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ABSTRACT: A cDNA clone encoding the p subunit ( M ,  64000) of the eighth component of complement 
(C8) has been isolated from a human liver cDNA library. This clone has a cDNA insert of 1.95 kilobases 
(kb) and contains the entire p sequence [ 1608 base pairs (bp)] . Analysis of total cellular R N A  isolated 
from the hepatoma cell line HepG2 revealed the m R N A  for ,O to be -2.5 kb. This is similar to the message 
size for the a subunit of C8 and confirms the existence of different mRNAs for a and p. This finding supports 
genetic evidence that a and p are encoded a t  different loci. Analysis of the derived amino acid sequence 
revealed several membrane surface seeking segments that may facilitate p interaction with target membranes 
during complement-mediated cytolysis. Determination of the carbohydrate composition indicated 1 or 2 
asparagine-linked but no 0-linked oligosaccharide chains. Comparison of the /3 sequence to that reported 
for a in the preceding paper [Rao, A. G., Howard, 0. M. Z., Ng,  S. C., Whitehead, A. S., Colten, H. R.  
& Sodetz, J .  M. (1987) Biochemistry (preceding paper in this issue)] and to that of human C9 revealed 
a striking homology between all three proteins. For p and a, the overall homology is 33% on the basis of 
identity and 53% when conserved substitutions are allowed. For p and C9, the values are 26% and 47%, 
respectively. All three have a large internal domain that is nearly cysteine free and N- and C-termini that 
are cysteine-rich and homologous to the low-density lipoprotein receptor repeat and epidermal growth factor 
type sequences, respectively. The overall homology and similarities in size and structural organization are 
indicative of a close ancestral relationship. I t  is concluded that a, p, and C9  are members of a family of 
structurally related proteins that are capable of interacting to produce a hydrophilic to amphiphilic transition 
and membrane association. 

H u m a n  C8 participates in complement-mediated cell lysis 
through interaction with the intermediate C5b-7 complex to 
form C5b-8 (Muller-Eberhard, 1986). Although capable of 
promoting slow membrane lysis itself, the major role of C5b-8 
is to serve as a receptor for C9. This role involves a single, 
specific site on the a subunit of C8 that mediates C9 binding 
to yield C5b-9, the terminal cytolytic complex of complement. 

Human C8 consists of three nonidentical subunits (a,  p, y) 
that are arranged asymmetrically as a disulfide-linked a-y 
dimer and a noncovalently associated p chain (Steckel et al., 
1980). Several well-defined functional domains have been 
identified from studies of the individual subunits. The a 
subunit has separate domains involved in interactions with p 
(Brickner & Sodetz, 1984), y (Brickner & Sodetz, 1985), C9 
(Stewart & Sodetz, 1985), and the target membrane bilayer 
(Steckel et al., 1983). The primary role of p is to direct C8 
into the nascent complex through interaction with a specific 
binding site on C5b-7 (Monahan & Sodetz, 1981). The nature 
of this site is unknown; however, studies of interactions between 
purified C5, C6, C7, and C8 (Kolb et al., 1973) or p (Stewart 
et al., 1987) suggest it resides on C5b. A role for y has not 
been identified, and evidence indicates it is not essential for 
C8 activity (Brickner & Sodetz, 1984). 

In the preceding paper, we described the characterization 
of cDNA clones that yielded the entire amino acid sequence 
of the a subunit (Rao et al., 1987). That study also yielded 
evidence for the existence of a separate mRNA for a, a finding 
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in support of genetic studies which concluded that a-y and 
p are encoded at different loci (Raum et al., 1979; Alper et 
al., 1983; Rittner et al.,, 1983; Rogde et al., 1986). In this 
report, we present the entire amino acid sequence of p as 
derived from a cDNA clone encoding this subunit. This ex- 
tends previous structural data on @, which was limited to its 
amino acid composition and amino-terminal sequence (Steckel 
et al., 1980). Our results also confirm the existence of a 
separate mRNA for p and reveal significant homologies to 
both the a subunit and C9. 

