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SUMMARY 

Membrane p r o t e i n s  were f r a c t i o n a t e d  e l e c t r o p h o r e t i c a l l y  i n  po lyac ry lam ide  

g e l s  c o n t a i n i n g  e i t h e r  a n i o n i c  o r  c a t i o n i c  d e t e r g e n t  a t  e i t h e r  pH 2.4 o r  8.3. 

I n  a l l  f o u r  systems, po l ypep t ides  m i g r a t e d  as monomers b e a r i n g  t h e  charge o f  

t h e  d e t e r g e n t  i o n  and semi - l oga r i t hm ic  m o l e c u l a r  w e i g h t - - m o b i l i t y  r e l a t i o n -  

s h i p s  p e r t a i n e d .  E l e c t r o p h o r e s i s  o f  e r y t h r o c y t e  membrane p r o t e i n s  i n  these  

systems y i e l d e d  v e r y  s i m i l a r  p r o t e i n  s t a i n i n g  p a t t e r n s  b u t  r e v e a l e d  

s i g n i f i c a n t  d i f f e r e n c e s  i n  s i a l o g l y c o p r o t e i n  m i g r a t i o n .  

The s tudy  o f  membrane p r o t e i n s  has been g i v e n  g r e a t  impetus by t h e  

development o f  methods f o r  e l e c t r o p h o r e t i c  f r a c t i o n a t i o n  o f  po l ypep t ides  

i n  po l yac ry lam ide  g e l s  c o n t a i n i n g  SDS' ( 1 -4 ) .  

been d i r e c t e d  a t  e l u c i d a t i n g  t h e  b a s i s  o f  t h e  f r a c t i o n a t i o n ,  i n t r o d u c i n g  

Numerous i n v e s t i g a t i o n s  have 
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'Abbrev iat ions:  SOS, sodium dodecyl s u l f a t e ;  CTAB, hexadecyl ( " c e t y 1 " ) -  
trimethylammonium bromide; DTE, d i t h i o e r y t h r i t o l ;  BIS, N,N'-methylenebis- 
acry lamide;  TEMED, N,N,N',N'-tetramethylethylenediamine; PAS, p e r i o d i c  ac id - -  
S c h i f f ;  Sta ins-A1 1, 1 - e t h y l  -2-[3- (1-ethy lnaphtho[  1 ,2d] - th iazol  i n - 2 - y l  i dene) -  
2-methyl propenyl  ]naphtha[ 1 ,2d ] - th i  azo l  i um bromide. 

For convenience i n  r e f e r r i n g  t o  t h e  f o u r  g e l  systems, we use S(8.3) 
and C(8.3) t o  denote e l e c t r o p h o r e s i s  a t  pH 8.3 i n  SDS and CTAB, r e s p e c t i v e l y ;  
and S(2.4) and C(2.4) f o r  e l e c t r o p h o r e s i s  a t  pH 2.4 w i t h  SDS o r  CTAB. 
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refinements, and extending the  range of appl ica t ions  (5-14). 

the Mg++-dependent, Na+,K+-stimulated ATPase of the  erythrocyte membrane, 

we wished t o  apply polyacrylamide gel e lec t rophores i s  t o  charac te r ize  the 

i n t a c t  phosphorylated in te rmedia te (s )  of the enzyme (15 ) .  

we developed methods f o r  f rac t iona t ing  detergent-solubilized membranes a t  ptl 

2.4 where the  l a b i l e ,  peptide-bound, acyl-phosphate intermediate exhib i t s  

i t s  maximum s t a b i l i t y .  We found t h a t  e i t h e r  SDS, an anior,ic de te rgent ,  o r  

CTAB,  a ca t ion ic  de te rgent ,  could be incorporated in to  ge ls  a t  concentrations 

of 1%. 

e lec t rophores i s  a t  pH 2.4 and 8.3. In this note we describe the four gel 

systems representing these detergent--pH combinations and compare r e s u l t s  

of t h e i r  appl ica t ion  t o  the  erythrocyte membrane polypeptides. 

In a study of 

For t h i s  purpose 

Both detergents so lubi l ized  membranes and both were compatible w i t h  

METHODS 

Sample preparation. Human erythrocyte ghosts were prepared a s  

described previously ( 9 ) .  Tc suspensions of packed ghosts in 5 mM sodium 

phosphate (pH 8) were added ( f i n a l  concentrations) 0.25 M sucrose,  1 %  SDS 

(Schwarz/Mann No. 2696) o r  CTAB (Eastman No. P5650), and 25-50 mM DTE 

(Sigma No. 08255). 

f o r  15-30 minutes; those containing CTAB were incubated a t  room temperature 

o r  100" as  indicated.  

phosphate (pH 2.4) was added t o  a f ina l  concentration of 50 mM. 

was used as tracking dye i n  SDS systems, amido black i n  CTAB systems. 

