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ABSTRACT: The complete amino acid sequence of mature C8p has been derived from the D N A  sequence 
of a cDNA clone identified by expression screening of a human liver cDNA library. Comparison with the 
amino acid sequence of C9 shows an overall homology with few deletions and insertions. In particular, the 
cysteine-rich domains and membrane-inserting regions of C9 are well conserved. These findings are discussed 
in relation to a possible mechanism of membrane attack complex formation. 

E f f i c i e n t  lysis of biological membranes by complement is 
due to the sequential assembly of the terminal complement 
components into the pore-forming complex C5b.C6-C7-C8. 
(C9),. C5b-7 forms the first membrane inserting complex to 
which C8 must be added before polymerization of C9 at the 
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site of the C5b-8 complex causes major membrane damage 
and cell lysis (Lachmann et al., 1970). C8 therefore plays an 
essential intermediary role. 

Human C8 is a glycoprotein of M, 150 000 comprising three 
polypeptide chains organized into two subunits. The a-chain 
[molecular mass 64 kilodaltons (kDa)] is linked to the y-chain 
(25 kDa) through a disulfide bridge, while the @-chain (64 
kDa) is noncovalently bound to this complex (Kolb & 
Muller-Eberhard, 1976). Both a- and @-chains of C8 are 
essential for C8 activity, but no direct role for the y-chain has 
so far been described. The @-chain mediates the binding of 
C8 to C5b-7 (Monahan & Sodetz, 1981; Brickner et al., 1985), 
while C8a appears to be more intimately integrated into the 

dation. 
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lipid bilayer since it is predominantly labeled by membrane- 
restricted photoaffinity probes (Steckel et al., 1983; Hu et al., 
1981; Podack et al., 1981; Amiguet et al., 1985). After 
membrane attack complex (MAC) formation C8@ can be 
dissociated by boiling in sodium dodecyl sulfate (SDS), but 
C8a-y remains integrated in the poly(C9) tubular structure 
(Podack, 1984). Since C8 binding is essential for C9 assembly 
into the MAC, it is likely that the overall function of C8 is 
to facilitate the membrane insertion and unfolding of C9 
(Tschopp et al., 1986a; Stewart & Sodetz, 1985). 

We present here the cDNA sequence for C88, showing that 
it contains both the type A [C9/low-density lipoprotein (LDL) 
receptor] and type B [epidermal growth factor (EGF) pre- 
cursor] cysteine-rich regions (Stanley et al., 1986) as well as 
an extensive overall homology to C9. We discuss this finding 
in relation to MAC formation. 

EXPERIMENTAL PROCEDURES 
A library of human liver cDNA (Woods et al., 1982) was 

subcloned into the bacterial expression vector pEX 1 (Stanley 
& Luzio, 1984) by using an adaptor strategy (Haymerle et 
al., 1986). This library of about 300000 clones was screened 
with two different polyclonal antisera raised against CSP by 
using the colony blot procedure (Stanley, 1983, 1987). One 
antiserum was obtained by injecting C8@ eluted from SDS- 
polyacrylamide gels into rabbits (a kind gift of Dr. E. R. 
Podack, Valhalla, NY; Podack, 1984). The second antiserum 
was raised in rabbits against C8@ purified on a FPLC Mono 
P column (Pharmacia Inc.) in the presence of urea as described 
(Tschopp et al., 1986b). 

cDNA inserts obtained by expression screening were used 
to screen a second human liver cDNA library in pUC9 (Tosi 
et al., 1986) by in situ colony hybridization. The largest clone 
obtained in this screening was sequenced by the dideoxy chain 
termination method (Sanger et al., 1977), using fragments 
generated by restriction enzymes or by ordered deletion of the 
complete fragment (Henikoff, 1984) cloned into the Wayne- 
Barnes vector (Barnes & Bevan, 1983) as modified by Sahli 
et al. (1985). 

Affinity purification of polyclonal antisera on bacterial 
fusion proteins was carried out as described (Stanley, 1987). 

