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Drinkwater et al. (1978) Cancer Res. 38, 3247-3255

Benzo[a]pyrene diol epoxide
1-Phenyloxirane
9-Methyl-10-anthryloxirane
6-Chrysenyloxirane
9-Anthryloxirane
9-Phenanthryloxirane
2-Benzanthryloxirane
2-Naphthyloxirane
Styrene oxide

t1/2,
min

38
46
21

141
172
140
115
103
340

Conc.
needed

to unwind
superhelical

DNA, mM

0.023
0.027

0.10
0.22

0.24
0.9
1.1
>2
>3

S. typh. TA98
revertants/

nmol

460
540
110
70
53
25
20
3.0

0.001

Epoxide stability: relation to biological activity






Oxidation of trichloroethylene (TCE) by P450
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Miller & Guengerich (1982) Biochemistry 21, 1090-1097 



Some possible mechanisms for scission of TCE oxide
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Miller & Guengerich (1982) Biochemistry 21, 1090-1097 



For review see Goeptar et al. (1995) Chem. Res. Toxciol. 8, 3-21




4, 168-179Re TCE, see Guengerich et al. (1991) Chem. Res. Toxciol. 



• P450 2E1 & GST T1-1 (CH2Cl2 liver & lung cancers)

– Issues: Which in vitro parameters to use (Vmax, Km, Vmax/Km)?
• Lack on information regarding extent of variation in extrahepatic human tissues (e.g. lung, 

brain)

More recent drug studies (using in vivo clearance)

P450 2D6: non-phenotyped aducts, EMs 2.7-4.1
PMs 15-18
Children 22-45

P450 3A4: Adults 3.2
Children 12

Variability in human enzymes (expression level/activity)


– Kirman et al. (1999) Toxicologist 48, 83 & Rish et al. (1999) Toxicologist 48, 143


Doren et al. (2002) Food Chem. Toxicol. 40, 1633-1656


Uncertainty factor 

Doren et al. (2003) Food Chem. Toxicol. 41, 201-224


Factors increase with increase in fraction of metabolism due to a single enzyme 
(exponential relationship, r2 = 0.8) 



Mechanisms of hydrolytic decomposition of TCE oxide 
(determined by 18O & 2H labeling & mass spectrometry) 
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Cai & Guengerich (1999) J. Am. Chem. Soc. 121, 11656-11663 



Mechanisms of reaction of TCE oxide with lysine 
(determined by 18O & 2H labeling & mass spectrometry) 
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Cai & Guengerich (1999) J. Am. Chem. Soc. 121, 11656-11663 



The products of reaction of TCE oxide with lysine are predominantly 
formyl adducts 
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Cai & Guengerich (1999) J. Am. Chem. Soc. 121, 11656-11663 



d u c t s / n m o l B S A

The products of reaction of TCE oxide with lysine in bovine serum 
albumin (BSA) are predominantly formyl adducts (part A) 
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Cai & Guengerich (2000) Chem. Res. Toxicol. 13, 327-335 
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Generality of Halooxirane Hydrolysis


O OH + ClCl 
O O 

O Cl CO + HCHO + HOCH 2CO 2H + ClCH 2CO 2H 
Cl 

O

Cl	 Cl CO + HCO 2H + OHC CO 2H + CHCl 2CO 2H 

Cl 

O

Br	 Br CO + HCO 2H + OHC CO 2H + CHBr 2CO 2H 

Br 

OCl	 Cl 
CO + CO	2  (+ trace HO2CCO 2H + CCl 3CO 2H)

Cl	 Cl 

Yoshioka et al. (2002) Chem. Res. Toxicol. 15, 1414-1420 



OR1 

X 

X 

R2 

R1 

R2 X 

X 

O­
XR1 

X 

O­

R2 

XR1R2C 
O 

X 

X 

O­

X 

O 

R2 

R1 

H 

O O 

XR2 

O O 

OR2 H 

O O 

P 

+ 

+ 

X shift 

XR1R2CCO2H 

H2O 
H2O 

-2HCl 

H2O 

R2 

Pi 

R2C 
O 

OH 

(if R1 = X) 

+ CO 

Generality of Halooxirane Hydrolysis 

l 15Yoshioka et a . (2002) Chem. Res. Toxicol. , 1414-1420 







You didn’t just join a lab—it’s a fraternity!

Hongliang Cai 

Also thanks to T. Yoshioka for PCE & TBE work 
& to NIH (R35 CA44353, P30 ES00267, R01 ES10546) 




