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We report  here  that complement receptor  type  one 
(CR1) binds to a  region of C3b that is contained  within 
the NHz terminus of the a’ chain. In an enzyme-linked 
immunosorbent  assay,  CR1 bound to C3b, iC3b, and 
C3c but  not  to C3d, and  this  binding  was  inhibited by 
soluble  C3b and C3c. Further  attempts  to  generate a 
small  C3 fragment capable of binding  CR1  were un- 
successful. However,  elastase  degradation of C3 gen- 
erated  four species of C3c (C3c I-IV), two of which 
bound CR1. NH2-terminal  sequence  analysis  and so- 
dium dodecyl sulfate-gel  electrophoresis of the C3cs 
indicated that  the 0 chains  and  the  40,000-dalton 
COOH-terminal a’ chain  fragments  were identical; the 
NHz-terminal a’ chain fragments of C3c I-IV varied 
from  21,000  to  27,000  daltons  and accounted  for the 
differential  binding  to CR1. C3c-I and 11, which  do  not 
bind CR1, were missing 8 and 9 residues  from  the NH2 
terminus of the a’ chain  when  compared  with  the  intact 
a’ chain of C3b.  C3c-I11 and IV, which bind CR1, had 
NHz termini  identical to  the  intact NHz-terminal a’ 
chain of C3b. Using  iodinated  concanavalin A and  en- 
doglycosidase H, we showed that  the  NHz-terminal a’ 
chains of C3e-I and I11 were glycosylated, while C3c- 
I1 and IV were not. Therefore,  these data indicated 
that  the amino terminus of the  NHz-terminal a’ chain 
fragment of C3c was responsible for  binding  CR1  while 
the COOH terminus of this  fragment  was not  involved 
since  the presence or absence of this region  in C3c did 
not  affect  CR1  binding  to C3c. Subsequently,  two pep- 
tides  were  synthesized  from the  NHz-terminal a’ chain 
fragment of C3c: X42, 42  residues  in  length  from  the 
NHz terminus  and C30,30 residues  in  length  from  the 
COOH terminus. X42 inhibited  binding of CR1  to  C3b, 
and  this  effect  was  also observed with  antipeptide  an- 
tibodies  against the X42 peptide.  The  C30 and  other 
C3-derived  peptides and  antipeptide  antibodies  had no 
effect on the  binding of CR1  to C3b. 

The complement system is composed of  20 plasma proteins 
that function in host defense against foreign pathogens. Par- 
ticularly, the  third component of complement C3l has received 
much attention due to  its central role in both the classical 
and  alternative pathways of the complement cascade and due 
to its dynamic ability to bind numerous ligands and cell 
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surface receptors (for reviews see Refs.  1-4). Human C3 is a 
195,000-Da glycoprotein (1.2 mg/ml in serum) composed of 
an a and @ chain which are covalently linked via a disulfide 
bond. Upon complement activation, C3 is cleaved by  C3 
convertase into C3a ( M ,  = 9,000) and C3b (MI = 185,000), 
both of which are capable of binding specific receptors. This 
cleavage results in a  transiently expressed membrane-attach- 
ing site  in  addition to conformational changes in the molecule 
that expose binding sites for factors B (5, 6),  I (7), and H (8, 
9), properdin (10, l l ) ,  C5 (12),  and CR1 (13, 14). C3b  is 
susceptible to  further cleavage  which proceeds in several steps. 
The first cleavage, between the Arg-Ser bond at residues 
1281-1282 of the C3 sequence, is made by factor I with factor 
H serving as  a cofactor. A second factor I cleavage occurs 
rapidly between another Arg-Ser bond (residues 1298-1299) 
leading to  the formation of iC3b (15, 16), which can  then be 
further cleaved to C3c and C3dg. In addition, factor I-me- 
diated degradation of C3b can also occur in the presence of 
different cofactor molecules such as factor H (16), CR2 (17), 
CR1 (16, 18) and gp 45-70 (19). The activation and subse- 
quent  inactivation of C3 results  in an array of cleavage 
fragments which bind specifically to membrane receptors, and 
these receptors, in  turn, mediate many of the biological effects 
of the complement system (1-3,20). 

