Sambrook, J., Fritsch E. F. and Maniatis T. Molecular Cloning -A Laboratory Manual 274 ed. Cold
Spring Laboratory Press. 1989. &R fE REMN %1% BLHIKH 1995 F9 FE_ K E, P474
[8]Sambrook, J., Fritsch E. F. and Maniatis T. Molecular Cloning -A Laboratory Manual 2% ed. Cold
Spring Laboratory Press. 1989. &4 RER FiF HELKHY 1995 iF 9 AB KM,
P363 .
[ON%P4E HLUEFMD THRFER HFLIKH 1995 F8 AFE—#K, P57,
[10]54 kMM BHE & FHFFHR Acta Pharmaceutica Sinica 1994; 29(12):891-898.
(MIBikER, B-FEAFML LRI, P26 7, 1996 F4 5
[12]JHager, L. J. and Palmiter, R. D. Nature 1981;291, 340-342.

(13].Dypbukt, JM., Ankarcona, M. and Sjohoim, A. et al J. Biol Chem. 1994; 269:30553-30560.
[14]Kasiiska M. B., Hanna P. M. and Jordan S. J. et al. Mol Pharmacol 1993; 44:222-227
[15]Sugawara N, Sugawara C and Sato M. et al. Pharmacol Toxicol 1992;71:321-324

(16]Murphy, B. J. et al. Cancer Res. 1994;54:5808-5810.



SCHRGR A
—. HE B R TR AR

[—1 PasemImE

HEFEREEANG LT, $B5TENFEAREERTIHAMARE
RANTYPMNER (SHEENRETE) EEABAUBEERR, T
RPEAREMINMETLEEERAE R, ERAMETEMERFEN:
RUREEASMETENGYHITIET FEEHR T REREMN., Ak
ZSTTHT 3000 F (ETY —FHd, MEFFRM. RERFRENFILR;
KV D EHEL XY FTTE 1000 £EEFEHRE CE+2HKF5) 2%
EREAANERENETES, EFHi2RE 21 7P LEHBATH);
ERVEHE BN (MREEL) EREBHNCAKENGYEEE, @
WEEIESHNY BET 46 B, 2FA L. F. T=H, ZBEFERTHY
AITEBR AN TR (1], FEEEHMRHIHS, AT AENUAREMREA, WE
REFRMNERE (THAETY 2], dtEe RS RREL GaFF) .
BIELF CMRAEZEEY [3]. FARZA (BT (4. BHAZH
B (REHB SIHENT PHEH. HIE. AEREEZ  HNEE
HE XA ER,

X SHET WAEARITE, (WREEZ) [1] (RR (L) ) #Mid
®E ‘TF . ‘BF . ‘KF . “WE” . ‘HE . ‘A %
NFREGYE, mEXTEERR. TIAUE T IRMIER, (FERIFEY (6] (R (3!
XY ) MHEXAETRR, 4RWT:

=H (BEF) : (&Y “KHE, XRFE. BEE. #HE, L
£, @Mk, FENE, ARBSEFEALE” ; (FIXRY 9T7EHFE, £
B, JbiEH, FOKE, TR, @x7, BBEH, 4ARE, E&E8” .

wE: (KLY “CREU/NE. FEEE, (HEY, XE, FlxI, @
N, BEERER. ARBHEXRE” ; (FIFRY “FFAFE, BREHR, X5
&, PR, BEE, AR, BRAK .

BE (AR, K8) . (F£) “EELE. =5, 1L, 7 &,
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RGBSR .

mRE (AF. KF): F£) “NEXLE. TEM. HE, 7,
R, €A%, BHE, B85, e, ABRBRERE” ; (BFRY
“ERHBNEF, RLKREFEHRE, 28 .

HE (BF. 88F) : (X£) “HERF, £F. #HE, #AE,
BE, LTHR, £AH, FESF=4. ARENARS" .

RBER. (HRE. 8. BA. h): (E£2) “BFE, £%. HE,
B, SRR, TTHME, GHER BHTH, #8E<, 4A
Y. HERZ, A&, AR, BEHL ; GIRY “HER, Bt
SEBETE .

A REXSENEEHT, M ETOHEMEHCEHSYRARNTE
AR, MEEZLINIRE =& . “¥F . “BE” BF “BERER
I MERER. BN BRRES (REHEY [711hEH SRS wiEsT
FIcE: “REBIXINE. REAR, RAEARE, AMER, &
ABRGL, NERERERZ, RUOER, % . HE#EE s
DAESEARAITRE. XIN7E (REXNE )Y 8] iCHK THMSMEERALL “£F
BE, WEBA, BRR NEERARE: ‘St ®K, KAEFA, E—
W, ARBZEH, ZEZHE, TR, " ASSEEREENGT. &
SHEEE, DRERESSTIETER.

BHERN SHEAMEAE, TERRAHYWH ‘AR . “FR” X4
“URE” , BRERLT GEHTF)Y , =08 (KERE)Y [SIFE “E8 .
(REHFED [THE: “ERREEEF, BREAZHEE, KENSE, UK
TEM. ARBERS L, S8FE. ” HHASKNERPMREERS L.
HARAMEKNER TR “BURSAEMEA, XARMERESL, EET
FEESENEE, 3IBE, TRZ” 9], ABRFHRSKNITIREEND (K
EHAY [S1PsAICE:  “Ert AUBERHAES, WRETHRZ. 7 55
LAt PAX T IE A PR E BCAE AT .

PERIPELR, CZ5X) [4TAHIR <% ; (FEEAEY [10LAKE “F,
WME , (REZE) 1TAKE “BRER. M8 AE—RAIE ‘B
B, ¥, A&. " 9]

HgRRg, TE AR BE” . B (ERERY [(1IHIAAS “AF
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KM, RERBAFZ .

IR, & “BE, £R, 808, K&, mKE MER, BT
“EE, HEXER, B, FTBRE......” %0 B (EHEEEY QIRAKE
DA “IBEASCRE” , FRFELNER; (FEXRBEY RRAKTTLL 14
&, e, R, R&7 , ERESEZUGL

WHENES, — AN “CELEESR. ~ (KEZHRY [12AXH
“‘BRREABXSSMRINETHOLESEEFTTR ; M (RELE)
(B3]t E “ZR. ¥k, FREER HHROLKIZE. 7 BIESTERESE
EAENSNRZIERM, CABRRZ &.

(] B

BT E R M E T EOVCARMBEE S . RENERTE
BIRAM, UZEBHERREN “FESHMETEY , & “NAETEAR
BRI R E TR A S B e 1) A e R AR — TR
[14]. BRI TEBFAHENESRE TE—ZI0E, 41F: RERE
HMETENESR; FERE. £E. WRSELEITMETENEE;
RIS, RISEBALEERSY . RGN s SR, BB, R
FHRRESMBTENER, TELHER. SHRECHESAENESES
MEBTENEER, EYHRRHERFEN S5 ENMBETEENEE,
%214, JRBHFLRBN ETRTE HFELMMETEMANARTT
Bt £ B NG RIS 2R E T ENKT, TEEX—ARKEE
RAAEH RS A. TERAERATRE S, W E T RN
EEBRKES, TEEAZ -HERTEETFHRER, #2HTEN
AL ERELWI, WENENER, BEZAMNNSTEFRED
P L TRE R Z ST,

| EREEMBEETE, EANSISIHR T MIHES MR %
7, RUMMMEREARERDETHEL, MADHEETHRE, 549
HfEE RS BE. HMAENOHRT T L EE Y B TMR 2
ZEMBTENEER, RAMEMTERHBRIE, WEKFLA; FHH
SMEBEESRMRE, SEATAE. KEFFN7FRRE RS ENE
KBS, SEEERE.

87



2 EFEMRKSETTE, A I81FMRT 37 fEAEAENER
SMETRNXRE, IRESRATHE, FXKESEASHEREEE
7, ARESHEABHE, ERE. EREMANS, ERRIHTEEXL
BHREEEFTHR: RESKSEFRSTKILE, RERAFILESEE
. KPS RE T EENLA-BEIERN LR METER, 4RIE
LEENRAKFHBETEEME ( P<0.05 ), ERBZFNFEFALET
=, RBRNEEEAERE A ERNREERS.

