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Abstract

Glutathione S-transferase (GST), an important detoxification
dimeric enzyme in mammalian cells, includes six isoforms: alpha, pi,
mu, theta, zeta and sigma classes. Previous investigations showed that
GST would conjugate xenobiotics with the aulfhydry group of GSH
(glutathione) to increase the solubility of these xenobiotics. On the
other hand, GST has anti-oxidation function, which protect lipid or
nucleic acid from the attack of toxins. Therefore, GST plays an
important role in the mechanism of detoxification and
anti-car cinogenesis. Among the isoforms, GST mu is thought to be
related to cancer susceptibility. It isalso suggested that GSTM 1 could
serve as a predictive marker for invasive bladder cancer. After the
treatment of carcinogens, the expresson of GST mu would increase
in the hepatocytes. In order to clarify therole of GST mu, atransient
expression system of GST mu was set up to study how the
overexpression of GST mu affects the hepatotoxicity and genotoxicity
of carcinogen.

We used the primary cultured hepatocytes of SD rat to establish
the transient transfection system of rGST mu (Yb1), and challenged
the cells with Aflatoxin B,. We found that the transfected rGST mu

would attenuate the damage of hepatocytes caused by Aflatoxin B;.



The treatment of Aflatoxin B, for 12hr increased the cytosolic GST
activity in both GST and control vector-transfected cells in a
dose-dependent manner. The GST activity in the cells transfected
with rGST mu was higher than those transfected with pcDNAS3. The
releases of AST and LDH activity, from the Aflatoxin B;-treated cells
were inhibited by the transfection of rGST mu as compared to the

control.



(Xenabiotics) (1)

Xenobiotics
Aflatoxin B;
cytochrome p450
carcinogenic mutagenic  cytotoxic products

endogenous hormones cytokines  fatty acids

(2)

1. Phasel:
cytochrome p450
Hydroxylation Reduction Hydrolyss
2. Phasell:
Glutathione Stransferase
Glucuronyl transferase
Xenobiotics

xenobiotics



Glutathione Stransferase
(1)
. Glutathione S-transferase (GST) isoforms
GST mammalian cell Mammalian
GST 5 isoforms dimeric protein cell
alpha pi mu theta zeta(3) sigma GST
(4) 1992 GST
1992
(5) mammalian GST "GST” Glutathione
Stransferase GST h(human) r(rat) m(mouse)
GST GST A(alpha) P(pi)
M(mu) T(theta) Z(zeta) isoform

(1,2,3.) subfamily  Rat alphaclass 1 5 subunit

muclass 1 6 pi class 1
Rat
Subunit Other previous name
Alpha
rGSTAL Yal, subunit 1a
rGSTA2 Y a2, subunit 1b
rGSTA3 Ycl, subunit 2, GST AA

rGSTA4 Yk, subunit 8, GST K, Ya




rGSTAS Yc2, subunit 10

Mu
rGSTM1 Ybl, subunit 3, GST A
rGSTM2 Yb2, subunit 4, GST D
rGSTM3 Yb3, subunit 6, Yn1, Yb
rGSTM4 Yb4
rGSTM5 Yn2, subunit 9
rGSTM6 Yo, subunit 11
Pi
rGSTP1 Yf, Yp, subunit 7, GST P
Theta
rGSTT1 Subunit 5, GST E
rGSTT2 GST M, subunit 12
rGSTT3 Subunit 13

. GST isoforms

GST cytosolic
membrane-bound Cytosolic GST 4
isoform: alpha pi mu theta(5, 6, 7) sigma zeta

zeta 1997 sigma (4,
8) membrane-bound GST microsomal GST (9) leukotriene

C4 synthetase (10, 11)

GST (12, 13, 14, 15)
alpha class GST (12, 15, 16,
17) mu classGST (12,13, 15)

pi class GST (13, 14, 18, 19)



RNA maturation (20, 21, 22,
23)
human pi class GST (acidic class GST)
colon bladder ovary lung stomach cancer RNA expression
2 4 (249 alpha class GST (basic classGST; Ya
and Yc) cell line (25, 26)

alpha pi muclassGST

pi class GST
pi class GST
(27) alpha class GST alpha
class GST cisplatin

(28, 29, 30) mu classGST
cancer mu classGST

mu class GST

. Glutathione S-transferase
GST family  biological control
(7)
GST xenobiotics 100

GST



(7)

GST GST transcription
activation RNA proten GST
GST antioxidant-responsive

element (ARE) (31, 32, 33) Xenobiotic-responsive element(34)

GST-P enhancer 1 (GPE) glucocorticoed-resopnsive element
(GRE) Jun fos NF-kappaB GST (7, 35,
36)

. GST

1. Conjugation reaction:
Conjugation Glutathione S-transferase

xenobiotics  glutathione (GSH) -SH group

RX + GSH = GSR + H-X(37)

R-X xenobiotics
Benzopyrene Aflatoxin B, AFB-8,9-epoxide
DDT .cisplatin acetaminophen (NAPQI)

2. Peroxidase activity:
GST enzyme selenium-independent GSH

peroxidase lipid nucleic acid H,0,
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R-OOH + 2GST > GSSG + R-OH +H,O (37)

Aflatoxin B; (AFB,):
( )
(Aspergillus flavus) (mycotoxin)
hepatocar cinogenic activity (38,
39) Aflatoxin B;-ex0-8,9-epoxide Aflatoxin B,

cytochrome P450

DNA (40, 41, 42) cytochrome P450 Aflatoxin B,
(deactivate) AFM1 AFQ Aflatoxin B;-endo-
8,9-epoxide DNA (40)

GSH Aflatoxin B;

conjugation mouse > rat > human
(43) mouse GSTA3-3 mouse
Aflatoxin B;-ex0-8,9-epoxide (44) rat GST Yc

Aflatoxin B;- ex0-8,9-epoxide (45)
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rGST mu

GST mu
GST mu
gst (Transient transfection system) rGST mu
(GST Yb1) (Aflatoxin B,)
GST activity (AST ALT LDH)
Aflatoxin
GST mu
GST mu ( S-allylcysteine
(SAC) ) GST mu gene

(marker) GST mu
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Spraque Dawley

Sigma
Glucose, EDTA, 2-Mer captoethanol, N-L aur oylsar cosine,
Sodium citrate, Potassium acetate, Sodium acetate, Sucrose,
Sodium chloride, Formamide, Ethidium bromide, Lauryl sulfate
(SDYS), calcium chloride, Glutathione, 37%
Formaldehyde.