EXPERIMENTAL PROCEDURES 
Purification of Proteins and Amino Acid Sequencing. The 

p subunit was purified from C8 and converted to its S-(py- 
ridylethyl) derivative as described previously (Steckel et al., 
1980; Rao & Sodetz, 1984). S-(Pyridylethy1)-p was digested 
by CNBr or by Staphylococcus aureus protease (Miles Lab- 
oratories) under conditions favoring cleavage at glutamic acid 
(50 mM ammonium acetate, pH 4.0). Peptides from CNBr 
digests were fractionated by reverse-phase high-performance 
liquid chromatography (HPLC) as described (Rao et al., 
1987). S.  aureus protease peptides were fractionated similarly 
but with a trifluoracetic acid/isopropanol solvent system. 
Amino-terminal amino acid sequencing was performed by 
automated Edman degradation on a Beckman 890C sequencer. 
Carboxy-terminal sequencing was performed by digestion with 
carboxypeptidase P (Rao et al., 1987). 

Screening of the cDNA Library. On the basis of the amino 
acid sequence of peptides derived from p, two mixed-sequence 
oligonucleotide probes were synthesized and used to screen an 
adult human liver cDNA library (Belt et al., 1984). Ap- 
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FIGURE 1: Map and sequencing strategy for f i  cDNA. Shown is the cDNA insert and internal restriction sites used to generate fragments 
for sequencing. Arrows identify increments sequenced either by the rapid-deletion subcloning method or by using synthetic primers. The 
polyadenylation signal is indicated by (A). The hatched area shows the f i  coding region along with the oligonucleotide probe sites (m). 

proximately 40 000 recombinant clones were screened as de- 
scribed earlier (Rao et al., 1987). Hydridizations were per- 
formed at 40 "C with washing at 42 OC for the 17-mer probe 
and 44 OC for the 20-mer probe. Washing was in 6 X SSC 
(0.9 M NaC1/90 m M  sodium citrate) containing 0.05% so- 
dium pyrophosphate. 

DNA Sequencing. Fragments to be sequenced were isolated 
by electroelution from acrylamide gels, subcloned into M i 3  
mp 18 or mp 19 and sequenced by a modified dideoxy chain- 
termination method (Rao et al., 1987). Fragments of extended 
length and restriction site overlaps were sequenced either by 
the rapid-deletion M13 subcloning approach (Dale et al., 1985) 
or by using synthetic primers prepared by the University of 
South Carolina Oligonucleotide Synthesis Facility. 

Analysis of RNA Blots. Blots containing total cellular 
R N A  from the human hepatoma cell line HepG2 were pre- 
pared and probed as described (Rao et al., 1987). A labeled 
single-stranded probe was prepared by primed synthesis on 
an M i 3  template containing the middle 0.95-kb fragment from 
an EcoRI-BamHI digest of the /3 cDNA insert. 

Data Analysis. Sequence analysis and secondary structure 
predictions were performed as described previously (Rao et 
al., 1987). 

RESULTS 

Protein Sequencing and Carbohydrate Composition. Four 
peptides from CNBr digests and six from S. aureus protease 
digests were partially sequenced by conventional methods to 
yield a total of 160 residues of /3 sequence. From this, the 
sequence Asp-Gln-Tyr-Trp-Gly-Ile near the N-terminus was 
selected to make the following 17-mer probe: 

GAC/T-CAG/A-TACIT-TGG-GGC/T/G/A-AT 

Another sequence of Glu-Glu-Phe-Gln-Lys-Glu-Val near the 
C-terminus was used to design the following 20-mer probe: 

GAG/A-GAG/A-TTT/C-CAAIG-AAG/A-GAG/A-GT 

Both probes were found to be highly selective for /3 cDNA 
clones under stringency conditions described above. 

To determine the C-terminal sequence, S-(pyridylethy1)-/3 
was subjected to carboxypeptidase P digestion. Yields 
(mol/mol, in parentheses) of amino acids released a t  30 min 
were Ser (0.72), Leu (0.70), Asp (0.67), and S-(pyridyl- 
ethy1)cysteine (0.50). Yields after 60 min were Ser (1.2), Leu 
(0.97), Asp (0.91), and S-(pyridylethy1)cysteine (0.73). The 
time course of release for all four residues was such that a 
sequence could not be deduced. However, one of the peptides 
isolated from S. aureus protease digests was found to have 
Thr-Leu-Asp-Cys-Ser as its complete sequence. In view of 
results from carboxypeptidase digestions, it was assumed this 

peptide corresponded to the C-terminus of /3. This was sub- 
sequently confirmed by the cDNA sequence. 

