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REMOVAL OF THE NONIONIC DETERGENT EMULGEN 911 FROM 
SOLUBILIZED MICROSOMES BY HPLC 

Oscar Hernandez and Krishan K.  Kohli 

National I n s t i t u t e  of Environmental Health Sciences 
Laboratory of Environmental Chemistry 

P.O. Sox 17233 
Research Triangle  Park, North Carolina 77709 

ABSTRACT 

The removal of a nonionic detergent ,  Emulgen 911 , by HPLC 
from sol u b i  1 i zed m i  crosomes i s  described. Microsomal sampl es  
were dissolved i n  phosphate buffer  containing sodium cholate  
and t r i t i a t e d  Emulgen 911. 
phosphate buffer  containing 70% (v/v) glycerol , sodium cholate  
and, f o r  one set of condi t ions w i t h  Lubrol MX. The detergent, 
Fmulgen 911, when eluted w i t h  sodium cholate ,  b i r ld s  t i g h t l y  
t o  the column e lu t ing  a f t e r  t he  inclusion volume. Flution in  
the presence of Liibrol WX resul ted i n  decreased re ten t ion ,  
w i t h  Emulgen 011 e lu t inq  w i t h i n  the inclusion volume. Micro- 
soma1 samples chromatographed w i t h  sodium chol a t e  a r e  resolved 
i n t o  two peaks. 
the cytochrome P-450 f rac t ion .  Effect ive deterqent  removal 
under these condi t ions was 88% of the  eluted rad ioac t iv i ty .  
For p u r i f i e d  cytochrome P-4501 detergent removal was 99% e f f i -  
c i en t  and provided a sample w i t h  a r a t i o  of 7.5 microgram 
detergent per nanoinole of P-450. 
provide a f u l l  quan t i t a t ive  p ic ture  because of overlapping pro- 
t e i n  and detergent peaks b u t  i t  provided evidence f o r  strong 
hydrophohi c i n t e rac t  ions between the bonded phase and Emu1 gen 
911 , and between the two nonionic detergents. 

The H P L C  column was eluted with 

The f i r s t  e lu t ing  peak i s  associated w i t h  

Elution with Lubrol WX d i d  not 
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1460 HERNANDEZ AND KOHL1 

INTRODUCTION 

Pro te ins  which a re  an i n t e g r a l  p a r t s  of membranes r e q u i r e  

s o l u b i l  i z a t i o n  by use o f  detergents p r i o r  t o  any p u r i f i c a t i o n  

s tep  (1). 

s o l u b i l i z e d  by means o f  nonion ic /or  i o n i c  detergents. 

b i n a t i o n  o f  non- ion ic  and i o n i c  detergents has been successfu l ly  

used f o r  t h e  s o l u b i l i z a t i o n  o f  inicrosomal preparat ions p r i o r  t o  

p u r i f i c a t i o n  ( 7 ) .  One o f  t h e  most f requent ly  used combinations 

i n  t h e  p u r i f i c a t i o n  o f  cytochrome P-450 i s  sodium cho la te  and 

Emulgen 911. 

m ix tu re  o f  PO yoxyethylene nonylphenyl e thers (3). The presence 

o f  detergents i n  t h e  p u r i f i e d  p r o t e i n  samples represents a 

ser ious problem due t o  p o t e n t i a l  i n h i b i t i o n  o f  enzymatic a c t i v i t y  

and slow dena tu ra t i on  o f  t h e  enzyme (2,4). These e f f e c t s  are 

associated w i t h  both types o f  detergents  bu t  removal o f  nonion ic  

detergents from s o l u b i l  i z e d  p r o t e i n s  i s  comparat ively more d i f -  

f i c u l t  than removal o f  i o n i c  detergents (1 ,?). Consequently, i t  

i s  wor thwhi le  t o  dev ise e f f i c i e n t  methods f o r  removal o f  nonionic 

detergents f rom p r o t e i n  samples. 

removal o f  Emulgen 911 invo lves  t h e  use of XAD-:! r es in ;  by 

sequent ia l  batch t reatroents t h e  concentrat ion o f  detergent i s  

lowered t o  acceptable l e v e l s .  The use o f  Sephadex LH-20 has been 

repor ted f o r  removal o f  Lubrol  IdX (5 ) .  App l i ca t i on  o f  t h i s  

l a t t e r  procedure t o  Emulqen 911 i s  not as e f f i c i e n t ,  w i t h  an 

opt imal 60% e f f e c t i v e  removal i n  a slow process (2). A r e c e n t l y  