Amersham
Guanidine thiocyanate (GNTC), Phenol, Tris-HCI, Agar ose.

GIBCO
Peptone 140, Y east extract, Agar, William’ sE, Fetal calf serum,
HEPES, HBSS, penicillin-streptomycin (PS). LipofetAMINE
reagent, Sodium bicarbonate, Concert plasmid midiprep system
kit.

Boehringer Mannheim (BM)
Lysozyme.

Promega

Rever se transcription kit.



Ampicillin, IPTG, DNA polymerase.
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solution buffer medium
. Isolation of total RNA:

1. Solution D: 100ml

GNTC (Guanidine thiocyanate) IM 47.28g

Sodium citrate 25mM  pH7.0 0.74g

N-L auroylsar cosine (Sar cosyl) 0.5% 0.5g

a.

b. ddH,O  50ml

c. GNTC 47.28g (GNTC )

d. sodium citrate 0.735g pH7.0

e. Sar cosyl 0.59 ddH,O  100ml 100ul DEPC
2 autoclave

2. Sodium acetate: 100ml

Sodium acetate 2M  pH4.0 16.419g
a. ddH,O  50ml
b. sodium acetate 16.41g pH4.0

C. ddH,O  100ml 100ul DEPC

autoclave

3. DEPC treated water: 2000ml

2 2ml DEPC
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autoclave

4. 10x MOPS: 1000ml

MOPS 2M 41.8g

Sodium acetate 50mM 6.805¢

EDTA 10mM pH7.0 20m|

a. 800ml DEPC 41.8g MOPS 6.805g sodium
acetate 20ml 0.5M EDTA 8.0 pH=7

b. Iml DEPC autoclave

5. RNA denaturing buffer

10x MOPS 1ul or 2.25ul
37% formaldehyde 1.78ul or 4ul
Formaldehyde (CH;NO) 5ul or 11.25ul

6. 1x RNA electrophoresis running buffer:
DEPC treaded water 315ml

10x M OPS 35ml

7. TE buffer: 100ml pH8.0
Tris-HCI 10mM pH8.0  0.15769g
EDTA ImM pH8.0 0.037g

H.O 100ml

15



8. 50x TAE buffer: 200ml

Tris-base 2429
Glacial acetic acid 57.1ml
EDTA 0.5M pHS8.0 100ml
H,O 200m|

9. 0.5M EDTA: 100ml pH8.0

EDTA 0.5M 18.619g

a. 50m| 18.61g EDTA

b. NaOH pH 8.0

C. 100ml  autoclave RNA 100ul
DEPC autoclave

10. CaCl,-Tris-HCI solution: 100ml

CaCl, (10x stoke) 500mM  100ml 7.359

Tris-HCI pH 8.0 (10x stoke) 100mM  100ml 1.5769
a. autoclave  500mM CaCl, 10ml 100mM Tris-HCI 10ml
b. 100ml  ( )

11. LB broth LB agar (1000ml):
Peptone 10g
Y east extract 59

NaCl 59

16



NaOH AN

Agar 159
a. 900ml  peptone Yeast extract NaCl
b. 1NnaOH pH 7.0
C. LB broth autoclave LB agar
15g agar autoclave
d. LB agar 40 Ampicillin (final
conc.: 50ug/ml) LB broth

Ampicillin (final conc.: 20ug/ml)

12. Ampicillin stoke solution : 20mg/ml
a. 100mg Ampicillin powder 15ml

b. millipore

13. Solution |: 100ml

Tris-HCI (10x stoke) 100mM pH 8 am

EDTA (10x stoke) 500mM 2ml

Glucose (2x stoke) 100mM 50ml

a. 50ml Glucose stoke solution autoclave  4ml Tris-HCI
2ml EDTA

b. 100ml 4

14. Solution I1; 100ml

17



NaOH 0.2N 0.89

SDS (10x stoke) 10% 10ml
a. 80ml 0.8g NaOH 10ml 10% SDS
b. 100ml

15. Solution I11: 100ml

Potassium acetate 29.4429
Glacial acetic acid 11.5ml
a. 60ml  29.442g potassum acetate 11.5ml

b. 100ml 4

16. Homogenized buffer for GST activity assay: 1000m|

Tris-HCI 50mM 7.88g
Sucrose 25mM 85.575¢
a. 800ml 7.88gTris-HCI|  85.575g sucrose

b. pH 7.5 1000m| 4

17. GSH substrate buffer: 50ml
Glutathione 2mM 0.03079g

Homogenized buffer 50m|

a. GSH substrate buffer

18



18. CDNB substrate buffer: 50ml
CDNB
Alcohol

Homogenized buffer

2mM

0.02025¢g
0.25ml

50ml

a. CDNB alcohol

b. CDNB-alcohol solution

c. GSH substrate buffer

19. William’ sE:

Homogenized buffer

a. William’ s powder (GIBCO)

b. William’ sE
C. NaHC03

d. millipore

20. William’ sE-OK:
William’ sE

Fetal calf serum
Penicillin-streptomycin (PS)

2-Glutamine

2.20 NaHCO;

pH

4

950ml

7.0

450ml

450ml

1L

50ml

5ml

5ml

a. Thefinal conc. of serum: 10%

b. Thefinal conc. of PSand 2-Glutamine: 1%
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c. 2-Glutamine

d. 4
21. Solution A:
HBSS phenol red

1.99g EDTA/10mI 2N NaOH

HEPES

NaHCO;

1
1ml
5.958g

2.29

a. HBSS(1 ) 950ml

b. HEPES5.958g 1ml EDTA HBSS solution

C. NaHCO,
d. NaHCO; pH 7.0

e. millipore 4

22. Solution B:

HBSS phenol red
250mM CacCl, 500mM
HEPES

NaH C03

1L

0.5ml
5.958g

2.29

a. HBSS 950ml

b. autoclave  500mM CacCl, 0.5ml

solution

HBSS



c. HEPES 5.958g

d. NaHCO; 2.2g
e. pH 7.0 1000ml
f. millipore 4

23. 10x HBSS stoke: 100ml

HBSS phenol red 1

NaHCO; 0.22g

a. HBSS 100ml
b. NaHCO; 0.22¢g
C. solution pH 7.0

d. millipore 4
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SD 180 — 250
Butterworth, B.E. (56) ( perfusion)