Carbohydrate analyses of /3 yielded the following compo- 
sition (mol/mol, *lo%): glucosamine (GlcN) (3.5), galac- 
tosamine (GalN) (0), Man (2.7), Gal (2.5), N-acetylneur- 
aminic acid (NeuAc) (1.7), Fuc (O. i ) ,  Glc (4.4). This com- 
position is nearly identical with that for a with the exception 
of glucose, which is variable and is assumed to be a contam- 
inant. As with a, the composition indicates one but no more 
than two asparagine-linked oligosaccharide chains and no 
0-linked sugars. 

After the cDNA library was 
screened, the clone with the largest insert that was positive 
to both oligonucleotide probes was selected for further char- 
acterization. Results in Figure 1 show that this clone has an 
insert [1944 base pairs (bp)] that includes the entire coding 
region for mature /3. The 3' extension has a single poly- 
adenylation signal but no poly(A) sequence. 

The complete nucleotide sequence and derived amino acid 
sequence are shown in Figure 2. Translation of the 5' region 
yields a continuous 54-residue sequence with no in-frame 
termination codons. One methionine occurs a t  position -2; 
however, the flanking nucleotide sequences is one that is rarely 
found a t  a translation initiation methionine (Kozak, 198 1).  
Moreover, the arginine a t  -1 is not a common residue rec- 
ognized by signal peptidase (Heijne, 1984). Considering the 
absence of other methionines and the potential for 5' loop-back 
artifacts referred to earlier (Rao et al., 1987), no conclusion 
can be made regarding a signal peptide or propeptide for /3. 

The coding region for mature /3 is 1608 bp in length and 
contains 536 amino acids for a total M ,  of 60742. This 
compares well to 553 amino acids predicted from the amino 
acid composition and a M ,  of 64000 for the glycosylated 
protein (Steckel et al., 1980). There are three asparagines that 
are candidates for glycosylation. In a, it was proposed that 
only one of two candidates was glycosylated on the basis of 
behavior of the corresponding peptides in sequencing reactions 
and the overall carbohydrate composition. It is noteworthy 
that (3 has nearly an identical carbohydrate composition and 
that one of its three possible sites contains the same Ser- 
Asn-Trp-Ser sequence found at the proposed glycoslyation site 
in a. Therefore, this seems like a most probable site for 
glycosylation in p .  The /3 subunit also resembles a in that its 
cysteine residues are clustered near the N- and C-termini. Of 
a total of 28, there are none within the middle 178 residues 
and only 4 in the middle 347. 

RNA Blot Analysis. The cDNA for fl  contains a poly- 
adenylation signal in the 3' untranslated region but no poly(A) 
sequence. Likewise, there is no clear indication whether the 
5' extension is complete. To determine if this cDNA is nearly 
full length, total R N A  from HepG2 cells was analyzed on 

Sequence of /3 cDNA. 
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-50 - 4  0 -30 
S Q C D R T W A W R A P V E L F L L C A A L G C L S L P G S  
TCCCAATGTGACAGGACATGGGCTTGGAGGGCGCCGGTGGAGCTATTTCTTCTCTGTGCTGCCCTGGGCTGTCTCAGTTTGCCTGGCTCC 

-20 -10 -1 t1 
R G E R P H S F G S N A V N K S F A K S R Q M R S V D V T L  
AGAGGTGAAAGGCCACATTCCTTTGGGTCAAATGCAGTCAAC~GAGCTTTGCTAAGAGCAGACAGATGCGGAGTGTGGATGTTACCCTG 

M P I D @ E L S S W S S W T T @ D P @ Q K K R Y R Y A Y L L  
ATGCCCATTGATTGTGAGCTGTCTAGTTGGTCCTCTTGGACCACATGTGACCCCTGTCAGAAGAAAAGGTACAGGTATGCCTACTTGCTC 

Q P S Q F H G E P O N F S D K E V E D O V T N R P a G S Q V  
CAGCCCTCTCAGTTCCATGGGGAACCGTGCAACTTCTCTGACAAGGAAGTCGAAGACTGTGTTACCAACAGACCATGCGGAAGTCAAGTG 