The C3b receptor, CR1, is a polymorphic glycoprotein with 
M, values ranging from 160,000-250,000 that binds the C3b 
and iC3b fragments of C3 and  the C4b fragment of C4. 
Initially purified by Fearon (18) from erythrocyte membranes, 
CR1 is also found on polymorphonuclear leukocytes, mono- 
cytes and macrophages, podocytes, dendritic cells, B cells, and 
a small population of T cells (21). In addition, CR1  has been 
found in  human plasma (22). Molecular genetic studies have 
shown that CR1  contains long homologous repeating  units 
which are comprised of short consensus repeats  (23) that 
resemble the  short consensus repeats of other C3b/C4b-bind- 
ing proteins such as CR2 (24, 25), factor H (26, 27), and C4- 
binding protein (28). CR1 has been shown to exhibit various 
functional properties depending on the cell type expressing 
the receptor. On phagocytic cells such as neutrophils and 
monocytes, CR1 appears to enhance the phagocytosis of C3b- 
bearing particles (29). The role of CR1 on non-phagocytic 
cells is less understood, but recent studies indicate that  stim- 
ulation of CRl on B cells enhances B cell differentiation (30, 
31). As mentioned above, CR1 can serve as  a cofactor for the 
factor I-mediated cleavage of C3b and for the processing of 
immune complexes (32). The affinity of C3b for its receptor 
varies; monomeric C3b has an  apparent K, from  0.5 X lo6 
“l-2 X IO6 M” (33, 34) while dimeric C3b binds with higher 
affinity (KO = 5 X IO7 M-’) (34),  as  is the case when C3b is 
covalently bound to surfaces. Additionally, it has been shown 
that iC3b (KO = 2 x lo5 M-‘) (35) and C3c (36) bind to CR1 
but with lower affinity. 

In  this study, in order to identify the  structural require- 
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ments of C3 involved in  the binding of CR1, different  frag- 
ments of C3 were generated and characterized with respect to 
their  primary  structure  and by their ability to bind CR1. 
Based on this, we localized the binding site on C3b for CR1 
to a domain in the NH2 terminus of the a' chain of C3b. This 
was confirmed by the use of synthetic peptides from this 
region, as well as with the corresponding antipeptide  antibod- 
ies, both of which inhibited the binding of CR1 to C3b and 
c3c. 

EXPERIMENTAL  PROCEDURES 

Materials-Trypsin and soybean trypsin  inhibitor were purchased 
from Worthington.  Porcine  pancreatic  elastase was obtained from 
Serva and concanavalin A from Vector Laboratories. Polyvinylidene 
difluoride membranes were from Millipore. 

Antibodies-mAb To5 was purchased from Dakopatts, and perox- 
idase-conjugated goat anti-mouse Ig  was purchased from Bio-Rad. 
Antibodies against  synthetic peptides were made in  rabbits by sub- 
cutaneous injections of the synthetic  peptides coupled to keyhole 
limpet hemocyanin by glutaraldehyde (37). The rabbit immunoglob- 
ulin was fractionated from other serum proteins by ammonium sulfate 
precipitation. The pellet was resuspended, dialyzed against PBS,  pH 
7.2, and  the volume  was adjusted to equal the  starting volume of 
serum. 

Cells-Tonsils  were obtained from Bezirkspital, Rheinfelden, Swit- 
zerland. Cells were isolated from homogenized tissue and washed five 
times with PBS  and  then lysed with lysing buffer (1% Nonidet P-40 
in PBS containing  5 mM EDTA, 2 mM phenylmethanesulfonyl fluo- 
ride, 1 p~ leupeptin, 1 p M  pepstatin, and 2 mM diisopropyl fluoro- 
phosphate) for 1 h at 4 "C at a  concentration of 5 X 10' cells/ml. 
Insoluble material was  removed by centrifugation, and  the superna- 
tants were stored at -70 "C prior to use. 

