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Factor B is the zymogen of the  catalytic  site  bearing 
subunit Bb of the C3/C5 convertase of the  alternative 
pathway of complement. In  this  study,  the location of 
the C3b  binding site and  the  catalytic  site  within  the 
Bb subunit  were  investigated. When human  Factor  B 
was  treated  with  porcine  elastase,  fragments  with re- 
spective  molecular  weights of 36,000,35,000,33,000, 
31,000, and  25,000  were  generated.  Binding  studies 
showed that only the  33,000-dalton  fragment  was  ca- 
pable of binding  to C3b. The  33,000-dalton  fragment 
was  purified  using fast protein  liquid  chromatography 
and found to be part of the Bb fragment upon testing 
with monoclonal antibody 15-6-19-1. Amino-terminal 
amino  acid  sequence  analysis of the  33,000-dalton 
fragment placed it  in  the  C-terminal half of Bb. The 
fragment  expressed  esterolytic  activity as evidenced 
by cleavage of the synthetic  substrate N“-acetyl-gly- 
cyl-L-lysine methyl  ester  and  restored  alternative 
pathway  activity  in  Factor B-depleted  serum. Its he- 
molytic activity  was  approximately  60-fold  lower  than 
that of Factor B. Comparative  binding  studies  in  the 
presence of metal  ions  using  zymosan-C3b showed that 
the  33,000-dalton  fragment bound to  C3b  with higher 
affinity  than  Factor B. Addition of the  fragment  to 
human serum  inhibited  alternative  pathway  activation 
by rabbit  erythrocytes  due  to  its high affinity  for C3b 
and  its low hemolytic activity compared to  Factor B. 
These  results show that  the  C-terminal  33,000-dalton 
portion of Bb  contains  not  only  the  enzymatic  site of 
Bb but  also  a  C3b  binding site which  confers  hemolytic 
activity upon the  fragment.  The  observation  that  the 
fragment  inhibited  alternative  pathway  activation 
suggests that a synthetic  peptide may be  constructed 
that  exhibits  negative  regulator  activity  in  the  alter- 
native  pathway. 

Factor B is the zymogen of the C3/C5 convertase of the 
alternative  pathway which is a serine  protease.  It  is a  single- 
chain glycoprotein with a  molecular weight of 93,000 (1,  2). 
Factor B binds  to C3b in  the  presence of Mg2+ and  is  then 
activated by Factor D (EC 3.4.21.46), which cleaves an Arg- 
Lys bond  forming  the  N-terminal  activation  fragment  Ba (Mr 
= 33,000). This  is released from  the complex and  the  C- 
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terminal  fragment Bb’ (Mr = 60,000) which carries  the enzy- 
matic  site (3-5). This  reaction leads to  the  generation of the 
C3  convertase, C3b,Bb and  subsequently  to  the  formation of 
the  C5  convertase, C3bn,Bb  (for review see Refs. 6-9). 

Factor B and  its  fragment  Bb  express several additional 
biological activities. Among them  are  induction of macrophage 
spreading (lo),  stimulation of intracellular killing of Staphy- 
lococcus aureus by monocytes ( l l ) ,  participation  in  the  anti- 
body-independent lysis of xenogeneic erythrocytes by mono- 
nuclear  cells (12),  and  induction of lymphocyte  blastogenesis 
(13).  Recently fluid-phase  Bb was found to be  capable of 
cleaving C3  and,  in  the  presence of cobra venom factor, also 
C5  (14). 

Transmission  electron microscopy studies have  shown that 
Factor B consists of three globular domains of approximately 
equal size, two of which  comprise the  Bb  fragment (15). 
Electron microscopic visualization of the enzyme complex 
C3b,Bb  revealed that  Bb  binds  to C3b through only one of its 
two domains, whereas the  other  domain freely projected  from 
the complex. Because the  C-terminal half of Bb was shown 
to be homologous in structure  to  other  serine  proteases (16, 
17),  the  binding  domain of Bb was proposed to be composed 
of the  N-terminal,  noncatalytic half of the molecule (15). 

In  attempting  to  separate  the  domains for functional  studies 
by limited  proteolysis of Factor B, a  33,000-dalton C-terminal 
fragment was isolated that  contains  the  catalytic  site of Bb 
and a C3b binding site. This  report describes the  functional 
and  structural  characteristics of the 33,000-dalton fragment. 

