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FRACTIONATION BY HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 
OF MICROSOMAL CYTOCHROME P-450 INDUCED BY 

HEXACHLOROBIPHENYL ISOMERS 

Krishan K. Kohli, Oscar Hernandez* and James D. McKinney 
National Institute of Environmental Health Sciences 

P.O. Box 12233 
Research Triangle Park, North Carolina 27709 

ABBREVIATIONS. 

High performance liquid Chromatography (HPLC), 
phenobarbitone (PB), B-naphthoflavone (BNF), 
hexachlorobiphenyl (HCB), hydrophile-lipophile 
balance (HLB) . 

ABSTRACT 

High perfomance liquid chromatography has been employed to 
fractionate rat liver microsomes under nondenaturing conditions. 
Selective detection at 405 nm allowed resolution of microsomal 
heme proteins into three peaks (A, B, and C). Cytochromes in the 
peaks retain their native property of binding CO after HPLC. 
Peak-A, first eluting, contains P-450 and is rich in cytochrome 
P-420. Peak-B is largely hemoglobin and peak-C is a major cyto- 
chrome P-450. The ratio of peak-C to A is increased by treatment 
of rats with phenobarbitone, B-naphthoflavone, 2,3,5,2',3',5'- 
hexachlorobiphenyl and 3,4,5,3',4',5'-hexachlorobiphenyl as com- 
pared to controls. The highest increment in the ratio is observed 
on feeding 3,4,5,3',4',5'-hexachlorobiphenyl. NADPH cytochrome 
reductase elutes earlier than peak-C but cytochrome b5 is not 
separated from the major cytochrome P-450 peak. The separations 
obtained are highly reproducible and considerably faster than 
conventional gel permeation chromatography. The data presented 
here are very promising in establishing the role of HPLC in the 
studies of insoluble proteins and enzymes in general and cytochrome 
P-450 in particular. 
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368 KOHLI, HERNANDEZ, AND MC KINNEY 

INTRODUCTION -_ 
The a p p l i c a t i o n  of h igh  performance l i q u i d  chromatography 

(HPLC) t o  t h e  p u r i f i c a t i o n  of po lypept ides  and p r o t e i n s  h a s  been 

r e c e n t l y  reviewed (1). The s e p a r a t i o n  mechanism involves  p a r t i -  

t i o n  between a s i l i c a  g e l  bonded phase and a n  aqueous e l u a n t .  

The h i g h l y  hydrophobic bonded phase r e q u i r e s  i n  many c a s e s  t h e  

use of organic  s o l v e n t s  i n  o r d e r  t o  d i s p l a c e  t h e  polypept ides  

from t h e  column, a c l e a r  l i m i t a t i o n  of t h i s  procedure.  A r e c e n t l y  

introduced bonded phase o p e r a t e s  on t h e  p r i n c i p l e  of molecular  

exc lus ion .  These columns have been used f o r  t h e  e s t i m a t i o n  of 

molecular  weights  of p r o t e i n s  under d e n a t u r i n g  c o n d i t i o n s  ( 2 ) .  A 

v a r i a t i o n  of t h i s  l a t t e r  type i n v o l v e s  t h e  u s e  of an i o n  exchange 

phase which was used t o  f u r t h e r  s e p a r a t e  a homogenous p r e p a r a t i o n  

of l ipoxygenase ( 3 ) .  Most of t h e  s t u d i e s  on p r o t e i n  i s o l a t i o n  

and f r a c t i o n a t i o n  by HPLC have been confined t o  s o l u b l e  p r o t e i n s  

only.  

by HPLC an i n s o l u b l e  hydrophobic p r o t e i n  which i s  l o c a l i z e d  i n  

t h e  endoplasmic re t icu lum.  S ince  t h e  mixed f u n c t i o n  oxidase  

system p l a y s  an important  r o l e  i n  t h e  metabolism of  endogenous 

s u b s t r a t e s  ( 4 ) .  x e n o b i o t i c s  (5) and cytochrome P-450 being  t h e  

te rmina l  ox idase  of microsomal e l e c t r o n  t r a n s p o r t  c h a i n  (6) ,  i t  

was r e l e v a n t  t o  e x p l o r e  t h e  a p p l i c a t i o n s  of HPLC t o  t h e  a n a l y s e s  

of r a t  l i v e r  cytochrome P-450 i n  c o n t r o l  and hexachlorobiphenyl  

(HCB) isomers t r e a t e d  r a t s .  