Synthetic Peptides-Three different peptides, representing resi- 
dues 727-768 (X42), 894-923 (C30), and 1402-1435 (M34) of the C3 
sequence (see Fig. 8) were synthesized using an Applied Biosystems 
430A synthesizer by the  standard solid-phase procedure of Merrifield 
et al. (38, 39). The synthesis was carried out on a 4-methylbenzhy- 
drylamine resin with tert-butyloxycarbonyl-protected amino acids, 
dicyclohexylcarbodiimide couplings, and trifluoroacetic acid (40%) 
for deprotection. The peptides were cleaved from the resin with 
anhydrous hydrogen fluoride in the presence of anisole as a scavenger 
(40).  They were then washed with cold ether  and extracted with 10% 
acetic acid and lyophilized. crude peptides were purified by  gel 
filtration on a Sephadex G-15 column equilibrated with 4% acetic 
acid followed by reverse-phase high performance liquid chromatog- 
raphy  on  a C-18 column (Vydac) using a 10-80% acetonitrile gradient 
containing 0.1% trifluoroacetic acid. Purity  and composition of the 
peptides were confirmed by thin layer chromatography and amino 
acid analysis using an Applied Biosystems 420A derivatizer with an 
on-line 130A analyzer. All peptides were resuspended and dialyzed in 
M, 1000 cut-off dialysis membranes (Spectrum)  against PBS  at pH 
7.2 before use. 

Preparation of C3 Fragments-C3 was isolated from EDTA-plasma 
as previously described (41) except that  the C3  was passed over 
Mono-Q HRlO as a  final step of purification. C3b  was generated from 
C3 by limited digestion with trypsin (90 s at 37 "C with a 1% enzyme/ 
substrate (w/w)), and  the reaction was stopped by the addition of 3% 
soybean trypsin  inhibitor. C3c was generated by incubating C3 with 
5% elastase (w/w) (Serva) for 6  h at 37 "C. Both C3b and C3c  were 
purified immediately after cleavage by passage over a Mono-Q HRlO 
column (Pharmacia  LKB Biotechnology Inc.) attached to  an  FPLC 
system (Pharmacia LKB Biotechnology Inc.). Separation was 
achieved by equilibrating the Mono-Q column in 20 mM Tris-HC1, 
pH 7.5, and eluting with 200  ml  of a 0-500 mM NaCl gradient at a 
flow rate of 4 ml/min. 

Assay for Binding of CRI to  C3 Fragments-The binding of CR1 
to C3 fragments was tested by ELISA. Briefly, microtiter wells  were 
coated with C3  or its fragments (8 pg/ml, 50 pl/well) overnight at 
4 "C. After saturation with 1% bovine serum albumin, 1% ovalbumin 
in PBS,  pH 7.2,  50 pl of tonsil lysates, serially diluted, were  allowed 
to react (30 min at 23 "C).  The bound CR1 was detected with mAb 
To5 which  is specific for  CR1. Bound To5 was detected with a 
peroxidase-conjugated goat anti-mouse Ig. Between every step in the 
ELISA the wells  were washed three times with 0.05% Tween in PBS, 
pH 7.2 

Inhibition of CRI Binding to  C3b or C3c by Fluid Phase C3 Frag- 

ments, Synthetic Peptides, or Antipeptide Antibodies-Inhibition of 
CR1 binding to C3c fixed to microtiter wells  was performed as 
described above for the binding of CR1 to C3 fragments except that 
various dilutions of C3b or C3c  (0.2-12 p M )  or the synthetic peptides 
(10-700 p ~ )  were preincubated with 50 pl of tonsil lysates (1 X lo7 
cells/ml) for 1 h prior to  the incubation with C3c. In  the case of 
inhibition of CR1 binding to C3c  by antipeptide antibodies, serially 
diluted antipeptide antibodies were preincubated with the C3c fixed 
to microtiter wells before the addition of 50 p1 of tonsil lysates (1 X 
IO7 cells/ml). After the preincubation period with the various inhibi- 
tors, the assays were performed as described above for the binding of 
CR1 to C3 fragments. Maximum binding was that binding observed 
in the presence of control  proteins, peptides, or antibodies (preim- 
mune serum in the case of inhibition of antipeptide  antibodies). 