C8@ (400 pmol) purified according to Tschopp et al. (1986b) 
was subjected to automated Edman degradation in an Applied 
Biosystems 470A gas-phase sequencer in the presence of po- 
lybrene. Phenylthiohydantoin- (PTH-) amino acids from each 
cycle were analyzed on-line, by using a 120A PTH-amino acid 
analyzer (Applied Biosystems). 

Protein comparison was performed by using a matrix com- 
parison method (Argos, 1985, 1986) in which every possible 
amino acid span of a given length in one protein is compared 
with those of a second protein. Individual spans are compared 
on the basis of five physical parameters that are important in 
determining protein folding (Argos, 1986), and also by using 
the Dayhoff relatedness odds matrix (Barker et al., 1978). 
Both scores are scaled, combined, and entered into a matrix. 
The numbers in this matrix are then recalculated as a number 
of standard deviations (a values) above the mean, and values 
above a certain value are displayed on a matrix plot. By 
repeating this process for spans of different lengths and dis- 
playing only the spans with highest u values, more sensitivity 
and a higher signal to noise ratio on the plot is obtained (Argos, 
1986). 

RESULTS 
A library of human liver cDNA containing 300 000 clones 

in the bacterial expression vector pEXl was screened by using 

the colony blot procedure with two different polyclonal sera 
raised against purified CS@. Five clones positive with both 
antisera were obtained after colony purification. All of these 
were capable of affinity purifying anti-C8P antibodies from 
both sera, showing that the fusion proteins expressed genuine 
C8@ epitopes. Since the expression library was subcloned from 
a library in pBR322 with the restriction enzyme PstI and 
therefore contained few full-length clones, a fragment of 0.6 
kilobases (kb) from one clone was used as a probe for in situ 
colony hybridization of a human liver cDNA library con- 
structed in pUC9 (Tosi et al., 1986). Four positive clones were 
obtained, of which one had an insert of 1.7 kb. The DNA 
sequence of this clone is shown in Figure 1. 

In ofder to confirm the authenticity of this clone, purified 
C8P was subjected to amino acid amino-terminal analysis. The 
sequence originally published by Steckel et al. (1980) was 
confirmed, and additional amino acids were determined. The 
sequence of the first 14 amino acids of mature C8P was found 
24 base pairs from the 5’-end of the cDNA sequence (un- 
derlined, Figure 1). Thus, the first eight amino acids in the 
open reading frame do not code for the sequence of the mature 
C8p protein. They do not display the characteristics of a 
normal leader peptide either, suggesting that C8p may be 
generated by the cleavage of a pro-C8p protein at this point. 

The open reading frame deduced from the cDNA sequence 
contains 537 amino acids coding for an unglycosylated protein 
of M ,  62000. Three potential sites for N-linked oligo- 
saccharide attachment are present (bold font, Figure l), which 
could account for the difference from the experimentally ob- 
served molecular weight of the purified protein ( M ,  64 000). 
None of these sites occurs in a position equivalent to the 
N-linked oligosaccharide attachment sites of C9. CSp also 
contains an R-G-D sequence which forms the central recog- 
nition sequence of a number of cell-surface receptors (Ruos- 
lahti & Pierschbacher, 1986). In CSp this sequence is present 
in a predicted turn region (residues 3 14-3 16) that might well 
be located on the surface of the protein, but there is no evidence 
for C8/3 binding to cell surfaces. 

Homology with C9. Figure 2 shows the homology between 
C8p and C9 determined by using a matrix comparison method 
(see Experimental Procedures) in which the protein sequences 
are compared on the basis of residue physical parameters 
rather than simply amino acid identity. A particularly sensitive 
method of detecting homologous proteins is obtained (Argos, 
1986) by repeating the comparison with different window 
lengths and combining the most significant data points. The 
diagonal line in Figure 2 demonstrates an overall homology 
between C8/3 and C9 over almost the whole length of the C9 
molecule. Points along the lines in Figure 2 were in the range 
5-9 times the standard deviation for the whole comparison 
matrix, indicating an extremely significant correlation. Only 
at the ends of the C8/3 molecule and in two central regions 
is the homology interrupted. 