3 EFEHRITTE, AARER0], ERAMN EHEREERHE
R, ML e TR, BRELEEREER KT, RiRiTE
REFXERTRE, SBRERARHE, RTMFFEKFRER, BEFHE
BEAE. LRBLRINETHRESENIEFOMETRMITRTH
FHIMETTR ZBIRIRER, RKILE R E /I ME P R T IEE X
BKF, EEKES TIEEXREAKE, Mt gy, S
RESARSNENE, PFZEFEELNRER, WAXATERHAY
BIENEZ—. INEEE2ANMAREEREENE THETESTE
“BENA” FXF, KABEBERREEIFHE. 7. ANIERE
By, EERNETHIET G, ERBURE THEMELSETIER. iE
AMETTESREIENRE. RBRAEFTVINRE. [, &E231%FEH
BEABERMRTHESHETRZENRER, IEXMEBIERRMER
EEREK, FELLEHETE, WETHYEEIES BT EAE
AR E (R

4 FEPHMETTRNFTTE, EFRBGT R CEHNER, IR
R R B FAREATTE, R, 3. AR HARTAR.
REHMAT . EA . HRUARE TS, BRESHAR AL S
AIEHERIE, ERARFEUNRIIREE. RRIEF2AREZYEREE
HBIFTHYARSHETENRE. HTNSSHMETRNREA: H&HF
BEMESEERS. % . BNIERK REGTHREEME ENRSGTs
(HBER) ESHEAEX. ERSMETRNXE: FHRFRMEK
MAERER; BRASHATE. H. FEdHER, TERE, FEES.
HMRZEMETERFR: WEKERS; TEIRERS; FEHRER
. BRESHTRMETE. SRS SHAKESFRIMRILE, WA
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#. FESEFEHTHREFRASEES; HEXKSEEREMEST
BKEEEMN FAEIRYT, HESESTNIARASZ ALY FTHSH
BRAEAH—H. A 5MEBRRNRER: #4MIZ5+HH. F3ER; 4H
HAhEERRE; AGPREREMARS. ERF2S1FEALITTHE
BARRAARN BN TSP ATHETRASTERERHR, FFE
TR TS, &K B W ANAEERRS, XSFBERESZYT
AR, 5 “HEm. FETE” NPERISHAF. KERREEW T
TR ABMBITRKT, KHEEE. £15. REOIKEFHIHR
m. RN 205, MEEHERR BK B BARTIRES.
Bob, BERAFEANRT0WIRT “UETREEDEFATHEEDT
" . W aRSSAAERABRERR” . FHITT “EYRF
HHETRIBXER , BT TAMETRRBE “EYEFHOENE
WEBIER WATREN, HEE LRAR PG T —ER. ITEET 105
REAREYETY, EdEREN 42 PRETRNSE, 2% e
TEN “FEEREETE” WETEMMZE, KIMuNNEERFE
SRR AU AR RAER, EARX 42 MOTREEYEFHSEFE
AR T BRAR /R A3 70 jAE, X E R MIT R EEPE T+ ERAXKF
M EEMHMETREEYETLTHNELTBYERRATNL. MTH
ETRESPHAZENMEN KR, MITER, E—ENREN, HESH
bR L RR S ENES BT, U RAKME k2, , MEAYT
HMEITEREENZES TR, AU BMREN, S8d LR, 251 E
B tasE A, LBRILTRE, HEXEGHTHA%E. IMFETHLTR
SENASHEE, HEELRLEFEMEARFRRBENEKMERIE,
187 b o BE A PR R SR B R R P R
EMETESTHEAHAT, MEEEBIIEMTEETSR. MY
G \BHE TR GFHMETER, RASHBEHETAMEKSTE
e, WHENSERS. ARTHEE. HET&EE; AHPHETRN
AHERESRWRGFOTRNE RN AHANTERFLEREESTZ
Bl WETFHFUK. . 8. 9. 5. #NSERAFEE; teXiE
FENSERS, RTRMER, HEEBAFENRFEFHLIGTR
SHBTROXFNKAARPEERTAISTEN 1340g/s, MESTH
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MRS T RIS BN 0.10ug/g , PTIRER ST Bk B B AE 2564 250
#2—, RESWFEANIAASAS, HENEESTEIAHERURSM
EFELTE LFRISTRR, BT AR ER M ETE
IR 3.

Z iR, REMBETEFASTENHRNESAN TESETHE, Hh
FRHNEEHHRFELNESR, RAXTHNEETENEER.
BEFESSHBTEXMHRAEARER, EHNEIEB3NEAN:
(1) BFEFNRFEHHERCHBIMORTELE, RRETES
WA, XEETEUCERE D HATRORBIR, MERHE; (2) BERPRT
EHRHEHMRMAH RS B, METEFRNELFH—TS, K
BELMRES; (3) PESMRAHERLIZT A RAY, EMETER
RHE, R BANETEERN “HUETEFSARR” ; (4)
BE R ESME TRV T EAMILR P Ay, FRRETED
FRNFEREMETERARRES, ANTHIRES, FHTH—
&, MANTEERAEEN; (5) EFERFTESMETEFIET
E MRS R IOVER . BB, AASNEELNAE. HEFE
FO P ESMETERRFRE, (T EAERATEMRETEA.

(5% 3R]

(NETT BiE <<$EE>>., LBEFFERARLRHLK 1987 F1]1 AE—iK. 2629 7.

RIEDER CTHER) NEL KRF SR EFLKH 1993 F£6 AF—MK, 1996 £ 1

AB=K 5

[BIEMELE (HRFEZERE) 8EY Sl BR ABRELEH LK, 1994 F2 FH—

K.

[tz A4 CBATM) HES Mk B WA RLEN 1994 F£12 AE—/K

SRS () *EHEH (REX) B—M. ABDLELRULR, 1987 FF4 HE—KE

=X k. P597,

[6] FEFFEY R: BT BE <XKBEE>>, LHEHFERRBRIEKI987 F 11 AE—

&, 2629 &@.

71 EERS (FERR)Y LS () RERE (KE48) B—W. ARELLEHS
M. 1987 FF4 AE—RB=XFH. P597.

[8] Z=miEs (B) ZAEHEH (REXR) B=M. ARELLKULK, 1987 F4 FE—K
B=XHE. P1736

[9] OHFES PHRHE (FOER) , LEHRLHKMN, 1986 £5 AF MK, 1992 F
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LA G P 2162

[10] (BAGEEY W LHAFEFR PHRHE (BOER) , _LHEBRLEY, 1986 E5 AF
—p, 1992 EEBH L EOE P 2162

(11] ABHE (KEZH) LIRFELR PHARE (FOE) , LHARLEN, 1986
FSHFBE—ME 1992 FRTLHH P 2162

[12] B ETl (EHRERY WALHFESER PHRRM (FHEE) , FEFESL K, 1986
5 HJE—ME, 1992 FEE A EIF P 2162

[13] BAMRRHE (EEILEY RILHFEER FAHREM (FNE) , LHFHL KM, 1986
5 FE—MK, 1992 FEEF A TE P 2163

(IEFEN RETESVER PEPEFHLKH 1993 £5 AF—K 1996 £3 AR X

FLPI .

[IS1EFHTF. RAL. Bise MMESMETFRNAR, LHEABREXERETE. £H5F=

BRKHIERISIFEREVGELIE FPEEELHBTEFES 1993 E£8 § FL5 P193

[16)FERE. BL3. BEE & pERETI93; (6): 362

(T EF FHELLFEI1987; 7: 252

[1IB1BHA . F&E. kiik HETESRFEGFIL1992; 3: 2628

{195k thF. REE. KB HETFE 1991, 4 2425

[201xi4@F. BEHX Fngk HFTE1992, 1: 32,

RUIARE REXESHRENEDE 2AFNEEFRETE. £EE _BERFEE

EHERS WX E PEEZLHBILEFEL 1993 F8 f FLEHPIR

[22)3h B2, FERIL. HKE MEXESPE ‘B NXENTRRETESDHREDR

BYE £HBAREFZRETE. LHP_EHENNEREFFEFREREXE PHEEES

HBTLEFEL1993 F8 F F28 P66

2318, %EZ. XkH FXRERBTARMEIRBETRONT LAEAEEERET

B 2EAB_ERIINERIESERENGE X E PEEZLRBTRFS1993 8 A FE

& P86

RNBRE. ZEL. BEES A TESRFFE 1992, 2: 2731.