Polyacrylamide Gel Electrophoresis-Electrophoresis of the puri- 
fied protein  fragments was performed in the presence of sodium 
dodecyl sulfate (SDS)  as described by Laemmli (42). The samples 
were reduced with 2% mercaptoethanol. Protein  bands were detected 
by staining with 0.1% Coomassie Blue R-250 (Bio-Rad) in isopropyl 
alcohol/methanol/acetic acid/HzO (2.82.01.04.2, by volume). The 
molecular weights were estimated using reference proteins. 

Digestion of C3c Fragments by Endoglycosidase-H-C3c  was treated 
with endoglycosidase-H (endo-H) (Boehringer Mannheim) at a  ratio 
of  0.04 units/mg of protein  in 50 mM acetate buffer at  pH 5.5 for 24 
h at 37 "C as previously described (43). 

Detection of Carbohydrate Moieties in C3c-C3c fragments were 
electrophoresed on 12% SDS-polyacrylamide gels under reducing 
conditions, and  the proteins were electroblotted onto nitrocellulose 
filters  (Bio-Rad) as described by Towbin et al. (44). The nitrocellulose 
sheets were blocked with 2% polyvinylpyrrolidone (Sigma)  in PBS, 
pH 7.2. The filters were incubated with '251-ConA (1 X lo6 cpm/ml), 
that had been labeled by the Iodogen method (45), for 2 h at room 
temperature. The sheets were washed extensively with 2% polyvinyl- 
pyrrolidone and  then 0.05% Tween in PBS prior to autoradiography. 

Protein Sequence Analysis-NHz-terminal sequences of the differ- 
ent chains of  C3c  were obtained by electroblotting the protein  onto 
polyvinylidene difluoride filters and sequencing the excised bands 
directly from the filters by modifying the method described by Mat- 
sudaira  (46). Briefly, SDS-polyacrylamide gels  were polymerized over- 
night and prerun for 1-2 h a t  5 mA/gel before the reduced C3 samples 
were loaded. The protein was then transferred to polyvinylidene 
difluoride membranes at 0.8 mA/cm2 of  gel for 1 h  in  a semidry 
electroblotter (JKA Biotech) using, as  the transfer buffer, 0.025 mM 
N-ethylmorpholine (Pierce) titrated with formic acid to  pH 8.3. The 
transferred protein was visualized as previously described (46) and 
the protein  bands were excised and stored in Eppendorf tubes at 
-20 "C prior to sequencing. Sequence determinations were performed 
by Edman degradation using an Applied Biosystems 470A gas-phase 
sequenator with an on-line 120A phenylthiohydantoin analyzer and 
a 900A data handling system. 

RESULTS 

Binding Specificity of CRl for C3 Fragments-To study the 
binding of CR1 to C3 fragments, we developed an ELISA 
where mAb To5, specific for CR1,  was used to detect  CR1 
bound to C3 fragments fixed to microtiter wells.  Fig. 1 shows 
that CR1 binds to C3b,  iC3b, and C3c but  not to C3d. 
Furthermore, the binding to C3c was inhibited by fluid-phase 
C3b and,  to a lesser extent, fluid-phase C3c (Fig. 2). Additional 
attempts  to generate a small fragment of  C3c capable of 
binding CR1 were made utilizing both chemical and enzymatic 
methods. The isolated chains of C ~ C ,  obtained by electroelu- 
tion from SDS-polyacrylamide gels, failed to bind CR1 while 
C3c that had been cleaved by CNBr also failed to bind CR1. 
Also, extensive cleavage of C3b  by trypsin, chymotrypsin, 
clostropain or Staphylococcus aureus V8 protease failed to 
generate a  fragment smaller than C3c that could bind CR1. 