I n  t h e  p r e s e n t  s tudy ,  we  have made a n  a t tempt  t o  f r a c t i o n a t e  

MATERIALS AND METHODS 

Charles River CD s t r a i n  male rats were used i n  t h e  p r e s e n t  

s tudy .  The treatment of animals, de te rmina t ion  of dose ,  p u r i t y  of 
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FRACTIONATION OF MICROSOMAL CYTOCHROME P-450 369 

HCB isomers ,  p r e p a r a t i o n  of microsomes and a s s a y  of enzyme has  

been previous ly  descr ibed  ( 7 )  except  t h a t  B-naphthoflavone was used 

i n s t e a d  of 3-methylcholanthrene. P r o t e i n  s tandards  and a l l  o t h e r  

chemicals were obta ined  from Sigma Chemical Co., S t .  Louis ,  MO 63178. 

S o l u b i l i z a t i o n  of microsomes. The microsomes were s o l u b i l i z e d  

a t  room temperature  i n  100 mM potassium phosphate (pH 7.4), 0.2% 

Lubrol WX, 0.5% sodium c h o l a t e ,  0 . 1  mM e thylene  diamine t e t r a a c e t i c  

a c i d ,  0 . 1  mM d i t h i o t h r e i t o l  and 20% g l y c e r o l  ( b u f f e r  A) f o r  a per iod  

of one hour. The sample s i z e  w a s  so a d j u s t e d  t h a t  each t i m e  100 

pg p r o t e i n  i n  0.05 m l  w a s  a p p l i e d  t o  t h e  column (Fig.  1 ) .  

High Performance Liquid Chromatography (HPLC). Buffer  and 

s o l u b i l i z e d  microsomes w e r e  f i l t e r e d  (0.22 pm, M i l l i p o r e )  p r i o r  t o  

use.  The equipment used c o n s i s t e d  of a model 6000A pump, U6K 

i n j e c t o r ,  model 440 dual-channel UV absorbance d e t e c t o r ,  and a 

model 730 d a t a  module ( a l l  from Waters Assoc ia tes ,  Inc . ,  Milford,  

MA 01757). Peak absorbance w a s  s imul taneous ly  monitored a t  405 

nm and 280 nm; peak areas were obta ined  by i n t e g r a t i o n  w i t h  t h e  

730 d a t a  module. The columns used were a Spherogel TSK-3000SW 

(0.75 x 60 c m ,  Al tex)  and, 1-125 and 1-250 (0.78 x 30 c m  each,  

Waters Assoc ia tes ) .  The column w a s  e q u i l i b r a t e d  f o r  one hour and 

e l u t e d  wi th  b u f f e r  A i s o c r a t i c a l l y .  The f low rate w a s  0.5 o r  1 m l  

per min as i n d i c a t e d  i n  t h e  f i g u r e  legends.  

RESULTS AND DISCUSSION -- 
R a t  l iver  microsomes are g e n e r a l l y  s o l u b i l i z e d  by u s i n g  a 

nonionic  d e t e r g e n t  such  as Emulgen-911 i n  combination w i t h  a n  

i o n i c  d e t e r g e n t ,  sodium c h o l a t e .  Emulgen-911 is  a polyoxyethylene 

nonylphenol and i t s  s t r o n g  absorbance a t  280 nm makes t h e  monitor ing 
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370 KOHLI, HERNANDEZ, AND MC KINNEY 

4UFS= 0.05/405nm 

1 . 1 . 1 . 1 . 1 . 1 .  