[25)ZERKFr. kiR FERHF 1990; 36 23 '

[26]3kER. BWEZ. k2 FETE 1987, 4: 4448

RTVEER. FER. {ITEF ABXREEYEIATNEKITRE FERETESHE

BAFEREVGEXHE1996 £ 9 AT P4

[2BBHEHR. ZER. HFEE HLITESPHEEPRBEARNNER FEHNFTESHE

EEFARE WX HE 1996 £9 AR P M.

[29)BER. BHE¥E. HU% HYLTARBEXARIBXAORNHUEREN EEHABTESH

BEEEFER LW E X HE 1996 iF 9 AL P83-98 .

[BO)FEH. ZER. LEKE HETR PRI HUNERNEREIE GERXETESH
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[Bl117hEE4A. DEME. RET. METFE 1988, 1: 4
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CIMHA. B8 TAHEERSREIOL, 4 (9): 518,
. METEENAEERERR

[—] WETRENERTEE

WMETEREESIMERKLA, 1807 & Vauguelin \SHHF R H4A,
1847 4 Harless £ HHsh YA N RIS EE EEVERH, 1878 £E Frederick & /&
REMBEESFZTFEM, 1921 4 Brodansky 7E A L4, HEl 1928
£ Hart BAESIENLFRIEFRE ( essential nutrient ) [1]. HEIE

F 1 HELS5HME (RIE Ochiai, 1977 XHBH)

HAEH (8) HEFER 78 P34 TRk
mEES 2 7~8x106 LERMEEKHFTHE iZi% O,
BEAYIE 2 35 000 HEL B PELL MER O~k
MmFFEEH 8 151 000 A3k % H 1k Fe™
MR c 2ikes 2 5% TR”.N AR EEc
BRERE 4 119 000 EEL B A IR
BEAER
S 4-6 120 000-141 000 B4 B IUEY
4 60 000 TRETH
W meeiss 8 140 000 FEOKR. R HHHIURY
AR EALRE 1 170 000 4 M EALEIEY
1 96 000 HIH AN FVREY
Wik B AL R 2 185 000 g
D- 2 FFE LN 1 75 000 Dactylium dendxoides  ZEAL BV
ZEB-ZiEE 2 290000 45 LIEREE BEASVER
AEGER 1 14600-17000  £RBRATER B &%
FREER 1 10 500 WE. PRE B & iE
Stellacyanin 1 16 800 R Bf{EiE
SRHREH 12 12000  KESEVRA EoERH

MEY. WY  EREHE

MMETREEAEENEEINGE, GEEN. HEW. R, Hik. £,
A A R BB A A T R R SR R, R E R ET
SHEMXNEES () TR, XEREEQ (B) GELEES. 85
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wYsiele. MRMEES. HREER C Aih . REME. BB 15
MmEREAEE. BREEILE. AL, D-3IABELE. ZCEHE-EL
B. REER. REER, Stellacyanin IRFEBREDSE 157, BT
HIA R R 1(2]

[Z] METERFENRKSHE

BELTEENRKSHZENEREE. B 1 27804848, Hda8-/Ma
RWHAMBSHFEFNEES. BERES, $AFE, EREEESD
BaWAML, LAll%E#% &S (Ceruloplasmin, Cp)HITERFEFHAYLAEH
2. AN R BRI Cp . MT SR @S2 WHANG, H
FEEHEH &SN, —EBT MR Cp AT LA B B /MEHEE 3],

B 2 B8R T/NpAR AR BRSNS R, ORSEAEERAREHEA
NEREEGSE, BAEEARERT, EPRERSRERE MT £HS 3
HFRIXER mRNA , #—SBFELER apo-MT BH, £5H8E5EER
holo-MT . HAHIMEETLIHE MR, P& MT SSMRETLAN, M
5 MT (EMA LR, WRAENHEEANGE, £RE MT gtZLL Cu-
MT R(FE. MT {EAFEETFERCE, AEBRRASEHALR, FPREE
BB RS EHE SRR E A AE4].

A3 BREMRASEANERS, FREFERFEEAZEMHEEEER
%. BESTERNABTRE ST RAMERSA, CHIEERD Cu'”
HEBHR, —E45 Cu'™5 apo-MT 4R Cu-MT , —#B4 Cu'™ 5
ML apo-SOD 454 i holo-SOD , % — &4+ Cu' 5 1040apo-Cp
$55TE R holo-Cp , 7E T4 & /R P — 25 I T A apo-Cp H1 holo-Cp
BRI AL, Eef Cu-MT 8 Cu' " HET LU EI M & 5 apo-
SOD #5472 A% holo-SOD B A ML[5].
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Fig. 1 The sketch for copper absorbtion in tissues

Ceruloplasmin

Plasma Ceruloplasmin
Albumin
‘u

Amino Acids

Urinne

Fig. 2 Schematic representation of intestinal mucosal cell and
probale sites of dietary copper and zinc interaction

Albumin
Dietary C T \Cu’
U o A
Endogenous Albumin
Dieta
R/
Albumine
Bndogenous ~Zn/
Albumin
Lumen Plasma

Davidson[6]f Cu®’ 4R 5% FHF5E T K562 4R Ml i) 4 B 38 B A5 1
B R ACERA IR A K562 MR e s A FL A M 3 A
HH, BOSVFRERNEEN 1.051g/d] , X B4 A B4 4 A 40
HIRBURLEE. BRTE 7], RN NREFFIE 055 7 TR &R0
N EMARE L. ERANEZEFRIVNENFENEETUS&BR
ELskE, TEAT USRS BREE B AR, L4 — MT $I77
FKNMESFHEH.  Freedman(5]FBF 4 B AT 4HAE HAC RWH4EEME. B A
BEEZRHASBRMELERAN HAC 28RS T 40 P9 4R A 4L gL
s, HREW, ERESEET SEEEREE XN G ST
FALDBIIEEFET 3415, BrRBRNTIENSNAKEREME. A
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KRR B A B AR E S AR T 60% 2 GSH 41, Cu® BIshAstisst
RERALEE MT &4 L5 Cu¥ 25 GSH &4, F bithionine sulfoximine
THEEAMNE GSH 5, [HERT S0%LL Es Cu¥ 5 MT 454, #msEEs
ASREE RS GSHE S, REHIZE MT $4E7E. HACq ZIMTES
AL T RE S S K TH GSH . MT F %,

Fig.3 The relationship between ceruloplasmin ,Cu-Zn-SOD
and metallothionein in liver cell

Liver

GSH  GSSG apo-MT
Cu2+—_1y Cu Cu-MT

2 Mgu" >
c;nos;/ NSODA)
Cp{04 u-Cpl04 {)-SOD 1*—En doplasmjc

hOkt-SOD reticulu

apo-EP ho?o-Cp(Blood)

[Z] HETEHRBHREFERERIR

ARERBREOMREES, ¥ LKA Menk’s 551 Wilson’s §5, £
5 AR R ESCBIEER. Wilson’s 7 25 A< 3 B Bt B 4R 78 FFIE =
MAERESBHBNRE, METHEEEKFNBTFHEASEER
EFEy, RAFEREMEFOASMEREB, 9. MR, Menk's Hl
FEEFREMRE, RIAFEERBIRLD, KRR 8
BEAK[10], R, WAELMMELHWER. BHPOKFEFEHN, KBH
RAEFLHEHDFMEEFERER. FENRENKFERRMER 2R
AREFH. 1993 4, Mercer[11)5 ABIIHTERENL T Menk’s Z£H, &R
Menk’s £ H BRI 2 E Y0 IR 7 B Hi ok, (B ELEME S cDNA E4#
g, REMFAFYEH 1500 MR, FH 6 MEBMBUKEEBRLES,
HAMBEEANEERR, IMBEEREDEN-RYIE S-CNEENER
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SEAFY, EUTHRCIM He HWERLES P& ATP BBEHMLLAT SRS
TFHmsh. B, ERNEEBRFTH 1044-1050 FEF—PRIILEKE
EA[UMEANE ATP B RBBANEEN S . BEITUATEBE TN
Wsh, MFE Na-K-ATP RETH. HE T HRATHRANE FKRE.
Menk’s ZEEATULERF. FhE. BR. OB, . KRRV FEE,
HEEBHRAE SRS FREN2). SUO#EHEFH ATP BHRESE
WA4E AT SRS, X AT REBEE Menk’s S/ & BRI T B .

