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water soluble, nonglycosylated proteins have been extracted from human 
erythrocyten-embranes by twodifferentmzthods and characterized immno- 
chemically and by PAGE. The spectrinperipheralprotein carrplex (PACE 
bands 1 + 2) has been equated with two antigens of intermediate nobility 
in imnunoelectrophoretic analysis of crude spectrin developed with auti- 
senm to bands 1 + 2 purified by elution fmn gels. Nonspectrin proteins, 
including catalase, remain in close association with isolated nxz&ranes, and 
display solubility properties similar to those of spectrin. Along with 
Spectrin, they may also function in the intact cell as peripheral proteins. 

INRCJXJCTION 

Peripheralproteinsof the erytbrocytemMrane interactelectro- 

staticallywith cytoplasm&c teminiof transmmbr anal integral proteins, 

the external ends ofwhichbearvarious receptor groupings at the cell 

surface. The peripheral proteins are therefore by definition those which 

canbe separated fmnisolatedmmbranes inaqueous suspensionbymanipula- 

tion of pH and ionic strength. Fibrillar structures, with characteristic 

electron microscopic appearance, have been described in the protein frac 

tion extractible frcxn erythrocytes incubated in aqueous media of low ionic 

strength in the absence of divalent cations (1,2). These fibrils, which 

form when the protein mixture is incubated with Mg+t, were originally 

thought to represent a single class of proteins and were given the narre 

spectrin. Spectrin Was found to be associated exclusively with the inner 

aspect of the Wane (31, and has been identified as peptides 1 + 2 in 

the currently accepted profile of no& human erythrocyte membranes (4). 
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We report here theisolationof the spectrinccsoplex (bar&l+ 2) and 

showthatitis autigenicallydistinctfrmothermmbraneproteins, scma 

ofwhichn~~have functions analogous totboseof spectrin. 

Single donor units of blmdwereobtained frmtheNewOrleans Blood 
Bankprior t0expirationdates, andwerewashed thoroughlytoremveplama, 
platelets and leukocytes. nrythrocyteswerethenlysed in 2On0sM phosphate 
buffer, pH 7.4, containing lo-4 M EM!A. After centrifugation at 22,000 g, 
sedimentedmmbraneswereprocessed further (5), as shmninFigure 1. Ihe 
resulting productswere solubleghostprotein (SGP) (6) and crude spectrin 
(2), frcm both of which single proteins were subsequently isolated. Anti- 
serawereprepared inrabbits. Eachanimlreceivedthreeweeklyfootpad 
or intmmuscular injections of 0.4-0.5ml protein (1.2 w/ml) in ccmplete 
Freund's adjuvant, and was bled out 10-14 days after the final injection. 
Electrophoretic and imtnmoelectrophoretic analyses in agarose gel were done 
as previously described (6). !lk dimnsional innmmelectrophoresis was done 
according to m&hods described by Laurel1 (7) and by Ollier and Hartnmn 
(8) - Polyacrylamide gel electrophoresis (PAGE) with or without SDS was 
carried out according to Maize1 (9) using 7.5% gels in 0.05 M Tris glycine 
buffer, pH 8.6 at 2 mA per gel. Gels were fixed and stained with Cccmassie 
brilliant b&a (CBB) acc0rding to Fairbanks, et al. (4). Preparative PAGE 
wasperfomedfor 4- 5 hr. at 20 mA per gel 57.5% gels, in 0.05 M Tris 
glycine buffer, pH 8.6. An aliqmt of 1.5 - 2.0 q crude spectrin was 
applied to each gel. Handsl+ 2, representing the spectrin cmplex, were 
located in the slabgelbyaq3arisonwith aparallelstrip cut frcm the 
center of the gel and stained. Proteins were eluted into Tris glycine buff- 
er without detergent. Gel separation arid elution were repeated at least 
once in order to achieve m3xilml purification of speatrin. Residualun- 
bound SDS was removed fran eluates by filtration through Tritcm X-100 
agarose (10). Protein was determined by the n&hod of Lowry (11). 

RESULTS AND DISCUSSION 

We detemined by electron microscopy of negatively stained preparations 

thatbothcnxde spectrinaudSGPcontainedthe characteristic fibrillar 

structures originally described as spectiin (1). In the separation, on 

Sephadex G200, of hemoglobin from other proteins in cm& spectrin, catalase 

canigratedwiththe spactrincmplex. On SDS PAGE, catalasedisscciated 

intosubunits~ichseparatedfranbands1+2. The latter, as finally 

eluted fram preparative SDS gels of m-&e spectrin (Fig. 2a), were free of 

other proteins, as shown by analytical PAGE analysis (Fig. 2b), and con- 

tained no ccqonemts stainable with periodic acid Schiff reagents (PAS). 