10 20 30 

40 v 50 60 

70 80 90 
R @ E G F V @ A Q T G R @ V N R R L L @ N G D N D @ G D Q S  
CGATGTGAAGGCTTTGTGTGTGCACAGACAGGAAGGTGTGTAAACCGCAGACTTCTTTGCAATGGGGACAATGACTGTGGAGACCAGTCA 

100 110 120 
D E A N O R R I Y K K O Q H E M D Q Y W G I G S L A S G I N  
GATGAAGCAAACTGTAGAAGGATTTATAAAAAATGTCAGCATGAAATGGACCAATACTGGGGAATTGGCAGTCTGGCCAGTGGGATAAAT 

130 140 150 
L F T N S F E G P V L D H R Y Y A G G O S P H Y I L N T R F  
TTGTTCACAAACAGTTTTGAGGGCCCAGTTCTTGATCACAGGTATTATGCAGGTGGATGCTCCCCGCATTACATCCTGAACACGAGGTTT 

160 170 180 
R K P 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  
AGGAAGCCCTACAATGTGGAAAGCTACACGCCACAGACCCAAGGCAAATACGAATTCATATTAAAAGAGTATGAATCATACTCAGATTTT 

190 200 210 
E R N V T E K M A S K S G F S F G F K I P G I F E L G I S S  
GAACGCAATGTCACAGAGAAAATGGCAAGCAAGTCTGGTTTCAGTTTTGGTTTTAAAATACCTGGAATATTTGAACTTGGCATCAGTAGT 

220 230 240 
Q S D R G K H Y I R R T K R F S H T K S V F L H A R S D L E  
CAAAGTGATCGAGGCAAACACTATATTAGGAGAACCAAACGATTCTCTCATACTAAAAGCGTATTTCTGCATGCACGCTCTGACCTTGAA 

250 2 60 270 
V A H Y K L K P R S L M L H Y E F L Q R V K R L P L E Y S Y  
GTAGCACATTACAAGCTGAAACCCAGAAGCCTCATGCTCCATTACGAGTTCCTTCAGAGAGTTAAGCGGCTGCCCCTGGAGTACAGCTAC 

280 2 90 300 
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  
GGGGAATACAGAGATCTCTTCCGTGATTTTGGGACCCACTACATCACAGAGGCTGTGCTTGGGGGCATTTATGAATACACCCTCGTTATG 

N K E A M E R G D Y T L N N V H A O A K N D F K I G G A I E  
AACAAAGAGGCCATGGAGAGAGGAGATTATACTCTTAACAACGTCCATGCCTGTGCCAAAAATGATTTTAAAATTGGTGGTGCCATTGAA 

E V Y V S L G V S V G K @ R G I L N E I K D R N K R D T M V  
GAGGTCTACGTCAGTCTGGGTGTGTCTGTAGGCAAATGCAGAGGTATTCTGAATGAAATAAAAGACAGAAACAAGAGGGACACCATGGTG 

E D L V V L V R G G A S E H I T P G I P G A A D A D L M Q E  
GAGGACTTGGTGGTCCTGGTACGAGGAGGGGCAAGTGAGCACATCACACCTGGCATACCAGGAGCTGCCGACGCGGACCTGATGCAGGAG 

310 320 330 

340 350 360 

370 380 390 

4 00 410 420 
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 Y  
TGGGGAGACGCTGTGCAGTACAACCCAGCCATCATCAAAGTTAAGGTGGAGCCTCTGTATGAACTAGTGACAGCCACAGATTTTGCCTAT 

430 440 450 
S S T V R Q N M K Q A L E E F Q K E V S S a H a A P a Q G N  
TCCAGCACAGTGAGGCAGAACATGAAGCAGGCACTGGAGGAGTTCCAGAAGGAAGTTAGTTCCTGCCACTGTGCTCCCTGCCAAGGAAAT 

4 60 4 70 480 
G V P V L K G S R B D a I ( ? ) P V G S Q G L A @ E V S Y R K N  
GGAGTCCCTGTCCTGAAAGGATCACGCTGTGACTGCATCTGTCCTGTTGGATCCCAAGGCCTAGCCTGTGAGGTCTCCTATCGGAAGAAT 

4 90 500 510 
T P I D G K W N ~ W S N W S S ~ S G R R K T R Q R Q @ N N P  
ACCCCCATTGATGGGAAGTGGAATTGCTGGTCAAATTGGTCTTCATGCTCTGGAAGACGTAAGACAAGACAAAGGCAGTGTAACAATCCA 