50mg/ml/100g body weigh pentobar bital
Y

20 GA |.V. catheter/needle

37
solution A (125 ml)
solution A 50ml -20 0.03g collgenase (
) solution B solution A 25 ml
collgenase  solution B (37 , 100ml)
solution B solution A 25m|
collgenase
50ml solution A
50m| 600rpm 4
10 solution A-10x HBSS—percall
mix-solution = ( +solution A)
(HBSS-percoll) =3: 2 10x HBSS  percall 9:1



William’ sE (OK) medium 50ul

4 6 William’ sE OK medium

. Isolation of total RNA:

solution D(

2-mer captoethanol ) 0.1 solution D

2M sodium acetate (pH 4.0) 0.2  solution D chloroform

1 phenol (pH 4.0) 1
1 20 : 12000
rom 4 20 phenol-chloroform (1:1)
mix solution :phenol-
chloroform=1:1 1 20

: 12000rpm 4 20 ( )

phenol-chloroform

1 isopropanol -20
12000rpm 4 20 pellet pellet
0.5ml  solution D 1 Isopropanol
-20 12000rpm 4 20
pellet 1ml 75% ethanol pellet 12000rpm 4 20

pellet DEPC-treated water
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. RT-PCR:

5ug total RNA DEPC-H,0 70% 5
RNA 2° RNA  2°
2ul RNAase inhibitor ( ) 10ul  5X Reverse Transcription

buffer 2.5mM dNTP 4ul 25ul oligodT 3 5 primer (10p

mole/ul )  5ul  mix ( final 49.5ul)
42 5 0.5ul Reverse Transcriptase (5u/pl )
42 1hr 99 5 sample
4 -20

13.8ul DEPC H,O 4ul 10X PCR buffer 3.2ul 15mM MgCl,

3.2ul 25mM dNTP 5 3  primer(10pmole/ul)  5ul 10ul
cDNA (RT ) final 49ul  mix
94 5 Tag(5u/ul) 1ul 94
2 annealing 1 72 2 40 cycle
20 cycle 94 Taq 1ul 72 20
cDNA 4 -20

. Preparation of the plasmid:
LB -80
2ml LB broth 2ml 150ml

LB broth 600nm O.D. 1-15

24



50ml 4800r pm 10

3ml 50mM Tris(pH 8.0) pellet 800ul
L ysozyme (40mg/ml) 15
500ul 250mM EDTA (pH 8.0) 15
5ml  solution 11 solution
5 3.5ml  solution 111
5
12000rpm 4 30
pH 8.0 phenal 5 3500r pm 10

phenol-chloroform (1:1) mix-solution

5 3500r pm 10 3M
sodium acetate (pH 8.0) -20
over night
12000rpm 4 30 70%
pellet pellet
Iml  TE buffer 5ul  RNAase (10mg/ml)
37 1 phenol (pH 8.0) 5
12000r pm 10 phenol-chloroform
(1:1) solution 5 12000r pm 10

3M sodium acetate

-20 overnight 12000rpm 4 20 70%

25



pellet 12000rpm 4 20

pellet

. Restriction enzyme digestsr GST isoforms cDNA and plasmid
(PGEM 3Z(f)-, pEGFP or pcDNA3):

plasmid rGST isoforms cDNA restriction

enzyme  restriction buffer eppendorf tube

enzyme 1/10

DEPC-treated water 2 eppendorf tube 37
overnight 2ul DNA gel

enzyme

. Purification of ther GST isoforms cDNA and plasmid (pGEM
3Z(f)-, EGFP, pcDNAJ3):

rGST isoformscDNA pGEM 3Z(f)- EGFP  pcDNA3

restriction enzymes agar ose gel
1.5% 1.2% 1.2% DNA
GENECLEAN II1 kit  DNA : gel
eppendorf tube Nal solution
gel 3 (100mg gel = 100ul Nal) tube 52
10 1-2 tube gel
glassmilk( lug DNA 1lug>5

ng 0.5ug DNA 1ug) 1-2

26



10 12000r pm 5

New wash solution pellet 12000r pm 5

2-3 pellet pellet
glassmilk Elution solution DEPC-treated water
pellet cDNA plasmid 12000r pm
30

. Preparation of the competent cells:
-80 JM 109 LB plate 37
2ml LB broth 37
100ml LB broth 37 560nm O.D.
0.4-0.5 4000rpm 4 10
10ml 50mM CaCl,-10mM Tris solution pellet
30 4500rpm 4 10

3m  50mM CaCl,-10mM Tris solution pellet

87% glyceral final glycerol concentration
10% eppendorf ( 200ul)
. Ligation:
1. DNA ligation kit (Takara) restriction enzyme
cDNA plasmid mole ligation

buffer | final 10ul

27



11°c 16

2. restriction enzyme cDNA  plasmid
mole T4 ligation buffer(10x) 1ul T4 ligase 1ul
final 10ul 16 16

. Transformation:

LB agar plate
plate X-gal/IPTG mixed solution (2%
X-gal 60ul + 25ug/ul IPTG 30ul) ampicillin(100mg/ml)
LB agar plate competent cell
ligation 16 plasmid(r GST-pGEM 10ul)

30 competent cell heat
shock: 37 3 3 0.5ml
LB broth (37 non-ampicillin) 37 30-45

200ul X-gal-IPTG LB agar plate
parafilm 37 12-16
colony colony
satellite colony colony  selection
plasmid pPEGFP kanamycin(100mg/ml) LB
agar plate X-gal-IPTG colony

selection

28



plasmid PcDNA3 ampicillin(100mg/ml) LB
agar plate X-gal-IPTG colony

selection

. Purification of plasmid constructs:

-80 rGST Mu-pcDNA3 plasmid construct
JM 109 2ml LB broth 37
20-25m LB broth 37 560nm O.D.
1-15 4000rpm 4 10 Concert rapid
plasmid midiprep system plasmid
10ml  Equilibration buffer column gravity
flow RNase A 20mg/ml) 4ml Cell suspension
buffer  50ml pellet Aml  Cdl lysis
solution 5
chromosome 4-5

4ml Neutralization buffer

5 11000r pm 10
( 4 ) column
gravity flow column
column 10ml Wash buffer column2
5mi Elution buffer gravity flow  column
plasmid 15ml 3.5ml isopropanol



-20 11000rpm 4 30

70% pellet
10 pellet pellet
pellet plasmid

transfection

Transfection: pEGFP transfect into the primary hepatocyte

perfusion 3cm cell
culture dish 36-48 transfection
transfection  hepatocyte 2ml PBS

William' s E medium 2
Iml William’ s E medium incubate
lug pEGFP plasmid 100ul  William’ s E medium

