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PRO EXPERIMENTIS 

Crossed Immunoelectrophoresis:  An Alternative Method for Identification, Quantification and 
Characterization of Membrane Proteins 

Analysis  of m e m b r a n e  prote ins  by  crossed immu n o -  
e lect rophoresis  1 is described.  The me thod  possesses a h igh 
resolving power  2 and  allows enzymat i c  charac te r iza t ion  2; 
bu t  a p roper  analysis  of m e m b r a n e  componen t s  has  been 
h indered  by  dena tu ra t i on  or incomple te  solubil izat ion 
toge the r  wi th  unspecif ic  p rec ip i t a t ion  in the  gel 4-6. In  
the  presence  of a solubil izing agent ,  obs t ruc t ion  of the  
immunoreactioI1 m a y  also occur. However ,  non-ionic  
detergents ,  w i th  which a high degree of solubil izat ion of 
m e m b r a n e  pro te ins  is possible,  do no t  p reven t  the  ant i -  
gen -an t ibody  reac t ion  or grea t ly  affect  the  ac t iv i ty  of 
enzymes  la, 3,7, 8 

H u m a n  e ry th rocy t e  m e m b r a n e s  9 were solubilized by  
repea ted  t r e a t m e n t  w i th  a solut ion conta in ing  0.0038 M 
T r i s  and 0.01 2VI glycine (pH 9.2, 5~ and 1% Berol 
EMU-043. The degree of solubil izat ion obta ined  wi th  th is  
and  o ther  non-ionic  de te rgen ts  (Tri ton X-100, Lubrol  
W X ,  Nonide t  P 40) has been found to be 95-99% 10 
W i t h  Berol the  same resul ts  were found for m e m b r a n e  
prote ins  of ox, pig, dog, cat, rat ,  and rabb i t  e ry throcytes .  
The pro te ins  of bovine  milk fat  globule membranes ,  
isolated by  cen t r i fuga t ion  f rom bu t t e r  milk and b u t t e r  
se rum n (obta ined af ter  churn ing  a sample  of washed  

cream from pooled milk 12) were solubilized in Berol by  
repea ted  t r e a t m e n t  and sonicat ion to an ex t en t  of 50%. 

Crossed Immunoe lec t rophores i s  according to  CLARKE 
and FREEMAN 2 of Berol-solubil ized h u m a n  e ry th rocy te  
m e m b r a n e  proteins ,  f reshly p repa red  or s tored  frozen 
(--20~ d e m o n s t r a t e d  up to 20 prec ip i ta tes  when  the  
de te rgen t  was incorpora ted  in the  gel (Figure 1). E x a m i n a -  
t ion  of 12 m e m b r a n e  p repara t ions  revealed t h a t  the  
p a t t e r n  of p rec ip i t a t ion  arcs was reproducible  when  the  
same ba t ch  of an t ibodies  was used 10. Each  prec ip i ta te  was 
ident i f ied by  1. its e lec t rophore t ic  migra t ion  relat ive to  
t h a t  of a lbumin  (Figure 1), 2. its s ta in ing in tens i ty  and  
3. its individual  shape.  Thus,  a n u m b e r  could be assigned 
to  each prec ip i ta te  and the  p a t t e r n  used as a reference 
(Figure 1). The ant ibodies  were raised in rabbi ts la ,  1~ and 
caused prec ip i ta t ion  of all solubilized prote in .  Due to 
in terac t ion  be tween  the  solubilized mater ia l  and  some 
serum prote ins  la, it  was necessary  to  pur i fy  the  ant i -  
bodies la. 

The immunoe lec t rophore t i c  me t h o d  is quan t i t a t ive ,  as 
the  area de l imi ted  by  a p rec ip i ta t ion  arc is p ropor t iona l  
to the  appl ied  a m o u n t  of an t igen  2. The m e t h o d  is also 
very  sensi t ive:  as l i t t le  as 0.1 [zg of e ry th rocy te  m e m b r a n e  
pro te ins  gave well-defined prec ip i ta tes  af ter  Coomassie 
Bri l l iant  Blue staining.  Using samples  s tored  frozen, t he  
day - to -day  reproducib i l i ty  of the  method ,  as measured  by  
var ia t ion  of the  areas out l ined by  the  prec ip i ta t ion  arcs, 
was near ly  as good as t h a t  ob ta ined  by  using serum 
pro te ins  lb, 10. 