The purity of the eluted product was further established by the absence of 

antibody tononspectrinproteins inantiseramadetoPAGE?purified spectrin 
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Washederythrocytes 
Lysein2OmsMphosphate 
buffer, 10-4 FDZA 

Ghosts (white) I 
Wash 2x in water 

I Ghosts &itw 
10 vols 2.5 nf4 

Lyophilize. Resuspend !l'ris HC1 pH 8.5 
in water. O.lmV EDI'A 
100,000 x g 1 hr 5r@l8-mercaptoethaml, 
Supernatant, dialyze, 1yophilize-e 37 C, 30 n-in 
Soluble ghost protein (SGP) (6) 100,000 x g 90 nun 

4c 
+ z3e?alm 68 (Pellet) supernatiult 

Concentrate 
Precipitate supernatant by pressure 
oJarlds l+ 2) (nonspectrin dialysis 
(SERUM 87) proteins) 

(SERUM 90) Sephadex G200 
0.025M Tris HCl 

*Centrifugaticm 22,000 x g 
30 min, resuspension 

pH 8.5, O.lM 
NaCl, 1 r&I ml% 
5 r&l B-mercapto- 

Excluded 
ethanol 

b¶D- 
fraction 
= crude spectrin 

Preparative PAGE 
Elutebands1+ 2 
(SER.4 68,791 

globin) 

Figure 1. Preparation of erythrocyte fractions 

(Figs. 4,5). Specific precipitates obtained from SGP by reaction with 

antibody to PAGE-purified bands 1 + 2(Fig. 1, serum 68) contained only the 

spectrin cm@x, as judged in inmunoalectrophoretic analysis of crude 

spctrin with the same antisennn (Fig. 5a). 

In two dimensional imnmoelectrophoretic analysis (Fig. 4), developed 

with antisera to PAGE-purified spectrin (Fig. 1, serum 68) and jmmme- 

precipitated spectrin (Fig. 1, serum 87), crude spectrin gave a pattern 

consistingof twooverlappingbands. These corresponded with two parallel 

precipitin arcs revealed in imnumelectrophoretic analysis of crude spectrin 

developed with antis~ to PAGE-purified bands 1 + 2 (Fig. 5a, senm-~ 79, 

andwithPAc;Ebam%l+ 2. 

The consistent presence in spectrin of two antigens of similar nobility 
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Figure 2. a) crude spectrin, 25 pg protein. b) 
eluted from preparative SDS gel, 20 pg protein. 
(SGEq, 40 pg protein. 

spectrin (barldsl+2) 
c) Solubleghostprotein 
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ofpf-ofeinwere dialyzedagainstbuffers atpH indicated, centrifuged. 
Precipitates made up to original volume in buffer pH 7.4 and cqernatits 
nxxisured for total protein by Iawry (11). 
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Figure 4. 'IW dimensional immmoel.ectrophoresis of crude spectrin against 
antisera to bands 1 f 2 elated frcxn preparative gel (sex-urn 68) and to 
immme-precipitated spectrin (serum 87). 

Figure 5. a) Imnunoelectroplxx-esis of crude spectiin against antisera to 
nonspectrinproteins of SGP (serum 90) and to spectrinpurifiedby imnuno- 
precipitation Lsennn 79). b) Direct catalase reaction in imnune precipitate 
of catalase with serum 90. 

(Figs. 4,5) is ccmpatible with the doublet configuration seen on PAGE 

(Fig. lb). The constant relationship of these bands to one anotkr tii- 

fates that the ~pmteins areof similar size andcharge, althoughthey 

appeartobeantigenicallydistinctfrcmoneanother. *lat&obsemations 

have been made by Dunn, et al. (12) v&o reported each band to be a heter- 

ogeneommixtwe ofatleast8 peptides, sane ofwhich occurredinboth 

bands. 
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The internal localization of spectrin and nonspectrin proteins was 

substantiated by the failure of corresponding antisera (Nos. 68,79,90) to 

agglutinate intact erythrocytes. In contrast, antisera to integral pro- 

teins, portions ofwhichare exposedatthe cell surface,agglutinated 

erythmqtes of all three blood groups to high titer. The specificity of 

these latter agglutinins is indepmdent of AFB detmminants, arCI is directed 

tcward species specific integralproteindeterknants c(amy~1 toe.rythrccytes 

of all groups (6). Wehavefm-therdeterminedthatthespectrincatplexis 

antigenically distinct from the integral proteins (results not &-mm), 

chiefly glycophorin (13). 