By use of the sequence coordinates generated by the com- 
puter from the data in Figure 2, an alignment of the two 
sequences was deduced (Figure 3A). In this figure both 
identical and conserved types of amino1 acid are identified. In 
the amino-terminal region of C8P (residues 9-189) all 14 
cysteine residues align perfectly or within one residue of those 
found in C9 Considerable other homology also exists, notable 
within the class A cysteine-rich domain (residues 67-104) 
which is found in C8/3 as well as in C9. Twenty-three amino 
acids of conserved type are found in this region, including the 
cluster of acidic residues at the carboxy-terminal end (see 
Table I) which are thought in the LDL receptor to mediate 
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1 TTTGCTAAGAGCAGACAGATGCGGAGTGT~ATGTTACCCTGATGCCCATTGATTGTGAGCTGTCTAGTTGGTCCTCTTGGACCACATGTGACCCCTGTC 
F A K S R Q M R S V D V T 1 , M P I D C E L S  S W S S W T T C D P C Q  

-8 1 10 20 

1 0 1  

201 

301 

401 

501 

601 

701 

801 

901 

1001  

1101 

1201 

1301 

1401 

1501 

1601 

1701 

AGAAGAAAAGGTACAGGTATGCCTACTTGCTCCAGCCCTCT~GTTCCATGGG~CCGTG~CTTCTCTGACAAGGAAGTC~GACTGTGTTACCAA 
K K R Y R Y A Y L L Q P S Q F H G E P C N F S D K E V E D C V T N  

30 40 50 

CAGACCATGCAGAAGTCAAGTGCGATGTGAAGGCTTTGTGTGTGCACAGACAGGAAGGTGTGTAAACCGCAGACTTCTTTG~TGGGGACAATGACTGT 
R P C R S Q V R C E G F V C A Q T G R C V N R R L L C N G D N D C  
60 70 80 90 

GGAGACCAGTCAGATGAAGCAAACTGTAGAAGGATTTAT~TGTCAGCATGAAATGGACCAATACTGGGGAATTGGC~GTCTGGCCAGTGGGATAA 
G D Q S D E A N C R R I Y K K C Q H E M D Q Y W G I G S L A S G I N  

100 110 120 

ATTTGTTCACAAACAGTTTTGAGGGCCCAGTTCTTGATCACAGGTATTATGCAGGTGGATGCTCCCCGCATTACATCCTGAACACGAGGTTTAGGAAGCC 
L F T N S F E G P V L D H R Y Y A G G C S P H Y I L N T R F R K P  

130 140 150 

CTACAATGTGGAAAGCTACACGCCACAGACCCAAGGCAAATACGAATTCATATTAAAAGAGTATGAATCATACTCAGATTTTGAACGCAATGTCACAGAG 
Y N V E S Y T P Q T Q G K Y E F I L K E Y E S Y S D F E R I V T E  
160 170 180 190 

RAAATGGCAAGCAAGTCTGGTTTCAGTTTTGGTTTTAAAATACCTGGAATATTTGAACTTGGCATCAGTAGTCAAAGTGATCGAGGCRRACACTATATTA 
K M A S K S G F S F G F K I P G I F E L G I S S Q S D R G K H Y I R  

200 210 220 

GGAGAACCAAACGATTCTCTCATACTAAAAGCGTATTTCTG~TGCACGCTCTGACCTTGAAGTAGCACATTACMGCTGAAACCCAGAAGCCTCATGCT 
R T K R F S H T K S V F L H A R S D L E V A H Y K L K P R S L M L  