1 12 2 4  36 48 

AUFS= 0.20/280 nm 
A a 

J 

I . I . I . I . I . I . 1 L  

0 12 24 36 48 
Time (mid 

Figure 1. HPLC of solubilized rat liver microsomes from control 
(I and 11), 2,3,5,2',3',5'-HCB (1x1 and IV), and 3,4,5,3',4',5'- 
HCB (V and VI) treated rats on a Spherogel TSK 3000SW column. 
The flow rate was 0.5 mllmin and chart speed 0.25 cmfmin. 
Chromatogram I, 111 and V depict absorbance at 405 nm and 11, IV 
and VI at 280 nm of the respective samples. 

of the effluent for protein content impossible. Lubrol W, a poly- 

oxyethylene alcohol does not have this limitation and its use t o  

solubilize rat liver microsomes has been documented (8). For the 

HPLC study we chose a combination of sodium cholate and Lubrol WX 
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FRACTIONATION OF MICROSOMAL CYTOCHROME P-450 371 

which enabled u s  t o  monitor the  e f f l u e n t  f o r  heme (405 nm) and 

p r o t e i n  (280 nm) c o n t e n t .  S u b s t i t u t i n g  Emulgen-911 f o r  Lubrol  WX 

d i d  n o t  change t h e  s e p a r a t i o n  p a t t e r n ,  as determined by absorbance 

a t  405 nm, a r e s u l t  a n t i c i p a t e d  from t h e i r  similar HLB v a l u e s  ( 9 ) .  

A s  shown i n  Fig.  1, t h e  r a t  l i v e r  microsomes from c o n t r o l  and 

t r e a t e d  animals  were f r a c t i o n a t e d  i n t o  t h r e e  peaks (A, B, and C) 

when monitored a t  405 nm. 

and t h e i r  CO b inding  d i f f e r e n c e  s p e c t r a  recorded.  

c h a r a c t e r i s t i c  absorbance a t  420 nm when s a t u r a t e d  w i t h  CO, thus  

e s t a b l i s h i n g  i ts  i d e n t i t y  as hemoglobin. 

any absorbance when bubbled w i t h  CO, however, they  showed charac- 

t e r i s t i c  absorbance a t  420 nm and 450 nm when f i r s t  reduced wi th  

d i t h i o n i t e  and bubbled wi th  CO. These s t u d i e s  demonstrate  t h a t  

t h e  cytochrome P-450s were a b l e  t o  r e t a i n  t h e i r  n a t i v e  p r o p e r t y  of 

b inding  CO a f t e r  HPLC a n a l y s i s .  

chrome P-450 i s  a l a b i l e  p r o t e i n  i n  which t h e  heme is  n o t  c o v a l e n t l y  

bound, and it i s  e a s i l y  converted t o  i t s  denatured form cytochrome 

P-420 by f a c t o r s  such as temperature ,  d e t e r g e n t s ,  e t c .  Peak-C con- 

t a i n e d  most of cytochrome P-450 and no cytochrome P-420. 

conta ined  cytochrome P-450 and w a s  r i c h  i n  cytochrome P-420. 

S ince  peak-A e l u t e d  a t  t h e  void volume, t h e  s o l u b i l i z e d  microsomes 

were c e n t r i f u g e d  a t  167,000 g f o r  35 minutes .  The s u p e r n a t a n t  was 

rechromatographed and no a p p r e c i a b l e  change i n  t h e  areas o r  r a t i o s  

of peak-C t o  A were observed, showing thereby  t h a t  peak-A is  n o t  

The peaks from HPLC e f f l u e n t  were c o l l e c t e d  

Peak-B showed a 

Peak-A and C d i d  n o t  show 

This  is noteworthy because cyto- 

Peak-A 

undissolved cytochrome. 