P r o t e i n  c o n s t i t u e n t s  o f  t h e  endoplasmic r e t i c u l u m  are 

A com- 

The l a t t e r  i s  a nonion ic  su r fac tan t  c o n s i s t i n g  of a 

A f r e q u e n t l y  used method f o r  
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REMOVAL OF N O N I O N I C  DETERGENT 1461 

pub1 ished procedure i n v o l v i n g  chromatography i n  h y d r o x y l a p a t i t e  

( 6 )  has become t h e  most w ide ly  used method f o r  removal o f  

noni oni  c detergents.  

removal o f  Emulgen 911 from r a t  l i v e r  microsomes by HPLC. T h i s  

technique has been r e c e n t l y  used t o  f r a c t i o n a t e  cytochrome P-450 

samples e i t h e r  on i o n  exchange ( 7 )  o r  s i z e  exc lus ion columns ( 8 ) .  

I n  t h e  present communi ca t  i on we expl ore t h e  

1. a bo ra t  o r y  

Rat 1 

MATERIALS AND METHODS 

Charles R i v e r  CD s t r a i n  male r a t s  were used i n  t h e  present 

study. A sample of L3H]-Emulgen 911 was generously provided 

by Mr .  Wayne Levin,  Hoffman LaRoche, Nutley, NJ. No s p e c i f i c  

a c t i v i t y  was g iven f o r  t h e  t r i t i a t e d  detergent,  a neat a l i q u o t  

o f  1 p1 represented ca. 10 cpm and appropr ia te d i l u t i o n s  were 

made from t h i s  stock. 

P-4501 f rom r a b b i t  l ung  was provided by D r .  Sichard M. Ph i l po t ,  

o f  Pharmacology, NIEHS, Research T r i a n g l e  Park, N.C. 

6 

A sample o f  h i g h l y  p u r i f i e d  cytochrome 

SOLUBTLIZATlOFl OF MlCROSOMES 

ver  microsomes were sol ub i  1 i zed a t  room temperature 

i n  100 mM potassium phosphate b u f f e r ,  pti 7.5, con ta in ing  0.5% 

sodium cho la te  and 0.195 Emulgen Dl1 according t o  l i t e r a t u r e  pro- 

cedures (9) .  

p r o t e i n  s o l u t i o n  (10 mg p ro te in /m l )  was d i l u t e d  w i t h  7 m l  o f  

rad io1 abel ed b u f f e r  and e q u i l i b r a t e d  a t  room temperature f o r  1 

hr.  

cpm/l0 p l  a t  a p r o t e i n  concen t ra t i on  o f  5 mg/ml. 

7 For t h e  experiments w i t h  ['H]-Emulgen 911, 2 m l  of 

The f i n a l  a c t i v i t y  o f  t h e  s o l u b i l i z e d  microsomes was 102 408 

From t h i s  so lu-  
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1462 HERNANDEZ AND KOHL1 

t i o n ,  a l i q u o t s  o f  250 p1 (250 pg Emulgen, 1.25 mg p r o t e i n )  were 

i n j e c t e d  i n t o  t h e  HPLC column. 

CHROMATOGRAPHIC CONDITIONS 

The e luents  used were: b u f f e r  A, 100 mM potassium phosphate 

(pH 7.5) b u f f e r  s o l u t i o n  con ta in ing  0.5% sodium cholate,  0.1 mM 

EDTA, 0.1 mM d t h i o t h r e i t o l ,  and 205: (v /v)  g l yce ro l ;  b u f f e r  B y  as 

above w i t h  t h e  a d d i t i o n  of 0.7% Luhro l  WX. A c o n t r o l  (b lank)  

sample o f  [3H] Emulgen 911 b u f f e r  (20 p1, z. 95 547 dpm) was 

run under each se t  condi t ions.  