Samples containing SDS were normally incubated a t  37" 

For e lec t rophores i s  i n  the  ac id i c  systems, 1 M sodium 

Pyronin Y 

Molecular w e i g h t  markers were s imi l a r ly  prepared, except t h a t  they 

were dissolved i n  10 mM Tris, 1 mM EDTA (pH 8)  and t rea ted  with 100 ml": DTE. 

Gel polymerization and e lec t rophores i s .  The overall  procedure was 

t h a t  of Fairbanks e t  a l .  ( 9 ) .  

given i n  Table I .  

cons is t ing  o f  just  c a t a l y s t  p l u s  detergent a t  t he  concentrations i n  the ge l .  

The ge ls  polymerized i n  15-20 minutes and, a f t e r  40-60 minutes, the  overlay 

Stock so lu t ions  were mixed i n  the order 

A t  the  same time, an overlay so lu t ion  was prepared 
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Table I. Gel Formulas 

Solution vol umea 

1% scs 1% CTAB 
pH 8.3 pH 2.4 pH 8.3b pH 2.4 

ml 
acryl ami de-- BI S (44/1. 5)c 1.4 1.4 1.4 1.4 
20X buffer, pH 8.3a .5 - . 5  - 
20X buffer, pH 2.4e - .5 - .5 
20% (w/w) SDSf .5  .5  - - 
10% (w/w) CTAB - - 1 .o 1 .o 

.5 
H20 
0.5% TEMED - - - 
1.5% ammonium persulfate 1 .o - - - 
0.1% ascorbic acid9 - .8 - .5 
0.003% FeS 4.7H20g - .8 - .5  

- .8 - .5 
- - 3.0 0.0025% riboflavin - 

6.1 5.2 4.1 5.6 

0.03% H202 R 

aTo make 10 ml of solution containing 5.6% acrylamide. 
bPhotopolymeri zed. 
c40% (w/v) acrylamide, 1.5% (w/v) BIS; deionized (9). 
d1.78 M Tris, 1.78 Fil boric acid (PH 8.31, 0.05 M EDTA, 

0.2 M Na H+NaH2)P04 (pH 8.3). 
'1 6 (H3+NaH2)P04 (pH 2.4). 
fSchwarz/Mann No. 2696 in samples and gels, Katheson, Coleman and Bell 

No. DX2490 T7003 in the tray buffers. 
SFreshly prepared. 
hFresh dilution from 30% stock solution. 

was replaced with tray buffer. All gels were then allowed to "cure" for at 

least 18 hours at room temperature. 

The results obtained with these systems are strongly dependent on the 

conditions of polymerization. 

ammonium persulfate--TEMED (as in the S(8.3) system) has been discussed (9). 

The three "new" systems are more variable in their polymerization. 

and Raymond (16) suggested the ascorbic acid--ferrous ion--peroxide catalyst 

(a modified Fenton's reagent) for acidic gels; success with it requires 

fresh solutions. 

precipitated ammonium persulfate and the ascorbic acid--ferrous ion--peroxide 

reagent was non-functional at the higher pH. This system was the least 

Optimization for SDS gels polymerized with 

Jordan 

The C(8.3) gels had to be photopolymerized because CTAB 
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Figure 1 .  Calibration curves f o r  molecular weight estimation. Gels 
contained 5.6% acrylamide with 1% SDS o r  CTAB a t  pH 2.4 or 8.3,  as indicated.  
The protein standards were highly pur i f ied  products of Schwarz/Mann and 
Worthington: ( 1 )  6-galactosidase; ( 2 )  phosphorylase a ;  ( 3 )  bovine serum 
albumin; ( 4 )  human y-globulin, heavy chain; ( 5 )  ovalbumin; ( 6 )  chymotrypsino- 
gen; ( 7 )  human y-globulin, l i g h t  chain; (8)  myoglobin; ( 9 )  cytochrome c .  

reproducible: In addition t o  out r igh t  f a i l u r e s  t o  polymerize, we encountered 

i r r e g u l a r i t i e s  in most ge l s  t h a t  caused band d i s to r t ion .  

The t r ay  buffers contained detergent and buf fer  a t  the  same concentra- 

t i ons  as i n  the ge l s .  

volts/cm). 

1.5-3 hours. 

t op ) .  W i t h  the C(2.4) system, a yellow e l e c t r o l y s i s  product formed a t  the  

anode; anti-convection ba f f l e s  prevented i t  from reaching the  ge l s .  