To s tudy  t h e  p a t t e r n  of i n d u c t i o n  by v a r i o u s  inducers  of cyto- 

chrome P-450, microsomes from t r e a t e d  animals  w e r e  s o l u b i l i z e d  i n  
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372 KOHLI, HERNANDEZ, AND MC KINNEY 

TABLE 1. E f f e c t  of Phenobarbitone, B-Naphthoflavone, 2 ,3 ,5 ,2 ' ,3 ' ,5 ' -  
HCB and 3,4,5,3',4',5'-HCB on Areas of Peaks-A and C and Thei r  R a t i o s  
as Obtained by IIPLC Ahalys is .  
Each v a l u e  i s  a mean of t h r e e  s e p a r a t e  de te rmina t ions .  

The c o n d i t i o n s  are descr ibed  i n  Fig.  1. 

Areaa 

Treatment Peak-A Peak-C Rat io  Peak C I A  

Control  17.12 (1.5)b 27.06 (1.67) 1.58 
PB 16.04 (0.25) 59.33 (2.09) 3.70 
BNF 17.94 (1.10) 49.97 (2.44) 2.79 

3,4,5,3',4',5'-HCB 10.43 (2.90) 100.49 (11.50) 9.63 

a 

bStandard Deviat ion i n  ( ) .  

2,3,5,2',3',5'-HCB 11.52 (0.23) 55.19 (1.42) 4.79 

-̂ 

Absorbance a t  405 nm. 

b u f f e r  A f o r  one hour a t  room temperature  and analyzed by HPLC. 

Each sample was analyzed t h r e e  t i m e s  and mean v a l u e s  of t h e  areas 

obta ined  and r a t i o s  of peak-C t o  A are presented  i n  Table 1. 

The r a t i o  of peak-C t o  A w a s  1 .58 i n  c o n t r o l  microsomes and i n c r e a s e d  

when ra t s  were t r e a t e d  wi th  v a r i o u s  inducers .  

caused t h e  h i g h e s t  i n c r e a s e  i n  t h e  r a t i o  of peak-C t o  A .  

HCB a l so  increased  the a r e a  of peak-C 3.7 t i m e s  as compared t o  peak-C 

of c o n t r o l  microsomes. S i m i l a r l y ,  o t h e r  inducers  such as PB, BNF 

and 2,3,5,2',3',5'-HCB increased  the  area of peak-C by a r e l a t i v e  

f a c t o r  of 2.19, 1.85 and 2.0 r e s p e c t i v e l y .  This  t r e n d  p a r a l l e l s  

the  one determined by e s t i m a t i n g  t h e  cytochrome P-450 c o n t e n t  by 

CO-difference s p e c t r a  of reduced microsomes obta ined  from c o n t r o l  

and t r e a t e d  rats ( 7 ) .  Consequently an i n c r e a s e  i n  t h e  area of 

peak-C by an inducer  r e l a t i v e  t o  c o n t r o l  may be considered a 

q u a l i t a t i v e  index of i t s  potency as a n  inducer  of cytochrome P-450. 

3,4,5,3',4',5'-HCB 

3 , 4 , 5 , 3 ' , 4 ' , 5 ' -  
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FRACTIONATION OF MICROSOMAL CYTOCHROME P-450 373 

TABLE 2. E f f e c t  of 2,3,5,2',3',5'-HCB and 3,4,5,3',4',5'-HCB on 
S p e c i f i c  A c t i v i t i e s  of Microsomes and Peak-C Obtained A f t e r  HPLC 
of Microsomes. Each va lue  i s  mean of t h r e e  s e p a r a t e  determina- 
t i o n s  ( 7 ) .  The condi t ions  are descr ibed  i n  Fig. 1. 

S p e c i f i c  A c t i v i t y  
nmol c y t .  ~-450lmg p r o t e i n  Recovery of Cyt. 