230 240 250 

CCATTACGAGTTCCTTCAGAGAGTTAAGCGGCTGCCCCTGGAGTACAGCTACGGGGAATACAGAGATCTCTTCCGTGATTTTGGGACCCACTACATCACA 

2 60 270 280 2 90 

GAGGCTGTGCTTGGGGGCATTTATGAATACACCCTCGTTATGAACAAAGAGGCCATGGAGAGAGGAGATTATACTCTTAACAACGTCCATGCCTGTGCCA 
E A V L G G I Y E Y T L V M N K E A M E R G D Y T L N N V H A C A K  

H Y E F L Q R V K R L P L E Y S Y G E Y R D L F R D F G T H Y I T  

300 310 320 

AAAATGATTTTAAAATTGGTGGTGCCATTGAAGAGGTCTACGTCAGTCTGGGTGTGTCTGTAGGC~TGCAGAGGTATTCTGAATGRRATAAAAGACAG 
N D F K I G G A I E E V Y V S L G V S V G K C R G I L N E I K D R  

330 340 350 

AAACAAGAGGGACACCATGGTGGAGGACTTGGTGGTCCTGGTACGAGGAGGGGCAAGTGAGCACATCACCACCCTGGCATACCAGGAGCTGCCGACGGCG 
N K R D T M V E D L V V L V R G G A S E H I T T L A Y Q E L P T A  

3 60 370 380 3 90 

GACCTGATGCAGGAGTGGGGAGACGCTGTGCAGTACAACCCAGCCAT~TC~GTTAAGGTGGAGCCTCTGTATGAACTAGTGACAGCCACAGATTTTG 
D L M Q E W G D A V Q Y N P A I I K V K V E P L Y E L V T A T D F A  

400 410 420 

CCTATTCCAGCACAGTGAGGCAGAACATGAAGCAGGCACTGGAGGAGTTCCAGAAGGMGTTAGTTCCTGCCACTGTGCTCCCTGCCAAGGAAATGGAGT 
Y S S T V R Q N M K Q A L E E F Q K E V S S C H C A P C Q G N G V  

430 440 450 

CCCTGTCCTGAAAGGATCACGCTGTGACTGCATCTGTCCTGTTGGATCCCAAGGCCTAGCCTGTGAGGTCTCCTATCGGAA~TACCCCCATTGATGGG 
P V L K G S R C D C I C P V G S Q G L A C E V S Y R K N T P I D G  

4 60 470 480 4 90 

AAGTGGAATTGCTGGTCAAATTGGTCTTCATGCTCTGGAAGACGTAAGACAAGACRRAGGCAGTGTAACAATCCACCTCCTCAAAATGGGGGTAGCCCCT 
K W N C W S N W S S C S G R R K T R Q R Q C N N P P P Q N G G S P C  

500 510 520 

GTTCAGGCCCTGCTTCAGAAACACTTGACTGCTCCTAGCAGATGATACAGCAGTGGGCTACATACAATGAGAGCCCTGAGCCCTCAAGAACTCACGCCAG 
S G P A S E T L D C S  

530 

CTCAGCCCTACACCAGTTTCCACCTGGAGTTCATGCAAGGGCAAAAGCAGTG 1755 
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FIGURE 1: cDNA sequence and derived amino acid sequence of C8P. Underlined amino acids were obtained by amino-terminal sequencing 
of purified CSP protein. The numbering of amino acids refers to the amheterminal serine in this sequence. Possible sites of N-linked oligosaccharide 
attachment are shown in bold characters. 

apolipoprotein binding and a group of positive charges in the 
center of the sequences characteristics of C9. 

In the central region two shifts in the alignment occur. The 
line in Figure 2 was used to generate the alignment shown 
although other alignments with smaller gaps are also possible, 
suggesting that this region is not highly conserved. The gap 
at residue 270 of C9 corresponds to the position of an intron 
in the C9 gene (D. Marazziti, G. Eggertsen, P. Argos, K. K. 
Stanley, and G. Fey, unpublished results). 