Degradation, Isolation, and Reactivity of Elatae-generated 
C3 Fragments-Cleavage of C3 by elastase generates two 
major fragments known as C3c and C3d. We incubated C3 
with elastase for 6 h at 37 "C and,  after  separation on a Mono- 
Q anion exchange column, we obtained C3d and  a heteroge- 
neous mixture of C3c (Fig. 3). These  fractions were then 
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FIG. 1. Binding of CR1 to C 3  fragments. Two pmol of  C3 (A), 
C3b (0). iC3b (O), C3c (O), and C3d (*) were  fixed to ELISA plates. 
After saturation with 1% bovine serum albumin, 1% ovalbumin in 
PBS, pH 7.2, 50 ~1 of tonsil lysates (1 X 10’ cells/ml) were serially 
diluted, and bound CR1 was detected using the CR1-specific mAb 
To5 followed by peroxidase-labeled goat anti-mouse Ig. 
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FIG. 2. Inhibition of CR1  binding  to C3c in the presence of 
fluid-phase C 3  fragments. Binding of CR1 to C3c fixed on ELISA 
plates was carried out by preincubating tonsil lysates with various 
amounts (0.2-12 p ~ )  of fluid-phase C3b (D), C3c  I11 (O), and C3c  I1 
(0) as described under “Experimental Procedures.” Bound CR1 was 
detected using mAb To5 followed by goat anti-mouse Ig. See Fig. 7 
for the differences between C3c-I1 and 111. 

tested for CR1 binding and pooled according to  this reactivity 
and  to their similarity in SDS-polyacrylamide gels. In our 
ELISA assay, it was found that C3c-I11 and IV bound CR1 
while  C3c-I and I1 did not (Fig. 4). These  results led us to 
further investigate the difference between these C3c frag- 
ments. 

Structural Analysis of the C3c-I-IV-Analysis  by SDS- 
polyacrylamide gel electrophoresis showed that  the p chains 
and  the COOH-terminal a’ chain  fragments of the four C3c 
species had identical M ,  of 70,800 and 40,000, respectively, 
while the  NHz-terminal a’ chain  fragments had M, of 25,700, 
21,100,  27,400, and 23,600 for C3c fragments I-IV, respec- 

tively. Thus  the difference in molecular weight between these 
four  fragments is localized to  the  NHz-terminal a’ chain 
fragment of  C3c (Fig. 5 ) .  In order to further characterize the 
different NHz-terminal a’ chain  fragments of C3c I-IV, 
lZ5ConA was used to detect  whether  these  fragments  contained 
the carbohydrate moiety present at  the COOH-terminal  end 
of this fragment (residue 917 of the C3 sequence). As seen in 
Fig. 5 ,  lZ5I-ConA bound only to C3c-I and I11 while C3c 
fragments I1 and IV were negative for ConA binding, indicat- 
ing that, in the case of C3c-I1 and IV, elastase  had cleaved 
internally to  the carbohydrate moiety. Furthermore, treat- 
ment of C3c-I and I11 with endo-H resulted in  a  shift in M, 
of the NHz-terminal a’ chain fragment of C3c-I from 25,700 
to 21,700 and C3c-I11 from 27,400 to 23,800  while  C3c-I1 and 
IV  were unaffected by endo-H (Fig. 6).  Thus, between the 
species of  C3c that bound CR1 (C3c-I11 and IV) and  those 
which did not (C3c-I and 11), a 2,000-2,600-dalton difference 
exists that  is due solely to  the absence of approximately 17- 
23 residues. 

Further  characterization of these  fragments was provided 
by NHz-terminal sequence analysis of the individual chains. 
The NHz-terminal sequence of the p chain and of the 40,000- 
dalton COOH-terminal a’ chain of  C3c  I-IV were identical, 
starting at residues 1 and 1329 of the C3 sequence respectively 
(Fig. 7). This is identical with the sequence published by Tack 
et al. (47) for the same elastase-generated chains of C3c. C3c- 
I11 and IV, which bound CR1, had  amino  termini beginning 
at residues 728 of the C3 sequence while the 21,100-dalton 
band of  C3c-11, which does not  bind CR1,  was  cleaved 8 
residues further  in  the C3 sequence, at residue 736. C3c-I, 
which possesses the carbohydrate moiety on its a’ chain but 
does not  bind CR1, had an NH2  terminus that began at residue 
735 of the C3 sequence. Thus,  the sequencing data coupled 
with the  data from the carbohydrate  studies mapping the 
COOH termini suggest that  the NHz-terminal portion of the 
a’ chain of  C3c is involved in CR1 recognition. 