7ul lipofectAMINE  William’ sE medium

solution 1.5ml eppendorf tube
pipetman 45 culture
dish Iml medium 800ul  William’ s E medium
15ml  eppendorf tube final 1ml
pipetman  solution  1ml Tip( )

William’ sE medium  culturedish
incubate 12

12 20% serum William's E OK



Iml 12 lipofectAMINE
medium 10% serum William's E OK
medium 2ml 12 transfection 24
William’s E OK medium 2ml
GFP  expression
Transfection 48

transfection efficiency 100 10

/total = transfection efficiency

Glutathione S-Transfer ase activity assay:
PBS 1 2
homogenization buffer  3cm cell culture dish dish
homogenization buffer 12000
rom 4 30

GSH substrate buffer (2mM) CDNB substrate buffer

(2mM) 37 1.5ml 20ul
sample substrate buffer 340nm
130 GST activity
= GST activity (nmole/min/mg)

9.6" sample 'f“% g 20ul
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Agarosegel (1.2%) electrophoresis of Total RNA:
0.96g RNasefreeagarosegel 69.6ml DEPC-treaded
water agar ose

60 8ml 10x

MOPS 24ml 37% formaldehyde

30
1.22ul total RNA 1ul 10x MOPS 5ul formamide
1.78ul 37% formaldehyde 55 15

1lul RNA loading

buffer (10X)
RNase free agarose gel 350ml running
buffer 10ul RNA sample 100
25-30 ethidium bromide

Agarose gel (1.5% )electrophoresis of DNA
1.059 DNasefreeagarose gel 70ml
1.4ml 50x TAE buffer
agar ose
30

5ul DNA(  1-3ug) 1ul DNA loading
buffer (6X)
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DNase fr ee agar ose gel 350ml TAE running
buffer 6ul DNA sample 100

30-35 ethidium bromide



. Primer RT-PCR:

SD rGST isoforms
mammalian cell isoform: alpha (Ya) pi mu (Ybl)
cDNA sequences National center for

biotechnology information (NCBI) Gene bank

rGST alpha pi mu  cDNA sequences pPGEM-3Zf(-)
ligation 5 3 prime primer
restriction enzyme site restriction
enzyme primer start code
stop code 1 2 nucleosde cDNA
sequence 5 3 (Figurel)
SD total RNA
RNA reverse transcription cDNA
rGST isoforms  primer PCR rGST
alpha pi mucDNA PCR Figure 2. PCR

1.2% DNase free agarose gel

PCR products rGST mu (Ybl) cDNAsze
745bps Figure 3. 700 800 bps

single band band rGST mu cDNA rGST

alpha cDNAsze 720bps Figure 4. 700 800



bps single band band rGST alpha

cDNA rGST pi cDNA sze 677bps Figureb.
700 bps single band band
rGST pi cDNA

. TGST mu (Yb1)

rGST plasmid construct
rGST mu (Ybl) cDNA PGEM3Zf (-) vector
restriction enzyme: EcoR | and BamH | (Figure 3. and
6.) 1.5% agarose gel Geneclean |11 kit rGST
mu cDNA pGEM3Zf (-) vector ligation JM109 E.
coli X-gal-IPTG selection system colony
pPpGEM 3Zf (-) vector lacZ (Figure®6.) lacZ
protein X-gal lac Z sequence
polycloning site restriction enzyme site
restriction enzyme insert rGST mu
pPGEM 3Zf (-) vector ligation ligation lac Z
IPTG lac Z X-gal

PGEM -rGST mu plasmid construct colony

colonies 24-36 plasmid

1.2% 1.5% DNase free agar ose gel
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ligation plasmid construct Plasmid

supercoiled form E. coli open- circular
linear form super coiled form
linear form

Figure 6. pGEM3Zf (-) vector size 3.2kb
super coiled form 3.2kb pGEM rGST mu cDNA

supercoiled form  band shift

Figure?. band insert pGEM
24 band 24 colony
plasmid PGEM-rGST mu
PGEM-rGST mu EcoR| BamH I size 740-750 bps
DNA
PGEM3Zf (-) vector mammalian cell
rGST mu cDNA pcDNA3  pEGFP-C1 vector
transfection system PGEM-rGST mu
pcDNA3 EcoR 1| Xbal Geneclean |11
ligation pcDNA3 neomycin ampicillin
vector size 5.4kb (Figure 8. lac Z
X-gal-IPTG selection system colony ligation
vector E. cali ampicillin LB agar plate
selection colonies 24 36



plasmid 1.2% 1.5% DNase free agarose gel

ligation plasmid construct
Figure 9. band insert
pcDNA3 1 5 band colony plasmid
PcDNA3-rGST mu 1 5 plasmid
EcoR | Xbal 1.5% DNase free agarose gel
size  740-750 bps DNA vector

PcDNA3-rGST mu vector construct (Figure 10.)

PEGFP-C1 vector
kanamycin size 4.7kb(Figurell.) pPcDNA3
lac Z X-gal-IPTG selection system
colony PGEM-rGST mu pcDNA3 EcoR |
BamH | Geneclean 111 ligation
ligation vector E. cali kanamycin LB agar
plate selection colonies 24 36

plasmid 1.2% 1.5% DNase free agarose gel

ligation plasmid construct
. Aflatoxin B, rGST mu GST activity
Aflatoxin B, GST activity

Aflatoxin B;-GSH (49) rGST mu rat
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primary cultured hepatocytes 43 0.002mM, 0.01mM

0.05mM  Aflatoxin B; 12 0.2%
DM SO cell control Figure 13
PcDNAS3 vector Aflatoxin B; GST activity
dose-dependent 0.05mM
Aflatoxin B, 12 GST activity control
2
PCcDNA3-rGST mu 60 GST
activity pcDNA3  cdl GST activity 1.6
Aflatoxin B; 12 Aflatoxin B;
GST activity pcDNA3 cdl
GST activity 0.05mM Aflatoxin B,
GST activity control 3
. Aflatoxin B, rGST mu AST activity
Geniposide (Crocetin)
induced GST Yb mMRNA  expression Geniposide GST
Ybl proten level expression Geniposide
(Crocetin) Aflatoxin (46,
47, 48)

transient transfection rGST mu

Aflatoxin B;



rGST mu Aflatoxin B,

pEGFP-C1 vector rat primary cultured hepatocytes
PEGFP-C1 vector cell GFP (green fluorescence
protein) cell
(Figure 12) GFP transfection
efficiency
rGST mu rat primary cultured hepatocytes 48