In the carboxy-terminal half of C8P a further close hom- 
ology is observed extending from residue 237 to residue 486 
(Figure 3A). Seven out of eight of the cysteine residues in 
this part of C8p align with cysteine residues in the C9 se- 

quence. Homology of many other amino acids is also observed, 
especially in the class B cysteine-rich region and through 
sequences that potentially could be involved in membrane 
interactions in C9 (Stanley et al., 1986). Indeed, all of the 
amphipathic elements of secondary structure predicted in C9, 
which occur in the carboxy-terminal half of the protein known 
to be labeled by membrane restricted photoaffinity probes, are 
found in regions well conserved in C8p (underlined, Figure 
3A). Furthermore, the hydrophobic amino acids in these 
regions are mostly conserved between the two sequences. This 
is consistent with the observed labeling of C8p with mem- 
brane-restricted photoaffinity probes (Amiguet et al., 1985). 
Throughout this segment of the molecule (residues 237-486) 
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FIGURE 2: CSP-CS homology computed on the basis of residue 
physical parameters. The amino acid sequence of CSP was compared 
with that of C9 by using 15 windows of size 7-35 amino acids and 
comparing on the basis of five residue physical parameters and the 
Dayhoff relatedness odds matrix. Points where a coefficient was 5 . 0 ~  
or more above the mean of the matrix are shown. 

the predicted secondary structure often agrees with that of C9, 
reflecting the high level of homology detected by the com- 
parison of the two sequences by using residue physical pa- 
rameters. 

At  the carboxy terminus of CSP (residues 488-537) a du- 
plication of the amino-terminal domain of C9 and CSP is found 
(Figure 3B). This stretch has only five of the six cysteines 
found in the corresponding region a t  the amino terminus, 
suggesting that a disulfide bond must link this extra portion 

A 

Table I: Alignment of the Class A Cysteine-Rich Sequences 
Showing Charge Distribution 
LDL receptor 

4-44 DRCER-NEFQC--QDGKCISYKWVCDGSAECQDGSDESQETCLS 

45-85 VTC-KSGDFSCGGRVNRCIPQFWRCDGQVDCDNGSDEQG--CPP 

86-124 KTC-SQDEFRC--HDGKCISRQFVCDSDRDCLDGSDEAS--CPV 

125-165  LTC-GPASFQC--NSSTCIPQLWACDNDPDCEDGSDEWPQRCRG 

174-212  SPC-SAFEFHC--LSGECIHSSWRCDGGPDCKDKSDEEN--CAV 

2 1 3 - 2 5 1  ATC-RPDEFQC--SDGNCIHGSRQCDREYDCKDMSDEVG--CVN 

253-294  TLCEGPNKFKC--HSGECITLDKVCNMARDCRDWSDEPIKECGT 

- + - +  - - + + - - - -- - 
+ -  + +  + -  - -  -- 

+ -- + - + + - -+- - -- 

+ +  - - - - - - - 

- + - - +-+ --- 
+ -- - + -+- - +- -- 

- + +  - -+ +- - -- +- 
C9 78-115  DDC--GNDFQC--STGRCIKMRLRCNGDNDCGDFSDEDD--CES 

C8p 67-104 VRCEG---FVCA-QTGRCVNRRLLCNGDNDCGDQSDEAN--CRR 
++ 

Consensus C F C G CI CD DC D SDE C 

Peptide B DNDCGDFSDE 

-- - + + + +  - -  - ---- - 

+ -  + ++ - - - -- 

to some other part of the molecule. Altogether CSP contains 
28 cysteine residues, suggesting a structure with 14 disulfide 
bonds. In the amino-terminal half of the molecule, 12 cysteines 
are present, of which the latter 6 are present in the class A 
homology, suggesting two disulfide-bonded protein domains. 
Human C9 contains an extra pair of cysteines in the central 
nonhomologus region, but these are unlikely to be of structural 
or functional significance since they are also missing from 
mouse C9 (J. Herz, and K. K. Stanley, unpublished results). 
In the second half of the molecule, one extra cysteine is found 
in CSP at position 450, which does not have an equivalent in 
C9. This is therefore a candidate for disulfide bond formation 
to one of the five cysteines in the carboxy-terminal domain 
(Figure 3B). Formation of a covalent link between these two 
regions would create a very different structure a t  the carboxy 

c 8 p  9 1DCELSSWSSWTTCDPCQKKRYRYAYLLQPSQFHGEPCNFSDKEVEDCVTNRPCRSQVR.CEGFVCAQTGRCVN~LLCNGDNDCGDQSDEANCRRIYKK 1 0 7  
I l l  : I  I I  I :  / I l l  : : I  : 1 1  I I : I I  I I  I : : I I I I :  I I  l l l l l l l l l  I l l  : I  : 

