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ABSTRACT - Twelve ~no~lonal anttbodies (MAbs) to rat cytochrome P45Os and one NAb to a scup 

(fish) P450 have been isolated, characterized, and are currently in cormnon use. Expression of 

cONAs for different P45Os from a vaccinia vector offers a rapid and simple way toward the 

production of individual P45Os. The thirteen NAbs were examined for 

ten cDNA expressed human, rat, and mouse P45Os. Three MAbs to rat IA1 and fish fAl cross- 

reacted with cDNA expressed mouse 1Al. One of the latter NAbs, 1-7-1 but none of the others 

cross-reacted with mouse 1A2. Surprisingly, the fish MAb to 1At also cross-reacted with human 

2El. Two MAbs to rat 281/282 cross-reacted with rat 2AI. An NAb to rat 2Cll cross-reacted with 

human 2C9. Two MAbs to rat 2El cross-reacted with human 2El. Finally, two NAbs to rat 3Al 

cross-reacted strongly with human 3A4. These studies open the door to constructing a library 

of NAbs with defined binding activity to the P45Os of human and other species. 

INTRODUCTIDN 

The cytochrome P45Os are the metabolic interface between xenobiotics and their metabolism 

in human and other species as well as for the metabolism of endobtotics. The large array of 

drugs, mutagens~ carcfnogens and environ~ntal chemicals as well as steroids are ~tabolized 

by individual forms of cytochrome P450 which may direct substrates into detoxication or 

activation pathways. The cytochrome P45Os are a paradigm for multi-isozyme systems which may 

govern metabolic pathway choice. More than 200 P450 genes in 27 gene families have been 

identified [I]. P450 structural homology varies greatly and large differences fn substrate 

and product specificity among P45Os make difficult the dete~ination of the precise role of each 

P450 in the metabolism of individual substrates. The often subtle diversity of cytochrome P450 

structure and function requires unusually specific and sensitive methods for identification and 

quantification of individual P45Os and for the measurement of their contribution to the 

metabolism of xenobiotics and endobiotics. The reagents that fulfill these requirements are 

themono~lonal antibodies (MAbs) 12). MAbs are pure, chemically defined reagents that recognize 

a single determinant or epitope on the antigen. The specificity remains for the lifetime of 

the MAb-producing,'cell and its progeny. In respect to chemical purity, specificity, and 

limitless generation of cells, the MAbs are a superior class of reagents. MAbs can measure 

individual or epitope related P45Os with radioi~unoassay (RIA), enzyme-linked i~nosorbent 

assay (ELISA) or western blots or by i~unohistochemistry. Inhibitory WAbs can measure the 

contribution of an individual P450 to any P450 catalyzed reaction [2]. 
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A large number of rodent and human P45Os have been cloned and expressed into cytochrome 

P450 protein with different vectors [1,3,4]. We have used the vaccinia virus vector to express 

rodent and human cDNAs into P45Os. The specificity of cross-reactivity of each P450 with the 

NAb can be precisely determined. The P450 activities of human and rodent P45Os can differ 

greatly and thus it is important to utilize human P45Os to study human drug metabolism, 

carcinogenesis and risk assessment. This study examines the cross-reactivity of individual NAbs 

with CONA expressed mouse, rat and human P45Os and can be a model study for defining the cross- 

reactivity of a library of NAbs. 

NATERIALS AND NETHOBS 

cDNAs coding for the following cytochrome P45Os were constructed into vaccinia virus 

vectors: human IAZ, 286, 2C8, 2Cg, 2El and 3A4; mouse IA1 and lA2; and rat 2Al and 281 [S]. 

The enzymes were expressed by infecting TK- cells for periods of 24-48 hr [4]. Cell lysates 

were used as a source of the cytochrome P450 and the content of P450 was determined by spectral 

analysis [5]. P450 content was dependent on the P450 expressed and varied between 10 and 40 

pmol/mg protein. The lysate from cells infected with wild-type vaccinia virus served as a 

negative control and the liver aicrosomes of induced rats were used as a positive control. 

flonocIona~ antibodies. NAbs were raised to rat liver P450 lA1 [6], lA2 [6]. 1Al (fish) 

[7], 281/282 [8], 2Cll [9], 2El [lo], and 3Al {ll]. 

e-linked immunosorbent assay. The assay was performed by the generally accepted 

method [12] using alkaline phosphatase-conjugated goat F(ab')2 fragment to mouse IgG or IgM. 

The wells of microtiter plates were precoated with a solution containing 5-10 pmol P450/100&. 

phosphate-buffered saline. 

Western inwnunoblot analysis. The assay was performed as previously described [lo] using 

4-7 pmol P450/lane and alkaline phosphatase conjugated goat F(ab')t fragment to mouse IgG or 

IgM. 