Inhibition of CRl Binding to C3b  by Synthetic Peptides or 
Antipeptide Antibodies-To confirm that CR1  binds to  the 
NHz  terminus of the a’ chain, we synthesized peptides from 
the NH, terminus  (X42),  and the COOH-terminus (C30) of 
the NHz-terminal a’ chain of  C3c (Fig. 8). Also, a third 
peptide, M34,  which blocks properdin binding to C3b, (48) 
was used as  a control. As seen in Fig.  9, peptide X42 from the 
NH, terminus of the a’ chain (residues 726-768) inhibited 
CR1 binding to C3c while both C30 and M34 had no effect. 
In a similar ELISA where CR2 binding to C3d  was detected 
using mAb HB-5, peptide X42 had no inhibitory effect (data 
not shown). In addition, the X42 peptide showed  no inhibitory 
effect when tested in the same properdin assay where M34 
has been shown to be inhibitory (48) (data  not shown). 
Finally, antipeptide antibodies against the X42 peptide 
blocked CR1 binding to C ~ C ,  while antipeptide antibodies 
against C30 did not  inhibit (Fig. 10). Similarly, both X42 and 
antipeptide antibodies against X42 inhibited CR1 binding to 
C3b (data  not  shown). 

DISCUSSION 

The aim of this study was to localize the binding site for 
CR1 in the C3b fragment of  C3. Because of  C3’s ability to 
bind numerous other ligands and cell surface receptors, there 
is considerable interest in localizing these binding sites within 
C3. Currently, binding domains of less than 40 residues have 
been found in C3 for factor H (491, properdin (481, CR2 (50), 
CR3 (51), and  the C3a receptor (52) .  Localization of the CR1- 
binding site has proven troublesome since the different frag- 
ments of  C3 can interact simultaneously with different recep- 
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FIG. 3. Purification  of  C3c-elas- 
tase by FPLC. 50  mg of C3 were incu- 
bated with 2.5  mg  of elastase for 6 h at  
37 "C before injection onto a Mono-Q 
HR 10/10 anion exchange column. The 
column was equilibrated with 20 mM 
Tris-HC1, pH 7.5, and  the C3 fragments 
were eluted with a 200-ml gradient from 
0 to 500 mM NaCl at  a flow rate of 4 ml/ 
min. 
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FIG. 4. Binding of CR1 to C3c-elastase  fragments I-IV. 

Binding of CR1 to C3c-I (O), C3c-II(O), C3c-111 (O), and C3c-IV (W) 
was performed as described in Fig. 1. 

tors  and since small peptide fragments of  C3, generated en- 
zymatically or chemically,  lose their ability to bind CR1. This 
report describes the cleavage of C3 by elastase, characteriza- 
tion of the resulting fragments, and  the localization of a 
domain in  C3b  required  for CR1 recognition. 

Employing an ELISA assay with tonsil lysates as a source 
of CR1, we showed that C3, C3b,  iC3b, and C3c but  not C3d 
bind CR1. The fact that C3 binds CR1 suggests that attach- 
ment to  the ELISA plate alters C3's conformation, thus 
causing it  to behave  "C3b-like." The binding in this assay was 
specific since fluid-phase C3b and C3c could inhibit CR1 
binding, although 30 times more C3c than C3b  was  needed to 
see 50% inhibition. These results suggest that  the conforma- 
tion of the binding site is altered, but  not abolished, upon 
cleavage of C3b to C3c or that there is a second binding site 
which  is present on  C3b but  not on C3c that increases C3b's 
affinity for CR1. It has been  suggested that C3b has two 
binding sites for factor H  (49), a molecule  which shares 
functional and  structural similarities with CR1. 

Earlier studies have  shown that C ~ C ,  generated by elastase 
treatment of  C3, is able to bind CR1 (36). Accordingly,  when 

A B 

1 2 3 4  1 2 3 4  
Coomassie Stain Binding of '251-ConA 

FIG. 5. SDS-polyacrylamide gel electrophoresis and bind- 
ing of '261-ConA to C3c fragments. A, C3c fragments  generated 
by elastase and purified on  a Mono-Q column were electrophoresed 
on  a 12% SDS-polyacrylamide gel under reducing conditions and 
proteins were stained with Coomassie Blue. B,  A duplicate gel was 
run, and  the  proteins were electroblotted onto nitrocellulose, incu- 
bated with '251-ConA, washed, and subjected to autoradiography. Lane 
I ,  C3c-I; lane 2, C3c-11; lane 3, C3c-111; lane 4, C3c-IV. The M, 35,000 
protein  in lane 1 and,  to a lesser extent in [am 2 is C3d. 