520 530 
P P Q N G G S P @ S G P A S E T L D a S +  
CCTCCTCAAAATGGGGGTAGCCCCTGTTCAGGCCCTGCTTCAGAAACACTTGACTGCTCCTAGCAG~TGATACAGCAGTGGGCTACATAC 
AATGAGAGCCCTGAGCCCTCAAGAACTCACGCCAGCTCAGCCCTACACCAGTTTCCACCTGGAGTTCATGCAAGGGCAAAAGGCAGTGCC 
ATGCAAGCTGTTTAA -1 GATGTTACCTTGTAAAATGCAAGTTGATTTAAA 1 9 4 4 
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FIGURE 2 :  cDNA and amino acid sequence of p. Numbering of amino acids begins with the N-terminus of mature as +l. Cysteines are 
highlighted by circles, and potential asparagine-linked glycosylation sites are identified by (V). Segments that were confirmed by amino acid 
sequencing are underlined. The polyadenylation signal sequence is boxed, and the translation stop codon is identified by (*). 

RNA blots by using a p cDNA probe. Results in Figure 3 
show the prominent mRNA detected is -2.5 kb in length. 
This indicates the message has 5' and/or 3' sequences ex- 
tending beyond those found in the cDNA. A second, less 
abundant mRNA of - 1.5 kb can also be detected. A second 
mRNA of the same size was also observed with the a cDNA 

probe and was attributed to either an alternatively processed 
or a highly homologous mRNA (Rao et al., 1987). The former 
possibility was considered because an internal AATAAA 
polyadenylation sequence occurs at 1298 bp from the 5' end 
of the a cDNA. Either explanation could apply again here 
because the p cDNA has the same sequence at 1226 bp from 
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FIGURE 3: RNA blot analysis of 8 mRNA. Approximately IO r g  
of total cellular RNA from HepG2 cells was electrophoresed and 
blotted as described in the text. The blot was probed with a sin- 
gle-stranded probe corresponding to the middle 0.95-kb fragment of 
the 8 cDNA. Molecular weight standards consist of a Hind111 digest 
of "P-labeled X phage DNA. 

its 5' end. Importantly, detection of both the 2.5- and 1.5-kb 
mRNAs with either probe is not a result of shared specificity. 
This was established by extensive cross-hybridization exper- 
iments with a and B cDNA fragments (data not shown). I t  
may also be that these smaller mRNAs are unique to HepG2 
cells or are a function of using total RNA. When poly(A) 
RNA from fresh baboon liver was blotted and probed with 
either an a or @ cDNA probe, only a single mRNA species 
of -2.5 kb was detected.' 

Secondary Structure Predicfiom. The hydropathic profile 
in Figure 4 indicates that @ is largely hydrophilic. Analysis 
by the method of Eisenberg et al. revealed no potential tran- 
smembrane segments; however, seven segments were identified 
as capable of forming amphipathic @-structures that are 
membrane surface seeking (Eisenberg et al., 1984). These 
segments correspond to residues 65-75, 147-162, 196-216, 
236-249, 32+347,405418, and 489499. 

Sequence Homologies. Results in the preceding paper (Rao 
et al., 1987) described two homologies between a, 8, and C9. 
One located near the N-terminus included the cysteine-rich 
low-density lipoprotein (LDL) receptor repeat, and the other 
at the C-terminus included the cysteine-rich growth factor type 
domain. Figure 5 shows that several other significant hom- 
ologies exist, including one segment that is unique to a and 
Band another to @ and C9. Overall homology between a and 
@ is 33% on the basis of identity and 53% when conserved 
substitutions are included. For and C9, the values are 26% 
and 47%. respectively. 

DISCUSSION 

Results in this study indicate B is encoded in a mRNA that 
is similar in size yet distinct from the a subunit mRNA. This 
observation is significant because it supports genetic studies 
which concluded that ay and le are e n d e d  at different loci. 
As noted in the preceding paper in this issue, indirect evidence 
suggests that y may also be e n d e d  in a separate message, 
and if so, this would mean separate loci exist for a, @, and y. 

' S. C. Ng and J. M. W e t s  unpublished results. 

