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S U M M A R Y  

I). Erythrocyte membrane protdns eluted with Triton X-100 or dilute EDTA 
have been separated two-dimensionally by isoe~ctric focusing in polyacr~amide 
gels containing I ~o Triton X-100 plus 8 M urea, followed by e~ctrophoreMs using 
sodium dodecyl sulfate. Characteri~ic pa~erns, conM~ent among 40 heahhy donors, 
were obt~ned. 

2. The resulting pa~erns contain at least 30 components. The '%pectfin'" 
components ~odium dodecyl sulfate Bands 1 and 2) focus in the same pH range. 
Other membrane components giving sin~e bands in sodium dodecyl sulfate electro- 
phoresis appear to be heterogeneous. 

3. Triton X-100, but not EDTA, extracts the prindpal membrane glyco- 
proteins and the m~or "intrinfi~' protein. Otherwise, proteins preferenti~ly eluted 
by EDTA extract poo~y with Triton X-100 and vice versa. 

4. Membrane glycoprotdns migrate anodally during dectrofocusing and can 
be purified in a simple, one-step procedure. 

I N T R O D U C ~ O N  

Merz et al. [1] and Miner and Heston ~] have pm~ous~ p~sented e~dence 
suggesting that one might separate erythrocy~ membrane pro~ins or insMuNe 
brain proteins by ~e~rofocusing in pMyacr~am~e gds contNNng 8 M urea plus 
~] or minus [1 ] Triton X-10~ Membrane pro~in anMysis can be fu~her improved 
by comN~ng so.urn dodec~ sulfate-pMyacryNmide gel de~rophores~ with 
de~rofocusin~ We have pre~ou~y described this approach for the anMysis of EDTA- 
e~ra~able membrane proteins of human erythrocytes ~] and ha~e now exWnded 
it to pro~ins req~ring d~ergents for elution. A prdiminary ~po~ on tNs topic 
has been presented ~1- TNs commuNcafion dens wRh the comparative anNysis of 
the pro~ins extra~ed ~om human erythrocyte ghosts by EDTA or Triton X-100. 
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We d e m o n ~ m ~  that the pro~in composNon of erythrocy~ membmn~ is con- 
s id~aNy morn comNex than s u g g ~ d  by simNe p d y a ~ a m i d e  electrophoresis 
in sodium dodecyl sulN~. We also show that dilute EDTA elutes Nmost all promin 
entries from ~ h r o c ~ e  ghosts other than the 'qntrin~c" and m ~o r  membrane 
Nycoprotdns. 

MATERIALS AND METHODS 

UNe~ otherwise stated, we obtained all chem~Ns and Nochem~Ns from 
Serva (HddelbergL Boeh6n~er (Mannhdm) and Merck (Darm~adt).  Carrier 
ampholines of pH range 3.5-10.0 were purchased from LKB (UppsNa~ 

Erythrocy~ ghosts and EDTA extracts were prepared as in reE 3. For Triton 
ex~action, 540-pl aliquots of membrane suspenfions (protein concentration 4 5 
mg/ml) in 5 mM phosphate buffer, pH 8.0, were mixed with 60 pl 20 '~; (v/v) Triton 
X-100 (Serva, sNnfiHation grade), kept at room ~mperature for 5 rain, and then 
centrifuged at 1.2 • 107 9 " min (Spinco M~acentfifuge L2-653, rotor SW 50.1, 0.8-ml 
adapter~ The supernatants, designated the "T6 ton  ex t r a~f ' ,  were directly utilized 
for de~rofocus in~ 

Gels for e~ctrofocusing experiments (0.5 cm diam~e~ 9 cm height), 4 '~,, in 
acr~amide crossdinked to 2.5 ~ with N,N~meth~eneNsacrylamide, c o n t ~ n g  1 3a 
Triton X-100, 8 M urea, 10 ~ sucrose and 2 ~ amphdines were p~pared as in reL 4. 
Gel mixtures were filtered through M ~ p o r e  filters ("Millex" dNposab~ filter unit, 
M~iporm Buc, France), cast into glass tubes, and imme~atdy  oveHayered with 
• ~fl~d wa~r. Pdymerisation took place within 15 min at room ~mperature and 
gels were ready for use imme~atdy  thereafie~ 

The anodal buffer in dectrofocus~g was 0.05 M H 2 S O a ,  which was deaerated 
before use [l,3J. The cathod~ (upper) buffer was 0.03 M NaOH. Befo~ a p ~ a t i o n  
of samples, we g e n e r ~  premlectrophoresed for 15 30 min at 0.5 mA/gel to remove 
residual p e ~ f a t e  from the gel origins: omi~ing this ~ep did not affect our two- 
dimension~ pa~erns. Ele~rofocudng was performed in a cold room at 5 °C. 