M6OOOA pump, 1J6K i n j e c t o r ,  model 440 dual-channel UV absorbance 

detector ,  and a model 730 data module ( a l l  from blaters 

Associates, Tnc., M i l f o r d ,  MA 01757). Peak absorbance was moni- 

t o r e d  simultaneously a t  280 nm and 405 nm. The column used was a 

Spherogel TSK-3000SW (0.75 x 60 cm, Altex-Reckman). Samples were 

e lu ted  i s o c r a t i c a l l y  a t  a f low r a t e  o f  1 ml/min. 

f r a c t i o n s  were c o l l e c t e d  between 8 and 60 minutes. I ns tage l  (6  

m l )  was mixed w i t h  t h e  f r a c t i o n s  and count ing was done i n  a 

Packard T r i c a r b  460 CD 1 i q u i d  s c i n t i l l a t i o n  counter. 

The equipment consis ted o f  a 

I n  a l l  cases 

3 HPLC o f  [ HI-Emulgen 911. a) E l u t i o n  w i t h  0.5% sodium 

cholate/Lubrol  WX. An a l i q u o t  o f  a 0.1% s o l u t i o n  o f  t r i t i a t e d  

Emulgen 911 b u f f e r  (20 p l ,  123 761 dpm) was chromatographed as 

descr ibed above. F rac t i ons  (1 ml )  were c o l l e c t e d  from 8 t o  60 

min. 

and methanol ( 2  x 30 m l ) ;  a l i q u o t s  (1 m l )  o f  these f r a c t i o n s  were 

taken f o r  s c i n t i l l a t i o n  counting. T o t a l  recovery o f  radioac- 

The column was subsequently e l u t e d  w i t h  water ( 2  x 30 m l )  
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REMOVAL OF NONIONIC DETERGENT 1463 

t i v i t y  from t h e  column was 941. 

t h e  f r a c t i o n s  was: sodium cholate/Lubrol  WX bu f fe r  (91.2%), 

water (6.4%), and methanol ( 2 . 3 % ) .  b )  E l u t i o n  w i t h  0.5% sodium 

cholate.  As descr ibed above, rad io labe led  Emulgen 911 (20 p1, 

95 547 dpm) was chromatographed us ing sodium cho la te  as t h e  o n l y  

detergent component i n  t h e  b u f f e r .  To ta l  recovery of radioac- 

t i v i t y  was 94%. The d i s t r i b u t i o n  o f  l a b e l  was: sodium cho la te  

b u f f e r  (51%), water (73%)) ,  and methanol (76%). 

The d i s t r i b u t i o n  o f  l a b e l  amonq 

HPLC o f  cytochrome P-4501 Sol u b i l i z e d  cytochrome P-4501 (0.8 

nmol heme) i n  l abe led  0.05% Emulgen 911 b u f f e r  (320 111, 120 pg 

Emulgen 911, 71 142 dpm) was chromatographed as above w i t h  0.5% 

sodium cho la te  b u f f e r .  To ta l  recovery o f  r a d i o a c t i v i t y  was 96%. 

The d i s t r i b u t i o n  o f  l a b e l  was: sodium cho la te  buffer (733), 

water (13%), and methanol (14%). 

were asssci  ated w i t h  cytochrome P-4501 (determined by absorbance 

a t  405 nm) and contained 0.96% o f  t o t a l  e lu ted  rad io labe led  

Fract ions 5-27 (10 t o  19 min) 

detergent.  

RESULTS AND DISCUSSION 

A p r e l i m i n a r y  i n d i c a t i o n  o f  t h e  p o t e n t i a l  a p p l i c a t i o n  o f  HPLC 

f o r  removal o f  nonion ic  detergents  was obtained dur ing t h e  analy-  

s i s  o f  cytochrorne P-450 f r a c t i o n s  from a DE-52 column under con- 

d i t i o n s  p rev ious l y  descr ibed (8). 

absorbance a t  280 nm, too  in tense  i n  r e l a t i o n  t o  t h e  amount o f  

p r o t e i n  i n j e c t e d ,  was observed. (Fig. 1). Th is  peak was iden- 

t i f i e d  as Emulgen 911 by comparing r e t e n t i o n  c h a r a c t e r i s t i c s  and 

A l a t e  e l u t i n g  peak w i t h  s t rong 
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1464 HERNANDEZ AND KOHL1 

AUFS -0.01/405 nm AUFS= 1.00/280nm 
C 
C 

5 

0 4 8 12 16 20 24 2 I 

Time [min) 