0.002mM, 0.01mM  0.05mM  Aflatoxin B, 12

0.2% DMSO cell control
12 medium AST activity Figure 14
pPcDNAS vector Aflatoxin B,

medium  AST activity control
0.01mM Aflatoxin B, AST activity control 2
PcDNA3-rGST mu vector construct  Aflatoxin
B, AST activity Aflatoxin B,
0.01mM Aflatoxin B;

rGST mu vector AST activity

. Aflatoxin B, rGST mu LDH activity
LDH activity rGST mu
rat primary cultured hepatocytes 48 0.002mM,

0.0lmM  0.05mM  Aflatoxin B, 12



cell control 12 medium LDH activity

Figure15 pcDNAS3 vector
Aflatoxin B, medium  LDH activity  control
0.01mM Aflatoxin B, LDH activity

control  1.15 PcDNA3-rGST mu vector
construct Aflatoxin B, AST activity
Aflatoxin B; 0.01mM
Aflatoxin B; rGST mu Vector LDH
activity



gst (Trangent transfection system)

Aflatoxin B, rGST mu (Ybl)
AST activity LDH activity rGST mu
Aflatoxin B, 12 dose-dependant GST
activity dose-dependant

rGST mu  GST activity

Figure 13 0.002 0.01 0.05mM
Aflatoxin B, 12 GST activity  control
20 25 35 rGST mu 1.8 24 29

Aflatoxin B; induce
control rGST mu GST activity 4.39
(nmole/min/mg) 0.002 0.01 0.05mM Aflatoxin B, 12
7.65 1026 10.85 (nmole/min/mg) control
4.39 (nmole/ min/mg)
Aflatoxin B; rGST mu
3.26 5.87 6.46 (nmole/min/mg)
PCDNA-GST mu vector construct
rGST mu Aflatoxin B; 12

transfection Aflatoxin
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B:
PCA (Proto- catechuic acid)
PCA

Figure1l3 14 15

GST mu

rGST mu

Aflatoxin B; 12 GST activity AST LDH activity
AST
L DH activity GST mu
Aflatoxin B;
rGST mu AST LDH activity
AST AST
Figure 14 15 rGST mu  Aflatoxin B,
AST  LDH activity dose-dependant
0.01mM Aflatoxin B; 12 AST
LDH activity 0.05 mM Aflatoxin
B, AST LDH activity
Aflatoxin B, (46) Aflatoxin B,
0.01mM 0.05mM
AST

LDH activity 0.05mM Aflatoxin B,

42

0.002mM Aflatoxin B;



Aflatoxin
(hepatotoxicity) (teratogenicity)
AflatoxinB;, G; M;
Aflatoxin B, (50) Aflatoxin B,

(carcinogen)

(1) initiation (2) promotion  (3)
progression rGST mu Aflatoxin B,
AST  LDH activity
Aflatoxin B; rGST mu
Aflatoxin B;

comet assay

rGST mu mu class GST

Glutathione Stransferase M1 (hGSTM1)

(polymor phism) (51) 2 2
10-60% hGSTM1
(null) (52) hGSTM
(53)
GSTM1
2 (54)
GSTM1 (55)



mu class GST

GST mu Aflatoxin B,

GST mu GST

mu induce "marker”



. Butkiewicz, D., Cale, K., J., Phillips, D., H., Harris, C., C., and
Chorazy, M. (1999) GSTM1, GSTP1, CYP1Al1l and CYP2D6
polymor phisms in lung cancer patients from an environmentally
polluted region of Poland: correlation with lung DNA adduct
levels. European Journal of Cancer Prevention. 8(4): 315-23,

. Denison, M., S., and Whitlock, J.P., Jr. (1995)
Xenobiotic-inducible transcription of cytochrome P450 genes.
Journal of Biological Chemistry. 270(31): 18175-8.

. Eaton, D., L., and Bammler, T., K. (1999) Concise review of the
glutathione S-transferases and their significance to toxicology.
Toxicological Sciences. 49(2): 156-64.

. Ji., X,, von Rosenvinge, E., C., Johnson, W., W., Tomarev, S, |.,
Piatigorsky, J., Armstrong, R., N., and Gilliland, G., L. (1995)
Three-dimensional structure, catalytic properties, and evolution
of a sigma class glutathione transferase from squid, aprogenitor
of the lens S-crystallins of cephalopods. Biochemistry. 34(16):
5317-28.

. Mannervik, B., Awasthi, Y., C., Board, P., G., Hayes, J., D., Di,
llio, C., Ketterer, B., Listowsky, |., Morgenstern, R., Muramatsu,
M., and Pearson, W., R., (1992) Nomenclature for human
glutathione transferases. Biochemical Journal. 282: 305-6.

. Coggan, M., Whitbread, L., Whittington, A., and Board, P. (1998)
Structure and organization of the human theta-class glutathione
Stransferase and D-dopachrome tautomerase gene complex.
Biochemical Journal. 334: 617-23.



7. Hayes, J., D., and Pulford, D., J., (1995) The glutathione
Stransferase supergene family: regulation of GST and the
contribution of the isoenzymes to cancer chemoprotection and
drug resstance. Critical Reviews in Biochemistry & Molecular
Biology. 30(6): 445-600.

8. Board, P., G., Baker, R., T., Chelvanayagam, G., and Jermiin, L.,
S. (1997) Zeta, a nove class of glutathione transferasesin a range
of species from plants to humans. Biochemical Journal. 328: 920-
35.

9. Morgenstern, R., and DePierre, J., W. (1988) In glutathione
conjugation: 1ts mechanism and biological significance. 157-174.

10. Weinander, R., Ekstrom, L., Raza, H., Lundqvist, G., lindkvist, B.,
Sun, T., S, Hebert, H., Schmidt-krey, I., and Morgenstern, R.
(1996) In Glutathione S-transferase structure, function and
clinical implications. 49-56.

11. Jakobsson, P., J., Mancini, J., A., and Ford-Hutchinson A., W.
(1996) Identification and characterization of a novel human
microsomal glutathione S-transferase with leukotriene C4
synthase activity and significant sequence identity to
5-lipoxygenase-activating protein and leukotriene C4 synthase.
Journal of Biological Chemistry. 271(36): 22203-10.

12. Scully, N., C., and Mantle, T., J. (1981) Tissue distribution and
subunit structures of the multiple forms of glutathione
Stransferase in the rat. Biochemical Journal. 193(1): 367-70.