Electrophoresis was performed a t  80 vo l t s  (about 8 

The r u n n i n g  times f o r  75 mm tracking dye migration varied from 

The CTAB ge ls  were run w i t h  reversed po la r i ty  (anode a t  the 

Fixation and s ta in ing .  SDS gels were stained with coomassie blue 

in 25% isopropyl alcohol--10% a c e t i c  acid ( 9 ) .  

be applied d i r e c t l y  t o  CTAB ge ls  because f ixa t ion  was inadequate and a 

This procedure could not 
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Figure 2. Electrophorograms o f  human ery th rocy te  membrane pro te ins .  About 
30 pg o f  p r o t e i n  was app l ied  t o  each gel .  
a t  room temperature. 
bu t  were prepared separately:  One ( r i g h t )  was incubated f o r  1 minute a t  
l o o o  a f t e r  add i t i on  o f  DTE and CTAB (pH 8) bu t  before add i t i on  o f  pH 2.4 
b u f f e r .  
room temperature. 

pe rs i s ten t  detergent--dye complex was formed. 

f i x e d  by 30 minute immersion i n  co ld  25% isopropy l  alcohol--15% TCA, and 

were then soaked i n  25% isopropy l  alcohol--10% ace t i c  a c i d  overn igh t  and 

i n  10% isopropy l  alcohol--10% ace t i c  ac id  f o r  about 6 hours. 

they were t rea ted  as SDS gels,  except t h a t  the  i n t e r v a l  i n  s t a i n  was 

shortened t o  two hours. 

The C(8.3) sample was s o l u b i l i z e d  
The C(2.4) samples were from the same membrane batch 

Two samples (second and t h i r d  from the r i g h t )  were s o l u b i l i z e d  a t  

CTAB gels were the re fo re  

Subsequently, 

Glycoprotein bands were detected by s t a i n i n g  ge ls  by the  PAS method 

( 9 )  o r  w i t h  S ta ins-A l l  (Eastman 2718--ref. 17). 

RESULTS 

Electrophoresis o f  p r o t e i n  molecular weight standards i n  the  f o u r  

systems y ie lded  the  c a l i b r a t i o n  curves shown i n  Figure 1. I n  each case, the 

70 



VOL. 1, NO. 1 JOURNAL OF SUPRAMOLECULAR STRUCTURE 

Table 11. Apparent Mo lecu la r  Weights o f  E r y t h r o c y t e  Membrane Po lypep t ides  
i n  Four Gel Systems. 

Component Mo lecu la r  Wei g h t a  

1% SDS 1% CTAB 
pH 8.3 pH 2.4 pH 8.3 pH 2 .4  

I, I 1  
I11 

I V  
V 

V I  

>200,000 '200,000 > 200,000 > 200,000 
95,000 105,000 104,000 104,000 

82,000 81,000 78,000 87,000 
44,000 41,000 38,000 39,000 
38,000 34,000 33,000 35,000 

(86,000)b (84,000) 

SGPc 87,000 53,000 62,000 52,000 

aEst imated f rom semi - l oga r i t hm ic  approx imat ions t o  mo lecu la r  we igh t - -  

bApparent m o l e c u l a r  we igh t  o f  I11 a f t e r  b o i l i n g  i n  1% CTAB a t  pH 8. 
CThe predominant, PAS-posi t ive,  s i a l o g l y c o p r o t e i n  band. 

m o b i l i t y  c a l i b r a t i o n  curves,  as shown i n  F i g u r e  1. 

system, SGP corresponds t o  PAS-1 o f  Fa i rbanks e t  a1 (9) .  
I n  t h e  S(8.3) 

s tandards e x h i b i t e d  m o b i l i t i e s  c o n s i s t e n t  w i t h  d i s s o c i a t i o n  o f  t h e  reduced 

po lypep t ides  t o  min imal  covalent ly-bound s u b u n i t s  and t h e  r e l a t i o n s h i p  

between m o b i l i t y  and t h e  l o g a r i t h m  o f  mo lecu la r  w e i g h t  c o u l d  be approximated 

by a s t r a i g h t  l i n e  i n  t h e  range 15,000-130,000 d a l t o n s .  