Xt Wilson’s & F MR RKH, TR SREBESHEN ATP BBE X<
[13]. ZEFEE Menk’s ZEIEFEHMLL, FHEMIE 50%, MH 19%5%5%.
Wi . BEALT ATP 553 HEX. HE KR Wilson’s FEFEFTEA
FHAEAN B P K, AEKRARE—. S NEEBHNEZERECHNE
M RESHNHBEE cysXXeys 45ith), MEAEEFESFXEBSHF
cysXXcys ¢54. MIMGEHEFEZHMESRBESEAFRTLILR, LE
EERREATRERFE, EEARRFEERE., XIFHEFEHEGEES,
EEFEESEAEEQE S REEED U RMNBH R W LFE, T
Wilson’s J§7E3X 77 H B 20 SRFE. .

T FANBRIEEH ATP BBEEARELAFHRAIRER, Wilson’s FER
5 Menk’s ZHFRKEIAENTARFEEEFHLEFRBRETENSERE
HTFHANR. HE. SIMARPRREMRNNSKFEEBEIZEE AR
XS FEMNZIEFEEN, MEMEXNELESHIEFH S

P ag

H.
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=. #. BHESTHME

[—] H5 8 hEER

SRRV SIS, RN ER L. FETER
EREWEER S RET, @A Haber-Weiss [ 574 RIS i %

«0 +Cu* ->0,+Cu”
Cu"+H,0,—>Cu**+OH +eOH

JEIT S AT DNA SEEHF=Y), HBEBRLSYREIRIL. 528 ESR A
FREHATLUFTSE fmEMER. ESR HARD 20 Ll E 8RRk
BN B ST MR S R A B B (1), BhAh, 4R ET LB AR
A MT LR ER - B EHET2) (EA4)

Fig.4 Schematic diagram of cellular copper metabolism
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(=] SRS R R

H#S R RAIE R AT ASBIR RS | R . L HR SR
RFHRRE -S4 SROBLEY TR A BT b AT Y — B (malodialdehyde) LA K B B2 L 2
BRREYE ( TBARS ) MBS MIELRE TRELEMARYE. WH, %
KR A 2 ey Et, ] AR Z0R A s BT 003 Ak 5 B 3R — M 0
TBARS FE¥m[2). & RATLEER AN ERENT KA RS 45
S5IEMHMENMER LN, XERHALHERZHEE ENAKRRA
RHELTEFSER, BFAENRTHFHRGEHSRSG. MES5
VE . BRRFAFEAEL T T PRSI E B E=YHERFB]. MRKK
#F VE fiili, MEKRRBEH FARENE S h8E~Y, XEERITIUEHA
FAREESIERNLER M BE KR,

—RNAEKRERET RO RESSEANESE, AEAKREN
REEREIME, LHILETEERTLRMER, HIFRINEEMFRE
BREHE]. TRENER THREEOE AR NERBEEELRERE
F C S|EREHERE, SORARThAR& 4 RIIN UY 28 10 5 40 B BB B 57 08
b, RRETNEETRARKES, ARZEEKFOTELDEA,
MNTI B T 4R M T B & A RS

A F AR UL EAE A ol DUR £ TE SR RAT A A B A .
ES BN MABAE ) TBARS KEEER K MR, BihH
BFAE, BREERE, WERPBIRSTRE TN, NSEREMIE
BRI, BT ABHATE pH EiN, BEAEBENBALORSEEETR
ATP EETHEEATIEH THE[S].

[=] %65 DNA #its

1 47-DNA B{LBs

1968 4E, Eichhorn I Shin[6J#Fit T —#r4& /& % 75 DNA B EHA X
%, 1AM Mg 8EI83a T DNA (E5H), MSHBBES S EENEE
SBETFINCA”. Cu” MifFE DNA FI DB RELEMIMIEE1E T, 19874,
Stoewe[7] R L4 E 45 DNA HIES N HEE, MEANEXERFEETE
it EAE S DNA MBEALARE TR 50 M EEFREHE. 191 £
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Kagawa[8]%F A4 SR JE DNA 7T CuCl, BT RE T M= T 508
HEbEHY DNA 855 1@ k551, KRB Cu™"5 DNA FEAL TSI e A&, 76
FHLFEE 4 MKWEHE, EHOCMESEMRHN-7T EEEETAKS
F. B8 ANOBIR T Cu™"-GMP E 4L & BLAR i) GMPS’ 3 B B o
SR T MRS SHE SCFEECHE, XFFRESRIELH DNA FHIE
BERR. BECRESEVERTERFEA\BREN, BESERS
B ER M T A 3 35 1] LA 5 4 A BV B TE B DA S i B = A TR B IO I 5
AEH(10]

EARA_MS DNA &4 Ea MEEIURESWEELE TR, BE—#
HEHFRREERIN TR B ER L DNA RIEH B B840 Z FE{12].
SCFrL., Minchenkova 11 Ivanov( 13 AR B4R B0 AL ST %1 DNA B B
BRRENERPFESEHEEEENEA.

2 DNA #5108

FERERNENRREERBE T £ARREL £ B hEH {5 DNA
E£ZFBREZHENR. W Li[14& 3@ Cu (D) /Cu (1) WEL
B R R 2t E AL RS Y- SRR A AU EAL S TR, AR S R Ae
©X-174RFIDNA ##145; Jun-ichi[1SHFLERA-Cu () E4Y5TE
WE KB ASE DNA #1545, @t DNA 5 Cu (H). H0,. .
BERRER LR ESY), ATLHESK DNA-Cu (1) SEB{EHEE i
FEHR[16]. Yamamoto FI Kawanishi[17]1A 8, #£ DNA-Cu (1I) 531t
NS EEREREA e, 48 DNA SEMEERE S0
B AT AL BT ( peroxide bridge ) LWERB FHBEEE. =/ ESR
EIEEIRE AT LIS ME DNA 5 Cu (II). H,0,. JTIRMLER ( ascorbate,
Asc ) REBAEMZEHRE, KW T(18]:

DNA-Cu?*+Asc’ —>DNA-Cu'+ Asc™
DNA-Cu"+H,0,—DNA-Cu**+eOH+OH ™~

Bhat[ 194 M &M, £ Cu () SEMEED, REELMTER
RFERTLLEL L LB BERREEAN KRG DNA fits, A
# Cu (I)TEXANR AR FE TR DNA B4 5 a4, {tid & B1[20],
BEMEAES TR Cu (1) FENENR TH4 DNA ¥IF R A2
89, ST DNAM A-TREFY. SMERSTITLER 64 Cu
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(I) >Cu (1) , 3T Harber-Weiss S SEA1 Fenton [ R7AE A AE B Hi 2.
£ DNA BHiZ =42 8 &R 5 DNA MM FERE,

Joshi.[2 1] B R ARF > P-NMR F¥EFF3 T Cu (I )-desferal (desferal
/ desferrioxamine, DFO)%t CT DNA ##if, RRERNZHhHER LT
HIZ DAN /NMEFHIBES T CU, EHIER 5- T F ZokiHEH (S-methylene
furanone), C4'fifIEEHRE:, T C5MEHEXFRMELE.