13. Tu, C., P, Weiss, M., J.,, Li, N,, Q., and Reddy, C., C. (1983)
Tissue-gpecific expression of the rat glutathione S-transferases.

46



14.

15.

16.

17.

18.

19.

Journal of Biological Chemistry. 258(8): 4659-62.

Satoh, K., Kitahara, A., Soma, Y., Inaba, Y., Hatayama, I., and
Sato, K. (1985) Purification, induction, and distribution of
placental glutathione transferase: a new marker enzyme for
preneoplastic cells in the rat chemical hepatocarcinogenesis.
Proceedings of the National Academy of Sciences of the United
States of America. 82(12): 3964-8.

Bhargava, M., M., Ohmi, N., Listowsky, |., and Arias, |., M. (1980)
Subunit composition, organic anion binding, catalytic and
immunological properties of ligandin from rat testis. Journal of
Biological Chemistry. 255(2): 724-7.

Tu, C., P, Chang, M., and Reddy, C., C. (1984) The major rat
heart glutathione Stransferases are anionic isozymes composed
of Yb size subunits. Biochemical & Biophysical Research
Communications. 123(3): 981-8.

Ishikawa, T., and Sies, H. (1984) The isozyme pattern of
glutathione S-transferasesin rat heart. FEBS L etters. 169(2): 156-
60.

Li, N., Q., Reddanna, P., Thyagaraju, K., Reddy, C., C., and Tu,
C., P. (1986) Expression of Glutathione S-transferases in rat
brains. Journal of Biological Chemistry. 261(17): 7596-9.

Suguoka, Y., Kano, T., Okuda, A., Sakai, M., Kitagawa, T., and
Muramatsu, M. (1985) Cloning and the nucleotide sequence of rat
glutathione S-transferase P cDNA. Nucleic Acids Research.
13(17): 6049-57.

47



20.

21,

22.

23.

24,

25.

Sugimoto, M. (1995) Glutathione s-transferase. Nippon rinsho-
Japanese journal of clinical medicine. 53: 1253-1259.

Lai, H., C., and Tu, C., P. (1986) Rat glutathione Stransferases
supergene family. Characterization of an anionic Yb subunit
cDNA clone. Journal of Biological Chemistry. 261(29): 13793-9.

. Lai, H., C., Grove, G., and Tu, C., P. (1986) Cloning and
sequence analysis of a cDNA for a rat liver glutathione
S-transferase Yb subunit. Nucleic Acids Research. 14(15):
6101-14.

Lai, H., C,, Qian, B., Grove, G., and Tu, C., P. (1988) Gene
expression of rat glutathione Stransferases. Evidence for gene
conversion in the evolution of the Yb multigene family. Jour nal of
Biological Chemistry. 263(23): 11389-95.

Moscow, J., A., Fairchild, C., R., Madden, M., J., Ransom, D., T.,
Wieand, H., S.,, O'Brien, E., E., Poplack, D., G., Cossman, J.,
Myers, C., E., and Cowan, K., H. (1989) Expression of anionic
glutathione-S-transferase and P-glycoprotein genes in human
tissues and tumors. Cancer Resear ch. 49(6): 1422-8.

Lewis, A., D. Hickson, I., D., Robson, C., N., Harris, A., L., Hayes,
J., D, Griffiths, S,, A., Manson, M., M., Hall, A., E., Moss, J., E.,
and Walf, C., R. (1988) Amplification and increased expression of
alpha class glutathione Stransferase-encoding genes associated
with resistance to nitrogen mustards. Proceedings of the National
Academy of Sciences of the United States of America. 85(22):
8511-5.



26.

Buller, A., L., Clapper, M., L., and Tew, K., D. (1987) Glutathione
Stransferases in nitrogen mustard-resistant and -sensitive cell
lines. Molecular Pharmacology. 31(6): 575-8.

27. Adler, V., Yin, Z., Fuchs, S, Y., Benezra, M., Rosario, L., Tew, K.,

28.

29.

30.

31.

D., Pincus, M., R., Sardana, M., Henderson, C., J., Walf, C., R.,
Davis, R., J., and Ronai, Z. (1999) Regulation of JNK signaling by
GSTp. EMBO Journal. 18(5): 1321-34.

Ahmad, H., Singhal, S, S,, Saxena, M., and Awasthi, Y., C. (1993)
Characterization of two novel subunits of the alpha-class
glutathione S-transferases of human liver. Biochimica et
Biophysica Acta. 1161(2-3): 333-6.

Waxman, D., J., Sundseth, S., S, Srivastava, P., K., and L apenson,
D., P. (1992) Gene-specific oligonucleotide probes for alpha, mu,
pi, and microsomal rat glutathione S-transferases. analysis of
liver transferase expression and its modulation by hepatic enzyme
inducer s and platinum anticancer drugs. Cancer Resear ch. 52(20)
: 5797-802.

Mord, F., Farddl, O., Meyer, D., J., Langouet, S, Gilmore, K., S,
Meunier, B., Tu, C., P.,,Kender, T., W., Ketterer, B., and Guillouzo,
A. (1993) Preferential increase of glutathione Stransferase class
alpha transcripts in cultured human hepatocytes by
phenobarbital, 3-methylcholanthrene, and dithiolethiones.
Cancer Research. 53(2): 231-4.

Rushmore, T., H., Morton, M., R., and Pickett, C., B. (1991) The
antioxidant responsive element. Activation by oxidative stress and
identification of the DNA consensus sequence required for

49



32.

33.

35.

36.

functional activity. Journal of Biological Chemistry. 266(18):
11632-9.

Nguyen, T., Rushmore, T., H., and Pickett, C., B. (1994)
Transcriptional regulation of arat liver glutathione Stransferase
Y a subunit gene. Analysis of the antioxidant response element and
its activation by the phorbol ester 12-O-tetradecanoylphorbol-13-
acetate. Journal of Biological Chemistry. 269(18): 13656-62.

Prestera, T., Talalay, P., Alam, J., Ahn, YI., Leg, P., J. and Choi,
A., M. (1995) Parallel induction of heme oxygenase-1 and
chemoprotective phase 2 enzymes by electrophiles and
antioxidants: regulation by upstream antioxidant-responsive
elements (ARE). Molecular Medicine. 1(7): 827-37.

.Rushmore, T.,H.,King, R., G., Paulson, K., E., and Pickett, C., B.

(1990) Regulation of glutathione S-transferase Ya subunit gene
expression: identification of a unique xenobiotic-responsive
element controlling inducible expression by planar aromatic
compounds. Proceedings of the National Academy of Sciences of
the United States of America. 87(10): 3826-30.