Electrophorograms o f  e r y t h r o c y t e  membrane po lypep t ides  i n  t h e  f o u r  g e l  

systems revea led  s t r a i g h t f o r w a r d  homologies i n  t h e  d i s t r i b u t i o n s  o f  s i x  

ma jo r  bands ( F i g u r e  2). 

by separate e l e c t r o p h o r e t i c  a n a l y s i s ,  i n  each system, o f  f r a c t i o n s  prepared 

by s e l e c t i v e  e l u t i o n  (9).  

i n  t h e  same o r d e r  ( F i g u r e  2) and e x h i b i t  about  t h e  same apparent  m o l e c u l a r  

we igh ts  (Table 11). 

r e f l e c t e d  i n  t h e  mo lecu la r  w e i g h t  data.  For  example, i t  i s  c h a r a c t e r i s t i c  

o f  t h e  S(2.4) and C(8.3) systems t h a t  t h e y  y i e l d  g r e a t e r  s e p a r a t i o n  o f  

bands I11 and I V ;  and t h e  C(2.4) system always shows r e l a t i v e l y  poor 

s e p a r a t i o n  o f  V and V I .  

The i d e n t i f i c a t i o n  o f  these components was conf i rmed 

I n  t h e  f o u r  systems these ma jo r  components appear 

The p a t t e r n s  show some c o n s i s t e n t  d i f f e r e n c e s  t h a t  a r e  
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The g l y c o p r o t e i n  p a t t e r n  i n  t h e  S(8.3) system was i d e n t i c a l  t o  t h a t  

The predominant s i a l o g l y c o p r o t e i n  band (SGP i n  p r e v i o u s l y  desc r ibed  ( 9 ) .  

Table 11) l i e s  between components I11 and I V Y  where i t  i s  p a r t i a l l y  obscured. 

I n  t h e  o t h e r  t h r e e  systems, t h e  p r o p o r t i o n  o f  g l y c o p r o t e i n  s t a i n  i n  one band 

i s  h i g h e r  and t h i s  predominant component m i g r a t e s  w e l l  ahead o f  I V  i n  a 

r e g i o n  o f  r e l a t i v e l y  l ow  coornassie b l u e  s t a i n i n g  i n t e n s i t y .  

t h e  apparent  mo lecu la r  we igh t  o f  SGP i n  t h e  S(2.4), C(2.4), and C(8.3) 

systems i s  up t o  40% lower  than  t h e  e s t i m a t e  made w i t h  t h e  S(8.3) system 

(Table 11). Al though t h e  s i a l o g l y c o p r o t e i n  has a u n i q u e l y  h i g h  s i a l i c  a c i d  

c o n t e n t  (18) ,  i t  e x h i b i t s  a n e t  p o s i t i v e  charge i n  the  presence o f  CTAB; no 

d e t e c t a b l e  p r o t e i n  o r  PAS-posi t ive m a t e r i a l  m i g r a t e d  toward t h e  anode i n  

t h e  C(2.4) system. 

Acco rd ing l y ,  

F i g u r e  2 i n c l u d e s  t h r e e  examples o f  t h e  f r a c t i o n a t i o n  o f  t h e  membrane 

p o l y p e p t i d e s  i n  t h e  C(2.4) system. 

degrees of a t t e n u a t i o n  i n  t h e  i n t e n s i t i e s  o f  bands I and I 1  coupled w i t h  t h e  

appearance of numerous fas te r -mov ing  bands. 

of p r o t e o l y t i c  deg rada t ion  (19) .  

of t h e  CTAB samples i s  dropped t o  2.4. 

i nc reases  t h e  s e v e r i t y  o f  t h e  a r t i f a c t .  I d e n t i c a l  samples h e l d  a t  pH 8 f o r  

a n a l y s i s  i n  C(8.3) g e l s  show no such degrada t ion .  Furthermore, when CTAB- 

s o l u b i l i z e d  membranes (pH 8 )  a r e  b r i e f l y  i ncuba ted  a t  100" b e f o r e  a d d i t i o n  

o f  t h e  pH 2.4 b u f f e r ,  wholesale deg rada t ion  i s  prevented (see g e l  a t  r i g h t ,  

F i g u r e  2 ) .  

These were s e l e c t e d  t o  i l l u s t r a t e  v a r y i n g  

T h i s  p i c t u r e  i s  c h a r a c t e r i s t i c  

We b e l i e v e  t h a t  i t  takes p l a c e  a f t e r  t h e  pH 

Hea t ing  t h e  samples a t  t h i s  s tage  

The 100" t rea tmen t  a l t e r s  t h e  m o b i l i t y  o f  band 111, which then  ove r laps  

I V  ( F i g u r e  2, r i g h t ) ,  as i f  i t  had sus ta ined  a r e d u c t i o n  i n  s i z e  o f  about  

20,000 d a l t o n s  (Table 11). T h i s  t r a n s f o r m a t i o n  c l e a r l y  takes  p l a c e  a t  t h e  

h i g h e r  pH, because a s i m i l a r  s e l e c t i v e  band s h i f t  i s  seen i n  co r respond ing  

C(8.3) g e l s  (Tab le  11). 

by an i nc rease  i n  t h e  i n t e n s i t y  o f  band V I .  