100 200 300 400 500 
RESIDUE NO. 

FlGURE 4 Hydropathy profile of 8. Sequence regions with positive 
hydropathy values are hydrophobic, and those with negative values 
are hydrophilic. Brackets in the inset identify potential membrane 
surface seeking segments (S). 

a possibility that is compatible with genetic data on C8 (Rao 
et al., 1987). More detailed studies of the number of loci and 
their linkage should now be possible with the availability of 
a and @ cDNA probes. 

Analysis of the @ sequence reveals several segments with 
potential to form amphipathic @-structures that are capable 
of interacting with membrane surfaces. These segments may 
serve two functions. One is that they may assist in stabilizing 
interactions of C8 with C5b-7 by direct association with the 
membrane surface. Since @ alone can bind with high affinity 
to this complex, stabilization of C8 binding is probably me- 
diated in part through interactions involving @ (Monahan & 
Sodetz, 1981). Second, these segments may contribute directly 
to the lytic activity of C5b-8 and C5b-9 through membrane 
perturbation. However, this contribution is likely to be minor 
because, unlike a, the j3 subunit in membrane-bound C5b-8 
and C5b-9 is only marginally labeled by photosensitive, 
membranerestricted probes (Steckel et al., 1983). Marginal 
photolabeling indicates limited interaction with the bilayer, 
a result consistent with the above structural predictions. 

The @ subunit exhibits a striking overall homology to a and 
human C9. As summarized in Figure 6, this includes not only 
the LDL receptor and epidermal growth factor type domains 
but other large regions as well. Each homologous region occurs 
at the same location in all three proteins, thus revealing a 
remarkable similarity in structural organization. This is 
further indicated by the similar number of amino acids, the 
localization of cysteines at the N- and C-termini, and, in the 
case of a and /3, the nearly identical carbohydrate content. 
Considering these proteins are hydrophilic but can display 
amphiphilic characteristics, it is also significant that each 
contains segments capable of interacting with membranes. 
Most of these occur in a relatively cysteine-free region where 
conformational constraints are minimal. Such a design is not 
likely a result of chance. As it exists independently in serum, 
each protein must be refractory to membranes, yet still be able 
to expose membrane-interacting segments upon binding to 
C5b-7 or C5b-8. Having maximum flexibility in this region 
would permit exposure of such segments to be modulated by 
conformational changes, which in turn could be influenced by 
protein-protein interactions during assembly of the comple- 
ment complexes. Thus, it seems one reason why each protein 
may have this structural arrangement is that it facilitates a 
function they have in common, a hydrophilic to amphiphilic 
transition and subsequent membrane association. 
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FIGURE 5:  Homologous sequences in a,  0, and C9. Segments of 0 that were identified as homologous to a and/or human C9 are optimally 
aligned. The sequence of a is from the preceding paper (Rao et al., 1987) and that of C9 from Di Scipio et al. (1984). All segments shown 
exhibit 139% homology on the basis of identity and 254% homology if conserved substitutions are included. 

............... . 0- . 0. ..e..n .e. 
- D m  

3782395 440 543 553 
I E r/////k C 
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1 21 57 80 113 173-197 293 347 470 523 531 

c9 N-= +-PA E + c  
FIGURE 6: Summary of structural similarities between a, 0, and C9. Segments of a, 0, and C9 that are related by sequence homology are 
identified by residue numbers and common markings. Segments containing the LDL receptor homology are identified by L, and those with 
growth factor type homology by E. Cysteine residues are identified by (0). Solid bars above each protein identify the potential membrane 
surface seeking segments while open bars identify potential transmembrane segments. Data for a is from the preceding paper (Rao et al., 
1987). The sequence (Di Scipio et al., 1984) and locations of predicted membrane surface seeking segments (Shiver et al., 1986) for C9 are 
from published reports. I t  is noted that the number of cysteines shown here for C9 differs by one from that reported by others (Stanley et 
al., 1986). 