Treatment Microsomes Peak-C P-450 i n  Peak-C(%) 

Cont ro l  1.02 1.34 78  
2,3,5,2',3',5'-HCB 2.34 3.24 88 
3,4,5,3',4',5'-HCB 4.31 4.87 99 

The capac i ty  of the  column i s  n o t  l i m i t e d  t o  microgram quan- 

t i t i e s  of p r o t e i n .  

experiment could be f r a c t i o n a t e d  without  any a p p r e c i a b l e  l o s s  of 

r e s o l u t i o n .  Another important  f e a t u r e  of t h e  p r e s e n t  technique is 

t h a t  peak-C when monitored a t  280 nm a l s o  showed an i n c r e a s e  when 

microsomes obta ined  from r a t  l i v e r s  t r e a t e d  wi th  2 , 3 , 5 , 2 ' , 3 ' , 5 ' -  

HCB (Fig.  1, IV) and 3,4,5,3',4',5'-HCB (Fig.  1, VI) were f r a c -  

t i o n a t e d  by HPLC, showing thereby  t h a t  p r o t e i n  conten t  of peak-C 

was increased  along wi th  heme content  l e a d i n g  t o  t h e  conclus ion  

t h a t  inducers  increased  t h e  de novo s y n t h e s i s  of t h e  a s s o c i a t e d  

p r o t e i n s .  These latter experiments were done i n  t r i p l i c a t e  and 

t h e  s p e c i f i c  a c t i v i t i e s  of microsomes and i s o l a t e d  peak-C are 

presented  i n  Table 2. 

a modest i n c r e a s e  as compared t o  microsomes i n d i c a t i n g  t h e  removal 

of some p r o t e i n s  from t h e  major cytochrome peak. This  was f u r t h e r  

confirmed when sodium dodecyl s u l f a t e  polyacrylamide g e l  e l e c t r o -  

F i f t y  t i m e s  more p r o t e i n  than used i n  t h e  i n i t i a l  

The s p e c i f i c  a c t i v i t i e s  of peak-C showed 
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374 KOHLI, HERNANDEZ, AND MC KINNEY 

AUFS = 0.50/405 nrn (-1 
Reductase (- - -) 

AUFS = 0.05/405nm 

Figure 2 .  
TSK 3000SW column. 
mllmin. 
reductase  was assayed i n  each f r a c t i o n .  Hemoglobin and cytochrome 
b were chromatographed s e p a r a t e l y  but  are shown h e r e  i n  t h e  same 
c2romatogram (11). 

HPLC of s o l u b i l i z e d  rat  l i v e r  microsomes on Spherogel 
Chart speed was 0.5 cmlmin and flow rate 1 . 0  

0.25 m l  F r a c t i o n s  were c o l l e c t e d  and NADPH cytochrome 

phores i s  was performed on l i v e r  microsomes and peak-C of c o n t r o l ,  

2,3,5,2',3',5'-HCB and 3,4,5,3'.4',5'-HCB t r e a t e d  rats. Polypep- 

t i d e s  corresponding t o  subuni t  weights  of 80.000, 90.000 and 100,000 

were absent  i n  peak-C as compared t o  t h e i r  r e s p e c t i v e  microsomes. 

Since the  volumes of t h e  peaks were smal l ,  t h e  d e t e r g e n t s  were not  

removed p r i o r  t o  p r o t e i n  e s t i m a t i o n s ,  thus  a f f e c t i n g  t h e  s p e c i f i c  

a c t i v i t i e s  repor ted .  A s  documented i n  Table 2 ,  t h e  r e c o v e r i e s  of 

cytochromes i n  peak-C are e x c e l l e n t .  

To s tudy the e l u t i o n  p a t t e r n  of NADPH cytochrome 5 reductase ,  

2.5 mg of microsomal p r o t e i n  was a p p l i e d  t o  t h e  column. 0.25 m l  

f r a c t i o n s  were c o l l e c t e d  and enzyme assays  were performed i n  each 
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375 FRACTIONATION OF MICROSOMAL CYTOCHROME P-450 

fraction. 