Thirteen individual HAbs were prepared over a period of years to twelve rat and one fish 

(scup) cytochrome P45Os. All of these NAbs were shown previously to bind to the classically 

purified cytochrome P450 used for immunization as deterr.ned by RIA. MAb l-36-1, NAb I-31-2, 

and NAb 1-7-1 bind to rat P450 1Al; HAb 1-7-1 also binds to P45O lA2. NAb 1-12-3 binds to fish 

scup lA1, rat lA1 and lA2. Four NAbs prepared to rat 281/282, MAb 4-7-1, 2-66-3, 4-29-5 and 

2-8-1, bind to rat 281/282. Mab I-68-11 binds to rat P450 2Cll and two NAbs, 1-91-3 and l-98-1, 

bind to rat P450 2El. MAbs 2-3-2 and 2-13-1 bind to rat P450 3Al. MAb 1-7-1 [6] and MAb 1-12- 

3 [7) inhibit rat and fish P450 lA1, respectively. NAb 1-7-1 also inhibits rat lA2. MAb l-7-1 

has extensive species cross-reactivity and inhibits lAl-dependent aryl hydrocarbon hydroxylase 

(AHH) activity in rat, mouse, hamster and guinea pig [13] and human placenta and lymphocytes 

r141. The four MAbs to rat 281/282, 2-66-3, 4-29-5, 2-8-l and 4-7-1, inhibit the enzyme 

activities of rat expressed 2B1/282 [8]. MAb l-68-11 inhibits rat 2Cll [9] and NAb l-91-3 

inhrbits rat 2El [IO]. NAb 2-3-2 and 2-13-l to rat 3A1 bind strongly to 3Al but are not 

inhibitory fll]. Table 1 shows the cross-reactivity of the above MAbs with cDNA expressed 

P45Os. The cross-reactivity was considered positive when either the ELISA or western blot was 

positive. Rat MAbs l-36-1, l-31-2 and 1-7-1 and fish scup l-12-3 all cross-reacted with cONA 

expressed mouse lA1. Of the latter MAbs, only 1-7-1 also cross-reacted with mouse lA2. The 

NAb l-12-3 to scup lA1 surprisingly also reacted with human 2El. Two of the four NAbs made to 

rat 2611282, MAb 2-66-3 and 4-7-1, cross-reacted with rat 2Al and 281 and the 4-29-5 and 2-8-l 
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reacted less strongly and only to rat 281. MAb 1-68-11 to rat 2Cll cross-reacted with human 

2C9. MAbs 1-91-3 and 1-98-1 to rat 2El cross-reacted with human 2El. The MAbs 2-13-1 and 2-3-2 

gave very strong western blot with human 3A4. These studfes exhibit an atlas of cross- 

reactivity of MAbs with cDNA expressed P450 from different species including human. Knowledge 

of MAb cross-reactivity will be very useful for utilizing MAbs as reagents for the detection 

and quantitation of P45Os and the determination of the contribution of individual P450 forms 

to total cellular metabolism by cytochromes P450. 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Gonzalez FJ, The molecular biology of cytochrome P45Os. Pharmacol Rev 40: 243-288, 

1988. 

Gelboin HV and Friedman FK, Honoclonal antibodies for studies on xenobiotic and 

endobiotic metabolisa: Cytochro~s P-450 as paradigm. BiochemPha~ace7 34: 2225-2234, 

1985. 

Battula N, Sagara J and Gelboin HV, Expression of Pa-450 and Pa-450 DNA coding sequences 

as enzymatically active cytochromes P450 in malrmalian cells. ProcNatl Acad Sci USA 84: 

4073-4077, 1987. 

Gonzalez FJ, Aoyama T and Gelboin HV, Expression of ma~alian cytochrome P450 using 

vaccinia virus. Methods Enzyme? 206: 85-92, 1991. 

Omura T and Sato R, The carbon monoxide pigment of liver microsomes. I. Evidence for its 

hemoprotein nature. J Biol Chem 239: 2370-2378, 1964. 

Park SS, Fujino T, West D, Guengerich FP and Gelboin NV, Monoclonal antibodies that 

inhibit enz~ activity of 3-~thylcholanthrene-induced cytochrome P450. CancerRes 42: 

1798-1808, 1982. 

Kloepper-Sams PJ, Park SS, Gelboin HV and Stegeman JJ, Specificity and cross-reactivity 

of monoclonal and polyclonal antibodies against cytochrome P-450E of the marine fish 

scup. Arch Biochem Biophys 253: 268-278, 1987. 

Park SS, Fujfno T Miller H, Guengerich FP and Gelboin HV, ~noclonal antib~ies to 

phenobarbital-induced rat liver cytochrome P-450. Biochem Pharmaco? 33: 2071-2081, 

1984. 