Figure 1. P a r t i a l l y  p u r i r i e d  cytochrome P-450 from a DE-57 
column chromatographed on a Spherogel TSK-3000SW 
column e l u t e d  a t  1 ml/min w i t h  0.1M phosphate (pH 
7.5) con ta in ing  0.2% Lubrol  IdX and 0.59; sodium 
cholate.  Trace I ,  absorbance a t  405 nm, 
Trace 11, absorbance a t  280 nm. 

c o e l u t i o n  on HPLC w i t h  an au then t i c  standard. 

sample o f  cytochrome P-450 f rom t h e  ion-exchange column (DE-52) 

had been t r e a t e d  w i t h  Amber l i te  XAD-2 f o r  a pe r iod  o f  one hour 

f o l l o w i n g  l i t e r a t u r e  procedures ( 2 ) .  E l u t i o n  o f  t h e  HPLC column 

w i t h  a Lubro l  WX-sodium cho la te  combination (8)  a l lowed moni- 

t o r i n g  o f  t h e  separat ion a t  280 nm. A t  t h i s  p o i n t  i t  became 

c l e a r  t h a t  t h e  HPLC column was e f f i c i e n t  i n  removing t i g h t l y  

bound detergent  and t h a t  t h i s  approach could have a use fu l  

complementary r o l e  i n  t h e  f i n a l  stages o f  p r o t e i n  p u r i f i c a t i o n .  

For  t h e  removal o f  Emulgen 911, two sets  o f  cond i t i ons  were 

Th is  p a r t i c u l a r  

explored. F i r s t ,  e l u t i o n  w i t h  a b u f f e r  con ta in ing  0.5% sodium 
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REMOVAL OF N O N I O N I C  DETERGENT 1465 

cho la te  and, second, e l u t i o n  w i t h  a b u f f e r  con ta in ing  0.2% Lubrol  

WX and 0.5% sodium cholate.  The removal o f  detergent  from t h e  

p r o t e i n  f r a c t i o n s  was quan t i t a ted  by i nco rpo ra t i on  o f  

[: HI-Emulgen 911 i n  t h e  detergent  m ix tu re  used t o  s o l u b i l i z e  t h e  

microsomes. 

o f  cytochrome P-450 under HPLC condi t ions,  t he  p r o f i l e s  o f  t h e  

Emu1 gen 911 so l  ubi  1 i zed microsomal sampl es used i n  t h e  exper i  - 
ments i s  shown i n  Fig. 7. The number 1 i d e n t i f i e s  t h e  peak asso- 

c i a t e d  w i t h  t h e  major cytochrome P-450 f r a c t i o n .  It i s  i n t e r -  

e s t i n g  t o  observe t h a t  i n  t h e  absence of a nonion ic  detergent i n  

t h e  b u f f e r  e luent  t h e  cytochrome P-450 p r o t e i n s  aggregate 

r e a d i l y  and e l u t e  near t h e  v o i d  volume (10-13 min, Fig. 2). The 

cytochrome P-450 is  not  denatured under these condi t ions,  and, as 

i n  t h e  case o f  e l u t i o n  w i t h  Li ibrol  WX, t h e  i s o l a t e d  f r a c t i o n  from 

HPLC provided a carbon monoxide b ind ing  d i f f e r e n c e  spectrum a f t e r  

reduc t i on  w i t h  sodium d i t h i o n i t e .  The e l u t i o n  p r o f i l e  w i t h  Lubrol  

MX was as p rev ious l y  descr ibed (8), t h e  cytochrome P-420 e l u t e s  

near t h e  exc lus ion  volume (10-11 min), and t h e  major cytochrome 

P-450 f r a c t i o n  e l u t e s  between l?-18 min peaking a t  16 min (Fig.  

3 

Because o f  our  p a r t i c u l a r  i n t e r e s t  i n  t h e  behavior  

2 ) .  

The e l u t i o n  p r o f i l e s ,  r a d i o a c t i v e  and 280 nm absorbance, 

obtained by chromatography o f  t h e  [‘HI-Emu1 gen 011 b u f f e r  a re  

shown i n  Fig.  3A. 

and C are d i s t i ngu ishab le .  

among these peaks i s  shown i n  Table 1. 