Feldlberg[22]#5 1 H,0, 5 Cu(IDRFZATLASIEREA ( dG-C ) BIRE
miE ( dA-T ) . 1989 4F, Sagnipanti{23[7E(kSbI B F R FLLALIRE ( 10
™) R EAE ( 10°M ) FERSIEFUE DNAPZISO)MIETRL, 1 10°M
RIS 10°M TR R — R A T LA 3 DNA MBS, IME ELsEE
., MR ERVEE. 538 MENKRESEFTX. SRETHNES
. SEAEELR B HERTERT A8 DNA #6723, {8 SOD xti
REEEZW, HATELAYE HERAS S DNA ¥#ifs. DNA Fii4
FrRA, ESEWH 2 AMRHENMLET RS BIE RS ABUREY
DNA F B, BEMEHFRZEHTH IS IEHER N AERMEE HERTHN
BRI
3’-TA* AACTATACTA CGCGGGGCGA AGGGCAATTC CCTCGTCCGG
TCATTTCGT AATGGACACC ACCCCAAGGG CTCGCCGGTT!?°-5°, [Fjat thiF st 3L
R RAREAE G-C Ik A-T.

Sagnipanti[23]i& & B 1 ) — #r 46 AT LA B DNA #i45, (B R R
SEM LA SERERERS. Prutz W. A [24] ZAGE T INASKERE
Filddy SRR MR IR RIS ERNBEA B hE, UK —
45 DNA HEERA X R.

H,0—>e0H ( 0.28 ) ,& ,,(0.28),He(0.06)
¢OH+HCO, —H,0+CO,

€ 5(He)+0,—CO,+0;

0, +Cu**—>0,+Cu”

MRXFTE, MfiT8E DNA-Cu (1) BEIMNRWHIIEHE, &3
Cu (I) MEHAETLERFKREEHWES, FRNFEESFEN

( enolization ) , JEF M N-1-SESEE] N-3-frElE UL & DNA E75H)
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B, Gunther[25hEE—#rifl S AR ME] A KZE .

Chiu SM.[26)/F 5 &K FELFy STt V79 SR EENBGRTHZ
H, REFIEFRIELEAT DNA (ESXIE, MHEAEFN S48 DNA:
F B, K/N2 100-200kbp., $AEFNILE ST DNA WEERRNIEHEH
X, WAE R E X DNA MG S EIEDNA LS EHFX. DNA
BHEEE I (D) H 3K DNABRGHERPER, B3 C\@ME, 5
FEgE AN EEBHELFR. B RKEE THMEXT DNA SR

EF4R G2 S 845 DNA 9P, Sagnipanti[231#EMIA S EIET
E/LNEER: BE, DNA BB REEFTINGER RN AL SRR H
FRESER 2ANSESEH. SESEHRERERE FEE, FXEE
F5 SEM LS A WIETE[27,28)82 7R 7E DNA 7 FhH4R i S IZErs B
2 B — AR M S T ER[29); =, Cu(l)5DNA RM. @IHETF
B SEY, SEMEMHENAR—#F#, CuEddERNERS
EMREA Y, XREYRSEAMERERYENTARBERE, £
ShAEERH T DNA MR S1ER; &5, H,0, 548 F DNA #4751 Cu(l)
R TE DNA a5 Cu(DR MY, £HREHBEM Cu(Il), RIEREHH
RN EREBRUMERE, iFE Cu(ll)5 DNA &5 FEH M5!
E/NOE R,

3 45| R MR

EFAL N BEHF TSR DNA MR eT bUEE R RN EEER,
tha] A i IR A R EE S | IR T %8 HepG2 AFTEMMS4E — A2
EHHSYIRET, U R KM N EYE DNA BT E30]. R
M, EREREEFRFMATKFME, DNA FERAFEM, HHAR
B f 0] LI DNA JE B DNA K R . TEIRIRETHUF MR TE B — Fh ik IR 35
3%, HmE AR B B ERNE. Y9 ENFRREES 1,10-88 82
FEEFMNBTLEBAEEARSR, WRFEMATR &S EE/L
2, WEMEREHG31). DNA 85 8-FRA L GEW, iFLEER
mEMEER. EIRERMEFREEPEFE LIO-SZRARFEHFES
IR Y HEKHK DNA iR SH8YE. AACEEERZRETR
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T B 18] SRR A BRI FE LR A o 8- R R R S IR A, B8
XFEFTHE LA 3 DNA 82 L 45(32].
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. fHEEmEANR

1957 £ Margoshes 1 Vallee[ I HEBF KR LD FAERRT, WETURH
EFAEH(CD, Zn)-MT . 1962 4, Porter[2]\#Hr 4 4-FigrtE J LA FFAE
FABEH -—MHESFENELOR. B “KBEFEEQ
( Mitochondrocuprein ) ” Z2— M43 FEE. SEREERERRE
( Cys ). FETKWER, BHIFHEE—F Cu-MT L EA[3-5]. 1976
%, Bremner[6li@ 4/ NREH, ERELENZETLEFEAEE
BHBUE TR &4 30%L A8 Cys , FBT 1%M =8 ), i Winge[15](7]
TEERAFETEE Cue-MT BEHNESHELEN ( 5%) EpEmRB AN
=L 6-9%MRE R ( Leu ) fIRREEE ( Isoleu ) , iFBAEREREN
%T, MT BREFEBRESER Cu-MT B R&K,

[—] Cu-MT K& RS AL

i MT B FRBINETERIE8-9], —RIENMERKNEL (IR,
LB ) . BAEZmACHE R (10 Wilson’s Disease, Menk’s Disease )
R shB Rk ESS4Y R, BT LIER4E R Cu-MT[10-12], HEHHE
SRAZTHFERENZWE, HEYAFE. H3. RN SENE
A%, Richards(13]% AR, SERAMALL, #3503 MTmRNA
FEREES, HILFERFERR AR SR MT &N HES. T
XFRBHIBBRRLE T apo-MT #4447 ( Repression of transcription ) F
i[14]: B apo-MT 4R ETE, HASERE THRER/D> T RN
MEVER, HR—EEHTEIIEN apo-MT A, HH apo-MT 5
ERBHTFHES, FIERM#T. EBBSNARIENREETERE
FE5RERK L apo-MT &5 HARE. 0HE MT Moa-domain &5 DNA K+
FLESEAT, FHAE MT B4 domain (45SRFH R R SERAFE S
57ES MT HEH.

Cu-MT ZEfFIERI A RS REM PR REEER X &/ REH—K
H)E, RMAELE 18 /N e EEAERK, EREREEBIFESKF5]. &
FREEEEE MT KA, NREFFERERESZFSEMT, m
BRFEFERZ —LAEUMT AXHFE; WREOEH, RAHES
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N

MR AE] S00ug/g A REFEF AR MT , MAEBRF/CEKNHES MT 4
A(16], MAFEES THEN, A MT RERSNS RS EREMR
[EH. HARFNSZERETSE MT REERR—HH(17].

MT SRR U— T R FEEN(18-19], RIMCK A, apo-
MT 5 Cu (I) REEHRF, HEAKAY Cu (II) SHFEEH Cu
(1) F 5 apo-MT 454. Cu (1) ZE4RME N HITETESRIERE GSH/GSSG B &
{£%[20]). GSH #HiIAHEEHES MT ZHiiMHENE —EHL, Cu
(1) -GSH 7T 8E& Cu (1) 5 apo-MT 4548 Cu (1) &F1%.

