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STJMMARY: Monoclonal antibodies to the terminal component of the human 
complement pathway, 
release of entpapped 4 

u 

ere used to inhibit the complement-induced 
C .sucroBe from erythrocyte ghosts. Antibodies 

were present either outs de, or entrapped within th 

p"s 

4 sts. Different 
monoclonal antibodies were demonstrated to inhibit C 6ucrose release 
depending on whether the antibody was outside or en rapped within the 
ghosts. These findings demonstrate that Cg within the membrane attack 
complex on erythrocyte membranes is an asymmetrical transmembrane 
protein penetrating into the cytoplasmic space. 

The membrane attack complex of complement is made up of the 

complement components C%, C6, C7, C8 and C9 5n a multimolecular complex 

(1). However, muchcontroversyexi6ts over the exact structure and the 

nature of the lesion catised by the complex 5n biolog5cal membranes. 

Mayer (2) has proposed that the lesion is a rigid protein channel through 

whichionsandmallmoleculeeleak, whereas Esser (3) envhagesaregim 

of disrupted membrane lipid or 'leaky patch'. Both of these models 

require that some or all of the components of the membrane attack complex 

become inserted into the membrane - either to form the protedn channel or 

to disrupt the lipid bilayer. Evidence of insertion of component proteins 

include8 enzymatic str&@ng studies (41, freeze-fracture electron udoro- 

scopy of oomplement-lysed erythrocyte membranes (5) and photolabelldng 

using membrane-restricted photoactive probe6 (6). A further requirement 

of the protein chsnnelmDdelis that some or allof the membrane attack 

complex componentsspan the membrane to formthewalls oftheputative 
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trmsmembrane channel. Bmever,itremains tube establishedwhether any 

compom9ntoccupiesatmusmem braneposition. 

Wehave rec~t~reportedthsprodudionofanrrmberofmonoclonal 

antibodies to human Cg (‘71, of which five have been well cheracterised (8). 

Four distinct epitopes on the native Cg molecule are recognised by these 

five antibodies. The aim of this study was to jnvestigate whether 

complement component C9 occupies a transmembrane position within the 

membrane attack complex on erythrocyte membranes. In order to establish 

this, the ability of each q onoclonal antibody when preeent OUtSide, or 

entrapped within resealed erythrocyte ghosts, to inhibit complement-induced 

release of a marker molecule ( c 1 14C sucrose) was studied l 

Cd 14 BII~xo~w(~~~~~w~s purchaeeafmmh3reham. Ad.6erat0 
pigeon erythrocytes were raised in gudnea pigs by standard methods. 
Monoclonel antibodies to humsn Cg were raised as previously reported 
(7). Hm Wwas purified, and C9-depletedaerumprepareda~previou~lLy 
described (7). ~ediuln~~ontained140m~NaC1,5mWKm,2mH~and 
lCmM'IIEspH7.4. PigeonerythrocyteswereobWnedfkom~6hheparituLsed 
pigeon blood and washed and Bored in Medium A. ErythroCgte ghost8 ware 
maaefYom of packed er@~cytes, as previously described (81, 
entrapping l’rc sucro8e 0.0 ~1, 2 u(X) plus or minus monoclonsl an 
(10 ~1, 

1(107 
30 vgl . The effidency of en-t was determdaed for FFr mcro6e 

by measuring the percentage upcalpe in the washed ghosts pre ‘on,and 
6-u for monoclonal Eultibody, l 

monoclmal antibody. Entrappmentof 
33f 

trace amtnmt OF I?@ -labeued 

mxrosewm aboutlO%,and of 
monoclonsl antibody, 5-8%. The final concentration of antibody S.nside the 
ghosts was thus about 20 us/ml. 

Ghosts (G) were antibody-coated by incubation with a l/lo0 dilution of 
guinea-pig anti-pigeon antiserum in Medium A, for 15 mWxtes at 37%. 
AntibtSdy-coated ghosts (GA) were coated with the complement compauents up 
to ~8 by incubation with Cg-depleted serum diluted l/10 in Hedium A + 1 ml< 
CaCl2, for 5 minutes at 37oC. The GA-CS-8 intermediates thus formed w 
washed and stored on ice in Medium A, To portions of the GA-C5-8 titer- 
mediates, pure Cg,was added (final concentration of 10 J&I.). After a 
further 5 minutes incubation on ice, the GA-C+9 intermediates thus formed 
were washed and resuspended in ice-cold Medium A. The appropriate monoclonal 
antibody at a final Concentration of 20 &ml. - the same concentration as 
that attained on entrappment within the ghosts - ti added, and the inter- 
mediates incubated for a further 5 minutes on ice. The intermediates were 

at 37oC, portiona being removed at intervals, and the 
sucrose in the supernatant measured. 

RESU.W.PSANDDlSCUSSION 

The experfmental approach in this study was to use monoclonal antibodies 

outside and entrapped within resealed erythrocyte ghosts to inhibit the 

complement-induced release of a msrker molecule ( Cl 14C 6UCrO6e molecular , 

617 



Vol. 118, No. 2, 1984 BlOCHEMlCAl AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

radius 0.44 rd. It wae therefore fir&necessary to demonstrate the 

PductkUlofdable in~~%ediateSwithtbemembraneattackcomponente 

C5-8and C5-9 onthefreurfaces. Antibody-coating of ghof3ti3 with an enti- 

pigeonerythrocyteanti6erumcau5eclno detectablerelease of entrapped 

Ll 14 8ucrofse. Coating theghoetewiththe complementcomponentsv,ptoC8 

(GA45-8) caused release of lees than ID% of the entrapped marker, and 

incubation of GA-C%8 intermediatea at 37'C for 60 minutee released less 

than2O$ofthemer~r. The ghosts coated with componente Cg-9 

(GA-Q-9) were stable at O'C, releaeing about 2% of the entrapped 

marker over a 60 minute period, but on incubating these intermediatee 

at 37'C there we.6 a rapid onset of marker releaee, which wee complete 

within 15 minute6 OQyre 1). 