EXPERIMENTAL  PROCEDURES 

Materials-Human plasma was obtained from the  San Diego  Blood 
Bank. DEAE-Sephacel and CM-Sephadex (2-50 were purchased from 
Pharmacia.  Porcine  pancreatic  elastase from Worthington was fur- 
ther purified by using FPLC (Fig. l). Chemicals for PAGE were from 
Bio-Rad. All chemicals for automated sequencing were from Beck- 
man. Acetonitrile, high performance liquid chromatography grade, 
was from Burdick and  Jackson  and trifluoroacetic acid was from 
Pierce. The zymogen C3b (ZyC3b) was prepared as previously de- 
scribed (18). 

Preparation of Factor B-The previously reported  method of Lam- 
bris et al. (19) with some modifications was used to prepare  Factor  B 
from human plasma. After passage through the DEAE-Sephacel 
column, the Factor B pool  was applied to a  CM-Sephadex (2-50 
column (5, 20). As a  final step of purification, FPLC was used. The 
FPLC system (Pharmacia) was composed of two solvent delivery 
pumps,  a  sample  injector valve fitted with  a 0.5- or 50-ml loading 
loop, a UV recorder, a  fraction collector, and a solvent programmer. 
Separation was performed at room temperature  at a flow rate of 1 

The abbreviations used are: Bb, activated form of Factor B; B, 
Factor B; Ac-Gly-LysOMe, Nu-acetyl-glycyl-L-lysine methyl  ester; 
ER, rabbit  erythrocytes; GVB, Veronal-buffered saline  containing 
0.1% gelatin; SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis; C3, third component of complement; FPLC, fast 
protein liquid chromatography;  ELISA,  enzyme-linked  immunosor- 
bent assay; MoAb, monoclonal antibody; ZyC3b, zymosan-C3b. 
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ml/min using a Mono-Q column (Pharmacia) equilibrated with 20 
mM Tris-HC1, pH 7.5. Factor  B was retained within the column and 
eluted with a 25-ml gradient of  0-500 mM NaCl. 

Preparation of Rb-Twenty milligram of Factor  B was incubated 
with 1 mg  of C3b and 50 pg  of Factor  D  (19) in 3 ml  of GVB 
containing 4 mM Mg2' for 3  h a t  37  "C. EDTA (8 mM) was then 
added and  the digest was applied to FPLC using a Mono-Q column 
equilibrated with 20 mM Tris-HCI,  pH 7.5. The Factor  B fragments 
were eluted with a 25-ml gradient of  0-500 mM NaCI. 

Generation of Factor B Fragments by Treatment with Ehtme-  
Factor B (10 mg) in 20 mM Tris-HCI, pH 7.5, was mixed with porcine 
elastase at  an enzyme to  substrate ratio of  1:20 (w/w) and incubated 
for 3  h at 37  "C. The reaction was stopped by addition of 2 mM 
phenylmethylsulfonyl fluoride (Sigma) and incubation for 15 min at  
37 "C. The Factor B fragments so generated were isolated by FPLC 
employing a Mono-S column (Pharmacia). 

Assay for Binding of Cleaved Factor B to C3b"For this assay, 
purified Factor B and its 33,000-dalton fragment were radiolabeled 
with ' 9  (New England Nuclear) by the Iodogen method (Pierce)  (21) 
to a specific activity of 8.5 X lo7 cpm/pg and 4.2 X lo7 cpm/pg, 
respectively. Fifty pl of 'Z511-Factor B or '251-33,000-dalton fragment 
in GVB containing 1 mM Ni2+ were added to 400-pl conical plastic 
centrifuge tubes that contained 50 pl of  ZyC3b (1 mg/ml). After 30 
min at  37  "C, the ZyC3b was pelleted by centrifugation through 20% 
sucrose at  8,000 X g for 2 min, and binding of Factor  B or the 33,000- 
dalton fragment to ZyC3b  was measured. 

To determine the size of the bound molecules, the ZyC3b pellet 
was resuspended in 100 pl of 2% SDS  and 2% 2-mercaptoethanol and 
then electrophoresed in 12% polyacrylamide slab gels (21). The gels 
were either sliced into 2-mm segments and  the radioactivity deter- 
mined in a y counter or processed for autoradiography. 