Friling, R., S.,, Bergelson, S., and Danid, V. (1992) Two adjacent
AP-1-like binding sites form the eectrophile-responsive element
of the murine glutathione Stransferase Ya subunit gene.
Proceedings of the National Academy of Sciences of the United
States of America. 89(2): 668-72.

Bergelson, S., and Daniel, V. (1994) Cooperative interaction
between Etsand AP-1 transcription factorsregulatesinduction of

glutathione S-transferase Ya gene expression. Biochemical &



37.

38.

39.

40.

41.

42.

Biophysical Research Communications. 200(1): 290-7.

Waxman, D., J. (1990) Glutathione Stransferases: role in
alkylating agent resistance and possible target for modulation
chemotherapy--a review. Cancer Research. 50(20): 6449-54.

Busby, W., F., and Wogan, G., N. (1984) Aflaotxins, in: C.E. searle
(Ed.), Chemical carcinogens, 2nd end., Am. Chem. Cos., Washing
ton, DC. 945-1136.

Gorelick NJ. (1990) Risk assessment for Aflatoxin: |. Metabolism
of Aflatoxin B1 by different species. Risk Analysis. 10(4): 539-59.

Raney, K., D., Shimada, T., Kim, D., H., Groopman, J., D., Harris,
T., M., and Guengerich, F., P. (1992) Oxidation of Aflatoxins and
sterigmatocystin by human liver microsomes. significance of
Aflatoxin Q1 as a detoxication product of Aflatoxin B1. Chemical
Resear ch in Toxicology. 5(2): 202-10.

Battista, J., R., and Marnett, L., J. (1985) Prostaglandin H
synthase-dependent epoxidation of Aflatoxin B1. Carcinogenesis.
6(8): 1227-9.

Liu, L., and Massey, T., E. (1992) Bioactivation of Aflatoxin B1 by
lipoxygenases, prostaglandin H synthase and cytochrome P450
monooxygenase in guinea-pig tissues. Carcinogenesis. 13(4): 533-
9.

.Raney KD. Meyer DJ. Ketterer B. Harris TM. Guengerich FP.

Glutathione conjugation of Aflatoxin B1 exo- and endo-epoxides
by rat and human glutathione S-transferases. Chemical Research
in Toxicology. 5(4): 470-8, 1992

51



44. Eaton, D., L., and Gallagher, E., P. (1994) Mechanisms of
Aflatoxin carcinogenesis. Annual Review of Pharmacology &
Toxicology. 34: 135-72.

45, Buetler, T., M., Sone, D., and Eaton, D., L. (1992) Comparison of
the Aflatoxin B1-8,9-epoxide conjugating activities of two
bacterially expressed alpha class glutathione Stransferase
iIsozymes from mouse and rat. Biochemical & Biophysical
Resear ch Communications. 188(2): 597-603.

46. Wang, C., J., Wang, S, W., Lin, J., K., (1991) Suppressive effect of
geniposide on the hepatotoxicity and hepatic DNA binding of
Aflatoxin By in rats. Cancer Letters. 60(2): 95-102.

47.Wang, S, W, Lai, C., Y., Wang, C., J., (1992) Inhibitory effect of
geniposide on Aflatoxin B;-induced DNA repair synthesis in
primary cultured rat hepatocytes. Cancer Letters. 65(2): 133-7.

48. Wang, C., J., Shiah, H., S, Lin, J., K., (1991) Modulatory effect of
crocetin on Aflatoxin B1 cytotoxicity and DNA adduct formation
in C3H10T /2 fibroblast cell. Cancer Letters. 56(1): 1-10.

49. Neal, G., E., Metcalfe, S, A, Legg, R., F., Judah, D., H., Green, J.,
A., (1981) Mechanism of the resistance to cytotoxicity which
precedes Aflatoxin B1 hepatocar cinogenesis. Car cinogenesis. 2(5):
457-61.

50. McMahon, G., Davis, E., F., Huber, L., J., Kim, Y., and Wogan, G.,
N. (1990) Characterization of c-Ki-ras and N-ras oncogenes in
Aflatoxin Bl-induced rat liver tumors. Proceedings of the
National Academy of Sciences of the United States of America.
87(3): 1104-8.

52



ol

92.

93.

95.

56.

Simon, T., Becquemont. L., Mary-Krause. M., de Waziers. |I.,
Beaune. P., Funck-Brentano. C., and Jaillon, P. (2000) Combined
glutathione-S-transferase M1 and T1 genetic polymorphism and
tacrine hepatotoxicity. Clinical Pharmacology & Therapeutics.
67(4): 432-7.

Katoh, T., Nagata, N., Kuroda, Y., Itoh, H., Kawahara, A., Kuroki,
N., Ookuma, R., and Bdll, D., A. (1996) Glutathione Stransferase
M1 (GSTM1) and T1 (GSTT1) genetic polymorphism and
susceptibility to gastric and colorectal adenocarcinoma.
Carcinogenesis. 17(9): 1855-9.

Fontana, X., Peyrotte, |., Valente, E., Ross, C., Ettore, F., Namer,
M., and Bussiere, F. (1997) Glutathione S-transferase mu 1
(GSTM1): susceptibility gene of breast cancer. Bulletin du
Cancer. 84(1): 35-40.

. Lafuente, A., Pujol, F., Carretero, P., Villa, J., P., and Cuchi, A.

(1993) Human glutathione Stransferase mu (GST mu) deficiency
as a marker for the susceptibility to bladder and larynx cancer
among smokers. Cancer Letters. 68(1): 49-54.

Aktas, D., Ozen, H., Atsu, N., Tekin, A., Sozen, S., and Tuncbilek,
E. (2001) Glutathione S-transferase M1 gene polymorphism in
bladder cancer patients. A marker for invasive bladder cancer?
Cancer Genetics & Cytogenetics. 125(1): 1-4.

Butterwoth, B., E., Ashby, J., Bermudex, E., Casciano, D.,
Mirsalis, J., Probst, G., and Williams, G. (1987) A protocol and
guidefor thein vitro rat hepatocytes DNA repair assay. Mut. Res.
189: 133.



Oligonucleotides

rGST Mu(Ybl) cDNA primer
5'-CCAAATTGAGAATTCCACAGCGC
EcoR |
3'-TGCCTGCAGGATCCAATGTGGA
BamH |

rGST Pi cDNA primer
5-TCTGTCTACGCTGCAGCTAT
Pst |
3'-GACAAGGAATTCCTGTCCCT
EcoR |

rGST Alfa(Ya) cDNA primer
5-TAGACAGTGAAGCTTAGTTGCTGCT
Hind 111
3'-CAAGAAATTGGACACTGCAGCTCC
Pst |

Figure 1.
The primer sequences of r GST isoformsand the designed restriction
enzyme sites.