C 9  2 0  IDCRMSPWSEWSQCDPCLRQMFRSRSRSIEVFGQFNGKRCTDAVGDRRQCVPTEPCEDAEDDCGNDFQCGDFSDEDDCESEPRP 119 

C 8 p  108CQHEMDQYWGIGSLASGINLFTNSFEGPVLDHR . .  YYAGGCSPHY . .  ILNTRFRKPYNVESYTPQTQGKYEFILKEYESYSDFE RN.............. 1 8 9  

C 9  120 P C R D R W E E S E L A R T A G Y G I N I L G M D P L S T P F D N E F ~ G L C N R D R D G N T L T Y Y ~ P ~ A S L I Y E T K G E ~ F R T E H Y E E Q I E A F K S I I Q E K T S N F N ~ I S  2 1 9  

C 8 p  1 9 0  . . . . . . . . . . . . . . . . . . .  VTEKMASKSGFSFGFKIPGIFELGISSQSDRGKHYI~TKRFSHTKSVFLHARSDLEVAHYKLKPRS~LHYEFLQRVKRL 2 7 0  

C 9  2 2 0  LKFTPTETNKAEQCCEETASSISLHGKGSFRFSYS~ETYQLFLSYSSKK . . . . . . . . . . . . . .  EKMFLHVKGEIHLGRFVMRNRDWLTTTFVDDIKAL 3 0 4  

C 8 p  2 7 1 P L E Y S Y G E Y R D L F R D F G T H Y I T E A V L G G I Y E Y T L V M N K E A D L V  3 7 0  

C 9  3 0 5  PTTYEKGEYFAFLETYGTHYSSSGSLGGLYELInrLDKASMKRKGVELKDIKRCLGYHLDVSLAFSEISVGAEFNKDDCVKRGEGRAVITSENLIDDW 4 0 4  

C 8 p  371VLVRGGASEHITTLAYQELPTADLMQEWGDAVQ~PAIIKVK V E . . . .  PLYELVTATDFAYSSTVRQNMKQALEEFQKEVSSCHC~CQGNG~VLKGSR 4 6 6  

C 9  4 0 5  S L I R G G T R K Y A F E L K E K L L R G T V I D V T D F ~ W A S S I ~ ~ V L I S Q K L S P 1 Y N L ~ V . K M K N A H L K K Q N L Z R A I E D Y I N E F S V R K C H T C Q N G G T V I L M G K  5 0 3  

I :  : . . .  I l l  l : l : l : l l l :  I 1  : I  I I  : : :  . . .  

: : : I  I I :  : ! : I  I :  : I l l : :  : :  : : :: I : : I  I :  : I  1 

I I I l l  : :  : I l l 1  : l l l : l l :  : I :  I I I : I : :  1 :  : : I :  I :  I : : I : : : : : I l l  

I : l I I  : I  I : : I :  I : I : I I  : : I I :  I : [ : :  I : I  I I /  I : I  : 