Assay for Esterolytic Actiuity-Cleavage of the synthetic substrate 
Ac-Gly-LysOMe by Factor  B  fragments (23) was measured by using 
a high-performance liquid chromatography system (Waters) com- 
prised of two solvent delivery pumps, a sample injector, and a solvent 
programmer along with a UV recorder. The Ac-Gly-LysOMe peptide 
bond  was detected by absorbance at  214 nm. All separations were 
performed at  37 "C with a Bondapak CIS column at  the flow rate of 1 
ml/min. The synthetic substrate  and its hydrolysis product were 
eluted with a linear 3-50% gradient of acetonitrile  containing 0.1% 
trifluoroacetic acid. The individual fragments of Factor  B diluted in 
10 mM phosphate, pH 7.5, were incubated for 2 h at  37  "C with 2 mM 
Ac-Gly-LysOMe. The reaction was stopped by the addition of 0.1% 
trifluoroacetic acid and 3% acetonitrile. 

Hemolytic  Assays-The ability of Factor  B  fragments to reconsti- 
tute Factor B-depleted serum was measured by quantitating lysis of 
ER (24). We depleted normal human serum of Factor  B by using a 
Sepharose 4B (Pharmacia) column to which F(ab)'* fragments of 
affinity purified goat anti-human  Factor  B had been conjugated (25). 
The inhibitory effect of 33,000-dalton Factor B fragment on alter- 
native pathway activation was measured as inhibition of lysis of Ea 
by normal human serum. 

ELISA-The binding of  MoAb 15-6-19-1 (26) to Factor  B frag- 
ments was measured by an ELISA. Briefly, microtiter wells  were first 
coated overnight at 4 "C with 50 pl of  MoAb (10 pg/ml of phosphate- 
buffered saline,  pH 7.5). Wells were washed, saturated with phos- 
phate-buffered saline containing 1% bovine serum albumin and  then 
reacted (30 min at 22 "C) with serially diluted Factor  B or its frag- 
ments (0-1 pg/ml of phosphate-buffered saline/bovine serum albu- 
min). Bound fragments were detected with rabbit  anti-Factor  B 
antibody and peroxidase-conjugated goat anti-rabbit Ig. 
SDS-PACE-Electrophoresis in 12% polyacrylamide gels was per- 

formed as described by Laemmli (22). The samples were reduced with 
2% 2-mercaptoethanol. The molecular weights were estimated using 
reference proteins. 

Protein Sequencing-Edman degradation was performed in a Beck- 
man Model  890D Sequencer employing the 0.1 M Quadrol program 
(27). Phenylthiohydantoins were identified by using high-perform- 
ance liquid chromatography with a Zorbax ODS column equilibrated 
in 0.01 M sodium acetate buffer (pH 4.5) and  an acetonitrile gradient 
(28). 

RESULTS 

Fragmentation of Factor B by Elastase-The FPLC purifi- 
cation step and SDS-PAGE analysis of porcine elastase and 
Factor B are presented in Figs. 1 and 2, respectively. No 
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FIG. 1. Purification of porcine elastase by FPLC. The lyoph- 

ilized elastase was dissolved in 20 mM Tris-HCl,  pH 7.5 (2 mg/ml), 
and 1 ml was injected into a Mono-Q column (5 X 50 mm), equili- 
brated with 20 mM Tris-HC1, pH 7.5. The elastase was eluted with a 
25-ml gradient of NaCl(0-500 mM) at  a flow rate of 1 ml/min. -, 
Am; - - -, concentration of NaCl. Fraction I11 was found to contain 
elastase activity and  to be homogeneous on SDS-PAGE. 
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FIG. 2. Purification of human  Factor B by FPLC. The CM- 
Sepharose C-50 Factor  B pool  was concentrated to 10  mg/ml then 
dialyzed against 20 mM Tris-HC1, pH 7.5, and 2 ml was injected into 
a Mono-Q column (5 X 50 mm), equilibrated with 20 mM Tris-HCI, 
pH 7.5. Factor  B was eluted with a 25-ml gradient of NaCl  (0-500 
mM) at a flow rate of 1 ml/min. -, Am; - - -, concentration of 
NaCl. 
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FIG. 3. Cleavage of Factor B by elastase. SDS-PAGE of Factor 