1 

Three r a d i o a c t i v e  peaks designated as A, B, 

The d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  

Peak A e l u t e d  a t  t h e  
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AUFS= 0.2/405nm AUFS= 0.5/405nrn 

I I I L I 
20 10 0 20 10 0 

I ,  
Time (rnin) 

F igu re  2. HPLC p r o f i l e  f o r  t h e  microsomal sample i n  t h e  presence 
( r i gh t -hand  t r a c e )  and absence ( l e f t -hand  t r a c e )  o f  
t h e  nonionic  detergent  Lubrol  WX. The number 1 
i d e n t  i f i es t h e  f r a c t i o n  correspondi  ng t o  cytochrome 
P-450. 

i n c l u s i o n  volume (25 m l )  as determined w i t h  t r i t i a t e d  water. 

Peak B i s  a broad, d isperse band, an'd peak C i s  h i g h l y  re ta ined  

and e lu ted  w e l l  beyond t h e  inclusion.volume. Peak C contained 

44% o f  t h e  e l u t e d  r a d i o a c t i v i t y  and was associated w i t h  t h e  major 

absorbance peak a t  280 nrn. Obviously, t h e  mechanism o f  r e t e n t i o n  

o f  Emulgen 911 i n  t h i s  column i s  not based e x c l u s i v e l y  on size,  

perhaps i n v o l v i n g  hydrophobic i n t e r a c t i o n s  w i t h  t h e  bonded phase. 

It was a l so  c l e a r  t h a t  t h e  l abe led  detergent was not  s t r i c t l y  

pure; however, s ince  o the r  s tud ies have been conducted w i t h  

[ HI-Emulgen 911 from t h e  same source, a comparison would be 

poss ib le  o n l y  by us ing  t h e  o r i g i n a l  detergent  sample (? , lo ) .  

3 
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A. 

--- AUFS=0.50/280nrn 
- CPM 

3000 1 I_: 1000 

0 
- 

8 16 

I \  

24 32 40 48 

50,000 

40,000 

30,000 

20,000 

10,000 ,h\. 
u 8 16 

Time (min.) 

Figure 3. H P L C  p r o f i l e  f o r  samples elyted w i t h  buffer/0.5% 
sodium chol a te .  Trace A, [' HI-Emu1 gen 91 1 buffer 
sglut ion.  Trace R, microsomal sample so lubi l ized  i n  
[ HI-Emulgen 911 buffer.  The number 1 designates  
the cytochrome P-450 f rac t ion .  

The  e lu t ion  p r o f i l e  obtained from a sample of r a t  l iver micro- - 
somes so lubi l ized  i n  ["HI-Emulgen 911 and eluted w i t h  0.5% cho- 

l a t e  buf fer  i s  shown i n  Fig. 48. Two d i s t i n c t  a reas  were 

establ ished f o r  the protein sample. Peak 1 ,  from 10 t o  13 m i n . ,  

corresponds t o  the major cytochrome P-450 peak ( labeled 1,  i n  

Fig. 

13-15 m i n ,  contains  o ther  proteins  w i t h  l e s s e r  amounts of heme 

proteins, including cytochrome b5. 

t o t a l  amount of r ad ioac t iv i ty  emerging in  the protein f r ac t ions  

was 12% o f  the recovered rad ioac t iv i ty .  

3B) as  determined by absorbance a t  405 mn (F ig .  ?);  peak 2, 

As shown i n  Table 1, the 

Ry examining the amounts 
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1468 HERNANDEZ AND KOHL1 

I A. 
6. 

40,000 - 

30,000 - 

20,000 - 

10,000 - 

Time (rnin.) 

F igu re  4. HPLC p r o f i l e  f o r  samples e lu ted  w i t h  buffeq/0.5% 
sodium cho la te  0.3% Lubrol  WX. Trace A, [ ' H I -  
Emu1 gen 91 1 b u f f e r  sol  u s i  on; Trace R , m i  crosomal 
sample s o l u b i l i z e d  i n  [' HI-Emulgen 911 bu f fe r .  
number 1 designates t h e  cytochrome P-450 f r a c t i o n .  