(=] &3 Cu-MT R ¥

TENDEAEBRAE MT #1ESHHET, B4 Cu-Zn-MT, . EF
PEAEHH MT FYER,  Tan Bremner[21 )63 AT MT S EHIEFE
E, ARERBRHNERE MT #ENAGHELSHFRBETRHN MT &,
B2 2 MT [Egad M AEE R EHL. hiTEIELHRE MT 818 E
EEHRMECREMEERR, J58 Cu-MT 824 a7 8105 16.911.0 /et
BREERS Cu-MT M4 #Ash 12.320.5 /e, B HPEBRFEEWHS 90
ANEF, Cu-MT HIBERHERSERETREZEORNEEN. EHERF
MT R ERR THMJLFRKBIRE, XM, #iEREH MT 18
HER—BH. JUFARZHR, ST PREEDRER, SR E
5MT 44, MFRFHES MT S£aERRRAFRN, SHEZEERW
. BARNSERURENREE R[22, —BERLT MT #5F 4
FETF, BERRAFEELT, TUREHAMREEERT. B, st
BN P EERATRERE MY, REFNRERBRREE—RELT
FEEER XM YS R MT , XFBR T LA i SREE T ) MT By
Wy e iyt () B R R BR i e

FraE = MT S84 EEEEE R, ATLMET S%EE BT 80%. H5
MT &&EEAHERREMME T (EmE) , BEEmRRE, U
JLEBARES MT 48, WAEFEREN S ENRELZmELS S
MT FRARMEE. EEFER TEEE MT FHERIEE S r23].

[[H] Cu-MT B4 2388
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Cu-MT MIAEMSTHEERE S HE N, EEREMETTEANEEENY
RIS AT .

1 %t o 4 R R B :

FERESHRARBUE RS, OR “Cu 8, “Cu AR R4RN T 4
B MT #454[24]. Fischer S A[25-28) % F, A/MRE SRR,
METHEAREE B B M IR/, (B Cu-MT B R AEE TR R B 8 .
BF4S MT 54 ILERBER, FLUET LSS MT LR, 4
SREHE MT SRS VERMEE THOMEES, BT il AEASmEng
WO BF A EERVEA. Felix £[291kA, MT RTE5REGTE, BiF
FEFR B E- R R EFEENAEA, ¥T5 Cu (1) UEE
() Cu (1) -S BELEAET, MT Bk ARAE S-S B 0t 72 AR 24 7 —
MED. HK MT 7ERNMEREFOER, SEERREH, Eimgs
MT $18 BIRIE, TRAI(30], 4 ERME TS Cu-MT 2R %,
ok N LA 4.

2 FFEH ) Cu-MT

AN T ERHEEFSRE, R Cu-MT WEELERBA. S
MEMFEFAFESREQRFEEH ( Ceruloplasmin, CP ) . Cu-Zn-
SOD . Cu-Zn-MT, LFEEERFHFERBENR S FENFELESES. ©
M2 BIFEEEVINMEEKT. FiEXEK([31]. Webb[32]55 &K B Cu-MT
o] LA E A B4R E SN SOD - 4R C EABRFEEQREMME.
“hpit ERE, EEFHREFSAIFEFETSSTENESYT (8
EMT ), HF 50%L LRSS MT £5E—&H, X8 MT 7EfFAE+4H
KRB HTEEEENIEM.

MT S5 AR RRE RN, FHAMFESPHES MT KEEZ2H
EENTH., CEMEEHENERETPHIESMT EE, LBV ER
BIEPE(33-35], A MT FEAFAE 8-S BCRT LAE T 4R 35 7 MT EF 555738 0
TS PE[36]. MaCarter £ A[B37IE£BE G T MT SESHBERT
HHXE, HHENARBESEMI N EEEE, ANRKSEE. &
BM-SH 4 EHk<[38]). Suganwara [39]Bf5 &K H, ¥ LEC KRATHES
HFE Bk 227.5821.6ug/g A, HIEH XM Fischer K AT 4H M+ 4
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5.240.1ug/g B 43 4%8F, SGPT. SGOT & BUN. CRE %P3 3igEts
FHEEZEYM, HLEC KRMFABEERIENAE TR, B, nE+s
BRI, 76 LEC KRUFMBIES, 96%H4H. 66%MERES MT
LEAR, MT WAEELLIEYE LEC KRR 5.910.1/1 , fiiIE % Fischer K&
X4 2/7.12£0.8 , #80 LEC K BAFME P4 TH5 MT 454, MT-Cuik
HE R Fischer K EMY 130 4%, FE2 645, Liu[401% AR MT R N4
HISHE S NBRESIE ¥ FERERS. BEARBNRAB T RS LTS
SMAPRTR, F MT 2 8 A8 i R4 R MT S B3k %
&, WA MT WEESRERMESHENEEEE. AAM2LA YR
MIRHARER B, MBS PHBE FA %, LEREAF
MT S EE R EE A k.

SR, RIA D MT R B TUAR S RIARE LEC kK RIHAE AR
S R T R LU S 2 [43).  LEC K BT e A ER B A
BIE, 4B RBE BRI 4. ABE S B MEM LEC X RATREY
BGEBEREEARESENE, Mk LEC KRFHFAREIES MT
A, BNLIAE MT 85 e

Evering[44]. A S92 G4k, 21k b F 4R 48 s 4R FEE 2 18 B AR 5 M R

7, @i SR AR AL A T R I R AR MIT 3K R L4 4 o AR & R T S 1Y
¥, EvEE e S B RMAMEEN, MT RaMNEEMETUR
B4R MT $H, 1 gL B A S B L b 2
BUE, EAR. ERTEER TR KA R R R EH MT £ Ra XS,

MT $¥BAHERETNED, 1R R R AR R L
SLE| MT % £ 59 FUR[45) ( Bremner T 1987 ) . {H4 s 2 414k 25 5 R GEBA
TEQIMEA% F L% 7E MT , Panemangalore [46)EL&BL7EM JLEGH £ KR
SFURBIE A 4 MT . Elemer [47)57 B S8t 4 44k 2 15 52 47 4K BB FF
UMMM AT MT MMM E0. BREMZETN MT 8 XERR
(9. BoRe) MT —RE BUE R S R, e b B 2 K ISR TV A T 4
TFHET S 1B FFER AL P (48], FERTYIRR S A AP 40 B Y S A% o [49]. 72
s JLZE 6 28 B0 FFF 40 0 h R E LB MIT[SO].  Evering[44]9A 9 4% o ot 51
MT , ATEREEREMEAE L. BLNAEINE MT BA 32T U SEUT
YRBAIIRTE, ATLAR RIAH MT 2 — A EBSEHETF.
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’I

Cu-MT R#HZ SRR HES(S1]. AR ERRE LT

EHE RS, MT @i T SOAFRE R AR KB, BETERS S

Bz + MT BRGSO EILEMER 10 Fik%. #E—HELBUE
B, HARBESERENRY, INEHREHR, B MT RE/E
S5/ MT @38 naIE L, BEEFHEANREEFRR, BITEROER
AFFRES B MT EEH 1-2%, {EBRTERTAR - IE 7 £ 7 S URIE R MT .
NSRBI HEME E A A RS, MOREFBEUREMEFHIRERS, &
HEFPN Wilson’s 5[52], X oY AE 2 I 5% 7 A9 58 1 2 1 R/ i A A
PR A NS, ERKRESN R, TS ES & EFHRERN 30-50
FMRERRER, XATEERESAEFTARENTE MY 45, KELRS
YER.