Having conserved domains in the same region of each 
protein may also confer stability to C8 and C9 interactions. 
In solution, C8 and C9 can form a complex that is mediated 
by a single C9 binding site on a (Stewart & Sodetz, 1985). 
Because a is simultaneously associated with (3 (in C8), this 
complex must be physically arranged as p.(u.C9. Monomeric 
C9 also has properties that allow it to self-polymerize in so- 
lution or upon binding to C5b-8 (Muller-Eberhard, 1986), 
suggesting that a heteropolymer of p.(u.C9.C9, can form within 
membrane-bound C5b-9. Specific association between C8 and 
C9 also occurs during assembly of SC5b-9, the soluble 
counterpart of membrane-bound C5b-9. Thus, stability of 
these interactions is not dependent solely on the presence of 
membranes but also on intrinsic properties of the constituent 
proteins. Considering this and similarities in a, (3, and C9 
structures, one can speculate that pairs of conserved domains 
might align to provide a repetitive structure that stabilizes the 
above heteropolymer. This could explain C8 and C9 inter- 
actions and the self-polymerization of C9 but not the inability 
of (3 to associate with C9 nor the fact that a-y and p do not 
self-polymerize. Undoubtedly, nonconserved regions of each 
protein must have a role in determining the specificity of 

interactions. With the availability of sequences, specific 
segments of a, (3, and C9 can now be isolated and used to 
delineate the various domains involved in their interactions. 

On the basis of similarities in their structure and function, 
we conclude that a, (3, and C9 share a close ancestral rela- 
tionship and are members of a family of proteins that are 
capable of induced conformational changes leading to mem- 
brane interaction. Evidence suggests that other proteins may 
belong to this family, one of which is perforin, the pore-forming 
protein released from cytotoxic lymphocytes. This protein 
facilitates lysis of target cells through self-polymerization and 
formation of pores that are morphologically similar to C5b-9 
formed on complement-lysed membranes (Dourmashkin et al., 
1980). The perforin monomer is similar in size to C9, and 
like C9, it can be induced to self-polymerize by metal ions 
(Young et al., 1986). Recent immunological evidence also 
indicates perforin and C9 have common antigenic determi- 
nants, at least one of which involves the cysteine-rich LDL 
receptor domain (Young et al., 1986; Zalman et al., 1986; 
Tschopp et al., 1986). These similarities suggest homology 
to C9 which, if extensive, will establish perforin as a fourth 
member of this family. 
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ADDED IN PROOF 
We recently isolated a p cDNA clone with a longer 5' 

extension. Compared to that in Figure 2, the derived amino 
acid sequence differs only from position -54 to position -5 1. 
The revised sequence MKNS encompasses a strong translation 
initiation signal at methionine -54, thus suggesting that p has 
a leader sequence of 54 amino acids. The sequence preceding 
residue -50 in Figure 2 is now considered artifactual. 
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ABSTRACT: Recombinant human interleukin 10 has been studied in solution with respect to its conformation, 
stability, and characteristics of unfolding and refolding. It is an all-0-type, stable globular protein with 
a high cooperativity under conditions where refolding is reversible. The tryptophan residue is approximately 
40% exposed to solvent, and the four tyrosines are 50% exposed. The fluorescence of the single tryptophan 
residue is quenched a t  pH 7.5 but dequenched by high salt, by titration to lower pH with a pK of 6.59, and 
by denaturants, resulting in an unusual biphasic change in fluorescence on unfolding. Both histidine and 
thiol residues have been excluded as being responsible for the pH dependence of fluorescence by site-directed 
mutagenesis and by chemical modification, respectively. The likely candidate is an aspartate or glutamate. 

r e  family of interleukin 1 proteins have a wide range of 
biological effects in vivo both local at the site of production 
by macrophages and also in distant tissues (Duff, 1985; 
Feldmann, 1985). These biological effects range from pros- 

taglandin E production to stimulation of the acute phase re- 
sponse. 

Preparations of authentic human IL- 1/3' are contaminated 
by other cytokines so it is therefore important to be able to 

' Abbreviations: IL-lp, interleukin ID; CD, circular dichroism; UV, 
'This work was supported by BIOGEN SA, Geneva. ultraviolet; Gdn-HC1, guanidine hydrochloride; MES,  2 - ( N -  
*Address correspondence to this author. morpho1ino)ethanesulfonic acid; Tris, tris(hydroxymethy1)aminomethane; 
'University of Newcastle upon Tyne. NATA, N-acetyhyptophanamide; AG;i,,,, free energy of stabilization 

in the absence of denaturant; EDTA, ethylenediaminetetraacetic acid. BIOGEN SA. 
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