B incubated with increasing amounts of porcine elastase in 20 mM 
Tris-HCI, 14 mM NaCI,  pH 7.5, for 3 h at 37 'C. 1, molecular weight 
standards; 2, Factor B (25 pg); 3-9, Factor B (25 pg) + elastase: 3, 
0.156 pg; 4, 0.312 pg; 5, 0.625 pg; 6, 1.25 pg; 7.2.5 pg; 8 , 5  pg; 9, 10  pg; 
10, elastase 10 pg. Molecular weight standards: phosphorylase b, 
94,000; bovine serum albumin, 68,000; ovalbumin, 43,000; carbonic 
anhydrase, 34,000; soybean trypsin inhibitor, 21,000;  and lysozyme, 
14,000. 

contamination by other  proteins was apparent. A  dose-de- 
pendent digestion of Factor B by porcine elastase is  shown in 
Fig. 3. Mild digestion  resulted in cleavage of Factor B at 
multiple sites  and  generation of several fragments with mo- 
lecular weights of 36,000, 35,000, 33,000, and 31,000 (Fig. 3, 
track 3). Incubation of Factor B with  increasing amounts of 
elastase resulted in  degradation of the 36,000- and 35,000- 
dalton  fragments (Fig. 3, tracks 4-6). After these two frag- 
ments were completely  degraded, three  main  fragments of M ,  
= 33,000, 31,000, and 25,000 were observed (Fig. 3, track 7). 
Increasing the  ratio of elastase to  Factor B even further led 
to  the degradation of the 33,000- and 31,000-dalton fragments 
(Fig. 3, tracks 8 and 9). In  contrast  to  the susceptibility of 
Factor B to cleavage by elastase, the  Bb  fragment was resist- 
ant  to cleavage by similar  amounts of the enzyme (data  not 
shown). 

Testing the  Factor B Fragments  for Binding to C36"To 
determine  whether  any of the  elastase-generated  fragments 
might  bind to C3b, '*'I-B was treated with elastase at an 
enzyme-to-substrate  ratio of  1:20 (w/w) for 3 h at  37 "C. This 
treatment resulted in four fragments of 33,000,25,000,22,000, 
and 14,000 daltons (Fig. 4, panel A). Incubation of the digest 
with ZyCSb, and  subsequent  analysis of the  bound  fragments 
by SDS-PAGE, revealed that only the 33,000-dalton fragment 
bound to ZyC3b (Fig. 4, panel B) .  The  binding of the radio- 
labeled fragment could be inhibited with an excess of unla- 
beled elastase-treated  Factor B (Fig. 4, panel C). 

Purification of the 33,000-Dalton Factor B  Fragment-To 
purify the 33,000-dalton fragment,  Factor B was treated with 
elastase at  an  enzyme-to-substrate  ratio of 1:20 (w/w) for 3 h 
at  37 "C. The  elastase was then  inhibited with  2 mM phenyl- 
methylsulfonyl  fluoride and  the individual fragments were 
purified by FPLC.  The  elution profile and  the  SDS-PAGE 
patterns of fractions I and IV are shown in Fig. 5. Fraction I 
represents elastase, which eluted  13 min after injection. Frac- 
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FIG. 4. Binding of elastase-generated  Factor B fragments 
(BE) to C3b. After incubation of 1251-R with elastase at an enzyme- 
to-substrate ratio of 1:20 (w/w) for 3 h at 37 "C, samples were either 
analyzed by SDS-PAGE (panel A )  or incubated with ZyC3b  in the 
presence of  buffer (panel B) or unlabeled BE (panel C). After incu- 
bation for 30 min at 37 "C the ZyC3b was  washed and analyzed by 
SDS-PAGE.  The positions of known  molecular  weight  standards are 
indicated by arrows. 

tion IV contained only a single  polypeptide  with  a molecular 
weight of 33,000. Analysis of the 33,000-dalton fragment by 
ELISA  employing MoAb 15-6-19-1, which binds  preferen- 
tially to  Bb  but also somewhat  to  Factor B, revealed that  the 
33,000-dalton fragment was part of Bb (Fig. 6). As shown in 
Fig. 6, the MoAb bound better  to BO or 33 kDa than  to Factor 
B. 