EDTA extracts were made 2 ~ in Triton X-100. Sucrose was added to all 
samples to fin~ concentrations of 15-20)~. It was not necessary to add urea or 
ampholines to the sam~es, or to place an amphdine layer over the sam~es. We 
applied samples to the cathodal ends of the gels by undeHayefing the buffer, using a 
500-1d sy~nge {Hamilton~ Du~ng the fi~t 2 h of dec t rofocu~n~ we kept the 
current at 0.5 mA/gel. The voltage g r a d u ~  rose during this time. When voltage 
reached 25 V/cm, de~rofocusing was continued at this voRage for another 12-15 h. 
Lengthe~ng of de~rofocusing time to 24 h at 25 V/cm did not change the two- 
• mension~ pa~ern, but was avoided to minimize decay of pH gradients. Varying 
the amount of pro~in applied during e~ctrofocusing from 0.1 1.0 mg did not result 
in changes in the two-dimension~ de~ropherogram~ For optim~ ~ n i n g  patterns, 
approx. 0.5-0.8 mg pro~in was applied. 

Following de~rofocus in~  we measured pH gradien~ in two ways: (a) gel 
rods were se~ioned into 5-mm slices, which were soaked for 2 h in 1 ml deaerated, 
distil~d wa~r. The pH of these sam~es were then determined at room ~mperature;  
(b) pH gradients were measured direcgy with a contact pH electrode at 2-ram 
i n , r y e s  and at 4 °C. Both m~hods yielded similar pH gradients. The pH values are 
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not absolute because of the presence of urea; it is not our objective to pre~sely define 
the pI values of diverse membrane protNns. 

Two-dimen~onM dec~ophore~s  was performed as before ~]  using a mulfiMab 
apparatus [5] modified for use with sodium dodecyl s~fate as in re£ 6. The use of 
sho~er (9 cm) gels in ~ectrofocusing doubled the capacity of  the apparatus and 
allowed us to run 10 different two-dimensional separations at a time. We have also 
sho~ened the dectrophoresis in the second dimension and now terminate sodium 
dodecyl sulfate e~ctrophore~s after the tracker dye (Pyronin G) has migrated 9 cm 
into the gel. The time for dectrophores~ in the second dimension is about 4.5 h at 
100 mA/gel slab (approx. 70 V). Instead of attaching the firs~dimension gels to t~e 
slabs by polymerisation with 5 ~; acr~amide [3], we replaced the acrylamide with 
fluid agarose dissolved in Nectrophores~ buffer and contNning 1 ~ sodium dodecyl 
sulfate: this procedure is faster and equally as effective. 

Unidirectional sodium dodecyl sulfate gel e~ctrophores~ was performed as 
in reK 7. Electrophore~s buffer was 0.04 M Tris, 0.02 M sedium acetate, 0.002 M 
EDTA, pH 7.4, contNning I '~,~, sodium dodecyl sulfate. 

StNning was as in re~ 3, except that ampholines were removed using 50 "~,, 
methanol (12 h). Acetic acid in the fixative led to precipitation of ampholines in the 
gels, which retarded their removal. The first staining solution was 0.05 ~ Coomass~ 
Brilliant Blue (G-250, Serva) in 25 ~ isopropanol. A~er 4-6 h in this solution, gels 
were ~ansferred to 0.0025 ~ Coomass~ in l0 ~ isopropanol/10'J,,~ methanol for 
another 3-4 h, and then destained overnight in 20 '~ methanoUl0 ~,~, acetic acid and 
preserved in 10 ~i, acetic acid. Con~ol expedments showed that omi~ing acetic acid 
in the fixative and staining solutions did not result in removal of proteins from the 
gels. Staining for Nycoproteins with pefiodate-Schiff was as in re~ 7. 