The 

recovered f o r  t h e  detergent  peaks (Table 1), peak C shows a 

s i g n i f i c a n t  decrease, r e l a t i v e  t o  blank, i n  cpm content. Peak C 

i s  t h e  major  detergent  component observable by UV and i t  s 

tempt ing t o  speculate t h a t  t h e  detergent e l u t i n g  i n  t h e  p r o t e i n  

f r a c t i o n s  i s  de r i ved  l a r g e l y  f rom t h i s  p a r t i c u l a r  pool. 

whole, 88% o f  t h e  C3H]-Emulqen 911 i s  removed i n  one pass through 

t h e  column; i f  we consider  on l y  the  cytochrome P-450 f r a c t i o n  

(peak 1), c l o s e  t o  96% removal i s  achieved. The e f f i c i e n c y  o f  

t h i s  approach t o  t h e  removal o f  l a r g e  amounts o f  nonion ic  

detergents may be best v i s u a l i z e d  by consider ing t h e  e f f e c t i v e  

As a 
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REMOVAL OF N O N I O N I C  DETERGENT 1469 

Table 1 

Dis t r ibu t ion  of Radioact ivi ty  Obtained by Chromatography of 

C3H]-Ernulgen 911 and Microsomes Solubil ized i n  [3H]-Emulgen 911 

Eluent Relat ive Dis t r ibu t ion  ( 9 5 )  

Sample Buffer Of Recovered Radioact ivi ty  

Peak: 1 - 2 - A B c 
B1 ank A - - 41.4 14.4 44.7 

Microsomes A 4.7a 8.0b 40.7 12.0 35.7 

51 ank B - - 43.4 25.1 21.3 

Microsomes R 3.1 - 47.0 13.7 37.1 

aFraction col lected between 10-13 m i n ,  Figures 2 and 36. 

bFraction co l lec ted  between 13-16 m i n ,  Figures 2 and 36. 

Fraction co l lec ted  between 10-13 m i n ,  Figures ? and 49, C 

load of detergent and the r a t i o  of deterqent  t o  protein before 

and after HPLC. For the microsomal sample, the i n i t i a l  r a t i o  was 

1 ug detergent/5pq protein;  the recovered f r ac t ion  contained 12% 

(30 ug) of the  or ig ina l  detergent load and, assuming 70% as an 

average protein recovery (7,8), a f ina l  r a t i o  of 1 ug 

detergent/30 pg protein.  
3 This remaining 4% [ HI-Emulgen 011 cannot be considered as  

representa t ive  of the extent  o f  binding of this detergent  t o  

cytochrome P-450 s ince  there a r e  numerous o ther  pro te ins  e l  u t i n q  

in  the same f rac t ion .  

cytochrorne P-4501 from rabbi t  lung .  

nmol) i n  0.05% C3H]-Emulgen 911 (220 111 , 170 pg detergent )  gave 

This aspect was invest igated w i t h  p u r i f i e d  

The cytochrome P-450 (0.8 
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1470 IIEIWANDEZ AND KOHL1 

a f t e r  HPLC, using chola te  buf fer ,  a so lu t ion  containing heme pro- 

tein (0.48 nmol by UV analys is  ( 6 ) )  and ['HI-Emulqen 911 (1% of 

recovered l a b e l ,  1.2 y g )  f o r  a f ina l  r a t i o  of 2.5 pg Fmulgen 

9ll/nmol P-450. For Emulgen (311 the average molecular weight i s  

- ca. 900 (3)  which ind ica tes  t h a t  a f t e r  HPLC 2.7 nmol of detergent 

remain bound t o  one nmol of cytochrome P-450. 

3 

The e lu t ion  p r o f i l e  of ["HI-Emulgen 911 when Lubrol WX i s  

incorporated i n  the buffer  (buf fer  R )  i s  shown i n  Fig. 4A. 

w i t h  buffer A ( F i g .  ? A ) ,  three radioact ive peaks a r e  d iscern ib le ,  

except t h a t  now a l l  components a r e  eluted w i t h i n  t he  inclusion 

volume of t h e  column. 

the inclusion volume; f o r  consistency we designate  C the peak 

associated w i t h  s t rong absorbance a t  280 nm, and i n  th is  case it  

elutes before peak A. The d i s t r i b u t i o n  of r ad ioac t iv i ty  i n  Table 

1 shows an increase i n  the cpm i n  peak B w i t h  a concomitant 

decrease in  peak C. T h e  e lu t ion  experiment w i t h  Lubrol WX was 

car r ied  out l a rge ly  i n  o rder  t o  gain information on the nature  of 

t he  in te rac t ion  between Emulgen 911 and the H P L C  bonded phase, and 

about the possible  exchange between nonionic detergents  under the  

chromatographic condi t ions used. Chromatography of the microsomal 

sample w i t h  buf fer  R i s  shown i n  Fig. 4B. 

only peak 1 (Table 1 )  could be quant i ta ted because of t he  s t rong 

t a i l i n g  of peak B. As shown i n  F i g .  4R the peak corresponding t o  

cytochrome P-450, i den t i f i ed  as  1 on the t r ace ,  overlaps p a r t i a l l y  

w i t h  a detergent  peak. 