Crude spectrin and SGP contained essentially the same array of poly- 

peptides, butindifferentpropxtions. In crude spectrin (Fig. 2a), bands 

1 + 2 were the major cmponents, clearly separable from all the rest by 

elution from preparative gels (Fig. 2b). In SGP, bands 1 + 2 were less 

prcaninent than in crude spectrin, but the reverse was true of at least 5 

smiler cmqmnents which me present in higk relative concentration than 

in crude spactrin. For the preparation of spectrin (Fig. 1) gkmts which 

had been derived by hypotonic hemlysis and washed only once in hypotonic 

bufferareextracted in al.kalinebufferwithEDTAand B-mrcaptoethanol. 

Thisproce.dureliberatesperipheralproteins frcxntkminbranes,whichare 

then remved by ultiacentrifugation. Hemoglobin and lower molecular weight 

proteins are then takenouton SephadexG200, bandsl+ 2 being themain 

ampnents foundin thevoidvolumaproteins constituting crude specWn. 

Inpreparing SGP, on the other hand, ghosts arewashed 6 X inhypotonic 

buffer, a condition which promotes further detackmant of peripheral 

proteins frcxnthenxmbranes. kwever, the resulting ghosts retain the bi- 

ccmcave shape and the full ocmplemant of lipids characteristic of intact 

erythrccytes in isotonic medium, as well as a constant protein profile 

definable imnmologically (6). Hudever, agroupof mnglycosylatedproteins 

can still be separated simply by rehydration ard ultracentrifugation of 
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lyophilized ghosts (Fig. 1, SGP). EZven after this final aqueous extraction, 

the integral proteins (2,4,6) remain bound with lipid and are therefore in- 

soluble in water. 

Itreminstobe determinedwhich of the soluble proteins besides bands 

1 + 2 are functional peripheral proteins and which represent predcxninantly 

cytoplasmic constituents artifically occluded to the rfte&ranes as a result 

of cytolysis and other preparative mnipulations. Asnoted,5or6cxqm- 

nents ofm&cularweightlower thanbandsl+ 2 are found inboth crude 

spectrin and SGP (Figs. 2a,c), the former being enriched inbands 1+ 2. 

All of the nonspectrin proteins in SGP my not function as peripheral pro- 

teins in the intact cell. Hosever, analternative tothis shouldbe 

considered. 

Peripheral eqMmxyte proteins, including spectrin (14), have been re- 

ported to precipitate at pH 4.5 - 5.5, as we have also sham (Fig. 3). Even 

after remval of spectrin by immmoprecipitation, the nonspsctrin proteins 

were still mximlly precipitated at pH 4.5. Thisfindingimplicatesthm, 

along with spectrin, in the aggregation of mmbrane-associated particles (MAP) 

which occurs at low pH and which has been ascribed to precipitation of re- 

sidual spectrin adherent to membranes (15, 16). Maxim1 flocculation of 

erythrocyte I'crmbranes derived by hypotonic lysis also occurs at about pH 5.5 

(17). This pH-dependent effect is doubtless dependent upon, if not the re- 

sultof these perturbationsmdiatedby spectrin and perhaps other soluble 

ghost proteins Vhich have similar solubility properties. 

Arrpng the nonspectrin proteins in SGP, catalase was prminently identi- 

fied (Fig. 5b). Catalaseis ahemproteinwhichaxka.ims ferriprotqxxphy- 

rin. It has a mAecular weight of 240,000 in subunits of 60,000, and an 

isoelectric point of 5.6 (18). Thisenzymeisaninportiintaxqmnmtofthe 

erythrocyte cytosol, although it has been identified in the msxbrane profile 

as a part of band 4.5 in the ncmnclature of Fairbanks, et al. (4), the -- 

amuntremainingboundbeingaugrtxented in thepresenceof calciumor in 
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metabolically stressed cells (19). Our results indicate that a significant 

amount of the enzymeremainedwiththemembranesregardlessof the procedure 

used in their preparation, and that loss of spectrin paralleled loss of 

catalaseduringrepeatedwashing ofisolatednmbraues inhypotonicbuffer 

as in the preparation of SGP (Fig. l), in which both, hcwever, were still 

present. All of the foregoing considerationsprcq+the suggestion that 

catalase my also be a peripheral protein with functions hexetofore ascribed 

to spectrinalone. 

ATPase activity has been identified in baud 2 of c&e spectrin (20). 

On furtkr purification of spectrin, XPase activity disappeared, probably 

due to loss of scme nece~sarymfactir, perhaps analogous to tmponinor 

trop3ryosin of skeletal muscle. It is conceivable thatscmeother "contam 

inanY' my serve this co-factor function, possibly one of the nonspectrin 

ccdqmnents which We have found to be precipitable at pH 4.5. 

Supxtedbygrants frcantheNationa1 Institute of Health (Grant AI 
10945) and the Edward G. Schlieder Educational Foundation. 
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