C 8 p  467CDCICPVGSQGLACEVSYRK 4 8 6  

C 9  504CLCACPFKFEGIACEISKQK 5 2 3  
I I : I I :  I : I / I : I  I 

B 

C 9  18 SHIDCRMSPWSEWSQCDPCLRQMFRSRSIEVFGQFNGKRCTDAVGCRRQCV 6 9  

C 8 p  7MPIDCELSSWSSWTTCDPCQKKRYRYAYLLQPSQFHGEPCNFSDKEVEDCV 58 

C 8 p  4 8 8  TPIDGKWNCWSNWSSCSGRRKTRQR-QCNNPPPQNGGSPCSGPASETLDCS 5 3 7  

I l l  : I  I /  I :  I I I I  : : I  : I I  I I : I /  

I l l  : I /  I : : I  : I I I : I 1 I I 1  I / I  

FIGURE 3: Aligned sequence of CSP and C9 deduced from the coordinates of the lines in Figure 2. Putative membrane spanning segments 
of C9 are shown underlined. Identical amino acids are shown with a solid line, and conserved amino acids according to the scheme P, G; S, 
T; D, E, N, Q; K, R; and AVILMCHWYF are identified with a dotted line. The valine residue at residue 293 of C9 is present in only some 
cDNA clones. 
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terminus of C8P compared with that of C9. 

DISCUSSION 
We have shown that C8/3 and C9 have an overall sequence, 

cysteine pattern, and predicted structural homology with only 
smal differences. In particular one region, the region with 
homology to the LDL receptor, is very highly conserved, es- 
pecially at  the carboxy-terminal end, which contains five 
negatively charged amino acids. Antibodies raised against a 
peptide corresponding to this region (peptide B, Table I; 
Tschopp & Mollness, 1986; Tschopp et al., 1986a) cross-react 
with C8a and C7 but not with C8& even though C8j3, as 
shown here, contains this region with a high degree of con- 
servation. Indeed, only one amino acid residue out of ten is 
different compared with the peptide (Table I), suggesting that 
the antibody binding is rather sensitive to changes in this 
position. When all the published class A repeats are compared 
(Table I), it can be seen that this residue is very variable, 
suggesting that it might have an exposed rather than buried 
location. 

In the homologous region of the LDL receptor, this cluster 
of negative charges is preserved and has been ascribed the 
function of apolipoprotein binding (Yamamoto et al., 1984). 
Thus, modification of basic residues on the apolipoprotein 
(Innerarity et al., 1984) and competition with small negatively 
charged molecules like suramin (Schneider et al., 1982) and 
heparin (Goldstein et al., 1976) inhibit binding. The same 
reagents inhibit hemolytic activity of the membrane attack 
complex (Tschopp et al., 1986a; Tschopp & Masson, 1987), 
suggesting that this conserved cluster of negative charges plays 
a functional role in complement action. Further evidence from 
binding of a monoclonal antibody, M34, to complement com- 
ponent C9 suggests that regions in the amino-terminal half 
of this protein (where the class A homology is located) are 
involved in C9-C9 interaction, since the antibody prevents 
polymerization (Stanley et al., 1986; D. Maldonado, and K. 
K. Stanley, unpublished results) and its binding site is occluded 
after polymerization (Morgan et al., 1984). It is likely, 
therefore, that the effect of suramin and heparin is to block 
polymerization of C9 by competing with the negatively charged 
region on the class A homology. When a peptide corre- 
sponding to the negatively charged region of C9 was directly 
tested in a hemolysis assay, however, it was found to stimulate 
C9-dependent hemolysis although it had a powerful inhibitory 
effect on hemolysis with the related protein called perforin 
from cytotoxic T-killer cells (Tschopp et al., 1986a). A 
possible interpretation of this finding is that the peptide 
imitates the normal catalytic function of C8 in the unfolding 
of the C9 molecule, although the data only provide circum- 
stantial evidence for this hypothesis, which requires testing by 
site-directed mutagenesis. It is interesting to note, however, 
that C8P does indeed contain a sequence almost identical with 
that found in the peptide B used in these experiments. Thus 
both a- and 0-chains could play a role in C9 polymerization, 
although only C8a has been shown to form stable associations 
with C9 (Podack, 1984; Stewart & Sodetz, 1985). This view 
is supported by the observation that monoclonal antibodies 
raised against both ct and p subunits are capable of inhibiting 
complement cytolysis (Abraha et al., 1986). 