Binding of the 33,000-Dalton Fragment to C36"Fig.  7 shows 
a  comparison of the binding to ZyC3b of the '2'II-33,000-dalton 
fragment  and '"I-Factor B. Uptake of both  proteins was 
similar in  the presence of 1 mM Ni2+ and was reduced to 
background levels (zymosan control)  in  the absence of Ni2+ 
or presence of EDTA. Inhibition of binding by a 100-fold 
excess of the identical protein in unlabeled form was also 
similar. However, the inhibition of binding of Factor B by the 
33,000-dalton fragment was considerably greater  than  the 
inhibition of binding of the  fragment by Factor B. These 
results suggest that  the 33,000-dalton  fragment  binds to C3b 
with  higher  affinity than  Factor B. 

Enzymatic and Hemolytic Actiuity of the 33,000-Dalton 
Fragment-To determine if the 33,000-dalton fragment ex- 
pressed  enzymatic and hemolytic  activity, two assay  systems 
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were used (a) reconstitution of the hemolytic activity of the 
alternative  pathway  in  Factor  B-depleted  serum,  and (6)  
hydrolysis of the  synthetic  substrate, Ac-Gly-LysOMe. Factor 
B and  Bb were used  for comparison.  Bb was prepared by 
cleavage of Factor B by Factor D in  the  presence of C3b  and 
purified by FPLC (Fig. 8). 

The purified  33,000-dalton fragment  induced lysis of ER in 
Factor  B-depleted  serum.  Approximately 60 times  more frag- 
ment  than  Factor B  was  required to effect 63% lysis under 
identical conditions  (Table I) .  The 33,000-dalton fragment 
also induced  lysis of erythrocyte  C3b in the  presence of 
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FIG. 5. Purification of  the 33,000-dalton Factor B frag- 
ment  by  FPLC. Ten mg of Factor B were  incubated with 0.5 mg of 
porcine  elastase  in 20 mM Tris-HCI, 140 mM NaCI, pH 7.5,  for 3 h at 
37 "C. After inhibition of elastase with 2 mM phenylmethylsulfonyl 
fluoride, the sample was diluted  10-fold with H20 and injected into a 
Mono-S column (5 X 50 mm) by using a 50-ml  loop. The Factor B 
fragments were eluted with an NaCl gradient (0-500 mM). Fractions 
I and VI were shown to contain elastase and the 33,000-dalton 
fragment,  respectively. 

I L o  

KSCN/hydrazine-treated  guinea  pig  serum  reconstituted with 
C5  (data  not  shown). 

The  esterolytic  activity of the  fragment was tested using 
Ac-Gly-LysOMe as substrate.  Representative  results for the 
33,000-dalton fragment  and  Bb  are  shown  in Fig. 9. In  these 
experiments, 0-1 nmol of fragment  or  Bb were incubated  with 
100 pl of 2 mM Ac-Gly-LysOMe for 3 h a t  37 "C. The  esterase 
activity of the 33,000-dalton fragment resembled that of Bb. 

Inhibition of the  Alternative  Pathway by the 33,000-Dalton 
Fragment-Since the  fragment  bound with  higher affinity  to 
C3b  than  Factor B and expressed  only one-sixtieth of the 
hemolytic activity,  the  ability of the  fragment  to  inhibit 
alternative  pathway  activation was tested. 

Fig. 10  illustrates  the  inhibitory effect. Increasing  amounts 
of the  fragment were added  to  samples of normal  human 
serum which then were tested  for  the  ability  to lyse ER. A 12- 
fold molar excess of the 33,000-dalton fragment over Factor 
B virtually blocked lysis of ER via the  alternative pathway. 