Of the five monocloml antibodies studied, three, B-36, C9-42 and 

C9-47, inhibited Cd 14 f3ucro6e releaf3e when present outf3fde the GA459 

intermediatee 0Xgure 2). C9-47 caused the largest Snhibition of marker 

Time of incubotiin (m&&e) -) 

points ere the meant3 of triplioate deteetiona. 
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Time of incubation t minutes) + 

externa3. monoclonal antibodiee on co@ement-induced P4Jsu- 
ld.@U3& 

release after 6Ominutes of incubation (62%inbibition). C9-42 inhibited 

markerreleaeeby4l%over the sameperiod,endW36by28%. Autibodies 

W-36 and C9-47 had peviously been shown to compete for the same or closely 

rS.ated epitopes on native Cg (7). The large differences in the inhibition 

of marker relearre caused bgthesetwo antibodies implies tbattheyrecoepiee 

dietlnctepitopes onC9withinthemembrane attack complex. Monoclonal 

antibodies C9-8 and Cg-34 caused no detectable inhibition of marker 

release when present outside the GAd5-9 intermediatee. !J!he three anti- 

bodies Cg-36, C9-42 and C9-47 had prtiouely been shown to bind to Cg 

after its insertion into the membrane attack complex on eel&s, whereas, 

binding wa6 not demonstrated for antibodie8 C9-8 and C9-34 (9). 

Each of the monoclonal antibodies were &so entrapped within ghosts, 

and the effect on coq2emenfAnduced ~4c]sucroee release studied. Of the 

five antibodies, only one, C9-34, inhibited mrbr release when entrapped 

within the ghot3ta &igure 3). Mfwkerreleaseafter 6Oadmtei3 ofinaubation 

~88 inbib5ted by !Tl.%. None of the antibodies shown to inhibit marker 

releasewhenpresentoutside the ghosts causedany5nhibitionwhen entrapped 
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Time of incubation (minutes) + 

entrapped q onoclonal antibodies on complement-induced PJ sucrose 
release. 
GA-Q-9 interaediatee entrapping cubated at 
37%. Portions were renwved at BWXOBB 

q eaeured. All the points ere the me8118 of triplicate deterndnatione. 
(A= No Antibody,@ C+8,V= C9-3&*= cg-36,0= Cg-&,%= Cg-@). 

withinthe ghod.6, andconvereely, C9-~whichinhibitedmarkerreleasewhen 

entrapped, caneed no inhibition when present outside the ghosts. 

Further evidence that the monoclonalant~bodieswere khibiting 

w&or releme by binding to C9 outside or ineide the ghosts WBB 

providedbythe preincubation ofantibodywithC9. Preincubation 

of antibody with an excess of pure C9 *or to entrapping v&thin 

ghosts, or adding to o;Alcg-9 iutermediatee, caused a complete lose 

of antibody-induced inhibition of marker release (data not shown). 

These results provide for the first time, firm evidence that C9 

w$thin the membrane attack complex on eqthrocyte membrane6 3.8 a trane- 

membrane protein, exposed at the inner and outer eurfaces of the membrane. 

A recent brief report by Whitlow et al. (10) described the use of cross- 

linking reagent6 entrapped within erythrooyte ghosts to demon&rate that 

Cg wa8 eqo8ed at the +r membrane surface. Eovwrer, the possibility 

ofreagentlealorgethraughthecomplemenGdamagedmemb~asacauee of 

them cross-linkingobservedvraenotruledout. No suohexplanationof 

our findinga is poossible, ae we have demonstrated that antibodies which 
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blockmarker releaee whenpresent5uide the ghosts do notblockwhen 

presentoutf3ide,endviceversa. Ourre6-iLt.6 Go demonstrate thatC9 

is axsymmetrically distributed acrom the membmnes, with different epitope6 

exposed at the inner and outer surfaces. Thi.6 finding offers intriguing 

poseibilitiee for using the monoclonal antibodies to map the C9 molecule 

in its native state end after ineertion into the membrane attack complex 

BB a meane of unravelling the conformational c-8 occurring on insertion. 

The uee of Bpecific antibodies to the other components of the membrane 

attack complex should reveal whether C9 is the only component occupying 

a transmembrane position, or whether other components are also transmembrane. 

In summsry, we have deaanstrated, using a novel application of mono- 

clonal antibodies that: 

a> Complement-inducedmarker release fromerytbrocyte ghosts canbe 

inhibited by monoclonal antibodies to Cg. 

b) C9 occWes a transmembrane position in the membrane attack complex 

on erythrocyte membrane6~ with different ep5topes exposed at the 

inner and outer membrane surfacea. 

These fin- support the hypotheeie that the complement lesion in 

the erythrocste membrane is a tranemembrene protein channel made up in whole 

or in part by C9 molecules (2). 
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