we degraded  C3 with elastase, in addition to C3d, we obtained, 
after purification on a Mono-Q column, C3c fragments that 
differed with respect to their molecular weights and  their 
reactivity toward CR1. The elution of  C3c in  four different 
peaks indicates that charge differences exist between the 
different species of  C3c generated by elastase. It is interesting 
to note that only the NH2-terminal fragment of the a' chain 
of  C3c  was affected by this differential cleavage. This suggests 
that  this fragment is responsible for binding CR1 since only 
C3c-I11 and IV bound CR1 (see Fig. 3  and 4). 

NH2-terminal sequence data were  used to characterize these 
C3c fragments. The @ chains  and the 40,000-dalton COOH- 
terminal a' chain fragments all had identical NH2 termini, 
corresponding to residues 1 and 1329 of the predicted C3 
sequence (53) and agreeing with the previously published 
sequence  for the @ and 40,000-dalton chains of  C3c prepared 
with elastase (47). This fact precluded the possibility that 
these chains, despite their identical apparent molecular 
weights  from SDS-polyacrylamide gels,  were responsible for 
CR1 binding due to differential cleavage at  opposite ends of 
the fragment. The NH2-terminal CY' chains had molecular 
weights of 27,500,  25,500,  23,500, and 21,000 for C3c-111, I, 
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FIG. 6. SDS-polyacrylamide gel electrophoresis of C3c I- 

IV after  treatment  with endo-H. C3c fragments I-IV, after treat- 
ment with endo-H, were run  under reducing conditions  on  a  12% 
SDS-polyacrylamide gel. Lanes I ,  3, 5, and 7, C3cI-IV, respectively; 
lanes 2,4,6, and 8, C3cI-IV, respectively, after  treatment with endo- 
H. The M,  listed are only for those  fragments which had their 
carbohydrate moiety removed by endo-H digestion. 
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FIG. 7. Comparison of the NHz-terminal sequences, CR1 
binding, and presence of the u' chain  carbohydrate moiety for 
C3c-I-IV. Comparisons of the NHp-terminal sequence obtained for 
the different chains of the elastase-generated C3c  by Edman degra- 
dation. CHO represents the carbohydrate moiety present on the a' 
chain of  C3c. The numbering of the residues for these  peptides  is 
taken from Ref. 53 after  subtracting the signal peptide sequence. 

PtE!E CI RESlDUf SfOUfNCE 

X 4 2  727-768 SNLDEDlIAffNIVSRSEIPESUlUNV~DlKEPPKNGlSlKL 

C 30 894-923 VYHHFISDGVRKSLKVVPfGlRMNKlVAVR 

Y 3 4  1402-1435 GVDRYISKYfLDKAFSDRNlLlIYLDKVSHSEDD 

FIG. 8. Amino acid sequences of the  synthetic peptides used 
in  this study. The numbering of the residues for these peptides is 
as described in Fig. 7. 

IV, and 11, respectively. The NH2-terminal a' chain  fragments 
C3c-I11 and IV had  identical NH2 termini with cleavage 
occurring between serine and asparagine at  residues 727 and 
728. Also, these fragments bound CR1. C3c-I and 11, which 
do not bind CR1, were cleaved 7 and 8 residues further  into 
the C3 sequence, COOH-terminal to isoleucine and  alanine 
a t  residues 734 and 735 of the  C3 sequence, respectively. 
These 8 residues were not enough to account for the discrep- 
ancies  in the M ,  of these  chains, thus indicating that differ- 
ential cleavage also occurred at  the COOH terminus.  The 
presence of the carbohydrate  on the COOH terminus of this 
chain allowed approximation of the COOH termini of C3c-I- 
IV (43, 54). Iodinated ConA indicated that C3c-I and I11 
possessed carbohydrate and endo-H treatment of these frag- 
ments revealed an  apparent size of approximately 3,500- 
daltons for the carbohydrate moiety. C3c-I1 and IV lacked 
carbohydrate  on this  chain of C ~ C ,  having been cleaved inter- 
nally to  this moiety. These  data eliminated the COOH ter- 