I n  t h i s  case, t h e  s h i f t  i n  I11 i s  u s u a l l y  accompanied 

T h i s  c o u l d  r e f l e c t  r e l e a s e  o f  a 
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can be seen in C(2.4) ge l s .  

However, no evidence of the 

prepara ion procedure had no e f f e c t  on s ia lo-  

2.4) and C(8.3) systems. 

DISCUSSION 

iza t ion  and f r ac t iona t ion  of membrane proteins 

nding of detergent anions by the proteins.  

a r e  extensively disrupted t o  produce polypeptide monomers 

ve charge (20) .  

In te r -  and 

In sieving ge ls  these complexes exh ib i t  

a r e  r e l a t i v e l y  independent of var ia t ions  i n  polypeptide compo- 

s i t i o n  b u t  bear a uniform re l a t ion  t o  molecular s i z e  (4,5,7,8,12).  

suggest t h a t  the  pr inc ip les  underlying separation i n  neutral  o r  a lka l ine  SDS 

ge ls  a r e  a l so  operative a t  pH 2.4 and a re  expressed in  a complementary 

fashion in the ca t ion ic  detergent.  

Our r e s u l t s  

The divergence of the estimates of sialoglycoprotein molecular weight 

probably r e f l e c t s  d i f fe rences  i n  the  mode of in te rac t ion  of the two detergents 

with the  ac id i c  polysaccharide moieties,  which cons t i t u t e  two-thirds of the 

molecule (18). 

weight c lose  t o  published determinations on the  pur i f ied  protein (18,Zl).  

Glossmann and Neville (14) reported t h a t  several glycoproteins of high carbo- 

hydrate content migrated with inappropriately low mobi l i t i es  i n  ca l ibra ted  

A s imi la r  e f f e c t  may be expressed in the S(8.3) system 

The s ing le  band seen i n  C(2.4) ge ls  had an apparent molecular 

ne SDS gels .  

overestimation of the sialoglycoprotein molecular weight. 

The poten t ia l  f o r  degradation a r t i f a c t s  i n  CTAB i s  g rea t .  We have n o t  

applied these methods t o  other membranes, so the  scope of the problem i s  

unknown. In the  case of the erythrocyte membrane, the  a r t i f a c t  probably 

r e s u l t s  from associated pro teo ly t ic  a c t i v i t i e s ,  e i t h e r  i n t r i n s i c  (22-24) o r  

derived by contamination from other blood elements ( 9 ) .  We have shown t h a t  
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i t  can be controlled by boiling 

t o  heat inac t iva t ion  a t  pH 2.4. 

The s h i f t s  in band I11 mob 

JOURNAL OF SUPRAMOLECULAR STRUCTURE 

n CTAB a t  pH 8 b u t  i s  remarkably r e s i s t a n t  

l i t y  deserve fu r the r  study. This protein i s  

of pa r t i cu la r  interest because i t  spans the  membrane (19,25) and i s  l ipo- 

ph i l i c  (9 ,26) .  

enzymatic s c i s s ion  of a covalent bond, disaggregation, o r  conformational change. 

Considering the  convenience, r e l i a b i l i t y  and h i g h  reso lu t ion  of the 

The band s h i f t s  might represent  s e l ec t ive  pro teo lys i s ,  non- 

neutral  and a lka l ine  SDS gel systems, i n  their various forms, i t  i s  well t o  

ask i f  the  three  "new" systems we have described o f f e r  any advantages t h a t  

warrant t h e i r  use. 

capr ic ious ;  r e s u l t s  with i t  were included la rge ly  f o r  symmetry in the  presen- 

t a t ion .  On the o ther  hand, we have already demonstrated a requirement f o r  

the  S(2.4) system in analyzing the unstable phosphopeptide in te rmedia te (s )  

of the  Na+,K+ t r anspor t  ATPase (15) .  

because i t  y i e lds  the  best separation of major components. 

system af fords  ready i so l a t ion  of the  the  sialoglycoprotein as a s ing le  

e lec t rophore t ic  species well separated from other  major components. In 

addi t ion ,  we suggest,  f o r  the reasons discussed above, t h a t  i t  may prove 

t o  be a more accurate method f o r  determining the molecular weights of 

ac id i c  glycoproteins in general .  

Clear ly ,  the  C(8.3) system in i t s  present form i s  too 

The same system i s  a t t r a c t i v e  a l so  

The C(2.4) 
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