The dissimilarities between C9 and C8p are potentially 
important in describing the functional difference between the 
two molecules. Of particular note in this respect is the presence 
of a extra disulfide-bonded domain at the carboxy terminus 
of C8@ and the deletion of a stretch of amino acids in the 
center of the molecule. Contained within this central region 
in C9 is the epitope of monoclonal antibody bC5 (Stanley et 
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al., 1985; K. K. Stanley, unpublished results) which only 
recognizes C9 in its unfolded conformation (Mollness et al., 
1985). This antibody also cross-reacts with C5b-7 and C5b-8 
but not with the individual components in their globular form 
(Tschopp et al., 1986a), suggesting that the same epitope must 
be present on other terminal components in their unfolded 
form. It does not appear, however, to be located on C8P. The 
truncation of this region, which in C9 appears to be involved 
in unfolding, suggests that CSP may not be able to undergo 
the same conformational change as C9 It will be interesting 
to see if this region is present in C8a, which is apparently 
integrated into the poly(C9) tubule of the MAC (Podack, 
1984). 
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Complementary DNA and Derived Amino Acid Sequence of the a Subunit of 
Human Complement Protein C8: Evidence for the Existence of a Separate a 

Subunit Messenger RNA’ 
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ABSTRACT: The entire amino acid sequence of the a subunit ( M ,  64000) of the eighth component of 
complement (C8) was determined by characterizing cDNA clones isolated from a human liver cDNA library. 
Two clones with overlapping inserts of net length 2.44 kilobases (kb) were isolated and found to contain 
the entire a coding region [1659 base pairs (bp)]. The 5’ end consists of an untranslated region and a leader 
sequence of 30 amino acids. This sequence contains an apparent initiation Met, signal peptide, and propeptide 
which ends with an arginine-rich sequence that is characteristic of proteolytic processing sites found in the 
pro form of protein precursors. The 3’ untranslated region contains two polyadenylation signals and z poly(A) 
sequence. R N A  blot analysis of total cellular R N A  from the human hepatoma cell line HepG2 revealed 
a message size of -2.5 kb. Features of the 5’ and 3’ sequences and the message size suggest that a separate 
mRNA codes for a and argues against the Occurrence of a single-chain precursor form of the disulfide-linked 
a-y subunit found in mature C8. Analysis of the derived amino acid sequence revealed several membrane 
surface seeking domains and a possible transmembrane domain. These occur in a cysteine-free region of 
the subunit and may constitute the structural basis for a interaction with target membranes. Analysis of 
the carbohydrate composition indicates 1 or 2 asparagine-linked but no 0-linked oligosaccharide chains, 
a result consistent with predictions from the amino acid sequence. The a subunit contains segments 
homologous to the negatively charged, cysteine-rich repeat sequence found in low-density lipoprotein receptor 
and to the cysteine-rich epidermal growth factor type sequence found in a number of proteins. Most 
significantly, it exhibits a striking overall homology to human C9, with values of 24% on the basis of identity 
and 46% when conserved substitutions are allowed. As described in an accompanying report [Howard, 0. 
M. Z., Rao, A. G., & Sodetz, J .  M. (1987) Biochemistry (following paper in this issue)], this homology 
also extends to the a subunit of C8. 

H u m a n  C8 is a serum glycoprotein constituent of C5b-9, 
the cytolytic complex of complement composed of C5b, C6, 
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C7, C8, and C9 (Muller-Eberhard, 1986). Assembly of this 
complex is initiated by conversion of C5 to C5b and proceeds 
in a sequential manner: 

C6 c7 ca nC9 
C5b - C5b-6 - C5b-7 - C5b-8 - C5b-9, 

The intermediate C5b-7 complex contains a metastable lipid 
binding site that anchors the nascent complex to target cell 
membranes. Once on the membrane, C5b-7 binds C8 to form 
a tetramolecular complex, C5b-8. This complex is capable 
of slowly lysing erythrocyte membranes as well as some nu- 
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