As 

Peak A s t i l l  designates  the peak e lu t ing  a t  

Under these  condi t ions 

As shown i n  Table 1 ,  only 2% o f  the 
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e l u t e d  r a d i o a c t i v i t y  remains associated w i t h  t h i s  p r o t e i n  f r a c -  

t i o n .  There a re  changes i n  t h e  r e l a t i v e  amounts o f  peak B and 

peak C but  our  i n a b i l i t y  t o  q u a n t i t a t e  p r o t e i n  peak 2 makes ana- 

l y s i s  r a t h e r  uncertain.  The e l u t i o n  experiment w i t h  Lubrol  IdX 

does prov ide a c l u e  as t o  t h e  mechanism o f  a c t i o n  o f  t h e  HPLC 

column towards nonionic  detergents. I n  t h e  absence o f  Lubrol  WX, 

i.e., b u f f e r  A, Emulgen 911 i n t e r a c t s  s t r o n g l y  w i t h  t h e  column 

and e l u t e s  beyond t h e  i n c l u s i o n  volume (Fig. 3A). I n  t h e  pre- 

sence o f  Lubrol  WX, i.e., b u f f e r  B,  Emulgen 911 i s  unable t o  com- 

pe te  f o r  hydrophobic s i t e s  on t h e  column and e l u t e s  considerably  

f a s t e r  (Fig. 4A).  
3 found i n  t h e  d i s t r i b u t i o n  o f  ['HI-Emulqen 911 among b u f f e r ,  

water, and methanol f r a c t i o n s  (see experimental ). With Lubrol  

WX, 91.7% o f  t h e  rad io labe l  was e lu ted  i n  t h e  b u f f e r  f r a c t i o n  

compared t o  519; w i t h  sodium cholate;  i n  t h e  l a t t e r  water (23%) 

and methanol (26%) accounted f o r  a s i g n i f i c a n t  por t ion.  

Oi f ferences i n  t h e  d i s t r i b u t i o n  o f  [' HI-Emulgen 911 among peaks 

A, B, and C (Table 1 )  are a l s o  suggest ive o f  t h e  format ion o f  

mixed aggregates w i t h  Lubro l  WX. I n  a l l  cases t h e  format ion of 

mu1 ti p l  e h i g h  mol ecul a r  aggregates observed i n  t h e  LH-20 proce- 

dure does not  m a t e r i a l i z e  ( 7 ) .  

Support ing evidence f o r  t h i s  mechanism was 

3 

Under both sets  o f  condi t ions,  t h e  removal o f  ['H]-Emulgen 911 

from t h e  microsomal p repara t i on  compares favo rab ly  w i t h  opt imal  

cond i t i ons  repor ted f o r  LH-20 and XAD-:! t reatments which range 

from 50-60%. For t h e  p u r i f i e d  cytochrome P-450 examined, t h e  
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1472 HERNANDEZ AND KOHL1 

r a t i o  ob ta ined  (2.5 pg detergent/nmol P-450) c l o s e l y  approaches 

t h e  op t ima l  va lues  r e p o r t e d  f o r  h y d r o x y l a p a t i t e  (6) .  The reco- 

v e r i e s  o f  heme p r o t e i n  f rom HPLC columns have been demonstrated 

t o  be h i g h  (6,7), and s i n c e  methods a re  a v a i l a b l e  f o r  t h e  e f f i -  

c i e n t  removal o f  sodium c h o l a t e  and Lubro l  WX (5), t h e  approach 

descr ibed he re  has p r a c t i c a l  p o t e n t i a l  i n  t h e  removal o f  t i g h t l y  

bound noni  o n i c  de te rgen ts  f rom p ro te ins .  Exper imental  f a c t o r s  t o  

bear i n  mind a r e  t h e  l o a d  o f  de te rgen t  and c o n c e n t r a t i o n  o f  p ro-  

t e i n  s o l u t i o n ,  both o f  which may a f f e c t  t h e  e f f i c i e n c y  o f  t h e  

procedure. 
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