1 ml/min (Fig. 2, I). These results corroborate well with previous 

observations (10) that NADPH cytochrome reductase elutes earlier 

than cytochrome P-450 when solubilized rat liver microsomes are 

chromatographed on Sephadex G-200. The column used in the present 

study operates mainly on the principle of molecular exclusion. The 

entire operation can be performed in minutes as compared to many 

hours taken on Sephadex. The binding of substrates t o  cytochrome 

P-450 monitored by HPLC is an attractive possibility (11). 

NADPH cytochrome g reductase eluted at 14.5 minutes at 

Hemoglobin and cytochrome b5 were obtained from rat liver 

microsomes by chromatography on DEAE-cellulose (10). Hemoglobin 

had a retention time of 27.5 minutes at 0.5 ml/min, similar to 

peak-B (Fig. 2, 11). Cytochrome b had a retention time of 32.7 

minutes (Fig. 2, 11) and did not separate from peak-C. Since the 

content of cytochrome b5 is not altered on treatment of rats with 

the inducers studies (unpublished results), the induction demon- 

strated by the increase in the area of peak-C is real. 

5 

When microsomes obtained from untreated rat testis were 

solubilized and chromatographed by the procedure described for 

rat liver, the content of peak-A (Fig. 3) was higher as compared 

to peak-C. 

spectrophotometrically and peak-C contained cytochrome P-450 and 

no cytochrome P-420. 

stabilities of cytochrome P-450 from different sources. Rat 

liver microsomes may be prepared and chromatographed as described 

here, but under similar conditions the cytochrome P-450 in rat 

testis is rapidly denatured to cytochrome P-420. 

Peak-A contained mostly cytochrome P-420 when analyzed 

This experiment illustrates the contrasting 
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AUFS =0.05 1405 nm 
~ ~ 

AUFS= 2.001280 nm 

I ~ " " ~ ' * ' ' ' ' '  
0 8 20 28 36 44 52 0 0 20 28 36 44 52 

Ti me (mi n) 

Figure 3.  HPLC of s o l u b i l i z e d  r a t  tes t is  microsomes on Spherogel  
TSK 3000SW column. Flow rate  w a s  0 .5  ml/min and c h a r t  speed 0.25 
cm/min. 
I1 a t  280 nm. 

Chromatogram I shows absorbance a t  405 n m  and chromatogram 

These s t u d i e s  w i t h  ra t  l i v e r  and testis  microsomes i n d i c a t e  

a very promising r o l e  of HPLC i n  s t u d i e s  of i n d u c t i o n ,  f r a c t i o n a -  

t i o n  and d e n a t u r a t i o n  of cytochrome P-450 and ex tends  t h e  a p p l i c a -  

t i o n  range of HPLC t o  i n s o l u b l e  p r o t e i n s .  A unique a p p l i c a t i o n  

of t h i s  approach is i n  t h e  s tudy  of systems i n  which cytochrome 

P-450 c o n t e n t  i s  t h e  l i m i t i n g  f a c t o r .  The spectral  p r o p e r t i e s  of 

recovered cytochrone P-450, i . e .  CO-binding spectrum, are i n d i c a -  

t i v e  of t h e  s t r u c t u r a l  i n t e g r i t y  of t h e  p r o t e i n  (12,13) .  Reconst i -  

t u t i o n  of t h e  system and denionstrat ion of s u b s t r a t e  metabolism 

a r e  o u t s i d e  t h e  scope of t h e  p r e s e n t  manuscr ipt  (12,13) .  T h i s  
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technique has  been s u c c e s s f u l l y  employed i n  our  l a b o r a t o r y  t o  

monitor t h e  conformational  changes i n  cytochrome P-450 dur ing  i t s  

conversion t o  cytochrome P-420 and o t h e r  a p p l i c a t i o n s  such as 

d e t e r g e n t  removal are under s tudy .  
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