N-terminalAmino Acid Sequence of the 33,000-Dalton Frag- 
ment-The first seven  residues of the  N-terminal sequence 
were obtained by automated  Edman  degradation (Fig. 11). 
Comparison of this sequence with  the published Bb sequence 
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FIG. 6. Binding of monoclonal antibody 15-6-19-1 to B, Bb, 
and the 33,000-dalton fragment determined by ELISA. 
Twenty-five ml of various dilutions of B,  Bb,  and the 33,000-dalton 
fragment (0-1 pg/ml) were  applied to ELISA plates precoated with 2 
pg/ml of  MoAb. The binding of Factor B and its fragments to the 
MoAb was assayed with rabbit anti-human Factor B followed  by 
peroxidase-labeled goat anti-rabbit Ig. 
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FIG. 7. Binding  of Factor B or the 33,000-dalton fragment to ZyC3b. Fifty p l  of '=I-B or 1251-33,000- 
dalton  fragment  were  incubated with 50 pl of  ZyC3b  or  zymosan (1 mg/ml) for 30 min at 37 "C and the particles 
were separated from the fluid-phase  material by centrifugation  through 20% sucrose at 8,000 X g for 2 min.  Binding 
was determined after incubation with 1 mM Ni2+, a 100-fold  molar  excess of unlabeled  Factor B or 33,000-dalton 
fragment in the presence of 1 mM Ni2+, buffer  not  containing  Ni2+,  or 20 mM EDTA. The insets demonstrate the 
SDS-PAGE  autoradiography of bound  '"I-B  or  1251-33,000-dalton  fragment. 
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FIG. 8. Purification  of Bb by FPLC. Twenty mg  of Factor  B 
was incubated with 1 mg  of C3b and 50 pg  of Factor  D in 3 ml  of 
GVB containing 4 mM M P  for 3  h a t  37  "C. After the addition of 8 
mM EDTA, the sample was diluted to 30  ml with H20  and applied to 
a Mono-Q column (5 X 50 mm) equilibrated with 20 mM Tris-HCI, 
pH 7.5. The Bb was eluted with a 25-ml gradient of NaCl(0-500 mM) 
at a flow rate of 1 ml/min. The I and I I  Am peaks were determined 
by SDS-PAGE to represent Bb and Ba, respectively. -, A m ;  "_ , concentrations of NaCI. 

TABLE I 
Comparative hemolytic activity of Factor B, Bb, and 33,000-dalton 

fragment assayed with ER and  Factor B-depleted serum 

Protein Amount  required 
for lysis (12) B activity 

P m [  5% 
B 9.8 100 
Bb 119 8.2 
33,000-dalton fragment 580  1.68 

0 .2 .4 .6 .8 1 
AGLMe Hydrolysed lnrnolel 

FIG. 9. Cleavage of N"-acetyl-glycyl-L-lysine methyl ester 
(AGLMe) by Bb or 33,000-dalton fragment. Up to 1 nmol of  Bb 
or 33,000-dalton fragment was incubated with 100 pl of 2 mM AGLMe 
for 2 h a t  37 "C. The cleavage of AGLMe  was measured by HPLC  on 
a reverse-phase column (Bondapak CIS). 
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FIG. 10. Inhibition of ER lysis by normal  human serum con- 

taining  the 33,000-dalton fragment. 10' ER were incubated for 
15 min at  37  "C with 10 pl of normal human serum, containing 0.3-7 
pg of 33,000-dalton fragment, in 60 pl of GVB, M e .  One milliliter 
of GVB containing 20 mM EDTA was then added and  the hemolytic 
activity was determined. 

ELASTASE 

1 205 2101211 215  505 
Eb Gly. . . . Val-Phe-Tyr-GlrrMef-lk-Alp"S.r-01n-Ser-GlrrSer~Lau~Ser. . . .Leu 

33Kd B Aap-G1u-Ser-GIn-Ser-Leu~Ser. . . . 
FRAGMENT 

FIG. 11. NH,-terminal amino acid sequence of the 33,000- 
dalton fragment and its alignment with  the Bb sequence. 

(16,17) identified the 33,000-dalton fragment  as  the  portion 
of Bb  that  comprises residues 211 to 505 which constitutes 
the C terminus of Bb. 

DISCUSSION 

The enzymatic dissection of a protein molecule with  the 
aim  to localize a functional  site  to a discrete molecular region 
has been  successful  previously in  complement research.  A 
Factor H-derived peptide was shown to  exhibit  affinity for 
C3b  (29),  and a peptide of the  a-chain of C3 was active  in 
binding  to  properdin (30). 