RESULTS 

Fig. I shows the elec~ophoretograms obtained by simNe sodium dodecyl 
sulfa~ gel electrophoresis of normal, untreated human erythrocyte ghosts (a), their 
EDTA extracts (bL th~r  Triton extracts (c) and a mixture of(b)  and (c) (Gd dL Proton 
bands are numbered in order of decreasing molecMar weight as in t e l  3. As shown 
before, EDTA extracts pfin~pM~ the more wate~sduNe membrane protdns, i.e. 
the "spe~fin"  Bands I and 2, Band 5 and a number of other minor components in 
the regions of Bands 3, 4.1-4.3, 7 and 8 [3, 7-9]. In contrasL as Mso recently shown 
by Yu et al. [10], Triton X-100 s e ~ i v d y  extracts primari~ the Nycopromins and 
the m ~ or  Nntfin~&' pro~in (Band 3, [10-15]) under our conditMns, leaving the 
bulk of w a ~ s N u N e  pro~ins ~ p e c t r i ~ '  and Band 5) in the pellet. Mixtures of the 
extracts (Gel d) yield ~e~rophoretograms which are Mmost identical to that of 
untreated membranes (Gel a). The mixture thus seems to contain most, if not all 
erythrocyte membrane pro~ins. 

Pefiodat~ScNff staining showed that all Nycopro~ins were present in Triton 
ex~a~s,  but were ~ u M ~  absent in EDTA extracts. 

lsoNectfic focusing of the same samNes (b-d) showed patterns similar to 
those obtained pre~ouMy ~]. Most membrane promins focus between pH 4.5-6.5 
in this sys~m. However, the focusing patmrns are very complex, with nea~y 40 bands 
in each gel. We find it difficult to interprN data on the basis of  Ne~rofocu~ng alone. 
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Fig. 1. S o ~ u m d o d ~ s u l ~ g e l e ~ m p h o r ~ o ~ a m s o f h u m a n e r y t h r o c y t e m e m ~ a n ~ a n d t h e i r  
deNva~ve~ ~ W ~  ~ (b) gDTA extract. ~ )  TNton extract. ~ )  M ~ t u ~  of ~DTA and T~ton 
ex~act. NumbeNng of componems ~om top to bottom in order of d ~ i n g  apparent m M ~ u ~ r  
weight. ~ N N n ~  C o o m ~ e  B ~ l ~ m  Blue. 

Two-~mensionM ele~rophores~ ef  EDTA extracts (Fig. 2a) y~lds patmrns 
fimilar to those described previously [3] using urea only. The present experiments, 
where urea was not added to samp~s for dectrofocusin~ improved the r e p r o d u d ~ b  
Ry of dectrophoretograms. In p a ~ a ~  Bands I and 2 focus over a nawower pH 
range (pH 5-6) and Band 5 cons~mnt~ separates into three to four entitie> 

Two-~menf ion~ de~rophores~  of Triton ex~acts (FiD 2b) separams the 
non-glycosyslated component of Band 3, w~ch has an apparent pl  of a~ound ~8-5.0 
Dora the m~ or  membrane glycoprot~n, wh~h migrams to the anod~ gd end during 
demrofocusing (Fig. 2c). There are obvious qu~itative fimihrities b~ween the two- 
• mension~ demrophoretograms of the EDTA and Triton ext ra , s ,  and experiments 
performed wRh mixtures of these sam~es indeed show that ~ u ~  ~1 co~espon~ng 
proton  spo~ in the two ex~a~s represent idenfic~ entities. A t y ~c~  separation 
pa~ern is shown in Fig. 2d. The following points deserve comment. Fir~, the 
'~pectriff '  Bands 1 and 2 wh~h stem Dora the EDTA extract now tend to smear out 
at pH regions slightiy higher than seen in the EDTA extract alone (compare with 
Fig. 2a). Second, the m~or  ~n t r ind~ '  promin and the ~ycoprot~ns  resolve as in 
the pure Triton extrack Third, all promin spots in s o , u r n  dodecyls~fate regions 
• 1 8 ovedap to ~ve b a s ~ l y  the same dectrophomtogram as the EDTA or TrRon 
extract alone. This shows thaL with the exception of the "spectrins", our dectro- 
focufing sy~em functions identically for the ~fferent appl~d sam~es. WRh regard 
to the "spectrins", armfacts may be caused by (a) an intfindc ~ndency of these 
promins to aggregate near thor  iso~ectric points and/or (b) by the presence of lipids 
in a Triton e ~ r a ~  [10] which might potentiate t~s  ~ndenc~  Howeve~ resdufion 
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Fig. 2. Two-dimenMonMelect rophoretogramsof la~ EDTA extract: (b~and ~c~Triton extract: (d) 
mixture of  EDTA and Triton extract. Isoelect~c focusing, left to right: sodium dodecyl sulfate gel 
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of all membrane ~ycoprotons during Oe~rofocusin~ 
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of other pro~ins is not affe~ed. We therefore believe that the separation sys~m is 
suita~e for an~ysis of all erythrocy~ membrane pro~ins with the possible exception 
of the "spe~rin¢ ' .  