0 
0 ldo 200 300 460 5 6 0 '  

Peptide. pM 
660 ' 7&3 

FIG. 9. Inhibition of CR1  binding  to C3c by  synthetic pep- 
tides. 50 pl of tonsil  lysates  (2 X lo' cells/ml) were preincubated for 
1 h at  room temperature with 50 p1 of synthetic peptides X42 (O), 
C30 (A), and M34 (0) at  various concentrations (10-700 p ~ ) .  50 pl 
of the incubation mixture was then  transferred  to microtiter wells 
precoated with C3c. Bound CR1 was detected  using mAb To5. 

0 I" 
' vl0 I '130 I 1im ' lj50 ' lj60 

I ,  I 

Antibody dilution 

FIG. 10. Inhibition of CR1  binding  to C3c by antipeptide 
antibodies. Serial  dilutions of antipeptide  antibodies X42 (0) and 
C30 (0) were incubated with C3c fixed to microtiter wells for 30 min 
at  room temperature. Plates were washed and  the ELISA was carried 
out  as described under  Experimental Procedures. 

rn 
'X42 

\ ' Y  
,a mJ51 s 1 4  

k I 2 N M  vcm 181 ,1003 A , -003 ~ C O O H  a-chain 

s-s-s c3 -,++ $-cham 

FIG. 11. A  schematic representation of the  C3 molecule. 
Sites of cleavage by factor I ( I ) ,  trypsin (T), and elastase ( E )  are 
indicated. The location of peptides X42 and C30 and of the carbo- 
hydrate (CHO) moieties are also shown. All the assignments are 
based on  direct structural analysis  except for the elastase cleavage 
sites at  the COOH terminus of M ,  27,000 fragment. 

minus as being necessary for CR1 binding, since C3c-I con- 
tained  the a' chain  carbohydrate  but failed to  bind CR1, while 
C3c-IV was cleaved internally  to  the  carbohydrate moiety but 
still bound CR1 (see Fig. 11). These results, coupled with the 
NH2-terminal sequence data  and  the differential  binding of 
CR1, indicated that  an  intact a' chain of C3b was essential 
for CR1 binding to C3b. This would explain why trypsin- 
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cleaved C3c still bound CR1, since trypsin fails to cleave the 
NHz  terminus of the a' chain of C3b (55 ) ,  and why  C3c-11, 
which is missing 8 residues from the  NH2 terminus of the a' 
chain when compared with C3c-111, does not  inhibit  CR1 
binding to C3c (see Fig. 2). The requirement of an intact a' 
chain for CR1 binding results from conformational con- 
straints or from the necessity of an intact linear sequence led 
us to synthesize two peptides from the C3 sequence (see Fig. 
11). Peptide X42, of  42 residues corresponding to  the  NHz- 
terminal region of the a' chain of  C3c-111, was synthesized to 
insure that  the peptide would  be long enough to  span  the 
entire CR1-binding domain. Peptide C30, from the COOH- 
terminal  end of this same fragment, was synthesized to con- 
clusively show that  this region of  C3c was not involved in 
CR1 binding. The inhibition of CR1 binding to C3c  by  X42 
and  not C30 further  indicated that  the CR1-binding site  in 
C3c is localized in  the  NH2-terminal a' chain fragment. This 
was substantiated by the fact that antipeptide  antibodies 
against X42 also inhibited binding of CR1 to C3c. Therefore, 
the CR1-binding site  in C3b is localized to a domain that is 
contained within the  NHz-terminal 42 residues of the a' chain 
of C3b. Further elucidation of the CR1-binding site using 
overlapping peptides will  allow us to determine the necessary 
elements  in the interaction of C3b with its receptor. Interest- 
ingly, the  first 36 residues of the a' chain of C3b, which are 
spanned by the synthetic peptide X42, are encoded for by a 
separate exon in the C3 gene (56) and  the fact that  the CR1- 
binding site resides in  this domain supports the supposition 
that functional units of proteins  are encoded by individual 
exons (57, 58). Similarly, other mapped binding sites in C3 
for factor H, properdin, and CR2 are encoded by separate 
exons. 
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