Bb  consists of two major domains. The C-terminal half of 
the  single-chain molecule is homologous in  primary  structure 
to  other  serine  proteases, whereas the  structure of the N- 
terminal half is  unrelated (16, 17). Visualized in the  electron 
microscope, Bb  has  the  appearance of a-dumbbell consisting 
of two  globular domains,  each  about 40 A in  diameter  (corre- 
sponding  approximately  to a mass of 28,000 daltons), which 
are  connected by a short  linker  segment (15). Within  the  C3 
convertase complex, Bb  binds to C3b  through  only  one do- 
main,  indicating  that  this  is  the  binding  domain  and suggest- 
ing  that  the  other may be the  catalytic  domain (31). If the 
freely projecting  domain of Bb contains  the  catalytic  site, 
then  it would represent  the  C-terminal half of Bb  and  the 
binding  domain would constitute  the  N-terminal half. Al- 
though  the  architecture of Bb suggests a differential  distri- 
bution of the  two  functional  sites,  it  is  entirely possible that 
both  sites reside in  the  same  domain, namely in  the domain 
that  in  the  enzyme complex is proximal to C3b. 

Under physiological conditions  Bb  can  act  on  its  natural 
substrates  C3  and  C5  only  as long as  it  is  bound  to C3b. 
However, it  has been  shown earlier  that  after decay-dissocia- 
tion of the enzyme, Bb itself still  exhibits  esterolytic  activity 
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(23). And recently it was reported that  Bb dissociated from 
C3b retains some metal-dependent proteolytic activity and 
weak affinity for C3b and hence residual hemolytic activity 
(14). 

The aim of this study was to obtain  functionally active 
fragments by limited proteolytic degradation of  Bb. Although 
Bb proved resistant  to degradation by porcine elastase,  native 
Factor  B was cleaved by this enzyme into several discrete 
fragments. The major species had respective molecular 
weights of 36,000,  35,000,  33,000,  31,000, and 25,000. These 
fragments were not linked by disulfide bonds since SDS- 
polyacrylamide gel electrophoresis of reduced or nonreduced 
digest gave the same pattern. Since no 60,000-dalton fragment 
was observed, it was evident that  the Bb portion of Factor  B 
has been cleaved by elastase. 

Only the 33,000-dalton fragment expressed metal-depend- 
ent affinity for C3b, and Ni2+ was more effective than Mg2' 
in the binding reaction. It  had previously been shown that 
using Ni2+ instead of Mg2+ resulted in  enhanced  formation 
and stability of the C3 convertase (32). That  the 33,000- 
dalton  fragment was at  least  in part derived from the Bb 
portion of Factor  B was shown using a monoclonal antibody 
specific for conformational determinants present on  Bb. In 
binding inhibition  experiments, evidence was obtained show- 
ing that  the 33,000-dalton fragment  binds to C3b with a 
greater  affinity than does native  Factor B. This behavior is 
in contrast to that of Bb which binds only weakly to C3b, as 
mentioned above. 

The finding that  the 33,000-dalton fragment  has esterolytic 
activity indicated that a sizable portion of it was derived from 
the C-terminal  half of Bb. Since the piece carried the enzy- 
matic site of Bb and a strong binding site for C3b, it was 
tested for hemolytic activity and was found active, although 
60-fold less active than Factor B. The limited sequence anal- 
ysis established that  the fragment was produced by cleavage 
of an Ile-Asp bond in position 210-211. The fragment proba- 
bly corresponds to the  entire sequence from residue 211 to C- 
terminal residue 505 of Bb. The  C-terminal residue of the 
fragment was,  however, not verified. 

These  results suggest, but do not prove, that  the C3b 
binding site is located in or near the catalytic domain. The 
possibility exists, however, that  the site described here is not 
identical with the C3b-binding site of Factor  B or Bb. Further 
work is needed to distinguish between these  alternatives. 

The observations that  the  33,000-dalto~ fragment  can in- 
hibit the binding of Factor B to C3b and  that it can inhibit 
alternative pathway activation  in whole human serum suggest 
that it might be possible to construct peptides with inhibitory 
activity for in vitro and in uiuo use. 

REFERENCES 
1. Gotze, 0. (1975) Cold Spring  Harbor  Coni. Cell Proliferation 2 ,  

255-272 

30-Dalton  Fragment of Bb 

2. Curman, B., Sandberg-Trygardh, L., and Peterson, P. A. (1977) 

3. Kerr, M. A. (1979) Biochem. J. 183 ,  615-622 
4. Lesavre, P. H., Hugli, T. E., Esser, A. F., and Muller-Eberhard, 

H. J. (1979) J.  immunol. 123,529-534 
5. Niemann, M.  A., Volanakis, J. E., and Mole, J. E. (1980) Bio- 

chemistry 19 ,  1576-1583 
6. Fotherpill, J. A., and Anderson, W. H. K. (1978) Curr. TOD. Cell. 