We have also de~rophoresed human serum ~bumin, bo~ne panreas DNA- 
ase, ~ucose oxidese, horse skeletal muscle m y o ~ o ~ n  and ho~eradish pero~dase 
t w o -d ime ns ion~ .  All five pro~ins ~ d d e d  sin~e m ~ o r  spots, but addition of urea 
to the samNes sometimes led to formation of two spots in the case of human serum 
~bumin and ~ucose oxidase. Moreove~ we constantly observed i n c o m p ~  mono- 
merisation of ~ucose oxidase and serum ~bumin in second-dimen~on electro- 
phores~. This led to the appearance of di-, ~tra-  and p~ymefic  aggrega~s upon 
de~rophoref is  in the second ~menfion.  Such incompl~e monomefisation should 
~ways be suspected when a series of spots situated ~ r e~ ly  over each other appears 
in the electrophoretograms. T~s  is in fact the case for the m~or  'fintrinfi¢' protein 
~odium dodecyl sulfa~ Band 3, a~ows in Fig. 2b), as well as for hemo~o~n ,  
when present in too high amoun~ [3]. 

DISCUSSION 

Whereas smearing ar~fa~s  are sometimes seen with "spe~riW' Bands 1 and 
2 during d e ~ r o f o c u ~ n ~  a r ~ f a ~ u ~  multi~e banding leading to formation of two 
distin~, ndghbofing entities in two-dimenfion~ patterns has not been observed when 
urea is omi~ed from the sam~es. Cyanate s~mming from the urea present in the 
gds probaNy has no influence on the pro~ins to be separa~d because, as poin~d out 
by Vesterberg [16], the ampholines asse~ a protective influence by competing with 
cya~ate-rea~aMe si~s. At this point, we mention that Triton plus urea in electro- 
focusing gels is necessary for opt ima separations. Increasing the Triton concentra- 
tion to 3 ~ does not affect the two-~menfion~ dectrophoretograms. 

We have pre~ously mentioned [4] that, ~though Triton X-100 plus urea can 
totally sdu~ hz e  erythrocy~ membranes, such samples cannot be dec~ofocused in 
our gels because some material ag~ega~s  out at the gel ori~ns, and two-dimension~ 
separations ale not optimally reprodudble. We do not know the p~dse  ~eason for 
this. Howeve~ the experiments where EDTA and Triton extracts were mixed indicate 
that the under l ing  cause is probably not due to proton-protein interaction. We have 
reasoned that if EDTA p re~ra~y  extracts hydrophific entities, and Triton X-100 
pre~rably the hydropho~c  mdeties, a mixture of the extracts should contain 
p r a ~ i c ~  all membrane protons.  Such samples are readily accesfible to two- 
dimenfion~ an~yses. 

The present data show that caution is needed when homogeneity of a promin 
is judged on the basis of sodium dodecyl s~fam gel electrophores~ ~one.  Indeed, 
we can demon~ram he~rogen~ty of most of the so~um dodecyl sulfa~ com- 
ponents of human erythrocyte membranes, con~smnt with fin~ngs obt~ned by 
i m m u n o c h e m ~  methods [17-19]. The resolution obtained in our sysmm fu~her 
~lows us to make definite condudons  concerning mdecMar entities elutable with 
various agents such as EDTA and Triton X-100. The extracting potency of these 
agents is somewhat redprocal. Howeve~ ~ u a l l y  ~1 membrane proteins appear 
to be present in EDTA extracts except the m~or  "intrin~C' promin and the 
~ycoproteins. These are concentrated in Triton extracts, which moreover qualita- 
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tivdy appear to contain all other membrane pro~ins as well. Examination of 
Yfiton-extra~s may therefore provide a useful tool for routine analysis oferythrocyte 
membrane protons. 

The separation procedu~ yields extremdy reprodud~e r e s ~ .  We have 
examined 40 heakhy donors to dat~ without discerning any sig~ficant variation in 
the two-~menfion~ de~rophor~ograms of the Triton extract. Howeve~ the 
intensities of various spots may vary somewhat ~om samp~ to sarape. Conc~va~y, 
this sy~em will be senfifive enough to d~e~ membrane-proton abnorm~ities 
wh~h have ~the~o escaped d~e~ion with so ,urn dodecyl sulfa~ gd de~rophoresis 
~one. The e~enfion of this and similar separation sys~ms should prove useful in 
other fiOds of membrane proton chemistry. 
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