[f] Cu-MT 58 i

KFHEMT 58 HEMNKRE, Miesel EA[S3]ELEHEHR, 5 Cu-MT &
A 18umol.dm™ 45 AT LA & BRA A LT HEAR I S0% B3 AL LY
B &3 Cu-MT a] LAiEEReOH B A BLNE, 5HEHT CP Mtt,
Cu-MT j&[%:eOH & i #2438 —1f%. 18 Sakura[54]% A F LEC ( Long-Evans
Cinnamon ) KEW#EE|, 7£ LEC KB+ =4£K Cu-MT £ H,0, F1E
B A LAF=4eOH , {HIEH B Cu-MT s ffif MT-1, MT-2 ¥4 H,0, 4
B JLER4EeOH , HERNEES LEC KEABIRENEESX, X
Br b2 Cu-MT REEFRSEREAS H,0, A B h &,

FAYME MT ZEN RIERS SR A E MR EEEER. BECE
R B B S R BRI AR T e AL [55], HMNIFS R
h%, AEEEILYELE. SEAEE. SEIYEE. LA ( GSH)
1 V-E #a] LABS (X FIIE[S6]. EENEBRERBAIEEEHE.
BESHERE, EAHE. BEEEERESIEERIEARBNES
PI[57). Arthur J. R A[S8)FI#MF Cu-Zn-MT-1 F1K RAFAE Zn-MT-2
MR TN RS EA R S IR0, R FLTE B NS/ s B R MR 7
i Cu-Zn-MT-1 AJUAB| RAEFR S B M, T Zo-MT-2 MG ERA,
Sephadex G-75 {57 Cu-Zn-MT-1 5 HEM/HEM IR E
TRAEEA, ERARS S TIRFELELR ., EES/EEREE—RE
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AERTEAEMBERETHIRMRE, AMERZEOE, REE
&M MT BEBERZARERNLENSMEEAE T, B IEIERT
FHRFE, RAMT XA BRAKRTEE THEERS, IRER
FULA Cu-Zn-MT-1 REFE, MAF THARNEERLEHRE.

[75] Cu-MT 5

Cu-MT S5ERIx R, BRitfamEy, FTEEHTHREMENXE
SRAMKNE. EFKENFEHERL[S], MBERKENASSEBER
B AL RBREIEMX, MYKRERBTHEN, MEFHKETR. FEf
SR ENMBEENATFEEFWRE. Kontozoglou % A[60-6113%
i, EFMERAF Cu-MT &5, ATRMENSEETRKE. ]
A Cu-MT KB RRERED, EFERILERREGN, EEREKHE
BEHEEK, BAUEMEERRARNMREFLN. EHITSRE[62HEEL
ERRIEE. IR, IIRE. B, BE. BitE. sURESEd
Db MT, BXEMT Z2FHFMT, BAREE, MT HHEISTH
EEEFESRE.

BZ, HAEBRREAAEFERNENTE, ATHEHNARNERE%ET
HREEEMN/EM, TEEMENSEET A mEERSIAESRN, B
MAESENT FEDZAERANA.
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. EEHEEERR

£ BHEN ( Metallothionein MT ) B—B/NrFER. E3EME
MESESRESNESR, JLEHASHEIY MT KEH 61 5 62 M %
B, HFP 13 hEBERTHE AR, EEHERANIEE MT X
i EEA MT-1 81 MT-2(1], LUE AT T RN T R[2], A% MT
EERESH 10-12 MRA, HAUE L EEESERE KT FFA.
1982 4 Karin 71 Richards [3}4 4 T MT S I A B, T T HA 1%
Y46 hMT-I1, S HFERETI; 1984 4E 5 Richards[4]A A DNA F 5%
4 4 NERECEIZ hMT-1 2E, 5504 hMT-1, . hMT-1p. hMT-lc 7
hMT-1p, B hMT-1, EE T U RERES B E AR, AR
LA S SR AR IR 355, (B ELRSAMERK TET hMT-TL, £,
5 hMT-II, ZEATE, hMT-1, 206 % 54 8 A 5 Bl 1 S0 5 oy
HHAR, BEREE SRS R AR SRS SRR, W Cd™, Zn™
s R hMT-I, EE S FHEAET, M hMI-1, REEHT
EREALE TR Cd”. LS XBSEAE SRS MTI-E[S]. MTI-F[6]H
MTI1-G[7]. FrE MT £EBLETASE 16 FReadk L, SE=METH
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N ]

BN FR=ELEM. KM MTmRNA 7£ 3’85 S 54504 75 #1142
MAREERRAI T ERIS]. AR T ER AEAE R MT-1 7 MT-I1 # 5 F554h,
XAERFIBEK b B 4 B R 43 3 & B T MT-1I 1 MT-IV[9].
[—IMT ZHKEFMEEL

WFEEBETFINZn. Cu. CAdEFURGLHRELEBEHEFHITEE
B3 MT ZEE5 Rk EHEETHMREFHELUES MT #1464 8[10).
Durnam{11]% 2 MT-1 Z£E JLFIEFTA R LS FA, RMHERZ
B BIRIEKFBAEHN, FERERKTRREL, TRELRN MT-1 £H
REERBRMETH, @NEEMAERBNESE. BRERE. WEE
KEF. BETHL. BEOFRMHEF. DNA MAREPITLIERERKTE
8 MT EEFZA(RIMT ZEAEENMS52BESHEXNESBRAYET,
Seguin[13]f 5T Z /N MT-1 ZEMEBRATHEH FEHERFENSSTER
10800 W% E LM EAER, MXMER 55K EF Spl 5L FH. Garg[14]
MR BB A A 0 i 4 R R SR B BR AL R R B BRI RO BR, BTST SRR
B MT-1 EEEHAFHFERTL, KAETRRZRERY S MT-1
HEFHEFOKFRNHELRN 10 £5, MAEHHEH He EENE FKFELSH
m. fEATHE, 5 MT-1 BEEERREHXROERRENEMT 5% BT
-148 F-42bp Z [AIAY 106bp . #H—HEBHFIUE AR T AT FFEAEX 106bp
8 E R B A 15 MT-1 ZEEATIE P 5 Rk m TR,

Blalock [IS|ARZHEMNFANEREBREARENERTRSY
M. HAHNMBRKNAFEE R, 5&BEFHRIOTERARMEE. 7
MARBRBHFRE ( 36mgkg ), MTmRNA fEFESHEAEES, M
NG PILFRE FREL A, ERRSERE ( 180mg/kg ) MTmRNA
EE RN RERERE.

Lehman-McKeeman([16]A 24 76 48 [&] 2 K 77 70 9 AR 6] 2 H BT R0k
) MT RHfEZ BB FAEZM, MT RHAEEERNRRERELERTAR
FESYENE S EAEE. S0 Peterson(17)% IE R B/ TEE 4 F A
A THEEHEA MT £ H. HBAT ISR 5S35 00 3 7 45 £ 40 B LR 2L H 0015
B1EBL, Peterson 1 Mercer[ 18] R J5H3 MT-1c ZEMIFFRENIRS. #
—HHRAEI9, 20], RMGEEEMFERNTERFSERE. Bal
Xt MT BRIMEIETHEE B ERE TR EEAE, HEEENE, MT
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PR B R R WA B EEERTHN, & MT BN TE
/1 HoAth 2-25% I MR ERY.

[ZIMT #yfE4ER
MT EHESERHMESBHES. & ERaaiEEA. &
BomEEREEEAREMERL, 22], BARIERENEENITERR
MT-1 #1 MT-I1 £/, a7/ RIH4RRASURERIR, Abshire %2315 K
BT LAER AR L6 A4 C-mye . C-jun [FBRAEKERFZE, ™
PSR AEIET R B Lo sV ME =T LARE{K B Cd 5589 C-myc . C-jun R
EFHER, MITAATREEIFHSERN MT ZENERE, RE
ERAEST, EERKFELFENMT EQ#E, MT 55484 5RAH
My B B BERAK T, WMBEEEEEMBUEIEA. Coogan[241% B KM
500uM #) CACL TEF/NaT R F 245% DNA Hitrry B, WREEMRKESN
CdCl,10uM 5535 24 /)Nt , B oT LARS (72 B /NGt 17 500uM # CdCl, X1 DNA
. RIRE R LA R KBTS TRL-1215 MT-1 ZEMFKIL. £
24-28 /NBF MT AT ARSI 3.3-6.4 4%, [RIAT & BL4H M R iR IR BE R in T 2.6
f%. LA LLBT S MT MFREMIERENE. Czaja[251% AR T #8451
2 35 AT SA 2 PR 20 B A MT-1 F0 MT-2 R E R IEKF, K RESH 600uM
P FEFRRPEREKE HACq, MMM, MT-1 f1 MT-2 EH
mRNA KFHFHBHIRS, HF MTI-mRNA KFEHT 11 45, MT-
2mRNA KFRE T 15, MAELEERKREEF 55 HAC:NM MH4E 5
YA A # MT-1mRNA 1 MT-2mRNA K ESRHEE T 8 8 1045, BR#E
XEE R FAEE MT EE RSN RULH.

