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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 Mg®" 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 (M,
= 33,000). This is released from the complex and the C-
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terminal fragment Bb® (M, = 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, C3b,,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 (10), stimulation of intracellular killing of Staphy-
lococcus aureus by monocytes (11), 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 C-50 were purchased from
Pharmacia. Porcine pancreatic elastase from Worthington was fur-
ther purified by using FPLC (Fig. 1). 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 C-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, N~-acetyl-glycyl-L-lysine methyl ester;
Eg, 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-HCI, pH 7.5. Factor B was retained within the column and
eluted with a 25-ml gradient of 0-500 mM NaCl.

Preparation of Bb—Twenty milligram of Factor B was incubated
with 1 mg of C3b and 50 ug of Factor D (19) in 3 ml of GVB
containing 4 mM Mg®* for 3 h at 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 NaCl.

Generation of Factor B Fragments by Treatment with Elastase—
Factor B (10 mg) in 20 mM Tris-HC], 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 %] (New England Nuclear) by the Iodogen method (Pierce) (21)
to a specific activity of 8.5 X 107 cpm/ug and 4.2 X 107 cpm/ug,
respectively. Fifty ul of '*I-Factor B or '*I-33,000-dalton fragment
in GVB containing 1 mM Ni?** were added to 400-ul conical plastic
centrifuge tubes that contained 50 ul 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 ul 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 Activity—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 C,s 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 Ex
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 ul of MoAb (10 ug/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 ug/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-PAGE—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

Hemolytically Active 33,000-Dalton Fragment of Bb
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FiG. 1. Purification of porcine elastase by FPLC. The lyoph-
ilized elastase was dissolved in 20 mM Tris-HCI, pH 7.5 (2 mg/ml),
and 1 ml was injected into a Mono-Q column (5 X 50 mm), equili-
brated with 20 mMm Tris-HCI, 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. y
Asgo; — — —, concentration of NaCl. Fraction III was found to contain
elastase activity and to be homogeneous on SDS-PAGE.
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Fi1G. 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-HCI, 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. ——, Ag; - — -, concentration of
NaCl.