Park SS, Waxman DJ, Lapenson DP, Schenkman JB and Gelboin HV. Monoclonal antibodies to rat 

liver cytochrome P450 2c/RLM5 that regiospecifically inhibit steroid metabolism. 

Biochem Pharmaco7 38: 3067-3074, 1989. 

IO. Ko I-Y, Park SS, Song 135, Patten C, Tan Y, Hah YC, Yang CS and Gelboin HV, Honoclonal 

antibodies to ethanol-induced rat liver cytochrome P-450 that metabolizes aniline and 

nitrosamines. Cancer Res 47: 3101-3109, 1987. 

11. Park SS, Waxman DJ, Miller H, Robinson R, Attisano C, Guengerich FP and Gelboin HV, 

Preparation and characterization ofmonoclonal antibodies to pregnenolone 16~-car~nitr~le 

inducible rat liver cytochrome P-450. Biochem Pharmacot 35: 2859-2867, 1986. 

12. Douillard TY and Hoffman T, Enzyme-linked immunosorbent assay for screening monoclonal 

antibody production using enzyme-labeled second antibody. Methods Enzymol 92: 168-174, 

1983. 

13. Fujino T, West D, Park SS and Gelboin HV, ~onoclonal antibody-directed phenotyp~ng of 

cytochrome P-450-dependent aryl hydrocarbon hydroxylase and 7-ethoxycoumarin deethylase in 

mammalian tissues. J Bio7 Chem 259: 9044-9050, 1984. 

14. Fujino T, Park SS, West 0 and Gelboin HV, Phenotyping of cytochromes P450 in human tissues 

with monoclonal antibodies. Proc Rat1 Acad Sci USA 79: 3682-3686, 1982. 

BP 46:5-B 



T
a
b
l
e
 
l
.
 
I
m
m
u
n
e
-
c
r
o
s
s
-
r
e
a
c
t
i
v
i
t
y
 o
f
 
t
e
n
 v
a
c
c
i
n
i
a
 c
D
N
A
 
e
x
p
r
e
s
s
e
d
 
h
u
m
a
n
,
 
r
a
t
 
a
n
d
 
m
o
u
s
e
 

p
4
5
@
s
 w
i
t
h
 
t
h
i
r
t
e
e
n
 
m
o
n
o
c
l
o
n
a
l
 
a
n
t
i
b
o
d
i
e
s
 r
a
i
s
e
d
 
t
o
 
i
n
d
i
v
i
d
u
a
l
 
P
C
S
O
s
 

C
y
t
o
c
h
r
o
m
e
 
B
P
S
0
 

. 
. 

V
a
c
c
i
n
i
a
 
I
m
m
u
n
e
 I 

R
a
t
 

R
a
t
 

F
i
s
h
 

R
a
t
 

R
a
t
 

2
8
1
/
2
 
2
2
:
/
z
 

R
a
t
 

R
a
t
 

R
a
t
 

R
a
t
 

R
a
t
 

R
a
t
 

R
a
t
 

C
D

N
A

 
A
s
s
a
y
 

1
A
l
.
 

1
A
l
 

l
A
1
 

l
&
L
/
2
 

2
B
l
.
1
'
2
 
2
B
f
/
2
 

2
c
1
1
 

2
E
1
 

2
E
l
 

3
A
l
 

3
A
l
 

E
x
p
r
e
s
s
e
d
 

I 
M
o
n
o
c
l
o
n
a
l
 A
n
t
i
b
o
d
i
e
s
 

P
4S

Q
 

I l-
3
6
-
1
 
1
-
3
1
-
2
 
l
-
1
2
-
3
 

1
-
7
-
l
 
4
-
l
-
l
 
2
-
6
6
-
3
 

4
-
2
9
-
S
 

2
-
8
-
l
 

l
-
6
8
-
1
1
 

1
-
9
1
-
3
 
l
-
9
8
-
l
 

2
-
3
-
2
 

2
-
1
3
-
l
 

M
l
k
l
 

M
l
A
2
 

H
1
A
2
 

R
Z
h
l
 

R
2
B
l
 

H
2
B
6
 

H
Z
C
B
 

H
2
C
9
 

H
2
E
l
 

H
3
A
‘
Y
 

E
l
I
S
A
 

W
B
 

E
L
X
S
A
 

W
B
 

E
L
I
S
A
 

W
B
 

E
L
I
S
A
 

W
E
 

E
L
I
S
A
 

W
B
 

E
L
I
S
A
 

W
B
 

E
L
I
S
A
 

W
B 

E
LI

S
A

 
W
B
 

E
L
I
S
A
 

W
B 

E
L
I
S
A
 

W
B
 

M
-m

ou
se

, 
B
-
h
u
m
a
n
,
 
R
-
r
a
t
 