[PYIMT £ R A5 4 IR HPLE ) < £

MT FH F & S540F7 2590 4A [cis-dichlorodiammine platinum (1I),
CDDPHaITHEZ IR 7SR FIE. Kraker[26]5F N A — B KB
EREFRBTNMABRIARRE MT , EEXNHE=E5HE;
Kasahara[27]t1, & Bl —2&%F CDDP A HuvE ) 2 40 A th o] AR MR E W
MT . 1988 4F Kelly[28]}# MT-11A 2E s A C127 40, & HEN CDDP
B EES T 4.4 45, EXBER—-HERERTFENRETERKSN, &
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H] gL ST AR HAE TOIE BUARIBOE; 1990 4E,  Schilder[201H 53R A IKI4R e
REE, RUXGEMHREA%T CDDP fi#itE. Kaina[30]/ CHO #4HiE
LM N RS CDDP it S BA R HA AR E. Rt
FISEKHIFARm R IER MT 5 CDDP Hit 2 EH REEHHESHE. 1990
%, Schilder[29]k#l T %+ CDDP F it I S M, & FHax Lo 4 b 3%
FEFENMT , BHFEMENTE, BRESTEAEEKY CDDP
PR RIS .

ZTHE% CDDP fitEME A+ MT RiEHLE, Angel311HFR L
BRPEHREE 7> A AU s E RS 1 BV AR R I R MT 2 EB R AR IEFIEK
B BIMB32IIE R IR #H RIS BURE R AT LU S MT EEEER,
Schroeder[3311A -5 i 4 K AH S RO 40 B DXL 730 TL-6 S5 BEABE #F MT M5
f%; M H Schmidt [34]& 31 ras S ZEH 5 MT K4 St A . Morton[35]
BN MT-1 ZE3 A NIHAT3 #FERELZ I EREN MT Hi&FN
NIH/3T3 #40ffi /=4 % CDDP #ipity, ERXT4pRmifRiF/EM. Eit, CDDP
WHENEARSESREN MT TR EHRAERKSRBFER=E
B, MARZ CDDP{ERMILER.

[F] MTF-1 B 5580

Palmiter HEFEHEFAEN MT EEE 3T HHFEEE —BRRTH
DNA F5, VAG# a4 A4 B R F(metal-responsive element MRE)(36].
BrEdERRREEENERREEEATTESENESRE. Serfling[38)H
MT EEK EEFFHEAZ] SV-40 EEHAF, WE T ERBIKBEENRE,
RAXER FHERFIMENER RS ER TR TR R EER. &
G, BFSMRERRATRRSEER MY DNA HEANER, BiERE
F MTF-1, BRESBR RS MT ZH 5311 MRE £54(39], 1993 4
MTF-1 # e 5k [40], B R @REhRIED Tt MTF-1cDNA , RELT &
& DNA 5 XM REE R . EHFEMBMEEKAEF, MTF-1a]LU#
SBEBREBHTFRIEHRRLE, BXFHERIERIAEMKFHER
MARFHROEREERES, U TFRANEENEBRMERCZLT
MIFRZS T A BEXT BRI MTF-1 KAWL, #—2B R UEE MTF-1 2—
ANSFEHP 72.5kDa EBHR, BH 6 > “FHE” SHMENEREER
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. 1994 4 Heuchel[4115:7E/NRUES 20 M o 52 AR H I BRI T HE LR
MTF-1 {18, KHERE MIF-1 ZERNFEGE, TIEEHRKARKEE
A HMER IR FRAGREEMK FRRERERN MT #%RT5E;
WP REH MTF-1 EEARENER IR ER S IEUK
£ ERERHAMIF-1 BB MT ZER AN KB FRE T, FAEMIF-1
HREFEELMGT MT-1 f1 MT-2 £EERKFRIFLFHEZE
F. ETHIES MT £EMFRL, Palmiter[42P3FR: AI6EF —FMHED
EIEEER T 5845 MTF-1 &5 HMMA L MRE 5EIRNRMN, EFE
FHEER, M EENEER MTF-1 F458, iR BEUHT. B8
H MT-MRE-B- 2L HE R H R R & HWER 3 7689 MTF-1 Fikss R
Z BHK #jIHFsE MT ZEERER, ERAABEHFHL-LBETEHN
KEAWERBSEFRETENFE, M Cd NiBSHENKBERHET,
fhHEM MTF-1 2l —f#FHRA MTI SEH8UR M N T TS A E
T, BREREATHRBETENZFENMFHET. MAEREREM
MTF-1 BERU LM EBRIR M. BZBEI<RBE F3E MTF-1 BF8
WYL AREE.
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ZEHFPDCAER R KRR A BB, X TFARN—EM
EREEREN, BEMNEXFTNE, 8MANEBRNRZER
HE. MRME, 1994 F3 1997 FR|ENSFENZE, HH
ZHREFAEBRFRKESE, XE2H.

BRFENR, BARRBAFERNESE! £, XEK Busch
EEEXTE “ Dr. Huang, you are lucky enough for you have
Prof. Zhou as you director ” . HHIETEIH! 1994 &, TN
LHERPEAREZANPERMER KRFBRE %460, FiH
M AZHOE, SATMENRERE, S2FRKBABRE,
WHERECRETHARNERATHRAIEXRNE T ERE. K TIW,
2EZLNTPAESES TR, AFHT AN EHEE, HK,
SNXFEATE, ROERKAER, FRIVBEN T HETEE
EHE . =8k, BAFERMENARNDBREHEWER,
MR IN  BEIANK. KERTAEESE, FERA ET
B, MEASWRPHER, FRAEE, XEBAIIH R,
ATRAE, WA BSFEIRNERE, RRFRANSK, AN
KK, FOHBGHER---EEF BIR !

ZER, FERBL, BREEEHAER TIRKERRYER
RFEEHR . TOFBRABLORS, MR EETNER L.
B L. KREFBLET TERKNEE, £FXMT %%,
FEEMRABMASATESI TAREXNER, FEKHZE
T THEEMRE. AEZEHNRERRFIARSER. ARFE
B RS FEYERRAE, LRERKEF FREREL-
kEHIZ. PHAFERREMNZESEHRBLL T THRENF
AR, FREFEHTERETEEHRRE. MREHENNE
Bh, MR RMEUERE], EEANRFEENEE. W,
BEAN TR KEMENEHRZE R XFHEREMT WZE. T E



PEMARERFATNERTHRERNCEREEMBENE
DNA BA&FRATE S THRER: LR A RTBEFAFTERR
R RB IR B4 T8 K J7 32 #78 UL R RHUAL 06 B 4b
KER=ZFHEIEERRETHIAEXE.

IR, ZOLBEHHRIFRKE AR E CHTE. &
REBEF . HIEF2IMNREEMERELENS M REXET
FxROLMER; HH4, MAYETKEE B Jasani H#F

( University of Wales College of Medicine ) « ttFZELZH MT %
7, 3ME Rowett FFRHFFUHT lan Bremner R KRB, MIIA
BEM T MT £ REMEWESUAE, lan Bremner I IEERME T K
EME X MT SRR, iIes TR TRIER
EHAMEREXEM.

RERBBEOLE, MIMAMBETTROLAZEMNLEHE,
AR TTA . RAE T AR ESEENMERSILTE, A8
BEH—FELHK.

HOBRHENEE---BRER. EWMAAKHENE! &EiE—
FER, EES AR OEBR. TELRNESNXFAREHAT
BRI T REE, RNARBBRNTENDIEZEMETERD
M. REXHH: ILOVE YOU FOREVER ! [6fiF ROHAIK
A R, AE—HEUHE!

BiE, ASMSREBNEMNERREARZEAHE! B4
FROBZ TS, BREEIBMNEZ—RBIEZ ARIEMER S K
EHER, SHEPAEEZSFUVH I ARTAMEC MO E.

A !

HHEE
199745 B 15 H
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