Oligonucleotides /min  cycle
rGST YacDNA amplification (720bps)
5-TAGACAGTGAAGCTTAGTTGCTGCT 65/1 40
3'-CAAGAAATTGGACACTGCAGCTCC

rGST Pi cDNA amplification (677bps)
5-TCTGTCTACGCTGCAGCTAT 58/1 40
3'-GACAAGGAATTCCTGTCCCT

rGST Ybl(mu) cDNA amplification (745bps)
5-CCAAATTGAGAATTCCACAGCGC 61/1 40
3'-TGCCTGCAGGATCCAATGTGGA

Figure 2.
The primer sequences of r GST isoforms and the cycling conditions
used for rGST Ya, Pi, Ybl by RT-PCR.



rGST Yb1 (rGST Mu) primer sequence:

5 oligonucleotides primer sequence of rGST Yb (rGST Mu):

5'-CCAAATTGAGAATTCICACAGCGC-3
EcoR |

3’ oligonucleotides primer sequence of rGST Yb (rGST Mu):
5'-TGCCTGCAGGATCCAATGTGGA-3
BamH |

«— IGST Yb1 (Mu) 745bps

Figure 3.
The 5 and 3 primers of rGST Ybl (rGST Mu) and the result of

RT-PCR. Total RNA (5ug) was reverse-transcribed using oligo dT,
then amplified by PCR using both primersfor 40 cycles. Product was
separated on a 1.2-% agarose gel. The expected 745 bps band was
shown.



rGST Ya (rGST Yal) primer sequence:

5 oligonucleotides primer sequence of rGST Ya (rGST Yal):
5'"-TAGACAGTGAAGCTTAGTTGCTGCT-3
3 oligonucleotides primer sequence of rGST Ya (rGST Yal):
5'-CAAGAAATTGGACACTGCAGCTCC-3’

<«— I GST Ya 720bps

Figure 4.

The 5 and 3 primers of rGST Ya (rGST Yal) and the result of
RT-PCR. Total RNA 5ug was reverse-transcribed using oligo dT,
then amplified by PCR using both primersfor 40 cycles. Product was
separated on a 1.2-% agarose gel. The expected 720 bps band was
shown.

57



rGST Pi primer sequence;

5 oligonucleotides primer sequence of rGST Pi:
5'-TCTGTCTACGCTGCAGCTAT -3’
3’ oligonucleotides primer sequence of rGST Pi:
5'"-GACAAGGAATTCCTGTCCCT-3"

<«— I GST Pi 677bps

Figureb5.

The5 and 3 primers of rGST pi and the result of RT -PCR. Total
RNA 5ug was reverse-transcribed using oligo dT, then amplified by
PCR using both primers for 40 cycles. Product was separated on a
1.2-% agarose gel. The expected 677 bps band was shown.
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Figure7.

Screen of the E. coli clones transformed with pGEM-rGST Mu
plasmid. Plasmids were prepared from the white E. coli colonies, and
analyzed on a 1.2-% agarose gel. The asterisk indicated that No. 24
colony contained pGEM-rGST Mu plasmid.



Therestriction enzyme site of rGST Mu digested from pGEM-rGST Mu

* There is an ATG upstream
of the Xba | site.

A-150228
Bsml

Figure 8.
The map of pcDNA3.
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Figure9.
Screen of the E. coli clones transformed with pcDNA3-rGST Mu
plasmid. Plasmids were prepared from the E. coli colonies, and
analyzed on a 1.2-% agarose gd. The asterisk indicated pcDNA3
plasmid.
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Figure 10
PcDNA3-rGST mu was digested with EcoR | and Xball.



Eco0109

Stul

7 210 Ps
ERFP 1480 130 160 140 1&0 B L] 1am f

—_— " " ] ' ' " "
TAC AAG TCC RGA CTC AGA TCT COA RCT CAA GCT TCG AATTCT GCA GTC GAL GATACK GCG GGC CCG GGA TCC ACC RGATCT AGATAACTGATC A

Bspk | Bglll Xial ;LlHJ'JdIII Ecof | Pstl  Sall  Kpal / Apal BamH | Xhal" Bell®
f,;ﬁ%.g,” fcc| Aspmal | Bsprzn) Amel

1 fac |l FmsIT

Therestriction enzyme site used to obtain rGST mu from pGEM-rGST Mu

Figure 11.
The map of pEGFP-C1.



Figure 12

The expression of pEGFP-C1 in the primary cultured hepatocyte.
The primary cultured hepatocytes (3 x 10°) were pre-cultured for
36-48 hr, and then, transfected with pEGFP-C1. The expresson of
GFP was observed 48hr after transfection using a fluorescence
micr oscopy.



GST activity
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Figure 13.

Cells (3 x 10°) were transfected with the indicated plasmids. After
transfection for 48hr, cells were treated with Aflatoxin B, (AFB,) or
0.2%DM SO for 12hr, or remained untreated as controls. The
transfection efficiency was 38%. Means of five experiments + S.D. (#
indicate significant differences as compared to the control with p <
0.05; * indicate significant differences between the rGST
mu-transfected and control vector-transfected cell under the same
treatment condition with p < 0.05).



AST activity
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Figure 14.

Cells (3 x 10°) were transfected with the indicated plasmids. After
transfection for 48hr, cells were treated with Aflatoxin B, (AFB,) or
0.2%DM SO for 12hr, or remained untreated as controls. The
transfection efficiency was 38%. M eans of five experiments + S.D. (#
or ## indicate significant differences as compared to the control with
p < 0.05 and 0.01, respectively; ** indicate significant differences
between the rGST mu-transfected and control vector-transfected cell
under the same treatment condition with p < 0.01).
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LDH activity
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Figure 15.

Cdls (3 x 10°) were transfected with the indicated plasmids. After
transfection for 48hr, cells were treated with Aflatoxin B, (AFB,) for
12hr, or remained untreated as controls. The transfection efficiency
was 38%. Means of five experiments + S.D. (#, ## or ## indicate
significant differences as compared to the control with p < 0.05, 0.01
and 0.001, respectively; *** indicate significant differences between
the rGST mu-transfected and control vector-transfected cell under
the same treatment condition with p <0.001 respectively).