Biochemistry 16,5368-5375 

Regul. 13,  259-311 
7. Porter. R. R. (1979) in Defence  and  Recognition i i B  (Lennox. E. 

S., ed) Vol. 23, pp. 177-212, UniversitiPark  Press,Baltimore, 
MD 

8. Muller-Eberhard, H. J., and Schreiber, R. D. (1980) Ado.  immu- 
nol. 2 9 ,  1-53 

9. Reid, K. B.  M., and  Porter, R. R. (1981) Annu.  Rev.  Biochem. 

10. Gotze, O., Bianco, C., and Cohn, Z. A. (1979) J.  Exp.  Med. 149,  

11. Leijh, P. C. J., van den  Barselaar, M. Th.,  Daha, M.  R., and van 
Furth, R. (1982) J.  immunol. 129 ,  332-337 

12. Hall, R. E., Blease, R. M., Davis, A. E., 111, Decker, J. M., Tack, 
B. F., Colten,  H. R., and Muchmore, A. V. (1982) J.  Exp.  Med. 

50,433-464 

372-386 

156,834-843 
13. Sundsmo, J. S. (1983) J.  Zmmunol. 131,886-891 
14. Fishelson, Z., and Muller-Eberhard, H. J. (1984) J.  immunol. 

15. Smith, C.  A.,  Vogel, C.-W., and Muller-Eberhard, H. J .  (1982) J. 

16. Mole, J .  E., and  Niemann, M. A. (1980) J .  Biol. Chem. 2 5 5 ,  

17. Campbell, R. D., and  Porter, R. R. (1983) Proc. Natl.  Acad. Sci. 

18. Pangburn, M. K., and  Muller-Eberhard,  H. J. (1978) Proc. Natl. 

19. Lambris, J. D., Dobson, N. J., and Ross, G. D. (1980) J.  Exp. 

20. Ngan, B. Y., and  Minta, J. 0. (1981) Mol. Immunol. 18 ,  1035- 

21. Fraker, P. J., and Speck, J. C., Jr. (1978) Biochem.  Biophys.  Res. 

22. Laemmli, U. K. (1970) Nature  (Lond.) 2 2 7 ,  680-685 
23. Cooper, N. R. (1971) Progress in  Immunology, 1st  International 

24. Platts-Mills, T. A. E., and Ishizakor, K. (1974) J.  immunol. 113,  

25. Schreiber, R. D., Gotze, O., and Muller-Eberhard, H. J. (1976) J.  

26. LaMotte, G. B., Tamerius, J. D., and Muller-Eberhard, H. J. 

27. Brauer, A. W., Margolies, M. N., and  Haber, E. (1975) Biochem- 

28. Zimmerman, C.  L., and Pisconzo, J. J. (1977) Methods  Enzyrnol. 

29. Azsenz, J., Lambris, J. D., Schulz, T. F., and Dierich, M. P. (1983) 

30. Lambris, J. D., Alsenz, J., Schulz, T. F., and Dierich, M. P. (1984) 

31. Smith, C. A., Vogel, C.-W., and Muller-Eberhard, H. J. (1984) J .  

32. Fishelson, Z., and Muller-Eberhard, H. J. (1982) J.  Zrnmunol. 

132,1425-1429 

Biol.  Chem. 257,9879-9882 

8472-8476 

U. S. A. 80,4464-4468 

Acad. Sci. U. s. A.  75,2416-2420 

Med. 152 ,  1625-1644 

1047 

Commun. 80,849-857 

Congress on  Immunology, p. 567, Academic Press, New York 

348-358 

Exp.  Med. 144.1062-1075 

(1981) Fed. Proc. 40, 963 (abstr.) 

i s t ~ ,  14,3029-3035 

47,45-51 

irnmunobiology 164 ,  204 (abstr.) 

Biochem. J. 2 1 7 ,  323-326 

Exp.  Med. 159,324-329 

129,2603-2607 