Apply ing  the  same technique,  the  solubilized pro te in  of 
milk fat  globule m e m b r a n e s  revealed a p rec ip i t a t ion  of 
abou t  13 d is t inguishable  prec ip i ta tes  (Figure 2). The 
prec ip i ta tes  were no t  so well def ined as for e ry th rocy te  
m e m b r a n e  proteins ,  bu t  the  p a t t e r n  was concordan t  for 4 
d i f ferent  prepara t ions .  

The membrane-spec i f ic  origin of the  prec ip i ta tes  was 
es tabl ished by  use of ant ibodies  agains t  h u m a n  serum and  
bovine  whey  (Dakopat t s  A/S, Copenhagen) (Figures 1 and 
2) 1o 

Fig. 1. Crossed immunoelectrophoresis of human erythrocyte 
material at pH 8.9 (16~ (Tris 0.038 M, glycine 0.01 M) in 1% 
agarose gels (Litex, Batch 060, Glostrup, Denmark) containing 1% 
(w/v) Berol EMU-043 (MoDoKemi, Stennungsund, Sweden). A 10 ~I 
sample containing 36 ~g of solubilized membrane protein was sepa- 
rated by applying 10 V/cm for 70 mill (anode to the right). Sub- 
sequently the antigens were subjected to electrophoresis through an 
antibody-containing gel with 41 ~g/cm 2 by applying 3 V/era for 
16 h (anode at top). The fixed and Coomassie Brilliant Blue stained 
proteins of the first dimension electrophoresis are inserted by photo- 
montage. 16 different precipitation lines were seen on the original 
plate. Precipitate No. 1 represented a split product of No. 16. No. 2 
was identified as albumin by intermediate gel technique 1o. Pre- 
cipitates Nos. 6-12 correspond to Spectrin 16. Aeetylcholine esterase 
activity was found where line No. 20 is inserted s. 

1 a O. J. BJERRUM and P. LUNDAHL, b B. WEEKE, c N. AXELSEN~ 
d N. HARBOE and A. INGILD, A Manual o] Quantitative Immuno- 
electrophoresis. Methods and Applications. (Eds. ]?~ H. AXELSEN, 
J. KROI/L and B. WEEKE; Universitetsforlaget, Oslo, Norway 
1973), ~ p. 139, b p. 47, o p.'71, a p. 161. 

2 H. G. M. CLARKE and T. FREEMAN, Protides Biological Fluids 
(Ed. H. PETERS; Elsevier, Amsterdam 1966), vol. 14, p. 503. 

3 F. BLOMBERG and P. PEARLMANN, Expl Cell Res. 66~ 104 (1971). 
4 M. D. POULIK and C. BROI% The Red Cell Membrane (Eds. G. A. 

JAMIESON and T. J. GREENWALD; Lippineott, Philadelphia, Pa. 
1969), p. 131. 

5 C. HOWE, O. O. BLUMENFELD, L. T. LEE and P. C. COPELAND, 
J. Immun. 706, 1035 (1971). 

6 Z. NE'EMAN, I. I{AHANE, J. KOVARTOVSKY and Z. RAZIN, Biochim. 
biophys. Acta 265, 255 (1972). 

7 D. M. MILLER, Biochem. Biophys. Res. Commun. 40, 716 (1970). 
s H. DEMVS and E. MEHL, Biochim. biophys. Aeta 271, 148 (1970). 
9 j.  T. DODGE, C. MITCHELL and D. I. HANAtIAN, Arch. Biochem. 

Biophys. 700, 119 (1963). 
x00. J. BJEREU~ and P. LUNDAHL, Biochim. biophys. Acta 342, 

694 (1974). 
11 j .  R. BRUNNER, Fundamentals o] Dairy Chemistry (Eds. B. H. 

WEBB and A. H. JOHNSON; Avi. Publ. Co., Inc. Westport, Conn. 
1965), p. 144. 

12 S. HAYASHI and L. M. SMIT~, Biochemistry d, 2550 (1965). 
13 j.  RAMLAU and O. J. BJEKKUM, unpublished results. 



832 Specialia EXPERIENTIA 30/7 

For  the  two  m e m b r a n e  sys tems  under  invest igat ion,  
the  resolving power  of crossed immunoe lec t rophores i s  is 
similar to t h a t  of the  widely-used SD S po lyacry lamide  gel 
electrophoresis,  the  former  m e t h o d  giving 20 and 13 
prec ip i ta tes  for the  two systems,  respect ively,  in compar i -  

son wi th  16 and 12 major  bands  when  using the  la t te r  14, 15 
However ,  the  separa t ion  obta ined  wi th  the  two me t h ods  
differs, as it is based on di f ferent  molecular  propert ies .  
This has been  clearly d e m o n s t r a t e d  for the  e ry th rocy te  
m e m b r a n e  pro te in  Spectrin,  which appears  as two bands  
in SDS-gel  e lectrophoresis  bu t  reveals at  least  7 precipi ta-  
tes by  quan t i t a t i ve  immunoelec t rophores i s  (Figure 1)1~ 
Thus, these  me thods  supp lemen t  each other ;  and immuno-  
chemical  examina t ion  of m e m b r a n e  prote ins  separa ted  by  
p repa ra t ive  SDS-gel  e lectrophoresis  is in progress.  

Zusammen/assung .  Das Ergebnis  der Ant igen-Ant i -  
k6rper -Kreuze lek t rophorese  yon Memb ran p ro t e i n en  aus 
E r y t h r o c y t e n  und  Fet tki igelchenhii l len,  solubil isiert  mi t  
n icht - ionischen Detergenten ,  wird  beschrieben.  

O.J .  ~BJERRUM 17 

The Protein Laboratory, Universi ty  o/Copenhagen,  
34 Sigurdsgade, 
D K - 2 2 0 0  Copenhagen (Denmark), 
28 December 7973. 

Fig. 2. Crossed immunoelectrophoresis of a 100 ~xl sample containing 
145 lzg Berol EMU-043 solubilized membrane proteins from bovine 
milk fat globules. The antibody content of the gel was 10 [zg/em 2. 
11 different precipitates were seen on the original plate. The pre- 
cipitates indicated with arrows were also present in bovine whey 1o 
in very low concentrations. The conditions were as given in the legend 
to Figure 1, except for the agarose used (Batch 091 with lower electro- 
endosmosis). 
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O r g a n o g e n e s i s  in Cal lus  Culture  of Gazania splendens MOORE Induced  on N e w  M e d i u m  

In  v i t ro  cul tures of p lan ts  make  it possible to ob ta in  
mater ia l  of great  breeding value (haploids, diploid isogenic 
lines, polyploids,  gene muta t ions ,  parasexual  hybr ids ,  
etc.) 1, 3. This t ype  of cul ture has  no t  ye t  been used in the  
t r ibe  Arc to t ideae  (Asteraceae) a-5. However ,  the  induc t ion  
of organogenesis  is the  basic r equ i remen t  for t he  applica-  
t ion of the  ill v i t ro  cul ture in this  tr ibe.  

Mature  leaves of the  s t a r t ing  p l an t  (Figure 1) Gazania 
splendens MOORE (Sempra,  Prague) were used as pr imo-  
cultures.  Leaves  steri l ized on the  surface were cut  
ver t ica l ly  to the  pet iole  to  sect ions of 0.25 cm 2, and placed 
by  the  reverse side on a med ium (Table) according to 
MURASI-IIGE and SKOOG ~. The cultures were placed in a 
t h e r m o s t a t  in t he  da rk  a t  25 ~ 

In  about  20 days  the  cu l t iva ted  pieces of the  leaves 
created in the  cent re  calli which grew, and 57-76 days  
af ter  es tabl ishing the  pr imocul tures  t h e y  could be pas-  
saged. Upon  passage on the  same med ium the  calli grew 
quickly and wi th in  14 days  a t t a ined  an average fresh 
weight  of 2 g. They  were cons is tent  and  nodulous,  the i r  
basic colour in the  R.H.C. sys t em 7 was 160 D. They 
showed no signs of organogenesis ,  even when  2, 4-D was 
removed  f rom the  m e d i u m  (Figure 2). 

W h e n  the  calli were passaged on a new med ium des- 
igna ted  N N S  (Table) and placed in a t h e r m o s t a t  in the  

l ight  (25 ~ approx.  7000 lux), organogenesis  took place 
rapidly.  In  7 days  whi te  roots  appeared  on the  calli 
growing heliotropical ly.  Af ter  14 days  a b ranched  root  
sys tem growing geotropicat ly  was formed wh ich  af ter  
10 days  ex p an d ed  in to  the  whole med ium.  At  the  same 
t ime  green buds  appeared  mass ive ly  on the  calli. Af ter  
t rans fe r r ing  the  buds  wi th  a small  piece of callus and a 
few small  roots  again on m e d i u m  NNS,  dark  green 
leaves developed wi th in  4 days  to  2 weeks, cor responding  
morphological ly  to the  young leaves of Gazania splendens 
MOORE. The calli f rom the  5th passage on the  m e d i u m  
according to  MURASHIGE and  SKOOO also re ta ined  fully 
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